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Institute of Mathematics, Lodz University of Technology, Lodz,
Poland

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

Ouiena IosneBenbka, Bacuiab llenaepoBcebkuii

Inemumym izsuxu HAHY

MMPOH 3APUIIbKUI — ®YHATOP MATEMATHYHOT]
HAYKU HA 3AXIJTHOYKPATHCHKMX 3EMJISIX

Pezomronia XXVI| MixkHapoHOTO HAYKOBO-TTPAKTHYHOTO
ceMiHapy, npucBsueHoro mnam’sati npodecopa Jonust I.I1.

JloroBizi 3aKOPAOHHUX YYACHHUKIB CEMIHApy
Ozgur Akgin
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

MOXKHO ITOAUBUTHUCS 3a ITIOCUJIAHHSAM .
https://www.youtube.com/watch?v=RZ9zcLf3Hvg
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BITAJIBHI CJIOBA YYHACHUKAM CEMIHAPY
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Ipusimannus 6i0 LlenmpanbHoyKpainCbK020 HAYIOHATLHO2O
MEXHIYHO20 YHIgepcUumemy

HlanoBHi komeru!!!

HozBonbTe mpuBiTaTh Bac Big iMeHI BChOTO  HayKOBO-
negarorigyHoro  ckiaxy  LIeHTpanbHOYKpaiHCHKOTO — HAIliOHAJIBLHOTO
TEXHIYHOTO YHIBEpCUTETY 3 modaTkoM podotu XXVI Mixcnapoonozo
HAYK060-NPAKMUUHO20 ceminapy "KOMBIHATOPHI
KOH®IT'YPAIII TA IXHI 3ACTOCYBAHHS", npucBsS4eHOro
mmaM’ Tl BUAATHOTO BYCHOTO TOKTOpa (h-M.H., ipodecopa Jlontist ['eopris
ITanacoBuual

Pa3zom 3 Anaroniem fAxoBuyem Ilerpentokom, ['eopriit [lanacoBuy
€ 3acHOBHUKamMu ceMiHapy. [lepmmii ceminap BimOyBcs B Jlepkaniit
JBOTHIHN akameMii YKpaidu, sKIio s He moMmrsarocs y 2006 pomi. Tepmri
ceMiHapy POBOAMIIMCS JIBiYi Ha PiK.

Y 2009 pomi ceminap mponosxuB poboty B KipoBorpaacbkomy
HaIliOHAJTHPHOMY TEXHIYHOMY yHiBepcuteTi. IloTiM Ha meskuil 9ac BiH
MMOBEPHYBCS B JIbOTHY aKaJIEMII0 1 B I[bOMY POIli 3HOB PO3M0YaB POOOTY
Ha ©0a3l lleHTpadbHOYKpaiHCHKOTO  HAIIOHAJIBHOTO  TEXHIYHOIO
yHiBepcuTery. VOro XMTTS NPOIOBXKYEThCS 3aBISKHM aKTHBHOI ydacTi
KoJIer Kaeapu CHCTEMHOrO aHaji3y Ta OOYHMCIIOBAIBHOT MAaTEMAaTUKH
HamionansHoro yHiBepcureTy «3amopi3bka TIONITEXHIKa», BOHHU
MiATPUMAIHA CeMiHap IMij Yac MaHaeMil i MPOJIOBXKHUIN CIiBIPAIIOBATH
nanmi mig dac BiHM. 3apa3 ceMiHap NPOBOAMTHCA MO 4Yep3i B
KpornuBHuiibkoMy 1 3amopixoki ane pa3oM 1 3aBASKH HiATPUMKH
IHctuTyTy KibepHeTuky iMeHi B.M. I'mymkxosa HAH VYxkpainu.

I'eopriii [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’ A
b b 9

Mupy!
[sxyto, 3a yBary.

Mapuna CemeHroTa, JOLCHT Kadeapu BHUIINOT MaTeMaTHKH Ta

¢isukn  LleHTpaTbHOYKpAaiHCHKOTO  HAI[IOHAIBHOTO  TEXHIYHOTO
YHIBEPCHTETY
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Tpusimanus 6i0 3anopizpko2o HAYIOHAILHO20 YHIGEpCUMEemy

[lanoBHI Kon€eru!

Bin iMeHi KoJeKTHBY 3amopi3bKOro HAI[lOHATHHOTO YHIBEPCHUTETY
mMpo BiTaeMo ydacHHUKiB XX VI MiKHApOIHOTO 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
[TanacoBuual

VYce xurts ['eopris [TanacoBuua Oyio TiCHO OB’ I3aHUM 13 MiCTOM
3anopixoKs Ta 3amopi3bKOI0 3emiieto. Y M. 3amopixoks MpoHnum Horo
IIKiTBHI POKH, a TIOTIM BiH 3 PaicTIO Ta 0a)KaHHAM TIOBEPTABCS CIOIH 10
PIOHEX, a TAaKOXK Ha KOH(EPEeHIIii, CeMiHAPH Ta IHIII 3aX0I1, BKJIAJAI0UH
BCC HOBI 1 HOBI BHECKM B 30araueHHS HayKH, IO PO3BHBAJIacsi Ha
MaTeMaTHYHOMY Ta EKOHOMIYHOMY (aKylbTeTax 3amopi3bKoro
HaI[lOHAJFHOTO yHiBepcuTeTy. He MOXHa HE BiI3HAYUTH HOTO y4acTh Y
MiATOTOBII HOBUX KBali(iKOBaHUX KaApiB — CIOYATKy SK BYCHUH
CeKpeTap Creliani3oBaHoi BYEHOI pagd B I[HCTUTYTI KiOepHETHUKH
HAHY, a moriMm — sk oQimidHUN OMOHEHT KaHJUAATChKAX Ta
JOKTOPCBKUX JHMCEpTalliif, fK OaraTOpiyHMN WIEH CIeLiaai30BaHOl
BUCHOI pajiy i3 3aXHUCTy JAucepTaliid y 3amnopizbkoMy HalliOHAJIEHOMY
YHIBEpCHTETI.

Bararuit nHaykoBuii mocBin ['eopris [TaHacoBrua Ta rutiHi CHUTBHI 3
noktopoM (iz.-mar. Hayk, mnpocdecopom Birtamiem Ilepenenurero
HAyKOBi TOIIYKH B TaXy3i Teopii rpadiB Ta €eKOHOMIYHOI KiOEpHETHKH
CHpUsUIM PYHKI[IOHYBaHHIO HAyKOBOI IIKOJHU «J{MCKpeTHa MaTeMaTHKa
Ta i1 3aCTOCYBaHHS B EKOHOMIKO-MaTeMaTHYHOMY MOJICIIOBaHHI Ta
iH(opMaIiitHIX TEXHOIIOTiSIX», 110 3aCHOBaHa pod.
[lepenenuneto B.O. Ta po3BuBaeThcs B 3am0pi3bKOMY HalliOHAJIBLHOMY
YHIBEPCHTETI HOTO YUHSIMHU.

Bitatoun yuacHUKIB CceMiHapy, OJHMM 13 3aCHOBHHKOM Ta
HATXHEHHUKOM sikoro OyB ['eopriii JloHelb, HE3BaXKAIOYM Ha BaXKY
CHUTYaIlil0, SIKy MH BCi TIEpeKUBAEMO, Oa)KaeMO OTPUMATH KOPHUCHI JIJISt
KOXXHOTO 3 Bac HOBI 3HaHHS B raimy3i KOMOiHATOpHOI onTHMi3aLii Ta ii
3aCTOCYBaHb, HAJMXHYTHUCS HOBHMH I[IKABUMHU iJIesIMA, OTPUMATH
pamicTh AUCKYCil Ta OOMIiHY JTyMKaMH 3 Kojieramu!
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Hexaii HOBi oTprMaHi 3HAHHS CIPUATUMYTH PO3BUTKY HAIIOT HAYKU
Ta UIIyTh Ha KOPUCTh YKPAiHCHKii AepsKaBi!

Haranis MAKCHUIIKO, noktop eKOHOMIYHHX HayK, mpodecop,
3aBimyBau Kadeapu eKOHOMIUHOI  KiOepHeTHKH  3amopi3bKoOro
HaI[lOHAJILHOTO YHIBEpCHUTETY,

Irop KO3IH, moxtop ¢ismko-MaTeMaTHdHUX HayK, Mpodecop,
npodecop  Kabeapu  EKOHOMIYHOI  KiOEpHETHKH  3armopi3bKoro
HaI[IOHAJILHOTO YHIBEPCUTETY.

Ipusimanus 6i0 Incmumymy xibepnemuxu imeni B.M. I ywxosa
HAH Ykpainu

[IlaHOBHI KOJIETH, YY4aCHUKH CeMiHapy!

[TpoBeneHHs [IBaaIsTh IIOCTOTO CeMiHAPY — I1€ BAKIIMBA OIS TS
HaIIOi HayKOBOI CIIJIBHOTH, SKa 30WMpac il CBOIM JaxOM IMPOBITHHIX
BUCHMX, JOCJIIIHUKIB, BUKJIIa4iB Ta CTYJCHTIB, 00’ €JHAHUX CILIBHOIO
MPUCTPACTIO 10 MATEMATHKH.

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

Ham ceminap nmpucBsyeno mam'siti npo¢. I'eopris OmanacoBuua
JloHIIE — BIIOMOI'0 YKpaiHCHKOIO MaT€MaTHKa, SIKUH BHIC CYTTEBHM
BKJIJ] Y PO3BUTOK KOMOIHATOPHOTO aHAaJIi3y, IepIII 3a Bce, Teopii rpadis.
Moro yuacTs y monepeHixX HAUIMX ceMiHapax CIpPHAIA PO3BUTKY TeOpii
KOMOIHATOpUKK Ta CyMDKHHUX oOsacteit. OTpuMaHi HUM pPe3yJIbTaTh
3HaXO/ATh PO3BUTOK 1 MTPOJIOBKEHHSI y MPAISAX YUHIB 1 KOJIET.

CemiHap BKe JaBHO CTaB IUTaT(OPMOIO 17151 OOMiHY HOBUMH 1J1€SIMH,
JOCSITHEHHSIMH Ta BIAKPUTTSAMH B PI3HUX TAITy35X MATEMaTUKH. 3aBISIKU
HAaIlMM  3ycTpiyaM CTBOPIOIOThCS HOBI  HayKoBi  KojaOopariii,
HApOJKYIOTbCS TPOEKTH Ta BIIKPUBAIOTHCI HOBI TOPU3OHTH B
nocmimpkeHHsx. Came Ha HuX, B arMmocdepi B3aeMorloBarum Ta
BIJIKpUTOCTI, BiI0YBa€THCS TUIIHUN OOMIH 3HAHHSIMH Ta TOCBIJIOM, IO
CIIpUSIE PO3BUTKY HAIOi HAYKH.

Lporo poky mporpaMa ceMmiHapy BKJIIOYA€ IIUPOKHHA CIEKTP TEM,
[0 OXOILIFOIOTh SIK (yHJIaMeHTalbHI, TaKk 1 NPUKIAIHI acleKTH
MaTeMaTHKH. MU MaeMO 4ecTh CIyXaTH JOTOBiJi BiJOMUX BUEHHX, a
TaKOXX HaJaBaTH CIIOBO MOJIOJUM JOCIiTHUKAM, SIKi TUIBKH MOYMHAIOThH
cBill HaykoBui mUIsIX. Taka pi3HOMaHITHICTH [O3BOJISIE CTBOPHTH
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OaratorpaHHy KapTHHY Cy4acHOTO CTaHy MaT€MaTU4YHUX TOCTIIKEHb y
cdepi KOMOIHATOPHOTO aHAIII3Y Ta ONTHMI3aLlil.

Oco0nmBO X049y Bim3HAYUTH 3ycriuiss OpPrKOMITETY, YICHH SIKOTO
3poOniIH BCe MOXIIHBE, 00 1ieii ceMiHap MPOHIIOB HA BUCOKOMY PiBHI
HaBiTh Y HUHIIIHIX HETIPOCTHX YMOBaX.

[[ManoBHI yyacHHKH, Bailli i€l Ta JOCIiKEHHS € HAWBaYKITHBIIIOIO
CKJIQJIOBOIO HANIOTO ceMiHapy. Bama akTuBHa y4acTh TOJAIOTH 3aX0my
0CcOOJIMBOTO 3HAYEHHS Ta CTUMYNIIOIOTH Ha TOAAJbIIl 3ycWs B
oprasizamii mogiOHux 3ycrpiueii. CrogiBarocs, 10 Iei ceMiHap CTaHe
IS BaC DKEPEJIOM HATXHEHHS, HOBHX 3HaHb Ta HAYKOBHX KOHTAKTIB.

baxaro BciM TuIigHOT POOOTH, LIKaBHX AMCKYCid Ta He3a0yTHIX
BpaKeHb BiJ Hamoro cemiHapy. Hexaii ko’kHa JOMOBiAb 1 KOXKHE
O0OTOBOPEHHSI CIPHUATHMYTh BamioMy mpodeciiiHoMy Ta ocobucrtomy
3POCTaHHIO.

Jleonin [D'ynsauuekmii, wineH-kop. HAH Vkpaian, IaCcTHTYT
kibepHeTnku iMmeni B.M.I'mymikoBa 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”
2 National Aviation University
OITHIOBAHHS BPA3JIMBOCTI IH®OPMAIIIITHOIL
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 VAC 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 MPAAEPHAALT AMPL APCR 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) 5 (0,100,30)

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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AML_AR
AML_AC

AR

4
AML

e
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,"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.
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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
2
a ab
a3 a’b
1
b
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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 M,
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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JOCJIIIZKEHHSA BUMOTI 10 KIBEPBE3IIEKU
KOMIPIOTEPHUX CUCTEM YIIPABJIIHHA AEC
Bintenko b.1O., Cmiprosa T.B., Cmipaos O.A.
L]enmpanvHoyKkpaiHCbKUll 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 cydacHomy eTarti po3BUTKY KOMIT IOTEPHHUX CUCTEM YITPaBIIiHHS
(KCY) AEC mnponecu 3 3abesmeueHss kidepOesmeku KCY AEC e
Ha/I3BUYAIHO aKTyaJbHUMH Ta € CKJIAAHUMHU 1 KOMIUIEKCHUMU. Y CTaTTi
[1] po3rasmaroThcs MPOLECH BIPOBAKEHHS Ta MIATPUMKHU IONITHKH,
MporpamMu Ta riany kibepoesnexu va AEC.

3abe3neyeHas kidepszaxucty KCY KpUTHYHOTO 3aCTOCYBAaHHS €
KOMIUIEKCHOIO 33/1adeto, sika Tependavae MOeAHaHHS 3aKOHOJABUUX,
KyJIbTYPHHX, TEXHOJOTIUHUX, aJMIHICTpaTHBHMX  3axofiiB. B
nociipkenHi [2] po3pobiieHo Mojienb KepyBaHHs Kibepoesmnekoro (Cyber
Security Management Model), B sKkiif BHIUIAIOTHCS IICTH TOJTOBHHX
cep, 1110 € KPUTHYHUMHU TS KiOepOe3neKu:

— npaBoBe perymnroBanHs (Legal Regulation);

—po3yminnas kepiBHuLTBOM (Good Governance) BaKIMBOCTI
3a0e3neyeHHs KidepOe3neku Ta MiHiMi3allil HaCTiIKIB KiOePIHIIUICHTIB;

— kepyBaHHs puzukamu (Risk Management);

— KyJbTypa Oesnexu (Security Culture);

— kepyBanHs TexHoJjorisimu (Technology Management);

— kepyBanHs iHIMAeHTamu (Incident Management).

Amnaroriuni cepu xidepoesnexku KCY kputuuHoro 3acrocyBaHHs
BiIOOpaXaloThCSI B MDKHAapOAHUX CTaHAapTax Ta HOPMATUBHHUX
JIOKYMEHTaX Pi3HMX KpaiH. 30KpeMa, BUMOI'H J0 KOMIT IOTEPHOI Oe3IeKu
(xibepOesnexn) KCY AEC wmicTaTbCs B MIKHApOAHOMY CTaHIapTi
[EC62645 [3] ta rany3eBomy ctangapTi Ykpainu «HII 306.2.237-2022»

[4].
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CraHgapTu, 10 PO3MIISIAIOTHCS, BBOAATH KIIACH(IKaIlil0 piBHIB
kibep3axucty KCVY, ix xomnonenTiB Ta [13 s BU3HAYCHHST BUMOT 10
kibepbesmexu (po3ain 5.2.3.1 cranmapry IEC62645, pozain Il crangapty
HIT 306.2.237-2022). 1li piBHI BH3HAYAIOTHCA KATCTOPIIMHU
BUKOHYBaHHMX (YHKLIH, BXIMBUX A Oe3meku (kateropii «A», «By,
«C» BusHaueHni y [5]). Busmawatoreca Tpu piBHI: «S1» («K1»)
(BuKOHAHHA 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 € IKOPCTKO
periiaMeHTOBaHUM, i BUKOHYEThCS Ha OCHOBI aHami3zy pynkuiii KCY.

3riiHO MOCTiKEHHST BUMOT cTaHmapTiB (po3nin 5.1 craHmapty
IEC62645, posmin II-IV cranmapty HIT 306.2.237-2022), ocHoBHi
3arajibHi IPUHIMIHY 3a0e3MeYeHHs Ki0ep3axucTy € HaCTYITHUMHU:

— HASIBHICTb MOJIITUKH KiOEP3axXUCTY;

— TTTHOOKOCTIIEIIOHOBAHNH KiDep3axucT;

— mudepeHITiHoBaHI i aXi;

—3ax0J¥ WIOJO0 TMOINEPE/HKCHHS INKIIJIUBUX Jiid, BHUIBJICHHS Ta
pearyBaHHS Ha IIKIUBI dif, TOM’SKIICHHS iX HACHIAKIB Ta
BiJIHOBJIEHHS;

— 3aXO0JIU IOJI0 MOTIEPEXKECHHSI BHECEHHS! HECAaHKI[IOHOBAHUX 3MiH,
HQ/IJIUIIKOBHX (PYHKIIIH, HEKOPEKTHHUX TAaHHUX TOIIO;

— 3aXO0JI1 MO0 KyJIbTYPH KiOEP3axXuCTy;

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

—3ax0JM III0JI0 OIIIHIOBAHHS Ta IEPEOI[IHIOBAHHS KiOep3axucTy
KCYVY, o 3HaX0sThCsI B €KCILTyaTallii.

3rilHO JTOCHIJDKEHHS BHMOT CTaHAApTiB HIOA0 3ade3nedeHHs
Ki0ep3axucTty Ha erami po3podku Ta ekcmuryaramii  (po3zin
5.2.3.23-523.2.7, 6.4 «IEC62645», poznin V-VII — «HII 306.2.237-
2022») 13 KCY HeoOxigHO BpaxyBaHHS OCHOBHHX HIDKYCHABEIEHUX
ACTICKTIB:

— Ilpomnec Ta 3acobu po3poOKwu.

— KoHTposb 32 HasBHICTIO NPUXOBaHUX (DYHKIIIH.

— MiHimizaniss BIUIMBY 3aco0iB KiOep3aXWUCTy Ha BUKOHAHHS
GyHKIH.

— Hampsimox nepenaui indopmarii.

— KoHTposb nNoTOKy JaHuX.

— ABtentudikariis Ta aBTOpH3ALIiS:

a) iznynnii 3axuct komnoneHTis KCVY;

0) 3aXMCT BiJl HECAHKIIOHOBAHOT'O IOCTYITY.
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BucnoBok. Jlocmimkenns cranaapTiB kidepOesmneku KCY AEC
MOKAa3yIOTh, 1[0 BUKOHAHHS BUMOT KiOepOe3rneku € 00OB’SI3KOBHM Ha
BCIX eTamax >KHUTTEBOTO IUKIY NpoAykTy. HeoOXimHOI yMOBOIO
peanizarmii 3axomiB Kibepbe3neku mporpamuoro 3abesnedenns (I13) e
BU3HAYEHHSI HOTO KOMIIOHEHTIB, SIKi MOXKYTh OyTH 00’ €KTaMu Kibepartak
Ta MICTATh BPa3IMBOCTI, M0 MOXYTh OyTH MPHYMHOIO BiJIMOB MpH
BukoHaHHI (ynkmiin KCVY. Ilicns Bu3HaueHHS IUX KOMITOHEHTIB [13 B
HUX Mae OyTH MpOrpaMHO peamizoBaHi (yHKUii 11t 3a0e3medeHHs
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.

KgpaziBunaakosi rpagmu.

KpaziBumagkoBi Tpadhm € MOACIIMH JUCKPETHUX CHCTEM,
CTPYKTypa SIKHX MOXE 3MIHIOBATHUCh BHACIIZOK BHUITAJKOBOTO PO3PUBY
yacTuHM 3B’ s13KiB [1-3].

B miii ctaTTi po3rismaeTbes 3a1a4ua OiHKH HMOBIPHOCTI 3B SI3HOCTI
kBasziBunankosoro rpadaG(pP) nobynosanoro Ha ocHOBI - 3-peGepHO

3B’s130010 rpada G .
Osunauenns 1. Hexait G =G, -38’s3uuii rpad Ha N BepuMHAx 3

muoxnHoko Bepume G° i muoskuHoM0 pebep G, |G°| =n, |G| =m,
KBa3iBUNankoBuM rpadom Ha ocHoBi rpada G nasusaethes rpad G(p)
0 0 .

3 muoxuHOW G (P) =G~  BepummH i 3 BHUNAIKOBOI MHOXHHOIO
U =G'(p) pebep mwist IKOi BUKOHYIOTHCS YMOBH:

Prob(ueU) = p, akuwou € G*;

Prob(u eU) =0, axwo u ¢ G*.

MyasTukapkacu rpada i C-nosinomu.

Hexait G -3B’s3uuii rpad, U G' - nesika MHOXHMHA #0r0 peoep,
uepes G[U] Oymemo nosnauatn minimanshuii miarpag rpapa G 3

muoxuHom0 pebep (G[U]) =U .
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O3navennsi 2. Mynbtukapkacom rpada G OymemMo Ha3uBaTH

cimetictBo MuoxuH{E j}g}:l , IKE 33/I0BOJIbHSIE HACTYITHUM YMOBaM:
H 1

DVIE, cG

(2) Sxmo wmuoxunaW peGep rpadhaG 3amoBosbHSE yMOBI
ViIWNE; #9, 1o rpap GIW] Gyne 38’sa3mum daxroprpadom rpada
G (38’s3HUM miarpadom, sIKHii MiCTHTh yCi BEPITHHU TAHOTO Tpada).

Osnavennsi 3. Hexait - M ={E J-}Sj:l NEAKMA MyJIbTHKApKac
papa G, S (M)=H{EeM:|E|=k}|. C-mominomom  abo

3B’SI3HICTHHMM IMOJIHOMOM MyJibTUKapkaca rpada G Ha3BeMO MOJTiHOM,
BU3HAYCHUH HACTYITHUM YHHOM:

C(G.M,x) =D &x~.

Baxxnupicte C - mojiiHOMa BUILIMBAE 3 HACTYITHOTO TBEPXKCHHSI.

Teopema 1 [4]. Sxmo G 38’s3umit rpad, M - nmeskumii itoro
MyJIbTHKapKac, TO Julsd WMOBipHOCTI P 3B’sI3HOCTI KBa3iBHIAaIKOBOTO
rpaaG(P) ma ocrosi rpadaG Mmae Miclie HACTyITHA OIIHKA:

P>1-C(G,M,q),ne q=1-p.
I'omomopgizmu.
Osnauenns 4. Perynspaum romomopdizmom f rpapa G ma rpad

H Gynemo masuBatn crop’eKTuBHE BifOOpPaKEHHS MHOKHHM BEPIIMH
rpada G na MHoxkuHy BepumH rpada H  sxe 3anoBonbHse HacTynmHEM
yMOBaM:

1) mpooGpa3 koxHoi Bepiuau rpada G e 38’s3HMM miarpadom
rpada H ;

2) icHye Take iH’ €KTHBHE BiJ0OpakeHHSI MHOXXHHU pedep rpada
H B muoxuHy pebep rpada G, mo
g(w) =u=ow=(f(x), F(y)) &(0u={x y}) &(f(x) = f(y))

®axtuunno rpad [ orpumyerses 3 rpada G uuisxom perpaxiii
(cTaryBaHHA) B BEPIIMHM JCAKHX HOro MOPOMKEHHUX 3B’ SI3HUX
niarpadis. Takum uyMHOM, NMPooOGpPa3oM KoxkHOi Bepumuu rpada H e
nopo/pKeHuii 3B s3umit miarpad rpaga G, 3o0kpema 1e Moxe OyTH
TpuBiaJbHUN MpooOpa3, ToOTO miarpad, SKUHA CKIAZAETbCA 3 OJHI€l
BEPIINHU.

Osnauenns 5. Perynspuuii romomopdizm f rpada G marpadp H

OyJeMO Ha3WBaTH TPOCTUM IUKIIYHUM TOMOMOP(}i3MOM, SKIIO HE
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Oinbine, HiX omHa BepmmHa rpada [ mae HeTpuBianbHUIT POOOpPa3,
SIKAH € pocTUM IukioMm rpadga G .
Jlema 1. Hexaii f - mpocTuii iukiiuauii romomopdism rpada G

ua rpabH , Z = f7(2)- equuuit HerpuBianbHuii MpooGpas 1BOro
romomopdizmy, M (Z), M (H)- nesxi mynstukapkacu rpadgis Z i H
Bianosiguo, 7o M (Z) UM (H) 6yne mynsruxapkacom rpadgaG .
Jlema 2. Hexaii f - mpoctuii iukiaiuauii romomopdism rpada G
wa rpap H , Z, = f7(2)- equunit merpupiansumii npoobpas mporo
romomopdismy, Z, - mpoctuii uukn Ha K sepumnax, C(H, M’ x) -
JCSIKHIA C-noninoMm rpada H, TOI

C(G,M,x)=C(H,M")x) +@ x* Gyme C-momiHomom rpada
G.

TI'osioBHMii pe3yabTar.
Teopema 2. Hexait G, (p) xBasiBumamkoBuii rpad Ha OCHOBI 3-

peGepuo 38’s3H0r0 rpada G, , 3 N Bepwmuamu, =1—p. Toxi mis

iimosiprocti P 38’s3n0cTi rpada G, (P) Mae micue HacTymnHa owiHKa:
2

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

JoBenennsi. [IpoBoanThCS IHAYKINEIO 10 YUCITY BEPIIMH rpada,
BPaxOBYIOUU TBEP/KEHHS JIeM 1, 2  a TakoX TOW BijjoMuii (akT, mo 3-

" 0 . .
pebepro 38 s3umii rpad G, ‘G ‘ =N, MICTUTHb NPOCTHH LUK TOBKUHH

e Ginpwe 2log, N[ 21.

Bucnosok. Skmo G, (p) xBasiBumagkoBuil rpad Ha OCHOBI 3-

peGepro 3B’s3Horo rpapa G,, 3 N BepumHamn, (=1-p,

a N . .
= ————, 10 JuIs iimMoBipHocTi P 38’s13H0cTi rpaga G,(p) mae

Jnlog, n
Miclie HacTymnHa ominka: P >1— a’.
Hedopmanbho, ksasisunaaxosuii rpah G, (p) na ocuosi 3-

peGepHo 38’s13H0r0 rpada G, Ha N BepIIMHAX 3 JOCTATHHO BHCOKOKO

n
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AMOBIPHICTIO 3QIMIIUTLCSA 3B’A3HUM IPU BHAAICHHI BUNAIKOBHX K

pebep, sikmo K icrorHo Menure, Hix (/N/log, n.
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PO IIJIbOBI PEKOH®ITYPAIIII MEPEXK
Bacubs l'opbauyk, JImutpo Hikonenko, Bikrop I'ommtok, IMutpo
PuGauox
Inemumym xidepnemuxu imeni B.M.Inywxoea 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 UM HAACWIIAHHS IaKeTiB Yepes
[HTEpHET HESIBHO TPYHTYETHCA HA TEOPETHKO-ITPOBUX MipKyBaHHSIX:
KOHKpETHa oco0a, ska mpuiimMae pimenas (OIIP), suOuparoun cBiit
MapIipyT, 3BakKae Ha WMOBIPHICT, BUHHUKHEHHS 3aTOPiB, 3aJ€KHUX BiJl
ycix OIIP, to6ro Bin iHmmx mapmpyTiB [1]. Buxomsuu 3 momiOHMX
MIipKyBaHb, MOXHA PO3POOIIATH MOAET st MepexeBoro Tpadiky [2]. Li
MOJICNTI TIOSICHIOIOTh JIeSKi TapamoKCaldbHI CIOCTEPEKCHHS, KOJH
301IBLICHHS] CIIPOMOXKHOCTI JaHOT Mepeki MOXKe 3a TIEBHUX OOCTaBUH
CTHOBLIBHIOBATH ii Tpadik [3—5].

Criouatky po3poOduMo MO/IeTh TPAHCIIOPTHOI MepeXi Ta JOCITI INMO,
SIK BOHa pearye Ha 3aTopH [6]. IIpenctaBUMO TpaHCHIOPTHY MEpPEXY
opieHTOBaHUM rpadom [7], e pedpamu € aBTOMAricTpati, a By3JIaMu €
Bui3au (exits), me OIIP moyke BWiXaTh 3 MEBHOI aBTOMAricTpaai Ta
3aixatu Ha iHmmy. [Ipumyctrmo, mo xoxkHa OIIP 6axae mpoixaTu Bin
By371a A (CKakiMO, BUI31y 10 TiepeamicTsi) 1o By3ia B (BUi3ny o 1ieHTpY
micra) [8]. Cmig BpaxoByBaTH BeNMUKY KinbkicTh iHmmx OIIP mpoixarn
Bix A o B y roguny mik [9]. KoxkHe pebpo XxapakTepu3yeThCcsl IEBHUM
4acoM Ha JIOpPOTYy, 3aJIeKHUM Bi Tpadiky Ha IbOMY pedpi.

s koHkpeTHOCTI  mpumyctumo, mo 4000 aBTOMOO1TIB
(BigmoBimgaux OIIP) nmictarotbes Bim A mo B wmapmpytamu 1, 2.
PiBHoBaxxHwMii Tpadik cranoBuTh 2000 aBTOMOO1TIB HA KOKHUN MapIIpyT
3 yacoM noiznku 65 xBunuH. Hexait Ha mapmipyti 1 € By3onm C, a Ha
MapuIpyTi 2 € By3oi D, mpuyoMy moi3zaka migmapiipytom C — B 3aiimae
45 xBwiuH, SK 1 moi3Aka miaMapmpyToM A—D: i HiAMappyTd €
HEYyTIMBHMH JI0 3aTOPIB, & Yac MOT3/IKH KOKHUM TaKHM IiIMapIIPyTOM
HE 3aJISKUTh BiJl KUTKOCTI aBTOMOO1JIIB, SIKI pyXalOThCSl HUM.

3 iHImI0T0 OOKY, MPHUITYCTUMO, 1110 Yac MOI3KH HiamapmpytoM A—C
abo migmapmpyroMm D-B gopiBHIoe X(A-C)/100 XBWIMH Ta
x(D-B)/100 xBunuH BiamosigHO, e X(A—C) Ta x(D-B) — KinbKicTh
aBTOMOOUIIB, SIKI pyxaloTbcs migMmapmpytoMm A-C Ta D-B
BimnmoBigHo. Tomi mpu x(A-C) = 2000 = x(D-B) cymapHuii gac
noiznku mapupytoM A—-C-B abo A-D-B cranoButs 2000/100+
45=65 xBunuH. Akmo x X(A-C) = 4000, To cymapHUil 4ac MOi3IKH
Mapuipytom A—C—B cranoButh 4000/100 +45=85 XBHIMH; aHATOTI4HO
CyMapHHUil yac Noi3 K1 MapIpyToM A—D—B CTaHOBUTH 85 XBWJIMH IpU
x(D-B) =4000.

Ha moBi teopii irop Tyt OIIP (Boxii) € rpaBusMu, a cTpaTericro
KOXXHOT'O 3 HUX € BuOip Mapuipyry A—C—B abo A-D-B. Y Ouibliux
Mepexkax TpaBlli MaroTh Ouble cTparerii. Burpamr KoXHOTO TpaBis —
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e MIHyC CyMapHHH Yac MOI3AKM BHOpaHUM MapmpyToM. MoxkHa
ouikyBaTu (OpMYBaHHA PiBHOBaXXHOro Tpadiky, CKaKiMo, piBHOBAaru
Hema (crimcoxk 4000 cTpareriii, ae crpaTeris KOXKHOTO TpaBIld
i=1..,4000 — e HaWKpaIa peakxIlis I-OTO TPaBI HA 3a/1aHi CITUCKOM
cTparterii BCiX iHIIMX TpaBUWiB 1..,i—1i+1...,4000). byBaioTs
JIOMIHAHTHI Ta 3MIIIaHi cTpaTerii.

B wiii rpi 3 TpadikoM 3arajgom HeMae JOMIHAHTHOI cTparterii: Oyab-
KM MaplIpyT Ma€ MOTeHIian OyTH HalKpaluM BHOOPOM IS IaHOTO
IpaBLysl, SKIIO pelTa IPaBliB BUKOPUCTOBYIOTh 1HIINK MapwpyT. [Ipore
g rpa Mae pisaoBaru Hema (J[bxon Hemr (1928—2015) — HoGemniBchkmit
naypeat 1994 p.): MokHa TIOKa3aTH, 10 OyAb-SKHiA CITUCOK CTpaTeriii, B
SIKOMY TIOBEIiHKa BOAIiB Beae M0 oxHakoBoi KimbkocTi (2000)
aBTOMOOI1JIIB HA KOKHOMY MapHIPyTi, € €IHHOI piBHOBaroro Hemra.
PiBHumii Ganmanc (aBTOMOO1TIB) Mk MapmipyTamH Jae piBHopary Hera,
00 3a piBHOMIpHOTO OaNaHCy MiXK IBOMa MapIipyTaMu Oy ib-sIKHiA BOIIIH
HE Ma€ CTUMYJIy NEPEKIII0UaTHCs Ha 1HIIKUH MappyT.

Bci piBHOBaru Hemra maroTh piBaMIA Oamanc Tomy, mo mpu X(A—C)
>2000, x(A-D)=4000-x(A-C)<2000 cymapHud dac TOI3AKU
mapmipyrom A-C-B cranoButh X(A-C)/100+45>65 (xBunmH) i
nepepuirye cymapuuii yac X(A—D)/100 +45<65 (XBWIWH) MOI3IKH
Mapipyrom A—D—B,aToMy Bojii Ha MapiipyTi A—C —B mae cTumyn
MEpEeKIIOUNTHCS Ha IHMMHA MapmpyT A—D-B. Omke, OyIab-akuid
CIIMCOK cTpaTerii, B skoMy X(A—C)= 2000, He MOXke OyTH PIBHOBAror
Hema; Oynp-skuii cnmucok crparerii, B sxomy X(A-C)=2000, €
piBHOBaroro Hermra.

TakuMm 4yMHOM, Ha JaHiil Mepexi KOpPHUCIUBA MOBEIiHKa BCiX BO/IIiB
3MyIIye iX Yy piBHOBa3i JOCKOHaO OajaHCyBaTH MiXX HasBHUMHU
Mapuipytamu. OJJHaK Ha MPAKTUI MEPEXi PO3BUBAIOTHCS 1 3MIHIOIOTHCSL.
Hexaii, Hampuknan, michbka Biaja BHUpilMiIa moOyIyBaTH JOAATKOBY
IIBUJKICHY aBTOMAarictpaib Big C 10 D, IpUYOMY Yac MOI3JAKH Yepe3
HOBe peOpo C—D nopieHioe 0 XxBriinH (a00 TOCTaTHHO MaJle YUCIIO &
XBWINH). ToJIi, HE3BAXKAFOUM HA OHOBJICHHSI CHCTEMH aBTOMAricTpase,
yac MOi3/IKH BiJl A 10 B B cTaHi piBHOBaru craHoBUTHME 80 XBHJIUH 1
MEpEeBUIIyBaTUME Yac MOI3AKH 65 XBUJIMH A0 OHOBIICHHS CHCTEMH, 00
BCi aBTOMOO1I BUKOPHCTOBYBATUMYTh migmMapupyT C—D .

OHoBieHi Mepexi BiANoOBiAae iHIIA enxuHa piBHOBara Hema 3
yacoMm Toi3aku 80 XBWIMH Bifi A 110 B. Y cTaHI piBHOBaru KOXHHH
Bonii BuKopHucToBye Mapmpyr A-C-D-B, skoMy Bianosigae
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cymapuuii vac moi3aku x(A-C)/100+0+ x(D - B)/100 =4000/100+0+
4000/100=80 xBuauH npu Xx(A—C) =4000=x(D-B): sKmoO BoAil
3amictb A-C-D-B BukopucroBye A-C-B, TO cymapHuil dac
moizaku gopiBHioe X(A—C)/100+45=4000/100+45=85 (XBHIHH); AKIIO
Bozii 3amictb A—C —D—B BHUKOPUCTOBYE A—D—B, TO CyMapHuil 4yac
moi3aku  nopiBHIOE 45+ x(D - B)/100 =45+ 4000/100=85 (XxBuWIKH).
CrtBopenns 3ragaHoro peopa C-D (dakTHIHO 3pOOWMIIO BiAIOBIIHII
migMapmpyr C—D JOMIHaHTHOIO CTPATETi€l0 Uil KOXKHOTO BOJIS:
HE3aJI)KHO BiJi TIOTOYHOI CXEMH pPyXy, KOXHHMH BOJAIA BHUIpae MpHU
nepexiroueHHi Ha migmapupyT C—D . Toai el miaMapmpyT OpUTSTYe
10 cebe BCiX BOAIIB, B pe3yJIbTaTi YOTro BCi BOHU MPOTPaloTh: PH 3aAaHii
KOPHCIUBIHA TIOBEIIHII BOIIB, B OHOBIEHIN Mepexi HeMae CIoco0y
MOBEPHYTHCS JI0 PillicHHS PiBHOMIpHOTO OaJlaHCy MOTepeIHBOI MEPEKi.

Hitpix bpaecc (3m00yB HayKOBHWiA CTYMiHb JOKTOpa HayK 3
MaTeMaTHKH (KBaHTOBa Teopis) YHiBepcutery ['amOypra (3acHOBaHOTO
y 1919 p.) y 1964 p. 3a muceprarito « BrmuB B3aeMoii KiHIIEBOTO CTaHy
Ha  CJCKTPOPO3UICIUICHHS JIGWTpoHa OUIs  MOpOTy»)  BIEpIle
MPOJEMOHCTPYBAB MPUKIIAI, KON 30UIBIIEHHS pecypciB TPAaHCIOPTHOT
MepeKi He TapaHTye IMiIBUIICHHS ii MPOJYKTHUBHOCTI B PiBHOBA3i, a IpH
MEBHUX KOMOIHALISX mapameTpiB 3HWKYE i1 mpoxykTuBHICTH [3]. Take
SIBUIIEC HA3WUBAIOTh NapajokcoM bpaecca. Ha xopucte mporo ssuiia
cBiquuth keiic y micti Ceyn (Kopes), ne OymiBHHIITBO TpOMaJChKOTO
mapKy Ha Micii moce 3 ImicTbMa cMmyramu pyxy (Six-lane highway)
(haKTUYHO 3MEHIIMJIO Yac TOI3JKH B MICTO Ta 3 HBOTO 3a MPHOIHM3HO
onHaKoBoOro 00csaTy Tpadiky [10].

BumenaBenenuii npukiaa Mmepexi 3 Bysmamu A, B, C, D
NOSICHIOE  TIapafiokc bpaecca: nomaHHS HOBOi cTparerii  Moxe
MOTipITYBAaTH PiBHOBAKHUI BUTPALI KOXKHOTO TpaBIyl. Hanpukiaz, akmo
B JWJIEMI B’SI3HS €JUHOI0 CTPATETi€l0 KOXKHOIO TPaBIl € KooIepalis
(moBipa 110 1HIIIOTO I'paBlis, HE3I3HAHHS ), TO KOXKHUW IPaBEIlb BiJ IIbOTO
BUTpaBaTUME MOPIBHAHO 13 CHUTYali€l0, KOJIM CTPATETiAIMU KOXKHOT'O
rpaBlii € KOHKYpEHIs (HemoBipa JO IHIIOrO TIpaBlisi, 3i3HAHHA) I
koorepanis. [TogiOHe siBUTIIE BUTIISIA€ TTApaIOKCATbHAM, 00 OHOBJICHHS
MepexXi iHTYITUBHO acOLIIOeThCs 3 ii mouinmeHHsM. ToMmy Oyab-KomMy
OHOBJICHHIO Ma€ BIANOBINAaTH IE€BHUI BUMIPIOBAaHMHA KpUTEpid
CYCHUILHOTO BUTPAIly, SKHH KOXKHA JTIFOJIUHA PO3YMI€ IT0-CBOEMY.

[apagokc bpaecca hakTHUHO € BiANMPAaBHOIO TOYKOIO JISI BEMKOL
npoOJeMaTHKN 3 TEOPETHUKO-IFPOBOrO aHaNli3y MepekeBoro Tpadiky.
Hanpukman, MoXHa BUBYATH MUTAHHS BUMIPIOBAHHS PiBHS OHOBJICHHS
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MepeXi, piBHA 3MIHM BHIpally KOXXHOTO TpaBls, pIiBHSA 3MiHH
CYCHUIBHOTO BHTpaIly TOWO. MOKHa MPUITYCKaTH, IO Yac MOi3IKH
pebpom A—C e niHiiiHOIO QYHKIE ax+b, ne a, b — geski napamerpu
(y BuImesragaHomy mpukiani a=100", b=0). s Takux QyHKIIN Ha
pebpax €Ba Tapmom (3100y1a HAYKOBI CTYIIEHI MaricTpa i IOKTopa HayK
3 mareMatuku YHiBepcureTy ETBemra Jlopanna (3acHoBanoro y 1635 p.
y Mm.bynanemr (Yropuunaa)) y 1981 p. i 1984 p. BiamoBigHO) Ta i y4eHb
Tim Padrapaen (3m00yB HayKkoBi cTymneHi OakanaBpa HayK i marictpa
Hayk CteHdopackkoro yHiBepcuteTy (3acHoBaHOTO y 1885 p.) v 1997 p.
i 1998 p. BiamoBigHO, mOKTOpa ¢inocodii 3 KOMII'IOTEPHHUX HAYK
Kopnenbsceroro yHiBepcutery (3acHoBanoro y 1864 p.) y 2002 p. 3a
mucepranito «Eroictmuna MapmpyTuzamis») Mokazald, o Iicis
JIOJTaHHS pedep 10 Mepexi 3 piIBHOBAKHUM MIAOIOHOM TpadiKy 3aBXKIn
ICHyBaTUME pIBHOBara OHOBJICHOT MeEpeXi 3 YacoM IOI3JKH, KUK
MEPEBHUIIY€E PIBHOBAXKHUI Yac MOI3/IKK MONIEPEIHBOI MEPEKi He OiybIile,
HIX Ha TpeTuny [5, 11, 12].

VY Bumie3ragaHoMy MPUKIAl A0 OHOBJICHHS MEpeKi PiBHOBaKHHMA
yac noizaku MapmpytoM A—C—B a6o A—D-B HOpiBHIOE 65 XBUJIMH,
a Tmicysl OHOBJICHHS PiIBHOBXXHUM Yac Moi3aku Mapipytom A—C—-D-B
nopiBaroe 80 xBwimH, TO (80-65)/65=15/65=3/13<1/3. Sxmo no
OHOBJICHHA MEpeXi PIBHOBXKHUI dYac moi3aku mapmpyrom A—C-—B
abo A-D-B cra"oButh 2000/100+ 40=60 xBwimH (IT0Oi3IKa
nigmapiTpytom C— B 3aiimae 40 XBUINH, 5K 1 TOT3/1Ka i MapIIpyTOM
A-D), a micis OHOBJIEHHS DPIiBHOBRXKHHH dYac MOI3AKH MapIIpyTOM
A-C-D-B nopisaioe 80 xunuH, To (80—60)/60=20/60=1/3. Komu
Yac Moi3Ku peOpoM € HENiHIMHOI (YHKINIE€I0, TO BiAHOIICHHS Yacy
MOI3/JIKH TIICJIE 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 PETYNIOBAHHS MEPEX,
mo0 yHHUKaTH TOsSBH HeOakaHWx piBHOBar [14], Hampukman, depes
PO3yMHE BUKOPHUCTaHHS TapudiB 3a MpOi3]] y MEBHUX YaCTHHAX MEPEXKi
[15]. IIuTanHAM Mepex INpHUCBsSYEHA 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 KopHenbchbkoro yHiBepcurery y 1993 p.,
Marictpa i Jokropa dinocodii 3 KoMIT FOTEpHUX HayK MaccauyceTchbKoro
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TEXHOJIOTIYHOTO 1HCTUTYTY (3acHOBaHOTO y 1861 p.) y 1994 p. i 1996 p.
BIZIIOBIIHO.

[Mapanokc Bpaecca € ofHIM 3 acIeKTiB TOTO 3araJikHOTO SBHIIA, 10
MepeskeBuil Tpadik y piBHOBa31 MOXke HE OYTH COIIaIbHO ONTUMAaTHHAM
[16]. BaxnuBo BHMIpIOBAaTH BiACTaHb MiX PIBHOB2XHUM TpagikoM i
COINIAJIBHO ONTHUMATBHUM TpadikoM UTsl 3aTabHOI MEpEeXi, TKOI0 MOXKE
OyTu OyIb-saxuii opieaToBanmiA rpad. € Habip rpasiuis (OIIP, BoxiiB), ki
nepedyBaloTh y 3arajioM pPi3HUX IOYAaTKOBHX ITOJIOKEHHAX 1 MaloTh
3arajioM pi3Hi IyHKTH npu3Ha4yeHHs (destinations).

Koxne pedpo (edge e) xapakTepusyeTbCs CBOEIO (QYHKILE T, (X)
4yacy TOI3AKM, sKa 3amae dac (time), moTpiOHMI yciM BoaisM, 1100
npoixaTu peOpoM e, KoM X BOZiiB imyTh nuM pedpom. Taka ¢yHKIis
BiZirpae posib MiTkH JaHoro pedpa. [IpumycTumo, mo KokHa QYHKIIS
4acy Moi3/Ku € NiHiiHO0 3a 00carom Tpadiky: T,(x) = a.,x+h,, 1€ a,, b,

- nesiKi HEBiA €eMHI napameTpH. Hexait Tac(X) =
aacX+bac =X=apgX+bpg =Trg(X),  Teg(X) = acgX+heg =5=Typ(X) =
appX+bpp .

Cxema jnopoxuboro pyxy (ma6mon tpadiky; traffic pattern) — me
BUOIp NIIAXY KOXHHM BOJIEM, a COIliajibHA BapTiCTh JIAHOI CXEMHU
JOPOXKHBOTO PYyXy — IIe CYMapHHUH 4ac MOI3J0K yCiX BOAIIB, MOTPIOHUN
iMm 3a BuKopuctaHHs wiei cxemu. Hexait € 4 rpaBmi, Tep(X)=
acpX+bep =0. Toxi € cxema 1, ie Bei rpaBili BUKOPHCTOBYIOTh MapIpyT
A-C-D-B (ko)kHUIT ~ TpaBemp  moTpedye  ANA  MOI3AKHU
X+0+x=4+0+4=8(xBwImH)), i € cxemMa 2, xge 2 TpaBIi
BUKOPUCTOBYIOTH MapmipyT A—C—B (KOXXHHUH rpaBenb noTpedye ais
noi3aku X+5=2+5=7 (XBWInH)) i 2 rpaBili BAKOPHCTOBYIOTh MapIIPyT
A-D-B (KoXHHUH TpaBelp moTpeOye mins MmOi3AKH 5+x=5+2=7
(xeunun)). ComianeHa BapTicTh cxemu | (emuHOi piBHOBarum Hemra)
CTaHOBHTh 4x8=32, a coliaJbHa BapTICTh cXeMH 2 (coliadbHO
ONTUMAJIbHOT CXEMH) CTAaHOBUTh 4x7 =28. Cxemy (ZOPOKHBOTO) PYyXY,
IO JOCATa€ MiHIMQIBHO MOXJIMBHX COLIaJbHHUX BUTpaT, HAa3MBaIOTh
COIIIAJILHO ONTHMAJBHOI (COIialbHUM ONTHMYyMOM). OCKIIbKH B ITiH
MEpPEXKi € Pi3HI CXeMHU PYyXY, IO TAKOXK JTOCITalOTh COLIaIbHOI BAPTOCTI
28 (XBWIMH), TO € KiJbKa COIaJbHO ONTHMAJIBHHUX CXEM pPYXY.
ComiajbHO ONTUMANbHI CXEMH PYXy MAaKCHUMI3YIOTh CYyCIHiIbHUHN
n00poOyT 1iel rpu 3 TpadikoM, 00 CyMa BUIpAIIB BOJIIIB JOPIBHIOE
MiHYC coLliaJibHa BapTiCTh.

OCHOBHI TUTaHHS — IOBECTH iICHYBaHHS PIBHOBXXHOI CXEMH PYXY B
JOBIJIbHINA Mepexki 3 THIHHUMH (QYHKIISIMH 9acy MOi3IKH (€ MPUKIaIA
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irop, Zie He iCHy€ piBHOBaru B YUCTUX CTPATETISAX) 1 JOBECTH iICHYBaHHS
PIBHOBa)XXHOI CXEMH PYXY, COLlialIbHa BapTiCTh AKOI JOCTaTHHO OJIN3bKa
1o comiansHoro onTuMymy [12]. Pesynpratu [12] Oynm y3aranbHeHi B
poGoti [11] (nepmmii aBTOp 1i€i poboTH € yunem Hona KneitnGepra i
3100yB HAyKOBHUH CTYIiHb AOKTOpa (hinocodii 3 KOMIT IOTEpHUX HAyK
Koprenscreroro yuiBepcurery y 2005 p.; npyruii aBTop 1i€i poboTn €
yuarem J[>xora XonkpodTa (3000yB HAYKOBI CTYIIEH] MaricTpa i JoOKTopa
¢inocoii 3 enekrporexHiku CteHPOpACHKOrO YHiBepcuTeTy y 1962 p. i
1964 p. BigNOBiMHO, OMWH 3 aBTOPiB Bimomoi kuuru [17], ska
mepexnananacs) i 3100yB HAyKOBHI CTymiHb JOKTOpa (imocodii 3
KoMIT 1oTepHUX Hayk KopHenbcbkoro yHiBepcutery y 2006 p.; m’situit
aBTOp wi€l pobotn € yunem €Bu Tappom i 3100yB HAYKOBHUH CTYIiHB
nokTopa  ¢imocodii 3 KoMIm'IOTepHHX Hayk KopHENbCBKOTO
yHiBepcurety y 2005 p.). ®akTHIHO KOKHA PIBHOBAKHA CXEMa PyXy Ma€
CYCHUIbHI BUTPATH, SKi HE MEPEBHIIYIOTh ONTUMAIIBHI Oiiblie, HIK Ha
tpetuHy. Tomy 3a miHiiHOT (YHKIIT MOI3AKM Ha KOXKHOMY pebpi
comiajgpbHa BapTICTh CHUTYyalii mapagokcy bpaecca ripma cutyarmii
COLIAJILHOTO ONTUMYyMY He Oinblne, HiX Ha TpeTuHy. [IpocTime
JOBOJUTH TE, IIO ColliajbHa BapTICTh CHUTYyalll mapazokcy bpaecca
ripiia cuTyaiii COmiabHOrO ONTUMYMY He OibIle, HiXK BABIYI.

Y nutaHHi cXeMH pyXy 3a piBHOBaru CovYaTky JA0BEIEMO iCHYBaHHS
BJIaCHE PIBHOBAaru uepe3 KOHCTPYKTUBHY Mpolienypy ii nomryky. Kpox 0:
[Iponenypa nounHaeThes 3 Oyap-akoi cxemu pyxy. Kpok 1: fxmo ms
cXeMma pyxy € piBHOBArolo, To mpouexnypa 3asepuryerbes. Kpok 2: fxmo
X I CXeMa PyXy He € pPIBHOBAarow, TO € NpPUHAWMHI OJWH BOJIM,
HaMKpalIo peakiiclo SKOro, 3 YpaxyBaHHSM Jiil pemTH BOJIiB, €
NEesIKMH anbTepHATUBHUM LUIAX, 110 3a0e3neuye MEHIINH Jac MOi3AKH.
Kpok 3: O6upaemMo 0HOTO TAKOTO BOJIIS 1 MEPEKIIOYAEMO HOTO Ha el
IbTEPHATUBHUM 1IUIAX, JICTAIOYU HOBY cxeMy pyxy. [lepexonumo Ha
Kpok 1.

Lls mpouemypa Ha3MBa€TbCA AMHAMIKOIO Haikpamoi peakuii,
OCKIUTbKM BOHA JMHAMIYHO peKOH(Irypye cTparerii rpaBliiB, MOCTIIHO
CIOHYKAlOYH SIKOTOCh TpaBLs LIYKaTH CBOIO HaMKpally peakuilo Ha
MOTOYHY cHTyauio. 3ynUH L€l NpoLeAypu O3Ha4ae, IO KOXKHUK
rpaBenb (pakTUYHO pealizye CBOIO HAMKpally peakilifo Ha MOTOYHY
CHUTYAI[iI0, TOOTO Ma€ MICIle PIBHOBaKHA cXeMa pyXxy. ToMy J0CTaTHbO
MoKasary, L0 AWHaMiKa HalKpaioi peakuii, sika MOYMHAETHCA 3 Oy/b-
SIKOT CXeMHU PyXy, Ma€ 3aBEepIINTHCS B CTaHi piBHOBar# [1].

HaBenemo mpukman rpu 3 HECKIHYEHHOIO JMHAMIKOIO, SIKa HE Ma€
piBHOBaru. Hexaii koxxHwMIA 3 TpaBIiB 1, 2 Mae MOHETY 1 MOKa3ye iHIIOMY
rpaBmto open (head) abo pemky (tail) cBoei mMoHeTH; rpaBui HiOTH

40



ogHOYacHO. SIKmo o0uaBa OJHOYACHO IOKa3yloTh opia (oOuparoTh
crparerito H), To Burpa rpasus 2 cTaHOBUTH +1, a Burpam rpasus 1
CTaHOBUTH —1 (Tpa € aHTaroHiCTHYHOIO); SKIIO OOMIBAa OXHOYACHO
MOKa3yIOTh pemKky (oOuparoTh crparerito T), TO BUrpam TrpaBms 2
CTaHOBHTH +1, a BUrpam rpaBus | craHOBUTH —1; B iHIIMX BHIIAQAKAaX
(omHOYAaCHMX IiH) BUTpAIN T'paBIsl 2 CTAHOBUTEL —1, a BUTpamt rpaBis 1
ctaHoBUTh +1. Llg mpocra rpa BigoMa sSIK 3iCTaBJICHHS CTOPiH MOHET
(Matching Pennies). Ctparerii Ta BiamoBiiHI BUrpaiili TpaBILiB MOXHA
3alucaT y MaTpUYHOMY BHUIJISII.

3icTaBrneHHsS CTOPIH MOHET € TMPOCTUM MPHUKIAOM BEIIMKOTO KIacy
BaXXJIUBHX Irop 3 Ti€l0 BIACTHBICTIO, IO CyMa BUTPAIIIiB TPABLIiB 3aBXKIN
JOpiBHIOE HYNMO. TOMy Taki irpy aTaku-3aXHUCTy Ha3WBAIOTh irpamu 3
HyJbOBOIO cyMoro. llpukmagom momiOHOI aTaku BBaXKArOTb BUCAAKY
coro3uukiB (156 THC. BilficbkoBHX, 30kpema 73 tuc. Big CIIA, 61,715
Tuc. Bin BenukoOpuranii, 21,4 tuc. Big Kanamm) yepes Jla-Manm y
€pporri BimiTky 1944 p. mig gac J{pyroi cBiTOBOI BiifHH, SIKi MOTJIH OOpaTH
Micie Bucaaku — micro Kane, Hatidmmkae no Aariii micro ®panrii (Ha
Bigcrani 34 kM), un Oepern Hopmawnnii (i Bperani). B pouni rpaBus 2
Buctynana HiMe4yunHa, sika Ha MICIli BUCAJKH MOTJIA MIOCHIIIOBATH CBOI
CHWJIH, a B pouti TpaBiyd 1 Buctymnamu coro3uuki [ 18, 19]. s nporo keiicy
PO3pOOIIEHO JECATKHA KOMIT I0TEpHUX irop. 6 uepsus 2024 p. y Opanmii
COIO3HUKH Bij3Ha4YaroTh 80-pivus Bucanku y Hopmanmii.

VY rpi 3icTaBieHHI CTOpiH MOHET HEMae Mapu CTpaTerii, KOXHa 3
SIKUX € HaMKpaIol Peakili€lo Ha CTPATETilo 1HIIOTO TPaBIs: It OyIb-
SIKOT TIApH CTpAaTeriid, TpaBelb, IKUH OTPUMY€E BUTpaml —1, Mae CTUMYIT
MOKPAIIUTH CBiM BUrpam a0 +1 nmsxom 3MiHu cBoei crparerii. Tomi
yBaru 3aciayroBye TiOpHI i€l TpH 3 iHIIOK 6a30BOIO TPOI0 KOOPIWHAIII],
Ky 3a Pycco (1712—1778) na3uBaioTh montoBaHHSAM Ha ojens (Stag
Hunt) [20]. Skmo KoXKHMH MUCIHMBEIb Ha [OJIOBaHHI BHOMpae
CTpaTerito Koomepaiii, To MHCIMBLI pa3oM MOXYTb 3JIOBUTH OJICHS;
SIKIIIO MHCJIMBEIh Ha TIOJIFOBAHHI BUOWPAE CTPATETIF0 KOHKYPEHIIii, TO
MOJKE 3JIOBUTH 3aMlis; SIKIIO TpaBellb 1 oOupae crparerito Koorepaiiii, a
rpaBelpb 2 — CTpaTerito KOHKYPEHLii, TO TpaBelb 2 MOXKe 3JI0BUTH 3aiLId,
arpaselb | caMOCTIHHO He 3MO’Ke 3JI0BUTH OJICHS 1 HE JIOBUTHME 3aUlIsl.

ITpocTiM Ba)XTUBUM MPUKIIAZIOM € rpa koopauHaiii (Coordination),
Jie JIBa CIIIBABTOPH TOTYIOTh CIIAWIM JUIS CIUTBHOT PE3eHTaIi] TIPOEKTY,
asie cniBaBTOp | HEe MOXe 3B’A3aTHCH 13 CIiBaBTOpoM 2 1o Teiedony,
KOJIM TIOYHMHAE MPAIIOBATH HAJI CIaliIaMU 1 Ma€ PUHHATH PIIIEHHS PO
Bukopuctanus  MicroSoft PowerPoint a6o Apple Keynote mms
MiATOTOBKH claifiB. Byab-sike pillieHHs € IPUMHATHUM, ajne Habarato
jerure 00’ €AHyBaTH CIalian, KoM 00HMIBa CIiBAaBTOPU BUKOPUCTOBYIOTh
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onuakoge [13. SIkmro Born 0OuparoTs ogHakose 113, To BUTpaIt KOKHOTO
JOpiBHIOE 1; SIKIIO >k BOHM obuparoTh pisHe [13, To BUrpam KOKHOTO
nopiBatoe 0. Taky cuTyallitf0 Ha3WBAIOTh TPOI0 KOOPIWHAINI TOMY, Jie
CkJnagHiCTh TONATae y TOMY, IO ISl Tpa Ma€ JIBi piBHOLIHHI PiBHOBAaru
Hermra, are oOnaBa rpaBmi mporparoTs 3a BiACYTHOCTI KOOPIWHAIIII.

Pexondiryparmiss ~ Oymp-sikoi  Mepexi — mepembadae — MEBHY
KOOPJIMHAIIII0 BCiX 11 YYaCHHUKIB, a TAKOXK JESAKI PETyIIIOBAHHS, BiIOMi B
SHEProMepekax, Mepekax aBTOMOOIIBHOTO, 3ai3HUYHOTO, PIYKOBOTO,
MOPCBHKOTO, TIOBITPSTHOTO TPAHCIOPTY, TenehOHHOTO 3B 53Ky, [HTEpHET-
nokputtsa oo [21]. Cepen Takux peryioBaHb BaXIUBI MIKHApOJHO
BU3HAHI CTAaHJIAPTH Ta BiAMOBiAHI mpodeciiiHi opranizarii.
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TFETEPOI'EHHI TA IEPAPXIYHI KOMBIHATOPHI
KOH®IT'YPAIIIT
Jleonin I'ynsHUIBK I
ITnemumym ribepnemuxu imeni B. M. I'nywrxosa 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 mouHsTTst KoH®irypauii [1] mo3Bommio ctporo
O3HAYHUTHU TOIMIMPEHi KOHCTPYKIIi 3 €JIeMEHTIB CKiHYEHHOi MHOXHHH,
TaKi SIK IePEeCTaHOBKH, PO3MIIIIEHHSI, KOMOiIHAIIi1, pO30UTTS Ta MesKi iHIIi
00’€KTH, YTBOPEHI Ha OCHOBI YPHOBOI cxeMH AJle 03a paMKaMH Ili€l
CXeMU 3QJIUIIMIUCSA IHII KOMOIHATOpHI O00’€KTH, HaIpPUKIAJI,
LIJIOYMCIIOBI BEKTOPH, Tirmeprpadu, nepecTaHoBOYHI MaTpuIl Ta iH. Ha
OCHOBI TAXO0/Ty, 3aIPOIIOHOBAHOTO B [2,3], OyI0 3MiiiCHEHO PO3IIUPEHY
dbopMaizallirto KOMOIHATOPHHX O00’€KTIB, Ha3BaHUX Yy3araJlbHCHUMHU
KoMOiHaTopHUMHU KOH(irypamismu [4]. anxi mpONOHyHOTHCS HOBI THITH
KOMOIHaTOpHUX KOH(Iryparii, ki BHHAKAIOTh y MPAKTUYHUX 3a/1a4ax
KOMOIHATOPHOT ONTUMI3aIlil.

