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Noncommutativity and Nonassociativity of Closed Bosonic

String on T-dual Toroidal Backgrounds

B. Nikoli¢* and D. Obrié

In this article we consider closed bosonic string in the presence of constant
metric and Kalb-Ramond field with one non-zero component, B, = Hz,
where field strength H is infinitesimal. Using Buscher T-duality procedure we
dualize along x and y directions and using generalized T-duality procedure
along z direction imposing trivial winding conditions. After first two
T-dualizations we obtain Q flux theory which is just locally well defined, while
after all three T-dualizations we obtain nonlocal R flux theory. Origin of
non-locality is variable AV defined as line integral, which appears as an
argument of the background fields. Rewriting T-dual transformation laws in
the canonical form and using standard Poisson algebra, we obtained that Q
flux theory is commutative one and the R flux theory is noncommutative and
nonassociative one. Consequently, there is a correlation between non-locality

In the last two articles of ™ the method
of solving of boundary conditions is
presented. The basic idea is that open
string boundary condition is treated as
canonical constraint. Investigating the
consistency of the canonical constraint
we obtained the o dependent form of
the boundary condition. Further, we
can proceed twofold: to introduce Dirac
brackets or solve the constraint. Solving
the constraint, we obtained the initial
coordinate as a linear combination of
the effective coordinate and momenta.
Consequently, initial coordinates are
noncommutative and the main contri-

and closed string noncommutativity and nonassociativity.

1. Introduction

Coordinate noncommoutativity means that there exists minimal
possible length, which imposes natural UV cutoff. Idea of coor-
dinate noncommutativity is very old. Heisenberg suggested coor-
dinate noncommutativity to solve the problem of the occurrence
of infinite quantities before renormalization procedure was de-
veloped and accepted. The first scientific paper considering this
subject appeared 19471 where construction of discrete Lorentz
invariant space-time is presented. Later in the period of 1980s A.
Connes developed noncommutative geometry as a generalization
of the standard commutative geometry.”

Noncommutativity became again interesting for particle physi-
cists when the paper’! appeared. In this article it is shown us-
ing propagators that open string endpoints in the presence of
the constant metric and Kalb-Ramond field become noncom-
mutative. D-brane on which the string endpoints are forced
to move becomes noncommutative manifold. After this article
many articles® appeared addressing the same subject but us-
ing different approaches - Fourier expansion, canonical methods,
solving of boundary conditions etc.
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bution to noncomutativity parameter
comes from Kalb-Ramond field as it was
expected.
Following the result of the article®! it
can be proven that gauge fields “live” at
the open string endpoints. Consequently, many interesting pa-
pers concerning non-commutative Yang-Mills theories and their
renormalisability appeared.l® In the papers!’! cross sections for
some decays, allowed in noncommutative Yang-Mills theories
and forbidden in commutative ones, are calculated, which offers
a possibility of the experimental check of the noncommutativity
idea and further, indirectly, idea of strings.

It is obvious that closed bosonic string in the presence of
constant background fields remains commutative. There are no
boundaries and, consequently, boundary conditions constraining
string dynamics. In the case of open string we obtained initial
coordinate in the form of linear combination of effective coordi-
nates and momenta using boundary condition. That is achieved
in the closed string case® using T-duality procedure and coordi-
nate dependent background.

T-duality as a fundamental feature of string theory,’"! unex-
perienced by point particle, makes that there is no physical dif-
ference between string theory compactified on a circle of radius
R and circle of radius 1/ R. Buscher T-dualization procedure!'”
represents a mathematical frame in which T-dualization is
realized. If the background fields do not depend on some co-
ordinates then those coordinates are isometry directions. Con-
sequently, that symmetry can be localized replacing ordinary
world-sheet derivatives .. by covariant ones Dyx" = d.x" + vff,
where v’ are gauge fields. In order to make T-dual theory has the
same number of degrees of freedom, the new term with Lagrange
multipliers is added to the action which forces the gauge fields to
be unphysical degrees of freedom. Because of the shift symme-
try, using gauge freedom we fix initial coordinates. Variation of
this gauge fixed action with respect to the Lagrange multipliers

© 2018 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim


http://www.fp-journal.org
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fprop.201800009&domain=pdf&date_stamp=2018-03-26

ADVANCED
SCIENCE NEWS

Fortschritte
der Physik

Progress
of Physics

www.advancedsciencenews.com

produces initial action and with respect to the gauge fields pro-
duces T-dual action.

Standard Buscher T-dualization was applied in closed string
case in the papers.B161% In Ref. [16] authors consider 3-torus
in the presence of constant metric and Kalb-Ramond field with
one nonzero component B,, = Hz, where field strength His in-
finitesimal. They systematically apply Buscher procedure and, af-
ter two T-dualizations along isometry directions, obtain theory
with Q flux which is noncommutative. In the calculations they
used nontrivial boundary conditions (winding conditions). The
result is that T-dual closed string coordinates are noncommuta-
tive for the same values of parameters o = & with noncommuta-
tivity parameter proportional to field strength H and N;, winding
number for z coordinate.

But, except this standard Buscher procedure, there is a gen-
eralized Buscher procedure dealing with background fields
depending on all coordinates. The generalized procedure was
applied to the case of bosonic string moving in the weakly
curved background®-?? and in the case where metric is quadratic
in coordinates and Kalb-Ramond field is linear function of
coordinates.”®l The generalized procedure enables us to make
T-dualization in mentioned cases along arbitrary subset of coor-
dinates.

Double space is one picturesque framework for representation
of T-duality. Double space is introduced two to three decades
ago.”™¥ 1t is spanned by double coordinates ZM = (x*, y,)
(t=0,1,2,..., D—1), where x* are the coordinates of the
initial theory and y, are T-dual coordinates. In this space
T-dualization is represented as O(d, d) transformation.?9-3
Permutation of the appropriate subsets of the initial and
T-dual coordinates is interpreted as partial T-dualization***]
expanding Duff’s idea.’¥ The newly invented intrinsic
noncommutativity®® is related to double space. Intrinsic
noncommoutativity exists in the constant background case
because it is considered within double space framework.

In this article we will deal with closed bosonic string propagat-
ing in the constant metric and linear dependent Kalb-Ramond
field with B,, = Hz, the same background as in [16]. This con-
figuration is known in literature as torus with H-flux. As in
the Ref. [16] we will use approximation of diluted flux, which
means that in all calculations we keep constant and linear terms
in infinitesimal field strength H. Transformation laws, relations
which connect initial and T-dual variables, we will write in canon-
ical form expressing initial momenta in terms of the T-dual co-
ordinates. Unlike Ref. [16], except T-dualization along two isom-
etry directions, we will make one step more and T-dualize along
z coordinate using generalized T-dualization procedure. During
dualization procedure we will use trivial boundary (winding) con-
ditions.

