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Abstract—Ecological monitoring is a real need in contemporary world with its growing tendency of
environmental industrial pollution. Among such pollutants there are chemicals emanated in fires,

explosions and other emergencies, in process of ruining of chemical enterprises, enterprises of oil and
gas cycle, and etc. Some information systems for appropriate monitoring were described briefly in this
article together with incorporated hybrid system of electronic chemical pollution detectors that were able
to input information to such systems. In previous works of the authors the necessity of development of two

types of such detectors with specified properties were substantiated: biosensors and detectors with

elements — artificially elaborated selective membranes. This article describes the second type of
detectors. The proposed detectors were able to detect harmful chemicals in the environment in the air and
water phases, development of such devices was based on the theory of membrane systems. The detectors
contained sensor elements covered with chemo-sensitive specific coatings — layers of substances:

membranes, films, etc. When in contact with certain chemicals, these detectors demonstrate the properties
of chemo-sensitivity and primary identification of such compounds. These studies were aimed on
developing detectors of various environmental pollutants based on the theory that can be used as a basis
for the detection of such substances. The works were based on a deep study of membrane systems with
further development of physical and mathematical models of some substances detection taking into
account basic chemical and physical properties of artificial and natural membranes, as well as their ionic
selectivity. Some results of mathematical modeling of such detectors with artificial membranes — chemo-
sensitive surfaces — were described in the article. Summarizing the previous experience, a brief review of
authors’ publications in these items was done, as well as the works of some other authors. The purpose of
the work was, basing on profound studying of artificial membrane systems, to suggest them as physical
model and summarize the experience of development of their mathematical models.

Index Terms—Information system; physical model; mathematical model; detector; sensor device; fires;
chemical substances; chemical pollution of environment.

I.  INTRODUCTION

Our contemporary reality is characterized by
intensive industry development with subsequent
chemical pollution of environment, cruel wars with
explosions, fires, other emergencies with emanated
chemicals, in process of ruining of chemical
enterprises, as well as enterprises of oil and gas
cycle, and etc. Chernobyl accident in Ukraine was a
shock for the whole World, its consequences we felt
to the current days, and it faced us with the necessity
of practical protection of the environment. Such

antropogenic and technogenic disasters usually
happened with emanation of harmful and/or toxic
chemicals, and the task of their detection in
environment is important indeed to save the life and
health of people, other biological organisms, finally,
to save the Nature in whole [1] — [5]. Actually, the
development of information systems with such
chemo-detecting elements for data input, as
technical devices (robots, drones, etc.) are necessary
indeed. [1] — [4], [6] — [9]. Such detecting devices
with functions of sensitivity for different chemical
substances in environment can be used as elements
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of large-scaling information system [10], [11].
Detecting subsystem for such devices can include
sensory elements, like chemo-sensitive membranes
(of natural origin and/or artificial ones), layers from
specific substances, coatings, and etc. [10], [16].
Such elements being in contact with some acted
chemicals have to reveal chemo-sensitivity and; in
some cases, even ability for primary processing of
information, doing initial identification of these
substances [10], [11].

In our article the data about the information
system (IS) with chemo-sensitive detectors of
biosensor nature were presented. Theoretical bases
for novel detectors elaboration for the IS were
demonstrated, aimed on further their use for
mathematical model development. The purpose of
present work was to study potential detectors for the
IS profoundly, to suggest their physical model and to
summarize the experience of its mathematical
models development.

II. PROBLEM STATEMENT

Developing the information system with
incorporated elements for chemo-sensitivity is
necessary, in the first order, to solve the problem of
sensitive detectors of high quality as well as problem
of the data input in general. Some prototypes of such
ISs had been already presented in some our works as
well as the works of other authors [1] — [4], [6] —
[11], [16]. One of such automated information
system (AIS) had been described in [1] — [4]. The
structure of AIS can include several pulsed spray
devices and AIS that control their work with a
network of sensors for fixing flame and smoke, as
well as thermal imager and video cameras (the
system AIS ASCOP [1] — [3]). They show, record
and analyze the reliability of data on the current
parameters of the fire, and predict trends in its
further development basing on data from the zone of
surrounding fire. Other example is “EcolS” system
for monitoring of ecological state of environment,
invented by Dr. Klyuchko OM [6] — [9]. The
purpose of this work was the development of new
informational system for environment monitoring in
wide time ranges using modern information and
computer technologies, on the base of novel
electronic information systems with databases.
During the work following methods were used:
methods of comparative research of the samples of
technical devices, imitation and program modeling,
which were based on numerical results obtained in
experiments with the recording of chemo-sensitive
transmembrane electrical currents in neurons in
voltage clamp mode and other methods. Used

