LVII YPAJILCKUM TYPHUP IOHBIX MATEMATUKOB. CUPHNYC, 24.10 — 30.10.2021
MATEMATUYECKUI BOM Ne1. 26.10.2021
CTAPIITA Y I'PYIIIIA, BBICIIIA ST JIUTA

1. bBeckoneunas mocjie40BaTeJIbHOCTh HATYPaJAbHBIX YHCEJI a1, a2, ... TaKOBa, 9TO BCE

YUCJIA
ap a1 +ax ap+as+as

Y Y Y

a as aq

HATYpaJabHBI U HEYETHBI. /loKaxkuTe, 9TO ayp+1 = 2a, A4 BCeX N, HAYUHAA C HEKOTO-
poro.

2. Ha mtockocTu Jaubl n > 2 MPSMbIX ODIIEro MOJIOKEHUS, KOTOPbIe pa3dUBaiOT T110C-
KOCTH Ha JacTu. JloKaxKuTe, 9T0 KOJTUIeCTBO YacTeil, OrpaHUIEeHHBIX POBHO 3 MPSIMbBIMHU,
O KpaifHeilt Mepe Ha 4 00JbIE KOJIUIECTBA YaCTel, OTpaHUIeHHBIX Oosee, dem 4 mps-
MBIMH.

3. Y AnuHbBI ecTh HEOrpaHUYEHHBIN 3ammac KOHQeT n BHIOB: BUAA 1, BUOA 2, ..., BU-
na n. Kupumr B3 HeCKOIbKO KOHGeT y AMWHBI M BBLIOXKNII UX B Psil. AJTHHA MOXKET
IIPOJIEJIBIBATH C KOH(ETAMU B Py CJIEAYIOIINe ONEPAUUA B JIIOOOM MHOPSIIKE:

1. Cwectb KoH(peTy BuIa k, a BMECTO He€ Ha €€ MeCTO IMOJIOKHUTH KOH(eTHI Buaa k — 1
u k + 1 u3 3amaca IMEHHO B TaKOM TOpsiake (HAa MecTO BuAa 1 KIaayTCs BUIALI L U 2, &
HA MECTO BUJIA 1 — BUABI N — 1 u 1),

2. CbecTh aBe coceanre KOHGEThI, €CJAl OHU OJHOIO BHIA.

ITpu Kakux HATypaJbHBIX 1 KUPUII MOXKeT N3HAYAIbHO BBIJIOYKUTH KOH(METHI TaK, UTO-
ObI Asmie He yIaJI0Ch JOOUTHCS TOrO, ITOOBI B PAAY HE OCTAI0Ch HU OTHONR KOH(peThI?

4. Knerku mocku 10 x 10 packparienst B 11 1iBeToB. Byaem Ha3bIBATH KIIETKY Npexpac-
Hotl, ecniu cpeau 19 KJIeTOK, HAXOAINMXCA C Hell B OJIHOM CTPOKe MJIM OJHOM CTOJIOIIE,
BcTpedarorcsd Bce 11 mperoB. Kakoe HambOJibIllee 9UCIO NMPEKPACHBIX KJIETOK MOXKET
OBITH?

5. B tpeyroabauke ABC Ttouka N — ocHOBaHMe buccekTpuchl yriaa B, a rouka M — ce-
penuna cropoubl AC. Ha orpeske BN mammuch Touku Ay u Cp takue, uto NA = N A,
u NC = NCi. Ilpaveie AA; u C'Cy nepecekarorcsa B Touke F. [Ipamas M E nepecekaer
orpe3ok BC' B touke F. Jlokaxure, uro AB + BF = CF.

6. Haiiure Bce Tpoiiku HaTypasibHBIX duces a < b < ¢, Jijigd KOTOpbIXx b —a =c—b u
a2+ +c2=b-(b—a).

7. B tpeyronbauke ABC ¢ /B > 90° na cropone AC' mamuiack Takas Touka H, 9To
AH = BH v BH 1 BC. Ilyctb D n E — cepeaunnl cropod AB u BC' cooTBeTCTBeH-
uo. Ilpsamas, npoxonsamas depe3 H n napannenbuas AB, nepecekaer DE B Touke F'.
Hokaxkure, uro L/BCF = LACD.

