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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=40502&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 S - Bce pacctosiHMe Ao MarasuHa. Torga S /10 KM/4 - Bpems 40 3akpbITMa Mara3uHa. Ha nepsble aBe Tpetu nytu Kons
notpatun S/(3*10 km/u) + S(3*20 km/4) = S/ 20 KM [ 4. BHAUUT, YTOBBLI yCNETb TOYHO K 3aKPbITUIO, EMY HY>XHO MOTU CO CKOPOCTbIO

(S/3)/(S/10KkM/M- S/20kM [4)=(S/3)] S/20 KM /[4=20/3 KM/ u.
OTBeT: 20/3 KM/ \.




KommeHTapuii:




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

Bannos: 20 u3 MonmeMm, YTO eCrin KOPHU Lierble , TO AUCKPUMUHAHT - KBaapar Lenoro yncna. D = a2 - 8*a, Takke Mbl 3HaeM , 4To a2 - 8*a = (a-4)*
20 (a-4) - 16. [laBanTe nckaTb Takme Lernble HeoTpuuaTtenbHble x, YTO x*x - 16 = y*y, rae y - HaTyparnbHoe 4ncno. Tak Kak 16 - yeTHoe ,

TO y<=x-2 ( MOHATHO , YTO y <X W NPU 3TOM X !=y-1, TaK KaK y U X O4HON YETHOCTH). x*x - 16 <= (x-2) * (x-2) = x*x + 4 - 4*x .

Torga 4 * x <= 20, Torga x <= 5. Takke nonmem, 4to x>= 4 ( x*x >=16 1 x >=0), Torga NoMMeM, YTo x = 5 HaM NMOAXOAUT , x = 4 - HeT,
NOTOMY YTO ecnn x=4, y =0 a y Hac AOMKHO BbITb ABa KOPHA. Mbl MOHANM , 4TO a-4 paBHO Mo Moaynto 5, Torga a=9 nnn a = -1.
Tenepb goKaxem YTo 9TV a Ham nogonayT. KopHaMKU x*x + 9*x + 18 aBnsoTcd -3 U -6, a x*x - x -2 ABNAKTCS Yucna 2 u -1.

OtBeT:a=9Ma=-1.







Bonpoc 3 MonoxwuTenbHble Ynucna a, b U ¢ yaoBneTBopstoT yernosuio abe(a + b+ ¢) = 3 . [lokaxuTe HepaBeHcTBO (a +b)(b+c¢)(c+a) > 8 .
BbinonHeH
Bannos: 20 u3 (at+b)*(b+c)*(c+a) = a*a*b + b*b*a + b*b*c + c*c*b + 2*a*b*c + c*c*a + a*a*c = a*b*(a+b+c) + b*c*(a+b+c) + c*c*a + a*a*c = 3/c + 3/a
20 + c*c*a + a*a*c (13 ycnoBus a*b*c*(a+b+c)=3 cnenyet uto a*b*(a+b+c)=3/c n b*c*(a+b+c) = 3/a

[aeante nogenum obe 4yacTM HepaBeHCTBa Ha 8

(e Hl/c Hjc +1/a+ 1/a+ 1/a + c*c*a + a*a*c) | 8 >= KOpeHb BocbMOW cTeneHnun 13 (1/c)*(1/c)*(1/c)*(1/a)*(1/a)*(1/a)*(c*c*a)*(a*a*c) =1 (
Nno HepaBEHCTBY MexXAay CPeaHUM apudMETUYECKUM U CPeaHMM reoMeTpuyeckM, no HepaseHcTBy KALLIA )

Yto n TpeboBanock goKasaTb.




KommeHTapwmii:
OY€eHb KpacuBoe 4oKa3aTenbCTBO.

dammnunsa BENNKOro CppaHLl,y3CKOFO MatemaTuka KoLuw.




Bonpoc 4 Kakoe HanmeHbLuee KOnmMyYecTBO (huLLEeK MOXHO pacCTaBUThb B KrneTkax Tabnumubl 99 x 99 Tak, 4Tobbl B Kaxkaom kBagpate 4 x 4
BbinonHeH ObIN0 HE MeEHee BOCbMU duwiek?

