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Prihvata se IzvjeStaj komisije za ocjenu doktorske disertacije pod nazivom “Reducibilnost u algebarskim
hiperstrukturama” kandidata Milice Kankaras.

Predlazemo Senatu Univerziteta Crne Gore da prihvati disertaciju "Reducibilnost u algebarskim
hiperstrukturama” kandidata Milice Kankaras. i imenuje komisiju za odbranu doktorske disertacije u sastavu:

1. Dr Michal Noval, docent ETF-a Univerziteta Tehnologije u Brnu (Ceseka Republika) (nau¢na oblast:
Algebra);
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1. Pregled disertacije (bibliografski podaci o disertaciji i saZetak disertacije)

The topic of ‘this dissertation falls in the area of Hypercompositional Algebra, a well
‘established branch of Abstract Algebra. born in 1934 when the French mathematician
Frederic Marty introduced the concept of hypergroup during the 8" Congress of Scandinavian
Mathematicians. Hypercompositional Algebra deals with structures endowed with multi-
valued operations, called hyperoperations or hypercompositions. These are natural
generahzat:ons of classical operations with the property that the result of the hyperoperation
is a.subset of the carrier set. instead of a single element, as it happens in the classical
algebraic structures- endowed with operations. The algebralc structures endowed with
multivalued operations have nowadays wide applications in many areas of mathematics — for
example multivalued formal groups have important applications in algebralc topolcgy,
multivalued Lie groups in functionai equations and mtegrable systems, joili Spaces in
geormietry, etc.; but also in physics, chemistry, biology, social sciences. It is worth mentioning |
here the contributions of Alain Connes, winner of the Fields medal, in the theory of algebraic
curves related to the theory of hyperfields.

The aim of this dissertation is to extend the concept of reducibility in hypergroups to the
fuzzy case and also to hyperrings. The riotion of reducibility in hypergroups was defined for
the first time by James Jantosciak in 1990, during the 4+ Congréss on Algebraic
Hyperstructures and Their Applications (by short. AHA Cong_res’s’), held in Xanthi, Greece.
Jantosciak noticed that sometimes the hyperoperation does not distinguish between a pair of
elements of a set, because the elements play interchangeble roles with respect to the
hyperoperation. In order to explain this property, he defined on a hypergroup three
equivalences and called them fundamental relations. These relations are: the operational
equivalence, the inseparability and the essential indistinguishability. Then he called a
hypergroup to be reduced if the equivalence class of each its element with respect to the
éssential indistinguishable relation is a singleton. These concepts have been reconsidered
after 24 years by Irina Cristea, who presented atthe 12~ AHA Congress the first approach on
the extension of the reducibility concept to the fuzzy case. Her first results have been covered
and extended by this thesis.

After an introductory part describing the main topic of the thesis and the state-of-the-art, as
well as the detailed. structure of the dissertation, the thesis continues with its five chapters and
bibliography.

First chapter, the one containing the preliminaries, collects the basic definitions and results
related to hypergroups, hyperrings and fuzzy sets. All important notions and results are
supported by examples, that help the reader to bettér understand this topic. The first part of
the chapter regards hypergroups, subhypergroups. fundamental relations, and
homomorphisms of hypergroups. Several particular types of hypergroups, as B-liypergroups,
Corsini 'hypergmups,- join spaces and complee hypergroups are recalled. The second part of
the first chapter covers essential results on hyperrings and presents. all three types of
hyperrings: Krasner hyperrings, multiplicative hyperrings and general hyperrings. This.
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chapter ends with some notions. related to fuzzy setsand with the fundamental construction of
a join space using fuzzy sets, defined by Piergiulio Corsini, combining the results published
in two articles, one in 1994 and the second one in 2003 First he defined a join space starting
from a fuzzy set and then he associated with a hypergroupoid a fuzzy set, called the grade
fuzzy set. Iterating these two constructions, a sequence of join spaces and fuzzy sets is
obtained, whose length is called the fuzzy grade.

The other approach of the connection between hyper_compositional structures and fuzzy sets
leads to the so called fuzzy hyperstructures, ie. structures endowed with fuzzy
hyperoperations. The fuzzy hypergroups are briefly recalled at the end of Chapter 1.

The reducibility concept. in hypergroups is covered by Chapter 2, where first, the main
results obtained by Jantosciak are recalled, together with the results concerning the
reducibility of hypergroups associated with binary relations. The chapter continues with
original results of the author related to the reducibility in canonical hypergroups, in
hypergroups with partial scalar identities (known. as i.p.s. hypergroups), in- some cyclic
“hypergroups and in complete hypergroups. [t is then proved that any i.p.s. hypergroup is:
reduced (see Theorem 2.2), while any proper complete hypergroup is not reduced (see.
Theorem 2.3). The second chapter ends with the study of the reducibility in Corsini
hypergroups. Necessary and sufficient conditions for Corsini hypergroups to be reduced are.
determined (see Propositions 2.18, 2.19), as well as for the direct product of hypergroups (see
Theorem 2.4)..

Chapter 3 is dedicated to the study of fuzzy reducibility. For doing this, first, three new
equivalences are defined (new. in the sense that they are introduced by the author) on a crisp
hypergtoup endowed with a fuzzy set: the fuzzy operational equivalence, . the fuzzy
inseparability and the fuzzy essential indistinguishability. Based on them. the concept of
fuzzy reducibility is similarly defined as the one of (crisp) reducibility. It is important to
know that the fuzzy reducibility depends on the fuzzy set defined on the considered
hypergroup. In this thesis it was considered only the grade fuzzy set. It was established also a
connection between the reducibility and the fuzzy reducibility of a hypergroup with respect to
the grade fuzzy set (see Coroliary 3.1). Then the study focusses on the fuzzy reducibility of
several types of hypergroups. Theorem 3.1 states that any preper complete hypergroup-is not
fuzzy reduced with respect to the grade fuzzy set. The same property holds also for Lp.s.
hypergroups (see Theorem 3.2). More examples of fuzzy reduced hypergroups are given in
Section 3.2: non-complete l-hypergroups or single power cyclic hypergroups (see
Proposition 3.3). The last type of hypergroups for which the fuzzy reducibility is studied in
this thesis is the one of Corsini hypergroups. After presenting several new properties of the
Corsini hypergroups related to the three fundamental relations, the main tesult of this
subsection is stated in Theorem 3.6: any Corsini hypergroup is not fuzzy reduced with respect
to-the grade fuzzy set. It is worth mentioning here that Chapter 3 contains. a high number of
non-irivial examples. '
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The second extension of the reducibility. in hypergroups is proposed in Chapter 4, where the
reducxblllty in hyperrings is.introduced for the first time. As well explained at the beginning
of the chapter, the reducibility has sense to be studied only in general hyperrings, where both
addition and multiplication are multi-valued operations. Several relationships between the
three fundamental equivalences (that help us to define a reduced hyperrmg) are presented in
particular classes of hyperrings (see Proposition 4.2). Censidering the hyperring of formal
series R[[X]]. it was proved that R[[X]] is reduced if and only if the general hyperring R of
coefficients is reduced, too (Proposition 4.3). An example of non-reduced hyperring was
‘given by using a hyperring with P-hyperaperations (see Proposition 4.4). Several examples
involving hyperrings with P-hyperoperations and hyperrings constructed with. Corsini

hypergroups are illustrated.

