LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne1. 01.05.2024
MJIAJIIIIA S TPYIIIIA, BBICIITIA 4 JIUTA

1. [an mepaBnobepennsniii Tpeyroapunk ABC, B kotopom ZA = 105°. Touka D cummer-
pudHa Touke A OTHOCHTEILHO CepeINHHOTO IepIieHInKyIapa K cropore BC'. Okazaioch, 9To

AD + AC = BC'. Yemy moxket 0bITh paBen yroa ABC?

2. Tlama 3ajymMal mepectaHoBKY ap,ds, ..., a4, HATYpaJbHbIX qucea 1,2,....n (n > 1).
Uropb MoxkeT BbIOpaTh mapy HaTypaabHbIX duces 1 < ¢ < j < n, coodmutsh ee [larre, a on
B OTBeT HazoBeT VIropio ofHo us 4uces ia; nan ja;. VIropb ne 3naer, Kakoe U3 3THX 2 4HUCeJl
eMy HasbIBalOT. [Ipn Kaknx HaTypajbHbix 1 Mroph rapaHTUPOBAHHO CMOXKET OTTaJIaTh BCIO
epecTaHoOBKY, 3a/1aB HECKOJIBKO TAKUX BOIIPOCOB?

3. Haitnure Bee Takue narypasbibie ncia a < b, aro HOK(a, b—a)+HO/(a, b) = b+1234.

4. Jlano HarypaJjibHOe 4ncjio n > 1. CKOJbKUMU CIIOCODAMK MOYKHO PACKPaCUTh KJIETKHU
KBaJIpaTa n X N B 4eTbIpe I[BeTa TaK, 4TOObI JI0ObIe JIBe KJIETKHU, UMEIOIre OOIyI0 CTOPOHY
TN BEPIIIHY, ObLIN IMOKPAIIEeHbI B pa3Hble nBeTa’ Kak1yio KIeTKy KpacuM, KaXKIyio B OJNH
I[BET.

5. ®ens n Cala 110 odepey IPOBOAAT Ha ILJIOCKOCTH IIpsiMble, IIOKa He OylIeT IPOBEeJIEeHO
2024 npambie. Haunnaer @eng. Calra xodeT, 4ToObI B pe3y/ibTaTe KOJMIECTBO 00JIacTeil, Ha
KOTOpbIE IIPOBeIeHHbIe IIPsSIMble Je/IsT ILJIOCKOCTDb, Jenioch Ha 3. Cmoxer i Pens emy
HoMeIaTh?

6. HazoBem HaTypaJibHOE 4ncjIo n, He jJensineecsd Ha 10, cynepksadpamonm, ecam OHO sIBJIsI-
eTCsl KBaJIPaToOM, U Bce ero mudphl B JecsaTruaHoil 3ammcu paBubl 0, 4 uan 9. Jlokaxkure, 910
CYIIeCTBYyeT OECKOHEYHO MHOTO CYIIEPKBaIPATOB.

7. Ilo xpyry croar 100 Tabyperok. Ha KaxKayro n3 HIX MOXKHO MOCAINTH KOTUKA, KOTOPBIE
OBIBAIOT TPEX BUJIOB: TOJICTBIE, Xy/Ible N OObIYHbIE. KarKablil TOJICTBIH JO/IZKEH CUICTD MEXKITY
JIByMsI KOTHKAMW OJTHOTO BUJIA, & KaKJIblil 13 OCTAJBHBIX JTOJZKEH CUIETh MKy KOTUKAMMU
pa3HbIX BUIOB. JeTHO MM HEYeTHO KOJMIECTBO CIIOCOOOB TaK PACCAUTH KOTHKOB?

8. Henynesbie uncia a, b, ¢, d Takosbl, uto abcd = 1, n

1 1 1 1
at+-+b+T+tct=+d+5=0
a b c d

Hoxkaxkure, uto ojno u3 unces ab, ac n ad pasuo —1.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne1. 01.05.2024
MJIAIITIA S TPYIIIIA, ITEPBA Y JIUTA

1. Bepmuasr B u C' paBnoctopontero Tpeyroibanka ABC' jpexkar Ha croponax DE n EF
kBajgpara ADFEF coorBercrBenno. Touka G #a cropone AD ormedena tak, uro BD = DG.

Hokazxure, uro AB + BG = AE.

