LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne4. 05.05.2024
MJIAJIIIIA S TPVIIIIA, BBICHIA L JIUTA, BOU 3A 1-4 MECTA

1. JlokaxkuTe, 9TO CYIIECTBYeT OECKOHEUYHO MHOI'O HATYPaJIbHBIX 71 TAKUX, JJIsi KOTOPBIX
qucaa 1,2,3,...,n MOXKHO PacKpacuTh B JIBa IBETa TakK, 4TOObI IIPOM3BEJICHUE IOIAapPHBIX
CYMM YHCEJ IEPBOTO IBETa OBLIO0 PABHO ITPOU3BEICHIIO ITONAPHBIX CYMM YKCeJI BTOPOIO IIBETA.

2. ki cTonT B JIEBOl HIKHel KiaeTke KBajparta (2n + 1) x (2n + 1). On MoxeT mepe-
MEIAThCA Ha OJIHY KJICTKY BBEpX JiMOO Ha OJHY KJIETKY BIPaBO. B MTOre OH XOUeT MonacThb
B IPABYIO BEPXHIOO KJIETKY TAKUM 00pa3oM, UTOOBI [[Be KJETUAThIC 0OJIACTH, HA KOTOPHIC
ero MapIipyT pa3Ouir J0CKY, COCTOSUIN M3 YeTHOTO YHC/Ia KJICTOK (ofHa n3 obsacreil MoKeT

) Cir + Cs, )
OBITE 1ycTas). JJlokaknTe, 9T0 y EKINKA €CTh POBHO ————" CII0CO00OB MPOJIOKNTH TaKOil
MapIIPYT.

3. Haiinnre Bce mpocThie p, JJisi KOTOPBIX HaliIyTcsl HATypaJibHble Yuc/a a U b Takue, 9To
p=a’+b"+ab, a®+ b+ 25=15ab.

4. HazoBeM HaTypaJIbHOE YUCI0 N J60AKUM, €CJTH OCTATOK OT JieJIeHUs JTI000M CTeleHu JIBOii-
KU Ha . — TOXKe cTernenb JaBoiiku. MoxeT jin jiBosikoe 4ncyio ObITH CTEeHbIo HATYpPaIbHOIO
quCJjIa BbIIIE 11epBOii?

5. Mamma u I[lama 1o ouepein IpoBOJAT JAUaroHasu B IPaBUILHOM 98-yroJIbHUKE, HAUMHAET
Maima. Paspermnieno npoBoanTh JuaroHasib, €C/Ii OHa He TepPIeHINKYIApHa HI OJHON 13 paHee
IIPOBEJICHHBIX JINaroHaJIell, a TaKzKe IepecekaeT XOoTsI Obl MOJIOBUHY PaHee IPOBEJIeHHBIX JIa-
rounaJeii. IIpourpeiBaer ToT, KTO He MOXKET c¢eaarhb Xoa. KTo m3 UrpoKoB MOXKeT 00ecreunTh
cebe 11obej Iy He3aBUCHMO OT JIefiCTBHUil comepHrKa’

6. Ouis 3amnmcaJia HaTypaJibHOE YHCJIO, cocTosdlnee u3 2k nudp. 3aTeM oHa MOMEHsJIa Me-
CTaMU YacTU YHUCJA, COCTOAIINE U3 MepBbIX k 1 nocaeaunx k nudgp. B pesyiabrare ducsio
YBEJIUINIOCH pOBHO B 6 pa3. Yemy MoxKeT ObITH paBHO k7

7. Ha cropone BC Tpeyronbuuka ABC ormedena Touka D, a Ha cropone AC' — touku E u
F, npuuem AB = AD = BE = DF'. Okazayock, utro AE = C'F. Hemy moxeT ObITh paBeH
HAUMEHbIINIT u3 yrjioB Tpeyroyibiuka ABCY

