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(The result is computed from the three problems with the highest scores.)

points

problems

1.

During Christmas party Santa handed out to the children 47 chocolates and 74 marmalades. Each
girl got 1 more chocolate than each boy but each boy got 1 more marmalade than each girl. What
was the number of the children?

Peter marks several cells on a 5 x 5 board. Basil wins if he can cover all marked cells with three-cell
corners. The corners must be inside the board and not overlap. What is the least number of cells
Peter should mark to prevent Basil from winning? (Cells of the corners must coincide with the
cells of the board).

A square table is covered with a square cloth (may be of a different size) without folds and wrinkles.
All corners of the table are left uncovered and all four hanging parts are triangular. Given that
two adjacent hanging parts are equal prove that two other parts are also equal.

The King called two wizards. He ordered First Wizard to write down 100 positive integers (not
necessarily distinct) on 100 cards (one number on each card) without revealing them to Second
Wizard. The second wizard must surely determine all the numbers on the cards (for instance, if
there are three cards with the number 5, the second wizard must determine this), otherwise both
wizards will lose their heads. First Wizard is allowed to provide Second Wizard with a list of
distinct numbers, each of which is either one of the numbers on the cards or a sum of some of these
numbers. He is not allowed to tell which numbers are on the cards and which numbers are their
sums. When the first wizard writes the numbers on the cards, he already knows that then he will
give the list of numbers for the second wizards. But there is no contact between wizards. Finally
the King tears as many hairs from each wizard’s beard as the number of integers in the list given
to Second Wizard. What is the minimal number of hairs each wizard should lose to stay alive?

There are several white and black points. Every white point is connected with every black point
by a segment. Each segment is equipped with a positive integer. For any closed circuit the product
of the numbers on the segments passed in the direction from white to black point is equal to the
product of the numbers on the segments passed in the opposite direction. Can one always place the
positive integer at each point so that the number on each segment is the product of the numbers
at its ends?

A 3 x 3 x 3 cube is made of 1 x 1 x 1 cubes. What is the maximal number of small cubes one can
remove so the remaining solid has the following features:

1) Projection of this solid on each face of the original cube is a 3 x 3 square;

2) The resulting solid remains face-connected (from each small cube one can reach any other small
cube along a chain of consecutive cubes with common faces).

Points Ay, A, ..., A1p are marked on a circle clockwise. It is known that these points can be divided
into pairs of points symmetric with respect to the centre of the circle. Initially at each marked
point there was a grasshopper. Every minute one of the grasshoppers jumps over its neighbour
along the circle so that the resulting distance between them doesn’t change. It is not allowed to
jump over any other grasshopper and to land at a point already occupied. It occurred that at some
moment nine grasshoppers were found at points Aq, As, .., Ag and the tenth grasshopper was on
arc AgAi19A;. Is it necessarily true that this grasshopper was exactly at point Aqg?



International Mathematics ol wlusl, sl
Tournament of Towns

Senior A level paper () 4 by C‘g“) o Al
Spring 2014 YT ol

Sladls, 4l

(oS anlllos wabb‘ubcﬂ)b J)‘Wt@ﬂ)|ww)

el Jeols 5 cwnliS T 5ol dia G 0l 18 x L4 cudle T 516 90,8 oy s ) sae by by Y
Cands Yo AP |, Lol 50 5l 5 ols 18 + dlax aed o 4 5 x ok aed sl 4S80 Litwgd 0,50 Cawds Yo N F

