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Foreword

The 25-th Balkan Mathematical Olympiad (BMO 2008) for high-school students took place
from 04.05.2008 until 10.05.2008 in Ohrid, Republic of Macedonia. In some way, the
manifestations of this kind are forgotten after a short period after they are held, despite the
existence of numerous electronic versions and copies of both the problems and the results.

Nevertheless, this and al other Balkan Olympiads deserve to be more decently marked, for
the benefit of both the students and the leaders, deputy-leaders and hosts, who, as a rule,
selflessly operate for the taking place of the Olympiads and the preservation of the tradition.
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Number theory

NT1.

Prove that for every natural numberthere exists a natural number that has
the numbera (the sequence of digits that constitutg at its beginning, and
which decreasea times whena is moved from its beginning to its end (any
number zeros that appear in the beginning of thebau obtained in this way
are to be removed).

For example, fom=4 we have410256= 4110256; for a=46 we have

460100021743857360295746 [46 100021743882967164¢;

for a=58 we have
580100017244352474564 1000172443524%886

(Serbia)

NT2.

Let a be a positive integer. The sequene =, is defined bya =a,
a., —a+a +ad for every positive integek=1. Find all values ofa for
which there exists a positive integersuch thata? + a3 is a m-th power,m= 2,
mON, of a positive integer.

(Bulgaria)

NT3.

The sequencéx,)=_, is given by

Xosg = X + Xepyp10 % =1
Proof that none of the members of the sequenceislide by 4.
(Crna Gora)

NTA4.

Solve in the prime numbers the equation

Xyz+1=2v*+1,
(Albania)

NTS.

Let {a,} be the sequence witly =0 and a,, =2+a, for odd n and
a,,, =2a, for evenn. Prove that for each prim@ >3 the numberb= 22‘;3_1
divides a, for the infinitely many values of.

(Albania)
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NT6.
Let (x,).n=1,2,3,.. be a sequence defined ky= 2008 and
X + X, +-+x,_,=(n2-1)x, , foreveryn=2.
Let, also, the sequeneg=x, +%$1 , N=1,2,3,.where§, =x +x, +---+Xx, .

Determine the values of for which the terms of the sequenggare perfect
squares of an integer.

(Greece)

Algebra and Inequalities

Al.

For all positive real numbers,,a,,a, prove that

1 + 1 + 1
va, +ta,ta, a,tva,ta,; a,ta,tda,
2v 1 1 1 ’
v+l va, +va,+a; a,tva,tva, va,ta,tva,
for every positive real number.

(Greece)

A2.

n
Is there a sequencg,a,,... of positive real numbers such thata <n? and
i=1

<2008 for any positive integen?

1o
:Th

(Bulgaria)
A3.

Let (a,) be a sequence satisfaing
a,20,n=0,123,..
0A>0, a,—a,, = AaZ, m=0, mON.
Prove that there exis8>0 such that
a, s%, n=12,3,..

(Crna Gora)

A4.
We consider the set

¢ ={(z.2....2,) 2.2,,..2,0C} ,v =2,
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and the functionp: C” — C* mapping every elemeift,, z,,....z, )0 C to
#(2.2,,...2))=(2,~2,,2,~ 25,..2, - ;) .
We also consider thetuple (w,,w;,w,,...w,_,)JC¥ of the n-th roots of1,
where

Let afterk , kK ON* successive applications of the functigrto the element
(Wy, Wi, W,,...W,_;) , we obtain the element

E[¢°¢o...o¢J(w0 W Wy oW, ) = (21 Ze o o)

Determine:
0] the values of for which all coordinates of
¢t (wy, Wy, W,,...w,_,) have measure less or equal to 1,
(i) for v=4, the minimal value ok ON* for which:
|Z,;| = 2%, for everyi=1,2,3,4.
(Greece)

A5.
Consider an ingtegen=1, a,a,,...a, real numbers in-1,1] satisfying
a +a,+..+a, =0 and a funcionf :[-1,1] - R such that
[T )-f(Y)EIX-Y]|
for everyx,y in [-1,1]. Prove that

fo -t (@) f(azr)]+---+ f (an)ISl

for every x in the interval-1,1]. For a given sequenag,a,,...,a,, find f and

x so that equality holds.
(Romania)

AG.
Prove that ifx, y, z are positive real numbers such tkgtyz andzx are
lengths of the side of the triangle akd]-1,]
then the inequality
\/E + \/E + N >241-k
Jxz+yzrkey  (xy+xz+kyz  xy+yz+kax
is true. In which conditions the equality is hold.

(Albania)

9
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AT.
Let x,y,zt be non-negative reals. Show that

Sy 0z +xt +Jyz + [yt #4723 xyz+ xyt + xzt + yzt

Find all cases when equality holds.

(Romania)

Combinatorics

Cl.

All n+3 offices of University of Somewhere are humberethwiumbers
0,1,2,..n+ In+ i for some nON. One day, ProfesoD came up with a
polynomial with real coefficients and power. Then, on the door of every
office he wrote the value of that polynomial evaéghin the number assigned
to that office. On the i-th office, for(0{0,1,2,...n+ 1}, he wrote2 , and on the
(n+2)nd office he wrote2"2 —n-3.

a) Prove that Professdad made a calculation error.

b) Assuming that Professa» made a calculation error, what is the smallest
number of errors he made? Prove that in this chseetrors are uniquelly
determined, find them and correct them!

(Srbija)

C2.

In one of the countries there ame>5 cities operated by two airline
companies. Every two cities are operated in botactions by at most one of
the companies. The government introduced a rasmithat all round trips that
a company can offer should have at least six cifeve that there no more

than[ % | flights offered by these companies.
(Moldova)

C3.

Let n be positive integer. The rectanghB8CD with sides AB=90n+1 and
BC =90n+ 5 is divided into unit squares by lines which areafial to its sides.
Prove that the number of the different lines whpass through at least two
vertices of the unit squares is divisible4o

(Bulgaria)

C4.

An array nxn is given, consisting oh? unit squares. A pawn is placed
arbitrarily on an unit square. move of the pawn means a jump from a square

10



25-thBalkanM athematicaDlimpiad Ohrid-Republika Makedonija

of the k-th column to any square of the-th row. Show that the exists a
sequence oh? moves of the pawn so that all the unit squarethefarray are
visited once and, in the end, the pawn returnbeémtiginal position.

(Romania)

Geometry

Gl1.

In acute angled triangleABC we denote bya,b,c the side lengths, by
m,,m,,m. the median lengths and by,r_,r,, the radii of the circles tangents
to two sides and to circumscribed circle of thartgle, respectively. Prove that

2 2 2
&+ﬂ+ﬂ2—27@§/abc.
Ifbc rac rab 8

(Moldova)

G2.

A non-iscosceles acute triangh8C is given with AC >BC andH the point
of intersection of the heightsZ and CM. We call pointP on 4B such that
AM=PM andN the midpoint of AC. If O the circumcentre of the trianghBC
and K=PHNBC, X=ONNMK , T=0M 1 AC, prove that the point¥, N, T,
X are lie on the same circumference.

(Cyprus)

G3.

We draw two lineg,), (¢,) through the orthocenter of the triangleABC

such that each one is dividing the triangle into tirgures of equal area and
equal perimeters. Find the angles of the triangle.

(Cyprus)
G4.

A triangle ABC is given with barycentreG and circumcentreO. The
perpendicular bisectors obA,GB meet atC,of GB,GC meet atA and
GC,GA meet atB, . Prove thatO is the barycenter of the trianghB,C,.

(Greece)

G5.

The circle k, touches the extensions of sidé8 and BC, as well as the

circumscribed circle of the triangl&BC (from the outside). We denote the
intersection ofk, with the circumscribed circle of the triangeBC by A'.

