XXV KYBOK ITAMATI A.H.KOJIMOTI'OPOBA. Tseps, 28.11 — 05.12.2022
MATEMATNYECKNIU BOM Ne3. 3.12.2022
IOHNOPHBI, BBICIITA 4 JIUTA

1. Knerku gockm 100 x 100 packpaliileHbl B HECKOJIBKO IIBETOB TaK, UTO KJIETOK KaxKJIOro IBeTa He OoJiee
104. IIpu KakOM HamMeHBIIEM k 3aBeJOMO HaMJAETCd MPAMOYTOIbHUK & X 1 min 1 X k KJIeTOK, cojepzKariuii
KJICTKH 110 KpaiiHeil Mepe Tpex pas/indHbIX I[BETOB?!

2. Ha croponax AC, BC', AB tpeyronbaunka ABC' BeiOpanbl Touku Ay, By, D coorBercrBenno. OTpe3kn
CD u A, B; nepecekatorcst B Touke M, npudem A; M = B M. Jlokaxkure, 910

AA, N BB, - DM
AC T BiC T T MCT

3. Ilepen Asmcoit nexut kosoma u3 1000 kaprodek ¢ yuciamu ot 1 10 1000 (Ha KaxK10il KapTOIKE POBHO

OJTHO YHCJIO, KayKJ[0€ YNCJIO POBHO Ha OJITHOI KapTOYKe, KAPTOUYKH JIeyKaT B TPOU3BOJILHOM MOPSIJIKE PYOAITKO
BBepx ). Kaxkpiv xoom Ajtiica GepeT BEPXHIO KapTy W3 KOJIOJbI, KJIaJeT e€ JIUIEBOil CTOPOHOI Ha CTOJ U,
€CJIN OHA €eIé He OTMETUJIa HU OJIHON KapThl, OHA MOYXKET OTMETUTH Ty KapTy, KOTOPYIO JIOCTaJIa U3 KOJIO/bI
Ha TEKYIIEM XOJTY.
Urpa gmures 101 xom, 3a Bpemst urpbl Ajnca obsizaHa OTMETUTDb OJiHY KapTy. [lycts Asmca oTmermia KapTy
¢ guciaom A, a ancimo M — 51-oe no Besmmumae cpean 101 KapThl, OTKPBITHIX Ajncoit. Ajmca xoder, 9TOObI
quciao |[M — Al 6b110 Kak MOKHO Menbiie. [[is kakoro HammMenbiero d Ajmca MOXKeT rapaHTHPOBATDH, YTO
|M — A| < d He3aBHCHMO OT U3HAYAJILHOIO PACIIOIOZKEHUS KapT?

4. PaccMOTpUM BCe ITOCJIeI0BATEILHOCTH U3 HyJIel n euHuIl JymHbl 2022. /IBe 11oc/ie10BaTe/IbHOCTH Ha30BEM
IKGUBAAEHITIHLMAU, €CITH OJHY W3 HUX MOXKHO TOJYYUTH U3 JPYTroil HECKOJBLKUMH OIEPAIUAMA CJIETYIOIIETO
THUIIA: BbIOpaTh OJIOK MOAPS MIYIIUX YUUCE]T, B KOTOPOM HEPaGHOE KOJUIECTBO HyJefl U eIUuHUI], a 3aTeM

[ePEBEPHYTH WX MOPSJIOK BHYTpH Ojioka (Tak OJIOK a1, g, . . . , Gy CTAHOBUTCH Qp, (1, - .+, (7).
Onpeenre HAOOJIBINIEE HATYPAJIBHOE YHUCJIO N, JIJIT KOTOPOI'O CYIIECTBYET N pa3INIHbIX ITOC/I€I0BaATE/ILHO-
creit Ay, Ao, ..., A,, HIKaKUe JiBe U3 KOTOPBIX HE SKBUBAJEHTHDI.

