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Abstract—Nature protections from large-scale fires in different countries of contemporary world become
critically necessary and the development of novel electronic information systems with detectors of
substances emanated during fires become an urgent problem. Progress of such detectors recording the
presence of chemical substances - environmental pollutants becoming now an important task, and the
article proposes the theoretical bases for its solution. Such detectors have to contain sensory elements
with chemo-sensitive membranes, coatings and/or layers of specific substances. Being in contact with
chemicals, such detectors have to demonstrate chemo-sensitivity and, preferably, ability for preliminary
identification of these substances. Conducted studies were focused on further development of devices for
the detection of various environmental pollutants as well as combustion products. This publication can
form the theoretical basis for the development of artificial detectors with chemo-sensitive surfaces. The
purpose of present work was to form the theoretical basis for the development of devices for the detection
of some harmful chemical substances in environment, including ones emanated during fires and other
emergencies, in particular, during accidents at enterprises of oil and gas cycle, chemical enterprises,
other industries.

Index Terms—Information system; mathematical model; detector; sensor device; fires; chemical

substances.

I.  INTRODUCTION

Large-scale fires in different countries, other
disasters caused by natural or antropogenic factors —
such challenges have been periodically faced by
humankind in recent years [1] — [3]. Among them
there were great fires in Ukraine (Chernobyl and
Polissya regions, April 2020), Australia (2019),
regularly happened fires in the USA and Siberia
(Russia). Large amounts of chemical substances
were emanated in atmosphere during such disasters;
a lot of them are harmful for the Nature in whole,
and for the people and animals in particular. Urgent
necessity of the Nature, our environment and human
lives protection stimulated the engineering creativity
for new technical means invention and perfection of
prototypes. The development of novel devices and
systems are necessary now — robots, drones with
chemo sensitive detectors, others; as well as
information systems (ISs) [2] with detectors for the
registration of chemical pollution of the environment
[4], [5]. In present article the description of
information system (IS) with chemo sensitive

detectors is presented as well as theoretical bases for
these novel detectors elaboration.

II. PROBLEM STATEMENT

The version of automated information system
(AIS) developed with the participation of Prof. V. D.
Zakhmatov was described below [2]. This electronic
AIS was developed for the control of fire prevention
and extinguishing system. It is enough perfect, used
in practice and has a number of facilities. An
attractive idea was to supplement such AIS with
novel chemo sensitive detectors, forming AIS
detector subsystem. The required AIS detector
subsystem have to contain sensory elements for
combustion products and other chemicals, for which
novel chemo-sensitive membranes, specific coatings
and layers of substances have to be elaborated. Such
detectors, being in contact with specific chemical
ssubstances, demonstrate chemo-sensitivity effects
for various chemicals, including harmful substances
emanated in fires. Contemporary investigations are
focused now on detailed study of membrane systems
simulating the basic physical and chemical
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properties of artificial and natural membranes,
including their selectivity to various chemicals
predominantly in ionic form. In present paper the
theoretical bases for the development of such
sensors with chemo-sensitive surface is suggested in
continuation of our previous publications [4], [5].

The aim of the performed work was to give a
brief description of electronic automated information
system with detectors for the control of fires
prevention and extinguishing system, and to suggest
theoretical bases for the elaboration of sensory
elements for such system — detectors of chemical
environmental pollutants, especially for combustion
products and other ones emanated during fires and
other emergencies.

III. PROBLEM SOLUTION

A. Description of  suggested  electronic
information system for the control of fire prevention
and extinguishing system

The functional structure of fires extinguishing
can effectively use rapidly developing technology of
electronic information systems [1] — [3]. Its structure
can include several pulsed spray devices and
automated information system (AIS) controlling
their work with a network of sensors for the reveal
of flame and smoke, as well as thermal imager
(“teplovisors™) and video cameras. These ISs with
sensors can show, record and analyze the reliability
of the data of fires current parameters, can predict
the trends in its further development based on the
data from the zone of fire surroundings. First of all,
the factor of wind at the open space is important for
such ISs operation as well as presence of ventilation
in case of enclosed spaces (with directivity and
strength of the air flows from this ventilation).
Beside of this, the direction of fire development
determines the presence of flammable substances
and materials around it, primarily self-igniting ones.
AIS can obtain these data from automated controlled
system of the objects: production, warehouse, office,
skyscraper, and etc. AIS have to analyze them to
predict the development of intensive Fire, fixing
simultaneously the real process of its development.

