The author of these tasks is Mrs. Tatiana Ovsyannikova.
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Task 1. Ugorotto.

Geneticists have designed a new plant called "ugorotto", that can be cultivated in space and may be used for food. Astronauts took this plant on a long space flight. But the first harvest in space was strange: when a pair of eatable plants produced offspring, it was found that the first generation of offspring consisted of one delicious, one tasteless and two were uneatable. Also only uneatable plants were found to be fertile. However, the pair of uneatable ugorotto gave one delicious, one tasteless and two uneatable plants. The plants were able to be propagated repeatedly.
The astronauts propagated all plants that were possible to propagate (combining them in pairs) and every week collected the whole harvest simultaneously. The astronauts ate the delicious plants right away in space.

Task. 

How many tasteless ugorotto did the astronauts get in N weeks, if they had M eatable ugorotto at first? Write a program, that inputs the numbers N and M from the keyboard and writes the  results on the screen.
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Task 2. The lost robot.
A space expedition landed at an unknown planet. They had one-legged pogo-stick robots for using on the dangerous surface of the planet. All of the robots always moved in the shortest way straight from one point to another in spite of any obstacles.

One robot escaped from the expedition camp on its own and was lost. The other robots started to look for it. They searched a rectangular area around the camp, made a map and charted the robot's footprint on the map. The map was divided into by the squares so that one robot footprint was equal to one square of the map.
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The robot jumped over different obstacles and so the distance between the footprints was different. 

Furthermore there were rocks on the ground and the robot wasn't able to leave a footprint at such places.
Before it escaped, the robot worked near the centre of the ground. 
Task. 

To find the border square where the robot left the rectangular area (the robot may not have left a footprint in this square). You need write the program, that calculates the coordinate of this square using the ground map.

Input data

In the file PLAN.DAT the first line contains respectively the width N and height M of the ground map. 

The ground map is given in the following H lines of W characters each.

The footprints are represented by the star "*", clear squares are represented by point ".".

Output data

Your program must write the coordinates of the square where the robot left the ground. The point of origin (0,0) is in the left top corner of the map, the first number is a horizontal coordinate, the second is a vertical coordinate. 
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Task 3. The space station.
The Omega space station is assembled in orbit from a set of modules according to the specific project. The project includes the list of the space modules, that the station must have to function properly. The cargo space shuttle "Albatross" is used for the modules transportation to orbit. On one flight Albatross can deliver up to two modules to the orbit. The Albatross never returns the modules to the Earth.

It's not allowed to assemble the station in arbitrary order. Every new module can be attached only to some of the modules of the assembled part of station. It's not allowed to leave an unattached module in orbit since it will be lost in outer space.

Task

Determine the possible schedule of the module delivery and the order of the station assembly while ensuring that the number of “Albatross” flights is a minimum. You must write a program that makes the schedule using the project list of the necessary modules and conditions of modules attaching.

Data Format

The file PROJECT.DAT contains the list of necessary modules.

The first line contains the number of necessary modules N (N<30).

The other N lines contains N modules names (not over 20 characters except space). For example:

5
base

lab
apartment

lock

lab
The file SPEC.DAT  contains the conditions of modules attachment. The first line contains the number of conditions K. The each of the following K lines contains a condition of the modules attachment. The attachment condition contains the attaching module and the list of modules to which this module may be attached. For example, the condition 

lock base apartment lab

means that the lock may be attached to any of modules base, apartment or lab. If the attaching module has en empty list of modules to which it may be attached, it means that this module must be delivered to orbit the first.

All the modules names in the conditions are space delivered.

The file SPEC.DAT describes the whole set of modules names. 

The example of the file SPEC.DAT:

4
base 

apartment base

lab lock

lock base apartment lab
Output data

The file scheme. DAT must contain the flight and assembly order information. Each line of the file describes one flight as follows: 

flight number, “space”, delivered module, character ">",module to which the delivered module will be attached, “space”, delivered module, character ">",module to which the delivered module will be attached

You have to specify modules in the order of their attachment to the station.

The second module information may be omitted if the flight is used to deliver only one module.

The description of the first delivered module must be "first_module_name>"

If the description of the project is incorrect and it has modules which cannot be attached your program must write the message PROJECT IS NOT COMPLETE to the output file.
The example of the file SCHEME.DAT:
1 base> apartment>base

2 lock>base lab>lock

3 lab>lock
These tasks are selected by Boris Grinchenko. 
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8-th form

1. A force of 300 N acts on the piston of a pump. Find the work done during two strokes of the piston, if the stroke of the piston is 60 cm. 

