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METHOD OF ROUTING SEARCH GROUPS ON A FIXED NETWORK
FOR EFFECTIVE SWEEPING OF POPULATED AREAS AND SEARCHING
FOR ARMED CRIMINALS

The method proposed in this article addresses the problem of inefficient coverage of a given urban area by
search teams, which is critical for the execution of search, rescue, and monitoring tasks in crisis-affected
regions of various origins. The method employs the concept of dynamic programming, which consists in the
successive decomposition of the initial structure of the urban transportation network into a set of substructures.
Within each substructure, an edge-simple longest/shortest path (depending on the selected strategy) between
a pair of specified vertices is determined. The collection of the identified extreme paths forms a Routing Plan
for the search teams, which, in a certain sense, systematizes the sweep of the urban area.

The method significantly reduces the labor and computational effort required to generate a rational variant
of search operations and is intended for use by the military command and control bodies of the National Guard
of Ukraine.
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Statement of the problem. One of the tasks
defined in Article 1 of the Law of Ukraine
"On the National Guard of Ukraine™" [1] is "... the
suppression of terrorist activities, as well as the
activities of illegal paramilitary or armed
formations  (groups), terrorist organizations,
organized groups, and criminal organizations". The
fulfillment of this task is determined by the
function of the National Guard of Ukraine (NGU)
set out in Article 2 of the same Law, namely
"... participation in special operations aimed at
neutralizing armed offenders, terminating the
activities of paramilitary or armed formations
(groups), organized groups, and criminal
organizations not provided for by law on the
territory of Ukraine, as well as in measures related
to the suppression of terrorist activities". It should
be noted that the implementation of this function
will constitute a particularly complex challenge for
the NGU in the post-war period [2].

One of the operational methods employed by
units (formations) of the NGU in the execution of
these tasks is, and will remain, the conduct of
search operations. Given the relatively high density
of settlements across the territory of Ukraine, a
substantial proportion of search operations will be
carried out within populated areas. At the same
time, the network-based spatial structure of
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settlements  determines that the formation
designated to conduct a search will necessarily be
divided into several search groups, which will be
required to advance independently along
designated routes in order to cover the maximum
possible number of facilities for inspection [3].
Accordingly, under wurban and semi-urban
conditions, the effectiveness of search operations
will largely depend on the selected sweep
(movement) routes of individual search groups.
Moreover, these movement routes must comply
with a set of specific requirements outlined in [3].

Accordingly, the development (justification) of
movement routes for search groups within a given
settlement constitutes a complex problem that has
traditionally been, and continues to be, addressed
through heuristic methods based on the personal
experience, knowledge, and professional judgment
of the commander (supervisor) responsible for
decision-making. Within networked structures
characterized by a high density of objects and
interconnections, this problem, when approached
heuristically, ~ will  inevitably be  solved
suboptimally and with inherent errors, which in
some cases may be substantial.

Therefore, the scientific task of developing a
routing method for search groups on a stationary
network aimed at ensuring the effective sweeping
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of settlements and the detection of armed offenders
during stabilization operations in de-occupied
territories is currently highly relevant. This issue
constitutes the focus of the present article.

Analysis of recent research and publications.
The theoretical foundation of the functioning of
various multi-agent systems (MAS) is algorithmic
theory. The development of algorithmic theory
proceeds along two main directions: first, the
expansion of the range of practical problems for
which existing algorithms are applied; and second,
the development and refinement of algorithms to
address new problems that arise in the course of the
design and operation of MAS. In matters of routing
individual agents within MAS, the well-established
theory of graphs plays a leading role.

If considered in a non-rigorous sense, the
problem of routing search groups during the
sweeping of a settlement by a military formation
can be formulated as the task of identifying, within
the structure of a modeled weighted graph
G = (P,E) all (or k, where k >1) the longest edge-
simple paths between selected subsets of vertices
located on opposite peripheries of the graph, such
that the total sum of their weights (paths)
maximizes the objective function F [3]. An
additional and mandatory requirement for the
resulting Routing plan is the absence of shared
edges among the different paths.

A closely related and well-known problem in
graph theory with numerous practical applications
is the hamiltonian path problem, that is,
determining whether a graph contains a simple path
in which each vertex is visited exactly once. In
cases where a graph does not admit a hamiltonian
path, it is, in some applications, meaningful to seek
a path of maximum length within the graph.

