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Almaty, 3 february 2023

Second day

(Time allowed is 4.5 hours. Each problem is worth 7 points)

�4. The sum of n > 2 nonzero real numbers, not necessarily distinct, is 0. For each of 2n−1 ways to select several
of those numbers (at least one) the sum of the selected numbers is calculated; all the resulting sums are written in

line in non-increasing order. The �rst number in the line equals S. Determine the minimum possible value of the

second number in the line.

�5. We call a positive integer good if it can be presented in the form ax2 + bxy + cy2 with integral a, b, c, x, y
and b2 − 4ac = −20. Prove that the product of every two good numbers is also good.

�6. Several blue and green napkins (possibly of di�erent size) with vertical and horizontal sides are placed on the

plane. It turned out that every two napkins of di�erent colours can be intersected by a vertical or horizontal line

(possibly on the border). Prove that one can choose a colour, two horizontal lines, and one vertical line, so that

every napkin of the chosen colour is intersected by at least one chosen line.



XIX Ìåæäóíàðîäíàÿ Æàóòûêîâñêàÿ îëèìïèàäà ïî ìàòåìàòèêå

Àëìàòû, 3 ôåâðàëÿ 2023 ãîäà

Âòîðîé äåíü

(Âðåìÿ âûïîëíåíèÿ ðàáîòû 4,5 ÷àñà. Êàæäàÿ çàäà÷à îöåíèâàåòñÿ â 7 áàëëîâ.)

�4. Ñóììà n > 2 íåíóëåâûõ âåùåñòâåííûõ ÷èñåë (íå îáÿçàòåëüíî ðàçëè÷íûõ) ðàâíà íóëþ. Äëÿ êàæäîãî èç

2n − 1 ñïîñîáîâ âûáðàòü íåñêîëüêî (íå ìåíåå îäíîãî) èç ýòèõ ÷èñåë ïîäñ÷èòàëè ñóììó âûáðàííûõ ÷èñåë è

âñå ïîëó÷åííûå 2n − 1 ñóìì âûïèñàëè â ñòðîêó â íåâîçðàñòàþùåì ïîðÿäêå. Ïåðâîå ÷èñëî â ñòðîêå ðàâíî S.
Íàéäèòå íàèìåíüøåå âîçìîæíîå çíà÷åíèå âòîðîãî ÷èñëà â ñòðîêå.

�5. Íàçîâ¼ì íàòóðàëüíîå ÷èñëî õîðîøèì, åñëè îíî ïðåäñòàâëÿåòñÿ â âèäå ax2 + bxy+ cy2, ãäå a, b, c, x, y �

öåëûå ÷èñëà è b2 − 4ac = −20. Äîêàæèòå, ÷òî ïðîèçâåäåíèå äâóõ õîðîøèõ ÷èñåë � òîæå õîðîøåå ÷èñëî.

�6. Íà ïëîñêîñòü ïîëîæèëè íåñêîëüêî ñèíèõ è çåë¼íûõ ïðÿìîóãîëüíûõ ñàëôåòîê (âîçìîæíî, ðàçíîãî ðàç-

ìåðà) ñ âåðòèêàëüíûìè è ãîðèçîíòàëüíûìè ñòîðîíàìè. Îêàçàëîñü, ÷òî ëþáûå äâå ñàëôåòêè ðàçíîãî öâåòà

ìîæíî ïåðåñå÷ü âåðòèêàëüíîé èëè ãîðèçîíòàëüíîé ïðÿìîé (âîçìîæíî, ïî ãðàíèöå). Äîêàæèòå, ÷òî ìîæíî

âûáðàòü öâåò, äâå ãîðèçîíòàëüíûõ ïðÿìûõ è îäíó âåðòèêàëüíóþ ïðÿìóþ òàê, ÷òî êàæäóþ ñàëôåòêó âûáðàí-

íîãî öâåòà ïåðåñåêàåò õîòÿ áû îäíà èç âûáðàííûõ ïðÿìûõ.



Ìàòåìàòèêàäàí õàëû©àðàëû© XIX Æºóòiêîâ îëèìïèàäàñû

Àëìàòû, 3 à©ïàí 2023 æûë

Åêiíøi ê³í

(Æ´ìûñòû îðûíäàó óà©ûòû 4,5 ñà¡àò. �ð åñåï 7 ´ïàé¡à áà¡àëàíàäû)

�4. Í°ëãå òå åìåñ íà©òû n ñàííû ©îñûíäûñû í°ëãå òå (n > 2 æºíå ñàíäàð ºðò³ðëi áîëóû ìiíäåòòi åìåñ).

Îñû ñàíäàðäû áiðíåøåóií (êåì äåãåíäå áiðåóií) òàäàóäû 2n−1 ºäiñi áàð. �ð ºäiñòåãi òàäàë¡àí ñàíäàðäû
©îñûíäûñûí åñåïòåï, áàðëû© 2n − 1 ©îñûíäûíû áið ©àòàð¡à °ñïåéòií ðåòïåí æàçûï øû©©àí. Îñû ©àòàðäà

áiðiíøi ñàí S-êå òå. Îñû ©àòàðäà¡û åêiíøi ñàííû å êiøi ì³ìêií ìºíi íåøåãå òå?

�5. Åãåð íàòóðàë ñàíäû ax2+ bxy+ cy2 ò³ðiíäå êåëòiðóãå áîëñà, á´ë æåðäå a, b, c, x, y � á³òií ñàíäàð æºíå

b2− 4ac = −20, ñîë ñàíäû æà©ñû ñàí äåï àéòàìûç. Åêi æà©ñû ñàííû ê°áåéòiíäiñi äå æà©ñû ñàí áîëàòûíûí

äºëåëäåiç.

�6. Ò³ñi æàñûë íåìåñå ê°ê áîëàòûí, òiêò°ðòá´ðûø ïiøiíäi áiðíåøå ìàéëû© áàð (îëàðäû °ëøåìäåði ºð-

ò³ðëi áîëóû ì³ìêií). Îëàðäû ºðáiðií ©àáûð¡àëàðû ê°ëäåíå æºíå òiãiíåí êåëåòiíäåé æàçû©òû©©à ©îéûï

øû©©àí. Ò³ðëi ò³ñòi êåç êåëãåí åêi ìàéëû©òû òiê íåìåñå ê°ëäåíå ñûçû©ïåí (ì³ìêií, øåêàðà áîéûìåí) ©èûï

°òóãå áîëàòûíû áåëãiëi. Êåëåñi øàðòòû ©àíà¡àòòàíäûðàòûí áið ò³ñ òàäàï àëó¡à áîëàòûíûí äºëåëäåiç: åêi

ê°ëäåíå æºíå áið òiê ò³çóäi òàäàó¡à áîëàäû æºíå òàäàï àë¡àí ò³ñòi áàðëû© ìàéëû©òàðûí îñû òàäà¡àí

³ø ò³çóäi êåìiíäå áiðåói ©èÿäû.


