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COMPUTER-INTEGRATED TECHNOLOGY FOR STUDYING
THE SPATIAL STRUCTURE OF A CORONA GAS DISCHARGE
BASED ON FRACTAL DIMENSION ESTIMATION

The article analyzes the prospects for using the gas-discharge radiation method to study the properties of
water and aqueous solutions. A review of modern achievements in the field of theoretical and experimental
studies of water properties is provided. The main problems that arose in the study of water properties and
the further need to improve models of the liquid phase of water are analyzed. The main ways of developing
theoretical and experimental studies of the physical, chemical and biological properties of water are outlined.
The relevance of studying the biological properties of water is analyzed based on modern ideas in the field of
quantum electrodynamics about the presence of coherent domains in the structure of the liquid phase of water.

Experimental studies of water using the gas-discharge radiation method have revealed the regularities
of the formation of individual gas discharges when an external pulsed electromagnetic field is applied to the
liquid sample under study.

Analysis of the obtained images of gas-discharge radiation allowed us to establish the regularities of the
formation of gas-discharge tracks for different types of water, which manifest themselves as various specific
features of the geometric and photometric parameters of the images.

For the quantitative analysis of the obtained experimental data, the method of determining the fractal
dimension was chosen, since the images of the formation of gas-discharge tracks have a tree-like geometric
structure with pronounced signs of self-similarity.

The article presents the results and performs an analysis of experimental data and the results of their
processing based on the procedure for determining the fractal dimension. The formation of a branched tree-like
structure of gas-discharge tracks under the influence of an external pulsed electromagnetic field requires the
presence of free charge carriers, the source of which can be coherent domains. The minimum values of the
fractal dimension are characteristic of distilled water samples. The obtained result is consistent with the
results of research in the field of quantum electrodynamics, since distilled water is characterized by a minimum
degree of coherence.
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Statement of the problem. Studies of various
physical processes that are accompanied by the
occurrence of a gas discharge have remained
relevant for several decades. The study of the
features of the formation of gas discharges is of
interest to researchers from both a theoretical and
a practical point of view. A gas discharge is one of
the types of plasma, which is classified as a low-
temperature plasma, in contrast to another type of
plasma, which is called high-temperature plasma.

The features of the formation of a gas
discharge are determined both by the external
conditions  during laboratory research  (for
example, temperature, humidity, pressure, air
composition, etc.), as well as by the features of
the object under study and the parameters of the
electrode system used to create the electromagnetic
field necessary to ensure an active measuring
experiment during which a gas discharge is formed.
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Analysis of recent research and publications.
A gas discharge can be formed at atmospheric
pressure, in which case the distance between the
electrodes used to create the electromagnetic
field has a significant impact on the course of this
physical process [1].

Requirements for the design of devices for the
formation of gas discharges can differ significantly
and depend on the purpose of theoretical research
or practical tasks. To date, numerous examples of
the development and practical implementation of
devices for the formation of a gas discharge and the
registration of an image of its distribution are known.

The use of devices based on the formation of a
gas discharge is known in the fields of biology and
medicine [2, 3], biotechnology and agrophysics [4],
the study of the properties of biological objects and
liquids [5-7], the study of the properties of water
and aqueous solutions [8, 9], and ecology [10—12].
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Since water is one of the most common liquids
on Earth and a necessary substance for the life and
health of living beings, research into its properties
has remained relevant for many years. Theoretical
models of the existence of the liquid phase of water
are being developed, and experimental methods for
determining its characteristics, composition, and
structure are being improved.

It should also be noted that theoretical and
experimental studies of the properties of water
are incomplete and require further improvement,
since questions related to a number of so-called
anomalous properties of water remain unresolved.
Improving theoretical models of water leads to the
possibility of a more detailed and comprehensive
description of the properties of water, including its
physical, chemical and biological properties.

The development of theoretical models of water
in historical retrospect indicates that the anomalous
properties of water discovered experimentally
lead to attempts to further refine existing water
models. Along with this, the improvement of
methods and measuring instruments led to
the experimental discovery of additional new
anomalous manifestations of previously unknown
properties of water, which necessitate new stages
of the need to revise and improve water models.
Thus, a continuous relationship is formed between
theoretical and experimental achievements in the
field of research into the properties of water, which
complement each other and contribute to the further
development of scientific achievements.

The tasks of studying the properties of water and
building its models are not limited to establishing its
physical and chemical properties in a static mode,
since the movement of molecules and other dynamic
phenomena in the structure of water are an integral
aspect of its existence as an open system.