biophysical methods permitted to reveal and identify
substances, hazardous for living organisms and to
make the first conclusions about their possible
biological influence. In result the original system has
been developed for environment monitoring in broad
time ranges (from the first moments of substances
influence on single organism cells — to months and
years after this influence on whole organism). This
information system was coupled with detector
groups, databases (DB), expert subsystem and
interfaces. It was able to distinguish between certain
types of chemicals at the input; to display their
identification data and, if necessary, reports about
their harmfulness [7], [9]. “EcolS” system was
suggested for the use in ecological scientific and
academic practice, for environment protection.
Detailed analysis and studying of peculiarities of
biological objects and necessity to wuse of
mathematic and other methods that was not used
before become the basis for the DB development.
The series of these works were continued by the
elaboration of some other versions of “EcolS” with
DBs, including DB of images, electronic expert
system and electronic working places for it, linked
with DB for few specialties (ecologists, zoologists,
ete) [6], [7], [9]-

Input data for such ISs were obtained from the
detectors incorporated into IS; they have to be
sensitive to harmful chemical molecules in
environment. Two main groups of detectors can be
used for such purposes. The first one group included
detectors developed on idea of biosensor [10] — [13],
with  “biosensor-like” functions, which were
sensitive to chemicals like biological objects (cells,
their membranes, etc.) [10], [11], [13]. The authors
have already developed some versions of ISs with
such “biosensor-like” detectors [10], [11]. Other, the
second group of detectors included detectors with
surfaces, covered with thin layers, films or
membrane with ion-selective properties. They can be
done in artificial manner, like ion-selective glasses
of electrodes [14] — [16], and we studied theoretical
possibility to incorporate them into developed IS [7],
[10], [11], [17], [18]. The first works with such
glasses were done previously by B. P. Nikol’sky and
then by A. A. Lev [19], [20]. Such specific sensory
elements (chemosensitive membranes (artificial
and/or natural origin), specific coverings and layers
of substances) after the contact with certain
environmental chemicals are able to form the signals
about pollutants presence and, in some cases, to
perform their initial identification [14] — [16]. The
latter is the most desirable for the development of
multi-functional portable sensors. Studies aimed on
the construction of devices for the detecting various
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environmental pollutants were based on a detailed
study of membrane systems that simulate the main
physicochemical properties of artificial and natural
membranes, including their selectivity to ions; and
such studies were becoming increasingly important
[14] - [16].

This is especially necessary during a fire
extinguishing and eliminating of other consequences
of accidents, catastrophes at large industrial
enterprises and objects of energetic, when
extinguishing algorithms have to be linked quickly
with current state of the object. The automated
system that control the processes of extinguishing
and liquidation of emergency situation have to work
in real time, limited by the specifics of the controlled
process and corresponding to the transition of the
fire or emergency situation into an uncontrolled fire
or techno gene disaster [14] — [16]. In any modern
enterprise it is very important to ensure quick,
effective and reliable extinguishing with strictly
metered commissioning of extinguishing means and
thereby ensuring the lowest possible changes of
technological regimes. The currently used automatic
fire extinguishing systems based on traditional
executive inertial devices and installations for
supplying fire extinguishing compositions are not
adapted to changes in the degree of fire hazard of the
protected area, the intensity and scale of the fire.
These systems extinguish equally regardless of the
options for the occurrence of fires and fire
development schemes [14] —[16].

Contemporary investigations are focused now on
detailed study of membrane systems simulating the
basic physical and chemical properties of artificial
and natural membranes, including their selectivity to
various chemicals, in ionic forms predominantly. In
present article the theoretical bases for the
development of such sensors with chemo-sensitive
surfaces were suggested in continuation of our
previous publications [10], [11], [14] —[16].

III. PROBLEM SOLUTION

A.  Physical models for the elaboration of
detectors of chemical substances in gaze and water
phases of artificial or natural origin.