The modular technology was used for the
formation of algorithmic component of described
AIS structure, taking into account its specifics. A set
of three information and analytical modules of AIS
was formed and tested as computer programs: the
module for documentation of the organization of
communication and management, the module for
automated formation of communication organization
schemes, the module for remote monitoring of fire
state at protected object, and the module for

commands generation to operate the system of pulse
devices in various versions from one to the whole
system simultaneously.

The system controls simultaneously the initiation
and spraying parameters of extinguishing agents
according to traditional technique, the system of
pulsed spray devices, and at least one rescue unit
during the fighting of massive fires. At the same
time, the data on device parameters can be recorded
in system’s memory - the type of fire extinguishing
composition or compositions mixtures charged into
these devices, and about the range and area of
extinguishing. The problem of control of tasks’
ranking in AIS have been formulated and
analytically  solved. @ The  algorithms  and
methodology of ordering in query of preference of
control problems for practical implementation in
described system were proposed by its developers
[1] - [3]. Basing on the above described it is possible
to predict further development and improvement of
this AIS in terms of increasing of its adaptability for
the use of simple pulse devices or complex multi-
barrel modules for the fighting with massive fires.

B. Theoretical bases for the development of
chemo censoring surfaces in detectors of electronic
information system for the detecting of chemicals —
combustion products

Below we would like to suggest the theoretical
bases for the development of chemo sensitive
detector surfaces, primarily for the detector
subsystem in above described automated
information system. We suppose that the works of
research groups which studied the properties of the
glass and other surfaces contacting with water
solutions and gases may be selected as such
theoretical base [6]. According to our modification
of such ideas [4], [5], developed primarily by B. P.
Nikolsky [6], the surface of detecting element
(detector) can be covered with detecting material
(glass covering, or film, or membrane etc.) being in
contact with water solution with dissolved chemicals
(or in some cases with gas phase if water was
dropped inside). During the description of the
differences in electrical potentials which appeared
on the thin glass membranes (like ones in case of
glass electrodes) following approaches by Nikolsky
about the ion-exchange equilibrium on the
boundaries glass-solution could be taken as
theoretical base. According to ion-exchange theory
of glass electrode [6], there were supposed the
existence of ion-exchange sites and ion exchange
processes in glass materials:

i+jeid+]. (1)
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where i and j were cations in the solution in contact
with the glass, ; and i were the same cations

bound by fixed negative charges of the glass matrix
surface.

Difference in potentials in this case can be
represented by Nikolsky equation [6]:

RT . a,+Y k.,
(p:—In”Z—”’{, 2)
F a, +Z k,jaj

where £ is the ion exchange constant. The approach
that the ion exchange sites in the glass material were
available for any of exchanging cations were done.
The cation activities in the glass were assumed to be
proportional to their molar fractions, and the
transmembrane potential difference was determined
on whole by the sum of two boundary potential step-
like changes (so, the contribution of the diffusion
potential could be neglected). Equation (2) predicts
strictly defined form of transition from one cationic
function of membranes to another when the cation
composition of one of the media separated by
membrane changes. Further the theoretically
explained equations were obtained; these equations
describe satisfactory the complex forms of
transitions from one cationic function of glasses to
another one [6]. The equation (3) below describes
the extended transition; the result is shown at the
plot on Fig. 1 [6].
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Fig. 1. The dependence of the difference of potential on
the membrane for electrode glass NAS 17.5-10 in KC1
solutions with pH 0.1 M (curve 1) and NaCl solutions

(curve 2) [5] (explanations see in text)

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 Nikolsky. More extended
transition from hydrogen to metal (potassium)
function, represented by curve 1, can be described
by equation (3).

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 latter 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
(KGaS 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
I<HNa
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 [6].

In some cases it was possible 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 (Fig. 2). 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.

Although the question of the cation selectivity
dependence of glass electrodes on the concentration
of salts in solutions or their ionic strength can not
yet be considered sufficiently investigated, it seems
that the specificity decreases significantly with the
decreasing of ionic strength to the value 107

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 (Fig. 2). The systems of aluminosilicate
glasses (Na,O (or K,O) — A1,0; — SiO;) and
alumino-borosilicate (Na,O (or K,O) — A1,0; —
B,0;— Si0,) glasses have been studied in this regard
the most comprehensively [6]. The isotherms were
found for the first system; they characterized the
dependence of K; constants for alkali metal cations
on the fraction of oxides in the glass. One of such
diagrams characterizing the dependence of Ky, on
the composition of sodium aluminosilicate glasses
obtained in experimental conditions was represented
on Fig. 2.