2. The size of a plate is 2х1.6х0.2 (m). Find the mass of this plate, if it's density is 2700 kg/m3.

3. Two balls of the same radius made of aluminium and silver were heated up to the temperature of 100ºC, and then they were put into identical glasses with 100 g of water in each of them at the temperature of 0ºС. In which glass will the final temperature of water be greater? The density of aluminium and silver are 2700 and 10500 kgm-3 correspondingly. 
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CAl = 920 Jkg-1K-1
CAg = 250 Jkg-1K-1
4. When a boat passed under a bridge, one of the passengers dropped his hat into the river. 15 minutes later the boat has turned back and found the hat floating downstream at a distance of 900 m from the bridge. Find the flow speed of the river, if the power of the boat's engine is constant.

5. A balance has unequal arms. At the first weighing  a body was counterbalanced by a mass of 5 kg. After the body was put onto the other pan of the balance, it was counterbalanced by a mass of 10 kg. What is the mass of the body?

6. A glass vessel has a mass of 250 g and the volume 1.5 l. What minimum mass should be put into the vessel to make it sink in water? The density of glass is 
2500 kgм-3.
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9-th form

1. By how many times is the mass of an aluminium spare part less than the mass of the same silver spare part? The density of aluminium and silver are 2700 and 10500 kg/m3 correspondingly.
2. Moving with constant acceleration a rocket has travelled 30 m during 10 sec and it's speed has increased by 5 times. Find the acceleration of the rocket.
3. A cork ball whose volume is 27 сm3 is tied up with a piece of iron and it is put into water. What is the maximum mass of the piece of iron, so that the ball would not sink? The density of wood and iron are 240 and 7800 kg/m3.
4. 100 g of  water at a temperature of 20ºC was poured in a glass. Then a piece of ice whose mass is 100 g was put into the glass at a temperature of 0º С. Draw and justify the approximate graph of water temperature in the glass depending on time. The temperature of the air is 20ºС.
5. In two electric teapots whose power is 600 W and 300 W with a supply voltage of 220 V (as they are designed for) the water begins to boil simultaneously in 20 min. In what time will the water in teapots begin to boil if teapots are connected in series?
6. A  ball flying with the speed of 800 m/sec splits into two identical parts. Find the maximum possible angle between the vector of speed of one part  and the direction of initial motion of the ball if the parts have the speed of 400 m/s when the ball splits.
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10-th form

1. When the absolute temperature (K) of a certain mass of gas has decreased by 2 times, its volume has increased by 4 times. By what factor has the pressure of the gas changed?
2. The lower half of the spiral of an electric heating element was put into water while its upper part remained in the air. Will the voltage between the ends of the upper and lower parts of the spiral be different when the system is on power? Prove your answer. (The resistance of the conductor increases when the temperature increases.) 
3. Given that the potential energy of two bodies whose mass is m1 and m2 whose centres are separated by a distance r can be determined by the equation: 
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. When the kinetic energy of a satellite in circular orbit equals К. Find its potential energy in the gravitational field of the Earth.

 4. What impulse must be given to the Moon to turn the plane of its orbit by 90º? The radius R of the Moon orbiting around the Earth is constant, the mass of the Earth is M, the mass of the Moon is m.
5. A rocket with the engine cut off flies into a dust cloud and its speed decreases under the law: v = v0–kl, where v0 is the initial speed, k is the constant coefficient, l is the distance. How does the force of resistance of the dust cloud depend on the speed of the rocket?
6. A rod, whose one end is fastened on a horizontal plane, lies on a cylinder. The angular velocity of the rod is (. There is no slippage between the cylinder and the plane. How does the angular rate of the cylinder depend on the angle ( between the rod and the plane?
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11-th form

1. The distance between two charged particles has been increased by four times. By how many times will the interaction force between them change?
2. A rocket was launched vertically up from the surface of the Earth, it moves with an acceleration of 2g for 10 seconds. Then the engines stop working. Find the maximum altitude of the rocket.
3. Some astronauts have landed on a planet with mass M, and radius R. Trying to find in what direction the centre of the planet was, they have detected that the thread of a plumb line was parallel to the rotation axis of the planet. Find the period of planet rotation.
4. Two electrons move with the same speed v in a uniform magnetic field. At some moment the distance between them is 2R, and the speeds of electrons are perpendicular to the magnetic field and the line connecting the electrons. What is the magnetic flux density if the distance between electrons is constant?
 5. A rocket has launched from the surface of a planet moving vertically up with constant acceleration whose magnitude equals the free-fall acceleration of this planet. At some moment the engines of the rocket were cut off and 10 s after the launch the rocket has fallen to the ground. For how many seconds did the engines work?
6. An ideal monatomic gas is in a vertical vessel under a heavy piston at the temperature of the environment. The piston is slowly moved from a position of balance, by a height H. After the temperature in the vessel comes to the temperature of environment the piston is released and thermal insulation of  the  vessel is installed. By what distance will the piston fall (measuring to its final rest position)? The thermal capacity of the vessel and piston may be neglected. The pressure of the air outside is very low.  
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11 Form

