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0l2213678 012213678
TecT HauaT noHeaenbHUK, 14 PeBpanb 2022, 10:08
CocTtosiHne 3aBepLUeHO
3aBeplueH noHegenbHuK, 14 ®espanb 2022, 14:05

Mpowno 3 4ac. 56 MuH.
BpeMeHun

OueHka 57 13100

Bonpoc MH(I)O

YBaxaeMbI y4acTHUK Onumnuagbl!

Ha BbinonHeHne Tecta 3aknoumMTENbHOrO atana oTBogmnTcsa 230 MUHYT Nitoc 15 MUHYT Ha COXpPaHEHUE U NPUKpenneHne pelleHnn. PaboTa
aBToMartumyeckn otnpasutca B 14:05 no MockoBckomy BpeMeHun. OKHO TariMepa Bbl yBuanTe B BepxHen Yacty pabovero akpaHa.

Bonpocbl TexHu4eckoro xapaktepa Bbl MoxeTe 3agatb HabntogaTento B YaTe (OKOLLKO BHM3Y B MpaBoW YacTu akpaHa). Ecnu Bam notpebyetcs
BbIITM B TyaneTHYt0 KOMHAaTy, OCTaBbTe B YaTe C MPOKTOPOM COOBLLEHNSI O BPEMEHM BbIXOAA U BPEMEHM BO3BpaLleHus (Hanpumep, "12:04 -
Bbilen"). OTBET OT NPOKTOpPA XAaTb MPU 3TOM HE HYXHO.

BapuaHT 3aknunMTenbHOro atana coctouT U3 5 3apav. PeleHne kaxgon 3agaym Bel moxeTte
a) NOMHOCTbI 3anuncaTtb B Nore oTeeTa (Npn HEOOXOAMMOCTN MOXHO NPUKPENUTD NMOACHAIOLLMIA PUCYHOK),

0) NONHOCTLIO HabpaTb B TEKCTOBOM peaakTope C peaaktopom chopmyrn, npeobpasoBath B popMaT pdf v NpUKpennTb NONyYmMBLLUMIACSA chalin.
Ecnu y Bac HeT Bo3amoxHOCTU NpeobpasoBaTth pelleHve B pdf, Bol MoXxeTe caenaTtb CKPUHLLOT akpaHa (KHorka PrtScn Ha knasuatype unm
BCTPOEHHbIN cepBnUC "HOXHMLBI") 1 NPUKPENUTb €ro.

O6paTtuTe BHMMaHue, K Kaxxgon 3agavye MOXHO NPUKPENUTb TOSNbKO OAMH dhani, Ha3BaHue KOToporo opMupyeTcs no npasuny ol22*****_N, roe
ol22***** _ Baw noruH, N - HOMep 3agaun.

B TekcTax peLueHnin, NpukpensieHHbIX N3obpaxkeHnsix n dannax He OOMKHO ObITb HMKAKOW NepcoHanbHoM nHdopmaumm!

Bo BpeMsi BbINONMHEHUSA BapuaHTa Ha KOMMbOTEPE MOXHO MOSIb30BaTbCA TONMbKO TEKCTOBBIM PEAAKTOPOM M BCTPOEHHbLIM CEPBUCOM CO34aHNS
n3obpaxeHnin. YepHOBOE peLleHne MOXHO BbINOMHATL Ha Bymare, pacnonoXeHHOW B None BMaUMOCTH Beb-kamepbl.
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Bonpoc 1
BbinonHeH

Bbannos: 10 u3 20

Ha kapTumke HapmcoBaHo HECKOIBKO KPY¥KOUYKOB, COEIWHEHHBIX OTPe3KaMu. TaHs BbIOMpaeT HATY-
paJibHOE YUCJIO T U PACCTABJIAET B KPYKOYKaX pas/IMuHble HATypaJbHbIe YUCJa TaK, YTOObI /I BCex
ITUX YUCEJ BBITTOTHAIOCH CBOMCTBO:

ecau wucaa a u b ne coedunenv, ompeskom, mo cymma a’ + b> doasicrna Gvimb 63auMHO Npocma ¢ n, a
ecau coedurens, mo wucaa a’ + b un dossicuv, umems obujuti namypasvrdl deaumens, boavuudti 1.
[Ipm kakOM HamMeHbINIEM T CYIIEeCTBYeT TaKasd pacCTaHOBKa?

