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INDUSTRIAL WATER USAGE NETWORKS DESIGN PROCEDURE

A. Shakhnovsky, O. Kvitka
National Technical University of Ukraine, “Igor Sikorsky Kyiv Polytechnic Institute”,
Kyiv, Ukraine, e-mail: kxtp@kpi.ua

The paper addresses some important results as to optimal design of water usage networks.
The aim was to minimize freshwater consumption by water re-use at minimum total flow-rate of
water streams among processes and small number of process interconnections. The design
approach was based on mixed-integer nonlinear multi-objective programming problem of
superstructure optimization. The superstructure includes all possible structures and consists of
mass balances of mixers, splitters, water users and partial treatment processes. The general
solution algorithm of optimization was outlined. The optimal network design procedure is
described. The examples presented show that the approach is robust technique for the synthesis of
water usage networks.

Keywords: water usage network, design, wastewater, optimization, mathematical
programming model.

Wastewater Reduction via Process Integration

The current philosophy of environmental protection in industry is to eliminate or to reduce
wastes “at heart” of technology (in contrast to traditional end-of-pipe processing). There are several
ways to achieve this goal, for example:

e 10 use another (“environment friendly”) technologys;

e to apply new processes (e.g. to use apparatus of high performance, to replace water

cooling with air-cooling)

Meanwhile, the application of these means is both expensive and time-consuming. The easiest
(and relatively cheap) way to deal with wastes in chemical and allied industries is to integrate
processes and apparatus. In case of “grassroot” design the integration costs almost nothing. In case
of “revamp” (retrofit) scenario the process optimization by integration is also relatively low-cost.
The major financial placements are due to modification of the structure of existing system (e.g. new
pipes routing). Also, some parameters shall be changed such as pumps rate.

There are two general strategies of optimal synthesis of total integrated plants:

1. “Hierarchical” (insight-based) approach [1-3].

2. “Simultaneous” (superstructure) approach [4-6].

The “simultaneous” approach provides systematic framework for designing optimal plant
while the “hierarchical” approach lacks generality and is not fully systematic. Unfortunately,
practical application of the simultaneous strategy is quite difficult at present [7] since there is no
effective optimization technique that is able to solve huge optimization problems (nonlinear
programming problem or mixed-integer nonlinear programming problem). Furthermore, it seems
uncertain whether fully automated method such as simultaneous one is flexible enough to manage
with the realworld industrial cases.

The existing simultaneous process integration approaches are able to design some subsystems
with the help of systematic procedures. Such subsystems are as follows: heat exchanger networks
(HENSs), mass exchangers networks (MENS), water networks (WNs), utility subsystems, distillation
trains and so on — see e.g. [8-10]. In this paper we will concentrate upon water networks.
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Chemical and allied industries are major water consumers. Through stringent environmental
protection standards the use of water in industrial processes is going to be more expensive.
Consequently, the problem of reducing freshwater usage becomes of vital importance.

The problem of minimizing water usage by process integration is termed “water network
design”. The water network consists of water using processes such as extraction, distillation,
filtration, cooling and steam system, and water treatment processes. Traditionally, such network has
the parallel structure where freshwater is fed to water using processes and, then, sent to central
treatment station. Such parallel structure with central water treatment station consumes a lot of
freshwater and also accounts for the high price of water treatment. By including water reuse and
redistributing water treatment operations we can reach even zero water discharge.

Water networks design procedure: the mathematical apparatus

The original mathematical optimization problem definitions were proposed in [5, 11], as well
as in [12-17], and others. All these applications contain superstructure-based optimization models
of the water usage network. Fig. 1 is given here to illustrate the superstructure, which includes the
water usage process and the process of partial water treatment.

Available models are different. They differ from each other by the type of optimization
problem (for example, the presence or absence of integer variables), as well as by the type of goal
functions. For instance, most models presented [12-14] do not take into account water losses, and
several sources of fresh water.

