LXI YVPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. 9THOMUNP, 25.10-31.10.2023
MATEMATUYECKUI BOM Ne2. 28.10.2023
CTAPIITIA Y I'PVYIIIIA, BBICIIIAS JIUTA

1. B cBsa3HoM rpade ¢ n BepImmHAME KaXKJ0€ PeOPO COJIEPKUTCS XOTs Obl B OJTHOM
TpeyrosbHuKe. Haiiiure HauMeHbIIIee BO3MOXKHOE KOJIMIECTBO PEdep B 3TOM rpade.

2. Ha miockocTtn HapucoBaH BBINMYKJbIH deThIipéxyroabauk ABCD. Jlokaxkure, 9TO
Ha 3TOU IJIOCKOCTU HaUWAETCd Takasd TOUKa X, 9TO KBa/IpaT PACCTOTHUA OT TOUYKU X 10
caMoil yIaJI6HHOM OT Heé BepIInHbI YeThIpexyroabanka ABC D He mpeBOCXOIUT

XA%2 4+ XB?2+ XC?+ XD?
5 .

3. Ha xazxmoit n3 2023 kapTodeKk HaIMCaHO HaTypaJibHOEe YrcyIo. Kcim gucio Ha ogHoi
13 KapTOUeK PaBHO CyMMe YHhces Ha JABYX JAPYIHUX KapPTOUKaX, 3TO UUCJIO MOXKHO yMHO-
JKUTh Ha JIF000Oe HAaTypaJibHOE YUCI0, OojbIee 1. JloKaxKuTe, 9TO 3TO yAACTCS CIAeIaTh
TOJIbKO KOHEYHOE YHCJIO Pa3.

4. Ha npsiMOyroJibHOM JINCTE B KJIETKY HApUCOBaHA 3aMKHYTasd HECAMO-
IepeceKkaroIasAcs JoMaHasl, UAyInas Mo JIMHUAM CceTKu. B KaxXjoif Kjierke °* . °
HAINCAHO YMUCJIO, TOKA3bIBAIOIee, CKOJILKO CTOPOH 9TON KJIETKU IIPUHAJJIe-
JKUT JIOMaHoii. JlokaxkuTe, 9TO pacCTaHOBKA YHCE]I B KJIeTKaX OJJHO3HAYHO
ompeiesisgeT JInHy JoMaHoii. IIpeanonaraercs:, 9To JJoMaHas MOXKET IIPOXO- s
JUTH U II0 Kparo JIUCTa, HO 3a IpeesiaMU JINCTa HUKAKUX YUCcesl He ITUIITYT.
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5. llycts n — HaTypaspHOE YUCTIO,
(1+z+ xz)” = ag 4+ a1x + asx® + ... + aspx>".

okazkuTe, 9TO a% — a% + a% — a% + ... = a%n_l + a%n = Qp.
6. B pasro6okoit Tpanerun ABCD c ycmosuem AD = AC na 60koBoii cropone AB
oTMeveHa TouKa F — ocHoBanne ouccekTpuchl yrita ACB. Jlokaxkure, aro BD, BeIcOTA

Tpamnerun n3 BepmuHbl C, neprneHaukyasp K AB B Touke E mepeceKaioTcs B OITHOM
TOYKE.

7. Jlyist HaTypasbHOrO Yncsia n 0003HaunM Yepes f(n) cyMMy KBaJIpATOB HATYPAJIbHBIX
nesmresneil ancsia n. HazoBéMm HaTypasibHOE YUCIIO M UWECTNUNHbLM, €CJIU OHO DaBHO
IIPOU3BEIEHUIO JIBYX IIPOCTBIX YHUCEN, OTJMdYaformuxcs Ha 6. MoKHO TpPOBEpUTH, UYTO
ecin n — mectudnoe, To f(n) = n? + 2n + 37. Haiimure Bce He mecTUdHbIE 1, IS
KoTopwIX f(n) =n? + 2n + 37.