UKCro n MMeeT B pasnoXeHnn Ha NpocTbie XOTs Bbl 1Ba PasnnyHbIX, TaK Kak MHaYe CyMMa KBaapaToB KpaTHa p, MOTOMY YTO a’

PaBHO a3 TOXAECTBEHHO PaBHO as? T.p. ay2 T.P. as2 T.p. a2 (T.P. = TOXKOECTBEHHO paBHO)

TOXOEeCTBEHHO

Moe al..a5 w4ucna no kpyry. Torga cymma He COCeaHMX KpaTHa p, MPOTUBOPEYME.

Torga ecTb x0T 66l ABa NPOCTLIX Yncna. [Boviku BbITb HE MOXET, Tak Kak cpedn NATU Yncern XoTs 6bl TPU OAHOW YETHOCTU U ABA U3 HUX He
pagom. Torga ecnv 3 NpocTblX, TO n >= 3*5*7=105. Ecrnn npocTbIX 2 3aMeTUM, 4YTO NpocTbie Buaa 4k+3 no poxgectBeHckon Teopeme dupma
AenaT cymMy KBaZpaToB TONbKO ecnun oba kBagpaTa KpaTHbl aToMy yncny. Toraa npoctele 3, 7, 11 cMoryT nogenntb MakCMyM OfHy napy, Torga
BTOPOE OENUT 4-e oCTarbHble, NMyCTb a-a; aj-as az.a4 as-as TOrAa napy aj;-ay TOXeE OENUT, 3HAYUT STUX MPOCTLIX HET B pasnoxeHuu. Toraa 4mcno
n XoTs 6bl 5*13=65.
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KomMmeHTapuii: pelleHne CoaepXuT HegokasaHHoe yTBepxaeHue (0 Ynicnax Buaa 4k+3), He npvBedeHa peanvsaums
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Bonpoc 2
BbinonHeH

Bannos: 15 n3 20

IIpu z,y, 2z > 1 naiiguTe MUHAIMAJIbHOE 3HAYEHUE BBLIPAYKEHUS

i V3Tt +y+ /3yt 2+ V3 42— 3

Yy + Yz + zx

5/13
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KommeHTapuii:

He ficHO, kaK y4acTHUK nnaHupoBan fokasaTb, YTO sqrt(3x4+x)+sqrt(3y 4+y)+sqrt(3z/°4+z) <sqrt(3x 4+y)+sqrt (3y 4+z)+sqrt(3z74+x), UCNOMb3ys
npuBeneHHOe BCNOMOraTernbHOe HEPaBEHCTRO.

OTOT nepexoa He O4YEBMAEH, U AOMKEH Oblf1 OblTb HANUCAH NOMHOCTLHO.
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Bonpoc 3
BbinonHeH

bannos: 17 n3 20

Jlan snucannbni yernipexyronsuuk ABCD ¢ nepnenaukynspHbIME quaronansvu. Ha onmmcannoii Bo-
KPYT HEro OKpYy:KHOCTH OTMedena Touka F, muaMerpaliniio nporuponosoxuasa D, npudem orpesku AB

u DFE ne nepecekarorca. Halinure ornomenue nmomaneil tpeyronbanka BC'D n 9eTbIpexyroabHuKA
ABED.

Ne3
O6o03Haumm Touky M kak nepeceyveHne AC un BD
a=AM, b=BM, c=CM, d=OM.

Yron DBE = 90 rpagycoB, Tak kak onMpaeTcs Ha AnameTp, criegoBaTtenbHo Tak kak AC nepneHaukynspHo BD, BE nepnengukynsipHo BD, To BE
napannensHo AC.

