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Relevance. Designing a gas pipeline route is an important step in planning and building gas pipeline. There are various methods, depend-
encies and algorithms characterizing the functional component of the gas pipelines, various methods of laying. The most important part in
the design process is the choice of an optimal route, which application effectiveness will be high and at the same time the project will have
minimal capital investments in construction. Despite many proposed approaches, at present there is no a uniform method for determining
the optimal costs for construction and reconstruction of the gas distribution networks.

The aim of the research is to study assumes solution of the problem of choosing the optimal pipeline route.

Methods. Our program is based on wave algorithms, or search by width. It means the search strategy, used in solving the problem, does
not use additional information, but only that presented in the definition. The essence of this method is development successors and distin-
guish between a target and a non-target state.

Results and conclusions. Submitted description of a software package allows calculating the position of a linear structure on the area,

based on a one-factor approach, linking the cost criterion to the complexity of developing different groups of soil.
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Introduction

Currently, gas supply systems are changing priorities,
primarily due to the use of:

o the low-pressure gas transfer technologies;

o the high-performance devices for compression;

e an improved internal coating of pipes, which allows
reducing roughness and increasing productivity up to
8...10 %.

At the same time, reconstruction of the existing gas
transmission system should be directed to decrease ener-
gy costs and the cost of transporting gas, in particular.
Forecasting and planning of increasing economic effi-
ciency are the priority tasks of the gas supplying industry.
Strategic planning helps use resources efficiently, focus-
ing on the need to continuously reduction of production
costs by increasing the reliability and the safety of
equipment and improving technological processes. The
use of innovative technologies, materials and equipment
is capable to improve reliability and safety indicators,
therefore long-term planning directed to the efficient use
of resources is one of the most important functions of the
gas transmission system. The design of gas pipelines
should be a complex of optimal solutions, ranging from
the choice of route, method of installation, materials and
insulation, to the technology of making welded joints.

Gas networks are capital-intensive projects. However,
comparing possible types of transportation of energy car-
riers (automobile, railway, shipping and gas pipelines) on
the main parameters (capital costs, operational costs, car-
rying capacity, season restrictions, transportation in ad-
verse conditions, etc.), it can be concluded that the use of
the gas pipelines is economically beneficial.
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Shortcomings of the gas transportation are the high
cost of the gas pipelines construction (gas pipeline fittings,
transitions, pipes, shutoff valves), the complexity of lay-
ing in the difficult areas, environmental hazards, especial-
ly at operation of underwater transitions (pipe canal). Ad-
vantages of using gas pipelines are:

o the possibility of laying gas networks in any direction
at any distance;

all-season work, regardless of natural influences;
reliability and simplicity of operation;

low shipping cost;

safety of the product due to sealing the pipe;

less material and capital intensity;

full automation of transportation operations.

The main project document for construction of facili-
ties is a feasibility study for construction, on its basis pro-
ject documentation is developed. The design target must
specify the source and end points of the pipeline, which
are outlined in the initial stages of design. Designing the
laying route is the first significant step in planning and
construction of the gas pipeline, which affects the gas dis-
tribution system operation and, undoubtedly, streamlining
the process will minimize economic losses and reduce the
consumption of material and monetary resources [1-6].

For the effective choice of a gas pipeline route, it is
necessary to predict the development of already existing
gas networks, to develop improved methods and algo-
rithms using geoinformation technologies [6—15].

Methods

It is possible to use various criteria for optimization of
the pipeline route. The optimal route is the gas pipeline
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rout, the construction of which allows obtaining the max-

imum or minimum value of the evaluation criterion. The

general, universal criterion is the minimum of reduced

(integral) costs in the construction and operation of the

gas distribution system.

The major factors affecting the cost of construction are:
o diameter of the pipeline (the metal consumption

grows with increasing diameter);

o gas pressure (higher the pressure in the pipeline, thicker
the pipe wall, which leads to an increase in cost);
natural conditions;
economic and geographical conditions.