Similarly to the construction of complete hypergroups, Mario De Salvo proposed a methed to
obtain a complete hyperri'ng using two rings. Theorem 4.3 states that any complete hyperring,
is not reduced, Another type of general hyperrings for which the reproducibility property is
studied in this dissertation is the.one of (H,R)'—hyperr-ings. The main result related to these
hyperrings is covered by Proposition 4.6.

The conclusions of this thesis and some proposals to continue the study presented in the
dissertation are mentioned in Chapter 5. They refér mainly to the reducibility of fuzzy
lypergroups and the-fuzzy reducibility of general hyperrings.

Bibliography contains 70 items; including publications in English, French and Italian,
demonstrating a very good theoretical background of the PhD candidate on this theme. All
relevant references are mentioned and also cited in the text.

2. Vrednovanje disertacije
2.1. Problem (navesti nerijeSena i Kkontraverzna mlsljenja o istrazivatkom
problemu i dosadaSnjim pokusajima rjeSavanja problema, rjeSenja do kojih su
dosli drugi autori, ocjenu osnove disertacije u skladu sa radovima i-istraZivanjima
kandidata i na€in njihove veze sa samom disertacijom)

As already mientioned in the previous section, the concept of reducibility in hypergroups was
introduced in 1990 by James Jantosciak. Then it was rediscovered 24 years later by Irina
Cristea, who started the first attempt-to extend it also to the fuzzy case. In this respect there
are two possibilities: to define the fuzzy reducibility of crisp hypergroups, by considering
new fundamental relations defined on a hypergroup endowed with a fuzzy set, or to define
‘the reducibility of fuzzy hypergroups. The PhD candidate Milica Kankara$, in this thesis,
continues the previous studies, extending them for severalclasses of hypergroups, but also
for hyperrmgs ‘The coneept of reducxblhty in hyperrings is firstly proposed by her in the
article “The reducibility concept in general hyperrings” jointly published with 1. Cristea in
the open access journal Mathematics, a QT journal indexed by Web of Science. Ms.
Kankara¥ also published a paper as a single author in “Analéle Univ. Constanta-Seria
Math.”; a Q2 journal indexed by Web of Science, containing her results related to the
reduc1b111ty in Corsini hypergroups Thc thn'd article that she pubhshed _|0mtly thh I
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hyperg_foups.

32.2.  Ciljevi i hipoteze disertacije

The main objectives of this dissertation are the following ones: _
1. To present an overview on the existing literature related to the concept of reducibility.
2. To study the reducibility of several classes of hypergroups: Corsini hypergroups, B-
hypergroups; cyclic hypergroups, the direct product of hypergroups.
3. To extend the concept of reducibility of the hypergroups to the fuzzy case, by
introducing and studying the concept of fuzzy reduced hypergroups.
4. To extend the concept of reducibility to the class of general hyperrings.

2.3. Bithe metode koje su primijenjene u disertaciji i njihov_u primjerenost.
Ako je primijenjenia nova ili dopunjena metoda, opidite §td je novo

The results obtained in this dissertation are based on classical methods used in solving
problems in combinatorics and abstract algebra; in particular, 1 would mention here the.
method of induction or the method of reasoning by absurdity. All the results are clearly
presented and all the: basic involvéd notions are recalled in preliminaries, making the thesis
self-contained. Several examples and counter-examples. support the statements discussed in
the-thesis.

2.4. Rezultati disertacije i njitiovo tumadenje

The main and new results of this thesis are covered in Chapters 2.3 and 4 and they bring a
new contribution. in the area of hypercompositional structures. On one hand, they offer
concrete examples of hypergroups-and hyperrings that are or not reduced, while on the other
hand they open new linies of tesearch: in Hypercompositional Algebra.

Chapter 2 deals with the study of the particular types of hypergroups. It was proved that-any
i.p.s. hypergroup is reduced (Theorem 2.2), while. any proper complete hypergroup is not
reduced (Theorem 2.3). Furthermore, the reducibility concept was studied also for Corsini
hypergroups and necessary and sufficient conditions for Corsini hypergroups o be reduced
are determined in Propositions 2.18 and 2.19. The reducibility property is studied also for the
direct product of B-hypergroups, proving that it is always a reduced hypergroup (Proposition
2.21). The results concerning the fuzzy reducibility are gathered in Chapter 3. A relationship
between the reducibility of a hypergroup and its fuzzy reducibility with respect to the grade
fuzzy set fiis stated by corollary 3.1, saying that a non reduced hypergroup is not fuzzy
reduced with respect toji. Theorem 3.1 proves the not fuzzy reducibility -of proper complete.
Hypergroups, as stated in theorem 3.2. Exaniples of non-complete 1-hypergroups that are
reduced and not reduced are presented in section 3.2, as well as examples of cyclic
hypergroups. The fuzzy reducibility of Corsini hypergroups is discussed in Section 3.3, where
among several properties of these hypergroups related to fuzzy reducibility it is shown that
| any Corsini hypergroup is not fuzzy reduced with respect to the grade fuzzy set fi{Theorem
3.6). Chapter 3 ends with 'some results related with the direct product of hypergroups.
Proposition 3.14 proves that the direct product of two non fuzzy reduced hypergroups with at
least two elements is non fuzzy reduced, too, with respect to the grade fuzzy set fi.

Chapter 4 contains all new results obtained on the redicibility of general hyperrings, in
particular of some classes of hyperrings. Proposition 4.3 states that the hyperring of formal
series. R[[X]] with coefficientsin a general commutative hyperring R is reduced if and only if
Ris reduced. Then in Proposition 4.4 an example of non-reduced general hyperring with P-
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hyperoperations is given and other examples of reduced and non- reduced general hyperrings
with P-hyperoperations are illustrated. Another class of hyperrings considered here is the one
obtained with Corsini hypergroups. A general hyperring havmg the additive part a B-
‘hypergroup and the multiplicative one a Corsini-hypergroup is always reduced {Proposition
4.5). The chapter continues with the study of the: redumb;llty property of complete hyperrings
and Theorem 4.3 proves that any complete hyperring is not reduced. The last class of
‘investigated hyperrings is the one of (H,R)-hyperrings. Necessary and sufficient conditions to
get a non=reduced (H,R)-hyperring are expressed in Proposition 4.6.

