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Nanofiltration is the perspective and effective process for wastewater treatment. The maintenance of optimal
condition is essential for providing of effective performance of nanofiltration equipment. In this analytical review the
issue of optimization of the nanofiltration process during the 2011-2020 years was considered, in particular, the
topics of the setting of the optimization problem, choice of the criterion of optimality, and the formulation of the
objective function with using both mechanistic and statistical models. Also, the applied methods of optimization
problem solution and software were briefly considered. It was defined the statistical methods were used in a wider
range in comparison with the mechanistic models based optimization, despite the limitations of the range of
applicability of such an approach. Correspondingly, in most work, the specialized sofiware for the experiment design
was used. The fields of the practical application of the results of the optimization of the nanofiltration process were
also analyzed. It was pointed out that for the optimization of nanofiltration, a narrower variety of approaches was
applied in comparison with reverse osmosis, which is the closest to the nanofiltration process.
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Statement of the problem. Wastewater is the one of biggest environmental problem and its solution require the
significant efforts especially in a case of complex pollutants. In particular, the development of effective technological
systems and also the modernization and improvement of existing plants are needed [1]. In the recent years, the
nanofiltration (NF) process is increasingly applied for increasing of effectivity of wastewater purification [2].
Especially, the investigations showed that tis process is effective for purification of water from micro and nanoplastics
[2], organic micropollutants [3], sulfates [4] and heavy metal ions [5]. Also, microfiltration is appeared to be effective
for acidic mine waters treatment [6] and food industry effluents [7-8], in particular it is possible to recover the proteins
from the effluents of the potato starch production [7] and phenolic compounds from the from residual table olive
fermentation brines [8]. The earlier applications of the nanofiltration in wastewater treatment is generalized in
reviewing work [9]. In comparison with such widely used processes as reverse osmosis, NF is more profitable due to
lower applied pressure (0.5-2 MPa), lower energy requirement, and also lower tendency to fouling [10]. The next step
in the maintenance of effective performance of nanofiltration process is the providing of optimal conditions.

Analysis of previous research. As with most industrial processes, the economic and technological indicators of
NF might be increased by carrying out the process in optimal conditions. The optimization can improve the
performance of the existing processes without significant investments in the development of novel membranes or
changes in the plant design [11]. For this reason, the interest of researchers in optimization methods is increasing [12],
and the various analytical and numerical approaches to the solution of optimization problems are being developed
[11].

In previous works dedicated to the simulation of pressure driven membrane process [13] and reverse osmosis
[14], the issue of optimization in broad strokes was considered. However, in the limits of the review of the
mathematical simulation exploring this question in detail does not seem possible. Since, the works, which generalize
the development of the methods of NF process optimization, were not found and in work [15] the topic of the
optimization was not represented, this work is actual.

The purpose of the current review is the systematization and generalization of approaches to the nanofiltration
process. The objectives of the work include (1) review and evaluation of the range of plication of different methods
of optimization of NF process; (2) determination of the practical problems, which are effectively solved using the
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optimizations methods; (3) review of software, which is used for the realization of the methods the optimization of
NF. To achieve this task more than 40 articles published in leading thematic journals during the 2011-2020 years were
chosen. The distribution of the publication by years is shown in Fig. 1.
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Fig. 1 — The distribution of the publication chosen for the review by years

Despite the relatively small sample size and some inhomogeneity in distribution, the trend of the increasing
number of works in later years is observed.

The represented analytical review does not pretend to be comprehensive, however, it allows us to trace the modem
tendencies in the optimizations of the NF process.

Setting of the optimization problem and criterion of optimality. Optimization is the process of finding the
best possible solution to a certain problem by the evaluation of several alternatives [16]. Usually, optimization is
based on mathematical simulation, and it is one of the most important practical applications of mathematical
simulation [13-14, 16]. The optimization model includes the objective function, which is subject to maximization or
minimization by the systematic choice of the variable values in the limits of the restriction imposed on it [16]. Hence,
the setting of the optimization problem consists of the choice of the criterion of optimality, formulation of the objective
function, and application of the restriction on it [11, 17-18].

