LX YPAJILCKUN TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 03.05-09.05.2023
MATEMATUYECKUM BOM Ne4. 09.05.2023
CTAPIITIAY I'PVIIIIA, BBICIIIASI JIUTA, BOU 3A 1 1 3 MECTA
IIEPBAY JIUTA, BO 3A 1 MECTO

1. Papubie quaronaym AD u CE Boeinykioro ustuyroiabiaunka A BC D FE nepecekaroTcst
B Touke F'. Okazasioch, uro ZAFB = /AFE = /BAF = /BDC. Jlokaxkure, 9TO
BF + DF =CF.

2. IlociemoBaTe/IbHOCTD G, 3aJIaHa PEKYPPEHTHBIM COOTHOIEHueM ag = 1, a1 =  + 1,
Gpt2 = TApy1 — Qp, TJI€ T — HATYPaAJIbHOE UHCI0. JJOKaxKuTe, 9TO HallAeTCsl OECKOHETHO

MHOT'O T, OJId KOTOPBIX B IIOCJICI0BATEC/JILHOCTHU HET IIPOCTBIX YUCEJI.

3. HarypaJjibHOE Y1CI0 N HA30BEM TOPOULUM, €CTIA B PE3YIbTATE IPUIINCHIBAHUS K HEMY
CIIpaBa JIF0O0TO KOJIMYIECTBa €IUHUIIL II0JIydaeTcss coctaBuoe uncyao. CyimecTByeT jiu bec-

KOHEYHO MHOI'O HATYPAaJIbHBIX N, IJIsi KOTOPBIX 00a ducyaa n u n + 1 — xoporue?

4. Jlano HatypajbHOe 9uCI0 k u (He 00s3aTeIbHO PA3JIMIHbIE) HATYpPAJIbHBIE THCIIA
ai, ag, ..., Ak, IPUIEM a1 +as +. ..+ ar = 2023. OkaszaJioch, 9TO IIPH JIFOOOH pacKpacke
BCeX HATYpaJIbHBIX uncea oT 1 ;10 2023 B k 1BeTOB, B KOTOPOIl YMCes TEPBOTO IIBETA
POBHO @1, YHCEJI BTOPOT'O IBETa POBHO a2, ..., YUCEJ k-TO IIBETA POBHO G, HANIETCH
Takoe HaTypajbHOoe T < 2023, 94TO 4mcesl 1BeTa, B KOTOPBIIl HOKpallleH X, UMeeTCs

poBHO x. Ilpn Kakux k£ Taxoe BO3MOXKHO?

5. HeorpunareabHbie Yncia a, b, ¢ y1oBJIeTBOpAioT yeaoBuaM a+b < c+1, b+c < a+1
uc+a < b+ 1. Jokaxure, uto a’® + b? + c? < 2abe + 1.

6. Ha ¥Ypanbckuii Typuup npuexasio 696 y4acTHHKOB, HEKOTOpPbIE M3 HUX 3HAKOMBI.
IIo mpaBuaM TypHHpa MO3HAKOMUTHCS MOTYT TOJIBKO T€ YUYACTHHUKH, ¥ KOTOPBIX XOTS
ObI JBOE OONIMX 3HAKOMBIX. [Ipm Kakom HamMmeHbIIEM W3HAYAJHHOM KOJIMYECTBE IIap
3HAKOMBIX MOKET OKa3aTbhbCsd, YTO K KOHIy TYPHUPa BCE YIaCTHUKH CTAHYT ITOITAPHO

3HAKOMBI !

7. Jlan mpaBuibabeil mectuyronbHuk ABCDEF. B tpeyromsauke ACD BbiOpana
touka P. Oxkaszasocs, uto S(PAFE) = 28, S(PAD) = 12, S(PCD) = 7. Haiiaure
S(ABCDEF).

8. aubl cTO TAp TEJIBIX HEOTPUIATEIbHBIX uncen (ai,br), (az,b2), ..., (a100,b100)-
Jist kKakoro HamboJIbIero Kojaudectsa nap (i,75), 1 < i < j < 100, MOKeT BBIIOJIHSATHCSI

ycnosue |a;b; — ajb;| =17



LX YPAJILCKUN TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 03.05-09.05.2023
MATEMATUYECKUN BOM Ne4. 09.05.2023
CTAPIITIAY I'PVIIIIA, BBICIIIA S JIUTA, BOU 3A 5 I 7 MECTA
IIEPBASI JIUTA, BOU 3A 3,5 1 7 MECTA

1. Pasubie gmaronamum AC m BD Bwmmykjoro werbipexyroibaunka ABCD mepece-
kaiorcss B Touke O, npuuem ZAOB = 120°. Ha orpeske AO ormedena Todka P,
a Ha orpeske BO — touka () Tak, uro AQ = PD un CQ = PB. Jlokaxure, 4TO
BO + AO + PO + QO =CO + DO.

