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MATHEMATICAL MODELING OF THE PROCESSES OF WASTEWATER
PURIFICATION FROM PHENOLS AND RHODANIDES USING GLAUCONITE

Purpose. To choose the optimal dose of the natural mineral glauconite in combination with cationic flocculant to extract phe-
nols and rhodanides from industrial effluents. To substantiate the advantages of using natural glauconite as an adsorbent with a
developed cationic ability to absorb toxic substances. To develop a mathematical model of the adsorption treatment of phenolic
wastewater at a flotation plant.

Methodology. Chemical studies were carried out according to the methods of V. M. Kagasov, E. K. Derbisheva. When conduct-
ing experiments to determine the concentration of phenols in industrial effluents, a photometric method was used, based on the
formation of red-colored phenol compounds with 4-aminoantipyrine in the presence of potassium hexacyanoferrate. To establish
the concentration of thiocyanates in phenolic wastewater, a photometric method was used, based on the interaction of the rho-
danides ion in an acidic medium with iron (I1I) chloride ions. The determination of the optical density of the solutions was carried
out on a concentration KFK-2 photocolorimeter with subsequent use of calibration graphs.

Findings. It was experimentally shown that when applying the interval of doses of glauconite 2—6 g/dm?, an effective purification
of liquid waste from phenols is achieved as well as a decrease in the concentration of the initial phenolic water from 510 to 330—
390 mg/dm? in the time interval of 110—140 min at the mechanical stage. A decrease in the maximum permissible concentration
(MPC) of phenols in the initial wastewater of a coke chemical plant has been achieved, regulated — not more than 415 mg/dm?. The
process of purification of industrial effluents from rhodanides with the selection of the optimal dose of adsorbent using mathemat-
ical processing of experimental data, which amounted to 2—3.5 g/dm? with flotation duration of 120 min, was studied. The initial
concentration reduction of rhodanides from 475.2 to 328—348 mg/dm? was obtained. The MPC of rhodanides, with a norm of not
more than 400 mg/dm? before biological treatment was reached.

Originality. The process of sorption removal of phenols and rhodanides from liquid wastes with different doses of glauconite to
describe a mathematical model of the adsorption process was studied. For the first time, kinetic regularities of the process of phenol
extraction from wastewater by glauconite in an amount of 2—8 g/dm? in combination with a cationic flocculant with a volume of
5 ml/dm? in a time interval of 20—120 min were established. The opportunity to predict the optimal dose of adsorbent, to influence
the time of the sorption process and reduce the content of polluting agents to environmentally friendly indicators was obtained.

Practical value. A mathematical description of the process of purification of phenolic wastewater using glauconite is given.
Based on the description of the mathematical model, for industrial implementation, it is proposed to use the natural adsorbent
glauconite in the optimal dose range of 2—6 g/dm? in combination with a cationic flocculant in an amount of 5 ml/dm? with opti-

mal adsorption process duration of 110—140 min.

Keywords: coke-chemical effluents, adsorption, phenols, rhodanides, natural glauconite, cationic flocculant

Introduction. Industrial wastewater, including wastewater
from coke ovens, is among the most toxic sources of anthropo-
genic pollution [1, 2]. The main harmful substances of this
category of water — phenols, rhodanides, ammonia, resins,
cyanides — adversely affect not only the environment, but also
the health of employees of the enterprises and residents of the
adjacent enterprises [3]. Phenolic substances are contained in
the wastewater of many industrial plants in various industries
during high-temperature conversion of coal, oil refining, resin
and plastic production. Such aromatic hydroxyl compounds
are dangerous for organisms even at low concentrations. Envi-
ronmental problems caused by environmental pollution by
phenols discharged from industrial wastewater are attracting
wide attention of scientists because of their highly toxic effect
on living and plant organisms [4]. Phenols do not have natural
destructors and, through food chains, become dangerous to
humans. None of the known methods can achieve (at accept-
able technical and economic parameters) the required degree
of purification of waste from phenols — 0.001 mg/dm?. Indus-
trial phenol-containing wastewater is contaminated with other
harmful substances, so more often complex methods of purifi-
cation are developed, which allow preparing sewage for its re-
use in production and not discharging into reservoirs.

Literature review. Phenols recovered from sewage of the
chemical industry can serve as feedstock for plastics manufac-
turing plants and for the commercial production of resins, ep-
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oxy resins, adhesives, plastics as structural materials in auto-
motive and electrical engineering [5].

