INTERNATIONAL OLYMPIAD
.‘ OF TEACHERS AND TRAINERS

MatremaTuka. MyrajaiMaep Jiuracbl

11 xarmap 2020 ocoin
Cizziepre eki O6eJliMHEH TYPaThIH TallChIpMaJ/iap YChIHBLIAIbL:
I. «Mamemamuxaavik 6eaim» (Nel—-Nej mancoipmarap wvizapyea).
II. «9dicmemenix 6onimy (Ne5—Ne7 mancopmanap my2arimoepdin, Ky HOCATKMI HCy -
MOLCOIHA, DA2HIMMANLAMH,).
Batixay y3axmoiev: 4 casam.
op mancupma 10 ynatimer 6a2a.1aHa0bL.

[ I. Mamemamuraavix, 66atMm ]

1. MaremaTtukTep MeH pu3ukrTep. Maremarnka MeH hU3MKa aH OJIUMITHAIAFA
KaTbICKaH MaTeMaTukrep/in, yieci 48%-nan aproik, 0ipak 50%-nan kem. OumMnuaara eq
KeMi KaHIIa OKYIIbl KATBICYbl MYMKiH?

2.Cangap. o, y »oHe z cangapbl 22(y + 2) = 1, y?(2 + ) = 2 xone 2%(x +y) = 5
apTTapbiH KaHAFATTAH/IbIPAIbl. TY2 KOOEHTIHICIHIH MOHIH TaObIHbI3.

3. Kenwmyimenik. P(3) = 130 maprhiH KaHaFaTTaHBIPATHIH, 6APJIBIK KOO hUImenT-
Tepi 1 Hemece —1 GostaThie Gap bk P(z) KenMyIe iKTepin TabbIHbI3.

4. Ymioypseint. ABC ymOypsIbiHa ChIpTTail chi3bliran meHbepre B rxone C' Tebe-
JIepiHeH Kyprisiaren Kanamajap 1’ nykrecinge KublLibicagbl. AT Ty3yi BC kecingicin K
nykrecinjge Kusanl. Erep ZBAC = 30° :xone LZAKC = 60° 6osica, onga AB : AC' karbl-
HACBHIH TAObIHBI3.

[ II. 9dicmemenix 6eatMm

5.EcenTi op TypJii TOCIJIMEH IIEIy.
Temenie YChIHBIIFAH €CEITIH YIIT Op TYPJI IIeNTy TOCLIIH KeJaTipiHi3:

ABC ymoypeimbiaga A Tebecinern B »kore C' OypBINITAPBIHBIH OMCCEKTPHUCAIAPBIHA
JKYPrizireH nepreHnKyasapabH Tadanapbl H »xkone K #ykTenepi 60JICHIH.

Honennenis: HK || BC.

Ne6—7 Tamnceipmasiapjia «ecemy IapThIHa HeMece OKYIIBIHBIH «IIeImiMi» MeH
«>KayaObIHIa» MaTeMaTHKAJbIK KaTejep »Kioepiayl MyMKiH. Erep «ecemTiH» 1apThbl



Kare OoJjica, OHJIA KaTeHI TYCIHJIpiHi3.Erep kKare OKyIILIHBIH <«HIENTIiMiHIAEe» Kibepiice,
OHJIa OapJIbIK KaTesep/ii KOPCETIHI3 »KoHe eCellTiH AyPhIC HIEMIMIH KeJITipiHi3.

6. Tapa3bimen eJiiey.

Apmana caamakTapbl 1K, 2Kr, 3K, ..., 10 K 601aThiH OOYIMHT IIap/Iaphl 2KOHE caJl-
MaKTapbl 1KT, 2K, 3KT, ..., 10 Kr 6osiaTeia jgontap Oap. ApMan OOyJIMHT IIapiapblHbIH
caJIMarbIH Oitei, 6ipax JonTap/blH cajMarbiH OlaMeiil. Tadakiia bl Tapa3blHbI Haii-
JAJTAHBIT OAPJIBIK JIONTAP/IBIH CAJIMAFbIH aHbIKTay YIIIH ApMaH €H KeMiHje KaHIia
OOYJIMHT IIapJapblH Hafiga aHa ajaibl!