2. B crpoky Bbmmcano 999 paszandyHbIX HATypaJbHBIX uncea. HazoBem 1Ba dumcia B
cTpoke (He 00sI3aTeTbHO COCETHUX) 803PAcMaloweti napotl, eCIu JIeBOe U3 HIUX MEHbIIIE,
JeM IpaBoe, U yousarouleti napoti, eCJIu IIpaBoe MeHbIle, YeM JjieBoe. Haiiure Hanbo ib-
mmee k, obJ1a1aroInee CBOMCTBOM: B KaxKIoi cTpoke n3 999 pasandHbIX Ynces Haiigercs
He MeHee k HellepeCeKaIoMMXCs BO3PACTAIONINX [Iap WX He MeHee k HellepeCeKarOIIXC s
yOBIBAIOIINX TaP.

3. HarypaabHoe YHCIIO M HA30BEM TOpPOW UM, €CJAU B Pe3yabTaTe MPUIUCHIBAHUS K
HEMY CIIpaBa JII0OOTO KOJWYECTBA €JIUHUIL ITOJyJaeTCss cOCTaBHOe 4ucyo. Jlokaxkure,
YTO CYIIECTBYET TaKOe HAaTypaJbHOE YUCJIO N, JJIT KOTOporo oba uuciaa n u n + 1 —
XOPOIITHeE.

4. Jlano HatypajbHOe 9uCI0 k u (He 00s3aTeIbHO PA3JIMIHbIE) HATYPAJIbHbBIE THCIIA
ai, ag, ..., g, IPUIEM a1 +as +. ..+ ar = 2023. Okaszajioch, 9TO IIPH JIFOOOH pacKpacke
BCEX HaTypaJyIbHBIX ducesa oT 1 o 2023 B k 1BeTOB, B KOTOPOI YMCE IEPBOTO IBETa,
POBHO @1, YHCEJI BTOPOI'O IBETa POBHO A2, ..., YUCEJ k-TO IIBETa POBHO af, HANIETCH
Takoe HaTypajbHOoe T < 2023, 9yTO 4mces 1mBeTa, B KOTOPBIII MOKpallleH X, UMeeTCsd
poBHO x. Ilpn Kakux k£ Takoe BO3SMOXKHO?

5. HeorpunareabHbie 9Ynucia a, b, ¢ y1oBjieTBopdaioT ycaoBuaM a+b < c+1, b+c < a+1
uc+a < b+ 1. Jokaxure, ato a’® 4 b? + ¢? < 2abe + 1.

6. B Trennucuom Typuupe ydactsoBaJjio 1000 gestoBeK, KaXKIbIi ¢ KazKJIbIM ChIT'PaJI OTUH
pa3, HHIbuX HeT. /loKakuTe, YTO BCeX MIPOKOB MOXKHO IOCTABUTH B DA TaK, ITOOBI
KaxKIbli 13 998 desioBeK, CTOSIMUX HE Ha Kpaio, Jub0 1modean obouX CBOUX COCEeit,
JITOO IIPOUTPAJ OOOUM COCEJISIM.

7. Han npasuiababiil mectuyrogbiuk ABCDEF. B tpeyroasauke AC'D BbIOpanHa
touka P. Oxaszanoch, uto S(PAFE) = 28, S(PAD) = 12, S(PCD) = 7. Haiigure
S(ABCDEF).

8. BemecrBennnsle aucna Ty, Lo, ..., Ln TakoBbl, 910 0 < |21] < |22| < - < |24l
Paccmorpum 2™ cyMM, COCTaBICHHBIX U3 PA3HBIX YUCEN T; (BKJIIOYAS IyCTYIO CyMMY, KO-
TOpYIO MbI cantaeM paBroii 0). JJokazkure, 910 3TH CyMMBbI 00Pa3yIOT apUDMETHIECKY IO
IPOI'PECCUIO TOTJIA W TOJBKO TOrja, Korjga Habop (|ril, |z, ..., |r,|) mponoprmonaen
nabopy (1,2,4,...,2"71),



LX VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KNPOB, 03.05-09.05.2023
MATEMATUYECKUN BOM Ne4. 09.05.2023
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. Pasabie munaronamu AC um BD sBoiykjioro derwsipexyronbanka ABCD mepece-
kaforcss B Touke O, mpumuem ZAOB = 120°. Ha orpeske AO ormeuena Touka P,
a Ha orpeske BO — touka () Tak, uro AQ = PD u CQ = PB. Jlokaxwure, 9T0
BO + AO + PO+ QO =CO + DO.