Thus, in [4], the authors demonstrate that even
if a graph admits a Hamiltonian path, the problem
of finding a path of maximum length remains
computationally challenging n — n® for some ¢ < 1
there are NP-full, where n denotes the number of
vertices in the original graph. The authors assert
that there exists no polynomial-time approximation
algorithm with a constant-factor guarantee for the
longest path problem, unless P = NP [4].
Similar research findings are also reported in
publications [5, 6, 7].

In contrast to the Hamiltonian path problem, for
the longest path problem several polynomial-time
algorithms are known that operate on trees and
certain other classes of graphs. A linear-time
algorithm for finding the longest path in a tree

structure was proposed by Dijkstra in 1960, a
formal description of which can be found in [8].
Subsequently, as a result of refining Dijkstra's
algorithm for tree structures, the authors of [9]
solved the longest path problem for weighted trees
and block graphs in linear time, and for cactus
graphs in polynomial time — O(n?), n is the
number of vertices in the original graph. Recently,
polynomial-time algorithms have been proposed to
solve the longest path problem on bipartite graphs
with a computational complexity O(n) [10], on
ptolemaic graphs with a computational complexity
of 0(n®) [11]. In [12], the authors present a
polynomial-time algorithm for interval graphs,
which is based on the idea of dynamic
programming and has a computational complexity
of 0(n*). In [13], the authors propose a
polynomial-time algorithm that likewise employs a
dynamic programming approach but applies
lexicographic depth-first search (the so-called
LDFS graph traversal) to comparability graphs.
The computational complexity of this algorithm is
also bounded by 0(n*). The conducted analysis of
the literature indicates that the problem in the
formal formulation presented above has not yet
been explicitly posed or addressed in existing
studies.

The purpose of the article is to develop a
routing method for search groups on a stationary
network to ensure the effective sweeping of
settlements and the detection of armed offenders
during stabilization operations in de-occupied
territories.

Summary of the main material.
The NP-completeness issue in the search for
longest paths (i.e., paths with the maximum total
weight) within the structure of a networked object
arises from the possible presence of cycles, which
can lead to an unjustified artificial increase in path
length (i.e., "cycling™) and, consequently, to the
inability to adequately identify a meaningful or
realistic path. To eliminate this drawback in
solving the maximization problem (i.e., the search
for longest paths), the initial undirected graph is
typically G = (P,E) represented as a directed
graph, which makes it possible to eliminate cycles.
During this procedure, the edges of the graph are
assigned a direction consistent with the overall
traversal orientation of the graph (Figure 1). As a
result of this transformation, the edges become
arcs — i.e., they acquire directionality and the graph
itself becomes directed and is denoted

as G = (P, E).
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The overall direction
of path search
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Figure 1 — Converting an undirected graph into a directed graph

Since the sweeping of a settlement is conducted
from one periphery to the opposite one (which can
be conceptualized as a conditional "wave" passing
through the settlement), such an overall
directionality is also present during the execution
of search operations. As shown in Figure 1, the
structure of the directed graph no longer contains
cycles. Such a graph is referred to as acyclic.

To identify critical paths in an acyclic graph, it
is necessary to establish an order for traversing its
vertices. For this purpose, Kahn's topological
sorting algorithm [14] is employed. The algorithm
identifies vertices with no incoming arcs and
removes all outgoing arcs from such a vertex, as
well as the vertex itself, recording its index in an
ordered list S. This process is iteratively repeated
until all vertices have been examined and included
in the list, thereby achieving a topological ordering.
The algorithm is also based on the assertion that an

acyclic graph always contains at least one vertex
with no incoming arcs. Therefore, topological
sorting in an acyclic graph can always be initiated
and completed.

At the same time, Kahn's algorithm may yield
multiple valid vertex orderings for the same acyclic
graph (Figure 2), which renders the search for
extreme paths ambiguous. In order to achieve a
unique vertex ordering, it is proposed to refine
Kahn's algorithm as follows. At each iteration of
the algorithm through p; denote the vertices of
the graph that have only output arcs, where Kk is the
number of such vertices at a certain iteration of
the algorithm. During the analysis p; in addition, it
is recommended to consider the weight coefficients
of the arcs and, in each iteration, to prioritize the
selection of the vertex for which a given arc attains
the maximum weight.

