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Bonpoc

UHdo

YBaxaeMbin yyacTHUK Onumnuaabl!

Ha BbinonHeHue Tecta 3akniounTenbHOro atana orsoanTcs 230 MWHYT NJI0C 15 MUHYT Ha COXpaHeHue U NpuKpenneHne pemeHM|7|.

PaboTta aBTomatunyeckn otnpasutca B 14:05 no MockockoMy BpemeHun. OKHO Tarimepa Bbl yBuguTe B BepXHen Yyactu pabodero
aKpaHa.

Bonpochkl TexHN4eckoro xapaktepa Bl MoxeTe 3agatb HabnogaTento B YyaTte (OKOLUKO BHM3Y B NpaBOW YacTu akpaHa). Ecnn Bam
notpebyeTcsa BbINTU B TyaneTHyt0 KOMHaTy, OCTaBbTe B YaTe C MPOKTOPOM COOBLLEHNSA O BpEMEHW BbIXOAA U BPEMEHM
BO3BpaLleHusa (Hanpumep, "12:04 - Boiwen"). OTBET OT NPOKTOpa X4aTb MPU 3TOM HE HY>KHO.

BapuaHT 3aKknouMTenbLHOro atana cocTouT u3 6 sagad. PelleHune kaxaon 3agaqm Bel moxeTe
a) NOMHOCTbLIO 3anucaThb B nore oteeTta (MpY HEOBXOAUMOCTI MOXHO MPUKPENUTL NOACHSAIOLLIMIA PUCYHOK),

6) nonHocTbL HabpaTb B TEKCTOBOM peakTope C peaakTopoM opmyn, npeobpasosaTtb B popmat pdf n npukpenutb
nony4ymsLummncsa gavn. Ecnn y Bac HeT BO3MOXHOCTU npeobpasoBath pelleHue B pdf, Bbl MoXeTe caenatb CKPUHLLOT 9KpaHa
(kHonKa PrtScn Ha knaesumaTtype unm BCTPOEHHbI cepBUC "HOXHULLI") U NPUKPENUTDL €ro.

OGpaTtnTe BHMMaHM1e, K Kaxxaon 3agadye MOXHO NPUKPENUTb TONbKO OAWMH dhais, Ha3BaHWe KOTOPOro oopMmpyeTcst No nNpasuny
ol22*****_N rge ol22***** - Baw noruH, N - HOMep 3agadn.

B TekcTax peLueHuin, NpuKpenneHHbIX N3o0bpaxeHnax n gannax He 4OMmKHO BbITb HUKAKOW NepcoHaribHOW nHgopmaumm!

Bo Bpemsi BbINOMNHEHMS BapuaHTa Ha KOMMNbITEPE MOXHO MOMb30BaThCA TONbKO TEKCTOBLIM PEAaKTOPOM U BCTPOEHHbLIM CEPBUCOM
co3faHus n3obpaxeHuin. YepHOBOE peLleHne MOXKHO BbINOMHSATL Ha Bymare, pacrnonoXxeHHoW B nore BUAMMOCTY BeG-kamepbl.



https://talant.spbu.ru/moodle/user/view.php?id=67664&course=2083

Bonpoc 1 Konsa noexan Ha anekTpocamokate B Maras3uH B COCEHIO AepeBHIO CO CKOPOCTbIO 10~Km/Y. lpoexaB poBHO TpeTb BCEro nyTu, OH
BbinonHeH MOHSAM, YTO NPU OBMKEHUN C NPEXHEN CKOPOCTLIO YCNeeT TOYHO K 3aKpbITUIO MarasunHa, v yBenuyun ckopocTb BABoe. Ho koraa oH
Eannos: 20 w3 npoexan poBHO 2/3 BCero nyTun, caMokaT crioMarscs, u octaBLUyocsa YacTb NyTu Konsa npowen newwkom. C Kakon CKOPOCTbIO OH LUer,
20 €CIn ycrner TOYHO K 3aKpbITUIO MarasuHar

