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Poland

National Aerospace University “Kharkiv aviation institute”’, Kharkiv
COMBINATORIAL POINT CONFIGURATIONS AND THEIR
PROPERTIES

Ouiena IosneBenbka, Bacuiab lllenaepoBcebkuii

Inemumym izsuxu HAHY

MMPOH 3APUIIBKUI — ®YHJIATOP MATEMATHYHOI]
HAYKU HA 3AXIJTHOYKPATHCHKMX 3EMJISIX

Pe3oaronia XX VI MixkHapoHOTO HAYKOBO-TTPAKTHYHOTO
ceMmiHapy, npucBsueHoro nam’sati npodecopa Jonus I.I1.

JloroBizi 3aKOPAOHHUX YYACHHUKIB CEMIHApy
Ozgiir Akgiin
School of Computer Science, University of St Andrews, UK
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CONSTRAINT PROGRAMMING WITH CONJURE INSIDE

JUPYTER NOTEBOOKS

Peter Cameron

School of Mathematics and Statistics, University of St Andrews, UK
BEAUTIFUL GRAPHS FROM SIMPLE GROUPS

Olexandr KONOVALOV

School of Computer Science, University of St Andrews, UK
EXPLORING GRAPHS WITH GAP

MOJKHO IMOJMBHUTHUCS 33 TIOCUIIAHHSM:
https://www.youtube.com/watch?v=RZ9zcLf3Hvg
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BITAJIBHI CJIOBA YYACHUKAM CEMIHAPY
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Ipusimannus 6i0 LlenmpanvHoOyKpainCbK020 HAYIOHATLHO2O
MEXHIYHO20 YHI8EpCcUmemy

HlanoBHi komeru!!!

HozBonbTe mpuBiTaTh Bac Big iMeHI BChOTO  HayKOBO-
negarorigyHoro  ckiaxy  LIeHTpanbHOYKpaiHCHKOTO — HAaIliOHAJIBLHOTO
TEXHIYHOTO YHIBEpCUTETY 3 mo4yaTkoM podotn XXVI Misxcnapoonozo
HAYK060-NpaAKmuuHo20 ceminapy "KOMBIHATOPHI
KOH®IT'YPAIII TA IXHI 3ACTOCYBAHHS", npucBsS4eHOro
mmaM’ sITi BUAATHOTO BYCHOTO TOKTOpa (h-M.H., ipodecopa Jlontrs ['eopris
ITanacoBuual

Pa3zom 3 Anaroniem fAxoBuyem Ilerpentokom, ['eopriit [lanacoBuy
€ 3acHOBHUKamMu ceMiHapy. [lepmmii ceminap BimOyBcs B Jlepkaniit
JBOTHIHN akameMii YKpaidu, Ko s He moMmrstrocs y 2006 pormi. Tepmri
ceMiHapy TPOBOAMJIMCS JIBivi Ha PiK.

Y 2009 pomi ceminap mpoaosxuB poboty B KipoBorpaacbkomy
HaIliOHAJTHPHOMY TEXHIYHOMY yHiBepcuteTi. IloTiM Ha meskuif 9ac BiH
MOBEPHYBCS B JIbOTHY aKaJIEMII0 1 B I[bOMY POIli 3HOB PO3I0YaB POOOTY
Ha ©0a3l lleHTpanbHOYKpaiHCHKOTO  HAIIOHAILHOTO  TEXHIYHOIO
yHiBepcuTery. VOro XMTTS NPOIOBXKYEThCSA 3aBISKH aKTHBHOI ydacti
KoJIer Kaeapu CHCTEMHOrO aHaji3y Ta OOYHMCIIOBAIBHOT MAaTEMAaTUKH
HamionansHoro yHiBepcureTy «3amopi3bka TIONITEXHIKa», BOHHU
MiATPUMAIH CeMiHap Iij Yac MaHaeMil i MPOJIOBXKUIN CIiBIPAIIOBATH
nanmi mig dac BiiHM. 3apa3 ceMiHap NPOBOAMTHCA MO 4Yep3i B
KpornuBHuiibkomMy 1 3amopixoki ane pa3oM 1 3aBASKH HiATPUMKH
IHctuTyTy KiOepHeTuky iMeHi B.M. I'mymkxosa HAH VYxkpainu.

I'eopriit [lanacoBuu OyB He TUIBKM OJIHUM 3 OpTaHI3aTOpiB
ceMiHapy, HOro akKTHBHUM YYaCHHMKOM, ajie 1 HaJuXaB 1 MiATPHUMYyBaB
THIIINX KOJIET.

Baxxaro HaTXHEHHS 1 [IIIHOI AUCKYCIi, TBOPUYUX YCIIXIB, 3J0POB’
b b 9

Mupy!
[sxyto, 3a yBary.

Mapuna CemeHroTa, JOLCHT Kadeapu BHUIINOT MaTeMaTHKH Ta

¢isukn  LleHTpaTbHOYKpaiHCHKOTO  HAIIOHAIBHOTO  TEXHIYHOTO
YHIBEPCHTETY
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Tpugimanus 6i0 3anopizpko2o HAYIOHAILHO20 YHIGEpCUMemy

[lanoBHI KoN€eTH!

Bin iMeHi KoJeKTHBY 3amopi3bKOro HAI[lOHATHHOTO YHIBEPCHUTETY
mMpo BiTaeMo ydacHUKiB XX VI MiXHApOIHOTO HAYKOBO-TIPAKTHYHOTO
ceminapy «KomOinatopri koH(]irypamii Ta ixHI 3acTOCyBaHHS»,
MIPUCBSIYEHOTO ITaM’ SITi BUJIATHOTO YKPaiHCHKOTO HAYKOBIIS, ITaTPioTa Ta
HeTepeciyHol JIOAUHU — NOKTopa ¢-M.H., mpodecopa Hounus 'eopris
[TanacoBuyal

VYce xutrts ['eopris [TanacoBuua Oyio TiCHO OB’ SI3aHUM 13 MiCTOM
3anopixoKs Ta 3amopi3bKoI0 3emiieto. Y M. 3amopixoks MpoHIum Horo
IIKiITBHI POKH, a TIOTIM BiH 3 PaicTIO Ta 0a)KaHHAM TIOBEPTABCSI CIOH 10
PiOHEX, a TAaKOXK Ha KOH(EPEHTIIii, CEeMiHAPH Ta IHIII 3aX01, BKJIaJAl0UH
BCC HOBI 1 HOBI BHECKM B 30araueHHs HayKH, IO PO3BHBAJIacsi Ha
MaTeMaTHYHOMY Ta EKOHOMIYHOMY (aKylIbTeTax 3amopi3bKoro
HaI[lOHAJIFHOTO yHiBepcuTeTy. He MOXHa HE BiI3HAYUTH HOTO y4acTh Y
MiArOTOBII HOBUX KBali()iKOBaHUX KaApiB — CIOYATKy SK BYCHUH
CeKpeTap Creliani3oBaHoi BUEHOi pagud B I[HCTUTYTI KiOepHETHKH
HAHY, a moriMm — sk oQimiiHUN OMOHEHT KaHJUAATChKAX Ta
JOKTOPCBKUX JMCEpTalliif, AK OaraTOpiyHMN WIECH CIEiaTi30BaHOl
BUCHOI pajiy i3 3aXHUCTy AucepTaliid y 3amnopizbkoMy HalliOHAJIEHOMY
YHIBEpCHTETI.

Bararuit naykoBuii gocBin ['eopris [laHacoBrua Ta runiHi CHUTBHI 3
noktopoM (iz.-mar. Hayk, mnpocdecopom Birtamiem Ilepenenurero
HAyKOBi TIOIIYKH B TaXy3i Teopii rpadiB Ta eKOHOMIYHOI KiOEpHETHKH
CHpUsUTM PYHKI[IOHYBaHHIO HAyKOBOI IIKOJHU «J{MCKpeTHa MaTeMaTHKa
Ta i1 3aCTOCYBaHHS B EKOHOMIKO-MaTeMaTHYHOMY MOJICIIOBaHHI Ta
iH(opMaITiitHIX TEXHOIIOTiSIX», 10 3aCHOBaHa pod.
[lepenenuneto B.O. Ta po3BuBaeThcs B 3an0pi3bKOMY HalliOHAJIBHOMY
YHIBEPCHTETI HOTO YUHSIMH.

Bitatoun yuacHUKIB ceMiHapy, OJHMM 13 3aCHOBHHKOM Ta
HAaTXHEHHUKOM sikoro OyB ['eopriii JloHelb, HE3BaXKaOUM Ha BAXKY
CHUTYaIlil0, SIKy MH BCi TIEpe:KUBAEMO, Oa)KaeMO OTPUMATH KOPUCHI JIJIsS
KOXXKHOTO 3 Bac HOBi 3HaHHS B rany3i KOMOiHATOpHOI onTUMi3awii Ta ii
3aCTOCYBaHb, HAJMXHYTHUCS HOBHMH I[IKABUMHU iJIeSIMH, OTPUMATH
pamicTh AUCKYCil Ta OOMIiHY JTyMKaMH 3 KoJjieramu!
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Hexaii HOBi oTprMaHi 3HAHHS CIPUATUMYTH PO3BUTKY HAIIOT HAYKU
Ta UIIyTh Ha KOPUCTH YKPaAiHCHKii AepsKaBi!

Haranmis MAKCHUIIKO, nokTtop eKOHOMIYHHX HayK, mpodecop,
3aBimyBau Kadeapu eKOHOMIUHOI  KibepHETHKH  3amopi3bKoOro
HaI[lOHAJILHOTO YHIBEpCHUTETY,

Irop KO3IH, moxtop ¢i3mko-MaTeMaTHYHUX HayK, Mpodecop,
npodecop  kKabeapu  EKOHOMIYHOI  KiOEpHETHKH  3armopi3bKoro
HAI[IOHAJILHOTO YHIBEPCUTETY.

Tlpusimanns 6i0 Incmumymy xibepremuru imeni B.M.I nywrkosa
HAH Ykpainu

[IlaHOBHI KOJIETH, Y4aCHUKH CeMiHapy!

[TpoBeneHHs [IBaaIsTh IIOCTOrO CeMiHApY — I1€ BAKIMBA OIS IS
HaIIOi HayKOBOI CIIJIBHOTH, fKa 30WMpac il CBOIM JaxOM IPOBITHHIX
BUCHMX, JOCJIIHUKIB, BUKJIJa4iB Ta CTYJCHTIB, 00’ €JHAHUX CILIBHOIO
MPUCTPACTIO IO MATEMATHKH.

Takosx Maro 4ecTh i 33J0BOJICHHS TIepeAaTy BiTaHHS BiJ JUPEKTOpa
[ncrutyTy kibepueruku iM.B.M.I'mymkoBa HAH VYkpainu akamemika
[.B.Ceprienka Ta akanemika-cexkperapi Binginenns ingopmatuku HAH
VYkpainu akanemika O.M.Ximiga.

Ham ceminap mpucBsyeno mam'siti npo¢. I'eopris OmanacoBuya
JloHIlT — BIIOMOI'0 YKpaiHChKOIO MaT€MaTHKa, SIKUH BHIC CYTTEBHM
BKJIAJ] Y PO3BUTOK KOMOIHATOPHOTO aHaJIi3y, IIepIIl 3a Bce, Teopii rpadis.
Moro yuacTs y momepeHixX HAUIMX ceMiHapax CIpPHAIA PO3BUTKY TeOpii
KOMOIHATOpUKK Ta CyMDKHHUX oOyacteit. OTpuMaHi HUM pPe3yJIbTaTh
3HaXO/ATh PO3BUTOK 1 MTPOJIOBKEHHS y MPAISX YUHIB 1 KOJIET.

CemiHap BKe JaBHO CTaB IUTaT(OPMOIO 17151 OOMiHY HOBUMH 1J1€SIMH,
JOCSITHEHHSIMH Ta BIIKPUTTSAMH B PI3HUX TAITy35X MATEMaTUKH. 3aBISIKU
HAaIlMM  3ycTpiyaM CTBOPIOIOThCS HOBI  HAayKoBi  KojaOopaiiii,
HApOIKYIOTbCS TPOEKTH Ta BIIKPUBAIOTHCS HOBI TOPU3OHTH B
nocmimpkeHHsx. Came Ha HuX, B arMocdepi B3aeMoIloBarum Ta
BIJIKPUTOCTI, BiI0YBa€THCS TUTIIHUN OOMIH 3HAHHSIMH Ta OCBIIOM, IO
CTIpUSIE PO3BUTKY HAIOi HAYKH.

Lporo poky mporpaMa ceMiHapy BKJIIOYA€ IIUPOKHH CIEKTP TEM,
1[0 OXOILIIOIOTh sIK (yHJAaMeHTalbHI, TaK 1 NPUKIAIHI acleKTH
MaTeMaTHKH. MU MaeMo 4ecTh CIyXaTH JIOTMOBiJ{i BiJOMUX BUEHHX, a
TaKOXX HAJaBaTH CIIOBO MOJIOJUM JOCIiTHUKAM, SIKi TUIBKH MOYUHAIOTH
cBill HaykoBui muIsIX. Taka pI3HOMAHITHICTH [O3BOJISIE CTBOPHTH
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OaratorpaHHy KapTHHY Cy4acHOTO CTaHy MaTeMaTU4YHUX TOCTIIKEHb y
cdepi KOMOIHATOPHOTO aHAII3y Ta ONTHMI3aLlil.

Oco0nmBO X049y Bim3HAYUTH 3ycriuiss OpPrKOMITETY, YICHH SIKOTO
3po0niIH BCe MOXIIHBE, 00 Tieii ceMiHap MPOHIIOB HA BUCOKOMY PiBHI
HaBiTh Y HUHIIIHIX HETIPOCTHX YMOBAaX.

[ManoBHI yyacHHKH, Bailli i€l Ta JOCIiHKEHHS € HAWBaYKITHBIIIOIO
CKJIQJIOBOIO HAIIOTO ceMiHapy. Bama akTuBHa y4acTh TOJAIOTH 3aX0Iy
0COOJIMBOTO 3HAYEHHS Ta CTUMYNIIOIOTH Ha TOAAJbIIl 3ycWis B
oprasizamii mogiOHux 3ycrpiueii. CrogiBarocs, IO Iei ceMiHAp CTaHe
IS BaC [DKEPEJIOM HATXHEHHS, HOBHX 3HaHb Ta HAYKOBHX KOHTAKTIB.

baxaro BciM TuIigHOT POOOTH, LIKABHX AMCKYCi Ta He3a0yTHiX
BpaKeHb BiJ HamIoro cemiHapy. Hexaii ko’kHa JOMOBiAb 1 KOXKHE
O0OTOBOPEHHSI CIPHUATHMYTHh BamioMy mpodeciiiHoMy Ta ocoOucromy
3POCTaHHIO.

Jleonin [D'ynsauuekmii, uwneH-kop. HAH Vkpaian, IeCTHTYT
kibepueTuku iMmeni B.M.I'mymkoBa HAH Ykpainu
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ASSESSMENT OF THE VULNERABILITY OF THE
INFORMATION SYSTEM BASED ON FUZZY MATHEMATICS

Anna V. Bakurova !, Oleh V. Zaritskyi 2, Anatoliy A. Gritskevich!,
Pavlo V. Hrynchenko!, Elina V. Tereschenko' and Dmytro
V.Shyrokorad'

! National University “Zaporizhzhia Polytechnic”
? National Aviation University
OITHIOBAHHS BPA3JIMBOCTI IH®OPMAIIIIHOIL
CUCTEMH HA OCHOBI FUZZY-MATEMATUKHA

Abstract. A fuzzy-mathematics approach for assessing the vulnerability of
information systems has been proposed. This approach is based on systems
analysis, viewing the information system as an interaction between subjects and
objects governed by access control policies. The key elements are Assessing the
vulnerability of objects, Monitoring anomalies, Evaluating risk levels, and
Adjusting access policies. This approach allows for dynamic responses to
changes in the system and adaptation of security policies, thereby enhancing the
overall level of protection. The methodology entails the deployment of advanced
tools and software, including Intrusion Detection Systems (IDS), fuzzy testing,
User and Entity Behavior Analytics (UEBA), User Activity Monitoring (UAM),
Software Bill of Materials (SBOM), and machine learning techniques. Integral
to the methodology are relevant libraries and databases such as the CIS
Benchmark, Common Vulnerabilities and Exposures (CVEs), Common
Platform Enumeration (CPE) Dictionary, and Common Vulnerability Scoring
System (CVSS). These components ensure the standardization and integration
of the methodology with other approaches and methods for the control and
monitoring of information systems. In this article, the example of calculation of
vulnerability estimation for model Object-Subject was considered.

The team of authors has developed a methodology for building
access control systems based on fuzzy mathematics. The grounds of the
approach are outlined in the work [1]. The methodology involves a
combination of modern tools and methods of data analysis and
information system states in order to determine the risk level of the access
control system. The influence of factors in the "subject-object” system,
caused by various aspects, including incorrect actions of the user, is
considered. The methodology is based on FUZZY mathematics with the
following implementation in the MATLAB package [2]. The presented
material is an approbation of the previously developed methodology. It
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considers the "subject-object" model of a particular information system,
which reflects the structure of relationships between the indicators of the
access control testing system to this information system (Fig. 1). We will
assume that the subject is an entity that interacts with the system and is
endowed with certain rights to perform actions with system objects, for
example, a system user or a process. The entity is characterized by the
degree of trust in its qualifications and actions in the system. An object is
an entity (often a resource) represented by elements of the information
system, which also have their own attributes. Software, file system,
service, and equipment are considered as objects.

All subjects are characterized by the ability to interact with objects
(change, add, update, etc.). The access control policy defines the
possibility of the subject's influence on the object, described by the
Access Control List (ACL) indicator.

The output parameter is the Access control system risk level,
assessed on a scale of 0 to 1. This indicator is calculated using fuzzy
derivation and mathematical calculations, using the values of the
parameters characterizing both the Object and the Subject.

We will describe the "subject-object” interaction using model (1). Using
the Algebra of Statements, we will describe the events according to the
state of the indicators, which is presented in Fig. 1.

AL=PRM APRV NTAAV V AC AAML V AR A AML VEM,
OVL=VC A ISLV (VA A OAF VVA) VLOI, (1)
ACSR=ALAOVL,
where a possible event for the Subject indicator group will be presented

as
AML=PMLVSCA.
PML=RAL A mPA A ALD A MPA A EPH A ALT A MPL A PCR A
SPE,
where the entered indicators are described in the standard [3].

Let's introduce linguistic variables for indicators of both Object and
Subject corresponding to model (1). The input data of the production
system of fuzzy output are the facts of certain states of the system,
obtained at certain discrete moments, and dynamic, taking into account
the results of constant monitoring of anomalies in the system, which are
provided by modern tools and software, such as intrusion detection
systems (IDS), fuzzy testing, User and Entity Behavior Analytics
(UEBA), User Activity Monitoring (UAM), SBOM. Fuzzification of
input data considers the predefined permission level access control list.
The knowledge base is formed taking into account standardized
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requirements for the security of information systems, such as CIS
Benchmark, Common Vulnerabilities and Exposures (CVEs), Common
Platform Enumeration (CPE) Dictionary, and Common Vulnerability
Scoring System (CVSS). The use of appropriate libraries and databases
provides standardization and integration of the methodology with other
approaches and methods of control and monitoring of information
systems.
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Fig. 1 — Structure of relationships between indicators of the access
control testing system
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The output linguistic variable of the production system is the
ACSRL risk level, the terms and functions of which are defined in the

table. 1, according to [4].

Table 1. Linguistic variables Access control system risk level (ACSRL)

Tepmu ACSRL QDyHKIIiS] IPUHANEKHOCTI TEPMIB
Very high (VH) s (0,70 0,90)
High (H) Pi (0,50 0,65 0,82 0,90)
Substantial (S) Pi (0,30 0,42 0,58 0,70)
Possible (P) Pi (0,10 0,18 0,35 0,50)
Slight (S) s (0,10 0,30)

The fuzzy inference production system has a hierarchical structure
corresponding to model (1). Fig. 2 b)-i) presents some response surfaces
of this hierarchical structure, and Fig. 2 a) presents the ACSRL response

surface.
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e i)
Fig.2 — Surface of fuzzy output a) ACSRL depend on AL & AS, b)
VC&ISL, ¢c) OAF&VIA, d) NTA &AV, e) AML&AR, i) AML&AC.

This is an example of system operation for a vector of input data
under the conditions of operation of a real "subject-object" system using
the built-in programming language of the Matlab package. The subject is
the user, described by binary characteristics, and the object is some
device characterized by phased data.

Subjects(1)=struct("RAL", 1,"mPA", 1,"ALD", 1,"MPA", 1,"EPH"
, L,L"ALT", 1,"MPL", 1,"PCR", 1,"SPE", 1);

Objects(2)=
struct("Name", "Switch","OVL", "High","OAF", "Constantly","ISL", "
High","LOD", "Low","LOI", "High","OVLP",[OVLP(2)]).

The vulnerability characteristic of the object looks like this:

OVLP(2)= struct ("CVE", "CVE-2020-
35221","VALUE", 8.8,"EM", "Not-
Defined","AV", "Adjacent","AC", "Low","PR", "None","UI", "None","
VC", "High","VA", "High","VI", "High","AR","None").

Characteristics of the system as a whole:

NT=struct("NTA", "CAN","NTS", "Open","SPI", "Average").

The result of the system is a risk assessment ACSRL=0.64922.

Conclusions. The real example shows the operation of the developed
system, which allows you to test the object of the system against the

unauthorized influence of some subject and determine the assessment of
the vulnerability of the "subject-object” connection.

24



The work was performed as part of the research project
"Development of research methods of complex socio-economic systems
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BEAUTIFUL GRAPHS FROM SIMPLE GROUPS
Peter J. Cameron, University of St Andrews

The commuting graph of a group

Let G be a finite group. The commuting graph of G is the graph with
vertex set G, in which x and y are joined if xy = yx.

Here are the commuting graphs of the two non-abelian groups of
order 8:

Dg ={a,b:a* =1,b>=1,b"Yab = a 1) and

Qs =(a,b:a*=1,b2=a% b lab=a?).

a’b

ab

a’b



https://doi.org/10.1186/s42400-022-00112-1
https://www.first.org/cvss/

We see that the commuting graph doesn’t determine the group; but
it carries a lot of information.

In 1955, Brauer and Fowler used the commuting graph to prove that
there are only a finite number of simple groups of even order with a given
centraliser of an involution (element of order 2).

With hindsight , this was the first step on the road to the
Classification of Finite Simple Groups. A huge amount of work was done
determining the simple groups with a given involution centraliser.

It is interesting that the paper doesn’t contain the word “graph”;
graph theory was not mainstream mathematics at the time.

A number of further graphs on groups have been discussed.

Among them are

» the power graph: x and y joined if one is a power of the other;

» the enhanced power graph: x and y joined if they are both powers
of an element z (equivalently, {x, y) is cyclic).

I will talk about the difference graph D(G), in which x and y are
joined if {x, y} is an edge of the enhanced power graph but not of the
power graph.

I believe that similar results will be found for many of the other
graph types, but this has not been studied.

Vertices x and y of a graph are twins if they have the same
neighbours, possibly except for one another.

If a graph contains twins, then the information it contains can be
expressed more compactly, since we only have to give the neighbour set
of x and also whether or not x and y are joined.

So it is natural to apply twin reduction: delete one of a pair of twins,
and continue until no twins remain.

Theorem. The result of twin reduction is (up to isomorphism)
independent of the way the reduction is performed.

A graph is a cograph if it has no induced subgraph which is a four-
vertex path.

Theorem. Applying twin reduction to a graph G yields the trivial 1-
vertex graph if and only if G is a cograph.

Twin reduction preserves many graph-theoretic properties. For
example, if H is a twin-free graph, then H is an induced subgraph of G if
and only if H is an induced subgraph in the graph obtained from G by
twin reduction.

Connected components which are not cographs remain connected
after twin reduction.
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Graphs defined on groups often have many pairs of twins. For
example, if x and y generate the same cyclic subgroup (that is, if y = x*
where k is coprime to the order of x), then x and y are twins.

So it is interesting to apply twin reduction to these graphs.

First, of course, we want to know whether the graph is a cograph!

Question

For each type T of graph on groups, determine the class of groups G
for which T'(G) is a cograph.

Despite a lot of work, most cases are not completely resolved!

It turns out, that for small finite simple groups, D (G) is a cograph.
For slightly more complicated examples, D(G) may not be very
interesting; for example, the twin reduction may consist of a large number
of small isomorphic graphs. When we get to the Mathieu group M1,
something more interesting happens. The twin reduction of D(M;;) is a
beautiful graph:

» it is bipartite, with bipartite blocks of sizes 165 and 220;

» it is semiregular, with valencies 4 in one block and 3 in the other;

» it has diameter 10 and girth 10;

» its automorphism group is just M.

Note that 165 + 220 = 385 is much smaller than |M4,| = 7920.

All these computations were done in GAP, using the package
GRAPE for graphs and groups.

It is straightforward to construct the graph and perform twin
reductions on it. Then many properties of the resulting graph can be read
out by simple GRAPE commands.

This is as far as the exploration has gone so far, but I would be
delighted if you would join me in pushing the analysis further!

See Sucharita Biswas, Peter J. Cameron, Angsuman Das, Hiranya
Kishore Dey, On difference of enhanced power graph and power graph
of a finite group, arXiv 2206.12422.

For backgroupd, see Peter J. Cameron, Graphs defined on groups,
Internat. J Group Theory 11 (2022), 43-124
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JOCJIIIKEHHSA BUMOTI 10 KIBEPBE3IIEKU
KOMIPIOTEPHUX CUCTEM YIIPABJIIHHSA AEC
Bintenko b.1O., Cmiprosa T.B., Cmipaos O.A.
L]enmpanvHoyKpaiHCbKUl HAYIOHATLHUL MEXHIYHUL YHIigepcumem

STUDY OF REQUIREMENTS FOR CYBER SECURITY OF
COMPUTER SYSTEMS OF NPP MANAGEMENT

Abstract. In order to counter cryptoattacks on elements of critical
infrastructure, in particular on computer control systems of nuclear power plants,
this work achieved the goal of analyzing the requirements for computer security
(cyber security) of the software of this system, which are relevant to the stage of
its design, development and operation. To achieve the goal, the article provides
information on standards and identified requirements for software cyber
security.

Ha cygacHomy eTarti po3BUTKY KOMIT IOTEPHHUX CUCTEM YITPaBIIiHHS
(KCY) AEC mnponecu 3 3abesmeueHns kidepOesmeku KCY AEC e
Ha/I3BUYAIHO aKTyaJbHUMH Ta € CKJIQAHUMHU 1 KOMIUIEKCHUMU. Y CTaTTi
[1] po3rasmaroThcs MPOLECH BIPOBAKEHHS Ta MIATPUMKHU ITONITHKH,
MporpaMu Ta riany kibepoesnexu va AEC.

3abe3nedyeHas kidbepsaxucty KCY KpUTHYHOTO 3aCTOCYBAaHHS €
KOMIUIEKCHOIO 33/1adcto, sika Tependavac MOeAHaHHS 3aKOHOJABUUX,
KyJIbTYPHHX, TEXHOJOTIUHUX,  aJMIHICTpaTHBHMX  3axofJiB. B
JOCHiDKEHH] [2] po3pobieHo Mozenb KepyBaHHs Kibepoesnekoro (Cyber
Security Management Model), B SKifi BUIUISIOTHCS IIICTh TOJIOBHUX
cep, 1110 € KPUTHYHUMHU TS KiOepOe3neKu:

— npaBoBe perynroBanHs (Legal Regulation);

—po3yminnas kepiBHuLTBOM (Good Governance) BasKIMBOCTI
3a0e3nedyeHHs KidepOe3neku Ta MiHiMi3allil HaCTiIKIB KiOCPIHIUICHTIB;

— kepyBanHs pusukamu (Risk Management);

— KyJbTypa Oesnexu (Security Culture);

— kepyBanHs TexHoJjorisimu (Technology Management);

— kepyBanHs iHIMAeHTamu (Incident Management).

Amnanoriuni cepu xidepoesnexu KCY kputuanoro 3acrocyBaHHs
BiJOOpaXKaloThCsI B MDKHAapOAHUX CTaHAApTaX Ta HOPMATUBHHUX
JIOKYMEHTaX Pi3HHMX KpaiH. 30KpeMa, BUMOI'H J0 KOMIT IOTEPHOI Oe3IeKu
(xibepOesnexn) KCY AEC wmicTaTbCs B MIKHApOAHOMY CTaHIapTi
[EC62645 [3] ta ranmy3eBomy ctangapTi Ykpainu «HIT 306.2.237-2022»
[4].
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CraHgapTu, 10 PO3MIISIAIOTHCS, BBOJAATH KIIACU(IKaIlil0 PiBHIB
kibep3axucty KCVY, ix xomnonenTiB Ta [13 s BU3HaYCHHST BUMOT 10
kibepbesmexu (po3ain 5.2.3.1 cranmapty IEC62645, pozain Il cranmgapty
HIT 306.2.237-2022). 1li piBHI BU3HAYAIOTBCA  KATETOPISIMH
BUKOHYBaHHMX (YHKLIH, BOXIMBUX A Oe3meku (kateropii «A», «By,
«C» BusHaueHi y [5]). Busmawatorbca Tpu piBHI: «S1» («K1»)
(BuKOHAHHS QYHKITiH Kateropii «A»), «S2» («K2») (BuKoHaHHS QYHKITIH
kareropii «B» Ta poboTa B peanbHOMY 4aci) Ta «S3» («K3») (BukoHaHHS
¢yskniii kareropii «C», a TakoX JONOMDKHHUX Ta OOCIyrOBYIOUHX
(dbyukmii). 3a3HavaeThCs, IO BHU3HAYCHHS PIBHI HE € JKOPCTKO
perilaMeHTOBaHUM, i BUKOHYEThCS Ha OCHOBI aHami3zy pynkuiii KCY.

3riiHO MOCTiMKEHHST BUMOT cTaHnmaptiB (po3nin 5.1 cranmapty
IEC62645, po3min HI-IV crangapty HII 306.2.237-2022), ocHoBHi
3arajibHi IPpUHIMIHY 320e3MeYeHHs Ki0ep3axucTy € HaCTYITHUMHU:

— HASIBHICTb MOJIITUKH KiOEP3axXUCTY;

— TTTHOOKOETIIEIIOHOBAHNH KiDep3axucT;

— mudepeHITiHoBaHI i aXi;

—3ax0J¥ WIOJO0 TMOINEPE/PKCHHS INKIIJIUBUX Jiid, BHUIBJICHHS Ta
pearyBaHHS Ha IIKIUBI Jdif, TOM’SKIICHHS iX HACHIAKIB Ta
BIJIHOBJIEHHS;

— 3aX0JIW IOJI0 MOTIEPEXKSHHSI BHECEHHST HECAaHKI[IOHOBAHUX 3MiH,
HQ/IJIMIIKOBHUX (PYHKIIH, HEKOPEKTHHUX JTAHHUX TOIIO;

— 3aXO0JI1 MOJI0 KyJIbTYPH KiOEp3aXuCTy;

—3ax0JM IMOJO  MiHiMi3amii BIUIMBY KiOEp3aXWCTy Ha SAKICTh
BUKOHaHHS OCHOBHUX QyHKIiH KCVY;

—3ax0J[M IIIOJI0 OIIIHIOBAHHS Ta IEPEOI[IHIOBAHHS KiOep3aXucTy
KCYVY, 10 3HaX0sThCsI B €KCILTyaTallii.

3rilHO JTOCHIJDKEHHS BHMOT CTaHAapTiB MIOA0 3ade3nedeHHs!
Ki0ep3axucTty Ha erami po3podkW Ta ekcmuryaramii  (po3zin
5.2.323-523.2.7, 6.4 «(IEC62645», poznin V-VII — «HII 306.2.237-
2022») 13 KCY HeoOximHO BpaxyBaHHS OCHOBHHX HIDKYCHABEIEHUX
ACTICKTiB:

— Ilpornec Ta 3acobu po3poOKy.

— KoHTponb 32 HasBHICTIO NPUXOBaHUX (DYHKIIIH.

— MiHimizaniss BIUIMBY 3aco0iB KiOep3aXWUCTy Ha BUKOHAHHS
GyHKITIH.

— Hampsimoxk nepenaui indopmariii.

— KoHTposb nNoToKy qaHuX.

— ABtentudikariis Ta aBTOpH3ALIiS:

a) iznynnii 3axuct komrnoneHtis KCVY;

0) 3aXHCT BiJl HECAHKIIOHOBAHOT'O IOCTYITY.
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BucnoBok. Jlocmimkenas cranmapTiB kidepOesmneku KCY AEC
MOKa3yIOTh, 1[0 BUKOHAHHS BUMOT KiOepOe3rneku € 00OB’SI3KOBHM Ha
BCIX eTamax >KHUTTEBOTO IUKIY NpoAyKTy. HeoOXimHOI yMOBOIO
peamizamii 3axomiB Kibepode3neku mporpamuoro 3abesnedenus (I113) e
BU3HAYEHHsI HOTO KOMIIOHEHTIB, SIKi MOXKYTh OyTH 00’ €KTaMu Kibepartak
Ta MICTATh BPa3IMBOCTI, MO0 MOXYTh OyTH MPHYMHOIO BiJIMOB MpH
BukoHaHHI (ynkmiin KCVY. Ilicns Bu3HaueHHS IHUX KOMITOHEHTIB [13 B
HUX Mae OyTH MpOTpaMHO peanizoBaHi (QYHKLIT i 3abe3mnedeHHs
PO3TJITHYTUX ACIEKTIB KiOepOe3neKku Ta TMPOBEACHE TECTYBaHHS LUX
(hyHKITIHA.
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IMPO KBA3IBUIIAJIKOBI TPA®U
HA OCHOBI 3-PEBEPHO 3B’SI3HUX IT'PADIB
I'myxos O.[.
Hayionanvnuii asiayiiinuii ynieepcumem

QUASI-RANDOM GRAPHS
BASED ON 3-EDGE CONNECTED GRAPHS

Abstract. We address the problem of estimating the probability of
connectivity in quasi-random graphs. We introduce the concepts of
multiframework and connected graph polynomial. Additionally, we present a
new connectivity estimate for quasi-random graphs based on a 3-edge connected
graph.

KgsaziBunaakosi rpagmu.

KpaziBumagkoBi Tpadhm € MOACTIMH JUCKPETHUX CHCTEM,
CTPYKTypa SIKHX MOXE 3MIHIOBATHUCh BHACIIZOK BHUITAJJKOBOTO PO3PUBY
YacTHUHHU 3B’s3KiB [1-3].

B miii ctaTTi po3rismaeThbes 3a1a4ua OiHKH HMOBIPHOCTI 3B SI3HOCTI
kBasiBunaakosoro rpaga G(p) moOGyaoBaHOrO Ha OCHOBI - 3-peGepHO

3B’s3H0r0 Tpada G .
Osnauenns 1. Hexait G =G, -3B’sa3Huii rpad Ha n BepIIMHAX 3

muoxkuHOK Bepmme G i MuOKuHOW0 pebep G, , |G°| =n , |G| =m,
KBasziBumaKoBUM rpadom Ha ocHoBi rpada G Haszusaetses rpad G(p)
3 muokHHOI G’ (p) =G  BepmmMH i 3 BUIAAKOBOI MHOXKHHOIO
U =G'(p) pebep wist K0T BAKOHYIOTBCS YMOBH:

Prob(ueU) = p, akwmoucG';

Prob(ueU) =0, akwyou ¢ G'.

MyasTukapkacu rpada i C-nosinomu.

Hexait G -38’s3uuiirpad, U < G' - nesxa MHOXUHA Horo pebep,
uyepe3 G[U] Oymemo mo3nauatu MiHiManmpHuit miarpad rpada G 3

MHOKHHOIO pebep (GU D'=U.
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O3navenns 2. Mynbrukapkacom rpada (G OyaeMo Ha3uBaTH

N

j=1° SIK€ 3a10BOJIbHAE€ HACTYITHUM YMOBAM:

cimeiictso MuONHH { £ }
(DY E; =G
(2) Axmo wmHOxkuHaAW pebep rpadaG  3a70BOJIBHAE YMOBI
ViWNE, # &, 1o rpad G[W] Gyne 38 s30MM pakToprpadom rpada
G (3B’s3HUM miarpadom, kUil MiCTHTh yCi BEPIIMHHE JAHOTO rpada).
O3navennsi 3. Hexait - M ={ E j }‘;:1 JEAKUN MYJbTUKAPKAC
papa G, & (M)={EeM:|E|=k}|. C-nominomom  abo

3B’SI3HICTHHM IIOJIIHOMOM MYJIbTHKapkaca rpaga G Ha3BeMO IIOJIIHOM,
BU3HAYCHUH HACTYITHUM YHHOM:

C(G,M,x)=) &x*.

Baxxnupicte C - 1MojliHOMa BUIUIMBAE 3 HACTYITHOTO TBEPXKCHHSI.

Teopema 1 [4]. fxuo G 38’s3umit rpad, M - nesikuii #oro
MyJIbTHKApKac, TO Uil WMOBIpHOCTI P 3B’S3HOCTI KBa3iBHITaIKOBOTO
rpada G(p) Ha ocHOBi rpada G Mae Miclie HACTYITHA OI[iHKA:

P>1-C(G,M,q),ne g=1-p.
I'omomopgizmu.
Osuauenns 4. Perynspaum romomopdismom f rpada G Ha rpad

H Gynemo HasuBatu CrOp’€KTHBHE BiJOOPaXKEHHS MHOXWUHU BEPIIMH
rpada G Ha MHOKUHY BepmuH rpada H ke 3a10BOJIBHAEC HACTYIIHUM
yMOBaM:

1) mpoobpa3 koxHOi BepmmHU Tpada (G € 3B’3HUM miarpagom
rpadpa H ;

2) icHye Take iH’ €KTHBHE BiJ0OpakeHHSI MHOXXHHHU pedep rpada
H B muOxuHY pebep rpada G , o
gw)y=u=ow=(f(x), f(y) & @u={x,y}) &(f(x)# f(¥))

®axtuunno rpad H orpumyerses 3 rpada G UUISIXOM peTpakiii
(cTaryBaHHA) B BEPIIMHU JACAKHX HOro MOPOMKEHHUX 3B’ SI3HUX
niarpadis. Takum uyrHOM, NMPOOOGpPa3oM KoxkHOI Bepumuu rpada H e
Nopo/LKeHU 3B’s3HUI miarpag rpaga G, 30kpema 1e Moxe OyTu
TpuUBiaJbHUN MpooOpa3, ToOTO miarpad, SKUHA CKIAZAETbCA 3 OJHI€l
BEpPIINHU.

Osunauenns 5. Perymspuuii romomopdism f rpada G marpad H
OyZeMo Ha3uBaTH NPOCTUM LUKIIYHUM TOMOMOP}I3MOM, SIKIIO HE
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Oinbine, HiX omHa BepmmHa rpada [ mae HeTpuBianbHUIT POOOpPa3,
KW € TpocTUM nukiaoMm rpadga G .
Jlema 1. Hexali f - mpoctuii nukniunuii romomopdism rpada G

wa tpabH , Z=f'(2)- equnnii HeTpUBiaTbHUII IPOOGPa3 IBOTO
romomopdismy, M (Z), M (H) - nesxi mynstukapkacu rpadis Zi H
BianosiaHo, To M (Z) U M (H) 6yne mynbrrkapkacoM rpada G .
Jlema 2. Hexali f - mpoctuii nukniunuii romomopdism rpada G
Ha rpabH , Z =f “(2)- enummit HeTpuBiaTBHEH MPOOGPA3 HOTO
romomopdismy, Z, - mpoctuii uukn va k sepumnax, C(H,M',x) -

JCSIKHIA C-niomiHoM rpada H, TOI

-1
C(G,M,x)=C(H,M', x)+ %xz Oyne C-nosninomoM rpada

G.

TI'osioBHMiIi pe3yabTar.
Teopema 2. Hexait G,(p) kBasiBumajakoBuii rpad Ha OCHOBi 3-

peGepHo 38’si3H0T0 Tpada G, , 3 n BepmmHamu, ¢ =1— p. Toxi mis

iimosiprocti P 38’s3H0cTi rpada G, (p) Mae Micle HaCTyIHA OLiHKa:
2

P>1-(nlog,n)q".

JoBenennsi. [IpoBoanTHCS IHAYKINEIO 10 YUCITY BEPIIMH rpada,
BPaxOBYIOUY TBEP/KEHHS JIeM 1, 2  a TakoX TOH Bijjomuii (akT, o 3-

pebepHo 38’ s3Hui rpad G,

0 . o
G ‘ =N, MICTUTb IPOCTUU LUK JOBXHUHU

He Oinpme 2log, n[ 21.

BucHoBok. Sxmo G, (p) xBasiBumajgxoBuil rpad) Ha OCHOBI 3-

pebepuo 38’ssHoro rtpapa G, 3 n BepumHamu, ¢=1-p,

n

a Lo . .
q = —=—=, 10 1y iimoBipHocti P 3B’s13H0cTi rpaha G, (p) Mae

Jnlog, n

. . 2
micue HacTynHa ominka: P>1-a”.
Hedopmansro, kBasiBunaakosuil rpap G, (p) Ha ocHoBi 3-

pebepHo 3B’s13H0TO rpadga G, Ha M BepIIMHAX 3 JOCTATHBO BHCOKOO
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HMOBIPHICTIO 3QJIMIIATHCS 3B’SI3HUM TPU BHJAICHHI BUIAIKOBUX Kk

pebep, sKmwo k icroTHO MeHue, Hix (/n/log, n .
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PO IIJIbOBI PEKOH®ITYPAIIII MEPEXK
Bacubs l'opbauyk, JImutpo Hikonenko, Bikrop I'ommok, AMutpo
PuGauox
Inemumym xidepnemuxu imeni B.M.Inywxosa HAH Yrpainu

ON TARGET RECONFIGURATIONS OF NETWORKS

Abstract. Traveling through the transport network or sending packets over
the Internet is implicitly based on game-theoretic considerations: a specific
decision-maker, choosing his or her route, takes into account the probability of
congestion depending on all decision-makers, that is, other routes. Based on
similar considerations, it is possible to develop models for network traffic. These
models explain some paradoxical observations where, under certain
circumstances, increasing the capacity of a given network can slow down its
traffic. Adding a new strategy may worsen the equilibrium payoff of each player.
For example, in a Prisoner’s Dilemma, if each player’s only strategy is
cooperation, then each player will benefit from that compared to a situation
where each player’s strategies are competition (distrust the other player,
confession) and cooperation. Such a phenomenon seems paradoxical, because
updating the network is intuitively associated with its improvement. Therefore,
any update should correspond to a certain measurable criterion of social gain,
which each person understands in his or her own way. The reconfiguration of
any network involves a certain coordination of all its participants.
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[oi3nka TpaHCIIOPTHOIO MEPEXKEI0 YW HAACWIIAHHS IMaKeTiB uepes3
[HTEpHET HESIBHO TPYHTYETHCA HA TEOPETHKO-ITPOBHUX MipKyBaHHSIX:
KOHKpEeTHa oco0a, ska mpuiimae pimenas (OIIP), suOuparoun cBiit
MapIipyT, 3Bakae Ha WMOBIPHICT, BUHHUKHEHHS 3aTOPIB, 3aJ€KHUX BiJl
ycix OIIP, to6ro Bin iHmmx mapmpyTiB [1]. Buxomsuu 3 momiOHMX
MIipKyBaHb, MOXHA PO3POOIIATH MO st MepexeBoro Tpadiky [2]. Li
MOJIENTI TIOSICHIOIOTh MIEeSKi TapamoKCadbHI CIOCTEPEKCHHS, KOJH
301IBIIICHHST CIIPOMOXKHOCTI JaHOT MEPEkKi MOXKE 3a MEBHUX OOCTaBUH
CHOBLIBbHIOBATH ii Tpadik [3—5].

Criouatky po3poObuMo MO/IETh TPAHCIIOPTHOI MepeXi Ta JOCTI IUMO,
SIK BOHa pearye Ha 3aTopH [6]. IIpenctaBUMO TpaHCHIOPTHY MEpPEXY
opieHTOBaHUM rpadom [7], e peOpamu € aBTOMAricTpati, a By3JIamMu €
Buizau (exits), me OIIP moke BWixaTm 3 TEBHOiI aBTOMAricTpaii Ta
3aixatu Ha iHmmy. [Ipumyctumo, mo xoxkHa OIIP 6axae mpoixaTu Bin
By371a A (CKakiMO, BUI31y IO IEpPEaMICTsI) 10 By3iia B (BHI3ay 10 IICHTPY
micra) [8]. Cmig BpaxoByBaTH BeNmUKY KinbkicTh iHmmx OIIP mpoixatn
Bil A o B y roguny mik [9]. KoxkHe pebpo xapakTepu3yeThCcsl IEBHUM
4acoM Ha JIOpOTYy, 3aJIeKHUM Bi Tpadiky Ha IbOMY peopi.

s koHKpeTHOCTI  mpumyctumo, mo 4000 aBTOMOO1TIB
(BigmoBigaux OIIP) nmictarotbes Bim A mo B Mapmpytamu 1, 2.
PiBHoBaxkHwMii Tpadik cranoBuTh 2000 aBTOMOO1TIB HA KOKHUN MapIIpyT
3 yacoM noiznku 65 xBunuwH. Hexait Ha mapmipyti 1 € By3on C, a Ha
MapIuIpyTi 2 € By30J1 D , TpHYOMY T0i37Ka migmapiipytom C — B 3aiimae
45 xBWIWH, SK 1 MOI3AKa HiAMapmpyToM A—D: Il HiAMappyTd €
HEYyTIMBHMH JI0 3aTOPIB, & Yac MOT3IKH KOKHUM TaKUM IiMapIIPyTOM
HE 3aJIS)KUTh BiJl KUTKOCTI aBTOMOO1JIIB, SIKI pyXatOThCSl HUM.

3 iHmoro OOKY, MPHUITYCTUMO, 110 Yac MOI3KH miaMapmpyToM A—C
abo migmapmpytroM D—B JopiBHIOE x(A—-C)/100 XBWUIMH Ta
x(D-B)/100 XBWJIMH BiANoBiaHO, n1¢ x(A—C) Ta x(D—B) — KiJbKICTb
aBTOMOOUIIB, SIKI pyXaloTbcs migMmapmpytoMm A—-C Ta D-B
BimnmoBigHo. Tomi mpu x(A-C) = 2000 = x(D-B) cymapHuili 4ac
noiznku mapupytoM A—C—-B abo A—-D-B craHoButs 2000/100+
45=65 xBunuH. Axmo x x(A—C) = 4000, TO cymMapHuil yac MOi3AKU
Mapuipytom A—C— B ctaHoBuTh 4000/100 +45=85 XBHINH; aHATOTIYHO

CyMapHUil 4ac MOi3 KU MapIpyTOM A—D— B CTaHOBUTH 85 XBWJIMH IIPU
x(D-B) =4000.

Ha moBi teopii irop Tyt OIIP (Boxii) € rpaBusMH, a cTpaTericro
KOXXHOT'O 3 HUX € BUOip Mapuipyty A—C—B abo A—D—B. Y Ouibliux
Meperkax rpaBlili MarOTh OlNlbIlie cTpareriii. Burpai Ko)KHOTO TpaBIist —
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e MIHyC CyMapHMH dYac TOI3AKHM BHOpaHMM MapmpyToM. MoxHa
ouikyBaTtu (OpMYBaHHA PiBHOBaXHOro Tpadiky, CKaKiMo, piBHOBAaru
Hema (crimcok 4000 cTpareriii, ae crpaTeris KOXHOTO TpaBIld
i=1,...,4000 — IIe HalKpaIa peakIlis IbOT0 TPaBIli Ha 3aJaHi CITUCKOM
cTpaterii BCiX IHIIMX TpaBUiB 1,..,i—1i+1,..., 4000). byBawoTs
JIOMIHAHTHI Ta 3MIIIaHi cTpaTerii.

B wiii rpi 3 TpadikoM 3arajgom HeMae JOMIHAHTHOI cTparterii: Oyab-
SIKMI MaplIpyT Ma€ MOTeHIian OyTH HalKpalyuM BHOOPOM IS IaHOTO
TPaBI, SKIIO PEIlTa IPaBIliB BHKOPUCTOBYIOTh 1HIIHMN MapmpyT. [Ipore
g rpa Mae pisaoBaru Hema (J[xon Hemr (1928—2015) — HoGemniBchkmit
naypeat 1994 p.): MoxHa TIOKa3aTH, 10 OyAb-SKHid CITUCOK CTpaTeriii, B
SKOMY TIOBEIiHKa BOAIiB Beae M0 onxHakoBoi KimbkocTi (2000)
aBTOMOO1JIIB HA KOKHOMY MapHIPyTi, € €IUMHOI piBHOBaroro Hemra.
PiBuwmii Ganmanc (aBTOMOO1TIB) Mk MapmipyTamH Jiae piBHopary Hera,
00 3a piBHOMIpHOTO OaNaHCy MiX IBOMa MapIipyTaMu Oyib-sIKHiA BOIIH
HE Ma€ CTUMYJTY MEPEKIIOUaTHCS Ha IHIMWH MapmpyT.

Bci piBHoBaru Hemna maroTe piBHHI OanaHc TOMY, 10 mpH x(A—C)

>2000, x(A-D)=4000—x(A-C)<2000 cymapHuii dYac MOI3AKU
MapuipytoM A—C—-B craHoBuTh x(A—C)/100+45>65 (xBunun) i
nepeBuiye cymapHuii 4ac x(A—D)/100 +45<65 (XBHIHMH) TOI3IKH
MapuipyToMm A—D—B, a TOMy BOJliii Ha MapuipyTi A—C — B Ma€e CTUMYIT
MEPEeKIIOUNTHCS Ha IHMMHA MapupyT A—D—B. Omxe, OyIb-IKuid
CIIMCOK CTpaTerii, B skoMy x(A—C) = 2000, He MOXke OyTH PIBHOBArow
Hema; Oynp-sikuii cnmcok crpareriii, B sxomy x(A—C)=2000, €
piBHOBaroro Hemra.

TakuMm yMHOM, Ha JaHiil Mepexi KOpPHCIUBA MOBEIiHKA BCiX BOJIIiB
3MyIIye iX Yy piBHOBa3i JOCKOHaIO OajaHCyBaTH MiXK HAasBHUMHU
Mapmipytamu. OJJHaK Ha MPAKTUI MEPEXi PO3BUBAIOTHCS 1 3MIHIOIOTHCSL.
Hexaii, Hampuknan, Michbka Biaja BHUpilMiIa moOyITyBaTH JOAATKOBY
MIBUJIKICHY aBTOMAarictpaib Big C 10 D, IPUYOMY Yac TMOI3JAKH Yepe3
HOBe peOpo C—D nopieHioe 0 XBrinH (a00 TOCTaTHRO MaJie YUCIIO &
XxBWINH). ToJI, HE3BAXKAIOUM HA OHOBJICHHSI CHCTEMH aBTOMAricTpase,
yac MOi3/IKH BiJl A 10 B B CTaHi piBHOBaru cTaHoBUTHME 80 XBHJIUH 1
MEpEeBUIIyBaTUME Yac MOI3AKH 65 XBUJIMH A0 OHOBIICHHS CHCTEMH, 00
BCi aBTOMOO1TI BAKOPHCTOBYBATUMYTh MigMapipyT C—D .

OHoBieHi Mepexi BiaNoOBiAae iHmA e€nuHa piBHoBara Hema 3
yacoMm TOi3aku 80 XBWIWH Bifi A 10 B. Y CTaHI pIBHOBaru KOXHHH
BOJI BUKOpHCTOBYE Mapmpyr A-C—-D-B, SKOMYy BiJIOBiJae
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cymapuuii wac moizaku x(A-—C)/100+0+ x(D— B)/100 =4000/100+0+
4000/100=80 xBwimH npu x(A—C) =4000=x(D-B): AKIO BOZIH
3amictb A—C—-D-B BUKOpHCTOBye A-C—B, TO CyMapHUH dac
moi3aKku AopiBHIOE x(A—C)/100+45=4000/100+45=85 (XBWINH); SKIIO
BOil 3aMicTb A—C—D— B BUKOPUCTOBYE A—D—B, TO CyMapHUH 4ac
MOI3AKKM  NOpiBHIOE 45+ x(D— B)/100 =45+4000/100=85 (xBumIHMH).
CrtBopeHHs 3ramaHoro pedpa C—D (akTHUHO 3pOOHUIIO BiAMOBIAHUN
migMapmpyT C—D JOMIHAaHTHOIO CTPATETi€l0 Ui KOXKHOTO BOJIS:
HE3aJIC)KHO BiJl TIOTOYHOI CXEMH pPyXy, KOXHHH BOJAIA BHUIpae MpHU
NepeKyIroueH i Ha miamapupyT C—D . Toai el miaMapmpyT OpUTSTYE
10 cebe BCixX BOAIIB, B pe3yJIbTaTi YOTro BCi BOHU NPOTPalOTh: PH 3aAaHii
KOPHCITUBIHA TOBEIIHII BOIIB, B OHOBIEHIN Mepexi HEMae CIoco0y
MOBEPHYTHCS JI0 PillicHHS PiBHOMIPHOTO OaJlaHCy MOTEepPeTHBOI MEPEKI.

Hitpix bpaecc (3m00yB HayKOBHWiA CTYMiHb JOKTOpa HayK 3
MaTeMaTHKH (KBaHTOBa Teopis) YHiBepcutery ['amOypra (3acHOBaHOTO
y 1919 p.) y 1964 p. 3a muceprarnito « BrinB B3aeMoii KiHIIEBOTO CTaHy
Ha  CJICKTPOPO3UICIUICHHS JIGWTpoHa OUIs  IMOpOTY»)  BIEpIle
MPOJEMOHCTPYBAB MPUKIIAI, KON 30UIBIIEHHS pecypciB TPAaHCIOPTHOT
MepeKi He TapaHTy€ IMiIBUIICHHS ii MPOJYKTHUBHOCTI B piBHOBA3i, a IpH
MEBHUX KOMOIHALISIX mapameTpiB 3HWXKYE i1 mpoxykTuBHICTH [3]. Take
SIBUIIEC HA3WUBAIOTh NapajokcoM bpaecca. Ha xopucTe mporo ssuiia
cBiquuth Keiic y micti Ceyn (Kopes), ne OymiBHHIITBO TpOMAaICHKOTO
MapKy Ha MICIIi Ioce 3 IMIiCThMa cMyramu pyxy (six-lane highway)
(aKTUYHO 3MEHIIMJIO Yac TOi3JKH B MICTO Ta 3 HBOTO 3a MPHOIHM3HO
olHaKoBoOro obcsary Tpadiky [10].

BumenaBenennii npukiax Mmepexi 3 BysaamMu A, B, C, D
NOSICHIOE  TIapafiokc bpaecca: 1omaHHS HOBOi  cTparerii  Moxe
MOTipITYBaTH PiBHOBKHUI BUTPALI KOXKHOTO TpaBiyl. Hanpukiaz, akmo
B JWJIEMI B’SI3HS €IMHOIO0 CTPATETi€l0 KOXKHOIO TPaBIl € KooIepalis
(moBipa 110 1HIIIOTO I'paBlis, HE3i3HAHHS ), TO KOXKHHUU IPaBEellb BiJ IIbOTO
BUTpaBaTUME MOPIBHAHO 13 CHUTYali€l0, KOJIM CTPATETiIMU KOXKHOT'O
rpaBlii € KOHKYpEHILs (HemoBipa JO IHIIOrO TIpaBlisi, 3i3HAHHA) I
koorepanis. [TogiOHe siBUIIIE BUTIISIA€ TTApaIOKCaTbHAM, 00 OHOBJICHHS
MepexXi IHTYITUBHO acOLiIOeThes 3 ii mouinmeHHsIM. ToMmy Oyab-KoMy
OHOBJICHHIO Ma€ BIANOBIJATH TE€BHUII BUMIPIOBAaHMHA KpUTepid
CYCHUILHOTO BUTPAIly, SKHH KOXKHA JTFOJIUHA PO3YMI€ IT0-CBOEMY.

[Napagokc bpaecca hakTHUHO € BiAMPAaBHOIO TOYKOIO JISI BETMKOL
npoOJeMaTHKN 3 TEOPETHUKO-IFPOBOTrO aHaNli3y MepekeBoro Tpadiky.
Hanpukman, Mo)Ha BUBYATH MUTAHHS BUMIPIOBAHHS PiBHS OHOBJICHHS
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MepeXi, piBHS 3MIHM BHIpally KOXXHOTO TpaBls, pIiBHSA 3MiHH
CYCHUIBHOTO BHTpaIly TOMO. MOKHa MPUITYCKaTH, IO Yac TOI3IKU
pebpom A-—C e niHiIHOIO QYHKII€ ax+b, ae a, b — nesxi napamerpu
(y BumIe3ragaHoMy OpHKIani a=100", b=0). [{nsa Takux QyHKIiH Ha
pebpax €Ba Tapmrom (3100y1a HAYKOBI CTYIIEH]I MaricTpa i IOKTopa HayK
3 marematuku YHiBepcurery ETBemra Jlopanna (3acHoBanoro y 1635 p.
y Mm.bynanemr (Yropuunaa)) y 1981 p. i 1984 p. BiamoBigHO) Ta 11 y4eHb
Tim Padrapaen (3m00yB HayKkoBi cTymneHi OakamaBpa HayK i marictpa
Hayk CteH]opackkoro yHiBepcuteTy (3acHoBaHOTO y 1885 p.) v 1997 p.
i 1998 p. BiamoBigHO, mOKTOpa ¢inocodii 3 KOMII'IOTEPHHUX HAYK
Kopnenbscproro yHiBepcutery (3acHoBanoro y 1864 p.) y 2002 p. 3a
mucepranito «Eroictmuna MapmpyTuzamis») Mokazald, Mo Iicis
JIOJaHHS pedep 0 Mepexi 3 pIBHOBAKHUM MIAO0IOHOM TpadiKy 3aBKIn
iCHyBaTUME pIiBHOBara OHOBJICHOT MeEpeXi 3 YacoM IOI3JKH, SKUN
MIEPEBHUIIY€E PIBHOBAYXKHUI Yac MOI3/IKK MONIEPEIHBOI MEPEKi He OibIiie,
HIX Ha TpeTuny [5, 11, 12].

VY Bumie3ragaHoMy MPUKIA/l A0 OHOBJICHHS MEpeKi PiBHOBaKHUMA
4ac noi3aku MapmpyToM A—C—B ab0 A—D—B NOpIBHIOE 65 XBUJIMH,
a IicJIs OHOBJICHHS PIBHOBAXKHUII yac noi3axu Mapmpytom A—C—D—B
nopiBatoe 80 xBuIWH, TO (80—65)/65=15/65=3/13<1/3. Skmo n0
OHOBJICHHA MEpEXi PIBHOBOKHUI dYac MOi3AKH Mmapmpytom A—C-—B
abo A-D-B cradoButh 2000/100+ 40=60 xBwimH (ITOi3IKa
nigMapiTpyToM C — B 3aiimae 40 XBUINH, 5K 1 TTOT3/1Ka i MapIIpyToM
A—D), a TICIs OHOBICHHS PIBHOBXXHMH Yac MOI3AKH MapuIpyTOM
A-C-D-B popisaroe 80 xBwimH, T0 (80—60)/60 =20/60=1/3. Konn
Yyac Moi3Ku pedpoM € HENiHIHHOI (YHKIIIE€I0, TO BiAHOIICHHS Yacy
MOI3/IKY TIICJIST OHOBJICHHS JI0 4acy IOi3JKH Tepe]] OHOBJICHHSM MOXKe
nepeBuIyBaTu 4/3.

[MpobnemaTHKa 3 TEOPETUKO-ITPOBOTO aHAJi3y MEPEKEBOTO TpadiKy
TEX BKIIIOYAE CIIOCOOM MpoekTyBaHHS Mepex [13], mob 3amobiratu
BUHUKHEHHIO HeOa)XKaHUX PIBHOBAr, i CIIOCOOM PETYIIOBAHHS MEPEX,
mo0 yHHWKAaTH TOsBH HeOakaHWx piBHOBar [14], mampukman, depes
PO3yMHE BUKOPHUCTaHHS TapudiB 3a Mpoi3]] y MEBHUX YaCTHHAX MEPEXKi
[15]. IIuTanHAM Mepex NpHUCBsSYeHa KHMra [6], mepuiuii aBTop sKOi
Hesin I3mi 3100yB HAyKOBHI CTYIiHB JIOKTOpa HAayK 3 EKOHOMIKH
[liBHiuHO-3axiAHOrO yHiBepcuTeTy (3acHoBaHoro y 1851 p.)y 1979 p.,
a npyruit asrop Mon KieituGepr 3106yB HayKoBi CTymeHi GakamaBpa
iHpopMaTuku 1 MareMaTuku KopHenabchbkoro yHiBepcurery y 1993 p.,
Marictpa i Jokropa dinocodii 3 kKoMIT FOTEpHUX HayK MaccauyceTchbKoro

38



TEXHOJIOTIYHOTO 1HCTUTYTY (3acHOBaHOTO y 1861 p.) y 1994 p. i 1996 p.
BIZIIOBIIHO.

IMapanokc Bpaecca € ofHEM 3 aCMEKTIB TOTO 3arabHOTO SBHIIA, 110
MepeskeBui Tpadik y piBHOBa31 MOXke HE OYTH COIIabHO ONTUMAaTHHAM
[16]. BaxnuBo BHMIpIOBAaTH BiACTaHb MiX PIBHOB2XHHUM TpagikoM i
COINIAJIBHO ONTHUMATBHUM TpadikoM TSl 3arabHOI MEpEeXi, SKOI0 MOXKE
OyTu OyIb-sKuii opieHTOBaHMA rpad. € Habip rpasuis (OI1P, BoxiiB), sxi
nepedyBaloTh y 3arajioM pPi3HUX IOYAaTKOBHX IOJIOKEHHAX 1 MaloTh
3arajioM pi3Hi MyHKTH npu3HaueHHs (destinations).

Koxxne pedpo (edge e) xapakTepusyeTbcs cBO€r0 (QyHKUie T, (x)
yacy TOi3KH, sKa 3anae 4dac (time), MOTPiOHUE yCiM BOJisAM, 10O
npoixaTh pedpoM e, KOJMH x BOZIiB imyTh muM pedpom. Taka ¢yHKIis
BiZirpae posib MiTkH JaHoro pedpa. [IpumycTumo, Mo KokHa QYHKIIS

4acy Moi3/Ku € NiHiiHOO 3a 0Ocarom Tpadiky: 7,(x) = a,x+b,, A€ a,, b,

- nesiki HEBiA €eMHI napameTpH. Hexait Tyc(x)=
ApcX+bye =x=apgx+bpp =Tp(x), Teg(X) = acgx+beg =5=Typ(x) =
aspX+byp .

Cxema JopoxHBOTO pyXy (madmon Tpadiky; traffic pattern) — me
BUOIp IIIAXY KOXHHM BOJIEM, a COIliaJibHA BapTiCTh JIAHOI CXEMHU
JOPOXKHBOTO PYyXy — IIe CYMapHHUH 4ac MOI3J0K yCixX BOAIIB, MOTPIOHUI
iMm 3a BuKopuctaHHs wiei cxemu. Hexait € 4 rpaBmi, Tgp(x)=
acpx+bep =0. Toxi € cxema 1, e Bei rpaBIli BAKOPUCTOBYIOTh MapIIpyT
A-C-D-B (koXHMH ~ TpaBelb  NOTpedye  JUIg  MOi3JKH
x+0+x=4+0+4=8(xBunmH)), 1 € cxema 2, ne 2 TpaBui
BUKOPUCTOBYIOTH MapmipyT A—C—B (KOXXHHUH rpaBelb MoTpedye ais
MO3AKKA x+5=2+5="7 (XBWINH)) 1 2 rpaBlli BAKOPHCTOBYIOTh MapIIPyT
A—D-B (KOXHUH TpaBellb TOTpeOye s MOI3AKU S5+x=5+2=7
(xunuH)). ComianeHa BapTicTh cxemu | (emuHOi piBHOBarum Hemra)
CTaHOBHTh 4x8=32, a colliaJibHa BapTICTh cXeMH 2 (coliadbHO
ONITUMAJILHOT CXEMH) CTAHOBUTh 4x7 =28 . Cxemy (IOpOKHBOTO) PYXY,
IO JIOCATa€ MiHIMQJIBHO MOXJIMBHX COLIaJbHHUX BUTpAT, HAa3WBaIOTh
COIIIAJILHO ONTHMAJBHOI (COIialbHUM ONTHMYyMOM). OCKITbKH B IiH
MEpPEeXKi € Pi3HI CXeMHU PYXY, [0 TAKOXK JTOCITal0Th COLIaIbLHOI BAPTOCTI
28 (XBWIMH), TO € KiJbKa COIaJbHO ONTHMAJIBHUX CXEM pPYXY.
ComiajbHO ONTUMANbHI CXEMH PyXy MAaKCHUMI3YIOTh CYyCIHiIbHUN
n00po0yT 11iel rpu 3 TpadikoM, 00 CyMa BUIpAIIB BOJIIIB JOPIBHIOE
MiHYC coLliaJibHa BapTiCTh.

OCHOBHI TUTaHHS — IOBECTH iICHYBaHHS PIBHOBXHOI CXEMH PYXY B
JOBIJIbHINA Mepexki 3 THIHHUMH (QYHKIISIMHU 9acy MOi3IKH (€ MPUKIAIA
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irop, Jie He iCHy€ piBHOBaru B YUCTUX CTPATETisAX) 1 JOBECTH iICHYBaHHS
PIBHOBa)XXHOI CXEMH PyXY, COLlialIbHa BapTICTh AKOI JOCTaTHHO OJIN3bKa
1o comiansHoro onTuMmymy [12]. Pesynpratu [12] Oynm y3aranbHeHi B
poGoti [11] (nepmmii aBTop 1iei poboTH € yunem HMona KneitnGepra i
3100yB HAYKOBHUI CTYIiHB AOKTOpa (hinocodii 3 KOMIT IOTEpHUX HAyK
Koprenscrsroro yuiBepcurery y 2005 p.; npyruii aBTop 1i€i poboTn €
yuanrem J[>xora XonkpodTa (3100yB HAyKOBI CTYIIEH] MaricTpa i ToOKTopa
¢inocoii 3 enekrporexHikn CteHPOpACHKOTO YHiBepcuTeTy y 1962 p. i
1964 p. BigNOBiMHO, OMWUH 3 aBTOPiB Bimomoi kuuru [17], ska
nepexnananacs) i 3100yB HAyKOBHI CTymiHb JOKTOpa (imocodii 3
KoMIT'1oTepHUX Hayk KopHenbcbkoro yHiBepcutery y 2006 p.; m’situit
aBTOp wi€ei pobotu € yuynem €Bu Tapmom i 3400yB HAYKOBHUH CTYIiHB
nokTopa  ¢imocodii 3 KoMIm'BOTepHHX Hayk KoOpHENIbCBEKOTO
yHiBepcurety y 2005 p.). ®akTHIHO KOKHA PIBHOBAKHA CXEMa PyXy Ma€
CYCHUIbHI BUTPATH, SKi HE MEPEBHILIYIOTh ONTUMAIbHI Oinblie, HIK Ha
TpetuHy. Tomy 3a miHiiHOT (YHKIIT MOI3AKM HAa KOXKHOMY pebpi
comiagbHa BapTICTh CHUTyalii mapagokcy bpaecca ripma cutyarmii
COLIIAJILHOTO ONTUMYyMYy He Oinblne, HDX Ha TpeTuHy. [IpocTime
JOBOJWTH Te, IO COIlliajbHa BapTICTh CHUTYyallil mapazokcy bpaecca
Tipiia cuTyaiii COmiaTbHOr0 ONTUMYMY He OibIle, HiXK BABIYI.

Y nuTaHHi cCXeMH pyXy 3a piIBHOBaru Co4YaTKky JA0BEIEMO iCHYBaHHS
BJIaCHE PIBHOBAaru uepe3 KOHCTPYKTUBHY Mpolenypy ii nouryky. Kpoxk 0:
[Iponenypa nounHaeThes 3 Oyab-sAkoi cxemu pyxy. Kpok 1: fxmo ms
cXeMma pyXy € piBHOBArolo, To mpouexypa 3asepuryerbes. Kpok 2: fxmo
X I CXeMa PyXy He € DIBHOBAarow, TO € NpPUHAWMHI OJWH BOJIM,
HaMKpalIo peakiiclo SKOro, 3 YpaxyBaHHSM Jiil pemTH BOJIiB, €
NEesIKM alnbTepHATUBHUM LUIAX, IO 3a0e3revye MEHIINH Yac MOi3/AKH.
Kpok 3: O6upaemMo 0HOTO TAaKOTO BOJIS 1 MEPEKIFOYAEMO HOTO Ha el
IbTEPHATUBHUM 1UIAX, JICTAIOUYU HOBY cxeMy pyxy. [lepexonumo Ha
Kpok 1.

Lls mpouemypa Ha3MBaeTbCAd AMHAMIKOIO Haikpamoi peakuii,
OCKIUTbKM BOHA JMHAMIYHO peKOH(Irypye cTparerii rpaBliB, MOCTIIHO
CIOHYKalOYH SIKOTOCh TpaBLs HIYKaTH CBOIO HaMKpally peakuilo Ha
MOTOYHY cHTyauio. 3ynuH L€l NpoLeAypu O3Ha4ae, IO KOXKHUK
rpaBenb (pakTUYHO pealizye CBOIO HAMKpally peakilifo Ha MOTOYHY
CHUTYAI[il0, TOOTO Ma€ MICIle PIBHOBaYKHA cXeMa pyxy. ToMy J0CTaTHbO
MoKasarty, L0 AWHaMiKa HalKpaioi peakuii, sika MOYMHAETHCA 3 Oy/b-
SIKOT CXeMHU PyXy, Ma€ 3aBEepIINTHCS B CTaHi piBHOBar# [1].

Haenemo mpukman rpu 3 HECKIHYEHHOIO JMHAMIKOIO, SIKa HE Ma€
piBHOBaru. Hexaii koxxHwMIA 3 TpaBIiB 1, 2 Mae MOHETY 1 MOKa3ye iHIIOMY
rpaBito open (head) abo pemky (tail) cBoei MoHeTH; rpaBLi HilOTh
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ogHOYacHO. SIKmo o0uaBa OJHOYACHO IOKa3yloTh opia (oOuparoTh
crparerito H), To Burpam rpaBns 2 ctaHoBuTh +1, a Burpam rpasus 1
CTaHOBUTH —1 (Tpa € aHTaroHICTMYHOIO); SKIIO OOHIBAa OXHOYACHO
MOKa3yIoTh pemky (oOupatoth crparerito T), To BUrpam rpaBums 2
CTaHOBHUTH +1, a BUrpam rpaBus | craHoBUTH —1; B iHIIMX BHIIAAKaX
(omHOYACHMX IiH) BUTpAIN T'paBIsl 2 CTAHOBUTEL —1, a BUTpam rpasis 1
ctaHoBUTh +1. Llg mpocra rpa BigoMa sIK 3iCTaBJICHHS CTOPiH MOHET
(Matching Pennies). Ctparterii Ta BiANOBiIHI BUrpalli rpaBLiB MOKHA
3alluCcaTh y MaTpUYHOMY BHUIJISI.

3icTaBneHHs CTOPIH MOHET € TMPOCTUM MPHUKIA0M BEIIMKOTO KIacy
BaXXJIUBHX IrOp 3 Ti€I0 BIACTHBICTIO, IO CyMa BUTPAIIIiB TPABLIiB 3aBXKIN
JOpiBHIOE HYNMO. TOMy Taki irpy aTaku-3aXHUCTy Ha3WBAIOTh irpamu 3
HyJbOBOIO cyMoro. llpukmazom momiOHOiI aTaku BBaXKarOTb BHUCAAKY
coro3uukiB (156 THc. BilficbkoBuX, 30kpema 73 tuc. Big CILIA, 61,715
Tuc. Bin BenukoOpuranii, 21,4 tuc. Big Kanagm) yepes Jla-Manm y
€pporri BimiTky 1944 p. mig gac J{pyroi cBiTOBOI BiifHH, SIKi MOTJIH OOpaTH
Micie Bucaaku — micro Kane, Haiidmmkae no Aariii micro @panrii (Ha
Bigcrani 34 kM), un Oepern Hopmawnnii (i Bperani). B pouni rpasus 2
Buctynana HiMe4yunHa, sika Ha MICIli BUCAJIKH MOTJIA IIOCHIIIOBATH CBOI
CHWJIH, a B pouti TpaBiyd 1 Buctymnamu coto3uuki [ 18, 19]. s nporo keiicy
PO3pOOIIEHO JECATKHA KOMIT I0TEpHUX irop. 6 uepsus 2024 p. y Opanmii
COIO3HUKH Bij3Ha4ar0Th 80-pivus Bucanku y Hopmanmii.