At modern coke plants, the total amount of phenolic water
in a circulating water supply system is 0.2—0.3 m® per 1 ton of
coke. For coke extinguishing it is possible to use waste water of
coke ovens. They can be cleared of mechanical impurities in
horizontal wells. Sediment from sedimentation tanks, consist-
ing of coke particles and coke sludge, is used as fuel after drying,
the clarified water is used for extinguishing. For deeper water
purification, flotators [6] or clarifiers [7] may be used. Phenolic
compounds can be removed from wastewater by chemical oxi-
dation, activated carbon sorption followed by regeneration,
aerobic and anaerobic biodegradation, ozone oxidation, chem-
ical coagulation. The disadvantages of most wastewater treat-
ment methods for phenols are the long duration of the process,
the cost of reagents and energy, and the high residual content of
phenols in the water. The presence of concomitant contami-
nants such as rhodanides, resinous substances, ammonia, cya-
nides and others also leads to the complexity of the process of
processing industrial waste of the coke industry, so the choice of
an effective method for wastewater treatment is one of the im-
portant issues of modern production [3, 4].

Methods for purification of industrial effluents from low
concentrations of phenols are considered developed for the
paint industry. The effluents of such industries contain up to
100 mg/dm? of phenols. As liquid waste, they are classified as
Class V (virtually non-hazardous). However, the concentration
of phenols in coke plants is much higher and refers to a hazard
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class II requiring additional purification at the mechanical
stage before biochemical purification. Since the conversion of
dissolved organic substances (phenols, rodanides, and others)
into mineral compounds occurs at the expense of the activity of
phenol- and rod-destroying microorganisms, the biological
oxidation of high concentrations of contaminants leads to a
toxic effect on symbiosis of active sludge [3, 8, 9].

Critical analysis of the literature data on the study and use
of dispersed sorbents and filtering materials has shown that the
search for new sorption materials for the effective extraction of
phenols and related substances from wastewater remains rele-
vant [10, 11].

The efficiency of the sorption purification process is large-
ly determined by the choice of the sorbent. Solid sorbents are
now used as natural, artificial and synthetic materials. The ad-
sorbents based on coal [10] find widespread use in the practice
of sorption purification of aqueous media, but they are expen-
sive material. Synthetic adsorbents are generally biodegradable
and can be a source of secondary pollution of natural ecosys-
tems. Therefore, one of the promising areas in water treatment
is the use of adsorbents from natural raw materials, the advan-
tages of which are availability, cheapness, availability of suffi-
cient raw material resources, non-toxicity [12, 13].

The use of clay materials as adsorbents in the process of
industrial wastewater treatment is becoming more widespread
every year [13]. Along with the adsorbents that are tradition-
ally used in these processes (activated carbon, zeolites, ben-
tonites, silicates) there is a natural mineral — glauconite [3, 8].
It is a complex ecological sorbent, a mineral of the class of
silicates of the group of mica hydrogens monoclinic. Glauco-
nite is widespread in the sands, sandstones, clays, marls and
limestones of all geological systems, turning these rocks green-
ish. Glauconite has a high porosity, a large active specific sur-
face area and a cation exchange capacity (substitution) of iso-
morphic, chemical and physical nature, filtration capacity,
absorption capacity of phenols, petroleum products and high-
ly toxic substances of organic and inorganic origin. Glauconite
refers to a layered silicate with a rigid structure. All the miner-
als in this group are characterized by the presence of only the
outer adsorption surface, and their porosity is due to the gaps
between the contacting particles. The specific surface area of
such silicates is determined by the dispersion of the particles.
The structure of the layered silicates is such that one grid of
Al- and Mg-octahedrons is coupled to two grids of Si—O tet-
rahedrons. The main advantage of using natural glauconite
adsorbent is not only complex purification of coke-chemical
effluents from phenols and rhodanides, but also related sub-
stances — resins and oils, general ammonia [8§].

The addition of a cationic type (flocculant) surfactant to
glauconite increases the rate of flake deposition and increases
the efficiency of the adsorption-flocculation process, connect-
ing its sorbent molecules with their polymer bridges. Typically,
synthetic macromolecular compounds such as polyacryl-
amides are used under industrial conditions. During floccula-
tion the optimal flow of flocculant plays an important role,
because at small and large doses destabilization of the dis-
persed system can be observed. At low concentrations of floc-
culant in water there are not enough macromolecules to bind
the solid phase to the floccules, and at excess, a spatial grid of
associated polymer molecules is formed, which impedes the
convergence and aggregation of particles [8, 14]. Recycling of
formed sludge with the extraction of valuable components al-
lows their complex utilization.

Purpose. To create a mathematical model of adsorption pu-
rification of phenolic sewage by adsorption-flotation method
with the help of the natural mineral of glauconite, to identify the
optimal parameters of the process at which the highest degree of
purification of effluents from phenols and rhodanides is achieved.

