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BpeMeHun

OueHka 7513100

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: 18 n3 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’

OTBeT: n=35.

HasoBém nepBon BEPLUNHY, KOTOpPas pacnofnoXeHa NocepeanHe CBepXy M CBA3aHa C 3 ApyrMMn BepLUMHaMK, a ocTalibHble HAa30BEM MO YaCOBOM
ctperike. Torga B 1 BepUnHy noctasum 15,2 - 34,3 -31,4-19,5-30, 6 -12, 7 - 3, 8 - 27. HecrnoxHO NpoBepuUTb, YTO 3TOT NpUMepP NoaxoauT noA
ycrnosue.

1) [JokaxkeM, YTO MeHbLUME n HaM He nogonayT. [ins Havyana noMMéem, YTto n HeYETHO. [JeMCTBUTENBHO, ECNN n KPaTHO 2, TO CPeaun Yncen B
BepLunHax 1, 3, 7 4OmKHbI ObITb ABa YMca OgHOM YETHOCTW. Ho Torga nx cymma KpatHa 2 1 npu 3TOM OSKHA ObITb B3aMMHO NpocTa ¢ n. 3HaunT
n - HEYETHOe.

2) 3ameTnm, 4TO MOXXHO CYMTaTb, YTO BCE NPOCTbIE BXOOAT B n I'IGpBOI7I CTerneHu, Tak Kak Hann4yme BOornbLUMX CTENEHEN HMKAK He NOBMUSET Ha
yCrnoBue 1 TOJNbKO YBEJTUYAUT n.

3) Jokaxem, YTO n He sABNsAeTCs NPOCTbIM Ynucnom (p). PaccmoTtpum coparmeHT: BepwunHbl (1, 2, 3, 4). [NycTb 4ncno B BeplumHe 1 4aéT oCTaTokK x OT
AereHns Ha p, Torga Y1Mcrno B BepLUMHE 2 AOMKHO AaBaTb OCTATOK (p-x), B BEPLUMHE 3 - X, B BEPLUNHE 4 - CHOBA p-x. Taknum obpasom, B BepLunHe 1
1 B BEPLUMHE 4 CyMMa YUCen AENUTCA Ha p, HO OHU HE COEAMHEHbI OTPE3KOM, YTO NMPOTUBOPEYNT YCIOBUIO. 3HAYNUT N UMEET XOTH Obl ABa
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Pa3nnyHbIX NPOCTbIX AennTens.

4) TokaxeM, 4TO n He MOXET ObITb Buaa 3*p, rae p - NPOCToe Yncno > 3. 3aMeTnMm, 4TO y Hac XOTH Obl 3 pebpa JOMMKHbI OENUTLCA Ha 3, TK.
cpean parmeHToB (1, 2, 3, 4), (4, 5,1, 8) n (5, 6, 7, 8) B Kaxkgom No npeablayLiemMy Lwary He MoryT Bce pébpa genntbcs Ha 3. 3ameTuMm, YTO BCEro
KpaTHbIX 3 Yncen MoXeT ObiTb He BorbLue 2X, Tak Kak MHade Obin Obl TPeyronbHMK. ATO 03HAYaEeT, YTO y Hac ecTb ocTaTkn 11 2.

PaccmoTtpum doparmeHTsl (2, 3, 4) n (6, 7, 8). 3amMeTM, OTCTATOK - MOXET ObITb MakCMMyM B 0gHOM chparmeHTe. INMycTb B pparmenTe (2, 3, 4) HeT
Hyrnen, a Bo BTOPOM - eCTb (OH TaM AormkeH ObITb, Tak Kak Hynew He 6onblue AByx). Toraa B (2, 3, 4) Bce AOMKHbI ObITb 1. 3amMeTuMm, 4TO B
dparmeHTe (1, 2, 3) AormkHO BbITb pebpo kpaTHoe 3. Toraa 370 MOXET ObITh TONbko pebpo 1, 2, T.e. B BepLlumHe 1 cTouT ABorka, Ho troa B
BeplmHe 1 1 B BepliMHe 3 cymMMa KpaTtHa 3, 3HauuT