2.5. Zakljuéei (usagladenost sa rezultatima i logi¢no izvedeno tumacenje)
n the conclussive chapter of the dissertation the main results are emphasized and new lines
of research are proposed, in order to continue this study. All the results are mathematically
correct, very well explained, with all necessary steps, and supported by numerous examples.
They show the maturity of the PhD candidate and her strong preparation on this topic.

3. Konaéna ocjena disertacije
3.1. UsaglaSenost'sa obrazloZenjem teme
The dissertation of the doctoral candidate Milica Kankara3 is fully compliant with the theme,
approved by the Senat of the University of Montenegro. The goals, hypothesis, and problems |
were all addressed with a rigorous style and correct mathematical methods.

3.2. Moguénost ponovljivosti
It is very difficult to think of a repetition of a theoretical mathematical dissertation, as it is the
thesis under discussion. Here a new basis was settled up and some types of hypergroups and
‘general hyperrings have been considered. A similar study could be conducted also for-other
types of algebraic hypercompositional structures, but they are not considered as a repetition
of the resnlts of this thesis.

3.3. Budufa istraZivanja

The reducibility concept belongs to the area of algebraic structures endowed with multivalued
operations. Thuis it can be studied not only for hypergroups. or general hyperrings, as in this
thesis, but also for hyperfields or different types of ordered hyperalgebras, as BCK-
hyperalgebras, MV-hyperalgebras, ete. The other direction of study suggested by this
diddertation is the one offered by the fuzzy case. It was explained in the thes:s that this can
‘happen in two directions: considering the fuzzy reducibility, or the reducibility of fuzzy
structures. The second direction has not been investigated by now and could offer new lines
of research.

3.4. Ogranifenja disertacije i njihov uticaj na vrijednost disertacije

Since the topic of this dissertation is represented by a theoretical study in Algebra, the
limitations of the dissertation are very few. or better they cannot be considered as limitations,
but could represent new research lines. It is clear that a doctoral thesis cannot cover all types
of hypergmups or general hyperrings, but here the candidate chose the ones that are more
representative in this area. Besides, it was very well explained in the thesis that the concept of
fuzzy reducibility depends on the fuzzy set that the hypergroup/hyperring is endowed with.
‘That 1s why the studies presented in this thesis regard only the grade fuzzy set.
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(dati pojasnjenjer originalnost (originalnost (sasvim nova saznanja, dopuna/proSirenje
postojeceg znanja ili pobijanje postojeéeg znanja), uticaj rezultata disertacije na napredak
nauéne oblasti, uticaj rézultata na struku (direktno, indirektno))

Without any doubt, this thesisis original. In-the first part, the one related to hypergroups, the
coneept of reducibility and fuzzy reducibility is investigated, for the first time, for some
particular important ‘classes. of hypergroups, as Corsini hypergroups, B-hypergroups; eyclic
hypergroups. The second part is based on the original idea to define, again for the first time,
the concept of reducibility for general hyperrings. Besides, most of the examiples presented in
thie thesis are the original work of the candidate, examples being one powerful tool in.abstract
algebra to illustrate the use of the new theorems.

With these results, a new step forward in the theory of algebraic hypercompositional
| siructures has been done, first by prepating 2 complete survey on the theory of reducibility of
hypergroups and hyperrings, and secondly by opening new lines of research in this area.

(dati miSljenje i prijedlog)

The PhD thesis elaborated by Milica Kankara$ brings new and significant résults in the

theory of algebraic hypercompositional structures, by deepening the study of the reducibility

property in hypergroups and extending it into two different directions: the first one regards

the fuzzy case of the property, while the second one, proposed for the first time by-the PhD
candidate. is in the class of general hyperrings. The thesis is well structured, the style of the

presentation ‘is clear and pleasant, the results are not banal and they are mathematically

correct, being strongly miotivated and supported by numerous examples. The results obtained
by the author (both irt ameunt and quality) are sufficient for the PhD level. They have a good

potential for being developed in some further research, as mentioned in the conclusive part of
the thesis. The stated aims of the dissertation have been fulfilled. _

The bibliographic list shows that the candidate consulted all relevant publications related to

the topic of the dissertation, that offered her 2 solid background for research. The original

results are included in 3 articles, 1 of them as single author, published in recognized

international journals, indexed by Web of Science in the first two categories, These articles

are:-

1. Fuzzy reduced hypergroups, Kankarad M., Cristea L., Mathematics, 2020, 8(2), 263

2. Reducibility in Corsini hypergroups, Kankarad M., Analele Stiintifice ale Universitatii
Ovidius Constanta, Seria Matematica, 2021, 29(1), 99-109

3. The reducibility concept in general hyperrings; Cristea I., Kankara§ M., Mathematics,
2021, 9(17), 2037.

Concluding, we-oonsider that.this thesis fulfills the conditions réquested by a doctoral thesis,
thus it can be publicly discussed and we warmly propose to grant the title of doctor in
Mathematics to the doctoral student Milica Kankaras.
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Referce’s report of the PhDD thesis
“Reducibility in algebraic hyperstructures”
written by PhD student Milica Kankara$

The undersigned dr. Michal Novak, associated professor at Brno University of Technology, Czech
Republic, dr. Svjetlana Terzié, professor at University of Montenegro, dr. Biljana Zekovié, professor
at the University of Montenegro, dr. Sanja JanCi¢ RaSovic, professor at the University of
Montenegro, and dr. Irina Cristea, associated professor at the University of Nova Gorica, Slovenia,
nominated with the Decision 03-350/4 from 9.11.2021 of the senate of the University of
Montenegro as members of the doctoral committee of the public defense of the doctoral thesis
“Reducibility in algebraic hyperstructures” elaborated by the doctoral student Milica Kankaras,
present the following referee report.

The topic of this dissertation falls in the area of Hypercompositional Algebra, a well established
branch of Abstract Algebra, born in 1934 when the French mathematician Frederic Marty
introduced the concept of hypergroup during the 8" Congress of Scandinavian Mathemalticians.
Hypercompositional Algebra deals with structures endowed with multi-valued operations, called
hyperoperations or hypercompositions. These are natural generalizations of classical operations
with the property that the result of the hyperoperation is a subset of the carrier set, instead of a
single clement, as it happens in the classical algebraic structures endowed with operations. The
algebraic structures endowed with multivalued operations have nowdays wide applications in many
areas of mathematics — for example multivalued formal groups have important applications in
algebraic topology, multivalued Lie groups in functional equations and integrable systems, join
spaces in geometry, etc., but also in physics, chemistry, biology, social sciences. It is worth
mentioning here the contributions of Alain Connes, winner of the Fields medal, in the theory of
algebraic curves related to the theory of hyperfields.

