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Bonpoc

UHdo

YBaxaeMbin yyacTHUK Onumnuaabl!

Ha BbINonHeHne TecTta 3aknounTenbHOro atana oTBoAUTCSA 230 MUHYT NAKOC 15 MUHYT Ha COXpPaHeHUe 1 NPUKpPenneHue peLleHunn.
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=39445&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

PeweHune: O603Haumm Bce pacctosiHe 3a S. Torga He TpyaHO NOHATh, 4TO ecnu Okl MeTa npeogonen Bce paccTosiHue Ha camokaTe
CO CKOPOCTbLIO 10 KM/Y, TO OH Bbl Npeogonen nyTb 3a S/10 Y, K, NO ycnosuto ycnen 6bl TOYHO K 3aKpbITUIO Mara3mHa. CrieqoBaTenbHo,
TakK Kak OH B UTOre ycnen poBHO K 3aKpbITUIO MarasnHa, TO Ha BECb MyTb Y HEro Yo uMmeHHo S/10 u. Mepsyto 1/3 nyTu oH
npeofonen co CKopocTbio 10 KM/Y, cnegoBaTenbHO, Ha 3TOT y4acToK NyTW y Hero ywino S/30 4. Bropyto 1/3 nyTu oH npeogonen co
CKOpOCTbIO 20 KM/Y, criegoBaTesibHO, Ha 3TOT Yy4acToK NyTU Y Hero yuwro S/60 4. Ha ocTasLlytocs 1/3 nyTu y Hero octanochk S/10-
S/30-S/60=35/60=S/20 4. [lo3TOMY OH LLeN 3Ty NOCMAEAHIOK YacTb NYyTU CO CKOPOCTLIO (S/3)/(5/20)=20/3 KMm/u.

OTtBeT: 20/3 KM/M4.




KommeHTapuii:




Bonpoc 2
BbinonHeH

Bannos: 20 n3
20

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

PewweHune: Cpasy 3ameTum, 4TO A4Ns TOro, YTobbl y TpexyneHa 6bino ABa pasnmnyHbIX KOPHS, €ro UCKPUMMWHAHT AOMMKEH ObITh
Gonblue 0. To ecTb a%-8a>0 <=> a(a-8)>0. Otkyoa nnbo a>8 (1 cnyyan), nmbo a<0 (2 cniyyan). KopHu TpexuneHa 6yayT umeTb BUA (-
a+sqrt(a2—8a))/2 " (—a—sqrt(a2—8a))/2. CnepnoBatenbHo, s TOro, YTo6bl OHM BbINK LienbIMK a2-8a [OMKHO BbiTb KBaApaToOM
HaTyparnbHoro yucna. Pasbepem 1 cnyyan. (a-4)*>a%-8a <=> 16>0, YTO OYEBUAHO BepHo. Takxke npn a>12, a%-8a>(a-5)% <=> 2a>25 <=>
a>12 (To ecTb BepHO). Taknum 06pa3om npm a>12 YMCo a2-8a HAXOAUTCA MEXY ABYMS nocrnenosaTteribHbIMM KBaapatamm (a-4)2 u (a-
5)?, cnefoBaTenbHO, CaMo KBaapaToM He siBnsieTcs. Pasbepem ocTaBlumecst 3HaveHus a. [pu a=9 a>-8a=81-72=9=32, T0 ecTb 310
3Ha4yeHune a Noj ycnoBue NOAXOAMT TaK Kak TPexyreH MMeET ABa LienblX pasnnyHbIX LesbiX KOpHSA -3 1 -6. [pu a=10 a2-8a=100-
80=20 - He KBagpar, cnegoBaTenbHO, 3TO 3Ha4YeHMS a He noaxoauT. Mpu a=11 a2-8a=121-88=33 - He KBajpar, criegoBaTernbHO, 3TO
3HayeHus a He noaxoauT. [Npu a=12 a?-8a=144-96=48 - He KBaapar, crieqoBaTeribHO, 3TO 3Ha4YeHMs a He noaxoauT. Pazbepem BTOpON
cnyyait. (a-4)2>a2-8a <=> 16>0, 4TO O4EBUHO BEPHO. Takke Npu a<-4, a%-8a>(a-3)2 <=> -9>2a <=> -4>a (TO €CTb BEpPHO). Takum
obpasom npu a>12 yncno a%-8a HaxoguTcs Mexay ABYyMsi nocrnegoBaTenbHbIMM KBagpaTamm (a-4)’ n (a-3)?, cnegoBaTenbHO, camo
KBaZpaToM He siBnsietcs. Pasbepem ocTaBlumecs 3HaveHus a. Mpu a=-1 a%-8a=1+8=9=33, T0 eCTb 3TO 3Ha4YeHMe a Nog ycriosue
NOAXOAWNT TakK Kak TpexdsieH MMeeT ABa LefbIX pasfiMyHbIX LenbiX KopHsa 2 1 -1. MNpun a=-2 a’-8a=4+16=20 - He KBagpar,
crnegoBaTeribHO, 3TO 3HAYEeHUs a He noaxoauT. [pu a=-3 a?-8a=9+24=33 - He KBagpar, criefoBaTeribHO, 3TO 3Ha4YeHUs a He
nogxoaut. MNpn a=-4 a2-8a=16+32=48 - He KBagpar, crieqoBaTeribHO, 3TO 3Ha4YeHWs a He noaxoauT. Takum obpa3om nog, ycnosue
noaxoasiT TonbkKo a=-1 U1 a=9.

