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Abstract
Background: Synergetics uses the fundamental similarity 
between main features of the phenomena under investigation 
occurring in open, nonlinear, complex systems of various 
nature. Most of the achievements of the synergetic approach are 
largely appear due to the possibility of transferring the results 
of one science (for example, physics) that is, as a rule, more 
“simple” and accurate because of omitting many details which 
at first glance can be considered inessential, to the objects 

of another science (for example, medicine) 
that are much more complicated and which, 
therefore, can be described rather qualitatively 
than quantitatively. The aim of this article is to 
use the synergetic isomorphism (similarity) 
between processes of carcinogenesis and 
nucleation and to suggest the new possible 
mechanism to prevent the growth of malignant 
tumors.

Methods: The rigorous conclusions of 
the nucleation (new phase formation) in 
theoretical and experimental physics and 
synergetic similarity of carcinogenesis and 
nucleation processes were used to formulate 
a hypothesis and create a reliable background 
to prevent formation of new phase subcritical 
nuclei and, therefore, uncontrollable tumor’s 
growth.

Results: The main result of our studies is 
as follows: in order to prevent the tumor’s 
growth, it is necessary to use the appropriate 
surface-inactive substances, which increase 
the surface tension coefficient.

Conclusion: The fundamental results of the 

nucleation theory and its medical application 
to the problem of carcinogenesis give us 
a possibility to formulate the necessary 
conditions which should help to prevent 
the formation and uncontrollable growth of 
pathological tumors: (a) the critical size of new 
phase nuclei, which grow into a malignant 
tumor, is directly proportional to the coefficient 
of surface tension; (b) the magnitude of the 
nucleation barrier, which should be overcome 
for the emergence of capable embryos and 
the further growth of such supercritical nuclei, 
is directly proportional to the cube of the 
coefficient of surface tension; (c) if the size of a 
new phase nucleus is less than its critical size, 
then an energetically favorable process is to 
further reduce the size, i.e. such subcritical 
nuclei are spontaneously decreasing their 
sizes. Thus, this principal background gives 
us a possibility to formulate the hypothesis of 
preventing the process of tumor’s growth by 
using appropriate surface-inactive substances, 
which increase the surface tension coefficient.
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Introduction

This article, offered to the attention of 
respected readers, is devoted to the use 
of synergic similarity between the process 
of carcinogenesis, being one of the most 
complicated medical problem (see e.g. [1,2]), 
and the physical phenomenon of nucleation 
- the process of formation of a new phase in 
a metastable condensed medium which is 
well studied by theoretical and experimental 
physicists [3-10]. We will attempt to take a 
new look at the isomorphism (similarity) of 
these two seemingly completely dissimilar 
phenomena, which would enable the author 
to formulate new ideas and propose new 
possible methods of treatment of malignant 
tumors.

A reliable background for such a goal is based 
on at least two reasons:

1) an outstanding achievement in the 
development of science in recent years 
was the understanding the fundamental 
principles of ordering structures formation in 
systems of different nature (medical, physical, 
chemical, biological, etc.), being far from their 
thermodynamic equilibrium (see, for example, 
[11-16] and references there); 2) creation of 
synergetics, an interdisciplinary scientific 
direction, which marked a new stage in a 
deeper understanding the similarity of self-
organization processes in open, nonlinear, 
complex systems [12,14-17].

This paper is written at two different levels and 
consists of two parts, respectively. The first part 

is presented for those readers who completely 
reject the physical and mathematical apparatus. 
It is written on a popular level without the 
use of mathematical formulas and rigorous 
results of statistical physics. At the same time, 
the author would like to make an attempt (as 
far as successful - to judge, not to me, but to 
readers!) to write more or less simply (as it 
seems to me!) about fundamental ideas and 
scientific approaches to the problem this article 
is devoted to. This first partcan be viewed as 
an attempt to popularize the results, which 
are the consequences of rigorous physical and 
mathematical approaches to the problem of 
carcinogenesis.

In fact, the popular presentation of rigorous 
scientific results is a completely non-trivial 
task, which, I am sure, is well known to my 
dear readers. Especially those of them who 
have a great experience of communication 
with a young student audience. I am writing on 
this topic having my own experience of more 
than 30 years teachingmedical students and 
an even longer experience of communication 
with students of the Physical Faculty. With 
absolute certainty, I can say that the popular 
and understandable presentation the 
discipline “Medical and Biological Physics”to 
medical students of the Bogomolets National 
Medical University (Kyiv, Ukraine) is much 
more complicated than delivering the 
discipline “Medical Physics“ for students at 
the Department of Molecular Physics, Taras 
Shevchenko Kyiv National University. I am also 
convinced of this by the experience of my 
work as a visiting Professor at the University 
of Pierre and Marie Curie in Paris, as well 
as at theDepartment of Medical Physics at 
the University Wisconsin-Madison, where I 
carried out my project as a visiting Professor-
Fulbrighter.