Methods. Phenolic wastewater of the site of biochemical
treatment of the coke-chemical enterprise of Kamianske PJSC
“YUZHKOKS* was selected as the object of the research. In

the conditions of the existing coke-chemical enterprise the
normative values of the quality of sewage and wastewater were
approved. The approved normative content of phenols in the
wastewater of the coke oven enterprise is 415 mg/dm?, the rho-
danides — 400 mg/dm?; the actual concentration of C;H;OH
(mean per year) is 962 mg/dm?®, SCN~ is 943 mg/dm?. The
above data indicate that the irregularity of the biological
wastewater treatment process during the year should be ex-
pected, which will lead to a negative effect of toxic substances
on the symbiosis of activated sludge. In order to improve the
quality of the phenolic water supplied to the aeration tanks,
there is a need to refine the effluent at the mechanical stage.

In a study to determine the concentration of phenols in the
source and purified effluents, a photometric method with
4-aminoantipyrine was applied, which was carried out by the
standard series on a graduated graph. A photometric method
based on the interaction of the rhodanide ion in acidic medi-
um with iron (III) chloride ions was performed to determine
the concentration of rhodanides in phenolic wastewater; it was
carried out using a calibration graph. The optical density of the
solutions on the photocalorimeter concentration KFK-2 was
measured. Chemical studies were carried out according to the
methods of V. M. Kagasov, E. K. Derbisheva.

Results. To solve the problem of reducing the concentra-
tion of phenols to normative values and to describe the math-
ematical model of the adsorption process, we created a labora-
tory flotation unit [6], which tested flotation. The experiment
was as follows. To conduct studies on phenolic water of 0.5 dm?
in flotation reactors with a volume of 1 dm?, various doses of
natural glauconite were added in combination with a cationic
flocculant of 5 ml/dm?. Then, by means of a compressor, aera-
tion of water was carried out for 20—120 min at an air flow rate
of 0.5 dm?/min. Subsequently, 50 cm® of floated sewage was
selected from the upper reactor layers to determine the residual
concentration of phenols and rodanides in the samples. The
experiments were conducted at a temperature indicator of phe-
nolic fluid — 20.5 °C, which corresponds to the average annual
temperature of liquid waste entering the flotator. The initial
concentration of phenols in the wastewater was 510 mg/dm?3
and the rhodanides 475.2 mg/dm?.

In the presence of a wide range of variation of the studied
parameters in the purification of phenolic effluents, it is advis-
able to apply the technique of planning experiments to solve
the problem with the required accuracy [9]. The factors on
which the degree of purification depends (residual concentra-
tion of phenols and rhodanides) are selected as follows: X; is
glauconite dose, g/dm?; X, is time interval, min; ¥, is the con-
centration of phenols, mg/dm?; Y, is the concentration of tho-
danides, mg/dm?.

The results of a series of laboratory experiments are sum-
marized in Table 1, which shows the values of the initial pa-
rameters — X}, X, and residual concentrations of phenols and
rhodanides — Y}, ..

Table 2 shows descriptive statistics of ranges of values of
initial parameters and the results of experimental studies.

To identify the relationship between the parameters of the
studied wastewater treatment process from phenols and rho-
danides, a correlation analysis was performed, in particular the
calculation of the Pearson linear correlation coefficient, confi-
dence intervals, the hypothesis of the significance of paired cor-
relation coefficients, the results of which are given in Table 3.

The selected correlation coefficients are significant at the
level of p < 0.05000, which determine the significant effect of
the parameter X, (purification time interval) on the purifica-
tion efficiency of both phenols and rhodanides.

Analysis of experimental data. As a result of processing the
experimental data by methods of mathematical statistics, the
correlation coefficients (Table 3) and the regression equation
for the whole array of the studied variables were determined;
graphs of the output parameters (Y}, ¥,) of the input (X}, X,) in
the form of graphs Y,(X)), and the multiple regression equa-
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Table 1
The values of input parameters and results of experiments

X | X | | HXL X)) | NL% Y, | hX,X)| 5%
1| 2 |20 (420 402.57 | 4.15 | 407.316 | 411.73 1.08
2| 2 |40 [383| 380.55 | 0.64 | 398.83 | 389.75 | 2.28
312 |60 (372 363.40 | 2.31 |390.345| 372.73 | 4.51
4| 2 |120(328| 341.24 | 4.04 | 322.459 | 35144 | 8.99
514 |20 (365 408.19 |11.83 | 398.83 | 417.67 | 4.72
6 | 4 |40 [383| 38345 | 0.12 | 390.345 | 394.42 | 1.04
71 4 |60 [348| 363.60 | 4.48 | 390.345| 376.13 | 3.64
8 | 4 | 120|348 | 333.32 | 422 | 381.859 | 351.02 | 8.08
9| 6 | 20 [425| 423.18 | 0.43 | 415.802 | 418.31 | 0.60
10 6 | 40 |420| 39574 | 5.78 | 381.859 | 393.78 | 3.12
11| 6 |60 (392 373.17 | 4.80 | 373.373 | 37422 | 0.23
12| 6 |120|335| 334.77 | 0.07 | 339.42 | 34530 | 1.73
13| 8 | 20 |452| 447.54 | 0.99 | 441.259 | 413.64 | 6.26
14| 8 | 40 (440 | 417.39 | 5.14 | 390.345 | 387.85 | 0.64
15 8 | 60 |348| 392.12 |12.68| 339.43 | 367.01 | 8.13
16| 8 [ 120|348 | 34559 | 0.69 | 339.43 | 33427 | 152

