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Excnepumenmanvhumu 00CAi0HCEHHAMU 3 BUKOPUCMAHHAM KOMN 1Omep-
H020 M00eN08AHH NIOMEEPOHCEHO, WO MONCIUBA OCKOMNOIUUISL CUMYAUT
30udicenns cyoen, wWo CKAANACA, HA NIOMHONCUHU, KOXNCHA 3 AKOi 610pi3-
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Ile 0o3s0n155€ cmeepdscysamu, wo ichye wimka 3anercHicmo 8ipoziono-
cmi 3imKkHeHns cyoen 6i0 ix HaaeHCHOCMI 00 PIZHUX NIOMHONCUN, AKA MOJHCe
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The research aimed at supporting the navigator’s de-

For safe navigation, the officer of the watch must have
adequate knowledge of the International Regulations for
Preventing Collisions at Sea, including rules of navigation
and maneuvering, in the event of an emergency situation,
when time flies quickly, and the situation changes instantly.
In a difficult situation, the navigator must be able to make
the only correct decision to avoid collision not only with one
but also with several ships.

In real navigation conditions in congested areas, contin-
uous monitoring of surrounding ships is required in order
to timely identify the situation of dangerous approaching.
Anticipating the occurrence of such a situation in case of
a change in the course and/or speed of the base and target
ships takes some time. Therefore, simple and reliable meth-
ods of analysis and forecasting that can be implemented
using modern computer navigation systems are necessary.
Such methods are needed to help navigators in making the
right decision in the event of dangerous approaching of sev-
eral ships. The required method should take into account
and analyze all factors of the current situation, differentiate
groups of ships by their safety/danger, and predict the devel-
opment of further changes in the navigation situation when
performing the collision avoidance maneuver.

cision-making to enhance navigation safety in view of the
growing speed of modern ships, as well as their number and,
accordingly, traffic density, should be considered relevant.

2. Literature review and problem statement

In [1], the procedure of choosing the maneuver of collision
avoidance of three ships is changed by changing the courses
under external control is given. The works [2, 3] are devoted
to the prevention of ship collisions by the methods of external
control of the collision avoidance process using a dangerous
area of ship speeds. But the issues of control beyond the zone
available for external control remain unresolved.

In [4], the system of coordination of collision avoidance
of three dangerous approaching ships is considered. It is
shown that the proposed coordination system meets the re-
quirements of Ashby’s law of requisite variety. Four areas of
mutual duties and behavior of each of the interacting ships in
the first area are determined.

In [5], the information system for the simulation of ships
with complex dynamic models is developed. This system will
provide a new type of maneuver planning and control the
implementation of the given maneuver.




The intelligent system for forecasting the ship motion
simulating the learning process of the autonomous control
unit created using the artificial neural network is discussed
in [6]. The main task of the system is to continuously moni-
tor ship parameters and forecast their values after a certain
time. It is possible to use the result of forecasting to warn the
navigator of an emerging threat.

The paper [7] deals with the identification of param-
eters of maneuvering models of ships using the recursive
least squares method on the basis of vector support ma-
chines. Modeling of ship maneuvering is a difficult task of
forecasting the ship maneuverability. Among several basic
approaches to estimating ship maneuvering models, system
identification in combination with the full-scale or free
model test is predominant. However, this method seriously
depends on the objects of study and initial values of the
identified parameters.

The multi-objective Ant Colony Optimization (ACO)
algorithm for ship’s trajectory planning is the subject of
research in [8]. This paper presents a new approach to path
planning for the ship in the environment with static and
dynamic obstacles.

In [9], it is shown that the ship collision risk index is the
main indicator of ship collision avoidance. Advantages and
shortcomings of different methods of calculating the ship
collision risk index are analyzed in this paper. According to
the considered model, the calculation of the collision risk in-
dex is constructed for situations of multi-commands of ships
in the form of a three-dimensional presentation of the spatial
risk index curve, which requires a single microcomputer
chip, which should be used for the decision-making system
to ensure safe navigation.

Due to incomplete or dominating information, ship
collision or dangerous approaching at sea, often caused by
a human error, as noted in [10], becomes an increasingly
important problem with the growth of maritime traffic.
The principles of complete external control of the collision
avoidance process are the basis of approaches to forming,
with the help of expert knowledge, safe ship trajectories, pro-
vided to navigators and ship traffic services. The author, in
contrast, proposes the procedure of ship trajectory planning
using specialized algorithms for their coordination through
preliminary agreements. However, the dependence on pre-
liminary agreements and ship traffic services, the great
influence of the human factor make it impossible to widely
use this technique.

