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Annomayun. Obecneuenue npoooeonbemeennoii 6e30nacHOCIU CIMPatbl HANPAMYIO 306Ucim Om P hexmuenocmu mex-
HOMO2UT NUWEBbIX NPOUZEOOCME U ymunuzayuu ux omxooos. K coxcanenuio, b6ezonacinoe ucnonv3oeanie omxo0oe 6onviuuncmed
nUeebix NPOU3600CINE HEGOIMONCHO 6e3 Ux 06e33apadcusaniis.

Mamepuans: u memoost. B oannoii pabome onmumusupoeansi napamempusl onepayu 00e33apadlcuéaniiss CIo4HsIxX 600
nUESbIX NPOUZEOOCING, NPU KOMIIEKCHOM QUIUKO-XUMUUECKOM 8030€HCMEUU 8 AKIMUSAIMOpe, 8PAUAIOUWUMC NEKIMPOMASHUMHIM
noneM ¢ nepemewarouUMUc 6Hympu ne2o PeppoMacHUMHbIMU YACTHUYAMU U AKINMUEHO20 XNI0PA.

Pesynomamst u o6cyscoenus. Pesynomamom onmumuzayuu A61Aemcs CHUMICEHUE YOeTbHOIl IHEPLOEMKOCIU npoyecca
npu cobnodenuu mpebosanuii k Mmudemuonoeuieckoii 6ezonacnocmu. Ilapamempol onmumuzupoeanoii cucmemvl UMeiom cneoyio-
wiie 3HAUeHUA: 3aNONHEHHOCING (DepPOMASHUMHBIMY CIMEPIICHAMY paboueil 30Hbl aKxmueamopa pPs, = 3,18 %; maenumnas unoykyus
B = 40 mTn; omnowenue onunvt peppomaznumuvix cmepoicueii k¥ ux ouamempy l/d = 25, xonyenmpayus axmuenozo xnopa @ =
15,60 me/n; npodonscumensnocms 6o30eticmeus t = 2,81 ¢; npu smom yoenvuvie 3ampamot snexmposnepauu cocmaension Ny,=3,09
Bm-c¢/mn, a noxazamenu snudemuonozuueckoti 6e30nacHoCmi He Npesuiiiaiom OONYCIMUMbIX HOPMAamuenviMu OOKyMenmamu. Pe-
3VIBIMAMbE ORMUMUBAYUY NAPAMEMPOE CUCINEMbL, bLINOTHENHBI 6 cpede npozpammnozo xomnaexca Matlab Simulink.

3axnouenue. B xooe nposedénnoeo uccnedosanus vl ROMYyUeHbl CleOVIOuie napamempet onepayui 0be33aparcueanus
CIMOUHDBIX 800 NULUYESLIX NPOU3BOOCME ¢ axmugamope: p,, = 5,18 %, 1/d=25; B=40 mTn; @ =15,60 me/n; t =2,81 c; xpumepuii on-
MUMANbHOCIU (YOenbHAs dHepeoéMKocmy npoyecca obezzapadicusanus) pasen Ny,=3,09 Bm-c/mn; npedenvHo donycmumoe 4ucio
KOE OKF 100 wum; pacuémnoe snauenue uucna cocmasuno KOE OKE 98 wm.

KiroueBnle ciioBa: TMMAMICBBIC MPOU3BOACTBA, YTUJIU3alUsA, CTOUHLIC BOJLI, OITUMU3AlUs TapaMEeTpOB olepalluu 0be33a-
paxKhuBaHus.

Abstract. Ensuring food security of the country directly depends on the effectiveness of food production technologies and
the disposal of their waste. Unfortunately, the safe use of waste from most food industries is not possible without disinfection.

Materials and methods. In this work, the parameters of the operation of disinfecting wastewater from food production are
optimized, with a complex physico-chemical effect in the activator, a rotating electromagnetic field with ferromagnetic particles mov-
ing inside it and active chlorine.

Results and discussions. The result of optimization is a reduction in the specific energy consumption of the process, while
observing the requirements for epidemiological safety. The parameters of the optimized system have the following meanings: occu-
pancy of the activator’s working area with ferromagnetic rods p,, = 5,18 %; magnetic induction B = 40 mT; the ratio of the length of
the ferromagnetic rods to their diameter l/d = 25, concentration of active chlorine @ = 15,60 mg / I; exposure time t = 2.81 s, in this
case, the specific energy costs are N,,=3,09 W - s / ml, and the indicators of epidemiological safety do not exceed the permissible
normative documents. The results of optimizing the system parameters were performed in the environment of the Matlab Simulink
software package.

Conclusion. In the course of the study, the following parameters of the wastewater disinfection of food production in the
activator were obtained: p,,= 5,18 %, I/d=25; B = 40 mT; o =15,60 mg /l; t = 2.81 s, the optimality criterion (specific energy in-
tensity of the disinfection process) is Ny,=3,09 = 3.09 W - s / ml; the maximum permissible number of CFU CCB is 100 pcs, the cal-
culated value of the number was CFU CCB 98 pcs.

Key words: food production, recycling, wastewater, optimization of parameters of disinfection operation.

Introduction. Food safety is the main factor in socio-economic stability, the provision of which directly de-
pends on the efficiency of technological processes in food production. In the Southern Federal District of the Russian
Federation, livestock makes a significant contribution to the development and maintenance of this economic cluster.
About 65 ... 70% of heads are concentrated in small farms numbering up to 1,500 heads. An important problem with
this approach to animal husbandry is the issue of environmentally sound waste management and the development of
maximum resource conservation.

