MiHnicTepcTBO O0CBiTH i HAYKH YKpaiHu
Haunionansnuii yniBepcurtet «3anopizbka noJiitexHika

Incruryr kibepHeTukn im. B.M.I'tymkosa
HanionanbHoi akanemii Hayk Ykpainu

HenTpanbsHOyKpaiHChbKHiT HAIOHATbHUN TeXHiYHMIT yHiBepcUTeT
3anopi3bkuii HalioHAJbHUI YHiBepcHuTET
IncTutyT MOaepHi3anmii Ta 3MicTy ocBiTH
Exonomiko-texnosoriunuii incrutyt imeni Po6epra EabBopTi
YuiBepcurer Kapaigdy
MaapuacbKuii moJiiTexHiYHuil yHiBepcuTeT

I'pomaaceka opranizanisi «CucTeMHi 0CTiTKeHH D)
I'pomaaceka opranizanis M/IIIBE

MATEPIAJIA

XXVII Misxcnapoonozo
HAYK0BO-NPAKMUYHO20 ceminapy
"KOMBIHATOPHI KOH®IT'YPAIII TA iXHI 3ACTOCYBAHHA"
npuceauenozo 125-piyuio
Hauionanvnozo ynisepcumemy «3anopizsKa noimexHikay
4-6 yepBHs 2025 poxy

O

3anopixoxsa - KponnBanubkuii — Kuis
Ykpaina



VJIK 004:519
C 91

Pexomenodosano 0o sudanns Buenoio padoro Hayionanvnoeo ynieepcumemy
«3anopizvra norimexuixay (I[lpomoxon Ne 12 gio 27.06.2025 p.)

Penakuiiina xoaeris

Iynanuysxuti JI.@., unen-kop. HAH Vkpainu, 1.17.1H., cTapmmii HayKoBuit
CHiBpOOITHUK, 3aBilyBad BIAJIIOM METO/IB KOMOIHAaTOpHOI ONTHMI3alii Ta
inTenekryansHux IT Iucruryry kibepuermkm im. B.M. I'mymkosa HAH
VYkpainu;

baxyposa A.B., @NOKTOp €KOHOM. HayK, mpodecop, mpodecop
kKadenpu cucTeMHOro aHalmizy Ta OOYHCIIOBaNbHOI MaremMaruku HY
«3anopi3bKa MOJITeXHIKaY;

Cementoma M.D., ¥.p.-M.H., JIONEHT, JAOICHT Kadeapu BHUIIO]
MaTeMaTHKH Ta (i3uku LleHTpaIpbHOYKPAIHCHKOTO HAI[IOHAIBLHOT'O TEXHIYHOTO
YHIBEPCHUTETY.

Co1 Matepiann XXVII MikHApOAHOT0 HAYKOBO-NPAKTHYHOI0
ceminapy «KomoOinatopni koHdirypaunii Ta ixHi 3acTocyBaHHS»,
npucBsiYeHOro 125-piyuto HamioHaabHOrO yHIBEPCHTETY «3armopi3bka
nonirexHikay (3anopixoksi-Kpornusuuipbkuii-Kuis, 4-6 uepsus 2025 p.),
[Enextponnuii pecypc] Enexrpon. nani. — 3anopixoks : HY «3anopizbka
nojitexHikay, 2025. — 1 enekrpon. ont. auck (DVD-ROM); 12 cm. —
Hasga 3 tut. expana. — 200 c.

ISBN 978-617-529-515-1

VYV 30ipHUKY IpeJcTaBieHi pe3yJbTaTH TEOPETHYHHX Ta EKCIICPHMEHTAIbHUX
JOCHI/DKEHb 32 OCHOBHUMHM HampsiMamu  pobotu  ceminapy: 1. KomOinatophi
KOH(Qirypanii, rpapu Ta 3amaui omntumizamii Ha HHX. 2. ABTOMAaTH, CKiHYCHHI
anreOpy, MaTeMaTHYHA JIOTiKa 1 Teopis MHOXHH, TeEOpis irop i Teopis NPUHHATTS
pilleHb, KOAYBaHHS Ta pO3Mi3HABaHHS OOpa3iB, IXHE 3aCTOCYBaHHS B PI3HHX Tally3sX.
3. MaremaTHuyHi MoJemi JUCKPETHHX IIPOIECIB i CHCTEM pI3HOrO NpH3HAueHHS. 4.
Iporpamue 3a0e3neueHHsl CHHTE3y Ta aHali3y KoMOiHaTOpHHX KoH(irypauiid. 5. I'pacdu
3HaHb, OHTOJIOTIi, MAlIMHHE HaBYaHHS, rpadoBi 0a3u JaHMX, IITYYHUH iHTENEKT. Bunanus
cTaHe KOPHUCHHM JUIS CTYJCHTIB, BUKJIAa4iB, HAYKOBLIB Ta (axiBIiB ramysi iHpopMariiomx
TEXHOJIOT1H, MaTEeMaTHKU.

YK 004:519

ISBN 978-617-529-515-1 © HY «3anopi3pka nomitextika», 2025



MNPOT'PAMHUI KOMITET CEMIHAPY
Tonoesa:
JleoHin FYJIHHI/IIII:KI/Ifl, unen-kop. HAH Vkpainu, 1.T.H.,
CTapIInii HAayKOBUH CIIBPOOITHUK, 3aBiIyBad BiJJIiJIOM METOIIB
KoMOiHaTOpHOI omTuMmizamii Ta iHTenekryanpHux IT IHCTHTYTY
kibepueTtuku iMm. B.M. I'mymikoBa HAH Yxkpainu

3acmynnuku 2ojioeu.:

AnHa BAKYPOBA, n.e.H., mnpodecop, mpodecop Kadempu
«CHCTeMHOro aHamizy Ta OOYHCIIOBaIbHOI MaremaTuku» HY
«3anopi3pKa MO TeXHIKa»

Mapuna CEMEHIOTA, k.¢.-M.H., TOUEHT, JOIEeHT KadeapH BUIIO]
MareMaTuki Ta (i3uku LleHTpanbHOYyKpaiHCHKOrO HalliOHAIBHOTO
TEXHIYHOTO YHIBEPCUTETY

Ynenu npozpamnuozo Kkomimemy:
- Cren YPSCEB, npodecop, 3aBigyBad kadeapn IpUKIaIHOL
MaTeMaTHKHd Ta CcTaTucTuku pomuHu @peii, YHiBepcurer
Croni-bpyk, CILIA;

- Ilerep KAMEPOH, noktop Hayk, Illkoma matemaTwku i
cratuctuku yHiBepcutety Cent-Ennproc, llloTnanmis;

- Oaekcanap KOHOBAJIOB, n-p, Buxmagau Illkona
KOMITTOTepHUX Hayk, YHiBepcuter Cent-Ennproc, LlenTp
MDKIUCHUITTIHAPHUX JIOCIIKEHb 3 00UUCIIOBaJIbHOT anredpu
Cent-Enaproc GAP Center, [llotnannmis;

- Inas CA®PO, noxtop ¢inocodii, 3acTymHUK 3aBimyBada
Kadenpu acmipaHTypd Ta JOCHiJKeHb, JOLEHT Kadenpu
KOMITIOTepHUX Ta iH(QopMamiliHMX HayK, YHIBEepCHTET
Henasepy, CILA;

- bopuc TOJBAEHI'OPIH nrH., mpodecop; PhD,
VuiBepcutet ['poninrena, Hinepmannu;

- Yayroek HAP3YJIJIAEB, x.¢.-M.H.,  [OLEHT, JeKaH
(baxyJIbpTeTy TeNIEKOMYHIKAIIIMHUX TEXHOJIOTiH 1 mpodeciiHoi
OCBITH CamapkaHJICbKOTO ¢bimiany TamkeHTChKOTO
yHiBepcUTeTY iH(pOpMaLiiHUX TEXHOJIOTIH, Y30eKicTaH;



Irop KO3IH, n.¢.-m.H., mpodecop, mpodecop kadenpu
eKOHOMIYHOi KiOepHeTHKH 3amopi3bKOro  HaIlOHAJIBHOTO
YVHIBEpCHUTETY;

Cepriiit KPUBHM, 1.¢.-m.H., ipodecop, npodecop kadempu
IHTENEeKTyaTbHIX [IPOrpaMHUX CUCTEM Kuiscekoro
HarfioHapHOTO yHiBepcuteTy iM. T. IlleBuenka;

Biktop KY3BMEHKO, «x.}.-M.H., cTapmuii HayKoOBUH
CIIBPOOITHHUK, 3aBiAyBad BiIIiJIOM €KOHOMIYHOT KiOEPHETHKH
Incturyty kibepueruku iM. B.M. I'nymikoBa HAH Vkpaiuu;

Mukoma MAJISIP, n.t.H., mpodecop, mpodecop kadenpu
KiOEpHETHUKH 1 NPUKIAHOI MaTeMaTHKd Y IKTOpOACHKOTO
HalliOHAIBHOTO YHIBEPCUTETY;

€sm3asera MEJIEHIKO, n.1.H., npodecop, 1oueHT Kadenpu

KibepOe3nexn Ta IPOrPaMHOro 3abe3nedeHHs
LleHTpaIbHOYKPATHCHKOTO HaLliOHAJIBHOTO TEXHIYHOT'0
YVHIBEpCHUTETY;

Mapuna HOBOXHWJOBA, 1.¢.-m.H., mpodecop, 3aBimxyBad
kadenpu mpHKIAZHOI MaTeMaTHKH Ta  iHQOpMAaIifHIX
TEeXHOJIOTiH, XapKiBCPKUH  HAIiOHAJBHUA  YHIBEPCHUTET
Mmicbkoro rocronapersa im. O.bekeToBa;

Biragiii IEPENEJULS, n.¢.-m.H., npodecop, mpodecop
kadenpu €KOHOMIYHOT KiOEpHETHKH 3anopi3pKkoro
HAaIliOHAIBHOTO YHIBEPCUTETY;

Terasna POMAHOBA, n.1.H., mnpodecop, mnpoBigHul
HAyKOBHUH CHIBPOOITHUK BTy HENiHIHOI MeXaHIKM Ta
MaTeMaTHYHOTO MOJENIOBAaHHA IHCTHTYTYy €HEpreTHYHHUX
MmamuH i cucreM iM. A.M. Ilinropaoro HAH VYkpainu;

Ouexciit CMIPHOB — n.1.H., podecop, 3aBimyBad kadeapu

KibepOe3nexn Ta MPOTPAMHOTO 3a0e3medeHHs
LenTpanpHOYKpaiHCEKOTO HAI[IOHAIBHOTO TEXHITHOTO
YHIBEpCHUTETY;

Herpo CTEHIOK, unen-kop. HAH Vkpainm, a.¢.-M.H.,
CTapIIMii HAyKOBUH CHIBPOOITHUK, 3aBigyBad BIIIIJIOM
METONIB Hernankoi onrtumizauii IHCTUTYTY KiOepHETHKH
iM. B.M. I'mymkoBa HAH Ykpainu;



Exina TEPEIIEHKO, x.¢.-M.H., IOICHT, B.0. 3aBiayBada
kapenpn «CucTeMHOro aHajmizy Ta  OOYHCIIOBAIBHOI
marematukm» HY «3amnopi3bka nomitexHikay;

Hapgin TUMO®IEBA, 1n.T.H., 3aBigyBadka BiIAiIy
KOMIUIEKCHUX ~ JOCH/DKeHb iH(GOpPMAmiHHUX  TEXHOJOTIH,
[HCTHTYT iH(MOpMaNiIHUX TeXHOIOTiH Ta cucTeM HamioHanpHO1
akazeMii HayK YKpaiHu;

Banentnna TYPUMHA, x.¢.-M.H., [IOICHT, 3aBiayBau
kadeapu OOYKMCIIOBAILHOT MaTeMaTHKH Ta MaTeMaTHYHOl
KiOepHeTHKH JIHIMPOBCHKOTO HAI[IOHAILHOTO YHIBEPCUTETY
iM.O.I'oHuapa;

Ceitmana YC,k.¢.-M.H, JjoneHt, mpodecop Kadenpu
«CucremHoro aHaimizy 1 ympamiHHS» — HamionanasHOTrO
TEXHIYHOTO YHiBepcuTeTy «/IHITPOBCHKA MOMIITEXHIKAY;

Bacuan IMIEHJIEPOBCBKMM, 1.¢.-M.H., npodecop, Bile-
NPEe3UICHT YKpaiHChKOro (i3n4HOro TOBapHCTBA;

Tersina IIMEJIBOBA, n1.71.H., mpodecop, npodecop kadheapu
aepoHaBiramifHux cucreM HamioHampHOTO — aBiamiifHOTO
YHIBEpCHUTETY;

Cepriii AKOBJIEB, uien kopecnionientr HAH Ykpainu, a.¢.-
M.H., ipodecop, npodhecop-A0CTiTHIK [HCTUTYTY MaTeMaTHKH
JIoA3bCHKOTrO MOMITEXHIYHOTO YHIBEPCUTETY.

301 HMEPMAH, «x.¢b.m.H., goueHt, Department of
Mathematics, Faculty of Science, University of Malta, Malta.

OPTAHIBALIMHU KOMITET KOH®EPEHIIII
Boaogumup BAXPYIIWH, npodecop, a.¢.-M.H., mpodecop
kadpenpu «CucreMHOro aHamizy Ta  OOYHCIIOBAIBHOI
MaTeMaTHKu», roimoBa Buenoi pamum HY «3amopispka
MOJIITEXHIKA;

Cepriiit AKUMEHKO, x.¢.-M.H., TOIIeHT, 3aBiayBad kapeapu
BUIIOI MaTeMaTHKH Ta (i3ukd lleHTpaTbHOYKPATHCHKOTO
HAalliOHAIBHOTO TEXHIYHOTO YHIBEPCUTETY;

I'puropiit KOPHIY, 1.¢.-M.H., npodecop, mpodecop kadheapu
«CucteMHOr0 aHajizy Ta 00YHCIIOBANLHOI MaTeMaTukm»y HY
«3anopi3pKa MO TeXHIKay;

5



- Cepriii OCAAYUMU, n.1.H., npodecop, 3aBigyBad Kadeapu
JHOTHOI eKcIuTyaramii Ta Oe3leKHM MONbOTIiB YKpaiHChKOT
JIepKABHOT JILOTHOT aKaJeMii;

- Jloamuwia J)KYMA, K.T.H., TOLUEHT, TOUEHT Kadeapu ¢Gpizuko-
MaTeMaTHYHUX IUCHHIUTIH Ta 3aCTOCYBaHHS iH(OpMAIliHIX
TEXHOJIOTIH B aBlaliiHuX cucremax JIroTHoi akagemii HAY;

-  Tanuna KO3IHA, x.}.-M.H., JOUEHT, MOOUEHT Kadeapu
«3axuct indopmariiin HY «3anopispka momTexHikay,

- Onekxcangp HECTEPEHKO, n.1.H., npodecop, 3aBigyBau
kadenpu  iHdopmalifHUX  TexHOJOridH  MiKHapOAHOTO
€BpONENHCHKOTO YHIBEPCUTETY;

- Bomommmup IETPEHIOK, «k.}.-M.H., JOIEHT, IOLEHT
kadenpu KiGepOesnekn Ta TPOrpaMHOIO 3a0e3NeUeHHs
LleHTpaNbHOYKpaiHCHKOTO HalliOHAIBEHOTO TEXHIYHOTO
YHIBEpCHUTETY;

- Jmutpo HETPEHIOK, x.¢.-M.H., Moloamwii HayKOBHHA
CHiBpOOITHUK BiIAiTy e€KOHOMI4HOI KibepHEeTHKH IHCTHTYTY
kibeprernkn HAH Ykpainm;

- Anton PABEHKO, x.¢p.-M.H., [0IEHT, JOUEHT Kadeapu
«CucTeMHOr0 aHajizy Ta 004YHCIIOBabHOI MaTeMaTukm» HY
«3amnopi3pKa MOoTITeXHIKaY;

- Anna CABPAHCBKA, k.¢.-M.H., JI01EHT, 1oueHT Kadeapu
«CucteMHOro aHaiizy Ta 00YHCIIOBAILHOI MaTeMaTukm»y HY
«3anopi3pKa MO TeXHIKay;

-  TIMlomina CTETAHHLEBA, k.d.-m.H., mpodecop, mpocdecop
Kadeapu 3arabHOT MaTeMaTUKH 3al0pi3bKOTr0 HAlliOHATBHOTO
YHIBEpCHUTETY;

- Jdmutpo HIMPOKOPA/, .¢.-M.H., IOIIEHT, IOICHT Kadenpu
«CucteMHOTO aHalizy Ta o0YHCIIOBaNBbHOI MaTeMaTukm»y HY
«3amnopi3pKa MO TeXHIKay;

- Ipuna @OUIIMOHIXIHA, k.p.-M.H., [OLEHT, JIOIECHT

kadenpu BUILIO1 MaTeMaTHuKU Ta (hizuku
LeHnTpanbHOYKpaiHCHKOTO HAI[IOHAIBHOTO TEXHIYHOTO
YHIBEPCHUTETY;

3anmcu podoTu ceminapy 4-6 yepsus 2025 p.
6



MOJKHA MTPOCITYXaTH 33 IOCHIIAHHSIM:
https://www.youtube.com/playlist?list=PLmcZz9szodj7-
pTcO0O7ErdYG SWYPNEnh

a TaKO)X Ha CTOpPIHKaX CeMiHapy:
https://www.facebook.com/groups/381793555501252?locale=uk UA
https://zp.edu.ua/conference-2025-1-6

HAIIPSIMKHW POBOTHU CEMIHAPY

1. Kom6GinaropHi koH®irypauii, rpadu Ta 3aga4i ontumizamii Ha HUX.

2. ABroMmaru, CKiHYEHHI anreOpu, MaTeMaTHYHa JIOTiKa 1 Teopist
MHOXXHUH TEOpis irop 1 Teopis NPUHHATTS pillleHb, KOIYBaHHSI Ta
po3mi3HaBaHHS 00pa3iB, iXHE 3aCTOCYBAHHS B Pi3HUX TalTy3sX.

3. MaremMaTH4Hi MOJEN TUCKPETHUX IPOIECIB i CHCTEM pPi3HOTO
NIPU3HAYCHHS.

4. TlporpamMHe 3a0€3MEUYCHHS CHUHTE3y Ta aHalizy KOMOIHATOPHUX
KOH(ITYypaIii.

5. I'paut 3HaHB, OHTOJIOTIT, MalIMHHE HABYaHHS, TpadoBi 6a3u MaHUX,
LITYYHUH IHTEICKT.

OoimiitnnMu MOBaMH ceMiHapy € YKpaiHChKa Ta aHTJIiiChKa.


https://www.youtube.com/playlist?list=PLmcZz9szodj7-pTc0O7ErdYG_5WYPNEnh
https://www.youtube.com/playlist?list=PLmcZz9szodj7-pTc0O7ErdYG_5WYPNEnh
https://www.facebook.com/groups/381793555501252?locale=uk_UA
https://zp.edu.ua/conference-2025-1-6

SMICT

BITAJIBHI CJIOBA BIJl OPTAHI3ATOPIB YUHACHUKAM
CEMIHAPY ..cuiiiiiiiiiiiiiiiiieiiiiiiiieeietititieaeiestiscasasnesssscasacee 14

CEKIIA 1. KOMBIHATOPHI KOH®IT'YPAIlII, TPA®U TA
3AJIAYI ONTUMI3ZAIIL HA HUX

CEKIIA 2. ABTOMATH, CKIHYEHHI AJITEBPU,
MATEMATHUYHA JIOT'TKA I TEOPIA MHOXXHWH, TEOPIA ITOP I
TEOPIA HPUAHATTS PINEHD, KOJAYBAHHA TA
PO3MI3HABAHHS OBPA3IB, IXHE 3ACTOCYBAHHA B PI3HUX
LI 4 5 2 . N 20

€ETEP Makcum

PesynbraTi orisimy crareil mpo pos3B’si3aHHS 334 MapUIpyTH3auii
TPAHCHIOPTHUX 3ac00iB

Results of critical review of the papers on solving vehicle routing problem

I3BAJIOB Ouekciii

EBomoriiss Tomonorii HepoMepek, Mo KepYIOTh MOBEIIHKOK MUPPOBUX
icrot

Topology evolution of algorithmic approaches which solve the vehicle
TOUting Problem. ... . ..o 27

KACIM Amnica, CTEHIOK Ilerpo, XOM’SAK Ouabra
3ajaya KoMiBosDKepa 3 bararbMa po3B’s3KaMu
Traveling salesman problem with many solutions

MHWPOHEHKO O.B.

Jesiki BHMIAAKW OJepXaHHS OIMUKIIYHOI T-(haKTopH3allii MOBHOTO Tpady
METOJIOM I1apaJIelIbHOTO IIEPEHECEHHs MIXKJ0JICBOTO pedpa

Some cases of obtaining a bicyclic t-factorization of a complete graph by the
method of parallel transfer of an inter-sectional ead............................ 37

HNETPEHIOK Boaoaumup., IETPEHIOK /Imutpo
[lnapHapui rpadu 3 Hamepea 3aJaHOI0 KIITKOBOIO JIOBXHHOKO 3aJaHOi
MHO>XXHWHH TOYOK



Planar graphs with a pre-given cell length of a given set of points

CEMEHIOTA Mapuna,

Heo0OxigHa ymMoBa icHyBaHHS 30aJIaHCOBAHOI CYMIXKHO-HYJIBOBOI PO3MITKH
y3araneHeHoro rpaga [lerepcena

A necessary condition for the existence of a balanced zero-neighborhood
labeling of a generalized Petersen graph

........................................................................................ 50
Irene SCIRIHA, Zoia SHERMAN, and James L. BORG

Po3miTka BepIIMH KBaIpaTHUHUMH PI3HULIIMH JJIsl IOPOTOBHX rpadis
Square difference vertex labelling for threshold graphs
......................................................................................... 54
COJIOMKO Muxaiino

CrpomieHHsT CHUMETpHUYHHX OyneBux (yHKIii wMeromoMm oOpa3HHX
NIEPETBOPEHD

Simplification of symmetric boolean functions by the method of figurative
transformations

......................................................................................... 57
HIEBYEHKO B.B.

Meroau 30epiraHss Ta npodsieMu 0OpOOKH PETPOCIEKTUBHUX JTaHUX
Storage methods and problems of processing retrospective data
......................................................................................... 65

CEKIIsI 3. MATEMATHUYHI MOJEJI JUCKPETHHUX
IMPOLECIB I CUCTEM PI3HOI'O ITPU3HAYEHHS

CEKIISA 4. IMPOT'PAMHE 3ABE3IIEYEHHSA CHHTE3Y TA
AHAJII3Y KOMBIHATOPHUX KOH®IT'YPAIIINA.

AKT'IOH Osriop, Ozgiir AKGUN

Constraint programming with CONJURE inside JUPYTER NOTEBOOKS
[IporpamyBanns ooMexeHb 3a gortomororo CONJURE B cepenouii
JUPYTER NOTEBOOKS



BEJIMYKO Anwwapiii, [YBPOBIH Banepiii

HeuiTka CIIIIP anst ynpasiiHHs mopTdeneM NpoeKTiB eHepro30epexeHHs Ha
SHEPrOEMHUX MiAMPUEMCTBAX

Fuzzy DSS for managing a portfolio of energy saving projects at energy-
intensive enterprises

BIHTEHKO bopuc, CMIPHOB Ouekciii, MAPOHELb Ipuna,
CMIPHOBA Tersana, CMIPHOB Cepriii

ImiTaniiHa MOJeTh NUISXIB BXIJHUX JAHUX KOMII IOTEPHOT IHTEJIEKTYalIbHOT
CHCTEMH IIATPUMKH oreparopa eHeproonoky AEC

Simulation model of input data paths of a computer intelligent support system
for a NPP power unit operator

KALASHNYK G.A., KALASHNYK-RYBALKO M.A.

Mogens 3MiEHE poOoumx cTaHiB 00'ekTa iH(OpMAIiitHOI B3aeMomii
iH(popManiiHOTO 3a0e3MeYeHHS IUBLIBHOT aBiartii

Model of change of working states of the object of information interaction of
information support of civil aviation

......................................................................................... 91
KO3IH Irop, BOPIO Cepriii, CAPIAK Ouer

dparMeHTapHi MOJET AJIs 33144 MOKPHUTTS

Fragmentary models for coverage problems
........................................................................................ 97

KOHOBAUJIOB Ouekcanap, Olexandr KONOVALOYV,

Pobota 3 rpadamu y cucremi komr torepHoi anredbpu GAP (zemoHcTpattis
pobotu 3 GAP)

Exploring graphs using the computational algebra system GAP (software
demo)

KOPOJIBOB Bsiuecaas, OI'YPIHOB Maxkcum, PUBAJIBYEHKO Ourer,
APYIIEBCHKUM Ouexcannp

OuiHka MaTeMaTM4YHUX MoOJeJIeld pyXy aBTOHOMHUX TIpyIl areHTiB B
JTOKATFHO-TIICHTPUYHIH HaBirarii

Mathematical model of autonomous agent group movement evalutation in
local-centric navigation



PABEHKO Anton, TEPEIHIEHKO Enina, BAKYPOBA Aunna
Jn3aiiH 3Marassp sIK iHCTPYMEHT IJIsl HOOYJOBH CHIIBHOT KOMaH I
Design of competitions as a tool for building a strong team

PSICHA Ipuna, CEHbBKO Ounekcanap

HeuiTki Mozies1i B MapKETHHTY MOCIYT HAa OCHOBI HEUITKMX KOMOIHATOPHUX
KOH(Iryparii

Fuzzy models in service marketing based on Fuzzy combinatorial
configurations

....................................................................................... 121
CEMEHIOTA Mapuna, ®IJIIMOHIXITHA Ipuna,

[Ipo MonenroBaHHs IPH Ha PEryJIspHOMY rpadi

On modeling a game on a regular graph
....................................................................................... 126

TUBOJAP Cranicnas’, CTEIIOK Ilerpo °

Buxopucranus consepa BARON 115 3Hax0IKEHHsI ONTUMAIIBHOT
YIaKOBKH HEPIBHUX KPYTiB Y KBaJpaT

Using the BARON solver to find the optimal packing of unequal circles into
a square

....................................................................................... 131
TUMO®PIEBA Hanin

KoMmbinaropra onrrumisariis Ta Ii XxapakTepHi 0coOIHBOCTI

Combinatorial optimization and its characteristic features
....................................................................................... 137

HIEPBAKOB Cepriii, HINPOKOPAJI Imutpo
EdeKTHBHICTD AyasibHOT CHCTEMH HaBYaHHS IS 3aKJIa B BUIIO] OCBITH
Effectiveness of the dual education system for higher education institutions

CEKIIA 5. TPA®UA 3HAHb, OHTOJIOITi, MAIIWHHE
HABYAHHS, TPA®OBI BA3U JIAHUX, IITYYHUI IHTEJEKT

11



BEIMEJ€B Cranicias

CrBOpeHHs OHTOJIOTIT peHoTumyHnX o3HaK consimanka HELIANTHUS
PHENOTYPE (SEED & HEAD): uudposizarist XapakTepuCTHK HaCIHHA
Creation of an ontology of sunflower phenotypic traits HELIANTHUS
PHENOTYPE (SEED & HEAD): digitization of seed characteristics

I'PUHYEHKO I1aBao, BAKYPOBA Anna

3acTrocyBaHHsS BEWBICT-aHATI3y Ul Badigailii JaHUX y CHCTEMax OLIHKU
pu3HKiB”

Application of wavelet analysis for data validation in risk assessment systems

I'PINKEBHY Anatouiii

[puxiagae pimieHHS IS OMIHKA PU3UKY aHOMABHOI TIOBEIIHKH CY0’ €KTIiB
y IT-indpacTpykTypax

An applied solution for assessing the risk of anomalous behavior of subjects
in IT infrastructures

JMTBHUHEHKO Aptem

YOLO-6a30Bane po3mi3HaBaHHS POTiB  OJICHIB I CKOJOTIYHOTO
MOHITOPUHTY

YOLO-based deer antler recognition for environmental monitoring

....................................................................................... 165
Rosella Omana MANCILLA

Pimenns s BUSBIICHHS aHOMATiH Ha 0a3i (eepaTHBHOIO HABUYAHHS

A federated learning base anomaly detection solution
....................................................................................... 167

OMEJIBSAHEHKO IBan

Cucrtema KepyBaHHS OHTOJIOTiISIMH Ha OCHOBI rpadoBux 0a3 maHuUX IS
CLIBCHKOTOCIIOAAPCHKOI cepu: mocBif iHTerpariii B NEO4J

Graph-based ontology control system for the agricultural domain: integration
experience in NEO4J

12



PROKOPCHUK Yurii

Kom6inaropaunii, po3mmproBaHuii  (a3oBUH  MpOCTip  KOTHITHBHUX
JMHAMIYHHX CHCTEM

Combinatorial, expanding phase space of cognitive dynamic systems

TEPHULIbKUM Baaaucaas, ITUPOKOPA/L Imutpo

Jucbananc 30yDKCHHS/TAIbMYBaHHS SIK HEHPOOIOJIOTIUYHHI Mapkep y
CIIEKTpi TICHXO03IB Ta ayTH3My: BUCHOBKHM Ha OCHOBI HeWpoBizyaiizauii Ta
00YHUCITIOBATLHUX MOJIeIIer

Excitation/inhibition imbalance as a neurobiological marker in psychosis and
autism spectrum disorders: findings based on neuroimaging and
computational models

TPETSAK Oaexcanap, 1YBPOBIH Baxepiii

BusiBneHHsI HECaHKITIOHOBaHUX [iif Ta aTak y KOMI'IOTEPHHX Mepekax 3
BUKOPUCTAHHSIM aHCaMOII0 Moeseit

Detection of unauthorized actions and attacks in computer networks using an
ensemble of models

PE3OJIIOIISA CEMIHAPY.....ccviiiiiiiiiiiiiiiiiiiieiinneeeeen, 192

DOTOMATEPIAJIN.......cceniiniiiiniiiiniiiiiirieieieeeincnenes 196

13



BITAJIBHI CJIOBA BIJ OPTAHI3ATOPIB CEMIHAPY

Bimanvne cnoeo yuwacnuxam ceminapy 6i0 Hauionanvnozo
YHigepcumemy «3anopizbKa noaimexHiKka)

[lanoBHi yuacHuku ceMiHapy «KomOiHaTopHi KOH(Iryparii», BiJ iMeHi
HAIIOT0 YHIBEPCUTETY X0y IOJASKYBAaTH BCIM, XTO 3aBITaB ChOTOJHI JI0 HAC
3 Ykpain# i 3 iHmux Kpaid. B npoMy poui Hamomy yHiBepcutery 125 pokis,
TOMY CEMiHap NPUCBSYYETHCS Wi piyHMII. SIKMM YMHOM TOB'sI3aHUIl HaII
yHiBepcuteT 3 cemiHapoM «KombiHaTopHi KoH]irypamii»?  Xouy
BIJ3HAYWTH, 10 YHIBEPCUTET «3amopi3bka TMONITEXHIKa» € CIIiB
OpraHi3aTopoM MpPOBEIEHHS IHUX ceMiHapiB, mouymHatoun 3 2020 poky. B
PO3BHTKY CEMiHapy TaKOXX MPUHMaB aKTHBHY y4acTh Halll KEPiBHUK, BiTamii
Omanacosud [lepenenuiist, TBOpUHI MUIAX SIKOTO TTOYMHABCS 3 YHIBEPCUTETY
«3amopi3pKa MmoiTexHikay. 3apa3 Ha HaIlii Kadeapi CHCTEMHOTO aHaJlizy Ta
00YHUCITIOBAIbHOT MaTEMaTUKU NPHCYTHI YOTHPH KAHAWIATH HAYK, SKHX
BUNYCTHB CcBOro uacy Bitaniii OnanacoBuu [lepenenuus. Ile: Psdenko
Aunton €srenoBud, Tepemienko Enina BanentuniBna, bakypoBa AnHa
Bonogumupiena i Koszina T'anuna JleoninmiBHa. - ne Bce yuHi Biramis
Omnanacosuya [lepenenmi, Skuii MPUCBITUB OaraTto poKiB PO3BHUTKY Teopil
rpadiB, komOiHaTOpHIN omnTHMi3alii, OararokpurepianbHi onTUMizamii i,
3BMYaliHO, Bci poOOTH HOro y4HIiB mpucBsdeHi wiii Temi Takox. Cepen
aKTMBHHUX yYacHHUKIB CEeMiHapy € TakoxX ydeHb Biranis OnmanacoBuya, Kuit
npezacTasisie 3anopi3bKuii HanioHAIBHUN yHiBepcuTeT - Irop BikropoBuu
Kozin. Bin croromni 3aiiMaeTbcs (parMeHTapHHMH ANTOPHUTMAaMH, IO
CTBOPIOE HOBY JIAaHKY B PO3BHTKY KOMOiIHAaTOpHHX KoH(Qirypamiii. Ha
HUHIIIHEOMY CeMiHapi TakoX OyIOyTh IMpEACTaBIeHI pe3yslbTaTH AHTOHA
Ps6enxo, Eninn TepemieHko mpo nu3aiiH 3MaraHb SIK iHCTPYMEHT VIS
MoOyZOBM  CHJIBHOI KOMaHIHM, 10 CIHPalOThcs Ha  (yHIaMeHT
OaraToKpHUTEpiaabHOI KOMOIHATOPHOT ONTHUMI3AILIT.

Takok X0uy NpHBITATH BCIX YYaCHHKIB HAIIOrO CeMiHapy BiJx iMeHi
Bonogumupa €Brenonua baxpymumnHa, sikuii € mpodecopoM Kadenpu
CHCTEMHOI'O aHaJi3y a TaKoX TOJIOBOIO BYEHOi paau 3anopi3bKoi
TIOJIITEXHIKH, Ha )KaJIb BiH HE 3Mir OyTH IPUCYTHIM, aJIe IepejaBaB BCIM IUPi
BiTaHHS.

BaxxaemMo BciM MpoyKTHBHOI poOOTH Ha CeMiHapi Ta HATXHEHHS HA HOBI
JOCIIKCHHS 1 pe3yNIbTaTH.

Anna Bakypoea, 0.e.H., npogecop, npogecop rkagedpu cucmemHozo
aHanizy ma obuucnosanrvHoi mamemamuxu HY «3anopizeka nonimexwixay
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Bimanvne cnoeo yuacnuxam ceminapy 6io Incmumymy xibepuemuxu
imeni B.M. I'nywmukoea HAH Ykpainu

[leprr 3a Bce MeHi IpHEMHO TiepeaTy BiTaHHS YYacCHUKaM CeMiHapy
Bin IBama BacmmpoBumua CeprieHka, akagemika, IHPEKTOpa HAIIOTO
iHCTHTYTY 1 akazmemika Ximiua Onekcanapa MuKonaiioBHYa, SIKHHA €
akageMikoM-cekperapeM BimninenHs indopmarukm B Hamii akagemii. B
IHCTHTYTI IyXKe BeMUKa yBara MPHIUIIETHCS HANPSIMY, SIKUH € TeMaTHKOIO
HAIIOro ceMiHapy. MuHyJIHMH ceMiHap MM TPHCBATHIN mnam'sti JloHis
I'puropist OnanacoBuua, SKMid BUHIC CYTTEBUI BKIIaJl B PO3BUTOK TEMATHKU
[LOTO CEMiHapY.

Tpimky X0TiB OM BiAMITUTH UTaHHS 1CTOPIi, 30BCIM ITyHKTHUPHO, IO
Take KoMOiHaTOpHI KOH(irypauii. [{e BasknuBa cama 1o co0i rajxy3p He JuIe
B MaTeMaTHIli, aJIe i B IPUKIIAHUX acleKTax 3aCTOCyBaHb, IIe JI0Aa€E il Baru
Te, 10 11¢ — QYHIAMEHT I KOMOIHATOPHOI OITAMI3aIli1, AT MAaTeMaTHIHUX
MoJeNnel 1 alropuTMiB KOMOiHaTOpHOI omTmMiszamii. | mel HampsaMm HuHI
OypxnuBo po3BuBaeTbesa. Cami KOMOIHATOpHI KOHQiryparii, SK po3zin
JIUCKPETHOI MaTEeMAaTHKH, BHHUKIHN B KiHII 50-X pOKiB TOMY, YOMY CIIPHSIIO
MTOSIBJIEHHS] KOMIT'IOTEPiB. A B)Ke Ha HHUHINIHBOMY €Talli, KOJIHU 3 yCiX cdep
MPaKTHYHHUX 3aCTOCYBaHb WIAYTh 3alIUTH Ha (hopMatizallito, MOJICITIOBAHHS 1
pO3B'si3yBaHHs 3a1a4 KOMOIHATOPHOI ONTHMI3allii, BaXKJIHMBICTh HAINPAMY
3pocrae Iie OiIbIIe.

Tomy XOTIB OM KijIbKa CIIIB CKa3aTH IPO BHECOK HAIIMX BYEHHX, OO
BYCHI HaIOi KpaiHU BHECIIM CYTTEBHH BKJIaJl B KOMOIHATOPHY ONTHUMI3allilo
i, BIANOBIIHO, 1 B PO3BUTOK Teopii KOoMOiHATOpHHX KOHGirypauiid. o
¢ynmaropiB s 0 Bigmic, mepm 3a Bce, B.Muxanesmua, H.Illopa Ta
I.Ceprienka, pobotn, sikux Oynm omy6sikoBaHi e B KiHni 50-X 1 Ha To4aTKy
60-X pOKiB MHHYJIOTO CTOJNITTS. BaXkIMBO MiIKPECTUTH, IO i pOOOTH Malu
MDKHapOJHHH pe3oHaHC. Horo BapTye TIIBKH aJrOPUTM IOCIiIOBHOTO
aHamizy 1 BiacitoBaHHS BapiaHTiB Muxanesuda-lllopa. Tomy mo 3 gacom i
3aKOPAOHOM BHSICHIIIN, IO BiH CTaB IPEATEU0I0 MeToay benmana, MeTony
JUHAMIYHOTO IPOTpaMyBaHHs, aje OyB OImyOIiKOBaHUH paHile.

He Mo»Ha B KOPOTKili IOTIOBI/Ii pO3MOBICTH MPO BKJIa]| BUCHUX JIUIIIE
InctutyTy KibepHeruku iMeni B.M.I'mymkoBa HAH Ykpainu. Mato nymky,
110 Ay’Ke Ha3piia morpeba B HAMKMCaHHI iCTOPii KOMOIHATOPHOI ONTUMI3aITi1
B Hac, B YkpaiHi. Tak oJHi€l0 i3 mepmIMX KHUT MO KOMOiHAaTOpHIH
ontumizanii Oyma xkuura Mapii ®PaneiBan Kacnmmnpkoi Tta IBana
BacunboBuua Ceprienka «Mopgeni i meroau po3Bs3yBanHs Ha EOM
KOMOIHATOPHHX 3a]1a4 ONTHMi3alii», ska Buinnia B 1981 pori. A bibmist ms
THX, XTO 3aiiMaeTbCd KOMOIHATOPHOIO  ONTHUMI3alli€l0 — KHUTA
X IMamagimitpiy i K.Craiirminsg «KomOiHaTOpHA ONTUMI3AIlis: aJTOPUTMH 1
CKJIaMHICTBY», BHHNUIA Yepe3 pik, y 1982 pomi (opuriHampHE BUIAHHS), 1
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Tinbku B 1985 p. BoHa Oyio nepekinaznena B Pagstacskomy Coro3i pociichbKor0
MoBoro. LlikaBo BiamiTHTH, IO 11 3apyOikHa MoHOTpadis B 1998 p. Oyna
MIepeK/IaieHa CTEPEOTUIIHO, IO € YHIKaJbHUM. ABTOpM Hamarajiucs
(¢opMabHO BU3HAUWTH, IO K Take KOMOiHATOpHa onTmMizamisa? Y ix
penmakuii 3amadi KOMOIHATOPHOI ONMTHMI3allii — [ TaKi, Y SKHX IPOCTIp
PO3B'SI3KIB € CKIHYEHHMM YU MOXXJIMBO HECKIHUCHHHM 3JIi9eHHUM
npoctopoM. OpMaTLHOTO O3HAYEHHS, SKi caMe HECKiHYCHHI MPOCTOPH, B
uid  monorpadii mano He Oymo. Tomy 3apagu CHOPOIICHHS CTaJd
po3risAaTHcs JMIIe 3ajadi Ha CKIiHYeHHHMX Ipocropax. Ham Bpamocs
PO3LIMPHUTH, a TO4YHilIE — (hOpPMaNIi3yBaTH LEeH acHeKT, BBIBLIM ITOHSATTS
y3araJbHeHUX KOMOIHaTOpHUX KoHQirypauiil. Lleit minxin BUKOpHCTOBYBaB
BBeneHe K.bepxkem me B 60-X pokax MOHSTTS aOCTpakTHOI KOHGiryparii,
IIPO LIO PO3IOBIAIOCs Ha MTONIEPEAHFOMY HALlIOMYy CEMiHapi.

Cdepa xombiHaTopHOi onTHMI3amii HUHI JyXe OypXJIHMBO
PO3BUBAETHCS, HAPOCTA€ TIOTIK HAYKOBHX MyONmikKamii 1 gyxke pi3ko
3MiHFO€eThCS "maHamadr” miel Hayku. AKTYalIbHICTh CeMiHapy 3apa3 3pocTae
e i ToMy, 10 Hamia KpaiHa rmepeOyBae B Takiil ckinanHii curyanii. Bei wymm
PO HAIIli IPOPHUBH y PO3POOIIEHH] Ta BUKOPUCTAHHI IPOHIB, OE3MIOTHHKIB,
ale 3a UM CTOATh pe3yJIbTaTH KOJOCAIBHUX JIOCHKEHb y cdepi
MaTeMaTU4HOTO MOJICTIOBAHHS, PO3POOJICHHS TPUKIAAHUX AITOPUTMIB,
30KpeMa, KOMOIHATOpHOI  omnTuMizamii, Ta 0a30BaHHX HA  HHX
IHTEJIeKTyalnbHUX iH(pOpMamiiHuX TexHousorisx. IloTpeba € B PO3BUTKY
HOBHX 1 CKJIQJIHIIIMX KOMOIHATOpPHUX KOHQIrypamidd, HDK Ti mepuioro i
JPYToro pojy, SIKHMH HUHI KOPHCTYIOTbCS y OUIbIIOCTI BUmIajkiB. Bapro
BIIMITHTH, IO HABITh, SKIIO B3ATH OJHY MPHUKIAJIHY TEMy — IUIaHYBaHHS 1
peamizamiss Miciii O€3MIIOTHWKIB, TO JHMIIE 3a IIed Nepiof POKy yxe
orry0ikoBaHo Oibine 3 THC. HAYKOBHX ITyOiikariii. Le me pa3 miakpeciroe
aKTyaJbHICTh 1 BaXJIHMBICTP TEMATHKH HAIIOTO CEMiHApy i s 3W4y BCIM
y9acHUKaM IDTAHOI poboTu. CuHepreTHyHMA e(eKT MPOSBIIETHCI SKpa3
TIPH CHINKYBaHHI MOCTITHUKIB. MH, Ha Xajlb, HE Ma€MO MOIIUBOCTI OYHO
MIPOBOJIUTH CEMiHap, aie i Taka hopMa CIIIKYBaHHS — II€ TEX TyH0BO.

Jsikyto opraHizaropam cemiHapy, Bitaio 3 125-piqusiMm 3HaHOTO
HarioHanbHOT0 yHIBEpPCUTETY «3amopi3bka MOJITEXHIKa» 1 ITAHOBHUX HOTO
CMiBPOOITHHKIB!

34y BCIM y4YacHHKaM CeMiHapy ycIiXy B poOOTi i B MOJabIINX
JociipkeHHsX. ['oioBHe, 11100 BU OTpUMaIH 1 33JJ0BOJICHHS Bijl CIIIJIKYBaHHS
3 KOJIEraMH, 1 100 Hamli pe3yabTaTH OyJn KOpHUCHI YKpaiHi.

Tynanuybkuii Jleonio ®@eooposuy, uien-xop. HAH Ykpainu, 0.m.nu.,
cmapwiull  HayKosuil — cnigpobimuux,  3aeidyeay  6i00LIOM — Memoois
Kombinamophoi  onmumizayii ma iumenekmyanronux IT Incmumymy
Kibepnemuxu im. B.M. I'nywkosa HAH Yrpainu
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Bimanvne cnoeo yuacnukam  ceminapy 6i0  3anopizpekozo
HayionanbHo20 yHisepcumemy

Birato Bcix yYacHHKIB HAIIOTO ceMiHapy XyKe MPHEMHO Bac OauyuTH
TYT.

Hyxe npuemHO, mo 1me ax 27-i cemiHap. Xod4 BiH i 3MiHIOBaB CBOL
Ha3BW, ale 3aBkOd yBara NpUAULUIacE caMe KOMOIHATOPHHUM
KOH]Iryparism.

Jleonin ®enopoBuu ['ynssHULBKUI Kaxe, 110 AyKEe BaXKKO MPOBOJUTH
ceMiHap KOXHOTO POKY, a s am'sitato, 110 Ha I10YaTKy CeMiHap MPOBOINBCS
JBiYil Ha pIK i Jroaed Tam Oyno ayxe-ayxe Oarato. 3amkmu Oyimu Jyxe
iHTepecHI JOMoBiAl 1 TOMy S XO04y CKa3aTH BeJMKe cracubi BCiM
oprasizaropaM, SKi CBOTOJIHI TPOAOBXKYIOTH Ty pOOOTY, SKy IOYaJIN
3aCHOBHHMKHM IIbOTO CEMiHapy, NpO SKHX, 3BHYAiHO, MaeMO MaM'sTaTh
sapxan. e Aratomiit SxoBuu [lerpentok i ['eopriit [lanacoBuu JloHenb.
Bonu — Momonri, BoHH Ha ceOe TATHYNIW Lel ceMiHap i BiH cTaB HiHCHO
YacTKOIO HAYKOBOTO KUTTA YKpaiHu. S He 3Har0 B YKpaiHi TakuX ceMiHapiB,
SIKi TIpoTsiroM 27 pasiB 30MparoTh HAYKOBIIB 3 YKpaiHM 1 iHIIMX KpaiH.
[IpakTH4yHO 3 MOYATKy PO3BUTKY HAIIOI KpaiHW iAyTh L ceMiHapU i KOXKEH
pa3 BOHM JyKe IHTepecHi, qyxe Kpacusi. ToMy s 1ie pa3 NpUBITAI0 HAIIUX
YYaCHHKIB 1 MEHI XOUEThCS JIOIATH, 1[0 TeMa CeMiHapy, SIKHH MU TPOBOJIUMO
ChOTOJIHI, AIHCHO JyXe-nyxe BaxiuBa. Sk ckaza Jleonin dexopoBud piv y
TOMY, 10 CHOTOJTHI MH SIKpa3 MePeBOANMO JyXke Oarato 3aiad came y po3psi
KOMOIHaTOPHUX 3aB/laHb, TOMY 110 KOMI'IOTEPU BOHHM K IIPAIIOIOTH came 3
JMCKPETHUMH CHCTEMaMH 1 HaM MOTPiOHO po3B'sI3yBaTH JMCKPETHI 3a1aui B
Ppi3HHX BapiaHTax, a caMe KOMOIHaTOpHI KOH(Iryparlii Jal0Th HaM BEJINUE3HY
KIUTBKIiCTB 32124, SIKi CbOTO/IHI He PO3B'sA3aHi B CEHCI iCHYBaHHS e(DeKTHBHUX
anroput™MiB. € BenmmdesHa KinbKicTh NP-moBHIX, NP-Bakkux 3amad, 3amad
IificHO Ba)XKKMX, BOHM € caMme B IIilf TeMaTHIll B pi3HUX ii HampsMKax i i
3aBIaHH MAalOTh iHTEPEC HE TUTBKH, 5K 3a/1a9i TEOPETHYHI, PyHIaMEHTAIbHI,
ajie € ay’ke 06araTo MpakTUYHHUX 3aCTOCYBaHb LUX 3aBAaHb. MOKHA MPOCTO
TepeiuyBaTd TOJMHAMH, SKI KOMOIHATOPHI HalpsMH, MarOTh 3HAYCHHS
coorofni. Ilpo omumH s Oyday po3mOBigaTH, aje ChOTOMHI CKaxy, SK
NEepEeXOIUIIOBAaTH Ti )X CaMi pakeTH 1 JPOHU. 3BHYAHHO, MOTPIOHO BECTH
HarJsI 3a BCIM MPOCTOPOM, a IO MOTPiOHO 1100 BECTH HArISI 32 THM
IIPOCTOPOM: HO-TIEpIIIE, TAK PO3CTABUTH CUCTEMH HATJIsLy, OO CIIOYaTKy 11e
OyJi0 HaJiifHO; MO-IpyTe, 1100 BOHU MEPEKPHUBAIN BCl MOJJIMBI HAIPSIMKH.
HacmpaBai e 3amaya koMmOiHATOpHA 1 Ty)Ke BaXKJIMBa CHOTOJHI 3aaadya.
3agayli TPaHCHOPTHOI JIOTICTHKM TEX MOB’s3aHI 3 KOMOIHATOpPHUMH
KoHQirypamismu. | MoXxHa mepemidyBaTH e IyXe-AyXKe-ayke OaraTo
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3aga4. ToMy st BBaXKaro, 1110 MU POOMMO 3 BaMHU BaXKJIMBE, Jy>K€ KOPHCHE JiJI0
i Mu OyzieMo i gaii IpamoBaTH B IIbOMY HAMPSIMKY.

Hdyxe mpueMHO 0auuTH, IO TYT € 1 BCi Hami crapi 3Haiowmi, crapi
VYaCHHKH 1 5 Tak 0ady 1O Mpi3BUIIAM IO 3'SBISIFOTHCS HOBI YYacHUKH. I,
3BHYAIHO, 5 X04y JOJATH Ie THX YYacHHKIB, SKi HepPEealoTh BaM BEIHKHUM
mpuBit: Maxkcumko Haramis  KocrsatuniBaa, Kypamos  Cepriit
BceBomomoBry, siki Texx Oyiam mpHyYacHi 10 mporo cemiHapy. Ha xams
ChOTOJIHI MU iX TYT He 6auMMO, ajie BOHU €, BOHM 3HAIOTh MPO HAC i BOHH, SIK
Ka)XXyTb, IYLICIO 3 HAMH.

Baxato Bchoro 100poro st podoTH HOT0 ceMiHapy i Oaxkaro Moo BiH
npooBxKyBaBcs Haxami. Okpema mojska opraHizaropam AHi bakyposoi,
Mapuni Cemenrori. BoHu nepkath ayxe MIIHO Hparnop cemiHapy i
MIPOBOAATH HOTO HABITh Yepes I TSHKKI JacH.

Bceroro nam Haiikpamoro i gyke XOTinoch OM B HalOmmkdomy
MalOyTHBOMY BCE X TaKW 3yCTPITHCS BIY HaBid.

Ko3in I20p Bixmopoeuu, oOoxmop ¢iz.-mam. Hayk, npogecop,
npogecop kagedpu ekoHOMIYHOI KibepHemuKy 3anopizeK020 HAYIOHATLHOZ0
YHigepcumemy.

Bimanvne cnoeo yuacnuxam ceminapy 6io Illenmpansnoyxpaincoexozo
HAayioHAIbHO20 MEXHIUHO20 YHIgepcumenty

HanoBui yuacHukn XXVII MiXHapoJHOTO HAyKOBO-TIPAKTHYIHOTO
ceminapy «KomoinaTopHi koH}pirypauii Ta ixni 3acTocyBaHH®», IIAHOBHI
KOJIeTH, BiTafo Bac BiA ILleHTpambHOYKPAiHCHKOTO HAIIOHAIBHOTO
TEXHIYHOTO YHiBEpCUTETY, KadeApH BUIOI MATEMATHKH Ta (i3HKH.

Leit cemiHap HaBHO CTaB YAaCTHHOIO HAIIOTO HAYKOBOTO JKHTT,
00'eTHYFOUH JOCIITHUKIB 3 PI3HUX PETiOHIB Ta ycTaHOB. MU BASAYHI BCIM, XTO
MiATPUMye Ta pPO3BMBAE IO TPAAMIil0. LOro BUTOKM mNOB’s3aHi 3
KponuBHHUIIBKMM, IOYaTKOBO CeMiHAp NpOBOIMBCA Ha 0asi JlepkaBHOI
n0THOT akajmemii Ykpaimu, a 3 2009 poky — B KipoBorpaacekomy
HalllOHAJIBHOMY TEXHIYHOMY YHIBEpCHTETi, aje ChOTOJIHIIIHIA Horo
PO3BHTOK € pE3YJILTaTOM CIIIJIbHOI, HAIlOJIETJIMBOI Tpalli 6araTb0X yCTaHOB i
mopeil. Baromuii BHecok 3poOuiM Hamii Koneru 3 [HCTHTYTy KiOepHEeTHKH
imeni B.M. I'mymkosa HAH VYxkpainn. OcobnuBy HOASKY BHCIOBIIOEMO
KoJleraM i3 3amopixoks — caMme iXHS aKkTHBHA y4YacTh Yy HENpPOCTi POKH
mmaHAeMii Ta BiifHE JOmoMoOria 30eperTd TPaIulliio i JaTH ceMiHapy HOBHH
IMITyJIBC.
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3aBISIKH MIATPUMII BCiX yYacHUKIB ceMiHapy, BiH He JIMIIe 30epir CBOIO
JUHAMIKY, a i TIPOJIOBXKY€E PO3BHBATHCS, CTBOPIOIOYH HPOCTIP JUTSA TUTiAHOT
HAayKOBOI B3a€MO/Ii.

Lporopivuna 3ycTpid BiIOyBa€eTbCs y pik 3HAKOBOI MOMil — 125-pigHOT0
foBineto HamioHamsHOTO yHiBepcHTETY «3amopi3bka momiTexHikay. Lupo
BITA€EMO KOJIET i3 I[M MOBAXHUM IOBIJIEEM 1 3MIMMO HEBHUEPITHOI €Heprii,
CTIMKOCTI, 371aro/KeH01 KOMaHIHOI poOOTH, HOBHX HAayKOBHX 3BEPIIEHB Ta
MOJANIBIIION0 PO3BUTKY YHIBEPCUTETY SIK MOTYXKHOTO OCEPEIKY OCBITH M
Hayku. bakaro BCiM LiKaBUX 00rOBOpPEHb, HAYKOBHUX BIJIKPUTTIB 1 HATXHEHHS
Juist opanbiiol podotu. Hexail Hann 3yctpiui 1 Hajani OyayTh IKepernom
HOBHX ifIeH 1 CrpaBKHbOT HAYKOBOI CITiBIpAIli.

Cementoma Mapuna @poniena, x.¢.-m.1., doyeHm, 0oyenm Kagheopu

suwgoi mamemamuxu ma Qizuxu LlenmpanrbHOyKpaincbKkoeo HAYIOHATbHOZO
MeXHIYHO20 YHisepcumemy
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CEKIIA 1. KOMBIHATOPHI KOH®ITYPAIIIl, TPA®H TA
3AJIAYI ONTUMIZAIIL HA HUX

CEKIIA 2. ABTOMATH, CKIHYEHHI AJII'EBPU,
MATEMATHUYHA JIOT'TKA I TEOPIA MHOXKHWH, TEOPIA ITOP I
TEOPIA HNPUAHATTS PIINEHD, KOJAYBAHHA TA
PO3MI3HABAHHS OBPA3IB, IXHE 3ACTOCYBAHHA B PI3HUX
TAJTY34X

PE3YJBTATHA OIJISIAY CTATEM IIPO PO3B’SI3AHHS
3AJIAY MAPLIPYTHU3ALIE TPAHCIIOPTHUX 3ACOBIB

€rep M.JI.

Vowczopoocvruil Hayionanvruil yrigepcumem

RESULTS OF CRITICAL REVIEW OF THE PAPERS ON
SOLVING VEHICLE ROUTING PROBLEM

YEGNER M. D

UZHHOROD NATIONAL UNIVERSITY

Abstract. The paper provides an overview of VRP and its variations and
their examples in the real world. Provides an overview of the VRP concerned
papers, surveys and research, approach to their taxonomy and provide
highlights on the classification results.

3agaya MaplipyTH3amii TpaHCIIOPTHUX 3aco0iB BU3HAYAETHCS SIK
mpobieMa po3poOKH ONTHMAIBHAX MapIIpyTiB ISl MApKy TPaHCIIOPTHUX
3ac00iB, sIKi 00CIYTrOBYIOTh HaOIp KII€HTIB 3 OXHOTO a0 KIBKOX [ETo, 3
ypaxyBaHHSIM pi3HHX OOMEXEHb Ta METOK MiHiMi3amii BUTpaT abo
MakcuMmizanii edpexruBHOCTi [1]. VRP Mae mmpoke 3acTocyBaHHS B Pi3HHX
CEKTOpax EKOHOMIKH, BKIIOYAIOUM JIOTICTHKY, TPAHCIOPT, CICKTPOHHY
KOMEpIIif0, YNpaBliHHSA BiIXOJaMH, TPOMAJACHKHI TPAHCIOPT, OXOPOHY
3II0pPOB'sl Ta BUi3HEe 00ciyroByBaHHs. EdexTHBHA onTHMI3allisi MapuIpyTiB
Mae 3Ha4YHUi BIUTMB Ha 3HIKECHHS OllepalliiHiX BUTPAT, MOKPALICHHS SIKOCTI
00CIIyroBYBaHHsI Ta JOCSTHEHHS Lijed crasoro po3BUTKY. VRP Hanexuth
1o kaacy NP-ckmagHux 3ajauy, IO O3HA4a€ BHCOKY OOUYHCIIOBAIbHY
CKJIQJIHICTh TOUIYKY ONTHMAJIBHHMX pillleHb, OcOOiaMBO Juisi 1i Bapiamiit
Benukoro Macmraly. Y 3BSIBKYy 3 UM, JUid po3B'sizanHs VRP wacto
3aCTOCOBYIOThCS HAOMIKEHI METO/IN, Cepell IKUX 0COOJIMBE MICIe 3aiMaroTh
AITOPUTMH POHOBOTO IHTENEKTY [1].

Icaye Bemmka KimbkicTe BapianTiB VRP, ski kimacudikyroTbes 3a
pi3HUMH (paKTOpaMH, TaKUMH SK OOMEXEHHS Ha BaHTaXKOIiTHOMHICTH
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(Capacitated VRP, CVRP), gacosi BikHa (Vehicle Routing Problem with
Time Windows, VRPTW), 3a6ip ta nocraska (Vehicle Routing Problem with
Pickup and Delivery, VRPPD), nasBHicTh Kinbkox gemno (Multi-Depot VRP,
MDVRP), moxxiuBicTb posaineHnHs goctaBk (Split Delivery VRP, SDVRP),
nepiognuHa Mapmpytuzais (Periodic VRP, PVRP), croxactuanuii monut
(Stochastic VRP, SVRP) rta inmi. Ili BapiaHTH BHUHHKAOTh BHACIIIOK
BKJIFOYCHHS PpEATbHHX CKJIQJHONIB Ta CHENU(PIYHUX BUMOT Pi3HUX
3actocyBanb [1]. BaxknuBo 3asnaumtu, mo VRP MokHa posrasgatu sk
y3aranbHeHHs 3ana4i komiBosbkepa (Traveling Salesman Problem, TSP) [3].

ABtopamu [3, 4] npoBelieHO OOLIMPHUIT aHalli3 CTaTel, MPUCBIYCHUX
nociipkeHnHio VRP ta iX poss’s3aHHs. BoHM IpoOmoHYIOTH HacTymHY
TaKCOHOMIIO JDKEped, 10 € aJanTOBaHOI0 BEpCIi€l0  TaKCOHOMIi,
3anporionoBanoi Eksioglu (2009). BoHn BUIUISIOTH II’SITh OCHOBHHX TEM
(TMI TOCTIJPKEHHS, XapaKTEPUCTHKH CIeHapiio, (i3W4Hi XapaKTepUCTUKU
mpobiemu, iHGOpMaiiHI XapaKTEPUCTHKH Ta XapaKTEPUCTHKU JAHWX),
KOXKHa 31 CBOIMH BJIACHMMH ACTAJBHUMH KaTErOpisIMH Ta IiAKATETOPisIMU
(mmB. Tabmmo 1).

Tabmums 1.
Tun nocnimpKeHb, XapakKTePUCTHKA CIIEHAPIt0, (i3U4HI XapaKTEePUCTUKU
3amadi, iHpOopMaIliiiHi Ta 1aHi XapaKTCPUCTUKU

Po3ain [Tiapo3min Hasga
1 1.1 Theory
1.2 Applied methods
1.2.1 Exact methods
1.2.2 Classical Heuristics
1.2.3 Metaheuristics
1.2.4 Simulation
1.2.5 Real-time solution methods
1.3 Implementation documented
1.4 Survey, review or meta-research
2 2.1 Number of stops on route
2.1.1 Known (deterministic)
2.1.2 Partially known, partially
probabilistic
2.2 Load splitting constraint
2.2.1 Splitting allowed
2.2.2 Splitting not allowed
2.3 Customer service demand quantity
2.3.1 Deterministic
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2.3.2 Stochastic

2.33 Unknown

2.4 Request times of new customers

2.4.1 Deterministic

24.2 Stochastic

243 Unknown

2.5 Onsite service/waiting times

2.5.1 Deterministic

252 Dependent

2.53 Stochastic

254 Unknown

2.6 Time window structure

2.6.1 Soft time windows

2.6.2 Strict time windows

2.6.3 Mix of both

2.7 Time horizon

2.7.1 Single period

2.7.2 Multi period

2.8 Backhauls

2.8.1 Nodes request simultaneous pickups
and deliveries

2.8.2 Nodes request either linehaul or
backhaul service, but not both

2.9 Node/Arc covering constraints

29.1 Precedence and coupling constraints

2.9.2 Subset covering constraints

293 Recourse allowed

3.1 Transportation network design

3.1.1 Directed network

3.1.2 Undirected network

3.2 Location of addresses (customers)

3.2.1 Customer on nodes

32.2 Arc routing instances

33 Number of points of origin

33.1 Single origin

332 Multiple origin

34 Number of points of
loading/unloading facilities (depot)

34.1 Single depot

34.2 Multiple depots
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3.5 Time window type

3.5.1 Restriction on customers

3.5.2 Restriction on depot/hubs

3.5.3 Restriction on drivers/vehicle

3.6 Number of vehicles

3.6.1 Exactly vehicles

3.6.2 Up to vehicles

3.6.3 Unlimited number of vehicles

3.7 Capacity consideration

3.7.1 Capacitated vehicles

3.7.2 Uncapacitated vehicles

3.8 Vehicle homogeneity (Capacity)

3.8.1 Similar vehicles

3.8.2 Load-specific vehicles

3.8.3 Heterogeneous vehicles

3.8.4 Customer-specific vehicles

3.9 Travel time

3.9.1 Deterministic

392 Function dependent (of current
time)

393 Stochastic

394 Unknown

3.10 Objective

3.10.1 Travel time dependent

3.10.2 Distance dependent

3.10.3 Vehicle dependent

3.104 Function of lateness

3.10.5 Implied hazard/risk related

3.10.6 Other

4.1 Evolution of information

4.1.1 Static

4.1.2 Partially dynamic

4.2 Quality of information

4.2.1 Known (Deterministic)

4.2.2 Stochastic

4.23 Forecast

4.2.4 Unknown (Real-time)

4.3 Availability of information

43.1 Local
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4.3.2 Global
4.4 Processing of information
4.4.1 Centralized
4.4.2 Decentralized
5 5.1 Data used
5.1.1 Real-world data
5.12 Synthetic data
5.13 Both real and synthetic data
5.2 No data used

Tun pociikeHHS BH3HAYA€ CTATTIO BIAMIOBITHO JIO 3MICTY Ta MOXE
OyTH po3niiennii Ha 4oTHpH Kareropii. [lepira kaTeropis, o CKIagaeThes 3
TEOPETHYHHUX cTaTei, chpusie 3aranbHOMy po3yMmiHHIO VRP y Beix ii
acriektax. [[pyra kareropis BiTHOCHTECS IO METO/IB, IO OYJIH 3aCTOCOBaHI
s po3B’s3yBaHHS VRP. TouHi MeTonw MO3BOJNSIOTH 3HAUTH TIIOOATHHUN
ontuMyM. OHAK BOHH 9acTO JOPOTi B OOYMCITIOBAJIHFHOMY CEHCi, TOMY IO
VRP (sx i 6araro #oro Bapiariif) € NP-cknagaumu (Lenstra & Rinnooy Kan,
1981). Sk pe3ynabrar Oararo aBTOPIB IMPOMOHYIOTH €BPUCTUKH. ABTOpHU
NPONOHYIOTh Y CBOI TakCOHOMIil, PO3PI3HATH KJIACHYHI EBPUCTUKU Ta
MeraeBprCTHKH. CTaTTi, SIKi IPOMOHYIOTh METO/M BUPILICHHS B PeaIbHOMY
yaci, JJIsl BUPIIIEeHHS JUHAMIYHKUX a0o oHnaiHOBUX VRP, kinacudikyrorses
B OCTaHHIO mijgkareropito. Tperst kareropis BKJIIOYa€ BCl CTaTTi, LIO
JOKYMEHTYIOTh peati3allifo MiAXOMiB Ui po3B’s3aHHS 3amadi VRP B
peaIbHOMY CBITI, TOJI SIK OCTaHHS KaTEropisi BKIIOYAE TOCITIHKEHHS, OTIISIH
Ta METa-JI0CHIPKEHHS, SKi cTocytoThest VRP.

XapaKkTEepUCTHKH CIICHAPII0 3aJaf0Th CIMCOK YMOB Ul IPOOJIEMH, 10
BIUTMBAE Ha PO3B’S30K He Hampsamy. [IpobieMu (i3MUHUX XapaKTEPHCTHK
BHPAKAIOTHCS Yepe3 YMOBHU Ta 0OMEeKeHHS 3a/1adi 1 HalpsMy BIUTUBAIOTh Ha
PO3B’S30K.

IndopmarniiiHi XapaKTEepUCTHKH - LIl KaTeropis po3pi3Hse eBOIIOIIIIO,
SKICTb, JIOCTYIHICTH 1 00poOKy iH¢popmarii. Eomtouis indopmanii
CTOCY€ThCsI TOro, sK BXinm VRP po3kpuBaeTbcs mim dac mporecy
Mapmpytuszanii. Komu Bes iHdopmariss Bimoma 3a3ganerigs, VRP
BU3HAYAETHCS SIK CTATHYHA; OJJHAK YacTO BXIiJHI JaHI pO3KPUBAIOTHCS abo
OHOBJIIOIOTECS ITiJ] Yac MpoIecy (YaCTKOBO JMHAMIUHOTO).