ABEC — paBHObGeapeHHasi Tpaneuus, Tak kak BE napannensHo AC 1 oHa BnucaHa B OKpy>HOCTb. CriegoBatenbHo BE=MC-MA=b-a
Sbeg=(b*(c+d))/2=(b*c+b*d)/2
Sabed=(a*(c+d))/2+((c+d)*(b—a))/2=((c+d)(b-a+a))/2=sbcd cnepoBaTernbHO (Sabed)/(sbcd)=1
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KommeHTapun: lNMyTtaHmua B 0603HayeHnsx. He 3anmcaHbl SBHO BblpaXeHWst ANg niowaau.
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Bonpoc 4
BbinonHeH

bannos: 0 n3 20

Ha nmocke nanucaro ancio x = 9999 B cucteMe cuuciIenuga ¢ YeTHLIM ocTlioBanueM 7. Bacsd BLISACHNII,
YTO T-W9IHAA 3alHCh T° OPeICTaBAgeT COO0H BOCbMH3HAYHBIN TAJIHHIPOM, Yy KOTOPOTO CyMMa BTOPO
u Tpethell mdp pasna 24. ([TamunIpoMoM Ha3LIBAETCA YHCI0, KOTOPOE YHTAECTCS OJTHHAKOBO CJI€BA

HAIIPABO W CIPaBa HAJIEBO). lIpw KaKUX 7 TAKOE BO3MOKHO?!

999912 <1078 ecnu r=>14, To 10A8 > 1417 = 2A7*777=43904*2401>1032*10/5 >10°8

3HaUUT r <=12, HO cymMMa ABYX LMdp paBHa 24, cneaoBaTerlbHO OCHOBaHWE CUCTEMBI XOTS Gbl paBHO 13.

TaKUX r HE CyLLEeCTBYET.
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KommeHTapuii:
peLLeHne HEBEPHOE, pe3ynbTaT HEBEPHbIN
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Bonpoc 5
BbinonHeH

bannos: 15 13 20

Hana xkBajgparaas tadoanna 2021 x 2021, Kazkgas ee KieTka okpalneHa B OJuH U3 N 1seTos. 3BecTHO,
9TO /I TIOOBIX 9eThIpeX KJIeTOK OTHOTO ITBeTa, PACIIOJIOKEHHBIX B OTHOM CTOJIONe, CTIPaBa OT BepXHeit
W3 HUX W CJ€Ba OT HUXKHEM M3 HUX HET KJeTOK TOro e IBeTa. IIpym KakoM HAaMMEHLIIeM 7 TaKoe
BO3MOKHO?

Ne5. [NycTb KNeTokK KOro-To LBETbI XOTA Obl 4*2021. 3ameTum, 4To Ntobasi napa KNeTok B O4HOM CTOnOLe, Mexay KOTOPbIMU eCTb XOTS Obl ABE
Apyrue Toro e LUeTa «brnokupyeT» poBHO 2020 Apyrvx KNETOK OT NonagaHus B HUX 3TOrO XKe LiBETA, TaK Kak Mo YCMOBUIO CnipaBa OT BEPXHEN U
crneBa OT HKHEN nX HeT. 3aMeTuM, YTO Kaxkaas Takasa napa «brnokupyeT» yHukanbHble 2020 KNeTokK, Tak Kak MHavye B O4HOW CTpoke OyayT ABe
KINeTKu, KoTopble BNOKMPYIOT BCe CnpaBa Uin Cneea, HO 0f4Ha U3 HUX HaXoAUTbCs NPaBee Ui NIeBee COOTBETCTBEHHO.

Ecnu B cTon6ue K oaHOLBETHbIX KINETOK, TO B HEM XOTs1 Obl max(0, K-3) nap, 310 Te, 4TO 00pa3oBaHbl C CaMoi BEPXHEN KINETKOIA.