VY rpi 3icTaBieHHI CTOPiH MOHET HEMae Mapu CTpaTerii, KOXHa 3
SIKUX € HaMKpaIIol PeakIli€lo Ha CTPATETilo 1HIIOTO TPaBIs: Il OyIb-
SIKOT TIapH CTpaTeriid, TpaBelb, SKUH OTPUMY€E BUTpaml —1, Mae CTUMYII
MOKPALIUTH CBif BHUrpam no +1 1nuisxoMm 3MmiHu CBOEi crparerii. Tomi
yBaru 3aciayroBye TiOpHI i€l TpH 3 iHIIOK 6a30BOIO TPOI0 KOOPIWHAIII],
sy 3a Pycco (1712—1778) Ha3uBaroTh MOMIOBaHHSIM Ha oyieHs (Stag
Hunt) [20]. fkmo KkoXHUH MHCIHBEIb Ha IIOJIOBaHHI BHOUpae
CTpaTerito Koomepaiii, To MHUCIHMBLI pa3oM MOXYTb 3JIOBUTH OJICHS,
SIKIIIO MHCJIMBEIh Ha TIOJIIOBAHHI BUOWpAE CTPATETiIF0 KOHKYpEHIii, TO
MOJKE 3JIOBUTH 3aMlis; SIKIIO TpaBellb 1 oOupae crparerito Koorepaiiii, a
rpaBelpb 2 — CTpaTerilo KOHKYPEHLii, TO TpaBelb 2 MOXKe 3JI0BUTH 3aiLId,
arpaselb | caMOCTIHHO He 3MOKe 3JI0BUTH OJICHS 1 HE JIOBUTHME 3aulIsl.

[IpocTum BaskIMBHM MPHUKIAIOM € Tpa koopauHarii (Coordination),
Jie JIBa CIIIBABTOPH TOTYIOTh CIIAWIH JUIS CIUTBHOT PE3eHTAIi] TIPOEKTY,
asie cniBaBTOp | HEe MOXe 3B’A3aTHCS 13 CIiBaBTOpoM 2 1o TejedoHy,
KOJIM TIOYHMHAE MPAIIOBATH HAJI CIaliIaMU 1 Ma€ PUHHATH PIlIEHHS MTPO
BukopuctanHs MicroSoft PowerPoint a6o Apple Keynote mis
MiATOTOBKH claiiB. Byab-sike pillleHHs € IPUHHATHUM, ajne Habarato
jerure 00’ €AHyBaTH CIalian, KO 00HMIBa CIiBAaBTOPU BUKOPUCTOBYIOTh
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onuakoge [13. Skimo Born 0OuparoTh oHakoBe 113, To BUTpaI KOXKHOTO
JOpiBHIOE 1; SIKIIO >k BOHM obuparoTh pisHe [13, To BUrpam KOKHOTO
nopiBatoe 0. Taky cuTyallitf0 Ha3WBAIOTh TPOI0 KOOPIWHAINI TOMY, Jie
CkJnafHiCTh TONATae y TOMY, IO ISl Tpa Ma€ JIBi piBHOLIHHI PiBHOBAaru
Hermra, are oOnaBa rpaBmi mporparoTh 3a BiACYTHOCTI KOOPIWHAIII].

Pexondirypamiss ~ Oymp-sikoi  Mepexi — mepembadae  MEBHY
KOOPJIMHAIIII0 BCiX 11 YYaCHHUKIB, a TAKOXK JESAKI PETyIJIIOBaHHS, BiIOMi B
SHEProMepekax, Mepekax aBTOMOOIIBHOTO, 3ai3HUYHOTO, PIYKOBOTO,
MOPCBHKOTO, TIOBITPSTHOTO TPAHCIOPTY, Tene(hOHHOTO 3B’ 53Ky, [HTEpHET-
nokputta Touo [21]. Cepen Takux peryioBaHb BaXIUBI MIXHApOJHO
BU3HAHI CTAaHJIAPTH Ta BiAMOBigHI mpodeciiiHi opranizarii.

Jliteparypa

1. Topbauyk B., [yHnaescekuii M., CynetimanoB C.-b. Iligxin mo
o0YHCIIeHHS] PIBHOBOXHUX IOTOKIB TPOAYKIi KOHKYPEHTHHX (ipMm
Yyepe3 Mepexki JAHIIOTIB IOCTadYaHHS MPH PECYPCHUX OOMEXKEHHSX 1
PU3UKOBaHUX yMOBax. Qi3uxo-mamemamuune MOOeNO8AHH —mda
ingopmayiiini mexnonoeii. 2023. Ne 36. C. 58—62.

2. Gorbachuk V. On the transportation subproblem of Euro-2012.
Network Science. Kyiv: V.M. Glushkov Institute of Cybernetics; Texas
A&M University; University of Florida, 2010. P. 6-7.

3. Braess D. Uber ein paradoxon aus der verkehrsplanung.
Unternehmensforschung. 1968. 12. 7. 258—268.

4. 'opbauyk B.M., I'apkyra H.1. ITapanokc bpaecca ii yMoBH #oro
BperymoBanus. PDMU-2010 (4-8 sxostus 2010 p., Hoewmit Cair,
Vkpaina) Kuis: KuiBchkuii HamionanbHuil yHiBepcureT imeni Tapaca
[lleBuenka, 2010. C. 52-53.

5. Topbauyk B.M., T'apkyma H.I. Brpara edexruBHOCTI B
piBHOBarax Hema. Mamemamuune moodenosanns 6 exonomiyi. 2013. 3.
C. 79-89.

6. Easley D., Kleinberg J. Networks, crowds, and markets:
reasoning about a highly connected world. Cambridge, UK: Cambridge
University Press, 2010. 819 p.

7. Semeniuta M.F., Donets G.A. Group Ilabeling of some
graphs. Cybernetics and Systems Analysis. 2020. 56 (5). P. 701-709.

8. Epmonber FO.M., Mensauk U.M. Dxcmpemanvuvie 3a0auu Ha
epagax. K.: Haykora mymka, 1968. 176 c.

9. Gorbachuk V., Chumakov B. The analytic approach to city traffic
network control. Modelare matematica, optimizare si tehnologii
informationale. Chisinau: Evrica, 2010. P. 94-99.

42



10. Baker L. Removing roads and traffic lights speeds urban travel.
Scientific American. 2009, February. P. 20—-21.

11. Anshelevich E., Dasgupta A., Kleinberg J.M., Tardos E., Wexler
T., Roughgarden T. The price of stability for network design with fair
cost allocation. 45-th IEEE Symposium on Foundations of Computer
Science (October 17—19, 2004, Rome, Italy). Piscataway, NJ: IEEE,
2004. P. 295-304.

12. Roughgarden T., Tardos R. How bad is selfish routing? Journal
of the ACM. 2002. 49 (2). P. 236—259.

13. Kpusonoc FO.I'., Kupnaenko M.®., Kpak 1O.B., Jlonuenko
B.C., Kymsac A.l. Auaniz i cunmes cumyayiti 6 cucmemax nputiHammsl
piwens. Kuis: Haykosa gymka, 2009. 365 c.

14. Topbauyk B.M. IlocrinmycrpianbHa oprasizamisi JepKaBHHX
3amoBiieHb y po3BuTky AUTODIN, ARPANET, PRNET, NSFENET Ta
Intepuery.  Bicnux  Olecbko20  HAYIOHANBLHO20 — YHIGEpCUMEMY.
Exonomixa. 2016. T. 21. Bun. 8. C. 116—-122.

15. Roughgarden T. Selfish Routing and the Price of Anarchy. MIT
Press, 2019. 240 p.

16. I'opbauyk B.M., Ulyninok I'.0., Mopozos O.0. OuinroBaHHS
edexTuBHOCTI Mepex. Teopis onmumanvrux piuens. 2016. C. 154-161.

17. Axo A.B., Xonkpodt [.3., Yaeman [1.J1. Cmpyxmyper dannwvix
u aneopummot. M.: Bunbsmc, 2000. 384 c.

18. Crawford V.P. Lying for strategic advantage: Rational and
boundedly rational misrepresentation of intentions. American Economic
Review. 2003. 93 (1). P. 133—149.

19. Mylovanov T. Veto-based delegation. Journal of Economic
Theory. 138 (1). 2008. P. 297-307.

20. Skyrms B. The Stag Hunt and Evolution of Social Structure.
Cambridge, UK: Cambridge University Press, 2003. 166 p.

21. T'opbauyk B.M. Opranizanisi (QyHKIIOHYBaHHS MEPEXHHUX
ray3eit. Innosayitina exonomika. 2014. Ne 4 (53). C. 320-328.

43



TFETEPOI'EHHI TA IEPAPXIYHI KOMBIHATOPHI
KOH®IT'YPAIIIT
Jleonin I'ynsHUIBK U
ITnemumym ribepnemuxu imeni B. M. I'nywxosa HAH Yxpainu

HETEROGENEOUS AND HIERARCHICAL
COMBINATORIAL CONFIGURATIONS

Abstract. The concepts of heterogeneous and hierarchical combinatorial
configurations are introduced, which are based on the formation of generalized
combinatorial configurations associated with abstract basic sets. These concepts
significantly expands the possibilities of formalizing practically important
combinatorial optimization problems, including those on infinite spaces.

Beenene K.Bepkem nousTTst kKoH®irypauii [1] mo3Bommio ctporo
O3HAYHTHU TOIMIMPEHI KOHCTPYKIIi 3 €JIeMEHTIB CKiHYEHHOI MHOXHHH,
TaKi SIK IePeCTaHOBKH, PO3MIIIIEHHSI, KOMOIHAIIi1, pO30UTTS Ta esKi 1HIIi
00’€KTH, YTBOPEHI Ha OCHOBI YPHOBOI cXxeMH AJle 1M03a paMKaMH Ili€l
CXeMU 3QIMIIMIUCSA IHII KOMOIHATOpHI O00’€KTH, HaIpPUKIAJI,
LIJIOYMCIIOBI BEKTOPH, Timeprpadu, nepecTaHOBOYHI MaTpuIl Ta iH. Ha
OCHOBI T AXO0/y, 3aIPOIIOHOBAHOTO B [2,3], OyI0 3[iiiCHEHO PO3IIUPEHY
dopMaizalliro KOMOIHATOPHHX O00’€KTIB, Ha3BAaHUX Yy3araJlbHCHUMHU
koMOiHaTopHUMHU KoH(irypamismu [4]. [ani mpornmoHy0ThECS HOBI THITH
KOMOIHaTOpHUX KOH(Iryparii, ki BHHUKAIOTh y MPAKTUYHUX 3a/1a4ax
KOMOIHATOPHOT ONTUMI3aIlil.

Hexaii ciouatky U={1, ..., m}, a V — fesika CKiHYCHHA JIiHIHHO
BITOPSIKOBAaHA MHOXKHMHA (JIQHIIFOT).

Osnauvenns 1. [lig xowugicypayicio y cenci bepxa pozymieThbes
BimoOpaxkeHHst ¢: U—V, sike 3a710BONBHSIE TIEBHiH cCTEM1 OOMEXeHb A.

PozButkom cxemu K. bepka craB miaxing nmo dQopmanmizamii
y3araJlbHeHMX KOMOIHATOPHUX  KOHQirypamid, Mo JO3BOJHIIO
MOPOKYBATH Ta KiIacU(iKyBaTH OUIBII MIUPOKE KOJIO KOMOIHATOPHUX
CTPYKTYP.

Hexaii 3anani ckinuenHa MHOkuHa Y={l,...,m}, Z — DUCKpeTHHUH,
30KpeMa, CKIHYeHHHH NpocTip (Ha3BeMO Horo TBipHUM), ¢: Y—Z —
BiT0OOpaskeHHSI, 10 33/I0OBOJIBHSIE JESIKili CHCTEMi OOMEKEHb.

O3HauveHHs 2. Y3a2anbHenoio KOMOIHAMOPHOW KOH@icypayicio K
HA3MBACThCA Mapa k= (p,Q, X), 1e ¢:Y — X, X — Bubpanuii 6a3oBuii

mpocTip, a Q — cuctema 0OMeXKEHb, 1110 HAKIIAJCHI Ha BiIOOpaKeHHS.
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[IpunarigHo 3ayBaKMMO, L0 BEJIWYMHY /M JOPEYHO Ha3BaTH
PO3MIpHICTIO MIOPOJIKYBaHOT y3arajJpHEHOi KOMOiHATOpHOT
KoH(Iryparii.

Konkperusaniero BuIy 0a30BOro mpoCTOpY MOXKHA MOPO/IKYBATH
y3aranbHeHi KoMOiHaTOpHi KOH(irypamii pi3HOro THUmy, sKi
KJIaCU(IKyeEMO TaK.

O3navennss 3. Haseemo y3acanvHenumu  KOMOIHAMOPHUM
Kougicypayismu 1-20 nopsaoky Taki KoMOiHaTOpHI KOH(Irypalii, y sIKux
0a3oBMi MpPOCTIp CHIBIAAA€ 3 TBIPHUM, TOOTO «k=(¢,Q X)), 1€

Xy =Z , a BIIOOpaXCHHs ¢ : Y — Z 3a/I0BOJIbHSE OOMEKEHHSIM ().

HeBaxxko nmepexoHaTHCs, O SKIIO Z — LI CKIHYEHHHUH JIaHIIoT, TO
Taki KOMOiHAaTOpHI KOH]Iiryparii cmiBmamawTh i3 KOHOIrypamisMua y
cenci bepxa.

Osnavenns 4. YzazanoHenumu KOMOIHAMOPHUM KOHGIeypayismu
k-20 nopsoxy (k>1) HazBeMo kKoMOiHaTOpHI KOHGITYpaii

K=, X)), 8 X, =X, ,VZ 0:Y > X, . (1)

Y mnopamemioMy Tia KOM61HaT0pHOIO KoHirypariero OymeMo
PO3YMITH JHIIe y3aralbHeHy KOMOIHATOpHY KOHQIryparito, SKIIO HE
CKa3aHo HIIE.

HaraaaeMo 1o BlI[O6pa)KCHH$I ¢: Y—Z Ha3uBaeThCA iH'€KMUGHUM,
AKINO 715 Y,y €Y, TaKuxX Mo y#y , cipasemnuBo ¢(y)=p(y). In'exTuBHe
BiJOOpakeHHsI, IPU SIKOMY JUIsI KO’KHOTO eJIeMeHTa Z € Z iCHY€E Take y €
Y, mo z=¢(y), Ha3MBa€ThCS B3AEMHO OJHO3HAYHMM abo Oiekyicio.
Cmpoco  mMoHOmMOHHUMYU  BIJOOP@XEHHSIMM  HAa3MBAaIOTh  TaKi
BimoOpakeHHs, mo ¢(i) < @(j), konu i<j. bacamosuauue 8iooopadicents
¢@: Y—Z — ue Take BifoOpakeHHsI, SIKE KOXKHOMY Ye€Y MOXKE CTaBUTH Y
BIJIMOBIIHICTh HE JIMIIIEC OJIMH, & JIEKUIbKA eJIEMEHTIB O(Y)CZ, mpuiomy
HE BUKJIIOYAIOTHCS BUMIAAKH, KoK ()= (1uB., HanpuKiam, [5]).

PosrnsHemMo oOkpeMi KiacH BiZoOpakeHb, MO 3a0BOJIBHSIOTH
KOHKpPETHHM OOMexeHHssM () 1 MOXyTh OyTH BHKOPHCTaHi st
MOPOJPKEHHSI MOLITUPEHUX KOMOIHATOPHUX KOH(DIrypawiid.

1. O6mexenHs Ha BinoOpaxkenns Biacyni: Q'=C. Toxi kokHOMY 3
TaKuX BitoOpakeHb, BPaXOBYIOUH CTPOTY YIOPSAIKOBAHICTh MHOKUHH Y,
BiJINOBiZIae KoMOiHATOpHA KOH(Irypallisi, 110 BU3HAYA€ PO3MIMICHHS
o0csry m i3 eneMeHTiB Z i3 TOBTOPEHHAMHU.

2. OOmexenns (° BH3HAayac iH'€KTHBHI BiJOOpaXeHHs, TOi
MOPOJIKYI0Ul KOMOIHATOpHI KOH(Irypawii 3a1al0Th pO3MILLEHHS 00CsATY
m i3 eNeMeHTiB Z 06e3 MOBTOPEHb.
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3. O6mexenns Q° ommcye npu m=||Z|| MHOXUHY Olekmiit. Taki
BiT0OpaXkeHHs (DOPMYIOTH IIEPECTAHOBKH 11 EJICMEHTIB Z.

4. O6mexenns Q' BHOKpPEMITIOE CTPOro MOHOTOHHI Bi0OpasKeHHs,
a TOPOKEHI TaKMMHU BigOOpakeHHSIMHM KOMOIHATOpHI KOHQirypamii
BiJIMOBITat0Th KOMOIHAIIISIM (CTIOTyKaM).

5. Obmexenns Q° oxomnroe 6araTo3HayHi BigodpaxeHus z=¢(y;),

m
zcZ, i=1,...,m, 9Kl 3a1OBOJIHAIOTh YMOBH: z; M ;=2 i#j, Uz =2
i=1

Take BimoOpakeHHS BHU3HAYAIOTH n1Ce800po3dOumms Z Ha m
ncesd0610ki6 (KiaciB), TOOTO Take pO3OUTTS, y IKOMY MOXYTh OyTH i
mycTi Ooku. Sk BiloMO, BIIacHE PO3OUTTS BU3HAYAETHCS JOAATKOBOIO
YMOBOIO, 1110 Zi#L.

3po3yminio, IO el ps MOKHA AOMOBHIOBATH 1 1HIIMM KiIacaMu
00OMeXKEeHb.

3a3naunMo, mo KoHQirypamii y cenci bepka MoxHa HazBaTH y
MEBHOMY CEHCI OJTHOPITHUMHU. BUKOpHCTaHHS K 3aIPOIIOHOBAHOI CXeMHU
MTOPO/KEHHSI y3aralbHEHNX KOMOIHATOPHUX KOH(Irypariii mopsakiB
k>1 Moxe PU3BOAUTH A0 MOSIBH "HEOJHOPITHUX" 0a30BHX MPOCTOPIB.
Hampuxitan, mpu k=2 Takuii mpocTip MOXe CKJIAJATHCA 5K i3 OKPEMHUX
€JIEMEHTIB TBIPHOTO TPOCTOPY, TaK i 3 IMMap TAaKWX EIIEMEHTIB (IUB.
¢dopmyy (1)), o 103BOJIsIE, HAIPUKIIA/, B IPUHIIHIIL, OTUCYBATH rpadu.

Ane nmns OUTbII aJEKBAaTHOTO TMOJAHHS Yy MOAIOHMX BHIAIKaX
NPOTIOHYETHCS  BBECTH  IOHATTS TETEPOreHHMX  KOMOIHATOPHUX
KOH}Iryparii.

Hexait maemo He oftuH, a r>1 6a30BUX MPOCTOPH, MPUIOMY JESKi i3
SIKUX MOKYTh CKIIQJIaTUCS 13 IEBHIX KOMOIHATOPHUX KOH(ITyparii.

OsHavenHs 5. [emepocennoio KoOMOIiHamMOpHOW KoHgizypayiero
panry r>1 OyaeMo Ha3WBaTH MHOXXWHY KOMOIHATOPHMX KOHQIrypamii
(@, Q,X)U...U(e, Q,,X,), 1e ¢: Y—X, Qe{Q'...}, Y={1,....m},
m>1, i=1,...,r.

Hampuxan, npu mopomkeHHI KOMOiHATOpPHUX KOH(pirypariit k-ro
nopsiKy, k>1, (uB. o3HaueHHs 4) 6a30BHIA MPOCTIP MOXKHA MOJIATH SIK
00'eTHAHHS BUITY

Xy =Xy VX2 V.. WXy
ne X() — ue 6a30Buil mpocTip A KOMOIHATOPHOI KOHGIrypaii mopsaxy
i, i=1,....k.

Tomi, 10 mNpHUKIaLy, MOAAHHS TIETEPOTCHHOK KOMOIHATOPHOIO
KoH(}irypauieto rineprpadis i3 b BepiinHaMu, pedpa SKUX BKIIOYATH HE
OlnbILe TPHOX BEpLIMH, Oyie 6a3yBaTUCs HA TAKUX apaMeTpax:
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mi=b, Y1={1,...,b}, X;={1,...,b}, =0, T06TO @| — 1I¢ iH'eKTUBHE
BimoOpaxkeHHs, @1: Y1—Xi;

my=C»? (KinbKicTh KOMOiHaNil i3 b 10 2), Y>={1,...,I}, [ — KinbKicTb
pebep rimeprpada, sKki IHIUACHTHI PIBHO JBOM WOTrO BEpIIMHAM,
X>={1,..., my} — MHOUHa map i3 exemeHTiB X1, =0 i3 101aTKOBOIO
YMOBOIO, 1[0 BUOpaHi Mapu CJIIEMEHTIB MHOXUHH X, MICTATh JIUIIIC
BEpILIMHY, sIKi chopMoBaHi BiToOpaKeHHSM (1, TOOTO (2 — L€ CTPOTO
MOHOTOHHE Bi110Opa)XKeHHSI, SIKE 3aI0BOJIbHSIE 3a3HAYEHIM OOMEKEHHSIM;

m3=C)> (KinbKicTh KOMOiHaNii i3 b 110 3), Y3={1,...,h}, h — KinbKicTb
pebep rimeprpada, sSKi IHIIMACHTHI PIBHO TPHOM HOTO BEpIITHHAM,
X5={1,..., m3} — MHOXMHA TPiHOK i3 pi3HHX eneMeHTiB X, (=07 i3
JOJaTKOBOIO YMOBOIO, IO BHOpaHi TPiHKW €IIEMEHTIB MHOXHHHU X3
MICTSTh JIUIIIE BEPIIUHM, Ki C(HOpMOBaHi BiTOOPAKEHHSIM (1; OTKE (3 —
e TakKoXX CTPOr0 MOHOTOHHE BiIOOpa)XCHHS, SIKE€ 3aJI0BOJIBHSIE
3a3HaYCHUM OOMEKEHHSIM.

Ockinpky rpad € YaCTHHHUM BUTIAAKOM Tireprpada, To Uit HbOTo
TpeTiii BapiaHT Oyzae BiacyTHil (X3=J). AHanoriuHo, Ko rineprpad
He Mae pebep, IHIUACHTHUX PiBHO BOM BepIIMHAM, TO X>=.

Psim koMOiHATOPHUX KOHCTPYKIIiH, 110 BUHUKAIOTH HAa IMPAKTHIII,
MOTPEOYIOTH OUTBII JUPEPEHIIIHOBAHUX CXEM ITOPOIKEHHSL.

Hexait MaemMo mocniioBHICTh BifoOpaxkeHb (@, £)),...,(¢, ) .

OsnavyenHs 6. HasBemo  icpapxiunoio  kombinamopHowo
KoH@izypayicio piBHS s KOMOIHATOPHY KOHQIrypanio «* = (¢, Q°, X*),y
skoi X* =«*'(X*") —Ga3oBuii mpocTip, yTBOPEHHIi Ha OCHOBI 6a30BOTO
npocropy X*' kombinaropuux KoHpirypamin (e, @, X, a
iepapxiyHa KOMOIHaTOpHa KOH(Irypamis TNepHioro piBHI — I
y3aralibHeHa KoMOiHaTOpHA KOH(DIrypartis, sSKa 3a1a€ThCsl 03HAUEHHIMHU
1-4.

Takum  9mHOM,  iepapxiyHi  KOMOiHATOpHI  KOHIryparii
MOPO/DKYIOTECSL  TIOCIIZIOBHUM ~ 3aCTOCYBAaHHSM  3aJaHOi MHOYKHHHU
BijoOpakeHb — y TOW dHac sIK mnpu (HOpMyBaHHI TeTePOreHHHUX
KOMOIHATOpHUX KOH(Irypaliiii BiqoOpakeHHsI MOXKYThb 3aCTOCOBYBATHCS
napaieibHO, TOOTO MO CyTi BUKOPHCTOBYETHCS IEKOMITO3HIIISE 0a30BUX
MIPOCTOPIB.

PosrnsiHeMo  TpuWKiag  BHKOPHCTaHHS ~ BBEJCHUX  TUIIIB
KOMOIHAaTOpPHUX KOH(QIrypamiii B OJHOMY Kiaci 3ajayax IUIaHyBaHHS
Micili 3 00CTEKEHHS Y1 00CITyTOBYBaHHS [6].

Posrnsmaerbest cutyalis, KoM € TiOpuaHa TPaHCIOPTHA CHCTEMA!
aBTOMOOUIb YM IHIIMH TPaHCHOPTHUM 3aci0, IO MOXKE IMOCTiIOBHO
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nepeMillyBaTUCs BiJ MOYAaTKOBOTO Micus Oa3yBaHHS (0a3u) 0 1HIIMX
3aJaHiX Ha Mapmpyti 0a3, matoun Ha OopTy oamu BIUIA. 3aBmanus
BIUIA, sikmii MOXe 37iTaTH 3 TPAHCIIOPTHOTO 3ac0o0y 1 TIOBEPTATHCS Ha
HBOTO (UM TIOpYdY 3 HHUM), — OOJIETITH 33/JlaHy CYKYIHICTH ITLTBOBUX
MYHKTIB (IIiJIeH, MicLlb PO3TaIllyBaHHS CIIOKHBAYiB), BpaXOBYIOUH YacOBi
oOMeXeHHsS Ha TOJBOTHUH pecypc Ta YMOBH CHHXPOHI3aIii 3 pyXxoMm
TPaHCHOPTHOro 3aco0y 3a 3agaHuM MapupyToM. IlomoBHeHHs
MOJILOTHOTO Pecypcy HUISIXOM 3aMiHU a00 A03apaKaHHS aKyMyJIsITopa
yn 3ampasieHHs nanmuBoM BIIJIA (sx 1 ¥oro mo3aBaHTaKeHHS 3a
moTpebn) y mporeci BAKOHAHHS MicCii BiTOyBa€THCS TIJBKHU Y 3a3HAUESHIX
0a3ax Ha MapuIPyTi TPAHCIIOPTY.

OTtxe, 3a moTpeOM y MOMOBHEHHI MoOJbOTHOro pecypcy BIIJIA
MOBUHEH TOBEPHYTUCS Ha NEBHY 0a3y Ha MapIIpPyTi TPaHCIOPTHOI'O
3aco0y. Y TakoMy pasi BiAMOBITHUH pparMeHT MapIIpyTy (IIiAMapIipyT)
BITJIA 3aBeprryeThes Li€ro 0a3010, BpaXOBYETHCS Yac 0OCIYrOBYBaHHS
BIUIA mnst BimHOBIIEHHS pecypcy (Ta q03aBaHTaXXEHHS 3a TOTpeOH) i
MIPOAOBXKYETHCST Tpouec (OPMYyBaHHS HACTYIHOTO MiAMapLIpyTy YU
nepeMillieHHsI TPaHCTIOPTHOTO 3aco0y 10 HACTYIMHOI 0a3H.

[MnanyBaHHs Micii moysirae y TakoMy BH3HAYCHHI MiAMapIIpyTiB
3aranpHOTO MapmpyTy BILJIA i3 ycix um wacTuHM 0a3 Ha MapmipyTi Ta
YaCOBHUX IHTEPBAJIIB HOT0O 00CIYrOBYBaHHS Ha WX 0a3ax, mo0 MpoBeCTH
00CTeXeHHs LIel 3a MIHIMAJIbHHAN Jac.

AHati3 IOCTaHOBKH 3aJiaui MOKa3ye, 110 PO3B'A30K (POPMYETHCS 3a
TPH eTamd: pO3OUTTS MHOXWHU IIiJIeH Z Ha TICEBIOOJIOKH,
YIOPSAKYBaHHS IIMX TICEBJOOJIOKIB 1, HapemTi, YHOPSIKyBaHHS
(TmepecTaHOBKA) €JIEMEHTIB Y KOKHOMY 13 I[UX IICEBI00JIOKIB.

Cxemy ¢dopmyBaHHS  KOMOIHaTOpHMX  KOH(irypamii,  sxi
BiJJOOpakatoTh PO3B'SI30K 3a71a4i, MOKHA ONHCATH TaK.

Ha mnepriomy kpomi (opMyrOThCS y3arajibHeHI KOMOIHATOpHI
koH(irypauii Buny: «' = (¢, @, X", ne Y={1,...,m}, m — kinpkicTs 6a3
Ha MapIIpyTi TPaHCIIOPTHOrO 3aco0y, X'=Z. Bouu i nmomaroTh po30HTTS
MHOHHHU Z Ha IICEBIOOIIOKH.

Ha npyromy BHHHMKarOTh i€papxiuHi KomOiHaTopHi KoHQirypamii
K2 =(p, QX)) , ne x'(Xx')— MHOXHMHA m HOMEpIB NMCEBAOOIIOKIB,
YTBOPEHHUX Ha NEPIIOMY KPOLIi.

Hapemri, Ha 3aBepiaibHOMY KpOLi BHHHUKAIOTH T'€TEPOTEHHI
KoMOiHaTopHi KoHpirypauii Buay «; = (¢, Q°,X,*), 1e X,’ — MHOXHHA
HOMEPIB IUJIeH, SKi BBIWIIUIM B i-i MCEBAOOIOK, i=1,...,m.

BBeneni MOHSTTS reTeporeHHNX KOMOIHATOPHUX Ta i€papXidHUX
KOMOIHATOpHUX KOHGIrypalliii moB’s3aHi, B 3araibHOMY BHIAJKY, 13
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abcTpakTHUMHU 0a30BUMH MPOCTOPAaMH, IO T03BOJISIE BUKOPUCTOBYBATH
HaBeIEHI BHILE pe3yapTaTd Npu Qopmaiizamii MIMPOKHUX KIACiB
MPAKTHYHUX 33/1a4, BKIIOYHBIIH JI0 [[HOTO KJIACY 1 AESKi OMTUMIi3amiiHi
3a/1adi, SKi BU3HAYCHI HA HECKIHIYCHHUX MTPOCTOPAX.

BaxmBuM HampsMOM TOAANBIIUX JOCTIHKEHb MOXE CTaTH
po3po0IeHHT MiAXOmiB a0 (dopmaiizamii HEJiTKHX KOMOIHATOPHHX
KoH(Irypamiif, sk e 3po0JeHo MOoa0 y3aralbHeHWX KOMOIHATOPHHX
koHpirypamii [3]. LlikaBUM TakoXX € PO3BUTOK LHX HOCHIIXKECHb Yy
Hanpsimi EBKITiToBUX KOMOIHaTOpHUX KOH(Irypartiit [7].
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AN APPLICATION OF THE PROBLEM OF A
MATHEMATICAL SAFE IN THE FIELDS OF REDUNDANCIES
TO THE CONSTRUCTION OF A SYMMETRIC ENCRYPTION
SYSTEM BASED ON THE VIGENERE METHOD
Artem Gurin
National Technical University of Ukraine
"Igor Sikorsky Kyiv Polytechnic Institute"

Abstract. The task of practical application of the mathematical safe on
matrices problem in message encryption is considered. For the cryptosystem, the
Vigenere symmetric encryption method was chosen, where the input data is
stored in the numerical order of the storage elements state vector on graphs, and
the method for solving the mathematical safe problem is parametric.

The practical value and prospects of applying the mathematical safe
problem are in solving the problem of creating fast and tamper-resistant
cryptosystems.

There are a number of cryptosystems designed for a wide range of
users to encrypt messages in fast messengers for active user
communication. Many of them are affordable and convenient for the
average user [1].

It is well known that these cryptosystems use symmetric,
asymmetric, and hybrid (asymmetric + symmetric) types of encryption
[2].

In symmetric encryption (standard algorithms RC4, AES, DES,
3DES and QUAD, Vigenere), one key is used to encrypt and decrypt data.
The asymmetric type of encryption (standard algorithms: RSA, Diffie-
Hellman, ECC, El Gamal and DSA) uses a pair of keys. These keys are
known as the “public key” and the “private key” and are the encryption
and decryption keys [3].

The practical significance of using the algorithms of the
mathematical safe problem in the field of information security and
cryptography was first formulated in detail for information exchange
systems using symmetric encryption in the works of S. L. Krivoy [4,5],
where the TSS method was proposed to solve the encryption problem.
On its basis, a system of commutative rings with one unit is considered
as a means of building a symmetric encryption system, and an
information exchange tool based on isotropic rings is proposed and
described, and a table hiding encryption algorithm is proposed as a tool
for exchanging information in messengers where it is necessary to ensure
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a rather mediocre resistance to hacking with a high speed of decoding
and encrypting information.

From the security point of view, asymmetric encryption, which
provides authentication, is probably better. However, symmetric
encryption algorithms are always needed because performance is an
aspect that cannot be ignored.

In work [6], in general, the k-a associative commutative ring of the
k -o order is constructed in one line using the algorithms for constructing
the ring operation tables ADD-TAB-AKKI1(/, k ) and MUL-TAB-
AKKI1(/, k). The time complexity of the first algorithm is O(k2 log k),
and the second is O(k log k )2, where k is the order of the ring. The paper
also proposes to modify the RG-EN encryption and RG-DE decryption
algorithms.

Consider the Vigenere encryption method, where the input data will
be stored in the numerical order of the elements of the vector of storage
state on graphs, and the method for solving the mathematical safe
problem is parametric [7]. The Vigenere problem is quite common in
practice. It is known that the performance parameters of a cryptographic
system are ensured by the fact that, unlike multi-alphabet substitution or
table “hamming”, the key of the Vigenére encryption algorithm has a
finite length. Therefore, there is no need to encrypt each letter of the
plaintext with a separate key value.

The Vigenere encryption system is defined as follows, where VIG :

(X0, X1y -+ + + 5 Xn-1) —(Y0, Y15 - - - » Y1) = [(X0 + ko)mod N, (x; + ki)mod
N, ..., (Xp1 + Kq.1) mod N,
where N is the number of letters in the alphabet, and n is the length of the
Vigenere key with components k; (i=0, 1, ..., n). As, a cyclic sequence
of keys of the same length is superimposed on the original text X, and the
corresponding elements of the key sequence are added modulo N,
resulting in the original ciphertext Y.

For the first time, the problem of a mathematical safe on graphs was
considered in the work of Donets G.P. [8], where a direct method for
solving graphs of certain types of topologies was formulated.

Consider the problem of a mathematical safe on graphs modulo
K >2 a prime number using the method of summation and parametric
method.

To encrypt the text, we will use a substitution G of the form:

(81585000583 ) = (Vys Vaseos Yy ) =[(8; — x)modK,..,(s, — x,)modK,,..,(s, — x, )modK]
according to which we will subtract the set of plaintexts S = [sl ,sz,...sN]
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along the entire length of the solution to the mathematical safe problem
X = (xl,xz,,,,,xN) with the initial state vector g — (B,Dyseensby ) -

The plaintexts will be stored in the numerical order of the elements
of the vault state vector on graphs with “ladder” topologies (Fig. 1).
K=7,andb=(1,2,3,4.5,6,7, 8).

Fig. 1. The problem of a mathematical safe in the graph “ladder”

Then solve the problem by the method of summation. Write systems

(1) and (2) for a given graph:

x+x+ . Xs ..o =1
X+ X+ X3+ . Xg =-2
XN+ X+ o+ . . x, =-3 | (modkK). (1)
X3+ X+ xg =—4
x+ . X5+ X5 . . =-3
X+ . Xs +Xg+ X7 . =—06
X3+ . Xg+ X7 +xg ==
X4+ . . Xp+xg=-8
di+dy + . ds . . =d
di+d, + dy+ . dg . =
dy+ dy+ dy+ . d; = (modK). 2)
dy+ dy+ . dy =d
di+ . ds+dg . . =d
dy+ . ds +dg+ d; . =d
di3+ . de+d;+dg=d
dy+. . dy+dg=d
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Comparing the fourth and eighth equations in system (2), we obtain
the equality d,=d,. By analogy, from the first and fifth equations

follows d,=dfrom the third and seventh equations d4,=d; from the
second and sixth equations d; =d;.

So, we obtain d,=d,=ds=dg,a dy=dy=ds=d; -

Comparing to the first and second equations from (2), we obtain
ds=2d,. Let us assume that d,=1. Then d;=d¢=d,;=1,

di=d,=ds=dg=2. That is d =5. In consequence,
n

55 —_ Zdibi —_54=2(mod 7),a § =6(mod 7).
i=1

Now find x., i=1,2,...,n, from system (1), using the representation

of variables through the parameter. Adding the fourth and sixth
equations, we get S—x;=—10 . So x; =5 +10=16=2(mod 7).

Similarly, from the second and eighth equations we get X5=2(mod 7),
from the first and seventh get X, =0(mod 7), from the third and fifth —
Xg=0(mod 7). Substituting the obtained values into the equation of
system (1), we obtain X, =2(mod 7), X3= 0(mod 7), Xg= —2(mod 7),
X7 =—1(mod 7). As a result, we obtain the general solution X = (2, 2, 3,

0,2,-2,-1,0) (mod 7).
We need to encrypt the following set of -characters:
S:(O,6,5,4,2,1,0,1).

Since, S =(8,855e0Sy) =X DY =(3), Vpoeees Vi) then
Y =(-2.4,2,4,0.3.1,1).

Consider an example for a “fan” graph (Fig. 2) forn=7,k=3,K =
S5, bi=i.
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Fig. 2. The problem of a mathematical safe of the “fan” type

Then solve the problem by the parametric method. The system of
equations will take the form:

Xo + X+ X+ x5+ x4+ x5+ x5 +x; =0

Xy + X+ X =-1

Xo + X+ X+ x5 =-2

Xg Xt x3+xy =-3 (mod$)
X + X3+x4+ X5 =4

X + X4 + X5+ Xg =-5

X +X5+ Xg + X, =—6

X +xg+ x7==7

Two parameters are enough for this graph. Let us denote by
Xp=0, x;=p. From the first equation X, =—1-0—f. Then
==2-o0—PB-(-1-a—-P)=-1.

Now:
Xy==3—xy—x—x3=—3-0—(-1-a—-B)-(-D=-1+p,
Xs=—4—xy—x3—xy =—4—-0o—(-)-(-1+P)=—2-a B,
Xg=—5—Xg—X4 —Xs=—5—0 — (=1+PB) - (2—a—-P)=-2,
X =—6-x)—xs—xg =—6-—0—(-2-0a-p)-(-2)=-2+.
Substituting these values into the Oth equation, we get:

o+ B+ xy + X3+ x4 + X5+ Xg + 27 =0=
a+B+(-1-a—-PB)+(D+(1+B)+(2-a—-P)+(2)+(2+p)=0=
—o+p=9
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Subtracting the 7th equation from 6th, we obtain
Xs=+1=—2—-a-P. From here we find:

o=—1(mod5), B=3(mod5).

As aresult, we get the solution X :(_1, 3,2,-1,2,1,-2, 1) .

We need to encrypt the following set of -characters:
$=(2,3,1,0,2,2,0,3).

Since, S=(5,5,08) =X =>Y =(¥, Y50 Vy) then
—Y=(3,0,-11,0,1,2,2).

In this case, in order to recover the matrix B, you need to go through

the K™ variants.

It should be noted that the proposed encryption scheme is focused
on information that loses its value within a short time after transmission.
Generally, in practice, this corresponds to the tasks of encrypting
messages by mobile phones with small decryption software devices or
the operation of inexpensive messengers to encrypt the exchange of
ordinary messages.
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AJITOPUTM HEUITKOI'O BUBOY AJ BUSHAYEHHSA
PIBHA EKOHOMIYHOTI'O JOBPOBYTY HACEJIEHHS
Hoposmi Amam @emxoposud, Mamsip Mukoia MukomaiioBud,
[Tapxami Mapianaa MukosaiBHa
JIBH3 «Yoicecopoocvkuil HayionanvHuil yHieepcumemy

FUZZY INFERENCE ALGORITHM FOR DETERMINING THE
LEVEL OF ECONOMIC WELL-BEING OF THE POPULATION

Abstract. In this work, we propose an algorithm for determining the
economic well-being of the population. Economic well-being is decomposed
into three parts: income, housing, and work. Based on the available statistical
data, we have built the corresponding fuzzy inference system for each of the
three components. Based on the results obtained, we have constructed a new
fuzzy inference system that gives the level of economic well-being. In our
research, we applied the Mamdani inference algorithm. We have built a rule base
that describes the operation of the system, which consists of rules of the type "IF
- THEN". After defuzzification, for which we used Centroid or Center of Gravity
methods, we obtain the level of economic well-being of the population.

Opniero 31 CKIAAOBUX JOOOpOOYyTy HaceleHHS € EeKOHOMIYHHN
no0poOyT. Y naHili poOOTI MPOMOHYETHCS AJITOPUTM OI[IHKU PiBHS
€KOHOMIYHOTO N100po0yTy. Y HemongaBHO omyOJikoBaHiii poOoTti [1]
OyJI0 mepepaxoBaHO P/ IHAMKATOPIB, SKi MOXYTh OyTH BUKOPHCTaHI
JUIS OIIIHKHM, HAIMpPHKIIAA, €KOHOMIYHOro mo0poOyty. Lli moka3sHuku
Takok BHKOpHCTOBYIOTbcss OECP y BrmacHoMy Tak 3BaHOMY iHJEKCI
Kkpamoro )utTs [2]. [IpornoHyoTECS TPU CHCTEMH HEYITKOTO BUBEICHHS
JUIS  TIEPEBIPKU EKOHOMIYHOTO 1o0poOyTy. llepmria — moxin, me
BUKOPUCTOBYEMO BXIiJIHI JlaHi: 4ucTe 0araTcTBO Ha OJHY OCOOy Ta
YUCTUH HasgBHUI moXin. Jpyra cucrema HEUiTKOrO BUBOLY - L€ JKUTIIO.
TyT po3rIAAAIOTECS TPH BXiAHI JaHi: «M>” Ha 0c00y, BUTPATH Ha XKUTIIO
(y BiICOTKAX) Ta KUTJIO 3 0A30BUMHM 3PYUHOCTIMH. TpeTs - 1ie podoTa 3
JBOMa BXIJIHUMH JIaHUMH: piBeHb 3aifHATOCTI Ta JOBrOTpUBale
0e3po0ITTS.

Junis Toro, o0 oTpuMaTH piBeHb EKOHOMIYHOTO JOOPOOYTY 3 IUX
CHCTEM HEYiTKOTO BUBOJY, OyJI0O BUKOPUCTAHO BIACTHBICTh, TOCTYITHY B
nporpamMHomMy maketi Matlab, sika nasusaetsesa FIS-nepeso. FIS-nepeso
- LI iepapXiyHa cHCTeMa CHCTEM HEediTKOro BuBoAy. Y cTpykrypi FIS-
JiepeBa BUXO/IM HEYITKHX CUCTEM HU3bKOTO PIBHS CITYXKaTh BXOJIAMH JIJIs
HEYITKUX CcHcTeM Bucokoro piBHA. FIS-nepeBo € oOumciroBambHO
e(eKTHBHIIIMM 1 MPOCTIIMM AJIsl PO3YMIiHHS, HIX OKpeMa cucreMa
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HEYITKOTO BHBOAY 3 TAKOIO K KibKicTio BXoaiB [3]. [loOynoBane Hamu
FIS-nepeBo mokazano Ha puCyHKY 1.

Dyuberm: EroHodisl IRmaTop

Hice Barnfcies fa aqry ocddy

Aeomsn
SIACTHIN MiRReaa goely | Qosig

|

T o P, mEaHAR Ao QEpoBy Ty

Puc.1 — FIS- nepeBo /s iHANKATOPiB EKOHOMIYHOTO JJOOPOOYTY.

ITicns moGymoBu FIS-mepeBa 3ampormoHOBaHO JIHTBICTHYHI 3MiHHI
JUIST KOXKHOI CHCTEMH HEYITKOTO BHBOJAY «HH3BKHIT», «CEepeHii» Ta
«BHCOKHW». 3BMYAHO, MM JIHTBICTHYHUM 3MiHHUM OyJU BH3HA4Y€HI
pi3HI 3Ha4YEHHS JUIsI KOXXHOTO THUNY BXimHWX naHux. Ha pucyHky 2
MMOKA3aHO MPHUKIIa]] BAKOPUCTAHHS JIHTBICTUYHHUX 3MIHHUX Ha OJTHOMY 3
BXiJJHUX 1HIWKATOPIB CUCTEMH HEUiTKOTO BuBeAeHHS "[loxin".

Puc.2 — Ilpuknag BUKOpUCTaHHS JIIHIBICTHYHUX 3MIHHHUX.
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ITicns mpuUCBOEHHS BIAMIOBIAHUX JIIHTBICTUYHUX 3MIHHHX KOXKHIH
BXiZHIM Ta BUXimHIA 3MiHHIH, MOOymOBaHO 0a3y 3HAHb IS KOXHOI
CUCTEMH HEJIiTKOTO BUBOY. B 0a3i 3HaHb 30epiraeThcs iHpopmaris mpo
3anexHicTh Y = {(X) y BUTTA1 HEUITKUX MPaBUII THITY “SKIIo - To”. Taka
0a3a 3HaHb [TOKa3aHa Ha PUCYHKY 3.

Sysiem, [oaig

Add All Possible Fules | | Clear All Rules
Rule Weight  Name
1T e SArATCTED HE OOy DCO0Y I8 ATkl EN0 AATTI HRRERNA Q0T 5 Hirssn her Dol @ i . 1 et
[ Yeigre Baratoras wa oo e 02
11 Mg BRaraTC TS KA OOy Beolly 13 BMCons and YucTad Haresai 00Xl i8 oo than Do is cepamuii 1! el
1 M BaraTcrag a ooy ocoly |5 weaea i and \aomal sesael nedn B cepepsid then Qosis & copansi V| mied

W04 1B CEPEIHIN ANG SHCTWI HaRRHAA B0 18 capagii then Tawi 18 o i 1 nigh

|t iz BaraTCTRO R Oy o006 RIACDIAR. and Tl HARBHAR J0XU 16 oo pe/IHil man Dol 8 aeocm 1 | ek
1 BT MaraTeTm ks aney oeolly 8 ekl and Seomat nmad nois i aaeowd hen ok Is cepegiil ¥ Fper
| T BaraToTas GOl |8 CRpIRTHN anG MACTIN KR i Joxin i5 pecony 1| milesd
I e frarate oo ma anpy ocoflly 8 woona and Sectiik daseeait goui (8 oecone then Joaind = oo 1 el

Puc.3. — baza 3HaHb JUIg CUCTEMHU HEUITKOTO BUBOIY «Jl0oXim».

Y nmanomy BUmanky ans gedasudikailii 0ya0 BHKOPHCTAHO METOJ
LIEHTPOIAa TUIOII, 00 IEHTPY TSHKIHHSL.

Januii miaxig Oyno 3acTOCOBAHO A0 IHIIMX CHCTEM HEYITKOIrO
BuBoy. [licist oTpuMaHHs 3HaYeHb KOKHOI CUCTEMH HEYiTKOTO BHBOJLY
BUKOPHCTOBYBAIM iX K BXIJHI JaHi IJIs HACTYITHOI CHCTEMH HEJiTKOTO
BUBOJY (IUB. puc. 1.) Anst OTpUMaHHsI PiBHSI €KOHOMIYHOTO J0OpOOYTY
CYCIIJIbCTBA.

CIuCcOK BUKOPUCTAHUX JIKEPel:

1. Mansp M.M. Anai3 iHTUKaTOPiB BIUIMBY Ha PiBEHb JOOPOOYTY
HaceneHHss Ykpainu / M.M. Mansp, A.®. [opoeii, LI TlongoBko //
HaykoBi nepcnextuBu, Bunmyck Ne 2(44). — Kui 2024. C. 784-796.
https://doi.org/10.52058/2708-7530-2024-2(44)-784-796

2. Odiuiiiauii caiir: Opranizalfisi eKOHOMIYHOTO CIIBPOOITHUIITBA
Ta  po3Butky  [Emexktponnmit  pecypc] Pexum  loctymy:
https://www.oecdbetterlifeindex.org/#/50525555555

3. Od¢iuiitanii  caiit: Matlab Documentation. [EnexkrponHwmii
pecypc] Pexxum Hoctymy:
https://www.mathworks.com/help/fuzzy/fuzzy-trees.html
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IHNOKPAIMEHHA EBPUCTUYHOI'O AJITOPUTMY
ITAKYBAHHSA HEPIBHUX KPYT'IB I3 3BACTOCYBAHHSM r-
AJITOPUTMY LIOPA!

Bagopoxnuii B.0., 2*Pomanosa T.C., "“Cremox ILL
bohzador @gmail.com
'Varceopoocwruil nayionansul ynieepcumem
?Incmumym npobnem mawunobyoysanns imeni A.M. ITiozoprozo
HAH Vkpainu
’Leeds University Business School, University of Leeds, UK
*Incmumym xibepnemuxu imeni B.M. Inywikosa HAH Vipainu

IMPROVED HEURISTIC FOR PACKING UNEQUAL CIRCLES
USING SHOR’S r-ALGORITHM

Abstract. The paper studies a heuristic algorithm for solving the competitive
problem "Dense packing of circles into a circle of minimal radius". Two
approaches using Shor's r-algorithm with a dichotomy step are proposed to
improve the heuristic. The obtained results are analyzed with respect to two r-
algorithm parameters: the space dilation coefficient and the step multiplier
reduction coefficient. The Rust 1.70.0 programming language is used for
software implementation.

1. Beryn. V mepion 3 1 smcronama mo 21 rpyass 2022 poky
MPOBOJMBCS MIKHApOIHHUIA KOHKYpC «lllibHA yrakoBKka KpyriB B KpyT
MiHiManbHOTO pajaiycy» [1]. Opranizatropu KOHKypcy — IHCTHTYT
kibepHetuku iMeni B.M. I'mymkosa HAH VYkpaiau (Kuis, Ykpaina),
VYKropoacbkuil HalioHaJBHUNA yHiBepcuteT (Ykropox, VYkpaiHa),
IncturyT mpobeM mamuHOOyMyBanHsa imeHi A.M. Ilinropuoro HAH
Vxpainu (Xapkis, Ykpaina) ta [pe3/iecHCbKUi TeXHIYHUH YHIBEpCUTET
(Upe3nen, Himeuunna).

KonkypcHoro Oyna taka onTtuMisamiifHa 3ajada: 3aj1aHo HaOip 3 N
KpYTiB 3 paniycamu 13, i = 1,2, ..., N, Ta 30BHIIIHII KPYT 3 IEHTPOM B

'1 Po6ota nigrpumana Volkswagen Foundation (rpant Ne 97775)
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touni (0,0) Ta 3minHUM pagiycoM R. IloTpiGHO 3HAWTH Taki LEHTpH
KpyriB (x;;y;), i = 1,2, ..., N ta BianoBigauii paxiyc R* 30BHIIIHEOTO
KpyTa, I10:

1) koxxkeH 3 kpyriB i = 1,2,..,N Mae THOBHICTIO 3HaXOAHMTHUCH
BCEpEAMHI 30BHIIIHBOTO Kpyra (KPYrH MOXYTh TOPKATHUCS MEXi
30BHIITHBOTO KPYTa);

2) s Oynb-sxoi napu (i; j) xpyris, ne i,j € {1,...,N}tai < j,
Kpyral i,j He TepeTHHaroThcs (M JO03BOJICHO TOpPKAaTHCA OJUH
OJTHOTO0);

3) paniyc R 30BHIITHBOTO Kpyra Ma€e OyTH SKOMOTa MEHIIINM.

Jpyre Miclie B 3MaraHHi 3aifHsB TepIIMA aBTOp IIi€i CTAaTTi 3a
KpUTEPieM OIIHKH 3HAYCHHS PaAilyCy 30BHIIIHBOTO KpyTa sl KOXKHOTO
i3 KOHKYpCHHX TECTOBHX MPHKIAJIB, SKi 3HAXOIMB 3allPOITOHOBAHUI
EBPUCTHYHHI allTOPUTM i3 3aCTOCYBAHHSM BiAMOBIIHOT'O MPOrPAMHOTO
3abesnederds. OmHAK, PO3MIIIEHHS KPYTiB BiAMOBIIHO 10 3HAYEHHS
iTpOBOT (DYHKINI, y OIBIIOCTI MPHUKIANIB MICTHIH «HATUIIKOBHAN
npoctipy. ToMmy mnpeaMeToM IMi€i CTaTTi € po3poOka MiAXomy A
MOKpAIlIEHHsT 3a3HAYeHOl EBPUCTHKH 13 3aCTOCYBaHHSIM METOJiB
HeTJaaKol onTuMizaii.

Marepian crtarTi BHKJIQJEHO y TakoMy MOpsIKy. Y pozmim 2
OINMCAHO EBPUCTHYHHMI ANTOPHTM Ta HOro BIACTHUBOCTI. Y pozmim 3
HaBEJICHO JIBa IJXOAW 1O TOKpAIIeHHS pPO3B’S3KiB, 3HAHICHHX 3a
JOTIOMOTOI0 €BPHCTHYHOTO AITOPUTMY, 13 3aCTOCYBAaHHSM 7-aJITOPUTMY
[llopa 3 auxoTOMi€rd KpOKy. Y po3aii 4 HaBEICHO pe3yJIbTaTH
00YHCITIOBAJIbHUX EKCIEPUMEHTIB 3a TOUYHICTIO 3HAXO/DKEHHS pafiyca
30BHIIIHBOTO KpPYTa.

2. EBpuMCTHYHHH aaropurM. Po3riasHEMO OIUC alropuTMy
PO3B’si3aHHS 3a/1a4i TAKyBaHHS KPYTiB B KPYT MiHIMaJIbHOTO pajiycy.

Etan 1. BcTaHOBIIOEMO IOMYyCTHMI MEXi pajiiycy 30BHIITHHOTO

KpyTa: JIiBa MeXa JOPiBHIOE R;,,, = ,max_ 7;, a npasa — Ryp = §V=1 T;.
1=

yeen.

Etan 2. BusnHadaemo cTapTOBE 3HA4YEHHS pajiyca 30BHINIHHOTO
kpyra sik R® = O.S(Rlow + Rup).
Etan 3. [TakyemMo Kpyru 3a TaKMH MTPaBHJIaMU:
1. BcranoBiroemo neHTp mepmoro kpyra 3 Habopy i = 1,2,...,N B
touky (0,R® —1y).
2. T'enepyemo map KpyriB. 3a TOZWHHUKOBOIO CTPIJIKOIO PO3MILIYEMO
KOXKHUH HACTYNHHH KPYr Tak, 00 BiH TOPKaBCs MONEPEIHLOTO
Kpyra Ta MeXi 30BHIIIHBOTO Kpyra. BUKOpHCTOBYIOUM KOOpAWHATH
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LEHTpa MONEPEAHBOT0 Kpyra, OOUMCIIOEMO KOOPAMHATH LIEHTpa
HACTYIHOTO Kpyra: BCTAHOBIIIOEMO LIEHTP HACTYIHOTO {-TO Kpyra B
touni (0,R® —1;); po3paxoByeMo KyT, Ha SIKMii pajiyc-BEKTOp
MOTP1OHO MOBEPHYTH 33 TOMUHHUKOBOIO CTPLIKOI0. OTpUMaHUN KyT
YTOYHIOEMO 3a JIOIOMOT0r0 OiHapHoro nomyky (Puc. 1a).

3. Po3mingyemMo HacTymHi Kpyrd MK MEXEI0 30BHIIIHBOIO Kpyra Ta
nepmuM mapom Kpyris (Puc. 16).

4. Po3mimyeMo Kpyrm MiXK KpyramH MOINEPEAHBOTO Miapy abo Mix
Kpyramu uepe3 onuH (Puc. 1B).

a) L1} B)

Puc. 1 — Eman 3 espucmuunozo areopummy

Ertan 4. SIkmo po3milieHHs KpYTiB Ta pajiyc 30BHIIIHBOTO Kpyra
3a[J0BOJILHAIOTH BUMOTam 1) Ta 2), TO BCTAHOBIKOEMO Ry, = R° Tta
3aram’ATOBYEMO IIEHTPHU PO3MIIIEHUX KpYTiB. [HaKIIe, BCTAHOBIIOEMO
Riow = RO.

Eran S. SIkmo Ry, — Rjpy > A, TO mepexoaumo Jio erary 2, ie A
— TOYHICTh 3HAXOJ/I)KCHHS PO3B’S3KY.

Etan 6. IlopiBHoeMO pO3B’S30K OTpUMaHWid Ha eTam 4 3
HalKpaiuM 3HaijeHuM. SKIO pPO3MIIICHHS KPYTIB 3aJ0BOJIbHSE
BuMoram 1) Ta 2) 3agadi Ta Ma€ MEHIIIUI pajiiyc 30BHIIIHBOTO KpyTa 3a
HaWKkpamui  pO3B’S30K, TO OCTaHHIH BCTAHOBIIOEMO PIBHUM
3HaleHOMY. SIKIO JOCATHEHAa MaKCHMallbHAa KUIBKICTh iTeparliii, To
AJITOPUTM 3aKiH4Yye poOOTy. IHaKIIIe 3acTOCYEMO “swap”’-cTpaTerito s
PO3MIIIICHHS MTapH BHUIAJKOBUX PO3MIIEHUX KPYTiB Ta IEPEXOUMO JI0
eramy 1.

ANTOPUTM HE 3aBXKIH MOXXE TapaHTyBaTW PO3MIIIEHHS KPYTiB,
3aJJ0BOJILHUBIIY 0OMexeHHs 1) i 2), ToMy MOTpiOHO 00paTh KijbKicTh
iTepaliii mpu sKii BIACTBCS AOCSATHYTH Xoda O OAWH AOIMYCTHMUHN
pPO3B’S30K.

BapTto 3ayBaxkuTH, 110 OCKUTBKH aNrOPUTM 0a3yeThCsl Ha TIEBHOMY
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Habopi MpaBUJI PO3MILIEHHS KPYTiB, TO MPH Majliil KUIBKOCTI iTepamiit
3aJMIIA€ThCS  “BUIBHMH TPOCTip”, SKUH MOXKHA 3MEHIIUTH, SKIIO
MaKyBaTH KPYTH HIUTHHIIIIE.

3. IlokpalieHHs eBPUCTHUYHOIO PO3B’A3KY 3a J0MOMOIOI0 -
aJropuTMy. BHUKOPHCTOBYIOUM TOYKY, 3HAWJEHy EBPUCTUYHUM
ANTOPUTMOM SIK CTapTOBY, Ta PO3B’SA3YIOYM 3a/ady OMNTHMI3amii 3a
JOTIOMOTO0 F-aJITOPUTMY 3 AMXOTOMIEI0 KPOKY [2], MOXHa OTpHMAaTH
Kpallli po3B’sI3KH 3a 3HAUCHHSIM PajiyCy 30BHIIIHBOTO KpyTa.

Jns  mokpamieHHs  pe3yJbTaTiB, OTPUMAaHMX  EBPHCTHYHUM
anroputMoM, OyieMo BUKopHCTOBYBatH r-anroputm Lllopa [3].

Cdopmynroemo 3agauy naKyBaHHs KPYTiB Tak:

R* = minR, (1)
Rx,y
3a OOMEXEHD
x2+y2<R-1)%i=1...,N, (2)
(xi—xj)2+(yi—yj)2Z(ri+rj)2,1 <i< ]SN, (3)
R = Rlow' (4)

ne Riow = igaXN T, X = (X1, e, X8), Y = V1, oy YN)-

PP

s momyky JokainpHOro MiHiMyMy 3aadi (1) — (4) BUKOpHCTaEMO
METOA Hernmaiakux wmTpapHux ¢QyHKUid, SKUH 3BOAWTH 3a1ady
HEJIIHIHHOTO MpOrpaMyBaHHS (1)-(4) nmo 3amaui Oe3yMOBHOI
MiHiMizamii Hernaakol QyHkKIi [3].

Po3rnsiHeMo 1Ba adropuTMH MOKPAIIEHHS €BPUCTUYHOTO PO3B’SI3KY
[4], me amroputm Illopa 3actocyerbcs 3 Hamepen 3aJaHUMU
napamMeTpamH 3a BUHSATKOM CTapTOBOi TOUKH X B N-BUMipHOMY MTPOCTOPI
Ta BEJIMYMHH KPOKY A B HAMPSMKY JIOKAJILHOTO €KCTPEMYMY .

Anroput™m 1 Mae Takuid BUTIISIA.

Eran 1. 3amaemo h = hgy, ne hy — moyaTKkoBa BEJIUYMHA KDPOKY,
BCTaHOBJIIOEMO 3HAUEHHHS IS Ry, — MiHIManbHE 3HaYSHHS KPOKY Ta
EPS — BiACOTOK BiIHOCHOT'O TIOKPALIEHHS BETMYMHHU Pajiyca TOJIOBHOTO
Kpyra.

Eran 2. BuxopucracMo r-anropuT™ 31 cTapToBoi Toukd X 1
3HaXOJIMMO JIOKTLHUI MiHIMYM 3anadi (1) — (4).

Eran 3. fIximo BiiHOCHE MOKpaIlleHHS PaziyCy 30BHILIHBOTO Kpyra:

e Oinbine 3a 3HaveHHS EPS, TO TOYKa JIOKATBHOTO MiHIMyMY CTa€e

CTapTOBOIO TOYKOIO;
e MeHIlIe 3a 3HaueHHs EPS, TO BEJIMYMHY KPOKY h 3MEHIIYEMO
BJBIYl.
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Eran 4. fIxmo BenuunHa KpoKy OlIbIa HiXK MiHIMaJIbHE 3HAYCHHS
KpOKY, TO TMepexoaumMo a0 eTamy 2. I[Hakme 3akiHd4yeMoO poOoTy
aNTOPUTMY 3 TIOKPAICHHSIM PO3B’S3KY.

Anroput™m 2 BiIpi3HSAEThCA BiA anroputMmy 1 dopmymroBaHHIM
eTamy 3: SKIIO BIIHOCHE MOKpAalleHHS pajiycy 30BHIIIHBOTO Kpyra
Oimpime HiK 3HadeHHS EPS, TO TOYKa JOKAJIBHOTO MIHIMYyMY CTa€
CTapTOBOI0 TOYKOI 1 h = hy, SAKIIO MEHIIEe HiX 3HaueHHs EPS, To
BEJIMYMHY KPOKY h 3MEHIIYEMO BJIBiYi.

4. Pe3yabTaTH 004YMCIIOBATBHUX eKCIIePAMEHTIB. Anroputmu 1
Ta 2 peari3oBaHO MOBOIO mporpamyBaHHs Rust Bepcii 1.70.0. ¥V Tabnmmi
1 HaBe#eHO TOPIBHAIBHI pe3ynbTaTH 000X peamizarmiii mpu EPS =
{0; 1075, 10™%}. Tyr n_iter — cepeane apuMeTHUHE KiTbKOCTi
iTepamiii r-anropuTMy, MmO OYyIH B CEpPeIHHOMY BHUKOPUCTAHI IS
KOXXHOT'O TeCTY 3a/1a4i, N — KiJIbKICTh TECTIB.

Tabmmns 1
[lopiBHAHHS pOOOTH MBOX AaNTOPUTMIB YTOYHEHHS PO3B’s3KY,
3HANIGHOT0 eBPUCTUYHUM alnropuTMoM (4832,04 Gaiis)

Bapiaar | EPS Kig{;ﬁ;“ n_iter Ho;(%a;?;;Hﬂ
1 107* 4 905,47 11 543,00 73,43
2 107* 4 908,10 12 006,31 76,07
1 1075 4 906,02 11 759,53 73,98
2 1075 4 907,86 12 199,83 75,83
1 0 4 906,75 11 225,86 74,71
2 0 4 912,64 11 923,91 80,6

HaBeneni pesynbraT cBig4aTh Mpo e(EKTHBHICTH POOOTH 000X
ITOPUTMIB, IPUUOMY JIPYTHH IMOKa3ye OUIbII TOKpalleHHs B Oarnax.
3menmenHs EPS mpu3BOAMTE 10 CYTTEBHX IMOKpAIIeHb POOOTH 000X
ITOPUTMIB.

EdexTuBHICTH 000X aNTOPUTMIB 3aJIEKHUTh BiJl TapaMeTpiB r-
QITOPUTMY: & — KOE(]Ili€HTY PO3TATY MPOCTOpY Ta g — KoedilieHTa
3MEHIIEHHS  KPOKOBOTO  MHOXHHMKa. OTpuMaHi  MOKpalleHHS
EBPUCTHYHHX pe3ynbTatTiB pu EPS = 0 i anroputMy 2 HaBeIeHO Ha
pucyHky 1. Ilpu po3paxyHkax BHKOPHCTOBYBAJHCh TakKi HapameTpu
SYNUHKN: &, ~ 107°, &, ~ 1077,
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Puc. 2 — Ompumana xinexicme b6anie oas areopummy 2 npu EPS = 0
3ANEHCHO 810 MAKCUMAILHOL KITbKOCMI Imepayitl r-aieopummy

3 pucyHka 2 0auumo, 10 NpU 30LIBIICHHI & KUIBKICTH OajiB
3MeHIIyeTsest. Halikpami pesynbraté JocsiraroTeest mpu a = 1,5 Ta
q. =095-1.

Ha pucynky 3 HaBemeHO poOOTY €BPHCTUYHOIO AITOPHTMY IPH
BEJIMKIH KiJTBKOCTI iTepaliii Ta podoty anroputmis 1 ta 2 mist ¢ = 1,51
ql =0,95.
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Puc. 3 — llopieusanus espucmuunozo aneopummy 3 aneopummamu 1
ma 2
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3 pucyHka 3 6aynMo, 0 AITOPUTM 1, y MOPIBHSHHI 3 aJTOPUTMOM
2, mae ripun pe3yibTaTH, HE3aJIeKHO Bia 3HadeHHs EPS. Anroputm 2
mipu pizHuX EPS nae mpuOIM3HO OHAKOBI Pe3yIbTaTH.

Jdns a = 1,5 Ta g = 1 croctepiraroThesi cXoxi pe3ynpTatu. [Ipu
BUKOPUCTaHHI anroputMy 2 mpH 30inbiienHi itepamii Big 100000 s
Pi3HULIS Maiike BiICYTHS.

BucHoBku. BukopucTaHHS  €BPUCTHYHOIO  QICOPUTMY Yy
CTOJIy4€HHI 3 r-aJTOpPUTMOM JUIsl YTOUHEHHSI EBPUCTHYHHUX PO3B’SI3KiB €
epeKTHBHUM. 3Ha4YeHHs KoedimieHTa po3TAry mpoctopy a = 1,5 Ta
KoeQilli€eHTa 3MEHIIEHHS KPOKOBOr0 MHOXKHHMKA ¢4 = 0,95+ 1,0
3apeKOMeHTyBalli ce0e SIK HafKpallli mapaMeTpH r-ajaropuTMmy.

i eBpUCTUYHOrO aNropuTMy Ipu KinmbkocTi itepauiii 100000 ta
400000 kpamuit pe3ynbTaT (Ha JACKUIbKA JIECATHX 0aja) OTPUMYETHCS
npu Bukopuctanti EPS = 107>, mpuuomy mipu 400000 itepamiit — ne
HaWKpamui pe3yapTaT 3arajgoMm. Lle o3Haydae, 0 B JEAKMX BUIIAAKAX
Kpane BUKopucToByBat EPS = 1075,

OO6wuparoun BianmoBinHI 3HadYeHHsT EPS Ta mapaMeTpiB r-aJropuTMmy
MOXKHAa OTpuUMaTH OakaHe MOKpAIICHHS BIAMOBIAHO JO 4YaCOBUX
00OMexXeHb Ha pOOOTY TIPOTPaMHL.
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METO/I 3ABE3NNIEYEHHS ®YHKIIOHAJBHOI CTIMKOCTI
IHTEI'POBAHOI'O KOMIIJIEKCY BOPTOBOI'O
OBJAJJHAHHSA B JECTABLJIIBYIOUYNX YMOBAX
Kamamnuk I'.A., Kanamnuk-Prbdanko ML.A.

Jlvomna axaodemis Hayionanvroeo asiayitinoeo yHieepcumemy

THE METHOD OF ENSURING THE FUNCTIONAL
STABILITY OF THE INTEGRATED COMPLEX OF ON-
BOARD EQUIPMENT IN DESTABILIZING CONDITIONS

Abstract. The authors have presented the method of ensuring the functional
stability of aircraft avionics complexes under the influence of destabilizing
factors. It is based on the procedure of maintaining valid knowledge bases of
individual modules of the avionics complex through the organization of dynamic
verification of such knowledge bases during their application on the principle of
the probabilistic diagnostic core with system recovery without significant
restructuring of verification means.

I'onmoBHOIO 0COONMUBICTIO (DYHKITIOHATHHO CTIHKOTO 1HTETPOBAHOTO
KOMIUIEKCY OopTOoBOro oOONagHaHHS TIOBHHHA OyTH  3[IaTHICTB
MPOBENEHHsI CaMOJiarHOCTYBaHHsS TEXHIYHOTO CTaHy, MPOTHO3yBaHHS
BUHUKHEHHS BiJIMOB 1 CBO€YacHe MapupyBaHHA iX HacminkiB [1]. [ms
3a0e3rneueHHsT (DYHKIIOHATBHOT CTIMKOCTI 1HTETPOBAHOTO KOMILICKCY
OopToBOro 0O0JaIHAHHS 3pOCTAa€ 3HAYEHHS 3aco0iB aBTOMAaTH3aIlil
YIIPaBIiHHS ITOJIBOTOM.

MaremaTHuyHy MOJIENIb 1HTEIPOBAHOTO MOJAYJILHOTO KOMILIEKCY
aBIOHIKHU HAIA€EMO Ha OCHOBI OITUCY €JIEMEHTIB CTPYKTYPH 3a JOMOMOI'0I0
opieHTOBaHOTO Tpada Ta MPENCTABISIEMO Y BHUIJLIII PO3MOAUIECHOI
IHTEJIEKTYyalIbHOT CHCTEMU:

GW.L V={v}LL={l; } i.j=12..n, (1)
Y wmiit MHOxuHa Bepmun V rpada G(V, L) BIJINOBiZIa€ MHOXHHI

iHpOpMaLiiHUX MOZYJIB KOMIUIEKCY aBiOHIKH 3 PO3MIpHICTIO 7, a

MHOXKMHA pebep L — MHOXHMHI 3B’SI3KiB [; MK iHpOpMauiiHMMu
MOAYJISIMU (i, j) . lls mMozxenb, Ha BiIMIHY BiJi iCHYIOYHX, BPaxOBYE

BUIAJIKOBY CTPYKTYpPY NEPEBIPOUYHHX 3B'A3KIB MK MOLYJISIMH CHUCTEMH.
e mae MOKIMBICTH MEPEBIPSITH OKPEMi MOJYJl KOMILIEKCY aBIOHIKH
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IHIMUMA CYMDKHUMH MOJIYJIAIMH B JNOBUTRHHUN dac. lle mo3Bosse
MIPEACTABUTH 3arajibHy MiarHOCTHYHY MOJIEh PO3ITOAUIEHOT 6231 TaHuX
KOMIUIEKCY aBIOHIKM y BHIJIAAI Opi€eHTOBaHOro rpada G(V, L), Habip

BepuuH V = {vi} SIKOTO BiJITIOBIJIA€ MOJYJISIM PO3MOJIJICHOT 0a3u JaHuX

CHCTEMH KOMIUIEKCY aBIOHIKM, a OpIEHTOBaHI pedpa L:{v,.,vj} -

€JIeMEHTapHUM 3BipKaM MK IHTEIEKTYaIbHUMHU MOIYJISIMH.
HaBenemo rpad Moneni KOMIUIEKCY aBiOHIKH y BHTJISIAI MaTpHI
CYMDKHOCTI:
A={a; fi, j=1,2.N, (2)

e a; — eNEMEHTH MaTPULIl CyMDKHOCTI I1arHOCTHYHOTO Tpada, sKi

MAaroTh 3HaYCHHS 1, K10 € pebpo:
lijziv,-’vj}eL, 3)

1a 0 — Ko pebpa He ICHYE; V; , v; — MOyl PO3NOALIEHOT CHCTEMH
KOMIUIEKCY aBiOHIKH, 00’ €aHaHHI iHpOPMALIAHUMY JIHISAMH 3B A3KY ;.

MartemaTnyHi BU3HAaYeHHS HEOOXIAHOI Ta JOCTaTHBOI YMOB
¢ysknionanpHoi crifikocti (PC), 03HaK Ta KpUTEPiiB (QYHKIIOHATBHOT
CTIMKOCTI 1HTErpoOBaHOTO MOAYJIEHOI'O KOMILIEKCY aBiOHIKM JiTaka,
CTPYKTYpHUX  IHAWKATOpiB  3amacy (yHKI[IOHAIBHOI  CTIHKOCTI
iHTerpoBaHOro Komiuiekcy O6oproBoro oOmagnanHs (KBO) mitaka mu
OOIpyHTYBaJIM B HAYKOBIii po0OoTi [2].

Merton 3a0e3neveHHss (PyHKIIOHATBHOI CTIHKOCTI 1HTETPOBaHOTO
KOMIUIEKCY aBiOHIKM BKJIFOYA€ TPHU TIOCHIJOBHI €Talu: BUBICHHS
BIJIMOBH; Ti JIarHOCTYBaHHS Ta PO3IMi3HABAHHS 4Yepe3 BepHUQiKaIlito
po3noaineHoi 6a3u JaHuX i CBO€YAcHE apyBaHHS BiIMOBH.