Fresh water Wastes
Ao Re-used water
Re-used water B . o to other water users
from water users Dj j B; AP B
»  Water usage .
> process j g
Erom treat- To treatment
O _esux O_ex
ment proc. By | processes B a
A O _sux
From water users | p0_a To water users Bai
j.Rt Wastes
™ Treatment . B
From other »  process Rt o
treat.proc. To other treatment
Bem i Beigo Processes
’ ! y

Fig. 1. The section of the superstructure for water usage network design.

An effective model for water usage networks design [12] is suitable for designing water
networks with partial treatment of water flows, taking into account the mutual influence between
water network units. Minimum fresh water consumption, minimum waste water and minimum
pollutant load can be achieved. However, there are some disadvantages of this model:

e it doesn’t include water treatment processes;
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e it ignores water losses;

e there are no fixed flow-rates at the inlet of water users;

e several sources of fresh water are not included.

For future reference we decided to apply an optimization model which is the combination of
the main mathematical apparatus from [5, 11] (proposed by the current authors earlier) and above-
mentioned mathematical tools [12].

The task of optimization for the synthesis of water usage networks includes several objective
functions. The most common performance index for water usage networks applied in the literature
is cost of fresh water consumed in the network (1). In order to account for operation and investment
cost we also consider minimization of total streams flow-rates of “contaminated” water in
interconnections with water using processes (2). Minimization of mass load of contaminant for the
treatment processes (3) and number of interconnections (4) are the next objectives.

jeP

where: BdCE: is flow-rate of fresh water at the inlet of the process j from the freshwater source d.

One should notice that in case of a single fresh water source (as it shown in (1)) the goal function is
simply the usage of fresh water.

Min Z(ﬂ,m ZB; =), )

RteO jell

where: Ar is unit cost of water treatment (weighting factor for the treatment process Rt);
BF'Qt f‘e" is water flow-rate from to the treatment process Rt water user j.

Min Z (Z BROt,_jgux Z ((KRt s Klftwsc) ’ ;LRI,S' (3)

RteO jeIl

where: ﬂ*Rt,s Is weighting factor for the contaminant s in treatment process Rt (the value of
weighting factor is determined by influence of the contaminant on capital costs and operating

costs), zﬂ«m,s =1; Kgif is limiting concentration of contaminant s at the inlet of treatment
seK

process Rt; K g?;“ ? s limiting concentration of contaminant s at the outlet of treatment process Rt.

D2Vt X2V YR 2 2 et LY D Ve

iell jell RteO jell jell RteO RmeO RteO jell RteO

OKX'

where: y; ; is current value of the water flow-rate from the water user i to the water user j; y;z

current value of the water flow-rate from the water user j to treatment process Rt; yé’tjjm‘ is current

value of the water flow-rate from treatment process Rt to the water user j; yrnr: is current value of
the water flow-rate from treatment process Rm to treatment process Rt.
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Optimization problem constraints:
Process water streams mass balance:

Vit D BE 4D B+ > Ba " =B"+> B+ Bz +B",

de g iell RteO kell RteO

1# ] K+ ]

()

where: B{" is flow-rate of wastewater at the outlet of water user j; B}" is flow-rate of fresh water at

the inlet of water user j; B, is flow-rate of wastewater from the outlet of water user j to the inlet of

water user I; B iRt “is flow-rate of wastewater from the outlet of water user j to the treatment process

Rt; BF?tjf”x is flow-rate of partially treated wastewater from the outlet of treatment process Rt to the

outlet of water user j.