Relative error, % 3.90 3.54

Standard deviation 3.82 2.95

Table 2

Descriptive statistics of ranges of values of initial parameters
and research results

Options Minimum Average Maximum izi?ﬁ?;i
X 2.00 5.00 8.00 2.31
X, 20.00 60.00 120.00 38.64
Y, 328.00 381.69 452.00 39.36
Y, 322.46 381.33 441.26 31.82
Table 3

Matrix of pairwise correlation coefficients of extraction
of phenols and rhodanides from initial parameters

X X )i 18
X 1.000 0 0.281 -0.0691
X, 0 1.000 —0.765 —0.801
Y 0.281 -0.765 1.000 0
Y, -0.069 —0.801 0 1.000

tion Y;(X), X,) are given, which are represented by graphs of
3D response surfaces, and graphs of 2D level line maps (X, X,
Yiand X}, X,, 1))

The obtained regression equations to determine the resid-
ual concentration of ¥, phenols in purified water are as follows:

- for the regression equation Y;(X,) — dependence of the
residual concentration of phenols (Y;) in purified water on
glauconite dose (X))

Y, =381.1875—6.9313- X, +1.1719- X 2. (1)

The average relative error of the equation is 8.3 % with a
standard deviation of 5.03;

- for the regression equation Y;(X5), the dependence of the
residual concentration of phenols (Y;) in purified water on the
purification time interval (X,) is as follows

Y, =451.3377-1.6703- X, +0.0061- X 2. ?2)

The average relative error of the equation is 4.69 % with a
standard deviation of 4.04.

Plots of regression equation of phenol extraction (Y,
mg/dm?) versus glauconite dose (X;, g/dm?) and purification
time interval (X;, min.) are shown in Figs. 1 and 2,

According to the experiments shown in Table 1, the mul-
tiple regression equation, the dependence of the extraction of
phenols Y, simultaneously on glauconite dose X, and on the
interval of purification time X, was obtained, which has the
form

Y, =430.5341—2.8705- X, -1.3319- X, +1.1719- X2 —

) (3)
—0.0677-X,- X, +0.0061- X;.

The average relative error of the equation is 3.90 % with a
standard deviation of 3.82.

The multiple regression equation Y, (X;, X;) (3) is repre-
sented by a graph of 3D response surfaces in Fig. 3 and a graph
of 2D maps of the phenol extraction lines (¥;) depending on
glauconite dose (X)) and the purification time interval (X;)
shown in Fig. 4.

The graph (Fig. 4) shows that the maximum reduction of
phenols — 330—350 mg/dm?, can be obtained at the dose val-
ues of glauconite X, (5.5—6 g/dm®) and the purification time
interval of X, (125—140 min) corresponding to the global min-
imum of the surface of equation (3). However, a practical re-
duction of phenols — 330—390 mg/dm? can be obtained at the
dose values of glauconite X, (2—6 g/dm?) and the interval of
purification time X, (110—140 min), which corresponds to the
economically expedient dose of glauconite X; — 2 g/dm? at the
duration of the experiment X, — 120 min. The quality of waste-
water does not exceed the MPC of phenols — it is no more
than 415 mg/dm?.

ot | I o

20 f

Fig. 1. Graph of dependence of extraction of phenols Y, on glau-
conite dose X,, equation (1)

1

140

Fig. 2. Graph of dependence of extraction of phenols Y, on the
purification time interval X, equation (2)
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Fig. 3. Response surface for the multiple regression equation
Yi(X,, X,), equation (3)

Fig. 4. Graph of dependence of extraction of phenols Y, on ad-
sorbent dose X, and purification time X,, equation (3)

The obtained regression equations to determine the resid-
ual concentration of ¥, rhodanides in purified water are as fol-
lows:

- for the regression equation Y,(X;) — dependence of re-
sidual concentration of rhodanide (Y;) in purified water on
glauconite dose (X))

Y, =372.8459+5.6732- X, —0.6628- X2. (4)

The average relative error of the equation is 6.37 % with a
standard deviation of 5.57;

- for the regression equation Y,(X,), the dependence of the
residual concentration of ¥, rhodanides in purified water on
the purification time interval X, is as follows

Y, =444.1826 —1.5664- X, +0.0062- X2 (5)

The average relative error of the equation is 3.52 % with a
standard deviation of 3.18.

