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Abstract—Despite considerable efforts and resources, expended on soft-, hardware and organizational
facilities for navigators’ development, it is required to increase the level of navigators’ skills, familiarize
them with the functions and limitations of ship’s equipment. Building a harmonized cooperation between
the members of bridge team is one of the most important tasks even for the well-educated and skilled in
ship handling officers. A problem of sea transportation safety improvement through increased quality of
navigators’ simulator training is considered in current article. A critical review of IMO model courses
and their use for the tasks of navigators’ simulator training was performed. These recommendations
pursue the purpose of standardization and unifying the bridge team training in accordance with STCW
1978/ 2010 convention. The main navigational tasks were classified, their formalized form end solutions
represented. Because time constant and time of delay do not depend on the decision’s responsibility level,
it is possible to consider them as the characteristics of a definite Bridge Team member. These
descriptions are determined by the simple experiments of reaction on the known signals and it is possible
to get the model of Bridge Team behavior depending on the decision-making risks and external
indignations. It was suggested to use safe sailing probability function as the criterion of navigator’s
competence. The essential point in the article is the transition from partial criteria for evaluating the
navigators’ work to the assessment of the average risk as a single criterion, which makes it possible to
assess objectively the prospects of using a definite vessel crew. The implementation of a risk minimization
strategy leads to a sequence of steps which allows to achieve an optimally safe trajectory. It was
suggested to use Pontryagin’s maximum principle on an optimum route plan, thus the task turned to the
standard task of optimum operation speed of the linear system. A structure of optimal solution for bridge
team simulator training is defined. A training complex structure conmsisting of visualization complex,
where an external situation is designed, Bridge Team members’ workplaces, data bases of vessels’
dynamics models, navigation database, bases of indignations models and instructor’s workplace was
suggested.

Index Terms—Simulator training; bridge team; preliminary route plan; optimal route; full-mission

bridge; exercise scenario; decision making; optimal control.

I. INTRODUCTION

In spite of substantial slump in a world economy
for the last decade, a marine transport remains a
leader on volumes and cheapness of cargo
transportation. Safety of navigation remains the
issue of the day, and “human factor” — a principal
reason of failures and catastrophes on a transport.
The most catastrophic consequences have the errors
of navigators who are responsible for a safe
management of a vessel.

One of the methods to decline the probability of
navigators’ errors is their training in the conditions
of modern centers of seafarers’ retraining. However,
despite considerable efforts and resources, expended
on programmatic, technical and organizational
facilities of preparation of navigators, emergency
situations are not rare on a fleet.

Such situation requires to increase the level of
navigators’ skills, their familiarization with the

functions and limitations of ship’s equipment,
building a harmonized cooperation between the
members of bridge team who see each other,
possibly, first time in life.

II. REVIEW OF PREVIOUS RESEARCHES

There is a great number of different
programmatic and technical facilities on a market,
providing teaching and achieving knowledge and
skills by crews. The basis of these systems are
various trainers and simulators [1], differentiating on
purpose from the design of wheelhouse to the design
of work with separate aggregates.

Only the full size training simulators fulfill the
Ukrainian [2] and international legislation on
working off the cooperation of bridge team and ship
systems, approximately to the real object (a vessel).

A variety of tasks can be decided on such trainer
complexes, from a direct navigation in the situations
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of close quarter [1], maneuvering at a search and
rescue, to the tasks of the complete passage along
the route.

Nowadays there is a row of the specialized
courses on preparation of bridge team members:
Maritime Resources Management, Bridge Team
Resources Management, Master-Pilot Relations
Course, conning the large-capacity vessels etc. The
majority of them are based on model courses,
developed by the International  Maritime
Organization (IMO) with the purpose of
standardization and unifying the training of bridge
team in accordance with STCW 1978/ 2010
convention. For example, model course 1.22 “Ship
Simulator and Bridge Teamwork” [3] pulls out
requirements to the equipment and personnel, to
conduct teaching of bridge team members. Besides
technical skills of ships handling, a competence to
organize execution of watch and co-operation of all
of the persons involved is included in this course [4].
However this and analogical model courses do not
describe the detailed procedure on how to assess the
competence of the learner, as well as that, on what
principles an instructor must carry out the generation
of scenarios.

