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OPTIMIZATION OF TECHNOLOGICAL PROCESSES OF MINERAL WASTE
PROCESSING DASHKESEN ORES

The article discusses the optimization of technological processes for the processing of
mineral waste from the Dashkesen ores, taking into account the dynamics of the energy
intensity of operations. Methods for estimating the parameters of mathematical models by
the least-squares method are presented. It has been established that the practical search
for environmentally rational technological solutions can be reduced to solving problems
of linear mathematical programming. The main results of optimization of technological
processes are obtained in the form of equations of the optimal time for each technological
operation. To search for optimal solutions and develop physical models and mathemati-
cal descriptions of optimizing waste recycling processes, the theory of graphs is used.
Structural diagrams, an oriented graph and, joint matrices of adjacency of the processes
of processing of mineral technological waste of Dashkesen iron ore dressing have been
constructed. It has been determined that the problem of optimization of technological
processes of processing of mineral waste can be formally reduced to a problem of math-
ematical programming. The condition for decreasing the objective function, which char-
acterizes the energy intensity of technological operations, shows that the minimum is
achieved only with a minimum of all functions included in its composition. It is indicated
that the energy intensity of production can be considered a complex indicator of the tech-
nogenic impact on the environment. Energy capacity characterizes the property of an ob-
ject and acts as a sign of the internal unity of the natural system. Energy intensity as an
indicator of the efficiency of technological processes takes into account the consumption
of energy for the production of products and waste. A calculation scheme has been drawn
up to determine the optimal vector that provides the minimum energy for processing
technological waste. The dependence of the ratios of the current values of energy con-
sumption and energy consumption on the time of waste processing has been obtained. It
has been confirmed that the kinetic laws of waste processing are expressed by differential
equations of the first order, where, in general, the main variables are the energy intensity
of technological operations and the duration of operations. The parameters of mathemat-
ical models can be estimated by the nonlinear small squares’ method. The results of theo-
retical analysis and numerical experiments have shown that the mathematical model of
technological processes for the processing and disposal of man-made mineral waste has
sufficiently high adequacy.

Keywords: optimization, technological processes, waste processing, energy consumption,
a mathematical model.

Kepimosa I X. Onmumizayina mexnonociuHux npoyecie nepepooKu MiHepatbHUx 6io-
x00i¢ /lawkecencoKux pyo. Y cmammi po3ansioaemvcs Onmumizayis mexHoN02IuHUX Npo-
yecig nepepobKu MiHepanbHuX 8i0X00i6 30azauenns JlawKeceHcbKux pyo 3 VpaxyeaHHsIM
OuHamixu enepeocmuocmi onepayiti. Hasederno memoou oyinku napamempis mamemamuy-
HUX MoOenell MemooOM HAMeHWUX Keaopamis. Bcmanoeneno, wjo npakmuyHuil ROuLyK
€KONIO2IYHO PAYIOHATLHUX MEXHOIOSIYHUX PiteHb MOJICHA 3600UmMU 00 SUPIUEHHS 3a60aHb
JIHINH020 Mamemamuynozo npoepamysantsi. OCHOBHI pe3yabmamu onmumizayii mexHoao0-
2TUHUX NpOYeci6 OmpuMani y ueiaoi pigHsAHb ONMUMATLHO2O0 YACY OIS KOJICHOT MeXHON02i-
yHol onepayii. /{ns nowyKy onmumMaibHux piliers ma po3pooxu @isuunux mooenei i ma-
MmeMamu4HUx ONUCi8 ONMUMIZYB8AHHS NPOYeCi8 NOBMOPHOI 0OPOOKU 8I0X00i6 BUKOPUCTNAHA
meopis epaghis. T1o6yodoearno cmpykmypHi cxemu, OpieHmMOSanull epagh i cnitbii mampuyi
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CYyMIDICHOCTI NpoYecie nepepoodKU MIHEPATbHUX MEXHOI02IYHUX 8I0X0016 30azauenHs Jlaul-
KeCEeHChKUX 3aMi3HUX pyo. BusHaueno, wjo 3a60anHs ONmMuMizayii mexHon02iuHux npoyecie
nepepooKu MiHepaibHUX 8i0X00i68 opMaNIbHO MOJICHA 36eCmiu 00 3a0a4i MAMEMAMUYHO20
npoepamysanus. Ymoea yOysaHus yinbo80i (yHKYii, w0 Xapakmepuzye eHepeOEMHICMb
MEXHONOSITYHUX ONepayill, NOKA3YE, Wo MIHIMYM 00CA2AEMbCSL TUe NPU MIHIMYMI 6CiX (Y-
HKYIL, Wo 6x00samb 8 ii ck1ad. 3a3HayeHo, Wo eHepeOEMHICIb 8UPOOHUYMBA MONCHA B8a-
oHcamu KOMNJIEKCHUM NOKA3HUKOM MEXHO2EHHO20 GNJUBY HA HABKONUWIHE cepedosuuye.
Enepeoemmicme xapaxmepuzye enacmugicmes 06 €kma i BUCMYNAE 8 POl O3HAKU GHYMPILL-
HbOI €OHOCMI NpuUpPoOHOi cucmemu. Enepeoemricme, Kk nokasHux ehekmueHocmi mexHo-
JIO2IYHUX NPOYECi8, BPAXOBYE CNONCUBAHHS eHep2ii Ha 8UPOOHUYMBO NPOOYKYii i 8I0X00i8.
Cxnadeno cxemy po3paxyuxy OJis 6USHAYEHHs ONMUMATILHO20 8EKIMOpa, Wo 3abe3nedye mi-
HIMAIbHY eHepeilo Ha nepepoOKy MEeXHONOZIYHUX 6i0X00i6. OMpumMaHo 3a1eHCHICMb CNig-
BIOHOWIEHb NOMOYHUX 3HAUEHb CHONCUBAHOI eHepail | eHepeoEMHOCI 8I0 Yacy nepepoodxu
8i0x00i8. Iliomeepooiceno, wo KiHemuyHi 3aKOHOMIPHOCMI NepepodKu 8Ii0X00i8 8upaica-
10MbCs OUpepeHYiaTbHUMU PIGHAHHAMU NEPUL020 NOPAOKY, 0€ 8 3a2ATbHOMY 8Uisi0i OCHO-
6HI 3MIHHI — eHEeP2OEMHICIb MEXHONI02IYHUX onepayiti i mpusanicmv onepayii. I[lapamem-
pU MAMeMAmuyHuxX Mooenell MONCHA OUIHUMU HEeNIHIUHUM MemOoOOM MAUX Keaopamis.
Pezynomamu meopemuunozo ananizy i YucCerbHUx eKCnepUMeHmie NOKa3aau, wo mamema-
MUYHA MOOETb TMEXHONOIUHUX NPOYecié nepepoOKu i YMuaizayii MexHo2eHHUX MIHepaib-
HUX 8i0X00i6 Mae 00CUMb BUCOKY AOEKBAMHICMb.