The analyzing detectors with artificial membrane
elements have been already developed by the authors
[10], [11], [14] — [16]. The scientific basis for such
devices with sensor elements could be the set of
works on the selective artificial surfaces of various
types of glass, sensitive for different chemicals in
ionic form. Different versions of such detectors have
specific sensitivity for various chemicals, either by
own surface or as bed-substrate for covering with

the layers of some specific compounds. This
physical model of detector can be supported by
mathematical model suggested below. They were
based on the experiments with the registration of
current-voltage characteristics of electrochemical
phenomena on the surface of artificial selective
membranes as well as selective membranes of living
objects. For both types of experiments an adequate
physical and mathematical models have to be found.
An important preliminary task for mathematical
modeling of such phenomena is studying of their
physicochemical nature, phenomenon of membranes
ionic selectivity both artificial and biological ones.
Some types of biosensors as detectors of different
biological signals that are transformed further into
electrical signals can be constructed in such a way
too [10], [11], [13].

B. Modeling of physicochemical phenomena at
detector surface.

As theoretical basis we had chosen phenomena of
physicochemical interaction of different ions in
solutions with glass surfaces. Extremely high
specificity of membranes made of glasses of a
certain composition with respect to H' ions is known
from previous publications [14], [15], [19], [20].
Changes in glasses’ composition leaded to
significant changes in the ion selectivity of
membrane glass electrodes, determined under the
stationary conditions, as well as changes in the
kinetic parameters of such selective membranes [14],
[19], [20].

When describing the difference of electric
potentials that appear on thin glass membranes
(glass electrode) in cases where the latter separate
media with different ionic composition, the concepts
of ion-exchange equilibrium established at the glass-
solution interfaces are most often used. According to
the ion-exchange theory of the glass electrode,
developed by B. P. Nikol’sky [20], there were
supposed the existence of ion-exchange sites and ion
exchange processes in the glass material

i+ j 2 i+,
where i and j are cations in the solution contacting

with the glass, j and i are the same cations bound

by fixed negative charges of the glass matrix.
Difference in potentials in this case can be
represented by the Nikol’sky equation [20]:

RT  x/+» "kx'
o= BT 1y 2t 2 k). )
F o x +z kX',

where k is the ion exchange constant. There were
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done the assumptions that the ion exchange sites in
the glass material are available for any of the
exchanging cations, the cation activities in glass are
proportional to their molar fractions, and the
transmembrane potential difference is determined
entirely by the sum of two boundary potential jumps,
i.e. the contribution of the diffusion potential can be
neglected. The Nikol'sky equation predicts a strictly
defined form of transition from one cationic function
of membranes to another when the cation
composition of one of the media separated by a
membrane changes. The experimentally obtained
dependence for the region of the transition from one
cationic function to another often differs
significantly from that predicted by simple ion-
exchange theory [20]. To explain this kind of
anomaly by Eisenman and co-workers an empirical
equation was suggested [20]:

RT - n vn]"
o=¢ +Fln[xi” +> (K,.jxj) ] ,

where the value of n is a parameter that determines
the degree of non-ideality of the ion-exchange
properties of glass.

2)

RT , ,
(pcho +ﬁln(xi +Kl.j.xj+Kikxk)+

Unlike the empirical Eisenmann equation, this
equation can be successfully used to describe the
electrode behavior of glasses in solutions containing
three types of cations in cases where a slow
transition from one electrode function to another is
detected. The latter was registered experimentally
during the study of the concentration dependences of
the potentials of glass electrodes prepared from
sodium aluminum silicate glass (NAS 27.5-4.5) and
potassium-gallium glass (KGaS 22-0.7)

These studies have shown that at constant ionic
strength of solutions and variable concentrations of
H', Na" and K" ions, the constants K}, and K,

as well as ay,, and a,;, can be considered as really

constant. However, it should be noted that with
relatively small ionic forces (107 — 107), the same
constants are no longer more could be the constants.

C. Theoretical base for some chemosensitive
detectors functioning: glass surface with various
chemical compositions.

Interesting feature of glasses used for electrodes
production is the ability to obtain different values of
cationic selectivity coefficients by varying their
chemical composition. In some cases it was possible

The classic in this sphere B. P. Nikol’sky and his
collaborators obtained theoretically based equations
that satisfactorily describe the complex forms of
transitions from one cationic function of glasses to
another [20]. In particular, the extended transition is
well described by the equation

0= (po +%In(xi +K.’4x,)+%ln(xi +xl.jK.’,x )

§j /e

3)

This equation corresponds to the conditions of
low dissociation of ionogenic glass groups in their
ith and jth forms.

The constant in this case differs from the constant
of Nikol'sky in the equation (1), but it is linked with
the latter one by the relation:

_ -1/2
K, =K;x;"",

where X, =k, /k, is additional coefficient
characterizing the difference in bond strengths of
ionogenic groups of the glass with ions 7 and ;.