The legs of preliminary route plan Gdynia —
Vallvik by multi-purpose dry-cargo ship “HC Bea-
Luna”, prepared by the navigation mate, are shown
on a Fig. 1.
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Fig. 1. A reflection of ship’s route in Transas ECDIS
Demo software environment

As possible to see, the real track of a vessel does
not coincide with the lines of general courses of
preliminary route. It is possible to draw a conclusion
from it, that a preliminary route was not optimum,
and/or the officer of the watch (OOW) made a miss
in the maneuver calculation. Also probably, that a
calculation was made thus because of additional
external indignations (state of sea, collision avoiding
with other vessels or floating navigational danger
etc.).

The functionality of ECDIS (electronic chart
display and identification system) TRASAS NAVI-
SAILOR 4000™ allows to write down tracks and
routes of the real vessels, presence of AIS targets
within the limits of action of VHF radio waves. If a
connection exists, the system can additionally fix the
action of wind, rudder angle, heel of ship and other
navigational information. The analysis of this
information allows to study the navigator’s
performance during bridge team training.

Thus, there is a hardware-software complex
which enables to estimate the base competence of
navigator/instructor by the construction of optimum
route and conning the ship on it. The next level of
training must be conducted with the use of full-
mission simulators and the learners co-operation as a
bridge team with the conditions, maximally
approximated to the real [5].

III. PROBLEM STATEMENT

A task of research is to ground and develop the
methods and means of bridge team simulator
training, taking into account the requirements to
decline the accidents rate in shipping. It can be done
by developing the existing training complex control
system and improving its automation level.

IV. BRIDGE TEAM DECISION-MAKING

First of all it is necessary to divide the classes of
tasks into the task of base preparation of navigators,
which is used for execution of independent watch
and task of collective watchkeeping in the enhanced
bridge team (master, pilot, OOW, lookout,
helmsman, etc.). The first task can be taught
individually with the use of small simulators under
control of instructor. It has an aim to acquaint the
skills of work with ECDIS, decisions of tasks on a
maneuver board, mastering the features of specific
mathematical ship’s model behavior. The second
task must be performed by a full bridge team on a
simulation complex with complete visualization and
has a task of achieving skills of the concerted work
and its organization for each member to the extent of
his position.

It is possible to consider a simulator training
complex as a model of the information-control
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system of ship from a navigation bridge. It is thus
necessary to take into account that regardless of
ship’s automation level, the bridge team members
carry the responsibility for the results of realization
of control, and responsibility for organization of
work remains after a master [6]. Therefore, further
will examine an ambivalent task: base competence
of navigator and his capacity for the arranged work
as a member of the bridge team of distinctive type of
ship (Table I).

Model of decision-making dynamics by a
navigator, as an operator, is usually described by the
dynamic system [7]:

X:Ax+Bu+Qg,}

y=Cx. (1)

where the vector of the state x is described by
development of decision-making process. A control
and indignation g are describing the input
influences, and a vector y is describing the level of
decision’s readiness. Matrices 4, B,C,Q describe
the linear dynamic system in a state space.

Taking a closer look on a vector model, it is
necessary to take into account the difficult decisions,
which have few associated components. Possibly
such approach differs from generally used [8], but it
is more perspective, in our opinion. It is thus
necessary to take into account that there are delays
in a model (1). First of all it is a delay of perception
of information 1, and delay of decision

Consequently, for the ith
member of bridge team achieve a model:

Xi ()= Aixi () + Biui(Z + Tui) + Qigi(t)7 2
y,(t+1,)=Cx,(0). &)

implementation T,.

It is necessary to take into account the level of
made decision responsibility y *; :

X,()=4x,@)+Bu,(t+1,)+0g (),

y,(t+1,)=Cx,(0), ©)
Yy, it ay,y*)=0
YrZo it ay.y*)<0 |

Distance between vectors is determined by
a(y,,y,) metrics, accepted in this task. The
dynamic’s model of control step execution by bridge

team is a sequence of decisions’ acceptance and
implementation operations:

y]r"“ﬂym’
u,g,....8,.