Systematic studies of such systems and a number
of other electrode glass systems, carried out by

and K, as well as a,,, and a, could be
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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 [6].

100% AU

Fig. 2. Diagram of the contour of isospecificity
(constant values of coefficient of specificity for Kgy,) for
the system of sodium-aluminosilicate glass [6]. The
atomic percentages of Na, Al, and Si are indicated on the
sides of the three-coordinate diagram of the glass
composition. The curves make connections between the
diagram points with equal values of Kyn,, which were
specified for each curve [6]

IV. CONCLUSIONS

The brief description of developed electronic
information system for the control of intensive fires
prevention and extinguishing system was done in
present publication. For such information system AIS
chemo sensitive subsystem with detectors with specific
covering was suggested as continuation of biosensor
concept development [7]. Such detecting chemo
sensory elements were supposed to be covered with
specific chemo-sensitive membranes, other specific
coatings or layers of substances. Suggested
coverings, being in contact with certain chemicals,
demonstrate chemo-sensitivity to some chemical
substances. Theoretical bases for the elaboration of
such detectors with chemo sensitive covering
surface were suggested in present article. Also the
theoretical bases for the development of detector

surfaces for the detection of chemical pollutants in
environment, especially those released during fires
and other emergencies, in particular, at chemical
enterprises, enterprises of oil and gas cycle, etc.
were suggested. Present study we see as important
for the understanding of physico-chemical nature of
ion selectivity and specificity in the broad sense of
these terms as well, since it is important for the
development of sensory groups for detecting of
harmful chemicals, including combustion products
in the environment.
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B. M. Hlyrtko, B. J. 3axmatoB, O. O. KoaranoBa, /I. A. HaBpoubkuii, A. M. Mukoayumko. Indopmaniiini
CHCTEMM 3 XeMOYYTJIUBMMH AeTeKTOPAMH [JIfl 3aXMCTY 0TOYYI0HYOr0 cepeIoBHINA

3axucT NPUPOAX BiJ MacIITaOHHUX MOXKEXK Yy Pi3HUX KpaiHaX Cy4acHOrO CBITY € KPUTHYHO HEOOXIJHHM 1 HarajibHOIO
poOJIEMOI0 € PO3pOOKa HOBUX EIEKTPOHHUX iH(OPMAIIIHHNX CHCTEM 3 IETEKTOPaMU PEYOBHH, IO BUIIIIOTHCS MPHU
Nokekax. BuHaxij Takux AETEKTOpIB, IO PEECTPYIOTh HASBHICTh XIMIYHUX PEYOBHH — 3a0pYIHIOBAYIB OTOYYIOUOTO
cepeoBUINA HATETEp € BaXKIMBOIO 337a4€l0, 1 y CTaTTi 3alpOIOHOBAHO VIS IIbOT0 TEOPETUYHI OCHOBH. Taki JeTeKTOpH
TIOBUHHI MICTUTH CEHCOPHI €JIEMEHTH 3 XIMIYHO YyTJIUBHMU MeMOpaHaMH, IOKPUTTSAMHE Ta / a00 1mapamu crerudiaHux
peuoBuH. IlepeOyBarounm y KOHTAakTi 3 XIMIYHUMH PEYOBHHAMH, TaKi JETEKTOPU MarOTh JEMOHCTPYBATH XIMIUuHY
YyTAUBiCTh 1, OakaHO, 3JIATHICTh O ToONepeaHboi ineHTudikamii Takux pedoBuH. [IpoBeneHi mociiKeHHs Oyau
CHpsIMOBaHI Ha TOAAJIBLIY PO3POOKY IPUCTPOIB VISl BUSBIICHHS Pi3HUX 3a0pyJHIOBAYiB OTOYYIOUOTO CEpPENOBHINA, a
TAaKOX TPOAYKTIB TopiHHs. JlaHa myOsikarisi MOXXe CIyryBaTH TEOPETHYHOIO OCHOBOIO JUISi PO3POOKH INTYYHHX
JIETEKTOPIB 3 XIMIYHO YYTJIIMBOIO IOBEPXHEI0. METOI0 IpecTaBacHol podoTH 0yio GopMyBaHHSA TCOPETUUHOI Oa3u s
PO3pOOKH IPUCTPOIB ISl BUSIBJICHHS IESIKMX IIKIITMBUX XIMIYHUX PEYOBHH B OTOUYIOUOMY CEPEIOBHIII. Y TOMY YHCII
PEUOBHMH, SIKI BUIUIAIOTHCS TPU MOXKEKaX 1 B IHIIMX HAA3BHYAHHUX CHUTYaIlisIX, 30KpeMma, INpH aBapisx Ha
MAIIPUEMCTBAaX Ha()TOra30BOro IMMKIY, XIMIYHOT IIPOMHCIIOBOCTI, MiIPHEMCTBAX Y 1HIINX Tay3sX.