For the optimal process design often, it is necessary to consider several goals, for example the minimal production
and investment cost, the minimal energy consumption, or the maximal product quality. Moreover, these goals often
contradict each other. In most cases, the optimization is carried out with a single optimality, and other parameters are
introduced in the form of restrictions with fixed values [18]. In these conditions, the choice of the criterion of
optimality became the key issue in the setting of the optimization problem [13-14], therefore, it is reasonable to
consider in more detail, which parameters were chosen for these purposes most commonly.

In the previous reviews [13-14], it was pointed out that most commonly the economical parameters are chosen
as a criterion of optimality. During the 2011-2025 years, this trend was conserved for the case of the NF process. In
most cases, the minimal cost of the obtained product was chosen for these purposes, as it was realized in works [19-
24]. The optimization criterion also can be formulated as the maximal difference between the concentrate cost and
the treatment cost [25]. In addition, the parameters related to the issues of energy and resource-saving can be
considered as economical. In this case, the criterion of optimization can be formulated as the minimal energy
consumption [23, 26] and the minimization of the freshwater requirement [20].

Among the technological parameters which was used as criteria of optimality it should be noted the ones, which
characterize the separation effectivity, such as maximization of removal [12, 27-30], in particular, the maximal
concentration of product [31]; and also, the maximization of the product purification [21, 3] including the
minimization of the COD indicator [33]. Also, the problems of the maximization of flux [12], maximization of the
product yield [34], the maximization of the pressure [35], and even maximization of the area to volume ratio [36]
were considered.

In work [14], it was pointed out the application of the multiobjective optimization for the choice of operation
parameters of the reverse osmosis. For nanofiltration, this technique was also used in particular, in work [18] it was
noted that multiobjective optimization allows the direct analysis of the impact of the contradictory parameters on the
process performance and costs. However, in the same work, it is indicated that this approach is characterized by high
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costs of calculations, therefore it is profitable in cases of analysis of the parameters with a high level of uncertainty,
in particular for new technologies.

During the development of the objective function the mechanistic models and statistical approaches can be used,
which is considered in the next section.

Approaches to optimization

Optimization based on mechanistic models. The mechanistic models are based on the ideas about physical
phenomena, which take place during the occurrence of the processes, including the membrane separation process. In
most cases, they need the idealizations or simplifications. The review of the main mechanistic model of the NF forces
for the period from 2000 to 2010 years is represented in work [13], where the models were conditionally divided into
several classes according to the based assumptions about the membrane structures and the specification of the
membrane transport process. The more detailed review of such models for the period from 2011 to 2020 was made in
work [15]. In the chosen materials for the current report, the models based on diffusion, pore flow, the extended
Nernst-Plank equation, and computational fluid dynamics methods were considered.

The solution diffusion model is the most widely used among the diffusion based model. It was used as a basis for
optimization in works [19, 21, 28]. It is based on the assumption about the dense structure of the membrane and
transport through which is carried out by the sorption and diffusion of individual particles. This model appears to be
suitable for the optimization of the organic solvent NF [19]. In the simplest case, the solution diffusion model
describes the flux of the components through the membrane as proportional to the driving force [19]:

J, = P-ADF, (1

where P; is the permeability coefficient of the component i, ADF is the driving force.

In works [21, 28], the flux equations for the particular case are described in more detail, and in work [14], for the
case of reverse osmosis it is represented the detailed analysis of the parameters of the solution diffusion model, which
are generally similar for the NF case. Moreover, in work [9], the solution-diffusion-imperfected model was applied.
This model takes into account the additional convective transport through the pores (imperfections) in the membrane
skin layer. It should be also noted that in work [21], the solution-diffusion model was complemented by the
concentration polarization model.

