VIII International open creative contest for teachers and trainers
of the Olympic reserve of Mathematics, Physics and Computer Science
ALMATY, 10-13 January 2026

Maremaruka. TpeHepJiep Juracnl

Ciznepre exi 06JIMHEH TypaThIH TalChIpMasiap YCHIHBLUIA B
I. «Maremarukansik O0emimM» (Nel—-Ne4 ecentepai mbIFapyra).
II. «Onicremenik 6emim» (Ne5—Ne7 ecenrep, OTMMIINAAA KATTHIKTHIPYIIBICHIHBIH KYHIETIKT] )KYMBICBIHA

OarbITTaJIFaH).

baiikay y3akTeirbl: 4 carar. Op ecen 10 ymaiimen O6aranaHaabl.

I. MaTtemarukaJbIK 001iM
1. OH x,y, z canmapsl YIIiH « + y + z = 3 TeHAIri opbiHAanaabl. Kemeci TeHCI3MIKTI AoNEIACHI3:

Ty y+2? Z+x2>
z+1  z+1  y+1 —

2. ABC'D pom0sl 6epinren. M xone N HykTenepi coiikeciniie A B xxoHe C'D KaObIpraaapbIHbIH OpTaaphl
OosiceiH. E HykTeci — B HyktecineH AN Ty3yiHe TYCIpUIreH HepHeHIUKYIIpIbIH Tabausbl, an [ — C'
HykTecineH D M Ty3yiHe TycipuireH neprneHuKynsapabie tadansl. AC'F sxxone B E D ymiOypblmTapbiHa

CBIpTTail chI3bUTFaH menoepiep X xoHe Y HykTenepinae Kubuibicanpl. XY | BC exeHiH AoJemIeH]s.

3. Bacrankeiga S )KubIHBI OapIIbIK TYOipiepi HAKTHI )KaHE Tepic 001aThIH OipHEeIe KeNATIpUIreH KenMYIIeIepieH
Typanbl. S KUBIHBI KeJieci epeke OOMbIHIIA TONBIKTRIpbUIaAbL: erep P(x) € S xone Q(z) € S 6ornca,
ouna P(z) + Q(x), P(z) - Q(z) xone P(Q(x)) xenmyurenepi ae S )KUbIHBIHA KOCBUIAbL. YaKbIT OTE
KeJIe JKUbIHAAa OapibIK TYOipyiepi HAKTHI )KOHE OH OOJIAaThIH KOIIMYIIE IMaiijia OonarbiHaai 6acTankel S

JKUBIHBI TaObLIA Ma?

4. Erep mporpamMmara x HaTypaJ CaHbIH eHrisce, o k(r? — 1) MoHiH KalTapaabl, MYHIaFbl k& — HOTHKE
TOJNBIK KBaapar OonaThlHAAl €H Killli HaTypajd caH. AJIIBIMEH IporpaMmara n > 1 HaTypasl CaHbl
€HT1311/11, COZlaH KeWiH aJbIHFaH HOTH)KE KalTaJjaH Kipicke Oepiiiai, )koHe ocbuiaid xxanracThl. [Iporpamma
10 pet xymbIc icTei. COHFBI LIBIKKaH CAHHBIH LU(pIap caHbl 0acTanKpl 1 CAHBIHBIH U(pIap CaHbIHAH

1024 ece xen 60mybl MYMKiH 0e?



II. 9aicremeltik 00J1iM

5. Ecenri OipHenie TICVIMEH HIenLy.

Tanceipma: bepinareH ecentiy yI TYpIIi MIENTY KOJBIH KOPCETIHI3.

Ecen: TepTOypbIITHIH TOPT OYPHIIIBIHBIH CHHYCTAphl ©3apa TeH. TepTOYPHIITHIH KeM AETeHe eKi

KaOBIPFachl TEH EKEHIH JIONEIACHI3.