The regression equations of the dependence of rhodanide
extraction (Y, mg/dm?) on glauconite dose (X;, g/dm?) and the
purification time interval (X,, min) are shown in Figs. 5 and 6.

As can be seen from the graphs (Figs. 1, 5), increasing
glauconite dose affects the efficiency of extraction of Y, phe-
nols and Y, rodanides in the opposite way, but it indicates that
the processes of sewage treatment from pollutants occur by the
different mechanism. The obtained graphs (Figs. 2, 6) show
that the increase in the purification time affects the efficiency
of extraction of Y; phenols and Y, rodanides in the same way,
that is the purification processes are similar.

40 i
420
[ A PO SN 2
o trmmaemmenen [ N
400 o @
5 o : i
w ,_,_._-—'——'__'0—‘_‘__‘——0—-___;__;\\_“
[+]
WO
0 i 7
320 %
1 2 3 4 5 6 4 8 ’
X1

Fig. 5. Graph of dependence of extraction of rhodanide Y, on
glauconite dose X,, equation (4)

420 ¢

Y2

340 |

20 2

Fig. 6. Graph of dependence of extraction of rhodanides Y, on
the purification time interval X, of equation (5)

According to the experiments shown in Table 1, the multiple
regression equation, the dependence of the extraction of rho-
danides Y, simultaneously on glauconite dose X; and on the in-
terval of purification time X, was obtained, which has the form

Y, =426.1521+7.5829- X, —1.4073- X, —0.6628- X? —

6
~0.0318-X,- X, +0.0062- X2. ©

The average relative error of the equation is 3.54 % with a
standard deviation of 2.95.

The multiple regression equation Y,(X;, X;) (6) is repre-
sented by a graph of 3D response surfaces in Fig. 7 and a graph
of 2D maps of the lines of extraction of rhodanides (},), de-
pending on glauconite dose (X)) and the time interval of puri-
fication (X;), which are shown in Fig. 8.

The graph (Fig. 8) shows that the maximum reduction of
rhodanide to 328—348 mg/dm? can be obtained with the max-
imum dose of X, glauconite (2—3.5 g/dm?) and the minimum
X, purification time interval (120 min) corresponding to the
saddle point of the surface of equation (6). The quality of the
purified phenolic efluent complies with the current standards
(MPC of rhodanides not more than 400 mg/dm?). The opti-
mal contact time of the sorbent with the liquid waste is
120 min, which does not exceed the residence time of waste-
water in the flotator and meets the technological requirements.

As a result of the studies and their mathematical process-
ing, it should be noted that the spent natural adsorbent after
phenols and rhodanides extraction from coke-chemical waste-
water does not require regeneration, since its further use as a
binding additive to asphalt concrete mixtures is proposed.

Conclusions. Based on the experimental data, regression
equations were obtained to determine the residual concentra-
tion of phenols and rhodanides depending on glauconite dose
and the time of contact of the adsorbent with wastewater.
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Fig. 7. Response surface for the multiple regression equation
Y,(Xy, X), equation (6)

X1

Fig. 8. Graph of the dependence of the extraction of rhodanide
Y, on adsorbent dose X, and the purification time X,, equa-
tion (6)

The obtained regression equations adequately describe the
results of the experimental studies, the average relative error of
the equations and their standard deviation lie within accept-
able chemical technology limits.

The optimal glauconite dose in combination with the cat-
ionic flocculant in the amount of 5 ml/dm? according to the
first model of purification of phenolic wastewater is 2—6 g/dm?
at a time duration of 110—140 min, which leads to a decrease in
the concentration of phenols from 510 to 330—390 mg/dm?.

According to the second model, the maximum degree of ex-
traction of thodanides is achieved at glauconite dose 2—3.5 g/dm?
in combination with a cationic flocculant volume of 5 ml/dm?
and a time interval of 120 min, which leads to a decrease in the
concentration of rhodanides from 475.2 to 328—348 mg/dm?®.

The results of the research allow us to recommend a natu-
ral mineral of glauconite with a minimum dose of 2 g/dm?
with the addition of a cationic flocculant volume of 5 ml/dm?
for cost-effective provision of efficient wastewater treatment of
coke production from phenols and rhodanides.

In the future, it is planned to carry out research on the fur-
ther study of the mechanism of the process of adsorption-floc-
culation extraction of phenols with optimal dose selection of
the cationic flocculant of polyacrylamide, regulated for indus-
trial introduction at coke ovens.

