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AyTop-H, HAC/IOB, YaCONHC, FOAHHA, 6pPOj BOJyMeHa, CTPAHHIle

Kareropuja

‘M. Tasié, M. Cirié, J. Ignjatovié, S. Stanimirovi¢, M. Stankovi¢, Algebraic characterization of

‘hesitant fuzzy relation inequalities and equations over power set quantales, FILOMAT (2026),
accepted for publication.

This paper considers svstems of equations und inequulities involving given hesitunt fuzzy relations and wiknown hesitant fuzzy
sets. extending eigenvalue problems from Buear algebra io the hesitant fuzsy setiing. Mgebraic chavacterizations of the
sofution sets ave provided. H ix shown that solition sets to systems of inequalities form both closure and opening systems,
while solution sets to svstems of equarions form opening svstems in the quantale of hesitant fuzzy sets. An efficient procediie
for computing the greatest solutions to systems of inequalities is provided, ond iterarive procedures are developed for
computing greatest solutions to svstems of equarions and individual equations.

Ogaj paid pasMainpa Cucmese Jednaiid i HEeORIHIHA KOJI YRABVIVY Odme reodiaydie dhazti peraynje i nenosmame
()‘f('c‘)():‘vlli!(:’ arsu ervhoge, aporupyivin npotacue concmsenix gpednocniy us Auseapite QIEOPE M HEOPUIY HEONVHHUX
hasu cxviosa. Hame ¢V dicebupoke kaparmepsdigije cRviosd pewers@. HORazano jo 06 ckynost peiueted Chemend
HEJeOHURUNT HOPMUPUTY CUCTACME OIMBOPEHA H 3AMEOPEHsd, JOK CKIROU PERICIhE CUCIENE Jednasiind hopyupaly clcmeme
OTNBOPEIRG } KEQUISILTY HEOOIY @Y (hasi CRYNOGE UM J€ equRacait HoCmynar 3u uspasynanmng rajeeRuy perterbt CUCmeMa
Hejeonauing. 4 PA3SUjent £y U WHEPAMISHY NOCIIVIY 3 USPUHVHAGAHT HEjeeRix pewieba CHCeMa  jeonauitia i
HOJCOUNGEITEY JCOHUEII.

HE JEJIAMHUYHO

Paz npunaza Hay4HOj 061aCTH JOKTOPCKE AUCEpTaLHje

M21

M. Stankovié, M. Tasié, D. Staki¢, A. Damjanovié, Exploring Wikipedia Usage in Primary
School Education: Students’ Experiences and Perspectives, International Journal of Cognitive
Research in Science, Engineering and Education, vol. 13, no. 2, 2025, pp. 323-334, doi:
10.23947/2334-8496-2025-13-2-323-334

gPan NpuIiaja Hay4HOj 067aCTH NOKTOPCKE AMCEpTaLHje JA

This «iud» exwmines the use of Wikipedia in primary education and students” autitudes toward it The research involved 364
seventh- and cighth-wrade smdents. divided into two groups: one used Wikipedia in lessons, while the other folloved
traditional tewching methods. Using the multvariate Keuskal-Wallis test and descriptive statistics, the results revealed that
stidents hold slightly positive views on the use of Wikipedia in education, regarvdless of gender, grade level, academic
\performance, or prior classroom use of Wikipedia. This study highlighis the potential for enhancing jeaching praciices in
srimaiy education by incerperating widely used digital informarion sources like Wikipedia.

Q80 UCMPAXCUEmbE UCAGHIVE yHopweny Buxuneduje v 0CuOsiosM ONPAIOGHEY M CHARGEE VYORUKY hpena 1eof. Y
HCPIPEIRUSY jé PUeCME0sai0 364 YUCRIKG CeOMOS 8 0CMOZ paspedd. Kofu ¢v D nodesenu v dse ipyne: jedua je
kopucmuLa  Bukunedujv Y nacmasn, 06K je opyed  apamuid mpadiquondane racmasne wmemooe. Kopuuthersem
spvanueapijauminge Kpverar-Baiieoso: meemd 1 QeCKPHIMUGHE CRARIUCIMIKE, PESYAMQAMY CY NOKA3ATU O YICHL UMUY

1BIA20 ROTHINGUBIE CIMABORE HPEVT yaompetu Buruneduje v 00pasoainy, HERUCHO 00 KOG, PASPEON, WIKOICKOS YCHEXT Bl
pemxoonoe kopuhesa Bukimeduje v nocmasy. Osa CHVAUFA VREESVC Mt DOMECHIEIQL YRUNPEHEHA HATINABHE NPAKCE V
OLHOGHON OBPAIOREILY KPOI YRADVHNELIGE IIPOKO KOPUuherX dueumamux ussopa widopsafa nonym Buxuneduje.

JAEJTUMHUYHO

M22

P. Stakié, M. Tasié, M. Stankovié¢, and M. Bogdanovié, Students’ Attitudes Towards the Use
of Wikipedia' AT eaching Tool and a Way to Modernize Teaching, Area Abierta, vol. 21, no.
S: //d01 0rg/10.5209/arab.72760.

Cattitudes toveards the use of W zkzpmim in teaching. The sanyple was faken from the
}’c’t/ugwgu al 1 acu{zy in lnm/c. o /'zzglm education instiuiion affiliaied with the University of Serbin. Studenis were
assigned to wwrite Wikipedia articles as an alrernaiive to standurd term papers. through which Wikipedia content was
significantlv enriched and the platjorm was positively evaluated as a teaching rool. It was found thar Wikipedia article writing
was preferred over traditional term paper writing,.

V 0saur paoy npedcmiasbeno jo BOMPpANCisaree Cmasosda cinyaenama apevia yaompedu Bukuneduje v naomany. Ysopax je
yaent ca Hedacoiros hakvamema v Bpaey, sucorouwisoicke vomanose xofa spunada Yuusepzumeny v Huwy, Cpbuja.
Crivoenmuma jo (10 300amo da Ay wiaiKe id Bukuneduju Kao aimepuamusy Coiioapolin CeMuiaperust pasosid,
wine je cadpycaf Buxuneouje suaiaino abocahei. & niamgopad je ROsmisHn 04CHEHA KAO HACTIBHO Cpedcmeo. Yspheno
¢ O fe nuCUne WIanaKd na Buskuneduin Oui0 AOMEBRETE 00 IMPUSHIHONIINGS JUCAII CCMRUAPCRUY PAdOs(L.

JEJIUMHUYHO

Paj npunaza Hay4HOj 061aCTH JOKTOPCKE AUCEpTaluje JA

M23

M. Tacuh, Kpeupame enexTpoHCKHX KypceBa romohy Canvas cucTeMa 3a yNpaBhame
yuemeM. Hunnemenmayuja Hosux mexnonozuja y o6pasoenu cucmem, 360pHuk paoosa, CTp.
'85-96, [lemarowku dakynrer, Bpame, 2022,

In this paper, the application of the Canvas learning management system in higher education iy presented. The focus ix on
Lhow the plaform is used for creating onfive courses and improving the quality of the teaching process. Canvas is an open-
sowrce learning management svstem that enables the simple creation and oyganization of r¢ m/;mg, content, supporied by an
gimzez”iw interfuce and available tnorials. The paper preseats how this platform can be wsed 1o innovate and modernize

teaching in higher educotion instituiions,

M63




| : :
f.V B0 pady npukasara je nprvera Caiuvas CHOMeMa 3¢ YIPAsbIee YYEHEM v RUCOROM oBpazosarsy. DoXVe ju s HawHHy
VHOmMPEDE AAMPORME Padi KPeRPAra ORI KYPeesd i yranpelersa Keatupiema nacmasnos npoyeca. Canvas je cucmon
3 VAPAGBIIEE YHCeM OMBOPEHOS KOO KOJIL 04021Ta&d JeOROCTIRIO KPEUPIIpe 18 OPOanT3atufy HaCnagiiey Caopueajd, 33
Lnivumus s unmephec i noopuIKy dovinyuiey mymopujaaa. Pao npukasyie kaxo 0o 080 maanopid soNee Kopucmisii sa
HEORAHUTY U MOOCPHUSAUIY S#UCIAEE ¥ BUCOROUIKOICKUM YO MTHOBIAIL,

JEJIMMHUYHO

iPaz( NpUIaJa HaYy4YHOj 00NacTd JOKTOPCKE JUcepTaLyje DA

A Anbenxosuh, M. Tacuh, [Iururansu pedaekCHMBHH alaTH Y YHHBEP3HUTETCKO] HACTABH M
yuewy. XVIII ckyn Tpenooeu pazeoja: ynusepzumemcko oGpasosarse 3a npuspedy (216-218).
‘Konaonuk: Yuusepsurter y Hoom Cany, @akynreT Texuuukux Hayka - Hosu Cag, 2022.

This paper exantines the importance of reflection and reflective practice in university reaching, as well as the role of digital

eflective ool in s improvement. It anulyzes how continuous improvement of teaching and reacher reflection contribute to

Sthe guality of instruction and hetter student learning outcomes. Special artention ix given to digital tools such as blogs, o~

spor;}b!z’w. electronic jowrnals, and other plattorms thai suppori refleciive learning and teaching. The aim of the paper is to

Lunalvze the possibilities of applving these wols in ligher cducation in arder to develop the veflexivity of teachers and studerss
8 and improve eaching praciice.

{Jeaj pao pazMampa 3snasal pediaerciie i pehaercusHe nPaKce v YHUSEPIUIETICKO] HACIABH, KAO {1 PAOIY OUZWIRLAHUY
;})(3(/).»’?(,’I«‘s_"i!(s’ilu\f anama v enos yHanpeleny. ARGIuInpa e KoKo KoRmuipane vaanpelierse nacmase i pediexcija
HACIESHERG SORHOCEe KEAIUMeny Hacmase 1 Go.oum ucxoduma veea cmyoenamy. flocetna naswiva nocechena je
OUSHINGOM AAGIMUALL. KGO W0 Y GT0208M, C-ROPIMGHOIITE, EACKMPONCKE SHeRIIIH 1 OPYEe WIGNIHOPME KOJe nOOpICasay
ipe’r})' KeuaHo yuerme u aoyaasarse. Ll paoa je arainse wosyTocing npusiene o6UY aiama y sucokos obpazosaioy pacit

ARG A p(fi[') TEKCHEHOCHN HUCIMARHUKA U <'m)‘:5mmmz i }‘f!(lﬁj}&’b(:’ib(l FQCIHSRE PAKCE,
{

{Pan npunaza Hay4Hoj 061aCTH HOKTOPCKE AUCEpTaLMje JA

JEJIMMHYHO

Mé63

o §M Borpanosuh, M. Tacuh, IIpaxmuxym uz ungopmamuxe, Bpame: Ilenaromku pakynrer y
Bpamy, 2021, ISBN 978-86-6301-043-7 COBISS.SR-ID 51784969

; (This practicwn iy intended for sundents of the Pedagogical Faculty, as well as for adf those who wish to acquire or improve
ltheir practical knowtedge in computer applications. The practicum i writion I accordance with the aceredited curricnulum
? or the Informatics course. lis aim is to enable students 1o more easily follow the lectures and acquire basic computer skitls.
The content covers work in the Windows 10 operating svstem, as well as the use of the Microsofi Office sutre (Word, Excel,

- and PowerPoint). In addition, it includes exercises for knowledge assessment and examples of the written part of the cxans.

Oaaf uparmurvn wasesent je canvoenmiusia Tledazoiakos Gasymema i csusa Koji o0eae 0d CRICKIY 1A YHARPeOE

ApoImMuRG 3HaE 83 apuMene pawviapa. Hpakpascvn joonican y ckaedy ca axpedwmosanus Hacmaenaus nianost i
LS wpoepantom sa npednens Mipopaamuxa. e upaxinurysta je oa oaozvhis coryOermiuma Aarue npahierne Hacniase u yesajime
" (ACHOIIN PAHAPCRUN seuminia, Cadpxcaj 0oyxeama pad v onepanusiion cucmesy Windows 10, xao w npusieny Microsopt
Otfice naxema (Word. Excel u PowerPoint. Tlopeo nios, yKaVHONS €V BEXCOC 20 RPOGEPY SHARL H RPUMEPI TRICHENOE €1
Sgcnumid,

JIEJTUMHYHO

‘Pan npunana HayuHoj o6nacT JOKTOPCKe AHcepTaluje AA

L \, ;M. Borpanosuh, M. Crauxosuh, M. Tacuh, Eremenmapru mamemamuuku nojMoeu —meopuja
- u 3a0ayu, Bpamwe: Ieparomku daxynrer y Bpawy, 2019, ISBN 978-86-6301-031-4,
'COBISS.SR-ID 279809804.

This book is primarily intended for students of the Pedagogical Faculty for the course Elementury Mathematical Concepts.

\The presentation in the hook is gradiual and systemaic, and each 1opic is covered with a large number of examples wrvanged

fvom simpler o more complex ones. At the beginuing of cach topic. a theoretical secrion with examples is provided, followed
g by review guestions and practice exercises. along with explanations and solusions for selected tasks, The awthoi’s aim is for

~,1f1/is approach to contribute 1o a bettor understanding of mathematical conieni and the development of students ™ logical
tiinking.

!()(i(? Krouza mamewmena je, npe ceecd, emvoenmuna ledacomar haxvanena, sa npedsent Eicscamapuy Mamesaniiny
(nojstoau. Hzaazaoe ¥ KIei3u jo 0CHENCHD i CHCREA@INGNIO, & CeUKRA 0aacn) je obpahenda yo ek 6paj apusiepd Kojit ¢y
pacnopebenis 00 Jednoemanijux ka caovcenujus. Ha nowemiy ceaxe onagem Qam je Meopijort 0ee ¢d UpUHepuyd, Hakol
LwEd CICNE HIMAIb 30 NORASHMI6E W AN 50 SEXCEY, VT GUJUIIBCI00 U PEHICIh 30 000GPUNe 3adaniKe. 1 luw avmopa je ou

OBOKU8 BDUCHIVA ()(l!l}}?!,"x’(.’('c' (;t.b’hc‘.w1)(4‘3{\",“6‘«')‘(7.’{{&",wamc’,ua!ﬂi!‘ii(lﬂ\' L‘d()[)<’l('£y<1 HF g ROLUHUKOL MUNL O KOO (L’!i’l}‘()t?i-l(?}’l!(é,

JEJIMMHYHO

\Paj1 npumaaa Hay4dHoj 0671acTH QOKTOPCKE NHCEPTalHje JA

M. Boraanosuh, M. Crankosuh, M. Jopaanosuh, Some comments on isometries of sphere.

Toaummax Ienaromxor ¢gaxyinrera y Bpamy, kwura VIII, 1/2017, ctp. 65-73, 2017.

