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The contact and capillary properties of metal melts, processes of solid surface wetting by them, and adhesion of 

metal to the solid surface are the main characteristics determining the various technological processes during which 
the liquid metal or alloy comes into contact with the surface of the harder, more refractory substance. When conducting 
the various metallurgical processes, it is necessary to determine the temperature effect on the nature of wetting of the 
solid phase by the liquid one. Therefore, calculation of the wetting threshold temperature, i.e. the temperature at which 
the contact angle decreases sharply because of significant increase in the work of adhesion in nonequilibrium          
melt–solid metal systems, is of great practical importance. In this regard, the work objective was to calculate the 
change in the work of adhesion and the contact angle as dependent on the temperature for melt-solid metal systems. 
Our model was constructed based on the concepts of the Wentzel–Kramers–Brillouin quasiclassical quantum theory. 
The fundamental elements of the proposed model are the values of quantum numbers, directly depending on the 
temperature. The temperature at which the quantum number of the system changes from the integer to half-integer 
determines the wetting threshold, that is, a sharp improvement in the system wetting. Interaction of the melt ions with 
the substrate atoms is considered indirectly through the formation of a potential barrier. According to the           
Wentzel–Kramers–Brillouin concepts, passage or reflection of a particle with the reduced mass over the barrier is 
determined by the integer or half-integer ratio of the de Broglie wave and linear dimensions of the potential barrier. 
According to the results of calculations, the curves of dependence of the contact angle on the temperature for the       
Sn–Al, Pb–Al, Sn–Cu and Pb–Cu systems were constructed. Their comparison with the curves of dependence of the 
contact angle on the temperature of the same systems, constructed experimentally by the other authors, shows that 
these curves have similar dynamics. Thus, with the use of the presented method it is possible to determine by calculation 
the work of adhesion and the contact angle in the melt-solid metal systems. 

Keywords: temperature dependence of wetting angle, work of adhesion, passage of a particle over the potential 
barrier, reflection of the particle from the potential barrier, de Broglie wave, quantum number 
 

INTRODUCTION 

The phenomena of wetting of the surface of a 
solid, more refractory substance or material by a 
liquid metal alloy play an important and in many 
ways a crucial role in the technological processes. 
In the course of nucleation and growth of crystals 
from the metal melt in various metallurgical 
processes, the state and properties of interfaces of 
the phases of contacting substances, the degree of 
wettability of the solid phase by the liquid metal 
have a direct impact on the properties of the 
resulting product [1, 2]. For example, the control 
of processes of the contact interaction occurring 
at the filler and binder interface is required in the 
manufacture of the composite materials [3]. Thus, 
a necessary condition for obtaining high-quality 
metallurgical product is the research on the degree 
of wettability of the solid phase by the liquid melt 
and the work of adhesion of a contact. The degree 

of wettability of the solid phase by the melt is 
mainly determined by experiment. For example, 
the authors of [4–7] use the sessile drop method 
to determine the contact angle of wetting of 
surface of a solid substrate by the melt as 
dependent on the temperature. It is found that as 
the temperature rises, the contact angle of the 
systems decreases, the wettability improves, and 
the further temperature rise cannot lead to an 
increase in the contact angle of the systems. The 
wetting thresholds, i.e. temperatures at which a 
sharp decrease in the contact angle of wetting and 
improvement in the systems’ wettability are 
observed, are also discovered. 

To ensure better wetting in the technological 
processes, it is necessary to determine the 
temperature of the threshold of wetting of the 
solid phase by the liquid one. Therefore, a 
theoretical determination of the wetting threshold 
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in the systems can facilitate controlling the 
metallurgical production processes. 

The process of formation of dynamic 
characteristics of the liquid media determining the 
properties of the surface phenomena and, 
consequently, the contact angle of a drop is 
described in [8]. The authors use the Euler and 
Navier-Stokes fundamental equation of 
hydrodynamics and create an original computer 
modeling algorithm. This algorithm allows 
considering fairly large range of statistical 
oscillations of the shapes and density of a drop of 
the liquid media. However, it generally does not 
fully reflect the process of formation of the 
contact angle itself and, accordingly, the 
wettability properties. The papers [9, 10], based 
on the computer modeling of the modified Euler 
equations, consider the Cahn-Hilliard equation, 
taking into account the Van der Waals interaction 
for the isothermal liquids. Using the concept of 
the Ginsburg-Landau potential, this equation 
allows us to consider the formation of the density 
distribution in the drops of liquid and, in principle, 
to abandon an indicator of the contact angle when 
evaluating the wetting properties [9]. 