XapakTepUCTHKH JAHWX BMILIYIOTh METOJM PO3B’SI3aHHS, 10 MOXKHA
MIEPEBIPUTH Ha JaHUX PEaJIbHOT'O CBITY, CHHTETHYHUX JAAaHHUX (TaKWX K JaHi
TTOPIBHSAHHS YU €K3eMIULIPH, CTBOPEHI aBTOPOM), a00 Ha iX KOMOiHAaIIil.

Pesynpratn xmacuikarmii 144 craTteil HaBe[eHI aBTOpaMH y po3pisi
mpobieM Ta (i3WYHUX XapaKTePHCTUK HaBeleHi y Tabmumi 2. OcCKimbKd
KiJIbKa TPUITYIIeHb 3a3BHYail KOMOIHYIOThCS (HAampWKIaA, 9acoBi BiKHA,
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KiJIbKa JIeTO Ta MICTKi TPaHCIIOPTHI 3ac00H), KaTeropii He BUKJIIOYAIOTh OJJHA
onHy. HaBenmeni pesynpTaTé CBigUaTh MpPO  BAXKIMBICT HABEICHHUX
XapaKTEPUCTHK Y JIITEPaTypi.

Ta6mums 2.
Ornap crared B po3pisi BapianTiB VRP y abcomoTHHX Ta BiTHOCHHX
3HAUCHHSIX.

Variant Number of Relative
articles (total = 144) | presence

CVRP (Capacitated) 128 88.89%

VRPTW (Time 57 39.58%
Window)

HVRP (Heterogeneous) 27 18.75%

MDVRP (Multi Depot) 18 12.50%

VRPPB (Backhauls) 17 11.81%

SDVRP (Split 16 11.11%
Deliveries)

DVRP (Dynamic) 15 10.42%

PVRP (Periodic) 14 9.72%

VRPSD (Stochastic 13 9.03%
Demands)

VRRSPD (Simultaneous 12 8.33%
Pickup and Delivery)

OVRP (Open) 9 6.25%

TDVRP (Time 7 4.86%
Dependent)

MCVRP (Multi- 5 3.47%
Compartment)

CCVRP (Cumulative) 3 2.08%

OueBuaHoO, sk 3a3HayaroTh aBTopu [3, 4], mo CVRP 3anumaerscs
HaUTIOIMMPEHIIINM BapiaHTOM. TpaHCIOPTHI 3aCO0M PIAKO BBa)KarOTHCS
HETPUJIATHUMH, 32 BHHATKOM BHUIAJKiB, KOIM OJHA OJUHHMI IIOIHTY
BBAXKAETHCS HE3HAYHOIO 3a po3MmipoMm (Hampukian, Ferrucci et al., 2013).
Ockinekun CVRP 0yB momyssipamii 3 MoMmeHTY (opmyitoBaHHs VRP sk
3amadi, 110 BUAHO 3 Po3aily, npucesueHoro iiomy Toth i Vigo (2002). 3a
OCTaHHI I’ ATk POKiB 3’siBUBCs sik HOBUH BapiaHT CVRP — Cumulative CVRP:
3aMiCTh TOro, 00 MiHIMI3yBaTH 3arajbHy BifcTaHb (200 4ac y 1opo3i) 5K
LTk, BIH MiHIMI3ye cyMmy vacy nmpuOyTTs no kimienrtiB (Ke & Feng, 2013;
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Mattos Ribeiro & Laporte, 2012; Ngueveu et al., 2010). 3i 144 crareii Tpu
CTaTTi CTOCYIOTHCS IHOTO BapiaHTy (2% KiIacu(iKOBaHHX CTaTeH).

[HmuMm nomynsipauM BapiantoM € VRP 3 gacoBumu BikHamu. Yacosi
BikHA 3a3BHWYail oOMexeHi kiieHtamu (57 crareit) i memo (30 crareii).
2KopcTki gacoBi BikHA 3aJIMIIAIOTHCS HAWTTOMYIApHImIMHA (44 CTaTTi IPOTH
13 crarei, sKmo mpUAHATH M sKi dacoBi BikHa). Gendreau Tta iH. (2008)
TAaKOXX HANalOTh KaTeropu3oBaHy Oibmiorpadiro, ae MOXKHA 3HAWTH
HaBaXTMBIII MeTaeBpUCcTUKHU it VRPTW.

Tunu TpancnopTHUX 3aco0iB, WO criequdidHi sl BaHTaxy abo st
KJIl€HTa, HEe TMONYJISIpHI B Cy4YacHid JTepaTypi, Xoda JesKi aBTOpH
posrispatoth VRP 3 Gararbma Bincikamu. 3arajioM aBTOPW BiJI3HAYalOTh
TEHJCHLII0 3pPOCTaHHs MOIyJspHOCTI BapianTiB VRP, siki Bkirouaroth
MPUITYIIEHHS 3 peanbHuX 3anad, Bigkpuroi VRP, muramiunoi VRP Ta
3anexnoi Big wacy VRP. Yacto Taki mapameTpu peasibHOTO >KHUTTS, SIK
TpaHCHOPTYBaHHs roTiBku (Yan Ta iH., 2012), mocTaBka HEBEIIMKUX ITAKETIB
(Stenger Ta iH., 2013), 36ip cmirra (Kuo ta in., 2012) abo comianpHe
3aKOHOJIABCTBO MO0 pobodoro yacy BoxiiB (Rancourt Ta in., 2013; Kok et
al., 2010; Goel, 2009), croHYKalOTh OOCTITHHUKIB PO3POOUTH KOHKPETHE
MaTeMaTH4He (pOpMyIIFOBaHHS, UIA SKOTO MOTIM IPOTMOHY€EThes minxia. Ha
kKaJlb, TaKi MIIX0/IM 3a3BHYall HAMEPTBO MPHB’sI3aHi JI0 IEBHOT pobJiemMH, a
JIesIKl HaBITh CICIiaTbHO aJanTOBaHI 0 IICBHUX €K3EMILISAPIB TECTY.
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EBOJIIOLISA TOIOJIOITT HEMPOMEPEX, IIIO KEPYIOTh
MHOBEJIHKOIO U®POBUX ICTOT

Onexciii I3BanoB

Exonomiko-mexnonociunuii incmumym imeni Pobepma Enveopmi

TOPOLOGY EVOLUTION OF NEURAL NETWORKS WHICH
CONTROL THE BEHAVIOUR OF DIGITAL CREATURES

Oleksii Izvalov

Robert Elvorti Economics and Technology Institute

Abstract. This paper models the behavior evolution of digital creatures
with neural networks in a 2D cellular world. It introduces a JavaScript
simulator available on GitHub, which examines how different mutations,
such as changes in neural network topology, affect adaptation and survival.
The study presents experimental results showing the self-organization of
creatures and the evolution of their control networks' hidden layers and
neurons based on environmental conditions and behavioral strategies.

MogentoBaHHS IUPPOBUX ICTOT, X TOBEOIHKA Ta EBOJIOUII €
MPEIMETOM IHPOKOTO KOja JOCHiKeHb. Y 3HAYHIM YacTHHI TaKHX
JIOCITIJPKEHB TTOBEJIIHKA ICTOT MOJEIIOETHCS 3 IOMOMOr0I0 Helipomepexi [1].
[3 3acTocyBaHHSIM METOJIB HaBYaHHS HEHWPOMEpEeXi Ta TEeHETHYHOTo
MIPOTrpaMyBaHHs CIIOCTEPIracThCsl 3MiHa TOBEIHKH iCTOT, 3/1€01IBIIOTO — Y
0iK miBUIIEHHS e¢(DEKTUBHOCTI IIOCTABICHOT TIepe HUMH 3a71adi [2].

VY naHiii poOOTi po3TIISIAE€THCS MOACTIOBAHHS iCTOT, SIKi iICHYIOTh Ha 2-
BUMIpHIM TomuHi, po30uTiii Ha KiIiTHHKH. CHMYNATOp pealizoBaHO Ha
JavaScript, mo 3abe3meuye Horo MOXIUBICTH poOOTH y BeO-Opay3epi. Bin
omybnikoBanuit y BimbHOMY poctymi Ha GitHub [3]. Csit HaceneHuit
HacelleHOMY TphOMa THIIAMH JKHBHX ICTOT. PocnmHHM (3€JeHi KITTHHH) -
CTaTWYHI JDKepena eHeprii. BoHM 3'SMBISIOTHCS, HAKOMUYYIOTH YMOBHY
eHeprio "Bix COHI", MOXKYTh PO3MHOKYBATHCS (CTBOPIOBATHU KOTIii OPYH).
TBapuHu (CHHI KJIITUHM) — aKTUBHI areHTH, 1110 BUTPa4YaloTh eHeprio. Bonn
MOXKYTb PYXaTHCS Ta OTPUMYIOTh €HEPrilo BiJ 3’IaHHA POCIUH. XWKaKU
(4epBOHI KIIITHHU) — PYXalOThCs, BUTPAYAOTh €HEPrito, Ta MOXYTh TUIBKU
BiJ moinanHs TBapuH. [1oBeIiHKOIO KOXKHOT ICTOTH Kepye ii BlacHa HelpoHHA
Mepexa (puc.1).

Yac y cumyssmii iie TUCKPeTHO. Y KOXKEH TaKT CUMYJIAMIT 27 BXOMIIB
HeHpoMepexki aKTHBYIOTbCS HAcTymHHUM unHOM. Ilepmi 24 Bxoam
orpumytoTh R, G Ta B KOMITIOHEHTH KOIBOPY BiJ KOXKHOI 3 8 CyCiHIX KIIITHH
y okoii Mypa. Takox BXoJjaMu MEpEKi € BIACHHH IIOTOYHAHN PiBEHB TOJIONY,
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BJIACHUI ITOTOYHHH PiBEHb 370POB'S TA BUIAJAKOBE 3HAYCHHS IJISI BHECCHHS
€JIEMEHTY CTOXaCTHYHOCTI B ITOBEIHKY.

[IpuxoBanmii map Helipomepexi Mictute 15 HelipoHiB. Buxomis
Mepexa Mae § sKi 3rpymoBaHi y ABi rpymm: 5 Ta 3 Heliponu. HaitOimpm
AaKTUBOBAaHWH HEWPOH MEpIIoi IpyH BU3HAYAE HAMIPSIM PYXY ICTOTH: CTOSITH
Ha MicIli, 800 BUKOHATH HaMip PyXaTHCs B OMHOMY 3 HAaNpPsIMKIB Y OKOJIi (pOH
Heiimana. Haii6inpim akTruBOBaHMN HEHPOH APYyroi TPYIIM BHU3HAYAE PEXUM
pyxy. lle Moxe OyTH 3BUYalHHN pyX, pyX 3 HamipoMm 3’icTu icToTy Yy
LIJbOBIN KITITHHH 200 aKTHBALIS PEXKUMY 3aXUCTY (IIAHIUPa») Bix crpod
IHIIUX icTOT 3’iCTH 11 Y HACTYITHOMY TaKTi CUMYJISILII.

HaiimMennni BUTpaTH eHeprii TBapuHa HECTUME y BUIIAIKY CTOSIHHS Ha
Micii 0e3 akTHBaIlii cremialbHUX pekuMiB. HaiOunpmi BUTpaTH eHeprii —
IIpH pyci i3 HamipoM 3’iCTH BMICT HiJBbOBOI KITHHKH. [Ipu mpomy, SIKIIo
JIaHW pEeKUM aKTUBYBaBCS y KOPEKTHIiH cuTyanii (Y IiTbOBii KITITHHI JiHCHO
€ icToTa, IO CIyrye DKer), To MpuOyTOK eHeprii Bix 3’imaHHS 3HAYHO
nepeBaXkae BUTpPATH. SIKIIO ICTOTa BHUTpaydae BCIO CBOIO CHEPTriio, BOHA
3HMKA€E. SIKIIO X HAKOIMYy€e €HEprii BHIIE NMEBHOTO PiBHS, BOHA HAPOIKYE
HaIaaka.

cell Move T
[x1ly-1] G
Movea—
[eTeTe]
Move L
cell >
[x-T1]1ly]
Normal
Attack
Health >

Defend

Puc. 1. CraproBa CcTpyKTypa HEHpOMEpeXi KepyBaHHS ITOBEIIHKOIO
TBapyH
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Hamagku HacmigyOTh BIACTHBOCTI 0aThKiB, mpu IboMy icHye 10%
iMoBipHicTh MyTamii. Ilpy Myranii Konpopy HAIQAKHM SIK TBapHH, Tak i
POCIHH OTPUMYIOTH KOJIIip, IKAH AETI0 Bipi3HIETHCS Bif 0aTBKIBCHKOTO. A
MyTamis HeHpoMmepexXi 3MiHIOE BHIQAKOBUM YHMHOM YacTHHY ii BaroBUX
koedimieHTiB. TakoX ICHYIOTP MyTamii CTPYKTypH HeHpoMmepexi. VY
CHUMYJIALIT 3aKJIaIeHO MyTaIlil YOTHPbOX THITIB:

1. nomaBaHHS HOBOTO HEWPOHA HAa MPUXOBAHUU IIap MEPEXi;

2. BUJAJICHHS BHIIQJKOBOTO HEWPOHA 3 MPUXOBAHOTO IIApy Mepexi
(SIKI1I0 HAa TOMY O1JIBIIIE OTHOTO HEHPOHA);

3. pO3IiIICHHS OJHOIO Iapy MEPEeXi Ha JBa IMOCTIJOBHUX (SKIIO Ha
LBOMY IIIapi OLTbIIE OJHOTO HEHPOHA);

4. 00’enHaHHS IBOX MPUXOBAHMX IIAPIB MEPEXi Y €AMHUI 1Iap.

Barosi koediuieHTH Ta BIacHi akTUBAMil HEHPOHIB TaKOX 3MiHIOIOTHCS
MIPOTATOM KHTTS 1CTOTH. SIKIIIO MOTOYHA OBE/IiHKA ITPHUBEJIA 10 OTPUMaHHS
eHeprii, To BUXigHI 3HAYEHS, OTPUMaHI B TaKi CHUTYyaIlii, IiJICHIIOIOTHCS.
SIKII0 X 1CTOTa TOBIO TOJOMIAE, 11€ PO3LIHIOETHCS K HETATHBHUI CUTHAI IS
HelipoMepeki Ta BimOyBaeTbes mepeOymoBa BaroBUX KOE(IIliEHTIB 3 THM,
100 OTPUMYBAaTH 1HII BUXiJHI 3HAYCHHS.

HatypansHuM 9MHOM B CUMYJIATOPI BiOyBaeThCs MPUPOTHUHA Biabip.
Icrotn, uni HeifipoMepeki reHepyIOTh HeeeKTHBHI cTparerii (He 3HaXO0Th
1Ky, MapHO BHTPa4alOTh €HEPril0), THHYTh, HE MEPEeNaBIIN HAIaKaM CBOi
"renn". SIKIO K 3ajaHi BUIAIKOBO HA CTapTi Bark MEPEXi MPU3BOISITH 10
YCHINIHOI CcTpaTerii (HampuKIag, pyX MO 3C€JICHUX KIITHH, KOJU DPiBCHb
€Hepril HU3bKUii, Ta EKOHOMIsI €Heprii, KOJIM CUTHH ), iCTOTa BUKHUBAE JOBILE
1 HAKOTINYY€ JIOCTAaTHBO CHEPTil JJIs1 PO3MHOKEHHSL.

Taxuii cuMyJsITOp HaJae MPOCTIP IS MIMPOKOTO KOJIa €KCIIEPHMEHTIB.
Jns mepIoro eKCepruMeHTy CBIT 0yJI0 3aCeNIeHO YHIBepCATbHUMHM iCTOTaMU
— 3IaTHUMH PyXaTHCS, OTPUMYBATH €HEPriio sK BiJ (POTOCHHTE3Y TaK i Bix
nmoinauHi iHmmx. [Ipu npoMy mapamerpu GOTOCHHTE3Y OYIIH TOpEryIhOBaHI
TaKUM YMHOM, IO JUIS IIOBHOTO 3a0€3IEUEeHHS €HEPri€lo iCTOTa Mae€ MaTu
HaBKOJIO 6 BUTbHMX KmiTHH. llpm KigbKocTi cycimiB Oinmpme HiK 2,
MTOYMHAJIOCS TOJIOYBaHHs, 1 1100 OTPUMATH JIOCTaTHHO EHEpril icToTa Maa
abo pyxatucs, a0o aTakyBaTu CyCiJiB.

UYepe3 geskuil 4Yac MOJENIIOBAHHS ICTOTH MOYalnd BUOYIOBYBAaTH
JIAHIIOTOTIO/1I0HI CTPYKTYpH (pHC.2)
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AR
Puc.2. Camoopranizaiiist yHiBepcaiIbHHUI ICTOT (CTPLIKOIO BiAMiYeHa Ta,

o OyJie pyXaTucsi Ha HaCTYyITHOMY KpOIli)

[Tix yac pobotn cumymnaropa uepe3 xkoxHi 10 000 TakTiB MOJETIOBaHHS
BUKOHYBAJIMCS BHMIpH IIOJO THIIB CTPYKTYp HEHpoMepex iCToT.
ImoBipHicTE MyTarii Hefipomepexi y Hamaznka Bkmagana 10%. Ilim gac
MyTamii i3 piBHUME iMOBipHOCTSIME y 20% CTpYyKTypa HelpoMepexi Moria
3aIUIIUTHCA TAaKOK CaMO0 (TOOTO MyTYBaJH TLIBKH BaroBi KoeQiIlieHTH),
a00 3aCTOCOBYBaJIacsi OJ{HA 3 YOTUPHOX 3MiH TOIOJIOTII.

IMicnst 2000000 TtakTiB MozenroBaHHs HaiOinbma uactuHa (40%)
MOMYyJIALIT YHIBEpCAIbHUX 1CTOT Majia HEHPOMEPEIKY 3 TPhOMa IPUXOBAHUMHU
mapamu (puc.3). IlouaTkoBa TOMOJIOTIS 3 OJHMM MPUXOBAHHM [IAPOM
crabinmizyBanacs Ha piBHi 16% nomyssiuii. Hefipomepexi 0e3 nmpruxoBaHHX
mapiB, y SKUX 27 BXiZIHUX HEHPOHIB Oe3rocepeHbo MO€EHAaHI 3 BicbMOMa
BHXIJIHUMH, MOTJIH BHHUKATH BHACIIIOK MYTalild, MPOTE, ICTOTH i3 HUMHU
BUSIBIISUTHCS] HETPUCTOCOBAHUMHU 10 iCHYBaHHSL.
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Puc.3. 3miHa po3moxily KUTBKOCTI NPUXOBAaHMX INApiB HeHpoMepex
TTOTTY AL

3aranpHa KiUTbKICTh HEHpOHIB Ha BHYTPIIIHIX HIapax Mepex (puc.4)
Maja TEHACHIII0O MO 3MiH AK y OiK 30iNbIOICHHS, TaK 1 3MCEHIICHHS.
Cepenapo3BaykeHa KITBKICTh BHYTpilIHIX HeiporiB micist 2 000 000 takTiB
MOJIeNIIOBaHHsl  ckiajgae 15,5. HaiiMeHmia KinbKicTh HEWPOHIB, IO
crocrepirajacs mnpu Bumipax, Oyma 10, mnpore, iCTOTM 3 TaKHUMHU
HEHpoOMepeKaMH ICHYBaJIH CIIOCTEPITraIuCs JIUINE MPU ACIKUX BHMIpax y
OJIMHUYHIN KUTBKOCTI 1, HAWIMOBIpHIIIlIe, 3SHUKAJIH, HE 3AJIMIIMBIIN HAIAIKIB.

HacTynHi ekciepiMeHTH Ha TaHOMY CHMYJIATOPI MOJIATANN Y BUBUCHHI
€BOJTIOLIIT HEHPOMEPEXK PYXOMHX POCIMHOIMHUX iCTOT (TBApHH) 38 YMOBH
POCIIVH, 1[0 HE PyXarOThCsS Ta HE BIAMOBIIAIOTH HA 30BHIIIHI 30yIHUKH. Y
TaKoMy pa3i MyTalii i3 J0JaTKOBUMH NPHUXOBAaHUMH IAPaMH 3yCTpidainucs
piame i, 37e0iMbIIOro HE 3aKPIIUTIOBANIMCS Yy HaMaAKax. A KUIBKICTH
HEHPOHIB Ha €JMHOMY IMPUXOBAHOMY IIapi B CBOJIOIIIHO MPUCTOCOBAHUX
TBapHH gocsraia 50-Tu.

Ane 3HaYHa 3MiHa KapTHHH CHOCTepiraigacs, KOJM BHACIIZOK MyTaril
KOJIbOPY POCIHMHH 3MEHIIWIN G-KOMIIOHEHTY KOJIbOpy. Tozi IMoBeidiHKa
TBapuH 3MIHMJIACS Ha KOPUCTh XaOTHYHOTO PYXY «HAOCHII» 1 MyTamii 3
KUJIbKOIIIAPOBUMHE HEHpOMEpeKaMK BUHIILTU Ha TIEPILE MicIie.
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Puc.4. 3miHa KUTBKOCTI HEHPOHIB HA MIPUXOBAaHUX Iapax HEHpOMepeK
TTOTTY AL

BucnoBku. JlaHe moCiKEHHS MiATBEPIDKYE, IO BiJHOCHO MPOCTI
MpaBHjIa MOXYTh T€HEPYBaTH CKIIAJHY MOBEIIHKY MU(POBUX ICTOT Ta OyTH
py1Iiem uist Ty4dHoi eBomowii. Cumyssarop, BuibHO noctynHuid Ha GitHub,
Moxke OyTH ajganToBaHMW JUIsi cepil aHaJIOTIYHMX EKCIIEPUMEHTIB Ta
BizyaJri3auii Ta 10CiIiDKEHHS CTBOPEHHX B X011 TAKOT €BOJIIOLIT HEHpOMEpeK.
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3AJJAYA KOMIBOSI’KEPA 3 BA'ATBMA PO3B’SI3KAMU
Amica Kaciwm, [Terpo Cremtok, Onbra Xom’sik
Tuemumym kibepnemuxu imeni B.M. I'nywxosa HAH Vkpainu

TRAVELING SALESMAN PROBLEM WITH MANY
SOLUTIONS

Anisa Kasim, Petro Stetsyuk, Olga Khomiak

V.M. Glushkov Institute of Cybernetics of the NAS of Ukraine

Abstract. Using the example of 57 settlements in the Kyiv region, whose
Euclidean coordinates were calculated with an accuracy of one meter from
geodetic coordinates, the problem of finding all Hamiltonian cycles for the
symmetric traveling salesman problem is investigated. For the Euclidean and
Manhattan metrics, optimal Hamiltonian cycles are given, which are obtained
using the Concorde solver. A mathematical model of the traveling salesman
problem with Miller-Tucker-Zemlin constraints and additional constraints
that cut off the already found solutions is presented. It is used to prove that in
the Euclidean metric, the Hamiltonian cycle is unique, and in the Manhattan
metric there are two Hamiltonian cycles. The calculations were performed on
the NEOS server using the CPLEX solver and the AMPL modeling language.

3ajaya KOMIBOSDKEpa € OJJHI€I0 3 HAHOUIBII IHTEHCHBHO JIOCIIPKYBaHHX
3aJa4 B KOMOIHATOpHIM onTuMizalii. 3agaya TMoOJsITa€ B  MOUIYKY
HAMKOPOTLIOr0 MapLIpyTy, IO BKJIIOYAE BIJIBIAYBaHHS KOXXHOI BEpILIUMHU
rpada i moBepHEHHsS 10 Mo4aTKoBOi. Takmil MapHmIpyT TakoX HA3UBalOTh
HAaHKOPOTIINM TraMiJIbTOHOBHM IIHKJIOM.

3amaya KoMiBOsDKepa (DOPMYJIFOETBCS TaKUM 4MHOM. Hexail 3amanHa

Matpuns D ={dij} , KOXKHHMI Ti €JIeMEHT dl.j,i,j =1,...,n — 1Lle BiACTaHbL
(BapTicTh) mepexony 3 BepIIMHM i y BepmnHy j . HeoOXxigHO 3HalTH Taky

TePECTAaHOBKY IUJIMX YHCeT BiX 1 10 n, MpU SAKil JOCATAETHCS MiHIMyM
BapTOCTI MapmpyTy (MiHiMaJbHa TOBXHHA TaMiJIBTOHOBOTO ITUKITY ).

BrnactuBocTi BapTiCHOT MaTpuili J03BOJSIOTH KiacubikyBaTH 3amadi
KoMiBoskepa [1].

O3navenns 1. Sxmo dij = dﬁ Ui Oynb-IKuX i, j =1,...,n , To 3amada
KOMIBOSDKEpa  HA3WBAa€TbCA  CUMEMPUYHOIO  3aladelo,  IHAKIe —
ACUMEMPUUHOIO.

Osnavenns 2. Hexait mna Oymp-sxkux i, j,k=1,...,n Mae wmicue

HEpiBHICTh Tpu-KyTHuka d; =d, +d,. Tom 3amaua KomiBOsKEpa
Ha3UBAETHCS MEMPUUHOIO 33]AUCIO.
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Osnauenns 3. SIKIo d; € EBKIINOBOIO Bi/ICTAHHIO JUIst Oy/Ib-AKKX i Ta

J, TO 3a71a4a KOMIBOSDKEpa Ha3UBAETHCS €6KI1I006010 3a/1aUeIO.

OueBHMAHO, IO €BKJIIJOBAa 3aJada KOMiBOsKepa Oyde TakKox
CUMETPUYHOIO 1 METPHUYHOIO.

3amaya KOMIBOSDKEpPA Ma€ YHWCICHHI MPHUKIAIHI 3aCTOCYBaHHS Y
JIOTICTHIII, TJIaHYBaHHI MapIIpyTiB, POOOTOTEXHili, reoiHdopMaliiiHuxX
TeXHOJOrisX Toio. OcoONMMBUil IHTEpEC BUKIMKAE MOUIYK BCIX MOMKJIMBUX
ONTUMAIBHUX PO3B’SI3KIB, IO BaXJIMUBO ISl MOOYJOBU THYYKHX IUIHIB
BiJIBiyBaHHS BEpPIIMH Yy pealbHOMY 4Yaci 3aco0aMu aJanTHBHUX
reoiH(popMaIiiHUX CHCTEM HABIraliiHOTO THUILY.

Y 1mpoMy JOCHIIKEHHI pPO3B’S3YEThCS 33java IMOOYIOBH  BCIX
ONITUMAIEHUX MapHIPyTiB (TaMiTbTOHOBHX IMKJIIB) JJIsl CAMETPHYHO]T 3a1a4i
KOMiBosDKepa. Po3rnmsHeMo TecToBHi puKiIan 3 57 HACEICHUMHU IMyHKTaMHU
KuiBcpkoi o0macTi Asi eBKIIIIOBOI Ta MaHXETTEHChKOI MeTpuK. HaBememo
ONTUMAaIIFHI TaMiJbTOHOBI IHKIH, SIKi OTPUMaHi 3a JOMOMOTOIO COJBEpa
Concorde [2] 3 NEOS-cepBepa, Ta mOKakeMO IIIO0 B €BKJIJIOBIH METpHITI
ONTHMAJILHUH FaMiJIbTOHIB IIUKJI €IWHUH, & B MAHXETTEHCHKIH METPHIII € 1B
ONTHMANbHI TraMUIbTOHOBI 1UKIK. [lokakeMo 1ie 3a JONOMOTOIO
MaTeMaTHYHOI MOJIENI sl 33a4i KOMiBOsDKepa 3 oOMekeHHsIMH Misutepa-
Takkepa-3emiina [3] Ta 10JaTKOBUMH OOMEKCHHSMHU, SIKi BIJICIKAIOTh yKe
3Hal/IeH] pO3B’sI3KH.

Uepniris Ueppiirie:

HKurommp KuTomup

| Olepracy Uepkacu

AHiun HHUMUA mb

Puc.1 — OntumaneHi Mapuipyti: consep Concorde, L2 (3miBa) Ta L1
(ctipaBa)

TecroBuit mpukman 1is 3aaa4i KOMIBOSDKEpa BKJIIOYaE 57 HacelneHHX
myHKTiB KUIBCbKOT 00JacTi, €BKJIIIOBI KOOPAMHATH SKHX PO3PaxOBaHO 3
TOYHICTIO JI0 METpa 3a I'e0JIe3NYHIMHU KOOpJMHATaMH HACEJICHUX ITyHKTIiB
B3stux 3 Wikipedia (Open Street Map) bynm BuKopucTaHi HacTymHi
HaceneHi myHkTtu: KwiB, bepesans, bima IlepkBa, Borycnas, Bopucrminb,
Bosipka, Bpomapu, byda, BacwmipkiB, Bumropon, Bummaese, Ipmins,
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Karapnuk, Muponika, O0yxiB, Ilepescnas, [Ipun'sats, Pxxumis, Cksupa,
CnaBytu4, Tapama, Terii, Y3un, Ykpainka, @actis, YopHOOMIH, AroTHH,
Bbabunmi, bapumiska, bopoa, boponsaka, Benmnka Iumepka, Bomonapka,
Bop3emns, ['meBaxa, ['octomens, ['pedinkn, Jumep, Hocnigaunbke, 3rypiBka,
IBankiB, Kammnuika, KanmniBka, Kamura, KmaBmieBo-Tapacose, Kompa,
Koxanka, Kosun, KomoOunceke, Kpacaruui, Makapis, Hewmimaese,
ITickiBka, PoxutHe, CtaBue, Tepesune, Yabanu.

MoenmoBaHHsl  BificTaHeW MK BEpIIMHAMH 3IIHCHEHO Yy JBOX

BapianTax: eBKkimigoBa merpuka (L2): d, :round\/(x,. —X; )2 +(J’i -V )2 ’

MaHXeTTeHchka Merpuka (L1): d; = |xi —xj|+|yl. —y/.| ,ae (x,,), (xj,yj)
— €BKJIIIOBI KOOP/IMHATH BEPILHH.

OnrtumainbHi MapuIpyTH, 3HaineHi conepom Concorde Juist TECTOBOTO
npukiany 3 57 HaceneHuMu nmyHkramu KuiBcbkoi o0sacti B 000X MeTpHKax,
HaBeJIeHO Ha puc. |. B ontumansHOMy MapmipyTi 3a MeTpukoto L1 mae micue
BUJIIJIEHA YEPBOHMM KOJIOM «IeTyis». Lle o3Havae, mo MoXKHA BKa3aTH 5K
MIiHIMyM @I€ OJWH ONTHMAJbHMH MapUIpyT, y SKOMy L Heriss Oyxae
BifCyTHS. [ MOmIyKy yciX ONTHMAalbHUX MapIIpyTiB BUKOPHCTOBYBAaIacs
OIlMCaHa HIHKYE ONTHUMI3alliiiHa 3agaya.

MaremaTidHa MOJIETh 3a7a9i KOMiBOsDKepa chopMyIboBaHa SIK 3a/1a4a
3MIIIAHOTO IIJIOYMCENLHOTO JIiHiiHOTO TporpamyBanss [3]. IloTpibHO
MIHIMI3YyBaTH ITbOBY (QYHKIIIFO:

d=min}" 3d,x, (1)

=l j=1,j#i

pu 0OMEKEHHSX:

Zxﬁ =1, Zx,j=l, i=1n; 2)

j=l,j#i j=l,j#i

u,—u;+(n=Dx; <n=2, i,j=Ln, i#lj#li#j 3)

x,=0v1, i,j=Ln, i#]. @)

Tyt OysneBa 3MiHHA X; JIOPIBHIOE OJMHHLII, SKILO LUK MICTUTH AYTy
(i, j ) Ta JOPIBHIOE HYJIIO B IPOTHICIKHOMY BHUIanKy. HemepepBHa 3MiHHA
u, BIANOBIZA€ 33 NOPANOK BiJIBIyBaHHs BEPIIMH, OKPIM IEpLIO] BEPLUINHH,

3 SIKOT MOYMHAETHCS TA B SIKIi 3aKiHUY€EThCS TaMUIBTOHIB UK. YnuM OiibIie
3HQUEHHs 3MIHHOI u, B ONTHMAJbHOMY pO3B’S3Ky, TUM Ii3Hille IO

BEPIIUHY BiABiIy€e KOMIBOSIKED.
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3MiHHA U, MOXKeE IIJTIOYHUCIIOBOIO U, € Z, 1€ Z - MHOKHHA LTUX YUCE,

13a710BONIBHATH HepiBHOCTI 1 <u, <n—-1, i=Ln, i#1. Y nupoMmy BUnIagKy
1, BIANOBIZAa€ HOMEPY KPOKY, Ha SIKOMY BiJIBIZy€TbCs BEpIIMHA i, OKpIM
nepmoi BepmMHU. Toil uM IHmUHA cHoci® omMCy 3MIHHUX u, MOXe
MIPHUIIBUALIATH pOOOTY BHOPAHOTO coBepa Uit po3B’a3aHHA 3anadi (1)—(4).

Minimizariist minboBoi JiHiHOT QyHKii (1) BiAmOBiae 3HAXOMKEHHIO
HaHKOPOTIIIOrO T'aMiJBTOHOBOTO IHKIY, 3B’SI3HICTh SIKOTO 3a0e3ICUyIOTh
obomexenHst (3). OomexeHHs (2) ONUCYIOTh OJHOPA30BHUH BX1J/l Y BEPLIMHY i
Ta OJIHOPA30BHI BUXIJI 3 BEPILIUHU | .

Jnst 1mouIyKy BCiX ONTUMANbHHUX MAapIIPYTiB Ha KOXHOMY KpOI
po3B’s3yeThcst Momudikamis 3amaui (1)-(4), me mis 3amoOiraHHA BKe
3Hali/ICHUM ONTUMAJIbHUM MapUIPyTaM BUKOPHCTOBYETHCS OOMEXKEHHS Y
TAKOMY BHTJIAII:

> dyxy<d =1/2,k=1m, ®)
(i) =1

ne d’ — onTumanbHe 3HaYeHHs UinboBoi Qymkuii (1), X; = {x;.k} -

3HalileHl & ONTUMAaJIbHUX MapLIPYTIiB.

3a momomororo 3amadi (1)-(5) moBedeHo, 10 B EBKIIIOBIH METPHII
raMiJIbTOHIB LIMKJ €IMHUHN (JUB. puC. 1), a B MAHXETTEHCHKI METpHIIi iCHY€
JIBA TAaM1JIETOHOBI IUKJTH, SIKi HABEICHO HA pUC. 2.

+ Uepniris 4 epins

LT

Puc.2 — JIpa ontumansHuX MapmpyTa B Mmetputti L1 (1399214 m)

Pospaxynku mnpoBoamnucs Ha NEOS-cepBepi 3 BHUKOPHCTaHHSIM
consepa CPLEX [4] Ta MmoBu MozemtoBanast AMPL.

Jlireparypa
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JEAKI BUNAJIKHA OJEPXKAHHSA BINUKJIIYHOI T-

®AKTOPU3AIIIT IIOBHOI'O I'PADY METOAOM
MAPAJIEJIBHOI'O NIEPEHECEHHS MIKJAOJIEBOI'O PEBPA
Muponenko O.B.

Exonomixo-mexnonoeiunutl incmumym imeni Pobepma Enveopmi

SOME CASES OF OBTAINING A BICYCLIC T-
FACTORIZATION OF A COMPLETE GRAPH BY THE METHOD
OF PARALLEL TRANSFER OF AN INTER-SECTIONAL EAD

Myronenko O.V.

Robert Elvorti Economics and Technology Institute

Abstract. The work is devoted to the bicyclic T-factorization of the
complete graph Kn, where n = 41+2 and I>1, and to the algorithm and method
of parallel interlobular edge transfer when constructing such basic
components of the bicyclic T-factorization.

It has been theoretically proven and practically shown on the examples
of ten-vertex and fourteen-vertex complete graphs, which have a vertex with
the highest degree of 5 and 7, respectively, that the proposed method, based
on modulo residues and the use of parallel interlobular edge transfer, allows
not only using a computer program, but also using a number of logical
considerations and necessary constructions, to calculate all possible T-
factorizations for complete graphs Kn, where n = 41+2 and 1>1, with a large
number of vertices n.

37


https://neos-server.org/neos/solvers/co:concorde/
https://neos-server.org/neos/solvers/co:concorde/
https://www.ibm.com/analytics/cplex-optimizer

The author continues the investigation of the existence of a bicyclic T-
factorization for the graph Kis using the parallel transfer of an interlobular
edge.

Iomepenni mocmimkerns [1, 2] 03HAHOMIIIOIOTH 3 OCHOBHUMH
MOHATTSAMH Ta CHIiBBIOHOIICHHSAMH, Ha SKHX 0a3ylOThCA JIEMH Ta ix
JOBEJICHHS.

Hacrymui pobotu [3-6], MaTepiaiu IKHX BUKOPHUCTAHO B JOCIIIKSHHSX
oinukiiyaoi  7-¢aktopusanii mosHoro rpady K, nme n= 4I1+2 i =],
NPUCBSYECHI  XapaKTepUCTUIl 0a30BOi KOMIIOHEHTH OiumkiiyHoi 7-
(axTopu3auii, ymoBaMm ii iCHyBaHHS Ta CKJIaJaHHIO aJITOPUTMY 1 METOmy
MapaJie)IbHOr0 IEepPEeHECEeHHs MDKJOJIEBOro pebpa mpu NoOyHoBI Takux
0a30BHX KOMIIOHEHT OinmKiIiyHoi 7-(akropu3arii.

CdopMymp0BaHO Ta TOBEICHO PSA JIEM, IO CTOCYIOTHCS HEOOXiTHUX i
JOCTaTHIX YMOB T-(pakTopH3allii, a came - TOBEJCHO TaKi JIEMH:

Jlema 1. B 6immxuivniit 7-akropu3arii / pedep B KoxHiit nomui rpady T’
MIPaBHIILHO BIHICAHI.

Jlema 2. B GinumkmiuHiil 7-¢axkropu3anui MHOXHWHA pi3HHLB (b; - a;
)(mod k) moBMHHA CKJTaqaTy TIOBHY CUCTEMY JIMIIKIB 10 mod k.

VY crarrsx [2, 3] 3’scoBaHO i OmMMCaHO BUTIIA 0a30BOi KOMITOHEHTH
OinmkIiyHO1 7T-(hakTopH3aIlii:
1. Bowna cknanaerscs 3 aBox aonieit A= (1, 2, 3, 4,..., k), B= (k+1, k+2,

vy 1)}
2. Iligrpacdwm g4 1 gspaBUIBHO BIHCAHI;
3. PisHuI KOmiB MIKIONEBUX pedep CKIaae MOBHY CHCTEMY

JMIIKIB 110 mod k.

TakuMm 4MHOM BHSBIICHI BIACTHUBOCTI OiMMKIIYHOT 7-(pakTopH3arii, SKi
BUKOPUCTAHO [UIS TOro, MO0 omnucatd BHIJAL 0a30BOi KOMIIOHEHTH
Oimmkiigaoi  7-daxropusanii. Po3riasHyTO HEOOXimHI YMOBH iCHYBaHHS
JOBUIBHOIT OIUKIIIYHOT T-(haKTOpH3aIHi:

a) n = 41+2 (I=1), To0TO B KOXHI# 1011 [ pebep NOBUHHI yTBOPIOBATH
NOBHUH k-BepIIMHHUHN rpad Py MOCTINOBHUX K-/ IIMKIIYHUX ITiCTAHOBKAaX
a1=(12, ... k)iox=(k+1 k+2, .., 2k);

0) BkazaHi / pebep MOBHHHI OyTH 3aHyMEpOBaHI CIIEIiaJIbHIM YHHOM,
o0 i A€o MiICTAHOBKYU (i HE yTBOPIOBAIIMCH pedpa-ayOImiKaTH, a TaKoX
peOpa He TOBHHHI YTBOPIOBATH IUKJIIB.

BBeneHe MOHSATTS NapajIeNnbHOTo epEeHECeHHS MIXKIIONIEBOro pedpa.
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Osnavennss 1. [llapanenvnum nepenecenHsaMm MIidCO0Ne8020 pebpa
Ha3UBA€ThCS OJHOYACHE 30ULTBLICHHS KOIIB HOro BEPIIMH HA MOCTIHHY
BEJIUYUHY.

CKIIaficHO aNropuT™M TOOYHOBM BCiX 0a30BHX KOMIIOHEHT
OimmkIigHO1 7-(hakTopHu3arii Uit JOBITFHUX 3HAYCHD n=4[+2.

3arajbHa cXeMa aJITOPUTMY NOOY/10BU:

1. Tpad po3buBaerbcs Ha 1Bl noii 3 BepumHamu A= (1, 2, 3, 4,..., k),
B=(k+1, k+2, ..., 2k).

2. Bynyerbcs minrpad g4 TakuM 4uHOM, 100 BepmmHa 1 Mana
MAaKCHMAJILHHMH CTEeMmiHb. SIKIIO 1ie He Tak, TO 3rigHo 3 Jlemoro 1, e MokHa
3po0OUTH 33 JOOMOTOIO MiZICTaHOBKY 0= (1, 2, ..., k).

3. i peOpa, iIHIMAEHTHI BEpIIMHAM 10 A, iyTh y MiXKI0JIeB] pedpa
1 MounHAETHCs nepedip iX KiHmeBux BepmuH. [lepebip BeneTbes 32 yMOBH,
10 Pi3HHMILI KOMIIB CKIaJAI0Th IOBHY CHCTEMY JIMIIKIB 110 mod k.

4.Y nomi B nobynoByeThes miarpad gz 3 yMOBOKO HEYTBOPEHHS ITHKITY
1 IPaBMIIBHOCTI BOMICYBaHHS.

5. Sxmo BepmmHa | cymikHA 3 OyIb-SKOIO BEPIIMHOIO 107 B, TO
3riHO 3 JIeMoro 1 MokHa 3poOHTH TaK, OO ii HOMEp cTaB AOpiBHIOBATH k+/
3a JOIOMOTON IiACTaHOBKU op = (k+1, k+2, .., n). 3a mux ymoB
BUKOHYEThHCs 11epedip miarpadis gp.

TakuM YMHOM, Y HaBeJICHOMY IIEpeNliKy poOiT aBTopa, Ta Ha OCHOBI
JIOPOOKY HOT0 MOMEPETHUKIB, PO3POOJICHO Ta TEOPETHYHO OOIPYHTOBAHO
HOBUH MeToJ| oJiepkaHHs OinmkimiyHoi 7-¢akTopu3sanii moBHUX rpadis 3
n=4I[+2, ne [>1, kUi HA3BAaHO MeMOOOM NAPANEILHOSO NEPEHECeHH s
MidcO0e8020 pebpa.

JocmimKkeHo il0 alropuTMy IMOOYIOBH BCiX 0a30BHX KOMITOHEHT
OimmkiigaO1 7-pakTopmzarii AN AOBUTHHUX 3HAa4YeHb n=4[+2 Ta mMeromy
MapajeIb-HOTro IIEPeHEeCEHHS MiXKI0NIeBOT0 pedpa Ha mpukiaai #=10 mist THx
JepeB, SIKi BKIIOYAIOTh BEPIIMHY 3 HAHBUILMM CTENeHeM k=5, Ta IJIi SKHUX
/=2. Po3nncani mOCHiIOBHO BC1 BapiaHTH, IO OJEPKYIOTHCS MPH TOOYAOBI
miarpagiB 3 BHUKOPUCTaHHSM METO/AY MApalieIbHOTO IEpEeHECeHHs
MDKIO0JICBOTO pedpa.

Po3risiHyTO BCi MOXKITUBI TPUBEPLIMHHI 1 HOTUPUBEPIIUHHI MiATpahH gy
(a TakoX gp), IKI MOXYTh BHHUKaTu B noni A. [Ipu npomy BepmmHa 1
BXOJIUTH 000B’I3KOBO B g4 (pucC. 1).
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1 1 l 1 [ 1 l 1 1

) ) ) ]2
3 3 3]s 3 33 3 3
' 4 ' 'y 4 [4 4
5 s 5 5 5 5 5.5

Puc. 1 - Tunm nigrpadis g4 (gz) anst n=10

JoBeneHo TeopeMy IMpo Te, MO 0a30Ba MHOKUHA BHYEPITYE BCI TUITH
MOXJIMBHX Hinrpadis i 3’scoBaHo, 110, y MiJCYMKY, TpH 0a3oBuX rpadu /,,
h, h3, cxemMaTW4Hi 300pakeHHs SKUX HaBEICHI HAa pUC. 2, JO3BOJIIOTH
moOymyBatu 6inukiIiyHy 7-¢akTopu3aiiro moBHoro rpady Kio.

{ 3 i 6 1 6
2 7 2 7 ) 7

h= 3 3 =3 g M=y g
4 0 4 “9 4 9
5 / 10 5 « 10 5 10

Puc. 2 - ba3osi rpadu, 110 103BONISAIOTE TOOYAyBaTH OILMKIIIYHY
T-daxropu3artito moBHOTO Tpady K.

[oxazano, mo rpadu 7;s5, Ti7, Ti9, Ts1, Ts2, Tes 1 T7s HE MOITYCKAIOTH
OimmkiigaOi 7T-axTopu3arii. TuM caMuM 3aBepIIeHO JOBEACHHS TBEPKECHb
PO iCHYBaHHSA OIMMKIIYHUX T-(paxTopu3ariii MOBHUX TpadiB 3 KiIBKiCTIO
BepmuH #=10, 10 MarOTh BEPIINHY CTEHCHS 5.

Tak camo, 3a JONOMOIOK AQJIrOPUTMY TOOYIOBH BCiX 0a30BHX
KOMITOHEHT OilukiIiuHoil 7-(hakTopu3auii ajst JOBUTbHUX 3HaueHb n=4[+2 ta
METO/1y MapaJielIbHOTO IIEPEHECEHHs MIXk101eBOro pedpa, BAKOHAHO repedip
ycix rpadis, sKi JOMYCKAIOTh OIMKIIUHY 7-(akTopHu3alilo MOBHOTO rpady
3 n=14, i siKi MalOTh BEpUINHY 3 HAWBUILIM CTEIIEHEM 7.

VY pobori [6] chopmoBano noBHUH crcok 3159 HeizoMophHUX nepeB
nopsinky n=14. MHOXHHY IIOITycTHMHUX JaepeB, skux pisHo 3081 mepeso,
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po3buro Ha 6 knaciB T/14,s], ne s=2, ..., 7. KoxeH Takuii KJIaC CKIIaTa€ThCS
3 7iepeB NOpAnKy 14, mast sKkux HaliBUIIME creninb BepuHU A(T)=s.

ABTOpOM pO3risiHyTO Kinac T/14,7], skuil cknagaerbes 3 127 nepes
mopsAaKy 14 3 MakcHMallbHUM cTerneHeM BepimuHu A(7)=7. B moktopchkiit
mucepranii A. . Ilerpentoka [6] chopmympoBaHO 1 IOBEACHO PAN
TBEP/UKEHb 1 TEOpeM IpOo ICHYBAaHHS Ta HEICHyBaHHA OimukimidyHux 7-
(axropusariii s gepes 3 knacy 7/14,7]:

1) sixuro mepeso T nomyckae Oinukiiuny 7T-¢axkropusanito it n=2k,

To Bektop d(T)=(d}, d, ..., di), ne d; — KUIbKICTh BEpILIUH CTEIEHs { Y IepeBi
T, Moxxe OyTH TIpENCTaBICHUH y BUTJISI CYMH JBOX TaKMX BEKTOpPIB d;=(
di(l), ..., dul)) 1 do=( di(2), ... , di(2)) 3 HEBII€EMHUMH UITUMHU

KOMITOHEHTaMH, 1110 1IpH j=1,2 BUKOHYIOTHCS CITiBBIIHOIICHHS
diG)+ ... +du(j)=k,
djo')-i- 2 dz(/)-l‘ + kdk(/):n—l;

2) sxmo nepeBo 1 3 xmacy 7/14,7] nomyckae Oinukimiuny 7-
(dakropuzariro, To OOHAa 3 BEPIIMHHUX OpOIT Tpymu {o! 0OOB’SI3KOBO
BKJIfOYa€ 6 KIHIEBHX BEpHIMH 0a30BOi KOMIIOHEHTH i OIHY BEPIIUHY
HaWBHUIIIOTO CTEIICHS 7;

3) sxmo xmepeBo 1 3 xmacy T1/14,7] nomyckae Oinukiiuny 7-
(hakTopH3aIliio, TO CIpaBeIIHBI CITiBBIIHOIICHHS

d>m(T)+3 1 m(T)>3,
e(T)<3i di=6+ m(T)-g(T), ne

m(T) — KUIBKICTh KIHIEBUX BEpUIMH, CYMDKHUX 3 BEpIIMHOIO
HAWBUIIOrO CTENEHS 7,

g(T) — xupkicTh pebep y miarpadi, MOpoHKEHOMY MHOXHHOIO
BEpIINH, CTETEH] IKMX HE JOPIBHIOIOTH 1 i 7 (ToOTO BEpIINH 3 IPOMIKHUMHA
CTCTICHSIMH ),

4) sixmio st nepesa 7 3 knacy 7/14,7] BUKOHYETbCs HepiBHICTB g(7)> 3,
TO He icHye OimmkIiyHOo1 7-(hakTopu3arii;

5) y xnaci T/14,7] ue menmie 17 nepeB He TOMYyCKAIOTh OIMUKITIYHIX -
(hakTopuzariiii;

6) pieao 91 nmepeBo 3 kmacy T[/14,7] nomyckae Oirukmiuni 7-
(axTopu3arrii.

IMoganpmi  JOCHIIKEHHS  MPOBEJEHO 3  ypaxyBaHHSAM  YCiX
chOpMyIbOBAaHMX YMOB ICHYBaHHS Ta HCICHYBaHHS OiNUKIIYHUX T-
(haxTopu3aIliil s IepeB 3 3arajibHOI0 KUIBKICTIO BepIIUH #=14, sKi MalOTh
BEpUIMHY CTENeHs 7, 1 pe3ybTaTiB 100yI0B HaBeIeHHX B [5].

Bci moxxnuBi Tanm niarpadis g4 (gs), mo OyayoThes B 1031 A Ta B 10
B nns mepeB 3 KINBKICTIO BEpHIMH n=14 MOXXHa PEACTABUTH TaK: IEPIIUit
THO BKIOYae 3 peOpa, IHOWHACHTHHX ONAHIA BepmuHi (ToOTO pebpa
OB S3YIOTH MK co000 4 BepmMHMW), APYTHA THN — JBa pedpa

41



IHIIMHJICHTHUX OJIHIH BEPIINHI 1 OJHEe OKpeMe pebpo (miarpad Bxirodae 5
TaKMX BEPIINHM) 1, BIAMIOBITHO, TPETiH THIT BKIIOYAa€ TPH OKpeMuX pedpa (6
BEpIIUH).

CXeMaTH9IHO BCi MOXIIUBI THITH MiArpadiB g4 (gz) MOKHA TIPEICTABUTH
Tak, sK IMOKa3aHO Ha pucC. 3 i BBaXaTH iX OCHOBHUMH 0a30BUMH THIIAMHA
migrpadis g4 (gs) s n=14.

o —t

(WA
(YN

— — —
[EN)

4 4 4
*5 5 5
*6 -6 6
*7 *7 *7

Puc. 3 - OcuoBHi Ty niarpadis g4 (gz) nist n=14

TakuM YMHOM TEOPETHYHO JOBENEHO Ta NPAKTHYHO IIOKa3aHO Ha
MIPUKJIaJax JAECSATUBEPIIMHHUX Ta YOTUPHAIISATUBEPIIMHHUX ITOBHUX
rpadis, SKi MalOTh BEPLUIMHY 3 HAHBHUIIMM CTEIICHEM BIINOBIAHO 5 Ta 7, Mo
3allpOTIOHOBaHA METOJMKa, OCHOBAaHa HA JIMIIKAX [0 MOXAYJIIO Ta
BUKOPHMCTaHHI I1apaJelbHOTO IIepeHeceHHs MbkaoseBoro pebpa [2],
JI03BOJISIE HE TUIBKM 3a JOIOMOTOI0 KOMII FOTEpHOI IporpaMu, aie i 3a
JIOTIOMOTOI0 HU3KHM JIOTIYHWX MIipKyBaHb Ta HEOOXigHHX 100yIO0B,
popaxyBaTH Bci MOJHBI  7-(hakropu3ariii st moBHUX rpadis K, ne n =
41+2 i [>1, 3 TOCTaTHHO BEIMKOIO KiJIHKICTIO BEPIIIHH 7.

ABTOp TPOMOBXKYE JOCHIIUKeHHs ICHyBaHHS OirukiiuHoi  T-
¢dakropusarii s rpada Ki;g MeTomoM mapaienbHOTO IEPEHECEHHS
MDKIOJICBOTO pedpa.

Jlnst nouaTky, Oysia BUKOHaHa cripo0a o0y iyBaTH Ta 3aHyMepyBaTH BCi
MOXJIUBI rpadu-aepeBa 3 /8=4*4+2 BeplIMHAaMH, /¢ KOPEHEBa BepILIUHA
Mae creninb 9. OTxe, KuIbKicTh pedep Takoro rpagy 18 - 1 = 17. Kopinb
mix'exnanni 1o 9 ninrpadis-aepes. Hexaii po3mipy ux maaepes — sy, Sz, ...
. s9. Tomi

§;+ 82+ ... +89= 17 (yci BepIINHH, KPIM KOPEHS).

3Hax0pKEeHHS BCiX po30uTTIB uncna 17 Ha 9 momaTHHUX MiTMX YaCTHH
BIZIOMO SIK KOMIO3HIT yncia 17 Ha 9 nomarkis. KokHa Taka KOMITO3HINS —
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Lle BapiaHT PO3MOAUTY PEIUTH BEpIIMH MiX MignepeBaMu. TakuM 4HMHOM,
kommo3uiii 17 Ha 9 momaTKiB — 1€ KUTBKICTh MUIMX TOJATHHUX PO3B’S3KiB
PIBHSHHS:

Xi+X24 ... Tx0=17 xi=1.

Onepsxyerbest C§,=12870 BapianTiB, siki NMOTPIGHO TOMHOXKMTH Ha
KijbkicTh migrpagis-nepeB. KomOinyemo mi 9 migmepeB y Jepeso,
Ti1'€THABIIH X JI0 KOPEHS Ta 3aHyMEPOBYEMO KOYKHE IEPEBO YHIKAIBHO.

SIKIIO JUTs KOKHOTO YHCIIa §; 3HAWTH KUIBKICTh HEBIOPSIKOBAaHHX JE€PEB
T(s;), MepeMHOXHUTH KUTBKICTh BapiaHTiB IuX aepeB 1(s;) - T(sz) * ... - T(s9) Ta
MPOCYMYBATH BC1 MOMJIMBOCTI 10 BCiX KOMIO3HIIISAX, TO 3HAWIEMO KITBKICTh
yCiX MOJMJIMBHX JepeB 3 18 BepuimHamu, e KOpiHb Mae creminb 9. Takux
nepes 39 096.

VYci nepeBa MOKHa 3T€HEPYBATH Yepe3 PEKyPCHBHY MOOYAOBY.
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IIVIAPHAPHI T'PA®U 3 HAIIEPE/] 3AJIAHOIO KJIITKOBOIO
JTOBXKHWHOIO 3AJAHOI MHOKMHHM TOYOK
Ilerpeniok B. I., [lerpeniox /1. A.
LleHTpaNbHOYKpaTHCHKUI HalliOHANEHUH TEXHIYHUI YHIBEPCHUTET,
KponusHumskuii,
IactutyT KibepHeTnku iMeni B.M. I'mymkosa HAH Ykpainu.

PLANAR GRAPHS WITH A PRE-GIVEN CELL LENGTH OF A
GIVEN SET OF POINTS
Petrenjuk V.L", Petrenjuk D.A.
Central Ukrainian National Technical University
V.M. Glushkov Institute of Cybernetics of the NAS of Ukraine, Kyiv

Abstract. The paper considers a method for constructing finite planar graphs
from a given set of graphs Gi with subsets Mi of the set of their points, which
have a given cell length and a fixed reachability number, and are minimal
relative to a given cell distance length during operations of deleting an edge
or point from a given set of graph points.

Anomauyisn. B poOOTi pO3IIsTHYTO METO. MOOYIOBH CKIHUCHHUX TUIOMIMHHIX
rpadi i3 3amanoi MHOXHMHU TpadiB Gi 3 miaMHOXKMHaMH Mi MHOXHHH 1X
TOYOK, SIKI MalOTh 33/1aHy KJIITKOBY JIOBXHUHY 1 (hiKCOBaHE YMCIIO JOCSKHOCTI,
Ta € MiHIMaJbHAMHU BIJHOCHO 33J]aHOI JOBXHHHU KIIITKOBOI BiJICTaHI IpH
ollepalisx BUAaJICHHs pedpa 9 TOUKH 33/1aH0T MHOXXHWHH TOYOK Tpada.

KirouoBi cioBa: @-meperBopeHHst rpadiB, MexXi HEOPIEHTOBAHOTO POIY
rpacda, KJIITKOBA BiJICTaHb, YUCIIO JOCSHKHOCTI 33JJaHOT MHOXKUHHI

Bcemyn. OcHOBHI BW3HAueHHS Ta mo3HadeHHS y3aTi 3 [1-3]. B [4]
PO3IIISTHYTO 3aJa4y JOCHTIPKEHHS BIACTUBOCTEH IJIOIIMHHUX Tpadis, 10 €
MIHIMQJIBHMUMHU BiJIHOCHO 33J1aHOi MHOKMHH TOYOK 13 3a/IaHOI0 KJIiTKOBOIO
JIOBXKHHOIO 1 YMCJIOM JOCSKHOCTI 3a[1aHOi MiIMHOXHHA MHOXXHHH TOYOK.
3ajayero CcTarTi € aJbTEPHATUBHUN MIAXIM 0 OMHUCY NEsKUX KiaciB rpadis,
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JOCTIIDKCHAX aBTOopamMu B [4], NI HaBeJACHO BCI IHINI IMO3HAYCHHS 1
BH3HAYCHHS Pa30M 3 IMOSICHEHHS JI0 HUX.

Teopema. Hexaif 3amaHo 3B’S3HWH IUTONIMHHUN Tpad G is 3a/1aHOI0
M . . . . d.(M)
MHOXHHOIO TOYOK CYyTTEBHX BIJIHOCHO KJIITKOBOI BiICTaH1 pu
d.(M)=d
orepanii BHIAJEHHS 3 MHOXHHH, (M) , d= 2,

(M) t(M)=t>2 . .
JOCSKHOCTI , , Ta MIHIMaIbHOKW BiJJHOCHO
KIIITKOBOI Bi[ICTaHI MHOXHHOIO pebep mpH omepamnii HOro BHIAICHHS Yd
CTUCKAHHS B TOYKY.

3 YHCIOM

MaroTh MicIle HACTYITHI CITiBBiTHOIIICHHS:

1. Sxmo de(M)=2 Ta to(M)=2
rpadis:

, To rpad G i30MOp(HHI OTHOMY 3

’%

v s

TOOTO € Hp006paSOM Kiﬂbuf{ 3 ABOMAa HCBUPOJKCHUMU NNPOCTUMU HUKIIAMU
l(Zi)’ e ANZH= @’ I(z)21(z,)) > 3’

Z1,2,

Z.
!, IOBXHUHH 110

3a[I0BOJIGHAIOTH CHIiBBIIHOIIEHHIO: ) BEPIIMHA IUKIIB SIK1
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% . Z,Z
CKJaJaloTh MHOXHHY M, Ta mapu BeplIMH (v, v2) LUMKIIB 1772

BIJIIOBITHO, IO 3’€IHAHI peOpPOM, Halle)KaTh MPOCTUM ITUKJIAM JTOBXKUHH HE
OlIbIIE 5.

Ta OJHIK 3 HACTYTHUX YMOB: a) I(Zl):6’l(22)=3; 0)
[(z))=5(z)=3. 4 1(z)=40z)=4VvI(z)=3).,
[(z)=3,(z) =D v ((z,) =3).

d,(M)=2 __ 1,(M)=3

2. SIxmmio , TO Tpad G i3oMopdHHUI OgHOMY 3 3-

X:

3. SIk1o MaroTh MicIie HaCTYITHI YMOBH:

to(M)=t
a) MHOXHHY TOYOK M 3 YHCIIOM IOCSKHOCTI ¢ (M) , > 2 , po3outo

/-1 . M, MM, =0
Ha HEMOPOKHIX YaCTUH l, J J , 3 KIIITKOBOIO

. DG(M] UM.)) ISDG(MIUM.)S2
BIJICTAHHIO JTOBKHUHU i/ ne i
i<j iL,j=L2,..,t-1,

>

, AJIA BC1X

. . . H,
0) rpad G TOIaHO 5K (p-00pa3 k KOIIil, IoHaliMenIe, 1ox rpadis =~ 17,

V' isomopdmmx omHOMy 3 mepmmx 1l-tm  Tpadis H”,
H,=G(M,,M,)

, BUIIICHABEICHNX y JIeMi 2, 3aJaHUM Ha Tapi MPOCTHX

HaHHIOFiB Hli N HU‘ Fpa(l)lB Hll s 1j s e l < ] s l’] - 1325“'k s k St

a caMe:
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k

o DG(M)—kSZDG(MluM,.)

TO BHUKOHYETHCS HEPIBHICTH: i=l , TIpHIOMY
HIDKHS OIIIHKA JIOCSATHYTA JUIst He3B si3HOTO rpada G, BCi KOMIIOHEHTH SIKOTO

. K . .
€ @-00pasoM mapu rpadiB ~ 4 MpH OTOTOXKHEHHI MMapH JIAHIIOTIB JOBKHHH 2
Ta BUJAJICHUM KPAaTHUM PEOPOM.

&%

PUC. 1. ImrocTpyemo Teopemy rpadaMu i3 3a7aHOF0 MHOXKHUHOIO BUIICHIX
YKMPHO BEPLIMH 3aJIaHO1 KJITKOBOI BiICTaHi.
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Hosenenns teopemu. Hexait s rpada G BUKOHYIOTbCSI YMOBU TEOPEMH.

t.(M)=2

Hosenemo cmiBBigHOmEHHs 1. SIKIo , TO 3TiJIHO BU3HAYEHHS

tg(M)

Yyucia JOCSKHOCTI MHOXHHHW MaTUMEMO BKJIAACHHA rpa(ba G B

eBKJIIOBY IUIOIIMHY, fAKE€ pPO30MBaE MHOXHHY M ya psi HEMycCTi

T IMHOKHHHA i, po3MillleHI Ha TPAaHWYHHMX IUKIaX KIITOK ~¢. 3rigHo

d,(M)=2 (e.e;)

BU3HAYCHHS KJIITKOBOI JOBXHHU KO>KHa napa pedep Ha

(Si’sj)

TPAHULAX Tapu KIITOK Ma€ HaJeXaTu TPaHUIl I1e, Xoua O, oaHiel

. K . oo
KITKH 0, mpudyoMmy pebpa MawoTh OyTu HecyMikHuUMH. JlificHO, sKIIO

(ei’ej)

CYMDXHI, TOOTO HaJeKaTh KJIITKaM, sKi

dg(M)=1. [Mpunymenns
d,(M)=2

MIPUIYCTHUTH, 1O pedpa
YTBOPIOIOTh KYT, TO L€ O3Ha4YaTHMe, LIO0

HemnpaBwibHe. OCKiIBKU Tpad — KPUTHYHHHA BiJHOCHO

(eiaej)

npu

BHJAJICHHI UM CTHCKAaHHI ¥ TOUKY, TO MiX

(S[9Sj)

CTpYKTypa rpada G €, a00 KiJbIIeM 3 JABOMa 30BHINIHIM Ta BHYTPIIIHIM
LUKJIAMH, MDK SKAMH JIeKaTh TPAaHWYHI LUKIM KyTOBUX KIITOK YH
HEKYTOBHX, a00 KJIITKOBHM JIAHIIOTOM 3 IBOMA KiHIIEBUMH HEBHPOKEHIMH

zZ,Nz, =D I(z;)

Z.
OpoCTUMH HUKJIAMH L , 3 OOBXHHaAMH

(z))=21(z,) =3

Mae OyTH ab0 KITITKOBHHA

e Ue. COs
! / . To6to

. SO
KyT 0e3 mapu , abo HekyToBa 2-kiitka U, ne

e

) ) LS

, Mi’K IKUMH MalOTh OyTH IBa KyTH 3 KJIITKaMi ' 7 , IO
3aJIOBOJIBHSIOTE OJTHIN 3 YMOB a), ..., T). 1-3BsS3HHUH Tpad G i3oMopdHuii 9-
My Tpady Ha pucC. 2, e € MPUKIATN KIITKOBOTO JIAHITIOTa Ta Kbl Ko

[G(M):3 ZLG(Al)

, TO 31"1].'[H0 BHU3HAUYCHHA 4HCJIa I[OCH)KHOCTi MHOXHWHHU

MAaTUMEMO BKJIaQJCHHS rpa(ba G y eBKJ’IiZ[OBy IJIOIMHY, SKE p036I/IBa€

MHOXHHY M Ha TpU HEITYCT1 M1IMHOXHWHU !, PO3MIIICHI HA TPAHUYHUX

. S =1, 2,... = : .
IUKJIaX KIITOK /, ! T ’k, k 3. 3a BH3HAYECHHSAM KIITKOBOI

JOBXXMHH MAaTUMEMO, IOHAWMEHINe, TPH KIITKH, SKi MICTATh Ha CBOIX
TPaHUIIX HEMyCTi MiIMHOXWHI MHOKHHE M. MOXJIHBI 1Ba BULAIKA IS

QG(M): a) QG(M)ZI; 6) O;(M)=0

. Y BuUmanmky a) MaTHMEMO 3TiIHO
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d,(M)=2

BHU3HAYCHHS KJ'IiTKOBO.I. JOBXHWHU
S.,8

1

T€, IO TPaHMII KIITOK

isS . . . .
/" matumyTh xo4a 6 OHY CHiNbHY TOuKy. Toji HaBemeHi KITKH
YTBOPIOIOTH JIBa KIIITKOBI KYTH, SIKi IIPOXOIATH Yepe3 MIBi MPUKIICEH] CTPIUKA

Mebiyca. BpaxoByroum MiHIManbHICTE Tpada G BiTHOCHO dg (M),
. . K, . . .

MarumemMo izomopdizm rpady 3 ycima l-migpo3ainenumu pedpamu. Y

BUNAAKy O) MaruMeMo, IO JBi Mapu KIITOK MOKPUTTS MHOXHHH M

MaTHUMyTh X0d4a O MO OAHiM cmimpHiM Toumi. Tomi 2-3B’s3HuMU rpad G
MaTuMe CTPYKTYpy HOAIOHY 10 HaBeJeHOI Ha OCTaHHIM Kapti puc. 4, a 1-
3B’s13HUI Tpad Oyzae i30MOppHUI TPHOM OCTAHHIM rpadam qpyroro psay Ha
puc. 2. JloBeieHHS CIiBBiTHOIICHHS | 3aKiHYCHO.