5. Touka [ — menTp BrmcauHoil OKpyKHOCTH Tpeyronbanka ABC, a w4, Wg, We €ro BHEBIHUCAHHDBIE OKPY K-
noctu. [lycrs (4 — mpsiMast, IpOXoJsIas Yepe3 TOUKHM KACaHUs KAaCATeTbHBIX U3 | K W4, AHAJOTUIHO OIIpe-
nensitorest psaMbie g u {,.. JlokaykuTe, 9T0 OPTOIEHTD TPEyTroJIbHUKA, 00pa30BaHHOTO MpsiMbiMu {4, (g, (o,
cosrajtaet ¢ Toukoit Haresst tpeyronbuuka ABC.

6. /lano martypaJsibHOE YnCIO N, cBOOOIHOE OT KBajAparoB. Ilycrs D — MHOXKeCTBO BCeX HATYPAJIbHBIX Jle-
mureneit n. [TomvuaokecTBa A, B MHOXKecTBa [ yIOBIETBOPSIOT YCJIOBUIO, 9TO JJist JIOObIX a € A u b € B
CIIpaBeJINBO, UTO @ He JiejuTcsd Ha b u b He jnenurcd Ha a. Jokaxkure, 410

VIAl+ VIBl < VIDI.

7. Bepro 7, 4TO 151 MOGOT0O MOMOKUTEILHOIO BEIIECTBEHHOIO YHCIA A CYIIECTBYET HATYPAIBHOE THCIIO
n > 2 W N HATYPAJIbHBIX UHCET a1, G2, ..., Gp TAKAX, 9TO 4 < Gy < ... < Gp < 2"\ u [yis 1106010
k=1,2,...,n

HO/I(a1, ax) + HOM(ag, ax) + ... + HOM(an, ax) : ax?

8. Ilpu kakom mHambosbiiem N cymiecTByioT dncia 0 < x1, To, ..., Ty < 2022 1 0 < yq, ¥, ..., yn < 2022,
Takue, 9T0 1Ipu Bcex 1 < i< j < N
vo_uil, 1,
Ti T 22 (Y + yj)

9. Jlana napa BelleCTBEHHBIX uncest (ag,by). Oupemenum mocegoBareasroctu {a;} u {b;} coorHomenunem
Uni1 = Ay + by 1 by = apby, ayst Becex n =0, 1, 2, ... Haiigure Bce mapst (ag, by), JJist KOTOPBIX dg092 = dg
u bapz = bg-

10. PoKyCHHUK C MOMOIIHUKOM COOMPAIOTCH MOKa3aTh TAKOil (hOKyc: 3pUTesb coo0IaeT (HOKYCHUKY HATY-
pasbaoe uncio ot 1 10 22922, TlomonHuk BbIIUCLIBaET cTPOKy HmHbl 4044 u3 6yks A, B, B. 3puresns cmoTput
Ha 9Ty CTPOKY, BBIOMpAET OJIHY U3 TpeX OYKB U CTUPAET BCE BXOXK/IEHUA BLIOPAHHON OyKBBI U3 cTpoku. 1locie
9TOro (hOKYCHUK, TV HA OCTABIIYIOCS CTPOKY JIOJIZKEH YraJaTh, KAKOe 9HC/I0 3arajas 3puresib. MoryT jm
GOKYCHUK U TIOMOIIHUK JIOTOBOPUTHCA TaK, 9TOOBI (POKYC rapaHTHPOBAHHO YJIAJICH !



XXV KYBOK ITAMATI A.H.KOJIMOTI'OPOBA. Tseps, 28.11 — 05.12.2022
MATEMATNYECKNIU BOM Ne3. 3.12.2022
IOHUNOPHI, IIEPBAZ{ JIUTA

1. Bayrpu rpeyroipauka ABC (AB = AC) Bwibpana Touka D rtakas, aro ZDBC = 30°, ZDBA = 50°,
/DCB = 55°. Haiinure yron DAC.

2. Ha croponax AC, BC', AB tpeyronbauka ABC' BwiOpanbl Touku Ay, By, D coorBercrBenno. OTpe3kn
CD n Ay B; nepecekatorcst B Touke M, mpuaem A; M = Bi M. Jlokaxute, 910