Several other papers [11–14] also use the 
fundamental principles of construction of the 
computer models, including quantum mechanical 
constructs of multilayer structures that form the 
surface phenomena in the distribution of free 
energy and, accordingly, the wetting properties. 

As an alternative to the presented methods, this 
paper describes the method developed by us for the 
calculation of the work of adhesion and the contact 
angle in the melt–solid metal systems, which is 
based on the Wentzel–Kramers–Brillouin (WKB) 
semi-classical quantum representations [15]. We 
consider this method more optimal in terms of 
development of algorithms for calculating the 
values of the contact angle and the work of 
adhesion. No theoretical description was given of 
the processes of interaction of the melt with the solid 
surface of metals in the concept of semi-classical 
representations. 

We conducted an experimental study of the 
temperature dependence of the contact angle for 
the tin–steel system using the sessile drop method 
earlier in [16]. However, we employed a slightly 
different experimental technique in our work. 
That is, as the temperature increased, we 
considered not the same drop on the substrate 
surface and for constructing each point of the 
temperature dependence of the contact angle we 

studied each time a different, similar drop of the 
melt supplied through the capillary. Since at each 
predetermined temperature the contact angle was 
formed anew, we could observe increased values 
of the contact angle at higher temperatures on the 
curve of the temperature dependence of the 
contact angle. As a result, this effect was observed 
in [16] on the curve of the temperature 
dependence of the contact angle in the tin–steel 
system. The experimental results were interpreted 
from the standpoint of the WKB semi-classical 
representations. The paper [16] shows that this 
theory describes well the effect of the anomalous 
increase in the contact angle, which is observed 
experimentally. The objectives of this study 
included verification of the adequacy of 
reproduction by the proposed model of 
experimental data obtained according to the 
traditional method, namely, using the study of one 
drop on the substrate. For this purpose, we 
conducted a comparative analysis of those curves 
of temperature dependence of the contact angle 
constructed theoretically and the curves obtained 
experimentally by other authors [17] for the       
Sn–Al, Pb–Al, Sn–Cu, Pb–Cu systems. The 
method developed by us will allow conducting the 
theoretical calculations of the wetting threshold 
temperature in the systems, thereby optimizing 
the technological processes of the coatings’ 
formation and development of the composite 
materials. 

DEVELOPMENT OF THEORETICAL 
METHOD FOR DETERMINATION OF THE 
WETTING THRESHOLD TEMPERATURE 
AND CALCULATION OF THE WORK OF 

ADHESION IN THE SYSTEMS 

Formation of the potential barrier. 
Description of the interaction between the melt and 
the substrate is based on the principles of the WKB 
quasiclassical quantum-mechanical concepts. The 
main conceptual provisions are set out in earlier 
publication [16]. In the context of proposed 
representation, a potential barrier is formed in the 
system of the particle with the reduced mass, as 
well as the conditions that determine the 
coefficients of passage or reflection of the particle 
from the barrier. 

The coefficient of passage is determined by 
the ratio [15] 
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mass, m2 – substrate atom mass, Е – total energy 
of the system, E–U – kinetic energy of the melt 
motion and oscillations of the iron atom in the 
substrate, U – potential energy of the barrier, kB – 
the Boltzmann constant, Т – temperature, l – 
width of the barrier, ℏ - the Planck constant. 
Ultimately, the particle with the reduced mass 
passes over the barrier under condition of 
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In this case, n has the meaning of some 
quantum number and satisfies the condition 

 / 2nl n  , 22 / k   – de Broglie wave. 
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the particle should be completely reflected from 
the barrier. Since Е (kinetic energy of the particle 
with the reduced mass m) is determined by the 
temperature, the kinetic energy in one-
dimensional representation depends on the 
temperature. 

The process of contact of the melt with the 
surface can be represented in the semi-classical 
approximation as the compound flow of non-
interacting particles. Each particle can be 
described by its wave function, which can be 
compared to a wave packet with the average value 
of the coordinate, i.e. the entire flow of particles, 
represented as 

( ) kmi t
m k km

k m

f x a a f e  , 

where 1<<k<<∞, i.e. the wave packet condition is 
satisfied, 𝑓௠௞ – matrix element, 𝜔௞௠ – transition 
frequency, t – time, ak – wave function expansion 
coefficients k k

k

a   . Coefficients ak differ 

significantly from zero for the wave packet in the 
range of numbers of 1<<k<<∞ and are close in 
value to each other. 