11
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Analogously, we define point8' and C'. Prove that the line®\A',BB' and

CC' intersect in one point.
(Srbija)

G6.

On triangle ABC the AM (M OBC) is mediane andBB, and CC,
(B,OAC,C,AB) are altitudes. The stright lireeis perpendicular t&M at the
point A and intersect the lineBB, and CC, at the point& andF respectively.
Let denoted withw the circle passing through the poiisM andF and with
«; and with aw,the circles that are tangent to segnigftand withw at the arc

EF which is not contain the poiid. If the pointsP and Q are intersections
points for ¢y and w, then prove that the poins Q andM are collinear.

(Albania)

G7.

In the non-isosceles triangleBC consider the pointX on[AB] andY on
[AC] such that[BX]=[CY]. M and N are the midpoints of the segments
[BC], respectively{ XY], and the straight lineXY and BC meet inK . Prove

that the circumcircle of triangl&KMN contains a point, different fronM ,
which is independent of the position of the poiktsandY .
(Romania)

G8.

Let P be a point in the interior of a triangleBC and letd,,d,.d, be its
distances tBC,CA, AB respectively. Prove that

max(AP BP CP)=./dZ +d2 +d?.

(Moldova)

12



25-thBalkanM athematicaDlimpiad Ohrid-Republika Makedonija

Shortlisted -Solutions
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Number theory

NT1. Medium

Prove that for every natural numberthere exists a natural number that has
the numbera (the sequence of digits that constituté at its beginning, and
which decreasea times whena is moved from its beginning to its end (any
number zeros that appear in the beginning of thebau obtained in this way
are to be removed).

For example, fom=4 we have410256= 4110256; for a=46 we have

460100021743857360295746 [@6 100021743882867164¢;
for a=58 we have
580100017244352474564 1000172443524%886

Solution. Let a be a natural number, and let be the number digits o&. We want to
prove that there exists a number(with some zeros possibly added at its beginnsugh that

ab=alba. If b hasl digits, then we have
alld +b=abOd +a2 - a(ld -a)=b@Ick - 1),
i.e., it is enough to prove that there existsk such that
(@alok-1|@1o6-a),

since (a,adld-1)=1 and 10 >a$‘fl=bzo (I=k implies 10 =a). Knowing

(a,allok - 1)= 1, we get

(alok-1)|(10-a)if and only if (allOk - 1) | @S 10 —as*?),
and fixing s=g¢(afok -1)- 1, from Euler Theorem we get that it is enough talfi =k such
that (al0k - 1)| @10 - 1). Sinceallok = 1(moda 016 — 1) settingl = sk we get

as0% = (@A F=1(mod4018- 1),
and with|l >k the statement is proved.

(Srbija)
NT2. Medium

Let a be a positive integer. The sequeneeg =, is defined bya =a,
a.,, =a+a +ad for every positive integek=>1. Find all values ofa for
which there exists a positive integersuch thata? + a2 is am-th power,m=2,
mON, of a positive integer.

Solution. We firstly prove by induction thada3 +1 is coprime with2a, +1, for everyn=>1.
Let n=1 and p be a prime divisor of4a®3+1 and 2a +1=2a+1. Then p divides
2(4a3+1)= (2a+ 1)(4%2- 2+ 1 :, whence p divides 1, a contradiction. Assume now that
(4a3+1,28,+ 1)= 1 for some n=1 and the primep divides 4a3+1 and 2a,,; +1. Then p

divides 4a,,4 + 2= (2, + 1# + 43+ 1, which gives a contradiction.
Assume that for some=>1 the number

14
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a2, +ad=(a2+a,+ad2+asd=(a+aj(@a>2a,+1+aj
is a power. It follows from the above tha} + a3 and a2 + 2a, + 1+ a3 are coprime. This means
that a2+a3 is a power as well. The same argument can be eiuréipplied giving that
a? +ad=a2+a%=a?a+l) is a power.
If a’(a+1)=tk with odd k=3, then a=tf and a+1=t§, which is impossible. If
a?(a+1)=t* with k=2, then a=tk and a+1=t§, which is impossible. Therefore

a2(a+1)=t2 whence we obtain the solutioms=s2-1, s>2, sON.
(Bulgaria)

NT3. Medium
The sequencéx, )=, is given by
s = X + X210 % =1
Proof that none of the members of the sequenceisiide by 4.
Solution. From the recurence, we get
Xon+1 = Xon + Xy = Xn-1+ 2%, X =1.

Therefore, every odd-indexedmember is odd, hentdinisible by 4.
Next, let prove thak,, - x, is divisible by4. Forn=1,

X4 = X3+ Xg = Xot+ X1+ X5=2X o+ X 1= 4X 1+ X
hencex, - x, is divisible by4.
In a similar member:
X4(n+1) = Xan+ 4= Xan T4 11 X 17 %0
and
X4n+1) ~ Xn+1 = (Xgn = %) +4X 4 1-
By induction, it follows that4|x,,-1 and x =1. Hence, the members,,,nON are not
divisible by 4. It remains to be proved that evey,,, is not divisible by4:
Xan+2 = Xane1t Xne 1= X ¥ Xp T X e £ (X n =) +2X gy -
This gives x4n.2 =2(mod 4).

(Crna Gora)
NT4. Easy
Solve in the prime numbers the equation
Xyz+1=2¥°+1,

Solution. It is clear thaix, y andz are odd prime and thaey**! = 1(mody ). From the little
Fermat theorem we haveY?=1(mody). If we denote withd the primitive root of the

congruence2™ = 1(mody ) then it is clear that divides y2+1 and y-1, sod divides y2 -y +2

and at the endd divides 2. Sincg is prime then it is clear that=2 andy=3. Now it is easy to
show that solutions are (11,3,31) and (31,3,11).
(Albania)

15
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NT5. Easy
Let {a,} be the sequence witly, =0 and a,,=2+a,for odd n and
a,,, =2a, for evenn. Prove that for each primg>3 the numberb= 222‘1

divides a, for the infinitely many values of.

Solution. It is very easy to show that, =2%"1-2 and ay.,;=2k*2-4. If we take

22p+1_8 22p-1 o ~ ..
n=&—7a— thena,=2 3 -2. From the Fermat theorem it is clear tBptdivides number

b-1. Now, on the system with base two, we hake=111.....11( with 2p unity) and
a, =20 -2=111....11 (with b—21unity) and the result is clear.

Another solution. First we show that
ay =2k1-2, Qg sy =2K1-4.
From the recurence
Bn+1) =2+ Ane1+ 2+ A
S0
Q1) T2=2(2+ay).
By induction, having in mind thad, = 2, we obtain
Ay, +2=21,
Then
Ay =28y, =272 -4,
For 2p |k, 22p -1| X - 1. So for anyn=4ps, sON, b]a, .

(Albania)
NTG6. Easy
Let (x,),n=1,2,3,.. be a sequence defined By=2008 and
X+ X+t % =(n2=1)x, , for everyn=2. (1)

Let, also, the sequenage=x, +%s1 , =123, . WhereS, =x +X,+-+X,.
Determine the values af for which the terms of the sequenag are perfect

squares of an integer.

SolutionThe given relation (1) can be written as
X+ X+ Xo_g + Xy = N2
= (N=1)2%1 = (P =1)%y = ((=Dx1 = O+ 1),
Therefore we have the relations

Multiplying by parts the above relations weain

16
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__ 2%
)’

Sinces, =% + X, +-+- + X, =n2x, we have

n=12,3,..,

2
S = (n +1)2 Xpe1 = (N +l)2(sn+l_ Sn) = Sé:l = ﬁ?;j)z)

and as in the previous case we find

_ 25n _ 2¢n
T RGESY

n=123,...