6. Koopaunaums.
Tancbipma: OKyIIBI aJFaH HOTH)KEH] KOJIIAHBII, €CETITiH MEeIiMiH Kanai asKTayFa O0JaThIHBIH KOPCETIiHI3.
KoopauHarus ke3iHe OKYIIBIHBIH aJFa KbIDKYBIH Oaranay OOMbBIHINA HETi3eNITeH YChIHBICTAPbIHBI3/IbI

OepiHi3 (oIMMIIHUaAaaa eCenTiH TONBIK MIeNTiMI YIIIiH 9/IeTTer1 el 7 yaii oepiieni).

Ecen: Erep caHapl exi HaTypaJl CaHHBIH KBaJIpaTTapbIHBIH KOCHIHABICHI TYpiHJIE KeM nererae 2026 op
TYPJTi TOCUIMEH kKa3yFra 0oJaThIH O0JIca, OHBI epekuse caH Aemn araiiMbl3. Epekiine cannapIbiH meKci3 Ko
eKEHIH JIOJIeIICHI3.

TeMeH e OKyIIbI YChIHFaH MIENIIMHIH 0achl OepiireH:

«4k + 1 mypinoezi sscaii canoapovl Kapacmuipativl. Pepma-Iiliep meopemacwvl OOULIHUUA Ke3 KeleeH
OCbIHOAI JHcall Can eKi KeaopammulH KOCbIHObICHL MYPIHOE HCANZbL3 MACIIMEH AHCA3bLAA0bL. ANauKsl n

oana py,...,p, =1 (mod 4) scail canoapwin anaiivix... »

7. Karesepai i3ney.
Tanceipma: [llemimaeri TOruKaibIK KaTenepi Tekcepini3. Erep menrim qypeic 6oamaca, 0apibik KaTeaepl

KOPCETII, AYPbIC MIEHTIMIH KEITIPiHi3.

Ecen: bipnik nen Epnik kezekrecin 1001 x 1001 TakTachbIHbIH YALIBIKTapbIHA (PUITKATAP KOSIIbI, OWBIH]IbI

bipmik 6acraiiael. JXKypiciHeH KeiiH KaHaal aa 0ip )KaThIK (TOPU30HTAIIb ) HEMeCE TiK (BepTHKaIb) KaTap/a
3 ¢umka maiga 6osFaH OWBIHIIBI KeHUTe I, Jlypbic oiibIHIa KiM JKeHe T ?

YchIHBLIFAH memimM: Op KoJl MEH op OaraH YIIiH OacTamnkbl MOHI 2-Te TeH ecenTerimTep (counter)

eHrizeifik. @wuIuka ¢-11 >K0J1 MEH j-1I1 OaFaHHBIH KUBLIBICYbIHA KOMBUIFAHHAH KEWIH, OCBHI OJI MEH

OaraHHBIH ecelnTerimTepineH Oipai azaiitambi3. Kannaii na 6ip ecenrerim O0-re TeH 00JiFaH Ke3/1€ OMBIH

asiKTaJIagbl.

OuIKaHbI TEK XKOJI MeH OaraHHBIH ecenTerimTepi 0-I1eH yJIKeH OONFaH Karnaia FaHa KOloFa 00ma bl
JIeT ecenTelik. Op Kypic callblH OApIBIK €CEeNTEriTepAiH KOChIHBICH oM 2-Te a3zasasl. bys perre
YKoJAap OOMBIHIIIA €CENTErITEePAIH KOChIHABICH OpKalllaH OaraHaap OOMBIHIIA €CENTEerTepAiH KOCHIHIBICHIHA

TeH O0oJIaIbl.

bacrankeina 6apibik ecenrerimTepaiH xKanmbl KOCBIHABICH 1001 - 2 - 2-re TeH. OMbIHIIBUIAP KOCHIHIBI
0-nmeH yJIKeH OoJFaHIIa XKypic xacai ananbl. JleMek, OipiHII OWBIHIIBI )KSHIJISI: €KIHIII OMBIHITBIHBIH
COHFBI )KYpiciHEeH KeiliH skanmbl KocbiHabl 1001 - 2 6omaasl (031 xepe Kate 00Iybl MYMKiH), SIFHU KeJlecl

KypicTe OlpiHILI OMBIHIIBI MIHAETTI TYPJI€ €CeNTeriTepAiH O1piH Hesre aiiHaAbIPaIbl.