In the world practice, sludge contaminated with various
hydrocarbons that are formed during the purification of sedi-
ment which in its turn accumulates in the processing of resin-
ous waste is used by asphalt plants. The experience is still
poorly researched, but given the considerable similarity in the
chemical properties of the pollutants this way of disposal of the
substance should be considered possible, which is planned to
be carried out in the following experiments.
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Merta. Ilinibpatu onTUMaNbHy 103y NPUPOIHOTO MiHe-
pajy IJIayKOHITY B TOEMHAHHI 3 KaTIOHHUM (hIOKYISTHTOM
IUUIS1 BUTYYEeHHS (DeHOTiB i poaHilliB i3 MPOMUCIOBUX CTOKIB.
OOrpyHTYBaTH MepeBaru BUKOPUCTAHHSI MPUPOIHOTO Tiay-
KOHITY 5IK aICOPOEHTY 3 PO3BMHEHOIO0 KaTiOHHOIO 3/1aTHiCTIO
IO TIOTJIMHAHHSI TOKCUYHMX pedyoBMH. Po3pobutn Marema-
TUYHY MOJIEJb aCOPOLIAHOrO OYUILEHHS (PEHOJIBHUX CTid-
HUX BOJ Ha (yoTaliiiHiil ycTaHOBLII.

Metoauka. XiMiuHi JOCTiIKEHHS 30iiICHIOBAJIA 3TiIHO 3
metonukamu B. M. Karacosa, €. K. lepouieBoi. I1pu npo-
BEJIEHHi eKCIIEPUMEHTIB i3 BU3BHAUEHHST KOHLIEHTpallil (peHO-
JIiB Y MIPOMMCJIOBUX CTOKAX 3aCTOCOBYBaIM (POTOMETPUYHUIA
METO/1, 3aCHOBaHUI Ha yTBOPEHHI 3a0apBlIeHUX Yy YEPBOHUIA
KOJIip 3’eaqHaHb (heHOMIB i3 4-aMiHOAHTUITIPUHOM Y TIPUCYT-
HOCTi rekcauiaHodeppary kafito. [ljisi BCTAHOBJIEHHSI KOH-
LeHTpaLil poaaHifiB y ¢eHOJIbHIM CTIYHiil BOIi BUKOPUCTO-
ByBaJIM (POTOMETPUIHUI METON, 3aCHOBAaHUI Ha B3a€MOIil
pollaHin-ioHa B KMCJIOMY cepenoBuili 3 ioHamu 3aiiza (I111)
xjiopuny. BusHaueHHsI ONTUYHOI IIUJIBHOCTI PO3UYMHIB MPO-
BOIMJIM Ha (DOTOKOJIOpUMETPi KOHLeHTpaLiiitHoMy KDK-2 3
MOIAJIbIIIUM 3aCTOCYBAHHSIM KaJliOpyBalbHUX IpadikKiB.

Pesymbrat. ExcriepyMeHTaIbHO MOKAa3aHo, 1110 MpH 3a-
CTOCYBaHHi iHTepBasTy 103 IJIayKOHiTy 2—6 I/IM° mocAraeThes
Haiie(heKTUBHiIlle OYMIICHHS PiIKUX BiIXOMiB Bim (heHOIMB i
3MEHIIEHHS KOHIEHTpallii BUXiqHO1 (peHobHOoI Boau 3 510 no
330—390 mr/mm’ yrponosx 110—140 XB Ha MexaHi4Hii cTaii.
JIOCSATHYTO 3HUXKEHHSI TPAaHWUYHO MOMYCTUMOI KOHILIEHTpallil
(FAK) dheHOMB y BUXiITHMX CTiYHMX BOMAX KOKCOXiMiUHOTO
MiANPUEMCTBA, IO PEMIAMEHTYEThCA — He Gitbiie 415 mr/om?.
JocnimkeHo mpolec OYMILEHHsI MPOMMCIIOBUX CTOKIB Bifl po-
JIaHiiB 3 TiI00POM ONMTHUMAJIBHOI 03U aACOPOEHTY 3a JI0IO0-
MOTOI0 MaTeMaTUYHOI OOPOOKM €KCIEPUMEHTAIbHUX JaHUX,
o ckias 2—3,5 r/mm? 3a TpuBastocti dortauii 120 xB. OTpu-
MaHe 3HWXKEHHST BUXiIHOI KOHIIEHTpallii ponaHimiB i3 475,2 no
328—348 mr/om’. Hocaruyro IIK pomaHinis npu HOpMi — He
6inbiue 400 mr/oM? nepes 6ioJ0riYHUM OUMILEHHSM.

