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8.1. Ilycts ABCD — Tpamnenus, B KOTOPOH yriabl A
n B npambie, AB = AD, CD = BC + AD, BC < AD.
Hokaxxkute, uro yron ADC B nBa pasa OoJibllle yrJjia
ABE, roe E — cepenuna AD.

8.2. OkpyKHOCTBH, IIPOXOAAIIASA Uepe3 BEPIINHBI
A, B u TOUKy IlepeceueHmsA BBICOT TPEYroJbHUKAa
ABC, nepecerkaer ctopoHbl AC u BC BO BHYTPEeHHUX
Toukax. [lokamure, uro 60° < ZC < 90°.

8.3. B tpeyronprauke ABC AB = BC, /B = 20°.
Tourka M Ha ocHOBanuu AC takosa, uto AM : MC =
=1 : 2, rouka H — npoerunusa C ma BM. Haiigure
yron AHB.

8.4. Jlokaxxkure, 4TO JIIOOON BBIMTYKJBLIA YeThIPEX-
YTOJBHUK MOJKHO pa3pes3aTh Ha IISATh MHOTOYTOJbHU-
KOB, Ka'KJbI 13 KOTOPBHIX MMeEET OCh CUMMEeTPUMN.
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8.1. Ilycts ABCD — Tpamnenus, B KOTOPOH yriabl A
n B npambie, AB = AD, CD = BC + AD, BC < AD.
Hokaskute, uro yronx ADC B nBa pasa 0oJibllle yTJia
ABE, rne E — cepenuna AD.

8.2. Oxpy:KHOCTBH, IpOXOoAAINIas Uepe3 BEPIITNHBI
A, B u TOUKYy IlepeceueHHWs BBICOT TPEYroJbHUKA
ABC, nepecerkaetr ctopoHbl AC m BC BO BHYTPEeHHUX
Toukax. [lokamure, uro 60° < ZC < 90°.

8.3. B tpeyrombauke ABC AB = BC, /B = 20°.
Touxka M ua ocumoBaHuu AC taxkoBa, uto AM : MC =
=1 : 2, rouka H — npoexknusa C ua BM. Haiigure
yron AHB.

8.4. Jlorkaxkure, 4TO JIIOOOM BBIITYKJBIN UeTHIPEX-
YTOJbHUK MOJKHO paspesaTh Ha IISATh MHOTOYTOJbHU-
KOB, KayKIbIA 13 KOTOPBHIX UMeEeT OCh CUMMETPUN.
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8.5. Ecth nBa paBHBIX (haHEpPHBIX Tpeyroﬁgﬁnﬁxa,
OOWH M3 yTJIOB KOTOPHIX paBeH « (9T YIJIbI OTMeE-
yeHbl). Pacroysiokure mx Ha MJIOCKOCTH TaK, YTOOBI
KaKue-TO TPU BepIIMHBI o0pasoBajii yrojl, PaBHBIU
a/2. (Hukakumu uHcmpymenmamu, 0axe Kapanoa-

woMm, nolb308amMuvCs Helb3s).

8.6. Yepes Bepmuubl B u C Tpeyroabauka ABC
IpoBeJr IMepHeHIUuKYyJAApHO npamoiri BC mnpsambie b
1 ¢ cooTBeTcTBeHHO. CepeluHHBIE IMEePHEeHINKYIIPEI
K cropomam AC u AB mepeceKaioT OpsaMbie b u c¢
B TouKax P u @ cooTBeTCTBEHHO. J[OKaKUTE, UTO IIPS-
Masa PQ nepueHguKyJasapHa menaumaHe AM Tpeyrojb-
Huka ABC.

8.7. Ha cropone AB uernbipexyroabHuka ABCD
HaIllJlach TakKas ToukKa M, UTO YeThIPeXyroJbHU-
Ku AMCD n BMDC onmucasubl OKOJIO OKPY:KHOCTEH
¢ mearpamu 01 m Oy coorBeTcTBeHHO. IIpamasa 010
orcexkaer ot yrja CMD paBHOOeIPEHHBLIN TPEYIroJb-
HUK ¢ BepinuHou M. J[lokasKuTe, YTO YETHIPEXyT0Jib-
HUK ABCD BOHCaHHBINA.