MycTb x - ckopocTb Konu newkom, S - obuee pacctosiHune (x, S > 0). Toraa, BpeMsi, Yepes KOTOPOe Mara3uH 3aKpoeTcsl, cumTasi ot
Hadana nyTu konu, pasHo S [ 10 (4), T.K. yCneBaeT OH B MarasvH B NPUTbLIK, ABUrasicb C NepBoHayarbHOM ckopocThbio 10 kMm/u. Torga,
BpeMSs], 3a KOTOPOE OH NpoeaeT TPETb NyTH € aToN ckopocTblo =S /10 / 3 =S/ 30 (4). BTopyto TpeTb NyTU OH ABUrancs co
CKOPOCTbIO, B 2 pasa 6onbLue n3HadanbHon, T.e. 20 kM/4. Torga, Bpems, 3a KOTOPOEe OH npoexarn BTOpy TpeTb Nyt =S /20 /3 =S/
60 (4). lNMocnegHio0 TPETb NYTU OH NPOMAET CO CKOPOCTLIO X, 3HAYUT, NPOMAET OH e€ 3a S/ x /3 =S/ 3x (4). Bpemsa o 3akpbITus
n3Ha4anbHo 6bIno paBHo S /10 (4), a HOBbIMM cnocobamu [OGpPaThCs 4O HEr0 OH NPUXOAUT BNPUTBIK, 3HAYUT, CyMMapHoe Bpems S /
30+S/60+S/3x=S/10 (4). Paznpennm obe yactm Ha S (S > 0):

1/30 +1/60 + 1/3x = 1/10. Tenepb, peLleHne ypaBHEHWS:
1/3x=1/10 - 1/30 - 1/60 = 6/60 - 2/60 - 1/60 = 3/60 = 1/20
20 = 3x

x =20/3 unu 6 + 2/3 (km/4)

OTBeT: 20/3 unu 6 + 2/3 KM/u.




KommeHTapuii:




Bonpoc 2
BbinonHeH

Bannos: 20 n3
20

Hanaute Bce Lenble a, AN KOTOPbIX KBaAPaTHbIN TpexyneH x2 + ax + 2a UMeeT [1Ba PasnuyHbIX LieNbIX KOPHSI.

YTo6bl pasnoXuTb AaHHbIA MHOTOYUINEH Ha MHOXUTEN, HY)XHO PELIUTbL YpaBHeHMe x? + ax + 2a = 0 => 4ToObl 6bINO ABa PasnUUHbIX
KOPHS1 [JOMKHO BbINONMHATLCS D = a° - 8a = a(a - 8) > 0. MeTogom nHTepBanoB npua>8D>0,Nnpn8>a>0D <0, npma<0D >0
(npma=0unna=8D=0)=>nu1bo a> 8, NMbo a < 0. Toraa, x; = (-a + (a2 - 8a)%) [ 2, x, =(-a - (a%-8a)?>) /2. Tk au (a- 8) umetor
OOMHaKOBYIO YETHOCTb (8 KpaTHO 2), ecnn KopeHb U3 D HaTypanbHbIR, TO OH MMEET TaKyto e YETHOCTb, Kak U a (Mpy B3ATUN KOPHS
HOBbIE MHOXUTENM = 2 TOYHO HE MOSABATCS, a CTapble BCe pasoM He nponaayT, TOMbKo nonosuHa). 3Haunt, DO - a n -D%3 - a Beeraa
4éTtHo, ecrin D% aBnsieTca HaTypanbHbIM YACIMOM, 3HAYNUT X1 N x2 ABMNAKOTCA LernbIMU, ecrnn D% aensietcs HaTypanbHbIM YACITOM.
(B npotusHoM crnyyae DO - a n -D%° - 3 He ByaeT LenbiM, T.K. a BCeraa Leroe, a Cymma LIenoro 1 Hewernoro AaéT Heueroe, a npu
[eneHnn Ha 2 (Liernoe Y1Crio) OHO, O4EBUIHO, LIEMNbIM TaK U He cTaHeT). Monyyaertcs, Hy>KHO HanTK BCe a, NPU KOTOpbIX (a2 -