KommeHTapuii:
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PeweHune He 3aBepLUeHO.
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Bonpoc 2
BbinonHeH

bannos: 17 n3 20

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

A (23 —24) Yz + 24+ (y® — 24) Yy + 24+ (2% — 24) /2 + 24
N xy 4 yz + zx '

OTBeT: MMHUManbHoe A =1 (Npu x=y=z=3).
[okaxem, 4yto A Bcerga >=1.
3aMeTUM, YTO Mo N3BECTHOMY HEPaBEHCTBY Xy+yz+zx<=x/2+y"2+z/\2

Ecnu Mbl gokaxem, 4To (x/3-24)*"kKybryeckuii KopeHb U3 (x+24)" xoTa Bbl >= xA2, TO Mbl MONYYUM , YTO YMCAMTENDb XOTS Bbl xA2+yA2+z/2. Tak Kak
BCE criaraemble MonoX1TeNbHbl, MOXHO ByAeT caenaTh BbIBOA, UTO A >= (XA2+yA2+z/2)[(x2+y"2+2/2) Te. A>=1.

HokaxeM, 4To (x"3-24)*"KyOM4eCcKnn KOpeHb U3 (x+24)" >= x2

Paccmotpum f(x) = "Kybuyeckuin KopeHb 13 (x+24)" - (x2)[(x"3-24)

Haingém nponsBogHyto aTon pyHkumm. Mocne npeobpasoBaHmii NONyUYNM:

f'(x)=1/3"(x+24) B cTeneHn -2/3"+(x 4+48x)[(x"\3-24)"2

Kak BmaHo, npu x xots 6bl 3 f'(x)>0, 3HauuT f(x) BO3pacTaeT Ha NpoMexyTke [3; + 6ECKOHEYHOCTb)
3HauuT f(x) xoTsa 6bl f(3), T.e. x0Ta ObI 0.

Tak kak xA3-24>=0, TO OTClo4a CrneayeT Hy)XHOe HaM HepaBEHCTBO.

Mbl gokasanu, 4to A xoTs 6bl 1 1 nokasanu, 4to A=1 GbiBaeT. 3Ha4UT MUHMMAarbHOE 3HadeHne A=1.
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KommeHTapuii:
MponyLeHbl BbIYUCNEHNS.
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Bonpoc 3
BbinonHeH

Bbannos: 20 n3 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-
CEeKaeT OMUCANNYIO OKPY:KHOCTL Tpeyronnnuka AM B B Ttouke (). Haiiaure ornormenue mioma e
tpeyroabankos ALP n AK(Q).

OTBeT: oTHOLWEHNE S = 1.

[okaxem, 4To 3TV NnoLwaam paBHbl NPU NoMoLLM bopMynbl S=(a*b*sinA)/2

1) T.x. QAMB BnucaHHbIn, T0 yribl QAB 1 QMB paBHbl.

T.k. PAMC BnucaHHbIW, TO yribl PAC n PMC paBHbl.

Tk yrnbl QMB n PMC BepTukanesHbele, QAB PAC. Takum ob6pasom cuHychl yrnoB QAK un PAL paBHbI.

2) 3ametnm, 4to ecnn AM - BuccekTpuca yrna BMC, To oHa e 6uccektpuca yrna QMP. T.e. yrnbl QMA n PMA pagHbl. T.k. QAMB BnncaHHbIN,
yron QBA paBeH yrny QMA, koTtophinn paBeH yriy AMP 1 paseH yrny AQB. T.e. AQ=AB, TK. yrmbl Py OCHOBaHMUN paBHbl. AGCOMOTHO aHANOMM4YHO
AP=AC.

3) No cBoncTBY Ccekywmx, Tak kak BKLC BnncaHHbIn, AK*AB=AL*AC. Torga u3 npeablgyLiero nyHkta AQ*AK=AL*AP.
4) S(AKQ)=(AQ*AK*sin(QAK))/2
S(ALP)=(AL*AC*sin(LAP))/2

V13 gokasaHHOro BbllE BUAHO, YTO 3TW Nnowaamn PaBHbI.
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KommeHTapuii:
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Bonpoc 4
BbinonHeH

bannos: 0 n3 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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KommeHTapui:
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Bonpoc 5
BbinonHeH

Bbannos: 20 n3 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?!

