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It is elaborated a theoretical background for the simplest case of a variational problem with the
consideration of a ship’s propulsion and her power plant operators’ individual subjective preferences and
their entropy,; operational function and its derivative with respect to time. In the given case, it is obtained
the generalized expressions of the functional;, canonical distributions of subjective preferences;
transformed Euler-Lagrange equation, and differential equation of the second order.
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Introduction. Multi-alternativeness of operational situations imposes making managing
decisions in uncertainty. Sometimes it drastically changes modes of a ship’s propulsion and her
power plant operation. In some cases wrong decisions may lead to tragedies.

Urgency of researches. The urgency of researches in the field of human factor influence
upon safety is well known, the same to researches of optimal economical modes of operation. In
science, it is always an important problem to find a certain function that delivers an extremum to
the considered functional.

Thus, the problem of finding such a function, in conditions that consider uncertainty of
marine ships’ power plants and their propulsions of transport vessels operators’ subjective
preferences in multi-alternative operational situations, is a complex and actual one.

Analysis of the latest researches and publications. Since the previous fundamental
works of [1, 2] publication, the concept of subjective preferences have been successfully applied
to solving a lot of problems in which there were considerations of such or another type of
uncertainty. Some of the latest researches and publications are [3-5]. Where it was suggested the
hybrid pseudo-entropy function; complex criterion of a voyage profit expectation, involving the
complete probability of achieving the corresponding alternative with respect to its individual’s
subjective preference; a model of the number of seafarers on board and ashore estimation
accordingly to the competitors’ subjective preferences.

The theory of subjective probabilities and the best optimal decisions was elaborated not
so long ago in the publication [6]. There was not a notion of an individual subjective preference
there. It appeared in the works [1, 2] as a result of researches that could not be conducted with
the subjective probabilities of [6]. In the works [1, 2] the distributions functions of the individual
subjective preferences were obtained mathematically on the basis of the ideas of the earlier
publications [7-9] of the predecessors.

The task setting. Thus, the purpose of this paper is to theoretically generalize and
expand the application of the wvariational principle to solving the problems which make
allowance for operators’ individual subjective preferences and their entropy, and that, in its turn,
allows obtaining the needed differential equations of the second order for the operational
functions in the dynamics of the situations developments.

The main content (material). On building the simplest functional which includes a
distribution of the operators’ (active elements’ of a system/subjects’/decision making persons’)
subjective preferences, subjective entropy of the individual preferences, operational function, its
derivative with respect to time, and normalizing condition; we solve a variational problem
obtaining the generalized result as a differential equation of the second order.

The problem formulation. The postulated functional is [1, P. 119, (3.38)]
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where ¢ — time; — 2711. (t)In7,(¢) — entropy of subjective preferences of 7,(f); N — number of
i=1

the achievable alternatives; [, y — structural parameters (can be considered in different
situations as Lagrange coefficients or weight coefficients), they reflect the endogenous

N
parameters of psych; F, — subjective efficiency function of an i™ alternative; ZEi(t)—l —

i=1
normalizing condition.

In the simplest problem setting we consider x(t) and x(t) as the subjective efficiency
functions of the two achievable alternatives with the corresponding preferences of (t), T, (t)
With respect to particular combinations of x(t), x(t), x(t)x(t), and i), we will get the eleven

x(t)

specific variants of the functional (1), which have their common general view of:

g
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where a; — coefficients that consider differences in measurement units. The last functional (2) 1s
the general one and each of the previously mentioned specific variants derives from it with the
corresponding 7,(¢) and a, .

Namely, we can obtain corresponding cognitive functions with respect to the particular

cases of the mentioned above subjective efficiency functions as the operational function, its
control, and their possible combinations for the eleven variants in the view of:

Bl (e )x(t)+ o, (¢)5(2)], Bl (¢)x(t)+ o, (¢ )x( )i ()],

ﬁ{m (t)x@%@%} Bl ()5(e) o, ()50,
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Thus, in any interested case for researching, for instance, the speed of rotation, its control
(the rate of the speed of rotation change), and certain combinations of their interrelations may
embody a given set of operational alternatives. Therefore, using the considered functional in the
general view of (2) we represent the needed operational multi-alternative situations, modeling
them with the help of the corresponding preferences and measurement units coefficients; the
required cognitive functions, as well as the optimized specific operational functionals.

The problem solution. Applying the necessary conditions for extremums in the view of
Euler-Lagrange equations

R d(oR 0 OR" d(oR | _ 0 3)
om, dt\ o, T oox dt\ ox ’
where R° — the under-integral function of the corresponding integral (2), we get the
corresponding expressions of canonical distributions of the preferences
eﬂx eazﬂx
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Now, again, the particular cases can be obtained from the general forms of the canonical
distributions of (4) if one uses the necessary measurement units coefficients correspondingly to
the considered multi-alternativeness of a specific operational situation formed in an active
system.

