LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 29.04-05.05.2024
MATEMATNYECKUIN BOM Ne4. 05.05.2024
CTAPIITIAY I'PVIIIIA, BBICIIIA S JIUTA, BOM 3A 1-2 MECTA

1. Ilycte AgA;...A,_ 1 — UpPaBUIbHBIA N-YrOJbHUK, BIIUCAHHBIA B €IUHUIHYIO
OKPY2KHOCTh. BriOepeM HaTypaJjibHOe duciao k, 1 < k < n u 1npoBegeM Bce XOpAbl BUIA
A; Ay; (BBIUHCTIEHNE WHJIEKCOB IO MOJIYJIIO 7). DTHU XOPJbl pa30MBAIOT KPYT Ha YACTH.
[Tojcunraem UX IJIOMAIN U MAKCUMAJIBHYIO TLIOMA b 0603HaunM depe3 S(k,n). Ilycrs

S, =max(S(2,n),5(3,n),...5(n,n)).
1
100

2. Kaxoit Touke P miockocTu comocrasjieHa Hekoropast Touka f(P) (Ha Toit xe
IJIOCKOCTH) TaK, 9TO PA3HBIM TOYKAM COIOCTABJIEHBI pas3Hble. VI3BecTHO, 4TO ecym de-
TeIpe pasimdnble Touku A, B, C', D takoBbl, uTo orpe3ku AB u C' D paBHBI 110 JJINHE,
to upsmbie f(A)f(B) u f(C)f(D) napanieabHbl uian coBOagaioT. MoxKHO su crie-
JIaTb BBIBOJ, UTO JJIsI JIFOOBIX Tpex ToueK X, Y, Z, jexKaliux Ha OTHOU IPAMOM, TOUKHI
f(X), f(Y), f(Z) Takxke mexkaT Ha OTHON IPAMOIt?

Bepuo s, uro S,, < mpu n > 100 ?

3. Hepasuobemapennsrit Tpeyrosbank ABC Bnmcan B OKpyxKHOCTH pajnyca R. Orio-
xum Ha Jgydax AC m BC coorBerctBenno orpesku AC, m BCjy, paBHbIE 110 JJTHHE
orpe3ky AB. Ilycts O, — nentp okpyxuoctu (CC,Cp). AHAJIOITIHO OIPEIEISTIOTCS
rouku O, u Oyp. lokaxkure, aro pajguyc okpyxuocru (O,0,0.) paBen R.

1 1
la?+42bc|’  |b2+2cal
KaxK/J10€ MEHbIIIEe, 9€M CyMMa ABYX OCTaBIIMXCII. quy MOZKeT 6I)ITI) PaBHO

4. BemecTBeHHbBIE YHCJIA @, b U ¢ TAKOBBI, YTO CPEIU TPEX UHCEJI

1
1 |c24-2ab|

3HaUeHne BhIparkeHnust ab + bc + ca?

5. B mostnom rpade na 100 BepmuHax pebpa MOKpallleHbl B HECKOJBKO IBETOB TakK,
YTO HE UMEETCs Pa3HOIBETHBIX TPEYTOJIbHUKOB. Bee pebpa, BBIXOIIIe U3 BEPIIUHBI A,
IIOKPAIIleHbI B pa3Hble 1BeTa. /lokaxkure, 9T0 B rpade HaiijgeTcs: Takas BepiinHa B, 4To
BCe pebpa, BBIXOIAIINE W3 TON BEPIIUHBI, TIOKPAIlieHbl (POBHO) B 66 11BETOB.

6. /lano npocroe p > 3. Ilycth K — KOJIMYECTBO TaKUX IIEPECTAHOBOK a1, A2, - .., Qp
quces 1, 2, ..., p, JJIsd KOTOPBIX CyMMa

aiaz + aza3 + ...+ ap_10ap + apaq

nesurcs Ha p. Jlokaxkute, uro K + p menurcs Ha 2.