Hexaii cmouatky U={1, ..., m}, a V — jesika CKiHYCHHA JIiHIHHO
BIIOPSIKOBAHA MHOXKHMHA (JIQHIIFOT).

Osnauvenns 1. [lin xougicypayicio y cenci bepxa pozymieTbes
BimoOpaxkeHHst ¢: U—V, sike 3a710BONBHSIE TIEBHIH cCTEM1 OOMEXeHb A.

PozButkom cxemu K. bepka craB miaxing mo dQopmanmizamii
y3araJlbHeHMX KOMOIHATOpHUX  KOHQirypamid, 1o JO3BOJHIIO
MOPOJKYBATH Ta KiIacU(iKyBaTH OUIBII MIUPOKE KOJIO KOMOIHATOPHUX
CTPYKTYP.

Hexaii 3anani ckinueHHa MHOXHHA Y={1,...,m}, Z — IUCKPETHUIA,
30KpeMa, CKIHYeHHHH NpocTip (Ha3BeMo #oro TBipHUM), ¢: Y—Z —
BiI0OOpaskeHHS, 10 33/I0OBOJIBHSIE JESIKili CHCTEMi OOMEKEHb.

O3HauveHHs 2. Y3a2anbHeHoi0 KOMOIHAMOPHOW KOH@Icypayicio K
HA3MBACThCA Mapa k= (p,Q, X), 1e ¢:Y — X, X — Bubpanuii 6a3oBuii

pocTip, a Q — cucrema 0OMEXEHb, 1110 HAKIIAJACHI HA BiTOOpaKECHHSI.
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[lpunarigHo 3ayBaXMMO, L0 BEJIWYMHY M JOOPEYHO HAa3BaTH
PO3MIpHICTIO MIOPOJIKYBaHOT y3arajJpHEHOi KOMOiHATOpHOT
KoH(Iryparii.

Konkpernzariero Bugy 0a30BOT0 MpOCTOPY MOXHA MOPOJIKYBaTH
y3aranbHeHi KoMOiHaTOpHi KOH(irypamii pisHOro THUmy, sKi
KJIaCU(IKyEMO TaK.

O3navennss 3. Haseemo y3acanbHenumu  KOMOIHAMOPHUM
Koughicypayiamu 1-20 nopsaoky Taki koMOiHaTOpHI KOH(Irypalii, y sIKHX
6a3oBuii MPOCTIP CIIBIAZA€ 3 TBIPHUM, TOOTO «=(¢,€ Xq), A€

Xy =Z , @ BITOOPaKEHHS ¢ : Y — Z 3a/10BOJIbHSIE OOMEKCHHSM (2.

HeBaxxko nmepexoHaTHcs, O KO Z — [l CKiIHYeHHHUH JIaHIIoT, TO
Taki KOMOiHAaTOpHI KOH(]iryparii cmiBmamawTh i3 KOHOIrypamisMua y
cenci bepxa.

Osnavennst 4. YzazanoHenumu KOMOIHAMOPHUM KOHIcypayismu
k-e0 nopsioky (k>1) HazBeMo KOMOIHATOPHI KOH]Irypariii

K=(0, 2 X)) s A€ Xpy = Xy UZ 01 = Xy - (1)

Y mnomamemomy mim KoMOiHATOpHOKO KOH(pirypariero Oyaemo
PO3YMITH JHIlIe y3aralbHeHy KOMOiHATOpHY KOHQiryparito, SKIIO HE
CKa3aHo HIIE.

Haramaemo, mo BigoOpaxenns ¢: Y—Z Ha3UBA€ThCS iH'€KMUGHUM,
AKIIo 1 Y,y €Y, Takux mo Y=Y , cnpasemmso @y )=ze(y ). In'extuBne
BiJOOpakeHHsI, IPHU SIKOMY JUIsI KO’KHOTO eJleMeHTa Z € Z iCHy€ Take Y €
Y, mo Z=@(y), Ha3MBAETLCSI B3aEMHO OJHO3HAYHMM ab0 6OicKyicro.
Cmpoco  moHOmOHHUMU ~ BINOOP@KEHHSMHM  HA3WBAIOTh  TaKi
Bimoopaxenus, mo ¢(i) < ¢(j), konu i<j. bacamosnaune gidobpadicenns
¢: Y>Z — 1e Take BioOpaxeHHs, ke KOXKHOMY YeY MOXe CTaBUTH Y
BiJIMIOBIIHICTE HE JIMIIE OJWH, a JeKijgbKa eneMeHTiB O(Y)CZ, mpuaomMy
HE BUKITIOYAIOTHCS BUAAKH, Ko O(Y)= (nuB., Hanpukiaz, [5]).

Po3risiHeMo okpemi Kilack BiOOpakeHb, IO 33/I0BOJILHSIOTH
KOHKpPETHHM OOMexeHHssM € 1 MOXyTh OyTH BHKOPHCTaHi st
MOPOJKEHHSI MOLTMPEHUX KOMOIHATOPHUX KOH(DIrypawii.

1. O6MeskeHHs Ha BioOpaxenHs BigcyTHi: Q'=. Toxi KOKHOMY 3
TaKuX BiioOpakeHb, BPaXOBYIOUH CTPOTY YIIOPSAKOBAaHICTh MHOKUHH Y,
BiJINOBiZIae  KoMOiHATOpHA KOH(Irypallisi, 110 BH3HAYA€ PO3MIMCHHS
o0csry M i3 enemMeHTiB Z i3 MOBTOPEHHAMHU.

2. OOmexenHs (? BH3HAyac iH'€KTHBHI BilOOpaXeHHs, TOi
MOPOJIKYI0Ul KOMOIHATOpHI KOH(Irypauii 3a1al0Th pO3MILLEHHS 00CsATY
m i3 enemeHTiB Z O€3 TOBTOPEHb.
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3. O6mexenns Q3 onmcye npu m=||Z|| MHOXUHY Olekmiit. Taki
BiT0OpaXkeHHS (DOPMYIOTH IIEPECTAHOBKHA M eJIeMEHTIB Z.

4. O6mexenns QQ* BHOKpPEMITIOE CTPOro MOHOTOHHI BiJ0OpasKeHHs,
a TIOPOKEHI TaKMMHU BigOOpakeHHSIMH KOMOIHATOPHI KOHiryparmii
BiJIMOBITat0Th KOMOIHAIISIM (CTIOTyKaM).

5. Obmexenns Q° oxornroe 6araTo3Hauni Bigoopaxenns zi=¢(Yi),

- . - - m
ZicZ, 1I=1,...,m, sKi 3a10BOJILHSIOTH YMOBH: 7 nz; =, i=j, Uz =2
i-1

Take BimoOpaXeHHS BHU3HAYAIOTH nCceg0opos3dummsa Z Ha M
ncesd0610ki6 (KiaciB), TOOTO Take pO3OUTTS, y IKOMY MOXYTh OyTH i
mycTi Ooku. Sk BiloMO, BIIacHE PO3OUTTS BU3HAYAETHCS JTOAATKOBOIO
YMOBOIO, IO Zi#L.

3po3ymisio, 0 mel ps MOXKHA JOMOBHIOBATH 1 1HIIMM KiIacaMu
00OMEXKEeHb.

3a3naunMo, mo KoHgirypamii y cenci bepka MoxHa HazBaTH y
[IEBHOMY CEHC1 OZHOPiAHUMH. BUKOpHCTaHHS K 3aIIPOIIOHOBAHOT CXEMU
MIOPO/KEHHSI y3aralbHEHNX KOMOIHATOPHUX KOH(Irypariii mopsakiB
k>1 moke TIPU3BOJUTH 10 TOSABH "HEOMHOPIAHUX" 6a30BHUX MPOCTOPIB.
Hanpukian, npu K=2 Takuii mpocTip MOXe CKJIQJATHUCS K i3 OKPEMHUX
€JIEMEHTIB TBIPHOTO TPOCTOPY, TaK i 3 IMMap TAKUX EIIEMEHTIB (IIUB.
¢dopmyy (1)), o 103BOJIsIE, HAIPUKIIA/, B IPUHIIHIIL, OTUCYBATH rpadu.

Ane nans OUTbII aJEKBAaTHOTO TMOJAHHS Yy MMOAIOHMX BHIAIKAX
MPONOHYETbCS ~ BBECTH TOHATTS TIETEPOreHHUX KOMOIHATOPHHUX
KOHQIryparii.

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

O3HavenHs S. [emepocennoio KOMOIHAmMOpHOW KoHGizypayiero
panry r>1 OyaeMo Ha3WBaTH MHOXXWHY KOMOIHATOPHHX KOHQIrypamin
(@, . XD U..u(e, Q. X,), me ¢ Yi—=X, Qe{Qh...}, Yi={l,....m},
mi>1, =1,....r.

Hanpukian, npu mopo/ukeHHi KOMOiHATOpHUX KOH(Irypariii K-ro
nopsaky, k>1, (nuB. o3HaueHHs 4) 6a30BUil MPOCTIP MOXKHA MOAATH K
00'eTHAHHS BUITY

Xy =Xy Y X Yer U Xy

ne X — ue 6a30Buil mpocTip Al KOMOIHATOPHOI KOHGIrypauii mopsaxy
i, i=1,...k

Tomi, 10 mNpHUKIaLy, MOAAHHS TIETEPOTSHHOK KOMOIHATOPHOIO
KoH(irypaiero rineprpadis i3 b Bepmmaamu, pedpa sIKMX BKIHOYAaTH HE

OlnbILe TPHOX BepLIMH, Oyie 6a3yBaTUCs HA TAKUX apaMmeTpax:
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mi=b, Yi={1,....b}, Xi={1,...,.b}, Q=02 106TO @1 — LIE iH'cKTHBHE
BigoOpaxkeHHsI, Q1. Y1—Xi;

mMo=Cy? (ximbKicTh KOMOiHamii i3 b mo 2), Y={1,....1}, | - xinbkicTs
pebep rimeprpada, sKi IHIUACHTHI PIBHO JBOM HOTO BEpIIMHAM,
Xo={1,..., My} — MHOkMHa nap i3 eneMeHTiB X1, =03 i3 M01aTKOBOIO
YMOBOIO, 1[0 BUOpaHi Mapu CJIIEMEHTIB MHOXUHH Xy MICTSTh JIUIIIC
BEpPILIHNHY, sIKi chopMoBaHi BiTOOpaKeHHSM (1, TOOTO (2 — L€ CTPOTO
MOHOTOHHE Bi110Opa)XeHHSI, SIKE 3aI0BOJIbHSIE 3a3HAYEHIM OOMEKEHHSIM;

mM3s=Cy® (xinbKicTh KoMOiHaLii i3 b mo 3), Ys={1,...,h}, h — xinbkicTs
pebep rimeprpada, sSKi IHIIMACHTHI PIBHO TPHOM HOTO BEpPITHHAM,
Xz={1,..., M3} — MHOXMHA TpiiOK i3 pi3HMX eneMeHTiB X1, =0 i3
JOJaTKOBOIO YMOBOIO, IO BHOpaHi TPIHKW €JIIEMEHTIB MHOXHHHU X3
MICTSITh JIUIIIE BEPIINHM, Ki C(HhOpMOBaHi BiTOOPaKEHHSIM (1; OTKE (3 —
e TakKoX CTPOr0 MOHOTOHHE BiIOOpaXXCHHS, SIKE€ 3aJI0BOJIBHSIE
3a3HauYE€HUM OOMEKEHHSM.

Ockinpky rpad € YaCTHHHUM BUTIAAKOM Tineprpada, To Ui HbOro
TpeTii BapiaHT Oyzae BiacyTHiH (X3=J). AHanoriuHo, Ko rineprpad
He Mae pebep, IHIUACHTHUX PIBHO IBOM BepIIHHAM, To Xo=J.

Psim koMOiHATOPHUX KOHCTPYKIIiM, 110 BUHUKAIOTh HAa IMPAKTHIII,
MOTPEOYIOTH OUTBII JUPESPEHIIIHOBAHUX CXEM ITOPOIKEHHSI.

Hexait Maemo mocniioBHICTh BioOpaxkeHb (¢, ), ..., (¢, ;) .

OsnavenHsa 6. HasBemo  icpapxiunoio  kombiHamopHowo
KoH@izypayicio piBHSA S KOMOIHATOPHY KOHQIrypalio «° = (¢, Q°, X®),y
aKoi X = «* (X ) —6a30Buil mpOCTip, yTBOPEHHUH HA OCHOBI 6a30BOT0
npocropy XS kombiHaropuux KoHpirypamiin k5 H(e, Q7 X5, a
iepapxiyHa KOMOiHaTOpHa KOH(]Irypamis TNepmioro piBHI — I
y3aralibHeHa KOMOiHATOpHA KOH(DIrypartis, sKa 3a1a€ThCsl O3HAUEHHIMHU
1-4.

Takum  ymHOM,  i€papxiyHi  KoMOiHATOpHI  KOHIryparii
MOPOJKYIOTBCSL  TOCHIOBHUM  3aCTOCYBAaHHSM 33JaHOi MHOXXHMHHU
BijoOpakeHb — y TOW dYac sIK mnpu (HOpMyBaHHI TeTepOreHHHX
KOMOIHATOpHUX KOH(ITrypalliii BiqoOpakeHHs] MOXKYTh 3aCTOCOBYBATHCS
napaieibHO, TOOTO MO CyTi BUKOPHCTOBYETHCS IEKOMITO3HIIISE 0a30BUX
MIPOCTOPIB.

PosrnsiHeMo  TpuWKIan — BHKOPHCTaHHS  BBEJCHUX  THIIIB
KOMOIHAaTOpHUX KOH(QIrypamiii B 0JHOMY Kiaci 3ajayax IUIaHyBaHHS
Micili 3 00CTEKEHHS Y1 00CITyTOBYBaHHS [6].

Posrnsaerbest cutyaiis, KoM € TiOpuaHa TPaHCIOPTHA CHCTEMA!
aBTOMOOUIb YM IHIIMH TPAaHCHOPTHUM 3aci0, IO MOXKE IMOCTiIOBHO
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nepeMillyBaTUcs BiJ MOYAaTKOBOTO Micus Oa3yBaHHS (0a3u) 10 1HIIMX
3aJaHiX Ha Mapmpyti 0a3, matoun Ha OopTy oamu BIUIA. 3aBmanns
BIUIA, sikwii MOXe 37iTaTH 3 TPAHCIIOPTHOTO 3ac00y 1 TIOBEPTATHCS Ha
HBOTO (UM TIOpYY 3 HHUM), — OOJIETITH 33/JlaHy CYKYIHICTh ITLTBOBUX
MYHKTIB (IIiJIeH, MicLlb PO3TaIllyBaHHS CIIOKHBAYiB), BpaXOBYIOUH YacOBi
oOMeXeHHS Ha TOJMBOTHUH pecypc Ta YMOBH CHHXPOHI3AIii 3 pyXxoMm
TPaHCHOPTHOrO 3aco0y 3a 3amgaHuM MapupyToM. IlomoBHeHHs
MOJILOTHOTO Pecypcy HUIIXOM 3aMiHU a00 A03apAKaHHS aKyMyJsITopa
yn 3ampasieHHs mnanmuBoM BIIJIA (sx 1 Horo mo3aBaHTakKeHHS 3a
moTpedn) y mporeci BUKOHAHHS MicCii BiTOyBa€eThCS TIJIBKHU Y 3a3HAUESHIX
0a3ax Ha MapuIpyTi TPAHCIIOPTY.

OTtxe, 3a moTpeOM y MOMOBHEHHI MoJbOTHOro pecypcy BIIJIA
MOBUHEH TOBEPHYTUCS Ha NEBHY 0a3y Ha MapIIpPyTi TPaHCIOPTHOIO
3aco0y. Y TakoMy pasi BiAMOBITHUH (pparMeHT MapIIpyTy (IIiAMapIipyT)
BIIJIA 3aBepiryeThes Li€ro 0a3010, BpaXOBYETHCS Yac 0OCIYrOBYBaHHS
BIUIA mnst BimHOBIIEHHS pecypcy (Ta q03aBaHTaXEHHS 3a MOTpeOw) i
MIPOAOBXKYETHCST Ipouec (OPMYyBaHHS HACTYIHOTO MiAMapLIpyTy YU
nepeMileHHs TPaHCTIOPTHOTO 3aco0y 10 HACTYMHOI 0a3H.

[MnanyBaHHs Micii moysirae y TakoMy BH3HAYEHHI MiAMapIIpyTiB
3aranpHOTO MapmpyTy BIUJIA i3 ycix um wacTuHM 0a3 Ha MapmpyTi Ta
YacOBHUX IHTEPBAJIIB HOT0O 00CIYrOBYBaHHS Ha IUX 0a3ax, mo0 MpoBeCTH
00CTeXeHHs LIel 3a MIHIMAJILHHAN Jac.

AHati3 IOCTaHOBKH 3aJiaui MOKa3ye, 110 PO3B'A30K (POPMYETHCS 3a
TPH eTand: pO3OHUTTS MHOXWHHU IIiJIeH Z Ha TICeBIOOJIOKH,
YIOPSAKYBaHHS IMX TICEBJOOJIOKIB 1, HapemTi, YHOPSIKyBaHHS
(TepecTaHOBKA) €JIEMEHTIB Y KOKHOMY 13 I[UX IICEBI00JIOKIB.

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

Ha mnepriomy kpomi (opMyrOThCS y3arajibHeHI KOMOIHATOpHI
koH(irypauii Buay: «* = (¢, °, X1, ne Y={1,...,m}, m — kinpkicTs 6a3
Ha MapuIpyTi TPAHCIIOPTHOTO 3aco0y, X'=Z. Bonu i nogarTh po3OUTTS
MHOHHH Z Ha IICEBIOOIIOKH.

Ha npyromy BHHHMKarOTh i€papxiuyHi KoMmOiHaTopHi KoHGirypamii
K2 =(p, O, (X)), ne  «x(X')— MHOKHMHA M HOMEpIB MCEBAOOIIOKIB,
YTBOPEHMX Ha NEPIIOMY KPOILIi.

Hapemri, Ha 3aBepliaibHOMY KpOLi BHHHUKAIOTH T'€TEPOTEHHI
KoMObiHaTOpHi KoHGIrypauii Buny «; = (¢, Q°,X;®), ne X;* — MHOXHHa
HOMEPIB IIiJIeH, sIKi BBIMIIUTH B i-il ceB10010K, i=1,...,m.

BBeneni MOHSTTS reTeporeHHNX KOMOIHATOPHUX Ta i€papXidHUX
KOMOIHATOpPHUX KOHGIrypaliii moB’s3aHi, B 3araibHOMY BHIAJKY, 13
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abcTpakTHUMHU 0a30BUMH MPOCTOPAaMH, 1110 T03BOJISIE BUKOPUCTOBYBATH
HaBeIEHI BHILE pe3yapTaTd Npu Qopmaiizamii MIMPOKHUX KIACIB
MPAKTHYHUX 33/1a4, BKIIOYHBIIH JI0 [[HOTO KJIACY 1 AEAKi ONTUMIi3amiiHi
3a/1adi, SKi BU3HAYCHI HA HECKIHUYCHHUX MTPOCTOPAX.

BaxmBuM HampsMOM TOAANBIIUX JOCTIKEHb MOXE CTaTH
po3po0JIeHHT MiAXOmiB a0 (dopmaiizamii HEJiTKHX KOMOIHATOPHHX
KoH(Irypamiif, sk e 3po0JeHo MmOoa0 y3aralbHEHWX KOMOIHATOPHHX
koHpirypamii [3]. LlikaBUM TakoXX € PO3BUTOK LHX HOCHIIKECHb Yy
Hanpsimi EBKITiioBux 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
"lgor 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 -0 order is constructed in one line using the algorithms for constructing
the ring operation tables ADD-TAB-AKK1(1, k ) and MUL-TAB-
AKK1(1, 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 :

(Xo, X1, + + +y Xn-1) =(Yo, Y1, - - -, Yn1) = [(Xo + ko)mod N, (X1 + ki)mod
N, ..., (Xn.1+ kn.1) mod N],
where N is the number of letters in the alphabet, and n is the length of the
Vigenere key with components ki (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:

(Sl’SZ""’SN) - (yl’ Yaress yN) = [(51 - X1)m0dK:--v(Sz - xz)modK,..,(sN - XN)mOdK]
according to which we will subtract the set of plaintexts S =[s,,s,,...s |
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along the entire length of the solution to the mathematical safe problem
X = (x1 X yeees Xy ) with the initial state vector g — (buby,niby) -
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+ Xo + . Xg oo ==1
X+ X + Xg+ .. Xe . =—2
Xo+ Xg+ Xg+ . . X =-3 [(modK). (1)
X3+ X+ . Xg =—4
X+ . . . Xg+X . . =-5
Xo+ . . Xg+Xg+ X7 . =—6
X3+ . . Xg+Xp+Xg=—7
X4+ . . Xp+Xg=—8
d+d, + . ds =d
di+d, +ds+ . . dg =d
dy+ d3+ dy+ . . d; =d |(modK). )
dy+ ds+ . dg =d
di+ . . . dg+ dg =d
d,+ . . d;+dg+d;,. =d
d3+. . dg+d;+dg=d
dg+. . 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, =dgfrom the third and seventh equations d,=dg from the
second and sixth equations d, =d; .

So, we obtain d;=d,=d;=dg,a d,=d;=dg=d;.

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

d;=d,=ds=dg=2. Thatis d =5. In consequence,

5S:_idibi —_54 =2(mod 7),a S =6(mod 7).
i=1

Now find x;,i=12,...,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 =S+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:
$=(0,6,5,4,2,1,0,1).

Since, S =(5,5Sy) = X =Y =Yy, Yorees V) then
—Y=(-2,4,2,4,0,3,11).

Consider an example for a “fan” graph (Fig. 2) forn=7, k=3, K=
5, 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+ Xo+ X3+ X4+ X5+ X5 +X;, =0

Xo + X+ X5 =-1

Xg + X+ Xo + X3 =-2

Xo + Xo+ X3+X4 =-3 (mods)
Xo + Xg+Xq+Xs5 =4

Xo + X4+ X5+ Xg =-5

Xo +X5+ Xg + X; =—6

Xo +Xg+ X7=—7

Two parameters are enough for this graph. Let us denote by
Xo=0, X, =pB. From the first equation x,=-1-a—B. Then
Xg=—2—a—-B—-(-1-a—-B)=-1.

Now:
Xg=—3—Xg—Xo—X3=—3-a—(-1-a—-B)-(-1)=—1+B,
Xsg=—4—Xg—Xg— Xy =—4—a—(-D)-(-1+B)=—2-a -,
Xg=—5—Xg—X4 —X5=—5-a —(-1+B)-(-2—-a-P)=-2,
X;=—6—-Xg—Xg —Xg=—6-—a—(-2-a—-B)—(-2)=—2+.
Substituting these values into the Oth equation, we get:

o+ B+ Xy + X3+ X4 + X5 + X5 + X, =0=
a+B+(-1-a-B)+(-D+(-1+B)+(-2-a—-B)+(-2) + (-2+pB)=0=
-a+pB=9
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Subtracting the 7th equation from 6th, we obtain
Xg=+1=—2-a—P . From here we find:

a=—1(mod5), B=3(mod5).

As aresult, we get the solution X =(-1,3,2,-12,1,-2,1).

We need to encrypt the following set of characters:
$=(2,310,2,2,0,3)-

Since, S=(5,S-Sy) =X =Y =(Y, Yo, Yy ) then
—->Y=(30,-110,12,2).

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 HACEJIEHHSA
Hoposmi Amam @emxoposud, Mamsip Mukoiaa MukomaiioBud,
[Tapkanmi Mapianaa MukosaiBHa
JIBH3 « Yicecopoocvkuil HayionanbHuil 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.

Opmiero 31 CKIAAOBUX JOOpOOYyTy HaceleHHS € EeKOHOMIYHUN
no0poOyT. Y naHili poOOTI MPOMOHYETHCS AJITOPUTM OI[IHKU PiBHS
€KOHOMIYHOTO N100po0yTy. Y HemonaBHO omyOJikoBaHili poOoTti [1]
OyJI0 mepepaxoBaHO P/ IHAMKATOPIB, SKi MOXYTh OyTH BUKOPHCTaHI
JUISL OIIIHKHM, HAINpPHKIAA, €KOHOMIYHOro mo0poOyty. Lli moka3zHuku
Takok BHKOpHCTOBYIOTbCss OECP y BrnacHoMy Tak 3BaHOMY iHJEKCI
Kkpamioro xutTs [2]. [IporoHy0TECS TPU CUCTEMH HEYITKOTO BUBEICHHS
JUIS  TIEPEBIPKH EKOHOMIYHOTO 1o0poOyTy. llepma — moxin, me
BUKOPUCTOBYEMO BXIiJIHI JlaHi: YucTe 0araTcTBO Ha OJHY OCO0y Ta
YUCTUH HasgBHUI moXxin. Jpyra cucrema HEUiTKOrO BUBOLY - L€ JKUTIIO.
TyT po3rIAal0ThCSA TPH BXiHI 1aHi: «M?” Ha 0CO0Y, BUTPATH Ha KUTIIO
(y BiICOTKAX) Ta KUTJIO 3 0A30BUMHM 3PYUHOCTIMH. TpeTs - 1ie podoTa 3
JBOMa BXIJIHUMH JIaHUMHU: piBeHb 3aiHATOCTI Ta JOBrOTpUBale
0e3po0ITTS.

s Toro, o0 oTpuMaTH piBeHb EKOHOMIYHOTO JOOpPOOYTY 3 IUX
CHCTEM HEYiTKOTO BUBOJY, OyJI0O BUKOPUCTAHO BIACTHBICTh, TOCTYITHY B
nporpaMHomMy maketi Matlab, sika nasusaetsesa FIS-nepeso. FIS-nepeso
- 1Ie iepapXiyHa CHCTeMa CHCTEM HEeJiTKOro BuBoAy. Y cTpykrypi FIS-
JiepeBa BUXO/IM HEYITKHX CUCTEM HU3bKOTO PIBHS CITYXKaTh BXOJIAMH JIJIS
HEYIiTKUX CcHcTeM Bucokoro piBHA. FIS-nepeBo € oOumciroBambHO
e(eKTHBHIIIMM 1 MPOCTIIMM Al PO3YMIHHS, HIX OKpeMa cucrema
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HEYITKOTO BHBOAY 3 TAKOIO K KibKicTio BXoaiB [3]. [loOynoBane Hamu
FIS-nepeBo mokazaHo Ha pUCYHKY 1.

System: EKOHOMIYHI iHOnKkaTopn

— FreE iNPULS
Free or intermediate outputs

Connections

Yucte BaraTcTBO Ha ofHy ocoby
Noxia

— -
YueTuin HasBHWIA goxia | Ooxia
—_—

m2/ocoby Loxia

—
BUTpaTH Ha K1TNO (%) KuTno Hutno

— XKuTno
KUTNO 3 GazoBUMMK 3PY4HOCTAMK PoBota
—_—

PiseHb ekoHoMI4HOro A06poBYTY
EkoHoMI4HI iHQukaTopwn

3aRHATICTE HACENEHHA

PoBota

—
npoerotpusane 6e3pobitTa | Pofota
R

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

ITicns moGymoBu FIS-nmepeBa 3ampormoHOBaHO JTIHTBICTHYHI 3MiHHI
JUIST KOXKHOT CHCTEMH HEYITKOTO BHBOAY «HH3BKHIT», «CEepeaHii» Ta
«BHCOKHW». 3BHYAHO, UM JIIHTBICTHYHUM 3MiHHUM OyJM 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".

System: floxiy

Name HICTHA KarBHAA Dok
Range 0100]
Number of MFs: 3

Evenly Distibute MFs
Mame  Type  Parameters

okt |Linea... v |[1020]

cepenHi | Trian... v |[152535]
Uicre GaraTcrao Ha oy ocody (3 MFs)

Mamdani '_ micondh | Linea... v |[30 50]
Type 1

/ [oxig (3 MFs)

System [oxig: 2 input, 1 output, 9 rules

Puc.2 — Ilpuknan BUKOpUCTaHHS JIIHTBICTHYHHUX 3MIHHHUX.
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ITicns mpuUCBOEHHS BIAMIOBIAHUX JIIHTBICTUYHUX 3MIHHHX KOXKHIH
BXiZHIM Ta BUXiMHIA 3MiHHIH, MOOymOBaHO 0a3y 3HAHb IS KOXKHOI
CUCTEMH HEJiTKOTO BUBOy. B 0a3i 3HaHb 30epiraeTscs iHpopmaris mpo
3anexHicTh Y = f{(X) y BUTTA1 HEUITKUX TMPaBUII THITY “SKIio - To”. Taka
0a3a 3HaHb [TOKa3aHa Ha PUCYHKY 3.

System: [loxig

( Add All Possiole Rules | [Clear All Rules |

Rule Weight |Name
1 | If Yucre bararcTBo Ha oaHy 0coBy is HU3bKWIA and YMCTWIn HAABHMA 40X, is HU3bKWIA then Joxig is HN3bKKIA 1| rulet
2 |If Yucre BararctBo Ha ofHy ocoDy is cepeaHii and YucTii HasBHWM [OXIA is HM3bkiK then [loxid is cepeaHin 1 ule2
3 |If Yuete BaratcTeo Ha ofHy ocoby is B1cokMi and YnCTII HasBHUIA foxia is HU3bkuid then [loxin is cepeaHin 1/rule3
4 |If Yucre GaratcTBo Ha ogHYy 0coBy is HU3bKWiA and YMCTWIA HAasBHUA foxig is cepepHilt then [loxin is cepeanii 1/rule4
5 |If Yuete BaratcTeo Ha oaHy 0coby is cepeaHiid and YucTwil HasiBHUIA oxia is cepenniit then Noxin is cepeaniin 1/ruled
6 |If Yucre BGaratcTeo Ha oaHy 0coBy is BUCOKMI and YMCTUI HasBHWA BoXiA is cepepHilt then [oxig is BUCOKMIA 1/rule6
7 |If Yncte BaratcTBo Ha ofHy 0606y is HM3bKNIA and YucTui HaaBHIA Joxig is Bucokwui then [loxin is cepenHin 1 ule7
§  |If Yncre BaratcTeo Ha oaHy 0coBy is cepeaHii and YucTvit HasBHUA [oxia is Bucoki then [loxin is BUCOKMIA 1 rule8
9 |If Yucte BaratcTeo Ha oaHy ocoby is BUCOKMIl and YMCTUI HasBHWIA foxia is Bucokuil then [oxin is BUCOKMI 1/rule9

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

Y nmanomy Bumanky ans Aedasudikaiii 0yI0 BUKOPHCTAHO METOJ
LIEHTPOIAa TUIOII, 00 IEHTPY TSHKIHHSL.

Januii miaxig Oyno 3acTOCOBAHO A0 IHIIMX CHCTEM HEYITKOIrO
BuBOy. [licist oTpuMaHHs 3HaYeHb KOKHOI CUCTEMH HEYiTKOTO BHBOJY
BUKOPHCTOBYBAJIM iX K BXIJHI JaHi IJIs HACTYITHOI CHCTEMH HEJiTKOTO
BUBOJY (IUB. puc. 1.) At OTpUMaHHsI PiBHSI €KOHOMIYHOTO J0OpOOYTY
CYCIILJIbCTBA.
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HaykoBi nepcnexTtuBu, Bunmyck Ne 2(44). — Kui 2024. C. 784-796.
https://doi.org/10.52058/2708-7530-2024-2(44)-784-796

2. Odiuiitanit caiit: Opranizaiisi eKOHOMIYHOTO CITIBPOOITHUIITBA
Ta  po3Butky  [Emektponnmit  pecypc] Pexumm  loctymy:
https://www.oecdbetterlifeindex.org/#/50525555555

3. Odimisinmii  caiiT: Matlab Documentation. [EnexktponHuit
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https://www.mathworks.com/help/fuzzy/fuzzy-trees.html
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IHNOKPAINEHHA EBPUCTUYHOI'O AJITOPUTMY
ITAKYBAHHSA HEPIBHUX KPYT'IB I3 3BACTOCYBAHHSM r-
AJITOPUTMY LIOPA*!

Banoposxnuii 5.0., 2*Pomanosa T.€., M*Cremok I1.1.
bohzador@gmail.com
YVarceopoocwruil nayionansnuil ynisepcumem
2Incmumym npobrem mawunobyoysanus imeni A.M. ITiozoprozo
HAH Vkpainu
$Leeds University Business School, University of Leeds, UK
*Tnemumym kibepremuxu imeni B.M. Tnywikosa 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 nepion 3 1 smmcronama mo 21 rpyasas 2022 poky
MPOBOJMBCS MiKHApOoIHHI KOHKYpC «lllibHA yrmakoBKa KpyriB B KpyT
MiHiManpHOTO paziycy» [1]. Opranizatropu KOHKypcy — IHCTHTYT
kibepHetuku iMeni B.M. I'mymkosa HAH VYkpainu (Kuis, Ykpaina),
VYKropoacbkuil HallOHaJIBHUNA yHiBepcuteT (Ykropox, VYkpaiHa),
IacturyT pobem mamuHOOyyBanHsa iMeHi A.M. Ilinropuoro HAH
Vkpainu (Xapkis, Ykpaina) ta [pe3/ieHCbKUi TeXHIYHUH YHIBEpCUTET
(Upe3nen, Himeuunna).

KonkypcHoro Oyna Taka onTuMizamiifHa 3ajada: 3ajaaHo HaOip 3 N
KpyTiB 3 paniycamu 13, i = 1,2, ..., N, Ta 30BHIIIHII KPYT 3 IEHTPOM B

11 Po6ora mixrpumana Volkswagen Foundation (rpant Ne 97775)
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touni (0,0) Ta 3minHUM pagiycoM R. IloTpiGHO 3HAWTH Taki LEHTpH
KpyriB (x;;¥;), i = 1,2, ..., N ta BianoBigHuii paxiyc R* 30BHIIIHEOTO
Kpyra, I0:

1) koxkeH 3 kpyriB i = 1,2,..,N Mae TOBHICTIO 3HaXOAHWTHUCH
BCEpEANHI 30BHIIIHBOTO Kpyra (KPyrH MOXXYTh TOPKATHUCS MEXi
30BHIITHBOTO KPYTa);

2) s Oyne-sxoi napu (i; j) kpyris, ne i,j € {1,...,N}tai < j,
Kpyral i,j He NepeTHHaroThcs (M JO3BOJICHO TOpPKAaTHCA OJUH
OJTHOTO0);

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

Hpyre Miclie B 3MaraHHi 3aifHsSB TepIIMA aBTOp IIi€i CTAaTTi 3a
KpUTEPieEM OIIHKH 3HAYCHHS PaAiyCy 30BHIIIHBOTO KpyTa sl KOXKHOTO
i3 KOHKYPCHHX TECTOBHX IMPHKIAJIB, SKi 3HAXOIMB 3allPOITOHOBAHUI
EBPUCTHYHHI allTOPUTM i3 3aCTOCYBAHHSM BiAMOBIIHOT'O MPOTPaMHOTO
3abesnederds. OmHAK, pO3MIIIEHHS KPYTiB BiAMOBIIHO IO 3HAYEHHS
iTpoBO1 (DYHKINI, y OLIBIIOCTI MPHUKIANIB MICTHIH «HATUIIKOBHAN
npoctipy. ToMmy mnpeaMeToM IMi€i CTaTTi € po3poOka MiAXOomy A
MOKpAIlIeHHsT 3a3HAYeHOl EBPUCTHKH 13 3aCTOCYBaHHSIM METOJIiB
HeTJIaaKoi onTUMi3arii.

Marepian cTarTi BHKJIQJEHO y TakOMy MOpSIKy. Y posfmim 2
OIMCAHO EBPUCTHYHMI ANTOPHTM Ta HOTro BIACTHUBOCTI. Y pozmim 3
HaBEJICHO JBa IXOAW 1O TOKpAIIeHHS pPO3B’S3KIB, 3HAHICHHX 3a
JOTIOMOTOI0 €BPHCTHYHOTO aITOPUTMY, 13 3aCTOCYBAaHHSM I-aJTOPUTMY
[llopa 3 auxoTOMi€ld KpOKy. Y po3aii 4 HaBEICHO pe3yJIbTaTH
00YHCITIOBAJILHUX EKCIEPUMEHTIB 3a TOYHICTIO 3HAXO/DKEHHS pafiyca
30BHIIIHBOTO KpPyTa.

2. EBpucTHYHHHA aaroputM. Po3riasHEMO OIUC alropuTMy
PO3B’s13aHHSI 3a/1a4i TAKyBaHHS KPYTiB B KPYT MiHIMaJIbHOTO pajiiycy.

Etan 1. BcTaHOBIIOEMO IOMyCTHMiI MeXi pajiiycy 30BHIINTHBOTO

KpyTa: JIiBa MeXa JOpiBHIOE R;,,, = .rrllax 1y, anpasa— Ry, = §V=1 1.
1=

yeen.

Etan 2. BusnHadaemo cTapTOBE 3HA4YEHHS pajiyca 30BHINIHHOTO
kpyra sik R® = O.S(Rlow + Rup).
Etan 3. [Takyemo Kpyru 3a TaKHMH MTPaBHJIAMU:
1. BcranoBmoeMo LEHTp mepmoro kpyra 3 Habopy i = 1,2,...,N B
touky (0,R® —1y).
2. T'enepyemo map KpyriB. 3a TOZWHHUKOBOIO CTPIJIKOIO PO3MILIYEMO
KO)KHUU HACTYNHHH KPYr Tak, 00 BiH TOPKaBCs MONEPEIHLOTO
Kpyra Ta MeXi 30BHIIIHBOTO Kpyra. BUKOpHCTOBYIOUM KOOpAWHATH
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LEHTpa MONEPEAHBOT0 Kpyra, OOUHCIIOEMO KOOPAMHATH LIEHTpa
HACTYIHOTO Kpyra: BCTAHOBIIIOEMO LIEHTP HACTYIHOTO {-TO Kpyra B
tounti (0, R —1;); po3paxoByeMo KyT, Ha SKMii pajiyc-BEKTOp
MOTPiOHO MOBEPHYTH 33 TOJUHHUKOBOIO CTPLIKOI0. OTpUMaHUN KyT
YTOYHIOEMO 3a JIOOMOTor0 OiHapHOoTo moiyky (Puc. 1a).

3. Po3mimryemMo HacTymHi Kpyrd MK MEXeEI0 30BHIIIHBOIO Kpyra Ta
nepmuM mapom Kpyris (Puc. 16).

4. Po3mimyemMo Kpyrm MiK KpyramH MOINEPEAHBOTO Miapy abo Mix
Kpyramu uepe3 onut (Puc. 1B).

man 0 w0 200 a0 2000

L10aa on0- 100 w0

o a0 oo oo

1o \ 103 010 oz 900

08 9000 a0 200 om0

eaa <

Puc. 1 — Eman 3 espucmuunozo anecopummy

Eran 4. SIkmo po3milieHHs KpYTiB Ta pajiyc 30BHIIIHBOTO Kpyra
3aJJ0BOJILHAIOTH BUMOram 1) Ta 2), TO BCTAHOBIKOEMO Ry, = R° Ta
3aram’ATOBYEMO IIEHTPHU PO3MIIIEHUX KpYTiB. [HaKIe, BCTAaHOBIIOEMO
Riow = R°.

Eran S. SIkmo Ry, — Rjpy > A, TO mepexoaumo 1o eramy 2, ie A
— TOYHICTh 3HAXOJ/)KCHHS PO3B’S3KY.

Etan 6. IlopiBHIOeMO pO3B’S30K OTpHUMaHWid Ha eTam 4 3
HalKpaiuM 3HaijeHuM. SKIO pPO3MIIICHHS KPYTIB 3aJ0BOJIbHSE
BuMoram 1) Ta 2) 3agadi Ta Ma€ MEHIIIUI pajiiyc 30BHIIIHBOTO KpyTa 3a
HaWkpamui  pO3B’S30K, TO OCTaHHIH BCTAHOBIIOEMO  PIBHUM
3HaWeHOMY. SIKIO JOCATHEHAa MaKCHMallbHAa KUIBKICTH iTeparliii, To
AJITOPUTM 3aKiH4Yye poOOTy. IHaKIIIe 3aCTOCYEMO “Swap”’-cTpaTerito s
PO3MIIIICHHSI MTapH BUIAJKOBUX PO3MIIEHUX KPYTiB Ta TIEPEXOUMO 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 MpaBuUJI PO3MILIEHHS KPYTiB, TO MPH Majliili KUIBKOCTI iTepamiit
3aJMIIAE€ThCS “BUIBHMH TPOCTip”, SKUH MOXKHA 3MEHIIUTH, SKIIO
MaKyBaTH KPYTH HIUTHHIIIIE.

3. IlokpalieHHs eBPUCTHYHOTO PO3B’A3KY 3a J0MOMOroI0 I-
aJropuTMy. BHUKOPHCTOBYIOUM TOYKY, 3HAaWJEHy EBPUCTUYHUM
ANTOPUTMOM SIK CTapTOBY, Ta PO3B’SA3YIOYM 3a/ady OMNTHMi3amii 3a
JOTIOMOTO0 [-aJITOPUTMY 3 AMXOTOMIEI0 KPOKY [2], MOXHa OTpHMAaTH
Kpallli po3B’sI3KH 3a 3HAUCHHSIM PajiyCy 30BHIIIHBOTO KpyTa.

Jns  mokpamieHHs  pe3yJbTaTiB, OTPHUMAaHHX  EBPHCTHYHUM
anroputMoM, OyneMo BuKopucToBYyBatH F-anroputwm Lllopa [3].

Cdopmynroemo 3agauy naKyBaHHs KpYTiB Tak:

R* = minR, Q)
Rx,y
3a 0OMEKECHb
xi2+yi2S(R—Tl-)z,i=1,...,N, (2)
(xi—xj)2+(yi—yj)2Z(ri+rj)2,1 <i < ]SN, (3)
R = Rlow' (4)

ne Riow = igaeri, X = (X1, 0, Xn), V= (V1) s YN)-

PP

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

PosrnsiHeMo 1Ba adropuTMH MOKPAIIEHHS! €BPUCTUYHOTO PO3B’SI3KY
[4], me amroputm Illopa 3actocyerbcs 3 Hameped 3aJaHUMU
napamMeTpamH 3a BUHSITKOM CTapTOBOi TOYKH X B N-BUMipHOMY MTPOCTOPI
Ta BEJIMYMHH KPOKY A B HATIPSIMKY JIOKATBHOTO EKCTPEMYMY.

Anroput™m 1 Mae Takuid BUTIISIA.

Eran 1. 3amaemo h = hgy, ne hy — moyaTkoBa BEJIUYMHA KDPOKY,
BCTaHOBJIIOEMO 3HAUCHHHS IS My, — MiHIManbHE 3HaYSHHS KPOKY Ta
EPS — BiACOTOK BiZIHOCHOTO TIOKPALIEHHS BETMYNHHU Pajiyca TOJIOBHOTO
Kpyra.

Eran 2. BuxopucracMo r-anroput™ 31 cTapToBoi Toukn X 1
3HAXOIMMO JIOKaJIbHUI MiHIMYyM 3amadi (1) — (4).

Eran 3. fIximo BifHOCHE MOKpaILleHHS PaziyCcy 30BHILIHBOTO Kpyra:

e Oinbine 3a 3HavueHHS EPS, TO TOYKa JIOKATFHOTO MiHIMyMY CTa€e

CTapTOBOIO TOYKOIO;
e MeHIlle 3a 3HaueHHs EPS, TO BEJIMYMHY KPOKY h 3MEHIIYEMO
BJBIYl.
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Eran 4. fIxmo BenuunHa KpoKy OlIbIIa HiXK MiHIMaJIbHE 3HAYCHHS
KpOKY, TO MepexoaumMo a0 eTamy 2. [Hakme 3akiHd4yeMo poOoTy
aNTOPUTMY 3 TIOKPAIICHHSIM PO3B’S3KY.

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

4. Pe3yabTaTH 004YMCIIOBATBHUX eKCIIepAMEHTIB. Anroputmu 1
Ta 2 peari3oBaHO MOBOIO mporpamyBaHHs Rust Bepcii 1.70.0. Y Tabmmmi
1 HaBe#eHO TOPIBHAIBHI pe3ynbTaTH 000X peamizamiii mpu EPS =
{0; 1075 10™%}. Tyr n_iter — cepenne apudMeTHUHe KiTbKOCTI
iTepamiii r-anroput™My, mo OylIM B CEpPeIHbOMY BHKOPUCTAHI IS
KOXXHOTO TeCTY 3a/1a4i, N — KiJIbKICTh TECTIB.

Tabmmns 1
[lopiBHAHHS pOOOTH MBOX AaNTOPUTMIB YTOYHEHHS PO3B’s3KY,
3HANICHOT0 eBPUCTUYHUM alnropuTMoM (4832,04 Gaiis)

Bapianr | 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(pEKTHBHICTH POOOTH 000X
ITOPUTMIB, IPUUOMY JIPYTHH IMOKa3ye OUIbII TOKpalleHHs B Oanax.
3menmenHss EPS mpu3BOAMTE 10 CYTTEBHX IOKpAIIeHb POOOTH 000X
QITOPUTMIB.

EdexTuBHICTH 000X aITOPUTMIB 3aJIEKHUTh BiJl TapaMeTpiB I-
QITOPUTMY: & — KOE(ILi€HTY PO3TATY MPOCTOPY Ta g — KoedilieHTa
3MEHIIEHHS  KPOKOBOTO  MHOXHHMKAa. OTpuMaHi  MOKpalleHHS
EBPUCTHYHHX pe3ynbTatTiB npu EPS = 0 s anroputMy 2 HaBeIEHO Ha
pucynky 1. Ilpu po3paxyHkax BHKOPHCTOBYBAJHCh TakKi HapameTpu
SYNUHKH: & ~ 107°, &5 ~ 1077,
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Puc. 2 — Ompumana xinekicme 6anie onst aneopummy 2 npu EPS = 0
3ANEHCHO 810 MAKCUMAILHOL KILTbKOCMI Imepayitl r-aieopummy

3 pucyHka 2 0auumo, 10 TpU 30LIBIICHHI & KUIBKICTH OajiB
3MeHIyeThcsl. Halikpamni pe3ynsTaTel qocsararoTees mpu « = 1,5 Ta
q. =095-1.

Ha pucynky 3 HaBemeHO poOOTY €BPHCTUYHOIO AITOPHTMY IPH
BEJIMKIH KiJIBKOCTI iTepaliii Ta podoty anroputmis 1 ta 2 mist ¢ = 1,51
ql =0,95.

© EPS=10°5 (ANTopMTML) @ EPS=10-5 (ANfopnTh 2) EPS=0 (ANMOPUTM L) @ EPS=0 (ANTOPMTM 2)
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Puc. 3 — Ilopisnannsa espucmuunoco ancopummy 3 anzopummamu 1
ma 2
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3 pucyHka 3 6aynMo, 10 AITOPUTM 1, y MOPIBHSIHHI 3 aJTOPUTMOM
2, mae ripun pe3yJbTaTH, HE3aJIeKHO Bia 3HadeHHs EPS. Anroputm 2
mipu pizHuX EPS nae mpuOIM3HO OHAKOBI Pe3yIbTaTH.

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

BucHoBku. BukopucTaHHS  €BPUCTHYHOIO  QICOPUTMY Yy
CTOJIy4€HHI 3 M-aJrOpUTMOM Il YTOUHEHHSI EBPUCTHYHHUX PO3B’SI3KiB €
epekTHBHUM. 3Ha4YeHHs KoedimieHTa po3TAry mpoctopy a = 1,5 Ta
KoeQillieHTa 3MEHIIEHHS KPOKOBOr0 MHOXKHHMKA ¢4 = 0,95+ 1,0
3apeKOMeHTyBalli ce0e SIK HalKpallli mapamMeTpH r-aaropurmy.

i eBpUCTUYHOTrO aNropuTMy Ipu KinmbkocTi itepauiit 100000 ta
400000 kpamuit pe3ynbTaT (Ha JACKUIbKA JIECATHX 0aja) OTPUMYEThHCS
npu Bukopuctanti EPS = 107>, mpuuomy mpu 400000 itepamuiii — me
HaWKpalui pe3yipTaT 3arajgom. Lle o3Hadae, 0 B JEAKMX BUIIAAKAX
Kpane BUKopucToByBat EPS = 1075,

OO6wuparoun BiamoBinHI 3Ha4eHHs EPS Ta mapaMeTpiB r-adroputmy
MOKHa OTpuUMaTH OakaHe IMOKpAICHHS BIAMOBIAHO JIO 4YaCOBUX
0o0OMexXeHb Ha poOOTY TIPOTpaMHu.
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METO/ 3ABE3INEYEHHS ®YHKIIOHAJBHOI CTIMKOCTI
IHTEI'POBAHOI'O KOMIIJIEKCY BOPTOBOI'O
OBJIAJJHAHHSA B JECTABLJIIBYIOUYNX YMOBAX
Kamamnuk I'.A., Kanamnuk-Prbdanko ML.A.

Jlvomna axaodemis Hayionanvroeo asiayitinoco 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'onoBHOIO 0COONMUBICTIO (DYHKITIOHATHHO CTIMKOTO 1HTETPOBAHOTO
KOMIUIEKCY OopTOoBOro oOONagHaHHS TIOBHHHAa OyTH  3[IaTHICTB
MPOBENEHHSI CaMOJiarHOCTYBaHHsSI TEXHIYHOTO CTaHy, MPOTHO3yBaHHS
BUHUKHEHHS BiJIMOB 1 CBO€YacHe MapwpyBaHHA iX HacminkiB [1]. [ms
3abe3neueHHs] (DYHKIIOHATBHOT CTIMKOCTI 1HTETPOBAHOTO KOMILIEKCY
OopToBOro 0O0JaIHAHHS 3pOCTAa€ 3HAYEHHS 3aco0iB aBTOMAaTH3aIlil
YIPaBIiHHS MTOJIBOTOM.

MaremaTHuyHy MOJIENIb 1HTEIPOBAHOTO MOJAYJIBLHOTO KOMILIEKCY
aBIOHIKHU HAIA€EMO Ha OCHOBI OITUCY €JIEMEHTIB CTPYKTYPH 3a JOMOMOI0I0
opieHTOBaHOTO Tpada Ta MPEINCTABISIEMO Y BHUIJBIII PO3MOAUIECHOI
IHTEJIEKTYyalIbHOT CHCTEMU:

GV,L)V={v}L={l } ii=12...n, (1)
Y wmiit MHoxuHa Bepmme V rpada G(V,L) Bimmosimae muOXuHI
iHpOpMaLiiHUX MOZYJIB KOMIUIEKCY aBiOHIKH 3 pPO3MIipHICTIO N, a

MHOKMHA pebep L — MHOXHMHI 3B’s3KiB | MK iHpOpMauiiHuMu
monynsmu (i, j) . Ll Mojenb, Ha BiAMiHy Bifl iCHYIOYHX, BPaxoBye

BUMNAJIKOBY CTPYKTYpPY NEPEBIPOUHHX 3B'A3KIB MK MOLYJISIMH CHUCTEMH.
e mae MOKIMBICTH MEPEBIPSITH OKPEMi MOJYJl KOMILUIEKCY aBiOHIKH
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IHIMUMA CYMDKHAMH MOJIYJIAIMH B NOBUTRHHUN dac. lle mo3Bosse
MIPEACTABUTH 3arajibHy MiarHOCTHYHY MOJIEh PO3IOAUIEHOT 6231 TaHuX
KOMIUIEKCY aBIOHIKM y BHIJIAAI Opi€eHTOBaHOro rpada G(V, L), Habip

BepuuH V = {vi} SIKOTO BiJITIOBIJIA€ MOJYJISIM PO3MOJIJICHOT 0a3u JaHuX
CHUCTEeMH KOMIUIEKCY aBIOHIKH, a Opi€HTOBaHI pebpa L={vi,vj}

€JIeMEHTapHUM 3BipKaM MK IHTEIEKTYaIbHUMHU MOIYJISIMH.
HaBenemo rpad Moneni KOMIUIEKCY aBiOHIKH y BHTJISAI MaTpHII
CYMDKHOCTI:
A={a; fi,j=L2.N, (2)

Jie &; — eNEMEHTH MaTPUIIi CyMDKHOCTI I1arHOCTHYHOTO rpada, sKi

MaroTh 3Ha4eHHS 1, K10 € pedpo:
II] Z{Vi’Vj}e L, (3)

Ta 0 — siKmo peGpa He iCHye; Vi, Vj — MOJIyJli PO3MOMILIEHOT CHCTEMH

KOMIUIEKCY aBIOHIKH, 00’ €aHaHHI iHpOPMAUIHHUMY JTIHIAME 3B 3Ky | .

MartemaTnyHi BW3HAa4YeHHS HEOOXIAHOI Ta JOCTaTHBOI YMOB
¢ysknionanpHoi criikocti (PC), 03HaK Ta KpUTEPiiB (QYHKIIOHATBHOT
CTIMKOCTI 1HTErpoOBAaHOTO MOMAYJBHOI'O KOMILIEKCY aBiOHIKM JiTaka,
CTPYKTYpHUX  IHAWKATOpIiB  3amacy (yHKI[OHAIBHOI  CTIHKOCTI
iHTerpoBaHOro Komiuiekcy O6oproBoro oOmagnanHs (KBO) mitaka mu
OOTPYHTYBaJIM B HAyKOBIii poOOTI [2].

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

ETanm BusBNEHHS BiJIMOBM iICHTWYHHI €Taly OLIHKH TEXHIYHOTO
crany [3]. Ilicns BUSABACHHS BiJIMOBH BH3HAYa€ThCA  (YHKIIS
NPUHAIEKHOCTI 4 ISl OKPEMHX MOAYMNIB Vj,i=l.., N, CyKymHOCTi
po3noaiieHux iHGopMaIiiHUX MOIYNIiB V  KOMIUIEKCY aBIOHIKH 3
0azoBoro Habopy M Ha OCHOBI omepaliii 3 OyJIbOBUMH BEKTOPaMH
KOPEKTHOCTI MOIyJsi X;, OTPHMAHUX IUIIXOM MEPEBIPKU POMOIIICHUX

iHpOpMAaIIHTHUX MOJTYTIIB:
Vil eVii=1...V

3
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El,ui‘,ui eM, 4)

y il .
M = ,Ltiyizxijzlxij, XijeXi , 1=12,...,n

Bepudikauis posnoaineHoi 6a3u JaHUX KOMILUICKCY aBlOHIKH — 1
MpolleC BHU3HAYEHHS BIANOBIMIHOCTI MOAYJIB cCHerudikamisaM, 1o
OIMKCYIOTh MPOIIEC MiJ] Yyac Horo poOOTH, IIJISTXOM OpraHizallii TeCTOBO1
JIarHOCTMKM Ha OCHOBI HMOBIPHICHOTO JIarHOCTHYHOTO sjpa, SKe
BH3HAYAE€ BHIIAJKOBY CTPYKTYpy BepudikamiiiHux 3B’SM3KiB i3
BUKOHAHHSIM OCHOBHHX IIEPEBIPOK. Y BHITQJIKOBI MOMEHTH Yacy:

MpeS, S\Mp=@, M;<«t, (5)

ne Mp — Halip amapaTHHX KOMITOHEHTIB sipa Bepudikarii;

S — Ha0ilp amapaTHUX KOMIIOHEHTIB PO3MOALICHOI 0a3u JaHHX
KOMILJICKCY aBiOHIKH;

ljj — OcTaHHs eneMeHTapHa NEPEBIPKA B CUCTEMI,

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

BHKOHYBaJIa OCTaHHIO TIEPEBIPKY.

s opranizanii omepaTMBHOI CaMOJIIarHOCTHKH JTHHAMIYHUX
CUCTEM HaH4YacTillle BUKOPHCTOBYEThCS cucTeMa ouiHku [Ipemapara.
[Iponec opranizamii quHamiuHOi Bepudikaii po3noaiieHux 0a3 3HaHb
KBO mis 3a0e3neueHHst Horo pyHKIIOHAILHOT CTIHKOCTI BKJIFOUYAE STalu
[4]:

1) mepeBipKH CHCTEM Ta OKPEMHX €JIEMEHTIB KOMIUIEKCY aBiOHIKH
BiJl iHIIMX MOAYJIB BUITAJKOBUM YHHOM Yy BHITAJKOBI MOMEHTH Yacy;

2) oOMiH 1 HAaKONHMYEHHs JiarHOCTHYHOI iH(opMmarii B mam'sri
€JIEMEHTIB aBlIOHIKU;

3) BU3HAYCHHS MMapaMeTpiB HeOOXiAHOT HAMIMHOCTI JiarHOCTYBaHHS
CJIEMEHTIB KOMIUIEKCY aBIOHIKM Ta (QOpPMYyBaHHS NEPEBIPOK s
JIOCATHEHHS 3aJIaHOl HaJIHHOCTI;

4) BU3HAYECHHS JOCTATHOCTI JIarHOCTHYHOI iH(opmarii mams ii
aHaJli3y 3 BUKOPUCTAHHSIM IMOBIDHOCTI CHHAPOMY SIK O3HAaKH
nocratHocti SD= {Sd i } (me SD — cumzpoM, SUj;— OIMH pe3yIbTaT TecTy);

5) BiICTeXXEHHS  CTaHy CTPYKTypH  TECTOBUX  3B'I3KIB 1
PE3YJIBTYIOUOT0 CUHAPOMY 10 KOYKHOMY 3 KOPEKTHUX MOJIYJIIB CUCTEMU;

6) posmdpoBka miarHOCTHYHOI iH(GOPMAIlT [UISIXOM aHami3y
CUHIPOMY Ta BH3HAYCHHS MiCli Ta THITy BIJIMOBU €IIEMEHTIB
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inTerposanoro KBO.

3 HaKOMHMYEHHSM JOCTAaTHBOI iH(pOpMaLii Mpo CTaH EIEMEHTIB Y
po3mnoaineHid 0a3i JaHWX KOMIDIEKCY AaBIOHIKM KOPEKTHI MOyl
OCTaTOYHO JiarHOCTYIOTh CHHApoM SD= {Sd i } Pozmmdposka cuaapomy

SD={Sdij} JO3BOJIIE  JIOKANi3yBaTh BiAMOBY 1 BH3HAuUTH il

XapaKTepUCTUKA. BHcoKka OCTOBIPHICTE pe3ynpTaTy NepeBipKd
3a0e3MeuyeThCcs HAKOMMYEHHIM iH(opMaIii Ipo pe3yibTaTH MepeBipKu
TIJBKM B KOPEKTHUX MOAYJsiX X;. [Ipu BU3HAUEHHI KOPEKTHOTO MOAYJIS

X; posmofineHoi 6a3u AaHUX, 3AaTHOTO PO3MM(GPYBATH CHHIPOM,

BHUKOPHCTOBYETHCS] METO YMOBHOI ITepeadi pe3yIbTaTiB eleMEHTapHUX
TECTIB.

Jns 3a6e3neuenns OC iHTErpoBaHOTO KOMITIEKCY aBIOHIKM JIiTaka
3IIACHIOETBCSI TIEPEPO3NOALT HOro HAsSBHUX PECYpCIB 3a MPUHLIUIIOM
«CUHEPTeTUYHOTO» BITHOBHOTO YINPABIiHHA. 3arajioM 3aBIaHHS
MapyBaHHS BiJJMOBH TIOJSITa€ y BH3HAYCHHI HEYITKOI'O JIOTiYHOTO
BUCHOBKY Y BHUTJISII:

Y= % %) ()

[TapyBanus BiamoB i miarpumanas @C iHTETPOBaHOTO KOMIUIEKCY
ABIOHIKU 3IMCHIOETBCS IUIAXOM BiJHOBJICHHS PO3MOILICHOI CHCTEMH
0e3 icToTHOI peopranizamii 3aco0iB Bepudikarmii. TakuMm 4YWHOM, B
yMoBax 30ypeHb KOMIUIEKC aBiOHIKHM TPOJOBXKYE (YHKI[IOHYBaTH,
BIpPOTiJTHO, 3 €KUM TOTIpIIEHHSIM XapaKTEPUCTHK, alle 3 BUKOHAHHSIM
MiHIMaIbHO HEOOXITHUX (YHKIIIH.

OnrtuMizamisi CTPYKTYpH IHTETPOBAHOTO MOMYJIBHOTO KOMILUIEKCY
agioniku (IMA — integrated modular avionic) mitaka BuMarae
0JTHOYAaCHOT'O BUOOPY ONTHMANBHOI CTPYKTYPH Ta BU3HAYCHHSI OCHOBHHX
3MIHHHX TapaMmeTpiB Ui 3a0e3ledeHHs HaWKpammx MOKa3HUKIB
epeKTHBHOCTI Horo poOoTu. BupimeHHs miei mpoOieMu MOXKIIMBE
NUISIXOM 3aCTOCYBaHHsI METOJIIB ONTHMI3allil CTPYKTYPH 32 KPUTEPiEM
MaKCUMyMY Y3arajJbHEHOI0 IIOKa3HUKa (YHKIIOHAJIBHOI CTiHKOCTI
FiMA ARCRAFT » OOPAHOTO B SIKOCTI KPUTEPIIO MEepeBaru 3 OOMEXEHHAMHU

BapTOCTi Ha MOOYJOBY CUCTEMHU:

F =f S8
IMA AIRCRAFT= (PijJ—ElJZZI ij Py

1€ Fiya arcrarr — QYHKIIMOHA SIKOCTI CHCTEMH;

bi; — BaroBi KoeQilieHTH;

ij
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P; — MMOBIpHICT 3B’A3HOCTI OimoysipHOTO Tpadha 3 BEPIINHOIO-

BHATOKOM V; Ta BEPIIHHOI CTOKOM Vj ;

N — KUTBKICTB BepmnH rpada.
Barori koedimieHTH bij BH3HAUYAIOTHCA HAa OCHOBI METOXIy
eKCIIepTHUX OIHOK. Ha oCHOBI MomepHi30BaHUX OMIHOK IloJickkoro
pO3paxoBaHO HMOBIPHICTE 3B'SI3HOCTI OIMOJIIPHOTO Tpada 3 BEPIIHHOIO-
BUTOKOM V; 1 BEPIIHHOIO CTOKOM V; .