Equation (3) can also be extended to the case
when three types of cations are present in the
solutions [20]:

RT ! ’
Eln (x,. + x,.jK,.jxj +x, K, x, )

4
to register the changes in the potential of the glass
electrode with the changes of ionic composition of
the solutions that could be attributed to the
variability of the cation specificity constants.
Besides of this, the cationic selectivity of glass
electrodes, which was determined under the steady-
state conditions, depends on what solutions were
prepared previously (or stored) examined glass
electrodes [14], [15], [20].

Although the question of the cation selectivity
dependence of glass electrodes on the concentration
of salts in solutions or their ionic strength cannot yet
be considered sufficiently investigated, it seems that
the specificity decreases significantly with the
decreasing of ionic strength to 10~

One of the most interesting features of electrode
glasses is the ability to obtain different values of
cationic selectivity coefficients by varying of their
composition [15], [20]. The systems of
aluminosilicate glasses (Na,O (or K,O) — A1,0; —
Si0,) and alumino-borosilicate (Na,O (or K,O) —
A1,0; — B,O; — Si0;,) glasses have been studied in
this regard the most comprehensively [20]. The
isotherms were found for the first system; they
characterized the dependence of Kj; constants for
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alkali metal cations on the fraction of oxides in the
glass.

Systematic studies of such systems and a number
of other electrode glass systems, carried out by
Eisenman [6] demonstrated that Kx; values and the
sequence of alkali metal cations were possible to
arrange in the sequences according to the increase of
studied coefficients. And these coefficients were
linked, consequently, with the function of glass
composition. Concerning the latter, from the total
120 possible rearrangements, only 11 different
sequences were experimentally detected [20].

During the study of membranes of electrode
glasses of various compositions, it was found that
the values of their specificity for alkali metal cations
can be unambiguously predicted if the value of one
of constants of cation specificity, in particular Kxna,
is known. Also there were found the dependences of
the changes in Gibbs free energy (AFij) for the ion
exchange reaction for all alkali metal cations and H"
ions on the magnitude of the change in free energy
of the K" and Na” ion exchange reaction (AFgx,).
The equilibrium constant of ion exchange reactions
were assumed to be equal to the constants of cation
specificity, established by potentiometric
determinations, for example, when measuring the
values of bi-ionic potentials [20].

Eisenman [20] created general theory of ion
specificity, applicable both to explain the specificity
of ion-exchange materials such as electrode glasses,
and the specificity found in the case of liquid ion-
exchange membranes and membranes containing
cyclic complexing agents. This theory is based on
consideration of atomic models of places that hold
cations in the membrane or as a result of Coulomb
attraction (in the presence of negative charge), or
due to ion-dipole interactions (in the case of a
neutral group with the dipole moment).

Changes in the free energy during the full
exchange reaction between the glass material and the
solution (AFi) can be determined if the differences
in the internal hydration energies of the ions

participating in the exchange process (£, — E;) , and
the differences in internal ion energies in the
membrane (Ei - E ;) are [20]:

AF, =—RTInK (E, -E))-(E,~E)). (6)

The first of the internal energy differences in
control [20] can be found on the basis of the tabular
data. The difference between the internal energies of
cations in an ion-exchange material, such as glass,

can be approximated if there is a certain conditional
value r, in addition to the crystal radius of the cation,
determined by the distance of the closest approach
of the cation to the electric center of gravity of the
anionic place in the glass. This quantity, which
characterizes the strength of the anionic field of ion-
exchange sites, according to the considered theory
determines the ionic selectivity of the membrane.

In the case when the strength of the anionic field
of the site that binds the cation in the membrane is
small (i.e., the » value is high), of the two cations
participating in the exchange process, one that has a
greater crystalline radius; because in this case, the
difference is less in comparison with the difference,
and the latter will determine the preference of the
ion transition into the membrane matrix. In this case,
the sequence of alkali metal cations arranged in
decreasing order of membrane specificity will
correspond to the sequence of decreasing crystalline
radii [20]:

Cs">Rb"™>K"'>Na">Li">H".

