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CONSTRUCTION OF A FORMAL MODEL OF THE EXCURSION SELECTION
PROCESS FOR STUDENTS: A CASE STUDY OF THE “PUSH” SCHOOL IN
KHARKIV IN THE FORM OF A LOGICAL AFP-NETWORK

The article is devoted to the study of the finite predicate algebra toolkit for constructing a network model aimed at
formalizing the process of selecting educational excursions for students of general secondary education institutions, in particular for
the "Push” School in Kharkiv. The objective of this work is to develop a corresponding mathematical model in the form of a logical
AFP-network. The organization of excursfons constitutes an important component of the educational process, as it enables the
Iintegration of learning, recreation, social interaction, and career guidance for students. In the context of modern challenges—such
as ensuring safety, aligning with educational objectives, and optimizing costs—there is a clear need for the development of effective
methods for planning and selecting excursions, which determines the practical relevance of the research problem.

The application of predicate algebra in this domain has made it possible to formalize the excursion selection process while
accounting for a wide range of parameters, including cost, duration, safety level, student categories, interests, educational
objectives, accommodation conditions, and others. The methodology for constructing logical networks provides a systematic
analysis of the subject area and enables the creation of a mathematical model in the form of a complex polyadic relation through
the composition of corresponding binary relations derived from the subject area analysis, thereby optimizing the processing of input
knowledge.

The mathematical model of the excursion selection process is represented as a polyadic predicate dependent on a set of
variables, each associated with a specific domain of definition. Knowledge processing is carried out in the network nodes through
conjunction and disjunction operations, with knowledge represented as predicates corresponding to subsets of the respective
domains. Each binary predicate is described in the form of bipartite graphs and the corresponding formulas. The conjunction of all
constructed binary predicates forms a logical network that enables iterative processing of information until a stable result is
achieved.

The scientific novelty lies in the developed model, which facilitates the automation of the excursion selection process
while accounting for the individual characteristics of students and the resources of the school. The results of this study represent an
effective tool for optimizing educational programs.

Keywords: algebra of finite predicates, decomposition, AFP-logical network, formal model, binary relation, school,
excursion.

Ipuna BEUIPCBKA, Anina COKOJIOBA, Haranis BAJIEH/IA

XapkiBChKMI HAI[IOHATBHUHN yHIBEPCHTET PaJi0eNIeKTPOHIKN

MOBYJI0OBA ®OPMAJBHOI MOJIEJI ITPOLIECY BUBOPY EKCKYPCII 1151
YYHIB HA MIPUKJAJII HIKOJIM «PUSH Y XAPKOBI» Y BUTJISIII TOT TYHOT
ACITI-MEPEXI

CTarTio npUCBSIHEHO AOCTIIKEHHIO IHCTDYMEHTAPIIO anrebpy CKIHYEHHUX MPEANKATIB A/15 M06yA0BN MeEpEXeBoi Mogesi
A5 gpopmarizalii npoLecy Bubopy OCBITHIX EKCKYPCIM yYHSMU 3arasibHOOCBITHIX HaBYaslbHUX 3aK/agdi, 30KpEMa LWKom «Push y
Xapkosi». Meroro pobotv € aHasl3 npeameTHoOI 06/1acTi 1a rnobyAoBa BIAMOBIAHOI MaTeMaTnyHOI Mogesnl y Bursgi aorivHoi ACTT-
mepexi. OpraHi3alisi eKCKypCivi € BaX/mmBOK CKIa40BOK OCBITHBOIO MPOLECY, amKe AO3BOJISE TOEAHYBATH HaBYaHHs], PO3Bary,
coujianbHy HTerpayito 1a npo@opIEHTaLito y4HIB. Y KOHTEKCTI Cy{acHnX BUKITKIB, TaKUX SIK 3a0e3reYeHHs 6e3ekv, BiarnoBIAHICTS
OCBITHIM LI/ISIM Ta OITUMI3aLIs BUTPAT, OCTAE HEOOXIAHICTb ¥ PO3POOLI €PEKTUBHMX METOLIB M/1aHyBaHHS Ta BUOOPY EKCKYDCIV, Lo
OBYMOBJIIOE MPAKTUYHY 3HAYNUMICTL [10CTAB/IEHOI 334a41.3aCTOCYBaHHS a/irebpu NPeauKaris y Livi cgpepi J03BO/MI0 @opmasizysat
npoLec BMOOpY EKCKYPCIV 3 ypaxyBaHHSIM BEMKOI KifIbKOCTI 1apaMeTpiB, 30KpeEMa BapTOCTI, TPUBAJIOCT, PIBHS 6E3reku, KaTeropii
VYHIB, HTEPECIB, OCBITHIX L/IEY, YMOB MPOXUBAaHHS TOWO. MeToguka ro6y[oBH JIOMYHMX MEDEX 336E3MIEHYE CUCTEMHMU aHasli3
npegmMeTHoI 0671acTi | rnobyAoBy MAateMatuYHOI MOAE/ y BUI/IAI CKIIGAHOMO 6aratoMicLeBoro BIAHOLLEHHS YEPE3 KOMITO3MLYiHO
BIAMOBIAHNX GIHaPHUX BIAHOLIEHB, OTPUMAHNX BHAC/IAOK MPOBEAEHOIO aHasi3y NpEeAMETHOI 06/1aCT], IO AO3BOJISIE OMTUMI3YBaTH
06pPOOKY BXiAHNX 3HAHb.

MaremarnyHa Modesib rpoyecy BUOOPY EKCKYPCiM MPEACTaB/eHO 6araToMICUEBUM MPEANKATOM, O 3alEKUTL Bl
MHOXWHN 3MIHHUX, A€ KOXHIV 3MIHHIV BiAroBigae nesHa o671acTe BUHAYEHHS. O6pobka 3HaHb BIAGYBAETHCA ¥ BY3/IaX MEPEXI
yepe3 onepaLlii KoH IoOHKUII Ta An3TOHKUI], 3HaHHS MOAaTLCS Y BUITISAI MPEANKATIB, LU0 BIAMOBIAGIOTE MIAMHOXMHAM 06/1acTed
BU3HaYeHHS. KOXeH [3 GIHapHUX MPEeAVKATIB ONMCAaHO y BUITIAAI ABOAOIbHUX TPpagis T1a BiAnoBigHnX Gopmys. KOHIOHKLIA BCiX
106Yy40BaHNX GIHaPHUX MPEANKATIB YTBOPIOE JIOMTYHY MEDEXY, SKa AO3BOJISE ITEPALIHO 06PO6/ISTHU IHGOPMALIO A0 AOCATHEHHS
CTa/10ro pesy/ibTaTy. HayKkoBOK HOBU3HOK € PO3PO6IIEHa MOAESTb, POBOTA SKOI CripusSe aBToMaTu3alii npoLecy Bubopy eKcKypciv 1a
BpaxyBaHHIO [HAUBIAYA/TbHUX OCOB/IMBOCTEN YYHIB | LUKIIbHUX PECYPCIB. Pe3ysibTatv poboTu € E€QPEKTUBHUM IHCTPYMEHTOM /IS
OnTUMI3aLYIi OCBITHIX Mporpam.