8.8. Ha ctoponax AB u AC Tpeyroapuuka ABC
BbIOpaHBI Takue Touku C;, Bi COOTBETCTBEHHO, UTO
BB; L CC,. Touxka X BHYTPM TPEyroJIbHHKa TaKoOBa,
yro /XBC = /B1BA, /XCB = ZC,CA. J[loka:xure,
qTo ABlXCl = 90° — ZA.
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8.5. Ecth nBa paBHBIX (paHEPHBLIX TPEYTOJBHUKA,
OOVH 13 YIJIOB KOTOPBLIX pPaBeH « (9TU YIJIBI OTMe-
yeHbI). PacroysiokurTe mx Ha MJIOCKOCTH TaK, YTOOBI
KaKue-TO TPU BEPIIUHBI 00pasoBajid yroJ, PaBHBIN
a/2. (Hukakumu uncmpymenmamu, 0axe Kapanoa-
wom, noib308amuvCs HeJlb3s).

8.6. Uepes Bepmuuabl B u C TpeyroabHuka ABC
IIPOBEJHN IePIeHAUKYyJAApHO npamoii BC mpsambie b
1 ¢ cooTBeTcTBeHHO. CepeamHHbBIe MEePHEHANKYIAPEI
K crtoponam AC u AB mepecekaloT OpsaMmbie b u ¢
B TOUuKax P u @ cooTBeTCTBEHHO. JIOKaKUTe, UTO IIPs-
Masi PQ mepuneHguKyJIsapHa meauaHe AM TpeyroJjb-
Huka ABC.

8.7. Ha cropoue AB uerwipexyroabuuxa ABCD
HaIllJlack Takas ToukKa M, UTO YeThIPeXyroJbHH-
Ku AMCD n BMDC onucaubl OKOJIO OKPYsKHOCTEH
¢ nmearpamu 01 u Oy coorBercTBeHHO. IIpamasa 010:
orcexaer or yrja CMD paBHOOeIPEHHBINI TPEYTroJb-
HUK ¢ BepmnuHoU M. J[loKasKuTe, YTO UYETHIPEXYTO0JIb-
HUK ABCD BIMCaAHHBINA.

8.8. Ha ctoponax AB u AC tpeyroabauka ABC
BbIOpaHbI Takue Touku C;, Bi COOTBETCTBEHHO, UTO
BB 1L CC,. Touxka X BHYTpPH TpPeyroJbHIHKAa TaKOBAa,
yro /XBC = /B1BA, /XCB = /ZC1CA. [lokaxure,
qTo ABlXCl = 90° — ZA.
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9.1. Ilycte C — omHa u3 TOYEK IIEepeceueHusd
OKpy:KHOCTell o u 3. KacaresmbHasa B 3TO TOUYKE K «
nepecexaetr 3 B Touke B, a kacarenpHada B C Kk 3 me-
pecekaeT a B Touke A, nmpuueMm A u B orauunsbl ot C,
u yroa ACB tynoii. IIpamasa AB BTOPUYHO IIepeceKa-
eT a 1 3 B Toukax N u M cooTrBeTcTBeHHO. [[oKaKu-
Te, uto 2MN < AB.

9.2. JlaH BBIIYKJIBIA YeTHIPEXYToJbHUK. IlocTpoii-
Te IUPKYJEeM H JUHEHKON TOUKY, NPOeKIUN KOTO-
poii Ha IpPsAMBIe, coAep:Kalliie ero CTOPOHBI, SBJIS-
IOTCS BepIInHaMu mapajiaeaorpaMmma. (HMccaedosarnue
nposodumov He HYMHCHO.)

9.3. Ha naockoctu HapucoBanbl 100 Kpyros, Jio-
Oble IBa M3 KOTOPBIX MMEIOT OOIIYI0 TOUKY (BO3MOMK-
HO, IpaHuUYHYyI0). IloKaKuTe, 4TO HaAWUAETCA TOUKA,
NpUHAAJIeKaIlas He MeHee, ueM 15 Kpyram.

9.4. Jllan QurcupoBaHHBII TpeyroabHuk ABC.
Ilo ommcaHHOM OKOJIO HEro OKPYsKHOCTU IBUMKETCS
Touka P Tak, uro xopasl BC u AP mepeceKaroTcs.
IIpamas AP paspesaer TpeyroabHuK BPC Ha aBa
MEHBIIINX, II€HTPHI BIMCAHHBIX OKPYKHOCTEHl KOTO-
peIX obo3HaumM uepesd I u I coorBercTBeHHO. IIps-
masa I11, nmepecekaetr npamyio BC B Touke Z. I[oka-
JKUTE, UTO BCe IIpAMBbIe ZP npoxogaT yepe3 PUKCUPO-
BAaHHYIO TOUKY.
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OKpYysKHOCTelr a m (3. KacaresbHas B 3TOM TOUYKEe K
nmepecexkaet 3 B Touke B, a kacateinbHad B C K (3 me-
pecekaeT o B Touke A, nmpuueMm A u B otauuHb! oT C,
u yroa ACB rtynoii. IIpamasa AB BTOPUYHO IIepeceKa-
eT a u 3 B Toukax N u M coorBeTcTBeHHO. [[oKaKu-
Te, uto 2MN < AB.

