LXIV YVPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUUN BOM Ne4. 4.05.2024
CTAPIITAY I'PVIIIIA, BBICIIIA S JIUTA, BOU 3A 1-2 MECTA

1. ITo xpyry paccrasiennbl 2025 xkyBmmHOK. JIarymkn Ksakka m KBokka cumgar Ha
KaKIX-TO PA3HBIX KYBIMUHKAX. Kaxkmgas Jarymnika MOKeT IPBITHYTh Ha 2, 3 WIN 5 KyB-
IITTHOK 10 9acoBoil cTpesike. KBakka nm KBokKa cjesraim 1mo HeCKOJIBKO MTPHIKKOB U OKa-
3aJIICh HA TeX Ke KYBIIMHKAX, C KOTOPbIX HaduHa M. OKa3aa0Ch, YTO C KaxKJIOW KYB-
IMIAHKA OBIJT C/IeJIaH POBHO OJIMH TPBIXKOK. JIOKaXKuTe, 9TO KaxKJas JIATYIIKA CJeIaj1a
POBHO 2 KpyTa.

2. Jlano marypaJsibaOoe umcio c. IlocyiemoBarebHOCTD (ay,) OIpeeeHa YCIOBUIMU
a1 =¢, Qpy1 = a% + c. [Tokaxxute, YTO CyIIeCTByeT OECKOHEYHO MHOI'O IIPOCTHIX UHUCEJI,
JIEJISIIIAX XOTsT ObI OJIMH YJIeH MOCIe0BATEIbHOCTH (dy, ).

3. /lokazkure, 9To cymecTByeT Takoe ¢ > 0, aTo mpu Bcex n > 2025 B IJIOCKOCTH MOXK-
HO ITOCTPOUTH MHOXKECTBO M3 71 TOYEK, JIJIsT KOTOPBIX HallJleTcd He MeHee ¢n Pa3TUuIHbIX
IIOITAPHBIX PACCTOSAHUMN, KaxKJI0€ U3 KOTOPBIX PEeau3yeTcss MeXKJIy TOUYKAMU 9TOr0 MHO-
»KecTBa OOJIBIIIE N pa3.

4. Buyrpu nHepaBHOOeapenHoro tpeyrojbunka ABC ormedeHa Takas TO4YKa P, 910
2/ABP = /BCA u 2/ACP = ZCBA. Ilycts I — 1eHTp BIHCAHHON OKPYKHOCTHU
rpeyrosabauka ABC. Ilpaymbie PB u PC nepecekator npsamyio Al B roukax B’ u C’
coorBercTBeHHO. [Ipsimasi, mpoxoxsmast dyepe3 B’ napasnensno AB, nepecekaer Ipsi-
Mmyio BI B Touke X, a nupsamad, npoxoagamas depe3 C’ mapastensno AC, nepecekaer
npsmyio CI B Touke Y. Jlokaxkure, aro Tpeyroabauku PXY n ABC 1mogo0OHBI.

5. Y dokycHrKa B pyKe KoJoa 52 KapThl. llepesr KaxKIbIM U3 3pUTEJIei JIEYXKUT TaKast
JKe KOJIOJIa M BHavYaJIe KaxK Ibli 3puTesIb OepeT cedbe ojiHy Kapry. Jlasee xoauT hOKyCHUK,
IIOTOM 3PUTEJIN, IOTOM CHOBA (DOKYCHHK U T. 1. X0/ (POKYCHUKA COCTOUT B TOM, YTO OH
oTOpachIBaeT M3 CBOEH KOJIOJBI OJIHY KapTy. B Bpems xojia 3puTeseil KaxKIblit 3pUTeIb
Oepet u3 cBOeil KOJIO/IbI B pyKY (ere) omay Kapry. U 3puresnu, n GOKyCHUK BUIAT, KAKHE
KapThl KTO JICPXKUT, & 3PUTEIN K TOMY K€ MOIJIA 3apaHee OOCYIUTH ILJIaH JEeHCTBUIA.
ITocste 26 xomoB 1 y (boKyCcHUKA, U y 3pUTesIei Ha pyKax 1o 26 kapT. PoKyc yaascs, ecin
XOTsI ObI Y OJTHOTO U3 3puUTeseil Habop KapT Ha PYKaxX COBIAIaeT ¢ HADOPOM (POKYCHUKA.
JloKazKnTe, 9To ecJiu 3puTesieit Menbiie 22°, 1o y xoporrero dhoxycHuka HoKyc yaacTcs.