Ha puc.1 naBeneHo rpad i3 3a1aH0I0 MHOKHHOIO BEPIIHMH, BUIUICHUX
KHUPHO, Ha |- Ta 2-i1 KapTi 6e3 HecyTTeBOTO pedpa (2, 4) BiAHOCHO KIIITKOBOT
BifgcTrani 4 mpu omepamii BHIAJNCHHS, a Ha TPEeTiH KapTi BCTAHOBJIEHO
CyTTeBicTh pebpa (5, 6) BiIHOCHO KIITKOBOI BifcTaHi 4 mpH omeparii
BuganeHHs. Ha 4-if ta 5-if kapTax IJIOMMHHI MiHIMambHI Tpadu BiITHOCHO
KIIITKOBOI BiICTaHi 3 MHOXMHH BHAUICHUX BepmmH. Ha 6-if kapti rpad 3
MHOKHHOIO HaBEJCHUX TOYOK KIIITKOBOI TOCSKHOCTI 3 Ta MiHIMaJIBHOTO TIPH
BHUJIaJICHHI TOUKH. J[oBeIeHHSI TEOPEMH 3aKiHYICHO.
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HEOBXIJTHA YMOBA ICHYBAHHS 3BAJIAHCOBAHOI
CYMIXKHO-HY.JIbOBOI PO3MITKH Y3ATAJTBHEHOI'O I'PA®A
NNETEPCEHA
Mapuna CemeHtoTa
Llenmpanvnoyxkpaincokuii HayioHarbHUL MeXHIYHULL YHigepcumem

A NECESSARY CONDITION FOR THE EXISTENCE OF A
BALANCED ZERO-NEIGHBORHOOD LABELING OF A
GENERALIZED PETERSEN GRAPH
Marina Semeniuta
Central Ukrainian National Technical University, Kropyvnytskyi,
Ukraine

Abstract. Let G = (V,E) be a graph of order |V| = 2n,andletf : V -
Z, be a mapping such that the number of preimages of 0 and 1 are equal and
for every vertex v € V, sts weight w(v) = Yyenw) f(w) = 0(mod2), where
N (v) is the neighborhood of v. Such the mapping f is called a balanced zero-
neighborhood labeling. In this paper, a necessary condition for the existence
of such a labeling for generalized Petersen graphs is established.

Po3MmiTku rpagiB eneMeHTaMH TpyH € aKTHBHO [OCIiIKYBaHOIO
obuactio Teopii rpadis. Ilepuri poboTu 1poro Hampsmy 3’sBuiucs y 90-
pOKax MHHYJOrO CTOJITTS. BepiiuHHi po3mitku rpadiB enemeHTamu
a0eJieBHX IpyII, IPH SKUX KOMIIOHEHTH 3B'I3HOCTI rpada MaroTh CTajy Bary,
BuByany 0. @ykyui [1] 1 }O. Erasa [2]. Po3mmpenns wiel inei npusseno 10
BBeICHHs ['-MariuHoi TOTaybHOI PO3MITKH rpada ereMeHTaMH JOBLIBHOI
abesneBoi rpynu I, mopsiiok sikoi 3aJIeXXUTh Bij MOPSAAKY Ta po3Mipy rpada
[3]. T-mucranmiitHOO MaridHOO po3MiTKor Tpada G = (V, E) Ha3uBaroTh
OiexTHBHE BiT0OpaXeHHS MHOKWHY BepIIH V Ha abeneBy rpyny [' mopsiaky
[V, npu sikomy 1yist KOKHOI BepumivHu 3 V cymMa MIiTOK CyMDKHHUX 3 HEIO
BEpUIMH JAOpIBHIOE OJHOMY 1 ToMmy »x enemeHty 3 [. Ile mnoHsaTTs
3anpornonyBas Jl. ®pondek B pobori [4]. I'pad, 1o momyckae Taky po3MiTKy,
Ha3uBaloTh [-IUCTaHIIHHUM MaridyHUM. 3 TOYKH 30py HassBHOCTI IPYNOBUX
MariyHux po3MiTOK KyOiuHi rpadu posrisnamucs B [5-8]. YV mpomy
KOHTEKCTI, aBTOpU poOOTH [7] BBENIM HOBHH THI PO3MITKH BEpPLIMH, SIKHH
0azyeThCsl Ha JABIHKOBHX MITKax Ta JIOKAJIBHUX OOMEXEHHIX — Ie
30a/JaHCOBaHA CYMiKHO-HYJbOBa po3MiTka (balanced zero-neighborhood
labeling). Boma TicHO moB'3aHa 3 paHime IOCTIHKYBaHUMH BHIAMH
PO3MITOK, 1[0 HAKJIaJalTh OOMEXEHHS Ha JIOKaJbHE OTOYCHHS BEPILHH.
3okpema, 30amaHcoBaHe cyMikHe po3dapOysanus (neighborhood balanced
coloring) [9] BuMarae piBHOT KIIbKOCTI CYMIKHHX BEPILUH KOXKHOTO KOJILOPY
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JUISl KOXKHOI BEpIIMHM, a PO3MITKa 3 HYJIOBOIO CyMOIo (zero-sum labeling)
[10] mepenbauae, MmO cymMa MITOK CYCITHIX BEpIIMH JOPIBHIOE HYIIO 32
IIEBHUM MOAyJeM. 30aJaHCOBAHY CYMi’KHO-HYJIbOBY PO3MITKY MOXHa
po3TIAmaTH SK KOMOIHAIi0 IUX iIei, OCKUIPKM BOHA BHMArae sK
30a1aHCOBAaHOCTI KiJIKOCTI CYCiiB 3 pi3HUMH IBIHKOBUMH MiTKaMH, Tak i
HyJIBOBOI CYMH IIMX MIiTOK 32 MOZAYJIEM 2 B OKOJIi KOKHOI BEPUINHA. ABTOPH
[7] nocmimkyBamyM HasSBHICTH TaKOi PO3MITKHM B y3aralbHeHOMY rpadi
Iletepcena  GP(n,2) Tta  chopMyaroBaId  HACTYIHY  3aa4y:
oxapakTepusyBaTH KyOiuHi rpadu, 0[O0 JOMyCKAOTh 30aJaHCOBaHY
CYMIKHO-HYJIbOBY PO3MIiTKy. B naHiii poOoTi BUBYaIOThCS peryisipHi ta
y3aranpHeHi rpadu [lerepcena GP(n, k) y KOHTEKCTI 1aHOT TEMAaTHKU.

IMix y3aragpHenuM rpadom Ilerepcena GP(n, k) posymiemo rpad
nopsinky 2n 3 MHoxkuHOw Bepimud V(GP(n, k)) ={x;y;: i € Z,} T1a
mHOxHHOIO pebep E(GP(n, k)) = {(x;, Xi1), Vi, Yigw), (i, y)Ii € Zy}, ne
inexcu Oepythesi 3amonynemn (n>3)il <k < g ITpu dixcoBanomy n,

3aMiHa mapamerpy kK Ha n — k He 3MIHIOE CTPYKTypy Lboro rpady 3
TOYHICTIO JI0 NepeiiMeHyBaHHs BepuiuH, T00T0 GP(n, k) = GP(n,n — k).
[inrpadu C; i C, rpada GP(n, k) 3 muoxxunamu Bepumd V(C;) = {x; : i €
Zp}, V(C2) = {y; : 1 € Zn} i pebep E(Cy) = {(xy, Xi41) i € Zn}, E(Cy) =
{ i, visr)li € Z,} 6ynemo Ha3uBaTH BiANOBIIHO 30BHILIHIM Ta BHYTPIlIHIM
UKIaMu, a pebpa Bumy (X;,y;) — cnuisMd. Bcei ysaramsHeHi Tpadu
[etepcena € xy6iuarmmu rpadamu. Iligrpad C, rpada GP(n, k) mictuts

HCA(n, k) uukniB nopsiaxy chr(ln 5 [12]. IIpu Henapaomy k rpad GP(n, k)

€ IBOJOJIbHHUM.

Hexait G — tpad 3 muoxwunoro BepumH V, |[V| = 2n. Posrisnemo
BiJTOOpaXCHHS
f:V - Z,. JIns xoxuoi Bepmmun v €V BusHaummo Bary w(v) =
Yuenw) f (). BinoOpakenns f Ha3uBaloTh 30a7aHCOBAHOIO CyMikKHO-
HyJIbOBOIO PO3MiTKOIO rpada G, axuo |f~1(0)| = |[f"1 ()| =niww) =0
JUTsl KOXKHOT Beputnau v € V [7].

S. Cichacz Ta S. Miklavic, BCTaHOBWIM II€BHI BJIACTHUBOCTI I[i€l
po3MiTKy st migkiacy rpadis GP(n, 2). Y HacTymHil sieMi chopMynb0BaHO
YMOBH, SKAM MAalOTh 33IOBOJILHATH HapaMeTpd N i 7 A r-peryysapHHX
rpadis.

Jlema 1. fxmo r-perymsapHuit rpad G TOpAAKY N JOIyCKae
30alaHCOBaHY CYMIXKHO-HYJIBOBY pPO3MITKY, TO0 n = 0(mod4) mpu r =
1(mod2) i n = 0(mod2) mpu r = 0(mod2).

Hacainok 1. fIxmo y3aransuennii rpad Ilerepcena GP(n, k) nomyckae
30a1aHCOBaHy CYMDKHO-HYIbOBY pO3MiTKy, TO 1 = 0(mod2).
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Y wmexax 1mi€i poOOTH [OBEAEHO HACTYIHY TeopeMy, B SIKii
MIPEACTaBICHO HEOOXiMHI yYMOBH ICHYBaHHS 30anancO8aHOl CYMIdCHO-
HY1b060i posmimku 0 rpadis GP(n, k).

Teopema 1. Skmio y3aranpuenuit rpad Ilerepcena GP(n, k) momyckae
30aJ1aHCOBaHy CYMIXHO-HYJIBOBY po3MiTKy, To n = 0(mod6), k =6l + 1
a6o n =0(mod3),k=3s+1,nel,s €N.

HaBenemo mpukian 3actocyBaHHs —TpadiB, IO  JIONMYCKalOTh
30alaHCOBaHy CYMDKHO-HYJBOBY pO3MITKY, O aHajJi3y KOHKPETHOI
ceHcopHoi Mepexi. CeHcopHa Mepeka sIBJIsi€ CO00I0 PO3IOAITIEHY CUCTEMY,
IO CKJIAJAETHCS 3 ABTOHOMHUX CEHCOPHHMX BY3IB, 3[aTHUX CHpHHMaTH
pI3HOMaHITHI TapaMeTpH HaBKOJHUIIHBOTO CEpeloBHUIIa (TeMIlepaTypy,
BOJIOTICTh, THCK, pyX TOIIO) Ta OOMiHIOBaTHCS iH(pOpMAI€0 Uit
3a0e3NeUYeHHs] KOMIIEKCHOT'O MOHITOPHHTY Ta IIPUHHATTS PillICHb.

VY mochimKeHHSIX PO3MOALTY CTaHiB CEHCOPIB Y Mepexkax, TOIOJOTis
SIKUX MOJICTIOEThCS TpadaMu, BaXIIMBO 3a0E3MEUUTH SIK TII00AIbHY
e(eKTUBHICTh, TaK i JIOKaJIbHY CTaOUIBHICTH (YHKIIOHYBAaHHS OKPEMEX
BY3JiB. B KOCTI MareMaTn4IHOT MOJIeITi TAKOT CEHCOPHOI MEPEKi PO3TIITHEMO
rpa¢p GP(12,5), sxuii pa3oM 3i 30aJlaHCOBAHOK CYMIXKHO-HYJIEOBOIO
PO3MITKOO TIpeicTaBICHUH Ha puc. 1.

Puc. 1. I'pad GP(12,5) 3i 30a1aHCOBaHOIO CYMi’KHO-HYJIHOBOIO PO3MITKOIO
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VY 3amporoHOBaHI Mojeni MiTka 1 BigNOBiga€ aKTUBHOMY CTaHY
CEHCOPHOTO By3Ia, a MiTka 0 — macuBHOMY. 3acTOCyBaHHS 30aJaHCOBaHOT
CYMIXKHO-HYJIbOBOT PO3MITKH JO3BOJISE JOCSATTH HACTYIHI HEpeBard: I0-
nepie, raodabHMi OallaHC MiXK aKTUBHUMH Ta ITACHBHUMH BY3JIaMH CIIPHSE
pamioHaTIbHOMY PO3IIOALTY HAaBAaHTAXKEHHA B Mepexki Ta e(PeKTHBHOMY
BUKOPUCTAHHIO €HEPTrOPECYPCiB — IO € KPUTUYHO BAYKJIMBUM JUISI CEHCOPHHX
CHCTEM 13 AaBTOHOMHHMM O KUBICHHSM; IIO-Ipyre, JOKajJbHa YMOBa
Y ow(x) =X w(y;) = 0(mod2) Moxke cTabinizyBaTn B3aeMOII0 Mixk
By3namu. Takuil miaxia HampsiMICHUH Ha 30UIBLICHHS TPHBAIOCTI POOOTH
OKpEeMUX BY3JIB 1 cTabIBHOCTI MEPEXi B iJIoMy. Y Mexkax (pyHKIIOHyBaHHS
CCHCOPHOI Mepexi Taky KOHQITypaIlil0 CTaHiB KOPHCHO 3aCTOCOBYBAaTH Ha
eTami iHimiamizarmii abo miJ Yac IUIAHOBOI pOTallii aKTHBHUX BY3IIB, IO
3a0e3neuye piBHOMIpHE BHMKOPHCTaHHS pecypciB ceHcopiB. Kpim Toro,
JOKaJbHUIA MOHITOPHHI YMOB O0ajaHCy MOXKE BHKOPHCTOBYBATHCH SIK
MeXaHi3M BHSBJIICHHS aHOMANil — 30KpeMa, MOPYIICHb y MOBEMIHII BY3IIiB
a00 HEeCaHKI[IOHOBAHUX 3MiH IXHBOTO CTaHy.
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SQUARE DIFFERENCE VERTEX LABELLING FOR
THRESHOLD GRAPHS
Irene Sciriha, Zoia Sherman, and James L. Borg
Department of Mathematics, Faculty of Science, University of
Malta, Msida MSD 2080, Malta

Abstract. The paper is devoted to the problem of constructing threshold
graphs that admit such a labelling based on Laplacian eigenvalue-eigenvector
considerations.

Vertex labelling is the assignment of integer labels so that no two
vertices have the same label. Introduced in the mid 1960s, vertex labelling
has remained a widely explored topic. Research in this area is regularly
updated and expanded. In fact, there is an annual update of the review ‘A
dynamic survey of graph labelling” conducted by J. Gallian in the Electronic
Journal of Combinatorics [1]. The article records the continual increase in the
number of graph labellings techniques which has now exceeded 200 in over
3000 papers [1].

The interplay of the graph structure, graph labeling, and graph matrices
calls for a unifying theory that clarifies poorly understood understanding
areas in each discipline. Currently, the emergence of new labelings is
accompanied by a range of unsolved problems. We believe that there is a
great potential to produce new long-term benefits as that surpass the methods
we used so far for solving problems of existence, construction, and
enumeration of square difference labeling. An important problem that has
cropped up recently is the assignment assigning of frequencies to Al-
Controlled Drone Swarms by radio labelling . This involves labelling sites
according to different priorities. A drone swarm, in this context, combines
each unit function represented as a vertex in a graph , with the aim of
maintaining communication with other drones through various frequency
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channels. Intelligent drone swarms, which were neglected by military forces
before, are a central component for both sides in contemporary conflicts.
These swarms provide great support to infantry and artillery.

We consider finite undirected graphs without loops or multiple edges. A
graph G = (V, E) has vertex set V(G) and edge set E(G), where |V| = n and
|E| = m. The complement G¢ of a graph G has the same vertex set as G and
its edge set consists of the non—edges of G.

The same set of vertices induce a coclique in G€.

Vertex labelling focuses on problems that primarily address the proof of
the existence of specific types of labelling for various classes of graphs and
the development of methods for their construction. The theory we develop
here creates vertex labellings for the class of threshold graphs and one of its
subclasses. It should be noted that the techniques found so far in the literature
relate to number theoretical injective functions and also, in some cases, to
some graph parameters. In this article, we develop new tools using Laplacian
eigenvalue—eigenvector techniques that enable different vertex labellings to
be derived easily from a concise encoding of a threshold graph.

The graceful labelling is the most commonly used vertex labelling.

More recently, another labelling called the square difference labelling
(SD) has been studied which is number theoretical. We shall construct
threshold graphs that admit such a labelling based on Laplacian eigenvalue-
eigenvector considerations.

Definition 1. A function f is called a square difference labelling of a
graph G if a function f:V(G) - 0,1,2,3,...,n—1 is bijective and the
induced function f*: E - N defined as f*(e = uv) = |[f(W)]? — [f (0)]?|
is injective.

Using the remarkable eigenvector structure of threshold graphs, we can
identify a subclass of threshold graphs that admit an SD labelling compatible
with their creation sequence.

Definition 2. A threshold graph on n vertices is defined by its binary
creative sequence (BCS) by, b,, ..., b, where b; = b,. An entry 0 represents
the addition of an isolated vertex while an entry 1 means the addition of a
dominating vertex. The entry b,is 1 for a connected threshold graph.

Starting from an isolated vertex, a given BCS enables the construction
of a unique NSG. The entry b; is 0 or 1 depending on whether the second
vertex added to the first isolated vertex in the construction is an isolated or a
dominating vertex, respectively. Successive common bits in the BCS
correspond to a clique if equal to 1 and a coclique if equal to 0. Therefore a
threshold graph is a split graph, that is a graph whose vertex set can be
partitioned into a maximal clique and a coclique.
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Definition 3. The minimal compact creative sequence (MCCS) a,,
a,, ..., Ay, is a sequence of positive integers, obtained from BCS by, b, ..., b,
defining a threshold graph C(a;, ay, ..., a,) onn vertices, such that i, a, =
n,a, = 2, and for 1 < i <, a; is the length of the ith subsequence of the
same value (with each entry equal to 0 or each entry equal to 1) in BCS.

A threshold graph is a split graph, that is, its vertex set can be partitioned
into two subsets, one inducing a maximal clique, the other a coclique. A split
graph is known to be 2K, C, and Cs—free. Therefore a threshold graph is also
referred to as a nested split graph (NSG).

Theorem 1. The only antiregular graphs for which the MCCS labelling
is an SD labelling are those on 3, 4, 5 and 7 vertices.

Proof. As explained earlier, an antiregular graph is an NSG with one
cluster containing two vertices (labelled 0 and 1), with all the other clusters
containing one vertex.

For an antiregular graph on an even number of vertices, the cluster with
vertices labelled 0 and 1 is a clique. The vertices labelled with an odd integer
(greater than 1) form one-vertex cliques, and the vertices labelled with an
even integer (greater than 0) form one-vertex cocliques. This means that for
n = 6, the vertices labelled 4 and 5 are adjacent, as are the vertices labelled
0 and 3. Since 52 — 42 = 3% — 02 = 9, this is not an SD labelling.

For an antiregular graph on an odd number of vertices, the cluster with
vertices labelled 0 and 1 is a coclique. The vertices labelled with an odd
integer (greater than 1) form one-vertex cocliques, and the vertices labelled
with an even integer (greater than 0) form one-vertex cliques. This means that
for n > 9, the vertices labelled 7 and 8 are adjacent, as are the vertices
labelled 1 and 4. Since 82 — 72 = 42 — 12 = 15, this is not an SD labelling.

The theorem has been proved.

We now state some sufficient conditions that guarantee that the labelling
of an NSG induced by the MCCS is an SD labelling. We first note that for
graphs on 5 vertices on less, any labelling is an SD labelling. We also recall
that in the MCCS of an NSG, the first entry a, is at least 2.

Theorem 2. Let G be a nested split graph with |V (G)| = 6.

1. If the MCCS of G is(a4, ay, ..., aj;,m, 1) wherej = 2,a, + -+ a; <
3 and m = 1, then the corresponding labelling is an SD labelling. (CHECK
if EQUALS)

2. Ifthe MCCS of G is(ay, ay, ...,a;,m, 1) wherej = 2,a; + -+ a; =
4 and m = 1, then the corresponding labelling is an SD labelling for n # 6.

3.1fthe MCCS of G is(ay, ay, ...,a;, m,1) wherej = 2,a; + -+ a; =
5and m > 1, then the corresponding labelling is an SD labelling for n # 9.
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Proof. 1. The square differences are given by (a) a subset of {1,3,4}, and
®) {(n—12?-i%i=0,1,..,n—2}, where n = |V(G)|. All the square
differences are distinct.

2. The square differences are given by (a) a subset of {1,3,4,5,8,9}, and
) {(n—1)2-i%i=0,1,..,n—2}, where n = |V(G)|. All the square
differences are distinct when n > 6.

3. The square differences are given by (a) a subset of
{1,3,4,58,9,12,15,16}, and (b) {(n—1)?—i%i=0,1,..,n— 2}, where
n = |V(G)|. All the square differences are distinct when n > 6 and n # 9.

The theorem has been proved.
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CIPOILLUEHHSI CUMETPUYHHUX BYJEBUX ®YHKIIN
METO/JOM OBPA3HHUX IIEPETBOPEHb
Muxaiino CojoMKO
Hayionanvnuii ynieepcumem 6o0no2o 2ocnooapcmea ma
npUPOOOKOPUCIYBAHHSL

SIMPLIFICATION OF SYMMETRIC BOOLEAN FUNCTIONS
BY THE METHOD OF FIGURATIVE TRANSFORMATIONS

Abstract. The object of the study is models of optimal logic circuits
based on symmetric Boolean functions. The possibility of increasing the
efficiency of the figurative transformation method for simplifying symmetric
Boolean functions in the basic and polynomial bases has been established.
Promising reserves of the method have been identified, such as the
simplification of conjuncts of polynomial functions based on the method of
inserting identical conjuncts with the subsequent operation of super-gluing
variables. The extension of the figurative transformation method to the
process of simplifying symmetric Boolean functions has been carried out
using algebra in the part of the rules for simplifying functions in the basic and
polynomial bases. Experimental studies have confirmed that the figurative
transformation method, which uses the combinatorial systems 2-(n, b)-design
and 2-(n, x/b)-design, increases the efficiency of simplifying symmetric
Boolean functions. Compared with analogues, this makes it possible to

57



increase the productivity of minimizing symmetric Boolean functions by
100-200%. In applied terms, the method of figurative transformations for
simplifying symmetric Boolean functions will ensure the transfer of
innovations into material production: from conducting fundamental research,
expanding the capabilities of digital component design technology to
organizing serial or mass production of new products.

3 oAy Ha MPaKTHYHY JOUUIBHICTB, K MPaBUIIO HAJAIOTh TepeBary
CreliaibHUM KiiacaM OynieBuX (YHKIiH, 30KpeMa CUMETPUYHUM (PYHKIIsIM
(CD) [1-3]. 3aBasiku CBOIM IMUPOKUM (YHKI[IOHAIEHUM MOMIJIUBOCTSIM
CUMETpHYHI (DYHKIT MOJCIIOITh YUMANy KUIBKICTh OOYHCIIOBAIBHUX
KOMITOHEHTIB, 30KpeMa, 7-BXO/O0BI 1-po3psiHi cymaropu OiHAPHUX KOIIB
abo cxemu (HE)IApHOCTI, KOMIApaTopH, MPHCTPOi BHUSBICHHS ITOMMIIOK,
JICKOJICpH  3aBAJIOCTIHKMX KOMIB TOMIO. 3 IHIIOTO OOKYy, AN CHHTE3Y
CUMETPHYHUX (YHKIii MOXHA BHKOPHCTATH CIICUialbHi, HE BIACTHBI y
3araJlbHOMY BHWITQJKy YacCTKOBI MiIXOIH, AKi MEpEeBaXHO NArOTh Kparili
pe3yIpTaTh MOoA0 pearizarii mudpoBUX KOMIOHEHTIB [4—06].

ByneBa ¢yHkmis f(x1, X2, ..., Xn) € CHMETPHYHOIO BiTHOCHO 3MIHHHX X,
X2, +..y Xn, SIKIO JUTSI Oy Ib-SIKOT MiACTAHOBKU
(1 2. k)

Lx1 Xy kJ
Oyze crpaBe/TiBa PiBHICT

F(Xpsor Xy X X, ) = f(xj1,...,xjk,xjm,...,xj").

3a3BHYall CUMETPIisl CTOCY€EThCS IIEPECTaHOBOK IapaMeTpiB 00’ €KTIB, SIKi
3aJMOIAI0Th MOTO0 HE3MIHHUM. BOHM JaloTh YSBICHHS NpPO CTPYKTYpY
00’€KTa, KU MOke OyTH BUKOPHUCTAHHUIl IUIS MOJIETLICHHsS OOYHMCICHb Ha
HbOMY. IlepecTaHOBKM TaKOXX MOXYTh CIIyIyBaTH OpPIEHTHUPOM IS
30epexeHHs i€l CTPYKTYpPH, KON 00’ €KT IIEBHUM YHHOM TPAHC(HOPMYETHCS.
TakuM 4MHOM CHMETpis st OyieBUX (QYHKIIN € MepecTaHOBKH 3MIHHUX 3
MOXKJIMBUM JOMTOBHEHHSIM, SIKi 3aJIMINAI0Th 3HAYCHHs (QYHKIIH HE3MIHHUMH

(puc. 1).
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e
N ——

SOux,,x5,x,) = f(x,%,,%5,X,)
Puc. 1. Lmroctparnis cumeTpii OyneBoi yHKITiT

Taka BIIACTHBICTD CHMETPUYHUX QYHKIIH IT03BOJISE 3IIHCHIOBATH
ONTUMI3AII0 JIOTIYHOTO CHHTE3Y IIiJ 4ac MPOEKTYBAHHS IIU(PPOBHUX CXCM.

BuBegeHHs1 piBHOCHILHHMX NepeTBOPeHb MOJIHOMHOI (yHKIil
€noco0oM BCTABKH OHAKOBHX KOH'IOHKTepPMiB

[Ipouenypa BCTaBKM OJHAKOBHX KOH IOHKTEPMIB 3 HACTYIHOIO
OIEpalli€l0  CYMEep-CKICIOBaHHSA 3MIHHMX [7] 1a€e 3MOTy BHBOJHUTH
PIBHOCHIIbHI TIEPETBOPEHHS MOJIHOMHOI HopManbHOi Qopmu OyreBnx
(GyHKIIIH.

BuBeneHHS  NeAKMX ~ PIBHOCWIBHUX  IEPETBOPEHb  IOJIHOMHOI
HOpMaIbHOI (hOPMHU Ma€ HACTYITHUHA BUTIISA:

XX, X
0 0 0]|=
1 1
0 0 O0ff1 0 O
0 01
0 0 11 0 0
010 0 0 1 0 1
00 11 01
011 0 1 01
=01 01 0 1|=1® =1® =1® =
1 00 1 0 1 0
01 0f1 1 0
1 01 1 10 1 0
01 1)1 10
1 10
01 1}1 11

:l(-B(x](-Bx2)+(xl(-Bx3).

OCKIiNTbKY 4eTBepTa MaTPUIIS CUHTYJIISIPHA, Y Hiil HEOOXiJHO MepeTH 10
anrebpu  OCHOBHOrO ~ 0asucy  {v,A,—| Ta TpPOBECTH  OIeEpaIliio
HaIiBCKJICIOBAHHS 3MiHHHX.
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;1;2;3®x1x2x3 =1®(x,®x,)+(x, ®x,) = (x, ®x,) +(x, (—Bx3):(x1 @xz)(xl ®x3)=

=(xex)(xex)=(xex)(xex)

010 01 00O
0000 1100
010 01 00O
00 01 1100
010 1|1 0 01
XX, X X, 00 01 1101
010 1|1 0 01
0 0 0 O0f=/0 010 110 1]|=
01101010
1 1 1 0010 1110
011 01 010
00 11 1110
011 1|1 0 1 1
0011 1111
011 1)1 0 1 1
000 1|1 000
00 01 00 1 0 1
00 1 0f1 001
001 0 0 1 0o 1
00 1 1|1 010
0 1 0 1 01
=1®[{0 1 0 01 0 1 1|=1® =1® =1®
1o 10 10
01 0 1|1 100
110 110 1 0
01 1 01101
1110 11 0 1 0
01 1 1|1 110
=1 (-B(xI ®X2)+(XI ®x3)+(xl (-Bx4)

OCKiNBKM 4YeTBepTa MAaTpPHWIl CHHTYJSpHA, V Hi MOTpiOHO 0oOpaTh
anredpy ~ OCHOBHOro  0asucy  {v,A,—}Ta  MHpPOBECTH  OIeEpaLii0

HaITiBCKJICIOBaHHS 3MIHHHX. Y II’SITiif MaTpHILIi TAKOXK IIPOBOIUTHCS Oeparlis
HaITiBCKJICIOBaHHS 3MiHHUX.
Otxe:

R;3;4®xlx2x3x4 =1®(x, ®x,)+(x,®x)+(x,®x,)=

=(x1 69)(2)+(x1 @)63)+()c1 ®x4)=(xl @xz)(xl ®x3)(xl ®x4)=(;1®x2)(;1®x3)(;1®x4).

HacrymHe piBHOCHIIbHE IEPETBOPEHHST BUBOIUTHCS 38 THIYKIII€IO.

X2, X35, %5 © x,0,0,0,0 =10 (x, @ x,) +(x, ®x;) +(x, ®x,) +(x, ®x;) =
=((x1 ®x2)+(x1 ®x3)+(xl G—))Q‘)Jr(xl 69)65)=(x1 G—)xz)(xl G—)x3)(x1 G—)xA‘)(x1 ®x5)=

=(n@x)(n@x)(x®x)(x®x).

60



Oxpemi mpukiaan piBHOCHIBHHX mneperBopeHs ITH® Tta JTH®, 3a

pe3yiapTaTaMu  MPOUEAypHU

BCTaBKH

OJJHAKOBHUX  KOH ’}OHKTCpMiB 3

HAaCTYITHOIO onepauiero CYIEpP-CKIICIOBAHHA 3MiHHI/IX, MMpeACTaBJIICHO Y

Ta0J1. 2 1 TabJI. 3, BIAMIOBIAHO.

Tabmums 2

Tabnwms nesKix piBHOCHIBHHUX IIEPETBOPEHb KOH IoHKTEepMiB [THD

X, X, D X, X,

(xox)

X, X, X3 D X, X, X,

X, X, X3 @ X, X, Xy

X, X, X3 Xy @ X, X, XX,

(@ x)(x @ x)
X, X, X5 Xy @ XX, X, X, )(%, @ X,) (X, ® X;)
XXy Xy Xy ® X, X, X5 X, X ®%,)(% ®x,)(x, ®x,)
X, Xy X3 X4 X5 ® X, X, XX (X X, ® xz)(i® x:‘))(i@x“)(x1 ®X5)
Xy Xy Xy Xy Xg Xg @ X, X, XX, X5 X X, ® xz)(je—) x3)(71® x4)(71® xs)(x1 @ x6)

AnreOpuYHi BEpa3u y JIIBOMY CTOBITYHKY Tabi. 2 CHHTYISIpHI [7], ToMy
OCTaHHi MOYHa MPEJICTABHTH i B OCHOBHOMY 6azuci {v,A,—} (Tabum. 3).

Tabmms 3

Tabnuns nesikiX piBHOCHIBHHX IepeTBOpeHb MiHTepMiB JJHD
X, X, + X, X, (Z@Xz)
X, Xy X5+ X X, X, X, ® %, )(x, ® x,

Xy XXz + X X5 X5

Xy X, X3 Xy + X, X, X5 X,

Xy X, X5 Xy + Xy Xy X5 X,

Xy Xp XXy + Xy Xp X3 X,

Xy Xy X3 Xy X5 Xg + Xy Xp XX, X5 X

Crormsimatounn Tabn. 2 i Tabn. 3, 0auymmo, MO JIOTiYHA OIepalis
eKBIBAJICHTHOCTI X, X, + X,X, € YaCTKOBMUM BHIIaJKOM Ha MHOXKHHI MOJI0HIX
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PIBHOCHJIBHUX TIEPETBOPEHB OYyJIeBUX BUpa3iB.

CrnpomeHHst cMMeTPpHYHUX Oy/eBUX (QyHKLI B 0CHOBHOMY Oa3uci
MeT00M 00pa3HHX NepeTBOPEeHb

VY 3aransHOMY BHmagky C® Mosxe MaTH JeKinbKa iHaekciB. Hampukiazn
Co

H,(1,2) = X250 + X0 X, + X000 + XXX+ X,0X + X, XX, @)

Mae 1Ba iHgexkcu: a=1 i a=2. TyT HabopH 3MIHHHUX — X,X,Xs; X,X,X;
X, X,X; MAOTh IO OJHIH 1, a HA0OPH 3MIHHHUX X,X,X,; X,X,X5; X,X,X, MAalOTh
no 181 1. Ockinbku inaexcu CO (1) Bigpi3HAIOTHCS Ha OJAWHHIIIO, MOXKIHMBOIO
€ omepallisi CKJICFOBaHHS 3MIHHUX B OCHOBHOMY 0a3uci { v,/\,ﬁ} [8].

Ipuxnao 1. Meromom 00pa3HIX MEPETBOPEHD CIIPOCTHTH CUMETPHIHY
¢ynkuiro H3(1,2) (1) [8]:

Po38’a30k:

[IpeacraBumo exBiBaJIeHTHY JIBiiiKOBY Marpuio ¢yHkuii H; (1,2) y
JIEKCUKOTpadiyHOMY MOPSIKY Ta mpoBeaemo capomieHus Hs (1,2) y JJIHD
MIPEACTABIICHHS 3 IEPEX0JIOM JI0 3MIIIAHOTO Oa3ucy.

- o o O

H,(1,2) = =x,®x,+x ®x,. 2)

[N =)
—_ O = O
|

1
0
1
0
1
0

_—0 O = = O

VY mepmiii marpuii (2) MPOBEACHO MPOCTE CKICIOBAHHS 3MIHHHX,
pe3yJbTaT CKICIOBAHHS 3alMCaHo 10 Apyroi Marpuui. Y npyriii MaTpui (2)
NPOBEICHO HAIBCKJICIOBAHHS 3MIHHMX, pE3yJbTaT HaIiBCKICIOBAHHS
3MIHHHX 3aITUCaHO JI0 TPEThOT MaTPHIIi.

MC® ¢ynxkuii H3(1,2) (2) y 3mimmaHoMy 6a3uci Mae BUTIIAL;

H,(12) . =X, ®X,+X,®X,. (3)

min

MC® (3) npencrasisie 2-piBHEBY JIOTIKY 3 HIHOIO peaizaril
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klklk =2/4/0,

110 MEHIIIC Ha J1Ba JIITepasn, TOPiBHIHO 3 [8].

3 ormsaay Ha MC® (3) BuIHO, IO MEPECTAaHOBKA 3MIHHHUX X2 1 X3 HE
3MIHUTh 3HA4YCHHs QyHKII. Takum yuHOM MiHIMaabHAa QyHKUiL (3) y
3MilIaHOMY 0a3uCi Ma€ 4aCTKOBY CUMETPII0 3MIHHHX X2 1 X3.

CopomenHst cuMeTpH4HUX OyJjeBux (yHKHili y nosiHOMHOMY
0asuci MeTo10M 00pa3HHX NEPETBOPEHb
Ilpuknao 2. 3acTOCOBYI0UH CIIOCIO BCTABKU OJTHAKOBUX KOH IOHKTEPMIB

3 HACTYITHOIO OIIEPALI€r0 CYIep-CKICIOBAHHS 3MIHHHUX, CIIPOCTHTH YaCTKOBO
cUMeTpu4Hy OyneBy (QpyHKIIiTO, IO 3a1aHa y KaHOHIHIN dopmi [9]

f =(0,3,56,7,8,9,10,12,15), 4)

Poss azok:
VY moninomMHOMY (opMmari 3a momomororo Kaptu Kapro y po6ori [9]
¢yHKIiO (4) CTIPOIICHO 0 BUAY:

f=x ®x,x; @ x,x, ®xx, D xx,%,%, DX X,X,%,,

3 1iHOMO peanizauii k,/ k =6/ 15.
VY po6ori [10] 1o x pyHKIIIO (4) CIIPOIIEHO A0 BUIY:

F=X®X,DX,X;X, D X, XX, ® X, X, X3 D X, X,X,,

3 I[iHOO peamizamii k,/ k =6/ 14.
Oymukiis (4) y poboTi [7] crpoiiieHa 10 TaKoro BUIY:

Yino = X @ X, ® X, ® X, @ X, X, XX, D X, X, X5 X, 5)

3 iHOrO peanizawii k,/ k =6/ 12.
3acTOCOBYIOUM 710 KOH'IOHKTEPMIB X, X,X,X, ® X, X, X, X, Gbynxuii (5)

CTOCi0 BCTaBKH OJTHAKOBUX KOH FOHKTEPMIB 3 HACTYITHOIO OIIEPALIIEI0 CyTIep-
CKJICIOBAHHS 3MiHHHX, Oy/JIe OTPUMAHO:

X Xp Xy X, ® X, X, X, X, = (X, 0 X,) (X, ® X, )(X, D X,).
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CnpouienHs QyHkuii (5) MOXXHa IPOIOBKHUTH:

Yo =X, @ x, @xj@)@ @;lxz)c}x4 @xlaszxl Dx, @g@)g @(xl @)cz)(xl @)@)(xl ®Ox,)=
=505, 0(x ®x,)(x ®1)(1 ©1,)=(1,0x,)8 (1 &) (v & x)+(x &)
MC® dynxuii (4) Oyae MaTH BUTIISA;

Yine =(73®x4)®(x1@xz)((x1®x3)+(x1®x4)). (6)
Lina pearnizanii MC® (6) craHOBUTH
kilkilk =283,

10 Ha CiM JIiTepaliB MEHIIIE, TOPIBHAHO 3 [9].
PesynbraToM ~ 0e3nocepenHbOTO  CIPOLICHHS  KOH FOHKTEPMIB

Xy X X3 Xy ® X, X, X5 X, OYHKLIIT Y = X, @ X, @ X, © X, © X, X,X,X, © X, X, X3 X,
CIIocOOOM BCTaBKH OJHAKOBHMX KOH'IOHKTEPMIB 3 HACTYITHOKO OIEPaLi€ro
CyIep-CKJICIOBaHHA 3MIHHHX € BHpa3 — (X, ®X,)(x,®x,)(x,®x,). Hami
OpPOBOJNTBCS  TOJIHOMHE  IOTJIMHAHHS — 3MIHHHUX X, ® X, Ta

(%, ®x,)(x,®x,)(x,®x,) [7], pesympraToM sKOro € BHpa3 —

(%, ®X,) (%, ® X, )(x, @ x,).
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METO/JMU 3BEPI'AHHA TA TPOBJIEMH OBPOBKH
PETPOCIHEKTUBHUX JAHUX
B.B. llleBueHko
Hayionanvuuii ynisepcumem «3anopizoka noarimexuika»

STORAGE METHODS AND PROBLEMS OF PROCESSING
RETROSPECTIVE DATA
V.V.Shevchenko
National University "Zaporizhzhia Polytechnic"

OfHUM 3 OCHOBHHX METOIB 30€piraHHs PETPOCIEKTUBHUX JaHHUX €
LIEHTPATi30BaHI CXOBUINA JAHUX, SKi TO3BOJSIOTH 30epiraTtu BelIHKi 00CsITH
CTPYKTypoOBaHOi iH(opMarlii, oTpumanoi 3 pi3HUX JuKepen. Taki cucremu
ONITUMI30BaHI IS AHANITUKA Ta ICTOPUIHOTO aHAaJi3y, OCKLUIBKH JJaHi B HIX
3a3BUYail 30epiraloThCs y BUTIISAAI 3HEOCOOTICHUX TabIHIb 3 YHi(iKOBAaHUMUA
CTPYKTypaMu. Y 6araTthOX BHIAJKaX BUKOPHCTOBYIOTHCSI CXOBHINA JAHUX —
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migcucTeMu 30epiraHHs, MO OOCIYyrOBYIOTh OKpeMi Oi3Hec-Iporecu ado
¢yHKmioHaNBHI  ommHUMI. g poOOTH 3 HECTPYKTypOBaHHMH abo
HEoOpOOJICHUMHU TAaHUMU BUKOPHCTOBYIOTHCS 03€pa JaHUX, SKi 103BOJISIIOTH
30epiratu iHpOpMaLito B i MEpPBO3JaHHOMY BHIIIIII. XMapHi pilleHHS Bce
YacTillle KOPHUCTYIOTBCSA TEPeBaror0, OCKITBKH BOHH 3a0e3MeUyloTh
THYYKiCTh, MacIITa0OBaHICTh Ta JETKICTh IOCTYIy IO PETPOCIEKTHUBHOI
inpopmanii. g 36epiranas MeandHNUX, 610IOTIYHNX a00 HAYKOBUX JTAaHUX
YacTO BHKOPHUCTOBYIOTHCS CIIEIiali30BaHi CXOBHWIA 3 BHCOKHM piBHEM
6e3nexu Ta KoHpineHuitHocTi [1]. Bubip MeToay 30epiranHs 3aJIeKUTh BiJ
¢dbopmary, oOcsry Ta MpU3HAYCHHS MaHUX. SIKICTh Ta CTPYKTypa CXOBHIIA
Oe3rocepeIHbO  BIUIMBAIOTH Ha IOJANIBITY MOJMJIMBICTE €(EKTHBHOTO
aHayizy.

OOpoOka pEeTpPOCIEeKTUBHUX JAaHHX IIOB'A3aHa 3 HHU3KOIO IpoOJeM,
HacamIiepes] 3 HeoJHOpiaHICTIO popmartiB Ta mkepen iHdopmarii [2]. Hacto
JlaHi, 310paHi IPOTIATOM TPUBAJIOTO IEPiOAY Yacy, MarOTh Pi3Hi (opMaTH Jar,
OIIMHWIII BUMIPIOBaHHS a00 Ha3BU 3MiHHUX. B pe3ynpTaTi BUHHKAE moTpeda
B HOpMaumizamii Ta yHi(ikamii JaHuxX, mo nepexdadae MPUBENEHHS IX 10
enuHOTO cTaHmapTy. CKIamHICTF OOpOOKM TakoX IOB'S3aHAa 3 HASBHICTIO
BIJICYTHIX 3HaueHb, AyOIIKaTiB Ta IOMIJIOK BBEICHHSA, IO BHMAarae
JOJATKOBOT pOOOTH Ha eTari OYHIIeHHs. Y pa3i 00'€THaHHS JaHUX 3 KITbKOX
JUKEepea BaXKJIMBHM KPOKOM € MMoOyI0Ba HAMIMHUX KJIIOYIiB 3B'SI3KIB JUIS
MPaBUJIBHOTO 00'€THAHHS 3aKCiB. J[0IaTKOBI TPYIHOII BUHUKAIOTH ITijl 4ac
pobOTH 3 ICTOPHYHMMH 3MIHHHMH, SIKI MalOTh 3MiHHE 3HAUCHHS 3 YacoM
(Hanpukmaza, mocaau, agpecu, oOMiHHI KypcH). AHali3 peTpOCHEeKTUBHOI
iHpopManii Takok Moxke OyTH yCKIaJHEHHH OOMEXEHHSMH JOCTYILY JIO
MTOBHUX a00 TEPBUHHMX JITaHHUX, 0COOINBO KOJIM HIIEThCS PO 0coOuCTy abo
KOHOQiAeHIiHY iHpopManito. KpiM TOro, BaKJIMBO BPaxOBYBaTH KOHTEKCT
300py JaHUX, MO0 YHUKHYTH HEPaBIIIFHUX IHTEPIIPETALIil.

Ie omHi€O CYTTEBOIO MPOOIEMOIO € CHCTEMaTHYHA IIOMITKA BUOIpKH,
sIKa MOYKE TIPU3BECTH JI0 CIIOTBOPEHUX BHCHOBKIB B aHami3i. IcTopruni gaHi
4acTO HE OXOIUTIOIOTH BECh CHEKTP O0'€KTIB JOCTiKEeHHS abo MaroTh
CHCTEMAaTH4HI CIIOTBOPCHHS, MOB's3aHi 3 ymoBamu 300py. Hampukiazn, y
MEIUYHHUX JOCHIDKCHHAX II€ MOXXEe OYyTH TMOB'I3aHO 3 BIACYTHICTIO
iH(popMaii Mpo MaiieHTiB, SKi He 3BEPTAIKCS 32 MEAUYHOIO JONIOMOrol0. Y
COL[IOJIOTIYHUX YM EKOHOMIYHUX JIOCHI/DKEHHSX 1€ € HacliIKOM
HEIOCTYITHOCTI JaHUX 3 IIeBHUX pErioHiB 4u rpyn HaceneHHs. Jls
MIPaBWIIBHOI 1HTEpIIpeTanii pe3ysbTaTiB HeOOXiTHO 3aCTOCOBYBAaTH METOAU
KOpEKIil 3MIIIeHHS, 30KpeMa CTaTHCTHYHE 3BaXyBaHHS a00 MPUYHUHHO-
HacnmigkoBuii aHami3. llle omHiero mpoOIeMor0 € BiACYTHICTH METalaHUX,
ToOTO iH(OpMamii mpPo YMOBH 300py, OHOBICHHS a00 KOHTEKCT
BUKOPHCTaHHA NaHUX. be3 miel inpopmarii pu3uK HEeMpaBUIbHOI aHATITHKA
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abo moOynoBM HENPaBWIIBHUX MOAENed 3HayHO 3pocrae. ToMy BaXIHMBO
3a0e3MeunTH JeTaIbHE JOKYMEHTYBAaHHs BCIX JDKEpel Ta 3MiH y AaHUX Ha
BCiX eramax.

He3Baxxaroun Ha TPYIOHOILI, pETPOCIIEKTHBHI aHi € I[IHHAM PECypcoM
UIA  TIPUHHATTS CTPATeTiYHWX pIllleHb, TIPOTHO3YBAaHHA Ta aHANI3y
TeH/eHIi1. BoHN H03BOISIOTE BiACTE)XYBaTH AUHAMIKY MPOIIECIB, BUSBISTH
3aKOHOMIPHOCTI Ta ()OPMYBaTH TiMOTE3U JUIA MOAANBIINX JOCTIKEeHb. s
e()eKTUBHOTO BUKOPUCTaHHS TaKHX JAHHUX MOTPiOHA KOMIIETEHTHA KOMaH 2
3 HaBUYKaMH B rajly3i HayKd OpO JlaHi, aHAJITUKH, iHXKEHepil JaHuX Ta
npeaMetHoi obusacti. [HctpymenTn aBromarmsanii mpoueciB ETL takox
BIJIIrpalOTh BaXIIUBY POJIb, COPOLIYIOUH MIITOTOBKY AaHUX 10 aHaizy. [Tin
Yyac poOOTH 3 PETPOCIIEKTHBHOIO iH(POPMAIII€I0 JOIIIBHO BUKOPUCTOBYBATH
cydacHi mardopmu st 00poOKH BEIMKUX JaHUX, 30kpema Apache Spark,
Snowflake abo Google BigQuery. OxpiM TeXHIYHHX pillleHb, OCOOIUBY
yBary CIiJ NPUIUIATH €THYHHM Ta MPaBOBHM acleKTaM BHKOPUCTaHHS
JAHUX, 0COOIHMBO y chepax OXOPOHH 30POB's, (piHAHCIB Ta OCBITH. 3araiom,
ycmimHa poboTa 3 PETPOCIEKTHBHUMH JAHUMH BHMAara€ CHCTEMHOTO
MiIXO0My, TPOAYMAHOI apXiTeKTypH Ta MOCTIHHOTO KOHTPOJIIO SKOCTI JaHUX.
Tinpku 3a X YMOB MOXKHAa OTPHMATH HaMiifHI Ta KOPWUCHI aHATITHYHI
pe3yJbTaTy.

Jlireparypa
1. Alkhatib, R., & Gaede, K. 1. (2024). Data Management in Biobanking:
Strategies, Challenges, and Future Directions. BioTech, 13(3), 34.
https://doi.org/10.3390/biotech13030034.
2. Robinson, M.D. (2023). Retrospective Reports. In: Maggino, F. (eds)
Encyclopedia of Quality of Life and Well-Being Research. Springer, Cham.
https://doi.org/10.1007/978-3-031-17299-1 2515.
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CEKNIA 3. MATEMATHUYHI MOJEJII JIUCKPETHHUX
IPOLECIB I CUCTEM PI3HOT'O IPU3HAYEHHA

CEKNIA 4. TIPOI'PAMHE 3ABE3NIEYEHHA CHUHTE3Y TA
AHAJII3Y KOMBIHATOPHUX KOH®IT'YPAIIIN.

CONSTRAINT PROGRAMMING WITH CONJURE INSIDE
JUPYTER NOTEBOOKS
Ozgiir Akgiin
School of Computer Science, University of St Andrews, UK
MPOI'PAMYBAHHSA 3 OBMEXKEHHSIMU 3A TOITOMOI'OIO
CONJURE INSIDE JUPYTER NOTEBOOKS

Jarni HaBOAUTHCS TIPE3EHTAIlis JOTIOBIIi.

Constraint Programming

Dr Ozgiir Akgiin

School of Computer Science, University of St Andrews

4 June 2025

My plan for this talk ORvs CP

. . * Operations research
* Constraint Programming . OR=LP,MIP, ILP

* Present our Jupyter notebook integration through an * The two disciplines are closely related

* In fact many related areas exist:

* Magic Hexagons
+ Boolean Satisfiability (SAT)

* Give pointers to CSPLib and Conjure * SAT Modulo Theories (SMT)
* Answer Set Programming (ASP)
* | can't fit a lot in a single talk « Metaheuristics

« Treat this talk as an advert, check the resources, get i * Generally: decision making and optimisation systems
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CP: high-level modelling

* Modelling in OR is tough

* Language is very restricted: system of inequalities

* If your problem happens to fit into this shape, life is good
* Historically CP allowed more kinds of constraints

* Recent research makes high-level modelling easier

* Added benefit: we can automatically convert a high-level model to
OR/SAT/SMT/etc solvers (as well as CP)

Significance of modelling Constraint Programming (CP)
*Modelling decisions * Paradigm for solving combinatorial problems
* Multiple ways to model a single problem « Satisfaction
* Huge impact on solving performance * Optimisation
*“Modelling is an art, rather than science. « CP = Modelling + Solving

« Can we make it science? * Modelling = Capture problem in a formal declarative

« Solving = (Mostly) black-box
* Holy Grail of CS: User states the problem, computer {
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Example: Subset Sum

* Given a set of integers, find a subset whose sum is 0

language Essence 1.3

given nums : set of int

find x : set of int

such that x subsetEq nums, (sum i in x . i) = @

* Input: {-7, -3, -2, 5, 8} Output: {-3, -2, 5}

Some advertisement

* Get Conjure
« github.com/conjure-cp/conjure
* conjure.readthedocs.io

« Essence Catalog github.com/conjure-cp/EssenceCatalog
* CSPLib CSPLib.or;

Let me start with a fun puzzle

* Place letters A to H on nodes such that:
 Each letter appears exactly once.
* Consecutive letters do not appear on adjacent nodes.



Crystal Maze

* UK TV show

* Contestants solve puzzles to
progress in the game

Which nodes are hardest to label?

o ©
@ 06 0 0O
o ©O
Which nodes are hardest to label?
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Which are the least constraining letters to use?

Which are the least constraining values to use?

Symmetry

* We do not need to consider:




Some Deduction

« Eliminate possibilities for other nodes now that we have placed A, H.

Deduction: A —H Appear Exactly Once

#8,C,D,EF,G i

Deduction: Adjacency

P COEFREH
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Similarly

Deduction: A —H Appear Exactly Once

#,B.C.DEF B A # 8, C,D,EF ¢

# 8 ¢ D, a 8,0,
!F,G,}/} fF,G,ﬂ}

@R COERS N WHCoERg
Deduction: Adjacency

#. B C.DEF B A # B CDEF @A
e @ @ pnes

. $,C, D,
E,F,G, ) EFg M

@pcoergfh WD EREH
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Deduction: A —H Appear Exactly Once

KB o ERS M (’{fc,D,E,F,ﬁ,l)?

A ° b
'@ O O ©

© O
dreocrgh  fpeosni

Deduction: A —H Appear Exactly Once

oo Erg AL

Deduction: Adjacency

Kicocidf  @igvendf
@ ©O

® @
drcocrih  (hgnerdy
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Guess (But Be Prepared to Backtrack)

{C, D, E} {D, E, F}

‘9@ O
© 0 0 O
®© ®

{C,D, E} {D, E, F}

Deduction: A — H Appear Exactly Once, Adjacency

P EF

{¢, 0, €} {D, E, F}

Guess (But Be Prepared to Backtrack)

o
oo

¢, 0, E} {D,E, F}



Deduction: A — H Appear Exactly Once

e O
®
@©
DL F

{¢, D,
Only value Ieftﬂ

=

Deduction: A — H Appear Exactly Once

© ©
w4

Solution
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Some advertisement

* Get Conjure
 github.com/conjure-cp/conjure
* conjure.readthedocs.io

* Essence Catalog github.com/conjure-cp/EssenceCatalog
* CSPLib CSPLib.or;

HEUYITKA CHIIP AJ1s1 YIIPABJIIHHSI IOPT®EJEM
MNPOEKTIB EHEPI'O3BEPEKEHHS HA EHEPTOEMHUX
NIANPUEMCTBAX
Benuuko A.l., [lyoposiu B. 1.
Hayionanvnuii ynieepcumem “3anopisvka Ilonimexuixa”

FUZZY DSS FOR ENERGY SAVING PROJECT PORTFOLIO
MANAGEMENT AT ENERGY-INTENSIVE ENTERPRISES
A.D. Velychko, V.I. Dubrovin
National University "Zaporizhzhia Polytechnic"

Abstract: Fuzzy-based decision support systems are proposed to
enhance energy portfolio management at energy-intensive enterprises. This
work introduces a hybrid optimization framework combining the Energy
Semantic Mapping Model (ESMM), deep learning (ResNet), and a genetic
algorithm to process unstructured data and improve decision-making under
uncertainty.

Keywords: fuzzy decision support; energy portfolio; unstructured data;
semantic model; ResNet; genetic algorithm; optimization; energy efficiency

Beryn. B ymoBax CTpPIMKOTO 3pOCTaHHS €HEPrOCHOXHMBaHHSA Ta
TTOCHJICHHSI €KOJIOTIYHUX Mpo0JieM eeKTUBHE YIPaBIIiHHS €HEPreTHIHIMHI
CHCTEMaMH CTAa€ KPUTHYHO BXJIMBUM. TpaJuLiiiHi METOANW CTUKAIOTHCS 3
mpo0OiieMaMy HU3bKO1 epeKTHBHOCTI, HEPAI[iOHAIEHOTO PO3IIOALIY PECypCiB
Ta 3a0pyIHEHHS HABKOJHIITHROTO cepenoBmma [1].

78



CyuyacHi pilIeHHsT CHHPAlOTBCS Ha iHTerpamioo iHGOpMamiHHIX
TEXHOJIOTIM Ta CHCTEM IATPUMKH MPHHHSATTS pillleHb, 0COOJIMBO TiJ 4ac
po0OTH 3 BENMKUMH 00CATAMH SIK CTPYKTYPOBaHHUX, TaK 1 HECTPYKTYPOBaHUX
JaHuX (HAIpHKIAM, MPOTHO3IB, MOKYMEHTIB, BiArykiB). OfHAK CKIAIHICTH
00poOKHM TakWX NaHWX Ta HEOOXITHICTh HAMIHHUX MOJENeH 3a BHCOKOI
HEBU3HAYEHOCTI 3aJIMIIAIOTECS CEPHO3ZHUMH BHKIIMKaMH [2].

VY BIOMOBiIe HA € MOCTIHKEHHS INPOIOHYE HOBY CTPYKTYpY, IO
MOEJIHY€E TEXHOJOTii OOpOOKM HECTPYKTYPOBaHMX JaHUX Ta HEUITKY
HiATPUMKY NPUUAHATTS pilieHb. MeTa — MiABUIIMTH TOYHICTb, CTIMKICTh Ta
aJIalITUBHICTH YITPaBIIiHHS €HEPrOCHCTEMaMH, a TAKOXK 3a0e31eunTH Oe3neKy
Ta KoHOineHUiliHIcTh nanux. Lle mo3Bonse Oinplr eheKTUBHO BUPILTyBaTH
3aBJaHHS CTAJlOrO PO3BUTKY Ta IHTEJIEKTyalbHOI TpaHcdopmarii
CHEpreTHKH.

3acTocyBaHHSl HEYiTKHX CHCTEM MiITPHUMKH YXBaJIeHHsl pillleHb B
eHepreTuui

HeuiTka cucTemMa NiATPUMKM TPUHHATTSA PIMICHP € IOTYXHAM
IHCTPYMEHTOM TSI pOOOTH 3 HEBU3HAUEHICTIO Ta MIIPOKO BUKOPUCTOBYETHCS
B EHEPTeTHYHHX CHCTEMax, OCOOIMBO B 3ajadax IPOTHO3YBAaHHS Ta
YOPaBIiHHSA TONUTOM. B OCHOBI JIXUTH TEOPisl HEWITKHX MHOXXHH, IIO0
JI03BOJISIE MOZIGITFOBATH HEUITKI SBUIIIA, XapaKTEPHI ISl peasibHOTO CBITY.

VY upoMy IOCIHIPKEHH] 3alpoNOHOBaHa BAOCKOHAJEHA CTPYKTYpa, LIO
noeanye CIITIP Ta meTou 00poOKK HECTPYKTYpoBaHUX fAaHuX. Lle no3Bosse
BpPaxoBYBaTH TaKi ()aKTOpH, SIK MOTOJHI YMOBH Ta PHHKOBI KOJHMBaHHS,
MOKpAIylOYd TOYHICTh IPOTHO3YBAHHS Ta ONTUMI3allil0 PO3HOALLY
pecypcis.

Jnst 0OpoOKM TEKCTOBMX Ta Bi3yaJbHHUX JAaHUX BHKOPHUCTOBYIOTHCS
MIepeIoBi TEXHOJIOTII: MOJIETh CEMAaHTUYHOTO KapTyBaHHs eHeprii (ESMM)
Ta apxitektypa ResNet. ESMM oTpruMye BaxIuBY iHPOpMALiO 3 TEKCTIB, a
ResNet amamizye 300pakeHHA I MOHITOPWHTY CTaHy OOJaJHaHHS.
Iarerpamis nmx migxoxmiB 3abe3medye OMBIN THY4YKE, TOYHE Ta CTilke
KEpyBaHHS EHEPrOCUCTEMOIO B YMOBAaX HEBU3HAUCHOCTI.

HeuiTka cucTemMa NiATPMMKH NPUAHATTA pillleHb

Crparerist MPOEKTYBaHHsI 1 ONTUMI3allii HEYITKOT CUCTEMH MiJTPUMKHU
OPUUHATTS PILICHb € SAPOM JAHOrO JOcChikeHHs. KpiM TOro, reHeTHuHi
ITOPUTMHU BUKOPUCTOBYIOTHCS JJIsl ONITUMI3ALlil HEWITKUX MIPaBUII 1 BHOOPY
OINITUMAJIbHOI KOMOiHamii mpaBuiI 3a JONMOMOTOIO Orepaliii KpocuHroBepa i
MyTauii, THM CaMHM HOKpallyloud 3arajbHy HpPOXYKTUBHICTH MOJEI.
3acTocyBaHHS T€HETUYHOTO aJlTOPUTMY MOXKE OIITHMI3yBaTh KOHQIrypamito
rapameTpiB HEYITKOI CHUCTEMHM KpOK 32 KpPOKOM, HOKPALIUTH BCIO
MPOAYKTUBHICTh HEUITKOI CHCTEMH Ta peali3yBaTH IHTEICKTyalbHEe
KEpYBaHHS CHEPTETHIHOIO CHCTEMOIO.
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[Ipoumec HedwiTKOrO BHUBEJCHHS 3a3BHYail BKJIIOYa€ TPH ETallu:
(asudikaris, BUCHOBOK Ta aedasz3udikanis. Ha ocHoOBI kiacnuHoi Moneni
MamnaHi MOXKYTh OYTH BBeIIeHI OUTBII MMPOCYHYTI METOAHM MipKyBaHHS, TaKi
SIK HEUiTKa JIOTiKa THITy 2 a0o iHTYiliOHICTChKa HEUiTKa JOTiKa A poOoTH
3 BUIIMMH PiBHSAMH HEBU3HAYCHOCTI, CTPYKTYypa SIKHX IIOKa3aHa Ha pHC.

FDS

Non-fuzzy input Domain expert knowledge and
historical data Unfuzzy Output

Construction of Fuzzy Rule Base
—»  Fuzzy Process 4——— |—— Defuzzification process «+—

online learning algorithm

¥
Optimization and Adaptive Adj
of Rule Base

PucyHnok. CTpyKTypa HE4iTKOT CUCTEMH HPUHHSTTS pillleHb

InTerpamis HeCTPYKTYPOBAHHX [AaHHUX Ta HEYITKHX CHCTEM
NiATPMMKH pillleHb

Y mpoMy Ppo3Iii MM JIeTaNbHO OOrOBOPHMO, SK IHTETpyBaTH
pe3ynmpTaTd  OOpOOKHM HECTPYKTYPOBAaHHX [aHUX Yy HEUITKI CHCTeMH
MIITPUMKH PIllICHb Ta SK BUKOPUCTOBYBATH ITI0 iH(QOpPMAIIiI0 B ONTHMI3aLlii
MOJEII.

(1) ESMM [3,4] o0pobmusie TekcToBY iH(pOpMamio: 3a JOIOMOTOIO
ESMM xoxHe KiodoBe cioBO abo ¢paza BimoOpakaerbes Yy
0araToBUMIpHHI BEKTOp, KM MOXKHA BBKATH YaCTHHOI BXIJHUX JAaHHX
mozedi. [Tpunycrumo, mo micns o6podku ESMM Bektop, 1110 BianoBigae
KJIIOUOBOMY CJIOBY «EHEpPreTH4Ha IMOJITHKa», € , M0 BijoOpaxae
CEeMaHTHUYHY CHJIy CJIOBA B IEBHOMY KOHTEKcTi. Lli BekTopu 00'eqHYIOTBCS
Jutst opMyBaHHSI BEKTOpa TEKCTOBUX O3HAK, IKUH MOXKHA BUKOPUCTOBYBAaTH
SIK BX1IHI 1aHl a00 0OMeXeHHS 111 MOIENI.

(2) ResNet obpobusie iHdopMarito mpo 300paskeHHs: BEKTOPU O3HAK,
oo BUaroThcst ResNet, TpeacTaBisroTh craH O0'€KTIB Ha 300pakeHHI,
HaNpUKIAA, 4Yd TOIIKOPKEHO mpucTpiid. Lli XapakTepHCTHKH MOXKHA
BHKOPHCTOBYBaTH O€3IOCEpeNHBO U OIIHKA BHUTpPAT Ha TEXHIYHE
oOciyroByBaHHs abo gocTymHOCTI 00magHanHs. [Ipuiryctumo, mo KieKicHa
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OLIIHKa CTaHy CIPaBHOCTI IIPUCTPOIO JAOPIBHIOE , ie H — 1ie GpyHKIist omiHku
CIIPaBHOCTI Ha OCHOBI OOYHCIICHB.

Po3po0Oka HewiTKHUX MpaBwi 0a3yeThCs HA TEOPil HEUITKIX MHOXKHH JUIS
po0oTH 3 HEBH3HAYCHICTIO B MPOTHO3YBaHHI. 3arambHa (QopMa HEUiTKOTO
mpaBmia - "SIKIIo (YaCTHHA YMOBH) TO (YaCTHHA BHCHOBKY)', YAaCTHHA YMOBH
3a3BUYail CKJIAIA€ThCS 3 KUIBKOX HEUITKUX MHOYKHH, @ YaCTHHA BUCHOBKY J1a€
HEUITKUH OITUC 3MIHHOI.

BucHoBok VY CyCHijbCTBI €HEPreTHYHI CHCTEMH 3ilITOBXYIOThCS 31
3pOCTAlY0I0 CKJIAMHICTIO 1 HEBH3HAYCHICTIO, BKIIOYAIOUH 30LIBIICHI
KOJIMBAaHHSI ITOIUTY EHEPTito, )KOPCTKIIIII eKOJIOTUHI 00OMEeXXeHHS 1 3pocTaroyi
eKCIUTyaraliifHi BuTpaTd. TpagumuiiiHi MeTOOM YNpPaBIiHHS  BaXXKO
CIIPABISIIOTBCS 3 MMM CKJIQIHUMU cuTyauismu edextuBHO. ToMy myke
Ba)XJIMBO BUBUYUTH METOJl ONTHMi3allil €HEPreTHYHOi CUCTEMH Ha OCHOBI
HEUITKOI CUCTEMH MiATPUMKHU MPUHHATTS pimeHsb. [oaidHi Moaeni MOXyTh
CTaTH CTaHAAPTOM Y IIPOMHUCIIOBOCTI B HalOMmk4i 5—10 pokis.

OcobmuBicTIO TIi€l MO € 11 3MaTHICTh CAaMOCTIHHO alalTyBaTHCh IO
3MiH y 30BHIITHHOMY CEPEIOBHIIi, OIEPATUBHO aHAI3yBaTH HOBI THITH
JaHUX Ta 3a0e3medyBaTd TOYHI, HAMiIWHI pIMICHHS [UIS YIPaBITiHHS
moptdeneM  eHeproz0epiraroumx  3axomiB. Y  TECTyBaHHI  MOJENb
MepeBepIInIa TPAJUIIHHI MiIX0IHU 1010 TOYHOCTI MPOTHO3IB Ta IMIBUIKOCTI
pearyBanHsi. [IpakTHuHe 3acTOCyBaHHS Ha IIJIPHUEMCTBAX JAaN0 3MOTY
3MEHIIUTH CIIOKMBAHHS EHEprii, ONTUMI3yBaTW BHUTPATH 1 Kpalie
PO3MOIUIATH pecypcH Mixk npoekTamu. OIiHKa Ha HABKOJIUIITHE CEPEIOBHIIE
MATBEP/PKYE 3HWKEHHS BYIVIEHEBMX BHUKHJIIB IPU  BHUKOPHCTaHHI
3aIIPOIIOHOBAHOT MOJIEI.