Kayabwvr: Epnik sxeHeni.



VIII International open creative contest for teachers and trainers
of the Olympic reserve of Mathematics, Physics and Computer Science
ALMATY, 10-13 January 2026

Maremaruka. Jiura TpeHeposn

Bawm npenmaratorcst 1Ba Gy10ka 3a1aHUIA:
I. «Matemarnueckuii 610k» (3agaum Nel-Ned s perieHus).
II. «Metonudeckuit 6;okx» (3agaum NeS—Ne7, BKirouaeT B ce0s 3aqaHusl, MOACTUPYIOIINE TTOBCETHEBHYIO

paboTy TpeHepa OJTUMITUHUCKOTO pe3epBa).

Bpewms xonkypca: 4 yaca. Kaxxnoe 3ananue onenusaercs B 10 6aJ1ioB.

I. MareMmaTun4eckum 010K

1. IlonoxxurensbHble YnCHA T, Y, 2 TAKOBBI, UTO T + Y + 2 = 3. JlOKaXXUTe HEPABEHCTBO

r+y?  y+2? Z+x2>
z+1  z+1  y+1 —

2. Jlan pom6 ABCD. Ilycte M u N — cepenunsl cropon AB u C'D coorBerctBeHHo. Touka £/ — ocHo-
BaHME MEPIICHANKYJIsIpa U3 Touku B Ha npsimyto AN, a F' — OCHOBaHUE MEPIEHIUKYIsApa U3 Touku C'

Ha npsamyto DM . Onucannbie okpyxHoctu TpeyroasHukoB AC'F' u BE D nepecekarorcst B Toukax X u
Y. Hokaxwure, uto XY | BC.

3. JlaHO MHOKECTBO .S, H3HAYAIBLHO COCTOSIIEE U3 HECKOIBKUX TPUBEIECHHBIX MHOTOWICHOB, BCE KOPHH
KOTOPBIX BEIIECTBEHHBI U OTPULIATENIbHBL. MHOKECTBO S MOMOIHAETCS 110 CIIEAYIONIEMY [IPABHILY: €CIIHU
P(x) € SuQ(z) € S, o muorounenst P(x) + Q(x), P(z) - Q(x) u P(Q(x)) Taxke BKIHOYAIOTCS B
S. CylIeCTBYeT JIK TAKOE MCXOIHOE MHOXECTBO S, B KOTOPOM CO BPEMEHEM IMOSIBUTCSI MHOTOUJICH, BCE

KOpHH KOTOPOIo BEIICCTBCHHBI 1 MOJIOKUTEIIBHBI?

4. Ecny BBECTH B POrpaMMy HaTypajbHOE YHCIIO T, OHA Bo3BpamaeT 3nadenue k(z? — 1), rne k — Hau-
MEHbIIIee HaTypaJIbHOE YUCIIO, TAKOE, YTO PE3YJIbTaT ABJISAETCS MOJHBIM KBaJpaToM. CHauasa B Iporpam-
MYy BBEJIM HATyPAJIbHOE YMCII0 N > 1, 3aTeM MOTYUYEHHBIN pe3yIbTaT CHOBA MOAAIA Ha BXOJ, M TaK JaJiee.
[Iporpamma otpabotana 10 pa3. MoxeT i Koin4decTBO U B mociaeaHeM uucie ObiTh B 1024 paza

6OJ'IBH_IC, 4Y€M B UCXOJHOM YHCJIC n?



II. MeTonn4eckuii 0J10K

5. Pelnenue 3a1a4d HECKOJLKHMHU CIIOCO0aMH.

3apanme: [IpuBenure TpU pa3IMYHBIX CIIOCO0A PEIICHUS TAHHOW 3aJ1a4H.

33).13‘13: CI/IHyCLI YCTBIPEX YITIOB YCTLIPCXYT'OJIbHUKA PABHBI. Z[OKa)KI/ITe, 9TO Yy YCTBIPCXYT'OJIbHUKA €CTh

JIBE PaBHBIC CTOPOHBI.

