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1. Incepranifina po60Ta NpUCBIY€HA PO3po0Li Ta OOIPYHTYBAHHIO y3arajJbHEHUX AJITOPUTMIB PO3BSI3aHHS POy
IBOETAIHUX 33]7]a4 TEOPii ONTUMAaJIbHOTO PO3OUTTSI MHOXKMWH, 110 XapaKTePU3YIOTbCS HASIBHICTIO IBOX €TalliB
TPaHCIIOPTYBaHHS Ta HEYiTKiCTIO Y BXiIHUX 260 y BUXiTHUX AaHUX. MeTo poboTy € po3poobKa i TporpamHa
peasizallis y3araJjbHEeHUX QJITOPATMIB [J1s1 PO3B'SI3aHHS PSly JBOETAIIHMX HENIEePEPBHO-IUCKPETHUX TPAHCIIOPTHUX
33724, 110 3BOJATHCSA 10 3ana4 Teopii OPM Ta xapaKTepu3yloThCS IBOMA €TallaMu TPaHCIIOPTYBaHHS, HEOOXiIHICTIO
ONITUMAJIbHOTO PO3MIillleHHS LIEHTPIB MiIMHOXIH, Ta HEYIiTKICTIO Y BXiIHUX 260 BUXiTHNUX yMOBax. O6’'€KTOM
IOCJiI)KEHHS € JBOETAIHi HellepepBHO-AMCKPETHI TPAHCIIOPTHI 3a71a4i 3 HEYITKICTIO y BXiTHMX 200 BUXiZHUX
IAHUX, 10 3BOAATHCA N0 3amad Teopii OPM. IIpenmeToM JOCIiIpKEHHS € y3arajbHEeHi aJlTOPUTMU Ta METOIU
PO3B’SI3aHHS JBOETAINTHUX HEllepEePBHO-IMCKPETHUX TPAHCIIOPTHUX 33724 3 HEUITKICTIO y BXiZHUX 260 BUXiTHUX

IaHUX. MeTony NOoCIiIpKeHHS: MEeTOIY OIYKJIOoi onTuMizauii, HepudepenuiioBanoi ontumisaii (r-anroputwm Illopa),



