LIX VPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. BJIAJIVMMUP, 06.11-12.11.2022
MATEMATNUYECKUN BOM Ne2. 09.11.2022
CTAPIITIA Y I'PVYIIIIA, BBICIIIAS JINUTA

1. Ha meanane AD tpeyroabauka ABC ormedena touka F. Touka F — mpoekius
toukn F Ha cropony BC'. Ha orpeske EF' ormeuena Touka M. Touku N u P — mupo-
ek Touku M Ha mpsimbie AC' u AB coorBercTBeHHO. JloKaxKure, 9TO OUCCEKTPUCHI
yryioB PM N n PEN mapaJjiebHbl.

2. HazoBémM nosockotli KJIeT9aThlil TPAMOYTOJbHUK, XOTs ObI OJHa U3 CTOPOH KOTOPOT'O
paBHa 1. MbI xoTuM pa3buTh KJjeTku KBajpara 99 X 99 Ha m Hemepecekaromuxcs 1o-
JIOCOK TakK, YTOOBI JIFOOBIE JIBE M3 3TUX 1M TOJOCOK MMeJN OOIIYI0 I'PAHUILY JITUHBI HE
oosiee 1. ITomocku MoryT OBITH pa3HbIX JauH. Oupesae/mTe HAUMEHbIee M, JJIT KOTO-
pPOTr0O 3TO BO3MOYKHO.

3. JlaHBI pa3JMYHBIC IPOCTBIE YHCIA P U (¢, & TAK¥Ke MOJOKHUTEJIHHOE BEIeCTBEHHOEe
qucsio « < 3. Jlokaxkure, 9TO JIsT HEKOTOPOTO HATYPAJIBHOrO k auciio [ka| menbiie 2pq
U JIEJIUTCS XOTsI ObI HA OJHO U3 YUCEN P U (.

4. [Iycte M, N, K — cepenunnl cropoun AB, BC, C' A tpeyronbauka ABC, coorBer-
crBenno. Ha orpeske M N BoiOpana Touka P, a Ha orpe3ke N K — Touka (). Bo3amoxkHO
JI OTHOBpEeMeHHOe BbItotHeHne cooTHotnennit AP+ AQ) = BC u BQ+CP = AB+AC?

5. [IpousBenenmne MoI0KUTENLHBIX YuCea a, b, ¢, d paBuo 1. /lokaxkure, 910

1 1

11
A+ 03+ +d® >max (a+btctdi—+ -+ =+
a b ¢ d

6. Haiiyiure Bce OeCKOHEYHBIE CTPOTO BO3PACTAIONINE ITOCIIEIOBATEILHOCTA A1, G2, - . .
HATYPAJIbHBIX YUCEJ, B KOTOPBIX HU OJIMH YJIEH HE PABEH CyMMe JBYX JIpyrux (wim
YJIBOEHHOMY JIpYyTOMY), 1 a = 2k — 1 jist GeckonedHo MHOTHX K.

7. Ha nmocke 21 X 42 Ha HEKOTOpbIe KJIETKU TOCTaBJIeHbl KaMHU. Ha 10ocKy ctaBUTCH
pPOOOT, KOTOPBIl yMeeT XOAUTh B KaXKJIOM U3 UeThbIpEX HalrpasjeHnii. OgHaKO MEHSTb
HallpaB/IeHuEe POOOT MOXKET, TOJILKO YIIEPEBIINCH B I'PAHUILY JIOCKU MJIU B KaMeHb. Kakoe
HauMeEHbIIee KOJINIECTBO KaMHeH HaJI0 TOCTaBUTh Ha JOCKY, YTOOBI pOOOT, CTAPTOBAB C
HEKOTOPOU KJIETKU B OIPEIeIEHHOM HAIpaBJIeHUN, MOT OOOUWTU BCE KJIETKU JIOCKW, HE
3aHsATble KaMHsIME? B 0JiHO# 1 TOil ke KJIeTKe poOOT MOKeT MOObIBATh HECKOJIBKO Pa3.

8. Ha croJe jiexkaim HeCKOIBKO (00JIbIIe TPEX ) KAPTOUEK, HA KOTOPBIX OBbLIN HAITHCAHBI
pazmuHble Ynciaa. KapTouku nepeioKuim Ha Te YKe MecTa B JIpDyTOM Hopsijike (TO ecThb
X0Ts1 ObI OJTHA M3MEHUJa CBOE mojiokeHne). OKa3aaoch, 9TO JJIsi KAXKJIbIX JBYX MECT
IIPOU3BEJIEHNE YHnCesI, JIEYKABIINX Ha ITUX MecTax, He YMEHBIIUI0OCh. Jlokaxkure, ITO
cyMMa 4YHcesl Ha BceX KapTOYKax paBHa HYJIIO.