"The aim of this dissertation is to extend the concept of reducibility in hypergroups to the fuzzy case
and also to hyperrings. The notion of reducibility in hypergroups was defined for the first time by
James Jantosciak in 1990, during the 4™ Congress on Algebraic Hyperstructures and Their
Applications (by short, AHA Congress), held in Xanthi, Greece. Jantosciak noticed that sometimes
the hyperoperation does not distinguish between a pair of elements of a set, because the elements
play interchangeble roles with respect to the hyperoperation. In order to explain this property, he
defined on a hypergroup three equivalences and called them fundamental relations. These relations
are: the operational equivalence, the inseparability and the essential indistinguishability. Then he
called a hypergroup to be reduced if the equivalence class of cach its element with respect to the
essential indistinguishable relation is a singleton. These concepts have been reconsidered after 24
years by Irina Cristea, who presented at the 12" AHA Congress the first approach on the extension
of the reducibility concept to the fuzzy case. Her first results have been published (unfortunately) in
one journal that doesn’t exist anymore. Thus it is a great advantage that they have been covered and
extended by this thesis.

After an introductory part describing the main topic of the thesis and the state-of-the-art, as well as
the detailed structure of the dissertation, the thesis continues with its five chapters and bibliography.

First chapter, the one containing the preliminarics, coliects the basic definitions and results related
to hypergroups, hyperrings and fuzzy sets. All important notions and results are supported by



examples, that help the reader to better understand this topic. The first part of the chapter regarcs
hypergroups, subliypergroups, fundamental relations, and hemomarphisms of hypergroups: Several
narticular types of hypergroups, as 3-hypergroups, Corsini hypergroups, join spaces and complee
hypergroups dre tecalled. The second part of: the first chapter covers essential results on hyperrings
and presents all three types ot hyperrings: Krasner hyperiings, multiplicative hyperrings and general
hyperrings. This chapter ends with some notions related o fuzzy setsand with the fundamental
canstruction of @ join space using fuzzy sets; dofined by Piergiutio Corsini, combining the resuits
publisllenl- in two articles, one in 1994 and the second one in 2003. First he defined a join space
startitig from a fuzzy set and then he associated with a hypergroupoid a fuzzy set, called the grade
fuzzy set i, Tterating these Lwo conslructions, a sequence of join spaces and fuzzy sets is oblained,
wiiose lengtl is called the fuzzy grade.

The other approach of the connection between hypercompositional strisclures and fuzzy sets leads to
the so called Muzzy hyperstructures, i.e., structures endowed with (uzzy hyperoperations. The fuzzy
hypergroups are briefly recalied at the end of Chapter 1.

The reducibility concept in hypergroups is covered by Chapter 2, where first, the main restlts
obtained by Jantosciak are recalled, together with: the results concerning the reducibility of
hypergroups associated with binary relations. The chapter continues with original results of the
author related to the reducibility in -canonical hypergroups, in hypergioups with partial scalar
identities (known as I.p.5. hypergroups), in some cyclic hypergroups and in complete hypergroups.
It is then proved that any Lp.s. hypergroup is reduced (see Theorem'2.2), while any praper complete
hypergroup is not reduced (see Theorem 2.3). The second chapter eids with the study of the
reducibilily in Corsini hypergroups. Necessary and sufficient conditions for Corsini hypergroups to
be reduced -are determined (see Propositions 2.18, 2.19), as well as for the direct product of
hypergroups (see Theorem 2.4).

Chapter 3 is dedicated ta. the study ol fuzzy reducibility. For doing this, first, three new
eguivalences are defined (new in the sense that they are introduced by the duthor) on a crisp
hypergroup endowed with a fuzzy set: the fozzy operational equivalence, the fuzzy inseparability
and the Tuzzy ossential indistinguishability. Based on them, the concept of fuzzy reducibility is
stmilarly defined as the one of (erisp) reducibility. Tt is important to know that the fuzzy reducibility
depends on the fizzzy set defined on the considered hypergroup. In this thesis it was considered only
the grade fuzzy set Ji.1t was established also a connection between the reducibility and the fuzzy
reducibility of a hypergraup with respect 1o the grade fuzzy set (see Coroilary 3.1). Ther the study
focusses on the fuzzy reducibility of several types of hypergroups. Theorem 3.1 states that any
propér complete. hypérgroup is not fuzzy reduced with respect to the grade fuzzy set. The same:
property holds also for T.p.s. hypergroups (sec Theorem 3.2). More examples of fuzzy reduced
hypergroups are given in Section 3.2: non-complete 1-hypergroups or single power cyclic
hypergroups (see Propesition 3.3). The last type of hypergroups for which the fuzzy reducibility is
sticlied in this thesis is the one of Corsini hypergroups. Afier presenting several new properties of
the Corsini hypergroups related to the three lundamental relations, the matm result of this subsection
is stated in Theorem 3.6: any Corsini hypergroup is not fuzzy reduced with vespect to the grade
fuzzy set. It is worth mentioning here that Chapter 3 contains a high number of rion-trivial
examples,

The second extension of the reducibility in hypergroups is proposed i Chapter 4, where the
reducibility in hyperrings is introduced for the first lime. As well explained at the beginning of the
chapler, the reducibility has sense 1o be studied only in general hyperrings, where both addition and
multiplication are multi-valued opevations. Several refationships between the three fundamental
equivalences (that help us to define a reduced. hyperring) are presented in particular classes of
hyperrings (see Proposition 4.2). Considering the hyperring of formal series RIJX ], it was proved
that RI[X]] is reduced il and only if the geneval hyperring R of coefficients is recduced, too



(Proposition 4. 3). An example of non-reduced hyperring was given by using a hyperring with P-
hyperoperations (sece Pioposition 4.4). Several examples involving hyperrings with P-
hyperoperations and hyperrings constricted with Corsini hypergroups are illustrated.

Similarly to the constiuction of mmplmv hypergroups, Mario De Salvo proposed a method 1o
obtain a complete hyperring using two rings. Theoren 4.3 states that any complete hyperring is not
reduced. Another type of gencral hyperrings for which the reproducibility property is studied in this
digsertation is the one of (H,R)-hyperrings. The main result refated 1o these hyperrings is covered by
Propiosition 4.6. '

The conclusions of Lhis thesis and some proposals o continue the study presented in the dissertation
are nientioned in Chapter 5. They refer mainly to the reducibility of [uzzy hypergroups and the
fuzzy reducibility of general hyperrings.

Bibliography contains 70 items, including publications in English, French and Ialian,
demonstrating d very good theoretical background of the PhD candidate on this theme. All relevant
references are mentioned and also cited in' the text.

