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1. O6’eKT moCmimKeHHs — NPOLeC MaTEMAaTUYHOTO MOJI€JIIOBAaHHSI KOMOIHAaTOPHUX KOHQIrypaiil. MeTa po60oTu —

MaTeMaTUyHe MOJeJII0BaHHS KOMOiHATOpHUX KOHQIrypauiil npu ix BinobpaskeHHi y eBKJIiiB MpoCTip Ta



IOCJIiIKeHHS eKCTPEMaJIbHUX 33/1a4 Ha €BKJIIOBUX KOMGIHATOPHUX KOHpirypauisx. MeTogu noCiiKeHHs: MeToIU
MaTeMaTU4YHOI'O MOJEJIIOBaHHS, TeOpii MHOKKH, TeOopil airOpUTMIB, (PyHKLIOHATIBHOTO i KOMOIHATOPHOIO aHAaJIi3Yy,
3arajibHoi anre6pu, eBKIIig0BOi KOMOIHAaTOPHOI OoNTUMI3allii, HeJliHiliHOro, 30KpeMa OIYKJIOTro Ta JUCKPETHOTO,
IIpOrpaMyBaHHsl, NOJlieIpaIbHOI i anre6paiyHoi KOMOIHATOPUKYM, MAaTEMATUYHOI JIOTIKY, €BKJILOBOI, apiHHOI i
anre6paiyHoi reometpii. TeopeTnyHi i NpakTUYHI pe3ysIbTaT — PO3POOJIEHi i YI,OCKOHAJIEH] B AUCEPTaLiliHill po6OTi
MaTeMaTU4YHi MOJIeJli Ta MeTOLY JO3BOJIMJIM BUPIIUTY BaXKJIMBY HAYKOBY ITPO6GJIEMYy CTBOPEHHS 3arajlbHoi
METOJ0JI0Tii OCIIPKEHHSI eKCTPEMAIbHUX 337124 Ha MHOXXMHAX KOMOIHaTOPHUX KOHQIrypalliii, BioOpakeHux y
€BKJIifIiB rpocTip. Pe3ysbTaTi po60TH pO3BUBAIOThL TEOPiI0 €BKJIiTOBOI KOMOIHATOPHOI ONTHUMI3allii B OCHOBHUX il
HaIpsIMKax — PO3MUPEHHS KIacy eBKIIiTOBUX KOMOIHATOPHUX MHOUH i TOCTIiI>KEHHS BIaCTUBOCTEH ix 06pasiB y
€BKJIiJOBOMY IIPOCTOPI; AOCIiIPKEHHS eKCTPEMaIbHUX BJIACTUBOCTEN 3alaHUX HA HUX (PYHKIIiN; pO3pO06IeHHS
HOBUX METOJiB ONTUMI3allil; MAaTEMaTUYHOTO MOJI€/IIOBAaHHS NPAKTUYHUX 33724 SK 33/1a4 €BKJIi10BOi KOMOiHATOPHOI
onTyMisauii. HaykoBa HOBM3HA OTPUMaHUX PE3YJIbTATIB I0JISATa€ B TOMY, 110 BII€PLIE BUIIJIEHO KJIAC €BKIIITOBUAX
KOMOIHATOPHMX MHOXMUH, 1110 YTBOPIOIOTH CIleLliaJIbHUI KJlac MHOXKUH KOHiryparniit 3a bep>xem, opopKeHnx
BEKTOpPaMU OHAKOBOI PO3MIPHOCTI, SIKi 103BOJIIOTh OylyBaTU MaTeMaTU4Hi MOJEJi ONTUMI3alLlifHUX 3a/1aY,
€KBiBaJIEHTHI IIMPOKOMY KJIaCy [IPAaKTUYHUX 33Jja4; BIleplle ONKCAHO HOBi MaTeMaTU4YHi 00'€KTU — €BKJIZJOBY
KOMbOiHaTOpHY KOH(pirypario (e-KoH]irypario) Ta MHOXUHY e-KoHOirypauiil (C-MHOXXUHY); BIleplie 3iiiICHEHO
CTPYKTYPHY Ta reoMeTpU4HY Kiacu@ikaniio C-MHOXUH, sIKa KOMIIJIEKCHO BUKOPUCTOBYE y iX MOJI€/II0OBaHHi
KOHCTPYKTUBHi 0COOJIMBOCTI iX (pOpMyBaHHS, crieluiky BiloOpakeHb Ta BIACTUBOCTI €BKJIOBA TPOCTOPY;
BIIEpIIE BUIiEHO Kjac 6a30BUX C-MHOXUH (Cb-MHOXNH), KOMOIHAaTOPHY CTPYKTYPY SIKUX MOKHA QHAJIITUYHO
BHPa3UTU 3aC006aMU CTPYKTYPHOTO aHaJli3y; 3 HIOro JOIOMOroIo 3[iiCHEHO CUCTEMAaTH3allil0 HassBHUX BijoMmocTel i3
Teopii KOMOIHAaTOPHUX KOHPIrypaliil Ta € MHOXKVH i IONTOBHEHO 11 pe3yabTaTy; BULiIEHO Psif, HOBUX KiaciB Cb-
