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Bonpoc MH(bO

YBaxaembIin y4yacTHUK Onumnuagbi!

Ha BbinonHeHne TecTa 3aknioumMTenbHOro atana otBogmTcest 230 MUHYT Ntoc 15 MUHYT Ha COXpaHeHMe 1 NpUKpenneHne peleHnin. Pabota
aBToMartumyeckun otnpasutca B 14:05 no MockoBckomy BpeMeHu. OKHO TariMepa Bbl yBuagnTe B BepxHen Yactu pabodero akpaHa.

Bonpocbl TexHu4eckoro xapaktepa Bbl MoxeTe 3agatb HabnogaTtento B YaTe (OKOLLKO BHM3Y B MpaBoW YacTu akpaHa). Ecnu Bam notpebyetca
BbINTW B TyaneTHYH KOMHATY, OCTaBbTE B YaTe C MPOKTOPOM COOBLLIEHNSA O BPEMEHU BbIXOAa U BPEMEHW BO3BpaLLeHust (Hanpumep, "12:04 -
Bbiwen"). OTBET OT NPOKTOpa XAaTb NPU 3TOM HE HYXHO.

BapuaHT 3aknounTenbHOro atana coctouT U3 6 3apgad. PelueHne kaxgon 3agaym Bel moxeTte
a) NOMHOCTbIO 3anuncaTth B Nore oTeeTa (Npu HEOBXOAMMOCTU MOXHO MPUKPENUTb MOACHAIOLLIMIA PUCYHOK),

0) nonHocTbIo HabpaTb B TEKCTOBOM pefakTope ¢ pegaktopom hopmyn, npeobpasoBath B popmMaT pdf 1 npukpenutb NonyymBLUMACS pann.
Ecnu y Bac HeT Bo3aMOxHOCTM NpeobpasoBaTthb pelleHue B pdf, Bol MoXeTe caenaTtb CKpUHLLOT akpaHa (KHormka PrtScn Ha knasuatype unm
BCTPOEHHBIN cepBUC "HOXHULBI") 1 NPUKPENUTL €ro.

O6paTtuTe BHUMaHKWE, K KaXX40W 3aade MOXHO MPUKPENUTL TONbKO OAMH halin, Ha3BaHWe KOTOPOro hopMmpyeTecs No npaBuiny ol22*****_N roe
ol22***** _ Baw noruH, N - HOMep 3agauun.

B TekcTax peLleHun, NpUKPEneHHbIX N300paxKeHNsIX U darinax He JOMKHO ObITb HMKAKOW NepcoHansHoON nHdgopmaumm!

Bo BpeM4 BbINMOJTHEHNA BapMaHTa Ha KOMMbOTEPE MOXXHO NONb30BaTbCA TOJIbKO TEKCTOBbLIM PeaakKTopoOM U BCTPOEHHbIM CepBUCOM CO34aHUNA
|/|306pa>i<eH|/u7|. L-‘|epHOBOG peweHne MOXHO BbINONMHATbL Ha 6y|vlare, pacnono»(eHHoM B none snanmMmocCTun Be6—|<a|v|epb|.




Bonpoc 1
BbinonHeH

Bbannos: 20 n3 20

MeTa n Baca ogHOBpeMEHHO Bblexanu Ha caMmoKkaTax HaBcTpeyy apyr apyry. PoBHo
nocpeguHe mexay HAMK pacnonoxeH moct. [lopora ot et go mocta
actansTupoBaHHas, a ot Bacu oo mocta — rpyHToBas. M3BECTHO, YTO Mo

rPYHTOBOW JOPOre OHW e4yT C OAMHAaKOBbIMU CKOPOCTAMMU, a No acdanety MNeta
OBWXeTCS B 3 pasa ObicTpee, yeM no rpyHToBke. [eTa 3a Yac gobparncs 4o MmocTa

W, He OCTaHaBnMBasAChb, MPOAOIKMI ABMXEHME. Yepes kakoe BpeMs nocre Bble3fa OH
BCTpeTuT Bacto?