8a)°° aBnsieTcs HaTyparibHbIM YACIIOM, 3Ha4uT, a(a - 8) = a’-8a=n’%roen HaTyparbHoe yucro. T.e. a’ - 8a - n? = 0. O4EBMAHO, YTO
4n? Bceraa >= 0, 3HAUUT, a; = (8 - (64 + 4n?)0%) [ 2=(8-2* (16 + n?)95) [ 2 =4 - (16 + n?)%5, a, = 4 + (16 + n9)?>. MonyuaeTcs, (16 +
n?)%> gormkHo BbIThb LienbIM, T.K. 4 1 a uenble. Monyyaetcs, 16 + n? = m?. Toraa, m? - n? = (m - n)(m + n) = 16. T. K. m U n HaTyparnbHble,
Tom-n<m+n (0 <2n), a 3HAYNT MOXET NPMHMMATbL TONbKO cneaytowme 3HavyeHus {1, 2}. T.k. 16 cogepXUT B MHOXUTENSX TOJbKO
2°, TO HUKaKUM Yuncnam, Kpome cTeneHen 2, m - n paBHATLCA HEe MOXET (m + n HaTypanbHOe Yncro > 0, 3Ha4uT, pas npomnsseneHne
HEeN3BECTHOTO YMcna Ha MoNoXUTENbHOE PAaBHO MONOXUTENBbHOMY, TO N HEU3BECTHOE - NONOXUTENBHOE). BbITb m - n paBHOMY UMK
fbonee 4 He MOXET, T.K. B MPOTMBHOM cny4yae 16 [ 4 >= m + n > m - n, nonyyaem npotusopeudne. Mpum-n=Tm+n=16/1=16,
3Ha4UT 2m = 17, 3HAa4YUT m HELENoe, YTo He noaxoauT. MNMonyvaem, YTO BO3MOXHO TONMbKO m-n=2Mm+n =16 [ 2 = 8. 3HaunT, m =5,
n=3.3HauuT, ay=4-5=-1, a5 =4 + 5=9. 3TO0 NoagxoauT nog orpaHnyeHns a > 8 nnn a < 0. MNpu a = -1 x2+ax+2a=x%-x-2, KOpHU
-1 1 2 no cnegcTeuo TeopemMbl Bueta, aHanormyHo npmna =9 x> +ax +2a = x% + 9x + 18, KOPHU -6 1 -3.

OtBeT:a1=-1; a2 =09.







Bonpoc 3 MonoxuTenbHble Yncna a, b U ¢ yooBneTBopsoT ycrnosuio abe(a + b+ ¢) = 3 . JokaxuTe HepaBeHcTBO (a + b)(b+c)(c+a) > 8 .
BbinonHeH

Bannos: 3 13 20 /3 HepaBeHcTBa cpeaHux: (abc)’® <= (a+b+¢) /3, 3HaunT abc(a+b+c) =3 <=((a+ b +¢)>/27) * (a+ b + ¢), 3HauuT (a + b + ¢) >=

814 3HaunT a + b + ¢ >= 3, 3HAUNUT abc <= 1.

(a+b)(b+c)(c+a)+abc =3abc + a2b + ab% + a%c + ac? + b2c + bc2 = (ab + ac + bc)(a + b + ¢) >= 3(ab + ac + bc)




KommeHTapwmii:
HEBO3MOXHO CyAWUTb O TOM, Kaknm obpasom Bbl cobupaeTechb NonyyYnTb OKOHYATENbHbIN OTBET




Bonpoc 4
BbinonHeH

bannos: 17 n3
20

Kakoe HanmeHbLuee KOnmMyYecTBO (huLLEeK MOXHO pacCTaBUThb B KrneTkax Tabnumubl 99 x 99 Tak, 4Tobbl B Kaxkaom kBagpate 4 x 4
ObIN0 HE MeHee BOCbMU (huULLEK?