Transformation laws in canonical form enable us to express
sigma derivative of the T-dual coordinate as a linear combination
of the initial momenta and coordinates. Because initial theory is
geometrical locally and globally, its coordinates and canonically
conjugated momenta satisfy standard Poisson algebra. This fact
means that we can calculate the Poisson brackets of the T-dual
coordinates using technical instruction given in subsection 4.1.

After T-dualizations along isometry directions (along x and
y) we obtain the same background as in Ref. [16] but, obtained
Q flux theory, which is still locally well defined, is commuta-
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tive. This is a consequence of the imposed trivial winding condi-
tions. Having in mind the generalized T-duality procedure,?*1-23]
T-dualization along z coordinate produces R flux nonlocal theory
because it depends on the variable AV which is defined as line
integral. Calculating Poisson brackets of the T-dual coordinates
we obtain two nonzero Poisson brackets and show that there is a
correlation between non-locality and closed string noncommuta-
tivity.

The form of noncommutativity is such that it exists when ar-
guments of the coordinates are different, 0 # &. That is another
difference with respect to the result of Ref. [16] but there is no
contradiction because the origins of noncommutativity are differ-
ent. In this article non-locality is related with noncommutativity
of R flux theory under trivial winding conditions while in Ref. [16]
it is about noncommutativity of Q flux theory under nontrivial
winding conditions.

From the noncommutativity relations it follows that Jacobi
identity is broken i.e. nonassociativity occurs. Nonassociativity
parameter, R flux, is proportional to the field strength H. Us-
ing generalized T-duality??>?!?3l we obtain the concrete form of
nonassociativity from string dynamics. Similar as noncommu-
tativity, discovery of nonassociativity pushes the scientists to ex-
plore the effects of nonassociativity in the field of renormalis-
ability of ¢* theory® as well as formulation of nonassociative
gravity.*®)

At the end we add an appendix containing some conventions
used in the paper.

2. Bosonic String Action and Choice of Background
Fields

The action of the closed bosonic string in the presence of
the space-time metric G, (x), Kalb-Ramond antisymmetric field
B,,(%), and dilaton scalar field ®(x) is given by the following
expression!’!

Szk-LdzéJjg

1 Q, 8aﬂ L v
x {[Eg PG (%) + ﬁBM(x)} Buxdpx” + @ (x) R(2>} ,

2.1)

where ¥ is the world-sheet surface parameterized by §* = (z, o)
[(@ =0,1), o € (0, )], while the D-dimensional space-time is
spanned by the coordinates x* (1 =0,1,2,..., D —1). We de-
note intrinsic world sheet metric with g4, and the corresponding
scalar curvature with R@.

In order to keep conformal symmetry on the quantum level
background fields must obey space-time field equationst”

G _ 1 po
= R, — 7 B.ps B,*° +2D,a, =0, (2.2)
Bi, = D,B’u, — 24,8, =0, (2.3)
D—126 1
® =21k — R— —B,,, B*° — D,a" + 4a®> = ¢,
p 6 24 1 !
(2.4)

© 2018 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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where c is an arbitrary constant. The function 8% could be a con-
stant because of the relation
DVIBSA. + 8Mﬁ¢ = 0 (25)
Further, R,, and D, are Ricci tensor and covariant derivative with
respect to the space-time metric G,,,, while

Bup =08,By+8,Byy +8,Bu, a,=109,9, (2.6)
are field strength for Kalb-Ramond field B,,, and dilaton gradient,
respectively. Trivial solution of these equations is that all three
background fields are constant. This case was pretty exploited in
the analysis of the open string noncommutativity.

The less trivial case would be a case where some background
fields are coordinate dependent. If we choose Kalb-Ramond field
to be linearly coordinate dependent and dilaton field to be con-
stant then the first equation (2.2) becomes

1
R/w - = B;Lpa va{r =0.

2 (2.7)

The field strength B,,,, is constant and, if we assume that it is in-
finitesimal, then we can take G, to be constant in approximation
linear in B,,,. Consequently, all three space-time field equations
are satisfied. Especially, the third one is of the form

D-26 _
= -

2K

c, (2.8)

which enables us to work in arbitrary number of space-time di-
mensions.

In this article we will work in D = 3 dimensions with the fol-
lowing choice of background fields

R 0 0 0 Hz 0
Go=|0 R o], B,=|-Hz 0o o], (9
0 0 R 0 0 0

where R, (u = 1, 2, 3) are radii of the compact dimensions. This
choice of background fields is known in geometry as torus with
flux (field strength) H.'S! Our choice of infinitesimal H can be
understood in terms of the radii as that

H 2
—— ) =0
R R, R,

This approximation is known in literature as the approximation
of diluted flux. Physically, this means that we work with the torus
which is sufficiently large. Consequently, we can rescale the co-
ordinates

(2.10)

xll
X — —, (2.11)
R,
which simplifies the form of the metric
10 0
Gw=|0 10 (2.12)
0 01
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The final form of the closed bosonic string action is

S = K/ d’E9, x"T1,,,d_x"
z
21
=« | d°€ 7 (0;x0_x+ 0, yd_y + 3,.20_2)
z

+ 0y xHz0_y — B+sza_x:|, (2.13)

where 9, = 9, + 9, is world-sheet derivative with respect to the
light-cone coordinates §* = 1(t + ), M+, = By, +1G,, and

X
(2.14)

Let us note that we do not write dilaton term because its
T-dualization is performed separately within quantum formal-
ism and here will be skipped.

3. T-dualization of the Bosonic Closed String
Action

In this section we will perform T-dualization along three direc-
tions, one direction at time. Our goal is to find the relations con-
necting initial variables with T-dual ones called transformation
laws. Using transformation laws we will find noncommutativity
and nonassociativity relations.