MycTb paccTosiHue ot NeTn 4o mocTa x, Torga v ot Bacu fo mocta x. [ycTb CKOPOCTb Marnb4MKOB Ha rPYHTOBKE paBHa V , Torga ckopocTb [etu
Ha acdanbte paBHa 3V. Tak kak NeTa 3a ognH Yac gobpanca 4o MocTa, TO 3a 3TOT Yac OH Npoexan paccTosHWE X U NpW 3TO exan no acgansry
€O ckopocTbto 3V, 3HaunT 3V * 1(4ac) = x , B aTO BpeMs Bacs gBurancsa no rpyHTOBKE CO CKOPOCTb V, 1 OH npoexan pacctosiHue V * 1(4ac) u u3
NnepBOro ypaBHEHME 3TO PacCTOsSIHNE PaBHO x/3 , TOr4a paccToaHMe Mexay Manb4nkamu nocrie Yaca esgbl paBHO x+x-x-x/3=(2/3) * x , n Tenepb
nx obLasn ckopocTb paBHa 2V, Tak kak ckopocTb [eTn Tenepb paBHa V , a ckopocTb Bacu He meHsinack. Toraa Bpemsi 3a KOTOPOE OHM NPoeayT
3TO pacCTosiHMe 0 BCTpeYn paBHo (2/3) * x [ 2V=x/3V , n3 nepBoro ypaBHeHUs 370 BpeMs paBHO 14acy. Torga obuiee BpemMs 40 BCTPEUN paBHO
2 yacam. OTBeT: 2 yaca.



KommeHTapumn:



Bonpoc 2
BbinonHeH

Bbannos: 10 u3 20

[aH kBagpaTHbIN TpexdneH 222 — x — 36 . HaiiguTe Bce uernble x, NPy KOTOPbIX 3HAaYeHWs 3TOro TpexyrieHa paBHbl KBaapaTy NpocToro yucna.

MycTtb f(x)=2x"2-x-36. Hangem kopHu f(x). D=1+4*2*36=289=17/2. x=(1+-17) /4. x1=4,5; x2=-4; Toraa (x-4,5)(x+4)=p"2. Torga ecnu x He4eTHoe , TO
CckoDOKa x+4 He4eTHas, a ckobka x-4,5 nonyuenas , 3Ha4ynT BblpaXXeHUe crnesa OT 3HaKka paBeHCTBa OyaeT nonyuensiM , a BbIpaXXeHne crnpaea

uenbiM , NpoTuBopeYdne. Toraa x 4ennuTbCs Ha 2, NycTb x=2k, 3ameHuM . (2k-4,5)(2k+4)=(4k-9)*(k+2)=p~2.Tak kak p-npocToe 1 obe ckobku Lienble,
TO

(1) 4k-9=p , k+2=p; [JO MHOXMM BTOpPOE PaBEHCTBO Ha 4 : 4k+8=4p 1 BbI4TEM M3 BTOPOro nepsoe: 17=3p, 3Ha4u1T p He Lernoe, Tak Kak 17 He KpaTHO
3, NpOTMBOpPEYME.

B octanbHbIX cnyyasx 6ygem genatb aHanornyHble npeobpas3oBaHus ¢ ypaBHEHUSIMU:

(2) 4k-9=-p , k+2=-p; 4k+8=-4p, 17=-3p; 3HAYUT p He Lienoe, Tak Kak 17 He KpaTHO 3, NPOTMBOPEUMe.

(3) 4k-9=1, k+2=p~2; 4k+8=4p~2, 17=4p”"2-1; 18/4=p/2; 3HAUNT p HE Lienoe, NPoTMBOPEIUE.

(4) 4k-9=p~2 , k+2=1; 4k+8=4, 17=4-p"2; p/2=-13; NIpOTMBOPEYME, TaK KaK KBagpaT Y1cna oTpuuatenbHbIM ObiTb HE MOXET.