Bannos: 5 13 20

OTBeT: 49*%99
Mpumep :

[aBanTe npoHymepyem CTPOKM OT OAHOro A0 99 No NopsAaKy M NOCTaBMM Ha CTPOKM C YETHLIM HOMEPOM (PULLIKM ( Mbl CTaBUM
ULLKM Ha BCHO CTPOKY). Toraa mMbl noTpatum 49*99 pumiuek n NMOHATHO YTO B KaXXAoM 4*4 BygeT no 8 duilek.




KommeHTapwii:
HanaeHHOEe KONMMYECTBO He SABNSAETCA HaMMEHbLLMM.




Bonpoc 9 Onaronanu vetbipexyronbHuka ABC D nepecekatotcs B Todke O. AnaroHans AC' — buccektpuca yrna £ BAD, Touka M —

BoinonHeH cepeavHa ctopoHbl BC, a Touka N — cepeguHa otpeska DO. [lokaxuTe, 4To YeTbipexyronbHuk ABC D aBnsieTcsi BNMCaHHbIM
Bannos: 20 13 TOrgda v TOSbKO TOrAa, Koraa YetbipexyronbHuk ABM N siBASieTCs BIUCAHHbIM.
20

Hokaxem cHavana, 4to ecrnivm ABCD BnmvcaHHbIi To 1 ABMN BrnivcaHHbIv. Yron BDA = yrny BCA v yron CBD = yrny CAD ( ABCD -
BMMCaHHbIN, 06a yrna onupatotcsa Ha BA, oba yrna onupatotca Ha CD). Torga TpeyronbHukn ABC 1 AOD nogo6Hble ( M3 ycroBus
yron BAC = yrny OAD , Takke Mbl 3HaeM 4To yron BDA = yrny BCA , a 3Ha4uT TpeyronbHMKM NogobHbl No ABym yriam). Ewe mbl
noHumaem , yto Ttorga yron MAC = yrny NAD ( Tak Kak 3To yribl MeXay CTOpOHaMu U megnaHamu B NogoOHbIX TPeyronbHMKax ) .
3ameTtum , 4yto yron MAN = yron MAO + yron OAN, Tak kak yron MAC = yrny NAD mbl noHumaem , 4to ron MAN =yron NAD + yron
OAN = yrny CAD = yrny BAC. Toraa moxHo caenaTtb BbiBog 4To ABMN - BnucanHbin ( yron MBN = yrny CAD = yrny BAC = yrny MAN
, yrmbl onvpatowmnecs Ha MN paBHbl .a 3HaYUT YeTbIPEXYTONbHUK - BIMCAHHbIN) , 4TO U TpeboBanock AoKa3aTb.

Tenepb bygem gokasbiBaTb B APYryto CTOpoHy. INMycte ABCD He BNMCaHHbIN, TOraa AaBanTte onuwem BOKpyr ABC OKpy»XHOCTb 1
nepecevyem ee ¢ BO ( MOHATHO , YTO OKPY>KHOCTb nepecekaeT BO B ABYX TOYKaxX , Tak Kak B nexuT Ha okpyxHoOCTu , a O BHYTpWM),
0603Ha4YMM BTOPYIO TOUKY nepeceyeHns BO ¢ OKpyXHOCTbIO Kak E. [ycTb F - cepegunHa OE, Toraa M3 goka3aHHOrO Bbille Mbl
noHnmaem , Yto ABMF - BnnucaHHbIN ( 3TO Mbl AoKa3biBanu B nepBomM ab3saLe pelueHust). Ho npu atom Mbl 3Haem , 4to ABMN
BMMCaHHbIN, HO TOrga OKPYXHOCTb onucaHHas Bokpyr ABC nepecekaet npamMyto BN B Tpex Toukax , 3HauuT F coBnana ¢ N, a 3HauuT
D coBnana ¢ E ( noHATHO yTO Toukm D n E Haxogatcsa Ha nyye OD ),a 3Haunt ABCD - BniMcaHHbIN , 4TO 1 TpeboBanochb gokasarth.







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.

Movimem, yto HO[ ntobbix aByx uncen ud atux <n ( nycrb I >k, HOLO (n! +k; n!+1)= HOLO (n'+k;l-k , al-kk<=n-1 <n).
[aBanTe Toraa uckaTb K Kaxaoro u3 atux umcen n! + k (roe k - He npoctoe unu xe 2*k <= n ) NpocToe >= n, Torga NoHSITHO , YTO
Ha 3TO npocToe He byayT aenutcs gpyrue ( nHave HOL 6ynet >=n).