2. B crpoky Bbmucano 999 paszmmyHbIX HATypaJbHBIX ducea. Hazosem j1Ba umcia B
cTpoke (He 006sI3aTeIbHO COCEJTHUX ) 803PACMaowell napotl, €CIu JIEBOe U3 HIUX MEHbIIIE,
JeM IpaBoe, U ybuisarouleti napot, ecJiu IpaBoe MeHbIIe, YyeM JieBoe. Haiiture Hanbo1b-
mee k, objaiaroniee CBOMCTBOM: B KaxkK10il cTpoke u3 999 pa3jmyHbIX YHces] HaiIeTcs
He MeHee k HellepeceKaroNnXcsl BO3PACTAONINX ap WU He MeHee k HelepeceKatommxcst
yOBIBAIOIINUX Tap.

3. /lano marypaJibHOe 4ucjiao n > 1, nmyctb d < n — ero HauOOJIBbIIHNI JIeJIUTE/b.
Oxazajoch, uTo unciao d + 1 aBiasiercsa gesmresneMm n + 1. Jlokaxkure, 9T0 n — IPOCTOE
YHCJIO.

4. 3a cronom cuaT 100 Ou3HeCMEHOB, Y KaxKI0T0 U3 KOTOPHIX €CTh HATYPAJIbHOE TUCIIO
pyouteit. Kaxkayto MuHyTy BCe GU3HECMEHBI ¢ HAUDOJIBIIUM KOJIMYECTBOM JIeHer (TaKiX
MOKET OBITH HECKOJIBKO) OJHOBPEMEHHO OTJAOT IO OJHOMY PYOJIIO0 KayKI0My u3 O6m3-
HECMEHOB C HANMEHBIITUM KOJUIECTBOM JeHer (OM3HeCMEeHbI MOT'YT YXOIUTb B MUHYC).
Hanpuwmep, st 5 6usnecMeHoB, ecyim y HuxX Obio 1, 1, 1, 2, 2 pybseit cOoTBETCTBEHHO,
TO Yepe3 MUHYTY y HuX Oynet 3, 3, 3, —1, —1 pyOJieit coorBercTBerHOo. Haiinnre Hau-
MeHbIIIee HATYPaJIbHOE YUCJIO0 S, TAaKOe, UTO €CJIU MU3HAYAJIbHO Yy OM3HECMEHOB B CyMMe
ObLI0 He MeHee S pyOJieil, TO rapaHTUPOBAHHO HUKTO U3 HUX HE yiiJleT B MUHYC.

5. IIycts d(n) 0bo3HaTaET KOJIMIECTBO TOIOKUTEIBHBIX JCIUTE/IEI HATYPATBHOTO THC-
Ja n. Jlokaxkurte, 9TO CyIIECTBYeT HATypaJbHOE YHUCJIO 1 TaKOe, 9YTO Mph BceX ¢ = 1, 2,
..., 10 BBIOJIHSJINCH HEPABEHCTBA

d(n) d(n)
——>10 " —— > 10.
d(n — 1) d(n+1)

6. B rennucaom Typuupe ydactoBaJjio 1000 gestoBeK, KaxKIbIi ¢ KazKJIbIM ChIT'PaJI OTUH
pa3, HuIbuxX HeT. /loKakuTe, YTO BCEX MIPOKOB MOXKHO IOCTaBUTH B PAI TaK, ITOOBI
KaxkIbli 13 998 dYesioBeK, CTOSIIMX HE Ha Kpaio, Jubo 1modeamns o6ouX CBOUX COCEEit,
JITOO TTPOUTPasl 0OOUM COCEJISTM.

7. Han npasuiababiil mectuyroabiuk ABCDEF. B tpeyroasauke AC'D BbIOpana
touka P. Oxaszanoch, uto S(PAFE) = 28, S(PAD) = 12, S(PCD) = 7. Haiinure
S(ABCDEF).

8. BemecrBennnle aucnaa Ty, Ta, ..., Ln TakoBbl, 910 0 < |r1] < |22| < - - < |24l
Paccmorpum 2™ cyMM, COCTaBIEHHBIX U3 PA3HBIX YUCEN T; (BKJIIOYAS IyCTYIO CyMMY, KO-
TOpYIO MbI cantaeM paBroii 0). JJokaxkure, 910 3TH CyMMBbI 00Pa3yIOT apUOMETHIECKY IO
IPOI'PECCUIO TOTJIA W TOJBKO TOrja, Korja Habop (|ril, |z, ..., |r,|) mponoprmonaen
nabopy (1,2,4,...,2"1),



LX VPAJIBCKUN TYPHUP IOHBIX MATEMATUKOB. KHNPOB, 03.05-09.05.2023
MATEMATNYECKU BOM Ne4. 09.05.2023
CTAPIIIAY I'PVIIIIA, TPEThSA JIUTA

1. Pasabie mumaronamu AC m BD sBoiykjioro derwsipexyronbanka ABCD mepece-
kaforcss B Touke O, mpuuem LAOB = 120°. Ha orpeske AO ormeuena Touka P,
a Ha orpeske BO — touka () Tak, uro AQ = PD u CQ = PB. Jlokaxwure, 9T0
BO + AO + PO+ QO =CO + DO.