It is necessary to note that in work [19, 21], the typical application of the solution-diffusion model for the
optimization of the NF process. It consists of the formulation of the equations of this model for the considered
separation problem, determination of unknown parameters of the model, design of the technique, and carrying out the
experimental research for the obtaining of the numerical values of unknown parameters or correlation for calculation
of this values, development the objective function on the basis of specified model equations, and defining the values
of variables, which maximize or minimize the objective function.

Among the models based on the pore flow, the models based on the Darcy equation were used for the optimization
of the NF process during the 2011-2020 years. According to it, the solvent flux through the membrane is determined
as follows [32]:

_Ap-An
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where Ap is the transmembrane pressure; Am is the osmotic pressure difference; 1, is the dynamic viscosity coefficient;
Ry is the resistance to membrane transport.

The using of this model for the optimization in general was the same as in the case of the solution diffusion
model. This approach allows defining of the optimal flow rate of the feed solution for the given pressure [26] and the
optimal design of the cascade of membrane modules [32].

In work [13, 15], it was pointed out that for the mathematical simulation of the NF process, the model based on
the extended Nernst-Plank equation is the most widely used. This approach is also often applied for the optimization.
The equation itself, which describes the solute flux through the membrane, can be written in a form [27]:

J,=p, % 2P pdv g 3)
dx RT dx

where D, is the diffusivity of the component i, ¢; is the concentration of the component i, z; is the charge of the
component i, R is the gas constant; 7 is the absolute temperature; F is the Faraday constant; v is the electrical potential
in membrane; K is the permeation constant; J, is the solute flux.

m— (4
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This approach to optimization was also used according to the described above scheme. It allows the solution of
the problems of optimal control [27] and the optimization of the hybrid systems of purification, which include the
forward osmosis process combined with NF [37].

Another approach to the optimization was based on the computational fluid dynamics methods. It consists of the
numerical solution of the Navier-Stocks equation and the continuity equation adopted to the individual configuration
of the membrane system. In the short form, these equations can be written in the following way [36]:
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Vv=0 (5)
where v is the velocity vector; V is the Hamilton operator; p is the density; p is the pressure vector; p is the dynamic
viscosity coefficient; V2 is the Laplace operator.

This approach was used for the optimization of the geometrical parameters of the membrane module [36].

Optimization based on the statistical methods. Except for the mechanistic models, the statistical models, which
were obtained using the methods of the design of the experiment as it was done in works [10, 12, 25, 29-31, 34, 38-
46], were used quite often. The design of the experiment is the structured, organized method of the determination of
relationships among the factors, which impact the process and its output characteristics. In this case, the next stage
after the determination of the objective function is the determination of appropriate parameters of the process related
to the sphere of investigation, which is called the influencing factors. These parameters should be controlled and can
be measured with high enough accuracy. In particular, there should be the possibility to adjust and maintain the values
of these parameters on the chosen level with enough precision. They also should be singular, that is not to be the
function of other parameters, and concordant, which means that all possible combinations can be realized during the
experiment [31].

Once the list of the process parameters under investigation is determined, it is necessary to define the possible
ranges of variation of these parameters. This procedure consists of deciding the highest and lowest values in which
the operating parameters are expected to vary. The choice of the range of variation is the sensible process since, if the
experimental range is too narrow, only a few parameters can show the effect and this model will be limited to the
narrow range. If the range is too wide, the influence of the nonlinear relationships can complicate the statistical
analysis of the results. In both cases, there is a risk do not obtain the desired phenomenological understanding of the
process from the investigation results [31].

Since the operating parameters are characterized by different dimensions, the conventional practice is the
transformation of actual values into coded ones, as was shown in the work [31]. In this case, the factors are coded in
the way in which the acquired values in range from —1 to +1 according to the maximal and minimum values.

Therefore, the application of the statistical methods of the design experiment allows to collect of the maximal
amount of relevant information within the given required time and resources [31].