In the course of the analysis, the authors have consid-
ered the methods currently used for determining the op-
timal route of the gas pipeline:

o the method of the average coefficient [6];

o advanced average coefficient method [7];

o selection of the optimal route and multiple routes on
the grid between two points [2, 16];

o selection of the optimal route of the pipeline with the
use of value maps of determining factors [17];

o model for optimizing gas pipeline routing using ge-
netic algorithms;

o and others [17-31].

When using the method of the average coefficient of
the pipeline development (on condition the coefficient of
development of the line K, is set), the length of the route
can be calculated from the expression:

L<K, L, (1)

where L is the maximum path length; K, is the coefficient
of development of the gas pipeline line; ¢ is the length

along the geodetic line.

The line bounding the area of the possible position of
the pipeline has to be determined so condition (1) is ful-
filled. This line represents a curve (or an ellipse), which
each point is removed from the source and end point of the

pipeline route by a distance, giving in total K, ¢. Thus, the

search area is the area of the territory bounded by an ellipse,
the small axis of which b is calculated by the formula (2) [6]

b=1(K}-1). 0l

The result of using the method of an average data is
presented in Fig. 1.

Optimal functioning issues of the inter-settlement gas
supply systems are widely covered in the studies of do-
mestic and foreign scientists. For example, in study [6],
the author proposes to take into account criteria character-
izing the elevation differences on the ground, along with
the choice of a route variant with the minimal cost ex-
penditure in a specified time interval. The research of
P.P. Borodavkin is very useful for studying the theory of
design and construction of the gas pipelines. The authors
of this paper have analyzed the main design targets in
theoretical terms, showed a large number of conditions
for designing a digital model, which allows evaluating the
construction conditions in the different climatic and geo-
graphical areas, using computer search. Construction
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complexity of the gas pipeline lies mainly in the fact that

different sections of the route require different design

schemes; in addition, a number of factors, such as:

¢ environmental protection;

e river cross or other water barriers;

¢ approach to highways, settlements, must be taken into
account.

Fig. 1. Graphical interpretation of route optimization: 1, 2
are the starting and ending points of the pipeline
route; Ly is the distance between the starting and
ending points along the geodesic line, km; B, C, D,
E are the track search areas

Puc. 1. I'pagpuueckaa unmepnpemayus npoyecca onmumu-
3ayuu mpaccwl: 1, 2 — HAUATbHAS U KOHEYHASL MOYKU
mpaccel 2azonposoda; Ly — paccmosmnue mexncoy
HAYANLHOU U KOHEYHOU MOYKAMU HO 2e00e3U4ecKoll
npamoti, km; B, C, D, E — obaacmu noucka mpaccwl

In the 1980-s and 1990-s, subjective factors were re-
quired to create high-quality gas pipeline projects, for in-
stance — designer experience and qualification. At present,
for effective selection of the gas pipeline route, forecast-
ing the development of already existing gas networks and
improved methods and algorithms the geoinformation
technologies (GIS) should be used. GIS allows minimiz-
ing the costs and time at the stage of choosing gas pipe-
line route, modifying the route, making adjustments when
the source data changes.

Most of these methods are based on the average coef-
ficient method. The disadvantage of this method is the
use of the average coefficient, since the data on the con-
struction conditions may differ from the actual conditions
of the new gas pipeline construction. The improved
method corrects the errors of the averaged coefficient
method by using cost cards, while initially taking into ac-
count the cost in actual conditions, and then — the average
construction cost. For considerable acceleration of the
search process and the amount of information processed,
it is necessary to remove the areas unsuitable for con-
struction. Basically, the existing methods for optimizing
the laying route use the same methodology with small
additions. For example, the method described by
R.N. Kuznetsov uses cost cards [17]. To construct the
surface of the accumulated value the factors influencing
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the route of the gas pipeline are determined and choose
significant weight coefficients. Subsequently, cost cards
corresponding to the influencing factors are combined in-
to a single cost card, taking into account their relative im-

portance. The differences of the methods are reduced to
the choice of the connectivity graph pattern: «rook pat-
tern» (Fig. 2, a); «queen pattern» (Fig. 2, b); «horse pat-
tern» (Fig. 2, ¢).
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Fig. 2. Templates of connectivity graphs of the next cells: a) «rook patterny»; b) «queen patterny; c) «horse patterny,
—_— 1,2 ..., 16 — connecting the neighboring cells by arcs of the graph