Kno4oBi  c0Ba:  anrebpa CKIHYEHHUX [IPEAUKATIB, [eKoMio3nyis, JsoriyHa ACTl-mepexa, @opmasibHa MOJESb,
OIHapHe BiAHOLLIEHHS, LIKO/1E, EKCKYPCIS.
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Introduction

The digital transformation era is marked by an exponential increase in information flows, creating an urgent
need for more advanced data retrieval mechanisms. Users must rapidly identify relevant information within massive,
heterogeneous datasets, driving the evolution of diverse search technologies with varying capabilities and
application domains. Despite notable technical progress, existing solutions face inherent limitations and are prone to
errors in domain-specific contexts. Addressing these challenges requires a solid mathematical foundation for
designing efficient search systems and developing intelligent retrieval methodologies that accommodate the
multidimensional and heterogeneous nature of modern information spaces.

Related works

The methodology of building logic networks using the algebra of finite predicates is an active research
topic in many subject areas. Many scientists focus on the development of effective algorithms for modelling, process
optimisation and analysis of complex systems. In the works of I. Shubin [1, 2], relational tools for constructing
logical network models are described, emphasizing the importance of representing relationships between objects in a
system and their formalization through predicates. This approach has also been analyzed and investigated in the
study by I. D. Vechirska, M. S. Chernousova, and A. D. Vechirska [3], which focuses on developing a logical
network to describe the process of reconciling balance sheet accounts for deposit management in both business
entities and individuals. Their research demonstrates the practical significance of applying predicate algebra for
modeling financial processes. In his work, 1. Shubin [4,5] developed conjunctive decomposition tools that enable the
optimization of complex polyadic relations by simplifying them into more manageable elements for processing. Z.
Dudar and A. Kozyriev [6] applied the method of finite logical ASP networks to the analysis of educational data.
Their research highlights the potential of predicate algebra in the field of education, although their focus did not
extend to the organization of educational excursions.

An international research team comprising Charles Colla, Anig Momtaz, Borzu Bonakdarpour, and
Houssam Abbas [7] explored decentralized predicate detection for partially synchronous continuous-time signals.
While their approach is applicable to high-tech analytical systems, it differs substantially from the educational
context. Among related studies, the work by I. Vechirska and others “Construction of a Logical Network for Solving
the Car Rental Problem Using Finite Predicate Algebra” [8], underscores the universality and efficiency of logical
networks in modeling complex multifactor processes. The need for a more detailed investigation of how various
factors influence long-term planning under conditions of digital transformation and dynamic change—namely, the
identification and analysis of all system interconnections—and the concurrent absence of a comprehensive approach
enabling their effective synthesis into existing strategic management systems while considering the specific features
of particular organizations, can be addressed through the use of predicate analysis for constructing logical models [9,
10]. Thus, the aim of this study is to analyze the process of selecting educational excursions for students of the
“Push” School in Kharkiv [11] and to construct a corresponding mathematical model in the form of a logical ASP
network.

Building a mathematical model of choosing an excursion for students of the ‘Push in Kharkiv’ school in the
form of a logical network using the algebra of finite predicates

Despite substantial progress in applying predicate algebra to the modeling of diverse processes, the domain
of student field trip selection remains insufficiently explored. The model proposed in this study is innovative in that
it constitutes the first formalization of this process using a logical network, incorporating multifactorial
dependencies such as student interests, educational objectives, safety considerations, and institutional resources.
This approach offers new prospects for integrating systems analysis into educational planning.

The subsequent analysis will address the attribute “Excursion”, characterized by the following set of
values: “Kharkiv Underground” [12]; “City of Technology” [13]; “Musical Kharkiv:[14]; “Chernobyl: Lessons
from History” [15]; “Carpathian Adventure” [16]; “Inside the Trypillian Civilization” [17]; “Cossack Trails” [18];
“CERN: The Universe Under the Microscope” [19]; “Alps in Austria” [20]; “Gems of Italy: Venice, Milan, Rome”
[21].

The subsequent analysis will address the attribute “Highlighted Features”, characterized by the following
set of values: cost (in UAH per person) (Table 1); duration (1 day, 2 days, 3 days, 4 days, a week, etc.); name of the
excursion; safety (related to the war in Ukraine) (high, medium, low); number of students (up to 50 students; from
50 to 150; more than 150); category of students (primary school, middle school, high school); transport (school bus,
train, plane); distance from the school (within Kharkiv city, other cities of Ukraine, abroad); student interests
required for a certain excursion (history, music, nature, science); educational goals (knowledge, social skills, career
guidance); meals (three meals a day, intensive (five meals a day)); accommodation (basic (e.g., hostels), comfortable
(e.g., mid-range hotels), premium (high-end hotels)); reviews and recommendations (good, neutral, poor);
possibility of implementation for the school (no, yes); student interest in the excursion (high, medium, low);
excursion program (intensive — only excursions; extended — additional visits or entertainment on request); travel
time round trip (less than 4 hours, more than 4 hours and less than 3 days, more than 3 days).
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Table 1
Paradigmatic table of the relationship between the name of the excursion, cost and category of students
Name of the excursion Primary school Middle school High school
500 630 820
“Kharkiv Underground” 450 550 800
400 520 700
400 500 600
“City of Technology” 350 450 550
250 350 400
630 800 800
“Musical Kharkiv” 600 720 720
500 700 700
“Chernobyl: Lessons from History” — — 3500
7000 9000 10000
“Carpathian Adventure” 6000 8500 9000
5500 8000 8500
3000 4000 4500
“Inside the Trypillian Civilization” 2800 4800 4100
2200 4200 4700
2000 3800 3800
“Cossack Trails” 2800 3000 3000
2100 3500 3500
“CERN: The Universe Under the — 17000 17000
Microscope”
“Alps in Austria” — 18500 19500
“Gems of Italy: Venice, Milan, Rome” —_— 22000 22000