ExonoMiunHmii aHaii3 AEMOHCTpYe 3HAuHE CKOPOYEHHS BHTpaT Ha
MpUIOaHHS EHeprii, eKCIDTyaTalilo Ta TeXOOCIyroBYyBaHHS — 3arajibHa
eKOHOMIs mepeBuInye 25%. Takox BiA3HAYCHO MiABHUICHHS 3aI0BOJICHOCTI
KOPHCTYBa4iB Ta CKOPOYCHHSA dYacy BIiATYKYy CHCTEM, IO CBiIYHUTH IIPO
MIPaKTHYHY e(heKTUBHICTH 3aIPOIIOHOBAHOTO pimmeHHs. Ha 3aBepriueHHs xoqy
BiJI3HAYNTH, IO BIPOBaKEHHA Takux iHTeNnekTyanbHux CIIIIP € omamMm i3
KITFOUOBHX KPOKIB J10 1IpoBizaliii MpOMHUCIOBOCTI Ta CTAJIOTO PO3BUTKY.

Jlireparypa

1. Ay6pogiu B.1. [TpuitHATTS pilieHp y nporeci ynpasiiHHI pU3HKaMU
MPOEKTiB : HaB4anbHUi nocionuk / B.I. Jlyoposin, B.M. JIpoBkiH. —
3anopixoksa : 3HTY, 2012. — 196 c. (I'pu¢d nmagano MOHmononsciopty
VYxpainu, muct Nel/11-4876 Bin 15.06.2011 p.)

2. Jy6posin B.I. HOcpkie O.I. KepyBanns mnpouecamu
eHepro30epekeHHs Ha METATyprifHuX minnpuemctBax. [Tekcr] / «BicHuk
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XepCcoHCHKOTO HallioHAIBHOTO TeXHiYHOTro yHiBepcuteTy» BICHUK XHTY
Ne2(69) — wactuna 2, 2019 - C 61-68.

3. Energy system optimization based on fuzzy decision support system
and unstructured data Zhe Zhang Energy Informatics volume 7, Article
number: 82 (2024)
https://energyinformatics.springeropen.com/articles/10.1186/s42162-024-
00396-2%utm_source=

4. Coban V (2020) Solar energy plant project selection with AHP
decision-making method based on hesitant fuzzy linguistic evaluation.
Complex Intell Syst 6(3):507-529
https://link.springer.com/article/10.1007/s40747-020-00152-5

IMITAIIIAHA MOJEJIb HIJISIXIB BXITHUX JAHUX
KOMIT'IOTEPHOI IHTEJEKTYAJBHOI CHCTEMHA
NIATPUMKHU OITEPATOPA EHEPTOBJIOKY AEC
Bopuc Bintenko , Onekciit CmipHOB, IpuHa Muponenp,
Tersua CmiproBa, Cepriit CMipHO
Yepracvkuti Oepaicasnutl mexnono2iunuil ynieepcumem, Yepracu,
Vkpaina
AT “Haykoeo-eupobruue nionpuemcmso “Paoiil”, m.
Kponusnuyvkuii, Yxpaina
L]enmpanvuoyxkpaincokutl HAYIOHATLHUL MEXHIYHULL YHIGepcUumem, M.
Kponusnuyvruii, Yxpaina

SIMULATION MODEL OF INPUT DATA PATHS OF A
COMPUTER INTELLIGENT SUPPORT SYSTEM FOR A NPP
POWER UNIT OPERATOR
Borys Vintenko, Oleksii Smirnov, Iryna Myronets Tetiana Smirnova,
Serhii Smirno
Cherkasy State Technological University, Cherkasy, Ukraine
PJSC “Scientific and Production Enterprise “Radius”’, Kropyvnytskyi,
Ukraine
Central Ukrainian National Technical University, Kropyvnytskyi,
Ukraine

Abstract. This theses investigates methods for increasing the fault
tolerance of a computer intelligent support system for a nuclear power plant
operator. The purpose of this study is to increase the fault tolerance of
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intelligent support systems for the operator when receiving information about
the state of technological parameters important for the power plant control
procedures. The object of the study is the ways of receiving input data by a
computer intelligent support system for a nuclear power plant operator. The
subject of the study is a model of the ways of receiving input information to
a computer intelligent support system for a nuclear power plant operator. The
problem of ensuring the reliability of input information and methods for
solving it, which are based on the redundancy and multi-version of the
components used, is considered. A simulation model of the input data paths
of a computer intelligent support system for a nuclear power plant operator
has been developed, which differs from the known ones by taking into
account the indicators of multi-version of components.

[ocranoBka mpobaemu. Eneproomoxk AEC €  crimagHuM
TEXHOJIOTIYHUM 00’€KTOM, KEpyBaHHs SIKHM 3iHCHIOEThCS ONEPaTHBHUM
niepconasioMm (OII) Ha 610unomy muti kepyBanss (BIK). Ilin wac poborn
OIl BukOpHCTOBYe iH(OpMaIifo, SKa HANAETBCSI HOMY 3a OIIOMOTOIO
IHAWKATOpIB Ta TPHIAAIiB MaHENeH KepyBaHHS, a TaKOX 3a JOTIOMOTOI0
mudpoBux iHpopmamiitaux cucteM. IpuiiaarTs pimens Ol 3aificHIOETBCS
Ha OCHOBI TEXHOJIOT1YHUX PETJIaMEHTIB.

Jis  migBuIneHHS e(EeKTHMBHOCTI Ta HafiiHOoCcTi pobotu  OIl,

aKTyaJIbHOIO HayKOBO-IIPAKTUYHOO 3a/1a4ero € CTBOPEHHS
KOMIT FOTEPU30BAHUX IHTEJICKTYAIbHUX CHCTEM MiATPUMKH oOIeparopa
(CITO).

Idopmartist mpo 3HAYECHHS TEXHOJOTIYHHX ITapaMeTPiB OTPUMYETHCS 3
JATYUKIB, IO BCTAHOBICHI Ha 0O0JagHaHHI eHeprooOmoky. JlaHi 3 mmx
JIaTYMKIB SNCKTPUYHUMH KaHAJIaMHU TIEPEaloThCs JI0 MPOrPaMHO-TEXHIYHUX
komrutekciB (IITK) enepro6mioky. [Hpopmalis mpo mapaMeTpu y BUTIIAII
3HAUCHb AHAJOTOBUX Ta NUCKPETHUX 3HAYCHb PEECTPYETHCS Ha CepBepax
[TK Ta 32 I0OmMOMOTOI0 KOMII'IOTEPHHX MEPEeX MEPeHaeThCs 10 1HIIHX
CUCTEM eHeprobJoky, 30kpema i 1o CIIO.

AKTyaJbpHICTP JaHUX TIPO CTaH TEXHOJOTIYHUX TMapaMeTpiB €
HeoOxi1Ho yMoBOIO s pyHkuionyBants CI10. ToMy BaxIIMBOIO 3a/1a4€t0
npu ctBoperHi CIIO e migsumenust Bimmooctidikocti CIIO B uactuHi
OTPUMAaHHS LUX JIaHHX.

CucreMy miITPUMKH ONEpaTOpa MOXKHA PO3TIISIATH SIK HaOip 00’ €KTIB,
OJHMM 3 SIKUX € MiJICHCTeMa OTPUMaHHS BXiJHUX JaHuX. CTIHKIiCTh cucteM
JI0 BiIMOB, TOOTO 3/1aTHICTh BUKOHYBAaTH OCHOBHI (yHKIIT TpH BUHUKHEHHI
BiJ]MOB OKPEMHUX KOMITOHEHTIB, MOXKE peajli30ByBaTHCS PiI3HIMH CIIOCOOAMH.

Tak, mOMyIApHAM METOJOM IIBUIICHHS BiIMOBOCTIHKOCTI €
pe3epByBaHHsS OOJIJHAHHS, IPOTpaMHOro 3abe3medeHHS Ta iH(opMarii.
Taxox ISt MiABUIEHHS CTIHKOCTI 10 BiIMOB IPOTpaMHOT0 3a0e3IIeYeHHs Ta
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iHpopManii € 3acTOCYBaHHS CaMOKOHTpOJIIO Ta OJOKiB BigHOBIEHHS. [Ipn
BUKOPHCTaHHI IaHOT TEXHOJIOTIT pe3yIbTaT 00UYKCIEHb ITepest epeaaieio B
IHIIy TIJCHCTEMY TIEpeBipSAIOTBCS HAa KOPEKTHICTh, 1 Yy BHOAIKY
HETPOXOKEHHS MEPEBIPKH Ti 5K caMi 00YHCIIEHHS BUKOHYIOTHCS IIOBTOPHO,
IHIIAMU CTIOCO0aMU, IO AOCSTHEHHS MOTPIOHOTO Pe3yIbTaTy.

B ramyssx, mo BUMararoTh BUCOKOI HIIHHOCTI Ta CTIHKOCTI 70 BiJ]MOB,
OCTaHHIMH  JCCATHIITTAMH Ha0yBa€ TIOMYJSIPHOCTI  BHUKOPHCTAHHS
OaraToBepCiiHMX TexHOJOriH. Tak, M MiIBUIIECHHS BiIMOBOCTIHKOCTI
armapaTHoro 3a0e3NeyeHHs] BUKOPUCTOBYIOTCS pI3HI THUIHM MIKpOCXEM
(mikponporiecopu Ta FPGA), mui MigBUINEHHS — BiAMOBOCTIHKOCTI
MIPOTrPaMHOTO 3a0e3nedeHHs BUKOPHCTOBYETHCS N-Bepciiine
nporpamyBaHHs. BigMmoBu 3 3arajgbHOI NPHYMHMA € MPOOJIEMOIO JUIs
pe3zepBoBaHuX cucteM [8]. YV BUNAAKy BUHUKHEHHS 3arajibHOi MPUYUHU
MOXYTb BiIMOBUTH OZIpa3y JeKiJIbKa KOMIIOHEHTIB. Takoro NpUIMHOI0 MOXKeE
OyTn sK amapaTHa (HaNpHUKJIAA, 3HUKHEHHS ENeKTPHUYHOTO JKUBJICHHS
OCHOBHOTO Ta PE3EpBOBAHOTO CEPBEPa), TaK 1 HENOMIK Yy TNPOEKTYBaHHI
(po3mimmeHHs pe3epBOBaHUX JiHIN 3B’ 3Ky B OJHIH KaOeNbHIH MIaXTi Ta BUXi[
3 J1aay 000X TPH MOXKEXKi), a TAKOXK JIeeKT IPOrpaMHOro 3abe3neueHHsl, Mo
BUKOPHCTOBY€EThCS Y PE3€PBOBAHHIX KaHAJIaX.

Jns 3MeHIIeHHS IMOBIPHOCTI BIIMOBM 3 3arajbHOi INPUYHHHU
BUKOPHCTOBY€ETHCS OararoBepciitne porpamMmHe 3a0e3neueHHsI.
BararoBepciitHicTh MOXe OyTH 3aCTOCOBaHa JJIsl JAHUX, POTPAMHOT0 KOy,
Ta (QyHKHioHanpHOCTi. [licns BukoHaHHsS (QYHKIIT PpI3HUMH BepcisiMA
MIPOrpaMHOTO 3a0e3reueHHs Bi0yBaeThCs aHajli3 OTPUMAHHUX Pe3YJIbTaTiB,
MOpIBHAHHS 1X MDK co00l0 Ta (QUIbTpyBaHHS pe3yjbTaTiB, IO HE
BIJNIOBIAIOTh BUMOraM. TakoX BHKOPHCTOBYIOTBCSI Pi3HI  CXEMH
rojocyBaHHs. HailmommpeHimmmu cxemMamu € «1/2», «2/3», «2/4» abo
«3/4». Bubip cxemMH 3aleXWTh Bil BHMOT 10 O€3MeKH, HAIIHHOCTI,
JOIYCTHMOTO PiBHS XHOHUX CIIPALlOBAaHb Ta HECIIPAIIOBAHb.

TakuM 9uHOM, TIBUIIICHHS BiJIMOBOCTIMKOCTI MiJICHCTEMH OTPUMAaHHS
BxigHuX gaHux CIIO [mominbHO TPOBOAMTH HA OCHOBI  aHATI3y
BiJJMOBOCTIHKOCTI JIKEpEN OTPUMAHHS IMX JIaHUX Ta NUIAXIB 1X mepeaai.

IMocranoBka 3aBnaHHs. Y aHOMY JOCHIDKEHHI HEOOX1THO CTBOPUTH
MOJICIT IUISXIB BXITHUX JAaHUX CUCTEMH IiITPUMKH OIIepaTopa, B sKii Oyme
MiCTUTHCS iH(pOpMAIsl NPO BUKOPHCTaHI TeXHONOTriT Ta IX BepciiiHi
BIAMIHHOCTI.

Buxkaan OCHOBHOTO MarepiaJy. Metoau 3a0e3mevYeHns
BiamoBocrTiiikocti CITO. [J:xkepesa Bxinnux gauux aas CIIO. OcHoBHOIO
¢yHKIiero migcuctemu oTpuManHs BXigaux gaaux CIIO e mpuiiom 3Ha4eHB
TEXHOJIOTIYHUX TapaMeTPiB BiJ] 30BHIIIHFOTO OTOYCHHS. TOYKaMH B3a€MOIi1
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MMACUCTEMHU 3 30BHIIIHIM OTOYEHHSAM € BXIAHI CHUIHaAd. BXigHiI cuUrHaiu
MOXYTb OyTH pO3/iJeH] Ha IEPBUHHI Ta BTOPHUHHI.

3HaueHHS NEepPBHHHUX BXIAHUX CHTHATIB OTPUMYIOTHCS IIIIXOM
BUMipIOBaHb. [IpHKIagaMu TakuX 3HAYEHb € THCK, TEMIeEparypa, TOIIO.
Takox, 10 TIEPBUHHNX BXiTHUX CHTHAJIIB MOYKHA BiTHECTH iH(pOpMAaIIito, sKa
OTpUMaHa BiJ omiepaTopa: BBEJCHI uepe3 inTepdeiic KopucTyBada 3HAUCHHS,
HAaTHUCHYTI OIEepaTopoM KHOIKH, c(POpPMOBaHI KOMAaHIU 32 JOMOMOIOIO
KITIO4iB KEpYBaHHS TOILIO.

BTOpHHHMMHU CHTHajJaMd MOXKHA BBQ)KATH CUTHAIM, 3HAYCHHS SKHX
OTpPHMaHI B pe3yJibTaTi 0OPOOKM MaHWX TEPBUHHHUX CHUTHAIIIB: IIBUAKICTD,
TeMIlepaTypa HaCHYEHHSI, CIIPALlIOBAaHHS YCTaBOK, TOIIO.

VY Haiinpocrimomy Bunaiky, BxigHa iHpopmauis CIIO moxe Oytu
MIpeCTaBIeHa Y BUTJISAI MHOKUHH TEXHOJIOTTYHHUX MTapaMeTpiB P:

P = {P], Pz, P3, veey P,,} (1)

ne P;—okpemuid BXiOgHHHA TapaMmeTp, #n —3arajbHa KiJBbKICTb
mapamerpiB. [Ipore Taky Monenbp HE MOXHAa BHKOPHUCTOBYBAaTH
6e3nocepennpo. Ha mpakTui, mixk mapamerpom Ta anroputmoM CIIO icHye
CUCTeMa BUMIpPIOBAHHS 3 IIPOMDKHHX allapaTHUX Ta MPOTPAMHUX €JIEMEHTIB,
K1 320€31Meuy0Th IPUHHATTS, IEPBUHHY 00pOOKY, IEpETBOPEHHS, ITepeaady
iHpopmarii. [le 06yMOBI€HO TAKMMHU IPUYMHAMK: HEOOXiJHICTh (PibTparil
Ta OOpOOKM JaHMX Yy BHUIAAKY HAsABHOCTI WLIyMiB, Mepemkox abo
HecTaOUIbHOCTI; HAasBHICTH MapaMmerpiB, MO (OPMYIOTbCS Ha OCHOBI
CUTHAJIB 3 JEKUIBKOX JaT4uKiB ab0 0OYMCIIeHb; KOHBEPCis CHTHATIB 3
OJTHOTO THITY B IHILMH, CTAHAAPTHUH Ta MpUAATHUN JuIsl 00poOKu; diznuHa
BiJIAJICHICTh €JIEMEHTIB HE JI03BOJISIE MIIKIIIOYNTH JaTYNKU Oe31ocepeHbo
JI0 CUCTEMH; HasBHICTh (Di3NYHUX Oap’epiB 3aXHCTY; HEOOXIAHICTD 3aXHUCTY
JMAHWUX BiJ| 30BHIIIHIX aTak: JOJATKOBI eleMeHTH (OpaHIMayepH, CHCTEMHU
KOHTPOIIIO JOCTYITy, JaTa-Iionu), Mo 3a0e3medyioTh iH(opMaIiiiHy
0e3neKy; HeoOXiTHICTh MPOTOKOIIOBAHHS T4 MOHITOPHHTY; KOOPIAMHAIIIS Ta
inTerpais Benukoi kimbkocTi [ITK, peanizartiss pi3HUX TPOTOKOJIB 3B’ 3Ky
3a JOIIOMOTI0IO IIJI031B, TOIIIO.

EnemenTu masxis. BpaxoByroun HasiBHICTb CHCTEMH BUMipIOBAaHHS Ta
00pOoOKH, ISl KOXKHOTO MapaMeTpy MOXHa BU3HAYMTH LXK Tepeadi, no
CKJIQJIalOThCsl 3 MHOXKHMHHM elleMeHTiB. [l mpencrasieHHs nusixy Path
BUKOPHCTAEMO BEKTOPHY MOJIEIIb!

Path = {E,E, E;, ..., E;} 2)
ne E, — eleMeHT, depe3 SKUM MPOXOAATh daHi curHaimy. KokHuid
eIIEMEHT y BeKTOpi Path Mosxe MaTH Habip aTpuOyTiB: THII, IPOAYKTUBHICTD,
HaIIiHICTh, TPOTOKON OOMiHY, Wac 3aTpuMku, Tompo. [Ipukmax HabOpy
€IEMEHTIB IULIXY BXIOHMX MJaHUX JUIi [apamerpy: E; — 1aTduk;
E>; — nmeperBoproBay ¢popMu CUTHAITY (aHAIOTOBHH-ITUGPOBHIA); £3 — GinbT;
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E4—xabenpHuil xanam; Es— komyTatop; Es — MOIYJIb KOHTPOJIIO OE3MEKH;
E7; — mepexeBa kapra; Es — cepsep; Ey — mporpaMHe 3a0e3IedeHHs cepBepa.

Taxa monens orpuMmanHs BXimHux manux CIIO, 3 Toukm 30py Teopil
HAOIMHOCTI, € HaWMEHII CTiHKOI0 JO BiIMOB, OCKIJIBKH Iependadae
MOCJIIIOBHE 3’ €IHAHHS €JIEMEHTIB.

PezepByBaHHsl nuIAXiB mepeaauyi BXigHMX cur”amiB. OmHuM 3
TIOIIMPEHNX CIOCOOIB MiABUINEHHS BiIMOBOCTIHKOCTI CCTEM BUMipIOBAHHS
Ta TepeAavyi KPUTUYHHX [apaMeTpiB € pe3epBYBaHHSA. 3a3BUuail uist
BUMIPIOBAaHHS 3HAYCHHSA OJTHOTO TEXHOJIOTIYHOTO napameTpy
3aCTOCOBYIOThCS JEKIJIbKa JaT4WKiB, SKI MalOTh HE3IEKHY CXEMy
JKMBJICHHSI, KOHCTPYKIIIIO Ta KaHAIIM Tiepeayl iHpopmarii (0araroBepciiHui
migxig). [Ipu BiAMOBI €JIEMEHTIB OJIHOTO KaHAIy OTPUMAHHS JaHHX
iH(pOpMalis Ipo MapaMeTp 3aIUMIAETHCS aKTYaIbHOIO Yepe3 1HIII JaTYUKH
Ta KaHaIK 3B’SI3KY.

Ha AEC moxyTp OyTH BHKOPHCTaHI HACTYIHI BUAM PE3E€PBYBaHHS:
pe3epBYBaHHSA JATYMKIB; PpE3epBYBAaHHsS JiHIA 3B’A3Ky; pe3epBYBaHHA
MIPOTPAMHOTO 3a0E3MCUCHHS;, pPEe3ePBYBAaHHS KOMYHIKAIIIHHUX TIPHCTPOIB;
pe3epByBaHHS CEPBEPIB TOIIO.

TakuM 4YMHOM, IJIS1 OTPUMAHHS 3HAYCHHS OJHOTO IIapaMeTpa MOXKE
BHUKOPHCTOBYBATUCS MaTPHUIS IUISIXiB

Path, Eyn Ep Eim
Path, | _|Ey; Epp Eom

' (3)
Pathn Enl En2 Enm

ne Ej- eleMeHTH IUIAXIB.

IIpn pesepByBaHHI OTPUMY€ThCS MapaienbHa po0oTa NUIIXIB
BUMIipIOBaHHs (200 X 4acTHH), 1110 Mi/IBUILY€ BIIIMOBOCTIHKICTh CHCTEMH.

Cuiz 3a3HaYNTH, 1[0 CTBOPEHHSI OKPEMHX LUISAXIB OTPUMAaHHS BXiTHOL
iHpopmanii mns koxHoro IITK e ckiagHOIO Ta HE 3aBXIM MOXKIIMBOIO
3amadero. 3a3BU4ail iHpOpMaLis PO KPUTHYHO BaXIIHMBI IapaMeTpu
OTPUMYETBHCS 3 PE3EPBOBAHUX JATUHKIB, POSMHOXKYETHCS Ta MEPEAAETHCS Y
pizui IITK. B cBoro gepry, migcucreMa oTpuMaHHs Bxigamx manux CIIO
MOXX€ OTPHMATH 3HAUEHHS OJHOTO i TOTO caMOTo TapaMeTpy Bill Pi3HUX
[TK. Hanpuknaz, iHdopmalis mpo TeMmrepaTypy TEIJIOHOCIs B peakTopi
peecTpyeTbes B cucteMax 3axucty (A3), cuctemax Oesmeku (CB), cucremax
HopManbHOI ekciutyaranii (CHE). Koxna Touka peectpauii mapamerpy B
[ITK € okpemMuM cHrHaJIOM 3 yHIKaJIbHUM ieHTH]iKaTopoM. Takum ynHOM,
CIIO Mmoxe orpumard iHQOpMalLil0 PO 3HAYEHHS TEXHOJIOTIYHOTO
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rapameTpy 3 pI3HHUX CHUTHAJIIB, IIO HAaIXOIATh PI3HUMH IIUIIXaMH, 3
3aJy4YEHHSM Pi3HUX €JIEMEHTIB.

BararoBepciiinicTb eieMeHTiB muIsiXiB. KOoXXHUN €1€MEHT BHOCHUTH
MIeBHY IHTEHCHWBHICTH BiIMOB y cHcTeMy. Bci BimMOBH MOXYyTb OyTH
pO3ToiNeHi Ha 1Bi KaTeropii: BiIMOBH 3 (hi3WIHUX MPUYMH Ta BIIMOBH depes
HEJIOJIIKH Y TIPOEKTYBAHHI.

JIist  OomiHKM IHTEHCHUBHOCTI BiAMOB depe3 (izuuni nmedextu
BUKOPHCTOBYIOTHCSI JIOBIJIKOBI JlaHi BUPOOHHMKIB. [HTEHCHBHICTH BiZIMOB
4yepe3 Je(eKTH MPOEKTYBaHHS MOXKe OyTH OIlIHEHa CTATUCTHYHUM IIUISTXOM.

MeToa KUTbKICHOI OIIHKMA 3MEHIICHHS IHTCHCUBHOCTI BIIMOB IpH
BHUKOPHCTaHHI IBOBEPCiHHOT (AMBepcHOT) cucteMu onucanuii y [10].

VY BIANOBITHOCTI 10 JIaHOTO METOAY, MHOKMHa BCiX BiIMOB N y
JTIBOBEPCIHHIN CHCTEMI BU3HAYAETHCS SIK

N:NjuNzusz, (4)
ne N;—MHOXHWHAa BiIMOB TUIBKH TIepmIOi Bepcii cHCTeMH,
N> —MHOXHWHA BIIMOB TUIBKM Jpyroi Bepcii cucremu, N;» — MHOXHHA
OTHOYACHUX BiTMOB MEPIIIO] Ta APYTOi Bepcii CHCTEMH.

[HTEeHCHBHICTh BiIMOB JBOBEpPCIHHOT CHCTEMHM BH3HAYAE€ IOTYKHICTDH
MHOXHHHU N;;. O4eBUAHO, IO L MHOXHHA 3MEHIIYETHCS 31 3pOCTaHHIM
BIJIMIHHOCTEH Yy MMPOEKTYBAaHHI JBOBEPCIHHOT CHCTEMH.

KinbkicHe CITIBBIIHOIICHHS I1HTEHCHBHOCTI BIIMOB JBOBEPCIHHOL
CHCTEMH Ta OJHOBEPCIHHOI CHCTEMH BH3HA4YaeTbcs Koe(iliEHTOM
JTIUBEPCHOCTI:

_ N

Kp = —— 5
D |NlB| ()

Je |Ni2| — IOTYXHICTh MHOXXHHHU BiJJMOB JIBOBEpCIHHOI cucTeMH, a
|NV'¢| — TOTyHiCTh MHOXMHH BiJIMOB OJIHOBEPCIHHOT CHCTEMH.

B pesynbraTi 3acToCyBaHHS JUWBEPCHOCTI, IHTEHCHBHICTH BiJIMOB
JBOBEPCIHHOT cHCTeMH A5, IO BHKIUKAHI 3araJbHUMH JePEeKTaMU
MIPOCKTYBaHHS 000X BEPCiii CTAHOBHTH:

M2 =Kp - A1B (6)

ae Ay, — IHTGHCHBHICTH  BIMOB  OJHOBEPCIHHOI  CHCTEMH,
Kp — KoedilieHT TUBEPCHOCTI.

Jnst KinbKicHOT OLIHKM TJIMOMHM PI3HUI MIDK BEPCISIMH EJIEMEHTIB
CHCTEMH BUKOPHCTOBYIOTHCS METPHKH JUBEPCHOCTI. 3HaueHHs 0 METpUKU
BIAMOBiJIa€ BiJICYTHOCTI DI3HUII MK BepcisiMu (OAHOBepCiiiHa cucrema),
4 — makcuMaibHIH pizHuni. Koedinient nusepcrHocti K cucremu o6epHEHO
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MIPOTIOPIIHHUIA 10 IHTErPaIbHOTO ITOKa3HWKA IMBEPCHOCTI CHCTEMH: IpU
BinmcyTHOCTi quBepcHOCTi (D = 0) koeduienT Kj, Oyne piBHUI oIUHMI, IO
3TigHo (6), HE 3HU3UTH IHTEHCHBHICTH BiJIMOB 3 3aralbHO{ IPHYIHU.

Po3podka mopeni muisxiB orpumanHus Bxignux ganux CIIO.
BigMiHHicTh ejieMeHTIB muIsiXiB BXigHuX aaHux. [[ns 3a0e3neueHHs
BigMoBocTiiikol pobdotn CIIO Mae BUKOPHCTOBYBAaTH PE3€pPBOBaHI AaHi Y
BUTJIAI CUTHAJIB. SIK OyJ10 MOKa3aHo, i JaHi MOXYTh HAIXOAUTH PI3HUMHU
HUIsIXaMy 4epe3 pIi3Hi IOCIiIOBHOCTI elieMeHTiB. BinmosinHo, 3amauero
po3pobnuka CITO € Bubip curHamiB Ta NUBIXIB X MpUHOMY 3 ypaxyBaHHIM
00paHoT CXeMH r'0JIOCYBaHHS.

VY mmsxax nepemadi iHdopmanii, ski MOXyTe 3abesneudyBatu CIIO
BXITHUIMHU JaHHMH, MOXXYTh 3aCTOCOBYBATHCS Di3HI THNH eneMeHTiB. [lo
KOXKHOTO 3 BHJY €JIEMEHTIB MOXe OyTH 3acTOCOBaHa IIKaja BiIMIHHOCTEH
MiX 1X BepCisiMH.

Takum 9uHOM, [UTS aHAaJi3y BiAMOBOCTIMKOCTI MUISXIB BXIAHUX HaHUX
CTIO HeoOximHO chopMyBaTH HACTYITHI JaHi: IJIs KOXKHOTO THITY €JIeMEHTa
Ha OCHOBI CTAaTUCTHUYHUX JaHUX Ma€ OyTH BH3HaueHa 0a3oBa KiJIBKICTh
BiZMOB, 110 chopMye MoKa3HUK N, Ha OCHOBI BiIMIHHOCTEH IUIsl KOYKHOTO
Ha0bOpy LUISIXiB BXIHUX JaHUX Mae OyTu chopMoBaHMN HaOIp NOKa3HHKIB
TIIMOWHM TUBEPCHOCTI, AKi ChOPMYIOTB 3arajbHUi MOKa3HUK JUBEPCHOCTI D.

Po3podka moaeni musxiB Bxignux ganux. Jlo cknaay koxuoro ITTK
BXOAATH MOAYJ mpuiioMy iHopMmamii, JOriyHi MOJIyni, cepBepH Ta
nporpamue 3abesnedeHHs. Koxuumit IITK mudpoBum kananom mnepenae
HeoOXxinHy iHpopMamio 10 cyMiXHAX cucTeM. [H(popmariito npo oauH i Toi
camuii TexHonoriunuii napamerp CIIO Moxe 3anuTyBaTH y Pi3HUX CEpBEPIB
pizaux I1TK.

VY3aranpHeHa apXiTeKTypa OTPUMaHHS JaHUX MOXe OyTH IpEICTaBIeHa
y BUTIIIII Mepexi. Ha ganiit cxeMi BUKOPHCTOBYIOTBCS TaKi BY3JIH: TaTIHKH
(S), meperBoproBaui (C), xabemi, Mmomym BXimHuxX curHaiiB (In), soriuni
Momyni Ta Mmomydi meperadi indopmarii (Lm), xomyratopu (Comm),
cepsepu (Srv), komm’otepu (Pc) 3 MepexeBUMHU KapTamH Ta MPOTPaAMHUM
3a0e3MeueHHSM.

Jana mepexxa Moxe OyTH mpezcraBiieHa y Burisiai rpady G = (E, L),
BEpUIMHU E SKOro — eJIeMEeHTH KaHalliB 3B’s3Ky, a pebpa L — kaHamu
nepenadi iHdopmarii.

OcHOBHI BiacTHBOCTI JaHOro rpady OyayTh HAacTYmHMMH: Tpad €
JaepeBoM; Tpad) Mae OIHY IIOYaTKOBY TOYKY, sKa BH3HA4ae Cco0OI0
BHUMIpIOBaHUH TEXHOJIOTIYHHUH ITapameTp; rpad Mae OfHy KiHIIEBY TOUKY, SKa
€ BXOJIOM JIO CHCTEMH, BX1/IHi JaHi sIKOi aHAITI3YIOThCS;, Tpad € Opi€eHTOBAaHUM,
OCKIJIBKM CHTHaJIN BiJ IDKEpEeNl JI0 CHCTEMH MEpENAOThCsl B OTHOMY
HaIpsAMKY; BiJl MOYaTKy BUMIPIOBAaHHS J0 TOYKH IpuioMy iH(popmamii € 5K
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MIHIMYM OJWH NUIAX;, Ui TEPBHHHUAX MapaMeTpiB MUISX CUTHAITY
MTOYMHAETHCS 3 IPUCTPOIO, IKUH PEECTPYE CUTHAT (JIaTYMKA); ISl BTOPUHHUX
MapaMeTpiB MUIIX CUTHAITY TMOYHHAETHhCS 3 JorigHoro momyins [ITK, skuit
o0YHCITIOE 3HAYCHHA JAHOTO Tapamerpy. Hampukman, sKIIo BXiTHAMHA
JAaHUMH € 3HAYCHHS TEMIIepaTypy HACHYCHHS, TO 1O CKIAAY MUIIXY
BKITIOYAIOTHCA TAaKOXK TATIUKH TEMIIEPAaTypH Ta THCKY, a TAKOK KOMIIOHEHTH,
SIKi BUKOHYIOTh OOYMCIICHHSI TAHOTO CUTHAITY.

Koxna BepmuHa rpady e € E omnucyeThcsi HaOOPOM HACTYIHHUX
BJIACTUBOCTEI:

e = {Type,{Tech},{Versions}, Tag}. (7

Li BTacTHBOCTI MalOTh HACTYTIHI 3HAYECHHS: THII eJieMeHTy Type — kox
THITy €JIEMEHTY, 110 € CKJIAJOBUM LUIIXy Hepemadi. Ha numixy nepenadi
BUKOPHCTOBYIOTBCS PI3HI THUIM €JIEMEHTIB, Taki SK JaT4uku, Kabedni,
KOMYTaTOpH, CepBepH, TmporpamHe 3abe3meueHHs. KoxHuit  Tun
XapaKTepU3yeThCs BIACHUM HAaOOpOM mHapaMeTpiB, 3a SIKUM HOro MOXHa
NOPIBHIOBATH 3 IHIIMMH €JIeMeHTaMd. B Takux 3amavax, sk BU3HAYCHHS
BiIMOBOCTIMKOCTI NUIAXY, WOPIBHIHHA JOIJIBHO BUKOHYBaTH MIiXK
KOMIIOHEHTaMH, SIKi MarOTh OJIMH THIT, KOAU TexHojorii {Tech} — HOMepu
TEXHOJOTiM, [0  BUKOPUCTOBYIOTbCSA y  JAHOMY  €JIEMEHTI.
BuKopHCTOBYIOTBCSL 7SI BH3HAUYEHHS MOMIIMBOCTI BiTMOBH 3 3arajibHOi
MIPUYUHA Ui 00paHUX eleMeHTiB; Bepcii TexHouoriii {Versions} — Bepcii
TEXHOJIOTiH, IO  BHKOPHCTOBYIOTBCI Yy  JAHOMY  CJICMEHTI.
BuxoprucToBYIOTECS TSI BU3HAYCHHS TIHMOMHN BEPCIHHOT BIIMIHHOCTI MiX
nuisixamu; Ter Tag — o3Havae J0JaTKOBY iH(GOpMAIIio, 30KpeMa Io4aToK Ta
KiHenp nmuiaxy (“param’ Ta “source”).

Kpim rpady mepexi, no ckiaay Moaeni BXOJAMTH iH(OpMaIlis Mpo
TEXHOJIOT1, 1[0 BAKOPUCTOBYIOTHCS B eneMeHTax. KoxHa TexHounoris tech €
Tech omnmcyeTbcs 4acoM HarpalloBaHHS Ha BiIMOBY, IIEPETIKOM Bepciid Ta
BEPCIHOIO BIZIMIHHICTIO (ITIMOMHOIO TUBEPCHOCTI):

tech = {MTTF, {Version, D}}. (8)

L{i BnacTMBOCTI MalOTh HACTYIHI 3HAYCHHS: Yac HAlpalOBaHHS Ha
BigMoBy MTTF — nporrno3zoBanuii yac HampaioBaHHS Ha BiJMOBY, IO €
HACIIITKOM 3aCTOCYBaHHS JaHOI TexHouorii. Ll BenmmanHa BU3HAYAETHCS 32
CTaTHCTHYHOIO iH(pOpMaIliero ado 3a JOKYMEHTAII€I0 BUPOOHHUKA SIIEMEHTY.
3 UBOr0 MOKa3HUKA OTPUMYEThCSI IHTEHCUBHICTB BiIMOB €JIEMEHTY A:
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1
A= MTTF’ (9)

—MacdB Tap 3HaYeHb Bepcii Ta guBepcHocti {Version, D}
XapaKTepu3ye HassBHI Bepcii JaHoi TeXHOJIOTI1 Ta iX BepciiiHi BinMiHHOCTI. B
bOMY MACHBI MPUCYTHSA MiHIMyM ofHa 0a3oBa Bepcis 0 3 MOKa3HHUKOM
nuBepcHocTi D =0, mis sKkol BU3HAUCHHI 0a30BHI Yac HampaIlfOBaHHS Ha
BigMoBY. J[yist iHIIKX Bepciii 3HaYeHHS D TpeCcTaBICHE [ITMMU 3HAYCHHIMHU
BiJ 1 10 4, sike XapakTepu3ye BepCiiiHy BIIMIHHICTb y TIOPiBHIHHI 3 6a30BOIO.

B skocti BepciiHOi BiIMIHHOCTI MiXK Iapol0 Bepcii TexHosoril
3aCTOCOBYETHCS MaKCHMAallbHE 3HAUCHHsI MMOKa3HUKAa D [uis 3amaHoi mapu
Bepciit:

D(v1,v2) = max(D(v1), D(v2)). (10)

B zanmexHocti Bijg Buay enemeHTa, uucio D Qopmyerbes y
BIIMOBIAHOCTI 10 METOIOJIOTIT, OIIMCAHO] BUIIIE.

Ipuknagun BimoMocTeld mpo TexHojiorii Ta ix 0OazoBuid dYac
HalpauoBaHHs Ha BiIMOBY ITpHBeieHUH B Tabiaumi 1.

Tabums 1
[puximagm BimoMocTel mpo TexHoNorii Ta ix 0Oa3oBHH dHac
HAIMpaIOBaHHs Ha BiJIMOBY

HaiimenyBanHns Kon | Yac HanpauioBaHHs HA BiAMOBY
TeXHoJIorii
MoBa mporpamMyBaHHS 1 1020
MepexeBHi TPOTOKOI 3 920
N

[Ipuknam BepciiHOT BIAMIHHOCTI MK Pi3HHUMH BEpPCIIMH TEXHOJOTIl
(MOBa mporpaMyBaHHs BUCOKOTO PiBHS) IPUBEICHUH B TaOIHII 2.

Ta6nunst 2
[pukian BepciliHOi BiMIHHOCTI MiX PI3HHMH BEpPCISIMH TEXHOJIOTIT
(MOBa mporpaMyBaHHs BUCOKOT'O PiBHs1)
Version 0 (C++11) | 1 (C++14) | 2 (C++20) | C# Python
D 0 1 1 2 4

Bepciiina BinpaneHicte Moxke OyTHW IIpeAcTaBieHa y  BUIIISIL
reoMeTpUIHOI (PopMH. SIKIIO HO3HAYUTH KOKHY OKpEMY BEPCiI0 TOUKaMH, TO
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BIICTAHP MK TOYKAMH € MPONOPIIHHOK 0 BEpPCIHOI BiATAICHOCTI
BIZIMIOBiTHO 10 (4).

Hanpuknan, anms Tppox Bepciif, omHa 3 skmx ©0azoBa (D =0),
IpyTa — BiApi3HAEThca He3HauHO (D =1), a Tpers — pamukanpHO (D =4),
reoMeTpudHa GopMa BiZoOpakaeThes K TPUKYTHHK.

BucHoBku. Y JaHOMy JIOCHIDKEHHI OyJ0 TIOKa3aHO, IO TIpH
3a0e3mneueHHl BiJIMOBOCTIMKOCTI cHCTeMH MmATpUMKH oneparopa AEC
HEOOXI/IHO BUKOPUCTOBYBATH TaKi IiJIXOIH SIK Pe3epPBYBaHHS, TOJIOCYBaHHS
Ta 6araToBepCiiHICTS.

Byno mokazaHo, 1m0 BXigHI JaHi /0 CHCTEMH MIATPUMKH MOXYTh
HAJXOUTH PI3HUMH IIISIXaMH, 10 CKJIAJAI0THCSA 3 MHOKUHU CJICMCHTIB.

Byna crBopena Moenb BXiHUX HUIIXIB y BUIVISLAL Tpady, BEpLIMHU
SIKOTO BH3HAYAIOTHh CJICMEHTH IUIAXIB, a pedpa— HampsSMKH Iepenadi
inpopmamii. [lana Momenb BKiIodae B cebOe iHpOpwmamito mpo 06a3oBy
IHTCHCHUBHICTh BiTMOB TEXHOJIOT1H €JIEMEHTIB Ta IX BEpCiiiHy BiAMiHHICTb.

Y  momamemmx — JOCHIIKEHHSAX  Oyde  pO3TISIHYTHH — aHai3
BiIMOBOCTIMKOCT] IIIAXiB BXIOHUX JaHUX Ta PO3POOJICHUI METOX BHOOPY
KOMOIHAIl HUIgXiB i1 MakchMizamii BiZMOBOCTIHKOCTI Ta MiHIMIi3amil
BiZIMOB B 3araJIbHO1 IPUYUHU B CHCTEeMI MiATpuMKn oniepatopa AEC.

MODEL OF CHANGE OF WORKING STATES OF THE
OBJECT OF INFORMATION INTERACTION OF INFORMATION
SUPPORT OF CIVIL AVIATION
Kalashnyk G.A., Kalashnyk-Rybalko M.A.
Ukrainian State Flight Academy

Abstract. The authors have presented the model of change of working
states of the object of information interaction in the sphere of satellite
navigation and information support for civil aviation of Ukraine. It takes into
account the features of interaction in a networked information environment
distributed in geographical space. The principles of ensuring information
interaction in the field of satellite navigation and information support under
any heliogeophysical operating conditions are presented.

Satellite navigation systems are subject to the disturbing influence of
space weather factors due to sudden changes in the intensity and composition
of solar radiation. The latter bring the layers of the Earth's atmosphere into
an unstable state, but their density remains unchanged [1]. The above
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circumstances disrupt the trajectories of satellites. There are known cases of
spacecraft death for these reasons in dense layers of the atmosphere. The
electrically active plasma component of the atmosphere, interacting with the
satellite shell, causes their electrification and complicates or disrupts their
functioning [2]. Navigation may be indirectly affected by disruptions under
the influence of space weather factors of radio communication systems, main
cable lines, power supply, as well as incorrect or insufficient consideration of
the role of these factors when solving engineering problems.

The tasks, the solution of which provides systemic support for effective
satellite navigation and information support under any heliogeophysical
operating conditions, include the development of a mathematical model of
changes in the operational states of the object of information interaction and
the improvement of the method of information interaction in the field of
satellite navigation and information support under any heliogeophysical
operating conditions.

The mathematical model of changes in the operational states of the
object of information interaction is characterized by the processes of natural
and artificial degradation, as well as the restoration of its operational capacity,
and can be displayed as a set of rectangular matrices of mutual influences of
material and non-material resources of one of the parties to the interaction in
a competitive situation:

0 —Anlt) —25() —Aule) —Asle

)
0 0 —Ao3(t) = Aq(t) —ns(t)
A)=| Aslt) Ao 0 — A1) —2s5(0) |,
Ma(t)  2pt)  A34(0) 0 — Qs t)
Ms(t)  Aast)  Aas()  Aus(e) 0

where A (t) is integrated indicator of natural degradation of the socio-

technical system;
2; (¢) is indicator of natural degradation of elements of the socio-

technical system (STS); i are element numbers.
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0 —u(t) —ps(e) —palt) —pasle)
14 (t) 0 —ty3(t) = poa(t) = pans(t)
ule)=| msle) s 0 —u34(t) = pass(t) |
() wa(t)  a4(0) 0 — 45 t)
ms(t)  wos()  as()  paase) 0

where ,u(t) is integrated indicator of artificial degradation of the socio-
technical system; z; (t)is an indicator of artificial degradation of individual
elements of the socio-technical system.

0 Boult) B t) Bait) 0
0 =By B (¢) Bat) 0

B(t)=| 0 0 = B (t)- B (2) B ¢) 01,
0 0 0 = Bu(t)= By (t)-Bi3(t) 0
0 0 0 0 0

where B (l‘) is integrated indicator of the restoration of the socio-
technical system; f; (t) is indicator of the restoration of the components of

the socio-technical system.

The integrated indicator of mutual influence can be either with a “+”
sign, which characterizes the positive resulting influence of inter-resource
interactions in the socio-technical system, or with a “~” sign in the opposite
case.

The state of the socio-technical system’s overall performance

(integrated characteristic) is described by the expression:

my (t)
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where M (t ) is integrated indicator of the performance of the socio-

technical system; #m; (t) is an indicator of the performance of the

components of the socio-technical system.

In the simulation model of the functioning of a production element [3]
in a network information environment distributed in geographical space, the
mutual influence of quantitative and qualitative components of resource
components is taken into account, which is described by a matrix of network
mutual influence coefficients of the form:

1 Via e Vi
Vi 1 eV

V= ",
Vil Vim-iyl - 1

where i,/ €1, provided that I # j , and the accounting of the mutual
influence of resource components is carried out in relation to their

quantitative and qualitative components Vi

For the created mathematical data model, which takes into account the
peculiarities of interaction in a network information environment distributed
in geographical space, the conditions for the performance of a production task
are the compliance of the quantitative and qualitative indicators of the
manufactured product with the given ones [3].

Condition No.1 is compliance of quantitative indicators with the given
ones is given by the expression:

R(T,)< Ry (1) r<r>:§r<r>d(t>,

where 1 o 1is the time of execution of production tasks; R (T 0) is the

integral quantitative indicator of the product produced by the STS R3 (T, 0)

is the integral given quantitative indicator..
Condition No.2 is the conformity of the quality of the produced socio-
technical system product to the given one is the expression:
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kle)=1-4(0).

where g(?) is indicator of decline in the quality of the produced product;

dq_(’)) Wl-q (Vg g ()

d(r
*
g is limit value of the product quality indicator ¢ (¢) ;

W (t) is scale factor that determines the rate of decline in the quality
of the produced product;

W (6)=Wo O (eyuy (6)h6) P (e) B (e )Py (1) P (6) P (o) P (6) By (6) P )
where h(f) is coefficient of increase in experience in the production

process;

Mzw(t)[l—h(t)/h*]h (t), (0<h ()<t 0 =1)

d 1)
Y xs Vys>Y z ,.are elasticity coefficients of changes in the

quality of manufactured products; @y is coefficient characterizing the
increase in the coherence of the functioning of the components of the socio-

technical system in the production process; h* is limit value of the

coefficient A(t) .

The improvement of the method of information interaction through
information exchange, based on a multi-level strategic analysis of
competitive interaction of participants in the market of works (services) in
the field of satellite navigation and information support, is determined as
follows:

1) the architecture of the operational space of the multilateral multi-level
strategic business computer scenario analysis - the model of the interaction
support system is formed in the form of a two-level structure consisting of
the "cybernetic" and "noosphere areas", between which information
exchange is carried out [4].

2) using the presentation of data processing results in the form of
rectangular matrices, an analysis and assessment of the quality of planning
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for the targeted use of resources of the I -th socio-technical system and the

formation of signals coming from the complex analysis and management
model in the analysis and selection model of control decisions to parties A,
B, C, D, E is carried out with the appropriate indication and display of
detailed information on the screens. The use of the matrix of mutual
influences allows you to assess the dependence of the change in the state
indicators of some resource components on the influence of the change in the
state of others when they are affected by various factors of the external and
internal environment. This approach ensures the development of rational
management decisions during interaction to adjust the state of resource
components of the object of information interaction [4].

The "cybernetic" area includes software and information support that
provides processes of changing ontological elements, which are cybernetic
analogues of real socio-technical systems, as well as the interaction of these
ontological elements with each other.

In turn, the "noosphere" area is formed by "organizational" elements -
personnel (scientific, engineering, technical, administrative) equipped with
appropriate computing facilities, who conduct research - monitoring the
information space, conducting simulation experiments, etc. That is, the
"noosphere" area is a set of "human - machine" systems.
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OPAIMEHTAPHI MOAEJII JJ151 BAAAY TIOKPUTTSI
Irop Kosin, Cepriii bopro, Oner Capaak
3anopizvkuii HayionanbHUll yHisepcumem

FRAGMENTED MODELS FOR COVERING PROBLEMS
Ihor Kozin, Serhii Boriu, Oleh Sardak
Zaporizhzhia national university

Abstract. The study examines the concepts of fragmentary structure and
fragmentary model of optimization problems. The research demonstrates that
constructing a fragmentary model enables the reduction of constrained
optimization problems to unconstrained optimization problems on
permutation sets, which allows the application of universal metaheuristics for
solving these problems. The paper considers fragmentary models for specific
types of covering problems.

3aja4i MOKPUTTS YTBOPIOIOTH BEJIMKHUI KJlac ONTHMI3aIlifHUX 3a/1ad B
PI3HUX rajy3sx sIK JUCKPETHOI TaK 1 HerepepBHOi MaTeMaTHKH. B Oinbmocti
BHIAJKIB I1i 337a49i € NP-BaXKHMHU i TOMY JUISA MOIIYKY CyOONTUMAIIEHUX
PO3B’SI3KIB IIUX 33/1a4 BUIPABIAHO BHKOPHUCTAHHS MeTaeBpUCTUK. OqHAK i
METaeBPUCTUKY MAIOTh HU3KY HEJOMIKIB. 30KpeMa, OlIbIIICTh METaeBPUCTHK
30pi€HTOBaHI ISl TOMIYKY ONTHMAIbHUX PO3B’S3KIB 3amad Oe3yMOBHOI
orntumizarii. HasBHiCTE yMOB poOMTH IIi METOAM HENPHIATHUMH abo
TIPU3BOINTH J0 IX 1HAMBIMyaTi3allii, HaTamTyBaHHs Ha KOHKPETHUH BY3bKHI
xrac 3amad. [Ilo6 30epertd yHIBEpCaIbHICTh METACBPUCTHUK MOIKIIHMBI
HACTYyIHI miaxoau. Bymyerscss Momenab ONTHMi3amiiHOI 3amadi, B SKid
00JIaCTh JIONYCTUMHX PILIEHb 3aHYPIOETHCS B YHIBEPCAIbHY MHOXHHY
BiZIoMO1 npHupoau (HANpUKIaJ, MHOXXHUHY HAaTypaJlbHUX YHCEN, MHOXUHY
JNIMCHUX 4HCeN, EBKIIOBHH mpocTip R, LUIOYMCENbHI pEITKH B
€BKJIIJIOBOMY IPOCTOPi, MHOXKHHA I1EPECTaHOBOK, MHOXHHA BCiX mmiarpadis
MOBHOTO Tpada 3 3aJaHOI0 KUIBKICTIO BepUIMH, Too). [loctaHoBka 3a1au
PO3IIMPIOETHCS HA BECH IPOCTIP MOIIYKY, a B IUIOBY (DYHKI[IFO BBOAUTHCS
JOATKOBHI €NeMEHT —IuTpad) JOCUTH BEIHMKOI BEIMYMHH 32 MOPYILCHHS
YMOB 3371a4i.
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[HImMi crioci6 — noOyzoBa HaKpUBarOUYoro BioOpakeHHs. [Ipu Takomy
MiAXoal OyayeThes CIOp’€KTHBHE BiJJOOPasKEHHS! BCHOI'O IPOCTOPY HOMIYKY
Ha 00JlacTh AOMYCTHMHX PO3B’sA3KiB 3aiavi. [Ipu mpoMmy 3amgavya yMOBHOI
ONITUMI3aIlil IePEeTBOPIOETHCS B 33ady O€3yMOBHOI ONTHMI3allii, a BCi yMOBH
YPpaxoBYIOTbCS y HAKPUBAIOYOMY BitoOpaxkeHHi. MOXITBa 1 KOMOiHAITiS IIIX
IIBOX ITIAXO/IB.

PosristHeMO ouH 3 METO/IB MOOY0BH HAKPUBAIOYOTO BiOOpakeHHS
3a paXyHOK 1oOy/10BH (hparMeHTapHOT MO ONTHMI3aIliitHOT 3a1adi.

dparmMeHTapHa CTPYKTYpPa, pparMeHTapHUii AITOPUTM.
Haramaemo noHsTTst parmenTapHoi ctpykrypH [1]. @parmenTapHoro
cTpykrypoto (X,E) Ha KiHIEeBili MHOXWHI X Ha3MBa€THCS CIMEHCTBO Horo

i IMHOXHH E={E.E,,..E},ncE, c X, TaKe, o
VE cE,E #03ecE, E\{e| cE.

Enementu MmuHOXuHU E OyJeMO HA3UBATH JONYCTUMHUMH (pparMeHTaMu.
OnHoeNneMeHTHI MiIMHOXKUHH, SIKI € JIOMyCTUMUAMH (parMeHTamu, OyaemMo
Ha3WBaTH  e€JeMeHTapHUMU  (¢parMeHTamu. @DparMeHT HA3UBAETHCA
MaKCHUMAaJIbHUM, SKIIO BiH HE € MiJMHOXKHAHOIO HISKOTO IHIIOTO (parMeHTa.

Teopema. fxmo (X, E) — ¢pparMeHTapHa CTPYKTYpa Ha MHOKHHI X, TO
JULsl Oy b SIKOT HEMOPOXKHBOT MHOXKUHU A € E icHye HyMepallis ii eJIeMeHTIiB
A={x,x,,..,x,} TaKa, mo Vk, k= L,n MHOXHMHA {x,%,,...%, } € E.

3 TeopeMH BUILUIMBAE, IO Oy/b KM MaKCUMaJIbHUH (parMeHT MOXKe
OyTH 100y 10BaHO 3a JOOMOTI'OI0 HACTYITHOTO "ka/1i0HOT0" alNropuTMy:

a) eIeMEHTH MHOKUHU X JIIHIHHO yTIOpSIKOBYIOTHCS;

0) Ha IOYAaTKOBOMY KpPOLli 0OUPAEThCs MOPOXKHA MHOXKHUHA: X ) = J;

B) Ha KpoOLi 3 HOMEpOM k + 1 oOupaeThcs nepiiunii 3a HOPSKOM eJIEMEHT
xeX\X,, taknii, mo X, U{x}e E. Ocraunio ymoy 6ynemo Hasusaru
YMOBOIO IPHEIHAHHS;

I') aJITOPUTM 3aKiH4y€e poOOTY, SKIIO Ha YEeproBOMY KpOLli HE BIAJIOCS
3HANTHU eNleMeHT x € X \ X, 3 Bi/lNOBIAHOIO BIACTUBICTIO.

AJNTOopuTM TOOYIOBH MaKCHMalbHOTO (parMeHTy ¢parMeHTapHOL
CTPYKTYpH, SKMH HaBeISHO BHILNE, OyAeMO Ha3uBaTH (parMeHTapHHM
aJITOPUTMOM.
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3agaya onTuMizanii Ha gparMeHTApHIlN cTPYKTYPi, pparMenTapHa
MoJeJIb

Hexaii 3amana (parmMeHTapHa CTPYKTypa E:{EI,EQ,...,E”} Ha

KiHIeBi MHOXMHI X. Hexail BH3HaueHa MOHOTOHHA 3a BKJIIOYEHHAM
. cu 1

OGyHKuis - kputepiit f: F — R, ka KO)KHOMY JOITYCTHMOMY (pparMeHTy

CTaBHUTH y BIAIOBIHICTH NesKe AICHE YHCIIO, TOOTO VEZ,, FE S E 3 ymoBu
E C E, punmmsae, 1mo f(Ei> < f(Ej) (abo f(Ei) > f(Ej)). 3aga4ya
onTuMizanii Ha QparMeHTapHIH CTPYKTypi HoONArae y BiIUIyKaHHI
JIOITyCTAMOTO ()parMeHTa 3 MakKCHMAIEHUM (200 MiHIMaTbHIM) 3HAYCHHAM
kputepito. O4eBHIHO, ONTUMAIBLHUM PO3B’SI3KOM Wi€l 3a1adi Oyae oauH i3
MakcuMansHUX (pparmenti. [IpuHaiiMHI MakCcHMaTBHUH (parMeHT 3aBXKIN
€ cepell ONTUMAIBHUX PO3B’sA3KiB. 3a3HAYMMO, [0 YMOBa MaKCHMaJIbHOCTI
(bparmMenTa Moxe OyTH 00OB'SI3KOBOIO Y 33]1a4i ONTUMI3aIlii 1 63 J0JaTKOBUX
MpUNyUIeHb TPO LUIbOBY (yHKII0. Byap-ska 3amava onTuMizaiii Ha
(bparMeHTapHil CTPYKTYypi MOXxe OyTH 3BelIcHa 10 KOMOIHATOpHOI 3amadqi
ONTUMI3AIli] HA MHOXHHI TICPECTaHOBOK.
TakuM 4MHOM MaeMO HAaCTYITHY KOMYTaTHUBHY Jliarpamy BiJlOOpaKeHb:

S

v Nfop

E—L R

Tyr ¢ - BimoOpaxkeHHs, sSKe KOXHIH MEpEecTaHOBLI CTaBUTh Yy
BIJINOBIAHICTH JIONTYCTHUMHUM (parMeHt, KU 3HAXOJUTHCS 3a JIOMOMOIOI0
¢parmMenTapHoro aaroputMy. BigmosinHo 3amava ontuMizanii GyHKIIT f Ha
MHOXUHI E 3BOUTHCA A0 3a/1a4i 6e3yMOBHOI onTuMi3amii QyHKIii f o @ Ha

MHOXHHI TIepecTaHOBOK S . dparMeHTapHe YsBIEHHS BUXiTHOI 3ajxaui

ONTUMI3aIlil HA3UBAEThCS (PAarMEHTAPHOK MOICIUIIO i€l 3amadi. Takum
YMHOM HAasBHICTh (pparMeHTapHOi MoOJeli JI03BOJISE 3aJadi YMOBHOI
OINTHMI3alil NepeBOUTH B 33j1adi 0e3yMOBHOI oNTHMI3amlii Ha MHOXHHI
TIePECTaHOBOK.

dDparMeHTapHA MOJEJIb IS 3a71a49 NOKPHTTS.

PosrnsaemMo ¢parMeHTapHy MOAETh 3adad TOKPUTTS TOYOK Ha
TUTOIIMHI.

3a0aua nokpummsi MHOJMCUHU MOYOK HA WIOWUHI KONAMU 3A0AHO20
padiycy.
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Hexait 3agaHo Habip Touok X = {4, (x,,»,), 4,(x,,»,),...4,(x,,¥,)) Ha

IUTOIIMHI 33laHNX CBOIMH KOOpAMHATaMH. 3ajiayua IMOJSIra€ B 3HAXOKCHHI
MIHIMQJIBHOTO YHCJIa Kij Ha IUIONIMHI, 3 I[EHTpaMH, SKi HaJeKaTh [0
MHOXKMHHM X, MarOTh 3aJaHuil pajiyc » 1 MICTSITh BCl OOpaHi TOYKH.
OdparmMeHTaMy B MOJENI Ifi€l 3a/a4i MOKHA BBa)KaTW HAOOPH HOMEPIB KiJll
paniyca r 3 IEHTpaMH B 3aJJaHUX TOYKax. HoMepoM KoJia BBaXKaeThcsi HOMEp
TOYKH-IIeHTa Koia. Ha KoXHOMY Kpoui (parMeHTapHOIrO ajiropuTMy
pPO3MIIAAETBCS KOJIO pajiyca 3 IEHTPOM Yy 4epromiii Toumi. YMoBa
MIpUETHAHHS — X04a O 0/JHA 3 TOYOK MHOXHHH, 1110 OXOTIITIOETHCS IiM KOJIOM,
[I¢ HE BXOAUTH B MOKPUTTS. AJTOPUTM 3aKiH4ye poOOTY KOJM BCi TOUKH
OyIyTh OXOILICHI TIOKPHUTTSIM.

Leit anroput™ 0e3 CyTTEBHX 3MiH MOXKe OYTH PO3IIOBCIOKCHHUN 1 Ha
OLNMBII CKIAAHY 3aJady, KOJH PO3TIAAAETbCS HE HaOip KT OJHAKOBOTO
pamiycy, a Habip OLIbII CKIaAHUX QIryp, KOXKHA 3 IKHX MICTHUTH BiAOBITHY
Touky. IIpocTip B sSIKOMy 3HaxOAAThCS OOpaHi TOYKH TaKOXK MOXe OyTh
6araToBUMIpHHM.

3aoaua nokpumms epagy 3ipxamu, wo He nepemunaomvcsa

3aja4a noJsirae B 3HaXO/DKCHHI B 3/1aHOMY 3Ba)KEHOMY Tpad)i MHOKHHHU
31pOK, SIKi HE IIEPETHHAIOTHCS y BEPLIMHAX, Ta MICTATH BCl BEpIIMHHU rpada.
B wmiei 3amaui MOXHa B SIKOCTI €JIEMEHTapHUX (pparMeHTiB oOpaTd OKpemi
pebpa rpada[2]. YMoBa npueaHaHHsS peOpa — BOHO € ab0 MPOMEHEM BiKE
icHyr04Oi 3ipku (TOOTO OJHA CITBIIaJa€ 3 BEPIIMHOIO BXKE MOOYIOBaHOT
3ipKH, a iHIIa BiTbHA, a00 IBi BEepIINHU pedpa BiIbHI i peOpo YTBOPIOE HOBY
3IpKy)

3aoaua uinouucenbHozo NPAMOKYMHOZ0 naKyeanms 6
HanigoOMmedceny cmyzy

3ajaeTbcsl Kijbka BUAIB MPSMOKYTHHUKIB 31 CTOPOHAMH, OBXHMHA Ta
HIMPUHA SIKUX BUPAXKAETHCS LIIMM YHCIIOM, Ta iX KiIbKicTh. Bizoma mupuna
HamiBOOMEXXEHOI CMYTH, B Ky ynakoBytoThcs ¢irypu. [lorpiOHo 3HaiiTn
TaKe PO3MIIEHHS 33/IaHUX NPSIMOKYTHHUKIB Ha CMy3i, IIpU SIKOMY BHCOTa
3alHATOI YacTMHU CMYTHW € MiHiMainbHOMIO. [Ipy IIbOMY NPSIMOKYTHHKH
MTOBHMHHI PO3TAIIOBYBaTUCH CTPOTO B MEXaX CMYyTH, HE TIEPETHHAIOUN OJIMH 3
OJHUM OKpiM TpaHuipb. JloZaTKOBO, 3a YMOBOK 3aBIaHHS, MOXe
JOIyCKaTHCsT 00epTaHHs NMPSMOKYTHHKIB IiJ MPSIMHM KYTOM, IPH IL[bOMY
MAaeThCs Ha yBasi, 1[0 CTOPOHH KOYKHOTO NPSIMOKYTHHKA, III0 PO3MILILY€THCS,
napajenbHi CTOpoHaM cMyrd. EneMeHTapHMMH (parMeHTapHOI B IIbOMY
BHITAJIKY MOXXYTh OyTH 130METPHYHI BKJIAJaHHs MPSIMOKYTHHUKIB O CMYTH.
YMoBa TpHEIHAHHS — YEProBUil NPSMOKYTHHK BKIIAJA€ETHCS B CMYTY 3a
npasuioM Top-Left (y BepxHiit niBuit BiibHUI KyT cMyrH) 0e3 epeTHHAHHS
3 BXKE BKJIAJICHUMH NPAMOKyTHUKamu. Ha sxanb B miel Moneni He 3aBxau
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MoOXe OyTH 3HaiiIeHO ONTHMaJIbHHH PO3B’S30K 3an1adi. Aje qoBeneHo [3],
0 3a pPaxyHOK J0JaBaHHs OJMHWYHUX TPSIMOKYTHHKIB, a TOTIM IX
BUIIyYEHHS 3 KiHIIEBOTO PO3B’S3KY, MOXe OyTH OTpHMAaHUI ONTHMaJbHUI
PO3B’SI30K 3a1adi.

3adaua nokpumms naackux gizyp

3amaya mokpuTTs Giryp ckiamHoi Gopmu Ha 2-MipHIH TUIONIMHI MOXKE
OyTH 3BefieHa JI0 3a/1aui MIOKPUTTSI MHOKHMHU TOYOK Ha IJIOIINHI 38 PaXyHOK
BIAMOBIHOT AMCKpeTH3alii. A came ¢irypa, 10 MOKPUBAETHCS, a TAKOK
€JIEMEHTH TOKPHUTTS alpOKCUMYIOThCS (irypaMu, IO CKJIaJaloThCs 3
OJMHUYHUX KBaApariB. 3a paxyHOK BUOOPY MacimTady Taky anpoKCHUMaIliio
MOYKHa 3pOOHTH JOCHTH TOUHO. KOXXHii 3 KBaapaTiB 3aMiHIOETHCSI TOUKOIO,
110 cHiBIajae 3 HOro HEeHTPOM. B KO)KHOMY eJleMeHTI HOKPHUTTS 00MpaeThCs
OJTHA TOYKA, SIKYy Oy/ieMo Ha3uBaTu 0a30Bor0. KoxkHa Touka Qirypu — OCHOBH
o0upaeTbcs B SAKOCTI EIIEMEHTapHOro (parMeHTa (parMeHTapHOl
cTpykTypu. Ha 4eproBoMy Kpomi eJIeMEHT MOKPUTTS JOAETHCS O BXKE
ICHYIOYOTO TIOKPHUTTS 32 PaxXyHOK CyMiIleHHs 0a30BOi TOYKH 3 UEPTOBOIO
TOYKOKO OCHOBH. YMOBA IPHENHAHHA Cepel HOBUX TOUOK MOKPUTTS iCHYE
xoua 0 oOmHa TOYKa, W0 HE HAJEXKUTh MOKPUITIO OTPHMAaHOMY Ha
MOTEePEIHBLOMY KPOIIi. AJITOPUTM 3aKiHIye pOOOTY, KOJHM BCi TOYKH OCHOBHU
OynyTh HajJexXaTh M00YJ0BAaHOMY MTOKPHTTIO.
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GAP4.12.0 of 20220818
I GAP |  https://www.gapsystem.org
% Archztecture: x86 64-appledarwzn2tdefault64kv8
Confguratzon: gmp6.2.1, GASNAN
Looding the librory ond pockoges ...

