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Youth Mathematics School Olympiad
First round

Please e-mail your solutions to olymp@yumsh.spbu.ru before 8th October 2012. Solutions must be written either in English or in Russian. 






Grades 5-6

1. Assemble a 7x7 square out of these five rectangles: 1x4, 2x4, 2x5, 2x6, 3x5.

2. There are eight girls. Three of them are called Masha, three are called Anya and the rest are called Dasha. Four of them are blondes and the other four are brunettes. Is it possible that each of these girls has a namesake with the same color of hair?

3. In the house all the rooms are rectangular. In one of the rooms there are three doors with numbers one, two and three. There is a notice on each door.

The notice on the first door is, "This door leads to the same room as the second door".
The second notice is, "This door leads to the room to which the other doors do not".
The third notice is, "This door leads to the same room as the first door".

Only one of these statements is wrong. Which one?

4. There are 100 numbers written on the board: 2, 4, 6...200. Each turn, you can swap two numbers if one of them is divisible by the other. Is it possible to rearrange them in the opposite order: 200, 198, 196, …, 2? Don’t forget to explain your answer. 

5. The king has a rectangular island divided into a few rectangular pieces, belonging to three feudals. Each feudal has been asked about the number of his neighbours. There were only two types of answer: “three” and “seven”. (Let’s call two pieces neighbouring if they have a common segment of the border). What is the fewest number of pieces for which the aforesaid is possible?  

6. Maxim added up two numbers and then all digits with letters (same digits were replaced with same letters and different digits were replaced with different letters). Here’s what he got: zadača+udača=rešenie. Prove that Maxim has made a mistake somewhere.  
(Note: zadača means ‘problem’ in Russian, udača means ‘luck’ and rešenie means ‘solution’).

7. In the alphabet of BEAR clan there are only two vowels (E&A) and two consonants (R&B). All                                         the   words in the language of BEAR clan consist of 13 letters. Moreover, vowels and consonants  alternate. Words that contain BE or BAR combinations are treated as evil words. Words that contain BA or RER combinations are treated as lovely words. Are there more evil or lovely words?

Grades 7-8

1. Five kids danced in a ring around a Christmas tree on the 30th and 31st of December. Is it true that, no matter in what order they were standing on the 31st, there were two kids standing next to each other who had also been next to each other on the 30th?

2. In the house all the rooms are rectangular. In one of the rooms there are three doors with numbers one, two and three. There is a notice on each door.

The notice on the first door says, "This door leads to the same room as the second door".
The notice on the second door says, "This door leads to the room to which the other doors do not".
The notice on the third door says, "This door leads to the same room as the first door".

Only one of these statements is wrong. Which one?

3. Maxim added up two numbers and then all digits with letters (same digits were replaced with same letters and different digits were replaced with different letters). Here’s what he got: zadača+udača=rešenie. Prove that Maxim has made a mistake somewhere.  
(Note: zadača means ‘problem’ in Russian, udača means ‘luck’ and rešenie means ‘solution’).

4. 5 rooks and several knights are arranged on a chessboard so that none of the pieces can take another. What’s the greatest possible number of knights?

5. (Only for 7th grade) Come up with a shape for which it is possible to arrange 16 of its instances, as well as 18 of its instances, into a square. All the instances should be the same (both in shape and size).

5. (Only for 8th grade) Kostya measured all sides and medians of a triangle and got 6 different numbers. He told these numbers to Sasha, but didn’t tell him which number corresponds to which segment. Prove that Sasha will be able to identify at least one number that must be the length of a side. 

6. There was a set of eleven three-digit numbers. For each two of these numbers, the greater one was divided with a remainder by the smaller one. Prove that at least one of these remainders is greater or equal to 10.
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7. Masha put several sticks onto a table and saw that there were four squares, all of which had different side lengths. (See an example of such an arrangement in the figure). Prove that she can rearrange the sticks in such a way that there are 6 squares of different side lengths. 