8. Hekoropsle ropojia cTpanbl Y PTyPUH COEIMHEHBI JJOPOraMu, IIPUYEM U3 J000r0 ro-
pPOJa MOXKHO JI0eXaTh 110 JIOporaMm Jio Jitoboro japyroro, u cpeju Jjiodbix 100 ropojos
eCcThb KaKHe-TO JBa, COeUMHEHHBIE JOPOroii. /loKaXKuTe, 9TO0 MOXKHO PaCIpeaeIuTh TOPO-
Ja 1Mo He 6osee deMm 98 rybepHusaM TaK, YTOOBI TOPOAA KaxKA0# TyOepHUH MOYKHO OBLIO
obbexaTh 110 JIOporaM He TOKUast 3TON IyOepHUM M He Toceliast Hu OJuH Topos boJiee
OJIHOTO pa3a.



LVII YPAJILCKUM TYPHUP IOHBIX MATEMATUKOB. CUPHNYC, 24.10 — 30.10.2021
MATEMATUYECKUI BOM Ne1. 26.10.2021
CTAPIITIAY I'PVIIIIA, IIEPBASI JIUTA

1. bBeckoneunas mocjie40BaTeJIbHOCTh HATYPaJAbHBIX YHCEJI a1, a2, ... TaKOBa, 9TO BCE

YUCJIA
ap a1 +ax ap+as+as

Y Y Y

a as aq

HATYpAJbHbI 1 HEYETHBI. JloKaxknuTe, 9TO B 3TOH IIOCAEI0BATEILHOCTH HAMIETCS UiIeH,
Gostbrmii 102021,

2. Ha mnockoctu ipoeennl 100 mpsiMbIx, HUKAKUE TPU U3 KOTOPBIX HE MPOXOIAT Yepes
O/IHY TOYKY M HWKAKHe JIBé W3 KOTOPBHIX HE MapaJIeJbHbI. JTHU TpsMble pa3bmBaioT
TIJIOCKOCTh Ha 4YacTu. Cepéka XO4YeT MPOBECTH eIle OHY TPAMYIO, He TapaslIeIbHYIO
HU OMHON M3 MPOBEIEHHBIX NPAMBIX, U He IPOXOAAIIYI0 HU Yepe3 OAHY U3 TOYeK HUX
nepecevyeHusi, Tak, 9YToObI OHA repeceksa xorsd Obl 60 TpeyronbHUKOB. JlokaxkuTe, 4TO
Cepéxe 310 He yIacTCs.

3. Y Anunbl ecTh HeOrpaHWYEeHHBIN 3anac KoHdeT 9 Bua0B: Buaa 1, BUaa 2, ..., BUIA
9. Kupuna B3st1 HECKOTBKO KOH(ET y ANWHBI W BBLIOKUJI WX B psia. AnnHa MOXKeT
IPOAETIBIBATD ¢ KOH(pETAMU B PALY CJICAYIONINE OIEpaIuyd B JIIOOOM MOPSIKe:

1. Cwhectb KOHDeETY Busa k, a BMECTO HEE Ha, €€ MeCTO MOJ0XKUTH KOHMeTh! Bua k — 1
u k + 1 u3 3amaca UMEHHO B TAKOM TIOpsijiKe (Ha MecTo Buja 1 Kjajayrcs BUuasl 9 u 2, a
Ha MecTo Buaa 9 — Buapt 8 u 1).

2. CbecTdb aBe coceHue KOHMEThI, €CAu OHU OJHOTO BU/IA.

Bepro s, aro xak 661 Kupnan Hu pasiokuia m3HAIaIbHO KOHQEThI, AJMHA CMOXKET
JIeCTBOBATH TaK, YTOOBI B Psi/ly HE OCTAJIOCH HU OJIHONW KOH(ETHI?