6. Koopaunaums.
3apanme: [lokaxxure, Kak, UCIONb3Ys MMOJYYSHHBIM ITUM YUEHHUKOM PE3YJIbTaT, 3aKOHUYUTh PEIICHUE 3a-
oaqu. YKa)KI/ITe BO3MO>XHBIC Balll npez{nomeHI/m C 060CHOBaHI/IeM II0 OOCHKE CTOMMOCTHU HpOIlBI/I)KCHI/ISI

YYCHHMKA Ha KOOPJIMHAIIHMH (32 TIOJTHOE PEIISHUE 3a/1a49K Ha OJTUMITHA/IE 1aBAJIOCh, KaK 00BIYHO, 7 OaJIIOB).

3amaua: Yuciio Ha30BEM 0coObLM, €CITN OHO MPEICTABUMO B BHJIE CyMMBI KBaIPaTOB JBYX HAaTypaJbHBIX
yrcen He MeHee yeM 2026 pa3iuyHbIMHU crioco0aMu. JIokakuTe, 4To CyIIEeCTBYET OECKOHEYHO MHOTO
0COOBIX YHCEI.

Hwxe npuBeieHo Ha4auo pemieHus, MPeIoKeCHHOS YUCHUKOM:

«Paccmompum npocmuie uucna éuda 4k + 1. U3 meopemor @epma-Iiinepa uzeecmuo, umo n0boe maxoe
npocmoe YUCio NPeoCmasumo 6 8uoe CyMmbl 08YX K8AOpamos eOuHCmMeeHHbIM cnocobom. Bozvmem n

nepebIX NPOCMbIX YUCEL D1, . .., Pp = 1 (mod 4) ...»

7. TIouck oNINOOK.
3ananue: [IpoBepsTe pelieHNe HA HATUYHE JIOTHYECKUX OMMOOK. Eciu perenrne HeBEpHO, YKAXKHUTE HA

BCE OLUMOKU U MIPUBEIUTE MPABUIBHOE PELICHHE.

3anaua: Ilets u Bacs no ouepenu BoicTaBisitoT B kieTku gocku 1001 x 1001 ¢umiku, Haunnaet [ets.
[TpourpsiBaeT Urpok, nocie xoaa KOTOpOro HaiAETCs ropu30HTaIb WM BepTUKaIb ¢ 3 ¢umkamu. Kro
BBIMI'PBIBAET NPYU MPABUIBHON UTpE?

Ipennoxennoe pemenne: st Kaxa0M CTPOKU U KaXKI0T0 CTOJIOI1a 3aBeIEM CUETUHKH, HAYaJIbHOE 3Ha-
YyeHHe KOTOphIX paBHO 2. [locie Toro kak (puilika BICTAaBISETCS Ha IEPECEUEHUH CTPOKHU ¢ U cToJI0LA 7,
Oy/ieM BBIUUTATh U3 CYETUMKOB ITOM CTPOKH M 3TOr0 cTosI01a 0 eAuHuLEe. Yrpa 3akoHUUTCSI, KaK TOJIBKO

Kakoi-1100 U3 CYETUMKOB CTaHET paBHBIM (.

Bynem cuurarhb, yTO MOCTABUTH (PUIIKY HA [IEPECEUEHUE CTPOKH U CTOJIOIA MOXKHO TOJIBKO B TOM Cllyyae,
ecnu ux cuérunku Oosnpuie 0. 3a KaKAbIN X0 CyMMa 3HAUE€HUH BCEX CYETUMKOB YMEHBILIAETCS] POBHO Ha

2. IIpu 3TOM CymMMa CYETUMKOB 10 CTPOKaM Bcerza OyAeT paBHa CyMMe CUETYMKOB MO CTOJIOLAM.

N3nauanpHO 06m1ast cymma Beex cuérunkoB paBHa 1001 - 2 - 3. UIrpoku MOTYT Aenath XO/bI 10 TeX Mop,
noka cymma octaércs 6onpuie 0. CienoBarenbHO, MPOUTPHIBAET MEPBbI UTPOK: MOCIIE MOCIETHETO XO-
Jla BTOPOTO Urpoka obmras cymma craneT paBHa 1001 - 2, a 3HAUUT, CIEAYIOMIMM XOI0M HEPBHII UTPOK

00s13aTeNbHO OOHYIUT OAMH U3 CYETUYMKOB.