8. HeoTpurnareapHble Yuca T U Y YAOBIETBOPAIOT yeaosuio £+y2 = y°+1. Jlokaxxure,
qro y + 22 < 23 + 1.



LXI YVPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. 9THOMUNP, 25.10-31.10.2023
MATEMATNUYECKUN BOM Ne2. 28.10.2023
CTAPIITA Y I'PVIIIIA, IIEPBAS JIUTA

1. Oss paccraBuia 1mo kpyry 200 mycTbix Mucok. Pa3 B ceKyH/Iy OHA KJIaJIeT KyCOdeK
KOpMa B OJIHY W3 MHUCOK II0 CBOEMY BBIOODY, Tocje 4ero Komrka Kaiis ciBuraeT Jamkoit
OJIH KyCOYeK (He 00s3aTeIbHO TOT, KOTOPBI TOJBKO 4TO jobasmin!) u3 jr000it MuCKn
B coceqHIO0. Kaitg xoder, 4T06nI depe3 200 cekyH1 B KaKOW-HUOY/Ib MUCKE OKa3aJIOCh
xoTd 661 10 KycoukoB KopMa. MoxkeT jit OHa JIeICTBOBATH TaK, YTOOBI TApAHTUPOBAHHO
NOOUTBHCH KeJIaeMOoro?

2. Ha miockocTn HapucoBaH BBINMYKJbIH deThipéxyroabauk ABCD. Jlokaxkure, 9TO
Ha 3TOU MJIOCKOCTU HAUWJAETCA Takasd TOUKa X, 9TO KBa/IpaT PACCTOTHUSA OT TOUYKU X 10
caMoil yIaJIéHHOM OT Heé BepIIUHbI YeThIpexyroiabauka ABC D He mpeBOCXOIUT

XA%2 4+ XB?2+ XC?+ XD?
5 .

3. Ha xazxmoit u3 2023 kapTodeKk HaIMCaHO HaTypaJibHOE YrcyIo. Kceim gucio Ha oaHo
13 KapTOYeK PaBHO CyMMe YHces Ha JBYX JPYTHUX KaPTOUKaX, ITO UUCJIO MOXKHO yMHO-
JKUTH Ha JII000e HATypaJIbHOE YUCTI0, OosbIiee 1. JloKaxkuTe, 9TO 3TO yAACTCSA CIAeIaTh
TOJILKO KOHEYHOE YHCJIO Pa3.

4. Ha npsiMOoyrojbHOM JINCTE B KJIETKY HApHCOBAaHA 3aMKHYTasi HECaMO-
IepeceKkaroIasgcs JoMaHasl, UAyInas Mo JIMHUAM ceTKu. B KaxXjoif kjierke °* . °
HAIIMCAHO YMCJIO0, HOKA3bIBAIOIIEe, CKOJIBKO CTOPOH 3TOW KJIETKU IIPUHAJJIe-
JKUT JIOMaHoii. Jlokaxkure, 9TO pacCTaHOBKA YHCEJI B KJIeTKaX OJHO3HAYHO
onpejiesideT JanHy JoMaHoi. IIpeanomaraercs:, 9To JJoMaHass MOXKET IIPOXO- s
JUTH U II0 Kparo JIUCTa, HO 3a IpeJesiaMU JINCTa HUKAKNX YrCcesl He ITUIIYT.
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5. IlycTth n — HaTypaJabHOE YHCJIO,
(1+z+ :1:2)” = ag 4+ a1 + asx® + ... + aspx>".

Haiinure 3HaveHne BbIPasKeHUSI AgG, — A1A2 + A2G3 — ... + Gop_209p, -1 — A2p—_102y, -

6. B pasro6okoit Tpanerun ABCD c ycmosuem AD = AC na 60koBoii cropone AB
oTMeveHa ToUKa F — ocHoBanme ouccekTpuchl yriia ACB. Jlokaxxure, aro BD, BeIcOTA
Tpamnerun n3 BepmuHbl C, neprneHaukyasp K AB B Touke F mepeceKaioTcs B OITHOM
TOYKE.

7. Jlyist HaTypasbHOro uncsa n 0003HadnM Yepes f(n) cyMMy KBaJIpATOB HATYPAIbHBIX
nesmresneir aucia n. HazoBéMm HaTypasibHOE YHCIIO M WECTNUNHbLM, €CJIH OHO DaBHO
IIPOU3BEJIEHUIO JIBYX IIPOCTBIX YHUCEN, OTJMdYatonuxcs Ha 6. MOKHO IpOBEpUTH, UYTO
ecin n — mectudnoe, To f(n) = n? + 2n + 37. Haiiaure Bce He IecTUdHbIE 1, IS
KoTophiX f(n) =n? + 2n + 37.