2. [Tama 3a;1ymast mepecTaHoBKy a1, @, - - . , 19 HATYpaJbHbIX unces 1,2, ..., 10. Urops mMo-
JKeT BBIOpaTh napy HaTypabHbix dncea 1 < ¢ < 7 < 10, coodbmuts ee Ilame, a on B oTBeT
nasoseT lropio onno us uucen ta; wi ja;. Viropsb ne 3Haer, Kakoe U3 9TUX 2 YUCEJ eMy Ha-
3bIBalOT. BepHo jn, uTo rops cMokeT oTragaTh BCIO MEPECTAHOBKY, 3a/1aB HECKOJIBKO TAKIX
BOIIPOCOB?

3. Haitnure Bee Takue narypasbibie ncia a < b, atro HOK(a, b—a)+HO/(a, b) = b+1234.

4. Jlano HarypaJjibHOe 4ncjio n > 1. CKOJbKUMU CIIOCODAMK MOYKHO PACKPaCUTh KJIETKHU
KBaJIpaTa n X N B 4eTbIpe I[BeTa TaK, 4TOObI JI0ObIe JIBe KJIETKHU, UMEIOIre OOIyI0 CTOPOHY
TN BEPIIIHY, ObLIN IMOKPAIIEeHbI B pa3Hble nBeTa’ Kak1yio KIeTKy KpacuM, KaXKIyio B OJNH
I[BET.

5. Ha mnockoctn mposejieno 2024 npsmble. Jlokaxknute, 9T0 MOXKHO MPOBECTH €I1le TPU TPsi-
Mbl€ TaK, 4YTOObI KOJIMUIeCTBO 00J1acTeil, Ha KOTopble Bce 2027 MPSIMBIX IEIAT ILJIOCKOCTD, OBLIO
KPaTHO TPEM.

6. HazoBem HaTypasibHOE YnCjIo N, He jJensineecsd Ha 10, cynepksadpamom, ecam OHO sIBJIsI-
eTcs KBaJpaToM, 1 Bce ero nudpbl B JecaTuydnoil 3anucu pasubl 0, 4 mim 9. Jlokaxkure, 4To
CYIIeCTBYeT O€CKOHEYHO MHOTO CYIIEPKBaIPATOB.

7. B ueMmnmoHaTe 110 HACTOJILHOMY TEHHUCY JIIOObIE JIBa YIACTHUKA ChIIPAJIA JIPYT C JIPYTOM
POBHO 110 OJHOMY pa3y. B Ka:kjoM maTde 1modbeguTesib Hojaydas 1 09KO, a HPOUrPaBIInil —
0 04KkOB (HMYBUX B HACTOJILHOM TeHHUCe He ObiBaeT). [1o OKOHYaHIN YeMITMOHATA HAIIEeICs
VJIUBUTEJbHBIN YUaCTHUK, KOTOPbIN BBIMI'PaJ y BCeX, KTO HabpaJi 00JibIle 0YKOB, IIPOUIPaJl
BCEM, KTO HaOpaJl MeHbIlle, U HUKTO He HadpaJ CTOJIbKO »Ke. Haiijiure HamMmeHbIllee BO3-
MOXKHOE€ YHCJI0 YUACTHUKOB YeMITMOHATa. BO3MOXKHO, YTO HECKOJIbKO YYaCTHUKOB HaOpaJin
OJIMHAKOBOE KOJIMYECTBO OYKOB B KOHIE UeMInoHaTa. B deMmmonaTe ydacTBOBAJIO He MeHee
JIBYX YYaCTHUKOB.

8. Henynesbie uncia a, b, ¢, TakoBwl, 9T0 abc = 1, n
1 1 1

a+—-—+b+—-4+c+-=-2
a b c

Jlokarkure, 9TO OIHO U3 4ncesa a, b u ¢ papao —1.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne1. 01.05.2024
MJIAIITIA S TPYIIIIA, BTOPA S JIUTA

1. Jlan mepaBunoGeapennsiit Tpeyroabank ABC, B koropom ZA = 110° u AC' < AB. Touka
D cuvmverpudna A 0OTHOCHTE/IBHO CepeaMHHOrO MepieH Ky sapa K cropone BC'. Okazaiocs,
qro AD + AC' = BC. Yemy moxet ObITh paBen yrog ABC?