It also should be noted that the methods of the design of the experiment do not permit extrapolation. Therefore,
the main limitation of the models obtained by the methods of the design of the experiment is that fact, that they are
valid only in the experimental range in which they are obtained [31].

The surface response methodology (SRM) is considered to be one of the best methods of the design of the
experiment. It allows the evaluation interaction of the different operating parameters with the change of response [30].
SRM allows the development of experimental models with using of appropriate mathematical and statistical
techniques. In comparison with the methods based on finite volumes or computational fluid dynamics, this method is
cheaper since it includes less computer simulation. However, the disadvantage of SRM is the mathematical
complexity, which can appear in cases of independent responses. In these cases, the effects of the individual
parameters influence the input variables, which require the introduction of coefficients that take into account the
effects of interactions [45]. These specifics of the SRM led to the widest use of this approach among the statistical
methods for the optimization of the NF process, as it was realized for example in works [10, 25, 39, 42, 45-46].

The response function is obtained as a result of the investigations carried out according to the methods of the
design of the experiment. The simplest option is the first-order mathematical model. It can be written as follows [31]:

Y=h+ ib[)([ + Zk:b,.j.X,.X]. 6)

where X;, X; are the codded values of the independent parameters; bo, b;, b; are the coefficients. The values of these
coefficients are obtained during the statistical processing of the experimental data.

65 —



Bulletin of National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic Institutey
Series «Chemical Engineering, Ecology and Resource Savingy». 2026. No 1 (25)

However, during the 2011-2020 years, the linear regressions according to equation (6) were used relatively rarely.
In particular, except for the work [31], this model was applied in works [43] and [46]. In most works, the quadratic
models were used. In this case, the regression relationship is written in a form [29]:

k k k
Y=o+ D B,X, + D B X0 + DD BX X, (7
j=1 j=1 i <j=1

In equations (6) and (7), all designations were shown as it was done in the original works. Despite to some
differences, the meaning of all parameters in equation (7) is the same as in equation (6). The quadratic regression was
applied in works [10, 12, 29, 34, 38, 39-42, 45].

The methods of the design of the experiment allows us to define the significance of the factors influence using
the methods of the analysis of variance (ANOVA). Herewith, for these purposes, the statistical criteria are applied. In
particular, the statistical significance of the correlation coefficients in equations (6) and (7) is checked using the
Student's t-test, and the significance of the regression equations itself is by the F-test [40].

The relative simplicity of equations (6) and (7) allows also us to define the extremal values of such objective
functions comparatively easily.

Optimization based on the economical methods. Since among the criteria of optimality, the economical
parameters are most often used, in some works, the methods of economic analysis were applied for optimization [20,
22-25, 35, 45, 47-48].

In the considered works, the methods of calculation of capital (CAPEX) and operational (CAPEX) costs [22, 25,
45, 48], and also the investment cost [22] were the most widely used. Furthermore, the calculations of the product
cost were also used quite often [20, 25, 35, 47-48]. This has caused the application exactly the minimization of the
product cost as the criterion of optimality. In some works, the technical-economical assessment [25] and shortened
analysis [24] were carried out.

In these cases, the objective function was formulated based on the economic parameters in particular costs of
equipment, energy, resources, depreciation charges, etc. Such functions were maximized or minimized in the same
way as the objective function based on mechanistic or statistical models.

Optimal process control. As was mentioned above, for the increasing economic indices of nanofiltration
equipment, it is necessary to carry out the process in optimal conditions [11]. Except for the determination of the
optimal conditions, the operation of the plant in the defined condition must be provided. This issue is the subject of
the optimal control [11, 17, 27, 47, 49]. In this case, it is necessary to define the objective function, which is
transitional in most cases, define the parameters, which will be varied in the control of the objective function, and
choose the instruments for the measurement and control of these parameters. In other words, it is necessary to
implement the automatized control system [49].