At sufficiently small values of 7, i.e. a large force
of the anion field, of the two above-mentioned
differences of the values of internal energies
determining the transition of ions into the matrix of
the membrane will be the difference of the internal
energies of cations in the membrane. In this case, the
preference is given to the ions with smaller
crystalline radii, which leads to the distortion of the
cation sequence just given. There were obtained the
isotherms characterizing the specificity of ion
exchange with a change in the value of 7, and zones
corresponding to the already mentioned 11
sequences of alkali metal cations, which are
predicted by theory, are indicated [20]. Note that
with a gradual increase in the value of , i.e., with a
gradual decrease in the strength of the anion field,
the first violation of the sequence is determined by
the rearrangement of ions Li" and Na', which leads
to the series Na">> Li" > K" > Rb"> Cs" (series X).
The following rearrangement with a further decrease
in the strength of the anion field leads to the fact that
the Li" ions are already in third place: Na"> K> Li"
>Rb">Cs" (series IX) [20].

With the opposite direction of changes in the
strength of the anion field from its smallest values,
i.e. with a gradual decrease in the value of r, the first
rearrangement is linked with Cs™ and Rb", concerns
the Cs” and Rb" ions, which gives the Rb" > Cs" >
K" > Na" > Li" series (series II). The second
rearrangement moves the Cs’ ions to third place:
Rb">K"> Cs">Na"> Li" (series IIT) [20]. It should
be noted that the change of series II, III and IV
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occurs in a very narrow range of changes in the
value of r that is, the characteristic "biological"
series of permeability of alkali metal cations K >
Rb"> Cs"> Na" > Li" (series IV) with a very small
decrease in the field strength is replaced by serie III,
in which the first place are the Rb" ions [20].

The strength of the anionic field of ion exchange
sites in glass is determined by the chemical structure
of ion exchange sites and even more — by the state of
oxygen atoms. It was demonstrated in numerical
publications of Nikol’sky et. al., Eisenman,
Belyustin and Schultz, Nikol’sky and Schultz,
Schulz et al. [20]. If into the crystal lattice of the
main glass former (in particular, SiO,) the elements
that violate this lattice are introduced; and they
prevent the polymerization (for example, Na", Li’,
etc.), this leads to the appearance of SiO™ groups
with high anionic strength and detecting a greater
affinity to cations with small crystalline radius.
These glasses include the usual H'-specific samples
used to prepare hydrogen glass electrodes. Anionic
sites with high ionic strength as a result of
hydrolysis can appear on the surface of pure quartz
according to Eisenman [20].

When oxides of the type B,0s;, Al,O3; or Ga,0O;
are inserted into the glass, strong acid groups are
formed in these glasses. The binding strength of H"
ions decreases in this case, the hydrogen electrode
function decreases accordingly, and metallic
electrode functions are registered. Eisenman, who
investigated in detail, as already mentioned, the
system of sodium-aluminosilicate glasses, considers
that the introduction of Al,O; into the glass
composition leads to the appearance of places like
(AIOSi) — and characterized by relatively low
anionic strength. For glasses of the ternary system
(for example, sodium-aluminosilicate), an increase
in the proportion of oxide Al,O; should lead not
only to the appearance of a pronounced metallic
function, but also to a gradual transition from
lithium-sodium specificity to preferred potassium-
cesium specificity. It was registered that the ratio of
Na,O/ALO; mole fractions started to determine the
cation specificity of the glasses.

If we assume that anions F, CI', Br and T,
differing in the values of crystalline radii, can to
some extent simulate anionic sites in the glass
matrix, then it is possible to compare the values at
the points corresponding to the crystalline radii of
these anions on the isotherms obtained according to
Eisenman’s theory, with tabular data on the heats
and magnitudes of free energies, the formation of
halides of various alkali metals in their diatomic
gaseous state. Such comparisons, which showed an

extremely good agreement between the experimental
and calculated values of the energy differences
(according to Eisenman), is a strong argument in
favor of this theory [20].

On Figure 1 the abscissa axis shows the pH of
external solution into which the glass electrode is
immersed. On the ordinate axis is the potential
difference in the glass electrode circuit, inside of
which there was 0.1 M HCI solution. The transitions
from the hydrogen to the metal (sodium) electrode
function for curve 2 was described by the equation
of ion-exchange theory by Nikol’sky. More
extended transition from hydrogen to metal
(potassium) function, represented by curve 1, can be
described by equations (2) or (3).

qp x_“-x‘-'"‘-‘x 1
-100} -
/7
x
/ ——
*58 — >
1 1 1 1

17 3 5 7 9 nPH

Fig. 1. The dependence of the difference of potential on
the membrane for electrode glass NAS 17.5-10 in KCl
solutions with pH 0.1 M (curve 1) and NaCl solutions

(curve 2) [16], [20] (explanations see in text)

Equation (3) can be successfully used for the
description of electrode behavior of glasses in
solutions containing three types of cations in cases
when the slow transition from one electrode function
to another was detected. The Ilatter one was
registered experimentally during the study of
concentration dependences for the potentials of glass
electrodes prepared from sodium aluminum silicate
glass (NAS 27.5-4.5) and potassium-gallium glass
(KGasS 22-0.7).