Etan BusBNEHHS BiJIMOBM iICHTUYHHI €Taly OLIHKH TEXHIYHOTO
crany [3]. Ilicns BUSBACHHS BiJIMOBH BH3HAYA€ThCA  (YHKIIS
MPUHAIEKHOCTI 4; ISl OKPEMHX MOAYMNIB V;,i=l, .. n, CYKyIHOCTI
po3noaiieHnx iHGOpMAIiHUX MOIYJIIB V KOMIUIEKCY aBIOHIKH 3
0a3oBoro Habopy M Ha OCHOBI omepaiiii 3 OyJIbOBUMH BEKTOPaMH
KOPEKTHOCTI MOIyJsl X;, OTPHMAaHUX IUISIXOM MEPEBIPKU POMOIIICHUX

iHpOpMAIIHHEX MOJTYTIIB:

V%ﬁerzL“”V

1

B
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El,ui‘,uieM, 4)

M= ,ul.,ul.z}; glx.., x..eX. , i=12,...,n
ilJ=

Bepudikauis posnoaineHoi 6a3u JaHUX KOMILUICKCY aBlOHIKH — 1e
MpolleC BHU3HAYEHHS BIANOBIMTHOCTI MOZYJIB CHEruQikamisaM, 1o
OIMKCYIOTH MPOIIEC MiJ] Yac Horo poOOTH, IIISTXOM OpraHizallii TeCTOBO1
JIarHOCTHKM Ha OCHOBI HMOBIPHICHOTO JIarHOCTHYHOTO sjpa, SKe
BH3HAYA€ BHIIAJKOBY CTPYKTYpy BepudikamiiiHux 3B’SM3KIB 13
BUKOHAHHSM OCHOBHHX MEPEBIPOK. Y BUMAIKOBI MOMEHTH 4acy:

MpeS, S\Mp#@, M,;<«t; 5)
ne M, —Habip amapaTHHX KOMITOHEHTIB sipa Bepupikariii;
S — Ha0ip amapaTHMX KOMIIOHEHTIB PO3MOiICHOI 0a3u JaHUX
KOMILIEKCY aBlOHIKH;
1;; — OCTaHHs €JIEMEHTApHA NEPEBIPKA B CHUCTEMI;

M; — i-Ta amapaTHa CKJIaJ0Ba KOMIUIEKCY aBiOHIKH, sKa

BHUKOHYBaJIa OCTaHHIO TIEPEBIPKY.

s opranizanii omepaTMBHOI CaMOJIarHOCTHKH JTHHAMIYHUX
cHCTEM HaW4JacTillle BHKOPUCTOBYEThCS cucTeMa oliHku [Ipenapara.
[Iponec opranizamii quHamiuHOi Bepudikaii po3noaiieHux 0a3 3HaHb
KBO mis 3a0e3neueHHs Horo pyHKIIOHAILHOT CTIHKOCTI BKJIIOUAE STalK
[4]:

1) mepeBipKH CHCTEM Ta OKPEMHX EIIEMEHTIB KOMIUIEKCY aBiOHIKH
BiJI iHIIIMX MOAYJIB BUITAJKOBUM YHHOM Yy BHIIAJKOBI MOMEHTH Yacy;

2) oOMiH 1 HaKONHMYEHHs JiarHOCTHUYHOI iH(opMmarii B mam'sri
€JIEMEHTIB aBIOHIKU;

3) BU3HAYEHHS NTapaMeTpPiB He0OXiTHOT HAITHOCTI IIarHOCTYBaHHS
CJIEMEHTIB KOMIUIEKCY aBIOHIKM Ta (OpPMYBaHHS NEPEBIPOK s
JIOCATHEHHS 3a1aHOl HaJIHHOCTI;

4) BU3HAYEHHS JOCTATHOCTI JIarHOCTHYHOI iH(opmarii mams il
aHaJli3y 3 BUKOPUCTAHHSIM IMOBIPHOCTI CHHAPOMY SIK O3HAaKH
nocratHocti SD= {sdl-j} (me SD — cunpoM, $d;;— OJMH PE3yNBTaT TECTY);

5) BIACTeX)KEHHS  CTaHy CTPYKTYpH  TECTOBHX  3BSI3KIB i
PE3YJIBTYIOUOI0 CUHAPOMY 10 KOYKHOMY 3 KOPEKTHUX MOJIYJIIB CUCTEMU;

6) po3mmdpoBka jgiarHocTU4HOI iH(OpMAIli NUIIXOM aHami3y
CUHIPOMY Ta BH3HAYCHHS MIiCli Ta THITy BIJIMOBU €IIEMEHTIB
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inTerposanoro KBO.

3 HaKOMHMYEHHSM JOCTAaTHBOI iH(pOpMaLii MpO CTaH EIEMEHTIB Y
po3noaineHid ©0a3i JaHWX KOMIDIEKCY AaBIOHIKM KOPEKTHI MOyl
OCTaTOYHO JIarHOCTYIOTh CHHApPOM SD = {sd,-j}. Pozmmdposka cuaapomy

SDz{sdij} JO3BOJIIE  JIOKANi3yBaTW BiAMOBY 1 BH3HAuUTH il

XapaKTepUCTUKA. BHcoKa OCTOBIPHICTE pe3ynpTaTy MepeBipKd
3a0e3MeuyeThcs HAKOMMYEHHIM iH(opMaIii Ipo pe3yibTaTH MepeBipKu
TiJBKH B KOPEKTHUX MOAYIsiX X ;. [Ipu BU3HAUEHHI KOPEKTHOTO MOAYJIS
X, posmoxinenoi 0a3u NaHMX, 3JAaTHOTO PO3IHN(PYBATH CHUHAPOM,
BHUKOPHCTOBYETHCSI METO YMOBHOI ITepeadi pe3yIbTaTiB eleMEHTapHUX
TECTIB.

Hns 3a6e3neuenns OC iHTErpOBaHOTO KOMILICKCY aBIOHIKM JIiTaka
3IIACHIOETHCSI TIEPEPO3NOALT HOro HAsSBHUX PECYpCIB 3a MPUHIUIIOM
«CUHEPTeTUYHOTO» BIJHOBHOTO YINPaBIiHHSA. 3arajioM 3aBJaHHS
MapyBaHHS BiJJMOBH TIOJSITa€ y BH3HAYCHHI HEYITKOI'O JIOTiYHOTO
BHUCHOBKY Y BHUTJISII:

Y=f(x. 2. 0x,) (6

[TapyBanus BigmoB i miarpumanas @C iHTETPOBaHOTO KOMILIEKCY
ABIOHIKU 3IMCHIOETBCS IUIAXOM BiTHOBJICHHS PO3MOILICHOI CHCTEMH
0e3 icToTHOI peopranizamii 3aco0iB Bepudikarmii. TakuMm uvWHOM, B
yMoBax 30ypeHb KOMIUIEKC aBiOHIKM TPOJOBXKYE (YHKI[IOHYBaTH,
BIpOTiJIHO, 3 €KUM TOTIpIIEHHSIM XapaKTEPUCTHK, alle 3 BUKOHAHHSIM
MiHIMalIbHO HEOOXITHUX (YHKIIIH.

Onrtumizanisi CTPYKTYpH iHTEIPOBAHOI'O MOAYJIBHOTO KOMILIEKCY
aBioniku (IMA - integrated modular avionic) JmiTaka BHMAarae
OJTHOYACHOT'O BUOOPY ONTHMANBHOI CTPYKTYPH Ta BU3HAYCHHSI OCHOBHHX
3MIHHHX TIapaMmeTpiB Ui 3a0e3ledeHHs HaWKpalmmx MOKa3HUKIB
epeKTHBHOCTI Horo poOoTh. BupimeHHs miei mpobieMu MOXKIIMBE
NUISIXOM 3aCTOCYBaHHsI METOJIIB ONTHMI3allil CTPYKTYPH 32 KPUTEPiEM
MaKCUMyMY Y3arajJbHEHOI0 IIOKa3HHKa (YHKIIOHAJIBHOI CTiHKOCTI
Fua arcrarr » OOPAHOTO B SKOCTI KPUTEPIIO MepeBaru 3 0OMeKeHHIMU

BapTOCTi Ha MOOYJOBY CUCTEMHU:

Ju B NN
IMA AIRCRAFT~/ [P ijJ—gl 2t

1€ Fyyn amerarr — QYHKIMOHAN SIKOCTI CHCTEMH;

by — BaroBi KoeQilieHTH;

69



o . , -
P; — WMOBIpHICTb 3B’SI3HOCTI OimossipHOro rpada 3 BEPIIMHOKO-

BHUTOKOM V; Ta BEPIINHOIO CTOKOM Vj;

N — KiTbKICTh BepITuH Tpada.
Barori koedimieHTH b; BU3HAYAIOTBCS Ha OCHOBI MeTOIy

eKCIIepTHUX OIHOK. Ha oCHOBI MomepHi30BaHUX OIIHOK IloJickkoro
pO3paxoBaHO HMOBIPHICTE 3B'SI3HOCTI OIMOIIAPHOTO Tpada 3 BEPIIHHOIO-
BUTOKOM V; i BEPLIMHOIO CTOKOM V; .

HeoOxigHO BHW3HAYMTH ONTHMAJBHY CTPYKTYPY PpO3HOILIECHOI
cucteMu IMA, sxa XapakTepu3yeTbCd MaKCHUMAJIbHUM piBHEM
(GYHKIIOHATBHOCTI  Fjyyy ajrcrarr » 1O 3QJIEKUTH BiJ HMOBIPHOCTI

3B’SI3HOCTI MTPH 3a1aHUX OOMEKEHHSX. Y Ci KOMYHIKaIiiHi JTiHIT BUXiTHOT
CTpyKTypHu G, (V, L) MIOBHHHI 30epiraTucsi B CHHTE30BaHUX CTPYKTYpax

G, (V, L). Jns Takux yMOB MaTe€éMaTH4HAa MOJIENb CUHTE3Y KOMILIEKCY
IMA miTaka Ma€ BATJIAL;
F va alrcrart :f(Pij) -max, ij=L..N, i#] (7
3 TAKUMH OOMEKEHHSIMH:

G, :ZZC’Y (lij’pij’ qij) SCpps
i

vﬂ-ij Pl] 2 Preq ’

276)>2; 2(G)=3,
{o(G)22Nk>1U {u(G)22Nk>1},

Gy (V. 1)<, (v, L),
Py > 4>

Taver S TH'HX >
e N — xingpkicTh ONOKiB 0OMiHY iH(OpPMALI€I0 KOMIUIEKCY
aBIOHIKH, SIKI CHHTE3YIOThCS,

Fuu amerarr — PYHKIIOHAT SIKOCTI CUCTEMHU, SIKUI MaKCHMi3y€ThCS;
P; — AMOBIPHICTBb 3B’5I3HOCTI MiX NIapPOIO (i) enementis cuctemu;
P, — MIMOBIpHICTh HEOOXITHOTO 3’ € THAHHS,;

req
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p;j — YCl MapuipyTH 3 IMOBIPHICTIO 3HAYCHHSI 3B’ I3HOCTI P, ;

(, —BCTaHOBIIEHA BapTICTh ONTHMI3aIliil CTPYKTYpH;

(; — BUTPAaTH HA ONTHMI3AUII0 CTPYKTYPU CUCTEMH OOMiHY

indopmamiero Mix enementamu (i, j) ;

C,, — JHOOIycTHMa BCTAaHOBJIICHA BApTICTh [UIA ONTHUMI3aIlii
CTPYKTYpH; /1(G) — CTYIIiHBb pedepHOi 3B’ I3HOCTI;

o(G) - ®- 3emHaHHS — MaKCHMAaNbHA KiNBKICTh BEPIIHH
He3aJIe)KHUX MapHIPYTiB MK OYIb-sIKOIO Taporo BepinH rpada G (V, L)
;

y(G) — Il MakCHMaJbHa KUIBKICTh HE3QJICKHHX Bia pebpa
MapuIpyTiB MixK OyIb-5IKO0 apor0 BepIKH rpadaG (V, L);

k — KiJbKIiCTH eIeMeHTIB ONTHMambHOTO pyiinyBaHHS (u)-
3B’13HOTO Tpada;

l;;— MOBXKNHA JHIT 3’ €IHAHHS €JIEMEHTIB (i, j) ;

p;j — TPOILyCKHA 3[IaTHICTh OJIHOTO KaHaIly Tepesayi inpopmarlii;

q;; — IHTEHCUBHICTh OOMiHY IH)OPMALIIEIO MIXK €IEMEHTAMH V; , V; ;

T 4er — CEPENHIN Yac 3aTPUMKH CHOBILICHHS, IO MEPENaeThCs BiX

aver

OJIHOTO €JIEMEHTA J0 1HIIIOrO;
T max MaKCHUMAJIbBHO I[OHYCTI/IMI/Iﬁ YyaC BUKOHAHHA 3aJaHUX 4aCOBUX

XapaKTePUCTHK;
& — 1HIEKC 3amaHoro 3HaueHHs &£=1,2,...n, sSKAld mnependadae

3HAXO/KEHHS KITbKOX CTPYKTYp 3amaHoro 3HaueHHsS C,,

TUTst
oInTUMi3arii Ta 301IbIICHHS CTPYKTYPH CHCTEMH 00MiHYy iH(OpMaIli€eto.

Y  pesymbrari po3p’szaHHs 3azavi  (7) Oyne CHHTE30BaHO
ONTHMAJILHO PO3MOJUIEHY cucTeMy Komiuiekcy IMA 3 enemeHTIB i3
MEBHUM 3HAYCHHSM MAaTpHIl CYMDKHOCTI iH(popMamidiHUX 3B’s3KiB il
rpada. BusHadeHHs panioHaJILHOTO BapiaHTa Mojeli Komiuiekcy IMA
MO>KHA 31HCHUTH 32 KPUTEPIEM MAKCUMYMY y3arajibHEHOTr0 MOKa3HUKa
®C, 06paHoro SIK KpUTEPIiii epeBary 3 00MeXEHHSIM BapTOCTI TOOYI0BH
cucTeMH. Y TaKii MOCTaHOBII rpad CTPYKTYpH aBiamiiHOTO KOMILIEKCY
IMA wmae nperepmiHOBaHYy KUIBKICTH BY3JIB 1 BHNAOKOBY KUIBKICTh
3B’SI3KIB, 1 3a/laqy MOXHa PO3B’S3aTH 3a JIOTIOMOTOI0 BHKOPHUCTAHHS
npuHIMIy Makcumymy [loHTpsriHa a0o0 IHIIMMH — KIQCHYHHMH
METOAAaMHU.
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HOBYJIOBA BUITAJKOBUX I'PA®IB HA BA31I MO/IEJIL
EPJIEIIIA-PEHBI
Irop Koszin, Oner Capaak, ApTyp AJICKCEEB
3anopizbkutl HAYioHAILHUL YHIGEpCUmMem
Hasuanvno-nayxosuii incmumym BHII "/[ninposcvkuii
eymanimapHuil ynieepcumem"

CONSTRUCTION OF RANDOM GRAPHS BASED ON THE
ERDOS RENY MODEL

Abstract. Bumagkosi rpadu BHKOPHCTOBYIOTH JJISI MOJEIIOBAHHS Pi3HUX
MIPOIIECIB Y Pi3HUX MPHUKIATHUX 00dacTax. JlocmimkeHHI0 BUTIAAKOBUX TpadiB
MIPUCBAYCHO O€37i4 HAyKOBHX Tpalp SIK TEOPETHYHOTO, 1 MPUKIATHOTO
xapaktepy[1,2]. KpiMm Toro, BumaakoBi rpagy MOXKYyTh 3aCTOCOBYBATHCS TIpU
CTBOPEHHI 0a3 TECTOBUX MPHUKJIAMIB JJIS MEPEBIPKH SIKOCTI METACBPUCTUIHHX
JUISL HIMPOKOTO CHEKTPY NMPUKIAIHUX 3a]ad, SKi 3BOAATHCS 10 eKCTpEeMalIbHUIX
3aga4 Ha rpagdax. ToMy akTyaJlbHUM € JOCIHIJKEHHS aJrOpUTMIB 1MOOYI0BU
BUIAJKOBUX rpadiB i3 3aJlaHIMM BJIACTUBOCTAMH. Hanpukmazx, BHmaakoBuX
JiepeB, peryJsipHUX rpadis ado rpadis, 0 MICTATh TAMUIBTOHIB IIUKII.
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Mopeas Eppaema-Penbi. AjroputM mnodyaoBH BHIIAJIKOBOIO
rpagy
Haii6impI BiIOMOIO MOJIEIUTIO TeHEpaTOpa BUIMTAIKOBHX TrpadiB €
Mozenb Epnemnra-Penni [3], B kil KokHE peOpo rpada reHepyeThes 3
OJHAKOBOIO 3a/JaHOI0 WMOBipHicTIO. Po3srisHeMo 3amauy moOyaoBU
BHIIAJKOBHUX TpadiB 3 ypaxyBaHHSIM BUKOPHUCTAHHS CaMe IIi€1 MOJIETi.
Anroputm  TeHepamii rpadiB y wmomem —Epnema-Penni
BUKOPHUCTOBYE NI oAWH napametp «a € (0,1) . IIpu npomy HMOBIpHICTH
rerepanii rpaga G=(V,E) i3 3agaHuM 4Y#WcIOM BepmuH n=|V| i

3aJlaHUM YUCIIOM pebep m =| E | BU3Hada€eThCs (OpMyIIoro:
n(nfl)_
PG =a"(l-a) 2
Hexaii Bci Bepmmau rpada G 3anymMepoBaHi Bif 1 10 7 i MaTpus

cymibkHOCTI Tpada G mMae BUrsig A = (ai,.), L, s he
Y70, j=12,..., n

a i

|1, sikmo pebpo (i, j) HaIeKHuTH MHOXHHI pedep rpada G
o, B IHIIIOMY BHITAIKY

HaBenemo anroputm reHeparii BUMagKOBOT MaTPHIll CyMIKHOCTI
B Mozeni Epnemna-Pensi Ha MoBi C++:

for (var i = 1; i <= n; i++)
{
for (var j =1 + 1; j <= n; j++)
{
// random(x, y) noBepTae BWMNAAKOBE 4WUCIO
Ha Biapiszky [x, VY]
if (random(@, 1) <= alpha)

{

c[i, j] = 1;
¥
else
{

c[iJ j] = 0;
}

Anaroputm nodya0Ba BUNIAJIKOBOI0 3B’ SI3aHOI0 rpagy
Bumankosuii rpad, skuii moOy10BaHO 332 HABEJACHUM ajJrOPUTMOM
moeni Epnerira Pensi He 000B’s13k0B0 Oyie 3B’ s13aHUM. SIKIIIO MOTPIOHO

73



3reHepyBaTH came 3B’si3aHMd rpad), TO anmroputM mnoTpiOHO Oyne
3MiHuTH. OIUH 3 METOAIB MOOYJOBU BHIAIKOBOTO 3B’S3aHOTO Tpady
CKJIQIAETHCS 3 ABOX eTamiB. Ha mepmiomy erari reHepyeThCsl BUIIAIKOBE
KictskoBe nepeBo rpady G. Ha gpyromy eram mo0 1mporo aepepa
JIOJaloThesl pedpa, Mo HoMy He HalexaTh 3a alrOpUTMOM MOl
Epnema-Penri. ToOTO KokHE HOBE pPeOpPO HOMAETHCS 3 OIHAKOBOIO
HWMOBIpHICTIO « .

PosrnsaeMo oawH 3 MeTOniB MOOYAOBH BUMAIKOBOTO KiCTSIKOBOTO
nepeBa. MHOkuHY HOMEpiB [ ={1,2,...,n} BepmuH rpady po3id’emMo Ha
JIBl 4acTUHU [ =1, vI,. Ha noyatkoBomy KpoIIi I, ={}, I,={1,2,..,n}.
Ha nepmomy kpori BUOMpaeThCsl BUNIAJKOBO ABA 1HIEKCH i, j, €1, 1
MIePEHOCATRCS 13 MHOXHUHU [, B MHOXKHHY /1. BiamoBimHO B aepeBo, 110
OyayeTbesi, momaeTsest pedpo (i, j,) - Ha deproBomy Kpolli BHITaKOBO
BuOMparoThcss IBa HoMepu iel,jel,. B gepeBo, mo Oyayerbcs
nonaethbest pedpo (i, j) . [icns uporo HoMep j BUITYy4YaeThCs 13 MHOXKHHHA

I, Tta nmoerbcs 0 MHOXKWHHM [i. ANTOPUTM 3aKkiHYye pOOOTY, KOJIH
MHOXHUHa [, cTae mopokHBKOI0. HaBemeMo oHy 13 MOXKITHBHUX peai3aliii
LBOTO ANTOPUTMY Ha MOBi C++.

var Il[n] { };
var I2[n] {1, 2, 3, .., n };
// BuNagkoBo o0bupaeTbca pebpo
var i@ = I2[random(1l, I2.Length)];
I2.Remove(if);
var jo = I2[random(1, I2.Length)];
I1.Add(iQ);
I1.Add(j9);
c[ie, jo] = 1;
do
{

var i = I1[random(1, Il.Length)];

var j = I2[random(1, I2.Length)];
// pebpo poma€ETbCA OO MHOXWHM pebep rpady

c[i1, i2] = 1;

I2.Remove(i2);

I1.Add(i2);

}
while (I2.Length != 0);
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B pesynbrari poboTH HaBeneHOro aaroputMmy Oyae OTpHMaHa
MaTpHIIsl CyMDKHOCTI Tpady, KU € KICTIKOBHM JAEPEBOM.

AJropuTt™M  moOyIOBHM  BHNAAKOBOr0 rpady, 1Mo Mae
raMiJIbTOHOBHH ITHKJI
PosrissreMo temep anroputM noOyI0BH BUIIAIKOBOTO rpady, KU
Ma’ TaMiUTbTOHOBHH TMKI. [aMiTbTOHOBHII IIMKJI  OJHO3HAYHO
BHU3HAYAETHCS TICPECTAHOBKOIO BepmmH rpady. Takum YuHOM Ha
MEPIIOMY €Talli aJropuT™My OyJe MmoOyIOBaHWM BUIAJKOBHN MPOCTUN
IIUKJI, TI0 MICTUTH BCi BepmmHH Tpady. Ha mpyromy erami mo 1msoro
nuKiTy OyayTh HonaHi HOBI pedpa BiamosinHo Moaeni Epaema Pensi.
s moOymoBM  BUIAIKOBOI IMEPECTAaHOBKM yucen 1,2,....n
CKOPHCTYEMOCS alrOpuT™MoM TacyBaHHs Dimepa-Kerca [4]. Peanizartis
HOTO anTropuT™My Ha MOBi C++ Mad HACTYITHUIN BUTIISI;
// B MaccuBi a[n] ¢opMyeTbCcA BuUMNALKOBA
nepepecTaHoOBKa 4ucen
1,2,..,n
var a[n] = {1, 2, .., n};
//round(x) OKpyrnae 4ucno x A0 HaWbAux4oro

uinoro

for (var i = 1; i <= n; i++)

{

// round(x) OKpyrfas€ 4Yucio X A0 Habanxdoro
uinoro

var j = 1 + round(random(@, 1) * (n - 1));

// swap(X, y) oObMiHWE 3HaYeHHSMM 3MiHHiI X Ta
y

s¥ap(a[i], alil);

SIKmo oTpuMaHa NEpecTaHOBKA YUCEN i,i,,...i,, TO OO Tpady
JNOJAlOThCsl  BIAMOBIOHI  pedpa  (i,i,), (505 )se (i, 50, )5 (F,»5),  1IO
YTBOPIOIOTH ITUKJI TAMLIBTOHA.

Anroputm no0ya10B4 BUIAIKOBOI0 IBOA0JBLHOI0 rpady

PosrnsiHemo 3aiauy moOym0BH BHUIIAJIKOBOTO JIBOJOIBHOTO Tpady.
Hexali mepma monss MICTUTh N BEpIIMH, a Jpyra m BEpIIUH.
3aHyMepyeMO BEpILIMHHU MEpIIoi 1oJi unciaamu 1,2,...,m, a Apyroi momi
1,2,...,n. [lBomonbHuiéi rpad OyaeMo BH3HAYaTH  MAaTPHUIICIO
{bg; }izl,,z..,m,_/:l,z,m,n >, A€

75



b {l, SIKIIO BEPITMHA {, TIEPIIOT A0 3’€JHaHa peOpOM 3 BEPIIIHHOIO j APYroi J0JTi
ij =

0, B iHIIIOMY BHTIQAKY

Anroputm moOynoBH BUNaAKoBoro rpady 3a mopemto Epmerma
Penbi Mae HaCTyIHUI BUTIIAL!

for (var i = 1; i <= n; i++)
{
for (var j =1 + 1; j <=m; j++)
{
// random(x, y) noBepTaE BMMNALKOBE 4YUCJIO
Ha Bigpi3ky [X, V]
if (random(@, 1) <= alpha)

{

C[i) j] = 1;
}
else
{

cli, j] = o;
}

Bunaakosi rpagu 3 3agaHnM 4acTKOBUM rpagom

Buxosuu 3 monepeaHix MPUKIaiB, MOXHA 3alIPOIIOHYBATH CIIOCiO
moOyI0BH BUMAIKOBOTO Tpada, SKUil MiCTUTh 33JJaHUI YaCTKOBUH rpad.
Anroput™ moOymoBH Takoro rpada mMae Takuil BUIJISJ: HA TEPHIOMY
eTarti OyTyeThCsi BUTIAIKOBHI rpad, sIKUid Mae 3a/1aHy BiacTHBicTh. Jami
BHIIAJIKOBO JIOJIAIOThCS BiJICYTHI pedpa BiamoBigHo g0 mojaeni Epnema
Penpi.

Hanpwuxnaz, po3riasiHeMo NpUHIIMIT TOOYI0BH BUTIAIKOBOTO rpada 3
N BepUIMHAMH, SIKUA MICTUTh TOBHHMHA moarpad 3 BeplIIMHAMH K.
Bepmmnu rpaga mymepyrotsest uncnamu 1,2, ... n Ha nepmomy erari
BHIIJIKOBO BUOUPAIOTHCS K Yncell 3 MHOKHHU 1,2, ... 1 1 10JaI0ThCS BCI
pebpa, o 3'€THYIOTH MMapu BEPIIWH 3 HOMepaMmu 3 oOpaHOTO HAOOpY
yucen. [ani, koxxHe 3 pedep (i,), SAKi 11e He YBIHIIIM 10 MHOKUHH pedep
JOJTAETHCS 10 Ii€] MHOYKHHHU 13 3aJJaHOI0 HMOBIPHICTIO.
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AJITOPUTM HABIT AIIII TPYIIN
CLJIbCBKOT'OCITOAAPCBKHUX BIIA 3A BIZICYTHOCTI
GPS
BstueciiaB Koponbos, Makcum Orypiios, Onekcanap X0 3iHCbKHM
Inecmumym xivepnemuxu imeni B.M. I'nywxosa HAH Ykpainu

NAVIGATION ALGORITHM FOR A GROUP OF
AGRICULTURAL UAYVS IN THE ABSENCE OF GPS

Abstract. The use of unmanned aerial vehicles (UAVs) is rapidly
expanding, which is driven by a shift in focus from single UAVs to utilizing
swarms of UAVs for increased efficiency. These swarms can be employed in
various applications, such as agricultural surveys and irrigation.

The objective of this research was to develop a navigation algorithm for
a group of agricultural UAVs in the absence of GPS (or its bad quality) to
maintain a stable formation during group movement.

That problem has been formalized. Possible methods for representing the
graph formed by the UAV group in two-dimensional Euclidean space using a
base triangle method to create a relative coordinate system have been
considered. The method of multilateration was used to determine the
coordinates of the remaining vertices of the graph on the plane and to improve
the accuracy of local positioning accordingly. Initial practical experiments
have demonstrated the effectiveness of the proposed approach.

Beryn. besninotni mitanehi anmaparu (BITJIA) Bce axTuBHiIIe
IHTETpyIOTbCA Yy  Pi3HI  Tamy3i, MOCTIHHO pPO3MIMPIOIOYN  CBOI
(yHKIIOHATIBHI MOXJIMBOCTI. 3aMicTh BHKOpUCTaHHS okpemux BITJIA,
Bce OiNblile yBaru MpUAUISETHCS IXHIM IpyIaM, OCKIJIbKH JIJIsl 6araTbox

77


https://www.bibsonomy.org/person/1b825ccd550f92a93eefbacd1bec78704/author/0

3aBJlaHb, TaKUX SK MOHITOPUHT CLIhCHKOTOCIIONAPCHKUX VTilh a00
3pOLICHHS, TPYIOBE 3aCTOCYBaHHS BUSIBIETHCA 3HAYHO €(PEKTUBHIIINM
ta mpoxyktuBHImmM [1]. IlinBumieHHS e(EeKTHBHOCTI IOCSTAETHCS
UIIXOM 3HAYHOTO CKOPOYCHHS KiTBKOCTI OIEpaTopiB, MOTPIOHUX IS
KepyBaHHs Tielo k KinbkicTio BIUJIA y ckiani rpymu, Ha BiIMiHY Bif
Tpamuiiiinoi cxemu "ommH omeparop — oxauH BITJIA" [2]. ba Ginpre,
BUKOPHUCTAHHS TPyI IO03BOJISIE BIPOBAKYBaTH I'PYNOBE KEPYBaHHS 3
€JIEMEHTAMH IITYYHOTO 1HTENEKTY, K€ y 0araTboX 3aBIaHHSAX 3HAYHO
MepeBePIITyE MOKIMBOCTI Ta MIBUAKICTH peakilii itoquHu. BTiM, icHy10Th
1 meBHi mpoOiemu, 30kpemMa, HegoctynHicTh GPS y psni Bunaakis miist
arpofpoHiB, 0 BUKOHYIOTh 0OPOOKY CITBCHKOTOCTIOAAPCHKUX YTilb Bif
IIKITHUKIB @00 MOHITOPUHT TOCIBIB [3].

Mera. Metoto manHoi poOotm € po3poOka anropuTMy Hairarii
rpynu cinmecbkorocnogapcskux BITJIA 3a BigcytHocTi (abo moraHoi
sKkocTi curHany) GPS st yrpuMaHHst cTanoi CTpYKTypH IiJl 4ac pyxy
rpynu. IlepenbadaeTses, mo rpymoro, He3anexkHo Bif KimbkocTi BITJIA,
Kepye oauH omepaTtop. Po3pobneHuil alropuTM MOBHHEH HE TiJIbKU
3a0e3nevyyBaty e(peKTHBHE KePYBaHHs, ajie U 3amo0iratu MmoTCHIIIMHUM
sitkaeHHsM BITJTA min yac moBiTpsSHUX MaHEBPIB.

3a3Buvaii y TOAIOHWX 3amadax HE 3aCTOCOBYIOTh IMAXin i3
PO3pOOKOI0 CHCTEMH JIOKAJIHHOI'O B3aEMHOro mosuilitoBanHs BILJIA,
SIKMI MU ITPOTIOHYEMO B 1ill pOOOTi.

AHaJi3 mnomnepenHix po3podok Ta myOmaikamii. Y HayKOBHX
poboTax, MpUCBSYEHUX NOAIOHMM 3amadam [1-7], BapTO BiA3ZHAUWUTH
miaxoau, mo 0a3yroThesl HAa mapaaurmi [HTepHETY pedel Ta MTYyYHOTrO
inTenekty [4]. He3pakarouu Ha TXHIO iHHOBAIIHHICTh, BOHU BUMararTh
BEJIMKHX OOYMCIIIOBAIBHUX PECYpCiB, M0 OOMEXye iXHE MpaKTUUYHE
3aCTOCYBaHHS. 3aCTOCYBaHHS apalieIbHUX FeHETHYHHX alrOPUTMIB Ta
IHIIMX METOJIB KOMOIHATOpHOI omnTuMizamii [5] TakoX BUKIUKAE
iHTEpec, aje aBTOPHM BBAXKAIOTh, 10 y OaraTbOX BHIIAJKAX BHUHUKAIOYI
3a7a4i MO>KHa PO3B'sI3yBaTH MPOCTIILIUMH METOAMH.

[HmmiA miaxig monsrae B MomnepelHbOMY IUIaHYBaHHI MapIIpyTiB
rpynu BIUIA [6], mo 3Ha4HO 3BYKy€ MOXKJIHMBOCTI X BHKOPHCTaHHS.
OnHuM 13 HAHNOMIMPEHIIIMX METOIIB € ONTUMI3allisl POEM YaCTUHOK [6-
7], mpoTe 1ie# miIXiJ1 TaKOXK € JOCUTh PECYPCOEMHUM.

OcHoBHa yacTuHa. Po3risHemo, sk 3a/1ada Moke OyTH pO3B'si3aHa
B JIBOBHMIpHiii IOCTAHOBLI, SIKa I[IJIKOM 3aCTOCOBHA 32 YMOBH, LII0 IpyTa
pyXa€eThCsl HA OJIHAKOBIH BUCOTI 1 PI3HUINO iX BUCOT MOXHA ITHOPYBATH.
e Takox MiAXOMUTH MJIi HA3eMHUX OE3MUIOTHHX amapartiB, IO
B3a€MOJIIOTH Y 30HI IPsAMOi BUIMMOCTI. BBakaTUMeMO eJleMeHTH Irpynu
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TOMOTCHHUMH, XO4ya 3 JOJaBaHHSAM JOJAaTKOBHX IapaMeTpiB Ta
00MeKeHb MOYKHa BUKOPUCTOBYBaTH i rereporenHi BIIJIA.

Maemo HaGip BIUIA, sxi ¢opmyrors rpymy. Y wiii po0ori
posrisimaetscsi rpyna go 30 BIIJIA. Koxen BIUJIA ocuamenwit
natuukamu (GPS, kommac, akcenepoMerp, BHCOTOMIp TOINO), IO
NO3BOJIAIOTh BH3HAYATH B3a€MHE TIOJIOKEHHA Ta MiATPUMYBATH
CTPYKTYpY TpyIu. 3aBaHHs TOJSATaE B TOMY, 00 AOCATTH HEOOXiTHOT
KOH(Qirypauii rpynu B MiHIManpHUA 4Yac 1 MIATPUMYBATH IO
KOH(}Iryparito 3 MiHIMaJIbHIMHU BUTPAaTaMH PECypcy.

ANropuTM TOBMHEH IIpallOBaTH ITEPaTUBHO 3 YacTOTOO
MOBTOPEHHA HE MEHIIE pa3y Ha KilbKa CeKyHJ, MO0 BpaxoBYBaTH
MOKNIKBI 3MiHM monoxkeHHs1 eneMeHTiB rpynu BITJIA. Koudirypamis
Tpyny TOBHHHA 3a0e3ledyyBaTd OJMHAKOBI BiJICTaHI MK CyCiTHIMHA
BIUIA.

3MicTOBHA MOCTAHOBKA 3a/1ayi.

Bxioni oani:

1. Kinbkicte BITJIA.

2. Koopaunatu GPS.

3. Hampsim pyxy.

4. IIIBUAKICTE.

5. Kyt Haxuny.

6. Bucora.

llapamempu:

1. MakcumaiibHa mBHIKICTh pyXxy BITJTA.

2. MiHiManbHO JOMyCTHMa BHCcOTa IONbOTY BITJIA.

3. MakcumarnsHa nanpHicTh oasoTy BILJIA.

4. MiHiMaJIbHO JionycTUMa Bijcranb Mixk BITJIA.

Kpumepiii:

MiHiMi3amis cymMapHOro IoaaTkoBoro pyxy ycix BIUIA rpymw,
MOTPiOHOTO JIJIS BIAHOBJICHHS 3a7]aHOi KOH(ITypaItii.

Buxioni oani:

GPS xoopauHaté TOYOK, KyIu Mae nepemictutich koxeH BIIJIA
JUIs BiTHOBIICHHSA 331aH01 KOH]irypauii rpymnu.

I'pad, moO yTBOPIOEThCS TIPYINOIO, CIOYATKy TMOJAHUH Y
TpuBuMipHOMY EBKimimoBomy mpoctopi [8], a moriMm Mae OyTH
MPUBEACHUI 10 ABOBUMIpHOTO rpady.

IHo3nauenHs

G(V,E) — 3ananuii noBuuii rpad, mo Bigoopaxae yci BITJIA,

n=|V| — kinpkicts Bepums rpada,
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V={vi,...,vn} — MHOXVHA BEpIINH, KOKHA i3 SIKUX IIOJA€ EICMCHT
rpynu, (okpemuii BITJIA), monmoxeHHS SKOTO BH3HAYAETHCS TPhOMA
KOOPJMHATAMH,

(xi,¥i,2i), i=1,n — xoopauHaTH BepiuH (BITJIA), ne x;, y;, HEBimOMI, a
Zi BioMi.

E={ei,e13,...,en1,} — BIIOMI JOBKHUHH peodep.

Bino0paxennst rpaga 3 rpuBuMipHoro EBkiritoBa nmpocropy Ha
TUIOLMHY

3 pucynka 1 BHOHO, IO JOBXWMHA WPOEKIii pedpa e; MK
BEpIIMHAMHU V;,v; Ha Iuomuny XOY:

e’l-j = ’elzj — (Z] —Zl')z.

Hnst cTBOpeHHs HeoOXimHoi KoHGIrypamii BEHIIWH (€JIeMEHTIB
rpynu BITJIA) Ha OCHOBI BiJOMHX KOODIHMHAT, CIiJi BUKOHATH Taki
Kpoku: Bubip 6a3oBoro TpukyTHUKA, (hikcallisi 6a30BOro TPUKYTHUKA Ha
IUIOMIMHI, MyJibTHIaTepais JUIsi BU3HAYEHHS KOOPAHWHAT 1HIITHX
BepIInH Tpada.

ej

e'ij
Puc. 1 — 3gedenns mpusumiprnoi 3a0aui 0o 3a0aui Ha NIOWUHI

Bubip 6a3oBoro TpukyTHMKa. ba3oBuii TPUKYTHHK — IIe
TPUKYTHHUK, AKHI MOYKHA c(hOpPMYBaTH 3 BepIlIKMH rpada.

Buxopuctanas 0a30BOro TPUKYTHHKA JI03BOJIsIE  (HOpMYyBaTH
MOTpiOHY  KOH(QIrypamit0 BCEpelWHI HBOTO, HE  30UIBIIYIOYH
MaKCHMaJIbHY BIZICTaHb MK OY/b-SIKHMH JIBOMA BEPIIIHHAMHU.

Kpumepii eubopy 6az06020 mpuxymnuka:

1. MakcumalbHa KiJbKICTh €JIEMEHTIB:
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bazoBuil TpUKYTHHK OOMpa€ThCS 3 ypaxyBaHHAM MaKCHMalbHOI
KUTBKOCT] €JIEeMEHTIB IPYIIH, sIKi MOJKHA PO3MICTUTH BCEpEeIMHI HBOTO.

2. MakcuMalibHa II0IIa TPUKYTHHKA.

ITicns Bubopy 6a30BOTO TPUKYTHHKA, MOXKHA (pOpMyBaTH HOTPiOHY
KOH(ITYypaIlifo BEpIIUH BCEPEAMHI HBOTO, HE MOPYIIYIOYH OOMEKCHHS
Ha MaKCHMaJIbHY BiJICTAHb MIJK JBOMA BepPIIIMHAMU (€JIEMEHTaMH TPYIIH).

®@ikcanisa 0a30BOro TpukyTHHMka Ha rmiommuHi. Ilicis BuGopy
0a30BOro TPUKYTHUKA 30€pIiracTbcsl KilbKa CTYINEHIB CBOOOAW TpHU
po3MilIeHHI TpoekIii rpadga Ha TwiommMHI. Bubepemo Taki: mo4yaTok
CHUCTEeMH KOOpAWHAT (TiepIia BepIIMHA TPHUKYTHUKA), HATPSIMOK OCi
abcuuc (apyra BeplIMHA TPUKYTHHKA), HampsIMOK OCi opauHatr (TpeTs
BEpILNHA TPUKYTHUKA).

1. 3adikcyeMO KOOpAWMHATA BEPIIMHA Vj, y SKOCTI TOYAaTKy
KOOpJIMHAT:

vp = (0,0)
2. Cropona v, v, Hexail Oyne vactuHoro oci O0X:v, = (e'p., 0) =
(a,0)
3. ¥,— KOOpIUHATY BEPIIMHH U, BU3HAYUMO 3 IUIOMI TPUKYTHHKA!
ay,
S=Jr-a)@-b)p—-c) ==~

4. Xx, — KOOpAWHATYy BEpIIMHU V, BHM3HAUYUMO 33 TEOPEMOIO

[Tiparopa:
X = et -3

3aBIsSKM JIOCTYITHOCTI JaHUX CYIMYTHHKOBOTO TIO3WITIOHYBaHHS,
3aBJIaHHS MiITPUMKH CTPYKTYypH Tpyru BITJIA moxe OyTH criporieHo 10
miaTpuMkn mo3uiii koxkHoro BITJIA y 3amaniii moxarii reoMeTpuaHOI
¢irypu, BUKOPUCTOBYIOUH a0COJIIOTHI 3HAYSHHS! KOOPAMHAT.

OO0MekeHHSI CYNMYTHMKOBOro mo3unionyBanHs. Ilpnm wmamux
Bizcransax Mix BIIJIA TOYHICTH CYITyTHHKOBOTO TIO3HIIIOHYBaHHS MOXE
OyTH HeocTaTHROW. Lle MoXKe MpU3BECTH 10 MOPYIIEHHS MiHIMalTbHOT
BificTaHi, BCTaHOBIIEHOT 11 3amo0iranus 3iTkHeHHsM BITJIA.

MyasTriatepauisi. s BU3HAUYEHHS KOOPAMHAT 1HIIMX BEPIIMH
rpada MOXKHAa BHKOPHCTAaTH MeToi MyjbTwiaTeparii [9]. lle meron
JIOKaJIbHOTO TIO3HIIIOHYBAHHS, SIKUH HE 3aJIeXHUTh BiJl CYMYTHHKOBUX
cucteMm riobanpHOro nosumionyBanus (GPS) i € 6inpm Tournm [10].

Aneopumm mpunamepayii:

CrpoliieHuit aJIrOPUTM TpujaTeparii CKIaJaeThbCsl 3 HACTYIMHHX
KPOKIB:
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Etan 0: KaniOpyBaHHs BizicTaHei 32 MOTYXHICTIO:

Bxigni gami: TaOmuus BiacraHel, oOTpuMaHa B pPe3yJbTaTi
KaJiOpyBaHHSL.

Buxinni nani: BigkamiOpoBaHi BiicTaHi MiXK By3JIaMH.

Etan 1: 36ip naHuX npo NOTYXHICTh CUTHAIY:

Koxumit By3om wmepexi BIIJIA otpumye iHdopmariito mpo
MOTYKHICTh CUTHATY BiJ IHITNX BY3JIiB 1 Iepegae iM cBoi JaHi.

Etan 2: Po3paxyHOK BiJIcTaHE# Ta KOOpAWHAT:

Koxxnuil By3onm Ui BCIiX iHIIMX IOCSHKHHUX BY3JIB PO3PaxoOBYye
BiJIcTaHi 3a TaOnWIel0 3 pe3ynbTaTaMH KaliOpyBaHHS Ta pO3B'A3YeE
CUCTEMy piBHSHb Tpujarepauii Uisi OTPHUMaHHS CBOiX JIOKaJbHHX
KOOp/AWHAT.

OTpumaHi 3HA4YEHHS KOOPAMHAT HAACWIAIOTHCS BCIM BY3JaM
Mepexi [11].

BaxnuBo 3a3HaUMTH, IO TOYHICTh MYJIbTHIATEPAIIi] 3aJ€KHUTh Bij
IIUTBHOCTI PO3TalllyBaHHS BY3JIIB MEPEXi Ta SKOCTI NPHUIMAabHO-
nepenaBaIbHOTO 00NMaaHaHHsA. ToMy KOMOIHyBaHHS MYIbTHIIATEpAIlii 3
CYIMyTHUKOBUM IO3MIIOHYBaHHAM MOXeE 3a0e3MeyuTd mie Oibin
BHUCOKHUH PIBEHb TOYHOCTI JIOKAJIBHOTO mo3uitionyBanHs BITJIA.

[louaTkoBi TpaKTHYHI EKCIIEPHUMEHTH I[TOKAa3ald 3aCTOCOBHICTH
MIPOITIOHOBAHOTO MMiXOAY, MPU I[LOMY aKIEHT POOWBCS Ha BUKOHAHHI
004YHCIIeHb HA OJHOIIATHUX KOMIT'toTepax Tumy Raspberry Pi 4B Ha
6opty BIJIA [12].

BuchHoBku. B pamkax BHKOHaHHS pOOOTH IIOCTABIEHO 3a7aqy
dbopMyBaHHs Ta TIATPUMAHHS CTPYKTypH Ta KOHQIrypamii rpynu
cinbebkorocnonapebkux BITJIA B mBoBUMIpHIH ocTaHOBII. BukoHaHO
dbopmamizariro mocTtaBieHoi 3amavi. Po3rmsHYTI MOXIHBI METOIU
BimoOpaxkeHHs Tpada, mo yrBoproeTbess poeM BITJIA, y nBoBuMipHUI
EBkniniB mpoctip meTomom (opmyBaHHS 0a30BOr0 TPHKYTHHKA IS
CTBOPEHHSI BITHOCHOI CHCTEMH KOOPAUHAT. 11 BUSHAYESHHS KOOPAUHAT
pemiti BepmivH Tpada HA TUIOMIMHI Ta BiJIOBIJHOTO ITiIBUICHHS
TOYHOCTI  JIOKAJIBbHOTO [MO3UIIFOBAHHS 3aCTOCOBAHUM METO/
MyJnbTHAaTepanii. Po3risHyTI BapiaHTH 3acTOCYBaHHS alrOPUTMY
Tpunarepauii ta TpuaHryysinii. [logaTkoBi mpakTH4HI €KCTIEPUMEHTH
MOKAa3aJli MPOMOHOBAHOTO T1JIX0/Y, JO3BOJISTIOYH BU3HAYUTH JIOKAIBHE
MO3UIIIIOBAHHS €JIEMEHTIB T'PYIH, IO MICTHTh BiJ IBOX A0 TPUALSTH
CJIEMEHTIB.

HanpsimoM moJayiblivX JOCHiDKEHb € PO3po0Ka allTOpUTMY, IO
JI03BOJISIE HA OCHOBI BU3HAUEHHX JIOKAILHUX KOOPJHMHAT JIIKBiyBaTH
30ypeHHs, BHECEH] B CTPYKTYpYy TPYIH uYepe3 BHYTPILIHI 4K 30BHIIIHI
YMHHUKH, HAIPUKIIA, BTPATy OJHOTO 3 €l1eMeHTiB rpymu [13].
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MATEMATHUYHUIA CEM®, TPAIIIO3HI JIEPEBA TA 3AXUCT
IH®OPMAIIIT
Kpuswii C. JL.
Kuiscoxuti nayionanvnuu ynieepcumem imeni Tapaca Llleguenka

MATHEMATICAL SAFE, GRACEFUL TREES AND PROTECTION
OF INFORMATION
Kryvyi S. L.
Taras Shevchenko national university of Kyiv

Abstract. Considered some applications of mathematical safe model and
graceful trees to protection of software. Some approaches are proposed to
solution of such problems. Corresponding algorithms have polynomial time
complexity. Ref. 3 titles.

1. Beryn

PoGora mpuce’suyerbcst cBiTmii mam’sati [eopris IlanacoBuua
JloH1Is, BiZJTOMOTO BYEHOTO 1 UyIOBY JIFOMHY, SIKa BHECJIA BATOMUI BKJIa]|
B 00JacTi JUCKPETHOI MaTeMaTHKH, Teopil rpadiB, MaTeMaTHYHUX irop,
Teopii onTuMmizalii Ta iHmn obmacti. B gaHiii poOOTI po3risgarOThCs
METOJM 3aXHCTy IPOTPaMHOr0 3a0e3NeUeHHs, sKi IPYHTYIOTBCS Ha
MoJIeTIsIX MareMaThudHoro ceiida [1] ta rpamio3Hux nepeB [2], sxi Oynm
po3pobuteni I'.I1. JIoHiem Ta qociiKyBaIUCs HOTO YYHSIMU Ta KOJIETaMU.

2. MarematuuyHuii ceiidg

[epie hopMyITtoBaHHS 3a/1a4i PO MaTeMaTUYHUN ceiid OyJI0 JaHo
B poboti [1]. MaremarnyauM  celipoM Ha3MBa€EThCA CHCTEMA
Z=(21,22,...,Zn) B3aEMOIOB'SI3aHUX 3aCyBIB Taka, IO KOJH BHKOHYETHCS
MOBOPOT KJIFOYa B OJJHOMY 13 3aCyBIB, TO TaKHU K€ IIOBOPOT BUKOHYETHCS
1 y BCIX 3acyBax, fKi MOB's3aHi 3 JaHuUM. MareMatuuHui ceid Moxxe
3aJaBaTUCsl JABOMa CIOCOOaMHM: 3a JOIMOMOIOI0 MPSIMOKYTHOI MaTpHIli,
€JIEMEHTH SIKOI BiATIOBIIAIOTH 3acyBaM, i 3a JOIMIOMOTOI0 rpada, BEpIIMHU
AKOTO BIJIIIOBIIAI0TH 3acyBam. [pu wmarpuuHOMY 3a3jaHHI
MaTeMaTHYHOTO celia KOXXHMN 3aCyB z; TOB'SI3aHUN 3 TUMHU 3aCyBaMH,
SAKi pO3MilIeHI B i-My PSOKY 1 B j-My CTOBIYMKY. A TNpH 3aJaHHI
MaTeMaTHYHOro ceiida 3a jmomomororo rpada, MOB'I3aHUMH 3 JAHUM
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3aCyBOM € Ti, sIKi pO3MIilIeHi y cyMiKHHX BepmuHax. Jami B poOorti
PO3TIAOATUMYTHCS TiNBKH TpadoBi ceiiu, SKi 3aJar0TbCs CTOBIUUKOM
MOYaTKOBHX MMO3uIii 3acyBiB b=|b|, i=0,1,....k-1. Koxuuii 3acyB moxe
3HAXOAUTHUCS B OIHIHM 13 JEKUIBKOX Ho3uuii. Beix MOXIMBHX MmO3MLiN
ckinueHne yucio: 0,1,..., k-1. 3acyB BiTKpUTHIA, KO BiH 3HAXOAUTHCS
y mozuttii 0. Y noBuTkHIH iHIIIH MO3MIIT 3aCyB BBXKAETHCA 3aKpUTHM. [Ipn
IIbOMY, SIKIO y SKOMYCH 3aCyBi BHKOHYETHCSI TOBOPOT KJIO4a, TO BCi
3acyBH, MOB'A3aHI 3 JaHUM 3acyBOM, 30UIBIIYIOTH CBOi MO3MIIi Ha
OJIMHHUIIIO 32 MOJYJIEM K.

Heobxiono po3zs'azamu maky 3a0auy: BUXOIIYH 3 TOYATKOBHX IIO-
3ULiil 3acyBiB ceiida, 3agaHux BekropoM b=|bj|, ne bi€{0,1,..., k-1},
3HAWTH TaKy MOCIIIOBHICTh 3aCyBIB 1 UMCIIO TOBOPOTIB KJIt0YA B HUX, 1100
ceiid MmepelIoB y MONOKEHHS BiIKPUTOTO, TOOTO KOJU BCI MOTO 3aCyBU
3HAXOATHCS y To3uiii 0.

3. 3aganHs MaTeMaTHYHOrO ceiiga rpadom

Haramaemo QopmynroBaHHS 3amavi mpo MaTeMaTHYHHWA ceild 3a
noromororo rpada. Y BepmuHax rpada G=(V,E) 3HaX0IAThCS 3aCyBH,
SIKI MOXKYTh 3HaXOJIUTHUCS Y ONHIHN 3 mo3uiii i3 mHoxkunu {0,1,...,k-1}.
S0 y BEpILIMHI 4 3aCyB 3HAXOAUTHCS y MO3MLIT i, TO IOBOPOT KJIIOYa B
il BEpIHHI ePEeBOIUTH ii 3acyB y mosutito (i+1)(mod k) a Takox Bci
3aCyBU y BEpIIMHAX, SKI CYMDKHI 3 BEepIIMHOI u. [loyaTkoBi mo3wuiii
3aCyBiB y BEpILIMHAX 3a/1al0ThCS BEKTOPOM b.

I'. II. loHeup 3amponoHyBaB 4YyJOBY IHTEpHpETaLilo 3aaadi mpo
MaTeMmaTnuHui ceiid. s iHTepmperariis 3BoauIa po3B’s3aHHs 3aqadi
po MareMaTHYHUE ceid 0 po3B’sA3aHHA CUCTEMH JIIHIHHUX
onuopigaux piBHAHE (CJIOP) Ax+b=0 3a momyneMm k Haj BHOPaHOIO
obmactio D (a 1st 067acTh € 200 KijblieM abo0 MoJIeM JIUIIKIB 32 MOYJIEM
k). 3acrocoByroun TSS-amroputm [3] mnsi po3B'si3aHHS TaKOTO THITY
cucreM, aicraemo posB'ssku  CJIOP, sxi BinkpuBaioTe  ceil.
[IpoimtocTpyemo ckazaHe npukiagom rpadoBoro ceiida, skuii 3a1aHAN
HEOPIEHTOBAaHUM Tpadom, KU HABEJCHO HA PUCYHKY 1.

5 “1

Puc. 1 HeopienTtoBanuii rpad
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Bynyerscsa CJIOAP Ax+b=0 (mod k), ne b=(1,2,1,1,3). fka
BiJIMIOBiTae faHOMY TpadoBoMy celidy:

4

= 0 (mod 5),

Ul W N -

O R R
COR R RN
OR R R EPW
[ = =)

[ = =S |
WhRRNR S

ne BepxHii psgok CIIOP me Hymepariist CTOBIUHMKIB, a JIIBHIA CTOBITYMK
— nymepauis pagkiB CJIOP. 3actocoBytoun TSS-anroputm mo
pO3B's13aHH 11i€] cUCTeMH, AicTaeMo Takui po3s'szok a=(0,1,2,1,1,1),
sikuil BinkpuBae cetid. JlilicHo, 1oqaroun 10 CTOBITYHMKA b, BiAMOBITHI
CTOBIYUMKHU MATpPHILIi, TOMHOKEHI HAa KOOPAMHATH BEKTOPA d, AiCTAEMO:

12113
a2=]

23213
a‘;:Z

40433
a4:1

40044
a5:1

0000O0O.

4. I'panio3na Hymepaitisi 1epeB

Hexait mano HeopieHtoBanuii rpadp G-(V,E) 3 n peOpamu Ta
3aHyMEpPOBaHMMH  BEpUIMHAMH. [HOYKO8aHOW — MimKow  pebpa
Ha3MBa€eThCS a0CONIOTHA BEJIMYMHA PI3HULI MK HOMepaMmu (MiTKamH)
JBOX Horo KiHIiB. I'palfio3HOI0 HyMepalliero HeopienToBaHoro rpada G
HA3UBa€THCS OIEKTUBHA BIANOBIAHICTD () MK MHOXXHHOIO BEPLIMH rpada
G ta mHOXkuHOWO {0,1,...,n-1} Taka, 110 BCi 1HIyKOBaHI MITKH pedep €
pi3HMMHU. [HIIMMHU cJ0BaMH, HyMmepallisi ¢ Tpalfio3Ha, SKIIO (:
V—{0,1,...,|[E|} € in’exmiero i Bci peOpa G MawTh pPi3HI HOMEPH 3
mHOXMHU {1,...|E|}. DI'pad HasuBaeTbca epayiosnum, SKIIO BiH
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JIOITyCKA€E Tpaiio3ny Hymepailito. Jlam OyayTe posrisaartucs rpadu, sKi
€ nepeBamu. ['pamio3Hol0 HyMepami€o nepeBa 7 3 n BepIIMHAMHU
Ha3WBaIOTh IPHUCBOIOBAHHSA WOTrO BepImIiHAM HOMepiB 1,2,..., n mpu
SIKOMY aOCOJIFOTHI pI3HHIII HOMEpiB KIiHIIIB pedpa € pi3HUMHU Ta
YTBOPIOIOTH MOCIIAOBHICTE 1,2,..., n-1. ['panio3HiuMu nepeBamMu € 3ipka,
JIAHITIOT, TYCEHHUIIS, OTUBKOBE JIePEeBO, OaHAHOBE JEPEeBO TOIIO [2].

BaxxmBy BiacTHBICTh IepeB BUCBITIIIOE Taka TeOpeMa.

Teopema 1. 3 Oyap sikoi rpaimio3Hoi HyMepanii qepeBa MopsaKy n
MO’KHA OTPUMATH 1HIIY Tpamio3Hy HyMepawilo NUISIXOM NepeKoTyBaHHs
xi=n+1-x;. Taky HymepaIiito Ha3UBalOTh ABOICTOIO HyMepalli€to [2].

5. 3apaua 3axucrty iHdopmamii

[Mpobnema 3axucTy iHpOpMaLii Ha JOaHWKH 4Yac € OAHIED 3
npioputeTHUX B iH(pOpMamiiHUX TexHomorisx. KoxHu KopucTyBad,
SIKUH X04e OOMEXHTH HeOakaHUM 0co0aM HECaHKIIOHOBAaHHUH JOCTYII
10 cBO€l mpuBaTHOI iH(OpMaIlii, moTpedye 3aco0iB 3aXHUCTy Ta 3acO0iB
HaJaHHA TpaBa IOCTymy a0 Takoi iHdopmamii. Hampukman, koxeH
KopucTyBad notpedye 3axucty cBoei web-cropinku. Takum mpocTum i
pazoM 3 TUM eQEKTUBHMM MOXE CTaTH BHUKOPHCTaHHS  MOjEnen
MaTeMaTHYHOro ceiidy Ta rpamio3Horo jaepema. s mosicHeHHs ixaei
CKOPHCTAEMOCS MPUKIAIOM HAHIIPOCTIIOTO THIY JepeBa — JIAHIIOTOM,
SIKUM Mae 9 BEpILUH 1 Taky rpaiio3ny Hymepartito: 1,9,2,8,3,7,4,6,5.

Puc. 2. I'pamiosHi nepeBa

Ha xoxHOMY 3 IMX JIAaHIIOTIB, SIK Ha Tpadi, MOKHA BU3HAYUTU
MaTeMaTHYHUH celi) 3 TaKkUMH TIOYaTKOBMMHU CTaHAMU 3acyBiB
0,8,7,6,5,4,3,2,1, sxi € mitkamu pebep rpada. HasBHICTH JEKiTBKOX
rpalio3HUX JIAHIIIOTIB Ja€ MOXKIIMBICTD Bapialliii BHOOPY JaHIOra. A 1e
pU3BOAUTH N0 3MiHH piBHSAHB Y CJIOJIP 1 0 3MiHH po3B’A3KIiB CHCTEMH
B nigomy. Toxi, g poctymy a0 KoHgiaeHuiinHoi iHdopmanii ocoi
HeOakaHi MOTPIOHO 3HATH TOMOJOTI Tpada, HOro Tpario3Hy
HYMEPAIIII0 i MOJYJIb KUTBIIS Y1 MOJIS JIMIIKIB, Y SIKOMY IIOTPiIOHO IITyKaTH

87



MOCTIIOBHICTh IEPEMHUKAHHS 3aCYBIiB 3 METOIO BiIKpUTTS ceiida. Joctyn
1o iH(opMallii BiIKPHBAETHCS TUTBKH TOJIi, KON Cei BiIKpHUTO.

s maTematnaHoro ceida, 3amaHoro rpadom (3:1iBa) Ha pUCYHKY
2, otpumyemo taky CJIO/IP

123456789 b
11000000010
2 010000011 8
30010001107
4 000101100 6
415 0000 1 10 0 o 5 00medd,
6 00011100 0 4
7 001100100 3
8 011000010 2
9 1100000011

pO3B’sI3aHHS AKOi Ja€ TaKy TIOCHTiIOBHICTh TIEpEeMHUKaHHS 3acyBiB
a=(4,8,2,1,5,8,3,6,5,1), mo Bimkpusae ceid. 3po3ymino, mo KoIu 3aaaT
MaTeMaTHYHHH ceiid Tpadom cmpaBa, MoKa3aHUM Ha PUCYHKY 2, TO
CJIOAP Oynme martu iHmMH po3B’si30k. B mpomy i1 momsirae Bapiaris
rpaIio3HUM JIEPEBOM.

st oTpuMaHHs AOCTYyIy 1o iHpopMaiii oco0a, sIKili HaJeKUTh JaHa
iHdopMarllisi, Hagae NOCTyn aOoHeHTaM J0 Iiiel iHdopmamii HuIIXoM
MTOBIIOMJICHHS TOTIOJNOTII Tpada, A SKoro aboOHEHTaM BiJoMi TOPSAIOK
rpada Ta ioro rpamio3na Hymepauisi. Onuparodrch Ha BIaCTHBOCTI J€PEB,
SIKI BUIUIMBAIOTh 3 TEOPEMH 1, JiCTaEMO MOXKJIMBICTH Bapiallil rpaiio3HO0
HymMmepariero rpada. Kpim Toro, MoxHa BapilOBaTH TpaBHIAMU
NepeMUKaHHs 3acyBiB y BeplIMHaX. Hampukman, Hexalh mpaBuia
MEepEMHUKaHHS 3aCyBiB € TaKMMHU: KOJH BUKOHYETHCS MOBOPOT KJIIOYA Y
3aCyBi 2, TO MOT0 MO3MIII 301IBIIYETHCS HA OJUHUIO 32 MOJIYJIEM k, a y
CYMDKHUX BEpIIUHAX TO3UIlii 30UTBIIYIOTECS Ha 3, MOBOPOT KJIOYa B
3acyBi 6 301JIBIITy€E HOTO MO3UINIO HA OJWHUINO, 8 Y CYMIKHHUX BEpIINHAX
MO3UIIIT 301IBIITYFOTHCS Ha 2 OJMHUII, TOBOPOT KJIF0Ya Y 3aCyBI 8 301JIbIIIyE
HOro TMO3MILII0 Ha OIMHMIIO, a B CYMDKHHX BEpIIMHAX MO3MLIl
30inbIrytoThes Ha 5 omuuuib. Toxi CJIOJP s takoro cefida HaOyBae
BUTJISTY:

88



‘123 456 789 b
11000000010
2 0100000 3 3 8
30010001107
4 000101100 6
4=Vs5s 0000 1 1 0 0 o 5 00mdd)
6 00022100 0 4
7 001100100 3
8 055000010 2
9 11000000 1 1

PO3B’S3KOM SIKOi € Taka TIOCHiJOBHICTh TMEPEMHKaHHS 3acyBiB
b=(1,6,3,6,0,3,0,3,8,3), sixa BinkpuBae ceid.

3ayBaXuMoO, IO JJIS BIAKPUTTS AOCTYIy no iH(opmarii morpiObHa
cymicHicTs BignoimHoi CJIOP. V momi numkiB mis mporo motpiOHa
TiHiiHAa HE3aJEeXKHICTh PIBHSHb CHUCTEMH, a y KUIBII JHMIIKIB — JIiHiHA
HE3aJIe)KHICTh PIBHSHB 1 3HAUEHHS JeTepMiHAHTA € MITHHUKOM OIMHHIII
[3].

s nepenadi Kiroua OCTyIy aOOHEHTaM, MPH BiJOMil TOIOJIOTIT
TpaIlio3HOTO JepeBa, TMepelaeTbcs B JAHOMY TNPHUKIAAl Tpilka
2(3),6(2),8(5).

3po3yMilio, o 11e He €JHa MOKJIMBA Bapiallis i TAKUX Bapialiil icHye
npuHaiiMHi k.
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THTET'PAJIbHUI IHBAPIAHT I'PA®Y
Cepriit Kypanos, Makcum JlaBugoBChKUI
3anopizvkuil HayionaneHuil yHigepcumem, K3 «3anopizvkuti ooracuuii
IHCmumym nicasouniomuoi neoazociunoi oceimuy 30P

INTEGRAL GRAPH INVARIANT

Abstract. The paper examines the properties of various graph invariants that
have polynomial computational complexity. It is shown that the invariant of edge
cuts of a graph and the invariant of edge cycles of a graph, if applied separately
to the solution of the problem of recognizing graph isomorphism, cannot be
considered a complete invariant of the graph. The paper presents an integral
graph invariant based on the joint application of the edge cuts invariant and the
graph edge cycle invariant. The integral graph invariant is based on the existence
of a relation between the subspaces of cuts and cycles of the space of subgraphs.
To illustrate the properties of the integral invariant, an example is given of
constructing a direct sum of subspaces of cuts S(G) and cycles C(G) in the case
of graphs that do not have intersecting elements in the subspaces. The structure
of the digital invariant of the edge graph L(G) is considered and the relation with
the integral invariant of the graph is revealed. It is shown that the integral
invariant is a complete invariant of the graph.

Ha croroaHimmHii 1eHs BiOMi HACTYMHI iHBapiaHTH TpadiB, 0
3aCTOCOBYIOTBCS  JUII  CTBOPEHHS ~ QJTOPUTMIB  PO3Ii3HABaHHS
i3oMop(i3My IBOX HEOpIEHTOBAHUX HecemnapabenbHux rpadis G i H:

1. BekTop J0KanbHUX CTEneHis rpada p (G) -

2. Uudposwuii inBapiant pedepHoro rpada IL(G).

3. IuBapiant pebepHux po3pizis rpada IS(G).

4. TupapianT pebepuux nukiiB rpada IC(G).

Y panili poOOTI PpO3IISINAIOTBCA IMUTAHHS 3aCTOCYBAaHHS LHX
iHBapiaHTIB JUIA BUpIMIEHHS 3a/1adi BU3HAYEHHS i30MOpdizMy IBOX
HecenapabenpHux rpadie G 1 H. AJropuTMu  po3ii3HaBaHHS
i3omopdizmy Takux Trpadie G 1 H MalOTh TONIHOMiaJbHY
00YHCITIOBAJIBHY CKJIAAHICTh. BioMo, 110 iHBapiaHT, SIKMH IPYHTY€ETHCS
Ha BEKTOpI JIOKAJIbHUX CTerNeHiB rpada, He € TIOBHUM iHBapiaHTOM s
BU3HAYEHH: 130Mopdizmy rpadis [1-2,5]. [aBapianT pebepHUX po3piziB
rpada TakoX HE € TOBHMM iHBapiaHToM rpada 3 TOUYKH 30py
po3mizHaBaHHs 3oMopdizmy [3,4]. Sk mpukmax HaBenemMo Tmapy
HeizoMop¢HuX rpadis, 110 MalOTh OJIHAKOBE 3HAYCHHS Bar B iIHBapiaHTax
pebepHux po3pisis (puc. 1).
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Puc. 1 — [iaepamu neizomopuux epaghie G (nisopyu) ma G
(npasopy)

BexkTop Bar pedep rpada: Fes(G) =
(12,12,12,12,12,14,14,14,14,14,14,14,14,14,14); BekTOp Bar BEpIIUH
rpada: F.(G;) = (40,40,40,40,40,40,40,40,40,40); BekTop Bar pedep
rpada:  F.(Gz) = (12,12,12,12,12,14,14,14,14,14,14,14,14,14,14);
BeKTOp Bar BepiuH rpada: F.(G2) = (40,40,40,40,40,40,40,40,40,40).

OpHak KibKICTh 130METPUYHUX LUKIIB y Tpadax Gi Ta G, pi3Ha.
BinmoBigao, pizHi ¥ cmektpu pebepHmx mmKmiB rpadiB. KimbkicTs
13oMeTpuyHMX UUKIIB Yy rpadi G; = 7. [3omerpuuni uukiu y rpadi G; y
BUIJISLII pedep:

1= {61,62,65,610}; 2= {61,63,64,67,6’15}; 3= {62,6’3,611,613};

Cq4 = {64,65,66,68};

cs = {es,e7,e9,e14}; C6 = {€3,09,€10,€11,€12}; €7 = {€12,€13,e14,€15}.

BekTop Bar pebep st cnektpy pedepuux 1ukmie: Fec(Gh)
(6,6,6,6,6,7,7,1,7,7,1,7,7,7,7,7); Bextop Bar BepmmH: Fvc(Gi)
(20,20,20,20,20,20,20,20,20,20). KinbkicTb i30METPHYHUX IUKIIB Y
rpadi G, = 15. [3omerpuuni nukim y rpadi Go, moaaHi y BUIIsiIL pedep:

c1 = {enexesen}; c2 = {ereseserenent; ez = {enes.esese9.e15);

cs = {er,e3,ese7,€14,€15); €5 = {exesein,e13}; ce = {e1,e3,65,e5,€0,€15};
c71 = {61,62,34,67,611,612}; cg = {64,65,6’6,63}; Cy = {66,67,6’9,6’14};

cio = {es,es5.e7,10,€11,e12}; c11 = {es,e9,e10,€11,€12,€14};

c12 = {ez,e3,€8,€9,€10,€15};

c13 = {es,e9,€10,e11,€13,€15}; C1a = {e6,€7,3,€10,€11,€12};

Ci5 = {612,613,614,615}.

Bekrop Bar pebep mis crnektpy pebOepHux mukiiB: Fec(Gz)
(8,8,8,8,8,8,8,8,8,8,8,8,8,8,8,8) Bexkrop Bar BepmmH: Fve(Go)
(24,24,24,24 24,2424 24,24 24).

IHBapiaHT peOepHUX LUKIIB TAaKOXX HE MOXE CIy)KUTH TOBHUM
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iHBapiaHTOM IS po3Mi3HaBaHHs i30Mopdizmy rpadis [4]. Sk npukmazg
MOKHa HaBecTH nBa HeizoMop¢Hi rpadu Gz i G, IO MalOTh PiBHE
3HAYCHHS ITapaMeTpPiB B iHBapiaHTI peOCpHUX IMHUKITIB.

Kinpkicte i3oMmerpuunux 1ukiiB y rpadi Gz = 17; Fec(Gs) &
Fve(Gs) =
(4,4,4,444,445,5,5,5,5,5,5,5,5,5,11,11,12,12,13,13,13,13,15,15,17, 17)
&

& (14,14,14,14,28,28,30,30,34,34,36,36,44,44,44,44).

Kinpkicte i3omeTpuuHMX HUKIIB y Tpadi Gs = 17; Fec(Gs) &
Fve(Gy) =
(444444445555555555 11,11,12,12,13,13,13,13,15,15,17, 17)

& (14,14,14,14,28,28,30,30,34,34,36,36,44,44,44,44).

Puc. 2 — I'pag G3 Puc. 3 —I'pag G4

Opnnax HeizoMopdHi rpadu Gs 1 G4 BiAPI3HAIOTHCS 3HAYEHHSIMH Bar
€JIeMEeHTIB Tpada B crieKTpax peOepHUX POo3pisiB.

BekTtop Bar peGep rpada Gs:

Fes(G3) = (4,4,12,12,12,12,13,13,14,14,14,14,15,15,
15,15,18,18,18,18,19,19,19,19,19,19,21,21,23,23) = (2x4,4x12,2x
x13,4%x14,4x15,4x18,6%19,2x21,2x23); BekTOp Bar BepmuH rpada
Gs: Fvs(Gs) = (37,37,37,37,37,37,45,45,55,55,80,80,81,81,100,100) =
=(6 37,2 45,2 55,2 80,2 81,2 100); BexTop Bar pedep rpada Gi: Fes(Gs)
= (4,4,12,12,12,12,13,13,14,14,14,14,15,15,15,15,16,17,
17 18,18,19,19,20,20,20,20,21,21,28) = (2 4,4 12,2 13,4 14,4 15,1 16,2
17,2 18,2 19,4 20,2 21,1 28); Bektop Bar BepmumH rpada Gy
Fvs(Gs) = (37,37,38,38,38,38,44,44,55,55,72,72,80,80,108,108) =
=(237,438,244,255,272,2 80,2 108).

TakuM YWHOM, SIKIIO 3HAYEHHS Bar eJeMeHTiB rpada B CIEKTpi
pebepHux po3piziB HeizoMopdHUX rpadiB 30iraloThes, TO, MOXIMBO, HE
30iraloThCs 3HAUYEHHSI Bar EJIEMEHTIB Y CIIEKTP1 peOepHUX IIUKITIB rpadib.
| HaBnakw, SIKIIO 3HAYCHHS Bar €JIEMEHTIB y CHEKTpi peOepHUX IHKIIIB
HeizoMop¢HUX rpadiB 30iratoThCs, TO MOXYTh He 30iraTucs 3HAYCHHS
Bar €JEeMEHTIB y cHeKkTpi pebepHHX po3piziB rpadis. BignosigHo mo
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TaKoi JIOTIKM MipKyBaHb, 00’ €IHAEMO 1HBapiaHTH, 3aCHOBAHI Ha CIIEKTPi
pebepHux po3pisiB rpada i Ha crekTpi pedepHUX LUUKIIB rpada.

O3navenust 1. [umeepanvnum ineapianmom epaga Ha3UBAETHCS
pe3ynbTaT 00’€THAHHS iHBapiaHTY, 3aCHOBAHOTO Ha CIIEKTPi pedepHuX
po3piziB rpada, Ta iHBapiaHTy, 3aCHOBAaHOTO Ha CIEKTpPiI pebdepHUX
IIUKITIB Tpada.

Sk mpukIan po3rsTHEMO IHTETrpabHAN iHBapiaHT M1 rpada Ga:

Fes(Gs) & Fis(Ga) & Fee(Ga) & Fre(Ga) = (8x4,10x5,2x 11,2x 12,4
X
x13,2%x152x17) & (4x14,2x28,2x30,2%34,2x36,4%x44) & (2x4,4
X
x12,2x13,4%x14,4%x15,1x162x17,2%x18,2%19,4%x20,2%x21,1x28) &
(2%37,4%38,2x44,2%x x55,2%x72,2%x80,2x 108).

BiamoBiMo Ha Take 3alTUTaHHS: YM ICHYIOTh OJTHAKOBI 3HAYEHHS Bar
CJIEMEHTIB B IHTETPaJbHOMY iHBapiaHTI JUIS JIBOX HEi30MOppHHUX
HEOpIEHTOBaHUX HecemapabensHUX rpadis? Bimomo, mo migmpoctip
nukiniB C(G) 1 mianpoctip po3piziB S(G) Hanexats MpocTopy cyrpadis
rpada. basuc mimnpoctopy po3piziB S(G) 3aBKAW MOXHA CKJIACTH 3
CIIEMEHTIB MHOXWMHHM IICHTPaJIbHUX pO3pi3iB Tpada 3 MOTYKHICTIO
piBHOIO paHry rpada. Y cBoro uepry, 6asuc miamnpocropy uukiis C(G)
3aBXK/IM MOYKHA CKJIACTH 3 €JIEMEHTIB MHOKMHH 130METPUYHUX LIUKIIB 3
MOTYKHICTIO, IO JIOPIBHIOE IUKJIOMaTUIHOMY uncity rpada. HaBegemo
JIesIKi TEOPEMH, 1[0 BCTAHOBIIOIOTH 3B’S30K MiX MiAMPOCTOPOM IUKIIIB
Ta MAPOCTOPOM PO3Pi3iB.