In the second part of this article, the ideas 
and scientific approaches discussed in the 
first part are considered at a more rigorous 
level using the appropriate mathematical 
apparatus and physical theories. Following 
a famous biophysicist D. Chernavskii [4,17]* 
and speaking of oncology, I feel myself, 
frankly saying, like a foot officer, who is riding 
a horse past the cavalry unit. It is known from 
the decree of tsar Peter the Great, “such an 
officer must dismount and hold the horse 
by the bridle, so as not to arouse the grin of 
real cavalrymen”. Nevertheless, in this second 
part, we shall try to use a synergetic similarity 
between the nucleation process in the 
metastable region of the liquid-vapor system 
and the process of carcinogenesis, opening 
up, in author’s opinion, certain prospects for 
the prevention of malignant tumors. 

1. Synergetic approach

At the beginning of this section, we will briefly 
focus on the integration trends in science 
and education, which are associated with the 
strengthening of interdisciplinary connections, 
the use of synergetics - an interdisciplinary 
science that seeks to combine phenomena 
in open, nonlinear, non-equilibrium, complex 
systems of different nature, - for a deeper 
understanding of the unity of the laws of the 
organic and inorganic world.

*Let me tell several words about one fact of 
Professor Dmitry Chernavskii’s biography, 
being, to my opinion, worthy of admiration. In 
2004, he became the winner of the A. Gordon 
Program “For the best explanation of the key 
issues of the world structure” with a prize fund 
of 1 million euros. Prof. D.Chernavsky divided 
this award equally among all 191 participants 
of this competition.

Main trends in development of science and 
education are their differentiation (division) to 
different parts, being difficult to understand 
for non-specialists. Nevertheless, the 
Nature does not know anything of division 
and differentiation processes which are in 
contradiction with the first principles as follows: 
“The Nature knows better!” and “Everything 
should be paid!”It should pay really very high 
price -lack of unification of the whole world 
outside and inside us..

During last 5 decades it became clear that 
many events in medicine, physics, biology, 
ecology, psychology, sociology, etc. could be 
treated and studied by common methods. 
Thus, simultaneously with differentiation of 
sciences we have now also their unification. It 
is possible to unify not all but certain events in 
systems which satisfy the following important 
conditions:they should be (a) open, i.e. they 
exchange by matter, energy and information 
with environment; (b) nonlinear, i.e. they 
have inverse connections between variables 
describing its states; (c) non-equilibrium, 
i.e. they characterize by various dynamic 
processes; (d) complicated, i.e. they consist of 
many interacting subsystems. Just for this new 
interdisciplinary direction Professor Hermann 
Haken from the Stuttgart University (Germany) 
proposed the title “Synergetics” in 1969.



Prof. Hermann Haken (right) and Prof. 
Alexander Chalyi, at the International 
Conference devoted to celebrating 25 
years of Crafoord Prizes in Mathematics, 
Astronomy, Geosciences and Polyarthritis in 
Lund (Sweden), April 2007.

The sense of this Greek word means 
acting together or common collective 
influence. For many years it had only a 
medical meaning. It should be mentioned 
that a famous English neurophysiologist Sir 
Charles Scott Sherrington used this word 
more than hundred years ago [18]. He 
received the Nobel Prize in Physiology or 
Medicine (1932)for his studies of synaptic 
communication between neurons.Now, the 
sense of word “synergetics” becomes much 
more deeper, namely: except an above-
mentioned definition that “synergetics 
is the interdisciplinary science, which 
studies processes of ordering and self-
organization in open systems of different 
nature”, it describes appearance of order 
from disorder (chaos) and vice versa, as 
well as processes connecting with structure 
changes due to internal links and interaction 
with environment.

Methodology of synergetics makes a 
synergetic approach really unique. We know 
sciences which appear at the boundary 

between two sciences: one of them gives its 
subject and another gives its methods. In 
synergetics, we have quite a different situation: 
synergetics uses the common important features 
of processes taking place in many systems of 
different nature. It gives a possibility to transfer 
results of one more simple and precise science 
(e.g. physics) to another science which is not so 
simple and less precise (e.g. medicine). 

Modern approaches to the main problems of self-
organization and formation of new structures 
(phases), i.e. a reliable scientific background 
of synergetics, use powerful and well-tested 
methods, which are based on the theory of 
phase transitionsand critical phenomena, theory 
of non-linear oscillations and autowaves, kinetic 
nonlinear models (brussellator, oregonator, 
etc.), theory of catastrophes, theory of fractals, 
etc.