Ultimately, matrix elements are transformed 
into the Fourier expansion coefficients [15]. 

Generally, for each particle from the k spectrum, 
we can write 2 s ki t

k k s
s

f a f e   , i.e. each particle 

can be separated from others in its own time tk. As 
a result, the wave function can be represented as 
the product of the number of elements of the wave 
packet by the wave function of an individual 
component. 

In the presence of the statistical distribution of 
particles by their velocities and formation of a 
potential barrier, a deviation from the monotonic 
dependence of the contact angle and, consequently, 
a change in the reflection coefficient should be 
observed, when the temperature changes. This 
dependence will not demonstrate a sharp stepwise 
change, but it is quite measurable and may have the 
pronounced amplitude range. 

Detailed computations performed earlier [16] 
allow estimating the width of the potential barrier. 
Taking into account the separation of each 
particle of the wave packet in time, the total time 
of interaction with the substrate can be 
represented as 𝜏 ൎ 𝑁𝑡. Then we can write an 
expression for the potential barrier 
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 for m2 < m1, 

where τ – time of contact of interacting phases,        
t – period of quasiclassical motion of the particle, 
r – radius vector of a particle with the reduced 
mass in the field of potential energy U, p – 
impulse of the particle, p1 – impulse of a fast 
particle of the melt, N – number of components in 
a wave packet. Dimensions of the potential barrier 
and, accordingly, the number n are determined by 
a set of components (p, p1, m, E, τ, t), establishing 
a certain relationship between the barrier width 
and the quantum number. The quantum number of 
the system is determined by the ratio of values of 
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the barrier width and the de Broglie wave length, 
depending on the temperature. 

Wetting and non-wetting conditions. In the 
context of previous calculations, an idea of 
wetting / non-wetting of the substrate by the melt 
has been formed [16]. The wetting will occur 
when a particle of the reduced mass is reflected 
from the barrier. In this case, the particle does not 
lose its kinetic energy and stays dynamic, which 
can ultimately be expressed in the tangential 
component of speed, i.е. spreading of the melt 
over the substrate. In case of passage, the particle 
loses its kinetic energy, causing the loss of 
mobility and certain fixation in the local area of 
contact of the melt with the substrate. A change in 
temperature of the melt leads to the 
transformation of the quantum number n, which 
will take values close to integer or semi-numerical 
ones; in turn, it will affect the wetting processes. 
Finally, the process is determined by the statistical 
distribution of a large number of particles, and 
therefore, instead of stepwise nature, it shows a 
blurred gradual nature of temperature changes. 

Now we shall consider the system at the 
initial melting temperature of the melt. In this 
case, we can observe non-wetting of the solid 
phase by the liquid one, and assume that the 
particle passes over the barrier. The condition (2) 
should be satisfied, i.e. kinetic energy of the 
particle with the reduced mass in this case will be 

2 2 2
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, where n = 6.             (6) 

In order for wetting to be observed in the 
system, the particle should be reflected from the 
barrier, i.е. kinetic energy of the particle from (3) 
is to be equal to  
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Let’s find the difference between energies (7) 
and (6), i.e. the energy at which the quantum 
number of the system will change from the integer 
to half-integer, and the particle will be reflected 
from the potential barrier 
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The system can obtain this energy as the 
temperature increases. Thus, the energy of the 

system 1

2n B nK k T , comparable to (E–U) at the 

initial temperature, should increase by the amount 
(8). Then the final value will be 
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From (9) we find the temperature Тn+1/2, at 
which the reflection of a particle from the barrier 
and wetting of the solid phase in the system by the 
liquid one is observed. At this temperature, we 
observe a sharp decrease in the contact angle of 
wetting. 

Calculation of work of adhesion and contact 
angle. In this model representation, we can 
consider the issue of the work of adhesion, linking 
it with the phenomenon of wetting, i.e. non-
wetting is observed when the barrier is passed, 
and wetting occurs when the particle is reflected 
from the barrier. 