OTBeT: a=-1, a=9.







Bonpoc 3 MonoxuTernbHble Yicna a, b 1 ¢ yaoBneTBopsitoT ycrnosuio abe(a + b + ¢) = 3 . [lokaxuTte HepaBeHcTBO (a + b)(b+¢)(c+a) > 8 .
BbinonHeH

Bannos: 5 13 20 PeweHwue: (a+b)(a+c)=a(a+b+c)+bc>=2sqrt(abc(a+b+c))=2sqrt(3) no HepaseHcTBY Kowwn. AHanornvHo (a+b)(b+c)>=2sqrt(3) n (a+c)

(b+c)>=2sqrt(3). MepemHOXas 3TK HepaBeHCTBa nony4yaem: (a+b)2(b+c)?(a+c)2>=8*3*sqrt(3), oTkyaa (a+b)(b+c)
(a+c)>=sqrt(8*3*sqrt(3)).







Bonpoc 4
BbinonHeH

Bannos: 20 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?

PelwweHune: HaunHasa ¢ camon BepxHel NeBow KIeTKN Tabnuubl Bblioenum kBagpart 96 x 96 1 pasobbeM ero Ha kBagparthbl 4x4. B
KaXXOoM TakoM KBafgpate 4x4 He MeHblUe 8 duLlek, crieaoBaTteribHo, BO BCEM KBagpate 96 x 96 He MeHee 8%24*24=4608 cuLuek.
Mop BblAeNeHHOM KBaapaTom 96 x 96 pacCMOTPMM NPSAMOYTronbHUK 3 x 96. Ero MoXHO pas3buTtb Ha 24 npsiMoyronbHuyka 3 x 4. B
KaXK4OM MPSIMOYrofibHUYKE CTOUT XOTH 6bl 4 PULLIKK, MHAYe B KAKOM-TO U3 KBaZpaToB, 06pa3oBaHHbIX MPSIMOYFONbHUYKOM 3 X 4 1
Haxo4ALMMCA HaZ HAM NPSAMOYTroNbHUKOM 1 x 4 He BonbLue 7 ouLLek, Tak Kak B NPAMOYronbHUKE 1 X 4 He Gornblue 4 uLLek.
CnepoBarernbHO, B paCCMOTPEHHOM MPSIMOYTofibHUKE 3 x 96 elle XoTa Obl 4*24=96 dumwek. AHanorn4yHo, B NPSIMOYrosibHUKe 3 x 96
crnpaBa OT kBagparta eLe XoTsi 6bl 96 knetok. [locCMOTpUM Ha NpaBbIn HYXKHWIA KBagpaT 2*2, B HEM eCTb eLle XoTa 6bl ogHa uLLKa,
MHaye gocTpamBas ero Ao kBagpara 4x4 mbl 4o6aBuM 7 KNETOK, cogepalymx He 6onblie 7 ouek n BeCb NOMy4YnBLUMNCA KBagpaT
Oynet cogepxatb He 6onbLue 7 duwek. Takum obpasom cuiiek xota 6bl 4608+96+96+1=4801. [locTpoOMM NpMMeEp Ha 3TO YMCNO
duwek. HaumHas ¢ 4-ro ctonbua cneea 3actaBum 96 duLkammn Kakabin 4-bin ctonodew (To ecTb 4-bii, 8-01, ..., 96-01 cToN6UbI).
Takke Kaxayt YeTBepTYH CTPOKY HauYMHas C 4-0 CTPOKM CBEpPXY (TO eCTb 4-y10, 8-Y10, ..., 96-YH0 CTPOKM) NMOMHOCTbLIO 3aCTaBUM
duwkammn. Tabnuua pa3obbeTcs Ha NycTble (He cogepxawume duwek) 25¥25=625 ksagpatoB 3x3. B kaxxgoM TakoM KBagpare
noctasnm OULLKY B LIeHTparbHyto KNeTky. Bcero Ha npumep ynget 625+24*99+24*(99-4)=4801 douwika. Octanock nokasatb, YTO
yCrioBue Ang 3Toro npumepa AencTBUTENbHO BbinornHaeTcs. Nocmotpu Ha ntobon ksagpat 4x4. OH cogepXuT 4 Noapsa nayLmx
cTtonbua, No NOCTPOEHMIO NpUMepa OAMH U3 HUX MOSTHOCTLIO 3acTaBneH uLLKamMK, Takke B HEM 3acTaBrneHa ogHa U3 CTPOK, TO
€CTb B 3TOM KBafgparte yxe 7 puwiek. Ho oH cogepxuT ewle ogHy 13 dumiuek kBagpatoB 3x3. Tak Kak paccTosiHue Mexay cocegHMMu
LeHTparnbHbIMY KNeTKkaMy 3TUX KBaApaToB paBHO 3 kneTkam. To eCTb KaXKabIi KBagpaT coaepxut 8 duLuek, 4to n Tpebosanocs.