Temen/ie OKYIIbIHBIH «IMTEMIiMi» KeJITipiJIreH.

Bazanay. Ezep natidararnamuvin 60ysume Wapaapuiiviy, canvl 4-men a3 boaca, ecenmin,
wapmot opvirdaamatimoiioi daseadediik. Caasmaxmapvt a, b, c 6oiamoim yus boysume
waparapovir Kapacmopativs. Ocvl yuL 60ysuHe WapAapoiHvly, Kemezimer 013 molnadali
maccadazv, donmapdv, esweti aramvid: a, b, ¢, a+b, a+c, b+c, a+b+ c. Henu, ey
Kon dezende T mypai carmarmol anvikmayea 6oradvl. lemer, 6oysuHe WapAapoIHbLH
CaMDL 4-meH Kem DOAMAYbL MULC.

Muvican. Caamaxmapoe 1 ke, 2 ke, 4 xe, 8 ke b6oramuvit 60YAUHZ WAPAAPOIH AAGTIOUK,.
Kombunauyuarap:

1, 2, 1+2=8, 4, 1+4=5, 2+4=6, 1+2+4=7 8 §8+1=9, 8+2=10.
«2Kayaboiy: 4.

7.1TapameTp.

a

a-HBbIH KaH/1ail HAKTE MeHIepine 4 cos? = a®—6 xoHe 1 —cos 2z = G TeH IeyJIepiHin

HIenniMIep »KUbIHbI Oipjieit 60/1a/1bI7!

Temen/1e OKYIIbIHBIH «IIMEMIiMi» KeJITipiJireH.

Bipinaui mendeydi mypaendipemis: 4cos’ x = a®> — 6 <= cos 2z = a22_ 5
Exinwn mendey: 1 — cos2x = § <= cos2x =1 —g. Onda
a’ —8 a 9 a = —E,
=1l—= <= 3a°+a—-30=0 < 3
2 6 _
a = 3.
10 . . :
a = -3 otcone a = 3 bonzanda mendeysepinir, wewimoep sHcuviiol 61pdeti 6oaadvl.
10
«XKayaboly: a = ——, a = 3.
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INTERNATIONAL OLYMPIAD
OF TEACHERS AND TRAINERS

Marematuka. Jlura yuureseit

11 aneapsa 2026 200a
Bawm nipejyraratorcst jiBa 0J10Ka 3a/IaHUiL:
I. «Mamemamuueckuti 6.a0Kk» (3a0avu Nel—Nej das pewenus).
II. «Memoduueckuti 60Ky (3adauu Ne5—Ne7, exmouaem 6 cebs 3adanus, modesu-
pyroOwsue NoBCEOHESHYI0 PAOOMY YUUMEAS).
IIpodosstrcumenvrocms KOHKYpCa: 4 waca.
Kaotcdoe sadanue ouenusaemcs 6 10 6a.a408.

[ I. Mamemamuuweckuti 640K

1.Marematuku n Pusuku. /lonsg MareMaTnKoOB, YIaCTBOBABIINX B OJUMIIAAJIE 10
mMareMaruke u (usnke, cocrasiser 6oee 48%, no menee 50%. Kakoe naumMenbiee KoJm-
YECTBO YUAINXCS MOTJIO Yy9aCTBOBATH B OJIUMITHAIE?!

2.9ucna x, y, 2 yloBjeTBopAtoT yeaosuaM r2(y+2z) = 1, y*(2+x) = 2 n 2*(z+y) = 5.
Haitjiure 3navenne npossejenust ryz.

3.Muorounen. Haiinnre Bce Takue muorowienst P(x), ecan uzsectno, aro P(3) = 130
1 Bce Ko durmenTsl Muorodsena P(x) pasubl 1 win —1.