According to the set of regulatory documents GOST 26074-84, GOST R 51769-2001 and MU 2.1.5.800-99,
waste from livestock farms are solid and liquid fractions, the disposal of which must be carried out separately after sep-
aration. One of the main disposal operations of which is their disinfection. In the framework of this study, the issue of
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optimizing the operation of disinfection of wastewater (hereinafter effluents) was considered. Unfortunately, the meth-
ods used today for disinfecting livestock stocks do not allow taking into account all the specifics of this material, which
significantly reduces the effectiveness of the development of technological approaches to their disposal. Due to the high
content of nutrients, the most rational option for disposal is the use of effluents for irrigation of agricultural fields. The
advantages of this approach are: rational use of natural resources, an increase in the content of humus in the soil and, as
a consequence, increased fertility. Accordingly, the task of optimizing the technological process for the disinfection of
wastewater from livestock enterprises is urgent.

The aim of this study. The aim of this study is to optimize the parameters of the wastewater disinfection oper-
ation implemented by the activator.

As an analysis of information sources and the results of preliminary studies [1-9] showed, the most preferred
solution to this problem is the physicochemical effect of a rotating electromagnetic field with ferromagnetic particles
moving inside it and active chlorine, which is realized in the disinfection activator.

The advantages of this exposure are:

- the presence of a prolonged bactericidal effect;

- the absence of dependence of the effect of disinfection on turbidity, rigidity and pH of the medium;

- minimization of negative by-products.

The most promising device for implementing the selected impact is an activator, consisting of a housing 1, a
pipe of the working zone 2, an inductor 3, ferromagnetic rods 4. A schematic diagram of the activator is shown in Fig-

ure 1.
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Fig. 1. Schematic diagram of the activator for disinfection of wastewater from livestock enterprises

Materials and methods. Based on the factor analysis and the results of preliminary studies carried out in [10—
13], the 5 most significant factors were selected that could influence the effluent disinfection operation in the activator.
The names and areas of variation of the selected factors are presented in [10, 11] and in Figure 2.
Based on the experimental studies [10—13], mathematical models were obtained that allow us to describe the
relationship of the selected factors with parameters characterizing the quality of the disinfection process in the activator.
The epidemiological status of the runoff, according to GOST R 51769-2001 and MU 2.1.5.800-99, was charac-
terized by the number of colony forming units of common coliform bacteria (CFU CCB), representing the most typical
bioindicator [12]:
Veosors = 11,72 =9,13x, +1,32x, —20,15x, —31,74x, —14,02x, + 581x; +43 1x32 +

+7,98x; +3,14x7 —18,92x,x,.

(1)

The energy component of the technological process for disinfecting wastewater from livestock enterprises was
characterized by specific energy intensity and is described by the equation [13]:

¥, =559 -2,1dx, —0,44x, +2,24x, +1,14x, +1,52x ~1,48x )

As an optimality criterion, the costs of specific electric energy for the disinfection operation were selected.
And the maximum allowable value of the number of CFU CCB according to MU 2.1.5.800-99 equal to 100 units
became a limitation on the epidemiological safety of the operation.

The selected optimality criterion corresponds to the objective function (2) in the form of a quadratic regression
equation in canonical form, which is the dependence of the optimality criterion on factors influencing it. Figure 2 shows
a block diagram of an optimization problem.
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Fig. 2. The block diagram of the optimization problem

The most promising methods were selected: exhaustive search and steep ascent (or descent, depending on the
task of achieving maximum or minimum).

As technological material wastewater of the farm premises was used. Evaluation of the bacteriological proper-
ties of the starting material was carried out in laboratory conditions, by fermentation, by seeding it on Endo nutrient
medium.

Results and discussions. The results of optimizing the parameters of the system executed in the environment
of the Matlab Simulink software package are presented in Table 1.

Table 1
Parameters of the optimized system
e . Optimization method
Ne /o Optimized System Settings Steep climb full sorting

Optimality criterion:
! Specific energy consumption Ny, W - s/ ml 3,10111 3,09751

Limitation:
2 . . . 1 1341

The number of colony forming units of bacteria CFU CCB (not more than 100), pcs 98,13057 98,13417
3 Parameters:

The occupancy of the working zone of the activator with ferromagnetic rods ps, in% 5,18097 5,18457
4 The ratio of the length of the ferromagnetic rods to their diameter 1/ d 25,08413 25,08753
5 Magnetic induction B in mT 40,04792 40,05152
6 The concentration of active chlorine @ in mg /1 15,64570 15,64960
7 Duration of exposure t in s 2,81349 2,81709

Based on the foregoing, the following conclusions were made:

— the discrepancy between the results, with the considered calculation methods, does not exceed 0.36%, which
is insignificant;

— the time spent on the calculation by the steep ascent method was 3 s., And by the exhaustive search method
of 15 s., Which is equally acceptable.

— the method of exhaustive search allows you to get the most reliable result, by minimizing the possibility of
taking the local extremum of the function as global, however, it is necessary to carry out an additional check of the
function for monotony.

It was established that when choosing a method for solving most technical optimization problems of a similar
class, it is necessary to be guided by the reliability of the result and the simplicity of the method, and not by the time
spent on the calculations.

Conclusion. In the course of the study, the following parameters of the wastewater disinfection of food
production in the activator were obtained: p,, = 5.18%;1/d =25; B =40 mT; &= 15.60 mg/1;t = 2.81 s; the optimality
criterion (specific energy intensity of the disinfection process) is Ny, = 3.09 W - s / ml; the maximum permissible
number of CFU CCB is 100 pcs; the estimated value of the number of CFU CCB - 98 pcs.
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