AA, N BB, N DM
AC 0 BiC T T MC

3. Tlepen Asmcoit jexkur kosofa u3 140 kaprodek ¢ uuciaamu ot 1 j1o 140 (Ha KaxKJI0# KApTOUKE POBHO

OJIHO YHUCJIO, KaXKJI0€ YMUCJIO POBHO Ha OJTHOM KapTOUYKe, KAPTOYKH JIEYKAT B IIPOU3BOJILHOM TIOPSAJIKE PYOAITKO
BBepX). Kazkiabiv xomoM Asnca Geper BEPXHIOI KapTy U3 KOJIOJbI, KJIAJeT e€ JUIEeBOH CTOPOHON Ha CTOJ U,
€cJIi OHa €Ié He OTMEeTHUJIa HU OJIHON KapThl, OHA MOYKET OTMETUTH Ty KapTy, KOTOPYIO JI0CTaJia U3 KOJIO/BI
Ha TEKYIIEM XOJTY.
Urpa amures 101 xom, 3a BpeMst urpbl Ajinca obsizana OTMETUTDb O/iHy KapTy. [lycrs Asnca oTmernia KapTy
¢ auciaom A, a ancimo M — 51-oe no Besmmamae cpean 101 KapThl, OTKPBITHIX Ajncoit. Aymca xoder, ITOObI
qucsio |M — Al 6b110 Kak MOYXKHO MeHblie. JIjisi Kakoro HanMeHblero d AJica MOYXKET rapaHTHPOBATH, YTO
|M — A| < d He3aBUCHMO OT U3HAYAILHOIO PACIIOJIOKEHHs KapT?

4. PaccMOTpHUM Bee TIOCI€/I0BaTE/IbHOCTH U3 HyJeil u euautl yiuHbl 2022. /IBe moc/ie1oBaTe IbHOCTH Ha30BEM
IKBUBANEHMHBLMU, €CTTA OJIHY U3 HUX MOXKHO IOJIYUYUTh U3 JAPYroil HECKOJbKUMU ONEPAIUAMU CJIETYIOIIETO
THUIIA: BBIOpPATh OJIOK OJPS MJIYIIUX YUHUCE, B KOTOPOM HEPAGHOE KOJIUIECTBO HyJeil U eJIUHUI], a 3aTeM

[ePEBEPHYTh WX HOPSIOK BHYTpH Osioka (Tak OJIOK a1, Gy, . . . , Gy CTAHOBUTCH Qp, Gp—1, - .+, (7).
Omnpesiesinre HarOOJIbIIIEE HATYPATBLHOE YUCTIO 1, JJI KOTOPOIO CYIIECTBYET N PA3JIMIHbBIX TOC/IEI0BATETBHO-
creit Ay, Ao, ..., A,, HIKaK#e JIBe U3 KOTOPBLIX HE SKBUBAJIECHTHDI.

5. Touka [ — menTp BuucauHoit okpy2kuocTH Tpeyronbinka ABC, a w4, wg, We €ro BHEBIHUCAHHDBIE OKPY K-
noctu. [lycrs ¢4 — npsimast, IpoxoJisiias Yepe3 TOUKM KAacaHus KAacaTeJbHbIX U3 | K Wy, AHAJOTUIHO OIIpe-
Jiensiiorest upsambie g u {.. Jlokaxkure, 9TO OPTOIEHTD TPEYTroJIbHUKA, 00pa30BaHHOTO IpsiMbiMut {4, (g, (o,
coBmaiaet ¢ Toukoit Haremst tpeyromsanka ABC.

