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Pedepar:

1. luceprarniiina po6oTa pucBsYeHa NOCaiTKeHHIO CTal0i METO0JIOTi PO3B’I3aHHS 33/1aui TPO MaTeMaTUYHUN
ceii Ha rpadax Ta MaTPULSIX TA BUPIIEHHIO IUTAHHA IIPO HEOOXi/IHI Ta JOCTAaTHI YMOBU iCHYBaHHS PillleHHS
CHCTEMU JIiHIMHYX [TOPiBHSHB 32 KiHIIEBUM MO[yJIeM, CKJIaZleHOi [ IeBHOro Kjacy rpadis, abo [is BiAIOBiTHUAX
MaTpullb JOBIJIBHOTO O0CATY, IO BU3HAYAI0Th MaTeMaTUYHMI 3MiCT Takoi cien@ivyHoi 103ULiHOI IpHy, 5K 3a4a4a
Ipo MaTeMaTUyHui ceiid. HaBeneHi HOBI MeTOAM PO3B'SI3Ky Ta 3alIPOIIOHOBAHI ME€XaHi3MU KOPETyBaHHS
NIOYaTKOBUX JAHUX TaKUM YMHOM, 1106 3a/1a4a Majia pilleHHs. [HII00 aKTyasbHO0 IPO6JIEMOIO € PO3POOKa
VHiBepcasbHUX e(pEeKTUBHUX AITOPUTMIB IJ1s1 337ja4 ITPO MaTeMaTU4HU celi(p 3 ypaxyBaHHSM 3POCTaHHS IXHbOI
PO3MipHOCTI, OCKiJIbKM iCHYIOUi HA MOMEHT HAallMCaHHA JUcepTallii METOAY PO3B’I3aHHS 6araTo B YOMY
HEJIOBEPUIEH] i He CKIafal0ThCs Y LiTIICHY METOMOJIOTIIO, 3aJ1€5Ka4YM Bill KOHKPETHUX TUIIIB rpagiB, I0YaTKOBUX

yMOB, Tolo. B nucepralii BUKafneHo TeOpeTUYHI OCHOBY HU3KM BilOMUX METOJiB ONTHUMI3allii Ta pO3B’a3aHHS