4)

TABLE 1. NAVIGATORS’ TRAINING LEVELS
Competence “Base” “Bridge team”
. Small Full-sized training
Equipment .
simulator complex
E an 1))
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Besides, the plan of management forming in jth

situation is determined by the sequence of channel’s
commutation of transferred information:

u] K]] K12 K]n y]

Wl K, K, @ K,|v,
un Knl Kn2 Knn yn
: (5)
ki, k, : k,
k2] k22 k2m
K=o T kelo
km] km2 kmm

Thus, setting the sequences of decision-making
by bridge team members, it is possible to get the
expected time of reaction at the set levels of
decision-making responsibility. At the same time, a
decision-making level is determined by the expected
losses or an average risk of negative decision. Such
a way, in a vessels’ collision avoidance situation,
there can be the following actions: x, is the rudder

to port with probability B; x, is the rudder to

starboard with probability P,; x, is the increase the
speed with probability A; x, is the reduce the
speed with probability P,. Besides, a decision x,
defines the consumptions C; with probability P. In

such a manner, the expected losses it is possible to
receive as a mathematical expectation [12]:

5=M{C}=iCiPi. (6)

Thus, it is possible to estimate the expected risk
of maneuver execution negative consequences,
which is less than maximum and can serve as an
assessment of navigator’s decision.

The bridge team decision’s optimality on the
situation u, and indignations g,,...,g, , is estimated

by the expected expenses; and actually a decision
must be received as a solvation of an optimization
task in finding the minimum expected risk:
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© 5 minC. (7)
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After the series of tests, estimating probabilities of
making a decision, can define the expected risk, as an
assessment of decision made by a navigator.
Naturally, different passage conditions are
accompanied with different risks, that results in

decision’s responsibility level assessment y;, for the

expected expenses C and at maximal expenses
C

max °

y"——(7
C

max

(®)

Then for one component of decision the
estimation of decision-making time #, can be certain

on the maximal module of root A, . Taking into

account that 7, =1/, , achieve:

mi

" 9)

Because permanent time and time of delay does
not depend on the decision’s responsibility level, it
is possible to consider them as the characteristics of
a definite member of Bridge Team. These
descriptions are determined in the simple
experiments of reaction on the known signals time
determination. Thus, it is possible to get the model
of Bridge Team behavior depending on the decision-
making risks and external indignations, which it is
necessary to attribute to the input controls.

The Figure 2 shows the function of expenses
correlated to the planned route, which shall be built
beforehand at preparation of task stage.

Fig. 2. Function of expenses on the preliminary route plan

It is necessary to take into account that at
drawing the expenses function, it is necessary to

correlate deviations from a preliminary route plan
and condition of sailing. Therefore, a deviation dX
will cause different expenses C on deep water and
in shallow waters. Setting the expenses function is
free, but most rationally is to utilize the branches of
quadratic functions, different for a port side
deviation 4 >0 and starboard side deviation 4 <0:

C, +r.dh’

(10)
C,+ r dh?

Chy= if h>o}

if h<0

A risk estimation and probability of the accident-
free sailing P can be made based on statistical data
of passing vessels for definite water area analysis, or
by analytical calculations [10]:

D2
P=1- exp(—m}

where D is minimum distance from the ship’s
hull to the nearest navigation danger taking into
account the trajectory of motion and position of
ship’s hull on it; M it is a radial mean square ship’s
positioning error when sailing near a danger. The
estimation of deviations from optimum trajectories
which can be unimportant must take a place taking
into account a real traffic and external indignations.