8. Paccmorpum rpad, B koropom 1024 BepimHbl — 3TO BCEBO3MOXKHbBIE CTPOKHU U3 HYJIeil
n eauHuI JUIMHBL 10, a pedpo MPOBOAUTCS MEXKJIy JABYMS CTPOKAMM, €CJIN OHU OTJIMYal0TCH
POBHO B OjiHOII mo3uiun. B sToMm rpade BbiOpasm 512 pédep, He UMEIOMNX OOIINX KOHIIOB,
u rnokpacuin B KpacHblil. Ocrajbable pebpa 1nmokpacuin B cunmil. Jlokaxkure, 4ro B rpade
HalijleTcs MUKJ JITMHBL He OoJiee yeM 18, B KOTOPOM KpacHbIE U CHHUE PEOpa YepelyoTcs.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne4. 05.05.2024

MJTAIITA A TPYIIIIA, BBICIHA A JIUTA, BOU 3A 5-8 MECTA,
ITEPBAY JIUTA, BOU 3A 1-4 MECTA

1. JlokaxkurTe, 9TO CYIIECTBYeT OECKOHEUYHO MHOI'O HATYPaJIbHBIX 71 TAKUX, JJIsi KOTOPBIX
qucaa 1,2,3,...,n MOXKHO PacKpacuTh B JiBa IBETa TaK, YTOOBI IPOM3BEJICHNE IOTapPHBIX
CYMM YHCEJ IEPBOTO IBETa OBLIO0 PABHO ITPOU3BEICHIIO ITONAPHBIX CYMM YKCEJI BTOPOIO IIBETA.

2. B 6enoii Tabiune pasmepom 100 x 100 kakme-To 900 KJieTOK OKpallleHbl B YEpHBIi I[BET
TakK, 9TO B KaxKJOIl CTPOKe U KayKJOM CTOJIOIEe OKpPAallleHO POBHO JeBsTh KjeTok. Haiiaure
HalMeHbIllee HaTypaJibHOe 4YKCJIOo Kk, IPU KOTOPOM BCerja MOXKHO IIepeKpacuTb k 4UEépHBIX
KJIETOK 00paTHO B OeJiblil IIBeT Tak, 4TOObI B JIFOOOM KBajpaTe pa3mMepoM 5 X 5 OblLia Obl
OeJtast KJIeTKa.

3. Haiiure Bce mpocThle p, 118 KOTOPBIX HailAyTcs HaTypasbHble Yicia a U b Takue, 4To
p=a*+b>—ab, 3a*+3V>—9 = Tab.

4. HazoseM HaTypaJibHOE YHUCI0 N 080AKUM, €CTH OCTATOK OT JieJIeHUs JTI000M CTeleHu JIBOii-
K1 Ha . — TOXKe cTelneHb aBoiiku. MoxeT i 1BosiKoe 4ncyio ObITh CTENeHbI0 HATYpPaIbHOIO
quCjIa BbIIIE 11epBOii?

5. Mama u Ilama 1o ouepey IpoBOAT JUaroHaIn B IPaBUILHOM 98-yroJIbHUKE, HAUMHAET
Marma. Paspemnieno npoBoanTh JuaroHasib, €C/Iu OHa He IepPIeHINKYIApHa HI OJHOI U3 paHee
IIPOBEIEHHBIX JNaroHaJIeil, a TakzKe IepecekaeT XOoTsI Obl MOJIOBIHY PaHee IPOBEeIeHHbBIX JIa-
rouaJeii. I[IpourpeiBaer ToT, KTO He MOXKET c¢jesarhb X0, KTo m3 NrpokoB MOXKeT 00ecreunTh
cebe 11obej Iy He3aBUCHMO OT JIeficTBHUil comepHrKa !

6. Ouis 3amnmcasia HaTypaJibHOE YHCJI0, cocTosdlnee u3 2k mudp. 3aTeM oHa MOMEHsJIa Me-
cTaMU 9acTh JHCJa, COCTOANINe M3 MepBbiX k u mnociennux k mudp. B pesynbrare dmciio
YBEJIUINI0CH pOBHO B 6 pa3. Yemy MoxKeT ObITH paBHO k7

7. Ha cropone BC' tpeyronbauka ABC, B koropom ZC = 30°, ormedena Touka D, a Ha
cropone AC' — touku F u F, npuaem AB = AD = BE = DF. Jlokaxure, uro AE = CF.