Now we will explore which features influence the cost: x;— excursion nhame (“Underground Kharkiv” —
UK, “City of Technology” — CT, “Musical Kharkiv’— MK, “Chernobyl: Lessons from History”— C, “Carpathian
Adventure”— CA, “Inside the Trypillian Civilization” — TC, “Cossack Trails”— KP, “CERN: The Universe Under
the Microscope”— CERN, “Alps in Austria”— AA, “Gems of Italy: Venice, Milan, Rome”— Pl); x,— safety (high —
H, medium — M, low — L); x;— number of students (up to 50 students — S; from 50 to 150 — M; from 150 and more
— L); x, — student category (primary school — P, middle school — M, high school — H); x5 — transport (school bus —
B, school bus and train — BT, school bus, train and aeroplane — BTA); x, — distance from school (within the city of
Kharkiv — N, other cities of Ukraine — R, abroad — A); x; — meals (three times a day — 3, intensive — 5); xg —
accommodation (basic — B, comfortable — C, premium — P); x4 — excursion program (intensive — I, extended — E).

The duration of the excursion also influences the cost, but it will be considered as a separate attribute.
Each populated cell of Paradigmatic Table 1 will be sequentially numbered from 1 to 61, with each cell

formally represented by corresponding formulas g* — g°* in finite predicate algebra.

UK. ML P B N I— 1. UK. M. M P B N J— 2. UK. M S P BN Il— 3. UK. M. L M, B N I_— 4.
X1 X3 X3X4 X5 Xg Xg=( ™5 X1 X X3 X4 X5Xg Xg—=(",X1 X3 X3X4X5Xe Xg—=(" ;X1 X3 X3X4 X5XgXog—( ",
UK MM M B NI_ 5. UK MS- My B NI— 6-r UK MLy Hy B NoI— 7o UK\ MMy H BN I_ 8.
X1 X2 X3 Xy X5Xg Xg=(" ;X1 X3 X3Xy X5Xg Xg=( ;X1 X3 X3X4 X5Xg Xg=( ;X1 X3 X3 X4 X5Xg Xg=( ",

Xl e el=g T bl x =g e =g xSl xE =g
KTkl x)xf=q i ol  xf xh=q xSl e xt xd =1
Tl af i xd=q Tl el ad = O Wt =1l Wl B ad =
X el =g ot xh e e =g ot xhal l xx =gt el =g

A bl x e =P Wl e =g el el e =l =,

XAl X bt g af =gl T afxoa xf =g VA xa xE xfd xfad =g

CA, ML, M, BT R.5..CrE— 32...CA M. MM, BT R.5.,.CE— 33.. CA M. S, M, BT  R.5.CnrE—, 34.
X1 X3 X3X4 X5 XeX7XgXg=(q" ;X1 Xp X3 X3 X5 XgX7XgXg=( ",X1 X3 X3X4 X5 XeX7XgXg=(" ",
xp g g 8T x a3 x§ 1§ =7 p A xy a3 o xS xExF G x5 =30 Ay x5 xS xE a3 x§ x5 =07
T b b 1T x0 xd =gl ot B xlxd xE xf = L xS e sl b=,
bl Tt xf xh=q "t b xS el eh=q oSl Tl xS
xf oy x5 8Tk xFxf xb=q* ] a3 o X8 kG xf xb=q 5 x] o x5 xS xEaF 1 x5=q*°;
1P gy xET xfxFxb=q P o e ) 28T xf w3 xh=q {2y xS k] 28T xE 23 xh=q";
P el T =g el bl S k=g kPl el T x =g
P el B = kPt el B B xS b=l b S Tl a xd= g
CERN H..M. M., BTA..A.5.C.E—, 56-,.CERN .H., M H,BTA A.5.,C E—_ 57. AA_H.S~M.,BTA,A.5 P. E_,58.
1 X2 X3 Xg X5 " XgX7XgXg=(~",X1 X3 X3 X4 X5 " XgX7XgXg=( ' ,X1" X3 X3Xy X5 ~XegX7XgXg=(q ",

AA H .S, H BTA, A5, P, E—_59. Pl H, S, M, BTA,A,5,C,E— _60.,Pl H,S H BTA A, 5,C E__ 61
X717 Xy X3X4 X5 " Xg X7XgXg =", X1 X3 X3X4 X5~ " X X7XgXg=( ~,X1 X3 X3X4 X5 "~ XeX7XgXg=( .

X
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We will perform the operation of partial disjunction of as many related inequalities as possible and form the
dependence of the influence number of the considered group of features that form the excursion price r on the cell
numbers of the paradigmatic table q:

VK xl xBx N xb (b VaxVxs) = qVq?Vgd=rt xVExMxMxBx ¥ xb (xhVxVxs) = q*Vq°Vqo=r2,

x Eod el xl bVl V) = q7VaPVa®= v, x el xt bV V) = ¢!V tvgi= )
Tl el xd eVl V) = q12Vig Vo= v, af Tl el xd (b VdIVa) = q2°Vig! Vo= v,
B xEx P xBxl xb (b ValiVxs) = q*Vq?oVq? =17 xME xla M xBxl xl (xbVxlVxs) = q*2Vq*3Vq**= 18,

ekl x el GVl Vas) = g2V Va7 = r® bl xtxd el 0= 10, xfa el g xxE

AEVXVx3) = q*°VaPoVadt=r1t, x{fAxM xll xBT xBad x§ xE (xkVxVx3) = q32Vq33Vq3*=r12,
Al el xck G VEVs) = Vg *oVg™ = rid, o el el x eVl Vi) = g0V

V=114 xTCxllaxll xBT xBadaBxi(xkVxlVx3) = q*'Vq*?Vq*3= = r15,
x]CxbtcxBT e e ek VadIVad) = q**Vg* Vo= 11, xfP il x8Txf e (ehValiVas) =
q7Vq V= 7 el el T (V! V) == VgtV = 1,
Pl el xBT xRt xh (e Vl Vas) = q53VgoVgS=r1, xCERN el BT A xSxE A a(lVRY) = g%Vt =
r20, Al Sl s bk (V) = g%Vt
el B A x s ek (V) = q*0Vgoi= 122,

The dependencies of the influence number of the variable r on the variables x; — x4 allow to binarise the
relations linking the variable r with the variables x; — x4 (1)-(9). The resulting relations are represented as bipartite
graphs (Fig.1-9).