%7"/71’3' paper examines the isometrios of the spheve 8 und their relation 1o isometries in 20, It shows that isometries of the spher
lare restrictions of isometries in X0, and this vesult is connected 1o reflections in great circles. A modified proaf of the theoren
of three reflections on S is presented, together with a clussification of spheve isomeiries. The group of iseimetries is analveed,
Jand its 2-ransitivity is proved. The group of rotations is alse considered. showing that the composition of any two rotutions is
Lagain a rowation. Finallv, the paper provides examples of applications of sphere isomelries.

MS2
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Oga; a0 ucnumvie wiosempuie cdepe Sy musosy sesy i uzomempujona v 72 Hoxasvie ce 0a ov isonenynije vipepe
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| PeCmpUIHIC UOMETIPUIA ¥ T P HEMY ¢ 068G] PEIVATHING ROGCIAN C4 pedhaercufana y searin Kpyeoguma. Hpedomagsen
e atodudnirosan doxas meapese o impu peduaekeje na 82 sajeono oo Kuacuduraijon wsonempuia chepe. Anarusipa ce
LPYAG UBOMEMPIIA. TIPIE HEMY j€ OCRUSUHA 101 2-MPanumusitocm. Pashampa ce u spyna pOmauufa, npi 4esy ce noxasyje

D jo gomsosnyufd PuAc Koje 0se pomayuje maxole pomayiid, Ha Kpujy, pao daje ipusepe npuMene 1oMempufd chepe,

Paj npunana Hay4HOj 067aCTH JOKTOPCKE AHCEPTalHje JA JEJIMMHAYHO

C. Jauxosuh, M. JopaanoBuh, Komnjymepcke uzpe y pynxyuju paseujaroa nouemmux
mamemamuukux nojmosa, llecra mehyHapoaua Kondepenmmja THO, 360puuk pagosa THO
2016, ctp. 161-165, Yayak, 28-29. Maj 2016; Vuupepsuter y Kparyjesuy, Paxynrer
TeXHWYKUX Hayka, Yauak 2016.

Ui this paper. the role of computers in children s everydav life, lewrning. and play is discussed. Special atfention is given to
computer games jor children and their educational value, as well as the possibilivies of their application in the development
ot basic mathematical concepts. The paper preseits websites und online platforms with educational gaines that can contribure
to the development of early mathematical concepits. It also includes usefid links to web pages offering a variety of educational
\gumes designed for children.

V or0M PUdy pasmampa o6 Y102 KOMYIEPa V CeaRGOnesios yeusomy oeye, yiemy i uepu. Hocebua naxcivu nocechena je
COMAFYIMEPCKIM HEPAMG 36 ACUY H IUXOBUA G6UCHUNTHG-OTPABOSHIM SPEOHOUIIIANL KO0 U MOSYIHOCINILNG 19 UX06E RPUSEHE Y
p::()r)/) RORERIHUY MAEMABIRKUY AOIAM06A. ¥ Pady ¢y IPpHKE3AHN Cajmosis 1 WHIEPIEm TREmgopMe ca ¢OvKamusiim
epaMU Koje MOy JORPHHEIE PaIEu]Y AOMCMBRY Mamenaniuxd nofyosa. Tukobe ov nesedens Kopuchit UHKosy Ko 600
CHPAtEIGAMA KOJe 1y0e PAHOSPUIe OBPA3GEIe Uope amMeioetie delyis,

AEJIMMHYHO

‘Paji pumana HAYYHoj 061aCTH JOKTOPCKE JAMCEPTaLHje JA

M33

10

M. Crauxosuhi, B. Crakuh, M. Boraanosuh, M. JopxanoBuh, Bukuneduja xao mozyhnocm 3a
unosayuje y nacmasu Hngpopmamuxe na npumepy Yuumesnckoz gpaxynmema, Hnosauuje y
Hactasd XXVIII, 2015/4, ctp. 114-120, 2015.

[ This paper presents the significance of informnation techmologies in comtemporary education and their role in inproving the
teaching process. Special atiention is given fo the concept of digital literuey, as well as the changing role of the teacher in
madern education, who becomes an inspiver aind guide in the leavning process. The paper analvzes Wikipedia as vne of the
most significant free knowledge projects, as well as ity porential for the rapid eoliection and exchange of informeazion. It also
discusses wiki technologics as tools for teumwork, dlong with their porential application in educationsl contexts and student

progress monitoring.

Y 000M pady ApUEQQH j¢ 3HOW] HRDOPMUIORIY MEXHOANUT Y COBPEMOHOM O0DAZORAILY 1 IHUXOEY YA0Y § YHanpe f;wm
nacmasnoe npoyeca. Hoceoms nayciod ROCSCRORU. je KONYCHIY  HBOPMAMUNKe RUCMENOCIHE, KAO o HPOMERU Vi
CHACTIGHURE V CUBPEMEHO HECABY, KOJI ROCIIE WHCRIPATIOP U 00WY Y IPOYeCy vuerbd. ¥ pudy ce anausupe Bukune c’l!jel‘
KO Fe0UR 00 HGJHANQIHIFUX APOfexamd GIoDOGN0E IHaMa. KAG U Mher TOMCHIUT 34 P30 npUKYILAIIGE 18 PUSHSHY
wsdpopyiaija. Taxohe co paznampdly siku MEXHOIOM]E KGO @IOPI 3a IUMCKE Pad, 3 MOSYIHOUIRT huXose dpurens v
OBpaosHOA Kotniekony u apaliersy pada ciydenama,

Paj npunana Hay4Hoj 061acTH JOKTOPCKE JUCEPTALHje JA JAEJIMMHYHO

M52
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‘M. Jopananosuh, IIpeonocmu Cumneanypcke mamemamuke, MoryhHocts MoaudukoBama
METOMKE BACHIMTHO-00PAa30BHOT pajia U METOIMKE Pa3peHe HACTABE, TEMATCKU 300pHHUK, CTP.
161-173, Bpame 2014,

The puper examines the concept of mathematical lireracy, which includes the ability 1o understand and solve mathemarical
problens, as well as the application of mathemarical knowledge in everyday life. Special attention is given to the results of the
PIS4 siudv, which show « high level of mathemarical litevacy among students in countries such as Shanghai and Singapore.
Aceordinglv, many developed couniries are iniroducing educational reforms based on the Singaporean model of mathematics
inswwction. The paper describes the concept of Singapore Mathemarics and its advantages in ithe teaching and learning
DIDCess,

P passeamipd n0jas MERIEMARUSKe  HUCMEROCIME,  KOJE ROOPAIVIEsT  CNCobrocm  pasyMesaibd i peuiiseba
MQICMAMISIKUX HPOBACMA, KGO 4 APIVERY MUMCHEMUMKIT 306G ¥ Courodneswos scusomy. [locefing naxctoa nocachena je
pesvamamisia PISA ucnpascueaisa, ROji RORASYY 6UCUK HUEQ MAIHEMINUNRE HBUCMEHOCI PHEHUKA Y SeMbUMI KAO HIHO CY
Alancai u Crinzanyp, ¥ CR1GOY ¢ 1M AHO2E PAALIEHE 56MDBE YO DOPUIORHE PEPOPIIE RO VIOPY M CURZANYPCRY M00¢T
wacmage samesaniure. Y pady je onucan Kounennt CUHS@NvpeRe AMAMEMAmuKe U rbene BpesHociiy y ponecy yuetod
HACHAae.

Pan npunaza Hay4HOj 06JIaCTH QOKTOPCKE AHCEpTaluje JA JEJTUMUYHO

Yumy ocaspemerbusarba Hacmase mamemamuxe, KoMieTeHuMje BacnmuTaya 3a JpYIITBO

M45

M. Crankosuh, M. Jopaanosuh, C. JaukoBuh, [Ipumena npocpamcxoe nakema GeoGebra y

3Hamba, TEMATCKU 300pHHK, CTp. 547-554, Kukunga 25. oktobap 2014.

MS53




I this puper. the importance of preparing teachers for the use of educationad sofiware in modern teaching is discussed, with
special focus on GeoGebra. GeoGebra is an open-source dynamic mathematical software that integraies geometry. algebra,
arithmetic, and mathematical analysis. The advantages of its application in teaching over traditional teaching approaches are
hightighted. particidarly through interactive work and manipulation of mathenarical objects. The paper presents ways i
Swhich GeoGebra can be used to improve teaching, along with exaimples of its application wirh students of different ages. it
also provides useful resources and instructions for using the sothvare in educational practice.

|
|
|
’
%

7 ogos pacy pasuanpa ce BHAHULG OCHOCOUDAEAMY HICHUSINKA 34 YROMPeGy 00PA30aHNZ COPMEEPd ¥ Caspesenio] nucmast,
ea nocetnns Goxveont ra npoepan GeoGebra. GeoGebra je OuHEMPSE MAMEMERENKY COBMBEY OMEOPEHOE KOst Kojit
LHmeSpUIC FeOMEPUY, AICCOPY, QPUALMEIILRY 11 MEREMATINKY Quaansy. Homuuy oo Rpeouocng ihezo8e npusete v
Hacmasy v OSHOCY HA MPASUUHOMIINE RPUCHIVAC, APE CEESd KPO3 MOZVIHOCN unmepamusno? paoa u vanuaayiie
MUMEMAIEHKUAM 0Gfermita. Y pady oy npukasan Haumil na Kojo oo (GeoGebra Mosee ROpeiumtis 3a yuanpolerhe racnase.,
LKAG U NPUMEPH ibEHE HPUMENE ¥ PAOY Cd PRERIIEAMGA pazauauinos yapacma. Taxohe oy Haseoeni KOPHUCHT USE0PU 1 yIVineingd
s YHOMPEOY OROZ COPMECPA v 0OPA30SHO] RPARCH,

Pan TIPHINAaja Hay4yHOj OGNacTH JOKTOpPCKE AucepTaluje JA JEJIMMHNYHO

‘M. Jopaanosuh, H. MunenkoBuh, PemaBame npobreMa TProBauykor IyTHHKA METOAOM
|CHMYJIMPAHOT KaJbema, ] 0duwrsax Yuumenckoz pakyimema y Bparvy, Yuntesbcku paKyaret
'y Bpawy, c1p. 51-61, Bpame 2014.

3
|
;
|
3
:
§
§

vy paper examines the concept of mathematical optimization as a process of selecting the best solution from a set of
alternatives according to given criteria. Special atiention Is given o problems solved using heurisiic and metakeuristic
imethods, when classical approaches do not provide exact solutions. In thix context, similared unnealing is explained as o
imetaheuristic inspired by the physical process of metal annealing. The paper highlights its application to solving complex NP-
\hard problems, such as the Travelling Salesman Problen.. The paper prescits pseudocode of the sinmdated annealing
algarithin for solving this problem.

O6j pad pazyamps HOJUM MAmEsanike oRRUMIBEHIE KAO IPOHEC U300pd HAJO0mee Pewersd 13 CKYId damepianiusd

L MEMAXEVPUCHIKIY. Memoda, KAOW KIACUNHIL IPpUCnived ne Oufy mauso peweise. ¥ mon konpexomy. objanuodsa ce
" AIVTUDANO KEDETHE KGO MEMGXSYPUCTINNG UWHCHUPHCANE (UsRUs npotecom onpade emara. ICnuee oo tbecosd npuseitd
pewasarsy cromeennx HIT-mewsux npoiiresa, nosvm npotiaena mpeosaskoe mymuixa. ¥ pady je apukasqn neeyookod
%a LOPUIMI CHMYUIDAHDS KbEibd 3d DEHIAsine 0802 npoiiemd.

npesa 2adamust Kpamepuivariena. 1100eiud RAKba noCseRena je NpobaesMusa Koji (8 PEuiasafy ApHICGIOoM XCYPUCHITHENY W

. Pa,u NPUNAAA HAy4HOj 061acTH JOKTOPCKE AUCEpTaLnje JA

M. JopnanoBuh, M. CrankoBuh, Moodle nramgpopma xao cod)meepcrca nOOpUIKA CABPEMEHO]
nacmasu, CaBpeMeHe TEHIEHIMje y HAacTaBHMM M BaHHACTaBHHM aKTHBHOCTMMA Ha
yunTeIbCKMM (Tefaroukum) akyareTMa, TEeMaTCKy 300pHHK, CTp. 364-376, Bpame 2014.
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n this paper, the application of learning management systems in modern teaching s discusse o, with spevial attention to the
i

Moodle )/ulfurm Moadle is an open-source platfornt that supports modern learning methods and soc ial construciivist
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cdagogy. eaabling online interaction awd collaboration amonyg students. The advantages of this .
are highiighted, as well as irs application in the creation of online courses. The paper provides a briel overview of the
possibilities of applving information und communicution recimologies and the Moodle plaiform for the improvement of the
teaching process.
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|V 080M pudy pasMamipd ce RPUMENa CHCHIEMA 30 VIIPABaIne YICEM Y CABPEMEHA HACMUBl, Cd noCeORUM OC8DNOM Ha
Moodle niamdopsy. Moodle jo nagmpopint omeapenos K04 Kojé HOOPHCHEE CARPENEHe MemOde YHcibd U COUjay
KOHCIPYVKIMUGHCAUaKY nedazoonfy, onoevhasajylie. omajn unmepaagy i capatiy wehy cmvoemmuna. Hoem: ce
il IPEOHOCIIYE OROZ CHUMEMH ¥ OOHOCY 1A OPYee RIUIPOPME, KAQ 1 1002080 RPUMEHQ ) KPeupUiv) CICKINPOIKUY KypUesd. ¥
\pady jo Suni KpanaK upeum} oV RHOCHIL RPUMENE UHPOPMERONO -KCANHUKAREoHIX mexiaioeuja u Moodle naamdopue v
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ca JCR nucme (14 y kamezopuju M21a+, 5 y xamezopuju M21a, 12 y kamezopuju M21, 2 y kamezopuju M22). Benuxu deo mux padosa
npunada obracmu anzebpe u mamemamuyke 102uke, 20¢ npunada u mema npeonoxcere OOKmopcke oucepmayuje. Keanumem nayunux
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3axonom o eucoxom obpasosarsy, cmamymuma Ynusepsumema y Huwy u Ilpupoono-mamemamuuxoz gaxyrmema y Huwy u
Tpasunnuyuma o dokmopckum akademckum cmyoujama Ynusepsumema y Huwty u [Jokmopcke wikone mameammuke 34 UMEHO6AFbEM
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Algebra and mathematical logic

Fuzzy set theory was introduce by Lotfi A. Zadeh as a mathematlcal frame g uncertainty, vagueness,
and imprecision. Building on this foundational work, fuzzy set theory has evolved into a complex scientific discipline with
numerous extensions aimed at modeling different types of uncertainty more precisely. Classical fuzzy sets represent
uncertainty by assigning each element a single membership degree from the interval [0,1]. Although this approach has
proven effective in many applications, it can be limited in situations where it is not possible to determine a unique
membership value due to incomplete information, cognitive limitations, or conflicting assessments.

