LXIV VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUMN BOM Ne3. 3.05.2025
CTAPIITA Y I'PVYIIIIA, BBICIIIA S JINUTA

1. Ctpoku u cTOJIOIBI TAOJIHUIILI 1 X N IIPOHYMEPOBAHBI YCaaMu OT 1 110 n. st Kask 1oii
napsl (i,7), tae 1 < i,j < n, B KJIeTKe Ha ePeCceveHn i-ii CTPOKH U j-TO CTOJIOIA CTOUT
qucyio n - (i — 1) + j. Haiigure Bce HATYpaJibHBIE N, JJI KOTOPBIX B TabJIHIlE HANRIETCS
poBHO 2025 CTPOK, He Co/IepKAIINX KBaIPATHI MEJTbIX THCE]T.

2. JlaHBI CTO PA3JIMYIHBIX MAp IEJIBIX HEOTPUIATEIbHbIX ducesd (ai,by), (az,b2), ...,
(@100, b100)- st Kakoro HambosbIIero KosmdecTsa map (i,5), 1 < i < j < 100, moxker
BBILIOJIHSATHCS yeaoBue |a;b; — a;b;| = 17

3. 511 namMmoveK ympaBJIgIOTCS HECKOJbKUMHU BBIKJIIOUATEIAMU. KarKIbIil BHIK/IIOYa-
TeJb II0JICOeUHEH K HEKOTOPOMY MHOXKECTBY JIAaMIIOYEK, K KarKJOU JIAMIIOYKE IIOJICO-
eJIMHEeH XOTd Obl OJIMH BBIKJ/IOYATE b, KOorma Mbl HCIIOJIb3YeM BBIKJIIOYATE b, BCE JIaM-
IMOYKH, K KOTOPBIM OH IIOJCOE/IMHEH, MEHAIOT CBOE€ COCTOsTHUE: BKJIIOUYEHHBIE JJAMIIOYKHT
BBIKJIFOYAIOTCH, a BBIKJIIOUYEHHbIE — BKJIIOYAIOTCs. BHadaje Bce JIAMIIOYKUA BBIKJIIOYE-
ubl. Haiigure Hambosbitee umcio k, [jsi KOTOPOTO C IIOMOINBIO 9TUX BBIKJ/IIOYATEIEH
rapaHTUPOBAHHO yJIACTCA BKJIIOUUTH HE MEHbIIE Kk JIaMIIOYeK.

4. JTan rpad. Ilycthb b — 3TO KOJIMIECTBO CIIOCOOOB BBHIOPATH B I'pade MHOXKECTBO U3
k pebep, HE mMeroNux o0IUX BepmuH. JloKaskuTe, YTO MOCIe10BaATE/ILHOCTD by, YHIMO-
JaJbHa, T. €. CYIMIeCTBYeT TaKOU MHJIEKC kg, ITO OHA HECTPOro Bo3pacrtaeT 1pu k < kg u
HecTporo yowrBaeT mmpu k > k.

5. B ocrpoyroasaom Tpeyroabankos A BC' ormeuena cepenuna M croporst BC'. Ilycthb
I, J, K — nenTpbl BOHUCAHHBIX OKpyxKHOCTeil TpeyroabaukoB ABC, ABM un ACM
coorBercTBenHo. Ha mpsimbix M K u M J ormedenbl Touku P u () COOTBETCTBEHHO TaK,
ayro LAJP = ZABC u ZAKQ = Z/BCA. Ilpsambre C'P u B() niepecekarorcst B Touke 1.
Hoxkazxkure, aro IR | BC.

6. BemecTBenHble HeOTpHUIlATEIbHBIE YHCJAA @, b W ¢ YIOBJIETBOPSAIOT PABEHCTBY
ab + ac + bc + abc = 4. Jlokaxkurte, 91O

ab+ ac+1 ab+bc+1 ac+bec+1
—_— + + <3
a+ 2 b+ 2 c+ 2

7. lano narypaJibHOe k. /111 KaKoro HamMEHbBIIIETo N BEPHO CJIeLyIoNIee YTBEPKICHUE:
13 JIIOObIX Nk TOYEK ILJIOCKOCTH, IIOKPAIIEHHBIX B Ak I[BETOB (II0 1 TOYEK KaXKJIOTO I[BETA),
MOZKHO BbI6paTb II0 AB€ TOYKHU KazKJI0I'O0 IB€Ta M COCINHHUTH NX OTPE3KOM TakK, T‘ITO6I)I
5T k OTPE3KOB He mMesn o0IuX Tovek (B ToM wmcie, KoHIoB)? Mbl paccmaTpuBaem
TOJIbKO KOHMUTYPAIINU, B KOTOPHIX HUKAKHE TPU TOYKU HE JIeXKAT Ha OIHOU IPSIMOIL.