During the considered period, the issue of the optimal control of the NF process was considered in the limited
number of works, which were dedicated mainly to the processes of the diananofiltrarion in bench mode [11, 17, 47].
In addition, this approach was used for the hybrid systems [27].

Other approaches to optimization. Except for the discussed above approaches, in certain works, the issues of
optimization with other methods were considered. In particular, in works [50-51], for the formulation of the objective
function only the material balances were applied in work [33], the model of the boundary layer was used in work [52],
the superstructure optimization was proposed, and, in work [53] the conclusion about optimal conditions was made
based on the analysis of the graphical relationships obtained in the experimental way. Such approaches were used on
rare occasions. However, it should be noted that, in works [51] and [52], the large objects were considered, and the
nonlinear conditions were taken into account.

Algorithms and software for the solution of the optimization problems

The next step after the choice of the criterion of optimality, the development of the objective function, and
imposing the restrictions is the finding of the extremal values, namely the maximums or minimums of such functions
[11, 13-14, 16-18]. Since the algorithms can be quite massive, in the current work, we limit only a brief review of the
most widely used algorithms, which were used for the solving of the optimization problem during the considered
period. It should be noted that in some works the built-in utilities of the software were used, therefore, the most often
applied program products will be briefly reviewed in this section.

It should be noted, that in some works the algorithm for solving the optimization problem was not mentioned or
the calculation procedure was mentioned with reference to the previous works, as it was realized in the work [37]. As
was shown above, in many cases, the minimal values of the costs, energy requirement, etc., were chosen as a criterion
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of optimality. In such cases, Pontryagin's minimum principle is an effective approach to the finding of the minimal
value. It is especially effective for the problems of optimal control [11, 17]. One of the methods of the realization of
this approach consists in the following. The objective function should be represented as [11]:

¥=f+g90a ()
where y is the state vector; a is the affinity function.
The Hamiltonian function can be written in a form [11]:

H(x o)=1+ " (x)A+g" (x)ho=Hy(x2)+H, (x.1)o 9)
where A is the vector of the adjacent variables which is defines as [11]:
OH X
R (10)
and [11]:
" (x)
= 11
L= (11
%" (1)
’ = 12
g, (x) % (12)

According to Pontryagin's minimum principle, the optimal solution minimizes the Hamiltonian function. Taking
into account the properties of this function, the minimum is reached when a is in the following range [11]:

0if H, (x.1)>0
wif H, (1) <0

(13)

If H, = 0, then the Hamiltonian is singular and does not depend on a. Using this fact allows us to obtain the set
of equation linear concerning A [11]:

H,(1.4)=g"%=0 (14)
HoGu M) = WA= (guf +f9) 2 =0 (15)

. anT on’
Ha()(,/l,a)zk7/1=< a)((X)f—th+( a)((x)g—gxh>a)/1=0 (16)

This system can be solved by using the well-known mathematical methods.

In more complex cases, the methods of nonlinear programming can be used, as was realized in works [51-52].
However, in these works, a detailed description of algorithms is not provided, and the discussion is limited to the
description of the applied software. The same situation is in the case of the methods of the design of the experiment.
For the multi-objective optimization, in work [18], the evolution algorithm was used, but similarly without a detailed
description of the calculation procedure and equations.

In general, in the case of NF, a narrower range of methods and algorithms of optimization was used in comparison
with reverse osmosis, the issue of optimization of which in 2011-2020 years was briefly considered in works [14].

Among the software, first of all, the program Design Expert should be mentioned. This program was widely used
for the realization of the methods of the design of experiments and analysis of variance, in particular in works [10,
12, 30, 38, 44]. It also should be noted the application of specialized program products for the analysis of the
membrane equipment performance IMS Designer (Hydronautics) [50] and simulation of chemical technological
processes ASPEN [18, 49]. For the more complex optimization problems, the software General Algebraic Modeling
System (GAMS) was also used [20, 52]. During the application of the methods of nonlinear programming, the
BARON Solver was also used [51]. In the case of computational fluid dynamics, the program product ANSY'S Fluent
was applied [36]. Individually, the work [37] should be noted, in which for the solving of the optimization problem,
the specially developed software using the programming language Visual Basic was applied.