These studies have demonstrated that at constant
ionic  strength of solutions and variable
concentrations of H', Na" and K" ions, the constants

Kin. and Ki as well as ay,, and a could be

considered as really constant. However, it should be
noted that with relatively small ionic forces
(10% — 10°*), the same constants are no longer more
could be the constants [20].

IV. CONCLUSIONS

Brief review with the description of information
systems (ISs) for the nature protection use was given
in present article. Input data for such ISs were input
from the detectors incorporated into IS; they were
sensitive to harmful chemical molecules in
environment. Two main groups of detectors can be
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used for such purposes. The first one group included
detectors with “biosensor-like” functions, which
were sensitive to chemicals like biological objects
(cells, their membranes, etc.) [10], [11], [19]. The
authors have already developed some versions of ISs
with such “biosensor-like” detectors [8] — [11].

Other, the second group of detectors included
detectors with surfaces, covered with thin layer, film
or membrane with ion-selective properties. They
were done in artificial manner, like ion-selective
glasses of electrodes [14], [15], [20]. Investigations
of the last phenomena were important for
understanding of the physico-chemical nature of ion
selectivity as well as specificity and selectivity in the
broad sense of these terms, since the approximation
of such non-isomorphic systems is important in the
development of sensory groups for detecting of
harmful chemicals in the environment.

The article provides theoretical basis for the
development of such sensors with chemo-sensitive
surface. Their physical model was suggested as well
as mathematical model of phenomena of electrical
charges (ions) behavior in membrane vicinity [14] —
[16], [20]. The series with different ionic selectivity
were proposed on the base of glass surfaces studies.
Creation of theoretical bases for the development of
device models were directed on the detection of
chemical pollutants of environment, especially those
released during fires, explosions, other emergencies,
including war conditions with a lot of combustion
products in the environment in particular, near
industrial, chemical enterprises, enterprises of oil
and gas cycle, and etc. [14] — [16].
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0. M. Knwuko, B. M. lllytko, O. O. Koaranosa, A. I'. JlizynoBa, I. A. HaBpoubkuii. Indpopmaniiini rexnosorii:
(pizuyni Ta MaTeMaTHYHI Mo/ieJli JeTeKTOPIiB JJIsl CHCTEM MOHITOPMHIY HOBKILISA