4. Knerku nocku 10 x 10 packpamensl B 11 niBeToB. Byjem Ha3bIBaTh KIETKY Npexpac-
Hotl, ecu cpemn 19 KJIEeTOK, HaXOMAIMWXCA ¢ Hell B OTHOM CTPOKe WU OJHOM CTOJIOIE,
BcTpeuaioTcsd Bce 11 nBeroB. MoxkeT jin Ha J10cKe ObITH Oosbiire 90 IpeKpacHbIX KJIETOK !

5. B tpeyroapauke ABC Touka N — ocHOBaHMe OUCCEKTpUCH yriia B, a Touka M — ce-
peanna croporsl AC. Ha orpeske BN nanumch Touku A, u Cp takue, aro NA = N A
u NC = NCi. Ilpsavbie AA; u CC, nepecekatorcst B touke F. I[Ipamas M E nepecekaer
orpe3ok BC' B touke F'. Hokaxkure, utro AB + BF = CF.

6. Haiimure Bce TpoiiKu HaTypaJabHbIX unces a < b < ¢, st KoTopbix b —a =c—bu
a2+ +c2=b-(b—a).

7. Jaun Ttpeyronbauk ABC. Ha cropone AB BbiOpana Touka K, a Ha orpe3ke C'K —
rouka L Tak, uro AK = KL = %KB. N3Bectro, uro ZCAB = 45° u Z/CKB = 60°.
Hoxazkure, uto AL = BL = CL.

8. Hekoropsle ropojia cTpanbl Y PTyPUH COEIMHEHBI JJOPOraMu, IIPUIEM U3 J000ro ro-
pPOJia MOXKHO JI0eXaTh 110 JIOporaMm Jio Jitoboro jpyroro, u cpeju Jjodbix 100 ropojos
eCcThb KaKHe-TO JIBa, COeTUMHEHHBIE JOPOroii. /loKaXKuTe, 9TO0 MOXKHO PaCIpeaeIuTh TOPO-
Ja 1o He 6osee deM 98 rybepHusaM TaK, YTOOBI TOPOAa KaxKA0# T'yOepHUH MOYKHO OBLIO
o0bexaTh 110 JIOporaM He TOKUast 3TOU T'yOepHUM M He Toceliast HA OJuH Topoj boJiee
OJIHOTO pa3a.



LVII YPAJILCKUM TYPHUP IOHBIX MATEMATUKOB. CUPUYC, 24.10 — 30.10.2021
MATEMATUYECKUI BOM Ne1. 26.10.2021
CTAPIIIAY T'PVYIIIIA, BTOPAS JIUTA

1. O6ozuaunm S(m) cymmy 1udp HaTypaabHOTO unciaa m. CylecTByer Ju Takoe
HATYPAJIbHOE TUCTIO 7, ITO

S(3n) < S(4n) < ... < S(33n)?

2. Ha mnockoctu ipoBeienbl 100 mpsiMbIx, HUKaKUE TPU U3 KOTOPBIX HE MPOXO/IAT Yepe3
O/IHY TOYKY M HWKAKHe JIBé W3 KOTOPBHIX HE MapPaJIeJbHbI. JTHU TpsMble pa3bmBaioT
TIJIOCKOCTH Ha 4YacTu. Cepéka XO4YeT MPOBECTH eII¢ OIHY NPAMYIO, He TapaslIeIbHYIO
HU OMHON W3 MPOBEIEHHBIX NPAMbBIX, U HE IPOXOALAIIYI0 HU Yepe3 OHY U3 TOYeK HUX
nepecevyeHusi, Tak, 9ToObl OHa repeceksa xorsd Obr 60 TpeyronbHUKOB. Jlokaxkure, 4TO
Cepéxe 310 He yIacTcs.