7. B Bosbinyto CrosioByio cobupatorcst ipuiitu 636 ydacTHUKOB Y pajibckoro TypHu-
pa. Kaxkap1it 13 HUX C BEPOSITHOCTHIO % BO3BMET CYII, a TaKxKe, HE3ABUCHUMO OT 3TOTO,
C BEPOSTHOCTBIO % BO3bMET cajiaT. KakoBa BEpOATHOCTb TOTO, YTO KOJIMIECTBO CAJIATOB,

IpUOOPETEHHBIX YIaCTHUKAMI, OKAXKeTCsI POBHO Ha 1 OoJibIle, 1eM CyIoB?

8. IlocnegoBaTeIbHOCTL YHCENT X9, T3, T4, ... 33JTAHA YCIOBUIMU To = 1, x3 =11
(n4+1(n —2)zp4 =n(n? —n— Dz, — (n—1)%z,_1 aus kaxmoro n > 3.

JoKkaxkuTe, 9TO I, IeJ0e TOTJa U TOJHKO TOTa, KOI/a N IPOCTOeE.



LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KINPOB, 29.04-05.05.2024
MATEMATUYECKUN BOM Ne4. 05.05.2024
CTAPIITIA Y I'PVYIIIIA, BBICIIIA S JIUTA, BOU 3A 3-8 MECTA;
IIEPBAS JIUTA, BOU 3A 1-4 MECTA

1. Kpyrioe oxkepenbe comep:kut 9900 OycuH, KaKaasi U3 KOTOPBIX 10O KpacHasl,
Jinbo cuHsg. Morjo jm Tak oKa3aTbhCs, 9TO KaK Obl HU OBLJIO pa3pe3aHo OxXKepejbe Ha,
100 610k0B 110 99 MmocJieoBaTEILHBIX OYCUH, BO BceX OJioKax OyIeT pa3Hoe KOJIUIEeCTBO
KPaCHBIX OycrH?

2. Kaxoit Touke P 1iockocTu comocrasiieHa Hekoropast touka f(P) (Ha Toit ke
IJIOCKOCTH) TaK, 9TO PA3HBIM TOYKAM COIOCTABJIEHbI pas3Hble. VI3BeCTHO, 4TO ecyu de-
Teipe pazandnbie Touku A, B, C', D takoBbl, uro orpe3ku AB u C'D paBHBI 110 JJIHHE,
to upsmbie f(A)f(B) u f(C)f(D) mapannenbusl wim coBhnagaor. MoxkHo m ce-
JIATb BBIBOJ, YTO JJIS JIFOOBIX Tpex To4YeK X, Y, Z, jlexKalux Ha, OJHOU NMPAMOM, TOUYKHN
f(X), f(Y), f(Z) Takxke sexkaT Ha OTHON PsiMOIL?

3. Hepasuobemapennniii Tpeyrossank ABC Binmcan B OKpyxKHOCTH pajauyca R. Orio-
xkuM Ha jgydax AC u BC coorBercrBenHo orpesku AC, m BCp, paBHbIE 110 JIJIUHE
orpesky AB. Ilycrs O, — nentp okpyxuoctu (CC,Cp). AHATOTUIHO ONMPEEISIIOTCS
toukn O, u Oyp. dokaxkure, aro pasguyc okpyxuoctu (O,0,0.) pasen R.

1 1
|a2+2bc|?  |b242cal
KaKJ10€ MEHbIIE, 9€M CyYMMa JBYX OCTaBIIUXCHA. quy MOXKeT OBITH PaBHO

4. BemecTBeHHBIE YUCTIa @, b U ¢ TAKOBBI, YTO CPEIN TPEX UNCEJ

3HavdeHne BhIpakeHud ab + bc + ca?