8. Ha memmane AM octpoyrosbHOTo HepaBHOOEpeHHOTO Tpeyroybanka ABC orme-
veHa Touka P tak, uro ZNPC = ZMPC, rne N — cepeauna cropoubl AC. Ilpsimas
N P 1iepecekaeTr IpsiMyI0, IIPOXOIAIIYI0 Yepe3 TouKy B mapaJiensao C' P, B Touke D.
Hokaxkure, uro AD = AB.



LXIV VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUMN BOM Ne3. 3.05.2025
CTAPIITAY I'PVIIIIA, IIEPBAS JIUTA

1. Ctpoku u cTOJIOIBI TAOJIHUIILI 1 X N IIPOHYMEPOBAaHBI YicaaMu OT 1 110 n. st Kaskmoii
napsl (i,7), tae 1 < i,j < n, B KJIeTKe Ha ePeCceveHn i-ii CTPOKH U j-TO CTOJIOIA CTOUT
qucyio n - (i — 1) + j. Haiigure Bce HATYpaJibHBIE N, JJI KOTOPBIX B TaOJ/IMIlE HANRIETCS
poBHO 2025 CTPOK, He Co/IepKaIINX KBaIPATHI MEJTbIX TNCET.

2. CKOJIBKO CyIIEeCTBYeT TPOEK HATypPaJbHBIX 4ducesa (I,Y,2), KaxKI0e M3 KOTOPBIX
MenbIre 2025, B KOTOpeIX 2 > 1, y + 1 gemurca ma =, z — 1 gesureda Ha y u 22 + 1
neauTcd Ha z7

3. 511 namMmoveK ympaBJIdIOTCS HECKOJbKUMHU BBIKJIIOUATEIAMU. KarKIbIil BHIK/IIOYa-
TeJIb II0JICOeUHEH K HEKOTOPOMY MHOXKECTBY JIAaMIIOYEK, K KarKJO JIAaMIIOYKE IIOJICO-
eJIMHEeH XOTd Obl OJIMH BBIKJ/IOYATE b, Korma Mbl HCIIOJIb3YeM BBIKJIIOYATE b, BCE JIaM-
IMOYKH, K KOTOPBIM OH IIOJCOE/IMHEH, MEHAIOT CBOE€ COCTOsTHUE: BKJIIOUYEHHBIE JIAMIIOYKHT
BBIKJIFOYAIOTCH, a BBIKJIIOUEHHbIE — BKJIIOYAIOTCs. BHadaje Bce JIAMIIOUYKUA BBIKJIIOYE-
ubl. Haiigure Hambosbitee umcio k, [js KOTOPOTO C IIOMOINBIO 9TUX BBIKJ/IIOYATEIEH
rapaHTUPOBAHHO yIACTCA BKJIIOUNTH HE MEHbIIE k JIaMIIOYEK.

4. Pebpa 1rostHOTO Tpada Ha 1 BEPITUHAX TOKPAITIEHBI B KPACHBIN 1 cMHU 1iBeTa. Kaxk-
JIVIO CEKYHJIy TTOXKAPHBIN 3a2KUTaeT OJHY BEPIINHY, 3aKKEHHbIE BEPIITUHBI TOPST, ITOKa,
ux He norymar. KaxKjaas BepIlinHa, COeJIMHEHHAs KPACHBIM PEOPOM XOTsI OBbI C OJTHOM
ropsiteii, B CJAeAYIONYI0 CeKYHIy ToxKe 3aropurcsd. Ilocae Toro, Kak Bce BEepIIUHBI 3a-
rOpeJINCh, KPacHbIe pedpa IepecTaloT MOAINTHIBATE IOXKAP, U MTOKAPHBIN HAUMHAET €ro
TYyImnTh. KaxXKIyio CeKyHIy OH TYIIUT OIHY BEPIINHY, & BEPIINHBI, CO€IUHEHHBbIE CH-
HIM PeOpPOM XOTs OBbI C OJTHOU IOTYXIMEH, B CJIEIYIONLYIO CEKYHTYy TOXKe MOTyXHYT. Jlis
JIIOOOIT T pacKpacku pebep IMOXKAPHBII CMOXKET IIPOBEPHYTH 0ba Ipolecca 3a n + 2
CEeKYHJIbI !