NO3ULIMHYX irop Ha rpadax Ta MaTpULSIX, OIIMCAHO iXHIM PO3BUTOK, PO3IJISIHYTO BCi iCHYIOYi Ta aKTyasbHi METOIU
PO3B’I3aHHS 3a/1a4 PO MaTeMaTuyHui ceiid Ha rpadax Ta MaTpuLsx (Merog T-maTpuns, TSS-meTton). ¥V
[I0/IAJIBIIOMY B AMcepTallii HABOJWUTHCS METOOJIO IS 3HAXOIPKEHHS 6i/1blll €(PEKTUBHOTO PO3B'SI3KY, 3aBISIKU
yPaxyBaHHIO TOMNOJIOTII rpady, o 3ajjae MaTeMaTU4Huil cerd. Lle minxin npoeMOHCTPOBAHO [J1s 01l
CKJIQIHOTO TUIly rpady, TaKoro SIK «Bisisio». [IpoBeneHo aHasi3 anroputmis TSS-meToxy, sIKi 3HaXOASTh 6a3UC
MHO>UH PO3B’SI3KiB CUCTEM JIHIHHUX OJTHOPITHUX i HEOTHOPITHUX N10GMAHTOBUX NOPIBHAHb HaA, KinbusiMu Fk i
IIOJISIMU JIMIIKIB ZK 32 MOZlyJIeM NIPOCTOTO i ckageHoro yncia (mod K). Y nguceprauii 3anrporioHoBaHui HOBUM
METOJI CYMapHUX NIPeCTaBJIeHb [JIs1 33[1a4i TPO MaTeMaTUYHUI celi Ha rpadax, OCHOBHA ifiesl SIKOTo MOJIrae y
TOMY, 110 TIEBHUI TUII TpadiB JonycKae iCHyBaHHSI OOMesKeHOI KiJIbKOCTi eJIeMeHTiB PiBHSIHHS, 1O B CyMi IOPiBHIOE
CyMi BCiX 3MIHHUX PiBHSHb. SIK ITOKa3any HaBe[eHi IPUKIIAAN, METOM, CYMAapHUX IIPELICTABJIEHDb € YHIBEPCAJIbHUM
17151 pO3B'sI3aHHS 337124 ITPO MaTeMaTU4Hi ceiidpu Ha HeopieHTOBaHUX rpadax. OnucaHi BUHSATKOBI BUIIQIKH,
3aMpOINIOHOBaHE KOPETyBaHHSI I0YATKOBOTO CTaHy ceidy. 3aBAsKu NOrambJeHoMy aHasliszy B qucepTaii
PO3pO6JIEHO MapaMeTPUYHUI METOI, 11 337ja4 IIPO MaTeMaTUYHui ceiid Ha rpadax, CyTHICTb SIKOTO IOJIATa€ y
[I0O3HAY€HHI 3MiHHUX, $SIKi BiINOBifAI0Th BeplIMHaM rpada BU3HaUYEHMMY NTapaMeTPaMH, Yepes SIKi 3HaxXOAThCsl BCi
iHmi 3MiHHI 3agay4i mpo ceid. Y gucepTauii BUK/IaJeHO HOBi MeTOAU 1J1s1 PO3B'SI3Ky 3a[1a4i PO MaTeMaTUYHUI ceid
Ha MaTpULX: MeToH (POPMYBaHHS (BUAIJIEHHS) MiJCUCTEM Ta METOJ, CyMapHUX NPEJICTABIEHb. Y METO/]
(opMyBaHHS (BUIiNIEHHS) IIiACUCTEM 3 BUCXIIHOI CUCTEMU PiBHSIHb BUIISIIOTH [ilCUCTEMU IBOX THUIIIB, 10
I03BOJISIE 3MEHIINTY O0YUCIIOBAIbHY CKIAAHICTh aJITOPUTMY. 3aBISKY 0JAJIbIIOMY aHaJi3y, ONMMCAHO 33434y 3
IIBOMa TUIIaMU 3aMKiB — 3a7ja4a [MOBHICTIO po3B’si3aHa MeTooM GOPMYBaHHS MifiICUCTEM, 3HANAEHO HeoOXiaHi Ta
IOCTaTHi yMOBU iCHYBaHHSI PO3B’sI3Ky, BUBE[IEHO s1BHi GOpPMYJIX PO3B'sSI3Ky. [IpoBeieHO OPiBHSHHS METO/IB 32
apuPMETHYHOIO CKJIAIHICTIO aJITOPUTMIB 117151 3aMKiB HaJl II0JIEM JIMLIKIB 32 MOJIyJIEM IIPOCTOTO YUCJIA.
3anponoHoBaHi B AucepTalii KOMGIHATOPHI METOAM PO3B'sI3aHH 33124 IIPO MaTeMaTUYHUN ceiid Ha rpadax Ta
MaTpPUISIX MAIOTh TEOPETUYHE Ta TPAKTUYHE 3HAYEHHS, 10 JO3BOJISIE X 3aCTOCOBYBATH [J151 TI0OYJ0B MOZENIeN Ta
3HAXO/I’)KEHHSI PO3B'sI3KiB 6araTbox MPaKTUYHUX 3aBlaHb, SIKi 3BOASTHCS 40 MO3ULIMHUX irop NofibHoro Kiacy i
MOXYTb OyTM BUKOPUCTAHI [71s1 PO3B'sI3aHH 337124 TeOopii MPUIHATTS pilleHb, TeOpii KOJyBaHHS Ta TEeOPii 3axUCTy
indopmauii. /114 komyBaHH Ta 3axucTy iHpopMallii 6ysu HaBelleHi IPUKIAAY KOLYBaHHS I1OBiJOMJIEHD Y
Mecenmkepax. OCHOBHI HAyKOBi JOCIIIPKEHHS 32 TEMATUKOIO JUCEPTaLlil IPOBOAUINCA Y Biffisli EKOHOMIYHO]
KibepHeTuky IHcTUTYTY KibepHeTrkn HAHY imeni B.M. I'ymkoBa y 3B'3Ky i3 BUKOHaHHSIM HayKOBO-JOCJIiITHAX
po6it: BO 110.15 «Po3pobutu MeToAM Ta aJITOPUTMHU PO3B'SI3aHHS ONTUMI3aliTHUX 33124 HA KOMGIHATOPHUX
KOHQirypanisx i Tpaekropisix AzuHaAMIiYHUX cUCTEM» (DepXaBHUM peecTpauiiinnii Homep 0117U000473, mpoToKoI
IIpUIMaHHs Ta OLiHKM HayKoBoi poboTu N2 15 Bix 02.11.2021, repmin Bukonanus 01.01.17-31.12.21); B® 110.18
«[TobynoBa rapaHTOBaHUX KEPYBaHb AUHAMIKM CUCTEM IIpU Pi3HUX iHPOpMaLiMHUX IPUNYLIEHHIX» (IeP>KaBHUN
peecrpauinnit Homep 012U000663, mporoko 3atBepaKeHHs N21 Big 08.07.2021, TepMiH BUKOHaHHS
01.01.22-31.12.26).