One of the main causes of the processes 
of self-organization and ordering may be 
formulated in the form of the so-called “first 
principle”, which could be called “the principle 
of generalized Darwinism”: spatial, temporal 
and spatial-temporal structures in the organic 
and inorganic world arise as a manifestation 
of collective vibrations because of fluctuations, 
their interaction, and the selection of those which 
have the greatest relaxation time [16]. Such 
longest processes are actually characterized 
by variables, which are called order parameters 
or controlling modes (oscillations) in the 
synergetic approach. As a result of the collective 
interaction of different modes in systems with 
many degrees of freedom, only a few order 
parameters can be distinguished to determine 
the further evolution of such systems. 

Another first principle: “order arises from the 
interaction of fluctuations in bifurcation points” 
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was formulated by Ilia Prigogine, the Nobel 
Prize winner in chemistry. The principle 
of “order through fluctuations” makes it 
possible a better understanding the causes 
of self-organization processes and the 
emergence of a new phase of different 
natures (including tumors). These processes 
use the laws of interaction of fluctuations 
(deviations, for example, of particle density 
from its average values) of the order 
parameters near critical (bifurcation) points, 
which are based on modern theories of 
phase transitions and critical phenomena 
-the fluctuation theory of scaling invariance 
[19,20] and the theory using the methods of 
the renormolyaztonic group [21].

2. Physics of phase transitions, ideas of 
universality classes

The problem of phase transitions and critical 
phenomena has been and remains one of 
the most complex and important problems 
of physical science. Great contributions 
to the development and solution of this 
problem were made by studies of the 
Nobel Prize winners J.van der Waals (1910), 
H.Kammerlingh-Onnes (1913), L.Landau 
(1962), J.Bardeen (1972), L.Cooper (1972), 
J.Schrieffer (1972), I.Prigogine (1977), 
P.Kapitsa (1978),K.Wilson(1982), G.Bednorz 
(1987), A.Muller (1987), P.-G.de Gennes (1991), 
D.Lee (1996), D.Osheoff (1996), R.Richardson 
(1996), A.Abrikosov (2003), V.Ginzburg 
(2003), A.Leggett (2003),D.Thouless (2016), 
D.Haldane (2016), M.Kosterlits (2016) and 
many other famous scientists. 

Second half of the previous century 
passed under the sign of two outstanding 
achievements of physics: 1) the revolutionary 
discoveries  and achievements  in  nanosciences 

(including nanomedicine), which will determine 
the future face of the ХХI century;2) solution of 
problem of the 2nd order phase transitions. It 
is difficult to overestimate the consequences 
of modern picture of cooperative processes in 
phase transitions and critical phenomena.

The essential progress in physics of phase 
transitions and critical phenomena of various 
nature is achieved because of a deeper 
understanding of the role of correlation 
effects of order-parameter fluctuations at large 
distances and times. The creation of the theory 
of superconductivity by Vitaliy Ginzburg and 
Lev Landau, the Nobel Prize winners in physics 
[22], the development of fundamental ideas 
of the fluctuation theory of scaling invariance 
[19,20] and renormalization group approach 
by Kenneth Wilson, Nobel Prize winners in 
physics [21], understanding the conditions 
under which the Landau mean-field theory of 
phase transitions is valid [23,24], and a number 
of precise experiments (see, e.g. [25] and 
references there) have revealed a decisive role 
of order-parameter fluctuations near the phase 
transition and critical (bifurcation) points. 

These ideas have been successfully used to 
study the specific features of phenomena and 
physical properties in the metastable state of 
substances, like the nucleation and other so-
called first-order phase transitions [3-9]. 

Unification of above-mentioned two directions 
in development of physics continues to cause 
an increasing interest of researchers to the study 
of phase transitions in the mesoscale (nano- 
and micro-) systems. Ideas of isomorphism of 
the phase transitions [26,25] allow generalizing 
properties of the confined physic systems on 
the systems of medical nature. The notion of 
universality classes becomes very important 



for this purpose. Basic conditions of the 
universal behaviour for infinite-size (bulk) 
systems of different nature are well-known 
[19,20,25]: 1) the same space dimensionality; 
2) the same dimensionality (number of 
components) of order parameters; 3) the 
same type of intermolecular interaction 
(short- or long-range); 4) the same symmetry 
of Hamiltonian (fluctuation part of the 
thermodynamic potential). The universal 
behaviour for confined systems needs the 
following conditions in addition to four 
previous ones: 5) the same geometric 
factors (number of monolayers) for system’s 
confinement; 6) the same low crossover 
dimensionality (geometric form of restricted 
volume); 7) the same type of boundary 
conditions; 8) the same physical properties 
under consideration [20,27]. 