Pockoges: AClib 1.3.2, Alnuth 3.2.1, AtlosRep 2.1.4, AutoDoc 2022.07.10, AutPGrp 1.11, Browse 1.8.14, Corotlnterfoce2.3.4,
CRISP 1.4.5, Cryst4.1.25, CrystCot 1.1.10, CTblLib 1.3.4, Foctlnt 1.6.3, FGA 1.4.0, Forms 1.2.8, GAPDoc 1.6.6,
genss 1.6.7, 10 4.7.2, IRREDSOL 1.4.3, LAGUNA 3.9.5, orb 4.8.5, Polento 1.3.10, Polycyclic2.16, PrimGrp 3.4.2,
RodiRoot 2.9, recog 1.3.2, ResClosses 4.7.3, SmollGrp 1.5, Sophus 1.27, SpinSym 1.5.2, TomLib 1.2.9,
TronsGrp 3.6.3, utils 0.76
Try *??help’ for help. See olso '?copyright’, '?cite’ ond '?outhors’
1gop> S:=SymmetricGroup(3);
Sym( E1..33)
pAsLs)

s 2,3, 1,2, 1,2,3, 1,3,2, 1,3
Igap> CharacterTablegS)

ChorocterToblefym([ 1 .. 33 ))

lgap> DzsplayElast) ;

CcT1

211
31 1
la 2a 3a
2P la la 3a
3P 1la 2a 1la
X.1 1-1 1
X.2 2 .1
X.3 111
Igop> NrSnnl I Groups(1824) ;
49487367289

Working with GAP interactively

lgap> D := Digraph([ [2], [3], [1 1D;
<immutable digraph with 3 vertices, 2 edges>
Igap> Splash(DotDigraph(D));
lgap> mat := AdjacencyMatrix(D);
[[o 1,0],[0,0 1],[0,0,0]]
Igap> Display(mat);
L[ o 1, 01,

[ o o 11,

[ o, 0, 071
lgap> n := DigraphNrVertices(D);
3

lgap> for i in [1..n] do
> Print(mat[i],"\n");
[> od;

,_|
S

Reading GAP code from a file

LoadPackage ("digraphs") ;

symmetric := function(D)
local mat, n, i, 3; lgap> Read("graphs.g");
. d s lgap> is_symmetric(D);
mat AdjacencyMatrix (D) ; false
N 5 . lgap> S:=DigraphSymmetricClosure(D);
n DigraphNrVertices (D) ; <immutable symetric digraph with 3 vertices, 4 edges>
for i in [1 .. n - 1] do lgap> Display(AdjacencyMatrix(5));
SRS : [co 1, 07
for j in [i + .. n] do AR
if mat[i][j] <> mat[j][i] then Lo 1 011
11131 13114] lgap> is_symmetric(S);
return false; true
; sop> 1
od;
od;

return true;
end;

Content of "graphs.g"
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GAP on GitHub (

*
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Q search GAP https://www.gap-system.org/doc/ GAP on Github

Documentation
There is a lot of written material telling about the functionality and use of GAP, providing information about algorithmic background and giving
hints for writing own GAP code.

Manuals

The Tutorial (PDF) gives a first introduction to the system

The Reference Manual (PDF) with compl of alllibrary functions and examples of their use.

The CHANGES.md file describes most essential changes between all GAP releases.

- Each GAP package has its individual manual which you can access through the list of packages.

- Learning GAP
In addition to the Tutor
the use of the GAP system. We have tried to organize links to such material somewhat according to the level and intended audience on the

| mentioned above there is a variety of material intended to help people to learn on their own the GAP language and

page quoted in the heading.

Teaching Material

GAP has been used in several places to support the teaching of a variety of courses. We are grateful to the colleagues who allowed us to point

to some course material of such courses and we would appreciate to obtain access to further such material. We hope that this can be helpful
to colleagues intending a similar use of GAP, but it may also be used by students studying the topics of such courses.

Bibliographies
There is a Google Scholar profile for the GAP system and some of its packages, where citations are added automatically as soon as they

The Carpentries teaches
foundational coding and data
science skills to reseafehers
worldwide.

‘The Carpentries has built a community of

5106 185 4687 7]

httos:icarpentries.ora/
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Collapse ¢ Next: First session wit

Summary and Setup

GAP is a system for discrete computational algebra, with particular emphasis on Computational Group
Theory. GAP provides a programming language, a library of thousands of functions implementing
algebraic algorithms written in the GAP language as well as large data ibraries of algebraic objects, for
example the Small Groups Library which contains, among others, all 423 164 062 groups of order at most
2000 except 1024.

This lesson gives an introduction to GAP. It is centred around a common task of searching in the Small
Groups Library for interesting examples and counterexamples, and a particular research problem in which
we will be interested is to find examples of non-trivial groups such that the average order of their
elements is an integer.

Ykpaincbka CninbHota The Carpentries

English version
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KoHTponb Bepciii 3a gonoMoroio Kniowosi Tnocapit podini Binbuwe v
Git o yusia

0%
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EMI30an - ABTOMOTM30BAHUM KOHTPO/1b
MlepeRyosaii HanowTysaHHA Bepci "

+ 1. ABTOMATH30BaHMI KOHTPON BepCii Ocromie onoanes 2025-01-24 | Peaarysar wo cropiney (4]

OIITHKA MATEMATHUYHUX MO/JIEJIEA PYXY
ABTOHOMHUX I'PYII ATEHTIB B JIOKAJIbHO-IIEHTPUYHIN
HABIT AIIT
BstaecnaB KoponsoB, Makcum Oryprios, Oner Pubansuenxko,

Onexcanap SpymeBcekuit
Incmumym xibepnemuxu imeni B.M.I nywroea HAH Yxpainu

MATHEMATICAL MODEL OF AUTONOMOUS AGENT
GROUP MOVEMENT EVALUTATION IN LOCAL-CENTRIC
NAVIGATION
Vyacheslav Korolyov, Maksym Ogurtsov, Oleh Rybalchenko,

Oleksandr Yarushevskyi
V.M. Glushkov Institute of Cybernetics of NAS of Ukraine

Abstract. A hybrid algorithm for optimizing the collective movement of
drones in a relative coordinate system is proposed, combining the strengths
of Particle Swarm Optimization (PSO) and the Potential Field Method
(PFM). A set of evaluation criteria for swarm intelligence algorithms and
methods applied to drone groups is formulated. Comparative analysis
demonstrates that the proposed hybrid algorithm (RMO — Relative Motion
Optimization) achieves balanced performance in collision avoidance.

106



The algorithms were compared using seven metrics, revealing the
advantage of PSO in collision prevention and the high adaptability of PFM
in obstacle-rich environments. RMO, in turn, proved optimal for scenarios
with limited communication, making it promising for applications such as
precision agriculture and urban monitoring. The use of energy-related data—
namely, potential and kinetic energy, as well as overall energy expenditure—
was shown to improve predictive collision avoidance, allow for real-time
movement corrections, and eliminate the need for complex computations.

Beryn. 3acrocyBanHst rpyn pyxomux poboruzoBanux cucrem (PPC),
sIKl 3/1aTHI aBTOHOMHO a0O HaIliBaBTOHOMHO BHMKOHYBATH 3aBJIaHHS, CTa€
Jieqali momupeHinmM. BotHoyac akIeHT MOCTymOBO 3MILIYETHCS 3 MalIUX
rpyn PPC Ha KoJeKTHBH areHTiB, KEpoBaHUX WTy4yHUM iHTeaekToM [1]. o
TaKMX 3aBJaHb BiJHOCSTH IEPEMIIIECHHS TOBapiB Ha aBTOMAaTH30BAHUX
ckiagax [2], o0poOka XiMikaTaMu, JOAaBaHHS TOOPHB i 3POIICHHS POCIHH
[3], MOHITOPHHT CLTBCHKOTOCIIONAPCHKUX YTiMb Ta iH.

Buxonanss 3aBnans rpynamu areHTiB PPC mist pi3HUX TeXHOIOTI9HUX
chep BUMararoTh po3poOKH aJITOPUTMIB 1 METOIB MiITPUMKH PYXY TPYIIH K
€IMHOTO 00’ €KTY KePYBaHHS, CTIHKOTO J0 il IEPENIKo1 Pi3HOTO XapaKTepy
3 BUKOPUCTAaHHSM QJITCOPUTMIB JIOKAJTLHOTO MO3UITIOHYBaHHS [4-5].

Meta po6oTu. Merow gaHOi poOOTH € PO3poOKa aaropuTMy, IO
0a3yeThCs Ha PO3B’I3yBaHHI ONTUMI3AIIHUX 3a/1a4, sIKi 3a0€311CUyBaTUMYTh
ABTOHOMHHUIH pyX Tpynu areHTiB 3 BUKOPHCTaHHSAM JIOKAJIBHOTO
no3uionyBaHHs. CHCTEMH TJ00albHOIO MO3WI[IOHYBAHHS: CYITyTHHKOBI
ab0 CTINBHUKOBI MOXYTh HaBMHCHO BHMHKAaTuUCh, OyTH (i3m4HO
HEAOCTYIHHMH B IHIYCTpiabHHX 3a0ynoBax a00 MaTH HEIOCTATHIO
TOYHICTh JUI1 HHM3KM NpPUKIAJHAX 3aBIaHb. Po3poOka 3MicTOBHOI
MTOCTAaHOBKHM 3a/ladi ONTHMi3amii pyXy aBTOHOMHHUX TpyH areHTiB 3
JIOKAJTFHUM TTO3HMIIIOHYBAaHHAM Y BIIHOCHIN CHCTEMi KOOPIMHAT IO3BOJHUTH
3a0e3meunTd  eQeKTUBHICT, TnepeMimeHHss rpynmu PPC y 3amamiit
TOTIOJNIOTIYHIN (opmi 3a amanTUBHO BHOpPaHWM KpUTEpieM pyxy Ta 0e3
oTpeOu y JIiZiepi rPyIH, M0 € aKTyaIbHOK HAyKOBO-IPHKIIATHOIO 3a1a4CH0.

AHaJsi3 momepennix aochaigkenn. Jlns kepyBanHs rpynoro PPC
00’eqaytoth y Ad-Hoc Mepexi, siki 3acHOBaHi Ha craaaprax 802.11 abo
802.15.4, mo 1o3BoIIsE MIABHUIMTH HAJIHHICTh KEPyBaHHS 3a JOMOMOTO0
peTpaHcisLii MakeTiB JaHWX 1 KOMaHJA JAWCTaHLIHHOrO KepyBaHHS [6].
[lepeBaHTa’keHHs1  palioYacCTOTHOTO  CIEKTpa Ta  OaraTompoMeHeBe
MONIMPEHHS 1 BIAOUTTS HOTIpPIIYIOTH HMPOAYKTHBHICTD TO3WIIOHYBaHHS 3
BUKOPHCTaHHAM  DPaTiOTEXHIYHUX METOMAiB, TOMI K pamioQi3udHi
BIIACTUBOCTI CYITyTHUKOBHX CHTHANiB OOMEXYIOTh IX €(QEeKTHBHICTH Y
MICBKHX paifoHax, 3aKPUTHX CKIIAICHKHUX IIPUMIMICHHSX Ta iH.
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Opranizauis pyxy rpynu areHTiB SIK €IMHOTO LLIOTO I'PYHTYEThCS Ha
BHKOPHCTaHHI HU3KH BiIOMHX MiJIXOJIB O KEPYBaHHS KOJICKTUBOM arcHTIB
[6-8]: anroputm Biueka (Vicsek), anmroputrm PeitHonbaca (Boids), meron
morenmianiB (Potential Field Method — PFM), a Takox anroputMu
konektuBHOTO iHTEnekTy (Swarm Intelligence, SI), Hampukian, anroputm
ontuMizanii poto gactuHok (Particle Swarm Optimization — PSO). 3okpema
e xombinoBani pimenHs: Virtual Collaborative Network, Olfati-Saber's
flocking algorithm Tta in. L{i anropuT™Mu IpyHTYIOThCSI Ha aJanTHBHOMY
BHUKOPHCTAHHI KUIbKOX QJITOPUTMIB B 3aJIC)KHOCTI BiJl yMOB PyXY, HAITPUKIIAJI,
anroputMy PeliHonmpaca nis pyxy rpynu 0e3 MEepemKkoj Ta METOAY
MOTEHLIAIB JUISl pyXY MK (i3UYHUMH MEPEIIKoJaMu, SIKi Tpeda OMUHATH, a
TaKOX 3aCTOCYBaHHI alroputrMy Bideka st pyXy rpynu 3 THUMYacOBHM
JMiepOM B TUHAMIYHOMY CEPEIOBHIIN, MO MOTPeOye BHCOKOI MIBHIKOCTI
peakuii Ha 3arpo3u IiIICHOCTI TPyTIi, HAPUKJIA/, Ha 3rpal JUKUX NTaxiB abo
XIDKUX 3BIpIB.

Ha nymky aBTopiB, 1t MonentoBaHHS pyxy rpynu PPC 3 Bimomumu
MacaMH areHTiB Ba)XJIMBO BPaXOBYBaTH 3HAYEHHS CEPEIHBOI I MAKCHMAIBbHOI
KiHETHYHOT 1 TMOTEHIIaIbHOI MEXaHIYHOT eHepTii areHTiB y rpyIn i gac ii
TEepeMIllIeHHs, a TaKOoX JOCHTIKYBaTH WMOBIPHICTh 3ITKHEHb arcHTIB B
YMOBaX, KOJIM KOOPJMHATH 1 BIACTaHI M)k HUMH BUMIPIOIOTBCS 3 TIOXUOKAMH.
JocnikeHHI0 TOTeHIiabHOT Ta KIHETUYHOT eHeprii miJ] 4ac piBHOMIpPHOTO
npsMoniHiiiHoro pyxy rpyn PPC, a takok HMOBIpPHOCTI 3ITKHEHb MiX
YJIeHaMH TPYIH MTPUCBsSIUCHA HA3KA HAyKOBUX poOiT [9-14].

OcnoBHa yacTtuHa. KomOinyBanHus anroputMmiB Vicsek, Boids, PFM,
PSO no3Bonmito po3poOUTH aJanTHBHUI MeTa ajJrOpuTM pyXy JpPOHIB, IO
MOEAHY€E TiepeBard OO0 €THAHUX Y HBOTO QITOPHUTMIB — AJTOPHTM
ontumizanii konexktuBHoro pyxy (OKP). Bim o3Hadae migxim mo
KOOpIMHALII pyXy JApOHIB, ¥ SKOMY KOXXCH APOH HNpPHIMAae pilIeHHS Ha
OCHOBI JIMIIEe JIOKaJdbHOI iHQoOpMamii, TOOTO BiAcTaHeW 1 KyTiB [0
HaWOMIKYINX CyCilliB, 6e3 AOCTyIy a0 TiobanbHuX KoopauHat. Ile miaxi,
noxibHuit 1o Moxeni Boids, ne npoHn B3aeEMOmiOTh Yepes JIOKAIbHI MpaBuia
BUPIBHIOBaHHs, NPUTSTaHHs Ta yHUKHEeHHs 3iTkHeHb. OKP PPC 3a3Buuaii e
noTpedye Jiziepa, OCKUIbKU PillieHHs PO PyX MPUAMAIOTHCS 1HAMBIAYJIbHO
KO)KHHM JPOHOM Ha OCHOBI JIOKanbHOi iH(opmanii. [[ns npuckopeHHs
pearyBaHHs Ha TEPEIIKOAM PyXy a00 MpH YCKIAIHCHHI KOMYHIKarii Mix
JIpoHaMHU MOkKe OyTHM BBElICHA KOHIICIIliS IIO0AThHOTO OpIEHTHPA, IO
BiJirpae  poib  y3aragpHeHoro  "mizepa", SKMH ~ BU3HAYa€THCA
JICIIEHTPATI30BaHO 4Yepe3 JIOKaNbHI pimieHHs IpoHiB. IlpaBunma pyxy i
B3a€MO/Iii IPOHIB Yy JIOKaJIbHO-OPIEHTOBAHOMY POi MOXKYTh OYTH BH3Ha4eHI
3a amanoriero mo ™oxem PeitHompaca (Boids), ame i3 cyTTeBEMH
BIIMIHHOCTSIMH 4epe3 BiJCYTHICTb TJIOOANbHUX KOOpAHWHAT. Y JOKaIBHO-
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OpIEHTOBaHOMY pOI, JI¢ IPOHHM MaroTh JHIIe iH(OpPMAIIiIo PO BiACTaHi dj; i
KyTH 6, 1 mpaBmia MOXYTb OyTH MOIU(]IKOBaHI TaKUM YHHOM:
BHUpPIBHIOBaHHS 0a3yeThCs Ha MOPIBHSAHHI BITHOCHHUX KYTIB CycCimiB 6, a He
abcomoTHUX MBHAKOCTeH. OOHOPITHICTD BHU3HAYAETHCA SIK MiHIMI3aIlis
BIIXHMJICHP BiJl 3aJJaHUX BiJcTaHel dj. BinmToBXyBaHHS BpaxoBY€ JIOKAbHI
BUMIPH JUI YHUKHEHHSI CKYITYEHb.

IlepeBaru 3amponOHOBAaHOTO ANTOPUTMY: BpPaxyBaHHS K BiICTaHEH,
TaK i KyTiB y HIbOBiH (hyHKIIIT; BAKOPUCTAHHS BUKJIIOYHO JIOKAIbHUX JAHUX
0e3 ro0aIbHUX KOOPAMHAT; SIBHE MOJICIIIOBAHHS YHUKAHHS 31TKHEHDb yepe3
NOTEeHLIabHI TMOJIs; JICLCHTpalli30oBaHa ONTHUMI3alis, 110 3abe3neuye
MacuITaboBaHICTh.

BuxopucranHsa JaHNX NPO KiHeTHYHY i MOTEHIiAJIbHY €HEPrilo JIs
MoOJeJiell KepyBaHHSl PyXOM TIpynu areHTiB. BpaxyBaHHA Belu4uH
MMOTEHIiaTbHOI Ta KIHETHYHOI CHEprii, a TakKoX IXHIX CepedHix Ta
MaKCHMaJIbHUX 3HA4Y€Hb JJIsl TPYIIH areHTiB, Ta PO3yMiHHsI ANHAMIKN eHeprii
JIO3BOJISIE PO3POOIATH OUIBII epeKTUBHI TPAEKTOPIi MOITBOTY, MIHIMIZYIOUH
HenoTpiOHI BuTpath eHeprii. lle Mae BupimamepHe 3HAYEHHS IS
po3mmpeHHs TaTbHOCTI oboTy PPC, 0co011BO B TpymnoBux (popMyBaHHSX,
JIe KOJICKTUBHA €KOHOMIs €Heprii Moxe OyTH 3HauHOIO [15-16].

Xo4a iCHye 4MMao JOCHI/KeHb MOJeNieil CIOXHMBaHHS eHeprii Ta
cTparerii yHMKHEHHsS 3iTkHeHb Yy rpynax PPC, nume mnooauHOKi
JOCIIKCHHST 30CEpe/DKEHI Ha CEePelHIX 1 MAaKCHUMAaJbHUX 3HAYCHHSIX
MOTEHI[IAIbHOT ~ Ta  KIHETMYHOI  CHeprii miJi 4Yac pPIBHOMIPHOTO
MIPSMOJIIHIHHOTO PyXY, @ TAKOXK JETAILHOMY aHaJli3i HMOBIpHOCTEH 31TKHEHb
MDX WICHaMH Ipyny. BTiM HasBHI pe3ynbTaTu aHali3y € 0OMeXeHHMH, abo
PO3TIIsiA SIBHO HE BUKOHAHUH B IIOTOYHIM HayKOBiH JIiTEpaTypi.

Jnst oOYHCICHHS CepefHiX 1 MaKCHMaJ bHHUX 3HAUeHb IMOTCHIIHHOL i
KIHeTHYHOI eHeprii s TpynHW areHTIB MOXHAa BHUKOPHUCTATH HACTYIHI
3anexxHocTi. KiHeTnuHa eHeprisi 0OYMCITIOETRCS Yepe3 IIBUIKICTh areHTIiB
(kBampat MOy BeKTOpa MBUAKOCTI). [ToTeHITialbHa eHepTis BU3HAYAETHCS
4yepe3 BUCOTY areHTa y rpaBiTariiHoMy MOJi.

CepenHsi KiHETHYHA CHepris (cepeqHe 3HA4YCHHS KIHETHYHOI eHeprii
BCIX areHTiB):

 _ 1oy 1 = 112

E, = ;Ziﬂ;mllvill )

ne N — KiIBKiCTh areHTiB, m — Maca areHra, ||V;|| — mBuakicts i-ro
areHra.

MakcumanbHa KiHeTHYHa eHeprist (MaKCUMallbHe 3HaYEHHSI cepejl yCix
areHTIB):
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1 1=
E max (—mllvillz)
1<isN \2 kmax
CepenHs NOTEHIIHA eHepris (cepenHe 3HaYeHHs MOTEHIIHHOT eHeprii
BCIX areHTiB):

—1yn
P~ N i=1myg hi’
Jie g — TIPUCKOPEHHS BUILHOTO MAaiHHS, /; — BUCOTA i-TO areHra, JJis
JIBOMIPHOTO BUINIAJIKY /; = J; — KOOpAMHATA.
MakcumarnbHa NoTeHIii{Ha eHepris (MaKCUMallbHe 3HaYE€HHS Cepejl yCix
areHTiB):

Eglg)}f](m N hi)p max-

i ¢hopmysn BUKOPUCTOBYIOThCS JUIsi OOYMCIICHHSI €HEprii areHTiB, y
CHUMYJISIIIT, IO TO3BOJISIE OLIHUTH iX TUHAMIKY Ta B3a€MOJIIIO.

AHamni3yloud TNOTEHHiIHHy Ta KiHETHYHY EHEprilo, aJrOpUTMH pOIB
MOXXHa BIOCKOHAMWTH. OIIHKK TOTEHIIHUX EHEepriii, IOB’s3aHaHUX 3
TTO3HLISIMH IPOHIB y TPYIIi, JO3BOJISIOTH AITOPUTMAaM Kparle nependoadary i
3armobiratu moTeHninHuUM 3iTkHeHHAM PPC [16]. 3HaHHS KiHeTHYHOI eHeprii
JoroMarae JApOHAaM TIPUIIMAaTH OOTPYHTOBaHI pIIICHHS y pealbHOMY
macmTabi 4Yaci MO0 NIBHAKOCTI Ta MAaHEBPEHOCTi, JO3BOJISIOUH IM
JMHAMIYHO PETYJIIOBATH TPAEKTOPil, 1100 YHHMKATH MEPEelIKoJ] Ta IHIIUX
JPOHIB, TaKMM YHMHOM 3MEHIIYIOYM WMOBIpHICTh 3iTkHeHb [15, 17-18].
Po3ymiHHsI TOrO, SIK NOTEHLiiHA Ta KIHETHYHA EHEpris 3MIHIOIOTHCS 3i
3MiHOIO YMOB HaBKOJIMIIIHBOT'O CEpeIOBHIIA (HATIPUKIIA, BITPY UM penbedy),
JIO3BOJISIE PO3POOJISATH aJanTHBHI CTpaTerii, sIKi MOKPAIyIOTh 3arajbHy
MIPOYKTUBHICTH Micii [18].

3aBISIKM ONTHMI3allii CITOKMBaHHS €HEprii NUIIXOM BpaxyBaHHS B
ITOPUTMaX pyXy KiHETHYHOI Ta IIOTEHLIHHOI eHeprii, 3rpai IpOHIB MOXKYTh
MPAMIOBAaTH OUTBII CTAa0UIFHO MPOTATOM TPHUBAIHMX MEPIOMdIB Yacy, TOOTO
3a0e3MmedyBaT JOBTOCTPOKOBY CTIHKICTh TEpPEMIICHb, IO BAXKIUBO IS
MOHITOPUHTY HAaBKOJIMIITHBOTO CEpeloBUIa abo pearyBaHHS Ha CTUXIiHHI
nixa, e Moxe OyTH MoTpiOHOIO came Oe3nepepBHa podota [15, 17].

TakuM YMHOM, IHTerpallis aHalizy MOTCHI[IaNbHOI Ta KIHETHYHOI
eHeprii B omepalii rpyn APOHIB HE TUABKH IMiABHILYE €()EKTUBHICTH 1
Oe3rneKy, ajle TakoX crpuse OuIbl e()eKTMBHOMY BHKOHAHHIO 3aBIaHb 1
CTIHKOCTI B IepeJliYeHNX paHilIe MOJIEISIX KepyBaHH:.

Po3poOka kpuTepiiB OWIHKM SIKOCTI MOJAEJTIOBAHHS KepyBaHHS
rpynoi0 apomuiB. [ OWIHKK SKOCTI pOOOTH alrOpuTMIB ab0 METOIIB

110



YTPUMaHHA TPYNH JAPOHIB y 3aJaHOMy OKOJI IiJ 4Yac pyXy MOXHa
BHUKOPHCTATH HACTYIHI METPUKH.

1. Cepennst BigcTaHb MK JIpoHaMH. MeTpuKa J03BOJISIE OLIHUTH
HACKUIBKM IPOHH 3HAXOHAThCA ONM3BKO OJHMH JI0 OIHOrO, TOOTO
3TypTOBaHICTh KOJIEKTHUBY IPOHIB:

__1 N N
Dpin = YD i=1Zj=1,j¢i||pi —Dpj

B

e p; 1 pj — MO3MLIT APOHIB i Ta j, a N — 3arajbHa KUIbKICTh JIPOHIB.

2. MakcumainbpHa BIICTaHb MDK JApoHaMu. MeTrpuka JI03BOJISIE
BU3HAYMTH CTYIIHb BiJJJAJICHOCTI JIpOHIB Bij 3rpai. MeHIue 3Ha4YeHHS
O3HaYae Kpairy 3rypTOBaHiCTb IPYITH JPOHIB!

Dmax = "%'C}x”pi - pj”'

3. Cepenne BimxwieHHs BiJ IUIbOBOI mo3unii. MeTpuka 103BOJISIE
OLIIHUTH HACKIJIBKH JIPOHU 30€piraroTh CBOIO LIJIHOBY MO3MLII0 y GopMarii.
MeH11e 3HaYeHHS BiIXWICHHS BKa3ye Ha Kpally CTa0iIbHICTh (hopMariii:

1
Crnea = N §V=1||pi - Oi”)

Jie 0; — IITFOBA TIO3HIIis APOHA i.

4. KinpkicTh 3iTKHEHb. MeTpUKa MO3BOJISIE OIIHUTH  CTYITiHb
pPE3yJNIBTaTUBHOCTI YHUKHEHHS 3iTKHEHb JpoHaMH. MeHIa KiIbKiCTh
3ITKHEHB JIPOHIB BKa3ye Ha KpaIly poOOTy aJropuTMy:

A= Zl—l j= 1,}=t11(”pl pj” <dminO)s

e dmin — MiHIMaJbHA JOMYCTHMA BiJICTAHb MK JpOoHaMH, a 1(.) —
inauKaTopHa (QYHKIIA, fKa JOpiBHIOE "1", SKIIO yMOBa BHUKOHYETHCS Ta
nopisaIoe "0" — B iHIIOMY BHIIAIKY.

5. CepenHs MBUAKICTH APOHIB. MeTpHKa A03BOJISE OIMIHUTH HACKITTBKA
LIBUAKO PyXarOThCS APOHU Ipyu. ONTHMaIbHE 3HAYCHHS MIBUIKOCTI MOXKE
3aJIeKATH BiJl KOHKPETHOI 3a1a4i:

Smea = 21—1”17 Il
Jie V; — IBUIKICTh IPOHA i.
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6. CrabinbHicTh (Qopmanii. MeTpuka J03BOJISIE OLIHUTH CTA0UIBHICTD
30epekeHHs JpoHamMu Qopmanii. MeHIe 3HaueHHS BiIXWICHHS JIPOHIB BiJl
IiTH0BOT popMarrii BKa3zye Ha Kpalry cTabiIbHICTS:

1v 1y
=) 5 2=l
t=1 =1

ne T — KUTbKICTh KPOKIB cuMyIsitil, pi(?) 1 0/(f) — BUMipsiHa TO3UIIIS Ta
LiJThOBA MO3HUIiS IPOHA I HA KPOIIi .

7.EneproedextuBHicTh. MeTpHKa 1OKa3ye 3HaYCHHS BUTPAT SHEprii Ha
OJIMHUIIIO BiJICTaHI TPYIOI0 APOHIB JUIS MIATPUMKH pyXy y Ppopmarii. MeHe
3HAUYCHHSI BUTPAT €HEPrii BKa3ye Ha Kpauly podoTy alropuTMy:

1 T
E=23"% (eI,

ne a;i(f) — IpUCKOPEHHSI IpoHa i Ha KPOIi 7.

Byno BukoHano cumyismito st 100 mpoHiB 3 ycepeanenssm mo 1000
3aIlyCKiB 3 BUIIaJKOBUMH [TOYATKOBHMHU MO3ULIAMH. Pe3yiabpraT cuMyisiin
3BeneHi y Tabmuisx 5 1 6. Cepens MBUAKICT PyXy ApoHiB ¢ikcoBana. Uac
CUMYJIAMIi CKIaB mpuOIM3HO 11 XBUWIMH y OE3KOIITOBHOMY CEpEIOBHIII
colab.google.

[opiBHSAHHS MOKA3HUKIB y TaOMUIIX 1 1 2 IEMOHCTPYE BiIMOBIIHICTD
EKCIICPUMCHTAIBHUX JaHUX J0 TCOPCTUIHHX MOKA3HUKIB, MO ckianae 13/28
(46.3%). ITig "3iTKHEHHSIM" PO3YMIETHCS HAOIMKEHHS IPOHIB HA BiJICTaHb,
10 MEHIIIE BCTAHOBJIICHOTO 0OME)KEHHS Y TIOCTAHOBIII 3a/1a9i ONTUMI3aIlii.

Tabmums 1
PesynbraTyl cHUMyIAINl AJI1 adTOPUTMIB 1 METOAIB B aOCOJIOTHHUX
BEJIMYHHAX
MeTtpuka Vicsek | Boids PSO PFM OKP
Cepemust  Biacranb | 277.26 | 414.96 3.14 127.39 14.47
MIX IpOHAMU
MaxkcumanbHa 1120.33 | 1150.81 | 7.82 285.11 | 42.89
BiJCTaHb MiX
JIpOHAMU
Cepenne Binxwienns | 191.71 | 401.76 | 2.36 487.78 | 224.65
BiJ IJILOBOT MO3MIIT
KinbKicTh 3ITKHCHB 157.0 6.0 4366.0 | 72.0 416.0
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CralinpHicTh 0.05 0.02 0.81 0.02 0.04
¢dopmartii
EneproegexrusHicts | 0.02 0.01 0.46 0.04 0.25
Cepemus  kinernuna | 0.18 0.18 0.18 0.18 0.18
SHepris
MakcumanbHa 0.18 0.18 0.18 0.18 0.18
KiHeTHYHA CHEepTis
Cepenus 932.68 | 1835.72 | 242.73 | 528.54 | 248.24
MOTEHIIAJIbHA
eHepris

MaxcumansHa 5936.22 | 5979.45 | 280.89 | 1350.67 | 409.96
TTOTESHITIHA EHEePTis

IIpu ¢ikcoBaniii cepeaHili MIBUAKOCTI 1 BHIAJKOBUX 3HAYEHHSX
MO3MILI POHIB, TOOTO NMPH BIACYTHOCTI PyXy 3a TPAEKTOPIEIO, OIIHKU
MaKCHUMaJIbHOT 1 CepeIHbO1 KIHETUYHOT eHepril APOHIB Ta iX rpynu He Jal0Th
JOJIATKOBOT iH(opMallii, ane y CKIamHIMIKAX MOJICIAX PYyXy pe3yJbTaTd
Oy/ayTh IHITMMHU.

BucHoBKkH. 3anporoHOBaHO TiOPUIHMN aJIrOPUTM — ONTHUMI3aLlis
KOJIEKTHBHOTO PyXY JAPOHIB y BiTHOCHIH CHCTEMI KOOPIMHAT, IKHUH ITOEAHYE
niepeBaru PSO ta PFM. CopmynsoBaHo Habip KpUTEpiiB JUIs OIHKK SKOCTI
poOOTH aNTOPUTMIB i METOMIB POHOBOTO IHTENEKTY AJIS TPYIH APOHIB Ta
BHKOHAHO TOPIBHSHHS alTOPUTMIB, IO MTOKa3alo 30aIaHCOBaHICTh OIIHOK
i anroputmy OKP mist 3amoOiraHHs 3iTKHEHB: CepemHs BiJICTaHb MiXK
IpoHamu ckiana 14.47 ogquanne, mo Ha 45% menme, Hix y Boids. Kinbkicts
3iTKHEHb 3MeHmuIacs 10 416 3a 1000 cumyssiniii, a eHeproeheKTUBHICTh
nokpanuiacs Ha 20% nopiBHsHO 3 Vicsek.

[IpoBeneHo MOpPIBHSHHS alNropuTMIB 3a CIMOMa METPUKaMH, LIO
nokazaio nepesary PSO y 3amo6iraHHi 3iTKHEHHSM 1 BUCOKY aJIallTHBHICTh
PFM no mepemkon, toai sk OKP e onrtumambHUM JUis CIieHApiiB i3
obmexeHolo KomyHikamieto. Ile poburs OKP mnepcrnexkTuBHUM st
3aCTOCYBaHHS B YMOBaxX OOMEXEHOi KOMYyHIKaIlil, 30KpeMa B CLILCHKOMY
rocrosapcTBi  Ta ypOaHiCTHUHOMY MOHITOpPUHTY. Busnaueno, mio
BUKOPHUCTAHHS JIAHUX PO EHEPrOBUTPATH, MOTEHIIHHY, KIHETHYHY €HEPTi0
JI03BOJISIE Kpallle TependadyaTd pyx Ui YHHUKHEHHs 3iTKHEHb, HaJaBaTh
BINMOBIMHI KOpekmii Ta He moTpedye criagHux obOumcienb. [lomampimi
JOCITIKEHHS Oy IyTh CIIPSMOBAHI Ha IHTETPAIlil0 ITyMOCTIHKUX CEHCOPIB Ta
TECTYBAaHHSI B peaJIbHOMY MacITali Jacy.
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Tabmurs 2
[opiBHSHHS TEOPETHYHHUX PE3YNbTaTiB alTOPUTMIB POilyBaHHS APOHIB
i3 CUMYJISIISIMU Ha OCHOBI SIKICHUX METPHK

CepenHe BiIXUICHHS
Bl I[IJIOBOT HO3ULIIT

Mertpuka Vicsek | Boids PSO OKP
CepemHst  BigCTaHB

MIX IpOHAMU I I
MaxkcumMaiibHa ] [
BIJICTaHb MIXK

JpOHaMH I I

KinbKicTh 31TKHEHD

CrallJIBHICTD
¢hopmarii

EneproedexTuBHicTh H I

Jlitepatypa

= = —

|
!
|.
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JIN3AMH 3MAT'AHb SIK IHCTPYMEHT JIJI1 IOBY 10BA
CWJIBbHOI KOMAHIH
AmnToH Psa6enko, AnHa bakyposa, Emina Tepemnienko
Hayionanvuuii ynisepcumem «3anopizeka noaimexuika»

COMPETITION RULES AS THE TOOL FOR BUILDING A
STRONG TEAM
Anton Ryabenko, Anna Bakurova, Elina Tereshchenko
National University "Zaporizhzhia Polytechnic"

Abstract. The objective of this study is to enhance the productivity of
teamwork by optimally selecting participants who exhibit the highest levels
of cooperative performance. A highly effective team is defined as one
composed of individuals who demonstrate superior interaction efficiency in
pairs. The methodological foundation of the research is based on the selection
of a competition design tailored to team formation, with particular attention
to the dynamics of competitive interaction. The problem is formally modeled
using graph theory, where a complete undirected weighted graph is
employed. In this representation, vertices correspond to potential
participants, and edge weights quantify the quality of interaction between
pairs of individuals. Admissible solutions are defined as coverings of the
graph by cliques, where each clique represents a team and its size is
determined by the predefined team size. The study introduces a mathematical
formulation of a bi-criteria optimization problem, employing the MAXSUM
and MAXMIN criteria. The MAXSUM criterion assesses the overall
effectiveness of the teams formed, while the MAXMIN criterion identifies
the solution that maximizes the minimum edge weight within each clique—
thus addressing the "weakest link" problem. The two-criteria objective
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function yields a Pareto set composed of all non-dominated (Pareto-optimal)
solutions within the feasible solution space. Furthermore, the paper presents
a method for constructing a competition design that accounts for practical
constraints on the number of competitions needed to explore the solution
space. Additionally, it outlines strategies for reducing the size of this search
space without compromising the statistical significance of the results.

[IpoTsrom mioHaiMeHINE I’SITH ACCATWIITH TPHUBAIOThH JOCIIIHKEHHS,
NPUCBSYEHI BUBUEHHIO KOMaHIHOI poOoTH. O0’€KTOM TaKuX JOCIIKEHb
BUCTYIIA€ «KOMaHJIa» sIK JUHaMIuHa CHCTEMa, L0 3/[aTHa €BOJIIOIIOHYBATH,
aJlanTyBaTUCS JI0 BIUTMBY 30BHILIHBOTO CEPENIOBUINA Ta TpaHCHOPMYBaTUCS
3 YacoM y pe3ysbTaTi B3aeMofmii Mik ii ydacHukamu. Takwid Tmimxin
aKTyasizye HeoOXimHicTh (opmMaiizamii IOCTaHOBOK 3ajJad Ta OIMCIB
KOMaHAHOI IisUTbHOCTI, BU3HAYCHHSI KPUTEPIIB SIKOCTi, pO3POOKH METOIIB
OIIIHIOBaHHS €(EKTUBHOCTI KOMAHIHOI B3a€EMOJIii, a TaKOX MOOYIOBU
eKCIIePUMEHTAIBHUX JOCIiJUKSHB.

[IpencraBnena podora mpucBsYeHA MTPOOIEMi OpMyBaHHSI KOMaHIN Ha
ocHOBI (pakTopa 3Maranss. I1ig ¢pakTopoM 3MaraHHs PO3yMIETHCS Tpa MiX
JBOMa KOMaHIAaMHM, 3a MIJCYMKaMH sSKOI BH3HA4YalOThCs MHEepeMOXKenb i
KOMaH/a, IO 3a3Haja Mopa3Kkd. BBaxaeTbcs, IO MepeMora KOMaHAu
3yMoOBIIeHa e(DEKTHBHOIO B3aEMOJIIE€I0 MiX 11 ydacHHKaMu. [IpoayKTHBHICTh
B33a€MO/IIT MK QPO YYACHHKIB BU3HAYAETHCS K BUCOKOC(HEKTHBHA, SKIIIO
s mapa Opana ydacTh y CKJaJai KOMaHAM, 1o 3100yna mepemory. Cepist
3MaraHb CKJIAJIA€ThCSI 3 OKPEMHUX MaTdiB, y KOXKHOMY 3 SIKUX O€pyTh y4acThb
KOMaHIIM 3 OJTHAKOBOIO KUIBKICTIO y4acHWKIB. Ha ocHOBI iH(oOpMmaIii mpo
CKJIaJl KOMaHJ| Ta pe3ylbTaTH irop IIiCis 3aBepIIeHHS cepii 3MaraHb
MIPOBOJUTHCS OIliHKA e(EeKTUBHOCTI B3a€MOJil KOXKHOI HapH y4YacHHUKIB.
OTpuMaHi OWIHKHA CIYTYIOTh HIATPYHTSIM UL TOHANBIIOTO (HOpMYyBaHHS
KoMaH[I. MeTo10 IPOBEACHHS 3MaraibHOi cepil € TouHe BU3HAUYCHHS 3HaYCHb
Bar pebep rpada B3aeMomii, fAKi BiJOOPaKAIOTh MPOIYKTUBHICTH MMapHOL
B3aeMoxii. /I NpakTUYHOTO 3aCTOCYBAaHHS 3allPONIOHOBAHOTO MIAXOXLY
HEOOXITHOIO € pPo3pobKka ePEKTHMBHOIO AM3aiHy 3Maranb. Ilig au3aiiHOM
PO3YMIETBhCS TMPOILEAypa BHOOPY KITBKOCTI YYaCHHKIB y CKJIaai KOXKHOL
KOMaH/Iu (3aJIe)KHO BijJ 3arajbHOi KUNBKOCTI YYacHHKIB 1), a TaKOX
BHU3HAYCHHS HEOOXITHOI KIIBKOCTI 3Maranb N. Po3poOneHuil nusaiiH mae
3a0e3neuyBaTd e(pEeKTHBHE BUSBICHHS Iap YYacHHMKIB 13 HaWBHILIOIO
MIPOYKTUBHICTIO B3a€MOJIT.

MeTor0 JmaHOTO JAOCHiIKEHHS € (opMamizamis MeToxy Mo0yIoBH
IM3aiiHy 3MaraHb, OpPIEHTOBaHOr0 Ha ()OPMYBaHHS KOMaHI i3 BHCOKUM
piBHeM B3aeMoii Mix ii yuacHukamu. B po6ori [1] aBTOpaMu npencraBieHO
MaTeMaTH4Hy Monenb (OpMyBaHHS MHOXHHHM KOMaHJ Ha IOBHOMY
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n(n-1)
———= MHoXxuHa

HeopientoBanomy rtpadi G = (V,E), |V|=n|E| =
BepmnH V = {vi|i =0,n— 1} BIJINIOB1/1a€ MHOKMHI HE3aJIEXKHUX YUYaCHUKIB,
SIKI HEOOXIZTHO 00’€THATH B M KOMAH]| 3 33J]aHOI0 KUIBKICTIO K TpaBIliB B
KOXHiH Komanmi. Koxne pebpo e;; € E mae 4WHMCenbHy Bary w;j, fKa
BiI0Opaxae piBeHb MPOJYKTHBHOCTI CIBMpAali JIBOX yYacHHKIB V; Ta vj.
JomyctuMuM pO3B'SI3KOM 3afadi € He3B’s3Huil migrpad x = (V, E ),V C
V,E c E, KOMIOHEHTaMH 3B’ A3HOCTI SIKOTO € M KJIiK po3mipHocTi k. Koxna

KIika 00’emHye k rpasiiiB oxHiel komanau. KinbkicTh KTk m = [;], e [E]-

. . . n . . sl n
uI1a 94aCTHHA B1J B1JTHOIICHHSA ; Kinpkicth BCPIIWH 1" = |V\V| =n- [E] k

BIJIMIOBiJIa€ KiTKOCTI YYaCHUKIB, IO HE BBIHIYTh B )KOIHY 3 KOMaHI. SKIo
n € kpatauM k, To r =0. MHOXHHY BCiX gonmycTtuMux po3B's3kiB (M/IP) Ha
rpadi G = (V, E) noznaunmo uepes X = X(G) = {x}. Ha MJIP Bu3HaunMO
BEKTOPHY LIbOBY (ynkuito (BLD):

F = (F,F,), (1

IO CKJIaJa€ThCs 3 KPUTEPIiB:

MAXSUM:F, = ZeijEE w;; = max , 2
MAXMIN: F, = minw;; - max. 3)
eijEE

[Nepmmii kpuTepi OLIHIOE 3aralbHUM PiBEHP MPOXYKTHBHOCTI BCIiX
koMmaHn. [pyruit Kpurepidi oOmiHIOE “HaHCIAOKImy JaHKY”, JO3BOJISIOYN
oOpaTu BapiaHT, NPH SKOMY MAaKCHMI3yIOThCS MIiHIMadbHI Barum pedep
nigrpady x. BII® BusHauae B MJIP maperischky mMuokuHy (ITM) X | 110
CKJIQNA€TBCSl 3 YCIX TAapeTiBCbKUX ONTHMyMiB. bynemo posrmsgatu
ITOPUTMIYHY IpOOIEeMy 3HAXOKCHHS IOBHOI MHOXXHHH albTEPHATHB
(TIMA) X°, sixa € niaMHOxkuHOI0 TTM MiHiIMabHOT OTYKHOCTI 1 ITPH LLOMY
BUKOHYyeThcs ymoBa F(X°) = F ()? ) Jna Bu3HaueHHS TMOTYyX)HOCTI M/IP
3aCTOCOBYEThCSl (hopMyna Juiss HEBHOPSJKOBAHOTO PO3OWUTTSI MHOXXHUHU
MOTY’KHICTIO . Ha MiJIMHOKHHH, Cepeji SKMX Ui KOXKHOro i = 1,m icHye
m; = 0 3 i eTeMeHTaMH, JIe Y.i—p IM; = N, TOIi TOTYKHICTh BU3HAYMMO 32
(hopmyoro:

n!

N(my,my, ..., my) = milma),...mpl(1D)™M1(2)M2 . (n))Mmn

4)
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B Bumaaky, KoIM iCHYIOTh YYacCHUKH, IO HE YBIHIDIM 1O KOTHOL

n . . .
KOMaHIH, =N — [;] k yaacHuKkiB, 1<k, TOIi pO30HTTS MHOXHHH yYACHHUKIB
Ha KOMaH/¥ € HEBITOPSAAKOBAHUM PO30OHTTSIM MHOXHHU 3 MOTYXKHICTIO N Ha
m TiJAMHOXUH OJJHAKOBOI MOTYKHOCTI k Ta OJHY MiJIMHOKUHY MOTY>KHOCTI

r, 10010 km + r = n. Toxi notyxHicts M/IP Bu3Hauaemo ¢popmMyIioro

n! n!
X1 = UmIEHLRD™ — mirik)™ )

3arajpHa KinbKicTh KoManz N;;, 10 CKIa1y SKMX BXOJIUIN YIaCHHKH V;
Ta Vj, BU3HAYACTBCA KUIBKICTIO MOMUIMBHX PO3OMTTIB ITJAMHOXHHH BCiX
YUYaCHUKIB TIOTY)KHOCTI 1 — 2, Tak SK O/HYy napy 3adikcoBaHO, a Bci iHIII
YYaCHHKH PO30MBArOThCs HAa KomaHau 3 k rpaBismu. Tomi dopmyna (5)
npuiiMae BUJ

(n—-2)!

[nT_z]!(("—Z)—[nT_z]k)!(k!)[nT_z].

Nij = |Xp—2| = (6)

Omxe, nist pospaxyHKy peGepHOi Baru w;; 6yneMo BUKOPHCTOBYBATH
dopmyy:

_ Ny
wij = Ny (7

ne N, - KibKicTb epeMor KOMaH 1, 10 CKJIaJy AKMX BXOJUIH y4aCHUKH
v; Ta v, Njj - 3aragbHa KiTbKiCTh KOMaHH, JIO CKJIaay SKHX BXOIMIH
YYaCHHUKH V; Ta Vj.

Emanu no cmeopennio ousaiiny 3mazans [2,3].
Eran 1. JInsg Bu3Ha4YeHOI KiJIBKOCTI YYacCHHKIB 7 TpOaHATI3yBaTH

KUIBKICTB KOMaHA M = [;] B 3aJIC)KHOCT1 Bl KUIBKOCT1 TI'paBIIiB k.

CdopmyBaTt MHOKHUHY

A= {(n,k)lm = E] ,m = 2}.

Etan 2. [{yna enementiB MHOXUHE A 3a dopmysioro (7) po3paxyBaTu
3arajbHy KinbKicTb KoManj N;j, O CKIaly SKMX MOJKE BXOIHMTH Mapa

YYacHHKIB V; Ta v;. Po30utn MHOMXHMAY A = UZ, A; Ha i IMHOKMHHU:
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(n-2)!

Al = {(Tl, k)lNL] = Nij < 10}

2Z2((n-2)-[22 ol T

JOBXXHWHaA BI/I6ipKI/I HEC T03BOJIAE 3a0€3MeunuTu CTaTUCTUYHY 3HAYUMICTh
pe3yIbTaTiB MEPEBIPKU CTATUCTHYHOI TiMmoTe3n Hy 00 BUITAIKOBOI MOl
B,

(n—2)!

[n_gz]’(("—z)—[nT_z]k)!(k!)[nT_Z] ’

A2 = [(n,k)|NU = Nl] > 9}

— JIOBXHMHA BHOIPKH T03BOJISIE 320€3MEUNTH CTATUCTHYHY 3HAYHMICTh
pe3yIbTaTiB TIepeBipKu CTaTUCTHYHOI rinore3n
H, mwomo BUnaZKoBol nozaii B.

Etan 3. BusHayaemo SIK MOCATTH JOBXHHUA BHOIPKH, IO ITO3BOJISE
3a0€3MeUNTH CTATUCTUYHY 3HAYNMICTh PE3yJIbTATIB IIePEBiPKH CTATUCTUYHOT
rimoresu, T00TO N;; > 9, ne N BU3HauyaeTbcs 3a  (opmynow (6).
[NopiBHsIEMO, 110 € OINBII TOUITBHUM, TIOBTOPUTH CEpilo 3MaraHb JUIs map
(n,k) € A; um ckopotuTH cepito 3Mmaranb s map (n, k) € A,. Skmo
obpano (n,k) € A;, To BU3HAYAEMO KilbKicTh TOBTOpeHb cepii 10/N;;.

3arajgbHa KUIBKICTh 3Maraib
10

N=|X]|*x—.
Nij
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HEYITKI MOAEJI B MAPKETHUHI'Y IIOCJIYT' HA OCHOBI
HEYITKAX KOMBIHATOPHUX KOH®ITYPAIIA
Ipuna Pscua, Onexcangp CeHbko
Tucmumym kibeprnemuxu imeni B. M. I'nywxosa HAH Ykpainu

FUZZY MODELS IN SERVICE MARKETING BASED ON
FUZZY COMBINATORIAL CONFIGURATIONS
Iryna Riasna, Oleksandr Senko
V.M. Glushkov institute of cybernetics of the NAS of Ukraine

Abstract. The paper considers the segmentation of the service market in
the presence of fuzzy quantitative and qualitative information. On the basis
of the theory of fuzzy sets and the theory of representative measurements, the
formal concept of a fuzzy segment is introduced. An approach to
segmentation of the set of qualitative and quantitative information based on
fuzzy combinatorial configurations using the fuzzy similarity relation and
kernel of the proposed type is suggested.

TpagumiiiHi METOIM CEerMEHTYBaHHS CIIOKHBAdiB pPHUHKIB MOCITYT
3a3BHYail 0a3yIOThCs Ha YITKHUX KaTEropisix Ta 4iTkux Mexax. [Iporec noainy
NOTEHLIHUX CIIOKUBAYiB Ha IPyNU (CETMEHTH) 31 CXOKUMHU MOTpebamu,
XapaKTEePUCTHKAMU Ta TOBEIIHKOI € OJHIEI0 13 BaKIMBHUX CKJIAJOBHX
MapKeTHHTY nocityr. CerMeHTYBaHHS JI03BOJISIE KOMIIAHIsIM Kpalle po3yMiTH
CBOIX KJII€HTIB, aJalTyBaTH IOCIYIY Ta MapKETHHIOBI CTpaTerii st KOXKHOT
IpyIY, 1 TUM CaMHMM IHiJIBHUIIYBaTH e(eKTHBHICTH Oi3Hecy. MaTtemarnyHi
MOJIeJIi CETMEHTYBAHHSI PUHKY ITOCIYT, SIKi BUKOPUCTOBYIOTBCS JUISl aHAJI3Y
JaHUX TPO  CIIOXKHBAYiB, JO3BOJAIOTH  aBTOMAaTH3yBaTH  IpOLEC
CeTMCHTYBaHHS, IMiABHUIIUTH HOTO TOYHICTH Ta OTPUMATH OINBIN TIIMOOKE
PO3YMIiHHS CTPYKTypH pWHKIB. BuOip mneBHOI MaTreMaTHYHOI MOJeEINi
3aJIeKUTH BiJl TUIY TaHUX, LiJed CETMEHTYBAaHHS Ta IOCTYIHUAX pecypciB [1,
2].

CerMeHTyBaHHS PUHKY TIOCIYr 3 BHKOPHCTaHHSM SIK HEYIiTKOL
KiJIbKICHOI, Tak 1 sikicHOI iH(opMallii, 30kpemMa, 3a HasBHOCTI €KCIIEPTHOTO
BepOAIBHOTO OITUCY XapaKTEPUCTHK WOT0 YYaCHHKIB, IPU3BOJHUTH 10 HU3KU
mpobiem, ski HEOOXiJTHO BpaxOBYBaTH NpW MOOYJOBI aJeKBaTHOI
MaremMaTtu4Hoi Mojelni. Po3risHeMo BUNANOK, KOJM 3HaueHHs (yHKUid
HQJIKHOCTI HEYITKMX MHOXHWH, 32 JIOIIOMOTOI0 SIKMX IPOBOAUTHCS
MOJICTIIOBaHHS KUTBKICHUX 1 SIKICHHX XapaKTepHUCTHK, BH3HAUYaIOTHCS B
IIKajax BUMiproBaHHS 3a Kiacudikamiero C. CriBeHca, a came, B IIKajlax
MOPSAKY, BiTHOIICHb, IHTEPBANIB Ta a0CONIOTHUX IIKanax. 3TiTHO
penpe3eHTaTHBHOI Teopii BuMiptoBaHb [3], 0a30BHMH TOHSTTAMH SKOi €
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emrnipuyHa cucrema 3 BigHomenHsmu (ECB) i maremarmuna cucrema 3
BimHomeHHssMH (MCB), anekBathicth MBC HeoOximHO 3a0e3meuynTtn
BHKOPHCTOBYIOUH iHBapiaHTHI BiJHOWMICHHA. TakuM YHHOM, HEUITKI
BimHomeHHs B MCB moBWHHI OyTH iHBapiaHTHUMH 32 JOITyCTHMIEX
MePeTBOPEHHh 3HA4YeHb (YHKIIH HaAJNEKHOCTI HEUITKHX MHOXKHH. Taky
iHBapiaHTHICTH HEUITKHUX BixHOmEeHF Y MBC 3a0e3medyeMo BUKOPUCTaHHAM
koe(irmienTa JTIHTBICTUYHOT Kopenstii [4, 5].

OcHoBHa yactuHa. HaBenemo ¢opmanbHy mocTaHoBKY 3aiadi. Hexait
X -—nmiHiliHa ynopsakoBaHa (TEPEYMCIICHHSM) CKIHYEHHa MHOXHHA
enemenTiB ECB (cy0’ekTiB puHKY mociyr), W — CKiHYEHHa MHOXHHA
HEUITKUX BJIACTUBOCTEH €JIEMEHTIB MHOXXHHH X, BU3HAYCHUX BEpOAIBHO.
Pesynbrar BuMiploBaHb 3HauyeHb (yHKUIH HanexxHocti B MCB s

CYKYITHOCTI HEYITKMX BIacTHBOCTEH W :(wl, ves wn), n — KUIBKICTB

BIIACTUBOCTEH, MOXe OyTH TOMOTEHHOIO ab0 TETEpOTEeHHOI0 HEYiTKOIO
MHOKHHOIO, (GYHKIiI0O ~ HANEXHOCTI  SKOi  BH3HAYAEMO  TaK:

Wyt X > L x..xL,, ne L — nesxa rparxa, My (x)=(p (x),-mt, (%)),
p X —>1L, i:{l,...,n}. Ha OCHOBI Tr'eTepOreHHUX HEYITKUX MHOXUH

MOXXHa OyayBaTH MaTeMaTHYHI MOJeNi 3a HasIBHOCTI pPI3HOTHITHUX
BIIACTUBOCTEH, SIKi BUMIPIOIOTBECS SK 32 KUTBKICHUMH, TaK i 3a SIKICHUMH
HIKATAMH.

Hexail BnacTuBicTh w; € W Mae CKiHYEHHY JIiHIHHO YIOPSJIKOBaHY

MHOXHUHY T, 6 = (zli,...,tfn(

WI

) ) BepOambHUX  3Ha4eHb  (Tpajari,

JHTBICTUYHUX TEPMIB), m (wi ) — KUJIBKICTH IIUX 3HAYEHbD.

o ~i i i i i i i i i i
Hexann G, = ((t, , Ny (tl )),...,(tj, Ny (tj ))’"'v(tm(w,-)» M, (tm(w’)))) -
JHIAHO YHOpPSIKOBaHA TOMOT€HHA HEYiTKa MHOXXHHA, KA € Pe3yJbTaToOM

BUMIPIOBaHb BJACTUBOCTI w; €W eneMeHTa x € X, n’x (t;) € [0,1],

j=1,...,m(w-). Toni, MaTeMaTHYHOIO MOJCIUII0 MHOXUHHM CEMITIPHYHIX

1

06’exTiB X € HewiTka MHOKHHA X y MCB:
)z:{(x,(é;,...,@g))}, xeX,

Jle €JIEeMEHTOM MHOXXHHU X € yIOpsiAKOBaHa apa X = (x, (G}r,..., G! ))

. Hpyruit enemMeHT ymopsaaKoBaHOI IMapH € OMMCOM BHMipIOBaHb MHOXKHHHU
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BiacTHBOCTEel W BiamoBimHoro eixemenra x € X . Heuwitka MHOXMHA X €
TeTEPOreHHOI0 HEYITKOI0 MHOXKHHOIO, TaK SIK (PYHKII€I0 HANEKHOCTI ISt
KOXKHOTO X € X € CyKYNHICTh 7 HEYITKHX MHOXHH, 3HaueHHS (yHKIii
HAJIEXKHOCTI SKUX MOXXYTh BUMIPIOBATHCH 32 pi3HUMH MmKamamu. CX0XicTh
T o Aliad % = ~1 ~n =~ ~1 ~n
MDK €JIEeMEeHTaMH X,ye X, X= (x,(Gx,...,Gx )), y= (y,(Gy,...,Gy )),
BU3HAYAEMO SIK CXOXKICTh MIX BIJIIIOBIJIHUMH OITMCAMH €JIEMEHTIB x,y € X ,
SKI € NMEepIIMMH eJIeMEHTaMU YIOPSAKOBAaHUX Map. BiAHOMIEHHS CX0XOCTi

R’ ma wmHOXMHI X xX BH3HAuUaeMo 3a JIONIOMOTrOIO KoedilieHTa
JHTBICTUYHOI KOpeTsMii [5]. Y TakoMy BHITaIKy BiTHOIICHHS CXOXKOCTi Oy1e
iHBapiaHTHUM 32 JOMYCTUMHX IEPETBOPEHBb 3HAUCHb (YHKIIH HaJeKHOCTI
HEYITKHUX MHOKHH, 1[0 BU3HAYAIOTh HEYITKI BIIACTHBOCTI.

Hexait

B ={(75). S (:3)|(7.5) e ¥ X,

R={((x.). S (x2))|(x.3) € X x X},

ne fﬁ,(fc, })— (YHKIS HaNEKHOCTI HEYITKOTO BIJHOIICHHS R,

S5 (x, y) — DyHKIIisl HAIGKHOCT] HEUITKOrO BiHOIIEHHsS R. 3riHO MOHATTIO
KA Yy  pENpe3eHTaTHBHi  Teopil  BHMIpIOBaHb,  IIOKJIAIEMO
Ji(%y)=f (%5).

Heuitke BifHOmEHHS R’ € HEWiTKOI KOMOIHATOPHOI KOH(ITyparliero

(00’exTOM) APYTOTO MOPSAKY HEPIIOTO THITY, 0a30BOI0 MHOXHHOIO JUIA SIKO,
y JaHOMY BUIAJKy, € TeTepOreHHa HE4iTKa MHOXHHA [6].

Hexall R, — HewiTKuil Kiacrep, OTpMMaHUil Ha OCHOBI HEYITKOIO

BiAHOIIEHHS CXOXKOCTi R :

R, :{(J’,HRX ()’))‘Hﬁx (v)= 1z (x,y),yeX}, xeX.

Osnavenns 1. Sapom pisHs O HewiTkoro R, -Knacrepa, mopomkeHoro

€JIEMEHTOM X € X, Ha3BEMO YiTKy MHOXXUHY

Keral’é)C :{yeSupplé)C Hp (y)>1—0.}, 0<a<0,5.
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HeBaxko mokasaTu, IO YCi €JIE€MEHTH, sKi HanexaTb sapy Ker, R,

piBHs o meBHOro R, -kmactepa cxoxi Mik co600, TOOGTO, SKIIO
v,z e Ker,R,, 1O fR(y,z)>0.

o tx?

Ilo3Haunmo sk ]x KIJIBKICTh GHCMGHTiB, 3 AKUX CKIAAa€TbCAd SAPO

Ker, R, piBHs O Heuitkoro kiacrepa R, .
Hexait 0<a<0,5.

Osnauennst 2. Hewitky muOkuHy S, C X HasBeMO HeWiTKUM

CErMeHTOM a00 HEUITKUM S -KIacTepoM piBHA O (S, -KJIacTepom), SKII0

~

=

1§

X Cj,XEX,

~.
I
LN

pe C; — HEUITKMH KIacTep 3 sApOM PIBHS O, HOPOUKCHUH j-M

enemenToM sitpa Ker, R , a cumson U Binmosinae mewitkomy onepatopy

max.

IX
Omxke, maemMo: VxeX Kergx =UKer@j . BoueBunms, mio yci
Jj=1

eJIEMEHTH, sKi HaJIeXKaThb APy NEBHOTO CETMEHTa S, CXOXKi MiXk c000}0.

BukopucToByroun (popmanbHe O3HAYEHHS sjipa PiBHA O HewiTkoro R,

-KJ1acTepa 3HaueHHs (QyHKII] HaJeXKHOCTI €JIEMEHTIB y € X HeuiTkoMy S, -
KJIacTepy 00YHCII0EMO 3a (HOPMYIIOI0

1, veKer, R,

§ max {uéj (»)j= 11} 0<pe (y)sl-a,j=1...1,.
) .

HeuiTkuii cermMeHT .S~'x € HCUITKOI KOMOIHATOPHOK KOH(iryparieo
MIEPIIOTO TOPSIIKY MEpHIoro THIYy [6], 6a30BOI0 MHOXHHOIO IUIS SKOTO €
HeyiTka MHOXHHA YCiX Rx -KJ1acTepiB, (QYHKIIT HAJIEKHOCTI SKUX
BHMIPIOIOTHCSI 32 A0COTFOTHOIO MIKAJIOKO.
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IMo3HaunmMo @ ) — MHOXKHHY HEWiTKHX S, -KJIacTepiB s 3a4aHOTO O
(0<a< 0,5) ; Hexail Qg — KoMmOiHaTOpHMH IHpocTip KoMOiHamii ycix
MOKJIMBUX ITIIMHOKHH MHOXKHHU O , ; F'— KpuTepii onTuMizamii.

3amady CErMEHTYBAaHHS MHOXHHH X CQHOPMYIIOEMO TakK: 3HAWUTH
eneMeHT &* € Qg , Takuid, mo

&*=é€rg$§2®F(é),

nie D — onycTiMa 0671aCTh, sIKa BU3HAYAETHCA Tak: [E% > 2, Vx,y e X

, TAKHX, II0 X # ), BUKOHY€eTbcs yMoBa KerS, () KerSy =0.

Sk kpurepiil ontuMizalii F' BUOUPAEMO HOTYXXHICTh 00’ €JHAHHS siiep
S -Knacrepis E |Keer

SX Eg

B pesymprari po3B’si3aHHA 337adi  OTPUMAEMO ONTHMAlbHE 32

KpuTepieM F CerMeHTYBaHHA MHOXMHHM X 3a CYKYIHICTIO HEUiTKHX S, -

KJIACTEPIB, AApa IKNX B3aEMHO HE MEPETUHAIOTHCSL.

Bubip mineoBoro cermMeHty 3 &* mpoBoANMO, BPaXOBYIOUH 0OMEKESHHS
1 MOXJIMBOCTI NMEBHOI KOMIaHii 4u (ipMH, 32 MakCHMyMOM OJHOTO i3
KpHUTEPIiB:

|Ker§x S ee*;
0= ns (). 8, s
yes,

IpUOYTOK, OYiKyBaHHI Bl 0OCIyTrOBYBaHHS LIJIbOBOTO CETMEHTA.

BucHoOBOK. 3ampornoHoBaHa HE4iTKa MOJENb CErMEHTIB ypaxoBYeE SIK
SIKICHI, TaK 1 KUIbKICHI XapaKTePHCTUKU CIIO)KWBa4iB Ha PUHKY ITOCIYT.
AZICKBaTHICTh HEUITKOTO CETMEHTYBaHHs 3a0e3edyeThcsl iHBapiaHTHICTIO
BITHOIICHHS CXOXKOCTi, $5K€ OOYMCIIOETHCS Ha OCHOBI KoedimieHTa
JIHTBICTUYHOI KOpeTsAlii. BU3HaueHHS TOHATTS CErMEHTa, sIK 00'€ THaHHS
HEYITKHX KJIACTEPIB, y AKUX BCI CIIEMEHTH sIIPa CXOXKI MiXK COOO0F0, T03BOJISIE
3a0e3Me4YnTH 3MICTOBHY IHTEPIIPETAllil0 CEerMEHTIB Ta OTPUMAaHOIr0
pe3yJbTaTy po3B’I3yBaHH 3a/1a4i CCTMCHTYBaHHS.
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PO MOJEJIIOBAHHS I'PU HA PEI'YJISIPHOMY I'PA®I
Mapuna Cementora, [puna @iniMoHiIXiHA
Lenmpanvroykpaincokuil HAYiOHATLHUL MEXHIYHUL YHIgepcumem

ON MODELING A GAME ON A REGULAR GRAPH
Marina Semeniuta, Iryna Filimonikhina
Central Ukrainian National Technical University, Kropyvnytskyi,
Ukraine

Abstract. The paper considers a two-player game that simulates the
process of vertex-magic total labeling of a regular graph. An algorithm for
simulating the game is proposed. An example of its implementation for a
specific graph is provided.

126


https://doi.org/10.1002/9781394188093.ch18
https://doi.org/10.1007/978-981-19-2719-5_44
https://ceur-ws.org/Vol-3018/Paper_5.pdf1

Bpaxkatumemo, mo G = (V, E) € 3pugaitaum 38’ s13HUM (P, q)-Tpadom,
TOOTO BiH CKIHUCHWMIA, HEOPIEHTOBAHUH, HE MIiCTATh KPaTHUX pedep Ta ImeTeins
i V| =p, |E| =p. Posrsmemo GiextuBny ¢dynkuito g:V(G) U E(G) -
{1,2,..,p+q}. Tosmaunmo w,(u) = g(u) + Ypenaw) g(u,v)  Bary
Bepman U € V(G), ne (u,v) € E(G), N(u) — MHOXHHA CyMiKHOCTI U.
Sxmo Bci Baru BepiivH rpada G mpuitMaroTh 0JTHAKOBI 3HAUYEHHS PiBHI kK, TO
(bYHKLII0 g HA3HUBAIOTb 8EPUIUHHO-MACIYHOI MOMATLHOIO PO3MIMKOIO Tpada
G, rpad G — gepuuHHO-MASTUHUM MOMATbHUM, & k — maziunoro cymoio abo
Mmaeiunowo cmanoto. 1le MOHATTA Brepie BBeAeHo B poborti [1]. HeransHo 3
BEPIUIMHHO-MariYHUMH TOTAILHUMU rpad)aMy MOXKHA 03HAHOMHUTHCS B KHU3I
[2]. Lo posmitky E. Bynpo, b. Xaptuemn, K. IlImaiiccep 1 k. Yaiirii y
2004 porri 3acToCyBaJIU JUIsi OOpaHHS ONTUMANIBHOI CTpATETIi B TPl HA TBOX
rpaBIiB, 110 BinOyBaeThCs Ha 3aganoMy (p, q)-rpadi [3, 4]. I'paBui no uepsi
NPU3HAYAIOTh HEBHKOPHCTAaHy MITKy 3 MHOXuHH {1,2,..,p+q} nns
He3alisTHUX BepIIMHM abo pebpa. IlowaTtkoBa BepmmMHa 0OOHMpaeThHCs
xepeOkyBaHHAM. [ 3amaHoi BepmmHH X, Hexail S(X) — MHOXHHA, IO
CKJIQIA€ThCS 3 BEPIIMHMU X 1 BCiX pedep, IHIUACHTHUX X. SIKII0 HE BCIM
eneMeHTaM 3 S(x) OyjiM TNpPHUCBOEHI MITKH, TO CYMY BIJJOMHX MITOK
HAa3MBaOTh YaCTKOBOIO Baroro X. ITicis Toro, sk I BCiX eIeMeHTIB 3 S(X)
BH3HAYCHI MITKH, 33 Bary BepIIUHH X MPUHMAETHCS YUCIIO K, 11O JTOPIBHIOE
CyMi BIANOBIIHMX MITOK, 1 I CyMa IOBHHHAa OYTH CTaJIOIO0 Ul KOXKHOI
BepunHH rpada G. B maHiii rpi e 4mciIo JOpiBHIOE Ba3i Ti€l BEPIINHM X, UL
sIKOT 3HaWeH] Bci MiTkH 3 S(x) mepuuMu. st 4iTKOro po3yMiHHS CyTi IpH
JOLIIBHO CHOPMYITIOBATH MOCITIIOBHICTB Jiif, IKy BUKOHYIOTh TPaBIIi ITi ]l 9ac
posmiTku Tpada. Jlam mogaHO anropuTM, IO MOJICIIOE XiJ TP Ha
peryisipuomMy rpadi, BpaxoByHOUd BHOIp TIpaBI[iB, YEPryBaHHSI XOJIB,
NpPU3HAYCHHS MITOK, a TaKOXX yMOBH IIEPEBIPKM 3aBEpUICHHS TpH Ta
BU3HAUCHHS TIEPEMOXKIIS.

