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MATHEMATICS 

10th grade 

Variant 1 

Time allowed - 180 min 

Maximum grade - 100 points 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

________________________________________________________________________ 

1. Just answers are expected for problems of the first block №№ 1-6. You may use blank space after 

the tasks for your notes. No other notes besides the answer will affect your mark. 

2. Solutions for problems of the second block №№ 7-8 should contain your answer and detailed 

scheme of your solution with all key statements and key proof steps listed. 

3. Full solutions for problems of the third block №№ 9-10 are expected: an answer and detailed full 

proof. Solutions containing just answer without proof would be considered as incomplete (or absent) 

and the problem would be considered unsolved. 

 



Pr♦❜❧❡♠ ✶✳

❈♦♥s✐❞❡r ❛♥ ♦♣❡r❛t✐♦♥ ✇❤✐❝❤ ♣r♦❞✉❝❡s r❡s✉❧t
a

b
+

b

c
+

c

a
❢♦r ❛♥② t❤r❡❡ ♥♦♥③❡r♦ ♥✉♠❜❡rs x, y ❛♥❞ z✳

❲❡ ❞❡♥♦t❡ ✐t ❛s G(x, y, z)✳ ❊✈❛❧✉❛t❡ G(2, 12, 9)✳

❆♥s✇❡r✿ ✭✼ ♣♦✐♥ts✮



Pr♦❜❧❡♠ ✷✳

❚❛♠❛r❛ ❤❛s ✺ ❞❛✉❣❤t❡rs ❛♥❞ ♥♦ s♦♥s✳ ❙♦♠❡ ♦❢ ❤❡r ❞❛✉❣❤t❡rs ❤❛✈❡ ✺ ❞❛✉❣❤t❡rs✱ ❛♥❞ t❤❡ r❡st ❤❛✈❡
♥♦♥❡✳ ❚❛♠❛r❛ ❤❛s ❛ t♦t❛❧ ♦❢ ✷✵ ❞❛✉❣❤t❡rs ❛♥❞ ❣r❛♥❞❞❛✉❣❤t❡rs✱ ❛♥❞ ♥♦ ❣r❡❛t✲❣r❛♥❞❞❛✉❣❤t❡rs✳ ❍♦✇
♠❛♥② ♦❢ ❚❛♠❛r❛✬s ❞❛✉❣❤t❡rs ❛♥❞ ❣r❛♥❞✲❞❛✉❣❤t❡rs ❤❛✈❡ ♥♦ ❞❛✉❣❤t❡rs❄

❆♥s✇❡r✿ ✭✼ ♣♦✐♥ts✮



Pr♦❜❧❡♠ ✸✳

P❛✉❧ ✐s ✉s✐♥❣ ❝❛♥s ♦❢ ❝♦♥❞❡♥s❡❞ ♠✐❧❦ t♦ ❜✉✐❧❞ ❛ ❢♦rtr❡ss s❤❛♣❡❞ ❛s ❡❧♦♥❣❛t❡❞ ♣②r❛♠✐❞✳ ❚❤❡ ❣r♦✉♥❞
❧❡✈❡❧ ♦❢ ❤✐s ❢♦rtr❡ss ✐s ❛ r❡❝t❛♥❣❧❡ ✽ ❝❛♥s ❜② ✶✷ ❝❛♥s✳ ❊❛❝❤ ♥❡①t ❧❡✈❡❧ ✐s ❛❧s♦ ❛ r❡❝t❛♥❣❧❡ ♦❢ ❝❛♥s ✇❤❡r❡
❡❛❝❤ ❝❛♥ ✐s ♣❧❛❝❡❞ ♦♥ t♦♣ ♦❢ t❤❡ ❝❛♥ ♦❢ t❤❡ ❧♦✇❡r ❧❛②❡r✳ ❚❤❡ s✐③❡ ♦❢ t❤✐s r❡❝t❛♥❣❧❡ ✐s s✉❝❤ t❤❛t t❤❡
❧♦✇❡r ❧❡✈❡❧ ❝♦♥t❛✐♥s ❛ ❝❛♥✲❢r❡❡ r✐♠ t❤❛t ✐s ♦♥❡ ♠✐❧❦ ❝❛♥ ✇✐❞❡✳ ❈♦♠♣✉t❡ ❤♦✇ ♠❛♥② ❝❛♥s ❛r❡ r❡q✉✐r❡❞
t♦ ❜✉✐❧❞ t❤❡ ❡♥t✐r❡ ❢♦rtr❡ss✳