Conclusions

The PhIY thesis elaborated by Milica Kankaras brings néw and significant results in the theory of
algebraic hypercampositional structures, by deepnnmg the study of the reducibility property in
hypergroups and extending it into two different directions: the first one regards the fuuy case of the
property, while the second one, proposed for the first time by the PhD candidate, is in the class of
general hyperrings. The new results obtained by the ¢andidate are covered in Chapters 2.3and 4 of
this dissertation. One one hand, they offer conerete examples of hypet g,roups and hyperrings that
are or not reduced, while on the other hand they open new lines of research in Hypurcornposillondl
Alscbra. Amoeng several results, we stress here thdt it was proved that any i.p.s. hypergroup is
reduced (Theorem 2.2), but not fuz?y reduced with respect to to the grade fuzzy set {Thcorem 3.2),
while any eomplete hypc;bloup is neither reduced (Theorem 2.3) or fuzzy reduced (Theorem 3.1).
The reducibility and fuzzy reducibility property is studied also for Corsini hypergroups
(Propositions 2.18. 2.19, and Theotem 3.6). Cliapter 4 contains all new results obtained by the
candidate on the reducibility of ;,cnc;a] hyperrings: Proposition 4.3 states that the hyperring of
formal series R[[X]] with cocfficients in a general commulative hyperring R is-reduced if and only
iF R is reduced. Proposition 4.4. illustrates 4 construction of a non-reduced general hyperring with
P-hyperoperations. Besides, it was proved in Proposition 4.5 that .a general hypc,mng, having the
additive part a B-hypergroup and the multiplicative one a Corsini -hypergroup is always reduced.
Theorem 4.3. proves that any complete hyperring is not reduced. Finally, necessary and sufficient
conditions to get a non-redueed (H.R)-hyperring are expressed in Proposition 4.6. This study opens
also hew lines of research: the study of the reducibility can be-condugted also for fuzzy hypergroups
and fuzzy hyperrings, but also the fuzzy icducibility of hyperrings appéars an interesting topic in
this theory.

The thesis is well structured, the style of the presentation is clear and pleasant, the results are not
banal and they are mathematically correct,. being strongly motivated and supported by numerous
examples. The results obtaincd by the author (bath in.amount and quality) ace sufficient for the PhD
level. They have a geod potential for being developed in some further research, as mentioned in the
conclusive part of the thesis. The stated aims of the dissertation have been fulfilled.

The bibliographic list shows that the candidate consulted all relevant publications. related 1o the
topic of the dissertation, that offered her a solid background for research. The original results are.
included in 3 articles, 1 of them as single author, published in reécognized international journals,
indexed by Wel of Science in the first two categories, These articles aret



1. Fuzzy reduced hypergroups, Kankara$ M., Cristea 1., Mathematics, 2020, 8(2), 263

2. Reducibility in Corsini hypergroups. Kankara§ M., Analcle Stiintifice ale Universitatii Ovidius
Constanta, Scria Matematica, 2021, 29(1). 99-109

3. The reducibility concept in general hyperrings, Mathematics, 2021, 9(17), 2037.

Concluding, we consider that this thesis fulfills the conditions requested by a doctoral thesis, thus it
can be publicly discussed and we warmly propoese to grant the title of doctor in Mathematics to
the doctoral student Milica Kankaras.
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20095 )
13. Geometry,topology and algebra, dedicated fo 120t anniversary of Boris Delone, Stekloy
Mathematical Institote; Russian Academy of Science, Moscow, Russia, August , 201 0;

14, Geometry, Dynamics, Integrable Systems, Belgrade; Serbia, September, 2010;
15. Toric topology and automorphic functions; Khabarovsk, Far-eastern branch of

Russian academy of scietice, Septetber, 2011

16. Tnterhational topological cdﬁferen‘ce;"‘ﬁl_exand_mff readings, Moscow:state university “M.
V. Lomonosbv”, May 2012, plengry talk N _ o

17. ‘The second mathematical conférence ofthe R‘cpub.lic-of Stpska, Trabinje, Jun, 2017, plenary
ta

18. -(_S-Egomeu'ic structure on manifolds and theirdpplications, Castle

~ Raufschholzhausen, Marbuig, hily, 2012, )
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Univerzileta u Seuthampton-ti, 2013. )

14. Gramtza istraZivanje s parovima sa_Jelenom -Grbié, 3-nedjelina posjeta
Matemati¢korn institute- Oberwolfach, 2014, _ '

15. Grant Medjuniaredné matematithe unife za ude¥ée na Svietskom
materratickom kongresu Rio de Janeiro, Brazil, 2018;

Neke nan&noe istraZivatke posjete:

Mehaniko-matematithki fakuttet, Maskovski dizavni univerzitet, Matematizki institut Sieldoya, Roska
akademija nauka - 1999, 2003, 2003, 2006, 2008, 2009, 2012, 2013, 2015, 2016, 2018; SISSA Trst
2010; Mathemaitki Fakuttet, Ljublana, 20 12, 2013; Matemati¥ki fakultet, Univerzitet n
Southampton-u, 203, 2015, 20T7; Univerzitet u Aberdecn-u, 2006; Un'Iverzi't@t:u.Manée'ster-u, 2007 .
Fildsov. Institu.za tmatematike, Toronto; Kaniada; 2020,

Nasiava. i mentorstve;

Predavale kurseye na raz!igitim nivoima studija na Prirodno-imatematickom fakultetu Univerziteta Crie:

Gore: Uvad u:geometriju, Uvod u diferencijanu geoeintriju, Algebarska topologija, Diferencijalna
geomatifjana mnogostrukostima, Geometrija; Napredna algebra,

Mentor za preko 20 specijalistickih radova i 4 magisiraske teze, komentor dokiorske disertacije na
Méf’e’mat_iékom__f;iku!tett;,Uniyg:rz‘it’et._Nica- Sophia Antipolis, €lan-komisija za odbranu doktorskih
disertacijana  Univerzitetu. u Beogradu , Univerzitetuu Istocnant Sarajeve, Univerzitetu.u

Southmpton-u, Univerzitem Croe Gore,

Oistalo;

«  Urednilc

1. Sargjev __‘Jqurnal_.of'Matheznatics-, izdaje Akademija nauka i umjetnosti

Basne i Hercegovine _ .
2., Matematieki Vesnik, izdaje Dnstvo miatematitara $rbije

+ Recenzent za Casopise s Publication, de IInstitute Mathematique, Contemporary. .
Mathematics, Proceedmgs of the Steklov Instimte.of Mathematics, Annall di Matematica
Pura ed Applicata, Mathematica Stovaka, Mathematische Zeilschrift, _
Sbomik-:lvfa&emati;s,,..}\ igebraic and Geometric ’fpgol_o_ ¥, Homalogy, Homotopy and
Applicattons, Morrocan Journal of Puire and Applied Analysis

¢ Prodekan za medjunarodni sardanju na Pritodno-matematikom fakultet
Univerzitéta Crie. Gore; 2004~ 2007,



10.

11,

12..

13,

14.

Boscow, 1998, 1-94,

Publication list for Svjetlana Terzié

Svjstlana. Terzig; . Real coh or’n,b!bgy ang Poniryagin.characteristic classes of gerierafised Symmsiric
spaces, {Russian) Vsesojuzrii Institut Nauchnoj i Tehnichaskoj nformzcii, VINIT, V/-1034,

Svjetlana Terzic, Gederalised symmetric spaces and their topology, (Russian) Mathematica
Montisnigri 11 {1999), 139-150. o ' '

Svietlana Terzi¢, Chargcteristic classes of hypercomplex vécior bundies; Mantenegrin Academy
of Scigncas-and.Arts, Proceeding of the Section’ of Natural Sciences, 13 (2000)

Svjetlana Terzic, Cofiomdlogy with veal coefficients of generalized symmetric spaces, {(Russian)
Fundamentalnaya i Prikladnaya Maternatika, Val. 7, (2001), no. 1, 131-157.