MHOXUH, JOCJIiIXKEHO alred6po TOMOJIOTIYHI Ta TOIOJIOrO METPUYHI iX BJIACTUBOCTI; BIEPIIE CUCTEMATU30BaHO,
IOTIOBHEHO Ta afjanToBaHo 40 C-MHOXXUH OCHOBHI I10JIOXKEHHS TeoPii OLiHOK MiHIMyMiB QYHKIIH, 3a1aHUX HA
06pazax e-MHOXVH Y €BKJIiZlOBOMY [IPOCTOPI; OCIiI>)KEHO NIOBEIiHKY Ta OOIPYHTOBAHO BJIACTUBOCTI JIiHIHUX,
KBaJIpaTUYHUX Ta ONMYKJIMX (PYHKLIN Ha pisHUX K1acax Cb-MHOXNH; BIIEpILe 3alIpOIIOHOBAHO €IMHUM MifXif 0o
aHasmiTr4YHOro onucy C-MHOXUH SIK CIOCOOY iX MATEMATUYHOTO MOJIEJIIOBAaHHS LIJIIXOM TOOYI0BY iX HENepepBHUX
dyHKUiOHANIBHUX NIpeAcTaBieHs (f-npencTaBieHs); 3alIPOIIOHOBAHO TUIIOJIOTII0, METOI U I0OYL0BU Ta IIEpETBOPEHD
f-npencraBnens, 3HaiineHO f-1IpecTaBleHHs CKIHUEHHUX TOYKOBUX KOHPIrypauii sk maTeMaTU4Hi Mogei pany
Cb-MHOXUH; HabyJla IOJAJbUIOr0 PO3BUTKY TEOPisl ONMYKJIMX NPOAOBXKEHD y TAKMX HAIIPSIMKAX, SIK 100y 10Ba
3arajibHoi MeTozos1orii GOpMyBaHHS ONYKJINX IPOJOBKEHbD i3 MoJtiepanbHO-CcPEePUIHNX MHOKKH, afarTallis
Teopii onyKIMx NpoaoBXKeHb 40 C-MHOXUH 51K 06J1acTell IPOJOBXKeHb, PO3PO0JIEHHSI HOBUX MiIXOiB 10 100YL0BU
OIIYKJIMX ITPOJIOBXEHDb (PYHKIiH i3 06pa3iB €-MHOXMH, PO3LIMPEHHS KJIACiB IPOJOBXYBaHMX (PYHKIil, CTBOPEHHS
€IMHOI METOJ0JI0Tii MO6YAOBY NPOLOBKEHDb PYHKILiH HA 6a3i BUKopucTaHHs f-npencraBieHb C-MHOXKUH SIK
obsacTeil IpOIOBXKEeHb; I0€IHaHHS MoJiesioBaHHs C-MHOXUH i3 1o6ynoBoto f-npencrasieHs BinnosigHux Cb-
MHOXUH Ta [IPOJOBKEHHSIMU (PYHKIiH 3 HUX; BIIEpLIE 3alIPOIIOHOBAHO Ta TEOPETUYHO OOIPYHTOBAHO KOHLEIILIII0
no0yJ0OBY €KBiBaJICHTHUX MAaTEMAaTUYHUX MOJIeJIEN €KCTPEMAIBHUX KOMOIHATOPHUX 3a7ay, SKa OO DYHTOBY€E
MOYKJIMBICTb 3aCTOCYBAHHS OIYKJIOTO IIPOrPaMyBaHHS y XO/i IX pO3B'sI3aHHS; BIleplue 1100yL0BaHO Psifi, €BKIiIOBUX
ITIOCTAaHOBOK MOJEJIbHUX 3a1aY 5K 3a/1a4 ONTHUMi3alii Ha C-MHOXXMHAX, Y TOMY YKCJI 3a7a4 FEOMETPUYHOTO
IIPOEKTYBAHHSI; JOCJIiIKEH] BJIaCTUBOCTI EKCTPEMaIbHUX 3371a4 Ha C-MHO>XXMHAX BUKOPUCTAaHi IPU BAOCKOHAJIEHHI
BiZIOMUX Ta CTBOPEHHI HOBUX iHCTPYMEHTAJIbHUX 3aC00iB €BKJIiIOBOI KOMGiHATOPHOI onTuMizalii. Pesyabratu
IycepTauifiHoi po6OTH BIpoBaaKeHOo y HallioHanbHOMY aepoKoCcMivHOMY yHiBepcuteTi iM. M. €. JKykoBcbKoro
«XapKiBCbKUM aBialiiHUI IHCTUTYT», [I0JITaBCHKOMY HalliOHAJbHOMY TEXHIYHOTO yHiBEpcuTeTy iMeHi IOpis
Konpparioka, XapKiBCbKOMY HalliOHaJIbHOMY YHIBEPCUTETI pafiioeseKTpoHiKu. OTpUMaHi pe3ybTaTu MOXYTb OyTH
BHMKOPHCTaHI Y TaKMX IIPAKTUYHUX 00JIaCTSIX, SIK TPAHCIIOPTHA i CKJIaJChKa JIOTICTHKA, iHpOoKOoMyHiKalLi,
reoMeTpUYHE [IPOEKTYBAHHS; y TAKUX TEOPETUYHUX 00JIaCTsIX, K Teopis oNTUMisallii, AMCKpeTHa MaTeMaTHKa,

