
➘ðóæåñêèé ìàòåìàòè÷åñêèé áîé✳ ❋❯▲▲

✶✳ ➶ëàäà è ❮àòà èãðàþò â èãðó✳ ❰íè ïî î÷åðåäè ñëåâà íàïðàâî çàïèñûâàþò
öèôðû✿ ëèáî åäèíèöó✱ ëèáî äâîéêó✳ Ïðîèãðûâàåò òîò✱ ïîñëå ÷üåãî õîäà íåñêîëü✲
êî ïîñëåäíèõ öèôð ñîñòàâëÿþò ÷èñëî✱ äåëÿùååñÿ íà 7 áåç îñòàòêà✳ ➶ëàäà õîäèò
ïåðâûì✳ ❒îæåò ëè êòî✲íèáóäü èç èãðîêîâ ïîáåäèòü✱ êàê áû íè èãðàë ñîïåðíèê❄

✷✳ ➘àíà äðîáü 1
/

3✳ Ðàçðåøåíû îïåðàöèè✿

✭✐✮ óâåëè÷èòü ÷èñëèòåëü íà ✷✵✶✺✱

✭✐✐✮ óâåëè÷èòü çíàìåíàòåëü íà ✷✵✶✻✱

✭✐✐✐✮ ñîêðàòèòü äðîáü✳

❒îæíî ëè ñ ïîìîùüþ òîëüêî ýòèõ îïåðàöèé ïîëó÷èòü äðîáü 5
/

8❄

✸✳ ➮ìååòñÿ êëåò÷àòûé ïðÿìîóãîëüíèê 2014 × 2015✳ ➴ãî ðàçðåçàëè íà íåñêîëü✲
êî êâàäðàòîâ ïî ëèíèÿì ñåòêè✳ ✃àêîå íàèìåíüøåå ÷èñëî êâàäðàòîâ ñ íå÷åòíîé
ñòîðîíîé ìîãëî îêàçàòüñÿ ïîñëå ðàçðåçàíèÿ❄

✹✳ ❒îæíî ëè ðàçðåçàòü ôèãóðó

íà òåòðàìèíî ❄ Òåòðàìèíî ðàçðåøàåòñÿ ïîâîðà÷èâàòü è ïåðåâîðà÷èâàòü✳

✺✳ Ïðî ÷èñëà a, b, c ∈ R èçâåñòíî✱ ÷òî
a

b+ c− a
=

b

c+ a− b
=

c

a+ b− c
. ✃àêèå

çíà÷åíèÿ ìîæåò ïðèíèìàòü âûðàæåíèå (a+ b)(b+ c)(c+ a)
/

abc?

✻✳ ❒íîæåñòâî A ñîñòîèò èç âñåõ øåñòèçíà÷íûõ ÷èñåë ñ ñóììîé öèôð ✹✼ è âñåõ
ïÿòèçíà÷íûõ ÷èñåë ñ ñóììîé öèôð ✸✽❀ ìíîæåñòâî B ñîñòîèò èç âñåõ øåñòèçíà÷íûõ
÷èñåë ñ ñóììîé ✹✺ è âñåõ ïÿòèçíà÷íûõ ÷èñåë ñ ñóììîé öèôð ✸✻✳ ➶ êàêîì ìíîæåñòâå
áîëüøå ýëåìåíòîâ✿ A èëè B❄

✼✳➘àí ðàâíîñòîðîííèé òðåóãîëüíèêABC✳ ❮à åãî ñòîðîíàõAB✱BC è CA âçÿòû
òî÷êè P ✱ Q✱ R òàêèå✱ ÷òî AP : PB = BQ : QC = CR : RA = 2 : 1✳ ➘îêàæèòå✱ ÷òî
ó òðåóãîëüíèêà PQR ñòîðîíû ïåïåíäèêóëÿðíû ñòîðîíàì òðåóãîëüíèêà ABC✳