9.2. JlaH BBIIYKJBIN YeTBHIPEXyTOoJbHUK. IlocTpoii-
Te IUPKYJEM H JUHEMKON TOUKY, NPOeKIUN KOTO-
poii Ha IpAMBIE, COAep:Kalllie ero CTOPOHLI, SBJIS-
IOTCS BepIIMHaAMU napaJiaenorpamma. (MccaedosaHue
nposodumuv He HYHHO.)

9.3. Ha niaockoctu mapucoBanbl 100 Kpyros, Jiio-
Oble Ba M3 KOTOPBIX MMEIOT OOIIYI0 TOUKY (BO3MOK-
HO, IrpaHuUYHyI0). [oKakuTe, 4TO HaAWAETCA TOUKA,
IIpUHaAJIeKalnas He MeHee, ueM 15 Kpyram.

9.4. Jlam ¢urkcupoBaHHBIZ TpeyroabHuk ABC.
Ilo onmucaHHOI OKOJIO HEro OKPYsKHOCTU IBUMKETCSA
Touka P Tak, uro xopasl BC u AP mepeceKaioTcs.
IIpamaa AP paspesaer TpeyroabHuK BPC Ha paBa
MEHBIIINX, IEeHTPLI BIMCAHHBIX OKPYsKHOCTEH KOTO-
pBIX ob6o3HauuM uepes3 I u I coorBercTBeHHO. IIps-
masa I1I, nmepecekaer npamyio BC B Touke Z. Jloka-
JKHUTE, UTO BCe IIPAMBbIe ZP npoxonaT yuepe3 PUKCUPO-
BaHHYIO TOUKY.
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9.5. B HepaBHOOEAPEHHOM HOPSAMOYIOJBHOM Tpe-
yroinbHuKe ABC Touka M — cepeauHa I'MIOTEHY3bI
AC, Touku H, n H. — OpPTOIEHTPLI TPEYTrOJbHUKOB
ABM u CBM cooTBeTCTBeHHO. J[oKasKuTe, 4TO HPs-
mbeie AH, u CH, mepecekaloTcs Ha CPegHEN JUHUN
Tpeyroarauka ABC.

9.6. JlmaroHayju BBITYKJIOTO YeTHIPEXYTOJbHUKA
ABCD uepuenguryiaapusl. Touku A’, B, C', D/ —
IIEHTPhl OMNMCAHHBIX OKPYsKHOCTEH TpPeyroJbHUKOB
ABD, BCA, CDB, DAC coorBeTcTBeHHO. J[oKaKuTe,
urto npamsie AA’, BB’, CC’, DD’ nepecekalnTcs B Of-
HOI TOYKe.

9.7. B ocTpoyrojbHOM HepaBHOOEIPEHHOM Tpe-
yroasuuke ABC Boicorsl AA’ u BB’ mnepecerkarorcsa
B Touke H, a memuanbl Tpeyroabuuxka AHB mepece-
ratorcs B Touke M. ITpamas CM penut orpesok A’B’
nmonosaMm. Hawigure yroa C.

9.8. B Tpeyronbauke ABC cepeIHHBINA IIePIEeHIN-
Kynsap kK BC mepecekaer mpsambie AB u AC B TOuY-
Kax Agp m Ac¢ coorBercTBeHHO. O6o3mauum uepes O,
IIEHTP OKPYKHOCTH, OIMNCAHHOMN OKO0JIO TPEYTOJbHUKA
AAgAc. Auamornuno onpeneaum O, m O.. Ioxkaxxu-
T€, YTO OKPYsKHOCTDL, OIMCAHHAA OKOJIO TPEYyroJbHI-
ka 0,0,0., KacaeTcs OINMCAHHON OKPYIKHOCTU UCXOJ-
HOTI'O TPeyroJbHUKA.
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9.5. B mHepaBHOOEAPEHHOM NPAMOYIOJBHOM Tpe-
yroabHUKe ABC Touka M — cepeiunHa I'MIOTEHY3bI
AC, Touku H, u H. — OpPTOIEHTPHLI TPEYTrOJbLHNKOB
ABM u CBM cooTrBeTcTBeHHO. J[OKaKuTe, 4TO OPs-
mble AH, u CH, mnepeceKaloTcsd Ha CpegHed JIMHUU
Tpeyroabauxka ABC.