Teopema 1. Bynp-sikuii cyrpad y mignpocropi nukiis rpaga G mMae
MapHe YHUCIIO CHUIBHUX pedep i3 Oyab-sSKuM cyrpadom y Hianpoctopi
po3pisiB rpada G [2].

Teopema 2. Cyrpad rpada G HanexuTh MiIIpOCTOPY HUKIIB Ipada
G, SKII0 BiH Ma€ MapHe YUCII0 CHUIBHUX pedep i3 Oyib-skuM cyrpadom
y mignpocropi po3piziB rpada G [2].

Teopema 3. Ilianmpocropy MUKIIB Ta po3pi3iB rpada opTOroHAIBHI
[5].

Teopema 4. [Tignpoctopu mukiais C(G) ta po3piziB S(G) rpada €
OpPTOTOHATILHUMH JIOTIOBHEHHSIMH TO/i 1 TUTBKY TO1, Koot C(G) M S(G)
— HYJIbOBHH BEKTOD [5].

Hexait C(G) Ta S(G) — opToroHanbHi jonoHeHHs. Lle o3Hauae, 1o
KOXKEH BEKTOp y mpoctopi cyrpadiB £ rpada G MOKHA NpPEACTaBUTH
KIUJIBLIEBOIO CYMOIO W; + Wj, JIe BEKTOp w; HaJlexkuTh mpoctopy C(G), a
BeKkTOp W; — npoctopy S(G). [Hmmmu cioBamu, koxkeH cyrpad rpada G
MO>KHA NPEACTaBUTU KIUIBLEBOIO CyMOIO OBOX CyrpadiB, OOUH 3 SIKHX
HaJICKUTh MIIPOCTOPY IMKIIB, a IHIMUHA — MiANPOCTOPY PO3Pi3iB.
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3okpema, cam rpad G Moxe OyTH peACTaBICHUN y TAKUI caMHid crOCiO.

[punyctumo, mo C(G) Ta S(G) He € OPTOTOHAJILHUMHU
noroBHeHHsIMH. Toxi, oueBUAHO, iICHY€e Takwii cyrpad, SKUil He MOXKHA
MIPEICTAaBUTH SIK KUTBIEBY cyMy cyrpadiB y mpoctopax C(G) ta S(G).
Sxmo npoctip £6 PO3KIaTAETHCS B MPSIMY CyMY MiAMPOCTOPIB LUKIIIB i
pO3pi3iB, TO MIAIPOCTOPH MUKIIIB 1 pO3Pi3iB TICHO IMOB’s3aHI MiX CO00I0
1 € mimicHO cucteMoro. To0To, HEMOMIIMBO MOOYIAyBaTH IIPOCTIp
cyrpadiB £; BHKOPHCTOBYIOUM MigNPOCTIp po3pi3iB oxHoro rpada i
miAnpocTip muKmiB iHmoro rpada. Axmo rpadu G 1 H i3omopdHi, TO
MMOBMHHI iCHyBaTH 130MOp(HI MANPOCTOPH pO3pi3iB Ta i3oMOpdHI
MiAMPOCTOPH LUKIIIB HUX TPpadiB, SKi HOPOIKYIOTH €IEMEHTH IIPOCTOPY
cyrpadiB £¢ 1 £. Sk mpuknan, mo 1eMOHCTPYE YTBOPEHHS IPSMOi CyMHU
TpocTopiB, po3risiHeMo rpad G, IpeacTaBIeHuii Ha puc. 4.

Puc. 4 — I'pag G°

dyngaMeHTaIbHa CHCTEMa UKIIIB rpada:
¢, =(0,1,0,0,0,1,1) = {1,2,6}; ¢, =(0,1,1,0,1,0,0) = {3,5,6};
c; =(1,0,0,1,1,0,0) = {3,4,7}.
dyHgamMeHTaIbHa CUCTeMa Po3piziB rpada:
s, =(0,0,0,0,0,1,1) = {1,2}; 5; =(1,0,1,0,1,0,0) = {3,5,7};
s; =(1,0,0,1,0,0,0) = {4,7}; s, =(0,1,1,0,0,0,1) = {1,5,6}.
YTBOpMMO MijnpocTip kBasinukiis C(G):
c1 = ¢ =(0,1,0,0,0,1,1) = {1,2,6}; co = ¢, =(0,1,1,0,1,0,0) = {3,5,6};
c3=¢; =(1,0,0,1,1,0,0)={347}; ca=¢, ® ¢,=(0,0,1,0,1,1,1)={1,2,3,5};
cs=¢ @ ¢; =(1,1,0,1,1,1,1) = {1,2,3,4,6,7};
c6=c, ®¢; =(1,1,1,1,0,0,0) = {4,5,6,7};
c1=¢ ® ¢, ® ¢ =(1,0,1,1,0,1,1) = {1,2,4,5,7}.

VTBOpPIOEMO HiAnpocTip po3pizie S(G):
s1=5, =(0,0,0,0,0,1,1) = {1,2}; 52 = 5, = (1,0,1,0,1,0,0) = {3,5,7};

94



s3= g, =(1,0,0,1,0,0,0) = {4,7}; 54 = 5,=(0,1,1,0,0,0,1) = {1,5,6};
ss=s @5, =(1,0,1,0,1,1,1) = {1,2,3,5,7};
se=s @ 5 =(1,0,0,1,0,1,1) = {1,2,4,7};
s7=1s & s4=(0,1,1,0,0,1,0) = {2,5,6};
ss=s, ® 5; =(0,0,1,1,1,0,0) = {3,4,5};
so=1s, ® 5, =(1,1,0,0,1,0,1) = {1,3,6,7};
sio=s5 @ s, =(1,1,1,1,0,0,1) = {1,4,5,6,7};
su=s @5, ®,; =(0,0,1,1,1,1,1) = {1,2,3,4,5};
sp=s @ 5, ® 5, =(1,1,0,0,1,1,0) = {2,3,6,7};
s=s @ 5 @5, =(1,1,1,1,0,1,0) = {2,4,5,6,7};
su=s, ® 57 @ s, =(0,1,0,1,1,0,1) = {1,3,4,6};
sis=s5, @ 5, ® 5 ® 5, =(0,1,0,1,1,1,0) = {2,3,4,6}.

CKJ1a1eMO eIeMEHTH NPSAMOT CyMHM IIMX BOX mianpocropis S(G*) Ta
C(GY:
o, =C0 ® so=T; o, =510 D ce={1}; a, =513 @ c6={2};
o, =s1={1,2}; o, =53 ® c3={3}; a, =54 ® 2= {1,3};
oy =57 @ 2=1{2,3}; a, =56 ® c3={1,2,3}; o, =511 ® cs={4};
o, =512® cs={1,4}; o, =59 ® cs={2,4}; o, =55 @ ca={1,2,4};
o, =55 @ c7={34}; a, =s15® c1={1,3,4}; a,=s14 ®c1={2,34};
o, =5 ®c7={1,234}; o, =56 Dc71=1{5}; a,, =57 ®c1={1,5};
o =84 Dcr=1{2,5}; o,y =53 Dcr={1,2,5}; a,,= 51 ®ca={3,5};
o, =513 ®cs={1,3,5};a, =510 ®cs=1{2,3,5}; a,, =ca={1,2,3,5};
o,y =52 ®c3={45}; o, =51 2= {1,4,5}; a, =515 ®c2={2,4,5};
oy, =55 ®c3={1,2,45}; a,, =s8=1{3.45}; a, =5 ®ce={1,3,4,5};
oy =512 ®co=1{2,3,4,5}; a,, =su={1,23,46};0a, =51 ®c1={6};
oy =813 @ c7={1,6}; a,, =510 ®c7={2,6}; a,; =c1={1,2,6};
oy =586 Dcs={3,6}; oy, =57 ®ca={1,3,6}; o, =54 Dca={2,3,6};
0y =83 Des={2,45}; a,, =55 Dc2={4,6}; oy =59 ®c3={1,4,6};
o, =s2® c={2,4,6}; a,=su®c2={1,2,4,6}; a,, =52 ®cc={3,4,6};
a, =s1u=1{1,3,4,6}; a, =s15={23,4,6}; a,, =55 ®ce={1,2,3,4,6};
oy =53 ®ce={5,6}; a, =s1={1,5,6}; a,, =s7=1{2,5,6};
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as, =56 ®ce=1{1,2,5,6}; o, =c2=1{3,5,6}; a,, =s10 ®c3={1,3,5,6};
o, =S13® 3={2,3,5,6}; o, =s1® 2={1,2,3,5,6}; o, =55 @ cs={4,5,6};
oy, =515 ®ca={1,456}; o, =514 Dca={2,45,6};

o =82 @es=1{1,2,4,5,6}; o, =s1 ®c1={3,45,6};

ag, =512 ®c7=1{1,3,45,6}; a,=5 ®c7={2,3,45,6};

o =58 ®c1={1,2,34,5,6}; a,, =55 ®ca={T7}; a,, =515 ®cs={1,7};
o =514 ®cs={2,7}; a, =52 ®ca={1,27}; o, = su @ c7={3,7};
o =s12® c1={1,3,7}; a,,=s9 ® c1=2,3,7}; a,, =s3® c7 = {1,2,3,7};

ayp =53= {47} oy, =50 @ co= {147} o, =57 ®co= {247}

oy =856=1{1,2,47}; o, =c3={3,47}; a,, =510 ® 2= {1,3,47};

0 =S13® 2={2,3,4,7}; a,, =51 ® c3={1,2,3,4,7}; o, =55 ® c3={5,7};
so @ c2={1,5,7}; a,, =512 ® 2={2,5,7}; 0, =512® ¢3={1,2,5,7};
oy, = 2= {3.5,7}; oy =514 ® c6={1,3,5,7}; o 515 ® c6=1{2,3,5,7};
oy =55=1{1,2,3,57}; agx=51 ®c7={4,5,7}; o =513 ® c1={1,4,5,7};
Oy =510® €1={2,4,5,7}; o, =c7= {1,2,4,5,7}; a,, =56 @ ca={3,4,57};
oy, =87 ®es=1{1,3,4,57}; a,, =51 ®cs=1{2,3,4,57};

oy =53 @ cs={1,2,3,4,5,7}; a,, =52® c2={6,7}; a,, =514 ® c3={1,6,7};
Qg =515 D c3=1{2,6,7}; 0y =55 ® 2=1{1,2,6,7}; a1, =58 D c6={3,6,7};
o, =%9=1{1,3,6,7}; a,,, =512={2,3,6,7}; a,p; =511 ® c6=1{1,2,3,6,7};
Oy =56 ®c1=1{4,6,7}; a,)s=57® ¢7={1,4,6,7}; a,,, =54 ® ¢7={2,4,6,7};
oy, =53 @c1={1,2,4,67}; o, =51 ®cs={3,4,6,7};

Qe =513 ®ca=1{1,3,4,6,7}; a,,, =510 ®ca={2,3,4,6,7};

oy, =c5={1,2,3,4,6,7}; o, =s11® ¢5={5,6,7}; a,,, =512® ca = {1,5,6,7};
O, =59 ®ca=1{256"7}; o, =58 Des=1{1,2,5,6,7};

o, =55 ®c1=1{3,567}; a,, =515 ®cr={1,3,5,6,7};

o =514 ®c7=1{2,35,67}; a,,, =52 ®c1=1{1,2,3,56,7};

Oy = Co = {4,5,6,7}; oy =s10={1,4,5,6,7}; o, =513 = {2,4,5,6,7};
o =51 ®ce={1,2,45,6,7}; o, =53 c2=1{3,4,5,6,7};

o =5 ®c3=1{1,3,45,6,7}; a,,, =57 ®c3=1{2,3,45,6,7};

o, =S ®c2=1{1,2,3,4,5,6,7}.

Cyma ux nignpocTopis € mpoctip cyrpagis: dim £6 = dim C + dim
S =3+4=7.

Qg
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O3snauvennsn 2. [lignpocTopu po3spiziB rpadis G i H BBaxXxaTUMEMO
i3oMopdHUMHU, SKIIO 130MOpQHI Horo cyrpadu (po3pizn).

Osnavenns 3. Iliampoctopu 1mukiiB rpadie G i H BBaXKaTUMEMO
i3oMophHUMHE, AKIIO 130MOpGHI Hioro cyrpadu (HKIN).

Takum uwmHOM, Ui TpadiB, sSKi HE MAalOTh EJIEMEHTIiB, IO
MEPEeTUHAIOTECS Y MIANpPOCTOpax [HUKIIB 1 po3pi3iB, MOXKHA
CTBEpPIKYBaTH HACTYIIHE.

Jlema 1. Hecenapabenbni HeopieHToBaHi rpadu G 1 H, 1m0 MaroTh
OJHAKOBY KIUIBKICTh BEpIIMH i pebep i He MaloTh E€JIEMEHTIB, IO
MIEPETUHAIOTECA B IMANPOCTOpPaxX IHUKIIB 1 po3pi3iB, i3oMopdHI Tomi i
TIJBKH TOJ1, KoK i30MopdHi ix cyrpadu npoctopy cyrpadis £6 1 £4.

Logedenns. HeoOxignicts. Skmo i3omopdHi rpadu G i H, icuye
OiHapHa BiAMOBIAHICTE MiXk cyrpadamu mpoctopiB cyrpadis £¢ 1 £4.

HocratHicts. Axino i3omMopdHi cyrpadu mpoctopis cyrpadis £61 £4
rpadiB G 1 H, To i3oMopdHi cyrpadu HiAMpOCTOPiB IHKIIB i pO3pi3iB
rpadiB G i H, ToMy 110 KOXEH cyrpad mianpocTopiB HUKIIB 1 po3pi3iB
Moxe OyTH YTBOpPEHHH SK pe3yiabTaT pO3KIaJaHHS MOpPsAMOI CyMH
npoctopiB £; 1 £5. Ockinbku cyrpadu TiANPOCTOpiB 130MOpdHI, TO
i3oMop(Hi 6a3ucH miAMPOCTOPiB PO3Pi3iB Ta NUKIIB. Jlema dogedena.

TakuM 4YMHOM, y pa3i BIJICYTHOCTI TEpPETHHIB €NEeMEHTIB Y
MiAMPOCTOPi LMKIIB Ta MiANPOCTOPi PO3pi3iB, IHTErpalbHUI 1HBapiaHT
rpada oJHO3HAYHO XapaKTepU3ye €JuHE TpeacTasieHHs rpada. Omxe,
It TpadiB, 10 HE MAIOTh €IIEMEHTIB, 10 IIEPETHHAIOTHCS B M AIPOCTOPI
OUKIIB 1 MiAIpOCTOpi po3pi3iB, IHTErpalbHHUI iHBapiaHT € TOBHUM
iHBapianToM rpada. Cimij 3a3Ha4uTH, MO B il mapaaurmi ais rpadis,
0 MalTh EJIEMEHTH, AKi MEPEeTHHAIOTHCS, B MIiAMPOCTOpPI IMKIIB i
MiIPOCTOPi PO3pi3iB, IHTErpanbHUN IHBApiaHT HE MOXE BBAXKATHUCS
MOBHUM. TOMYy pO3INITHEMO JIOKJNAAHINIE CTPYKTYpy UU(PPOBOTO
iHBapianTy pedepHoro rpada L(G). Hudposwuii inBapiant L(G) € mOBHUM
iHBapianToM rpada G, OCKiIbKM NMOOYIOBaHWH Ha MiAcTaBl TeopeMH
Bitai mpo i3omopdizm rpadiB. LludpoBuil iHBapiaHT CKIAaeThCS 3
HACTYMHUX MHOXWH: MHOXHHH TPIHOK, IO XapaKTepH3yITh
LEeHTpabHI po3pi3u rpada G, MHOXKHUHH 130METPUYHHX LUKIIB Tpada G,
MHOXHHU cyrpadis rpada G TOBKUHOIO YOTHPH. 3ayBaXKUMO, 110 6a30Bi
pebepHi po3pizu Oy IyIOTHCS Ha OCHOBI MHOXKHHH LIEHTPATIBHUX PO3PI3iB.
MHox#uHa cyrpadiB JOBKHUHOIO YOTUPHU € YaCTHHA MPOCTOPY cyrpadis,
sgKa Moke OyTW yTBOpeHa IliHiliHOIO KoMOiHamieo cyrpagis
MiAMPOCTOPiB LUKIIB i po3pi3iB rpada. Tomy MOXKHA IPUITYCTHTH, IO B
3arajibHOMY BHIIQJIKY IHTETpaJIbHUHN iIHBApiaHT € 1HIIO (OPMOFO 3aIHcy
uudpoBoro  iHBapiaHTy pebepHoro rpada. 3amns  NepeBipKU
npunyuieHHst posrisiHemo rpadu Gs i Gi. Binminnicts Bar pebep y
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creKTpi peObepHUX PO3pi3iB BUAHO BKE Ha eTari GpopMyBaHHS 0a30BHX
pebepHUX pO3pi3iB 3a OAHAKOBOTO 3HAYCHHS Bar pedep y CIEeKTpi
pebepHuX MUKIIB. Bektop Bar pedep piBHs 1 rpada Gs: (4x4,8x5,8x
6,8x7,2x 8); BexkTop Bar pedep piBHA 1 rpada Gi: (4%x4,8x5,9%6,6x
7,3x8). Llg BiAMiHHICTH 1 BH3Ha4Ya€ Pi3HULIO Bar pedep 1 BEpIIMH y
uuppoBux iHBapiaHTax pebeprmx TrpadiB. Bekrop Bar pebep y
mudpoBomy inBapianTi: Fer(G3) = (2x4,2x52%x6,6x7,8x x10,2x 11,4
x12,2x13,2%x 16); BekTOop Bar BeplIMH y UU(PPOBOMY iHBapiaHTi:
Fu(G3) = (6x21,2%x23,2%x33,2x41,2x58,2% 62); BekTOp Bar pedep y
mudpoBomy inBapiaHTi: Fer(Gs) = (2x4,2%x5,2%x6,7x7,6x10,2x 11,4 %
12,3x 13,2 x 16); BekTop Bar BepiinH y uuppoBoMy iuBapianti: Fi(Gs)
= (6x21,2x23,2%x33,2x38,2x61,2x x62). SKII0 BHUKOPUCTOBYBATH
aHAJIOTir0 Mixk (pOBHUM iHBapiaHTOM pedepHOTOo rpada i iIHTerpaIbHIM
iHBapiaHTOM Tpada, TO MOKHAa BCTAHOBUTH CTYIiHb y4acTi €JIeMEHTIB
CIEKTpa pPeOCPHUX PO3PI3iB 1 EJIEMEHTIB CIEKTpa peOCPHUX IMKIIB Y
CTPYKTYpi iHBapiaHTIB.

Osnavenns 4. IuBapiantom peOepHux pospiziB rpada IS(G)
HA3UBAETHCS CKIIAJ Bar peOep i BepIIUH, 10 BU3HAYAIOTHCS MEPUIMMHU
JIBOMA PiBHSIMH CIIEKTpa peOepHUX po3pi3iB rpada.

OsnayenHs S. IuBapianTom peOepHux mukaiB rpada [C(G)
HA3UBAETHCS CKIIAJ Bar pedep i BEpLIMH, IO BU3HAYAIOTHCA MEPIIUM
piBHEM crieKTpa peOepHUX MUKIIB rpada.

3 BUILEBUKIAACHOrO, IHTErpajbHUI iHBapiaHT rpada MOXHA
pO3TISAaTH SK TOBHMIA iHBapiaHT rpada.
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KOMITAPATUBHUM AHAJII3 TPA®IYHUX BIBJIOTEK 115
BI3YAJIIBAILIIL TPA®IB
Aptem JIUTBUHEHKO
Hayionanenuil ynigepcumem “3anopizvka nonimexmixa”
COMPARATIVE ANALYSIS OF GRAPH LIBRARIES FOR
GRAPH VISUALIZATION

Abstract. The author conducted a comparative analysis of modern graphics
libraries that provide flexibility, convenience and scaling when visualizing
graphs D3.js, Matplotlib, SFML, Qt Graphics, Graphviz.

Bizyanizaris JaHuX € BXXJIUBUM €TallOM aHaJli3y Ta IHTepIpeTamii
iHpopmaii. OpHiero 3 mpobiieM, 3 SKOI0 3yCTPi4alOThCsl OCIiAHUKH, €
BUOIp MPaBUJIBHUX 1HCTPYMEHTIB I CTBOPEHHS 300paKeHb Ha OCHOBI
Bxiganx naHux [1]. [lomepemni mocmimxerHs Oynu chOKycoBaHI Ha
aHali3l METOIB MOIIYKYy 3B'S3KiB MK €JIeMeHTaMH IEBHOTO Habopy
nanux. Hactymuuit kpok - BuOip rpadiunoi 6i0d10TeKH Uil 3YUTyBaHHS
Ta Bi3yamizamii AaHMX 3a gonomoroi rpadiB. Bubip mnpaBuibHOI
010Ti0TEeKH € BaXKIIMBUM KPOKOM, OCKiJIbKH BiH BIUTHBA€E Ha €(hEeKTUBHICTh
Ta SKICTh Bi3yamizamii. Y JaHOMY KOHTEKCTI pO3TJISIAIOThCA CydacHi
rpadivni 0i0mioTekH, sKi 3a0e3MeUylOTh THYYKICTb, 3pY4HICTH i
MacimTabyBaHHS TipH Bi3yamizarii rpadis D3.js, Matplotlib, SFML, Qt
Graphics, Graphviz..

Metoro poOOTH € aHami3 IHCTPYMEHTIB Yy BHUINISAII TrpadidHUX
0i0mioTek JUIA 3YMTYBAaHHSA BXiNHUX JAHUX Ta TMOOYIOBU SKICHOTO
300pakeHHA. Y SKOCTI TECTOBUX BXIJIHUX JaHUX BHCTYIaTHMeE
TEKCTOBUH (hailyl, BcepeIuHi SKOT0 30epira€ThCs MacUB BXIJIHUX JaHUX,
SKi MaTuMyTh B €001 2 po3finu panux. Ilepmum po3aisioM BXiITHUX
JAHUX € CIUCOK €JIEeMEHTIB 3 YHIKaJIbHUM UYUCIIOBUM iJIEHTH(IKATOPOM
Ta Ha3Bol0. CIIUCOK €JIEMEHTIB 30epiraTuMeThes Mij KiroueM “nodes”.
Hpyruit po3min — Habip IHCTPYKIIH, 3a JOMOMOrOI SIKMX Oyle
moOyI0BaHO 3B’SI3KHA MIX €IEMEHTaMH Ta 30epiraTUMeThCS i KITF0UYeM
“edges”. BeepeauHi kiito4a 30epiraeTbcsi MacHB IaHUX, B SKOMY OIHCaHi
Mapy €JIeMEHTIB JIJIs BiloOpa)keHHs 3B’SI3KiB. Y SKOCTI imeHTHdIKaIi
BUKOPHUCTOBYIOTHCS YMCIIOBI 3HAUEHHS €JIEMEHTIB, SIKi ONMCaH] Y MacuBi
“nodes” y momi mixm HazBoro “id”. OTxe, SKIIO MAacHB Ma€ BUTIISL
{"from": 1, "to": 2}, To 1e o3HaYaTHMe 3B’SI30K MK E€JIIEMEHTaMH 3
inentudikaropamu 1 Ta 2. 3riiHO 3 OIMKCAHOK IHCTPYKIIIEI0, BXIIHI TaH]
MaTUMYTbh TaKUH BUTIISL

{ "nodes": [

{"id": 1, "label": "Test Node 1"},
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{"id": 2, "label": "Test Node 2"},
I
"edges": [
{"from": 1, "to": 2},
{"from": 1, "to": 3},

I}

Y po6oTi Oy0 AOCHIKEHO Ta HAIAIITOBAHO TaKi 0i0JIIOTEKH, K
D3.js, Matplotlib, SFML, Qt Graphics, Graphviz. Koxna 3 6i0moTex
BHMaraia OKpeMHX HallalliTyBaHb POOOYOT0 CepefoBHIIa Yepes3 Te, 0
KOXHY 010110TeKy Oyo peani3oBaHO pi3HUMH MOBaMH MPOTpaMyBaHHS.

IlepeBaru i HeOiKK KOKHOT 3 0i0JIIOTEK, MOYKHA y3aralbHUTH:

1. bibmortexka D3.js (puc.l,a) moTpeOye 0a30BHX 3HaHb 3
HaJallITYBaHHA BeO-cepBepy 4Yepe3 peamizaimiro  0i0mioTekn 3a
JOTIOMOT'OI0 MOBH Javascript, ska B3aemoji€ Jmiie 3 Opay3epamu [2].
Hespaxkaroun Ha 11e, cama 6i10i0TeKka Mae 3p0o3yMilly TOKYMEHTAILiIo, J1e
OINMKCaHi PO3MOBCIODKCHI BUIAJKKU Ta 0arato mpuKiIagiB. Meroau ams
BUKOPUCTAaHHS Ta TOOYAOBH 300pa)KCHHS € JOCUTh MPOCTHMH TOX
OibmioTeka mimiiie IS MOYATKIBIIB. AJie, BApTO 3ayBaXKUTH, IO JaHE
PIlICHHS HE MiilAe I BUKOPUCTAHHS 3 BEJIUKUM MAacCHUBOM BXIiJHUX
JaHUX Yepe3 0OMEeKeHHS HaNalITyBaHHS BeO-cepBepy.

2. biomioreka mathplotlib (puc.1,b) € moBomi TOMYIAPHOIO
Oibmiorexoro s Python, sika 3a0e3nedye MpOCTOTY BUKOPUCTAHHS Ta
MIIXOAWTh JUIsl CTBOPEHHS CKJIAQMHUX Bisyamizamiih. [Jlns poGoru
notpedye 6a3oBux 3HaHb MOB Python. Takoxx Mae 6arato npuKiIaiB, sKi
MO’KHa 3aIl03WYUTH JJIs peattizallii BIacHuX imeit [3]. Aje y BUNAAKy
BUKOPHUCTAHHS ISl TOOYI0BH BeOWKHX TpadiB BUHUKAIOTH OOMEKCHHS
y BUINIAA MacmTaOyBaHHS Ta 3PYyYHOCTI pO3TAllyBaHHS EJIEMEHTIB,
0COOJIMBO Y BUMAJIKAX BEIUKOI KiJTBKOCTI €JIEMEHTIB.

o S \

| 2] 3]
- : 7] L5
o Q
a) b)
Puc.1 — [lemoncmpayis pobomu bioriomexu a) D3 js,

b)mathplotlib
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3. Biomioteka SFML (puc.2,a) € mOTyx)HOI0 0i0ITI0TEKOI0, ampKe
BOHa pealizoBaHa MoBoro C++, 110 J03BOJIsIE MAKCUMAIILHO €(heKTUBHO
po3nopsyKaTiCs pecypcaMu Komir forepa. Cama 0i0mioTeka € irpoBuM
IBUTYHOM, ajie 3aBASKH 0a30BoMy HaOOpy iHCTPYMEHTIB Ta HAasBHOCTI
pearnizoBanux GyHKUil A poboTH 3 HirypaMu 3’ sIBISETHCS MOXKIIMBICTD
CTBOPIOBATH Oy1b-5IKi 300pakeHHs Ta Bi3yallbHI PIlIICHHS, OJHIM 3 STKUX
e rpad [4]. Takox cama 610Ti0TeKa Ta€ TOBHUH KOHTPOJIb IS peaizamii
Oyap-sKuX ineH, ajpke Jorika noOyAyBaHHS MPOrPaMY€EThCSl BIACHOPYY
[5]. Takox HmEMOHCTPYETHCSI HASBHICTH OOUIMPHOI JOKYMEHTAIi Ta
OaraTo mpuKiIaiB. Ajie, BATOMIM MiHYCOM € HEOOXIIHICTD 3HAHHS CaMOl
MoBH C++, IKa € TOBOJII CKIIaHOIO T IIPHU HETIPaBUIBHOMY PO3MOIiIEH]
pecypciB MOXKHA MTEPEeBaHTAXHUTH cucTeMy. Tox, TaHy 6i06Ii0oTeKy BapTo
0o0WpaTy JHIIe JOCBITYCHHM KOPHUCTyBadaM.

4. bibniorexka QrGraphics (puc.2,b) sBnsieTbes cxoxoro Ha SFML
0i10Ti0TEKO10, SIKa TAaKOXK peasizoBaHa 3a jornomoror mou C++. Bona
TaKOX J1a€ MOXKJIMBICTD PO3MOPS/KATUCS pecypcaMu KOMIT F0oTepa, aje
ollpa3y TMicisi BCTAaHOBJICHHA B CEpPEIOBHINE HANa€ OUTBII IIUPOKUN
CIEKTp MOJMIJIMBOCTEH Ta  iHCTpyMEHTIB. 3aBISKH  MPO30pid
JOKYMEHTAIlii Ta BEJIMKIA KUIBKOCTI MPHUKIAIAB, PO3MIIMICHUX Ha
ICHYIOUHX PEMo3UTOPisiX, JaHa 0i0mioTeKa JIETKO J03BOJISIE pealli3yBaTH
inei HaBiTh mouaTkiBusaM [6,7]. Tox, maHa Oi0mioTeka € OLIBII
yHIBEpCaJIbHOIO, 110 pOOUTS ii yHiBepCaTbHUM BUOOPOM IS TOCTIIKEHb
OyIb-SIKOi CKIITHOCTI.

CIklrn‘ne d;q .th- no&o; -nnn‘ ]

or 200m with the mouse wheel

P
. \‘?

a) b)
Puc.2 — Jlemoncmpayis pobomu 6ioniomexu a) QtGraphics, b)
SFML

5. bibmioreka Graphviz (puc.3) € onHi€ro 3 HalicTapmux 0i0mioTeK,
ajpKe BoHa peajtizoBana MoBoro C. Lle Takox J1a€ MOKJIUBICTh MTOBHICTIO
KepyBaTH pecypcaMu Iij yac MoOYJ0BH 300paxkeHHs. AJie, BaXJIMBUM
MOMEHTOM, Ha KUl BapTO 3BepHYTHM YyBary, L0 JgaHa O0ibmioTeka
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po3paxoBaHa caMe Ha MOOYAOBY OyIb-KHX rpadiB, TOX OJpa3y Micis
BCTAQHOBJICHHS MH Ma€eMO JIOCTYIl JIO 3aroTOBJICHHX aJTOPUTMIB
pO3MillIeHHsT eneMeHTiB Tpady, 3pydHi IHCTPYMEHTH Al CTBOPEHHS
caMUX eJIEMEHTiB Tpady, MOYNHAIOYH Bifl (POPMHU €JIEMEHTY, 3aKIHIYIOUH
netansmu ta ingopmariiero [8]. Kpim miporo, Graphviz mae psin 6i6miorek
JUTS IHTETparlii 3 iHIIIMH MOBaMH MPOTpaMyBaHHS, TakuMH K Python,
Java, Ta C++[9].

Puc.3 — /lemoncmpayis pobomu dibniomexu Graphviz

e no3Bonsie BukopucroByBatu Graphviz y pi3HOMaHITHUX
CepeIOBHIIaX PO3POOKH Ta IHTETPYyBATH MOTO B iCHYIOUI TIPOEKTH IS
Bi3yamizamii rpadiuHuUX CTPYKTyp, IO pOOUTH JaHy O0i0IiOTEeKy
YHIBEpCaJIbHUM Ta TIOTYKHUM PillICHHSIM.

3aBOSKM OTPUMaHMM 300paKEHHSM MOXKHA MiJCYyMyBaTH, IO 3a
JIOTIOMOT010 OYIb-sIKO1 010:TI0TEKM MOXKHA peati3yBaTu o0y 0By rpady
3 MajJOI0 KUIbKICTIO €JIEMEHTIB Ta PO3MICTHUTH BCi €JIEMEHTH s
3py4yHOTO 3unTyBaHHs iH(Mopmamii. Tox, BuOip 0i0IiOTEKH 3aJIEKUTH
OinpIne Bim KinmbkocTi enementiB rpady [10]. SIkmio x 1e, HampUKIa,
HEBEJIMKA KUIBKICTh €JeMEHTIB Ta B 0i0jioTenli He peai30BaHO
MaciTadyBaHHs 200 3pydHe po3TallyBaHHs, TO MOXKHa oOpatu D3.js abo
mathplotlib. SIkmo X pO3rIANAETHCS PILIEHHS AJS BETUKOTo 00’eMy
JaHUX, TO JUIs peaii3amii HeoOXimHWM OUTBIIMKA KOHTPOJIb Hal
pecypcamu Ta OlijbIlle MOXJIMBOCTEH JI PO3TaIlyBaHHS €JICMEHTIB,
BUOIp KOMIBOPiB, hopM Tomo. [ pearnizanii pillieHb TAKOro THITY Kpalle
ckopucrarucs oiomiorekamu SFML, QtGraphics a6o Graphviz, KoxHa 3
SKUX Ja€ MOXJIMBICTh peali3yBaTH THYYKE PIIICHHS Ta HaJae
MaKCUMaJIbHUNA KOHTPOJIb.
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JOCJIIIKEHHSA BIVIMBY IEPEPUBAHD HA
BUHUKHEHHSA AHOMAJIII Y 3AJIAYAX ITAPAJIEJIBHOT'O
YHOPAAKYBAHHA
Maienko O.0., Kopanenko €.0.

Hninpoecvkuii nayionanvruil ynieepcumem imeni Onecs I'onuapa

STUDY OF THE INFLUENCE OF INTERRUPTS ON THE
OCCURRENCE OF ANOMALIES IN PARALLEL ORDERING
PROBLEMS

Abstract. In parallel ordering problems, anomalies often arise, consisting
in an unexpected increase in the length of the execution of tasks when the initial
conditions are improved. This work investigates the effect of interrupts on the
occurrence of such anomalies and establishes the conditions under which
enabling interrupts can avoid them. An algorithm of priority dynamic
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redistribution is proposed, which takes into account the priority of tasks, the
possibility of interruption, and the dynamic updating of the queue of tasks to
achieve the minimum length of ordering.

VY 3amagax mapanesbHOTO YMOPSIKYBAaHHS JOCIIDKEHHS YacTo
30CepPEeKYIOThCSI Ha BHIAAKAaX BHHHKHEHHS aHoMmami [1], ToOTO
HEOYIKyBaHOTO 30iNbIICHHS 3HAYeHHA ILITBOBOT  (yHKUii TpU
MOKPAIIEHH] TTOYaTKOBHX YMOB, IO ITOBHHHI TIPH3BOIUTH 0 HOTO
3MEHIICHHS.

BuHukae mnuTaHHA, MOB’sA3aHE 3 BIUIMBOM IIepepUBaHb Ha
BUHUKHEHHS JJAHUX aHOMAaJIii, i, 30KpeMa, BCTAHOBIICHHS YMOB MPH SKHX
JI03BLJI IEpepPUBaHb T03BOJISIE€ YHUKHYTH iX.

Hexaii 3amano oprpadp G = (V,U), chucok mnpioputeTiB L =
(i1, .-, i) Ta Baru BepmwH T = (T4, ...,T,) [2]. BBoguMoO momaTkoBi
MOYaTKOBI YMOBH: OOMEKEHHS Ha IIUPHHY YIOPSAIKYBaHHSI MHOKHHOIO
3HAYCHb h; Ta TO3BLI HA TIepeprUBaHHS IPH BUKOHAHHI poOiT [3].

[ToGynoBaHe mapayenbHe YHOPSAKYBaHHS TIOBUHHO 33J]0BOJIBHSITH
CIHCOK MPIOPHUTETIB Ta MaTH MiHIMaJIbHY TOBXKHHY .

TBepaxennsi. J{03BiN mepepuBanb ASIKAX 3aBIaHb VIS BUMAIKIB,
KO aHOMaJii iCHYIOTb, /O3BOJIIE YHHKHYTH iX BHHHKHEHHS 3a
HACTYITHUX YMOB:

1. IIpiopUTETHICTB: CIUCOK TPIOPUTETIB Mae OyTH MOOYAOBaHUI
3TiTHO JIO aNTOPUTMY TOOYOBH ONITUMAIIEHOTO CITUCKY MPiOpUTETIB [4];
3aBJJaHHS 3 BHUCOKHM IIPIOPUTETOM MOXYTh TEpEepUBATH BUKOHAHHS
3aBJIaHb 3 HIDKYUM TIPiOPUTETOM.

L1 ymoBa rapaHTy€e BUKOHAHHS OLTBII BOYKJIMBHX 3aBIaHb y MEPIIY

4epry.

2. [lepepuBaHHA: IepepBaHe 3aBIaHHS MOXKE OyTH IPOJIOBKEHE Ha
OyIb-SIKOMY KpOIIi, ajie 3TiTHO 31 CTUCKOM IPIOPHUTETIB.

Le mo3Bossie BUKOHYBATH O1IIBII IPIOPUTETHI 3aBJJaHHS HA KpalHHIiX
JBUX JTOMYCTHMHX MicCIISIX [5].

3. JlunamivuHa akTyaji3amis: Ha KOXXHOMY KpOIli BHUKOHaHHS
3aBJIaHHSI MOXKIIUBE MEPEPUBAHHS BUKOHAHHS POOOTH Ta MEPEpO3MOILIT
poOirT.

Liero yMOBOIO BpaxOBYIOTHCS 3MiHH Y JOCTYITHOCTI BUKOHABIIIB Ta
CTaHI BUKOHAHHS 3aBJ[aHb Y PEATbHOMY Yaci.

OnuiiemMo auropuT™M BHpIlIEHHS [aHOl 3agadi. AJTrOpUTM
MPIOPUTETHOTO AMHAMIYHOTO IEPEPO3MOALTY:

1. Imimiamizanis: Bci BUKOHABII II03HAYAKOTHCS SIK BIIBHI.
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2. HpI/I3Ha‘leHH${ p060TI/II KOJIM HOBaA p060Ta [ cTae JOCTYIIHOIO AJid
BUKOHAHHSA, BOHA ITPU3HAYAECTHCA BiJ'H)HOMy BHKOHAaBIIIO.

3. Tlepeposmomii: Ha KOXXHOMY KpOLi BHUKOHAaHHS poOoTh i
MepeBipA€ThCS AOCTYITHICTh BUKOHAHHS OUTBIN TPIOPUTETHHUX POOIT.
Sxmo 3maiimena Oinpmn TpiopuTeTHa poboTa j, sSKa MOXE CTae
JOCTYITHOIO /10 BHKOHAHHS Ha JAaHOMY KpOIli, BUKOHAHHA PoOOTH i
MepepUBAETHCS, a POOOTa j MPU3HAYAETHCS JAHOMY BHKOHABIIIO.

Y nmaHoMy anropuTMi 0COONMBA yBara MPHUIUISETHCS PO3MOMLITY
MpiOpUTETIB Ta e(QEKTUBHOMY VIPABIIHHIO TIEPEPHUBAHHIMHM, IO
JI03BOJISIE OTPUMATH YIOPSIAKYBaHHS ONTHMANBHOI JOBXKHUHHU.

[IpoinrocTpyeMO BBEACHHS OJATKOBHX yYMOB Ta BHUKOPHCTaHHS
AITOPUTMY IIPIOPUTETHOTO TUHAMIYHOTO MEPEPO3MOILITY Ha TIPUKIAII.

Mpuknan 1. Hexait 3amano rtpad G (puc.l), wmupuHa
YIOPSIKYBaHHSI h=3 CITUCOK MPIOPUTETIB
L=1(1,23,4,5,6,789710,11,12,13,14) Ta yac BUKOHaHHsS 3aBJaHb
T =(422,24,2,21,1,6,3,1,4,2).

ORNOBNONO
® @ © OO
™ ©

Puc.1 —I'pag G
3HaifIeMO ONTHMAIIbHE YIOPSIKYBaHHS Ta HOTO JIOBKHHY.

Tabnuis 1. OntuManbHe yopsaKyBaHHs BepiiuH rpada G npu h = 3
{11 (1|5 |5|5|5|8]|11|11]11

212141416 |6 | 7|79 (12(14|14
3(3(10(10|10(10|10|10| 13|13 |13 |13
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Joxuna [ = 12. BBeneMo MHOXKHHY h; SIK TIOYATKOBY YMOBY.
Hexait muoxuna h; = (4,4,4,3, ... 3). OTpumMaeMo ynopsAKyBaHHS
(Tabm. 2) 3 goBxkuHOW [ = 15.

Tabnuug 2 OnTuManbHe YHOpsIKyBaHHs BepiinH rpada G npu h;
111} 1|79 |11 11]11 13131313

515155 (121414
66| 8|10(10|10|10]10] 10
7

22
33
44

3MiHIOEMO CIIMCOK MPiOPUTETIB 3T1THO A0 aIrOpUTMY MOOYI0BU
ONITHMAJIBHOT'O CITUCKY TIPiIOPHUTETIB.

3HaxX0IMMO 3araJIbHUM Yac BUKOHAHHS yCiX IUIAXIiB rpada: [ _g =
511 =81l112=61 13=12,1;, 13=10,l, ¢ =41, 7 =4,
I3 =211, =2

OHOBJIIOEMO CIIFICOK TIPIOPHUTETIB:

L’'=(2,10,13,4,5,19,11,12,8,6,7,3,14).

BynyeMo ontumanbHe ynopsiAKYBaHHS, HE 3MiHIOIOYH MHOXKUHY h;

(Tabm. 3).

Tabnus 3. OnTrManbHe YOOPSUIKYBaHHs BepiunH rpada G npu L’
212|10(10(10|10|10| 10|13 |13 |13 |13

4141 5555|1218 |6 |14]14
11|11 {9 (1111|117 |7
31316

JoexwuHa | =12, TOOTO MNOPIBHIOE JOBXHHI ONTHMAIBHOTO
YHOPSIAKYBAaHHS Ta JIOBXHUHI KPUTHYHOTO LLUISAXY.

TakuM 4YMHOM, BUKOPUCTAaHHS  alTOPUTMY  IPiOPUTETHOTO
JMHAMIYHOTO TIePEPO3IOILTY J03BOJISIE €PEKTHBHO PO3MOAUISTH pOOOTH
MK BHUKOHaBLSIMHM, BpPaxOBYIOUM MpPIOPUTETH Ta MOXKJIHMBICTh
nepepuBaHHs 3aBianb. Lle MiHIMI3ye 3aranbHHUN Yac BUKOHAHHS POOIT 1
3aro0ira€ BUHUKHEHHIO aHOMAUIil, SIKi MOXYTh BHHHUKATH BHACIIIOK
3MILICHHS BUKOHAaHHS  OIbII  NPIOPUTETHUX  3aBAaHb  MEHII
MPIOPUTETHUMH.

Ha mpakTuil jgaHa mocTaHOBKa 3ajadi MOKe OyTH 3aCTOCOBaHa y
pi3HUX raiy3sX, TakuxX sK: BHPOOHMYI TIpolecH, oOpoOKa IaHux,
JIOTiCTWKA, YNpaBIiHHA 3amacaMud Ta iHOI cdepu, Ae HEe0oO0XigHO
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PO3NOIUTSITH 3aBAaHHS MK BUKOHABIISIMU 3 OJTHAKOBUMH 3][I0HOCTSIMH.
Hampukiang, 'y  XMapHMX  CEpElOBHUINAX  QITOPUTM  MOXE
BUKOPHCTOBYBATHUCSA [UIS TUHAMIYHOTO PO3MOILTY OOYHCIIOBaIbHIX
3aBJlaHb MDK CepBepaMH 3 ypaxyBaHHSIM IX HaBaHTaXCHHS Ta
npiopureriB  (po3mojiiieHi oOuucieHHs). AG0 y cdepi OXOpOHH
3I0pPOB’S: PO3MOALT 3aBIaHb MDK MEIUYHMMH IIpaIliBHUKaMH B
OTICpalifHNX BIAMUJICHHSX, 3 YpaXyBaHHIM TEPMIHOBOCTI OMepalliid Ta
MOJKJIUBOCTI TEpPEpUBAHHS IUIAHOBHX OIEpalliii y pa3i HaJ3BHYaHHUX
CUTYaIlii.

[ToganpmIoro MOCHIKEHHS TOTPEOYIOTh MUTAHHS BIUTHBY Pi3HHUX
CTpAaTeTii TIepEePUBAHHS HAa ONTUMAIILHICTh 3HAYCHHS ITBOBOI (DYHKITIT
Ta e()eKTUBHICTh AJITOPUTMY IS PO3MOALICHUX CUCTEM.
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METO/I BUSIBJIEHHS TA HEMTPAJII3ALIIL MEPEXKI BOTIB
Y PEKOMEHJAIIMAHINA CUCTEMI

Mernemko €.B.
LlenmpanvHoyKkpaincokuil HaYioHaNbHUL MEXHIYHUL YHigepcumen,
M. KponusHuybkuti

METHOD FOR DETECTING AND NEUTRALIZING A BOT
NETWORK IN A RECOMMENDATION SYSTEM

Abstract. Information attacks on recommendation systems are often carried
out for marketing purposes to increase the ratings of the attacking party's
products or to decrease the ratings of competitors' products. Also, attacks on
recommendation systems may aim to spread informational influence during
information confrontations, for example, for political purposes. This paper
proposes a method for detecting and neutralizing a bot network in a
recommendation system based on graph clustering and user behavior analysis.
A series of experiments were conducted to investigate the developed method's
performance, demonstrating its high accuracy.

Ha croroanimmuiii neHp y cdepi iHPOpMAiiHUX TEXHONOTIH s
MPOCYBaHHS TOBapiB Ta MOCTYT BCE YACTillle BUKOPUCTOBYIOTH TaK 3BaHi
pEeKOMEHIAIifHI CHCTEMH — IHCTPYMEHTH aBTOMATHYHOI TeHepalii
pEKOMEHIAIlii Ha OCHOBI BHMBUEHHS IEPCOHAJIBHUX  IOTPEO
KOPHCTYBa4iB BeO-CalTiB uM joAatkiB [1-4]. PexomeHnariiiini cuctemMu
3aCTOCOBYIOTh, HAIp., Taki momyJsapHi BeO-caiitu sk Netflix, Amazon,
Spotify, YouTube, Facebook Torro.

VY 1iii poOOTI 3anpONIOHOBAHO METOJ BHSIBJICHHS Ta HeHTpasi3arii
Mepexi OOTIB y peKOMEHIAIiHINH cucTemMi Ha OCHOBI TrpadoBoi
KJacTepu3atlii [5, 6] Ta aHaIi3y il KOPUCTYBAYiB.

Hatiuacrime iHpopmarliiiini aTakd Ha PEKOMEHAIIMHI CHCTEMHU
3IACHIOIOTHCS Y MAPKETHHIOBUX I[IJISIX 3 METOIO IMiIBUIIICHHS PEHTHHTIB
TOBapiB aTaKylo4yoi CTOpPOHM a00 3HIKEHHS PEUTHHrIB TOBapiB
KOHKYPEHTiB. X04a aTaky Ha peKOMEHJIaIlii{Hi CHCTEeMH MOXYTh MaTH Ha
METI TakoX 1 TOMHMPEeHHs I1HPOpPMAIIHHUX BIUIMBIB IiJl 4ac
iHpOpMaLiiHUX TPOTUOOPCTB, Hamp., y MOMTHYHHX LuUAX. Yepes
coLiaJIbHI MepeXki 4acTo 3AiHCHIOIOTHCA Pi3Hi iH(popMaLiiiHi BIUHBH [7-
8], 1 peKOMEH/AIlIiHI CUCTEMH, 5K iX CKJIaJ0Ba, CTAJId OJHIEIO 3 IiJIcH
JUIst 1HQOPMALIIMHUX aTak 3 METOI 3IIMCHEHHS TaKuX BIUIMBIB [9-12].
BukoHaBmm ycmimHy araky Ha peKOMEHIALiHHY CUCTEMY COLiabHOT
Mepexi abo arperaropa HOBUH, MO>KHA 3MIHUTH HAlIOBHEHHSI Ta IMOPSIOK
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mokasy 00’€KTiB y CTpiuKax HOBHH KOpPHCTyBadaM cucTeMu. Lle MmoxkHa
BUKOPUCTATH HE TiNIbKHM B MapKETUHTOBHX, a W TOJITHYHHX YH
maxpalchkux ILaX. Jis peamizamii aTak Ha peKOMEHIAIiHHI CHCTEMH
BHKOPHUCTOBYIOTHCS MEPEKi OOTiB, TaK SK TUIBKHA TIEBHA CYKYIHICTH
npodiniB y cucTeMi 34aTHA BINIMHYTH Ha (DOpMyBaHHS peKOMEHIamin
cBoimMu 3ryproBanumu mismua [9-12].  IlepeBaxxHO B iCHYIOYHX
mocimimkeHHassx [3, 12-16] mNpONOHYETBCA BBaXKaTH  BHSBICHHS
iHpopMalLiiHOT aTakd Ha pEKOMEHJAIIMHY CHCTEMY TOTOXXKHUM
BUSIBIICGHHIO TpodimiB 60TiB. OCKiIBKH BHABICHHS OpOdiniB OOTIB
JIOCUTh PECYpCHOMICTKAa 3amada, y HaHid poOOTi MPONOHYETHCS
pO3IIMMTH  3ajJady  3axUCTy  PEKOMEHIAIMHOI  CHUCTeMH  BiX
iHpopMaliiHUX aTak Ha JABI yacTWHM: 1) BUSABJICHHS O3HaK aTakd
Ta 2) BUSBJICHHS 1 HeWTpaizailis mpodiiiB OOTiB.

BussieHns ataku Moxke OYTH MEHIII PECypCO3aTPaTHOIO 3a71adero i
MOJISITATH Yy BiACTIIKOBYBaHHI TWHAMIKH PEUTHHTIB 00 €KTiB CHCTEMH,
ycix abo TiMBPKH KPUTUYHO BAXKJIMBHUX 3 TOYKH 30py iH(opmartiiHoi
Ocsmeku. lle Moxke OyTH pealli3oBaHO y BHUTIIAII aBTOMATHIHOIO
MOHITOPHHTY 3MiH peHTHHTiIB yciXx ab0 BaXJIIMBUX 00 €KTIB.
[ligo3pinumu (TakuMH, MO MiAJSATAIOTH MEPEBIpIll) MOXKHA BBaXKaTH
3aHAATO MIBUAKI 200 HETUIOBI 3MiHH Y peHTHHTaX 00’ €KTIB.

3amady BuAieHHs OO0T-Mepexi cepel Npo(diTIB KOPUCTYBadiB
CHCTEMH MOYKHa 3BECTH 0 3a/adi MOUIyKy miarpady y couialbHOMY
rpadi peKoMeHAaniiHOI CUCTeMH, BEpIIMHAMHU SKOTO OYyIyTh mpodisi
OB’ s13aH1 MDK COOOIO IE€IKMMU CHIJIbHHUMHM IisIMH, 110 MaJli BIUIMB Ha
3MIHY TpEHIIB PEHTHHIIB yCix ab0 OULIBIIOCTI 00’€KTIB 3 MHOXXHHHU
HMOBipHHX Iineit iHpopmariitnoi araku [3, 17-19]. Skmo BusBieHa
aTaka Ha PEKOMEHAIiiHy cucTeMy Ta 3adikcoBaHAa MHOXHWHA Il
60TiB G, 1110 MOTJI0 OYTH 3[IIICHEHO SIK TIPH Bi3yaJlbHOMY CIIOCTEPEKECHH1
TaK 1 IiJ] 4ac aBTOMAaTU30BAHOI'O MOHITOPHUHTY CUCTEMH, JIOTIYHUM Oy /e
JOCTinTH podiTi BCiX KOPHUCTYBAUiB, SKi BILTMHYJIM HA 3MiHY TPEHIIB
peTuHriB 00’ €KTiB 3 1iel MHOXHMHU G, 1O 1 MPONOHYETHCS 3pOOUTH Y
JaHii poOOTi IS MOIIYKY cepell HUX MpodiiiB OOTIB.

Hns BupimenHs 3agadi igeHtudikauii mpodimiB OoTiB  Oyio
po3po0iieHO MeToA 3acHOBaHM Ha rpad)oBii kiactepusanii Ta aHami3i
Il KOpUCTYBauiB, 3 BUKOPUCTAHHAM KOEQIIIEHTIB «HEIOBIpH» (15
pealrizallii BAKOPHCTaHI TaKi IporpaMHi 3aco0M — MOBa MPOTrpaMyBaHHS
Python ta rpadoBa 6a3a nanux Neo4;j):

Eran 1. DopmyeMo MHOKUHY MMiZ03piIMX MPpodiiiB KOPUCTYBadiB
S, B SIKy MOMIIIIA€EMO PO, O CTABUIIH [UILOBI OIIHKH 77 00’ €KTaM 3
MHOXUHU G.

Eran 2. IlpuBinacHI0eEMO KOXHOMY KOpPHCTyBady 3 MHOXHHH G
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MITKY :suspicious y 0a3i 1aHUX Ta KOe]illi€eHT HEAOBIpH, pO3paxOBaHU

3a HACTYMHOIO (HOPMYJIOIO:
Er

kd,i :ZjEG

e Ert,i,]f HasBHICTH IUTHOBOI OIIHKH 7y BiJl KOPUCTyBada i 00’ €KTY j, IO

- (D
9

n

HAJIC)KUTh MHOXKHHI UMOBIpHUX wined araku G, mpuiiMae 3HaYeHHS |,
SKIIO IIiIboBa OIliHKa € Ta 0 — TpW BIACYTHOCTI Takoi OIIIHKHU Bij
KOpHUCTYBayva i 00 €KTY j; Ny — KITBKICTh 00 €KTIB y MHOKHHI MOKITUBUX
mineit araku G.

Eran 3. [Ing xo’HOT napy KOPUCTYBayiB | Ta i> 3 MHOXHHU S, 1€
kail > q Ta ka2 > g, CTBOPIOEMO PeOPO Mi’K HUMH 3 MITKOIO - BotNet.

Eran 4. Bukonyemo rpadoBy KiacTepH3aiiio sl miarpady, o
MICTUTh BepIIMHU 3 MiTKamu :User 1 :suspicious Ta peOpa 3 MITKOIO
:BotNet. PesynbTatn poboTH Takoi Kiactepusarlii 0y 1yTh HACTYITHUMH —
yci O0TH MTOTPAIIATE A0 OJHOTO BEITMKOTO KIIacTepy, SAKIIO O0T-Mepeka
oaHa, ab0 10 JEKIbKOX BEJIMKUX KJIACTepiB — SIKIIO OOT-Mepex
JEeKiTbKa; ayTeHTHYHI KOPWCTYBadi MOTPAIUIATH Y Pi3HI KIACTEpH,
KOXKHHAH 3 TaKWX KiacTepiB Oyle MICTHTH OJHOTO KOpPHCTyBada abo
HEBEIIMKY KIJIbKICTh KOpHCTyBadiB. MOXIUBI 1 BHUNAAKH, KOIH 0
KJacTepy 3 OOTaMu MOTPanuTh JieAKka KUIbKICTh ayTCHTUYHHX
KOpPHUCTYBaviB ab0 Jeska TIpyla CXOXHX MK COOO0I0 Ta aKTUBHHX
AyTEHTUYHUX KOPUCTYBAUiB YTBOPUTH OKPEMHUH KilacTep y pasi, SKIIO iX
Ii1 3CYHYJIH PEHTHHTH JESIKUX 00’ €KTIB.

Eran 5. Busnauaemo HaiiOumbIn KiacTepH, IO CKIATAIOTHCS 3
(Ner — €) KopuCTyBadiB, ie V.- — MiHIMaJIbHa KUTBKICTh KOPUCTYBaYiB, 10
MOKE BIUIMHYTH Ha pe3yJbTaTH POOOTH PEKOMEHIAliHHOI CHUCTEeMH
(3aexuTh BiJ TapaMeTpiB KOHKPETHOI CHCTEMH), e — TIPUOIU3HE
3HAYeHHsS TMMOXWOKW TPHU PO3AUICHHI MpoQiTiB KOPUCTYBadiB Ha
knactepu. Takuil kinactep (a00 KjacTepu) BBAKAEMO MOKIIMBOIO 0OT-
Mepexero (0oT-mMepexaMu). Y KOPHCTYBadiB, IO HE MOTPAIUIIOTH 10
JaHUX KIIacTepiB mpudbupaemo pedpa 3 miTkoro :BotNet. KopucryBauis,
mo noTtpanuid g0 miarpadgy BotNet Tpeba m104aTKOBO IEPEBIPUTH,
MpoaHai3yBaBIIM CTATHCTHYHI XapaKTePUCTUKH iX MpoQiiiB, HAMp., 32
JIOTIOMOT'OI0  3aITPOMIOHOBAHOTO Y TOMNEPEAHBOMY PO3IiI CIOCo0y 3
BUKOPHUCTAaHHAM HelpoHHHX Mepex [20]. Takox amd Q0aaTKOBOI
nepeBipku npodiiis 3 miarpady BotNet MoskHa 3AIHCHUTH MOIIYK Y HUX
MEBHUX XapaKTepPHUX JUIsi OOTIB O3HAK, HAmp., [MOTAHO 3allOBHEHHX
AHKETHUX JaHuX ab0 HaJ3BUYAHO BHCOKOI aKTMBHOCTI (XapakTepHi
0c00IMBOCTI OOTIB 3aJIeKaTh BiJl KOHKPETHOT CUCTEMH 1 MOXKYTh CTaBaTH
BIJOMUMH B TIpoIieci 300py CTATUCTUYHUX JIAaHHWX Mija 4Yac ii poOoTH).
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OnHuMH 3 3arajbHUX O03HAK OOTIB AJIst OaraTboxX CUCTEM MOXYTh OyTH:
BIIMIHHICTh 3HAUYCHHS JUCHEPCii OI[HOK Ta JauCHepcii YacoBUX
IHTepBaJiB MK BHCTaBICHHSAMH OIIHOK Yy mpodinsax OOTiB Bif
CEePENHbOCTATUCTUIHNX 3HAYCHb BIATOBIMHHMX ITUCTIEPCIH Y MPOdiIax
KOPHCTYBauiB cHcTeMH. J{1s1 KOHKPETHOI CHCTeMH O3HaKamMHu OOTiB
MOXyTh OyTH: ocoOnmBOCTI peecTpamii mpodiaro, 0coOIMBOCTI
HAaITOBHECHHS MPOQiTI0 0COONCTOI0 iH(pOpMAITi€ro, CTHIIh HaMCaHHS Ta
3MiCT KOMEHTapiB, CIIUCOK APY3iB KOpHCTyBada Tomo. [licis mepeBipku
CTaTUCTUYHUX JAHUX OKPEMHX MpodisiB KOPUCTYBAYiB, sIKi MOTPAIIIN
y migrpad BotNet, Tpeba #oro CKOpeKTyBaTH, BHIAIHBIIN 3 HHOTO
KOPHCTYBa4iB, PO3Mi3HAHKUX 32 CTATUCTUYHUMH JAHUMHU SIK 2y TEHTUYHI.
Skmo € xmactep, y AKOMY BCi KOPHUCTyBadi BH3HaHI aBTCHTUYHUMH —
CJIiJT IEpeCTaTH BBAXKATH HOTO OOT-MEPEKEIO.

Etan 6. Kopektyemo ™MHOXHMHY G TIiCHS aHami3y OIIHOK
kopuctyBauiB 3 miarpady BotNet. IlepeBipsiemo, sikuM 00’eKkTam
KOPHCTYBadi 3 00T-MepeXi CKOOPIANHOBAHO BUCTABIISIIN I1JIHOBI OIIHKH.
Bunansemo 3 G 00’€kTH, AKi HE ONEPXKYBAIM B3arajli a00 oJepKaid
HE3HAUYHWH  MPOLEHT  [UTbOBUX  OIIHOK  Bi ~ KOPUCTYBadiB,
ineHTudikoBanux sk Ootu. [lomaemo no MHOXHMHU G 00’ €KTH, SIKi
oJIep KalIH IITHLOBI OIMIHKH Bif yCixX (200 BEIMKOTO MPOICHTY) OOTIB.

Byno mpoBemeHO cepil0 eKCIEPUMEHTIB Jisi  TECTyBaHHS
po3pobseHoro  meroay. HaGopu  maHuMX A1 ©KCIICPUMEHTIB
TeHepyBaJlUCS y pPO3poOIJIeHid TmporpamMHiil iMiTamiiHii —Mozei
pexomeHnaniitHoi cuctemu [21]. dopmar Ta CTATHCTUYHI OCOOIMBOCTI
JAaHUX TEHEPYBAIMCS MAaKCHMajlbHO HAOJMKEHUMHU JI0 BIAMOBITHUX
XapakTepucTUK BikpuToro Habopy manmx MovieLens Datasets [22].
ATaky MOJENIOBAJMCA 32 JOINOMOIOK IOMYJISIPHOI, BHIIAAKOBOi Ta
cepennboi Mmomenedt artak [3, 10]. V sxocti anroputmy rpadosoi
KJlacTepu3allii BAKOpHCTOBYBaBcs aroputM Label Propagation.

VY nposeneHiii cepii ekcriepuMeHTiB Oyno 3rerepoBano 10% 00TiB,
yci 1HII KOPUCTYBayi CUCTEMH — ayTEeHTHYHi. Y Pi3HUX €KCIIEpUMEHTaX
y 6orTiB OyJia pi3Ha KUIBKICTB Iiiyiel juis ataku: 1, 5, 10, 15, 20, 25, 30,
35, 40 ta 45 mineit. Takox cepen ayTEeHTHYHHMX KOPHCTyBadyiB OyIio
sreHepoBaHo 20% mpodiniB 3 BHUCOKMM piBHEM aKTUBHOCTI Yy
PEKOMEHIALIHHIN crcTeMi, sIKI BUCTABIISIIM 3HAYHO OljIbIlIe OIIIHOK, HIK
CepeIHbOCTATHCTHYHI  KopucTyBadi. OO’ektm  cuctemu  Oynu
3reHEepPOBaHi TAKUM YHHOM, 100 BiJHOCUTHUCS 33 CBOIMHU BIIACTHBOCTSIMHU
710 OAHOTO 3 19 KitacTepiB. AJITOPUTM MOIMIYKY OOTIB JUIs TOCHIKYBaHOT
pEeKOMEHIAIIITHOT CHCTEMHU MaB HACTYIIHI TapaMeTpH:

—q = 0.05 — 10010, KOpPUCTYBa4 BUCTABUB IIbOBI OI[IHKW HE MEHIIIC
5% 00’exTiB, AKi BU3HA4YEHI MiACUCTEMOO iH(opMaliiiHoi Oe3neKu sIK
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WMOBIpHI 11iTi aTaku. [loporoBe 3HaYCHHS HEBEIIMKE, TOMY 110 HEB1JIOMO
HACKUIBKH BIPHO pO3Mi3HaHI Ui aTakh, MOIJIUBO TaM 0arato 00’€KTiB,
Y SIKUX 3MIHIIUCS] PERTHHTH MPUPOIHIM YIHOM.

— BinaciroBanas mnpodinmiB kopucTtyBadiB 3 miarpady BotNet
3MIACHIOEThCS HA OCHOBI 3HAuU€Hb JUCIEPCil OIIHOK Ta auchepcii
YacOBHX IHTEPBAJiB MDK BHCTaBICHHSIM OIHOK. AYTCHTHYHHMH
KOpUCTYBa4aMHM, SKi TOMMIKOBO TMoTpamwind mo Tmiarpadgy BotNet,
BBKAIOTHCS TaKi, IaHi 3 TPOQ1iJIiB IKUX BiAMOBIIAIOTH IPABUITY:

|D: — Dol <0.15 AND (D, > 72 AND D,, < 600),

ne D,— gucnepcis omiHOK y Tpodisi KOpucTyBada, Dy — yCiueHe
cepelHE nucmepcii OIIHOK y mpodimi KOPUCTYBadiB CHUCTEMH
(Bimcikamocst 30% KpaifHiX 3Ha4eHb, TOOTO, TPAHUYHO MOKIHMBUHN
MPOLIEHT OOTIB y pO3TMsiAyBaHili cucremi), D;,— Iucmepcis 4acoBUX
IHTEepBaJIiB MK BHCTABJICHHSAMH OIIIHOK. TOOTO, MUCHEpCis OMMIHOK Yy
npoduIsX ayTeHTUYHUX KOPHCTYBadiB HECYTTEBO BiAPI3HSAETHCS Bif
CepeIHLOCTATHCTHYHOI Jucepcii (aTakyrounid CUCTEMY Iie 3HAYCHHS
3HAaTH HE MOXKE, BIH MOXXE JIUIIE MPHUOJHM3HO HOTO OIIHUTH, TOMY HE
MOKE BipHO BIITBOPHUTH JJaHy XapaKTEPUCTUKY MIPU CTBOPEHHI podiiB
00TiB). A mepeBipka qucrepcii 4acoBUX IHTEPBAJIIB MiXK BUCTABJICHHAMHU
OITIHOK Ma€ HACTYITHUI CEHC — CITiJT BBAKATH ITiI03PITUMHU KOPUCTYBAYiB,
SKi poONIATH 3aHAATO ONHAKOBI ab0 3aHAATO pi3HI IHTEpBaNM MiX
BUCTaBIICHHSMH OLIIHOK, B TOH K€ Yac JHCIEPCis YaCOBUX MPOMIKKiB
Mi» BUCTABJICHHSMH OI[IHOK Y aBTCHTUYHUX KOPUCTYBAYiB 3HAXOIATHCS,
SIK TIPaBUJIO0, B IEBHOMY Jlialla30Hi 3HAYCHb.

Jlyis OIiHKK SIKOCTI poOOTH PO3POOIICHOr0 MeToay Oyio oOpaHo
HACTYIHI METPHUKH:

— Touwnicts (Precision):

L. tp
precision = preyir )

1€ tp — TPaBWIBHO BHSBICHHN OOT; fp — ayTEeHTHYHUI KOPHCTyBad
HEBipHO iieHTH(iKOBaHUI K OOT.
— IloBHoTa (Recall, Sensitivity):

tp
recall = 3
tp+fn’ 3)
Ie tp — TpaBWIBHO BUSBICHWUH 00T, fn — OOT, SKWUH HEBipHO

17IeHTU(IKOBaHUI K Ay TCHTUYIHUIN KOPUCTYBAH.
— CepenurokBaapaTtnyuHa momumika (RMSE):
RMSE = Z?:l (YLnYL)’ (4)
Sk mokazana cepis eKcmepuMeHTiB 3 Ta0n. 6.4, TOUHICTBH
po3mi3HaBaHHs 0OTIB PO3POOJICHUM METOJIOM B CEPEIHbOMY CTAHOBHUTH
0.72 nnst BunagkoBoi ataku, 0.81 as cepequpoi aTaku, a Takox 0.71 s
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nomyJsipHOi ataku. Takoxk OyJio OLbII JETATBLHO OCIiIKEHO TOYHICTh
po3mi3HaBaHHs OOTiB pO3pOOIEHUM METOAOM IJIsl TOMYJISIPHOT MOJIENi
ataku. Haiiripmi pe3ynbpTaTé oep KyBaincs, KOJH LiTh JAJIs aTaku OOTIiB
Oyna omHa, TOAI TOYHICTH po3pobieHoro meromy mamana mo 0.57 y
cepenHboMy. HaliBuIlia TOUHICTH criocTepiranacs, KoJu Iiei atak 0yno
25-30 mrT., B TakoMy pa3i BoHa csarana 3HaueHHs 0.78. [Ipu Bmamiit arari
00TiB, IO 3CYHYya PEUTHHTH MUTLOBHUX 00’ €KTIB, HAIBHICTH OOT-Mepeski
Ta 3HAYHUN OPOLEHT OOTIB 3 HEl 3aBX U OYJI0 BUSBICHO.
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JOCIIIKEHHA METOAIB BUKOPUCTAHHA
IITYYHOI'O IHTEJIEKTY Y KIGEPBE3IIEII

Merneuniko €.B., Bapuenko 1.B
Llenmpanvnoykpaincokuil HAYIOHANLHUL MEXHIYHULL YHIgepcumen,
m. Kponusnuywvxuii

RESEARCH ON METHODS OF USING ARTIFICIAL
INTELLIGENCE IN CYBERSECURITY

Abstract. This paper examines the use of artificial intelligence (Al) in
cybersecurity, highlighting its advantages and disadvantages. It describes the
most popular applications of Al in cybersecurity and outlines drawbacks
associated with its use. The research includes a review of Al's capabilities in
detecting unknown threats, managing large data volumes, and improving overall
security, providing a comprehensive overview of Al 's impact on cybersecurity.
Additionally, the paper underscores the importance of addressing the ethical and
legal considerations involved in deploying Al technologies.

Mry4ynnit iatenext (II) i mMamMHHEe HaBYaHHS CTAIM KPUTHYHO
BaXXJIUBUMU TEXHOJIOTiIMH B iH(pOpMaLiiHii Oe3meni, OCKUIbKA BOHU
3/1aTHI IIBUIKO aHAJI3yBaTH MUTBHOHY MOJIiH 1 BU3HAYATH 0arato pi3HUX
TUIIB 3arpo3 — BiJl 3J0BMHUCHOTO IPOrPaMHOrO 3a0e3IeUeHHs, 0
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BUKOPHUCTOBYE BPA3JIMBOCTI HYJIOBOTO JTHS, IO BUSBIICHHS] PU3UKOBAHOL
MOBE/IHKY, SKa MOXE IMPH3BECTH J0 BAaNOi (ilIMHrOBOI artaku abo
3aBaHTAXEHHS MIKiUIMBOTO Koxy. Lli TexHOomorii 3 YacoM HaBYAIOTHCA,
CIIUPAIOYNCh Ha MUHYJIE, 00 3apa3 iIeHTH(IKyBaTH HOBI THITH aTak.

3aBAsSIKM BUKOPUCTAHHIO MAIIMHHOTO HABYaHHS MOJKHA BU3HAYUTH,
SIK BHTJISIIA€ HOPMaJlbHA TOBEIiHKA B CHUCTEMi, 1 BUIUIHTH OyIb-sKi
BHIIAIKH, SKI BIAXWIMIOTBCS Bim HopMH. Ile Moxe momoMorTu
iTeHTU(iKyBaTH TOTCHINMHI aTaKd Ta BHSBJIATH CHCTEMH, SIKI HE
MPAIOIOTh HAJICKHUM YMHOM 1 € BPa3JIUBUMHU IO aTak.

HapiTh moBemiHKa KOpPHCTyBaua, sKa MOXKE OyTH IpOOIEMOIO,
HaIPUKIIAJ, BUMAJIKOBHIA BUTIK JaHUX a00 eKciIbTpallis, TOTEHIIIHO
Moyke OyTH BHsBIIeHa 3a pornomoroto LI

OcHosHi o61acTi 3actocyBanss 111 y kibepoe3merri:

— Bussnenns ta 3amo6iranas BroprHeHHAM (IDS/IPS) mumsxom
aHaJi3y aHOMaJIbHOI TIOBE/IIHKHA MEPEKEBOTO Tpadiky.

— Cucremu ynpaninHs iHGopmaniliHoo Oesmnexoto (SIEM) s
ABTOMAaTUYHOTO aHaNi3y JIOTiB 1 BUSBIEHHS TiMO3pil0l aKTHBHOCTI B
peaIpHOMY Jaci.

— VYmpaniHHA ineHTHOIKamiero Ta qoctynoMm (IAM) — mormomora y
CTBOPEHHI Ta KOHTPOJI CKJIaJHUX MOJeJIeH ayTeHTHdiKalii Ta
aBTOpHU3aIlii It 3a0e3MeUeHHs Oe3MeKH JIOCTYITY JI0 PECYpCiB.

— 3axwucr kinnesux To4ok (Endpoint Security) — BusiBieHHS Ta
OJIOKyBaHHS IIK{JUTMBOTO MPOTPAMHOT0 3a0€3MeUeHHs Ta HIIHUX 3arpo3
Ha KiHIIEBUX MPUCTPOSIX.

— Kibeppossiaka (Cyber Threat Intelligence) — III wmoxe
aHaJi3yBaTH JaHi 3 PI3HUX JDKEpeN JJis BUSBICHHS HOBHX 3arpo3 i
TEH/ICHIIIN y KibeprpocTopi.

— MomHiTopuHT Ta aHaNi3 MepexeBoro Tpadiky Ui BHABICHHS
aHOMaJii.

— 3axuct Bim DDoS-atak mns 3a0e3mneueHHst cTabuUTbHOI POOOTH
KOMIT IOTEPHUX MEPEXK Ta BeO-CalTiB.

Ocb OCHOBHI TepeBard Ta MOXJIMBOCTI BUKOPHUCTAHHS LITYYHOI'O
iHTeNeKTy y KibepOe3neui:

1. ITyynuii iHTeeKT Moke BHUSBJIATH KpiM Bigomux ¥
HeBigoMi 3arpo3u. BusieiieHHs BCiX MOTEHIIHHUX 3arpo3 i KOMIaHil
MOKe OyTH HaJI3BUYaliHO CKJIQJHUM 4Yepe3 MOCTIMHY 3MiHy TaKTHUKU
xakepiB. ToMy BKpail BaXKIIMBO 3aCTOCOBYBATH CyYacHi pillleHHS, TaKi sIK
IITYYHUH 1HTENEKT, Uil e(pEeKTHBHOTO BHSBJICHHS Ta 3amoliraHHs
HEBIIOMHM 3arpo3am, sIKi MOXKYTb 3aBJaTl CEPHO3HOI IIKOIH, SIKIIO iX
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HE BHUSBUTH.