✽✳ ➶ âûïóêëîì ÷åòûðåõóãîëüíèêå ABCD íà ñòîðîíå AD âûáðàíà òî÷êà E✱ äëÿ
êîòîðîé BE > AB✳ ➮çâåñòíî✱ ÷òî AC > CD✳ ➘îêàæèòå✱ ÷òî ED < 2BC✳

Ягуб
ов

.Р
Ф
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✶✳ ❱❧❛❞❛ ✐ ◆❛t❛ ✐❣r❛❥✉ ✉ ✐❣r✉✳ ❖♥✐ ♥❛✐③♠❡♥✐✞❝♥♦ ✉♣✐s✉❥✉ s❧❡✈❛ ♥❛ ❞❡s♥♦ ❝✐❢r❡✿ ✐❧✐
❥❡❞✐♥✐❝✉✱ ✐❧✐ ❞✈♦❥❦✉✳ ●✉❜✐ ♦♥❛❥ ♣♦s❧❡ ✞❝✐❥❡❣ ♣♦t❡③❛ ♥❡❦♦❧✐❦♦ ♣♦s❧❡❞♥❥✐❤ ❝✐❢❛r❛ ❞❛❥✉ ❜r♦❥
❞❡❧❥✐✈ s❛ ✼ ❜❡③ ♦st❛t❦❛✳ P♦✞❝✐♥❥❡ ❱❧❛❞❛✳ ❉❛ ❧✐ ❥❡❞❛♥ ♦❞ ✐❣r❛✞❝❛ ♠♦✞③❡ ❞❛ ♣♦❜❡❞✐ ❜❡③ ♦❜③✐r❛
♥❛ ✐❣r✉ ♣r♦t✐✈♥✐❦❛❄

✷✳ ❉❛t ❥❡ r❛③❧♦♠❛❦ 1
/

3✳ ❉♦③✈♦❧❥❡♥❡ s✉ ♦♣❡r❛❝✐❥❡✿

✭✐✮ ♣♦✈❡✁❝❛t✐ ❜r♦❥✐❧❛❝ ③❛ ✷✵✶✺✱

✭✐✐✮ ♣♦✈❡✁❝❛t✐ ✐♠❡♥✐❧❛❝ ③❛ ✷✵✶✻✱

✭✐✐✐✮ s❦r❛t✐t✐ r❛③❧♦♠❛❦✳

❉❛ ❧✐ s❡ ♣♦♠♦✁❝✉ s❛♠♦ t✐❤ ♦♣❡r❛❝✐❥❛ ♠♦✞③❡ ❞♦❜✐t✐ r❛③❧♦♠❛❦ 5
/

8❄

✸✳ Pr❛✈♦✉❣❛♦♥❛ t❛❜❧❛ 2014 × 2015 ❥❡ ♣♦❞❡❧❥❡♥❛ ♥❛ ♥❡❦♦❧✐❦♦ ❦✈❛❞r❛t❛ ❞✉✞③ ❧✐♥✐❥❛
♠r❡✞③❡✳ ❑♦❥✐ s❡ ♥❛❥♠❛♥❥✐ ♠♦❣✉✁❝✐ ❜r♦❥ ❦✈❛❞r❛t❛ s❛ ♥❡♣❛r♥♦♠ str❛♥✐❝♦♠ ♠♦❣❛♦ ❞♦❜✐t✐❄

✹✳ ❉❛ ❧✐ s❡ ✜❣✉r❛

♠♦③❡ ♣♦❞❡❧✐t✐ ♥❛ t❡tr❛♠✐♥♦ ❄ ❉♦③✈♦❧❥❡♥♦ ❥❡ ♦❦r❡t❛t✐ t❡tr❛♠✐♥♦✳

✺✳ ❇r♦❥❡✈✐ a, b, c ∈ R s✉ t❛❦✈✐ ❞❛ ❥❡
a

b+ c− a
=

b

c+ a− b
=

c

a+ b− c
. ❑♦❥❡

✈r❡❞♥♦st✐ ♠♦✞③❡ ❞❛ ♣r✐♠❛ ✐③r❛③ (a+ b)(b+ c)(c+ a)
/

abc?