[nsa Hayana paccMoTpuM nose 96*96 KNeTok, cymMTasi OT BEPXHEro NeBoro yrna:

pasgenum ero Ha kBagpaTbl 4 Ha 4 Tak, YTOObl CBOOOAHLIX KINETOK HE OocTanock. Toraa, KBagpaTbl HE MMEKT OOLLMX KNETOK, a
3HaAYUT CyMMapPHO HY>XHO 96 * 96 [ 16 * 8 = 48 * 96 chumwek. Tenepb paccMoTpyM ABe NOMOCKN 3 * 96 KNeToK cnpasa U CHU3Y OT
nons: OHM MOTYT UMETb OBLLEro C y)Ke 0603HaYeHHbIMM KBaapaTtaMmn He 6ornee 96 KNeTok (Ha Kaxayto), T.e. eCriv No TOMY Xe
NPUHLMNY pas3gennTb UX Ha kKBagpaTbl 4 * 4, N103aMMCTBOBAB 41151 K&XA0M U3 3TUX Nonoc 3 * 96 eLlé nonocoyky B 96 kneTok. Torga
B NnydLUeM crydae Heobxoammo gobasutb ewé 96 * 2 cdumwek. Ntoro 4800 dmwek. [1na nocneaHero kBagpara 3 * 3 no
aHarnornyHbIM paccyXaeHuam Hy>XKHa eLLé ogHa duLika (eMy He JOCTaéT 7 KNeTok, a uLlek HyxHo 8). Ntoro 4801 douika. MNpumep
nogo6bHoro: 6yaem YepenoBaTh 3anofHEHHbIE BEPTUKATIbHbIE MOMOCHI (PULLKaMK C NyCTbIMU: CHavana nycTyto, NOTOM MOSHYH. Tak
Mbl NPONOXKMM Morne B 96*99 kneTok, a octaBmecs 3¥99 cnegyowmm obpasom: B NepByr rOPU3OHTarNbHYO MNOMOCY Krnagém ogHy
ULLKY, NOTOM [Be NyCThble U B YETBEPTYHO 3, MOCNE YEro 3aMblKaeTcsl - Tak Mbl 3aMOCTUM nonocy 3*96 kneTtok. OcTaBLUMICS
KBagpart 3 Ha 3




KommeHTapwii:
OLEeHKa MMHMManbHOro KonmnyecTsa npaBunbHas, NpUMep NOCTPOEH He A0 KoHua (dpasa obpbiBaeTcs)




Bonpoc 5
HeTt otBeTa

bann: 20

OwnaroHanu yeTtbipexyronbHuka ABC D nepecekatotcs B Touke O. AnaroHans AC' — 6uccektpuca yrma Z/BAD, Touka M —
cepeavHa ctopoHbl BC, a Touka N — cepeavHa oTpeska DO. [JokaxuTe, 4To YeTblipexyronbHuk ABC D siBNsieTCst BMIMCAHHbIM
Toraa v TorbKo Toraa, koraa vetbipexyronbHuk ABM N sBnsieTcs BNMCaHHbIM.







Bonpoc 6
BbinonHeH

Bannos: 20 n3
20

HokaxuTe, 4to y Kaxxgoro n3 umcen n! + 1, n! + 2, \dots, n! + n MoxHO BblIOpaTb NPOCTON AenUTENb, HA KOTOPbIA HE AENUTCS HN
O[HO 13 OcCTalbHbIX.