6. Muozxectso M cocrout u3 n snementos. O6oznaunm 2M MuoxecTBo Beex mogMHuONKeCTB MHOKecTBa M
(Brsmouas mmycroe), mycth A C 2M . O6oszmaunm 3a B MHOkKecTBO Beex Takux s € 2M | 1j1s Koropbix Haitnercs
XOTe OBl OJUH Takoil smeMenT a € A, urto s C a. ObozHaumm 3a C' MHOXKeCTBO BeexX Takux s € 2M . ja
KOTOPBIX Hafi/ieTcst X0Ts Obl o/iH Takoil simement a € A, 1o a C s. Jokaxure, aro |B| - |C| > 2" - |A|.

7. CymecTByeT i HATypaJabHOE UHUCJIO 1 > 2 U N PA3JIUYHBIX HATYPAJIbHBIX YUCET A1, Ao, ..., (,, He
IPEBOCXOAAIINX 2" 3, TaKUX, 4TO 11 aoboro k=1, 2,..., n

HO/(ay, ax) + HOd(as, ax) + ...+ HOd(an, ax) : ag?

8. IIpu kakom nambosbiiem N cymectByoT uncaa 0 < xq, o, ..., oy < 11 0 < y1, yo, ..., yny < 1, TaKkme,
gro ipu Beex 1 <1< j < N

vo_uly 1,

zi x| x(y + )

9. Jlana napa BeleCTBEHHBIX uucest (ag,by). Oupemenum mocyenoBarenbaoctu {a;} u {b;} coornomenunem
Upy1 = Qp + by 1 by = anb, g Bcex n =0, 1, 2, ... Haiizure Bce napst (ag, bg), /ISt KOTOPBIX g2 = G
1 b2 = by.

10. PoKyCHHUK C MOMOIHUKOM COOUPAIOTCS MOKa3aTh TaKOi (hoKyc: 3puTesb coodimaeT (HOKYCHUKY HATY-
pasbHOe umcsio oT 1 10 22922, TlomontauK BBIUCHIBAaET CTPOKY 1ymHbI 4044 u3 6yks A, B, B. 3purens cmoTput
Ha 9Ty CTPOKY, BHIOMpAET OJIHY U3 TpeX OYKB U CTUPAET BCE BXOXKJIEHUA BLIOPAHHON OyKBBI U3 cTpoku. locie
9TOro (POKYCHUK, TSI Ha OCTABIIYIOCS CTPOKY JIOJIZKEH YyrajaTh, KAKOoe 9HC/I0 3arajas 3purenb. MoryT jm
GOKYCHUK U TIOMOIIHUK JIOTOBOPHUTHCS TaK, YTOOBI (POKYC rapaHTHPOBAHHO Y/IAJICH !



XXV KYBOK ITAMATI A.H.KOJIMOTI'OPOBA. Tseps, 28.11 — 05.12.2022
MATEMATNYECKNIU BOM Ne3. 3.12.2022
IOHNOPLI, BTOPA# JINTA

1. Buyrpu tpeyrosbunka ABC (AB = AC) Beibpana Touka D rtakasi, uro ZDBC = 30°,
/ZDBA =50°, ZDCB = 55°. Haitjqure yron DAC.
2. ABC — rpeyroibauk ¢ npsimbiM yryiom tpu C. My u My — jiBe TIpOU3BOJIbHBIE TOYKN

suytpu ABC, touka M — cepemuna My Ms. [ponomxenus BMy, BM n BM,; mnepecekator
orpe3ok AC' B toukax N1, N u Ny coorBercrBenno. [lokaxkure, 1T0 gﬁll + g% > 2 gﬂj\;.

3. Jlano HaTypaJbHOE YHCJIO N > 3 U pa3JNIHbIe BElIeCTBEHHBbIE UNUCIa A1, A, ..., Cy.
Haitgure HamMeHbIlee BO3MOYKHOE KOJIMIECTBO PA3INIHbIX 3HAYCHUI CyMM B PSIAy @ + do,
as + as, ..., Ap—1 + Qy, Ay + ai.