As biomedical applications, the methods of 
neutron optics were used in [28] to study 
the temperature and size dependence of the 
width ΔE of the quasielastic neutron scattering 
peak near the structural phase transition in 
the plasmatic membranes (mesostructures 
with the typical thickness up to 10 nm). It 
was shown that studies of the width ΔE of 
the quasielastic neutron scattering peak 
could be applied as an effective tool for 
the tumor growth diagnostics. In addition, 
a great scientific and practical interest lies 
in the sphere of research of the cell-to-cell 
communication (synaptic transmissions of 
nervous signals) in medical and biological 
objects which are low-dimensional by their 
nature. These vitally important phenomena 
could be considered as processes which are 
isomorphic to the critical phenomena in the 
small volumes of the spatially-limited binary 
liquid mixtures in the vicinity of critical 
mixing point [29-32].

Results (part 1)

3. Nucleation

The nucleation process (formation of new 
phase nuclei) is a typical phase transition. Let 
us consider the main consequences of the 
physical process of the formation of embryos 
of a new phase, obtained in theoretical studies 
and confirmed by the results of experiments 
and computer simulations. 

As will be showed further in Results (part 
2), at the earliest stages of the nucleation 
process embryos of a new phase are fractals. 
Strictly saying, fractals are objects of the 
mathematical branch called topology. One of 
the most important properties of fractals is 
their self-similarity at different scales. Nature 
gives a lot of examples of fractals: clouds, 
trees, seashells, radioactive spots, tumors, etc. 
Another important characteristic of fractals is 
their fractal dimensionality, which is possible 
to introduce by measuring the length of the 
Norwegian sea coast using maps of different 
scales (what was probably done that way). It 
is obvious that if the map scales decreases, 
the length of the coast will grow because 
smaller details (such as, for example, fiords) will 
appear. The dependence of the coast’s length 
on the map scale is described by a power 
function with an exponent called the fractal 
dimensionality Dfr. For a detailed acquaintance 
with the fractals, we can recommend the book 
by Benoit Mandelbrot “The fractal geometry of 
nature” [33].

The temporal, i.e. a time-dependent, growth of 
fractal clusters demonstrates that the nuclei of 
a new phase reach their spherical shape. The 
further dynamic behavior of these spherical 
(or quasi-spherical) embryos depends on 
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whether they have reached the critical size 
of Rcr or not. If the size R of the embryo of 
a new phase is less than Rcr, then for such 
subcritical embryos of the new phase the 
energy beneficial process is their fluctuation 
(spontaneous) disappearance. If the size R of 
the embryo becomes larger than the critical 
Rcr, then for such supercritical embryos 
the process of their growth is energetically 
beneficial. In the later stages of this process, 
called coalescence, there is an unstoppable 
growth of nuclei of a larger radius due 
to the absorption of nuclei of a smaller 
radius. I.Lifshits and V.Slezov, authors of the 
coalescence theory, have established the 
following law: the temporal dependence 
of the subcritical embryo’s size is directly 
proportional to the cubic root of time t [34].

The next steps are as follows: (a) to write 
the expression for the work (energy) of 
nucleation W, which is necessary to create 
an effective spherical new-phase nucleus of 
radius R with taking into account the volume 
(proportional to R3)and surface (proportional 
to R2) contributions; (b) to calculate the 
critical size Rcr and the minimum energy of 
the nucleation barrier W(Rcr) оf such a critical 
nucleus of a new phase. 

4. Carcinogenisis

Here, the described features and 
consequences of the physical process 
of nucleation will be transferred to the 
biomedical process of carcinogenesis. 
Obviously, the following conditions give a 
reliable background to prevent the growth 
of tumors, based on the hypothesis of 
synergetic similarity (isomorphism) between 
nucleation and carcinogenesis: 

(a) increasing the critical size Rcr of nuclei of a 
new pathological phase. As a result, this leads 
to an increase in the number of subcritical 
embryos, which spontaneously dissolve and do 
not turn into a tumor;

(b) creating a larger energetic barrier W(Rcr) for the 
process of carcinogenesis. As a consequence, a 
higher energetic barrier means that overcoming 
such a barrier becomes energetically more 
unprofitable and therefore difficult process to 
create supercritical embryos that can be reborn 
into a tumor. 

As is seen from Results (part 2), the critical 
size Rc rof nuclei of a new phase is directly 
proportional to the first power of the surface 
tension coefficient  , and the energetic barrier 
W(Rcr) for the process of carcinogenesis is 
directly proportional to the cubic power of 
the surface tension coefficient     . Figure 1and 
Figure 2 illustrate these dependences of the 
critical size Rcrand the energetic barrier W(Rcr) 



on the coefficient of surface tension.

By combining the conditions (a), (b) to 
prevent the tumor’s growth with the above-
mentioned dependence of the critical size Rcr 
and energy barrier Rcr on the surface tension 
coefficient  we should come to the next 
principled conclusion: in order to prevent 
the tumor’s formation,it is necessary to 
use appropriate surface-inactive substance, 
which increase the surface tension coefficient.

