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TecT HauaT BoOCKpeceHbe, 27 PeBpanb 2022, 10:07
CocTtosiHne 3aBepLUeHO
3aBeplueH BockpeceHbe, 27 ®epanb 2022, 14:04

Mpowno 3 4ac. 57 MuH.
BpeMeHun

OueHka 100 13 100

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

Bannos: 20 13 20

Ha xaprunke nHapucoBaHO HECKOJHKO KPYKOYKOB, COEIMHEHHBIX oTpe3kamu. (Carma BbiOMpaer Hary-
paJbHOEe YUCJI0 N U PACCTABJIAET B KPY»KOUKaX pa3JUIHbIe HATYpPAJbHbIE UHUCJIA TaK, ITOOBI /I BCEX
STUX YUCEJI BBITOJHSIJIOCH CBOMCTBO:

ecau wucaa a u b He coedunenv. ompesxom, mo cymma a + b doadicna 6viMb 63aUMHO Npocma ¢ N, a
ecau coedunennvt, mo wucaa a + b u n doasicuvt umems obuyul Hamypasvnwill deaumens, boavut 1.
[Ipr KaKoM HaMMEHLIIEM N CYHIECTBYET TaKas paccTanoBka’
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BbinonHeH

Bannos: 20 13 20

IIpu z,vy, z > 3 HaliauTe MUHNMAJILHOE 3HAUEHNE BBEIPAYKEHHS

(23 —24) Yz + 24+ (y® — 24) Yy + 24+ (2% — 24) /2 + 24

A=
Ty +yz + zx
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BbinonHeH

Bannos: 20 13 20

Ha croponax AB n AC ocrpoyronbsuoro tpeyronsanka ABC oTMedenbl COOTBETCTBEHHO TAKWE TOY-
ku K un L, aro "yeTbipexyronbHuk BK LC gaBngercd BOUCAHHBIM. BHYTpHM 3TOTO YeTHIpEXYTOJTLHUKA
BuIOpana Touka M Tak, uro npsmas AM seasiercs GuccekTpucoit yrma BMC. Jlya BM BropudHO
mepecekaeT OMUCAHHYI0 OKPYKHOCTH Tpeyronbunka AMC B touxke P, a nya CM Bropuuno mepe-
CeKaeT OMUCAHHYI0 OKPYIKHOCTL Tpeyronnnnka AMB B Touke (). Haiinure ornomenne mnomaaeit
tpeyroabankos ALP n AK(Q).
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Bonpoc 4
BbinonHeH

Bannos: 20 13 20

Harypannnoe uncno x B cucreme cuncienus ¢ ocnopanmem r (r < 400) mmeer Bujg Ppqq, Tpuvem
7q = 17p. Oxrazajoch, 9To r-W4YHada 3alHUCh YUCIa T2 TPeJCTaBIgeT co00i CeMU3NaYHbIi aTHHIPOM

¢ HyJeBoit cpeaneil mudpoii. (ITagaunapoMoM HA3BIBAETCS YHCI0, KOTOPOE YUTAETCS OJMHAKOBO CJI€BA
HaIlpaBo U cIipapa Haiepo). Haiimure cymMMy r-muHBIX nudp uncta x?.
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BbinonHeH

Bannos: 20 13 20

[Tpu KaKuX N KIETIATYIO JOCKY N X7 MOZKHO PA30UTH O KJIETOUKAM HA OJUH KBAIPAT 3 X 3 U HEKOTOPOe
KOJIMYIECTBO TIOJIOCOK W3 CEMU KJIETOK TaK, 9TO KBAJIpaT OYIEeT TPUMBIKATL K CTOPOHE JTOCKH?!
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OPEOLIAYLWWNA AKT. QNEMEHT
PE3EPB! 3akntouuntenbHbin a1an - Matemartuka 10-11 21/22  (CKpbITbIN)

CNEOYHOUWWNA AKT. SNEMEHT
BapuaHTt 16

»
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MpoHyMepyem TOUKM Cieayowmm ob6pasom:
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Ortsert: 35. Mpumep: (2, 26, 14, 31, 25, 20, 1, 13) ana Tovek 1,2,...,8 COOTBETCTBEHHO.

