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OueHka 60 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: 20 n3 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?

MpeanonoXxum 4To n 9TO NPOCTOE YMCIO, TOrAa BO3bMEM oOYI0 BEPLUMHY, MyCTb OCTATOK OT AENEeHVs Yncna B 3TOW BEPLUMHE, HA30BEM ee
BepluMHa 1, B KBagpaTe Ha n paBeH a, Torga OCTaToK OT AeneHns KBaapaToB YMCen U3 COCeAHUX BEPLUMH Ha n paBeH n-a, pacCMOTPU Tenepb
crnenyoLLyo BEPLUMHY MO YaCcOBOW, OT BEPLUMHbI 1, Tak Kak CyMMa KBagpaToB COCeAHMX BEPLUWH AOMKHA AeNUTbCH Ha n, TO OCTATOK OT AeNeHUs
Ha n KBagpaToB YMcCer B COCEAHMX el BepLUMHAX AOMKeH ObiTb paBeH n-(n-a)=a, 3TUMK BepLUMHamu ByayT BepLumMHa 1,KOTopyo Mbl Bpanu
nepeou, 1 NycTb ByaeT BepLUMHa 2, TOrga ecnv Mbl BO3bMEM BEPLUMHY MPOTUB YacOBOW OT BEPLUMHbI 1, y Hee ByaeT ocTaTok n-a U OHa He byaeT
COEONHATLCA C BEPLUMHOM 2, HO CYyMMa OCTaTKOB MX KBAApaToOB OT AerneHus Ha n, OyaeT AaBaTh n, YTO O3HAYaEeT YTO CymMMa KBaapaToB STUX
yncen AenUTCs Ha n, HO TAKOrO HE MOXET ObITb MO YCNOBUIO CreAoBaTeNbHO n HE MPOCTOE YMCIIO.

I'Ipe,u,nono>|<|/|M 4YTO N=2*m, rge m HaTypalribHOe 4ncno GonbLue 1, Torga Tak kak BEpPLUWH BCero 5, To 3 U3 HUX 6y,EI,yT MMETb OAMHAKOBYH YETHOCTb,
€CTb BCEero 2 criydas Kak MoryT CTOATb 3TW BEPLUUHbI:

1) KOraa oOHU Tpoe CTOAT PAAOM.

