International Mathematical Olympiad
“Formula of Unity” / “The Third Millennium”
Year 2018/2019. Final round

Problems for the class R11

1. A room has the shape of a triangle AABC (4B = 60°, LC = 45°, e
AB =5 m). A bee that was sitting in the corner A, starts flying in a
straight line, in a random direction, turning 60 degrees whenever it hits
a wall. (See the picture.) Is it possible that after some time the bee will
have flown more than 12 meters? 2 £

2. During a year, a factory makes the following amount of production each month: z; in
January, z; in February, ..., 215 in December. The average production from the beginning
of the year can be calculated like this:
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It is known that Ty < z for k from 2 to 6, and T > zx for k from 7 to 12. In which month
the average production from the beginning of the year was maximal?

3. When N children met together, some of them gave gifts to some others. (A child cannot
give more than one gift to another child). As a result, all the children gave different numbers
of gifts (maybe one of them gave 0 gifts), but all of them received the same number of gifts.
For which N > 1 it is possible?

4. Consider five points on a plane such that any three of them form a triangle of area at
least 2. Prove that there are three of them forming a triangle of area at least 3.

5. Solve the system of equations:

zy — 2y = x + 106,
yz+ 3y =2+ 39,
zz + 3z = 2z + 438.

o The paper should not contain personal data of the participant, so you should not sign your paper (the
personal data should be written in the questionnaire).

o Please solve the problems by yourself. Solving together or cheatmg is not allowed.

o Using calculators, books, or Internet is not allowed.

o The results will be published at formulo.org before April 10.
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