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Abstract

Investigation of effects of substance (or radiation) ultralow doses on biological systems is

a problem of significant importance. Numerous researches in natural sciences, especially

in physics and biophysics of living organism, resulted in making a model of ultralow doses

effects. These effects are based on the special structure of water in living cell (fractal crys-

tals) and the mechanism of energy transfer and transformation in biomolecule chains.

As for now it is practically impossible to observe this effect in a living organism directly.

But we can register changes in an organism states using data of blood analysis or ther-

mal imager. Considering biological system as a complex dynamical system we assume

that images of a process in an organism obtained in different instants of time are phase

portraits of the process. This leads to application of mathematical and computer investi-

gationmethods to studying biological processes. In this paper we describe the application

mathematical methods to analyze biomedical preparations images and obtain some nu-

merical characteristics of the process under investigation. We also discuss a method of

exploration of the influence of low doses of magnetic fields in magneto therapy devices

on a human organism.

Keywords: ultralow doses, digital images, dynamical systems, stationary process, fractal

analysis, mathematical morphology, magneto therapy.

1. INTRODUCTION

It is well known that any external factor (physical, chemical, etc.) acting on an organism in

one way or another changes the organism functioning. As this takes place, a specific answer of

the organism appears for any value (dose) of the action. Ultralow doses are used both in classi-

cal (acupuncture, electrophoresis) and homeopathic medicine, hence from this point of view the

separation medicine on allopathic and homeopathic is artificial and conditioned by historical

and economic reasons. As far as application of large doses of medicines may lead to side effects,

many specialists suppose that low and ultralow doses provide more delicate treatment. Many

distinguished scientists made a contribution to the forming common approach to the study of

complex biological systems. It was L. Boltzmann [7] who first proposed to describe a system

state by using its microstates and consider an integral characteristic of a system — entropy. He

introduced statistical approach in thermodynamics. This idea seemed to be fruitful and was

highly estimated by scientific community. A. Bashkirov [6] showed that such a definition of en-

tropy is true not only for physical systems, but and for considerable wide class of social, biologi-

cal and communicative systems which are studied by statistical methods. I. Prigogine [22], who

investigated nonequilibrium processes in open systems (supposing that any system has an envi-

ronment), also considered entropy as a system characteristic. Biologist I. Shmalgauzen [26] and
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physiologist P. Anokhin [5] asserted that the main property of an organism is the integrity that

cannot be reduced to the sum of its elements. The founder of homeopathy S. Hahnemann [16]

also considered a human being as a whole system and developed his treatment methods (based

on ultralow doses application) in accordance with this approach. System study of biological sys-

tems unites theoretical results and applied investigations, and allows us to consider both quali-

tative and quantitative characteristics of common principles of systems functioning. That leads

to active using both mathematical and computer modeling. When studying ultralow doses ef-

fects we can use theoretical results, namely achievements in physics that led to the explana-

tion and substantiation of these effects and offer a clearer view of how these effects work. The

mechanisms of ultralow doses effects are based on the structure of water in living cell (so called

fractal crystals that are energy-intense structures, i.e to support such a structure a cell has to

obtain energy). A model of transformation of incoherent chemical energy into a coherent elec-

tromagnetic form (soliton) was first proposed by A. Davidov [11] more than 30 years ago. In

spite of sufficient number of works in this area “soliton ideas” up to now are not quite perceived

by modern biophysics. Investigation in this area may promote considerably to the progress of

so called evidence-based medicine. It is achievements in physics that showed that for complex

processes in living tissues it seems practically to be unreal to make a complete mathematical

model. We have to solve so called inverse problem: given results (or measurements) of a system

functioning to analyze the system behavior, where “to analyze” means to obtain some charac-

teristics and interpret them. To analyze the results of ultralow effects one can use bio tests (for

example blood analysis, thermal imager data). It is the analysis of digital images that opens up

possibilities to apply mathematical and computer methods to obtain comparative characteris-

tics and classification signs of the images. In the paper we discuss the results of application both

mathematical and computer methods to obtain numerical characteristics for different classes of

biomedical preparation images.

2. ON AN EXPLORATION OF ULTRALOW DOSES EFFECTS

In physics by low doses effects (or low signals) is meant both ameasure of an action on an ob-

ject and the value of the answer of the object. In classical sense the notion “experiment” means

a purposeful action on an object that answers by a signal, and this signal should be measured.

In this case it is implicitly assumed that when measuring only one acting factor is registered. It

should be noted that any effects, both low and ultralow, generate in a system a complex answer.