For example, the so-called classical model
of the liquid phase of water was based on the
concept that assumed the presence of hydrogen
bonds. The hydrogen bond model was developed
by Bernal J. D., Fowler R. H. [13]. A significant
scientific achievement of this model was the
idea of the structure of water in which individual
molecules are connected by hydrogen bonds, which
are organized in the form of a continuous three-
dimensional network. However, experimental
studies have revealed significant shortcomings
of this model of the liquid phase of water, which
consisted in the inability of the model to describe
and explain non-monotonic dependences of a
number of important characteristics of water, in

particular such parameters as compressibility,
volume, heat capacity as functions of other physical
quantities, such as temperature.

The existing contradictions between the
theoretical description in the form of a water model
and the results of experimental studies have led to
the need to improve theoretical models. In the course
of further development of theoretical scientific
research on the properties of water, a number of
other theoretical models have been proposed.
For example, models based on the percolation
theory [14] have been proposed, in particular cluster
and mixed cluster-fractal models, etc.

However, despite the large number of developed
theoretical models, there are still many unresolved
issues in this field. As noted in [15], there are
problems in scientific research of microscopic
structures in the liquid phase of water, which are
caused by fluctuations in the structure of the network
consisting of hydrogen bonds.

Along with scientific developments based on the
study of clusters in the structure of water, theoretical
and experimental studies of water are being carried
out within the framework of the direction of
quantum dynamics. These studies are based on the
idea of the existence of coherent domains in the
structure of the liquid phase of water.

A variant of the theoretical model of the
existence of the liquid phase of water based on the
idea of the presence in its structure of certain areas
in the form of coherent domains turned out to be
extremely important from the point of view of
explaining the key role of water in the cells of living
beings. The vast majority of previously developed
theoretical models of the liquid phase of water were
based on an analytical description of the structure of
water as a set of molecules connected by H-bonds,
a characteristic feature of which is their existence
on the basis of short-term static forces. Within the
framework of quantum electrodynamics, a model
of water was proposed that took into account the
presence of an electromagnetic field and dynamic
interactions in the structure of water.

Considering the structure of water in this way
allowed us to develop a new model based on the
representation of certain areas in its structure as
coherent domains, for the characterization of which
a physical variable in the form of a phase is used,
which is related to the electric potential and the
vector of magnetic potentials [16].

In parallel with these studies, which were
related to the development of a theoretical model
of the liquid phase of water, scientific research
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was conducted, as a result of which coherence
phenomena were established in the nature of living
beings [17]. As a result of the studies performed
in work [16], it was concluded that the developed
model of the liquid phase of water allows solving the
problem of thermodynamic inconsistency based on
the use of the concept of coherent domains and phase
correlation between molecules in the water model.
In work [18], the importance of studying phenomena
caused by coherence for describing the properties of
water in the cells of living beings is considered.

Task statement. Analysis of theoretical and
applied achievements in the field of application of
research methods based on the formation of a gas
discharge around objects indicates the relevance
of further improvement of measuring technologies
for detecting specific geometric and photometric
features of gas discharge images, which depend on
the properties of the object under study.

The statement of the scientific research task
is aimed at studying the properties of water and
aqueous solutions based on the application of the
method of forming a corona gas discharge around
a liquid sample based on the use of a system of
electrodes to create a pulsed electromagnetic field.

Outline of the main material of the study.
Studies of water properties related to coherence
phenomena in the structure of water are proving to
be an important aspect in determining the properties
of water in the fields of biology, medicine, and
ecology. The works [6, 19] present the results of
studies that indicate the prospects of using the gas-
discharge radiation method to study the biological
properties of water, which are due to the existence of
coherent domains in its structure.

Since the gas-discharge radiation method
involves the impact on the sample of the liquid
under study by an external electromagnetic field,
the physical processes of the emergence and
maintenance of the corona gas discharge are
associated with the emission of free charge carriers
from the surface and upper layers of the sample of
the liquid under study. As follows from the model
of the liquid phase of water, built on the basis of the
ideas about the existence of coherent domains in its
structure [16], the emission of free charge carriers
occurs with greater intensity from the surface of
coherent domains, since this requires less energy
consumption compared to other areas not organized
into coherent domains.

The general appearance of gas discharge
radiation images includes characteristic areas that
correspond to the following image elements:
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1) image background;

2) an inner circle with the location of the liquid
sample under study, the quantity and volume of
which is formed by a special device that is part of
the gas discharge radiation image recording device;

3) an image area that consists of gas discharge
tracks radially located around the liquid sample
under study, the spatial superposition of which forms
the resulting corona gas discharge picture.