HeoOxigHO BH3HAYMTH ONTHMAIBHY CTPYKTYPY PO3HOILIECHOI
cuctremu IMA, sKka XapakTepU3YEThCSl MAaKCHMaJbHHM pPiBHEM

(GYHKIIOHATBHOCTI  Fyya arcrarr » 1O 3QJIEKUTH BiJ HMOBIPHOCTI

3B’SI3HOCTI MTPH 3a1aHUX OOMEKEHHSX. Y ¢l KOMYHIKaIiiHi JTiHIT BUXiTHOT
CTpyKTypHu Gy (V, L) MOBHHHI 30epiraTucs B CHHTE30BaHUX CTPYKTYpax

G, (V, L). Jns Takux yMOB MaTe€éMaTH4Ha MOJIENb CUHTE3Y KOMILIEKCY
IMA miTaka Ma€ BATJIAL;
F iva arcraer = f (Pij) —max, i,j=1..N, i#]j (7

3 TAKUMU OOMEKEHHSAMU:

Co =22.C; (. 235, 9 ) < Ca
]

7(G)>2; 2(G)>3,
{oG)22nk>1U {x(G)22nk>1},

Gy (v, L)<, (v, L),

Pij > Gij»

Taver < Threx
e N — xijgbkicTh OJOKIB 0OMiHY iH(OpPMALI€I0 KOMIUIEKCY
aBIOHIKH, SIKi CHHTE3YIOThCS,
Fiva ARcrarT — QYHKLIIOHAI SIKOCTi CHCTEMH, SIKUH MaKCHUMI3YEThCS;
R. — IMOBIpHiCTB 3B’A3HOCTI Mi maporo i, ) enementis cucTemy;
P, — AMOBIPHICTh HEOOXITHOIO 3’ €THAHHS;

Teq
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Pjj — ycl MapipyTH 3 IMOBIPHICTIO 3HAYCHHS 3B’ AI3HOCTI P ;
(, — BCTaHOBIIEHA BapTICTh ONTHMI3AIlii CTPYKTYpH;

inpopmamiero Mix enementamu (i, j) ;

BATpPATH Ha ONTHMI3AIII0 CTPYKTypH CHCTEMH OOMiHY

C,, — JOImycTHMa BCTAaHOBJIGHA BApTICTh [UIA ONTHUMI3aIlii
CTPYKTYpH; /1(G) — CTYIIiHBb peOepHOi 3B’ SI3HOCTI;

0(G) - ®- 3emHaHHS — MaKCHMAaNbHA KiNBKICTh BEPIIHH
He3aJIe)KHUX MapIIPYTiB MK OYy/b-sIKOI0 Taporo BepminH rpada G (V, L)

;

y(G) — Il MakCHMaJbHa KUIBKICTh HE3QJICKHHX Bia pedpa
MapuIpyTiB Mixk OyIb-sKO0 Naporo BepiuH rpada G (V, L);

K — KiNBKicTH eeMEHTIB ONTHMAaNnbHOTo pyiiHyBaHHS @ (u)-
3B’SI3HOTO Tpada;

Iij — JIOB)KHHA JIiHIT 3’ €JHAHHS €JIEMEHTIB (i, j) ;

pij — TPOILyCKHA 3[IaTHICTh OJIHOTO KaHaIly Tepeayi inpopmarlii;

Qjj — IHTEHCUBHICTh OOMiHY 1H()OPMALIEIO MK elIeMEHTaMHU V; , Vj ;
T qer — CEPEnHIN Yac 3aTPUMKH CHOBILICHHS, IO MEPENaeThCs Bix

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

XapaKTePUCTHK;
& — 1HJEKC 3ajaHoro 3HaveHHs £=12..n, skuil nependavae

3HaXOPKCHHA KIJIBKOX CTPYKTYp 3aJaHOIro 3HA4YCHHA Ca . A

oInTUMi3arii Ta 301IbIICHHS CTPYKTYPH CHCTEMH 00MiHy iH(oOpMaIli€eto.

Y  pesymbrari po3p’szaHHs 3azaui  (7) Oyme CHHTE30BaHO
ONTHMAJILHO PO3MOJUIEHY cucTeMy Komiuiekcy IMA 3 enemeHTiB i3
MEBHUM 3HAYCHHSM MAaTpHIl CYMDKHOCTI iH(popMamidHUX 3B’s3KiB il
rpada. BusHadeHHs palioHaJILHOTO BapiaHTa Mojeli Komiuiekcy IMA
MO>KHA 31IHCHUTH 32 KPUTEPIEM MaKCUMYMY y3arajibHEHOT0 MOKa3HUKa
®C, 0O6paHoro SIK KpUTEPIiii epeBary 3 00MeKEHHSIM BapTOCTI TOOYI0BU
cucTeMH. Y TaKii MOCTaHOBII rpad CTPYKTYpH aBiamiiHOTO KOMILIEKCY
IMA wmae nperepmiHOBaHYy KUIBKICTH BY3JIB 1 BHIAIKOBY KUIBKICTh
3B’SI3KIB, 1 3a/laqy MOXHa pO3B’S3aTH 3a JIOTIOMOTOI) BHKOPHUCTAHHS
npuHIMIy Makcumymy [loHTpsriHa a0o0 IHIIMMH — KIACHYHHMH
METOAAaMHU.
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HOBYJOBA BUITAJKOBUX I'PA®IB HA BA31I MO/IEJIL
EPJEIIIA-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. BumagikoBi rpadu BUKOPHCTOBYIOTE JUTSI MOJEIIOBAHHS Pi3HUX
MIPOIIECIB Y PI3HUX MPHUKIATHUX 00aacTax. JlocmimkeHHI0 BUTIAAKOBUX TpadiB
MIPUCBAYCHO O€37i4 HAyKOBHX Tpalp SIK TEOPETHYHOTO, 1 MPUKIATHOTO
xapaktepy[1,2]. Kpim Toro, BumaakoBi rpagy MOXKYTh 3aCTOCOBYBATHCS TpU
CTBOPEHHI 0a3 TECTOBUX MPHUKJIAMIB JJIS MEPEBIPKH SIKOCTI METACBPUCTUIHHX
JUISL HIMPOKOTO CHEKTPY NMPUKIAIHUX 3a]a4, SKi 3BOAATHCS 10 eKCTPEeMalIbHIX
3aga4 Ha rpagdax. ToMy akTyaJlbHUM € JOCIHIJKEHHS aJrOpUTMIB 1MOOYI0BH
BUIAJKOBUX rpadiB i3 3aJlaHMMM BJIACTUBOCTAMH. Hanpuknazx, BHmaakoBuX
JiepeB, perysipHuX rpadis ado rpadis, 0 MICTATh TaMUIBTOHIB IIUKII.
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Mopeas Eppaema-Penbi. AjroputM mnodyaoBH BHIIAJIKOBOIO
rpagy
Haii6impI BiOMOIO MOJIEIUTIO TeHEpaTOpa BUIMMAIKOBHX TrpadiB €
Mozenb Epnemnra-Penni [3], B sKkiif kokHE peOpo rpada reHepyeThes 3
OJHAKOBOIO 3a/JaHOI0 HMOBipHicTIO. Po3srisHemMo 3amauy mnoOyaoBU
BHIIAJKOBHUX TpadiB 3 ypaxyBaHHSIM BUKOPHUCTAHHS CaMe IIi€1 MOJIETi.
Anroputm  TeHepamii rpadiB y wmomem —Epnema-Penni
BUKOPHUCTOBYE JHIIe oauH napametp « e (0,1) . IIpu npomy HMOBIpHICTH
rerepamii rpada G=(V,E) i3 3amaHuM YucioM BepmmH n=|V | i

3aJlaHUM YUCIIOM pebep m =| E | Bu3HauaeThes hopmyInoro:
n(n—l)_m
PGB)=a"(l-a) 2
Hexaii Bci Beprmuau rpada G 3anymepoBani Bif 1 1o N 1 MaTpuIlst

cymikHOCTI Tpada G mae Bursig A= (aij )i 1.2 1€

a {1, sKio pebpo (i, j) HajzexxuTh MHOXKHUHI pebep rpada G
ij =

0, B iHIIIOMY BHITAJKy

HaBenemo anroputm reHeparii BUMaKOBOT 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 Biapi3ky [x, VY]
if (random(@, 1) <= alpha)

{

c[i, j] = 1;
}
else
{

c[iJ j] = 0;
}

AJaroputm no0ya0Ba BUNIAJIKOBOI0 3B’ SI13aHOI0 rpagy
Bumankosuii rpad, skuit moOy10BaHO 332 HABEJACHUM ajJrOPUTMOM
moaeni Epnerira Pensi He 000B’s13k0B0 Oyie 3B’ s13aHUM. SIKIIIO MOTPIOHO
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3reHepyBaTH came 3B’si3aHMd rpad), TO anmroputM mnoTpiOHO Oyne
3MiHuTH. OIUH 3 METOAIB MOOYJOBU BHIAIAKOBOTO 3B’S3aHOTO Tpady
CKJIQIAETHCS 3 ABOX eTamiB. Ha mepmiomy erari reHepyeThCsl BUTIAIKOBE
KictskoBe JepeBo rpadgy G. Ha apyromy erami no 1poro nepesa
JIOJaloThesl pedpa, MmO HOoMy He HalexaTh 3a alrOpUTMOM MOl
Epnema-Penri. ToOTO KokHE HOBE pPeOpPO HOTAETHCS 3 OIHAKOBOIO
WMOBIPHICTIO « .

PosrnsaeMo oawH 3 MeToniB MOOYAOBH BHUMAIKOBOTO KiCTSIKOBOTO
nepeBa. MuoxxuHy HOMepiB | ={1,2,...,n} BepmuH rpady po3id’emMo Ha
nBi yactuau | =1, U l,. Ha mouatkoBomy kpoui I, ={}, |, ={2,...,n}.
Ha nepmomy kpori BUOMpaeThCsl BUNIAIKOBO ABA 1HIEKCH iy, j, €1, 1
MIePEHOCATRCS 13 MHOXUHU |, B MHOKHHY |1. BiamoBinHO B nepeBo, 1Mo
Oyayetbesi, momaetsest pedpo (iy, j,) - Ha deproBomy kpoiri BUIagKoBo
BuOMparoThcss aBa Homepu iel,jel,. B gepeBo, mo Oyayerbcs
nopaetbest pedpo (i, j) . [Ticast mporo HOMEp j BHIYYAETHCS 13 MHOKUHU

I> Ta noetbcs no MHOXHUHH |1, ANTOpUTM 3aKiHYy€e pPoOOTY, KOJIU
MHOXHHa |, cTae mopokHBO0. HaBemeMo oHy 13 MOXKITHBHUX peai3aliii
LBOTO ATOPUTMY Ha MOBi C++.

var Il[n] { };
var I2[n] {1, 2, 3, .., n };
// BuNagkoBo o0bupaeTbca pebpo
var i@ = I2[random(1, I2.Length)];
I2.Remove(if);
var jo = I2[random(1, I2.Length)];
I1.Add(i9);
I1.Add(j9);
c[ie, jo] = 1;
do
{
var i I1l[random(1, Il.Length)];
var j I2[random(1l, 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 anroputMmy Oyae OTpHMaHa
MaTpHIISl CyMDKHOCTI Tpady, KU € KICTIKOBHM JAEPEBOM.

AJropuTt™M  moOyIOBHM  BHNAAKOBOr0 rpady, 1Mo Mae
raMiJIbTOHOBHH ITHKJI
PosrissremMo temep anroputM noOyI0BH BUIIAIKOBOTO Tpady, sSKui
Ma’ TaMUTbTOHOBMH TWMKI. [aMiTbTOHOBHII IIMKJI  OJHO3HAYHO
BU3HAYAETHCS TEPECTaHOBKOIO BepiinH rpady. Takum uymHOM Ha
MepuIoMy eramni anroputMy Oyae moOydOBaHWH BHMAAKOBUH MPOCTUH
IIUKJI, TI0 MICTUTH BCi BepmmHM Tpady. Ha mpyromy erami mo 1msoro
nuKiTy OyayTh HonaHi HOBi pedpa BiamosinHo Moaeni Epaema Pensi.
Hdns  moOynoBu BHUMAAKOBOI MMEpecTaHOBKM umcen 1,2,....N
CKOPHCTYEMOCS alrOpuTMoM TacyBanHs Dimepa-Kerca [4]. Peanisartis
BOTO aNTOpUTMy Ha MOBi C++ Mad HACTYITHUIN BUTIISI;
// B MaccuBi a[n] ¢opMyeTbCcA BUMNaALKOBaA
nepepecTaHoOBKa 4ucen
1,2,..,n
var a[n] = {1, 2, .., n};
//round(x) OKpyrnfae 4ucno x A0 HaWbaux4oro

uinoro

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

{

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

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

// swap(X, y) ObMiHWE 3Ha4YeHHSMM 3MiHHiI X Ta
y

s¥ap(a[i], alil);

SKmo oTpuMaHa NEpecTaHOBKA YUCEN i, ly,...I,, TO 10 Tpady

nojaroTeesi  BimmoBigHi  pedpa  (i,i,), (ip,i5),.r (i g, 00), (i),  1IO
YTBOPIOIOTH IIUKJI raMiIbTOHA.

Anroputm no0ya10B4 BUIAIKOBOI0 IBOA0JBLHOI0 rpady

PosrnsiHemo 3aiavy moOymO0BH BHUIIAJIKOBOTO JIBOJOIBHOTO Tpady.
Hexaii mepma monss MicTUTh N BepIIMH, a Jpyra M BepIIUH.
3aHyMepyeMO BEpILIMHHU MepIIoi 1ol unciaamu 1,2,...,m, a apyroi momi
1,2,...,n. JIBojonpHuit rTpad OymeMo BH3HAYATH  MATPHUIICIO
{blj}izl,.Z..,m,jzl,Z ..... n> AC
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b {1, SIKII[O BEPIIHHA i, TepIroi 101l 3’eaHana pedpoM 3 BEPIIMHOKO | APYrol 1ol
i

0, B iHIIOMY BUTIIAJIKY

Anroputm moOyZoBH BUMaAKoBOTrOo rpady 3a mopemto Epmerma
Penbi Mae HaCTyIHUH BUTIIAL!

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

{

C[iJ j] = 1;
}
else
{

cli, j] = o;
}

Bunaakosi rpagu 3 3agaHnM 4acTKOBUM rpagom

Buxosuu 3 monepeaHix MPUKIAiB, MOXHA 3alIPOIIOHYBATH CIIOCiO
moOyI0BH BUMAIKOBOTO Tpada, AKUi MiCTUTh 33JJaHUI YaCTKOBUH rpad.
Anroput™ moOymoBH Takoro rpada mMae Takuwil BUTJISJ: HA TEPHIOMY
eTarti OyyeThcst BUNIAIKOBHI rpad, sIKUi Mae 3a/1aHy BiacTHBicTh. Jami
BHIIAJIKOBO JIOJIAIOThCS BiJICYTHI pebpa BiamosigHo g0 mojaeni Epnema
Penpi.

Hanpwuxaz, po3riasiHeMo NpUHIIMIT TOOYI0BH BUTIAIKOBOTO rpada 3
N BepUIMHAMH, SIKUA MICTUTH TOBHHMHA moarpad 3 BepIIMHAMH K.
Bepumnu rpaga mymepyrotsest uncnamu 1,2, ... N Ha nepmomy erari
BHIIJIKOBO BUOUPAIOTHCS K uncell 3 MHOKHHHU 1,2, ... N 1 101aI0ThCs BCI
pebpa, o 3'€THYIOTH Mapu BEPIIWH 3 HOMEpaMmu 3 oOpaHOTO HAOOpY
yucen. Jlaii, koxHe 3 pedep (i,]), SKi 1€ He YBIHILIN 1O MHOKUHH pedep
JOJTAETHCS 10 Ii€] MHOXKHMHHU 13 33]]aHO0 HMOBIPHICTIO.
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AJITOPUTM HABIT AIIII TPYIIN
CLJIbCBKOT'OCIIOAAPCBKHUX BIJIA 3A BIZICYTHOCTI
GPS
BstueciiaB Koponbos, Makcum Orypiios, Onekcanp X0a3iHChKH
Inecmumym xivepnemuxu imeni B.M. I'nywxosa HAH Ykpainu

NAVIGATION ALGORITHM FOR A GROUP OF
AGRICULTURAL UAVS 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 anaparu (BITJIA) Bce axTuBHiIe
IHTETpyIOTbCS Yy  Pi3HI  Tamy3i, MOCTIHHO pPO3MIMPIOIOYN  CBOI
(yHKIIOHATIBHI MOXJIMBOCTI. 3aMiCTh BHKOpUCTaHHS okpemux BITJIA,
Bce OiNblile yBaru MpUAUISETHCS IXHIM IpyIaM, OCKIJIbKH JIIsl 6araTbox
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3aB/laHb, TaKUX SK MOHITOPUHT CLIhCHKOTOCIIONAPCHKUX VTillh a00
3pOLICHHS, TPYIIOBE 3aCTOCYBaHHS BUSBIIETHCA 3HAYHO €(PEKTUBHIIINM
ta mpoxyktuBHImmM [1]. IlinBumieHHS e(EeKTHBHOCTI OCSTAETHCA
IUIIXOM 3HAYHOTO CKOPOYCHHS KiTBKOCTI ONEpaTopiB, MOTPIOHUX IS
KepyBaHHs Tielo k KinbkicTio BIIJIA y ckiani rpymu, Ha BiIMiHY Bif
Tpamuiliiinoi cxemu "ommH omeparop — oxauH BITJIA" [2]. ba Ginpre,
BUKOPHUCTAHHS TPyI IO3BOJISIE BIPOBAKYBaTH I'PYNOBE KEPYBaHHS 3
CJIEMEHTAMH IITYYHOTO 1HTENEKTY, K€ y 0araTboX 3aBIaHHSAX 3HAYHO
MepeBepIITye MOKIMBOCTI Ta MIBUAKICTh peakilii toquHu. 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 nmanHoi poOoTm € po3poOka anropuTMy Hairarii
rpynu cinmecbkorocnogapcskux BITJIA 3a BigcytHocTi (abo moraHoi
saKkocTi curHany) GPS st yrpuMaHHs cTanoi CTpYKTypH IiJl 9ac pyxy
rpynu. [lepenbadaeTses, mo rpymnoro, He3anexkHo Bif KimbkocTi BITJIA,
Kepye oauH omepaTtop. Po3poOneHuil aJropuTM IMOBHHEH HE TiJIbKU
3a0e3nevyyBaty e(peKTHBHE KePYBaHHs, ajie 1 3amo0iratu MmoTeHIIIMHUM
sitkHeHHsM BITJTA min yac moBiTpsSHUX MaHEBPIB.

3a3Buvaii y TOAIOHWX 3amadax HE 3aCTOCOBYIOTh IMiAXin i3
PO3pOOKOI0 CHCTEMH JIOKAJIHHOI'O B3aEMHOro mnosuiliroBanHs BILJIA,
SIKMI MU ITPOTIOHYEMO B Lill pOOOTi.

AHaJi3 mnomnepenHix po3podok Ta myOmikamii. Y HayKOBHX
poboTax, MpUCBSIYEHUX NOAIOHMM 3amadam [1-7], BapTO BiA3ZHAYWUTH
miaxoau, mo 0a3yroThesl Ha mapaaurmi [HTepHETY pedel Ta MITyYHOTO
inTenekty [4]. He3pakarouu Ha TXHIO iHHOBAI[IHICTh, BOHU BUMararTh
BEJIMKUX OOYMCIIOBAIBHUX PECYpCiB, MO0 OOMEXye iXHE MpaKTUYHE
3aCTOCYBaHHS. 3aCTOCYBaHHS apalieIbHUX FeHETHYHHX alrOPUTMIB Ta
IHIIMX METOJIB KOMOIHATOpHOI omnTuMi3amii [5] TakoX BUKIHKAE
iHTEpec, aje aBTOPH BBAXKAIOTh, 10 y OaraTbOX BHIIAJKAaX BHUHUKAKOI
3aJa4i MO>KHa PO3B'sI3yBaTH MPOCTIILIUMH METOIAMH.

[HmMiA miaxig monsrae B mMomnepelHbOMY IUIaHYBaHHI MapIIpyTiB
rpynu BIUIA [6], mo 3Ha4HO 3BYKy€ MOXKJIHMBOCTI X BHKOPHCTaHHS.
OnHuM 13 HAHNOMIMPEHIIUX METOIIB € ONTUMI3allisl POEM YaCTUHOK [6-
7], mpoTe 1ie# miIXi TaKOK € JOCUTh PECYPCOEMHUM.

OcnoBHa yacTuHa. PosrisHeMo, sk 3aa4a Moxe OyTH po3B'si3aHa
B JIBOBHMIpHii TOCTAHOBLI, SIKa I[IJIKOM 3aCTOCOBHA 32 YMOBH, LII0 Ipyma
pyXa€eThCsl HA OJIHAKOBIH BUCOTI 1 PI3HUINO iX BUCOT MOXHA ITHOPYBATH.
e Takox MiAXOMUTH MJI HA3eMHUX OE3MUIOTHUX amnapartiB, IO
B3a€MOJIIOTH Y 30HI IPsAMOi BUIMMOCTI. BBakaTUMeMO eJleMEeHTH Ipynu
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TOMOTCHHUMH, XO4ya 3 JOJaBaHHSAM JOJAaTKOBHX I[apaMeTpiB Ta
00MeKeHb MOYKHa BUKOPUCTOBYBaTH 1 rereporenHi BITJIA.

Maemo Habip BIUIA, sxi ¢opmyrors rpymy. Y wiii po0ori
posrmsimaetscsi rpyna go 30 BIUJIA. Koxen BIUUIA ocuHamenwit
natunkamu (GPS, kommac, akcenepoMerp, BHCOTOMIp TOINO), IO
NO3BOJIAIOTh BH3HAYATH B3a€MHE TIIOJIOKEHHS Ta MiATPUMYBAaTH
CTPYKTYpY TpyIu. 3aBaHHs TOJATaE B TOMY, 00 AOCSATTH HEOOXiTHOT
KoH(Qirypauii rpynu B MiHIMaIpHUA 4Yac 1 MIATPUMYBATH IO
KOH(}Iryparito 3 MiHIMaJbHIMHU BUTPAaTaMH PECypCy.

ANropuTM TOBMHEH IIpallOBaTH ITEPaTUBHO 3 YacTOTOO
MOBTOPEHHA HE MEHIIE pa3y Ha KilbKa CeKyHJ, 00 BpaxoBYBaTH
MOKNIMBI 3MiHM mMonioxkeHHs1 eneMeHTiB rpynu BITJIA. Kougirypamis
Tpyny TOBHHHA 3a0e3ledyBaTd OJMHAKOBI BiJCTaHI MK CyCiTHIMHA
BIUIA.

3MicTOBHA MOCTAHOBKA 3a/1ayi.

Bxioni oawni:

1. Kinbkicte BITJIA.

2. Koopaunaru GPS.

3. Hampsim pyxy.

4. IIIBUAKICTE.

5. Kyt Haxumy.

6. Bucora.

Iapamempu:

1. MakcumaiibHa mBHIKICTh pyxy BITJTA.

2. MiHiManbHO JOMyCTHMa BHcOTa IONbOTY BITJIA.

3. MakcumansHa nanpHicTh oas0Ty BILJIA.

4. MiHiMaJIbHO JIonycTUMa Bijctanb Mixk BITJIA.

Kpumepiii:

MiHiMi3amis cymMapHOro IoAaTkoBoro pyxy ycix BIUIA rpymwm,
MOTPiOHOTO /IS BIAHOBJICHHS 3a7]aHOi KOH(ITyparii.

Buxioni oani:

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

I'pad, moO yTBOPIOEThCS TIPYNOIO, CIOYATKy TMOJAHUH Y
TpuBuMipHoMy EBKkiimoBomy mpoctopi [8], a moriMm Mmae OyTm
MpUBEACHUI 10 ABOBUMIpHOTO rpady.

IHo3HaueHHst

G(V,E) — 3amannii mosuwuii rpad, 1o Bigodpaxae yci BITIA,

n=|V| — kinbKicTh BepinH rpada,
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V={Vvi,...,Vn} — MHOXKMHa BEpIINH, KOXKHA i3 SKUX MOJAE CICMECHT
rpynu, (okpemuii BITJIA), monmoxeHHS SKOTO BH3HAYAE€THCS TPhOMA
KOOPJMHATAMH,

(Xi,Yi,Zi), i=1,n — xoopmunaTu BepimH (BILJIA), ne Xi, Vi, HEBigoMi, a
Zj BigoMmi.

E={e12,€13,...,6n-1,n} — BimoMi JOBXMHHU pebep.

Bino0pa:xennst rpaga 3 tpuBuMipHoro EBkiritoBa npocropy Ha
TUIOLMHY

3 pucyska 1 BuOHO, IO JOBXKMHA WPOEKIii pedpa €jj MixK
BepIIMHAMU V;,Vj Ha uiomuny XOY:

e’l-j = ’elzj — (Z] —Zl')z.

Jns cTBOpeHHs HeoOXimHoi KoHG}Irypamii BEeHIIWH (€JIeMEHTIB
rpynu BITJIA) Ha OCHOBI BiJOMHX KOODIHMHAT, CIiJi BUKOHATH TaKi
Kpoku: Bubip 6a3oBoro TpukyTHUKA, (hikcallisi 6a30BOro TPUKYTHUKA Ha
IIOMIMHI, MyibTHIaTepalis Ui BHU3HAYEHHS KOOPAHWHAT 1HIITHX
BepIInH Tpada.

ej

e'ij
Puc. 1 — 3gedenns mpusumipnoi 3a0aui 00 3a0aui Ha NIOWUHI

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

Buxopuctanns 0a30BOro TPUKYTHHKA JI03BOJIsIE  (HOpMyBaTH
MOTpiOHY  KOH(QIrypamito BCEpelIWHI HBOTO, HE  30UIBIIYIOYH
MaKCHMaJIbHY BIZICTaHb MK OY/b-SIKHMH JIBOMA BEPIIMHAMHU.

Kpumepii eubopy 6az06020 mpuxymnuka:

1. MakcumalbHa KiJbKICTh €JIEMEHTIB:
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bazoBuil TpUKYTHHK OOMpa€eThCS 3 ypaxyBaHHAM MAaKCHMalbHOI
KUTBKOCT] €JIEMEHTIB IPYIIH, sIKi MOJKHA PO3MICTUTH BCEpPEIUHI HBOTO.

2. MakcuMalibHa II0IIa TPUKYTHHKA.

ITicns Bubopy 6a30BOTO TPUKYTHHKA, MOXKHA (pOpMyBaTé HOTPiOHY
KOH(ITypaIlifo BEpIIUH BCEPEAVHI HHOTO, HE MOPYIIYIOYH OOMEKEHHS
Ha MaKCHMaJIbHY BiJICTAHb MIJK JBOMA BepPIIIMHAMU (€JIEMEHTaMHU TPYIIH).

®@ikcanisa 0a30Boro TpukyTHuka Ha miommuHi. Ilicis BuGopy
0a30BOr0 TPUKYTHUKA 30€pIira€Tbcsl KilNbKa CTYINEHIB CBOOOAW TpHU
po3MilIeHHI TpoekIii rpadga Ha TwiommMHI. Bubepemo Taki: mo4yaTok
CHUCTEeMH KOOpAWHAT (Tiepina BepIIMHA TPHUKYTHUKA), HATPSIMOK OCi
abcuuc (apyra BeplIMHA TPUKYTHHKA), HampsIMOK OCi opauHatr (TpeTs
BEPILINHA TPUKYTHUKA).

1. 3adikcyeMO KOOpAWHATA BEPIIMHU Vj, y SKOCTI TOYATKY
KOOpJIMHAT:

vp = (0,0)
2. Cropona vV, Hexall Oyne dactuHoro oci OX:v, = (e'p., 0) =
(a,0)
3. y,— KOOpAWHATY BEPILIUHHU VU, BU3HAYUMO 3 IUIOII TPUKYTHHKA!
ay,
S=Vr-a)@-b)p -0 ==~

4. X, — KOOpAWHATY BEpIIMHH VU, BH3HAYHNMO 33 TEOPEMOIO

[Tiparopa:
X = ot -3

3aBIsKM JIOCTYITHOCTI JaHUX CYIYTHHKOBOTO TIO3WI[IOHYBaHHS,
3aBJIaHHS MiITPUMKH CTPYKTYpH Tpyru BITJIA moxe OyTH criporieHo 10
miaTpuMkn mo3uiii koxkHoro BITJIA y 3amaniii moxarii reoMeTpudHOI
¢irypu, BUKOPUCTOBYIOUH a0COJIIOTHI 3HAYSHHS] KOOPAMHAT.

OO0MexkeHHSI CYNMYTHMKOBOro mo3unionyBanHs. Ilpnm wmamux
Bizmcransax Mix BIIJIA TOYHICTH CYITyTHHKOBOTO TIO3HIIIOHYBaHHS MOXE
OyTH HeocTaTHROW. Lle MoXKe MpU3BeCTH 0 MOPYIIEHHS MiHIMaTbHOT
BificTaHi, BCTAaHOBIIEHOT 11 3anmo0iranus 3iTkHeHHsM BITJIA.

MyasTriaatepauisi. s BU3HAYEHHS KOOPAMHAT 1HIIMX BEPIINH
rpada MOXKHa BHKOPHCTAaTH MeToz MyibTwiateparii [9]. lle meron
JIOKaJbHOTO TIO3HIIIOHYBAHHS, SIKHH HE 3aJeKHUTh BiJl CYNMyTHHKOBUX
cucteM rinobanpHOro no3umionyBanHs (GPS) i € 6inpm Tournm [10].

Aneopumm mpunamepayii’

CrpoliieHuit aJIrOPUTM TpujaTeparii CKIaJaeThbCsl 3 HACTYIHHX
KPOKIB:
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Etan 0: KaniOpyBaHHs BizcTaHei 32 MOTYXHICTIO:

Bxigni gami: TaOnuus BiacraHel, oOTpuMaHa B Pe3yJbTaTi
KaJiOpyBaHHSL.

Buxinni nani: BigkamiOpoBaHi BificTaHi MiXK By3JIaMH.

Etan 1: 36ip naHuX npo NOTYXHICTh CUTHAIY:

Koxnamit By3onm wmepexi BIIUIA otpumye iHdopmarito mpo
MOTYKHICTh CUTHATY BiJ HIITNX BY3JIB 1 Iepeae iM cBOi JaHi.

Etan 2: Po3paxyHOK BiJICTaHE# Ta KOOpAWHAT:

KoxxHuil By3om IUis BCIiX iHIIMX IOCSHKHHUX BY3JIB PO3PAaxoOBYe
BiJICTaHi 3a TaOnWIel0 3 pe3ynbTaTaMH KamiOpyBaHHS Ta PO3B'A3YeE
CUCTEMY piBHSHb TpHjarepauii sl OTPHUMaHHS CBOiX JIOKaJIbHUX
KOOp/AWHAT.

OTpumaHi 3HA4YEHHS KOOPAMHAT HAACWIAIOTHCS BCIM BY3JIaMm
Mepexi [11].

BaxnuBo 3a3HaUMTH, IO TOYHICTh MYJIbTHIATEPALIi] 3aJ€KHUTh Bij
IIUTBHOCTI PO3TalllyBaHHS BY3JIIB MEPEXi Ta SKOCTI MPHUIMAaIbHO-
nepeaBatbHOTO 00NMaaHaHHsA. ToMy KOMOIHyBaHHS MYIbTHIIATEpAIlii 3
CYIMyTHUKOBUM IMO3MIIOHYBaHHSM MOXe 3a0e3MeyuTd mie Oiibin
BHUCOKHUH PIBEHb TOYHOCTI JIOKAJILHOTO Mmo3ultionyBanHs BITJIA.

[louaTkoBi TpakTHYHI EKCIIEPHIMEHTH I[TOKa3ald 3aCTOCOBHICTh
MPOIIOHOBAHOTO MMiX0AY, MPU I[LOMY aKIEHT POOWBCS Ha BUKOHAHHI
OOYMCIICHb Ha OJHOIUIATHHX KOMIT'loTepax tumy Raspberry Pi 4B na
6opty BIJIA [12].

BuchHoBku. B pamkax BHKOHaHHS pOOOTH IIOCTaBIECHO 3a7aqy
(dbopMyBaHHsT Ta WIATPUMAaHHS CTPYKTypH Ta KOHQIrypamii rpynu
cinbebkorocnonapebkux BITJIA B mBoBUMIpHIH ocTaHOBI. BukoHaHO
dbopMmanizariro mocrtaBieHoi 3amavi. Po3rmsHYTI MOXIHBI  METOIU
BimoOpaxkeHHs Tpada, mo yrBoproeTbess poem BINJIA, y nBoBuMipHUI
EBkniniB mpoctip metomoMm (opmyBaHHS 0a30BOr0 TPHKYTHHKA IS
CTBOPEHHSI BITHOCHOI CHCTEMH KOOPAUHAT. 11 BUSHAYECHHS KOOPAUHAT
pemiti BepmvH Tpada HA TUIOMIMHI Ta BiJIOBIIHOTO ITiIBUICHHS
TOYHOCTI  JIOKAJIbHOIO [MO3UILIFOBAHHS 3aCTOCOBAHUN METO/
MynbTHAaTepanii. Po3risiHyTI BapiaHTH 3acTOCYBaHHS alTOPUTMY
Tpunarepauii ta TpuaHryysinii. [loyaTkoBi mpakTH4HI €KCTIEPUMEHTH
MOKa3aJli MPOMOHOBAHOTO TiIX0/Y, JO3BOJISTIOYH BU3HAYUTH JIOKAIBHE
MO3UIIIFOBAHHS €JIEMEHTIB T'PYIH, 10 MICTHTh BiJ IBOX A0 TPUALSTH
CJIEMEHTIB.

HanpsimoM moJiayibliiX JOCTiDKEHb € PO3po0Ka allrOpUTMY, IO
JIO3BOJISIE 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®OPMAIIII
Kpuswii C. JL.
Kuiscoxuti nayionanvnuu ynieepcumem imeni Tapaca Llleguenka

MATHEMATICAL SAFE, GRACEFUL TREES AND PROTECTION
OF INFORMATION
Krywyi 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
JloH1IsA, BiJOMOTO BYEHOTO 1 UyIOBY JIFOJMHY, SIKa BHECJIAa BATOMUI BKJIa]|
B 00JacTi JUCKPETHOI MaTeMaTHKH, Teopil rpadiB, MaTeMaTHYHUX irop,
Teopii onTuMmizalii Ta iHmn obmacti. B maHiii poOOTI po3riAAarOTHCS
METOJY 3aXHCTy IPOTPaMHOrO 3a0e3NEeUeHHs, SKi IPYHTYIOTBCS Ha
MOJIeIsIX MaTeMaTHaHoro ceiida [1] Ta rpamiosnux gepes [2], ski Oyiu
po3pobuteni I'.I1. JIoHiem Ta qociiKyBaIUCs HOTO YYHSIMU Ta KOJIETaMU.

2. MarematuuHuii ceiig

[epmie popmymnroBanHs 3aa4i Ipo MaTeMaTUIHUH celd Oyno maHo
B poboti [1]. MarematnyauM  celipoM Ha3MBa€EThCA CHCTEMA
Z2=(21,25,...,zn) B3a€EMOIIOB'SI3aHUX 3aCyBIB TakKa, IO KOJU BUKOHYETHCS
MTOBOPOT KJIFOYa B OJTHOMY 13 3aCyBiB, TO TaKWM k€ TOBOPOT BUKOHYETHCA
1 y BCiX 3acyBax, sIKi NOB's3aHi 3 JaHMM. MareMaTn4Hui celid Moxe
3aJaBaTuUCsl JABOMa CIOCOOaMHM: 3a JOIMOMOIOI0 MPSIMOKYTHOI MaTpHili,
€JIEMEHTH SIKOI BiATOBIIAIOTH 3acyBaM, i 3a JOIMIOMOTOI0 rpada, BEpLIMHU
SIKOTO BIJIIIOBI/1AI0Th 3acyBam. [Ipu wmarpuuHOMY 3ajaHHI
MaTeMaTHYHOTo celia KOXXHMUN 3acyB Zjj TOB'SI3aHUN 3 TUMHU 3aCyBaMH,
SKi pO3MileHI B I-My pSAKY 1 B |J-My CTOBIYMKY. A TpH 3aJaHHI
MaTeMaTHYHOTro ceiida 3a jmomomororo rpada, MOB'I3aHUMH 3 JAHUM

84



3aCyBOM € Ti, sIKi pO3MIlIeHi Yy cyMDKHHX BepmuHax. Jami B poOorti
PO3TIAOATUMYTHCS TiNBKH TpadoBi ceiiu, SKi 3aJar0TbCs CTOBIYUKOM
novyaTkoBuX mosuii 3acysiB b=|bi, i=0,1,...,k-1. Koxuuii 3acyB moxe
3HAXOAUTHUCS B OIHIM 13 JEKUIBKOX Ho3uuid. Beix MOXIMBHX mo3vmii
ckinuenne yucio: 0,1,..., k-1. 3acyB BiAKpUTHIA, SKIIO BiH 3HAXOIUTHCS
y nozuttii 0. Y noBiuTpHIH iHIIIH MO3MIIT 3aCyB BBXKAETHCA 3aKpUTHM. [Ipn
IIbOMY, SIKIIO y SKOMYCH 3aCyBi BHKOHYETHCSI TIOBOPOT KJIIO4a, TO BCi
3acyBH, MOB'A3aHI 3 JaHUM 3acyBOM, 30UIBIIYIOTH CBOi MO3MIIi Ha
OJIMHHUIIIO 32 MOIyJIeM K.

Heobxiono po3zs'azamu maky 3a0auy: BUXOIIYN 3 TOYATKOBHX IIO-
3WIif 3acyBiB ceiida, 3amanux Bekropom b=|bi|, ne bi€{0,1,..., k-1},
3HAWTH TaKy MOCIIIOBHICTh 3aCyBIB 1 UMCIIO TOBOPOTIB KJIt0YA B HUX, 11100
ceii MmepelmIoB y MONOKEHHS BiIKPUTOTO, TOOTO KOJU BCI MOTO 3aCyBU
3HAXOJATHCS y To3uii 0.

3. 3aganHs MaTeMaTHYHOrO ceiiga rpadom

Haramaemo QopmynroBaHHS 3amavi mpo MaTeMaTHYHHA ceild 3a
nornomoror rpada. Y BepmmHax rpadpa G=(V,E) 3naxoasrecs 3acyBH,
SIKI MOXKYTh 3HaXOJMTHUCS y OJHIN 3 mo3uwii i3 Muoxkunu {0,1,...,k-1}.
SIkio y BepuinHi U 3acyB 3HaXOJMTHCS y MO3UILIT I, TO TOBOPOT KIIFOYA B
Ii#f BepIIvHI epeBoanTb 1i 3acyB y nmosuiro (i+1)(mod k) a Takox Bci
3aCyBU y BEpIIMHAX, SKI CYMDKHI 3 BepmMHOKW U. [loyaTkoBi mo3wmiii
3aCyBiB y BepILIMHAX 3a/IAI0ThCsI BEKTOPOM D.

. TI. [loHenp 3amporoHyBaB 4YyJOBY IHTEpHpETALiio 3amadi mpo
MatemaTnuHui ceiid. Llg iHTepmperalis 3BoauiIa po3B’si3aHHs 3aqadi
Mpo MaTeMaTHMYHUK ceid 10 po3B’sA3aHHA CUCTEMH JIIHIHHUX
onuopinuux piBasHb (CJIOP) AXx+b=0 3a momynem K Hag BHOpaHOIO
obnactio D (a st 061acTh € ab0 KijblieM abo MMoJIeM JIUIIKIB 32 MOTYJIEM
k). 3acrocoByroun TSS-amroputm [3] anst po3B's3aHHS TAKOTO THITY
cucreM, aicraemo poss'ssku  CJIOP, sxi  BinkpuBaioTh — ceil.
[IpoimtocTpyemo ckazaHe npukiagom rpadoBoro ceiida, skuii 3a1aHAN
HEOPIEHTOBAaHUM Tpadom, KU HaBEJCHO HA PUCYHKY 1.

5 “1

Puc. 1 HeopienToBanuii rpad
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Bynyerscs CJIOJIP Ax+b=0 (mod k), ne b=(1,2,1,1,3). fIxa
BiJIMIOBiTae TaHOMY TpadoBoMy celidy:

4

= 0 (mod 5),

Ul W N -

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

[ = =S |
WhERRNRP S

ne BepxHiit psgok CIIOP me Hymeparlist CTOBIUHMKIB, a JIIBHIA CTOBITYMK
— mymepauis pagkiB CJIOP. 3actocoBytoun TSS-anroputm mo
PO3B'sI3aHHA 1i€i crcTeMH, aicTaemo Takuii po3s'szok a=(0,1,2,1,1,1),
SIKAH BigkpuBae ceid. JlificHo, moaarw4n 10 cToBmuKKa b, BianosimuHi
CTOBIUMKHU MATpPHLIi, TOMHOKEHI HA KOOPAMHATH BEKTOPA &, AiCTAEMO:
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4. I'panio3na HyMepailisi 1epeB

Hexait mano wmeopienrtoBanmii rpadp G-(V,E) 3 n pebpamu Ta
3aHyMEpPOBaHMMHM  BEpUIMHAMH. [HOYKO8aHOW — MimKow  pebpa
Ha3UBa€eThCSl aOCONIOTHA BEJIMYMHA PI3HULI MK HOMepaMmu (MiTKamH)
JBOX Horo KiHIiB. I'palfio3HOI0 HyMepaliiero HeopienToBaHoro rpada G
HA3UBA€THCS OlEKTUBHA BIAMOBIAHICTD () MiXK MHOXXHHOIO BEPLIMH rpaga
G ta muOXMHOWO {0,1,...,n-1} Taka, 1m0 BCi iHIyKOBaHI MITKH pedep €
pisHMMHU. [HIIMMHU CcJ0BaMH, HyMepallisi ¢ Tpalfio3Ha, SKIIO (:
V—{0,1,...,JE|} € in’exuiero 1 Bci pebpa G MarOTh pi3HI HOMEpPHU 3
mHoxuHU {1,...|E|}. DI'pad HasuBaeTbca epayiosnum, SKIIO BiH
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JIOITyCKA€E Tpario3Hy Hymeparlito. Jlam OyayTe posrnsnatucs rpadu, sKi
€ nepeBamu. ['pamio3Hol0 HyMmepami€ro nepeBa 7 3 N BepLIMHAMHU
Ha3WBAIOTh IPHUCBOIOBAHHSA WOTrO BepmIMHAM HOMepiB 1,2,..., N mpu
SIKOMY aOCOJIFOTHI pI3HHIII HOMEpiB KIiHIIIB pedpa € pi3HUMH Ta
YTBOPIOIOTH MOCIiAOBHICTE 1,2,..., N-1. ['panio3HruMu nepeBamMu € 3ipka,
JIAHITIOT, TYCEHHUIIS, OTMBKOBE JIEPEeBO, OaHAHOBE JePEeBO TOIIO [2].

BaxxnuBy BiacTHBICTh IepeB BUCBITIIOE TaKa TeOpeMa.

Teopema 1. 3 Oyap sikoi rpaniozHoi HyMepartii JepeBa MopsAKy N
MO’KHA OTPUMATH 1HIIY Tpalio3Hy HyMepawilo NUISIXOM NepeKoTyBaHHs
Xi=n+1-X;. Taxy HymepaIliro Ha3UBaIOTh IBOICTOIO0 HyMepaIliero [2].

5. 3apava 3axucty iHpopmamii

[lpobnema 3axucTy iHGOpMaLii Ha JOaHMKH 4Yac € OIHIED 3
npioputeTHUX B iH(pOpMamiiHUX TexHomNorisx. KoxHUE KopucTyBad,
SIKUH X04e OOMEXHTH HeOakaHUM 0co0aM HECaHKI[IOHOBAaHHUH JOCTYII
10 cBO€l mpuBaTHOI iH(OpMaIlii, moTpedye 3aco0iB 3aXHUCTy Ta 3acO0iB
HaJaHHA TpaBa JIOCTymy a0 Takoi iHdopmarmii. Hampukian, koxeH
KOpPHUCTYBad MOTpeOye 3axucty cBoei Web-cropinku. TakuM mpocTuMm i
pazoM 3 TUM eQEKTUBHMM MOXE CTaTH BHUKOPHCTaHHS  MOjEnen
MaTeMaTHYHOro ceiidy Ta rpamio3Horo jaepema. s mosicHeHHs iaei
CKOPHCTAEMOCS MPUKIAIOM HAHIIPOCTIIOTO TUITY JepeBa — JIAHIIOTOM,
SIKUI Mae 9 BEpILUH 1 Taky rpaiio3ny Hymepartito: 1,9,2,8,3,7,4,6,5.

OO0 O

OO0

©

/ _’\y ) ’/,» v 3 ) 1 /—:\ 5 3 —~ 2 1 N
O—O0——0O (—={—(—0
Puc. 2. I'pamio3Hi nepeBa

Ha xoxHOMY 3 IMX JIAaHIIOTIB, SIK Ha Tpadi, MOXKHA BU3HAYUTU
MaTeMaTHYHUH celi) 3 TaKkUMH TIOYaTKOBHMMHU CTaHAMU 3acyBiB
0,8,7,6,5,4,3,2,1, axi € mitkamu pebep rpada. HasBHICTH JEKiTBKOX
rpallio3HUX JIAHIIIOTIB Ja€ MOXKIJIMBICTD Bapialliii BHOOPY JaHIOra. A 1e
pU3BOAUTH N0 3MiHM piBHSAHB Y CJIOJP 1 10 3MiHH po3B’A3KiB CHCTEMH
B nigomy. Toxi, mia poctymy a0 KoHgiaeHuiinoi iHdopmanii ocoi
HeOakaHId MOTPiOHO 3HATH TOMOJOTI0 Tpada, HOro Tpario3Hy
HYMEPAIIiI0 i MOJYJIb KUTBIIS Y1 MOJIS JIMIIKIB, Y SIKOMY IMIOTPiIOHO IITyKaTH
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MOCTIIOBHICTh IEPEMHUKAHHS 3aCYBIB 3 METOIO BIIKpUTTS ceiida. JocTyn
1o iH(opMallii BiIKPHBAETHCS TUTBKH TOJIi, KOJU Cei BiIKpUTO.

s MmaTematnaHorO ceida, 3agaHoro 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 0 5 00mdd,
6 000111000 4
7 001 100100 3
8 011000010 2
9 1100000011

pO3B’sI3aHHS AKOi Ja€ TaKy TIOCTIIOBHICTh TIEpEeMHUKaHHS 3acyBiB
a=(4,8,2,1,5,8,3,6,5,1), mo BigkpuBae cetih. 3po3ymisio, mo KO 33AaTH
MaTeMaTHuHHH ceiid Tpadom cmpaBa, MOKa3aHUM Ha PUCYHKY 2, TO
CJIOAP Oynme martu iHmMH po3B’si30k. B mpomy i1 momsirae Bapiaris
rpaIio3HUM JIEPEBOM.

st oTpuMaHHs AOCTYIy 1o iHpopMaiii oco0a, sIKili HaJeKUTh JaHa
iHdopMarllisi, Hagae NOCTyn aOoOHeHTaM J0 Iiiel iHdopmamii HuIIXoM
MTOBIIOMJICHHSI TOTIOJNOTII Tpada, A SKoro aboHEHTaM BiJIoMi TOPSAIOK
rpada Ta ioro rpamio3na Hymepauis. Onuparodrch Ha BIaCTHBOCTI JI€pEB,
SIKI BUIUIMBAIOTh 3 TEOPEMH 1, JiCTaEMO MOXKJIMBICTH Bapiallil rpaiio3HO0
HymMmepaniero rpada. Kpim Toro, MoxHa BapilOBaTH TpaBHIAMU
NepeMUKaHHs 3aCyBiB y BeplIIMHaX. Hampukman, Hexalh mpaBuia
MEepEMHUKaHHS 3aCYBiB € TaKMMHU: KOJM BUKOHYETHCS MOBOPOT KJIIOYA Y
3aCyBi 2, TO HOrO MO3MIIis 301IBIIYETHCS HA OJUHMITIO 32 MOIyJeM K, a y
CYMDKHUX BEpPIIUHAX TO3HUIlii 30UTBIIYIOTECS Ha 3, MOBOPOT KIIOYa B
3acyBi 6 301IBIITy€E HOTO TO3UINIO HA OJUHUIIIO, & Y CYMIKHHUX BEpIIMHAX
MO3UIIIT 301IBIITYFOTHCS Ha 2 OJAMHUII, TOBOPOT KJTFOYa Y 3aCyBI 8 301JIbIIIyE
HOro TMO3MIII0 Ha OIMHMIIO, a B CYMDKHHX BEpIIMHAX MO3MLIl
30inbirytoThes Ha 5 omuuunb. Tomi CJIOJP s takoro cefida HaOyBae
BUTJISTY:
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= 0 (mod 9),

O ONOUTL D WN =
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PO3B’S3KOM SIKOi € Taka TIOCHiJOBHICTh TMEPEMHKaHHS 3acyBiB
b=(1,6,3,6,0,3,0,3,8,3), sika BinkpuBae cend.

3ayBa)XuMoO, IO JJIS BIAKPUTTS AOCTyIy no iH(opmalii moTpiObHa
cymicHicTs BignoimHoi CJIOP. V momi numkiB mas mporo moTpiOHa
NiHiiHAa HE3aJEeXKHICTh PIBHSIHb CHUCTEMH, a y KUIBII JHMIIKIB — JIiHiHA
HE3aJIe)KHICTh PIBHSHB 1 3HAUEHHS JETepMiHAHTa € MITHHUKOM OIMHHIII
[3].

Jlis mepenadi Kiroua OCTyny aOOHEHTaM, MPH BiJOMil TOIOJIOTIT
TpaIlio3HOTO JepeBa, TMepelaeTbcs B JAaHOMY TNPHUKIAAl Tpilka
2(3),6(2),8(5).

3po3yMilio, 1o 11e He €JHa MOYKJIMBA Bapiallis i TAKUX Bapialliil icHye
npuHaimHi K.
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THTET'PAJIbHUI IHBAPIAHT I'PA®Y
Cepriit Kypanos, Makcum JlaBugoBChKUI
3anopizvkuil HayionaneHuil yHigepcumem, K3 «3anopizvkutl oorachuii
iHCmumym nicisouniomMHoi 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 cporoanimniii AeHp BimoMmi HacTymHI iHBapiaHTH rpadis, IO
3aCTOCOBYIOTBCS  JUISI ~ CTBOPEHHS ~ QJITOPUTMIB  PO3Ii3HABaHHS
i3oMop(di3zMy BoX HeopieHTOBaHUX HecenapabenbHux rpadis G i H:

1. BeKTop JIOKAJIbHUX CTECIICHIB rpaq)a P, (G) .

2. lludposuii inBapiant pedbepHoro rpada IL(G).

3. IuBapiaHT pedepuux po3pizis rpada IS(G).

4. Tusapiant pebepuux nukiis rpaga IC(G).

VY naniii poOOTI PO3MIANAIOTBCS MHTAHHS 3aCTOCYBAaHHS ITHX
iHBapiaHTIB JUIA BUpIMIEHHS 3a1adi BU3HAYEHHS i30MOpdizMy IBOX
HecenapabenpHux rpadgie G 1 H. Anroputmu  po3ii3HaBaHHS
i3omopdismy Takmx rpadie G 1 H wmamTe TOJIHOMIiaNBHY
00YHCITIOBAJIBHY CKJIAAHICTh. BioMo, 110 iHBapiaHT, SIKMH IPYHTY€ETHCS
Ha BEKTOpI JIOKAJIbHUX CTerNeHiB rpada, He € TIOBHUM iHBapiaHTOM IS
BU3HAYEHHs 130Mopdizmy rpadis [1-2,5]. IaBapianT pebepHUX po3piziB
rpada TakoX HE € TOBHMM IiHBapiaHToM rpada 3 TOUYKH 30py
po3mizHaBaHHs 3oMopdizmy [3,4]. Sk mpukimaxm HaBenemMo Tapy
HeizoMop¢HuX rpadis, 1110 MalOTh OJIHAKOBE 3HAYCHHS Bar B iIHBapiaHTax
pebepHHX po3piziB (puc. 1).
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Puc. 1 — [iaepamu neizomopnux epaghie Gi (nisopyu) ma G
(npasopy)

Bexkrop Bar pebep rpada: Fes(Gy) =
(12,12,12,12,12,14,14,14,14,14,14,14,14,14,14); BekTop Bar BepIIUH
rpada: Fus(Gi1) = (40,40,40,40,40,40,40,40,40,40); BexkTOop Bar pebep
rpada:  Fes(G2) = (12,12,12,12,12,14,14,14,14,14,14,14,14,14,14),
BeKTOp Bar BepmuH rpada: Fis(G2) = (40,40,40,40,40,40,40,40,40,40).

OpHak KiIbKICTh 130METPUYHUX HUKIIB y Tpadax Gi Ta Gy pizHa.
BinmoBigHo, pizHi ¥ cmekTtpu pebepHmx mwKmiB rpadiB. KimbkicTs
i3oMeTpuYHHX TUKITIB y Tpadi Gi1 = 7. [3omerpuuni mukimu y rpadi G1 y
BUIJISII pedep:

C1 = {e1,62,65,10}; C2 = {€1,03,64,€7,€15}; C3 = {€2,€3,611,€13};

Cs = {€4,65,66,68};

Cs = {€6,87,80,14}; Cs = {€8,09,€10,€11,€12}; C7 = {€12,€13,€14,€15}.

Bekrop Bar pebep mis crexktpy pebepuux mmkiiB: Fec(Gi)
(6,6,6,6,6,7,7,7,7,7,7,7,7,7,1,7); Bextop Bar Bepmun: Fvc(Gy)
(20,20,20,20,20,20,20,20,20,20). KinbkicTb i30METPHYHUX IUKIIB Y
rpagi G, = 15. [3omerpuuni nukim y rpadi Go, moxaHi y BUIIsil pedep:

C1 = {€1,62,€5,€10}; C2 = {€1,63,64,67,12,€13}; C3 = {€1,63,€4,66,€9,815};

Cs = {€1,€3,64,67,€14,€15}; Cs5 = {€2,€3,€11,€13}; Cs = {€1,€3,65,68,€9,€15};

7 = {€1,62,64,67,e11,€12}; Cs = {€4,65,66,88}; Co = {€6,67,80,€14};

Cio = {€4,65,67,€10,€11,€12}; C11 = {€8,€9,€10,€11,€12,€14};

C12 = {€2,€3,68,€9,€10,€15};

C13 = {€8,€9,€10,€11,€13,€15}; C14 = {€6,67,8,€10,€11,€12};

C15 = {€12,€13,€14,€15}.

Bekrop Bar pebep mis cnektpy pebeprux umkimiB: Fec(Gy)
(8,8,8,8,8,8,8,8,8,8,8,8,8,8,8,8) mBektop Bar BepumH: Fvc(Gy)
(24,24,24,24,24,24,24,24,24,24).

IuBapiaHT peOepHHUX MUKIIB TAKOXX HE MOXKE CIYXHTH TMOBHHM
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iHBapiaHTOM /IS po3Mi3HaBaHHs i30Mopdizmy rpadis [4]. Sk npukmazg
MOKHa HaBecTH nBa HeizoMmop¢Hi rpadu Gz i Gs, 1m0 MalOTh piBHE
3HAYCHHS ITapaMeTpPiB B iHBapiaHTI peOCpHUX IMHUKIIB.

Kinpkicts i3oMeTpuunux nukimiB y rpadi Gs = 17; Fec(Gs) &
Fve(Gs) =
(44,444444555555555511,11,12,12,13,13,13,13,15,15,17 17)
&

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

Kinbkicth i3omMeTpuuHuXx 1UKIIB y Tpadi G4 = 17; Fec(Ga) &
Fve(Gy)
(44444444555555555,5,11,11,12,12,13,13,13,13,15,15,17 17)
& (14,14,14,14,28,28,30,30,34,34,36,36,44,44,44,44).

Puc. 2 — I'pag G3 Puc. 3 —I'pag Gs

Opnnax HeizoMopdHi rpadu Gz i Gs BiAPI3HAIOTHCS 3HAYEHHSIMH Bar
€JIEMEeHTIB Tpada B CrieKTpax peOepHUX PO3pisiB.

BekTop Bar pedep rpada Gs:

Fes(Ga) = (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
x13,4x14,4x15,4x18,6x 19,2x 21,2 23); BeKTOp Bar BepIIuH 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 pebep rpada Ga: Fes(Ga)
= (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 BepmuH TIpada Gs:
Fvs(Gs) = (37,37,38,38,38,38,44,44,55,55,72,72,80,80,108,108) =
=(237,438,244,255,2 72,2 80,2 108).

TakyuM YWHOM, SIKIIO 3HAYEHHS Bar ejeMeHTiB rpada B CIEKTpi
pebepHux po3piziB HeizoMopHUX rpadiB 30iraloThes, TO, MOXIMBO, HE
30iraloThCs 3HAUEHHSI Bar €JIEMEHTIB Y CIIEKTP1 peOepHUX IUKITIB rpadib.
| HaBnakw, SKIIO 3HAYCHHS Bar €JIEMEHTIB y CHEKTpi peOepHUX IHKIIIB
HeizoMop¢HUX rpadiB 30iraroThCs, TO MOXKYTh HE 30iraTHUCs 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.

O3navenusi 1. [umeepanvnum ineapianmom epaga Ha3UBAETHCS
pe3ynpTaT 00’€qHAHHS iHBapiaHTY, 3aCHOBAHOTO Ha CIIEKTPi pedepHuX
po3piziB rpada, Ta iHBapiaHTy, 3aCHOBAaHOTO Ha CIIEKTpiI peOepHUX
IIUKITIB Tpada.

SIk mpuKIIag po3rasHEMO iHTerpaabHuUi iHBapiaHT it rpada Ga:

Fes(Ga) & Fus(Ga) & Fee(Ga) & Fio(Gs) = (8x4,10x5,2x11,2x 12,4
X
x13,2x152x17) & (4x14,2%x28,2x30,2x 34,2%x36,4x44) & (2x 4,4
X
x12,2x13,4x14,4x15,1x16,2x17,2x18,2x19,4x 20,2x 21,1x 28) &
(2x37,4x38,2x44,2x x55,2x72,2%x 80,2x 108).

BiamoBiMo Ha Take 3alTUTaHHS: Y¥ ICHYIOTh OJTHAKOBI 3HAYEHHS Bar
CJIIEMEHTIB B IHTETPaJbHOMY iHBapiaHTI JUIS JIBOX Hei30MOppHHUX
HEOpIEHTOBaHUX HecemapabensHUX rpadis? Bimomo, mo migmpoctip
ki C(G) i migmpoctip po3pizi S(G) HanexaTh mpocTopy cyrpadin
rpada. basuc miampocropy po3piziB S(G) 3aBkIu MOXKHA CKIACTH 3
CJIEMEHTIB MHOXXWMHHM IICHTPaJIbHUX pO3pi3iB Tpada 3 MOTYKHICTIO
piBHOO paHry rpada. Y cBow uepry, 6asuc miampoctopy rukiis C(G)
3aBXK/IM MOYKHA CKJIACTH 3 €JIEMEHTIB MHOKWHH 130METPUYHUX LUKIIB 3
MOTYKHICTIO, IO JIOPIBHIOE IIUKJIOMaTUIHOMY unciy rpada. HaBegemo
JIesIKi TEOPEMH, 10 BCTAHOBIIOIOTH 3B’S30K MiX MiAMPOCTOPOM IUKIIB
Ta MATIPOCTOPOM PO3Pi3iB.

Teopema 1. Bynb-skuii cyrpad y mignpocropi nukiis rpaga G mae
MapHe YHCIIO CHUIBHUX pedep i3 Oyab-sSKuM cyrpadom y MiAnpoctopi
pospizis rpada G [2].

Teopema 2. Cyrpad rpada G HanexuTh mianpocTopy HUKIIB Ipada
G, SKII0 BiH Ma€ MapHe YUCII0 CHUIBHUX pedep i3 Oyib-skuM cyrpadom
y mianpocropi po3pisis rpada G [2].

Teopema 3. Ilianmpocropu MUKIIIB Ta po3pi3iB rpada opTOroHAIBHI
[5].

Teopema 4. ITinnpoctopu mukiie C(G) ta pospiziB S(G) rpada €
OPTOTOHAJLHUMH JIOTIOBHEHHAMH TO/I 1 TUTBKH TO1, Ko C(G) M S(G)
— HYJIbOBHI BeKTOp [5].

Hexaii C(G) ta S(G) — oproronainbHi gonoBHeHHs. e 03Hauae, mio
KOXKEH BeKTOp y mpoctopi cyrpadiB £c rpadga G MokHa NpeAcTaBUTH
KIUTBIIEBOIO CYMOIO Wi + Wj, e BeKTOp Wi Hanexuth npoctopy C(G), a
BeKTOp Wj — ipoctopy S(G). Inmumu ciioBamu, koxkeH cyrpad rpada G
MO’KHA NPEACTaBUTU KIUIBLEBOIO CYyMOIO JBOX CyrpadiB, OOUH 3 SIKHX
HAJICKUTh MIPOCTOPY IMKIIB, a IHIMUHA — MiANPOCTOPY PO3pi3iB.
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3okpema, cam rpad G Moxe OyTH peACTaBICHUN y TAKUI caMHid CIIOCi0.