Karwudosi cioBa: iHpopmaliiiHa cucremMa; MaTeMaTHuHa MOJIEINb; NETEKTOpP; CEHCOPHHH MPUCTPiil; MOXKEeXi; XiMivHi
PEYOBUHH.
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CHCTEMBI C XeMOYYBCTBHTEJIHLHBIMH JeTEKTOPAMMU JIUISI 3aIIIATHI OKPY:KAIOIIEH cpeabl

3ammTa IpUPOABI OT MACIITAOHBIX MOXKAPOB B Pa3HBIX CTpaHAaX COBPEMEHHOI'O MHpAa CTajla KPUTHUSCKA HEOOXOIMMOH U
HACYIIHOW TPOOJIEMOM SBIACTCS Pa3padOTKa HOBBIX AJICKTPOHHBIX WH()OPMAIMOHHBIX CHUCTEM C JCTEKTOPAMH BEIICCTB,
BBIICIIEMBIX TIPH TOXapax. 300peTeHre TakuX METEKTOPOB, PETUCTPUPYIONMIMX HAJTWYAE XUMUYECKHUX BEIIECTB -
3arpsI3HATENICH OKPYIKAFOIIEH CpPeibl B HACTOSIIECE BPEMsI CTAHOBUTCS BOXKHOM 3a/1aucii, M B CTaThe MPEIIATAIOTCS ISl TOTO
TEOPETUYECKUEC OCHOBBL. Takue NETEeKTOPHI JOKHBI COACP)KATh CCHCOPHBIC 3JICMEHTHI ¢ XMMHYECCKU YYBCTBHTCIBHBIMHU
MeMOpaHaMH, TIOKPBITUSMU U / WM CIOSMH KOHKPETHBIX BelllecTB. Haxomsch B KOHTaKTe ¢ XUMHUYCCKMMH BEIICCTBAMH,
TaKWe JETEKTOPHI JOJDKHBI JEMOHCTPHUPOBATh XMMHUYCCKYIO UYBCTBHUTCIBLHOCTH M, MPEANOYTHTEHLHO, CIHOCOOHOCTh K
MPEIBAPUTEIIBHON HICHTU(HUKAIIMYA 3THX BEIIECTB. [IPOBEICHHBIC HCCIICNOBAHMSA ObLUIM HANpPABJICHBI HA JAaJBHCHIIIYIO
pa3paboOTKy YCTPOMCTB It OOHAPYKEHUS PA3JIMYHBIX 3arPsI3HUTEINICH OKpYIKAroIIeH cpelpl, a TAakKe MPOMYKTOB CrOpaHUSL.
JlaHHas MyONMMKaIMs MOXKET IOCTYXHTh TEOPETHYECKOH OCHOBOM Ui Pa3pa0OTKH HCKYCCTBEHHBIX JETEKTOPOB C
XMMHYECKH TyBCTBHUTEIBHOM MOBEPXHOCTHIO. [[enbro mpencraBiieHHON paboThl OBUIO (hOPMUPOBAHUE TEOPETHICCKON 0a3bl
T pa3pabOTKH YCTPOMCTB Il OOHAPY)KEHUS HEKOTOPBIX BPEIHBIX XMMHYECKHX BEIIECTB B OKpYKaroleH cpene. B Tom
YHCJIe BEIECTB, KOTOPBIC BHIICIISIOTCS TPH MOKapax M APYTHX UPE3BBIUAMHBIX CUTYAIUSX, B YaCTHOCTH, NIPU aBapUsIX Ha
MPEIIPHUATHIX He()hTEra30BOro IUKIa, XUMHAUCCKOU MPOMBIILICHHOCTH, MPEATPUATHSIX B IPYTHX OTPACIIX.

KiroueBblie ciioBa: MH(POPMAIMOHHAS CHUCTEMa; MaTeMaTHUYeCKas MOJENb; JICTEKTOpP; CEHCOPHOE YCTPOMCTBO; MOKAPHI;
XHUMHYECKHE BEIIECTRA.
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