OTtBeT: 4801 douLLKa.







Bonpoc 5
BbinonHeH

Bannos: 20 n3
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.

PeweHuve: [lokaxewm, 4To ecnu YeTbipexyronbHuk ABCD-BnucaHHbIM, To ABMN Toxe BnucaHHbIn. B aTom cnyyae yron ADO paseH
yrny ACB, Tak Kak OHM onupatroTcsa Ha ogHy ayry. Yron BAC paseH yrny OAD, Tak kak AC - 6uccekTpuca yrna BAD. Torga
TpeyronbHukn OAD 1 BAC nogo6Hbl Mo AByM yrram, a B N0406HbIX TpeyronbHMKax paBHbl BCE COOTBETCTBYIOLME YITbl, B
YaCTHOCTW, YIMbl MeXAy CTOPOHON 1 MeaumaHon. To ecTb yron MAC paseH yrny NAD. V3 paBeHCTBa 9TUX YrmoB cregyeT paBeHCTBO
yrnoe MAN u CAD. B cBoto ovepeab yron CAD paBeH yrny CBD, Tak kak onvpaeTtcs ¢ HAM Ha ogHy Ayry. Takum o6pasom yron MAN
paseH yrny MBN, To ecTb YeTbipexyrornbHUK ABMN-BnMcaHHbIn. [Jokaxxem obpaTHOe, YTO ecnmn YeTbipexyrofibH1MK ABMN-
BNncaHHbIn, To 1 ABCD-BnncaHHbIN. V13 BincaHHoCTu crieayet, 4to yront ANB paseH yrny AMB. Yron BAC paseH yriy OAD, Tak Kak
AC - buccekTpuca yrna BAD. MNoatomy TpeyronbHukn ABC n AOD nogoOHbI Mo yriy y BEPLUMHBI U YTy MeXay MeanaHon ns aTom
BEPLUMHBI 1 NpoTuBonexatlen ctopoHon. OTkyaa cneagyet paBeHCTBO yrrnoB ADO 1 ACB, 4TO 1 03HaYaeT, YTO YETbIPEXYTrONbHUK
ABCD - Bn1caHHbIN. HEMHOro ckaxxem 0 He COBCEM U3BECTHOM npuaHake nogobus. He TpyaHo ybeautbes, YTO paccmaTpumBas
TpeyronbHUK, NogobHbIn AOD ¢ koaddpuumeHtom BC/OD, Mbl nonyynm TpeyronbHuk AO'D' n cepeamHoin ctopoHbl O'D' - N, Takomn
yto O'D'=BC, yrnbl AN'O’' 1 AMB paBHbl, 1 yribl BAC 1 OAD' paBHbl. U ecnin aTu TpeyronbHUKN He ByayT paBHbl, TO, COBMECTUB UX
OCHOBaHWUS, Mbl NOTYYMM, YTO Ha Nyde MA HangeTcs Takas Todka A, 4to yribl BAC n OAD' paBHbl U TOYKM A 1 A’ He COBMaaloT, YTo
O4YeBMOHO HEBO3MOXHO, TaK Kak MHavye oguH 13 yrrnos 6onbLue Apyroro.







Bonpoc 6
HeTt otBeTa

bann: 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.




«

OPEOLIAYLWWA AKT. QNEMEHT

BapuaHTt 21

CINEOYIOWWNA AKT. QNEMEHT

BapuaHTt 13

»
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