In general, as in the cases of optimization algorithms, the application of the specialized software appeared to be
less diverse than in the case of reverse osmosis, according to the data given in the work [14].
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Typical examples of the practical application of the optimization of nanofiltration process. Taking into
account the important practical significance of the optimization processes, it is reasonable to consider the problems
of the separation, purification, and concentration, which were realized by the NF systems, for which the optimization
was carried out in the considered above publications.

First of all, it should be noted that the NF systems of the water treatment [38, 42, 46, 53, 54], in particular, potable
water production [38, 42, 46], were optimized quite often. Also, a significant number of works considered the
wastewater treatment, including textile [28], leather [22, 35], pharmaceutical [37] industries, productions of silk [53],
olive oil [33, 49], the plats of the oil reforming [10], and also the communal wastes [23]. Moreover, in a significant
number of works, the removal of the toxic components was considered [35]. In these works, the pollutants were the
following: arsenic [27, 41], phosphates [29], fluorides [41], nitrates [41], Lanthanum [39], and Selenium [42]. In other
works, it was considered the following problems the removal of rare earth elements [25], organic compounds [18,
21], products of hydrolysis of proteins [20], amoxicillin [12], antibiotics [43], and dyes [30]. On the other hand, the
question of the concentration was also considered, in particular for the case of peptides [31].

It should be also mentioned the application of optimization for the organic solvent nanofiltration [19, 24, 51] and
diananofiltration [11, 17, 31, 47-48].

Such a wide range of applications of the optimization methods proves the significant importance of this approach
to the choice of the operating parameters of the NF process.

Conclusions. Nanofiltration is an important membrane separation process that has a wide range of practical
applications. To achieve the most effective operating parameters, it is necessary to provide its operation in optimal
conditions. During the 2011-2020 years, more than 40 articles dedicated to the issue of NF optimization were
published in the leading scientific journals. Analysis of these publications shows that the economical parameters, first
of all, the cost minimization, were chosen as a criterion of optimality in most cases, whereas the technological
parameters in this role were more diverse. The optimization based on the statistical methods, in particular on the
methods of the design of the experiment, was applied more often than methods based on the mechanistic models. This
is due to the relative simplicity of such models. However, they have a narrower range of applications.

At the same time, it should be noted that in most works dedicated to the optimization of NF, the description of
the algorithm of the finding of the optimums is quite brief, and a limited number of algorithms and program products
were applied. However, the methods of optimization were applied almost to the full range of the practical applications
of this process.

Prospects for further research. In the future, the number of the practical applications of the nanofiltration
process will be increased, and the need in providing of the optimal process condition will remain actual. Moreover,
the development of the computer technologies probably will be promoting the progress in special software for the
solving of the optimization problems of the nanofiltration process. In particular, the appearance the open program
packages is possible.
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leéanenxo O. L., I'ynienko C. B., Kopnicuxo A. M. I'anuwt B. B.
ONTUMIBALISI TPOLECY HAHO®LIBTPAILIi: MIHI-OTJISI ]

Hanoghinompayis wupoxo uxopucmo8ycmocs 6 cucmemax OYUWEeHHs CIMIYHUX 800 | MEXHOI02IUHUX npoyecax, a
cghepa suxopucmants yiei mexnHonoeii nocmitino pozwuproemocsi. /[ 3abesneuenns Haudinbw egpekmueHoi pobomu
HeoOXiOHO 3abe3neyumu ONMUMAIbHY poOOmMy npoyecy, npome ICHYE OeKiIbKA PISHOMAHIMHUX Ni0X00i8 00
onmumizayii Hanogpinempayii. Ilomouna poboma € cnpobor cucmemamusygamu ma y3a2aibHUmMu yi nioxoou Ha
OCHO8I CyuacHux nyonikayiu.