To address this limitation, Torra introduced hesitant fuzzy sets (HFSs) as a natural generalization of fuzzy sets that
explicitly accounts for hesitation in membership assessment. Within the HFS framework, the membership degree of an
element is expressed as a set of possible values from the interval [0,1], called a hesitant fuzzy element, allowing the
simultaneous consideration of multiple alternative membership values. This approach is particularly well suited to
modeling human judgments, where hesitation arises from uncertainty, lack of confidence, or disagreement among experts.

Hesitant fuzzy sets have been successfully applied in a wide range of domains, including decision support systems, supplier
selection, risk assessment, medical diagnosis, pattern recognition, and social network analysis.

A central issue in the theory of hesitant fuzzy sets is the handling of hesitant information through appropriate operations
on hesitant fuzzy elements. One of the foundational approaches to defining operations on HFSs is based on lifting classical
fuzzy set operations to hesitant fuzzy elements. In this framework, binary operations such as union, intersection and
complement, as well as algebraic sum and product, are defined by applying the corresponding fuzzy operation to every pair
of values across the relevant hesitant fuzzy elements.

In addition, the algebraic aspect of HFS theory has also been developed. It has been shown that, under certain conditions,
hesitant fuzzy sets admit a lattice structure and even residuated lattices. These algebraic structures provide a theoretical
foundation for approximate reasoning and systematic decision-making under hesitation. However, they are defined only
for specialized classes of hesitant fuzzy sets or for specific orderings, which indicates certain limitations in terms of
applicability.
Although different types of lattice-valued fuzzy sets and relations have been studied in the literature, most existing
approaches are formulated within classical residuated lattices or other fixed algebraic structures, where uncertainty is
typically represented by a single membership degree. In contrast, hesitant information involves sets of possible values,
which requires an algebraic framework that can naturally handle such multi-valued information while still supporting the
study of relation inequalities and equations. This motivates the use of power set quantales as the underlying membership
structure, since they provide a natural setting for extending fuzzy relational methods to the hesitant context, while
preserving the residuation property.

The subject of this dissertation is the introduction and analysis of a new algebraic framework within HFS theory. The
framework is based on the power set quantale of a semigroup and enables the extension of classical and fuzzy relational




properties to the hesitant fuzzy context. One of the central aspects of the research is the characterization of hesitant fuzzy
equivalence relations, their corresponding classes and partitions, as well as the characterization of quasi-orders, including
the construction of an equivalence relation from a given quasi-order.

Further, the research includes the study of systems of hesitant fuzzy relation inequalities and equations, with one side
containing the composition of an unknown hesitant fuzzy set and given hesitant fuzzy relations over a power set quantale,
while the other side contains only the same unknown hesitant fuzzy set or another one. In particular, our research includes
the characterization of solution sets of these systems and the development of algorithms for computing their greatest
solutions. Moreover, the characterization of solution sets has been introduced, in terms of closure and opening systems in
the quantale of hesitant fuzzy sets, together with the corresponding closure and opening operators. Finally, the subjects of
our investigation have been more general non-linear systems of hesitant fuzzy relation inequalities and equations, called
hesitant weakly linear systems. Two types of weakly linear systems will be analyzed within the proposed framework:
homogeneous which include only fuzzy relations on a single set, and heterogeneous one composed of fuzzy relations on
two possible different sets.

Teopujy dasu ckynosa yBeo je Lotfi A. Zadeh, kao MaTeMaTHuKM OKBHP 32 MOZIENIOBAE HEU3BECHOCTH, HeoApeheHoCTH
u HenpeusHocTH. [Tonasehn ox oBor GyHIaMEHTAIHOT pajia, TeopUja (a3u CKyIoBa €BOJIyHPAA j€ Y KOMILIEKCHY HayYHy
IUCHHILTHHY ca GPOjHUM POLIHPEHUMA Pa3sBHJEHHUM pajiH MPELIU3HH]ET MOJICIIOBAbha PA3IMUMTHX BH/I0BA HEU3BECHOCTH.
Knacnuan ¢asud CKyNOBH MOJENY]Y HEH3BECHOCT TaKO IUTO CBAaKOM €IE€MEHTY INpPHAPYXYjY jEAUHCTBEH CTENeH
npunagHocty u3 uHTepsana [0,1]. Hako ce oBaj mpucTyn mokaszao ¢UKacHHM y 6pojHUM TIpUMEHaMa, OH Moxe OHTH
OTpaHMYEH y cUTyaudjamMa y KojuMa HUje Moryhe onpequMTH jeHHCTBEHY BPEIHOCT CTENEHA NPUNANHOCTH YC/IEN
HETNOTIYHHX HHPOPMaLHja, KOTHHTHBHHX OrPaHHYEHa I NPOTUBPEYHUX MPOLIEHA.

V UMby NpeBasHIaXerta OBOT OrpaHHuema, Torra je yBeo HeomnydHe ¢asu ckymose (H®C) kao mpupoany
reHepanu3anujy Gpasu CKyrnoBa, KOjH eKCIUIMLMTHO MOJIENYjy OKJIEBamkE IPHU IIPOLEHH CTENEHA MPUNAAHOCTU. Y OKBHpY
Teopuje HeomIyyHuX ($a3u CKyIoOBa, CTENEH MPUNATHOCTH €IEMEHTA NPEJACTABILEH je CKymoM Moryhux BpeanocTu us
unrepsana [0,1], xoju ce HasuBa HeomTydyHH ¢a3u enemeHT. Tume ce omoryhaBa MCTOBPEMEHO pa3MaTpamb¢ BHIIE
aJITePHaTHBHUX BPEIHOCTH CTEIICHA PUIIagHOCTH. OBaj IPUCTYI MOCEGHO j€ MOTO/IaH 33 MOMEIOBAE JbYACKUX MPOLICHA,
y KOjUMa Ce OKJIEBAIbe jaBJba yCle] HeM3BECHOCTH, HEIOCTaTKa CaMOMOY3/1atha MIIM HECATJIACHOCTH Mely excrnepTuma.

Heomnyunu ¢asu CKyNOBH HAIUTH Cy LIHPOKY NPUMEHY Y Pa3THIUTHM o0nacTuMa, yKIbydyjyhu cucteme 3a noapiiky
OUTyYHBamy, U300p N00aB/baya, NPOLEHY PH3HKA, MEIMLIMHCKY JMjarHOCTHKY, NpENo3HaBame obpa3salla M aHaIH3y
JPYIITBEHHX MpexkKa.

LleHTpalHO NHTame y TEOPHjH HEOTYIHHX (a3 CKyIoBa OHOCH ce Ha 00pany HHGPOpMallHja Ca OKJICBaEkEM PUMEHOM
oaropapajyhux onepauuja Hag HeoMTy4HUM (as3H eJeMEeHTHUMA. Je[aH Ol OCHOBHHMX IIPHCTYNa Ae(pHHHCABbY TaKBHX
onepandja 3acHuBa ce Ha nommsamy (lifting) knacu4Hux omnepauMja JepuHHCAaHMX Haj (a3 CKYNOBHMAa Ha HHBO
HeoyTy4Hor (a3u eneMeHara. Y TOM KOHTEKCTy, GHMHapHe olepalHje Kao IITO Cy YHHja, IPECEK M KOMIUIEMEHT, Kao
anreGapcku 36Mp W MPOM3BOA, Ae)MHMINY ce MPHMEHOM oiroBapajyhux ¢dasu onepanuja Ha cBe MapoBe BPEAHOCTH M3
JaTUX HEOMWIyuyHHX (a3 eneMeHara.

[Topen HaBeIEHOT, Pa3BHjCH je M anreGapckH acleKT TeopUjeHeoTyyH X dasu ckynosa. IlokasaHo je na HeomTy4HH dasH
cKymoBH mnox oapeheHuM ycioBuMa GopMHpajy CTPYKTYPY MpeEXe, Na 4Yak M pesugyupaHe mpexe. Oe amrebapcke
CTPYKTYp€ IpYkajy TEOPUjCKY OCHOBY 3a alIpOKCHMATHBHO 3aK/bYYHBAE H CHCTEMATCKO JIOHOLIEE:E OJUTYKa Y YCIIOBHMA
oKieBama. Mehytum, oHe cy aeduHHMCaHE caMO 3a CHELHjaIM30BAHE KJIAace HEOMTy4YyHHX (a3sH CKyIoBa WM 3a
cneuuduyHa ypehema, ITO yKasyje Ha H3BECHA OrPaHHuEHba Y MOIJIEAY IPUMEHE.

Hako cy y JIMTepaTypH Mpoy4YaBaHH Pa3lIWYHTH THIIOBH (a3H CKyIOBa M pejlallija ca BpEJHOCTHMA Y Mpexama, BehuHa
nocrojehinx mpuctyna ¢popMynucaHa je y OKBHPY KJIAaCHYHHX PE3UTYHPAHUX Mpeka UM APYTMX (PHKCHUX anrebapckux
CTPYKTypa, OpH 4YeMy je HEM3BECHOCT OOHYHO NpEJCTaB/beHa jEJHHMM CTENEHOM mpumaaHocTH. Hacympor tome,
uadopManyje ca OKIeBamEeM IO0APa3yMeBajy CKymnoBe MOryhHX BpeIHOCTH, INTO INPHUPOJHO 3aXTeBa AaJcKBaTaH
anreGapcKu OKBHp, KOjH MOXe Ja oOpaa TaKBe BHIIEBPEIHOCHE HH(pOpPMalMje, 10K HCTOBpEMEHO oMoryhaBa aHanmu3y
penauMjcKUX HejeAHaYHHA M jeHaYMHa. TO HAC je MOTHBHCAJIO Ja Ka0 OCHOBHY CTPYKTYpY NMpHIAXHOCTH Pa3MaTpaMo
KBaHTaJE LOACKYIOBa nojiyrpyne, 6yayhu 1a OHM IpelcTaBibajy IIPUPOAAH OKBHP 32 NPOIIUMpPEHE (a3H penalujckux
METO/Ia Ha KOHTEKCT HeOUTYUHHX (a3u penaluja, y3 ouyBambe CBOjCTBA pe3UAyalHje.

IIpeaMeT HCTpakHUBamba OBE AUCEPTAlMjH jeCTe YBODEHe U aHaIM3a HOBOT alre6apcKor OKBHpa Y TEOPHjH HEOUTYYHUX
¢asu ckymosa. OBaj OKBHp 3aCHHBA C€ Ha KBaHTANIy NIOJICKyTIOBa MTOTYTpyne ¥ oMoryhasa npolmperse KIaCHIHHX U (a3u
peslalUjCKUX CBOjCTaBa HAa KOHTEKCT HEOTyYHHX (asu pernanuja. JefaH off IEHTPaIHUX acneKaTa HCTPaKHBamba jecTe




'KapaKTepu3aluja HEOMLIy4HHX (a3u pemauuja €KBUBAICHL]E, BUXOBUX ofroBapajyhux KIaca W NapTHIHja, Kao "
KapaKTepu3alKja KBasu-ypehema, ykbydayjyhu u KOHCTpyHCambe penanyje eKBUBAJICHIH]€ 0J1 JaTOT kBasu-ypehema.

IMopen Tora, NCTpaXkuBame 00yXBaTa MPOYYaBamkEe CHCTEMA HejeHaUMHA U jeJHAYNHA HEOMTYYHHX (a3u penanuja, rae
jeaHa cTpaHa CaApXH KOMIIO3MIX]Y HEMO3HATOT HEOITyYHOT dasy ckyna W AaTHX HEOTyYHHX (a3 penanyja Haj
KBAHTAJIOM MAPTHTHBHOL CKYNa, IOK ApYra CTpaHa CafpXHu UCK/bYIHBO TAj KCTH HJIM HEKM [PYTH HEIIO3HATH HEOMIYHH
dasu cxyn. CrenmjanHo, Halle HCTPAKHBAKE yKibydyje KapaKTepH3allHjy CKYNOBa Pelllekha OBHX CHCTCMA M pasBoj
arOpUTaMa 3a M3padyHaBambe HHXOBUX Hajsefux peuwerma. llltapnmwe, ysencHa je KapakTepH3allija CKYIOBa PEIICH:2
TIPEKO CHCTEMA 3aTBOPEHA H OTBOPEHA y KBAHTAly HEOTY {HHX hasu cKymoBa, 3ajeHO ca oarosapajyhum oneparopuma
3aTBOpEH-a U OTBOperha. KoHayHo, MpeaMeT HaIller HCTPAXHBaba jecy H ONIITHjU HEIMHEAPHH CHCTEMU HEjCHAYMHA 1
jenHaunHa HEOLTYYHHX a3y penauuja, Ha3BaHU HEOMTYHH ¢1a60 MHHEapHH CHCTEMH. Y OKBHPY NPE/UIOXEHOT MOACTIA
Guhie aHanM3MpaHa ABa THMa caabo TMHEapHUX CHCTEMA: XOMOTCHH, Koju 06yxBaTajy camo HeomTy4He dasu penanyje Ha
jeJHOM CKYITy, M XeT€POTeHH, CaCTaB/LEHH 0]l HEOMTYyTHHX dasu penanuja Ha ABa NOTEHINJATHO PA3IMYHTA CKYTIA.
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The proposed research f&bic'ié fully aligned with conte‘mpafé&‘ research trends in fuzzylogw,hesﬁantfuzzysets,quantale
theory, and residuated algebraic structures. While hesitant fuzzy sets have been extensively studied from numerical and
aggregation-based perspectives, their algebraic and relational aspects have received considerably less attention.