IVICKpEeTHOI onTuMizalii (MeTo 1 oTeHLiaiB), HEYiTKOI JIOTiKM Ta HeMpOoHeviTKoI inenTudikanii. ¥ po6oti
IOCHII)KEHO YOTUPU BUIU IBOETANTHUX 3anay Teopii OPM: » nBoeTamnHa 4iTka 3aaya ONTUMAJIbHOTO PO3MillleHHSI-
po36UTTs 3 GiKCOBaHUMU IJEHTPaMU MiIMHOKYH; ® TBOETAITHA YiTKa 3a7jaya ONTUMaJIbHOTO PO3MIlllEHHSI-PO30OUTTS 3
ONTMMAaJIbHUM PO3MillleHHSM LIEHTPIB MiIMHOXKKH; ® IBOETANIHA HEYiTKa 33ja4a ONTUMAaJIbHOTO PO3MillleHHSI~
PO3OUTTS 3 HEHPOHEUITKUM BiTHOBJIEHHSIM HEeUiTKOI PyHKUii IIiJIbHOCTI; ® ABOETanHa HeviTKa 3a7ja4a ONTUMaJIbHOTO
PO3MIIIEHHS-PO3OUTTS 3 HEYITKUM PO3OUTTSIM MHOKMHM, MaTeMaTuyHi MOJieJli BKa3aHUX 3371a4y BKJIIOYAIOTh
aWTYBHI Ta MyJIbTAIIIKAaTUBHI Koe]illieHTU LIeHTPiB IIOCTa4YaHHS [1EPLIOTO eTaIly Ta OOMEXEHHS y BUTJIS]
piBHOCTe!1 Ha 06CAT HAssBHUX TOBAPIB y KiHIEBUX LIEHTpax. Y epuioMy po3zii BUKOHAHO orisf Teopii OPM,
xiacudikauig 3anay OPM 3a ix xapakTeprucTUKaMu, IPOBEJEHO OIJISIOBE NOCIiIKEeHHS 010 iCHYI0UNX HayKOBUX
IOCHimKeHb Ta Iy6Jikaliil 3a o6paHolo TeMolo pucepTaii. [lepesiueHo BXe iCHYI0Ui Ha JaHW MOMEHT POOOTH,
TEOPETUYHI Ta MPUKIALHI, 1110 TPUCBSYEHI PO3B'SI3aHHIO ABOETANTHUX Ta HEYITKUX 33424 ONTUMAIbHOTO
PO3MileHHA-PO306UTT. [IpoaHasizoBaHo, SKi HAIIPSIMKU € O1JIbII AOCTIIKEHUMY, a Ki TOTPe6yI0Th HOBUX
JociinkeHb. Po3in 3aBepiiyeTbCsl MiZOUTTIM MiICYMKIB Ta MiATBEPAKEHHSIM aKTyaJIbHOCTi 06paHoi TeMu
IYcepTalifHOi poOOTH Ta HEOOXiNHOCTI NOCIIPKEHD Y IbOMY HalpsiMi. Y Apyromy po3zijii ONMCcaHo IpoLec
PO3pOOKU y3arajJbHEHOT'O aJITOPUTMY PO3B'SI3aHHS IBOETAITHOI YiTKOI 3a/1a4i ONTUMAIbHOTO PO3MILlIeHHSI-PO3OUTTS
3 QikCOBaHMMM LIEHTPaMU MMiTMHOXUH. BuBeneHo ¢popmynu rpaniieHTiB ¢yHKIioHana Jlarpanxa 1ijis BUKOHAHHSI
y3araJlbHEHOro IpajlieHTHOTO CIIyCKy Ta C()OPMYJIbOBAHO y3arajbHEHUX aJITOPUTM PO3B'sI3aHHs 3aadi. ¥ KiHIj
PO3[iy HaBe[eHO NPUKJIAAY PO3BI3aHHS MOZEJIbHUX 33/1a4 Ta aHAJIi3 Pe3yJbTaTiB PO3B'SI3Ky. Y TPETbOMY PO3MiJi
OIKCAHO NPOLEC CTBOPEHHS Y3araJlbHEHOTO aJITOPUTMY PO3B'SI3aHHSI ABOETAIHOI YiTKOI 3a7aui ONTUMAabHOTO
PO3MIllEHHSI-PO30OUTTSI 3 ONITUMaJIbHUM PO3MIillleHHSIM LIeHTPIB MiIMHOXKH. PO311in BUKOPUCTOBYE MigXoau
PO3B’13aHHA JBoeTanHux 3aga4yi OPM, copmynboBaHi y nepiomMy po3zisi. BuseneHo popmymu rpafiieHTiB
(dyHK1ioHana JlarpaHska 415 BUKOHAHHS y3araJbHEHOTO IPafi€eHTHOrO CIyCKy, CPOPMYJIbOBAHO y3arajJbHEeHUN
aJITOPUTM PO3B'sI3aHHS 3a7jayi, 10 CKJIaJae€ThCsl 3 PO3B'SI3aHHS BHYTPIIIHLOI Ta 30BHIIIHBOI 338a4. Y KiHLi po3niny
HaBeleHO NPUKJIafy PO3B'sI3aHHS MOJIEJIbHUX 33724 Ta aHaJli3 pe3yJIbTaTiB pO3B’A3Ky. Y 4eTBEPTOMY PO31ii
OIIMCAHO NPOLEC PO3POOKU y3arajJbHEHOTO aJITOPUTMY PO3B'SI3aHHS ABOETANHOI HeviTKoi 3agadi OPM 3
HelipoHeuiTKo ineHTudikaniero PyHKuii minbHOCTI, M0 3a7aHa JiHrBICTUYHO. PO31ia BUKOPUCTOBYE MigXOAU
PO3B’s13aHHS JBoeTanHux 3anay OPM, BukiazneHi y TpeTboMy po3nisi. s BigHOBIeHHS QYHKII MiTbHOCTI
3aIMPOMOHOBAHO BUKOPUCTATU METOAU POOOTH 3 HEUITKUMU MHOKMHAMU, JIIHTBICTUYHUMU 3MiHHUMU Ta METOOU
IITYYHOTO iHTeJIeKTy. Y KiHIli PO3/iy HaBelleHO NPUKJIAL, PO3B'sI3aHHS MOJIEJIbHOI 33/1a4i 3 HEUiTKO 3aJJaHOI0
dyHKUi€ WinbHOCTI. V I'ITOMY PO3[ii BUKOHaHO OOYI0BY MaTeMaTUIHOI MOZEJIi JBOeTanHOi HeviTKoi 3ajayi
HEYiTKOrO ONTUMAJIbHOTO PO3MillleHHS-PO30UTTS], IPOBEIEHO IOBELIEHHSI TEOPEMU IIPO iCHYBaHHSI Ta BULJIS
€JJMHOTO OITAMAJIbHOTO PO3B’S13KY, BUBEAEHO HEOOXiAHI (POpMyIN 1151 PO3PaXYHKIiB IPaiieHTY LIiIbOBOTO
dyHKLiOHATy, 3aIIPOIIOHOBAHO METO], PO3B’sI3aHHS Ta CPOPMYIIbOBAHO y3araJlbHEHUN ajJlfOPUTM PO3B'SI3aHHS
3aaui. Po3zin BUKOpHCTOBYe MaTeMaTUYHI MiIX0qM PO3B'sI3aHHs ABOeTanHux 3anad OPM, BuKiazeHi y nepuomy
pospini. Y KiHLi po3niny HaBeeHOo psif, IPUKIIAJIiB PO3B'sI3aHHS MOJEJIbHUX 33724 Ta aHaJli3 pe3yJIbTaTiB PO3BsI3Ky. Y
IIOCTOMY PO37isli HaBeJeHO ONUC PO3POOIEHOr0 MPOrPaMHOTro 3a0€e3MeUeHHs, SIKE peasizoBye yCi 3apONIOHOBaHi
anroputmMu. ONIMCaHO CTPYKTYPY MOJIYJIIB, 3 SIKMX CKJIAIA€ThCS IPOrPaMHA peasi3allig Ta HaBeJeHO CIIMCOK
IIporpaMHux 6i6J1i0TeK, sKi Oyu BUKopucTaHi. HaBeneHo 306paskeHHsI KOHCOJIbHOTO Ta rpadiyHoro intepdericy
KOpHMCTyBaua IPOrpaMHoi peasisallii, oucC ycix eseMeHTiB rpadiuyHoro iHTep@ency 3 NoSCHEHHIMU, onuc GopMary