But for low effects in the majority of cases the components of the answer are composed to a

resulting signal, whereas for ultralow effects it does not take place. In this situation we should

estimate a change of a system state integrally and use bio tests as indicators of such changes. The

changes in bio test states really happen, are observed and may be experimentally registered.

2.1. Ultralow Doses of Substance (hyper weak solutions)

The properties of so called hyper weak give us an important example of complex results of

ultralow doses effect. Many theoretical and experimental investigations performed by A. Szent-

Gyorgyi [23], E. Burlakova [9], A. Konovalov [17], E. Del Giudice [13], G. Ling [20] and many

others allow us to formulate the following:

• A set of biologically active substances, many of which are used as medicines, demonstrate

in hyper weak solutions special properties that they have not in more concentrated (“clas-

sical”) solutions. The answer of an organism on a drug substance action when consecutive

20 © COMPUTER TOOLS IN EDUCATION. №1, 2015 г.



On Experimental Studying Ultralow Doses Effects in Bioengineering

decreasing its concentration is nonlinear and non-monotonic: for ultralow concentration

the answer may increase again. These properties are called “bimodal biological effect”.

• These substances in hyper weak solutions show special physicochemical properties and

form so called nanoassociates of rather large size (up to 200 nm).

• In addition these properties are observed only if solutions are saved no less than 18 hours

in the magnetic field of the Earth, and not observed if the solutions are in a screening

container.

• It is the magnetic field of the Earth that determines special properties of hyper weak solu-

tions and acts the organizing role in all the structural processes concerning to water

The mechanism of ultralow doses effect is rather complex and at the moment there is no com-

plete theoretical results. At the same time we should note, that a model explaining this phe-

nomenon was described by L. Gall [14, 15].

2.2. Ultralow Doses of Electromagnetic Radiation

In spite of a wide range of papers concerning the area of the influence of electromagnetic

radiation on living organisms it is difficult to specify clearly its positive and negative effects.

We can find a lot of references in the review [10], where experimental results concerning both

electromagnetic radiation influence and intracellular interactions are discussed. In practice low

frequency magnetic fields are used in magneto therapy, and in many cases lead to positive re-

sults in treatment. Such a therapy agrees well with traditional medicine methods. At the same

time there are no common rules to fit parameters in various magneto therapy devices, because,

as it was mentioned above, the mechanism of action of ultralow doses both physical fields and

medicines on living organisms is rather complex and not sufficiently studied. One of perspec-

tive approach to parameters choice ensuring maximal medical effect was proposed in [12]. The

method is based on fundamental facts of the biophysics of sensory systems which describe the

answer of a bio system on external exposures. The author also considers an inspection method

of the patient health. Hence at the moment the main method to study a weak magnetic field

effect on a living system is the experimental one. For some classes of magneto therapy devices,

when magnetic field is produced by coils, one can use a mathematical model. Magnetic induc-

tion is calculated, results are visualized. By changing parameters (current intensity, distance

between coils) a physician may compare treatment results and visualization of a magnetic field

distribution and select an appropriate regime.

3. PRACTICAL EXPLORATION

It should be noted that in the majority of cases in studies of complex biological system we

cannot count on a mathematical model making. Hence we have to follow practical methods

of investigation — experiments and measurements. Modern technologies put forward a wide

spectrum of high-resolution hardware to measure and register processes elapsing in biological

systems. The results of measurements may be obtained as digital images which are classified

and analyzed by precise mathematical methods. The revealing an image structure and charac-

teristics may considerably help a physician in diagnosing. In analysis of such images statistical,

texture, multifractal, morphological and spectral signs and their combinations are used. Many

of these characteristics are invariant relative to wide class of image transformations, such as

rotation, change of illumination, scaling. If there is a mathematical model of a process under

investigation (described by a system of equations), one can use numerical methods to find a
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solution. All these methods may be applied to elaborate modern software and hardware instru-

ments in investigations and treatment when using homeopathic medicines and other methods

of evidence-based medicine. Now we consider examples of application of various mathematical

methods.

3.1. Mathematical Modelling of Low Frequency Magnetic Field

The study of the action of low frequency magnetic field in magneto therapy devices is one

of the most important problems in clinical practice. The papers [2, 18, 19] are devoted to the

construction of space configuration of magnetic field for different configurations of the coils. In

that model distances between the coils are long enough and the mutual induction is not taken

into account. The obtained numerical results and their visualizationmay be used to estimate the

effectiveness of clinical procedure: changing the parameters of configuration a physician may

choose a more appropriate regime.

