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The purpose. To develop algorithm of security of the set quality of production of entomophages on
the basis of utilization of illegible logic. Methods. lllegible logic, E. Harrington’s theory. Results. Algorithm
is developed of optimization of production of entomophages on the criterion of quality on an instance of
entomological specimen Brakon (Habrobracon hebetor). Input data for optimization were values of
biological and complex indices gained at different parameters of microclimate. Levels of desirability of
complex merit number of entomophage Brakon are specified by means of E. Harrington’s function.
Criterion of optimization of production of entomophages is the degree of approximation of desirability of
complex merit number to linguistic assessment “very good”. The illegible assessment of desirability of
complex merit number of entomophage Brakon is carried out. The mean error of approximating is in
acceptance limits. Conclusions. On the basis of the theory of illegible logic the algorithm of optimization
of production of entomophages on a criterion of performance is developed. Entomologic products with
merit number “very good” match the following parameters of microclimate: air temperature 26 — 29°C,
relative humidity of air 70 — 80%. These parameters of microclimate can be used at formation of
strategies of control by conforming system of automation.

Key words: production of entomophages, optimization, quality, E. Harrington’s function of desirability,
illegible logic.

The issue of optimization of entomological productions for today is relevant due to the need to obtain
the maximum amount of entomoproducts of guaranteed quality at minimum energy costs in its production.
The direction of research on the optimization of the production of entomophages relates to:

- transition to natural feed substitutes; refusal of vegetative plants; selection of technological
substrates for collecting eggs and puppets of entomophages [1];

- rational relationship parasite-host;

- creation of favorable conditions for growing insects [2];

- optimization of feed [3, 4];

- quality control of the production process [5];

- preservation of the minimum level of diversity and functional stability of artificial populations [2, 6, 7];

- development of energyefficient control systems for entomophages quality [8];

- the use of intellectual technologies, in particular, the optimization of the nutrient medium based on
the use of genetic algorithm [9].

The purpose. Develop an algorithm to ensure the specified quality of production entomophages on
the basis of the use of fuzzy logic.

Materials and methods of research. The object of research is the production of entomophage
Habrobracon hebetor. The materials used were the results of experimental studies obtained by the
scientists of the Engineering Technology Institute "Biotechnics" on the results of the research work Ne
35.00.01.05I «Develop technological support cultivation uterine culture of Habrobracon hebetor».
Methods of research - fuzzy logic, Harrington theory.



Results of research. The feature of modern technologies of mass development of entomophages is
the preassigned output of the final product of high quality per unit of production space [10].

The quality of entomophages in technocenosis is estimated according to biological indices
(fertility of females, the emergence of imago, sex index, number of deformed individuals, etc.) and
depends on the accuracy of maintaining the temperature and relative humidity of air in the zone of their
development [8].

The algorithm of optimization of production of entomophages by quality criteria (fig.1) is developed on
the example of the entomologic drug Habrobracon hebetor. The initial data for optimization were the
values of biological quality indices (P1 - number of females, %; P, - the number of imago received from
one female, pcs; P, - the number of infected caterpillars of Ephestia kuehniella, %) obtained with different
parameters of the microclimate. Experiments from Habrobracon hebetor, which was bred in Petri dishes,
were carried out in a thermostat, where the air temperature varied in the range (17-29) oC, and the
relative humidity was (60-80) %. Petri dishes, glass tubes, hand magnifiers, medical tweezers, biological
microscopes, thermostats, weights for weighing eggs are used to determine the quality of entomocultures
[11].
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Fig.1 Algorithm of optimization of production of entomophages

Complex index of entomocultural quality due to heterogeneity of biological indicators is calculated
according to the expression [12]:

where P, - the absolute value j-th of the biological quality index of entomocultures; Pjﬁ- its basic

value; n - number of indicators.



The basic values of the quality indicators of Habrobracon hebetor are: Rﬁ- not less than 45 %, @6 -

not less than 20 pieces, @6— not less than 40 % [11].

To establish the correspondence between the values of complex indicators of the quality of the
entomophage under various microclimate parameters and their desirability, we use the Harrington
function D[13]:

D =exp(—exp(-K)). )
The criterion for optimizing the production of entomophages is the proximity of the desirability of a

complex quality index to a linguistic assessment "very good" in accordance with the Harrington desirable
scale (Table 1), that is, the objective function has the form:

D — (0,08...1,0).

1. Standard marks on the scale of desirability E. Harrington [14]

@)

Desirability Marks on the scale of
desirability

Very good 1,00—0,80

Good 0,80—0,63

Satisfactory 0,63-0,37

Bad 0,37-0,20

Very bad 0,20-0,00

The levels of desirability of the complex indicator of the quality of the entomophage Habrobracon
hebetor are determined depending on the degree of proximity of the indicators (number of females and
imago from one female, infected caterpillars Ephestia kuehniella) to the baseline values for different
parameters of the microclimate (Table 2).