5. B ocrpoyroasaom Tpeyroabaukos A BC' ormeuena cepenuna M croponst BC. Ilycthb
I, J, K — neHTphbl BOUCAHHBIX OKpyxKHOCTeil TpeyroabHukoB ABC, ABM u ACM
coorBercTBeHHO. Ha mipsimbix MK u M J ormedenbl Touku P u () COOTBETCTBEHHO TaK,
ayro LZAJP = ZABC u ZAKQ = Z/BCA. Ilpsmbie C'P u B() niepecekatorcst B Touke K.
Hoxkaxkure, ato IR | BC.

6. BemecrBennble HeoTpuUIaTEIbHbIE YHCAA @, b U ¢ YIOBIETBOPSIOT PABEHCTBY
ab + ac + bc + abc = 4. [lokaxkure, 4TO

\/ab+ac+1 _I_\/ab—l—bc—l—l +\/ac%—bc—l—l <3
a+2 b+ 2 c+2

7. [lano narypaJsibHOe k. /[)11 KAaKOro HAamMEHBIIIETO N BEPHO CJIELYIONIee YTBEPKICHUE:
13 JIIOOBIX Nk TOYEK IJIOCKOCTH, MOKPAIIEHHBIX B k I[BETOB (110 1 TOYEK KaXKJIOTO I[BETA),
MOKHO BBIOpATh IO JIBE TOYKH KasKJOI'0 IIBETa M COEJUHHUTH UX OTPE3KOM TaK, YTOOBI
9TU k OTPE3KOB He MMeu OOIMUX To4YeK (B ToM dwmcie, KOHIOB)? Mbl paccMaTpuBaeM
TOJIbKO KOH(UT'YPAIUU, B KOTOPbIX HUKAKWE TPU TOUKH HE JiezKaT Ha OJHON ITPSMOI.

8. Ha meamnane AM ocTpoyrojibHOro HepaBHOOeApeHHOro Tpeyroabauka ABC orme-
veHa touka P rtak, uro ZNPC = ZMPC, rne N — cepemuna cropoubl AC. Ilpsamast
N P niepecekaeT NPAMYIO, IIPOXOJIAILYI0 dyepe3 TouKy B mnapaJenbino C P, B Touke D.

Hoxkaxkure, utro AD = AB.



LXIV VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUMN BOM Ne3. 3.05.2025
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. Ctpoku u cTOJIOIBI TAOJIHUIILI 1 X N IIPOHYMEPOBAHBI YUCIaMH OT 1 110 n. st KaK 1oii
napsl (i,7), tae 1 < i,j < n, B KJIeTKe Ha IePeceveHn i-ii CTPOKH U j-TO CTOJIOIA CTOUT
qucyio n - (i — 1) + j. Haiigure Bce HATYpaJibHBIE N, JJI KOTOPBIX B TabJIMIlE HANRIETCS
poBHO 2025 CTPOK, He Co/IepKaIINX KBaIPATHI MEJTbIX THCET.

2. CKOJIBKO CyIIIECTBYeT TPOEK HATypaJbHBIX 4ducesa (I,Yy,2), KayxKI0e M3 KOTOPBIX
MenbIre 2025, B KOTOpeIX 2 > 1, y + 1 gemurca ma ©, z — 1 gesurea Ha y 1 22 + 1
neanTcd Ha z7

3. 511 namMmoveK ympaBJIdiOTCS HECKOJbKUMHU BBIKJIIOYUATEIAMU. KarKIbIil BHIK/IIOYa-
TeJb II0JICOeUHEH K HEKOTOPOMY MHOXKECTBY JIAaMIIOYEK, K KarKJON JIAMIIOYKE IIOJICO-
eJIMHEeH XOTd Obl OJMH BBIKJ/I0YATE b, Korma Mbl HCIIOJIb3YeM BBIKJIIOYATE b, BCE JIAM-
IMOYKH, K KOTOPBIM OH IIOJCOE/IMHEH, MEHAIOT CBOE€ COCTOsTHUE: BKJIIOUYEHHBIE JIAMIIOYKHT
BBIKJIFOYAIOTCH, a BBIKJIIOUYEHHbIE — BKJIIOYAIOTCs. BHadaje Bce JIAMIIOYKUA BBIKJIIOYE-
ubl. Haiigure Hambosbitee umcio k, s KOTOPOTO C IIOMOINBIO 9TUX BBIKJ/IIOYATEIEH
rapaHTUPOBAHHO yJIACTCA BKJIIOUNTH HE MEHbIIE k JIaMIIOYEK.