k
6. BemecrBennsie unciaa aq, ..., ap yaoBiaerBopsor ycaosuio »  (k —i+ 1)a; = 0.
i=1
Jokaxkure, 9TO [I7IT HEKOTOPOrO HATYPAJIBHOIO M < k BBIIOJHEHO HEPABEHCTBO

m m
2m Y a; < D ia;
i=1 i=1

7. B ocrpoyronsaom Tpeyrosbauke ABC (AC > BC') mposenena Boicota AD u orme-
yeH oproreHTp H, menTp omucanHoit okpyxkuoctu O u cepemuna K croporst AB. Bay-
pu tpeyrosbanka ADC' ormedena touka P rakas, uro /KPD + /ACB =2/0PH =
= 180°. [dokaxkure, uro BH = 2PD.

8. Haitnure Bce HaTYypasbHBIC YUCIa @, b, ¢ Takwe, uTo 3ab = 2¢%, a cymma a2 + b3 + ¢3
paBHAa, yABOEHHOMY IIPOCTOMY THCJLY.



LXIV YPAJIbCKUNM TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATUYECKUN BOM Ne4. 4.05.2024
CTAPIITA Y I'PVIIIIA, BBICIIIA S JIUTA, BOU 3A 3-8 MECTA
IIEPBAS JIUTA, BOU 3A 1-4 MECTA

1. ITo xpyry paccraBienbl 2025 xkyBmmHOK. JIarymkn Ksakka m KBokka cumgar Ha
KaKNX-TO PA3HBIX KyBIMMHKaX. KaxKgas JATyIKa MOYXKET MPBITHYTh Ha 2, 3 WK 5 KYB-
IMITHOK 110 9acOoBOi cTpesike. KBakka 1 KBOKKa cjiesiaan 1o HECKOJIBKO MPBIKKOB M OKa-
3aJIUCh Ha TeX YK€ KYBIMMHKAaX, C KOTOPbIX HadnmHa M. OKa3aa0Ch, YTO C KayKJIOW KYB-
IMMAHKA OBIJT C/IeJIaH POBHO OJIMH TPBIXKOK. JIOKaXKuTe, 9TO KaxKJas JIATYIIKa CJeIa/1a
POBHO 2 KpyTa.

2. Jlokazkure, 9TO CyIIECTBYeT OECKOHEYHOE KOJMYECTBO HATYPAJIbHBIX 71 TAKUX, UTO

yncao 11...1 mpeacraBasieTcd B Buje cyMMbl 2025 pa3jinYIHBIX HATYPAJIbHBIX YHUCET,
—
N eIUHUIL

OTJIMIAIOIINXCA APYT OT JIPyra IepecTaHOBKON mudp.

3. Hokaxkute, uTo cymecTByeT Takoe ¢ > (0, 9To mpu Bcex n > 2025 B JIOCKOCTH MOXK-
HO IIOCTPOUTH MHOXKECTBO M3 1 TOYEK, JIJIsT KOTOPBIX HalJeTcd He MEHee ¢n Pa3JIUIHBIX
ITOIAPHBIX PACCTOSHUM, KaxkK/10€ U3 KOTOPBIX PEeAJTU3yeTcss MeXKIy TOUYKAMU ITOTO MHO-
JKecTBa OOJIbITE 1 Pas.

4. Buyrpu nepauobenpennoro tpeyroiabaunka ABC ormedena takasi Touka P, 4uTo
2/ABP = /BCA u 2/ACP = ZCBA. Ilyctb I — 1eHTp BIUCAHHOW OKPYKHOCTH
tpeyrosabauka ABC. Ilpaymbie PB u PC nepecekator npamyo Al B roukax B’ u C’
coorBercTBeHHO. [Ipsimas, npoxongamas depes B’ napaanensno AB, nepecekaer Ips-
Mmyio BI B Touke X, a npsamas, npoxoadamas depes C’ mapasurenpno AC, mepecekaer
upsamyo CI B Touke Y. Jlokaxkure, aro Tpeyroabauku PXY n ABC 1ogo0OHbI.