2. I moxxe o0podJsiTH Qy:Ke BeJIUKY KinbKicTh Tpadiky Ta
nepeBipsiTH Ha HasIBHICTH MOTEHIiHHUX 3arpo3. Mepeka KoMmmaHii
TeHEpYy€e BENWYE3HY KITBKICTh Tpadiky, IO YCKIATHIOE IEePCOHAITY
ciy:)kOm KibepOes3mekn TepeBipKy BpY4YHY BCIX [ili Ha HasBHICTb
MOTEHLIHHUX 3arpo3. BUKOpPHCTaHHS MITyYHOIO IiHTENEKTY IO3BOJIE
aBTOMAaTHYHO CKaHYBaTH Ta BU3HAYATU IPUXOBAHI 3arpO3H, CIIPOIIYIOUH
MPOIIEC BUSBIICHHS Ta MOKPAIYIOUH 3aXHUCT.

3. LI no3Bossiec pearyBaTH y pe:KMMi peajibHOTO 4acy i Moke
JoHaBYATHCA Y mpomeci podoru. Il BUKOPHUCTOBYe MamInHHE
HaBYaHHs Ta [NIMOOKE HABYAHHS, METO/W aHaJIi3y MOBEIIHKH MEpexKi Ta
BUSIBIICHHS BiIXWIECHb a00 iHIMICHTIB Oe3neku Big HopMmu. Lle no3Bosise
HEraifHO pearyBaTH Ta MOCHIIIOE MaiOyTHI 3aX0au Oe3MeKH, OIIOKYIUn
MIOTCHITIHI 3arpo3u 3 NOMIOHMMH XapakTepucThKamu. [locTiitamit
npouec HapuaHHs IIII ycknamHroe Xxakepam 3anady BTOPTHEHHS B
CUCTEMY Ta 3MEHIIIY€ X MOXIMBOCTI IT0 00XOy ICHYIOUHX 3aXHUCTIB.

4. Ilomyk Ta TeCcTyBaHHsI BPAa3JIMBUX Micllb KOMIT’ IOTePHOI
Mmepexi. [lepciektuBauM € Bukopucranus LI B kiGepOesmeni amns
KEepyBaHHs Bpa3IMBUMH MICISIMH MEpEXi, BPaxOBYIOUM IIOJCHHI
3arpo3u, 3 SKUMH CTHKAIOThCS KOMITaHii. BiH aHami3ye icHyIOUi 3aX01u
Oe3meku, 100 BHUSABHTH CJIaOKI MICI, IO J[JO3BOJSE KOMITAHISM
30CepeIUTHCS HAa KPUTHYHUX 3aBlaHHiX Oesmeku. Lle mokpamrye
3IaTHICTH BUPIIIYBaTH MPOOJIEMH Ta 3aXHIIae O13HEC-CUCTEMH IIBUIIIIE,
HIX TIEpCOHA i3 KibepOe3meKku.

5. [Iporno3yBanHs Maif0yTHiX 3arpo3. AHaJI3yl0uM XypHAaIH
nmoJiifi Ta icropuuHi AaHi npo kibepHamagu, LI mMoxke mporHoszyBatu
WMOBIpHI MaiOyTHI aTaku Ta JOMOMAaraTH OpTaHi3allisM ITiIrOTyBaTHCS
710 HUX.

6. 3MeHIIeHHs TYOJII0I0YUX Ta PYTHHHUX npoueciB. OqHNM i3
OCHOBHUX BHUIAJIKiB BUKOPHCTAHHS IMITYYHOTO iHTEIEKTY B KibepOesmerri
€ Te, 1110 BiH BUKOHYE MOHOTOHHI Ta TOBTOPIOBAHI 3aBAaHHS O€3IeKH, SKi
MOXYTh BUKJIMKATH TEPEBaHTAKEHHs MepcoHaly KibepOesmneku. BiH
peryisipHO BHABISE Ta 3amo0irae OCHOBHUM 3arpo3am Oesmeni Ta
MPOBOJUTD PETEJILHUM aHai3 AJ1s1 BUSIBICHHA NOTEHIIHHUX IPOTAIUH Y
Oesmeri. 3aBISKU MITYYHOMY 1HTEJIEKTY TiJIPUEMCTBA MOXYTh
3a0e3MeYUTH MOCHIIOBHE BIIPOBA/KEHHST HAHKpAIINX MPAKTHK Oe3MeKn
Mepexi 0e3 pU3UKY JTIOJICHKOI IOMUIIKK YU BTOMH.

7. IIpuckopeHHs1 BUSIBJIEHHSI aTaK Ta 4acy BiAmoBiai Ha HuUX.
Iarerparis 11 3 kibepOe3nexoro T03BOJISE MBUIKO BUSBIISATH 3aTPO3H Ta
pearyBaTH Ha HHX, 3aXHUIIAI0YM KOMIIaHIIO BiJl HE3BOPOTHUX 30UTKIB.
LI cxanye BCIO CHCTEMY, paHO BUSIBIISIE 3arPO3H Ta CIPOILIYE 3aBJaHHS
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0e3MeKkr OPiBHSHO 3 JTIOJbMH.

8. NlonaTkoBuii 3axuct aBTenTuikauii. Bed-caiitu 3 QyHKIisIMU
OOJIKOBMX 3amMCiB KOPUCTYyBadiB a00 KOHTAKTHHMH (GOpMamu, IO
MICTSITh KOH(DIACHIIHHY 1HpOpMAaIIiio, MOTPeOyIOTh JOJATKOBOTO PiBHS
Oesneku Ta 3axucty. Ll tyunuii inTenexT 3abe3mnedye Leil piBeHb Oe3neKn
3a JIOTIOMOTOI0 TaKUX IHCTPYMEHTIB, SK PpO3IMI3HABaHHS OOIAYYA,
CAPTCHA Ta ckaHepw BIIOWTKIB TAJBINB, MO0 3a0e3MeUHuTH
aBTreHTH(iKaIito mig yac cnpod Bxomy. Lle sgomomarae BUSBUTH
IaxpaceKi CrpoOu BXOIy Ta 3a00ITTH BUKPAICHHIO O0IIKOBHX JTAHUX
1 arakaMm TpyOOi CHWIH, SKi MOXYTh IPHU3BECTH OO IOTCHIIHHOTO
MOpYLICHHS OE3MEeKH Y KOMII IOTEPHIN Mepexi.

9. ABTOMaTH30BaHUil aHaji3 Ta Kkjiaacupikamia BeIUKHX
00’eMiB TeKCTOBHX AaHMX. 3aBAsku mpomy amroputmu I mMoxyTs
e(eKTUBHO pO3Mi3HABATH (DIITMHTOBI TOBIIOMJICHHS Ta  CIIaM,
3axXHINAI0YX KOPUCTYBAviB BiJ] MIaxpaiCTBa.

10. ABTomMaTH30BaHe BHABJEHHS 00TiB. boTH CTaHOBIATH
3pocTarody 3arpo3y kidepOesIrelni, iX BUKOPHCTOBYIOTE IS 3TOBMUCHUX
i, SK-OT PO3MOBCIOPKEHHSI 3I0BMUCHOTO TIPOTPaMHOT0 3a0€3MeYeHHS
Ta BUKpajaeHHs naHuX. lIITy4Hwii iHTENIEKT MOXeE pO3IMi3HaBaTH Ta
OJIokyBaTH OOTIB, BH3HAUYAIOYW iXHI IMAOJOHW, CTBOPIOIOYH OiIBII
Oe3MeyHi Kamyi Ta po3ropTaloyuu MPUMaHKH IS IXHBOTO 3aXOIICHHS.

Xoua IMTYYHHN IHTEICKT Ma€e BEJIMYE3HUH MOTEHINAN, JUIS HOTo
BIJIMOBITaJIbHOTO Ta €TUYHOTO BIIPOBA/KEHHS HEOOXITHO PO3YMITH 1
BpaxoBYBaTH HOTO HEAOIIKHU Ta MPOOIIeMU:

1. Ckaagnictb. Po3pobka cucrem kibepOe3nekn 3 BUKOPUCTaHHIM
Il Bumarae creniadbHUX 3HaHb Ta HABHYOK 1X CTBOPEHHS,
HAJIAIITYBaHHS 1 TIOTOYHOTO OOCITyTrOBYBaHHSI.

2. Bucoki BHUTpaTH Ha BHPOBAaJKeHHs. BIpoBayKeHHsS Ta
migrpumka [lI-cuctem Moxke OyTH JOCHTH JOPOTOIO, BKIIOYAOYH
BUTpPAaTH Ha amaparHe 3a0e3ledeHHs, INporpaMHe 3a0e3ledeHHs,
HaBYarO4i BUOIPKH TAHUX Ta HABYaHHSI IEPCOHAITY.

3. IloTpeda y BeTUKUX 00CArax IKiICHUX JAHUX JJI1 HABYAHHSL.
I noTpedye BenMKUX OOCSTIB AKICHUX JaHUX JUIS HABYaHHS MOJAETICH.
HenocraTHicTh 00 HU3bKA SAKICTh TaHUX MOXKE TIPU3BECTH JI0 HETOUYHUX
PE3YJIbTATIB 1 3HMKEHHS €(PEKTUBHOCTI CHCTEMHU.

4. Bpa3znusicTb 10 cnenudiunux atak. [1I-cucremn cami MOXYTh
CTaTH MIIICHHIO aTaK, TAKWX K aTaKh Ha MOJIENi MAalllTMHHOTO HAaBYaHHS
(HanpuKkIam, OTPYEHHS MaHWX). 3JOBMHUCHHUKHA MOXYTh 3MIHIOBATH
BXIJHI JIaH1 JIJIsl BBEICHHS CHCTEMH B OMaHy.

5. lorpumaHHs eTHYHHX HOpPM. Bukopucranns LI vy
kiOepOe3newni mifAHIMAaE €THUYHI Ta MPaBOBI MUTAHHS, BKIIOYAIOUU
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KOH(QIIEHIIHHICT JaHWX, NPO30PICTh NPUHHATTA pilleHb Ta
BiJIMTOBITabHICTh 32 IOMUJIKU CHCTEMH. BCTaHOBIIGHHS 1 JOTpPUMAaHHS
YITKMX €TUYHUX TPUHIIAIIB € JOCUTh BRKITHBAMH.

6. JlorpumMaHHsi MpaBoBUX HOPM. [IpaBoBi BUMOTH, TIOB’sI3aHi 31
IITYYHUM 1HTEJNIEKTOM 1 KiOepOe3mekoro, CcKiIagHi ¥ MOCTIHHO
3MIHFOIOTECSI.

BucHoBOK. 3 BUKOPHCTaHHAM IITYIHOTO IHTEIIEKTY y KibepoOe3merti
€ MOXJIMBICTh 3HAYHO IiJBUIIMTU PIBEHb OE3MEKH KOMIT FOTEPHUX
MEPEXK Ta CHUCTEM, IIBUJIKICTh 4acy BIATYKY Ta aJalTHUBHICTh CHUCTEM
3axucTy. BomHovyac Ba)IIMBO BPaxOBYBaTH €THYHI aCTICKTH Ta MOXITUBI
PU3UKH, TTOB’s13aH1 3 BAKOPUCTAHHSM IITYYHOTO iIHTEJIEKTY, BPAXOBYBaTH
HAOT0 HEJIOIKN Ta OOMEKCHHSI.
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KOPHUCHI BJJACTHUBOCTI INIOIIWUHHUX
NI PA®IB TPA®IB-OBCTPYKIIA OBMEXKEHOI'O
HEOPIEHTOBAHOI'O POAY
B. I. Ilempeniok, Llenmpanvnoykpaincokuil Hay. MexHiyHul

YHigepcumem
M. A. [lempeniox, IK HAH Yxpainu

SOME PROPERTIES OF PLANAR SUBGRAPHS OF THE
GRAPHS -OBSTRUCTIONS WITH LIMITED NONORIENTABLE
GENUS.

Abstract. The task will be to study the structural properties of graphs

- obstructions G of an nonorientable limited genus y(G) , presented as the
@-image of a planar graph G, with a given set of points X, ={x;; }'fjl' and

a simple star Sr(x,) with a set of hanging vertices X, = {x,,}"3/, when
identifying pairs of points from sets of joining points (x;.x,;) ,
j=12,.,|X;|, where by a point we mean either a vertex or an arbitrary point
of the edge of the graph G . For sets of connection points X, with a given
reachability number ¢, , #, >1, which is equal to the smallest number of
the faces on the borders of which all points of the set X; are located, and
known characteristic g(Xx;) are used, and two new cells distances of a

given set of points X and the minimum of a planar graph with respect to
a given cells distance are determined distances of the set of points X. The
main result is Theorems 1 and 2.

OcHoBHI TOHSTTA Ta mo3HaueHHs y3sti i3 [1]-[3]. Ilim Tpad-
OOCTpYKIIi€I0 PO3YMITUMEMO Takui mpoctuii rpad Gy SKOTO KOXKHE
pebpo € CyTTEBUM BIIHOCHO pofy y(G) Hpu onepauii BUJaJIEHHI pedpa
u,T. 10 y(G\u)=y(G)-1. 3agaya noniraTume y BUBYEHHI CTPYKTypHU
TIOUTMHHAX niarpagis rpagis o0CcTpyKIIii 00MeXeHOTO
HEOPIEHTOBAHOTO POITY.

Busnauennsn 1. Jlns muoxkunu Touok M, M ={a,}",, IUIOIIHHHOTO
rpapa G 3 umcnom AocsmkHOCTI t,(M.,Y,), ne to(M,2,)=t, t>2,
OynmeMo Ha3MBaTH  KJIITKOBOI  JOB)KHHOIO D.(M,t), e

Do(M,)=min Y dg(s;,5;,f), mix nigmaoxusamu L;,L; MEOXHHNI
VfefGN Vs,-,xj eT
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M, M=LUL;, L,nL;=0, po3ramoBaHuMi Ha IPAHHULSX TOBLIBHHX

KITOK 8,8 ;,{5.5,)CS6(2.f), mo peanisylorh wmcnOo JOCSHKHOCTI

to(M,2,), ne JGN - vuoxuna Beix Hei30MOophHUX BKIAAEHb rpada
G no X,, mo peanizyroTh YMCIO MOCSKHOCTI f.,(M,Y.,) MHOXKHHH
Touok M .

Busnauenns 2. Bynemo nasusatu muoxuny M , M ={a,}}",, Touok
rpapa G 3 umciom pocsukHocTi t, me f,(M,XY,)=t, KPUTHIHOIO
BIJHOCHO KJITKOBOi HOBXMHU D,(M) mpu omepauii BUAAJICHHS

JIOBiMbHOTO  enemeHTa  {;, SKII0O Mae€  Miclle  HEpiBHICTh
D;(M\a,) <D, (M), un BIHTHOCHO omeparlii cTuckanas pebpa u = (ab) B
touky a' (saxmo {a,b} =M , 1o 3amictb M posrnsmarumemo
MHOXUHY M'=(M\(a,b))U{d'}), SKImI0 Mae Micle HEpiBHICTh
D, (M) <D,M).

Busnauenns 3. Bynemo Hasusatu rpag G MiHIMaJIbHUM BiJJHOCHO
D, (M) npu omepamii BumaneHHS a0 CTUCKaHHS B TOYKY JOBUTRHOTO
pebpa u, ko , a6o D, (M)+1=D,(M), a6o D, (M')<D;(M), ne
Gu - rpap 31 crucHytMM B TOuKy a pebpom u = (a,b) Ta
M'=(M \{a,b}) va'.

Teopema 1. Hexait 3amano miomuaauid rpad (G i3 3amaHor0
MHOkHHOK M TOYOK CYTTEBUX NpH Onepalii BUAAIEHHS 3 MHOKHHH
BIJIHOCHO KJiTKOBOi Bimctani D, (M), D,(M)=d,d>2, 3 uuciom
JOCSDKHOCTI 1,(M), t,(M)=t>2, a MHOXHHA pedep rpada € CyTTEBOIO
BITHOCHO KJITKOBOi BifcrtaHi D,(M) mpu omepanii BUAAIEHHS YH
CTHUCKaHHS B TOUKY. MaloTh Miclle HaCTYITHI TBEPUKECHHS:

1. xkmo D, (M)=2 Ta t;,(M)=2, 10 rpad) G i30MOpdHUi OTHOMY
3 mepmux 6-Tu rpadiB, TOOTO € KilbLEM 3 JBOMa HEBUPOIKEHUMH
HIPOCTHMU LMKIIAMU Z;, JOBXUHU [(z,), A€ z,Nz, =D, I(z)) 21(z,) >3, m0
3aJI0BOJILHSIIOTH CITIBBIIHOLICHHIO J) Ta OJHIH 3 HACTYITHUX YMOB:

a) I(z))=6,0(z,)=3; 0) I(z,)=51(z,) =3; B)
I(z))=4,((z,) =4 v (U(z,)=3) ;

1) I(z)=3,(z,) =4 v (z,) =3);

121



1) BEPIINHU IUKIIB 7,2, CKIAaJal0Th MHOXKHHY M Ta mapu BepIIvH
(v,,v,) LHUKIIB z,7,, BIONOBIAHO, IO 3’€lHaHI peOpoM, HaleXaTh

MPOCTUM LMKJIaM AOBXXHHU HE OibIe 5.
2. Slkmo muOXHHY M po36uTo Ha ¢ —1 HemopoxHiX yacTuH M, ,

M;, M;,ne M,nM, =2, D;(M, UM,)=2 nns BCiX, t;(M)=t, t>2,
10 rpad G € g-obpasom k Komiid, mpunaiimui 1BOX Tpadis H, ,H,;,
i3oMoppHuX omHOMY 3 mepummmx 6-tu rpadis H,, H,=G(M, M,),
HABE/ICHNUX Ha PHC. 2, Ta 3a/[aHUM Ha Mapi NPOCTHX JIaHLIOTIB L, Ly,
rpadis H,,H,,,ne i<j, i,j=12..k, k<t.

Hosenenns teepaxeHHs 1 . Hexalli BUKOHYIOTbCSI YMOBH T€OPEMU
1. TTokaskemo, 1110 rpad G izomopbHHI OgHOMY 3 Mepiiux 6-Tu rpadis,
T00TO € 200 KiJbIleM 3 JBOMA 30BHINTHIM Ta BHYTPIIIHIM ITUKIaMH, a00

KJIITKOBUM JIQHLIIOTOM 3 JBOMa KiHLIEBUMH HEBHPOIKCHUMH IIPOCTHMHU
OUKIaM#u  z;, 7,1z, =%, 3 moBkuHamu [(z,), ae Il(z)21(z,)23, mo

3aJJ0BOJILHSIOTH OJTHIH 3 YMOB a),..T).

Puc 1. Ha nepiux mectu kapTax € mionuaHi miarpagu rpadis By, Cs,
C4, D2, Ki 222, K/\Cy4, K4 5\K> | BITIOBITHO, 3 BUIUICHUMHE KHUPHIM
BEPIIMHAMU 13 MHOKHH M 3 KIIITKOBOIO BIICTAHHIO 2; MICJIS IPHUETHAHHS 10
HUX BUCSIYUX BEPIIMHH IMPOCTOI 3ipKK OTpUMAEMO 3rajadi Buie rpadu. Ha
JIpyroMy pany nepima kapra 1-migposninenuii rpad Ks € miarpagom Es, Mae
MHOXUHY M 3 Touok 1-minpo3ainenHs pebep, ae (t=3)A(=1), fami tpu 3-
KJIITKOBO MiHIMaJIbHi Ta OJJH 4-KJIITKOBO MiHIManbHU Tpad
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Hosenemo, mio obuaBa nukin rpada G He MOKYTh OYTH JOBKHUHOIO
Oinpiie 6. IlpunmycTUMO MmO OAWH 3 ABOX MPOCTHX LHMKIIB Z, Mae

noBxuHy Oimprre 6. Toxali Ha HbOMY Mae OyTH HE MEHIIE YOTHPHOX
eJIEMEHTIB MHOKHHH M Ta, TIPUHANMHI, YOTHPU BepuinHd 3 G°\ M .
Ockinbku t;(M)=2, TO Ha KOXHOMY , Ma€ OyTH IIOHalMEHIIE IO
OJHOMY €JIEMEHTY v, MHOXMHH M. Bunanumo v, Ta po3riisiHeMO IIMKIN
Ha AKUX pO3MIiIIeHO MHOXHUHY M \v,. 3TiTHO yMOBHU CyTTE€BOCTI OIepaiii
BUAJICHHS 3 MHOKUHH BIJTHOCHO KJIITKOBOI Binctani D, (M), D,(M)=d,
d =2, MaTuMeMO MHOXHUHY M \v, pO3MillleHy Ha JBOX MPOCTHX LUKIAX
TIOBXMHOI0, IPUHAWMHI 3, Ta OJIHIEIO0 CIUTBHOI BepmmHOo0. OTKe, a00
LMK Z; MICTUTh TPH €JIEMEHTU MHOXKHMHH M 1 He Oinble, a00 MiCTUTH
pebpo u=(v,w) 3 TBOMA KiHIIEBUMH BEPIINHAMHU CTETCHI 2 3 MHOXUHH
M, sike € HECYTTEBUM TIpH OTepallii CTUCKaHHs B TOUKyY. OOH1Ba BUTIA KN
cylnepedars yMOBI MiHIMaJbHOCTI MHOXMHM M BigHocHo D, (M), abo
YMOBI MiHIMalIbHOCTI MHOKMHH pebep BimHOCHO D, (M) . Ilpunymenns
HEMOXJUBe. THM caMHuM JOBENIEHO, IO OJUH IIUKJI Ma€ JOBXHHY 6, a
IHIMHA JOBXWHY 3 Ta MICTATh 1O TPU EJIeMEHTH MHOXHHA M.
TBepmxennsa 1 nosenexe.

Teopema 2. Hexaii tionmaauii rpad G - MiHIMaJIbHUA BiZIHOCHO
KIITKOBOI JOBXKMHU 2 miarpagom rpada-odcTpykiii MpoeKTUBHOI
TUTOIIMHY Ta 33J]aHO0 WOTO MiJIMHOXHHY TOUYOK M 3 CYTTEBUX BEpIIHH
BijiHOCHO umcen D;(M) i t,(M)=t, ne t=2, D,(M)=2, npu omneparii
BUAAJICHHS TOYKM 3 MHOXMHHM M . SIKIIo 3amaHO ¢ -TIepeTBOPEHHS
rpapa G Ta kBasizipku S,(H) 3 uenrpom-rpadom H, H - 1eHTp

KBa3izipku romeomopduuii ogHOMY 3 rpadi muoxkunu (K, 1, K,,K;\e, K/},

rzl, HACTYITHUM YHHOM:

M
01 (G +StHD,S (a,+g.)) — (DHAG M) . ge onuna M.
i=1 s

M ={a )", Toaok mae xapaxrepucruxu 1 =2, §=0, kasisipka SH(H) i3

i=l »
M . . .
MHO>XXHHOI BHCIYHUX BCPIIMH {g i}|,':1| , TOJA1 MarTb MICHE HACTYIIH1

CHIBBiIHOLICHHS:

1. SIxkmo r=1, (t=2, 6=0) un (t=3, €=1), To rpapp DH ¢
rpadoM—OOCTPYKLI€I0 Al MPOEKTUBHOI IUIOLIMHM, MPUYOMY 00pasu
mapd BHCSYMX pedep KBa3i3ipku HeE MOPOUKYIOTH — miarpadis
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romeoMoppuux rpady K, 3 [BOMA BHIAUICHUMH HECYMDXHUMH
pedpamuy;

2. Slxmo rpad DH e rpadhom—oberpykmieto st mosepxHi Kieiina,
TO 00pa3u map BUCAYMX peOdep KBa3i3ipKku MOPOHKYIOTh HE OijbIle IBOX
pisnux miarpadis romeomopprux K, Ta MOXyTh OyTH HECYTTEBUMHU
BiJIHOCHO POJy TIPH OTepallii CTAryBaHHs BUCIYUX peOep B TOUKY;

3. Skimo 3aMiHUTH B CIIBBiIHOIIEHHI | PiBHICTB U1 t HA t=3, TO
rpa¢ DH maTumMe HeopieHTOBaHUH pif HE MeHIle 4, MpUIoOMy (-00pasu
mapu BHCSYMX pebep KBa3i3ipku MOPOMKYIOTh HE OilbIIe TpPhOX
migrpagis romeomophHUX K, .

HoBenenns. Hexail BHKOHYIOTBCS YMOBH TBEpPIKEHHS S Ta
cuiBBigHomeHHs 1. [lokakeMo BHKOHaHHS YMOBH CYTTEBOCTI IIPHU
omepauii BHUZANEHHS KOXHOro pebpa  u rpada DH BiZHOCHO
HEOPIEHTOBAHOTO POy 2. MOXKIIHMBI HACTYIIHI TP BUTIAIKH:

l.ueG'; 2. ueH"; 3. ueSt'(H)\H".

Hexaii mae micue Bunagiok 1. Buganuemm pe6po MaTumMeMo 3TiTHO
YMOBH CYTTEBOCTI MHOXHHM M BIJIHOCHO YHMCIIa KJIITKOBOI BifCTaHi
D,(M) marumemo 3MeHIIeHHS Ha | nporo ymcna. Tomi MaTmMemo

MOYJIMBICTH TAKOTO BKJIajaeHHs rpada G B mwiomuHy 3 MeHImUM Ha |
YICIIOM TIPUKIICEHHX JIeHT MeObiyca sike po3MillyBaTiMe MHOXKUHY M Ha
IPaHUIIl OJIHI€T ICEBIOKIIITKH, B SIKY BKJIaZIEeMO KBa3i3ipky St(H).

Puc.2. Ha nepmmx 40oTHphOX KapTax HaBeJICHI MPUKIAAN IIPOTOTHIIB 3-
3B’s13HUX rpadiB 0OCTpyKILiit HeOpieHTOBaHOTO poxy 3 Ha 5-if Kapti rpad He 3-
3B’ A3HUN.
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Puc.3. [lpuknany n-38’s13HUX MPOTOTUMIB rpadiB-o0CTPyKILiit
HEOopieHTOBaHOTO poxay 3, n>2. B apyromy psigy HaBeAeHi MiHOpH IOBEPXHi
Kneitna.

Bucnosok. OtpuMaHo MaTeMaTU4He 3a0e3MeueHHs 1151 allTOPUTMIB
noOy0BA MIHOpIB ISl MOBEPXHI 33/IaHOT0 HEOPIEHTOBAHOTO POJIY
OiTbIe 2 NUISXOM (-TIEPETBOPCHHS MAPH:

1. mnomuHHMX rpadiB MiHIMATBHUX 3 3aJaHOK KJIITKOBOK
JIOBXKMHOFO IIEBHOT MHOXKMHHU TOYOK Ta 3ipKH,

2. 3-MiHIMaJbHHUX TUIOMIMHHUX 3 MHOXXHHOK BCiX BEpIIMH Ta
BHCSYMX BEPIIMHK Ba3i3ipok 3 neHTpoM Ky um Ko 3.
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T-daxTopu3anisi MOBHOro rpag)a Ta rpaniosHicTs AepeB
[Terpentok JI.A.
dmytrotheukrainian @ ukr.net
Inemumym xibepwemuru im. B.M. I'nywxosa HAH Yrpainu

Poskmagm TpadiB MarOTh BENHKY KUTBKICTH PI3HOMaHITHHUX
3aCTOCYBaHb, fKa HEYXWIBHO 3pocrtae. Cepex TaKMX 3acCTOCYyBaHb
OPTOTOHAJIbHI ONTHUYHI KO, CHHXPOHHUH KpaTHHUH TOCTYI J0 KaHAaiB,
TPyHOBE TECTYBaHHS Ta CYNEPIO3UIHI KOJH, ayTeHTU(IKAIHHI KOIH,
MIPYXHI Ta KOPENAMiIHHO-3aXUCHI (YHKI{, CXeMH KaHalliB Ta Mepexi
3B 13Ky, TECTyBaHHs IPOTrPaMHOro 3a0e3MeUYeHHs, pO3MiTKa JTUCKIB Ta
HaHeceHHsI A0pi koK. OHUM 3 BaXKJIMBUX PI3HOBUIIB PO3KJIaIiB rpadiB
€ T-thakropuzanis MOBHOTO rpada, TICHHIA 3B’ 30K SKOI 3 MOMYISPHOIO Y
MaTeMaTHYHHUX KOJIaX Ta BCE IIE BIAKPHUTOO TIIOTE30k0 PO IPaIlio3HICTh
JIepeB POOUTH LIl BUJI PO3KIIAIIB OCOOIMBO I[IKABHM.

T-daxTopusauis noBHOro rpaga

Posxnaoom rpady H Ha miarpadu 3 maHoro cimeiictea G={g;, g2,
v, &k}, 400 (H, G)-poskiadom, Ha3UBaIOTh PO3OUTTSI MHOXKUHHU pedep
rpady H Ha migrpadu (xomnowmenmu poskiady), KOXKEH 3 SKHUX
i3omMop¢Huit ogHoMy 3 enemenTiB MHOXHMHHU G. Ilinrpad) G; Ha3uBaTh
¢axmopom rpady G, K0 MHOKUHA BEpIIKH Hiarpady G; criBnajae 3
MHOXXUHOIO BepiuH rpady G. @axmopuszayicio rpady Ha3UBalOTh TAKHIA
po3KiIan 1boro rpady, KOMIOHEHTaMH sikoro € Qakropu rpady H.
daxTopu3ailito, Bci KOMIIOHEHTH K01 i30MopdHi nepeBy 7, HA3UBAIOTh
T-gpaxmopuszayicio [1].

OnnuMm 3 MeroniB moOynoBu T-¢aktopusauiil € nigodepmoguii
memoo. T-pakropuzanii, orpuMaHi 3 HOTro JIOMOMOTOI0, TaKOX
HA3UBAIOTh MiBOOEPTOBUMU. BKazaHHil METOJl 3aCTOCOBYETBCSI JUISI TaK
3BaHUX IIBCUMETPHYHHX JiepeB. [ligcumempuune Oepego [1] MicTHTH
LEHTpaJibHEe peOpo, MiCIsl BUIYYEHHHS SIKOTO BOHO PO3MAJAEThCs Ha JB1
i30MOp(hHUX KOMIOHEHTH (cumempuuni nonosunu). CHUMETPHUHI
TOJIOBUHH SIBJISIIOTH COOOI0 KOPEHEBI JepeBa, KOpeHI SKWX — KiHII
LEHTpaIbHOro pedpa BiAMOBIIHOTO MIBCUMETPUYHOIO IEPEBa.
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Hns moObynosu T-pakropusaiii BUKOPUCTOBYETHCS MAOIOH, SIKHHA
SBIISIE COOOI0 KOJIO, po30uTe n=2k TOUKaMHu Ha PiBHI Ayru (Ha3BEMO Li
oyTu enemenmapuumu). Todkum mopimy mo3Hadatote 0, 1, ..., n—1.
[liBcumeTpuuHe AepeBO MOPSAKY 11=2k HA3UBAIOTh NPABULLHO BRUCAHUM
y 1e koo (puc.l), SKIo: TOYKU MOy € BeplimHamu aepesa T; pedpa
nepeBa T 300paxaroThCsl XOpAamul Koja; IS KOXKHOI JOIMyCTUMOi
JNOBXHMHUA XOpAM PIBHO [Ba HELEHTPAIbHUX pedpa, CUMETPHUUYHHUX
BIJIHOCHO IIEHTpa KOJIa, MAlOTh TaKy AOBXHHY. Ilix dosorcunoro xopou
PO3YMiEMO KiNBKICTh €JeMEHTApHHUX OYr Y MEHIIH 3 Ayr, Ha fKi L
XopJa po30rBae KoJo.

Sxmo T — miBcUMETpUYHE AEPEBO MOPSAKY n=2k, MPaBUIBLHO
BITMCAaHE B KOJIO, TO MOXKHa BUKOHaTu T-(pakropusamiro rpada K, Ha k
KOMIIOHEHT, i3oMop¢HuX nepeBy 7. [Ing mporo mocuTh HOBEPHYTH
BricaHe nepeBo T Ha h ememeHTapHUX AyT 1 onepxkaTu aepeBo 1j
(h=0, 1, ..., k). HepeBa To=T, Ti,..., Tx pa3oMm CKIamaioTh IIyKaHy 1-
(akropuzamnito. [HmmMEu croBamu, T-hakTopm3amist YTBOPIOETBCS B
pe3ynbTaTi miBOOEpTY TBIpHOI KOMITOHEHTH HAaBKOJIO IIEHTpa KOJja.
3BizcH 1 Ha3Ba METOY MIBOOEPTOBUIA.

Takum uyuHOM, 3amada 1oOynoBH T-(hakTopu3allii 3BOJUTHCS [0
MIPaBUIBHOTO BIUCYBaHHA AepeBa B mabioH. bepyun no ysaru te, mo
MiBCUMETPUYHE  JEpeBO  OJHO3HAYHO  BHU3HAYAETHCS  CBOEIO
CUMETPUYHOIO MIOJOBHHOIO, OCTaHHIO 3a/1a4y MOKHA, 3BECTH JI0 TAKOTO
BIIMCYBAaHHS B IIBKOJIO CHMETPUYHOI IOJIOBHHH (TOOTO KOpPEHEBOI'O
JepeBa opsaKy k), Ipy SIKOMY TPUCYTHI yCi TOBXHUHU pedep Bix 1 1o
k-1, 6e3 momTopeHb (puc.2). Lls ymoBa 3a0e3reuye BiJICYTHICTh
CHUIBHUX pedep Yy KOMIIOHEHT PO3KJIaay, a OT)Ke, IHIIa CUMETPHUYHA
MOJIOBUHA BIMCY€ETHCSI B NPOTHIICKHY IIOJIOBHHY KOJa, i LUKIA HE
YTBOPIOIOTHCSI.

[etpenrok A. . y 2001 porii BUCYHYB HACTYIHY TilOTE3Y:

l'imore3a 1: Oyznb-ske TmiBCUMETpU4YHE JAepeBOo 1 JOmMycKae
miBo6epToBy T-(pakTopuzairiro.

IIpuxnag 3acrocyBanns T-paxropusanii noBHoro rpadga

OnHy 3 IPaKTUYHUX HPOOIIEM, SIKi IPUBOAATH 10 3a/1a4i OTPUMAaHHS
T-pakropuzanii moBHoro rpada, € mpobnemMa NPOKIATAHHS
0e3npOBOIOBMX MEPEK 3 camoopranizaiieto (wireless ad hoc networks)
[2]. PosrisHeMo pagioMepexxy MOOUIBHHMX —MPUCTPOIB 3B A3KY
MPOTHIIOKEKHOTO BiIIIIEHHS, YACTHHA 3 SIKHX € CTalllOHAPHUMHU, PELITa
— MoOinbHUME. KoXXeH npucTpiii 103BOJIsIE BUXOUTH HA 3B’ S30K 3 OY/Ib-
SIKMM 1HIIIUM MIPHCTPOEM, alle 3B 30K MiXK JISIKUMHU NIapaMH MPUCTPOIB
MOKE THMYacOBO BTpauaTHcs depe3 Ttonorpadiudi ocodmuBocTi
MICIIEBOCTi, SIKOI0 PYXalOThCS TOXEXHUKU. [y edextuBHOCTI Iii
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KOMaHAU HEOOX1IHA MOXKJIMBICTh MIBUAKO BIIHOBHUTHU 3B’S30K, a TAKOXK
NiATPUMYBAaTH ONTMANbHI HapaMeTpu Mepexi: Maly KUIbKIiCTh
peTpaHCIAmii (Maduii JiaMeTp Mepexi) Ta PO3MOIil HaBaHTaAKCHHS Ha
MIPUCTPOI (MUK MaKCUMAJTLHUN CTEIHb BepInHN ). KoykHUM iprcTpiit
Ma€ CBill yHikanbHUH imeHTH]iKaLiHHIA HOMED 1 MPaLIoe K MpUiiMaY,
mepenaBad Ta MapHIpyTH3aTOp (TOX MapUIPyTH3AIMIS MiATPUMYETHCS
CaMUMH TIPUCTPOSMH).

a) 6)
Puc. 1. IliBcumerpudne nepeBo nopsaxy 18 (a) i #ioro npaBuibHE
BITUCYBaHHS B KOJIO (0).

Puc.2. Ilpuxnag BnucyBaHHS CHMETPUYHOI TOJIOBUHHU B KOJIO 3
JOTPUMaHHSM HEOOX1THUX YMOB BIHCYBaHHSI.

B tepminax teopii rpadiB s mpobieMa 3ByYUTh TaK: HEOOXiTHO
noOyyBaTH 3B’SI3HY MEPEXy, AKa HEe MICTUTh LMKIIB, TOOTO AEpeBo.
MHOXHHA yCiX MOXIIMBUX 3B’ 3KiB yTBOPIOE OBHUH rpad, 1 BEPIINHN
rpada — ImpUCTpoi 3B’A3KY, a pedpa — pajio3B’sI30K MK MapaMu ITUX
npuctposiMu. KoxkHa okpema Mepeska yTBOPIOE B IIbOMY IMIOBHOMY rpadi
ocToBHE JepeBo ((akrop), i3oMopdHe oaHIN 1 Ti camiil cTpyKTypi.
Otpumyetbest Habip i3oMOpQHHUX (aKTOpIB (CTPYKTYp Mepexi), sKi
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YTBOPIOIOTH CYKYIHICTh MEPEK 3 OMHAKOBUM JI1IaMETPOM Ta OJTHAKOBUM
MakcuManbHUM cterieHeM. JKOomHi JBI Mepexi He MaloTh CIUTbHHUX
pebep, ToMy TMOIIKOKEHHS OJIHIET OKpeMOoi Mepeki He BIUIMHE Hi Ha
SKUM 1HmMWMNA (akTop 13 3aradbHOi CYKYIHOCTI MepexX. 3amicTh
BiTHOBJICHHSI OIHOTO TOIIKOIKEHOTO 3B’ 3Ky 31HCHIOETHCS TIepeXif 10
inmoi mepexi. Ilepenixk Mepex mMoxke OyTH 3aKIaJIieHO y MPOrpaMHe
3a0e3redeHHs MPUCTPOIB 3B A3Ky. Y BUMAIKY, KOJIH BTPAYCHO 3B’ SI30K
MK JBOMa MPHCTPOSIMH, Bil OJHOTO 3 HHUX HAIXOJUThH
panmionoBiiOMICHHS, 1 mNpoOiieMa BHPIMIYETbCS HETAaHHO NUIIXOM
NEPEKIIFOUEHHSI Ha OZIHY 3 PE3EPBHUX MEPEXK.
I'inoTe3a mpo rpanio3HicTs Aepes

HeBaxko mepekoHaTHcsi B TOMY, IO AJIsl YCHIIIHOTO PO3B’sI3aHHS
3a/avi TMPaBWILHOTO BITMCYBaHHS Kk-BEPIIMHHOTO JepeBa B IMiBKOJO
JIOCTAaTHBO TaK 3aHyMepyBaTH HOro BepIinHU yuciaamu xi(1, 2, ..., k),
mo0 aOCONIOTHI pI3HUIII HOMEpIiB CYMDKHHX BEpIIMH CKJIagalld
muoxuny (1, 2, ..., k—1). Taka po3miTka (Ha CHOTOAHI BIATOBiIHE
aHrmiceke cioBo «labeling» 3a3Buuail mepeKiIagarOTh K «PO3MITKAY,
TOMY aBTOP BJKMBA€ TYT el NepeKiIal] 3aMiCTh CJIOBA «HYyMEpaLlis», sIKe
BXKMBAJIOCS aBTOPOM padimie) Oyma Brepiine posrisiHyta A. Pocoro y
1976 poi [3] i 3rojom oTpuMalia Ha3By Ipallio3HO.

I'payiosnoio posmimxoio nepeBa T 3 n BepIIMHaMU Ha3UBaIOTh
MIPUCBOEHHS HOTO BEpIIMHAM HOMEDIB 1, 2, ..., n, P IKOMY abCONIOTHI
pi3HUIII HOMEPIB KiHIIB pedpa € pi3HUMH Ta YTBOPIOIOTH MOCIiI0BHICTh
1,2, ..., n—1. JlepeBo, siKe IOMyCKa€ TPaIlio3Hy PO3MITKY, HAa3UBAIOTh,
BIJIMTOBIAHO, 2payio3HuM.

Byna chopmyiiboBaHa 3HamMeHuTa rinoresa Pinrens-Komira-Pocu:

limote3a 2 (I'imoTe3a mpo rpamio3HicTh AepeB): yci aepesa
rpamio3Hi, ToOTo OyAb-Ke AepeBO MOPSIKY k JIOMYCKAE TaKy PO3MITKY

HOT0 BEpIINMH HATYypaldbHUMU 4uciamu 1,2, 3, ..., k, ipu sAKiil pi3HHUII
HOMEpiB KIHIIIB pedep YTBOPIOIOTH psii HATypallbHUX  YUCEN
1,2,3, ..., k—1 6e3 TOBTOpEHB.

3 MoMeHTy cBo€i nosieu y 1976 poui i 10 chOroaHi, rinoresa mnpo
IPaIio3HICTh IEPEB € OAHIEI0 3 HANMOMYJSPHIIIMX MaTeMaTHYHHX
rinore3. JloBeneHHs 1i€l rinoTe3n aBTOMAaTHYHO JI0BEIO OU, 30KpeMa, i
rinotesy npo Te, MO BCi MIBCUMETPUYHI JepeBa JOMYCKalOTh
niBobeproBy T-hakropuzamito ([inoresy 1).

IcHye 1Ba OCHOBHUX ITiIXOM JI0 PO3B’A3aHHS IPOOJIEMH ICTUHHOCTI
rinoTe3u Mpo rpamio3HicTh AepeB. [lepmuii 3 HUX NonsATrae B TOBENCHHI
rpamio3HOCTI Ta OTPUMAaHHI AJITOPUTMIB TIPAllio3HOI PO3MITKH IS
OKpEeMHUX KJIACiB JiepeB. SIkOM Baasocs MpoJeMOHCTPYBATH IPallio3HICTh
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yCiX MOXJIMBHX KJIaciB JiepeB, TO rimorte3dy Oymo Ou moBeneno. Ha
CBOTOJIHI TPAIiO3HICTh JOBEICHO IS 3IPOK, JIAHIIOTIB, TYCCHHIIb,
OJINBKOBUX JEpPeB, NEAKMX IIigkiaaciB omapiB (deepmepkiB, (2,2)-
TYCEHUIlb, OMapiB 3 JOCKOHAIUMH MMapOCHONydeHHIMH), OaHAHOBHX Ta
y3aranbHeHHX OaHAHOBHX JIEPEB Ta HU3KU 1HIIUX KiaciB aepes (puc. 3).
3Haif/IeHo0 3HaYHYy KUTBKICTh METOJIB MOEIHAHHA KUTHKOX T'PaIio3HUX
JIEpPEB 1T OTPUMAaHHS O1IBIIIOTO TPaIlio3Horo Aepesa [4].
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Puc.3. Jlesiki kiacu rpaiio3HuX JIepeB

[Hmm#i migxix Ko BiAMOBIAI Ha MUTAHHS PO TPaIiO3HICTH yCix
JepeB TOJNSTaE y BUKOPUCTAHHI KOMIT'IOTepa Ui  TEpeBipKU
TpaIio3HOCTI JepeB, KUIbKICTh BEPIIMH SKUX HE MEPEBHUIIYE 3aJaHOol
CKIHYEHOI BenuuuMHHW. Takuél MiAXiA € JOJATKOBUM JDKEPETIOoM
QITOPUTMIB TpAIiO3HOT PO3MITKM JepeB, a TaKoX MOxe OyTH
BUKOPUCTAHUH JUIS CITPOCTYBAHHS TiMIOTE3H, SKIIO OyJie 3HAIEHO X0o4a
0 o/IHE IepeBo, SKE HE JOIMyCKae rpamnio3Hoi po3mitku. Jloci, monpasaa,
TAKOro JiepeBa He 3HAHAeHO (SIK AOTEMHO 3ayBaKUB 3 IIOTO IPUBOIY
OJIMH JIOCIIHHK, «Bipa B CIPaBEJIMBICTh TIMIOTE3H PO I'Pailio3HICTh
JICpeB HACTIJIBKU CHIIbHA, 110, SKOM HaBiTh OyJIO HACHIpABIl 3HAWICHO
JIepeBO, AKE HE I0IyCKae rpallio3Ho1 pO3MiTKH, Horo, cKopiie 3a Bce, He
Bu3Hamu O jgepeom» [5]). Y 2010 pori DaHr BHUKOPHCTaB
JEeTepMIHOBaHUI alTOPUTM MOIIYKY 3 MOBEPHEHHSM 1 JIOBIB, IO BCi
JiepeBa, sIKi MaloTh He Oinbie 35 BepiuH, rpamio3Hi [6].
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OOwuBa MAXOMU O BUBYCHHS TIlIOTE3W MPO TPAIO3HICTH JCPEB
JIOCi JaBallv JIMIIE MiATBepKEeHHS Tirmote3u. [IpoTe neski AoCiiTHUKA
BHCJIOBITIOIOTH CE€PI03HI CyMHIBH MO0 ii BipHOCTI. 30KpemMa, A. Bietpi
[7] 3ayBaxKye, 0 MMEepeBayKHY OLIBIICTH METO/IB MTOOYIOBH IPaIio3HOL
po3iTKH Oyno po3pobJeHO [UIsi JepeB, SKi MaloTh IEBHI PUCH
perymsipHOCTI (31pKH, CHMETpWYHI JepeBa) ab0 XapaKTepH3yIOThCA
JOCUTH TIPOCTOI0 CTPYKTYpOrO (TyCceHHIl, ()eepBEpKH), B TOW XKe Hac
MOBHICTIO BIJICYTHI JIOKa3W TpaIliO3HOCTI y BHIIAJAKaX JOCTaTHBO
HEpEeryJIsIpHUX AepeB (HaBiTh Tpallio3HICTH YCiX OMapiB mie JOCi He
TIOBECHO).

BriMm, BapTO 3a3HauMTH, IO HEMIOAABHO OYJIO JOBEIEHO OJHY 3
rinore3, 0e3MOCEpPENHbO TOB’S3aHUX 3 TIMOTE30I0 MPO TPAIiO3HICTH
nepeB. Ceoro yacy Poca 3amponoHyBaB Tparfio3Hy po3MiTKy (BiH TOII
Ha3BaB ii [-OIliHKOIO) SK 3acid TOBeIEHHS HACTYIHOI TiMOTE3H,
BUCYHYTOI y 1963 poui:

Iimore3a 3 (I'imote3a Pinrens) [8]: musg KOKHOTO T0IAaTHOTO
yrciaa m icHye posknan rpadga Komer Ha 2m+1 i3omopdHuX nepeB
nopsinky m+1 (puc. 4). Kiam ta llrtanen y kBitHi 2020 poky [9] Ta,
HEe3aJIeKHO BiJ HUX, MoHTtromepi, [lokpoBcbkuii Ta CynakoB y ciuHi
2021 poxky [10] ommy0ikyBamy TOBEACHHS TimOTe3u PiHress.

Puc. 1.1. Po3knan rpada K7 Ha 7 i3o0MOphHUX AepeB NOPSAKY 4.

Cepen edekTHBHHX NUISXiB KPUTHKH TilIOTE3W MOXHA Ha3BaTH
aHaJIi3 yCiX MOKJIMBHUX TPAIiO3HUX PO3MITOK JIEIKUX IPallio3HUX JEPEB,
0 J]aB OM MO>JIMBICTh OLIHUTHU BIUIMB CTPYKTYPH JIepeBa HA MOMKIIUBI
HoMepH Horo BepmmH. Ha nymky Bierpi, meski gepeBa 3i CKIaJHOIO
OyJOBOI0O MOXYTh HaKJIaJaTH HACTIUIBKH CEpPHO3HI OOMEXKEeHHS Ha
PO3MITKY BEpIIWH, 110 IPalio3HICTh KX AepeB OyJie MOCTABICHO IIij
cyMHiB [5]. Xo4a 3HaXO/PKEHHS IPaIliO3HUX PO3MITOK JIJIS YCiX JIEpeB 3
KUIBKICTIO BEPIITUH JI0 35 BKJIFOYHO BU3HAETHCS BATOMHUM apr'yMEHTOM Ha
KOPUCTb TPaBIUBOCTI TiMOTE3W, aje ued (akT HIIKUM YHHOM HeE
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BUKITIOYAE MOXJIMBOCTI ICHYBaHHS HETPAIiO3HUX JEPEB, IO MAaloTh
OinbIne Hik 35 BEpIIUH.

Taxk 4m iHaK1Ie, CHOTOHI I PAHO TOBOPUTH PO IMTOBHE JTOBEIECHHS
a00 CIIpOCTYBaHHS TIIOTE3H PO TPAITIO3HICTD JIEPEB, HE3BAYKAIOUH Ha T€,
mo 3 yacy ii MOSBM MHUHYJNO Maibke miBcTOMTTA. BTiMm, mepeBakHa
OUTBIIICTD MOCHITHUKIB JOCI CXWISETHCS 0 BipH B CIIPaBEIIUBICTH
rinore3n, Oepydd 0 yBard Tpallio3HICTh 0OaraThOX KIAciB Jepes,
pe3yJIbTaTH  KOMIT'IOTEPHOTO  TOIIYKY Ta TIOBHY  BIJCYTHICTB
KOHTPIIPUKIA/IB. BiaMOBiIHO, BIIKPUTOI 3aJHUINAETHCS TiNOTE3a PO
Te, M0 KOXHE IBCUMETPUYHE JepeBO [OIMyCKae IMiBoOepToBy 7-
(hakTopHU3aIlito.
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"KOTHITUBHI UACJIA" SIK ITIPUKJIAL ""KUBOI
CTPYKTYPHU"
HOpiii [Ipoxomuyk
Institute of Technical Mechanics of the NAS and SSA,
Ukrainian State University of Science and Technologies

"COGNITIVE NUMBERS'" AS AN EXAMPLE OF "LIVING
STRUCTURE"

Abstract. The paper considers possible cognitive mechanisms of formation
of quantitative meanings in explicit and implicit processes of knowledge
representation about the world. The specific properties of the formal structure
"cognitive number" are analyzed. It is claimed that this entity belongs to the class
of "living structures". Key words and topics: “cognitive number”, “living
structure”, “intelligent mathematics”, the nature of vagueness, sketch networks,
multi-resolution descriptions, the meaning of information, symbolization,
cognitive measurements, cognitive sensors, entanglement, wholeness, cognitive-
affective processes, creative imagination, combinatorial complexity, principles
of constructing world; A formal model approach.

Y JI0MOBifi PO3MIIAJAIOTHCS MOJKIJIMBI KOTHITHBHI MEXaHI3MH
(hopMyBaHHsS KIJTBKICHUX CMHCIIB y SBHHX Ta HEIBHUX HpoIecax
penpe3enTaltii 3HaHp PO CBIT. AHAIIZYIOTHCS CIIEIU(IvYHI BIaCTHBOCTI
(hopMasIbHOT CTPYKTYPHU «KOTHITHBHE YUCIIO» (KOr-4uCiio / cog-number).
VY pamkax mapagurmu rpaHudHuX y3araiabHeHb (III'Y) cTBepmkyeThcs
[1, 2, 3], IO 1151 CYTHICTB, SIK i BCi Mepexki HAUEPKiB, HAIEKUTH JI0 KJIacy
(OKUBHX CTPYKTYp». PO3risitHeMo 1o CyTHiCTb OLTBIN IeTalbHO.

Bynp-sike 4mcno-3HaYeHHS OYIb-KOTO TECTy Ma€ MHOXHHHY
iHTepnperauito [1, 4, 5]. Ha puc. 1 B nuHaMili mokasaHa CTPYKTypHa
(ppaxrano-noaidHa) iHIIALIS - TeHepallis CeHCY - KOTHITUBHOTO YHCIia
x gesikoro tecty A (Mental Magnitude Representations; Temporal
morphogenesis, Morpho-evolution with learning; Foundations of
Quantitative Thought; Intelligent Mathematics: Number Understanding
Modelling). ®opmansHe npeacTaBieHHs kor-uucna 7. Gv(7) = {a —>. b}
[Context]. Ilpuknan: «Temmnepatypa tina =38°C» — «Tem. Bucoka» —
«Temn. ne Hopmay.
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X X X X
Puc.1 - Cmpyxmypnua inrsayis - eenepayis cMucy - KOCHIMuUeHO20
yycna x

Bysnu 'mepeBa' / Mepexki HauepkiB 3aal0Th BHYTPILIHIO
iHTepIpeTalito BXigHoro uncia / 3Haderns (Meaning of information: the
interrelation between numerical and language processing; The
Emergence of New Meanings in the Self). ¥ mporueci cy6'ekTuBHOT
IHQIAIT KOr-4uCiIo ‘3pocTa€’ sK JKuBa CTPyKTypa. CXOXKICTh J10Ja€e
IUHAMIYHA ITUPKYJIAIMis eHeprii / aKTHMBHOCTI, 30KpeMa, XBUJILOBE
MOLIMPEHHST EHEPTii 3 yciMa HaciiakaMu (pe30HAaHCI, JTaBUHH, BUXOPH,
ocumisitopu). st ®KUBOI CUCTEMH BaXKIIMBO €KOHOMHUTH eHeprito. Lle
MIPUBOJUTH 10 KOHIIETIIi KPUTHUIHOCTI MeHTanbHOI cepu [1, 5]. Husa
peanizamii KpUTHYIHOCTI MOTPiOHA PI3HOMAHITHICTh HAYEPKiB 00pa3iB —
SIK TOYHUX, TaK 1 rpyoux. L[ pisHOMaHITHICTh 32a0€31edy€eThCs MEpEexKero
HavepKiB 00pazy, pi3HOBUIOM SKOi € KOT-9HCIIO.

Ilpumimka. Christopher Alexander (apxitekTop Ta Au3aitHep)
BUSIBUB [0], 110 Y3rOJ/pKEHE IiJie Ma€e BpaKarouWil XapakTep, 3BaHWU
KHUBOIO CTPYKTYpOolO abo UTCHICTIO, sika € (i3uyHor  abo
MaTEeMaTHYHOK CTPYKTYPOIO, IO CKIAAAETHCS 3 0374l MiACTPYKTYp 3
BIacTMBOO iM  iepapxieto. lline mocTihHO 1 PEeKypCUBHO
TUQPEPEHIIIOEThCS Ha dMciaeHH! cyOuini. Lle He ckiagaHHS TOTOBHX
enementiB 'y crumi LEGO, a 3poctanns, monibne no emOpioHa, 3
MOCTIHHOIO MU(EPeHIIialliel0 Ta aJanTaIli€r 10 €IUHOTO 1ijoro [6, 7].
Alexander BBiB mousaTTs "degree of order" — me dopmanbHa
XapaKTepUCTUKA, SIKY MOXHA TOB'S3aTH 3 JKUTTEBICTIO, CTPYKTYPHOIO
Kpacor, 3B'I3HICTIO / IUTicHICTIO abo rapMmoHiero. Mepexa Mepex
HavepKiB (MoJ/IeNb MEeHTaIbHOI cepu B pamkax [1I'Y), BKIFOUHO 3 KOT-
4yuclIaMy, BiamoBiaae i xapakrepuctuii (Living Structure, the Degree
of Structural / Cognitive Beauty or Livingness).

[ToHATTS ’KMBOT PO3YMHOT CTPYKTYpH 0€3M0CEPEAHBO CTUKAETHCS 31
cnennGiYHUME TIpoOJIeMaMH CMHUCIY, Kpacu, PO3YMIiHHS B PI3HHX
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acrmekTax (KOHLEMNIii KPUTHYHOCTI, 3aIUIyTaHOCTi; «CTUCHEHHS - LE
PO3YMIHHS»: MOJIENb Kpalle, SKII0O BOHA MOXXE MOSCHUTH OilbLIe 3
MeHmuMH BuTparamu) [3, 4, 5]. YV pamkax III'Y po3poGnsgerbes
3arajgbHUN TiAXIT 471 eeKTUBHOTO BHSIBICHHS Y Po3ymi 6a30B0i xKUBOT
(po3yMHOI) CTpYKTypH Ta Il MACTPYKTYp 3 ypaxyBaHHSIM TNPHHIUIIIB
€KOHOMIi, XOJi3My, aIanTUBHOCTI / JKUBYUYOCTi, TyXOBHOCTI Ta KPAacH.
JlyXOBHICTb € Ba)KJIMBUM aCIIEKTOM KOTHITHBHOI KpacH.

3rigHo 3 uuM opranizmMiyHuM ceitorisinom (Whitehead, Alexander)
[7], CBIT € KOTEPEHTHUM MIIUM, a He (PparMEHTOBAHUM Ha MEXaHIYHI
YACTUHH, SIK LI€ PO3YMIETHCSA 1 COPUIMAETHCS B JAHMH 4ac B paMKax
KapTe3iaHChKOi KapTHHHU CBITY (i 1Ie MepeHOCUThCsl Ha MoJielti Pozymy).
Konneniisi  «KOTHITMBHMX  4YHCE»  BIANOBigae  IiylicHomy  /
XOJICTHYHOMY MiAX0Ay 3 orisiny Ha « OHTOJOTI0 TyXOBHOCTI». YKomHa
3 HayK TpO CKIAAHICTh 0Ci HE 3alMaeThes IMPOOIEMOI0 CTBOPCHHS
"MyXOBHHX CTPYKTyp / cyTHOcTed". be3 Takux CyTHOCTEd BOHH HE
3MOXYTh 3pO3yMiTH, 30Kpema, metadopy "Iyma wmicus / obpasy /
00'exTy / umcia".

Ha cepennpoMy 300pakeHHi puc. | mokazaHi iHAyKTOpH abo
EBPUCTHKH, SIKi TAKOX JJO3PIBAIOTH B MPOIEC] IMILTIIUTHOTO Mi3HAHHS Ta
HaKOIIMYEHHS JOCBIY 1 € YaCTHHOIO Kor-uncia. [IpudoMy iHIyKTOpH € 1
JUIL BY3JIB 1 3B'S3KIB MiX 3HAa4eHHSMH (CTPUIKM PI3HUX KOJBOPIB i
tuniB). [HIyKTOpHMIT TpocTip 3abe3meduye 3alUTyTaHICTh (CHIIBHY
3B'SI3HICTH) a00 MITICHICTh MEHTANBHOI cdepu. [HayKTOpH peanizyloTsh
rOOKyY 1HTYIIi0 (BTUICEHWH MPOTHO3), ayIUT Ta CeMio3uc (O3Havae
MpOLIEC IHTepIpeTallii 3Haka abo Mpoiec MOPoKeHHS 3HaueHH ). Kpim
TOT0, KOT-YHCIIO Oepe y4acTh Y TUX Y 1HIIHUX CIIOCTEPEKEHHSX / MOJIisX
i, oTxe, "cTpinax dacy" (¢popmytots Cy6'extuBHuit IIpoctip-Hac-/lii -
CITY/: interconnected nature of remembering and imagining; memory
and imagination as meaning-making processes; Cognitive computing
systems; Extending dynamics with fractal like calculus; Livingness of
Space). OcranHi pa3oM 3 iHAYKTOpaMH Ta HapaTHBaMH pealli3yloTh
y3arajbHEHe 3arjIyTyBaHHS KOr-uMcia (TecTa), a TakoX (HOpMYIOTh
pi3HOMaHITHHI KOHTeKCT (nmocBim). lle y3araapbHEHHS HO3BOJISIE
aHaJIi3yBaTH IUHAMIKY (pakTalo-NOAIOHMX CHCTEM, BJIOBIIOIOYH iX
CKJIaJHI Ta CaMoOMoMAiOHI BJIACTUBOCTI, 30KpeMa, KPUTHYHUN CTaH.
MynbTu-QopManizM, SKHA 3aCTOCOBYETHCS B KOHIENTI «KOT-YHCIIa»
(3arasioM B Mepekax HAuepKiB), BIJKPHUBAE HOBI MOXIMBOCTI i
PO3yMIHHS Ta MOJICITFOBAHHS CKJIAJHUX Ta HITICHUX (PpaKTaao-no i0Hux
"posymHux"  obumcmoBanbHUX  cTpykTyp  ("Living Numbers":
Computing the Structural / Cognitive Beauty of "Cognitive Number")

[5].
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MeHTanpHa JeTamizailis OyIap-SKOTO 3HA4YeHHS 7  KOT-YHCIa
IPYHTYETBCS SK Ha «KOHTPOJBHOBAHIM (KOHTEKCTHIHM) raaroruHarii /
Controlled Hallucination» B Mexkax MepeKi HAUEpKiB ( 7 [Context]), Tak
1 Ha «TBOpUii (KOHTEKCTHii1) ysBi / Creative Imagination» ( 7 [Context];
KOHTEKCTH (hOPMYIOTBCS «CTpiJlaMH dacy»; Imagination as higher mental
function). MHOXXMHa eMOWIMHUX MOMIH, B SIKM BKJIIOYEHI KOT-4HCIA,
BimHOCHTH Kor-umcna a0 «Ontology of spirituality» (sk 1 iHIII Mepexi
HauepkiB). [lificHo, KokHE (EKCTpeMallbHE, HE THUIIOBE) 3HAYCHHS KOT-
yrciaa BUKIWMKae 3 mam'sti (mocBigy - CIIY/]) MHOXMHY eMOmiiHHX
MOJif, e BHHUKAJIO TaKe 3HAYEHHS, & TaKOX MHOXXHHY IOSICHEHB
acuctenTiB (Remembering Through the Environment). B cykymHocCTI 111
noJiii OpPMYIOTh «eMOLIIHHY aypy» HaBKOJIO TOTO YH iHIIOTO 3HAYEHHSI.

Bynb-ske 3HaYCHHS/3HAK 7 MOKE BiToOpakaTH aKTUBHICTD JACSIKOTO
Hapucy o0pa3y abo pajaukaina P, Halpukia, aii. DopMalibHO 11e# 3B'130K
€ xorom Cog(z, P), Tomy moxemo 3anmcatu: Gv(z) = {Cog(a, P.) —>.
Cog(b, Pp)}. [Context]. Take mpencTaBieHHsI PO3KPHUBAE B3AEMO3B’ A30K
MiXK 00pazHMM Ta 3HaKOBUM MHUcIeHHsM. CHibHO, BCi acmeKTH
MPECTaBICHHs Kor-umcia (GopmyroTh «number sense». MucieHHi
OoO0YHCIIEHHS Ta OIIHKU € 0a30BHUMH IOBCSKICHHUMH HAaBUYKAMH, SKi
HEOOXiZHI IS pealbHUX apu(METUIHUX OTepaliil Ta pO3yMiHHS YUCel
(Mental Computation and Estimation). BmpaBu 3 wmwucieHuM
OOYHCIICHHSIM-y3arallbHeHHAM ~ CIIPUSIIOTh  PO3BUTKY MaTeMaTHYHHX
KOHIIENI[ii Ta HAaBUYOK, TaKWX SK OUIBIN TITHOOKE MOYYTTS YHUCEN Ta
YUCJICHHI KOTHITUBHI 3J1I0HOCTI, BKJIIOYAIOYM THYYKICTh BHOOpPY
CTpaTerii (HampWKkiaj, piBHIB aOCTpakIii Ta aHaJOTrid), IO
BUKOPUCTOBYIOTHCS Y PI3HUX MaTeMATUYHUX, QI3UIHUX Ta 1HKECHEPHUX
00JIacTsIX.

[TopiBHSNTE KOHIEMITI «KOT-YMCIIa», «HEUITKOTO YHCIIa», «p-
QJIMYHOTO YHCJIa» Ta «CIpOT0 4YHCia» (KOHIENTH «IHTENIEKTyalnbHOT
MaTeMaTHKH»). By nb-skuit npupoauuii cencop Gopmye kor-uucina, Kor-
3Hakd. Ha koxHii crazaii po3BUTKY Bepcii Kor-umcia (opMaibHO
PI3HATBCSA MiX CO00K0 (MarOTh Pi3HY CXeMy iHTeprpeTarii abo cxemy
CMHCJIOBOTO MOZEIIOBaHHs). 3 1Ii€i MPUYUHM KOT-yuca X OJM3bKUX 32
3MIiCTOM TECTIB Pi3HATHCS B PI3HUX CY0'€KTIB.

Onwucyroun craH JOBUTBHOI JMHAMIYHOI CHCTEMH BEKTOPOM
KOTHITHBHHX 4uncen oTpumaemo [1I'Y-koHmermniito 6aratoMacmraGHOro
¢azoBoro npocropy. Koxxen macuirabHuii piBeHb GOPMYE CBiii MATFOHOK
MOBEIHKM JIMHAMIYHOI CHCTEMH 3 ypaxyBaHHsIM cBoei ¢dizuku. Bci
MaciuTadH iCHYIOTb OJJHOYACHO.
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Koxne xor-uucno B paMKax 3alaHOTO TECTY Ma€ BJIACHY MEPEXyY
HauepkiB-iHTepnpeTanid. O0'eAHAaBIIM Y KOXKEH MOMEHT 4acy Mepexi
HA4YepKiB BCIX YMCET-3HAUCHb TECTy A, IO PO3BHBAIOTHCS, OTPUMAEMO
3arajbHy MEpEeKy HadepKiB TeCTy, AKy, Y psAdi BHUMNAAKIB, MOXHA
MPeCTaBUTH Y BUTIIAII Mepexi ToMeHiB TecTy G(A) (mpuKian Ha pHC.
2; KpyTH — [Ie IOMEHH, 3HU3Y Bropy Hie y3araibHeHHs; 0a30BUI/HIDKHIN
moMmeH uncioBuit; Temporal morphogenesis) [1].

Puc.2 - Ilpuxnao cmaodiv cmpyxmypHoi inghasayii mepesici Hauepkie
mecmy G(A)

«Mucnenns — ne omnepyBanHs Cwmuciamu». CyKyIHICTE MEpPEX
JIOMEHIB TECTIB pa3oM 3 iHAYKTOpHUM MpocTopom Ta CITH/] dhopmyroTs
CMHCJIOBY CHCTEMY KOOpAMHAT OyJb SKOTO JOCHIDKEHHS abo
muHamivHoi cuctemu [4]. KoHmenis 'kor-uncna' cBiTYUTH PO TE, IO
Ma€ MiCIl€ CIIOHTAHHA CHHTETMYHA JiSILHICTE, KA TO3BOJISIE JUTHHI
3p03yMiTH 200, MBU/IIIE, TOCTYIIOBO OTPUMATH IHTYIIIiFO, 10 B 0aratbox
mpolecax CIPUHHATTS Ta MUCIICHHS 3a/lisiHa OJHA i Ta cama PeryJIroya
koHuernis — 'ancio' (Complexity of numbers: Phenomenology / Essence
of Numbers).

Hasenemo «MaTtemaTHuHy MOJeNb IOPOIKEHHS! CMHUCITY CUTHAITY /
3MiHHOiI / Kor-umcen» (sense-making) abo «Mopenb aganTUBHUX
MPOLIECIB  Ta PEXKHMMIB YCBIIOMJICHHS CEHCOPHHX CHTHATIB Y
KOTHITUBHHX cucTeMax» (KomeHTap B [1]):

Test [#TestX...] [{a/A}] [Context] {
Dn ["Dn...] [#Dx...] {;; } [{On}al [{Sg}al [{S, R}a]l [{NN}:]
[{Ag}n] [{LAOT}:]

D2 [AD2...] [#Dy...] {1} [{On}a}] [{Sg)al [{S, R}al [{(NN}:]
[{Ag}a] [{LAoT)2]
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DI [*D1..]{;;} [{On}i] [{Sgh] [{S, Rh] [{NN}i]
[{Agh] [{LAoT}]1},
V{;;}={z ["xu..] nte] [{g/ue}i];...; 2 ["X...] [Int] [{g/}]},

ne Dj — 3amaudi po3pizaenns, a { LAoT};— mocBin («ctpimu gacy» CITY/).
Le 3aranpHa Mozienb OyAb SIKOTO KOTHITUBHOTO CEHCOPY B XOJICTUYHIN
napagurmi.

BucnoBok. Konmenmii  HECKIHYEHHOCTI 1  KPUTHYHOCTI
MpeacTaBjieHb / 3HaHb Ta PECYPCHOI THYUYKOCTI y 3a/lauaxX pPo3pi3HEHHS
JIO3BOJISIE 00'EKTUBHO OI[IHUTHU <OKHUBY (PO3yMHY) CTPYKTYPY» (MEpexi
Ha4epKiB, KOT-4WCIa) 3 TMOTIISIAY ii Kpach 49U KUTTEBOCTI: «CTPLIN
MMi3HAHHMD, KPUTHYIHI HAYepKH; CUTYaTUBHUU TIPOCTIP MOKIHBOCTEH,
MYJIBTH-(POpPMaTi3M, MPEIMKATUBHICTD, KOJICKTHBHICTbD,
KOHKYPEHTHICTb, TMHAMIYHICTh, PECypCHA €()EKTHBHICTb.

3 OankoM TecTiB {Gv(7)} Oe3mocepeHbO MOB'sI3aHa KOTHITHBHA
CKJIQHICTh, IO BHU3HAYAETHCS PO3MIPHICTIO Ta PI3HOMAHITHICTIO
CEMaHTHYIHOTO TPOCTOPY, TKUM OIEPYy€E TOM UM IHIMUH CyO0'€KT/arcHT.
JIronu 3 O1TBIIOI0 KOTHITHBHOIO CKJIATHICTIO JIETTIIE TIEPEHOCSITh KPU30Bi
CUTYyaIlil Ta HAaBaHTAXXEHHSI, IIBHU/IIIE 3HAXOIATh BUXIJ i3 HUX, 3aBISIKU
OLTBIIIOMY PO3MAITTIO EBPHUCTHK Y 3a7a9aX PO3Pi3HECHHS.
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TEOPETUKO-I'PA®OBA TIOCTAHOBKA 3AJIAY1
OOPMYBAHHJ HIVIBOBUX I'PYII HA OCHOBI ®AKTOPA
3MAI'AHHSA

Amnton Pa6enko, Enina Tepemenko
Hayionanvnuti ynisepcumem “3anopizvka nonimexwika”

GRAPH-THEORETICAL STATEMENT OF THE FORMING
TARGET GROUPS PROBLEM ON THE BASIS OF THE
COMPETITION FACTOR

Abstract. The authors conducted a study of a number of the best options for
the formation of target groups with given parameters, taking into account the
positive practical experience of interaction between participants.

LinboBa rpyna — e KOJEKTHB, SIKUH BUKOHYE TiSUIbHICTD CITIIBHO-
B3a€MOJIIOUOr0 THITy Ui IOCATHEHHS KOHKPETHOI METH. 3MiCTOBHA
MMOCTaHOBKA 3aBjaaHHs (opMmyBaHHs HuUIboBoi rpynu (L)) mae Take
¢dopmymroBaHHs. {75 BUKOHAHHS KOHKPETHOI IJTLOBOI MpOrpaMu
HeoOXximHO cdopMyBaTh KONEKTHB (Opuramy, ekimax, TBOPYHN
KOJIEKTHUB) 3 JIESIKO1 BXK€E iCHYI040T MHOKMHH (haxiBLiB Pi3HOTO Mpodisio.
BupoOuuua misieHicTh LT mepenbauae indopmamiiinuii oOMiH Ta
B3a€MOJIII0 MiX i1 ydacHMKaMu. OCHOBHA BUMOT'a 10 POOOTH KOJICKTHBY:
e(eKTHBHE BUKOHAHHS MIOCTABJICHOTO 3aBaaHHs [1-3].

3MICTOBHA IMOCTAaHOBKA IIOJISITa€ B TOMY, 1100 MPOBECTU CEPIIO
3MaraHb MK KOMaHJaM{ BUKOHABIIB, IOpa3y BapilOIOUW CKJIAJ IUX
KOMaHJI.

KinpkicTh yd4acHUKIB y KoOMaHAax Mae OyTH OLIbIIOK, HIX
KUTBKICTh YYACHHUKIB y IIUTLOBHUX TPYIIax, SKi MU IUIaHYEMO cpopMyBaTH
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B pesynbrari. [licins mpoBeleHHS 3MarajipHOI cepii MH OTPHUMAaEMO
iHpOpMaLio PO CKIagu KOMaHA Ta IXHI pe3ynbTaTH, IPyHTYIOUHCh Ha
SKiA OIIHUMO TOTEHI[IHY YCIIIIHICTh B3a€MOJii KOXKHOI Tapu
BHKOHABIIIB, 1[0 MOXe OyTH BHKOpHCTaHEe TpH (OPMYBaHHI MUTHOBUX
IpyIL.

ChopmymroeMo MaTeMaTH4YHy IOCTAHOBKY 3amadi (opMyBaHHS
IITOBUX TPYI HA IOBHOMY HeopieHToBanomy rpadi G = (O, E).

Muoxuna BepuuH O = {0i|i =0,n— 1} BIJIIIOBIa€ MHOKUHI
NOTEHUIAHUX BUKOHABLIB. KokHe pebpo e;; € E Mae uncenbHy Bary wij,
sAKa BIIOMBAE SKICTh B3a€MO/IIi IBOX BUKOHABIIIB 0; Ta 0;.

Hani Oyne petanbHO ONMKCaHa METOAMKA PO3PaXyHKY HUX 3HAYCHb.
JlomyctumuM po3B'si3koM 3amadi € miarpad x = (0,E),0 c O,E C E ,
SKUH CKIIANAETHCS 3 MAKCHMaJIbHO MOXKJIMBOI KIJIBKOCTI KOMIIOHEHT
3B’SI3HOCTI, KOJKHA 3 SIKMX Ma€ MOTYXHicTh k. KojkHa Taka KOMIIOHEHTa
€ TIOBHUM rpadoM, i BOHA MPeACTaBIsIe TPYIy BUKOHABIIIB. SIKIIIO N HE €
KpaTHUM Kk, TO 10 X HE OyIyTh BXOIUTH T BEpIIHH, A€ T - OCTaya Bij
nieHHs n Ha k.

MHoxuHa ycix gomyctumux po3s's3kis (MJIP) Harpadi G = (0, E)
nosuaunmo 4yepes X = X(G) = {x}.