5. B mosmom rpade mHa 100 BepmmHax pebOpa HOKpAaIlleHbl B HECKOJIBKO I[BETOB TakK,
YTO He IMEETCsI PA3HOIBETHBIX TPEYTOJIbHIUKOB. Bee pebpa, BBIXOISIINE U3 BEPIINHBI A,
IIOKPAIIIeHbI B pa3Hble IiBeTa. /lokaxkuTe, 9T0 B rpade HaiiaeTcs: Takas BepiinHa B, 4To
BCe pebpa, BBIXOJIAIINIE M3 9TON BEPIIHBI, IIOKpalieHbl (POBHO) B 66 1IBETOB.

6. HaTypaJibHOE 9mC/IO Ha3BIBAETCS NPEBOCTOOHBIM, €CITU OHO SBJISETCA HAMMEHbIITUM
OOIIM KpaTHBIM auces 1, 2, ..., n Ajig HEKOTOPOTo HaTypaJabHOro dncjaa n. CyIiiecTByer
JIM TIPEBOCXOIHOE YHCJI0, PaBHOE cyMMe 99 pas3IndHbBIX IIPEBOCXOIHBIX UICEs!

7. B Boabiryio CrosoByio cobupatorces mmpuiitu 636 yuacTHUKOB ¥ paJibckoro TypHu-
pa. KakapIit u3 HUX ¢ BEPOSITHOCTBHIO % BO3BMET CyTI, a TaKXKe, HE3aBUCHUMO OT 3TOTO,
C BEPOATHOCTBHIO % BO3BMET caJjiaT. KakoBa BepOSITHOCTDH TOTO, YTO KOJIUIECTBO CAJIATOB,
IPUOOPETEHHBIX yIACTHUKAMU, OKayKeTCsl POBHO Ha 1 OoJibile, YeM CymoB?

8. IlocnegoBaTeIbHOCTD YUCENT X9, T3, T4, ... 3aJIaHA YCIOBUIMUA To = 1, x3 =11
(n+1)(n —2)zp4 =n(n? —n— Dz, — (n— 1)z, aus kaxmoro n > 3.

JlokaxkuTe, 9TO I, IeJ0e TOTJa U TOJHKO TOTra, KOIJa N IPOCTOE.



IDGIVPAHbCKMﬁFTyPHMPIOHbD(MATEMATMKOB.KHPOBﬁwO40505mB4
MATEMATUYECKUN BOM Ne4. 05.05.2024
CTAPIITIA Y I'PVIIIIA, IIEPBAS JIUTA, BOU 3A 5-8 MECTA;
BTOPAS JIUTA, BOM 3A 1-2 MECTO

1. Kpyrioe oxkepenbe comep:kut 9900 OycuH, KaKaasi U3 KOTOPBIX 10O KpacHasl,
Jinbo cuHsig. Morjo jm Tak oKa3aTbhCs, 9YTO KaK Obl HU OBLJIO pa3pe3aHo OxKepejbe Ha,
100 610k0B 110 99 MocsieoBaTEILHBIX OYCUH, BO BceX OJIOKax OyieT pa3Hoe KOJIUIEeCTBO
KPaCHBIX OycrH?

2. Kaxoit Touke P 1iockocTu comocrasiieHa Hekoropast touka f(P) (Ha Toit ke
IJIOCKOCTH) TaK, 9TO PA3HBIM TOYKAM COIOCTABJIEHbI pas3Hble. VI3BeCTHO, 4TO ecim de-
Teipe pazandnbie Touku A, B, C', D takoBbl, uro orpe3ku AB u C'D paBHBI 110 JJIHHE,
to upsmbie f(A)f(B) u f(C)f(D) mapannenbasl wim coBhagaor. MoxkHo m ce-
JIATb BBIBOJ, YTO JJIS JIFOOBIX Tpex To4ueK X, Y, Z, jiexKalux Ha OJHOU MPAMOM, TOUYKHN
f(X), f(Y), f(Z) Takxke sexkaT Ha OTHON psiMOit?