OTBeT: n=7k+3.

Hy>xHO 13 neBoro BepxHero yrna BblpesaTb kBagpaT 3 Ha 3, Torga nof HUM ocTaHeTcs nonocka 7k Ha 3, koTopasi erko AenuTcs Ha Norocku Mo
7, a ocTaBLIasicsa YacTb - 7k+3 Ha 7k, Takke rnerko pasdusaeTcsl Ha Nonocku no 7.

1) [lokaxkeMm, 4YTo gpyrve n He nogonayT. 13 coobpakeHuin nowanm, nA2 OMMKHO AaBaTb OCTATOK 2 OT AeNeHnst Ha 7. To 3Ha4uT, YTo nmbo
n=7k+3, Nndo n=7k+4.

2) MokaxeM, 4To n=7k+4 He nogxoauT [onycTnm, HaM yaanoch Tak paspesaTtb JOCKYy 7k+4 Ha 7k+4. [okpacum Hally 4OCKY AnaroHanbHON
packpackon B 7 LIBETOB AnaroHansiMm U3 fIeBOrO HKHENO yria B NpaBbli BEPXHUN.

3ameTunm, YTo norocka 1 Ha 7 Bceraa 3aHMMaeT Mo o4HON KreTke kaxaoro Lseta.MbicneHHo y6epém neBblii BEpXHWUIA KBaapaT 4 Ha 4 U3 [OCKH .
OcrTaBLUMECS KMETKM aHanorMyHo NpMMepy Nerko pa3obbioTcs Ha MOMocky 1 Ha 7. OTO 3HAYMT, YTO B OCTaBLUENCS YacTy NOPOBHY KIETOK
Kakgoro Lseta.

3ameTum, 4To B yOpaHHOM KBagpaTe 4 Ha 4 1 kneTka - uBeTa 1 (qanee kI. - KneTka, UB. - LBeTa), 2 K. UB. 2, 3 KN. UB. 3, 4 k1. UB. 4, 3 kn. UB. 5, 2 K.
UB. 6 1 1KN. UB. 7. MOXHO cuMTaTh, Y4TO BbIpE3aHHbIN KBagpaT 3 Ha 3 npureraeTt K NeBOn CTOPOHe A0CKWU. Toraa n3 coobpaxeHui konudecTea
LIBETOB OH JOIKEH NpUMbIKaTh K FIeBOMY Kpato Mo KreTkam LiBETOB 2, 3, 4.

3) Nokpacum Tenepb JOCKY AMaroHanbHOM packpackon B 7 LIBETOB AMaroHansammn n3 neBoro BEPXHEero yrmna B NpaBbli HUKHUIW, HAYMHAasA C NeBOW
HWKHeN kneTku. Mo abcomntTHO aHanormYyHbIM coobpaXxeHnsaM KBaapaT 3 Ha 3 JOSMKEH NPUMbIKaTb K JIEBOW rpaHuLe No HOBbIM LiBeTaMm 2, 3, 4.
Ho HecnoXHo yCcTaHOBMWTb, YTO HOBbIM LBET 2 - CTapbIil LBET 3, HOBbLIW LIB. 3 - CTapblil UB. 2, HOBbIN LBET 4 - CTapbIv LBET 1. OTO 3HAYMUT, 4TO
KBagpart 3 Ha 3 cenvac NPUMbIKAET K NIEBOWN CTOPOHE MO LBeTaM 1, 2, 3, 4TO NPOTUBOPEYUT NpeabiayLiemMy wary. Takum obpasom, n=7k+4 He
noaxoawuT.
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KommeHTapuit:

OPEALIAYLWWNA AKT. QNEMEHT
PE3EPB! 3aknountenbHbin 91an - Matematuka 10-11 21/22  (CKPbITbINA)

CNEOYKUWWA AKT. QIEMEHT
BapuaHTt 16

»
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