.. Svjetlana Terié; Ponfryagin classes of generalized symmetric spaces; {Russian)

Matematicheskie Zametki, Vol, 68, (2001), no.4, 613-621; English transl. jn Mathefnatical Notes,
Vol. 69, (2001}, no. 4, 559.566. ' o

D.. Kotschick and S. Terzi_c':‘,_\-‘dn‘ formality of gieﬁeré?fsed symmetric: spaces, Mathematical
Proceedings of Cambridge Philosophical Sociely, 134 (2003), 491-5085.

S. Terzié. Rational homatopy groups: of generafised symmetric spaces, Mathematische
Zeitschrift, 243.(2003), 491-523. '

S. Terzié; On rational topology of four manifalds, Proceeding of the Woikshep Gontemparary
Geometry and Related Tapics, World Scientific 2004, 375:389. '

Sviettana Terzi, Rational topology of gauge groups arid of spaces-of connections, Compositio

Mathematicae, 141 {2005), no.1, 262-270.

Svjatlaria Terzié, On geometric formality, Procesdings of the Workshop . devoted %o 25M
anniversary of the Faculty of Natural Sciences and. Mathethatics, University 'of Mentenegro,
Cdntamporary mathematics, physics and biolagy, ._{2005)'._20'8__'-21 L%

Victor M.-Buéhstaber and Svjetiaha Terzid, Equivariant commples structures ory homogeneois spaces

ahd their cobordism classes, Advances in the Mathematical Sciences, Geometiy, topelogy and
mathematical physics, Translations 2, 224 (2008), 27 — .57, Amarican Mathematical Sooiety

D. Kotschick and S. Terzic, -Chern numbers, and ihe geomelry of paitial flag manifolds;
Commgntarii Mathematici Helvetich, 84 (2009), no.3, 587 — 618. S

Jelena Grbi¢ and Svjetlana Terzis, The infegral Pontryagin homalogy of the based loop space Gn
a flag'manifoid, Osaka Journa! of Mathematics 47 {2010), no'2, 438 — 460, :

Svietlana Terzic, infegial loop horiology of complets flag' manifolds - jeint with Jelena Gruic),
Oberwolfach reports 18/2008, Homotopy Theary of Function Spaces and Related Topics,
Europeant Mathematical Soclety Publishing House, 1038 — 1040.



5.
16

17.

18.

18.

20.

21.

22

23;

24,

25

26.

27..

. D. Kotschick and S, Terzi¢, Geomsiric for mality of homageneous spaces and of biguotionts,

Pacific Journal of Mathemaiics, 249 (2011}, no 1, 157 - 175.

Svietlapa Terzié. On real cah‘omo:’agy.- generators _df compact homogeneous spaces, ‘Sarajevo
Journal of Mathematics, Vol. 7 (20} (2011}, No. 2, 277 — 237 . '

Svietlana Terzi&, Toric genera on homogensous spaces and relafed problems, Ptpc_eedi{i‘g‘s of
the international -canference. “Tofic topology-and automorphic functions”, Far-Eastern Branch of
the Russian Academy of Sciénces. Pacific National University, 2011, 87 — 104,

Jelena Grbié and Svjetlana Terzié, The infegral homology ring of the based‘j-!qop'_space on. same
generalised” symmefric. spaces, Moscow Mathematical Journal, Volume. 2012, lssue 4; Oct. —
Dec, 2012, pp 771-788.

Victor M. Buchstaber and Svietlana Terzi¢; Toric genera. of homogeneoys spaces and their
fibrations, International Mathematics Resesrch Notices, Vol 2013, 1324-1403. ’

Svietlana Terzic, On. cohomology ring’ of partial flagr fnanifolds, Proceedings of the Second
Mathematical Confarence of the Republic-of Srpska, 2013, 11 - 17. (ISBN 878 — 99938 — 47~ 52.
-8) '

'Su;etlana Terzi¢, Rational minimal mods! theory on compaef homogeneoirs spaces, Scripta
Scientiarufm Natoialium,. Proceedings. of the Fdculty of Nafural Sciences -and Mathematics,
University of Monténegro; Val. 3, 2013, 3 ~17. (ISSN 1880-—8356)

Vigtor M. Buchstaber and Svjetiana. Terzit, "‘fzn,k}-'mfanff_o’}‘d_s'- aind applications”, Repoit No
27/2014, Mathematisches Forschung Institut (25-31 May 20%4), Obierwolfach, Germany, 2044,
114,

Vittor M. Buchstaber and Svjetiana Terzié, Topalegy and Geomelry  of the Canoriicaf Action of T *onihie’

. - X B N . 5. . R . . p
complex Grassmannian Gaa and:the somplex projective space CP ;Moscow Mathiematical Jouma, Vol,
18, Issug 2 (2016), 237-273,

Svietlana Terzié, Geométric formafily of rationally elliptic manifolds. in smalf dimensions, Glasnik
‘of the Section of Natural Sciences, Montenagrin Academy of Sciences and Arfs; 20 (2014), 131~
145, ' '

spaces of connections of. a ‘four manifold, Fundamentalnaya i Prikladnaya matematika (in
Russian), Vol. 21; No.§, (2016):206:218.

Svjetlana Tarzic, The rational homolagy ring of the based oop space of the gauge group and the

Svietlana Terzic, On gecinatric. formality - of rationally elliptic. manifolds in dimensions-6 and 7,
Publications de I'l n_s_ﬂt_u_te,I\_ﬂaﬂ'!emaﬁque,'(aelgrade}, Issue 103 {117}, (2018), 211-222;

Svietlana Terzié, Rational Pontragin homology iing of the based loop space on ‘some.
‘homogeneous spaces, Sarajevo Journal of Mathematics, Vol, 14, No. 2, {2018), 275-2885,



28: Victor M:. Buchstaber and Svjetlana 'Terzfé,_ The foundatiokis. of (2n, k)-manifolds,  Shornik

Mathematics, 210:4 {2018}, 41 — 86,

29, Victor M. Buchstaber and Svietana Terzi¢, Toric topology of ‘the: complex Grassmafin

manifolds, Moscow Mathematical Journal, 19:3 (2019}, 397-463.

30. Dragana Borovi¢ and Svjetlana Terzic, On rational Ponryegin fiomology ring of the based leop

Space on & four-manifold, Matematieki Vesnik, Vol 77, [ss'1-2; (2018), 90-103,
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ODLUKU
O IZBORU U ZVANJE,

Dr BILJANA ZEKOVIC bira se u zvanje redovnog
profesora. Univerziteta Crne Gore za predmete: Algebra. i
Matematika na  nematitnim fakultetima mna  Prireduo-
matematitkom fakultetu  Podgorici.