So, we have

oy +lq =24 24N _ 2q _ 24(p51
an_X”Jrnsq_n(n+1)+n(n+1)_n_ n -

The terma, is a perfect square of an integer, wherp51, 2 1251, 2] 25.

(Greece)
Algebra and Inequalities
Al. Hard
For all positive real numbets,a,,a; prove that

1 + 1 + 1 S
va, +a,+a, a,tda,ta, a,;ta,tda,

v 1 1 1 '
v+l\va, tva,+a,; a,+tva,tva,; va,ta,tva g
for every positive real number.

Solution.It is enough to prove that
1 + 1 + 1 S
o +a,+03 a+Va,taz a+ta ot ag
S 2 + 2 + 2
ZVT”(V(Uﬁaz) +ag) 2’T+](a1+v(a2+a§) 2/v+ Xap+v(ara)

or

1 + 1 + 1 >
v ta,+ta; atvar,taz aqtastda,

>

2
+ +
(2V+1)(0’1+02)+(2+%)0’3 @+ 1)@1'*“3)‘*( 2"';1)0’2 @+ ¢ 2+as)*( 2*;1)0'1
or, itis enough to prove that

1 + 1 + 1 >
v tar,+taz atvar,tas aqta it va g

> 2 + 2 + 2 @.
(v+D+az)t 203 (Y +Dy+az; 2, (2+ Dtaszy 2y
We put

X:2V0'1+a'2+a'3, y:al+2Va2+a3 andZ:al+a2+2Va3,

17
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and then we put:
a=x+y=(+)a+az)+ 2,

b=y+z=(2v+1)(a, +a3)+ 2m;
c=x+z=(w+1)(oy+az)+ 2,.
Now we observe that:
atb=x+2y+z>x+z=c
b+c=x+y+2z>x+y=a;.
atc=2x+y+z>y+z=b
Therefore the numbeesb,c are measures of the sides of a triangle and we: hav
1 1 _ 2c > 2 *)

b+c—a+c+a—b_c2—(a—b)2_ c

1, 1 o
c+a-b a+b-c—

[WIINY

1 1 52
a+b-c b+c-a b

Adding the last three inequalities by partd putting r =%b+° we obtain:

1 1 1 .1,1,1
b+c—a+c+a—b+a+b—c‘a+b+c or
1 1 1 4,1, 1
20-a) 20-b) 2¢-c)-a b c or
414 14,152,2,.2
a +rb+ >a b+ (2)

However, we have
a=x+ty=(w+m+tay)t+ 2,
r=8*B*C and {b=y+z=(2 + 1), +as)+ 2
c=xt+z=(2v+1)(o +aj3)+ 2,
and hence:
r=8+BEC =00 + 1o + 20 + Vitry + 20+ Lrg
T-a=a+a,+2va,
T-b=2vay +a,+as3
T-c=aqy+2va,+as.
Substituting the last three equalities to inequdR) we obtain inequality (1).

Comment
*) In order to prove the inequali 2c >2 , it is enough to prove that:
* p q m c 9 p

2c2 > 2¢2 - 2@-b)? (which is clear).
(Greece)

A2. Medium

n
Is there a sequenc®,a,,... of positive real numbers such thata <n? and
i=1

n
Zgl 2008 for any positive integen?

18
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n
Solution. The answer is no. It is enough to show thatEfa,- <n? for any n, then
i=1

2k+l 2k+1

or this, we use thatz a Z %222k for any k=0 by the power mean

2l‘|
1l.n,
|=2a' 4 i=2k+1 i=Z&+1
2k+l k+1 ok
inequality. Since ) a <) a <2%*2 itfollows that ) 1 >Al, and hence
i=2k+1 i=1 i=2‘<+1ai
SERG = 2«21 1.n
= > —=>h
i R R L B ,
(Bulgaria)
AS. Easy medium
Let (a,,) be a sequence satisfaing
a,20,n=0,123,..
m=0, mON,

[A>0, a, -ay,, 2 Aag,
Prove that there exist8 >0 such that

a, SE, n=12,3,..
n
Solution. If a, =0 for somem,, then from the conditiore, -a,,; > Aaz, a,20 we get

a,=0 for everym=m, .
So, we can tak® = m max{a;,a,,....an}-
dividing the given

Let suppose thata,>0, Om=0. Then,
Aag, by agam. we get:

1 - 1_am am+l> am A>A>O n>no
8+l 8m  @m8me1l Gmen
Summing up fromo to n-1>0, we get

recurent inequality

qm " ama 2

i—iznA.
It follows that
1
1_A_B
=A™ T
WhereB-% (Crna Gora)
A4, Easy medium
We consider the set
cv :{(zi,zz,...,zv) 2,252, D(C} V=2,
1Z5,..,2,)0C tO

and the functionp: C” — C” mapping every elemeift,, z,,

#(z,2,,...2)=(2,-2,2,- 25,...2, — 2))..

We also consider thetuple (w,,w;,w,,...w,_,)JC¥ of the n-th roots of1,
where

:co{%zﬁ’”jﬂ si{%} 4= 012,u-~ .

19
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Let afterk , kK ON* successive applications of the functigrto the element
(Wo, Wy, W,,...w,_,) , we obtain the element

P (Wy, Wy, Wy, ... W,y ) E{¢o¢o .o ¢](W0 Wi W, . W, ) =

K—times
=(Z1,Ze20-Zay)
(i) the values ob for which all coordinates of
P\) (wo, Wy, W,,...w,_,) have measure less or equal to 1,
(i) for v =4, the minimal value ok ON" for which:
|Z,| =210, for everyi=1,2,3,4.
Solution. (i) The n-th roots of1 can be written as
Wo :cos’;ﬂi sir’g Wy = Wofd Wp = W? . W, 1= WL,
where w= cosz—”+| su%” is such thatw =1.

We have
¢(W0vW1,W2....,WV_1) =
= (Wo (l—a)) onw(l— a)) ,Woa)z(l— a)) ,---W(fu"‘l( 1-a)))

and using induction we obtain
P) (v .. ) =
= (o (1= @) w1 ) wee? (1) .m0
for every kON" . Therefore we have
Z =W T(1-w)*i=1,2,..y KON,

Since [wo| =1,

| =|df' ™ =1, for everyi=12,..y, we have

=[1-of* ‘(l—cruv ) inu "T(

12,4] = e (2~ )

K
2 o5 LS
= |Z,i] ={(l—auv2v”) +/7/122V”} :[2(1—001/%7):'2

K
= |2l = (a2 Z)? = (292" w0
Hence all the coordinates qi(’()(wo,wl,wz,...,wv_]) have measu(eq,ug)l( and having in

mind that for every =2, we haveo<§s7§7, we obtain

K
2| = (200 ) <1 quTs 1o ulsd o Zs

ol
<
Y,
o

(i) We have

K
1Z,| :(2/7/1727) > 2100 . (2] 2 2100 Z > 2
= Kk =200.
Hence the minimal value efs 200.
(Greece)
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A5. Easy medium
Consider an ingtegen=1, a,a,,...,a, real numbers in-1,1] satisfying
a +a,+..+a, =0 and a funcionf :[-1,1] - R such that
| f0)-f(y)EIx-y|
for everyx,y in [-1,1].
Prove that

‘f(x)—

for every x in the interval[-1,1].
For a given sequena®,a,,...,.a,, find f and x so that equality holds.

fa)+ f(@)+..+f @)
n

Solution. Using the Lipschitz condition we easily get
‘f(x)_ f(a)+f(ap)+.+ f (aﬂ)} _[f 00~ (F @)+ f a)+ ..+ f (an))} _
n n
:‘(f(x)— f@) + ()= f(a) +...+ (f ()~ f (an)}<
- <

- f@)+If &)-Fe) .+ If &) f &)l

n
IxXzaltx-ay v+ K-ay |
- n
Thus, it is enough to show that

g0 = x-a [+ |x-ap [+.+ k-2, £n,
on the interval [-1,1]. WLOG we may suppose that the numbers are ordered,
g <ay<..<a,. For xO[a_4,a) , k=2,3,...n we have
g(X)=(2k—n)x+a tay+..ta — a1~ -8y,
implying that the functiong is decreasing on the interv%l—l,a{%ﬂﬂ and increasing on

[aﬁ%],l} . So, to prove the inequality(x) < n, it suffices to verify it at-1 and 1, where it is

obvious.