When studying the physical processes of
emission of free charge carriers from the surface
of a liquid sample, the focus of attention is on the
features of the formation of gas discharges in radial
directions from the inner circle of the image, which
corresponds to the area of the liquid drop.

In [19], a method for analyzing images of gas
discharge radiation was proposed, which is based
on the analysis of high-frequency components of
the image brightness profile, which is formed only
along one radial direction. Further development
of computer-integrated technologies for a detailed
study of the features of the emission of free charge
carriers from the surface of a liquid-phase object, the
corresponding geometric and photometric properties
of corona gas discharge images is based on the
application of fractal geometry methods to analyze
the geometry of the structure of gas discharge tracks.

Fractal geometry methods for determining the
characteristics of gas discharge radiation images
around liquid samples were selected based on the
analysis of the features of the images, which consist
of a superposition of a set of gas discharge tracks.

The images obtained as a result of corona gas
discharge registration have a characteristic shape
of radially arranged gas discharge tracks, which
resemble a tree-like structure of individual branches
that can intersect each other, forming complex
geometric spatially distributed fragments.

Corona gas discharge fragments for the same
liquid sample, on the one hand, have a stochastic
nature of geometric and photometric features, and
on the other hand, have a certain repeatability of
textural features in the radial direction within one
corona gas discharge image.

For example, images of distilled water samples
are characterized by a more uniform light color
of the image fragment corresponding to the gas
discharge formation area, but without the presence
of clearly defined individual gas discharge tracks.
For natural water samples, the corona gas discharge
consists of clearly defined individual gas discharge
tracks, which have a tree-like geometric structure
and are characterized by greater intensity compared
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to images of the corona gas discharge of distilled
water.

Qualitative analysis of corona gas discharge
images obtained when an external pulsed
electromagnetic field is applied to liquid samples
indicates the wvalidity of the choice of fractal
geometry methods for highlighting specific features
of gas discharge radiation images.

From the analysis of gas-discharge radiation
images of different types of water, it can be
concluded that it is possible to detect self-similarity
of fragments for image textures. The pattern of
formation of individual gas-discharge tracks
is characterized by a tree-like structure with
specific patterns. At the same time, methods of
fractal image analysis provide the possibility of
quantitative analysis of self-similarity, i.e. certain
repetitions in the geometry of patterns at different
image scales [20].

Table 1 shows several examples of the results of
fractal dimension calculations for different types of
water.

For each type of water, three samples with
identical physicochemical properties were selected.
The analysis of the obtained results shows that the
smallest value of fractal dimension corresponds to
the distilled water sample. This result is consistent
with the results of modern scientific research in the
field of quantum -electrodynamics, since distilled
water is characterized by a minimal degree of
coherence.

Conclusions. The article presents the results
of the development of a computer-integrated

technology for studying the spatial structure of a
corona gas discharge based on the assessment of
fractal dimension. The article reviews modern ideas
about the structure of water and formulates the
main problems and ways to improve theoretical and
experimental studies of water properties.

Table 1
Determining fractal dimension
for gas discharge radiation images

Fractal dimension
Water sample Sample | Sample | Sample
1 2 3

Distilled 0.95098 | 0.94832 | 0.94982
Natural (concentration
of dissolved impurities | 1.3047 | 1.3154 | 1.3208
TDS 700 mg/1)
Natural (concentration
of dissolved impurities | 1.4396 | 1.5173 | 1.4491
TDS 1060 mg/1)

The results of an experimental study of the
properties of water of various types based on the
application of the gas-discharge radiation method
are obtained. The computer-integrated technology
includes a stage of calculating the fractal dimension
of gas-discharge radiation images.

The obtained experimental data and the
results of their processing with the procedure for
quantitative assessment of the self-similarity of
the geometry of gas-discharge tracks indicate the
prospects for further improvement of methods for
studying water properties using the gas-discharge
radiation method.
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I'nyxoa H.B. KOMII'FOTEPHO-IHTEI'POBAHA TEXHOJIOI'TA JOCJIKEHHSA
IMPOCTOPOBOI CTPYKTYPU KOPOHHOI'O TA30BOT' O PO3PSIIY HA BA3I OIIHKA
®PAKTAJIBHOI PO3MIPHOCTI