Following the model representations, 
amplitude of the passage has the form [15] 

   
 1 2

22 2

1 2 1 2

4
exp 2

k k
t i k

k k k k
 

  
,         (10) 

and, accordingly, the coefficient of passage is 
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where γ – certain phase determined by size of the 
barrier l. If  2sin 0k   ,  2k n l n  , ( ) 1T E  , 

then passage over the barrier takes place, and no 
wetting occurs. Here the work of adhesion can be 
expressed as 

22

U
A 
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,            (12) 

where λ – de Broglie wave, U – height of the 
potential barrier. This expression is formed on the 
basis of representation of normalizing the barrier 
size in units of de Broglie wave and requirements 
of the dimensionality. Next, we find the height of 
the potential barrier. 

From [15] it follows that 
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The potential energy is represented as 
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where K – kinetic energy, 1

2 BK k T .  

Expressing (E–U) from (13) and substituting 
into (14), we get 
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Since the relationship (15) have no sufficient 
input variables to fully describe the solution, the 
combined variable (E–U) was used as a 
parameter. We obtained a set of solutions as 
dependent on the ratio of variables included in the 
combined parameter. Then, by analyzing the set 
of solutions, we selected the most suitable 
solution to describe the real dependences obtained 
experimentally, namely, the contact angle as a 
function of the time and temperature. The 
components included in the optimal parameter, 
which determined the optimal solution, were 
selected using computer modeling. 

Therefore, we obtained an expression for U 
depending on (E–U) and K in the case of the 
particle passing over the barrier 
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Two roots are determined in the solution of 
the quadratic equation (15). In this aspect, we can 
form a certain interval, enclosed between the 
extreme values of these roots. Considering the 
statistical nature of the process of distribution of 
kinetic energies of particles with the reduced 
mass, we can find the average value in the formed 
range, and finally use this value as the most 
probable one when describing the adhesion 
process. 

In the case of reflection that can be realized 
with the minimum coefficient of passage, i.е. 

 2sin 1k    ,    2 1 / 2k n l n   , wetting is 

observed. 
Then the coefficient of reflection is 
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From here, it follows that  
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Using (14), we obtain 
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Solving in the same way, we find from (19) 
the expression for the height of the potential 
barrier for the case of particle reflection from the 
barrier 
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Substituting U1 or U2 into expression (12), we 
find the work of adhesion for the case of non-
wetting (U1) or for the case of wetting (U2). The 
parameter (E–U) is, respectively, the expression 
(6) at a given temperature. 

The contact angle of wetting of the solid 
phase by the liquid one was calculated using the 
formula [18]: 

arccos 1
A     

.           (21) 

To conclude, it should be noted that the use of 
quasiclassical approximations in the WKB 
representation is quite acceptable, since the 
condition [15] is satisfied 

3

m dU

p dx


 ≤ 1,            (22) 

where x is of the order of the barrier width. In our 
case, the left side of (22) will have values of the 
order of 10–4, which is less than unity. 

VERIFICATION OF THE ADEQUACY OF 
REPRODUCTION OF EXPERIMENTAL 
DATA BY THE PROPOSED METHOD 

In accordance with the above theoretical 
models, we calculate the work of adhesion as 
dependent on the temperature for the Sn–Al,     
Pb–Al, Sn–Cu, Pb–Cu systems. 

To calculate the work of adhesion using the 
proposed method, it is necessary to find the time 
of spreading of a melt drop on the solid substrate 
τ. Since at the initial moment the melt drop 
spreads more intensively, and after a certain time 
its spreading slows down, it is advisable to set the 
limitations on the time of spreading of the drop. 
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These limitations can be correlated with a certain 
percentage of the change in the calculated value 
of the contact angle relative to the initial values 
obtained at the moment of formation of a sessile 
drop per minute. Thus, if the change in the angle 
per unit of time does not exceed 0.1 % of the 
initial value, it can be considered that the process 
stabilized by this specific time interval. 
Therefore, we can determine the time of fixation 
of the contact angle value. For this purpose, we 
constructed the time dependence of calculated 
values of the contact angle for each system at the 
melting temperature of the melt. Values of the 
contact angle at each point of dependence were 
calculated using the method proposed in this 
paper. Ultimately, the time of spreading of the 
drop on the substrate was determined from the 
dependence, when the change of the contact angle 
from its initial value for the last minute was 0.1 %. 
Calculated values of τ for the Sn–Al, Pb–Al,     
Sn–Cu, Pb–Cu systems, taking into account the 
rounding to integer values of the time intervals, 
were 7, 10, 9, and 10 min, respectively. These 
values of τ were taken for calculations. 