3. Y Asmab ecTh HEOTpaHWYEHHBIH 3anac kKouder 10 BugoB: Buaa 1, Buaa 2, ..., BUIa
10. Kupuma B35 HeCKOIBKO KOH(MET v AJUHBI W BBIIOKWI UX B psia. AmnHa MoKeT
IIPOJIETBIBATD ¢ KOH(METaMU B PAIY CIEAYIONINEe ONEPAINU B JTIOOOM MOPAIKE:

1. Cbhectb KOHDeETY Buia k, a BMECTO HEE Ha, €€ MeCTO MOJ0XKUTh KOHdeTh! Bua k — 1
u k + 1 u3 3anaca UMEHHO B TaKOM IOpsijike (Ha MecTo Buja 1 Kjaaayrces Bujbl 10 u 2,
a na Mecto Buga 10 — Bumnr 9 u 1).

2. CbecTb aBe cocemune KOHQETHI, €CJAU OHU OJHOIO BHIIA.

Bepuo s, aro xak 661 Kupnian Hu pasiokuia m3HAYaIbHO KOHQEThI, AJMHA CMOXKET
JIeCTBOBATH TaK, YTOOBI B Psi/ly HE OCTAJIOCH HU OJHONW KOH(ETbHI?

4. B psig ekuT n Ky9eK U3 OJHOTO KaMHs. 3a OJIMH XOJ Pa3pernaercs BbIOPATH JiBe
KY4IKH, OObEJUHUTD UX B OJHY, ¥ B O0beANHEHHYIO KYUIKY JT00ABUTD €Ié OAUH KaMeHb.
Mozkno 1 BBIOPATH TAKOE M W TAK MPOAETIBIBATD OMEPAINH, ITOOLI B KOHIIE OCTAIACH
onna Kydka ¢ 1000 kamusmu (1 6osbilie HIYEro)?

5. B rpeyroimsanke ABC Ttouka N — ocHOBaHue buccekTpuch yria B, a touka M — ce-
pemuna cropoubl AC. Ha orpeske BN namuiucek Touku A; u Cp rakue, aro NA = N A
u NC = NC;. IIpsybie AA; u C'C; nepecekatorcst B Touke F. IIpsyas M E nepecekaer
orpe3ok BC' B touke F'. Hokaxure, utro AB + BF = CF.

6. Kosa BpImucaa Ha JIOCKY BCe HaTypaJbHbIe geauTenun uuciaa N > 1 B mopaiake
Bo3pacTtanus. OKa3aJoch, YTO HEUETHBIE U YETHBIE JeJUTeNn depeaytorcsa. Moxer u
N ObITh KBaJIPATOM HEKOTOPOI'O HATYPAJIbHOI'O YHCJIAT!

7. Haun tpeyrossank ABC'. Ha cropone AB Bwibpana Ttouka K, a Ha orpeske CK —
rouka L Tak, uro AK = KL = %KB. N3Becrrno, uro LZCAB = 45° u ZCKB = 60°.
Hoxkaxkute, uto AL = BL = CL.

8. HekoTopwble Topona cTpaHbl ¥ PTYPHUU COEIUMHEHBI JOPOTaMHU, IPUYIEM U3 JII0OOTO TO-
pOIa MOXKHO JI0€XaTh II0 JIOporaM 0 JII00OTo Apyroro, m cpeanu Jaoonix 100 ropogos
eCcTb KaKHe-TO JIBa, COeIMHEHHBIE JOPOroi. /lokaxkure, 970 MOXKHO PACIPEIEIUTh TOPO-
Jga 1o He 6oJsiee dem 99 rybepHusiM TaK, YTOOBI TOPOIA KaxK 10 I'yOepHUM MOXKHO ObLIO
obbexaTh 10 JOPOraM He TOKHIas dTOM IT'yOepHUM U He Iocellas HU OAUH TOpoj Oosee
OJTHOTO Pa3a.



LVII YPAJILCKUM TYPHUP IOHBIX MATEMATUKOB. CUPUYC, 24.10 — 30.10.2021
MATEMATUYECKUI BOM Ne1. 26.10.2021
CTAPIIIAY I'PVIIIIA, TPETHS JIUTA

1. O6ozuaunm S(m) cymmy 1udp HaTypaabHOTO unciaa m. CylecTByer Ju Takoe
HATYPAJIbHOE TUCTIO 7, ITO

S(3n) < S(4n) < ... < S5(33n)?