Omeem: BeIUTpBIBacT Bacsl.



VIII International open creative contest for teachers and trainers
of the Olympic reserve of Mathematics, Physics and Computer Science
ALMATY, 10-13 January 2026

Mathematics. Trainer League

You are offered two blocks of tasks:
[. ”Mathematical Block” (problems No1—-Ne4 to be solved).
II. ”Methodological Block™ (problems Ne5—-Ne7, includes tasks simulating the daily work of an Olympic

reserve trainer).

Contest duration: 4 hours. Each task is evaluated at 10 points.

I. Mathematical Block

1. Let x,y, 2z be positive numbers such that z 4+ y + z = 3. Prove the inequality:

x+y2 y+22 z+x2>
z+1 r+1 y+1 =

2. Given a thombus ABC'D. Let M and N be the midpoints of sides AB and C'D, respectively. Point £
is the foot of the perpendicular from point B to the line AN, and F is the foot of the perpendicular from
point C' to the line DM. The circumcircles of triangles AC'F' and BE D intersect at points X and Y.
Prove that XY | BC.

3. Let S be a set initially consisting of several monic polynomials, all of whose roots are real and negative.
The set S is expanded according to the following rule: if P(x) € S and Q(z) € S, then the polynomials
P(z)+ Q(x), P(x) - Q(x), and P(Q(x)) are also included in S. Does there exist such an initial set S in

which a polynomial with all real and positive roots will eventually appear?

4. If a natural number z is entered into a program, it returns the value k(x? — 1), where k is the smallest
natural number such that the result is a perfect square. First, a natural number n > 1 was entered into the
program, then the obtained result was fed back as input, and so on. The program ran 10 times. Can the
number of digits in the final number be 1024 times greater than the number of digits in the initial number

n?



I1. Methodological Block

5. Solving the problem in different ways.

Task: Provide three different ways to solve the following problem.

Problem: The sines of the four angles of a quadrilateral are equal. Prove that the quadrilateral has at

least two equal sides.

6. Coordination.
Task: Show how to complete the solution using the results obtained by this student. Provide your sug-
gestions with justification for evaluating the student’s progress during coordination (a full solution at the

Olympiad is usually worth 7 points).

Problem: A number is called special if it can be represented as a sum of two squares of natural numbers
in at least 2026 different ways. Prove that there are infinitely many special numbers.

Below is the beginning of a solution proposed by a student:

«Consider prime numbers of the form 4k + 1. From the Fermat-Euler theorem, it is known that any
such prime number can be represented as a sum of two squares in a unique way. Take the first n primes

D1y, P =1 (mod 4)...»

7. Mistakes Identification.
Task: Check the solution for logical errors. If the solution is incorrect, identify all errors and provide

the correct solution.

Problem: Alice and Bob take turns placing chips in the cells of a 1001 x 1001 board; Alice starts. A
player loses if, after their move, there is a horizontal or vertical line with 3 chips. Who wins with perfect
play?

Proposed Solution: For each row and each column, we will set counters with an initial value of 2. After
a chip is placed at the intersection of row ¢ and column j, we will subtract one from the counters of that

row and that column. The game ends as soon as any counter becomes 0.

Assume that a chip can be placed at the intersection of a row and a column only if their counters are
greater than 0. For each move, the sum of all counters decreases by exactly 2. Moreover, the sum of row

counters will always equal the sum of column counters.

Initially, the total sum of all counters is 1001 - 2 - 3. Players can make moves as long as the sum remains
greater than 0. Consequently, the first player loses: after the second player’s last move, the total sum
will become 1001 - 2, meaning that on the next move, the first player will necessarily zero out one of the

counters.

Answer: Bob wins.
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