LVIII VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KINPOB, 05.05 — 11.05.2022
MATEMATNUYECKUN BOM Nel1. 07.05.2022
CTAPIITIA Y I'PVYIIIIA, BBICIIIAS JIUTA

1. Touka P He JIeXKUT HU Ha OJHONW M3 AUATOHAJIEH BBIIYKJIOTO YeThIPEXYTOJIbHUKA
ABCD, no nexut BuyTpu Hero. Jokaxkure, 910 Spap - Spcp # SpBc - SPAD-

2. Jlokazkurte, 9TO JJI JIFOOBIX HATYPAJBbHBIX YUCE] a, b, ¢ CyIIeCTByeT HATypaJIbHOE
qucsto k Taxoe, ato unciaa a +be, b¥ + ca, cF + ab nmetor obmmit geuress, 6ot 1.

3. B rpade ¢ 2n BepmmHamMu HeT IeTesb U KpaTHBIX peédep. [Ipu aToM crenensb Kaxk 10
BepIIuHBI He Oostee 19. /lokarkuTe, 9T0 BepIIHHBI Ipacda MOXKHO PACKPaCUTh B O IIBETOB
TaK, YTOOBI He Oojiee YeM y 3n pédep COBIIAJIM IIBETa KOHIIOB.

4. HarypaJsbable 9ucaa T, Yy U 2 TAKOBBI, UTO

r+y+z |2y +yPe 422
3 r+y+z

HHokazkure, 910 * = Yy = 2.

5. Boinykibiit gerbipéxyroiabauk ABC D takos, uto ZABD = ZACD = 90°. Ilyctb
H — rakas Touka Ha orpeske AD, uro BH | AD, I — Takas touka Ha orpe3ke AC),
aro Al = AB, O — cepenuna orpe3ka AD. Ilpsmasi, npoxoasmias depe3 I u mepren-
mukynspaas O, nepecekaer orpe3ku BH u C'D B Toukax F u F' CcOOTBETCTBEHHO.
Hoxkaxkure, aro [ F' = 21 F.

6. Anuca u Bepa urpator B urpy. ¥ Hux ectb 2022 OyTBHLIOYKH ¢ MOJOKOM OOBHEMOM
200 mur kaxkjgasd. VzHagaabHo B Kaxk1oil OyTbhLiodke nmo 30 My mosioka. IlepBoit xoauT
Aca. 3a KaxKablil X0/ UI'POK MOXKET COBEPIIUTDH OJIHO U3 JIBYX JeHCTBHIA

e BBLIOpPAThH OYTHLIOUKY, B KOTOpOii He MeHee 100 MJI MOJIOKA M BBIIUATH ITOJIOBUHY
MOJIOKa& U3 Hee€.

® BBLIOpPATH JIBe OYTHIIOUKU, B KaXKJI0i 13 KOTOphix MeHee 100 M1 MOJIOKA, IEPEIUTH
MOJIOKO M3 OJIHOU BO BTOPYIO, U BHIOPOCHUTDH ITYCTYIO OyTBHIIOYKY.

[IpourpeiBaer Ta, KTO HEe MOXKeT caejiaTh Xod. KTo u3 UTPOKOB MMeeT BBIUTPBIITHYIO
cTpareruio’

7. Haubosibiiee u3 moJIOXKUATEILHBIX YUCeT a1, A2, ..., A, PaBHO M, a HanMeHbIIIee
paBHo m. V3BecTHo, 4TO I8 IONAPHO PAa3JIUYHBIX %, j, k ecmn a; < a; < ap, TO
a;ap < a?. JTOKasKUTe, ITO A1A3 . . . Ay = MEM™ 2,