S1iP1 2 Pa 2 P2 = Ps = P3 = Pg = P7 = Pe
S2:P2 2 P12 Pa 2 P3 2 Ps 2 P7 > Pg > Pe

\e S3iP1 2 P2 2 Pa = Ps 2 P7 = P3 = P~ Pe

Figure 2 — Different variants of topological orderings of the graph vertices
(the set of possible variants is not exhaustive)

Such a modification of the algorithm ensures
not only the topological sorting of vertices but also
their ordering according to the weights of the
incident arcs. Vertices associated with higher-
weight incident arcs are placed in the list earlier,
and vice versa.

In formal terms, the vertex selection criterion
during the sorting process can be expressed as
follows:

p; = S:13 W(pi_, pj) - max, (D

where p; is the current vertex, which has only
output arcs;

w(p;, p;) is the weight of the arc emanating
from the vertex p;;

S is the list for storing graph vertices.

By accounting for the arc weights, the sorting of
vertices becomes unique, which ensures an
unambiguous traversal of the graph vertices for
forming their current weighted estimates during the
construction of the desired extreme paths (Figure 3).
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S1:P1 = P2 = Pa = P3 = Ps = P7 = Dg

= Pe

Figure 3 — Topological sorting of the graph vertices using the modified Kahn's algorithm
(unique ordering)

Thus, at this stage, two key issues have been
addressed:

a) the negative impact of cycles in the graph
structure during the search for maximum-length paths;

b) the order of traversing the vertices of an
acyclic graph for forming the current weighted
estimates of the graph vertices in the process of
searching for maximum-length paths.

The resolution of these issues made it possible
to proceed with the development of a routing
method for search groups on a stationary network
aimed at the effective sweeping of settlements and
the detection of armed offenders.

Let the transportation structure of a given
settlement be represented by a weighted graph G’
(Figure 4).

Figure 4 — Initial weighted graph modeling

the transportation network of a settlement (edge

weights indicate the number of inspection objects
on the corresponding street of the settlement)

It is required to find all edge-simple longest
paths from vertices p, and pg vertices pg and p;,,
that is, the sweeping operation during the search for
armed offenders is assumed to be conducted from
the western to the eastern periphery of the
settlement. Thus, the subset A will include vertices

p. and ps, therefore (A = {p,, ps}), and the subset
B will include vertices py and pyo, (B = {p9, P10})-
Stage I. Let a general direction be assigned to
the edges of the graph from vertices p, and ps
toward the opposite periphery of the graph
(vertices pg and p;4). The result of these steps is a

directed weighted graph G', as shown in Figure 5.
Vertices belonging to subsets A and B are
indicated by the corresponding colors (green —
peaks p; € A, red — vertices p; € B).

Figure 5 — Directed weighted graph G'

Stage Il. Let us determine the longest path
between any pair of vertices belonging to subsets A
and B, respectively. To this end, a topological

sorting of the graph G’ vertices is performed
according to criterion (1). The result is the
following unique sequence of vertices: p, = ps =
—Pg 2 P1 P4 2 P3 P77 Pe P9~ P1o-

By traversing the vertices of the graph
according to this sequence, each vertex p; is
assigned an individual estimate of the path length
to it from a given source p; € A.

At the same time, the weighted estimates are
proposed to be calculated according to the
following expression
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d(p;) == max{d(p;), d(;) + w(pi,p;)}, (2)

where d(p;) is the current estimate of the path length
to a vertex that is adjacent to a given vertex p;;
d(p;) is the current estimate of the path
length to the vertex selected from the topological
ordering list S;
w(p;,p;) is the weight of the arc between
adjacent vertices.

It should be noted that, as a result of applying
expression (2) at each iteration, the vertices of the
graph are assigned the maximum estimates
of the lengths of the paths leading to them. The
identification of the paths themselves should be
carried out by backtracking based on the obtained
estimates.

Thus, the algorithm for traversing the vertices
of a directed weighted graph with the formation of
current estimates of the longest path for each vertex
p; & A consists of the following steps.

Step 1. Assign the current estimate p; € A to all
vertices d(p;) = 0.

Step 2. Assign an estimate of d(p;) = — to
the remaining vertices, including vertices p, € B.