Despite the practical significance of the results ob-
tained in the above works, the issue of preliminary forecast-
ing of changes in the navigation situation is not sufficiently
considered. The unresolved issue is the identification of
dangerous approaching to other ships during maneuvering
of the base ship.

Therefore, there are reasons to believe that the assess-
ment of changes in the navigation situation, which may
occur after the maneuver, before maneuvering will ensure
maneuver safety. Assessment of the predicted situation, pre-
vention of dangerous approaching, loss of time and resources
necessitate research in this direction.

3. The aim and objectives of the study

The aim of the study is to increase navigation safety by
developing means to support the navigator’s decision-mak-

ing on determining the safety of the planned maneuver of
collision avoidance with respect to surrounding ships.

To achieve the aim, the following objectives were set:

—to develop a simple and reliable method to classify
several target ships surrounding the base ship according to
possible threat such as dangerous approaching or collision;

—to determine, using the developed classification of
ships, the mechanism of forecasting the situation of dan-
gerous approaching to the third ships when performing the
maneuver of collision avoidance with a dangerous target ship
by altering the course and /or speed of the base ship.

4. Materials and methods of studying the interaction of
the base ship with the surrounding target ships

The local proximity of ships, which belongs to the control
area S, of the base ship and covers the surrounding area,
allows considering their set, which arose on the principle of
local proximity of ships and their belonging to the area S, [12].
Thus, the area, events and group of ships that are or may be
participants in the collision avoidance maneuver are the set
M at the current time.

Suppose in the navigation area of the base ship there are
n targets that create the set M (Fig. 1). The navigator’s com-
petence implies accurate characterization of the collision
safety situation and distinguishing of targets as dangerous
and safe but dangerous under certain conditions. The target
ships should also be divided into targets, for which standard
or emergency collision avoidance maneuver is required.

To analyze the current situation, information such as
bearing, distance, maximum allowable closest point of ap-
proach for normal and emergency maneuvering is used.
Additional information for full analysis is the time until
reaching the closest point of approach, the speed ratio of the
base and target ships, the closest point of approach i, and
the maximum allowable distance ;.

Therefore, to solve the problem, the following methods
were applied:

— theoretical mechanics for drawing up differential equa-
tions of ship motion;

— mathematical analysis for solving equations of ship mo-
tion and finding the dependence of ship motion parameters
on control actions.

In this case, each of the targets is characterized by the
position relative to the base ship — bearing o; and distance
[;, as well as the parameters of true motion with the speed
V; and course K;. The current situation can be formalized
using the n-dimensional vector Q, with each measurement ;
containing four components ¢;=(0;, ;, V;, K;). The situation of
approaching of the base ship with n targets can be formalized
as the set of targets M, the decomposition of which should
be conducted to analyze the emergence of dangerous ap-
proaching. The decomposition of the set of targets M should
be carried out depending on the risk of collision of the base
ship with each of them. The first set of targets M, (Fig. 2)
includes the targets C; that move away from the base ship Cy,
with any change in the course of the target of this subset and
constant motion parameters of the base ship, the distance /;
does not decrease.

The second subset of targets M, (Fig. 3) includes those
the distance 1; to which increases, but with constant motion
parameters of the target of this subset, for any course of the
base ship K, the distance I; does not decrease.
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Fig. 1. Group of ships in the navigation area of
the base ship Cy

Co

Fig. 2. Motion parameters of the base and target ships:
Ko=10°, V,=18 kn, K=350°, V=11 kn, a=300°

The third subset of targets M3 (Fig. 4) is also character-
ized by the fact that

G

Fig. 3. Motion parameters of the base and target ships:
Ky=10°, V\o=11kn, K=350°, V=18 kn, a=250°

Fig. 4. Motion parameters of the base and target ships:
Ky=10°, V\o=15kn, K=180°, V=18 kn, a=220°

The remaining subsets of targets are characterized by
the fact that the target ships approach the base ship, but
they can be differentiated on the basis of collision danger.
It is known that the degree of approaching danger of ships
is characterized by the maximum allowable closest point of
approach. In [11, 12], it is proposed to consider two values
of the maximum allowable closest point of approach for the
cases of normal and emergency maneuvering, which are re-
spectively designated through /;; and l54. The fourth subset
My (Fig. 5-7) includes the targets, the distance /; to which
decreases, but the closest point of approach [, is more than
the maximum allowable distance, that is, the relative motion
of ships is safe.