Puc. 2. lllabronvl epaghos céa3HOCMU COCeOHUX AueeK: a) «wabioH 1adbuy, 6) «wabion gep3ay, c) «wabioH KOHAY,
—» 1,2 ..., 16 — coedunenus coceonux aueek dyeamu epagpa

The connectivity graph is constructed by connecting
the neighboring cells by arcs of the graph. The «rook pat-
tern» is the simplest for implementation, but its use is not
the most universal. The use of the «horse pattern» is more
universal, but at the same time, construction of a graph
from this pattern requires more resources [17].

At present, the methods of the optimal gas pipeline
routing (at the stage of design engineering) are developed
rather well. The authors researched the main design tasks
in theoretical terms, showed a large number of conditions
for creating a digital model, which allows evaluating the
conditions of construction in different climatic and geo-
graphical areas, using computer search. However, accord-
ing to the proposed solutions, the pipeline route cannot
lay beyond the corridor, chosen at the feasibility study
stage of the project.

The complexity of the gas pipeline construction lies
mainly in the fact that different sections of the route re-
quire the use of various constructive schemes, in addition,
it is necessary to consider a number of factors, such as:
environmental protection; crossing rivers or other ob-
structions; approximation to highways, settlements, pro-
spects for the development of gas supply facilities to
maintain system performance, etc.

It should be noted, that the solutions obtained by the
authors are based on a number of assumptions which ex-
istence significantly affects the accuracy of the final re-
sults.

The route, calculated by the method of the average co-
efficient, is not always economically beneficial, due to
the fact that there are no restrictions on the angles of
slopes and heights of the relief, ecological zones, water
barriers and the inability to lay the route directly from
point [ to point B. After determining the area of the gas
pipeline routing, the territory where the construction of
gas pipelines is prohibited is excluded from it. Then there

is an adjustment up to the moment when the track will not
meet the standards. In the developed program, we will try
to get away from some recalculations in order to immedi-
ately mark the territories unsuitable for the construction
of the main line.

Using only one criterion for estimating the route
shows a one-sided point of view, since the optimal route
will be beneficial only for this criterion and will not be
the best solution from the influence of other possible cri-
teria.

The main criterion for construction of any engineering
networks are the reduced costs, it is a universal criterion
for achieving the economic effect

C=K-le+E,

where K is the investments; e is the investment efficien-
cy ratio; E is the expenses on operation of an object.

Investments in the construction of the pipeline include
the cost of building the linear part of compressor stations,
gas distribution stations and other related facilities.

Among the programs for the construction of the gas
pipelines we could find independent programs and, in the
form of modules (additions), popular design programs,
such as AutoCAD. Our task is to develop a program for
building the gas pipeline with the possibility to use it for
training purposes and at the stage of pre-design calcula-
tions [32].

Initially, it is necessary to create a digital terrain mod-
el. To do this, let us use the map of the future location of
the route and the grid applied on it. Depending on the
method of placing the source data, the existing terrain
models are divided into: regular (start and final points
have known coordinates and are replaced at the nodal
points of the geometric grid), irregular (points are uneven
on the ground, but with a certain density) and structural
(reference points of known coordinates are located at the
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turning points of the terrain). The simplest type is rectan-

gular, such grid depends on the search area and is con-

structed without taking into account topographic condi-
tions and is preferably used for flat terrain.

The currently used algorithms for finding the optimal
trace can be divided into three groups:

o wave algorithms based on Li ideas. Widely used in
CAD, and allow you to build a route for the existing
path;
high-speed orthogonal algorithms;
heuristic-type algorithms based on the method of
finding a path in a maze.
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Our program is based on wave algorithms, or search
by width. The algorithm is a uniform search algorithm. It
means the search strategy, used in solving the problem,
does not use additional information, but only that pre-
sented in the definition. The essence of this method is in
development of successors and distinguishing between a
target and a non-target state.