(5) 4k-9=-1, k+2=-p"2; 4k+8=-4p~2, 17=-4p/2+1; p2=-4; NPOTMBOPEUMNE, TaK KaK KBagpaT Yncra oTpuuatenbHbIM ObliTb HE MOXET.
(6) 4k-9=-p"2 , k+2=-1; 4k+8=-4, 17=-4+p/2; p/2=21; NpOTMBOPEYME, TaK KaK 21 He KBaapaT HaTyparnbHOro 4Y1cna.

Mbl paccMoTpenn BCe BO3MOXHbIE CIlydan , BO BCEX NMONy4Yunu npotmneopeyund, torga y aHHOro ypaBHeHUA HET KOpHeVI.



KommeHTapuii:
nepebop MonHbIN, OLWMOKa B pasnoXeHUn Ha MHOXUTENN
OTBET HEBEPHbIN



Bonpoc 3
BbinonHeH

Bbannos: 20 n3 20

MonoxwTenbHble Yncna a, b v ¢ yooeneTBopstoT ycrosuto abe(a +b+¢) = ab+be+ca .
[okaxuTte HepaBeHCTBO 5(a + b+ ¢) > 7+ 8abc .

Mogenum 0be YacTn n3HavyanbHO paBeHCTBa Ha abc, Torga a+b+c=1/a +1/b +1/c, no HepaBeHcTBy KBLL ans gpoben
1/a +1/b +1/c>=(372)/(a+b+c), TOrga Tak Kak a+b+c=1/a +1/b +1/c, TO a+b+c>=(3/2)/(a+b+c), 3HaUnT (a+b+c)r2>=3/2, TOorga a+b+c>=3;

3ameTnm, 4Yto HepaBeHCTBO MOXHO OO0 MHOXWUTb Ha BblpaXXeHns abc n a+b+c npun 3TOM 3HaK HepaBeHCTBA HE MEHAETCA , TaK Bblpa>KeHUA
NMOSTIOXXUTENbHbLIE, N3-3a TOTO YTO YMCIa a, b, c NONOXNUTENBHbLIE.

Tenepb BblpasmM abc U3 UCXOAHOIO paBEHCTBA M MOACTAaBUM B HEPABEHCTBO : 5(a+b+c)>=7+8(ab+bc+ca)/(a+b+c), Tenepb 40 MHOXUM 06e YacTu
HepaBeHCTBa Ha (a+b+c): 5(a+b+c)A2>=7(a+b+c)+8(ab+bc+ca),

Tenepb Npeobpasyem HepaBEHCTBO crieqyowmm obpasom: (a+b+c)2+4*(a+b+c)A2>=7(a+b+c)+8(ab+bc+ca),
(a+b+c)A2+4a72+4b"2+4c2+8ab+8bc+8ac>=7(a+b+c)+8(ab+bc+ca), Tenepb cokpaTm BbipakeHns 8(ab+bc+ca) c 06enx CTOPOH:
(a+b+c)A2+4a72+4b"2+4cN2>=7(a+b+c) 1 nogenum obe YyacT HepaBeHCTBa Ha (a+b+c): a+b+c+4(ar2+b"A2+c/2)/(a+b+c)>=7,

Tenepb gokaxeMm , 4yto (a2+b”2+c/2)/(a+b+c)>=1, 3amMeTnM , 4TO NO CpegHeMy KBagpaTnieckomMy
((@"2+b"2+c~2)[3)M(1/2)>=(a+b+c)/3, Tenepb Jokaxem , 4To (a+b+c)/3>=((a+b+c)/3)*(1/2), 3TO HEPABEHCTBO NOAENNM Ha NEBYIO YacTb
Torga ((a+b+c)/3)"(1/2)>=1, BO3BEAEM B KBagpaT 00e YacTu Hallero HepaBeHcTBa , Torga (a+b+c)/3>=1, 3T0 BEpHO Tak Kak B Hayane
Mbl AOKa3blBanu , Yto a+b+c>=3, Torga ((a”2+b"2+c/2)/3)7(1/2)>=(a+b+c)/3>=((a+b+c)/3)"(1/2), 3HAUUT
((@"2+b"2+c2)/3)M1/2)>=((a+b+c)/3)~(1/2), BO3BEAEM B KBagpaT obe 4acTu Hallero HepaBeHCTBa , Torga (a2+bA2+c/2)/3 >=