The second feature of navigator’s preparation
task is its complication [9]. Will consider forming of
control for the Bridge Team of four persons. In this
case, the command’s injection and execution will be
detained consistently by four dynamic systems (3).
Therefore, the control is principally built as
optimum with a prognosis, analysis of model and
adjustment. Besides, if the functions of prognosis
and analysis of model are attributed to the seniors in
the Bridge Team, adjustment is executed as
stabilizing of the command’s parameters. This
division does not depend on the automation level of
a vessel. Thus, analyzing the activity of Bridge
Team with the purpose of forming best training
terms, it is necessary to review the decision of
optimum control task with an asymmetrical
quadratic objective function and set limitations.
Such task provides the initial and eventual
waypoints or trajectory in the case of tasks of
piloting, and degenerates in a differential game with
an indefinite opponent in the collision avoidance
task. No less difficult is a task of maneuvering in a
water area, where it is required to take the dynamic
properties of ship and her circulation parameters into
account.

For the first case, the control is related to the task
of dynamic object optimum control with forming of
control by the difficult dynamic system [11]:

(11
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u,, (1), n'(£) > min J(W(2), n(2), u(?)),

n=An+ Bu+ Qg, (12)
) =n,, @) =n,;

X, () =4x,)+Bu,(t+1,)+0g )
y](t""cc]):C]X](t)

g Yoo a(yI,Y*l)ZO}

0 if a(y,,y*)<0

: (13)

X,)=4x,(O)+Bu,_ (t+1,)+0,8, (1)
y,(t+1,)=Cx, (1)

Y ifa(y,.y*,)20
L 0 if a(y,,y*,) <0}

At the same time, the sailing limitations must be
fulfilled:

N e %(n)} (14)

n»eo_(m)
Considerable and irregular delays make the
feedback forming a complicated problem, and as a
result, the task of optimum operation speed or

optimization of the control expenses must be
solved [12].

V. BRIDGE TEAM TASKS FORMALIZATION

The Bridge Team solves the followings basic
optimization tasks:

1)A route planning — a task of risks
minimization. The task of determination links

multitude (xo,xl )l. giving a minimum risk C for the

set of acceptable values of ship’s coordinate x and
the set of limitations, formed by the sailing

conditions (p(x) is set:

(x;,xT)iT)mina
xeX,,
X, no(x)=2.

(15)

2) A task of planned course alterations is an
isoperimetric task with the chosen control resource
[13]. The aim and limitations in a form of a
functional lead to a task with limitation of equality
type and Lagrange method application. In this case
for the aim functional and limitations:

J{x(0),5(0), 1} = j F(x,%,0)dt,
- (16)
H{x(0), 200,13 = [w(x, %,0)dt =0,

l

the functional of Lagrange is generated:

L{x(t), 5(0), 6} =, j F(x,%,0)dt + 2, j w(x,x,0)dt

) )

- j O F (x, %,0)dt + Ay, %, 1)) dt

l

(17)

- j L x, 5,13t

ty

The necessary condition of optimum contains the
requirement of a zero variation of Lagrange
functional: SL(A,x,x',t)=0,t€0(,,t,) , that gives
the pair of terms:

68J {x(1), x(1), 15, =0,

8T {x(1), (1),1}, =0 > j yinde =0, 1)

)
The solution of the achieved system allows to

find an extremal if taking into account the boundary
conditions. The heading angle ¢ is changing in the

case of gyration. Taking into account the
mathematical model of a vessel for the change of
heading angle A¢ can write down:

A(p:].ﬂdt
dt

0
T 5
CzJ. dzp+alﬂ dt
o\ dt dt

Consequently, the functional of Lagrange, in this
case, looks like:

T ) T d 2
L= ‘([F((p,(p, C,, M)t =£ K?‘f + co) + kocp} dr. (20)

(19)

After the use of Euler’s condition get:
1,
o(t) =Zt + ¢t +c,,

9(0) =0, } @
o(T) =Ag.

Thus, receive a trajectory, which minimizes the
expenses, included in the risk assessment.

3)A4 task of deviation (Pontryagin’s task) is
formed by an optimum response speed of the linear
system [15], [16]. In this task it is required to
transfer the linear system from one state to another
for the shortest time. This task is put as a task of
Lagrange in general case:
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(x',u’,t") > inf J(x,u,t) = J‘t' So(x,u,0)dt,

ax(t) .
—=x=f(x,u,?),
p” (x,u,7) (22)
dimx =dimf =n,
x(4)) =X, x(4) =X.