The research follows a recent line of investigation aimed at integrating concepts from hesitant fuzzy theory, quantale theory,
and relational mathematics within a unified algebraic framework based on power set quantales over semigroups. Such a
framework provides a suitable setting for the study of hesitant fuzzy relations, equivalences, quasi-orders, partitions, and
semi-partitions, as well as for the development of a theory of hesitant fuzzy relational equations and inequalities.

The literature used in this research encompasses both foundational works on fuzzy sets and hesitant fuzzy sets, as well as
recent contributions highlighting the importance of algebraic and relational methods in modeling complex systems under
uncertainty. Consequently, the proposed research represents a natural continuation of existing studies and contributes to
the further development of the theoretical foundations of hesitant fuzzy systems.

TIpe/oXeHa TeMa HCTPAXKHBAKa y TIOTIYHOCTH je ycxialieHa ca CaBPEMEHHM HCTPAXKHBAYKHM TOKOBHMA y obnactuma
dasu noTHKe, HEOMTYYHHX (asM CKYNoBa, TEOpHje KBaHTana W PE3HAyHPaHHX anrebapckux cTpykrypa. HMako cy
HEOUTydYHH (ha3H CKYIIOBH MHTEH3MBHO MPOYYaBaHM €A HYMEPUYKOT aclekTa v Kpos pasnu4uTe METOIE arperupama,
HBUXOBH a1reGapckyl ¥ PeNaliHOHH acieKTH JI0 cajla Cy OWIM 3HATHO Mambe 3aCTYTUBEHH.

VicTpakuBam-€ IIPaTd HOBUjH NpaBall pa3Boja yCMEPEH Ka MHTEPALHjHi KOHIENaTa Te0pHje HEOLTy HHX (a3u CKyIoBa,
TeOpHje KBaHTala M pejjalliOHE MaTeMaTHKE y OKBHDY jeMHCTBEHOT anre6apckor MoJena 3aCHOBaHOT Ha KBAHTAIAMA
OACKyNoBa Haj momyrpynaMa. Takap OKBHp MpYy)Ka NMOTOXHY OCHOBY 33 MpOy4aBarbe HeomtydHux Qasu penaunmja,
eKBHBAlCHIMja, KBasuypehema, napTauuja 1 [ONyIapTHIIHja, Ka0 M 3a Pa3Boj TeOpHje HEOMTYIHHUX ¢a3u penaunoHnX
jenHavMHA U HejeJHauKHa.

JIuTepaTypa Ha KOjOj C€ MCTPaXXHBambe€ 3aCHHBA obyxBara Kako (yHIaMeHTajlHEe PajIoBe M3 TeopHje aszu CKynosa M
HeOTy4YHHX (a3d CKyIIOBa, TAKO U HOBHja HCTPaXXKHMBaba KOja yKazyjy Ha 3Hayaj anre6apCKuX U PelallMOHHX METOJR y
MOJIENIOBAbY CIOKECHUX CHCTEMA 1101 nensBecHomhy. CTora npeioxeHo HCTPaXKHBake PE/CTaB/ba IIPHPOIaH HacTaBaK
nocTojeiux UCTPaXKMBama U AONPHHOCH JaTbEM pa3BOjy TEOPHjCKMX OCHOBA HEOTYyYHHX (hasu cucrema.

| 3 O es of the scientific research (p 10 500 words)

" [lumesn HAYYHOT ACTpAXMBARA (Jo 500 pests) gl
One of the objectives of the research is to investigate the structural properties of hesitant fuzzy sets, hesitant fuzzy relations,
hesitant fuzzy equivalences, and hesitant fuzzy (semi-)partitions with values in power set quantales induced by semigroups,
as well as to analyze the relationships among these structures. In this context, the properties of hesitant fuzzy equivalences
and hesitant fuzzy quasi-orders will be studied, together with their connections to hesitant fuzzy equivalence classes,
hesitant fuzzy partitions, and hesitant fuzzy semi-partitions, and the possibilities for their characterization by means of

algebraic structures.

!

A particular objective is the development of a theory of hesitant fuzzy relational equations and inequalities. Particular
attention will be devoted to systems involving one or two unknown hesitant fuzzy relations or hesitant fuzzy sets. The
research will focus on establishing conditions for the existence of solutions, characterizing solution sets, and investigating




their algebraic properties. Within this objective, residuation-based methods will be developed for determining the greatest
solutions of systems of hesitant fuzzy relational equations and inequalities.

A further objective of the research is the development of new algorithmic techniques for determining the greatest solutions
of systems of hesitant fuzzy relational equations and inequalities. The research will focus on the construction of efficient
algorithms, as well as on the analysis of their correctness, convergence properties, and computational complexity. The
developed algorithms are expected to provide efficient procedures for determining the greatest solutions of systems of
hesitant fuzzy relational equations and inequalities considered within the proposed algebraic framework.

Finally, the objective of the research is to establish a general mathematical framework that will enable the further
development of the theory of hesitant fuzzy systems and its application to the modeling of complex systems under
uncertainty. The obtained results are expected to provide a foundation for future research in hesitant fuzzy logic, relational
mathematics, artificial intelligence, decision support systems, and data analysis.

Je/laH 071 LMIbEeBA HCTPAXUBaha JECTE IPOYYaBabe CTPYKTYPHHX CBOjCTaBa HEOMTyYHHX (a3 CKYNOBA, HEOMTYYHHUX (pasu
penauuja, HeoMTy4HMX (asM CKBHBANCHUMja M HEommyuHux (asu (momy)napTuimja ca BPEAHOCTHMA Yy KBaHTAlMMa
IOJCKYIIOBA Hal TOMyrpymnaMa, Kao W aHamusa MehycoGHux Besa um3mel)y OoBHX CTpyKTypa. Y TOM KOHTEKCTy Ouhe
Ipoy4aBaHa CBOjCTBa HEOMUTYYHHMX (a3H CKBHBAICHIMja M HEOMUTy4HHX (asu kBasuypelersa, mHXOBa MOBE3aHOCT Ca
HEeOTyUHHM (a3 Kilacama eKBUBAJICHIIHj€, HEOUTyYHUM a3y napTHUHMjaMa H HEOUTyIHUM (asu NOTyTIapTHIM] aMa, Kao
1 MoryhHOCTH BUXOBE KapakTepu3auHje moMohy anreGapckux CTpyKTypa.

TloceGan LML NpEACTaB/ba Pa3Boj TEOPHjE HEOMTYYHHX a3y peNallMOHKX jeHa4YMHa M HejelHaunHa. [Tocebna naxma
6uhe mocBeheHa cHCTEMHMa KOjH CafipXKe jeJHy WM JBe HEMo3HaTe HeolTy4yHe (asH penauuje W HeoMTydHe ¢asu
ckynose. Mctpaxupame he GUTH ycMepeHO Ha yTBphHBam€ YCNOBa NOCTOjarma pellersa, KapaKTepu3alujy CKymnopa
peliekba U IPOyYaBae HHXOBUX aNre0apckux CBOjCTaBa. Y OKBMpY OBOI LMJba pasBMjalie ce METOJe 3aCHOBaHE Ha
pesuTyanmju 3a ofpehuBame HajBelinX pelllerha CHCTEMa HEOUTYYHUX a3y penalMOHNX jeAHaYHHA H HejeIHAMMHA.

Jlajby UMb MCTPAXKHBalha jeCTe Pa3BOj HOBHUX alrOpPHTAMCKHX TeXHHMKa 3a onpeuBame Hajehux pemema cucrema
HEOUTYYHHX (ha3y peJIallHOHMX jeAHaYHHA U HejeaHaunHa. McTpaxuBame hie GUTH ycMepeHO Ha KOHCTPYKIH]Y eHKACHHX
aNropuTaMa, Kao U Ha aHANU3y HXOBE KOPEKTHOCTH, KOHBEpreHIuje H cnoxeHocTd. Ouekyje ce na he passujenu
anroput™u oMoryhuTH epukacHo oapehuBame HajBehnx perlera cCTEMa HEOMTyYHHX (a3u PeNAlMOHUX jeHaYMHA 1
Heje/IHaYMHA KOjH Ce pa3sMaTpajy y OKBHPY IIPEIIOKEHOT are6apcKor OKBUpPA.

KoHa4HO, /b MCTPAXXHBAA j€ YCIIOCTABJbahEe OILITEl MATEMAaTHYKOI OKBHpPA KOju hie oMoryhuTH nabu passoj Teopuje
HEOUTy4YHHX (a3sH CHCTeMa H HeHy IIPUMEHY Y MOJICIOBAY CIOXEHHX CHCTeMa oA HemssecHolhy. Ouekyje ce na he
106HjeHM pe3yNTaTH MpeICTaBbaTh OCHOBY 3a Oyayha HCTpaxHBama y o6nacTHMa HeoTyqHe (asu JOTHKE, pealkoHe
MaTeMaTHKe, BEeHITauKe UHTETUTEHIHMje, CHCTEMa 32 MOJIPIIKY OJTy4YHBalby M aHaJIM3€ MOJIATaKa.
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" |Osexuany pesyiraTH, HaYHHA 3ACHOBAHOCT U JONPHHOC MCTpAXMBARA (b0 XWpcur) .
The research is expected to yield new theoretical results in the field of hesitant fuzzy structures with values in power set
quantales over semigroups, together with the development of corresponding algebraic methods for their analysis. In
particular, new results are expected concerning the characterization of hesitant fuzzy equivalences, hesitant fuzzy quasi-
orders, hesitant fuzzy partitions, and hesitant fuzzy semi-partitions, as well as the investigation of the relationships among

these structures.

The scientific foundation of the research is based on contemporary developments in the theory of hesitant fuzzy sets,
quantale theory, and residuated algebraic structures. The proposed approach represents a natural extension of existing
research through the introduction of a general algebraic framework that enables the systematic study of hesitant fuzzy
relations and the solution of hesitant fuzzy relational equations and inequalities.

The scientific contribution of the research lies in the development of new theoretical results, the formulation and proof of
new characterizations and theorems, and the construction of algorithms for computing solutions of hesitant fuzzy relational
systems. The obtained results are expected to contribute to the further development of the theory of hesitant fuzzy systems
and to provide a foundation for their application in the modeling and analysis of complex systems involving uncertainty
and incomplete information.




Ouekyje ce Ia HCTPaXHBARE PE3y/ITHPA HOBMM TEOPHjCKHM pe3yiNTaTiMa y o6IacTH HEOLTydHHMX (a3H CTPYKTypa ca
BpEAHOCTHMA y KBaHTAIMMa MOJACKYIIOBa HaJ MOJyrpylama, Kao M pasBojeM ogrosapajyhux amrebapckux meroza 3a
BUXOBY anamu3y. [loce6Ho ce ouekyje noGHjame HOBMX PE3yJTaTa KOjU c€ OJHOCE Ha KapaKTepu3aljy HEOMTYYHHX hasu
eKBHBAIEHIIN]a, HEOATYUHUX (a3H KBasuypehema, HeoTyYHHX a3y MapTHIHja X HEOUTYYHUX (a3H NOMyIapTHIIHja, Kao
U Ha npoy4aBame BbuxoBux MehycobHux Besa.

Hay4Ha 3aCHOBaHOCT HCTpaXKHBaMa MPOM3MIA3H U3 OCamhalba Ha CaBpeMeHe pesyiTaTe M3 TeopHje HeoMTydHux ¢asu
CKYTOBa, TEOpHje KBaHTalla H pe3uOyMpaHHX airebapckux CTpyKrypa. IlpemioxeHH NMPUCTYN MpeACTaBba MPHPOAHO
NpOLIHpEHE MNOCTOjehinX HMCTpaXHBamba yBOhEHeM omurrer amrebapckor OKBHpPa KojH oMoryhaBa CHCTEMaTCKO
TIpoyYaBam-¢ HeOTyuHuX a3y penaluja H pelaBambe HEOTyUHUX (a3 pelalMOHUX jeJHAYHHA H HejeIHAYNHA.

Hay4Hn DONpHHOC HCTPaXKMBama Orjie/la Ce y pa3Bojy HOBHUX TEOPHjCKHX pe3ynTaTa, QopMyIucamy U JOKa3sUBamhy HOBHX
KapaKkTepH3alHja M TeopeMa, Ka0 M y KOHCTPYKUMjH alrOpHTama 3a H3pauyHaBame pelliermha HeoMTydHHX ¢asu
penauuonux cuctema. Ouekyje ce na he Ho6MjeHH pe3yiTaTH JONPUHETH AajbeM PasBOjy TEOPHje HEOMTYYHHX (dasu
CHCTEMa M CTBOPHTH OCHOBY 3a HHXOBY IPUMEHY y MOJEJIOBalbY M aHAIH3H CIOKCHHX CHCTEMa ca HeH3BecHOIMY U
HCIIOTl'IyHPIM uHpopMmanyjama.

e

 Applied Research ! Met!mds (ztp m 300 words) |
7" Tipumemene nayane Metone (00 300 pews) |

R it R R S R R R R R R R R

i
§ 5 , ‘
The research will be based primarily on methods of theoretical mathematics, w1th particular emphas:s on élgebralc and'

relational methods. The theoretical framework will be provided by the theory of hesitant fuzzy sets, quantale theory, and
the theory of residuated algebraic structures.

Algebraic methods will be employed to investigate hesitant fuzzy structures with values in power set quantales induced by
semigroups, to analyze their operations, and to examine the relationships among different classes of relational structures.