Cpenaem cneaytollee: y Kaxaoro 4Yvicna, npeacraBneHHoe cymmon n! u k, rae k - HaTypanbHOe YnCro OT 1 40 n BKIHOYMTENBHO,
BblHECEM 3a CKOOKY k. OTO ByaeT BO3MOXHO BCeraa, T.K. n! Bcerga KpateH HaTypanbHOMy k <= n U3 onpegeneHus n!, Kak
npovsBeaeHne BCex Yncen ot 140 n BKNountenbHo. MNonyymslueecs B ckobkax uncno 6yaet pasHo n! [ k +1, u, TK. n! [ k Byaet
KpaTeH BceM yucnam ot 1 4o n, kpome k, ecnu k npoctoe n 6onblie n [ 2 (Torga, B nponssegeHnn 1* 2 * . * n He BcTpeTutca mk, rae
m HaTyparnbHoe Yncno > 11 B n! 6yaeT TONbKO O4MH NPOCTON MHOXUTENb k, B 9TOM Criy4ae BO3MOXHO, 4To n! [ k + 1 aBnancs Gbl
creneHbio k), n! [ k + 1 OyaeT B3anMHO NpOCTbIM CO BCEMU Ymcnamm oT 140 n (He 6epsi B pacyéT k 13 BbileckaszaHHOro). Toraa, aTo
yncno Byaet cogepxatb B cebe KaKom-TO MHOXMTENb, KOTOPOro He 6bino B n! (He 6epsa B pacyéT k). Ecnu Takon MHOXUTENb ByaeT
OOMHAKOB ANs Heckonbkux k, (qonyctum ans kq u kz), To 1 nx pasnuua, n! + kq - n! - ko = kg - kp, Toxxe 6yaet cogepxatb 3T0T
MHOXUTENb. OAHaKo, 3TO YMCHO kq - ky <= n -1 < n, nony4aeTcs, 4YTo ecnu 6bl OH 6bINn B k2 - k1, TO OH 6bIN 6bl MEHbLLE N, 3HAYUT, ObIN
Obl B n!, Y4TO yXXe NPOTUBOPEUNT BbllLeckadaHHOMY. [onyyaeTcs, ecnuv k He ByAeT NPOCTbIM YUCOM > n [ 2, TO 3TOT AEeNUTENb TOYHO
HangéTcs. Tenepb NPeaAnonoXuMm, 4To k - npocToe uncno, > n [ 2. Torga 3a Hy>XHbI NPOCTOW AenuTenb CONOET cam k, T.K. ecnv ans
Kakoro-Hnoyap Apyroro ks 4icno OygeT Toxe KpaTHO NpocToMy k > n/2, TO Mbl MOMyYUM NPOTUBOPEYNE, BeAb B uncne ks * (n! / ks +
1) He MoxeT ks 6bITb KpaTHO k, T.K. k - npocToe uncno > n /2 n ks < n, T.e. gaxe ecnu ks 6yaet = 2k, To OHO yxxe BygeT > n, U Tak AnNs
no6oro AONOMHUTENBHOTO MHOXUTENS > 1, ecnut k3 =k, a 3HaunT, k3 1 k B3aumHo npocrtble. MNonyyaetcs, n! [ ks + 1 4OMKHO BbITb
KpaTHO k, T.K. k - IpOoCTOE N COCTOUT BCEro M3 OAHOro Npoctoro MHoxuTens k. Ho T.k. k3 n k B3anmMHo npocThle, a n! kpatHo k, To u n! /
k3 kKpaTHO k, @ 3Ha4nT n! /[ k3 + 1 TOXe He KpaTHO k, OT Yero nony4vaem, 4to, ecnu k - npocton MHoXuTEmNb n!, k> n /2, TO k
ABNSETCHA NOAXOAALLMM MPOCTbIM MHOXUTENEM.




«

KommeHTapui:

OPEOLIAYLWWA AKT. QNIEMEHT

BapuaHTt 21

CINEOYIOWWMNA AKT. QNEMEHT

BapuaHTt 13

>



https://talant.spbu.ru/moodle/mod/quiz/view.php?id=1407&forceview=1
https://talant.spbu.ru/moodle/mod/quiz/view.php?id=1625&forceview=1