Hepwum i eusHauanbHum Kpokom 6 onmumizayii € NOCMAHOSKA 3a0ayi onmumizayii ma eubip Kpumepiio
onmumanviocmi. B Oinbwiocmi  po3enaHymux — 0OCAIONCEHb — BUKOPUCIMOBYBANUCS — eKOHOMIUHI  Kpumepii
ONMUMATLHOCII, 8 nepuLy uepey MiniMizayii eapmocmi ompumysanozo npooykmy. Taxooic é psoi pobim po3ensioascs
WUPOKULL CHEeKmp Kpumepiie OnmuMaibHOCMi HA OCHOGI MEXHON02IYHUX napamempie. B moil oce uac
bazamokpumepianbHa ONMUMI3ayis UKOPUCTNOBYBANACA Jule 8 OKPeMUX O0CTIOHCEHHSIX.

Linvosa Qyuxyis 6 binbuwiocmi URAOKIE PO3POOIANACS HA OCHOBI MEXAHICIUYHUX MOoOenel ma CMAmMUCMUYHUX
Memodis. Hailbinbw suxopucmogysani mMexamicmuyni Mooeni IpyHmy8anucs Ha posuiupenomy pisuanni Hepncema-
Inanka, moodeneii na 0cHO8I Oughysii ma nomoKy 6 nopax, a MaxKodc Memooax 0ouuUcI08aIbHoi 2iopoounamiku. Cepeo
CMamucmuyHux Memoois nepesadtcany Memoou NAAHY8aAH s eKCNEPUMEHNY, 30KPeMd MemoOO0I02isl NOBEPXHI BI02YKY
ma mMemoo ananizy sMiHHux. Bapmo eioznauumu, wjo 6 6inbutocmi pooim UKOpUCMo8y8anacs K8aOpaAmMuyHa QyHKYIs
gideyky. Taxooic BUKOPUCMOBYBANUCS MEMOOU HA OCHOGI E€KOHOMIYHO20 aHANI3y Ma meopii asmomMamuyHozo
Kepy8aHHs.

s po3s a3y 3a0aui onmumizayii 8 OLIbULOCTT BIOHOCHO NPOCMUX BUNAOKIE BUKOPUCTHOBYBABCA MEMOO MIHIMIZayii
Honmpszina. [na 6inow CKIGOHUX 6UNAOKI8 BUKOPUCINOBYBANUCA MemOOU HeNiHIUH020 NPOocpaAMYB8AHHA, A O/
B8UNAOKY 6A2amoKpUmepiaIbHoi onmumizayii — eBoOYIUHUL aAT2OPUMM.

B obinvwocmi eunaoxie onmumizayito cucmem Hano@pirempayii npoeoounu 0as UNAOKY BUKOPUCIAHHS NPOYeEC) 6
cucmemax OYUWEHH CMIYHUX 800 OKPeMUX SUPOOHUYMSE YU OKpeMUX WKIOIusux oomiuwlok. Taxoxc 6 3HAuHIl
KiTbKOCmi pobim po32ensa0anucs npoyec nid2omosKu nUmHoi 600u.

3acanom oanuil MiHI-02150 cuCmeMamusye ma y3a2aibHIOE NioxXoou 00 onmumizayii npoyecy Havoginempayii ma
Modice Oymu 8uUKOpUCMaHuil Ik niOIpyHms 015 6ubopy cmpamezii onmumizayii ybo2o npoyecy npu po3pooyi HOBUX
YCMAHOB0K MA CUCTEM.

Knwuosi cnoea: ouuwenns, Hano@inompayis, MoOe0O8AHHS, ONMUMI3AYIA, AN2OPUMM
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