Ha M/IP Bu3HaueHo BekTOopHY 1iTboBY pyHKIit0 (BLID):

E = (F, i),
IO CKJIQIAETHCS 3 TAKHX KPUTEPIiB:
MAXSUM: F, = Zeijeﬁwij - max,

MAXMIN: F, = maxw;; - max.
i

[epmmii kpuTepiit oLiHIOE 3araibHy yCHilHICTD. Jpyruit kpurepiit
OIIIHIOE “‘HalCIAa0KINTy JIAaHKY ’, TO3BOJISIOYHN OOpaTH BapiaHT, IPH IKOMY
MaKCHMI3YIOThCS MiHIMaJIbHI Bard pedep B KOXHIA KOMITOHEHTI
3B’SI3HOCTI.

BI® Buznawae B MJIP mnapericbky mHOxkuny (IIM) X, mo
CKJIaJa€ThCsl 3 YCIX MapeTiBChbKUX ONTUMYMiB. byaemo posrisgatu
ITOPUTMIUHY NPOOJIeMy 3HAXOPKEHHS TIOBHOI MHOKMHH aJlbTEPHATUB
(IIMA) X°, sxa e miamuoxkuHOI0 [IM MiHIMaJIBHOT TOTYKHOCTI i Tpu
IOMY BHKOHYeThCcsa ymoBa F(X°) = F(X) [4].

Cepis 3Maranb OyJie CKIIaaTHCS 3 OKPEMHUX 3MaraHb, CINIAHOBAHUX
TaKAM YWHOM, MO0 KUTBKICTh TEPEMOXIIB Oyia HE MEHIe TPETHHH
3arajbHOI KUILKOCTI KoMaH. Hanpukmian, sikio MaemMo 12 BUKOHABIIIB,
TO Uil KOMaHJ 3 YOTHPHbOX YYACHHUKIB PEKOMEHAYETHCS IMPOBOIUTH
3MaraHHs 3 OJJHi€I0 KOMaHJIOI0-TIepeMOXKIIEM. A K110 Tpeba popMmyBaTu
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KOMaHAM 3 TPhOX YYACHUKIB, TOJAI OLIBII IOIIEHO OOMpPATH JBOX
MEPEMOXKIIB B BOX TMapax komaua. Lle poOuThcs st Toro, Mmoo mois
MIEPEMOT Ta MPOTpPaIIiB Oyira MOPiBHIHOIO.

[Ipu mmanyBaHHI cepii 3MaraHp Ba)KJIINBO CTBOPHUTHU CKJIaId KOMaH]T
TakMM YHMHOM, 100 KOXXKHA MOXIJIMBA Iapa BUKOHABIIB Oyja JEKilIbKa
pa3ziB B opmHiii komaHmi. ToOTo mpm TakoMy IUTaHYBaHHI Tpeda
BpaxoOBYBAaTH PECypc 4acy — CKUIBKH Cepiii 3MaraHb € MOXKIIUBICTh
MPOBECTH. 3a TIEBHUX YMOB MOHA BIJIMOBUTHCS BiJl ITbOTO OOMEKCHHSI.
3ayBaxuMo, WIO JOCITI/DKEHHS TaKOrO TIUIAHYBaHHS Ma€ OKPEeMHI
HayKOBHI IHTEpeC.

B Tabnumi 1 HaBemeHO PoO3MOALNT 8 TpaBIliB 3a JBOMa KOMaHIAMH,
TakuM YMHOM, OO0 KOXKHA IMapa TpaBIliB I'paja 3a OJHy KOMaHIy HE
MEHIIIe ABOX pa3iB. ['paBii mo3HadeHi iHaekcamu Big 0 10 7 BKIIOYHO.
Cepist cxmagaetrbess 3 8 3Maranb. TakoK 3ayBaXHMO IO B I[bOMY
MPUKJIAI MaKCUMaJIbHA KIJIbKICTh BXOPKEHb B OJTHY KOMaHAy JJIs apu
(0g, 07) OPIBHIOE 5, a cepeHe 3HAUSHHS KiTBKOCTI TOPiBHIOE 3.43.

Jnst pospaxynky peGepHoi Barn w;j OynemMO BHUKOPHCTOBYBATH

popmyy:

ne N, ; - KUIBKICTB IIEPEMOT KOMaH/I, 10 CKJIa/ly SKMX BXOJIUIIN BUKOHABII
0; Ta 0j,
N;j - 3araibpHa KiIbKIiCTh KOMaHJ, 110 CKJIajy IKUX BXOJMJIM BUKOHABII
0; Ta 0;.

Tabumns 1

Po3mois1 rpaBiiiB 3a 2 KOMaHIaMH
No Ckiag xkomagau 1 | Ckiag koMaHou 2 [Tepemorxenp
1 0,2,3,4 1,5,6,7 KOMaHza 2
2 0,2,3,6 1,4,5,7 KOMaHza 2
3 0,1,2,3 4,5,6,7 KoMaHza 2
4 0,1,3,5 2,4,6,7 KoMaHza 2
5 0,2,6,7 1,3,4,5 komaHna 1
6 0,1,4,6 2,3,5,7 komaHza 1
7 0,1,2,5 3,4,6,7 KoMaHza 2
8 0,4,5,7 1,2,3,6 KoMaHza 2
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Hanpuknan wog = 0.750, Tomy 1o mapa (0,, 0¢) Opajia y4acts B
YOTHPBOX 3MaraHHsx (3a Homepamu 2, 4, 5 ta 8), 3 sskux 3 Oynu 1y Hel
repeMoxkHi (4, 5 Ta 8).

Skimo Hama MeTa B IIbOMY IPHUKJIAZl MMOJsArajga B CTBOPEHHI IBOX
LUTBOBUX TPyH IO TPU BHUKOHABLS 3 HaJaHOI MHOXMHH BOCHMH
kauauarie (tooro n =8,k = 3), To ana ¢gopmyBanHs MJIP Ham
MOTpiOHO chOpMyBaTH MEPEITiK YCIX MOMXIIMBHX BapiaHTIiB (JOPMYBaHHS
Takoi cTpykTypu. Takux BapianTiB 280, mo Bu3Ha4Ya€e noTykHicTh MJIP.

[Ticnsa uporo Tpeba BUKOHATH po3paxyHKH 3HaueHb BLID mms ycix
enemenTiB M/IP. Bizyamizamist nux po3paxyHKiB HajaHa Ha puc. 1.

Maemo nBa po3B'sizku, siKi yTBOpIOOTH [IM Ta IIMA: X559 =
((01:02:07)' (04, 05'06))7 X260 = ((01105:06)1 (02,04, 07))- Ha puc. 1
BUJIIJICHO MapKepH, 110 BiAMOBINaOTh 3HaiineHomy [IMA.

CdhopmMoBaHO MHOXKMHY KpalldX BapiaHTiB (JOpMYBaHHSI IiIbOBHX
rpyn i3 3agaHMMU @apaMeTpaMd 3 YpaxyBaHHSIM IO3UTHUBHOIO
MIPAKTUYHOTO JIOCBITY B3aEMOJIT MK yYaCHHUKAMH.

Po3pobriena MaTeMaTiuHa MOZIETb A€ 3MOTY (popMatizyBaTu BUOIp
BapiaHTIB MITbOBOI TPYMH 3 HAWOLIBII MPOTYKTHBHO IPAIIOIOYNX
YYaCHHUKIB.

040 * o o(e)
U= a0 e o
0.30
025 e o o080 E
& 020 ® OG0 00mO GO®IOW 00 00
0.15
0.10
0.05
000  ©00 © e 0eNED S(IOIGDBNINILES SI8) ISHININ) @ 010 00 0 0

15 20 25 30 35 40 45
Fy

Puc.1 — 3nauenus BI{® ona M/I[P (n = 8,k = 3)
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HEYITKA MOJEJIb KJIACTEPIB HA OCHOBI
MYJBTUHEYITKUX MHOKUH
Ipuna Pscna, Onexcanap CeHbko
Inemumym kibepnemuxu imeni B. M. I'nywxosa HAH Ykpainu

FUZZY CLUSTER MODEL BASED ON MULTI-FUZZY SETS

Abstract. The paper considers the problem of clustering under qualitative
information. Based on the theory of fuzzy sets, the problem is analyzed and its
fuzzy cluster model is proposed. The formal concept of a multi-fuzzy cluster is
introduced. An approach to clustering a set of qualitative data based on fuzzy
combinatorial configurations using a fuzzy similarity relation, a fuzzy kernel,
and the concept of multi-fuzzy sets is proposed.

Hexail 3ajano MHOKHHY 00'ektiB X ={x}

Ta MHOXHUHY
W:{WV}’" iXHIX SIKICHUX O3HAK, SKa HE MICTUTh XapaKTePUCTUUHY
v=1

O3HaKy MHOYKUHU X.
Hexaii 3amana BiAMOBIMHICTE : X —W , IO BU3HAYAE MAaTPHIIO

«00'ekT-03HaKa» ¥ . BBaxkaemo, 1110 koxkeH X; € X Mae HenmycTuii o0pa3

y(x)cW, a KoxHa o3Hakaw, €W Mae HemycTmii mpoobpa3
v (w,) < X . BoueBup, 110 y(x;) — diTKa MIMHOXMHA MHOXKHHE W
cie{l,..,n}.
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BiamoBigHicTh Y TIOPODKYE BiTHOIICHHS €KBIBAJICHTHOCTI ~ Ha
XxX:

xizijW(xi)Z\V(xj), (1)
TOOTO SIKIIO x;,x ; € X MatoTh OfIHY 1 TY % CYyKYITHICTh O3HaK, TO BOHH €
€KBIBaJICHTHUMH.

VBememo ~ OiHapHe  BiAHOIICHHS T=¥x¥ 1o w-
TPaHCIIOHOBAaHA MaTpHIIS, X - 00y TOK MaTpUIIb,

t( X2 X, ) = ‘\y (x)Ny (xj )‘ — TMOTYXHICTh TepeTHHy o0pa3iB 00'eKTiB
x.x; € X . Binnomenns T — pedieKCHBHE Ta CHMETPHYHE, & 7(x;,X; )=
t(xi,xj) ; t(x,x) — KIIbKICTh (HEHyNbOBMX) O3HAK OO'€KTY X;;
((53,) =0 v (1) Ny (x;) =2

[Tokaagemo n(xl-,xj)=t<xi,xj )/‘\u(xi )Uw(xj)

(x;.x;) €R; @n(xi,xj)>0

. i, je{l,...n}; Tomi

MaeMo R, : ; X xX —[0,1].

BoueBuap, mo BigHOWIEHHS R; € BIAHOLWIEHHAM IOAIOHOCTI, a
byHKOiL (xj)=7'c(xl-,x j) € Mipol0 TOAIOHOCTI  €IEMEHTIB
X; € X, je {1,...,n} , 3 €IIEMEHTOM x; € X .

. . n n

Heuitky mniIMHOXHUHY C, = {(xj,pcx’_ (xj ))}j=1 = {(xj,p,» (xj ))} o’

u,-(xj)=n(xi,xj), i €{l,...,n}, HA3BEMO HEUITKUM C, -KJactepoM.

[To3HaunmMo Cz{Cx‘_}’;. 3amamo BigoOpaxenus &: &(x)=C

P
g (Cx,_ ) =x;, x;€X, C, eC. HeBaxko nokasaru, sKIIO s/[pa KIacTepis
C, . C,, mepernnawoThes, 0 C, =C, , i x ~x;, T00TO

nrx; = Co=C x,x;€X. (2)

3rigHo knacugikamii HeHiTKUX KoMOiHaTOpHUX KoHGirypauiii [1, 2]
OTPUMY€EMO HEUiTKi KOMOIHATOpHI KOHQIrypamii Ipyroro mHOpSIKY
TPETHOTO THITY, JJSI SKHX TBIPHOIO MHOXXHHOIO € BEKTOPHO3HAYHA

HewiTka MHOKHHA X = {(x;. [, )}; e [, = (ui (xj )); .
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Muoxuny C TMONAEMO y BUTISAI MYIbTUMHOXHH TaKUM YHHOM.

Hexait K ={K,}’  BusHaueHa 3a (1) MHOXHMHa KITaCiB CKBIBAJICHTHOCTI

mHOkHHE X . BBememo  Bimobpakemns &'(K,), Take, IO
é'(K,)z{Cxi|xieK,}:Q,, ne Q — obpas kmacy K;, skuil €
MHOXMHOIO PiBHMX MiX co6oto C, -knactepiB. ITosHaummo |K,|=k,,
TOII 3 ypaxyBaHHSM (2) Ma€ micue piBHICTS: |Kl| :|Ql|. Hexant u; —
. . K _ p
CTAJOH KJACy CKBIBANCHTHOCTI K, mosHaunmo sk U ={uf,_
MHOXHHY OOpaHMX €TaJOHIB OTPUMaHUX KIAaciB EKBiBaJICHTHOCTI;
u #ugy, | #q. Muoxuny U Ha3BeMO yHHBEPCYMOM MyJIbTUMHOXKHH.

ITo3naunmo a, =Tr(xl- €K, x; eKq)zn(ul,uq), a;, e[O,l],
l,ge{l,..., p}. BoueBnap, akmwo [ #q, 1o ai, =dgy; a; >a, . Matpuio

(a,q),l,qe{l,..., p}, Ha3sBEMO HEUITKOIO ~MATpUILEI0  TOJiOHOCTI

eJeMeHTIB yHuBepcyMma U.
Hexait x; € K;, Toni

Clrery = (k- )}

g=1

{klf(ul,a” ),...,kp[(up,alp )} ,

ki+..+k,=n.

TakuM 49MHOM, KJIacTep IMOJAHO SK HEUITKY MYJbTHUMHOKHHY Ha
yauBepcymi U .
YBenemo Taki ornepartii;

n

C, chl :{(xj,max(ui(xj),ul (x])))} , VX, x €X;

J=1

€., [l Moy ()] v <

kL.C ={k X Hx; }n , Vx, e X .

X; [(ju(]))j:l X €

[Momamo kmacTep sIKk MyJIbTHHEHITKY MHOXKHUHY [3, 4].

Ioxagemo qu(uq,a,q):(uq,(qukz,q )), TOII VCisek) €9 Cluex) =

= {kl[(ul,a,l), s kq[(uq,a,q),..., kp[(up,alp)} = {(ul,(kl[kl“ )), e (up,(kal]p ))}

ITo3znaunmo Ez(kl,...,kp), aj =(all,...,alq,...,alp);
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C( xek)) = (ul,k ®al) , Jne ® — omepamis, sjKa BH3HAYAE
“INOKOMITIOHEHTHHH T00YTOK” BEKTOPIB:
k@ =(kisew gk, ) O(y1 sy r ) ) =
(T v v B

Tomi, Zy = D_ C, =kl(.k®4,); |7,|=|D_ c, _k,Zk ay »

x;€k; x;ek;

. n
a MHOKHMHY MYJIbTUHCYITKUX MHOKHWH C= {Cx } 3allMIIC€MO TakK:
1 i=

P
2={zy " ={k{(u.k®d )}Z .
Heuditkum  siapom piBHﬂ o C, -KiacTepa Ha3BEMO HEYITKY
MHOXHHY OF {(x p, ) ‘ W >1 a,a [0, l]}

Mexamu piBHs  C, -KiacTepa 3 HCYITKHM SIPOM DIBHS

Ha3BEMO MHOXHUHY Boundy C, = {xj eX ‘0 <Ps<pc (x;)< l—a} .

He, (x,)Z l—oc}

— MHO)KMHA €JIEMEHTIB y HOCIi HEiTKOro sipa piBHI o C, -KIacTepa;

Hexail v, €K, O =¢€'(K;), C_ €Q,, Ker,C, ={x,

J; — Tepenik HOMEpIB €JNEMEHTIB, i r(i) — BIAIIOBIAHO, KUIBKICTH

CJIEMCHTIB y HOCIT HewiTKoro siipa C, -Kiacrepa; ¢ e J; = { Jij s ji,(,)} .
My IbTHHEHITKMM KJIaCTEPOM Ha3BEMO HEUITKY MHOXHHY S, (o) =

U, C,, xeKer,C,, 0<B<l-o, QYHKUIIO HAICKHOCTI SKOI

009HCcITI0EMO 3a (HOPMYIIO0

1, 1—0(Sucv(xj)Sl,
“S,-(cx,ﬁ)(xj): m]ax{pqt (x;),1€ Ji}, [SSMCM (x;))<l-a,

0, 0<pc (xj)<[3,te.]i.

BucnoBku. [ToTyXHICTb s1/ipa 3a/1aHOTO PIBHS O MYJIBTHHEYITKOTO
A

/x()
— r(i k a
I
C,(‘_EQ,) Zq ]l q

[ToTyXHICTB HOCISI HEWITKOTO S/ipa PiBHSA O MYJIBTUHEYITKOTO KiacTepa

Kjgactepa o0umcioeMo 3a  (HOpMYJIO
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— 3a (opmynoro: ‘KeraC(xite)‘ :Z;:; k, . TlomanHs MOJEIN HEYiTKUX
1

KJIACTepiB Ha OCHOBI MYIBTHHEUYITKHX MHOXXHH BHKOPHUCTOBYEMO Y

MOJTANTBIINX JOCIIPKEHHSX 3 METOIO aJICKBATHOTO BU3HAYCHHS HEUITKIX

MOHATH HepOpMaNbHUX MOJIesiel ipy (opMaltizanii Ta po3B's3aHHi 3a1a4

KJIacTepu3allii 3 ypaxyBaHHSIM TOJIOHOCTI Ta TOTYXKHOCTI KJIaciB

€KBIBaJIEHTHOCTI.
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JACTAHIIMHI MATTYHI PO3MITKH I TPA®U KEJII
Mapuna Cemenrora, Cepriit IkumeHko
LlenmpanvHoykpaincokuti HAYIOHATLHUL MEXHIYHUL YHIgepcumem

DISTANCE MAGIC LABELINGS AND KELI GRAPHS

Abstract. . We have found conditions for the existence of distance magic
markings for certain types of Kelly graphs on the diedra group D,,,.

[cHy!OTh pi3HI TUNH MariyHux po3MITOK rpadiB, iX omwuc i
pe3yabTaTH BiJHOCHO pilEHHA 3a/1a4 iCHYBaHHS, MMOOYIOBH 1 MEPETiKy
MoOkHa 3HaWTH B [1]. [y Aeskux po3MiTOK BUKOPUCTOBYBAIM pi3Hi
TepMiHU a00 HABIAKH Pi3HI PO3MITKH MArOTh OJHAKOBY Ha3By. B naniii
po0OTI po3risiaTiMeMo po3MiTKy, siky BBiB V. Vilfred y 1994 pomi i
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Ha3BaB i1 Z-po3MiTkoro [2], y 2003 mio po3MiTKy HE3aJIeKHO BiJl HHOTO
3anpornoroBan M. Miller, C. Rodger, R. Simanjuntak, BukoprcTaBmm
IUis Hel TepMiH « 1-BepiiMHHO-MariuHa BepmuHHa» [3], a'y 2009 poni —
S. Arumugam, D. Froncek, N. Kamatchi — mig Ha3BorO «IucTanmiina
marigHay [4,5]. OcranHii TepMiH HaOyB HAHOUTIBIIOI MOITYJISIPHOCTI 1
BXKUBAETHCSI B HAYKOBIH JTiTEpaTypi.

Bynemo  posrmsgatm  3BuuaiiHi  rpadu, TOOTO  CKiHYEHi
HeopieHTOBaHi rpadu, 0 He MICTITh KpaTHUX pedep Ta metensb. Hexait
3agano rpadp G = (V,E) i muoxumna Dc{0,1,2,..,diam(G)}, ne
diam(G) - nmiamerp rtpada G. 3amomo Bimobpaxkenus f:V(G) —
{0,1,2,...,|V]}, sxe wHasuBaroTh po3MiTKO Trpada G. D-oxoaom
BEPIINHU V HA3UBAIOTh MHOXUHY Np, (V), 11 eJleMeHTaMu € BEpIINHH, 110
3HAXOATHCS Ha Bifctani d € D Bix Bepumuu v. I1ig D-sacoro w(v) (abo
wr(V)) 6epwunu v mpu po3MiTHi f PO3yMieMO CyMy MiTOK BEpLIMH
D-oxomy Bepiunu v, 10610 W(V) = Yyen, ) f (1), ne v € V(G).

I'pad G mopsinky n HazuBarTh D-oucmanyitinum mazivHum, K0
icaye Oiekuis f:V(G) = {1,2,...,n} i Taka cTana k, mo Ais KOXHOT
Bepinnu v € V(G) 1i D-Bara popiBuioe k, To6to w(v) = k. Yucno k
Ha3uBawTh D-oucmanyitinoro (a00 Oucmanyitinow) MAaziuHow CManiono
po3mitku f [6].

IMpu D = {1} po3mitky f rpada G Ha3UBAOTH OUCHMAHYIUHONO
Mmaeiunoio [5].

OnHUM 3 HaHOUIBII PO3MOBCIOKEHHUX TPHKIAIIB 3aCTOCYBaHHS
JTUCTAHIIMHOI MariyHOi PO3MITKH € Oprasi3allisi HENOBHHUX KPYTOBHX
TypHIipiB [7].

B ocranni poku Teopis rpadiB Kem po3BuBaeThcS SIK OKpema
yacTuHa anrebpaiuHoi Teopii rTpadiB. I'padu Kem 3HaXOIATH
3aCTOCYBaHHS B Teopii Tpym i1 Teopil rpadiB mpu po3B’s3aHHI 3a7ad
knacugikarii, i3omopdizmy rpym i rpadis, po3dapOoByBaHHs rpadis,
nepeniky. Kpim Toro, icHye Oararo mikaBux 3actocyBaHb rpadis Keri,
30KpeMa iX BUKOpPUCTaHHs B OioJiorii mpencraBieHo B poOorTi [§], a B
iHpopmatui — B [9].

MoruBarieto s anamizy rpadis Keni cramm poboru [10-12].
Mertoro naHoi poOOTH € PO3B’sI3aHHS 3a/adi iCHYBaHHS IMCTaHLIHHOT
MarigyHoi po3MiTKH Aj1s okpeMux TumiB rpadis Kemni a rpymi gieapa Do, .

PosrnsiHemo ckiHueHy rpyny G 3 TIOPOKYBaTbHOIO MHOXXHHOKO
ScG, ne MHOXMHA S HE MICTUTh OJMHUYHHUK €JIEMEHT 1 € CHMETPUYHOIO,
10610 S = S71, §71 = {s7l|s € S}.

B rpadi Keni I' = Cay(G,S) = (V,E) BepliuHH BiANOBIIAOTH
eIeMEeHTaM TpynH, a pedpa — JOOyTKy elleMeHTa TpyNu clpaBa Ha
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enemeHt S. B nanomy Bumaxy ' — 3Buuaiinumii rpad, BiH € |S|-
PETYISIPHUM 1 BEpIIMHHO-TPAH3UTUBHUM.

I'pymna mienpa (mienpansHi rpymna) Do, — OUKITIYHA TpyHa MOPSAKY
2n, pakTHIHO MaEMO

D,, ={a,bla™ = b?> = e,bab =a '} =
={e,a,a? ..,a" % b,ab,...,a" 1b}.

Hexaii ScD,,, Posrmsaemo npuknaau rpadis Keni I' = Cay(D,,, S)
g |S| = 1;2; 3 1 gocmiguMo iX Ha HASBHICTH AUCTAHIIWHOT MaridHoi
PO3MITKH.

[pukinazn 1. |S| = 1, Toxi rpad Keni I' = Cay(D,,,S) = nK, He €
IUCTAHIITHAM MariyauM.

Hpuknan 2. S ={a,a” '}, ne a # a~

=%n mio(a) =m.

1 maemo I' = Cay(D,,, S) =

Mpuknan 3. S = {a, b}, ne a? = b? = e, maemo I' = Cay(D,,,S) =
2n .
=—Com, i o(ab) =m.

VY npuknagax 2 ta 3 rpad [ Oyne AucTaHIItHIM MariqHUM, KOJIH
KO)KHa Horo KoMIToHeHTa € koM C, [13]. 3 mporo BWILIHBAE, IO N
MOBUHHO OYyTH apHUM.

[puknan 4, D,, =<a,b|a™ =b?=e,bab=a"t >,
S ={a,a™1,b}, ne 2n = 6, maemo I = Cay(D,,,S) = K, X C, (puc.1).

Puc.1 — Cay(Dyn, S) = K, X Cy,

Po3ryisiHeMO, MHOKMHH CyMiKHOCTI BepmmH a~2 i ab rpada

I'=K,xC,: N(a*?)={a"1,a" 3, a?b}, N(ab) ={b, a®b,
a™ 1}. Onepxumo
IN(a™2) n N(ab)| = deg(a™?) — 1 = deg(ab) — 1 = 2,
ne deg(a™ %), deg(ab) — cremeni BiamopimHux BepummH. OTKe, ek
rpad He € qUCTaHIiHHUM Maridaum [3].
Mpuknan 5. S = {a,a™ %, b}cD,,, ne a # a”
I = Cay(Dzn, S) = 1 (Kz X Cp).

1 32 _ :
, b“ = e, Toni Mmacmo
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Mpuknan 6. S = {a,b,c}cDy,, nen =3, |S| =3ia? =b? =c? =
= e, touni Mmaemo I' = Cay(D,,,S) = K, X Cp,.

Jns Oynp sixoro rpada 3 mpukiIamiB 5 1 6 3HANTYTHCS 1B1 BEpPIIHMHA
x iy, mig sxkux [N(x) N N(y)| = deg(x) — 1 = deg(y) — 1 = 2, tomy
i rpadu He € TUCTAHIIIHUM MariyHuMm [3].

TakuM YMHOM, HAMHU JTOBEJICHO HACTYITHE TBEPKCHHS.

Teepmkennst. 'padpu I’ = Cay(D,,, S) npu

DS =1;

2)S ={a,a Y, b}cDy,, nea+a ', b?>=e;

3)S={a,b,c}cDy,, nen>3,|S|=3ia?=b?>=c?=e
HE € QUCTAHIIIHHUMU MariYHuMU.

I'pad I' = Cay(Dyp,S), ne S={a,a™*}, a+atiola)=me
JUCTAHILIMHUM MariYHUMU TOJI 1 TIIBKU TOM1, KO M = 4 1 n — napHe.

I'pad I’ = Cay(D,,,,S), ne S ={a,b},a’> =b> =eio(ab) =me
JTUCTAHIIMHUM MariYHAMU TOJI 1 TIJIBKU TOM1, KOJH M = 2 1 n — mapHe.

[Tomanpmii gociimKeHHS MOXKYTh OYTH ITOB'sI3aHi 3 MOITYKOM YMOB
icHyBaHHs D-aucTaHnifHUX MariyHux po3miTok rpada Kem Ha rpymi
nienpa.
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PO BEPXHI I HUKHI OHIHKHA XPOMATHYHOI'O
YUCJA JJIA INTAHAPHUX 1 HEIIJIAHAPHUX I'PA®IB
!Cementora M., 2llepman 3., *Hecrepenxko O.
enmpanvroykpaincokuil HayionanbHuil mexHivHuil yHisepcumen,
*Miscnapoonuii esponeticokuii yHieepcumen

DISTANCE MAGIC LABELINGS AND KELI GRAPHS

Abstract. We considered the problem of estimating the chromatic number
of a pair of graphs G and G, satisfying the following conditions:: G is not planar;
G G contains one largest clique K,, of order n > 3; after removing one edge e in
the clique, K, the graph G; = G — e is transformed into a planar one.

bynemo  posrnsgatu  3Buuailini  rpadgu, TOOTO  CKiHYEHi
HeopieHTOBaHI rpadu, 10 HE MICTATh KpaTHHX pebep Ta NeTelnb.
[IpaBunbHuM  posdapOyBanusim rtpada G = (V,E) HazuBaeTbes
BimoOpaxxenust ¢: V — N, rtake, mo c(v) # c(u), skmo u,v €V i
{u,v} €E, ne N=1{1,2,3,..} — mHOxuHa (pap0. XpoMaTuIHe YNCIIO
x( @) rpada G — 1e MiHiMaIbHA KUTBKICTD Gapl, sIKy BUKOPUCTAHO AJIS
MIPaBUIILHOTO po3dhapOyBaHHSI.
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3agaua MOIIyKy MpaBHIBHOTO po3dapOyBaHHs Trpada € OTHIEI 3
OCHOBHHX 3a/1a4 Teopii rpa¢iB. ICHyIOTb pi3HI METOIM Ta alTOPUTMH il
po3B’si3ky [1-4]. OgHuM 3 HampsMiB JOCHTIKEHb € OOYMCIECHHS abo
OIliIHKa XPOMAaTHYHOIO0 dYHCIAa Trpada 3a IJOIMOMOTOI0 IHIMUX, OiIBII
3pYYHHX XapakTepUCTHK Tpada.

Hexaii 3amano 3B’s3uumit rpad G = (V,E), sxkuii 3a10BOJBHSE
HACTYIIHUM YMOBaM:

G He € IUTaHApHUM;

G MicTUTh OHY HalOibIIy KIiKYy K;, mopsiaky n = 3;

micsl BUAAJICHHS oxHOro pebpa e B kiiki K, rpap G, =G —e
MEePETBOPIOIOTHCS Ha TIaHAPHUH.

[Tpuknan Takoro rpaga G HaBeneHo Ha puc.l. BeBHuMOCS, 1110 BiH
He € rMaHapHuM. JIJIs [BOr0 BHMKOHAEMO TIIOCIIIOBHO OIEPAIlio
craraenns pebep y miarpadi G’ (puc.2) rpada G:

cTsiraeMo pedpo {4,13}, HOBY BepIIHMHY MO3HAYUMO 4;

ctsiriemo pedpo { 1,11}, HOBy BepinHy o3Ha4UMO 1;

ctsiraeMo pedpo {2,10}, HoBy BepmmHy mozHaunmMo 10.

Otpumanu rpad Ks (puc.3). 3a kpurepiem Baraepa G He €
IJIaHApHUM rpadom.

Puc.1. - I'padp G = (V,E)
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Puc.2. — ITigrpad G’ rpada G

Puc.4. —T'pad K5

[Ticnst Bumanenns 3 rpada G oxgnoro pedepa {10,12} (abo {1,8})
onepkumo Tpad G; = G —e. BiH € iaHapHUM Tak SIK Mae IIOCKY
YKJIQJIKY.

Oninky XpoMaTHIHOTO uncna rpadiB G i G; HaBeJeHO B Ta0mwii 1.

Tabsuns 1. HwkHi 1 BepXHI OI[IHKY XPOMATHYHOTO yucia rpadis G i G4

I'pad G

HwxHi omiHKHA BepxHi o1miHKH
XPOMATUYHOTO YHCIIa XPOMATUYHOTO YHCIIA
1) KutikoBe umcio (abo minbHicTs) Tpadpa | Tak sk G — 3B’s3Huil rpad
G nopisuroe @(G) = 4. Toni niast rpadpa | MakCHMMaNbHOI CTENEHi 5, TO 3a
G cupaBemmuo: x( 6)= ¢ (G) = 4. Teopemoro bpykca y(G)<5.

P
1625 =3,
ne a(G) — uncno HesanesxHocTi rpada G.
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2

2(6) = pzp——Zq; 2(Gy) = 2.
I'pad G
1) Kiikose wncito (abo minbHicTs) rpada | G, — nnanapsuit rpad, Toi s
G, nopieuroe @ (G;) = 3. Toui nust HOro BEpXHBOT OI[IHKU
rpaa G, crpaBenmBoO: OJEPKUMO OOMEKEHHS:
Gz @(G,) = 3. x(G1)=4.

a
He3anekHocTi rpada Gi.

2) Z(G1)2[(L61) = 3, ne a(G,) — uncmo

2
3)x(Gy) = pzpqi 2(Gy) = 2.

Otpumamu 4 < y(G) < 5,3 < y(G1) < 4.
Sxkmo A = (a;j) — MaTpulsg CyMiXKHOCTI rpada MOpsmKy p, TO
deg(v;) = deg; = Zﬁ’:l @;j Ha3sMBAIOTh BAICHTHICTIO  (CTENEHEM)

pepumin v, a deg®(v;) = deg{” = ¥7_, a;; - deg{ " - k-

KPOKOBOIO BaJICHTHICTIO BEPIINHH V;.

Hns pozdapOysanus rpadiB G i G;, BUKOPUCTAEMO MOIUPIKAIIiO
anroput™my HII-ymopsinkyBaHHS BepIIMH Ha OCHOBI K-KPOKOBHX
BajieHTHOCTeH (puc. 5 1 6). HII-anroputM BiIHOCUTHCS 10 MapajielbHUX
JIOKaJbHUX aJTOPUTMIB, TaK SK BUKOPHUCTOBYETHCS iHQOpMAIs 3
JIOKAJIBHOT TIaM’ATi CyMIKHUX BEPIIIHH i OJMH HOTO KPOK CKIIAJIAETHCS B
OJTHOYACHOMY Ta HE3aJe)KHOMY TIIepEOOYHCIIeHHI MITOK Ha BCIX
BepIIMHAX rpada Ha OCHOBI BiJIOMOCTEH, OTPUMaHHUX Ha MOMEPEAHbOMY
KpOTIi .

Buxonaemo ymopsiakyBaHHsS BepmuH TpadiB G 1 G 3a HII-
aJrOpUTMOM B MOPSJAKY HE3POCTaHHA IX BaJleHTHOCTeW. Pesynbpratu
MpeJICTaBIeHI B Ta0uIsIX 2 Ta 3.

Tabnuus2. Bepimau T2 iX k-KpOKOBi BajieHTHOCTI rpada G

HII-
p deg; deggz) p degl@ YHOPSIKYBaHHS
BEpUIMH
1 5 22 1 94 1
8 5 12 10 92 10
10 5 22 12 12
12 5 21
2 4 14 4 4
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4 4 17 11 11
9 4 15 9 62 13
11 4 16 13 63 9
13 4 15 2 2
5 3 12 5 50 5
7 3 12 7 48 7
3 2 8 6 6
6 2 9 3 3

Tabmmms2. Bepmwam Ta iX k-KpOKOBI BaJIGHTHOCTI rpada G4

HII-
p | deg(i) | deg®(@) | p | deg®(i) | ynopsaxysauus
BepIINH

1 5 20 1 1

8 5 21 8 8

2 4 13 10 10

4 4 17 12 12

9 4 15 4 4

10 4 21 11 11

11 4 16 9 9

12 4 20 13 13

13 4 14 2 2

5 3 12 5 5

7 3 11 7 7

3 2 8 3 28 6

6 2 8 6 34 3

Omxe, maemo ¥(G) = y(G,) = 4.

Puc.5. — IlpaBunbae po3dapOyBanss rpad G 3a MOaU(iKOBaHIM
anroputMoM 3 HII-ynopsakyBaHHSIM BEpIIUH
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(3]

(39

38}

Puc.6. — [IpaBunbre po3dapOyBanss rpad G, 3a MoandikoBaHUM
anroputMoM 3 HII-ynopsakyBaHHSM BEpIIUH

[locrae mmranHs uym s KokHOI mapu TpadiB G 1 Gy, 1O
3aJJ0BOJILHSIIOTh BHIIC HABEACHUM YMOBaM, BHKOHYETHCS PIBHICTh

2(G) = x(Gy).
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ACHEKTHU IIPOIT'PAMHOI PEAJIIBAILIT JBOETAITHOI
3AJIAYIL AKTI/IBAIIIT-PO3MIIHEHH$[ JJISA TTIOKPAIIIEHHS1
MEI[I/I‘IHOT JOI'ICTUKH
Onmnexciit Cepreen
Hayionanvnuii mexuiunui ynisepcumem «/[ninposcoka

nojlimexHika

ASPECTS OF THE SOFTWARE IMPLEMENTATION OF
THE TWO-STAGE ACTIVATION-PLACEMENT TASK FOR
IMPROVING MEDICAL LOGISTICS

Abstract. The necessity of studying medical logistics in critical situations
arises from the need to adapt to unpredictable crises such as pandemics and
natural disasters. Improving the transportation network is a central element for
the efficient distribution of medications and medical supplies during
emergencies. Historical examples, such as the challenges during the COVID-19
pandemic and the aftermath of military actions, highlight the consequences of
logistical shortcomings in the distribution of medicines, whereas successful
models demonstrate the effectiveness of well-structured transportation systems.

This study analyzes the current medical logistics system in Ukraine to
identify weaknesses and potential improvements. To implement them, a
mathematical model of a multi-stage activation-placement problem is proposed.
This model aims to optimize the logistics infrastructure by combining
evolutionary approaches and the theory of optimal set partitioning. For practical
application, the proposed approach is implemented in a software solution
consisting of three main modules: a user interface, modules for operating a
Genetic Algorithm (GA) and modules for center placement.

The software integrates with existing information systems to enhance real-
time information exchange among all participants in the medical logistics chain.
The proposed model and software implementation offer a robust tool for
improving the efficiency of medical resource distribution during crises.

Beryn. HeoOxinHicTh BUBYCHHS NMUTAHHS MEIUYHOI JIOTICTUKUA B
KpUTHYHUX  CUTyalisX TojsIrae B  BUMOrax ajamramii  Jo
Hernepen0auyyBaHUX KpHU3, TaKWX SK TNaHAeMil Ta CTUXIHHI JnXa.
BrockoHajeHHs TPAHCIIOPTHOT MEPEXKI € HIEHTPAIBHUM €JIEMEHTOM IS
e(eKTHUBHOTO PO3MOJITY JIiKIiB Ta BUPOOIB MEAUYHOTO PU3HAYEHHSI TTi]]
Yyac HaJA3BUYAWHUX CUTYallill. [cTOprYHi mpuKIaau, Taki K BUKIUKA i
yac naugemii COVID-19 Ta HacmiakiB BIHCBKOBHX [IiH, MiJKPECIIOIOThH
JIOTICTUYHI HEJIOMIKHU Y PO3IOJILI JKIB.

CydacHa cucTeMa MEIMYHOI JIOTICTHKH B YKpaiHi Mae Kulbka
CJIa0KKX MICIIb, SIKi TOTPeOYIOTh yBaru Ta BIockoHaneHHs. [lepin 3a Bee,
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iCHye 3HauHa 3aTpUMKa B YyXBaJEHHI pillleHb 4Yepe3 BiICYTHICTh
LeHTpaizoBaHoi iHQOpMamiiHOI CHCTEMH U ONEPaTUBHOIO OOMiHY
IaHuMA MK~ MirictepctBoM  oxopoHu 3mopoB’s (MO3) Ta
perioHaTbHUMH  JTeTiapTaMeHTaMu  oxopoHH 3mopoB’s ([103). lLle
MPU3BOAUTE 10 OIOPOKPATUYHUX 3aTPUMOK y 3aTBEpIKEHHI HakasiB Ta
PO3MOLT pecypciB, MO € 0COOIMBO KPUTUIHHM ITiJ] 9aC HAJA3BUIaHHUX
cuTyariii. IcHye HemocTaTHA KUIBKICTh CyOperioHaNbHHX IIEHTPIB Ta
LIEHTPIB IUCTPUOYIIii, a TaKOX cJladka IX MiJrOTOBKa JO KPH30BHX
cutyaniid. BigcyTHiCTh aBTOMaTH3alii MpOLECiB YIpaBliHHS 3amacaMu
Ta  TPAaHCHOPTYBaHHAM  JOAATKOBO  YCKJIAAHIOE  e(pEeKTHBHE
(YHKIIOHYBaHHS CUCTEMH.

Y crarti [1]  mocmimKyeTbcsa — iHTErpaiis — TEXHOJOTil
IHTEJIeKTYaJIbHOTO BHSIBJICHHS BTOPTHEHb Yy CHUCTEMY MEAWYHOL
JIOTICTHKH 3 BHKOPHCTaHHAM TryOmigHOi XMapu. Y poboTi [2]
PO3TJISAAAETHCA METOAOJOTISI ONTHUMI3aIii PO3MIICHHS O00'€KTiB, IO
BpPaxoBYy€ IE€peBaru KOPUCTyBaua. BUKOPUCTOBYETHCS 1HTEpaKTHBHUI
CBONIOIIMHANA  aJITOPUTM, SKHH 3HAXOAWTh HAWOLIBIN TPUHHATHI
pimennst Ha [lapeTo-ppoHTi, cnMparoYnch Ha MepeBarn KOpHCTyBaya.
HeoOxifHicTh MOKpalleHHs] CUCTEMH MEIWYHOI JIOTICTHKH B YKpaiHi
00yMOBJICHa KUTbKOMa KIIOYOBMMH (pakTopamMu. Y CBOi poOOTI MH
PO3TIIAIAEMO CHCTEMY MEIUYHOI JIOTICTUKH y KPU30BHX CHUTYyalisx Ha
MpeaMeT MOXJIMBUX IMOKpallleHb mpoiecy. [IpononyeMo moaanbpiry Ta
OibIn TIMOOKY iHTErpallito 3 HassBHUMH iH(QOPMALIHHUMHI CHCTEMaMHt
JUIS  oTiepaTUBHOTO OOMiHY iH(opMaIli€l0o MiK yciMa yYacHUKaMu
MEJIUYHOT JIOTICTHKH. TakKoXX MPONOHYEMO IpPEIMETHY IOCTaHOBKY
3aja4i Ta BIJMOBIAHY MaTeMaTWYHy MOJElb, SIKa BPAaxOBYE MOTpeOH
cucremu. Jlas BupilleHHS Li€i NPOOJIEMH IMPONOHYEMO NPOrpaMHy
peaizaiifo Ta ONUCYEMO Ii ACHEKTH, IO CHPHUSAIOTH IiBUIICHHIO
e(EeKTHBHOCTI PO3MOALTY MEAMYHHX PECypCiB IijJ 4Yac KpPU30BHX
cutyanid. Lls pobora € mpomosxeHHsM [3], me aBTopamu Oyio
PO3IIIIHYTO MaTeMaTHYHY MOJENb OaraToeTamHol 3ajadi po3MiLeHHS
00’eKTiB 3 OOMEKEHHAM Ha MAaKCHUMaJbHY KIUJIBKICTh OJHOYACHO
AKTUBOBAaHMX MIANPUEMCTB 1 3alpolOHOBaHO Mmiaxix po 1l
pO3B’sI3yBaHHS, SIKMA 0a3yeTbcss Ha BUKOPUCTAHHI EBPHUCTHYHHUX
MiXO/IIB Ta TEOPii ONTUMATBHOTO PO30OUTTSI MHOYKHH.

MaTteMaTHYHA MOAEIb.
ITo3nauyumo:
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— () — obnactb, e pO3MOAUISIOTECS MEAMYHI TOBapU MiX
CTIO’KMBAYaMU;
— (); — obnacTe 00CIyroByBaHHS IIEHTpa IUCTpUOYMii, [ =
1N;
— N — HeoOxigHa KinbKicTh HeHTpiB aucTpuOymii (LI1);
— M - 3aragpHa KiNBKICTh JOCTYNHHX JUIS aKTHBAIlii
cyOperionansaux neHtpis (CPLI);
— K — Bijoma KibKicTh perioHansHux neHTpis (PLY);
— L —3aanuii JiMiT Ha KUTbKICTh MOXJIMBO akTrBOBaHuX CPLI;
— b! — nomut i-ro nentpy mucrpubywii, i = 1, N;
- bjI I _ noryxwicts j-ro cybperionansuoro nentpy, j = 1, M;
— bi! — 3amacwu k-ro perioHanBHOTO IEHTpA.

— I — muoxuna Bigomux PL I = {¢i!!, <31 . i1}
— ] — MHOXHMHA JIOCTYNHHUX IJIs aKkTUBamii cyOperioHalIbHUX
e T (I I 11

nenrpis: J = {ty’, 3, .. , Ty}

- cl-l = c(x, T{ )— BapTICTh TPAHCIIOPTYBAHHS MEIUYHUX TOBAPiB
BiJl LIEHTpa JUCTPUOYIII 3 KOOpAUHATAMU T{ IO crokuBaya X € (,
i=1,N;

Cij = c(‘rir , T]P)— BapTICTh TPAHCIOPTYBAaHHSI MEIUYHHUX

TOBapiB Bijl LIEHTpa 3 KOOPAMHATAMH T, F-TO €Taly 10 LeHTpa 3
KOOpJAWHATAMH Tf , p-ro etany, ne r,p € {I, 11,111}, # p;

— p(x) — normt Ha niku Ta BMII B TOUMi x B 06macTi (;

— Aj — BUTpaTH Ha aKTHBAIIIO j-TO CyOPEriOHAILHOIO LEHTPY,
Jj=1LM;

- 1] = (t{;,7},) — xoopauHatu ueHTpa aucTpubyuii (r=I);
cyOperionanbHoro nieHTpy (r=I1) abo perioHansHor0 1IeHTpa (r=I11);

- v} j — KUIBKICTh MEJMYHUX TOBAPIB, 1O TPAHCIOPTYETHCA Bl

cyOperioHaJbHOro LIEHTpa j 10 HeHTpa auctpudymii i, i = 1,N,j =
1,M.
- 17,1(1] — KIJIBKICTh MEIMYHUX TOBAPIB, 110 TPAHCIOPTYETHCS BiJl

peTioHANBHOTO HEHTpa k 10 cyOperionansHoro j, k = 1,K,j = 1, M.
1, axmo CPIl j akTUBOBaHUH, |
0, iHakme

Tonxi MaTeMaTU4YHA MOAEIL MA€E BUI:

i M N I I
min e A;0; + Y- ¢ (x,7)p(x)dx +
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Y6 = fﬂip(x)dx, i=1,N, )

vl <bf, j =1,M, 3)
1—17]1] < bn j= LM, 4)
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mes(£; ﬂQ)—OLi],LJ=—N (7)
vl 20,6, €(0; 1,i=T,N,j=1,M, (8)
= (¢}, 7} ...1}), i’ € oV, )

[Tpouec po3B'sa3anHHs 3a7adi 3a JOMOMOTOI0 TEHETUIHOTO aITOPUTMY
PO3MOYMHAETHCS 3 1HILIaMi3a1lii TOMyJIALi, 16 KO’KHE MOXIINBE PIILICHHS
KOIYEThCS Ha OCHOBI TMpiopuTeTiB. Jlami OIIHIOETBCS TMPHUAATHICTH
KOXKHOI XPOMOCOMH IUISXOM PO3B'SI3aHHS 3aJayi i3 3aCTOCYBaHHSIM
MiAXOIB 3 Teopil ONTUMATBHOTO PO3OUTTS MHOXHH Ta BpaxyBaHHSM
IUTaHy TIePeBE3CHb HA IHIIMX eTamax. B pe3yipTaTi OTpHUMaeMo
po3TamntyBaHHS IEHTPIB, iX MOTYKHOCTI Ta IUIaH TepeBe3eHb. Binbip
XpOMOCOM 3[IMCHIOETBCS 32 METOJOM pYJIETKH, Wicis dYoro I
XPOMOCOMH M AAI0ThCS KPOCOBEPY ISl OTPHUMAHHS HOBOTO TIOKOJIHHS.
Jlesski XpOMOCOMH MYTYIOTHCS T 3a0e3medeHHs BapiaTuBHOCTI. HoBa
nomyJsitist pOpMyeThCsl 3 HaIIAIKIB 1 JEIKUX OCOOMH 3 TMOTOYHOI
nomynsiii. [Iporec MOBTOPIOETBCS 10O JOCATHEHHST YMOBH 3YIHHKH.
[Ticns 1BOro aNTOPUTM 3aBEPUIYETHCS, ACKOAYEThCS HalieQeKTHBHIIIA
XpOMOCOMa, 1 ToBepTaeThcs ePEKTHBHUI PO3B’S30K.

IIporpamua peanizania. IlepeiineMmo 10 omnmcy mnporpamHoi
peadizawii 1151 3apoNOHOBAHOTO MiAX0LY. Y po3po0Li 3aCTOCOBYBAINCh
pi3Hi TexHojorii Ta OiOmioreku. Jlns iHTepdelicy kopucTyBauya,
TeHETUYHOTO aJTOPUTMY BHKOPUCTOBYBaMCh: Python3, PyQt5 (ans
inTepdelicy kxopuctyBada), Numpy (it peamizamii TEHETHYHOTO
anroputmy), Concurrent (maker s HiATPUMKH 0araTOIMOTOYHOCTI),
Multiprocessing (maker s oprasizaiii poOOTH MK MOIYJISIMHU
peamizanii). st po3B’si3aHHs HenepepBHOI 3afadi posmimeHas: CH++;
Eigen (s MBUIKAX MaTeMaTHYHUX TIEPETBOPEHb MPH pealizarrii
YHCENBHUX METOMIB HeaudepeHiiioBanoi ontumizanii), spdlog (mns
noryBaHHs1), Qt6 (a1 Biyamizauii kKaHBacy po3MiLICHHS).

IIpu po3pobui mporpamHoi peaxnizauii, aBTOpoM OyJiO IOAAHO
¢dyHKIio Biyamizaiii KapTu, BUKOpUCTOBYouH cepBic OpenStreetMap.
s ¢yHKIis 103BONSE KOPUCTYBadaM IEPErIsiiaTH Ta B3aEMOJIATH 3
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reorpadiyHIMU JaHUMHU, TIOB'SI3aHUMHU 3 IIeHTpaMu AucTpuoywii (L) ta
IHIIMMK ~ pecypcamMu Ha peanbHii kapTi. KopucryBaui MOXyTh
301BIIYBATH Ta IEPEMIIITyBaTH KapTy, HAAAIOUX POCTOPOBHI KOHTEKCT
JUTSL PO3TIOAUTY PECYPCIB Ta TPAHCIOPTHUX MapmIpyTiB. BimoOpaskeHHs
Ta YOpaBJiHHS KapTOK 3IIHCHIOETHCS Yepe3 BiAMOBIIHI KOMIIOHEHTH
inTepdelicy KopucTyBaya.

Jns Bizyamizamii MOIETRHHX 3adad BHUKOPHUCTOBYETHCS I1HIITHI
KOMIIOHEHT, L0 Hagae objacTe g TpadiyHOro mpeacTaBiIeHHS
pe3yabTatiB ['A. IcHye MOXIIUBICTD IPEACTABIATH PO3OUTTS, IEHTPH Ta
IJIaHW TIepeBe3eHb Y iHTepakTwBHINA Qopmi. KamBac muHaMidHO
OHOBITIOETBCS. Ha OCHOBI JAaHWUX MOJENi, JO3BOJISIIOYM KOPUCTyBauam
B3aEMOJISITH Ta aHali3yBaTH Bi3yallbHI €JIeMEHTH. TakoXX HasBHA
(yHKIIIOHATBHICTG, IO JO3BOJISIE KOPHCTYyBadaM 3aBaHTaXyBaTH
3aBAaHHSA MOJENI 3 BXiTHUX (ailliB, MOJETTIyIOYN HAIAIMTyBaHHSI Ta
iHiIiamizaniio BXigHUX gaHux ['A Ta HemepepBHUX 3a7a4 PO3MIILICHHS .
Ile mo3Bonsie IIBUAKO TMOYATH POOOTY 3 MOMEPEAHBO BHU3HAYCHUMU
KoHpirypamisMu abo paHimie 30epe:KCHIMH CTaHAMH. 3aBaHTAXCHHS Ta
30epeskeHHsT (ailiB KepyeTbes uepe3 BIMMOBIAHI KoHTposepu. s
3a0e3MeUeHHsT TMOBTOPHOI'O aHalizy Ta 30epiraHHs po3B’s3KiB
repeadadeHo MATPUMKY iX cepiaimizaltii Ta mecepiamizarii. KopucryBagi
MOKYTb 30epiraTi OTOYHUH pO3B’A30K Yy (aiin Ta 3aBaHTaKyBaTH HOTO
Mi3HIIE [ TOAAJBIIOro aHaimizy. B iHTepdeiici kopucTyBaua
nependadyeHa MOXIIMBICTh ITEPaTUBHOTO TMEPEMINIEHHS TI0 Pi3HHUX
MOKOMiHHAX pimeHHs ['A. MoxHa MepexXoAuTH 10 HACTYIHOTO abo
MOTEPETHBOTO MOKOJIHHS 1 TEPETJIsIaTH 3MiHH Ta OHOBIICHHS PO3B’S3KY
3 yacoM. BaxximBoro QyHKII€IO € Bizyaii3allis ONTHMAILHIUX PO3OHUTTIB
Ui TeHTpiB auctpuOyii. Lle no3Bonse kopucTyBauam OaduTH, SK
pecypcH Ta 30HU OOCIIyrOBYBAaHHS PO3MOUICHI, 10 BaXJIHUBO IS
orntuMizarii ctpateriii po3noainy. Cnpomenunii Bapiant UML giarpamu
JUTSL TIPEJICTABJICHHS 3B’ SI3KIB MK TOJIOBHUMH KOMITOHEHTAMH HaBEJCHO
Ha puc. 1.

PosrnsHemo giarpaMmy MocCii0OBHOCTI Aii Ta moOyIOBY B3a€MOIIT
MIiX MOJYJISIMH. Ii momamno Ha puc. 2.

CriouaTKy KOpHCTYBad 3aBaHTaxye (Haill 3 JTaHUMH BXiIHOI MOJETIi.
Monyne iHTEepdeiicy KopucTyBaua mepemae naHHi momymo ['A, ne
iHiIianmi3yoThess napamerpu. [Ipu po3e’szanHi 3amavi, A Momyns
Ha/ICWJIa€ 3allUTH A0 MOJAYJS PO3MILLEHHS Ha BiANOBiIHE OTPUMAaHHS
koopauHat LIJI. Monysnb po3milieHHsI Ha OCHOBI TeOpii ONTUMaIILHOTO
po3ourts po3mimye I1J[ Ta moBeprae BimmoBimHi Jsokarii. Ilig uwac
PO3B’s13aHHS MTOCTIHHO OHOBJIOETHCS iHTepdeiic KOpUcTyBaya 3 METOIO
BioOpakeHHs 3MiH. 3a 3allUTOM, KOPUCTYyBad MOXe cepiaizyBaru abo
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necepiamizyBatu po3B’si3ok. Ha Buxomi OoTpUMyeMO poO3B’S30K Ta
Bi3yaJi3allito sl KOpUcTyBayJa.
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BucnoBku. B po0oTi po3rasHYTO  acmekTH — HpaKTHYHOI
IMIUTEMEHTAIII] PillICHHS JJIs1 ABOCTAHOI 3a]1a9i PO3MIll[CHH-aKTHBAIIii.
Bymno po3pobiieno mporpamMHy peaiizariio, mo CKIaJaEThC 3 MOIYIIIB,
sIKI  3a0e3MeuyioTh e(QeKTUBHE pO3B’s3aHHSA 3adad  ONTHMAJILHOTO
PO3MILIIeHHS LIGHTPiB AUCTPUOYIi, a came: iHTepdeiic KopucTyBaya s
B3aeMomii Ta Bizyamizamii pe3yNbTaTiB, TEHETHYHWUH aNrOpUTM IS
OTITHMI3allii, MATPUMKY 0araTormoTOYHOCTI Ta MIXKMOIYJIBHOI B3a€MOIII,
YHCeNbHI MeTonn HeAudepeHuiioBaHOI onTHMi3aLii A po3B’A3aHHS
HEeTNepepBHUX 3ajad, JIOTyBaHHS Ipolecy, Bizyami3amiro Mamd Ta
MOJCNBHUX 3a7ad, a TaKoX (YHKIIOHAIRHICTE cepiamizamii Ta
Jecepiamizaiiii Ay 30epeKEHHS Ta 3aBaHTAXKCHHS  PO3B’SI3KiB.
IMmnemenTanis 703BOJIsIE KOPUCTYBaUaM B3a€MOJIISITH 3 TeorpadiyHUMHU
JaHUMH, 30UTHIIYIOYN Ta MEPEeMIlyloud Mally, aHajli3yBaTH Bi3yallbHi
€JIEMEHTH PO3MIIICHHS Ta IUTAHW IIEPEBE3CHb Y IHTEpaKTHBHIN (opmi.
KopucryBaui MOXyTh 3aBaHTa)KyBaTH BXigHI mozemi 3 ¢aii, mo
MIOJIETTIIY€ HANAINTYBaHHS Ta IHIMIANI3aIlif0 JaHWUX Ui TEHETUIHOTO
aTOPUTMY Ta HEMEPEepBHUX 3ajad. IMIUIEMEHTAIlisl TaKOX IMiATPUMYE
iTepaTHBHE MEPEMIILICHHS 110 TTOKOJIIHHIX TeHETHYHOTO AITOPUTMY, 10
JI03BOJISIE KOPUCTYBauaM MEPerIsiAaTH 3MiHN Ta OHOBIICHHS Y PO3B'A3KY
3 4acoM.

Pobota € cki1aJ0BOI0 YaCTHHOIO JOCIIIKEHD 32 JEePKOIOKETHOIO
HaykoBoro Temoro 0123U100011 «3apmadi anamizy, MOIeNIOBaHHS Ta
ONTHMIi3allii TEXHOJOTIYHUX TPOIIECIB y CKJIATHUX CHUCTeMax pPi3HOI
npupoan», o BUKOHYIOThCS B HTY «JIHipoBChKa MOTITEXHIKAY.
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IMPACT OF THE CHOICE OF THE TECHNOLOGY
STACK ON THE INNOVATION AND COMPETITIVENESS OF
COMPANIES: SAP CLOUD VS SAP ON-PREMISE

Oleksandr Smishko
National University «Zaporizhzhia Polytechnic»

Abstract. The article clarifies the positioning of the technological stack in
the development of modern companies that simplify and accelerate the processes
that take place in modern conditions. Processes and stages in which technologies
play an important role are analyzed and systematized. The international
experience of creating and developing IT technologies and their use has been
described. The characteristics and features of using database management
systems such as SAP Cloud and SAP On-Premise are highlighted. It was found
that these systems facilitate access to information, contribute to the improvement
and optimization of many business processes in companies. It has been proven
that modern companies need technological innovations. The conclusions
highlight the importance and global impact of the choice of technological stack
on the competitiveness and innovation of companies, which directly affects
competition, contributing to the blurring of market boundaries, the emergence of
new industries and the emergence of business ecosystems.

In today's business environment, companies are constantly growing
and competing with each other, and therefore need to monitor problems
and innovate in data processing on an ongoing basis. In particular, an
important aspect is that the identified problems should not only be
monitored but also resolved.

SAP HANA is a database management system that allows you to
create and deploy intelligent applications for processing large amounts of
data [4].

SAP HANA, a virtually unlimited database for any workload,
supports document repositories, geographic data, graphics, and models
(from vectors to time series). The model offers high-quality data
processing, high performance, and complete security, shifting
developers' focus from administrative tasks to creating innovations.

Understanding and implementing SAP Cloud and SAP On-Premise
contributes to the continuous improvement of innovation processes and
the competitiveness of companies in the modern world [3]. These
systems are innovative platforms that allow companies to quickly
implement new functionality and continue to innovate. Projects
involving the implementation of SAP Cloud and SAP On-Premise
typically include business process development, utilizing SAP's best
practices, and leveraging the enterprise management layer for SAP
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S/AHANA. These projects enable organizations to rapidly deploy
working systems based on ready-made business processes. Implementing
these systems requires a consistent adoption of cloud thinking to
maximise enterprise value. This approach ensures readiness for cloud
operations, facilitates access to test environments, and provides isolated
software environments based on the SAP Cloud Application Library. It
is important to emphasise the benefits of SAP Cloud and SAP On-

Premise:

Business Process Development. This methodology is based
on the use of practical systems built on the basis of ready-
made business processes provided by SAP with two key
resources provided by SAP, namely best practices
(available to all customers) and the enterprise management
layer for SAP S/4AHANA. Both of these packages are the
starting point for implementing SAP S/AHANA Cloud and
SAP S/4HANA On-Premise, enabling organisations to get
up and running quickly. This is done through a working
system built on the basis of ready-made business processes.
The project team employs a standards compliance approach
to ensure adherence to standard business processes and to
identify the delta requirements necessary to customize the
solution for the organization's unique needs. Delta
requirements refer to the specific changes or additional
requirements needed to bridge the gap between the standard
solution and the organization’s specific demands. These
typically fall into categories such as configuration,
scalability, analysis, integration, data security, and access.
Readiness for cloud operations. This principle applies not
only to companies implementing solutions in the cloud, but
also to project teams implementing SAP S/4HANA. In these
cases, cloud technologies can be used to access test
environments or to provide project teams with an isolated
software environment based on the SAP Cloud Application
Library. Organisations deploying solutions in the cloud can
take advantage of cloud thinking in methodology and
detailed information on how to request, access, activate, and
use cloud solutions.

These systems were developed by SAP to create new and expanded
existing applications in a secure cloud computing environment.
Currently, there are one On-Premise and two cloud-based systems
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deployed on the basis of cloud technologies. On-Premises systems are
installed locally on the client's server. All work on such systems is
performed by the company's employees. In particular, a private cloud
actually looks like a user's own server somewhere in an external data
centre. The user has full access to the system and can develop and modify
the system code within the permitted limits.

Since 2023, only SAP Private Cloud Edition is available for new
customers in Ukraine. SAP Cloud Public Edition is only available outside
of Ukraine as a software model. The SAP On-Premise model (not a cloud
solution) is not available for new customers in Ukraine and is only
available for existing customers who are migrating from an older version
of the SAP system to the new version of S/4 HANA.

It is quite a complex process to predict how the business will
develop. It is also important to implement this prediction correctly. That
is why planning is especially important for businesses and modern
companies. In many of them, it is important to ensure that budgets, goals,
and long-term strategies are properly met, and ideally, that the business
is running. To support the planning process in spreadsheets with visual
and functional SAP Analytics Cloud is responsible for a full-fledged
planning component and setting up the process of monitoring its
implementation [2].

SAP Process Control's special problem management functions
provide an effective way to monitor and manage problems that go beyond
regular control assessments. With this functionality, you can identify,
track, and manage problems at various levels:

— organisational;

— administrative;

— regulatory.

When migrating to SAP S/4AHANA, several critical decisions must
be made. These decisions encompass selecting the type of system
environment and defining the primary SAP S/4AHANA functionalities to
be utilized. The options for deployment include using SAP S/4AHANA on
self-owned hardware, hosting the software with a cloud service provider,
or adopting a hybrid approach where part of the business processes are
migrated to the cloud while retaining the remainder on-premises. It is also
important to decide whether to use the migration process to redesign
business processes or to maintain existing business processes.

Speaking of SAP On-Premise, this operating model involves the use
of software purchased and its customers that runs on company-owned
hardware. The software allows the company to have full control over its
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hardware and software. This means that customers using local systems
can decide whether to update their software or not. The product
availability matrix allows them to see when SAP maintenance ends. It
also provides maximum flexibility for customised developments and
integration with other systems (internal solutions or external). Depending
on the product, this may also include changes for which the company
takes full responsibility. If the company decides to make changes, it is
responsible for maintaining the functionality and planning the necessary
adjustments in case of updates [3].

In addition to the cost of hardware and software, powerful and
complex systems require additional costs for IT staff to implement,
manage and maintain the software, which is important for companies to
consider.

Businesses do not have the ability to manage and control the
software beyond the user configuration settings. In addition to SAP
S/AHANA Cloud, this category also includes the following SAP
solutions: SAP SuccessFactors, SAP Cloud for Customer, SAP Ariba.
The provider is responsible for managing and controlling the underlying
cloud infrastructure, and the company manages applications built on the
basis of the provided development environment. An example of this
model is the SAP Business Technology Platform. In this model,
companies can manage the planning and maintenance of their
applications, but not the tools and services used by the applications.

The company manages the applications and operating systems used
and often installs them as well. However, the provider is still responsible
for monitoring and managing the cloud infrastructure. Examples include
hyperscalers such as Amazon Web Services (AWS), Google Cloud
Services (GCS), and Microsoft Azure [1]. There are three types of cloud
deployment models:

1. Public clouds. In a public cloud, services and applications are
publicly available and accessible to everyone. Users usually
share the cloud infrastructure resources provided by the
provider. The public version of SAP S/4AHANA Cloud falls into
this category.

2. Private cloud. In a private cloud, the cloud infrastructure is
distributed between separate companies or only one company.
Cloud infrastructure can be deployed internally or by an external
provider. The same applies to private clouds. When migrating,
you need to take into account the flexibility and scalability of the
IT infrastructure, the way business applications are accessed via
the Internet, and the regularity of automatic application updates.
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The private version of SAP S/4HANA Cloud falls into this
category.

3. Hybrid cloud. A combination of public and private clouds is
called a hybrid cloud. In this case, part of the IT infrastructure
operates locally, while other services are provided by an external
public cloud provider [3].

Conclusions. Sustainable development and competitiveness of
companies are more important than ever. All data operations and
processes must be transparent. In order to manage sustainability for
reporting, climate change, circular economy and social responsibility, it
is necessary to use modern technology stacks, namely SAP Cloud or SAP
On-Premise.

SAP solutions provide company-wide functionality and industry-
specific functions that can be used to embed sustainability across the
business by integrating operations, expertise and financial insights into
core business processes.

Although the development vector of SAP products has been focused
on cloud solutions for the last decade, SAP Business Suite remains the
reliable basis of the information environment of many large and medium-
sized enterprises. The technological platform SAP Netweaver, developed
for many years, is stable and still meets the requirements of most
companies risk being caught up in tomorrow's technological
development, which is unacceptable in the era of information
technologies and the fifth information revolution. For such companies,
SAP offers "ready-to-use" system integration solutions. As a typical
example, a company with an SAP ERP accounting system can implement
anew SAP C/4AHANA cloud system that can be accessed from anywhere
with Internet access, is easy for users to understand and learn, and can be
accessed from a mobile phone or tablet. SAP offers a solution package
that integrates these two products. Business partners, trade names, orders,
and other data are transmitted online by a two-way inter-accounting
system ERP and CRM system C/4HANA. By leveraging this
comprehensive solution, integration costs can be significantly reduced
while providing clients with a thoroughly tested and efficient system,
along with ongoing updates from SAP.
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HECTAHJIAPTHE IIOYNHAHHS CITPOIIEHHS
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Hayionanehuil yrigepcumem 00H020 20cnooapcmea ma
nPUPOOOKOPUCTNY BAHHSL

NON-STANDARD START OF SIMPLIFYING BOOLEAN
FUNCTIONS USING THE ANALYTICAL METHOD

Abstract. The solved problem is the effectiveness of the method of
simplifying Boolean functions to obtain optimal structures of logic circuits. A
new theorem of a non-standard system of simplification of Boolean functions is
formulated, according to which to obtain a minimal function it is enough to
perform all non-redundant operations of simple and/or super-gluing of variables,
which ultimately provides a minimal function in the main basis without using an
implicant table. Thus, the problem of simplifying Boolean functions to the
simplest normal equivalent is solved in one step. The interpretation of the result
is that the properties of 2-(n, b)-design combinatorial systems make it possible
to reproduce the definition of logical operations of super-gluing variables, to
represent logical operations in a different way, and vice versa. This, in turn,
ensures the establishment of the locations of equivalent transformations on the
binary structure of the truth table and the implication of a systematic procedure
for simplifying Boolean functions by an analytical method. The peculiarity of
the obtained results is that unambiguous identification of the locations of
equivalent transformations is possible even when different intervals of the
Boolean space containing the 2-(n, b)-design systems have common blocks,
intersections.
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lonka 3a @Qi3uyHe 3MEHIIEHHS PO3MIpPiB TPaH3UCTOPIB LIS
UUPPOBUX MPUCTPOIB NPHUIHUHUIACH, NMPOTE NPOLYKTHBHICTH UHWIIB
3poctae. lle, 30kpema, 3yMOBIEHO 3aCTOCYBaHHAM 3-BHMIpHOI
iHTerparii, (OTOHHMX KpHUCTATiB, y TOMY YHCII H pe3yiabTaTaMHu
MPOEKTYBaHHS Ha OCHOBI JIOT1YHUX (YHKIIH. 3aXomu 3i CHPOIIEHHS
JoTigHNX (YHKINH TS MPOEKTYBAHHS U(POBUX cxeM OyayTh BKHBaHI
3aBXKH, OCKUTBKH Majia MOTY)KHICTh €JIeKTPOKUBIICHHS, JICIICBI3HA Ta
HIBUIKICT, OOYHMCIICHHS Ma€ 3HAYeHHs, Ta € [apameTpamu
VHIBEpCAJbHUMHU 1  aKTyalbHHMH, HE3aJE€XKHO BiA  JUHAMIKA
MIPOMHUCIIOBOCTI, KOJHM  3MEHIIYIOTHCS  TPOEKTHI  HOPMH UM
BIIPOBAIXKYIOTHCSI BUPOOHMYI NPOTpaMu, MIO Peajli3yloThCs 3a MEKaMu
3akoHy Mypa.

Jloriyni omepamii aHaTITHYHOTO METOAY JUIA PIBHOCHIBEHOTO
MIepETBOPECHHS OyieBUX (YHKIIK HE € Hi CHCTCMaTHYHHMH, Hi
MpUIATHUMH JJIs KOMI'IOTepHOI peanizamii. KpiM 3a3HaueHoOro takuit
crnoci6 moTpedye OUTBIIe Yacy IS CIIPOIIEHHS.

MOXIIHBH 3aX0JaMH IMOIOJAHHS ITPOOIeMH peatizallii CIpOIeHHS
OyieBux (DYHKIIH aHAJIITUYHAM METOJIOM IOJISITAE Y 3aCTOCOBYBaHHI
repMeHeBTHKH [ 1], MeTananux [2], BCTAHOBJICHI JIOKAII PIBHOCHIBLHUX
MepeTBOpeHb [3], IMIUTIKYBaHHI aJIrOPHTMY CIIPOIICHHS OYJICBUX
¢dyHKOil. Y miacyMKy BepOalbHi Ipoueaypy alreOpuyHuX NepeTBOPEHb
3aMiHIOIOTHCSI HA PIBHOCHIIBHI 00pa3Hi MepeTBOPEHHSI.

Obpasna ¢opma iHpopmarii, 30KkpemMa, y BUIIISAI KOMOIHATOPHUX
00’€KTIB IMEPEX0IUTh MOXKIIMBO BUIAIKOBO 3 TEHIEHIIIT MPHYUHHOCTI Y
HEOOX1THO-IIHCHY TEHJIEHLIIIO0 [IOCJIIIOBHOCTI HECTaHAPTHOI
NpOLEAYPH, SKa Yy MJCYMKY Ma€e 3a0e3leuuTd OuIbIIe IIaHCIB
BU3HAYHTH aJTOPUTM CIIPOIICHHS OyNeBHX (YHKIIH, KOIM BOHHU
MpeacTaBieHi Bi3yanbHO-MaTpuuHOW Qopmoro. KomOinaTopHHUMH
00’eKTaMH y IIbOMY BUTIAJIKy OyIyTh JBOBUMIpHIi MOBHI 2-(n, b)-design,
Ta/abo HermoBHi 2-(n, X/b)-design cucTeMU 3 IOBTOPEHHSIM i CYyTh BJIacHE
KOMOiIHaTOpHI 00pa3u. Mojens HeCTaHAAPTHOTO CIPOIIEHHS OYJIeBHX
(dyHKIIH, 0 TOTPIOHO MPECTaBUTH, JOIMYCTHTH OCOOIHUBICTH TOTO, IO
€ JesKa aHaJIOTis aJlTOPUTMY, SIKUI TIEPETBOPIOE «Oe3afHy» CKIaIHICTh
MPOLEIYPH CHPOLICHHS aHAJITHYHUM METOJOM Yy CKJIaTHHHA MOPSIOK
00pa3HuX NePEeTBOPEHb.

VY 3B’S3Ky 3 UM aKTyaJlbHHM acleKTOM TEOPETHYHHX HayKOBHX
JOCHIPKEHb HECTAHIApTHOI CHUCTEMH CHPOLIEHHS OyieBHX (QYHKLIN
3aJIMIIAI0THCS JOCIIKSHHS HaIpaBJieH], 30KpeMa Ha:

— OTPUMaHHS HOBOT'O pE3yNIbTAaTy IIiJi 4ac CHIPOUICHHS OYyJIeBHX
byHKIIIH;
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— BHMIpPIOBaHHS Ta OIHKY pPe3yJbTaTiB  BIPOBAKCHHS
HECTaHJIapPTHOI CHCTEMHU CHpOIICHHS B pEalbHUN CHHTE3 IH(PPOBUX
KOMIIOHCHTIB 3 TOJANBIIUM 1X 3aCTOCYBaHHAM Yy IHUPPOBHX
TEXHOJIOTISX;

Busnauyenns joriuHux omepauiii cynep-cKkJIelOBaHHSA 3MiHHMX
KOMOIHATOPHUMH cucTeMaMu 2-(n, b)-design

Bpaxosytoun Te, mo nosna JJJTH® ¢yHkmii:

— OJHO3HAYHO BH3HAYa€ TIOBHY KOMOIHATOpHY CHCTEMY 3
MOBTOpeHHAM 2-(n, b)-design i HaBmaku [4];

— ckopoueHHsi moBHOI JIH® ¢yHkmii 3aBkau nae OIUHUIIO,
HanpUKIa] ckopodeHHs: 3-pospsianHoi noBHoi JJIH® OyneBoi dyHkuii
Ma€ BUTJISI:

X, X, X5 X X0+ XX, X+ XXX+ XX, Xy X XX XXX XXX, =
=22 Xy + X5 )+ X200 X, 2 ) F X X( X+ X ) F XXX X)) =

=XX, XX, F XX, Fxx, =x(x+x ) tx(x+x)=x+x =1

1 JIa€ MiIcTaBy MOAATH JIOTIUHY OTEpalilo Cynep-CKICIOBaHHS
3MIHHHMX ITOBHOI KOMOIHATOPHOIO CUCTEMOIO 3 TIOBTOPEHHIM 2-(n, b)-
design 3a TakuM BepOaTbHUM KOHIICTITOM:

2—(n,b)—design =xx,..x, + X, X,..X, +...+XX,%, =

=X Xy (X, + X, )+ XX (X, + X, )+ o+ XX (X, X, )=

=X Xttt XX, =X (X, X

o )+..=1L

Takum uymHOM cuctemMa 2-(n, b)-design TpeNCTaBIs€ JOTiYHY
orepariiio cynep-cKiaeroBaHHs 3MiHHUX (1> 1, b>3).