Knrouoei cnosa: onmumizayis, mexnonociuni npoyecu, nepepoodka 8i0xo0ie, eHepeoem-
HiCMb, MAMEMamMu4yHa MOOENb.

Description of the problem. In the enterprises of the mining industry, the processes of pro-
cessing mineral waste are carried out according to rather complex technological schemes. The effi-
ciency of such processes depends on many factors of various kinds. Among them are technological
and environmental factors, as well as indicators of the level of resource deposits [1].

Analysis of recent research and publications. To search for optimal solutions and develop
physical models and mathematical descriptions of optimizing waste recycling processes, the Minsker
and Pigott method was used. Structural diagrams, graphs, and joint matrices were built for the produc-
tion period (Fig. 1).

It turned out that the problem of optimizing waste recycling processes can be formally reduced
to a mathematical programming problem. The problem of mathematical programming in a generalized
form can be represented as:

F(X) > min; 1)

g,()<0,i=1m; )
g,(X)=0,j=m+Lm+n,
where F(x), g;(x) functions of elements (composing) vectors — g, (X) =X = (X, X,, X550y X,);

m — the amount of inequality — prohibitions; n — the number of equations.
If multiple elements of a vector x are subdivided into non-intersecting subspecies:

xM v :1_, N,= x = U'v\':1x(v> XW mx(v') =, ©)

then, for any v = v’ monotonic function of arguments, the objective function can be expressed as
f, (x (v)), the following tasks (1)-(2) can be formulated:

F(f,("), £,(x), £, £,(x)) — min; (4)
g, (x”)<0,v=LN,i=1m,; )
9, (x")=0v=LN,j=m +1m, +n,, (6)

where m, — the number of limiting inequalities and the levels of input in the subgroup of varia-
ble n, — x (v). Thus, the condition of growth of the function F shows that its minimum can be only the
function f, (x (v)), and when the task of mathematical programming is very important at this stage is
the identification of the component x (v).
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Fig. 1 — Structural schemes of technological processes of waste processing

Having studied any technological process, it is possible to confirm that, in the first approach, the
speed of energy change is proportional to the difference between the speed of consumption and the
speed of access from external sources. So, you can make a balance:

dE,
e =K, (E,-E), (7
where E; is the total amount of energy consumed to perform i — that technological operation at
the moment t; K; — coefficient of the speed of energy consumption during execution i — that technolog-
ical operation; E,; — the value of the level of energy efficiency i — that technological operation.

The zero primary condition corresponds to the equation (7) for the physical meaning of the task

under consideration, then by integrating the resulting:

In[E,;(E; —E)™"]=Kt. (8)

Solving the equation (8) concerning E;, the dynamics of energy efficiency i — that technological
operation can be expressed:

E, (t) = E; [1-exp(-K1)]. )

Purpose of the article. Optimization of technological processes in mining should be carried out
taking into account the choice of several main factors of the above. This, in turn, gives rise to the need
to solve complex and time-consuming mathematical problems. Due to the wide range of physicochem-
ical properties of mineral waste, the development and optimization of various components of the sys-
tem [2, 3] are required.