LIX VPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. BJIAJIVMUP, 06.11-12.11.2022
MATEMATNUYECKU BOM Ne2. 09.11.2022
CTAPIITA Y I'PVIIIIA, IIEPBAS JIUTA

1. Ha npomomkennsix cropoubl AB npasuiibaoro usruyroiabanka ABC DE 3a Touku A
u B pacnosoxkenb!l Touku F' u G coorBercTBeHHO Tak, uro AG = BF = AC. Jlokaxxure,
ITO ILIOMAAb Tpeyroabauka F'GD pasHa miomaan naruyroabanka ABCDE.

2. HazoBém nosockoti KjieTaaTblil IPAMOYTOJbHUK, XOTsI ObI OJlHa U3 CTOPOH KOTOPOIO
paBHa 1. MBI xoTuM pa3buTh KjaeTku KBajapara 99 X 99 Ha m HelepeceKaronmxcs Imo-
JIOCOK TakK, UTOOBI JIFOOBbIE JIBE U3 9TUX M I[OJOCOK HUMEJU OOIIYI0 I'DAHUILy IJIMHBI HE
oostee 1. ITomocku MoryT OBITH pas3HbIX JauH. Oupeae/nTe HAUMEHbIee M, JJIT KOTO-
POro 9TO BO3MOXKHO.

3. Haiiyiure Bce HATypaJibHbBIE N, JJIsI KOTOPBIX ypaBHeHue m + 2S5(m) = n umeer Xorst
ObI OJTHO HATypaJbHOE perienue. 3iech S(m) obo3HadaeT cymmy mudp duciaa m.

4. Ilycte M, N, K — cepemuubl cropon AB, BC, C'A tpeyronsauka ABC, cooTBer-
crBenno. Ha orpeske M N BoiOpana Touka P, a Ha orpe3ke N K — Touka (). Bo3aMoxKHO
JIM OJTHOBpeMeHHOe BhIntosiHeHne coorHommenniit AP+ A(Q) = BC' u BQ+CP = AB+AC?

5. IIpousBenenne moJ0KUTEJIbHBIX Yucesa a, b, ¢, d paBuo 1. Jlokakure, 910

1 1 1 1
G+ +E+dP >max(a+b+erdi -+ -+ -+ ).
a b ¢ d
6. Haiinure Bce OeckoHEUYHBIE CTPOrO BO3PACTAIOIINE OC/IeI0BATEJILHOCTA A1, A9, . . .

HATYPAJIbHBIX YUCEJI, B KOTOPBIX HU OJIMH YJIEH HE PABEeH CyMMe JBYX JpPYrux (wjim
YJIBOEHHOMY JIDYTOMY ), U G = 2k — 1 11 GeCKOHEIHO MHOTHUX K.

7. Hmxkasas crpoka tabymibl 2 X 13 3amosiHeHa (QUINMKAMU, Ha KOTOPBIX B MOPSIIKE
BO3pACTaHUs CJeBa HallpPaBO HAIMCAHBI dmuciaa 1, 2, ..., 13. 3a oguH XOJI MOXKHO IIie-
peMecTuTb (DUIIKY B COCEIHIOIO IO CTOPOHE CBOOOIHYIO KJIETKY. 3a KaKOoe HauMeHbIIIee
KOJIMIECTBO XOJIOB MOYKHO PACIIOJIOXKUTD (DUITIKHU B TeX Ke KJIeTKaX B MPOTUBOIIOJIOKHOM
opsiJiKe”?

8. Ha croJie jiexkayin HeCKOIBKO (00JIbIIe TPEX ) KAPTOUEK, HA KOTOPBIX OBbLIN HAITHCAHBI
paziudHble dncia. KapTouku mepeioKuim Ha Te YKe MeCTa B JIpyTOM HOpsijike (TO ecThb
XOTsI OBbI OJTHA W3MeHmJIa CBOE moJsiokeHune). OKa3aaoch, UTO JJIsi KaXKJBIX JIBYX MeECT
IPOU3BE/IEHNE YNCEN, JIEXKABINX HA ITUX MeCcTaX, He YMEHBIUJIOCh. /loKaxkure, 4TO
CyMMa, Ymces Ha BCeX KapTOdykKax paBHA HYJIO.