3. [Iycts F — TOUKa IepeceveHus quaroHasieil By KJoro dersipexyroibanka ABCD.
Oxpyxuoctu (FAD) n (EBC) nepecekatorcst B toukax F u M. Ilpsmas EM nepece-
KaeT BropudHo okpyx)uoctu (EAB) u (ECD) B Toukax T u S. lokaxure, aro M —

cepeauHa orpeska ST

1 1
|a?+2bc|? |b242cal u
KaykKJI0e MEHbIIle, 9YeM CyMMa JIBYX OCTaBIIuxcs. MoxKeT i 3HaUYeHHNe BbIpa-

4. BerecTBeHHBIE YHCJIA @, b 1 ¢ TAKOBBI, UTO CPEIN TPEX UNUCEJI

1
»xkenust ab + bc + ca Ob1TH paBao 07
5. B nostnom rpade Ha 100 BeprimHax pebpa HOKpallleHbl B HECKOJIBKO IIBETOB TakK,
UTO HE UMEeeTCsl Pa3HOIBETHBIX TPEYTOJbHUKOB. Bee pebpa, BhIXOIsIIe 13 BePIIuHbI A,
ITOKpaIlleHbl B pa3HbIe IBeTa. JlokaxkuTe, 4To B rpade Haiijgercs: Takas BepiinHa B, 9To
BCe pebpa, BBIXOJIAIINIE U3 TON BEPINUHbI, IOKpalleHbl (POBHO) B 66 1IBETOB.

6. HarypaJibHOE 9mC/IO0 Ha3bIBAETCS NPEBOCTOOHBIM, €CIU OHO SBJISIETCA HAMMEHbIITUM
oOIMM KpaTHBIM Ynces 1, 2, ..., n JJig HEKOTOPOI'o HaTypaJbHOro ducsa n. CyiecTByer
JIX TIPEBOCXOIHOE YHUCJIO0, PaBHOE cyMMe 99 pa3aIndHbIX IPEBOCXOIHBIX UUCEI!

7. B Bosbiryto CrosioByio cobupatorcest ipuiitu 636 ydacTHUKOB Y pajibckoro TypHu-

pa. Kaxkaplit 13 HUX ¢ BEPOSITHOCTBHIO % BO3BMET CYII, & TaKxKe, He3aBUCUMO OT 3TOTO,

(}BepOHTHOCTbK)% BOBbNﬂh?CaﬂalﬁI(&KOBauBepOﬂTHOCTb'TOFO,qu)KOHHQECTBO(%LHaTOB,

IPpUOOPETEHHBIX YIaCTHUKAMI, OKaXKeTCsI POBHO Ha 1 OoJjibIlie, 4eM CyIoB?
8. IlocnegoBaTebHOCTL YHCEN G1, A9, ... 3aJaHA YCJIOBUSIMU

1

1+a,_1
aL = 3, ag=1 m a,=—"-—

Ap—2

g n > 3.

I{aﬁﬂMTQ‘HpOMSBeﬂeHHE ai1asas . ..ap024-



IDUIVPAHbCKMﬁPTyPHMPIOHbD(MATEMATMKOB.KMPOBﬁwO4ﬂ505mD4
MATEMATUYECKUM BOM Ne4. 05.05.2024
CTAPIITIAY I'PVIIIIA, BTOPAS JIUTA, BOU 3A 3-8 MECTA;
TPETb JIUTA, BOU 3A 1-4 MECTA

1. Kpyrioe oxkepenbe cogep:kut 9900 OycuH, KaKaasi U3 KOTOPBIX JI1OO KpacHasl,
Jinbo cuHsig. Morjo jm Tak oKa3aTbhCsl, 9YTO KaK Obl HU OBLJIO pa3pe3aHo OxKepejbe Ha,
100 6JtoK0B 10 99 TIOC IETOBATETHHBIX OYCHUH, BO BCeX OJI0KaxX OyeT pa3Hoe KOJIMIECTBO
KPaCHBIX OycrH?