4. Tpeyroabuuk. B Tpeyronbauke ABC 1mpoBejieHbl KacaTeIbHbIe K OINCAHHONI OKPY 7K-
HocTH B Toukax B u C', kotopsle niepecekatorcs B Touke 1. [1psimas AT nepecekaer oTpe3ok

BC B rouke K. Haiinure ornomenne AB : AC, ectu LZBAC =30°u LZAKC = 60°.

[ II. Memoduuweckuti 6.10%

5.Penterne 3aj/iatin HECKOJILKAUMHU CIIOCOOaMMU.
[IpuBejiuTe TpU paz/IMIHBIX CIIOCODA PEIIEHUS ITPEICTaBICHHON HIXKE 3aJ1adu:

B tpeyronbanke ABC toukn H n K — ocHOBaHUSI NEPHEHIUKY/ISIPOB, OIIYIIEHHBIX
u3 Bepuinabl A Ha 6uccekrpucel yriios B u C. Jlokaxure, uro HK || BC.

B zagannsax NeG-7 moryT cojiepKarbcst MaTeMaTudecKne OmnoOKN (Kak B yCJIOBUSIX «3a-
JIaqdy» Tak I B «OTBETAX» 1 «PelieHusx» ). Ecim HEKOPPEKTHO YCI0BHE «3aJaduy, TO
00bsiCHUTE, TIOUEeMY 9TO TakK. Kcjin HeBepHO TOJILKO «PeIleHrue» , TO YKayKUTe BCe ONNOKN
U [IPUBE/INTE BEPHOE pEIeHue.



6.B3BernmmuBannsd.

Y Apmana ectb HAOOP MIAPOB st Ooy/uHra Becom 1 Kr, 2 Kr, 3 KT, ..., 10 Kr n Ha-
KJIQJIHbIe MsiUl, Beca KOTOPBIX Tak»Ke cocTapisaior 1 kr, 2 kr, 3 Kr, ..., 10 xr. Apman
3HAeT Beca MapoB JJIsI OOY/IMHTA, HO Beca Msdeil eMy He m3BecTHBI. Kakoe HamMmeHb-
1ree 9ucJIo MapoB Jijist O0y/InHra norpedyercss ApMany, 4ToObI ¢ TOMOIIBIO YA€ IHbIX
BECOB OTPEJIC/INTD Beca BCEX MAIei !

Hmxke npuBeneno «pelneHuney y4deHUKA.

Ouenxa. /loxasicem, 4mo €cau KOAUMECMBO UCNOALIYEMBIT O0YAUH208DIT UAPOG
MEHBULE 4, MO YCAosue 3adavwu He 8vinoinsemcs. Paccmompum mpu 60YAuH206bLT
wapa eecom a,b u c. C' nomowpro Imur mpexr wapos MOHCHO B36ECUMB MAYUU CO
caedyrowumu maccamu: a,b,c,a+b,a+c,b+c u a4+ b+ c. Taxum obpaszom, MoHCHO
onpedesumd maxcumym 7 padsuunoir 6ecos. Caedosamesvro, KOAUMECMEO OOYAUH-
208HLT ULAPOS DONHCHO ObIMb HE MEHEE 4.

IIpumep. Bozvmem boysunzosvie wapvt secom 1 ke, 2 ke, 4 xe, 8 xe. Kombunavyuu.:
1, 2, 1+2=8, 4, 1+4=5, 2+4=6, 1+2+4=7 &8 8+1=9, 8+2=10.

«Omeemy»: 4.

7.1TapameTp.

[Ipn xaxkmx neficTBUTETHHBIX 3HAUYEHNAX (. MHOYKECTBA PEIIeHnil ypaBHeHU

a
deos’r =a®> —6ul—cos2x = G COBIIQIAIOT !

Huke npuBeieno «peleHney y4eHUKa.