PeweHune:

Ecnn nyeTHo: NycTb 1-e Yncno HeveTHOo. Torga 3-e YeTHO, MOCKONbKY OHU He coeAMHeHbI € 1-Mm, a 3HauuT
MX CYMMA [0/1KHa ObITb HEYETHA, MHaYe OHA byAeT He B3aMMHO NpocCTa ¢ n. AHAZIOTMYHO 7-€ YETHO,
Torga 2-e, 4-e, U 5-e HEYETHbI, MOCKO/IbKY HE COEANHEHDbI C 7-M, @ 3HAUMT UX CYMMaA A0JIXKHA ObITb
HeyeTHOW. Ho Toraa cymma 2-ro v 4-ro 4eTHa, a 3Ha4YMT He B3aMMHO MPOCTa C N, aa 3TW YMUCAA He
coeguHeHbl — npoTusopeymne. Ecan ke 1-e yeTHO, aHANOTMYHO 7-e HEeYeTHO, 3HAUUT 2-e U 4-e YeTHbI, a
3HAUYUT YeTHa N NX CYyMMa — NPOoTMUBOpeYUUne. 3HAUYUT NPU YETHOM N TaKOe HEBO3MOXKHO.

MpeAnonoXnm, N — NPOCTOE YNCIO0 P UK CTeMNeHb NPOCTOro Ymucna p. MycTb octaTtok 1-ro umMcna ot
AeNneHuns Ha p paseH X. Toraa utobbl cymma 1-ro un 2-ro, a Takxe Nepsoro 1 8-ro umena obuime aeautenu
C N, MX OCTaTKM OT AENEHMA Ha P MOTYT BbITb TO/ILKO P-X, MHAYe CyMMa He Ae/INTCA Ha P, @ 3HAUUT
B3aMMHOMNPOCTa U ¢ N11060oM cTeneHbto p. Ho Torga octaTkM OT AeNeHUA Ha Py 3-r0 U 7-ro Ymcen A0KHbI
6bITb paBHbI P-(P-X)=X, MOCKONbKY OHU coeAMHEHbI CO 2-M U 8-M COOTBETCTBEHHO. Toraa ocTaTok oT
OEeNEeHNs CYMMbI 2-T0 U 7-TO YNCEN paBeH P-X+X=p, TO €CTb UX CYMMa KpaTHa p, a 3Ha4yuUT He B3aUMHO
NpocTa C n, TOrAa Kak OHM He coeMHeHbl — NpoTMBOpeYme.

Mpepnonoxum, n=3p, rae p — npocroe. PaccmoTpum octaTkun 1-ro u 5-ro uncna ot geneHua Ha 3:

Mpeanonoxunm, octatok 1-ro ot aeneHua Ha 3 paseH 1. Torga octaTtku 3-ro, 4-ro, 5-ro, 6-ro un 7-ro ot
aeneHna Ha 3 moryT 6b1Tb 160 0 60 1, NOCKO/IbKY OHM He coeanHeHbl. Ho B TaKOM canyyae Kak
MUHUMYM 3 13 5 nap AONXKHbI 4eNUTbCA Ha P, @ 3TO HEBO3MOXHO, N3 PaCCMOTPEHHOro B NpeablayLiem
NYHKTE 414 NPOCTOro p. AHAaNOMMYHO ecnun OcTaToK 1-ro paseH O nnum 2, cotaetca 2 4ONYCTUMbIX OCTaTKa
A7 YMCcen B NPaBOM MATUYFONIbHUKE M NPUXOLMM K TOMY e NPOTUBOPEUNIO. 3HAUUT TAaKOro BbiTb He
MOKeT. MMHUMANbHOE HEeYEeTHOE YMCAIO, He NpeacTaBMMmoe B O4HOM M3 3TUX BUA0B — 35, npumep
npuseaeH Bbilwe.