9.6. JlmaroHajm BBIOYKJIOTO YEThIPEXYTOJbHUKA
ABCD nepuenguryiaapusl. Touku A’, B, C', D' —
IIEHTPhl OIMCAHHBIX OKPYsKHOCTEH TpPeyroJbHUKOB
ABD, BCA, CDB, DAC coorBercTBeHHO. [loKaKkure,
uro npameie AA’, BB, CC’, DD’ nepecekarmoTcs B Of-
HOI TOUKE.

9.7. B ocTpoyroJibHOM HepaBHOOEIPEHHOM Tpe-
yroasuuke ABC BuicoTsl AA’ u BB’ mnepecekarorcs
B Touke H, a Mmemguanbl Tpeyroabuuka AHB mepece-
karoTcsa B Touke M. Ilpamas CM genut orpesox A’B’
nmonojamMm. Haigure yroa C.

9.8. B tpeyroaprauke ABC cepeIHHBIN ITepPHeHIN-
Kynsap kK BC mepecekaer npsambie AB u AC B Tou-
Kax Agp m Ac¢ coorBercTBeHHO. OO6o3mauum uepes O,
IIEHTP OKPYKHOCTH, OIMMCAHHON OKO0JIO TPEYTOJbHUKA
AAgAc. Ananoruuno ompeneaum O, u O.. Iloraxu-
T€, UTO OKPYsKHOCTDH, ONMCAHHAA OKOJIO TPEYTrOJbHU-
Ka 0,0,0., xacaeTcs OIMCAHHOMN OKPYKHOCTU MCXO-
HOT'O TPeyroJbHUKA.
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10.1. IIycts K — ToukKa Ha ctopoHe BC TpGYI‘OJIB'
Huka ABC, KN — ouccexrpuca tTpeyroarauka AKC.
IIpameie BN u AK nepecekaioTcs B Touke F, a mps-
mble CF 1 AB — B Touke D. okaxxure, uto KD —
ouccexkTpuca TpeyroabHuka AKB.

10.2. TokakuTe, UTO BCAKUHI TPEYroJbHUK IIJIO-
maan 1 MOMKHO HAKPBITH PABHOOEIPEHHBIM TPEYTOJIb-
HUKOM ILIOLIANY MeHee, ueM v/ 2.

10.3. B Ttpeyroapauxke ABC Touku A, By u C; —
cepenunbsl ctopoH BC, CA u AB COOTBETCTBEHHO.
Touku By m Cy — cepenuHbl oTpe3koB BA; m CA;
coorBeTcTBeHHO. Touka Bj cummerpuuyHa C; OTHO-
cureqbHo B, a Touka C3 cuMmeTrpuuHa B; OTHOCH-
TeabHO C. JloKasXuTe, UTO OJHA N3 TOUEK IIepeceue-
HUsS OKPYIKHOCTeI, OIMMCAHHBIX OKOJIO TPEYrOJbHMU-
KoB BBsB3 u CC5C3, 1eXKUT HA OKPYIKHOCTU, OIIMCAH-
HOI1 okoJio TpeyroabHuka ABC.

10.4. B ocTpoyroabHOM HepaBHOOEIPEHHOM Tpe-
yroasruuke ABC npoBegensl BeicoTel AA;, BB, CCq
1 OTMEUYEeHBI TOUKU Ay, By, Cs, B KOTOPBIX BHEBIIU-
CaHHBIe OKPYsKHOCTU KacarwoTcsa cropou BC, CA, AB
coorBeTcTBeHHO. IIpsamas B;(C; Kacaercs BOHUCAHHOU
OKPYsKHOCTU TpeyrojJbHUKa. JloKaskurTe, U4TO TOUKAa
A; JIeXXUT Ha OKPYKHOCTU, OIIMCAHHOM OKOJIO Tpe-
yroabHUKa AgByCs.