3.1. T-dualization Along x Direction — from Torus with H Flux to
the Twisted Torus

Let us perform standard Buscher T-dualization™ of action (2.13)
along x direction. Note that x direction is an isometry direction
which means that action has a global shift symmetry, x — x + a.
In order to perform Buscher procedure, we have to localize this
symmetry introducing covariant world-sheet derivatives instead
of the ordinary ones

8ix —> Dix = Bix—{- V4, (31)

where v are gauge fields which transform as v, = —d.a. Be-
cause T-dual action must have the same number of degrees of
freedom as initial one, we have to make these fields v, be un-
physical degrees of freedom. This is accomplished by adding fol-
lowing term to the action

Sui = 5 / @2y, (0,0 — 0. v.), (3.2)
x

where y; is a Lagrange multiplier. After gauge fixing, x = const.,
the action gets the form

1
Sfix = K/dzé“ |:§ (vyv_ + 0,90y +0,20-2) + vy Hz0_y

1
— 0 yHzv_ + §Y1(3+U7 — 8,v+):| . (3.3)

© 2018 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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From the equations of motion for y; we obtain that field
strength for the gauge field v. is equal to zero

Fii =d,0_ —d vy =0, (3.4)
which gives us the solution for gauge field
vy = Bix. (35)

Inserting this solution for gauge field into gauge fixed action (3.3)
we obtain initial action given by Eq. (2.13). Equations of motion
for v, will lead to the T-dual action. Varying the gauge fixed action
(3.3) with respect to the gauge field v, we get

v_ = —0_y; —2Hz0_y, (3.6)
while on the equation of motion for v_ it holds
vy =04y +2Hz0yy. (3.7)

Inserting relations (3.6) and (3.7) into expression for gauge
fixed action (3.3), keeping terms linear in H, we obtain the
T-dual action

.S= K/ AP0, (X)L T4 00 (. X)" (3.8)
x

where subscript , denotes quantity obtained after T-dualization
along x direction and

Y1
Xi=1y (3.9)
z
Further we have the T-dual background fields
1
xn+uv = xBuv + ExG;Lva XBMV = 07
1 2Hz 0
Guw=|2Hz 1 o0 (3.10)
0 0 1

Obtained background fields (3.10) define that what is known
in literature as twisted torus geometry. String theory after one
T-dualization is geometrically well defined globally and locally or,
simply, theory is geometrical (lux H takes the role of connection).
Combining the solutions of equations of motion for La-
grange multiplier (3.5) and for gauge fields, (3.6) and (3.7), we
get the transformation laws connecting initial, x*, and T-dual,
X", coordinates
Bix = ﬂ:aiyl + ZHZBiY, (311)
where = denotes T-duality relation. The momentum r,, is canon-
ically conjugated to the initial coordinate x. Using the initial
action (2.13) we get

sS . ’
T, = — = k(¥ — 2Hzy'),

> (3.12)
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where A= 9, Aand A' = 3, A. From transformation law (3.11) it
is straightforward to obtain
Xyl +2Hzy, (3.13)
which, inserted in the expression for momentum 7, gives trans-
formation law in canonical form

Ty = kY]

(3.14)

3.2. From Twisted Torus to Non-geometrical Q Flux

In this subsection we will continue the T-dualization of
action (3.8) along y direction. After x and y T-dualization we ob-
tain the structure which has local geometrical interpretation but
global omissions. Such structure is known in literature as non-
geometry.

We repeat the procedure from the previous subsection and
form the gauge fixed action

1
Sfix = /c/ de [E (01 y10-y1 + vyv_ +0,20_2) + 0, y1 Hzu_
b

1
+ v, Hzy1 + 2 pa(iv- 8_v+)]. (3.15)
From the equation of motion for Lagrange multiplier y,
04v_ —0_vy =0 —> vy = 04y, (3.16)

gauge fixed action becomes initial one (3.8). Varying the gauge
fixed action (3.15) with respect to the gauge fields we get
vy = :I:Giyz — ZHZE)iyl (317)
Inserting these expressions for gauge fields into gauge fixed ac-

tion, keeping the terms linear in H, gauge fixed action is driven
into T-dual action

wS= K/d2$8+(xyX)“xyl'lﬂwa,(xYX)", (3.18)
where
2!
@X)" =1r|
z
. % —Hz 0
xyn+ul) = xy B;w + Expr,v = Hz % 0 (319)
1
0 0 3
Explicit expressions for background fields are
0 —Hz O 1 0 0
wBu=[Hz 0 0|=-B,, 4,Gu.=[0 10
0 0 0 0 01
(3.20)
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Let us note that background fields obtained after two
T-dualizations are similar to the geometric background of
torus with H flux, but they should be considered only locally.
Their global properties are non-trivial and because of that the
term “non-geometry” is introduced.

Combining the equations of motion for Lagrange multiplier y,
and for gauge fields v, we obtain T-dual transformation laws

Biy = :l:aiYZ — 2H28iyl (321)

The y component of the initial canonical momentum , is a vari-
ation of the initial action with respect to the y

8S

Ty = — =(j + 2Hzx). (3.22)
3y

Using T-dual transformation laws (3.21) we easily get

7=y, — 2Hzp, (3.23)

while from the transformation law (3.11), at zeroth order in H,
it holds ¥’ = y;. Inserting last two expression into , we obtain
transformation law in canonical form

Ty = ky;. (3.24)
After two T-dualizations along isometry directions, in the approx-
imation of the diluted flux (keeping just terms linear in H), ac-
cording to the canonical forms of the transformation laws (3.14)
and (3.24), we see that T-dual coordinates y; and y, are still com-
mutative. This is a consequence of the simple fact that variables

of the initial theory, which is geometrical one, satisfy standard
Poisson algebra

{x“(a), m(&)} =880 —3a), ¥ x"}= {nﬂ, nu} =0,

(3.25)
where
Ty
m,=|m (3.26)
T

3.3. From Qto R Flux — T-dualization Along z Coordinate

In this subsection we will finalize the process of T-dualization
dualizing along remaining z direction. For this purpose we will
use generalized T-dualization procedure.?*?!?% The result is a
theory which is not well defined even locally and is known in
literature as theory with R-flux.

We start with the action obtained after T-dualizations along x
and y directions (3.18). The Kalb-Ramond field (3.20) depends on
zand it seems that it is not possible to perform T-dualization. Let
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us assume that Kalb-Ramond field linearly depends on all coor-
dinates, By, = b, + 1 By, %" and check if some global transfor-
mation can be treated as isometry one. We start with global shift
transformation

Sxtt = A", (3.27)
and make a variation of action
— K P d2 L v
8S = §B,w,)k g £0,x"0_x
Zk papf 2 o v n v
= 5 Buph e | e 0pn) -5 @dpx ) (3.28)

The second term vanishes explicitly, while the first term is sur-
face one. Consequently, in the case of constant metric and lin-
early dependent Kalb-Ramond field, global shift transformation
is an isometry transformation. This means that we can make
T-dualization along z coordinate using generalized T-dualization
procedure.