The objective functional has the special convex
properties (strictly convex, i.e. quasiregular or
regular) and requires complete controllability
limitations from the dynamic system. Thus, get the
task of the convex programming. The convex
conditions allow to apply the theorem of Kuhn-
Tucker for Lagrangian:

L(x',u, M) < L(x',u',A) < L(x,u’,)").  (23)

Taking into account the identity of extreme
properties of Langrangian and Hamiltonian, let us
write down the condition of Kuhn—Tucker in terms
of Hamiltonian:

H(x',u,\)<HXx',u',M)<H(x,u,A"). (24)

Further form direct and dual tasks with the
division of state and control variables. The condition
of convex for determination of three unknowns gives
four connections. Consequently, it is possible to
simplify a task, eliminating the “inconvenient”
connections.

Pontryagin Principle of a maximum:

OH  d\
ox dr
OH dx
o dr
9 _y

ou

x'—,_, min H(x',u’,")

u' — . max H(x',u’,.)

(25.1)
Principle of Bellman:
aH__a
ox dt’
u' — . max H(x',u’,1),
Ay,
ou (25.2)

Thus achieved a principle of maximum of
Pontryagin on an optimum route plan, where at an
optimum control Hamiltonian arrives at the
maximum. As the task is turned to the standard task
of optimum operation speed of the linear system, it

is possible to use the known solution [16], [17] to
describe the turn angle @, at gyration:
d* B
dr’

kqu, |u(t)| <1,

it 1e(0), w=-u,, t=|2 (g
kS
u =

if te(t,t), u=+u,, t,=2 |2,
kS

On a Figure 3a the graphs of speed of turn land
controls 2 are shown. On a Figure 3b the trajectory
of a ship is shown at an optimum speed operation
control.

Thus, the task of navigator at the urgent course
alterations is very complicated and requires
determination of three moments: wheel-over time,
gyration-starting time and time of control cease
(easing the rudder).
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Fig. 3. The control diagrams and trajectory of ship at an

optimum speed operation control: (a) a diagram of speed

of turn 1, and controls 2; (b) trajectories of gyration with
minimum time

4) Task of course-keeping (task of Bellman) [17],
supposes minimization of quadratic function for the
linear system:

I(u) = {[(PT (OPO)e(t) +u’ (HODu(r)]dt @7

+o(T)" Re(T),

where matrices are positively certain. Utillizing the
control stationary condition find the form of
optimum control:

OH
—=0->B"(Co+C"@)+2Qu*
u (Co+C o)+20 (28)
=0 > u*=-0"'BCo.
The achieved expression allows to find an
optimum control for every current y(z) , however
C(¢) matrix is unknown and can be found from the

Riccati’s equation solution:
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Z—f+CA+ATC—CBQ“BTC+P:0. (29)

Thus, the solution of this task is the adaptive
proportional adjustment.

5) A task of collision avoidance is a game with
risk minimization and indefinite strategy of an
opponent. A risk C of decision-making is here
minimized at the expected actions of ship,
presenting a danger. Realization of risk
minimization strategy leads to the sequence of steps,
realizing an optimum-safe trajectory.

VI. BRIDGE TEAM SIMULATOR STRUCTURE

Relying on the tasks considered higher, it is
possible to form the structure of training complex of
Bridge Team (Fig. 4).

A training complex consists of: visualization
complex 1, where an external situation is designed,
workplaces of members of Bridge Team 2 — 4, data
bases of vessels’” models dynamics 5, navigation
database 6, bases of indignations models 7 and
workplace of instructor 8 [18].

To generate the basic navigation tasks, as shown
above, the different mathematical facilities are
needed. Route planning task 9 requires not only a
navigation set and legend but also statistics of
passing the route, which allows a navigator to
estimate risks as a basic criterion. The task of course
keeping additionally requires the use of ship’s
dynamic model, which is formed from the separate
module 5.