Figure 1. The example of vizualization of spatial configuration of magnetic field for a given pair of coils

3.2. Mathematical Modelling of Diffusion Processes by Stationary Processes on Graphs

А method of a classification of images concerning to a substance propagation process was

proposed in [1]. The image is considered as a lattice formed by pixels (i , j ) of given intensi-
ties 0 < I (i , j ) < 256. Then an oriented graph corresponding to the image is constructed in the
following way. Every vertex (i , j ) has the weight I (i , j ); every vertex (pixel) is connected with
N neighbours, such that for a given vertex (i , j ) all out coming edges have the value I (i , j )

N , for

boundary vertex —
I (i , j )

k , where k = N – 1 or N – 2 for N = 4 and k =N – 3 or N – 5 for N = 8.

The constructed flow is normed such that sum I (i , j ) equals 1. Hence we obtain Markov chain
on the graph: for every vertex its weight equals sum of weights of outcoming edges. Denote the

initial distribution on graph edges by pi j . Our purpose is to find such a distribution ui j that the

flow on the graph be stationary: for every vertex the sum of weights of incoming edges equals

the sum of weights of outcoming ones. It is well known that such a problem has a solution if

there is a cycle on a graph; the solution may be obtained by the Sheleihovsky-Bregman method

[8]. Moreover, this solution minimizes weighted entropy g (u) = −∑
i j ui j ln

pi j

ui j
. It is weighted
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entropy that is used as a classifying sign when images concerning to different doses of a sub-

stance are analyzed. In fact, weighted entropy may be considered as a time that is required for

a diffusion process to achieve a stationary state: the more concentration the more this time.

On the Fig. 2 pharmacological solution of Ag obtained by atomic-force microscope for different

concentration are shown. They correspond to (from left to right) zero, small and large concen-

trations. Weighted entropy is equal to 0.0000025, 0.000013 and 0.000043. It is easy to note that

the proposed method separate images with zero concentration from others.

Figure 2. Images of pharmacological solutions of Ag with different concentrations

3.3. Fractal Analysis Methods

Methods of fractal and multifractal analysis are widely used for various types of images.

Considering an image as the phase portrait of a complex dynamical system we can use for its

description multifractal formalism as a statistical characteristics. Multifractal formalism relies

on the fact that highly nonuniform probability distributions arising from the nonuniformity of

the system often possesses rich scaling properties such as self-similarity. Hence we can associate

a characterization of the fractal properties of a measure with the nonuniform distribution. The

multifractal formalism describes the statistical properties of these singular measures in terms

of their singularity (multifractal) spectrum or their generalized dimensions (Regny spectrum).

The generalized dimensions were introduced earlier than multifractal spectrum and they are

easier to compute than multifractal spectrum. For a given image we construct a partition on N
cells (boxes) and for each box calculate its measure (for example as the sum of pixel intensities).

By norming the measure we obtain a probability distribution (measure) {pi }, i = 1, ..., N , that
may be considered as an image characteristic. The Regny dimensions Dq are defined as Dq =
liml→0

ln
∑

i pq
i

ln l , where l is the box size and q is a real number. We calculated Regny spectra
and multifractal spectra to classify images of histological preparations, connective tissues, bone

tissue and others [4]. To classify pharmacological solutions of Ag containing different (low)

doses of the substance we used Regny spectrum [3]. Regny spectra for the images on Fig. 2 are

shown on Fig. 3.

3.4. Mathematical Morphology

The method of sensitive crystallization was developed by Pfeiffer as early as in 1930h [21],

but still is pioneer one. The method is based on addition of whole blood (or plant extracts) to a

solution of cuprum chlorides. The foundations of the method and a systematics of experiments

with blood crystals are described in detail in [24]. In [25] the author studied influence of met-

als on human being and assumed that results of the crystallization may be indirect proof of
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Figure 3. Regny spectra for images of pharmacological solutions of Ag with different concentration

malfunction of metallic processes in a patient blood. The method also results in defining mal-

functions of organs and pathological processes in organism. For blood the crystallization by

cuprum chlorides is a sensitive morphological test. Pfeiffer considered such a crystal as a pic-

ture of the state of the whole organism and connected the regions of body with areas of the test

image. The studying of extensive experimental materials resulted in revelation and classifica-

tion of specific forms in crystallization images, being every class may be matched to a type of

disease and the location of a form on the test image corresponds to location of an organ. It seems

the blood formulation (low doses of some substances) defines the type of crystal. This method

is very important in homeopathy. Currently the method has attracted considerable interest of

many scientists. B.Waldburger [29] assumes that crystal structures demonstrate a dynamic of

processes in human organism and discusses perspectives of blood crystal analysis. The applica-

tion of rigorous mathematical methods to different kinds of blood crystal images allows us to

extract many features such as regular areas, cavities and structures. Typical forms of crystals

corresponding some organ malfunctions [28] are shown on Fig. 4. In [27] such images were

classified by the methods of mathematical morphology.