OpunHagnarad Beepoceuiickasa oIMMIIMAAA 110 TEOMETPHH _esPHH Hyg
o“‘ &y,
2

um. . ®@. lllapeiruaa ¢

®duHanpHbIi TYP, PaTtMuno, 2015 r., 30 uroas g’y
=
YcaoBud 3agau 2

10 kxacc. IlepBoIii 1eHD

8in (xe(mi\‘vm

10.1. IIycts K — TouKa Ha cropore BC TpGYI‘OJIL'
Huka ABC, KN — ouccexkTpuca tpeyroabauxka AKC.
IIpambie BN u AK nepecekarwTcsa B Touke F, a npsa-
mble CF 1 AB — B Touke D. lokaskure, uto KD —
omccexTpuca Tpeyroabuunka AKB.

10.2. TokakuTe, UTO BCAKHI TPEYroJbHUK IIJIO-
maau 1 MOJKHO HaKPBITh PABHOOEIPEHHBIM TPEYTOJb-
HUKOM ILIOLIANY MeHee, ueM v/ 2.

10.3. B tpeyronpauxke ABC Touku A, B u C; —
cepenuasl ctopoH BC, CA u AB COOTBETCTBEHHO.
Touku By m Cy — cepenuHbl oTpe3koB BA; m CA;
coorBeTcTBeHHO. Touka B3 cumMerpuuHa C; OTHO-
cutresqbHo B, a Touka C3 cuMMmeTrpuuHa B; OTHOCH-
TeabHO C. JloKasKuTe, UTO OJHA M3 TOUYEK Iepecede-
HUS OKPY!KHOCTEH, ONMCAHHBIX OKOJIO TPEYTrOJbHU-
KOoB BBsB3 u CCyC3, JIeKUT Ha OKPYKHOCTH, OIIMCAH-
HOI1 oKoJIo TpeyroabHuka ABC.

10.4. B ocTpoyrojabHOM HepaBHOOEAPEHHOM Tpe-
yroabuuke ABC npoBegeHbl BuicOThl AA;, BB, CCq
1 OTMeUYeHbI TOUKU Ay, By, Cs, B KOTOPLIX BHEBIIU-
caHHBIe OKPYsKHOCTU Kacarorcsa cropou BC, CA, AB
coorBeTcTBeHHO. IIpsamasa B;(C; Kacaercs BOHCAHHON
OKPYsKHOCTU TpeyroJbHUKa. J[OKamKuTe, UTO TOUYKA
A1 JIeXKUT Ha OKPYXKHOCTU, OIIMCAHHON OKOJIO Tpe-
yroabHUKa A9BoCs.
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10.5. B npsamoyrojibHOM HepaBHOOEIPEHHOM Tpe-
yroabHUKEe ABC Touka M — cepeamHa THIOTEHYS3HI
AC, Touku H, n H. — OpPTOIEHTPLI TPEYTrOJbHUKOB
ABM u CBM cooTrBercTBeHHO, npambie AH, u CH,
nepecekawTcsa B Touke K. [lokamure, utro /LZMBK =
= 90°.

10.6. IIycts H m O — OPTOIEHTP U I[eHTP ONMCAaH-
HOI OKpy:KHOCTU TpeyroabHuka ABC. OKpy:XKHOCTb,
omncaHHas OKoJio TpeyroabHuka AOH, mepecekaert
CepenInHHBIN meprneHaukyaap k¥ BC B Touke Ay, OT-
anyHoii oT O. AHaAJOTMYHO OIpPeNesaloTCs TOUKU Bj
u C;. [lokaxkure, utro npsameie AA,, BB; u CCy nepe-
CeKaloTCs B OOTHOH TOUKeE.

10 kxacc. Bropoii meHb

10.7. YerpipéxyroabHaa nupamuga SABCD Bnuca-
Ha B ciepy. U3 Bepmuu A, B, C, D omymieHbl IIep-
neHauKyasapel AA;, BBy, CCy, DD, Ha npsambie SC,
SD, SA, SB coorBeTcTBeHHO. OKa3a/I0Ch, UYTO TOUKU
S, A1, B1, C1, D1 pasinunbl 1 JexXaT Ha oqHOU cdepe.
Hokaxxkure, uTo Touku A1, By, C1, D1 1exxar B OqHOU
IIJIOCKOCTH.

10.8. Mo:xkHO Ju paspes3aTh KaKON-HUOYAb IIPSIMO-
YTOJbHUK Ha MPABUJIbHBIA IIECTUYTOJbHUK CO CTO-
poHoOii 1 M HECKOJbKO PABHBIX NIPAMOYTOJbHBIX Tpe-
YTOJBHUKOB ¢ KareraMu 1 u v/3?
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10.5. B npsaMoyrojbHOM HepaBHOOEAPEHHOM Tpe-
yroabHUKe ABC Touka M — cepegmHa T'MOOTEHYS3HI
AC, Touku H, u H. — OpPTOIEHTPHLI TPEYTrOJbLHNKOB
ABM u CBM cooTrBercTBeHHO, npambie AH. u CH,
nepecexkawTca B Touke K. [lokaxkure, utro /MBK =
= 90°.