Prof.dr Ljubi¥a Stankovi¢



1 Algebra sa primenama (2005-2007)
2. Neke algebarske strukture (2008-2011)
3. Algebzir_s'kc;_stmkmre:'_s;g_'primenama_'(2ﬂl-2—i-2014)_

Aktivni istrazivag na projekiu Algebra i logiks sa primenama (2000-2005)

Biografija

Rodena sam 7.2.1955. u Gajdobri, opitina Bag. Palanka. U Pristini
sam zaviSila osmogodignju Skolu i gimnaziju prirodno-matematickog
smera 1974. godine oba puta kao nosilac Vukove diplome. Diplomirala
sam na PMF-u 1978. odine. Postdiplomske studije sam upisala u jesen:te
iste godine na PMF-u u Pritini i Skoplju (integrisane postdiplomske
studije) 1 za dve godine polofila sve ispite predvidene planom i
programom postdiplomskih studija. Magistarski rad sam odbranild na
FMF-u u Pridtini. 1.10.1982. pod nazivom ”S-disjunktivni elementi
seimigrupa sa posebnim asvrtom na neke klase semigrupa.”

Skolsku godiru 1987/88. provela sam na usavriavanju na MGU u
Moskvi, gde sam.sa nau&nim rukovodiocem V.A.Artamonovim radila na
nekim problemima iz oblasti Univerzalne ‘algebre, &o je rezultiralo

izradom dokforske disertacije, koju sam pod nazivom “Prilog teoriji n-
Ppolugrupa i (2,n)-prstena”, odbranila 2. marta 1990, godine na PMF-uu
Skoplju pod rukovodstvom prof, dr G.Cupone. Kasnije, u okviru saradnje
Moskovskog drfavnog univerziteta-MGU i Univerziteta Crne Gore, bila
sam viSe putana studijskom boravku na MGU im. M.V. Lomonosava,

Od 1.10.1978. do 1.10.1982. godine radila sam na PMP-u u
Priftini, gde sam wu zvanju asistenta drZalda ve¥be iz Algebre 1
Matematiskih predmeta na Tehnickim fakultetima kao i na Ekonomskom
fakultetu. Od 1.10. 1982. godine radin: na PMF-u u Podgorici, gde sam
drZala vezbe iz Algebre i Matematickih predmieta na Tehnickim
fakultetima u zvanju asistenta sve do izbora u zvanjé-docenta 27.2,1991.
Od tada sam na Odseku za fiziku drZala predavanja 1 velbe iz
Diferencijalnog i integralnog ratuna Ii If i Linearne algebre 1 analititke
geometrije, predavanja iz Matematike na Arhitekturi, Maternatike 1111 fia
Metalurskom fakultetu, predavanja i vesbe iz Algebre na Odseku za
matematky i rafunarske nauke (smer C), predavatja iz Agebre II (smer A
1 B)YiAlgebre ITT (smerA). y |

U zvanje vanrednog profesora izabrana sam 3. 10.1998, a u zvanje
redovnog profesora 25.12.2003. godine.
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1, B. Zekovié, 8-disjunctive elements of a Rees matiix semigroup over a monoid,
Matematicki Vesnik 36, 1984, 251-254

2. B Zekovié, Universal enveloping rings and ¢heir radicals, Vestn. MGU, ser.g,.
1989., N'6, 14-17 (in Russian)
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ser.l, Matem. Meh. 1990., N 3, 100-103 (in Russian), "
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(itr Russian} o
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9. B. Zekovig V.A Aitamonoev, On two tasks for u-group rings, Mathematica

Montisnigi, XV, 2002, 79-85 (in Russian)
10. B. Zekovi¢, Frobeniug n- roup algebras, Disciissiones Mathematicae, General
Algebra and Applications 222002) 153-159 | -

11. B. Zekovié, On n-ary bialgebras fI_)a'TCh_eébysh'ev.sbomik-, 4, N 3 (7), 2003,
65-73 (in Russian) |

12, B. Zekovi¢, On n-ary bialgebras. (1), Tchebyshey shotnik, 4, N'3 {7, 2003,
73-8 (in Russian) - | .

13. B, Zekovig, Ternary Hopf algebras, Algebra and Discrete'mathemaﬁcs,

2005., N.3, 96-106 | |

14, B. Zekovié, n-ary (€o) modules over n-ary co(zlgebras), Alg and Dige. Msth,
N.4,2008. pp, 80-89.

15.B. Zekovié, V. A. Artamonov, The_an:tiautomorphisms of simple finite-
dimensional ternary algebras, Math. Maced, Vol 8 (2010), 61-68.

18. B. Zekovig, V.A.Artamonov, Universal enveloping algebras for n-ary,
algebras, Akad. nauka i umetnosti Republike Srpske; Spomenica, Kaj. VI,
Odj. Pr.mat. i teh. nauka, Knj.15, Banja Luka, 2011. str. 59:68,

17. B. Zekovich, Example of n-ary bialgebra, Days of Diftaction 2012, 250-253.

18. B. Zekovié, Rélations between u-ary and binary comodules, Quasigroups
and Related Systems, 232015), 325-332

Radovi prezentovani na nauénim konferencijama i pripremijeniza $tam pi

19. B. Zekovig, (Ko) Hnaapnamm-n—apu‘mk‘-(},m) anredp U TeH3opHbie
ApousBeNeHuy 1~ ApALIX GRadreGp, pripreml jen za Stampu, 2 prezentovan na
The Ninth International Seminar “Mathematical Modéls & Modeling in Laser-
Plasma Piocesses and Advanced science technologies”, Petravac, Montenegro,
28.maj - 4. 3un, 2011



20. B. Zekovich, Some properties of the algebra R(C) and Morita-equivalence,
‘The Thirteenth International Serminar “Mathematical Models & Modeling in
Laser - Plasma Processes and Advaneed Science Technologies”, Petrovac,
Montenegro, 20135.

21. B. Zekovich, The properties of tensor-products of the irrediicible mod uls:
over n-bialgebras, Fourteerth International Seminar *Mathematical Models &
Modeling'in Laser-Plastma Processes and Advanced Science: Technologies™,
Moscow, Russia, 1-12-July, 2016,

22. B. Zekovich, Initial considération abon tensor product of irreducible
modules over n-bialgebras, Mathematical and Inforinatioral Techrologies,
MIT=2016 '

23. B. Zekovich, V. A. Artamonoy, Decomposition of tensor-produets of
irreducible modiles over n-bialgébras and one-dimensional modules,

The Fifteenth and the Sixteenth International Seminar "Mathematical Models &
Modeling in Laser-Plasma Processes and Advanced Science Techriologies”,
~ Petrovac, Montenegro, 2016, and 2017,
24. B. Zekovich, V. A. Artamonov, Semisimple B-ary bialgebras and one-
 dimensional module, The Fifteenth and the-Sixteenth Intemnafional Seminar
“Mathematical Models & Modeling in Laser-Plasma Processes and Advanced
Science-Téchnpldgi_es_”,:Pg'atr't)vac-, Mﬂnte;lcglfo, 2017.