Figure 4. Types of images of blood crystals: a) hole structure of crystals – typical for degenerative pro-

cesses; b) hollow form of the crystal, benign tumor; c) hollow form of the crystal with transversal struc-

tures, malignant tumor; d) crystallization in the star formwith hole structure, which is typical for chronic

inflammatory process
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On Fig. 5 blood crystals of 3 patients are shown. All the images indicate signs of chronic

inflammation. Specific forms characterizing acute states are not found.

Figure 5. Images of blood crystals having various signs of chronic inflammation process

4. CONCLUSION

Recent advances in physics, chemistry, biology, mathematics, computer sciences and their

applications resulted in the substantiation and explanation of the mechanism of ultralow

doses effect. Though now it is practically impossible to observe this effect in a living organism

directly, we can use different forms of bio tests: digital images of biomedical preparations and

numerical data obtained both in practical experiments in magneto therapy devices and results

of mathematical modelling of magnetic field distribution. The application of mathematical and

computer methods of investigations allows us to obtain characteristics of biological system

states when acting by low and ultralow doses of medicines and other external factors. Hence

educational programs for specialists should provide for studying these methods. Such an

approach may also lead to the considerable progress of so called evidence-based medicine.

Acknowledgements
The paper was supported by the project Strategic Alignment of Electrical and Information Engi-

neering in European Higher Education Institutions (SALEIE) reference number: 527877-LPP-1-

2012-1-UK-ERASMUS-ENW and RFBR grant 13-01-00782.

Authors wish to express their thanks to Institute Silicate Chemistry, St. Petersburg, for given

images of Ag solutions, Denis Koshechkin for many fruitful discussions and Haijo Kniijpenga

from Laboratorium fur Empfindliche Kristallisation for blood crystallization images.

References

1. N. Ampilova. Stationary processes on graphs and image analysis // Computer instruments in educa-
tion,2013. № 3. P. 27–32. (in Russian).

2. N. Ampilova, D. Dimitrov, B. Kudrin. Mathematical modeling of low frequency magnetic field in sys-
tems for magnetotherapy. Proc. 8 Int. Conf. CEMA13, Sofia, Bulgaria. Oct. 17–19, 2013. P. 48–51.

3. N. Ampilova, E. Gurevich, I. Soloviev I. Application of Modified Fractal Signature and Regny Spec-
trum Methods to the Analysis of Biomedical Preparations Images. Proc. 6 Int. Conf. CEMA11, Sofia,

Bulgaria. Oct.6–8, 2011. P. 96–100.

4. N. Ampilova, I. Soloviev, Y. Shupletsov. On Application of Fractal Analysis Methods to Biomedical
Preparation Images. e-journal “Differential equations and control processes”, 2013. № 2. P. 51–61.

Available at http://www.math.spbu.ru/diffjournal/RU/numbers/2013.2/issue.html

INFORMATICS 25

http://www.math.spbu.ru/diffjournal/RU/numbers/2013.2/issue.html


Ampilova N. B., Soloviev I. P.

5. P. Anokhin. Systemogenesis as a General Regulator of Brain Development, Progress in Brain Research,
Vol. 9. The Developing Brain, Amsterdam, Elsevier, 1963. P. 54–86.

6. A. Bashkirov. Regny entropy as a statistical entropy for complex systems, Theoretical and Math.
Physics, 149(2), 2006. P. 299–317 (in Russian).

7. L. Boltzmann. Kinetic theory of matter. Moscow, 1939 (in Russian).
8. L. Bregman. Relaxation method of the finding of a common point of convex sets and its application.
Diss. PhD, Leningrad, 1966 (in Russian).

9. E. Burlakova, A. Konradov, E. Maltseva. The action of ultralow doses of biologically active substances
and low intensity physical factors. 4 Int. Symposium “Mechanisms of ultralow doses actions”, 28–29

Oct. 2008. Moscow. Book of abstracts. P. 123–149. (in Russian).

10. M. Cifra, J. Fields, A. Farhadi. Electromagnetic cellular interactions. Progress in Biophysics andMolec-
ular Biology 105, 2011. P. 223–246.

11. A. Davidov. Biology and quantum mechanics. Kiev: Naukova dumka Publ, 1979 (in Russian)
12. V. Efremov V. Themethod andmedical-diagnostic system based on low frequency magnetic field with

low amplitude. Diss. PhD , St. Petersburg, 2006 (in Russian).