A significant part of the research will rely on methods from order theory, closure and interior theories, as well as residuation
theory. These methods will be used to characterize hesitant fuzzy equivalences, quasi-orders, partitions, and semi-
partitions, and to analyze the solution sets of hesitant fuzzy relational equations and inequalities.

To address the proposed research problems, algorithmic methods based on the obtained theoretical results will also be
developed. Particular attention will be devoted to the construction of algorithms for computing solutions of hesitant fuzzy
relational systems, proving their correctness, and analyzing their efficiency. The proposed algorithms are based on the
application of the Knaster—Tarski and Kleene theorems on post-fixed points of isotone functions on a complete lattice.

Logical and formal-deductive methods are also applied, by means of which the basic properties of the introduced structures
are proved.

Hctpaxusame hie 6uTH 3aCHOBAaHO Mpe CBEra Ha METOJaMa TEOPHjCKe MaTeMaTHKe, Ca ToceOHUM HarIackoM Ha anrebapcke
U penaiuoHe Metone. [lonasHu okBHp yMHHEe TEOpHja HEOMUTYUHHX (a3M CKyIoBa, TEOpHja KBaHTaja ¥ PE3UAYyHCAHHUX
anrebapcKux CTPYKTypa.

Anrebapcke Merone Ouhe xopumheHe 3a mpoydaBame HEOLIYYHHX (asH CTPYyKTypa ca BPEIHOCTHMA y KBaHTAJIUMa
MIOJICKYIIOBa MONYIpyia, aHaIu3y HbHXOBHX ONepaildja M HCIHTHBAKkE Be3a H3Mehy PasIHYMTHX Kiaca pesalliOHMX

CTPYKTypa.

3HauajaH [e0 HCTpaKKBama 3acHuBalic ce Ha NpUMEHH MeToa TeopHje ypehema, Teopuje 3aTBapama U 0TBapatba, Kao u
MmeToma pesunyammje. OBe MeTome he 6uTm kopumheHe 3a KapakTepu3anHjy HEOLTy4HHMX (asH €KBHBAJEHIH]a,
KBasHypeljewa, MapTULHMja ¥ MONYNAPTHLHMja, KA0 M 3a aHAIH3y CKYINOBAa pEINCHa HEOMTyYHHX (asy peranyoHHX
jenHa4YHHA U HejelHauMHa.

V uuby peliaBama MOCTaBbeHMX npobraema Guhe pasBUjaHe M anropuTaMCKe METOAE 3aCHOBaHE Ha JOOHjeHHM
TEOPHjCKUM pe3ynTaTuMa. [loceOHa naxma Ouhie mocseheHa KOHCTPYKIHMjH allrOpuTama 3a M3pavyyHaBame PEIICHA
HEOTYUHHUX (asH peNalMOHHUX CHUCTeMa, JOKa3WBAay IUXOBE KOPEKTHOCTH M aAHAM3H HUXOBE e(QUKacCHOCTH.
IIpeanoXkeHn aArOPUTMH 3aCHOBAHH Cy Ha mpuMeHH teopema Kuacrep-Tapekor u KiHHHMja 0 nocT-puKCHUM Tadkama
H30TOHE (pYHKIHje Ha KOMIUIETHO] MPEXKH.

Takohe ce mpuMemyjy MeTOqM JOTHYKE M (hopManHO-IEAyKTHBHE aHaIM3e, KOjUMa Ce J0Ka3yjy OCHOBHa CBOjCTBA
YBEICHHUX CTPYKTYpa.

Tlpeanoxena rema ee
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Konauan rxaéimn .
IOKTOpCKe AucepTaumje

[Komazau HAGIOR T"""“’*‘ejHeozuryrme (asm penmanmjcke HejefHAYMHE M jeIHAYMHE HAJ KBAHTAIOM IOICKYIIOBA
IIOKTOPCKE memje HO yne

" Hesitant fuzzy relation inequalities and equations over the power set quantale of a semigroup

‘The proposed research aims to establish a unified algebraic framework for the study of hesitant fuzzy structures with values
in power set quantales over semigroups. New characterizations of hesitant fuzzy equivalences, hesitant fuzzy quasi-orders,
hesitant fuzzy partitions, and hesitant fuzzy semi-partitions are expected to be obtained, together with the development of
a theory of hesitant fuzzy relational equations and inequalities. The obtained results are expected to contribute to a more
systematic understanding of relational structures in a hesitant fuzzy environment and to provide a foundation for their
further theoretical investigation.

TIpeuIoXkeHo HCTPAKUBAEE HMA 33 LHJB J1a YCTIOCTABH jEIMHCTBEH are6apcky OKBUP 3a POYYABAe HEOUTYYHHX (asu
CTPYKTypa Ca BpeJHOCTHMA y KBAaHTalMMa MOJCKynoBa monyrpyna. Ouekyje ce moGujame HOBMX KapakTepusaLuja
'HeOUTyuHHX (a3u eKBUBICHLM]a, HEOLTYyIHHX (a3n KBasuypeherma, HEOMTYYHNX pash NapTUIHja U HEOLTYIHHX (asu
OJTyNApTHIHMjA, KA0 U Pa3BOj TEOPHje HEOTyUHHX (asu pealMOHMX jeJHAaYMHA U HejeaHaynHa. JloOujeHu pesyiratu
frpe6ano 6H 1a JOTPMHECY CHCTEMATHYHUjEM pa3yMeBamy PENIAlIMOHMX CTPYKTYpa Y HEOMLTYYHOM a3y OKpYXewy H 1a
npencramba]y ocnosy 3a BBUXOBO J1aJbe Teopn]crco H3y4YaBame.
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To the Scientific and Professional Council for
Natural Sciences and Mathematics, University of NiS$

By the decision of the Scientific and Professional Council for Natural Sciences and Mathematics of
the University of Ni§ (No. 817-01-5/26-9, , May 11th, 2026), I was appointed as a member of the
committee for the evaluation of the doctoral dissertation topic of the PhD student Marija Tasic,
titled "Hesitant fuzzy relation inequalities and equations over the power set quantale of a
semigroup".

I submit the following

REPORT

The candidate Marija Tasi¢, a student at the Doctoral School of Mathematics, has presented the
topic for her doctoral dissertation titled "Hesitant fuzzy relation inequalities and equations over the
power set quantale of a semigroup", under the mentorship of Dr. Miroslav Ciri¢, Full Professor at
the Faculty of Sciences and Mathematics in Ni§, University of Nis.

Marija Tasi¢ publicly presented her doctoral dissertation topic on June 5, 2026. The proposed topic
was presented clearly, correctly, and concisely, and the candidate demonstrated a solid
understanding of this scientific field. The field is modern, highly relevant, and original, which was
confirmed during the presentation. The scientific significance of the presented topic is undeniable.
From the presentation of the expected results, it is perfectly clear what outcomes can be anticipated
in the doctoral dissertation itself. In addition to the results already obtained, which have been
accepted in the scientific journal, the candidate presented a plan for further work and the results that
will be included in the doctoral dissertation.

The candidate explained the objectives of her dissertation, the primary goal of her research and
analysed a new algebraic framework for hesitant fuzzy sets, based on the power set quantale of a
semigroup. Within the proposed framework, it is significant to develop a general theoretical
foundation that allows the extension of classical and fuzzy relational methods into the theory of
hesitant fuzzy sets, while preserving the residuation property. The main significance of this research
is the characterization of hesitant fuzzy equivalence relations, including the corresponding
equivalence classes and set partitions, the characterization of hesitant fuzzy quasi-orders, as well as
hesitant fuzzy equivalence relations derived from a given hesitant fuzzy quasi-order. The
dissertation will also discuss the solving of systems of inequalities and equations with an unknown
hesitant fuzzy set, and subsequently, the proposed approach will be applied to the analysis of
weakly linear systems. Algorithms will be constructed for finding the greatest solutions to the
aforementioned systems, when such solutions exist and can be obtained in a finite number of steps.

Therefore, the focus of the research is on establishing a theoretically consistent and computationally
efficient algebraic framework that enables further analysis of hesitant fuzzy relational systems of




inequalities and equations, as well as the development of concrete procedures for solving these
systems.

The anticipated procedures and methods for obtaining the results are accurate, contemporary, and
original. A portion of the presented results from this field has been presented in a scientific paper
accepted for publication in a journal of the M21 category:

1. M. Tasi¢, M. Ciri¢, J. Ignjatovi¢, S. Stanimirovi¢, M. Stankovi¢, Algebraic characterization
of hesitant fuzzy relation inequalities and equations over power set quantales, FILOMAT
(2026), accepted for publication.

Based on all of the above, it can be clearly concluded that the topic of this doctoral dissertation is
interesting and relevant, and the results, both those already obtained and those expected, are suitable
for a doctoral dissertation. Professor Dr. Miroslav Cirié, who is proposed as the mentor, is also
highly qualified, as he has published a large number of scientific papers in this scientific field and is
an internationally recognized scientist in this area.

Conclusion

I believe that the candidate Marija Tasi¢, a student at the Doctoral School of Mathematics, fulfills
all the requirements to register the topic for her doctoral dissertation titled "Hesitant fuzzy relation
inequalities and equations over the power set quantale of a semigroup". I propose that the Scientific
and Professional Council for Natural Sciences and Mathematics of the University of Ni§ accept this
topic.

Nig, 09. jun 2026. god..

PhT) Jelena Ignjatovié
Faculty of Sciences and Mathematics

University of Ni$§



YHUBEP3UTET Y HUWY o
MPUPOIHO-MATEMATHYKM SAKYATET Y HWWY

AN.6.2006.

r
= . :
OPF.JEJ.[ Enoj [mpunor|Bpeancet

f
¥

e
]

[ oA A249]

Hayuno-cTpyuHom Behy 3a npupoaHO-MaTeMaTHYKe HayKe

Yuusepsurtera y Humy

Omnykom Hayuno-ctpyusor Beha 3a mpupoaHo-mareMaTHuke Hayke YHuBep3utera y Humry
(Ho. 817-01-5/26-9, ox 11. maja 2026. roauHe), IMEHOBaHA caM 3a WaHa KOMHUCH]j€ 3a OLIEHY
TeMe IOKTOpCKe [ucepTalije CTYAEeHTKHEe IOKTOpPCKHX cTyauja Mapuje Tacuh, nox
Ha3uBoM ,Heomnyune ¢a3u penanujcke HejeHAUYMHE M jelHAYMHE HaJ KBaHTAJIOM
IOJICKYTIOBa TIONyrpyne* (Ha eHrieckoM jesuky ,Hesitant fuzzy relation inequalities and
equations over the power set quantale of a semigroup®).

[TonHOCUM cnenehn

MU3BEIITAJ

Kangunarkumwa Mapuja Tacuh, ctyneHT J[OKTOpCKe IIKOJE MaTeMaTHke, MpHjaBUiia je Temy
3a U3pagy AOKTOPCKE JHcepTaluje Mo Ha3uBOM ,, Xe3UTaHT (a3u penalyjcke HejeqHaunHe U
jelHauMHe HaJ KBAaHTAJIOM IOACKYNOBa IMOJYyrpyne®, Mmoj MEHTOPCTBOM JAp MupociaBa
Thupuha, pegoBror npodecopa IIpuponHo-maremaruuxor ¢axynrera y Hunry, Yausepsurera

y Humy.

Mapuja Tacuh je jaBHO mpeacTaBWia TeMy CBoje HOKTOpcke auceprauuje 05.06.2026.
romuHe. [lpeiokeHa Tema je M3JI0XKeHa jaCHO, KOPEKTHO M KOHIM3HO, a KaHIMIAaTKUEba je
nokasana a00po Mo3HaBame OBe HayuHe oOmactu. OOnacT je caBpeMeHa, akTyelHa U
OpHMIHaJIHa, LITO Ce MOIVIO 3aKJbyUUTHU y TOKy Ipe3eHTauuje. Hayunu 3Hayaj npeacraBjbeHe
TeMe je HeocmopaH. M3 mpeseHTauuje OYEKMBaHMX pe3yiTara IOTIYHO je jaCHO Koju
pe3ynTaTd MoOry Aa O4eKyjy Yy camoj AOKTOpckoj muceprauuju. Ilopen Beh mobujennx
pe3ynTara, Koju cy npuxBalieHH Yy Hay4YHOM YacONUCY, KaHIMAATKUmba je MpeAcTaBuia IjiaH
Jajber paja u pesyirare koju he yhu y JOKTOPCKY AucepTaLyjy.

Kannnnatkuma je 00pa3nioxuia IiJbeBe CBOje QUcepTaluje, o KOjuX jé OCHOBHH LJb OBOT
UCTpaXKiBama YBoleme U aHali3a HOBOT ajire0apCKOr OKBHpa 3a Xe3UTaHT (a3H CKyIIOBE,
3aCHOBAHOT Ha KBAHTAJIy TMOJCKYIOBA MOJyrpymne. Y OKBHPY MPEITOKEHOT OKBHPA, 3HA4ajHO
j€ pasBHTH OINIUTY TEOPHjCKy IMOCTaBKy Koja omoryhaBa mpoliupeme KIacMYHHX U (asu
peNanMjCKuX METOAa y OKBHPY TEeOpHje Xe3WTaHT (pasu CKyNoBa, y3 OdyBame CBOjCTBa
pesuayauuje. [7aBHM 3Hayaj OBOT MCTpaKMBamka je KapaKTepH3alllja Xe3UTaHT ¢as3u
penanyja exBHMBaJeHIHje, YK/byuyjyhu omrosapajyhe kiace ekBHBajeHLUje M NapTHLHje
CKylla, KapakTepH3aldja Xe3uTaHT (a3u KBazu-ypehema, ka0 M Xe3UTaHT (a3u penanuja
eKBHBaJIeHIUje moja3ehn on martor xe3uTaHT ¢a3u kBasu-ypehemwa. Y nucepraumju he ce,
Takohe, pa3MaTpaTH pelllaBare CHCTeMa HejeJHaunHa U jelHauMHa ca HelO3HAaTHM XE3UTaHT
dasu ckymoM, a motoM he ce MpeTOKEHH NMPUCTYN NPHMEHHTH Ha aHaiu3y Clabo
JMHEapHUX cHcTeMa. buhe KOHCTpYHMCAaHM alrOpUTMHU 3a Hallakeme HajBehux pelnema
HaBeJIEHNX CHCTEMa, KaJla Ta pellera MOCToje U MOTy ce JOOHTH Yy KOHaqYHOM Opojy Kopaka.