4. Pebpa 1rostHOTO Tpada Ha 1 BEPITUHAX TOKPAITIEHBI B KPACHBIN U cUHU 1IBeTa. Kaxk-
Y0 CeKYHIY IIOXKaPHBIN 3aKUTraeT OIHY BEPIINHY, 382K KEHHBIE BEPIIUHBI TOPSIT, II0KA,
ux He morymar. Kaxkgass BepiimHa, coeIuHEHHas KPAaCHBIM PeOpoOM XOTsi ObI C OTHOM
ropsiteii, B CJAeAYIONIYIO CeKYHIY ToxKe 3aropurcsd. Ilocae Toro, Kak Bce BEpIUHBI 3a-
rOpeJINCh, KPacHbIe pedpa IepecTaloT MOAIUTHIBATE OXKaP, U MTOKAPHBIN HAUMHAET €ro
TYImnTh. KaxXKIyio CeKyHIy OH TYIIUT OJIHY BEPIINHY, & BEPIINHBI, CO€IUHEHHbIE CH-
HUM peOpoM XOTd ObI C OJHOM IOTYXIIEH, B CAEAYIONIYI0 CEKyHIy TOXKe MOTYXHYT. [LjIs
JIIOOOIT I pacKpacku pebep IMOXKAPHBII CMOXKET ITPOBEPHYTH 0ba Ipolrecca 3a n + 2
CEeKYHJIbI !

5. B ocrpoyroasaom Tpeyroabaukos A BC' ormeuena cepenuna M croponst BC'. Ilycthb

I, J, K — neHTphbl BIOUCAHHBIX OKpyxKHOCTeill TpeyroabHukoB ABC, ABM u ACM
coorBercTBeHHO. Ha mpsimbix M K u M J ormedenbl Touku P u () COOTBETCTBEHHO TaK,

aro LAJP = ZABC u ZAKQ = Z/BCA. Ilpsmbre C'P u B() niepecekatorcst B Touke R.
Hoxkaxkure, ato IR | BC.
1

6. Janer nesple uncaa a u b. Homoxmm f(z) = — - OKazanoch, 9TO CyIIECTBYIOT
pa3/IMYHble BENIECTBEHHbIE YHCIA T1, g, T3 Takwe, 910 f(xr1) = xo, f(x2) = z3 u
f(x3) = x1. Jokaxkure, 910 |a| AIBSIETCS TOIHBIM KBAJIPATOM.

7. Ha mtockoctu ormedeno 100 Tovek, HUKaKne TPU U3 KOTOPBIX He JiezKaT Ha OTHOM
IIPSIMOM, W TIPOBEJIEH OTPE30K, COeIUHSIONINI 1Be OTMedeHHble Touku. [Ipn kakoMm nHan-
OobIIeEM k& MOYKHO ITPOBECTU Kk OTPE3KOB C KOHITAMU B OTMEYEHHBIX TOYKAX TaK, YTOOBI
HUKaKue J1Ba u3 k + 1 MpOBEIEeHHBIX OTPE3KOB HE MMeJd OOIUX TOYeK (B TOM YHUCIIE,
KOHIIOB) !

8. Ha memmane AM ocTpoyroibHOro HepaBHOOEIpeHHOrO Tpeyroybanka ABC orme-
veHa Touka P tak, uro ZNPC = ZMPC, rne N — cepeauna cropoubl AC. Ilpsmas
N P 1iepecekaer IpsiMyIo, IIPOXOIAIIYI0 Yepe3 TouKy B mapaJuiensao C'P, B Touke D.
Jokaxkure, uro AD = AB.



LXIV VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUMN BOM Ne3. 3.05.2025
CTAPIIIAY I'PVIIIIA, TPEThSA JIUTA

1. CTtpoku u cTOJIOIBI TAOJIHUIILI 1 X N IIPOHYMEPOBAaHBI YCaaMu OT 1 110 n. st KaxK 1oii
napsl (i,7), tae 1 < i,j < n, B KJIeTKe Ha IePeceveHn i-ii CTPOKH U j-TO CTOJIOIA CTOUT
qucyio n - (i — 1) + j. Haiigure Bce HAaTYypaJsibHBIE N, JJIT KOTOPBIX B TabJ/IMIlE HANRIETCS
poBHO 2025 CTPOK, He Co/IepKAIINX KBAIPATHI MEJTbIX TUCE]T.