2. YeTbIpe TOYKH IJIOCKOCTH HE JIEXKAT Ha, OJTHON OKPYKHOCTH U HUKAKNE TPU UX HUX HE
JIeXKaT Ha OJHOI mpsiMoii. KakoBo HanboJibIllee BO3MOXKHOE KOJIMYIECTBO OKPYKHOCTENH,
OT KOTOPBIX BCE 3TU YEThIPE TOUKU HAXOMATCS Ha PAaBHBIX paccrosinusx?! (Paccrosamem
oT Toukn X JI0 OKPY>KHOCTH W Ha3bIBAIOT HaWMeHbIIlee U3 paccTodumst XY, riae Y
poberaer w.)

3. Ha cropone BC' tpeyroabuuka ABC, B koropom ZC' = 30°, ormeuena Ttouka D,
a "Ha cropone AC — rouku F u F, npuuem AB = AD = BE = DF. Jlokaxwure, 910
AFE =CF.

4. ITosioxxkuresbHBIE YUCIA a, b, ¢ 1 d TaKOBBI, UTO ¢ < a U b < d, a TakxkKe
a®+b>c*+d u  a+b<c+d

Toxkaxkure, 9to a® + b% 4+ + d? > 1.

5. Paccmorpum rpad, B KotopoMm 1024 BepmuHbI — BCEBO3MOXKHBIE CTPOKM JIIUHBI 10
U3 HyJefl U euHUIl, a PeOPO MPOBOIUTCI MEXKJIY JBYMsI CTPOKAMH, €CJIU OHH OTJIMYa-
I0TCsI POBHO B O/THOI mo3unuu. B sToM rpade BoiOpam 512 pédep, He UMEIONIUX O0IUX
KOHIIOB, U IMOKPACWJX B KpacHbIil 1BeT. OcrajibHble peOpa IMOKPACUIN B CUHUN I[BET.
HHokazxkute, 9To B rpade Haiijgercd NHUKJI JJIUHBI He Oojiee 18, B KOTOPOM KpacHbIE U
CUHHUE PEOpa IepeTyIOTCs.

6. HarypaJibHOE 9mC/IO0 Ha3bIBAETCS NPEBOCTOOHBIM, €CIU OHO SBJISETCA HAMMEHbIITIM
oOIIMM KpaTHBIM Ynces 1, 2, ..., n i HEKOTOPOI'o HaTypaJbHOro ducsa n. CyiecTByer
JIX TIPEBOCXOIHOE YHCJI0, PaBHOE cyMMe 99 pas3aIndHbIX IPEBOCXOIHBIX UUCEI!

7. B Bosbiryio CrosioByio cobupatorcst ipuiitu 636 ydacTHUKOB Y pajibckoro TypHu-

pa. Kaxkaplii 13 HUX ¢ BEPOSITHOCTHIO % BO3BMET CYII, & TaKxKe, HeE3aBUCUMO OT ITOTO,
C BEPOATHOCTBIO % BO3BMET caJsiaT. KakoBa BepOATHOCTDH TOTO, YTO KOJIMIECTBO CAJIATOB,

IpUOOPETEHHBIX YIaCTHUKAMI, OKaXKeTCsI POBHO Ha 1 OoJibIlle, 4eM CyIoB?
8. IlocnegoBaTeIbHOCTH YHCEN G1, A9, ... 3aJaHA YCJIOBUSIMU

1

1%_an—1
ap = 2, ao = 1, n aq, =-—

Ap—2

g n = 3.

I{aﬁﬂMTﬁ‘HpOMSBeﬂeHHE aiasas . ..ap024-



LXII YPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. KINPOB, 29.04-05.05.2024
MATEMATNYECKUIN BOM Ne4. 05.05.2024
CTAPIIIAY I'PVIIIIA, TPEThY JIUTA, BOU 3A 5-8 MECTA

1. Kpyrioe oxkepenbe comep:kutr 9900 OycuH, KaKaasi U3 KOTOPBIX 10O KpacHasl,
Jmmbo cungsg. Moryio u Tak OKa3aThCsl, YTO KaK Obl HU OBLIO pa3spe3aHo OXKepeyibe Ha,
100 610K0B 10 99 MOCIETOBATENTBHBIX OyCUH, BO BCEX OJIOKaX OyeT pasHoe KOJTUIECTBO
KpacCHbBIX OycuH?