It should also be noted that the model 
presented for consideration has certain limitations 

for particles with large reduced masses. These 
limitations are expressed in the increasing 
deviations from the theoretical calculations. 
However, they agree well with the linear 
approximation, which ultimately allows for quite 
simple adjustment using the tested experimental 
data. Thus, the relevant adjustments were made to 
the model representations of calculations of the 
work of adhesion. 

The results of the work of adhesion 
calculations for the Sn–Al, Pb–Al, Sn–Cu, Pb–Cu 
systems are shown in Table 1. The results of the 
contact angle calculations for these systems are 
shown in Figs. 1, 2. In addition, Figs. 1, 2 
presents for comparison the experimental results 
of the temperature dependence of the contact 
angle of wetting of the solid substrate by the melt 
for the same systems, obtained by other authors 
[17]. The Table 2 shows the calculated 
parameters of the E–U energy in the systems at 
the initial melting temperature of the melt, the 
value of the initial kinetic energy Kn, the energy 
required for changing of the quantum number 
from the integer to half-integer (i.e. from 6 to 6.5) 
∆(E–U), and the value of the corresponding 
temperature Тn+1/2 for the systems. 

 
Table 1. Calculated work of adhesion values for the Sn–Al, Pb–Al, Sn–Cu, Pb–Cu systems, J/m2 

T, K Sn-Al Pb-Al Sn-Cu Pb-Cu 
550   0.231  
575   0.256  
600  0.194 0.281 0.214 
625  0.207 0.299 0.228 
650  0.228 0.326 0.249 
675  0.242 0.788 0.271 
700  0.264 0.843 0.286 
725  0.623 0.912 0.683 
750 0.247 0.668 0.975 0.733 
775 0.264 0.712  0.784 
800 0.281 0.759  0.835 
825 0.299 0.808  0.888 
850 0.317    
875 0.335    
900 0.778    
925 0.834    

 

Table 2. Calculated parameters of the wetting threshold temperature for the Sn–Al, Pb–Al, Sn–Cu, Pb–Cu systems 

 (E–U), J Kn, J ∆(E-U), J Тn+1/2, K 
Sn-Al 5.17∙10-21 5.17∙10-21 8.99∙10-22 880 
Pb-Al 4.12∙10-21 4.14∙10-21 7.15∙10-22 702 
Sn-Cu 3.78∙10-21 3.79∙10-21 6.57∙10-22 644 
Pb-Cu 4.10∙10-21 4.14∙10-21 7.12∙10-22 698 
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Fig. 1. Experimental [17] and theoretical curves of the temperature dependence of the contact angle of wetting with 
tin and lead on the aluminum substrate 

 

 

Fig. 2. Experimental [17] and theoretical curves of the temperature dependence of the contact angle of wetting with 
tin and lead on the copper substrate 

 
Figs. 1, 2 show that the curves constructed by 

calculation and experimental methods have 
similar dynamics. However, the aluminum 
substrate under experimental conditions is 
covered with a thin oxide film, which to some 
extent prevents wetting and interaction between 
particles of the melt and the substrate. Therefore, 
there is a discrepancy in the calculated and 
experimental results. Despite this, the results of 
calculation are consistent with the experimental 
data. 

The wetting thresholds observed in the        
Sn–Al, Pb–Al, Sn–Cu, Pb–Cu systems during 
experiments are explained by the authors of [17] 
as the consequence of breaking of the oxide films 
formed on the drop surface, as well as the 
formation of dendritic structures on the substrate 
surface, which facilitate the motion of the melt. 
The authors also argue that changes in the 

substrate wettability are due to formation of 
additional intermetallic structures on the substrate 
surface, which impede the mechanical motion of 
the melt, ultimately determining the wettability. 
However, according to our model representations, 
in addition to these processes, such a phenomenon 
as the wetting threshold occurs due to the fact that 
thermal energy of the system exceeds the required 
value and the condition for reflection of a particle 
from the potential barrier is met. It is also the 
result of a change in the ratio of linear dimensions 
of the barrier and de Broglie wave from the 
integer to half-integer. Consequently, the method 
described by us explains the phenomena observed 
during contact between the liquid and solid phases 
based on the quantum effects of the systems. 