MOHITOPHHT €KOJIOTIYHOTO CTaHy € PeaIbHOI HEOOXIIHICTIO Y CY4acCHOMY CBITI 3 HOro HapOCTaIOYO0 TCHACHINE 10
aHTPOIOreHHOro 3a0pyTHEHHS HAaBKOJHMIIHBOrO cepenoBuiia. Cepea Takux 3a0py/AHIOBAdiB € XIMi4HI PEUOBHHH, IO
BUAUISIOTHCS TIPH MOXKeXKaX, BUOyXax Ta IHIIMX HaJI3BUYaWHUX CUTYalisX, MPU PYHHYBaHHI XIMIYHUX IiIIPHUEMCTB,
MAPUEMCTB HaTOra30BOro MUKy Tomo. Jleski iHdopMaliiiHi cucTteMu il BiANOBIAHOTNO MOHITOPHHTY KOPOTKO
orycaHi y midf crarTi pa3oM i3 BOYJZOBaHOI TiOPUIHOI0 CHCTEMOIO EIEKTPOHHUX JETEKTOPIB XiMIYHOrO 3a0pyAHEHHS
HaBKOJIMIIHHOTO CEPEJOBUINA, SIKI MOXKYTh BBOJUTH 1H(OpPMAIIIO 0 TaKUX CHCTEM. Y TONEpeAHiX poOOTax aBTOPIB
00IpYHTOBAHO HEOOXIMHICTH PO3POOKH JBOX THUIIB TAKUX JCTCKTOPIB 13 BKa3aHUMHU BIACTUBOCTSIMH: OIOCEHCOpPIB Ta
JIETEKTOPIB 13 eJIleMEHTaMH — IITYYHO CTBOPEHUMH CEIEKTUBHUMHU MeMOpaHaMH. Y JaHil CTaTTi OMMCAHO came NpYyrHi
TUII JIETEKTOPiB. 3amlpoINOHOBaHI JNETEKTOPH 3/aTHI PEECTPYBATH LIKIIMBI XIMiYHI PEYOBHHH B HABKOJUIIHHOMY
CepeIOBUINI Y MOBITPsAHIN Ta BOmHIN (ha3ax; y OCHOBY PO3POOKH TaKUX MPHCTPOIB MOKIAJICHO TEOPI0 MEMOpPaHHHX
cucreM. JIeTeKTOpu MICTHIIM CEHCOpHI €JIEMEHTH, BKPUTI XEMOYYTIMBUMH CHENU(BIYHUMH TOKPUTTSIMH - IIapaMu
pEUYOBUH: MeMOpaHaMH, IUTIBKaMH, Tomo. [lepedyBarouu y KOHTAKTI 3 IEBHUMH XIMIYHUMU PEUOBHHAMH, IIi IETEKTOPH
JIEMOHCTPYIOTh BJIACTUBOCTI XEMOYYTJIMBOCTI Ta MEPBUHHOI iAeHTU(iKaii Takux crionyk. HaBeneHi gociimkeHHs 0ynu
CHpsIMOBaHI Ha Po3po0OKY JETEKTOPIB Pi3HUX 3a0pyJHIOBAYIB JOBKIJUIS HAa OCHOBI TeOpii, sKa MO)Ke OyTH MOKJIaJeHa Y
OCHOBY BUSIBJICHHSI TAKUX peuoBHH. PoOOTH Oa3yBasucs Ha TIIMOOKOMY BHBUEHHI MEMOPAaHHHX CHCTEM 3 MOJAANBIION
PpO3po0Kor0 (PiI3MYHMX Ta MAaTEMaTHYHUX MOJENEH BHUSBICHHS JESKUX PEUOBHH 3 YpaxyBaHHSM OCHOBHUX XIMIYHHX i
(i3UYHUX BIACTHBOCTEH MITYYHHX i MPUPOJHUX MeMOpaH, a TAKOXK 1X 10HHOI CEIEKTHBHOCTI. Y CTaTTi OMHCAHO AESKi
pe3y/bTaTh MaTeMaTUYHOTO MOJENIOBaHHS TaKUX JETEKTOPIB 31 IUTYYHUMH MeMOpaHaMH — XEMOUYYTIMBUMHU
noBepxHsamu. [lizcymoByroun monepenHiii J0CBij, 3p00JIEHO KOPOTKHHM OrJIsi ITyOJliKaliif aBToOpiB 3 IMX TEMaTuK, a
TaKOX POOIT NEIKHUX 1HIIHMX aBTOPiB. MeTolo podboTH OYII0 Ha OCHOBI INTIMOOKOrO BUBYEHHS CHCTEM IITYYHUX MEMOpaH
3aIpOINOHYBATH iX K (DI3NYHY MOJIEINb Ta y3araJbHUTH JIOCBII PO3POOKH iX MATEMaTUYHUX MOJIEIIEH.

Karwudosi cioBa: inpopmariiiHa cucrema; ¢i3nuHa MOIeNb; MaTeMaTHYHa MOJIENb; JAETEKTOP; CEHCOPHUM MPHUCTPIi;
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E. M. Kmrouko, B. H. lllytko, E. O. KonranoBa, A. I'. JIusynosa, /I. A. HaBpoukuii. Undopmannonnsie
TEXHOJIOTUHU: (pU3NYeCKHe W MaTeMaTHYeCKHe MO JETEKTOPOB [JIsi CHCTEM MOHUTOPHHIA OKpY:Karomiei
cpeasl