❆♥s✇❡r✿ ✭✼ ♣♦✐♥ts✮



Pr♦❜❧❡♠ ✹✳

❈♦♠♣✉t❡ t❤❡ s✉♠ ♦❢ ❛❧❧ ❞✐❣✐ts ✐♥ t❤❡ ♥✉♠❜❡r 111 111 1112✳

❆♥s✇❡r✿ ✭✼ ♣♦✐♥ts✮



Pr♦❜❧❡♠ ✺✳

❆ s❡q✉❡♥❝❡ a1, a2, . . . ✐s ❞❡✜♥❡❞ ✇✐t❤ ❛ r❡❝✉rr❡♥t ❢♦r♠✉❧❛ an+2 = 3an+1 − an ✭✇❤✐❝❤ ❤♦❧❞s ❢♦r ❡❛❝❤
♣♦s✐t✐✈❡ ✐♥t❡❣❡r ✈❛❧✉❡ ♦❢ n✮✳ ❈♦♠♣✉t❡ a5 ♣r♦✈✐❞❡❞ t❤❛t a6 = 343 ❛♥❞ a3 = 19✳

❆♥s✇❡r✿ ✭✼ ♣♦✐♥ts✮



Pr♦❜❧❡♠ ✻✳

❚❤❡ ❝❡♥tr❛❧ ✉♥✐t sq✉❛r❡ ✐♥ ❛ 7 × 7 ❣r✐❞ ✐s ❜❧❛❝❦✱ ❛❧❧ ♦t❤❡r ✉♥✐t sq✉❛r❡s ♦❢ t❤❡ ❣r✐❞ ❛r❡ ✇❤✐t❡✳ ❍♦✇
♠❛♥② sq✉❛r❡s ✭♦❢ ❛❧❧ ♣♦ss✐❜❧❡ s✐③❡s✮ ✇✐t❤ ❜♦r❞❡rs ♠❛t❝❤✐♥❣ t❤❡ ❣r✐❞ ❧✐♥❡s ❝♦♥t❛✐♥ t❤❡ ❜❧❛❝❦ sq✉❛r❡❄

❆♥s✇❡r✿ ✭✼ ♣♦✐♥ts✮



Pr♦❜❧❡♠ ✼✳

❆ ❝✐r❝❧❡ ✐s ❣✐✈❡♥ ✇✐t❤ ❛ ❞✐❛♠❡t❡r AB✳ ▲❡t ♣♦✐♥t C ❞✐✈✐❞❡ t❤✐s ❞✐❛♠❡t❡r ✐♥ ❛ ✇❛② t❤❛t AC : BC =
1 : 2✳ ▲❡t P ❛♥❞ Q ❜❡ ♣♦✐♥ts ♦♥ t❤❡ ❝✐r❝❧❡ s✉❝❤ t❤❛t PC ⊥ AB ❛♥❞ PQ ✐s ❛♥♦t❤❡r ❞✐❛♠❡t❡r✳ ❲❤❛t
✐s t❤❡ r❛t✐♦ ♦❢ t❤❡ ❛r❡❛ ♦❢ tr✐❛♥❣❧❡ PCQ t♦ t❤❡ ❛r❡❛ ♦❢ tr✐❛♥❣❧❡ ABP❄