Jlakne, GOKyC MCTpaKiBarba je Ha yCNOCTaB/bakby TEOPHjCKM KOH3UCTEHTHOT M padyHCKH
edrkacHor anreGapckor OKBHpa Koju omMoryhasa fajby aHaln3y Xe3UTaHT (asu penaiijCcKux
chcTeMa HejeJHauYMHa W jeJHauMHa, Kao U Pa3BOj KOHKPETHUX IOCTyIaKa 3a peliaBambe OBIX

cucTeMa.
[Ipemuhenu moCTymuu M MeTode 3a JoOMjambe pesynTara Cy TayHe, CaBpeMeHe U

opuruHaiHe. Jeo Mpe3eHTOBaHMX pe3ysiTaTa U3 OBe OONIaCTU je NpPEeACTaBbeH y Hay4HOM
pamy Koju je npuxBaheH 3a ITamIly y yaconucy kareropuje M21.

1. M. Tasié, M. Ciri¢, J. Ignjatovi¢, S. Stanimirovi¢, M. Stankovi¢, Algebraic
characterization of hesitant fuzzy relation inequalities and equations over power set
quantales, FILOMAT (2026), accepted for publication.

Ha ocHOBy cBera Hampel HaBeJEHOI, jaCHO Ce 3aK/byuyje Ja je TeMa OBe JOKTOPCKe
JucepTallije MHTEPECaHTHA M aKTyellHa, a pe3ynTaTd, Kako oHM Beh nobujenu, Tako u
O4YeKHBaHH, Cy MOJOOHH 3a JOKTOpcKy mucepranujy. [TIpodecop ap Mupocnas hupuh, koju je
TIpeUTOXKeH 3a MEHTOPA, je Takohe monobaH, jep UMa 00jaB/beH BeMKH Opoj Hay4YHMX paaoBa
y 0BOj Hay4HOj OONIACTH M CBETCKH je NPU3HAT HAYYHUK U3 OBE 00NACTH.

3akpyvak

Cmarpam 1a kaHaunatkuma Mapuja Tacuh, cTynenTkumba JIOKTOpCKe IIKOJIe MaTeMaTuke,
HICIyHaBa CBe YCJIOBe Ja MpHjaBH TeMy 3a M3paly JOKTOPCKE JMCEpTaluje MOJ Ha3HMBOM
,Xe3uTauT (asyW pealdjcke HejeAHauUMHe M jeJHAUMHe HaJ KBAHTAJOM IMOJCKYIOBa
nonyrpyne“. Ilpennaxem na Hayuno-cTpyuno Behe 3a IlpupopHO-mMareMarvyke Hayke
VYHuBep3uteTa y Huliry npuxBaT OBy TEMY.

Hum, 08. jyn 2026.rox.
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Hpvo(b. Hp Jenena Urwarosuh
[TpuponHo-MareMaTuuku (akynrter y Humry

VuauBep3uteT y Hunry



To the Scientific Council for Sciences and Mathematics, University of Ni§

By the Decision of The Scientific Council for Sciences and Mathematics, University of Ni§
(No. 817-01-5/26-009 May, 11, 2026), I am a member of the evaluation committee for a
PhD theme approval, titled “ Hesitant Fuzzy Relation Inequalities and Equations over the
Power Set Quantale of a Semigroup”, proposed by a PhD student Marija Tasic.

I am filing the following YHUBEP3UTET ¥ HULLY
MPUPOSHO-MATEMATHUKY SAKYATET Y HIWY
npimmero: ___ A6 0096,
R E P O RT OPT.JED. & pPo j i" ~mnor|BpearocT
L -
| 1280]

Marija Tasi¢, a PhD student, applied for the PhD theme titled *“ Hesitant Fuzzy Relation
Inequalities and Equations over the Power Set Quantale of a Semigroup”, and suggested
prof. dr Miroslav Ciri¢, full professor at the University of Nis, Faculty of Sciences and
Mathematics, as the thesis supervisor.

On June 5, 2026, the candidate presented her topic for the preparation of her doctoral
dissertation online, via the MiTeams platform. The proposed topic was presented correctly
and precisely, and the candidate showed great knowledge of this scientific field. The field 1s
current, modem, original and scientifically significant, which could be concluded during the
presentation. The expected results are presented in such a way that it is clear to the members
of the commission what results they can expect in the doctoral dissertation itself. In addition
to the results already obtained, which have already been accepted in a scientific journal, the
candidate presented a plan for further results that will make up this doctoral dissertation.

The candidate clearly explained the goals of her dissertation. The research is focused on
studying the structural properties of hesitant fuzzy sets, relations, and equivalences, as well
as their interconnections within an algebraic framework. Special emphasis is placed on the
development of the theory of hesitant fuzzy relational equations and inequalities, the
conditions for the existence of solutions, and their algebraic properties. Methods based on
residuation and algorithmic techniques are planned for the efficient determination of
maximal solutions of these systems. The ultimate goal is to establish a general mathematical
framework that will enable the application of the theory of hesitant fuzzy systems in
modeling complex processes under uncertainty, with potential applications in logic, artificial
intelligence, and data analysis.




The proposed approaches and methods for obtaining results are mathematically sound,
original, and scientifically grounded. The research will rely on methods of theoretical
mathematics, with emphasis on algebraic and relational methods. The starting framework
will consist of the theory of hesitant fuzzy sets, quantales, and residuated algebraic structures.
Algebraic methods will be used to analyze operations and connections between different
classes of relational structures. A significant part of the research will be based on applying
order theory, closure and interior theory, as well as residuation methods, for the
characterization of equivalences, quasi-orders, and partitions. In addition, algorithmic
methods will be developed based on theoretical results, with the application of the Knaster—
Tarski and Kleene theorems on post-fixed points of isotone functions on complete lattices.
These will enable the computation of solutions of hesitant fuzzy relational systems, along
with proofs of correctness and analysis of algorithmic efficiency. Furthermore, methods of
logical and formal-deductive analysis will be applied to prove fundamental properties of the
introduced structures.

Additionally, the candidate presented her original results in this field from a scientific paper
accepted for publication in a journal of category M21:

M. Tasié, M. Ciri¢, J. Ignjatovi¢, S. Stanimirovi¢, M. Stankovi¢, Algebraic characterization
of hesitant fuzzy relation inequalities and equations over power set quantales, FILOMAT
(2026), accepted for publication (M21).

Therefore, the topic of this doctoral dissertation, already obtained results and expected
results are suitable for the doctoral dissertation.

The proposed supervisor, Prof. Dr. Miroslav Ciric, is also suitable as a mentor for this
doctoral dissertation, because he has published a large number of scientific papers in this
scientific field and he is a world-renowned scientist in this field.

The candidate also meets all the prescribed conditions to be approved for the preparation of
a doctoral dissertation.



Conclusion

I believe that the candidate Marija Tasi¢, a student of the Doctoral School of Mathematics,
fulfills all the conditions to apply for a doctoral dissertation entitled " Hesitant Fuzzy Relation
Inequalities and Equations over the Power Set Quantale of a Semigroup". I suggest that the
Scientific- Council for Natural and Mathematical Sciences of the University of Nis accept

this topic.
Novi Sad, June 8, 2026. _—
fle—

Prof. Dr. Andreja Tepavcevic

University of Novi Sad, Faculty of Science
Mathematical Institute of SANU Belgrade







Hayuno-ctpyusoM Behy 3a MpUponHO-MareMaTiike Hayke YHuBep3uTeTa y Hunry

Omtykom HayuHo-cTpyuHor Beha 3a mpupomHO-MareMarHdke HayKe YHUBEP3HUTETA Y
Hury (6poj 817-01-5/26-009 on 11. maja 2026. roguHe), MIMEHOBaHa CaM 3a WiaHa
KOMHCH]€E 3a OLIEHY NPEUIOKEHE TeMe JOKTOPCKE AUCEPTALMje CTyIEHTa JOKTOPCKUX
crynuja Mapuje Tacuh, non Hasuom ,,Heomtyune ¢asu penanmjcke HejeTHaYMHE U
jeIHauMHE HaJl KBaHTAIOM IOJICKYIIOBa TONYrpyme’ (Ha eHITIecKoM je3uKy ,,Hesitant
Fuzzy Relation Inequalities and Equations over the Power Set Quantale of a
Semigroup®).

ITomaocum ciienehu
MU3BEUITAIJ

Mapuje Tacuh, crygeHt JIoKTOpCKe IIKOJIE MaTeMaTHKe, IPHjaBIiIa je TEMY 3a U3pajty
JIOKTOPCKE JTMCEpTalrje 1o HasuBoM ,,Heommyure ¢asu penaimjcke HejeTHaYMHE U
JeIHaYMHE HaJl KBAHTAJIOM ITOJICKYTIOBA MOyTPpyIe 1 MPeJIoXKIIA je Ka0 MEHTOpA JIp
Mupocnasa hupuha, penosaor mpodecopa ITpupomHo-mMaremaTiukor (akynrera
YruBep3urera y Humry.

Kanmupmarkumsa Mapuja Tacuh je 5.06.2026 omnajH, mpeko MiTeams ruiardopme
IpEe3EeHTOBAJIa CBOJy TEMY 3a M3pady JOKTOPCKE IHCEpTalje M OArOBOpWIIA Ha CBa
NIOCTaB/bCHA THTama. [IpenokeHa Tema je H3IOKEHA KOPEKTHO M IPELM3HO, a
KaHWIaTKHEba je I0Ka3aja BEIMKO I03HABame OBe HayyHe obOmactu. Obmact je
aKTyeJHa, MOJEpHA, OPUTHAJIHA M HAy4YHO 3HAYajHa, IITO C€ MOIVIO M 3aKJbYYHTH 3a
BpeMe mpe3eHTaimje. OueKrBaHu Pe3y/ITaTy Cy MPeICTAB/beHH Ha TAKAB Ha4MH, J1a J€
WIAHOBMMA KOMHCH]€ jaCHO KOje Pe3ylITare MOry Ja O4eKyjy y €aMoj JOKTOPCKO)
muceprauyju. [Topen Beh mobujeHnx pesynrara, Koju cy Beh NPUM/bEHH y HAy4HOM
qacorucy Kareropuje M21, KaHIUIATKUEbA je MpecTaBuIa IUIaH 3a Jajbe pe3y/rare
KOju he YMHUTH OBY TOKTOPCKY JTUCEPTALIH]Y.

Kanmuarkumsa je jacHo oOpazjiokmwia IbeBe cBoje aucepramyje. Mcrpakusame je
YCMEpEHO Ha IMpOy4yaBame CTPYKTyPHHX CBOjCTaBa HEOMTy4HHMX (a3 CKyIioBa,
penanpja 1 eKBUBAJICHIIM]a, Ka0 U BbUXOBUX Mel)ycoOHHX Be3a y anre0apcKoM OKBHDY.
[TocebaH axieHar CTaB/ba CE€ HA pa3BOj TEOpHje HEOMTYYHHX (pasu penapoHHX
jeHAYMHA 1 HEj€IHAYMHA, YCIIOBE MIOCTOjarba PELICHa U BbHX0Ba alre0apcKa CBOJCTBA.
[Tnanupa ce pa3Boj MeTo/ia 3aCHOBAHUX Ha Pe3UIyalju M aJITOPUTAMCKUX TEXHHKA 32




eduxacHo ompehuBame Hajehinx pemema OBMX cucreMma. KoHasaH 1wib je
YCIIOCTaBIbaE:E OIMITET MATEMATHYKOT OKBHpa Koju he omoryhury npumeHy Teoprje
HEOWTyUHHX a3y CHCTEMA Y MOJENOBAlbY CIIOKEHHX ITpOLeca MO HeussecHowy, ca
TIOTEHITMjaJIOM 32 IPUMEHY Yy JIOTHIIH, BEIITA4YKO] HHTEIMTCHLI|! U aHAJT3H MO/aTaKa.

Ipempuljenr HaumHM M MeToAe O0OMjama pe3yiITara Cy MareMarTHyKH TavHH,
OPUIMHAIHY H Hay1HO 3aCHOBaHU. cTpaxaiBame hie ce 0Ciamary Ha METOZIe TEOPHCKe
MaTeMaTHKe, Ca HamackoM Ha anrebapcke u penampoHe merone. ITonmasHu oxsup
yunmhe Teoprja HeoMTydHHX (pasy CKYNOBA, KBAaHTAIA U PE3UTYHCAHUX are0apCKux
cTpyKTypa. AsreGapeke Metozie Gulie koprmihieHe 3a aHanK3y oneparyja 1 Be3a usMehy
PA3IYATHX KIaca PEalMOHUX CTPYKTYpa. 3HauajaH 1Ieo HCTpaXUBarba 3acHuBalie ce
Ha NIpUMEHH Teopuje ypehema, Teopuje 3arBapama W OTBapamka, Kao0 M METOZA
pesu/yarje, pamM KapakTepusalje €KBHBAICHIM)A, KBasdypehema M mapruipjja.
Ilopen Tora, passujalie Ce aTOPUTAMCKE METONE 3aCHOBAHE HA TEOPHjCKHM
pesyTariMa, y3 npuMeHy Teopema Kuactep-Tapckor u Kmanuja o MOCTHUKCHUM
tauxama. OHe he oMOryhUTH M3padyHaBabe PEIlCHa HEOMTYYHHX (PasH peNalOHNX
CHCTEMa, y3 JOKA3MBae¢ KOPEKTHOCTM M aHAM3y €(QUKACHOCTH aJropyraMa.
JIONyHCKH, TpuMersuBalie ceé METOIH JIOTHYKE aHAM3e 32 JOKA3HBAEKE OCHOBHMX

CBOjCTaBa YBEJECHUX CTPYKTypa.