IIpeobpasyem nepsoe ypasrenue: 4cos’ x = a®> — 6 <= cos2x = a2;8
Bmopoe ypasnenue: 1 — cos2x = g <= cos2x = 1 — g. llpupasnusas npasovie

6
wacmu, NOAYYUM.

10
2
_3 _ 10
Y70 18 ey 38244-30=0 « |° 3
2 6 B
a = 3.
10
IIpu a = —— u a = 3 mHoocecmsa KopHel YpasHeHUtl co8nadaom.
10

«Omseem»: a = 3 a=3.




INTERNATIONAL OLYMPIAD
.‘ OF TEACHERS AND TRAINERS

Mathematics. Teachers league.

11" January 2026
You are offered two sets of problems:
I. «Mathematical Sets (problems Ne1-Nej to solve)
II. «Methodical Set» (problems Ne5-Ne7, includes tasks simulating a Math teacher
professional activity)
Time: 4 hours
Fach task is worth 10 points

[ I. Mathematical Set

1.Mathematicians and Physicists. The proportion of mathematicians who participated
in the Mathematics and Physics Olympiad is more than 48% but less than 50%. What is
the minimum number of students who could have participated in the Olympiad?

2. Numbers z,y and z satisfy the conditions z%(y + 2) = 1, y*(z + ) = 2 and
2?(x +y) = 5. Find the value of the product zyz

3. Polynomial. Find all such polynomials P(x), given that P(3) = 130 and all
coefficients of the polynomial P(x) are either 1 or —1.

4. Triangle. The tangents at B and C' to circumcircle AB meet at T". The line AT
meets BC' at K. Find the ratio AB : AC it ZBAC = 30° and ZAKC = 60°.

[ II. Methodical Set

5.Solving the problem in different ways.
Provide three distinct ways to solve the following problem:

In triangle ABC, points H and K are the feet of the perpendiculars dropped from
vertex A to the internal bisectors of angles B and C', respectively.
Prove that HK || BC'

Problems 6—7 may contain mathematical mistakes (within the "problem statements,
answers," or "solutions"). If a "problem statement" is incorrect, explain why. If only
the "solution" is incorrect, identify all errors and provide the correct solution.



6.The Weighting Problem.

Arman has bowling balls with weights of 1kg, 2kg, 3kg, ..., 10kg and balls with weights
of 1kg, 2kg, 3kg, ..., 10kg. Arman knows the weights of the bowling balls, but he does
not know the weights of the other balls. What is the minimum number of bowling
balls Arman can use to weigh all the balls using a balance scale?

Below is a student’s "solution"

Lower Bound. Let us prove that the condition cannot be satisfied if the number of
bowling balls used is less than 4. Consider three bowling balls with weights a, b, and
c. Using these three bowling balls, we can directly measure balls with the following
weights: a,b,c,a + b,a+ ¢, b+ ¢, and a + b+ c. In other words, at most 7 different
weights can be determined. Therefore, the number of bowling balls must be at least /.

Example. Let us take bowling balls with weights of 1 kg, 2 kg, 4 kg, and 8 kg. The
combinations are: 1, 2, 1+2=3, 4, 14+4=5, 2+4=0, 1+2+4="7, 8, 8+1=9, 8§+2=10.
Thus, we can weigh any load from 1 to 10 kg.

"Answer": 4.

7.Parametric equations

For which real values of a do the solution sets of the equations
a
4cos’z =a’>—6and 1 — cos2x = 6 coincide?

Below is a student’s "solution"

a’>—8
5 -

Simplify the first equation: 4cos’x = a®> — 6 <= cos 21 =

Swmilarly, for the second equation: 1 — cos2x = § <= cos2r =1 —¢.
Equating the RHS, we get:
a? — 8 a 9 a = _10
=1l—=- <= 3a"+a—-30=0 < 3’
2 6 _
a=3.
At a = —% and a = 3, the solution sets of the equations coincide.

"Answer": a = —%, a = 3.
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