Width search can be represented as a hierarchical tree
(Fig. 3), in which the root node or vertex first develops, then
the lower levels of the root node, then the successors are re-
vealed, etc. At the same time, before deploying any nodes at
the next level, all nodes at a given depth are revealed.

cle dle

Fig. 3. Image of the hierarchical structure of the wave algorithm: a) hierarchical tree; b) start of the search; c, d) develop-
ment of the root node, lower levels of the root node, the disclosure of successors; I — the root node; b, h — the lower

levels of the root node; d, s, f, g — the successors

Puc. 3. Hz00pasicenue uepapxuunoil cmpykmypvl 80IHO8020 AI2OPUMMA: a) uepapxuieckoe oepeso; 6) HAUAN0 NOUCKA, 6,
2) paseumue KOPHEBO20 Y31d, HUMCHUX YPOBHEU KOPHEB020 Y3Id, PACKpbimiue npeemuuros, I — kopuesotl yzene; b, h —

HUDdICHUE YPOBHU KOPHEB020 y31a; d, S, f, g —

The wide search functions were selected by sequential
viewing of individual levels of the graph, starting from
the top. If the considered node is finite, then the search
for the optimal variant is completed; otherwise, the node
is added to the queue. As a result, after checking all the
edges that go out of the vertex, the next node is extracted
from the queue and the process repeats.

The description of a similar search looks as follows:

1. An empty queue is placed at the node where the
search begins.

2. The node «X» is extracted from the beginning of the
queue and marked as expanded, if the node «X» is fi-
nal (target), then the search is completed. Otherwise,
the search continues and successors of node «X» are
added to the queue.

3. If there is no queue, all nodes are scanned and the tar-
get node is unreachable. As a result, the search fails.

4. Return to paragraph 2.

This structure has a large range of data to check. This
is directly proportional to the speed of processing the
source data and issuing a response. According to the
speed of computation, the program executed by the
means of the width search will somewhat lose to other al-
gorithms that are not considered in this study, since there
are studies on the basis of these algorithms describing the
speed of their action — Dijkstra and A* algorithm. The
developed program does not have such a large field of in-
formation which can strongly affect the speed of the solu-
tion.

To design a program, the programming language
GML (GameMakerLanguage) was chosen as intuitive and
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easy to use. This programming language provides much
more control, than standard actions, contains an extensive
library of built-in functions to provide basic functionality.
It is possible to create your own scripts that are called in
the same way as functions. GML's drawing functions use
the Direct3D API. If it is necessary, GML also allows you
to call native platform code via extensions (DLL on Win-
dows, Java on Android, JS on HTMLS, etc.).

The study field of the program is geographically lim-
ited, the Saratov region was chosen as an example of sci-
entific research. Such main gas pipelines pass through the
region: Saratov—Moscow, Saratov—Cherepovets and oth-
ers, and the transcontinental gas pipeline Central Asia —
Center with two powerful gas compressor stations: in
Aleksandrov Gai and Petrovsk.

The territorial limitation allows reducing the number
of soil types for calculations, taken according to «Federal
unit prices for general construction work 2001, Earth-
worksy. For example, the surveyed area has a flat charac-
ter, relatively small fluctuations in the heights of the
earth's surface at significant distances and smooth transi-
tions from lows to highs. Flat slopes do not exceed §-10°.
After analyzing the geological map of the area, we get the
predominance of sands, sandstones, clay, silt, a small
presence of chalk, limestone, which will correspond to
groups of soil 1-5. The fifth group of soil (limestone,
flask, etc.) will not be taken into account in the program,
since the program is calculated for one type of equipment,
and the fifth group of soils is not developed by excavators,
other development methods are used for it (drilling and
blasting operations, rock cutting).
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The most common is underground laying, although in
this case there are some problems that increase the un-
profitability of the system — for example, laying gas pipe-
lines in mountainous areas, with frequent elevation
changes and the possibility of landslides and mudflows,
areas with unstable erosional river beds, in permafrost
soils with an active upper layer subject to annual freeze
and thaw, and a high level of groundwater. This work
considers only the underground method.