Aneopumm. <MOAEJIIOBAHHS I'PU HA PET'YJIIPHOMY I'PA®I 3
BEPHIMHHO-MATTYHOIO TOTAJIBHOIO PO3MITKOIO»

Bxigni mani: nEN — KinbkicTe BepmuH; dEN — CTEMiHD PETYISPHOTO
rpada, d<n, nd=0(mod2).

BuxiaHi 1aHi: TOCTITOBHICTE XOIB TPH, MiTKH Ha BEpPIIHHAX Ta pedpax;

Pesynprat: i Oyna qoTpruMaHa yMOBa MariqHOCTI.

Kpox 1. [TepeBipka BXiTHUX ITaHUX:

SKI0 d>n abo nd HenmapHe, MPUIUHUTH POOOTY 3 TOBIIOMJICHHSM PO
HNOMUJIKY, IHaKIIIe TIEPEeHTH 10 KPOKY 2.

Kpok 2. I'enepartis rpada:

3TeHepyBaTH BUNAJIKOBUH d-peryJsipHUil HeopieHTOBaHMH rpad
G=(V.E).

Kpok 3. IlinroroBka MHOKHHHU MITOK:
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BU3HAYUTH KIIBKICTH MITOK: |V|+|E];

moOymyBatu cimcok g={1, 2, ..., |[V|+|E|}, mepeMimmati BUIaIKOBIM
YHHOM.

Kpok 4. Tninianizauis: Hexait player€{1,2}, noyatkoBo — rpaseup 1;

iHiIiani3yBaTy MOPOXKHI CIOBHUKY: vertex labels, edge labels.

Kpoxk 5. OcHOBHUI UK TpH:

IIOBTOPIOBATH ITOKH g#( Ta HEMA€ MEePEMOKIIS.

5.1. BuliHsaTH HACTYIHY MITKY £ 31 CIIHCKY g.

5.2. Bu3HaunTH MHOXXHHY Hemo3HaueHuX BeputnH V'CV, pedep E'CE.

5.3. BunaakoBuM uuHOM BHOpartu: BepmmHy 3 V' abo pedpo 3 E', i
MIPU3HAYUTH MITKY .

5.4. JIna xoxHOI BepuIMHU VEV, sika Ma€ NpU3HAYEHY MITKY Ta BCi
IHIIMJCHTHI peOpa po3MideHi: OOUUCIUTH Bary BEpIIHHU:

w(v) = label(v) + Z label(uv).

UEN(v)

SIKII0 MarivHa cTaa Ie He BCTAaHOBJICHA — BCTAHOBUTH K:=w(V).

Sxmo w(v)#k, To Iporpae NOTOYHUI IpaBeLlb.

5.5. IlepeiiTu 10 HACTYTIHOTO IPaBIIs.

Kpok 6. 3aBepiuenHs rpu:

SIKIIIO MITKU 3aKiHIHIIHCS a00 BCi €IEMEHTH PO3MideHi, Ta He BUSBIICHO
MTOPYIICHHS — Ipa 3aBEPIIYETHCS 0€3 TePEeMOXKIIS.

[HaKIIe BUBOAUTHCS IEpEMOKEb Ta MaridHa cTana.

Ob6rpyHmy8aHHs aneopummy

Hexaii rpa BinOyBaetbest Ha d-perynspHom rpadi G = (V, E) 3a Buiie
OITMCAaHUM AITOPUTMOM. Bepiina vEV 3a10BobHSE YMOBI Mari4yHOCTI, Tak
sIK 11 Bara 004HCITIOETHCS 3a (HOPMYJIIO0

W) =g+ Y gwv) =k,

UEN (V)

ne g(v) — mitka Bepumnu v € V, g(u, v) — mitka pebpa (u,v) € E, k
— Mars4Ha ctana. I[licis mepuioi BEpUIMHH, sSKa OTPUMYE MITKH pa3oM 3
IHIIMJCHTHUMH i peOpamu, BikcyeThes MariuHa crana k. [HBapianToM rpu €
«ycl po3MideHi BEepIIMHU Pa3oM 3 IHIUICHTHUMH pedpaMu MaloTh Bary k».
[Ticns KOXXKHOTO X0y MEepeBipsAEThCS iHBapiaHT KOXkHOI BepmuHu. CTpaTeris
TPaBIliB Taka: TPWU PO3MITIII BEepIIMHU abo pebpa TepeBipA€THCS, YN
mpu3Bese 1€ 1O HEeY3rOPKEHOCTI 3 MAaridHOI0 CTAJIOI0, i TpaBelb YHHUKAE
PO3MITKH, SKa TOPYIINUTH iHBapiaHT. ToMy >XOAHa Bara HOBOI HOBHICTIO
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pO3MiUeHOi BEpIIMHH HE BiNPi3HATHMETHCS Bin k, TOOTO MaridyHa crama
30epiraeTbes. B iHOIOMYy BHMAAKY Tpa 3aBEPIIYETHCS MO (PAKTY IMEpIIoro
MTOPYIICHHS — IO 1 € KPUTEPieEM TTOPa3KH.

Mpukaan. 3xaificaumo rpy Ha d-perynsipaoM rpadi G = (V, E') 3a Buie
HaBEJICHUM aJIrTOPUTMOM, SIKMH peanizoBaHo B cepenosuine Python. s
3unavenp napamerpis [V| = 10, d = 5 i orpumainu:

Xoau rpu:

(Tpaseus 1', 'pedpo (1, 6)', 18)

(T'pasens 2', 'pedpo (4, 10)', 10)

(‘Tpasens 1, 'pedpo (4, 8)', 26)

(Tpaseus 2', 'Bepnna 4', 32)

(Tpaseus 1', 'Bepmmna 7', 20)

('Tpaseus 2', 'pedpo (6, 10)', 29)

(‘TpaBems 1, 'pedpo (5, 10)', 34)

(‘TpaBens 2, 'pebpo (2, 4)', 15)

('Tpasems 1, 'pedpo (3, 6)', 6)

(Tpagers 2', 'pebpo (2, 7)', 3)

(Tpasens 1', 'pebdpo (2, 3)', 23)

(T'pasens 2', 'pebpo (9, 10)', 7)

(Tpasens 1', 'pebpo (2, 5)', 5)

(TpaBers 2', 'Bepmuna 2', 8)

('Tpasens 1, 'pedpo (5, 8)', 13)

(Tpaseus 2', 'Bepmmna 10, 16)

(Tpaseus 1', 'pedpo (1, 2)', 11)

(Tpasens 2', 'BepmuHa &', 35)

(Tpagemns 1', 'pebpo (5, 7)', 1)

('Tpaseus 2', 'pedpo (6, 9)', 31)

(TpaBens 1', 'Bepmuna 1', 19)

(Tpaseus 2', 'Beprmna 5', 22)

('Tpasens 1, 'pedpo (6, 8)', 33)

(Tpaseus 2', 'BepmnHa 6', 27)

Ilepemoxens: ['paBens 1
Mariyna crana: 65

Ha puc. 1 mpencraBineHo pe3ynbTaT Ipy y BUTIAL PO3MITKH rpada.
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Puc. 1 Perynspuwuii rpad rpu

3anpornoHOBaHUil AITOPUTM JIETKO JalTyeThCs /O JOBLIBHOTO
HEOPIEHTOBAHOTO Tpada, OCKUILKH HE BUKOPUCTOBYE JKOAHUX CHELUBIUHIX
BJIACTHBOCTEH PETyJISIPHOCTI, a OTepye JIMIIe 3 MHO)KHHAMU BEPILIHH 1 pebep
Ta BIJHOLIEHHSAM IHIUIEHTHOCTI.

Jlitepatypa

1. MacDougall J. A., Miller M., Wallis Slamin W. D. Vertex-Magic
Total Labelings of Graphs. Utilitas Math. 2002. V. 61. P. 3-21.

2. Marr A M., Wallis W.D. Magic Graphs, Birkhéuser, New York, 2013.
— 186 p.

3. Boudreau E. , Hartnell B., Schmeisser K., Whiteley J. A game based
on vertex-magic total labelings. Australasian journal of combinatorics.
Volume 29 (2004), P. 67-73

4. Cementora M.®., llynerin B.A. [Ipukinaan npakTHYHHUX peasizamiit
MariyHuX i aHTUMAariYHuX TUMIB po3miTok. KoMOiHaTopHi KoHbIryparlii Ta
iX 3acrocyBaHHs: MaTepiaam X MDKHap. HayK.-IpakT. CeMiHapy,
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BUKOPUCTAHHS COJIBEPA BARON JUIS1 3HAXOKEHHSA
OINTUMAJIBHOI YITAKOBKN HEPIBHUX KPYT'IB Y KBAJIPAT
Tusogap C.. Cremroxk IL.1.
Voarceopoocvruii nayionansnuil ynieepcumem
Inemumym kibeprnemuxu imeni B.M. I'nywxosa HAH Vkpainu

USING THE BARON SOLVER FOR FINDING OPTIMAL
PACKING OF UNEQUAL CIRCLES IN A SQUARE
TYVODAR S., STETSIUK P.I.
UZHGOROD NATIONAL UNIVERSITY
V.M. GLUSHKOV INSTITUTE OF CYBERNETICS OF THE NATIONAL
ACADEMY OF SCIENCES OF UKRAINE

Abstract. The paper considers a quadratic extremal problem of packing
a unequal circles into a minimum area square. The influence of additional
linear constraints to speed up the BARON solver time for solving the packing
problem with a small number of circles is studied. Additional constraints
ensure that the largest circle is placed in the lower left quadrant of the
square. Computational experiments are performed for five benchmark
instances from website https://www.packomania.com/ with the number of
circles from five to nine. The runtime of the problems is reduced several
times.

VY crarti [1] mocmiKeHO BIUIMB JOJATKOBHX JIHIHHUX OOMEXKEHb Ha
MPUCKOPEHHSI 4acy pO3B'SI3aHHS KBaJAPATUYHOI EKCTpeMallbHOI 3ajgadi
MaKyBaHHS HEBENMKOI KUIBKOCTI HEPIBHUX KiJd Y 30BHIIIHE KOJO
MIHIMaJIBHOTO  pamiyca 3a gomoMororm comeepa BARON  [2,3].
OO0uunCITIOBaNIBHI €KCIIEPUMEHTH IPOBOIMIIMCH JIJISI TECTOBUX HPHUKIIA/IB, SKI
BIJIBHO JTOCTYITHI Ha BeO-caiiTi https://www.packomania.com/ (packomania)
[4]. KinbKkicTh HEpIBHHX KiJl Y IPUKIIaaX 3MIHFOBAJIACS BiJ] IT'STH JIO JCCSITH.
AHAJIOTIYHE JOCIHI/DKCHHSI ONHUIIEMO HWXKYEe Ui 3aJadi  MaKyBaHHS
HEBEJIMKOI KUIBKOCTI HEpIiBHMX KpYTiB y KBaJpaT HaWMEHIIO! IO
(MiHIMaJIbHA TOBXKMHA CTOPOHM KB3/IpaTa).

Hexaii 3anaso cimelictBo m kpyris C, 3 pagiycamu 7, i =1,...,m, gKki

MOTPiOHO PO3MICTUTH BCepeinHi kKBaapaTa K, 3 neHTpoM B Touri (0,0) Ta
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3MIHHOIO JIOB)XKMHOIO CTOPOHH « . Byznemo BBakaTH, 110 BCi pajiycH KpyTiB
€ pisHuMu. ONTHMAaNbHOI YIAKOBKOIO CIMEHCTBA KpyriB B kBaapar K,

Ha3UBaKOTh TaAKy ix YIaKOBKY, IJIsL SIKOT a* — AOBXXHWHA CTOPOHU KBaJpara KO

€ MIHIMaJIBHOIO 3a YMOB, o Kpyru C,, i =1,...,/m 3HaXOAATHCS BCEPEIUHI

1
kBazpaTa K, Ta IONApHO HE IEPETUHAIOTHCS MDK €000 (MOXKYTh
TOPKATHUCS OIUH OJHOTO).
SIxmo nosHauuTH (X,,y;) —HeBinomuii nenTp kpyra C,, i =1,...,m,To

3aa4i ONTUMAJbHOI YIIAKOBKY CIMEHCTBa KpyriB B kBaapar K, BianoBinae

OaraToekcTpeMaibHa KBaJApaTHIHA 3a/1a4a, SIKa Ma€ TaKUi BUTIIS;

a" =mina (1
3a OOMEXKEHb

_£+y; legﬁ—}’;_, i=1,...,m, (2)

2 2

a a
——+r <y <——r, i=1,...,m, 3
SYhSy S, 3)
(xi_xj)2+(yi_yj)2Z(I/;'_{_rj)z’ I<i<j<m, “4)

ae X =(X,..,%,), Y=e0l,) -

3amaua (1) — (4) € OaraToekCTpeMalabHOK 3a1aveio0 HEIIHIHHOTO
nporpamyBaHHs. Tyt niHiitHa minsoBa GyHKIis (1) OB'A3aHA 3 MiHIMI3aIi€0
a — NOBXUHU cTopoHH KkBaapata K,. JliniiiHi obmexenns (2) ta (3)

O3HA4aloTh, WO KoxkHUH kpyr C,, i=1,...,m, HaleXuTh KBagpaty K,.

i

Ksanmparuuni oOmexxeHHs (4) rapaHTYIOT, IO HisIKi ABa KPYTH i3 ciMeicTBa
kpyriB C;, i =1,...,m He NEPETUHAIOTHCA MiXk CODOIO.

B Tabmuui 1 HaBemeHo pesynbTaTH po3B’s3aHHs 3amadi (1) —(4) 3a
mormomororo  coiaBepa BARON  mms  1'ATH  TECTOBHX — IPUKIIAJIB
me{5,6,7,8,9} 3 packomania, ne pagiycu kpyriB C,, i=1,....,m €
piBHUMHU 7, =i. Po3paxynku npoBoxmimucs Ha NEOS-cepsepi [5], a Ha
PO3B’s13aHHS OJIHIET 3a/1a4l BiIBOANBCS rpaHU4YHui yac B 7200 cexyH.

B Tabnuii BUKOPUCTOBYIOTbCS Taki MO3Ha4yeHHsA: N, — KUIbKICTb
iteparniii consepa BARON, time — ycepemHeHHMH 4yac (B CeKyHIaxX) A
PO3B’sI3aHHA TECTOBO] 3a/1aui, a;,,,— HUKHS TPAHHULA HA OBXKUHY CTOPOHH,

132



@y, — BEPXHs TPAHHILLA HA NOBXKHHY CTOPOHH, d,uckomaniq— HANMEHIIA
JOBXHMHA CTOpOHH KBaapara K, 3 packomania. YcepenHenmii dvac

BH3HAYaBCA SIK cepeaHii yac 3a 10 3amyckiB consepa BARON.

Tabmus 1
BARON - orpumani po3B’sizku 3anadi (1) — (4) mis °Td TECTOBUX
TIPUKIIALIB

m Nip time Ao ayp A packomania
5 111 0.61 15.60328 15.60328 15.60328
6 243 2.55 19.42290 19.42290 19.42290
7 6623 35.80 23.81888 23.81888 23.81888
8 83482 540.71 29.10528 29.10528 29.10528
9 576359 7200.00 30.36492 33.75431 33.75431

3 rtabmuui 1 BumHO, mo 3a 7200 cexynnq BARON He 3HaiinioB
rJI00abHUN PO3B'SI30K VISl TECTOBOTO MpUKIany m =9 . BepxHs rpaHuns
g a* (33.75431) ¢ GinbmIoro 3a HKHIO Tpanmio (30.36492) i po3pus Mix
HUMHU ckiagae Oitpie 10%.

Jlns TectoBUX TpUKIaNiB me{6,7,8} Ha puCyHKy | HaBeneHi
Ppo3B’s13kH, 3HalaeH1 conBepoM BARON, a Ha pucyHKy 2 HaBeZieH1 pO3B’I3KH
3 packomania.

W : .‘/3 5w ‘ 4\ . 7~ ~-\

| ."\ : ’ “
SIGREN = [N SR SPA R O S
: ( 2 2 TN s
00 L 0 \“)\i

5 6

=75

) ,

|
,_.
=

o ’;,) B
~

-7.5-5.0-2.50.0 2.5 5.0 7.5 -10 -5 Q 5 1 -10 -5 0 5 10

Puc. 1 — BARON: poss’asku 3adaui (1) ~(4) ona m {6,7,8}
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=7.5-5.0-2.50.0 2.5 5.0 7.5 =10 -5 0 5 10 -10 -5

Puc. 2 — packomania: pose asku sadaui (1) —(4) ons m € {6,7,8}

I3 pucynkiB 1 ta 2 BHgHO, mO po3B’sa3kH 3amadi (1)-(4), 3Haiimeni
consepom BARON, ta po3p’s3ku 3amadi (1)-(4) 3 packomania cyrreBo
BiIPI3HAIOTBCA PO3MINIEHHAM HeHTpiB KpyriB C,, i =1,...,m. Tak, neHTpH
HalOUTBIIOr0 Kpyra JUIsi ONTUMAINBHUX KBaipaTiB K, 3HAXOIATHCS: Y
BEPXHbOMY JIIBOMY KBaJpaHTi (puc. 1) Ta y HIXKHbOMY IPaBOMY KBaJpaHTI
(puc. 2) ipu m = 6, y BEpXHbOMY JIIBOMY KBaJ(paHTi (puc. 1) Ta y HIBKHbOMY
JIiBOMY KBajipaHTi (puc. 2) Ipu m =7, y BEpXHbOMY IIPaBOMY KBaJpaHTi
(puc. 1) Ta y npaBoMy HHXKHBOMY KBaJpaHTi (puc. 2) mpu m =8 .

Le o3Hadae, MO SKIIO KOXKEH 31 3HAHIEHNX PO3B’I3KiB MOBEPHYTH Ha
90, 180 Tta 270 rpamyciB BiZHOCHO (hiKCOBAaHOTO IICHTpPa KBajpaTa, TO
OTPUMAEMO Ille MO TPU JOJATKOBI po3B’si3kM BianosigHol 3amaui. 1{o6
YHUKHYTH IIHX JOJaTKOBHX PO3B’sA3KiB, TOCTATHBO 10 3azauyi (1) — (4) nogartu
JIHIHHI HEPIBHOCTI

x, <0, y,<0, S

SKi TQpaHTYIOTh IO LEHTpP HailObIIoro kpyra Oyne 3HAXOJUTHCS B
JIIBOMY HHKHBOMY KBajpaHTi. [le 103BOIUTH MIPUCKOPUTH POOOTY cosiBepa
BARON st 3HaXoJpPKEHHS ONTHMAaJbHOI YIAaKOBKH HEPIBHUX KpPYTiB Y
KBajpar.

IIpo me cBiguaTh pe3ynpTaTH MIOAO Po3B’si3aHHs 3anaui (1) — (5) s
TECTOBUX TPUKIAIIB, SAKi HaBeJAeHI B Tabmumi 2. B Tabmwmmi
BHKOPHCTOBYIOTHCS TaKi K MO3HAYEHHS, SIK 1 B TabNHIi 1, OKPIM OCTaHHBOT

KOJIOHKH, JI¢ HABEJEHO ¢ — ONTUMANbHE 3HAUEeHHs 1i1b0Boi (yHkuii (1).
BoHO BHM3Ha4Ye€HO 3 TOUYHICTIO IO IT'SITH TUQP MICIHI KOMH, OCKUTBKH st
orpuMaHux coinBepoM BARON po3B’a3KiB CHIBIAJAlOTh d,, — HHKHI
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rpanum Ta a,

— BEPXHI TpaHMIl Ha JOBXHWHY CTOPOHHM MiHIMaJbHOTO 3a

IUIOLIEI0 KBajpaTa. B KOJOHLI «time» HaBeAEHO ycepeAHEHHH dac (B
CeKyHIax), SIKUl BU3HA4aBCs K cepenHiii wac 3a 10 3amyckiB coiBepa
BARON g1s1 po3B’si3aHHs BiAIOBiqHOT TecToBOT 3amaui (1) — (5).

Tabums 2
BARON - orpumani po3B’sizku 3amadi (1) — (5) wig m°aty TeCTOBHX
MPUKIIAIB
m. | Ny time Aow Aup a*
5 1 0.16 15.60328 15.60328 15.60328
6 11 0.73 19.42290 19.42290 19.42290
7 723 5.62 23.81888 23.81888 23.81888
8 32403 164.09 29.10528 29.10528 29.10528
9 498008 4379.92 33.75431 33.75431 33.75431

3 tabmui 2 BugHO, mo coasep BARON ycminmao po3s’s3aB 3amadi (1)
— (5) nns BCiX TECTOBUX MPHKIAIIB, 3aTPATHBIIN 3HAYHO MEHIIUH Yac, HiX
UIA po3B’si3aHHS BimmoBimHUX 3amad (1) — (4). And mepmux 4YOTHPHOX
TECTOBUX MPUKJIAIiB KOS(IiEHTH ITOKPAIIICHHS 32 9aCOM TaKi:

0.61 2.55
=——~38125,9kmo m=5, q. =——~3.4931, sxmo m=06,
=016 7 =073

~35.80

7

= 540'791 ~3.2952 , AKIIO

~6.3701, axmo m=7T1a ¢
m=2_§.

st m’4T0T0 TECTOBOTO MpUKIany 3 m =9, ans sxoro 3ana4a (1) — (4)
He Oyna posB’s3aHa 3a 7200 cekynp, 3amaya (1) — (5) po3s’s3ana 3a 4800
CeKYH[. 3ayBaXuMo, IO s po3B'sizanHs 3amad (1)-(5) morpibHo Oyio
3Ha4YHO MEHIIY KUIBKICTb iTepauii, HiX 1J1s po3B's3aHHs 3a1a4 (1)-(4) (aus.

KOJIOHKH N, B Tabnuusx 1 ta 2).

135



3 A T
A i

75 ; \
5.0 5 6 | ! 7
2.5 ;

0.0

A L /4*
o} ./H-\.‘/ s 0 / \\‘@)

\ (2}
-25 6 5
] Sl L \/L\ _5 s I
-5.0 P, F 4 \ e =
N\ / | 4 - N
@ — /
0 5 10

\
=7.5-5.0-2.50.0 2.5 5.0 7.5 =10 -5 5 10 -10 =5 0

Puc. 3 — BARON: pose’asku 3adaui (1) —(5) ora m € {6,7,8}

Jlns TecToBUX TIpUKIANiB m e {6,7,8} Ha PUCYHKYy 3 HaBejeHi

po3B’s3ku 3amadi (1) — (5), sxi 3HaiineHi conBepom BARON. I3 pucynka 3
BHIHO, IO JUIA BCiX TECTOBUX NPHUKIAAIB LEHTPH HAHOLIBIINX KpYTiB
3HaXOIAThCS B HIDKHBOMY JIIBOMY KBaJIpaHTi, IIO0 Y3TOMXKYEThCS 3
BUKOHAHHSM JIIHIHHUX 00MexeHb (5).
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KOMBIHATOPHA OIITUMI3AIIIA TA if XAPAKTEPHI
OCOBJINBOCTI
Hapnis Tumodgiera
Tuemumym ingpopmayivinux mexnonoeii HAH Ykpainu

COMBINATORIAL OPTIMIZATION AND ITS
CHARACTERISTIC FEATURES
Nadija Tymofijeva
Institute of Information Technologies and Systems of the National
Academy of Sciences of Ukraine

Abstract. The characteristic features of combinatorial optimization, in
which the objective function is defined on a combinatorial set, are described.
A method for modeling applied problems within the framework of this theory
is presented. According to the argument of the objective function
(combinatorial configuration), they are divided into subproblems, due to the
special structure of the argument, a situation of uncertainty arises, and some
problems of this class are characterized by similarity.

Beryn. Onucano KOMOIHATOPHY ONTHMI3aIlif0 Ta JACsKi 11 BJTaCTHBOCTI.
Po3pobiieHo MeTo MOAIENIOBaHHS TPUKJIAHUX 3aa4d B paMKax Ili€i Teopii.
AprymMeHToM 11ib0Boi GyHKLIT B HUX € KOMOiHaTOpHI KOH(Irypauii pisHuX
THITIB, SIKI PO3UISIOTH HAa MPOCTi Ta KOMOiHOBaH1. OCTaHHI PU PO3B’sI3aHHI
3aJa4 BHOCAThH CHUTYyallilo HeBu3HaueHocTi. [IpukmanHi 3amavi ckiamHi 3a
mia3agavi, Ay po3B’si3aHHA SKUX HEOOXiTHO po3poOnsTH KOoMOiHOBaHI
anropuTMd. 3a OOYHCIEHHSAM IIUTbOBOI (YHKINI  3amadi IbOTO Kiacy
PO3AISAIOTh Ha IWHAMIYHI Ta CTaTHYHI. 32 apryMEHTOM HiUTbOBOI (YHKIIi
BCTAHOBJIEHO TXHIO MTOMIOHICTE.

MocTranoBka 3agaui. Posrmaayro gedki  ocoOmmBOCTI  Teopii
KOMOIHATOPHOI ONTHMi3alii, B fKii IITFOBY (YHKII0 BH3HAYCHO Ha
MHOXHHI KOMOIHATOPHOTO XapakTepy. bararo npukiaHuX 3a1a4 3BOISTHCS
0 3amdad OroBOpeHOi Teopii, TOMYy pO3pOOJIEHO METOA IXHBOIO
MOZICJIIOBaHHs. BCTaHOBIEHO NPUYMHM BHHUKHEHHS B HHMX CHTyauil
HEBU3HAYCHOCTI, BUSBIICHO MOAI0OHICTh JACSIKHX 3a/1a4 I[LOTO KJIacy.

Ilinxin, mo mnponmoHyeTbesa. [l  BUSABJIEHHS  XapaKTEPHUX
ocoOymBOCTel KOMOIHATOPHOI ONTHMI3allil IPOBEAECHO aHAai3 TPHKJIAJTHIX
3amad, sKi 3BOMATHCA JO 3aJad KOMOIHATOPHOI ONTHMIi3allii, BHSIBICHO
3arajbHi IXHI BIACTUBOCTI, JUI HUX PO3POOJIEHO MaTeMaTHYHY ITOCTaHOBKY,
sIKa BPaXxOBY€E BIACTHBOCTI IIMPOKOTO KJAacy 3ajad, 3allpOIOHOBAHO METOJ
IXHBOTO MOJIEITIOBaHHS. 32 apTYMEHTOM LiTbOBOT (PYHKINIT IPUKITaHI 3a1a4i
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PO3AUISIOTH HA MiA3a/1avi, YBEJICHO O3HAKH, 33 SKHMH BCTAHOBIIOIOTH IXHIO
MO110HICTE.

IIpo xomOiHaTopHy onTuMi3amilo Ta wnilo4yHcjaoBe JliHiliHe
NporpamMyBaHHS.

KombinaTopHa onrtumi3zariisi — 0671acTb MaTEMaTHKH, IPEIMETOM SIKOI €
JIOCITI/PKEHHS Ta PO3B'I3aHHS €KCTPEMANTbHMX 3314 SIK Ha CKiIHYeHHIH, TaK 1
HECKIHYCHHI MHOXXHHI KOMOiHaTOpHOTO Xxapakrepy. OCHOBHa yBara B
KOMOIHATOPHIN onTHMIi3alil NPUIUIAETbCS BU3HAYCHHIO OOYMCIIIOBAIBHOT
CKJIaHOCTI [HKX 3a7ad, PO3pOOJICHHIO METO[IB Ta aJrOPUTMIB TXHBOTO
pO3B'sI3aHHS.

Jdns  po3poOkM MareMaTHMYHHX MoOJeded 3agad  KoMOiHaTopHOI
OIITHMI3allil 4aCcTO BUKOPHCTOBYIOTH IIJIOYHMCIIOBE JiHIHHE TPOrpaMyBaHHSI.
s 3amaya mossirae y 3HAXOPKEHHI ONTHUMAIBHOTO 3HAYEHHS ILiJIOBOI
¢yHKII HA MHOXWHI, fKa 3aa€ThCSI CHUCTEMOIO JIHIMHHUX pIBHSIHD 1
HEpiBHOCTEH, IPUIOMY Ha 3MiHHI HAKJIQZAIOTHCS YMOBH IUTOYHCETHHOCTI.
[Ipy mpoMy BBaXarOTh, MO IUTHOBA (YHKIIS 3aJEXKHUTHh Bil 0ararbox
3MiHHHX. B KOMOiHAaTOpHIHM onTHMi3anii miTh0Ba (QYHKIIIS 3aJIE)KUATH 5K Bill
onHi€l 3MIHHOI, TaK 1 BiJ KINBKOX, SKMMH € KOMOiHaTOpHI KOoH}iryparii
PI3HMX THUIIB, & 3MIHHI B MOJIENI LIJIOUYUCIOBOTO JIIHIHHOTO MPOrpaMyBaHHs
€ BXIJIHUMHU JaHUMH.

MaremMaTiuHa ~ MOZETH 3ajayi LIJIOYHCIIOBOTO  JIHIHHOTO
MporpamMyBaHHsI (DOPMYJIIOETBCS B TaKOMY BHIJIAAI. 3HAWTH EKCTpEMyM

n n - -
GbyHKuii Zci X; TIpH yMOBax Zaﬂ x;=by,l=Lm, x,20,i=Ln, x; —

i=1 i=1
uimmust i=1, p, p<n,ne c,a;,b —3anaHi uini yucna, x; — 3MiHHI.

Buxonsun 3 1iel Mojeni BBaXamTh, MO IJIbOBA (YHKINSA B
KOMOIHATOpHIN onTUMi3alil 3aleXuTb BiJ OaraTboX 3MIHHUX, a X; €
eIeMEHTaMH  KOMOIHAaTOpHHX  KoHGirypamii  w=(w,..,w,), Kl
HEPEMHOXKYIOThCSL Ha 3a/laHi YMcla ¢;, d; . Alle 11e HEMOXIIMBO, OCKLUIBKH
W; € W MOXKYTb MaTH OyJb-sKy IpUpoay. 3MiHHI X; HE € €JIEMEHTaMH W , a
MOJIeTIb IIIJIOYHCIIOBOTO JIHIHHOTO THporpamyBaHHsI HE BigoOpakae cyTi
3aja4 KoMmOiHaTtopHoi onrtuMizanii. LliouncioBe JniHiliHE MporpaMyBaHHs
PO3pobIIsIIOCs [T EKOHOMIYHMX 337124, JUIS SIKMX MaTeMaTHYHa IOCTaHOBKa
(bopMyIIOEThCA TaK: 33[aHO OJHY MHOXHUHY A , €IeMEHTH a; € A sKoi He
MalOTh Mk c00010 3Bs'3KiB. HaTOMICTh KOXeH eneMeHT «a; € 4, i € {l,...,n},
XapaKTepU3y€eThCsl IEBHOO BIACTUBICTIO (Barorw) X; . ApryMeHTOM LiIbOBOT
(GYHKIIT y HUX, SIK TIPABUJIO, € BUOIPKH (CIIOIY4EHHS, pO3MIIIEHHS), a BX1/HI
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JlaHi — OCIIiI0BHICTh 3HAYEHb Bar Xi,...,X, CGIEMEHTIB @; 3aaHOI MHOXHUHH
A, KUIBKICTh AKUX 30ira€Tbcs 3 KNBKICTIO €IEMEHTIB Y W= (W,...,W,).

3BiJICH TBEPIUKEHHS, IO apryMEHTOM LiTbOBOI (GyHKUIi B IUX 3amaydax €
HOCIIiIOBHICT BXiHUX JAHUX Xi,...,X, , @ He KOMOIHaTOpHa KOH(Iryparis.

BinmoBimHO BBaXKarTh, IO IIThOBA (PYHKISA B 3amadax KOMOIHATOPHOI
ONTHMI3AL] 3aNeXUTh B Oararbox 3MiHHHX. IlOCTigOBHICTH X,...,X, €

BXIJHUMU JaHMMM IEBHOI 3a/1aui, a 3HaYeHHA X; HEABHO 3aJEXKUTb Bif

n
KOMOiHaTOpHOI KOH(irypamii, TO0TO BHpa3 Zci X; 3alHLIEMO y TaKOMY

i=l1

n
Burai:  F(w)= Zci x;(w). Toni mocrae mpoGiieMa BH3HAuUCHHS L]
i=1
3aJISKHOCTI B 3aa4ax KoMOiHaTopHOi onTuMizarii. st 11p0oro HeoOXigHO
PO3pOOIATH TTOCTAHOBKHM LIUX 3a/1a4 3 YPaxyBaHHAM iXHbOI KOMOIHATOPHOT
TIPUPOJIH.

Y 70-x pokax MHHYJIOTO CTOJITTS B MaTreMaTW4Hiil Jiteparypi
nepeBaykHO BYeHUMH 3 PansiHcbkoro Coro3y (opMaibHiI MOCTaHOBKH 3aad
KOMOIHaTOpHOI ~OnTHMI3alii po3polisuIMCs 3  ypaxyBaHHSAM  IXHBOI
koMmOiHaTtopHOi mpupoau. 3okpema, B IHCTHTYTI KiOEpHETHKH LUMH
npobmemamu 3aitmancs [.B Ceprierxo Ta fioro yuHi [ 1]. Humu pozpo6iieHo
MaTeMaTH4HI MOJEINi MPUKIAJAHUX 3a/1ad, apTyMEHTOM HUTbOBOI (YHKIi B
SIKUX BU3HAUYEHO KOMOIHATOPHI KOHQIryparlii pi3HUX THITIB.

Y3arajbHeHa NOCTAHOBKA 3a4a4vi KOMOIHATOpPHOI onTUMIi3amii.
HaBenemo y3arainbHeHy IOCTaHOBKY 3a/1a4i KOMOIHATOpHOT onTuMizarii [2].
3amavi BOrO Kjacy, sSK MPaBUJIO, 3aMAlOThCS ONHIE abo KiIbKOMa
MHOXKMHAaMH, Hanpukiag 4 Ta B, eJeMeHTH SKHX MaioTb Oylb-iKy
npupony. HasBemo i MHOXUHU 6azosumu. HasBHI npa Tumu 3amad. B
nepuiomMy TUIIL KOKHY 3 IIMX MHOXKMH ITOJJaMO y BUTIIsI Tpada, BEpLUIMHAMA
SIKOTO € ii eJIEMEHTH, a KOXXHOMY peOpy ITOCTaBJICHO Y BiIOBIIHICTh YHCIIO
¢y €R, dxe Ha3uBalOTH Barow pedpa (R — MHOXUHA JIHCHUX 4ucen),

lell,...n}, tef{l,.,n}, n — KIIbKICTb €NEMEHTIB MHOKWUHU A, N —
KiIBKiCTh eneMeHTiB MHOXMHH B . ITlokmagemo, mo n=7n. Mix

eNeMEHTAMH LUX MHOXHH ICHYIOTh 3B'S3KH, YHCIOBE 3HAYECHHA SKUX
Ha3BEMO BaraMu. BenuuumHM c; Ha3BEMO 6XIOHUMU NAHMMM Ta 33JaMo iX

MarpuisiMu. B dpyeomy Tumi 3amad Mix eleMEHTaMH 3a/1aHOT MHOXXUHU
3B'SI3KIB HE ICHy€, a BaraMi € 4Yucla vjeR, je{l..,n}, gKum y

BIJIOBIAHICTE ITOCTABJIEHO €Ki BIACTUBOCTI LMX €JIEMEHTIB, YHCIIOBI
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3HAYCHHS SKUX 3aJal0ThCS CKIHYEHHHMMHM IIOCHIJOBHOCTSMH, IO TaKOX €

BX{THUMU NaHuMH. L1i BeTMIuHE BU3HAYAIOTH 3HAUYCHHS ITHOBOT (PYHKIIIT.
Jlist 000X THITIB 33134 i3 €JIeMEHTIB OfHiel a00 KUIBKOX i3 3aJlaHuX

MHOKHMH, Hampukian a; €A, [e{l..,n}, yTBOproeTbcsi KOMOiHaTOpHa

MHOXXMHAa W — CyKynHiCTh KOMOIHATOPHUX KOH(]Irypariii IeBHOro THUILY
(mepectaHOBKH, BUOIPKU Pi3HHUX THIIIB, po30UTTs Tomo). Ha emementax w
KOMOIHATOPHOI MHOXHWHH W  BBOAMTHCA I1IbOBa (GyHKIisE F(w).
HeoOxinHo 3HaiiTu eneMeHT MHOXuHH W , nnst sikoro F(w) HaOyBae
OIITUMAJILHOTO 3HAYEHHS IIPY BUKOHAHHI 331aHIX 0OMEKEHb.

3MOJENIIOEMO  BXiJIHI JlaHi (YHKII€I HAaTypaJbHOTO apryMeHTY.
[Monamo enemenTH s HaamiaroHajeld CUMETPUYHOT KOMOIHATOPHOT MaTpHI

o(wh) kombOinaropuoro ¢ynkuiero P f( j),wk )", a enementu h

HajamiaroHanet cumerpuuHoi Matpuii C — (YHKIIEIO HATypaJbHOTO
aprymenty  0(j) " =(0(1),...,0(m)), ne m =@ KIUTBKICTB

eJIeMeHTIB /4 Hajuiaronaneit marpuip C Ta Q(wk) , h=1,n—1. BepxHiit
igekc k (ke{l,...,q})y w¥ nosnauae MOPSAKOBUH HOMED wk yWwW,q-
Kinbkicte w¥ y W . Sxmo marpuui Q(wk) ta C — HECUMETpPHYHi, TO
B(S(), WM ta o))" micrats yei ixui enementn, a m=n’ (aGo
m=nn). Jns 3amgaq, sAKi pPO3B'A3YIOThCA Ha IEPECTAHOBKAX IIJIOBA
¢byHKIis HaOyBa€e BUTIISLY

FOW=2" B, (f (D) e()) .

[IpencrapneHHs BXigHUX JaHUX (YHKIISIMH HaTypalbHOTO apryMEHTY
JO3BOJMJIO PO3POOHTH METOJ CTPYKTypHO-an(aBiTHOTO TMOMIYKY VIS
PO3B’s3aHHS 3aJad KOMOIHATOPHOI ONTHMIi3amii, SKUH TPYHTYETbCA Ha
po3Mi3HaBaHHI CTPYKTypH BXiJHOI iH(pOpMaIllii, BOJOAIE BETHUE3HOIO
UIBUKOMIEI0 1 JIO3BOJISIE 3HAXOMUTH INIOOAIBHUI pO3B’SI30K  abo
HaOJIM)KEHHUH 10 HBOT'O B peasIbHOMY Yaci.

Take npesncTaBiIeHHs BXiIHUX JQaHUX JO3BOJISIE 3HAXOAWTH MiJIKIAcH
PO3B’SI3HUX 3ala4 i3 PI3HUX KJIACIB 3a1a4 KOMOIHATOPHOI ONTHMi3allii:
PO3MIIIIEHHS OJHOTA0apUTHHUX MOJYIIB, 3a/1adi KOMIBOsSDKEpa, 3a/1adi Ipo
TIpHU3HAYCHHS, 3a/]a4i KilacTepu3arii.
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Meton MoaeNOBaHHA MNPUKJIATHUX 3a4a4 B paMKax Teopil
KOMOiHATOpHOI onTUMI3aMLii.

3a cnocoOoM 00YHCIIeHHS HiThOBOT (PYHKINT BHAUTAMO 3a7adi, B IKUX
JUISL TIEBHOTO BapiaHTy PO3B'S3KY il 3HAYEHHS OOYMCIIOETHCS OTHOYACHO.
Taki 3amadi Ha3BeMO CTAaTHYHMMH. 3ajadi, B SKHX B MPOIECi IXHBOTO
PO3B'SI3aHHS TEHEPYETHCA NOTOYHA iH(GOpMAIis, 3a SKOK OI[IHIOETHCS
pe3yJsbTaT, a MOIIYK ONTHMAJILHOTO PO3B'SI3KY NPOBOJUTHCS IOCTAIHO 3
OOYHMCIICHHSIM YaCTKOBUX CYM LIIbOBOT (pyHKIIii, HA3BEMO TUHAMIYHHMHU.

Jlnst MonieTIoBaHHS IPUKIIATHUX 33824 B paMKax Teopii KoOMOiHATOpHOT
OIITHMI3alil HeOOXiIHO:

a) 3a cnoco0oM o0YMCIIeHHS 1ITbOBOT (DYHKIIIT BU3HAUUTH BHJ 3a1adl
(crarnuHa abo TUHAMIYHA);

0) BU3HAYNTH 0a30BI MHOXXHHU, SIKUMH 33/1a€THCSI [IEBHA 33,1244,

B) 3a BXIJHUMH JJAHUMHU BU3HAYUTH i1 THIT;

) BU3HAYUTH AapryMeHT IimeoBOi  (QyHKIIT  (KomOiHATOpHY
KOH(ITypaIito);

1) 3MOJICITIOBATH I[UTHOBY (YHKIIITO.

YTOYHMMO TaKi HOHATTS K KpUTEPiil Ta MiTboBa (QYHKIIIS.

Kpumepiti — o3Haku ab0 BIACTHUBOCTI, SKI XapaKTEpU3YIOTh NEBHHI
00’eKT a00 3B’A3KH MIXK 00’ €KTaMU Ta € BXIJHUMU JaHUMHU.

Linvosa ¢ynkyis — Bupa3s, skuil GopMyIIOETbCS HAa OCHOBI 3aJaHUX
KPHUTEPIiB 3 ypaxyBaHHSIM OCOOJIMBOCTEH 3ajadi, 32 SKUM OOUUCIIIOETHCS Ta
OLIIHIOETBCS PE3yNbTaT ii pO3B’s3KY.

Sk mpaBuio, HiMHOBY (PYHKILII0 OTOTOKHIOIOTH 3 KPHUTEpisIMH, a 3a ii
apryMeHT NpHUHMaroTh BXiOHI JaHi. Ane JUIs OJHHMX 1 THX K€ KpHUTepiiB
IUTBOBY (YHKIIIO MOXKHA 3MOJIENIOBAaTH II0-pi3HOMY, TOOTO OIIHKY
IIPOBOAATH 3a PI3HUMH BUpa3aMHy Ta OTPUMYIOTb Pi3HHUH pe3ynbTar. Jlo Toro
’K BOHA MOXKE 3aJIe’KaTH K BiJx oxHiel 3MIHHOI Tak 1 Big Oaratbox. 3a Iiero
O3HAKOIO 3a/1a4i KOMOIHaTOPHOI ONTHUMI3aIlil PO3AUIIOTECS Ha mim3anadi. B
IbOMY pa3i A IXHBOTO pO3B’SI3aHHS PO3POOIIAIOTE TIOPUAHI AITOPUTMH.

HeBu3HaveHicTh B KOMOIHATOpPHIN onTuMizanii, ska nop’si3aHa 3
apryMeHTOM LilbOBOI (PyHKIIII.

CuTtyanilo HEBU3HAYCHOCTI, sIKa BUHHMKaE B 3aJadax KOMOIHATOpPHOI
ONTUMI3aIlil, MOB'SI3yI0Th 3 HEIOBHOIO BXiTHOO Ta MOTOYHO iH(OpMAIIi€lO.
Arne 3a3HayeHa cUTyalis B 3aJayax LBOr0 KJIacy BHHUKAE i BHACIHIZOK
0COOJIMBOI CTPYKTYpH apryMeHTY LiJbOBOi (yHKILIi, sIKy B JliTeparypi He
PO3MIIAAAI0Th. 3aKOHOMIPHICTh 3MIHM 3HAa4€Hb LUIbOBOI (DYHKIIT B 33/1a4ax
KOMOIHATOPHOI ONMTHMIi3alii 32T Bifl YIIOPSIKYBaHHS KOMOIHATOPHIX
KkoHpirypamiit (aprymenty) weW . Ha migMHOXWHI, SIKa CKJIQIAETHCS 3
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i30MOpHIX KOMOIHATOPHUX KOHOIrypauiii IV, , ninbosa pynkuis F( wh )

3MIHIOETHCS TaK, SIK 1 HA MHOXKMHI IepecTaHOBOK. MOJKHa JIOBECTH, L0 Ha
MHOXHHI TIEPECTAaHOBOK 1 Ha MIIMHOXHHI 130MOpP(HUX KOMOIHATOPHUX
KOH(QITypaIliii CUTyallisi HEBU3HAYCHOCTI 3BOJMUTHCS 10 MiHIMyMy. AJie Ha
MHOXXHHI W , sIKa CKJIaJacThCsA 3 ITAMHOXHH Wn C W, 3aKOHOMIpHICTh

3MiHH 3HaUeHb QYHKIIT F (wk ) OmHAaKOBa HE3aIEXKHO BiJ BXITHUX JaHHX, &

pe3ysbTar po3B’s3Ky 3a1adi — HeoqHo3HauyHUH. ToOTO, BUHMKAE CUTYyalis
HEBU3HAYEHOCTI, 1110 TTOB’s13aHa 13 CTPYKTYPOIO apryMeHTY LIbOBOT QPyHKIII.

Mpuxaanni 3agayi, Aki po3aiyisioTh HA miakiaacu. L{inpoBa QyHKIIA
B 33/1a4aX KOMOIHATOPHOI OIITUMI3aIlil MOJKE 3aJIeKATH BiJI KUTHKOX 3MIHHHX,
SIKUMH € KOMOiHaTOpHI KoHGirypamii pisHmxX THmiB. Taki 3amadi JOCHTH
MIPUPOTHO PO3AULAIOTH Ha KiTBbKA IMi3a1ad, sl pO3B'SI3aHHS KOXKHOI 3 SIKIX
PO3pOOIAIOTh HE3aNEeXKHI alNTOpUTMH, IO MPAIIOIOTh SK BOYyIOBaHI
Mpoleaypyd B iTepamiiHoMy pexumi. ToOTO, 3amadi KOMOiIHATOPHOI
OIITHMI3alil, HibOBa (PYHKIIS B IKUX 3aJ€KHUTH BiJI KUTbKOX 3MIHHHX, SIKUMHU
€ KoMmOiHaTopHi KoOHQirypauii pi3HUX THUMIB, NOTPeOYyIOTH JUIS CBOTO
PO3B’sI3Ky po3po0IIeHHs riOpUaHUX (KOMOIHOBAaHUX ) aJITOPUTMIB.

Ipuknao. PosrnsHeMo 3amady THIy 33jadi  KOMIBOsDKepa, siKa
(dhopMyIIOETBCS Tak. 3aJaHO /1 MICT, KOXKHE 3 SKUX Ma€ OJWH BXiJ[ 1 OJUH
BHXiJI, KOOPIMHATH SKHAX HE 30iratoThcs. Bigcranp Mixk 1BOMa MicTaMH Mae
4OTHpHY 3HadeHHS. BeepenuHi MiCT BincTaHb He ypaxoByeThcs. HeoOxinHO
3HAWTH HaKOPOTIINHA MapIIPyT, SIKHH MPOXOANUTH Yepe3 yci MicTa OJIuH pa3
1 MoBepTaeThCsl B moyaTtkoBuil. 1Is 3amaya po3auIseThes Ha ABI Mia3amadi,
apryMeHTOM LIboBOT (DYHKIIT O/iHIET € mepecTaHoOBKa, a Apyroi — OiHapHa
HOCJTIIOBHICTb.

3agaya po3MillleHHs pi3HOrabapuUTHUX MOXYJIB 3BOAWUTHCS JO
onHOrabapUTHOI NIISXOM PO3JUICHHS ii Ha 33a7auy KOMIIOHOBKH 1 33134y
PO3MIIIIEHHS OTHOra0apUTHUX MOJYJIB, a [IUIbOBA (QYHKIIS B HIlf 3aJI€KNTH
BiJl pO3OUTTS 7 -€IEMCHTHOI MHOYKWHH Ha ITiIMHOKHHHU 1 IEPECTAHOBKH.

MonidonicTs 3agau koméinaTopnoi omrumizamii. B komOinaTopHiit
OIITHMI3allil MOXHA HaBECTH 0araTo NMpHKJIaiB, KOJIH 33/1a4i 3 PI3HUX KJIaciB
PO3B’SI3YIOTBCS 32 OIHIEI0 1 Ti€I0 X OOYHCIIOBANEHOK cxemoro. s
BIIACTHBICTH B JIITEPATypi JOCTATHHOIO MipO0 HE BUCBITIICHA, X04a iCHYIOUI
VHiBepcallbHI METOAU OpIEHTOBaHI Ha PO3B’S3aHHS PI3HOMAHITHUX TaKHX
3amad. CucteMHHMII aHami3 3amad  KOMOiHaTOpHOI omTHMi3amii 3
BHKOPHCTaHHAM Teopil KOMOIHATOpHOI onTHMi3amii moKasye, Mo AesKi 3
HHUX, SIKi BITHOCATBCS JO PI3HUX KJAciB, pO3AUIAIOTBCS Ha Mifg3azadi, sKi
PO3B’S3YIOTh 33 OMHIE OOYHCIIOBAILHOK CXEMOK abo Moaudikaiieo

142



OJTHOTO 1 TOro X anropurMmy. Hanmpukian, 3aja4ya KIIIHIYHOT J1arHOCTHKH Ta
pO3Mi3HaBaHHS MOBJICHHS ITONIOHI 3a apryMeHTOM IiboBOi (yHKIIi Ta
PO3AUISAIOTECS Ha TpU MOAIOHI min3agadi. ApryMeHTOM HiTboBOI (PYHKIIIT B
TepiIiil miazamadi € po30UTTS 7 -eIEMEHTHOI MHOKHHU Ha ITiIMHOXXHUHH, B
Jpyriii — po3MilieHHs Oe3 MOBTOPEHb, a B TPETiH — crodydeHHs Oe3
noBropeHb. IlomiOHicTh 3amad  KOMOIHATOPHOI ONTHMI3alii IOSCHIOE
NPUPOAY YHIBEPCATBHOCTI METOIIB Ta aJITOPUTMIB IXHBOTO PO3B’3aHHSL.

BucHoBoKk. 3amporoHOBaHAa MaTeMaTHYHa IIOCTaHOBKA OIHCYE
OIMPOKHMHA KJIac 3agad KOMOIHATOpPHOI ONTHMI3alii Ta BpaxoBye IXHI
KOMOiHaTOpHI BmacTHBOCTI. lIpencTaBieHHS BXiTHUX OaHWX (QYHKIISIMA
HATypPaJIbHOTO apryMEHTY JO3BOJISE BUIUISTH MIJKIACH PO3B’SI3HUX 3a/1ad,
BUBYATH CTPYKTypH BXigHOI iHQopMalii Ta aHaIITUYHO 3HAXOJUTH
rioGasbHi po3B’A3KH. IX BUKOPHCTOBYIOTH JUTA IOBEICHHS 301KHOCTI Pi3HIX
anroput™miB. Ilinkimac po3B’s3HMX 3amad  JIEKHTh B OCHOBI METOAY
CTPYKTYPHO-aI(paBiTHOTO TIOUIYKY pO3B’S3aHHS 3a1a4 KOMOIHATOPHOT
OINITHMI3allil, SIKMH TIPYHTYEThCS Ha PpO3Ii3HABaHHI CTPYKTYpH BXiJHOI
iHpopMamii Ta O3BONAE 3HAXOAWTH TIOOATBHMH pO3B’SI30K  abo
HaOIMKEHUH 10 HHOro. 3 BHKOPHUCTAHHSIM apryMEHTy WijboBOi (yHKii
BCTaHOBJIOIOTh MOJIOHICTh 3a/a4 KOMOIHATOpHOI ONTHMI3aIlii, 3a i€l
O3HAKOI0 IX pO3OUIAIOTE Ha TMiA3aJadi, UIT PO3B’SI3aHHA  SIKMX
BHKOPHCTOBYIOTh KOMOIHOBaHI alTrOPHUTMHU.
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E®EKTUBHICTD IYAJBHOI CACTEMU HABUAHHS JIJIS
3AKJIAJIIB BUIIIOI OCBITH
Cepriii Llep6akos, Imutpo Hlupoxopan
Hayionanvuuii ynisepcumem «3anopizeka noaimexuika»

EFFECTIVENESS OF THE DUAL EDUCATION SYSTEM FOR
HIGHER EDUCATION INSTITUTIONS
Serhii Shcherbakov, Dmytro Shyrokorad
National University "Zaporizhzhia Polytechnic"

Abstract: This study aimed to develop an optimization model for
resource allocation in the dual education-business interaction system to
maximize professional training effectiveness according to labor market
needs. The research methodology involved expert evaluation with 5
educational representatives, 15 business representatives, and 10 experts
conducted from January to December 2024 across ten leading companies
including Ukrposhta, Nova Poshta, Rozetka, and Vodafone. The study
created a multi-criteria optimization model with target function F(x) =
max[Z(a_i-E i(x)+ B i-S i(x)+vy i-Q i(x))], where weight coefficients
were determined as economic efficiency (a = 0.42), participant satisfaction
(B=0.31), and competency compliance (y = 0.27). Empirical research of 120
students demonstrated model accuracy with mean absolute percentage error
of 11.3%, significantly below the 15% critical threshold. The evaluation
revealed stakeholder readiness index of 6.6 points on a 10-point scale with
statistically ~ significant  differences  between  sectors.  Practical
recommendations included implementing balanced resource allocation with
40:60 proportion between educational institutions and business partners,
establishing integrated financing mechanisms, and developing differentiated
training programs.

Keywords: optimization model, dual education, resource allocation,
multi-criteria analysis, professional training, business partnership.

Beryn. CyuacHuit cTaH eKOHOMIKM YKpaiHH XapaKTepu3yeTbes
BUCOKHUM PiBHEM JMHAMIYHOCTI T2 HEBU3HAYEHOCTI, 110 BUMArae BiJl CHCTEMH
OCBITH WIBWJAKOI ajanTamii 1O MIHJIMBUX YMOB PHMHKY mpami. [IpoTsrom
OCTaHHIX POKIB CHOCTEpIraeTbcs 3HAYHUM nucOaiaHc MK HpodeciiiHoro
MATOTOBKOIO (axiBLiB Ta pealbHUMM MNOTpedaMM pPHHKY Mpami, o
MIPU3BOUTE JI0 3POCTAHHS PiBHS 0€3pOOITTS cepes BUIYCKHHKIB 3aKiajliB
OCBITH.

B Toii e gac y 2024 pomi piBeHb MpameBIamTyBaHHSI BUITYCKHUKIB
YKpaiHCBKHAX 3aKJIamiB OCBITH 3HW3WBCA: Jmmre 54,3% wmomommx
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crieniaiicris, 48,4% OakanaBpiB 1 57,7% MaricTpiB 3MOrJIM 3HAHTH POOOTY
3a CHeLiaIbHICTIO IPOTSTOM MEPIIOTo POKY ITiCIIs 3aBepIeHHs HaByaHH [ 1].
OnnovacHo 71% yxkpaiHcbkux kommadiid y 2024 poui moBizoMuim 1mpo
TOCTpY HecTady KBali(ikOBaHMX NpAaliBHUKIB, a 87% poOOTOAaBLIB
T IBUIIIIA 3apOOiTHI IIaTH, HAMAaralounch 30€perTy epcoHall, IIPH EOMY
88% BimkpwIM HOBI BaKkaHCIi, 04iKyt0UH 3pocTaHHA mTaTy y 2025 pori [2;3]

OmgHuM i3 eQeKTUBHUX MEXaHi3MiB TOJOJIaHHS I[HOTO JUcOaIaHcy
BB@KAETHCS JyallbHAa CHCTEMa OCBITH, [0 I[epeAdavae iHTErpario
TEOPETHYHOT0 HABYAHHS Y 3aKJIaaX OCBITH 3 IIPAKTHYHOIO IMiJrOTOBKOIO Ha
niAnpueMcTBax. BrpoBamkeHHs ayaiabHOI CHCTEMH HaB4YaHHS B YKpaiHi
po3noyanocs 3 yxBaieHHs Kabinerom Minictpie Konremniii miaAroToBku
¢axiBuiB 3a gyansHOI0 hopmoto 3100yTTs ocBity [4]. [IpoTe, He3Bakaroun
Ha 3HAYHUH [TOTEHIIaJI JaHOi CUCTEMH, ii eeKTUBHA pealtizallisi CTUKA€ThCs
3 TpOOJIEMOIO ONTHMAIBHOTO PO3MOALTY pecypciB uii e(eKTHBHOTO
MapTHEPCTBA MIXK OCBITHIMH yCTaHOBaMH Ta Oi3HECOM.

[lepcrieKTHBHU pO3BUTKY AyaJIbHOI OCBITH Ta IHHOBAIIiHHI MIAXOIH 10 il
BIIPOBAJDKEHHS JIETANbFHO TMpoaHalizyBama [5], sKa 3amporoHyBaia
KOMITJIEKCHY MOJIeNIb IMITJIEMEHTAIlli MyallbHOI OCBITH B CHUCTEMY BHIIOL
ocBiTH. Ha OCHOBI MaTeMaTHYHOTO MOJCIIOBAHHS Ta aHANI3y JaHUX aBTOP
po3po0miIa  aArOpuT™M  ONTHMAIBHOTO  PO3MOALTY  HAaBYAIBLHOTO
HABaHTAXKEHHS MDK YHIBEpPCHTETOM, BUPOOHMITBOM Ta CaMOCTiHHOIO
po0OTOI0, SKHMH JIO3BOJIUTH IMIABUINUTH PpIBEHb MpalleBIallITyBaHHS
BUIYCKHHKIB Ta 3HU3UTH BUTPATH Ha MEPEITiArOTOBKY KaJpiB.

AHaJi3 HayKOBOI JIiTepaTypy IEMOHCTPYE, 110, HE3BAXKAIOUH HA 3HAYHY
KUTBKICTh JOCTIIKCHb Yy cdepi AyalbHOI OCBITH, MUTAHHS ONTHMI3allii
PO3MOITy pecypciB MiX OCBITHIMH YCTaHOBAMH Ta MiANPHEMHUIIBKIMUA
CTPYKTYPaMH 3IMINAETHCS HEAOCTATHRO BUBYCHUM. ICHYIOU1 TOCIiIKEHHS
30CEpEIPKYIOTHCS IEPEBAXKHO Ha OPTaHi3alifHUX Ta MEeJaroriyHuX acleKkTax
BIIPOBAKEHHS AyalbHOI OCBITH, TOZI SK MaTeMaTHYHI MOJEINi ONTHMi3amii
pecypcHOro 3a0e3ledyeHHs [bOr0 TPOIEeCY MpEeACTaBieH] (GparMeHTapHO.
30kpemMa, BiICyTHI KOMIUIEKCHI JOCITIIDKEHHS, sIKi O BpaxOBYBaIM JMHAMIUHY
B3a€EMOJIII0 PI3HUX THIIB pecypciB (MaTepiajbHuX, iH(OpMaLiHUX,
JIFO/ICBKUX) Ta X BIUIMB Ha €(DEKTHUBHICTH JyaJIbHOT CUCTEMH B LIIJIOMY.

MeTo JaHOrO JOCHTIDKCHHS € po3po0Ka ONTHMI3aliiHOI MoJeni
po3nonily MarepiayibHUX, IH(QOpPMaliHHUX Ta JIOJICHKHX PECYpCiB Y
MyanbHii cUcTeMi B3aemomii ocBiTH Ta Oi3Hecy, ska 3a0e3meunTh
MaKCHMaJIbHy €()eKTHBHICTh IiJrOTOBKH (haxiBIiB BiANOBIIHO 10 MOTpPeO
PHHKY TIpalli Ta CTpaTeriuHUX Lijel pO3BUTKY €KOHOMIiKM Ykpainu. Jlis
JOCATHEHHS IIOCTAaBJICHOT METH HEOOXiTHO OYIIO BUPIIIUTH TPH 3aBIaHHS: 1)
BH3HAYUTHU KPUTEPil ONTUMANBHOCTI PO3IIOALTY PecypcCiB s 3a0e3rmeueHHs
e(eKTUBHOI B3a€MOJIii OCBITHIX YyCTaHOB Ta INIIPHUEMCTB; 2) PO3POOHTH
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MareMaTuyHy (QopMallizaliio Hpolecy pO3MOJUTy pecypciB y ayalbHid
cHUCTeMi 3 YypaxyBaHHAM IHTEpECiB YCiX 3alliKaBJIE€HHX CTOpiH; 3)
OOTpYHTYBaTH METOAM OINTHMI3alii JUIi BHUPIMNICHHS 3aJa4i PO3IOALTY
pecypciB y AyanbHiH CHCTEMi B yMOBaX HEBH3HAYCHOCTI Ta MIHJIMBOCTI
30BHIINIHBOTO CEPEIOBHUIIA.

BukJax ocHOBHOTO MaTepiaiy.

B mocmimxkeHi, sike TpUBao 3 CidHs 1Mo rpyaeHb 2024 poky, TpUHHSIN
y4acTh 5 IpeNCTaBHUKIB OCBITHBOI cdepH, 15 npencraBuukis 6i3necy Ta 10
€KCIIePTIB.

JocnijpkeHHsT  IOCATIIO  MOCTAaBJIEHOT METH IUIIXOM  PO3POOKHU
OIITHMI3aIiifHOT MOJIeITi PO3MOITY pecypciB y AyallbHIH cucteMi B3aeMoil
ocBiTH Ta Oi3Hecy, sKka 3a0e3nedyBaja MaKCHMaJIbHY e(QEKTUBHICTh
MiArOTOBKK (DaxiBI[iB BiAMOBITHO 10 mOTped puHKY mpari. CTBopeHa
OararokpuTepiaJibHa MOJENb ONTHMi3amii IHTErpyBajia EeKOHOMIidH,
COILaBbHI Ta OCBITHI IOKA3HHUKH JJISl TOCATHEHHSI CHHEPTETHYHOTO €eKTy
BiJl CITiBIIpAIli OCBITHIX YCTaHOB Ta ITiJIPHUEMCTB.

MareMaTidHa MOJENb PO3MOJILTY pecypciB chopMoBaHa aBTOPOM
TMOCIIDKeHHS K 3ajada OaraToKpUTepiaibHOI ONTHMI3allii 3 IUJIEOBOIO
dynkuiero:

F(x) = max[E(a'- E'(x) + B'- S'(x) + v'- Q'(x))] ey

ne Ei(x) - Oe3po3mipHnii Koe(illi€eHT EKOHOMIUHOi e(pEeKTHBHOCTI
(miamazon 0-10, me 0 - moBHa HeedekTHBHICTH, 10 - MakcUMaibHA
e(heKTUBHICTB); Si(X) - 1IHACKC 3aJJOBOJICHOCTI yYaCHUKIB IpoIiecy (Aiama3oH
0-1, ne 0 - moBHa He3alOBOJIEHICTh, 1 - TOBHA 3aJ0BOJEHICTB); Qi(X) -
KOC(IIIEHT BIAMOBIAHOCTI KOMIIETEHTHOCTECH BHMMOTaM PHUHKY (Iiama3oH
3Ha4yeHb: Bijg 0 10 1, 1e 0 - OBHA HEBIAMOBIAHICTS, | - TOBHA BiAMOBIIHICTB);
ai, Bi, ¥i - HOpMai3oBaHi BaroBi koedirientu (mianason 0-1, e cyma a; + i
+vi =1 U1 KO’)KHOTO BapiaHry 1).

3MiHHA X - 1€ BEJMYHA, [0 ONTHMIi3YEThCS:

X - IIe BEKTOp PO3MOAUTY pecypciB (MarepianbHUX, iH(OpMALIHHKX,
JFOACHKHX) MiXkK OCBITHIMH YCTAaHOBaMH Ta ITiJIPHEMCTBAMH.

A E(x), S(x), Q(x) - ue ¢hyHKII, o0 3aJeKaTh BiJ MBOTO PO3MOILTY

pecypcis:

° E(X) - sx ekoHOMIUHa €(EKTUBHICTh 3MIHIOETHCS 3aJISKHO Bif
PO3MOIITY pecypciB

° S(X) - SK 3a/JI0BOJICHICTh YYaCHUKIB 3aJ€XKHUTh BiJl PO3MOALTY
pecypciB

° Q(X) - SIK BIAMOBIAHICTH KOMIICTCHIIIH 3AJIC)KUTh BiJ PO3MIOILTY
pecypciB
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Tobro mykaemMo onmTHMAJdBbHMIi po3moaia pecypciB (X), sKuit
MaKCHMIi3y€ 3BAKEHY CyMy TPhOX KPHUTEPIiB.

Ilepmie 3aBmaHHS  BHKOHAaHO Yepe3  BU3HAYCHHS  KPUTEpiiB
ONTUMAJIBHOCTI, J€ eKCIIEPTHUM OLIHIOBAaHHSAM BCTAHOBJIECHO Barosi
KoedimieHTH: ekoHoMiuHa edekTuBHICTE (o0 = 0,42), 3a70BOJEHICTH
yuacHukiB (B = 0,31) Ta BiamoBimHicTs KoMmmeTeHHin (y = 0,27).
KBaapokpurtepianbHa cxeMa OIIHIOBaHHS BHSBHWJIA 3arajlbHUN 1HAEKC
TOTOBHOCTI CTEHKXOJIIepiB A0 CIHIBIIpall Ha piBHi 6,6 O6aniB 3a 10-0anbpHOI0
IIKAJIOK0 IMPHU CTATHCTHYHO 3HAYYIIMX BIIMIHHOCTSIX MIiX OCBITHBOIO Ta
0i3Hec-cepamy 3a MOTUBALIHHUM Ta PECYPCHUM KOMIIOHEHTaMH.

