g
.:0

& AoPSOnline

Art of Problem Solving

AoPS Community 2019 Saudi Arabia IMO TST

Saudi Arabia IMO Team Selection Test 2019
www.artofproblemsolving.com/community/c1241036
by parmenides51

y (/[ /
Hm

- Day |

1 Find all functions f : ZT — Z* such that n? — n? < f(n) - (f(f(n)))?> < n® 4 n? for every n in
positive integers

2 Find all pair of integers (m,n) and m > n such that there exist a positive integer s and
a) Product of all divisor of sm, sn are equal.
b) Number of divisors of sm, sn are equal.

3 Let regular hexagon is divided into 6n? reqular triangles. Let 2n coins are put in different trian-
gles such, that no any two coins lie on the same layer (layer is area between two consecutive
parallel lines). Let also triangles are painted like on the chess board. Prove that exactly n coins
lie on black triangles.
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1 Let ag be an arbitrary positive integer. Let (a,,) be infinite sequence of positive integers such
that for every positive integer n, the term a,, is the smallest positive integer such that ag+a; +
..+ a,, is divisible by n. Prove that there exist N such thata,,. 1 = a, foralln > N

2 Let non-constant polynomial f(z) with real coefficients is given with the following property:
for any positive integer n and k, the value of expression

fin+1)f(n+2)...fn+k)
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Prove that f(z) is divisible by x

3 Let ABC be an acute nonisosceles triangle with incenter I and (d) is an arbitrary line tangent
to(I) at K. Thelines passes through I, perpendicularto I A, I B, IC cut (d) at A;, By, C respec-
tively. Suppose that (d) cuts BC,C A, AB at M, N, P respectively. The lines through M, N, P
and respectively parallel to the internal bisectors of A, B, C'in triangle ABC meet each other to
define a triange XY Z. Prove that three lines AA;, BB, CCy are concurrent and I K is tangent
to the circle (XY 2)
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