Hayxosa noBusHa. /lociimkeHo mpoiiec copOLiiftHOro BU-
nasieHHsT PeHOJTiB i pOMaHiiB i3 pilKuX BiIXOIiB 3 pi3HUMU 10-
3aMU IJIAYKOHITY ISl ONTMCY MaTeMaTUYHOI MOJIEI aicopOLIiii-
HOTO Mpoliecy. YTepile BCTAHOBJICHI KiHETUYHiI 3aKOHOMip-
HOCTI TIpoliecy BUyYeHHs (peHOIB 3i CTIYHMX BOJ TJIayKOHi-
TOM Y KiIbKOCTi 2—8 1/1M° y nmoeHaHHi 3 KaTioHHUM (JIOKY-
JITHTOM 06’ eMoM 5 M1/am? B iHTepBati uacy 20—120 xB, 110 1ae
MOXJIMBICTb TIPOTHO3YBaTH ONTHUMAJIbHY J03Y alcOpOEHTY,
BIUIMB Yacy Ha COpOLIiiHUI mpoliec i 3HU3UTH BMICT 3a0py/-
HIOIOUMX areHTiB 0 €KOJIOTIYHO 0e3MEeYHMX MOKA3HUKIB.

IMpakTyna 3HaymMmicTb. HagaHo MareMaTWyHUil omuc
npoliecy OYMIIEHHS (DeHOJbHUX CTIiYHMX BOJ i3 BUKOPUC-
TaHHSIM TJIayKOHITy. Buxonsuu 3 onucy MaTeMaTU4HOI MoJie-
JIi, U IPOMMCIIOBOTO BITPOBAIKEHHST 3alTPONIOHOBAHO BU-
KOPUCTOBYBATHU MPUPOIHUI alCOPOEHT MIayKOHIT B iHTEpBa-
Ji ONTUMAIBHUX 103 2—6 T/1M> y MOENHAHHI 3 KaTiOHHUM
(bITOKYJITHTOM Y KiJIBKOCTi 5 MJ1/AM* 32 ONTMMAJIEHOI TpUBa-
JocTi agcopb6uiiiHoro mpouecy 110—140 xB.

KumouoBi ciioBa: xoxcoximiuni cmoku, adcopbyis, geroau,
POO0aniou, npupoOHULl 2AaYKOHIM, KAMIOHHUI GAOKYASHM

MaremMaTnyeckoe MOJe/IMpOBaHuE NMpoueccoB
OYUCTKU CTOYHBIX BOA OT (l)eHOJ'lOB
N PpOJAHUIOB C UCNOJIb30BAHUEM ITTAYKOHUTA
A. B. Usanuenko, K. E. Xasukoea, A. H. Tpukuro

JIHENpOBCKUIA rocy1apCTBEHHbIN TEXHUUECKUI YHUBEPCUTET,
r. KameHckoe, Ykpauna, e-mail: karina.havikova@gmail.com

Henb. [Togo6path oNTUMATBHYIO 103y IPUPOAHOTO MUHE-
pajia TJIayKOHUTa B COYETAaHWUU C KATMOHHBIM (hIOKYISTHTOM
IUIS1 U3BJIeYeHUs (PeHOJIOB U POAAHUIOB U3 MPOMBIIIIEHHbIX
cTokoB. OOOCHOBATh MPEUMYILECTBA WCIONb30BAHUS TIPU-
POIHOTO IIayKOHUTA KakK aJicopOeHTa ¢ pa3BUTON KaTMOHHOM
CIMOCOOHOCTHIO K MOTJIOIIEHUIO TOKCUYeCKuX BellecTB. Pa3pa-
60TaTh MaTeMaTHUYECKYI0 MOIETh aICOPOIIMOHHON OYMCTKI
(beHONBbHBIX CTOYHBIX BOJ Ha (hJIOTALIMOHHOM YCTaHOBKE.

MeTtoauka. XMMUYECKUE UCCIECIOBAHUS OCYILECTBISIN
comtacHo Metonukam B.M. Karacosa, E.K.JlepouiieBoii.
[Mpu mpoBeneHNN 3KCIIEPUMEHTOB IO OTIPENETCHUI0 KOH-
LIEHTpaLK (GEeHOJIOB B MPOMBIIUIEHHBIX CTOKAX TPUMEHSUIN
oromerpuueckuit MeTom, OCHOBaHHBLIN Ha 0Opa30BaHUM
OKpallleHHbIX B KpaCHBIM I1IBET COeAMHEHUIT (HEeHOJIOB C
4-aMUHOAHTUTIMPUHOM B MPUCYTCTBUU rekcanranodeppara
Kanus. sl ycTaHOBIeHUsT KOHLIEHTPaUMU POAAHUIOB B (be-
HOJIBHOU CTOYHOU BOJIE MCIIONH30BATN (HOTOMETPUUIECKUIA
METOJl, OCHOBAaHHbBII Ha B3aMMOIEUCTBUU POAAHUI-MOHA B
kucioi cpene ¢ nonamu xkenesa (I11) xaopuna. Onpenene-
HME ONTUYECKON MJIOTHOCTU PACTBOPOB MPOBOIWIN Ha (o-
ToKOJIopuMeTpe KoHIeHTpaumoHHOM K®K-2 ¢ mocnemyio-
UM NPUMEHEHUEM KaIUOPOBOUYHBIX IPapuKOB.