The choice of the gas pipeline route is based on as-
sessment of a variant of economic feasibility and envi-
ronmental acceptability from several possible options,
taking into account the natural characteristics of the terri-
tory, the location of settlements, the occurrence of peat-
lands, as well as transport routes and communications
that may have a negative impact on the main gas pipeline.

Operation principle of the program

The settings window allows setting the grid size (the
smaller the set value, the smaller the grid size and the
more accurate the calculation and the drawing smooth-
ness), selecting the map scale (1 pixel=N m), setting the
distance between compressor stations (from 90 to
125 km), soil cost coefficients, choosing the soil type
(initially 1 type was selected, but there are 5 ones in the
program). When start and final points of the track are
placed, the program starts searching for the shortest path

between these points using the algorithm. The entire grid
on the desktop is represented as a graph, with vertices at
the points of intersection of the grid lines. An array is
created that reads the number of graph edges passed. In
order to update the array on the i-th iteration, the program
traverses each edge, trying to optimize the distance to the
vertices it connects. After finding the shortest path in the
graph, the program uses the shortest path by pixels to the
input, which allows you to find the path more accurately
than when using a single algorithm. Then the program
begins to calculate the route and immediately lay it. Eve-
ry 0,03 seconds, the program checks the new ability to
build a shorter path and accurately takes into account the
distance traveled by the marker, draws the path and sets
the markers of the compressor (gas distribution) stations.
After completion of the analysis, the program calculates
the distance, counts the cost and builds graphs.

As an example of the program's efficiency, the con-
struction of a gas-main pipeline from Atkarsk to Volsk,
the Saratov Region, is considered. Using the visibility co-
efficients obtained from the local estimate for the con-
struction of a gas pipeline, we enter values for each soil
group. Further, according to the map color on the sub-
strate of the program, we mark the groups of soils and
designate insurmountable barriers and conservation zones

(Fig. 4).

J - 3
Fig. 4. Program map with the marked «redy type of soil

Puc. 4. Kapma npocpammel c ommeueHHbIM HA Hell «KKPACHIMY MUNOM 2PYHMA

Fig. 5 shows the possibility of changing the cost of

construction of the gas pipeline due to the changes in the
soil type. Next, the program selects the start and final

points of the path, as soon as the final point is set, the
program will begin making a path.
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length 160720.3 cost 148526927.6 distance 12000
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Fig. 5. Calculation in the program (first example) [32]
Puc. 5. Pacuem 6 npozpamme (nepguiii npumep) [32]

The first result: the soils are displayed according to
the actual data of the map. The scale was taken approxi-
mately. It was laid for 4 km in the direction of the square.
The automatic calculation of the route showed the follow-
ing results (Fig. 5): the distance of the route of the main

R
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A

gas pipeline is 160,720 km, and the cost is 148,53 million
rubles.

The second result (Fig. 6): the route was extended to
166,586 km, and the cost increased to 183,44 million ru-
bles with randomly generated terrain.

Fig. 6. Calculation in the program (second examples) [32]
Puc. 6. Pacuem 6 npoepamme (emopotii npumep) [32]
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The total cost of the route includes the total cost of
laying the pipeline in various soils and the cost of com-
pression stations.

Results and discussion

Let us consider the operation of the program in com-
parison with the actually existing object with the follow-
ing characteristics: the high-pressure polyethylene gas
pipeline of 0,6 MPa from the gas-distribution substation
in the Kharitonovka village to the Tselinny village of the
Perelyubsky district of the Saratov region (Fig. 7).
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length 166585.9 cost 183436238.4 distance 160049.99

Iy

DI mm 7
P

The diameter of the pipeline is 225 mm, the length is
3575 m. The cost of construction in terms of current pric-
es was 1,130 million rubles. According to the geological
structure, in the area from the gas-distribution substation
in the Kharitonovka village to the Tselinny village, the
soils are represented by dark brown soft plastic (humified)
loams and covered with a slight soil layers to 0,1-0,2 m.

