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1. MeTou Ta aNrOpUTMU J1J1s PO3B I3aHHSI 3aja49i MAKCUMAJIbHOTO PO3Pi3y 3a OMOMOTOK KBAHTOBO-TIGPUIHUX

aJIrOpUTMIB

2. Methods and algorithms for solving the maximum cut problem using quantum hybrid algorithms

Pedepat/anoranis:

1. 3apaya MakcuManabHOro po3pisy rpada (Max-Cut) HanexxuTb 0o knacy NP-ckinagHux 3aaq KoM6iHaTOPHOI
oInTMUMi3alii Ta 3aliMae BOXKJIMBE MiCLIe B TE€OPii aJITOPUTMIB, TEOPii CKIIAIHOCTI Ta NPUKJIALHIN MareMaTuli. Mera
3a7a4i M0JIsIrae y 3HaXO/KEHHI TaKOTO PO30UTTSI MHOXKMHM BEPIIMH HEOPiI€EHTOBAHOTO rpada Ha /Bi MiIMHOXXHUHH,
IIpU SIKOMY KiJIbKiCTh 260 cymapHa Bara pe6ep MixX IUMU IiAMHOKMHaMU € MakCcUMaslbHOI0. He3Baxkaiouu Ha
IIPOCTOTY (POPMYJIIOBAHHS, 33/1a4a XapaKTePU3YyEeTbCS €KCIIOHEHLITHUM 3pOCTaHHSIM IPOCTOPY MO>KJIMBUX pillleHb
31 30i7IbIIEHHSM KiZIbKOCTI BEPUIMH, 1110 0OYMOBJIIOE ii BUCOKY OOUMCIOBAIbHY CKIAIHICTh. 3aa4a Max-Cut
3aCTOCOBYETHCS B 3a7ja4ax OINTHUMI3alii TOMosorii TeJleKOMyHIKailiHUX 1| eHepreTUYHUX MepesK, 6asaHCyBaHHS
HaBaHTaX€HHS B PO3MOAiJIEHUX CUCTEMAX, KJlacTepu3allii JaHuX, aHali3i Mepe>KeBUX CTPYKTYP, piHaHCOBOMY
MOJIEJIIOBaHHI, a TaKOX Y 3aJja4ax IPOEKTyBaHHSI iHTErpajibHUX CXE€M i TPAHCIIOPTHOMY IJIaHyBaHHI. KiacuyHi
nigxonu 0o po3s’sizaHHsl Max-Cut IeMOHCTPYIOTh CYTTEBI OOMEXKEHHS ITPU 3pOCcTaHHi po3mipHocTi rpada. Touni

aJITOPUTMH, 30KPEMA METOJ, [IOBHOT'O IIepe6opy Ta METO IiJIOK i MeXK, 3a6e3I1e4yI0Th 3HaXOI>)KEHHSI I7100aJIbHO



ONITUMAJIbHOTO PO3B’I3KY, OJHAK iX €KCIIOHEHIIiiIHa YacoBa CKJIaAHICTh 0OMEKye iX BUKOPUCTAHHS IJ1s 3a7a4
CepeIHbOI Ta BEJIMKOI PO3MIPHOCTI. AITpOKCHMAIIiiHI MeTO1, 30KpeMa anroputm ' oemanca-Binbsamcona
(Goemans-Williamson), 3a6e311e4yl0Tb TEOPETUYHI rapaHTii SIKOCTi pO3B'sI3Ky, IIPOTE MOB'sI3aHi 31 BHAYHUMU

004K CII0BaJIbHUMY BUTPaTaMU, 3yMOBJIEHUMY BUKOPUCTAHHSIM HalliBBU3HAYEHOTO [IpOrpaMyBaHHs. EBpucTUYHi Ta
METaeBPUCTUYHI aJITOPUTMHU, TaKi K JIOKaJIbHUI MTOIIYK, FEHETUYH]I aJIfOPUTMU Ta iMiTallis BiAmany, MaloTh Kpaly
MacuTaboBaHICTh, OJIHAK HE FAPaHTYIOTh JOCSTHEHHS I7100aJIbHOTO ONITUMYMY Ta XapaKTepU3yIOThCS

BapiaTUBHICTIO PE3YJILTATIB.

2. The Max-Cut graph problem belongs to the class of NP-hard combinatorial optimization problems and occupies
an important place in algorithm theory, complexity theory, and applied mathematics. The purpose of the problem
is to find such a division of the set of vertices of an undirected graph into two subsets, in which the number or
total weight of edges between these subsets is maximum. Despite the simplicity of the formulation, the problem is
characterized by an exponential growth of the space of possible solutions with an increase in the number of
vertices, which determines its high computational complexity. The Max-Cut problem is used in the tasks of
optimizing the topology of telecommunication and energy networks, load balancing in distributed systems, data
clustering, analysis of network structures, financial modeling, as well as in the tasks of designing integrated
circuits and transport planning. Classical approaches to the Max-Cut solution show significant constraints as the
dimension of the graph increases. Precise algorithms, in particular the full traversal method and the branch and
boundary method, provide for finding a globally optimal solution, however their exponential time complexity limits
their use for medium - and large-dimensional problems. Approximation methods, in particular the Goemans-
Williamson algorithm, provide theoretical guarantees of the quality of the solution, but are associated with
significant computational costs caused by the use of semi-defined programming. Heuristic and metaheuristic
algorithms such as local search, genetic algorithms and simulated annealing have better scalability, however do not
guarantee the achievement of a global optimum and are characterized by variability in results.
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