1
| | | .
L -
. - L4 . - I . /
, 4 r . y " AR, 1
{
° - N P
! ’ r
4 |
N
! \
- . - pe . .

Fig. 1. Graph of the relationship between r and x, variables

P(xy, )= xIX @Vr2Vr3 )V xfT @*Vrovre ) VX @ 7VreVro )V xfritvxfd ritvrizyris)
sz‘C (T14—VTISV7,.16) vfo (T17V7"18V7"19)V xfERNTZOVx{qAT21foIT'22 (1)

P(XZ,T' ): xé‘(T7VT8VT9) V xg/l (T1VT2Vr3V7"4VT5VT6VT10V7”11V7”12VT13V
T14—VT15VT16VT17VT18VT19)V xé-l (TZOVT"ZlVTZZ) (2)

Fig. 2. Graph of the relationship between r and x, variables

P(xs, 7)= (xkVxMVx3) (rIVr2Vr3VrivrSVrevr’Vrevrovrityrizyridy
T14VT15VT16VT17VT18VT19) V x.3§ (TlOVT21VT22) V xéWTZO (3)

M

“' R 10 21 2 20
Fig. 3. Graph of the relationship between r and x5 variables
P(xy, 7 )= xF (rVr*Vr7Vritvrt et V xl (r2VrSvrsvrizyridyris) v
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I (r3Vrovrovriovrdyrieyrif) v (vl (r2ovritvr??) %

Fig. 4. Graph of the relationship between r and x, variables

P(xs,7)= xZ (r*Vr2vr3vrivrivrevr’vrevr?) V x 8T (r1ovrityrizyridy
T14VT‘15VT‘16V7"17V7"18V7"19) V XSBTA(TZOVT'ZlVTZZ) (5)

Fig. 5. Graph of the relationship between r and x5 variables

P(XG, r ): xé\l (1"1VT'2VT'3VT'4VT5VT6VT7VT8VT9) V xg(T10VT11Vr12Vr13V

T‘14V7"15VT‘16V1‘17VT‘18V1‘19) V xgl(rZO\/rJlVrZZ) (6)
N R "
’
/’/l'
- / .' \ ~ /'/I\\
-'dc’ao\ . 4 S The 4
! 2.3 4 8 y % E €N 2 e

Fig. 6. Graph of the relationship between r and x4 variables

P(x7, r ): x% (7"10VT14VT15VT16VT17VT18V7'19)V x; (7"11VTlZVTBVTZOVTZlVrZZ) (7)

3 6
.

e ..’ ..
19 12 13 20 2y 22

Fig. 7. Graph of the relationship between r and x, variables

P(xg, 7 )= xE(r*VroVri®) V x§ (r1tvri2yridyr2oyr22) v xfr2t (8
8 C P
’ .

14 1 16
N 12 13 202

Fig. 8. Graph of the relationship between r and xg variables

P(xo, 7 )=x5 (r*Vr2Vr3VrAVroVroVr VrVrovrioyrttyrisyrieyri7yrisyrioy
x§ (r1Vri2yridyr2oyrityra?) 9
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Fig. 9. Graph of the relationship between r and x4 variables

Table 2 shows a paradigmatic table of the dependence of the name of the excursion, the category of
students, and the priority of choice (1 — will not go; 2 — low probability of attending this excursion; 3 — 50/50; 4 -
high probability of choosing the excursion; 5 — very high probability that this excursion will be attended in the
spring). In other words, this is essentially a table of preliminary interest in excursions, both by the school, students
and parents.

Table 2
Paradigmatic table of the relationship between the name of the excursion, the category of students, and the
priority of choice

Name of the excursion Primary school Middle school High school
“Kharkiv Underground” 4 5 5
“City of Technology” 5 4 5
“Musical Kharkiv” 3 3 2
“Chernobyl: Lessons from History” — — 1
“Carpathian Adventure” 5 5 4
“Inside the Trypillian Civilization” 4 4 3
“Cossack Trails” 5 4 3
“CERN: The Universe Under the — 3 4
Microscope”

“Alps in Austria” o 5 3
“Gems of Italy: Venice, Milan, Rome” _— 5 5

This way, the priority is influenced: x;— excursion name (“Underground Kharkiv”’ — UK, “City of
Technology” — CT, “Musical Kharkiv’— MK, “Chernobyl: Lessons from History”— C, “Carpathian Adventure”—
CA, “Inside the Trypillian Civilization” — TC, “Cossack Trails"— KP, “CERN: The Universe Under the
Microscope” CERN, “Alps in Austria”— AA, “Gems of Italy: Venice, Milan, Rome”— PI); x,— safety (high — H,
medium — M, low — L); x, — student category (primary school — P, middle school — M, high school — H); x;, —
students' interests (history — H, music — M, nature — N, science — S); x;, — educational goals (knowledge — K, social
skills — S, career guidance — C); x,, — feedback and recommendations (good — G, neutral — N, bad — B); x;5 — the
possibility of organising an excursion for the school (no — N, yes -Y); x;, — students' interest in the excursion (high
—H, medium — M, low - L).

Cost also has an impact, but this is also a separate pole that we will connect to this later.