2. ITo kpyry crogar 100 Tabyperok. Ha Karkayro m3 HUX MOXKHO MMOCAIUTH KOTHKA, KOTOPHIE
OBIBAIOT TPEX BUJIOB: TOJICTBIE, Xy/ble U 0ObluHbIe. KaxK/IbIil TOJICTBII JOI2KEH CUIETh MEXKITY
JIBYMsI KOTaMHU OJIHOTO BHJIA, & KayKJblil M3 OCTAJbHBIX JIOJIZKEH CUJIETh MEXKJy KOTUKaMU
Pa3HBIX BUJIOB. UeTHO WM HEYETHO KOJUYIECTBO CIIOCOOOB TaK PaccaauTh KOTHKOB?

3. CymiecTByIOT JIn TaKne HATYpaJIbHble YUC/Ia @ U b, 4TO
HOK(a, b) + HOI(a, b) = 2024 + ab?

4. Jlano marypaJsbHoe uncio n > 1. CKOJIbKUME clIocobaMu MOYKHO PacKpacuTh KJIETKN
KBaJIpaTa n X n B YeTbIpe I[BeTa TaK, 9TOObI JII0ObIE JIBe KJIETKU, UMEOIIe OOIyI0 CTOPOHY
WJIU BEPIINHY, ObLIN IOKpAIIeHbl B pa3Hble 1BeTa’ Kak/1yio KJIeTKy KpacuM, KarxKyio B OJIUH
I[BET.

5. Ha mockoctn ipoBesierbl N > 2 NMpAMBIX, Cpeii KOTOPBIX HET MmapaJsiieTbubiX. Jlokaxkn-
Te, UTO MOKHO ITPOBECTH eIll¢ 2 HOBBIE IIPsIMbIe TaK, YTOObI KOJIMIECTBO 00J1acTeil, Ha KOTOPhIE
OyJeT 10/1e/IeHa, IJIOCKOCTb BCEMU ITPAMBIMU, JIEJINJIOCH Ha 3.

6. HazoBem HaTypaJibHOE YuCIO N, He Jensineecsd Ha 10, cynepkxsadpamom, ecjau OHO siBJIsi-
eTcsd KBaJpaToM, 1 Bce ero nudpbl B Jecatnunoii 3anucu pasubl 0, 4 nim 9. Jlokaxkure, 4T0
CYIIEeCTBYET OECKOHEYHO MHOTO CYTIEPKBaIPATOB.

7. B yeMmnmonaTe 1o HACTOJILHOMY TEHHUCY JIIOOBIE JIBA YYACTHUKA CHITPAJIA JIPYT C JPYTOM
POBHO TI0 OJTHOMY pa3y. B KakJioM MaTde 1mobeinTe/b mojydaa 1 09KO, a MPOUTrpaBIIuil —
0 04KOB (HUYBHX B HACTOJILHOM TeHHUCe He ObiBaeT). [1o OKOHUaHIN YeMITMOHATA HAIIEICS
VJIMBUTEJILHBIN YUaCTHUK, KOTOPBIN BBINTPAJ y BCeX, KTO HabOpaJl 00JIbIlle 0YKOB, IPOUTpaJl
BCEM, KTO HaOpaJl MeHbIlle, U HUKTO He HadpaJ CTOJbKO »Ke. Haiijiure HammeHblliee BO3-
MOYKHOE THCJI0 YIACTHHKOB deMiuonara. (Bo3mMokHO, 9T0 HECKOJIBKO yIaCTHHKOB HabpaJn
OJINHAKOBOE KOJMYECTBO OYKOB B KOHIIE UeMITMOHATa. B deMImoHare yJ9acTBOBAJIO He MeHee
JBYX YIACTHUKOB. )

8. Henynesbie uncia a, b, ¢, TakoBsl, uTo abc = 1,

1 1 1
at—-—+b+t-+c+-=-2
a b c

Jlokaxkure, 9TO OJIHO U3 4nces a, b min ¢ papHo —1.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne1. 01.05.2024
MJIAJIIIIA Y TPYIIIA, TPETHY JIUTA

1. Jlan mepaBunoGeapennsiit Tpeyroabank ABC, B koropom ZA = 110° u AC' < AB. Touka
D cuvmverpudna A 0OTHOCHTE/IBHO CepeaMHHOrO MepieH Ky sapa K cropone BC'. Okazaiocs,
qro AD + AC' = BC. Yemy moxet ObITh paBen yrog ABC?