2)Koraa ABoe CTOAT PAAOM, @ OCTaBLUMINCS HAMPOTUB HUX

B obounx cny4yadax 6y,£l,yT ABe BepLInHbI C OAMHAKOBOW YETHOCTLIO HE COeauHSLLMECS oTpe3kamMu, YTO 3HAYUT OHU He 6y,£l,yT B3aMMHO MPOCTbIMU,
TakK Kak CymMMa 1X KBaapaTtoB 6y,£|,eT OEenuTbCs Ha 2, YTO 3HAYUT YTO n HEYETHOE YUCTIO.
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Mpegnonoxum 4To n=3*m, rae m HaTypanbHoe Yncno 6onblue 1, Torga YTobbl CyMMa KBagpaToB YMcen Aenunachb Ha TpK, 3TK Yncna OOSMKHbI
AennTbCS Ha 3, Tak Kak BCEro ABa ocTaTtka OT AeneHus kBagparta Ha 3 310: 11 0, 1 4Tobbl Cymma ABYX KBaApaToB Aenunack Ha 3, cyMMa 1x
OCTaTKOB AOMKHa ObITb paBHa 0, YTO NPOUCXOAMT Tonbko Korga 0 cknagbiBaetcs ¢ 0. CrieqoBaTtenbHO BCEro MOXET OblTb ABE TakMe BEPLUMHDI,
Tak Kak ecnun nx 6onblue Torga ecTb ABE BEPLUNHBI KOTOPbLIE HE COEOVHSIOTCS OTpe3kaMu HO UX KBaapaTbl AenaTcs Ha 3 crneaoBaTeribHO U
cymMMa genutbes Ha 3. CnegoBaTenbHO B TPEX OCTaBLUMXCH BEPLUMHAX CTOSAT YnUCrna He genswimecs Ha 3, u gpyrue ymcna Kotopble 00beanHsIoT
OTpEe3KU, X KBaapaThbl 4eNATCA Ha NPOCTOE YMCNO, eCv m NPOCTOE 3HAYUT BO3bMEM N0OYI0 U3 BEPLUMH KOTOpbIe AENATCA Ha 3, HAa30BeEM ee
BepLUMHa 1, Torda BO3bMEM COCELHIOK B HEW BEPLUUHY HE AENSLLYCS Ha 3, HA30BEM ee BepLUMHA 2, CyMMa OCTaTKOB MX KBaApaToB OT AerNeHns
Ha m JOIMKHa paBHATLCHA m, MYCTb Y BEPLUNHLI 1 OCTATOK OT AENeHNs Ha m paBeH a, Tor4a y BepLUMHbI 2 OCTaTOK paBeH m-a, BO3bMEM BePLUNHY
COCE[HIOK BEPLUMHE 2 1 HE AENSLLYHCH Ha 3, HA30BEM €€ BepLUMHa 3, OCTaTOK OT AeneHnNs KBagpaTta 3TOM BEPLUNHbI PABEH a, Tak Kak cymma
OCTaTKOB Npu AeNeHnn Ha m KBaZpaToB LOMMKHA PaBHATLCA m, BO3bMEM BEPLUNHY COCELHION BEPLUMHE 3, HO HE 2 BepLUNHY, Ha30BEM ee
BepLUMHa 4, OCTaTOK y ee KBajparta npu AeneHur Ha m, paBeH m-a, Tak KaK OCTaToK y KBaJpaTta BepLUMHbI 3 paBeH a, a OCTaToK Yy KBagparta
BEPLUMHbI 4 paBeH m-a, BepLunHa 4 1 BeplivHa 1 He UMEerT oTpe3ka Mexay cobon 1 cymma OCTaTKOB MX KBaApaTOB paBHa m, YTO 3HAYUT YTO
CyMMa UX KBaApaToOB AENUTLCA Ha m, Yero ObiTb HE MOXET, CrieoBaTENIbHO M HE MPOCTOE YNCIIO.

AHarnormyHble paccyneHus u aokasatenbcTBa Ans n=7*m, kak Ans n=3*m, ocTaTku Npu AeneHun kBagpaTa Ha 7 paBHbl: 0,1,2,4. TonbKo ecnu
Mbl BO3bMeM ABa 0 Mbl NMOMy4YMM CyMMY ABYX KBaApaTOB AENSAWMNXCA Ha 7, CreAoBaTeNbHO YMcna AOMKHbI AeNUTLCSA Ha 7, UX OyAeT MakcuMym
ABa, U m OOIMKHO ObITb HE MPOCTLIM YMCIIOM.

Tak kak Ans n=3*m 1 n=7*c, m U ¢ QOMKHbI ObITb HE MPOCTLIMK CnedoBaTenbHO m>=35=5%7 n ¢>=15=3*5, O4eBNOHO YTO M, N U c HE MOryT ObITb
KBagparamu Tak ecrnun YMcTo OernnTbCA Ha KBagpaT zA2 OHO AENUTLCA W Ha z YTO 3HAYUT YTO YMCIO NPOCTO TaK YBEMUYUIIU Ha z, 8 HAM HYXHO
YTOObI N BbINO MUHUManNbHbLIM. CneagoBaTenbHO €CNv N AeNUTbLCA Ha 7 UNu 3 MUHUManbHOE n MOXET ObITb 105.

