XIX International Zhautykov Olympiad in Mathematics
Almaty, 3 february 2023

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

Ne4. The sum of n > 2 nonzero real numbers, not necessarily distinct, is 0. For each of 2" — 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 first number in the line equals S. Determine the minimum possible value of the
second number in the line.

Ne5. We call a positive integer good if it can be presented in the form ax? + bxy + cy? with integral a, b, ¢, =, y
and b2 — 4ac = —20. Prove that the product of every two good numbers is also good.

Ne6. Several blue and green napkins (possibly of different size) with vertical and horizontal sides are placed on the
plane. It turned out that every two napkins of different 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.
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Bropoii nenn
(Bpems Beinostaenust paborsl 4,5 aca. Kaxnas 3amada onennBaercs B 7 6aJ1I0B. )

Ne4. Cymma n > 2 HEHYJIEBBIX BEIIECTBEHHBIX drces (He 00s3aTelbHO PAa3IndHbIX) paBHa HyJIi0. s KaxK10ro u3
2" — 1 cnocoboB BLIOPATH HECKOIBKO (HEe MEHEee OJHOrO0) U3 9THX UHUCEs TOACUUTAIA CYMMY BBIODAHHBIX UUCEST U
Bce noJsiyuenHbie 2" — 1 cyMM BBINNACAIN B CTPOKY B HeBO3pacrarorieM nopsijike. [lepsoe uucio B crpoke pasHo S.
Hatimure nanvenbiree BO3MOXKHOE 3HAYEHUE BTOPOTO YUC/Ia B CTPOKE.

Ne5. HazoséM HaTypasbHOE YHUCIO0 TOPOWUM, €CITN OHO TIPeJCTaBIsAeTCs B Bue ax’ + bry + cy?, tne a, b, ¢, x, y —
esple uncaa u b2 — dac = —20. JokaxKuTe, ITO IPOU3BEIEHIE ABYX XOPOIINX UHUCEJ — TOXKE XOPOIIee HUHCIIO.

Ne6. Ha 1m10CKOCTB TTO/IOKMIN HECKOIBKO CHHUX M 3€JIEHBIX TIPAMOYTOMBHBIX CaneToK (BO3MOXKHO, PA3HOTO Pa3-
Mepa) ¢ BEPTUKAJBHBIME U MOPU30HTAJIBHBIME cTOpOHaMU. OKa3a/0Ch, 9T0 JIoObe 1Be caadeTKu Pa3HOro IBETa,
MOXKHO TIepecedb BePTUKAIBHON WM FOPU30HTAILHON mpsaMoit (BO3MOXKHO, 1o rpanute). Jlokaxkure, 9T0 MOKHO
BBIOpATH I[BET, JIBE FOPU30HTAJbHBIX IPAMBIX U OJHY BEPTUKAJIBHYO MPIMYIO TaK, 9YTO KaXKIAYI0 caaderKy BriOpaH-
HOT'O IIBETA MEPECEKAET XOTs Obl O/IHA W3 BHIOPAHHBIX TPAMBIX.
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Exinnrni kyH
(2K ymbicTs! opbIHIay yakbiThl 4,5 caraT. Op ecern 7 yraiira GarasaHas!)

Ne4. Honre TeH emMec HAKTBI 1 CAHHBIH, KOCBIHJIBICHI HOJITE TeH (n > 2 KoHe CaHIap 9PTYPJI OOIybl MIHAETTI eMec).
Ocnor canmapapiy 6ipHemeyin (kem merenge Gipeyin) TangayasH 2™ — 1 ogici 6ap. Op ojicTeri TaH AFAH CAHIADIBIH,
KOCBIHIBICHIH ecenTell, bap/ablk 2" — 1 KOCBIHIABIHBI Oip KaTapra OcIedTiH peTIeH Ka3bll MbIKKaH. Ochbl KaTapaa
6ipinmi can S-ke TeH. Ocbl KATAPAAFbl eKIHII CAHHbIH €H Killli MyMKIH M9HI HeIlere TeH?!

Ne5. Erep narypan canael ax? + bxy + cy? typinge xearipyre 6osca, 6y xepae a, b, ¢, x, y — GyTiH camgap xKoHe
b2 — dac = —20, coJI Cambl olcaxcor can aen afitambr3. Eki 2Kakchl caHHbIH KOOEHTIHIICI e KAKChl CaH 00/IaThIHBIH
JTOJIEJIIEHIB.

Ne6. Tyci Kachl1 HEMece KOK GOTATBHIH, TIKTOPTOYPHII mmiaal GipHerre MaiiblK 6ap (OJapabIH eJIeMaepi op-
Typsi 6oyl mymkin). OmapaeiH opbipin KaObIprasapbl KOJIEHEH KOHe TiriHeH KeTeTiHAell Ka3bIKTHIKKA KOWbIIT
mbIKKaH. TypJi TycTi Ke3 Kered eki MaiiJIbIKThI TiK HeMece KOJIIEHEH CBI3BIKIEH (MYMKIH, IeKapa G0iHbIMEeH ) KUBITT
eTyre boyareiael Oeriii. Kemeci maprTel KaHAFATTAHABIPATHIH Oip TYC TAHAAT aayFa OOJATHIHBIH AD/IEIICHI3: eKi
KOJIIeHEeH KoHe 0ip TiK Ty3yai TaHmayra 00/1aabl XKoHe TaHIAIl aJFaH TYCTIH O0ap/IblK MAMJIBIKTAPBIH OChI TAHIAFAH
VI TY3y/aiH KeMiage 6ipeyl Kusib.