TaK Kak x,y,z=>3 => VYx +24 >3, i/y +24>3,Yz+24>3,u Xy+yz+zx>0, noatomy A=
3(x3-24+y3-24+2%-24)  3(x3+y3+23-72)
Xy+yz+zx T xy+yz+zx

x3+y3 423 —3xyz=(x+y+2)x (P +y*+z2—xy—yz—zx) =
=+ -2+ (@z—x)°
2

=(x+y+2)=

=+ @-2)%+(z=2)*
2

> 03Haumtx3 +y3+ 23 —=3xyz> 0 (T.k.x +y + 2z > 0)

3(3xyz—72) _ 8xyz—216+Xyz
3naunt %% + 3 + 2% > 3xyz => A> 2CETTD) _ B Y

xXy+yz+zx xXy+yz+zx

Xyz K Xyz Xyz
xXyz T3 T3 T3 Xytyz+zx

8xyz-216=8(xyz-27) =8*(3*3*3-27)=0 => A> = > =1,TKx,y,2z=>3

xy+yz+zx xy+yz+zx ~— xy+yz+zx
PaBeHCTBO focTUraeTcs Npu Xx=y=z=3

OTtBerT: 1.



Mo Teopeme o AByx cekywmx AK*AB=AL*AC => AK:AL=AC:AB. <QAB=<QMB Kak onupatowpeca Ha oaHy
ayry QB, <QMB=<PMC kak BepTuKanbHble, <PAC=<PMC KaK onupatowpeca Ha ogHy ayry PC. 3Hauut
<QAB=<PAC v nnowagm TpeyronbHmnkoB ALP n AKQ oTHOCATCA Kak Npon3BeaeHUA CTOPOH, NpUIerKamx

:;1‘:2. <QBA=<QMA Kak onupatowueca Ha ogHy ayry QA. <QMA=<PMA

Tak Kak AM — buccektpuca yrna BMC (a 3HaunT n BepTuKanbHoro emy <QMP). <PMA=<PCA KaK
onupatowmeca Ha ogHy ayry PA. 3Haunt <QBA=<PCA. Toraa TpeyronbHnkn QAB u PAC nogo6HbI no

ABYM yrnam, a 3Hauut PA:QA=AC:AB. Torga c yuétom AK:AL=AC:AB nmeem: PA:QA=AK:AL => j;::g =

K PaBHbIM yrsiam, TO €CTb KaK

1,
TO €CTb OTHOLWEHNE nnou.l,a,u,eﬁ PaBHO 1.

OtserT: 1.



x=p*r3+p=*r?+q=*1r+q;79=17p, 7 B3aUMHO NPOCTO C 17, 3HauMT q KpaTHO 17, T.e. q=175=>p=7S
S — HaTypasibHOe, MOCKONbKY P U g — HaTypanbHble. x=75(r3 + 12) + 17S(r + 1) = S(7r?2 + 17)(r + 1)

x? — CeMM3HaYHbIM NaMHAPOM C HyeM nocepeamnHe, To ecTb MMeeT Bua mnkOknm

X=m(r®+ 1) +n@>+7) + k(r*+12) = (S(7r? + 17)(r + 1))?, Ton ectb AennTca Ha (r+1)?
3Haunt m(r® + 1) + n(r® + 1) + k(r* + r?) penntca Ha (r+1)>

r? = —2r — 1 (mod (r+1)?)

r3=r(=2r—1)=-2r>—-r=4r+2—r =3r+ 2 (mod (r+1)?
r*=r(Br+2)=3r?2+2r = —6r — 3+ 2r = —4r — 3 (mod (r+1)?)
r>=r(—4r—3)=—4r?>-3r=8r+4—3r =5r +4 (mod (r+1)?)
r®=r(5r+4)=5r?2+4r = —-10r — 5+ 4r = —6r — 5 (mod (r+1)?)

ma+1D)+n@ +r)+k@*+r>)=m(—6r—-5+1)+n(Gr+4+7r)+k(-4r—3-2r—-1) =
(6r+4)(n—m—-—k)=GBr+2)*x2(n—m—k) =0 (mod (r+1)?)

3r+2=3(r+1)-1 — B3aumHo npocTo ¢ r+1, a 3HauuT 1 ¢ (r+1)?, 10 ectb 2(n-m-k) genntea Ha (r+1)?
r>q=17S> 17, 7o ectb r=> 18. Ecm 2(n-m-k)# 0, 70 2(n —m — k)| = (r + 1)2 > 19(r + 1) > 19r

C pgpyrov ctopoHbl [2(n —m — k)| < 2n+ 2m + 2k < 2r + 2r + 2r = 67, nockonbky n,m,k — undpsl.
MpoTnsBopeumne, a 3HaunT 2(n-m-k)=0, To ecTb N-m-k=0 => n=k+m

X=m@l + D+ k+m)@+ )+ k@*+1r) =m@l +r5+r+ D+ k@ +r*+124+71) =
r+1) (m(r5 + 1)+ k(*+ r)) =T+ D!(m@r* —r*+r2—r+ D+ k@3 —-r2+1)) =
(S(7r2 +17)(r + 1))?

