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Pedepar:

1. B po6oTi mocinkeHo MoAesli Ta METOAY KOMOIHATOPHOI ONTHMI3allii, 10 BUKOPUCTOBYIOTb BJIaCTUBOCTI MHOXKUHU
LIMKJIIYHUX IIEPECTAaHOBOK i iX 3aCTOCYBaHHS [J1 PO3B’S13aHHS HAYKOBUX i IPUKJIAAHUX 33724, Cepe], IKUX — 3a1advi
TPaHCIIOPTHOI MapipyTu3alii. JJocsinkeHo BIacTUBOCTI IUKIIIYHUX [I€PECTAaHOBOK IIPHU iX BioOpaskeHHi B €BKJIi/IiB
IIPOCTip. BUKOPUCTOBYIOTBCS M0JIi€IpabHi BIACTUBOCTI [IEPECTAHOBOK i LUKJIIYHUX [1IEPECTAHOBOK, 110
BiANOBIJAIOTh MiIMHOXMHI BEPIIMH I€PECTAHOBOYHOrO 6ararorpaHHuka. Habys noianbmoro po3BUTKy Kjlac
TPaHCIO3ULIill CYMiI’KHOCTI [1J151 IEPECTAHOBOK Pi3HUX €JIEMEHTIB, IPEICTAaBHUKU SIKOTO ITOPOIKYIOTh
[IepPECTAHOBKHY, BiINOBiJIHI CYMDKHMM BEPIIMHAM [1€PECTAHOBOYHOI'O MHOTOrpaHHUKa. OMMUCaHO BIACTUBOCTI
CYMIXKHOCTI i 0COGJIMBOCTI 3MiHM LIMKJIIYHOI CTPYKTYPH IEPECTAHOBOK IIPU BIIMBI TPAHCIIO3ULIIN CYMIXXHOCTI.
[IpoBeneno knacudikalio UUKIIYHNX IEPECTAHOBOK B 3aJIEKHOCTI Bif] BIVIMBY TPAHCIIO3ULi CYMDKHOCTI Ha ixX

LMKJIIYHY CTPYKTYPY. JloBeieHO BiflIOBiIHI TBEPAKEHHSI PO BJIACTUBOCTI TPaHCIIO3ULlill cymibkHOCTI. Habyu