8. JlaHbI 1eJible HEOTPUIIATEbHBIE YUCA A1, A2, - .., (n. Ha OKPY?KHOCTA OTMEYEHBI
touku Py, Py, ..., P, (MnMeHHO B TaKOM TOpsiJIKe), Jejsdnume e€ Ha N paBHBIX jyr. Ha
ILJIOCKOCTH IIPOBEIEHBI M OKPY>KHOCTEl TaK, 9TO JJjIsi KarKJI0T0 ¢ KOJMIECTBO OKPYZK-
HOCTEH, BHYTPU KOTOPBIX JIE2KUT TOuKa P; paBHO a;. IIpum Kakom HamMeHBIIIEM 11 9TO
BO3MOKHO? (OTBeT HEOOXOIUMO BBIPA3UTH (DOPMYJIOH OT a1, A2, - .., Uy, DOPMYJIA MO-
JKeT MCI0JIb30BaTh (DYHKIMH mMax ¥ min.)



LVIII VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KINPOB, 05.05 — 11.05.2022
MATEMATUYECKUN BOM Nel1. 07.05.2022
CTAPIITAY I'PVIIIIA, IIEPBAS JIUTA

1. Touka P He JIeXKUT HU Ha OJHONW W3 AUATOHAJIEH BBIIYKJIOTO YeThIPEXYTOJIbHUKA
ABCD, no nexut BuyTpu Hero. Jokaxkure, 910 Spap - Spcp # SpBc - SPAD-

2. [Ipo HarypaJsibHble Uncaa a, b, c uzsectro, uro a+b+HO(a, b) = b+c+HO(b, c) =
=a+ c+ HO/(a, c). BepHo Jjin, 9T0 Kakue-To JiBa 4UCa PABHBI?

3. B rpade ¢ 2n BepmmHamMu HeT IeTesb U KpaTHbIX pédep. [Ipu aToM crenensb Kaxk 10
BepIIuHBI He Oostee 19. /lokarkuTe, 9T0 BepIIHHBI Ipacda MOXKHO PACKPaCUTh B O IIBETOB
TaK, 9TOOBI He Oojiee YeM y 3n pédep COBIIAJIM IIBETa KOHIIOB.

4. Haiinnre Bce Takue HaTypaJibHBIE k, JIJIsI KOTOPBIX CYIIECTBYeT OECKOHETHO MHOI'O
HATYPAJIbHBIX N, YAOBJIETBOPAIOININX JIBYM YCJIOBUAM:

® UNCJIO N TPEJCTABUMO B BHJE MPOU3BEJICHUs ABYX HATYPAJbHBIX UHCEJI, OTJINYIA-
IOIIINXCSI POBHO Ha, k;

e 4ucJIo N + k gaBIAeTCA KBaJIpaTOM HATYPAJHHOTO YHUCIIA.

5. Bremykuiberit getsipéxyronbaunk ABC D takos, auto ZABD = ZACD = 90°. Ilycts
H — rakas Touka Ha orpeske AD, auro BH | AD, I — Takas touka Ha oTpe3ke AC),
aro Al = AB, O — cepenuna orpe3ka AD. Ilpsmasi, mpoxossimiast depe3 I u mepren-
mukyaspaas O, nepecekaer orpesku BH n C'D B toukax F u F COOTBETCTBEHHO.

Hoxkaxkure, aro [ F' = 21 F.

6. Anuca u Bepa urpator B urpy. ¥ Hux ectb 2022 OYyTBHLIOYKH ¢ MOJOKOM OOBHEMOM
200 mur kaxkjgad. VsHagaabHo B Kaxk1oil OyThuiodke o 30 My mosioka. IlepBoit xoauT
Aymnca. 3a KaKJIbIil X0 UI'POK MOXKET COBEPINUTH OJIHO U3 JABYX JIEHCTBUI

e BHLIOpPATH OYTHLIOUKY, B KOTOpOil He MeHee 100 MJI MOJIOKA M BBIIUATH OJIOBUHY
MOJIOKA U3 HeE.

e BBEIOpPATH /IBe OyTHIJIOYKH, B KarK/I0i 13 KOTOPHIX MeHee 100 MJI MOJIOKA, IEPETTUTH
MOJIOKO U3 OJTHOIT BO BTOPYIO, U BBIOPOCUTH ITYCTYIO OYTHLIOUKY.