To use the program, you need to find the soil cost co-
efficients, for which it is necessary to calculate the esti-
mated cost per 1 km of a 225 mm polyethylene pipeline.
As a result, the following coefficients were obtained:
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K=51, k=46, k=43, k=39. We set the scale and size of  of 7. We mark the area with the color marks (Fig. 8). We
the grid. To obtain the actual distance according to the  put points / and B according to the real object and ob-
calculations, we should use the grid size of 16 and a scale  serve the result (Fig. 8, 9).

Kamelik GDS

Kharitonoyka

Tselinny

Fig. 7. Polyethylene gas pipeline from the gas-distribution substation in the Kharitonovka village to the Tselinny village
Puc. 7. Ionusmunenoguwiii 2azonpogod om AI'PC c. Xapumornoexa 0o n. Llenunnwiil

We obtained the following results: the route con- To calculate the soil permeability coefficient, it is
structed by the program turned out to be shorter than the  necessary to carry out an estimate calculation (per kilo-
actual route, with the lengths being 3212 and 3575, re-  meter of gas pipeline, taking into account the work, de-
spectively, m; and the laying cost 1,264 million and  pending on the soil group).

1,130 million rubles.

Fig. 8. Area marking

Puc. 8. Pazmemxa mecmuocmu
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lengﬂl 3212 25 cost 1263456 67 distance 4?36
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Fig. 9. Route constructed by the program [32]
Puc. 9. Tpacca, nocmpoennas ¢ nomowvio npocpammul [32]

After calculating the estimate, we find the visibility
factor of the increased cost of construction in different
soil groups, obtained by converting a series of values in
relation to one of them (baseline), taken as 1; 100; 1000,
etc.

So, for the considered case, taking a line from the es-
timated calculation with the values «Total estimated cost»
we find that the construction costs of 1 km of the pipeline
are:

o in the 1st soil group — 1067278,79 rubles, visibility

factor H; — 1,37,

o in the 2nd soil group — 948324,82 rubles, visibility

factor Hy — 1,22;

o in the 3rd soil group — 881826,68 rubles, visibility

factor Hy - 1,13;

o in the 4th soil group — 777832,79 rubles, the visibility

factor Hy— 1,00.

The program introduced five groups of soils with ap-
propriate coefficients. As a result, five areas of color se-
lection were taken:
¢ 1 -—marked in green — zone with the 1st soil group;

o 2 —marked in bright green color — zone with the 2nd
soil group (type of soil);
¢ 3 — marked in yellow — zone with the 3rd soil group

(type of soil);
¢ 4 — marked in orange — zone with the 4th soil group

(type of soil);

e 5 —marked in red — insurmountable barriers (residen-
tial areas, ecological zone, water protection zone, not
included 5 soil group, etc.).
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Conclusion
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1 CapaToBCKWA roCyAapCTBEHHbIN TEXHNYECKNIA yHUBEPCUTET uM. arapuHa H0.A.,
Poccus, 410054, r. Capartos, yn. lMonutexHuyeckas, 77.
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Poccus, 410012, r. Capartos, np. um. Kuposa C.M., 54.

AxkmyanbHocmb. [poekmuposaHue Mapwpyma npoknadku 2a3onpogoda sernsiemcs 8axHbIM 3manoM npouecca nhiaHuposaHusi U
cmpoumenscmea easonposoda. Cywecmeyrom pasiudHbie Memodsl, 3a8UCUMOCMU U afie0pUmmbl, Xapakmepusyrouiue yHKUUOHab-
Hyr COCMaesioLy0 2a30npoe000s, pasnuyHbie cnocobbi npoknadku. CaMbiM 8aXHbIM 8 NPOUECCe NPOEKMUPOBaHUS S8ISemcs 8bibop
MakKo20 onMuMarnbHo20 Mapwpyma, Npu KomMopoM 3ghehekmueHOCMb NPUMEHeHUsI 6yOem ebICOKOU U npu 3mom npoekm 6ydem umems
MUHUMaIbHbIe KanumarbHble 6/I0XeHUs 8 cmpoumenbcmeo. HecMomps Ha mHoxecmeo npednazaembix nodxodos, 8 Hacmosiuee
epemst eduHol Memoduku no onpedenieHur0 onNMuUMarbHbIX 3ampam Ha CmpouMebCmeo U PEKOHCMPYKUUIO 2a30pacnpedenumenbHbIX
cemeli He cywecmayem.