10.6. IIycts H u O — OPTOIEHTP U IeHTP OIIUCAH-
HOI OKpy:KkHOCTHU Tpeyroabauka ABC. OKpy:KHOCTb,
onmcaHHasi OKoJio TpeyroabHuka AOH, mepecexkaer
CepeIuHHBLIN IepneHIuKyJaap K BC B Touke Ap, OT-
JugHoii oT O. AHaAJOTHUYHO OIpeneaTcs TOUuKu Bj
u C;. Iloka:xkure, utro nmpambie AA;, BB u CCy niepe-
CEeKaloTCs B OTHOM TOUKE.

10.7. YersipéxyroabHasa nupamuga SABCD Bruca-
Ha B cpepy. U3 Bepmuua A, B, C, D omymieHbl mep-
MeHAuKyaapel AA;, BBy, CCy, DD, Ha upsambie SC,
SD, SA, SB coorBeTcTBeHHO. OKa3a/I0Ch, YTO TOUKU
S, A1, By, C1, D1 pasauuHbl 1 JexXaT Ha oqHOH cdepe.
HMokaskure, 4uTo Touku A1, By, C1, D1 JexaT B OqQHOM’
IIJIOCKOCTH.

10.8. MosxkHO 1 paspe3aTh KaKON-HUOYAb IIPAMO-
VTOJbHUK Ha IPABUJIbHBIA IIECTUYTOJbHUK CO CTO-
poHOI 1 M HECKOJHKO PABHBIX HPSIMOYTOJbHBIX Tpe-
YTOJBHUKOB ¢ KarteraMu 1 u v/3?
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8.1. In trapezoid ABCD angles A and B are right,
AB = AD, CD = BC + AD, BC < AD. Prove
that ZADC = 2/ABE, where E is the midpoint of
segment D.

8.2. A circle passing through A, B and the
orthocenter of triangle ABC meets sides AC, BC at
their inner points. Prove that 60° < ZC < 90°.

8.3. In triangle ABC we have AB = BC,
/B = 20°. Point M on AC is such that
AM : MC =1 : 2, point H is the projection of C to
BM. Find angle AHB.

8.4. Prove that an arbitrary convex quadrilateral
can be divided into five polygons having symmetry
axes.
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8.1. In trapezoid ABCD angles A and B are right,
AB = AD, CD = BC + AD, BC < AD. Prove
that ZADC = 2/ABE, where E is the midpoint of
segment D.
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8.2. A circle passing through A, B and the
orthocenter of triangle ABC meets sides AC, BC at
their inner points. Prove that 60° < ZC < 90°.

8.3. In triangle ABC we have AB = BC,
/B = 20°. Point M on AC is such that
AM : MC =1 : 2, point H is the projection of C to
BM. Find angle AHB.

8.4. Prove that an arbitrary convex quadrilateral
can be divided into five polygons having symmetry
axes.
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8.5. Two congruent hard triangles are given. One
of their angles is equal to « (these angles are
marked). Dispose these triangles on the plane in such
a way that the angle formed by some three vertices
would be equal to /2. (No instruments are allowed,
even a pencil.)

8.6. Lines b and ¢ passing through vertices B and
C of triangle ABC are perpendicular to sideline BC.
The perpendicular bisectors of AC and AB meet b
and c at points P and @ respectively. Prove that line
PQ is perpendicular to median AM of triangle ABC.

8.7. Point M on side AB of quadrilateral ABCD
is such that quadrilaterals AMCD and BMDC are
circumscribed around circles centered at O; and O
respectively. Lines 005, CM, and DM form an
isosceles triangle with apex M. Prove that ABCD
is a cyclic quadrilateral.

8.8. Points C;, B; are chosen on sides AB, AC
of a triangle ABC, respectively, so that BB; _L
1 CC;. Point X lying inside the triangle is such
that /XBC = /B1BA, /XCB = /C.CA. Prove that
/B1XC{ = 90° — ZA.
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8.5. Two congruent hard triangles are given. One
of their angles is equal to «a (these angles are
marked). Dispose these triangles on the plane in such
a way that the angle formed by some three vertices
would be equal to a/2. (No instruments are allowed,
even a pencil.)