5. Y dokycHmuka B pyKe Kojoga 52 kapThl. [lepes KaxKIbIM U3 3pUTesIei JIEKUT TaKas
2Ke KOJIOJIa U BHaYaJIe KaxKIblil 3puTesib oepet cebe ojiHy Kapry. Jlasee xoauT (hOKyCHUK,
IIOTOM 3PUTEJIN, IIOTOM CHOBa (POKYCHHK U T. JI. XOJ POKYCHUKA COCTOUT B TOM, UTO OH
oTOpachIBaeT M3 CBOEH KOJIOJBI OJHY KapTy. B Bpems xojia 3puTesieil KaxKIblit 3pUTeIb
Geper u3 cBOeit KOJIo/Ibl B pyKYy (ere) omay Kapry. U 3puresnn, u GOKyCHUK BUJIAT, KAKHUE
KapThl KTO JICP?KUT, & 3PUTEIN K TOMY K€ MOIJIA 3apaHee OOCY/UTH IJIaH JIEeHCTBUIA.
ITocne 26 xo0/10B 1 y poKycHUKA, 1 y 3puTeeil Ha pyKax 1o 26 kapt. Dokyc yaaJjcs, ecian
XOTsI ObI Y OJIHOTO U3 3puUTeseil Habop KapT Ha PYKax COBIIAIaeT ¢ HADOPOM (POKYCHUKA.

JlokazkuTe, 9TO ecm 3puTeseit Menbie 225, To y xoporrero dhokycruka hoKyc yIacTes.
k
6. BemecrBennbie ducia ai, ..., ax yaoBiaeTBopsiior yciaosuioo »  (k — i+ 1)a; = 0.

i=1
Jlokaxxure, 9TO JIJIT HEKOTOPOr'0 HATYPAJIbHOTO M < Kk BBIIIOJTHEHO HEPABEHCTBO

m m
2m Y a; < D ia;
i=1 i=1

7. Ha cropon AB nepapuobeapennoro rpeyroabauka ABC ormedenbr Touku M u N
takne, 410 AN = AC u BM = BC'. Ilpsamasi, npoxosiiasi uepe3 M mapaJiiebHO Hpsi-

moit BC, n mpsimast, mpoxojsimas depe3 N mapaJuieabrHo AC, mepecekatorcst B TOUKe S.
Hoxkaxxure, auro Z/CSM = ZCSN.

8. HaiinnTre Bce HATYpabHBIC YnCIa @, b, ¢ Takue, 9o 3ab = 2¢2, a cymma a + b3 4¢3
paBHA YJIBOEHHOMY ITPOCTOMY YUCJIY.



LXIV YPAJIbCKUNM TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATUYECKUMN BOM Ne4. 4.05.2024
CTAPIITIA Y I'PVIIIIA, IIEPBAS JIUTA, BOU 3A 5-8 MECTA
BTOPAS JIUTA

1. Kocts u Cepexka urparor Ha gocke 10 x 10. Cragasa Koctst cTaBuT B KJI€TKI JOCKU
n nonyraes. [locse sToro HaunHaercss urpa. Kaxkapim xogom Cepeska aTakyeT: KIaJdeT
opex Ha T'PAHUYHBIA OTPE30K MEXKJy KaKUMU-TO JBYyMs KjeTKamMu J0cKu. OTBETHBIM
xostoM KocTst oJ17keH iepeMecTuTh HEKOTOPBIX CBOUX MOIyTaeB (KaK MUHUMYM OJIHOTO)
B COCeJIHUE II0 CTOpOHaM KJjeTkKH. llomyrait, mpoxoasdiuii MUMO opexa, ChbedaeT ero —
aTaka orouTa. [Ipm kakoMm HanMmenbIeM n KocTst cMOXKeT CKOJIb YTOJIHO JIOJITO OTOMBATH
aTaku (T.e. TOCJIe KaxKJIOro ero XoJ/a Ha JOCKe He OyeT HU OJIHOrO opexa)?

2. JlokazkuTte, 9TO CyIIECTBYeT OECKOHEYHOE KOJMYECTBO HATYPAJbHBIX 71 TAKUX, UTO

yncao 11...1 mpeacraBasieTcd B Buje cyMMbl 2025 pa3jinmyHBIX HATYPAJIbHBIX YUCET,
———
N eMHUIL

OTJIMIAIOIIUXCA APYT OT JIPyra NepecTaHOBKOU udp.

3. /lokazkure, 9TO cymecTByeT Takoe ¢ > 0, uTo mpu Bcex n > 2025 B IMJIOCKOCTH MOXK-
HO ITOCTPOUTH MHOXKECTBO M3 71 TOYEK, JIJIsT KOTOPBIX HalJleTcd He MeHee ¢n Pa3JTUIHBIX
IIOITAPHBIX PACCTOSAHUN, KaXKJI0€e U3 KOTOPBIX Peau3yeTcss MeXKJy TOYKAMU 9TOr0 MHO-
>KecTBa OOJIbIIE 1. Pas.