Torga Bcero nap >= 4yem (Ki-3)+(K5-3)+(K3-3)+..+(Ky021-3) = S-3*2021. Ecnn kneTok xoTsa 661 4*2021 1o S-3*2021 >=2021. Ho Toraa KneTok, KoTopble
ONoOKMpYHOTCA +, TE B KOTOPbIV KNETKK, X0TA 6bl 2021*2020 + 4*¥2021 > 2021* 2021 npoTtmBopeymre. CrieqoBaTenbHO KNETOK KaXaoro Lupeta
MeHbLUe 4*¥2021 cnegoBaTenbHO, BCEro LBETOB XOTHA 6bl Apobb

(2021*2021)/(4*2021) >505. cnegoBaTernibHO X0THA Obl 506.
Mpumep Ha 506.

OpvH uBeT 0COBEHHbIN, NYCTb KPaCHbIN, OCTanbHblE MYCTb CUHME pPa3HbIX OTTEHKOB OT 1 40 505. Kpacum B KpacHbI BEPXHIOK CTPOKY. 3aMeTUM,
YTO OCTaBLUMACA NPAMOYrofibHMK 2021*2020 MOXHO pasaenuTb Ha 2021 nocneaoBaTenbHOCTb U3 BEPTUKANbHbIX MPSIMOYrOnbHUKOB 4*1. Kaxkaas
N3 HUX OMUCBLIBAETCA TaK: HA TPW KIETKN BbllLEe OT NpeablayLero U Ha O4HY KIeTKy rnpasee pUcyeTcsl HOBbIN MPSIMOYTOSIbHUK, U eCINU Kakne-To
€ro KIEeTKU BbILLIM 3a Npeaernbl M3HadvansHoro 2020*2021, TO OHKU 3anmncbIBalOTCA B COOTBETCBYHOLLIME KIETKM, €CNK Obl 3TOT NPAMOYTOSbHMK Obis
TOPOM.

3 13 3TUX NocneaoBaTenbHOCTEN 3aNONHUM Tak: MPSAMOYTofbHUK (3*3) NepBOro OTTeHKa U NoA HUXHEM MpaBbIM YINIOM BepTUKanbHbIN (3*1)
KpacHbIn NOTOM HaLenngaem Takyto e KOHCTPYKLMIO Ha NPBbIA Yron cBepxy, HO CO

BTOPbIM OTTEHKOM U TaK

Jarnee O5isl BCeX CUHUX
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lMoToM Ans Kaxgow nocrefoBaTenbHOCTU UX MPAMOYrONbHUKOB 4*1, KOTOpble OCTanMch KpacuM NPsiMOYroflbHUK B OTTEHOK CUHErO C KOTOPLIM Y
Hero 3 06LWMX CTOPOHbIL. TakumM 06pa3oM Mbl 3aMonHAEM BECb NPAMOYronbHUK 2020%2021. 3amMeTuM, YTO YCINOBUS BbIMOMHAETCH, Tak Kak
KpacHbIX He Bonee ogHOW B CTOPOHE, 3@ UCKITIOYEHNEM MEePBON CTOPOHbI, 8 CUHUE KIETKN PacnonoXeHbl Tak, YTO NpaBee BepXHeW 1 nesee
HWXHEN HNYero HeT 13 Takux LiBETOB.

012213678 _5.png

KommeHTapuii: Npumep copmynmpoBaH He SICHO. VIMerTCs pasHOUTEHNS B YKa3aHUN pa3MepHOCTU NPAMOYronbHMKa. He NOHATHO, kak
BblbnpaeTcs uBeT ("KpacuM NpPsIMOYrofibHUK B OTTEHOK CMHETO C KOTOPbIM Y HEro 3 oBLLMX CTOPOHbI") U MOYEeMY HY>KHO MMEHHO 506 Kpacok.
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OPEOLIAYUWNMNA AKT. SNIEMEHT
3aknoumTenbHbin 3Tan - Matemartuka 10-11 21/22 (CKpbITbI)

CNEOYKOUWWNA AKT. SNEMEHT
BapuaHt 11

»
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Nel

Ynucno n umeet B passioKeHUM Ha NpocTbie XoTa Obl ABa pa3/INYHbIX, TaK KaK MHaye Cymma
T.p. @ T.p. a;’T.p. a:®_(T.P. = TOXXA€eCTBEHHO paBHO)

lpe al...a5 uucna no Kpyry. Torga cymma He cocegHUX KpaTHa p, NpoTUBopeyue.