The generalized T-dualization procedure is presented in detail
in Ref. [20]. In order to localize shift symmetry of the action (3.18)
along z direction we introduce covariant derivative
Biz — DiZ = Biz—|— U4, (329)
which is a part of the standard Buscher procedure. The novelty is
introduction of the invariant coordinate as line integral

2 — f d£ D,z
P
= / dé*DJrz—i—/ dé"D_z=z(§) — z(&) + AV,  (3.30)
p p
where
(3.31)

AV:[ dE“ v, =/(d§+v++d$’v,).
P P

Here & and & are the current and initial point of the world-sheet
line P. Atthe end, as in the standard Buscher procedure, in order
to make vy to be unphysical degrees of freedom we add to the
action term with Lagrange multiplier

K
Sadd = E/ d’& yy(d, v — dyv ). (3.32)
x
The final form of the action is
S= K/ d’e [— HZ™ (3, y18_y, — 3420 y1)
x
1
+ 5@0y19-y1+ 9. y29-y2 + D;2zD_2)
1
3 Balosv- - 8,v+)i| . (3.33)
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Because of existing shift symmetry we fix the gauge, z(£) = z(&),
and then the gauge fixed action takes the form

Sfix = K/ d’e [— HAV(3,y19_y, — 8, 7,0_11)
z
1
+E(8+Y1 0-y1 + 9:y20-y2 + viv-)

+ %maw, - a,m] . (3.34)

From the equation of motion for Lagrange multiplier y; we
obtain

dov_ —0v, =0=> vy =0:2, AV =Az (3.35)
which drives back the gauge fixed action to the initial action
(3.18). Varying the gauge fixed action (3.34) with respect to the
gauge fields v, we get the following equations of motion

vy = +d,y; — 287, (3.36)
where 8% functions are defined as

" 1
B = £ Hipidss = padeyi). (3.37)

The B* functions are obtained as a result of the variation of the
term containing AV

s, (—2/{ / d?&e“ Ha,y195y2A v)

= / d% (B*sv, + B 8v.), (3.38)

using partial integration and the fact that 9. V = v,. Inserting
the relations (3.36) into the gauge fixed action, keeping linear
terms in H, we obtain the T-dual action

y2S =K / A7E Dy rye X" sy T4y 0 1y X, (3.39)
b
where
Y1 1
xszM = Y2 1> xyzH-Hw = xyz B/u} + ExyzG/l.vv (340)
Y3
0 —HAjp; 0 00
xzBu = | HAP; 0 0], 4:Guw=]0 10
0 0 0 0 1
(3.41)
Here we introduced double coordinate y; defined as
aiY3 = :I:Bi%. (342)
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Let us note that AV stands beside field strength H, which impli-
cates that, according to the diluted flux approximation, we calcu-
late AV in the zeroth order in H

AV = /dg*am —/dé’&y;. (3.43)

Having this into account it is clear why we defined double co-
ordinate j; as in Eq. (3.42). Also it is useful to note that pres-
ence of AV, which is defined as line integral, represents the
source of non-locality of the T-dual theory. the result of the
three T-dualization is a theory with R flux as it is known in
the literature.

Combining the equations of motion for Lagrange multiplier
(3.35), v+ = 9.z, and equations of motion for gauge fields (3.36),
we obtain the T-dual transformation law
9.2 £,y — 287 (3.44)
Adding transformation laws for 9,z and 9_z we get the transfor-
mation law for z

2= y;+ H(yy, — y2n1) (3.45)
which enables us to write down the transformation law in the
canonical form

/o~ 1 ! /
¥y = e — Hxy' — yx). (3.46)

Here we used the expression for the canonical momentum of the
initial theory (2.13)

=5 =« (3.47)

Tz

4. Noncommutativity and Nonassociativity Using
T-duality

In the open string case noncommutativity comes from the
boundary conditions which makes that coordinates x* depend
both on the effective coordinates and on the effective momenta.!
Effective coordinates and momenta do not commute and, conse-
quently, coordinates x* do not commute. In the closed bosonic
string case the logic is the same but the execution is different.
Using T-duality we obtained transformation laws, (3.11), (3.21)
and (3.44), which relate T-dual coordinates with the initial coordi-
nates and their canonically conjugated momenta. In this section
we will use these relations to get noncommutativity and nonas-
sociativity relations.

4.1. Noncommutativity Relations

Let us start with the Poisson bracket of the o derivatives of two
arbitrary coordinates in the form

{A(o), B'(6)} = U(0)8(c — &)+ V(o) (0 — &), (4.1)
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where §'(c — &) = 9,8(0 — &). In order to find the form of the
Poisson bracket

{A(o), B()},
we have to find the form of the Poisson bracket
{AA(o, 00), AB(&, 69)},

where

A Ao, 09) = /” dxA(x) = Alo) — A(o),

AB(G,5) = [ dxB'(x) = B(6) — B(0). (4.2)
Now we have
{A A(o, 0y), AB(6, 59)}
=/ dx[ dy [U(x)8(x — y) + V(%) (x — y)] - (4.3)

After integration over y we get

{AA(o, 00), AB(G, Go)} = /a dx {U'(x) [0(x — &0) — O(x — &)]

90

+ V(%) [8(x — 60) — 8(x — 5)]}, (4.4)

where function 6 (x) is defined as

x 1 1
O(x) = and(n) = — 2 — si
o= [ anson =5 [x+ ;nsmmx)}
0 ifx=0
={1/2 if0<x<2m. (4.5)
1 if x=2m

Integrating over x using partial integration finally we obtain

{AA(0, 00), AB(5.650)} = U(o)[0(o — 6o) — 0o — &)]
—~U(o0)[0(00 — 50) — (o0 — 5)] — U(@0)[f(o — 60) — 0(00 — 60)]
+U(G)[0(0 — &) = O(oo — )]+ V(50)[6(0 — Go) — 0(00 — o]
—V(3)[B(o — &) — 6(o0 — &)]. (4.6)

From the last expression, using the right-hand sides of the ex-
pressions in Eq. (4.2), we extract the desired Poisson bracket
{A(0), B(6)} = —[U(o) — U(6) + V(0)]0 (0 — ). (4.7)

Let us rewrite the canonical forms of the transformation laws,
(3.14), (3.24) and (3.46), in the following way

(4.8)
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In order to find the Poisson brackets between T-dual coordinates
yu we will use the algebra of the coordinates and momenta of
the initial theory (3.25). It is obvious that only nontrivial Poisson
brackets will be {y, (o), y3(6)} and {y,(0), y3(5)}-

Let us first write the corresponding Poisson brackets of the
sigma derivatives of T-dual coordinates y, using (4.8)

2 1
ri(0). v3(0)) = —Hy'(0)8(0 = &) + — Hy(0)d'(0 = &), (49)