Results (part 2)

5.Fractal structure of new-phase nuclei

Let us prove that the dependence of the 
mean-square fluctuation of particle number      

                                    (1)

in the embryos (clusters) of a new phase on 
the linear size of L of such a cluster is directly 
determined by the fractal dimensionality Dfr. 
The following designations are used in the 
known formula (1):               is the deviation 
of particle number from average value; V is 
the volume of the system,    is the density of 
the number of particles, k is the Boltzmann 
constant, T is the absolute temperature,    is 
the system’s susceptibility (the isothermal 
compressibility in liquids) (see e.g. [7] and 
references there).

Away from of the critical (bifurcation) 
points, dependence                on L is directly 
determined by the spatial dimensionality d 
of the system under study: 

                                       (2)

In the immediate vicinity of critical (bifurcation) 
points, the system’s susceptibility  becomes 

a highly fluctuating value, so accounting 
for the fluctuation effects radically changes 
dependence  on the linear L. With allowance for 
the finite-size (confined) systems [20,37,8] (the 
embryos of the new phase are just confined 
objects), the susceptibility  can be written as 
follows:,

                                       (3)

where               is the scaling function of arguments                                                     

a and b are the non-universal constants,

is the temperature variable, h is the external 
field, conjugated to the order parameter,
are the critical indices (exponents). We shall 
discuss an important problem of the order 
parameter in the case of carcinogenisis further. 
Now, it is only possible to say that this systemcan 
be classified as belonging to the universatility 
class of the 3-dimensionalIsing model, in which 
these critical indices take such numerical values 
[35-36]:  

Taking formulas (1) - (3) into account, the 
dependence of the mean-square fluctuation of 
the number of particles          on the linear 
cluster’s size L in the immediate vicinity of 
critical (bifurcation) points is described by the 
following formula:

                                             (4)

To derive the formula (4), the following 
scaling and hyperscaling (containingspatial 
dimensionality d) equalities for critical indices 
were used [19,25]:                       as well 
as the Mandelbrot formula [33], which gives a 
relationship between the fractal dimensionality 
Dfr, spatial dimension d and critical indices:   

In addition to the critical indices                  mentioned 
above for d=3, we will also give the values of 
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the critical indices.                                    The 
latter value  follows from the Wilson-
Fisher            expansions in the cubic 
approximation with respect to deviation    of 
the spatial dimensionality d from the limiting 
dimensionality d = 4. If d = 4, the mean-field 
Landau theory is valid without taking into 
account the fluctuation effects. Note that 
the formula                                                that 
leads to (4) can easily be checked by simple 
substitution the numerical values of critical 
indices          for the 3-dimensional case.

Let us consider the nucleation process in the 
so-called “layer-ordering approximation”, 
based on the assumption that the growth of 
any molecular structure needs an adding a 
molecular layer to each previous molecular 
layer. As shown by the author’s studies of 
the 2d-3d dimensional crossover [38], the 
dependence of fractal dimensionality Dfr on 
geometric parameter S, which determines 
the number of molecular layers in a slitlike 
pore, demonstrates thatDfr is changing 
smoothly from Dfr= 1.875 at d = 2 to 
Dfr= 2.482 at d = 3. 

These our theoretical results are confirmed 
in the computer simulations by I.Brovchenko 
and A.Oleynikova [39]. They claim that a 
dimensional 2d 3d crossover in a bounded 
volume filled with water begins at the 
thickness H  2.4 nm of a slitlike pore. It 
corresponds to approximately 8 molecular 
water layers, taking into account that a 
water molecule diameter is about 0.3 
nm.Conclusions on the fractal nature of 
clusters, the nuclei of a new phase, are also 
supported in computer-modeling studies by 
K.Binder [40].

6. Medical consequences of carcinogenesis 
and nucleation isomorphism

Here in this section, we shall consider more 
rigorously the main medical consequences of 
the physical process of the formation of embryos 
of a new phase, obtained in theoretical studies 
and confirmed by the results of experiments 
and simulations.

The starting point of studying the process of 
nucleation of a new phase in a liquid-vapor 
metastable system is the following formula 
for the minimum work (energy) W to create a 
spherical new-phase nucleus of radius R[5-9,41]:

                                                           (5)

Here in (5), the first and second terms 
correspond, respectively, to the volume 
and surface contributions to the energy of 
nucleation,                        is the degree of 
metastable vapor supersaturation,              

is the dimensionless deviation of density along 
the binodal (coexistence curve) and in the critical 
point,      is the surface tension coefficient. 