From (2) upon the condition of (3), for all particular cases
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T, ——05271'2)(—0(37, T, = O, T, + O, XTT, +77r4. (5)

For the generalized equation by Euler-Lagrange in the transformed view (the last one in
(5)) the generalized differential equation of the second order will be

. m+A+B+C
X=——

6
D+E+F ©)

where

A= az{ﬂﬂz(ﬂ:] +a,xXm, —064777:4})(},
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where 7, (t) T, (t) is the set of the subjective preferences functions in the canonical view (4)

got upon the condition of (3) from the postulated functional (1) in the general case in the view of
the variant of (2).

In all ten particular previous cases the differential equations can be obtained from (6)
with corresponding 7,(¢) and «,, also (4, 7):
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Conclusions. As it is seen from the (8), the extremals of x=—, x=a, x =+/a have the
a

property of invariance. These extremals are of the functionals with the cognitive functions of the
view
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correspondingly.

All the particular functionals can be obtained from (2), preferences from (4), equations by
Euler-Lagrange in the transformed view from (5), differential equations from (6). Thus, we have
got the needed theoretical result, through the method of (1-11). The same results can be obtained
in different ways, for example, from a variant of the functionals set (2) or from generalized form
of (4-6).

Prospects of further researches. The next step of the researches is to find solutions of
the differential equations (6, 8), i.e. the extremals of the functionals (2). For further researches it
is expedient to investigate theoretically variational problems of subjective analysis with movable
boundaries, corner points, one side variations, on conditional extremum. Also, it is a kind of a
scientific interest to investigate the subjective entropy of the individual preferences, analyze
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variational principle with the functional hybrid models that involves the threshold entropies of an
active system preferences.
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KacbsinoB B.O., Tomuapenko A.B. BAPIALIIMHUI TIPUHIAIT V TIPOBJIEMI EKCILTY ATALIIT
CYJIHOBOI EHEPTETUYHOI YCTAHOBKMU 3 YPAXYBAHHSIM CYBE’€KTUBHUX ITEPEBAT
Pospobreno meopemuuny ocnogy 0asi HAURpoOcMiulo2o GUNAOKY 6apiayiiHol 3adadvi, w0 6paxosye
iHOUGidyanbHi cy0 €KmMuUGHi nepesasu ma IXHIO eHmpOnio, eKCHIyamayiiuHuKie CyOH080I eHepeemuiHol
VCMAaHoBKu, excniayamayituny @yukyito ma ii noxiomy 3a uyacom. Y Oanomy 6unaoky Ompumano
V3a2anvbHIo0ul  eupazu  QYHKYIOHAry; KAHOHIYHUX pO3NOOLNI6 CYO €KMUBHUX nepesaz; NepemeopeHo20
pisnanns Einepa-Jlacpansca ma oupepenyianvhoeo pieHsHHA Opy2oco nopsoKy.

Kniouosi cnosa: cy6’exmugnutl ananis, excniyamayis CyOHO80I NPONYIbCUBHOI YCMAHOBKU, eHepeemUuyHa
VCMAHOBKA, cy0 €Kmuena eHmponisi, IHOUslOyalbHi nepesazu, OA2amoalbmMepHAMUeHi Cumyayii, pieHsiHHs
Etinepa-Jlacpansica, kanoniuni po3nooinu, eapiayiiiHutl RpUHyun.

KacbinoB  B.O., T'onuapenko A.B. BAPHMAIIMOHHBIM  [PUHIIUII B  IIPOBJIEME
SKCIUTYATALIMM CYJOBOM SHEPTETUYECKOI YCTAHOBKH C YYETOM CYBBEKTUBHBIX
[IPEIIOYTEHUI

Paspabomana meopemuueckas ocnosa 0nis npocmetiuie2o CIyyas 8apuayUOHHOU 3a0a4l, YYyumvlearoujell
UHOUBUOYATbHbIE  CYOLEKMUGHbIE NPeONOYMeHUsi U UX IHMPONUIO, IKCHIYAMAYUOHHUKOE CYO0BOU
IHEP2eMUYecKoll YCMAHOBKU, IKCHIYAMAYUOHHYIO (DYHKYUIO U ee NPOU3BOOHYI0 NO épeMeHu. B oannom
cayuae noyyenvl 060owaouue 8bipadiceHUst PYHKYUOHANA, KAHOHUYECKUX pacnpedeieHull CyOobeKmueHbIxX
npeonoumenutl; npeobpazoeanno2o ypaenenus Jiliepa-Jlacpansica u oug@epenyuanvbHozo ypasuenus
8MOPO20 NOPSLOKA.

Kniouesvle cnoea: cyOvekmueHvlli  anaius, IKCHayamayus cyO0o80U NPONYIbCUSHOU YCMAHOBKU,
OHepeemuyecKas — YCMAHOBKd,  CYObeKMuUGHAsi — OHMPONUs,  UHOUBUOYAIbHbIE — NPeONOYmeHUs,
MHO20AbMEPHAmMUsHble  cumyayuy, ypashenue Oiliepa-Jlacpansica, KanoHuyeckue pacnpeoeneHus,
8APUAYUOHHBIT NPUHYUN.
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