IIpourpniBaer Ta, KTO He MOXKET cAejarhb XoA. KTo M3 MIPOKOB MMEET BBIMTPBIIIHYIO
CTPATEruio?

7. Haubonabitee n3 mojioXKUTEJIbHBIX YHUCET a1, A2, ..., Ay, PaBHO M, a HaumMeHbIIIEe
pasHo m. V3BecTHo, 4TO JJjId IONAPHO PAa3JUYHBIX %, j, k ecim a; < a; < ap, TO
a;ap < a?. JIOKasKUTe, ITO A1a3 . . . Ay = M2M™ 2,

8. Ha okpyxkuOCTH oTMedeHbl TOUYKU Py, Ps, ..., Psyoo (MIMEHHO B TaKOM TOPSJIKE),
nengamue eé Ha 2022 paBHbBIX ayr. Ha miockocTu mpoBesieHbI m OKPYKHOCTEH Tak, ITO
JJIsT KaXKJI0TO ¢ KOJIMIECTBO OKPYXKHOCTEW, BHYTPHU KOTOPBIX JIEXKUT TOYKa FP; paBHO
YHUCIY, Ha 1 OOJIbIlIeMy, YeM OCTATOK ¢ IpHu JejeHun Ha 3. [Ipn kakoM HamMeHbIIEM m
9TO BO3MOYKHO?



LVIII VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KINPOB, 05.05 — 11.05.2022
MATEMATNUYECKUN BOM Nel1. 07.05.2022
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. Jlaun nupssmoyrosabubiili TpeyroabHuk ABC' ¢ npsmbim yrimom A. Ha mpsimoit, mmpoxo-
nsmeit uepes Touky C' nepuenankyasipao BC ormedena Touka D takas, uro C'D = AC
1 TOYKa [) HAXOMUTCS B PA3HBIX IOJIYILIOCKOCTSX C TOYKOH A OTHOCHUTEIHHO IPSIMOIA

BC'. Orpeskun BC' u AD nepecekaiorcst B Touke F. Oxazajiocs, uro AC = 3EC. Haii-
AB

AUTe EC*
2. [Ipo marypasbable uncia a, b, ¢ masectuo, aro a+b+HO(a,b) = b+c+HO (b, c) =
= a + ¢+ HO/{(a, c). Bepro jin, 9410 Kakue-To JiBa IUCJIa PABHBI!

3. B rpade ¢ 2n BepmmHamMu HeT IeTesb U KpaTHbIX pédep. [Ipu aToM cTrenensb Kaxk 10
BepiIuHbI He OoJiee 19. /lokazkuTe, 9TO BepIIUHBI rpada MOXKHO PACKPACHTH B 5 IIBETOB
TaK, 9TOOBI He Oojiee YeM y 3n pédep COBIIAJIM IIBETa KOHIIOB.

4. KapJ HanucaJ Ha JIOCKE CUCTEMY U3 TPEX YPaBHEHWU, KaxK/10€ U3 KOTOPBHIX UMeeT
BUI a +b = ¢c wim a - b = ¢, a mOTOM Jarke pemmy e€ B HaTypaJgbHBIX unciaax! OO
sToM TIpo3HaJia Kiapa m 3axoresia y3HaTh pemenne cucreMmbl Kapisia. Kaps vHe xouer,
qTobbl Kitapa y3Hajia ero perieHue, Mo3TOMY OH yCIeJ CTepeTb C JIOCKH BCe 3HAKH
apudMeTHIeCKUX oneparnuii (CJIoyKeHus Wi yMHOXKeHus1). Ha j1ocke ocrajiach cucremMa

r z=15
r y=12
r x =36

SHaveHns KaKuX IepeMeHHBbIX B pernennu Kapia cmoxker Haiitu Kiaapa?