Further subsets include only those targets that create the
risk of collision. The next, fifth, subset M5 (Fig. 8) includes
the targets with which the ship is in the first area of mutual

duties. This means that at the moment the base ship does not
have to make the collision avoidance maneuver (for example,
its maneuver will be hardly noticeable).
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Fig. 5. Motion parameters of the base and target ships:
Ko=0°, V=14 kn, K;=0°, V=18 kn, a=120°
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Fig. 6. Motion parameters of the base and target ships:
Ko=0°, Vo=16 kn, K=90°, V=20 kn, a=250°
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Fig. 7. Motion parameters of the base and target ships:
Ko=0°, V=16 kn, K=180°, V=14 kn, 0=310°

The sixth subset My (Fig. 9) includes targets in the second
area of mutual duties, in which the base ship must give way, and
the target ship — follow with unchanged motion parameters.

In the third area of mutual duties, the base ship is obliged
to give way, and the target ship, if it deems it necessary,
can make the collision avoidance maneuver on its own. The
targets in the third area of mutual duties form the seventh

subset M7 (Fig. 10).
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Fig. 8. Motion parameters of the base and target ships:
Ko=0°, Vo=8 kn, K=270°, V=18 kn, a=18°

The eighth subset Mg (Fig. 11) is the targets in the fourth
area of mutual duties, the area of emergency maneuvering,
when both interacting ships must take urgent measures to
prevent collision.
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Fig. 9. Motion parameters of the base and target ships:
Ko=0°, Vo=10 kn, K=270°, V=20 kn, 0=42°
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Fig. 10. Motion parameters of the base and target ships:
Ko=0°, Vo=10 kn, K=270°, V=20 kn, 0a=50°
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Fig. 11. Motion parameters of the base and target ships:
Ko=0°, Vo=16 kn, K=270°, V=20 kn, a=50°

Thus, the set of the surrounding targets M contains a
certain number of subsets, at least one of them. The analysis
of the proposed decomposition of the set of targets M into
subsets shows that the decomposition is carried out accord-
ing to the following parameters:

1. The nature of changes in the distance between the base
and target ships (increase or decrease). By this parameter, the
decomposition into the subsets My, M, and M3 is performed,
which corresponds to the increase in the distance (0l;/6t=0)
and the subsets My, M5, Mg, M7 and Mg, for which 6/;/6¢<0.

2. The possibility to change the increase in distance by
maneuvering of the base ship or the target for 6l;/0¢>0, which
allows the decomposition into the subsets My, Myand Ms.

3. The ratio of the closest point of approach /i, to the
maximum allowable distance /4, which allocates the subset
My, for [iin>14 from M5, Mg, M7 and Msg.

4. The belonging of the target and the base ship to a
certain area of mutual duties, this parameter is used for the
decomposition into the subsets M5, Mg, M7 and Ms.

We give analytical expressions for the decomposition
of the initial set of ships M into subsets according to
the considered features. In [11, 12], it is shown that for
cos(Kyi—0,)>0, the current distance between the ship and
the target is reduced, and for cos(K,;—a,;)<0, the current
distance increases. Therefore, for the decomposition of the
initial set, it is necessary to perform the analysis of the sign
of the expression cos(Ky;—a,;) for each of the targets. For
the targets with cos(Kyi—a,;)<0, that is, for the subsets
M, My and M3, the parameter of the subsequent decompo-
sition is the possibility to change the sign of the expression
cos(Kyi—ay;) by changing the course of the target or the base

ship. If the target speed V; does not exceed the projection of
the base ship speed Vj on the bearing direction, the target
will not be able to reduce the distance to the base ship, that
is, the expression V;<Vj cos(K,—a,;) should be fair.

In this case, the target corresponding to the above con-
dition belongs to the first subset M;. Similarly, the base ship
will not be able to reduce the distance to the target if its speed
is less than the projection of the target speed on the bearing
direction, that is: Vy<V; cos(K,—0.,;). Obviously, all the targets
for which this relation is valid belong to the subset of the tar-
gets M. If the target parameters do not satisfy either of the
conditions Vi<V cos(K,—a,;) and Vo<V; cos(K,—ay;), then
the target belongs to the subset M3, when the maneuver of
the base ship or the target may reduce the distance that first
increased. Further decomposition involves obtaining subsets
of the targets that approach the base ship. The corresponding
parameter is the ratio of the closest point of approach i,
and the maximum allowable distance [;;. Moreover, if the
inequality [nin>li4 holds, the target refers to the subset M.
Taking into account that the closest point of approach [y, is
determined by the known expression [11, 12]:

limin:lm' Sin(Koti_ani) (1)

the condition of belonging of the target to the subset M;
takes the form:

Im' Sin(Koti_ani)>l1d- (2)

If the given condition is not met, the target belongs to one
of the subsets M5, Mg, M7 and Mg that characterize the targets
that create a collision risk. The belonging of the target to one
of the four subsets determines the area of mutual duties of the
base ship and the target. As an example, characterizing the
further decomposition into the subset M5, Mg, M7 and Mg, the
ratio of the time of the closest approach t;y;, to the i-th target
with the values ¢, t;» and ¢;3 is used. The values t;, t;» and ;3
depend on the maximum allowable distances /i, and Iy, as
well as on motion parameters and relative position of the base
ship and the i-th target. It is known [11, 12] that:
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where V,; is the relative speed with the i-th target.
If the following inequality holds:
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the target belongs to the subset M3;.
If the following inequality holds:
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the target belongs to the subset Mg, characterizing the sec-
ond area of mutual duties of the ships.
If the following inequality holds:

L, cos(K,,—0.,)
io>
\%

oti
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the target belongs to the subset M7.



The belonging of the target to the last of these subsets
Mg is determined by the inequality:
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belonging to the targets in the area of emergency maneu-
vering.

5. Results of the study of decomposition of the set of
targets for preliminary forecasting

Thus, each of the targets surrounding the ship belongs to
one of the considered eight non-intersecting subsets, ordered
by the degree of danger, targets belonging to the ship.

The next step in analyzing the situation that arose in
a certain area based on the principle of local proximity of
ships, with the approaching of the base ship to several targets
is the choice of collision avoidance maneuver. When choos-
ing a maneuver, consideration should be given to a change in
the belonging of ships to different subsets and the possibility
of new dangerous targets that require standard or emergency
maneuvering to prevent collision.

Consider the situation shown in Fig. 12, where the base
ship Cy, in accordance with rule 15 of the COLREG-72,
should give way to the target ship Cjo. Following rule 8 (c)
of the COLREG-72, the base ship must alter course to star-
board to avoid collision with the ship C;, (Fig. 10).

In the situation shown in Fig. 12, there is a likelihood of
dangerous approaching to the target ship Cy after course al-
ternation. The target ship Cy, which belonged to the fourth
subset My, changes its belonging from the subset M4 to Ms,
Mg, M7 and Mg. The belonging to the subset depends on the
closest point of approach and the ratio of the time of the
closest approach.

The consistent implementation of the maneuver of collision
avoidance of the base and target ships, in accordance with the
COLREG-72 rules, in the situation (Fig. 12) with several ships
in the maneuvering area will result in moving of the base ship
to its original position. In this case, a situation of repeatability
occurs (Cot, Coa, Cos, Cos, Cos, Cog, Fig. 12), which returns the
risk of collision of the base ship with the target ship Cj.
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Fig. 12. Maneuvering of the base ship Cy to prevent collision
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Consideration of a group of ships as a set, the decom-
position of which can be carried out by dividing the target
ships into subsets on the basis of danger, allows preliminary
forecasting. Exactly preliminary forecasting, because if we
are talking about forecasting, we mean the possible develop-
ment of the current event that occurs or has occurred. Pre-
liminary forecasting is absolutely different. This means the
possible development of an event that has not yet occurred,
but only is planned in the current period of time.

Preliminary forecasting will allow choosing the right
collision avoidance maneuver, preventing repeatability and
turning into a dangerous approaching position.

6. Discussion of the results of the study of preliminary
forecasting of dangerous approaching based on
the belonging of ships to certain subsets

The application of the above method of ships decomposi-
tion requires consideration of dangerous approaching factors
and differentiation of ships on the basis of safety/danger. The
use of modern computer software will provide the effective-
ness of preliminary forecasting. All this will make it possible
to predict the belonging of each ship in a group to a certain
subset My_g for any change in the base ship course.

Assessment of the possibility of the dangerous ap-
proaching situation when planning the collision avoidance
maneuver in a group of ships is carried out by forecast-
ing the development of approaching danger in case of a
maneuver, that is, before maneuvering. Such forecasting
allows choosing the type of maneuver, namely collision
avoidance by changing the course, speed, membership of
target ships, for each possible value of the course of the
base ship. The choice of collision avoidance maneuver,
namely the avoiding course and/or speed, is the subject of
further research.