BHaumtm(r* —r3+ 12 —r+ 1)+ k(3 —r? + 1) = S2(7r? + 17)?

m+m@E?+ 12— +k+k@?*+ 1D —-1)=5%7@%*+1) + 10)?

2
m+k = 52?100 (mod (r? + 1)) ; S=q/17<r/17 => 0 < 10052 < 122;

<r?<r?+1
0<m+k<2r<r?’+1(r.k.r=18),3Haumt0 <m+k<r?+1
m+k =52 %100 (mod (r? + 1)), neBas v NpaBas 4acTV He MeHbLLE HYA U MeHblue r’+1

3HauUT OHM paBHbl, To ecTb M+k=100S?; r>n=m+k=100S>

r <400 => 100S? < 400 => S? <4 =>5 <2 =>S = 1. 3HaunT p=7; q=17; n=m+k=100, cymma r-
NuHbIX Undp x> pasHa 2(m+n+k)+0=400.

OTtBeT: 400.



|_|YCTb m — KO/IMYeCTBO NONOCOK U3 7 KEeTOK => 7m+9=n2; COCTaBMm Ta6m4u,y OCTATKOB OT AeneHna Ha 7

7m+9=7(m+1)+2, 3HaunT n? JaeT ocTaToK 2 OT Ae/eHNA Ha 7, 3HauYWT n JaeT ocTaTok 3 uau 4 oT geneHus
Ha 7, 3HauuT uam n=7k+3 nnum n=7k+4, k — HaTypanbHoe nnm 0

1)Ecnn n=7k+3, Takoe pa3bueHune cywecTByer:

B neBOM BEpXHEM YTy PACNONOKMM KBaapaT 3*3; npocTpaHCTBO CTPOro NoA HUM 3anO/IHUM
BEPTUKaZIbHbIMM NONOCKaMKM 7*1, nockosbKy KBagpaTt 7k+3*7k+3, nos HUM OcTaeTcs NPAMOYrONbHUK
7k*3, KOTOPbIA MOXKHO 3aM0J/IHWUTb KaK MOKa3aHOo Ha pucyHKe. CnpaBa ocTancs NpAmMoyroabHuK 7k+3*7k;
€ro MOYKHO Pa3buTb Ha 7k+3 ropM3oHTaNbHbIX NPAMOYroNbHUKOB 1*7K, KaXAbli U3 KOTOPbIX SIETKO
3aMOCTUTb Kk ropn3oHTaNbHbIMM Nosiockamu 1*7 B paa. 3HauuT Takoe BO3MOXKHO.

2) Ecnm n=7k+4:

MpeAnoNoXUM, Y4TO NOYYNIOCh Pa3bUTb U KBaAPAT 3*3 NpMMbIKaET K cTeHe. BBegem KoopAnHaTI
KNETOK, HAYMHAA C 1EBOM HUMKHEN: NO FOPU3OHTANN OCb i, MO BEPTUKAAN — j. PaccmMoTpMm gMaroHanbHyO
pacKpacky B 7 LBETOB, r4e KAeTKa C KoopauHaTamu (i,j) KpacuTcs B LLBET C HOMEPOM, PaBHbIM OCTaTKy OT
aeneHusn i-j Ha 7 (Homepa useToB oT 0 A0 6). 3ameTMM, UTO NPU TaKoM pacKpacke B nosiocke 1*7 naun 7*1
6yzeT no 1 KneTke Kaxaoro LBeTa. AHa/IOrMYHO NpeablayLLemy Caydaro pa3obbem UCXOAHbIN KBaapaT
Ha KBagpaT 4*4, npamoyronbHuk 7k*3 n npamoyronbHuk 7k+4*7k, pacnono»xme KBagpaT B NpaBom
BepXHEM yrny. Kaxkapl U3 NPAMOYro/IbHUKOB NErKo Pa3buTb HAa NOIOCKM, MOCKO/bKY OZHa U3 CTOPOH