[I0/IA/IBIIOTO PO3BUTKY METOIY PO3B'sI3aHHS 33724 ONTUMIizanii TiHIHHUX PYHKLINA Ha MHOKVHI HUKJIIYHAX
MepeCcTaHoOBOK, 30KpeMa, 3 JIHINHUMU 0O6MekKeHHSIMU. [171s1 pOo3B’s13aHHS 3a/1a4i 6€3 06MesKeHb 3aIIPOTIOHOBAHO
niaxin, 20 3acHOBaHUI Ha KOMOIHAaLlii METOy IiJIOK Ta MEX i €BpUCTUKU. 3alIPOIIOHOBAHO METOJ, ITOMIYKY
Ha0JIMKEHOTO PO3B'SI3KY 3a7a4i 6€3 0OMEXEHDb 3 BUKOPUCTAHHSM BJIACTUBOCTEN TPAHCIO3ULIN CYMDKHOCTI. [I7s1
PO3B’s13aHHS 3aJja4i onTUMisalii JiHIAHKUX QYHKLINA HA MHOXKMHI LIMKJIIYHUAX [I€PECTAHOBOK 3 JIiHITHUMUI
0OME>XEHHSIMHU 3aIIPOIIOHOBAHO METO]] Ha OCHOBI BUIIaJKOBOTO IIOIYKY, 3 BUKOPUCTAHHSIM TPAaHCIIO3ULIiN
CYMIKHOCTI 17151 PO3B'sI3aHHSI ONOMDKHOI 3afa4i. HabyB 11o4anblioro po3BUTKY METOJ, KOMOIHAaTOPHOI onTUMi3allii
Ha OCHOBI IUKJIIYHUX TpaHCdePiB B YaCTHUHI reHepallii HUKIiYHUX TpaHcepiB B eMHOI BapTOCTi. MeToz,
3aCTOCOBAHO JJ1s1 IIOKPALeHHS PO3B's3KiB 3a7ja4 TPAaHCIIOPTHOI MapIIpyTU3allii, 30KkpeMa, 3aa4i BUBO3Y i JOCTaBKU
(Pickup and Delivery Problem), oTpruMaHuX 3a JOIIOMOIOX €BPUCTUKMU. [y pO3B’I3aHHS 3a/1a4, JOCJiI)KEHUX B
po60Ti, po3p06sIeHO pOrpaMHe 3a6€e3MedYeHHs, 0 peaslizye 3alIPOIIOHOBAHI MOZIEJIi Ta METOA KOMOIHATOPHO]
onrtumisauii. HaBeeHo pe3ynbTaTy 064U CII0BAIbHUX €KCIIEPUMEHTIB, IPOBELEHO aHai3 pe3yJbTaTiB, SIKUI
niATBepAKy€e ePeKTUBHICTb 3alPOIIOHOBAHUX MiAX0niB. OTPUMAaHI pe3ysbTaTi MOKYTb OYTH BUKOPUCTaHI IpU
KOMITIOTEPHOMY MOZEJIIOBAaHHI i PO3B’s13aHHi 33424 B 00J1acTsIX apxiBallii faHuX i Kpunrorpadii, KBAHTOBUX
obuncieHs, 6ioiHpopMaTuku. Kio4yoBi cjoBa: KOMOiHATOpHA ONTHUMI3allisl, HUKJIiYHi IEpeCTaHOBKY, TPAHCIO3ULii,
[IepeCTaHOBOYHUI 6araTorpaHHUK, TPAHCIIO3ULii CYMDKHOCTI, JIiiHiliHA (YHKIIisI, METOZ, I'JIOK Ta MEX, €BPUCTHKA,

3a7ja4a BUBO3Y i JOCTaBKU.

2. The paper investigates models and methods of combinatorial optimization that use the properties of a set of
cyclic permutations and their application for solving scientific and applied problems, including the vehicle routing
problems. The properties of cyclic permutations under their mapping into Euclidean space are investigated. The
polyhedral properties of permutations and cyclic permutations corresponding to the subset of vertices of the
permutation polytope are 22 used. A class of adjacency transpositions is introduced for permutations of various
elements, whose representatives generate permutations corresponding to adjacent vertices of the permutation
polytope. The properties of adjacency and the peculiarities of changing the cyclic structure of permutations under
the influence of adjacency transpositions are described. The classification of cyclic permutations is carried out
depending on the influence of adjacency transpositions on their cyclic structure. The corresponding statements
about the properties of adjacency transpositions are proved. Methods for solving optimization problems for linear
functions on the set of cyclic permutations, in particular, with linear constraints, have been further developed. An
approach based on a combination of the branch-and-bound algorithm and heuristics is proposed to solve the
problem without constraints. A method is proposed for finding an approximate solution to the problem without
constraints using the properties of adjacency transpositions. To solve the problem of optimization of linear
functions on the set of cyclic permutations with linear constraints, a method is proposed based on random search,
using adjacency transpositions to solve an auxiliary problem. The method of combinatorial optimization based on
cyclic transfers has been further developed in terms of generating cyclic transfers of negative value. The method is
applied to improve the solutions obtained using heuristics of transport routing problems, in particular, the Pickup
and Delivery Problem. The software has been developed that implements the proposed models and methods of
combinatorial optimization, to solve the problems studied in the work. The results of numerical experiments are
represented, the analysis of the results is carried out, confirming the effectiveness of the proposed approaches.
The results obtained can be used in computer modeling and solving problems in the fields of data archiving and
cryptography, quantum computing, bioinformatics. Keywords: combinatorial optimization, cyclic permutations,
transpositions, permutation polytope, adjacency transpositions, linear function, branch-and-bound algorithm,
heuristics, pickup and delivery problem.
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