Taking into account an obvious extremum 
condition dW(R)/dR=0, one may calculate 
the critical size Rcr and the nucleation energy 
(nucleation barrier) W(Rcr), requiredto create a 
critical nucleus of a new phase: 

Allowing for (6) and (7), it is convenient to 
represent the nucleation energy W (R) by the 
following expansion in powers of the deviation 
of the nucleus size R from its critical value 
Rcr: 

                                        (8)

This expansion is precise, since all the derivatives  
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As it follows from (6) - (8), away from the 
points (lines) of phase transitions and the 
boundary of the stability, the growth of 
Rcr and W(Rcr)  occurs   at increasing the 
surface tension coefficient,   as is seen from 
numirators in formulas (6) and (7) , as well as 
(b) at decreasing both values of the degree 
of supersaturation (or superheating)                    

and the order parameter            binon the 
binodal (coexistence curve), as is seen from 
dominators in formulas (6) and (7).

With approaching the critical (bifurcation) 
points, the following situation should be 
realized: 

(a) The critical size Rcr of the embryo of the 
new phase should increase as the correlation 
length   of the order parameter fluctuations, 
i.e. Rcr ~    In other words, the temperature 
dependence of the critical size of the embryo 
is described by the formula Rcr ~                 

This means that the critical nucleus size Rcr 
arises according to the hyperbolic law  

at approaching the critical temperature Тсwith 
the critical exponent  in a 3-dimensional 
bulk system with linear dimensions L far 
exceeding the correlation length   , i.e. for 
L>>   This result regarding the temperature 
dependence of Rcr(  ) directly follows from 
(6) with taking into account the following 
formulas of the fluctuation theory of phase 
transitions [19,25]:        ;

(b) The energetic nucleation barrier   

appears to have no singularities at the critical 
(bifurcation) points or at the boundary of 
stability (spinodal) because the formula (7) 
can be rewritten in such an equivalent form:

which gives the following result for the 
3-dimensional case: 

7. Relationship between barrier of carcinogenesis 
and Ginzburg number

The role of fluctuation effects near critical 
(bifurcation) points can be estimated 

by the Ginsburg number [23,24] which is named 
after Vitaliy Ginsburg, 

the Nobel Prize winner in Physics. The Ginsburg 
number Gi is determined as

the ratio of the mean-square fluctuation <         > 
of the order parameter to the square of the 
equilibrium order parameter   . It is possible 
to show (see, for example, [19,25,8])that the 
Ginsburg number is determined by the following 
formula: 

where    is the amplitude of the correlation radius 
of the order parameter, which has the order 
of the radius of intermolecular interaction (for 
water          0.3 nm).

It follows that the Ginsburg number is rather small 
Gi<<1 near the critical (bifurcation) points and 
boundaries of stability (spinodal), if the spatial 
dimensionality       and/or the intermolecular 
interaction is long-ranged, i.e. the value of 
the interaction radius becomes large enough 
(               ).As a result, the fluctuation effects can 
be neglected for systems with a small Ginsburg 
number. In this case, the theory of phase 
transitions in the mean-field approximation, 
which was created by Lev Landau, the Nobel 
Prize winner in Physics, becomes valid. 



Thus, the process of formation of a new 
phase, taking place due to interaction of 
fluctuations in the bifurcation points, is 
energetically disadvantageous along the 
coexistence curve (binodal) of phases, and 
even for deep quenching into the metastable 
region. This property becomes characteristic 
only for systems with small Ginsburg 
number (for example, in liquid-crystal state, 
which is typical for medical and biological 
objects because of its membrane structures, 
in polymer mixtures with a long-ranged 
intermolecular interaction, etc.). The latter 
result is confirmed by the considerations 
related to the following formula [39,8]:

W ~ 1 / Gi (12)

that gives the reverse-proportional 
dependence of the nucleation 
(carcinogenesis) barrier W with the Ginsburg 
number Gi. As was shown above, the energy, 
which is necessary to create a new phase 
nucleus (tumor) or, similarly, the height 
of the nucleation (carcinogenesis) barrier, 
becomes larger the smaller is the Ginsburg 
number Gi , therefore preventing the growth 
of pathological neoplasm.

Discussion

8.  Influence of surface tension coefficient

Taking a previous Section Results (Part 1 
and Part 2) into account, we emphasize here 
once again that the critical size Rcr of the 
tumor’s embryo is directly proportional to 
the coefficient of surface tension, i.e. Rcr~    , 
while the value of the nucleation barrier
                is proportional to cube of the 
surface tension coefficient    .

Thus, synergetic similarity of carcinogenesis and 
nucleation processes proves that use surface-
inactive substances (surfinactants), increasing 
the surface tension coefficient, should be an 
effective method to increase simultaneously 
the critical size of the tumor’s embryo and the 
energetic barrier of carcinogenesis, preventing 
the growth of tumors.