2 1
(5(0). ¥3(6)) = == H¥ (0)3(0 = 5) —  Hx(0)8'(0 — &),
(4.10)

while all other Poisson brackets are zero. We see that these Pois-
son brackets are of the form (4.1), so, we can apply the result (4.7).
Consequently, we get

[2y(c) — y(6)]0(c —6). (4.11)

.. H
{yi(o), y3(6)} = e

H B} _
= — [2x(0) — x(5)] 0(0 — &),

{ya(0). vs(@)} = (4.12)

where function 0 (x) is defined in (4.5). Let us note that these two
Poisson brackets are zero when o = ¢ and/or field strength H
is equal to zero. But if we take that 0 — 6 = 27 then we have
6(27) = 1 and it follows

_ H
{yi(o +27), y3(0)} = e [47 N, + y(0)],

(4.13)

H
{y2(o +2m). ys(0)} = —— [47 N, + x(0)] , (4.14)

where N, and N, are winding numbers defined as

x(0 +2m) — x(0) =27 N, y(o +2m) —y(0) =27 N,. (4.15)
From these relations we can see that if we choose such o for
which x(0) = 0 and y(o) = 0 then noncommutativity relations
are proportional to winding numbers. On the other side, for
winding numbers which are equal to zero there is still noncom-
mutativity between T-dual coordinates.

4.2. Nonassociativity
In order to calculate Jacobi identity of the T-dual coordinates

we first have to find Poisson brackets {y;(c), (&)} as well as
{y2(0), y(6)}. We start with

{Ay1(0, 00), %(0)} = {/ dny; (), x(ﬁ)}, (4.16)

and then use the T-dual transformation for x-direction in canon-
ical form

e = Ky, (4.17)
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From these two equations it follows

1 o

(Ayi(o. 00). %(6)) = {/ dnnx(n),x(é)}, (4.18)
a0

which, using the standard Poisson algebra, produces
o~ 1 - -
{Ayi(0, 00), x(5)} = - [6(c — &) — (o0 — 5)]
o~ 1 -
= {y1(0), x(6)} = —;0(0 — ). (4.19)

The relation {y,(o), (&)} can be obtained in the same way. Be-
cause the transformation law for y-direction is of the same form
as for x-direction, the Poisson bracket is of the same form

(1ao). Y(6)) = — 200 — &),

- (4.20)

Now we can calculate Jacobi identity using noncommutativity re-
lations (4.11) and (4.12) and above two Poisson brackets

{y1(01), 2(02), y3(03)} = {y1(01): {y2(02), y3(03)}}

H{y2(02), {y3(03), y1(01)}} + {y3(03), {y1(01) y2(02)}}

2H
-

~

[0(01 — 02)0 (0, — 03)

+ 0(02 — 01)0(01 — 03) + 0(01 — 03)0 (03 — 03) ] - (4.21)

Jacobi identity is nonzero which means that theory with R-flux is
nonassociative. For 0, = 03 = 0 and 01 = o + 27 we get

2H
e

{yi(o + 27), y2(0), y3(0)} = (4.22)

From the last two equations, general form of Jacobi identity and
Jacobi identity for special choice of o’s, we see that presence of
the coordinate dependent Kalb-Ramond field is a source of non-
commutativity and nonassociativity.

5. Conclusion

In this article we have considered the closed bosonic string
propagating in the three-dimensional constant metric and Kalb-
Ramond field with just one nonzero component B,, = Hz. This
choice of background is in accordance with consistency condi-
tions in the sense that all calculations were made in approxi-
mation linear in Kalb-Ramond field strength H. Geometrically,
this settings corresponds to the torus with H flux. Then we per-
formed standard Buscher T-dualization procedure along isom-
etry directions, first along x and then along y direction. At the
end we performed generalized T-dualization procedure along z
direction and obtained nonlocal theory with R flux. Using the re-
lations between initial and T-dual variables, called T-dual trans-
formation laws, in canonical form we find the noncommutativity
and nonassociativity relations between T-dual coordinates.

After T-dualization along x direction we obtained theory em-
bedded in geometry known in literature as twisted torus geom-
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etry. The relation between initial and T-dual variables is triv-
ial, m, = ky;, where m, is x component of the canonical mo-
mentum of the initial theory and y; is coordinate T-dual to x.
Consequently, flux H takes a role of connection, obtained the-
ory is globally and locally well defined and commutative, because
the coordinates and their canonically conjugated momenta sat-
isfy the standard Poisson algebra (3.25).

The second T-dualization, along y direction, produces nonge-
ometrical theory, in literature known as Q flux theory. The metric
is the same as initial one and Kalb-Ramond field have the same
form as initial up to minus sign. But, this theory has just local
geometrical interpretation. We obtained that, in approximation
linear in H, the transformation law in canonical form is again
trivial, r, = kyj}, where m, is y component od the canonical mo-
mentum of the initial theory and y, is coordinate T-dual to y.
As a consequence of the standard Poisson algebra (3.25), we con-
clude that Q flux theory is still commutative. This result seems to
be opposite from the result of the reference [16] where in detailed
calculation it is shown that Q flux theory is noncommutative. The
difference is in the so called boundary condition i.e. winding con-
dition. In the Ref. [16] they imposed nontrivial winding condition
which mixes the coordinates and their T-dual partners (condition
given in Eq. (C.18) of Ref. [16]) and the result is noncommutativ-
ity. In this article the trivial winding condition is imposed on x
and y coordinates. The consequence is that Q flux theory is com-
mutative. But as it is written in Ref. [16] on page 42, “a priori other
reasonings could as well be pursued”.

T-dualizing along coordinate z using the machinery of the gen-
eralized T-dualization procedure?*?:23l we obtain the nonlocal
theory (theory with R flux) and nontrivial transformation law
in canonical form. Non-locality stems from the fact that back-
ground fields are expressed in terms of the variable AV which
is defined as line integral. On the other side, dependence of the
Kalb-Ramond field on z coordinate produces the f*(x, y) func-
tions and nontrivial transformation law for 7. Consequently, co-
ordinate dependent background gives non-locality and, further,
nonzero Poisson brackets of the T-dual coordinates. We can claim
that there is a correlation between non-locality (R-flux theory)
and closed string noncommutativity and nonassociativity. In ad-
dition, nonzero Poisson bracket implies nonzero Jacobi identity
which is a signal of nonassociativity.