4. PaccMoTpuM Bce TOCae0BATEILHOCTH U3 Hyaeil m eauaun JyamHbl 2022. JIBe mociemno-
BATEJILHOCTH HA30BEM IKGUBAAECHMHDbLMU, €CJU OIHY W3 HUX MOYKHO IOJYIUTH W3 JIPYroi
HECKOJIbKIMI OIEePAldsIMI CJIEIYIONIEro THIIA: BEIOPATH OJIOK HMOAPS UIYIINX 9UCesI, B KOTO-
POM HepasHoe KOJMIEeCTBO HyJIeil U eIIHNL, & 3aTeM IePEeBEPHYTh UX MMOPSAIOK BHYTPH 0JI0KA
(Tak OJIOK ay,as, .. ., a4, CTAHOBUTCS Gy, Gp_1, . - . ,01).

Onpegennre HAOOJIbIIEE HATYPAJbHOE YUCIO N, JJIsSI KOTOPOro CYIIECTBYET M Pas3IMIHBIX
nocaeoBarenbHocreit Ay, Ag, ..., A,, HIKaK#e IBe N3 KOTOPHIX He SKBUBAJIEHTHDI.

5. [losoxkuTe/bHbIE BElIeCTBEHHBIC YCaa @, b, ¢ TakKoBbI, UYT0 ab — ¢ = 3 u abc = 18. Kakue

SHa4Y€HNA MOXKET IIPDUHHMAaTb BbIpazKE€HUE %b7

6. Haiimure Bce HATYpaJIbHbIE YHCIIA 7, KOTOPbIE MOYKHO IPEICTAaBUTL B Buje d° + m?, rue
M — HEKOTOPBIIl HATYypaJbHBIN Je/JUTe/b N, a d — HAaUMEHBbIINI HaTypaJbHBI JIeJIUTeab N,
OTJIMYHBIN OT 1.

7. CyuiecTByeT Jin HaTypaJbHOE YUCJIO 1 > 2 U N PA3/JUYHbIX HATypaJbHBIX YHCENI a1, (9,
..., Gy, He TIpeBocxoadnmx 2" 3, Taxkux, uto ad jgoboro k=1,2,..., n

HO/(aq, ar) + HO(az, ax) + ... + HOd(ay,, ar) i ax?

8. Jlan BeinykJelit maruyroabink ABCDE u touka P suyTpu Hero. Touky P coequHnim ¢
cepeJInHaMU BCEX CTOPOH NATHYTroJibHIKA. OKa3a/I0Ch, 9TO YeThIpe U3 MATH 00PAa30BABIIIXCS
YeThIPEXYTOJILHUKOB — onucanubie. JIoKayKuTe, 9To NAThI YeThIPEXyTroJbHUK TOYKE OIICaH-
HBI.

9. Jlama mapa BerecTBeHHBIX dnces (ao, by). Onpenesnnm nocsenosareabroctn {a;} n {b;}
COOTHOIIEHUEM @y 11 = Gy + by 1 b1 = ayb, st Bcex n =0, 1, 2, .... Haiiuure Bce napsr
(ao, bo), JJIg KOTOPBIX Agp22 =— Qg U b2022 = b().

10. PoKyCHHUK ¢ IOMOIITHUKOM COOMPAIOTCsI 1I0KA3aTh TaKoi (DOKYC: 3pUTE/b coo0IaeT ¢o-
KYCHWUKY HaTypaJjbHoe dncio oT 1 1o 22922, [ToMONHIK BLITHCHIBACT CTPOKY JnHBI 4044 13
oyks A, B, B. 3purenb cMOTpUT Ha 3Ty CTPOKY, BHIONpAET OJHY U3 TPeX OYKB U CTUPAET BCE
BXOYK/IeHUs BBIOpaHHO# OyKBBI M3 cTpoku. [locye sToro poKycHUK, Iisdjisi Ha OCTABIIYIOCS
CTPOKY JIOJIZKEH yrajlaTh, KaKoe YUC/I0 3arajiaj 3pureab. MoryT jim (poKyCHUK ¥ TTOMOITHUK
JIOTOBOPHUTDHCSI TaK, 9TOOBI (DOKYC rapaHTUPOBAHHO yIaJICs !