Step 3. For the vertex whose index appears first
in the list S, which is topologically ordered using
the modified Kahn's algorithm, recompute the
current estimates of its adjacent vertices according
to expression (2). Remove the index of this vertex
from the list S.

Step 4. If no vertex indices remain in the list S,
consider all vertices to have been processed and
assigned the maximum path-length estimates,
terminate the algorithm, and proceed to the
identification of the paths. Otherwise, return to Step 3.

The current estimates of path lengths obtained
during the execution of the developed algorithm, as
well as the identified longest path in the structure
of the initial graph, are shown in Figure 6.

g \‘ 61 /
\ 9//
- \ //
\6’
Figure 6 — Initial weighted graph and the longest
path within its structure (indicated by a dashed line)

As a result of the algorithm's execution, a
path (route) to vertices pg and p,;,, Which
belong to subset B, is obtained, namely:

My ={p2, Ps, Ps, D7, De» Dok

M, = {p2, Ps, Ps, P7» De» Por D10}
The absolute weight of route w(M;) = 178, while

that of route w(M,) = 187. Therefore, the longer
route M, is selected from this pair, assigned the
conditional index M, (according to the numbering

sequence), and recorded in the Routing plan.
Stage I11. All arcs that constitute route M, are

removed from the structure G'. Any pendant
(isolated) vertices that arise as a result of removing
these arcs are also eliminated. As a result, the

structure G” is obtained (Figure 7), on which the
next longest path is identified. To this end, a

topological sorting of the vertices of graph G is
performed. The result is the following sequence of
vertices: p, = ps = pg = P1 > Py = P3 > P7 >
— Pg = P10 — Po. The vertices of the graph are
then traversed, and an individual weighted estimate
is formed for each of them.

53
97

Figure 7 — Weighted graph and the longest path
within its structure (indicated by a dashed line)

Vertices py and p;o, Which belong to subset B,
have been assigned their respective estimates. The
maximum route length to vertex pg is 97 units,
while to vertex p,, it is 148 units. Thus, the
longest route is selected, namely
M, = {p,, 01, P4, D3, P10} IS absolute weight is
w(M,) = 148. The route is recorded in the
Routing plan.

Stage 1V, V. The actions performed at these stages
are presented in a condensed form in Figure 8.
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Sips 2 Pg 2 P12 Ps 2 P7 > P3 = D = P1o ~ Do

5”"

&m%mQMjm%%%m
G " :

Figure 8 — Edge-simple longest paths (indicated by dashed lines):
a — within the structure G": b — within the structure G

As a result of performing these stages, the
following routes are obtained:
M3 = {ps, 1, D3, Pe, P10} With a route weight of
w(M;) =82 and M, = {ps,ps, P7,Pe} With a
route weight of w(M,) = 57.

After removing route M, from the structure

G" it can be verified that no paths remain between
the vertices of subsets A and B (the transitive
closure between them has been lost). This indicates
that all edge-simple longest paths between the
specified vertex sets in the structure of the original

network object G’ have been identified. Such paths
here are referred to as zero-level paths, as they
directly connect vertices from subsets
Aand B.

Thus, as a result of the successive

decomposition of the initial graph G’, namely
G'>G" > G" - G"™, four edge-simple longest
paths (i.e., paths that do not share any arcs) have
been identified within its structure, namely:

M, ={p2, ps, Ps, D7, D6 Do P1ol;
M, = {p2,P1, P4, D3, P10}
M3 = {ps, P1,P3, P> P10}

M, = {ps, ps, p7, Do}
A careful examination of Figures 6, 7 and 8

leads to the conclusion that it is advisable to
re-engineer the identified paths in order to reduce
the dispersion in their length values with respect to
weight. Under real operational and service-combat
conditions, such path re-engineering is intended to
achieve a certain balance in workload (i.e., the
number of inspection objects along each route)

among different search groups and to reduce the
overall time required to conduct search operations.

The essence of the re-engineering procedure is
as follows. If, between any pair of vertices from
subsets A and/or B, there exists an arc connecting
them, and this arc belongs to an extreme path that
has the maximum (or relatively larger) length
estimate compared to other paths, then it is
advisable to reassign this arc to the path that has the
minimum (or relatively smaller) length.