From the expressions (4.11), (4.12) and (4.21) it follows that
parameters of noncommutativity and nonassociativity are pro-
portional to the field strength H. That means that closed string
noncommuatativity and nonassociativity are consequence of the
fact that Kalb-Ramond field is coordinate dependent, B,, = Hz,
where H is an infinitesimal parameter according to the approxi-
mation of diluted flux. Using T-duality and trivial winding condi-
tions we obtained noncommutativity relations. The noncommu-
tativity relations are zero if o = & because in noncommuatativity
relations function 6 (o — &) is present, which is zero if its argu-
ment is zero. This is also at the first glance opposite to the result
of Ref. [16], but, having in mind that origin of noncommutativ-
ity is not same, this difference is not surprising. If we made a
round in sigma choosing 0 — ¢ + 27 and 6 — o, because of
0(2r) = 1, we obtained nonzero Poisson brackets. From the rela-
tions (4.13) and (4.14) we see that noncommutativity exists even
in the case when winding numbers are zero, noncommutativity
relations still stand unlike the result in [16]. Consequently, we can
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speak about some essential noncommutativity originating from
non-locality.

We showed that in ordinary space coordinate dependent back-
ground is a sufficient condition for closed string noncommutativ-
ity. Some papers*®! show that noncommutativity is possible even
in the constant background case. But that could be realized using
the double space formalism. At the zeroth order the explanation fol-
lows from the fact that transformation law in canonical form is of
the form 7, = «y,,, where y, is T-dual coordinate. Forming dou-
ble space spanned by ZM = (x*, y,), we obtained noncommua-
tive (double) space. In literature this kind of noncommutativity
is called intrinsic one.

Appendix: Light-Cone Coordinates

In the paper we often use light-cone coordinates defined as

£t = %(1’ +0). (A1)

The corresponding partial derivatives are

3
— =0, £ 0,

7 (A.2)

3iz

Two dimensional Levi-Civita % is chosen in (t, o) basis as
e™ = —1. Consequently, in the light-cone basis the form of ten-

sor is
1
2 .
0

(0
Elc = _1
2

The flat world-sheet metric is of the form in (r, o) and light-cone
basis, respectively

(10 (30
n= 0_1 3 Nic = 0% .
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W




Peitydonuxa Cpduja

Yuusepsuitieii y beoipagy

TONATAK IUTTTIOMMU



Yb

1. IToxanu o MMAOIy JUIUIOME

1.1 Vime: Janujen
1.2 Ipesume: Odpuh
1.3 fatym pobema: 27. nosemdap 1992. ioguHe
1.4 Bpoj unnexca crynenTa: 2011/2105
JMBI: 2711992872501

2. ITopany o0 CTe4eHoj FUIIOMU

2.1 CrevyeHu CTPYYHH HASUB: UITIOMUPAHY (HUIUYAp - TEOPUJCKA U eKCIepUMEHIHATIHA Pu3uKa

2.2 HayyHa/ymeTHMYKa/cTpyuHa odnact (unm obnactu) cryauja: dusuuxe Hayxe

2.3 HaauB u cTaTyc BUCOKOIIKOICKE YCTAHOBE KOja M3fiaje AUIUIOMY:
Yuusepsuilieii y Beoipagy, gpiaBHa camocilanHa BUCOKOUAKOTICKA YCILAH0BA

2.4 Haaug 1 cTaTyc BUCOKOUIKONCKE YCTAHOBE KOja opraHusyje ctyauje (ykonuxo ce pasmukyje og 2.3):
Yrnusepsuimieii y beoipagy - Quauuiu Gaxyniietd, gp#HasHa BUCOKOULKONICKA YCIRAHOBA

2.5 Jeauk Ha KOMe Ce OfIp)KaBa HACTABa: CPHCKU Je3UK

3. Ilogauu o BpCTH M HUBOY CTYAM)jA

3.1 Bpcra M CTENEH CTyAKja: 0CHOBHE aKageMcKe ciiyguje, Apsol ciieiieHa
3.2 [lyxxuHa Tpajamwa cTyauja: 4 iogure (240 ECIIB)
3.3 YenoBu ymuca:

3asputeno cpegive 06pasosarse y HelBopoioguimes wpajarey u HON0MeH ApujesHu UCHUi.

4. Tlopaum o cafpsKajy ¥ IOCTUrHYTHM pe3yITaTuma

4.1 HaumH cryaupara: cilyguje y cequuiiily yciiaHose
4.2 Haaus cTynujckor nporpama:
Teopujcka u exciepuMeRmania Pusura
LnmeBu cTyaujckor nmporpama:
o Cililyyarbe BUCOKUX KOMACTHEHYU]A 1 ARAGEMCKUX U APAKIUMHUX BEWATAUHA U3 0ONACTIYU PUSUKE,

» Ociiocodmaparse BUCOKO KOMACIHEHEIHUX KAGPOBA 3d HAYHHO-UCTAPANUBAYKU PAg Y PUIUKU U CPOGHUM IPUPOJHO-

HAYHHUM U [HeXHUHKO-TLEXHONIOUKUM GUCUUITUHAMA, KA0 U 34 pag Y 00Pa3soBHUM, ipe cBeld BUCOKOUKOTICKUM
YCiHaHoBama,

+ Ocliocobmasamwe 3a KpealuBHO PA3MUUATbAE, PASYMEBAHE U PEULABAFE KOMIIEKCHUX Pusu«Kux ipodnema,
ipumery Meftioga pusuxe Ha MOGeNoBarbe pa3nuMuiiux iojasa, yueude y iipojexitobarwy 1 ussoljersy
eKcliepuMeHalid,

« OciiocodmaBarse 3a camociianan U UMKy pag,

+ Ofesbeliusarme gogaiminux 3Hama HeolixogHUx 3a Ipahere 6p30i HAYHHOI U THeXHONIOWKOL pa3Bojd,

+ Ociiocodmesarme 3a iipahemwe Haciiase Ha MAcilep U GOKMOPCKUM Cliygujama,

o Clluyame HaBUKa 3d CHidNHO HAUPegoBarme Y HAVUU 1 HAYHHOM UCTAPAMuBary ¥ Gusuyu.