2. Touku F u F pacnomoxenbl Ha cropoHax BC u CD upsmoyrosbauka ABCD
COOTBETCTBEHHO TakK, 4To TpeyroiabHuk AFEF pasnocroponnmii. Touka M — cepemuna
orpeska AF. lokaxkure, aro Tpeyrogbank BC M paBHOCTOPOHHUIA.

3. Ha cropone BC' tpeyronabuuka ABC, B koropom ZC' = 30°, ormeuena touka D,
a "Ha cropoe AC — rouku F u F, npuauem AB = AD = BE = DF. Jlokaxure, 910
AE =CF.

4. ITosoxxkurenbHBIE YUCTIA A, b, ¢ © d TAKOBBI, UTO ¢ < a u b < d, a TaK¥kKe
a2 +b>c+d u a+b®<e+ d>.

Toxaskure, 910 a’ + b + ¢ + d? > 1.

5. B 6enoit Tabsmite 100 X 100 xkakne-to 9900 KIeTOK OKpallleHbl B CHHUI IIBET TaK,
YTO B KaXKJIOM CTPOKE M KasKJIOM CTOJIOIE OKPAIIEHO OJIHO M TO K€ KOJUIECTBO KJIETOK.
Haiijtute HanMenbIliee HATYpaJIbHOE 9HUCI0 k TaKoe, YTO KaKOil Obl HU OblLiia HadaIbHAST
packpacka, BCeria yJIacTcd IepeKpacuTh k CHHUX KJIETOK OOpaTHO B OeJiblil IIBET TakK,
YTO B pe3ysbTaTe JI000 KBajpaT H X 5 Oyaer cojepkaTh Obl XOTst Obl OJIHY OesIyio
KJIETKY.

6. HaTypaJibHOE 9mC/IO Ha3BIBAETCS NPEBOCTOOHBIM, €CTU OHO SBJISIETCA HAMMEHbBIITUM
OOIIM KpaTHBIM auces 1, 2, ..., n A HEKOTOPOTo HaTypaJabHOro ducjaa n. CyiiecTByer
JIM TIPEBOCXOIHOE YHCJI0, PaBHOE cymMMe 99 pasjndHbIX IIPEBOCXOIHBIX UICEs!

7. Bapon Mionxray3eH paccCMaTPUBAET KapTy aBTOOYCHBIX MapIipyToB rpadcrsa Jlnm-
mmp. Kazkpiit ropo Ha KapTe n300pazkeH TOUKOil (B rpadcTBe YeTHOE YHCJI0 TOPOIOB),
a KaXkJIbIil MapHipyT — JIMHUEHN, coeINHSIONEel /IBa KaKUX-TO Topoja. bapoH Hapuco-
BaJI CBOIO KapTy: OH KasK/bIii MapIIpyT M300pa3uj TOYKOU, & JIMHUSIMUA COEJIUHUJI Te
1apbl TOYEK, JIJII KOTOPBIX COOTBETCTBYIOIINE MAaPIIPYThl HE UMEIOT OOIIEro Topojia.
«BbI yiuBuTeChH, Ipy3bsi, — FOBOPUT DAPOH, — HO 0KA3aJI0Ch, YTO MOsSI KAPTa BBITJISIUT
TOYb B TOUb KaK MCXOmHasi KapTa rpadcrpa JIummup.» He ooManbBaer 1 Hac 6apon?
To ecmv, cyuwecmsyem au n U MaKotl 2pad mapwpymos oas 2n 20podos, wmo epag
bapora oxaxcemcs emy u3omMoppen?

8. IlocitenoBaTesbHOCTD YUCET A1, A9, ... 338J[AHA YCJIOBUSIMU

1

1+a/n—1
CL1:2, az=1, n ap=—"-—

Ap—2

nada n = 3.

Haiinure mpousBeneHre a1a2a3 . . . 42024-