>= (a+b+c)/3, B0 MHOXMM Ha 3, Torga a’2+b/ 2+cA2>=a+b+c, Torga (a”2+b”2+c/2)/(a+b+c)>=1 - BepHOE HEPABEHCTBO , 3HAYUT
4(a”2+bN2+cN2)/(a+b+c)>=4, Tak KaK a+b+c>=3, TO a+b+c+4(a"2+bA2+c72)/(a+b+c)>=4+3=7, Torga a+b+c+4(a”2+b 2+c"2)/(a+b+c)>=7

9TO BepHOe HepaBeHCTBO N OHO paBHOCWUJ1IbHO MCXOAHOMY, TOrAa Mbl AOKa3anu , 4To NCXoaHoe HepaBEHCTBO BEPHO.



KommeHTapuii:



Bonpoc 4
BbinonHeH

bannos: 12 n3 20

Y Mawwu ectb 1000 6ycnHOK 50 pasnuyHbIX LBETOB, No 20 6yCUHOK Kaxaoro useTa. MNpy KakoM HauMmeHbLLeM n. Ansa nboro crnocoba cobpatb 13
BCex OYCHHOK OXepernbe MOXHO BbiGpaTh n NocnefoBaTenbHbIX OYCMHOK, CPEAM KOTOPbIX €CTb BYCUHKM 25 pasHbIX LBETOB?

OTBeT:462.

OueHka noyemy Hernb3sa MeHbLLUE: eCN paccTaBnUTb Bce BYCUHKM 20 ogHOrO LBETa , NOTOM criegytoime 20 gpyroro uBeTa 1 Tak ganee, 1o n
nocregoBarernbHbIX OYCUHOK AOMKHbI cogepaTb 23 LBeTa LIENMKOM U eLle XOTs Obl 2 uBeTa, TO eCTb n XOTs Obl 23*20+2=462.

[Moyemy aTMM KONMYECTBOM BCerga MOXXHO 0BOMTUCH , MOVIMEM YTO CPeaun HUX eCTb BCeraa ToOYHO 24 uBeTa, Tak Kak 23*20 MeHbLue n, NyCTb
€CTb pacCTaHOBKa , B KOTOpOW rae Obl He BbiOpaTh n NoAps4 MAYLLMX , Cpean HUX TonbKo 24 LBeTa, Torga BblbepeM HamborbLuee KONMYecTBo
LIapMKOB MoApaa nayLmx ogHoro useta(useral) n BO3bMEM n LLAPOB HauyMHasi C NepBOro wapa LeeTta 11 no YacoBoOW CTpenke , Toraa nycTb
KpanHuK LWap cpean n nocrnegoBaTenbHbIX LBeTa 2, Torga CABUHEM BCHO LIEMOYKY n LLAPOB Ha 1, Torga caMblil NIEBLIN LWap LBET HE CMEHWT,
3Ha4YUT N caMblil NMPaBbI TOXE , TaK Kak KONMYEeCTBO LIBETOB He N3MeHMNOoCk(B NOCreaoBaTenbHOCTM LBeTa 1 xoTa 6bl 2 Wwapa, Tak Kak nHade
BCE LUapbl MPOCTO YepeayTcs 1 cpeaun 462 GyayT wapsl 25 LBETOB), Torga byaem Tak caBuraTtb M NoMyYum YTO Lienoyka M3 Wwapos LBeTa 2
MMEET TaKyto e ONMHY YTO 1 LenoYka Lapos LBeTa 11 Tak ganee, torga cpeau 461 wapa ¢ Hadyarnom B camon ANMHHOW LieNoYKe x LapoB
OfHOro uBeTa n ganee (461-x) wap , B criegyrowmx 461 Wwape Takke B Havane uenoyvka O4HOLBETHLIX LUAPOB AMNNUHbI X U Tak ganee(x anvHa
HanbonbLUuen OAHOLBETHONM NocrneaoBaTenbHOCTH), Torga Tak kak 461 1 1000 B3anMHO NPOCTbl TO U CABUrasicb No Kpyry Ha 461 Mbl nonagem BO
BCE LieNoYKM(LEenoYkn ANUHbI n B KOTOPbIX Kakabli Wwap 6bin Hadanom), Toraa Korga Mbl nonagem B Lap CTOSILLMIA nepen LenoYKom ANnHbI X
uBeTa 1 1 B HEM Ha4YMHaEeTCsa HOBas LienoYvka AnnHbl x>=2 , 3Ha4YUT 3TOT LWap MMeET UBeT 1 1 AnuHa bbina He MakcmarnbHasi OQHOLBETHOMN
uenoykun. NpoTrBopeume.