Obviously, the emergence of additional requirements related to information support leads to the
complication of the control system. Of course, you can reduce the number of factors taken into ac-
count, and select some of them intuitively. But in this case, the loss of useful information is possible,
which can lead to errors in making environmentally sound decisions [3, 4].

Presentation of the main material. The results of the calculations, calculated according to the
above-mentioned relationships are presented in fig. 2. In this case, the vector x of the parameters of the
objective function (8) can be expressed as the logarithm of the energy intensity present in the equation
(9). Thus, the target function will consist of linear combinations of production coefficients tij. It is
clear that special and general restrictions will be associated with the continuity of t;.
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Fig. 2 — Dependence on the relationship of current values of energy consumption and en-
ergy capacity (i) from time (t)

Graphics on Fig. 2 visually demonstrate all the possible multiplicity of the solutions of the con-
sidered task of mathematical programming. The considered task of linear programming is allowed,
because this task is always a minimum of one possible solution, that is, the multiplicity is not empty.
The point (t”)i=1,2,3,...N,, (where N is the number of technological operations in the optimized
process) will characterize the optimal solution of the task and will become the point of the global min-
imum.

In general, the task is to minimize energy consumption for the production of mineral waste:

Kt +Kt, + Kt +...+ K t, =F —>min; (10)

bty +By,t, +Bygty +. 4By, 2 4
b,,t, +by,t, +b,.t +...+ Db, 1, = 5,
byt +b,,t, + byt +.. 4+ byt > S,

3nn

....................................................... o (11)

bt +0,,t, +b.t +...+Db,t, > 5,

mn-n

t,>0t,>0t,>0,..1,>0. (12)

Thus, the tasks (7)-(9) are reduced to the task of linear programming with the help of the applica-
tion of the whole function at the global minimum. The main results of optimization of technological pro-
cesses can be obtained as the optimal timing for each operation. This approach allows the implementa-
tion of systemic principles in the integrated assessment of resources for environmentally rational use.

The availability of the proposed approach is relatively simple in solving the problem of optimiz-
ing technological processes. Numerous experiments have shown that to improve the quality of assess-
ments of environmental forecasts in the results of the adopted decisions, it is necessary to create a lo-
cal database of data related to the dynamics of energy consumption (Fig. 3).
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Fig. 3 — Scheme of calculation for determination of the optimal vector t? providing the
minimum energy consumption for the processing of waste

It should be noted that the mathematical analysis of information about the post-processing of the
waste mining industry is based on several methodological hypotheses. First of all, the means of math-
ematical analysis of environmental information should mimic the activity of enterprises engaged in
mining. The possibility of imitation can be achieved with the help of computers.

With the help of computers, it is possible to predict the behavior of the object, depending on the
conditions or other conditions that characterize the parameters of the model. It is possible to carry out
some numerical experiments, changing the parameters of the model and observe the changes in the
characteristics of the object.

With the help of processing the information obtained in the results of numerical experiments, it
is possible to simplify mathematical models with the help of engineering formulas based on a complex
primary model and a large volume of calculations.

The energy efficiency of production can be considered as a complex indicator of the impact of
man-made impact on the environment, because this indicator characterizes the systemic property of
the object, acting as a system, recognizing the role of recognition. A general indicator of the efficiency
of technological processes — energy efficiency, because part of the energy consumed in the production
of products goes to the production of waste.

The hypothesis about the possibility of interconnection between the energy capacity of techno-
logical processes and the intensity of the impact on the environment allows the use of classical math-
ematical apparatus for the analysis of environmental information [1].

The results of theoretical analysis and numerical experiments show that the mathematical model
of the emergence and localization of waste in the mining industry is sufficiently adequate. Considering
this, based on generalized indicators physically justified to use the indicator of energy efficiency for
the assessment of the impact on the environment.

The kinetic regularity of output deviations is expressed with the help of differential equations of
the first order. At these levels are variable — energy capacity and time. The parameters of these math-
ematical models can be estimated using the nonlinear method of small squares.

In the implementation of innovative technologies for repeated processing of waste, the man-
agement of the impact should be carried out with the account of real connections between all con-
trolled factors [4].
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The practical search of ecologically rational technological solutions corresponds to the solution
of the problem of linear mathematical programming. The main results of the optimization of
technological processes can be obtained in the form of the optimal time for each technological
operation.

Conclusions

1. The task of optimization of technological processes of repeated processing of mineral waste
can be formally brought to the task of mathematical programming. As the condition shows the destruc-
tion of the whole function, which characterizes the energy capacity of technological operations, the
recycling of waste, its minimum can be achieved only in that case, if there will be a minimum of all
functions (v) functions.

2. It is confirmed that the kinetic regularity of processing of waste is expressed in differential
equations of the first order, where in general the main variables — energy efficiency of technological
operations and continuity of operations. The parameters of mathematical models can be estimated by
the nonlinear method of small squares.

3. The results of theoretical analysis and numerical experiments showed that the mathematical
model of technological processes of processing and utilization of solid industrial waste has sufficiently
high adequacy.
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