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Abstract. The article is devoted to the determination of the optimal parameters of a dielectric
fluid as an impregnant in power capacitors. The optimal parameters for the synthesis of the ester are
found on the basis of a not clear Mamdani model. The model providing optimization of the
chemical process is offered and on the basis of statistical data, the algorithm of training of the fuzzy
model is developed. The goal was solved with fuzzy data and a regression model of the three-stage
process was obtained. Optimization was carried out and optimum parameters were found. Based on
the statistical data, a fuzzy Mamdani model was compiled.

Annomayus. CtaThsi NOCBSIIEHA ONPEICICHNI0 ONTUMAIBHBIX 1APAMETPOB JUJIECKTPUUECKOM
AKUJKOCTH B Kaue€CTBE MPOMUTKH B CUJIOBBIX KOHAEHcaropax. OnTuMaabHble MapamMeTpbl CUHTE3a
CIIO)KHOTO »(¢upa HaWIeHbl Ha OCHOBE HeueTkol wmozenu Mampaanu. [lpeanaraercs mozens,
oOecreunBaroIias ONTUMHU3AIUI0 XUMHUYECKOTO MPoIlecca, U Ha OCHOBE CTAaTUCTUYECKHUX JaHHBIX
pazpaboTaH anroput™m oOOy4deHHUs HeueTkou momenu. llenp Oblla permieHa ¢ MOMOIIBI0 HEYETKUX
JaHHBIX, W OblIa TOJy4eHa PEerpecCHOHHAas MOJENlb TPEXATAIHOTO Mpoliecca. bbina mpoBeneHa
ONTUMHU3AIMS W HalIeHbl ONTHMalbHbIE MapaMeTpbl. Ha OCHOBE CTaTUCTHMYECKUX IaHHBIX ObliIa
COCTaBJIeHa HeYeTKast Mozess Mamianu.

Keywords: power capacitors, sec.hexyl-o-xyleole, dielectric fluids, fuzzy model of Mamdani,
fuzzy data.

Knroueswvie cnosa: cunoBbie KOHACHCATOPHI, BTOpH‘IHBIﬁ IFEKCHJI-0-KCUJIOJ, AUDJICKTPHUYCCKUC
KUIKOCTH, HEUCTKAA MOJCIIb MaMI[aHI/I, HCUYCTKUEC JaHHBIC.

Analyzing the findings of world practice, it turns out that, for carrying out chemical processes,
it takes enough time and finance. For the increase the efficiency of these processes it is important to
use new technologies, models and methods. Solving the problem with a fuzzy one allows you to
control the time of the chemical process and the amount of waste substances.From this point of
view, the problem is actual and of scientific and practical value.

One approach that supports such research, as mentioned above, is the use of fuzzy
mathematics. Today, significant results have been obtained in this direction in basic research, but
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with regard to applied research, this is mainly the control of technological processes. But, the use of
fuzzy mathematics for the study of chemical structures is a single study. Thus, the use of fuzzy sets,
into chemistry and chemical technology makes it possible to solve by computer means not only a
wide range of technical problems associated with uncertainty, but, what is especially important,
creates the conditions for generating new scientific and technical problems and new ways of solving
them in the field of chemistry and chemical technology.

Formulation of the problem. Under the concept is implied of fuzzy, the mathematical
formulation of fuzzy information. For the formed object—devices by complex, used traditional
methods, the fuzzy logic based on fuzzy logic is mainly.

The theory of fuzzy sets (TFS) was proposed 40 years ago by the US mathematician Lutfi
Zadeh. TFS — provides an opportunity to describe the fuzziness and knowledge of the quality of
the environment, complex objects, and devices and provides an opportunity for obtaining new
knowledge for creating fuzzy models [1-3].

Experimental part

The process of obtaining the dielectric liquid of acetoxymethyl—sec.hexyl-o—xylene consists
of three stages: alkylation, chloromethylation and acetoxylation.

In accordance with the task, it was required to ensure, at each stage of synthesis of the ester,
the maximum possible high purity and yield of reaction products. In this connection, the
AICI3CH3NO;> complex, which exhibits high selectivity, was used as alkylation [2].

Using the methods of mathematical statistics, these processes are optimized in terms of the
parameters [4-6].

In work, using the method of planning experiments [7], studies on the synthesis of the ester as
an impregnant with the aim of constructing a regression mathematical model on the basis of its
optimization are presented.

The task is carried out in three stages:

1. Alkylation of o—xylene with hexene-1 in the presence of cataliyst AICI3CH3; NO>

2. Chloromethylation of sec.hexyl-o—xylene in the presence of paraform in acetic acid in the
presence of zinc chloride.

3. Acetoxylation of monochloromethyl-sec.—hexyl-o—xylene in the presence of a Makoshi
catalyst.

Based on our numerous experiments were determined the main input and output parameters of
the three-stage process under study. The main output parameter of the process is the yield of
sec.hexyl-o—xylene—, monochloromethyl sec.hexyl- and acetoxymethyl-sec.hexyl-o—xylene.
Factors influencing the output parameters of the process are Xi; — process temperature, Xo —
reaction time, X3 — the amount of catalyst. Table 1-3 gives the main levels of factors and the limits
of their changes.