Therefore, the given model allows calculating 
the work of adhesion, the contact angle of wetting 
and determining the wetting threshold 
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temperature for the melt-solid substrate systems, 
which can be used in modeling of the wetting 
processes. 

CONCLUSIONS 

Using the WKB representations, we have 
developed the theoretical foundations of the 
method, which allows calculating the values of 
key indicators such as the contact angle, the 
wetting threshold temperature, and the work of 
adhesion of the systems. The proposed model is 
based on the interaction of melt ions with 
substrate atoms, which is considered indirectly 
through formation of the potential barrier with the 
linear dimensions determined by the ratio of 
masses of the interacting metal atoms and the 
temperature. According to the WKB 
representations, passage of a particle with the 
reduced mass over the barrier or reflection from it 
is determined by the integer or half-integer ratio 
of the de Broglie wave and linear dimensions of 
the potential barrier. Following the proposed 
model, qualitative changes in the system, such as 
the wetting threshold, appear when the kinetic 
energy of particles with the reduced mass begins 
to exceed the values of the positive barrier 

because of increase in the temperature. The 
temperature at which the wetting improves is 
defined by this calculation method as the 
temperature where the condition of reflection of a 
particle with the reduced mass from the potential 
barrier, caused by interaction energy of the 
contacting phases, is met. 

The comparative analysis of the curves of 
temperature dependence of the contact angle, 
constructed with the use of theoretically 
calculated data and experimental data of other 
researchers for the Sn–Al, Pb–Al, Sn–Cu, Pb–Cu 
systems, has shown that the curves have similar 
dynamics. Therefore, this method allows us to 
predict the change in the contact angle depending 
on the temperature for the melt–solid metal 
systems, which can optimize the technological 
processes for the production of composite 
materials and metal coatings. 

We suggest that this method will be employed 
in more detail to the systems with large reduced 
masses, and, in particular, we shall consider the 
possible range of changes in the quantum number 
and associated functional changes in these 
systems in our further studies. 

 
 
 
 

Розрахунок роботи адгезії і контактного кута змочування в залежності від 
температури в системах розплав - твердий метал 
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Контактні та капілярні властивості металевих розплавів, процеси змочування ними поверхонь твердих 

тіл, адгезія металу до твердої поверхні є основними характеристиками, що визначають різні технологічні 
процеси, під час яких відбувається контакт рідкого металу або сплаву з поверхнею твердої, більш тугоплавкої 
речовини. При проведенні різних металургійних процесів необхідно визначити вплив температури на характер 
змочування твердої фази рідкою. Тому розрахунок температури порогу змочування – температури, при якій 
крайовий кут різко зменшується внаслідок значного зростання роботи адгезії, – в нерівноважних системах 
розплав–твердий метал має важливе практичне значення. У зв’язку з цим метою роботи було проведення 
розрахунків зміни роботи адгезії та контактного кута змочування залежно від температури для систем 
розплав-твердий метал. В основу побудови нашої моделі були покладені уявлення квазікласичної квантової 
теорії Вентцеля–Крамерса–Бріллюена. Основоположними елементами запропонованої моделі є значення 
квантових чисел, які безпосередньо залежать від температури. Температура, при досягненні якої 
відбувається зміна квантового числа системи з цілого на напівціле, визначає поріг змочування – різке 
поліпшення змочування системи. Взаємодія іонів розплаву з атомами підкладки розглядається опосередковано 
через формування потенціального бар’єру. Відповідно до уявлень Вентцеля–Крамерса–Бріллюена, 
проходження або відбиття частинки з наведеною масою над бар'єром визначається цілочисельним або 
напівцілим співвідношенням хвилі де Бройля і лінійних розмірів потенційного бар’єру. За результатами 
розрахунків побудовано криві залежності крайового кута від температури для систем Sn–Al, Pb–Al, Sn–Cu і 
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Pb–Cu. Порівняння їх з кривими залежності крайового кута від температури цих же систем, побудованих 
експериментально іншими авторами, показує, що дані криві мають подібну динаміку. Таким чином, за 
допомогою представленого методу можливо визначення роботи адгезії і контактного кута змочування в 
системах розплав-твердий метал розрахунковим шляхом. 

Ключові слова: температурна залежність кута змочування, робота адгезії, проходження частинки над 
потенціальним бар’єром, відбивання частинки від потенціального бар’єра, де Бройлева хвиля, квантове число 
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