2. The dissertation is devoted to the study of a stable methodology for solving the mathematical safe problem on
graphs and matrices and to solving the question of necessary and sufficient conditions for the existence of a
solution to a system of linear comparisons of finite modulus composed for a certain class of graphs or for
corresponding matrices of arbitrary size that determine the mathematical content of such a specific positional
game as the mathematical safe problem. New solution methods are presented and mechanisms for adjusting the
initial data so that the problem has a solution are proposed. Another urgent problem is the development of
universal efficient algorithms for mathematical safe problems, taking into account the growth of their
dimensionality, since the existing solution methods at the time of writing this thesis are largely imperfect and do
not form a coherent methodology, depending on specific types of graphs, initial conditions, etc. The thesis outlines
the theoretical foundations of a number of well-known methods for optimizing and solving positional games on
graphs and matrices, describes their development, and considers all existing and relevant methods for solving
mathematical safe problems on graphs and matrices (T-matrix method, TSS method). Subsequently, the thesis
presents a methodology for finding a more efficient solution by taking into account the topology of the graph that
defines the mathematical safe. This approach is demonstrated for a more complex type of graph, such as a "fan".



We analyze the algorithms of the TSS-method, which find the basis of the set of solutions of systems of linear
homogeneous and inhomogeneous Diophantine comparisons over rings Fk and fields of redundancies Zk modulo
prime and composite numbers (mod K). This thesis proposes a new method of total representations for the
problem of a mathematical safe on graphs, the main idea of which is that a certain type of graphs admits the
existence of a limited number of equation elements, which in total is equal to the sum of all equation variables. As
shown by the examples above, the method of summation is universal for solving problems about mathematical
safes on undirected graphs. Exceptional cases are described, and a correction of the initial state of the safe is
proposed. Thanks to an in-depth analysis, the thesis develops a parametric method for mathematical safe
problems on graphs, the essence of which is to designate variables corresponding to the vertices of the graph with
certain parameters through which all other variables of the safe problem are located. The thesis presents new
methods for solving the problem of a mathematical safe on matrices: the method of forming (selecting) subsystems
and the method of total representations. In the method of subsystem formation (selection), subsystems of two
types are distinguished from the ascending system of equations, which reduces the computational complexity of
the algorithm. Through further analysis, the problem with two types of locks is described - the problem is
completely solved by the method of subsystem formation, the necessary and sufficient conditions for the existence
of the solution are found, and explicit solution formulas are derived. The methods are compared in terms of the
arithmetic complexity of the algorithms for locks over a field of redundancies modulo a prime number. The
combinatorial methods for solving mathematical safe problems on graphs and matrices proposed in this thesis are
of theoretical and practical importance, which allows them to be used to build models and find solutions to many
practical problems that are reduced to positional games of this class and can be used to solve problems in decision
theory, coding theory, and information security theory. Examples of encoding messages in messengers were given
for encoding and protecting information. The main scientific research on the subject of the dissertation was
conducted at the Department of Economic Cybernetics of the Glushkov Institute of Cybernetics of the National
Academy of Sciences of Ukraine in connection with the implementation of research works: WF 110.15 "Develop
methods and algorithms for solving optimization problems on combinatorial configurations and trajectories of
dynamic systems" (state registration number 0117U000473, protocol of acceptance and evaluation of scientific
work No. 15 of 02.11.2021, deadline 01.01.17-31.12.21); WF 110.18 "Construction of guaranteed control of system
dynamics under different information assumptions" (state registration number 012U000663, approval protocol No.
10f 08.07.2021, deadline 01.01.22-31.12.26).
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