Y cmammi euxonanuil ananiz nepcnekmue 3acmocy8auHs Memooy 2a30po3psoOH020 SUNPOMIHIOBAHHS Ol
00CIIOdNCeHHs BACMUBOCHIEl 800U MA B00HUX PO3UUHIE. Buxonanutl 0enso cyuachux 0ocseHenb 6 2anysi
MeopemudHUX Ma eKCNEPUMEHMATbHUX O0CTIOdNCEHb 8aacmusocmell 600u. [Ipoananizosano ocHoeHi npodiemu,
SAKI GUHUKAU NPU BUBHEHHI 81ACMUBOCMeEl 800U, MA NOOAIbULd HEOOXIOHICMb YOOCKOHANIEeHH Modelel
piokoi pazu 600u. OKkpecieHo 0CHOBHI WLISIXU PO3BUNMKY MEOPEMULHUX MA eKCRePUMEHMATLHUX OOCTI0NCEHD
Gizuunux, ximiunux ma OionociuHux eracmuocmetl 600u. IIpoananizosano aKmyaibHiCmv O0CTIONCEHHS
OionociyHux eracmugocmell 600U HaA 0A3i CYYACHUX VABIEHb 8 2any3i KEAHMOBOI eleKmpOOUHAMIKU NpO
HASIBHICMb KO2ePEeHMHUX OOMEHI8 y CmpyKmypi piokoi ¢hasu 60ou.

IIposedeni excnepumenmanvui 00CAIONHCEHHS 600U MEMOOOM 2A30PO3PAOHO20 BUNPOMIHIOBAHHS 00360UIU
BUABUMU 3AKOHOMIDHOCII (DOPMYBAHHIA OKPEMUX 2A308UX pO3pPAdi6 npu 6Nauei Ha 00CAI0NCYBAHUL 3PA30K
PIOUHU 308HIUHBO20 IMRYTLCHO2O 1EKMPOMASHIMHO20 NOJIA.

Ananiz ompumanux 306paiceisb 2a30p0o3psA0HO20 BURPOMIHIOBANHHS 003601UE BCTNAHOBUMU 3AKOHOMIPHOCTT
Gopmysants 2az30po3pAOHUX MPEKIE O/ PIZHUX MUNIE 00U, SIKI NPOAGIAIOMbCS AK PI3HI cneyudiyni o3HaKu
2e0MeMmpPUdHUX Ma HOMOMEMPUUHUX NAPAMEmPi8 300PaAX*CEHb.

Jna KinbKicHO20 aHanizy OMpUMAHUX eKCHePUMEHMATbHUX OaHuX 0y8 00paHuili Memoo GU3HAYEHHs
(dpakmanvHoi  posmipHocmi, OCKIIbKU 300pAdiCeHHs (QOPMYBAHHA 2A30PO3PAOHUX MPEKi6  B8ON00TI0Mb
0epeBonooioHOI0 2eOMEeMPUUHOIO CIPYKIMYPOIO 3 BUPAICEHUMU O3HAKAMU CAMONOOIOHOCT.
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Y cmammi nagedeno pezynomamu ma 6UKOHAHUL AHALI3 eKCHEPUMEHMATbHUX OAHUX I pe3yibmamis ix
onpayloeanHs Ha 0a3i npoyedypu BU3HaAUeHHs GpaxmanbHoi posmipHocmi. DOpMYEaHHS pPO32ALYHCEHOT
0epegonodiOHOI cCmpyKmypu 2azopo3psiOHUX MpPeKie npu 6NAUEI 306HIUNLO2O IMIYIbCHOO e1eKMPOMACHINHO20
NOJISL BUMARAE HASABHOCTI BLILHUX HOCIL8 3apsA0Y, 0HCePeioM AKUX MOACYMb GUCIYNATU KO2EPEHMHI OOMEHU.
Minimanvni 3nauwenns GpakmaivHoi po3mipHOCmi € XapakmepHumu Oisl 3pA3Ki6 OUCUIbOBAHOL 600U.
Ompumanuii pe3yromant y32004CyEMbCS 3 PE3VIbMAMAMU 00CTIONHCEHD 8 2AY31 KBAHMOBOI eleKMPOOUHAMIKU,
OCKIbKU OUCMUTLOBAHA 800U XAPAKMEPUZYEMBC MIHIMANIbHUM CHYNEHEM KO2ePEeHMHOCMI.

Knrouosi cnosa: ananiz 300pasicensb, Komn 1omepHo-iHmMe2po8ana mexHoio2is, GpaKxmaibHa po3mMipHicmb,
2a30po3ps0He BUNPOMIHIOBAHHSL.
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