According to Figure 6 such arcs are (p;, ps)
and (po, p1p)- They belong to path
My = {p2,ps, P8, 7, Ps, P9, P10}, the total length of
which is the largest among the other identified
paths and equals w(M;) = 187. At the same time,
the length of the path M, = {ps, 4, 07, Do}
amounts to w(M,) = 57. So, the difference in
estimates between these paths will be A,_,= 130
units. Therefore, the arcs (p,ps) and (po, P1o)
should be removed from route M; and incorporated
into route M,.

After such re-engineering, the corresponding
routes and their lengths will change as follows:

M, = {ps, pg, P7.Pe, Po}, w(M,) = 162,

M, = {p2, Ps, P4 D7, P9, P10}, Ww(M,) = 82 and
the difference in length between these paths will be
A;_,= 80 units. Thus, the longest and shortest
paths have been partially balanced by 50 units. At
the same time, the total coverage of the paths in the
initial structure G’ remained unchanged and stayed
at the level of 474 units. The set of paths
determined after the re-engineering procedure is
shown in Figure 9.
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Figure 9 — Routing plan for the simultaneous

traversal of the initial weighted graph between

the selected vertex groups according to the

criterion of maximizing the number of inspection
objects (after path re-engineering)

The paths presented in Figure 9 are optimized
(maximized) in terms of length and constitute the
basis of the Routing plan with respect to the order
in which the settlement is swept by the search
groups.

The scheme presented in the figure provides the
commander (supervisor) with the following
information.

1. To conduct search operations within the

settlement modeled by structure G', at least four
search groups are required.

2. For each search group, the initial entry point
(line of entry into the settlement) and the final exit
point (line of withdrawal from the search) are
clearly defined.

3. Each search group is assigned a specific
search (movement) route within the settlement. As
a result, a defined number of inspection objects
(i.e., the "workload") are established for each
group. The routes of different search groups do not
intersect by arcs (streets), which enables such a
MAS to perform the task efficiently.

4. Collectively, the search routes are optimized
both in terms of movement direction and the
number of inspection objects located along each
route, which indirectly optimizes the overall time
required to conduct the search within the settlement
as a whole.

The summary evaluations of the developed
routing plan based on a set of selected indicators
are presented in Table 1.

Table 1 — Evaluations of the developed routing plan based on a set of indicators

No. Parameter (Indicator) Indicator Value
1 Number of search groups conducting operations within the settlement, 4
Neg, (u)
M, = {ps, ps, 7. P, Do},
2 Search routes, M; My = (P2, D1, Pas P, P10},
M3 = {ps, p1,P3, D6 P10}
M, = {p2, D5, P4, P7, Po, P10}
. . . 0, = 162; 0, = 148;
3 Number of inspection objects along the route, 0;, (u.) 0, =82; 0, =82
Number of objects to be inspected under the implementation
4 : : 474
of a given Routing plan, Op;, (u.)
5 Estimated time required to conduct the search for armed offenders 27
within the settlement, T,,, (hrs.)
Probability of detecting offenders under the implementation
6 - - 0.88
of a given Routing plan, P;,
Capability of the formation to conduct search operations within
7 T 0.58
the directive time frame, P,

Note. Initial data: initial weighted graph G'; subsets of vertices A = {p,,ps} and B = {po, pio};
Optimization criterion for the routing plan: maximization of the number of inspected objects within the directive time.
Direct time: 25 h (1500 min). Average inspection time per object along a search route: 10 min. Time for NGU forces to
deploy to the operational area: 1 h. Area blocking time: 0.7 h. Time for search groups to move to the initial positions: 0.3 h.
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Figure 10 — Ranks of vertices that do not belong to subsets A and B(graph variant)

Let us introduce the following concept, namely
the rank of a vertex p;, which does not belong to
subsets A and B. The rank of vertex p; is defined as
its edge (arc) distance from the vertices belonging
to subsets A or B (Figure 10).

Thus, vertex p, has a rank equal to one, since it
is located at a distance of one edge from vertex
p1 € A. Vertices p3, ps, and ps have a rank equal
to two, as they are located at a distance of two
edges from p; € A. Vertices p,, and p,5 have a
rank equal to four, as they are located at a distance
of four edges from vertices {p,1, 912,13} € B and
so forth.