It is clear that the equality in the last parttloé proof is attaned only whex=+1. In this
case we also need the equalitiégl)- f (x) F 1-x for all xO[-1,1](and the similar in-1). This
implies f(x)=-x+1+f(@) or f(x)=x-1+f(@). In both situations are possible, say
f(x)=—x+1+f (@) and f(x)=x, -1+ f (1) we get|f (x)- f (x2) E|X— X5+ 2]in contradiction
with the given condition. Thus, the equality is gib¥e if and only if f (x) =x+k for all x or
f(x) =-x+k for all x and the value ok in the problem ist1.

(Romania)

AG. Easy

Prove that ifx, y, z are positive real numbers such thgt yz and zx are
lengths of the side of the triangle akd]-1,1
then the inequality
R N~ SN, =
Jxz+yzrkey  xy+xz+kyz  xy+yz+kax
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is true. In which conditions the equality is hold.

Solution. We have,/(1-k)xy(xz + yz+kxy) < W and it follows that

Y i
Xz + yz+key Xy +yz+zX
Now the result is clear. The conditions of eqyadite

and it follows thaB—ek:(§+§)+(§+%)+(¥+§)2 6 and equality holds forx=y=z and

k=-

N[~

(Albania)

AT7. Easy
Let x,y,z,t be non-negative reals. Show that
Dy Dz +xt +Jyz +yt +3z 2 3 xyz+ xyt + xat + yt
Find all cases when equality holds.
Solution. By the AGM inequality, we have

(D +32) + (2 + ) + (e +y2) 28 (o +V2) e + YK +4vz)
Remark that
(v V) (2 +Jy ) +4yz) =
=XyZ+ XYt X2+ Yzt + Xyt (x+ Y+ z D) 2,
> xyz+ Xyt + Xzt + yzt

Jy #\0z +/xt + \Jyz + [yt #4223 xyz + xyt + xzt + yzt
By the above, equality impliesyzt =0, so one of the numbers is zero. Then, the othebeus
must be equal.

thus

(Romania)

Combinatorics

C1l. Hard

All n+3 offices of University of Somewhere are numberethwiumbers
0,4,2,..n+ In+ : for some nON. One day, ProfesoD came up with a
polynomial with real coefficients and power. Then, on the door of every
office he wrote the value of that polynomial evasehin the number assigned
to that office. On the i-th office, for(1{0,1,2,...n+ 1}, he wrote2 , and on the
(n+2) nd office he wrote2"*2 —n-3.

a) Prove that Professdd made a calculation error.

22
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b) Assuming that Professdd made a calculation error, what is the smallest
number of errors he made? Prove that in this cheeetrors are uniquely
determined, find them and correct them!

Solution. (a)Assume for a contradiction that Profesgordid not make any errors. Denote
by P the polynomial that he came up with.
We define

Q(x):(é)+®+...+[§j,

where(l’(() = qu_lmx_fl)m'ux_“ Y for everyxOR and k0N, and(é) =1, for every

xOR . Hence, for everp<i<n we have

Q0 =(b) (1) ()= () = 2.

Both polynomialsP and Q are of powem, and they have the same valuesinl points,
meaning thaQ = P . However, that means that

2" =P(n+1)=Qn+1)= (n+1)+(nilj+ ...+(”;1):

= @+ 1y - (”*1) i

which is obviously not true, a contradiction.

(b) We will prove that the minimal number of errors féssorD made is one. Since

n+2 n+2 n+ 2\ _
Q(n+2)= ( j+( 1 j+...+( n )_
- A _(N+2)_(N+2)_ i _ 4
R N (e e
if ProfessorD made exactly one error, he must have came upthéttpolynomialQ. Then,
the only error would be the value of the polynoneahluated in(n+1)-instead of 21, it

should be2n+1 -1,

Let us prove that this is the only possibility fomaking one error. Assume for a
contradiction that there is another way of makimg @rror. Part (a) implies that the error has
not been made in evaluation of the polynomiahin2. By j, 0< j<n, we denote the point in
which the polynomial has been evaluated wrongly.

Let P(j)=2i +g, instead of initially evaluateé(j) = 21, for somegOR . Then, Lagrange’s
Interpolation Formula implies

_v (x-0)(x-1)0.0x - K- 1))&k- &+ 1))Y1.0&-n)
P00 = 2. P G~ o)k~ D)0k~ k= D)k~ K+ D). K=n )

It follows that
Nl = (n+1-0)(n+1-DO.060+ + k- D))o+ + k+ DP.0O+ %n )r
2 =Po+h)= ZZ( (k-0)(k-D0. k- k- D)k~ K+ DY.OK-n )
(n+1 O(h+1-10.060+F (- D)+ + (+ HP.0OA+ %n )
(-0(-D0.0§- (-6 - (+))0.Oj —n)

Gl N*Heapk=g C1ri -1+ 24
(n+1) ) J+sz( +1j (n+1)

of " -ori =1 )
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Similarly, when we useP(n+1)=2"1 for the polynomial evaluation using Lagrange's
Interpolation Formula, we get

22 _n-3= g(n;—Z) (i - 1+ 22,

and

o " ?)e-ori=n2, @

Dividing (2) by (1) we obtain

el
(n}-zj:(n}-zj(n_j+2),

i.e., j=n+1. This, is however in contradiction with the asstiopthat j <n.

and

(Srbija)

C2. Hard

In one of the countries there ame>5 cities operated by two airline
companies. Every two cities are operated in botections by at most one of
the companies. The government introduced a rastithat all round trips that
a company can offer should have at least six citeeve that there no more

than[ 2| flights offered by these companies.

Solution. Consider the graple with n vertices representing cities with edges colored in
two colors(blue and red), representing connectlmtsveen them operated by two companies.
The condition of the problem is equivalent tharéh@oes not exist circuit subgraptis,C,,Cs.

Assume to the contrary that are at Ieé%i}l edges in the graple . Using the Turan’s

Theorem we conclude there exist a complete subgkaph{ A, A, A3 A} of the graphG with
all its edges colored in two colors (blue and réd)there no circuit subgraplt;,C4,Cs in G,
the only possible coloring is the following: theged AA;, AsA; AA, are colored blue and
AAs, AAL AN, are colored red.

First of all we prove that we get contradictiom fo=5,6,7,8. Extract from the graplG
four vertices A, Ay, A3, A, Of the subgraphk, and observe that each of the remaining4
vertices has at most connections with these vertices. If there will be three connections that
two of them will be of the same color and they tbge with vertices ofK, will form the

subgraphsC,,C; or Cs;. There are at mow edges between -4 remaining vertices.
Thus there are totally at mo&t 2(n - 4)+W edges in the grap6 . But

6+2(n—4)+%s”—; for 5sn<8,
because

12n-12+ 30— 4)- 55 22 or n2-15n+ 48< Q.
So, the statement of the problem is truerers,6,7,8.