On the proposed improved design, there are also such elements, for this reason the solution of
the problem requires the use of the theory of fuzzy sets.

Table 1.
THE MAIN LEVELS OF FACTORS AND THE LIMITS OF THEIR CHANGES (stage 1)
Names Natural input values of factors Output values
X1 X2 X3 Ypract
Basic level 50 2 0.15:0.45 70
Limits of change 2 0.1 0.01 5
Lower limit of change 40 1 0.2:0.5 55
Upper change of limit 60 3 0.1:.04 90
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Table 2.
THE MAIN LEVELS OF FACTORS AND THE LIMITS OF THEIR CHANGES (stage 1)
Names Natural input values of factors Output values
X1 X2 X3 Ypract
Basic level 60 4 0.70:0.20 65
Limits of change 2 0.5 0.01 3
Lower limit of change 50 3 0.40:0.15 42
Upper change of limit 70 5 1.0:0.25 85
Table 3.
THE MAIN LEVELS OF FACTORS AND THE LIMITS OF THEIR CHANGES (stage IlI)
Names Natural input values of factors Output values
X1 X X3 Ypract
Basic level 60 (100-120) 100 (2-2.5) 0.12 80
Limits of change 2 5 0.01 5
Lower limit of change 50 90 0.10 70
Upper change of limit 70 110 0.14 100

Problem solution: To solve the problem with the proposed method, the following algorithm is
proposed:

1. Determination of the number of input and output linguistic variables. The definition of
quantity by the term is for each linguistic variable;

2. Determination of the name of linguistic variables and their terms (belonging);

3. Determination of the type and universe of the membership function for the terminology of
linguistic variables;

4. Determination the structure of logical rules as “if ... then”;

As input linguistic variables, X is the process temperature, X is the reaction time, X3 is the
number of catalysts, the Yi— acetoxymethyl—.sec.hexyl-o—xylene was taken as output linguistic
variables.

Input linguistic variables:

X1 — process temperature — <small, normal, many>, (40-60) (1)

X, — reaction time — <small, normal, many>, (1-3) (2)

X3 — the amount of catalyst — <small, normal, many>, (0,1-0,45) (3)

Output linguistic variables:

Yi — <below norm, norm, above norm>, (57.2—-81.0) (1)

Modeling, based on the basis of logical rules, was implemented using an algorithm based on a
mathematical apparatus with fuzzy logic. The description of input and output linguistic variables
(terms) was used for the function of triangular membership.

The computer implementation of the algorithm was performed in the Matlab environment
(FIS—editor of the Fuzzy Inference System Editor), and the results (Figure 1-3) were obtained.
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Figure 2. Chloromethylation of sec.hexyl-o—xylene in the presence of paraform in acetic acid in the
presence of zinc chlorid.
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Figure 3. Acetoxylation of monochloromethyl-avr.hexyl-o—xylene in the presence of a Makoshi
catalyst.

335


http://www.bulletennauki.com/

Broanemens nayxu u npaxmuxu [ Bulletin of Science and Practice

http://www.bulletennauki.com T. 4. Nel2. 2018

The resulting conclusions from the Matlab program (a mechanism for fuzzy extracts): a) for
sec.hexyl-o-xylene; b) monochloromethyl-sec.hexyl-o—xylene; c) acetoxymethyl-sec.hexyl-o—
xylene.

Conclusion

1. Is proposed fuzzy model of the process of obtaining acetoxymethyl-sec.—hexyl-o—xylene is
proposed and a learning algorithm for the fuzzy model is developed on the basis of statistical data.

2. Dependence of the ester yield between the temperature, the reaction time and the amount of
catalyst was determined.

The experiments carried out with the optimum operating conditions found fully confirmed the
reliability of the results obtained.

The acetoxymethylation of chloromethyl-sec.hexyl-o—xylene with sodium acetate in the
presence of the Makoshi catalyst, carried out under the optimum operating conditions, completely
confirmed the reliability of the results obtained.

As a result of the solution of the problem was found, an optimal mode condition for the
process of acetoxymethyl—.t.—hexyl-o—xylene production, as well as the conditions under which the
process of alkylation of 0-xylene with hexene, the chloromethyloranation of sec—hexyl-o—xylene
and acetoxymethylation of chloromethyl-sec.hexyl-o—xylene:

a) alkylation of 0-xylene with hexene:

—process temperature X; = 50.8

—reaction time X = 2.94

—amount of catalyst X3 = 0.24: 0.61

b) chloromethylation of sec.hexyl-o—xylene in the presence of a catalyst:

—process temperature X; = 60.8

—reaction time X, = 4.9

—amount of catalyst X3 = 0.45: 0.2

¢) acetoxymethylation of chloromethyl—sec.hexyl-o—xylene:

process temperature X; = 118.9

—reaction time X, = 4.9

—amount of catalyst X3 =0.012

Yoptim3:95 9%
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