5. B tpeyrossauke ABC yron /B = 45°. Ha croponax AB n BC BHe TpeyroJibHUKA
ABC mnocrpoennl kBagapatel ABDE u CBFG. Touka M — cepeanna orpeska FG.
Hoxkaxkure, uro MA = MC.

6. Aus u Bens o ouepe i 0OTMEYAIOT IO OJTHOI TOYKE Ha MPSIMOil (BCE TOYKHU JOIXKHBI
ObITH pa3yn4Hbl), Arsa xoauT nepsoit. [locste Kaxk0ro xo/aa moJIyIuBIIeecs: MHOYKECTBO
TOYEK JOJIPKHO OBITh CUMMETPUYIHO OTHOCHUTEJHHO HEKOTOPON TOYKH MPSMOil (He 00si-
3aTeJIbHO OJTHOM M3 OTMeUYeHHBIX ). ToT, KTO He MOYXKeT CJIeJIaTh X0, MpourpbiBaer. EcTh
JIN ¥ KOrO-HUOY/Ib U3 UI'POKOB BBIUTPHIINIHAS CTPATErusi, U €CJu Jia, TO Y KOro?

7. HauboJsibiriee n3 moJIoXKUTENBHBIX 9UCe] a1, G2, ..., G, PaBHO M, a HamMeHbIIee
s U2, y Un )

paBHo m. V3BecTHO, 4TO JI IIONApHO Pa3IU4YHbIX 4, j, k ecim a; < a; < ay, TO

a;ap < a?. JToKazKuTe, 9T0 G1G2 . . . Qpn = M2M™ 2,

8. Ha nocke Bemmcano 100 dnces1, Heobsg3aTebHO pa3iandHbIxX. Jis kaxmoro w3 2100 —1
CII0CO0O0B BBIOpATh HAOOP M3 HECKOJIBKIX BBIINCAHHBIX unces JJuMa 3amnmcar B TeTpaaKy
CyMMY dYHceJ B BhIOpaHHOM HaOope. Haiinnre HanboJibiiee BO3MOXKHOE YUCJIO €IUHMUIL,
KOTOPOe MOzKeT ObITh 3amnucano B Terpaiau Jumbl. Hanpumep, eciim 661 Ha JI0CKe ObLIN
HaITMCaHbl Yucaa —1, 2, 2, To B TeTpau ObLIN OBl 3aIIUCaHbl 3 OJIMH pa3, 4 OJUH pa3, 2
aBa pasa, —1 oguH pa3, 1 aBa pa3za. Toro, 2 eauHAIIbI.



LVIII VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KINPOB, 05.05 — 11.05.2022
MATEMATUYECKUN BOM Nel1. 07.05.2022
CTAPIITIAY I'PVIIIIA, TPEThSA JIUTA

1. /lar mpsmoyrosbabrii Tpeyroapbuuk ABC ¢ npsmbiv yriiom A. Ha mpsimoit, mpoxo-
nstimeit gepes Touky C' mepuengukyisipao BC' ormedena Touka D takasi, auro CD = AC
u TO4YKa [) HAXOJUTCS B PA3HBIX IOJIYILJIOCKOCTSAX C TOYKOW A OTHOCUTEJHHO IPSIMOI

BC. Orpeskun BC u AD nepecekatorcs B Touke F. Oxkazasiocs, uro AC = 3EC. Hait-
AB

AUTe EC"
2. IIpo HarypaJsbuble uncia a, b, ¢ ussecruo, aro a+b+HO(a, b) = b+c+HO (b, c) =
=a + c+ HO/(a, c). BepHo sin, 910 Kakme-TO J1Ba 9nCJa PABHBI?