Fig. 13 shows the principle of determining the danger of
target ships on each of the possible courses of the base ship
by referring them to certain subsets My.gand the emergence
of sectors on the basis of danger. The sectors (A, B, C, D)
that arose on the basis of belonging of the target ship to a
certain subset, characterize the presence of the threat of
dangerous approaching and its degree. The boundaries of
the sectors (A, B, C, D) are the limits of the change in the
belonging of the target ship to a certain subset determined
by the proposed analytical expressions of conditions and
can be calculated in advance for each possible course of the
base ship. All this allows planning a collision avoidance
maneuver, the essence of which is to prevent the target
ship from entering the subsets Mg, M7 and Mg on a certain
course of the base ship.

Fig. 14 shows the fragment of the approaching situa-
tion, discussed in Fig. 13, which shows the change in the
belonging of the target ships Cj» and Cy to certain subsets
in the group of ships during maneuvering. The target ship
Cy» changes the subset M7 g for the subset My, and Cy; — the
subset My for the subset M7 gin case of change in the course
of the base ship. The change in the belonging to subsets can
be calculated in advance, with a certain step, for each of the
possible courses of the base ship.

In Fig. 14, the numbers 1, 2, 3, 4 indicate the lines of rel-
ative dangerous courses that should be avoided and in which
there is a change in the belonging to certain subsets.

Preliminary analysis will allow saving time, fuel, motor
resources and avoiding dangerous maneuvering.

After analyzing the situation with the participation of
several ships, we predict the further change in the belonging
of ships to the subsets described above. The emergence of a
new threat of collision with other ships, when performing the
collision avoidance maneuver by course alternation, shows
that the collision avoidance maneuver by speed change, in
order to prevent collision, will be the only correct decision
in such circumstances.



Thus, the obtained analytical expressions of the con-
ditions, under which the target ships belong to different
subsets by danger and its degree, can identify the emergence
of dangerous approaching when maneuvering in a group
of ships. Such identification solves the issue of preliminary
forecasting of changes in the navigation situation and en-
sures the safety of the planned maneuver.

INITIAL COURSE LINE
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Fig. 13. Determination of the danger of target ships on each
of the possible courses of the base ship
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Fig. 14. Change of the belonging to subsets during
maneuvering

In contrast to the existing means to support the nav-
igator in difficult maneuvering conditions, with a lack of
time to make a decision, the proposed method considers
maneuvering in a group of ships. The proposed method
gives the opportunity to choose a maneuver of collision
avoidance, taking into account the subsequent change in

navigation situation, not with one, but with several ships
at the same time.

However, when performing the turning maneuver, it
should be taken into account that the closest point of ap-
proach is less, and the approaching of ships can become
dangerous, since the inertia of the ship when turning is not
considered. Under the influence of inertia, the ship with the
target will separate not at the maximum allowable distance,
but by the amount of inertial wear closer.

The consideration of the ship inertia when performing
the collision avoidance maneuver and the development of a
method for choosing the avoiding course and /or speed while
maneuvering in a group of ships is a promising direction for
further research.

7. Conclusions

1. The conducted studies revealed the mechanism of
analysis and forecasting of the development and change of
the situation of dangerous approaching of ships in the navi-
gation area of the base ship in the presence of several target
ships. The analysis and forecasting can be realized through a
methodology that lies in considering a group of ships formed
on the principle of local proximity and belonging to a partic-
ular navigation area S as a set M. Consequently, it is possible
to decompose a set M into subsets based on the danger of
target ships to the base ship and argue that identification of
dangerous targets before the maneuvering will enhance the
safety of navigation.

2. The method for analyzing the current situation of
maneuvering of the base ship in a group of target ships is
developed. The application of the analytical expressions
of the conditions, under which target ships refer to differ-
ent subsets based on danger, makes it possible to obtain a
preliminary forecast of dangerous approaching or threat of
collision with other ships.