✻✳ ❙❦✉♣ A s❛❞r③✐ s✈❡ ✞s❡st♦❝✐❢r❡♥❡ ❜r♦❥❡✈❡ ❝✐❥✐ ❥❡ ③❜✐r ❝✐❢❛r❛ ✹✼ ✐ s✈❡ ♣❡t♦❝✐❢r❡♥❡
❜r♦❥❡✈❡ ❝✐❥✐ ❥❡ ③❜✐r ❝✐❢❛r❛ ✸✽❀ s❦✉♣ B s❛❞r③✐ s✈❡ ✞s❡st♦❝✐❢r❡♥❡ ❜r♦❥❡✈❡ ❝✐❥✐ ❥❡ ③❜✐r ❝✐❢❛r❛ ✹✺
✐ ♣❡t♦❝✐❢r❡♥❡ ❜r♦❥❡✈❡ ❝✐❥✐ ❥❡ ③❜✐r ❝✐❢❛r❛ ✸✻✳ ❑♦❥✐ s❦✉♣ ✐♠❛ ✈✐s❡ ❡❧❡♠❡♥❛t❛✿ A ✐❧✐ B❄

✼✳ ❉❛t ❥❡ ❥❡❞♥❛❦♦str❛♥✐✞❝❛♥ tr♦✉❣❛♦ ABC✳ ◆❛ ♥❥❡❣♦✈✐♠ str❛♥✐❝❛♠❛ AB✱ BC ✐ CA

✉③❡t❡ s✉ t❛✞❝❦❡ P ✱ Q✱ R t❛❦✈❡ ❞❛ ❥❡ AP : PB = BQ : QC = CR : RA = 2 : 1✳
❉♦❦❛③❛t✐ ❞❛ s✉ str❛♥✐❝❡ tr♦✉❣❧❛ PQR ✉s♣r❛✈♥❡ ❦❛ str❛♥✐❝❛♠❛ tr♦✉❣❧❛ ABC✳

✽✳ ❯ ❦♦♥✈❡❦s♥♦♠ ✞❝❡t✈♦r♦✉❣❧✉ ABCD ♥❛ str❛♥✐❝✐ AD ♦❞❛❜r❛♥❛ ❥❡ t❛✞❝❦❛ E t❛❦✈❛
❞❛ ❥❡ BE > AB✳ ❚❛❦♦❞❥❡ ❥❡ AC > CD✳ ❉♦❦❛③❛t✐ ❞❛ ❥❡ ED < 2BC✳

Ягуб
ов
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➘ðóæåñêèé ìàòåìàòè÷åñêèé áîé✳ ▲■❚❊

✶✳ ❒îæíî ëè ôèãóðó íà ðèñóíêå ðàçðåçàòü íà äîìèíî ✭ïðÿìîóãîëüíèêè 2 × 1✱
ò✳å✳ ✮❄

✷✳ ➮ìååòñÿ ïðÿìîóãîëüíàÿ äîñêà m×n✱ ïðè÷åì m è n íå÷åòíû✳ ➘âîå èãðàþò â
èãðó✿ ìîæíî çàêðàñèòü ëþáóþ êëåòêó✱ êîòîðàÿ èìååò ðîâíî îäíó îáùóþ ñòîðîíó ñ
óæå çàêðàøåííîé êëåòêîé✳ Ïåðâîé ìîæíî çàêðàñèòü ëþáóþ êëåòêó✳ Ïðîèãðûâàåò
òîò✱ êòî íå ìîæåò ñäåëàòü õîä✳ Ó êîãî èç èãðîêîâ åñòü âûèãðûøíàÿ ñòðàòåãèÿ✿ ó
íà÷èíàþùåãî èëè åãî ñîïåðíèêà❄