( 1 Visualization complex )

9 Route planning task
resource

-

10 Course alteration task
resource

11 Course keeping task
resource

12 Collision avoidance task
resource

Fig. 4. Bridge Team simulation training complex
structure

More complicated problem of vessels collision
avoidance requires not only work of all Bridge Team
but also the proficiency of navigator. This task is
supported by separate software block 12. The
necessary arrays of the navigation facilities, models

of vessels and models of indignations contained in
bases 5—7. The place of instructor is segregated with
its system of assessment and control 8. Actions of
instructor practically not have limitations, but the
rules of assessment are formed on his expert opinion.
Accordingly, for the observance of adequacy of
scenario to the real sailing conditions, this module
requires upgrading.

VII. CONCLUSIONS

The Bridge Team simulation training is an
efficient facility to decrease the influence of “human
factor” on water transport incidents level.

The functionality of existing soft and hardware
means of training complexes fully satisfies the
requirements of IMO model courses and Ukrainian
legislation. However, these regulations do not
contain any strict procedures to create the exercises
scenarios and the principles of students’ assessment.
Such a situation does not allow to improve the level
of Bridge Team training automation and to facilitate
an automated unbiased competence assessment.

A method of Bridge Team competence
assessment, based on safe sailing probability
function and minimum risk is suggested. The
represented formalized form of the main navigation
tasks allows to calculate the risk function for
different scenarios and to build an estimated losses
function on each leg of a preliminary route.

The existing structure of Bridge Team training
complexes does not allow to use fully the resources
of it’s data bases and overloads the instructor.
Therefore it shall be upgraded using the suggested
solutions.
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MiATOTOBKH KOMAaH/IM X00BOI'0 MiCTKa