8. PaccmorpuMm rpad, B koropom 1024 BepimHbI — 3TO BCEBO3MOXKHBIE CTPOKHU U3 HYyJIeil
u eauHIl JUIMHBL 10, a pedpo MPOBOAUTCS MEXKJIy JABYMS CTPOKAMU, €CJIM OHU OTJIMYal0TCs
POBHO B OjiHOII 1o3uiuu. B sToMm rpade BbiOpasm 512 pédep, He UMEMNX OOIINX KOHIIOB,
n rnokpacuian B KpacHblil. Ocrajbable pebpa mokpacuin B cunmil. Jlokaxkure, 4ro B rpade
HalieTcs MUK JIJIMHBL He OoJiee yeM 18, B KOTOPOM KpacHbIe I CHHUE PEOpa YeperyroTcs.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne4. 05.05.2024
MJIAJIIIIA S TPYIIIIA, ITIEPBA A JINTA, BOU 3A 5-8 MECTA

1. JlokaxkurTe, 9TO CYIIECTBYeT OECKOHEUYHO MHOI'0 HATYPaJIbHBIX 71 TAKUX, JJIsi KOTOPBIX
qucaa 1,2,3,...,n MOXKHO PacKpacuTh B JIBa IBETa TakK, 4TOObI IIPOM3BEJICHUE IOIAapPHBIX
CYMM YHCEJ IEPBOTO IBETa OBLIO0 PABHO ITPOU3BEICHIIO ITONAPHBIX CYMM YKCeJI BTOPOIO IIBETA.

2. B 6enoit Tabsmmte pazmepom 100 x 100 kakne-To 900 KJIeTOK OKpallleHbl B YEPHBII IBET
TaK, 9TO B KaXKJIOM CTPOKE M KarKJOM CTOJIOIE OKpaIlleHO POBHO JIEBATH KJeTOK. Haiinure
HauMeHbIllee HaTypaJibHOe YNCI0 k, IpH KOTOPOM BCerja MOXKHO MEepeKpacuTh k YEpHBIX
KJETOK 0OpaTHO B OEJIbI IBET TaK, 4TOOBI B JIIOOOM KBaJpaTe pasMepoM 5 X 5 Oblia Obl
Oeslast KJIeTKa.

3. Haiiure Bce nmpocThlie p, 118 KOTOPBIX HailAyTcs HAaTypasbHble dicia a U b Takue, 4To
p=a*+b>—ab, 3a*+3V>—9=Tab.

4. HazoeMm HaTypasbHOE YHCIO N 080AKUM, €CJIN OCTATOK OT JIeJIeHNUs JTI000i cTelenn JIBOii-
KU Ha N — TOKe CTeleHb JIBOAKM. MoyKeT Jii JIBOSIKOE YHCJIO OBbITH KBAJIPATOM HATYPAJILHOIO
quega’?

5. Mama u Ilama 1o ouepein IpoBOJIAT JUaroHa/In B IPaBUILHOM 98-yroJIbHUKE, HAUMHAET
Marma. Paspermieno npoBoanTh JuaroHasib, €C/IM OHa He IePIeHINKYIApHa HI OJHON U3 paHee
IIPOBEJIEHHBIX JNaroHaJIell, a TakyKe IepecekaeT XOoTsI Obl MOJIOBIHY pPaHee IPOBEeIeHHbBIX I~
ronaJieit. IlpourpeiBaer ToT, KTO HE MOXKET caesaaTh X0, KTo u3 nrpokoB MoxKeT 00ecreunTh
cebe 11obej Iy He3aBUCHMO OT JIeCTBHUl comepHrKa !