Tak Kak n He OenUTbCs Ha 2, Hee MOXET OenuTbCs Ha 3 unu 7 ao 105, 1 He NPOCTOEe M He KBagpaT Torga MMHUMarnbHoe n=5%13=65
[ng atoro n=5*13 MoxHo nogobpatb npumep:

2
(10413=8)/  \ (85:5=17) 10
9 (1000:5=200)| [(130:13=10)
30___7
(949:13=73)

PaccmoTpum 2 1 30: 4+900=904 He OennUTbCHA HU Ha 5 HX Ha 13
PaccmoTtpum 2 n 7 : 4 +49=53 He oennTbCs HU Ha 5 HK Ha 13
Paccmotpum 10 1 7: 100 +49=149 He OennTbCA HKX Ha 5 HM Ha 13
PaccmoTtpum 10 1 9 : 81+100=181 He AennTbCA HU Ha 5 HX Ha 13
Paccmotpum 30 1 9: 900+81=981 He 4ennTbCA HU Ha 5 HX Ha 13
CnepoBatenbHO 3TOT NPUMEP NOAXOAUT U n=65 MUHMMarbHOE.
OTBeT: Nnpn n=65/
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KommeHTapun:
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Bonpoc 2
BbinonHeH

Bbannos: 20 n3 20

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

4 — V3rt+y+ /3Byt + 2+ V32t + v -3
N Ty 4+ yz + 2x '

MwuHuUMansHoe 3Ha4yeHne 3Toro Bblpa)keHud 1, npeanosioXKMm 4YTo 3TO He Tak Toraa:
VBxM+y)+V(3yN+2)+ (327 4+x)-3<xy+yz+2X

Xy<=(x"2+y"2)/2

yz<=(z"\2+y"2)[2

xz<=(x"\2+z/2)[2

VBxM+y)+(3yA4+2)+V (327 4+x) -3 <xy+yz+xz<=x2+y2+z"2 CriefoBaTensbHO
VBx 4+ (3y N +2)+V (327 4+x)-3<xA 2+y A 24212
V(3xA4+y)+N(3y a+2)+ (327 4+x)-3-x2-yA2-2/2<0

PaccmoTpum

V(3xN4+y)-1-xA2>=0

\/(3x/\4+y)>=1+x/\2 BO3BeAeM 00e YacTu B KBagpaT Tak Kak OHM 06e NoNoXnTenbHble 3HAK HE U3MEHUTCS
3xMN4+y>=x"4+2x"2+1 3aMEHNUM y Ha ero MMHMMaribHoe 3Ha4YeHue 1o ecTb 1
3xNH1>=xN4+2x N 2+1

3XN4>=xN4+2x "2

2x"\2(x"2-1)>=0

2x72>=0 (1)

xA2-1>=0 Tak kak x>=1 (2)
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13 11 2 cnegyet 4to 2x2(x"2-1)>=0, cnegoBaTenbHO \/(3x’\4+y)—1—x’\2>=0
aHanornuHo (3y 4+z)-yA2-1>=0 n \(3z/4+x)-z/2-1>=0

CnoxmB Bce 3TO nonyyaem:

V(BxM+y)+V(3yN+2)+ (327 4+x)-3-xA2-yA2-2/2>=0

CnepoBaTenbHO

V(3xA4+y)+N(3y N a+2)+V (327 4+x)-3-xA2-yA2-2A2<0 3TO HE BEPHO 1 CeAoBaTeNbHO
V(Bx 4+y)+(3y N a+2)+V (327 4+x)-3<xA2+yA2+2/2 3TO TOXE HE BEPHO

1 TaK Kak V(3x N 4+y)+V(3y 4+2)+V(32/4+x)-3>XA2+yA2+2/2 U xy+yz+xz<=x"2+y"2+2/2 TO

V(3xA4+y)+N(3y a+2)+\ (327 4+x)-3>xy+yz+xz cnepoBaTenbHoO (V(3xA4+y)+V(3y A 4+z)+V(3z74+x)-3)/(xy+yz+xz)>1 cniegoBaTensHO MUHMMAnbHOe
3Ha4YeHne MoxeT ObITb 1

ecnu x=1, y=1, z=1 Torga (\/(3x’\4+y)+\/(3y’\4+z)+\/(3z’\4+x)—3)/(xy+yz+xz)= (N(4)+V(4)+V(4)-3)/3=3/3=1
OtBeT: 1

KommeHTapun:
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Bonpoc 3
BbinonHeH

Bbannos: 20 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.