2. B crpoky Bbmucano 999 paszmmyHbIX HATypaJbHBIX ducesa. Hazosem j1Ba umcia B
cTpoke (He 006sI3aTeIbHO COCEJIHUX) 803PACMaOwell napotl, CIu JIEBOe U3 HUX MEHbIIIE,
JeM IpaBoe, U youisarou,eti napot, eciu IpaBoe MeHbIIe, YeM JieBoe. Haiimure Hanbo1b-
mee k, objaiaroniee CBOMCTBOM: B KaxK10il cTpoke u3 999 pas3jmIHbIX YHces] HailieTcs
He MeHee k HellepeceKaroNnXcsl BO3PACTAONINX ap WU He MeHee k HelepeceKatommxcs
yOBIBAIOIINUX Tap.

3. /lano marypaJibHOe 4ucjiao n > 1, nmyctb d < n — ero HauOOJIBIIHUI JIeJIUTE/b.
Oxazajoch, uTo unciao d + 1 aBiasercsa gemmresneMm n + 1. Jlokaxkure, 9T0 n — IPOCTOE
YHCJIO.

4. 3a cronom cuaaT 100 Ou3HeCMEHOB, Y KazKI0T0 U3 KOTOPHIX €CTh HATYPAJIbHOE TUCIIO
pyosteit. Kaxkayto MuHyTY BCe GU3HECMEHBI ¢ HAUOOJIBIIUM KOJIMIECTBOM JIeHer (TaKmX
MOKET OBITH HECKOJIBKO) OJHOBPEMEHHO OTJAIOT IO OJHOMY PYOJII0 KayKI0My u3 O6m3-
HECMEHOB C HAMMEHBIITUM KOJUIECTBOM JeHer (OM3HeCMEeHbI MOTYT YXOJIUTb B MUHYC).
Hanpuwmep, naist 5 6usnecMmeHoB, ecyim y HuxX Obimo 1, 1, 1, 2, 2 pybseit cooTBETCTBEHHO,
TO Yepe3 MUHYTY y HuX Oynet 3, 3, 3, —1, —1 pyOJieit coorBercTBerHOo. Haiinure Han-
MeHbIIlee HATYPaJIbHOE YUCIO0 S, TaKOe, YTO €CJIU MU3HAYAJIbHO Yy OU3HECMEHOB B CyMMe
ObL7I0 He MeHee S pyOJieil, TO rapaHTUPOBAHHO HUKTO U3 HUX HE yiiJIeT B MUHYC.

5. /lano n gucen x1,xs, ..., T, TaKAX, YTO
1| =1, |zl =2, |as|=4, ..., |z.|=2"""

JlokazkuTe, 9TO CyMMbI BCEBO3MOXKHBIX HAOOPOB U3 3TUX YHCEJ 00pa3yIOT MHOXKECTBO
u3 2" MOCse/I0BaTeIbHBIX TeJbIX uncesi. CauraeM, UTO CyMMa IIyCTOrO Habopa Yuces
paBHa 0.

6. B Tenrucaom TypHupe yaacteosaJjo 1000 deoBeK, KazK bl ¢ KaKIbIM ChIIPaJI OINH
pa3, Hn4ybux HeT. JloKaxkure, 9TO BCEX UI'POKOB MOXKHO IIOCTaBUTL B PSII TakK, YTOOLI
KakIbli 13 998 dYejioBeK, CTOSIMX HE Ha Kpaio, Jnbo modeamn o6onX CBOUX COCEEit,
JITOO IIPOUTPAJI OOOUM COCEJISIM.

7. Jan npaBuibubiil mectuyroabunk ABCDEF. Ha nunaronaiun AC BbiOpana TOY-
ka P. Okazamnoce, uro S(PAFE) = 28, S(PCD) = 7. Haiinure S(ABCDEF).

8. Ilycts aq, as, ..., a5 — AJIUHBI CTOPOH HEKOTOPOTO MATUYTOJAbHUKA. JloKaXKkuTe, 9TO

al—f—a2+a3+a4+a5>\/2-(a%+a§—|—a§—|—ai—l—a§).