Mpunyctumo, mo C(G) ta S(G) He € OPTOroOHAJIBHUMU
noroBHeHHsIMH. Toxi, O4eBUAHO, iICHY€e Takwii cyrpad, SKUil HE MOXKHA
NPEICTABUTH SIK KiblieBy cyMy cyrpadis y mpoctopax C(G) ta S(G).
Sxmo npoctip £6 PO3KIATAETHCSA B MPSAMY CyMY MiANPOCTOPIB LUKIIIB i
pO3pi3iB, TO MIAIPOCTOPH MUKIIIB 1 pO3Pi3iB TICHO OB’ s3aHI MiXk CO00I0
1 € mimicHOI0 cucteMoro. To0To, HEMOXIJIHMBO MOOYAyBaTH IPOCTIp
cyrpadiB £ BHKOPHCTOBYIOUM MiJNPOCTIp po3pi3iB oxHoro rpada i
mianpocTip mukimiB inmoro rpada. Axmo rpadpu G 1 H izomopdHi, TO
MMOBMHHI iCHyBaTH 130MOp(HI MiANPOCTOPH pO3pi3iB Ta i30MOpdHI
MiAMPOCTOPH LUKIIIB HUX TpadiB, SKi HOPOIKYIOTh €IEMEHTH IPOCTOPY
cyrpadiB £6 1 £4. Sx npuknan, Mo IeMOHCTPYE YTBOPEHHS MPAMOI CyMH
npocTopiB, posrasaemo rpad G, npeacrasnenuii Ha puc. 4.

Puc. 4 — Ipag G

dyHnaMeHTaIbHa 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}.
dyHgaMeHTaIbHa CUCTeMa Po3piziB rpada:
s, =(0,0,0,0,0,1,1) ={1,2}; s, =(1,0,1,0,1,0,0) = {3,5,7};
s; =(1,0,0,1,0,00) = {4,7}; s, =(0,1,1,0,0,0,1) = {1,5,6}.
YTBOpuMO mijnpocTip kBasinukiis C(G):
ct=¢ =(01,000,11)={12,6}c.=c, =(0,1,1,0,1,0,0) = {3,5,6};
cs=c; =(1,0,0,1,1,0,00={3,4,7}; ca=c; ® ¢;,=(0,0,1,0,1,1,1)={1,2,3,5};
G=c ® c; =(1,1,0,1,1,1,1) ={1,2,3,4,6,7},
CG=c, ®c, =(1,1,1,1,0,0,0)={4506,7},
Cr=c ® ¢, ® ¢; =(1,01,1,0,1,1) ={1,2,4,5,7}.
YTBOproemo migmpoctip pospizis S(G'):
s1=s, =(0,0,0,00,1,1) ={1,2};s2= s, =(1,0,1,0,1,0,0) = {3,5,7};
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ss= s, =(1,0,0,1,0,0,0) = {4,7}; sa = 5,=(0,1,1,0,0,0,1) = {1,5,6},;
ss=s @®s,=(101,0,1,11)={1,2,35,7};
ss=s, @ s;=(1,001,011)={1247}
s7=s, ® s4=(0,1,1,0,0,1,0) = {2,5,6};
ss=s, ®s; =(0,0,1,1,1,0,0) = {3,4,5};
Ss=s, ® s, =(1,1,0,0,1,0,1) = {1,3,6,7};
s=s3® s, =(1,1,1,1,0,0,1) ={1,456,7};
su=s @®s, ®s; =(0,0,1,1,1,1,1) ={1,2,3,4,5};
se=s @ s, ® s, =(1,1,0,0,1,1,0)= {2,3,6,7};
siz=s, @ s; @5, =(1,1,1,1,0,1,0) = {2,4,5,6,7};
su=s, ® 5; ® s, =(0,1,0,1,1,0,1) = {1,3,4,6};
Sis=s, @ s, @ 57 & 5,=(0,1,0,111,0) = {2,3,4,6}.

CKJ1a1eMo eleMEHTH NPSAMOT CyMHM IMX BOX mianpocropis S(G”) Ta
C(GY):
OLE Z)Co ® So=T; oy =S10® C={1}; a0, =513 ® Cs = {2};
o, =S1={1,2}; a, =s3 ® C3={3}; o, =S4 ® C2={1,3};
o, =57 ® C2={2,3}; o, =56 ® 3 ={1,2,3}; a, =Su @ Ca={4};
oy = S12 ® C5= {1,4}; oy = S9 ® C5= {2,4}; o, =S8 @ C4 2{1,2,4};
a, =S5 @ C7 = {3,4}; 043 = S15 ® C1 2{1,3,4}; o, =S4 @C1= {2,3,4};
a, =S ®c7={1,2,34}; o, =Ss ®C7={5}; a,, =7 ®c1={1,5};
o =S4 ®C1={25}; o,y =53 ®C7={1,25}; a,,= 1 ®Cs={3,5};
0, = S13 ®Cs = {1,3,5}; 0, =810 ®Cs ={2,3,5}; a,, = Csa={1,2,3,5};
o, =S2 @C3= {4,5}; Oy = S14 ®C2= {1,4,5}; O, = S15 @ C2= {2,4,5};
o, =S5 ®C={1,2,4,5}; a,, =S8 ={3,4,5}; a,, =S¢ @ Cs={1,3,4,5};
0y = S12 ® C6={2,3,45}, a, =su={1234,6} 0, =51 ®c1={6},
Oy = S13 ® C7 2{1,6}; oy = S10 ®@Cc7= {2,6}; Oy = C1= {1,2,6};
Oy — Sg @ Cs5 = {3,6}; Oy — S7®Cs= {1,3,6}; Olgg = Sq DCq= {2,3,6};
0 =53 ®Cs={2,45}; a,, =S8 ®C2={4,6}; a, =S ®c3={1,4,6}
oy, =S12® C3={2,4,6}; a,,=Su® C2 = {1,2,4,6}; a,, =S2 ® Cs ={3,4,6},
Oy = S14 = {1,3,4,6}; Oy = S15 = {2,3,4,6}; O, = S5 @ Cg = {1,2,3,4,6};
o, =53 ®C6={56}; a,, =54={1,56}; a,, =57={2,5,6};
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as =6 ®Cs={1,2,5,6}; o, =C2={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}; a,, =S5 D Cs = {4,5,6};
o = S15 ®Cg= {1,4,5,6}; Olsg — S14 ®Cy= {2,4,5,6};

o, =52 @ Cs={1,2,45,6}, o, =Su ®c1={3,4,5,6}

ag, =S12 @67 ={1,3,4,5,6}; a, =S @®cr={2,3,45,6};

ag =S8 ®C1={1,2,3,4,5,6}; o, =S5 ®Ca={7}; a,, =515 D Cs={1,7},
O — S14 @ Cs = {2,7}; ag = S2 ®Cy= {1,2,7}; Og = Sit ®Ccr= {3,7};
gy =S12® C1={1,3,7}; a,,=S9 ® C1=2,3,7}; a,, =Ss® C7 = {1,2,3,7};

o, =3={47} o, =ss ®Ccs={1,4,7} o, =S7 ®Ce ={2,4,7},

o, =% ={124,7}; a,, =C3={34,7}; a, =sw0 ®C2={1,3,4,7};

0 =S13® C2={2,3,4,7}; o,y =S1 @ C3={1,2,3,4,7}; 0., =S8 ® C3={5,7};
O =S ®C2= {157} Og, —S12®C2= {2,5,7}; Olgy =S12® cs={1,2,5,7};
oy = S2=1{3.5,7}; o =514 ®C6 ={1,3,5,7}; 0y, S15 ®Cs={2,3,5,7};
oy =55 ={1,2,3,5,7}; 0z =51 ® C7={4,5,7}, a1y =513 ® C1 ={1,4,5,7},
Oty =S10® C1={2,4,5,7}; o, =C7 = {1,2,4,5,7}; o, =Ss ®cs={3,4,57};
Ogy = S7 ®Cs = {1,3,4,5,7}; 0y, = S4 ®Cs = {2,3,4,5,7};

Olgs =53 &) C4={1,2,3,4,5,7}; Olgg =S, D C2 2{6,7}; oy = Si4 @ C3 2{1,6,7};
Olgy =515 D C3={2,6,7}, gy =S5 ® C2={1,2,6,7}; at,, =S8 ® C6={3,6,7};
gy =89={1,3,6,7} oy, =512={2,3,6,7}; o,y =511 ® C6={1,2,3,6,7};
Oy =S6 D C1= {4,6,7}; Olyps =S7D ¢={1,4,6,7}; Olyos =S4 D c={2,4,6,7};
=33 ®¢1={1,24,6,7}; o, =51 ®C5={3,4,6,7};

Oy = S13 @ C2={1,3,4,6,7}; oy, = S10 ®Cs={2,3,4,6,7},

ayy, =65={1,2,3,4,6,7}; a,,, =511® Cs={5,6,7}; o, =S12® €4 ={1,5,6,7};
Oy = S0 ®C2=9{25,6,7}; oy =S8 ®Cs={1,2,5,6,7};

o, =S5 ®C1={3,56,7}; a,,, =S5 ®Cc7={1,3,56,7},

Oy =514 ®C7={2,35,6,7}; a,,, =52 © €1 ={1,2,356,7};

0y = C6 = {4,5,6,7}; oup =510={1,4,5,6,7}; oy, =513={2,4,5,6,7};
0y, = 51 ® Co ={1,2,4,5,6,7}; ay,, =53 ®C2={3,4,56,7},

o, =S4 ®C3={1,3,456,7}; o, =7 ®Cc3={2,3,4,56,7};

=Se ®C2= {1,2,3,4,5,6,7}.

Cyma nux mignpocropis € npoctip cyrpadis: dim £ = dim C + dim
S = 3+4=7.

Qo7

Qg7
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O3snauvennsn 2. [lignpoctopu po3spiziB rpadis G i H BBaxxatumemo
i3oMopdHUMH, SKIIO 130MOpdHI Horo cyrpadu (po3pizn).

Osnauenns 3. ITianpocropu nukiiB rpadie G i H BBaxkatumemo
i3oMophHUMHE, AKIIO 130MOp(HI fioro cyrpadwu (TwKm).

Takum uwmHOM, Ui TpadiB, sSKi HE MAalOTh EJIEMEHTIiB, IO
MEPeTHHAIOTECS Yy MIAMpPOCTOpaXx [HWKIIB 1 po3pi3iB, MOXKHA
CTBEpPIKYBaTH HACTYIIHE.

Jlema 1. Hecenapabenbni HeopieHToBaHi rpadu G i H, mo maroTh
OJTHAKOBY KIUIBKICTh BEpIIMH i pebep i He MAaloTh E€JIEMEHTIB, IO
MIePETUHAIOTECA B IMANPOCTOpPaX IHUKIIB 1 po3pi3iB, i30MopdHI Tomi i
TIJBKH TOJ1, KoMK i30MopdHi ix cyrpadu npoctopy cyrpadis £ i £h.

Logedenns. HeoOxignicts. Skmo i3omopdui rpadu G i H, icuye
OiHapHa BiAMOBIAHICTH MiX cyrpadamu mpocTopiB cyrpadiB £6 1 £4.

HocratHicts. fAximo i3omMopdHi cyrpadu nmpocTopis cyrpadis £ i £+
rpagiB G i H, To i3omopdHi cyrpadu mianmpocTopiB MUKIIB i po3pi3iB
rpadis G i H, Tomy 1m0 xoxeH cyrpad miAmpocTopiB MHUKIIIB i po3pi3iB
Moxe OyTH YTBOpPEHHH SK pe3yiabTaT PpO3KIaJaHHS MPSAMOI CyMH
npoctopiB £c 1 £4. Ockinbku cyrpadu HiANPOCTOpiB 130MOpdHI, TO
i3oMop¢Hi 6a3ucH MAMPOCTOPIiB PO3Pi3iB Ta UUKIIB. Jlema dogedena.

TakuM uYmHOM, y pa3i BIJICYTHOCTI TEpPETHHIB €NEeMEHTIB Y
MiAMPOCTOPi LMKIIB Ta MiANPOCTOPi PO3pi3iB, IHTErpalbHUI 1HBapiaHT
rpada ofHO3HAYHO XapaKTepU3ye €JuHE TpeacTasieHHs rpada. Orxe,
It Tpadis, 10 HE MAIOTh €IIEMEHTIB, [0 MIEPETHHAIOTHCS B MiATPOCTOPI
OUKIIB 1 MiAOpOCTOpi po3pi3iB, IHTErpalbHHUI iHBapiaHT € IOBHUM
iHBapianToM rpada. Cimij 3a3Ha4uTH, MO B il mapaaurmi ais rpadis,
0 MalTh EJIEMEHTH, AKi MEPEeTHHAIOTHCS, B MIiANPOCTOpPI IMKIIB i
MiIPOCTOPi PO3pi3iB, IHTErpaNbHUN IHBApiaHT HE MOXE BBAXKATHUCS
MOBHUM. TOMy pO3INISTIHEMO JIOKJNAAHINIE CTPYKTYpy UU(PPOBOTO
inBapianTy pedeproro rpada L(G). Hudposuii inapiant L(G) € moBHuM
inBapiaaToMm Tpada G, OoCKiIbKM MOOYMOBaHHWI Ha TMiJCTaBI TEOpeMH
Bitai mpo i3omopdism rpadiB. LludpoBuil iHBapiaHT CKIAAAa€ThCS 3
HACTYMHUX MHOXHH: MHOXHHH TPIHOK, IO XapaKTepH3yITh
LEeHTpabHI po3pi3u rpada G, MHOKHUHH 130MEeTpUYHMX LHKIIIB rpada G,
MHOXHHU cyrpadis rpada G 10BKHUHOIO YOTHPH. 3ayBaXXKUMO, 110 6a30Bi
pebepHi po3pizu Oy IyIOTHCS Ha OCHOBI MHOXKMHH LIEHTPATIBHUX PO3PI3iB.
MHox#uHa cyrpadiB JOBKHUHOIO YOTHPHU € YaCTHHA MPOCTOPY cyrpadis,
sgKa Moke OyTH yTBOpeHa IliHiliHOIO KoMOiHamieo cyrpadis
MiAMPOCTOPiB LUKIIB i po3pi3iB rpada. Tomy MOXKHA IPUITYCTHTH, IO B
3arajibHOMY BHIIQJIKY IHTETpaIbHUHN iIHBAPiaHT € 1HIIO (OPMOFO 3aIHicy
uudpoBoro  iHBapiaHTy pebepHoro rpada. 3amns  MepeBipKU
npunyuieHHst posriisiHemo rpadu Gs i Gas. Binminnicts Bar pebep y
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CHeKTpi pebepHUX PO3pi3iB BUAHO BKE Ha eTari GopMyBaHHS 0a30BHX
pebepHUX pO3pi3iB 3a OAHAKOBOTO 3HAYCHHS Bar pedep y CIEeKTpi
pebepuux 1uKiIiB. Bekrop Bar pebep pisus 1 rpada Gs: (4x4,8%x5,8x%
6,8x 7,2x 8); BekTop Bar pedep pius 1 rpada G (4x4,8x5,9%6,6x
7,3x8). Llsa BimMiHHICTH 1 BU3HA4Ya€e PI3HMIIO Bar pedep 1 BEepIIUMH y
uuppoBux iHBapiaHTax pebeprmx TrpadiB. Bekrop Bar pebep y
muppoBomy iuBapianTi: Fe (Gs) = (2x4,2x5,2x6,6x7,8x x10,2x 11,4
x12,2x13,2%x 16); BekTOp Bar BeplIMH y UU(PPOBOMY iHBapiaHTi:
Fu(Gs) = (6x21,2x23,2x33,2x41,2x58,2x 62); Bektop Bar pebep y
g poBomy inBapianTi: Fe(Gs) = (2% 4,2x5,2%6,7x7,6%x10,2x 11,4
12,3x13,2x 16); BekTOp Bar BepuinH y nudpoBomy inBapianti: Fy(Ga)
= (6x21,2x23,2%x33,2x38,2x61,2%x x62). SKIIO BUKOPHUCTOBYBATH
aHAJIOTi10 MK (pOBHUM iHBapiaHTOM pedepHOTo rpada i iIHTerpaIbHIM
iHBapiaHTOM Tpada, TO MOKHAa BCTAHOBUTH CTYIiHb y4acTi €JIeMEHTIB
CIEKTpa peOSPHUX PO3PI3iB 1 EJIEMEHTIB CIEKTpa peOCPHUX IUKIIIB Y
CTPYKTYpi iHBapiaHTiB.

O3unavennsi 4. IuBapiantom pebGepHux pospiziB rpada IS(G)
HA3UBAETHCS CKIIAJ Bar pedep 1 BepIIUH, 10 BU3HAYAIOTHCS MEPUIMMHU
JIBOMA PiBHSIMH CIIEKTpa peOepHUX po3pi3iB rpada.

O3navennsi 5. IuBapiantom pebepuux 1mkiaiB rpada IC(G)
HA3UBAETHCS CKIIAJ Bar pedep i BEpUIMH, MO0 BU3HAYAIOTHCA MEPIIUM
piBHEM crieKTpa pedepHHX HUKIIIB rpada.

3 BUILEBUKJIAACHOrO, IHTErpajbHUI iHBapiaHT rpada MOXHA
pO3TISAAATH SK TOBHMIA iHBapiaHT rpada.
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KOMITAPATUBHUM AHAJII3 TPA®IYHUX BIBJIOTEK 115
BI3YAJIIBAILIIL TPA®IB
Aptem JIUTBUHEHKO
Hayionanenuil ynigepcumem “3anopizvka nonimexmixka”
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.

Bizyaizaris JaHuX € BXXJIUBUM €TallOM aHaJli3y Ta IHTepIpeTaii
iHpopmaii. OaHiero 3 mpoOiieM, 3 IKOI0 3yCTPiYalOThCsl OCIiAHUKH, €
BUOIp MPaBUJIILHUX 1HCTPYMEHTIB I CTBOPEHHS 300paKeHb Ha OCHOBI
Bxiganx naHux [1]. [lomepemni mocmimxerHs Oynm chOKycoBaHI Ha
aHali3l METOIB MOIIYKYy 3B'S3KiB MK €JIeMEeHTaMH IEBHOTO Habopy
nanux. Hactymuuit kpok - BuOip rpadiunoi 6i0d10TeKH IUIsl 3YUTYBaHHS
Ta Bi3yamizamii JaHMX 3a gonomoroi rpadi. Bubip mnpaBuibHOI
010Ti0TEeKH € BaXKIITMBUM KPOKOM, OCKiJIbKH BiH BIUTHBA€E Ha €(heKTUBHICTh
Ta SKICTh Bi3yamizamii. Y JaHOMY KOHTEKCTI pO3TJISIAIOThCA CydacHi
rpagiuni 0i0mioTekw, sKi 3a0e3MeUyl0Th THYYKICTb, 3pYy4HICTH i
MacmTabyBaHHS TipH Bi3yamizarii rpadis D3.js, Matplotlib, SFML, Qt
Graphics, Graphviz..

Metoro poOOTH € aHami3 IHCTPYMEHTIB Yy BHUINISAII TrpadidHuX
0i0mioTek JUIA 3YMTYBaHHSA BXiNHUX JAHUX Ta TMOOYZOBU SKICHOTO
300pakeHHA. Y SKOCTI TECTOBUX BXIJIHUX JaHUX BHCTYIaTHME
TEKCTOBUH (hailyl, BcepeIuHi KO0 30epira€ThCs MacUB BXIJIHUX JaHUX,
SKi MaTuMyTh B €001 2 po3finu manux. Ilepmmm po3misioM BXiITHUX
JAHUX € CIUCOK €JIeMEHTIB 3 YHIKaIbHUM YUCIIOBUM iJIEHTH(IKATOPOM
Ta Ha3Bol0. CIIUCOK €JIEMEHTIB 30epiraTuMeThes i KiroueM “nodes”.
Hpyruii po3min — Habip IHCTPYKIIH, 3a JOMOMOTOK SIKUX Oyne
moOyI0BaHO 3B’SI3KHA MIX €IEMEHTaMH Ta 30epiraTUMeThCS i KITF0UYeM
“edges”. BeepeauHi kiito4a 30epiraeTbCsi MacHB IaHUX, B SKOMY OIHCaHi
Mapy €JIeMEHTIB JJIs BiloOpa)keHHs 3B’S3KiB. Y SKOCTI imeHTHdIKaIi
BUKOPHUCTOBYIOTHCS YMCIIOBI 3HAUEHHS €JIEMEHTIB, SIKi ONMCaH] Yy MacuBi
“nodes” y momi mixg HaszBoro “id”. OTxe, SKIIO MAacHB Ma€ BUTIISL
{"from": 1, "to": 2}, To 1e o3HaYaTUMe 3B’SI30K MK ECJIEMEHTaMH 3
inenTudikaropamu 1 Ta 2. 3riHO 3 OMKCAHO IHCTPYKIIIEI0, BXIIHI TaH]
MaTUMYTbh TaKUH BUTIISL

{"nodes": [

{"id": 1, "label™: "Test Node 1"},
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{id": 2, "label": "Test Node 2"},

1

"edges": [

{"from": 1, "to™: 2},
{"from": 1, "to": 3},

13

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

IlepeBaru i HeOiKK KOKHOT 3 010JIIOTEK, MOJKHA y3aralbHUTH:

1. bibmioreka D3.js (puc.l,a) motpebye 0a30BMX 3HaHb 3
HaJallITYBaHHS BeO-cepBepy depe3 peanmizamiro  0i0mioTekw 3a
JIOTIOMOT0I0 MOBH Javascript, sika B3aemojie Jymine 3 Opaysepamu [2].
Hespaxkatoun Ha 11e, cama 6i10i0Teka Mae 3p0O3yMilly TOKYMEHTAILiIo, J1e
OINMKCaHi PO3MOBCIODKCHI BUIAJKKU Ta 0arato mpuKIagiB. Meroau ams
BUKOPUCTAaHHS Ta TOOYAOBH 300pa)KCHHS € IOCUTh MPOCTHMH TOX
OibmioTeka mimiiie I MOYATKIBIIB. AJie, BApTO 3ayBaYKUTH, IO JaHE
pIlICHHS HE MiiHAe I BUKOPUCTAHHS 3 BEJIUKUM MAacCHUBOM BXIiJHUX
JaHMX Yepe3 0OMEeKeHHS HANaIITyBaHHs BeO-cepBepy.

2. Biomorexka mathplotlib (puc.1,b) e moBosmi momyasipHOIO
6ibmiorexoro s Python, sika 3a0e3nedye MpOCTOTY BUKOPUCTAHHS Ta
MIIXOAUTh JUIsi CTBOPEHHS CKJIAQMHUX Bisyamizamiii. [Jlns poGoru
notpedye 6a3oBux 3HaHb MOB Python. Takoxx Mae 6arato npuKiIaiB, sKi
MO’KHa 3aIl0O3WYUTH JIIS peattizallii BIacHuX ineit [3]. Aje y BUNAIKy
BUKOPHUCTAHHS ISl TOOYI0BH BeOWKUX TpadiB BUHUKAIOTH OOMEKCHHS
y BUINIAA MaclmTaOyBaHHS Ta 3PYyYHOCTI pO3TAllyBaHHS EJIEMEHTIB,
0COOJIMBO Y BUMAJIKAaX BEIUKOI KiJTbKOCTI €JIEMEHTIB.

AN A
|

(4]

// | é

a) b)

Puc.1 — Jemoncmpayis po6omu 6ibniomexu a) D3.js,
b)mathplotlib
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3. bibmioreka SFML (puc.2,a) € moTyxHOI0 0i0NIIOTEKOI0, amKe
BOHA peajizoBaHa MoBoro C++, 110 J03BOJISIE MAKCUMAIILHO €(heKTUBHO
po3nopsyKaTHCs pecypcaMu KoM forepa. Cama 0i0mioTeka € irpoBuM
JIBUTYHOM, ajie 3aBASKH 0a30BOoMYy HaOOpy iHCTPYMEHTIB Ta HAasBHOCTI
pearnizoBanux GyHKLil A poboTH 3 HirypaMu 3’ sIBISETHCS MOXKIIMBICTD
CTBOPIOBATH Oy1b-5Ki 300pakeHHS Ta Bi3yallbHI PIlIICHHS, OJHIM 3 STKUX
e rpad [4]. Takox cama 610Ti0TeKa JTa€ TOBHUH KOHTPOJIb IS peaizamii
Oyab-sSKuX ineH, apke Jorika noOyAyBaHHS MPOTPaMY€EThCsl BIACHOPYY
[5]. Takox JEMOHCTPYETHCSA HASBHICTH OOIIMPHOI JOKYMEHTAIl Ta
OaraTo mpuKiIaiB. AJie, BATOMIM MiHYCOM € HEOOXIIHICTD 3HAHHS CaMOl
MoBH C++, IKa € TOBOJII CKIIaJHOIO T IIPHU HETIPaBUIBHOMY PO3MOiIEH]
pecypciB MOXKHA MTEPEeBaHTAXHUTH cucTeMy. Tox, faHy 6i06Ii0oTeKy BapTo
0o0WpaTy JHIIe JOCBITYCHHM KOPHUCTyBadaM.

4. Bibmoreka QtGraphics (puc.2,b) siBasietbest cxoxoro Ha SFML
0i0Ti0TEKO10, SIKa TAaKOXK peaizoBaHa 3a jornomororw moeu C++. Bona
TaKOX JIa€ MOXKJIMBICTD PO3MOPSKATUCS pPecypcaMu KOMIT F0oTepa, aje
ollpa3y TMicisi BCTAaHOBICHHS B CEpPEIOBHINE HANa€ OUTBII IIUPOKUN
CIEKTp MOMIJIMBOCTEH 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 OiOmioTeka € OiIBII
YHIBEpCaJIbHOIO, 110 pOOUTS ii yHIBepCaTbHUM BUOOPOM IS TOCTIIKEHb
OyIb-SIKOi CKIITHOCTI.

Click and drag the nodes around
or zoom with the mouse wheel

c,/"\?
?
A

a) b)
Puc.2 — Jlemoncmpayis po6omu 6ioniomexu a) QtGraphics, b)

SFML

5. bibmioreka Graphviz (puc.3) € onHi€ro 3 HalicTapmux 0i0mioTeK,
ajpKe BoHa peajtizoBana MoBoro C. Lle Takox J1a€ MOXKJIUBICTh MIOBHICTIO
KepyBaTH pecypcaMu Iij 4yac MmoOyJ0BH 300paxkeHHs. AJie, BaXJIMBUM
MOMEHTOM, Ha KUl BapTO 3BepHYTM YyBary, Lo JgaHa OibmioTeka
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po3paxoBaHa caMe Ha MOOYZOBY OyIb-KHUX rpadiB, TOX OApa3y Micis
BCTAQHOBJICHHS MH Ma€MO JIOCTYIl JO 3aroTOBJICHHX aJTOPUTMIB
pO3MillIeHHsT eneMeHTiB Tpady, 3pydHi {HCTPYMEHTH Al CTBOPEHHS
caMUX eJIEMEHTiB Tpady, MOYNHAIOYH Bifl (HOPMHU €JIeMEHTY, 3aKIHIYI0UH
netansmu ta ingopmariiero [8]. Kpim miporo, Graphviz mae psin 6i6miorek
JUTS IHTETparlii 3 iHIIMMH MOBaMH MPOTpaMyBaHHS, TakuMH K Python,
Java, Ta C++[9].

1

2 3
4

7 5

4

6

Puc.3 — /lemoncmpayis pobomu dibniomexu Graphviz

Le no3Bonsie BukopucroByBatu Graphviz y pi3HOMaHITHUX
CepeIOBHIIaX PO3POOKH Ta IHTETPYyBATH MOTO B iCHYIOUI TIPOEKTH IS
Bi3yamizarii rpadiuHuUX CTPYKTYp, IO pOOUTH JaHy O0i0IiOTeKy
YHIBEpCaJIbHUM Ta TIOTYKHUM PillICHHSIM.

3aBISIKM OTPUMAHHM 300paKCHHSM MOXKHA IiJACyMyBaTH, IO 3a
JIOTIOMOTO10 OYIb-sIKO1 010:TI0TEKH MOXKHA peaizyBaTu o0y 0By rpady
3 MajJOl0 KUIbKICTIO €JEeMEHTIB Ta PO3MICTHTH BCi E€JIEMEHTH s
3py4yHOTO 3unTyBaHHs iH(Mopmamii. Tox, BuOip 6i0MiOTEKH 3aJIEKUTH
Oinpine Bim KinmbkocTi enementiB rpady [10]. SIkmio x 1e, HanmpuKIa,
HEBEJIMKA KUIBKICTh €JeMEHTIB Ta B 0i0jioTenyi He peai30BaHO
MmaciraOyBaHHs a00 3pydyHe po3TalryBaHHsI, TO MoxHa o0patu D3.js abo
mathplotlib. Skmo x posrisimaeTbes pilieHHS Ui BEIHKOTO 00’eMy
JaHWX, TO JUIs peaii3amii HeoOXimHWUM OUThIIMKA KOHTPOJIb HalI
pecypcamu Ta OijbIlleé MOXJIMBOCTEH JIi PO3TaIlyBaHHS €JICMEHTIB,
BUOip KOMIBOPiB, hopM Tomo. [ pearnizanii pillieHb TAKOro THITY Kpalle
ckopuctatucs 6idomiorekamu SFML, QtGraphics abo Graphviz, koxHa 3
SKUX J]a€ MOXJIMBICTh peaji3yBaTH THYYKE pIlllEeHHS Ta Hajae
MaKCUMaJIbHUNA KOHTPOJIb.
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JAOCJIIKEHHSA BIVIMBY IEPEPUBAHD HA
BUHUKHEHHS AHOMAJIIHN Y 3AJIAYAX ITAPAJIEJIBHOT'O
YHOPAAKYBAHHA
Manienko O.0., Kopanenko €.0.

Hninpoecokuii 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 3agagax mapanesbHOTO YMOPSIKYBAaHHS JOCIIDKEHHS YacTo
30CepPEeKYIOThCS Ha BHIAIKAX BHHHKHEHHS aHoMami [1], ToOTO
HEOYIKyBaHOTO 30iNbIICHHS 3HAYeHHA LiTbOBOT  (yHKUiI TpHU
MOKPAIIEHH] TTOYaTKOBHX YMOB, IO TTOBHHHI TIPH3BOIUTH 0 HOTO
3MEHIICHHS.

BuHukae mnuTaHHA, TMOB’sS3aHE 3 BIUIMBOM IIepepUBaHb Ha
BUHUKHEHHS JJAHUX aHOMAaJIii, i, 30KpeMa, BCTAHOBIICHHS YMOB MPH SKHX
ZI03BLJI IEpepUBaHb T03BOJISIE€ YHUKHYTH iX.

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

[ToGynoBaHe mapayenbHe YHIOPSAKYBaHHS TIOBHHHO 33J]0BOJIBHSITH
CIHCOK MPIOPHUTETIB Ta MaTH MiHIMaJIbHY JOBXHHY.

TBepaxennsi. J[03BiN nepepuBanb ASIKAX 3aBIaHb [UIS BUMAIKIB,
KON aHOMaJii iCHYIOTb, /O3BOJIIE YHHKHYTH iX BHHHKHEHHS 3a
HACTYIHUX YMOB:

1. IlpiopUTETHICTB: CIHCOK TPIOPUTETIB Ma€e OyTH MOOYAOBaHUI
3TiJTHO JIO aNTOPUTMY TOOYOBH ONITUMAIILHOTO CITUCKY MPiOpUTETIB [4];
3aBJJaHHS 3 BHUCOKHM IIPIOPUTETOM MOXYTh MEpEpUBATH BUKOHAHHS
3aBJIaHb 3 HIDKYHM TIPiOPUTETOM.

L1 ymoBa rapaHTye BUKOHAHHS OUTBII BOYKJIMBHX 3aBIaHb y MEPILY

4epry.

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

Le mo3Bossie BUKOHYBATH O1JIBII TIPIOPUTETHI 3aBJJaHHS HA KpalHiX
JBUX JTOMYCTHMHX MicCIISIX [5].

3. JlunamivyHa akTyaji3aimis: 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 PEAbHOMY Yaci.

OnuiuieMo auropuT™M BHpIIIEHHS [aHOl 3agadi. AJrOpuUTM
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
BUKOHAHHA, BOHA ITPU3HAYAECTHCA BiJ'H)HOMy BHKOHAaBIIIO.

3. Tlepeposmomin: Ha KOXXHOMY KpOLi BHUKOHaHHS poOoTh i
MepeBipAETHCS AOCTYIHICTh BUKOHAHHS OUTBIN TPIOPUTETHHUX POOIT.
Sxmo 3maiimena OinpIn TpiopuTeTHa poboTa j, sSKa MOXE CTae
JOCTYITHOIO /10 BHKOHAHHS Ha JaHOMY KpOIli, BUKOHAHHA PoOOTH i
MEepepUBaAETHCS, a POOOTa j MPU3HAYAETHCS JAHOMY BHKOHABIIIO.

Y nmaHoMy anropuTMi 0COONMBA yBara MPHUILISETHCS PO3MOMLITY
MPiOpUTETIB Ta e(QEKTUBHOMY VIPABIIHHIO TIEPEPHUBAHHIMHE, IO
JI03BOJISIE OTPUMATH YIOPSIAKYBaHHS ONTHMANBHOI JOBXKUHHU.

[IpoinrocTpyeMO BBEACHHS OJATKOBHX YMOB Ta BHUKOPHCTaHHS
AITOPUTMY IIPIOPUTETHOTO TUHAMIYHOTO MEPEPO3NOILTY Ha TIPUKIAII.

puknan 1. Hexait 3amano rtpad G (puc.l), wmupuHa
YIOPSIKYBaHHS h=3 CITUCOK MPIOPUTETIB
L=1(1,23,45,6,789710,11,12,13,14) Ta yac BUKOHaHHsS 3aBJaHb
T =(422,24221,1,6,3,1,4,2).

ORNOBNONO
® @ © OO
™ ©

Puc.1 —I'pag G
3HaifIeMO ONTHMAIIbHE YIOPSIKYBAaHHS Ta HOTO JTOBKHHY.

Tabnuns 1. OntuManbHe yopsaKyBaHHs BepiiuH rpada G npu h = 3
1111, 5|5|5|5|8|11|11|11

212414166 |7 |7]9]12|14)14
3|/3(10|10{10|{10|10|10|13 |13 13|13
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Joxuna [ = 12. BBeneMo MHOXKUHY h; SIK TOYATKOBY YMOBY.
Hexait muoxuna h; = (4,4,4,3, ... 3). OTpumMaeMo ynopsAKyBaHHS
(Tabm. 2) 3 noBxuHow [ = 15.

Tabmuug 2 OnTuManbHe YHOpsIKyBaHHs BepiinH rpada G npu h;
11111179 |11)11|11 1313|1313

5/5|5|5|12]|14]|14
6| 6|8 |10|10|10|10|10| 10
7

22
33
44

3MiHIOEMO CIIMCOK MPiOPUTETIB 3TiTHO A0 aIrOPUTMY MOOYI0BU
ONITHMAIJIBHOT'O CITUCKY TIPIOPHUTETIB.

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

OHOBJIIOEMO CIIFICOK MPIOPHUTETIB:

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’
2(2(10(10|10|10|10|10|13| 13|13 13

4141 5|5 |5|5|12| 8|6 14|14
1111 (1|9 1111|117 |7
3|13|6

HoexwuHa | =12, TOOTO MNOPIBHIOE JOBXHHI ONTHUMAIBHOTO
YHOPSIAKYBAaHHS Ta JIOBXHWHI KPUTHYHOTO LLUISAXY.

TakuM 4YWHOM, BUKODUCTAaHHS alTOPUTMY  IPiOPUTETHOTO
JMHAMIYHOTO TIePEPO3IOILTY J03BOJISIE €PEKTHBHO PO3MOAUISTH pOOOTH
MK BHUKOHaBLSIMHM, BpPaxOBYIOUM MpPIOPUTETH Ta MOXKJIHMBICTh
nepepuBaHHsl 3aBjianb. Lle MiHiMI3ye 3aranbHHUN Yac BUKOHAHHS POOIT 1
3aro0ira€ BUHUKHEHHIO aHOMAUIiH, SIKi MOXYTh BHHWUKATH BHACIIIOK
3MILICHHS BUKOHaHHS  OLIBII  NPIOPUTETHUX  3aBAaHb  MEHII
MPIOPUTETHUMH.

Ha mpakTuili 1aHa mocTaHOBKa 3ajadi MOXe OyTH 3aCTOCOBaHa y
pi3HUX raiy3sX, TakuxX sK: BHPOOHMYI TIpolecH, oOpoOKa IaHuX,
JOTiCTHKa, YNpaBIiHHA 3amacaMud Ta iHm cdepu, Ae HEoOXigHO
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PO3MOIUTSTH 3aBAaHHS MK BUKOHABIISIMU 3 OJTHAKOBUMH 3][I0HOCTSIMH.
Hampukiang, 'y  XMapHMX  CEpElOBHUINAX  QITOPUTM  MOXE
BUKOPHCTOBYBATHCSA [UIS TUHAMIYHOTO PO3MOILTY OOYHCIIOBaTBHIX
3aBJlaHb MIDK CepBepaMH 3 ypaxyBaHHSIM 1X HaBaHTaXCHHS Ta
npiopureriB  (po3mojiiieHi oOuucieHHs). AGo y cdepi OXOpOHHU
3I0POB’S: PO3MOAUT 3aBIaHb MDK MEIUYHMMH IIpaIliBHUKaMH B
OTICpalifHNX BIAMIJICHHSX, 3 YpaXyBaHHIM TEPMIHOBOCTI OMepalliid Ta
MOJKJIUBOCTI TEPEpUBAHHS IUIAHOBHX OIEpalliii y pa3i HaJ3BHYaHHUX
CUTYaIii.

[ToganpmIoro MOCHiKEHHS TOTPEOYIOTh MUTAHHS BIUTHBY Pi3HHUX
CTpAaTeTii TIepEepPUBAHHS Ha ONTUMAIILHICTh 3HAYCHHS ITBOBOT (DYHKITIT
Ta e()eKTUBHICTh AJITOPUTMY IS PO3MOAIICHUX CUCTEM.
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METO/I BUSIBJIEHHS TA HEMTPAJII3ALIIL MEPEXKI BOTIB
Y PEKOMEHJAIIMHINA CUCTEMI

Memnemko €.B.
LlenmpanvHnoyKkpaincokuil 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 croroanimmiii neHp y cdepi iHPOpMaiiHUX TEXHONOTIH Jist
MPOCYBaHHS TOBapiB Ta MOCTYT BCE YACTillle BUKOPUCTOBYIOTH TaK 3BaHi
pEKOMEHIAIiHI CHCTEMH — IHCTPYMEHTH aBTOMATHYHOI TeHepalii
pEKOMEHIaIlii Ha OCHOBI BHMBUEHHS IEPCOHAJIBHUX  IOTPEO
KOPHCTYBa4iB BeO-CalTiB uM j0oAatTkiB [1-4]. PexomeHnariiiitai 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
KIacTepu3atlii [5, 6] Ta aHaIi3y il KOPUCTYBAUiB.

Hatiuacrime iHpopmariiiini aTakd Ha PEKOMEHAIIMHI CHCTEMHU
3IACHIOIOTHCS Y MAPKETHHIOBUX I[IJISIX 3 METOIO ITiIBUIIICHHS PEHTHHTIB
TOBapiB aTakylo4yoi CTOpPOHM a00 3HIKEHHS pEUTHHIIB TOBapiB
KOHKYPEHTiB. X04a aTaky Ha peKOMEHJIaIlii{Hi CHCTEMH MOXYTh MaTH Ha
METI TakoX 1 TOMMPEeHHs I1HQOpPMAIiHHUX BIUIMBIB IiJl 4ac
iHpOpMaLiiHUX TPOTHOOPCTB, Hamp., y MNOMTHYHHMX LuUIAX. Yepes
coLiaJIbHI MepeXkKi 4acTo 3AiHCHIOIThCA Pi3Hi iH(popMaLiiiHi BIUHBH [7-
8], 1 peKOMEH/AIlIiHI CUCTEMH, 5K iX CKJIaJ0Ba, CTAJId OJHIEIO 3 IiJIcH
T iH(pOpPMAIifHUX aTak 3 METOK 3JiMCHEHHS TaKWX BIUIHBIB [9-12].
BukoHaBmm ycmimHy ataky Ha peKOMEHAALIHHY CUCTEMY COLiajbHOT
Mepexi abo arperaropa HOBUH, MO>KHA 3MIHUTH HAlIOBHEHHS Ta IOPSIOK
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moka3y 00’€KTiB y CTpiuKax HOBHH KOpPHCTyBadaM cucTeMu. Lle MmoxkHa
BUKOPUCTATH HE TiIIbKM B MapKETUHTOBHX, a W TOJITHYHHUX YU
maxpaichkux L. Jis peamizamii aTak Ha peKOMEHIAIiHHI CHCTEMH
BHKOPHUCTOBYIOTHCS MEPEKi OOTiB, TaK SK TUIBKHM TEBHA CYKYIHICTh
npodiniB y cucTeMi 374aTHA BINIMHYTH Ha (QOpMyBaHHS peKOMEHIamin
cBoimMu 3ryproBaHumu nismua [9-12].  IlepeBaxxHO B iCHYIOYHX
mocimimkeHHsax [3, 12-16] mpONOHYEThCS BBaXKaTH  BHSBJICHHS
iHpopMaLliiHOT aTakd Ha PEKOMEHJAIIMHY CHCTEMY TOTOXXHUM
BUSIBIIGHHIO TpodinmiB 60TiB. OCKiIBKH BHABICHHS OpOQiniB OOTIB
IOCUTh PECypCHOMICTKA 3amada, y HOaHIid poOOoTi MPOMOHYETHCS
pO3IIMMTH  3ajady  3axUCTy PEKOMEHIAIMHOI  CHUCTeMH  BiX
iHpopMalLiiHUX aTak Ha JABI 4yacTWHM: 1) BUSABJCHHS O3HaK aTakd
Ta 2) BUSBJICHHS 1 HEHTpasizailis mpodisaiB 6OTiB.

BussieHns ataku Moxke OYTH MEHIII PECypCO3aTPaTHOIO 3a1adero i
MOJISITaTH Yy BiACTIIKOBYBaHHI TUHAMIKH PEUTHHTIB 00 €KTiB CHCTEMH,
ycix abo TIMBPKH KPUTUYHO BAXKJIMBHUX 3 TOYKH 30py iH(opmartiiHoi
Ocsmekn. lle Moxke OyTH pealli3oBaHO y BHUTIIAII aBTOMATHIHOIO
MOHITOPHHTY 3MiH peHTHHTIB 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 cepenl Npo(diTiB KOPUCTYyBadiB
CHCTEMH MOYKHa 3BECTH 0 3a/adi MOUIyKy miarpady y couialbHOMY
rpadi peKkoMeHAaniiHOI CUCTeMH, BEpIIMHAMHU SKOTO OyIyTh mpodii
OB’ s13aH1 MDK COOOIO IE€IKMMU CHIJIBHHUMHM TisIMH, 110 MaJIi BIUIMB Ha
3MIHY TpEHIIB PEHTHHIIB yCix a00 OLIBIIOCTI 00’€KTIB 3 MHOXXHHHU
HWMOBipHHX Iinelt iHopmariitnoi araku [3, 17-19]. Skmo BusBieHa
aTaka Ha PEKOMEHMAIiiHy cucTeMy Ta 3adikcoBaHa MHOXHWHA ITiIeiH
60TiB G, 10 Morno OyTH 3[iiICHEHO SIK TP Bi3yallbHOMY CIIOCTEPEKECHH1
TaK 1 IiJ] 4ac aBTOMaTU30BAHOI'O MOHITOPUHTY CUCTEMH, JIOTIYHUM Oy /e
JocTianTy podiri BCiX KOPUCTYBAUiB, SKi BILTMHYJIN HA 3MiHY TPEHIIB
peUTHHTIB 00’€KTiB 3 1i€l MHOXXHHU G, IO 1 MIPOIIOHYETHCS 3pOOUTH Y
NaHiii poOOTi IS MOIIYKY cepell HUX MpodiiiB OOTIB.

Hns BupimeHHs 3agadi igeHtudikauii mpodimiB OoTiB  Oyio
po3po0iieHO MeToA 3acHOBaHM Ha rpadoBii kinactepusanii Ta aHami3i
Il KOpUCTYBauiB, 3 BUKOPUCTAHHAM KOEQIIIEHTIB «HEJIOBIpH» (15
pealrizallii BAKOPHCTaHI TakKi IporpaMHi 3aco0M — MOBa MPOTpaMyBaHHS
Python Tta rpadoBa 6a3a nanux Neo4j):

Eran 1. DopmyeMo MHOKUHY MiZ03piIMX MPpodiTiB KOPUCTYBadiB
S, B sIKy moMiniaeMo npodifi, o CTaBUIIM IIJILOBI OIIIHKH It 00’ €KTaM 3
MHOXHHU G.

Eran 2. IlpuBnacHio€EMO KOXXHOMY KOpPUCTYyBauy 3 MHOXHHH G
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MITKY :SUSPICIOUS y 6a3i 1aHuX Ta Koe(illieHT He0BIpH, PO3paxOBaHU

3a HACTYMHOIO (HOPMYJIOIO:
Er

kd,i :ZjEG

e Ert,i,]f HAsIBHICTB IIJIbOBOT OIIHKH I't BiJI KOPHCTYBaya i 00’€KTY |, 1110

(1)
g

n

HaJIC)KUTh MHOXKHHI UMOBIpHUX wined araku G, mpuiiMae 3HaueHHS 1,
SKIIO IIIbOBa OIliHKa € Ta 0 — TpW BIACYTHOCTI Takoi OINIHKHU Bij
KOPHCTyBaua i 00 €KTY j; Ng — KIIBKICTh 00’ €KTIB Y MHOKHHI MOKIHBHX
mineit araku G.

Etan 3. J{ns K0XHOI mapu KOPUCTYBaYiB i1 Ta iz 3 MHOKHUHH S, 1
Kai1 > q Ta Kg,iz > ¢, cTBOproeMo pebpo Mixk HHUMH 3 MiTKOIO :BOtNet.

Eran 4. Bukonyemo rpadoBy KiacTepu3aiiio sl miarpady, o
MICTHTh BepIIMHH 3 MiTKamu :USer i :Suspicious ta pebpa 3 MIiTKOIO
:BotNet. PezymbraT po60TH Takoi kiacTepu3sailii Oy 1yTh HACTYITHUMHE —
yci O0TH MTOTPAILIATE A0 OJHOTO BEITUKOIO KIIacTepy, SAKIIO O0T-Mepeka
oaHa, ab0 10 JEKIbKOX BEJIMKUX KIIACTEepiB — SKIIO OOT-Mepex
JEeKiTbKa; ayTeHTHYHI KOPWUCTYBayi IMOTPAIUIATH Y Pi3HI KIACTEpH,
KOXKHHAH 3 TaKWX KiacTepiB Oyle MICTHTH OJHOTO KOpPHCTyBada abo
HEBEIMKY KIUIbKICTh KOpHCTyBadiB. MOXIUBI W BHUNAAKH, KOIH 0
KJIacTepy 3 OOTaMu MOTPanuTh JeAKa KIUIbKICTh ayTCHTUYHHX
KOpPHUCTYBaviB ab0 Jeska Tpyla CXOXHX MK COOO0I0 Ta aKTUBHHX
AyTEHTUYHUX KOPUCTYBAUiB YTBOPUTH OKPEMHUH KilacTep y pasi, SKIIO iX
Ii1 3CYHYJIH PEHTHHTH JESIKUX 00’ €KTIB.

Etan 5. BusnHauaemo HaiiOumbII KiacTepH, MO CKIAJAIOTHCS 3
(Ner — e) kopucTyBauiB, ¢ Ner — MiHIMaIbHA KUTBKICTh KOPUCTYBAaYiB, IO
MOJKE BIUIMHYTH Ha pe3yJbTaTH POOOTH PEKOMEHIALIHHOI CHUCTEMHU
(3aexuTh BiJ TapaMeTpiB KOHKPETHOI CHCTEMH), e — TIPUOIU3HE
3HAYEHHs TMOXWOKW TPHU PO3AUICHHI MpoQiTiB KOPUCTYBadiB Ha
knactepu. Takuii kinactep (a0o KjacTepu) BBAKAEMO MOIKIIMBOIO 0OT-
Mepexero (0oT-mMepexaMu). Y KOPHCTYBadiB, O HE MOTPAIUIIOTH 10
JaHUX KIacTepiB npudbupaemo pedpa 3 mitkoro :BotNet. KopucryBauis,
mo noTtpanuwiy g0 miarpadgy BotNet Tpeba m104aTKOBO IEPEBIPUTH,
MpoaHai3yBaBIIM CTATHCTHYHI XapaKTePUCTUKH iX MpodiiiB, HAMP., 32
JIOTIOMOT'OI0  3aITPOMIOHOBAHOTO Y TOMNEPEAHBOMY PO3IiI CIOco0y 3
BUKOPDHUCTAaHHAM HelpoHHHX Mepex [20]. Takox ans 10aaTKOBOI
nepeBipku npodiiis 3 miarpady BotNet MoskHa 3AIHCHUTH MOIIYK Yy HUX
MEBHUX XapaKTepPHUX JUIsi OOTIB O3HAK, HAmp., [MOTAaHO 3allOBHEHHX
AHKETHUX JaHuX ab0 HaJ3BUYAHO BHCOKOI aKTMBHOCTI (XapakTepHi
0c00IMBOCTI OOTIB 3aJIeKaTh BiJl KOHKPETHOT CUCTEMH 1 MOXKYTh CTaBaTH
BIJOMUMH B TIpolieci 300py CTATHCTUYHUX JIAHHWX Mija 4Yac ii poOoTH).
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OnHuMH 3 3arajbHUX O03HAK OOTIB AJsl OaraTboxX CUCTEM MOXYTbh OyTH:
BIIMIHHICTh 3HAUYCHHS JUCHEPCii OI[HOK Ta JaucHepcii YacoBUX
IHTepBaJiB MDX BHCTaBICHHSAMH OIIHOK Yy mpodinmsax OOTiB Bif
CEePEeNHbOCTATUCTUYHNX 3HAYCHb BIATOBIMHHUX ITUCTIEPCIH Y MPOdiIax
KOPHCTYBauiB cHcTeMH. J{1s1 KOHKPETHOI CHCTeMH O3HaKaMHu OOTiB
MOXYTh OyTH: ocoOmmBOCTI peecTpamii Mpodiaro, 0cOOIMBOCTI
HAaITOBHEHHS MPOQiTI0 0COONCTOI0 iH(pOpMAITi€ro, CTHIIh HaMCaHHS Ta
3MiCT KOMEHTAapiB, CIUCOK APY3iB KOpHCTyBada Tomo. [licis mepeBipku
CTaTUCTUYHUX JAHUX OKPEMHX MpodisliB KOPUCTYBAiB, sIKi MOTPAIIIN
y migrpad BotNet, Tpeba #oro CKOpeKTyBaTH, BHIAIHBIIN 3 HHOTO
KOPHCTYBa4iB, PO3Mi3HAHHUX 32 CTATUCTUYHUMH JAHUMHU SIK Ay TEHTUYHI.
Skmo € xmactep, y SKOMY BCi KOPHUCTYBadi BH3HaHI aBTCHTUYHUMH —
CJIiJT IEpeCTaTH BBAXKATH HOTO OOT-MEPEKEIO.

Etan 6. Kopekrtyemo wmHOXmHY G Ticnsd aHamizy OIlIHOK
kopuctyBauiB 3 miarpady BotNet. IlepeBipsiemo, sikuM 00’eKkTam
KOPHCTYBadi 3 00T-MepeXi CKOOPIANHOBAHO BUCTABIISIIN I1JIHOBI OIIHKH.
Bunmansemo 3 G 00’exTH, SKki He OAep)KyBalHM B3arai abo omepikain
HE3HAUYHWH  MPOIEHT  [UIbOBUX  OIIHOK  BiI ~ KOPUCTYBadiB,
inentugdikoBanux sk Ootu. [omaemo mo mMHOkMHU G 00°€KTH, SIKi
oJIep KalIH IITHOBI OIIHKH Bif yCixX (200 BEIMKOTO MPOICHTY) OOTIB.

Byno mpoBemeHO cepil0 eKCIEPUMEHTIB Jisi  TECTyBaHHS
po3pobseHoro  meroay. HaGopu  maHMX A1 ©KCIICPUMCHTIB
TeHepyBaJIUCS y PO3pOOJIeHid TmporpamMHiil iMiTamiiHii —Mozei
pexomeHnaniitHoi cuctemu [21]. dopmar Ta CTaTHCTUYHI OCOOIMBOCTI
JaHUX TEHEPYBAIMCS MAaKCHMajlbHO HAOJMKEHWMHU JI0 BIAMOBITHUX
XapaKTepUCTHK BIAKpUTOro Habopy manmx MovielLens Datasets [22].
ATtakyn MoneNmoBamics 3a JONOMOIOK MOMYJISPHOI, BHIIAJKOBOI Ta
cepennboi Momenedt artak [3, 10]. V skocti anroputmy Trpadosoi
KJlacTepu3allii BAKOpHCTOBYBaBcs anroputM Label Propagation.

VY nposeneHiii cepii ekcriepuMeHTiB Oyno 3rerepoBano 10% 00TiB,
yci 1HII KOPUCTYBadi CUCTEMH — ayTEeHTHUYHi. Y Pi3HUX €KCIIEpUMEHTaX
y 6ortiB OyJia pi3Ha KUIBKICTB Iiiyie juis ataku: 1, 5, 10, 15, 20, 25, 30,
35, 40 ta 45 uineit. Takox cepen ayTEeHTMYHHMX KOPHCTyBadyiB OyIio
sreHepoBaHo 20% mpodiniB 3 BHUCOKMM piBHEM aKTUBHOCTI Yy
PEKOMEHIALIHHIN crcTeMi, sIKI BUCTABIISIIM 3HAYHO OljIbIlIe OIIHOK, HIK
CepeIHbOCTATHCTHYHI  KopucTyBadi. OO’ektm  cuctemu  Oynu
3reHEepPOBaHi TAKUM YHHOM, 100 BiJHOCUTHUCS 33 CBOIMHU BIIACTHBOCTSIMHU
110 OAHOTO 3 19 KitacTepiB. ANTOPUTM MOMIYKY OOTIB JUIs TOCHIHKYBaHOT
pEKOMEHIAIIITHOT CHCTEMHU MaB HACTYIIHI TapaMeTpH:

—0 = 0.05—-100T0, KOpPUCTYBay BUCTABUB LIIbOB1 OLIIHKW HE MEHIIIE
5% 00’exTiB, AKI BU3HA4YEHI MiACUCTEMOI0 iH(opMaliiiHoi Oe3nmeKu K
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WMOBIpHI 11iTi aTaku. [loporoBe 3HaYCHHS HEBEIIMKE, TOMY 110 HEB1JIOMO
HACKUIBKH BIPHO PO3Mi3HaHI Uil aTaKh, MOIJINBO TaM 0arato 00’€KTiB,
Y SIKUX 3MIHIITUCS] PERTHHTH PUPOTHIM YIHOM.

— BinaciroBanas mnpodimiB kopucTtyBadiB 3 miarpady BotNet
3MIACHIOETHCS HA OCHOBI 3HAuU€Hb JUCIEPCil OIIHOK Ta aucrepcii
YacOBHUX IHTEPBAJiB MDK BHCTaBICHHSIM OIHOK. AYTCHTHIHHMH
KOpPUCTYBa4aMHM, SKi TOMMIKOBO TMoTpamman mo Tmmiarpadgy BotNet,
BBKAIOTHCS TaKi, IaHi 3 TPo1iJliB AKUX BiAMOBIIAIOTH IPABUITY:

|Dr — Drave| < 0.15 AND (Dt > 72 AND Dy, < 600),

ne Dy — mucnmepcis omiHok y mpodisi KopucTyBada, Dy ayr — yciueHe
cepelHE nucmepcii OIIHOK y mpodini KOPUCTYBadiB CHUCTEMHU
(Bimcikamocst 30% kpaifHiX 3Ha4eHb, TOOTO, TPAHUYHO MOKIHMBUHN
MPOLIEHT OOTIB y po3risiayBaHiii cucremi), Dir — mucmepcis 4acoBux
IHTEepBaJIiB MK BHCTABJICHHSAMH OIIIHOK. TOOTO, MUCHEpCis OMIHOK Yy
npodiIsx ayTeHTUYHUX KOPHCTYBAadiB HECYTTEBO BiAPI3HAETHCS BiJ
CepeTHLOCTATHCTHYHOI Jucepcii (aTakyrounid CUCTEMY Ii¢ 3HAYCHHS
3HATH HE MOXKE, BIH MOXE JIUIIE MPUOJHM3HO HOTO OIIHUTH, TOMY HE
MOKE BipHO BIITBOPHUTH JJaHy XapaKTEPUCTUKY MIPU CTBOPEHHI podiiB
00TiB). A mepeBipka qUcrepcii 4acoOBUX IHTEPBAJIIB MiXK BUCTaBJICHHAMHU
OITIHOK Ma€ HACTYITHUI CEHC — CITiJT BBAKATH ITiI03PITUMHU KOPUCTYBAYiB,
SKi poONIATH 3aHAATO ONHAKOBI ab0 3aHAATO pi3HI IHTEpBaNM MiX
BUCTaBIICHHSIMH OLIIHOK, B TOH K€ Yac JHCIIEPCis YaCOBUX MPOMIKKiB
Mi» BUCTABJICHHSMH OI[IHOK Y aBTCHTUYHUX KOPUCTYBAYiB 3HAXOIATHCS,
SIK TIPABUJIO0, B IEBHOMY Jlialla30Hi 3HAUCHb.

Jlyis OIiHKK SIKOCTI poOOTH PO3POOIICHOr0 MeToay Oyio oOpaHo
HACTYIHI METPHUKH:

— Touwnicts (Precision):

L. tp
precision = ", 2

ne tp — npaBwiIbHO BHsBICHHWH 60T; fp — ayTeHTHYHHH KOpHCTyBad
HEBipHO iieHTH(hiKOBaHU K OOT.
— IloBHoTa (Recall, Sensitivity):

tp
recall = 3
ec tp+fn’ (3)
ne tp — mpaBwibHO BusBIEeHWE 0oT; fn — OOT, sKHi HEBipHO

17IeHTU(IKOBaHUI K Ay TCHTUYHUN KOPUCTYBAH.
— CepenurokBaapaTtnyuna momuika (RMSE):
RMSE = Z?:l (YLnYL), (4)
Sk mokazana cepis eKcmepuMeHTiB 3 Taln. 6.4, TOUHICTBH
po3mi3HaBaHHs 0OTIB PO3POOJICHUM METOJIOM B CEPEIHbOMY CTAHOBHUTH
0.72 nnst BunagkoBoi ataku, 0.81 amns cepequpoi aTaku, a Takox 0.71 s
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nomyJsipHOi araku. Takoxk OyJsio OLbII JETATLHO OCIiIKEHO TOYHICTh
po3mi3HaBaHHs OOTiB pO3pOOIEHUM METOAOM IJIsl TOMYJISIPHOT MOJENi
ataku. Haliripmi pe3ynbpTraTé oep KyBaincs, KOJH LiTh IS aTaku OOTIiB
Oyna omHa, TOAI TOYHICTH po3pobieHoro meromy mamana mo 0.57 y
cepeaHbOoMy. HaliBuIlia TOUHICTH criocTepiranacs, KoJu Iinei atak 0yno
25-30 mrT., B TaKOMY pa3si BoHa csraina 3HadeHHs 0.78. [Ipu Bramiii arari
00TiB, IO 3CYHYyNIa PEUTHHTH MUTLOBHUX 00’ €KTIB, HASIBHICTH OOT-Mepeski
Ta 3HAYHUI TPOLEHT OOTIB 3 HEl 3aBXK AU OYJI0 BUSIBICHO.
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JOCIIIKEHHA METOAIB BUKOPUCTAHHA
IITYYHOI'O IHTEJIEKTY Y KIBEPBE3IIEII

Merneuniko €.B., Bapuenko 1.B
Llenmpanvnoykpaincokuil HAYIOHANLHUL MEXHIYHULL YHIgepcumemn,
m. Kponugnuywvxuii

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 intenext (II) i mMamMHHEe HaBYaHHS CTAIM KPUTHYHO
BXJIUBUMU TEXHOJIOTiIMH B iH(OpMaLiiHii Oe3neni, OCKIIbKA BOHU
3/IaTHI IIBUIKO aHAJI3yBaTH MUIBHOHY MOJIiH 1 BU3HAYATH 0arato pi3HUX
TUIIIB 3arpo3 — BiJl 3J0BMHUCHOTO IPOrPaMHOrO 3a0e3IeUeHHs, 0
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BUKOPHUCTOBYE BPA3JIMBOCTI HYJIOBOTO JTHS, IO BUSBIICHHS PU3UKOBAHOL
MOBE/IHKK, SKa MOXE IMPHU3BECTH JO BAaNOi (ilIMHTOBOI artaku abo
3aBaHTAXEHHS MIKiUIMBOTO Komy. Lli TexHOomoTii 3 YacoM HaBYAIOTHCA,
CIIUPAIOYNCh Ha MUHYJIE, 00 3apa3 iMeHTH(IKyBaTH HOBI THITH aTak.

3aB/IsSIKM BUKOPUCTAHHIO MAIIMHHOTO HABYaHHS MOXKHA BU3HAYUTH,
SIK BWTJISIIA€ HOPMaJlbHA TOBEIiHKA B CHUCTEMi, 1 BUIUIHTH OyIb-sKi
BHIIAKH, SKI BIAXWIMIOTbCS Bim HopMH. lle Moxe momoMorTu
iTeHTU(IKyBaTH TOTCHINMHI aTaKu Ta BHSBJIATH CHCTEMH, SIKI HE
MPAIOIOTh HAJICKHUM YMHOM 1 € BPa3JIUBUMHU IO aTak.