Water usage: balance of contaminants:

Vist DB KD+ 2 (B KIE) + D B Kus = (D By + 2B+ X Ba™) K7

deJ iell RteO deJ iell RteO (6)

I # ] K=+ j

VJS(ZBgSJ+ZB +ZB;;JW Ky +M —(ZB;’“J+ZB +ZB§1W K

deJ] iell RteO deJ] iell RteO

i¢j I;éj (7)

Water usage: contaminants limiting conditions:

vj, KJB)SC < KBxMaKc, (8)
Vj, S. KJBZx < Kfzx'MaKc. 9)

Treated water streams mass balance:

VRt: Y BUR™+ D Banee =D, Ba™ + ) Beirn + Bar-

jell RmeO jell RneO

Rt # Rm Rt # Rn

(10)

Water: balance of contaminants:

VRLS: D B%T KM+ Bone K = (Y. BY™ + D Bana) K-

jell RmeO jell RmeO

(12)
Rt # Rm Rt # Rm
Vs: ) B"-KjS ) By - Kun=(Q B+ ) Ba) K (1
jell RteO jell RteO
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Modeling treatment processes performance:

VRt,s: Ka's = Kgigs (13)
or
Br B

VRt,S: BBy, = KR‘}éfo"s , (14)
VRt,s: BB s =6gs (15)
VRt,s: Kt Skpe®, (16)
VRt,s: Kpa SKpe. a7
vs: Ka's =Kgd™, (18)

_ Maxc

cm . . . . . . .
where: K is concentration of contaminant s in the wastewater; K Is guideline value of

contaminant s concentration in the wastewater; KJ)SC is concentration of contaminant s at the inlet

. Bux . . . . Bx,Mc .
of water user j; K jfs" is concentration of contaminant s at the outlet of water user j; K j; “is
. . . . . . Bux,Max - . .
guideline value of contaminant s concentration at the inlet of water user j; Kjv”s’x “is guideline

value of contaminant s concentration at the outlet of water user j; KF]ft’fs is concentration of
contaminant s at the inlet of treatment process Rt; K Fff”; is concentration of contaminant s at the
outlet of treatment process Rt; K Ff{ff"m is optimal concentration of contaminant s at the inlet of
treatment process Rt; K 5;‘;3 is predefined value of contaminant s concentration at the outlet of
treatment process Rt; B; ;is flow-rate of wastewater from the outlet of water user i to the inlet of
water user j; By, g is flow-rate of partially treated water from the outlet of water treatment process

Rm to the inlet of water treatment process Rt; B re is flow-rate of wastewater at the outlet of water
treatment process Rt; M ; o is mass load of contaminant s at the outlet of water treatment process

Rt; BBy, is guideline value of remove ratio of contaminant s (for the treatment process Rt); 66y, . is
current value of remove ratio of contaminant s (for the treatment process Rt);

Additional constraints:
HE ce O sux um 3 H
Vit D BS+D B+ D) Ba =B i# ]

ded iell RteO

(19)
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\v/J BJBum SBJBum_Makc’ (20)
VJ B?um > BjBum_]\/IiH.

(21)
vd : B — B =0.
; (22)
VRt: By —ye-"-U <0, RteO,
(23)

vi: B -y{"-U<0, jell

o Bmp : .
where: U is limiting value of water re-use flow-rate: Bj is water losses in water usage process j;

[ Bum_MAKC

BjBum is flow-rate of fresh water at the inlet of water user j; is limiting (maximal) flow-

BBum_MIH

rate of fresh water at the inlet of water user j; is limiting (minimal) flow-rate of fresh

water at the inlet of water user j; B(;v' A is volume of water supply for freshwater source d;

Having found the solution to this problem, we can obtain the optimal structure of the water
usage network. However, it is apparent that in order to effectively solve such a complex
optimization problem special methods of solution are required.

Water networks design procedure: the choice of means of implementation

Despite the successful performance in water network design methods there are still problems
with their industrial applications. This is due to the fact that existing approaches are aimed at
designing the network for fixed (nominal point) data. However, the data they require are highly
uncertain in industrial practice. Hence, the network, which is considered optimal for nominal point
and current cost parameters, may be expensive or difficult to control and operate under varying
conditions in industry. Previously the three-stage procedure to circumvent the problems described
above [18] was presented:

1. data preparation by statistical analysis.