For further construction, it is necessary to express the numbers q of the cells of the paradigmatic priority
table through the features introduced above x;,x,, x4, X10, X11, X12, X13, X14 and perform the operation of partial
disjunction of as many related inequalities as possible and form the dependence of the influence number of the
considered group of features that form the priority of choosing an excursion, z, on the numbers of cells in the
paradigmatic table q:

xy ooy xfoxdy o 3xte=q =2t xf o o xedy el (e Ve )=V P = 22, xi T x afoxts x1p 3 x iy A
AxEVXE)=q*Vq®= 23, xfT o xl xioxf o s xiy =q5= 2%, " xpalfef o xefaady (x Vxd') =q7Vq®= 25,
' xg il g xfyxdy xlsxia =q°=2°, x ) xg xfoxf xfy e xdy=q =27,
g o xfy ez (xg V) ) =q Vg =

— 8 ,CA M, H\ N .S .G .Y ~M—, 13_ 9 . TC.. M H oK ».B .Y o.H (o P\/sMY\ —14\/,15_ 10
= 2%, X7 X5 Xy X10X11X12X13X14=q "= Z°, X1~ X3 X{oX11X12X13X14(Xa VXg' ) =q"*Vq>=2"",

TC, M HyH K B .Y ~M— 16_ 11 . KP. . M.P.H K N .Y ~H— 17__ 12 . KP.,. M., M, H .K o.N .Y ..M _
X1 Xo X4 X10X11X12X13X14=q" "= Z77, X1 X3 X4 X10X11X12X13X14=q" " = 277, X1 X3 X4 X10X11X12X13X14 =
18__ 13
q =z,

KP M H.H K .N.Y L —19_,_14 ..CERN .H.,M..S K .G .Y ~.L — 20 _ 15 ..CERN., H,H.,.S K ~.G .Y .M — 21_
X1 X2 X4 X10X11X12X13X14=q "=2Z2"", X1 X2 X4 X10X11X12X13X14=q" " = 277, X1 X2 X4 X10X11X12X13X14=q "=

= 2 xpa el xefcdyacth =g 2= 217, e ol el xf =g = 2
xt o xfhx i x o3y (i Vi) =q**V q*°= 2%
The dependencies of the influence number of the variable z on the variables xy, x5, x4, X109, X11, X12, X13, X14 allow
binarisation of relations linking the variable z with the variables x;, x5, X4 , X10, X11, X12, X13, X14:

18
)
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P(xy, z) = x/K(z1V 22) V x£T(23V z*) V xMK(25V 2°) Vxfz7 VxfA(28V 2°) VxT€(210V z11)VxKP(212V z13V z1%)
V Vx{ERN (715 716) V4217V 218) VxP1219; P(x,, z) = x& (2°V z°) V
V ZZVZ3V Z4VZ7VZS xéVI(ZlV ZZVZ3V Z4VZ7VZ8VZ9VZIOV leV212V213V Z14)V xé-l (lev Zl6vzl7v 218V219);
P(xs, 2) = (x4" Vi )(22VZ")V (xf Vi) 2° V (af Vi) (2°V2PV 2 0)\Vxg (2 VZ'2) V x} (2* V212V 2PV z' ) V
Vxl (z6Vz7VzoVz1V 214V z10Vz18); P(xy, 2) = L (21V 22VZ7VzZ0V 21tV z12V 213V 214V z1%) v
V x30(23V z4Vz1V 21) Vall 25V z°) V x (28V z°Vz'7V 218); P(xy4, 2)
=xK (z'V 22Vz°Vz®Vz7VzV 711V z12V VZ13V 214V 215V 210Vz)Vxf 28V 2°Vz7V z18)Vx$, (Z3V z%);
P(x12, 2)=x(21V z2Vz8V 2°Vz15V z10Vz1%) V
V X¥2(23V Z4VZSVZGV212V213V Z14V217V ZlS)vx{S’z (Z7VZ10V le); P(X13,Z) :xifs(zlv ZZVZ3V Z4VZSV Zé\/ZSV
V z°Vz10V z11Vz12yz13Y 214V z15V 210V z17V z18V 2V xNz7; P(xy4, 2)= xH (22Vz3Vz8V210Vz12V 217V
VzP)WValh (21 Vz*Vz® V 2°V z1Vz 13V 216Vl (26VZ7V 214V z15V 718).
The resulting relations can be represented similarly to the first option in the form of bipartite graphs.

Table 3
Paradigmatic table of the relationship between the name of the excursion, the category of students, and the
duration of the excursion

Name of the excursion Primary school Middle school High school
“Kharkiv Underground” 6 hours 7 hours 7 hours
“City of Technology” 5 hours 5 hours 6 hours
“Musical Kharkiv” 4 hours 5 hours 6 hours
“Chernobyl: Lessons from History” — — 2 nHi
“Carpathian Adventure” 8 days 10 days 10 days
“Inside the Trypillian Civilization” 3 days 3 days 3 days
“Cossack Trails” 1 day 1 day 1 day
“CERN: The Universe Under the o 12 days 12 days
Microscope”

“Alps in Austria” — 13 days 15 days
“Gems of Italy: Venice, Milan, Rome” — 14 days 14 days

The duration of the tour for primary, middle and high school may differ, because, for example, the
intensive tour programme ‘Dungeons of Kharkiv’ for primary school is 1 hour shorter, because children are still
young and get tired faster than middle and high school. Features that affect the duration of the tour: x;— excursion
name (“Underground Kharkiv” — UK, “City of Technology” — CT, “Musical Kharkiv’— MK, “Chernobyl: Lessons
from History”— C, “Carpathian Adventure”— CA, “Inside the Trypillian Civilization” — TC, “Cossack Trails”— KP,
“CERN: The Universe Under the Microscope”— CERN, “Alps in Austria”— AA, “Gems of Italy: Venice, Milan,
Rome”- PI); x, — student category (primary school — P, middle school — M, high school — H); x4 — excursion
program (intensive — I, extended — E); x5 — travelling time in both directions (less than 4 hours — LF, more than 4
hours and less than 3 days — M4L3, more than 3 days — M3).

For further construction, it is necessary to express the numbers q of the cells of the paradigmatic table in
terms of the above features x;, x4, xq, x;5 and perform the operation of partial disjunction of as many related
inequalities as possible and form the dependence of the influence number of the considered group of features that
form the duration of the excursion, s, on the numbers of cells in the paradigmatic table q:

xExxtE BVl = q*Vq?Vad= st xFTxbxtE (B VI Vxl) = q*Vq®Vq®= s?;
xRV Vadl) = q7VgPVg°= 5% x{xflx et =q10= % xfAxExl3 (e Vadl V) = q11Vq'2Vgti=
55 xT b3 RV = q1Vg'SVg o= % xf el eV Val) = 17V Vo= s7;
XVl (V) = g2V = 5% Ul G Vdd) = a7V = 5% afIxExd G Vi) = gVt
S,

The dependencies of the influence number of the variable s on the variables x,, x,, x4, x5 allow to binarise
the relations that connect the variable s with the variables x;, x,, xq9, x;5 (18)-(21). The resulting relations can be
represented similarly to the first option in the form of bipartite graphs.