KommeHTapuii:
O6ocHoBaHWe C onNncaHnem cABura He MosiHoe.



Bonpoc 5
BbinonHeH

bannos: 0 n3 20

Toukn A; n B; — cepeauHbl ctopoH BC' n AC octpoyroneHoro TpeyronbHuka A BC, Touka M — cepeguHa otpeska A, B;. Touka H —
OCHOBaHME BbICOTbI, ONyLLEHHOM 13 BepwnHbl C' Ha cTOpoHy A B. Yepes Touky M npoBefeHbl OKPYXHOCTK, Kacatowmecs ctopoH BC n AC
COOTBETCTBEHHO B Toukax A; n B;. O603Ha4MM BTOPYH TOUKY NepeceyveHmns okpyxxHocTen yepe3 IN. lokaxuTe, uyto Toukn H, M n N nexat Ha
OO HOWN NPSIMOW.

Onuwem okono TpeyronbHukoB ABTH 1 BATH okpy>xHOCTUK , nycTb K ux BTOpas Touka nepecedeHus, nposegem otpesku HK, KB1,
KA1, torga AB1KH-BnucaHHbin 1 BATKH-BnncaHHbiv, npognmum HK 0o nepeceyenuns ¢ A1B1 n nony4mm Touky T;

Yron BAC=yrny TKB1; yron ABC=yrny TKAT1; Nockornbky A1B1 cpefHss NMHUA, TO OHa napannefibHa OCHOBaHWs , Torga

yron CB1A1=yrny CAB=yrny TKB1, Toraa oKpy>HOCTb ONUCaHHas okono TpeyronbHuka TKB1 6yaeT kacaTteest npsimon AC

B TOYKe B1, aHAnNoOrM4Ho ¢ OKpPy>XHOCTbO ONMUCAHHOW OKOMOo TpeyronbHuka TKAT n npamon BC;

Hokaxewm, uto Touka T cepeanHa A1B1, Toraa Touka K 6yaet pasHa Todke N 1 Toukm M, N,H ByayT nexartb Ha 0O4HON NPSIMOA.

Mpoeenem CK, B1H, AK, HA1, KB; Tak kak B1 cepeanHa AC, TO B npsaAMOyrofnibHom TpeyronsHuke ACH , TpeyronbHuk ABTH paBHOOeapeHHbIN ,
3HauuTt yron CAB paseH yrny B1HA, Torga yron KHB1 paseH yrny TB1K, Tak kak yron CB1K= yrny KHA n

yron CB1T paseH yrny B1HA; 13 BnncaHHoro CB1KAT yron A1B1K paseH yrny KCA1; U3 BnncaHHoro AB1KH yron B1HK paseH yrny B1AK; Torga yron
B1AK paBeH yrny KCA1, aHanoru4Ho, yron B1CK paBeH yrny KBAT.