Jlpyre 3aBJaHHs peai3oBaHO po3poOKOI0 MaTeMaTH4YHOI opmartizarii
IIpoLIecy SIK 33/1a4i OaraToKpUTEpiaIbHOT ONTHMI3alii 3 JiHIHHOIO LiJIHOBOIO
(GyHKII€I0,  MapaMeTpPHU30BaHOIO 32  pe3yJibTaTaMd  EMIIPUYHOTO
nociipkenHss 120 3100yBadiB OCBITH y JI€CATH IPOBIIHMX KOMITaHIsX
VYxpainu: Ykpromra, HoBa nomra, Rozetka, Eninentp, @opa, Cinsno, ATB,
UKRSIBBANK, Oman6ank ta Vodafone. Momens mpoaeMoHCTpyBasia
BHCOKY TOYHICTh IPOTHO3YBaHHS 3 CEpPEIHBOI0 aOCOIOTHOIO BiJICOTKOBOIO
moxubkoro 11,3%, mo 3HaYHO HIKYE KpUTHYHOTO mopory 15% mms
MIPaKTUYHOTO 3aCTOCYBaHHS.

Tpere 3aBmaHHs BUpPIIIEHO OOIPYHTYBaHHSIM METOLY aHAI3y
O00OJIOHKM JaHUX JUId ONTHMIi3alii po3NOALLy pecypciB B yMOBax
HEBU3HAUCHOCTI. Bamigaiis Mopesi 3acBiuniia BHCOKY Y3TODKEHICTH 3
excrieprHUMHU oriHkamu (r = 0,82) Ta cTaOUIBHICTH pillleHh NpW Bapiamii
rapameTpiB, II0 MiATBEp/KyBaJlo 1I HaIiiHICTH Al CTPATEri4yHOro
TUTaHYBaHHS.

[MpakTiuHi pexoMeHmamii BKIIOYAIM BHPOBAKEHHS 30ajlaHCOBAHOI
IyaabHOI MOJENI po3MoAlTy pecypciB 3 mpomopiiero 40:60 Mik OCBITHIMA
ycTaHOBaMHU Ta Oi3Hec-TIapTHEpPaMH, CTBOPCHHS IHTETPOBAHUX MEXaHI3MiB
(inaHCcyBaHHS Ta pO3pOOKY Mu(EepeHIIHOBaHIX MPOrpaM MiATOTOBKH IS
PI3HHX CIIeMiaIbHOCTEH 3 ypaXyBaHHSM iXHiX OCOOJMBOCTEH amamnTartii.

IlepciekTBM TMONANBIINX AOCHIMKEHb OXOIUIIOBAIM PO3IIMPEHHS
MoOJenl Uil BpaxyBaHHS JUHAMIYHMX 3MIH DPUHKY TMpal, IHTerpamito
UUGPOBUX TEXHOJOTIM y Tpomec ONTuUMisamii Ta  JOCHTIIKCHHS
MIDKHApOIHOTO IOCBIAY afanTauii JyalbHUX CHCTEM JI0 HalliOHAIBHUX YMOB
JUTSL T IBUILEHHS [TPOTHOCTUYHOT 3JaTHOCTI MOJIEII.

OOMeXeHHSI JIOCHIJDKEHHS TIOB's3aHl 3 IPOBEJICHHSM B YMOBax
BIMICEKOBUX JMii, 10 OOMEKMIO reorpadito eMIIPUYHUX IOCHTIIHKEHb Ta
MOXIIUBOCTI OYHOTO CIOCTEPEXEHHS, a TaKOXX 3 BIJHOCHO HEBEIHKOIO
BHOIPKOIO €KCIIEPTiB Ta KOPOTKOCTPOKOBUM IIepiogoM Balifamii Moxen 6e3
JIOBI'OCTPOKOBOTO MOHITOPHHTY pE3YJIbTaTiB.
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PesynpraTi  mOCHIIUKEHHS CTBOPIOBAJIM HAyKOBE IIJIIPYHTS Ui
onTuMi3arii B3aeMojii OcBiTH Ta Oi3Hecy B YKpaiHi, 3a0e3medyroun
TEOPETHYHY OCHOBY ISl PO3POOKH J€PIKABHOT MOMITUKU PO3BUTKY Iy albHOT
OCBITH Ta TPAaKTHYHUN IHCTPYMEHTApiil IS yTpaBIiHHSA pecypcaMu B
OCBITHBO-0i13HEC MAPTHEPCTBAX.

Takum 9HOM, pO3p0o0IICHA ONITUMI3AIliTHA MOIEITb PO3IOILTY PECypCiB
3a0e3meuyBayia HAyKOBO OOTPYHTOBAaHWM MiAXiJ 0 MakcUMizaii
e(eKTUBHOCTI MiAroToBkH (axiBIIB BiJMOBIAHO 1O MOTped PUHKY Mpail,
BPaxoOBYIOUM CHerudiky pi3HUX CIEIabHOCTeH, TeHIEPHI 0COOJMBOCTI,
OayaHC TEOPETHYHOI Ta MPAKTUYHOI i JrOTOBKH.
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CEKIIA 5. TPA®U 3HAHb, OHTOJIOI'li, MAIIWHHE
HABYAHHS, TPA®OBI BA3U JIAHUX, INITYYHUI IHTEJEKT

CTBOPEHHSI OHTOJIOT'Ti ®EHOTHUIITYHHUX O3HAK
COHSIIIHUKA HELIANTHUS PHENOTYPE (SEED & HEAD):
HUOPOBI3ZALIA XAPAKTEPUCTUK HACIHHSA
Cranucnas Benmenes
Hayionanvnuii ynieepcumem «3anopizvka nonimexuixay

DEVELOPMENT OF AN ONTOLOGY OF SUNFLOWER
PHENOTYPIC TRAITS HELIANTHUS PHENOTYPE (SEED &
HEAD): DIGITIZATION OF SEED CHARACTERISTICS
Stanyslav Vedmedev
National University "Zaporizhzhia Polytechnic”

Abstract. This study presents the development of the HELIANTHUS
PHENOTYPE (SEED & HEAD) ontology, a result of collaboration between
the Institute of Oilseed Crops of NAAS of Ukraine and Zaporizhzhia
Polytechnic. Emphasis was placed on quantitative phenotypic traits, with a
focus on precise measurement of seed area and size using digital image
analysis. A dataset of 3,000+ seed images from 250 sunflower lines was
collected to capture morphological variability. Standardized imaging was
performed with a stationary photo system in the RGB spectrum, minimizing
visual distortions. A custom segmentation algorithm was developed to detect
seed contours and extract color and size parameters automatically. This
approach enables accurate, automated phenotypic analysis, supporting
breeding and agricultural research.The resulting database provides a valuable
digital resource for phenotypic analysis and supports ongoing sunflower
breeding programs.

VY cmiBmpani Mk ¢axiBusmu IHcTuTyTy onmiiiHux Kynbryp HAAH
VYkpainu Ta HanioHansHUM yHiBepcUTETOM «3aropi3bka nojiirexHika» 0yso
CTBOPCHO OHTOJIOTIIO (eHOTHIMIYHMX O03HaK coHsimHuka HELIANTHUS
PHENOTYPE (SEED & HEAD) [1]. Ilpu po3poOui wmi€i onroiorii
¢axiBisiMu [HCTUTYTY ONIMHUX KyJabTyp OyJ0 BH3HAYEHO CTpaTeridyHuit
HanpsIMOK Omucy (EHOTHIIYHMX O3HaK dYepe3 KIUIbKICHI, a He SKICHI,
MMOKa3HUKHU. SIKiCHI TOKa3HUKM TIpH OMUCI (PEHOTHIIYHHX O3HAK
BUMIPIOBATMCS 32 HOMIHAIBHOIO a00 MOPSAKOBHMH IIKaliaMd. B pamkax
CTBOPCHHS METOIWKH OMHUCY KUTBKICHUMH TTOKa3HUKaMH ()EHOTHITITHMX
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O3HaK BigOyBaJOCS CTBOPEHHsS IPOrPaMHOrO IPOAYKTY MJIsi TOYHOTO
BUMIpIOBaHHS IUIOIII Ta po3Mipy HaciHMH. Bymo 3i6pano monax 3000
300pakeHb HACIHHS COHANIHHKY, IO OXOILUTIOIOTH 250 3pa3kiB 3 pi3HUX
TeHeTHYHUX JiHid. Taka pi3HOMaHITHICTH MaHWX 3a0e3ledye MIHPOKY
Mop¢ororiuHy BapiabenbHICT, MO € KPUTHIHOKI U MOOYIOBH TOYHHX
Mozenell KOMIT'IOTEpHOTO aHalizy Ta aBTOMAaTH30BaHOI 0OpOOKH
(beHOTHITIYHNX XapaKTepUCTUK. 3HWOMKa 3pa3KiB 3MiHCHIOBajIacs 3a
JIOTIOMOT'OI0 CTallioHapHOi (POTOCUCTEMH 3 (PIKCOBAHOIO ONTHYHOIO BiCCIO Ta
CTablIbHUMH TapamMeTpamMu 3HOMKH (BiJICTaHb, OCBITJIEHHS, (OKYC), MIO
3abe3neuyBaso yHiikoBaHI yMOBH peecTpallii 300pakeHb Ta MiHIMi3yBaJo
cHCTeMaTH4Hi TOXHOKH, OB’ s13aHi 3 BapiallisiMU NEPCIIEKTHBH Ta CBITIIOBOTO
cepenoBuina. 300pakeHHs HaciHHS Oyslo oTrpumaHo y BuauMomy RGB-
CIIEKTpi, IO JIO3BOJISIE AHATI3YBaTH KOJNIPHI XapaKTEPHCTHKH 3a TPbhOMa
OCHOBHMMH KaHaJaMH: YEPBOHHUM, 3€JIEHHM Ta CHHIM. 3pa3KW HaciHHS 3
YEpBOHUM 1 CHHIM MapKyBaHHSM pO3MiIyBaiiucs y (pikcoBaHill opieHTaIIii
mo ToOiuHil miaroHaii, mo 3abe3mnedyBanio CTabiIbHICTE T€OMETPHYHOTO
MONMIOKEHHST ~ Ha  300pakeHHsAX.  HaToMicTh  3€leHi  HacCiHMHH
¢dotorpadyBanucs 3 KUTBKOX NPOEKIiH 3 MeTor (opMyBaHHS OiNbII
ITOBHOT'O HA0OPY BXiTHHUX JAHUX IS TOJAIBIION0 MOP(OIOTIYHOTO aHATi3Y
(puc. 1). Jlns aBTOMaTH30BaHOi OOPOOKH 300pakeHb OYJIO peali3oBaHO
ITOPUTM CerMeHTallii Ha OCHOBI K0JbOpoBUX Mex Y RGB-npocropi, sikuit
JI03BOJISIE TOYHO BHJIUIATH KOHTYPH HACIHMH HE3QJISKHO BiJl YMOB 3HOMKH.
He#t miaxin onTuMi3ye TpoNeC MONMePeaHbOi OOpOOKH 300paKeHb,
3a0e3Meuyroud BUCOKY TOYHICTh Y BHSBJIEHHI KOJIPHMX 1 PO3MipHHUX
XapaKTEepPUCTUK. AJITOPUTM aBTOMAaTHYHO BHU3HA4ae Mdiana3oHH KOJIbOPIiB
(MiHIMaJIBHI Ta MaKCHMAaJIbHI 3HAYCHHS) Yy MEXaX CErMEHTOBaHOi o0iacTi
HACIHWHU.

Puc.1 — ®oTo cMyracToi HaCiHWHU COHSIITHHUKY y PI3HIX YMOBax
¢dororpadyBaHHs: BepxHill psia Ha OitoMy (OHI, HIKHIN Ha YEPBOHOMY,
3J1iBa Ha MPaBo POTO y YSPBOHOMY CBITJIi, CHHBOMY, 3€JICHOMY Ta O1JIOMY

Peaunizariist Takoro miIxomy a€ 3MOTY aBTOMAaTH3yBaTH Mpolec 300py
KUIBKICHUX XapaKTEPUCTUK HACIHWH, IO CYTTEBO MiJABHILYE €(DEKTHBHICTH
cenekuiiiHoro ananisy. OrpuMana 6a3a qaHuX 3a0e3neuye HamiiHy OCHOBY
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Ut (DEHOTHUIIOBOTO aHAII3Y Ta MIATPUMYE CY4YacHI CENCKIITHI TOCITi IKCHHS
COHSIITHHUKY

PoGoTa BHKOHaHa B paMKax JOTOBOPY IPO CIIBPOOITHHUIITBO MiX
Iacturyrom omiitHux KyasTyp HAAHY Ta HamioHanbHUM yHIBEpCHTETOM
«3amnopizpka nomirexuika», HJIP 05014 “TIpuifHATTS eeKTHBHUX pillIeHb Ha
OCHOBI 1HTENEKTyaTbHIX TEXHOJIOTIN Ta BIIKPUTHX JaHUX .
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APPLYING WAVELET ANALYSIS TO DATA VALIDATION
IN RISK ASSESSMENT SYSTEMS
Pavlo Hrynchenko, Anna Bakurova
National University "Zaporizhzhia Polytechnic"

3ACTOCYBAHHS BEMBJIET-AHAJII3Y JJISI BAJIIIALTT
JAHUX Y CUCTEMAX OIIHKHA PU3UKIB
[Tano TPUHYEHKO, Aana BAKYPOBA
HY «3anopizvra nonimexunixay

Abstract. The research focuses on two main developments: the Network
Anomaly Detection System NADS and the fuzzy logic-based ACRAM
access control risk assessment methodology. In this study, we propose an
approach for data validation and anomaly detection in risk assessment
systems using wavelet analysis. The methodology can be integrated into risk
analysis systems to enhance cybersecurity protection. Experimental results
show a strong inverse correlation between detection reliability and anomaly
severity, which confirms the system’s adaptability to dynamic threats.
Furthermore, an additional energy-based component analysis revealed that
the anomaly detection system exhibits a moderate level of stability. The
derived threshold values enabled the identification of unstable time intervals,
offering a practical means to refine future system reliability assessments.

Introduction. The work develops a new method for Applying Wavelet
Analysis to Data Validation in Risk Assessment Systems.
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The first development is a network intrusion detection system
(hereinafter referred to as NADS) and its comparison with existing open
systems.

The object of second development the study is three information
systems. The first system (S1) is a functioning system, the state of which can
be normal or abnormal, described by a set of system parameters at a certain
point in time. That is, there are time series describing the normal behavior of
this system and deviations from it.

The second system (S2) is designed to detect abnormal activity in the
first system. The output of this anomaly detection system is represented by a
time series, each of the values of which characterizes the state of the system
at a certain point in time by two parameters — the confidence of the second
anomaly detection system in assessing the state of the first system and the
severity of the anomaly that occurred in the first system.

ACRAM (S3) is a risk assessment methodology developed within the
Telemetry project, aimed at adaptive threat management and predictive risk
analysis in complex information systems.

The purpose of the study is to develop a method for assessing the
sustainability of the anomaly detection system based on the analysis of
changes in the confidence of the system and the severity of the detected
anomalies using wavelet analysis to verify data in the risk assessment system
(the third system - S3).

Main Part. NADS is a network signal modeling method for detecting
network anomalies that combines wavelet approximation and system
identification theory. This work proposes a novel technique for modeling
network signals to detect anomalies in networks. Specifically, the overall
architecture of our approach, illustrated on the (Fig.1), consists of three main
components: feature analysis, modeling of normal network traffic using
wavelet approximation combined with ARX-based forecasting, and intrusion
decision-making.

packet features Dased. residuals the fact of intrusion
flows on network flow or normal course

4>{ analysis of features H normel dally traffic H invasion decision }—»
pattern

Fig.1 - The main architecture of the “NADS” system

During feature analysis, we define and generate a list of features to
characterize network traffic behavior, and we expect that the greater the
number of features, the more accurately the traffic volume information for
the entire network will be characterized. This differs from current wavelet-
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based network anomaly detection approaches, as most of them use a limited
number of features or existing features from a publicly available intrusion
detection dataset as inputs.

Once a prediction model for normal network traffic is obtained, it can
be used to distinguish between normal and anomalous signals. When the
input to the model consists solely of normal traffic, its output—referred to as
the residuals—remains close to zero, indicating that the predicted value
closely matches the actual normal input. Conversely, when the input includes
both normal and anomalous traffic, the residuals exhibit significant peaks at
the locations of anomalies. In this case, the residuals can be viewed as a
mathematical transformation that suppresses normal network data while
amplifying anomalous patterns.

During the course of this research, it was determined that while NADS
is indeed an effective protection method, a more efficient approach lies in
preventive actions. Therefore, a strategic decision was made to shift the focus
of system protection towards the development of a risk assessment
methodology for access control, referred to as ACRAM.

Our research is based on an access control methodology developed using
fuzzy logic. Within this framework, we analyzed specific common
vulnerabilities and their associated risks, relying on the CVSS standard to
determine system parameters.

(Fig.2) shows the Structure of a fuzzy inference system for assessing the
severity of vulnerabilities in a network system.

The system includes a set of input parameters modeled as linguistic
variables, and a single output parameter that provides an assessment of the
severity of vulnerability consequences. All components of the system are
interrelated and collectively influence the final result.

CVEid,
CVSS-BTE

\_H
onfide

UEBA (User end Entity
L, Vulnerable System

N Belavior Andlytics)
—~ 1\ Checklist
’( ) < V) Attack severity
i SBOM
~ &
Availability, VA

N
Object access frequency, - (
P CiA

R =

Informyation sensifivily

level, ISL

Level of object ifluence
LoI

Sensitivity levels
Fig.2 - Structure of a fuzzy inference system for assessing the severity
of vulnerabilities in a network system
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Let us take a closer look at the main input parameters of the system.

The Object Access Frequency (OAF) parameter reflects how frequently
a particular object is accessed by system entities.

The Information Sensitivity Level (ISL) refers to the classification of
information based on its confidentiality, which often determines the level of
protection and the control mechanisms required.

The Level of Object Influence (LOI) describes the extent to which an
object in the system affects other components.

The CIA Impact Metrics group (Confidentiality, Integrity, Availability)
is used to evaluate the potential impact of security breaches on the system's
confidentiality, integrity, and availability.

This group includes the following vulnerability metrics:

— Vulnerability System Integrity (VI) measures the system's
vulnerability to integrity violations.

—  Vulnerability System Confidentiality (VC) addresses the system's
susceptibility to breaches that could compromise the confidentiality of
sensitive information.

—  Vulnerability System Availability (VA) assesses potential threats to
the system’s availability, such as risks that may prevent authorized users from
accessing the system or its data.

Special attention is given to the Safety metric, which accounts for the
presence of Al-based objects in the system. This metric evaluates the
potential impact on the physical safety of human actors or participants who
could plausibly be harmed as a result of exploiting a vulnerability-particularly
relevant in systems involving Al-powered robots).

The output parameter of the system is Attack Severity — an indicator that
reflects the potential damage or impact an attack may have on the system. It
helps assess the seriousness of an attack, including the scale of the damage
and the effort required for recovery.

The severity scale consists of five levels, ranging from Slight to
Catastrophic, each defined by clearly specified membership functions to
enable accurate risk assessment.

To improve the efficiency of our ACRAM methodology, it was decided
to use the discrete wavelet transform to pre-validate the input data. The
method is developed using the 4th order Daubechies wavelet transform
(DB4), which allows:

— to separate normal system behavior and abnormal states by
analyzing various frequency components of the signal;

— to decompose the signal into approximating and detailing
coefficients, which helps to identify system instability.

The use of DB4 wavelets in this study is due to their unique properties:
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— compact carrier — allows for efficient analysis of local signal
features;

— good frequency localization — wavelets are capable of decomposing
a signal into frequency components without loss of information;

— orthogonality — enables accurate signal reconstruction;

— smoothness — DB4 is smooth enough for time series analysis [1].

Fourth-order wavelets provide a balance between time localization,
frequency resolution, and computational complexity. They are particularly
suitable for analyzing data associated with abrupt changes, which is typical
for anomaly detection systems.

The developed method for assessing the robustness of an anomaly
detection system includes several key steps.

First of all, the DB4 wavelet transform is used, which allows separating
long-term trends and short-term fluctuations in the system's confidence. This
makes it possible to identify uncharacteristic changes in its operation, which
is especially important when analyzing the behavior of an anomaly detection
system.

The energy of the components is calculated, characterizing the intensity
of high-frequency changes in the signal, which allows for a more accurate
assessment of the level of instability of the system.

Stability criteria are used for a comprehensive assessment of the system
performance (S2):

1) correlation coefficients between system confidence and the severity
of anomaly in (S2);

2) results of energy analysis of signal components, as well as an
assessment of the level of instability of S2 through energy thresholds.

The next step is statistical analysis, which determines the correlation
between the system's confidence and the severity of the detected anomalies.

The behavior of the system (S2) is analyzed during transitions between
the state of normal system operation and its abnormal behavior, which allows
for the analysis of the system behavior, for example, the relationship between
the level of confidence of the system in detecting anomalies and the severity
of the anomalies.

Determination of instability levels (S2) is carried out based on the
analysis of the energy of the components, which allows for a quantitative
assessment of the system's stability (S2) to external disturbances. In addition,
a correlation analysis of the confidence and severity of anomalies is
performed, which helps determine the degree of consistency of the system's
conclusions.

The developed data validation method was tested for integration with
the ACRAM risk assessment system (S3) [2].
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Main areas of application of the developed method in ACRAM:

— preliminary data screening to determine the reliability of input data
and identify periods of instability (S2);

— data filtering to exclude periods of high instability from the risk
assessment analysis;

— integrated assessment can be used in conjunction with ACRAM for
two-level risk analysis;

— verification of risk assessment results will improve the accuracy of
conclusions (S3).

The developed method was tested by analyzing the test data obtained as
aresult of the work (S2). The study revealed a significant negative correlation
(-0.853) between the confidence of the system (confidence) and the severity
of the detected anomalies (severity). This means that as the severity of the
detected anomaly increases, the confidence of the system (S2) decreases. This
result confirms that the system adequately responds to anomalies, reducing
confidence when moving to more critical states.

The approximation coefficients were calculated using formula (1) (using
a sliding window with cyclic continuation) [3]:

yInl = ) ayelnl, ()

k

where: y[n] is the approximated signal; y,[n] is information about the
confidence of the system; a; are the approximation coefficients.

In the context of wavelet analysis, we consider an approximation with a
step of 2, i.e., from 100 input values we get 50 approximation values. This is
with the principle of operation of the wavelet transform. Decimation allows
you to reduce the redundancy of the signal representation.

To reconstruct the signal from the approximation, we use formula (2)

[4]:
x[n] = chﬁkﬁj [n - 2/k] +ij_kgj[n— 20k), @)
=1 kez kez

where: x[n] is the reconstructed signal; ¢ , b; ; are the decomposition

coefficients;
h = [0.4829629131445341, 0.8365163037378079,
0.2241438680420134, -0.1294095225512604]
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g = [-0.1294095225512604, -0.2241438680420134,
0.8365163037378079, -0.4829629131445341]

This gives us reconstructed signal values which are used for further
analysis.

The correlation between confidence and seriousness was calculated
using formula (3) [5].

= COVxy _ YX-X)(Y-Y)
N SO YU

)

where: X, Y are time series, each of the values of which characterizes the
state of the system at a certain point in time by two parameters - the
confidence S2 of detecting an anomaly when assessing the state S1 and the
severity of the anomaly that occurred in S1; X, ¥ are the average values of
the time series; r is the correlation coefficient.

Example of calculating the transition of the system state from Off (no
anomaly) to Red (anomalous behavior)

In the context of the wavelet transform, we can say that the signal is a
sum of different components, each of which reflects certain features of the
signal at different scale levels (or frequencies). These components contain
information about the high-frequency and low-frequency variations of the
signal.

The sum of the energy of these components is equal to the total energy
of the original signal, which means that the wavelet transform is an energy-
efficient process.

Wavelet analysis allows one to calculate the component energy — a
metric that reflects the level of instability of the system [6] according to the
formula (4).

[ee]

E, = Z x2[n], )

n=—oo

where X is a real number.
For different time intervals, the mean energy value (2.968) and standard
deviation (0.0894) [7] were calculated using the formula (5).

STD = ’Z(XT_X_)Z 5)
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where:

X — individual energy window values calculated as the sum of squares
based on the time series of component energies;

X — average window energy value;

n — number of windows.

Using formulas (4) and (5) the threshold values of instability were
determined S2:

— lower threshold: 2.879;

— average threshold: 3.057;

— high threshold: 3,147.

The average energy per window (2.968) was between the lower and
middle thresholds, indicating a medium level of system stability (S2). The
study was able to identify time intervals in which the system demonstrated
instability. This is important for further improvement of the anomaly
detection method. (S2).

Conclusion. The CVEs reviewed in the study highlight the urgent need
to implement effective protection mechanisms. Prioritize regular system
updates to preserve data and prevent attacks. Prioritize maintaining a
proactive approach to system security.

The further research plan involves developing scenarios of potential
vulnerability actions in certain systems and protection strategies to reduce
risks.

The developed method for assessing the stability of the anomaly
detection system has proven its effectiveness, allowing us to assess the
stability of the anomaly detection system (S2).

During the analysis, it was confirmed that the use of the DB4
wavelet transform effectively solves the problem of separating normal and
abnormal behavior of the system, ensuring accurate detection of unstable
states.

One of the key findings of the study was the identification of a
significant negative correlation (-0.853) between system confidence and the
severity of detected anomalies.

Additional calculation of the component energy showed that (S2)
demonstrates an average level of stability. The calculated threshold values
allowed classifying the time intervals of instability, which makes it possible
to take them into account in the future when assessing the reliability of the
system.

The goal of further research is to integrate the proposed method for
assessing the stability of the anomaly detection system with the ACRAM
system (S3)
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MNPUKJIAJHE PIIHIEHHS AJ1s1 OHIHKHU PU3UKY
AHOMAJIbHOI HOBEJIHKH CYB’EKTIB VY IT-
IHOPACTPYKTYPAX
I'pittkeBua ALA.,
acmipant HY «3amopizbka momiTexHika

APPLIED SOLUTION FOR RISK ASSESSMENT OF
ANOMALOUS SUBJECT BEHAVIOR IN IT INFRASTRUCTURES
Gritskevych A.A., PhD student at National University "Zaporizhzhia
Polytechnic"

IudpoBa ekoHOMIKa B Halll Yac PO3BUBAETHCA CTPIMKO, pa3oM 3 IIUM
LIBHJKO 3POCTal0Th po3Mipu Ta pizHoMaHiTHICTH IT-iH(ppacTpykryp. B
TaKMX YMOBax 3aj1adi KibepOe3neKy He BTpaydaloTh aKTyaJbHICTh, 30KpeMa
KoHTposib  moBefinku [T  kopucryBadiB  (CyO'exTiB), BH3HAuUCHHS
AHOMAITBHOCTI 1X TIOBEIIHKH, IO B TOMY YHUCIi popmye pu3uK. Hezpaxaroun
Ha BEJIHKY KUIBKICTP METOMIB 1 IHCTPYMEHTIB, ONEPaTHBHO Y3TOAWUTH 1
IHTeTpyBaTH TOTOBI pIlIEHHS 3 BHYTPIMIHIMA IIOJITHKAMH YacTo OyBae
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CKJIQJIHUM 3aBJIaHHSAM - KOH(IIKTH MDK BHYTpILIHBOIO IOJITHKOIO Ta
KOMEpUiIHHUMH IIPOAYKTaMH, 0OMEXEHHS THYYKOCTi, TPHBATICTh PO3POOKH,
BIIPOBA/DKEHHS CKJIQJHMX CHUCTEM KOHTpPOJIO Ta iHme. B Takmx ymoBax
HEOOXiZTHO BHKOPHCTOBYBAaTH TakKi METOIH, SKi JO3BOJIIIOTH THMYAacOBO
M IBUIIUTH PiBeHb KiOepOe3neKy, MoK He Oy/ie CHCTEMHOTO PillleHHS.

Icaye psan epekTUBHUX METOIIB BHUSBICHHS aHOMAid TOBEIIHKH
cy0'exTiB, OJJHAK TM HE BHCTa4a€ alaliTABHOCTI, ypaxyBaHHS BCiX (akTopiB
BIUIMBY 1 aJIeKBaTHOI KiJIbKICHOT OLIIHKYM pH3HKy. Y crarTi [1] mpencraBieHo
meron MG-UABD, skwuii 0a3yerhcsi Ha OaraTOpiBHEBOMY aHami3i st
BUSIBIICHHSI aHOMAaJIbHOI MOBEAIHKM KOPHCTYBadiB. Y TOW 4Yac sk rpyOumit
MOJYJb 3HAXOJHWTh TIOTEHIIHHO aHOMAJIBHUX KOPHUCTYBadviB, JpiOHHUN
MOJYJb YTOYHIOE OWiHKy. Jlius BumpaBieHHS [ucOajgaHCy KiaciB
3aCTOCOBYIOTHCSI METO/IM HAJICEMIUIIHTY Ta IifceMIntinry. Ha nHabopi nqanux
CERT R4.2 cucrema mpoaeMOHCTpyBaja BHCOKY TOYHICTH, OJHAaK BOHA
iIrHOpY€ 4acoBi (pakToOpH, KUIBKICHY OIIHKY PH3HMKY Ta KOHTEKCT Iiil. ¥ [2]
posrmsaryTo 3actocyBaHHs UEBA mis iHTerparmii B cucTeMH yIpaBIiHHS
inearuunicTio (FIM). IIpomoHyeThcs CTBOpIOBaTH BiIOWTKH  cecil
KOPHUCTYBadiB, HA OCHOBI SIKMX BH3HAYaTHMETHCS HETHIIOBA MOBEAIHKA, HE
MPOTOHYIOYM 3MiH J0 iH(ppacTpykTypu. Ile Moxe Oyt edexTuBHO
BUKOPHCTaHO JUIs CKJIQJHMX PpO3TAY)KEHHUX CHUCTEM, ajieé TaKkoXK He
JIOCTaTHBO (hopMasi3ye OIIHKY aHOMAJIBHOCTI 1 BCl 3HAYyIm (GakTopu
BumBy. Crarts [3] mnokasye wmeronm UBAD 3 OLAP-kybamu i
CTaTHCTHYHUMH TecTtamu (Bpax. Peacock). Takmit miaxin o0'eMHO OIiHIOE
MOBEAIHKY KOPHCTYBauiB 1 JIOCTaTHHO TOYHO OLIHIOE aHOMAJIbHICTb, MPHU
BOMY Horo peainizanis HoTpedye BEJIMKHX OOYMCIIOBAILHHX PECYpCiB, a
TaKOX MOKe OyTH yCKJaJHEeHa AWHAMIYHA aHANITHKA. Po3risin HasBHUX
pilleHs i IX HENONIKIB JJa€ MOTHBAIII0 OO0 MOJANBIIAX TOCTIIKECHb 1
PpO3pOOKH.

Taxox Ha pHHKY IPOTPaMHOTO 3a0e3MeueHHs TOCTYIIHI Pi3HI CHCTEMH,
SIKi peani3yloTh TiAXoau 10 300py, MOHITOPHHTY W aHaJi3y MOBEAiHKOBUX
monii. Taki cucteMu MOHITOPUHTY O€31eKH Ta IICHTPATI30BAHOTO JIOTYBAHHS
sk Wazuh, sixi 3a06e3ne4yroTh 30ip, MOHITOPHHT Ta aHaJi3 3arpo3, BUSBICHHS
IHI[MICHTIB Ha KIHI[EBUX [IPUCTPOSIX MAIOTh FOTOBI CIIEHAPIi, MPO30PiCTh Ta
OC3KOIITOBHY JTOCTYMHICTh. AJI€ Ul ONTHMAIBHOTO BiJICIIIKOBYBaHHS
aHomanid 1 apmanrauii I3 g0 3MIHHMX YMOB B CHCTEMi KOpUCTyBay -
iHppacTpyKTypa HeoOXiJHa BelIMKa 4YacTKa pYYHOTO HaJaIlTYBaHHS.
MoHiTopuHra 3a eeKTHUBHICTIO criiBpoOiTHHKIB, Taki sk UAM Ekran,
30MparoTh 3HaYHy KUIBKICTh JaHUX IIpo cecii cy0'ekTiB Ha iX poboumx
pocTopax (BpaXxoBYHOUH KeWinorepw, B3aeMomnito 3 (ailmamu, 3amyIieHi
nporpamu). 3a0e3Meuy€eThCs KOPCTKANH KOHTPOIb B IWHAMII, aje TaKoro
MOHITOPHHTY  BHKOPHCTAaHHA MOXE OOMEXyBaTHCS CeTHYHUMH,
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KOPIOPaTUBHUMH HOpMaMH1 ab0 3aKOHOM ITPH TaKOK BEIMKIN YacTIi py4HOT
po0OTH NpH HANAIITYBAaHHS TPUTEPIB HAa aHOMaJbHI 1ii. XMapHi pilIeHHS
kiacy SIEM/SOAR i3 BOytoBanuM MoysteM mty4Horo intenekry Ta UEBA
(User and Entity Behavior Analytics), Taki sk Azure Sentinel, 3matHi
BHUABIITH CKJIAZHI 3arPO3W Ha OCHOBI IMOBEIIHKOBHX MAaTepHIB, HABITH Y
BUIIAJKaX, KOJAM NOAIl HE BIANOBIZAIOTH KIACHYHUM IIa0JIOHAM.
[linTpuMyIOTh BHCOKY aBTOMATH3aIlif0, IPOTE MAIOTh BHCOKY BAapTiICTIO, a
HaBeJCHU! MpPUKIA] M€ 1 Mae CyTTEBY 3aJEXKHICTh BiJl E€KOCHCTEMH
Microsoft. Exocuctemu Bxke miasi NoOYJOBH ILEHTPATi30BAHOI CHCTEMHU
JIOTYBaHHs, aHai3y Ta Bi3yamisamii, Taki sk Elastic Stack, MoxyTb
BKJIIOYAIOTh MOAYJIi MalllMHHOTO HaBYaHHS, IO JO3BOJSIOTH BHSIBISTH
aHoMaJii y 4acoBUX psijiax i mpodiyisix moBeniHKN 6e3 noTpedu y madiioHax.
Pimennst noOpe MmacimiTaOyeTbesi, ajle BHMarae BHCOKOI TEXHIYHOI
eKcriepTu3y. Po3risa iHCTpyceHTIB Ha OCHOBI IITYYHOT'O iHTENEKTY, TaKHX
sk NeuralLog, sKuif T03BOJIsIE€ BUABISTA CKIIAJHI aHOMATIT Ta TTOBEIIHKOBI
BIIXHJICHHSA 3a IOTIOMOTOI0 aHaJli3y TpanchopMepHoi Mozaeni Ha ocHOBI Al-
AHAJIITUKY, HaBiTh SKIIO BOHW HE BIUCYIOTHCS y KIACHYHI mabioHW abo
3a37ajerifh BU3HAYEHI TpaBWiIa, I00pe MpaIioe B YMOBaX THYYKOTO
CepelloBUINa, 3a0e3Meuyroun aJanTUBHUM aHaji3, ane moTpedye 3amycKy
crnemianizopanux Al-momeneii, Hanpukiax y Python-cepenosuii, 1110
CTBOPIOE IIEBHUH IOpIr BXOLYy JUIs BIPOBA/PKEHHS Ta EKCIUTyarallii.
Iomanpmii  JOCTIMKEHHS  JOUIJIBHO  CIOPSIMOBYBaTH Ha  PO3POOKY
YHIBEpCAIbHUX 1 aJlallTUBHUX PillleHb, 3IaTHUX MpAIfOBaTH 0€3 TPHUBAIUX
MIPOLIECIB HAJALITYBaHHs, a TAaKOX IHTETPyBaTH JIOJAaTKOBI ITOBEIIHKOBI
(axTopH 1 OLIHKY PUBHUKY.

Otxe [u1s BUPIIIEHHS TPOOJIEMATHKH, SK OJIHA 13 OITIIH IPONOHYETHCS
METOJI BU3HAYCHHS aHOMAJIbHOI MOBENiHKM Ha PIBHI JIIOJAMHA-MallMHA Ha
OCHOBI aHami3y Ta QimpTparllii oriB cy0'ekra (Bix 3BUYafHUX KOPHCTYBaYiB
JI0 aAMiHICTPaTOPiB), i BU3HAYEHHSI aHOMAJIBFHOCTI 3a JIOIIOMOTOI0 amapaTy
HEeYiTKOI JoTiku. Tak mix aHami3 momajgaroTh HE TUTBKH B3a€MOIIS F03EPiB 3
cucreMoro goctyny i cepsicamu IT iHppacTpyTKTYpH, a 1 fioro MoBeniHKy Ha
JIOKaTbHOMY po0Oo4oMy mpocTopi, Oyap To poboui T1K, MoOinbHI npucTpoi
a00 O0COOHMCTI Ta[pKeTH Ha pPEMOYTI, 3 YpaxyBaHHSIM ITOMHJIOK abo
3M0BMHUCHUX Jiil. OcTaHHE B TOMY WYHCII PO3IJSINAETHCS 31 CTOPOHU
MOBEIHKOBOI ekoHOMikH (1o Tanepy) i Moxke OyTH BHSIBICHO IO TaKMM
XapaKTepucTukaM pobotn cyl'ekra sk 0coONMBOCTI BBOAY (IIBHUAKICTH
Ha0Opy TEKCTy, BUIIPABJICHHS), B3aEMOJIIS 3 IoJaTKaMH (4acTOTa MEPEBOIY
BIKOH B aKTUBHHH PEKHUM Ta 3aITyCK HE3BUYHHUX CKpUNTIB a0o porpamMm). B
il TJIOMIMHU TaKOXX MOKe OyTH ONATKOBO BHSBICHI Taki 3arpo3u, sK
AKTUBHICTH OOTiB, HAIMIPHUIA MiKaBICTh PYHKIIIMH Y1 TAaHUM, SKi BUXOISATh
32 30HY BIAMOBINANBHOCTI Cy0'€KTa Ta IIOMIYK BPA3JIMBOCTEH CHCTEMH.
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HeuiTka norika B po3paxyHKy 1 OLIHIII aHOMaJbHOCTI peayli3oBaHa Y
BH3HAYCHHI HEYITKUX MHOKHHAX, ()OPMYBaHHI NPABHIL, 00 NPUKAAOY :

IF  (weuokicme Habopy = eucokuu pigenv) AND (nemunogicme
nepexooie midxc po3oinamu = sucoxuii pigens) THEN (oyinka anomanvHocmi
= GUCOKUII PiBeHb).

“Oyinka amomanvHocmi” = @ynxyia 3pocmac 6i0 Hemunosoi

weuoxocmi 0il cyd ’ekma.

Ile BigOyBaeThcs Ha OCHOBI PEJICBAHTHUX CTaHAAPTIB 1 OIHKH
EKCIEPTIB, 3 (hopMyBaHHAM (DYHKIIT HATEKHOCTI. BKkasaHUM MaTeMaTHIHUM
anmnapaToM oOpoOIIIOI0TECST OTPUMaHi AaHi micist 300py 1 ¢inbTpanii Jioris
Cy0'eKTiB, sIKi BiTOOpakaloTh 1X THIIOBY UM HETHIIOBY IOBEIIHKY B pOOOTI 1
IHQpPacTPyKTypo0 - Tak JdOCATa€TbCs THYUKICTh y  BU3HA4YCHHI
AHOMAITBHOCTI, amke GopMyeThcs (hopMali3oBaHa OIIHKA, YAM YHUKAETHCS
YiTKa OI[iHKa 3 BHCOKOIO BHPOTITHICTIO MOMIJIKH. ABXEK II€ IO3BOJISE
e(eKTHBHIIIE OMICYBAaTH PeajbHi CIIeHapil MOBEMIHKH i MIpATH TOBEIIHKY
JIOJIeH KOPHUCTYBAYiB, SIKa CKIaTHO OMICYETHCS, VIS aleKBaTHOI peakilii Ha
3anobiranHs a0o BUpIlIEHHS IHIUACHTIB B KiOepOesmemi. [IpomoHoBana
METOJIOJIOTISI TAKOXX Y3TOMKYETHCS 1 € YaCTHHOK METOMOJIOTIT OIIHKA
pusukiB gocryny 1o IT cucrem ACRAM (Access Control Risk Assessment
Methodology), sika po3pobisieTsest mmin maTpoHatoM mnpoekty Telemetry
nporpamu Horizon Europe i oriHoe pusuk KiOepOe3nmeku Ha OCHOBI
IIMPOKOTO KOJla XapaKTEepUCTUK O0'€KTiB (UWiHHICTHL 1 MOTEHIial
eKCIIJIaTyBaHHs BPa3JIMBOCTEH) 1 Cy0'eKTiB (piBEHb JIOBIpH).

B Te3ax HaBe#neHO OJWH 3 EKCIIEPEMEHTIB Ha TECTOBUX CYO'eKTi i
cepsicax moreHMiiHoI [T iHdpacTpykTypH, TOTyBaHHS Iiif IKOTO 30MpaIocs
i 00poOsmocs 3 BukopuctanusaM 6azoBoi SIEM 30ipku.

Employe PC (Subject)

Logs (+ atypical)
Dec 1110:25:15 sshd{12345]; Accepted SIEM (Security Info and Event Management)
password for user! from 192.168.1.10

bec 11026322 s 2345 mmwsmﬂ| Logstash |,,| Sasssarch |$| Wbana |
for invalid user admin from 192.168.1.11

Dec 11 10:30:45 systemd[1}: Started Apache
HTTP Server.

. collection and indexing, filtering visualisation and

formatting of logs and tagging of logs report creation
my  CTTEECESTe,
/ P LN A
) / Lucen /KQL '
Triggers

+ Linux Host Auditd ! * root privileges - obtaining administrator rights | automatic identification of atypical logs for |
! (+learning) 1

- WinEvent Logs | * mounting device - connecting external devices
|+ installation detection - installing scripts without permission | leeeeceecceoomooo

Puc. 1 - ExcriepuMeHT Ha TeCTOBHX Cy0’€KTax i cepBicax

Hns omiku (¢akTopiB, SKi HE MAalOTh YITKHX 3HAYCHb, OYIH
BHKOPHCTaHI JIHTBICTHYHI 3MiHHI.
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Tabums 1
JIiHTBiCTHYHI PiBHI

PiBHi Huspkmit  |Cepenniéi | Bucokwmii
YacTka yHIKaTbHHX KOMaH]T 0-04 0,5-0,7 0,8-1
I'mbuna moctymy 1o daiinis 0-3 4-6 7 - 6inbIe
3aBaHTa)XEHHsI Ta 3aIyCK CKpUNTiB |0 0,5 1

3amyck HectanaaptHoro I13 0 1
taciora | IPMIAHIE g 15 116250 |51 - Gimsme

Ha ocHoBi mpaBwit Ty "SKIIO - TO" 3MIHCHIOETHCS HEUITKE BUBEACHHS,
10 I03BOJISIE OI[IHUTH PiBEHb aHOMAJIBHOCTI KOXKHOTO Cy0’€KTa.

Tab6mums 2
Ne CUR FAD SDR NBE CSR SAB
1 HU3BbKUHM | HU3BKHUH HU3BKUM | HU3BKHUH HU3BKUM | HU3bKHH
2 cepenHiil | HU3bKUI HU3bKUH |HU3BKUU HU3bKUN |HU3BKUH
3 BUCOKHMH |HM3BbKHH HU3BKUH |HU3BbKHH HU3BKHH |cepenHii
4 BUCOKUH | BUCOKHIA HU3BKUI  |BUCOKHUI cepenHill |BUCOKHUI
5 cepenHiil | cepemHiii BHCOKUH  |HU3BKHHI HU3BKUIl |cepenHiii
6 BHCOKHH |cepenHiit BUCOKHUH |HU3BKHH BHUCOKHH |BUCOKHI
7 HU3BKUHM | BUCOKUM BUCOKHH |BUCOKHUI cepeqHill |BHCOKHIi
8 cepenHiil | BUCOKMIA HU3BKUM | HU3BKHUH HU3BKUI |cepenHii
9 BUCOKHHU | cepeaHii BUCOKUH |BHCOKHUI BUCOKUH |BUCOKHUI
10 cepenHill |cepenHii HU3BKUH  |HU3BbKHH cepeqHil |cepenHii
11 BUCOKHH |BHCOKHIA BUCOKHH |BHCOKHI BUCOKHH |BHCOKHIt
12 BUCOKHUH | BHCOKHH BHCOKUH |BHCOKHUH Bucoknit |V
BHCOKHH

OriHka piBHIB aHOMAIBHOCTI

3a BKa3aHOI0 METOAWKOIO Oyiia BUKOHAHA OIliHKA TECTOBOTO CYy0’€KTa

T10 3T€HEPOBAHMM JIOTaM THITY:
2024-01-24

14:43:00,Document
WordPad,wordpad.exe,, [Keystrokes]: secret
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2024-01-24 14:47:00,Edited text,wordpad.exe,, [Keystrokes]:
confidential data

2024-01-24 14:54:00 Edited text,wordpad.exe,, [Keystrokes]:
confidential data

2024-01-24 14:59:00,Document -
WordPad,wordpad.exe,, [Keystrokes] : restricted

2024-01-24 15:00:00,Program Manager,explorer.exe, Opened
sensitive document

Pe3ynbraTy OIiHKH:

- Yacrka yHikanpHHX Komaua: 0,8 - BUCOKHIA;

- T'mubuna nocrymy no daitnis: 1 - HU3bKHI;

- 3aBaHTa)XCHHS Ta 3aIlyck cKkpunris: 0,5 - cepeHiii;

- 3amyck HectangapTtHoro I13: 1 - Bucokuii;

- YacroTa mepeMHUKaHb MiX JOJaTKaMu: 6 - HU3bKHIA;

- PiBeHb aHOMaNBHOI ITOBEAIHKN: JTy’KE€ BUCOKHH.

VY pesynbTaTi IPOBEICHHAS €KCIIEPUMEHTY OTPHMaHi HepIli aJeKBaTHI
pe3yNbTaTh TS OLIHKK CTYIIEHS aHOMAIBHOCTI Y B3a€MO/Iii KOPHCTyBaJa 3
tectoBoto  IT-iH(ppacTpykTyporo. Pe3ynapTatm eKCepuMEHTy JaroTh
i ICTaBU BBXATHU 110 OOpaHa METOAOJIOTis eeKTUBHA Ta Ma€E MOTEHITal Ha
PO3BHTOK, B TOMY UHCII MOXJIHBICTh amanTyBaTHCS O PI3HHX
iHpOpMalIHUX CcepeoBUIl 0e3 TOMNEepPEeJHbOr0 HaNAIITYBaHHS abo
inTerpauii B cucremy. Take pillieHHs MOKEe CTaTH OCHOBOIO ISl peaizamii
pileHb AU MiABUIIEHHS KibepOe3nekn Ha MiINPUEMCTBaX 1 B OpraHi3amisx.
HocmijkenHs, siki OyayTh IpoBeleHI B MaWOyTHbOMY, MOXYTh OyTH
30Cepe/KCHI B TOMY YHCII Ha METOJaX MPOTUJIII colliaiibHil iHxkeHepii. e
JIO3BOJIUTH MiIBUIIUTH TOYHICTb, THYUKICTh 1 KOHTEKCTHY YyTJIMBICTH IpH
BHSABIICHHS 11031101 aKTUBHOCTI.
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YOLO-BA30OBAHE PO3III3HABAHHS POI'IB OJIEHIB JIJIAA
EKOJIOTTYHOT'O MOHITOPHUHTI'Y
A B. JIuTBHHEHKO
Hayionanvuuii ynisepcumem «3anopizeka noarimexuika»

YOLO-BASED DEER ANTLER RECOGNITION FOR
ENVIRONMENTAL MONITORING
A.V.Lytvynenko
National University "Zaporizhzhia Polytechnic"

Abstract. This paper proposes a method for recognizing deer antlers in
images obtained from camera traps using the YOLOvVS neural network
architecture, based on experience in UAV detection.

Y cydJacHMX yMOBaxX 3pOCTaHHS 3alliKaBJICHOCTI y 30epexeHHi
010pi3HOMAHITTS Ta MOHITOPUHTY TOITYJIAIIN AUKUX TBAPUH OCOOIUBY yBary
MIPUIUTIOTE 0E€3KOHTAaKTHIUM METOJIaM criocTepekeHHs. OQHUM 3 HalOUThII
MIEPCIIEKTUBHAUX IHCTPYMEHTIB € BUKOPUCTAHHS (POTOMACTOK Y IMOETHAHHI 3
AITOPUTMaMH KOMI I0TepHOTO 30py [1, 2].

VY naniii poOOTI 3aPONOHOBAHO METO/I PO3ITI3HABAHHS POTIB OJICHIB Ha
300paeHHSIX, OTpUMaHUX 3  (OTOMacToKk, 3  BUKOPUCTAHHIM
HelfpoMepexeBoi apxitektypu YOLOVS, crinparourch Ha JOCBIJ] BUSBICHHS
BITJIA [3].

MeTo JOCTIUKEHHST € CTBOPEHHS IHCTPYMEHTY, SIKWil I03BOJIHTH
ABTOMATHYHO iJeHTH(]IKyBaTH TBAapWH 32 XapaKTEPOM POTiB, IO, Y CBOIO
Yepry, J1a€ 3MOTY BECTH CIOCTEPEXKEHHS 3a MOmyJrliero 0e3 crpecy uis
caMux TBapuH. Takuwil MiIXix TO3BOJSE HE JIUIIC BiICTEKYBAaTH KUIBKICTh
0coOWH, a ¥ OIIIHIOBATH IHAWBIMyaJbHI XapaKTEPUCTHKH: BiK, TCHCTHUHY
SIKICTh, HAsIBHICTH TPaBM a00 TATOJOTIH.

Jns HaBuaHHsS Moxeni Oymo 3i0pano moHanm 500 300pakeHb, sKi
OXOILTIOIOTh PI3HOMAHITHI YMOBU 3MOMKH — JICHHE Ta Hi4HE OCBITJIICHHS,
3UMOBUH 1 JiTHIH mnepioau, pi3Hi Buau oneHiB. lle 3abesmeuye
PI3HOMaHITHICTb JAaHUX, HEOOXiAHY /ISl e)EeKTHUBHOIO HaBYaHHs Mozedi [4].
Po3mitka 3ailicHIOBaNacsi Bpy4Hy 3a JIooMororo iHcrpymeHta Labellmg y
¢opmati YOLO. OcobnuBy yBary OyJjio MPHIIEHO TOYHOCTI OOBEACHHS
pOr'iB, OCKIJIbKM HEBEJHMKI IOXHOKM CYTTEBO BIUIMBAIOTH Ha SIKICTh
pO3Ii3HABaHHS.

Hapuena mozmens mokasana touHicte 91.4%, moBHoTy 88.7% Ta Fl-
omiaky 90.0% w©a BamimanmidHiii BuOipmi. bBymo BcTraHOBIEHO, IO
po3mi3HaBaHHSA pOTiB BinOyBaeTbcs e(eKTHUBHIMIE HA 300paXKCHHAX 3
TIPUPOTHIM OCBITIICHHSM Ta KOHTpAacTHUM (poHOM. [IpoTe HaBiTH 3a HU3BKOI
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SIKOCTI 300paskeHHs1 (BHOUI 200 3a JIOILy ) MOJIeJIb AEMOHCTPYBaJIa IPUHHATHI
pe3yJbTaTH.

PesynpraT = eKCHEpUMEHTIB  CBig4aTh PO  INEPCHEKTUBHICTH
3aCTOCYBaHHS TTTHOOKOTO HaBYaHHS Y cpepi eKOIOTiYHOTO MOHITOPHHTY.

OxpiM IpsSIMOTO BUKOPUCTAHHS IJIs 0OJIIKY TBapHH, TaKa CHCTEMa MOXKE
CTaTH OCHOBOIO Ui MOOYZOBM aBTOMAaTH30BAaHHUX CHUCTEM KOHTPOIIIO
JUHAMIKH OIS

[5, 6], BUSIBIIEHHS TOPYIIIEHDh CEPEIOBHUIIA ICHYBaHHS Ta OTIEPATUBHOTO
pearyBaHHs Ha 3MIHH Y ()ayHi KOHKPETHHX PETiOHIB.

Ha ocHOBi oTpuMaHUX pe3yibTaTiB OyJIO CTBOPEHO MPOTOTHUII BeO-
iHTepdeiicy, sKui JO3BOJSE 3aBaHTAXYBaTH 300paKEHHS 1 B pexuMi
peasbHOro Yyacy OTpUMYBaTH iH(OPMAIito PO KUIBKICTh BUSBIEHUX OCOOMH
Ta iXHi 03HaKH. [loganeri MIaHu BKIFOYAIOTh IHTErPAIIiFO 3 TCOIOKAI[I THIMHI
cepBicamu Ta TOOYTOBY 4acOBUX I'padikiB JUIs aHAITi3y CE30HHOT aKTHBHOCTI
TBapyH.
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A FEDERATED LEARNING BASE ANOMALY DETECTION
SOLUTION
A FEDERATED LEARNING BASE ANOMALY DETECTION
SOLUTION
Rosella Omana Mancilla,
ENGINEERING Ingegneria Informatica S.p.A.

Abstract. Adhering to NIST guidelines and the NIS Directive is essential
for securing Internet of Things (IoT) ecosystems, which face growing
cybersecurity and privacy risks due to their expanding attack surface.
Intrusion Detection Systems (IDS) are critical for monitoring network traffic
and identifying threats. While traditional IDS rely on signature-based
detection, modern systems must also incorporate anomaly detection to
identify unknown threats and zero-day attacks by analysing deviations from
normal behaviour.

However, deploying anomaly detection in resource-constrained IoT
environments poses challenges, including increased computational load and
risks associated with centralized data analysis. To address these concerns, this
paper investigates the application of federated learning (FL) as a privacy-
preserving approach to anomaly detection in loT networks. FL allows
decentralized model training across devices without sharing raw data,
enhancing both privacy and scalability. This paper highlights the benefits and
trade-offs of FL-based IDS, emphasizing the need for solutions that balance
detection accuracy, system performance, and data privacy in securing future
IoT infrastructures.

In the realm of cybersecurity and data privacy, Internet of Things (IoT)
devices introduce significant vulnerabilities due to their extensive
deployment and integration across interconnected systems. These devices
often communicate both internally with other system components and
externally with remote services, creating multiple points of entry for potential
cyber threats. If not equipped with robust security protocols, IoT devices can
become gateways for attackers, jeopardizing the integrity of the entire
network and increasing the risk of data breaches that can severely undermine
user privacy.

Mitigating these threats requires a comprehensive approach to securing
the underlying infrastructure against both unauthorized access and malicious
behaviours. As cyberattacks evolve in complexity and frequency, research
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into intrusion detection has increasingly focused on anomaly detection
techniques. These methods attempt to identify suspicious or previously
unseen activities by examining patterns and deviations from historical
behavioural data.

However, the implementation of anomaly detection in IoT ecosystems
presents its own challenges. These systems often operate with limited
processing power and resources, and introducing complex detection
algorithms can degrade system performance or even compromise user
privacy if not carefully managed. Additionally, centralized models that
aggregate traffic data for analysis may offer enhanced detection capabilities
due to access to larger datasets, but they also elevate the risk of privacy
breaches. If such data is not thoroughly anonymized and secured, it could
inadvertently expose sensitive information.

In these circumstances, Federated Learning with its decentralized
approach can help in identifying anomalous behaviour, in fact it has
becoming an emerging topic in recent research [1][2].

With these assumptions we build an Anomaly-Based Component for
Intrusion Detection that aims at identifying anomalies while applying
Federated Learning Approach [3][4], more precisely is to “Collaboratively
identifying deviations from normal patterns, potential ability to detect
distributed threats or emerging vulnerabilities while preserving data privacy
across the network”.

The main reasons which are also the benefit provide by the approach
are:

— decentralized training - detection model is collaboratively generated
by peer devices to distribute effort;

— every device can update the detection model locally for specific local
conditions and/or traffic patterns;

- privacy is preserved because peer detection models are aggregated by
the centralized node but without sharing peer dataset;

— the detection is applied at device level, potentially identifying
distributed anomalous events.

The steps for FL training are:

1. modelO initialization in central node (or FL server)

2. Sending model0 to device in the federation

3. Local detection model training using local dataset

4. Returning model parameters to the central node

5. Aggregation of the model parameters into a new detection model
modelz

6. Repeat steps 1 to 5 until the model converges
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The aggregated model is saved as global model, sent to all devices in the
federation for local anomaly detection. During operational phase the model
is used to analyse the network traffic in real-time on the device/participant
and identifying what is normal to what is anormal.

Two important aspects to consider for Federated Learning approach that
can potentially alter results are:

— the aggregation algorithm used by the server to aggregate model
updates;

— the algorithm used by the client to train the anomaly detection model.

The key is to select the best combination of the two for the type of
anomaly detection to be applied and the context: fine tuning is important
stage of designing machine learning (ML) based solutions.

local model @ .
Device 1 \ .
" global model
3 -
E i —
local model [{:C:):}‘ FL server
Device 2 /
local model :

Device 3 @

Device N

local model

Figure 1 - Federated Learning, collaborative detection model training

Federated Learning optimisation is a hot topic and research are still
ongoing to identify optimized methods for model convergence [5]..

In the following table, a list of potential aggregation strategies and
algorithms that are potentially used.

Table 1 - Federated Learning potential aggregation algorithms

Name Description Benefits
Federated The server performs weighted | Simple, intuitive, easy
Averaging average of model updates | to implement
(FedAVG) from different clients when

date is mostly homogenous
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Federated It is based on FedAVG but | Useful when data is
Proximal introduce a limit (proximal | heterogenous
(FedProx) term) in how much local

models can deviate from the

global model
Federated Is a family of optimisation | Useful when data is
Optimisation algorithms that introduces | heterogenous and
(FedOpt) adaptive optimizers potentially improves

coverage speed

On the algorithm used by the FL participants or clients, there are tree
potential categories that define the type of anomaly detection is being
performed:

- Deep Learning-Based Anomaly Detection — uses deep learning
models to detect complex high-dimensional anomalies;
- Machine Learning-Based Approaches - uses supervised or
unsupervised ML models to classify normal vs. anomalous instances;
- Statistical Approaches — uses statistical methods for their lightweight
and interpretability

Data distribution of the dataset used for training is also a relevant factors
that can impact the accuracy, robustness and effectiveness of the detection
system, - Independent and Identically Distributed (IID) or non-IID, others are
the client Participation and dropout Rate, the synchronization, etc. but this
first Proof of Concept (PoC) focus on few of them.

To start the process, data processing is an essential step to convey to a
specific and predefined structure of the data: the standard used is the
Netflow!, suitable for its standardized and detailed capture of traffic flow
data; it includes critical information such as IP addresses, port numbers, and
byte and packet counts, which are essential for detecting anomalous
behaviour in network traffic.

For this POC we used Flower FedMedian as aggregation strategy,
which is based on FedAVG and we used Logistic Regression for Training
and inference on the participant. The dataset used for training is the NF-ToN-
IoT? provided by the Cyber Security Research Group at the University of
New South Wales (UNSW), Australia, led by Dr. Nour Moustafa. Anomaly
detection methods typically operate under the assumption that benign

! NetFlow is a network protocol created by Cisco that collects IP
traffic information, making it a standard for traffic analytics in network
management

2 https://research.unsw.edu.au/projects/toniot-datasets
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(normal) traffic significantly outweighs malicious activity, allowing
anomalies to stand out clearly. However, the NF-ToN-IoT dataset used in
this study is highly imbalanced, with a disproportionately large number of
malicious packets compared to benign ones. This imbalance risks skewing
the model's learning process, potentially leading it to misclassify malicious
behaviour as normal, resulting in a high false positive rate. To mitigate this
issue a subset of the NF-ToN-IoT dataset (approximately 90,000 records, or
6.5% of the full set) was combined with 10,000 synthetically generated
benign records to create a more balanced dataset. This combined dataset was
then split into 80% for training and 20% for testing, using 12 selected
features.

After 30 rounds of federated aggregation, the model achieved an
accuracy of 96%, see Figure 2: the model quickly improved its accuracy in
the early training rounds and gradually slowed down, eventually reaching a
stable accuracy close to 96%, which means it increases very quickly at first,
then slows down over time, approaching a maximum value.. This behaviour
is typical of exponential learning curves, the accuracy A(r) is approximated

by:
A(r) = 0.96 — 0.41 * e{—0.10r}

This reflects a stable, generalizing model using FedAVG with Logistic
regression. However, these results should be interpreted with caution. The
synthetic benign data may not accurately reflect real-world traffic patterns,
potentially introducing bias and giving a misleading impression of the
model’s performance. As a result, the model may perform well under test
conditions but fail to generalize effectively in real deployment scenarios.

Further analysis will continue focusing on data preprocessing, dataset
distribution, accuracy over combination of aggregation algorithm and the
participant algorithm.
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FL Model Accuracy - Logistic Regression with FedAvg

1o Using 6.5% of NF-ToN-loT Dataset (10,000 Benign Records)
—e— Training Accuracy
—e- \Validation Accuracy
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Figure 2 - Accuracy calculated in 30 rounds
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GRAPH-BASED ONTOLOGY CONTROL SYSTEM FOR THE
AGRICULTURAL DOMAIN: INTEGRATION EXPERIENCE IN
NEO4J
Ivan Omelyanenko
National University "Zaporizhzhia Polytechnic”

Abstract. The article presents the ontology management system
implemented on the Neo4j graph database platform. The system enables users
to upload, store, import, and merge ontological models through an intuitive
user interface. A key advantage of the system is its ability to support efficient
ontology management without requiring proficiency in specialized query
languages used for graph databases. The developed system is part of a broader
research initiative aimed at integrating the domain ontology of sunflower
cultivation in Ukraine into the pan-European ontological framework.

CTBOpEHHsI CHCTEMH KepyBaHHs OHTOJIOTISIME B Neo4] € 4acTHHOIO
3aBJiaHHs IHTErpauii MpeAMEeTHOI OHTOJIOTI] arpOTEXHOIOTIi BUPOLYBaHHS
COHAIIHMKY B YKpaiHi B 3arajJlbHOEBPOIECHCHKY CHUIBHOTY. I 0lOBHOIO
METOI0 CHCTEMH € 3a0e3le4YeHHs IHTepaKTUBHOTO, 3py4YHOTo JUIs
JIOCIITHUKIB iHTepdelcy Ui KepyBaHHS OHTOJOTIYHUMH MOJEISIMH 0e3
HEOOXiTHOCTI TNMOOKHX 3HaHb MOB 3amUTIB 10 TrpadoBux 0a3 HaHUX.
Cuctema kepyBaHHA OHTOJIOTisIMH B Neo4j m03BOJSIE 3aBaHTAXYBATH,
30epirath, iMIOpTYyBaTH Ta 00'€JHYBAaTH OHTOJIOTIi B TpadoBiid 0a3i maHMX
Neo4j.

OHTOMOTIi 3aCTOCOBYIOTH JUISI aBTOMATH3AIlii MpoIiecy (HOpMyITIOBaHHS
HOBHX 3HaHb 32 JOMTOMOTOO JIOTIYHUX 1 CEMAHTHYHHX METOZIB, ITiIBUIIYIOUN
e(EeKTUBHICTh CHCTEM MIATPUMKH pilieHb. Y 1bOMY JOCIIKEHHI
PO3MIISAAETHCS. MOXKIIUBICTH PO3LIMPEHHS HAsIBHUX OHTOJIOT1H, TPUCBSIUEHUX
BUPOILYBaHHIO COHSIIHMKY, IIUIIXOM iX iHTerpauii (puc.l,a). OcHOBHUMHU
Jokepenamu  cnyryioTh oHTojiorii Helianthus Ontology Ta Helianthus
Phenotype [1]. Lli onronorii Oymu cTBOpeHi y cmiBmpami 3 ¢axiBIsaMu
Iacturyry omifinnx kynetyp HAAH VYkpaimu. Y mnpomeci po3poOkn
BpaxOBYBaBCs JIOCBI/I HAIIIOHATBHUX €KCIIEPTIiB y Tairy3i CeNeKIil, TeHeTUKU
W arpoTexHoJorii BHUPOLIYBaHHS COHSIIHHMKY, a TAKOXX YMHHI JAEpXKaBHI
cTaHAapTH YKpaiHu. JloJaTKOBUM JDKEPEIOM CIYTye €BPOIEHChKA
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Sunflower Ontology 3 pecypcy Crop Ontology [2]. [Ins 3nailicHeHHS
o0’emqHanHA  Oyino  oOpaHO CeMAHTHYHI MeToAWM  3icTaBJeHHS.
CemanTnyHM#i migxig Oyno oOpaHO 3 OIVIsILy Ha 3MICTOBHY crenudiky
MPEeIMETHOI 00JIacTi arpoOTEeXHOJOTII BHUPOIIYBaHHS COHSIIHUKY, B SKil
TEPMiHH, IO OIMUCYIOTH IPOLIECH i 00’ €KTH, € pEIIeBAaHTHUMH OHTOJIOTIYHAM
KJIacam.

Cucremy peani3oBaHO y BHUIJIAII BeO-3aCTOCYHKY 3 BHKOPHCTAaHHIM
CY4acHOTo cTeKy TexHoJjorii (puc.1,0). Kimientchka gacTuHa po3pobieHa
MOBOIO JavaScript, TOIi SIK CepBEepHa JIOTiKa peaji3oBaHa 3a JOITOMOI'OK
¢peitmBopky FastAPI va moBi Python. Yci nani 36epiratorbest B rpadosiit
6a3i nanux Neo4j, mo 3abe3neuye edeKTHBHY poOOTY 3 OHTOJOTTYHHMH
CTPYKTypaMu. 3aB/IsKu KOHTeHepu3anii 3a qonomororo Docker cucrema €
MIOPTAaTHBHOIO Ta 3PYYHOIO JUISl PO3TOPTaHHsA B Pi3HMX cepepoBuiiax. Kpim
TOTO, BOHA MiATpUMYE Kimbka (opmariB oOMiHy maHumH, 30kpema RDF,
OWL ta JSON-LD, mo pno3Bomse iHTerpyBaru ii 3 pi3HOMaHITHUMH
JDKepenaMH JaHHX 1 pOOHMTh 3aCTOCYBaHHS CHUCTEMH THYYKHM Ta
MacITaboBaHUM.

IMomanpiumii PO3BUTOK CHCTEMH KEpPyBaHHS OHTOJIOTISIMH Ha OCHOBI
rpadoBoi 6a3m nmaHmx Neo4j cropsMoBaHHA Ha pPO3POOKY e(hEeKTUBHHX
AITOPUTMIB 3ICTaBJICHHsI, 00'€/IHAHHS Ta IHTETpaIlil MPEAMETHUX OHTOJIOTIH.