Pe3yabTaTsl. DKCIIepUMEHTAILHO ITOKA3aHO, YTO TIPU TIPHU-
MEHEHUM MHTEpBaJa 103 IayKoHuTa 2—6 r/nm* mocturaercs
a(hheKTUBHASI OYMCTKA XKUIKUX OTXOIOB OT (DEHOJIOB M yMEHb-
IIeHNe KOHIEHTPAllM UCXOMHOM (heHonbHOM Boasl ¢ 510 1o
330—390 mr/mm*® B TeueHue 110—140 MUH Ha MeXaHUYECKOM
ctaguu. JIOCTUTHYTO CHYDKEHUE TIPEIEIbHO TOYCTUMOI KOH-
uentpaumu (ITJK) ¢peHosI0B B UCXOMHBIX CTOYHBIX BOAAX KOK-
COXMMUYECKOTO MPEANPUSITYSI, pETIaMEHTHpyeMoe — He bonee
415 mr/nm®. MceneioBaH MPOLECC OYMCTKM MPOMBIILIEHHBIX
CTOKOB OT POJJAHUIOB C TIOA0OPOM ONTUMATTBHOI O3Bl aICOP-
OeHTa C MOMOIIIbIO MaTEMAaTUYECKON 00pabOTKN SKCIEPUMEH-
TAILHBIX JAHHBIX, KOTOPBIii cocTaBmi 2—3,5 r/uM° ¢ npono-
>KuTeabHOCThIO utotaumu 120 MuH. [lomyyeHo cHUXKEeHUEe uc-
XOIHOM KOHLIEHTPALIMK PONAHUIOB ¢ 475,2 10 328—348 mr/nm>.
Hocturnyra ITJIK pomaHumoB mpu HopMme — He Ooliee
400 Mr/nmM? iepes 6GUOJIOrMYECKOi OUUCTKOI.

Hayunas nosusna. VccienoBaH mpoliecc COpOIIMOHHOTO
ynaneHust GeHOIOB ¥ POJAHUIOB U3 XUIKUX OTXOHOB C pa3-
JIMYHBIMU T03aMU TJIAYKOHWTA TSI ONMCAHUSI MaTeMaThye-
CKOIl Momeau ancopOILMOHHOrO Mpoluecca. BrepBoie ycTa-
HOBJICHBI KHHETUYECKNE 3aKOHOMEPHOCTH TIpoliecca U3BJe-
yeHUs1 PeHOJIOB U3 CTOUHBIX BOJ TIAyKOHUTOM B KOJTMUECTBE
2—8 r/oM*® B cOYeTaHMU ¢ KATHOHHBIM (JIOKYISHTOM 00be-
MoM 5 mu1/nm> B nnaTepBaie BpeMenn 20—120 mun. [oyuena
BO3MOXHOCTb ITPOTHO3MPOBATh ONTUMAJIbHYIO O3y aIcop-
OeHTa, BIUSATH Ha BpeMsI COPOLIOHHOTO MPOoliecca U CHU3UTh
colepkaHue 3arpsI3HSTIONINX areHTOB JI0 KOJOTUYECKU 6e3-
OIACHBIX MOKa3aTeJIeH.

IIpakTHyeckas 3HAYUMOCTD. JJaHO MaTeMaTUIECKOe OTTH-
caHUe Tpolecca OYUCTKU (DEHOTBHBIX CTOUHBIX BOI C MC-
TTOJIb30BAHUEM TJIayKOHMTA. MIcxoms u3 omucaHus MaTema-
TUYECKON MOJENU, AJIsl MPOMBILUIEHHOTO BHEIPEHUS Tpea-
JIOKEHO WCITOJIB30BaTh MIPUPOIHBIN afcOPOSHT IJIayKOHUT B
MHTEPBAJIE ONTUMAIBHBIX 103 2—6 I/IM> B COYETAHUH C Ka-
THOHHBIM (JIOKY/ISHTOM B KOJMYECTBE 5 MJI/IM> ITPU ONTHU-
MaJTbHOU MPOAOKUTENTBHOCTH aICOPOIIMOHHOTO TIpoliecca
110—140 muH.

KioueBble ciioBa: xoxcoxumuueckue cmoku, adcopoyus,
¢hernonvt, podanudvl, npUPoOHbLI eAAYKOHUM, KAMUOHHbLIL (A0~
KyAsaHm
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