Now we prove it using mathematical induction, gsthe above result as a base case. We
apply the same idea. We assume the contrary addHensubgrapix, whose existence is

24



25-thBalkanM athematicaDlimpiad Ohrid-Republika Makedonija

ensured by Thuran’s Theorem. By the induction hlypsis there will be no more théﬁ?—)z

edges between the remaining-4 vertices. Thus in the grapls there will be at most

6+2(n— 4)+@ edges. But

n-42 2
6+2(n- 4)+ (N=4° 3 ) s%,
because

6n—12+ (n— 4f<n2 or 4<2n,
a contradiction and we are done. The problem igesbl
(Moldova)

Cs. Eesy-medium

Let n be positive integer. The rectangh8CD with sidesAB=90n+1 and
BC =90n+ 5 is divided into unit squares by lines which areafial to its sides.
Prove that the number of the different lines whpass through at least two
vertices of the unit squares is divisible4o

Solution. Denote 90n+1=m. We investigate the number of the lines moddl@onsecuti-
vely reducing different types of lines.

The vertical and horizontal lines ar@n+5)+ (m+1)=2(m+ 3) which is divisible to 4.
Moreover, every line which makes an acute anglthéoaxeOx (i.e. that line has a positive
angular coefficient) corresponds to unique linehvah obtuse angle (consider the symmetry
with respect to the line through the midpointsA# and CD ). Therefore it is enough to prove
that the lines with acute angles are an even number

Every line which does not pass through the ce@taf the rectangle corresponds to another
line with the same angular coefficient (consider symmetry with respect t0). Therefore it
is enough to consider the lines through

Every line throughO has an angular coefficieng, where (p,q)=1, p and q are odd
positive integers. (To see this, consider the tearest, from the two sides, @ points of the

line). If p#1, gq#1, p<m and g<m, the line with angular coefficientg, uniquely

corresponds to the line with angular coefficieg]t It remains to prove that the number of the

remaining lines is even.
The last number is

1 9M+2) pm+a) | pm+2)+pm+4)
2 2 2

because we have:
1) one line withp=q=1;

2) M lines with angular coefficien{n% , p<m is odd and(p,m+2)=1;

3) M -1 lines with angular coefficienﬁ , p<m is odd and(p,m+4)=1.

Now the assertion follows from the fact that thenber
p(Mm+2)+p(m+4)=¢ (90 + 33+ ¢ (90 + 5
is divisible to 4.
(Bulgaria)
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C4. Easy

An array nxn is given, consisting oh? unit squares. A pawn is placed
arbitrarily on an unit square. Aove of the pawn means a jump from a square
of the k-th column to any square of the-th row. Show that the exists a
sequence oh? moves of the pawn so that all the unit squarethefarray are
visited once and, in the end, the pawn returnbeémtiginal position.

Solution. Label the unit squareg, j) . A move will be denotedi,k) - (k,t).

We use induction om ; the base case is trivial.

Consider now gn+1)x(n+1) array and assume that the pawn starts inrtke array A
situated in the upper left corner and that a cirexists insideA. Let (i,a) be the next square
visited after(i,i) in this circuit. Now replace the move,n) - (n,a,) with the moves

(nn) - (n,n+1) - (h+1ln+D)- fo+1n)- Qa, )
and replacej,i) - (i,a), i =1,2,...n- 1by the sequence
(,i)-@(n+) - (+Li)- (&)

With the rest of the moves unaltered, notice #llathe 3+ 2(n-1)= 1+ 1= o+ 1¥-n2 new
squares of thgn+1)x (n+1) array are visited, so we are done.

If the pawn starts from an unit squage situated the(n+1)-th row or column, take any
circuit which covers thgn+1)x (n+1) array and starts in a square of A, then rearrange the
sequence of moveB -, ... » S ... P intheformS - ... P - ..., S, to get a circuit as.

(Romania)

Geometry

G1. Medium

In acute angled triangleABC we denote bya,b,c the side lengths, by
m,,m,,m. the median lengths and by,r_,r,, the radii of the circles tangents
to two sides and to circumscribed circle of thartgle, respectively. Prove that

L1 L S N Frev)
Ifbc rac rab 8

Solution. Let the circle with cente0; is tangent to the sideaC and AB at the pointsB;
and C; respectively and the poimt is the common point of this circle and circumsedizircle
of the triangle ABC . If O is the circumcenter, then the poirRg0,1, are collinear and

OA=R, Ol =R-Ty,, Alj=—%_, cos(JOAl, )= co%.
sing
2

By applying the cosinus law in the triang&l;, we obtain

inA sinB sirC = A
4ARSING: SING. SIS =y 00%2 r,

wherer is the radius of the incircle of the triangh8C . So, we have
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e =5 fa= 55 b= 5g -
cog 4 cog 8 cog§
Let 2p=a+b+c, andR is the radius of the circumcircle of the triangléC . Then
__ P
rbcrcara.b 16R2r
Suppose WLOG that in the acute angled triang€ we havea=b=>c. Then

2 < m2<m2 A B c 1 .11
m <nZ<mé, co§25co§zsco%, rbc<rca<rab

abc=4pRr, p= 3J3r,

ri—lJ have the same ordering. By applying

Thus, the triples(m3,m2,m?) and [
ca Tab

1
Tbe
Chebyshev inequality we obtain

ﬁ+m° mc 1(ma+mo+rr@)[1+ 1, . J %%Eﬂahb%cz)[ 1, 1, 1}
ab

The Tac Tab leca Tbe Tea Tab

[52
l 2l 1 1 1 1 2 1 23 P -
a+b+c + =+ a+b+c)¢3 a+b+c =
( ) (bc j ( ) Thelcalab j'( ) 16R?r3

rca
_1 1 1 a/3\/5 Pt _
(a+b+c)2 1& " )2 (a b+c)23rEm2 (a+b+c)2 EW—
_3 _/3 RV P T 27\/—3
EbEﬂa+b+c)2Es(ab )2 ( at+ +C)3§/W ( abc)3\3/_) 3’_

The equality holds for the equilateral triangd&C . The problem is solved.
(Moldova)

G2. Easy-medium

A non-iscosceles acute triangh8C is given with AC >BC andH the point
of intersection of the heightsZ and CM. We call pointP on 4B such that
AM=PM andN the midpoint of AC. If O the circumcentre of the trianghBC
and K=PHNBC, X=ONNMK, T=0OM N AC, prove that the point&, N, T,
X are lie on the same circumference.

Solution. It is enough to show thadM OMK .
Let OE O AB, then itis trivial that :

CH =20E . (1)
Since from the hypothesis we ha@® = AM then we takePB=PM -BM or
PM = AM - BM )

Also, 0OKPB=0OHAP and OHAP=0HCK since4MZC in inscribable, sd1KPB =0OHCK and
since OBKP = OHKC , the trianglekHC andkBP are similar.
If KL and KD are respectively the heights of the trianglé37/C and KkBP we have:
KD _ PB .
KL-CH and from (1) and (2) we get:
KD _AM -BM _ ME _, KD _ ME
KL 20E OE MD OE
Therefore the trianglesMD, OEM are similar and we get:
OOMK =0OOMC +[OLMK =0OMOE + OMKD =[OKMD +OMKD =90°,

SOOM OMK .
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(Cyprus)

G3. Easy

We draw two lineg¢,), (¢,) through the orthocentét of the triangleABC

such that each one is dividing the triangle into tirgures of equal area and
equal perimeters. Find the angles of the triangle.

Solution. Lemma: If a line divides a triangle into two equal ardgufes with equal
perimeters then this line passes through the ineémf the triangle.