Overview

Ontology Manager

[ Y reseuco o o (147)
L AP] URLtp/192.168.1.101.6000 | BHGpami @A hefanthus2 ovt
o _smbowe 1) 3aBaHTa)XeHi oHTONOTii:
Pp—
(oW Onllogy ) ow_AnoationProperty )
[ connconia 1} Bukonaty Cypher-3anut:
LT 0 owi_FunctionalProperty (21)

o helianthus2owl ~ Innoprysaru

Relationship types . oria helianthus2.ow! imnoprosara y Neodj

a) 0)
Puc.1 — a) Iurerpanis Helianthus Ontology & Helianthus
Phenotype& Sunflower Ontology B Neo4j;
6) Iarepdeiic koprcTyBaya cucTeMH KepyBaHHS OHTOJIOTISIMU B Neo4].

Jlitepatypa

1. A. Bakurova, K. Vedmedeva, S. Vedmedev, E. Tereschenko
Ontological Model of Helianthus Cultivation in Ukrainian Conditions. In:
CEUR Workshop Proceedings, 3396, 130-140, 2023.
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COMBINATORIAL, EXPANDING PHASE SPACE OF
COGNITIVE DYNAMIC SYSTEMS
Yurii Prokopchuk
Institute of Technical Mechanics of the NAS of Ukraine and SSA of
Ukraine

Abstract. The paper discusses the features of phase spaces of cognitive
dynamical systems. The most important features of phase spaces are their
strong connectivity or generalized entanglement, constant and unpredictable
change / combinatorial expansion, emergence of new holistic qualities,
growth of cognitive complexity and unlimited multi-scale. Key aspects:
“living structure”; nature of vagueness; sketch networks; multi-resolution
descriptions; meaning of information; entanglement, wholeness, criticality;
situational creative Space of possibilities; combinatorial/cognitive
complexity; Causal Model of the World.

The approach is based on the Limiting Generalization Paradigm (LGP)
[11,[2], [3]- Any image/situation/scene is described by an expanding network
of sketches (Multi-resolution Descriptions / Representations; Self-Modelling
Dynamics; Self-Reference System; Self-Improvising Memory). Sketches
come in varying degrees of roughness. Sketches can be generative, empirical,
and external (external sketches are found in external resources or with other
agents). It is necessary to combine into a whole multi-unity, infinity,
competitiveness,  complementarity  (multi-physicality),  multi-scale,
dynamism, emotionality, purposefulness (Fundamental Structure of
Knowledge and Information). Sketch networks (SN) are integrated into a
“network of sketch networks” with increasing experience (“wholeness /
cholarchy” emerges). ‘“Wholeness’ correlates with the psychological concept
of ‘Cognitive Consistency’. This is the basis of a combinatorial, expanding
phase space (PhSp) of autonomous systems (AS) and/or cognitive agents
(CA): AS/CA/biological organisms as hierarchical dynamical systems that
generate regularities in their multi-scale phase-spaces through interactions
with their environment (multiscale landscape of potentialities: the ‘hidden’
structure of uncertainties that instantly actualize through interactions). Sketch
networks come in different types, which flow into one another (The hidden
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structure of Mind / consciousness). Examples: "cognitive numbers",
"networks of distinction/discrimination tasks", "networks of image sketches",
“networks of atomic sensations” (Sentient Systems), “spiritual networks of
sketches” (all sketches are emotionally colored), "networks of thought flows"
(for example, when solving distinction tasks). All sketch networks belong to
the class of “living structures” (they are essentially connected with the
circulation of internal energy). The ‘living’ LGP architecture (CogArch-
LGP) is described by the "‘Body - Affectome - Connectome - Cognitome -
Interactome’" model (System 0/1/2/3).

The network of sketch networks together with assistants (they form
sketches-interpretations; LGP Enhances Collective Intelligence) allows you
to highlight the meaning of any information (the gist of the problem/situation;
How People Cope with Uncertainty: uncertainty reduction becomes an act of
understanding; Chaitin's ‘compression is comprehension’). Sketch networks
create meanings: Meaning as Wholeness Experienced (World-likeness);
Thinking is the Operation of Meanings; Natural Intelligence is about
Meaning; Meaning Generation as a Key Item for Artificial Intelligence;
Systemic Theory of Meaning.

Different sketches may have different formalisms (multi-physicality,
extended complementarity, Multi-Unity: Unity through Diversity).
Entity/image/object sketches may contain a "Hierarchy of Spatial
Belongings". The hierarchical relationships between Spatial Belongings can
ensure the qualitative nature of components of perceptual organization, such
as object, background, and detail. This contains the answer to an important
question [4]: What is a mathematical structure of (conscious) experience? In
defining a mathematical structure of (conscious) experience, our proposal
(LGP) answer the question of what this mathematical structure actually is, or
which type it has [2]. In cognitive architecture, all the laws of physics for
living nature must work (the essence of "living structures"; Mathematics
Becomes a Living Structure). The generation and circulation of internal
energy plays a special role (sketch networks and inductors generate, receive
and relay waves of activity/energy; phase transitions of different types:
resonances, "ray of consciousness", concentration of energy/attention on one
sketch - the basis of long-term planning and logical thinking). The growth of
connectivity or generalized entanglement leads to the emergence of ‘Integrity
/ Wholeness / World-likeness’ (Globally Coupled Networks;
‘Consciousness’ emerges from the critical integration of distributed networks
of sketches/neural assemblies: levels of activity and amounts of dynamic
differentiation and integration in the system produce conscious experience;
The system reaches the threshold required to be a consciously perceiving
system). Following the principle of resource conservation, sketch networks
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and the network of sketch networks as a whole tend to a critical state (‘edge
of chaos’; self-organized criticality). An example of the evolution/expansion
of a sketch network is shown in Figure 1.

P
&
.

‘_-‘—,_

Fig. 1 - An example of the evolution/expansion of a sketch network

All variables/signals/parameters of the AS/CA are described by
“cognitive numbers” (tests) and/or networks of distinction tasks (Cognitive
mechanisms of the quantitative meaning construction; Cognitive Dynamic
Systems in the State Space). A mathematical model of the meaning/gist of
the signal / variable / parameter is proposed [1], [3]. The signal model is a
"living structure". Figure 2 shows the stages of (fractal-like)
differentiation/incubation in the ontogenesis of some value "a" of a test /
signal / variable.

Fig. 2 - The stages of differentiation/incubation of some value "a" of a
test/signal

Actualization "a" means a wave-like actualization of the vertices of the
entire network of sketches. In the process of subjective inflation, the cog-
number 'grows' as a living structure. Combining all the basic values of the
test into a domain leads to the emergence of a network of distinction tasks.
The essence of intellectual ontogenesis is the progressive differentiation of
the initially undivided whole. This fact plays an important role in the
combinatorial expansion of the phase space. The test bank in any distinction
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task generates a categorization operator that allows one to implicitly find a
“thin slice” (extremely generalized heuristics).

Vagueness plays an important role when considering the multi-scale
PhSp of cognitive dynamic systems with different observation conditions and
other types of uncertainty. Sketch networks provide an answer to the
question: "What Vague Objects are Like?" LGP presents a new approach to
the logic and semantics of vagueness (The Nature of Vagueness): The
meaning is always vague; Sketches and traces of memory are blurry; Natural
estimates of any parameters and characteristics are always vague; The event's
echo or reward is always vague; Objects in the distance or in the background
are always blurry; Initial design ideas and strategic plans are always vague;
Emotions and mood are always a vague assessment; Vague Identity; Vague
Objectives; Vague time, and vague location; Measurement error; The
ambiguity and flexibility in commonsense reasoning; Fuzziness, uncertainty,
and vagueness of spatiotemporal objects; Fuzzy relationships between vague
spatiotemporal objects; Intuitionistic Fuzzy Similarity Measure; Incomplete
Observations. Dynamic logic describes the movement from vagueness to
precision (this concerns plans, trajectories, assessments).

The sketch network can be viewed as a quantum-like superposition of
sketches (Quantum-like SN hypothesis). What is a proper mathematical
structure for entities that are affected by the act of measurement? We consider
SN as “observables” (i.e., entities that can, in principle, be observed) and
“measurement outcomes” with probabilities that SN observables take
particular  values-sketches (quantum-like eigenstates). Quantum-like
entanglement of sketch networks is a part of generalized entanglement
(together with inductors-heuristics, stigmergy and remote synchronization of
oscillators on sketch networks; extended complementarity; Quantum-like
interference as a general principle governing human/agents decision making;
The intersection of quantum-like theory and cognitive science, covering new
insights, modelling techniques, and applications for understanding
human/agents cognition and decision making). We propose a formal
framework for understanding and unifying the concept of observers across
physics, computer/cognitive science, (second-order) cybernetics, philosophy,
and related fields (Towards a Generalized Theory of Observers: Developing
a LGP-Model for Observers/CA; From Observer to Agent). Advanced Al can
overcome fundamental limitations of the "logic of living systems" (Evolution
greatly limits the scope of potential design principles).

Some fragments of the sketch networks provide a connection between
cognitive and symbolic structures (with the help of "cogs"), which ensures
the transition to symbolic space, language and logic (together with the
inductor space containing implicit/explicit inference schemes). Signs
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(language) simplify communication between AS/CA (methods that are
specially devised to explore correlations between cognitive and language
structures, mental and linguistic formats of knowledge).

The level of development of the network of sketch networks (mental
sphere) determines the cognitive complexity of the agent. People/CA with
higher levels of cognitive complexity endure crisis situations and loads more
easily and find their way out of them more quickly. The transition to extreme
generalization determines ease and aesthetic satisfaction in solving
professional problems of distinction, developing a “critical sense” or the
desire for perfection in all aspects of activity (Optimal cognitive complexity:
the “edge of chaos™: critical sketches, "thin slice" heuristics in distinction
tasks; Heuristics for the Undecidable; Epistemology of Self-organization).
Criticality acts as one of the fundamental natural mechanisms of the universal
creative process — the desire for beauty, perfection. The ability to generalize
develops strategic thinking.

The network of sketch networks is a conceptual metaphor or rough
sketch of the CA Mind (mental sphere). Perhaps some multi-physical sketch
networks can serve as a metaphor for qualia (“The feeling of qualia is the
result of an efficient compression of information about prior experiences”
([5]). Qualia (in the LGP interpretation) is a coordinate system of high-level
sketches that can be consciously understood (Mathematical framework for
qualia structures). How are narrower qualia combined into broader qualia?
What is the mechanism by which phenomenal unity is achieved? The answers
to these questions are provided by the LGP (Meaning as Wholeness
Experienced; Cognitive Consistency). Multiple descriptions-sketches of an
image, phenomenon, trajectories or situation exist simultaneously. There is
an inseparable superposition of sketches of different levels of generalization
(Scale-Entwined Systems; Coordination Across Scales: Cascade of
Interactions). Figure 3 shows different scale qualia systems for different PhSp
sketches.
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Fig. 3 - Different scale qualia systems for different PhSp sketches

The most important features of phase spaces of cognitive systems are
their strong connectivity or generalized entanglement, constant and
unpredictable change/expansion, the emergence of new holistic qualities
(abrupt growth of cognitive complexity), and unlimited multi-scale. The
agent's control system continuously improves itself (Proto-Cognitive Bases
of Agency; Instability, uncertainty, complexity, non-monotonicity of
inference, "controlled hallucination", intuition and ambiguity are typical
characteristics of the state/behavior of the cognitive system; Limits of
Recursive Self-improvements; Principle of parsimony; Reformulation &
Serendipitous Discovery; Transformative Experiences of the Possible —
experiences grounded in the continuous interplay between enhanced sense of
the possible, personal agency, and the enactment of new possibilities).
Uncertainty becomes not a problem but a core operating principle. This view
of the agent's development, dynamics/behavior makes traditional
optimization impossible.

We will describe CA observations using triplet-events ("mental
molecules"): Ev=<P, {Q}, &}, where P is a sketch of an image; {Q} is a set
of sketches of a context (also contains sketches of space); £is a sketch of an
internal state (emotion). Any action-thoughts f creates a flow of events {Ev},
T or local "arrow of time" ("mental supra-molecules", “supramolecular
mental complexes”; The metaphor of the "double helix of action-thoughts ").
All local "arrows of time" form "Subjective Space-Time-Actions" (SSTA).
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Local "arrows of Time" connects sketches from different sketch networks.
Each SSTA "mental molecule" (event) consists of three/four oscillating
(quantum) cones or vortices generated by sketch networks. The fourth "cone"
corresponds to the pattern/action-thoughts and symbolizes the context (the
core of the chain of actions/thoughts/goals). SSTA is the foundation of strong
connectivity (entanglement) in the mental sphere as well as subjective
experience (The Scene Perception & Event Comprehension Theory;
Philosophy of Time and the Temporal Structure of Perceptual Experience;
Perceptual Experience of Space; Spatial Senses). All SSTA entities form their
own sketch networks. Based on SSTA, causal patterns of different scales are
implicitly defined, which enhances coherence / integrity / intuition
(‘Distillation’ Mechanism: distilling patterns-of-patterns). SSTA is an
integral part of the phase spaces. The "Narrative Space" functions in a similar
way. It significantly enhances the coherence of the mental sphere (What is
the structure of a grounded world model? A Mathematical Theory of
Knowledge for Intelligent Agents; Wholeness and the Implicate Order: A
Fundamental Organizational Principle of the Mind). The internal implicit
categorization of heuristics in distinction tasks leads to the emergence of an
"Inductor Space" (a set of heuristics of varying degrees of generalization
together with creative spaces of possibilities; Insight-seeking).

Patterns/action-thoughts/movements are described by schemes
flu: {a}—{b}, where {a},{b} are the properties of the initial and final
situations; p are the mechanisms for executing patterns belonging to the
situational creative Space of possibilities Pos-Space(f) [6]. Agentive
behavior involves a continuous creative act ("Going Beyond" / "Out of
bounds"; Producing Endless Novelty; Models of Possibilities Instead of
Logic as the Basis of Human Reasoning: A New Framework for Adaptation
of “Living Systems”; Spontaneous Potentiality; Heinz von Foerster's
operational epistemology: "Act in such a way as to multiply the number of
opportunities for choice!"):

Vet Vf  |Pos-Spaced(f)| = Creative Max

The problem is that it is impossible to fully formalize the Creative Max
agentive operator (Limits of Mathematical Modeling of Affordances). The
spaces of possibilities of patterns are fundamentally indeterminate [7]. The
task of choosing from spaces of possibilities is uncomputable. Meaning arises
from our physical interaction with the environment (agents must be capable
of engaging autonomously in causal physics discovery; the dynamics of the
system “brain-body-landscape of affordances”). The authors of [8] believe
that the “reasonable inefficiency” of mathematics in biology is an invitation
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to push the boundaries of science and see that the creative potential of nature
goes beyond strict mathematical formalism.

The “continuum of tasks” distinction scheme with cognitive penetration
implements a dynamic competitive mechanism of instant decision-making,
the task of which is to ensure survival in an aggressive and uncertain
environment. It is the use of embodied “thin slice” heuristics that has a
significant impact on the speed and economy of the decision-making process
(The Principle of Super-efficiency, suggesting that collective behaviours self-
organise to the critical regime where optimal efficiency is achieved [3]).
Direction where the approach can be used [9].
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JAUCBAJIAHC 3BYKEHHA/TAJIBMYBAHHS SAK
HEMPOBIOJIOTTYHUI MAPKEP Y CIIEKTPI IICUXO3IB TA
AYTHU3MY: BACHOBKH HA OCHOBI HEMPOBI3YAJII3AIIL TA
OBYUCJIIOBAJBHUX MOJEJER
Teprnnpkuii B.M., lupoxopax 1.B.°
Hayionanvuuil ynisepcumem «3anopizeka noarimexuika»

EXCITATION/INHIBITION IMBALANCE AS A
NEUROBIOLOGICAL MARKER IN THE PSYCHOSIS AND
AUTISM SPECTRUM: CONCLUSIONS BASED ON
NEUROIMAGING AND COMPUTATIONAL MODELS
Ternytskyi V.M., Shyrokorad D.V.
National University "Zaporizhzhia Polytechnic"

Abstract. The present study supports the idea that quantitative brain
measures, particularly those that reflect functional dynamics, may be critical
for distinguishing disorders with behavioral features. The results underscore
the biological continuity between psychotic disorders and emphasize the need
to incorporate dimensional or biologically based classifications into
diagnostic processes.

Hudepenmiamisi Ta po3yMiHHS IICHXIYHMX pO3JAiB, TaKHX SIK
mm3odpenis (SZ), Oinomspuuit posnax (BD) Ta posnan ayTHCTHYHOrO
crekTpy (ASD), 3a/IMIIal0THCS CKIAMHUMHE Yepe3 MePeKPUBaHHS KIIHIUHIX
CHMIITOMIB Ta CIIJIbHI TEHETHYHI Ta HEHPOOI10IOTIUHI 0COOIMBOCTI.

TpanumiiiHi niarHOCTUYHI cucTeMH, Taki sk DSM-5, Bce wacrimie
CTHKAIOThCs 3 NpOOJIEMOIO BincyTHOCTI OiosoriuHoi crermdivnocti. Le
CIOHYKAJl0 JIOCTiHWUKIB 10 BHUBYCHHS NPOMDKHUX (EHOTHIIB Ta
OioMapKepiB, SKi BUXOIATH 32 MEXKI JIarHOCTHYHUX KOPJIOHIB.
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OnHum i3 HNEePCHEKTUBHUX HarpsIMKiB € GanaHc
30ymkenns/ranbmyBanas  (E/) 'y Mosky —  dyHmameHTanbHA
Helpodi3ionoriyHa BIaCTUBICTH, IO BIUIMBAE€ HA CHHANTHYHY OOpOOKY Ta
JUHAMIKY HEHPOHHUX MEPEeX.

Y posmamax ayrtuctuaHOro cmektpy (ASD) pasHI TimoTesm
MIPUIYCKAJIH, IO IiABUIIEHE 30YAKEHHS KOPU TOJIOBHOTO MO3KY, MOJKJINBO,
BHACTIZIOK  3MEHIICHHs TamMa-amiHomacnsHoi  kuciotd  (CAMK)
iHTIOyBaHHs, CIPHUS€E CEHCOPHIHM TiNepuyTIMBOCTI Ta 3MiHEHi o0poOui
inopmariii, 1o crocrepiraeThes y oci6 3 ayrusmom [1]. Ils Touka 30py Oyia
HiATBEp/PKEHA [aHUMH TOCMEPTHUX JIOCTIDKEHb MO3KY (HalpHKIal,
3HMKEHOIO ekcripecieto pepmenty GAD65/67), MonensiMu Ha TBapHHaX Ta
JIOCITIJPKEHHSIMH MarHiTHO-PE30HAHCHOI CIIEKTPOCKOITIT, SIKi ITOKa3aiu 3MiHy
konueHrpauiii [AMK Ta riryramary.

Tpakomric Ta iH. [2] BEOCKOHANMIN Il HAIPSAMOK JOCIIJ[KCHB,
BHKOPHCTOBYIOUH TIOKa3HUK XepcTa A iHaekcamii qucoanancy E/l y oci6 3
ayTH3MOM, 1 BHABWIM crenudiuHi anst craTi edekTd y (QyHKIiOHyBaHHI
MentianbHoi TpedpoHTanbHOi KOpH. IXHA po6oTa CBiTYMTL TIpO Te, IO
cuiBBigHomenHss E/l e Ttimpkm mimBumiene mpu ASD, ame # Moxe
BIJIPI3HATHCS 3AJICXKHO BiJ CTATI Ta AUITHKA MO3KY.

Ipu mm3odpenii (SZ) cnocrepiratorsest moaioHI mopyuentst E/L, siki
YacTO CYNpOBODKYIOTHCS rinodyHkiiero NMDA-peuenTopis Ta aediiurom
napBajbOyMiH-mo3utuBHUX ~ ['AMK-epriunux  iHTepHEHpPOHIB [3].
BBaxkaerbcs, 1110 111 3MiHN CHPUSIOTH FIEPKOHHEKTUBHOCTI Ha PiBHI MEpexi,
MOPYIIEHHIO PoO0YOoi maM'siTi Ta BUHUKHEHHIO IICUXOTHYHUX CHMIITOMIB,
TaKMX SIK TAJIIONMHALIT Ta MapeHHs.

flapnpi Ta iH. [4] migkpecmwmu 3B’s30K Mik mucbamancom E/I Ta
AHOMAJIBHOIO BHYTPILIHBOIO CEHCOPHOIO 0OPOOKOIO NP SZ, IPHITyCKalouH,
110 TopymeHHs criBBigHomeHHs E/l Moxe jie)kaTh B OCHOBI CITIOTBOPEHOTO
CTIPUHHSATTS PEaIbHOCTI, XapaKTEPHOTO JUIS IIbOTO PO3JIady.

l'eHeTnuHi  mOCHiIKEHHS JOAATKOBO  MIATBEPIUKYIOTh  CIILJIBHI
6iosoriuni ocHoBu ASD Ta SZ.

T"ao ta [lensec [S] mpoanaizyBaiu 301KHI JaHi PO T, 10 MOPYIICHHS
CHHANTUYHUX OuIKiB, 3aiydeHux no Oanancy E/I (manpuxiax, SHANK,
NRXN, NLGN), MatoTh BiTHOLIEHHS O 000X pO3JIaliB, IO CBIYUTH PO
TE, IO CIHiJbHI T€HETHYHI (PaKTOPH PU3UKY MOXKYTH IPOSIBISITHCS uepe3
1o1i0H1 HEeIpOHHI MeXaHi3MHU.

Kanitano 1 [Tanmnarposi [6] BucyHynu rinotesy, mo aucoananc E/1 €
TPaHCIIarHOCTUYHUM BHMIpOM HEHPOPO3BHUTKY IATOJIOTI], 110 MOTEHIIHHO
TIOSICHIOE IIEPEKPUBAHHS CHMITOMIB, TAKHX SIK COIiaJIbHA 130JIS11151, CCHCOPHA
TUCQYHKITIS Ta eMOIiHA AU3PETyIIALis.
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Hocmimkennss Yckarecky Ta 1iH. [7] OyJlo 30CepelKeHO Ha
crmiBBigHOIIEHHI 30y/pkeHHs/ranemyBanas (E/I), ske Oyno KiibkicHO
OIIIHEHO 3a JIOTIOMOIOI0 EKCHOHeHTH Xepcra Ha ocHOBI GMPT y crani
CIIOKO0, TOPIBHIOIOYY YYaCHUKIB 3 HEHPOTHUIIOBOIO KOHTPOJIFHOIO TPYIIOIO,
ASD Ta SZ. ABTOpHM 3acTOCyBajJi aNTOPHTM MAIIMHHOTO HAaBYAaHHS
«OrrumansHe  knmacudikamiiine  nepeo» (OCT), BUKOPHUCTOBYIOUH
KOMOiHaIii KTIHIYHUX, (EHOTHITHHX Ta Bizyalli3alliiHUX XapaKTEePUCTHK.

By1o BUKOPUCTAHO I'Th IHKPEMEHTAJIBHUX MOJIEIICH, 110 CKIIajaucs 3
pi3HUX KOMOIHAIi KIIHIYHUX, (EHOTHITHMX Ta HEHpOBI3yaJbHUX O3HAK.
LeHTpanbHUM €JIeMEHTOM IXHBOTO HEHPOBI3yaJIbHOT'O aHAITi3y OyB IMOKa3HUK
Xepcra (H), 6e3macmitabHa MeTpuka, oTpuMana 3 yacoBux psaiB GMPT y
CTaHl CIIOKOIO, sIKa BHKOPHCTOBYBaJacsi JUId amnpokcumauii OamaHcy
30ymxenHs/ranbMyBaHas (E/I) y 53 He3aneKHMX KOMIIOHEHTaX MO3KY,
Bu3HaueHMX mradbmoHoM NeuroMark ICA.

ExcrionenTa Xepcra KUTBKICHO —OIIIHIOE JIOBFOCTPOKOBI  9acoBi
Kopersii konmuBaeb curHany BOLD, nmpudomy Huk4i 3HadeHHs H BKa3yoTh
Ha Bummi koedimient E/I, mo cBigunTh Tpo OUIBIIy JOMIHAHTHICTH
30ymxenHs. Li 3aauenns H Oynu BrroueHi abo okpemo, abo B MO€HAHHI 3
KJIiHIYHUMHU TIokazHuKaMu (Hampukiaa, PANSS, ADOS) ta ¢peHoTHTHUMEI
3MiHHMMH (Hampukian, 1Q, koedilieHT emmaTii, aJeKCHTHUMis) Yy BCIX
Mozeisx. EdexruBHicTh Kinacudikauii mokpampiacs 3 BkIroueHHsM H, a
HaliBuILa TOuHICTh (85%) Oyna ocsATHYTA MPH NOETHAHHI BCIX TPHOX THIIIB
JIaHUX.

Knacugikauiiiai Mozeni, 0 BUKOPUCTOBYIOTh 3HaueHHS H (Mapkepu
E/), mepeBepmmiam MoOJETi, 3aCHOBaHI BHKIIOYHO Ha KIIHIYHHUX a0o
(DCHOTUITHHX JaHUX.

PeliTuHT BaskJIMBOCTI O3HAK ITOKA3aB, IO KiTbKa KOMIIOHEHTIB MO3KY,
OTpHUMaHuX 3a Jonomororo H, Oynm cepen HalBIUIMBOBIMIMX NPEIUKTOPIB
s po3pizHerHs ASD Bin SZ

Huc6ananc E/I: sx rpymna 3 ASD, tak i rpymna 3 SZ mokasain I ABHIIeHi
cruiBBigHOMmEHHS E/I MOPiBHSAHO 3 KOHTPOIBHOIO TPYIOI0, IPHYOMY TpyIa 3
SZ noxasana Oiibll 3HAYHUN nucOaianc.

Le nocnimKkeHHs MiATBEPIKYE QYMKY, IO KUIbKICHI ITOKa3HUKHA MO3KY,
0COOJIMBO Ti, IO BiOOpaXxaloTh (QPyHKIIOHANBHY AWHAMIKY, MOXYTh OYyTH
KPUTUYHO BaXJIMBUMH JUI PO3PI3HEHHS pO3NadiB i3 IOBEIIHKOBUMHU
O3HaKaMH.

Xoua pmucbamanc E/l € 0ararooOilsiouuM TpaHCHIarHOCTHYHUM
MapKepoM, OUTBII MIMPOKI JOCTITHUIBKI 1HIIATUBY, TaKi SK TOCITIIKCHHS
BSNIP (8], matoTh Ha MeTi BHSABUTH IIMPIINKA CIIEKTP HEHpPOOiOIOTIYHMX
O3HaK y BCHOMY CHEKTpi IICHXO3iB, HAJalOYM BaXJIMBUA KOHTEKCT 1
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JIOZIATKOBI JlaHi, 0 MiATPUMYIOTH Iepexia 10 0i0JoriyHO OOIpYHTOBaHUX
CHCTEM KiIacuQikarii.

JaHe mOCHimKEeHHS € MAacImTaOHOI CIpOoOOI0 BHBYUTH CIJIBHI Ta
BimMiHHI OioJyoriuni ocobmmBocti mm3odpeHii (SZ), mm30adeKTHBHOTO
posmany (SAD) Ta Oimomspaoro posmamy 3 mncuxozoM (BDP). V #pomy
OIIIHIOBABCA Psi OioMapKepiB, BKIIOYAIOUM KOTHITHBHI (PYHKIIi1, KOHTPOIb
pyxy oueit, mokasauku EEI', ctpykrypry Ta pynkmionansay MPT i DTL

ChinpHI mopylIeHHs: KOTHITHBHI nucdyHkuii Ta enextpodizionoriuni
aHoMaiii OyJiM OYEBMAHMMH Y BCIX rpynax MHali€HTIB i3 IICUX03aMH, MIO
CBIIYMTH MTPO CHUIBHY MaTO(i3i0JI0TiI0.

CTpyKTypHI BIIMIHHOCTI MO3KY: 3MEHIICHHS Cipoi pedoBHHH OYII0
OinbII BUpaKeHUM Y marieHTiB i3 SZ ta SAD, Hix y nauieHris i3 BDP.
[pumitHO, 1m0 cTpyKTYpHI npodini namieHTi i3 BDP Oynu Gnmxunmu 1o
KOHTPOJILHOI TPYIIH.

3B's13HicTh Ta Oina pewoBuHa: DTI Ta ¢MPT y craHi cCioKOI0 BHSBHIH
MIOPYIICHHS 3B'I3HOCTI AK y SZ, Tak i B BDP, X09a i B pi3HOMY CTyTICHI.

Li pesynpraTét migKpecawiau OiONOTIYHY  CIIAAKOEMHICTE  MiX
NICUXOTUYHUMH pO3JafaMH, BU3HaueHHMMH DSM, Ta Haroiocwnium Ha
HEOOXiTHOCTI BKIIOYEHHS PO3MIPHUX ab0 O0i0NoTiyHO OOrpyHTOBAHHMX
kiacudikarii B IpomecH 1iarHOCTUKH.

BucHoBkn. HoBIiTHI [IOCHi/DKCHHS BKa3ylTh Ha jaucOaiaHC
30ymkenns/ranbMmyBanas  (E/I) sk xirouoBmit  HelipodizionoriyHuii
MEXaHi3M, 1110 JISKUTh B OCHOBI SIK PO3J1ajly ayTUCTHYHOrO ciekTpy (ASD),
TaK i mu3odpeHii (SZ). JlocnimKeHHs 3 BAKOPUCTAHHSIM IEPEAOBUX METOIIB
HelpoBi3yai3alii Ta 00YNCITIOBATBHAX METOIB IEMOHCTPYIOTH, IO OLIHKA
cruiBBigHOMEHHS E/I MOXYTh €EeKTHBHO PO3PI3HATH IIi KIiHIYHI pO3IIaaH,
MIPONIOHYIOYH NEPCHEKTUBHUI TpaHCIiarHOCTHYHHUN GioMapkep.

Ha nomarox mo miporo, gocmimkernast BSNIP migkpeciroe Gimbn mupoxy
HEOOXiTHICTh BHUXOAY 32 MEXI TPaguIifHUX TiarHOCTUYHUX KaTeropii
[OUITXOM BHUSBJICHHS CHUTBHUX 1 BiIMIHHMX OiOJIOTIYHHX PHUC Y BCHOMY
CIEKTpi IICuX03iB. Pa30M 11i BUCHOBKH MiATPUMYIOTh 3MiHY HapaJurMu B 01k
010JIOTIYHO OOIPYHTOBaHUX MoOAeNel mcuxiarpudHoi kiacudikaumii, e
crniBBigHomeHHs E/I BusaBnsfeTbCs 0COONMBO ILIIHHUM IIOKa3HUKOM JUIS
PO3YMIHHSI Ta JIarHOCTHUKH CKJIaIHUX HEBPOJIOTIYHMX Ta MCHUXOTHYHHX
CTaHiB.

Jireparypa
1. Rubenstein JL, Merzenich MM. Model of autism: increased ratio of
excitation/inhibition in key neural systems. Genes Brain Behav. 2003

186



Oct;2(5):255-67.  Doi:  10.1034/j.1601-183x.2003.00037.x. ~ PMID:
14606691; PMCID: PMC6748642.

2. Trakoshis S, Martinez-Cafiada P, Rocchi F, Canella C, You W,
Chakrabarti B, Ruigrok AN, Bullmore ET, Suckling J, Markicevic M, Zerbi
V; MRC AIMS Consortium; Baron-Cohen S, Gozzi A, Lai MC, Panzeri S,
Lombardo MV. Intrinsic excitation-inhibition imbalance affects medial
prefrontal cortex differently in autistic men versus women. Elife. 2020 Aug
4;9:¢55684. Doi: 10.7554/eLife.55684. PMID: 32746967, PMCID:
PMC7402681.

3. Anticevic A, Lisman J. How Can Global Alteration of
Excitation/Inhibition Balance Lead to the Local Dysfunctions That Underlie
Schizophrenia? Biol Psychiatry. 2017 May 15;81(10):818-820. Doi:
10.1016/j.biopsych.2016.12.006. Epub 2017 Jan 4. PMID: 28063469.

4. Jardri R, Hugdahl K, Hughes M, Brunelin J, Waters F, Alderson-Day
B, Smailes D, Sterzer P, Corlett PR, Leptourgos P, Debbané M, Cachia A,
Deneve S. Are Hallucinations Due to an Imbalance Between Excitatory and
Inhibitory Influences on the Brain? Schizophr Bull. 2016 Sep;42(5):1124-34.
doi: 10.1093/schbul/sbw075. Epub 2016 Jun 3. PMID: 27261492; PMCID:
PMC4988749.

5. Gao R, Penzes P. Common mechanisms of excitatory and inhibitory
imbalance in schizophrenia and autism spectrum disorders. Curr Mol Med.
2015;15(2):146-67. doi: 10.2174/1566524015666150303003028. PMID:
25732149; PMCID: PM(C4721588.

6. Canitano R, Pallagrosi M. Autism Spectrum Disorders and
Schizophrenia Spectrum Disorders: Excitation/Inhibition Imbalance and
Developmental Trajectories. Front Psychiatry. 2017 May 1;8:69. doi:
10.3389/fpsyt.2017.00069. PMID: 28507523; PMCID: PMC5410649.

7. Uscatescu, L., Hyatt, C., Kronbichler, M., Calhoun, V., Corbera, S.,
Pelphrey, K., Pittman, B., Pearlson, G., & Assaf, M. (2022). P495. Using
Excitation/Inhibition Ratio to optimize the classification of autism spectrum
disorder and schizophrenia. Biological Psychiatry, 91(9), S288-S289.
https://doi.org/10.1016/j.biopsych.2022.02.730

8. Tamminga CA, Pearlson G, Keshavan M, Sweeney J, Clementz B,
Thaker G. Bipolar and schizophrenia network for intermediate phenotypes:
outcomes across the psychosis continuum. Schizophr Bull. 2014 Mar;40
Suppl 2(Suppl 2):S131-7. doi: 10.1093/schbul/sbt179. PMID: 24562492;
PMCID: PM(C3934403.

187



BUSIBJIEHHS HECAHKIIIOHOBAHUX JII TA ATAK ¥
KOMIT'IOTEPHUX MEPEXAX 3 BUKOPUCTAHHSAM
AHCAMBJIIO MOJIEJIEM
Tpetsx O.0., Ayoposiu B. L.
Hayionanvuuii ynigepcumem “3anopizvka Honimexnixa”

DETECTION OF UNAUTHORIZED ACTIONS AND ATTACKS
IN COMPUTER NETWORKS USING ENSEMBLE MODELS
Tretiak O.0., Dubrovin V.I.
National University "Zaporizhzhia Polytechnic"

Abstract. Ensemble learning techniques are applied to detect
unauthorized activities and cyberattacks in computer networks. By
combining multiple machine learning models—such as bagging, boosting,
and stacking—these approaches enhance detection accuracy and reduce
false positives. The integration of deep learning architectures and feature
fusion mechanisms significantly improves the performance of intrusion
detection systems (IDS). Leveraging multivariate anomaly detection and
adaptive ensemble frameworks enables robust, real-time identification of
complex cybersecurity threats.

Keywords: ensemble learning, anomaly detection, intrusion detection
systems, network traffic, machine learning, false positive reduction

IMocranoBka mnpodsemu. Bimomi MepexeBi aHoMamii HacTUIBKU
PI3HOMaHITHI, MO X HE MOXXHa KaTCrOPU3yBaTH 3a JIOTIOMOTOIO OJHI€T
npocroi kinacudikanii. IIIBuaKo 3pocrae KUTBKICTh aTak, iX MOTYXXHICTh Ta
CKJIQIHICTb. 3IIOBMHUCHUKH LIyKarOTh IPUHIMIIOBO HOBI METOAN HE3aKOHHHUX
BTPYYaHb Ha MEPEXKY 1 Dy’Ke YacTo iCHYIOUi 3aCO00M 3aXUCTy BHSBIISIOTHCS
Oe3CHITMH TIepeT HUMH.

CgitoBi migepn 3 iHdopmariiiHoi Oe3mekn CTaBIATH HEOOXiTHICTH
BusiBieHHs DDoS-arak i IpOTHCTOSHHS 1M K MEPIIOYeproBe 3aBIaHHS B
CBOIX JIOCHI/DKEHHSIX 1 po3poOkax. Ha naHmii yac He icHye SKOToch
YHIBEPCAJILHOTO 3aco0y s NpOTHAli HECAHKIIOHOBAHUM BTOPTHEHHSIM.
BinbImicTe METOIB MatOTh OOMEKEHHS B 3aCTOCYBaHHI IO HECTAIllOHAPHIX
CHUTHAJIB.

MeToan BHMIBJICHHA MepeKeBUX aTak. MeTonu BHSBICHHS
MEPEKEBHUX aTaK MOAUISIOTHCS HAa METOAM BUSBIICHHS aHOMANIH Ta METOIU
BUSIBJICHHSI 3710BXkMBaHb. CUTHATYpPHI METOJIM OPI€HTOBaHI HA BUSBIICHHS
BXKE BIJOMHUX aTak 3a 3a3Jajeriib 3aJaHuMu admoHaMu. Born edekTusHI
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IIpY HASBHOCTI TOYHHMX CHTHATYyp, ane HEe 3[aTHI BUSBJISATH HOBI 4H
Mo dikoBaHi 3arpo3u.

MeTtonu BUSBIICHHS aHOMATii 0a3yrOThCS HA BUSBIICHHI BiAXUICHB Bij
HOPMaJIbHOI ITOBEIIHKH CHCTeMH. J[0 TaKMX METO/IiB HAJIE)KaTh IOBEIIHKOBI,
SIKi TTOPIBHIOIOTh IOTOYHY MEPEXEBY aKTHUBHICTH 3 MpogigeM HOPMaIbHOL
poGotu. 3HauHI BiIXWJICHHS MOXYTH CBIAUUTH NP0 MOTEHIHHY ataky. Lli
METOAU JI03BOJISIFOT BHSIBIATH HOBI 3arpo3u, OJHAaK CXMJIBHI [0
XUOHOMO3UTUBHUX CIPAIlOBaHb, OCOOJHMBO B JMHAMIYHUX yMoOBax. Jlis
HaJIAIITYBaHHS TaKUX CHCTEM HEOOXIJHWI eTan HaByYaHHS, IO TPHUBAE
IIEBHUU 4ac.

Jo nmoBenminkoBux MeTomiB [1] HamexkaTh:  BeHBIET-aHANI3,
CTaTHUCTHYHHUH, SHTPOMIWHUN, CIEKTpalIbHUM, (ppakTabHUN Ta KIaCTEPHUI
aHaii3. TakoX BUKOPUCTOBYIOThCS OaraTOBUMIpHI IiAXOAH, SIKI BpaXOBYIOTh
OJJHOYACHO KUTbKa IMapamMeTpiB — 4YacTOTY 3aIluTiB, KUIBKICTH 3’€/IHaHb,
PpO3Mip HaKeTiB TOMIO.

CydJacHUM MiIX00M € aHcamOJIeBi MOJEN, MO MOETHYIOTh ACKibKa
AITOPUTMIB MallIMHHOTO HaBYaHHS. BOHM BpaXxoBYIOTh SK TIOBEHIHKOBI, TaK
1 CTaTUCTHYHI XapaKTepUCTHKH Tpadiky, mo 3abe3medye THYUKICTb,
aIalITUBHICTD Ta e()EKTUBHICTh y BUSABJICHHI CKIIAHUX aTaK.

Meton ancaméueBoro HaB4aHHsl. OJHI€I0 3 TMEPCHEKTHBHUX
TEXHOJIOTIH aHalli3y JaHWX € aHcaMOJieBe HABUAHHS, IHCTPYMEHTH SIKOTO
3HaXO[STh 3aCTOCYBAHHS y PI3HUX Taly3sX IHTEJCKTyaJdbHOI NisSUIHOCTI,
30Kpema B cdepi MepexeBoi Oe3neku ta [HTepHery peueit [2]. Tpagumiini
METOJM BUSIBJICHHS aHOMaJlii, 1m0 0a3yloThCs Ha OAMHUYHHMX aJrOpUTMax
MaIIMHHOTO HaBYaHHS, YacTO HE CIIPABIIAIOTHCS 3 BUSBICHHIM CKIaJHUX 200
HOBHX aTaK, 30KpeMa uepe3 BHCOKHH piBEHb XHOHOIIO3MTHBHHUX
CIpaIbOBYBaHb i HU3BKY 3aTHICTH 0 y3araabHEeHHS [3].

AnHcaMOIIeBi METOIN TO3BOJISIOTH MMOEAHYBATH ACKITbKA MOICTIEeH — SIK
OTHOPiAHMX (OTHOTO THITY), TaK 1 PI3HOPIOHHMX (PI3HOrO THUILy) — IUIS
MTOKPAIIEHHS TOYHOCTI, CTIHKOCTI 0 IIyMiB Ta 3AaTHOCTI A0 amamnTamii 1o
3MiH CTPYKTYypHu AaHux y 4aci (concept drift) [2][3]. Boun nemoHCTpytOTH
3HAa4YHO BHUIY €(EKTHBHICTh NPU BHUSBJICHHI aTaKk y MOTOKOBHX JaHHUX,
JO3BOJISIFOYM  HE JIMINEG TOKPAIUTH TOYHICTh, aje # 3a0e3meyuTd
peaJbHOBUAacCHE BHSBIICHHS 3arpo3 3a YMOB OOMEXEHHX pecypciB
obuucnennst [2]. OpnHielo 3 akTyaJlbHMX 337a4 IIpH BUKOPHCTaHHI
aHcamOJIEBOTO MIIXOMy € BUOIp KOHKPETHHX 0a30BHX MOJIEIICH Ta MeXaHi3M
iX 00’eqHaHHS — TOJIOCYBaHHs, Oarrinr, OycTuHr abo crekinr. Llei BuOip
4acTo IPYHTYETHCA Ha EMIIIPUYHOMY JOCBiNI JOCTHiAHWKAa 1 moTpedye
OKpPEMOTO €TaITy OIiHFOBaHHA [3].
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BusiBienns anomajniii 3a gonomorow ancamoOiaesux monesei. Ha
MIPaKTHII IS aHAII3y MEpeXeBOro Tpagiky 3aCTOCOBYIOTHCS SK KJIACHYHI
aHcaMOJI1i Ha OCHOBI JiepeB pimieHb (Hanpukian, Random Forest[4], Adaptive
Random Forest), Tak i Oinpm ckiaaHi TiOpUAHI aHCaMOITi, IO BKIIIOYAIOTh,
Hanpukian, SVM, HelipoHHI Mepexi, a0 MeTOnu TIHOOKOTO HaBYAHHS
(CNN-LSTM, CNN-GRU) [2], [5].

Cepen BXiTHUX JaHUX, [0 aHATI3YIOTHCS TAKIMU CHCTEMaMH, MOXKYTh
OyTH SIK TpaIuLilHI MepexeBl 03HaKH (KUIBKICTh 3 €HaHb, PO3MIp MaKeTiB,
MPOTOKOJIN ), TaK 1 BUCOKOPIBHEBI CTATUCTUYHI a00 YacOBi XapaKTEPUCTUKU
[3].

3a3Buuall  y Tpoleci MOJCTIOBAHHS CHUTHAT PO3JUISETHCS Ha
KOMITOHEHTH, BiNOBiJIHI KOPOTKOCTPOKOBUM CIUIECKaM (SIKi MOXYTh OyTH
mymoM abo arakamu THny DoS), cepeIHbOYACOBHM KOJIMBaHHIM
(Hanpukmax, 3MiHM, CHPUYMHEHI KOPUCTYBAllbKOIO aKTHMBHICTIO) Ta
noBrorpuBaiauM TeHneHHisM (APT-araku, Butik maxux) [3]. YV Bumaaky
BUKOPHUCTaHHSI MOTOKOBOTO aHANI3y 3aCTOCOBYETHCSI OHJIAMH-HABYAHHS, a
MOJeNi aJanTyIOThCSA M0 3MiH y gaHuX. OcoOiuBY yBary IOCITiIHHUKA
MIPUIULIIOTE 3JaTHOCTI CHCTeM BUABIATH concept drift — mocTymosi abo
Pi3Ki 3MIHH B PO3MOALNI JaHUX, IO MOXYTh CHTHATI3yBAaTH PO 3MiHY THILY
3arpos [2].

[Iporienypa BUSBIACHHS aHOMANil mepeadavae MOMEPEIHI0 OOpPOOKY
Tpadiky (Hopmasizaiiisi, BUOip 03HAK), OOUHCICHHS MPSIUKTOPIB B KOB3HOMY
BIKHI Ta 3aCTOCYBaHHS TMOpPOroBoro anamizy. [loxmis BBaXKaeThCs
AQHOMAJIBHOIO, SIKIIIO Bi/IOBIHA METPUKA IIEPEBHUIILY€ BCTAHOBJIEHE IOPOIOBE
3HAYCHHS, 110 OYJI0 BU3HAUCHE HA €Talll HaBYaHHS a00 onTuMizarii [3].

BucHoBkn. AHcamMOlieBe HaBUaHHS € OJHHAM i3 Haie(eKTUBHIMINX
CYYacCHHX TIIXOJIiB IO BUABIIEHHs HECAHKIIIOHOBAHMX Jili y Mepexax. Moro
mepeBara IoJIsrae y 3aTHOCTI MOEIHYBATH NepeBard KUTbKOX aJTOPUTMIB
MAaIIMHHOTO 200 TIIMOOKOr0 HaBYaHHS I JOCATHEHHS BUCOKOI TOYHOCTI Ta
CTIMKOCTI /10 3MiH BXiZHUX JaHWX. Ha BiAMiHY Bi KJACHYHUX CHTHATYPHHIX
a00 OJMHOYHMX MOJENEH, ancaMOi 31aTHI BUABJISATH K BXE BigoMmi, Tak i
HOBI THIIM aTakK, 30KpeMa B YMOBax 3MiHHOTO a00 IIOTOKOBOTO Tpadiky.

3anpornoHoBaHi MiIX0AM HAa OCHOBI OarriHry, OyCTHHTY Ta CTEKIHTY
JaloTh  3MOTY 3HHU3WTH  piBeHb  XMOHONMO3WTHBHHUX  CIIPAIlIOBaHb,
aJanTyBaTUCS O KOHLENTYyalbHUX 3MiH y aaHux (concept drift), a Takox
aHaJTI3yBaTH SIK KOPOTKOYACHI CIIJIECKU aKTUBHOCTI (Hanpukiaza, DoS), tak i
nosrorpusaiti 3arposu (APT-araxwm).

TakuM 9UMHOM, MOBEIIHKOBI METOIM, 30KpeMa aHcaMOJeBI MOJeElNi, €
MEPCIICKTUBHUM HAIpPsSMOM JUIS CTBOPEHHS aJATUBHUX CHUCTEM 3aXHCTY,
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3JaTHUX C(I)GKTI/IBHO (byHKIIiOHyBaTI/I B YMOBax CKJIQAHOI'O, I'€TEPOrCHHOIO
Ta ,HI/IHaMi‘{HOFO MCPECIKEBOI0 CE€peAOBHUIIIA.
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miaTpuMkyd  MiHicTepcTBa OCBiTHM 1 Hayku Ykpainu, HamioHansHuM
YHIBEpCHUTETOM «3amopi3pka mojiTexHikay (Kadeapor CUCTEMHOTO aHaTi3y
Ta 00YMCITIOBAIILHOT MaTeMaTHKH ), LleHTpanbHOyKpaiHChKUM HalliOHATbHUM
TEXHIYHUM YHiBepcuTeToM (Kadenpa BUIIOI MaTeMaTHKH Ta (i3uKH), 3a
niarpumku [HetutyTy KibepHeruku imeni B.M. I'mymkoBa HAH Vkpainu,
IIpeACTaBuIN 23 HaBYAJIBHMX 3aKJIaJy i HAyKOBHX yCTaHOB YKpainu Ta 11
IHO3EMHHX.

B ceminapi Opamm ydacTb TpPEACTABHUKH Bil BHUIIUX HaBYATBHUX
3aKJIa/liB Ta HAYKOBUX YCTAHOB YKpaiHu:

. Hamionanenuit yHiBepcuTeT «3amopizbka MOJiTEXHIKa

. HHeHaTpansHOYKpaiHCHKUI HAIlIOHATHHAN TEXHIYHIHA YHIBEPCUTET

. ImcrutyT xibepHeTnku imeni B. M. I'mymxoBa HAH Vkpainn

. YKropoJcbKuil HalllOHAJbHUI YHIBEPCUTET

. ExoHoMiko-TexHOoriuHmit iHCTUTYT iMeHi Pobepra EnbBopTi

. JlHinpoBchKUit HanioHaNbHKUK yHiBepcuTeT iMeHi Osecst ['oHuapa

. 3an0pi3bKHii HAIlIOHAJILHUH YHIBEPCUTET

. IncruryT iHdopmauiitaux Texuonorii i cucrem HAH Ykpainn

. IncrutyT eneprernunux mammH i cucreMm iMeHi A.M. Iliaroproro
HAH Vkpainu

10. KuiBcbkwii HamioHaBHMH yHiBepcuTeT iMeHi Tapaca IlleBueHka

11. Ykpaiacbka geprkaBHa JIOTHA aKaseMist

12. HarionanpHM# aBianifHUA yHIBEPCUTET

13. HamioHanbHHWI  yHIBEPCHTET BOZHOTO TOCIIONApCTBA  Ta
MIPUPOLOKOPUCTYBAHHS

14. HauioHanpHuii  TexHIYHWH  yHiBepcureT  «JIHIIpOBChKa
HOJITEXHIKa»

15. HauionaneHuii yHiBepcuTeT «JIbBIBChKa MOJIITEXHIKa

16. XapkiBCbKUIl HalllOHANBHUH YHIBEPCUTET MICBKOTO TOCHOJapCcTBa
imeni O.bekeroBa

17. Mi>xxHapoaHUiT €BponelHChKUI YHIBEpCUTET

18. Yepkacbkuii nepkaBHUI TEXHOJIOTIYHUN YHiBepcUTeET, Uepkacu

19. Incturyr Ttexniunoi mexaniku HAH VYkpaiam ta [lepxaBHe
KOCMIYHE areHTCTBO YKpaiHH

O 00 IN b W~
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20. TIAT “HaykoBo-BupoOHMYe miampuemcTBo  “Panmiii”, M.
Kponusuunpkuii

21. I'pomanceka opranizamis «CHCTEMHI TOCIIIKSHHSDY

22. YkpaiHcbke (pi3muHEe TOBapHCTBO

23. T'pomazacpka opraHizamis «MDKHAPOTHHHA JOCTIIHAN LEHTP
BuxpoBoi eHepreruxn» (M/ILIBE).

[HO3eMHI y4YacHHKH MpPEACTABISUTM HaBYAIbHI 3aKJIaJW 1 YCTaHOBHU 3
BOCBMH KpaiH CBITY:

1. VYuiBepcurer Ctoni-bpyk, CILA;

2. VYuiBepcurer Jlenasepy, CILIA;

3. Ilkona maremaTtuku i1 cratucThku yHiBepcurery Cenrt-Enpproc,
O0’eTHaHE KOPOJTIBCTBO;

4. Illkoma xoMm'toTepHHMX HaykK, YHiBepcuter Cenrt-Enaproc,
O0’enHaHE KOPOJiBCTBO;

5. VYmuiBepcuret Kapniddy, O6’exHane KOpOITiBCTBO;

6. VYmuieepcuret ['poninrena, Hinepmanmm;

7. Camapkanacekuii  ¢imian  TamIKeHTCBKOTO  YHIBEpCHTETY
iHQopMaIiifHUX TEeXHOJIOTIH, Y30eKicTaH;

8. VYuisepcuter ManbTi, MajbTa;

9. ENGINEERING Ingegneria Informatica S.p.A., Roma, Italia;

10. Manpuackkuil MoJITEXHIYHUH yHIBEpCHTET, [cnaHis;

11. Tncruryr Mmaremarnku JIon3bCHKOTO OMITEXHIYHOTO YHIBEPCUTETY,
[Nonpma.

HaykoBui po3misiHynn HaWOUTBII aKkTyaslbHI HMHUTaHHS U PO3BUTKY
YKpaiHCbKOI HAayKHW 1 CKOHOMIKHM, INO IOB’s3aHi 3 TEOPETHYHHMH Ta
NPUKJIAJIHAMH ~ acleKTaMH  HAyKOBOTO  HampsMy  «KOMOIHaTOpHi
KOH(QITypaIii» Ta HOTro 3aCTOCYBaHHIMH 10 BHPIMIEHHS Cy4acHUX IpoOiIeM
MOJICTIOBAHHS 1 IPUIHSTTS PIllIeHb B YIIPaBIIiHHI CKJIQIHAMHU CHCTEMaMH 3a
TaKMMH HaIPsSMaMH:

1. KombinaTopHi koH}iryparii, rpadu Ta 3amadi ontumizaiii Ha HUX.

2. ABTOMaru, CKiHYeHi anreOpu, MaTeMaTH4YHa JIOTiKa 1 TeOopisi MHOKHH,
TEopist irop 1 Teopis MPUHHSTTS pillleHb, KOJYBaHHS Ta PO3Ii3HABAHHS
00pa3iB, iX 3aCTOCYBaHHS B Pi3HUX rajly3sX.

3. Maremarn4Hi MOAENI JUCKPETHUX IPOLECIB 1 CHUCTEM pi3HOTO
MIPU3HAYCHHSI.

4. Tlporpamue 3a0e3nedyeHHs CHHTE3y Ta aHali3y KOMOIHATOPHHX
KOH(iTypartiii.

5. I'padu 3HaHB, OHTOJOTI], MAIIIMHHE HABYaHHS, TpadoBi 0a3u JaHUX,
IITYYHAHN 1HTEIEKT.
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6. IcTopist po3BUTKY yKpalHCHKOI HayKH.

YyacHUKN KOH(EpeHIil 00roBopriIn Taki IpoOJIeMHI TUTaHHS:

BBEJICHHS HOBHX THITIB KOMOIHATOPHUX KOH(Iryparrii;
AITOPUTMIYHOTO MiX0ay 10 Hairamii poro BIUIA;

pO3B’si3aHHS  3a7ay  MapIIpyTH3alii TPAHCIOPTHHX 3aco0iB,
30KpeMa 3ajavi  KOMiBOsDKepa 3 OaraTbMa  pO3B’sS3KaMu,
(hparMeHTapHI MOJENI JUTS 3a/1a4 MOKPHUTTS, MATEMATUYHI MO
PYXY aBTOHOMHHUX I'pYII areHTiB;

HEUiTKi MOJIeJli B MApKETHHTY TTOCIYT;

BUKOpucTaHHs conBepa BARON 1ist 3HaXO0/KEHHsI ONTUMAaIbHOL
YIIaKOBKH;

GararokpurepiayibHa 3aada €(QEKTUBHOCTI JyalbHOI CHUCTEMH
HaBYaHHS /IS 3aKJ1a/IiB BUIIOI OCBITH;

KOMOIHATOPHHA, PO3MIMPIOBAHUH (pa30BHH MPOCTIp KOTHITUBHIX
IMHAMIYHHX CHUCTEM;

psil  pe3ysbTariB, NPHUCBSUEHHMX Teopii TpadiB: Qakropuzarii
NOBHOTO rpady, raHapHi rpadu, po3MiTKH y3arajibHEHOro rpada
[lerepcena, po3miTku It TOpOroBux rpadiB, AEMOHCTpALlis
pobotu 3 rpadamu y cucremi koM '1otepHoi anredpu GAP, rpadosi
Mojeni s moOyJOBH CHIIBHOI KOMaH/W, MOJIENIIOBaHHS T'PH Ha
peryisipHoMy rpadi, 3agaqi nodymosu rpadis Ta ix rpym;
CIPOIICHHS CUMETPUYHUX OylieBUX (YHKIIH METOIOM OOpa3sHHX
TIEPETBOPEHb;

MMMTAaHHA 3aCTOCYBaHHA INTYYHOTO IHTEJIEKTy B aHcaMmOm 3

KOMOIHAaTOPHUMHM  KOH(]IrypamisiMM:  €BONIOLIS  TOMOJOTI]
HEeWpoMepex, 1IN0 KepyKThb IOBEAIHKOW LUPPOBHX ICTOT;
porpaMyBaHHs 0OMEKCHB; eKOJIOTYHUH MOHITOPHHT;

HeWpoOioyoriuHMi Mapkep Ha OCHOBI HeHpoBi3yauizamii Ta
00YHNCITIOBAIILHUX MOJIEJIEH;

mpo0OsieMu OOYJOBH OHTOJIOTIH: OHTOJOTIl ()EHOTHITIYHMX O3HAK
COHSIIIHHMKA; CUCTEMa KepYBaHHsI OHTOJIOTISIMH Ha OCHOBI rpa)oBUX
0a3 maHuXx;

rpylia NUTaHb, IPUCBSUCHUX KibepOe3meli: 3acTocyBaHHs BEHBIIET-
aHaJi3y JUIA Balifamii JaHUX Y CHCTEMax OIIIHKH PH3HKIB; OI[IHKH
PHU3HMKY aHOMabHOI moBeAiHKM cy0’ekTiB y IT-iHdpacTpykTypax;
BHSBIICHHS aHOMAaJii Ha 0a3i (he1epaTHBHOTO HABYAHHS; BUSBICHHS
HECAHKI[IOHOBAHMUX Jiii Ta aTak y KOMITIOTEPHUX Mepexax 3
BUKOPHUCTAHHSM aHCAMOJIIO MOJICIICH;

npobiemu iHGOpMaIliitHOTO 3a0e3MeYeHHs [IMBIILHOT aBiallii;
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e mpoOieMu 00pOOKH PETPOCIICKTUBHUX JIaHHX;
e KoMmOiHaTOpHa ONTHMI3aIlis Ta ii XapaKTepHi OCOOIHBOCTI.

YCBiZOMIIOIOYH  pONb 1 3HAUYEHHS PO3BUTKY (YHIAMEHTATBHHUX 1
MPUKIIAAHAX JOCTIKEHb, JIe IIMPOKO BUKOPHUCTOBYIOTHCS KOMOIHATOpHI
KOH(]Irypariiii, y9aCHUKH CeMiHapy BBa)KalOTh 32 HEOOXiTHE:

1. TIpomoBXUTH HAyKOBI JOCHI/KEHHS 32 OOpaHMMHU HalpsMaMmH,
BPaxOBYIOUH 3POCTAI0YY aKTYaIIbHICTb I1i€] TeMaTHKH. BiI3HAYMBIIN BUCOKY
eexkTuBHICTh qucTaHuiiHOl (opmu nposeneHHs XXVII MixnapogHoro
HAyKOBO-IIpakTU4HOTrO ceMiHapy «KomOinaTopHi koHQirypaumii Ta ixHi
3aCTOCYBaHHS», PEKOMEH/IyBaTH B MalOyTHbOMY IO€JHYBAaTH AUCTAHIIHHY
(dhopMy poboTH ceMiHapy pa3oM 3 TPATUIIIHHOI OYHOIO MPHUCYTHICTIO (3a
MOKITUBICTIO).

2. PosBuBaTH HayKOBi 3B’A3KM 3 BITYM3HSAHHUMH Ta 3aKOPAOHHHMH
MIPOBITHUMH BHIIMMH HaBYAILHUMH 3aKJIalaMi Ta HAYKOBUMH YCTaHOBAMH
JUTSA OpTaHizallii 1 pearizallii CIiIbHIX HAYKOBHUX Ta OCBITHIX IMPOEKTIB.
3.ToryBatu inpopmaniiiHi MaTepiaii yKpaiHCHKOIO Ta aHTTIHCHKOIO MOBOIO.
4. IlinTpuMyBaTH 3ay4eHHs MOJIO/I J0 y4acTi B ceMiHapi.

5. PexoMeHnmyBaTH Kpaili JONOBiJl ceMiHapy 1o myOuikaiii B 30ipHHKY
HayKoBHUX npaip «KibepHeTrKa Ta KOMIT FOTEpH] TEXHOJIOTIi».

6. Po3micTuTH iH(poOpMAaIiI0O PO ceMiHap Ta OMyOJiKYBaTH PE30JIOLIIO i
30ipHUK MarepianiB Ha caiitax L{eHTpaibHOYKpaiHCHKOTO HalllOHAaJIbHOTO
TEXHIYHOTO YHiBepcUTeTy Ta HarlioHasbHOTO yHIBEpCHTETY «3amopi3bka
TTOJIITEXHIKa.

7. IommproBaTu iH(GOPMAIIIFO PO PE3YIbTATH CEMiIHAPY Y CIEHiaTi30BaHUX
BUJIQHHSX
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D®OTOMATEPIAJIN

Maksym leger

o I 0OGMBAOe OO0 GOS T T T e

3aciganns ceminapy 05.06. 2025
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3acrocysaHHA Concorde

Hayx0B0i0 CNinbHOToI Concorde aCTOCOBYBABCA ANA PO3E'ASAHHA 33434,
Akl 380AATBCA 40 TSP
6 GiOIHBOPMATHAL - KAPTYBAHHA TeHiB, NPOTHO3YBAHHA dYHKLIR Binkis,
- MapwpyTH3aLi TPaHCTOpTH X 3aC0BIs;
- NepeTBOpeHKS PacTPOBIX 306paeHb Ha GeanepepsHi NiHIAH Man okiu; Hossie coope
MNakHyBaHHA PYXY CyAEH ANR celiemivHMX BocniKenb;
- KOMBIHATOPHOI OMTMMIsaWlT (BUB4EHHR BNACTHBOCTER MaCWTaBYBaHHs)

o M

T octenuk

r1e3 ncutaH
s

i
KIBAOHETHER T2 KOMITHOIEpH
Texuneiil, K2, InGim iy
e TH HAHY,

5, C. 17-36. Pexent

CeiToBuii pexopa,. Binomo, Lo 38 LONOMOr0I0 NakeTa Concorde TSP Solver
3HaiAeHo ONTUMANbHI po3a‘aski 405 acix 110 sagad is bibniorex TSPLIB,
HaibinbWa posMipHICTs 3anadl — 85900 mict (pesynbrar oTpHMaHo 8
2006 p.) [ KHira, ronosHa cTopika Concorde ] .

[Khura] Ceprietko 1.B., Wuno B.MN., Powms B.O. fIMcKpeTHa onTumisaujis.
Anmpumu Ta iXHe edeKTMBHe BMKODMCTAHHA. Kuls: Haykosa AyMKa.
2020. 144 <.

[ fonosHa cTopinka Concorde | -
https://www.math. uwatevlon ca/tsp/concorde/index.html

= : ; e" f o

@parmMeHT IOMOBiAi: 3aﬂaqa KOMiBOsDKepa 3 6aratbMa po3B’s3KaMH,

CTEHIOK Ilerpo IBanoBuy, [HcTuTyT KibepHeTnkn iMm. B.M.I mymxkoBa
HAHY, m. Kuis

> m S 2 0FQ A  ~adwoeaw 0

Oleksii lzvaloy ~ Mykhailo Solo... Dmytro Shyrok...

[ metayami Ghange oense 10 85D
i
[ servepy odte version v

Packages
(I README .
Putich

Quick start on Google Colab Contributare 2

ﬁ; aagurakgun Ggir Akgir

1. Create a new notsbook on Geogle Colab

2. Run the following command (2 fines) in & Code cell to instal this & onanskas ogahek vusupos

tsource <(curl - https://ran,aithisusercontant. con/corlRRED) &
Arcload ext conjure
Languages

3. In the fallowing Cede cells Canjure commands wil be available.
® Juyier Notebonk 510

See a very simple example here: What_numbe ® Pythan 103
Jnvaserion 4

FE Y I I R I T

®parment nonosizi: Constraint programming with Conjure inside
Jupyter Notebooks, Ozgiir AKGUN, School of Computer Science,
University of St Andrews, UK
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Resells Wanla)

Dmytro Shyrok..

Anomaly Detection Phases — Training and Assessment phase

Training phase Assessment phase

A b
, - P
+ [— } .

Tr-[i)ning phase format type: Assessment phase format type:
ataset: peap + Incoming traffic: netflow or SNORT like
+ M, model: joblib + Alerts or anomalies: JSON, csv

Training phase approaches:
+ Federated Learning (FL)

(&) TELEMETRY

= Qe v e opdLe S 0FaAC ~B e ow Bas

®parmenT nomoBixgi: A Federated Learning base Anomaly detection

solution, Rosella Omana MANCILLA, ENGINEERING Ingegneria
Informatica S.p.A., Software Development Specialist, Roma, Italia

Olexandr Konov...

3acimanns ceminapy 06.06.2025
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g&wlruuuuum, o «
Helianthus phenotype (s@ed & head):

J(u{ﬁ_pﬂsum(m NAPAKMEPUCTRUE
Hacluns,

Aenipanm 3 gypey
#3anopis
nozimexnixuy
Bedaredes C.1

e Ba PEFRGOO= P O FAG 2w vaw bl
<I>parMeHT JIOIIOBIII: BEI[MEI[GB Craniciaas ,
acmipant HY «3amopi3zbka momiTexHikay

Figure 4: The Target ontology O’ is merged ontology with
Helianthus Ontology & Helianthus phenotype (seed & head).

Result message:
{merged_classes:588

message:" 588 pairs combined "
total_classes:68

1

= Qe . (’nv- -2 0FAS ~ ey o DA 0
(DparMeHT JIOTIOBIIi: Graph based ontology control system for the
agricultural domain: integration, Ivan OMELIANENKO
PhD-student, National University «Zaporizhzhia Polytechnic»
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HaykoBe enexkTpoHHE BUJaHHS
Mo>Ha BUKOPHUCTOBYBATH B JIOKQJIIEHOMY
Ta MEPEKHOMY pEKUMaxX

MATEPIAJIN
XXVII Misxxcuapoonozo
HAYKO0BO-RPAKMUUHO20 Ceminapy
"KOMBIHATOPHI KOH®IT'YPAIIIL TA iXHI 3ACTOCYBAHHSI",
npuceauenozo 125-piuuio
Hauyionanwvnozo ynisepcumemy «3anopizvka nonimexnika)
4-6 yepBHs 2025 poxy

OnuH enekTponnuii ontuuauii Auck (DVD-ROM); cynposinHa
JIOKYMEHTAIIisl.
Tupax 100 npum. 3am. Ne 543

Bunaseus i BUTOTOBIIIOBaY
Hauionansauii yHiBepcuTeT «3amopi3bka MO TEXHIKa
VYkpaina, 69063, m. 3amopixoks, By. )KykoBcskoro, 64

Ten.: (061) 769-82-96, 220-12—-14

CaimonrBo cy0’ekra BugaBHI40]1 cripaBu JJK Ne 6952 Binx 22.10.2019
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