8.6. Lines b and ¢ passing through vertices B and
C of triangle ABC are perpendicular to sideline BC.
The perpendicular bisectors of AC and AB meet b
and c at points P and @ respectively. Prove that line
PQ is perpendicular to median AM of triangle ABC.

8.7. Point M on side AB of quadrilateral ABCD
is such that quadrilaterals AMCD and BMDC are
circumscribed around circles centered at O; and O
respectively. Lines 0103, CM, and DM form an
isosceles triangle with apex M. Prove that ABCD
is a cyclic quadrilateral.

8.8. Points C;, B; are chosen on sides AB, AC
of a triangle ABC, respectively, so that BB; L
1 CCq. Point X lying inside the triangle is such
that /XBC = /B1BA, /XCB = /C{CA. Prove that
/B1XC; = 90° — ZA.
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9.1. Circles a and 3 pass through point C. The
tangent to a at this point meets 3 at point B, and
the tangent to 3 at C meets a at point A so that A
and B are distinct from C and angle ACB is obtuse.
Line AB meets a and 3 for the second time at points
N and M respectively. Prove that 2MN < AB.

9.2. A convex quadrilateral is given. Using
a compass and a ruler construct a point such that
its projections to the sidelines of this quadrilateral
are the vertices of a parallelogram.

9.3. Let 100 discs lie on the plane in such a way
that each two of them have a common point. Prove
that there exists a point lying inside at least 15
of these discs.

9.4. A fixed triangle ABC is given. Point P moves
on its circumcircle so that segments BC and AP
intersect. Line AP divides triangle BPC into two
triangles with incenters I; and I,. Line I;I5 meets
BC at point Z. Prove that all lines ZP pass through
a fixed point.
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First day. 9 grade

9.1. Circles a and 3 pass through point C. The
tangent to a at this point meets 3 at point B, and
the tangent to B at C meets a at point A so that A
and B are distinct from C and angle ACB is obtuse.
Line AB meets a and 3 for the second time at points

N and M respectively. Prove that 2MN < AB.

9.2. A convex quadrilateral is given. Using
a compass and a ruler construct a point such that
its projections to the sidelines of this quadrilateral
are the vertices of a parallelogram.

9.3. Let 100 discs lie on the plane in such a way
that each two of them have a common point. Prove
that there exists a point lying inside at least 15
of these discs.

9.4. A fixed triangle ABC is given. Point P moves
on its circumcircle so that segments BC and AP
intersect. Line AP divides triangle BPC into two
triangles with incenters I; and Is. Line I;I; meets
BC at point Z. Prove that all lines ZP pass through
a fixed point.
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Second day. 9 grade

9.5. Let BM be a median of nonisosceles right-
angled triangle ABC (4B = 90°), and H,, H. be the
orthocenters of triangles ABM, CBM respectively.
Prove that lines AH, and CH, meet on the medial
line of triangle ABC.

9.6. The diagonals of convex quadrilateral ABCD
are perpendicular. Points A’, B’, C’, D’ are the
circumcenters of triangles ABD, BCA, CDB, DAC
respectively. Prove that lines AA’, BB/, CC’, DD’

concur.

9.7. Let ABC be an acute-angled, nonisosceles
triangle. Altitudes AA’ and BB’ meet at point H,
and the medians of triangle AHB meet at point M.
Line CM bisects segment A’B’. Find angle C.

9.8. A perpendicular bisector of side BC
of triangle ABC meets lines AB and AC at points
Ap and A¢ respectively. Let O, be the circumcenter
of triangle AAgA¢. Points O, and O, are defined
similarly. Prove that the circumcircle of triangle
0,0,0. touches the circumcircle of the original
triangle.
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Second day. 9 grade o

9.5. Let BM be a median of nonisosceles right-

angled triangle ABC (/B = 90°), and H,, H. be the

orthocenters of triangles ABM, CBM respectively.

Prove that lines AH, and CH, meet on the medial
line of triangle ABC.

9.6. The diagonals of convex quadrilateral ABCD
are perpendicular. Points A’, B’, C’, D’ are the
circumcenters of triangles ABD, BCA, CDB, DAC
respectively. Prove that lines AA’, BB’, CC’, DD’

concur.

9.7. Let ABC be an acute-angled, nonisosceles
triangle. Altitudes AA’ and BB’ meet at point H,
and the medians of triangle AHB meet at point M.
Line CM bisects segment A’B’. Find angle C.