Proof of Lemma. Let in triangle ABC the line(¢) intersects the sidesaB, AC at the points
D, E respectively. Therarea( ADE) = area(BDEC) and

AD+DE+EA=BD+DE+EC+CB= AD+EA=BD+EC+CB )
We observe that if r the radius of the inscribedleiof the triangleABC , then
area( ADIE) = 3 (AD +EA)r )
and
-1
area(DBCEI ) = 7(DB+BC +CE)r . 3)

From (1),(2) (3 we obtain,
area( ADIE) = area( DBCEI ) = area( ADE) + area(DIE) = area( DBCE) - area(DIE),
through whicharea(DIE) =0, so the line(¢) passes through the incentref the triangle.
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According to the lemma and through the data of ghwblem, the lineg(¢,), (¢,) pass

through the incentréand the orthocenter of thi&of the triangle ABC .
Therefore the triangle is equilateral.
(Cyprus)

G4. Medium

A triangle ABC is given with barycentre G and circumcentreO. The
perpendicular bisectors @A, GB meet atC,, of GB, GC meet atA and GC,
GA meet atB,. Prove thatO is the barycenter of the triantAdB,C,.

Solution. Let D,E,F be the midpoints of the sideBC,AC,AB of the triangleaBC,
respectively. Let, alsB,C;, AC; and AB; the perpendicular bisectors of the line segmeats

GB andGC .
Then the pointsA, B, and C, are the circumcenters of the triangB&C , GAC and GAB,

respectively. (They are the points of intersectibthe perpendicular bisectors of their sides).
ThereforeyD , B[E and C;F are the perpendicular bisectors of the siifes AC andAB,

respectively, and hence they are passing throughitbumcenterO of the triangleaBC .
We shall prove thaD , B,E and C,F are the medians of the triang{@,C; .

Let the extension oAD intersects B,C,; at the poinN. We shall prove thalN is the
midpoint of the segme®C; .
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From the cyclic quadrilateraAMEB; (<M = £E =90"), we get.

AMAE = XMBE = X @ (1)
From the cyclic quadrilater@OEC («D = £E =90°), we get
XECD = XEON = £ ¢ . )
From (1) and (2) we conclude that the triasghDC and B;NO are similar and therefore
NB, _ AD
NO ~ CD° )
From the cyclic quadrilaters®dMFC, (&M = £F =90°), we get
AMAF = XMC/F = £X.. (4)
From the cyclic quadrilater@OFB («D = £F =90°), we get
AFBD = £FON = Ky. (5)
From (4) and (5) we conclude that the triaeghDBand C,NO are similar, and so:
NG _ AD
NO ~ BD’ (©)
From the relations (3) and (6) we find:
NB, = NC; .
Similarly, we prove th&E, C;F are medians of the trianghgB,C; .
(Greece)
G5. Medium

The circle k, touches the extensions of sidé8 and BC, as well as the

circumscribed circle of the triangl&BC (from the outside). We denote the
intersection ofk, with the circumscribed circle of the triangksBC by A'.
Analogously, we define point8' and C'. Prove that the line\A',BB' and
CC' intersect in one point.

Solution. Let R and r be the radii of the circumscribed and inscribettlei of AABC ,
respectively, letr,,r,,r. be the radii of the escribed circles AABC touching BC,CA AB
respectively, and lep,, p,, 0. be the radii of circlek,, k, k. , respectively.

Let xBAA'=a;, XCAA'=a, and le©O be the center of the circumscribed circle {BC .
Let O, be the center of the circle, and letk, touch the extensions ofB and AC in D and
E, respectively. We havepa=cor;a. The pointsO,, A’ and O are colinear. We have
£BO0O, = XBOA'=2a,, as they are thiz inscribed angle and the centgleaf the same arc. As
BO=R and 00, =R+ p,, applying law of cosines onBOO, we get

BOZ =R2+(R+p0,)2-2R(R+ p,)cosy = R2+p2+ Rp,— RR+p, )& 2sify 3
= p2 +4R(R+ p,)sin2ay '

Looking at AADO,, we obtainAD = pactg% , SO

0, = fa _.rs 1
a cog g S~-acogg
This implies
D= rs a__rs 1 —2rs 1 _

= ctgd =1 S 1 -
(s—a)co§% 2 s asm% co% s—asing

—_4Rrs __abc __bc
(s-a)a (s—a)a s-a’
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Hence,BD = AD - AB=_bC__c=C(5=9)
S—a S—a

Applying Pythagorean theorem @BDO, we obtain

2(c— )2
BO2 = BD2+DO2= p2+ (8797
a pa (S_a)z

Thus,
c?(s-¢)?
(s-a)?4R(R+ pa)
Analogously, we get
2(c—-h)2
sinta = PRS0
(s-a)24R(R+ o)

sinay _ ¢(s—c)
sina, b(s—b)’

sin?a =

— sing; _ a(s—a) siny; _ b(s-b)
Similarly, we getsinﬁz = e6=0) and siny, ~a-a)’

Multiplying those three equalities, we

obtain

sinay sing; siny; _ c(s—c) a(s—a) b(s-h) _
sina, sinB, siny, bé-b)c6-c)ag-a)

and the statement of the problem follows from Cevidieorem.

1:

(Srbija)
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G6. Medium

On triangle ABC the AM (M OBC) is mediane andBB, and CC,
(B,OAC,C,JAB)are altitudes. The stright lintis perpendicular té&\M at the
point A and intersect the lineBB, and CC, at the pointE andF respectively.
Let denoted withw the circle passing through the poisM andF and with
« and with w, the circles that are tangent to segnteftand withw at the arc

EF which is not contain the poiid. If the pointsP and Q are intersections
points for ¢y and w, then prove that the poins Q andM are collinear.

Solution. Let K be the midpoint of BB, andL the midpoint of CC,. It is clear that

guadrilateral EAKM is cyclic and thallAME =0AKE. In a similar way we can show that
OAMF =OALF . Since the trianglegBB, and ACC,; are similar, it follows thaQlAKE = OALF

and thatA is the midpoint oEF. Now it is clear that the cent€& of w lies in the lineAM and
that M is the midpoint of arEEF. From the generalized Ptolemy theorem in quaerisht
MF a E, if we denote withS the tangent point of 4 with EF and withT the point of

tangence fronM to «, we have MF [(ES+MF (FS=MT [(EF and consequentely thMT =
MF. Now it is clear that if we denote wit®, and O, centers ofw and w,, respectively we
have

MOZ - O,P2 = MOZ - O,P2
and the result is clear. (Albania)

G7. Medium

In the non-isosceles triangBC consider the pointX on[AB] andY on
[AC] such that[BX]=[CY]. M and N are the midpoints of the segments
[BC], respectively{ XY], and the straight lineXY and BC meet inK . Prove

that the circumcircle of triangl&KMN contains a point, different fronM ,
which is independent of the position of the poiktsandY .

Solution. Let L be the midpoint of the arBAC belonging to the circumcircle ofBC . We
shall prove that_ is the fixed point we are looking for.
As [BL] =[Cl, [BX] =[CY] , and XABL = XACL we haveALBX =ALCY . As a consequence,

AAXL = xAYL and [XL] =[V] . Thus L is the midpoint of the ar&AY of the circumscribed

circle of XAY . This implies XLNK = £LMK =90, which means that the point belongs to the
circumcircle of triangleKMN .
(Romania)

G8. Easy

Let P be a point in the interior of a trianglkBC and letd,,d,.d, be its
distances tBC,CA, AB respectively. Prove that

max(AP BP CP )= /dZ +d2 +d_2.

Solution. Let a= AP, b=BP, c=CP and denote

32



25-thBalkanM athematicaDlimpiad Ohrid-Republika Makedonija

¥ = M(£LPAB) , X, = M(£PAC) , y; =m(£PBC),
Yo =M(£PBA), 7z =m(£LPCA), z, = m(LPCB).
Because(x, +y; + z;) + (Xp+ Y+ 2,) = 77, then WLOG assume thag + y; + z; < ’—27 .