❆♥s✇❡r✿ ✭✶✸ ♣♦✐♥ts✮

■♥ t❤✐s ♣r♦❜❧❡♠ ②♦✉ ❛r❡ ❡①♣❡❝t❡❞ t♦ ♣r❡s❡♥t ❛❧s♦ ❛ s❝❤❡♠❡ ♦❢ ②♦✉r s♦❧✉t✐♦♥ ✭t❤❡s✐s ♣r♦♦❢✮ ❛❧♦♥❣ ✇✐t❤
t❤❡ ❛♥s✇❡r✳ ❚❤❡s✐s ♣r♦♦❢ ✐s ❛ ❧✐st ♦❢ ❛❧❧ ✐♠♣♦rt❛♥t st❡♣s ❛♥❞ ❦❡② st❛t❡♠❡♥ts ♦❢ ❛ ♣r♦♦❢ ✇r✐tt❡♥ ❞♦✇♥
✇✐t❤♦✉t t❡❝❤♥✐❝❛❧ ❞❡t❛✐❧s✳

❚❤❡s✐s ♣r♦♦❢✿



Pr♦❜❧❡♠ ✽✳

❲♦r❦❡r ❛♥ts ❛r❡ ♠♦✈✐♥❣ ❛❧♦♥❣ ❛ str❛✐❣❤t ❧✐♥❡ ✐♥ ♦♥❡ ❝♦❧✉♠♥ ❛t t❤❡ s❛♠❡ ❝♦♥st❛♥t s♣❡❡❞✳ ❚❤❡ ❞✐st❛♥❝❡
❜❡t✇❡❡♥ t❤❡ ✜rst ❛♥❞ t❤❡ ❧❛st ❛♥t ✐♥ t❤❡ ❝♦❧✉♠♥ ✐s ✶✺ ♠❡t❡rs✳ ❆ ❣✉❛r❞ ❛♥t ♣❛ss❡s t❤r♦✉❣❤ t❤❡ ❡♥t✐r❡
❝♦❧✉♠♥ st❛rt✐♥❣ ❢r♦♠ t❤❡ ❧❛st ❛♥t ❛♥❞ ♦♥ r❡❛❝❤✐♥❣ t❤❡ ✜rst ❛♥t t✉r♥s ❜❛❝❦ ❛♥❞ ♣❛ss❡s t❤r♦✉❣❤ t❤❡
❝♦❧✉♠♥ ❞♦✇♥ t♦ t❤❡ ❧❛st ✇♦r❦❡r ❛♥t ❛❣❛✐♥✳ ❚❤❡ ♣♦✐♥t ✇❤❡r❡ t❤❡ ❣✉❛r❞ ❛♥❞ t❤❡ ❧❛st ✇♦r❦❡r ❛♥t ♠❡❡t
✐s ♣r❡❝✐s❡❧② ✽ ♠❡t❡rs ❛✇❛② ❢r♦♠ t❤❡ ♣♦✐♥t ✇❤❡r❡ t❤❡ ❣✉❛r❞ ❛♥t st❛rt❡❞ ✐ts ❥♦✉r♥❡②✳ ❉❡t❡r♠✐♥❡ t❤❡
t♦t❛❧ ❞✐st❛♥❝❡ ❝♦✈❡r❡❞ ❜② t❤❡ ❣✉❛r❞✳

❆♥s✇❡r✿ ✭✶✸ ♣♦✐♥ts✮

■♥ t❤✐s ♣r♦❜❧❡♠ ②♦✉ ❛r❡ ❡①♣❡❝t❡❞ t♦ ♣r❡s❡♥t ❛❧s♦ ❛ s❝❤❡♠❡ ♦❢ ②♦✉r s♦❧✉t✐♦♥ ✭t❤❡s✐s ♣r♦♦❢✮ ❛❧♦♥❣ ✇✐t❤
t❤❡ ❛♥s✇❡r✳ ❚❤❡s✐s ♣r♦♦❢ ✐s ❛ ❧✐st ♦❢ ❛❧❧ ✐♠♣♦rt❛♥t st❡♣s ❛♥❞ ❦❡② st❛t❡♠❡♥ts ♦❢ ❛ ♣r♦♦❢ ✇r✐tt❡♥ ❞♦✇♥
✇✐t❤♦✉t t❡❝❤♥✐❝❛❧ ❞❡t❛✐❧s✳