2. Ha mnockoctu ipoBeienbl 100 mpsiMbIx, HUKaKUE TPU U3 KOTOPBIX HE MPOXO/IAT Yepe3
O/IHY TOYKY M HWKAaKHe JIBé W3 KOTOPBHIX HE MapaJIebHbI. JTHU TpsMble pa3bmBaioT
TIJIOCKOCTH Ha 4YacTu. Cepéka XO4YeT MPOBECTH eIIe OHY MPAMYIO, He TapaslIeIbHYIO
HU OMHON W3 MPOBEIEHHBIX NPAMbBIX, U HE IPOXOALAIIYI0 HU Yepe3 OHY U3 TOYeK HUX
nepecevyeHusi, Tak, 9ToObl OHa repeceksa xorsd Obl 60 TpeyronbHUKOB. Jlokaxkure, 4TO
Cepéxke 310 He yIacTcs.

3. Y Bacu ectb dumku tpex nseros: kpachbie (K), 3enéubie (3) u cunue (C). On
rmoctaBui B pan 9 ¢umnrek: KSK3K3K3K. 3a onus Xoa oH MOXKeT BBIOpaTh JABe J00bIe
GUINKY U 3aMEHUTh X U BCe PUIIKH MEXKIY HUMH II0 CIEAYIOIIEMY IPABUIY: KPACHBIE
MEHSIOTCS Ha 3eJI€Hble, 3eJIEHbIe — Ha CHHHWe, CHHUe — Ha KpacHble. MoxkeT 1 OH 3a 7
XOJIOB CIe1aTh BCe (DUITKU CUHUMUA?

4. B psin exkuT n Ky9ek U3 OJHOTO KaMHs. 3a OJIMH XOJ Pa3pernaercs BbIOPATh JiBe
KY4IKH, OObEIUHUTD UX B OJHY, U B O0BEANHEHHYIO KYUIKY JT00ABUTD €Ié ONUH KaMeHb.
Mozkno mu BBIOpATH TAKOE M W TaK MPOAETIBIBATDH OMEPAINH, ITOOLI B KOHIIE OCTAIACH
onra Ky4ka ¢ 1000 kamusmu (1 6osbIie HIU9Ero)?

5. Ha croponax AC u AB tpeyronbauka A BC Hanuuch Touku D u E' cOOTBETCTBEHHO
rakue, ur0 AD = BD n CE = BC. Jlokaxwure, uto /FCA = ZCBD.

6. Ko Bpimmcall Ha JIOCKY Bce HaTypaJibHbIe geqmrenu uucaa N > 1 B mopsake
Bo3pacranusi. OKa3aJ0Ch, YTO HEUYETHBIE W YETHBIE JeJUTen depeaytorcs. Moxer jm
N OBITH KBaJIpPaTOM HEKOTOPOT'O HATYPAJbHOIO YHCJIAT!

7. Hau Ttpeyroabauk ABC. Ha cropone AB BbiOpana Touka K, a Ha orpeske C'K —
rouka L Tak, uro AK = KL = %KB. N3BectHo, uro /CAB = 45° u Z/CKB = 60°.
Hoxazxure, uto AL = BL = CL.

8. B kitacce ygarcsa 30 desoBeK. YUuTeIb 3HAET, UTO CPeJiy JIOObIX 7 U3 HUX €CThb II0
Kpaiineit Mmepe 2 apyra. Jlokazkure, 9T0 yIuTeIb MOXKET X BbICTABUTH He OoJiee 4eM B
6 1IepeHT TaK, 9YTOOBI KayKble ABa UYeJIOBEKa U3 OTHOU IePEeHTH, CTOAIINE PSII0M, ObLIN
Apy3baMu. B 1mepenre MoXkeT CTOATH BCErO OUH YEJIOBEK.