P(x,,s) = xUVK sV LT s2Va MK 53V xE stV fAsSVxTC 5OV x KP 57\ x CERN g8\ x A4 5O\ P 510 (18)
P(xy,5) = (xEVxMVxE)(s1Vs?Vs3V s°VsOVs7 )Wk s*V (x} Vi) (s8Vs®Vs1?) (19)
P(xo, 5) = x5(sVs?Vs3Vs*Vs®Vs7)VxE (s°VsBVsoVs1?) (20)
P(xys,8) = xE(sTVs?Vs3)V M3 (s*VsOVs7) Va3 (s5VsBVsoVsto) (21)

As we mentioned earlier, the priority of choosing an excavation depends on its cost.

Table 4
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Paradigmatic table of the dependence of the priority of the choice of execution on its cost

Name of | Primary school Middle school High school

the

excursion

“Kharkiv | xVKxMxlxPxBxNxl VKl ackacl xcBacl b K x & o g VKoM bl B ol wcd ot xcK x 6, x Y

Undergro | x xK x& xlax

und” xy ® oy ok oo ae acg ooty A ey ™ ey e xd! xed g e foed ey x ) ey g xed! oo o by x '3
xq oo g ocg xcg ey x| ey gy xS achaeg acgl ooy a3 ed g xg ok e g gt g Xty x5

“City of | xf Ty xdxg x xg xgxfoxts xipx] xp xp gy’ g xf x§xroxty Xy x 3y Xy xp g xg xg xgxfoxts X{5 X {5

Technolo | "ol oy g acgogorty xfha) oof " ocd b x o oed acgacots xfyxfal "t aef gl o oy xfoxfy

gy xf oy X3 00 X8 xg xdxio X1 X194 Xi '3 X! XE xg x0Ty X1p X33 A Xf "3 X4 x5 X x5 X0 X1 X051 34

“Musical | xMExkalal xBxN okt xk xlx] xMExlakoclx Bl xloed K x xXod ¥ ackack ok Bl aclocM K X, x Y2

Kharkiv” | ™ xcgocd!xf g ocg xhaffot xipx] xf"™ xgad! xd e oeg xbafxefyxiyxal 0™ acgacdxil oo ol bt xh x 3
"o ocd xf o g xbadredy oo o™ g xd ahoed oo e fefy ey xiad ™ whxd aq g g gt x x5

Name of | Primary school Middle school High school

the

excursion

“Chernob | — —_— xE oo xH o BT x B3 ackocH K x B, x]

yl:

Lessons

from

History”

“Carpathi | x&x xZxl xBT xBosx§ xExlyxq x4 xEal BT xRS xS xExMyxdy  xE4xM xkacl x BT x B2 xS xE e yxd) o

an xq oy ad o 2T B o xg xflox] xf ey ¥ ! T xfxG o x§ foxdy g xf ey e i T g o o x5 x gy

NS O P e P e R B e e S R O e e

“Inside xTCxMxlal xBT xBoadaBxloctxl xTCoxl ackal BT xBo3xBxlocH K xTCxM ol xBT x B3 xBxl x M xK

the xTCxMxMxl xBT xR a3 aBxloctlx] al ol al acl xBT B3 aBx oK o xTCall o xH BT xBoc3 x B aclxct K o

Trypillian |5 Cocd oSl BT o xB xhahocl) T Cachag el  xloed xf xhacllycki o xlCocd o el o Tocliocd i xbc o

Civilizati

on”

“Cossack | xfPxM xlol xBT xR o3 xlacth xk x| xKPxl ackacll xBT xB o xlocth K xlyq aKP B xlocH aBT x B3 xlacH x K x5

Trails” | xf Pl af " xf g xbaioxfy 4 P ag xd ad xfT g o wbafoxdy eyl i ag ad ai T xf G g foxf x1y
xq Py gy g oo acdefoedo P oed e xg T afxdacg ot iyl P o oed g e fT o o f ey 0o

“CERN: | — xCERN ) Ho MMy BTAx Axc S xS xE x5y xCERN xH xMxH x BTAx A xe 3§ xE x5y

The

Universe

Under the

Microsco

pe”

“Alpsin | — X AxH xS x M xBTAx B xS xl xExly xSy xf Aokl xSl xBTAx o xk xEx N x?)

Austria”

“Gems of | — P oS M BT Ax B a3 xS xE okl xK | P xS x B x BT Ax o oS xE oy x K,

Italy:

Venice,

Milan,

Rome”

Perform a binarisation of the relation r and z. Accordingly, the predicate P(r,z) represents the composition

of all 61 conjuncts listed in Table 4, which, after the applied transformations, assumes the following form:

— H . K. G.Y .M ( UK, M,L P B N.I UK. M M..P. B N.I\/yvUK. M. S P B.N._I
P (1,2 )= x{oX{1X12X13X14 (X1 " X3 X3X3 X5 Xg Xg V X1~ X3' X3 X4 X5 Xg Xo VX[ X3' X3 X4 X5 Xg Xg) V
HoK G .Y  H (+UK. M, Ly M,B. N.I
V x{0X11 X12X13X14 (X1 X3 X3X4" X5 Xg Xg V

x UM MM x Bl xl V xVK xS xMx BNl V xVKxcl xkalxBxlx}
UK )My My Hy BN o \)y UKy My Sy H BNy BTA

\Y

5 BTA

VK M xEx Bl o VKo xSl xBxl xd V x P ol xS acl BT Ax 2 x3 x§ xEV P B xS xcll BT Ax A x5 xEXE) V
V ox$o xS a ool (T oM x kxR xBxl xh V xfT o M xF aeBx Nl Vel al xS xl xBxl ad V xfT el kI xBxlxl v
VST oMo acl x BNl xET x5 x B xBxl xb)V oy ook eETxMxkacl acBx N xd V x T al acll al aBx N xl v
VST oSl xBx N xl )V K xlxclaaedt, e Eoxckackal xBaxl ad V axME xch ol xExBx Nl V xlK xS xPxBxYxl v