2. design of water network using existing approaches, and finally;

3. networks evaluation.

In this contribution we concentrated on the step 2.

The goal functions (1) - (4) coupled with constraints (5) - (23) represents a large mixed-
integer nonlinear multi-objective programming problem. In order to solve this optimization
problem, the sequential approach (concessions method) was used. The first step is to optimize the
fresh water consumption. On the second step (based on the results of the first step), the amount of
partially treated water is minimized. In the third step, the pollutant's load on the treatment processes
is minimized (per feedback of previous steps).

Calculations were made in MS Excel Solver software.

Case studies
To date we solved the water network synthesis problem for several data sets from the

literature as well as for practical case studies. A few case studies of water networks optimization are
provided below.
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Case Study 1. The pulp-and-paper industry water usage network.
Limiting technological data are presented in table 1. Note that this example considers only
one contaminant — chemical oxygen demand.

The possible structure of water network corresponding to the results of the design procedure
Is presented in fig. 2
Table 1. Water usage units (limiting data)

Freshwater
Mass load Cin, m Cout, M

# Process kg/h O dm® | Onf dm’ Hlow.rate,
1 Pulping 24800,0 500 5000 5511,1

2 Bleach wash 50,0 100 400 166,7

3 Papermaking machine (1) -18225,0 5000 500 4050,0

4 Papermaking machine (II) -6480,0 5000 200 1350,0

5 Fiber washing 3,3 20 100 41,6

6 Blanket washing 21,7 100 500 54,2

7 Drum washing 37,5 300 600 125,0

8 Mercerization 10,0 100 220 83,3

9 Degumming 4,8 200 2500 2,1

10 Desizing 35,4 300 3700 10,4

Total 113944

In the optimized network the amount of wastewater has decreased by 56.18%.

Case Study 2. The pharmaceutical industry water usage network.
Technological input data are presented in tables 2-4. There are sixteen water usage units and
four groups of contaminants in the system (table 2).

Table 3. Freshwater source data

Maximum concentrations of contaminants
total general chemical oxygen salts,
# Name of source suspended | hardness, mg- demand, mg/dm?
solids, eq/m3 mg Oz/dm?3
mg/dm?®
1 Tap water 1,40 4,10 6,40 167,93

Limit values of concentration of contaminants were determined from mass balances or by
observation. Instead of reuse costs proportional values (distances between water units) are used
(table 4).
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Table 2. Water usage units (limiting data)