Torpa ectb xoTA 6b1 ABa NPOCTbIX YMCNA. [IBONKK BbiTb HE MOXKET, TaK KaK cpeau NATU Ymucen

3*5*7=105. Ecav npocTbiX 2 3aMETUM, YTO NpocTbie BUAa 4k+3 no poxKaecTBEHCKOW Teopeme
dupma genaT cymmy KBagpaToB TO/IbKO eciv o6a KBagpaTa KpaTHbl 3ToMy uncay. Toraa
npocTtble 3, 7, 11 cmoryT nogenutb MakCMMyM OAHY Nnapy, Toraa BTopoe AeNUT 4-e oCTa/ibHble,
NyCcTb ai-a; a,-as as.as ag-as, TOrAa napy ai;-as TOXe Ae/IUT, 3Ha4YUT 3TUX NPOCTbIX HET B
pa3noxeHuu. Torga umcno n xota 6ol 5*13=65.



No2
[lycTb BbiparkeHWe meHbLle ogHoro. Toraa:
Npobb U3 ycnosms MeHblLLe 0AHOro

IIpu z,y, z =2 1 maiianTe MUANMATLHOE 3HAYCHAE BBIPAYKEHHU

B V 3zt +y+ /It +24+vV324+2-3

A=
Y + Yz + zx
CnepoBaTeibHO BECb YUC/IUTE/Ib AaHHOU AP0bu MeHbLUe, YeM 3HaMeHaTe lb AaHHOW Apobu.
+3 < +3
JleByio 4acTb OLeHMBaemM CBepXy TPaHCHEPaBeHCTBOM X>+y2+2%43
HUXXHIOK0 OLEHMM CHU3Y 3TUM:
. 3TO MeHblLE, TaK Kak BEpPHO TaKOe HepPaBEHCTBO:
a >c, b<d.
CpPaBHUM
a+b+2* +c+d _cpasHum a+d+2* +c+b
(atb)(ctd) cpasHum (a+d)(ctb)
a*c + b*ct+a*d+b*d cpasHum a*c+d*c+a*b+b*d
b*cta*d >a*b+c*d
> x24+y24+2%43
[loKaxkem, 4To 6onblue x2+1
cpaBHUM x+1
3x*+x_cpaBHum x*+2x*+1
2x*x cpaBHUM 2x%+1, X >= 1 cnefoBaTenbHO 2x*4x > 2x2+1.
AHANOTUYHO Cy, z cnepgoBaTenbHO CYMMUPYIOTCA HEpaBEHCTBa, Noy4Yaem ApYyrom 3Hak,
npotusopeyune. Toraa Bbl bameHue 6onbe nMbo pasHo 1. 1 gocruraerca npm x=y=z=1.



Ne5. MycTb KNeToK Koro-To LiBeTbl XoTA bbl 4*2021. 3ameTm, 4TO Nt0BaA Nnapa KNETOK B O4HOM
cronbuie, Mexay KoTopbiMK ecTb XoTA 6bl ABe Apyrie Toro e LupeTa «6n1okupyeT» posHo 2020
LPYrUX KJIETOK OT NoNagaHuA B HUX 3TOTO e LIBEeTa, TaK KaK No YC/I0BMIO CNpaBa OT BepXHel U
CNeBa OT HWXHE UX HET. 3aMeTUM, UTO KaXaan Takasa napa «6nokupyeT» yHUKanbHbie 2020
KNETOK, TaK KaK MHaye B 0AHOM CTpoKe ByayT ABe KNETKW, KoTopbie 610KUPYIOT BCe cnpaBa UaM
CNneBa, HO OHa U3 HUX HAaXO4WUTLCA NpaBee WK NeBee COOTBETCTBEHHO.