3. V mred-noBapa ecTh KpyrJas Iuila, paspesantas Ha 200 Kyckos mpu momomru 100
IPAMOJIMHEHHBIX Pa3Pe30B, ITPOXOIANINX Yepe3 IMEeHTP MUIIIbI. Tak:Ke y IoBapa ecTb N
Pa3JIMIHBIX COyCcOB. Kaxk 1b1ii coyc mmoBap 1moJIozKuI Ha HekKoTopble 100 mToapstt mymmx
KycKoB muribl. [locite aToro moBap moacumTali, CKOJIBKO COYCOB MOMAJIO HA KaryKIbINA
Kycok. Ilyctb m u M mammMenbIiee 1 HAMOOJIbIIEE U3 MOy IEHHBIX YUCeI. deMy MOXKeT
ObITH paBHO M + M (OTBeT MOXKET 3aBUCETH OT 1) 7

4. Kaps HanmcaJs Ha JIOCKE CUCTEMY U3 TPEX ypaBHEHUI, KarKJI0€ U3 KOTOPBIX UMEeT
BUAZ a +b = cmm a - b = ¢, a MOTOM Jaxke pemrum eé B HaTypaabHbIx unciax! O6
9TOM mpo3HaJja Kiapa m 3axoresa y3HaTh pelienune cuctembl Kapsa. Kaps He xoder,
qToObl Kitapa y3Hajia ero perienue, mo3TOMY OH yCHEJ CTEPETb C JIOCKH BCe 3HAKH
apudMeTHIecKuX ornepannii (CJI0XKeHust nin yMHOXKeHus1). Ha 1ocke ocraiachk cucrema

r z=15
r y=12
r x =36

SHadeHnss KaKuX IepeMeHHbIX B perennu KapJja cmoxer Haditu Kiapa?

5. Ha cropone BC pasuobepentoro tpeyroibanka ABC (AB = BC') ormedena To4-
ka P Ttak, uro ZPAC = 45°. CepeauHHbI HePHEHINKYIIP K 0Tpe3Ky AP mepecekaer
cropory AB B Ttouke (). Hokaxure, auro P(Q) 1 BC.

6. Aus u Benst o ouepen 0TMETAIOT TIO OJTHOI TOYKE Ha MPSIMOi (BCe TOUKHU JOTKHBI
ObITH pa3au4Hbl), Aus xomuT mepsoii. [locste Kaxk10T0 X018 MOJIy IUBIIeeCss MHOYKECTBO
TOYEK JIOJIPKHO OBITh CUMMETPUYHO OTHOCUTEJIHHO HEKOTOPON TOYKM MPsIMOil (He 00si-
3aTeJILHO OJIHOI M3 OTMEYEHHBIX ). ToT, KTO HEe MOXKET CJIeJIaTh X0/, pourpbiBaer. EcThb
JIN Y KOTO-HUOY/Ib U3 UTPOKOB BBIMI'PHIIITHAS CTPATETUsI, U €CJIN Jia, TO y KOro?

7. Hano 100-3naunoe umcisio n. M3BecTHO, 9TO B 4mucgax 1 U 2n Hudpbl UIYT CJIEBA
HaIIPABO B MOPSIIKEe HECTPOTroro BospacTanus. Jlokaxkure, 94T0 Kakas-TO mudpa BCTPe-
JaeTcss B N XOTd ObI 25 pas.

8. Ha nocke Bemmcano 100 dnces1, Heobs3aTebHO pa3indHbix. Jis kaxmoro w3 2100 -1
CII0CO00B BBIOpATh HAOOD M3 HECKOJIbKIX BBIINCAHHBIX Ynces JJuMma 3amnmcar B TeTpaaKy
CyMMY dYHceJ B BbIOpaHHOM HaOope. Haiinnre HanboJibiiee BO3MOXKHOE YHUCJIO €IUHMUIL,
KOTOPOe MOKeT ObITh 3amnucano B Terpaian Jumbl. Hanpumep, eciim 661 Ha JI0CKe ObLIN
HaIMCcaHbl Yucaa —1, 2, 2, To B TeTpaau ObLIN OBl 3alIUCAaHbI 3 OJIMH pa3, 4 OJUH pa3, 2
aBa pasa, —1 oguH pa3, 1 aBa pa3za. lToro, 2 exuHAIIbI.