Maximum inlet concentration

Maximum outlet
concentration

L
© 73 ) ™
- s | S . S _ £
s |8 13 |8 |8 . 3 2 | g3
- = ) %) N
4 | Waterusage | =<| S £ B SEIXTSE ¢ Be|SE O .9
unit S el 58 55°<S3 4 SE| 55 %o $E
< = €ED c P58 £E38 | cT8 | 3P| gE| =2
= < g = L|SEJd S| s = 42| 8 S >
£ |2 |2E SE2283 "E| BE|EQ2 5| "E
L S S O = o 3] GE)
IS I S
1 Heat 20,83 | 1,67 | 236 | 450 | 550 | 900,0 | 30,0 | 500 | 70,0 | 1200,0
exchanger
2 Heat 20,83 | 1,67 | 236 | 450 | 550 | 900,0 | 30,0 | 500 | 70,0 | 1200,0
exchanger
3 Heat 20,83 | 1,67 | 236 | 450 | 550 | 900,0 | 30,0 | 500 | 70,0 | 1200,0
exchanger
4 Heat 1583 | 1,27 | 236 | 450 | 550 | 900,0 | 30,0 | 500 | 70,0 | 1200,0
exchanger
5 Heat 1583 | 1,27 | 236 | 450 | 550 | 900,0 | 30,0 | 500 | 70,0 | 1200,0
exchanger
6 Heat 1583 | 1,27 | 23,6 | 450 | 55,0 | 900,0 | 30,0 | 500 | 70,0 | 1200,0
exchanger
7 Heat 15,83 | 127 | 236 | 450 | 550 | 900,0 | 30,0 | 500 | 70,0 | 1200,0
exchanger
8 Heat 1583 | 127 | 236 | 450 | 550 | 900,0 | 30,0 | 500 | 70,0 | 1200,0
exchanger
9 Heat 15,83 | 127 | 236 | 450 | 550 | 900,0 | 30,0 | 500 | 70,0 | 1200,0
exchanger
Water
10 | Preparation o, o sa0 | 145 | 4200 | 641 | 1680 | 15 | 595 | 7.53 | 188,0
(distillation)
unit
11 | Chemical “A” | 27,36 | 2,00 | 1,48 | 4185 | 7,38 | 1700 | 19,62 | 566 | 830 | 175,28
12 bottles 2736 | 2,00 | 1,48 | 4,185 | 7,38 | 170,0 | 19,62 | 566 | 8,30 | 175,28
washing
13 machines | 2736 | 200 | 148 | 4185 | 7,38 | 1700 | 19,62 | 566 | 8,30 | 17528
14 | Chemical “B” | 2196 | 1,00 | 1,48 | 4,185 | 7,38 | 170,0 | 20,67 | 520 | 836 | 171,50
bottles
15 washing 21,96 | 1,00 | 1,48 | 4,185 | 7,38 | 170,0 | 20,67 | 520 | 836 | 171,50
machines
Steam-boiler
16 | withion- 1 ol ios | 140 | 415 | 641 | 16703 | - ; ; ;
exchange
filter)
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Fig. 2. Possible structure of water network of pulp and paper plant
Table 4. Distances between water usage units, m
2 3 4 5 6 7 8 9 10 |11 |12 (13 |14 |15 |16
1 20 23 26 |18 [20 100 17,4 16,3 |15 405 38 (36 (34 32,530
2 0 3 6 20 215 /120 37,2 36,235 55 |83 52 K50 52,5 50
3 0 3 23 245 /123 40,4 39,2 138 58 56 |55 |53 |55,5 |53
4 0 26 275 /126 43,4 422 41 61 59 |58 56 |58,5 |56
5 0 2 118 20 |19 118 38 36 35 32 34 |32
6 0 120 19 |18 18 |35 32 32 32 35 |34
7 0 119 120 [119 (134 |135 135 (138 (138 (140
8 0 12 24 15 15 |18 20 |22 24
9 0 12 17 |15 (17 |18 20 22
10 0 20 (18 17 |15 |16 |17
11 0 25 5 75 (10 [12,5
12 0 25 5 75 110
13 0 25 5 75
14 0 25 5
15 0 2,5
16 0
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The possible structure of water network of the pharmaceutical plant is presented in fig. 3. To
increase the reliability of network in this case the re-used water tanks were applied.

12

j —

13

14

2

U %

g RC
WU
— [ SU
Y A ——

i D

Fig. 3. Possible structure of water network of pharmaceutical plant:

1-9 — heat exchangers; 10 — Water preparation (distillation) unit; 11-13 — Chemical “A” bottles
washing machines; 14, 15 — Chemical “B” bottles washing machines; 16 —Steam-boiler; 17, 19 —
Heaters; 18, 20-22 — Re-used water tank; 23 — ion-exchange filter; 24 — Condensate tank; RC —
return the condensate from steam users; SU —to steam users; WU — to water users; DWU — to
distilled water users.

In the optimized network the amount of wastewater has decreased from 10835 m?/day to 8509
m/day (21%.)