2. Levels of desirability of a complex index of entomophage quality Habrobracon hebetor
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than | than | than 50 11 15 20 60 0,61 0,58 »
4 2 |40 55 16 19 20 70 0,77 0,63 »
5 0 51 15 18 20 80 0,73 0,62 »
50 21 32 23 60 0,98 0,69 Satisfa




ctory

50 28 32 23 70 1,08 0,71 »

52 28 30 23 80 1,07 0,71 »

51 24 51 26 60 1,20 0,74 Good

51 32 52 26 70 1,33 0,77 Very
good

55 33 51 26 80 1,37 0,78 »

49 21 51 29 60 1,13 0,72 Good

53 33 53 29 70 1,37 0,78 Very
good

51 35 53 29 80 1,38 0,78 »

As can be seen from table. 2 experimental studies were carried out at limited air temperature values:
there are no data on the quality of entomocultures at a temperature of 18 °C, 19 °C, 21 °C, 22 °C, 27 °C,
28 °C (it is not always possible to carry out an experimental assessment of the degree of influence of the
factors). The peculiarity of the biological object is the in its various behavior under the influence of a
significant number of factors of influence (abiotic, biotic, technological). In order to assess the influence of
these factors on the quality of the products produced, it is possible, from our point of view, to apply the
theory of fuzzy logic, which is based on the use of knowledge about the object of research, presented in
the form of rules of the type «if - then». Fuzzy logic, belonging to one of the modern intellectual
technologies, can also be used to develop a model of optimal process control [15].

For a fuzzy assessment of the desirability of a complex index of the quality of the entomophage
Habrobracon hebetor, the Fuzzy Logic Toolbox Matlab expansion package and the Mamdani type fuzzy
output system [16] were used.

As a result of the desirable levels of a complex quality index of the entomophage Habrobracon
hebetor a fuzzy knowledge base was created which contains data (Table 3) and rules (Table 4).

3. Data to create a knowledge base

Input Input and Term Linguistic The type and
and range of | sets assessment of | parameters
output output parameters membership
variables | parameters function
paramet
ers
T, °C 17-29 T1 Low temperature Gaussmf [2,038; 17]
T2 Average » Gaussmf [2,038; 23]
T3 High » Gaussmf [2,038; 29]
W, % 60-80 WA1 Low humidity Gaussmf [3,397; 60]
w2 Average » Gaussmf [3,397; 70]
w3 High » Gaussmf [3,397; 80]
D 0,51-0,78 D1 Bad desirability Trimf [0,54; 0,63;
0,72]
D2 Satisfactory » Trimf [0,62; 0,71;
0,8]
D3 Good » Trimf [0,65; 0,74;
0,83]
D4 Very good » Trimf [0,69; 0,78;
0,87]




Figure 2-6 shows the Fuzzy Inference System Editor; Editor of membership functions for terms of
variable D; the Surface of Fuzzy Inference and the Rule Editor as applied to the desirability of a complex
quality indicator entomophage Habrobracon hebetor; Fuzzy System Viewer.

In tabl. 4 the knowledge base of the fuzzy system for assessing the desirability of the complex
indicator of the quality of the entomophage Habrobracon hebetor is given; for each row of tabl. 4
corresponds to one rule: if T = "Low temperature" and W = "Low humidity", then D = "Bad desirability."

4. Knowledge base
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Fig. 2 Fuzzy Inference System Editor Fig. 3 Editor of membership functions
for terms of variable D

_IF (T is T1) and (W is W) then (D is D1) (1}
_IF (T is T1) and (W is W2) then (D is D1) (1}
JIF (T is T1) and (W is W2) then (D is D1) (1}
I (T iz T2} and (W iz W) then (D is D2) (1)
I (T is T2 and (W is W2) then (D is D2) (1)
I (T is T2) and (W is W3) then (D is D2) (1)
_IF (T is T2) and (W is W) then (D is D3) (1)
I (T is T2 and (W is W2) then (D is D4) (1}
I (T is T2) and (W is W2) then (D is D4) (1}
10 If (T ie T3) and (W iz W1} then (D iz D3) (1)
11_If (T is T3} and (W is W2} then (D is D4} (1)
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Fig. 4 Surface of Fuzzy Inference Fig. 5 Rule Editor as applied to the
D= f(T,W) desirability of a complex quality
indicator entomophage Habrobracon
hebetor
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In tabl. 5 the fuzzy estimation of the desirability of the complex index of the quality of entomophage
Habrobracon hebetor is given.

5. Fuzzy estimation of the desirability of the complex index of the quality of entomophage
Habrobracon hebetor

Air Air Experimental Fuzzy
temperature, | relative desirability D ¢ desirability D"
°C humidity,

%
17 60 0,56 0,63
17 70 0,51 0,63
17 80 0,56 0,63
20 60 0,58 0,63
20 70 0,63 0,63
20 80 0,62 0,63
23 60 0,69 0,71
23 70 0,71 0,71
23 80 0,71 0,71
26 60 0,74 0,72
26 70 0,77 0,72
26 80 0,78 0,72
29 60 0,72 0,72
29 70 0,78 0,72
29 80 0,78 0,72




According to the fuzzy conclusion, the desirability of 0,72 of the complex indicator of the quality of the
entomophage Habrobracon hebetor (1,13) corresponds to the assessment of "very good" at air
temperature (25-29) °C and relative humidity (60-80) %.

The average error of approximation between the experimental and fuzzy desirability of a complex
index of entomophage Habrobracon hebetor quality is calculated by formula (4) [17] and is 6,7 %:

- 1 D¢ -D"
A=Y —F
I
where 1 - the number of measurements; De- experimental desirability of K; D"- fuzzy desirability
of K.

100%, 4)

The average error of approximation does not exceed 8-10% [17].

Conclusions

An algorithm for optimizing the production of entomophages by the criterion of quality based on the
theory of fuzzy logic is developed - entomological products with a "very good" quality index correspond to
such microclimate parameters: air temperature (26-29) °C and relative humidity (70-80) %. These
parameters of the microclimate can be used in the formation of appropriate control strategies for the
corresponding automation system.
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