9.8. A perpendicular bisector of side BC
of triangle ABC meets lines AB and AC at points
Ap and A¢ respectively. Let O, be the circumcenter
of triangle AAgAc. Points O, and O, are defined
similarly. Prove that the circumcircle of triangle
0,0,0. touches the circumcircle of the original
triangle.
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10.1. Let K be an arbitrary point on side BC
of triangle ABC, and KN be a bisector of triangle
AKC. Lines BN and AK meet at point F, and lines
CF and AB meet at point D. Prove that KD is a
bisector of triangle AKB.

10.2. Prove that an arbitrary triangle with area 1
can be covered by an isosceles triangle with area less

than /2.

10.3. Let A, B; and C; be the midpoints of sides
BC, CA and AB of triangle ABC, respectively. Points
B, and Cy are the midpoints of segments BA; and
CA; respectively. Point B3 is symmetric to C; wrt
B, and Cj3 is symmetric to By wrt C. Prove that one
of common points of circles BBsB3s and CCyCj3 lies
on the circumcircle of triangle ABC.

10.4. Let AA;, BBy, CC; be the altitudes of an
acute-angled, nonisosceles triangle ABC, and As, B,
Cs be the touching points of sides BC, CA, AB with
the correspondent excircles. It is known that line
B1C; touches the incircle of ABC. Prove that A; lies
on the circumcircle of A3B5Cs.
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10.1. Let K be an arbitrary point on side BC
of triangle ABC, and KN be a bisector of triangle
AKC. Lines BN and AK meet at point F, and lines
CF and AB meet at point D. Prove that KD is a
bisector of triangle AKB.

10.2. Prove that an arbitrary triangle with area 1
can be covered by an isosceles triangle with area less

than /2.

10.3. Let A;, B; and C; be the midpoints of sides
BC, CA and AB of triangle ABC, respectively. Points
By, and Cy are the midpoints of segments BA; and
CA; respectively. Point Bg is symmetric to C; wrt
B, and Cj3 is symmetric to B; wrt C. Prove that one
of common points of circles BBsBs and CCyCj3 lies
on the circumcircle of triangle ABC.

10.4. Let AA;, BB;, CC; be the altitudes of an
acute-angled, nonisosceles triangle ABC, and As, By,
Cs be the touching points of sides BC, CA, AB with
the correspondent excircles. It is known that line
B1C; touches the incircle of ABC. Prove that A; lies
on the circumcircle of A3B5Cs.

First day. 10 grade
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10.5. Let BM be a median of right-angled
nonisosceles triangle ABC (/B = 90°), and H,,
H. be the orthocenters of triangles ABM, CBM
respectively. Lines AH, and CH, meet at point K.
Prove that ZMBK = 90°.

10.6. Let H and O be the orthocenter and the
circumcenter of triangle ABC. The circumcircle
of triangle AOH meets the perpendicular bisector
of BC at point A; # O. Points B; and C; are
defined similarly. Prove that lines AA;, BB; and
CC; concur.

10.7. Let SABCD be an inscribed pyramid, and
AA., BBy, CC{, DD; be the perpendiculars from A,
B, C, D to lines SC, SD, SA, SB respectively. Points
S, A1, Bi, C1, D; are distinct and lie on a sphere.
Prove that points A;, B;, C;1 and D; are coplanar.

10.8. Does there exist a rectangle which can be
divided into a regular hexagon with sidelength 1 and
several congruent right-angled triangles with legs 1

and 1/3?
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10.5. Let BM be a median of right-angled
nonisosceles triangle ABC (/B = 90°), and H,,
H,. be the orthocenters of triangles ABM, CBM
respectively. Lines AH, and CH, meet at point K.
Prove that ZMBK = 90°.

10.6. Let H and O be the orthocenter and the
circumcenter of triangle ABC. The circumcircle
of triangle AOH meets the perpendicular bisector
of BC at point A; # O. Points B; and C; are
defined similarly. Prove that lines AA;, BB; and
CC; concur.

10.7. Let SABCD be an inscribed pyramid, and
AA:, BBy, CCy, DD; be the perpendiculars from A,
B, C, D to lines SC, SD, SA, SB respectively. Points
S, A1, Bi, C1, D; are distinct and lie on a sphere.
Prove that points A;, By, C; and D; are coplanar.

10.8. Does there exist a rectangle which can be
divided into a regular hexagon with sidelength 1 and
several congruent right-angled triangles with legs 1

and +/3?