1. The number M can be produced from a positive integer N by deleting the last digit. Find all N such that N-M = 1999.

2. Find all the possible values of a constant a for which the function 

     f(x) = (x+a) + a2 (x-1) is even.

3. Prove that the sum of the sine, cosine, tangent and cotangent of any angle can’t be equal to zero.

4.  Find the number of possible values of the positive integer k for which it is possible to create a triangle with the sides of length 31999, 32000, and 2k.

5. The trajectories of two spacecraft are straight lines (lines that are not parallel and that do not intersect). Spacecraft are moving on their trajectories with constant equal velocities. Show the possibility of putting a monitor station at such a point of space that would be equal distances from them at each moment of time.

6. A polyhedra is called M. The number of edges on all of the M planes, except one, is divisible by a positive integer n, n>1. Prove that it’s impossible to colour M planes in two colours using this rule: 

Neighbour planes (that have a common edge) are coloured in different colours.
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10 Form 

1. The number M was produced from a positive integer N by deleting the last digit. Find all N such that M + N = 1999.

2. A motorcyclist travelled from a point A to point B and at the same time a bicyclist travelled from point B to point A. After 20 minutes the distance travelled by the motorcyclist exceeds half of the distance between A and B by 2 km and 10 minutes later the bicyclist was 3 km before the halfway point of his journey . Find the time taken to their meeting point.

3. The weight of a point P (x,y) on a coordinate plane is made up of the product xy. The product xy is called W(P). Prove that any two squares (on the xy plane) which have a common centre, the sums of the weights at the vertices of each square are equal.  (The sides of the squares do not have to be parallel to the co-ordinate axes). 

4. Let D and E be the points on the longest side AC of a triangle ABC with AD = AB, CE = CB. Let K and  M be the points on the sides AB and CB respectively with AK = AE, 

CM = CD. Prove the existence of a circle that contain points D, E, K and M.

5. Positive integers m and n satisfy the inequality
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6. There was a crew training  session – for 20 astronauts. Each of them presented a list of 10 candidates he’d like to fly with. Prove that it’s possible that there were two astronauts who named each other for a flight.
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9 Form

1. Prove that for any positive integer n at least one of the numbers n and n + 1999 is not prime.

2. Prove the inequality:

            (x2 +y 4) (x4 +y2) > 4 x3y3.

3. Let us call an integer “interesting” if the product of its digits plus the sum of its digits equals the number itself. Find all such “interesting” numbers. 

4. Can lines AA1, BB1, CC1 of a triangle ABC be the sides of a regular equilateral triangle, if AA1 is the altitude, BB1 is the bisector and CC1 is the median of a triangle ABC?

5. Find the least number of types of coins that must be produced by Monetary Mint of Oz country in order to be able to pay each amount from 1 to 20 “oz” (dollars) using not more than two coins. (The face value of any of the coins need not be an integer).

6. From astronomic investigations it’s known that each sea on the Moon surface is a shape with an area that does not exceed 10 000 km2 ( in other planetary system). Prove that it is always possible for Lunokhod to reach the edge of the ‘sea’ in less than 260 km, wherever in the ‘sea’ it lands. 
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1. Digits 1, 2, 3, 4, 5, 6 are given. How can we get the number 99, using these numbers and arithmetic operations? (Each digit must be used exactly once).

2. We have a year that includes more Mondays than Tuesdays and more Sundays than Saturdays. Which day of the week was the first day of January that year?

1) Find the smallest positive integer that satisfies the conditions:

2) the number includes only digits 2 and 3;

3) the sum and the product of the digits and the number itself are all divisible by 6.

3. Let AA1  be the median and CC1 be the bisector of an isosceles triangle ABC with AB = BC. Find the angle of the triangle ABC if < A1C1A = 900.

4. A counterfeiter has 40 coins in his purse and all the coins seem the same. He knows that there are 2 false coins and 38 true ones and that the weight of every false coin is the same and less than the weights of the true coins (the weight of each true coin is the same too). The counterfeiter has to give back a debt to his friend. How, by using only two weighs on a balance (without weights) can he choose 20 true coins?
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