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Bonpoc MH(bO

YBaxaemMbin y4yacTHUK Onumnuagbi!

Ha BbinonHeHne TecTa 3aknioumMTenbHOro atana otBogmTcest 230 MUHYT Ntoc 15 MUHYT Ha COXpaHeHWe 1 NpUKpenneHne peleHnin. Pabota
aBTomartumyeckun otnpasutca B 14:05 no MockoBckomy BpeMmeHu. OKHO TariMepa Bbl yBuanTe B BepxHen Yactu pabodero akpaHa.

Bonpocbl TexHu4eckoro xapaktepa Bbl MoxeTe 3agatb HabntogaTento B YaTe (OKOLLKO BHM3Y B MpaBoW YacTu akpaHa). Ecnu Bam notpebyetcsa
BbINTW B TyaneTHYK 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 (Npy HEOBXOAMMOCTU MOXHO MPUKPENUTD MOACHAIOLLIMIA PUCYHOK),

0) nonHocTblo HabpaTb B TEKCTOBOM pefakTope C peaktopom hopmyn, npeobpasosath B popMaT pdf 1 npukpenutb NonyymsLUMACS pann.
Ecnu y Bac HeT Bo3amOxHOCTH NpeobpasoBaTth pelleHve B pdf, Bol MoXeTe caenaTtb CKpUHLLOT akpaHa (KHormka PrtScn Ha knaesuatype unm
BCTPOEHHbIN cepBUC "HOXHULBI") 1 NPUKPENUTL €ro.

O6paTtuTe BHUMaHWE, K KaXX40W 3a4ade MOXHO MPUKPENUTL TONbKO OAMH halin, Ha3BaHWe KOTOPOro hopMmpyeTecs No npaBuiny ol22*****_N roe
ol22***** _ Baw noruH, N - HOMep 3agauun.

B TekcTax peLueHun, NpUKPEneHHbIX N300paxeHnsIX 1 darinax He JOMKHO ObITb HMKAKOW NepcoHansHoON nHdgopmaumm!

Bo Bpems BbINONMHEHNSA BapuaHTa Ha KOMMbIOTEPE MOXHO MOMNMb30BaTbCS TONbKO TEKCTOBLIM PEAAKTOPOM UM BCTPOEHHBIM CEPBUCOM CO3AaHUS
n306paxeHnin. HepHOBOE peLLeHe MOXHO BbINOMHATL Ha Bymare, pacrnorioXXeHHOW B Nofe BUAMMOCTY BeEG-kamepbl.




Bonpoc 1
BbinonHeH

Bbannos: 20 n3 20

lMeTa n Baca ogHOBpeMEHHO Bblexanu Ha camoKaTax HaBcTpeyy apyr apyry. PoBHo
nocpeguHe mexay HAMK pacnonoxeH moct. [lopora ot et go mocta
acthansTupoBaHHas, 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 mocTa

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

lMycTb CKOPOCTb OBUXEHUSA MO rPYHTOBOW LOPOre - X eANHNLL/Yac, Torga CKOPOCTb ABMXXEHWS NO acdanbsTUPOBaHHOM Aopore - 3x eAnHuLL/Yac.
Torga onuHbl gopor ot Netn go mocta n ot Bacu

00 MocTa paBHbl 3x eguHuy, (T.K. MNeTsa npoexan go mocta 3a 14ac). B Takom crniyyae, koraa [eTs Ha4yan ABMXeHMe No rpyHTOBOW Aopore,
paccTosiHue mMmexay HUM 1 Bacen Obino paBHO 2x eauHuL (T.. Bacs yxe npoexan x eguHuL, 3a nepsbiii Yac). CkopocTb convmkeHuns MNetn n Bacu
B TAKOM Cfny4ae paBHa x + x = 2x eQUHUL/Yac, T.e. OHM COKPATAT PacCTOsiHME B 2x eANHUL, Mexay cobon 3a 1 4ac. lNprubaensieM kK SToMy BpeEMEHU
TO Bpewms, 4To lNeTa exan no acansTMpoBaHHOW gopore n nony4ymm, 4to lNeta BctpetuT Bacto Yepes 2 yaca nocre Bble3ga.