If, during the development of the Routing plan,
the transitive closure between vertices p; € A and
vertices p; € B is lost, then it is advisable to
examine vertices with ranks 1,2,...,k, that are
located at a certain distance from vertices p;, € A
and p; € B for the presence of a transitive closure
between them. If such a transitive closure exists,
extreme paths between the specified vertices
should be identified and added to the routing plan.
In this case, the initial and terminal vertices of these
paths will serve, respectively, as additional entry
and exit points for the search groups. Such paths
will be referred to as 1, 2, ..., k paths, respectively.
The upper bound of the rank k for additional
vertices will be determined by the relevant
commander (supervisor), who will make the
operational decision to conduct the search activities
on site.

Taking into account the features of searching
for edge-simple longest paths in the structure of a
networked object discussed above, Figure 11
presents, in a formalized manner, the structural
scheme of the developed routing method for search
groups on a stationary network aimed at the
effective sweeping of settlements and the detection
of armed offenders during stabilization operations
in de-occupied territories.

Since, under certain conditions, the sweeping
process may be conducted according to the
criterion of minimizing the time required to carry
out such operations, the developed routing method
for search groups is also capable of identifying
edge-simple shortest paths. For this purpose, the
method employs an appropriate tool — Dijkstra's
algorithm [15] (Figure 11).

Using the proposed method, the military
command authority is able to develop rational
Routing plans for the search for armed offenders in
a settlement by NGU search groups. The resulting
decision alternatives are optimized either
according to the criterion of maximizing the
number of inspected objects or according to the
criterion of minimizing the time required to
conduct search operations. The choice of the
applied criterion is made by the commander
(supervisor) based on the operational situation in
the mission area and/or the area of responsibility,
the available forces and assets, and the tasking
received from the higher command authority.
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Figure | 1 = Structural scheme of the proposed routing method for search groups on a stationary network
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The computational complexity of the algorithm
implementing the developed method for solving
the problem of identifying all longest edge-simple
paths between specified pairs of vertices in the
structure of a networked object exhibits a
polynomial dependence and, in asymptotic terms,
is estimated as O (P - log P), where P — denotes the
size (dimension) of the modeled graph. This
computational complexity of the algorithm is due
to the fact that at each iteration the number of
vertices of the graph decreases due to the removal
of the found extreme paths together with their
corresponding vertices. Consequently, the
algorithm is capable of generating decision-making
alternatives in real time, which constitutes an
important property for military applications.

Conclusions

The developed method is advisable for use by
the military command authorities of the National
Guard of Ukraine in the planning of search
operations conducted as part of stabilization
operations in de-occupied territories. The decision
alternatives generated by the method will serve as
the basis for the commander's decision on the
conduct of search actions.

The development of the method is based on a
comprehensive combination of several well-
established tools. In particular, it is shown that
solving the problem of identifying all edge-simple
longest paths should be carried out by combining
the dynamic programming approach with a
longest-path search method. The identification of
all edge-simple shortest paths is performed by
integrating the dynamic programming approach
with the well-known Dijkstra's algorithm.

The problem of finding longest paths in an
arbitrary graph is NP-complete and currently
admits no method for obtaining an optimal solution
in real time. By its properties, the developed
method is quasi-optimal, as its optimality is not
formally proven in this article. The algorithm
implementing the proposed method is
characterized by polynomial-time complexity,
which enables the rapid generation of decision-
making alternatives. This capability is crucial for
application in the context of military command and
control.

Since the method is formulated in terms of
graph theory, it employs combinatorial algorithms
and is intended to operate on networked objects of
sufficiently large scale and high connectivity
density; therefore, its practical application without
automation tools is not feasible. For effective use,

the method requires the development of
appropriate software within the framework of a
geographic information system.

