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XXVII MIEDZYNARODOWA OLIMPIADA MATEMATYOZNA
Al 1 Armii Wojska Polskiego 25, 00-918 WARSZAWA
tel. 29-72-41, 28-04-61 wewn. 825

FIRST DAY
July 9, 1986

. Let d be any positive integer not equal to 2,5 or 13, Show that one can find distinct
a, b in the set {2,5,13,d} such that ab—1 is not a perfect square.
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2. A triangle A/ A, A, and a point P, are given in the plane. We define A,=A,., for
all s=24. we construct a sepuence of points P, P, P, -+ such that P,., is the image
of P, under rotation with center A, ., through angle 120° clockwise(for k=0,1,2,---).
Prove that if P,, =P, then the triangle A, A, A, is equilateral.

3. To each vertex of a regular pentagon an integer is assigned in such a way that the
sum of all the five numbers is positive. If three consecutive vertices are assigned
the numbers x,y,z respectively and y<0 then the following operation is allowed: the
numbers x,y,z are replaced by x+y, —y, z+y respectively. Such an operation is
performed repeatedly as long as at least one of the five numbers is negative.
Determine whether this procedure necessarily comes to an end after a finite number

of steps.

Time allowed: 4.5 hours
Each problem is worth 7 points.
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SECOND DAY
July 10, 1986

4. Let A, B be adjacent vertices of a regular n-gon(n=5) in the plane having center
at 0. A triangle XYZ, which is congruent to and initially coincides with OAB, moves
in the plane in such a way that Y and Z each trace out the whole boundary of the

polygon, X remaining inside the polygon. Find the locus of X.

5. Find all functions f, defined on the non-negative real kumbers and taking non-nega-
tive real values, such that:

(i) f[x f(y)] {(y)=f(x+y) for all x,y=0,

(i) £(2) =0,

(iii) f(x)*0 for 0Sx<2.

6. One is given a finite set of points in the plane, each point having integer coordinates.
Is it always possible to color some of the points in the set red and the remaining
points white in such a way that for any straight line L parallel to either one of the
coordinate axes the difference(in absolute value) between the numbers of white points
and red points on L is not grater than 17 Justify your answer.

Time allowed: 4.5 liours
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Each problem is worth 7 points.
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KOS GEza
VLADIMIR ROGANOV
STANISLAV SMIRNOV
FANG WEIMIN
JORG JAFNEL
JOSEPH KEANE
MARIUS DABIJA
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STEPAN GUNTER
ANTON LUNIN
IVAYLO M. NEDELCHEV
VLADIMIR KORDULA
MARKUS D. LAUER
ERIC P. MULLER
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JEREMY A. KAHN
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Li:

GB 2 KEVIN U. BUZZARD 22 CN 5 LIN QIANG 19
HU 5 MAKAY GEZA 22 DD 5 HARALD HEIDLER 19
TN 3 BEN HALIMA RAOUP 22 DD 6 MOURAD BENAKLI 19
BE 2 MICHEL BULTREYS 21 ES 4 JUAN D. GONZALES COBAS 19
BG 5 NIKOLAI B. MATEEV 21 HU 1 BENOZUR ANDRAS 19
CS 4 RONAN SOTAK 21 AT 6 MARKUS SCHORN 18
PR 2 ARNAUD DELIAN 21 AU 5 BEN ROBINSON 18
CB 4 JOHN R. LONGLEY 21 CA 4 GIUSEPPE RUSSO 18
GR 2 TILEMAHOS STAMKOPULUOS 21  CS 5 PETR SLEICH 18
VN 2 PHUNG HO HAI 21 GR 1 HARALAMBOS TAMVAKIS 18
AU 3 POSS JONES - 20 IL 4 RAZ NAOT 18
DZ 5 NOUR MADDAHI 20 IL 5 EITAN SAYAG 18
PR 4 DAVID HARARI 20 YU 3 JOZE FABCIC 18
CB 5 THOMAS ROYSTON ROUGHAN 20 YU 4 DOMAGOJ KOVACEVIC 18
IT 2 ILARIA DAMIANI 20 PE 6 KRIST BLOMME 17
MA 5 MERZOUKI YOUSSEF 20 ES 3 ALBERTO GARRIDO ARRIBAS 17
PL 4 TADEUSZ PEZDA 20 IT 3 ALESSANDRO PELIZZOLA 17
AU 4 CATHERINE PLAYOUST 19 PA 2 LAFTIT ABDELOUAFI 17
AU 6 TERENCE TAO 19 PL 2 STANISLAW KASJAN 17
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(252) =l <+ 5
1% a2 (US) 203 3 3 -
1+ £ (SU) 203 2 4 -
3 4% (DE) 196 2 4 -
4 %% (CN) 177 3 1 1
5 %% (DD) 172 1 3 2
6 Folio} (RO) 171 2 2 1
7 27}2jo} (BG) 161 1 3 2
8 ¥l (HU) 151 1 2 2
9 A 2E 2ul7]e}(CS) 149 - 3 3
10 U (VN) 146 1 2 2
11 %= (GB) 141 - 1 3
12 =g~ (FR) 131 1 1 2
13 2 A E 2]} (AT) 127 - 2 2
14 o)A z}odl (IL) 119 - 2 2
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15 S xE2elo} (AU) 117 - - 5
16 7htH(CA) 112 - 2 1
17 Zdxc (PL) 92 - - 3
18 223 (MA) 90 - 1 2
19 E 14} (TN) 85 - - 1
20 S ageulob(YU) 84 - 1 2
21 %A 2o} (DZ) 80 - - 2
22 4l 2] & (BE) 79 - 1 2
23 2# 2] (ES) 78 * - 1 3
24 22k (BR) 69 1 - -
25 X 2 9]o] (NO) 68 - 1 -
26 28~ (GR) 63 - - 2
27 = (FI) 60 - - 1
28 E&vu]o}(CD) 58 - - -
29 29 (SE) 57 - 1 -
30 ¥ 7] (TR) 55 - - -
31 23 (MN) ' 54 - - -
32 Apelz {2 (CY) 53 - 1 -
33 Ful(CU) 51 - - -
34 oj&tejo}(IT) 49 * - - 2
35 T35l o] E (KW) 48 * - - -
36 ofol& k= (IS) 37 * - - -
37 A 521 (LU) 22 % - - -
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(1987), To appear.

[2] Canadian Mathematical Society; 1986 .M. O. report, Canadian Math. Soc. Notes 18,
no.6(1986), 18-21.