As is shown in Figure 3, for an initial value of the 
surface tension coefficient        0   all tumors with 
its linear sizes R less than          are subcritical and 
therefore they should spontaneously disappear 
(see a grean area under a solid curve for 0 < R 
< 6 in Figure 3). Red color with sizes 6 < R < 9 
corresponds to area where supercritical nuclei 
(tumors) are growing.

With an increase in the surface tension    
for instance, by 50% in compare with its original 
value   , the critical size will also increase 1.5 
times, i.e.                      . This means that an 
additional number of new embryos with linear 
sizes Rcr in the interval                   should also 
vanish, because they become subcritical with a 
larger value of the surface tension coefficient

                  

The nucleation barrier W (Rcr) increases in 
1.53 = 3.375 times at a new value   , which 
confirms the energy disadvantage of the 
appearance of pathological tumors with an 
increase in thesurface tension coefficient. A 
dashed curve in Figure 4 shows such changes 
in the nucleus critical size and carcinogenesis 
barrier under the action of surface-inactive 
substances (surfinactants). 
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Figure 3. Dependence of barrier  of 
carcinogenesis on nucleus size R at initial 
surface tension coefficient      .

The left green region in Figure 4 under a 
dashed curve for 0 < R < 9, where subcritical 
nuclei (tumors) should spontaneously 
disappear, is dramatically increasing its area 
due to increase of the critical nucleus size

in 1.5 times and increase of theenergetic 
barrier of carcinogenesis in 1.53 = 3.375 
times. Red color, as in Figure 3, corresponds 
to area where supercritical nuclei (tumors) 
are increasing their sizes.

Figure 4. Dependence of barrier of 
carcinogenesis W on nucleus size R at larger 
surface tension coefficient                .

The opposite situation should be realized when 
using surface-active substances (surfactants), 
which reduce the coefficient of surface tension 
(see a dashes curve with dots in Figure 5). A 
decrease of an initial value of the surface 
tension coefficient     by1.5 times, i.e. if       is 
equal to              ,  leads to the same decrease 
in the critical nuclei’s size

Simultaneously, the new nucleation 
(carcinogenesis) barrier should strongly 
decrease its value more than 3 (precisely, 
3/375) times and becomes equal to W2 = W0 
/1.53 =0.296 W0. It means that the left green 
region under a dashed curve with dots for 0 
< R < 4 in Figure 5, where subcritical nuclei 
(tumors) should spontaneously disappear, 
is drastically decreasing its area due to an 
essential decrease of the critical nucleus size 
and theenergetic barrier of carcinogenesis. 
Therefore, a great part of embryos become 
subcritical in the interval of sizes   and begin to 
grow uncontrollably at a smaller value of         

(see the right red region in Figure 5). 

This theoretical result allows formulating such a 
conclusion: the use of surface-active substances, 
decreasing the surface tension coefficient, 
should contribute to the growth of tumors.

9. Non-toxic surface-inactive substances 

The search for non-toxic surface-inactive 
substances, promising to prevent the growth of 
tumors from the point of view of the proposed 
ideas,is, of course, a very complicated problem. 
However, the conclusions, following from the 
results we have obtained, allow us to offer 



some perspective thoughts. 

Figure 5: Dependence of barrier of 
carcinogenesis W on nucleus size R at lower 
surface tension coefficient                            .

First of all, the author considered in the early 
stages of this study that the use of low-
concentrated mercury-containing solutions 
may be promising to achieve this goal. Note 
that the surface tension of mercury is about 
an order of magnitude, i.e. 10 times, larger 
than that of water. However, this approach 
does not appear to have a realistic prospect, 
as in some countries, as far as the author is 
aware, there is a ban on the use of mercury-
containing drugs in the oncotherapy.

At the same time, we believe that there 
is a different way to solve the problem. 
Biological tissues contain structural elements 
having the properties of liquid crystals (e.g. 
biological membranes, some biological 
fluids). As mentioned above, the properties 
of liquid crystals and polymer solutions in 
the vicinity of phase transitions should be 
adequately described by the mean-field 
Landau theory and, accordingly, by a fairly 
small Ginsburg number Gi . This means that 
due to the inverse-proportional relationship 
between the Ginsburg number Giand the 

energetic barrier of carcinogenesis (nucleation) 
W, a value of the carcinogenesis barrier should 
be normally high enough. 

In connection with this, the synergetic similarity 
of carcinogenesis and nucleation processes 
allows us to draw an important conclusion: 
in order to find non-toxic surface-inactive 
substances, special attention should be paid to 
liquid crystals and its solutions with sufficiently 
large values of the surface tension coefficient. 
Besides liquid crystals, some polymer solutions 
may also be promising in this regard.