LIX VPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. BJIAJIVMMUP, 06.11-12.11.2022
MATEMATNUYECKUI BOM Ne2. 09.11.2022
CTAPIIIAY I'PVIIIIA, BTOPAS JIUTA

1. Ha npomomkennsix cropoubl AB npasuibaoro usruyroiabanka ABC DE 3a Touku A
u B pacnomnoxkens!l Touku F' u G coorBercTBeHHO TaK, uro AG = BF = AC. Jlokaxxure,
ITO ILIOMAAb Tpeyroabauka F'GD pasHa miomaan naruyroabanka ABCDE.

2. Ha nmocke 99 x 99 pacrnonoxkensl 2500 HemrlepeceKarommuxcsd MPsIMOYyTOJIBHUKOB 1 X 3.
Jokazkure, 9TO KaKue-TO ABa U3 HUX COIPUKACAIOTCS IO OTPE3KY JJIMHBI HE MEHbIIe 2.

3. Haiiyiure Bce HATypaJibHbBIE N, JJIsI KOTOPBIX ypaBHeHue m + 2S5(m) = n umeer Xorst
ObI OJTHO HATYypaJbHOE pertenue. 3iechk S(m) obo3Hadaer cymmy mudp duciaa m.

4. Ha npsimoit ormeuensl Touku A, B, C uMmeHHO B TakoM mopsiake. Touku D u E B
OJTHO# TOJIYIIOCKOCTU OTHOCHUTEJbHO mpsamoit AB takosbl, uro ABD u BCE — pas-

HocTopoHHne TpeyrogbHuku. Orpeskun AE u BD nepecekaiorcst B Touke (G, a OTPE3KH
CD u BE — B touke H. Jlokaxure, uro GH || AC.

5. Ilo xpyry 1o 4acoBoii cTpesiKe BBIMMUCAHBI JIeNCTBUTENbHBIE YUCHA A1, A2, - .., A100-
Wssecrro, uro st jroboro i € {1,2,...,100} BbIIOIHSIETCST PABEHCTBO:

5ai+2 = 4CL¢+1 — 3&1'

(a102 = a2, ajp1 = a1). Jokaxkure, 94T0 BCe YUC/Ia PABHbBI HYJIO.

6. B cTporo Bospacraroreit mocae10BaTeIbHOCTH HATYPAJTbHBIX YUCET A1, A2, ... HA
OJIH YJIEH He PaBeH CyMMe JIBYX JIpYyTrux (WM yJIBOEHHOMY JIDYTOMY), U a1p12 = 2023.
Hokaxwnre, 9Tto a1 = 1 wm a; = 1012.

7. Huxxkusst ctpoka TabJymibl 2 X 13 3amosHeHa puiikaMu, Ha KOTOPBIX B ITOPSiJIKE
BO3pACTaHUs CJeBa HaIIPaBO HAIMCAHLI dmcia 1, 2, ..., 13. 3a oauH XOI MOXKHO IIe-
peMecTUTh (DUIKY B COCEJIHIOIO 10 CTOPOHE CBOOOIHYIO KJIETKY. 3a KaKOoe HauMEHbIIIee
KOJIMIECTBO XOJIOB MOYKHO PACIIOJIOXKUTD (DUITIKHU B TEX Ke KJIeTKaX B MPOTUBOIIOJIOKHOM
TIOpsiJIKe”?

8. Ilo okpyxuocTH pacmoaoxkerno 2022 xkouku. Cepérka IMOKPACUI Bce KOYKH B N IBe-
TOB U TTOCAIUJI Ha KaKWe-TO N U3 ITUX KOUeK 110 oHoi yarymmke. [Tocae aToro, Kaxyro
CEKYHJIy BCe JIATYIIKA OTHOBPEMEHHO IIePENPHITUBAIOT CO CBOE KOUKU Ha, CJIEIYIONLYTO
110 9acoBoii crpesike. [Ipu kakux n Cepézka MOT Tak IOKPACUTHh KOYKHU U PACCAIUThH JIs-
ryIIeK, 9TOObI B 1000 MOMEHT BPEMEHH JISATYIIKH CHIeIN Ha KOYKaX PA3HBIX I[BETOB?