Teopis rpadis, nojieapanbHa KOMOIHATOPUKA, METOAYU OOYMCIIIOBAHOIO iHTEJIEKTY.

2. The object of study is the process of mathematical modeling of combinatorial configurations. The purpose of the
work is mathematical modeling of combinatorial configurations mapped into Euclidean space and the study of



extreme problems on Euclidean combinatorial configurations. Research methods are: methods of mathematical
modeling, set theory, algorithmic information theory, functional and combinatorial analysis, general algebra,
Euclidean combinatorial optimization, nonlinear programming including convex and discrete programming,
polyhedral and algebraic combinatorics, mathematical logic; Euclidean, affine and algebraic geometry. Theoretical
and practical results are: in the dissertation, mathematical models and methods are developed and improved
allowed to solve an important scientific problem of developing a general methodology for studying extreme
problems on combinatorial configuration sets mapped into Euclidean space. Results of the work develop the
Euclidean combinatorial optimization theory in its main directions: an expansion of a class of Euclidean
combinatorial sets and a study of properties of their images in Euclidean space; investigating extremal properties
of functions defined on them; developing new optimization methods; mathematical modeling of real-world
problems as Euclidean combinatorial optimization problems. The scientific novelty of the results is: for the first
time, a class of Euclidean combinatorial sets is sindgled out, which is a special class of sets of configurations in
sense of Berge induced by vectors of the same dimension, which allow constructing mathematical models of
optimization problems equivalent to a wide class of real-world problems; for the first time, new mathematical
objects, called a Euclidean combinatorial configuration (e configuration) and a set of e configurations (C-set), are
introduced; for the first time, a structural and geometric classification of C-sets is performed, which
comprehensively uses in their modeling constructive features of their formation, a mappings specifics, and
Euclidean space properties; for the first time, a class of basic C-sets (Cb-sets) is singled out, whose combinatorial
structure can be expressed analytically by structural analysis means; it is used to systematize available information
on the theory of combinatorial configurations and e-sets and extended these results; a number of new classes of
Cb-sets are singled out and their algebraic topological and topological metric properties are investigated; for the
first time, the main principles of the theory of minima estimates of functions defined on e-sets’ images in
Euclidean space are systematized, extended and adapted to C-sets; the behavior of linear, quadratic, and convex
functions on various classes of Cb-sets are investigated and their properties are derived; for the first time, a
unified approach to analytical description of C-sets is offered as a way of their mathematical modeling by
constructing their continuous functional representations (f-representations); a typology, construction and
transformations methods of f-representations are introduced; f-representations of finite point configurations are
found as mathematical models of some Cb-sets; the theory of convex extensions is developed in such directions as
forming a general methodology for the formation of convex extensions from polyhedral-spherical sets, adaptation
of the convex extensions theory to C-sets as extension domains, developing new approaches to forming convex
extensions of functions from images of e-sets, extension of classes of extending functions, developing the general
methodology for constructing functions’ extensions based on applying f-representations of C-sets as extension
domains; combining modeling C-sets with the forming f-representations of the corresponding Cb-sets and
extensions of functions from them,; for the first time, a concept of constructing equivalent mathematical models of
extreme combinatorial problems, which proves the possibility of using convex programming in theie solving them,
is presented and theoretically substantiated; for the first time, a number of Euclidean statements of model
problems are formed as optimization problems on C-sets including geometric design problems; the derived
properties of extreme problems on C sets are used in developing existing tools and creating of new tools of
Euclidean combinatorial optimization. The results of the dissertation work were implemented at the National
Aerospace University named after N. E. Zhukovsky "Kharkiv Aviation Institute", Poltava National Technical Yuri
Kondratyuk University, and Kharkiv National University of Radio Electronics. These results can be used in practical
areas such as transport and warehousing logistics, info-communications, geometric design; in theoretical areas
such as optimization theory, discrete mathematics, graph theory, polyhedral combinatorics, computational
intelligence, etc.
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