KommeHTapumn:



Bonpoc 2
BbinonHeH

Bbannos: 20 n3 20

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

2x"2 - x - 36 = (x + 4)(2x - 9) = pA2. T.K. M0 YCMOBWUIO X - LIeNI0e YNCIO, TO 06a MHOXMTENS TOXEe MOTYT MPUHUMATb TOSbKO Lienble 3Ha4YeHus.
3ameTnm, 4TO ecnu p - NPOCTOE YMCHO, TO pA2 4ENUTCH TOMbKO Ha 1, p u pA2. 3HaUNT, 06a MHOXUTENS B MEBOW YaCcTh He OeNATCA Ha YTO-TO,
Kpome 11 p, a nockonbky oba yncna uensle (T.e. He MOryT NPUHUMAaTbL 3HavYeHns B nHTepsanax (-1; 0) n (0; 1)), To cTeneHb NPOCTOro AenNuTens p
B 060MX MHOXMTENSAX HEe MPEBOCXOAMUT 2 (ECNN KAKON-TO U3 MHOXUTENEN paBeH p/n, rAe n > 2, TO ApYron paBeH p~(2-n), ecnun 06a yvcna uernble,
T0 2 - n>=0).

3HaumnT, NMBO KaKOW-TO MHOXUTENb U3 (x + 4)(2x - 9) paBeH 1/-1 (Torga BTOpOK paBeH pA2/-p~2), nubo oba paBHbl p/-p (APYrMx BApMaHTOB ObiTb
He moxeT). Nockonbky o6a MHOXUTENST MOHOTOHHO BO3pacTatoT, E4MHCTBEHHOE 3HAYEHME X, MPY KOTOPOM OHM paBHbl: x=13 (13 +4=26-9 =17 -
> pA2 =17/2), 310 ByAET OOHMM M3 UCKOMBIX X. Tenepb pacCMOTPUM BCE X, MPU KOTOPbIX KAKOW-TO M3 MHOXUTENEN paseH 1/-1.

(x +4) =-1: x=-5 -> 2x - 9 = -19. 19 He aABnseTCS KBagpaTOM NPOCTOro Yncna.
(x +4) =1: x=-3 -> 2x - 9 = -15. -15 He sABNAETCA KBagpaToOM NpPOCTOro Yncra.
(2x - 9) =-1: x=4 -> x + 4 = 8. -8 He ABNSAETCA KBaApaTOM NPOCTOro Yncna.
(2x-9) =1: x=5 -> x + 4 = 9. 9 ABNAeTCA KBaApaToM NPOCTOro ymcna 3.

Mckomble 3HaveHus x: 5 u 13.



KommeHTapuii:



Bonpoc 3
BbinonHeH

Bbannos: 0 n3 20

MonoxwTenbHble yncna a, b v ¢ ynoeneTBopstoT ycrnosuto abe(a +b+¢) = ab+be+ca .
[okaxuTte HepaBeHCTBO 5(a + b+ ¢) > 7 + 8abc .

Cnyvan, korga Bce yncna a, b, c paBHbl 1 TpYBManeH, Ans HeEro HepaBeHCTBO BbiNonHseTcs (5 * 3 >=7 + 8) (B AanbHelwem He bygem
paccmaTtpuvBaTtb 3TOT Cryyan).

CokpaTuB nepBoe BbipakeHue, Nony4mMm a + b + c = 1/a + 1/b + 1/c. 3T0 3HaAUWT, 4YTO cpeam umcen a, b, c TO4HO ecTb XOTHA Obl OQHO YMCIO,
MeHbLUee eguHuLbl (MHaye neBasi YacTb bornblie npaBow). AHanorm4Ho, cpean vmcen a, b, c ectb xoTs 6kl 0gHO Yncno, 6onbluee 1 (MHadve
npaeasi 4acTb 6onbLUe Neson).

MycTb a <= b <= ¢, TOrga yMcno a Bcerga < 1, ymcno c Bcerga > 1, uicno b MoxeT GbIThb Kak 6orblLue, Tak U MeHbLLe 1.



KommeHTapuii:
PelueHne He 3aBepLUEHO, HEPABEHCTBO HE J0Ka3aHo.



Bonpoc 4
BbinonHeH

Bbannos: 10 u3 20

Y Mawwm ectb 1000 6ycrHOK 50 pasnuyHbIX LBETOB, No 20 6yCUHOK Kaxaoro useTa. MNpy KakoM HaumeHbLLeM n. Ansa nboro crnocoba cobpaTb 13
BCeX OYCUHOK OXepernbe MOXHO BblGpaTb n NocnefoBaTernbHbIX BYCMHOK, CPEAM KOTOPbIX €CTb BYCUHKM 25 pasHbIX LBETOB?

Bcerga goctaTtodHo B3ATb XOTH Obl 462 GycuHKM Noapsa.