[5Lael ¥ Tl sy Wil oo slisl ol LT Lo, 8T

ol ply s b alioin 90 4 s LB ol b3 G dhogay e alonin p o ol s e 0nl LT LY

S
(Lol ¥] il il pleals (5,85 Jsb ()
bl ¥] Bl pliabls  8e S Jsb (o

da g0 2,8 Voo ng)lj()ﬂkuzlﬁjjc\s) Cude (st dae Voo &S ol gt Jol anl 4 ol L lssl8 1) anl oo olisoly .Y
oais (s & |y olael ol aes Wb pgo b ums Glis peo anb 4 |, LT aSul go (oue 6 @8 ,n (g5,)
99, &y eocnl e 0 g (W Lasis |, ol wb poo Al bl adls 552s 0 due L )8 aw S1eJlae ) ams
5l r'.)-gﬁdsd)jbif dods o9 4l 4 | plete slael 5l G 0,00 ol ] Jol 4l e o s S 05w anl
5l S oue pluS Ao 4S5l ol l ol il slael cpl 5l oolaas g Lo oy, olael 1 (So b cnd cal sluel
(w5 0 S (59, 1y slael 5l & W&in sl S (g, sue i Eoama oue IS 5 cwl LS (o5, olasl
4 oliol culg ,o 0,1 ey anl g0 o b)) T2 P o pad anb 4 | oluel 5l pd cwl L8 a5 wilo o
Sl anl ,a oS olbse sluss o eSS o baarsl 51 4108 o (i, 5l cpsd 4nl 4 s o0l o Lo sl slass
(Ll ] Tl b s caslas oy b odiy cawos
ol LYo s o 5l sladem i G louds 00 cuedle o <y < Vo ((2,y) g Slaibe L bl aes 4w o .F
[5Lzal V] Tl b i 5,8 L3 laesrdin ool Jlosas (65, il oo 5 ocnedle blis olaws ST oK s 5o oo
amino 55 dbi G ity 5o by caiesge ool [ s b b s b ol ey bl (gyluie e lie 510
b alize e Gost, an ST eosiign odin by 080 S5, 508 b T L L dlais 0T el 5o gy a8 g0 Sl
25 0 el (3L 0sm 8 S 5 G b e plal il Ly oS S slaas (a8 il Kosen sl e
[HLxel Al Touds ooly clie S 51 Jatue) sl b i
i &5 2,10 oy wlis S gk 90 e sl Ol slesl, CUS S0 )b LG olad S g 58S S0

Olgss N 5 M odds o3y s due 53 o sln & wsloon 0 b o)lo ooy bt 5lon g 50 2l o US o
Al Sy ol ea laial, CLS Ll 00,80 1, NV o lads M o,leis U g 4 sl uis (slassSa |, b g (5,180 L

1S 5> i SIS a1y Wgd (5 S0 e Blsign N g M o 00l s 50 55 b (51 45 ool Eaus, 0, lsam ol UT
bl,wa' 9] QML: Sy uw La«b‘) uLS Le‘a.)y» L>A.al> M, N 6Lbo)L~»LdLb)€4» o)Lo.&

S sysbar d S s o Pla) slalasr i GV

P(o)=\; (P(J’J))Y =\ +x+x\°°Q(aj),

(Ll Vo] Cwl o0 Ll AR oo (P(z) + \)tee ‘_gla\lp.,\.:g-)g AS ol el ‘_g|4.l.oq~.,\.:;?:- S QS



International Mathematics olgaol wlol, sl
Tournament of Towns

Senior A level paper () 4 by C‘E‘“’) o Al
Spring 2014 VVAY | Skesb;als

(The result is computed from the three problems with the highest scores, the scores for the individual parts of a
single problem are summed.)
points  problems

1. Doono wrote several 1s, placed signs “+” or “x” between every two of them, put several brackets
3 and got 2014 in the result. His friend Dunno replaced all “4” by “x” and all “x” by “+” and also
got 2014. Can this be true?

2. Is it true that any convex polygon can be dissected by a straight line into two polygons with equal
perimeters and

equal greatest sides?

4 b)  equal smallest sides?

=~
&
~

3. The King called two wizards. He ordered First Wizard to write down 100 positive real numbers
(not necessarily distinct) on 100 cards (one number on each card) without revealing them to Second
Wizard. The second wizard must surely determine all the numbers on the cards (for instance, if
there are three cards with the number 5, the second wizard must determine this), otherwise both
wizards will lose their heads. First Wizard is allowed to provide Second Wizard with a list of
distinct numbers, each of which is either one of the numbers on the cards or a sum of some of
these numbers. He is not allowed to tell which numbers are on the cards and which numbers are
their sums. When the first wizard writes the numbers on the cards, he already knows that then
he will give the list of numbers for the second wizards. But there is no contact between wizards.
Finally the King tears as many hairs from each wizard’s beard as the number of real numbers in
the list given to Second Wizard. What is the minimal number of hairs each wizard should lose to
stay alive?

4. In the plane are marked all points with integer coordinates (z,y), 0 < y < 10. Consider a
7 polynomial of degree 20 with integer coefficients. Find the maximal possible number of marked
points which can lie on its graph.

5. There is a non-isosceles triangle. Peter and Basil play the following game. On each his turn Peter
chooses a point in the plane. Basil responds by painting it into red or blue. Peter wins if some
8 triangle similar to the original one has all vertices of the same colour. Find the minimal number
of moves Peter needs to win no matter how Basil would play (independently of the shape of the

given triangle)?

6. In some country every town has a unique number. In a flight directory for any two towns there is
an indication whether or not they are connected by a direct non-stop flight. It is known that for
any two assigned numbers M and N one can change the numeration of towns so that the town

9 with number M gets the number N but the directory remains correct.
Is it always true that for any two assigned numbers M and N one can change the numeration of
towns so that the towns with numbers M and N interchange their numbers but the directory is
still correct?

7. Consider a polynomial P(x) such that
10 P0)=1; (P@)?=1+xz+2"°Q(z), where Q(x) is also a polynomial.

Prove that in the polynomial (P(x) + 1)1° the coefficient at 2% is zero.