2. Haiiiure KOJIM1IecTBO TPOEK HATYPAIbHBIX THCeN (a, b, ¢) TAKUX, YTO KaXKI0e U3 HUX
MenbIrie 100 u BepHO
a! + b = alc!

3. ®abpuka BoinyckaeT 90 BugoB banTukoB. B Habope «Kpacapumas» nmeercs: 11 pas-
HBIX OAHTUKOB (KaKre MMEHHO — MOYKHO BBIOMPATh IIPH MOKYTIKe ). Ha mpa3Huk Kaxkiast
HpUHITECCA JTO/IKHA, HaJAeTh 4 GanTuka. YepHbIil JIoBeJac X04eT MOJapPUTh ITPUHIIECCAM
110 ojHOMYy Habopy «KpacaBuiias Tak, 9TOOBI JIFOOOW KOMILJIEKT U3 4 OAHTUKOB BCTPE-
vyaJjcs B Habope POBHO OJIHOM m3 rnpuHIiiecc. Keth s y Hero manc?

4. Pebpa mosiHoro rpada Ha n BepIInHaX IIOKpaIlleHbl B KPaCHBIN 1 CUHUII 11BeTa. Kaxk-
YO CEKYHJY IIOXKapPHBIN 3aKUTraeT OJIHY BEPIINHY, 382K KEHHbIE BEPIINHBI TOPSIT, II0KA,
nx He norymar. Kaxkjgass BepiimHa, cCOeIMHEHHas KPAaCHBIM PeOpoOM XOTsi ObI C OIHOM
ropsIeit, B CJIeIYIONIyI0 CeKyH Iy ToxKe 3aroputcd. [lociie Toro, kak Bce BepIIMHBI 3a-
TOpEeJINCh, KPacHble pedpa MepecTaioT IOAIMNTHIBATE IIOXKAD, U IOXKAPHBIA HATNHAET €ro
TYImATh. KaXXIyio CeKyHIy OH TYIIUT OJIHY BEPIINHY, & BEPIINHBI, CO€IUHEHHbIE CH-
HUM peOpOM XOTd ObI C OJHOM HOTYXIIEH, B CJAEIYIONIYIO CEKYHIy TOXKe MOTYXHYT. [LjIs
JIIOOOIT T pacKpacku pebep IMOXKAPHBII CMOXKET ITPOBEPHYTH 0ba Iporiecca 3a n + 2
CEeKYHIIbI?

5. B npsimoyronbaoM Tpeyrosabauke ABC ¢ npsmbim yriaom C' oTMedeHa TOYKa Iepe-

ceuenns buccexkrpuc I n mposenena ouccekrpuca AN. Okazasiocs, uto CA+ Al = CB,
u CN = 2. Haitnure N B.
1

6. Jdamor memele umena a u b. Ionoxum f(x) = — 5 Oka3zaJjioch, 9TO CYIIECTBYIOT
pa3/IMYHble BENIECTBEHHbIE YHCIA X1, Ta, T3 Takue, 910 f(xr1) = xo, f(x2) = x3 u
f(x3) = x1. Jokaxkure, 910 |a| s/IBSI€TCST TOYHBIM KBAJIPATOM.

7. Ha mtockoctu ormedeno 100 Tovek, HUKaKue TPHU U3 KOTOPBIX He JiezKaT Ha OTHOM
IIPSIMOIT, ¥ TTPOBEJIEH OTPE30K, COeIUHSIONINYA ABe OTMEeUYeHHbIe TOUKU. [Ipn KakoM Han-
OosbIIeM k MOXKHO ITPOBECTHU k OTPE3KOB C KOHIIAMHU B OTMEYEHHBIX TOYKAX TaK, YTOOBI
HUKaKWe JBa u3 k + 1 IpoOBeIeHHBIX OTPE3KOB HE MMeJIN OOIMX TOYeK (B TOM YHCIIE,
KOHIIOB) !

8. Ha meamane AM ocTpoyroJjibHOro HepaBHOOeapeHHOro Tpeyroyabauka ABC oTrme-
veHa touka P rtak, uro ZNPC = ZMPC, rne N — cepemuna cropoubl AC. Ilpsamast
N P 1niepeceKkaeT NPAMYIO, IIPOXOJIAILYI0 dyepe3 TouKy B mnapaJenbino C P, B Touke D.

Hoxkaxkure, uro AD = AB.