KaXkgoro nenntca Ha 7. |-|OCKO}'Ibe B Ka)KAOVI NONOCKe paBHOE KONn4eCTBo

4/5/6|0
usetos 0,1,...,6, To BO BCem KBagpaTe 4 ANWHUX KNeTKku useta 0, no 3 sl6lo0l1
JIMWHUX KNeTkn usetoB 1 1 6, no 2 usetos 2 U 5 1 no ogHoi usetos 3 n 4. 6lol1l2
Ecnv nonyumnocb pasbutb MCXOAHbLIN KBaAPAT Ha KBaapaT 3*3 1 NosockK, B ol11213

KOTOPbIX OIMHAaKOBOE KO/IMYECTBO BCEX LBETOB, 3HAUUT B KBaapaTte 3*3
useta O Ha 1 6osiblue, yem UBeToB 1 1 6, Ha 2 6onblue, Yem LBeToB2 1 51
Ha 3 6osblue, yem useToB 3 1 4. MycTb UBeToB 3 M 4 MO X, TOr4a BCero
2x+2(x+1)+2(x+2)+(x+3)=7x+9=3*3=9 => x=0, 3HauUUT B Hallem KBagpaTe 3*3




3 kneTku uBeTa 0. MoCcKobKY packpacka AMaroHanbHas, 3TO BO3MOMKHO TONbKO €C/IM NPaBbiii BEPXHUIA
yron nmeet uget 0, TaK KaK BCA AMaroHaNb U3 NPaBoro BEPXHEro B N€BbI HUXHWUIA yroN 04HOrO LBETa, a
OHa COAEPHKUT 3 KNETKMU. 3HAUUT ero KoopAMHaTbI YA0BNETBOPAIOT YCNOBMIO i-j AENNTCA Ha 7.

Tenepb pacKpacum UCXOLHbIM KBAAPAT aHANOMMYHO, HO MO AMaroHaaAun U3 1eBOro BEPXHETO Yrna B
npaBbI HUXKHWUIM ByaeT AT O4MH LBET (Hanpumep HOMepoM LiBeTa KneTku (i,j) byaeTt octaTtoK oT
aeneHua i+j Ha 7). Toraa no aHanorMYHbIM cOObpaXkeHnam NeBbl BEPXHUIN yron KBaapaTa 3*3
pacKpalleH B UBET AnaroHasn 601blUIOro KBaApaTa U3 1€BOro BEPXHEro yria B NpaBbli HUXKHWUI, a 3TO
7k+4+1=7k+5, To ecTb OCTaTOK 5 OT geneHns Ha 7, a 3HauUUT U UBeT 5. 3HAUUT NpaBbIN BEPXHUI yron
packpalleH B LBeT Ha 2 6osiblle, TakK Kak Cymma ero KoopauHat Ha 2 bosnblue, a 3To 5+2=7, octaTok oT
penenuva Ha 7 - 0, a 3HauuT u ugeT 0. 3HaUYUT ero KOOPAMHATbI YAOBNETBOPALOT YCAOBUIO i+) AeNNTCA Ha
7.

Cnoxum aBa HallAeHHbIX YCN0BMA 415 KOOPAUHAT BEPXHEro NPaBoro yraa v Nosiy4ynm, 4to 2i genuntca Ha
7, @ 3HAYUT | 4eNNUTCA Ha 7, a TaK Kak CyMmMa KOOpAMHAT 4eNnTca Ha 7, TO U j aenutca Ha 7. Ecam KBagpaTt
NPUMbIKAET K NEBOM CTEHKE, i=3 — HEe NOAXOAMUT, ECNIN K HUXKHEMN, j=3 — He NoaxoamnT, eCaum K NpaBon,
i=7k+4 — He noaxoauT, ecnu K BepxHell, j=7k+4 — He NoAXxoAWUT. 3HAUMT NPU TaKOM YC/I0BUM KBagpaT
3*3 He MOXET 0Ka3aTbCA Y CTEHKMU.

OtBert: npu n=7k+3, rae k — HaTypanbHoe nan 0.
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