J{onaTHO, KaHIMATKHEGA je HPEe3eHTOBaNa CBOje OPMTUHAJIHE PE3YIITATe U3 OBE 00NacTH
3 HAy4HOT pajia KojH je nprxBahieH 3a IITaMIly y 4acoIicy Kareropuje M21.

M. Tasi¢, M. Ciri¢, J. Ignjatovi¢, S. Stanimirovié, M. Stankovi¢, Algebraic
characterization of hesitant fuzzy relation inequalities and equations over power set
quantales, FILOMAT (2026), accepted for publication (M21).

Jlakiie, TeMa OBE JOKTOpPCKe Ipcepralyje, Beh JoOMjeHH, Kao M O4EKHBAHH PE3yITaTi
Cy NoIOOHH 32 IOKTOPCKY AUCEPTalH]y.

Ipennoxenu Menrop npod.ap Mupocnas hupuh je Taxohe nmomobaH ka0 MEHTOp
JIOKTOpCKe JHCEpTallje, jep MMa objar/beH BeHMKH Opoj HAydHHX pajioBa y OBOj
HAy4HO] OOJIACTH M CBETCKH j€ IIPH3HAT HAYYHHK M3 OBE 00JIaCTH.

Kanauiarkisa HCITyEbaBa CBe HperBuljeHe ycloBe /1a joj ce onoOpH u3paja JOKTOPCKe
JFICEepTalyje.



3akspyyax

Cwmarpam na kanmaaTkusa Mapuja Tacuh, crynenTkumba JIOKTOPCKE IIKOJIE MaTeMaTHKE,
UCIyHh-aBa CBE yCIIOBE Jia PHjaBU TEMY 3a M3pajy JOKTOPCKe JUCEPTAIHje 0] HA3HBOM
,,Heommyyne dazu penaryjcke HejeAHAYNHE M jEHAYMHE HAJl KBAHTAJIOM IIOJICKYIIOBA
nonyrpyrne”. IIpemiaxem na HayuHo-crpyuso Behe 3a IIpupomHo-MareMartiuke Hayke
VuuBepsutera y Humry nprxsatu oBy Temy.

Hosu Cap, 8. jyru 2026.

ALy

[Ipod. np Annpeja TenaBueBuh

VYuusepsurer y HoBom Cay, [IpuponrHo-MareMaridku (haxyirreT
Maremaruuxu uncrurytr CAHY Beorpan
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To the Scientific Council for Sciences and Mathematics, University of Nis

By the Decision of the Scientific Council for Sciences and Mathematics, University of Nis (No.
817-01-5/26-9, May 11, 2026), I was appointed as a member of the Committee for the
evaluation of the proposed PhD theme entitled "Hesitant fuzzy relation inequalities and
equations over the power set quantale of a semigroup”, submitted by PhD candidate Marija

Tasic.
[ hereby submit the following

REPORT

PhD candidate Marija Tasi¢ submitted a proposal for the approval of the doctoral dissertation
theme entitled “Hesitant fuzzy relation inequalities and equations over the power set quantale
of a semigroup”, and proposed Prof. Dr. Miroslav Cirié, Full Professor at the Faculty of Sciences
and Mathematics, University of Ni§, as supervisor of the doctoral dissertation.

The proposed doctoral dissertation theme was publicly presented on June 5, 2026, at the
Faculty of Sciences and Mathematics, University of Nis, in a clear, precise, and systematically
structured manner. During the public presentation, the candidate demonstrated a
comprehensive and adequate level of knowledge of the scientific field within which the

proposed research is situated.

The proposed doctoral dissertation topic belongs to a current and actively developing
scientific area and is based on relevant contemporary scientific results. The defined research
objectives, methodology, and results obtained to date confirm the scientific validity,
originality, and justification of the proposed topic.

The subject of the proposed research is the development of a new algebraic framework for
hesitant fuzzy sets based on the power set quantale of a semigroup. Within this framework,
the candidate intends to establish a general theoretical structure extending classical and
fuzzy relational approaches in the theory of hesitant fuzzy sets, while preserving the
residuation property. Particular emphasis is placed on hesitant fuzzy equivalence relations
and hesitant fuzzy quasi-orders, including the investigation of their structural properties and
mutual relationships. The research further includes the construction of hesitant fuzzy
equivalence relations induced by given hesitant fuzzy quasi-orders. In addition, the
dissertation covers systems of hesitant fuzzy relation inequalities and equations involving
one or two unknown hesitant fuzzy sets, as well as weakly linear systems of equations
involving hesitant fuzzy relations defined on a single set or between two possibly distinct
sets. The research also includes the development of effective algorithms for determining
greatest solutions of the considered systems. The proposed research establishes a general
algebraic framework for the study of hesitant fuzzy relation inequalities and equations and
provides constructive procedures for obtaining their solutions, thereby contributing to the
advancement of the theory of hesitant fuzzy structures and their applications.




A significant portion of the results intended for inclusion in the doctoral dissertation has
already been obtained. The originality and scientific relevance of the research have been
confirmed by the acceptance for publication, in an international scientific journal classified
as M21, of the following paper:

M. Tasi¢, M. Ciri¢, ]. Ignjatovié, S. Stanimirovié, M. Stankovi¢, Algebraic characterization
of hesitant fuzzy relation inequalities and equations over power set quantales, FILOMAT
(2026), accepted for publication.

In addition, further results have been submitted for publication, while the remaining results
are currently under development and constitute a natural continuation of the research
activities carried out to date.

On this basis, it is assessed that both the proposed doctoral dissertation topic and the results
obtained to date, as well as the expected outcomes of the research, fully justify the initiation
and completion of the doctoral dissertation.

The proposed supervisor, Prof. Dr. Miroslav Cirié, Full Professor at the Faculty of Sciences and
Mathematics, University of Ni§, possesses extensive scientific and professional experience in
the relevant scientific field and fully satisfies all statutory and academic requirements for
supervision of the doctoral dissertation.

The candidate fulfills all prescribed legal and academic requirements for approval of the
proposed doctoral dissertation topic.

Conclusion

In my opinion, PhD candidate Marija Tasi¢ satisfies all statutory, academic, and scientific
requirements for approval of the doctoral dissertation topic entitled “Hesitant fuzzy relation
inequalities and equations over the power set quantale of a semigroup”. Accordingly, I
recommend that the Scientific Council for Sciences and Mathematics, University of Ni$, adopt
a decision approving the proposed doctoral dissertation topic.

Nis, June 8, 2026

0@[&“7@

Stefan Stanimirovié, PhD
Associate Professor
University of Nis, Faculty of Sciences and Mathematics
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Hay4yHo-cTpy4ynom Behy 3a npupoaHo-MaTeMaTHuKe Hayke
Yuusepsuteta y Humy

Ha ocnoBy Opnyke Hayunor Beha 3a pUpOJHO-MaTeMaTHYKe HayKe YHUBep3uTeTa y Humy
(8p. 817-01-5/26-9 ox 11. maja 2026. roJiiHe), UMEHOBaH caM 3a 4iaHa Komucuje 3a OlLIeHy
HaydHe 3aCHOBAHOCTH TNpejJiOKeHe TeMe JOKTOPCKe JAHCepTalHje TMoJ Ha3HBOM
~Heonnyune dasu penaumjcke nejegnaumue u je/iHaYMHe HaJl KBAaHTaJOM MOJCKYIOBa
noJsiyrpymne” (Ha eHrJeckoM jesuky ,Hesitant fuzzy relation inequalities and equations over
the power set quantale of a semigroup”), kojy je mogHesa kaHAuAaT Mapwuja Tacuh.

Y cknany ca HaBegeHoM Oz 1yKOM, OHOCHM cnenehu

H3BEIITA]

Mapuja Tacuh, cTyzneHT nokTopckux cryauja, npHjaBuIIa je TeMy JIOKTOPCKe AucepTaluje
noj HasueoM ,Heoxnyune dasu penanujcke HejefHauMHe M jeHAYMHE HaJ KBAHTAJIOM
MOACKYNoOBa MOJIyrpyne’, ¥ mpeAsoxunaa mpod. ap Mwupociasa hupuha, pegosnor
npodecopa IpuposHO-MaTeMaTHYKOT baxynreta Yuupepaurera y Humy, 3a MeHTOpa
AIOKTOPCKe JUcepTaluje.

lIpensnoxena Tema fokTopcke aucepTaiuje jaBHO je usynoxeHa 5. jyHa 2026. roguHe Ha
llpupogHo-MaTemaTnukom dakynTeTy YHuBep3uTeTa y Huwmy, Ha jacaH, npeunusan wu
CHCTEMATHYHO CTPYKTypHpaH HayHH. TOKOM jaBHe ofdpaHe KaHAMAATKHH-A je MoKasasa
CBEODYXBATHO M a/IeKBaTHO M03HaBalbe HaydyHe 0OJIACTH y OKBUDPY KoOje ce NMpeJioKeHO

HCTPaOKUBam€ peansyje.

[Ipepnoxena Tema JokTopcke AucepTrauuje NMpunajza akTyeJHOj U aKTHBHO pa3BHjaHO]
Hay4YHOj 08/IaCTH M 3aCHOBaHA je Ha pesJleBaHTHUM CaBpeMEHHUM Hay4YHUM pe3yJiTaTuMa.
JlebuHuCcaHN LH/bEBM HMCTPaXHMBabA, MeTOJ0JIOTHja W [0 CaZla OCTBapeHU pe3y/TaTH
noTBphyjy Hay4YHy 3aCHOBAHOCT, OPUTMHAIHOCT U OINpaBJlaHOCT MpPeJJI0KEHE TEMeE.

[lpegmeT npepsoxeHor HcTpakMBama jecTe pa3Boj HOBOT aaredapckor OKBHpa 3a
Heo//Iy4He Gasu CKyIOBe 3aCHOBAHOT Ha KBAaHTaJly M0/ICKYTIOBA MOJYTpyIe. Y OKBUPY OBOT
OKBHPA KaHWAAT MMa 32 L|J/b []a YCIIOCTABU ONIITY TEOPHjCKY CTPYKTYPY KOja NpOLIHUpyje
KlacuyHe ¥ a3 peslauloHe NPUCTYIIE Y TEOPHjH HEOANyYHUX Ga3U CKYNOBA, Y3 04yBakbe
ocoduHe pesupyupaHoctH. [locedHa maxmwa noceehyje ce HeoJJIyYHUM  ¢as3u
eKBUBaJIeHI[HjaMa W HeOoJIyYHUM pa3H KBasH-ypehemnMa, yk/bydyjyhu aHa T3y BHUXOBHUX
CTPYKTYPHHUX ocodHHa U MehycodbHux ofHoca. UcTpakuBame 0dyxBaTa U KOHCTPYKIM)Y
HeoJTyYHUX (a3v eKBUBAJIeHI[Hja KOje Ce W3BOJAE U3 JaTHX HEOoJJNYYHMX ba3M KBa3H-
ypebema. Tlopen Tora, gucepranuja odyxsaTa cHCTeMe HeOANYYHMX a3y penalMoHHX
HejeJHAYMHA W je[HAYMHA Ca jeJ[HOM MJHM ABa HeNmo3HaTa HeoJ ydHa (a3 CKyna WM
peJnaliuje, Kao M cJ1ado JUHeapHe CHCTeMe jeJJHAYMHA HaJ HeoA lydHUM dasu pesanujaMma
Ha je/JHOM CKyTy uiu u3Mehy fiBa eBEHTya/[HO pa3ivduTa cKyna. UcTpaxuBame yKbyuyje
1 pa3Boj epuKacHUX aropUTaMa 3a ogpehuBare HajBehux pellema MmocMaTpaHUX CUCTEMa.
[IpeasioxxeHu MCTpaXKMBAauyKH OKBUP YCIOCTaBJ/ba OMNLITY aJredapcKy TEOPHjy 3a aHaIM3y
Heo/IyYHUX (pasu peslaliMOHUX HejeZlHAYMHA U je[lHaYMHA, Ka0 U aJITOPUTMe 3a 0dUjame




IbUXOBUX pelllera, YUMe Ce JOMPHHOCH Ja/beM pa3Bojy TeopHje HeOoAJYYHUX ¢asH
CTPYKTYpa U lbUXOBUX IPHUMEHA.

3HavajaH Jleo pe3ysTaTa KOjU Cy NpeAMeT JOKTOpPCKe AucepTaluje Beh je ocTBapeH.
OpUTrMHAMHOCT U Hay4YHa peJIeBaHTHOCT MCTPaXHBawa MOTBpheHU cy nmpuxBaTameM 3a
odjaB/bUBakbe Yy MehyHapoAHOM HayYHOM Yacomucy Kateropuje M21 cinegeher paja:

M. Tasié, M. Ciri¢, ]. Ignjatovié, S. Stanimirovié, M. Stankovié, Algebraic characterization
of hesitant fuzzy relation inequalities and equations over power set quantales, FILOMAT
(2026), npuxBaheH 3a 0djaB/bUBAILE.

[lopen Tora, JojaTHH pe3ylTaTH Cy TNpeJaTH Ha odjaB/bHUBame, JOK Cy INpeocTalu
pesynaTatd y ¢asu wu3paje U IpeAcCTaB/bajy MNPUPOAAH HACcTaBaK Jocajallikber
UCTPKUBAA.

Ha ocHOBY HaBeZeHOT, KOHCTaTYyje ce /a NpeJJio’KeHa TeMa JIOKTOPCKe JucepTaliuje, Kao U
JI0 caZla OCTBApeHU pe3yJTaTH, 3ajeJHO ca OYeKMBAHHUM pe3ylTaTUMa MCTPaXHUBaHa, Y
NOTHYHOCTH ONpPaB/JaBajy U3paAy AOKTOpPCKe JUcepTalHje.

[lpepnoxkenn Mentop, mpod. Ap Mwupocna hupuh, pemoBHu npodecop I[IpupoaHo-
MaTeMaTH4ykor dakyiatera YHuUBep3uTeTa y Huuy, mocesyje BHULIETOJMIIKE€ HAayyHO H
CTPYYHO HCKYCTBO Yy 0OJIaCTH MCTpakKMBama Ha KOjy ce JucepTandja OAHOCH H Y
MOTNYHOCTH MCNyH-aBa CBe 3aKOHCKe M aKaJleMCKe yCJIoBe 3a MEHTOPCTBO Ha H3pajH

JOKTOpCKe AucepTalHje.