✸✳ Ðóññêàÿ äåëåãàöèÿ îòïðàâèëàñü â ïåøèé ïîõîä ïî ➪åëãðàäó✳ ➶ ïåðâûé ÷àñ

îíè ïðîøëè 1
/

3 âñåãî ïóòè✱ âî âòîðîé ÷àñ îíè ïðîøëè 1
/

3 îñòàòêà✱ â òðåòèé 1
/

3

îò íîâîãî îñòàòêà✳ ➶ ðåçóëüòàòå èì îñòàëîñü ïðîéòè 5
/

3 êì✳ ✃àêîâà äëèíà âñåãî
ìàðøðóòà❄

✹✳❒àðèíà ðåøèëà ñâàðèòü ñóï✳ ➘ëÿ ýòîãî åé íàäî íàëèòü ðîâíî ✺ ë â êàñòðþëþ✳
✃àê åé ýòî ñäåëàòü✱ åñëè êàñòðþëÿ âìåùàåò â ñåáÿ ìàêñèìóì ✼ ëèòðîâ✱ íî åùå ó
íåå åñòü ✸✲ëèòðîâàÿ áàíêà❄

✃ðàòêîå íàïîìèíàíèå ïðàâèë

✃îìàíäû ïî î÷åðåäè âûçûâàþò ñîïåðíèêîâ íà êàêóþ✲ëèáî èç åùå íå ðàçîáðàí✲
íûõ çàäà÷✳ ✃îìàíäà ìîæåò ëèáî ïðèíÿòü âûçîâ✱ ëèáî ñäåëàòü ïðîâåðêó êîððåêòíî✲

ñòè✳ ✃îìàíäà✱ ïðèíÿâøàÿ âûçîâ✱ âûñòàâëÿåò äîêëàä÷èêà✱ ñîïåðíèêè ✖ îïïîíåí✲
òà✳ ➴ñëè êîìàíäà òðåáóåò ïðîâåðêó êîððåêòíîñòè✱ òî îíà âûñòàâëÿåò îïïîíåíòà✱
à ñîïåðíèêè ✖ äîêëàä÷èêà✳ ➶ ëþáîé ìîìåíò ðàóíäà ó äîñêè íàõîäÿòñÿ è îáùà✲
þòñÿ äâà ÷åëîâåêà❀ êðîìå íèõ è æþðè✱ â äèñêóñèè íå ó÷àñòâóåò íèêòî✳ ✃àæäûé
ó÷àñòíèê ìîæåò âûõîäèòü ê äîñêå íå áîëåå äâåóõ ðàç✳

➘àëåå äîêëàä÷èê✱ îïïîíåíò è æþðè ñïðàâåäëèâî ðàçûãðûâàþò ✶✷ î÷êîâ çà äàí✲
íóþ çàäà÷ó✿ ñíà÷àëà ñëîâî ïðåäîñòàâëÿåòñÿ äîêëàä÷èêó ✭äëÿ ðàññêàçà ðåøåíèÿ ✖
ïðèìåðíî ✶✵ ìèíóò✮✱ çàòåì îïïîíåíòó ✭äëÿ äèñêóññèè ñ äîêëàä÷èêîì ✲ ïðèìåðíî
✶✵ ìèíóò✮✱ çàòåì íà÷èíàåò ðàçáèðàòüñÿ æþðè ✭ñêîëüêî ïîòðåáóåòñÿ✮✳ ➶îçìîæíû
ïåðåìåíû ðîëåé✱ åñëè ýòî íå áûëà ïðîâåðêà êîððåêòíîñòè✳

➷þðè âñ➻ âðåìÿ èãðàåò ðîëü âûñøåãî ðàçóìà✱ óêàçàíèÿ æþðè îáÿçàíû ê èñ✲
ïîëíåíèþ✳

Ягуб
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✶✳ ❉❛ ❧✐ s❡ ✜❣✉r❛ ♥❛ s❧✐❝✐ ♠♦③❡ ♣♦❞❡❧✐t✐ ♥❛ ❞♦♠✐♥♦ ✭♣r❛✈♦✉❣❛♦♥✐❦❡ 2 × 1✱ ♦❞♥♦s♥♦
✮❄