The practical significance of the results obtained is the
possibility of implementing, with the help of a computer
program, this methodology with further integration into the
complex of an automated navigational bridge. Such a program
will promptly inform the navigator of the danger of approach-
ing of the base ship with any of the ships in a group on each
of the possible courses without maneuvering. The proposed
methodology will also allow characterizing the degree of
approaching danger: it can be dangerous on certain courses;
dangerous — requires a collision avoidance maneuver: danger-
ous — requires an emergency collision avoidance maneuver.
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Posznsoatromocs numanns niompumxu npuinamms piwienv npu
po3pobui nnany pozeumxy 6y3y. Lle séaxcaueo, momy wo cyuacui men-
Oenyii pozeumxy opeanizauii 6uwloi 0C6IMU NOCMIUHO 3MIHIOIOMbCA
i yckaaonoomoca. Ynpasiinna 0peanizayicto 6 CYHACHUX Ymoeax
cmae adanmuéHum, 6UNEPeONHCYEAILHUM, CIPAMEZIMHUM, WO 6UMA-
eac nepeensndy incmpymenmis ynpasainna. Ocnogoro cmpameeziuiozo
NAAHYEaAHHS BUCMYNAE THOUKAMUBHE NIIAHYBAHHSL, SKe 6 CE010 uepey
€ opmoro, supiumanviioro npooaemy nedockonanoi inpopmauii vepes
noxaznuKu, wo onucyromv 06'ckm, npouec ato seuuwe. Edpexmusne
YNPasaiHHs OiANbHICMIO 6UWL020 HABUAILHO20 3AKNA0Y 8 PAMKAX NIA-
HYyeanus exaouac Qopmu i memoou popmyeanns cucmemu nokas-
HUKie, w0 6i006pa3caromv Kapmuny cmany opeanizauii.

IIpouec po3pobru nnany pozeumxy ynigepcumemy CmMuKacmocs 3
npo6eMol0 6uOOPY i PaAHICUPYBAHNA NOKAZHUKIE POIGUMKY SUWL020
HABUANILHO020 3aKIA0Y, OXONTIOE K MaAMePialvhi, max i Hemamepiaiv-
Hi cmoponu i € 6azaMoKpUmMepiaiIvHOi 3A60AHHAM NPUIIHAMMI Pluletb.
s eupimenns uvozo 3asdanns neobxiono eudpamu memoo 0ns nio-
mpumKu nputinamms piuwenv 01 QopmMyeanns cucmemu iHOUKamue-
HUx noxasnukie. OuiHI06aAHHS IHOUKAMUBHUX NOKA3HUKIE 301UCHIOEMb-
¢ uepe3 no6y0osy KozHIMUGHOI Kapmu, anpioprozo PAHNCUPYEaAHHA i
Memody ananizy iepapxii i3 3aayueHnam excnepmie 3i cpepu ynpae-
JUHHS 6UU010 0C8IMoto. Ompumani pe3yrvmamu nopieHIOIOMbCS 3 Ypa-
XYyeannam nepesaez i Hedonixie oopanux memodis. Ilpuiiname piwenns
w000 eubopy Memody opmyeanis NOKA3HUKIE NONA2AE 6 CNINLHOMY
suxopucmanni memody ananizy iepapxii ma no6y0osi xKoeHimueHoi
xapmu. Ilpu zibpuonomy sacmocyeanni memodié 6paxo8yemvCs 63a-
EMHUI 6NUG NOKA3HUKIE 1 6i0N0GIOHICMb NOKA3HUKIE HANPAMKAMU
po3eumxy yHisepcumemy. Anpiopne pawicy8anns ons Qopmyseanms
NOKA3HUKIB 3aCMocosyeamu HedouilbHo, max axK eiocymui oani npo
cninbHe 6NUG 00U HA 001020 0EKIIbKOX 00CNI0HCYBAHUX NOKAZHUKIG.

Pezynvmamu 0ocniodncenus cnpsamosani Ha CnpouleHHs npouecy
npuiinamms piwens 6 nNaAAHYEanHi: 00K 8Y3bKUX MICUb NPU PO3POOUI
naany po3eumxy, nideuuienis axocmi pobomu i nasuanns, epexmuene
BUKOPUCAHHS MAMEPIATLHUX | HeMAMEPiaTbHUX PeCYpCis

Kmouogi crosa: ouinka, cucmema, noKkasHux, ynpasiinus, cmpa-
mezis, pO36UMOK, iEpaApPXis, KOZHIMUGHA KapmMa, PiuleHHs
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are becoming more relevant. The lack of marketing research

into local labor markets, reliable forecasts of the state of ex-

The problems related to ensuring the quality of higher  ternal environment for a regional university is accompanied
education and sustainable development of regional higher by non-coordinated numerous units of universities in the
educational establishments of the Republic of Kazakhstan  formation of tasks and activities. Ambiguous assessment of