KaH,qu,an HUCIIyHhaBa CBe IpOIIHMCaHe 3aKOHCKe MW aKaJeMCKe YCJioBe 3a O,C[OSpEH:e
IpensioXXeHe TeMe JOKTOPCKe ,zmcepTau,Hje.

3ak/byyak

[To MmoM MUILI/beY, KaHAUAAT Mapuja Tacuh ncnymwaBa cBe 3aKOHCKE, aKaJleMCKe U Hay4YHe
yCcJIOBe 3a 0/j0dperme TeMe JOKTOpCKe AucepTauuje mnoj HasueoM ,HeogayuHe ¢pasu
pesayujcke HejegHa4vuHe U jegHa4uHe Hag K8aHWa/10M UogcKyuosa uoyipyue"” (Ha eHrJ1IeCKOM
jeauky ,Hesitant fuzzy relation inequalities and equations over the power set quantale of a
semigroup”). CxopmHo ToMe, mnpeasaxeM Ja HayuHo-cTrpyyHo Behe 3a mnpupojaHo-
MaTeMaTH4YKe HaykKe YHUBep3uTeTa y Huuly noHece ofJiyKy 0 ofo0dpaBamy NpeJJioxeHe

TeMe JOKTOPCKe JucepTaluje.

np Credan TaHHMHpOBMh
BaHpeHU npodecop

Vuusepautet y Huwy, [[pupogHo-MaTeMaTHYKH GpakyaTeT y Humy

Y Huwy, 8. jyna 2026.
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To the Scientific Council for Sciences and Mathematics, University of Ni$

By the Decision of the Scientific Council for Sciences and Mathematics, University of Ni$ (No.
817-01-5/26-9, May 11, 2026), | was appointed a member of the Committee for the
evaluation of the proposed PhD theme entitled "Hesitant fuzzy relation inequalities and
equations over the power set quantale of a semigroup”, submitted by PhD candidate Marija

Tasic.
[ hereby submit the following

REPORT

Marija Tasi¢, a PhD student, applied for the PhD theme entitled “Hesitant fuzzy relation
inequalities and equations over the power set quantale of a semigroup”, and suggested Prof.
Dr. Miroslav Ciri¢, Full Professor at the University of Ni§, Faculty of Sciences and Mathematics,

as the thesis supervisor.

The proposed PhD theme was publicly presented on June 5, 2026, at the Faculty of Sciences
and Mathematics, University of Ni§, in a clear, precise, and systematic manner. During the
presentation, Marija Tasi¢ demonstrated a thorough knowledge of the scientific field to

which the proposed research belongs.

Furthermore, the proposed PhD theme belongs to a current research area and is grounded
in contemporary scientific developments. The research objectives, the proposed
methodology, and the results obtained so far confirm the scientific justification, originality,

and significance of the proposed theme.

The proposed research aims to develop a new algebraic framework for hesitant fuzzy sets
based on the power set quantale of a semigroup. Within this framework, the candidate
intends to establish a general theoretical setting that extends classical and fuzzy relational
methods in the theory of hesitant fuzzy sets while preserving the residuation property.
Particular attention will be devoted to the study of hesitant fuzzy equivalence relations and
hesitant fuzzy quasi-orders, including the analysis of their structural properties and the
relationships between these classes of relations. The research will also address the
construction of hesitant fuzzy equivalence relations generated by given hesitant fuzzy quasi-
orders. Furthermore, the proposed research encompasses the investigation of systems of
relational inequalities and equations involving one or two unknown hesitant fuzzy sets, as
well as weakly linear systems involving hesitant fuzzy relations on a single set or between
two possibly different sets. An additional objective is the development of efficient algorithms
for determining the greatest solutions of the considered systems. The proposed research




establishes a general algebraic framework for the analysis of hesitant fuzzy relational
inequalities and equations and provides effective procedures for determining their solutions.
Such results contribute to the further development of the theory of hesitant fuzzy structures
and their applications.

Most of the results that are the subject of the proposed doctoral dissertation have already
been obtained. The originality and scientific relevance of the research have been confirmed
by the acceptance for publication, in an international scientific journal classified as M21, of
the paper:
M. Tasié, M. Ciri¢, J. Ignjatovi¢, S. Stanimirovié, M. Stankovié, Algebraic characterization of
hesitant fuzzy relation inequalities and equations over power set quantales, FILOMAT (2026),
accepted for publication.
Furthermore, additional results have been submitted for publication, while the remaining
results are currently under development and represent a natural continuation of the

research conducted so far.

Therefore, the proposed doctoral dissertation topic, the results obtained so far, and the
expected outcomes of the research fully justify the preparation of the doctoral dissertation.

The proposed supervisor, Prof. Dr. Miroslav Ciri¢, Full Professor at the Faculty of Sciences and
Mathematics, University of Ni§, possesses extensive scientific experience in the research area
covered by the dissertation and fully satisfies all requirements for supervising this doctoral

dissertation.

The candidate also fulfills all prescribed conditions for the approval of the proposed doctoral

dissertation theme.

Conclusion

In my opinion, PhD candidate Marija Tasi¢ fulfills all requirements for the approval of the
doctoral dissertation theme entitled “Hesitant fuzzy relation inequalities and equations over
the power set quantale of a semigroup”. Therefore, | recommend that the Scientific Council
for Sciences and Mathematics of the University of Ni§ approve the proposed doctoral

dissertation theme.

Ni§, June 8, 2026

/Mﬁ/ww (4/17 o /I««M
Marko Stankovié, PhD
Assistant Professor

Pedagogical Faculty in Vranje,
University of Ni$
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HayuyHo-cTpyyHoM Behy 3a npuMpoAHO-MaTeMaTHYKe HayKe
VHuBep3uTeTa y Humy

Oanykom HayuHo-cTpy4Hor Beha 3a npUpojHO-MaTeMaTHIKe Hayke YHuBep3uTeTa y Huury
(5p0j 817-01-5/26-9 o1 11. Maja 2026. rojuHe), UMEHOBaH caM 3a 4JlaHa KOMHCHje 32 OLieHy
npejJioKeHe TeMe JOKTOPCKe JucepTauuje kaHaujaTta Mapuje Tacuh, moi HasuBOM
,Heognyyne ¢dasu penauujcke HejeJHAaUMHe W jeJlHAaYMHE HaJ, KBAaHTAJOM IOJCKyINoOBa
nosyrpyne” (Ha eHrseckoM jesuky ,Hesitant fuzzy relation inequalities and equations over
the power set quantale of a semigroup”).

Ha ocHoBy HaBezieHOT, TogHOCUM ciefehu

W3BEILTAJ

Mapwuja Tacuh, CTyIeHT JOKTOPCKMX CTYAHMja, IPHUjaBUIIa je TeMy JOKTOPCKe JucepTaluje
noz HasuBoM ,Heognydne ¢asu penanyjcke HejejHauMHE W jeIHAYMHE HAJ| KBAHTAJ0M
MOJCKYNOBa TOJYrpyne’, U 3a MeHTopa mpeAsoxuna mpod. Ap Mwupociasa hupwuha,
pesoBHOT npodecopa [pUpoAHo-MaTeMaTHYKOT GpakynTeTa YHuBepauTeTa y Huy.

IpensioxxeHa TeMa JIOKTOPCKe JUCEpTaLMje jaBHO je npe3eHToBaHa 5. jyHa 2026. roguHe Ha
[lpupoaHO-MaTeMaTH4ykoM dakynTeTy YHUBep3uTeTa y Huiuy, Ha jacaH, npeuusaH H
cMcTeMaTH4aH HauyMH, pu Yemy je Mapuja Tacuh nokasasa TeMe/bHO MO3HABaKe HayuHe
03J1aCTH KO0jOj UCTPaXKUBakhe IpUnaja.

lopes Tora, TpejiJoXeHa TeMa JOKTOPCKe JHCepTallMje TMpHIaja aKTYeslHoj
MCTPaXHUBAYKOj 05/1aCTH M 3aCHOBAHA je Ha CaBpeMeHHM Hay4dHHUM locTUrHyhuma. Linbesu
MCTpaXKHBakba, MpeJJIoKeHa MEeTO/0JI0THja U A0 CaZla OCTBApeHM Pe3ysNTaTH NOTBPhyjy
Hay4YHy ONMpaBJaHOCT, OPUTMHAJIHOCT M 3Ha4aj peJJIoKeHe TeMe.

Ll1/b Npei/10’KeHoT UCTPaXKUBakba je pa3B0j HOBOT a/iredapCcKor OKBUPaA 3a HEO/JIyYHe ¢dasu
CKyNOBe 3aCHOBAaHOI Ha KBaHTasy IMOJCKyrnoBa Mojyrpyne. ¥ OKBHUPY OBOT NMPHUCTYyIa
npezBuheHo je ycrocTap/bake OMIITE TEOPHjCKe TMOCTaBKe Koja oMoryhaBa mpolIvpere
KJIACHYHUX U $pasy pesialiijCKUX MeTo/ia y TEOPHjH Heoly9IHHUX GpasH CKYIoBa, y3 odyBambe
cBojcTBa pesuayanuje. [loceSHa naxma duhe nocseheHa mpoyyaBarwy HEOAJNyYHHX dasH
penanuja eKBHUBaJeHIMje M HeoAydHHX (asu KBasu-ypehemwa, ykbyuyjyhu aHanusy
UXOBUX CTPYKTYPHHMX ocodMHa M MebycodHux Besa. HcTpaxuBame odyxBaTa H
KOHCTPYKIIMjy HeojsyyHux ¢asu pesianuja eKBMBaJeHluje mosiasehn of AaTHX
HeoJJlydHUX (a3 kpasu-ypebema. [lopes Tora, mpeaMeT MCTPaXKHBakba jecy CUCTEMH
pesialMjCKUX HejeJHAYMHA U jeJlHAYMHA Ca je/JHUM WM [iBa Helo3HaTa HeOoAJIydHa bazu
CKyTIa, K0 U C/1ad0 JIMHeapHU CUCTEMH KOjH YK/bY4yjy Heoly4qHe Gasu peJsanyje Ha jeJHOM
cKyny uiu u3Melhy JiBa MOTeHIMjaIHO PAa3/IMUUTA CKyNa. 3Ha4YajaH Jleo UCTPaXKUBAbA duhe




ycMepeH Ha pasBoj alropuTaMa 3a oJpehypaiee Hajsehux pemema NocMaTpaHUX CUCTEMA.
Ipes10)KeHO UCTPAXHIBaKe MMa 32 L{H/b YCIIOCTaB/batbe OMUITer aJredapcKor oKBHpa 3a
aHaIM3y HeoIyuHMX (asM pesaMjCKMX HejefHaYMHA M jeHaIWH3, Kao H pa3Boj
edUKACHUX MOCTYNaKa 3a ofipehuBarbe HHUXOBUX pElIetHa. TakBu pe3yaTaTH JONPUHOCE
[a/beM pPa3Bojy TeopHje HeoJTyYHUX Ga3n CTPYKTYpa K HHUXOBHUX NPUMEHA.

Behu sieo pesysiTaTa Koju cy Ipe/iMeT NpeAJioKeHe JOKTOPCKE Jucepranuje Beh je 100UjeH.

OpUrHHATHOCT U Hay4YHa PesleBaHTHOCT UCTPAXHNBALA noTepheHe cy npuxsaTameM paja:
M. Tasié, M. Cirié, J. Ignjatovié, S. Stanimirovié, M. Stankovié, Algebraic characterization of
hesitant fuzzy relation inequalities and equations over power set quantales, FILOMAT (2026),
accepted for publication,

y MehyHapo/HOM Hay4HOM Yaconucy kateropuje M21. [lopeA Tora, JOJATHHU pe3yITaTH Cy

flofHEeTH 3a 08jaB/bMBalbe, JOK Cy MPEOCTANH pe3yNTaTH TPEHYTHO ¥ ¢dasy uspaje H

npeAcTaBJ/bajy NPUPOJAH HACTABaK 0CaJAllitbUX NCTPAXKNBALA.

CTora, mpejJjioxeHa TeMma JOKTOPCKe AMCepTalHje, 0 Caja OCTBApeHW pesylTaTh M
OYEeKHUBAHH HCXOQM HCTPKMBama Y IMOTOYHOCTH ONpaBjaBajy H3pajy AOKTOPCKe

JucepTalyje.

Mpennoxenu MeHTOp, npod. Ap Mupocnas hupuh, peposHu npodecop lIpupogHo-
MaTeMaTHuKor akyiTeTa YHuBepaureTa y Humy, nocenayje 3HayajHO Hay4YHO H
MCTPaXKUBAYKO MCKYCTBO Y OBJIaCTH Kojoj npumaja mnpejjiokena Juceprauuja 4y
NOTIYHOCTH UCTYH-aBa YCJI0BE 32 MEHTOPCTBO HA OBOj JIOKTOPCKO]j AucCepTalUjH.

Kanaugat Mapuja Tacuh Takohe ucmymaBa cBe MNpomUcaHe yC/loBe 33 ofodpaBame
IpeAJioKeHe TeMe JOKTOPCKe JUcepTalyje.

3ak/by4ak

Mumbema caM Aa kaHaugaT Mapuja Tacuh ucnymasa cBe ycjioBe 33 oflodpaBame TeMe
AOKTOpCKe JaucepTaumje nopj HasusoM ,Heonsyuue dasu penanujcke HejeAHaYMHE H
jeHaYMHe HaJ KBAaHTAJIOM NOACKYIOBA noayrpyne”. Crora npejaxeM Hay4Ho-CTpy4HOM
sehy 3a NpUpoHO-MaTeMaTHYKe HayKe YHUBEP3UTETA ¥ Huwy aa npuxBaTH NpeiToXKeHy
TeMy JJOKTOPCKe JHcepTalHje.

Huuw, 8. jyHa, 2026. .
Mos Ui

ap Mapko Crankosuh

noueHT [legarowkor akyaTera y Bpamy,
Yuusep3uTeTa y Humy