6. Ouis 3amucaJia HaTypaJibHOE YHCJIO, cocTosdinee u3 2k mudp. 3aTeM oHa MOMEHsJIa Me-
CcTaMHU YaCTU UUC/Ia, COCTOsIIIe U3 IIepBbix k u nociaegnux k mnudp. B pesyinbrare ducio
YyBEJININI0CH poBHO B 6 pa3. Yemy MoxKeT ObITH paBHO k7

7. Ha cropone BC' tpeyronbauka ABC, B koropom ZC = 30°, ormeuena Touka D, a Ha
cropone AC' — touku F u F, npuaem AB = AD = BE = DF'. Jlokaxure, uro AE = CF.

8. YV JI>kKona ecTb 5 MOHET: ofHa — B 1 MEHC U JOJKHA BECUTHL 1 I'paMM, OJHa — B 2 TeHca 1
JIOJIZKHA BECUTDH 2 TpaMMa, 1 T.JI., OHa — B D IMEHCOB 1 JOJ2KHA BECUTH O I'paMM. Bce MoneTbl
HOJIITCaHbl CBOMMHE JocTonHCTBaMu. OJIHAKO, OJ{HA U3 MOHET (PajbIINBasi U OTJIMIAETCs OT
HY?KHOTr0 Beca MeHee, 9eM Ha 1 rpamm. Moo s 3a 3 B3BemmBaHNudA Ha YaIledHbIX Becax
6e3 TUPb OINpee/uTh (PaJbIINBYI0 MOHETY! Pe3yibrar KayKjoro B3BEIIMBaHUS CTAHOBUTCH
U3BECTEH TOJILKO II0CJIe TOrO, KaK CJe/laHbl Bce 3 B3BEIINBAHUS.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne4. 05.05.2024
MJIAIITIA S TPYIIIIA, BTOPA S JIUTA

1. Jokazkute, aro uncia 1,2, 3, ..., 1024 MO}KHO packpacuThb B JBa IIBETa TaK, YTOOBI IPON3-
BeJIeHUE TOTIAPHBIX CYMM YHCEJI IIEPBOrO IBETa OBLJIO PABHO IIPOU3BEICHUIO TOIMAPHBIX CYMM
qucesl BTOPOTO IBETA.

2. B 6enoit Tabsmmme pazmepom 100 x 100 kakne-To 900 KJIeTOK OKpallleHbl B YEPHBII IBET
TaK, 9YTO B KaXKJIOM CTPOKE M KarKJOM CTOJIOIE OKpaIlleHO POBHO JIEBATH KJeTOK. Haiinure
HauMeHbIllee HaTypaJibHOE YNUCI0 k, MpU KOTOPOM BCerja MOXKHO MEepeKpacuTh k YEpHBIX
KJETOK 0OpaTHO B OEJIbI IBET TaK, 4TOOBI B JIIOOOM KBaJpaTe pasMepoM 5 X 5 Oblia Obl
Oeslast KJIeTKa.

3. Haiiure Bce nmpocThlie p, 118 KOTOPBIX HailAyTcs HAaTypasbHble dicia a U b Takue, 4To
p=a*+b+ab, a*+b*—3=3ab.

4. HazoBem HaTypaJsibHOE YHCJIO N 080AKUM, €CJIN OCTATOK OT Jie/IeHus JTF00O0i cTereHn JIBOi-
KI Ha N — TOXKe cTeleHb JBoiiku. Haiiaure KoJIM4vecTBO JBOSKUX HATypaJIbHLIX 4HCeJI, He
npesocxonsmux 22924 Hamomunm, uro uncito 1 = 2° — Toxke cremnens nBOiKIL.