Lenb: nposecmu cpagHUMenbHbIL aHanu3 Cyuecmsyouux aneopummos NOCMPOEHUs onmuManbHo20 mpy6onpogooHo20 nymu, pas-
pabomamb npo2pamMMbl MOOENUPOgaHUSs U 060CHO8aHUST PaUUOHasbHbIX Mapwpymos npoknadku mpy6onpogoOHkIX CUCMEM 2a30CHab-
JKEHUST Ha 0CHOBe OOHOKpUMepUasTbHo20 nodxoda.

MemodbI. B ocHosy paspabomarHol npoepammb| 3ar10KeHbI 80/THOBbIE an20PUMMbI, UU NOUCK 8 WUPUHY, S8Nsuulics 00HUM U3 Me-
modog 06xoda epagha. Imo 03Hayaem, Ymo 6 cmpameauu noucka Npu PeweHuU 3adayu He UCnob3yemcs: AonoHUMeNbHas UHhopMa-
yusi, @ mosieko ma, Ymo npedcmasrneHa 8 onpedeneHuu. Cymb 3moao Memoda — 8bipabambieamb NPEEMHUKO8 U pasnudamb Uenesoe U
Heuenesoe cocmosiHue y3na.

Pe3ynbmamb1 u eb1800bl. Paccmompes u npoaHanu3uposas cospeMeHHble cnocobbl NPoknadku MasucmparnbHbIX 2a3oebix cemel u
cnocobb! npoknadku NuHelHOU yacmu, MOXHO cdeflamb 8b1800, YMO Cywecmeayrowas npakmuka mpaccuposku MazucmpasnbHbIX 2a30-
nposodos He gcezda npediazaem K UCNOb308aHUK ONMUMaYTbHbIL 8apuaHm. CmouMOCMb COOPYXeHUS HEbOMbUWO020 N0 NPOMSKEHHO-
CMU, HO CMIOXHO20 C MOYKU 3PEHUS NPOBEAEHUS CMPOUMENbHO-MOHMAXHBIX U cheyuasbHbIx pabom, yyacmka 2azonposoda 3ayacmyio
0Ka3blBaemes 8bILUe CMOUMOCMU COOPYXXEHUS MHO20KUIIOMEMPOBo20 06x0da Ha ydacmke ¢ HopManbHbIMU ycrogusimMu npoknadku. [lo-
amomy npu ebibope mpacchl MasucmpanbHo20 2a3onposoda HEoBXo0UMO yyumbiBambsCs 8ce (hakmopbl, 8AUSIOWUE Ha CMOUMOCTb
npoknadku. lNpednoxeHHas MemoduKa HOCUM 03HaKoMUMENbHbIL Xapakmep npoepamMHO20 NOCMPOEHUS Mpacchl 2a3onpogoda. ped-
CmagrieHHoe onucaHue NpozpaMMHO20 KOMNJleKca No3gosisiem paccyumams NOSTOXEHUE NUHEIH020 COOPYKeEHUsS Ha MECMHOCMU Ha OC-
Hose 00HOhaKkMOopPHO20 No0X0da — NPUBS3KU KPUMEPUs CMOUMOCMU K CIIOXHOCMU pa3pabomku pasHbIX 2pynn epyHma.

Knroueenie cnosa:
[a3ocHabxeHue, onmumarbHasi mpacca, NPoOeKmuposaHUe Mapuwpyma, 80/IHOBOU aeopumm,
MazucmparbHbIl 2a30npogod, cpedHecmamucmuyeckuli Memod, yugposas Modesb MECMHOCMU.
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