MK L..L M.B NI MK LM, M._B. N.I MK LS M. B NI MK N Y ~L (oMK LoyLHo B NI
X1 X3 X3 Xy X5 Xg Xg VX1 X5 X5 Xy X5 Xg Xg V X1 X3X3X4 X5 Xg X5 ) VX10X11X12X13X14 (X1 X3 X34 X5 X Xg

MK LM HB N I\/"MK LSy Ho B NI C M, S. H, BT R 3. 1. H K. B .N.L N .S -G .Y . H
Vo " a3 x3" x4 x5 X6 XgVX1 X3 X3 X5 X5 Xg X9)VXT X5 X3X5 X5 X X7 XaX10X11X12X13X 14 VX10X11X12X13X14A

\Y
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A (123" X35 X5 Xg X7 Xg Xg

V oxEAXM XM M BT x B x> xS x

CA,M,L,H,BT,R,5,C vafoS/lxéVIxi{stTxgxixgxg

A (xg

A (X1 X3 X3X4 X5 Xg X7Xg Xg

TC, M, M M, BT R.3 B.I
xFCxllacl acl

x T € o ack xBT x Bocd o B ocd Vel €l oe3 xf BT x B a3 x B xd

V xKPx M x P BT xBx3x] Vxch

VaKP x M oM el 3BT x B3 x]

KPx M x M ol xBT xBx3xl V x!

X1

X2 X3X4 X5 Xg X7XgXg

CA,M,L.P,BT,R,5,C,E
BT ,.R,.5,.C.,.E

V xCAxMxM xl x BT x B3 xS xEV/xf
CAyM..S,.M,.BT .R+.5..C..E N ,.S .G M
Voxrxy' x3x4' x5 X6 X7 X5 Xg )V X10X11X12X13X14 X1 X3" X3X4' X5

CA,M,.S..H BT ,.R
Vx Xe

M, .M CA

Y

1 X2 X3X4 Xg

xg”xgxfxs Xe X7Xg Xg

BTRSCEV

CA,M,L.,.M BTxgx_?xgng

5,.C

E H . K B .Y . H
x7Xg X5 ) V X10X11 X12X13X12A

TCMLPBTR3BIVxTCMMPBTR3BIVxTCMSPBTR3BI

X6 X7Xg Xg

Xe X7Xg

VxlCERNHMHBTAASCE

X5 X3 Xg XE

Vi xh xSl xBT4x 4

1 X2 X3 X4 X5 XgX7XgXg

TC . M.S\.M.BT .R.3.,B I
Voxg“xy x5 x4 x5

TC,M,S,H,BT,R,3,B,I

Pyt os g 28" x§
S BT

V xKPxM xS xMxBT xR

P xlxS B 2 i

S K G Y M
X§ X7Xg Xg X10X11X12X13X14V X1

B .Y ,M
N
3,1

X2 X3 X4 X5
X2 X3X4 X3

5 P E.N S N .Y .L
X6 X7Xg X9 X10X11X12%X13X14-

1 X2 X3X4Xs

TC,M,.L,H, BT R,3,B,I

H K
Xg X7 Xg Xg )VX10X11X12X13X14 (X1~ X3' X3 X4 Xg

)fo’oxflxlzx}'3xf14 (x1
x7x5)V x{'oxflx{\’zxfs,xﬂ(xfpxz X3Xy4 X5
X3 x5)Voeto X1 0 X131 (et T g x5
)V xfERN 2 sty BTAxéx7 Xg Xg xfoxflezxf3xf4

AAH.,S..M.BTA A 5. P, E.N.S . N.Y  H
X§ X7 Xg Xg X10X11X12X13X14V

XeX3xgXq V

XeX3XgXg V

KPx M kol xET xBx3xlV

M., L. M BTxgx;;xév
BT

xBx3xb v
5.,.C..E

Also, the cost of the tour is related to the duration of the excursion, because the longer the tour, the higher

the price.
Table 5
The paradigmatic relationship between the cost of excision and duration
Name of the | Primary school Middle school High school
excursion
“Kharkiv x VKM xckxl xBx N xl okt xR el xckacl B ol xcl xtE xRl ackacl xBxl xlxkE
X1 X3 X3X4 X5 Xe X9X15 X1 Xy X3X4 X5Xe X9Xq5 X1~ X3 X3X4 X5 X6 X9X15
“City of xCT oM xLx P xcB ol xlxtE xETxM b M xBxlN xl okt xCT oM xExH BN xlakt
Technology” | xf"xy x3"xfx&x xgx{f xr g o i g xg xoxiE xi Ty o g g x g xgxiE
xp xS 8 xg x5 X1 "y s g e x g xgxE " xy ad xg x xg xgx L
“Musical M8 xckackoal xBxl xIxLE MK xckxckal xBxl xlxlf M8 xlxkoal xB ol xlxtE
Kharkiv” ™ acg xg a8 xg x5 X1 ™ xg ey x4 € xg xgx{E ™ xg ey xg e xf xgx i
™ xg x5 xf x€ x§ xgxiE ™ xg 3 " xE x xgxfE X xg oS i x B xdxE
“Chernobyl: | — — a3t x3 g 8T x§ xF xga
Lessons
from
History”
“Carpathian | x{AxM xbal xBT xBx3 xS xExMB | xfAxY abod x BT xBosx§xExl® | xfAxM xck okl xBT xRS xE xM3
Adventure” | At T x x| b xBaT xfaxrl? | bl a7 a2
A xSl | el x anxbatl) | xS ad xl bl
Name of the | Primary school Middle school High school
excursion
“Inside the xTCxMx Lol xBT xR a3 xBaxloM M xT ol koM aBT x B3 xBacl M3 | T Cxxh x Lol x BT x B3 x B xcl M3
Trypillian xd ool xk x BT x Bad x B o}t acTCacll el ol acBT x B3 x B oo MM3| T o o ach acBT xc Boed a8 oo M3
Civlization” | Tl af xd xiadaf bt xCab xSl aB af x| e afla il af i xg o
“Cossack xKPxM Lol xBT xBo3xlo}t3 | xKP M ko x BT x B3 xLaMAL3 xKPxM Lol BT x B3 xLx M3
L T I L e L e e Ll e e P e g P A NP e P P P PP P
AP xS X i |l xSl o bt | P xf xd aadad
“CERN: The | — XCERN ) HA MM BTAx A x2 xS xE x| xCERN xelacMx H o BT Ax B o5 xE o)
Universe
Under the
Microscope”
“Alps in — xfAxE xS x M aBTAx b xSl xExM3 | xfAukinS xH BT Axf s xf xE x 3
Austria”
“Gems of — Pl xS xMxBTAx oS xS xE x| P kxSl xBTAx o3 xS xE x M3
Italy:
Venice,
Milan,
Rome”