461 OycuHKy nogpsg Oyaert B3siTb HEAOCTAaTOYHO, ecrnv Bce BYCUHKM OLHOTO LiBETA PaCMOSIoXeHbl paoM B oxepenbe (T.e. cHadana uayt 20
OycunHok ogHoro LBeTa, noTom 20 6yCUMHOK ApYyroro LeBTa etc.).



KommeHTapuii:
He pokasaHo, 4Tto n=462 nogxoguT Ans nbdoro cnocoba cbopa Gyc.



Bonpoc 5
Het otBeTa

bann: 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.






Bonpoc 6
BbinonHeH

bannos: 15 13 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.

CBONCTBO AenuTenen: eCnu n OenUTcs Ha d, TO n AennTca Takke 1 Ha n/d.

CTteneHbio BXOXOEHWS NPOCTOro AennTens p B YACNO x Byaem HasbiBaTb Takoe d, YTO x AenuTcs Ha p/d, HO He aenuTcs Ha p/(d+1).

Cnyyan, korga n = 1, He paccMaTpUBAETCS, NOCKONbKY 1 HE SIBMSIETCS HU NPOCTbIM, HA COCTaBHbIM Y/CTIOM.
Ecnu yncno n - npoctoe, TO O4EBUAHO, YTO N SBMSIETCSI NPOCTLIM AenuUTerneM camoro cebsi -> yCcrioBue BbIMOSHSAETCS.

Ecnu uncno n nmeert Tonbko OAMH NPOCTON AENUTENb - p, TO N = px, Iae x > 1-> ecnu x - YETHOE, To Yncrno pA(x/2) = n(1/2) aBnsaeTca
AernuTeneM 4mcna n - NpoTMBOpEeYne, aHanorM4yHo Ans HEYETHbIX x >= 3, OyaeT genuTenbs, paBHbIA n((x-1)/2x), uncrno (x-1)/2x aAns nobdbix
HEYETHBIX X >= 3 NeXUT B MHTepeane [1/4; 3/4] (npu x=3:1/3 = 1/2-1/6, npu yBenn4yeHnn x 4ncno (x-1)/2x 6yaet npnbnmxarbes K 1/2, TK. (x-1)/2x =
1/2 - 1/2x) -> npoTUBOpEUME.

3ameTum, 4YTO ecnu Ans n HET Takux genutenemn d, 4to n/2 <= d*4 <= n”3 -> n He MeeT genutenen B nHtepsane [n~(1/2); nA(3/4)].

M3 ceoncTtBa genutenen nonydmm, 4To y n Takke HeT genutenen n/d, KoTopble Mornv Obl HaxoauTcsa B MHTepBane [n/(n(3/4)) = n~(1/4);
n/(n~(1/2))=n~(1/2)], T.e. n HE nmeeT genutenen B uHTepsane [n~(1/4); nA(3/4)].

OcTtanocb gokasatb, 4YTO B UHTepBane (n*(3/4); n] HangETcs NPOCTON OENUTENb.

B coctaBHOM uyuncne Bcerga HanaoéTcs XoTs Obl OAMH NPOCTON AenuTenb <= n(1/2) (ecnu 3TO He Tak, TO MOCKONbKY COCTaBHOE YMCO UMEeeT
XOTS Obl ABa pa3nMyHbIX NPOCTLIX AenuTens x1 1 x2 (Cryyaw, koraa NpoCTOon AennTernb BCEro OA4MH, PACCMOTPEH BhILLE), UX NPOU3BEeaEHME
Takke OOSMKHO ObITb AenuTenem n, ogHako ecnu x1, x2 > nA(1/2), To x1 * x2 > n, NpoTUBOpPEeYNne).

3HaunT, Ansa yicna n Hangétcs XoTa Obl OOWH NPOCTOM AenUTENb, MeHbLUNA nA(1/4) (T.K. HX OOMH OENUTENb HE OOIMKEH NexaTb B UHTEpBarne

[n”(1/4); nA(3/4)D).