4. Buyrpu nepaBHoOeapenHoro tpeyroiabunka ABC ormedeHa Takas TO4YKa P, 9T0
2/ABP = /BCA u 2/ACP = ZCBA. Ilycts I — 1eHTp BIHCAHHON OKPYKHOCTHU
rpeyrosbauka ABC. Ilpaymbie PB u PC nepecekator npsamyio Al B Troukax B’ u C’
coorBercTBeHHO. [Ipsimasi, mpoxoxsmast yepe3 B’ napasiensno AB, nepecekaer Ipsi-
Mmyio BI B Touke X, a upsamagd, npoxoagamas depe3 C’ mapasutensno AC, nepecekaer
npsimyto C'I B Touke Y. Jlokaxkure, aro Tpeyronbauku PXY n ABC 1mogo0OHBI.

5. Y dokycHuka B pyKe Kojoja 52 kaprhl. [lepe KaXKbIM U3 3puTesIeil JIEXKUT TaKasd
JKe KOJIOJIa U BHaYaJIe KaxKIblil 3puTe/ib Oepet cebe oy Kapry. Jlasree xoauT hOKyCHUK,
IIOTOM 3PUTEJIH, IIOTOM CHOBa (POKYCHHUK U T. . XOI POKYCHHKA COCTOUT B TOM, UTO OH
oTOpachiBaeT U3 CBOEil KOJIOABLI OJHY KapTy. B Bpemsi xona 3puTesieil KaxKIblii 3pUTeIb
bepeT u3 CcBOell KOJIOJbI B pyKY (erre) onny Kapty. U 3purenn, u pOKYCHUK BUIST, KAKIE
KapThl KTO JIEPXKUT, & 3PUTEIN K TOMY K€ MOIJIA 3apaHee OOCY/IUTH ILJIaH JEeHCTBUIA.
[Tocse 26 x0/10B 1 y POKyCHUKA, U y 3puUTeeii Ha pyKax 1o 26 kapT. PoKyc yaajcs, ecin
XOTs1 OBbI Y OJTHOT'O 13 3puTesieil Habop KapT Ha PyKaX COBHAJIAET ¢ HAOOPOM (POKYCHHKA.

JloKazKnTe, 9TO ecsiu 3puTesieit Menbie 22°, 1o y xoporrero dhoxycHuka HoKyc yaacTcs.
k
6. BemecrBennsie unciaa aq, ..., ap yaoBiaerBopsor ycaosuio »  (k —i+ 1)a; = 0.

i=1
Jlokazkurte, 9TO JIjIsi HEKOTOPOT'O HAaTyPaJbHOro m < k BBIIIOJHEHO HEPABEHCTBO

m m
2m Y a; < D ia;
i=1 i=1

7. Ha cropon AB nepapuobeapentoro rpeyrogbauka ABC ormedenbr Touku M u N
takue, 9170 AN = AC u BM = BC'. llpsamasi, mpoxoagamas depe3 M mapaJiienabHo Ipsi-
Mmoit BC', n npsimast, mpoxoasiias depe3 [N mapajuieabno AC, mepecekaioTcst B TOUKe S.

Hoxkazkure, uro ZCSM = ZCSN.

8. Cymma HaTypaabHbIX unces A n B medérna. Jlokaxkure, 970 KaxK0€ I1€JI0€ IUCJIO
MOXKHO HIP€JICTaBUTH B BHIE x? — y2 + Ax + By c neapiMu x 1 .



LXIV VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. Kupos, 28.04-04.05.2025
MATEMATNYECKUUN BOM Ne4. 4.05.2024
CTAPIIIAY I'PVIIIIA, TPEThSA JIUTA

1. Koctsa u Cepexka urpatot Ha jocke 10 x 10. Cragasia KocTs cTaBUT B KJIE€TKU JOCKU
n noryraes. [locye aToro nadunaercs urpa. Kaxapim xoom Cepexka aTakyeT: KJaleT
opex Ha I'PAHUIHBIA OTPE30K MEXK/Iy KAKUMHU-TO JIBYMs KJjieTKamu JOcKu. OTBETHBIM
xostoM KocTst J1o/17KeH iepeMecTuTh HEKOTOPBIX CBOUX TOIyTraeB (KaK MUHUMYM OJIHOTO)
B COCEJIHUE TI0 CTOpPOHaM KJjieTku. llomyraii, mpoxoasamuit MuMO opexa, CheIaeT ero —
ataka otouta. [Ipun kakom HammenbIiiem n KocTst cMOXKeT CKOJIb YTOTHO JT0JITO OTONBATD
arakn (T.e. TTOCJIe KayKJIOro ero Xoja Ha JOoCKe He Oy/IeT HU OJHOTO opexa)?