5. I3 crimdexk eJMHUYHON JIJIMHBI BBLIOYKEH HPSIMOYTOJbHUK U3 JIBYX CTPOK M 70 CTOJIOIOB,
pas3OoUTHI Ha eJUHUYHBbIE KBaJpaThl. /IBa MI'poKa I0 odepe/n yOUPAIOT IO OHON CIIMYKE:
IEPBBIIT UTPOK — BEPTUKAJIBHYIO, BTOPOIl — MOPU30HTAJIbHYIO. TOT UTPOK, MOCTIe Ubero Xoja
OyayT yOpaHbl Bce 4 CIIMYKHU, OrPpaHUYNBAIOIINE KAKOH-I100 e IMHNYIHbIN KBaJIpaT, IPOUTIPbI-
BaeT. KTo BerpoiBaeT mpu npaBmibHOi urpe? OTBeT MOXKET 3aBUCETH OT 1.

6. B xierkn Tabsmnbl 3 X 3 BrmcaHbl nudpsl or 1 710 9, KaxKjgas 1o ogHomy pasy. Llud-
pPbI B CTpOKax M IUMPLI B cTOJIONAX 00pa3yloT MIECTh TPEX3HAYHBIX uncesa. MoryT Jjin 5Tn
quCIa, B3AThIe B HEKOTOPOM I0OPsiJIKe, 00pa30BbIBaTh apudmMerndeckyio nporpeccuto? Iloce-
JIOBATEILHOCTD HA3BIBACTCH apU@MEMuveckoti npoepeccuetl, eCin KaxKaoe CIeyIoIee IicIo
noJiydaercs mpubaBaeHneM (GUKCHPOBAHHOIO Yncaa d K TEKYIIEMY.

7. Ha cropone BC' Ttpeyronbauka ABC, B koropom ZC = 30°, ormeuena Touka D, a Ha
cropone AC' — touku F u F, npuaem AB = AD = BE = DF. Jlokaxure, uro AE = CF.

8. YV JI>xkona ecTtb 5 MOHET: o/fHa — B 1 IEeHC U JIOJKHA BECUTHL 1 I'paMM, OjiHa — B 2 TeHca 1
JIOJIZKHA BECUTDH 2 TpaMMa, 1 T.JI., OJlHa — B D MMEHCOB 1 JOJKHA BECUTH O I'paMM. Bee MoneTnl
HOJIITICaHbl CBOUMHE JocTonHCTBaMu. OJIHAKO, OJHA U3 MOHET (pajIbIINBasi U OTJIMIAETCs OT
HY?KHOTr0 Beca MeHee, 9eM Ha 1 rpamm. Moxkuo jm 3a 3 B3BemmBaHnudA Ha YalledHbIX Becax
6e3 TUpPb OIpeIeuTh (PaJbIINBYI0 MOHETY! Pe3yibrar KaxKjoro B3BEIIMBaHUS CTAHOBUTCH
U3BECTEH TOJILKO I10CJIe TOr0, KaK CJeJlaHbl Bce 3 B3BEIINBAHUS.



LXII YPAJIbCKUI TYPHUP FOHBIX MATEMATUKOB. KUPOB, 29.04 - 05.05.2024

MATEMATUYECKIIT BOM Ne4. 05.05.2024
MJIAJIIIIA Y TPYIIIA, TPETHY JIUTA

1. Jokazkute, uTo uncia 1,2, 3,...,32 MOXKHO pacKpacuThb B JIBa I[BeTa TakK, YTOOBI IPON3-
BeJICHUE TOTIAPHBIX CYMM YHCEJI IIEPBOIrO IBETa OBLIO PABHO ITPOU3BEICHUIO TOIMAPHBIX CYMM
qrcesl BTOPOTO IBETA.

2. Kakoe HamMeHbIIee KOJTNIeCTBO MATU3HATHBIX CJIAraeMbIX, B 3aIUCH KazKJIOT0 13 KOTOPbIX
Pl UIYT B TOPsiJIKE BO3PACTAHUS, HY?KHO B3ATh, YTOOBI IUMPHI B 3aITMUCH UX CyMMBbI IILIN
B IIOPsiJIKe yObIBaHMs !