HapiTh moBemiHKka KOpPHCTyBaua, sKa MOXKE OyTH IpOOIEMOIO,
HaIPUKIIAJ, BUMAJIKOBHIA BUTIK JaHUX a00 eKciIbTpallis, TOTEHIIITHO
Moke OyTH BHsABJIeHa 3a pornomoroto L1

OcHosHi o61acTi 3actocyBanss 111 y kibepoesmerri:

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

— Cucremu ynpaiinHs iHpopmaniliHoo Oesmnexoto (SIEM) s
ABTOMAaTUYHOTO aHaNi3y JIOTiB 1 BUSBICHHS TMiMO3piN0l aKTHBHOCTI B
peaabpHOMY Jaci.

— VYmpasniHHA ineHTHOIKamiero Ta qoctynoM (IAM) — mormomora y
CTBOPEHHI Ta KOHTPOJI CKJIaJHUX MOJeNeH ayTeHTHdiKalii Ta
aBTOpHU3AIlii st 3a0e3MeYeHHs Oe3MeKH JIOCTYITY JI0 PECypCiB.

— 3axwucr kinnesux To4ok (Endpoint Security) — BusiBieHHS Ta
OJIOKyBaHHS IIKIJUTMBOTO MPOTPAMHOT0 3a0€3MeUeHHs Ta 1HIIHUX 3arpo3
Ha KIHIIEBUX MPUCTPOSIX.

— Kibeppossigka (Cyber Threat Intelligence) — III moxe
aHaJi3yBaTH JaHi 3 PI3HUX JDKEpeN JJisl BUSBICHHS HOBHX 3arpo3 i
TEH/ICHIIIN y KibeprpocTopi.

— MoHiTopuHT Ta aHalli3 MepekeBoro Tpadiky il BHSBICHHS
aHOMaJii.

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

Ocb OCHOBHI TepeBard Ta MOXJIMBOCTI BUKOPHUCTAaHHS LITYYHOI'O
iHTeNeKTy y KibepOe3newi:

1. Ityynnii iHTeeKT Moke BHUSABJIATH KpiM Bigomux ¥
HeBigoMi 3arpo3u. BusiBiieHHs BCiX MOTEHIIHHUX 3arpo3 i KOMIaHi1
MOKe OyTH HaI3BUYallHO CKJIAQJHUM 4Yepe3 MOCTIHY 3MiHy TaKTUKH
xakepiB. ToMy BKpail BaXKIIMBO 3aCTOCOBYBATH CyYacH1 pillieHHS, TaKi sIK
IITYYHUH 1HTENEKT, Ui e(pEeKTHBHOrO BHSBJICHHS Ta 3aro0iraHHs
HEBIIOMHM 3arpo3am, sIKi MOXKYTb 3aBJaTH CEPHO3HOI LIKOIH, SKIIO iX
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HE BHUSBUTH.

2. I moxke 00po0JATH Ay:Ke BEJIMKY KilbKicTh Tpagdiky Ta
nepeBipsiTH Ha HasIBHICTh MOTEHIiHHUX 3arpo3. Mepeka KoMmmaHii
TeHEpYy€e BENWYE3HY KITBKICTh Tpadiky, IO YCKIATHIOE IEPCOHATY
ciy:)kOm KibepOes3mekn TepeBipKy BpY4YHY BCIX [Hili Ha HasBHICThb
MOTEHLIHHUX 3arpo3. BUKOPHCTaHHS IITyYHOIO iHTENEKTY IO3BOJIE
aBTOMAaTHYHO CKaHYBaTH Ta BU3HAYATH IPUXOBAHI 3arpO3H, CIIPOIIYIOYH
MPOIIeC BUSABIICHHS Ta MOKPAIYIOUH 3aXHUCT.

3. LI 103B0JIsIE pearyBaTH y Pe:KUMi PeajbHOro 4acy i Moke
JoHABYATHCS Yy mpoieci podoru. Il BUKOPHUCTOBYe MamInHHE
HaBYaHHs Ta [NIMOOKE HaBYaHHS, METO/W aHaJli3y MOBEIIHKH MepexKi Ta
BUSIBIICHHS BiIXWJIECHb a00 iHIMICHTIB Oe3neku Bijg HopMmu. Lle no3Bosise
HEraifHO pearyBaTH Ta MOCHIIIOE MaiOyTHI 3aX0au Oe3MeKH, OIIOKYIUn
MIOTCHITIHHI 3arpo3u 3 NOMIOHMMH XapakTepucThKamu. IlocTiitHmit
npouec HapuaHHs [III ycknamHroe Xxakepam 3anady BTOPTHEHHS B
CUCTEMY Ta 3MEHIIIY€ X MOXIHBOCTI IT0 00XOIy ICHYIOUHX 3aXHCTiB.

4, Ilomyk Ta TeCcTyBaHHsI BPAa3JIMBUX MiCllb KOMIT’ IOTePHOI
Mmepexi. [lepciektuBauM € Bukopucranus LI B kiGepOesmeni ams
KepyBaHHs Bpa3IMBUMH MICISIMH MEpEXi, BPaxOBYIOUM IIOJCHHI
3arpo3u, 3 SKUMH CTHKAIOThCS KOMITaHii. BiH aHami3ye icHyIOUi 3aX01u
Oe3mexu, 100 BHUSBHTH CJIaOKi MICH, IO [JO3BOJSE KOMITAHIM
30CepeIUTHCS Ha KPUTHYHUX 3aBlaHHAX Oesmeku. Lle mokpamrye
3IaTHICTH BUPIIIYBaTH MPOOJIEMH Ta 3aXHIae O13HEC-CUCTEMH IIIBUIIIIE,
HIX TIepCOHA i3 KibepOe3mneKu.

5. [IporHo3yBanHsa MaiOyTHIX 3arpo3. AHaN3YIOUH >KypHAIH
noJiiii Ta icropuuHi AaHi npo kibepHamagu, LI mMoke mporHoszyBatu
WMOBIpHI MailOyTHI aTaku Ta JOMOMAaraTH OpTaHi3allisM ITiroTyBaTHCS
710 HUX.

6. 3MeHIIeHHsT TYOJI0I0YMX Ta PYTHHHUX npoueciB. OqHUM i3
OCHOBHUX BHUIAJIKiB BUKOPUCTAHHS MITYYHOTO iHTEIEKTY B KibepOesmerri
€ Te, 1110 BiH BUKOHYE MOHOTOHHI Ta TOBTOPIOBAHI 3aBAaHHS O€3IeKH, SKi
MOXYTh BUKJIMKATH TEPEBaHTAKEHHs NepcoHaly KibepOesmneku. Bix
peryisipHO BHABISE Ta 3amo0irae OCHOBHUM 3arpo3am Oesmeri Ta
MPOBOJUTD PETEILHUM aHai3 AJ1s1 BUSIBICHHSA NOTEHIIHHUX IPOTAIUH Y
Oesmeri. 3aBISKU IITYYHOMY 1HTEJIEKTY TIiJIPUEMCTBA MOXYTh
3a0e3MeYUTH MOCIIIOBHE BIIPOBA/KEHHST HAHKpaIIUX MPAKTHK Oe3MeKn
Mepexi 0e3 pU3UKY JTIOJICHKOI IOMUIIKKA YU BTOMH.

7. IlpuckopeHHs BUSIBJIEHHSI aTak Ta 4acy BiImoBial Ha HUX.
Iarerpais LI 3 kibepOe3nexoro 03BOJISE MBUIKO BUSBIISTH 3aTPO3H Ta
pearyBaTd Ha HUX, 3aXMIIAIOYM KOMIIAHIIO BiJl HE3BOPOTHUX 30MTKIB.
LI cxanye BCIO CHCTEMY, paHO BUSIBIISIE 3arPO3H Ta CIPOILIYE 3aBIaHHS
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0e3meKy OPiBHSHO 3 JIIOJbMH.

8. lonaTkoBmii 3axuct aBreHTHdikauii. Be0-caiitu 3 QpyHKUIiIMHU
OOJIKOBMX 3amMCiB KOPUCTYyBadiB a00 KOHTAKTHHMH (GOpMaMH, IO
MICTSITh KOH(DIICHIIHHY 1HpOpMAaIIiio, MOTPeOyIOTh JOJATKOBOTO PiBHS
Oe3neku Ta 3axucty. L tyunuii inTenexT 3abe3nedye 1eil piBeHb Oe3neKu
3a JIOTIOMOTOI0 TaKUX IHCTPYMEHTIB, SK pO3IMI3HABaHHS OOIAYYA,
CAPTCHA Ta ckaHepw BIiIOWTKIB TAJBINB, IMOO 3a0e3meUuTH
aBTeHTH(iKaIito mig yac crapod Bxomy. Lle sgomomarae BUSBUTH
IIaxpaicbKi CrpoOu BXOTy Ta 3al00ITTH BUKPAICHHIO O0IKOBHX JTAHUX
1 arakam Tpy0OOi CHIH, SKi MOXYTh TPHU3BECTH OO IOTCHIIHHOTO
MOpYLICHHS OE3MEeKH Y KOMII IOTEPHIN Mepexi.

9. ABTOMaTH30BaHuii aHaNi3 Ta KiIacudikamis BeJTUKHX
00’eMiB TeKCTOBHMX AaHMX. 3aBAsku mpomy amroputmu I moxyTs
e(DeKTUBHO pO3Mi3HABATH (DIITMHTOBI TOBIIOMJICHHS Ta  CIIaM,
3aXHINAI0YM KOPUCTYBAviB BiJ] IaxpaiCcTBa.

10. ABTomMaTH30BaHe BHABJEHHS 00TiB. boTH CTaHOBIATH
3pocTarouy 3arpo3y kKidepOesIielli, iX BUKOPHCTOBYIOTE IS 3TOBMUCHUX
i, SK-0T PO3MOBCIOPKEHHSI 3I0BMUCHOTO MIPOTPaMHOT0 3a0€3MeYeHHS
Ta BHUKpaaeHHs aAaHuX. LLTyyHwWid iHTENEKT MOXXE pO3Mi3HaBaTH Ta
OJIokyBaTH OOTIB, BH3HAUYAIOUW iXHI ITAOJOHW, CTBOPIOIOYH OiIBII
Oe3MeyHi Kamyi Ta po3ropTaloyu MPUMaHKH IS IXHBOTO 3aXOIICHHS.

Xoua ITYYHHN IHTEICKT Ma€e BEJIMYE3HUH MOTEHINaN, JUIS HOTO
BIJIMOBITaJIbHOTO Ta €TUYHOTO BIIPOBA/HKEHHS HEOOXITHO PO3YMITH 1
BpaxoBYBaTH HOTO HEAOIIKHU Ta MPOOIEMU:

1. Ckaapnictb. Po3pobka cucrem kibepOe3neku 3 BUKOPUCTaHHIM
LIl Bumarae creniadbHUX 3HaHb Ta HABHYOK 1X CTBOPEHHS,
HaJIAMITYBaHHS i TIOTOYHOTO OOCITyTOBYyBaHHSI.

2. Bucoki BUTpaTH Ha BHpPOBAJKeHHs. BrpoBamkeHHS Ta
miarpumka IlI-cuctem Moxke OyTH JOCHTH JOPOTOI0, BKIIIOYAOYH
BUTpPAaTH Ha amaparHe 3a0e3ledeHHs, INporpaMHe 3a0e3ledYeHHs,
HaBYarO4i BUOIPKH TAHUX Ta HABYaHHSI IEPCOHAITY.

3. [loTpeda y BeJIMKUX 00cATaX SIKICHUX MAHUX JJIs HABYAHHS.
I noTpedye BenMKUX OOCSTIB AKICHUX JaHUX JUIS HABYaHHS MOJETICH.
HenocratHicTs a00 HU3bKA SKICTh JAHUX MO>KE MPU3BECTH 10 HETOUHUX
PE3YJIbTATIB 1 3HMKEHHS €(PEKTUBHOCTI CHCTEMHU.

4. BpaznausicTsh 10 cnenupiyaux atak. I-cuctemu cami MOXyTh
CTaTH MIIICHHIO aTaK, TAKWX K aTaKh Ha MOJIENi MAalllMHHOTO HAaBYaHHS
(HanpuKIam, OTPYEHHS MaHWX). 3JOBMHUCHUKHA MOXYTh 3MIHIOBATH
BXIJHI JIaH1 JIJIsl BBEICHHS CHCTEMH B OMaHy.

5. JlorpuMaHHsl eTHYHMX HOpPM. Bukopucranns I vy
kiOepOe3neni miAHIMAaE €THUYHI Ta MPaBOBI MUTAHHS, BKIIOYAIOUU
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KOHQIIEHIIHHICTh JaHWX, NPO30PICTh NPUHHATTA pillleHb Ta
BiJIMOBITabHICTh 32 TIOMUJIKU CHCTEMH. BCTaHOBIIGHHS 1 JOTPUMAaHHS
YITKMX €TUYHUX TPUHIIAIIB € JOCUTh BRKIIHBAMH.

6. loTpuMaHHs MpaBoBUX HOPM. IIpaBoBi BUMOTH, IIOB’s3aHI 3i
IITYYHUM 1HTEJNIEKTOM 1 KiOepOe3mekoro, CcKiIagHi ¥ MOCTiHHO
3MIHFOIOTBCSI.

BucHoBOK. 3 BUKOPHUCTaHHAM IITYYHOTO 1HTEIIEKTY y KibepoOe3merti
€ MOXJIMBICTh 3HAYHO IiJBUIIMTH PIBEHb OE3MEKH KOMII FOTEPHUX
MEPEXK Ta CHUCTEM, IIBHJIKICTh 4acy BIATYKY Ta aJalTHUBHICTh CHCTEM
3axucTy. BomHovyac BaXIIMBO BpaxOBYBaTH €THYHI aCIIEKTH Ta MOXITUBI
PU3UKH, TTOB’sI3aH1 3 BAKOPUCTAHHSM IITYYHOTO iIHTEJIEKTY, BPAXOBYBaTH
HOT0 HEJIOMIKN Ta 0OMEKCHHSI.
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KOPHUCHI BJJACTHUBOCTI INIOIIUHHUX
NI PA®IB TPA®IB-OBCTPYKIIA OBMEXKEHOI'O
HEOPIEHTOBAHOI'O POAY
B. I. Ilempeniok, Llenmpanvnoykpaincokuil Hay. MexHiyHul

VHigepcumem
. 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 »(G), presented as the

@-image of a planar graph G, with a given set of points_x, ={x,;}" and
a simple star St(x,) with a set of hanging vertices x, ={x,;}%, when
identifying pairs of points from sets of joining points (x;.x,;) .
i=12..,1X;|, 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 t, , t, >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(x;) 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 TOHATTA Ta mo3HadeHHs y3aTi i3 [1]-[3]. Ilix rpad-
o0cTpyKIiero po3ymiTumMeMo Takuil npoctuii rpap Gy sKoro KoxxHe
pedpo € cyTTeBUM BiTHOCHO poay y(G) mpu onepauii BuganeHHi pedpa
U, .10 »(G\u)=y¢(G)-1. 3amaya nonirarume y BUBUYEHHI CTPYKTYypHU
TIOUTMHHAX niarpadis rpagis o0CcTpyKIIii 00MeXeHOTO
HEOPIEHTOBAHOTO POITY.

Busnauenns 1. Jlns muoxuan todok M, M ={a;}!,, mwiomunaoro
rpadga G 3 umciom mocsxHocTi to(M,Y,), me to(M,2,)=t, t>2,
OyJeMO  Ha3uWBaTH  KIITKOBOK  JIOBKHHOKO Ds(M,t), ne

DeM,t)=min X dg(s;,8;, f), mix minvuoxumamu L;,L; MuOXKHHE
vEefGN vs;,s;eT
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M, M=LuL,, LinL;=@, posramoBannmMu Ha IPaHMILIX JOBUILHUX

kmitok  S;,S; {85362y f), mo peamisyiors umemo mocsukmOCTI

ts(M,2,), ne fGN - Muoxuna Beix Hei30MopHUX BKIAAEHb rpada
G nmo X;, mo peanizyroTh 4ucno AocskHOCTI to (M,>,) MHOXHMHH
touok M .

Busnauenns 2. Bynemo nasusatu Muoxuny M, M={a}",, Touox
rpapa G 3 umcnom gocsknocti t, me to(M,X,)=t, KpuTHUHOIO
BIJHOCHO KJIiTKOBOi noBxkuHH Dg(M) mpu omepauii BuUAaJIeHHS

JOBIILHOrO  eneMeHTa  dj, SKIIO Ma€ Miclle  HepiBHICTh
D;(M\a;) < D; (M), un BigHOCHO omepailii cTUCKaHHs pebpa U = (ab) B
touky d' (sxmo {a,b}=M , 1o 3amicte M posrmamarumemo
mHOXuHY M'=(M\(a,b))u{a}), skmo wmae wmicme HepiBHICTH
Dg, (M) < Dg(M).

Busnauenns 3. Bynemo nasusati rpadp G MiHiManbHUM BiHOCHO
Dy (M) mpu omepariii BumaneHHs a00 CTHCKaHHSA B TOYKY JTOBLIBHOTO
pebpa U, skmo , a6o Dg, (M)+1=Dg(M), a6o Dg,(M')<Dg(M), ne
Gu - rpap 31 ctucHytum B Touky @ pebpom U= (a,b) Ta
M'=(M \{a,b}) wa'.

Teopema 1. Hexaii 3amano mmomunnumii rpap G i3 3aganoro
muOkHHOI0 M Touok cyTTeBHX mpw omepanii BUIATEHHS 3 MHOXKHHH
BiHOCHO KHiTkoBOi Biacrani Dg(M), Dg(M)=d,d>2, 3 wuncmom
nocsbkHocTi tg (M), t;(M)=t>2, a MHOXMHA pebep rpada € CyTTEBOIO
BiTHOCHO KJiTKOBOi BifctaHi Dg(M) mpu omepanii BupaneHHS UK
CTHUCKaHHS B TOUKY. MaloTh Miclie HAaCTYITHI TBEPUKECHHS:

1. SIxmo Dy (M)=2 Ta t;(M)=2, 1o rpad G izomopduuii ogHoMy
3 mepmux 6-tu rpadiB, TOOTO € KilbLEM 3 JBOMa HEBUPOIKEHUMH
IPOCTUMU IMKIaMu Z,, nosxunu (z,), ne z,nz, =0, I(z,) >1(z,) >3, mo
3aJI0BOJILHSIIOTH CITIBBIIHOLICHHIO JT) Ta OJHIH 3 HACTYITHUX YMOB:

a) I(z,)=6,1(z,) =3; 0) I(z,)=51(z,) =3; B)
I(z,)=4,((z,) =4 v (I(z,) =3) ;

1) 1(2)=3,((z,) =4 v (I(z,) =3);
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1) BEPIUINHU IWKIIB 7,7, CKJIaJIal0Th MHOXKHHY M Ta mapu BEepUIVH
(v,,v,) OWKIB Z,Z,, BIANOBIMHO, IO 3’€qHAaHI peOpoM, HaJeXaTh
MPOCTUM LMKJIaM AOBXXHHU HE OibIe 5.

2. Skmo MuHOXHUHY M po3outo Ha t —1 Henmoposkuix yactun M, ,

M, M;,ne MinM; =3, D;(M;UM,;)=2 ms BCix, t;(M)=t, t>2,
1o rpad G € @-o6pasom K komiii, mpuHaiimui aox rpadis H, , H, i
i30MoppHUX omHOMY 3 mepmmx 6-tu rpadis H,, H; =G(M, M),
HaBEJICHUX Ha PHC. 2, Ta 33[[aHUM Ha [1api IPOCTHX JaHWoriB L, , L i,
rpadis Hy,Hy;,ne i<j,i,j=12.k,k<t.

HoBenenns teepaxeHHs 1 . Hexalli BUKOHYIOTbCSI YMOBH T€OPEMU
1. Tokaxemo, 1m0 rpad G isomopduuii oqHOMY 3 nepuux 6-Tu rpadis,
TOOTO € a00 KibIIeM 3 IBOMA 30BHINIHIM Ta BHYTPIIIHIM IHKJIaMH, a00

KJITKOBHM JIAHIJIOTOM 3 JIBOMa KiHIIEBUMH HEBHPOJUKEHHMH MPOCTHMHU
uuKIamMu z;, ,NZ,=%, 3 nomxkumHamu |(z;), me 1(z,)=1(z,)>3, mo

3aJI0BOJILHSIOTH OJTHIH 3 YMOB a),..T).

Puc 1. Ha nepiux mecTtu kapTax € IIoMHHI miarpadu rpadie By, Cs,
Ca, D2, K1222, KA\C4, Kas\AK; | BiAIOBIIHO, 3 BUAIIEHUMHU KUPHUM
BEPIIMHAMU 13 MHOKHH M 3 KIIITKOBOIO BIJICTAHHIO 2; MICJIS IPHUETHAHHS 10
HUX BUCSYUX BEPUIMHM IPOCTOI 3ipKK OTpUMAEMO 3rajadi Bue rpadu. Ha
JIpyroMy pany nepimna kapra 1-migposainenuii rpad Ks € miarpagom E;, mae
MHOHMHY M 3 Touok 1-nigpo3sinenss pebep, ae (t=3)A(#=1), nami tpu 3-
KJIITKOBO MiHIMaJIbHi Ta OJJMH 4-KJIITKOBO MiHIManbHUI Tpad
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JloBenemo, 1o oouaBa uukiu rpadga G He MOKYTh Oy TH TOBKUHOIO
Oinpiie 6. IlpunmycTUMoO MO0 OAWH 3 ABOX MPOCTHX LHMKIIB I, Mae
noBxuHy Oinmpire 6. Toxal Ha HPOMY Mae OyTH HE MEHIIE YOTHPHOX
€JIEMEHTIB MHOKMHU M Ta, TpuHaiiMHi, 4oTupu Bepumnu 3 G°\M .
Ockinpku t;(M) =2, To Ha KOXXHOMY I, Ma€ OyTH IIOHAWMEHIIE II0

OZTHOMY €JIEMEHTY V, MHOKMHU M. Buganumo Vv, Ta po3riissHeMO IIUKIN
Ha AKUX pO3MillleHO MHOXHUHY M \V,. 3TiTHO yMOBHU CyTTE€BOCTI OIeparii
BHJAJICHHS 3 MHOXXUHH BiTHOCHO KIIiTKOBOi Bimctani D, (M), D, (M)=d,
d =2, matumemo MHOXuUHY M \V; po3MillleHy Ha JBOX MPOCTUX IUKJIAX
TIOBXKMHOT0, IPHHAWMHI 3, Ta OJIHIEIO0 CIUTBHOI BepmmHOoI0. OTKe, a00
LMK Z; MICTUTH TPH €JIE€MEHTU MHOXKHMHH M 1 He Oinble, a00 MiCTUTh
pebpo U=(V,W) 3 ABOMAa KiHIIEBUMH BEPIIMHAMH CTETICHI 2 3 MHOKHHU

M, sike € HECYTTEBUM TIPH OTepallii CTUCKaHHs B TOUKy. OOH1Ba BUTIA KU
cylepedaTh YMOBI MiHIMabHOCTI MHOXHHH M BigHOCcHO D¢ (M), abo

YMOBI MiHIMaTbHOCTI MHOXKHHHU pebep BigHocHO Dg(M). Ilpumymenss

HEMOXJUBe. THM camMHuM JIOBENIEHO, IO OJUH IIUKJI Ma€ JOBXHHY 6, a
IHIMHA JOBXWHY 3 Ta MICTATh 1O TPU EJIeMEHTH MHOXHHA M.
TBepmxennsa 1 noenexe.

Teopema 2. Hexaii mommunuii rpag G - MiniMansHuil BiqHOCHO
KIITKOBOI JOBXKMHU 2 miarpagom rpada-odcTpykiii MpoeKTUBHOI
TUTOIIMHY Ta 33J]aHO0 MOTO MiJIMHOXHHY TOYOK M 3 CyTTE€BUX BEpIIHH
BisHocHO umcen Dg(M) i t;(M)=t, ne t=2, D;(M)=2, npu onepauii
BUAAJICHHS TOYKM 3 MHOXMHM M . SIKmo 3amaHo ¢ -miepeTBOpPEHHS
rpapa G Ta xBasizipku Sg(H) 3 mentpom-rpagom H, H - mentp

KBa3izipku romeomMopduuii oxHOMY 3 rpadin Muokunn {K; 5 K, Ky \e K},

r>1, HACTYITHUM YUHOM:

¢1(G+St(H),g(aifgi))—>(DH,{ai* ). ne muoxmia M,

M ={a}"], Touox mae xapaxrepucruxu t=2, §=0, kpasisipka St(H) i3

M . . )
MHO>XMHOIO BHUCSYUX BEPILIUH {gi}lizll, TOJIl MalOTh MICIIE HACTYIHI

CHIBBiIHOLICHHSI:

1. dxkmo r=1, (t=2, 6=0) uu (t=3, #=1), 10 rpap DH e
rpadoM—OOCTPYKLI€I0 AJsl MPOCKTUBHOI IUIOLIMHM, MPUYOMY 00pasu
mapd BHCSYMX pedep KBa3i3ipku He MOPOUKYIOTH —Tmiarpadis
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romeoMoppuux rpady K, 3 [OBOMa BHIAUICHUMH HECYMDXHUMH
pebpamuy;

2. Sxkmo rpad DH e rpadhom—oberpykmieto st mosepxHi Kieiina,
TO 00pa3u map BUCAYMX peOep KBa3i3ipKu MOPOHKYIOTh HE OijIbIle IBOX
pisaux miarpadis romeomopdrnx K, Ta MOXKyTh OyTH HeCyTTEBHMH
BiTHOCHO pOJly IIpH Ofepallii CTAryBaHHS BUCSYHUX peOep B TOUKY;

3. Skmo 3aMiHUTH B CHiBBiHOMIEHH] 1 piBHICT 1t t HA t=3, TO
rpa¢ DH maTume HeopieHTOBaHUH pif HE MeHIlE 4, MpUIoOMy (-00pasu
mapu BHCSYMX pedep KBa3i3ipku MOPOKYIOTH HE OibIle TpPhOX
miarpadis romeomoppuux K, .

HoBenenns. Hexail BHKOHYIOTbCS YMOBH TBEPIKEHHS S Ta
cuiBBigHomeHHs 1. [lokakeMo BHKOHaHHS YMOBH CYTTEBOCTI IIPHU
omepauii BHUZANEHHS KoxHOro pebpa U rpada DH BigHOCHO
HEOPIEHTOBAHOTO POy 2. MOXKIIHMBI HACTYIIHI TP BUTIAIKH:

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

Hexaii mae micue Bunagiok 1. Buganuemm pe6po MaTuMeMo 3TiTHO

YMOBH CYTTEBOCTI MHOXHHM M BIJIHOCHO YHMCIIa KJIITKOBOI BifCTaHi
D;(M) marumemo 3MmeHmeHHs Ha 1 mporo uucna. Toai mMaTUMEMO

MO’KIIMBICTh Takoro BkjianeHHs rpaga G B muomuny 3 Menmmm Ha |
YICIIOM TIPUKIICEHHX JIeHT MeObiyca sike po3MillyBaTiMe MHOXKUHY M Ha
IPaHuUIli OJIHIET TICEBIOKIITKH, B SIKY BKJIaJeMO KBa3izipky St(H).
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Puc.2. Ha nepmmx 40oTHphOX KapTax HaBeJICHI MPUKIAAN IIPOTOTHIIB 3-
3B’s13HUX rpadiB 0OCTpyKIiil HeOopieHTOBaHOTO poxay 3 Ha 5-if Kapti rpad He 3-
3B’ A3HUN.
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Puc.3. [Ipuknanu N-3B’s13HUX MPOTOTUMIB rpadiB-o0CTPyKILiit
HEOpieHTOBaHOTO poxay 3, N>2. B npyromy psiay HaBeAeHI MIHOpH IOBEPXHi
Kneitna.

Bucnosok. OrpuMaHo MaTeMaTu4He 3a0e3MeueHHs 1151 allTOPUTMIB
moOyJOBH MIHOpIB ISl MOBEPXHI 3a/IaHOT0 HEOPIEHTOBAHOTO POJIY
OispIie 2 IUIIXOM (-TIEPETBOPEHHS TTapH:

1. mnommHHMX TrpadiB MiHIMAIBHUX 3 33JaHOI0 KIITKOBOIO
JIOBXXMHOIO ITEBHOI MHOKHHH TOYOK Ta 3ipKH,

2. 3-MiHIMaJbHHUX TUIOMIMHHUX 3 MHOXHHOK BCiX BEpIIMH Ta
BUCSYMX BEPLIMHK Ba3i3ipok 3 neHTpoM Ky um Ko 3.
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T-¢axropusauisi noBHoro rpaga ta rpanio3HicTs 1epes
[Terpenrok JI.A.
dmytrotheukrainian@ukr.net
Inemumym xibepwemuru im. B.M. I'nywxosa HAH Yrpainu

Posknmagu TpadiB MarOTh BENMKY KUTBKICTH PI3HOMaHITHHX
3aCTOCYBaHb, fKa HEYXWIBHO 3poctae. Cepex TaKMX 3aCTOCYyBaHb
OPTOTOHAJIbHI ONTHUYHI KO, CHHXPOHHUH KpaTHHUH IOCTYI J0 KaHAaiB,
TPYIHOBE TECTYBaHHS Ta CYNEPIO3UIiHI KOJH, ayTeHTU(IKAIHHI KOIH,
MPYXHI Ta KOPENAMiIHHO-3aXUCHI (YHKI{, CXeMH KaHalliB Ta Mepexi
3B 13Ky, TECTyBaHHs IPOTPaMHOro 3a0e3MeUYeHHs, pO3MiTKa JTUCKIB Ta
HaHeceHHsI Aopi koK. OHUM 3 BaXKJIMBUX PI3HOBUIIB PO3KIaIiB rpadinB
€ T-hakropuzamis moBHOTO rpada, TICHHIA 3B’ 30K SKOI 3 MOMYISPHOIO Y
MaTeMaTHYHHUX KOJIaX Ta BCE IIE BIAKPHUTOIO TIIOTE30F0 PO IPaIlio3HICTh
JIepeB POOUTH LIl BUJI PO3KIIAIIB OCOOIUBO I[IKABHUM.

T-¢pakTopu3ania moBHoro rpaga

Posxnadom rpady H Ha miarpadu 3 ganoro cimeiictea G={g1, gz,
.., Ok}, @00 (H, G)-poskradoom, Ha3MBatOTh PO3OUTTS MHOXHHH pebep
rpady H Ha migrpadu (xomnowmenmu poskiady), KOXKEH 3 SKHUX
i3oMop¢HUit oqHOMY 3 enemenTiB MHOkHHU G. [linrpad Gi HazuBaroTh
¢axmopom rpady G, sKI0 MHOXKKHA BepIuH miarpady Gi criBnagae 3
MHOXXUHOIO BepiuH rpady G. @axmopuszayicio rpady Ha3UBalOTh TAKHIA
po3kian 1mporo rpady, KOMHoHeHTamMu sKoro € Qakrtopu rpady H.
daxTopu3ailito, Bci KOMIIOHEHTH sIKO1 i30MopdHi nepeBy T, HA3UBAIOTh
T-paxmopusayiceio [1].

OnnuMm 3 MeroniB moOynoBu T-¢aktopusauiil € nigobepmoguii
memood. T-dakTopusallii, OTpuMaHi 3 WOTr0 JONOMOIOI0, TaKOXK
HA3UBaIOTh MiBOOEPTOBUMU. BKazaHHii METOJl 3aCTOCOBYETBCSI JUISI TaK
3BaHUX IIBCUMETPHYHHX JiepeB. [ligcumempuune Oepego [1] MicTHTH
LEHTpaJibHEe peOpo, MiCIs BUIYYEHHHS SIKOTO BOHO PO3MAAA€ThCs Ha JB1
130MOpQHUX KOMIOHEHTH (cumempuyni nonosunu). CHUMETPUYHI
MOJIOBUHH SIBJISIIOTH COOOI0 KOPEHEBI JepeBa, KOpeHI SKWX — KiHII
LEHTPaIbHOro pedpa BiAMOBIIHOTO MIBCUMETPUYHOIO IEpEBa.
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Hns moOynosu T-hakTopu3aiii BUKOPUCTOBYETHCS MAOIOH, SIKHHA
SBJIsSIE COOOI0 KOJIO, po30ouTe N=2K Toukamu Ha piBHI OyrH (Ha3BEMO i
oyTu enemernmapuumu). Touku momimy mosHawaoote 0, [, ..., n-1.
I[TiBcumeTpHuHe 1epeBo MOpAKY N=2K HA3UBAIOTh NPABUTLHO BNUCAHUM
y 1e koo (puc.l), SKIo: TOYKU MOy € BepIIMHAMU JepeBa T; pedpa
nepeBa T 300paxaroThCsl XOpAamul Koja; s KOXKHOI JIOIyCTUMOi
TOBXHHH XOpPIU pIBHO JBa HEHECHTPAIBHHUX pedpa, CHMETPUYHHUX
BIJIHOCHO IIEHTpa KOJIa, MAlOTh TaKy AOBXHHY. Ilin dosorcunoro xopou
PO3YMi€EMO KiNBKICTh €JeMEHTapHHUX OYr Y MEHIIH 3 Ayr, Ha fKi L
XopJa po30rBae KoJo.

Skmo T — miBcumeTpuuHe JepeBo Nopsaky N=2K, mpaBuiIbHO
BITMCAHE B KOJIO, TO MOKHA BUKOHaTH T-(hakropusarito rpada K, Ha K
KOMITOHEHT, i3oMopdHuX nepeBy 1. s mBOTO JOCHUTH IOBEPHYTH
BIMCaHe JepeBo T Ha h eleMeHTapHUX Iyr 1 Oomep)KaTH IEpeBO Th
(h=0, 1, ..., k). IepeBa To=T, T1,..., Tk pa3oM CKIagar0Th INyKaHy T-
(akropuzamnito. [HmmMMEU croBamu, T-hakTopm3amist YTBOPIOETHCS B
pe3ynbTaTi miBOOEpTY TBIpHOI KOMITOHEHTH HAaBKOJIO IIEHTPa KOJja.
3BizcH 1 Ha3Ba METOY MIBOOEPTOBUIA.

Takum uyuHOM, 3ama4ya TOOYIOBH T-(hakTopu3allii 3BOJUTHCS [0
NPaBHJIBHOTO BIHMCYBAHHS JiepeBa B madioH. bepyun mo yBaru te, mo
MiBCUMETPUYHE  JEpEeBO  OJHO3HAYHO  BHU3HAYAETHCS  CBOEIO
CUMETPUYHOIO TIOJOBHHOIO, OCTaHHIO 3a/1a4y MOKHA, 3BECTH JI0 TAKOTO
BIHMCYBAaHHS B MIBKOJIO CHMETPUYHOI MOJOBHHHU (TOOTO KOPEHEBOTO
nepeBa mopsiaky K), mpu skoMy TPHCYTHI yci 1oBxuHEu pedep Bix 1 10
k-1, ©e3 moBTopeHb (puc.2). Lls ymoBa 3abe3neuye BiICYTHICTbH
CHUIBHUX pedep Yy KOMIIOHEHT PO3KJIaay, a OT)Ke, IHIIa CUMETPHUYHA
MOJIOBHHA BIIUCYETHCS B IMPOTWIICKHY MOJOBHHY KOJNa, 1 IUKIH HE
YTBOPIOIOTHCSI.

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

limote3a 1: Oynb-sKe TMiBCUMETpUYHE JEPEBO 1 JIOMyCKae
miBo6epToBy T-(hakTopH3aIliso.

IIpuxnan 3acrocyBanns T-pakTopusanii noBHoro rpaga

OnHy 3 IPaKTUYHUX HPOOIIEM, SIKi TPUBOAATH 10 3a]1a4i OTPUMAaHHS
T-pakTopuzanii moBHoro rpada, € mpobiemMa  POKIaJaHHS
0e3npOBOIOBMX MEPEK 3 camoopranizaiieto (wireless ad hoc networks)
[2]. PosrmsHeMo pagioMepexxy MOOUIBHHUX MPUCTPOIB 3B SA3KY
MPOTHIIOKEKHOTO BiIIIIEHHS, YACTHHA 3 SIKHX € CTalllOHAPHUMHU, PELITa
— MoOinbHUME. KoXXeH npucTpiii 103BOJIsIE BUXOUTH HA 3B’ 30K 3 OY/Ib-
SIKMM 1HIIIUM IIPHCTPOEM, alle 3B 30K MiXK JISTKUMHU NIapamMH MPUCTPOIB
MOKE THMYacoBO BTpauaTHcs depe3 Ttomnorpadiuydi ocoOmuBocTi
MICIIEBOCTi, SIKOI0 PYXalOThCSl TOXEXHUKU. [y edexkTuBHOCTI Ii
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KOMaHIU HEOOX1IHA MOXKJIMBICTh MIBUAKO BIIHOBHUTHU 3B’S30K, a TAKOXK
MiATPUMYBAaTH ONTMANBHI HapaMeTpu Mepexi: Maly KUIbKIiCTh
peTpaHCIAmii (Maduii JiaMeTp Mepexi) Ta PO3MOIil HaBaHTAKCHHS Ha
TIPUCTPOI (MATHH MaKCUMAaJTLHUAN CTEIHb BepInHN ). KoyKHU prCTpiit
Ma€ CBill yHikanbHUH ineHTH]iKaLiHHII HOMED 1 MPaLIoe K MpUiiMay,
mepenaBad Ta MapHmIpyTH3aToOp (TOX MapUIPyTH3AIMIS MiATPUMYETHCS
CaMUMH TIPUCTPOSIMH).

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

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

B tepminax teopii rpadis s npobieMa 3ByYUTh Tak: HEOOXiTHO
noOyyBaTH 3B’SI3HY MEPEXy, AKa HEe MICTUTh LMKIIB, TOOTO AEpeBo.
MHOXHHa yCiX MOXIIMBUX 3B’ 3KiB yTBOPIOE OBHUH rpad, 1 BEPIINHN
rpada — IpUCTpOi 3B’SA3KY, a pedpa — pajio3B’sI30K MK MapaMu IUX
npuctposiMu. KoxkHa okpemMa Mepeska YTBOPIOE B IIbOMY MOBHOMY rpadi
ocToBHE JepeBo ((akrop), i3oMopdHe oaHIN 1 Ti camiii cTpyKTypi.
Otpumyerbest Habip i30MOpQHHUX (aKTOpIB (CTPYKTYp Mepexi), sKi
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YTBOPIOIOTH CYKYIHICTh MEPEK 3 OJHAKOBUM J1iaMETPOM Ta OJTHAKOBUM
MakcuManbHUM cterieHeM. JKOmHi JBI Mepexi He MaloTh CIITbHHUX
pebep, ToMy TMOIIKOKEHHS OJIHIET OKpeMoi Mepeki He BIUIMHE Hi Ha
SKUM 1HmMWNH (akTop 13 3aradbHOi CYKYIHOCTI MepexX. 3amicTh
BiTHOBJICHHSI OIHOTO TOIIKO/IKEHOTO0 3B’ SI3KY 3IIHCHIOETHCS TIepeXif 10
inmoi mepexi. Ileperixk Mepex mMoxke OyTH 3aKIaJIeHO Y MPOrpaMHe
3a0e3redeHHs MPUCTPOIB 3B A3Ky. Y BUMANKY, KOJIH BTPAYCHO 3B’ SI30K
MK JBOMa MpPHCTPOSIMH, Bil OJHOTO 3 HHUX HAIXOJUThH
panmionoBiiOMICHHS, 1 mNpoOiieMa BHPIMIYETbCA HETAaHHO NUIIXOM
MEPEeKIIIOUYEHHS Ha OIHY 3 PE3CPBHUX MEPEK.
I'inoTe3a mpo rpanio3HicTs Aepen

HeBaxko mepekoHaTHcsi B TOMY, IO AJIsl YCIIIIHOTO PO3B’SI3aHHS
3a/1a4i NPABUIIBHOTO BOHCYBaHHs K-BEpUIMHHOTO JepeBa B IIBKOJIO
JOCTaTHBO TaK 3aHyMepyBaTu Horo BepinHu yuciamu Xie(l, 2, ..., K),
mo0 aOCONIOTHI pI3HUIII HOMEpIiB CYMDKHHX BEpIIMH CKJIagalld
mHokuHy (1, 2, ..., k—1). Taka po3miTka (Ha CBHOTOJHI BiAMOBIIHE
anriiiiceke croBo «labelingy 3a3Buyail mepekiagaTh K «PO3MITKay,
TOMY aBTOp BXKHBAE TYT IIeH MMEPEKIa 3aMiCTh CJI0Ba «HyMepaLlis», SKe
BXKMBAJIOCS aBTOPOM padimie) Oyma Brepiine posrisiHyta A. Pocoro y
1976 poi [3] i 3rojoM oTpuMalia Ha3By Ipallio3HO.

I'payiosnoro posmimroro nepeBa T 3 N BepUIMHAMU HA3UBAIOTh
MIPUCBOEHHS OO BEpIIMHAM HOMEDIB 1, 2, ..., N, IpH sIKoMy abCONIOTHI
Pi3HUII HOMEPIB KiHIIB pedpa € pi3HUMH Ta YTBOPIOIOTH MOCIiI0BHICTh
1,2, ..., n-1. JlepeBo, sike AOIMyCKa€e Ipalio3Hy PO3MITKY, Ha3WBaIOTh,
BIJIMOBITHO, 2payio3HuM.

Byna chopmyiiboBaHa 3HamMeHuTa rinoresa Pinrens-Komira-Pocu:

limore3a 2 (I'imoTe3a mpo rpamio3HicTh AepeB): yci nepesa
rpaitiosHi, T00TO OyIb-sKe JIepeBO MOPSAKY K Tomyckae TaKky po3MiTKy
HOro BepIIMH HAaTypajdbHUMHU uuciamu 1, 2, 3, ..., K, npu sKiil pizHuit
HOMEpiB KIHIIB pedep YTBOPIOIOTH psil HATypallbHUX  YUCEN
1,2,3, ..., k-1 6e3 noBTOpEHb.

3 MoMeHTy cBO€ei nosieu y 1976 poui i 10 chOroaHi, rinoresa mnpo
IPaIlio3HICTh EPEB € OIHIEI0 3 HANMOMYJSPHIIINX MaTeMaTHYHHX
rinore3. JloBeneHHs 1i€l rinoTe3n aBTOMAaTHYHO J0BEJIO OU, 30Kpema, i
rinotesy npo Te, IO BCi MIBCUMETPUYHI JepeBa JOMYCKalOTh
niBoOepToBy T-akTopuzariito ([imoresy 1).

IcHye 1Ba OCHOBHUX IiIXOM JI0 PO3B’A3aHHS TPOOJIEMH ICTUHHOCTI
rinoTe3u Mpo rpamio3HicTh Aepes. [lepmuii 3 HUX NonsATae B TOBENCHHI
rpamio3HOCTI Ta OTPUMAaHHI AJITOPUTMIB TIPAllio3HOI PO3MITKH IS
OKpEeMHUX KJIACiB JiepeB. SIkOM Baasocs MpoJeMOHCTPYBATH IPallio3HICTh
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yCiX MOXJIMBHX KJIAciB JepeB, TO rimorte3dy Oymo Ou noBeneno. Ha
CBOTOJIHI TPAIiO3HICTh JOBEICHO IS 3IpPOK, JAHIIOTIB, TYCCHHIIb,
OJINBKOBUX JEpPeB, NEAKMX IIigkiaaciB omapiB (deepsepkiB, (2,2)-
TYCEHUIlb, OMapiB 3 JOCKOHAIUMH MMapOCHOTydeHHIMH), OaHAHOBHX Ta
y3arajJbHeHHX OaHAHOBHX JICPEB Ta HU3KH IHIIUX KJAciB aepes (puc. 3).
3Haif/IeHo0 3HaYHy KUTBKICTh METOJIB MOEIHAHHA KUTHKOX T'PaIiO3HUX
JepeB Ut OTPUMaHHs OiNIBIIOTo Tpalio3Horo aepesa [4].
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Puc.3. Jlesiki kiacu rpaiio3HuX JIEpeB

[HmmMi miaxix Ko BIAMOBIAI Ha MUTAHHS PO TPaIiO3HICTH yCix
JepeB TONsTaE y BUKOPUCTAHHI KOMIT'IOTepa Ui TEpeBipKU
IpaIio3HOCTi JepeB, KUIbKICTh BEPIIMH SKUX HE MEPEBHUIIYE 3aJaHOol
CKIHYEHOI BenuuuHHW. Takuil MiAXiA € JOJATKOBUM  JDKEPETIOM
QITOPUTMIB TpAIiO3HOT PO3MITKM JepeB, a TaKoX MOxe OyTH
BUKOPUCTAHUH JUIS CITPOCTYBAHHS TiMIOTE3H, SKIIO OyJie 3HAIEHO X0o4ua
0 o/IHE IepeBo, SKE HE JOIMyCKae rpamnio3Hoi po3mitku. Jloci, monpasaa,
TAKOro JiepeBa He 3HAHAeHO (SIK AOTEMHO 3ayBaKUB 3 IIOTO IPUBOIY
OJIMH JTOCIIHHK, «Bipa B CIPaBEJIMBICTh TIMIOTE3H PO T'Pallio3HICTh
JIEpeB HACTIJIBKU CHIIbHA, 110, SKOW HaBiTh OyJIO HACHPABIl 3HAWICHO
JIepeBO, AKE HE I0IyCKae rpallio3Ho1 pO3MiTKH, Horo, cKopile 3a Bce, He
Bu3Hamu O gepeom» [5]). Y 2010 pori ®DaHr BHUKOPHCTaB
JEeTepMIHOBAHUI alTOPUTM MOMIYKY 3 MOBEPHEHHSM 1 JIOBIB, IO BCi
JiepeBa, sIKi MaloTh He Oinbie 35 BepiuH, rpamiosHi [6].
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OOwuBa MAXOMU O BUBYCHHS TIlOTE3W IMPO TPAIO3HICTH JCPEB
JIOCi JaBallv JIMIIE MiATBEpIKEeHHS Tirmote3u. [IpoTe neski AoCiiTHUKA
BHCJIOBITIOIOTH CE€PI03HI CyMHIBH 100 ii BipHOCTI. 30KpemMa, A. Bietpi
[7] 3ayBaxKye, 0 MEepeBayKHY OLIBIIICTH METO/IB MTOOYOBH IPaIio3HOL
po3iTKH Oyn0 po3poOJCHO [UIsi JAepeB, SKi MaloTh TIEBHI PUCH
perymsipHOCTI (3ipKH, CHMETpWYHI JepeBa) abo XapaKTepH3yIOThCA
JOCUTH TIPOCTOI0 CTPYKTYpOrO (TyCeHHIl, ()eepBEpKH), B TOM Ke Hac
MOBHICTIO BIJICYTHI JIOKa3W TpaIliO3HOCTI y BHIIAJAKaX JIOCTaTHbHO
HEpEeryJIsIpHUX AepeB (HaBiTh Ipallio3HICTH YCiX OMapiB mie JOCi He
TIOBEZCHO).

BriMm, BapTO 3a3HauMTH, IO HEMIOAABHO OYJIO JOBEIEHO OIHY 3
rinore3, 0Oe3MOCEPENHLO TOB’S3aHUX 3 TIMOTE30I0 MPO TPAIiO3HICTh
nepeB. Ceoro yacy Poca 3amponoHyBaB TpaIfio3Hy po3MiTKy (BiH TOIi
Ha3BaB ii [-OI[iHKOIO) SK 3acid TOBeIEHHS HACTYIHOI TiMOTE3H,
BUCYHYTOI y 1963 poui:

Tlimoresa 3 (T'imore3a Pinrenst) [8]: mis KOXKHOTO IOJATHOTO
yrcaa M icHye posknan rpadga Kome: Ha 2m+1 i3omopdHux nepes
nopsiaky M+1 (puc. 4). Kiam ta lrtanen y kBitHi 2020 poky [9] Ta,
HE3aJIeKHO BiJ HUX, MonTtromepi, [lokpoBcbkuii Ta CygakoB y ciuHi
2021 poxky [10] ommy0ikyBamy TOBEACHHS TiIOTe3u PiHress.

NN <
H\%A

Puc. 1.1. Po3knan rpada K7 Ha 7 i3oMophHUX AepeB TOPSAKY 4.

Cepen edekTHBHHX NUISXiB KPUTHKH TilIOTE3W MOXHA Ha3BaTH
aHaJIi3 yCiX MOKJIMBHUX TPAIiO3HUX PO3MITOK JIEIKUX IPallio3HUX JEPEB,
10 1aB O MOXKJIMBICTH OLIIHUTH BIUIMB CTPYKTYPH J€peBa Ha MOXKIUBI
HoMepH Horo BepmmH. Ha nymky Bierpi, meski jepeBa 3i CKIaJHOIO
OyJOBOI0O MOXYTh HaKJIaJlaTH HACTIUIBKH CEPHO3HI OOMEXEeHHS Ha
PO3MITKY BEpIIWH, 110 TPaIiO3HICTh KX AepeB OyJie MOCTABICHO IIij
cymHiB [5]. Xoua 3HaXOKEHHS TPAIio3HUX PO3MITOK IS YCIiX JIepeB 3
KUIBKICTIO BEPIITUH JI0 35 BKIIFOYHO BU3HAETHCS BATOMHUM apr'yMEHTOM Ha
KOPUCTb TPaBIUBOCTI TiMOTE3W, aje Led (akT HIIKUM YHHOM HeE
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BUKITIOYAE MOXJIMBOCTI ICHYBaHHS HETPAIiO3HUX JEPEB, IO MAaloTh
OinbIme Hik 35 BEpIIUH.

Taxk 4m iHaK1Ie, CHOTOHI I PAHO TOBOPUTH PO IMTOBHE JTOBEIEHHS
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 0OaraThbOX KIAciB Jepes,
pe3yJIbTaTH  KOMIT'IOTEPHOTO  TOIIYKYy Ta TIOBHY  BIJCYTHICTB
KOHTPIIPUKIAIB. BiaNOBiIHO, BIKPUTOI 3aHINAETHCS TINOTE3a PO
Te, M0 KOXHE IMIBCUMETPUYHE JIEepeBO [OIMYCKae IMiBOOepTOBYy T-
(hakTopHU3aIlito.
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"KOTI'HITUBHI YUCJIA" SIK IIPUKJIATL "KUBOI
CTPYKTYPHU"
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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 J0omoBifi PO3MIIAJAIOTHCS MOXKIJIMBI KOTHITHBHI MEXaHI3MH
(hopMyBaHHS KITBKICHUX CMHCIIB y SBHHX Ta HEIBHUX TNpoIecax
penpe3enTaltii 3HaHp PO CBIT. AHAIIZYIOTHCS CIIEIU(IvYHI BIaCTHBOCTI
(hopMaTbHOT CTPYKTYPH «KOTHITHBHE YHCiI0» (Kor-uncio / cog-number).
VY pamkax nmapagurmu rpanuyHux y3araiabHeHb (III'Y) cTBepmkyeThes
[1, 2, 3], 10 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) iHGIIALIS - TeHepallis CeHCY - KOTHITUBHOTO YHCIia
x nesikoro tecty A (Mental Magnitude Representations; Temporal
morphogenesis, Morpho-evolution with learning; Foundations of
Quantitative Thought; Intelligent Mathematics: Number Understanding
Modelling). ®opmanbHe npeactarieHus kor-uucna 7. Gv(7) = {a —. b}
[Context]. ITpuknan: «Temneparypa tina =38°Cy» — «Temrr. BUCOKa» —>
«Temn. ne Hopmay.
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X X X X
Puc.1 - Cmpyxmypnua inrayis - eenepayis cMucy - KOCHIMuU8HO20
yycna x

Bysnu 'mepeBa' / wMepexi HauepKiB 3aal0Thb BHYTPILIHIO
iHTepIpeTalio BXigHoro yncia / 3uaueHns (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€
OUHAMIYHA ITUPKYJIAIMisl eHeprii / aKTHMBHOCTI, 30KpeMa, XBUJILOBE
MOLIMPEHHST EHEPTii 3 yciMa HaciiakaMu (pe30HAaHCI, JTaBUHH, BUXOPH,
ocumisitopu). st ®KUBOI CUCTEMH BaXKIIMBO €KOHOMHUTH eHeprito. Lle
MIPUBOJUTH 10 KOHIIETIIi KPUTUIHOCTI MeHTanbHOI cepu [1, 5]. dusa
peanizamii KpUTHIHOCTI OTPiOHA PI3HOMAHITHICTh HAYEPKiB 00pa3iB —
SIK TOYHUX, TaK 1 rpyoux. L[ pisHOMaHITHICTh 32a0€311edy€eThCs Mepexero
HavepKiB 00pazy, pi3HOBUIOM SKOi € KOT-9HCIIO.

Ipumimka. Christopher Alexander (apxiTektop Ta au3aiiHep)
BUSIBUB [0], 10 Y3rOJ/pKEHE IiJie Mae BpaKarOuWil XapakTep, 3BaHUU
KHUBOIO CTPYKTYpolO abo UTCHICTIO, sKa € (i3uyHor  ado
MaTEeMaTHYHOK CTPYKTYPOIO, IO CKIAAAETHCS 3 0374l MiACTPYKTYp 3
BIacTUBOIO iM  iepapxieto. llime mocTihHO 1  PEeKypCUBHO
TU(EPEHIIIOEThCS Ha dMciaeHH! cyOuimi. Lle He ckiagaHHS TOTOBHX
enementiB 'y cruni LEGO, a 3poctanns, nmonibne no emOpioHa, 3
MOCTIHHOIO MU(EPeHIIiallie€l0 Ta aJIanTaIli€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 (Mo/ieNb MEHTaIbHOI cepu B pamkax [1I'Y), BKIFOYHO 3 KOT-
4yHClIaMy, BiamoBiaae ik xapakrepuctuii (Living Structure, the Degree
of Structural / Cognitive Beauty or Livingness).

[ToHATTSI ’XKMBOT PO3YMHOT CTPYKTYpH 0€3110CEPEAHBO CTUKAETHCA 31
cnennGivHUME TIpoOJIeMaMH CMHUCIY, Kpacu, PO3YMIiHHS B PIi3HHX
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acrmekTax (KOHLEMNIii KPUTHYHOCTI, 3aIUTyTaHOCTi; «CTUCHEHHS - LE
PO3YMIHHS»: MOJIENb Kpalle, SKII0O BOHA MOXXE MOSCHHUTH OilbLIe 3
MeHmUMH BuTparamu) [3, 4, 5]. YV pamkax III'Y po3poGrsgerbes
3arajgbHUN TiAXIT 471 eheKTUBHOTO BHSIBICHHS Y Po3ymi 6a30B0i KUBOT
(po3yMHOI) CTpYKTYpH Ta Il MACTPYKTYp 3 ypaxyBaHHSIM TNPHHIUIIIB
€KOHOMIi, XOJi3My, aJanTUBHOCTI / JKUBYUYOCTi, TyXOBHOCTI Ta KPAacH.
JlyXOBHICTb € Ba)KJIMBUM aCIIEKTOM KOTHITHBHOI KpacH.

3rigHo 3 uuM opranizmiyHuM cBitorisinom (Whitehead, Alexander)
[7], CBIT € KOTEPEHTHUM MITUM, a He (PparMEHTOBAHUM Ha MEXaHIYHI
YAaCTUHH, SIK LI€ PO3YMIETHCSA 1 COPUIMAETHCS B JAHMH 4ac B paMKax
KapTe3iaHChKOi KapTHHHU CBITY (i 1Ie MEepeHOCUThCs Ha MoJieti Pozymy).
KoHneniisi  «KOTHITMBHHX  YHCE»  BIANOBigae  IiylicHomy  /
XOJICTHYHOMY MiAX0AY 3 orisiny Ha « OHTOJOTIO TyXOBHOCTI». YKomHa
3 HayK TpO CKIAAHICTh T0Ci HE 3alMaeThCs IMPOOIIEMOI0 CTBOPCHHS
"MyXOBHHX CTPYKTyp / cyTHOcTed". be3 Takux CyTHOCTeH BOHH HE
3MOXYTh 3pO3yMiTH, 30Kpema, metadopy "Iyma wmicus / obpasy /
00'exTy / umcina".

Ha cepennpoMy 300pakeHHi puc. | mokazaHi iHAyKTOpH abo
EBPUCTHKH, SIKi TAKOX JJO3PIBAIOTH B MPOIECI IMILTIIUTHOTO Mi3HAHHS Ta
HaKOIIMYEHHS JOCBIY 1 € YaCTHHOIO Kor-uncia. [IpudoMy iHIyKTOpH € 1
JUIL BY3JIB 1 3B'S3KIB MiX 3HAa4eHHSMH (CTPUIKM PI3HUX KOJBOPIB i
tuniB). [HIykTOpHWI TpocTip 3abe3medye 3alUTyTaHICTh (CHIIBHY
3B'SI3HICTH) a00 MITICHICTh MEHTANBHOI cepu. [HayKkTOpn peanizyoTsh
rOOKyY 1HTYIIi0 (BTUIEHWH MPOTHO3), ayIUT Ta CeMio3uc (O3HaYae
MpOoLIEC IHTepIpeTallii 3Haka abo Mpoiec MOPoKeHHS 3HaueHH: ). Kpim
TOT0, KOT-YHCIIO Oepe y4acTh Y TUX Y 1HIIHUX CIIOCTEPEKEHHSX / MOJIisX
i, omxe, "cTpinax vacy" (¢popmytots Cy6'extuBHuit IIpoctip-Hac-/lii -
CITYA: 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
y3araibHEHe 3alIyTyBaHHS KoOr-uMciia (Tecta), a TakoX (hOpMYIOTh
pi3HOMaHITHHH KOHTeKCT (mocBim). lle y3araapbHEHHS HO3BOJISIE
aHaJi3yBaTH IUHAMIKY (pakTalo-NOAIOHUX CHUCTEM, BJIOBIIOIOYH iX
CKJIaJHI Ta CaMoOMoAiOHI BJIACTUBOCTI, 30KpeMa, KPUTHYHUN CTaH.
MynbTu-QopManizM, SKHHA 3aCTOCOBYETHCS B KOHIENTI «KOT-YHCIIa»
(3arasioM B Mepekax HauepKiB), BIJKPHUBAE HOBI MOXIMBOCTI MAJs
PO3YMIHHS Ta MOJICTFOBAHHS CKJIAJHUX Ta HITICHUX (PpaKTago-no ioHux
"posymHux"  obumcmoBambHUX  cTpykTyp  ("Living  Numbers":
Computing the Structural / Cognitive Beauty of "Cognitive Number")

[5].
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MeHTtanpHa JeTamizailis OyIap-SKOT0o 3HA4YeHHS 7  KOT-YHCIa
IPYHTYETBCSI K Ha «KOHTPOJBHOBAHIM (KOHTEKCTHIHM) raaroruHarii /
Controlled Hallucination» B Mexkax Mepeski HAUEpKiB ( 7 [Context]), Tak
i Ha «TBOpUIii (KoHTEKCTHN) ysiBi / Creative Imagination» (z+* [Context];
KOHTEKCTH (hOPMYIOTBCS «CTpiJlaMH dacy»; Imagination as higher mental
function). MHOXXMHAa 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 BUKIMKae 3 mam'sti (mocBigy - CIIY/]) MHOXMHY eMOmiiHHX
MOJif, € BHHUKAJIO TaKe 3HAYCHHS, & TaKOXX MHOXXHHY IOSICHEHB
acuctenTiB (Remembering Through the Environment). B cykymHoCTI 111
noJiii JOPMYIOTh «eMOLIIHHY aypy» HaBKOJIO TOTO YH iHIIOTO 3HAYEHHS.

Bynb-ske 3HaUYCHHS/3HAK 7 MOKE BiToOpakaTH aKTUBHICTD JACSIKOTO
Hapucy o0pa3y abo paaukana P, Hanpuknan, aii. DopMalibHO 11e# 3B'130K
e xorom Cog(z, P), tomy moxemo 3amucaru: Gv(z7) = {Cog(a, Pa) —e
Cog(b, Pp)}- [Context]. Take npencraBieHHs PO3KPHBAE B3aEMO3B’ I30K
MiXK O0pazHMM Ta 3HaKOBUM MHUcIeHHsM. CHiIbHO, BCi acmeKTH
MPEJCTaBICHHs Kor-umcia (opmyroTh «number sense». MucieHHi
OOYHCIIEHHS Ta OIIHKU € 0a30BHUMH ITOBCSKICHHHUMH HAaBUYKAMH, SKi
HEOOXiZHI ISl pealbHUX apu(METUIHUX OTepaliil Ta pO3yMiHHS YUCel
(Mental Computation and Estimation). BmpaBu 3 wmwucieHuM
OOYHCIICHHSIM-Y3arallbHeHHAM ~ CIIPUSIIOTh  PO3BUTKY MaTeMaTHYHHX
KOHIIENI[iil Ta HAaBUYOK, TaKWX SK OUTBIN TITHOOKE TOYYTTS YHCEN Ta
YUCJICHHI KOTHITUBHI 3JI0HOCTI, BKJIIOYAIOYM THYYKICTh BHOOpPY
CTpaTerii (HampWKIaj, piBHIB aOCTpakiii Ta aHaJIOTrid), IO
BUKOPUCTOBYIOTHCS Y PI3HUX MaTeMATUYHUX, (I3UIHUX Ta IHKECHEPHUX
00JIacTsIX.

[TopiBHSNTE KOHIIEMIi «KOr-YMCIIa», «HEUITKOTO YHCIa», «p-
QJIMYHOTO YHCJIa» Ta «CIPOT0 4YHCia» (KOHIENTH «IHTENEKTyanbHOT
MaTeMaTHKH»). By nb-skuit npupoanauii cencop Gopmye kor-uucina, Kor-
3Hakd. Ha koxHii crazaii po3BUTKY Bepcii Kor-uucia (opMaibHO
PI3HATBCSA MiX CO00K0 (MarOTh Pi3HY CXeMy iHTeprpeTarii abo cxemy
CMHCJIOBOTO MOZEIOBAaHHs). 3 1Ii€i MPUYMHM KOT-yucia X OJM3bKUX 32
3MIiCTOM TECTIB Pi3HATHCS B PI3HUX CY0'€KTIB.