Hns n=1, b=2 xombinatopHa cuctema 2-(n, b)-design mopmae
JIOT14HY OIEpaLilo MPOCTOr0 CKJICIOBAHHS 3MIHHUX:

2—(1,2)~—design E;1+x1 =1
Toni Bi3yanbHO-MaTpruHa opMa ISl Onepallii Cyrnep-CKICIOBaHHS
3MIHHHX MOXE MaTHU TaKWid, HAIPUKJIA]I, BUTTIS:

— IeplIe NpaBWIO CYIEep-CKICIOBAaHHA A 4-po3psiaHoi OyieBoi
GyHKIIT:
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XX, X X,
0 0 0 «x

0 0 1 x W
0 1 0 x

0 1 1 x, |=x

1 0 0 x,

1 0 1 x

1 1 0 x

1 1 1 «x,

Jlitepanu, o noBTOpOOTHECA Yy Habopax 3MiHHUX JJH®D dyHKmii
(1) ssBASIFOTH COOOO MPOCTI IMILTIKAHTH I CKOpO4eHOi popmu OyieBoi
¢ynknii. OTke x4 mpocTa IMIUTIKAHTa y CKOpodeHid ¢opmi OymeBoi
byskmi (1).

3arajpHe IpaBHUJIO CKICIOBAHHS Ha iHTEpBaiax OyJIeBOro mpocTopy,
0 yTPUMYIOTh KOMOiHaTOpHi cuctemu 2-(n, b)-design MoxHa
c(hOpMYJIIOBaTH Yy TaKHWil CIOCIO: CKJICIOBAHHIO MiUISITAalOTh HAOOpHU
3MIHHHX Yy KUTBKOCTi, MO € creneHem uucna 2. HoBuit orpumanuit
eJIeMeHTapHuH 100yTOK (IpocTa IMILTIKaHTa) BU3HAYAETHCS SIK T00yTOK
3MIHHHX, SIKI HE 3MIHIOIOTH CBOTO 3HAYCHHS Ha BCiX Ha0opax, II0
CKJICIOIOTECS. UMCIIO m 3MIHHMX, IO 3aJIMIIAETHCS B EIEMEHTAPHOMY
I00yTKY, BU3HAYAETHCS 32 (POPMYIIOF0:

m=n-—log,M,

JIe n — YUCIO0 3MIHHUX (QyHKIIT; M — 9uciio HAOOPIB, 110 CKIICIOETHCS.
Omxe, 1na pynkuii (1) uucno m cTaHoBUTE m =n—log,M =4—log,8=1.

TpiiikoBuid BeKTOp Bi3yanpHO-martpuuHoi ¢opmu (1), 1o
npencTasisie iHTepBan OyieBoro npoctopy / (0001, 1111) mae Burmsi:

(———1).

JlecATKOBHIA BIJIMOBITHUK aHATITHYHOTO 3aIHCy TEPIIOrO MpaBHia
(1) mae Takuit BUTTSA:
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x=>F--D=

0 0 01
0 011
01 01
01 11
= = (1,3,5,7,9,11,13,15).
1 0 01
1 011
1 1 01
1 1 11

— JApyre TMpaBWJIO CyNep-CKICIOBaHHS Uit 4-po3psaHoi OymneBoi
GbyHKIT:

4 )

=XX,;

—_ — O O
- o = O
&
=

Yucno m ans Gyskuii (2) cranoBute m=n—log,M =4—log,4 =2.
TpilikoBui BEKTOp Bi3yalbHO-MaTpuuHoi ¢opmu (2), 1o
npencTasisie iHTepBan OyieBoro npoctopy / (0011, 1111) mae Burmsi:

(——11).

JlecAaTKOBHIA BiIIOBIHUK aHATITHYHOTO 3aIKCy JIPYroro mpaBHia
(2) Mae Takuii BUTIISI:

xx, = E-1DH=
11
b = (3,7,11,15).
11
11

— TpeTe NpaBWIO CYyNep-CKICIOBaHHS s 4-po3psinHoi OyieBoi
GyHKIT:
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XX XX

0 x, x5 x,|=xxx,. O

I x x5 x,

Yucno m ma Gynxuii (3) cranosuts m =n—log,M =4—log,2 =3.
TpifikoBuii BeKTOp BisyanbHO-mMaTpuyHoi ¢opmu (3), 1m0
npencranisie inTepBan OyneBoro mpocropy / (0111, 1111) mae Burmsiz:

(- 111).

JlecaTKOBMIA BIAOBIIHUK aHAIITHYHOTO 3aIACY TPETHOTO MpaBUiIa
(3) mae Takuit BUTISA:

xxx, = (-111)=
0 1

p— 7’ .

[lepmie mpaBuUiIO Cymep-CKICIOBaHHS 3MIHHMX BHKOPHCTOBYE
cucremy 2-(3, 8)-design. JIpyre npaBuiio BUKOPUCTOBYE cucTeMy 2-(2,
4)-design. Tpere mpaBmio BUKOpucTOBYE cuctemy 2-(1, 2)-design.
[IpaBuiio (3) mposiBisie cebe SK MPOCTE CKIICIOBAHHS 3MIHHUX Ta €
4acTKOBHM BUTaaKoM mpasui (1) i (2).

3MiHHI, 110 YTBOPIOIOTb IIOBHY KOMOIHATOpHY CHCTEMY 3
noBropeHHsAM 2-(n, b)-design, MOXyThb 3aliMatu OyAb-siKi PO3psAN
norivyHoi QyHKIIi.

JecarkoBi  BigmoBigHUKH  aHamiTHuHEUX  3amuciB - (1)—(3)
Oe3mocepeTHbO  MPEACTABISIIOTE  NOTPiIOHI  iHTepBanmu  OyJIEBOTO
MIPOCTOPY JUIsl IPOBEJICHHS PIBHOCWIIBHUX TIEPETBOPEHB MPH CIPOIICHHI
OyneBux QyHKLIH.

Teopema HecTaHIZAPTHOI CHUCTEMH CHPOIIeHHs OyJeBHX
(ynxuiii

CropowieHnst OyneBux (YHKUIH 3IiHCHIOETHCS PIBHOCHIBHUMHU
MEPETBOPCHHSAMH, 30KpEeMa, 3a JIOMOMOTOK HACTYIMHUX JIOTTYHHX
orepartii:
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— IPOCTC CKIICKOBAHHA 3MIHHHX:

XY+ Xy = y;
4)

(x+y)x+y)=y.
— CyIep-CKIICIOBaHHS 3MIHHUX:

xyz+)_cyz+x;z+)_c;z:(x+)_c)yz+(x+)_c);z :yz+;z =(y+;)z=z;

&)

(X+y+2)E+y+2)Ex+y+2)x+y+2)=(y+2)(y+2) =2

Teopema. (0e3 noBeneHHs) SKINO y JTOCKOHATIM W3 IOHKTUBHIN
HOpMabHIH Gopmi OyneBoi (QyHKIIT MPOBECTH BCi omeparlii mpocToro
Ta/abo cymep-ckietoBaHHA 3MiHHUX (4), (5), TOo y miacy™mKy Oyze
orpuMaHa MiHimManbHa JJTH® OyrneBoi pyHKii.

[MpumiTka. Onepauii ckietoBanHs 3MiHHUX (4), (5) MOXYTh OyTH
Ha/uMIKOBUMHU. e 03Hadae mpucyTHICTE y OiHAPHIN CTPYKTYpi TaOIHUII
iICTUHHOCT] 1HImMX MiHiManbHux JIH® 3anmanoi ¢ynkuii. Tomy mis
OTpPHMaHHS MiHIMaJIbHOI PYHKIIIT TOTPiOHO MPOBECTH BC1 HEHAITUIIIKOBI
oreparlii mpocToro Ta/abo cynep-ckieroBaHHs 3MiHHUX. Lle 3a0e3neunTh
OTPUMAaHHS MiHIMaAITLHOI (QYHKIIIi B OCHOBHOMY 0a3uci 0e3 3acTOCyBaHHS
IMILTIKQHTHOI TaOIuIL.

Ckopoueny JH® Bu3HauaroTh 3a AOMOMOrOK JAH3’HOKTHBHOTO
00’eTHAaHHS KOH IOHKIIIA 32 YMOBH, IIO BCi HAOOpHW 3MiHHUX TaOIUIN
ICTUHHOCTI OyseBoi QyHKIIIi, 0 BMIIIyIOTh cuctemu 2—(n, b)-design,
MOBHICTIO MIOKPHUBAIOTH Ty ii YaCTHHY HAOOPIB, HA SIKUX OyJieBa QYHKILiS
noseprae oauHuio. [Ipu 1bOMy HOmycKaeTbcs mHepeTHH HaOOpiB
3MiHHUX, [0 YTPUMYIOTh cucTemMu 2—(n, b)-design.

Ilpuxiao. HectaHmapTHOI CHUCTEMOIO OTpPHMAaTH MIiHIMAJIbHY
OyieBy (YHKIIO YOTHPHOX 3MIHHHX f(X1, X2, X3, X4), IO 3ajJaHa
JOCKOHAJIOK0 1W3 IOHKTHBHOIO HOpMaJIbHOIO (opmoro [S]:
f(‘xl’XZ"x3x4):

= X, X, Xy X,y + X Xy Xy Xy X, X, X3 X+ XX, XX, + XXX X, + (6)

+X, X, X3 Xy X, Xy Xy Xy + XX, Xy Xy + XXy X3 X + X, Xo X5 X, + XX, XX,
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Pose’sz0k.

fMqu) (xl’x2’x3’x4)=

M|x x, x5 x,

1o o o0 1

210 0 1 0

410 1 0 O XX XX,

510 1 0 1 0 1 (7
|60 1 1 0] |0 1 0]
8|1 0 0 o 1 0/

911 0 0 1 1 0

12/1 1 0 0 11

131 1 0 1

401 1 1 0

1501 1 1 1

= XX, + XX + X, X+ XXX, F XX,

VY mepmit matpuni (7), mo npexacrasisie JJIHD fixi, x2, x3, x4)
MPOBEICHO HACTYITHI JIii:

—mo 6nokiB 1, 5,9, 13; 4, 6, 12, 14; 8, 9, 12, 13; 12, 13, 14, 15,
KOXEH 3 AKHX YTBOPIOE BiJIIOBITHUI iHTepBai OyJI€BOTO IIPOCTOPY, IO
BMIIIy€e TMOBHY KoMOiHaTopHy cuctemy 2—(2, 4)-design, 3acToCOBaHO
OTIepALli0 CyNep-CKICIOBaHHS 3MiHHUX [4].

— 110 OJIOKIB 2, 6, sSIKi YTBOPIOIOTH BiJIMIOBITHUH iHTEpBal OyJIEBOTO
MpocTopy, IO BMinlye kombiHatopHy cuctemy 2—(1, 2)-design Ta
MICTATh 3arajibHUM JIITEpal «X2» 3aCTOCOBAHO OIEpallil0 IPOCTOro
CKJICIOBaHHS 3MIHHHX [4].

Pe3ynpraTv HEHaJIMIIKOBHX JIOTIYHUX OIEpaliid CKICIOBaHHS
3MIHHHX 3alHUCYIOTHCS JI0 IPyroi MaTpuil Bupasy (7).

JlecsaTKOBMIT BIJMOBIIHUK aQHAJIITHYHOIO 3alKMCy MiHIMaIbHOT
¢ynkuii (7) Mae BUTIISIL

flxn, x2, x3, x4)={(1,5,9,13), (4,6,12,14), (8,9,12,13), (12,13,14,15),
(2,6)}.

IocTuii 6ok 3MinHUX «0110» y nepmiii Marpuii Bupasy (7) €
3aralbHUM i1 JBOX cucreM — xm(4,6,12,14), ¥m(2,6) Ta oxHiel
ormeparfii TPOCTOro CKJICIOBaHHSI 3MIHHHX, JIOKaji3alis  sKOi
BHU3HAYAETHCS BIAMOBIIHUMHU I1HTEpBajgaMH OYJICBOIO IPOCTOPY, IO
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BMIIIYyIOTh KOMOiHaTOpHI cucremamu 2-(2, 4)-design ta 2-(1, 2)-design
[31.

JBanamusaruit 6mok 3miHEKX «1100» y mepmriit maTpuiti Bupasy (7)
€ 3aralbHUM ISl TPhOX cucteM — xm(4,6,12,14), Xm(8,9,12,13),
¥m(12,13,14,15) ta onHuiei omepamii Cymnep-CKJICIOBAaHHS 3MiHHHX,
JIOKami3amis KOl BH3HAYAETHCS BIAIOBITHUMH IHTEpBajJaMH OYJIEBOTO
MIPOCTOPY, IO BMIIIYIOTh KOMOiHATOpHI cuctemamu 2—(2, 4)-design [3].

Tpunanusaruii 610k 3mMiHHUX «1101» y nepiii matpuui Bupasy (7)
€ 3araJbHUM A1 Tpbox cucreM — xm(1,5,9,13), Zm(8,9,12,13),
¥*m(12,13,14,15) Ta onHi€i omeparii Cymnep-CKICIOBAaHHS 3MIHHUX,
JIOKaJTi3alis KOl BU3HAYAETHCS BiJIIOBIHUMH IHTEpBajIaMHu OYJICBOIO
MPOCTOPY, 110 BMILIYIOTh KOMOIHATOpPHI cucTeMaMu 2—(2, 4)-design.

YorupHaasarui 610k 3MiHHUX «1110» y mepmriit matpumi Bupasy
(7) € 3aragpHUM I IBOX cucTeM — xm(4,6,12,14), ¥m(12,13,14,15) Ta
ONHIET omeparii Cymnep-CKJICIOBaHHS 3MIHHUX, JIOKaJIi3allis —sKol
BH3HAYAETHCA BIAMOBIIHUMHU iHTEpBajiamMu OYJEBOTO MPOCTOPY, IO
BMIIIYIOTh KOMOiHaTOpHI cuctemu 2-(2, 4)-design.

V nmiacyMKy 3a OJJUH KPOK, 0€3 3aCTOCYBaHHS IMIUTIKAHTHOT TaOJIHIII,
OTpUMaHO MiHIManbHy QyHKIiI0 (7), sKa Ha JABa JiTepadd MEHIIA,
MTOPIBHIHO 31 CKOPOYEHOIO (GYHKIIErO [5] (
f2 :Zxax_4+x_3x4 +x2373+x2374+x1x2 +x1x_3)'
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BUKOPUCTAHHS COJIBEPA BARON
JIJISI PO3B’SI3BAHHS KBAIIPATUYHOI 3AJTAYT
OIITUMAJIbHOI YTAKOBKH HEPIBHUX KPYTIB?
! Cremrok I1.1., 2Pomanosa T.€., *Tusonap C.P.
" Incmumym xi6epnemuxu imeni B.M. I'iywixoea HAH Yxpainu
?Incmumym npobnem mawunobyoysanus imeni A.M. ITiozoprozo
HAH Vkpainu
7 Vorceopoocekuii nayionanvhuii ynisepcumen

USING THE BARON SOLVER
FOR SOLVING THE QUADRATIC PROBLEM
OF OPTIMAL PACKING OF UNEQUAL CIRCLES

Abstract. The paper considers a quadratic nonconvex extremal problem of
packing a small number of unequal circles into a minimum-radius outer circle.
The influence of additional linear constraints to speed up the BARON solver
time for solving the packing problem is studied. Computational experiments are
performed for six benchmark instances that are freely available on the website
https://www.packomania.com/. The number of unequal circles is varied from

2 Po6ota miarpumana Volkswagen Foundation (rparT Ne 97775)
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five to ten. The BARON solver couldn't find the global solutions for the set of
instances for the time-limit of 7200 seconds. Two propositions, aimed at
reducing the number of possible solutions of the quadratic problem by means of
extending the quadratic model with two corresponding families of additional
linear constraints, are formulated. The computational results are provided. The
BARON solver found proved global solutions for the first four instances within
0.37, 0.61, 26.41, 309.91 seconds, and significantly improved the lower bounds
of the outer circle radius for the fifth and sixth instances.

Hexaii 3agano cimeiictBo m xpyris C, 3 pagiycamu r,, i =1,...,m Ta
30BHIMIHIN Kpyr C, 3 HEHTpoM B Touli (0,0) Ta 3MiHHUM pajiycoM R.
Bynemo BBaxkaTw, m0 BCi pamiycu KpyTiB € pizHUMH. ONTHMaIbHOIO
YIIAKOBKOIO CIMEHMCTBa KPYTiB B 30BHIIIHIN Kpyr HAa3WBaIOTh TaKy ix
VIAKOBKY, IUIA IKOI R™ — pafiyc 30BHIIIHEOTO Kpyra € MiHIMaIbHHM 32
yMOB, O Kpyrd C,, i=1,...,m TIOBHICTIO 3HaXOHISAThCS BCEpeAWHI
30BHINTHKOT'O KPyTa Ta MOMAPHO HE MEPETUHAIOTHCS MK COOOI0.

SKmo no3HauuTu (x;,y,) — HeBiZOMHUH UeHTp Kpyra C,, i=1,...,m,
TO 3aJadi ONTHMAaJbHOI YIAKOBKM CIMEHCTBa KpYTiB BIiANOBiTa€E
OaraToekcTpeManabHa KBaipaTHdHa 3a/1a4a [ 1], sika Mae Takuid BUTIISA:

R =minR (D
R.x,y
3a 0OMEXEHb
X +y <(R-r), i=1,...,m, )
(xi_xj)2+(yi_y/‘)22(’?+rj)2’ Isi<j=m, 3)
R> maxr, 4)

i=l,...,m
e x=(x,...%,), Y= y,) -
LinboBa ¢yHkuis (1) e minHiHOI (QYHKIIEIO Ta TOB'3aHa 3
MiHiMi3ali€ero paaiyca 30BHILIHBOr0 kpyra C, . KBagpaTuuni oOMexeHHs
(2) o3HauvaroTh, 1O KOXHUH Kpyr C,, i=1,..,m, HaIeXHUTh

i

30BHIIIHBOMY KpyTy C,. KBagpatudni oOMexeHHs (3) rapaHTYyIOTh, 110
HisIKI 1Ba KpYyTH i3 ciMeiicTBa kpyriB C,, i=1,...,m He NepETHHAIOTHCA.

Jliniline oOMexxeHHsI (4) 3a0e3rneuye JoJaTHE 3HAYEHHST R — pajiyca
30BHIIIHBOIO Kpyra HEOOXiJHE Ui KOPEKTHOCTI KBaJpaTHUYHUX
oOmesxeHsb (2).

3amava (1) — (4) € OaratoekCTpeMalabHOIO 3aJla4er0 HENiHIHHOTOo
(KBagpaTUYHOTO) MPOrpaMyBaHHSA 1 A 3HAXOKEHHS i1 pO3B’SI3KY
MO’KHa BHKOPHCTOBYBATU COJIBEpH, SIKI NMpU3HAUECHI Ui PO3B’A3aHHS
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3aga4 raodansHoi ontumMizanii. Ha NEOS-cepepi [2] npeacTaBieHo psin
TaKuX COJBEPIB, cepel AkuX € Bimomuii consep BARON [3,4].

B Tabnumi 1 npeacraBneHo pe3ynpTaT po3B’sa3aHHs 3amadi (1) — (4)
3a goromororo coBepa BARON njist ecTH TECTOBUX MPHUKIIAIIB, K1 €
y BIIBHOMY JOCTYIli Ha BeO-caiiTi https://www.packomania.com/, e
me {5, 6,7,8,9,10} Ta paaiycu kpyriB C,, i=1,..,m € pIBHUMHU

BIANOBIIHMM LIJIMM AOAATHUM dHuClIaM, TOOTO r =i. BiaBoauscs
rpannyani 9ac B 7200 cexyH.

Taommms 1
BARON - orpumani po3s’s3ku 3amadi (1) — (4) A1 IecTH TeCTOBUX
MPUKIIAJIIB

m Nit N yodes N odes Ripy Ry R

5 [6796413 1535 849 8.55369 9.00140 9.00140
6 [5819686 2502 2502 10.5063 11.0570 11.0570
7 | 2842333 18880 147157 12.7890 13.4621 13.4621
8 | 825944 88276 406705 13.8261 16.2217 16.2217
9 | 490757 136297 312999 12.0193 19.3517 19.2332
10 | 354724 103893 144784 14.3897 22.1176 22.0002

B tabnuii BUKOPUCTOBYIOThCS TaKi MO3HAa4eHHA: N, — KiJIbKICTb

itepaniii consepa BARON, N — MakCUMaJIbHa KIIBKICTb 3aIsTHUX

nodes

*

nodes — HOMED BEpIIMHM, Ha sKili 3HaiineHo Haiikpare

BEpLIMH, N
3HA4YEHHs paliycy 30BHILIHBOTO Kpyra C,, R,,,— HIKHS I'paHHLs Ha
paaiyc, R,,— BEpXHs IPaHHLI Ha paliyc, R* — HaliMEHIIWIA pajiyc Kpyra
C, , B3aTuil 3 caiiry https://www.packomania.com/.

3 tabsuiii 1 BuaHO, 1110 BARON He 3Haiii1oB riio0aibHUN pO3B'SI30K
Hi 1151 OIHOrO TecToBoro mpukmamy 3a 7200 cexynn. Hnsi mepuiux
YOTHPBOX TECTOBUX NPHKJIAAIB BIH 3HAMIIOB R,, — BEPXHIO IDAHHLIO

pamiyca, sKka cHiBmagae 3 MiHIMaIBHEUM pagiycoM kpyra C,.

Hait6inpmuii po3puB MiXK BEPXHBOIO Ta HIKHBOIO TPAHUIISIMU CKIIA/IA€
15% nuia 9eTBEpTOro TECTOBOrO NMPHKIALy, a HaWMeHIMHA — 5% s
MEPUIMX TPHOX TECTOBHX MPHUKIAAIB. [JIsl 11’ ITOTO Ta MIOCTOTO MPUKIATY
BEpXHs TPaHUI pajiyca 30BHINITHBOTO Kpyra € OUIbIIOI 3a HOro
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MiHIMabHE 3HAUeHHS R*. PO3pUB MiX TpaHHIsIMHU CKiaamae 38% mis
m’sitoro Ta 35% I MOCTOTO TECTOBUX MPHKIIAIIB.
Jlns TecTOBUX MpUKNamiB me{6,7,8; Ha pucyHKy | HaBeneHi

po3B’si3ku, 3HaigeHi conmBepoM BARON, Ta po3p’siskm 3 calTy
https://www.packomania.com/.

BARON
15 15 F 1%
i 10 1
ir 5t 5
1] o F 1]
-5 =5 F =5
=10 =10 ¢ =10
-15 |k | 3 i i L ; =15 ¢ ; i I | | i =15 | ¢ 2 i
13=10 =5 0 5 W 15 15=10 =5 @ 5 10 15 =15 =10 =5 0 5 10 15
Hup= 11.05704 R, =13.46211 R, =16.22175
Packomania
15 + 15
10 10
5 5
b F ok
=5 | -4
-10 -10 b
-18 r ) L h i \ =15 F . i s i I 1
=15 =10 =5 O 5 10 15 =15 =10 =5 0 5 10 15 =15 =10 =5 O 5 10 15
R*=11.05704 R+ = 13.46211 R*=16.22175

Puc. 1 — BARON ma Pakomania. po3e’s3xu 3adadi (1) —(4) ona

me {6,7,8}

I3 pucynka 1 BuzmHO, 1m0 po3B’s3KkHU 3axadi (1)-(4) mis npukianis
me{6,7,8}, smaiineni comepom BARON Tta B3aTi 3 caiita

«Packomaniay», ciiIbHO BiAPI3HAIOTHCS PO3MILLIEHHSM LEHTPIB KPyTiB C,

, i=1,...,m.1le NOSCHIOETHCS HACTYIIHUM (PaKTOM, SIKUH cHOPMYITIOEMO

TAaKUM TBCPAKCHHSAM.

182


https://www.packomania.com/

Teeporncennn 1. Hexau x" ={x}",, y ={y'}",, R — posssasok

3adaui (1) — (4), a kym ¢ — maxuil, wo 0<p<27. Tomi x™ ={x"}",

m

y©={y"",, R" =R 6yoe poss’szxom 3adaui (1) — (4), axwo yenmpu
Kpyeie C., i=1,..,m obuucawolomscss  3a  QopMylaMH

i

ok * . * ok . * * .
X, = cos@-x;, +sing-y;, y. =-sing-x; +cos@-y,, i=L....m.

1
JoBenennsi. [TokaxxeMo 110, SKIIO KBaJpaTHUHI HEPIBHOCTI (2) Ta

m m

(3) Bukonyrothest mis x ={x'}",, y ={y}",, R', TO BoHH OymyTh
BUKOHYBaTHCs i st x ={x "}, y" ={y"}",, R"=R".

Jns  wmepiBHOCTEW (2) 1€ BUIDIMBAE 3 TAKOTO JIAHITIOTA
CITIBBIIHOIIEHD:

*

(R** —r,.)2 Z(x,*)z +(y;‘*)2 =(cosgo-xf +singo-yf)2 +(—sin(p-xf +cosgo-yf)

2
:cos2¢)-(x,*)2+200s¢sing0-x,.*-y,.*+sin2¢)-(y,.*)2+sin2go-(xf)2—200s¢)sin¢)-x,*-yf+
+cosz¢7-(yf)2 :cosqu-(x[*)z+sin2(p-(y:)2+sin2q)-(x:)2+cos2;o-(yf)2 =
:(0052(o+sin2 go)-(x,.*)z +(sin2go+cos2 go)-(y,.*)2 :(xf)2 +(yl.*)2 S(R* —rl.)z,i=1,...,m.

Hns  wuepiBHocTelt (3) 1e BUIUTMBAE 3 TaKOro JIAHIIOTa

CIIBBIJHOIIEHE:

2 *k *k 2 *k *ok 2 * 3 * * . * 2
(r[+rj) S(x,. —xj) +(y,. —yl.) :(cosgo-xi +sing-y, —cosgo-xj—sm(o-yj) +

+

+(—sin(p-xf +cosg-y; +sing-x; —cosgo-y;)2 :(COS(p-(x,.* —x;)+sin(p~(y;‘ —y;))z
+(—singo~(xi* —x;)+cosgo~(y: —y;f))z :cos2(o~(xl.* —x;f)2 +2€0sqp-sin(p~(xl.* —xj*.)x
x(yi* —y;)+sin2 (0~(y: —yj.)z +sin’ go~(x,.* —x;’.)2 —2singo~cosgo~(x;“ —x;)~(y;’ —y;)+
+sin’ (o-(y,.* —y;f)2 :(cos2 @ +sin’ (p)(xl —x;)2 +(sin2 @ +cos’ go)(y, - y;'.)2 =
=(xf —xj.>2+(y: —y_’;)2 Z(rl. +rj)2, 1<i<j<m.

Teepmkenns 1 noBeneHo. O

Juist Toro, o0 3MEHIUTH KiJbKICTh PO3B'SI3KIB, sKi Juist 3a1a4i (1)—

(4) MaroTh MicIle 3TiJHO TBEp/KEHHS 1, JOCTaTHBO ISl JOBUIBHOTO i3
KkpyriB C,, i =1,...,m 3adikcyBaTi OAHY 3 KOMIIOHEHT HOro IIeHTpa TakK,

mo0 Kpyr He BHUXOIMB 3a MEXi 30BHIIIHBOTO kpyra C,. Jlus mporo
o0epemMo HalOIIbILNHI KpyT C, 3 IHAEKCOM i = m Ta 3adikCyeMO HOro x
-OBY KOMIIOHEHTY PiBHOIO X 32 JIOIIOMOTOIO JIiHIMHOT piBHOCTI
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x, =X, ne —R +r <X<R -r,. 5)

Sxmo no 3agaudi (1) — (4) nonatu oOMexeHHs (5), To B HOBiH 3amayi

PO3B’SI3KIB CTaHE MEHIIIE, IO JI03BOJIUTh IPUCKOPUTU POOOTY CoJiBEepa

BARON. Ilpo me cBiguaTe pe3ylbTaTH PO3PAXyHKIB UISI TECTOBHX
TIPUKJIAIiB, SIKi HaBeIeHI B TaOIwHIIi 2.

Taomus 2
BARON - orpumani po3s’s3ku 3aaadi (1) — (5) A1 mrecTy TeCTOBUX
MIPUKJIA]TIB

m X, N, Nyodes | Nippges | time Ry, R,

5 |-0.01535 33 5 -1 0.78 | 9.00139 | 9.00140
6 |-0.02365 | 333 15 -1 2.38 | 11.0570 | 11.0570
7 | 0.00055 | 12589 292 11223 | 48.87 | 13.4621 | 13.4621
8 |-0.02348 | 101679 | 2079 | 15446 | 638.57 | 16.2217 | 16.2217
9 |-0.02009 | 757457 | 53254 | 113331 | 7200 | 16.8822 | 19.2332
10 | -0.02110 | 440500 | 79418 | 68323 | 7200 | 14.5351 | 22.0002

B Tabnuui BUKOPUCTOBYIOTHCS J[IBA HOBHUX IO3HAUEHHA: X, —

3HAYCHHS 3a(iKCOBAaHMX X -OBUX KOOPJMHAT IEHTPIB BIiIOBIIHUX
HalOLIBIIKMX KpyTiB C,, i =m, sKi B3sITi 3 caliTy «Packomaniay, fime —

i
Yac po3B’s3aHHA TecToBUX 3a/1a4 (1) — (5). Bci i mo3HadeHHs Taki, K
B TaOu 1.

3 Tabnuii 2 BUIHO, 1110 coiiep BARON ycminiHo po3B’si3aB nepimx
YOTHPH TECTOBHX MPUKIA/IB, 3aTPATUBIIN HEBEIUKUI Yac — MEHIIe
CEeKYHIIU JUIS TEePIIOTO MPHUKIATY, TPOXHU OUIBINE IBOX CEKYHI — IS
Jpyroro, 0O1M3bKo 49 CeKyHJ — AJsl TPETHOI'O Ta TPOXH OLUIbINE JIECSITH
XBWJIMH — JJIs 4eTBepPTOro mnpukiamy. [I’sTwii Ta MIOCTHH TeCTOBI
MPUKJIATU BiH HE PO3B’s3aB, ajie NI HUX TOKPAIIMB PO3PUB MiXkK
BEPXHBOIO Ta HIPKHBOIO TPAHUISIMU Ha pajliyc 30BHIIIHBOTO Kpyra C, —

IUIst m=9 po3puB CTaHOBUTH 12%, a s m =10 — 34%. 3ayBaxxumo,
IO 3HAYEHHsS BEPXHIX I'paHMIb Ha pajiyc 30BHIIIHBOTO Kpyra C, B

Tabauii 2 (KOJOHKA Rup) CIiBIIamace 31 3HAYEHHSIMHU BIJIIOBIIHOTO

MiHIMAIIBHOTO pajiiycy 30BHIIIHLOr0 Kpyra B Tabmui 1 (konoHka R*).
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BARON

15 15
10 10
5 5
1] 1]
-5 -5
=10 + =10
-15 F i + % I -15 |, & % , * I =13 7 i
=15 =10 =5 5 1o 15 -15-10 =% 0 5 10 15 -15 -10 -5 0 5 1 15
R*=11.05704 R*=13.46211 R*=16.22175
Packomania
15 + 15
10 F 10
afF L]
(i [}
=5 | -5
=10 =10
-15 Pt T T S A | 1] i et (e SR TRt
ih=10 =5 0 5 10 1% 15=10 =5 © % 10 1% 15=10 =% 0 5 10 13
R*=11.05704 R*=13.46211 R*=16.22175

Puc. 2 — BARON ma Pakomania: po36’szxu 3adaui (1) —(5) ons
me {6,7,8}

Ha pucynky 2 HaBeneni po3B’sa3ku 3anadi (1) — (5) ans TecToBUX
NpHKIaliB m e {6,7,8} , ki 3Haiineni consepom BARON, Ta po3s’sa3ku
3 caifty https://www.packomania.com/. I3 pucyHka 2 BHIHO, IIIO
PO3B’SI3KM  TECTOBHX TPHKIAIIB HE TaK CHIBHO BIIPI3HAIOTHCSA 32
PO3MILIIEHHSAM LEeHTPiB KpyriB C,, i =1,...,m, sk 1e Oyno Ha pUCyHKY |
3 po3B’si3kaMu TecToBHX 3a1a4 (1) — (4). s TeCTOBUX NPUKIANIB m =6
Ta m =8 HAWOLIBLII KPYTH pO3MILICHI Y BEPXHIM YaCTHHI 30BHIIIHBOTO
kpyra C,. Jnst Toro mo6 po3micTUTH iX B HWKHIN YaCTHHI 30BHIIIHBOTO

kpyra C, MO>KHa BUKOPHCTaTH TaKe TBEPKCHHS.
Teepoacennsn 2. Hexaii x" ={x'}",, ¥y ={y'}.,, R° — poss‘azox
3aaalll. (1) _ (4). Toai x*** — {x:** };1;' , y*** — {yi*** }ln’i] , R*** — R* _p036 Jﬂ30K

saoaui (1) — (4), akwo yenmpu kpyeie C., i=1,...,m obuucaoomsca 3a
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Gopmynamu x;”" =x;, yi ==y ,i=1...,m.

JloBeneHHsi. AHAJIOTIYHO, SK 1e OyJIO IPU JOBEACHHI TBEPIKEHHS
1, mokaxkemo MmO, AKIMO HepiBHOCTI (2) Ta (3) BUKOHYIOTBCS IS
x={x M, ¥y ={y},, R, T0o BoHH OyayTh BHUKOHYBaTHUCS i s
X T YT = () R =R

Jns  wmepiBHOCTEW (2) 1€ BUIDIMBAE 3 TAKOTO JIAHITIOTA
CHIBBIIHOIICHD

(k7 = 2 45 =+ () =
(Y (0 < (R =) izl
a s HepiBHOcTel (3) — 3 MaHIFoTa CIiBBiJHOIICHD
(ron) <= 0 =) ) -
=(x-x) (5 =y) 2(n+r) . 1i<jsm
TBepmkeHHs 2 10BeICHO. O

SAxuio o 3amayi (1) — (5) nomatu odMesxxeHHs (JTiHIHHA HEPIBHICTD)
Yu <0, (6)

TO 1€ JIO3BOJIUTh HPUCKOPUTH pobOoTy coimBepa BARON. IIpo ne
CBIYaTh pE3yNbTAaTH pO3PaXyHKIB Ui TECTOBUX NPHUKIAMIIB, SAKi
HaBeleHi B Ta0auI 3.

Tabmuusa 3

BARON - orpumaHni po3B’si3ku 3anadi (1) — (6) 17 iecTu TeCTOBUX
MIPUKJIIAJIIB

m Xim Nit Nyodes | Nippges | time R, R,
-0.01535 13 3 -1 0.37 | 9.00139 | 9.00140
-0.02365 21 5 5 0.61 11.0570 | 11.0570
0.00055 6000 150 159 26.41 | 13.4621 | 13.4621

-0.02348 | 48299 903 4317 | 30991 | 16.2217 | 16.2217
-0.02009 | 319676 | 22524 | 230328 | 7200 | 17.0606 | 19.2332
10| -0.02110 | 176855 | 33998 | 176179 | 7200 | 16.8858 | 22.0002

NN Be TN BEN I e N V)|

3 tabnuii 3 BuaHO, 1110 BARON 3Mir mokpaiiuTi pe3ybTart o 4yacy
JUIS TIEPIIMX YOTHUPHhOX TECTOBUX TPUKIAMAIB, 3aTPaTHUBIIA Ha IX
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po3B’s3anHs BignosigHo 0.37, 0.61, 26.41 Ta 309.91 cexynn. [I’aruit Ta
IIOCTUH TECTOBI MPWKIAAW BiH HE PO3B’s3aB, aje I HHUX 3HOBY
MOKPAIIUB PO3PHB MiX BEPXHLOIO Ta HIKHBOIO TPAHHIIMH Ha Pajiyc
30BHIIIHBOTO Kpyra C,. Tak, nist m =9 po3puB B PaHULISIX CTAHOBUTH

11%, a nng m=10 — 23%.

BARON
15 15 15 ¢
10 ¢ 10 10
5 5 5
0F 0 0
-5 -5 -5
10 + 10 + 10
—lb Y G . - b . . - )5 e . . - -~ Al‘) - - > . .
-15 <10 -5 O 5 10 15 -15-10 -5 O S 10 15 15 ~-10 -5 0 5 10 15
R* =11.05704 R*=13.46211 R*=16.22175
Packomania
15 15
10 10
5 5
0Fr 0
-3 -5
=10 r 10 +
_15 A A e b 'ls V- A A A A
-15-10 -5 O S 10 15 -15-10 -5 0 $ 10 1§ -15~-10 -5 0 S 10 15
R* =11.05704 R* = 13.46211 R*=16.22175

Puc. 3 — BARON ma Pakomania: po36’sizxu 3aday (1) —(6) ons

me {6,7,8}

Ha pucynky 3 HaBeneni po3’sizku 3amaui (1) — (6) ayis TecToBHX
MPUKAAIB m € {6,7,8} , SIKi 3HaWEeHO 3a jonoMoroto coasepa BARON,

Ta po3B’sA3KH, B3ATi 3 caiity https://www.packomania.com/. I3 pucynka
BHUJIHO, IO PO3B’SI3KH HE BIJAPIZHIIOTHCS 33 PO3MIIICHHIM ICHTPIB
OinpIuuX KpyriB C,, i=m.
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MOJEJIOBAHHS IMHAMIKUA MUCJIEHHA JIOJAWHU 3
BUKOPUCTAHHAM KOMBIHATOPUKH
Tumodiera H. K.
Mixcnapoornuii HayK08o-HAGHANLHUL YeHmpP iHpOpMayiiHuX
mexnonoziu ma cucmem HAH ma MOH Ykpainu

MODELING OF THE DYNAMICS OF HUMAN THINKING
USING COMBINATORICS

Abstract. It is shown that the process of the dynamics of human thinking
has a combinatorial nature. The electroencephalogram, which conveys the
processes of activation of thinking, is given by such a combinatorial
configuration as placement with repetitions. The method of modeling the
dynamics of human thinking using the significant information space, which
exists in two states: convolute and deployed, is considered.

Beryn. B po0oti ommcaHo crocid MOJIEIOBaHHS —JUHAMIKA
MuclieHHs JroauHu. [loka3aHo, Mo 1ei mporec Mae KOMOIHATOPHY
MPUPOAY, TOMY Ul HOTO MOJAETIOBAHHS BUKOPHCTAHO KOMOIHATOPHUI
aHani3. luHamika MUCIIEHHS IOSICHIOETHCS 3 BUKOPUCTaHHIM 3HAKOBOTO
1H(pOPMAaIIITHOTO TIPOCTOPY, KU SIK 1 3HAKOBHI KOMOIHATOPHUIA, iICHYE
B CIIOKOI Ta JUHAMIL.

IlocranoBka 3apaui. B mitepatypi ommcaHo Oarato cmoco6iB
MOJISJTFOBAHHSI IPUPOTHOTO 1HTEJIEKTY JFOJWHY Ta JIWHAMIKA MUCIICHHS.
Bimomi migxo1 BUKOPUCTOBYIOTh JJIsl CTBOPEHHS IITYYHOIO IHTEJIEKTY.
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AJe, He3BaXKalOuM Ha BEJIMKi PO3POOKH B LiH ramysi, Teopii ITY4HOTO
IHTEJIEKTY IOKa HE CTBOPEHO.

Iinxin, mo mnponoHyerbesi. 3 BUKOPHUCTAaHHIM 3HAKOBOTO
iH(OpMAIIITHOTO TIPOCTOPY, AKUH 3a1a€ThCA aKCIOMaMH, IO XapaKTepHi
3HAaKOBUM KOMOIHATOpPHHUM TpocTOopaM, NOOYyJOBaHO MaTeMaTHYHY
MOJIeTTh JMHAMIKHA MHUCJICHHS JIIOUHH. [HTYIIlis po3risimaeThes SK Crocio
MPUHHATTS pIIEHh B yMOBaX HEBU3HAYEHOCTI 3a MpaBHJIAMH, SKi
(dbopmanizyBaTu 1OCUTH CKIaIHO.

Ipo wryynwmii intenexrt. [ cTBOPEHHS ITYYHOTO IHTENIEKTY
HEOOXiTHO BHABHUTH BIACTHUBOCTI MPUPOIAHOTO IHTEIEKTY Ta PO3POOHUTH
cnoci6 #oro mozenioBaHHsA. B miTeparypi mogaHo 0araTo O3Ha4eHb
LITYYHOTO IHTENEKTY, ajle TOYHOTO BU3HAYCHHSI IIi€] HayKH 11e HeMae. Sk
BIJIOMO, TiJ] IHTEIEKTOM PO3yMIIOTh 3[JaTHICTh MMi3HABATA HABKOJUIIHIN
CBIT Ta BHUpINIyBaTH pI3HOMaHiTHI mnpoOmeMu. SK CHHOHIM
KOPUCTYEMOCSI TIOHSITTAM pO3YM, SIKE BHPaKa€ 3JaTHICTh MHCIHTH:
aHaNi3yBaTH Ta pOOUTH BUCHOBKH. OJTHUM 3 HOHSTH IITYYHTO IHTENEKTY
BBaXKAIOTh (popmalizalito mpodieM Ta 3aBIaHb, sIKi MOMIOHI A0 IiH, 110
BUKOHYE JfoAnHa. Pi3HI aBTOpH NPUPOAHUI iHTENEKT MOJAECTIOIThH T0-
piznomy. Hampuxmang y [1] mTy4Huil iHTENEKT BHU3HAYAIOTH SIK
BIIACTHBICTh MHU(POBOI OOYNCIIOBAFHOI MAIIMHH pearyBaTH Ha
iHpOpMallito, sIKa ITOCTyNAae Ha i1 BXiTHI MPUCTPOI, Maike Tak, siK pearye
B THUX Xe iHQopMaliifHuX yMmoBax MeBHA JOAWHA. Takuil miaxifg
TPYHTYETHCSI Ha MPHUHIIMII CaAMOOPTaHi3amii MoJeni i Horo Ha3WBaIOTh
eBpUCTHYHHHA. Y poOOTi [2] IHTENEKT JIOAWHH PO3TILINAETHCS SIK
iHTyiTMBHA cucTeMa. ToO0To, mmiJ IHTYIIIEI0 PO3YyMIIOTh MPOIEC
ONTUMAJILHOTO TPUHHATTS pillleHb MO BiJHONICHHIO J0 30BHIIIHHOTO
cepepoBuma. OTxe, IHTEJIEKT JIOAWHHU PO3TILIIAIOTH SIK CUCTEMY, sIKa
crpuiiMae 30BHIIITHE CEPEOBUIIIE, aHAITI3Ye 1HOOPMAILIIO 1 B 3aJICKHOCTI
BiJ] [LOTO MIpUIMAE PIllIEHHS PO BUKOHAHHS. AJie MPOIeC MUCIICHHS B
JOUHU MOXe TIPOXOJWTH 0e3 30BHIMIHBOI il Ta 0e3 000B’SI3KOBUX
BKa3iBOK JI0 BUKOHAHHs pIIICHHS NEBHUM opraHam. [Iporec TBop4oCTi
CYNPOBOPKYETHCS PI3HUMHU MPOSIBAMH €MOIiH, a IPUHHATTS PIillicHb B
MPUPOAHOMY IHTEJIEKTi IPOBOJUTHCS B yMOBaX HEBU3HAUEHOCTI Pi3HOrO
Tuny. B 3a1a4ax nporo kinacy BoHa IOB’si3aHa 3: 1) HEIIOBHOIO BXiJHOIO
Ta TIOTOYHOIO iH(OpMaIli€ro; 2) HEeUITKOI BXiJHOIO iH(opMariieto; 3)
HEYITKO PO3POOJICHUMU MpaBUIIaMu 0OpOOKH Ta omiHkK iHdopmariii. B
3aJIeKHOCTI BiJA THUIy HEBU3HAUYEHOCTI HaBelIeMmo Kiacugikaiio
MPUPOJHOTO IHTENEKTY. BBakaTMeMo, 10 3 MOHATTSAM IHTEIEKTY
MoB’si3aHi Taki omepamnii sk o0poOka Ta ominka iHpopmarii. Tomi
1HTEJIeKT JII0IMHA YMOBHO PO3J1JIMMO Ha Taki piBHi [3]:
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I piBens. JlioguHa BUKOHY€E MpaBmIiIa, SIKi YITKO COPMYIHOBAHO i
OIMCAaHO B KHHUTAX Ta Mipy4YHUKaX abo MepenaroThes BiJl yUUTENiB Oe3
aHai3y Ha ixHIO TOuHICTb. HasBemo ix mpasuramu nasuanus. Ha
CBTOIHIIIHIN JEHb iCHye 0ararto mporpaM i MPUCTPOiB-pOOOTIB, SIKi
MPAaLIOIOTh 32 YiTKO pO3pOOJIEHUMH MpaBUiIaMu. SIKIIO HEe BpaxOByBaTh
eMOTITii, XapaKTepHi I BHINUX XUBHUX OpPraHi3MiB, TO iHTENIEKT I-ro
PIBHS Ha CY4acCHOMY PiBHI YaCTKOBO peai30BaHO.

II piBeHb. B mporieci XUTTEMISIIBHOCTI IHAMBIAYYM aHaii3ye
iH(pOpMaLIiI0 Ha TOUYHICTB 1 pO3p0o0IIsL€e CBOI MpaBUiIa MOBEIIHKH 33 PI3HUX
YMOB, SIKi TPYHTYIOTBCS Ha IOTEPEIHBOMY BiacHOMy mocBimi. Lli
mpaBWiIa MOXYTh OyTH 1 HeTouHMMH. HasBemo iX mpasunamu
camonaeuanns. THTENeKT 2-ro piBHS 3aBASKM CaAMOHANArOKyBaJbHUM
ITOPUTMaM 4aCTKOBO Peajli30BaHo.

I piBeHs. 3maTHICTP IO HE3aJEXKHOTO BiJl ICHYIOUHX MPaBHII
aHaiizy, oOpoOKM Ta OwiHKK iHdopMmamii Ha TOYHICTH, pO3pPOOIEHHS
HOBHMX TOYHUX IpaBHJ IOBEAIHKM B YMOBaX HEBHU3HAYEHOCTI, SKi
MaKCHMaJIbHO  ypaxoOBYIOTh TPOTHO3 MalOyTHIX  pe3yJibTarTiB.
[TpuiiHATTS pilIeHHs B yMOBaX HEBH3HAYCHOCTI MPOBOAMUTHLCS Ha PiBHI
iHTYiIii 3a mpaBuiIaMu, sAKi ckiagHo (opmaiizyBatu. Bakaemo, 110
IHTYIilig — TOYHI MpaBUJia MUCJICHHS, SIKi HEMOXXIUBO (hopMaii3yBaTH i
SK1 3aKJIaJIeH0 Ha TeHeTUYHOMY piBHI. TakuM 0cOOJIMBAM MHCICHHSIM
BOJIOZIiE€ OOMEKeHa KaTeropis Jiroaed. Haspemo 1i mpaBuiia npasuiamu

Iarenext III ro piBHS peami3yBaTh JOCHTH CKJIAQJHO, XO04a
BBaXKarOTh, IO IIel piBEHb € CIpaXKHIM iHTeJeKToM. Llel piBeHb Moxe
peartizyBaTy JIIOAMHA 3 HAUBUILUM PIBHEM 1HTEJIEKTY.

3naxkoBuii iHopmaniiinmii npocTip Ta AUMHAMIKA MMCJICHHS
JIIOTMHHA

B mpomeci MucieHHs JIOAWMHNA BUOWPAIOTHCS TEBHI 00’€KTH 3
mam’sTi, TOOTO criocrepiraemo mepedip Bapiantis. Tam nie € epebip, Tam
Ma€ Micle KOMOIHATOpHa NPHUPOJA JAHOTO NpoLecy. 3MOJEITIEMO
OUHAMIKy  MHUCIICHHS  JIFOJIMHA 3  BUKOPUCTAHHSIM  3HAKOBHX
KOMOIHAaTOPHUX MpPOCTOPiB, 30KpeMa 3HAKOBUX iH(OpMamiiHUX
npocropiB. HaBeaemo akciomu, sKi BIaCTUBI IMM NpocTopam [4].

1. 3HaKoBi KOMOIHATOPHI MPOCTOPHU ICHYIOTH B JIBOX CTaHAX: CIIOKOi
(3ropHyTHit) Ta AMHAMII (PO3TOPHYTHA).

2. 3ropHytuil mpocTip 3agaeTecs iHQOpPMALIHUM 3HAKOM
R=<A, T, P,=>, SIKUA MICTHTh BIIACTHBOCTI PO3TOPHYTOI'O TPOCTOPY

[IEBHOT'O THITY, e A — OJHa a00 KiJibka 0a30BUX MHOXHH, 3 €JICMEHTIB
@ €A C A SAKMX YTBOPIOIOThCSA PO3rOpHYTI KOMOIHATOPHI MPOCTOPH,
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je{l,..,n}, lefl,..,q}, ¢ — KUIBKICTb 0a30BUX MHOXWH; 7 — THII

KOMOIHaTOPHOTO NPOCTOPY; P — NpaBuia HOro po3rOpTaHHA; = —
TIpaBHIIa 3rOPTAHHS 3HAKOBOTO KOMOIHATOPHOTO MPOCTOPY.

3. VYTBOpeHHs 13 B3TOPHYTOTO PO3TOPHYTHX KOMOIHATOPHHUX
MPOCTOPIB MPOBOIUTBHCA 32 PEKYPEHTHUMH NpaBWiaMH. TOUYKOIO
PO3TOPHYTOTO MPOCTOPY € KOMOiHaTOpHA KOH(]Iryparisi IeBHOTO THUITY.
PosropranHio KOMOIHATOPHOTO TPOCTOPY XapakTepHa BIACTHBICTH
MEePiOINYHOCTI, sIKa BUIUIMBAE 3 PEKYPEHTHOTO CIOCO0Y YTBOPEHHS Ta
BIIOPAIKYBaHHSI KOMOIHATOPHUX KOH(Diryparriii.

4.. 3ropTaHHs 3HAKOBOT'O0 KOMOIHATOPHOTO MTPOCTOPY MEBHOTO THITY
MPOBOJUTHCS 3 TOYOK SIK OJHOTO TaK 1 KiJIbKOX MPOCTOPiB. 3rOpHYTHI
MPOCTip Ma€ BIACTUBOCTI MPOCTOPIB, 3 IKUX BiH 3rOPHYBCSI.

Toukolo 3HAKOBUX KOMOIHATOPHHX TMPOCTOPIB € pi3HI THIH
KOMOiHaTOpHUX KOH(Irypariii, 30kpeMa BUOIpKH, SKi MOXKYTh OyTH SIK
YIHOPSAKOBaHI Tak 1 HeynopsiakoBaHi. HeynopsiikoBaHi 11e — CHOTyYeHHS
0e3 MoOBTOpeHb 200 3 MOBTOPEHHSAMU. Y TIOPSIKOBAHI 1I€ — PO3MIIICHHS 3
MTOBTOPEHHAMH 200 6€3 TOBTOPEHbD.

OCKUTbKM TOYKOIO 3HAKOBOTO 1H(OPMAIIMHOTO MPOCTOPY €
PO3MILIEHHS 3 TIOBTOPEHHSIMH, TO SICHICTh MUCIICHHS TPOSIBIISIETHCS IS
YIOPSIIKOBAHOL iXHBOI MHOXHWHHU, 1€ MPUCYTHE ““30510T€” 4MCIO. K110
MpaBUIa PO3TOPTaHHS IPYHTYIOThCS Ha CTPOTHX 3aKOHAX, TO 3HAKOBUH
PO3TOpPHYTHI KOMOIHATOPHHU TPOCTIP € CTPYKTYypH30BaHH. Ko
IpaBHIa PO3TOPTaHHS MPOCTOPY HE MiIIOPSAKOBaHI CTPOTHM 3aKOHAM,
TO PO3TOPHYTHH TPOCTIp YTBOPIOETBCS  Oe3namHo. XaOTHYHO
BITOPSIKOBAHI MHOYKHHH BHOCSITh 0€3J1a1 y MUCIICHHS JIFOTUHH.

CdhopmynroeMmo MaTeMaTuyHy MOJeNb iHPOPMALIHHOTO MPOCTOPY
[5].

Sk 1 3HaKOBHH KOMOIHATOPHMH, TaK 1 3HAKOBHH iH(OpMAIiHUI
MPOCTIp Ma€e KOMOIHATOPHY MPHUPOJY Ta ICHYE B JBOX CTaHaxX: CIOKOI
(3ropHyTtuii) 1 nauHamini (po3ropHyTuil). 3rOpHYTHH 3aIa€ThCs
iHpOpMAIIiHUM 3HAKOM R=<A, T,P,=>, SKUHA MICTUTh BJIACTHBOCTI
PO3TOPHYTOTO MPOCTOPY, A€ A ={A,..., A,} — oxHa abo Kisbka 0a30BUX
MHOXHH, 7 — TUI KOMOiHaTOpHOI KOH]irypauii (Touka mpocropy), P —
crcTeMa TpaBwll, 3a SIKOK BiH PO3TOPTAETHCS (32 CTPOIMMHU 3aKOHAMU
ab0 XaOTHYHO), & — MpaBWJIa HOTO 3rOPTAHHA 3 PO3TOPHYTOTO (OJTHOTO
a00 KiJTbKOX).

Indopmanis nos’s3ana 3 (YHKUIOHYBaHHSAM JIOJCHKOIO MO3KY 1
nepeOyBae B IIACBIIOMOCTI YM CBIZOMOCTI Yy BHIUIAIAI 00pasiB,
(¢parMeHTiB MOBJIEHHS TOWIO. DBBaxkaTuMemo, 10 3TOPHYTUH
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iHpOpMaLitHUK TPOCTIp — L€ MiJCBIAOMICTh, a €IEMEHTH a, 0a30BHX
J

MHOXHH A, € A — o0pa3u, (pparMeHTH MOBJIEHHS ToWo, [=1,g, g —
KiJTbKiCTh Ga30BUX MHOXHH, j=1,n, n — KiIbKICTh €IE€MEHTIB y A, .

AKTHBI3Y€TBCSl MIJCBIIOMICTh MHCJICHHSIM — CHCTEMOIO TpaBWUI P,
3aBISIKU SKUM 13 €lIeMEHTIiB 6a30BMX MHOKHH PO3TOPTAETHCS YaCTKOBO
posropHyTHIA  iHGOpMamiifHMA  TpoOCTip —  CBIIOMICTB, IO
XapaKTepPHU3y€eTHCS MOHATTIMHE, TyMKOIO, a KOMOIHaTOpHA KOH(ITypaltis
B HHOMY € PO3MillleHHs 3 moBTOpeHHsAMH. [lepenaya inpopmanii (mymxm)
MTPOBOJUTHCS 32 JOMOMOTOI0 PO3TOPHYTOrO 1H(POPMAIIHHOTO TPOCTOPY
yepe3 MOBJICHHEBUH MPOCTIP, 3aBISIKH KECTaM, pyXaMm, 3a JIOMOMOTOI0
nMchMa, rpadivyHuX 300pakeHb. 3ropTaHHs iHPOPMALIHHOTO TIPOCTOPY
i3 PO3rOPHYTHX MOBJICHHEBOTO Ta PI3HUX 3BYKOBHX IIPOCTOPIB
MIPOBOAUTHCS CIIyXOBUM araparom, a 00pa3iB — 30pOBHUM arapaToM.

[Hdopmariitanii mpocTip, SKWUH ICHYe 1032 MEXKaMH JIOACHKOTO
OpraHi3My Ta CTBOPECHUH JIFOIMHOIO0, HA3BEMO MITYYHUM 1H(pOpMaIliiftHUM
npoctopoM. BiH Takoxk iCHy€e B ABOX CTaHaX: CIIOKOI Ta AuHaMiIl. Kaurn,
PYKOIIACH, €NeKTPOHHI Oi0mioTeKM — 1€ IITyYHUH 3TOPHYTHMA
iHpopManiitHuii mpoctip. s ioro posropraHHs HE0OXiJHO 3HATH MEBH1
nmpaBuiIa (IpaBUiia YUTAHHS, TOCTYITY 10 €IeKTPOHHHUX 010110TeK TOIO).
Sxmo 3HakoBHUN iH(OOMAIIMHAN TIPOCTIP PO3TOPTAETHCS 32 CTPOTHMH
MpaBUIIaMH, TO OTPUMAEMO YiTKe (BIOPAIKOBaHE) MUCICHHS. B iHIOMY
pa3i MPUHHATTS ONTHUMAJIBHOTO PIMIEHHS MOXe OyTH HEYITKUM
(HEBIOPSIIKOBAHUM) TIO BiTHOMIEHHIO JI0 3aKOHIB MPUPOJIH.

B mitepartypi ommcaHO eKCHEpUMEHTH, IOB’S3aHi 3 JAMHAMIKOIO
MucieHHs. [lpu  akTuBi3alil MHCIACHHS  IIOCTIAHOT  MHUIII
CIIOCTEPITAaEThCSI YTBOPEHHSI KPYrOBUX XBHJIb HAaBKOJO TOYKH IEBHOI
TUISSHKM ~ MO3Ky. ['eHepyBaHHIO K MHOXHH  KOMOIHATOPHHX
KOH(Irypaiiii XapakTepHa BJIACTUBICTh MEPIOJUYHOCTI, a IXHE
YTBOPEHHSI MOYKHA OIMHUCATH KOHIIEHTPUYHUMH KOJIAMH 3 IEHTPOM, KUK
3a1a€THCS IHTEPBAJIOM HYJIHOBOTO PAHTy

BucnoBok. O1xe, Tpoliec MHUCIICHHS JIIOJJMHN Ma€ KOMOIHATOpHY
npupony. Jns MonemoBaHHS WHOTO JUHAMIKA BHKOPHCTOBYHOTHCS
3HAaKOBI  KoMOiHaTopHi mpoctopu. I3  omucaHoro 3HAKOBOTO
iH(pOpPMaLitHOTO MPCTOPY BUAHO, IO PO3TOPHYTHH MPOCTIp 3a1a€ThCs
KOMOIHATOPHOO KOHQITypalli€to — po3MillleHHs 3 MOBTOpeHHsIMH. BoHa
OHOYACHO € CKIHYEHHOK 1 HECKIHYEHHOIO Ta BM3HAYA€ HEUITKICTh
neBHoi iHGopmarii.
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METHOD OF COLLABORATIVE DECISION-MAKING MODELING
BY OPERATORS OF AIR NAVIGATION SYSTEM CONSIDERING
THE FACTORS’ PRIORITY
IShmelova T., 2Sikirda Yu., *Yatsko M.
3National Aviation University
2Flight Academy of the National Aviation University

Abstract. According to statistical data from the Transportation Safety Board
of Canada, the significant shares of the incidents are engine failure (13%) and
smoke/fire on the aircraft (11%). In time, correct and concerted joint actions of
aviation specialists to prevent the development of a situation toward catastrophe
is the relevant task. The collaborative decision-making (CDM) models of the Air
Navigation System’s operators in flight emergencies with and without taking
into account objective factors’ priority with the help of a decision matrix based
on the Wald, Laplace, and Hurwitz criteria are built. An example of the decision-
making of a pilot in a real situation in the emergency “Cargo fire during the
climb” (route Najaf — Madinah) is presented. Calculations of optimal CDM in
the case of cargo fire during the climb by taking into account objective factors’
priorities are presented. The obtained CDM models can be used in the Intelligent
Decision Support System to enlarge the efficiency of coordinated actions of
aviation staff.

Introduction. Today, approximately 80 percent of aircraft accidents
occur due to human errors and 20 percent — due to technical failures [1].
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Most human factors-related aviation accidents are the errors of the pilots
(about 70 percent): deviations from the standard procedures of piloting;
fatigue, health issues; errors in adverse meteorological conditions; errors
in conflicting instrumental clauses; flying in unfamiliar territory
disorientation; disrupting crew interactions; insufficient qualifications
for such aircraft. Various ground personnel are related to another 30
percent of errors: incorrect handling, operation, repair, and maintenance
of aircraft; air traffic controller operator (ATCO) errors, etc. These facts
motivate to carry of scientific research on the reduction in the number of
aircraft accidents due to human factors.

To increase the level of flight safety, practical and scientific research
on the problems of interaction of aviation experts is increasingly being
carried out. Collective labor research in aviation was originally initiated
by the National Aeronautics and Space Administration (NASA) to
improve interactions among flight crew members. Later, this method was
further developed and became one of the most successful tools for
avoiding human errors [2]. Using the collaborative decision-making
(CDM) model [3] is associated with the effectiveness of the solution,
according to the extended requirements of ICAO. Today, as part of the
Airport Collaborative Decision-Making (A-CDM) concept, specific
solutions that coordinate the interests of all parties on the ground and in
the sky involved (airports, aircraft, air traffic, ground handling,
maintenance staff, emergency services, etc.) are being implemented. The
A-CDM concept is based on the principles of transparency and
information exchange; it aims at improving air traffic and controlling
airport capacity through reduced delays, improved predictability of
situations, and optimization of resource usage [3]. Furthermore, the
required day-to-day operational efficiencies can be achieved through the
mechanism of Flight and Flow Information for a Collaborative
Environment (FF-ICE) [4]. The FF-ICE concept defines navigation
information requirements for flight planning, air traffic, flow, and
trajectory management; it is the basis for a performance-based Air
Navigation System (ANS) [4].

When there is flight emergency (FE), a lot of ANS operators interact
with the pilot: the ATCO (issues timely, competent, and substantiated
recommendations, instructions, and permits); the flight dispatcher (flight
route, alternate aerodromes choice, calculation of the fuel amount for
definite flights, etc.); the maintenance staff (issues recommendations for
troubleshooting on the aircraft); emergency and rescue services personnel
(eliminates the consequences of FE); ground services specialists
(organize service in the case of flight delay); units of the state security
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(negotiates with terrorists, etc.). To improve the organization of CDM by
all aviation operators, based on general information about the flight
process and the characteristics of FE, Artificial Intelligence can be used
as an additional participant to obtain a hybrid (Human Intelligence +
Artificial Intelligence = Man-Machine Intelligence) optimal solution [5].
The synergy of a group of aviation experts can have both a positive effect
— counteracting the development of FE, forecasting, and prediction of
emergency, and a negative effect — the flight situation developing in the
direction of deterioration because there is a limit of time for DM but there
are many participants/instructions/solutions, and many factors
influencing DM. Since the joint primary goal is to complete the flight
plan, in the CDM process operators analyze the current situation based
on a common set of factors, albeit from different perspectives. However,
the final decision in flight is made by the pilot of the aircraft but with
effective support from the main specialist and invited specialists (Fig. 1).

Aviation specialists Invited aviation'non-aviation specialists. |
Flight crews Gr handling
- perzonnel
-~
P ~
Air traffic I — | Telemedicine staff
controllers —_— ——
(ATC) «
¥ —— -
>~ - = — | Maintenance staff
Flight NS
dispatcher hY e
(FD) kY N\ \ ~ Security
‘.‘ N management service
Air Traffic AN
Safety NN
Electronics hY N\ Military services
Personnel kY
(ATSEP) ; N,

Other aviation Other additional
professionals services

Fig. 1 — CDM team of specialists (aviation and invited)

Every ANS operator plays an important role at a different point in
time, because flying safely does not just start with takeoff. Aviation
specialists strictly adhere to the manuals and regulatory documents
approved in their professional field of activity. Very often, the
complexity, content, and characteristics of the documents regulating the
activities of individual aviation specialists are different, which does not
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allow the development of a common algorithm of action for all aviation
personnel under certain conditions, especially in FE, there is uncertainty,
lack of information and time to DM. At the same time, conflicts exist
between the decisions and actions of participants involved in the CDM
process.

In [6], the synchronization of Pilot Flying and Pilot Monitoring
operational procedures during cross-monitoring in FE is considered. In
[7-9], the deterministic, stochastic, non-stochastic, and neural-network
modeling, optimization, and intellectualization of CDM by the teams of
ANS operators (pilot, UAV operator, ATCO, flight dispatcher, rescuer,
engineer, etc.) in various FE are studied.

Nevertheless, the problem of ANS operator interaction in FE and the
low-level formalization of the CDM process under influencing objective
and subjective factors that do not allow the application of performance-
based approaches for improvement remains unresolved.

The purpose of this work is to build the individual and CDM models
of ANS operators in the FE “Cargo fire during the climb” considering the
priority of objective factors influencing the development of the
emergency.

Main part. Algorithm of nondeterministic CDM models in FE based
on the factors’ priority:

1. To obtain a team for CDM by ANS operators (pilot, UAV
operator, ATCO, flight dispatcher, rescuer, engineer, etc.) according to
the situation.

2. Matrices of decision-making in uncertainty — each operator
composed a matrix of decisions, where alternative solutions are
alternative aerodromes for the route.

3. Each operator considers the same factors in the current situation
but with different priorities. For example, for the current situation: fuel
reserve on board of the aircraft (always controlled); meteorological
situation (of departure, destination, alternate aerodromes, an-route too);
capabilities of aircraft, aerodrome, crew (crew operating minima), etc.;
location of obstacles in approach, missed approach, and departure sectors
too; air situation (intensity of air traffic control sector, radio frequency
overload, etc.); commercial conditions.

4. The optimal solution is based on the Wald (W), Laplace (L), and
Hurwitz (H) criteria.

5. The priorities of the factors for decision-making in a specific
emergency are determined using the opinion of experts and the Expert
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Judgment Method, on statistical data, and in the presence of Big Data
using an Artificial Intelligence System.

The decision-making matrix for l-operator O; in uncertainty is
presented in Table 1. Analogically for all specialists.

Table 1
The decision-making matrix for participants (l-operator 0;)
Priority of factors influencing DM in FE Solutions
f] fZ fJ fn 14 L H,a
R; R R2 R; Rx . . .
¢ ci c2 cj Cn . . .
Yi Yq y2 Y Vi i i i
The DM matrix with the priority of factors

A yup Yau o YUy Yaltn W L, H,a
Ai Vilin  YaUp ¥iui Ynlin w; L; H;, a
An ViUmi YoUmz  YiUmj . YaUman W,  Ln Hpa

In Table 1: R; are the ranks of the factors; c; are the intermediate
grades; y; are the weight coefficients; f; are the factors influencing

decision-making in FE; A; are the alternative decisions based on factors’
priority; A; are the alternative decisions without factors’ priority; u; j are

the expected outcomes. The optimal solution is based on the Wald (W),
Laplace (L), and Hurwitz (H) criteria. The priorities of the Factors for
DM in a specific emergency are determined using the opinion of experts
and the Expert Judgment Method, on statistical data, and in the presence
of Big Data using an Artificial Intelligence System.

According to statistical data from the Transportation Safety Board of
Canada collected for the period from 2007 to 2017 [10], the significant
shares of the incidents are engine failure (13%) and smoke/fire on the
aircraft (11%). In-flight fire is one of the most dangerous events for an
aircraft crew. A fire on an aircraft can quickly lead to the catastrophic
waste of the aircraft if the crew does not take aggressive action. Once a
fire does break out, it is a low probability that the crew will be able to
extinguish it. In the event of a fire on board, the pilot has an average of
about 17 minutes to bring the aircraft to the ground. Unlimited fire can
destroy an aircraft in as little as 20 minutes [11]. Fire can fully destroy a
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smoky cabin in 6-10 minutes [12]. Time is of the essence when fighting
fires in flight. Aircraft fires can happen in different places and for
different reasons. Aircraft fires are generally divided into three types:
engine fire, cabin fire, and concealed fire [13].

The crew cabin, passenger's salon, baggage, and cargo cabin fire start
in flight for many reasons, for example, malfunction of electrical
components, lithium-ion batteries, wiring, and circuit protection. Many
cabin fires are caused by human error (for example, improper storage of
lithium-ion batteries in gadgets, transportation of dangerous goods, or
terrorism). Concealed fire is difficult to reach and extinguish (for
example, fires behind panels on sidewalls or in upper areas). Overhead is
the aircraft's entertainment system, numerous wiring harnesses, control
surface cables — components of the air conditioning system, oxygen
system, etc. Failure of any of these components could result in a fire in
the upper compartment. Often, electric arcs along bundles of wires cause
hidden fires in flight. The electric arc burns other surrounding materials.

Consequences of the fire in the air [14; 15]:

1. Smoke and fumes. Smoke can deteriorate visibility inside the
aircraft. An electrical fire usually produces a lot of white thick smoke that
can blind the crew, unable to see the flight panel or see out the glass. So,
the crew will not be able to control the aircraft unless the smoke is
cleared. Smoke and fumes are highly toxic and irritating to the eyes and
lungs of crew and passengers. Thus, smoke can quickly incapacitate a
crew if protective measures are not taken.

2. Warmth (rise of temperature). The warmth from the fire will affect
the aircraft's systems and ultimately affect the aircraft's structural
integrity, resulting in the loss of control.

There is presented an example of CDM in the FE “Cargo fire during
the climb”. After departure from Najaf airport during the climb phase
after passing flight level 300 “AFT CARGO FIRE” warning lights were
illuminated. The crew performed the instructions from QRH “Cargo
fire”. The decision was to divert to Baghdad airport. All emergency
services were informed. The landing was successful. Nobody was
injured.

Initial data:

1. Flight: FBA2219, 03.02.2023.
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2. Aircraft: B737-900ER

3. Flight-technical characteristics of B737-900ER:
Maximum structural weights:
— maximum takeoff mass — 85139 kg;
— maximum landing mass — 71350 kg;
— maximum zero fuel mass — 67721 kg;
— maximum ramp mass — 85366 kg.
Airplane length —42.11 m.
Fuselage width — 3.76 m.
Actual masses:
— crew — &, passengers — 211, baggage — 3286 kg;
— dry operation mass (average) — 44600 kg;
— payload (average) — 20100 kg;
—  fuel (average) — 10000 kg;
— takeoff mass — 74700 kg.

4. Route: Najaf (ORNI) (4,) — Madinah (OEMA) (4,).
5. Flight stage: climb, passing flight level 300.

6. Alternate acrodromes:
— Baghdad (ORBI) (43);
— Jeddah (OEJN) (4,).

7. There are three operators in the CDM process: pilot (0;), ATCO
(05), and specialist of ground services (03). Factors influencing decision-
making for each operator:

- {x;} — factors taken into account by operator O, (pilot);

— {y} —factors taken into account by operator O, (ATCO);

— {2} — factors taken into account by operator O3 (specialist
of ground services).

For rational CDM, each operator analyzed and considered the
current flight situation. The operators composed the decision-making
matrices, where alternative solutions are the departure aerodrome Najaf,
destination aerodrome Madinah, and alternative aerodromes Baghdad
and Jeddah. Each operator took into account the same factors in the
current situation but with different advantages.
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The general objective factors for each operator (x;, y;, z;) are taken
into account while decision-making:

- X1,¥1,2; — fuel reserve on board;

—  X,¥2,Z, —remoteness of the alternate aerodrome;

—  X3,Y3,Z3 — technical characteristics of the runways;

—  X4,Ya Z4 — meteorological conditions;

—  Xs,Ys,Zs — approach lighting system;

— X, Ve, Zg — available approach system;

- X7,Y7,Z7 — available navigation aids;

—  Xg,Ys, Zg — performance characteristics of the aircraft;
- Xg,Yg,Zg — radio communication;

— X190, Y10, Z10 — air traffic intensity;

- X11,Y11,Z11 — commercial point;

—  Xq3,YV12,Z1, — firefighting, search, and rescue category.

As the main alternative variants, the aerodromes Baghdad and Najaf
are considered. Both airports have firefighting, search, and rescue
categories available for this aircraft (Baghdad preferable — higher
category). Aircraft mass was around 3400 kg more than the maximum
landing mass (consider overweight landing). The landing distance
available is higher in Baghdad than in Najaf (Baghdad is preferable):

— Baghdad (ORBI) runway length = 4000 m (ILS33R — 3666
m), runway width is 60 m;

— Najaf (ORNI) runway length = 3000 m (ILS28 — 2704 m),
runway width is 45 m.