3. Haiinnre Bce mpocThie p, JJ1 KOTOPBIX HalijlyTcsd HATypaJbHble YUCIa a U b Takue, 9To
p=a’+b*+ab, a*+b*—3=3ab.

4. 10 cemukIaccHuKOB Hanwn 10 MyXoMopoB U rornpoboBan UX Ha BKyc. Ha ciemyrormuit
JIeHb BCE OHU KaJIOBAJIUCh JIOKTOPY Ha YKUBOT, HO IIPU 9TOM KaKJblil CKa3aJl, 4TO OTKYCHUJI
He 00JIbIIe, YeM OT JIBYX MyXOMOpPOB. OJiHaKO, KaxK/Iblii MyXOMOp CKa3aJl, 9TO ero KycaJju He
MeHee, YeM IMATepo CeMUKIAacCHIKOB. Kakoe HanbosibIiiee cyMMapHOe KOJTUIECTBO MyXOMOPOB
1 CEeMUKJIACCHUKOB MOIJIM CKa3aTh IpaBLy”’

5. I3 crindex eJIMHUYHOM JIJIMHBI BBLJIOYKEH HPSIMOYTOJIbHUK U3 OJHOI CTPOKU 1 7. CTOJIOIOB,
pa3OoUTHINl Ha eJUHUYHBbIE KBaJpaThl. /IBa MI'poka I0 odepen yOUPAIOT IO OHOIN CIHUYKE:
IEePBBIIT UTPOK — BEPTUKAJIBHYIO, BTOPOIl — MOPU30HTAJIbHYIO. TOT UTPOK, MOCTIE Ibero Xoja
OyayT yOpaHbl Bce 4 CIIMYKHU, OrpaHUYNBAIOIINE KAKOH-I100 e IMHIYIHbIN KBaJIpaT, IPOUTIPbI-
BaeT. KTo BBIMIPBIBACT MIPU MTPABUJIbHOIN UTpe (OTBET MOXKET 3aBHCETh OT )7

6. B xierkn Tabsmnbl 3 X 3 BrmcaHbl nudpsl or 1 710 9, KaxKgasd 1o ogHomy pasy. Llud-
pPbI B CTpOKax M IU@PLI B cTOJIONAX 00pa3yloT MIEeCTh TPEX3HAUHBIX uncesa. Moryrt Jjin 5Tn
qHCIa, B3AThIe B HEKOTOPOM I0OPsiJIKe, 00pa30BbIBaTh apudmMerndeckyio nporpeccuto? Iloce-
JIOBATEILHOCTD HA3BIBACTCH apU@MeMuveckoti npoepeccuetl, eCm KaxKaoe CaeyIolee IicIo
noJIyvdaeTcs mpubaBaeHneM (GUKCHPOBAHHOTO Yncaa d K TEKYIIEMY.

7. B ocrpoyrosibnom Tpeyrosnbauke ABC, B kotopom ZC' = 30°, nposejena Beicota BH. Ha
cropone BC' ormedena Touka X, a Ha orpeske C'H — Touka Y rtak, uto AB = AX = XY.
Hoxaxkure, uro CY = 2AH.

8. Huma n Callla BBINLIM KayK/Iblil U3 CBOEIO JIOMa, HaBCTPedy JIpyTr Jpyry. depe3 HeKoTopoe
Bpems Juma jomén o goma Carnm, U, HOHsB, 9YTO OH IpoIéa mumo Calnn, pa3BepHYJCTd U
només1 B o0paTHyto cTopoHy. Uepe3 HekoTopoe BpeMsi JluMa cHOBa JOMIE JIO CBOEro JIoMa U
B 9TOT MOMEHT I0JIy4uni coobiienne ot Callii, 9TO TOT eIié He JIONMIET JI0 ero jgoma. loria
Jluma cHOBa pasBepHyJics U TOIMIE] B cTopoHy Joma Calm 1, HaKOoHeI, BCTpeTus ero. Bo
CKOJIBKO pa3 ckopocTh Jlumbl OoJibiiie ckopoctu Callii, ecjii paccTosinie oT JjioMa, JIuMbl 10
TOYKHU UX BCTpedn B 4 pasa MeHbIlle paccrosgausa Mexkry gomamu Carmmr n Jumbr?