❚❤❡s✐s ♣r♦♦❢✿



Pr♦❜❧❡♠ ✾✳

❈♦♥s✐❞❡r ❛❧❧ ♥✐♥❡✲❞✐❣✐t ♣♦s✐t✐✈❡ ✐♥t❡❣❡rs ✇❤✐❝❤ ❝♦♥t❛✐♥ ♦♥❧② ❞✐❣✐ts 1, 2, ❛♥❞ 3 ✭t❤❡ s♠❛❧❧❡st ♥✉♠❜❡r ✐♥
t❤❡ r❛♥❣❡ ✐s 111111111 ❛♥❞ t❤❡ ❜✐❣❣❡st ♦♥❡ ✐s 333333333✮✳ ❊❛❝❤ ♥✉♠❜❡r ✇❛s ✇r✐tt❡♥ ❞♦✇♥ ♦♥ ❛ ♥❡✇
❝❛r❞✱ s♦ ❛❧❧ ❝❛r❞s ♠❛❦❡ ✉♣ ❛ ❞❡❝❦ ♦❢ 19683 ❝❛r❞s✳ ❋r❡❞✱ ❙❛♠ ❛♥❞ ❚✐♠ ❞❡❛❧ t❤❡ ❝❛r❞s ✐♥ ❧✐♥❡ ✇✐t❤ ❛
r✉❧❡✿ ❛♥② t✇♦ ❝❛r❞s ❣✐✈❡♥ t♦ t❤❡ s❛♠❡ ❜♦② ♠✉st ❝♦♥t❛✐♥ ❛t ❧❡❛st ♦♥❡ ♠❛t❝❤✐♥❣ ❞✐❣✐t ✐♥ ❛ ♠❛t❝❤✐♥❣
♣♦s✐t✐♦♥✳ ■t t✉r♥❡❞ ♦✉t t❤❛t ❋r❡❞ ❤♦❧❞s ❛ ❝❛r❞ ✇✐t❤ ♥✉♠❜❡r 133221311 ❛♥❞ ❙❛♠ ❤♦❧❞s ❛ ❝❛r❞ ✇✐t❤
♥✉♠❜❡r 133211311✳ ❉❡t❡r♠✐♥❡ ✇❤✐❝❤ ♦❢ t❤❡ t❤r❡❡ ❜♦②s ❤♦❧❞s ❛ ❝❛r❞ ✇✐t❤ ♥✉♠❜❡r 123123123✳

✭✶✻ ♣♦✐♥ts✮

■♥ t❤✐s ♣r♦❜❧❡♠ ②♦✉ ❛r❡ ❡①♣❡❝t❡❞ t♦ ♣r❡s❡♥t ❛ ❢✉❧❧ s♦❧✉t✐♦♥✿



Pr♦❜❧❡♠ ✶✵✳

❉❡t❡r♠✐♥❡ ❛❧❧ ♣♦s✐t✐✈❡ ✐♥t❡❣❡rs n ✇❤✐❝❤ ❤❛✈❡ ❛ ♣♦s✐t✐✈❡ ✐♥t❡❣❡r ❞✐✈✐s♦r d s✉❝❤ t❤❛t n4+ d3 ✐s ❞✐✈✐s✐❜❧❡
❜② n2d+ 1✳

✭✶✻ ♣♦✐♥ts✮

■♥ t❤✐s ♣r♦❜❧❡♠ ②♦✉ ❛r❡ ❡①♣❡❝t❡❞ t♦ ♣r❡s❡♥t ❛ ❢✉❧❧ s♦❧✉t✐♦♥✿