PaccmoTpuM Kaxabii npocTon aennTtens < n(1/4) B cTeNeHn BXOXAEHMS 3TOro agenutens B n. [pon3BefeHne Bcex aTux dYncen o603Haumm Kak
P, P pomkHo 6bITb < nA(1/4) (MHa4ye oHo Nbo nexuT B uHTepBane [n~(1/4); n~(3/4)] (4To NpuBOAUT K NPOTUBOPEYNto), Mnbo Gornblie n(3/4), HO
TOrga NOCKOMbKY Kaxabln npocTton genutens P < nA(1/4), a camo P > n”(3/4), To yaansasa Kaxablv pas no 0ogHOMY NPOCTOMY AenuTento 13
pasnoxeHus P, Mbl BygemM ymeHbLuaTh ero He 6onee, Yyem B n(1/4) pas, ogHaKko TakumMu AeNCTBMAMM Mbl MOXeM caenatb P < nA(1/4) (ocTaBuTb B
pasnoXeHnn Kakom-To NPOCTOM MHOXMTENb B CTEMeHW 1) -> BCeraa MOXHO ybpaTb HECKONbKO MHOXUTENEN N3 Pa3noxXeHns PlyMeHbLIUTb



cTeneHb BXOXOEHUS HEKOTOPbIX MHOXUTENEN B pasnoxeHne P Tak, YTo NomnyymBLLEECs YMCIo ByaeT HaxoauTbes B MHTepBane [n”(1/4); n~(3/4)],

a NoCcKOIbKy BCce AenuTenu P aenstotcs genutensamm n, otclofga byaeT crieqoBath, YTO Yy n €CTb AenuTernb B nHTepsane [n~(1/4); nA(3/4)],
npoTusopeyune).

Ecnu 6bl Yicno n He MMeNo Apyrux NPOCTbIX AENUTENER, MOMUMO TeEX, YTO MeHbLUe n~(1/4), To P = n (NOCKOMbKY YMCIO X PaBHO NPOM3BELAEHNIO
BCEX MPOCTbIX AENUTENEN X B UX CTEMEHAX BXOXAEHUSA, 3TO CrieqyeT U3 OCHOBHOW TeopeMbl apudmeTunkm). OgHako, 3TO NpMBOAUT K
NPOTUBOPEYNIO -> CYLLLECTBYET eLé XoTsa Obl 0OMH NPOCTON AenuTenNb d, KOTOPbIA HE HapyLlaeT CBOMCTBA YMCa n, U KOTOPbIA HE HAaXoaUTCS B
nHTepsane (1; nA(1/4)). 3HaumnT, d HaxoauTca B UHTepsane (n(3/4), n) -> dA > n/3. YTto n TpeboBanock gokasaTb.

KommeHTapuii:
PelleHnne HegocTaToyHo nogpobHoe.

OPEOLIAYWMNMNA AKT. SNIEMEHT
BapwuaHTt 12

«

CNEOYIOWWMA AKT. SNEMEHT
BapuaHTt 22

»


https://talant.spbu.ru/moodle/mod/quiz/view.php?id=1313&forceview=1
https://talant.spbu.ru/moodle/mod/quiz/view.php?id=1408&forceview=1

YTBEPXAIO:
OtBercTBeHHBIN cekperapb Oprromurera OL CIIOIY

Xypumryasa AJL ( /QO% %(///)

I[TPOTOKOJI
paccMOTPEHUsI aneUIAIUU yyacTHUKA OIMMIIUA/IbI IKOJIHHUKOB
Cankr-IleTepOyprckoro rocyJapcTBEHHOTO YHUBEPCUTETA

r. Cankr-IlerepOypr Ne MAT-26 «31» mapma 2022 2.
AnensiuuoHHas KOMHUCCHS B COCTaBe:

1. JlementbeB AHapeit BukropoBuy,
2. AmumoBa Onbsra BuktopoBHa,
3. Kaparaesa I'ynpHapa MupcaTtoBHa.

paccMoTpena aneuIsIHOHHOE 3asBIeHne yuacTHUKa Onumnuasl mkosibHukoB CIIOTY:
QUO: Typeseuu Apmém Anexcanoposuu

Ilpeomem (komnnexc npeomemos) Onumnuaovi: Mamemamuka

Konuuecmeso nabpanuvix 6annos oo anensyuu: 65

[lo pe3ynpraram paccMOTpPEHUs aNeUBSIMUOHHOTO 3asABJICHMS ydacTHUKa Onumnuaasl,
ATNenIsMoOHHas KOMHUCCHUSl TPUHSIIA CIEAYIOIIee PEIICHUE: HOGbICUMb OUEHKY 3a padomy
00 70 6annos.

3aoaua 6.
Pewenue cuumams eeprvim, noouame oyeHxy 3a 3aoauy 0o 20 6annos.

KonuyecTBo HaOpaHHBIX 0aJIOB MOCIIE AMEIIISIIAN: 70
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