2. JlokaxkuTte, 9TO CyIIECTByeT OECKOHEYHOE KOJMYECTBO HATYPAJBHBIX 72 TAKUX, UTO
yncyao 11...1 mpeacraBasieTcd B Buje cyMMbl 2025 pa3imYIHBIX HATYPAJIbHBIX YHUCET,
—
n eIUHUIL
OTJIMYAIONINXCS JIPYT OT JIPyTa MePecTaHOBKOM udp.
3. B rpade 300 BepmuH, crenenb Kaxkjaoii poBuo 3. Kaxkjmasi BepImmHa ITOKpAIIEHa,
B KPacCHBIN mymm cuauii iBeT. VI3BecTHO, UTO Y KayK/10i1 BEePIUHBI He MEHBIIE JIBYX Kpac-
HbIX cocejieit. Haitmure nHanboJibiiiee BO3MOXKHOE KOJTUIECTBO CUHUX BEPIUH B T'pade.

4. Toukn E u F pacnosioxkenbl Ha croponax BC u C'D upsmoyronpuuka ABCD
COOTBETCTBEHHO TaK, 4To TpeyroabHuk AFEF pasuocroponnuii. Touka M — cepemauna
orpeska AF'. Jlokaxkure, uro Tpeyrojbuuk BC' M paBHOCTOPOHHUIA.

5. Y dokycHuka B pyKe Kojomaa 52 kapThl. [lepes KaxKIbIM U3 3pUTeIei JIEKUT TaKas
JKe KOJIO/Ia ¥ BHavaJ e KayK/ IbIil 3puTe/ib OepeT cede oy Kapty. /lajee xomuT poKyCHUK,
IIOTOM 3PUTEJIN, TIOTOM CHOBa (POKYCHHK U T. JI. XOJ POKYCHHKA COCTOUT B TOM, UTO OH
oTOpachIBAET M3 CBOEH KOJIOJBI OJIHY KapTy. B Bpemsi xojia 3puTesieil KaxKIblit 3pUTesIb
Geper u3 cBoeil KOJIo/Ibl B pyKYy (ere) oy Kapry. U 3puresnn, u GOKyCHUK BUJIAT, KAKHUE
KapThl KTO JIEPXKUT, a 3PUTEJIM K TOMY K€ MOIJIA 3apaHee OOCYJINTH ILIaH JAeHCTBUA.
ITocne 26 x0/10B 1y poOKycHUKA, U y 3puTeeil Ha pyKax 1o 26 kapt. Pokyc yaaJjcs, ecin
XOTsI ObI Y OJIHOTO U3 3puUTeseil Habop KapT Ha PYKaxX COBIIAJIaeT ¢ HADOPOM (POKYCHUKA.
JloKaszKuTe, 9To ecau 3puTeseit Menbime 226, To y xopomero dhoxycanka GoKyc yaacTes.

6. JlokaxkuTe, 4TO €CJIM IPOU3BEICHIE IOJIOXKUTEJIbHBIX ducesl a u b 6osbine 12, To
OHU YJIOBJIETBOPSIIOT «HEIIPABUJILHOMY HEPABEHCTBY O CPEIHUX:
a-+b 3
> Vab.
3

7. Ha cropon AB nepapuobeapennoro rpeyroabanka ABC ormedenbr Touku M u N
takne, 4T0 AN = AC u BM = BC'. Ilpsamasi, npoxosiiasi uepe3 M mapaJiiebHO Hpsi-
moit BC, n mpsimast, mpoxojsmas depe3 N mapaJuieabrao AC, mepecekatorcst B TOUKe S.

Hoxkaxxure, auro ZCSM = ZCSN.

8. Cymma nHarypaiabubix yncenl A u B neuérna. /lokaxkure, 4TO KaxK/I0€ IeJI0€ IUCTIO
MOZKHO TIPEJICTABUTDL B BUJE T2 — y2 + Ax + By ¢ nieabiMu & 1 .