HesBaxkatoun Ha 3Ha4HI 3ycWIUIs 1 Pecypcd, IO BHTpPAayalOThCS Ha TMPOrpamMHi, TEXHIYHI Ta OpraHi3amiiiHi 3acodu
MiATOTOBKM IITYpMaHiB, HEOOXIJHO MiJBUIIYBAaTH piBEHb HAaBUYOK INTYPMaHIB, 3HAHOMHTH iX 3 (QyHKIiAMH i
O0OMEXEHHSIMH CYIHOBOTO YCTAaTKYBaHHS, 3a0€3MEUUTH Y3TOKEHE CIIBPOOITHHIITBO MiXK UIEHAMH KOMAaHIU XOJOBOIO
MicTKa. Y AaHiil cTaTTi po3risiacThest mpodiieMa TiJBHIIEHHs Oe3MeKH MOPCHKUX TIepEeBe3eHb 32 PaXyHOK IiIBUILIEHHS
SIKOCTI MIITOTOBKM CYAHOBOJIIB Ha TpeHakepax. Byno mpoBeneHO KpUTHYHHN Oriisin MonenbHuX KypciB IMO 1 ix
BUKOPHCTAHHS ISl 33/la4 HaBYaHHS Ha TpeHakepax CyAHOBOIIB. BinblIicTh 3 HUX 3aCHOBaHI Ha MOJIENIBHUX Kypcax,
po3pobiieHrx MikKHapOIHOI MOPChKOrO opraHizaiieto (IMO) 3 MeToro cTaHAapTH3allii Ta yHi(iKaiii HaBYaHHSI KOMaHIN
MicTKa BiamoBigHo 10 koHBeHIi STCW 1978/2010. Bynu knacudikoBaHO OCHOBHI HaBiramiiiHi 3aBIaHHS, MPEACTaBIICHI
ix QopmamizoBaHi KiHueBi pimeHHs. OCKUIBKHM CTajla 4acy 1 4ac 3aTpUMKU He 3aJeKaTh BiJ PiBHs BiANOBIAILHOCTI
pimeHHs], IX MOXHa PO3IIBIATH SIK XapaKTEPUCTUKH TIEBHOTO YWieHa KOMaHIU CYTHOBOro MicTka. Lli onvcy BU3HauaroThest
B MPOCTHX EKCIEPUMEHTaX MO peakiii Ha BU3HAUCHHS 4Yacy BIZIOMHUX CHIHAJIB, 1 MOXKHA OTPHMATH MOJIEb MTOBEIIHKA
KOMaHIM MICTKa B 3aJIeKHOCTI BiJl PH3MKIB TPUHHATTSA pillleHb 1 30BHIMHIX 30ypeHb. Byno 3ampornoHoBaHO
BUKOPHCTOBYBaTH (DYHKIIII0 HWMOBIPHOCTI O€3MEYHOrO IUTABaHHS B SIKOCTI KPHUTEPII0 KOMIIETEHTHOCTI INTypMaHa.
BakiiMBUM MOMEHTOM B CTATTi € MEpeXif BiJl YACTKOBUX KPUTEPIiB OL[IHKM POOOTH IITYpMaHa JI0 OLIHKH CEpEelHbOTO
PHBHKY B SIKOCTI €ZIMHOTO KPUTEPIIO, SIKUH JO3BOJISIE PEaIbHO OLIIHUTH MEPCIIEKTUBY BUKOPHCTaHHS KOHKPETHOTO EKIMaxKy
cynHa. Peamizamist ctparerii MiHiMi3auil pu3MKy NPHU3BOIAMTH JIO MOCIIIOBHOCTI KPOKIB, SIKi PEai3yl0Th ONTHUMAIbHO
Oesrnieyny Tpaekropiro. byB 3amporoHoBaHWil MpUHIMI MakcuMyMy [TOHTpsiriHa TO ONTHMAaJIbHOMY IUIAHY MapuIpyTy,
100 3aBaaHHs 0y0 00EpHEHO B CTAHAAPTHY 3aJa4y ONTHUMATBHOI 32 MIBUAKICTIO POOOTH JIiHIHHOI cucTeMu. BusHaueHo
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CTPYKTYpPY ONTHMAIBHOIO DIillIeHHS Ul TPEHyBaHHS KOMaHAW MicTKa. byia 3ampornoHoBaHa CTpyKTypa HaBYAJIBHOTO
KOMIUIEKCY, sIKa CKJIaJa€ThCsl 3 KOMIUIEKCY Bi3yaslisalli, Je MPOEKTYEThCS 30BHILIHS CHTYyallis, poOoYi Micus 4JIeHIB
CYIHOBOTO MicTka, 0a3u JaHMX AWHaAMIKK MOJeNed CyleH, HaBiramiiiHa 0Oa3a naHux, 0Oa3u mozenei 30ypeHb 1 poboue
MiCIIe iHCTpYKTOpAa.
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II. B. Kamraabsan, C. A PoxkoB. MaTteMaTu4eckoe W MH(popManMoHHoe odecle4eHHe CHCTeMbl YNpPaBJIeHUS
JJIS1 IOATOTOBKU KOMAaH/Ibl X0A0BOI0 MOCTHKA