4.3 TojepMHOCTH CTYIMjCKOT MPOrpaMa U MOCTHTHYTE OLIEHE:

Hacrasum npegmern . TOfL. i
IPex. Hindpa P CTa- 1 ~rp YKYTaH Spo'] wacopa CTyA. o HACTABHMK
op. TYC Tpen. BeX. OCT. Tpor.
1 09TP1004 Enrnecxu jesux 1 o 4 2 2 - 1 9 Jbumpana [Moma
2 09Td1005 JladopaTopuja dusmuxke 1 0. 3 il - 2 1 10 TBHophe Cnacojesnh
3 09T®d1003 OB&papa pesynraTa Mepemna o- 6 2 3 - 1 7 Bophe Cracojeruh
4 09TdP1009 EHrmecxu jeamk 2 o 4 2 2 - 1 10 Jbumana [Toma
5 09T@1010 Jladopatopija duamxe 2 0., 3 1 - 2 1 10 Bophe Cracojesuh
6 09T®1007 OcHosu xemuje 0. 4 2 1 - 1 Munom Mumuuh
7 09Td1001 DusuuKa MEXaHMKA 0. 9 4 3 - 1 Boxipap Hikomith
8 09T®1002 Maremaruka 1b 0. 9 4 4 - 1 Mupocnae TTapnoeuh




HacragHu NpegMeT ) TOR, S
psegx. mudpa S €18 oo yKynaH dpoj Hacosa  CTYA. .. HACTaBHUK
D. TYC Tpes. BeX. 0CT. Tpor.
r 9 09T®1008 Marematuxa 2B 9 4 4 - 1 6 Mupocnas Nasnosuh
rlO 09T®d1006 Monexynapha guayKa 1 oL 9 4 3 - 1 8 Boxwugap Huxomth
TepMOLIMHAMUKA
11 09T®2019 TlporpamMupatse 32 $uanuape o 2 2 - - 2 9 3opax Huxonuh
12 09TP2014 Jladoparopuja duzuxe 3 o, 3 1 - 2 2 10 Huxona Uhnuosuh
(13 09T®2013 MaremaTruxa Gusnxa 1 o, 7 4 2 - 2 7 Vpaxka Munowesnh
14 09T®D2018 TlaBoparopuja uamxe 4 o. 3 1 - 2 2 10 Huxona Uinmosuh
15 09T®2015 Maremaruxa 45 o, 9 4 4 - 2 6 TBopbe Kpruunh
Pﬁ 09TP2017 TeopHjCKa MEXaHMKA o 9 4 4 - 2 6 CyHumiua Enesosuh
Xapmh
W 09T®2012 EnexrpoMarHeTmsam o. 9 4 3 - 2 9 Harawa Henemxoanl\
18 09T®2016 Tanacy ¥ ONTHKA 0. 9 4 3 - 2 8 Haraua Hene:bxusmll
lﬁ 09TP2011 MaremaTHka 3B o 9 4 4 - 2 7 Hophe Kprinuth
20 09TD3024 Cratucrinika gusmka 1 o 4 2 2 - 3 § Munar Knexesnh
21 09T®3021 EneKTpoRuHaMuKa 1 o b 2 2 - 3 6 Boja PagopaHoBih
22 09T®3023 Du3KuuKa ENEKTPOHMKE g9 & 2 3 3 9 Wsax Benua
23 09TP0104 JladopaTopija CaBpEMEHE ¢usuxe O 2 - - 3 10 Bparncias O8pazosuh)
24 09T®3020 KpanTHa MexaHuka 1 oo 6 3 2 - ) 7 Maja Bypuh
@ 09T®3027 (DuaMKa aToMa 0. 9 4 2 3 3 9 HpaH Iloiwl-xosnh
26 09TD3028 CratucTiiKa duamxa 2 o. 4 2 2 - 3 g Miunas Kuexesnh
[E 09TD3026 KsanTHa MeXaHKKa 2 o B 3 2 - 3 9 Maja Bypuh
[28 09T®3022 Maremarnuxa pusiixa 2 o. 9 4 4 - 3 7 Muan [Jammarosuht
‘E 09T®3025 EfleXTpOAMHaMYKE 2 gy B 2 2 - 3 9 Boja Panosanosuh
[30 09T 4033 Cumertpuje y hyanum M. 6 3 2 - 4 10 Msarka Munouresih
31 09TD5046 Teopujcka Gu3MKa rIasme n 6 3 2 - 4 9 'Bophe Cnacojepuh
32 09T®4032 KpaKTHA CTATHCTHHYKA DU3MKA u 6 4 2 - 4 10 Muxajno Baxeruh
33 09T P4036 duanka MOneKyna o, 9 4 2 2 4 9 Iparomyd Bemh 4\
E4 09TD4030 Hyxneapra dusika o 9 4 2 2 4 6 Josas ITysoBuh
35 09TD4035 Teopuja eneMeHTapHUX 1ECTHLA n 6 3 2 - 4 6 Mapuja
TMumurpujesuh
36 09Td4046 PenaTMBMCTIHKA KBAHTHA MEXaHMKA o. 5 2 2 - 4 8 Maja bypuh
37 09Td4031 KpaHTHa TeopHja roma 1 78 6 2 - 4 10 Boja PagosaHoBuh
I_E’;S 09T 4034 Teopwja KOHJ[EH30BAHOT CTarka 7 4 2 - 4 9 Muxajno Banesrh

Hacnos sappuor pana: Huje iipegaulieno Ciaygujc
Kowmucuja 3a 0ndpany 3aBpurHoOr pana: Huje tipegsi

4.4 HauuH OLiebyBarba Ha IPeAMETHMA:

Bpoj noeHa

OueHa 3Hayelbe OLieHe ng ) -

10 ofTMyaH 91 100 |

9 y3yseTHO fodap 81 90

8 spno podap 71 80

7 nodap 61 70

6 NOBOLAH A} 60

5 Hyije MOJIOKHMO 0 50

4.5 IpoceyHa OlieHa 1 OTIITH YCIEX: 8,16 (ocam

5. ITopany 0 HAMEHM CTeIeHOr HasuBa

5.1 TlpucTyn AamuM cTynujama:

Hmanay guinome ce Moxce yAucawiu Ha M

KuM dpoipaMoM.
leno cimygujckum apoipamom.

u 16/100) - spao godap

aciiep aKageMcKe cityguje.



5.2 TTpodecuonanuy craryc:

CittygeHitiy Koju cy ycieuHo 3aspuiuny osaj cilygujcku apoipanm cy y ciltary ga y odnaciiu duszuxe:
« UpumeHe PYHGAMEHTIANHG 3HAA U3 PUIUKE J HAYIHUM UCTRPANUBARUMA U 00pA308ayY, UpuMere Meilioge uslke
3a 00jauiiverbe U MOGgenoBaree Pasnuuiux Hojdsa, Kao u ga dpaitie pa3soj HOBUX HexHON0IUja,

o QHAMWIUMKY U KpealliuBHO pasMuusbaly, e dpaitie nuidiepatiypy uz odnaciiu gusuxe,

* YovABajy U peuiasdjy HoBe npodneme ¥ Pusuyl, INdHUPAy ¥ U3BOge eKcAepUMeHITe, 0GHOCHO POPMYNUULY U
meciliupajy Weopujcke ipeliiiociliaske, aHanusupajy, uHilepipeiliupajy u ipeseHimyjy godujene pesyniiaiie,

+ page CamMocianto Uy WUMCKY i ePUKACHO KOMYHUYUPATY,

» UMAjy GpogecuoHanHy 1 eliuHKy 0gioBOpHOCH guinoMupanol pusuvapa,

+ pasymejy Vifiuyaj HoBux otikpuha u HOBUX THEXHONOIUA Ha GPYUTEBO U OKOIUHY,

« yHaupehyjy cBoje snarbe U ipaiiie pasBoj HAyKe WOKOM WeN0L HUBOA.