✷✳ ❉❛t❛ ❥❡ ♣r❛✈♦✉❣❛♦♥❛ t❛❜❧❛ m × n✱ ❣❞❡ s✉ m ✐ n ♥❡♣❛r♥✐✳ ❉✈❛ ✐❣r❛✞❝❛ ✉ ❥❡❞♥♦♠
♣♦t❡③✉ ♠♦❣✉ ❞❛ ♦❜♦❥❡ ❜✐❧♦ ❦♦❥❡ ♣♦❧❥❡ ❦♦❥❡ ✐♠❛ t❛❝♥♦ ❥❡❞♥✉ ③❛❥❡❞♥✐✞❝❦✉ str❛♥✐❝✉ s❛ ✈❡✁❝
♦❜♦❥❡♥✐♠ ♣♦❧❥✐♠❛✳ ❯ ♣r✈♦♠ ♣♦t❡③✉ ♠♦③❡ s❡ ♦❜♦❥✐t✐ ❜✐❧♦ ❦♦❥❡ ♣♦❧❥❡✳ ●✉❜✐ ♦♥❛❥ ❦♦ ♥❡
♠♦✞③❡ ❞❛ ♥❛♣r❛✈✐ ❞♦③✈♦❧❥❡♥✐ ♣♦t❡③✳ ❑♦❥✐ ♦❞ ✐❣r❛✞❝❛ ✐♠❛ ♣♦❜❡❞♥✐✞❝❦✉ str❛t❡❣✐❥✉✿ ♦♥❛❥ ❦♦
♣♦❝✐♥❥❡ ✐❧✐ ♥❥❡❣♦✈ s✉♣❛r♥✐❦❄

✸✳ ❘✉s❦❛ ❞❡❧❡❣❛❝✐❥❛ ❥❡ ❦r❡♥✉❧❛ ✉ ✞s❡t♥❥✉ ♣♦ ❇❡♦❣r❛❞✉✳ ❯ t♦❦✉ ♣r✈♦❣ s❛t❛ ♣r❡✞s❧✐ s✉
1
/

3 ♣✉t❛✱ ✉ t♦❦✉ ❞r✉❣♦❣ s❛t❛ s✉ ♣r❡✞s❧✐ 1
/

3 ♦st❛t❦❛✱ ✉ t♦❦✉ tr❡✁❝❡❣ 1
/

3 ♥♦✈♦❣ ♦st❛t❦❛✳

Pr❡♦st❛❧♦ ✐♠ ❥❡ ❞❛ ♣r❡❞❥✉ 5
/

3 ❦♠✳ ❑♦❥❛ ❥❡ ❞✉✞③✐♥❛ ❝❡❧❡ ♠❛r✞sr✉t❡❄

✹✳ ▼❛r✐♥❛ ❥❡ ♦❞❧✉❝✐❧❛ ❞❛ s❦✉✈❛ s✉♣✉✳ ❩❛ t♦ ❥♦❥ ❥❡ ♣♦tr❡❜♥♦ s✐♣❛t✐ ✺ ❧ ✈♦❞❡ ✉ ✞s❡r♣✉✳
❑❛❦♦ ❞❛ t♦ ✉r❛❞✐ ❛❦♦ ✉ ✞s❡r♣✉ st❛❥❡ ♥❛❥✈✐✞s❡ ✼ ❧✐t❛r❛✱ ❛ ▼❛r✐♥❛ ❥♦✞s ✐♠❛ t❡❣❧✉ ♦❞ ✸ ❧❄