Onwucyroun craH JOBUTBHOI JMHAMIYHOI CHCTEMH BEKTOPOM
KOTHITHBHHX 4uncen oTpumaemo [II'Y-koHmermntito 6aratoMacmraGHOro
¢azoBoro npocropy. Koxxen MacuirabHuii piBeHb GOPMYE CBiii MATIOHOK
MOBEIIHKM JIMHAMIYHOI CHCTEMH 3 ypaxyBaHH;IM cBoei ¢dizuku. Bci
MaciTadH iCHYIOTh OJJHOYACHO.
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Koxne xor-umcno B paMKax 3alaHOTO TECTY Ma€ BJIACHY MEPEXyY
HauepkiB-iHTepnpeTanid. O0'eAHABIIM Y KOXKEH MOMEHT 4acy Mepexi
Ha4YepKiB BCIX YMCET-3HAUCHb TECTy A, IO PO3BHBAIOTHCS, OTPUMAEMO
3arajbHy MEpeKy HadepKiB TeCTy, AKy, Y psAdi BHUMNAAKIB, MOXHa
NPEICTaBUTH Y BUTIAA Mepexi nomeHiB Tecty G(A) (mpukiam Ha puc.
2; KpyTH — [Ie IOMEHH, 3HU3Y Bropy Hie y3araibHeHHS; 0a30BUI/HIDKHIN
moMmeH uncioBuit; Temporal morphogenesis) [1].

Puc.2 - Ilpuknao cmaoiii cmpyxmypnoi inghasyii mepesici nauepxie
mecmy G(A)

«Mucnenns — ne omnepyBanHs Cwmuciamuy. CyKyIHICTh MEpPEX
JIOMEHIB TECTIB pa3oM 3 iHAYKTOpHUM MpocTopom Ta CITH/] dhopmyroTh
CMHCJIOBY CHCTEMY KOOpAMHAT OyIb SKOTO JOCHIKEHHS abo
muHamivHoi cuctemu [4]. KoHmenis 'kor-umcna' CBiTYUTH PO TE, IO
Ma€ MiCIl€ CIIOHTAHHA CHHTETHYHA JiSILHICTE, KA TO3BOJISIE JUTHHI
3p03yMiTd 200, MBU/IIIE, TOCTYIIOBO OTPUMATH IHTYIIIi0, 10 B 0aratbox
mpolecax CIPUHHATTS Ta MUCIICHHS 3a/isIHa OJHA i Ta cama PeryJIroya
konuemniis — "yucio' (Complexity of numbers: Phenomenology / Essence
of Numbers).

Hasenemo «MaTtemMaTHuHy MOJENb IOPOIKEHHS! CMHUCITY CHUTHAITY /
3MiHHOi / Kor-umcen» (sense-making) abo «Mopenb aganTUBHUX
MPOLIECIB  Ta PEKHMIB YCBIIOMJICHHS CEHCOPHMX CHTHATIB Y
KOTHITUBHHX cucTeMax» (koMmeHTap B [1]):

Test [#TestX...] [{a/A}] [Context] {
Dn ["Dn..] [#Dx...] {5 } [{On}a] [{Sg}tal [{S, R}n] [{NN}]
[{Ag}n] [{LAOT]]

D2 ["D2..] [#Dy...] {:: } [{On}:}] [{Sa}e] [{S. R}] [{NN}o]
[{Ag}] [{LA0TY:]
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D1["D1.]{;;} [{On}:] [{Sgh] [{S, Rhl  [{NN}]
[{Ag}:] [{LAOT}]},
Vi Y= {z e nt] [{o/uhds. . ze [ ] [Int] [{9723d 3

ne Dj — 3amadi pospizaenns, a {LAOT}; — nocsin («crpimu gacy» CITU]).
Le 3aranpHa Mozienb OyAb SIKOTO KOTHITHBHOTO CEHCOPY B XOJNICTUYHIN
napagurmi.

BucnoBok. Konmenmii  HECKIHUYEHHOCTI 1  KPUTHYHOCTI
MpeacTaBieHb / 3HaHb Ta PECYPCHOI THYUYKOCT] y 3a/1auax pPo3pi3HEHHS
J03BOJISIE 00'€KTUBHO OLIIHUTH OKHUBY (PO3YMHY) CTPYKTYpYy» (Mepexi
Ha4epKiB, KOT-4WCia) 3 TMOTIISIAY ii Kpach 49U KUTTEBOCTI: «CTPLIN
MM3HAHHMD), KPUTHIHI HAYePKH; CHUTYaTUBHUU TIPOCTIP MOXKIHBOCTEH,
MYJIBTH-(OpMaTi3M, MPEIUKATUBHICTD, KOJICKTHBHICTbD,
KOHKYPEHTHICTb, TMHAMIYHICTh, PECypCHA €()EKTHBHICTb.

3 o6ankom TtecTiB {GV(7)} Oe3mocepeaHbO MOB'I3aHa KOTHITHBHA
CKJIQHICTh, IO BHU3HAYAETHCS PO3MIPHICTIO Ta PI3HOMAHITHICTIO
CEMaHTHYIHOTO TPOCTOPY, AKUM OIEPYy€E TOW UM IHIMUH CyO0'€KT/arcHT.
JIronu 3 O1TBIIOI0 KOTHITHBHOIO CKJIATHICTIO JIETTIIE TIEPEHOCSTh KPU30Bi
CUTYyaIlil Ta HAaBaHTAXXEHHSI, IIBHU/IIIE 3HAXOATh BUXIJ i3 HUX, 3aBISIKU
OLTBIIIOMY PO3MAITTIO EBPHUCTHK Y 3a7a9aX PO3Pi3HECHHS.
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TEOPETUKO-TPA®OBA ITIOCTAHOBKA 3AJIAY1
OOPMYBAHHJ HIVIBOBUX I'PYII HA OCHOBI ®AKTOPA
3MAI'AHHSA

Amnton Pa6enko, Enina Tepemenko
Hayionanvnuii 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, SIKHUH BUKOHYE TiSUIbHICTD CITIIBHO-
B3a€MOJIIOUOr0 THITy Uil JOCATHEHHS KOHKPETHOI METH. 3MiCTOBHA
MMOCTaHOBKAa 3aBjaaHHs (opMmyBaHHs 1uUboBoi rpynu (L)) mae Take
¢dopmymroBanHs. {75 BUKOHAHHS KOHKPETHOI IUTLOBOI MpOrpaMu
HeoOXximHO cdopMyBath KONeKTHB (Opuramy, ekimax, TBOPYHN
KOJIEKTHUB) 3 JIESIKO1 BXK€E iCHY1040T MHOKMHH (paxiBLiB Pi3HOTO Mpodisio.
BupoOuuua misieHicTh LT mepenbauae indopmamiiinuii 0oOMiH Ta
B3a€MOJIII0 MiX i1 ydacHMKamMu. OCHOBHA BUMOT'a 10 POOOTH KOJICKTHBY:
e(eKTUBHE BUKOHAHHS NIOCTABJICHOT0 3aBaaHHs [1-3].

3MICTOBHA IOCTAaHOBKA IIOJISITa€ B TOMY, 1100 MPOBECTH CEPIiIO
3MaraHb MK KOMaHJaMH BUKOHABIIB, I[Opa3y BapIilOIOUM CKJIaJ IUX
KOMaH/I.

KinpkicTh yd4acHUKIB y KOMaHAaXx Mae OyTH OLIBIIOK, HIX
KUTBKICTh YYaCHHUKIB y IIUTOBHUX TPYIIax, SKi MU IUIaHYEMO cpopMyBaTH
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B pesynbrari. [licins mpoBeleHHs 3MarajibHOI cepii MH OTPHUMaEMO
iH(pOpMaLio PO CKIagu KOMaHA Ta IXHI pe3yibTaTH, IPYHTYIOUNCh Ha
SKi OIIHUMO TOTEHIIHY YCIIIIHICTh B3a€MOJii KOXXHOI Tapu
BHKOHABIIIB, [0 MOXe OyTH BHKOpHCTaHEe MpH (OPMYBaHHI MUTHOBUX
IpyIL.

ChopmymnroemMo MaTeMaTHYHy MOCTAHOBKY 3amadi (HhopMyBaHHS
IITLOBUX TPYI HA TOBHOMY HeopieHToBanomy rpadi G = (O, E).

Muoxuna BepuuH O = {oi|i =0,n— 1} BIAIOBIZAa€ MHOXKHHI
NOTEHIAHKMX BUKOHABLIB. KoxHe pebpo e;; € E Mae uncenbHy Bary w;j,
sAKa BIIOMBAE SKICTh B3a€MO/IIi IBOX BUKOHABIIIB 0; Ta 0;.

Hani Oyne petanbHO OMKCaHa METOAMKA PO3PaXyHKY UX 3HAYCHb.
Jomyctumum po3B'si3koM 3aadi € miarpad x = (0,E),0 c 0,E C E
SKUH CKIIANAETHCS 3 MAKCHMaJIbHO MOXKJIMBOI KIJIBKOCTI KOMIIOHEHT
3B’SI3HOCTI, KOJKHA 3 SIKHX Ma€ MOTYXHicTh k. KojkHa Taka KOMIIOHEHTa
€ TIOBHUM rpadoM, i BOHA MPeACTaBIIE TPYITy BUKOHABIIIB. SIKIIIO N HE €
KpaTHUM Kk, TO 10 X HE OyIyTh BXOIUTH T BEpIIHH, A€ T - OCTaya Bij
IiJIeHHd n Ha k.

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

Ha M/IP Bu3HaueHo BekTOpHY 1iTbOBY pyHKIit0 (BLID):

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

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

[epmmii kpuTepiit oLiHIOE 3araibHy yCHiNIHICTD. Jpyruit kpurepii
OIIIHIOE “‘HalCNA0KINTy JIAaHKY’, TO3BOJISIOYHN OOpaTH BapiaHT, IPH IKOMY
MaKCHMI3YIOTbCS MiHIMaJIbHI Bard pedep B KOXHIA KOMITOHEHTI
3B’SI3HOCTI.

BI® Buznawae B MJIP mapericbky mHOkuny (IIM) X, mo
CKJIaJae€ThCsl 3 YCIX MapeTiBChbKUX ONTHMYMiB. byaemo posrisgatu
ITOPUTMIUHY NPOoOJIeMy 3HAXOPKEHHS TIOBHOI MHOKMHH aJlbTEPHATUB
(IIMA) X°, sxa e miamuoxkuHOI0 [IM MiHIMAJIBHOT MOTYKHOCTI i Tpu
11bOMY BUKOHyeThCs ymMoBa F(X0) = F(X) [4].

Cepis 3Marans OyJie CKIaaTHCS 3 OKPEMUX 3MaraHb, CINIAHOBAHUX
TaKUM YWHOM, MO0 KUTBKICTh TEPEMOXIIB Oyia HE MEHIEe TPETHHH
3arajbHOI KUILKOCTI KoMaH/. Hanpukmian, sikio MaemMo 12 BUKOHABIIIB,
TO Uil KOMaHJ 3 YOTHPHbOX YYACHUKIB PEKOMEHAYETHCS MPOBOIUTH
3MaraHHs 3 OJJHi€I0 KOMaHJIOI0-TIepeMOXKILIEM. A K10 Tpeba popMyBaTu
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KOMaHAM 3 TPhOX YYACHUKIB, TOJI OLIbII IOIILHO OOMpPATH JBOX
MEPEMOXKIIB B BOX TMapax komaua. Lle poOuThcs st Toro, Mmoo mois
MIEPEMOT Ta MPOTpPaIIiB Oyira MOPiBHIHOIO.

[Ipu mmanyBaHHi cepii 3MaraHp Ba)KJIIMBO CTBOPHUTHU CKJIaI KOMaH
TaKMM YMHOM, 100 KOXXKHA MOXJIMBA I1apa BUKOHABIIB Oyja JEKiIbKa
pa3ziB B opmHiii komaHmi. TobTo mpm TakoMy IUTaHYBaHHI Tpeba
BpaxoBYBAaTH PECypc 4Yacy — CKUIBKH Cepiii 3MaraHb € MOXKIIUBICTh
MPOBECTH. 3a TIEBHUX YMOB MOKHA BIJIMOBUTHCS BiJl I[bOTO OOMEKCHHSI.
3ayBaxuMo, IO JOCITI/DKEHHS TaKOrO TIUIAHYBaHHS Ma€ OKPEeMHI
HAyKOBHIA IHTEpeEC.

B Tabnumi 1 HaBemeHO PoO3MOALNT 8 TpaBIliB 3a JBOMa KOMaHIAMH,
TakMM YMHOM, 100 KOXKHA Iapa TpaBIliB I'paja 3a OJHy KOMaHIy HE
MEHIIIe ABOX pa3iB. ['paBmi mo3HadeHi iHaekcamu Big 0 10 7 BKIIIOYHO.
Cepist cxmagaetbess 3 8 3Maranb. TakoX 3ayBaXHMO IO B I[bOMY
MPUKJIAI MaKCUMaJIbHA KIJIbKICTh BXOPKEHb B OJTHY KOMaHAy JJIs apu
(09, 02) mOpiBHIOE 5, a cepeiHE 3HAYCHHSI KIIBKOCTI TopiBHIOE 3.43.

Jnst pospaxyHky peGepHoi Barn w;j OynemMO BHUKOPHCTOBYBATH

popmyy:

ne N, ; - KUIBKICTB IIEPEMOT KOMaH/I, 10 CKJIa/ly SKMX BXOJIUIH BUKOHABII
0; Ta 0j,
N;j - 3aranbpHa KUTbKICTh KOMaHJI, 110 CKJIajy SIKUX BXOJMJIM BUKOHABII
0; Ta 0;.

Tabimns 1

Po3motis rpaBiiiB 3a 2 KOMaHIaMH
No Ckiag komagau 1 | Ckiag koMaHou 2 [Tepemorkenp
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 koMmaHna 1
6 0,1,4,6 2,3,5,7 koMmaHna 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 napa (04, 0¢) Opaia y4acts B
YOTHPBOX 3MaraHHsx (3a Homepamu 2, 4, 5 ta 8), 3 skux 3 Oynu 1 Hel
repeMoykHi (4, 5 Ta 8).

Skimo Hama MeTa B IIbOMY IPHUKJIAJl MMOJsArajga B CTBOPEHHI IBOX
LUTBOBUX TPyH IO TPU BHUKOHABLA 3 HaJaHOI MHOXMHH BOCHMH
kauauarie (tooro n =8,k = 3), To ans ¢gopmyBanHs MJIP Ham
MoTpiOHO chOpMyBaTH MEPEITiK YCIX MOXIIMBHX BapiaHTiB (OPMYBaHHS
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))1 X260 = ((01105:06)1 (02,04, 07))- Ha puc. 1
BUJIIJICHO MapKepH, 110 BiAMOBINaIOTh 3HaineHomy [IMA.

CdhopmMoBaHO MHOXKMHY KpalIdX BapiaHTIB (JOpMYBaHHSI IiIbOBHX
rpyn i3 3agaHMMU @apaMeTpaMd 3 YPaxyBaHHSIM IO3UTHUBHOI'O
MPAKTUYHOTO JIOCBITY B3aEMOJIT MK yYaCHHUKAMH.

Po3pobriena maTeMaTiuHa MOZIETb A€ 3MOTY (popMatizyBaTu BUOIp
BapiaHTIB MIJIbOBOI TPYMH 3 HAWOLIBII MPOTYKTHBHO IIPAIIOIOYNX
YYaCHUKIB.

040 * o o(e)
U= a0 e o
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HEYITKA MOJEJIb KJIACTEPIB HA OCHOBI
MYJUBTUHEYITKUX MHOKUH
Ipuna Pscua, 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.

o : n
Hexaii 3amamo MHOXMHY 00'ekTiB X ={X}_, Ta MHOXHHY

m . . . .
W ={WV} IXHIX SKICHUX O3HaK, fKa HE MICTUTh XapaKTEPUCTUYHY
v=l

O3HaKy MHOKUHU X.
Hexaii 3amana BiAmoBigHICT : X —W , 110 BU3HAYA€E MAaTPHIIO

«o0'exT-o3Hakay W . BBaxkaemo, 110 KOKeH Xj € X Mae HelycTHit oopas

v(%)cW, a xoxHa o3Hakaw, €W Mae HemycTHii mpoobpas
\y_l(wv ) c X . BoueBup, 110 \y(xi) — 4iTKA MiIMHOKWHA MHOXKWHA W
, e {l,...,n}.
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BiamoBigHicTh Y TIOPODKYE BiHOUICHHS €KBIBAJICHTHOCTI ~ Ha
XxX:
Xizxj<:>\V(Xi):\V(Xj)’ (l)
TOOTO SAKIIO X;,X; € X MAKOTh OJHY i TY K CYKyIHICTh O3HAaK, TO BOHH €
€KBIBaJICHTHUMH.

VBememo  OiHapHe  BiAHOIICHHS T=¥x¥ ¢ w-
TpPaHCIIOHOBAaHA MaTpHIIS, X - 00y TOK MaTpHUIIb,

t (xi /Xj ) = ‘\y (x)Ny (x j )‘ — TOTYXKHICTh TEpeTuHy oO0pa3iB 00'€KTiB

X;,X; € X . Bimnomrenns T — pediekcuBHe Ta CUMETPUYHE, a t(X;,X; ) =

t(xi,xj); t(%,%) — KUIbKICTb (HEHYNbOBMX) O3HAaK O00'€KTY X;;
t(xi,xj—):Oc»\y(xi)ﬂ\y(xj)z@.
I[Toknagemo n(xi,xj)=t(xi,xj )/‘\y(xi)Uw(xj )‘ i, je{l..,n}; oxi

(xi,xj)eRnc»n(xi,xj)>0

MaeMo R, : , X x X —[0,1].

BoueBunb, mo BimHOmEHHA R, € BiAHOMEHHSIM MOAIOHOCTI, a
¢byHKUis pi(xj—)=n(xi,xi) € Mipol0 TOAIOHOCTI  €IEeMEHTIB

Xj € X, je{l...n}, 3 enementom X € X .
n

HeuwiTky migMHOXHUHY Cy :{(xj,ucXi (xj ))}Tzl = {(xj e (xj ))}1:1'

W (xj ) = rc(xi X ), i €{l,...,n}, HA3BEMO HEUITKHM C,, ~KIIaCTEPOM.

X !

ITo3Haunmo C={Cxi}inﬂ- 3amamo BimoOpaxenHs &: &(x)=C

gt (CXi ) =x, x €X, C, €C. HeBaxko nokasaru, sIKILO 51ipa KJIacTepiB
1
Cy ij HepeTHHAIOThCA, TO C, = ij ,1 % =X, T00TO

% ~Xj < Cy =Cy X, Xj€X. 2
3rigHo knacugikamii HeHiTKUX KOMOiHaTOpHUX KoHQirypauiii [1, 2]
OTPUMY€EMO HEUiTKi KOMOIHATOpHI KOHQIrypamii Ipyroro HOpSIKY
TPETHOTO THITY, JJSl SKHX TBIPHOIO MHOXXHHOIO € BEKTOPHO3HAYHA
. ~ . \\n ~ n
HEYiTKa MHOXKHHA X = {(xi i )}izl, ae [ = (ui (xj ))J_:l.
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MuoxuHy C TOHAEMO Y BUIIISIAI MYJIbTHMHOXKHH TAKHM YHHOM.

Hexait K ={K, }|p=1 Bu3HaueHa 3a (1) MHOXKMHA KIIaciB €KBiBaJEHTHOCTI
1 ’
MHOKHHE X . BBememo Bimobpakemms &'(K;), Take, Mo
, .

é(K,)z{ Ce | % eK|}:Q,, ne Q — obpas kmacy Kj, skuil €
MHOXHMHOIO DiBHUX Mik coboto C, -knactepis. Ilosnaunmo [K|=k,
TOII 3 ypaxyBaHHSM (2) Ma€ Mmicue piBHICTS: |K|| :|Q||. Hexait uj —
eTanoH Kmacy eksiBanentHocTi K, mosHaummo sk U ={y }Ip—l

MHOXHHY OOpaHMX €TaJOHIB OTPUMAaHUX KIAaciB EKBiBaJICHTHOCTI;
Uy #Uq, | #0q. Maoxuny U Ha3BeMO yHHBEPCYMOM MYJIBTUMHOXKHH.

[To3Haunmo ay =n(xi eK,x; € Kq)zn(u| ,uq), aq €[0,1],
l,qe{l.., p}. Boueuap, sxmo | #q, 10 &g =aq; & > &, . Marpuuo

(a,q), l,ge{l..,p}, Ha3BeMO HEUITKOIO MATPHIEI0  TOJiOHOCTI

eJIeMeHTIB yHuBepcyMa U .
Hexait x; € K|, Toxi

Clxer)) {( Vg 2 ))} {klt(ullall kol(up.ay, )}

Ky +...+kp =n.
TakuM 4MHOM, KJacTep MOAAHO SK HEYITKY MYJIbTUMHOXUHY Ha
yauBepcymi U .

YBenemo Taki ornepartii;
n

c, Uc, :{(xj,max(ui(xj),u,(xj )))} o X EX

Cy +Cy :{(xj,ui(xj)),(xj,p|(xj ))}::1' VX, X € X ;

n
kLCXi :{k[(xj,ui (Xj ))}H, VX e X .
IMogamo KiacTep K MyJIbTUHEUITKY MHOXKHUHY [3, 4].
IMoknazemo kq[(uq,alq):(uq,(kq[alq )), Tomi VCiy ) €Q Cyex,) =

- {kl[(ul,all), oo Kq[(Ug g ) s K (U4 )} = {(ul,(kl[all)), (up,(kaa|p))}.

Ilo3naunmo k =(k1,...,kp) , ay :(a|1,...,a|q,...,a|p) ;
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C(XieK|) =(u|,|2®§|), ne ®  —  omeparif, sSKa  BH3HAYAE
“INOKOMITIOHEHTHHH T00YTOK” BEKTOPIB:
k®3 =(k1,...,kq,...,kp)®(a,1,...,a,q,...,a,p):
(K By, e g By oo K LBy ) -
p
Tomi, Zg = D_ Cx =k[(u,k®a); |Zg|=| D] Cx[=k D kqag
X €K, x;jek| q=1

. n
a MHOKMHY MYJIbTUHCYITKUX MHOKHWH C= {Cx } 1 3allMIICMO TakK:
)=

2={za ], ~{ufu ko),

Heuditkum  siapom piBHﬂ o C, -KiacTepa Ha3BEMO HEYITKY
MHOMKHHY QF ={ (x p, ) ‘M. >1 a,a [0, l]}
Mexamu piBus  C, -KimacTepa 3 HCYITKHM SPOM DIBHS O

Ha3BeMO MHOXHHY Bound; C % {x € X‘O<[3<uC (xj) <1- oc}

Hexaii % <K, Q =&(K)), C, €Q, Ker,C, :{xt‘u% (xt)21—a}
— MHOXHHA €JICMCHTIB y HOCII HEUITKOrO sifipa piBHs o C, -KIacTepa;
J; — mepenik HOMEpiB €JEeMEHTIB, i r(i) — BIAIIOBIAHO, KUIBKICTH
CJIEMCHTIB y HOCIT HewiTKoro siipa C, -Kiacrepa; te J; = { Jigreees Jicg } .

My IbTHHEHITKMM KJIaCTEPOM Ha3BEMO HEUITKY MHOXKHHY S; (o, B) =
U, C % € Ker, CXi , 0<B<l-o, ¢QyHKIIFO HaNEKHOCTI SKOI

009HCITI0EMO 3a (HOPMYIIO0
1 l-as<pc (x5)<1

Hsi(&,ﬁ) (XJ): mjaX{l.,lCXt (XJ),t S ‘]i}' Bg}J,CXt (Xj)<1—(x,,

< . .
0, O_uCXt(XJ)<B,teJ,.
BucnoBku. [ToTyXHICTb si/ipa 33/1aHOTO PIBHS O MYJIBTHHEYITKOTO
J
Kjacrepa oOuuciaoemo 3a  ¢dopmyrnor  |QF = Z "0k g -
(CXi GQI) a=ji

[ToTyXHICTb HOCISI HEWITKOTO S/ipa PiBHSA O MYJIbTUHEYITKOTO KiacTepa
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irgi . .
— 3a (opmynoro: ‘Kerac(x,eql)‘ ZZ o Ky - TlomaHHsST MOJENi HEYITKUX
i 9=y
KJIACTepiB Ha OCHOBI MYIBTHHEUITKHX MHOXXHH BHUKOPHUCTOBYEMO Y
MOIAJBIINX JOCTIHKEHHIX 3 METOIO a/IEKBATHOTO BU3HAYEHHS HEWi TKIX
MOHATH HepopMaNbHUX MoJesiel ipu (opMaiizanii 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 AkumeHko
Llenmpanvnoykpaincokuti 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 THUNH MariyHux po3MITOK rpadiB, iX omwuc i
pe3yabTaTH BiJHOCHO pillEHHA 3a/1a4 iCHYBaHHS, MMOOYIOBH 1 MEPETiKy
MOkHa 3HaWTH B [1]. [y Aeskux po3MiTOK BUKOPUCTOBYBAIM pi3Hi
TepMiHU a00 HABITAKH Pi3HI PO3MITKH MAarOTh OJIHAKOBY Ha3By. B naniii
poboTi posrisimatumeMo po3mitky, sky BeiB V. Vilfred y 1994 poi i
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Ha3BaB 11 Z-po3MiTkoro [2], y 2003 mio po3MiTKy HE3aJIeKHO BiJl HHOTO
sarmporionoBai M. Miller, C. Rodger, R. Simanjuntak, Bukopucrasiim
1Uis Hel TepMiH «1-BepiiMHHO-MariuHa BepmrHHa» [3], a 'y 2009 pomi —
S. Arumugam, D. Froncek, N. Kamatchi — mix Ha3Boro «mgucraHmiina
marigHay [4,5]. OcranHii TepMiH HaOyB HAHOUTBIIOI MOITYJSIPHOCTI 1
BXKUBAETHCSI B HAYKOBIH JTiTEpaTypi.

Bynemo  posrnsgatm  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. 3agomo Bimobpaxkenus f:V(G) —
{0,1,2,...,|V|}, sxe wHasuBaroTh po3MiTKOI Trpada G. D-oxoaom
BEPIINHU V HA3UBAIOTh MHOXUHY Np, (), 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 HazuBarOTh D-oucmanyitinum mazivHum, STKII0
icaye Oiekuis f:V(G) = {1,2,...,n} i Taka cTana k, mo Ais KOXHOI
Bepinau v € V(G) 1i D-Bara nopiBuioe k, To6to w(v) = k. Yucno k
Ha3uBarOTh D-oucmanyitinoro (a00 OuUCmanyitinoio) Ma2iuHow CManoio
posmitku f [6].

IMIpu D = {1} po3mitky f rpada G Ha3UBAOTH OUCHMAHYIUHONO
maziunoio [5].

OnHUM 3 HaHOUIBII PO3MOBCIOKEHHUX TPHKIAIIB 3aCTOCYBaHHS
JTUCTAHIIMHOI MariyHOi PO3MITKH € Oprasi3allii HENOBHHUX KPYTOBHX
TypHipiB [7].

B ocranni poku Teopis rpadiB Kem po3BuBaeThcs SK OKpema
yacTuHa anrebpaiuHoi Teopii rTpadiB. I'padum Kem 3HAXOIATH
3aCTOCYBaHHSI B Teopii Tpym i1 Teopii rpadiB mpu po3B’s3aHHI 3a7ad
knacugikarii, i3omopdizmy rpym i rpadis, pozdapOoByBaHHs rpadis,
nepeniky. Kpim Toro, icHye Oararo mikaBux 3actocyBaHb rpadis Keri,
30KpeMa iX BUKOpPUCTaHHs B OioJorii mpencraBieHo B poOorTi [§], a B
iHpopmatui — B [9].

MortuBariiero s anamizy rpadis Kemi cramun poboru [10-12].
Mertoto naHoi poOOTH € PO3B’sI3aHHS 3a/a4i iICHYBaHHS IMCTAaHLIHHOT
MarigyHoi po3MiTKH Aj1s okpemux TumiB rpadis Kemni na rpymi gieapa Do,

PosrnsiHemo ckiHueHy rpyny G 3 TIOPOKYBaJTbHOIO MHOXXHHOIO
ScG, ne MHOXKMHA S HE MICTUTDh OJMHUYHHUK €JIEMEHT 1 € CHMETPUYHOIO,
10610 S = S71, §71 = {s7l|s € S}.

B rpadi Keni I' = Cay(G,S) = (V,E) BepuiuHH BiANOBIiIAOTH
eIeMEeHTaM TpynH, a pedpa — JOOYTKYy 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 MOPSIKY
2n, pakTHIHO MaEMO

D,, ={a,bla™ = b?> = e,bab =a '} =
={e,a,a? ..,a" 1, b,ab,...,a" 1b}.

Hexaii ScD,,, Posrmsaemo npuknaau rpadis Keni I' = Cay(D,,, S)
g |S| = 1;2; 3 1 gocmiguMo iX Ha HasSBHICTH AWCTAHIIWHOT MaridHoi
PO3MITKH.

[pukinazx 1. |S| = 1, Toxi rpad Keni I' = Cay(D,,,S) = nK, He €
NUCTAHIIHAM MariyauM.

Mpuknan 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
KOXKHa Horo KoMImoHeHTa € koM C, [13]. 3 mporo BWILIHBAE, IO N
MOBUHHO OYyTH apHUM.

[puknan 4, D,, =<a,b|a™=b?=e,bab=a"1>,
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,

Po3riisiHeMO, MHOKMHH CyMiKHOCTI BepmmH a~2 i ab rpada

I'=K,xC,: N(@“?)={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 BepmmH. OTike, Hek
rpad He € qUCTaHIIHHUM MariuHum [3].
Mpuknan 5. S = {a,a” %, b}cD,,, ne a # a~ %, b? = e, Toxi maemo
I = Cay(Dap,S) = 7 (Kz X Cp).

150



Mpuknan 6. S = {a, b, c}cDyp,nen = 3,|S| =3ia? =b? =c? =
= e, toxni maemo I' = Cay(D,,,S) = K, X C,.

Jns Oynp sxoro rpada 3 mpukiIamiB 5 1 6 3HANAYTHCS 1B1 BEpPIIHMHA
x iy, mig sxkux [N(x) N N(y)| = deg(x) — 1 = deg(y) — 1 = 2, tomy
i Tpadu He € TUCTaHIIHHUM MaridauM [3].

TakuM YMHOM, HAMHU TOBEJCHO HACTYITHE TBEPIKCHHS.

Teepmkennst. I'padpu I’ = Cay(D,,, S) npu

ISl =1,

2)S ={a,a Y, b}cDy,, nea+at,b?>=e;

3)S={a,b,c}cDyp, nen=>3,|S| =3ia?=b*=c?=e
HE € QUCTAHIIIHHUMU MariYHuMH.

I'pad I' = Cay(Dyn,S), ne S={a,a™}, a+atiola)=me
JUCTAHILIMHAM 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
JTUCTAHIIMHAM MariYHAMU TOI 1 TIJIBKU TOM1, KO M = 2 1 n — mapHe.

[Tomanpmii KociimKeHHS MOXKYTh OYTH ITOB'sI3aHi 3 MOITYKOM YMOB
icHyBaHHs D-aucTaHnifHUX MariyHuX po3miTok rpada Kemi Ha rpymi
nienpa.
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PO BEPXHI I HUKHI OHIHKHA XPOMATHYHOI'O
YUCJA JJIA INTAHAPHUX 1 HEIIJIAHAPHUX IT'PA®IB
'Cementora M., 2Illepman 3., 2Hectepenko O.
Yenmpanvnoyxpaincoruti nayionansnuti mexuivnuil ynieepcumenn,
2Miscnapoonuil esponeticbkuii yuieepcumen

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  3Buuaiini  rpadgu, TOOTO  CKiHYEHI
HeopieHTOBaHI rpadu, IO HE MICTATh KpaTHUX pebep Ta NeTelb.
[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={1,2,3,..} — mHOXuHa (pap0. XpoMaTHuIHE YNCIIO
x(G) rpada G — ue MiHIMabHA KUTBKICTB (hap0, Ky BUKOPUCTAHO IS
MPaBUIILHOTO po3dhapOyBaHHS.
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3agaua MOWIyKy MpaBUIBHOTO po3dapOyBaHHs Trpada € OTHIEIO 3
OCHOBHHX 3a/1a4 Teopii rpadiB. ICHyIOTb pi3HI METOOH Ta alTOPUTMH il
po3B’s3ky [1-4]. OgHuM 3 HampsMiB JOCHTIKEHb € OOYMCIECHHS abo
OITiIHKa XPOMAaTHYHOIO0 dYHCIAa Tpada 3a IJOIMOMOTOI0 IHIMUX, OiIBII
3pYYHHUX XapaKTEPUCTHUK rpada.

Hexaii 3amano 3B’si3uumii rpad G = (V,E), sxuii 3a10BOJIBHSE
HACTYITHUM YMOBaM:

G He € TUIaHAPHKUM;

G MicTUTh OHY HalWOUIbIIY KKy K, mopsiaky n = 3,

micsl BUAAJICHHS oxHOro pebpa e B kiiki K, rpap G, =G —e
MEePETBOPIOIOTHCS Ha TIaHAPHUH.

I[Mpuknan Takoro rpada G HaBeaeHO Ha puc.l. BrieBHuMOCS, 1110 BiH
He € MiaHapHuM. JIJIs [BOr0 BHMKOHAEMO IIOCIIIJIOBHO OIEPAIli0
craraenns pebep y miarpadi G’ (puc.2) rpada G:

craraemMo pedpo {4,13}, HoBy BepIinHy M03HAYNMO 4;

craraemMo pebpo {1,11}, HoBy BepiinHy Mo3Ha4uMo 1;

crsraemo pebpo {2,10}, HoBy BepiuHy mo3Hadumo 10.

Orpumanu rpad Ks (puc.3). 3a kpurepiem Barnepa 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

[Micast Bunanenus 3 rpada G omHoro pebepa {10,12} (abo {1,8})
onepkumo Tpad G; = G —e. BiH € 1uiaHapHUM Tak SK Mae IJIOCKY
YKJIQJIKY.

Oninky XpoMaTHIHOTO Yncna rpadis G i G; HaBeJeHO B TaOmwii 1.

Tabsuns 1. HuwkHi 1 BepXHI OI[IHKY XPOMATHYHOTO yucia rpadis G i G4

I'pad G

HwxHi omiHKA BepxHi o1iHKH
XPOMaTHUYHOTO YHUCia XPOMaTUYHOTO Yucia
1) KutikoBe uucio (abo miinbHicTs) Tpadpa | Tak sik G — 3B’s3Huil rpad
G nopisuroe @(G) = 4. Toni niust rpadpa | MakCHMMalbHOI CTENEHI 5, TO 3a
G cupasemmBo: y( G)> ¢ (G) = 4. Teopemoro Bpykca y(G)<5.

p
1625 =3,
ae a(G) — aucio HesanexxHocTi rpada G.
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2
p
2(6) = 07— 2g° 2(Gy) = 2.

I'pad G
1) Kiikose wmcito (abo minbHicTs) rpada | G, — nnanapsuit rpad, Tosi s
G, nopieuoe ¢(G;) = 3. Toxi mus HOro BEpPXHBOT OI[IHKU
rpada G, cnpaBenmBoO: OJEPKUMO OOMEKEHHS:
x(G1)z @ (G,) = 3. x(G1)=4.
2) x(G)= [ﬁ = 3, ne a(G,) — 1ucno

He3anekHoCTi rpada Gi.

3Gy 2 22 ; 2(Gy) = 2.

Otpumamu 4 < y(G) < 5,3 < y(G1) < 4.
Sxkmo A = (a;j) — MaTpulg CyMiXHOCTI rpada MOpsSaKy p, TO
deg(v;) = deg; = ZP 1Qij Ha3MBAIOTh BAJIEHTHICTIO  (CTENEHEM)

BCPUIMHA - Vj, 2 deg(k)(v)_deg(k) ¥P_a;-degi ™ — k-

KPOKOBOIO BAJICHTHICTIO BEPIIUHH V;.

Hns poszdapOysanus rpadiB G i G;, BUKOPUCTAEMO MOIUPIKAIIiO
anmroputmy HII-ynopsiiKyBaHHS BEpIIMH HA OCHOBI K-KpOKOBHX
BajieHTHOCTeH (puc. 5 1 6). HII-anroput™ BiIHOCUTBCS 10 NapajeabHUX
JIOKaJbHUX alTOPUTMIB, TaK SK BUKOPHUCTOBYETHCS iHQOpMAIs 3
JIOKAJTBHOT TIaM’ATi CyMIDKHUX BEPIIHH i OJMH HOTO KPOK CKIIAJIAETHCS B
OTHOYACHOMY Ta HE3aJe)KHOMY TIIepEOOYHCIeHHI MITOK Ha BCIX
BepIIMHAX rpada Ha OCHOBI BiJIOMOCTEH, OTPUMaHHUX Ha MOMEPEAHbOMY
KpOTIi .

Buxonaemo ymopsakyBaHHsS BepmuH TpadiB G 1 G 3a HII-
aJrOpUTMOM B MOPSJAKY HE3POCTaHHA IX BaJleHTHOCTeW. Pesynbpratn
MpeICTaBIeHI B Ta0uIsIX 2 Ta 3.

Tabmuus2. Bepmau ta ix K-kpokoBi BaneHTHOCTI rpada G

HII-
p deg; deg(z) p deg(3) YHOPSIKYBaHHS
BEpUIMH

1 5 22 1 94 1

8 5 12 10 92 10

10 5 22 12 12

12 5 21 8 8

2 4 14 4 4




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

Tabmuusa2. Beprmmau 1a ix K-KpokoBi BaeHTHOCTI rpada G,

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.

I§]

()
—

3

Puc.5. — IlpaBunbae po3dapOyBanns rpad G 3a Moau(iKOBaHUM
anroputMmoM 3 HII-ynopsakyBaHHSM BEpIUIUH
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(3]

(39

38}

Puc.6. — [IpaBunbre po3dapOyBanus rpad G, 3a MoandikoBaHUM
anroputMoM 3 HII-ynopsakyBaHHSM BEpILIUH

[locrae mmranHs uym s KoxHOI mapu TpadiB G 1 Gy, 1O
3aJJ0BOJILHSIOTh BHIIC HAaBEJACHUM YMOBaM, BHKOHYETHCS PIBHICTh

2(G) = x(Gy).
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ACHEKTHU ITPOIT'PAMHOI PEAJIIBALIT IBOETAITHOI
3AJIAYIL AKTI/IBAIIIT-PO3MI[HEHH$[ JJISAA ITIOKPAIIIEHH 1
MEI[I/I‘IHOT JOI'ICTUKH
Onmnexciit Cepreen
Hayionanvnuii mexuiunui ynisepcumem «/[Hinposcoka

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  CUTyallisX TojsIrae B  BUMOrax ajamramii  Jo0
Hernepen0auyyBaHUX KpHU3, TaKWX SK TaHAeMil Ta CTUXIHHI JnXa.
BrockoHajeHHs TPAHCIIOPTHOT MEPEXKI € LIEHTPAIBHUM €JIEMEHTOM IS
e(eKTHBHOTO PO3IMOJIITY JIIKIiB Ta BUPOOIB MEAUYHOIO PU3HAUYEHHS 1]
Yyac HaJA3BUYAWHUX CUTYyallill. [cTOpryHi mpuKiIaau, Taki SK BUKIUKA i1
yac naugemii COVID-19 Ta HacmiakiB BIHCBKOBHX [IiH, IiJKPECIIOIOThH
JIOTICTUYHI HEJIOMIKHU Y PO3IOJLI JKIB.

CydacHa cucTeMa MEIHMYHOI JIOTICTHKH B YKpaiHi Mae Kulbka
CJIa0KMX MICIIb, SIKi TOTPeOYIOTh yBaru Ta BIockoHaneHHs. [lepin 3a Bee,
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iCHye 3HauHa 3aTpUMKa B YyXBaJCHHI pillleHb dYepe3 BiJCYTHICTh
LeHTpaizoBaHoi iHGOpMamiiHOI CHCTEMH U OTEPaTUBHOIO OOMiHY
IaHuMA MK~ MirictepcTBoM  oxopoHu 3mopoB’s (MO3) Ta
perioHaTbHUMH  JTeTiapTaMeHTaMu  oxopoHH 3mopoB’s ([103). ILle
MPU3BOAUTE 10 OIOPOKPATUYHUX 3aTPUMOK y 3aTBEpIKEHHI HakasiB Ta
PO3MOLTL peCypciB, IO € 0OCOOIMBO KPUTUIHHM ITiJ] 9aC HAJA3BUIAHHUX
cuTyariii. IcHye HemocTaTHA KUIBKICTh CyOperioHaNbHHX IIEHTPIB Ta
LIEHTPIB MUCTPUOYIlii, a TaKOX cCJla0ka IX MiJrOTOBKa JIO0 KPH30BHX
cutyaniid. BigcyTHiCTh aBTOMaTH3alii MPOLECiB YIpaBliHHS 3amacaMu
Ta  TPAaHCHOPTYBaHHSAM  JOJATKOBO  YCKJIAAHIOE  e(EeKTHBHE
(YHKIIOHYBaHHS CUCTEMH.

Y crarti [1]  mocmimKyeTbcs — iHTErpaiis — TEXHOJOTil
IHTEJIeKTYaJIbHOTO BHSIBJICHHS BTOPTHEHb Yy CHUCTEMY MEAWYHOI
JIOTICTHKH 3 BHKOPHCTaHHAM TyOmigHOi XMapu. Y poboTi [2]
PO3IJISAAAETHCA METOAOJOTISI ONTHUMI3aIii PO3MIICHHS O00'€KTiB, IO
BpPaxoBYy€ IEpeBaru KOPUCTyBaua. BUKOPUCTOBYETHCS i1HTEpaKTHBHUI
CBONIOIIMHANA  aJdTOPUTM, SKHH 3HAXOAWTh HAWOLIBIN MPUHHATHI
pimenHst Ha [lapeTo-ppoHTi, cnMparoYnch Ha MepeBarn KOpHcTyBaya.
HeoOxifHicTh MOKpallleHHs] CUCTEMH MEIWYHOI JIOTICTHMKH B YKpaiHi
00yMOBJICHa KiTbKOMa KIIOYOBMMH (pakTopaMu. Y CBOiH poOOTI MH
PO3TIIAIAEMO CHCTEMY MEIUYHOI JIOTICTUKH y KPU30BHX CHUTYyalisx Ha
MpeaMeT MOXJIMBUX IMOKpallleHb mpouecy. [IpononyeMo moaanbpiry Ta
OibIn TITMOOKY iHTErpallito 3 HassBHUMH iH(QOPMALIHHUMHI CHCTEMaMHU
JUIS  oTiepaTUBHOTO OOMiHY iH(oOpMaIli€l0o MK yciMa yYacHUKaMU
MEJUYHOT JIOTICTHKH. TakKoXX MPONOHYEMO IpPEIMETHY IOCTaHOBKY
3ajadi Ta BIJMOBIAHY MaTeMaTWYHy MOJEIb, SIKa BPAaxOBY€E MOTpeOH
cucremMu. J{1s BUpilleHHS Li€i NPOOJIEMH IPONOHYEMO NPOrpaMHy
peaiizailifo Ta ONUCYEMO Ii ACIEKTH, IO CHPHUSAIOTH IiBUIICHHIO
e(EeKTHBHOCTI PO3MOALTY MEAMYHHX PECypCiB IijJ 4Yac KpPU30BHX
cutyanid. Lls pobora € mnpomosxkeHHsM [3], me aBTopamu Oyio
PO3IIIIHYTO MaTeMaTHYHY MOJENb OaraToeTamHol 3ajadi po3MiLeHHS
00’eKTiB 3 OOMEKEHHAM Ha MAaKCHUMaJbHY KIUJIBKICTh OJHOYACHO
AKTUBOBAaHMX MIANPUEMCTB 1 3alpolOHOBaHO Mmiaxix mo il
pO3B’sI3yBaHHA, SIKMA 0a3yeTbcss Ha BUKOPUCTAaHHI EBPHUCTHYHHUX
MiXO/IIB Ta TEOPii ONTUMATBHOTO PO30OUTTSI MHOKHH.

MaTteMaTHYHA MOAEIb.
ITo3nauyumo:
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— () — obnactb, A€ pO3MOAUIIOTECS MEAMYHI TOBapU MiX
CTIO’KMBAYaMU;
— (); — obnacTe 00CIyroByBaHHS IIEHTpa AUCTPUOYMIi, [ =
1N,
— N — HeoOximHa KinbKicTh HeHTpiB aucTpuOymii (LI1);
— M - 3aragpHa KiNBKICTh JOCTYNHHX JUIS aKTHBAIlil
cyOperionansaux neHtpis (CPLI);
— K — Bigoma KinbKicTh perioHansHux neHTpis (PLY);
— L — 3amanuit miMiT Ha KUTbKICTh MOXJIIMBO akTrBOBaHuX CPLI;
— b! — nomut i-ro nentpy aucTpubymii, i = 1, N;
- bjI I _ moryxwicts j-ro cy6perionansroro nenTpy, j = 1, M;
— biI" — 3anacu k-ro perioHanbHOTO HEHTpA.

— | — muoxuna Bimomux PLL I = {ti!!, «iH . i1}
— ] — MHOXHMHA JIOCTYNHHUX JJIsi aKTUBamii cyOperioHalIbHUX
e T (I I 11

nenrpis: J = {ty’, 3, .. , Ty}

- cl-l = c(x, T{ )— BapTIiCTh TPAHCIIOPTYBAHHS MEIUYHUX TOBAPiB
BiJl LIEHTpa JUCTPUOYIII 3 KOOpAUHATAMU T{ JI0 CcIokuBaya X € (),
i=1,N;

Cij = c(‘rir , T]P)— BapTIiCTh TPAHCIOPTYBAaHHSI MEIUYHHUX

TOBapiB Bijl IIEHTpa 3 KOOpPAMHATaMH T, [-TO €Tamy 10 LeHTpa 3
KOOpJAWHATAMH Tf , p-ro erany, ne r,p € {I, 11,111}, # p;

— p(x) — normt Ha iku Ta BMII B TOUmi x B 06macTi (;

— Aj — BUTpaTH Ha aKTUBAIIIO j-TO CyOpPErioHaIbHOIO IIEHTPY,
j=1M,

T (T T .

-1 = (1/1, Tiz) — KOOpAMHATH IieHTpa aucTpuoymii (r=I);
cyoperionansHoro reHtpy (r=I1) abo perionamsuoro neurpa (r=I11);

- v} j — KUIBKICTh MEJIMYHUX TOBAPIB, 1O TPAHCIOPTYETHCA BiJL

CyOperioHaJbHOrO LEHTpa j 10 HeHTpa auctpudymii i, i = 1,N,j =
1,M.
- 17,1(1] — KIJIBKICTh MEIMYHUX TOBAPIB, 110 TPAHCHIOPTYETHCS BiJl

perionanbHOro 1eHTpa K no cyoperionansHoro j, k = 1,K,j = 1, M.
1, axmo CPIl j akTUBOBaHUH, |
0, iHake

Toni MaTeMaTH4Ha MOJIENb Ma€ BUI:

i M N I I
min e A;0; + Y- ¢ (x,7;)p(x)dx +
9(')EF2.TIEQN,UERR}MZ]_1 e Zl—lfgi i (0 1)p(x)

N oM I K M 1
i=1Zj=1Cijvij + +Zk=12j=1ckjvkjr (1)

3a TaKUX OOMEXEHb
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I vl = [, p(dx, i = TN, @

Lo <yl j=TH, ©

1—17]1] = bn j=1M, (4)

L6, < L, (5)

U0 =, (6)

mes(£; ﬂQ)—Olqt],L]=—N (7
vl 20,6, €(0; 1,i=T,N,j=1,M, )

= (1,73 ), T €0V, ©)

[Tpouec po3B'sa3anHs 3a7adi 3a JOMOMOTOI0 TEHETUIHOTO aITOPUTMY
PO3MOYMHAETHCS 3 1HILIaMi3a1lii TOMyJIALi, 16 KO’KHE MOXIINBE PIlLICHHS
KOIYEThCS Ha OCHOBI TMpiopuTeTiB. Jlami OIIHIOETHCS TMPHUAATHICTH
KOXXHOI XPOMOCOMH IUISXOM PO3B'SI3aHHS 3a/ayi 13 3aCTOCYBaHHSIM
MiAXOIB 3 Teopil ONTUMATBLHOTO PO3OUTTS MHOXHH Ta BpaxyBaHHSIM
IUTaHy TIEpeBE3CHb HA IHIIMX eTamax. B pe3yibTaTi OTpUMaeMo
po3TalTyBaHHS IEHTPIB, iX MOTYKHOCTI Ta IUIaH TepeBe3eHb. Binbip
XpPOMOCOM 3[IMCHIOETBCS 32 METOJOM pYJIETKH, Wicis dYoro I
XPOMOCOMH MiAAI0ThCS KPOCOBEPY ISl OTPUMAHHS HOBOTO TIOKOJIHHS.
Jleski XpOMOCOMH MYTYIOTHCS T 3a0e3medeHHs BapiaTuBHOCTI. HoBa
nomyJsiist pOpMyeThCsl 3 HAIIAIKIB 1 JEIKUX OCOOMH 3 TMOTOYHOI
nomynsiii. [Ipornec MOBTOPIOETBCS 10O JOCATHEHHS YMOBH 3YIHHKH.
[Ticns 1BOro aNrOPUTM 3aBEPUIYETHCS, ACKOAYEThCS HalieQeKTHBHIIIA
XpOMOCOMa, 1 ToBepTaeThcs ePEKTHBHUI PO3B’S30K.

IIporpamua peanizania. Ilepeiinemo 10 omnmcy mnporpamHoi
peadizawii 115 3aponoHOBaHOTO MiAX0LY. Y po3po0LIi 3aCTOCOBYBAINCh
pi3Hi TexHojorii Ta OiOmioreku. Jlns iHTepdelicy kopucTyBauya,
TeHETUYHOTO aJTrOPUTMY BHKOPUCTOBYBaMCh: Python3, PyQt5 (ans
inTepdelicy kopuctyBada), Numpy (it peamizarii TEHETHYHOTO
anroputMmy), Concurrent (maker s HiATPUMKH 0araTOIMOTOYHOCTI),
Multiprocessing (maker yis oprasizaiii poOOTH MK MOIYJISIMHU
peamizanii). st po3B’si3aHHs HenepepBHOI 3afadi posmimeHas: CH++;
Eigen (s MmBUIKAX MaTeMaTHYHUX TIIEPETBOPEHb MPH pealizarii
YHCENBHUX METOMIB HeaudepeHiiioBanoi ontumizanii), spdlog (mns
noryBaHHst), Qt6 (ams Bi3yamizauii KaHBacy poO3MILICHHS).

IIpu po3pobui mporpamHoi peaxnizamii, aBTopoM OyJIO IOAAHO
¢dyHKIio Bi3yamizaiii KapTu, BUKOpUCTOBYoUH cepBic OpenStreetMap.
s ¢yHKIis 103BONSE KOPUCTYBadaM IEperisiiaTH Ta B3aEMOMIATH 3
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reorpadiyHIMU JaHUMHU, TIOB'SI3aHUMHU 3 IIeHTpaMu AucTpuoywii (L) ta
IHIIMMK ~ pecypcaMu Ha peanbHii kapTi. KopucryBaui MOXyTh
301BITYBATH Ta IEPEMIIITYBaTH KapTy, HAAAI0UX MPOCTOPOBHI KOHTEKCT
IUTSL PO3TIOAUTY PECYPCIB Ta TPAHCIOPTHUX MapmIpyTiB. BimoOpaskeHHs
Ta YOpaBJiHHS KapTOK 3IIHCHIOETHCS Yepe3 BiAMOBIIHI KOMIIOHEHTH
inTepdelicy KopucTyBaya.

Jns Bizyamizamii MOIETRHMX 3adad BHUKOPHUCTOBYETHCS I1HIITHI
KOMIIOHEHT, L0 Hagae objacTe [ya TpadiyHOro mpeacTaBiIeHHS
pe3yabratiB ['A. IcHye MOXIIUBICTD MPEACTABIATH PO3OUTTS, IEHTPH Ta
IJIaHW TIepeBe3eHb Y iHTepakTwBHIN Qopmi. KamBac nuHaMidHO
OHOBITIOETBCSL Ha OCHOBI JaHWUX MOJENi, JO3BOJISIIOYM KOPUCTyBauaMm
B3aEMOJISITH Ta aHali3yBaTH Bi3yalibHI €JIeMEHTH. TakoXX HasBHA
(yHKIIIOHATBHICTG, WIO JO3BOJISIE KOPHCTyBadyaM 3aBaHTaXyBaTH
3aBAaHHSA MOJENI 3 BXiTHUX (ailiB, MOJETTIyIOYN HAIAIMTyBaHHSI Ta
iHiIiami3aniio BXigHuX gaHux ['A Ta HemepepBHUX 3a7a4 PO3MIILICHHS .
Ile mo3Bonsie IIBUAKO TMOYATH POOOTY 3 MOMEPEAHBO BH3HAYCHUMU
KoHpirypamisMu abo paHimie 30epeKCHIMH CTaHAMH. 3aBaHTAXCHHS Ta
30epeskeHHsT (ailiB KepyeTbes uepe3 BIMMOBIAHI KoHTposepu. s
3a0e3MeUeHHs]T TMOBTOPHOI'O aHalizy Ta 30epiraHHia po3B’s3KiB
repeadadeHo MATPUMKY iX cepiaimizalii Ta mecepiamizarii. KopucryBadi
MOKYTh 30epiraTi IOTOYHUH PO3B’A30K Yy (aiin Ta 3aBaHTaKyBaTH HOTO
Mi3HIIE s TOAAJbIIOro anaimizy. B iHTepdeiici kopucTyBauda
nependadyeHa MOXJIMBICTh ITEPaTUBHOTO TMEPEMINICHHS TI0 Pi3HHUX
MOKOMiHHAX pimeHHs ['A. MoxHa MepexoAuTH 10 HACTYIHOTo abo
MOTEPETHHOTO MOKOJIHHS 1 TEPETJIsIaTH 3MiHH Ta OHOBIICHHS PO3B’S3KY
3 yacoM. BaxximBoro QyHKIII€IO € Bizyaii3allis ONTHMAILHUX PO3OHUTTIB
uIs TeHTpiB auctpuOymii. Lle no3Bonsie kopucTyBauam OaduTH, SK
pecypcH Ta 30HU OOCIIyrOBYBAaHHS PO3MOUICHI, 10 BaXJIHUBO IS
ontuMizarii ctpateriii po3noainy. Cnpomenunii Bapiant UML giarpamu
JUTSL TIPEJICTABJICHHS 3B’ I3KIB MK TOJIOBHMH KOMITOHEHTAMH HaBEJICHO
Ha puc. 1.

PosrnsHemo giarpaMmy MOC/i0OBHOCTI Aii Ta 1moOYyIOBY B3a€MOIIT
MIX MOJYJISIMH. Ii momamno Ha puc. 2.

CriouaTKy KOpHCTYBad 3aBaHTaxye (Haiil 3 JTaHUMU BXiTHOT MOJETIi.
Monyne iHTEepdeiicy KopucTyBaua mepemae naHHi momymo ['A, ne
iHiIani3yoThess mapamerpu. [Ipu po3e’szanHi 3amavi, [A Momyns
Ha/ICWJIa€ 3allUTH A0 MOJAYJSl PO3MILEHHS Ha BiAMOBiIHE OTPUMAaHHS
koopauHat LIJ]. Monysnb po3milieHHsI Ha OCHOBI TeOpii ONTUMAIILHOTO
po3ourts po3mimye I1JI Ta moBeprae BimmoBimni Jsokarii. Ilig wac
PO3B’s13aHHS MTOCTIHHO OHOBJIOETHCS iHTepdeiic KOpUcTyBaya 3 METOIO
BifoOpakeHHs 3MiH. 3a 3allUTOM, KOPUCTYBad MOXe cepiaizyBatu abo
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necepiaiizyBaTd po3B’si30K. Ha BHXOIOiI OTpHUMyeMO pO3B’S30K Ta
Bi3yautizaliio 1Jsl KOPUCTyBaya.

Population
MainWindow GA " +generate()
E— koopauHath L erolist)
BHKOE'IEOB)’E +display() > +initialize()
+update() / +start()
ul —y +evaluateChromosome() T
| +updateProgress() .-
-
+startGA| i +getResults() 1
0 LocationModule poavimye LA | TEFFPERRY | +mutate()
+loadModel() “—
+crossover()
+saveModel() }
+displayResults() B3aemogie——> +loadModel() ol
+navigateResults() +saveModel() olver
+evaluateChromosome() — | E—
+solve()
/ +getResults()
BHKODHCTOBYE
Controller
+handleUserlnput() ModelManager
5 < dateView()
06HOBNIEHHA THTEPEiCY *up
+loadModel() +load()
+saveModel() +save()
Puc.1 — Cnpowena UML Oiacpama 63aemo0ii Midic 20106HUMU
MOOYAAMU
Kopmctysay Ul Module GA Module Location Module
3aBaHTakye MOAE/b
|Hiufanizauia npouecy GA
3anuT Ha po3milenHs LA
MoBepHeHHA KoopauHat LA
OHoB/ieHHA Ul 3 nporpecom i pesy/ibTatamu MA
Hagirauis yepes pesynsTatn
3aBaHTaKEHHA/36ePEXEHHA MO/ENI/PO3B'A3KY 38 JONOMOT0K0 MOJYNA POIMILLIEHHA
TMoBepHeHHA faHuX Moge
BipoBpameHHa peaynbTartis i noris
GA Module Location Module

Kopmctysau Ul Module

Puc.2 — Jiaepama nocniooenocmi 0iii 63aemodii kopucmysaua ma
MOOYi6 npoepamuoi peanizayii
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BucnoBku. B po0oTi po3riasHyTO  acmekTH — NpaKTHYHOI
IMIUTEMEHTAIIi] PillICHHS 1)1 ABOCTAIHOI 3a]1a9i PO3MIll[CHH-aKTHBAIIii.
Bymno po3pobieno mporpamMHy peaiizaliio, mo CKIaJaEThCs 3 MOIYIIIB,
sIKI  3a0e3MeuyioTh e(peKTUBHE pO3B’s3aHHSA 3adad  ONTHMAILHOTO
PO3MILIIeHHS LIGHTPiB AUCTPUOYIi, a came: iHTepdeiic KopucTyBaya s
B3aeMomii Ta Bizyamizamii pe3yNbTaTiB, TEHETHYHWH aNTrOPUTM IS
OTITHMI3allii, MATPUMKY 0araTormoTOYHOCTI Ta MIXKMOIYJIBHOI B3a€MOIII,
YHCeNbHI MeTonn HeAudepeHuiioBaHOI onTHMi3aLii A po3B’A3aHHS
HEeTNepepBHUX 3ajad, JIOTyBaHHS IMpolecy, Bizyamizamiro Mamd Ta
MOJCNBHUX 3a7ad, a TaKoX (YHKIIOHATRHICTE cepiamizamii Ta
Jecepiamizaiiii Ay 30epeKEHHS Ta 3aBaHTAXKCHHS  PO3B’SI3KIB.
IMmnemeHnTanis 703BOJISIE KOPUCTYBAUaM B3a€MOIISTH 3 TeorpadiyHUMU
JaHUMH, 30UTHIIYIOYN Ta MEPEeMIlyloud MaIy, aHajli3yBaTH Bi3yallbHi
€JIEMEHTH PO3MIIICHHS Ta IUTAHW IIEPEBE3CHb Y IHTEpaKTHBHIN (opmi.
KopucryBaui MOXyTh 3aBaHTa)XyBaTH BXigHI mozemi 3 (aiis, Mo
MIOJIETTIIY€ HANAINTYBAaHHS Ta IHIMIANI3aIlif0 JaHWUX Ui TEHETUIHOTO
aTOPUTMY Ta HEMEPEepBHUX 3ajad. IMIUIEMEHTAIlisl TaKOX IMiATPUMYE
iTepaTHBHE MEPEMIILICHHS 110 TTOKOJIIHHIX TeHETHYHOTO AITOPUTMY, 10
JI03BOJISIE KOPUCTYBauaM MEPErJIsiAaTH 3MiHN Ta OHOBIICHHS Y PO3B'A3KY
3 4acoM.

Pobota € cki1a0BOI0 YaCTHHOIO JOCIIIKEHD 32 JAEPKOIOKETHOIO
HaykoBoto Temoro 0123U100011 «3apmaui anamizy, MOIemtOBaHHS Ta
ONTHMI3allii TEXHOJOTIYHUX TMPOIIECIB y CKJIATHUX CHUCTeMax pPi3HOI
npupoan», o BUKOHYIOTECS 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/4AHANA 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/4AHANA. 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/AHANA, 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/AHANA 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
SI4AHANA 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/AHANA 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/AHANA 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 vyears, 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
a new SAP C/4HANA 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/4AHANA. 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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HECTAHJAPTHE NIOYNHAHHSA CITPOLEHHSA

BYJIEBUX ®YHKIIN AHAJITUYHAM METOJ0M
Muxaitno ConoMko

Hayionanenuii ynisepcumem 600nozo cocnooapcmea ma
npUPOOOKOPUCHTYBAHHSL

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 @Qi3suyHe 3MEHIIEHHS PO3MIpPiB TPaH3UCTOPIB LI
UUPPOBUX MPUCTPOIB NPHUINHUHUIACH, MPOTE NPOLYKTHBHICTH UMWIIB
3poctae. lle, 30kpema, 3yMOBIEHO 3aCTOCYBaHHAM 3-BHMipHOI
iHTerparii, (GOTOHHMX KpHUCTATiB, y TOMY YHCII W pe3yiabTaTaMH
MPOEKTYBaHHS Ha OCHOBI JIOT1YHUX (YHKIIH. 3aXomu 3i CHPOIIEHHS
JoTiYHNX (YHKINH TS MPOEKTYBaHHS IN(POBUX cxeM OyayTh BKHBaHI
3aBXK/JH, OCKUTBKH Majla MOTY)KHICTh €JIeKTPOKUBIICHHS, JICIICBI3HA Ta
WIBUIKICT, OOYHMCIICHHS Ma€ 3HAYeHHs, Ta € [apameTpamu
VHIBEpCAJbHUMHU 1  aKTyaJbHHMH, HE3aJE€XKHO BiA  JUHAMIKA
MIPOMHUCIIOBOCTI, KOJHM  3MEHIIYIOTHCS  TPOEKTHI  HOPMH UM
BIIPOBA/IXKYIOTHCSI BUPOOHMYI MPOTpaMu, MIO peaji3yloThCs 3a MEKaMu
3akoHy Mypa.