Summary

Simultaneous procedure for designing optimal water usage network has been developed
above. The present authors strongly believe that optimization-based methods of designing usage
networks together with computer software are very promising. Appearingly, simultaneous
approaches will not be fully automated in order to allow the designer to have control over the
process being designed. Also, they need some sequential strategy in generally simultaneous
framework. Such the inference can be drawn from analysis of suggested current approaches and
industrial needs. Further research should combine different procedures to create a common one,
which will consider the interaction of subsystems (such as HENs, MENs, WNs and so on) in the
integrated total chemical site.
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NPOLEAYPA ITPOEKTYBAHHSA CXEM NPOMUCJIOBOI'O BOJOCIIOKUBAHHS.
A. lllaxHoBcbkuii, O. KBiTka

Hamionanbnuit TexHiuyHuiA yHiBepcuTeT Y Kpainu "KuiBChKuil MomiTeXHIYHUNA THCTUTYT iM. Irops

Cikopcbkoro", Kuis, Ykpaina, e-mail: kKxtp@Kkpi.ua

Y pobomi pozensoaromecsa Oesaxi pesynvmamu 00CHiONCeHb WOOO CMBOPEHHSA NPOYeoyp
ONMUMATLHO20 NPOEKMYBAHHSA NPOMUCLOBUX CXEM BO0O0OCHONCUBANHI BIONOBIOHO 00 NApaAOUcMuU
«inmeepysanus npoyecie». Mema 0ocniodiceHb — 00CACHEeHHs 0OIPYHMOBAHO20 MIHIMYM)Y 00CA2i8
CHOJICUBAHHS  CBIJCOI 800U  MEXHONO2IUHOIO CXeMOI  UWLIAXOM — 8NPOBAONCEHHS NOBMOPHO-
bamamopazo6020  B000CNONCUBAHHA 3A  YMO8  ONMUMANLHOI  KIIbKOCMI — MEXHON02IUHUX
830€M038 "A3KI8 MIHC NPOYecamu 6000CNONCUBAHHS MA 860000YUUJCHHL.

Ilpoananizosano OoyinbHICMb GUKOPUCMAHHA ) GURAOKY niocucmem 6000CHONCUBAHHS
ICHYIOYUX «IEPAPXIYHUX» MA «NOCTIO0BHUX» KOHYENYili NPOEKmy8aHHsA XIMIKO-MeXHOJI02IUHUX
cucmeMm Ha NPUHYUNAX [HMe2PYBAHHS npoyecie. 3a pe3yrbmamamu awanizy ob6paHo nioxio,
3ACHOBAHULL HA BUPIWEHH] MameMamu4Hoi 3a0aui onmumizayii (ekazanuii “‘oOHouachuil”’, abo i
“HaocmpyKkypuuti”  nioxio Hocumv Yy GIMUUBHAHIU JNiMepamypi Makodc HA38Y Memooy
CMPYKMYPHUX Napamempis).

Y pobomi npeocmaeneno 3acanvuuii ancopumm GupiuienHs 3adaui onmumizayii, AKui
BKTIIOYAE emany NonepeoHbo2o aHalizy ma ni020my8aHHs BUXIOHUX OAHUX, CUHME3) CMPYKMYpu
cxemu 8000CNOACUBAHHS, NIO2OMYBAHHA 00 NPOMUCL080i imnaemenmayii. Onucano po3podieny Ha
OCHO8I 8KA3AHO20 AI20PUMMY HPOYEOYPY ONMUMATLHO20 NPOEKMYBAHHS CXEM 8000CHONCUBAHHSL.

YV meoarcax 3a0au docniodcenns, y pobomi o0IpyHmosano eubip mamemamuyHo2o anapamy.
IIpononosana y pobomi npoyedypa npOeKmy8aHHs CXeM NPOMUCTIOB020 B000CHONCUBAHHSL
b6azyemuvcs Ha UpiUIEHHT 3a0a4i 3MIUAHO-YLIOYUCETbHO20 YMOBHO20 HENIHIIHO20 6a2amoyiib08020
NpOCPAMYBAHHSA, CKIAOEHOI HA OCHOBI V3A2ANbHEHOI CXeMU CUucmemu B8000CHONCUBAHHS
(“Hadcmpyxmypu 600ocnodcuganusn’’). YzazanvHeHa cxema 6KIHOUAE B6CI MOJNCAUGI 8apiaHmu
CMPYKMypU CXeMu 8000CHONCUBAHHS T 8UXOOUMb 13 MamepianrbHUux OAlaHci8 CKAA008UX YACMUH
MEeXHONO2IYHOI cXeMUu B800O0CHONCUBAHHA:  3MiuLy8ayie ma OLIbHUKIE NOMOKI8, Npoyecis
8000CNOAHCUBAHHS MA NPOYECIB UACHKOB020 OUUUEHHS BOOU.