LIX VPAJIBCKUM TYPHUP IOHBIX MATEMATUKOB. BJIAJIVMUP, 06.11-12.11.2022
MATEMATNYECKUI BOM Ne¢2. 09.11.2022
CTAPIIIAY I'PVIIIIA, TPEThSA JIUTA

1. Ha mtockoctu orMmedensl deTbipe Touku A, B, C' u D, HUKaKue Tpu U3 KOTOPHIX He

JIesKaT Ha oHON mpsMoii. Moxker i Tak OBITH, 9TO B KaXKJIOM U3 YETBHIPEX TPEYTOJIb-
unkoB ABC, ABD, ACD u BCD Bce yribl 6osbIime 45°7

2. Iosrockoli HA30BEM KJIETYATHIN MPSIMOYTOJIBHUK (BO3MOXKHO, KBaJIpaT), OJHA U3 CTO-
poH KOoTOporo paBHa 1. Mbl XoTuM pa30ouTh KJIETKU NMPsAMOYToIbHUKA 6 X 7 Ha 20 Heme-
PECEeKaOINXCsl IOJIOCOK TaK, UTOObI HUKAKHE JIBE U3 HUX He MMeJH OOIIero OTpe3Ka
rpaHulibl JuHbl 0osbIe 1. Ilosocku MoryT ObITH pa3HBIX JJIUMH. BO3MOXKHO JiM 9TO
clleJiaTh !

3. Haiimute Bce HaTypaJsibHBIE Yucaa n > 1, obagaionime TaKUM CBOHCTBOM:

ecJIiM HaTypaJIbHOE YHUCJIO T B3aMMHO IIPOCTO ¢ 1, TO 1 uncjao r + 101 Toxke
B3aMMHO IIPOCTO C M.

4. Ha upsamoit ormedensl Touku A, B, C' mmenHo B Takom nopsiake. Touku D n E B
OJTHOM TIOJTYIIJIOCKOCTA OTHOCUTEbHO Tipsimoit AB TakoBbl, uto ABD nu BCE — pas-

Hocropouune Tpeyroabauku. Orpeskun AE nu BD nepecekaiorcst B Touke (G, a OTPe3KH
CD u BE — B rouke H. Jlokaxure, uro GH || AC.

5. 1o Kpyry 1o 49acoBoOii CTpeJIKe BBIIMUCAHBI JeHCTBUTEIBHBIE UUCTIA G1, A2, - - ., G100-
Ussectro, uro st Beex i € {1,2,...,100} BbINOJHSIETCSI PABEHCTBO:

5al~+2 = 40@4_1 + 30@

(a102 = ag, a1p1 = a1). Jdokaxure, 910 BCe YnCIa PABHBI HYJIIO.

6. IIycte a, b, ¢ — nmonmapuo pasandablie ducia. CKOJIbKO PA3HBIX UHCETT MOXKET ObIThb
cpemu uucena a + 2b, a + 2¢, b+ 2a, b+ 2¢, ¢+ 2a, ¢ + 2b?

7. Hmxkasasa ctpoka Tabymipl 2 X 13 3amoiHeHa (QUIIKaMu, Ha KOTOPBIX B MHOPSJIKE
BO3pACTaHUs CJeBa HaIIPaBO HAIMCAHBLI dmcia 1, 2, ..., 13. 3a oguH XOI MOXKHO IIe-
peMecTuTh (DUIIKY B COCEJIHIOI 10 CTOPOHE CBOOOHYIO KJIETKY. 3a KAKOe HalMeHbIIIee
KOJIMIECTBO XOJIOB MOYKHO PACIIOJIOXKUTDH (DUITIKHU B TEX »Ke KJIeTKaX B IPOTUBOIIOJIOKHOM
opsiake?

8. Ilo okpy:xHOCTH pactoaoxkeHo 100 kouek. Cepézka mokpacu Bce Kouku B 30 I[BETOB
1 Toca T Ha Kakne-To 30 M3 9TUX KOo4dek 1o oJfHoi jaryike. [locsie aToro, kaxkmyio
CEKYH/Iy BCe JIATYIIKNA OHOBPEMEHHO IEPETPHITUBAIOT CO CBOEH KOYUKM Ha CJIEYIONLYIO
1o vacoBoii crpesnke. Mor jqu Cepéxka Tak IMOKpaCUTh KOYKH U PACCAAUTH JIATYIIEK,
4TOOBI B JII000I MOMEHT BPEMEHHU JIATYIIKHU CUJIeIN Ha KOUKAaX Pa3HbIX IIBETOB?