25. B. Zekovich; V. A, Astatrionov, Semisimple »-ary bialgebras and théir actions
over decomposition of bialgebra FU" Y Ruske-indijska konferencija iz Algebre,
teorije brojevai diskretrie niatematike, Moskva, Rusija, 2017.

26. B. Zekovich, V. A, Arfamonov, Pierce decompdsition of semisimple B-ary.
bialgebras, The Seventeenth Internationg] Seminar “Mathematical Models &

Modelinig in Laser-Plagria Processes and Advanced Science Technologies”,
Budva, Montenegro, 2018, = _ :

27. B. Zekovich, On tensor-products of irreducible moduls over n-bialgebras,
Medunarodna alge barska konferencijia na mehanitko-matematickom
fakultety, posvetena 11 0-godidnjici rodenja prof. A.G. Kuroda _

28. B. Zekovich, V. A. Artamonov, Antipede in n-ary bialgebra, The Eighteen'th
International Seminar *Mathematical Models & Modeling in Laser-Plasma

Processes and Advanced Science Techinologies™, Pettovac, Montenegro, 2019,
29. B. Zekovich, V. A. Artamioniov, Coinvariant elements and connection with

antipode, pripremljen za §tampy _ _ o
30. B. Zekovich, Sore consideration about semisimple decomposition of temsor

products of irréducible modules OVer n .-'bfa'lgebras;. Moskva; Rasijd, 2019,
Spisak objavijenik imjiga
1. B. Zekovié, V. A Artamonov, Zhirka refenih.zadataka iz Algebre {prvi deo),
PMF, Podgoerica 2003.

2. B Zekovi¢, V.A.Artarhonov, Zbirka refenih zadataka iz Algebre (drugi deo),
(recenziran)
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ODLUKuU
Q IZBORU U ZVANJE

Dr .SA!\IJA- JANéIC—RAéOV!é bira se u akadernsko zZvanje.

-redqvm profesor __Umverzl'teta Crne Gore za obiast Matematika




BIOGRAFLJA IBIBLIOGRAFIJA
SANJA JANCIC RASOVIC

I OBRAZOVANJE:

= BSc Matematike, Univerzitet Cine Gore; Prirodno-matematicki fakultet, GPA:
9.52/10:00, 1997. |

- ScMatematika, Univerzitet Crne Gore, Prirodno-matemati¢ki fakultet GPA: 10.00/10.00,
2002,

= PhD Matematika; Univerzitet Craie Gore, Prirodno:mayematiéki "fakul,tet;, Doktorska
disetfacija: Asoeirani hipeiprsteni | hiperskoro-prsteni,2007.

II PODACI O RADNIM MJESTIMA:. o
- 2013-.... Vanredni profesor na-Univerzitetu Cine Gore.

- 2008-2013 Docent na.Un iverzitetu Crrie Gore

- 1997-2007 Asistent u nastavi na Univerzitetn Crne Gore

HI STUPIISKI BORAVCT:

= Jun 2007 Department of Algebra, Johannes Xeplei University, Linz, Austrija

- Jun 2008 ~Department of Matheratics, Udine University, Itafija

- Jun 2010 — Katedra za:Algebru Mehan_ic_esko_'-matem'a'tickdg'.. fakulteta, Moskovski di¥avni
Univerzitet " M.V. Lomonosov', Rusija |

= jup 2011 - Departmeit of Mathematics, Udine Unjversity, Italija _

- maj 2015 ~Department of Discrete Mathiematics. and Geometry, Vienna Un iversity of
Technology, Austria, |

IV STRUCNI RAD: _
L. Stalni recenzent za maternati¢ku bazu MathSciNet Americkog drudtva matematidara od
2012.godine.

2, -Ut‘;eékie:u redlizaciji medunarodnih i nacionaltih haﬁi’:’n@-’i'stra:‘iiikaékih'-projekata._:
= (2005-2007) “Algebra sa primjenama”, projekat je podiZan od strane Ministarstva
prosvjete i nauke Cine Gote.
- (2008-2011) *Neke algebaiske strukiure”, projekat jé podrran ‘od Ministaistva
prosvijete i nauke Crne Gore. ' - | o
= (2006-2007) ““Teaching .methods in Mathematics™  projéct, No. 204/2006, WUS-
Austria Project.



3.

- (20122014) “Algebarske  strukture sa primjenarma® projekat je. podizan  od
Ministarstva navke Cine Gore, _

- {2010-2013) TEMPUS 1V Project ‘No. 158644-JPCR, Development™ of Regional
Interdisciplinary Mechatronics Studies~DRIMS. '

- (2018-2020) “Svojstva hiperskoro- prstenova®, bilateralni projekat sa  Sloveiijom
podrian od Ministarstva prosvjete | nauke Crne Gore,

UeSée n radu komisija Ispitnog cenfra Crne Gore (2012-..

YV UNIVERZITETSKI UDZBENICI:

- Radoje Séepariovi¢; Sanja Jansic Ragovi¢:. Matematika 3 z4 studente gradevinskog i
masinskog fakulteta, Univerziter Cme Gore '20'_'1‘2.ggdi_ni;j=; ISBN 978-86-7664-103-1

"~ Radofe Séepanovig, Sanja. Jangié Ralovié: Muatematita zq Studente arhitekture,

Univerzitet Crie Gore 2009. godine, ISBN 9?8—86.-7664—067-—6' _ ‘
- S, Duborija, M, Mﬁsurdvié,___ G. Sukovig, 5. Jantié: Diferenicijaln; [ integralni racin- :
Zhivka ispitnih zadataka, Univerzitet Cme-Gore,j_]_‘9-99.godinc-, ISBN86-81039-43-1.

VINAUCNI RADOVI

I.

2.

Sal'l:j_a_ifanb_’ié_- Ra¥ovié, ir'ix_;a Cristea, H}gerﬁeq;‘-gi:zgs with a defect of qft'&rrg‘éu{iv:‘iy,
Filomat, Nis, Volume 32(4),(2018), pp.1135-1149, ISSN- 0354-5180. (SCT Expanided)

Sanja. Jandié RaSevié, Irina Cristea, Division hyperiéar-rings, Adnalele Stitnii-
Sice ale Universitatis Ovidiys Constanta, Seria Mateniatica »_Romania, Volurme. XXVIL.(3),
(2018),pp.109-126, ISSN: 1224-1784, (SCI Expanded). |

Irina Cristea, Sanja Janéié.—’Rﬁ‘éov_ié_, Operations on filzzy reldtions ! A tool 1o construet new
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