dariny 3 BXiIHUMM JaHVMU 337a4i.

2. The dissertation is devoted to development and substantiation of generalized algorithms for solving a number of
two-stage problems in optimal set partitioning theory characterized by the presence of two transportation stages
and fuzziness in the input or output data. The aim of the research is to develop and programmatically implement
generalized algorithms for solving a number of two-stage continuous-discrete transportation problems that
reduce to OSP theory problems and are characterized by two transportation stages, the need for optimal location-
allocation of subset centers, and fuzziness in the input or output conditions. The object of the research is two-
stage continuous-discrete transportation problems with fuzziness in the input or output data that reduce to OSP
theory problems. The subject of the research is generalized algorithms and methods for solving two-stage



continuous-discrete transportation problems with fuzziness in the input or output data. Research methods:
convex optimization methods, non-differentiable optimization (Shor's r-algorithm), discrete optimization (the
potential method), fuzzy logic, and neuro-fuzzy identification. The thesis investigates four types of two-stage OSP
theory problems: * a two-stage crisp location-allocation problem with fixed subset centers; * a two-stage crisp
location-allocation problem with optimal location of subset centers; * a two-stage fuzzy location-allocation
problem with neuro-fuzzy reconstruction of the fuzzy density function; ¢ a two-stage fuzzy location-allocation
problem with fuzzy set partitioning. The mathematical models of these problems include additive and
multiplicative coefficients for the first-stage supply centers, as well as equality constraints on the volume of
available goods at the final centers. Chapter 1 provides an overview of OSP theory, the classification of OSP
problems by their characteristics, and a literature review of existing scientific research and publications on the
chosen dissertation topic. It lists currently existing theoretical and applied works dedicated to solving two-stage
and fuzzy location-allocation problems. The chapter analyzes which areas are more thoroughly researched and
which require further investigation. It concludes with a summary confirming the relevance of the chosen
dissertation topic and the need for research in this direction. Chapter 2 describes the process of developing a
generalized algorithm for solving a two-stage crisp location-allocation problem with fixed subset centers.
Formulas for the gradients of the Lagrangian functional are derived to perform generalized gradient descent, and a
generalized algorithm for solving the problem is formulated. The chapter concludes with examples of solving
model problems and an analysis of the results. Chapter 3 describes the process of creating a generalized algorithm
for solving a two-stage crisp location-allocation problem with optimal location of subset centers. This chapter
utilizes the approaches for solving two-stage OSP problems formulated in Chapter 1. Formulas for the gradients of
the Lagrangian functional are derived for generalized gradient descent, and a generalized algorithm is formulated,
consisting of solving both inner and outer problems. The chapter concludes with examples of solving model
problems and an analysis of the results. Chapter 4 describes the development of a generalized algorithm for solving
a two-stage fuzzy OSP problem with neuro-fuzzy identification of a linguistically specified density function. This
chapter applies the approaches for solving two-stage OSP problems outlined in Chapter 3. To reconstruct the
density function, methods for handling fuzzy sets, linguistic variables, and artificial intelligence techniques are
proposed. The chapter concludes with an example of solving a model problem with a fuzzily specified density
function. Chapter 5 presents the construction of a mathematical model for a two-stage fuzzy optimal location-
allocation problem, proves a theorem on the existence and form of a unique optimal solution, derives the
necessary formulas for calculating the gradient of the objective functional, proposes a solution method, and
formulates a generalized algorithm for solving the problem. This chapter builds upon the mathematical approaches
for solving two-stage OSP problems detailed in Chapter 1. The chapter concludes with a series of examples of
solving model problems and an analysis of the results. Chapter 6 provides a description of the developed software
that implements all proposed algorithms. It describes the structure of the modules making up the software
implementation and lists the software libraries used. It includes images of the command-line and graphical user
interface (GUI) of the software implementation, descriptions and explanations of all GUI elements, and the file
format specification for the problem's input data.
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