❑r❛t❦✐ ♣♦❞s❡t♥✐❦ ♣r❛✈✐❧❛

❊❦✐♣❡ ♥❛✐♠❡♥✐✞❝♥♦ ✐③❛③✐✈❛❥✉ ♣r♦t✐✈♥✐❦❡ ♥❛ ❜✐❧♦ ❦♦❥✐ ♦❞ ♥❡✐s❦♦r✐✞s✁❝❡♥✐❤ ③❛❞❛t❛❦❛✳ ❊❦✐♣❛
♠♦✞③❡ ✐❧✐ ❞❛ ♣r✐♠✐ ✐③❛③♦✈ ✐❧✐ ❞❛ ③❛tr❛✞③✐ ♣r♦✈❡r✉ ✐s♣r❛✈♥♦st✐✳ ❆❦♦ ❡❦✐♣❛ ♣r✐♠❛ ✐③❛③♦✈ ♦♥❞❛
❥❡❞❛♥ ♦❞ ♥❥❡♥✐❤ ✞❝❧❛♥♦✈❛ ♣♦st❛❥❡ ✐③✈❡st✐♦❝❡♠✱ ❛ ❥❡❞❛♥ ♦❞ ✞❝❧❛♥♦✈❛ ♣r♦t✐✈♥✐✞❝❦❡ ❡❦✐♣❡
♣♦st❛❥❡ ♦♣♦♥❡♥t♦♠✳ ❆❦♦ ❡❦✐♣❛ tr❛✞③✐ ♣r♦✈❡r✉ ✐sr❛✈♥♦st✐ ♦♥❞❛ ❥❡❞❛♥ ♦❞ ♥❥❡♥✐❤ ✞❝❧❛♥♦✈❛
♣♦st❛❥❡ ♦♣♦♥❡♥t♦♠✱ ❛ ❥❡❞❛♥ ♦❞ ✞❝❧❛♥♦✈❛ ♣r♦t✐✈♥✐✞❝❦❡ ❡❦✐♣❡ ✖ ✐③✈❡st✐♦❝❡♠✳ ❯ s✈❛❦♦♠
tr❡♥✉t❦✉ ✉ t♦❦✉ r✉♥❞❡ ✐s♣r❡❞ t❛❜❧❡ s❡ ♥❛❧❛③❡ s✈❡❣❛ ❞✈♦❥❡❀ ♦s✐♠ ♥❥✐❤ ✐ ✞③✐r✐❥❛ ♥✐❦♦ ♥❡
✉✞❝❡st✈✉❥❡ ✉ ❞✐s❦✉s✐❥✐✳ ❙✈❛❦✐ ✉✞❝❡s♥✐❦ ♠♦✞③❡ ✐③❧❛③✐t✐ ♣r❡❞ t❛❜❧✉ ♥❛❥✈✐✞s❡ ❞✈❛ ♣✉t❛✳

❉❛❧❥❡ ✐③✈❡st✐❧❛❝✱ ♦♣♦♥❡♥t ✐ ✞③✐r✐ ♣♦✞st❡♥♦ ❞❡❧❡ ✶✷ ❜♦❞♦✈❛ ③❛ t❡❦✉✁❝✐ ③❛❞❛t❛❦✿ ♣r✈♦
✐③✈❡st✐❧❛❝ ♦❜❥❛s♥✐ s✈♦❥❡ r❡✞s❡♥❥❡ ✭③❛ t♦ ✐♠❛ ♦❦♦ ✶✵ ♠✐♥✉t❛✮✱ ♦♥❞❛ ♦♣♦♥❡♥t ♣♦st❛✈❧❥❛
♣✐t❛♥❥❛✱ tr✉❞❡✁❝✐ s❡ ❞❛ ♣r♦♥❛❞❥❡ ❜✐❧♦ ❦♦❥✉ ❣r❡✞s❦✉ ✉ r❡✞s❡♥❥✉ ✐③✈❡st✐♦❝❛ ✭♦❦♦ ✶✵ ♠✐♥✉t❛✮✱ ✐
♥❛ ❦r❛❥✉ ✞③✐r✐ r❛③♠❛tr❛ r❡✞s❡♥❥❡✳ ▼♦❣✉✁❝❛ ❥❡ ✐③♠❡♥❛ ✉❧♦❣❛ ❛❦♦ ♥✐❥❡ ❜✐❧❛ ♣r♦✈❡r❛ ✐s♣r❛✈♥♦st✐✳

✞❩✐r✐ s✈❡ ✈r❡♠❡ ✐❣r❛ ✉❧♦❣✉ ✈✐✞s❡❣ r❛③✉♠❛ ✐ ♥❥❡❣♦✈❡ ♦❞❧✉❦❡ s❡ ♠♦r❛❥✉ ♣♦✞st♦✈❛t✐✳
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