Hokaxem , 4To Npu TakoMm ycriosuu npsmas CK cogepxuT cumeamaHy TpeyronsHuka ACB;

3ameTtunm, 4to TpeyronbHuK CKA nogobeH TpeyronbHuky BKC, Torga nycTb k0aduLmMaHT nogobus paseH m, Torga BC=m*AC;
CK=m*AK; Torga B TpeyronbHuke AKC ctopoHa CK=m*AK, 3HauuT, B TpeyronsHuke CKB ctopoHa KB=m*CK, Toraa KB=mA2*AK;
BameTtunm, yto yron AKC paseH yrny CKB, Torga CK 6uccekTtpuca TpeyronbHuka AKB, Torga no CBONCTBY BUCCEKTPUCHI ,

AK/KB=AF/FB, rae Touka F Touka nepeceveHns npsimon CK ¢ otpeskom AB, Torga 3ametum, 4to ACA2/CBA2=AF/FB, 3TO CBOMTCBO CMMeOnaHbl ,
Torga CK cogepxut cumeamany TpeyronbHuka ACB, Tak kak TpeyronbHuk B1CAT romoTteTnyeH TpeyronbHuky ACB, To CK Takke cumegnaHa
TpeyronbHuka B1CA, Tenepb AOKaXXeM eCnn BO BNMCAHHOM YETbIPEXYTONbHUKE AnaroHarnb ABASETCA CUMeanaHonm a5 Kakoro-To TpeyronbHuKa ,
TO M A4N1s BCEX TPEYrOfibHMKOB TOYKA NepeceveHns agnaroHanemn sBnserTcs OCHOBaHMEM CUMEONaHbI .

Myctb ABCD BnnMcaHHbIN 1 Todka E nepeceyveHune anaroHanen n AE cumegunana tpeyronbHuka BAD , gokaxem, 4to CE cumeamnaHa TpeyronbHuka
BCD;

Mycte AD=m*AB, Torga ED=m*2 * BE; TpeyronsHuku ABE, DCE nogo6Hbl 1 BEC, AED nogo0Hsbl.



Torga CE/ED=CB/DA n CE/EB=CD/BA nogenum nepsoe Ha BTopoe , Toraa EB/ED=(BA*CB)/(DA*CD).

MoactaBuM 3 N3BECTHBIX cooTHOLEHU AD 1 ED: 1/mA2=CB/(m*CD), 4O MHOXUM Ha m , Torga CD=m*CB, Torga OTHOLLUEHNE CTOPOH Takoe ,
Ttorga CE cumeguana. Torga B cxogHom 3agadve Bo BnncaHHoMm B1CATK KC cumegmaHa B TpeyrornbHuke B1KA1, Tak kak yron B1KC= yrny
B1A1C=yrny TKA1, To CK cummeTtpudHa TK oTHOCUTenNbHO BuccekTpuckl , Torga Tak kak CK cumegmada , 7o KT MeguaHa , 3HaumT , Touka T
cepeguHa A1B1. Y. T. [.

KommeHTapuii:
"torga yron KHB1 paBeH yrny TB1K, Tak kak yron CB1K= yrny KHA u yron CB1T paBeH yrny B1HA" - 310 He o6ocHOBaHo.

"M3 BnncaHHoro AB1KH" - He 060CHOBaHO.
"8ameTnm, 4yto TpeyronbHuK CKA nogobeH TpeyronbHuky BKC" - He 060cHOBaHO.

uTAa



Bonpoc 6
Het otBeTa

bann: 20

Y HaTyparnbHOro Yncna n HeT HU O[HOTO AenuTens d, YAOoBNeTBopaoLLero HepaseHeTBy n? < d* < n3. [lokaxuTe, YTO n MMeeT NPOCTON
[enuTenb, YeTBepTas cTeneHb KOToporo 6onbLue, Yem no.
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