Jloriuni omepamii aHaTITHYHOTO METOAY JUIA PIBHOCHIBEHOTO
MIepETBOPECHHS OyieBUX (YHKIIK HEe € Hi CHCTCMAaTHYHHMH, Hi
MPUIATHUMH JJIs1 KOMI'IOTepHOI peanizamii. KpiM 3a3HaueHoro takui
crnoci6 moTpedye OUTBIIe Yacy IS CIIPOIIEHHS.

MOoOXITHBH 3aX0JaMH MMOIOJAaHHS ITPOOIeMH peatizallii CIpOIeHHS
OyieBuXx (DYHKIIH aHAJIITHYHAM METOJIOM IOJISITAE Y 3aCTOCOBYBaHHI
repMeHeBTHKH [ 1], MeTananux [2], BCTAHOBJICHI JIOKAIH PIBHOCHIBLHUX
MepeTBOpeHb [3], IMIUTIKYBaHHI aJIrOPUTMY CIPOIICHHS OYJIEBUX
¢dyHKOid. Y miacyMKy BepOanbHi Ipoueaypy aareOpuyHuX NepeTBOPEHb
3aMiHIOIOTHCSI HA PIBHOCHIIBHI 00pa3Hi MepeTBOPEHHSI.

Obpasna ¢opma iHpopmarii, 30KkpemMa, y BUITISAI KOMOIHATOPHUX
00’€KTIB MEPEX0IUTh MOXKIIMBO BUIAIKOBO 3 TEHJIEHIIIT MPHYUHHOCTI Y
HEOOX1THO-IIHCHY TEHJIEHLIII0 [IOCJIIIOBHOCTI HECTaHaPTHOI
NpOLEAYpPH, SKa Yy MiJCYMKY Ma€e 3a0e3leuuTd OluIbIIe IIaHCIB
BU3HAYHTH AaJTOPUTM CIIPOIICHHS OyNeBHX (YHKIIH, KOIM BOHHU
mpeacTaBieHi Bi3yanbHO-MaTpuuHOW Qopmoro. KomOinaTopHUMH
00’€KTaMU y 1IbOMY BUTIJIKy OyIyTh TBOBUMIpHI moBHi 2-(Nn, b)-design,
ta/abo HernoBHi 2-(N, X/b)-design cucTemMu 3 TOBTOPEHHSM i CYTh BJIaCHE
KOMOiIHaTOpHI 00pa3u. Mozens HeCTaHAAPTHOTO CIPOIIEHHS OYJIeBHX
(dyHKIIH, 0 TOTPIOHO MPECTaBUTH, JOIMYCTHTH OCOOIHUBICTH TOTO, IO
€ JesKa aHaJIOTis aJiITOPUTMY, SIKUH IIEPETBOPIOE «Oe3agHy» CKIaIHICTh
MPOLEIYPH CHPOLICHHS aHAJITHYHUM METOJIOM Yy CKJIaTHHHA MOPSIOK
00pa3HuX NEepeTBOPEHb.

VY 3B’3Ky 3 UM aKTyaJbHHM acleKTOM TEOPETHYHHX HAyKOBHX
JOCHIDKEHb HECTAaHIAPTHOI CHUCTEMH CHPOILICHHS OyieBHX (QYHKLIN
3aJIMIIAI0THCS JOCIIKSHHS HaIpaBJieHI, 30KpeMa Ha:

— OTPUMaHHS HOBOT'O pE3yNIbTAaTy IIijJi 4ac CIPOLICHHS OYyJeBHX
GbyHKIIIH;
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— BHMIpPIOBaHHS Ta OIIHKY pPe3yJbTaTiB  BIPOBAKCHHS
HECTaHJIapPTHOI CHCTEMHU CHpOIICHHS B pEalbHUN CHHTE3 IH(PPOBUX
KOMIIOHEHTIB 3 TOJANbIIUM 1X 3aCTOCYBaHHAM Yy IHUPPOBHX
TEXHOJIOTISX;

BusnauenHs joriuHux omnepauiii cynep-cKkJelOBaHHSA 3MiHHMX
KomOinaTopaumu cucremamu 2-(n, b)-design

Bpaxosytoun Te, mo nosua JJJTH® ¢yHkmii:

— OJHO3HAYHO BH3HAYa€ TIOBHY KOMOIHATOPHY CHCTEMY 3
noBTopeHHsm 2-(N, b)-design i HaBnaku [4];

— ckopoueHHs moBHOI JIH® ¢ynkmii 3aBxkau 1nae OIUHUIIO,
HaTpUKIaj] ckopodeHHs1 3-pospsianoi noBHoi JJIH® OyneBoi ¢yHkuii
Ma€ BUTJISI:

X1X2 X3 + X1X2X3 + XlXZ X3 + X1X2X3 + X1X2 X3 + X1X2X3 + XlXZ X3 + X1X2X3 =

=X X (X5 + X5 )+ XX, (X5 + X5 ) + X X (X5 + X5 ) + XX ( X5 + X5 ) =

=X1X2+X1X2+X1X2+X1X2 =X1(X2+X2)+X1(X2+X2)=X1+Xl=17
1I¢ JIa€ MiICTaBy MOJATH JIOTIYHY OIEPAIIil0 CyNep-CKICIOBaHHS

3MIHHHUX TIOBHOIO KOMOIHATOPHOIO CHCTEMOIO 3 MOBTOpeHHsIM 2-(N, b)-
design 3a TakuM BepOaTbHUM KOHIICTITOM:

2—(n,b)—design =X X,..X, + X Xy X, + oo X XpXg =

= X Xy e (X X ) XK (X, + X, ) ot XKy ( X, X, ) =
X

e X g e XX =X (X Xy ) =1

Takum ymbHOoM cucrema 2-(n, b)-design mpexacrasisie Joriuny
OTIepaIlifo Cymnep-CcKIeioBaHHsA 3MiHHuX (N>1, b>3).

IO n=1, b=2 xombinaropua cucrema 2-(n, b)-design momae
JIOTIYHY OTEpAIlif0 MPOCTOTO CKICIOBAHHS 3MiHHHX:

2—(1,2)—design EZ+ X =1.
Toni Bi3yanbHO-MaTpruHa (opMa sl Oriepallii Cyrnep-CKICIOBaHHS
3MIHHHX MOXE MaTHU TaKWii, HAIPUKJIA]I, BUTTIS:

— Ieplle NpaBWIO CYINep-CKICIOBAaHHA AJs 4-po3psiaHoi OyieBoi
GyHKIIT:
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Jlitepanu, o noBTOpOOTHECA Yy Habopax 3MiHHUX JJH®D dyHKIii
(1) sByIstIOTH COOOO MPOCTI IMILTIKAHTH /ISl CKOPOYEHOi (opMH OyJ1eBOT
¢ynknii. OTke X4 mpocTa IMIUTIKAHTa y CKOpodeHid ¢opmi OymeBoi
¢bynkmii (1).

3arajpHe IpaBHUJIO CKIICIOBAHHS Ha iHTEpBanax OyJIeBoro mpocTopy,
0 YTPUMYIOTh KoMOiHatopHi cuctemu 2-(n, b)-design moxna
c(OpMYJIIOBaTH Yy TaKHWil CIOCIO: CKJICIOBAHHIO MiUISITAalOTh HAO0OpHU
3MIHHHX Yy KUTBKOCTi, MO € creneHem uucna 2. HoBuit orpumanmii
eJIeMEeHTapHU# 100yTOK (IpocTa IMILTIKaHTa) BU3HAYAETHCS SIK 100yTOK
3MIHHHX, SIKI HE 3MIHIOIOTH CBOTO 3HAYCHHS Ha BCiX Ha0opax, II0
CKJICIOIOTECS. UMCIIO M 3MIHHMX, IIO 3aJIMIIAETHCS B EIEMEHTAPHOMY
I00yTKY, BU3HAYAETHCS 32 POPMYIIOF0:

m=n-log,M,

ne N — vucno 3MiHHUX (yHKii; M — dncino HabopiB, MO CKICIOETHCA.
Omxe, 1 dynkuii (1) uucno m cranoButh m=n-log,M =4-1log,8=1.

TpiiikoBuid BeKTOp BidyanpHO-mMaTpuuHoi ¢opmu (1), 1o
npencTasisie iHTepsan OysieBoro npoctopy | (0001, 1111) mae Burmsi:

(———1).

JlecATKOBHIA BIJIMOBITHUK aHATITHYHOTO 3aIHCy TEPIIOrO MpaBHia
(1) mae Takuit BUTTSA:
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— JApyre TMpaBWJIO CyNep-CKIeOBaHHS Uit 4-po3psiaHoi OymneBoi
GbyHKIT:

Xl XZ X3 X4

0 0 x X, (2)
0 1 X X |=XX

1 0 x5 x,

1 1 X X

Yucno m mns Gyskuii (2) cranosute m=n-—log,M =4-log,4 =2.
TpiiikoBuid BEKTOp Bi3yalbHO-MaTpuuHOi ¢opmu (2), 1o
npencrasisie iHTepsan OyieBoro npoctopy | (0011, 1111) mae Burmsi:

(——11).

JecaTkoBHiA BiIOBITHUK aHATITHYHOTO 3aIKCy JIPYroro mpaBHia
(2) Mae Takuii BUTIISI:

XX, = (--11) =

0011
0111
= = (3,7,11,15).
1011
1111

— TpeTe MpaBWIO CYyNep-CKICIOBaHHS s 4-po3psnHoi OymeBoi
GyHKIIT:
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X X
0 X, X3 X, |=XXX,. @)
1 x

Yucno m ans Gpynkuii (3) cranosuts m=n-log,M =4-log,2=3.
TpifikoBuii BeKkTOp BisyanbHO-mMaTpuyHoi ¢opmu (3), 1m0
npencranisie inTepBan OyneBoro mpocropy | (0111, 1111) mae Burmsiz:

(- 111).

JlecaTKOBHIA BIAOBIIHUK aHAITHYHOTO 3aIACY TPETHOTO MpaBUiIa
(3) mae Takuit BUTISA:

XXX, = (-111) =
0111
1111

=

‘:> (7,15).

[lepmie mpaBuWiIO Cymep-CKICIOBaHHS 3MIHHMX BHKOPHCTOBYE
cuctemy 2-(3, 8)-design. JIpyre mpaBuiio BUKOPHCTOBYE cuctemy 2-(2,
4)-design. Tpere mnpaBwio BHKOpUCTOBYE cuctemy 2-(1, 2)-design.
[IpaBuio (3) mposiBisie cebe SK MPOCTE CKIICIOBAHHS 3MIHHUX Ta €
4acTKOBUM Bumaakom mpasui (1) i (2).

3MiHHI, 110 YTBOPIOIOTH IIOBHY KOMOIHATOpHY CHCTEMY 3
noBTopeHHsaM 2-(n, b)-design, MoxkyTh 3aiiMaté Oy/b-siKi pPO3psAU
JorivyHoi QyHKII.

JecarkoBi  BigmoBigHUKKM — aHamiTHaHEUX ~ 3amuciB - (1)—(3)
Oe3mocepeTHbO  MPEACTABISIIOT,  NOTPiIOHI  iHTepBanmu  OYJIEBOTO
MIPOCTOPY JUIsl IPOBEJICHHS PIBHOCWIIBHUX TIEPETBOPEHB MPH CIPOIICHHI
OyneBux QyHKLIH.

Teopema HecTaHIAPTHOI CHUCTEMH CHPOUIeHHs OyJeBHX
(ynxuiii

CropowieHnst OyneBux (YHKUIH 3IiHCHIOETHCS PIBHOCHIBHUMHU
MEPETBOPCHHSAMH, 30KpeMa, 3a JIOIIOMOTOK HACTYIMHUX JIOTTYHHX
orepartii:
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— IPOCTC CKIICKOBAHHA 3MIHHHX

Xy + Xy = Y; "

(X+y)(x+y) =Y.
— CyIiep-CKIICIOBaHHS 3MiHHUX:

XYZ + XYZ + XYZ + XYz = (X+ X)yZ+ (X + X)yz = yz+ yz = (y+Y)z = Z;

®)

(X+y+ z)(§+ y+z)(x+§+ z)(§+y+ z):(y+z)(§+z) =17.

Teopema. (0e3 noBeneHHs) SKINO y JTOCKOHATIHM W3 IOHKTUBHIN
HOpMabHIH Gopmi OyneBoi (QyHKIIT MPOBECTH BCi omeparlii mpocToro
Ta/abo cymep-ckieoBaHHs 3MiHHUX (4), (5), To y miacymKy Oyme
orpuMaHa MiHimManbHa JJTH® OyrneBoi pyHKii.

[MpumiTka. Onepauii ckieroBanHs 3MiHHUX (4), (5) MOXYTb OyTH
Ha/uMIKOBUMHU. e 03Hadae mpucyTHICTE y OiHAPHIN CTPYKTYpi TaOIHII
iCTUHHOCT] 1HImMX MiHiManbHux JIH® 3anmanoi ¢ynkuii. Tomy mis
OTpPUMaHHS MiHIMaJIbHOI PYHKIIIT TOTPiOHO MPOBECTH BC1 HEHAITUIIIKOBI
oreparliii mpocToro Ta/abo cynep-ckieroBaHHs 3MiHHUX. Lle 3a0e3neunTh
OTPUMAaHHS MiHIMaITLHOI (QYHKIIIi B OCHOBHOMY 0a3uci 0e3 3acTOCyBaHHS
IMILTIKQHTHOI Ta0IuIL.

Ckopoueny JJH® Bu3HAuaroTh 3a AOMOMOrOK JAH3’HOKTHBHOTO
00’eTHaHHS KOH IOHKIIIA 32 YMOBH, IIO BCi HAOOpHW 3MiHHUX TaOIUIN
ictuHHOCTI OyIeBoi QyHKINI, 1m0 BMINyroTh cuctemu 2—(N, b)-design,
MOBHICTIO MIOKPHUBAIOTH Ty ii YaCTHHY HAOOPIB, HA SIKUX OyJieBa QyHKILiS
noseprae oauHuio. [Ipu 1mbpoMy nomyckaeTbcs mnepeTHH HaOopiB
3MIHHUX, 1[I0 YTPUMYIOTh cuctemu 2—(n, b)-design.

Ilpuxniao. HectanmapTHOI CHUCTEMOIO OTPHMAaTH MIiHIMAJIbHY
OyneBy (YHKIIIO YOTHPhOX 3MIHHHX f(X1, X2, X3, Xs), IIO 3aj7aHa
JOCKOHAJIOK0 1W3 IOHKTHBHOIO HOpMaJIbHOIO opmoro [S]:

f(Xi,Xz,X3X4)=

= X, X XgX, F X XX X, + X Xy X X, + X Xp XeX, + X X X5 X, + ©6)

X, Xy Xg Xy F Xy Xo Xg Xy F XXy Xg Xy F Xy Xy XaX, + Xy Xo X X+ X Xp XX,
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Pos3se’ss0k.
fM/IHq) (Xl’ X51 X3, X4) =

M |x x, x5 x,

110 0 0 1

210 0 1 O

410 1 0 O X X X X

5(0 1 0 1 1 (7)
|60 1 1 0] |0 1 0]
8|1 0 0 0] 1 0l

911 0 0 1 0

1211 1 0 O 1 1

13(1 1 0 1

1411 1 1 0

15/]1 1 1 1
= XX, % X X Xy XX Xy + XXy

VY nepmriii Marpuii (7), mo npexacrasiasie JJAHD f(Xi, X2, X3, Xa)
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 BiJOBITHUI iHTepBai OyJI€BOTrO MPOCTOPY, IO
BMIllly€e TMOBHY KoMOiHaTopHy cuctemy 2—(2, 4)-design, 3acTOCOBaHO
OTIepallilo Cynep-CKICIOBaHHS 3MiHHUX [4].

— 110 OJIOKIB 2, 6, SIKi yTBOPIOIOTH BiJIMIOBIIHUH iHTEpBAN OyJIEBOTO
MpocTopy, M0 BMillye 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 BIJMOBIJIHUK aQHAJIITHYHOIO 3alKMCy MiHIMabHOT
¢yHskuii (7) Mae BUTIISL

f(x1, Xz, Xa, Xa)={(1,5,9,13), (4,6,12,14), (8,9,12,13), (12,13,14,15),
(2,6)}.

IocTuii 6ok 3MminHUX «0110» y nepmiii Marpuri Bupasy (7) €
3aralbHUM i1 JBOX cucreM — xm(4,6,12,14), Tm(2,6) Ta omHiei
ormeparlii TPOCTOr0 CKJICIOBaHHS 3MIHHHX, JIOKaji3alis  sKOi
BHU3HAYAETHCS BIAMOBIIHUMHU I1HTEpBajgaMH OYJICBOIO IPOCTOPY, IO
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BMIIIYIOTh KOMOiHaTOpHI cucremamu 2-(2, 4)-design Ta 2-(1, 2)-design
[3].

JBanamisituit 6510k 3mMinHEX «1100» y mepriii Marpuiii Bupasy (7)
€ 3aralbHAM Uil TPhOX cucteM — xm(4,6,12,14), Xm(8,9,12,13),
¥m(12,13,14,15) ta onHuiel omepamii Cymnep-CKJICIOBAaHHS 3MiHHHUX,
JIOKaTi3amis KOl BH3HAYAETHCS BIAIOBITHUMH IHTEpBajJaMH OyJIeBOTO
POCTOPY, 1110 BMIIYIOTh KOMOiHATOpHI cuctemamu 2—(2, 4)-design [3].

Tpunamstuii 610k 3mMinHUX «1101» y mepiiii Mmatpurti Bupasy (7)
€ 3araJbHUM A1 Tpbox cucreM — xm(1,5,9,13), Zm(8,9,12,13),
¥*m(12,13,14,15) Ta onHiei omeparnii Cymnep-CKICIOBAaHHS 3MIHHUX,
JIOKaJTi3alisl KOl BU3HAYAETHCS BiJIIOBITHUMH IHTEpBaJaMH OYJICBOTO
POCTOPY, 1110 BMIIYIOTh KOMOiHATOpHI cucteMamu 2—(2, 4)-design.

YorupHaamsaruid 610k 3MiHHUX «1110» y mepmriit matpuii Bupasy
(7) e 3aragpHEM I8 1BOX cucTeM — 2m(4,6,12,14), ¥m(12,13,14,15) Ta
ONHI€T omepalii Cymnep-CKJICIOBaHHS 3MIHHUX, JIOKaJIi3allis —sKol
BH3HAYAETHCA BIAMOBIIHUMHU iHTEpBaiamMu OYyJIEBOTO MPOCTOPY, IO
BMIIIytOTh KOMOiHaTOpHI cucremu 2-(2, 4)-design.

VY nmiacyMKy 3a OJJUH KPOK, 0€3 3aCTOCYBaHHS IMIUTIKAHTHOT TaOJIHIIi,
OTpUMaHO MiHIManbHy QyHKUit0 (7), sKa Ha JABa JiTEpald MeEHIIA,
MTOPiBHIHO 31 CKOPOYEHO0 (YHKITE€rO [5] (

f? :ZXSX_4+ZX4+X22+X2X4+X1X2+X1X_3)'
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BUKOPUCTAHHS COJIBEPA BARON
JIJIS PO3B’SI3BAHHS KBAJIPATUYHOI 3AJTAYT
OIITUMAJIbHOI YITAKOBKHY HEPIBHUX KPYT'IB?
! Cremok ILI., 2Pomanosa T.€., *Tusonap C.P.
Y Inemumym xiGepnemuxu imeni B.M. Tnywixoea HAH Vipainu
2Incmumym npo6nem mawunobyoyeanns imeni A.M. ITiozoprozo
HAH Vkpainu
3 Vowceopoocvkuii nayionanshuil ynieepcumem

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 Po6ora mixrpumana Volkswagen Foundation (rpaat 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 3anano cimeiictBo m kpyri C, 3 pagiycamu r, i =1,...,m ta
30BHIMIHIN kpyr C,; 3 HeHTpoM B Touui (0,0) Ta 3MiHHUM pajiycoM R.
Bynemo BBaxkaTw, 1m0 BCi pamiycu KpyTiB € pizHUMH. ONTHMaIbHOIO
YIIAKOBKOIO CIMEHMCTBa KPYTiB B 30BHIIIHIN Kpyr HAa3WBaIOTh TaKy ix
VIAKOBKY, IUIA IKOi R™ — paziyc 30BHINIHBEOTO Kpyra € MiHIMaaIbHHM 32
yMoB, mo kpyru C,, i=1,...,m TOBHICTIO 3HAXOIATHCS BCEPEIAMHI
30BHIITHHOT'O KPyTa Ta MOMAPHO HE MEPETUHAIOTHCS MiXK COOOI0.

Slkimo mo3naunTH (X;,Y;) — HeBimomuii neHtp kpyra C,, i =1,...,m,
TO 3ajJadi ONTHMAaJbHOI YIAKOBKM CIMEHCTBa KpYTiB BIiAMOBiTa€E
OaraToekcTpeMalibHa KBapaTuvHa 3a1a4a [1], sika Mae Takuil BUTIIS:

R* =minR )
R,x,y
3a 0OMEXEHb
X +y2 <(R-1)?, i=1,..,m, 2

(Xi_xj)2+(yi_yj)zz(ri_'_rj)z! 1Si<j3m: (3)

R> maxr, (4)

i=l...,m
ne X = (%, %) s Y = (Yo V) -

LinboBa ¢ynkuis (1) e miHiHOI (QYHKIIEIO Ta TOB's3aHa 3
MiHiMi3ali€ero paaiyca 30BHILIHbOr0 kpyra C, . KagpaTuuni oOMexeHHs
(2) o3navaroTh, O KOXHHUIA Kpyr C;, i=1...,M, HaIeKUTH
30BHIITHBOMY KpyTy C,. KBamparuuni oomexenHs (3) rapanTyroTh, 10
HisIKi [1Ba KpyrH i3 cimeiicTBa kpyriB C;, i =1,...,M He MePETUHAIOTHCSL.
Jliniline oOMexxeHHst (4) 3a0e3rneuye JoJaTHE 3HaYeHHsT R — pajiyca
30BHIIIHBOIO Kpyra HEOOXiJHE Ui KOPEKTHOCTI KBaJpaTHUYHUX
oOMexeHb (2).

3amava (1) — (4) € OaraToekcTpeMalabHOIO 3aJ1a4er0 HENiHIHHOTO
(KBagpaTUYHOTO) MPOrpaMyBaHHSA 1 A 3HAXOKEHHS i1 pPO3B’SI3KY
MO’KHa BHKOPHCTOBYBATH COJIBEpH, SIKI NpU3HAUEHI Ul pO3B’A3aHHS
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3aga4 rnodansHoi ontumizaunii. Ha NEOS-cepepi [2] npeacTaBieHo psin
TaKUX CONBEpIB, cepen akux € Bizomuit consep BARON [3,4].

B tabmuiii 1 mpeacraBieHo pe3ynbTaTy po3s’s3anus 3a1a4i (1) — (4)
3a moromororo coieepa BARON mjist 1mrecTd TECTOBHX MPHUKIIAIIB, SIKi €
y BUIBHOMY JocTymi Ha BeO-caiTi https://www.packomania.com/, ne
me{5,6,7,8,9,10} Ta pamiycu kpyrie C;, i=1...m e piBHEMH
BIANOBIIHMM LIJIMM AOAATHUM duclIaM, TOOTO I =i. BigBoauscs
rpannyani yac B 7200 cexyH.

Taommms 1
BARON - orpumani po3s’s3ku 3aaadi (1) — (4) 1u1s MeCTH TECTOBUX
MPUKIIAJIIB

m Nitn Nhodes N odes Riow Rup R"

5 16796413 1535 849 8.55369 9.00140 | 9.00140
6 |5819686 2502 2502 10.5063 11.0570 11.0570
7 12842333 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 MO3Ha4eHHA: N;, — KUIbKICTb
itepauiii consepa BARON, N4 — MaKCHMalbHa KiJIbKICTh 3a11THUX
BepiinH, Ny — HOMEp BEpIIMHHM, Ha sKiff 3HaiijeHO Haiikpariie
3HAUEHHS PaJlyCy 30BHIIIHBOrO Kpyra C,, R,,— HIXHS IpaHuUlld Ha
pajiiyc, R,,— BepXHs IrpaHulls Ha pajiiyc, R*— Halimenmmii pasiiyc kpyra
C, , B3aTHi 3 caiity https://www.packomania.com/.

3 tabsuiii 1 BuaHO, 110 BARON He 3HaiiiioB riio0aibHUN pO3B'SI30K
Hi 1151 OJHOrO TecToBoro mpukmamy 3a 7200 cexynn. Hust mepuiux
YOTHPBOX TECTOBUX NPHKJIAAIB BIH 3HAMIIOB R,  — BEPXHIO IDAHHLIO

pamiyca, sKka cHmiBmagae 3 MiHIMaIbHEUM pagiycom kpyra C,.

Hait6inpmmii po3puB MiXK BEPXHBOIO Ta HIKHBOIO TPAHUIISIMU CKIIA/IA€
15% nuia 9eTBEpTOro TECTOBOTO NMPHKIALYy, a HaWMeHmMHA — 5% s
MEPUIMX TPHOX TECTOBHUX MPHUKIAIB. [JIs 1T’ ITOTO Ta MIOCTOTO MPUKIATY
BEpXHs TPaHUI pajiyca 30BHINIHBOTO Kpyra € OUIbIIOI 3a HOoro
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MiHIMaIbHE 3HaueHHS R*. PO3puB MiX TpaHHIsIMH CKiaamae 38% mis
m’siToro ta 35% IS [I0CTOr0 TECTOBMX MPHKIIA/IIB.
Jlns TecToBMX MpuKNaaiB me{6,7,8, Ha pucyHky | HaBeseHi

po3B’si3ku, 3HaigeHi comBepoM BARON, Ta po3p’siskm 3 calTy
https://www.packomania.com/.

BARON

15 r

10 +

-10 F

el T 1) S SR - 1) S ‘ —
-15 -10 -5 0 5 10 15 -15-10 -5 0 5 10 15 -15-10 -5 0 &5 10 15
Rup= 11.05704 Rup = 13.46211 Rup = 16.22175
Packomania
15

10 -

=10 +

15 - e
-15-10 -5 0 5 10 15 -15-10 =5 0 5 10 15 =15 -10 =5 0 5 10 15

R*=11.05704 R*=13.46211 R*=16.22175

Puc. 1 — BARON ma Pakomania: poses szku 3adaui (1) —(4) ons
me{6,7,8)

I3 pucynka 1 BuzmHO, 1m0 po3B’s3KkHU 3axadi (1)-(4) mis npukiagis
me{6,7,8}, s3maiineni comsepom BARON Ta B3aTi 3 caiita
«Packomania», CuIIbHO BiIPI3HAIOTHCS PO3MIILICHHSIM IIEHTPIB KpyTiB C,

, 1=1,...,m. Ile nosICHIOETHCS HACTYHUM (DAKTOM, KUt CHOPMYITFOEMO
TaKUM TBEPUKEHHSIM.
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Teeposcenna 1. Hexau X ={x},, ¥ ={y;},, R" — pose azok
3adaui (1) — (4), a kym ¢ — maxuil, wo 0<p<27. Tomi X" ={X"}.,,
v ={y"},, R" =R’ 6yoe poss’azkom 3adaui (1) — (4), saxuo yenmpu
Kpyeie C,, i=1,..m obuucawoiomscss  3a  QopMylamMH

ok

X = Cosg-X +sing-y, y =-sing-X +cosg-y;, i=1..,m.
JoBenennsi. [TokaxxeMo 110, SKIIO KBaJpaTUUHI HEPIBHOCTI (2) Ta
(3) Bukonyroteest mis X ={x}.,, Y ={y'},, R", T0 BoHu OymyTh
BukonyBatucs i st X ={x }., ¥ ={y "}, R"=R".
Jns  wmepiBHOCTEW (2) 1€ BHIDIMBAE 3 TAKOTO JIAHITIOTA
CHIBBi/IHOIIICHB:

(R**—ri)zz(xi**)2+(yi**)2=(c05go-xi*+sin¢-y:)2+(—sin(p-xf+cosw~y;‘)2=
:coszgo-(xi*)z+2c05¢singo~xi*-yi*+sin2¢-(yf)2+sinzgo~(xi*)2—Zcoswsingo-xi*-yi*+
+cosz¢-(yi*)z:cosqu-(x{‘)z+sin2¢-(yi")z+sin2q)-(xi")z+cosz¢-(yi")2=
:(coszgo+sin2¢)-(xi*)2+(sin2(p+coszgo)-(yi*)2:(xi")2+(yi*)2S(R*—ri)z,izl,...,m.

Hdns  uepiBHocTelt (3) 1e BUIUIMBAE 3 TaKOro JIAHIIOTa
CHiBBiAHOIICHb:

() <(x=x ) +(y -y ) =(cosp-x +sing-y; ~cosg-x; ~sing-y; ) +

+

+(~sinp-% +cosp-y; +sing-X; ~cosp- y]f)2 :(cos(p-(xi* —X;)+sing-(y; - y}‘))2
+(—singp~(x{‘ ~X;)+cosg-(y; —y}‘))2 =cos’ - (% —x].‘)2 +200s-sing- (% X7 )x

x(y; -y, )esin? g-(y; —; ) +sinto-(x —x ) ~2sing-cosg-(x ~x;)-(y; -y} )+
+sin? (o-(yi* - y}‘)2 = (cos2 @+sin’ (p)-(xi" —x}‘)2 +(sin2 @ +cos’ go)~(yi* - y]f)2 =
=(x x4 (v -y;) 2(n+r), 1si<jsm

Teepmkenns 1 noBeneHo. O

Juist Toro, o0 3MEHIUTH KiJbKICTh PO3B'SI3KIB, sKi Jutst 3a1a4i (1)—

(4) MaroTh MicIle 3TiTHO TBEp/KEHHS 1, JOCTaTHBO ISl JOBUIBHOTO i3
kpyriB C;, i =1,...,m 3adikcyBaTu 0Hy 3 KOMIOHEHT HOr0 IIEHTpa TaK,

mo0 Kpyr He BHXOIMB 3a MEXi 30BHIIIHBOTO kpyra C,. Jlns mporo
obepemo Haibinbmuil Kpyr C, 3 iHIeKcoM i =m Ta 3adikcyeMo Horo X
-OBY KOMIIOHEHTY PiBHOIO X 32 JIOIIOMOTOIO JIiHIMHOT piBHOCTI
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X,=X, me —R+r <X<R -r,. (5)

SAxmo no 3amadi (1) — (4) nonatn oOmexeHH (5), TO B HOBIiH 3amaui

PO3B’SI3KIB CTaHEe MEHIIE, U0 A03BOJIUTH MPUCKOPUTU POOOTY cosiBepa

BARON. Ilpo me cBiguaTe pe3ylbTaTH PO3PAXyHKIB UISI TECTOBHX
TIPUKJIAAiB, SIKi HaBeIeHI B TaOwHIIi 2.

Taomus 2
BARON — orpumani po3s’s3ku 3aaadi (1) — (5) au1s mecT TeCTOBUX
MIPUKJIA]TIB

m Xm N itn N nodes N :0des time Rlow RUP

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
9

-0.02348 | 101679 | 2079 15446 | 638.57 | 16.2217 | 16.2217
-0.02009 | 757457 | 53254 | 113331 | 7200 | 16.8822 | 19.2332
10 | -0.02110 | 440500 | 79418 | 68323 | 7200 | 14.5351 | 22.0002

B Tabnuui BUKOPUCTOBYIOTHCS JIBA HOBHMX IO3HAUEHHA: X, —

3HAYCHHS 3a(iKCOBAaHMX X -OBUX KOOPJMHAT IEHTPIB BIIIOBIIHUX
HaiOIpmMX KpyriB C,, i =m, ski B3sTi 3 caiiTy «Packomaniay, time —

4ac po3B’s3aHHA TecTOBUX 3a/1a4 (1) — (5). Bci i mo3HaveHHs Taki, K
B TaOmu 1.

3 Tabnuiii 2 BUHO, 1110 cojiep BARON ycminiHo po3B’si3aB nepimx
YOTHPH TECTOBHX MPUKIA/IB, 3aTPATUBIIN HEBEIUKUI 4ac — MEHIIEe
CEeKYHIIU JUIS TIEpPIIOTO MPHUKIATY, TPOXHU OUIBINE IBOX CEKYHI — IS
Jpyroro, 0O1u3bKo 49 CeKyHJ — AJSl TPETHOT'O Ta TPOXH OUIbILE JIECSITH
XBWJIMH — JJIsl 4eTBepTOro mnpukiamy. [I’sTuii Ta MIOCTHH TeCTOBI
MPUKJIATU BiH HE PO3B’s3aB, ajie IS HUX TOKPAIIMB PO3PUB MiXkK
BEPXHBOIO Ta HIPKHBOIO TPAHUISIMU Ha pajliyc 30BHIIIHBOTO Kpyra C, —

s m=9 po3puB cTtaHoBUTh 12%, a m1st m=10 — 34%. 3ayBaxumo,
IO 3HAYEHHsS BEPXHIX I'paHMIb Ha pajiyc 30BHIIIHBOTO Kpyra C, B

Tabaumi 2 (KOJOHKa Rup) cIiBIamace 31 3HAYEHHSIMHU BIJIIOBIIHOTO

MiHIMAIIBHOTO pajiiycy 30BHIIIHLOrO Kpyra B tabmui 1 (konoHka R*).

184



-15-10 -5 0 5 10 15 -15-10 -5 0 5 10 15 -15-10 -5 0 5 10 15

R*=11.05704 R*=13.46211 R*=16.22175

Packomania
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-15 | ; :
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R*=11.05704 R*=13.46211 R*=16.22175

Puc. 2 — BARON ma Pakomania. pose ‘ssku sadaui (1) —(5) onn
me {6, 7, 8}

Ha pucynky 2 HaBeneni po3B’sa3ku 3anadi (1) — (5) anms TecToBUX
npuknaniB me {6,7,8}, axi sHaiineni comsepom BARON, Ta po3s’sa3ku

3 caitry https://www.packomania.com/. I3 pucyHka 2 BHIHO, IO
PO3B’SI3KM TECTOBUX NPHUKIAIIB HE TaK CHJIBHO BigpPi3HAIOTHCS 3a
PO3MilIEHHAM LIeHTPiB KpyriB C,, i =1,...,m, sk 1e Oys0 Ha pUCYHKY |
3 po3B’si3kaMu TecToBuX 3a1a4 (1) — (4). s TecTOBUX NPUKIANIB m =6
Ta m=8 HaiOLIbLI KPYrH pO3MILICHI Y BEPXHIH YaCTHHI 30BHIIIHBOTO
kpyra C,. {ns Toro mo6 po3micTUTH iX B HWKHIN YaCTHHI 30BHIIIHBOTO

kpyra C, MOXHa BUKOPUCTATH TaKe TBEPKCHHSI.
Teeposcenns 2. Hexau X ={x'},, ¥ ={y'}, R" — poss asok
sadaui (1) —(4). Tooi X" ={x"}",, v ={y,"},, R =R" —poss’asok

3a0aui (1) — (4), axwo yenmpu kpyeie C,, i =1,...,m obuucnioromscs 3a
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Gopmynamu X =%,y ==y, i=1...,m.

JloBeneHHsi. AHAJIOTIYHO, SK 1e OyJIO IPU JOBEACHH] TBEPIKEHHS
1, mokaxemo MmO, AKMO HepiBHOCTI (2) Ta (3) BUKOHYIOTBCS IS
X={x},, v ={v},, R", T0 BOoHH OyIyThb BHUKOHYBaTHCSA 1 s
X =Y Y =Ly, R =R

Jns  wmepiBHOCTeW (2) 1€ BUIDIMBAE 3 TAKOTO JIAHITIOTA
CIIBBIIHOIIICHB

(R0 26 () =) () =
:(xi")2+(yi")2 S(R*—ri)z,i =1
a s HepiBHOcTe# (3) — 3 MaHIFoTa CIiBBiJHOIICHD
() s (6 =X (0 =y = (K =) (i)
:(xi"—x’j‘)2+<yi"—yj)2 >(n +rj)2, 1<i<j<m
TBepmkeHHs 2 10BeICHO. O

SAxuio o 3axayi (1) — (5) nomatu odMesxxeHHs (JTiHIHHA HEPIBHICTB)
L <0, (6)

TO 1€ JIO3BOJIUTh NPUCKOPUTH poboTy coimBepa BARON. IIpo ne
CBiUaTh pE3yNbTAaTH pPO3PaXyHKIB JUISI TECTOBUX NPHUKIAMIIB, SAKi
HaBeleHi B Ta0IuI 3.

Tabmuus 3
BARON — orpumani po3B’sizku 3aaadi (1) — (6) 1u1s1 mecTr TeCTOBUX
MPUKJIIAJIIB

m Xm N itn N nodes N ;0des time Rlow RUP

5 | -0.01535 13 3 -1 0.37 | 9.00139 | 9.00140
6 | -0.02365 21 5 5 0.61 | 11.0570 | 11.0570
7 | 0.00055 6000 150 159 26.41 | 13.4621 | 13.4621
8
9

-0.02348 | 48299 903 4317 | 309.91 | 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

3 tabnuii 3 BuaHO, 1110 BARON 3Mir mokpaiinuTi pe3ybTart o 4yacy
JUIS TIEPIIMX YOTUPHhOX TECTOBUX TPUKIAMAIB, 3aTPaTHUBIIA Ha IX
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po3B’s3anHs BignosigHo 0.37, 0.61, 26.41 Ta 309.91 cexynn. [I’atuii Ta
IIOCTUIH TECTOBI NPWKIAAW BiH HE PO3B’s3aB, aje I HHUX 3HOBY
MOKPAIIUB PO3PHB MiX BEPXHLOIO Ta HIDKHBOIO TPAHHIIMH Ha Pajiyc
30BHIIIHBOTO Kpyra C,. Tak, niast m =9 po3puB B rpaHULISIX CTAHOBUTh

11%, a nimg m =10 — 23%.

BARON

15

10

-10 }

-15 b

-15 |

-15 ~;0 —I5 (; ; 1l0
R* = 11.05704

Packomania
15

10

-5

15

-15

-15-10 -5 0 5 10 15

R*=13.46211

-15

-15-10 -5 0 5 10 15

R*=16.22175

-15-10 -5 0 5 10

R*=11.05704

15

-15-10 -5 0 5 10 15

R*=13.46211

-15-10 -5 0 5 10 15

R*=16.22175

Puc. 3 — BARON ma Pakomania: pose’ssku 3adau (1) —(6) ons

me{6,7,8}

Ha pucynky 3 HaBeneni po3’sizku 3afaui (1) — (6) mis TecToBHX
MIPUKAAIB M e {6, 7,8} , sIKi 3HaWAEeHO 3a jJonoMoroto coasepa BARON,

Ta po3B’s3KH, B34Ti 3 caifty https://www.packomania.com/. I3 pucynka
BHUJHO, IO PO3B’SI3KH HE BIJAPIZHIIOTHCS 33 PO3MIIICHHIM ICHTPIB
Oinpimx kpyrie C,, i=m.
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MOJEJIOBAHHS IMHAMIKUA MUCJIEHHA JIOAWHUA 3
BUKOPUCTAHHAM KOMBIHATOPUKH
Tumodiera H. K.
Mixcnapoornuii HayK08o-HAGHANLHUL YeHmpP iHGOpMayiliHUX
mexnonozii 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 —JIUHAMIKA
MUCIieHHs JroauHu. [loka3aHo, M0 1ei mporec Mae KOMOIHATOPHY
MPUPOAY, TOMY Ul HOTO MOJAETIOBAHHS BUKOPHCTAHO KOMOIHATOPHUI
aHaii3. luHamika MUCIIEHHS IOSICHIOETHCS 3 BUKOPUCTAHHIM 3HAKOBOTO
1H(pOPMAaIIITHOTO TIPOCTOPY, KU SIK 1 3HAKOBHI KOMOIHATOPHUIA, iICHYE
B CIIOKOI Ta JUHAMILI.

IlocranoBka 3apaui. B mitepatypi ommcaHo Oarato cmoco6iB
MOJISJTFOBAHHSI IPUPOJTHOTO 1HTENIEKTY JFOJWHY Ta JIUHAMIKA MUCIICHHS.
Bimomi migxo 1 BUKOPUCTOBYIOTh JJIsi CTBOPEHHS IITYYHOTO 1HTEJIEKTY.
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AJe, He3BaXKar0uM Ha BEJIMKi PO3POOKH B LiH ramysi, Teopii ITY4HOTO
1HTEJIEKTY IOKa HE CTBOPEHO.

Iinxin, mo mnponoHyerbesi. 3 BUKOPHUCTAaHHSIM 3HAKOBOTO
iH(OpMAIIITHOTO TIPOCTOPY, AKUH 3a1a€ThCA aKCIOMaMH, IO XapaKTepHi
3HAaKOBUM KOMOIHATOpHMUM TpocTOopaM, NOOYJOBaHO MaTeMaTHYHY
MOJIeTTh AMHAMIKHA MHUCJICHHS JIIOUHH. [HTYIIlis po3risimaeThes SK crocio
MPUHHATTS pINIEHh B yMOBaX HEBU3HAYEHOCTI 3a MpaBHWIAMH, SKi
(dbopmanizyBaTu 10CUTH CKIaHO.

Ipo wryynwmii intenexrt. [ cTBOpEHHS ITYYHOTO IHTENIEKTY
HEOOXiTHO BHABHUTH BIACTHBOCTI MPUPOJTHOTO IHTEIEKTY Ta PO3POOHUTH
cnoci6 #oro mozentoBaHHsA. B miTeparypi mogaHo 0araTo O3Ha4eHb
LITYYHOT'O IHTENEKTY, aJie TOYHOTO BU3HAYCHHSI IIi€] HayKH 1ie HeMae. Sk
BIJIOMO, TiJ] IHTEIEKTOM PO3yMIIOTh 3[JaTHICTh Mi3HABATA HABKOJUIIIHIN
CBIT Ta BHUpINIyBaTH pI3HOMaHITHI mnpoOmeMu. SK  CHHOHIM
KOPUCTYEMOCSI TIOHSITTAM pO3YM, SIKE BHPaKa€ 3JaTHICTh MHCIHTH:
aHaNi3yBaTH Ta pOOUTH BUCHOBKH. OJTHUM 3 HOHSTH IITYYHIO IHTENEKTY
BBaXKAIOTh (popmalizalito mpodiemM Ta 3aBIaHb, sKi MOMIOHI A0 IiH, 110
BUKOHYE JfoAnHa. Pi3HI aBTOpH NPUPOAHUI IHTENEKT MOJAECTIOIThH T0-
piznomy. Hampuxmag y [1] mTy4Huil iHTENEKT BHU3HAYAIOTH SIK
BIIACTHBICTh MHM(POBOI OOYMCIIOBAIFHOI MAIIMHH pearyBaTH Ha
iHpOpMallio, sIKa ITOCTyNAae Ha i1 BXiTHI MPUCTPOI, Maike TakK, sIK pearye
B THUX Xe iHQopMaliifHuX ymoBax IMeBHA JOAWHA. Takuil miaxifg
TPYHTYETHCSl Ha MPHUHIIMII CaAMOOpPTaHi3amii MoJeNi i Horo Ha3WBaIOTh
eBpUCTHYHHHA. Y poOOTi [2] IHTENEKT JIOAWHHM PO3TIINAETHCS SIK
iHTyiTMBHA cucTeMa. ToOTo, mmiJ IHTYIIIEI0 PO3YMIIOTh MPOIEC
ONTUMAJILHOTO TPUHHATTS PillleHb MO BiJHONICHHIO J0 30BHIIIHHOTO
cepepoBuia. OTXxe, IHTEJIEKT JIOAWHHU PO3TILIIAIOTH SIK CUCTEMY, sIKa
crpuiiMae 30BHIIITHE CEPEOBUIIE, aHATI3Ye 1HOOPMAILIIFO 1 B 3aJICKHOCTI
BiJ] [LOTO MpHUIMAE PIllIEHHS PO BUKOHAHHS. AJie MPOIeC MUCIICHHS B
JOUHU MOXe TIPOXOJWTH 0e3 30BHIMIHBOI il Ta 0e3 000B’SI3KOBUX
BKa3iBOK JI0 BUKOHAHHS pIIICHHS MEBHUM opraHam. IIporec TBopuoCTi
CYNPOBOPKYETHCS PI3HUMHU MPOSIBAMH €MOI[iH, a IPUHHATTS pIillicHb B
MPUPOAHOMY IHTEJIEKTi IPOBOJUTHCS B yMOBaX HEBU3HAUEHOCTI Pi3HOTrO
Tuny. B 3aa4ax nporo kiacy BoHa IOB’si3aHa 3: 1) HEIIOBHOIO BXiJHOIO
Ta TIOTOYHOIO iH(OpMaIli€ro; 2) HEUITKOI BXiJHOIO iH(opMarlieto; 3)
HEYITKO PO3POOJICHUMU MpaBUIIaMu 0OpOOKH Ta omiHkW iHdopmariii. B
3aJIeKHOCTI BiA THUIy HEBHU3HAUYEHOCTI HaBeleMo Kiacu(ikariiio
MPUPOJHOTO IHTENEKTY. BBakaTMeMmo, 10 3 MOHSATTSAM IHTEIEKTY
MoB’si3aHi Taki omepanii sk o0poOka Ta ominka iHpopmarii. Tomui
1HTEJIeKT JII0IMHA YMOBHO PO3J1JIMMO Ha Taki piBHi [3]:
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| piBens. JlrognHa BUKOHY€E MpaBuia, SIKi YiTKO COPMYIBLOBAHO i
OIMCAaHO B KHHUTAX Ta Mipy4YHUKaX abo MepesaroThes BiJl yUUTENiB Oe3
aHamizy Ha IiXHIO TOuHicTh. Ha3Bemo ix mpasuramu wnasuanns. Ha
CBTOIHIIIHIN JEHb iCHye 0arato mporpaM i MPUCTPOiB-pOOOTIB, SIKi
MPAaLIOIOTh 3 YiTKO pO3pOOIIEHUMH MpaBUiIaMu. SIKIIO HEe BpaxOByBaTh
eMOITii, XapaKTepHi I BHIIUX XUBUX OpPraHi3MiB, TO 1HTEIEKT |-ro
PIBHS Ha CY4acCHOMY PiBHI YaCTKOBO peai30BaHO.

Il piBeb. B mporeci XUTTEMISIIBHOCTI IHAWBIAYYM aHali3ye
iH(pOpMaLIiI0 Ha TOUYHICTB 1 po3p0o0IIsL€e CBOI MpaBUIIa MOBEIIHKH 33 PI3HUX
YMOB, SIKi TPYHTYIOThCS Ha IOTIEPENHBOMY BiacHoMy nocBimi. Lli
mpaBWiIa MOXYTh OyTH 1 HeTouHMMH. HasBemo iX mpasunamu
camonaguanns. THTENeKT 2-ro piBHS 3aBASKH CaMOHANArOKyBaJbHUM
aJTOpUTMaM YaCTKOBO PEai30BaHO.

1l piBeHb. 37aTHICTE OO HE3aNEKHOTO BiJl ICHYIOUHX MPaBUI
aHaiizy, oOpoOKM Ta OwiHKK iH(opMmamii Ha TOYHICTH, PO3pPOOIEHHS
HOBHX TOYHUX IpaBHJ IOBEAIHKM B YMOBaX HEBHU3HA4EHOCTI, SKi
MaKCHMaJIbHO  ypaxoOBYIOTh TPOTHO3 MalOyTHIX  pe3yJbTaTiB.
[TpuiiHATTS pilleHHs B yMOBaX HEBH3HAYCHOCTI MPOBOAUTHLCS HA PiBHI
iHTYiIii 3a mpaBuiIaMu, sAKi ckiagHo (opmaiizyBatu. Bakaemo, 110
IHTYIilig — TOYHI MpaBUiia MUCJICHHS, SIKi HEMOXXIUBO (hopManizyBatH i
SKi 3aKJIaJIeH0 Ha TeHeTUYHOMY piBHI. TakuM 0cOOJIMBUM MHCICHHSIM
BOJIOZIi€ 0OMeKeHa KaTeropis Jroaed. Ha3zpemo 1i nmpaBuiia npasuiamu

Iarenext Il ro piBHS peami3yBaTh JOCHTH CKJIAQJHO, XOda
BBaXKalOTh, IO IIel piBEHb € CIpaXKHIM iHTeJeKToM. Llel piBeHb MoXxe
peartizyBaTH JIIOAMHA 3 HAUBUILUM PIBHEM 1HTEJEKTY.

3naxoBuii iHdopmaniiinmii npocTip Ta AUHAMIKA MMCJICHHS
JIIOTMHHA

B mpomeci MucieHHs JIOAWMHNA BUOWPAIOTHCS TEBHI 00’€KTH 3
mam’siTi, TOOTO crioctepiraemo repedip BapianTis. Tam nie € epebip, Tam
Mae Micle KOMOIHAaTOpHa MpUpoJa JaHOTO IIPOIECY. 3MOACTIOEMO
OUHAMIKy  MHUCIICHHS  JIIOJIMHA 3  BUKOPUCTAHHSIM  3HAKOBHX
KOMOIHATOPHUX MpPOCTOPiB, 30KpeMa 3HAKOBUX iH(OpMamiiHUX
npocropiB. HaBeaemo akciomu, sIKi BIaCTUBI MM IpocTopam [4].

1. 3HaKoBi KOMOIHATOPHI MPOCTOPHU ICHYIOTH B JIBOX CTaHAX: CIIOKOi
(3ropHyTHit) Ta AMHAMII (PO3TOPHYTHA).

2. 3ropHytuil mpocTip 3amaeTecs iHQOpPMALIHUM 3HAKOM
R=<AT,P,=>, SKUI MICTHTh BIIACTHBOCTI PO3TOPHYTOI'O MPOCTOPY

[IEBHOTO THITY, e A — ojiHa a00 KiJibka 0a30BUX MHOXWH, 3 €JIEMCHTIB
& €A C A AKHX YTBOPIOIOThCSA PO3rOpHYTI KOMOIHATOPHI MPOCTOPH,
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je{l...n}, lefl..,q}, § — KUIBKICTH 0a30BHX MHOXHH, T — THII

KOMOIHaTOPHOTO NPOCTOPY; P — mpaBuia HOro po3ropTaHHA; = —
MIpaBHIIa 3rOPTAHHS 3HAKOBOTO KOMOIHATOPHOTO MPOCTOPY.

3. VYTBOpeHHS 13 B3TOPHYTOTO PO3TOPHYTHX KOMOIHATOPHHUX
MPOCTOPIB TMPOBOIUTHCA 32 PEKYPEHTHUMH NpaBWiIaMH. 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.. 3ropraHHs 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 KOMOIHATOPHHMX TMPOCTOPIB € pi3HI THIH
KOMOiHAaTOpHUX KOH(Irypariii, 30kpeMa BUOIpKH, SKi MOXKYTh OyTH SIK
YIHOPSAKOBAaHI TaK 1 HeynopsiAkoBaHi. HeynopsinkoBaHi 11e — Oy YeHHS
0e3 MoBTOpeHb a00 3 MOBTOPEHHSAMU. Y IOPSIKOBAHI 1€ — PO3MIIICHHS 3
MTOBTOPEHHAMH 200 6€3 TOBTOPEHbD.

OCKUTBKM TOYKOKO 3HAKOBOTO 1H(OPMAIIMHOTO MPOCTOPY €
PO3MILIICHHS 3 TIOBTOPEHHSIMH, TO SICHICTh MUCIICHHS MTPOSIBIISIETHCS IS
YIOPSIIKOBAHOI iXHBOI MHOXHHHU, 1€ MPUCYTHE “‘30510T€” 4MCIO. K110
MpaBUiIa PO3TOPTaHHS IPYHTYIOThCS Ha CTPOTHX 3aKOHAX, TO 3HAKOBUH
PO3TOpHYTHII KOMOIHATOPHHI TPOCTIp € CTPYKTypH30BaHW. Ko
IpaBHiIa PO3TOPTaHHS MPOCTOPY HE MiIIOPSAKOBAHI CTPOTHM 3aKOHAM,
TO PO3TOPHYTHH TPOCTIp YTBOPIOETBCS  Oe3namHo. XaOTHYHO
BITOPSIKOBAHI MHOYKHHH BHOCSITH 0€3J1a/1 y MUCIICHHS JIFOTUHH.

Chopmynroemo MaTeMaTuyHy MOJeNb iHPOPMALIHHOTO MPOCTOPY
[5].

Sk 1 3HaKOBHH KOMOIHATOPHMH, Tak 1 3HAKOBHH iH(OpMAIiHUI
MPOCTIp Mae KOMOIHATOPHY MPHUPOJY Ta ICHYE B JIBOX CTaHAX: CIOKOI
(3ropHyTtHii) 1 nuHamini (po3ropHyTuil). 3ropHYTHH 3aIa€eThCs
iHpOpMaIiiHUM 3HaKOM R=<A T,P,=>, SKUHA MICTUTh BJIACTHBOCTI
posropuyTOro npocropy, ne A={A,.., A,} — oxnHa abo kisipka 0a30BUX
MHOXHH, T — TUI KOMOiHaTOpHOI KOH]irypauii (Touka mpoctopy), P —
crcTeMa TMpaBwll, 3a SIKOK BiH PO3TOPTAETHCS (32 CTPOrMMHU 3aKOHAMU
ab0 XaOTHUYHO), & — MpaBWJIa HOTO 3rOPTAHHA 3 PO3TOPHYTOTO (OJTHOTO
a00 KiJTbKOX).

Indopmariss nos’si3ana 3 (GYHKLUIOHYBaHHSAM JIOJCHKOIO MO3KY 1
nepeOyBae B IIACBIIOMOCTI YM CBIZOMOCTI Yy BHIUIAIAI 00pasiB,
(¢parMeHTiB MOBJIEHHS TOWIO. BBaxkaTmMemo, 10 3TOPHYTUH
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iHpopMaLifHUK TPOCTIp — L€ MiACBIAOMICTD, a €l1eMEHTH a, 0a30BUX

MHOXWH A < A — o0pasu, ¢parMeHTH MOBJEHHA TOmO, |=1,q,  —
KUIBKiCTh Ga30BUX MHOMXHH, j=1,n, N — KiIBKICTh €IEMEHTIB y A .

AKTHBI3Y€TBCS MIJCBIAOMICTh MHCICHHSIM — CHCTEMOIO TpaBui P,
3aBISIKM SIKUM 13 €JIeMEeHTiB 6a30BMX MHOKHH PO3TOPTAETHCS YaCTKOBO
posropHyTHi  iHbOpMAIifHMA  TpOCTIip —  CBIIOMICTB, IO
XapaKTepHU3y€eTHCS MOHATTIMH, TyMKOIO, a KOMOIHaTOpHA KOH(ITypaltis
B HHOMY € PO3MillleHHs 3 moBTOpeHHsAMH. [lepenaya inpopmanii (mymxm)
MIPOBOAUTHCS 32 JOMOMOTOI0 PO3TOPHYTOrO 1H(POPMAIIHHOTO TPOCTOPY
yepe3 MOBJICHHEBUH MPOCTIP, 3aBISIKH KECTaM, pyXaMm, 3a JIOMOMOTOI0
nuchMa, rpadidyHux 300pakeHb. 3ropTaHHs iHPOPMALIHHOTO TIPOCTOPY
i3 PO3rOPHYTUX MOBJICHHEBOTO Ta PI3HUX 3BYKOBHX IPOCTOPIB
MIPOBOAUTHCS CIIYXOBUM araparom, a 00pa3iB — 30pOBHUM arapaToM.

[Hdpopmamniitanii TpocTip, SAKWUH ICHye 1032 MEXKaMH JIOACHKOTO
OpraHi3My Ta CTBOPCHUH JIIOIMHOIO, HA3BEMO IITYYHUM 1H(pOpMaIliiftHuM
npoctopoM. BiH Takoxk iCHy€e B ABOX CTaHaX: CIIOKOI Ta AuHaMiIl. Kaurn,
PYKOIIACH, €NeKTPOHHI Oi0mioTeKH — 1€ IITyYHUH 3TOPHYTHH
iHpopManiitHuii mpoctip. [iis ioro po3ropraHHs He0OXiJHO 3HATH MEBH1
mpaBuia (IpaBUiIa YUTAHHS, IOCTYITY 10 €IeKTPOHHHUX 010110TeK TOMIO).
SAxmo 3HakoBHUN 1H(OOMAIIMHAN TIPOCTIP PO3TOPTAETHCS 32 CTPOTHMH
MpaBUIIaMH, TO OTPUMAEMO YiTKe (BIOPAIKOBaHE) MUCICHHS. B iHIOMY
pa3i MPUHHATTS ONTHUMAJIBHOTO PIMIEHHS MOXe OyTH HEYITKUM
(HEBIOPSIIKOBAHUM) TIO BiIHOMIEHHIO JI0 3aKOHIB MPUPOJIH.

B mitepatypi ommcaHO eKCHEpUMEHTH, IIOB’S3aHi 3 JAMHAMIKOIO
MucieHHs. [lpu  akTuBi3alil MHCIACHHS  IIIOCTIAHOT  MHUIII
CIIOCTEPITaEThCSl YTBOPEHHS! KPYrOBUX XBHJIb HAaBKOJO TOYKH IEBHOI
TUISHKM ~ MO3KY. ['eHepyBaHHIO K MHOXHH  KOMOIHATOPHHX
KOH(QIrypamiii XapakTepHa BJIACTUBICTh MEPIOJUYHOCTI, a IXHE
YTBOPEHHSI MOYKHA OTHUCATH KOHIIEHTPUYHUMH KOJIAMH 3 IEHTPOM, KUK
3a/1a€THCS IHTEPBAJIOM HYJIHOBOTO PAHTY

BucnoBok. O1xe, poriec MHUCICHHS JIIOJMHN Ma€ KOMOIHATOPHY
npupony. Jns MonemoBaHHS WHOTO JUHAMIKA BHKOPHCTOBYHOTHCS
3HAaKOBI  KoMmOiHaTopHi mpoctopu. I3 omucaHoro 3HAKOBOTO
iH(pOpPMaLitHOTO MPCTOPY BUAHO, IO PO3TOPHYTHH MPOCTIp 3aa€ThCs
KOMOIHATOPHOO KOHQITypaIli€to — po3MillleHHs 3 MOBTOpeHHsIMH. BoHa
OHOYACHO € CKIHYEHHOI 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
Shmelova T., 2Sikirda Yu., 2Yatsko M.
13National 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 +
Acrtificial 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 Ground ha.t:.dlling
- perzomne!
-~
P ~
Adr traffic - | Telemedicine staff
controllers -

F
-
@arc | T .
¥ ——
e

\ e~ = — | Maintenance staff
“Flight W S
dispatcher hY -
(FD) kY \ ~ Security
‘u. N management service
Air Traffic NN
Safety v N
Electronics hY N Military services
Personnel kY
(ATSEF) hY
F, .
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 [-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
fi f2 fi fn w L H, «
Ri Ri R Rj Rn - - -
€i c1 c2 Cj Cn
Y Ya Y2 Yi Yn
The DM matrix with the priority of factors

A1 yiup Yau . YUy Yalltn W L, H,a
Ai Yilin  V2Ui Vjuz{j Ynllin W; L; H;, a
An ViUmi YoUme . Yi¥mj . YaUma W,  Ln, Hpma

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;; 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 — 8, passengers — 211, baggage — 3286 Kkg;
dry operation mass (average) — 44600 kg;
payload (average) — 20100 kg;

—  fuel (average) — 10000 Kkg;
takeoff mass — 74700 kg.

4. Route: Najaf (ORNI) (4;) — Madinah (OEMA) (4,).
5. Flight stage: climb, passing flight level 300.

6. Alternate aerodromes:
— Baghdad (ORBI) (43);
— Jeddah (OEJN) (A4,).

7. There are three operators in the CDM process: pilot (0,), ATCO
(0,), and specialist of ground services (05). Factors influencing decision-
making for each operator:

- {x;} — factors taken into account by operator 0, (pilot);

— {y} —factors taken into account by operator 0, (ATCO);
{z;} — factors taken into account by operator 05 (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:

- X4,Y1,2, — fuel reserve on board;

- Xy,Y¥»,Z, —remoteness of the alternate aerodrome;

—  X3,¥3,23 — technical characteristics of the runway;

—  Xa,Ya, Z4 — Meteorological conditions;

- Xs,¥s,Zs — approach lighting system;

—  Xg, Ve, Zg — available approach system;

- Xx7,Y7,2Z, —available navigation aids;

—  Xxg, Vs, Zg — performance characteristics of the aircraft;
—  Xq,Y9,Zg — radio communication;

- X10, Y10, Z10 — aIr traffic intensity;

- X11,Y11,Z11 — commercial point;

- X12,YV12, 212 — 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 WL H,
a=0.
5
1,2,3,4,5 6,7,8,9, 10,11 ,12 1,2,34,
5

R 3 3 3 9 9 9 9 9 9 9 3 3 - -

¢cg 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 06 0.90
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 74 750
A, 6 6 6 9 7 8 7 9 9 9 9 5 5(.)0 7?5 7.00
A; 4 4 10 9 10 10 9 10 8 9 9 10 4(.)0 8(.)5 7.00
A, 6 6 6 9 8 7 7 9 8 8 6 5 520 7:0 7.00

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, 4, is
Madinah, A5 is Baghdad, A, is Jeddah; A; are the alternative decisions
without factors’ priority (47 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 (A3); without taking into account factors’ priority
based on the Wald (W) and Hurwitz (H) criteria — is Najaf (4,), Laplace
criterion (L) — is Baghdad (A3). 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 027 027 027 027 058 063 056 0.49 061 0.68 ;g 0.65

A; 032 036 027 0.27 058 0.69 053 0.52 077 0.80 gz  0.67
A3 036 036 036 0.36 0.67 0.64 0.64 0.56 0.86 0.86 ;g5  0.86
A, 032 032 032 032 054 060 054 049 057 0.70 957  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 (A45).