Hageoeni xapaxkmepui npuxnadu onmumizayii cucmem 6000CHONCUBAHHS NOKIUKAHI
npoodemMoHcmpysamu  epeKmusHicms ~ NPONOHOBAHOI  0OYUCTIOBANLHOI  npoyeoypu 0.
ONMUMATILHO20 CUHME3Y CXeM 8000CHONCUBAHHSL.

Knrouoei cnoea: cxema 6000CnONCUBAHHA, NPOEKMYBAHHA, CMIYHI 600U, ONMUMI3AYIS,
3a0a4a MamemamuiHo20 NPOSPaAMYBAHHS.
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IMPOLHEAYPA ITPOEKTUPOBAHUA CXEM ITPOMBIIIIJIEHHOI'O
BOJAOINIOTPEBJIEHUSI.

A. lllaxHoBckuii, A. KBuTKa

HanmonanbHpli TeXHUUECKUN YHUBEPCUTET Y KpauHsbl "KHeBCKUM MOIUTEXHUUECKUA HHCTUTYT UM.
Hrops Cukopckoro", Kues, Ykpauna, e-mail: kxtp@kpi.ua

B pabome paccmampusaromcsi Hekomopvle pe3yibmamvl UCCIe008AHUL OMHOCUMENbHO
ONMUMATILHO20 NPOEKMUPOBAHUA cXxem 6o0onompebnenus. Llenb ucciedosanull — MUHUMUZAYUA
nompebieHus ceedceli 800bl Nymem 6HEOPeHUs. NOBMOPHO-MHOLOKPAMHO20 8000NOMpedieHUs 8
VCNOBUAX ONMUMANLHO20 KOIUYECBA MEXHOIOSUYECKUX B3AUMOCEA3el MedHcOy Npoyeccamu
6ooonompebneHuss u 600oouucmku. I1lo0x00 K NPOEKMUPOBAHUIO OCHOBAH HA peuleHuu
Mamemamuyeckor — 3a0ayu CMEUAHHO-YENI0YUCTEHHO20 HEeNUHelH020  MHO20YeNe8020
npocpamMmuposanus. 3adaya onmumuzayuu Oasupyemcsi Ha 0000WEHHOU cxeme cucmembl
s6o0onompebnenusn. QO0OweHHas cxema 6KIIOYAEm 6Ce B03MONCHbIE GAPUAHMbBL CIMPYKMYPbl U
gKIIOUAEm U UCXO0UmM U3 MAMEPUAIbHbIX OAlaHCO8 CcMecumenell u Oeiumeneil. NOMoKos,
sodonompebumenell U NpPoOYecco8 YACMUYHOU OYUCMKU 800bl. [Ipedcmaesnien obwull anreopumm
peutenus 3adayu onmumuszayuu. Onucana npoyedypa ONMUMATLHO20 NPOEKMUPOBAHUS CXeM
sodonompebnenus. Ilpusedennvie npumepsbt NOKA3bIBAIOM, YMO NOOX00 5811emcs IPPHexmuenoll
MEXHUKOU OJisL ONMUMATLHO20 CUHME3A cXeM 86000NOmpedieHusl.

Knrwoueswvie cnosa: cxema 6o0onompebienus, npoekmuposanue, CmodHvle 800bl, ONMUMUIAYUSL,
3a0a4a MamemamuyecKko20 npocPAMMUPOBAHUSL.
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