HecMoTpst Ha 3HauUTENbHBIE YCUJINS U PECYPCHI, 3aTpaurMBaeMble Ha MPOrpaMMHbIE, TEXHUYECKHE U OpPTaHU3aI[IOHHbIE
Cpe/ICTBa MOATOTOBKU MITYPMAaHOB, HEOOXOANMO TIOBBIIIATH YPOBEHb HABBIKOB ITYPMaHOB, 3HAKOMHTH MX C (DYHKIMSIMHU
U OrpaHMYEHHUSMH CYIOBOTO 00OpYIOBaHUs, OOECIIEYNTh COTIACOBAHHOE COTPYAHHYECTBO MEKAY WICHAMU KOMaHJIbI
XOJIOBOTO MOCTHKa. B HaHHOW cTaThe paccMaTpHuBaeTcs MpoliieMa IMOBBIIIEHHs 0€30MacCHOCTH MOPCKUX IEPEBO30K 3a
CYET MOBBINIEHHS Ka4eCTBa OATOTOBKU CYJOBOAMTENECH HA TPEHAXKepaX. bbul MpoBeieH KpUTHIECKHH 0030p MOJIEIBHBIX
kypcoB MO wu ux ucnons3oBaHus s 331a4 00y4eHHs1 Ha TpeHaXKepaxX CyJOBOAUTENEH. BONBIIMHCTBO U3 HUX OCHOBAHBI
Ha MOJIENIbHBIX Kypcax, pa3paboTaHHbIX MexayHapomHoi Mopckor opranmzanuert (IMO) ¢ uenpio cranpapTH3alMU |
YHU(DHUKAIIMKA 00YUEHHS KOMaH bl MOCTHKA B COOTBETCTBUH ¢ KoHBeHITHeH STCW 1978/2010. Beutu knaccupuIMpoBaHbI
OCHOBHbIE HaBUTalIMOHHBIE 33/1a4H, TIPEJCTAaBIICHBI X (OpMaTN30BaHHBIE KOHEUHbIE perieHus. [10CKoIbKy OCTOSTHHOE
BpEMEHH U BpeMs 3aJepKKH HE 3aBHCAT OT YPOBHS OTBETCTBEHHOCTH peEIIECHMs, MX MOXXHO PacCMaTpUBATh Kak
XapaKTePUCTUKU OIPEJESICHHOI0 WiIeHa KOMAaHIbl CyAOBOIO MOCTHKA. OTH ONMCaHMS OIPEAETIAIOTCS B IPOCTHIX
SKCIEepPUMEHTaX IO PeakKM Ha OMNpe/eNieHHe BPEeMEHH U3BECTHBIX CHUTHAJIOB, U MOXKHO MOJMYYUTh MOJENb MOBEACHUS
KOMaHJIbI MOCTHKAa B 3aBHCHMOCTH OT PHCKOB MpPUHATHS pPEIIEHHH M BHEIIHUX BO3MYILIEHHH. Bpino mpeamoxeHo
UCIIOJIb30BaTh (DYHKLUIO BEPOSTHOCTH OE30IIACHOTO IUIABAHMS M KPUTEPHH KOMIETEHTHOCTH INTypMaHa. BaKHbIM
MOMEHTOM B CTaThe SIBISIETCS MEPEXOJ OT YaCTHBIX KPUTEPUEB OLEHKU PaOOTHI IITYpMaHa K OLEHKE CPEIHEro pUCKa B
Ka4yecTBE €MHOr0 KPUTEPHsl, KOTOPBII MO3BOJISIET pealbHO OLIEHUThH MEPCIIEKTHRY MCIONb30BaHU KOHKPETHOTO SKUMaxa
cyaHa. Peammzaims crpaTeriy MMHUMM3AIMKM pUCKAa NPUBOIUT K IOCIEIOBATENBHOCTH IIaroB, KOTOPBIE PEANTH3YIOT
ONITHMAJILHO O€30MacHyI0 TPAeKTOPHIO. BBUT mpemioxkeH NpuHIMN MakcuMyMma [IOHTpsIrMHA MO ONTUMAIEHOMY IUIaHY
MapIpyTa, 4ToObI 3a/ia4a 00paTUiiach B CTAaHJAPTHYIO 3a7[ady ONTUMAIBHOM MO CKOPOCTH PaOOThI JIMHEHHOH CHCTEMBL
OmnpezeneHa CTpyKTypa ONTHMAIbHOIO pelleHHs Al TPEHUPOBKH KOMAHIbl MOCTHKA. bbUla mpemnolkeHa CTpyKTypa
y4eOHOrO KOMIUIEKCa, KOTOpasi COCTOUT M3 KOMIUIEKCA BU3yalTH3alliH, T IPOSKTUPYETCS BHEIIHSSI CUTYalus, paboune
MeCTa 4JIEHOB CYJJOBOr'0 MOCTHKA, 0a3bl TaHHBIX IUHAMUKU MOZENEH Cy/I0B, HABUTAIIMOHHAsI Oa3a TaHHbBIX, 0a3bl MOJIeNen
BO3MYILIEHHH 1 pabodee MECTO HHCTPYKTOpa.
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