8. HeoTpurnareapHble Yuca T U Y yAOBIETBOPAIOT yeaosuio £+1y2 = y°+1. Jlokaxkure,
gro y + 22 < 23 + 1.



LXI YVPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. 9THOMUNP, 25.10-31.10.2023
MATEMATUYECKUN BOM Ne2. 28.10.2023
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. Oss paccraBuia 1mo kpyry 200 mycTbix Mucok. Pa3 B ceKyH/Iy OHA KJIaJIeT KyCOdeK
KOpMa B OJIHY M3 MHUCOK II0 CBOEMY BBIOODY, Tocje 4ero Komrka Kaiis ciBuraeT Jamkoit
OJIH KyCOYeK (He 00s3aTeIbHO TOT, KOTOPBI TOJBKO 4TO jobasmin!) u3 000it MucKn
B coceqHO0. Kaitg xoder, 4T06nI depe3 200 cekyH1 B KaKOW-HUOY/Ib MUCKE OKa3aJIOCh
xoTs 661 10 KycoukoB KopMa. MoxkeT ji OHa JIeICTBOBATH TaK, YTOOBI TapAaHTHPOBAHHO
NOOUTBHCH KeJIaeMoro?

2. Ha miockocTn HapucoBaH BBIMYKJbIH deThipéxyroabauk ABCD. Jlokaxkure, 9TO
Ha 9TOU IJIOCKOCTU HAUWJAETCA Takasd TOYKa X, 9TO KBa/IpaT PACCTOTHUSA OT TOUYKU X 10
caMoil yIaJIéHHOM OT Heé BepIInHbI UYeThIpexyroabiuka ABC D He mpeBOCXOIUT

XA%2 + XB?2+ XC?+ XD?
5 .

3. Ha xazxmoit u3 2023 kapTodeKk HaIMCcaHO HAaTypaJibHOEe YrcyIo. Kceim gucio Ha oaHoi
13 KapTOYeK PaBHO CyMMe YHhces Ha JBYX JPYTUX KapPTOUKaX, ITO UUCIO MOXKHO yMHO-
JKUTH Ha JII000e HAaTypaJIbHOE YUCI0, OosbIiee 1. JloKaxkuTe, 9TO 3TO yAACTCA CIAeIaTh
TOJILKO KOHEYHOE YHCJIO Pa3.

4. Ha npsiMmoyrojbHOM JINCTE B KJIETKY HApHCOBAaHA 3aMKHYTasl HECaAMO-

IepeceKkaroIasacs JoMaHasl, UAyInas Mo JIMHUAM ceTKu. B KaxXjoif kjierke °* . °
HAIIMCAHO YMCJI0, HOKA3bIBAIOIIEe, CKOJIBKO CTOPOH 3TOI KJIETKU IIPUHAJIJIe-
JKUT JIOMaHoii. JIokaxkure, 9TO pacCTaHOBKA YHCE]I B KJI€TKaX OJHO3HAYHO
onpejiesideT JanHy JoMaHoii. IIpennoaraercs:, 9To JJoMaHas MOXKET IIPOXO0- s
JUTH U II0 Kparo JIUCTa, HO 3a IpeJesiaMU JINCTa HUKAKNX YNCesl He ITUIITYT.
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5. IlycTtp n — HaTypaJabHOE YHCIIO,
(1+z+ :1:2)” = ag 4+ a1 + asx® + ... + aspx>".

Haiinure 3HaveHne BbIPasKeHUSI AgG| — G102 + A2G3 — ... + Gop_209p, -1 — A2p—_102y, -

6. B xBajpare ABCD Touka M — cepenuna cropoubl BC. Toukn X u Y jexxar Ha
croporax AB u CD coorBercrBerno. Okaszajock, aro ZX MY = 90°. [okaxkure, 4T0
BX +CY = XY.

7. Jlns HeKoToporo HaTypaJapbHOTO umncaa 1 > 100 BeIIUcaIn B TTOPSIKE BO3PACTAHU
BCE YHNCJIa, MEHBINHE 3N U B3aUMHO ITPOcThie ¢ 3n. Jlokaxkure, 9TO cCymMMa KaKUX-TO
JBYX TIO/IPsiJ] CTOAIINX YUCEsT JIeJIuTcs Ha 6.