A further course of research within the scope of
the problem addressed in this article should be
considered the development of a routing method
for search groups on a non-stationary network.
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B. B. Ko3aiueros, B. M. bBanamyr

METO/ MAPIIPYTHU3AIIL MOITYKOBUX I'PYITI HA CTAIIIOHAPHIN MEPEXKI
JJIsA EOEKTUBHOT O ITPOUYICYBAHHSA HACEJIEHUX ITYHKTIB
I HOIIYKY O3bPOE€HUX 3JIOYHUHILIB

AxmyanvHicme cmammi 3yMO8ieHa ROmpedor y NoOAIbUWOMY PO3BUMK)Y MOOeell KONeKMUBHOI No8eOiHKU
cucmem 13 MYIbMUACEHMHOIO OP2aHI3ayielo CMPYKMypy, Y HAOLIeHHI MaKux cucmem [HMeNeKmom, sKull
3abe3neuye CUHXPOHI3AYTIO CIIbHUX 3YCUb PIHUX A2eHMI8 Y X00I 00CACHEHHSI NOCMABGIEHUX NEPed CUCEMOI0
yine. 3 GUKOPUCMAHHAM 3ANPONOHOBAHO20 MEMOOY MONCIUBO SUPTUUMU NPOOIeMy HeeheKmUsHo2o 00X00y
NOWLYKOBUMU 2PYNaMU (A2eHmami MyTbMUd2eHmMHOI CUCIeMU) HACENeH020 NYHKMY, WO € 8ANCIUBUM ) X0O0L
BUKOHAHHS NOULYKOBUX, DAMYBANIbHUX, MOHIMOPUHESOBUX 3A80AHb Y KPU30BUX PAIOHAX PIZHO20 XapaKmepy
NOXO0O0HCEHHSL.

Y memooi 3acmocosano idero Ounamiuno20 NpOPAMYEAHHA, SAKA NONAAE Y NOCAIOOBHOMY HOOINI
nOYAMKOBOI CIMPYKMYpU MPAHCHOPIMHOL MepedxCci HACeneH020 NYHKMY Ha HU3Ky niocmpykmyp. YV meosrcax
KOJICHOI nIOCMpPYKmypu iOULYKYEMbCSE pebepHO-IpOCmuil HAUOO0SWUI/HAUKOPOMUULL WISAX MIJNC NApoio
susHauenux gepuiun. 1100in cmpykmypu npooogicyemvcs 0omu, 00KU He Oyoe empaueno MmpaH3umueHy
38 SA3HICTb MIJC MOUKAMU 8X0QY I MOYKAMU 8UXO0O0Y i3 HOUWLYKY, BUSHAYEHUX Y CIMPYKMYPI HACENeH020 NYHKNIY.
CyKynHicmb OKpecleHUX eKCmpemalbHUux wiaxie ckiaoae Mapupymuuii nian Oisi NOULYKOBUX 2pyn Y X00i
nPOBedeH s HOULYKOBUX 3aX00i8, WO, 8 NEGHOMY PO3VYMIHHI, YNOPAOKOBYE NPOUICYBAHHS HACEAEHO20 NYHKNY.
3a ceoim xapaxmepom po3ss’szyeana 3adaya € NP-noenor, a pospobrenuii memoo Hanedxcums 00 Kiacy
xeazionmumanvrux. OOIPYHMOBAHO NOIHOMIAILHY OYIHKY 0OUUCTIOBANbHOI CKIAOHOCMI KOMOIHAMOPHO20
anzopummy, wo peanizye yet memoo.

Memoo po3pobneno ii 6uxnadeHo 6 mepminax meopii epaghie i meopii MHONCUH A HOOAHO Y CIAMI Y
Gopmanizosanomy suensioi. [lopsoox eupobuenns Mapuipymnozo niany nOuLyKoGUM SpYyRam 3a Yum Memooom
NOKA3AHO HA NPAKMUYHOMY CHPOUWEHOMY NPUKILAO.
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Memoo 3nauno 3meHwye mpyoogumpamu Ha 6UPOONEHHSA PAYiOHANbHO20 8aAPIAHMA NOULYKOBUX Oill i
npusHadeHutl 01 UKOPUCMAHHSA 8 OP2aHAX BilicbKk08o2o ynpasiinusa Hayionanvroi eeapoii Ykpainu nio uac
NIAHYBAHHS NOULYKOBUX 30X0016 ) NeGHOM) HACENEeHOMY NYHKMI HA 0e0KYNOBAHIll mepumopii Kpaitu.

Kntouoei cnosea: npouicysanHs, nowlykosi epynu, MyibMUA2eHMHA CUCmeMd, Mapupymu3ayis,
Mepedwcesuii 00 ’€Km, 36axCeHUli HeOPIEHMOBAHU (OpiEHMOBanUL) 2pagh, eKCmpemanbHi wWaaxuy, Kpumepit
onmumizayii, memoo.
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