Ecnm B cton6ue K oaHOLBETHbIX KNETOK, TO B Hem xoTA 6b1 max(0, K-3) nap, aTo Te, 4to
06pa3oBaHbl C CAMO BEpXHEel KNeTKOM.

Torpa Bcero nap >= yem (Ki-3)+(Kz-3)+(Ks-3)+...+(K2021-3) = S-3*2021. Ecam kneTok xota 6bl
4*2021 1o S-3*2021 >=2021. Ho Toraa KNeToK, KoTopbie 6NOKUPYIOTCA +, TEé B KOTOPLIA KNETKH,
xotA 6b1 2021*2020 +4*2021 > 2021* 2021 npoTmBopeune. CefoBaTe/IbHO KAETOK Kawaoro
LBeTa MmeHblue 4*2021 cnegoBaTteNbHO, BCEro LIBETOB XOTA 6bl Apobb

(2021*2021)/(4*2021) >505.( > 505) cnepoBaTtenbHO XoTA 6bl 506.

Mpumep Ha 506.

OpauH useT ocobeHHbIiA, MYCTb KpacHbIW, OTCaibHbIe NYCTb CUHUE pasHbIX OTTEHKOB oT 1 ao 505.
Kpacum B KpacHblid BEPXHIOIO CTPOKY. 3aMeTUM, YTO OCTaBLLMIACA NpAMOYronbHUK 2021*2020
MOXHO pa3genuTtb Ha 2021 nocneaoBaTeNIHOCTb U3 BEPTUKa/bHbIX NPAMOYro/lbHUKOB 4*1.
Ka)xgan M3 HUX ONMCbIBAETCA TaK: Ha TPM KETKM Bbille OT NpeablayLLEero v Ha 04HYy KNeTky
npasee pUcyeTcA HOBbI NPAMOYTO/IbHUK, U EC/IU KaKMe-TO ero KAeTKKU BbILLIM 32 Npeaensbl
M3HavanbHoro 2020*2021, TO OHM 3aNUCbLIBAIOTCA B COOTBETCBYIOLLME KNETKU, ecnu bbl aTOT
NpAMOYrofibHUK 6b11 TOpOM.

.3 13 aTMX NnocnegoBaTeIbHOCTEN 3aMo/IHUM TaK: NpAMOYronibHUK (3*3) nepBoro oTTeHKa 1 nog,

HW}XHEM NpPaBbIM YI/IOM BEpPTUKaNbHbIN (3*1) KpacHbIi N MNOTOM Hauenasem
TaKyI0 e KOHCTPYKLMIO Ha NpPBbIiA YTQA CBEPXY, HO CO
BTOPbIM OTTEHKOM M TaK ==l
Aanee ANA BCEX CUHUX .
/ =
MoTom Ana Kaxaou nocnefosartenbH X NPAMOYrONbHUKOB 4*1, KOTOpbIE OCTA/IUCh

KpPacuMm NpAMOYro/IbHUK B OTTEHOK CUHErO C KOTOPbLIM Y Hero 3 obuimx ctopoHbl. Takum
06pa3om Mbi 3aN0/IHAEM BECb NPAMOYronbHUK 2020*2021. 3amMmeTuMm, YTO YC/I0BUA
BbIMO/IHAGTCA, TaK Kak KpacHbIX He 6o/iee 04HOI B CTOPOHE, 3a UCK/IIOYEHWEM MepBOiA CTOPOHbI,
a CMHME KJIETKM PacnosioXeHbl TaK, YTO NpaBee BepXHE UK ieBee HMKHEW HUYero HeT U3
TaKMX LiBETOB.
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