10. The Physico-oncological glossary

An important problem, of course, is the 
creation of “ The Physico-oncological glossary”. 
Such a glossary (dictionary) is necessary for 
a reasonable transfer of physical results and 
ideas that may often have a strict and precise 
quantitative meaning to the main points and 
results of oncological science, which, possibly, 
in a number of cases are of a qualitative nature. 
To create such a glossary (dictionary), a creative 
union of interested representatives of both 
(and, perhaps, a larger number) of sciences is 
absolutely necessary.

A good example of such cooperation was, 
the creative union of the American scientist-
ecologist A.Lotka and one of the famous 
creators of the theory of integral equations, 
the Italian Scientist Mathematician V.Volterra. 
Together, they created a well-known “predator-
prey model”, describing the time-periodic 
dynamics of changes in the number of two 
populations coexisting in the same territory 
(for example, lynx and hare, pike and crucian, 
etc.).

I have to admit, without the help of oncologists, 
I can write only a few correspondences in such 
a “Physico-oncological glossary”, namely:
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• Nucleation – Carcinogenesis.

• Nucleation energy barrier – Energetic 
barrier of carcinogenesis.

With less certainty, I can try to write another 
two correspondences:

• Surface tension at the boundary between 
liquid drop and supersaturated vapor–
Surface tension at the interfacial layer 
between tumor tissue and normal tissue.

• The physical order parameter, being the 
difference of density and critical density 
– The oncological order parameter, being 
maybe the deviation of oncogen density 
or density of point mutations from their 
critical values.

Speaking about the next pair and frankly 
saying, I have not the haziest notion of what 
is the synergetic correspondence between 
such terms:

(a) two physical factors        and       in the 
denominators of formulas (6) and (7), being, 
correspondingly, the degree of metastable 
vapor supersaturation and the liquid order 
parameter-dimension less  deviation of
density along the coexistencecurve and in 
the critical point, and (b) their medical 
counter parts in oncological science?

Let me explain why this correspondence 
seems to be important. Since both factors 
are in the denominator of the formula 
(6) for the critical nuclei size and in the 
denominator of the formula (7) for the height 
of the energetic barrier of carcinogenesis, to 
counteract the formation of a supercritical 
embryo from which a new tumor grows, you 
need to reduce each of these factors  

       and       , and better still reduce both of them. 
Such a reduction creates the same effect as the 
use of surface-inactive substances, increasing 
the surface tension coefficient   , standing in 
the numerators of formulas (6) and (7). As a 
result, the reduction of factors                    
simultaneously increases the effective critical 
size of the embryo of a new phase (tumor) 
and the height of the energetic barrier of 
carcinogenesis.That is why it is so important to 
understand the oncological meaning of these 
and other quantities.
Let’s create together “The Physico-oncological 
glossary”,because I believe that successes will 
attend us along this synergetic way!

Conclusion
In this paper, we have investigated a synergetic 
isomorphism (similarity) between the 
processes of carcinogenesis and nucleation. 
The theoretical-physics approach based on 
using such a hypothesis, allows formulating 
the following important conclusions: 

• The critical size of a tumor’s embryo is 
directly proportional to the coefficient of 
surface tension. 

• The value of the energetic barrier of 
carcinogenesis is directly proportional to 
cube of the surface tension coefficient. 

• The dynamic (time-dependent) process 
of carcinogenesis is characterized by 
bifurcation behavior, i.e. has such two 
probabilistic scenarios. According to the first 
scenario, if the size of the embryo of a new 
phase (tumor) is less than the critical one, 
then it is energetically more advantageous 
for such an embryo to dissolve (decrease 
its size). According to the second scenario, 
if the size of the embryo of a new phase 
(tumor) is larger than the critical one, then it 
is energetically more profitable for such an 
embryo to continue its further growth.
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Thus, our main fundamental medical 
finding is as follows:a necessary condition 
that should prevent the formation 
and further uncontrolled growth of 
pathological tumors is the use the 
appropriate surface-inactive substances 
(surfinactants), which increase the surface 
tension coefficient.

As a result, this will lead to the following 
consequences: (a) the increase in the value 
of the critical size of a new phase nuclei 
(tumors), which will enlarge the number 
of subcritical embryos decreasing their 
sizes, (b)the creation of a higher nucleation 
barrier W (Rcr), which significantly reduces 
the probability of the emergence of capable 
embryos and the further growth of such 
supercritical nuclei (tumors).

The confirmation of the theoretical 
consequences based on the hypothesis of 
synergetic similarity between carcinogenesis 
and nucleation processes requires, without 
any doubt, further experimental studies 
and careful selection of effective non-toxic 
surface-inactive substances. At the same 
time, we would like to believe that the 
attractive idea of a synergetic isomorphism 
of similar phenomena in open non-
equilibrium systems of different nature, 
which has already proved its effectiveness in 
a large number of studies, will be useful for 
a deeper understanding the carcinogenesis 
processes and preventing the formation of 
cancer tumors.
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