6. NogarHe undopmannje

6.1 [logaTHe undopmalmje o CTYREHTY:
Hema gogatiinux ungopmayuja.

6.2 MsBopu gogaTHux uHGOpMALIMja O yCTAHOBM:
http://www.bg.ac.rs
http://ff bg.ac.rs

7. OBepa mopgaTka FUIIOMH
7.1 Bpoj: 6727501 Harym: 5. jyr 2017. ioguHe

7.2 OgroBopHo nuue

Hexan, tpod. gp Jadnarn Jojxunosuh
7.3 Tleuat u nornuc

QOgnroBopHo nuie

Pexitiop, apog. gp Bnagumup BymSawupesuh
TMevaT u noTmMc
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gmlps  YHUBEP3UTET Y beorpany

i aff;"l:m [rRiTHTE

2l ":.,ag‘. Bpoj nnaexca: 2016/7034
A Bpoj: 2522017

1
o _ﬁ,{ e @uznuku Gakyarer
Harym: 02.10.2017.

]

Ha ocnoBy unana 161 3akoHa o OnTeM YNpasHOM TOCTYNKY ("Cnysx6enn auct CPJ", Op.
33/97, 31/2001 u "Cayx6enn rnacuux PC", 6p. 30/2010) u cayxOeHe eBUASHLME, Y HUBEP3UTET Y

Beorpaay - ®uznuky hakynTer. usnaje

YBEPEWE

Manujen Oopuh

uve jegroi poguitiessa Munopag, JMBI' 271 1992872501, pohen 27.11.1992. iogune, benrosay,
Peity6nuxa Xpeaiticka, yiucan wikoncke 2016/17. logure, gana 27.09.2017. iogune 3acpuiuo je
macitep akagemcke cuiyguje Ha cittygujckom tipoipamy Teopujcka u excilepuMeHiiiania gusuka, y
mpajary og jegne fogune, obuma 60 (wesgecei) ECIIF 6ogosa, ca iipoceurnom oyerom 10,00 (geceiu
u 00/100).

Ha OCHOBY HaBe[€HOT M37aje My CE OBO YBEPEHE O CTE€YEHOM BHCOKOM obpazopamy H
aKazeMCKOM HasuBy mactep ¢uspuap.

Mpod. ap Jabnan Jlojunoenh



o, PenyOnika Cpbuja
W nad Yausepsuter y beorpany
B AEY

Wapne Dusnuka Gakynrer
Ay B Il Bpoj uuaexca: 2016/7034

.

Hatym: 09.10.2017.

Ha ocHoBy unana 29. 3aK0OHa O OTLITEM YNPABHOM MOCTYTIKY 1 cayxGeHe eBuICHLMje H3Laje ce

VBEPEE O MOJIO)KEHUM UCIIUTUMA

Jlanujen O6puh, MMe jeHOT POJUTELA Musopaa, MBI 2711992872501, pohen 27.11.1992. rogune, benkogai,
PenyGnuka XpeaTcka, YMMCaH LIKOJICKE 2016/17. romise, nasa 27.09.2017. rommHe 3aBpUIMO je MACTEP aKaZeMCKe
CTyauje Ha CTYIMJCKOM TpOrpaMy Teopujcka U €KCIEPHMEHTAIHA dusmKa, y Tpajamy OA jelHEe TOIMHE, obuma 60
(we3necer) ECTIB Gonoea, 1 CTEKA0 akaneMCKki Ha3UB MacTep ¢mznuap. Tokom CTYIH]a NOJIOKHO j& HCTIMTE H3 cnenehux

npeaMeTa:
P.op. Ilndgpa Hasus npeamera Ouena N ECIIB | ®@oup yacosa™™ Marym
1. [ISMT®OKTI2 'KpauTHa Teopuja nosba 2 10 (necer) l 10 ll:(6+4+0) ( 07.07.2017.
2. |ISMT®OTP |OniuTa TEOpHja PEIATHBHOCTH | 10 (zecer) | 10 |I:(6+4+0) L 04.09.2017.
3. |ISMTOHCP I‘HC-T[J?]}KHBEI‘{KH CTYHjCKM paj ﬁ I1. | 20 I1:(0+0+20) | 19.09.2017.
4, | ISMT®P L[Lnnno.\icm pan . 10 (aecet) l 20 |11:(0+0+20) { 27.09.2017. J

* . KBHBANEHTHPAH/NPH3HAT HCINT
** _ Pon/ wacosa je y opmarty (npenasamateekie+ocTano).

Vkynso octeapero 60 ECTIb.
Onwrn yenex: 10,00 (zecer u 00/100)

Crpana l on 1



;1 Bp.2018/8013
&H oA ,HaTyM 11.10.2018. roauxe
Ha ocuory unana 161 3akoHa o omuITeM ynpaBHOM TMOCTYNKY H ey kGeHe eBHIeHIIje H3aaje ce

YBEPEILE

O6puh (Musopan) Janujea, Op. wnuekca 2018/8013, pohen 27.1 1.1992. roauHe, beukopall,
Peny6nuka Xpearcka, ynuca wkoncke 2018/2019. ronune, y cratycy: duHancupatbe U3 Oyyera; THI
CTyHja: JOKTOPCKE akaAeMCKe CTYauje; CTYAHjcKK mporpam: dusuka.

IMpema Ctatyty dakynteta cTyauje Tpajy (Opoj roauna): Tpu.
Pok 3a 3aBplIeTaK CTyauja: y ABOCTPYKOM Tpajaiby CTYAHja.

OBO Cé yBeper-e MOke YOTPeOHTH 3a peryjiucare BojHe 00aBese, H3aaBathe BH3E, NPaBa Ha Ae4H)H 1071aTaK, NOPOAHYHE
MeH3mje, MHBATHICKOT N0JIaTKa, 100Hjaika 3APaBCTREHE KILWKHLE, TErHTHMAaun]e 3a nosrauhedy BOKbY W CTHMEHAH]E.