Baghdad is the main base; technical equipment and qualified
personnel are there. All other services are provided in Baghdad. Both
airports were closed to the point of the event. Expected outcomes
considered by the pilot (operator 0,) in FE “Cargo fire during the climb”
with and without considering objective factors’ priority are represented
in Table 2. The decision-making matrices for other operators (ATCO
(0,) and specialist of ground services (03)) are built analogically.
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Table 2
The decision-making matrix for operator 0, (pilot)

Factors Solutions
X1 Xy Xz X4 X5 X¢ X7 Xg X9 Xi9 Xy1 X2 W L H,
a=0.
5
1,2,3,4,5 6,7,8,9,10,11,12 1,2,3,4,
5

R, 3 3 3 9 9 9 9 9 9 9 3 3 - - -

¢ 08 08 08 02 02 02 02 02 02 02 08 08 - - -
2 2 2 7 7 7 7 7 7 7 2 2

y; 01 01 01 00 00 00 00 00 00 00 01 01 - - -
4 4 4 5 5 5 5 5 5 5 4 4

A 09 09 08 04 03 03 02 04 04 04 08 08 02 05 0.60
5 5 2 1 2 6 7 1 1 1 2 2 7 8

A, 08 08 08 04 03 03 03 04 04 04 12 06 03 05 0.80
2 2 2 1 2 6 2 1 1 1 3 8 2 8

A; 05 05 13 04 04 04 04 04 03 04 12 13 03 0.6 090

5 5 6 1 5 5 1 5 6 1 3 6 6 7
A, 08 08 08 04 03 03 03 04 03 03 08 06 03 05 0.60
2 2 2 1 6 2 2 1 6 6 2 8 2 4
4
Ay 7 7 6 9 7 8 6 9 9 9 6 6 60 74 1750
0 2
A, 6 6 6 9 7 8 7 9 9 9 9 5 50 75 7.00
0 0
A; 4 4 10 9 10 10 9 10 8 9 9 10 4.0 85 7.00
0 0
A, 6 6 6 9 8 7 7 9 8 8 6 5 50 7.0 7.00
0 8

In Table 2: R; are the ranks of the factors (1 — very bad; 10 — very
good); cj are the intermediate grades; yj are the weight coefficients; A;
are the alternative decisions based on factors’ priority (4, is Najaf, A, is
Madinah, A5 is Baghdad, A, is Jeddah; A; are the alternative decisions
without factors’ priority (4] is Najaf, A5 is Madinah, A5 is Baghdad, A,
is Jeddah). Optimal solutions are based on the Wald (W), Laplace (L),
and Hurwitz (H) criteria. Factors’ priority: 1, 2, 3, 11, 12. The optimal
landing aerodrome follows the pilot's decision with factors’ priority by
all criteria is Baghdad (43); without taking into account factors’ priority
based on the Wald (W) and Hurwitz (H) criteria — is Najaf (4;), Laplace
criterion (L) — is Baghdad (Asz). To determine the consistency of
operators, the collective decision-making matrix is constructed (see
Table 6), in which the objective factors for the operators (pilot (0,),
ATCO (0,), specialist of ground services (03)) are identical, and the
solutions of the operators are taken from individual matrices. In the CDM
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matrix, the operators’ opinions (subjective factors) are used. The optimal
CDM for operators in FE “Cargo fire during the climb” based on the
Wald (W), Laplace (L), and Hurwitz (H) criteria is represented in Table
3.

Table 3

The CDM matrix for all operators (pilot, ATCO, specialist of ground
services)

Operators/Solutions
01 02 03 w 01 02 03 L 01 02 03 H, B =
0.5
A7 027 0.27 027 0.27 0.58 0.63 0.56 0.49 0.61 0.68 0.61 0.65

A; 032 036 027 027 058 0.69 053 052 0.77 080 ()35 0.67
A3 036 036 036 0.36 0.67 0.64 0.64 0.56 0.86 0.86 ()gq 0.86
A, 032 032 032 032 054 0.60 0.54 049 0.57 0.70 .57 0.64

The optimal CDM is determined by objective and subjective factors
taking into account objective factors’ priority to follow the decisions of
all operators (pilot, ATCO, specialist of ground services) by all criteria
(Wald, Laplace, and Hurwitz) is landing at the aerodrome Baghdad (45).

Conclusion. The non-stochastic individual and CDM models of the
ANS operators in a real situation in the FE “Cargo fire during the climb”
(route Najaf — Madinah) with and without taking into account objective
factors’ priority with the help of a decision matrix are built. The optimal
CDM based on objective factors’ priority by Wald, Laplace, and Hurwitz
criteria is determined. The obtained CDM models can be used in the
Intelligent Decision Support System to enlarge the efficiency of
coordinated actions of aviation staff.

The authors took part in a new approach to the practical training for
aviation specialists using CDM in education — “Collaborative Decision-
Making — Education” (CDM-E) for effective solutions in training on
examples of emergencies [16; 17].
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3acrocyBanns rpadis 10 po3s’sa3yBanus CJIAP
dinimonixina LI
LlenmpanbHoyKpainCoKuil HAYiOHATLHUL MEXHIYHUL YHIgepcumem

Applications of graces to solving systems of Linear algebraic
equations
Filimonikhina LI.
Central Ukrainian national technic university

Abstract. Considered some applications of graces to solving systems of
linear algebraic equations (SLAE). Any SLAE can be representing by oriental
grace. By transforming nodes corresponding to unknown variables into simple
cascade nodes, one-variable first-order equations are obtained. The procedure
for such transformation is described and examples are given.

I'padu mmpoko 3acTOCOBYIOTHCS B 0araTboX po3Iiiax MpUKIaIHOL
MaTeMaTHKH, B IPOTpaMyBaHHi, EeKTPOTEXHilli, B TEOPii INIaHyBaHHS Ta
ynpasininas [1-4]. Jlocuts yacTo MateMaTH4Hi MOJAENI B IHUX Taly3sx
OINMCYIOTBCSl CHCTEMaMH JIiHiIHHUX anreOpaiunux piBHsHb (CJIAP).
IcHye Garato TpaguiiiiHuX MetoiB po3B’s3yBanHs CJIAP [5].

PosrnsiHemo, sik MoxHa TpeacTaBisTH 1 po3e’szyBatn CJIIAP
3aco0amu Teopii rpadis.

CJIAP MoxHa 300pasuTH y BHIJIAAI OpIEHTOBaHOTO rpada
HACTYITHAM YHHOM:

- IpaBi YaCTUHH BBaXA€MO CTOKaMH;

- HEeBiJOMi 3MiHHI BBa)XKa€MO BepIIMHaMHU rpada;
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- KoeQilieHTH PHU HEBIIOMUX BBa)kaeMo pedpamu rpada.

Cytp pos3’sizyBanHs CJIAP 3a momomororo rpadiB mossrae B
MOCIIIOBHOMY TIEPETBOPEHHI BY3MTiB, IO BIiAMOBIAAIOTh IIE€BHUM
3MIHHHM, B TIPOCTi KacKagHi BY3lIH 1 IOCTYIIOBOMY BHKJIIOYEHH]
3MiHHUX. B KiHII Takoi Mpouleaypy 3aJIMIIAETHCS JIMIIE OJHA 3MiHHA.
Axmo CJIAP n-ro mopsaky, To HeoOXigHO 3aidcHuTH n-1 Kpok. Ilo
0CTaTOYHOMY Tpady 3aMHUCyIOTh PIBHSHHS MEPIIOTO MOPSAKY 3 OTHIEI0
3MiHHOIO.

[Ipu nepeTBopeHHi rpadiB AilOTH TaKi MpaBUiIa:

1) gmexinbka mapaiienbHUX pedep 3aMiHIOIOTHCS OJHUM, MPHIOMY

Bara peOpa JIOpiBHIOE CyMi Bar peoep;

2) JAeKinbKa TMOCHIJOBHUX peOep 3aMIiHIOIOTHCS OJHHUM B Baror

pebpa, mo nopiBHIOE TOOYTKY Bar pedep;

3) SAKImO JKepeno 1 CTIK TOMIHSATH MICISIMH, TO Bara pebpa

BUPAXKAETHCS YUCIOM, 00EpHEHHM JI0 TIOYATKOBOT Baru pedpa;

4) AKIIO MIHAEMO HampsiM pedpa, TO BaroBUH KOE(IIlieHT 3MiHIOE

3HAK Ha IPOTUIICKHUM.

3a momomoroio rpagiB MoxkHa po3B’sizyBatu CJIAP Oynb-sikoro
MOPSIZIKY.

B mporieci po3B’si3aHHS TOCTYTIOBO MEPEHOCSTH CTOK B OHY 3
BEpIIMH, IO BIJIOBiNa€ JICSAKiA HEBINOMIiM, MOTIM IF0 BEPIIUHY
BUKIJIIOYAIOTh 3 Tpada. [licas 1poro nmepexoaTh A0 I€l K Mpoleaypu
CTOCOBHO HACTYITHOI BEPITUHH.

Posrnssremo nexinmbka mpuknagiB po3s’szaHHs CJIAP 3a 1miero
METOMKOIO.

Ilpuknao 1. Po3B’s13aTH cuctemy:

2x+y=12,
3x—-5y=5.

Ha pucynky 1 a) 300paxeno rpad mo mouaTkosiii cucremi. Ha
pucyHKy 1 ©) 300paxeHo rpad miciisi epeHeceHHs CTOKY B BEPIIMHY X.
Ha ocraHHbOMY pPHCYHKY MaeMO OCTaTOYHHUH Tpad Al 3HAXOJIDKEHHS
3MIHHOT Y.

3anumeMo piBHSHHS JUIs IIOTO rpada:

3 13
1 p— + —_ y = 8
2 2
1 13

2
y=1
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{00 3HaliTi 3MiHHY X, TIO PUCYHKY | 0) 3amucyemMo piBHSIHHS ISt
BY3J1a, IO MICTUTH X.

o 3 N 1
2 Y 2

o0 3HAWTH X, MiACTABISIEMO B PiBHSHHS 3HAYECHHS Y-
3 1

x==-1+==2.
2 2

Bionosgiow: (2;1)

X 8
1/2

A
/\2\ 3
3/2
3 " 32 1 13/2
8
o\/" :
.3 ). y 1
y
a) 6) 8)

Pucynoxk 1.

Ilpuknao 2. Po3Bsizatu cucremy;
3x+2y+5z=10,
2x+3y+4z=9,
4x+Ty+3z=14.

Ha pucynky 2a) 3o00paxeno rpad) mo mouaTkoBiii cucrtemi. Ha
PHUCYHKY 20) 300pakeHO Tpad Iicisi IEPeHECEHHS] CTOKY B BEPIIUHY Y.
Ha pucynky 2r) 300paxxeHo rpad miciis epeHEeCeHHs CTOKY B BEPIIMHY
x. Ha octaHHROMY pHCYHKY MaEMO OCTaTOUHUH Tpad sl 3HAXOKEHHS

3MIHHOI Z.
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-2942

g % 14

Pucynox 2
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BUSIBJEHHS COAIBCUPIKOBAHOI IHOOPMAIIII 3A
JTOIIOMOTI'OIO HAIBHOT'O BAECOBOI'O
KJIACUDPIKATOPA
Aptem XoBpat, Bonongumup Ko63es
Xapkiscbkuili HayioHATbLHUL YHIBepCcUumenm padioeieKmpOoHiKu

DETECTION OF FALSIFIED INFORMATION USING
NAIVE BAYES CLASSIFIER

Abstract. The current work addresses the issue of information falsification
in the context of artificial intelligence-based generation technologies. The
research is a continuation of a series of studies on methods of classifying such
data in the social of social instabilities. The naive Bayes classifier has been
chosen as the target approach, and a set of features identified during the analysis
of fake news characteristics has been proposed. To test the speed and accuracy
of the model, an approach utilizing linear additive convolution with weighting
coefficients has been determined. A hybrid neural network created during
previous research has been selected as the model for comparison. It has been
determined that the proposed probabilistic approach is more effective. However,
considering the specificity of the comparison, the results serve as a basis for
further study on the feasibility of using the selected family of models.

3a  ocraHHI  [JeKiJgbKa  POKIB  TEXHOJOrIl,  CIPOMOXHI
chanbcudikyBaTi 300paXKEHHS Ta rOJI0C YH 3TEHEPYBATH TEKCT, CYTTEBO
CBOJIIOLIIOHYBaIM. Ha 1ie BKa3yrOTh YMCIICEHHI HAYKOBI JIOCIIIKEHHS
BUEHHX 3 ycboro cBiTy [1]. I sikino mpobiema i3 migpoOKor0 BiJIeo IIie He
TOCTPO CTOITh y CYCHUIBCTBI, OCKIIBKHM BIANOBiAHI 3aco0M HE €
“ineampHUMK”, a CIIOTBOPEHHS aynaioiH(popmMarllii Juie HEeIoAaBHO
JOCSTIIO HeOOXiTHOTO PiBHA [2], TO BUJO3MiHA TEKCTY 3 HIAXPaiiChKOIO
METOIO BXKE€ JIEKUIbKa POKiB aKTUBHO BHKOPHCTOBYETHCS B COLIaIbHUX
Mepexax. ['ocTpimnioro mpobiema cTae B yMOBax BiHCHKOBO-TIOTITHYHOL
HECTaOUTLHOCTI, KON OyJb-sika 3asBa CHPUIMAETHCS KPi3h MPHU3MY
iHTeHCH(DIKOBAaHUX EMOIIiid, M0 CHOBUIBHIOIOTH IMPOLEC KPUTUYHOTO
mucineHas [3].  Oxpim  Oe3mocepegHbO0  OOMaHy — HaceJCHHS,
BUKOPHUCTAHHS MOAIOHUX TEKCTIB MOYXKE HECTH MPsMY HeOe3IeKy IIij yac
BIMCHKOBHX oriepartiii [4].
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3arajapHOCBITOBA OJITHYHA TEHACHIIIS, CIPSIMOBaHa HAa OOPOTHOY 3
moi0HO0 iH(QOpPMAIIi€I0, B MIJIOMY € MO3UTHBHOIO [5], KOHIICHTPYOYX
CBOIO yBary Ha OopoTh0i 3 TpoOIeMHUMH “HOBHHAMH . Y SKOCTI
TIPUKIIAAY MOXKHA 3ramaTh TisuTbHICTE LlenTpy nmpotwmii pe3indopmarii.
OpHak MOTPIOHO PO3YMITH, MIO 31 30UIBIICHHSIM KUIBKOCTI (DEHKiB
3aranpHa SKICTh iX BUABICHHA Oynme cmamatd. OKpiM TOTO MOXYTh
BHHHKATH CHUTYaIlil, KOJIH “BUKpHBAY MiAPOOKHU € THM, XTO CIIOTBOPIOE
JlaHi Ha CBii po3cya. AOU npubpatu cy0’ eKTUBHICTh Ta aBTOMAaTU3yBaTH
mporec BUsBICHHS cdalOpukoBaHoi iHQopmanii, Oyno BupimeHO B
paMKaxX YHMHHOI pOOOTH IOCTIIUTH €(PEKTUBHICTh BUKOPHUCTAHHS OITHIET
3 TPYI JITOPUTMIB CIIPIMOBAHUX Ha BUSBJICHHS TEKCTiB-MigpOOOK.

[IpoBeneni panimie noCHiKEHHS] KOHLEHTPYBAIN CBOIO yBary Ha
BUKOPHCTaHHI HEWPOHHUX MeEpeX, 30KpeMa TO€IHAaHHI IEeKUTbKOX
3TOPTKOBHUX Ta MOJICPHI30BaHUX peKypeHTHHUX [6]. OmHAaK Il miaxoau He
€ €IMHAMH, X04Ya 1 Hapa3di aKTHBHO BHKOPHCTOBYIOThCs. [licis
03HAaHOMJICHHS 3 Cy4aCHHUMH CBITOBUMH HAYKOBHMH HaIpaLfOBAaHHSIMH B
o0paHniit cdepi, Oy10 BUPIMIEHO 3YITMHUTHCS HAa HMOBIPHICHIX MOJIETIAX,
30KpeMa THX, 10 HasBHI B CUCTEMax BUSBIICHHSI CIIaMy JJIsl IOIITOBHX
cepsiciB. Hanpuknan, HaiBHMIA OaeciB kinacudikaTop. OQHAK 1S MOJIEINb,
3BAKAIOUW Ha CBOIO IPOCTOTY, BUMAara€ JOAATKOBUX METOIIB
nepeaoOpoOKY TaHWX, SKi MOTIIH O MOKPAIIUTH ii e(eKTHBHICTb.

Buxozasiun i3 3a3Ha4YE€HOrO BHWIIE, METOIO LBOTO JOCIIKCHHS €
nepeBipka  e(DEKTHMBHOCTI BHUKOPHUCTaHHA HAiBHOTO  0aecoBOTO
kiacuikaropa y MoeHaHHI 3 AITOPUTMOM I1epeA0OPOOKH TaHuX. 3a11s
JIOCSTHEHHSI 1i€T METH Tiepei0aYaroThCsl HACTYITHI 3aBJaHHS:

— noOyyBaTH alTOPUTM IepenoOpoOKkn naHuxX Ta copmyBaTh
BIJIMOBIIHY MOJIEJIb HA OCHOBI HAIBHOTO 0A€COBOTO KilacudikaTopa ;

—copmyBarn Habip KpuTepiiB eQEeKTHBHOCTI Ta 3arajbHe
eKCIIepUMEHTAIIbHE OTOUEHHS ;

— 3/IIHCHUTH MOPIBHIHHS CTBOPEHOTO MiIXO/AY i3 PO3IIISHYTOIO B
XO/Ii TIOTIEPETHIX AOCHTIIKEHb TOPUIHOI HEMPOHHOIO MEPEXKEI0.

3niHCHUMO MTOCTYIIOBUI PO3TJIs 3a3HAUCHHX 3aB/IaHb.

CyTHicTh HaiBHOIO 0a€COBOTO X0y IOJIATAE Y BUKOPUCTAHHI
Teopemu baeca Ui BH3HA4YEHHS NMPHHAIEKHOCTI CIIOCTEPEKEHHS 0
OJHOTO 3 KJIACiB MU MPUITYLICHHI HE3aJIC)KHOCTI 3MIHHUX. 3a3Ha4YeHe
00OMEXEHHS MOYKHA BBa)KAaTH BUIPABIAHUM, OCKUIBKH I1JIbOBI O3HAKH,
OIMCaHi HIKYe He BIUTMBAIOTh HA HACTYITHI TXHI 3HAYCHHSI.

Knacuuna ¢popmyna nist reopemu baeca Mae HacTynHUN BUTIIAL;
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_ p(C)p(x[Cy)
p(Cklx) = —p(x)

ne Cj, — MUThOBI KiIacH AaHuX (Y YMHHOMY BHITAIIKY IepeAdadeHo aBa
Kiacu — iHpopmaris € chaOprUKOBaHOO YH Hi); X — BEeKTOp 03HaK; P (Cy)
— ampiopHa WMOBIpHICTh TPUHAJIEKHOCTI BHUIAAKOBO 0OpaHOTrO
criocTepeskeHns 10 kinacy Cy; p(x|Cy) — AMOBIpHICTH BEKTOPY O3HAK IIPH
3aganomy knaci Cj; p(x) — anpiopHa imoBipHicTh o3Hak; p(Cy|x) —
anocTepiopHa WMOBIPHICTh MPHHAJICKHOCTI 0OOPAHOTO CIIOCTEPEIKEHHS
10 knacy Cy 3a yMOBH BEKTOPY O3HAK X.

HaiiBaxumBinmiM npu moOyA0B1 BiAOBITHOT MOJEIi € pOpMyBaHHS
BEKTOpPY O3HaK. 3amist (opMyBaHHS HaOOpy IIJILOBUX O3HAaK Oyio
BUPIIICHO BHKOPHCTaTH HACTYNMHUM Habip ocobmuBocTer (eiikoBoi
iH(popMarii:

— BUKOPHUCTAHHS HETPHPOAHOI KUTBKOCTI PUTOPUYHUX 3alUTaHb,
SIKIII0 MOBA i/1e PO KOHTEKCTyalIbHE BUKPHUBIICHHS CyCIUIBHO BAKIUBOI
indopmMartii. [IpoBeaeHi JIHTBICTHYHI JOCTIIKCHHS 3a3HAYAIOTh, 10 B
odiriitHO-1iI0OBOMY Ta MNyOJIIUCTUYHOMY CTWISAX, 110 MAalOTh
BUKOpHCTOBYBatucs 3MI, momiOHuiI TUIT MOBIEHHEBUX KOHCTPYKIIN
Maiike He 3’sBisietbes [7]. Ll ocoOnMBICTE XapakTepHa SK s
TEKCTOBUX HOBHH, TaK 1 ayio, 1 Biieo ;

— BIZICYTHICTh 3allepeuyBajlbHUX KOHCTPYKIIH 33/ 3MEHIIECHHS
KOTHITUBHOTO HAaBaHTOXEHHA Y TMOEJHAHHI 3 TECUMICTUYHUM
3a0apBiIeHHSAM O0paHuX CiiB. SIK MpUKIaa MOKHA TPUBECTH 3aMiHY
cioBa “npobiema” Ha “karactpoda’ ;

— BUKOPHUCTaHHS 3aKJIMKIB Ta CIOHYKaHb Yy HeIOpeYHuX (opmax.
Heo0OxigHo 3a3Ha4uTH, M0 Y BHNAJAKY KOHTEKCTYaJIbHOTO BUKPUBIICHHS,
[0 MA€ Ha METIi 3aMiHUTH PealibHI HOBUHHU, MO110HI KOHCTPYKIIIi 0/1pa3y
BKa3yIOTh Ha HETIPABIUBICTh Ta HEKOPEKTHICTh BKa3aHOi iH(hopMarrii ;

— BUKOPUCTaHHSI HEBHIIPAB/IHOI KIIBKOCTI 3aliMeHHHKIB. Llei
(akTop y OUNBIIOCTI BWIAAKIB Ma€ MicHsl A KOHTEKCTYalIbHOTO
BUKPHBIICHHS, 1110 HACIIYE MyOIiMUCTUYIHUI CTHITh BUKJIAJACHHS.

BpaxoByloun 3a3HaueHe Buule COOPMOBAHO HACTYIHHUH HaOip
IJIbOBHAX O3HAK:

— KUIBKICTh  PUTOPMYHMX KOHCTPYKLIH MO BiIHOLIEHHIO [0
3arajibHOl KiJIBKOCTI PeYeHb Y TIOBiJOMIICHH] ;

— KUIBKICTh 3amepeduyBajbHUX KOHCTPYKLIM IO BiJHOIIEHHIO 10
3arajibHOT KUIBKOCTI PeYeHb Y TIOBIJIOMIICHH] ;

— 4aCTOTHO-eMolilfHa xapakTepucTuka 50 HaWOIIbII NOMYJISIPHUX
HOBHH 32 JIaTy CTBOPEHHS MOBiJOMJICHHs. llell MOKa3HUK O3BOJIUTH
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BpaxyBaTH HOBHHHE 30BHIIIHE CEPEIOBHUIIIE 1 BIATOBIIHO CKOPETYBATH
OLIIHKY KJacuikaropa ;

— MIOKa3HUK MiZI03piIOCTi, BU3HAUCHHI HAa OCHOBI NIEPENTiKy CIIiB, sKi
4acTo BXKHUBAIOTHCA y (DeKOBiN iH(OpMaIii;

— Bara IoBiIOMJICHHS ;

— MIOKa3HUK HACTPOIO MOBIIOMJICHHSI.

3aKITIIOYHUN 1HOIUKTOP € HAHOUIBII BaXKIUBHAM JUIS ITOJATBIIOTO
TOCHIKEHHSA.  AOHM 3IIHCHUTH TIEPETBOPEHHS OTPHMAHOI TEKCTOBOI
iHpopMalLii y YHCIOBE NPEACTABICHHS CKOPHUCTAEMOCH HACTYITHUM
ITOPUTMOM:

— po30MBaEMO TEKCT Ha PEYCHHS Ta OKPEMIi CIIOBa 1 BUAANSEMO 3
YTBOPEHOTO CJIOBHHKA KOHCTPYKTH 0€3 CYTTEBOTO JIEKCHKOTpadigHOTO
HaBaHTaXeHHA. Hampukian: “ogHak™, “me”, “ab6o”, “Tomo” ;

— 3MIACHIOEMO OIEepallilo JIeMaTH3aIlii Ta CTEMIHTY — BH3HA4YCHHS
JIEM Ta OCHOB yCiX €JIEMEHTIB CIIOBHHKA ;

— BU3HAYAEMO YAaCTOTHY XapaKTEPUCTKY KOXKHOTO CJIOBa Ta HOTO
eMOIifHOTO 3a0apBliCHHS 3a JOMOMOrol 3aco0iB Sentiment Analysis,
BOynoBaHUX y Mozeni nltk MmoBu nporpamysanus Python3 ;

— arperyeMo Ta HOPMYEMO YaCTOTHO-CMOIIMHHMIA TMOKa3HHUK s
KOXKHOTO PEYCHHSI.

SIk 3a3Hayanocs BHIIE, ONMMCAHy MOJETh HEOOXiTHO TOPIBHATH 3i
CTBOPEHOIO B XOJIi MOMNEPEAHIX nociipkeHb Heripomepexero (RCNN),
mo € moenHaHHAM 3ropTtkoBux (CNN) Ta pekxypentHux (RNN)
migMepexx. AOW YHHKHYTH 3BHYHHMX MpoOiieM 31 “crmamatoumm” Ta
“BHOYyXOBHM” TpajJieHTaMH TOpuU 0O0poOIi TekcTy, Oyllo BHpIIIEHO
BUKOpHCTaTH He kiacuuny RNN apxiTekTypy, a JIBOHAIpaBJicHY
PEKYpPEHTHY HEHpOMeEpexy 3 MiIATPUMKOIO JOBIO- Ta KOPOTKOTPHBAJIO]
nam’ati. Takum unHOM, apxiTekTypy RCNN MokHa nmojatu y BUIIISIL
HaBeJIeHOMY HIDKue (puc. 1).

Bapto Takox 3ayBaxxuTH, 110 /151 IPULIBUAILIEHHS BKa3aHOT MOJEIi
BHpIlIEHO BUKOpHCTaTH TexHoJorito MapReduce Ha ocHoBi Hadoop, sika
JIO3BOJISIE PO3IIO/IITINTH HABAHTAXKEHHS HA OKPEMI BY3JIH.

Ilepeitnemo 10 ONUCY EKCIEPUMEHTAIBHOIO  CEpPEIOBHUIIIA.
BpaxoByroun crienudiky 3anpornoHOBaHOTO TOCTILKEHH, Oyi10 oOpaHo
METOZl KOHTPOJBOBAaHOTO  EKCIiepUMeHTy. ba3zoBe cepemoBuiie
BUKOHAHHS Ma€ HacTynHui HaOip xapakrepuctuk: CPU - Intel Core i5-
1135G7; RAM - 16 I'6; VRAM - 4 T6.
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Eroumn | Frpmn | | Eroms | Faamn

Puc. 1 — Cxemamuune 300pasicennss RCNN apximexmypu

3 oAy Ha Te, IO PO3IJIAAAETHCA 3aJadya Kiacu(ikarii s
COIIaJIbHO TOCTPHUX IIPOLECIB, HANOLIBII BaKIMBUMH KPHUTEPIIMHU €
€KOHOMIsl 9acy Ta TOYHICTh Kiacudikamii. Bka3aHi XapaKTepHCTHKH
Maiike B MOBHOMY 00Cs131 OyJH mpoay0apoBaHi Ha BipTyalnbHUX By3Jax,
Ha SKHX TUIAHYETHCS 3IIMCHIOBATHCS MPOLEC YAaCTKOBO OOYMCIICHHS
(6ymo 3mermeno RAM 3 16 1o 8). Ix xinbkicTs cranoButHME Bix 3 10 4
(2 y Bumaaxy napasienizaiii JBOHANPaBICHUX HEHPOHHUX MEPEK).

Y skocti 3aco0y OOYHMCICHHsS Yacy BUKOHaHHA OyJio 0OpaHO
6ibmioreky datetime ams Python 3, mo Mae TOYHICTH O HAHOCEKYH/IH.
AOu 0a30oBi 0OYHCIEHHS HE CHOBIUIBHIOBAIH po0OOTYy MpOrpaMu
BUPIIIEHO BHKOpHUCTAaTH Oi0mioTeku numpy Ta polars. s oOpoOku
MIPUPONHIX MOB (BpaxOBYIOYH JIEMaTH3aIlil0, TOKEHI3aIlil0o Ta iHII
HeoOximHi ¢yHKii) Oyio BupimeHo obparu python-Bepciro 6ibmioTekn
nltk. 3agns peamizamii HEHPOHHUX MepeX BHPINIEHO BUKOPUCTATH
tensorflow 13 3acTocyBaHHAM IHCTpyMEHTapiro, MO0 Hazaae pipeline
cyOMOTyIIb.

VY sikoCTi NUTBOBUX HAOOPIB JAHWX BHUPIIIEHO PO3MIITYHTH HOBUHH,
IO CTOCYIOTHCSl TOBHOMACIITaOHOTO BTOprHEeHHs Pocii Ha Tepuropito
VYkpainu Ta mpucBadeHi BuOopuyomy mpouecy y 2019 pomi, skuit
CYIIPOBO/KYBABCS MOSBOIO BEJIMKOI KiJIBKOCTI HENpaBAnBoi iH(popMarii.
KoxHa 3 1iux BUOIpOK IIIMTUMEThCS y cmiBBigHomeHH] 80 10 20 Ha
HaBYaJIbHY Ta TECTOBY MiABUOIPKH, BiIIOBIIHO.

3arasiom Oyno 0OpaHO HACTYIHUH neperik GakTopis:

— IIOKa3HUK TOYHOCTI ;
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— €KOHOMIs 9acy poOOTH MOJIENI ;

— GKOHOMiS MIiHIMANbHO JAOMYCTHMOTO OO0CATY JaHHX JUIst
nocsirHeHHsT To4yHOocTi 'y 80% (makcumanbHa KuibkicTe — 500000
CJICMCHTIB).

BusHauuBIIKCE 3 KPUTEPIsIMU, 3A1HCHIMO OMHC BiJNOBIAHUX LKA
OLIIHIOBAaHHS.

ExoHOMist wacy poOOTH MOIET BUMipIOBAaTUMETRCS Y CEKYHIAx 3a
JOTIOMOT010 BKa3aHOi Buile 0i0mioTekn. CaM MOKa3HUK MPH LBOMY HE
oOMexyemMo. AOW 3HM3UTH BIUIMB MOXKIUBUX MOXMOOK BUMIpIOBaHHSA,
BHKJIMKAHAX TIPOOJIEeMaMH 3 TOYHICTIO POOOTH YacOBHX MOXYJIB UM
OTOYEHHS, OYJIO BUPILIEHO MPOBOJUTH 1O 5 3aMipiB AJIs TOKA3HUKIB Yacy
Ta MePEeBIPUTH TOYHICTH MPOTHO3YBaHH Ha IBOX BUOIpKax JaHUX.

TounicTh Kmacudikamii BU3HAYCHA 3a JOITOMOroro komoOiHarii F1-
score Ta Precision, HopmaiizoBana B Mexax Big 0 1o 1. 3amip TouHocTi
3MIACHIOBATUMEMO JUIsI JIBOX BHOIpOK 1 OpaTUMEMO yCepeaHCHE
3HAYCHHSI.

AOW BH3HAUMTH sIKa 3 MOJEICH € HaWOIIbIm e(PEKTHBHOIO 3a
HaBEeICHNUMHU BUILE KPUTEPisiMHA OyJIO BHUPIIICHO 3aCTOCYBATH MPUHIIUI
JMHIAHOI amWTHUBHOI 3rOpTKM 3 BaroBuMu KoedimieHTamm. [is
BH3HAYCHHSI BaroBMX KoeQilieHTIB OyJI0 TpoBeldeHE CKCIIepTHE
OLIIHIOBAaHHSI cepel aHANITHKIB (KUIbKICTh pelieH3eHTiB ckiana 50 ocid).
Omxe, nepeleMo 0 BU3HAYCHHS BaroBHX KOE(QII[IEHTIB. Y MHUTaHHI
knacudikailii BaXIMBAM € MOKa3HUK TOYHOCTI. 3arajioM BaKIIUBICTh
MOJKHA OTHCATH HACTYITHUM YHHOM:

— JUIg TOYHOCTI: 16 040K ;

— JUIA €KOHOMIT 9acy poOOTH MOJIENi: 2 OUKH

— JUIS €KOHOMIsl MIHIMaJIBHOT'O JOIMYCTHMOI'O OOCSATY JaHUX ISt
JOCATHEHHSI TOTPIOHOTO PiBHSA TOYHOCTI: 2 OYKH.

3 ooy Ha 1€ OTPUMYEMO HACTYIHI BaroBi KOeQIil[iEHTH s
KOXKHOTO KPHUTEPIIO:

— mi1st Toy”ocTi: 16/20=0.8 ;

— U1 eKOHOMIT yacy podotu moaeni: 2/20 =0.1 ;

— JUI €KOHOMisl MiHIMaJIBHOTO JIOIMYCTHUMOTO O0CSTY JaHUX st
JOCSTHEHHsI TOTPiOHOTO piBHS TouHOCTI: 2/20 = 0.1.

HactynHuM  BaXnIMBUM ~ €JEMEHTOM  €KCIIEPUMEHTAIBHOTO
Cepe/IoBHILA € BH3HAYEHHS MOXJIHMBHX TNOXHOOK. Buxomsum i3
OIMCAHOTO TUIAaHY MOYKHA BHOKPEMHTH HACTYIHI (pakTopH, 1o 3/1aTHi
BIUTMHYTH Ha PE3yJIbTAT:

—miJi 9ac NepeBIpKM EKOHOMIl dYacy: JIOJChKUK (akTop Ta
IHCTpyMEHTaIbHA MTOXUOKA ;
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— Mij] Yyac MepeBipKH TOUYHOCTI: IPodieMa TaHHUX.

AOH TIOM’SKIIMTH 3a3HAa4Y€Hl HEBM3HAYEHOCTI, K 3a3HA4ajocs,
BHUMIPIOBaHHS TIOKAa3HUKIB 3[IHCHIOBATUMEThHCS JCKIIbKA pa3iB.

ArperoBaHi pe3yJnbTaTd MPOBEICHOTO EKCIEPUMEHTY HaBeACHI y
TabuI Hwk4e (Tadm. 1).

Tabmums 1
PesynbTati eKcriepuMeHTy
.. . MiniMaIbHHH
Tlimxin Yac pobotu, Mc TouHicTh o6esr
RCNN 221 97% 10000
HBK 154 85% 8000

[lepeBeneMo Bka3aHi 1aHi y €iMHy 0€3p0O3MIpHY KAy Ta
HopMattizyemo. OTprMaHi 3Ha4eHHS HaBeAeHO y Tab. 2.

Tabmuws 2
HopwmanizoBaHi Ta BUO3MiHEHI Pe3yJIbTATU EKCIIEPUMEHTY
o Exonomist gacy . Exonowmis
ITigxin TouHicTb
poboTHn obcsry
RCNN 0.00 0.97 0.980
HBK 1.00 0.85 0.984

VYpaxoByroun OTpUMaHi pe3yJbTaTH Ta BaroBi KoeQilieHTH, MOXKHA
BCTAHOBWTH, [0 3HAYCHHS JIHIMHOT aJUTHBHOI 3rOPTKH I BUIAJIKY
RCNN gopisaroe 0.874, a s BumagKy HaiBHOTO 0aecoBOTO
knacudikaropa — 0.8784. Takum YWHOM IpyTrHWid MiAXiJ B paMKax
3allpONOHOBAHUX KpuTepiiB € Oinbm edexTuBHUM. OnpHaK BapTo
3ayBaKUTH, IO BiH ICTOTHO TipHIHi 3 TOYKH 30py ToYHOCTI 32 RCNN i,
(haKTHYHO, OTpUMaHEe 3HAYCHHS € HACIIJKOM HEIOCKOHAJILHOCTI MiIX0Ly
3 MHIAHO aJUTHBHOIO 3rOPTKOIO.

UunHa poboTa cTaBuia Ha MeTi TepeBipuTH e(eKTUBHICTh
BUKOPUCTAHHS HMOBIPHICHOTO MiIXOJly Ha OCHOBI HAiBHOTO 0a€coBOTO
knancikaropa i BUSBIECHHA c(haOpUKOBaHUX TEKCTOBUX AAHUX.

3a/is  BUKOHAHHS IOCTABJIEHHOI METH Ta 3aBlaHb OyB
chOpMOBaHMI aNrOPUTM MEPeaoOpPOOKH JaHMX, SKAH JO3BOJIUB
BpaxyBaTH HACTPii TEKCTOBOTO MPEICTABICHHS Ta 30BHIIIHIA KOHTEKCT.
3a/1s NOpiBHAHHS pe3yibTaTiB kiacuikauii Oyia BU3HAUeHa 3agada
OaraTokpuTepiallbHOTO BHOOpPY Ta BHKOPHUCTAaHA, OTpUMaHa B XOJi
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MOTIEPEAHBOTO JTOCITI/PKEHHS, MOJIC]Tb Ha OCHOBI ITOETHAHHS JIEKITHKOX
HEHpoMeEpexK.

VY pesynbprari €QEeKTHBHICTH WMOBIPHICHOTO MiAXOIy IOBEICHA,
OJIHAK TIUTaHHS IIMOJO IOCTOBIPHOCTI OTPUMAHHX pPE3yJIbTATIB IIPH
BUKOPUCTAaHHI  iHIIOTO  cmoco0y TOPIBHSHHSA 1  MOAAIBLIOrO
BJIOCKOHAJICHHS aJTOPUTMY TEepeIOOpOOKH 3aJUIIAETHCS BITKPUTHM,
30KpeMa dYepe3 BIIHOCHO HH3BKY TOYHICTH Momedi. Buxomsum i3
3a3HaUCHUX YTOYHCHb MOXKHA BKAa3aTH, II0 OTPUMAaHUN BUCHOBOK
BIJIMOBITa€ 3arajibHOCBITOBIH MPaKTHUIL.
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COMBINATORIAL POINT CONFIGURATIONS AND THEIR
PROPERTIES
Sergiy Yakovlev, Oksana Pichugina
Institute of Mathematics, Lodz University of Technology, Lodz, Poland
National Aerospace University “Kharkiv aviation institute”, Kharkiv,
Ukraine

Abstract. The concept of a combinatorial point configuration is introduced
based on Berge's theory of combinatorial configurations and their mapping to
Euclidean space. The basic properties of combinatorial point configurations are
described.

In general, the term "configuration" refers to the appearance, shape
and relative arrangement of objects or their component parts. In
mathematics, particularly in the research domain of projective geometry,
configuration typically denotes a specific arrangement of a set of points
and lines on a plane or surfaces in space. Point configurations are treated
as collections of points within the Euclidean space. The focus is on
studying the arrangement and properties of these points in the given
space.

The modern classification of such configurations was provided by
B. Grunbaum [1], distinguishing their three main classes — topological,
geometric, and combinatorial. Grunbaum’s classification framework
provides a comprehensive understanding of different types of
configurations in relation to their underlying mathematical structures.

A configuration is topological if it represents an arrangement of
pseudo lines within the projective plane, along with their corresponding
intersection points.

Geometric configurations are those in which the lines are considered
in either the Euclidean or projective plane, and the points arise from the
intersections of these lines. The primary focus of research in the theory
of geometric configurations revolves around two main problems. The first
is the selection and establishment of the existence of different classes of
configurations. The second is determining the count of non-isomorphic
configurations within the respective class. These challenges drive the
exploration and analysis within the field of geometric configurations. The
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primary focus of research in the theory of geometric configurations
revolves around two main problems. The first is the selection and
establishment of the existence of different classes of configurations. The
second is determining the count of non-isomorphic configurations within
the respective class. These challenges drive the exploration and analysis
within the field of geometric configurations. A complete review of
publications on geometric configurations can be found in [2].

Combinatorial configurations predominantly focus on geometric
aspects while treating points and lines as abstract sets within a
combinatorial context. Currently, the study of combinatorial
configurations has become a separate area in the field of discrete
mathematics, the founder of which is considered to be C.Berge [3].

Combinatorial configuration, according to C. Berge, is understood
as a mapping of an initial set of elements, which can be of arbitrary
nature, onto a finite abstract resulting set that has a certain structure. This
mapping is subject to constraints that govern the relationships and
arrangement of elements. By studying these configurations, researchers
explore the interactions between constraints, structure, and mappings in
combinatorics.

When studying combinatorial configurations, it was usually
assumed that both the initial and the resulting sets are finite. In [4], the
concept of a combinatorial configuration was further developed by
relaxing the requirement that the result set be finite, which made it
possible to make it countable. As a result, the definition of combinatorial
objects and combinatorial objects of a certain order was introduced. This
made it possible to significantly expand the range of real problems that
can be formulated and analyzed using such a concept.

Any combinatorial configuration can be associated with a certain
point in Euclidean space. Then the set of combinatorial configurations
will correspond to a finite point configuration, which we called a
combinatorial point configuration. It is obvious that there are an infinite
number of such mappings, and for any dimension of Euclidean space.

We will therefore require that the combinatorial point configuration
have a special structure. In this regard, we will use the concept of
Euclidean combinatorial sets, first introduced by Yu.Stoyan in [5]. The
elements of Euclidean combinatorial sets, according to Yu. Stoyan, differ
in constituent items or their order. For such sets, a certain mapping is
proposed, called immersion in Euclidean space. As a result, finite point
configurations are formed that have a number of specific properties. This
also made it possible to use the theory of combinatorial polytopes to study
various classes of finite point configurations.
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The goal of the presented paper research is the study of
combinatorial point configurations [6], which are formed as a result of
mapping a set of combinatorial configurations into Euclidean space. The
identification of combinatorial point configurations into a special class
became possible thanks to an integrated approach, which, on the one
hand, is based on the properties of finite point configurations of
Euclidean space, and on the other, on the properties of combinatorial
configurations. Therefore, in the monograph, special attention was first
paid to the description of these properties.

In combinatorics, the basic combinatorial configurations are
permutation and partial permutation. It is obvious that permutation and
partial permutation sets are Euclidean combinatorial sets. Therefore, the
paper focuses on the finite point configurations corresponding to these
very sets. We identified the classes permutation point configuration,
multipermutation point configuration, partial permutation point
configuration, and partial multipermutation point configuration and
studied their properties.

We proposed a general approach to decomposing finite point
configurations into hyperplanes and partitioning them into pairwise
disjoint subsets. Based on the properties of convex surfaces, a typology
of superficially located sets is proposed, including classes of spherically
and super spherically located sets.

In the study of convex hulls of finite point configurations, the
methods of polyhedral combinatorics have been further developed.
Analytical forms for specifying the corresponding combinatorial
polyhedra, including multi-level ones, are considered.

Approaches to the functional-analytic representation of various
classes of finite point configurations are proposed and theoretically
substantiated. Classes of vertex-located and polyhedral-surface sets are
singled out and their properties are investigated. Decomposition of finite
point configurations into vertex-located subsets are described.
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the spread of infection in war and post-war period using epidemiological,
behavioral and genomic surveillance data" (2023/05/Y/ST6/00263).
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MWPOH 3APUIILKANA —
®YHJIATOP MATEMATHYHOI HAYKHA
HA 3AXIJTHOYKPATHCBKHX 3EMJISIX
Onena [Tonesenpka, Bacuns lllennepoBcbkuii
Tuemumym ¢isuxu HAHY

MYRON ZARYTSKY -
THE FOUNDER OF MATHEMATICAL SCIENCE
ON WESTERN UKRAINIAN LANDS

Abstract. The theses highlight the creative path of Myron Zarytskyi, one of
the founders of Ukrainian mathematical science in the western Ukrainian lands.

The main scientific works of Myron Zarytskyi included the theory of sets
and the theory of functions of a real variable. He prepared the monograph "Set
Theory" for publication, but it was not printed. The main topic of his work was
the theory of Boolean algebras, where he solved several problems.

IMoctyn Hayku HEe MOXe OyTH ycminiHUM Oe3 BUBYEHHS ii icTOpii,
TBOPYOTO IOPOOKY OKpPEMHX BUEHHX 1 IXHBOT POJIi y PO3BUTKY HAYKOBOT'O
3HaHHs. ToMy B Mi3HaBaJbHOMY IpOLECI BXKIUBY POJb BiIrpaioTh
JOCTIIDKEHHS HAYKOBI[IB, B IKHX BHUCBITIIEHO OiorpadiyuHi AaHi BUCHHX 1
iXHIlf BHECOK Y CKapOiBHIO CBITOBOT HAYKH 1 TEXHIKH.

Mertoro 1i€i po3BiAKH € BHCBITJIEHHS TBOPYOTO LUIAXY OAHOTO 3
($yHIaTOpiB YKpaiHChKOT MaTEeMAaTUYHOI HAYKH Ha 3aXiJHOYKPaiHChKUX
3eMJIsIX, JificHoro wieHa HaykoBoro toBapucrtBa llleBuenka Mupona
3apuIbKOro.
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Haponuscs Mupon 3apuubkuii B poAuHI YKPaiHCBKOTO CilTbCHKOTO
napoxa. byB mepBicTkoM y ciM’i, aie pic He JyxkKe 3I0POBOIO TUTHHOIO,
X04Ya pO3BUBABCA JOCUTH MIBUAKO. 3rooM OaThku nepeixanu 1o Hosoro
Cena IlizBonmoumcekoro paiiony. IlowaTkoBy mikomy Mammii Mupon
3akinumB y ceni KpuBomy B cBoro migma Antona CioneBcskoro. Komu
XJIOTIIIEBI BUIOBHUIJIOCS JECATh POKIB, BiH BcTymae no bepekaHchkoi
riMHa3ii, mepi JBa KJIacH SIKOi 3aKiHIy€E Ha «BiIMIHHOY.

lNiMHa3is Bifirpanga MOMITHY pojib B HalliOHATHHOMY BiAPOKEHHI
lanuuuanM, 3rypTyBajia BUAATHUX IEJaroriB, BUITyCTHIIA Y CBIT OaraTo
BH3HAYHUX AisdiB. TyT mpamroBanmu Taki Biomi Iis9i KyJIbTYpH, 5K
JlyuakiBcbkuid, Omnexcannp bapeincekuii, Hacanbcekuii, borman
Jlenku#i, TomammiBcbkuii, 3inuHCHKMA, Opatn AHTOH 1 Map’sH
Kpymenpannpki. XXBaBy AisutbHICTS MpoBanuB y bepexaHChKii riMHasii
TaeEMHUU yKpaiHCbKUIl TypTok «Momona VYkpaiHa», 3acHOBaHHI
3enonom Kyzenero 1900 poxky.

Ha tperpoMy pormi HaBuaHHS OaThku TiepeBenr MuUpOHA [0
TepHominbchkoi ykpaiHChKOi TimHa3ii. HaBuaBcs xmomemns moOpe.
HactynHoro poky BiH caMOCTiHHO MiATOTYBaBCS 1 3/1aB €KCTEPHOM
eK3aMeHHM 3a 6-# Kiac Ta BCTYNHB 0 7-TO KJIacy KJIacH4HOI TiMHAa3ii B
[epemurui.

Came B 1iif crnaBeTHiH riMHa3ii MUpOH CKJIaB iCIIMTH HA 3PiTICTh 1
HanucaB OaTbKaM Taky Tenerpamy: «Matypa 3 BiJI3HAKOIO, OPOXKHIN
raMaHelb B KUIICHI».

1907 poxy Mupon 3apunbkuii BcTymae a0 BigeHcbkoro
YHIBEPCHTETY, JIe CTY/ilI0€ TPUPOI03HAaBCTBO Ta ¢inocodito. [Ipore
yepe3 Opak KOIITIB Ha MPOXKHUTTS, IMICIsI 3aKIHYCHHS MEPIIOr0 KypCy
yHiBepcHuTeTy, 6aThKH HE BiJITyCTHIIH XJIOMIA A0 BixHs, 1 BiH BCcTynuB
no JIeBiBCchKOTO yHiBepcuTeTy. TyT BiH BUBYA€E MaTeMaTHKY, (i3HKY,
¢inocodiro. Crac aKTUBHUM Yy CTYJCHTCHKOMY Ta IPOMaJCBKOMY JKUTTI.

Ile Ginpmry MOOOB 10 MaTeMaTUKU MPHUILIEILUTIOITH HOMY TPOBIIHI
Ha TOoH mepion y JIbBiBChKOMY YHIBEPCHTETI MaTeMaTHKHU mpodecopu
103ed [Ty3una ta BauaB CepriHChKUiA, skuii cam OyB YYHEM BUIaTHOTO
yKpaiHChKoro Maremartuka ['eoprist BopoHoro.

1912 poky Mupon 3apuipkuii 3akiHuye HaB4aHHS y JIbBIBCbKOMY
yHiBepcuteTi. CaMe bOro poKy aBCTPIHCHKHIA ypsi TOTOAUBCS (ITiCIs
JOMaraHb TIHAIBKUX YKPATHINB) 3aCHYBaTH YKPaiHCHKUI YHIBEpCUTET
He mi3Hime novatky 1916 poky, ane BiliHa mepeuIKoAuia peaizamii
IBOTO TIPOEKTY.

Yepes pik MupoH 3apullbKuii CKIaJa€ YYUTEIbCHKHAN ICHHUT i
OTPUMY€ 3BaHHS BUMTENS CEPeAHIX IIKUI 3 MareMaTtukd 1 (¢i3uku.
Po3paxoByBaTi Ha MOXKJIMBICTh BUKJIAIaTH Y BUILIH KO yKpaiHIIEBI B
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yMOBax TOro 4acy Oyno HepeainbHO. OTOX MupoH 3apHUbKUN MPaLIoe
yuuTeJIeM y NMpUBAaTHHUX yKpaiHChKHX TimMHa3isx bemsa ta 30apaxka, a
3rooMm — y AepkaBHuX riMHa3isx Komomui ta Tepronons. Haperri, y
1925 porti, Bin iepeizauts 10 JIbBOBa, /le CIOYaTKy MPAIIOE Y TOIBCHKIM,
a 3roZioM — B YKpaiHCBKil akaaeMiuHiil rimHa3ii. Ciij 3ayBaKUTH, 110
Mupon 3apuilbKuil He JIWIIe BUKJIAAae B Iiil HalcTapimii yKpaiHChKIN
riMHa3ii ['anmumHwy, a i Besie HayKoBY poOOTYy.

[Tpo HaykoBY 3pinicTs MupoHa 3apHUIBLKOTO CBITYUTH OOpaHHS HOTO
1927 poky aiticaum uneHoM HaykoBoro ToBapuctBa Tapaca LlleBueHka.
Bin akTHBHO Tparfoe y MaTeMaTHIHO-TIPUPOJOITNCHO-TIKAPChKiH CeKIIii.
Hpykye cBoi HaykoBi mpani y «30ipuuky HTHI», a 3a mpamio «/leski
OCHOBHI MOHATTS aHANi3y MOJOXKEHHS 3 TOYKU 30py ajdreOpH JIOTiKu»,
HagpykoBaHy B xypHanmi «Fundamenta Mathematicae», JIbBiBCEKWMIA
yHiBepcureT 25 xoBTHA 1930 poky mpucyauB oMy BUEHHH CTYITiHB
nokTopa disocodii.

Horo obuparots wienom HiMeIpkoro MaTeMaTHIHOTO TOBAPHCTBA,
JIbBIBCBKOIO ~ TONBCBKOTO ~ MareMaTHMYHOIO  TOBapHCTBA.  BiH
30JIMKYETHCS 3 BUIATHAMH MOJILCHKUMU MaTeMaThkamu Ll teitarayzom i
banaxom.

Came o banaxa i mpuxunuBcst MupoH 3apunbKuil y mi poku. Bin
nepeknanae npaito banaxa 3 ¢gpaHiry3pkoi Ha ykpainceky. [licnst cmepri
Banaxa B 1945 pomi Mupon 3apuubkuii crae JexaHOM (i3uKo-
MaTeMaTHYHOTo (hakymnpTeTy, a 3 1948 poky kepye kadeaporo 3araibHoi
MaTEeMaTHKH.

21 xBitHs 1945 poky HoMy NMpHCBOIOIOTH 3BaHHS mpodecopa, a 6
murmHs 1946 poky — BUEHHIA CTYMiHb KaHJUIATa Pi3MKO-MaTeMaTHIHNX
HayK.

MupoH 3apullbkuii y 1ieH mepioj] aKTHBHO TPAIIO€e SIK HAYKOBEb i
SK OpraHizaTop MaTeMaTHdHUX Kadenp y JIbBiBCbKOMY Ta Y3Kropoa-
CHhKOMY VHIBEpCHUTETaX, YATAE JICKIii 3 BUIIOI MaTeMaruku. BiH OyB
HenepeBeplleHNM neaaroroM. Ha Hayky AuBHBCS SIK Ha «TIpaBLy i Kpacy,
10 BUBHUIIYE JIOAUHY ayxoBHO». llle 1927 poky Ha oBijICHHOMY
3i0panHi, npucBsueHoMy 30-iif piuHMII MaTeMaTHYHO-IPUPOAOTIMCHO-
mikapcekoi ceknii HTII, Mwupon 3apuibkuii BUTOJOCHB JOIOBiIb
«[IpaBna, kpaca i MaTeMaTUKa.

«Koro He MaHHMTh HI Kpaca, HI MHUCTEITBO, XTO J>KHBE BOOTHM
OYXOBHUM HTTSIM, TOW Hiyoro He nacte Maremaruui. [loesis He
PI3HUTBCS BiJI MATEMATHKH BUIIUM JIETOM YSIBH, 2 MATEMATHK Pi3HUTHCS
BiJI TIO€TA JIKIII THM, 110 BCE 1 BCIOJIU PO3YMi€... AJie IK y MUCTEITBI, TaK
1 B MaTeMaTHLi JIMIIEe TBOPH rapHi NEepeKUBAIOTh CTOMITTS 1 BUXOBYIOTh
LTl TOKOJTIHHS, — ucaB MUpOoH 3apuIbKUH.
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Hayka ans Mupona 3apunbkoro Oyna moTpe®oro i HacoJo0AOIo,
MpaLero 1 BiANOYUHKOM, SIK BIH CaM 4acTO TOBOPHB.

Yuennii crpaBii HaiiOinbie JTIOOMB MaTeMaTHWKy, OyB BEIHKHM
3HABIIEM iCTOPIii MaTeMaTHKH, HAAPYKyBaB KUTbKa Mpallb 3 icTopii HayKw,
30KpeMa «XpecToMaTiio rperbkoi MaTeMaTukm» 1936 poky MoJIbCHKOI0
MOBOI0. BapTo ckaszaru, mo BiH 700pe 3HAaB A0 IECSTKA Ty KUHEIIBKUX
MOB, Ce€pe]l HIX HaBiTh CTApOreOpeiCchKy, 3aX0IUTFOBABCS ACTPOHOMIEIO 1
320X04YyBaB CTYACHTIB YHIBEPCUTETY CIIOCTEpIraTu 30psHe He0o.

OcHoBHi HaykoBi mpani Mupona 3apHIIBKOTO CTOCYBAIUCS TEOPii
MHOXUH 1 Teopii QyHKIi# AificHol 3MiHHOI. BiH HaBiTH WiATOTYBaB 10
npyky MoHorpadito «Teopist MHOKUH», ane BoHA He OyJia HaAPYKOBaHa.
['010BHOIO 3k TEMaTHKOK HOTro TBOPUOCTi Oyia Teopis bynesux anreop,
JIe BiH PO3B’s3aB KibKa 3a/1a4. JJOCSTHEHHS HAIIOTO BUEHOTO HA TEPEHi
MaTeMaTHKH NOcuTh BaroMi. [Ipo me cBimuaTh xoua O croragu ioro
cydacHuKa mpodecopa, BHIATHOTO MaTeMaTHKa i memarora MUKoH
YaiikiBcpkoro. BiH mmmme, mo mpo 3HAYEHHS HAYKOBUX 3/I00YTKiB
3apuIBKOTO «MOXE CBITYATH Xo4da O TOH ¢hakt, mo Ha TMpaii
YKpaiHCHKOTO BUEHOTO IOCHIIAIOTBCS a00 LUTYIOTh iX OKpemi
MOJIOXKEHHS (ppaHITy3bKi Ta HiMelbki MaTematuku Opere ta [insoepT,
KOJIMIITHIM BUNTEINH HAIOTO 3eMIsika rpodecop Baras CepriiHChkni Ta
THIIIY.

LlikaBuMH € CIIOTaJy BYCHUX, SIKUM JOBOJMIJIOCS CIyXaTH JIEKIii
Mupona 3apunpkoro. [Ipodecop JIpBiBChKOTO YHiBEepcuTeTy Muxaiiino
CenbkiB y cBoix crnoragax nuuie: «IIpodecop 3apuubkuii yutaB geKmii
BUKJIIOYHO YKPaiHCHKOIO, ITHOPYIOUM HaKa3 aJMiHICTpallii Mpo YUTaHHS
nexuiil. [Ipo #oro mengaroriuny MaicTepHIiCTh ckazaHO Oararto: Tpeba
OyTH IeAaroroM HaWBHUILOrO Kiacy, W00 MOE€JHYBaTH MPOCTOTY i
JNOCTYIHICTh BHUKJIAAy 3 BHUCOKAM HAayKOBUM piBHEM... XapaKTepHa
netanb: Oinblie moysioBHHU cryaeHTiB mpuixano 3 [lonemi (Kpakis,
[lo3nanp, Bapmasa) i Hikomu He 4ynHM yKpaiHChKOi MOBU. Bci BOHHM
aKypaTHO BiABiAyBanm 1 KOHCHEKTYBalM JeKIii mpodecopa
3apuibkoro... Bin HaBuMB Hac Oijbllle, HI TEOPEMH MaTEMaTHYHOIO
aHaJIi3y, BiH HAaBUMB HAC TyMaHHOCTH, JIFOOOBH [I0 JIIOJEH, TOMY, L0 caM
ix mooOuB...»

IHmmit  cmyxad nekmii Mupona 3apunpkoro JlsHre 3ranye:
«lonoBauM Oysia Ta atMocdepa, sika MaHyBaja Ha JIEKIisiX MupoHa
OnypiiioBuya. 5 Mato Ha yBasi Ty IHOOKY, MaiiKe pemiriiiHy, momany
JI0 BEJIMKOTO TBOPIHHS JFOJICBKOTO AYXY, SKHM € MaTeMaTHYHHIA aHai3.
Komn Mupon OmnydpiiioBiu Ha3uBaB BelMKi iMeHa — Apximena,
Hrtorona, JlenOnima, Komi, Beiiepmtpaca, Elinepa, Kanrona,
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lnwsbepra.., AHIIIE 3 OTHOTO TOTO, SIK BiH PO HUX TOBOPHUB, MU PO3YMIJIH,
1o crpaskHi 6oru He Ti, mo B Kpemui (a Toai Tam 6yB Craiin)...».

I tpoxu mami: «MoBy Mwupona OnydpiiioBuda, Horo yKpaiHCBKY
MOBY, BHpI3HAJIAa  fKach  KpHIITaleBa  YHUCTOTa, JUBOBH)KHA
MUJIO3BYYHICTh, ICTUHHICTb, HEMiAPOOHICTh... CBOIM criocoOom OyTTs
BiH HIOW MiJIKPECITIOBaB: MOBa HApPOIy — HOr0 HAWIIHHIIIE HaIO0aHHA,
HagOaHHs, sike Tpeba Oepertu, MpUMHOXKYBaTH. Lle — ckap0O He TiTbKH
JAHOTO HApO.y, alie i BChOTO JIIOACTBA...»

Crpaenai, Mupon 3apunpkuii OyB HE TIIBKH BEJIMKAM BYCHUM, a W
JIIOAMHOIO CHJIBHOTO IyXy. J[03BOIMMO COO1 BUCIOBUTH MPHITYIICHHS,
mo camoro MwupoHa 3apuibKOro BiJ YB’SI3HEHHsS OOOpPOHUB HOrO
BJIACHU HAYKOBUU aBTOPHUTET...

OueBUOHO, BCE MEPEKUTE HE JAoAal0 300poB’st Mupony
3apunskomy. Ha cxuoi Biky BiH TsKKO XBopiB. Biniiimos y BignicTs 19
cepmaa 1961 poky. Moro moxosano Ha JIMuakiBChbKOMY LIBHHTapi y
JIsBOBI.

CBOiM JXUTTEBUM NOJABUIroM MupoH 3apHULIbKUU 1€ pa3 CTBEPIUB,
10 3aKJIaJIeH]l Y CBIAOMICTh 3 TUTSIYMX POKIB HAIlOHAILHO-TIATPIOTUYHI
i71eaii He MOXKYTh OyTH 3HUILEHI YKOJHUMH XUTTEBUMHU HE3TrOJaMH, a
MOJBI)KHUIIbKA MPAILsl HA KOPUCTh CBOTO HAPOAY € CEHCOM XHTTS. BiH
TBOPHB JOOpO AJIs JIIOZCH, HaBYalOYM T'YMAaHHOCTI, JIFOOOB1 JO KHUTTS,
1r000BI 10 JHOJEH.
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PE30OJIIOLIA
XXVI Mi:kHapoAHOT0 HAYKOBO-NIPAKTHYHOT0 CeMiHapy
"KOMBIHATOPHI KOH®ITYPAIII TA IXHI
3ACTOCYBAHHA"
npucesiueHoro nam’sti npogecopa Jonus I'.I1.

VYuacaukun XXVI  MikHapogHOTO  HayKOBO-TPAKTUYHOTO
ceminapy «KombinaTopHi koH]irypamii Ta iXHi 3acTOCyBaHHI»,
OpraHi30BaHOTO 3a MiATPUMKH MiHiCTEpCTBAa OCBITH 1 HayKu YKpaiHH,
LenTpaapHOYKpaiHCHKUM HAI[IOHAJBbHAM TEXHIYHUM YHIBEPCUTETOM
(kadenpa  BumIOI MaremMaTHMKU Ta  (¢i3uku), HamioHanbHUM
YHIBEPCUTETOM «3amopi3bka TMONiTeXHiKa» (Kadeapor CHCTEMHOTO
aHaNizy Ta OOYHCIIOBATHHOI MAaTeMaTWKH) 3a MIATPUMKH [HCTHTYTY
kibepHetuku imeni B.M. I'mymkoBa HAH VYxkpainu, npeacrasunu 32
HaBYAJIBHUX 3aKJIaJM Ta HAyKOBUX YCTaHOB YKpaiHM Ta iHO3eMHi. B
cemiHapi Opaiii y9acTh MPEICTAaBHUKH BUIINX HABYAIBHUX 3aKIAIiB Ta
HAYKOBHUX YCTaHOB:

. LenTpanbHOyKpaiHCHKHI HAIllOHATBHAN TEXHIYHUN YHIBEPCUTET

. HamtionansHMit yHiBEpCHTET «3ammopi3bKa MOTITEXHIKaA

. ImcturyT kibepreruku imeHi B. M. I'mymkxosa HAH Yxkpaian

. Leeds University Business School, University of Leeds, UK

. ABH3 «Y3ropoxacekuii HallioHAIbHUNA YHIBEPCUTET»

. JIHITpOBCHKUI HallioHabHUH yHiBepcuTeT iMeHi Onecs I'onuapa

. 3anopi3bkuii HalllOHANBHUH YHIBEPCHTET

3anopi3pkuil  00JaCHUMM I1HCTUTYT MICJISIUIUIOMHOI TeqaroriyHoi
OCBITH

9. IactutyTt ipobiem MamuHOOy ryBanHs iMeHi A.M. Ilinropaoro HAH
Ykpainu

10. IncrutyT Texniunoi Mmexaniku HAH Ykpaiau

11. Incrutyt dpisuku HAH Ykpainu

12. KuiBchkuii HallioHANBHUH yHiBepcuTeT iMeHi Tapaca [lleBuenka

13. JIboTHa akazmemis HarioHanmsHOTO aBialliiHOrO YHIBEpCUTETY

14. MixxnaponHuit €BponecbKuil yHIBEpCUTET

15. MixHapoJHHi HAYKOBO-HABUAIGHUA IEHTp iH(popMamiiHuX
texHororiit ta cucteM HAH Ta MOH VYkpainu

16. HaBuansHo-HaykoBu# iHcTuTyT BHII " IHiNpOBCHKMI ryMaHiTapHUI
yHiBepcHuTeT"

17. HarionansHuii aBianiiH1i yHIBEPCUTET

0NN AW~
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18. HamionanpHuil aepoKOCMiYHMK  yHIBEpCHTET «XapKiBChKUHN
aBialliifHUI IHCTUTYT»

19. HamionanpHU#  yHIBEpCHTET BOJHOTO  TOCMOJapcTBa  Ta
MIPUPOAOKOPUCTYBAHHS

20. HarionansHui TEXHIYHUHN yHIBEpCHUTET «/IHIMPOBCHKA MOITEXHIKa»
21. HamionanpHHN TexXHIYHUN yHiBepcuTeT YKpainm «KuiBcekuit
MOJTITEXHIYHUH 1HCTUTYT iMeHi [ropst CikopchKoro»

22. HanionaneHuii yHiBepcuTeT «JIbBIBChKA MOJITEXHIKA»

23. YkpaiHChKUH IepKaBHUH YHIBEPCUTET HAYKH 1 TEXHOJIOTiH

24. XapKkiBChbKUH HaIlIOHATFHUHN YHIBEPCUTET PaliOCIeKTPOHIKH

25. XapkiBcbKMI HALliOHANBHUI YHIBEPCHTET MICBKOTO TOCIIOAPCTBA
imeni O.bekerosa

26. IncturyT MaTematuku JIoq3bCHKOTO MOMITEXHIYHOTO YHIBEPCHTETY,
ITompmra

27. IHCTUTYT cucTeM ynpaBiiHHA, A3epOalimKan

28. Yuiepcutet [enasep, CIIIA

29. llkoma xoMmm'IOTepHHX Hayk, YHiBepcuter CeHT-EHaproca,
0O6’emnane KopoiBcTBo

30. Camapkangacekuii  ¢imian ~ TalIKeHTCHKOTO  YHIBEPCHUTETY
iH(opMaIitHIX TeXHOJOTiH, Y30eKknucTan

31. I'pomazckka opranizaiiiss « CHCTEMHI TOCIIIPKEHHS

32. Yxpainceke Qi3uuHe TOBAPUCTBO

Y4acHUKM ceMiHapy pO3IJISHYJM HaiOLIbLI aKTyaJlbHI MUTaHHS,
MOB’si3aHi i3  KOMOIHATOPHMMH  KOHQIryparmissMu Ta  IXHIMH
3aCTOCYBAaHHSIMH JIO BUPINICHHS CyYacHHX MPoOJeM MOJCIIOBAHHS Ta
MPUAHSTTS PillIeHb B yNPaBIiHHI CKIAJHUMH CUCTEMaMH Ta MPOLECaMu
3a TAKUMHU HarpsiMaMu:

1. KomGinaTopai koH}irypatii, rpadgu Ta 3amadi ontumizamii Ha
HUX.

2. ABTOMaTtH, CKiHYeHHI anreOpu, MaTeMaTH4HA JIOTiKa 1 Teopis
MHOXKWH, TEOpis irop i Teopis TPHUHHATTS pillleHb, KOTYyBaHHS Ta
po3mi3HaBaHHs 00pa3iB, iX 3aCTOCYBaHHS B Pi3HUX Taly3sX.

3. MaremaTHuHi MOZEIi AUCKPETHUX MPOLECIB i CUCTEM Pi3HOTO
MpU3HAYCHHS.

4. Tporpamue 3a0e3NeUeHHs] CHHTE3y Ta aHAII3y KOMOIHATOPHUX
KoH(iryparii.

5. 'padu 3HaHB, OHTONOTII, MalIMHHE HaB4YaHHA, rpadoBi 0a3u
JIAHUX, TITYYHUN 1HTEJIEKT.

6. IcTopist pO3BUTKY YKpaiHCHKOT HAYKH.

[Ipobnemaruka kKoH(epeHLii npuBepHyna 10 cede yBary ¢axiBLiB
i3 pi3HMX raimy3eid 3HaHb. Y HayKOBOMY 3axoai B3suin ydyactb 100

225



YUYaCHHKIB, cepen sikux: 30 JoKTopiB HayK ((i3uKO-MaTeMaTHUHUX — 15,
TeXHIYHUX — 12, memaroriyHux — 2, eKOHOMIYHUX — 1); 46 KaHIUAATIB
HayK ((i3uKO-MaTeMaTHIHUX — 26, TeXHIYHUX — 17, memarorigaux — 1;
eKOHOMIYHHX — 1); 9 BUKJIagaviB Ta HAYKOBIIIB O€3 HAYKOBOTO CTYIICHS;
15 cTyneHTiB i acipaHTiB

Yyacuuku KoH(EpeHIIii 00ToOBOPHITH TaKi MPOOIeMHI MTUTAHHS:

* BBE/ICHHSI HOBHX THUIIIB KOMOIHATOPHUX KOH(ITYpaIiii;

* PO3B’s13aHHsI JBOCTAITHOI 3324l aKTHBAIlii-pO3MIILICHHS;

* aJITOPUTMIYHOTO MiAXO0Y 10 HaBirawii rpynoto bITJIA;

* METOJIM 3aXUCTY MPOTPAMHOTO0 3a0e3MedeHHs, SIKi IPYHTYIOThCS
Ha MOJIEJISIX MaTeMaTUIHOTO celi(ha Ta Tpalio3HUX JIepeB;

* aHaJIi3 METO/IB PO3MITKH Ipadis;

* pO3B’sI3aHHS KBAIPATUYHOT 3a]a4l YIIaKOBKH KPYTiB;

* BHpimeHHS 3amadi i3oMmopdizmy rpadiB 3a IOMOMOTOO
iHBapiaHTIB;

* METOAM TPUHHSATTA pilIeHs oOIlepaTopaMy aepoHaBiramiiHol
CHCTEMU;

* MOJICJTIOBAaHHS KJIACTEPiB HA OCHOBI MYJIbTHHEUYITKIX MHOKHH;

* MOJICJTIOBaHHS BUIMAJAKOBUX Tpadis;

* METOAW BUSBJICHHA Ta HelTpamizamii wMepexi OOTIB y
PEKOMEHIAIIHHUX CUCTeMaX;

* METOJM BUSIBIICHHS cabcudikoBaHOi iHPOpMAILIi;

* BUPIIICHHS 3a/1a4 TOIIYKY IIeHTHYHUX CTPYKTYP;

* 3a/1a4i moOyoBU Tpadis Ta ix rpyI;

* iCTOpIisl PO3BUTKY YKPaiHCHKOI HAYKH.

[Migkpecnuim GaraToMipHICTh PO3TISHYTHX 33/1a4. Y CBIIOMITIOIOYH
poib 1 3Ha4YeHHA PO3BUTKY (QYHAAMEHTAJIBHUX 1 MPUKIATHUX
JNOCHIDKEHb B Taly3sX HAyKd, Jieé WIMPOKO BHUKOPUCTOBYIOTHCS
KOMOiHaTOpHI KoOH(QIrypanii, yJ4acHHUKA KOH(EpeHIil BBaXKarOTh 3a
HeoOXiIHe:

1. IIponoBXHTH HAYKOBI JOCII/PKEHHS 32 OOpaHUMH HalpsMaMH,
BpPaxOBYIOYM 3POCTal4y aKTyajbHICTH Ili€el TeMaTHKH. Bim3Hauupim
BUCOKY €(QeKTHBHICTh aucTaHUiiHOi ¢(opmu mpoBexeHHs XXVI
MiXHapoIHOIO HayKOBO-IpakTH4HOro ceMiHapy «KombOinatopHi
KOH(iryparii Ta IXHi 3aCTOCYBaHHS», PEKOMEHIIYBaTH B MallOyTHbOMY
MOEIHYBATH JHMCTAHIIHY (¢GopMy pOOOTH CeMiHapy pa3oM 3
TPaIULIiIHHOIO OYHOIO IPUCYTHICTIO (38 MOYIIUBICTIO).

2. Po3BuBaTH HAayKOBIi 3B’SI3KW 3 BITYM3HSHUMH Ta 3aKOPJOHHUMHU
MPOBIIHUMH BUIIMMH HaBYAJbHUMHU 3aKJIaJlaMd Ta HAyKOBHMH
yCTaHOBaMH JUIsI OpraHizallii i peajizamii criTbHUX HAYKOBUX Ta OCBITHIX
MIPOEKTIB.
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3. PexomenayBath Ui TpPOBENCHHS HACTYIIHUX CEMiHapiB
MiArOTOBKY iH(pOpMaLiiHUX MaTepialiB YKpaiHCHKOIO Ta aHTJiHCHKOIO
MOBOIO.

4. IligTpuMyBaTH 3aJy4eHHS MOJIO/I O y4acTi B ceMiHapi.

5. PexomeHnayBaTH Kpamii JOMOBiAl ceMiHapy no myOmikamii B
30ipHHUKY HayKOBHX mpalls «KiOepHeTHka Ta KOMIT FOTEpHiI TEXHOJIOTII».

6. Posmictutm iH(doOpMaIito TpPo TPOBENEHWH ceMmiHap Ta
omyOiKyBaTH pe3ooLito KoHpepeHii i 30ipHuK MaTepianiB Ha calTax
LenTpansHOyKpaiHCHKOTO HALlIOHATIBHOTO TEXHIYHOTO YHIBEPCUTETY Ta
HarioransHOTO yHIBEpCUTETY «3amopi3bKa MOTITEXHIKA.

7. TlommproBaty iHdoOpMamil0o TpPO pe3yJbTaTH CEMiHApY Y
CHeLiaNi30BaHUX BHIAHHSX.

3aCTYIHHK TOJIOBH OPraHi3aIliifHOro KOMIiTeTy
3aB. kap. BM Ta @ C.M.Slkumenko

227



Marepianu
XXVI Mi>kHapoJHOTO HAYKOBO-TIPAKTHYHOT'O CEMIHAPY
"KOMBIHATOPHI KOH®II'YPALII TA IXHI
3ACTOCYBAHHA"

MpUcBsUeHOro nam’sati npodecopa ot I'.I1.
13-15 uepsnsa 2024 poxy

Penaxiitina koJeris He Hece BIAMOBINAIILHOCTI 32 MaTepiaiH,
orry0IikoBaHi B 30ipHUKY. Y Ci BOHM TIOJjaHi B aBTOPCHKIN peakilii Ta
BHPaXXalOTh NMEPCOHATBHY MO3UINI0 YIYACHUKIB CEMiHAPY

[Minnucano mo apyky12.06.2024 p.
®dopmat 60x84/16. ITamip odceTHNiA.
I"apuitypa Times New Roman. [Ipyk pusorpad.
VM. npyk. apk. 14.25
Haxman 300 mpum. 3am. NeQ780

[IpuBaTtHe mianpuemMcTBo «EKckmo3uB-Crucrem»
Ceigonreo aepx. peectpy JKNe4470 Big 17.01.2013p.
25006, m. Kporrueautskuid, By. llleBaenka, 25
ten. 050-92-20913

228