Perform a binarisation of the relation r and s. Similarly, P(r,s) constitutes the composition of the 61
conjuncts listed in Table 5, which, upon transformation, assumes the following form:

— LF (LUK, M, L, P B, N,.I
P(r,s )=x15 (x1" X2 X3X3 X5 Xg Xg V X1

UK MM xPxBxN ok V xt

VR xS x B xBx Y xb VoK o xckacl B x N xh v

M, L,.M
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V VKoMl xBxcl xcd VoK g ol Bl acl Vo PK el xckacl B ol V x P el Bl xc BN xh v
VKoM xS x X Bxl bV E Tl xhx B xBx N xE V xETx M acl acl x Bl acb Vo ET o xS xE x Bx N xSV ET el kM x Bl bV
VST oo acl acBx N xd VaefT ol xS acll B x N x IV f T acl ach B x N b VT a8 x ¥ xbV T x B xS xl xBxl xd Vv
VB xlockocl x Bl xbV MK xckacl acl xB ol acd V oxME xchoes xE xcB N Va8 ok acll aeB N o VB b xc M xcB ol xdV
Vo B xSl xB ol ad) Va3 (ol oes xEx BT xB a3 xEVxTC b f BT x Bac3 xfxh
VT Cxlacllxl x BT xBx3xExlV
] Coxdlocs B x BT x B3 xBxcd VT Cx ol BT x B3 xBxl V al Cacdl e ol xcBT x B3 xBocd VT Cxcl oo x b x BT x B3 x B
V VT Call b x BT xBa3xBal VT Cxll al ki xBT x Bac3 aB xbVaxTCxl o xll x BT x B a3 xBxbV
xKPxMoxlal xBT xB o3 bV VP xM oM xck x BT x B3 el VoeKP xh x5 xF xcBT xB o3«
VP ook x 8T xBac3 Vo KP ol ) x BT xBac3 xd V VacKP xS xS ol x BT x Boc3 Vo KP B ack el x BT x B3 xdV
xKP M M ek e BT x B3 b VKPS ach BT B3 wed) Vo3 (x4 Y xkxE x BT x B xS xS xEV
x{ A ool xET xBoc3 x§ xE VacLAal x5l kBT x B3 x§ xEV
VA ackal BT x B3 x§ xEVxFAxY al xl xBT xB a3 x§ xEVxEAx o3 x M x BT xBx3x§ xE
Vo fAxM ack ol xBT xBx 3 x§ xEV
VxS al xcHx BT xBac2 xS xE VaxEAxN xS x B x BT x Bx2 x§xE Vo FERN xelxcMx M x BT Ax A xS xS xE
VxCERN ) H oMo H o BTAx Ax 2 x§ xEN e Axcl xS acl BT A B3 xE xENV o Axcl x5 x B x BT Axfas xE xE V xf okl a5} x BT Ax A x 2 xS xEV
VP Ta xSl xBTAx b x3 xS xE ).

Thus, we managed to split the multi-location relation, all the links of which are reflected in the
corresponding paradigmatic tables, into 23 relations of smaller dimension. This makes it possible to process
information and perform the necessary search simultaneously in the three internal nodes of the built network. Thus,
a mathematical model of choosing an excursion for students of the Push in Kharkiv school was built in the form of a
logical network. It is characterised by a composition of binary relations:

P(x1, X3, X3, X4, X5, Xg, X7, Xg, X9, X10, X11, X12, X13, X14, X135, T, Z,S) = P21, 7 )AP(x2,7) A P(x3,7) A
P(x4,7) AN P(xs,7) A P(xg, 7 )N P(x7,17) A P(xg, 7 ) AP(xo,7 )A P(x1,2) A P(x5,2) A P(x4,2) AP(x10,2) A

P(x11,2) A P(x12,2) AP(X13,2) A P(x14,2) A P(x1,8) A P(xs,s) A P(xo,8) A P(xys,5) AP (r,z) AP(r,s).

Conclusions

The constructed mathematical model can be represented as a logical network (Fig. 10). A logic network
consists of poles and branches. Each pole corresponds to its own subject variable of the model, which is called the
attribute of this pole. Each pole is denoted by its own subject variable. Each pole is associated with its domain, i.e.
the area of definition of the attribute of this pole. Any pole of a logical network at a certain point in time carries
some knowledge about the value of its attribute. This knowledge is called the state of the pole, and it is one of the
subsets of the pole's domain. If you specify the state of all the network'’s poles at a certain moment in time, you can
get the state of the network at that moment. For our model, the logic network will look like this:

Fig. 10. Logical network

With the help of the constructed logical network, the following tasks can be solved: selection of the optimal
excursion taking into account given criteria (student category, cost, duration, safety, transport, etc.), it is possible to
find the excursion that best meets the needs of the school and students; assessment of student interest based on
excursion parameters and students’ interests, it is possible to predict the likelihood of choosing a particular
excursion for different age groups (primary, middle, high school) ; excursion budget planning the logical network
allows for the estimation of excursion costs depending on the number of participants, type of transport, meals,
accommodation, and other factors; comparison of multiple excursions by analyzing attributes, different excursion
options can be compared, and the best one can be chosen according to specific criteria; safety and feasibility
assessment based on the safety parameter and current conditions (e.g., the war in Ukraine), it is possible to assess
how realistic the organization of a particular excursion is; analysis of educational goals determining which
excursions best support the achievement of educational goals (knowledge, social skills, career orientation) for
different student groups; logistics optimization taking into account transport parameters, travel time, and excursion
programs, it is possible to optimize the logistical aspects of the trip; development of personalized recommendations
the logical network allows the creation of personalized recommendations for each age group based on students’
priorities and interests; analysis of reviews and recommendations using feedback data, it is possible to predict how
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popular and successful an excursion will be among students and parents; forecasting the impact of parameter
changes analyzing how changes in certain parameters (e.g., increased budget, duration, or transport changes) will
affect the overall assessment of the excursion and its priority for the school.
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