1) Ecnu k - HenpocToe .

[aBanite gokaxem utoy umcnan! +k (rae k> 0 n k <=n u k - He npocToe) ecTb NpocTon aenutene >=n. [yCTb HET, TOr4a Hawe
n! + k AennTCA TONbKO Ha NPOCTbIE€ MEHbLUME UIK paBHble n. [locMoTpuMm Ha ntoboe P, gensiiee k, 4aBanTe AOKaXeM , YTO CTeNeHb
BxoxaeHue P B n! 6onblue Yem B k. Tak Kak k - cocTaBHOE, TO Cpean NepBLIX n YNCEN eCTb YMCIO k U elle XoTsl Obl OOHO YNCITO
KpaTHoe P ( ecnu Takoro HeT, To p > n/2, a 3HaunT k > n/2 * 2, HO k <=n) , Torga cTeneHb BXxoxaeHus P B n! ,60nbLue Yem cTeneHb
BxoxaeHus B k. ELLle nonmem, 4To n! + k 4enuTes NuLlb Ha Te NPocThle <n , Ha KoTopble aenutcd k ( nycTb HeT, Torga n! - genuTces,

n! + k genwutcs, a 3HaunT 1 k genutcs, I'IpOTI/IBOpe‘-IVIe) , ele Mbl 3HaeM 4YTO CTeneHb BXOXXOAEeHUA BCEeX NMPOCTbIX N3 k MeHbLLEe yem
B n!, a 3HayuT Halle YUCIo AennTCAa Ha NPOCTble <n, TONbKO B TEX CTENEHAX B KOTOPbLIX COAEPXUTCA B k, HO mo Hawlemy
npeanoroXXeHuto Mbl JeNTMMCHA UCKINIOYUTENBHO Ha NPOCTbI€ MEHbLUWE n , 3HAYUT n! + k =k, yero 6bITb He MOXET Tak Kak n! > 0 .
3HauunT ecTb I'IpOCTOVI genntenb >=n.

2) Ecnn 2*k <=n

Mbl y>xe 3HaeM , 4TO BCe MPOCTble MeHbLUME n , Ha KoTopble aenatcsa n! + k , cogepxatcs B k. Tak kak 2¥k <= n ,To cpeau nepsBbIX n
ymncen ectb vncna k u 2*k. Nycte n! + k He gennTca Ha nNpocTble >=n, Torga n! + k MoXeT Nuwb genuTes Ha k ( Tak Kak cTeneHb
BXOXOEHMS BCEX NPOCTLIX U3 k B n! BonbLue Yyem B k 1 n! + k 4ennTca TONbKO Ha Te NPOCThble MEHbLUME n , HA KOTopble AenuTcs k)

Ho onatb xe n! >0.

Yy Hac ocTanucb Nk k - npocTtble > n/2. Torga 3aMeTumM , 4To Yncno n! + k Torga sSBnsSeTcs eANHCTBEHHbLIM YACHIOM cpeau
ocTanbHbIX KpaTHbIM k. ( n! AenuTtes Ha k M TONbKO OAHO U3 Yncen ot 140 n genuTcs Ha k). Byaem conoctaBnsaTb TaknMm ymcnam
npoctoe k. [laBarite nonmem noyemMy y Hac nornyymncsa npumep noaxogsnin nog ycrnosue. Te yncra y KOTopbIX eCTb NPOCTOwn
OenvTenb >= n Kak Mbl MOHANM HaM NOAXOAAT, OCTAeTCs NOHATbL YTO HAM HEe MeLlaloT Ynucna u3 nocnegHen pasobpaHHOM HamMu
rpynnbl ( Takne y KoTopbix k - npoctoe >= n/2) , HO KaK Mbl Y& MOHSINN paHee OHU ABNSATCA €ANHCTBEHHBIMU YMCNamMu KpaTHbIMA
NPOCTOMY KOTOPOMY Mbl MX conoctasBunu ( ans n! + k  Mbl BeiOpanu k), a 3Ha4YMT OHM HaM TOXE HE MELLAHOT.




«

KommeHTapwii:

OPEOLIAYLWWN AKT. SNEMEHT

BapuaHTt 11

CNEOYOUWWN AKT. SNEMEHT

BapuaHT 21

»



https://talant.spbu.ru/moodle/mod/quiz/view.php?id=1312&forceview=1
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