2. ITo kpyry crosit 100 Tabyperok. Ha Kark/1yio n3 HIX MOYKHO II0CAJIUTh KOTHKA, KOTOPhIE
OBIBAIOT TPEX BUJIOB: TOJICTBIE, Xy/ble U 0ObluHbIe. KaxK/IbIil TOJICTBII JOI2KEH CUIETh MEXKITY
JIBYMsI KOTaMHU OJIHOTO BHJIA, & KayKJblil M3 OCTAJbHBIX JIOJIZKEH CUJIETh MEXKJy KOTUKaMU
Pa3HBIX BUJIOB. UeTHO WM HEYETHO KOJUYIECTBO CIIOCOOOB TaK PaccaauTh KOTHKOB?

3. CylecTByIOT JIn TaKue HaTypaJbHbe @ U b, 4TO
HOK(a, b) + HO/I(a,b) —a — b = 20257

4. Moxno mm packpacuTh KjieTkn KBajipata 2024 x 2024 B KpacHbIi, CHHWIT 1 3€JIEHBII 1IBeTa
TakK, YTOOBI HUKAKWE J[Be KJIETKU OJMHAKOBOI'O IIBETa HE MMeH OOINeil CTOPOHBI, U KarKjias
KJIeTKa UMeJIa CPeJjiil COCEHUX 10 CTOPOHE KJIETKNU 00OUX OTJUYHBIX OT HeE I[BETOB?

5. CraHapTHBII UrpajbHBIN KyOUK cOOMpaeTcs U3 pa3BEPTKH, TOKA3aH- .
HOlt Ha prucyHke. VI3 N crangapTHBIX KyOHKOB C/Ie/1aJI OAIIeHKY, IIOCTaBIB N R
ux apyr Ha apyra. Ipn kakux N MO0 OKa3aThesa Tak, 9TO Ha, KAk 101l 13 e
YeThIPEX OOKOBBLIX I'DaHell OaleHKkn obiiee KOJIUIeCTBO TOUYEK HEUETHO? ==

6. /Ixunn 3arajias 10 Heny/ieBbIX 4ducesl. AJLIaJIMH MOYKET CKOJIBKO YI'OJIHO pPa3 CIIPOCUTD
y HETro PasHoCTb JIOOBIX JIBYX UMCe/l WM OTHOIIEHUE JTIOOBIX JIBYX 4ncesi, npu 3roM Jlkunn
caM BBIOMpaEeT Kakoe YUC/I0 U3 JIBYX OyJIeT YMEHbINAeMbIM WMJIA JICTUMBIM COOTBETCTBEHHO.
Beerya mu Ajutajiuny yjacTcest pasrajiaTh dnuc/ia’

7. B yeMnmonaTe 1o HACTOJILHOMY TEHHUCY JIIOObIE JIBA YYACTHUKA CHITPAJIA JIPYT C JPYyTOM
POBHO TI0 OJTHOMY pa3y. B KakJioM maTde 1mobeinTe/b mojydas 1 09KO, a MPOUrpaBIIuil —
0 0uKOB (HMYBHX B HACTOJILHOM TeHHUCe He ObiBaeT). [lo OKOHUaHIN YeMITMOHATA HAIIEICs
VJIMBUTEILHBIN yIACTHUK, KOTOPBIil BHIUTpaJI POBHO Y TEX, KTO HAOpaJI B YeMITMOHATE DOJIbIIIe
OYKOB, UeM OH, U ITPOUTPaJ POBHO TeM, KTO HabpaJl B YeMIIoHaTe MeHbIe, yeM oH. Haitau-
Te HAUMEHBIIIee BO3MOYKHOE UHCJIO YIACTHHKOB, y9acTBYOIUX B deMmimonare. (Bo3morxkwo,
YTO HECKOJIBKO YYACTHUKOB HabpaJsiil OJIMHAKOBOE KOJTMIECTBO OUYKOB B KOHIIE YeMInoHaTa. B
YeMITHOHATE YUACTBOBAJIO HE MEHee JIBYX YIaCTHUKOB.)

8. Henynesbie uncia a, b, ¢, TakoBel, uT0 abc = 1,
1 1 1

at—-+b+t-+c+-=-2
a b c

Jlokaxkure, 9TO OJHO U3 4Yucea a, b u ¢ papao —1.