Suppose thatmax(AP BP CP)=a, anda? <dZ+d2+d2. Then

2 2
Sin2)(1:dic dic'
a2 dZ2+d2+d?
. d2 d2 dz2
siPy =525 >—5—5—,
b2~ aZ  d2+d2+d;
. d? d? dz2
sinfz =2 >0 > b

2~ a2  d2+d2+d2’
By ssuming these relations we obtaiin? x, + sir?y; + sirz, > 1. But this is false, because the

following result holds: if 0<x<L27, 0< y<’—27, x+y<7—27, then sin?x+ sirfy< sir? k+y),
which is true because the triangle with angleg,7—x-y is obtuse-angled or right-angled.
Therefore
Sin2x + sily; + sirfz < Sir? g+ yq F sifz;< sidX+y+z,% ,
a contradiction. Soa? > d? +d2+dZ. The problem is solved.
(Moldova)
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25" Balkan Mathematical Olympiad
Ohrid, 6" May, 2008

Problems

1. An acute-angled scalene triangleC is given, withAC >BC. LetO be its
circumcentreH its orthocentre, and the foot of the altitude fror@. LetP be
the point (other thaA) on the line4B such thadF=PF, andM be the midpoint
of AC. We denote the intersection BH andBC by X, the intersection o®M
andFX by, and the intersection @i andAC by Z. Prove that the points M,
Y andz are concyclic.

2. Does there exist a sequenega,,...a,,.. of positive real numbers
satisfying both of the following conditions:

(1) Zn:q. <n?, for every positive integen,
i=1

(i) Zal <2008, for every positive integem?
i=1 %

3. Let n be a positive integer. The rectanghBCD with side lengths
AB=90n+1 and BC =90n+ 5 is partitioned into unit squares with sides pafall
to the sides oABCD. Let S be the set of all points which are vertices ofkthe
unit squares. Prove that the number of lines wipaks through at least two
points fromSis divisible by4.

4. Let c be a positive integer. The sequengea,,....a,,.. is defined by
a =c, anda,,, =a2 +a, +c?, for every positive integen. Find all values ofc
for which there exist some integeks1 and m= 2, such thata? +c® is the m"
power of some positive integer.

Time allowed: 4.5 hours.
Each problem is worth 10 points.
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Ohrid-Republika Makedonija

National teams participating in BMO 2008

country part. name
leader Edmond Pisha
deputy leadefFatos Kopliku
contestant Redi Haderi
ALBANIA contestant Ben?ada Shabani
contestant Andi Regi
contestant Manushage Mugo
contestant Elona Hasa
contestant Erion Dervishi
country part. name
leader Vidan Govedarica
deputy leadefAmer KrivoSija
contestant Admir BeSirewi
BOSNIA & HERZEGOVINA contestant Vedran Ka_ra_hodii
contestant Salem Maliki
contestant Jelena Radévi
contestant | Franjo Ssvi¢
contestant Vlado Uljarei
country part. name
leader Nikolai Nikolov
deputy leadefPeter Boyvalenkov
observer Oleg Mushkarov
contestant Nikolay Beluhov
BULGARIA contestant Lyuboslav Panchev
contestant Svetozar Stankov
contestant Aleksander Daskalov
contestant Evgeni Dimitrov
contestant Galin Statev
country part. Name
leader Andreas Philippou
deputy leadefTheoklitos Paragyiou
contestant Anastos Michael
CYPRUS contestant Anqstgssiades Christos
contestant Assiotis Theodoros
contestant Demetriou Charis
contestant Makris Christos
contestant Katsamba Panagiota
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country part. Name
leader Anargyros Felouris
deputy leadefEvangelos Zotos
contestant Silouanos Brazitikos
GREECE contestant Ilia§ Qiechaskigl .
contestant Alkistis Mavroeidi
contestant Dimitrios Papadimitriou
contestant Nikolaos Rapanos
contestant Anastasios Vafeidis
country part. name
leader Petar Sokoloski
deputy leadefLjupco Nastovski
contestant Bodan Arsovski
MACEDONIA 1 contestant Bqun Joveski _
contestant Dimitar Trenevski
contestant Stefan Lozanovski
contestant Matej Dobrevski
contestant Kujtim Rahmani
contestant Predrag Gruevski
contestant Zlatko Joveski
MACEDONIA 2 contestant Filip Ta!imdzioski
contestant Petar Filev
contestant Andrej Risteski
contestant Darko Domazetoski
country part. name
leader Teleut Marcel
deputy leadefBairac Radu
contestant Frimu Andrei
MOLDOVA contestant Granthi Il_JIian
contestant Grecu Mircea
contestant llisenco Andrei
contestant Sanduleagtefan
contestant Zubarev Alexei
country part. name
leader Romeo Mestroi
deputy leadefVelibor Bojkovi¢
contestant Marica Kneze&vi
MONTENEGRO contestant Nikola MiIink0\_£i
contestant Radovan Krtolica
contestant B& Meruli¢
contestant Tanja lvoSevi
contestant Rastko Pajkavi
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country part. name
leader Mihai Bluna
deputy leadefMariean Andronache
observer Dan Schwarz
observer Cristian Alexandrescu
ROMANIA contestant Mihgil Eu.gen. DumitreS( u
contestant Daniel Tiberiu Rimove¢z
contestant Victor ®lureanu
contestant Ndalina Elena Persu
contestant Edgar Dobriban
contestant Eugenia Cristina {20
country part. name
leader MiloS Stojakoyi
deputy leadefMilos Milosavljevi¢
contestant DuSan Milijamevi¢
contestant Luka Mibevi¢
SERBIA contestant Aleksandar Vasiljkavi
contestant Teodor fon Burg
contestant Vladimir Nikod
contestant Marija Jéli
country part. name
leader Ali D@anaksoy
deputy leadefFatih Sulak
contestant Omer Faruk Tekin
TURKEY contestant | Melih Uggr
contestant Alpeknecik
contestant Fehmi Emre Kadan
contestant Umut Varolgige
contestant Semih Yavuz
country part. name
leader Fuad Garayev
contestant Sarkhan Badirli
AZERBAIJAN contestant Ruslan Muslumov
contestant Farid Mammadov
contestant Eldar Babayev
country part. name
leader Claude Deschamps
contestant Martin Clochard
FRANCE contestant Juliette_ Fournigr
contestant Ambroise Marigot
contestant Jean-Francois Martin
contestant Sergio Véga
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country part. name
leader Massimo Gobbino
deputy leadefFrancesco Morandin
observer Ludovico Pernazza
contestant Andrea Fogari

ITALY contestant Mattia Francesko Galeotti

contestant Kirill Kuzmin
contestant Giovanni Paolini
contestant Leonardo Patimo
contestant Pietro Vertechi

country part. name

leader Assan Zholdassov
deputy leadeflskakova Aliya
contestant Yegor Klochkov
contestant Asset Daliyev

KAZAKHSTAN contestant Tussupbekov Yerken
contestant Nursultan Khajimurato\
contestant Sanzhar Orazbayev
contestant Yeskendir Kassenov

country part. name
leader Erdal Eravci
TAJIKISTAN contestant Igor Korobeynikov
contestant Inomzhon Mirzaev
country part. name
leader Erol Aslan

contestant Nazar Emirov
contestant Azat Meredov
contestant Merdan Artykov

TURKMENISTAN

country part. name

leader Adrian Sanders
deputy leadefJacqui Lewis
contestant Galin Ganchev
contestant Andrew Hyer
contestant Peter Leach
contestant Craig Newbold
contestant Hannah Roberts
contestant Rong Zhou