13. E. Del Giudice, V. Elia, A. Tedeschi. Role of water in the living organisms. Neural Network World 19
(4), 2009. P. 355–360.

14. L. Gall. In the world of hyperweak. Nonlinear quantum bioenergetics: a new view on life nature. St.
Petersburg, 2009 (in Russian).

15. L. Gall. Bioenergetics –– the magic of life. St. Petersburg, 2010 (in Russian).
16. S. Hahnemann. Die chronischen Krankheiten. 5 Bände, Bd. 1, Dresden, Leipzig, 1835.
17. A. Konovalov. Effect of ultralow concentrations and electromagnetic fields. Proc. of Int. Congress

“Low and ultralow fields and radiations in biology and medicine”, St. Petersburg, 2012. P. 77 (in

Russian).

18. B. Kudrin, A. Dimitrov. The algorithm for visualization of low-frequency magnetic signals in systems
for magnetotherapy. Proc. 8 Int. Conf. CEMA13, Sofia, Bulgaria, Oct. 17–19, 2013. P. 31–35.

19. B. Kudrin, A. Dimitrov. Computer visualization of low frequency magnetic signals in systems for mag-
netotherapy with variable parameters. Proc. 8 Int. Conf. CEMA13, Sofia, Bulgaria, Oct. 17–19, 2013. P.

36–39.

20. G. Ling. Life at the cell and below-cell level. The hidden history of a fundamental revolution in biol-
ogy. Pacific Press, New-York, 2001.

21. E. Pfeiffer. Empfindliche Kristallisationvorgange als Nachweis von Formkraften im Blut. Dresden,
1935.

22. I. Prigogine. Nonequilibrium statistical mechanics. Moscow, Mir Publ. 1964 (in Russian)
23. A. Szent-Gyorgyi. Bioenergetics, Acad. Press, New-York, 1957.
24. A. Selawry, O. Selawry. Kupferchlorid-Kristallisation im Natiswissenschaft und Medizin. Gustav-

Fisher Verlag, Stuttgart, 1957.

25. A. Selawry. Functional types of metals in Psychology and Medicine. Vol. 2. SPb.: Demetra, 2011 (in
Russian).

26. I. Shmalgauzen.Organism as total in individual and historical development.M.-L. Academy of science
SSSR Publ. 1938 (in Russian).

27. I. Soloviev, N. Ampilova, E. Gurevich. On implementation of a neural network classifier for some
classes of biological and medical preparation images. Proc. 7 Int. Conf. CEMA12, 8–10 Nov. 2012,

Athens, Greece. P. 94–97.

28. B. Waldburger B. (2007). Die Empfindliche Kristallisation. Eine Methode zur Qualitatatsforschung.
Goetheanum Research Institute. The Laboratory for Sensitive Crystallisation. Dornach. 2007.

29. B. Waldburger. Die Blutkristallization als Schulungsmethode. Originalia. Der Merkurstas. Heft 5,
2013. P. 402–414.

26 © COMPUTER TOOLS IN EDUCATION. №1, 2015 г.



On Experimental Studying Ultralow Doses Effects in Bioengineering

ОБ ЭКСПЕРИМЕНТАЛЬНОМ ИЗУЧЕНИИ ДЕЙСТВИЯ

СВЕРХМАЛЫХ ДОЗ В БИОИНЖЕНЕРИИ

Ампилова Наталия Борисовна, Соловьев Игорь Павлович

Аннотация

Исследование влияния сверхмалых доз вещества (или излучения) на биологические

системы является важной задачей. Многочисленные исследования в естест венных

науках и особенно в физике и биофизике живых организмов привели к созданию

модели действия сверхмалых доз, которая основана на специальной структуре во-

ды в живых клетках (фрактальные кристаллы) и механизме передачи и преобразо-

вания энергии в цепочке биомолекул. В настоящее время наблюдать это влияние

непосредственно в живом организме невозможно, но можно регистрировать прои-

сходящие в нем изменения используя данные различных измерений состояния ор-

ганизма. Большая часть таких данных представляет собой цифровые изображения,

что делает возможным применение математических и компьютерных методов ис-

следования. В работе описано применение математических методов для анализа

изображений биомедицинских препаратов и получения численных характеристик

изучаемого процесса. Описан метод исследования малых доз электромагнитного

излучения, используемого в магнитотерапии.

Ключевые слова: сверхмалые дозы, цифровые изображения, динамические си-

стемы, стационарные процессы, фрактальный анализ, математическая морфология,

магнитотерапия.
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