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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3acrocyBanus rpagis no po3p’sizyBanns CJIAP
dinimonixina LI
LlenmpanbHoyKpainCoKuii HAYIOHANTLHUL MEXHIYHUL YHIgepcumem

Applications of graces to solving systems of Linear algebraic
equations
Filimonikhina L.1.
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'padhm mmpoKo 3aCTOCOBYIOTHCS B 0araTboX poO3Jisiax MPHKIATHOL
MaTeMaTHKH, B IPOTpaMyBaHHi, EIeKTPOTEXHilli, B TEOPii INIaHyBaHHS Ta
ynpasiinHs [1-4]. JlocuTh 4acTo MareMaTH4YHI MOJEJI B IMX Tally3six
OINMCYIOTBCSl CHCTEMaMH JIiHIHHUX anreOpaiunux piBHsHb (CJIAP).
Icuye Garato TpaauiiiHux MeToaiB po3B’s3yBanus CJIAP [5].

Posrnsimemo, sik MoxHa TpeacTaBisTH 1 po3e’szyBatu CJIIAP
3aco0amu Teopii rpadis.

CJIAP wMoxHa 300pasuTH y BHUIJIAAI OpI€EHTOBAaHOTO rpada
HACTYITHAM YHUHOM:

- [paBi YaCTUHH BBaXA€MO CTOKaMH;

- HEeBiJOMi 3MiHHI BBa)XKaeMO BeplIMHaMHu rpada;
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- Koe(ilieHTH P HEBIIOMUX BBa)kaeMo pedpamu rpada.

Cytp pos3p’sizyBanHs CJIAP 3a pmomomororo rpadiB mossrae B
MOCIIIOBHOMY TIE€PETBOPEHHI BY3/TiB, IO BIiAMOBIAAIOTh IIE€BHUM
3MIHHAM, B TIPOCTi KacKagHi BYy3lIH 1 IOCTYIOBOMY BHKIIOYEHH]
3MiHHUX. B KiHII Takoi Mpoueaypy 3aJIMIIAETHCS JIMIIE OJHA 3MiHHA.
Axmo CJIAP n-ro mopsaky, To HeoOxigHO 3aiicHuTH N-1 kpok. Ilo
0CTaTOYHOMY Tpady 3amHCyIOTh PIBHSHHS MEPIIOTO MOPSAKY 3 OTHIEI0
3MIiHHOIO.

[Ipu nepetBopeHHi rpadiB AilOTH TaKi MpaBUIa:

1) nekinbka mapaneNbHUX pedep 3aMiHIOIOTHCS OJHHUM, MPHYOMY

Bara peOpa JIOpiBHIOE CyMi Bar peodep;

2) JeKiabKa TOCHIIOBHUX pedep 3aMIiHIOIThCS OJHHM B Baroro

pebpa, mo nopiBHIOE TOOYTKY Bar pedep;

3) sAKIIO JUKEpeNno 1 CTIK MOMIHSTH MiCISIMH, TO Bara pebpa

BUPAXKAETHCS YMCIOM, 00EpHEHHM JI0 TIOYATKOBOT Baru pedpa;

4) K0 MIHSEMO HampsM pedpa, TO BaroBuii KOedilieHT 3MiHIOE

3HAaK Ha IPOTUIICKHUM.

3a momomoroio rpagiB MoxkHa po3B’sizyBatu CJIAP Oynb-sikoro
MOPSIZIKY.

B mporieci po3B’si3aHHS TOCTYTIOBO MEPEHOCSTH CTOK B OIHY 3
BEpIIMH, IO BIJMOBifa€ JESAKid HEBINOMIiM, MOTIM IO BEPIIUHY
BUKIIIOUYAIOTh 3 Tpada. [licas 1poro nmepexoaaTh J0 I€l K IpoIeaypu
CTOCOBHO HACTYIHO{ BEPILIMHU.

Posrnssremo nexinbka mpuknagiB po3s’szaHHs CJIAP 3a 1miero
METOHKOIO.

Ilpuknao 1. Po3B’s13aTH cuctemy:

2x+y =12,
3Xx—-5y =5.

Ha pucynky 1 a) 300paxeno rpad mo mouaTkoBiii cucremi. Ha
pucyHKy 1 ©) 300paxeHo rpad miciisi epeHeceHHs CTOKY B BEPLIMHY X.
Ha ocraHHbOMY pPHCYHKY MaeMO OCTaTOYHHUH Tpad ajsl 3HAXOJDKEHHS
3MiHHO Y.

3anumieMo piBHAHHS U1 ObOTO rpada:
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{00 3HaliTi 3MiHHY X, TIO PUCYHKY | 0) 3amucyemMo piBHSIHHS IJist
BY3J1a, [0 MICTUTH X.

x—3y+1
27 2

{00 3HAWTH X, MiACTABISIEMO B PiBHSHHS 3HAYCHHS Y:
3, 1

X=—1+—-—=2.
2 2

Bionogion: (2;1)

X 8
1/2

A
/\2\ 3
3/2
3 " 32 1 13/2
8
\/ :
-3 ), y 1
y
a) 6) 8)

Pucynoxk 1.

Ilpuknao 2. Po3Bsizatu cucremy;

3x+2y+5z =10,
2X+3y+4z=9
4x+7y+3z=14.

Ha pucynky 2a) 3o00paxkeno rpad) mo mouaTkoBiii cucrtemi. Ha
PUCYHKY 20) 300pakeHO Tpad Micist IepeHECEHHS CTOKY B BEPIIHHY Y.
Ha pucynky 2r) 300paxxeHo rpad miciis NepeHEeCEHHs CTOKY B BEPIIHHY
x. Ha octaHHROMY pHCYHKY MaEMO OCTaTOUHUH Tpad sl 3HAXOKEHHS

3MIHHOI Z.
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Pucynox 2
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BUSIBJEHHS COAIBCUPIKOBAHOI IHOOPMAIIII 3A
JOIIOMOTI'OIO HAIBHOT'O BAECOBOI'O
KJIACUDPIKATOPA
Aptem XoBpat, Bononumup Ko63es
Xapkiecbkuil HayioHATbLHUL YHIBepCcUumem 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  JeKiJIbKa  POKIB  TEXHOJOrIl,  CIPOMOXHI
chanbcudikyBaTi 300paXKESHHS Ta FOJI0C YH 3TEHEPYBATH TEKCT, CYTTEBO
CBOJIIOLIIOHYBaIM. Ha 1ie BKa3yrTh YMCIICEHHI HAYKOBI JIOCIIIKEHHS
BUEHMX 3 ycboro cBiTy [1]. I sikio mpobiema i3 migpoOKor0 BiJieo Iie HEe
TOCTPO CTOITh y CYCHUIBCTBI, OCKIIBKHM BIANOBiAHI 3aco0M HE €
“imeaqpHUMK”, a CIIOTBOPEHHS aynaioiH(popMarllii Juie HEeIloAaBHO
JOCSTIIO HeOOXiTHOTO PiBHA [2], TO BUJO3MiHA TEKCTY 3 MIAXPaiChKOIO
METOIO BXKE€ JIEKUIbKa POKiB aKTUBHO BUKOPHCTOBYETHCS B COLIaIbHUX
Mepexax. ['ocTpimnioro mpobiema cTae B yMOBax BiHCHKOBO-TIOTITHYHOL
HECTabUTLHOCTI, KoM OyJlb-sika 3asBa CHPUHMAETHCS KPi3h MPH3MY
iHTeHCH(DIKOBAaHUX EMOIIiid, M0 CHOBUIBHIOIOTH IMPOLEC KPUTUYHOTO
mucieHas [3].  Oxpim  ©Oe3mocepegHb0  OOMaHy — HaceJICHHS,
BUKOPHUCTAHHS MOAIOHUX TEKCTIB MOYKE HECTH MPsAMY HeOe3IeKy IIij yac
BIMCHKOBHX oriepartiii [4].
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3arajapHOCBITOBA OJTITHYHA TEHACHILIS, CIPSIMOBaHa HAa OOPOTHOY 3
moi0HO0 iH(QOpPMAIIi€I0, B MIJIOMY € MO3UTHBHOIO [5], KOHIIEHTPYOYX
CBOIO yBary Ha OopoTh0i 3 TpoOIeMHUMH “‘HOBHHaMH . Y SKOCTI
TIPUKIIaAy MOXKHA 3ragaTh TisuTbHICTE LlenTpy nmpotumii pe3indopmarii.
OpHak MOTPIOHO PO3YMITH, IO 31 30UIBIICHHSIM KUIBKOCTI (DEHKiB
3araipHa SKICTh iX BUABICHHA Oynme cmamatd. OKpiM TOTO MOXYTh
BHHHKATH CHUTYaIlil, KOJIH “BUKpHBAY MiAPOOKHU € TUM, XTO CIIOTBOPIOE
JaHi Ha CBii po3cya. AOu npubpatu cyd’ eKTUBHICTh Ta aBTOMAaTU3yBaTH
mporec BUsBICHHS cdalOpukoBaHoi iHopmanii, Oyno BupimeHo B
paMKaxX YHMHHOI pOOOTH MOCTIIUTH €(PEKTUBHICTh BUKOPHUCTAHHS OITHIET
3 TPYI QJITOPUTMIB CIIPIMOBAHUX Ha BUSBJIICHHS TEKCTiB-MigpOOOK.

[IpoBeneHi panimie H0CTiKEHHS] KOHLEHTPYBAIN CBOIO yBary Ha
BUKOPHCTaHHI HEWPOHHUX MeEpeX, 30KpeMa TO€IHAaHHI IEeKUTbKOX
3TOPTKOBHUX Ta MOJICPHI30BaHUX peKypeHTHHUX [6]. OmHAaK i miaxoau He
€ €IMHAMH, X04Ya 1 Hapa3di aKTHBHO BHKOPHCTOBYIOThCs. [licis
03HAaHOMJICHHS 3 Cy4aCHHUMH CBITOBUMH HAYKOBHMH HaIpALfOBAaHHSIMH B
o0paHniit cdepi, Oys10 BUPIMIEHO 3YIIMHUTHCS HAa HMOBIPHICHIX MOJIETIAX,
30KpeMa THX, 10 HasBHI B CHUCTEMax BUSBIICHHSI CIIaMy sl IOIITOBHX
cepsiciB. Hanpuknan, HaiBHMIA OaeciB kinacudikaTop. OQHAK 1S MOJIEINb,
3BAKAIOYW Ha CBOIO IPOCTOTY, BUMara€ JOAATKOBUX METOIIB
nepeaoOpoOKH TaHWX, SKi MOTIIH O MOKPAIIUTH ii e()eKTHBHICTb.

Buxopasiun i3 3a3Ha4e€HOr0 BHWIIE, METOIO LBOTO JOCITIKCHHS €
mepeBipka  e(DEKTHMBHOCTI BHUKOPHUCTaHHA HAiBHOTO  0aecoBOTO
Kiacuikaropa y MoeHaHHi 3 AITOPUTMOM I1epeA0OPOOKH JaHuX. 3a11s
JOCSTHEHHSI 1i€T METH Tiepei0aYaroThCsl HACTYITHI 3aBJaHHS:

— noOyIyBaTH alTOPUTM IepenoOpoOKkn naHuxX Ta chopmyBaTh
BIJIMOBIIHY MOJIE€JIb HA OCHOBI HAIBHOTO 0a€CcOBOro KiacudikaTopa ;

—copmyBarn Habip KpuTepiiB eQEeKTHBHOCTI Ta 3arajbHe
eKCIIepUMEHTAIIbHE OTOYEHHS ;

— 3/IIHCHUTH MOPIBHIHHS CTBOPEHOTO MiIXO/AY i3 PO3IIISHYTOIO B
XO/Ii TIOTIEPETHIX AOCIHIIKEHb TOPUIHOI HEMPOHHOIO MEPEXKEIO.

3niHCHUMO MTOCTYIIOBUI PO3TJIsL 3a3HAUCHHX 3aB/IaHb.

CyTHicTh HaiBHOIO 0a€COBOTO X0y IOJIATAE Y BUKOPUCTAHHI
Teopemu baeca Ui BH3HAa4YEHHS NMPHHAIEKHOCTI CIIOCTEPEKEHHS 0
OJHOTO 3 KJIACiB MU MPUITYLICHHI HE3aJIC)KHOCTI 3MIHHUX. 3a3Ha4YeHe
00OMEXEHHS MOYKHA BBa)KAaTH BUIPABIAHUM, OCKUJIbKHU IiJIbOBI O3HAKH,
OIMCaHi HIKYe He BIUTMBAIOTh HA HACTYITHI TXHI 3HAYCHHSI.

Knacuuna ¢popmyna nist reopemu baeca Mae HacTynHUN BUTIISAL;
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_ p(C)p(x[Cy)
p(Crlx) = —p(x)

ne Cj, — MUThOB1 KiIacH AaHuX (y YMHHOMY BHITAIIKY IepeAdadeHo aBa
Kiacu — iHpopmaris € chabprUKOBaHOO YH Hi); X — BEKTOp 03HaK; P (Cy,)
— ampiopHa WMOBIpHICTh TPUHAJIEKHOCTI BHUIAJAKOBO 0OpaHOTrO
crioctepesxeHns 10 kinacy Cy; p(x|Cy) — AMOBIpHICTH BEKTOPY O3HAK IIPH
3aganomy knaci Cy; p(x) — anpiopHa imoBipHicTh o3Hak; p(Cy|x) —
anocTepiopHa HMOBIPHICTh MPHHAJICKHOCTI OOPAHOTO CIIOCTEPEIKCHHS
1o knacy Cy 3a yMOBH BEKTOpPY O3HAK X.

HaiiBaxumBinmiM npu moOyAoB1 BiAMOBITHOT MOJeli € pOpMyBaHHS
BEKTOpPY O3HaK. 3amist (opMyBaHHS HaOOpy IIJLOBUX O3HAaK Oyio
BUPIIICHO BHKOPHCTATH HACTYNHUHA Habip ocobmuBocTed (eiikoBoi
iH(popMarii:

— BUKOPHUCTAaHHS HETPHPOAHOI KIIBKOCTI PUTOPUYHHUX 3alUTaHb,
SKIII0 MOBA i/1e PO KOHTEKCTyalIbHE BUKPHUBIICHHS CyCIUIBHO BAKIHBOI
ingopMmartii. [IpoBeaeHi JIHIBICTHYHI JOCTIIKCHHS 3a3HAYAIOTh, 10 B
odiiitHO-NiI0OBOMY Ta NyOJIIUCTUYHOMY CTWISAX, 10 MAlOTh
BUKOpHCTOBYBatucs 3MI, momiOHUII TUIT MOBIEHHEBUX KOHCTPYKIIN
Maiike He 3’sBisieTbes [7]. Llg ocoOnMBICTE XapakTepHa SK s
TEKCTOBUX HOBWH, TaK 1 ayJio, i BiJieO ;

— BIZICYTHICTh 3allepeuyBajibHUX KOHCTPYKIIH 33/ 3MEHIIECHHS
KOTHITUBHOTO HAaBaHTAXEHHA Y TMOEJHAHHI 3 TECUMICTUYHUM
3a0apBiieHHSAM O0paHuX CiiB. SIK MpUKIaa MOKHA TPUBECTH 3aMiHY
cioBa “npobiiema” Ha “karactpoda’ ;

— BUKOPHUCTaHHS 3aKJIMKIB Ta CIOHYKaHb Yy HeIOpeYHuX (opmax.
Heo0xigHo 3a3Ha4uTH, M0 Y BHNAAKY KOHTEKCTYaJIbHOTO BUKPUBIICHHS,
[0 MA€ Ha METIi 3aMiHUTH PealibHI HOBUHHU, MO110H1 KOHCTPYKIIii 0/1pa3y
BKa3yIOTh Ha HETIPABUBICTh Ta HEKOPEKTHICTh BKa3aHOi iH(hopMaIrii ;

— BUKOPUCTaHHS HEBHIIPABIHOI KIIBKOCTI 3aliMeHHHKIB. Llei
(dakTop y OUNBIIOCTI BWIMAAKIB Ma€ MicHsl A KOHTEKCTYaIbHOTO
BUKPHBIICHHS, 1[0 HACIIY€E MyOIMUCTUYIHUI CTHITh BUKJIAJICHHS.

BpaxoByloun 3a3HaueHe Buule COOPMOBAHO HACTYIHUHM HaOip
LIJIbOBHAX O3HAK:

— KUIBKICTh  PUTOPMYHMX KOHCTPYKLIH MO BiJIHOLIEHHIO [0
3arajibHOI KiIBKOCTI PeYeHb Y MOBiOMIICHHI ;

— KUIBKICTh 3amepeuyBajbHUX KOHCTPYKLIM IO BiJHOIIEHHIO 10
3arajibHOT KUIBKOCTI PeYeHb Y TIOBIJIOMIICHH] ;

— 4aCTOTHO-eMOLilfHa XapakTepucTuka 50 HaWOIIbII NOMYJISPHUX
HOBHH 32 JIaTy CTBOPEHHS MOBiJOMJICHHs. llell MOKa3HUK JO03BOJIUTH
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BpaxyBaTH HOBHHHE 30BHIIIHE CEPEIOBHUIIE 1 BIAMOBIIHO CKOPETYBATH
OLIIHKY KJacuikaropa ;

— MIOKa3HUK MiZI03piIoCTi, BU3HAUCHH HAa OCHOBI NIEPENTiKy CIIiB, SKi
4acTo BXKHUBAIOTHCA y (DeWKOBiN iH(OpMaIii;

— Bara IoBiIOMJICHHS ;

— MIOKa3HUK HACTPOIO MOBIIOMJICHHSI.

3aKITIOYHUN 1HOIUKTOP € HAaHOUIBII BaXKIUBUM IUIS ITOIANBIIOTO
TOCHIKEHHSA.  AOMW 3IIHCHUTH TIEPETBOPEHHS OTPHMAHOI TEKCTOBOI
iHpopMaLii y YHCIOBE NPEACTABICHHS CKOPHUCTAEMOCH HACTYITHUM
ITOPUTMOM:

— po30MBaEMO TEKCT Ha PEUYCHHS Ta OKPEMI CIIOBa 1 BUAANSEMO 3
YTBOPEHOTO CJIOBHHKA KOHCTPYKTH 0€3 CYTTEBOTO JIEKCHKOTpadidHOTO
HaBaHTaXeHHs. Hampukian: “ogmak”, “ne”, “a6o”, “romo” ;

— 3MIACHIOEMO OIEepallilo JIeMaTH3allii Ta CTEeMIHTY — BH3HAYCHHS
JIEM Ta OCHOB yCiX €JICMEHTIB CJIOBHHKA |

— BU3HAYAEMO YAaCTOTHY XapaKTEPUCTKY KOXKHOTO CJIOBAa Ta HOTO
eMOIifHOTO 3a0apBlICHHS 3a JOMOMOrolo 3aco0iB Sentiment Analysis,
BOynoBaHUX y Mozeni nltk moBu nporpamysanus Python3 ;

— arperyeMo Ta HOPMYEMO 4YaCTOTHO-CMOIIMHMIA TMMOKa3HUK ISt
KO>KHOTO PEYCHHS.

Sk 3a3Hayanocs BHIIE, ONMHMCAHy MOJETh HEOOXiTHO TOPIBHATH 3i
CTBOPEHOIO B XOJIi MOMNEPEAHIX MociipkeHb Heripomepexetro (RCNN),
mo € mnoexHanHsMm 3roptkoBux (CNN) Ta pekypentaux (RNN)
migMepexx. AOW YHHKHYTH 3BHYHHX TMpoOiieM 31 “crmamatoumm” Ta
“BHOYyXOBHM” TpajieHTaMH 0pu 0O0poOIi TekcTy, Oyllo BHpIIIEHO
BUKOpHCTaTH He kiacuuHy RNN apxiTekTypy, a JIBOHAIpaBicHY
PEKYpPEHTHY HEHpOMeEpexy 3 MiITPUMKOIO JOBIO- Ta KOPOTKOTPHUBAJIOI
nam’ati. Takum unHOM, apxiTekTypy RCNN MokHa nmojatu y BUIIISIL
HaBeJIeHOMY HIDKue (puc. 1).

Bapto Takox 3ayBaxxuTH, 1110 IJ151 IPULIBUIILIEHHS BKa3aHOT MOJEIi
BHUpIIIeHO BUKOpHCTaTH TexHosoriro MapReduce na ocxosi Hadoop, sika
JIO3BOJISIE PO3IIO/IIINTH HABAHTAXKEHHSI HA OKPEMI BY3JIH.

Ilepeitnemo 10 ONUCY EKCIEPUMEHTAIBHOIO  CEpPEIOBHUIIA.
BpaxoByroun crienudiky 3anpornoHOBaHOTO TOCTILKEHHS, Oy10 oOpaHo
METOZl KOHTPOJBOBAHOTO  EKCIepUMeHTy. ba3zoBe cepemoBuiie
BUKOHAHHS Ma€ HAacTymHuUi HaOip xapakrepuctuk: CPU - Intel Core i5-
1135G7; RAM - 16 I'6; VRAM - 4 T6.
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Attention Mechanism

i-i-d- -h

| Frame || Frame l [ Frame ] Frame

Puc. 1 — Cxemamuune 300pasicennss RCNN apximexmypu

3 oAy Ha Te, IO PO3IJIAAAETHCSA 3aJadya Kiacu(ikarii s
COIIaJbHO TOCTPHX IIPOLECIB, HANOLIBII BaXKIMBUMH KPHUTEPIIMHU €
€KOHOMIsl 9acy Ta TOYHICTh Kiacudikamii. BkazaHi XapaKTepHCTHKH
Maiike B MOBHOMY 00Cs131 OyJH mpoayOapoBaHi Ha BipTyalnbHUX By3JaxX,
Ha SKHX TUIAHYETHCS 3IIMCHIOBATHUCS 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 OOYHMCICHHS Yacy BUKOHAaHHA OyJi0o 0OpaHo
Oibmioreky datetime ams Python 3, mo Mae TOYHICTH O HAHOCEKYH/IH.
AOu 0a3oBi 00YHCIEHHS HE CHOBUIBHIOBAIH po0OOTYy MpOrpaMu
BUPIIIEHO BHKOpPHUCTAaTH Oi0mioTeku numpy Ta polars. st oOpoOku
MIPUPOMHIX MOB (BpaxOBYIOYH JIEMaTH3aIlil0, TOKEHI3aIlil0o Ta iHII
HeoOximHi ¢yHKii) Oyio BupimeHo obparu python-Bepciro 6ibmioTekn
nltk. 3agns peamizamii HEHPOHHUX MepeX BHPIIIEHO BUKOPUCTATH
tensorflow 13 3acTocyBaHHAM IHCTpyMEHTapiro, MO0 Hajaae pipeline
CcyOMOTyIIb.

VY sikoCTi NUTBOBUX HAOOPIB JAHWX BHUPIIIEHO PO3IIITYHTH HOBUHH,
IO CTOCYIOTHCSl MMOBHOMACIITaOHOTO BTOprHEeHHs Pocii Ha Tepurtopito
VYkpainu Ta mpucBsdeHi Bubopuomy mpouecy y 2019 powmi, skuit
CYIIPOBO/KYBAaBCS TOSBOIO BEJIMKOI KiJIBKOCTI HEMpaBAnBoi iH(popMarii.
KoxHa 3 1iux BUOIpOK OIIMTUMEThCS y cmiBBigHomeHHl 80 10 20 Ha
HaBYaJIbHY Ta TECTOBY MiABUOIPKH, BiIIOBIHO.

3arasiom Oyno 0OpaHO HACTYIHUH neperik GakTopis:

— MIOKa3HUK TOYHOCTI ;
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— eKOHOMIs 9acy poOOTH MO |

— GKOHOMiS MIiHIMANIbHO JAOMYCTHMMOTO OO0CATY JaHHX JUIst
nocsrHeHHs TouHOCcTi 'y 80% (MakcumanbHa Kimgbkicte — 500000
CJIEMEHTIB).

BusHauuBIIKCE 3 KPUTEPISIMU, 3A1HCHIMO OMHC BiJNOBIAHUX LKA
OLIIHIOBAaHHS.

ExoHOMist wacy poOOTH MOJIET BUMipIOBAaTUMETRCS Y CEKYyHIAx 3a
JOTIOMOT00 BKa3aHoi Bumle 0i0mioTekn. CaM MOKa3HHUK MPH LBOMY HE
oOMexyemo. AOW 3HM3UTH BIUIMB MOXKIUBUX MOXMOOK BHMIpIOBaHHSA,
BHKJIMKAHAX TIPOOJIEeMaMH 3 TOYHICTIO POOOTH YacOBHX MOXYJIB UM
OTOYEHHS, OYJIO BUPILIEHO MPOBOJUTH IO 5 3aMipiB AJIsl TOKA3HUKIB Yacy
Ta MePEeBIPUTH TOYHICTH MPOTHO3YBaHH Ha IBOX BUOIpKax JaHUX.

TounicTh Kmacudikamii BU3HAYCHA 3a JOITOMOroro komoOiHarii F1-
score Ta Precision, HopmarnizoBana B Mexax Big 0 go 1. 3amip TouHocTi
3MIACHIOBATUMEMO JUIsI JIBOX BHOIpOK 1 OpaTUMEMO yCepeaHCHE
3HAYCHHSI.

AOW BH3HAUHMTH sIKa 3 MOJEICH € HaWOILIbI e(pEKTHBHOIO 3a
HaBeICHNUMHU BUILE KPUTEPisiIMH OyJIO BHUPIIICHO 3aCTOCYBATH MPUHILIUI
TMHIAHOI amWTHUBHOI 3TrOpTKM 3 BaroBuMu KoedimieHTamu. [ns
BH3HAYCHHSI BaroBWX KoeQiIlieHTIB OyJI0 TpoBeldeHe eKCIIepTHE
OLIIHIOBAHHSI Cepell aHANITHKIB (KUIBKICTh PelieH3eHTiB ckiiana 50 ocib).
Orxe, nepeleMo 0 BU3HAYCHHS BaroBHX KOE(QII[iEHTIB. Y MHUTaHHI
knacudikailii BaXJIMBAM € MOKa3HUK TOYHOCTI. 3arajioM BaKIIUBICTh
MOJKHA OTHCATH HACTYITHUM YHHOM:

— JUIA TOYHOCTI: 16 040K ;

— JUTA €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:

— 1 ToyHocti: 16/20=0.8 ;

— JUIg eKOHOMIT yacy pobdotu mozeni: 2/20 =0.1 ;

— JUIS €KOHOMisl MiHIMaJIbHOTO IOIYCTHUMOTO O0CATY JaHUX st
JOCSITHEHHSI OTPiOHOTO piBHsI TouHOCTI: 2/20 = 0.1.

HactynHum  BaXnIMBUM —~ €JEMEHTOM  €KCIIEPUMEHTAIBHOTO
Cepe/IoBHILA € BH3HAYEHHS MOXJIHMBHX TNOXHOOK. Buxomsum i3
OIMCAHOTO TUIAaHY MOXKHA BHOKPEMHTH HACTYIHI (pakTopH, 1o 3/1aTHi
BIUTMHYTH Ha PE3yJIbTAT:

— miJi 9ac NepeBIpKM EKOHOMII dYacy: JIOJChKUK (akTop Ta
IHCTpyMEHTaIbHA TOXMOKa ;
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— MiJ] Yac MepeBipKH TOUYHOCTI: MPodJieMa TaHHUX.

AOH MOM’SKIIMTH 3a3HAa4Y€Hl HEBM3HAYEHOCTI, SK 3a3HA4ajocs,
BHUMIPIOBaHHS TIOKAa3HUKIB 3[IHCHIOBATUMEThHCS JCKIIbKA pa3iB.

ArperoBaHi pe3yJnbTaTd MPOBEICHOTO EKCIEPUMEHTY HaBeACHI Y
TabuI Hwk4e (Tadm. 1).

Tabmums 1
PesynbTati eKcriepuMeHTy
.. . MiniManbHHH
Tlimxin Yac pobotu, Mc TouHicTh o6esr
RCNN 221 97% 10000
HBK 154 85% 8000

[lepeBeneMo Bka3aHi 1aHi y €iMHy O0€3p03MIpHY KAy Ta
HopMaitizyemo. OTprMaHi 3Ha4eHHS HaBeAeHO y Tab. 2.

Tabmums 2
HopwmanizoBaHi Ta BUIO3MiHEHI Pe3yJIbTATU EKCIIEPUMEHTY
o Exonomist gacy . Exonomis
ITigxin TouHicTb
poboTHu 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 JIIHIMHOT aJUTUBHOI 3rOPTKH IS BUIAJIKY
RCNN nopiearoe 0.874, a pans BUMaAKy HAiBHOTO ©aecoBOro
knacudikaropa — 0.8784. Takum YWHOM IpyTrHWid MiAXiJ B paMKax
3allpONOHOBAaHUX KpuTepiiB € Oinpbm edexTuBHUM. OnpHaK BapTo
3ayBaXUTH, IO BiH 1CTOTHO Tipummi 3 TOYKH 30py TogHOCTi 32 RCNN i,
(haKTHYHO, OTpUMaHe 3HaYCHHS € HACIIJKOM HEIOCKOHAJILHOCTI MiIX0/Ly
3 MHIAHO aJUTHBHOIO 3rOPTKOIO.

UunHa poboTa cTaBuia Ha MeTi TNepeBipuTH e(eKTUBHICTh
BHUKOPUCTAHHS HMOBIPHICHOTO MiIXOJly Ha OCHOBI HAiBHOTO 0aecoBOTO
knancikaropa i BUSBIECHHS c(haOpUKOBAaHUX TEKCTOBUX AAHUX.

3a/uis  BUKOHAHHS IOCTABJIEHHOI METH Ta 3aBlaHb OyB
chOpMOBaHMI aNrOPUTM MEPeaoOpPOOKH JaHMX, SKAH JO3BOJIUB
BpaxyBaTH HACTPii TEKCTOBOTO MPEICTABICHHS Ta 30BHIIIHIA KOHTEKCT.
3a1s NOpiBHAHHS pe3yibTaTiB kiacuikauii Oyna BU3HAUeHa 3agada
0araTokpuTepiallbHOTO BHOOpPY Ta BHKOPHUCTAaHA, OTpUMaHa B XOJi
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MOTIEPEHBOTO JTOCITI/PKEHHS, MOJIC]Thb Ha OCHOBI ITOETHAHHS JIEKITHKOX
HEHpoMeEpexK.

VY pesynbprari €QEeKTHBHICTH WMOBIPHICHOTO MiAXOIy IOBEICHA,
OJIHAK TIUTaHHSA IIMOJO IOCTOBIPHOCTI OTPUMAHHX pPE3yJIbTATIB IIPH
BUKOPUCTAaHHI  iHIIOTO  cmoco0y TOPIBHSHHSA 1  MOAAIBLIOrO
BJIOCKOHAJICHHS aJTOPUTMY TEepPeIOOpOOKH 3aIUIIAETHCS BITKPUTHM,
30KpeMa dYepe3 BIIHOCHO HH3BKY TOYHICTH Momedi. Buxomsum i3
3a3HaUYCHUX YTOYHCHb MOXKHA BKAa3aTH, II0 OTPUMAaHUN BUCHOBOK
BIJIMTOBITa€ 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.

Funding: The research is funded by the IMPRESS-U program
within the framework of the project entitled *Modeling and forecasting
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 3APUIILKAN —
®YHJIATOP MATEMATHYHOI HAYKHA
HA 3AXIJTHOYKPATHCBKHX 3EMJISIX
Onena [Tonesenpka, Bacuns lllennepoBcbkuii
Tuemumym gisuxu 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.

[Moctyn Hayku HEe MOXke OyTH ycminiHUM Oe3 BUBYEHHS ii icTOpii,
TBOPYOTO I0POOKY OKpEMHX BUEHHX 1 IXHBOT POJIi y PO3BUTKY HAYKOBOT'O
3HaHHs. ToMy B Mi3HaBaJbHOMY INpOLECI BXKIUBY POJib BiIrpaioTh
JOCTIIDKEHHS HAYKOBI[IB, B SIKHX BUCBITJIEHO OiorpadiuHi AaHi BUCHHX i
iXHilf BHECOK Y CKapOiBHIO CBITOBOT HAYKH 1 TEXHIKH.

Mertoro 1i€i po3BiAKH € BHCBITJIEHHS TBOPYOTO LUIAXY OAHOTO 3
($yHIaTopiB YKpaiHChbKOT MaTEeMAaTUYHOI HAYKH Ha 3aXiJHOYKPaiHChKUX
3eMIIsIX, 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 TUTHUHOIO,
X04Ya pO3BUBABCA JOCUTH MIBUAKO. 3rooM OaThku nepeixanu 1o Hosoro
Cena IlizBonmoumncekoro paiiony. IlouaTkoBy mikomy Mmammii MupoH
3akiHumB y ceni KpuBomy B cBoro migma Antona CioneBcekoro. Komu
XJIOTIIEBI BHUIIOBHUIIOCS JECATh POKIB, BiH BcTymae no bepekaHchkoi
riMHa3ii, mepi JBa KJIacH SIKOi 3aKiHIy€E Ha «BiIMIHHOY.

liMHa3is Bifirpanga MOMITHY pojib B HalliOHATHHOMY BiApOKEHHI
lanuuuny, 3rypTyBajia BUAATHUX IEJaroriB, BUITyCTHIIA Y CBIT OaraTo
BH3HAYHUX AisdiB. TyT mpamfoBanmu Taki Biomi Misdi KyJIbTYpH, 5K
JlyuakiBcbkuid, Onexcannp bapsincekuii, Hacanbcekuii, borman
Jlenku#i, TomammiBcbkui, 3inuHCHKMA, Opatn AHTOH 1 Map’sH
Kpymenpannpki. XXBaBy AisutbHICTS MpoBanuB y bepexaHChKii riMHa3ii
TaeEMHUU yKpaiHCbKUIl TypTok «Momona VYkpaiHa», 3acHOBaHUI
3enonoM Kyzenero 1900 poxky.

Ha tperpoMy pormi HaBuaHHS OaThku TiepeBenr MuUpOHA [0
TepHominbchkoi ykpaiHChKOi TimHa3ii. HaBuaBcs xmomens moOpe.
HactynHoro poky BiH caMOCTiHO MiATOTYBaBCS 1 3/1aB €KCTEPHOM
eK3aMeHHM 3a 6-# Kiac Ta BCTYNHB 0 7-TO KJIacy KJIacH4HOI TiMHAa3ii B
[epemurui.

Came B 1iif crnaBeTHiH riMHa3ii MUpPOH CKJIaB iCIIUTH HA 3PiTICTh 1
HanucaB OaTbKaM Taky Tenerpamy: «Matypa 3 BiJI3HAaKOIO, OPOXKHIN
raMaHelb B KUIICHI».

1907 poxy Mupon 3apuiupkuii BcTymae a0 BigeHcbkoro
YHIBEPCHTETY, JIe CTY/iI0€ TPUPOI03HAaBCTBO Ta (inocodito. [Ipore
yepe3 Opak KOIITIB Ha MPOXKHUTTS, MIC/sI 3aKIHYCHHS MEPIIOr0 KypCy
yHiBepcHuTeTy, 6aThKH HE BiJITyCTHIIHM XJIOMIS A0 BinHs, 1 BiH BCcTynuB
no JIeBiBCchKOTO yHiBepcuTeTy. TyT BiH BUBYA€E MaTeMaTHKY, (i3UKY,
¢inocodiro. Crac aKTUBHUM Yy CTYJCHTCHKOMY Ta IPOMaICBKOMY JKUTTI.

e Ginpmry MOOOB 10 MaTeMAaTUKHU MPUILEILUTIOITH HOMY MPOBIiIHI
Ha ToH mepion y JIbBIBChKOMY YHIBEPCHTETI MaTeMaTHKHU mpodecopu
103ed [Ty3una ta BamuaB CepriHChKUiA, skuii cam OyB YYHEM BUIaTHOTO
yKpaiHChKOro Matemartuka ['eoprist BopoHoro.

1912 poky Mupon 3apuipkuii 3akiHuye HaB4aHHS y JIbBIBCbKOMY
yHiBepcuteTi. CaMe bOro poKy aBCTPIHCHKHIA Ypsi MOTOAUBCS (ITiCIst
JOMaraHb TIUIBKUX YKPATHINB) 3aCHYBaTH YKPaiHCHKUI YHIBEpCUTET
He mi3Hime novatky 1916 poky, ane BiliHa mepeuIKoAuia peaizamii
IBOTO TIPOEKTY.

Yepes pik MupoH 3apullbkuii CKIaJa€ YYUTECIbCHKHAN ICHHUT i
OTPUMY€ 3BaHHS BUMTENS CEPeAHIX IIKUI 3 MareMaTukd 1 ¢i3uku.
Po3paxoByBaTi Ha MOXKJIMBICTh BUKJIAIATH Y BUILIH KO yKpaiHIIEBI B

220



yMOBax TOro 4acy Oyno HepeainbHO. OTOX MupoH 3apHuUbKUN MPaLioe
yuuTeJIeM y NMpPUBAaTHHUX yKpaiHChKHX TiMHa3isx bemsa ta 30apaxa, a
3romoMm — y AepkaBHuX riMHa3isx Komomui ta Tepronons. Hapemri, y
1925 porti, BiH iepeizauts 10 JIbBOBa, /ie CIOYaTKy MPAIIOE Y MTOIBCHKIH,
a 3roZIoM — B YKpaiHCBKil akaaeMiuHiil riMHa3ii. Ciij 3ayBaKUTH, 110
Mupon 3apuilbKuil He JIWIIe BUKJIAAae B Iiil HalcTapimii yKpaiHChKIN
riMHazii ['anmumHwy, a i Besie HayKOBY poOOTYy.

[Tpo HaykoBy 3pinicTs MupoHa 3apUILBbKOT0 CBITYUTH OOpaHHS HOTO
1927 poky aiticaum uneHoM HaykoBoro ToBapuctBa Tapaca LlleBueHka.
Bin akTHBHO Tparfoe y MaTeMaTHIHO-TIPUPOJOITHCHO-TIKAPChKiH CEeKIIii.
Hpykye cBoi HaykoBi mpani y «30ipuuky HTLI», a 3a mpamio «/leski
OCHOBHI MOHATTS aHANi3y MOJOXKEHHS 3 TOYKU 30py ajareOpH JIOTiKu»,
HagpykoBaHy B xypHaimi «Fundamenta Mathematicae», JIbBiBCEKWMIA
yHiBepcureT 25 xoBTHA 1930 poky mpucyauB oMy BUEHHI CTYITiHB
nokTopa disocodii.

Voro obuparots wienom HiMeIpkoro MaTeMaTHIHOTO TOBAPHCTBA,
JIbBIBCBKOIO  TONBCBKOTO ~ MareMaTHMYHOIO  TOBapUcTBA.  BiH
30JIMKYETHCS 3 BUIATHAMH MOJILCHKUMU MaTeMaThkamu Ll teitarayzom i
banaxom.

Came o banaxa it mpuxunuBcst MupoH 3apunbKuil y mi poku. Bin
nepeknanae npaito banaxa 3 ¢gpaHiry3pkoi Ha ykpainceky. [licist cmepri
Banaxa B 1945 pomi Mupon 3apuubkuii crae JeKkaHOM (i3UKO-
MaTeMaTHYHOTo (hakymnpTeTy, a 3 1948 poxy kepye kadenporo 3araibHoi
MaTEeMaTHKH.

21 xBitHs 1945 poky HoMy NMPHCBOIOIOTH 3BaHHS mpodecopa, a 6
mumHs 1946 poky — BUEHHI CTYMiHb KaHJUIATa (i3UKO-MaTeMaTHIHNX
HayK.

MupoH 3apullbkuii y 1eH mepioj] aKTHBHO TPAIIOE SIK HAYKOBEb i
SK OpraHizaTop MaTeMaTHuHUX Kadenp y JIbBiBCbKOMY Ta Y3Kropoa-
CHhKOMY YHIBEPCHUTETaX, YATAE JICKIii 3 BUIIOi MaTemMaruku. BiH OyB
HenepeBeplleH!M neaaroromM. Ha Hayky AuBHBCS SIK Ha «TIpaBy i Kpacy,
1[0 BUBHUIIYE JIOAUHY ayxoBHo». llle 1927 poky Ha oBijIeHHOMY
3i0panHi, npucBsyeHoMy 30-ii piuHMII MaTeMaTHYHO-NIPUPOAOTIMCHO-
mikapcekoi ceknii HTII, Mwupon 3apuibKuii BUTOJOCHB JOIOBiIb
«[IpaBna, kpaca i MaTeMaTHKa.

«Koro He MaHUTH Hi Kpaca, HI MHCTEITBO, XTO XHBE BOOTHM
OYyXOBHUM KHUTTSIM, TOW Hiyoro He nacte Maremaruui. [loesis He
PI3HUTBCS BiJI MATEMATHKH BUIIUM JIETOM YSIBH, 2 MATEMATHK Pi3HUTHCS
BiJI TIO€TA JIMIII THM, 110 BCE 1 BCIOJIU PO3YMi€... AJie IK y MUCTEITBI, TaK
1 B MaTeMaTHLli JIUIIEe TBOPH rapHi NepeKUBAIOTh CTOMITTS 1 BUXOBYIOTh
LTl TOKOJTIHHSY, — caB MUpoH 3apuIbKUH.
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Hayka ans Mupona 3apunbkoro Oymna moTpe®oro i HacoJo0AoIo,
MpaLero 1 BiANOYUHKOM, SIK BIH CaM 4acTO TOBOPHB.

Yuennii crpaBni HaiiOinbine JTIOOMB MaTeMaTHWKy, OyB BEIHKHM
3HABIIEM iCTOPIii MaTeMaTHKH, HAAPYKyBaB KUTbKa Mpallb 3 icTopii HayKw,
30KpeMa «XpecToMaTiio rperbkoi MaTeMaTuku» 1936 poky MoJIbCHKOI0
MOBOI0. BapTo cka3zaru, mo BiH 700pe 3HAaB A0 IECSTKA Ty KUHEIBKUX
MOB, CepeJl HIX HaBiTh CTapOreOpeiChKy, 3aX0IUTFOBABCS ACTPOHOMIEIO 1
320X04YYyBaB CTYACHTIB YHIBEPCUTETY CIIOCTEPIraTu 30psiHe He0o.

OcHoBHI HayKkoBi mpani Mupona 3apHUIIBKOTO CTOCYBAIUCS TEOPii
MHOXUH 1 Teopii QyHKIi# AificHol 3MiHHOI. BiH HaBiTH WiATOTYBaB 10
npyky MoHorpadito «Teopist MHOKUH», ae BoHA He OyJia HaApYKOBaHa.
["010BHOIO K 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 Horo
cydacHuKa mpodecopa, BHIATHOTO MaTeMaTHKa i memarora MuUKou
YaiikiBcpkoro. BiH mwmmie, mo mpo 3HAYEHHS HAYKOBUX 3I00YTKiB
3apuIBKOTO «MOXE CBITUATH Xo4da O TOH ¢hakt, mo Ha Tpari
YKpaiHCBKOTO BUEHOTO IOCHIIAIOTBCS ab0 LUTYIOTh iX OKpemi
MOJIOKEHHs (ppaHITy3bKi Ta HiMelbki MaTematuku Opere ta [inpoepT,
KOJIMIITHIM BUNTEINh HAIIOTO 3eMIIsika rpodecop Baras CepriHChkni Ta
THIIIIY.

LlikaBuMH € CrOrajd BYCHUX, SIKUM JOBOJMJIOCS CIyXaTH JIEKIii
Mupona 3apunpskoro. [Ipodecop JIpBiBChKOTO YHiBEepcuTeTy Muxaiiino
CenbkiB y cBoix crnoragax nuuie: «IIpodecop 3apuubkuii yutaB aeKmii
BUKJIIOYHO YKPaiHCHKOIO, ITHOPYIOUM HaKa3 aJMiHICTpallii Mpo YUTaHHS
nexuiil. [Ipo Horo mengaroriuny MmaicTepHIiCTh ckazaHO Oararto: Tpeba
OyTH IemaroroM HaWBHUILOIO Kiacy, W00 MOE€JHYBaTH MPOCTOTY i
JNOCTYIHICTh BHUKJIAAy 3 BHUCOKMM HAayKOBUM piBHEM... XapaKTepHa
netanb: Ounblie moysoBHHU cryaeHTiB mpuixano 3 [lonemi (Kpakis,
[lo3nanp, Bapmasa) i Hikomu He 4ynHm yKpaiHChKOi MOBU. Bci BOHHM
aKypaTHO BiABiAyBanm 1 KOHCHEKTYBalM JeKIii mpodecopa
3apuibkoro... Bin HaBYMB Hac Oijbllle, HI)K TEOPEMH MaTEMaTHYHOIO
aHaJIi3y, BiH HAaBUMB HAC TyMaHHOCTH, JIFOOOBH JI0 JIIOJEH, TOMY, L0 caM
ix moOuB...»

Iammit  cmyxad nekmii Mupona 3apunpkoro JlsHre 3ranye:
«lonopauM Oynia Ta atMocdepa, sika MaHyBajia Ha JIEKIisiX MupoHa
OnypiiioBuya. 5 Mato Ha yBasi Ty IMOOKY, MaiiKe pemiriiiHy, momany
JI0 BEJIMKOTO TBOPIHHS JFOJICBKOTO AYXY, SKUM € MaTeMaTHYHHUIA aHai3.
Komn Mupon OmnydpiiioBiu Ha3uBaB BelMKi iMeHa — Apximena,
Hrtorona, JlenOnima, Komri, Beiiepmtpaca, Eilinepa, Kanrona,
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lnsbepra.., 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 Mupona OnydpiiioBuda, HOro yKpaiHCBKY
MOBY, BHpI3HSJIa fKach KpHIITaleBa  YHUCTOTa, JUBOBH)KHA
MUJIO3BYYHICTh, ICTUHHICTb, HEMAPOOHICTh... CBOIM criocobom OyTTs
BiH HIOW MiJIKPECITIOBaB: MOBa HApOIy — HOT0 HAWIIHHIIIE HaIO0aHHA,
HagOaHHs, sike Tpeba Oepertu, MpuUMHOXKYBaTH. Lle — ckap0 He TiTbKH
JAHOTO HApO.y, alie i BChOTO JIIOACTBA...»

Crpaai, Mupon 3apunpkuii OyB HE TiIIBKH BEJIMKAM BYCHUM, a W
JIIOAMHOIO CHJIBHOTO IyXy. J[03BOIMMO COO1 BUCIOBUTH NPHITYIICHHS,
mo camoro MwupoHa 3apuIbKOro BiJ YB’SI3HEHHsS OOOpPOHUB HOTO
BJIACHU HAyKOBUU aBTOPHUTET...

OueBUOHO, BCE IMEPEKUTE HE JAoJalo 300poB’st Mupony
3apunpkomy. Ha cxwmoni Biky BiH TsKKO XBopiB. BiniiimoB y BignicTs 19
cepmaa 1961 poky. Moro moxosano Ha JIMuakiBChbKOMy IIBHHTapi y
JIsBOBI.

CBOiM XUTTEBUM NOJABUIroM MupoH 3apULbKUU 1lI€ pa3 CTBEPIUB,
110 3aKJIaJIeH] y CBIAOMICTh 3 TUTSIYMX POKIB HAIllOHAILHO-TIATPIOTUYHI
i7Ieasii He MOXKYTh OyTH 3HUILEHI YKOJHUMH XUTTEBUMHU HE3TrOZaMH, a
MOJBI)KHUIIbKA MPAlsl HA KOPUCTh CBOTO HAPOAY € CEHCOM XUTTS. BiH
TBOPHB JOOpO AJIs JIIOZCH, HaBYalOYM T'YMAaHHOCTI, JIFOOOBI JO KUTTS,
71r000BI 10 JTHOJEH.
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PE30OJIIOLIA
XXVI MikHapoAHOT0 HAYKOBO-NIPAKTHYHOT0 CeMiHapy
"KOMBIHATOPHI KOH®ITYPAIII TA IXHI
3ACTOCYBAHHA"
npucesiueHoro nam’sati npogecopa Jonus I'.I1.

VYaacaukun XXVI|  MixkHapogHOTO  HayKOBO-TPAKTUYHOTO
ceminapy «KombinaTopHi koH}irypamii Ta iXHI 3acTOCyBaHHI»,
OpraHi30BaHOTO 3a MIATPUMKH MiHiCTEpCTBa OCBITH 1 HayKu YKpaiHH,
LenTpanpHOYKpaiHCHKUM HAI[IOHAJBbHUM TEXHIYHUM YHIBEPCUTETOM
(kadenpa  BuUIIOI MareMaTHMKU Ta  (¢i3uku), HamioHanbHUM
YHIBEpCUTETOM «3amopi3bKka TMONiTeXHiKa» (Kadeapor CHCTEMHOTO
aHalizy Ta OOYHCIIOBATHHOI MaTeMAaTWKH) 3a MIATPUMKH [HCTHTYTY
kibepuetuku imeni B.M. I'mymkoBa HAH VYkpainu, npeacrasunu 32
HaBYAJIBHUX 3aKIaJM Ta HAyKOBUX YCTaHOB YKpaiHu Ta iHO3eMHi. B
cemiHapi Opaiii y9acTh MPEICTABHUKH BUIINX HABYAIBHUX 3aKIJIAIIiB Ta
HAYKOBUX yCTaHOB:

. LenTpanbHOyKpaiHChKHI HAIllOHATBHUN TEXHIYHUN YHIBEPCUTET

. HartionansHMit yHiBEpCHTET «3ammopi3bKa MOTITEXHIKa

. ImcturyT kibepretuku imeHi B. M. I'mymkxosa HAH Yxkpaian

. Leeds University Business School, University of Leeds, UK

. ABH3 «Y3xropoxacekuii HallioHAIbHUNA YHIBEPCUTET»

. JIHIIpOBCHKUI HallioHabHUH yHiBepcuteT iMeHi Onecs I'onuapa

. 3anopi3bKkuii HalliOHANBHUH YHIBEPCHTET

3anopi3pkuil  00JIaCHMM I1HCTHTYT MICJISIUIUIOMHOI IeqaroriyHoi
OCBITH

9. IactutyTt ipobniem mamuHOOy ryBarHs iMeHi A.M. Ilinroproro HAH
Ykpainu

10. InctutyT Texniunoi Mmexaniku HAH Ykpaiau

11. IncrutyT dpisuku HAH Ykpainu

12. KuiBchkuii HallioHAIBHUH yHiIBepcuTeT iMeHi Tapaca [lleBuenka

13. JIboTHa akazmemis HarjioHamsHOTO aBiallifHOrO YHIBEpCHUTETY

14. MixxnaponHuil €BponechKUi YHIBEpCUTET

15. MixHapoJHHH HAYKOBO-HABUIGHUHA IEHTpP iH(popMamiiHuX
texHororiit ta cucreM HAH Ta MOH VYkpainu

16. HaBuanbHo-HaykoBuii inctutyT BHII " IHinpoBchbKHiA r'yMaHiTapHUI
yHiBepcHuTeT"

17. HarionanpHuii aBianiiH1i yHIBEPCUTET

0NN AW~
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18. HamionanbHuil aepoKOCMIYHMK  yHIBEpCHTET «XapKiBChKUHN
aBialliifHUI IHCTUTYT»

19. HamionanpHWE  yHIBEpCHTET BOJHOTO  TOCMOJapcTBa  Ta
MIPUPOAOKOPUCTYBAHHS

20. HanionansHui TEXHIYHUHN YHIBEpCHTET «/IHIMPOBCHKA MOITEXHIKa»
21. HamionanpHH{ TeXHIYHHN yHiBepcuTeT YKpaianm «KuiBcekuit
MOJIITeXHIYHUH 1HCTUTYT iMeHi [ropst CikopchKoro»

22. HanionaneHuii yHiBepcuTeT «JIbBIBChKA MOJIITEXHIKA»

23. YkpaiHChKUH IepKaBHUH YHIBEPCUTET HAYKH 1 TEXHOJIOTiH

24. XapKkiBChbKUH HAIlIOHATFHUHN YHIBEPCUTET PaliOCIeKTPOHIKH

25. XapkiBcbKMII HaILllOHANBHUI YHIBEPCHTET MICBKOTO TOCIIOJAPCTBa
imeni O.bekerosa

26. IncturyT MaTematuku JIoq3bCHKOTO MONITEXHIYHOTO YHIBEPCHTETY,
[Tompma

27. IHCTUTYT cucTeM ynpaBiiHHA, A3epOalimKan

28. Yuiepcutet [enasep, CILIA

29. llkoma xoMmm'IOTepHHX HaykK, YHiBepcuter CeHT-EHaproca,
06’emnane KopoiBcTBo

30. Camapkanacekuii  ¢imian  TalIKeHTCHKOTO  YHIBEPCHUTETY
iH(hOopMaIitHIX TeXHOJOTiH, Y30eKknucTan

31. I'pomazckka opranizaiiiss « CHCTEMHI TOCIIPKEHHS

32. Ykpainceke i3uuHe TOBAPUCTBO

Y4YacHUKM ceMiHapy pO3IJISIHYJM HaiOLIbLI akTyaslbHI MUTaHHS,
MOB’si3aHi i3  KOMOIHATOPHMMH  KOHQIrypamissMg Ta  IXHIMH
3aCTOCYBAaHHSIMH JIO BUPINICHHS CyYacHHX MPoOJeM MOJCIIOBAHHS Ta
MPUAHSTTS PillIeHb B yNPaBIiHHI CKIAJHUMH CUCTEMaMH Ta MPOLECaMu
3a TAKUMHU HarpsiMaMu:

1. KomOinaTopai koH}iryparii, rpadgu Ta 3amaqi ontumizamii Ha
HUX.

2. ABTOMaTH, CKiHYeHHI anreOpu, MaTeMaTH4HA JIOTiKa 1 Teopis
MHOXKHH, TEOpis irop i Teopis TPHHHATTS pillleHb, KOIYBaHHS Ta
po3mi3HaBaHHs 00pa3iB, iX 3aCTOCYBaHHS B PI3HHUX Taly3sX.

3. MaremaTHuHi MOZeIi AUCKPETHUX MPOLECIB i CUCTEM Pi3HOTO
MpU3HAYCHHS.

4. Tporpamue 3a0e3NeUeHHs] CHHTE3y Ta aHAII3y KOMOIHATOPHUX
KoH(Diryparii.

5. 'padu 3HaHB, OHTONOTII, MAlIMHHE HaB4YaHHA, rpadoBi 0azu
JIAHUX, TITYYHUN 1HTEIEKT.

6. IcTopist pO3BUTKY YKpaiHCHKOT HAYKH.

[Ipobnemaruka kKoH(epeHLii npuBepHyna 10 cede yBary ¢axiBLiB
i3 pi3HMX raimy3eid 3HaHb. Y HayKOBOMY 3axoai B3suin ydyactb 100
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YUYaCHHKIB, cepel skux: 30 JokTopiB HayK ((i3nko-MaTeMaTHIHUX — 15,
TeXHIYHUX — 12, memaroriyHux — 2, eKOHOMIYHUX — 1); 46 KaHIUAATIB
HayK ((i3uKO-MaTeMaTHIHUX — 26, TeXHIYHUX — 17, memaroridanx — 1;
eKOHOMIYHHX — 1); 9 BUKJIaaviB Ta HAYKOBIIIB 0€3 HAYKOBOTO CTYIICHS;
15 cTyneHTiB i acripaHTiB

Yyacuuku KoH(EpeHIIii 00TOBOPHITH TaKi MPOOIeMHI TUTAHHS:

* BBE/ICHHSI HOBHX THUIIIB KOMOIHATOPHUX KOH(ITYpaIiii;

* PO3B’s13aHHsI JBOCTAITHOI 3324l aKTHBAIlii-pPO3MIILICHHS;

* aJITOPUTMIYHOTO MiAXO0AY 10 HaBirawii rpynoto bITJIA;

* METOJIM 3aXHCTY MPOTPAMHOTO0 3a0e3MeYeHHs, SIKi IPyHTYIOTbCS
Ha MOJIEJISIX MaTeMaTUIHOTO celi(ha Ta Tpalio3HUX JIepeB;

* aHaJIi3 METO/IB PO3MITKH Ipadis;

* pO3B’s3aHHS KBAIPATUYHOT 3a]a4l YIIaKOBKH KPYTiB;

* BHpimeHHS 3amadi i3omopdizmy rpadiB 3a IOMOMOTOO
iHBapiaHTIB;

* METOAM TPUHHSATTA pilIeHs OIlepaTopaMy aepoHaBiramiiHoOl
CHCTEMU;

* MOJICJTIOBAaHHS KJIACTEPiB HA OCHOBI MYJIbTUHEUYITKIX MHOKHH;

* MOJICJTIOBaHHS BUIAJAKOBUX Tpadis;

* METOAW BUSBJICHHA Ta HelTpamzamii Mepexi OO0TIB y
PEKOMEHIAIIHHUX CUCTEMaX;

* METOM BUSIBICHHS cabcudikoBaHOi iHPOpMALIii;

* 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 (YHAAMEHTAJIBHUX 1 MPUKIAIHUX
JNOCHIDKEHb B Taly3sX HAyKd, Jieé WIMPOKO BHUKOPUCTOBYIOTHCS
KOMOIHaTOpHI KoOH(Qirypanii, y4yacHHUKA KOH(EpeHIil BBaXarOTh 3a
HeoOX1IHE:

1. TIpomoBXHUTH HAYKOBI JOCIHIHKEHHS 32 OOpaHUMHU HarpsiMamH,
BpPaxOBYIOUM 3POCTal4y aKTyajbHICTH Ili€el TeMaTHKH. Bim3Hauupiim
BUCOKY €(eKTHBHICTh aucTaHuiiHoi ¢opmu mnpoBexeHHs XXVI
MiXHapoIHOIO HayKOBO-IpakTH4HOro ceMiHapy «KombOinatopHi
KOH(iryparrii Ta IXHi 3aCTOCYBaHHS», PEKOMEHIyBaTH B MallOyTHbOMY
MOEIHYBATH JHMCTAHIIHY (¢GopMy pOOOTH CeMiHapy pa3oM 3
TPaIULIiIHHOI0 OYHOIO HPUCYTHICTIO (38 MOYIIUBICTIO).

2. Po3BuBaTH HayKOBi 3B’SI3KU 3 BITYM3HSHAMH Ta 3aKOPAOHHUMHU
MPOBIIHUMHU BUIIMMH HaBYAJbHHUMHU 3aKJIaJaMd T4 HAyKOBHMH
yCTaHOBaMH JUIsI OpraHizallii i peajizamii criTbHUX HAyKOBUX Ta OCBITHIX
MIPOEKTIB.
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3. PexomeHnmyBaTu i1 TpOBENEHHS HACTYIHHX CEMiHapiB
MiArOTOBKY iH(pOpMaLiiHUX MaTepialiB YKpaiHCHKOIO Ta aHTJiHCHKOI0
MOBOIO.

4. TligTpuMyBaTH 3aJy4eHHS MOJIO/I O y4acTi B ceMiHapi.

5. PexomeHnnyBaTd Kpamii JOMOBiAi ceMmiHapy no myOmikamii B
30ipHUKY HayKOBHX mpalls «KiOepHeTHKa Ta KOMIT FOTEpHi TEXHOJIOTII».

6. Posmictutu iHdoOpMaLii0 MpO IPOBEACHHH CeMiHApP Ta
omyOiKyBaTH pe3ooLito KoHpepeHii i 30ipHuK MaTepianiB Ha calTax
LenTpansHOyKpaiHCHKOTO HALlIOHATIBHOTO TEXHIYHOTO YHIBEPCUTETY Ta
HarioransHOTO yHIBEpCUTETY «3amopi3bKa MOTITEXHIKAY.

7. NommproBatn iHdoOpMaLil0 TpPO pe3yibTaTH CEMiHApY Y
CHeLiaNi30BaHUX BHIAHHSX.

3aCTYIHHK T'OJIOBH OpraHi3aIliifHOro KOMiTeTy
3aB. kap. BM Ta @ C.M.Slkumenko
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Marepianu
XXVI Mi>kHapoJHOTO HAYKOBO-TIPAKTHYHOT'O CEMIHAPY
"KOMBIHATOPHI KOH®II'YPALII TA IXHI
3ACTOCYBAHHAA"

MpUCBsUeHOTo 1am’sATi mpodecopa onmst I'.I1.
13-15 uepsna 2024 poxy

Penaxiiitina koseris He Hece BIAMOBINAIILHOCTI 32 MaTepiaiu,
orry0IikoBaHi B 30ipHUKY. Y Ci BOHM TIOJ]aHi B aBTOPCHKIN peakilii Ta
BHPaXXalOTh NMEPCOHATBHY MO3UINI0 YIYACHUKIB CEMiHAPY
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[IpuBaTtHe mianpuemMcTBo «EKckimo3uB-Cructem»
Ceigonreo aepx. peectpy JKNe4470 Big 17.01.2013p.
25006, m. Kporrupautskuid, By. llleBuenka, 25
ten. 050-92-20913

228