1. MNycTb grnaroHanu yetbipex-yronbHuka ABCD nepecekatotcs B Touke O.
2. Tak kak ED gnameTtp, cnegoBaTernbHO TpeyronbHUK BED nexuT Ha guameTpe, criefioBaTeribHO OH NPAMOYrOfbHbIW, CriedoBaTeribHO Yror

DBE=90
3. AC nepneHagukynapHo BD no ycnosuio, 1 BE nepneHavkynsipHo BD cneposatenbHo AC || BE, cnegosatensHo ABEC Tpaneums
4. MNyctb BE=a, AC=b n BD=k, Toraa Tak kak ABEC Tpaneuus n BO nepneHaukynspHo AC, OC=(a+b)/2 a AO=(b-a)/2
5. S(bcd)(nnowaab TpeyronbHuka BCD)=BD*0OC/2=k(a+b)/4
6. S(dabe)(nnowaab DABE)=BD*OA/2+BE*BD/2=k(b-a)/4+ka/2=k(a+b)/4
7. S(bcd)/S(dabe)=(k(a+b)/4)/(k(a+b)/4)=1

OTBeT: 1.
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KommeHTapuii:
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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?!

lMpeactaBum x B 4ECATUYHOWN CUCTEME CHUCINEHUS
x=9(r"\3+r"2+r+1)
xN2=81(rN6+2r\5++3rN+4rA3+3rA\2+2r+1)

Mpun nepeBoge N3 4ECATUYHOWN B CUCTEMY CHUCIIEHMS r Mbl NMOAENUM NOCNEAHEE Ha r OCTATOK OCTABMSIEM MOMYHYMBLLYHOCS YENyo YacTb
nepeHocum To ecTb nepeHocum [81/r], noTom gobasnsem 3Ty Lenyt 4acTb K 162 1 Haxoam 4To ByaeT CToATb B NEPBON CTEMEHM Ha
npegnocnegHemM Mecte Tam OyaeT CToATb OcTaToK oT AeneHus (162+[81/r]) Ha r a Ha criegyloLiee MecTo nonaet

[(162+[81/r])/r] Toraa Ha 3 MmecTe ByaeT CToATb OCTaToK OT (243+[(162+[81/r])/r])/r, n (243+[(162+[81/r])/r]-[(243+[(162+[81/r])/r])/rI*r)+[(162+
[81/rD/r]*r
Tenepb NOACTABIASA r KOTOPbLIA ByAeT MeHbLUe 81, Tak Kak ecrnin r>81, To x*2 B cUCTeMe r OyaeT ceMM3Ha4YHbIM YnCom, U Gonblue 13, Tak Kak

ecnu r<13 Torga cymma BTOPOW 1 TpeTen uudpbl OyaeT MeHbLue 24, Haxogum r 4Tobbl (243+[(162+[81/r])/r])/r, n (243+[(162+[81/r])/r]-[(243+[(162+
[81/rD)/rD)/r1*r)+[(162+[81/r])/r]*r=24 1 npoBepsiemM NOfy4YaeTcsa N 3TO YMCNO NanMHOPOMOM.

OTBeT Takoe BO3MOXHO NP r AN KOTOPbIX BbIMOHAETCS:

(243+[(162+[81/rD/rD/r, v (243+[(162+[81/r])/r]-[(243+[(162+[81/r])/r])[r1*r)+[(162+[81/r])/r]*r=24
7]

81>r>13

Ecnu r nogxoamT nog Bce yCrnoBusIM Torga NEpeBOAUM x2 B CUCTEMY r M MPOBEPSIEM ABISETCS NN NOMy4YeHHOE YMCIOo NanvMHAPOMOM, eCciv Aa
Toraa r NoAXOAuT.
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KommeHTapuii:
3HauyeHue r He onpegeneHo, NPOABMXKEHUSA B peLUEHNM OTCYTCTBYHOT.
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Bonpoc 5
HeT oTBeTa

bann: 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

U3 HUX U CJ€Ba OT HUXKHEH M3 HUX HET KJEeTOK TOro e IBera. IIpm KakoM HamMeHBIIEeM 7 TaKOoe
BO3MOYKIIO?
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