UNITED KINGDOM & IRELAND
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Complete results of BMO 2008
N M| <
contestant % g g g
2/ 5|8|o
O| o| o| o
5| 8| 8| 5/total| medal
1 ROM6 |Eugenia Cristina Rosu 10{10| 9 |10| 39 | gold
2l BULL Nikolay Beluhov 10(10{ 9|7 | 36 | gold
3 ITA1 Andrea Fogari 10/10{9|5| 34 | gold
4 TUR2 Melih Ucer 10{10| 3 |10| 33 | gold
5 BUL3 |Svetozar Stankov 610/ 5|10 31 | gold
60 ROM3 |Victor Padureanu 10{10{10/ 0| 30 | gold
77 TUR1 Omer Faruk Tekin 10/ 8|2 |10| 30 | gold
8 BUL2 Lyuboslav Panchev 109(9|1| 29| gold
9 MDA4 |lia senco Andrei 109|9|1| 29| gold
10 MDAl [Frimu Andrei 10| 2]|9|7| 28| silver
11 BUL4  |Aleksander Daskalov 10 2| 5|10| 27 | silver
12 SRB2 Luka Mili éevié 10| 3| 4 |10] 27 | silver
13 SRB6 Marija Jelié¢ 1009 | 7| 1| 27 | silver
14 ROM2 |Daniel Tiberiu Rimovecz 1010| 3| 3| 26 | silver
15 ROM4 |Madalina Elena Persu 1018 |6| 25| silver
1§ TURS Umut Varolglnes 10[1|8| 4| 23| silver
17 ITAG Pietro Vertechi 10( 1 (10| 2 | 23 | silver
1§ BULS Evgeni Dimitrov 1012 |5| 5| 22 | silver
19 KAzZ1 Yegor Klochkov 10| 2 10| O | 22 | silver
20 SRB4 Teodor fon Burg 100|8| 3| 21 | silver
2] BUL6 |Galin Statev 10 2|3 |5] 20| silver
22 KAZ5 Sanzhar Orazbayev 100| 3| 7| 20 | silver
23 KAZ6 Yeskendir Kassenov 100| 8| 2| 20 | silver
24 ALB1 Redi Haderi 10/9|/0| 0| 19| silver
25 ITA3 Kirill Kuzmin ¥ |1]10/ 1| 19| silver
26 UNK&IRL1 |Galin Ganchev 100| 2| 7| 19 | silver
27 SRB1 DusSan Milijanéevi¢ 100|7|1] 18| silver
28§ FRA5 |Jean-Francois Martin 6|5[6|1| 18| silver
29 GRE6 |Anastasios Vafeidis 104 (1|2 17 | silver
30 MKD1A Bodan Arsovski 10{ 3|4 |0 17 | silver
31 MNG1 |Marica KneZevié 8|12|3|4| 17 | silver
32 ROM1 [Mihail Eugen Dumitrescu 5(3[9|0]| 17 | silver
33 TURS6 Semih Yavuz 100] 2|5 17 | silver
34 ITA2 Mattia Francesko Galeotti |[8|8|1|0]| 17 | silver
35 KAZ2 Asset Daliyev 1033|117 | silver
36 BIH3 Salem Malikié 10[3|2| 1| 16 | bronze
37 MDA5 [SanduleanuStefan 6(9|1|0| 16 | bronze
3§ TUR3 |Alper inecik 10/ 0| 3| 3| 16 | bronze
39 ITA4 Giovanni Paolini 710][9|0| 16 | bronze
40 UNK&IRL2 |Andrew Hyer 1(9|6|0]| 16 | bronze
41 SRB5 Vladimir Nikoli ¢ 9/0|6|0]| 15 | bronze
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42 AZE2 Ruslan Muslumov 4|1 10| 15 | bronze
43 FRA1 Martin Clochard 0 |10 15 | bronze
44 ROMS5 |Edgar Dobriban 8|0 14 | bronze
45 SRB3 Aleksandar Vasiljkovi¢ 10/ 0 14 | bronze
4 KAZ3 Tussupbekov Yerken 10 3 14 | bronze
47 UNK&IRL5 [Hannah Roberts 10 4 14 | bronze
48 TJIK2 Inomzhon Mirzaev 10| 0 13 | bronze
49 ALB2 Beniada Shabani 100 12 | bronze
50 TUR4 Fehmi Emre Kadan 190 12 | bronze
51 AZE3 Farid Mammadov 10| 1 12 | bronze
52 KAZ4 Nursultan Khajimuratov 10 | 2 12 | bronze
53 UNK&IRL3 |Peter Leach ol 4 12 | bronze
54 GRE4 |Dimitrios Papadimitriou 10| 1 11 | bronze
55 ITAS | eonardo Patimo 010 11 | bronze
56 UNK&IRL4 |Craig Newbold 10 11 | bronze
57 GRE1 Silouanos Brazitikos 8 10 | bronze
58§ GRE2 llias Giechaskiel 1 10 | bronze
59 MKD3B Filip Talimdzioski 2 10 | bronze
60 MDA3 |Grecu Mircea 10 10 | bronze
61 GRE5 |Nikolaos Rapanos 9 bronze
62 MKD1B Predrag Gruevski 2 bronze
63 CYP2 Anastassiades Christos 2 bronze
63 MDA6 [Zubarev Alexei bronze
65 MKD4A Btefan Lozanovski bronze
66 MDA2 |Gramatki lulian bronze
67 ALB3 Andi Reci bronze
68 BIH4 Jelena Radovi bronze
69 MKD3A Dimitar Trenevski bronze

0
1
0
1
0
4
70 BIH6 Vlado Uljarevi ¢ 3
71 CYP5 Makris Christos 1
3
0
1
1
1
0
1
2

72 MKD6A Kujtim Rahmani

73 MKD4B Petar Filev

74 FRA3 Juliette Fournier

75 BIH1 Admir BeSirevi ¢

76 BIH2 Vedran Karahodzié

77 CYP1 Anastos Michael

78§ MKD2A Bojan Joveski

79 MNG2 |Nikola Milinkovi ¢

80 CYP3 Assiotis Theodoros q

81 GRE3 |Alkistis Mavroeidi 1

82 MKD5A Matej Dobrevski 0

83 MKD2B [latko Joveski 1

84 TKM2 Azat Meredov 0

1

1
0

85 TKM3 Merdan Artykov
8§ ALB4 Manushage Muco
87 BIH5  Franjo Saréevié
88§ CYP6 Katsamba Panagiota 1
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89 MKD5B Andrej Risteski 0/0|1]0] 1
90 MKD6B pParko Domazetoski 0|0|0|1]| 1
91 MNG3 |Radovan Krtolica 0|{0|1|0]| 1
92 FRAG6 Sergio Véga 0QO0|1|0] 1
93 TJK1 Igor Korobeynikov 0|1/0]|0| 1
94 UNK&IRL6 [Rong Zhou 0/1|/0|0] 1
95 ALB5 Elona Hasa 0j]0j0|0O| O
9§ ALB6 Erion Dervishi 0/0|0(0]| O
97 CYP4 Demetriou Charis 0/|0j0|0O| O
98 MNG4 |Beéo Merulié 0|0|0|0O| O
99 MNG5 [Tanja IvoSevié 0{0|0]|0O0] O
100 MNG6 |Rastko Pajkovi¢ 0{0|0]|0] O
101 AZE1 Sarkhan Badirli 0o|0(0O|0O| O
102 AZE4 Eldar Babayev 0/0|0|0]| O
103 FRA4 |Ambroise Marigot 0(0|0|0] O
104 TKM1 Nazar Emirov 0|0(0|0O| O
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