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In the dynamic and responsible profession of a marine navigator, the forgetting
of skills and knowledge can pose a serious obstacle to ensuring safe navigation. The
importance of maintaining a high level of qualification for navigators makes it
relevant to develop effective methods for knowledge restoration and management of
the learning process.

Thus, we are faced with the task of developing a mathematical model of
optimal control for the navigator's knowledge recovery, which will consider the loss
of qualification due to forgetting and the limited time available for learning.

Exponential decay is often used to model the loss of qualification due to
forgetting. Suppose x,(1) is the proficiency index of the navigator in course i at time

t. Let K be the forgetting coefficient for course i. Then, the formula for the loss of
qualification due to forgetting for course i is as follows:

ﬁ = _ki X (1)

dt ,wherei=1,2,..,12

This equation describes how the navigator's proficiency in course i decreases

over time due to forgetting. The coefficient k: determines the rate of qualification
loss and may depend on the characteristics of a particular course, as well as the
individual features of the navigator.
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It is important to note that a navigator may require continuous training or
repetition of courses to maintain their qualification at a certain level. This can be
considered in the model by adding a term that represents the process of learning or
repeating courses:

cj;[. =u,(t)—k,-x,(t)

,wWherei=1, 2, ..., 12

Here, u;(t) s the effort that the navigator puts into learning or repeating course

lattimet.

Suppose the navigator is executing a route on a vessel, and we know in

advance (2-3 days) what knowledge needs to be restored to ensure safe navigation.

Suppose the development of a mathematical model for optimal control of a

navigator's knowledge recovery is based on the need to possess the following
knowledge:

1. The ability to continuously and attentively observe the surrounding
environment, including the water surface, horizon, and airspace.

2. The ability to quickly notice and respond to changes in the surrounding
environment and the movement of other vessels.

3. The ability to use radar, AIS (Automatic Identification System), GPS, and
other navigation systems to determine the position, course, and speed of the
vessel and other vessels.

4. The ability to interpret data from navigation instruments and use them for
decision-making about vessel maneuvering.

5. The ability to identify and assess potential navigation hazards, such as

meteorological conditions, currents, shoals, and underwater obstacles.

Let %(") pe the proficiency index of the navigator in skill i at time t, where

i=12,.,5 corresponds to the skills listed above. The navigator wants to restore their

knowledge to a certain level Yi for each skill i by the time T when they reach a

critical point on the route.
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We want to find the optimal control strategy u,(t) for each skill to maximize
the navigator's proficiency in the most important skills by the time T, considering the
time constraint for knowledge recovery and the loss of qualification due to forgetting.

Time constraints in the model of qualification loss due to forgetting:

0<7<T where T is the time to the critical point on the route (2-3 days)

Control constraints:

0<u()<U

max Where U

max IS the maximum effort a navigator can invest in
recovering a skill per unit of time.

Objective function:
J(w) =] (3~ x(D) |

The task is to find the optimal control strategy u,(t) for each skill to minimize

the cost function J(u) and achieve the proficiency level Vi for each skill by the time
T.

To solve this optimal control problem, dynamic programming methods such as
the Bellman method [1], or the variational calculus method (Euler-Lagrange method)
can be used [2].

As a result, the navigator will obtain an optimal control strategy for each skill,
allowing them to recover their knowledge and ensure safe navigation at the critical
point of the route.

To solve the optimal control problem using the Euler-Lagrange method, start

by composing the Lagrangian L for our system:
L(x,u,,0) = (3, = X)) + 2,(0)(u,(6) =k, - x.(£))

Here, %) are the Lagrange multipliers corresponding to the system dynamics

equations. We need to find the extremum of the action functional:
S= J.L(xi,ui,t)dt

For each skill i, apply the Euler-Lagrange equations:
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oL _dj o |_,
ox, dt a[dXij
dt

Substitute the Lagrangian L into the Euler-Lagrange equation:
0 2\ d| 0
(-5 () )g[@(w)(um -x1<t>>)}o

dx.

1

Differentiate with respect to *rand df :
d

—Z(y,.—xi(.t))+E()L,.(t)-(—ki))=0

Now, take the derivative of the Lagrange multipliers A1) with respect to time

and solve for %(?)-

(0= H{ -5

Now we have the optimal control i () for each skill i. We are left to solve the
system dynamics equation with the found controls:
dx,
—L=u(t)-k -x(t
L (1)=kx (1)
Integrating this equation, we will obtain trajectories xi(‘t) for each skill. Initial

conditions xz.(O) and boundary conditions should be set to obtain a complete
solution.

Based on this model and having pre-known requirements for the navigator's
skills at a certain point of the route, the task of developing a mathematical model of
optimal control for the recovery of the navigator's knowledge was completed. This
model will maximize the navigator's proficiency in the most important skills,

ensuring safe navigation and optimizing the time for knowledge recovery.
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CYUYACHHUH CTAH 1 OCHOBHI 3ABJAHHS HNIJITOTOBKH
KAJZIPIB Y BY3AX MOPCBKOI'O TA PTHKOBOI'O IIPO®LIIO B
YMOBAX CTAHOBJIEHHS IHHOBAIIIMHOI EKOHOMIKH

Hanarin O.M. — KaHAUAAT TEXHIYHUX HAYK, JOLEHT Kadeapu CyJHOBUX
€HEePreTUYHUX YCTAaHOBOK 1 cucteM JlyHalChbKOTO 1THCTUTYTY
HauionansHoro yHiBepcuretry «Oaecbka MOpPChbKa akajaeMis», YKpaiHa

B nanwmii yac (3a maHuMu caidTy osvita.ua) - HIATOTOBKY (paxiBIliB 3 BHIIOIO
OCBITOIO [IJIi TPAHCIIOPTHOTO KOMIUIEKCY YKpaiHu 3aiiicHioeThess Ha 0asi 20
rajly3eBUX BY31B, 1110 3HAXOASATHCS Y BiJaHHI MIHICTEPCTBA OCBITH YKpaiHu

JUTSL 3aJII3HUYHOTO TPaHCHOPTY 8 BY3iB, JJIA MOBITPSHOTO TpaHcmopty - 14
BY3IB Ta JIJI MOPCHKOTO Ta PIYKOBOTO TPAHCTIOPTY -8 BY3iB.

HaliBa)xTMBIIIOID YAaCTUHOIO CHCTEMM Tally3€BOi MIATOTOBKM KaJApiB BUIIOI
KBamidikarii i BITYU3HIHOTO Ta CBITOBOTO TPAHCIIOPTHO-IOPOKHHOTO KOMILIEKCY
€ BUIIl CIEeliaibHI HaBYaJIbHI 3aKjaJl MOPCHKOrO Ta PIYKOBOrO MPOQIIB, SKI
3M1MCHIOIOTh MIATOTOBKY (paxiBiiB. Y By3ax, IO TOTYIOTh (PaxiBIiB JJIi BOJHOTO
TpaHCTIOPTY YKpaiHW, BENETbCS MIATOTOBKAa OIbII HiX 3a 20 HampsMKamMu Ta

CIICIIaJIbHOCTSIMHU,
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