MOHHUTOPHHT 3KOJIOTHYECKOTO COCTOSIHUSI SIBJISIETCS peabHOH HEOOXOIMMOCTBIO B COBPEMEHHOM MHpE C €ro
HapacTalollel TeHAeHIUeH K aHTPOIIOTCHHOMY 3arpsI3HEHUI0 OKpYyKaromiell cpensl. Cpefu Takux 3arpsA3HUTENeH ecTh
XMMHUYECKHE BEIECTBA, BBIACIAIONIMECS IIPH IOXKapaxX, B3pbIBAX W APYIUX 4Ype3BBIYAWHBIX CUTYyalUsiX, HpU
pa3pylIeHNH XUMUYECKUX MPEANPHATHH, MPEANpHUATHA HedTera3oBoro mukia u 1.4. Hexoropble nH(MOpPMalMOHHBIE
CHCTEMBI JUISI COOTBETCTBYIOIIETO MOHUTOPUHrA KPAaTKO OIKCAHBI B 3TOH CTaThe BMECTE CO BCTPOSHHOW T'MOPHUIHOMN
CHCTEMOH D3JIEKTPOHHBIX [ETEKTOPOB XHMHYECKOTO 3arpsi3HEHHUs OKPYKalOIIeH Cpeibl, KOTOpbIE MOTYT BBOAWTH
nHpopManuio B Takue CUCTEMBl. B mpenpiaymux paboTax aBTOPOB OOOCHOBaHa HEOOXOAMMOCTH Pa3pabOTKH JBYX
TUIIOB JIETEKTOPOB C YKa3aHHBIMH CBOMCTBaMH: OHOCEHCOPOB U JIETEKTOPOB C JJIEMEHTAMH — HCKYCCTBEHHO
CO3JJaHHBIMH CEJIEKTUBHBIMU MeMOpaHamMu. B maHHOI craTbe onucaH MIMEHHO BTOpOH THII JeTeKTopoB. [Ipeanaraembie
JIETEKTOPbI CIOCOOHBI PETHCTPUPOBATH BPEIHbIE XIMUYECKHE BEIIECTBA B OKPYXKAIOIIEH cpezie B BO3IYLIHOW U BOJHON
¢a3ax; B OCHOBY pa3paOOTKU TaKMX YCTPOMCTB IOJIOKEHAa TeOpUs MEMOpaHHBIX CHCTEeM. JeTeKTOpBI comepxaiu
CEHCOPHBIE JJIEMEHTHI, TMOKPHITHIE XEMOUYYBCTBHTEIBHBIMHM CIEIM(YUUECKIMU IOKPBHITHAMH — CJOSMH BELIECTB:
MeMOpaHaMu, IUIEHKaMHd M T.A. lIpM KOHTaKkTe C ONpEAENeHHBIMH XUMHUYECKUMH BEUIECTBAMHM, OTH JETEKTOPHI
JIEMOHCTPUPOBAJIM CBOMCTBA XEMOUYYBCTBHTEIBHOCTH ¥ TEPBUYHON HIACHTH(UKAIMKM TaKUX COEAWHEHUI.
[IpuBeneHHbIe MccIen0BaHMS ObUTH HAIPaBJICHBI Ha Pa3pabOTKy NETEKTOPOB Pa3IMYHBIX 3arpsi3HUTENICH OKpYKalomieH
cpeibl Ha OCHOBE TEOPUH, KOTOpas MOXKET OBITh IIOJIOKEHA B OCHOBY OOHApY)KEHHs TaKUX BelecTB. PaboTbl
OCHOBBIBAJIMCh HA TJIYOOKOM M3y4eHHH MeMOpaHHBIX CHCTEM C JajlbHeWIied pa3paboTKol Qu3n4ecKux u
MaTeMaTH4eCKUX MOJeNeil OOHapy)KeHHs HEKOTOPBIX BELIECTB C YYETOM OCHOBHBIX XHMHUYECKHX M (DU3NYECKHX
CBOMCTB MCKYCCTBEHHBIX M IPUPOIHBIX MEMOpaH, a Tak)Ke X MOHHOW CENIEKTMBHOCTH. B cTaThe ommcaHbl HEKOTOpBIE
pe3yNnbTaThl MaTeMaTHYEeCKOro MOJENUPOBAHUS TaKWX JETEKTOPOB C HCKYCCTBEHHBIMH MeMOpaHamMu —
XEMOYYBCTBUTEIBHBIMU TOBEpXHOCTAMH. O000IIasi MpeablIyluii OIbIT, ObLI CleNlaH KpaTKHid 0030p myOnmKanmi
aBTOPOB I10 ATUM TEMaTHKaM, a TaK)Ke paboT HEKOTOPBIX APYruX aBTOpoB. Llenb paboThl 3akimroyanack B TOM, 4TOObI Ha
OCHOBE TIIYOOKOrO M3y4YEeHHUS MCKYCCTBEHHBIX MEMOPAHHBIX CHCTEM NPEIIOKUTh UX Kak (PU3NYECKyl0 MOAENb U
0000IIUTH ONBIT Pa3pabOTKU UX MAaTEMAaTUIECKHX MOJIEIICH.
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