8. HeoTpunareapHble 9uCa T U 3 YAOBICTBOPAIOT yeaosuio o+1y2 = y°+1. Jlokaxkure,
gro y + 22 < 23 + 1.



LXI YVPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. 9THOMUNP, 25.10-31.10.2023
MATEMATNUYECKUI BOM Ne2. 28.10.2023
CTAPIIIAY I'PVIIIIA, TPEThSA JIUTA

1. Oss paccraBuia 1mo kpyry 200 mycTbix Mucok. Pa3 B ceKyH/Iy OHA KJIaJIeT KyCOdYeK
KOpMa B OJIHY U3 MHCOK II0 CBOEMY BBIOODY, Iocje dero Komka Kaiis cauraeT Jammkoit
OJIH KyCOYeK (He 00s3aTeIbHO TOT, KOTOPBI TOJBKO 4TO jobasmin!) u3 000it MucKn
B cocenHIO0. Kaitg xoder, 4To6nI depe3 200 cekyH/1 B KaKOW-HUOY/Ib MUCKE OKa3aJIOCh
xoTrs Obl 10 KycoukoB KopMa. MokeT i 0Ha JAeficTBOBATh TaK, YTOOBI TapaHTHPOBAHHO
JIOOUTBCS 2KeaeMoro?

2. Ha miockocTn HapucoBaH BBIMYKJbIH deThipéxyroabauk ABCD. Jlokaxkure, 9TO
Ha 3TOU MJIOCKOCTU HAWJAETCA Takasd TOYKa X, 9TO KBa/IpaT PACCTOTHUSA OT TOUYKU X 10
caMoil yIaJI6HHOM OT Heé BepIIUHbI UYeThIpexyroiabaHuka ABC D He mpeBOCXOIUT

XA%2 4+ XB?2+ XC?+ XD?
5 .

3. Ha xazxmoit u3 2023 kapTodeKk HaIMCaHO HaTypaJibHOEe YrcyIo. Kcim aucio Ha oaHo
13 KapTOUYeK PaBHO CyMMe YHhces Ha JBYX JPYTIUX KapTOUKaX, ITO UUCIO MOXKHO yMHO-
JKUTH Ha JII000e HAaTypaJIbHOE YUCI0, OosbIiee 1. JloKaxKuTe, 9TO 3TO yAACTCA CIAEIaTh
TOJIBKO KOHEYHOE YHCJIO Pa3.

4. Ilets m Bacsa urparor Ha jocke 100 x 100, o odepeau paccTaBiigs B €€ KJIETKHU
KPECTUKHU W HOJIUKY (B KayKJI0# KjeTKe He 60Jiee OJIHONO CUMBOJIA). 3a ojuH X0 Ilers
CTAaBUT OJWH KpecTukK, a Bacsa — Tpm nonuka. lletss xoquT mepsbim. Moxker m Baca
UTpaTh TaK, YTOOBI HU B KAKON MOMEHT UTPHI Ha JOCKE He OBLIO TPU KPECTUKA «B PSI»,
TO €CThb TPHU TOPST KPECTUKA B CTOJIONE WIN B CTPOKe (IO JUATOHAJM HE CIUTAETCs)?

5. Henyneswie unciaa a, a’, b, V', ¢, ¢’ TakoBbl, 9T0

a b b
@ g, 24
a’+b ’ +

Jokaxkure, aro abc + a’b’c¢’ = 0.

6. B xBagpare ABCD Touka M — cepenuna cropoubl BC. Toukn X u Y jexkar Ha
croponax AB u C'D coorBercrBenno. Oxkazajock, aro /X MY = 90°. Jlokakure, 9TO
BX +CY = XY.

7. [l mekoToporo HaTypaJbHOro umncjia n > 100 BeIUcaIn B TTOPsiIKE BO3PACTAHUA
BCE YHCJIa, MEHbINE 3n U B3aUMHO IIPOCThbie ¢ 3n. [loKaxKuTe, 9TO CyMMa KaKUX-TO
JIBYX TIOAPsiJ] CTOSIIUX TIUCEJ JIeJUTCs Ha 6.

8. HeoTpunareabHble 9UCIa T 1 3 yAOBICTBOPAIOT yeaosuio x+y2 = y°+1. Jokaxkure,
gro y + 22 < 23 + 1.



