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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=39525&course=2083

Bonpoc 1
BbinonHeH

Bannos: 20 n3
20

Konsi noexan Ha anekTpocamokaTte B MarasuH B COCEHIOK AEePEBHI0 CO CKOPOCTbIo 10~kM/u. [poexaB poBHO TPETb BCETO MyTH, OH
MOHSIM, YTO NPY OBMKEHUN C NPEXHEN CKOPOCTLIO YCNEET TOYHO K 3aKpbITUIO MarasunHa, 1 yBenuyun ckopocTb Basoe. Ho korga oH
npoexan poBHO 2/3 BCero nyTun, caMokaT crioMarscsi, U ocTaBLUyocs YacTb NyTv Konsa npowen newwkom. C kako CKOPOCTbIO OH Luer,
€CIn1 ycren TOYHO K 3aKpbITUI0 MarasuHa?

TpeTb Nyt Kons exan co ckopocTbio 10kM/Y, TPETb MYTU - CO CKOPOCTbIO 20KM/Y 1 eLLE TPETb NyTH - C HEM3BECTHON CKOPOCTbLHO,
0603Haumm eé€ 3a v. [MycTb paccTtosiHne, NnponaeHHoe u npoexaHHoe Konew, Obino paBHo S. Torga nepByto TPeTb NYTU OH Npoexan
3a (1/3xS)/10=1/30xS y, BTOpPY!IO - 3a (1/3xS)/20=1/60xS 4, TpeTbto - 3a (1/3xS)/v=(1/3v)xS 4. A nockonbky Kons noHsan, 4To npu
OBWXEHUN CO CKOPOCTLIO 10KM/Y OH YCMeeT TOYHO K 3aKpbITUI0 MarasuHa 1 B peanbHOCTWN OH TOXe yCrern TOYHO K 3aKpbITUIO
MarasuHa, To Bpemsi, KOTopoe Oblfio Obl 3aTpaYyeHo MM Ha Noe3aky, ecrv Obl OH exarn BCH A0pPOory Co CKOPOCTbio T0KM/Y, paBHO
BPEMEHW, KOTOPOE OH 3aTpaTWi Ha NOEe3aKy B pearbHOCTU. A 3HAUNT:

S/10=5/30+S/60+S/3v | cokpaLiaem Bc€ Ha S (S He paBHO 0) n nepeHocuM 1/30 1 1/60 B Apyryto CTOPOHY C 06paTHbIM 3HAKOM

1/3v=1/10-1/30-1/60

1/3v=(6-2-1)/60

1/3v=1/20

3v=20

v=20/3=6 2/3kM/4 (LLECTb LieNbIX ABE TPETbUX KUTOMETPA B Yac).
OTBeT: 6 2/3 KM/u.




KommeHTapuii:




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

Bannos: 15 3 JUCKPUMMHAHT TpéxureHa paBeH a%-8a>0 (T.K. TPEXUNEH MMeET 2 pasnunyHbIX LienblX KOpHS). MOCKoMbKY KOPHU Lierble, To a’-8a=(a-
20 8)a - ToUHbIV KBagpar. MNof Takoe CBOMCTBO NOAXOAAT a=9 U a=-1.

OTBeT: 9 1 -1.




KommeHTapuii:
BepHo, 4To "Mog Takoe CBOMCTBO NOAxXoAaT a=9 n a=-1."

Heobxoanmo fokasbiBaTb, YTO HET APYrUX.




Bonpoc 3
HeTt otBeTa

bann: 20

MonoxwuTenbHble Yncna a, b 1 ¢ yaoBneTBopsioT ycnosuto abe(a + b+ ¢) = 3 . [lokaxuTe HepaBeHcTBO (a + b)(b+c)(c+a) > 8 .







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?

[ns Hayana npoHymepyeM CTPOKM Tabnuubl HaTyparnbHbIMK Yicriamm ot 1 40 99 (cneea) u cTonbubl Takke HaTypanbHbIMA
yncnamu ot 1 4o 99 (cHuay).

OueHka:

Pa3obbém Tabnuuy Ha 247 KBagpaToB 4x4 (KaXKabl KBagpaT NEXUT Mexay cTpokamm 4x+1 n 4x+4 BKIOYUTENBHO M cTonbuamm
4y+1 1 4y+4 BKNIOYMTENBHO; X U Y - Ntobble Yncna (MoXeT ObiTb 1 pasnnyHble) OoT 0 40 23 BKAOYMTENBHO, MOTOMY U KBaApaToB
BCero 24x24=242). B kaxaom keagpare He MeHee 8 duLiek. PaccmMoTpyM Tenepb KBaapart, Nexaluii Mexay ctpokamu 96 n 99
BKIMIOYMTENBHO 1 cTonbuamu 4y+1 n 4y+4 BkntoumTenbHO (y OT 0 40 23 BKAUUTENBHO). B YeTbIPEX KNETKaxX HUXKHEN CTPOKK
pacCMOTPEHHOro kBagpaTta He bornee YeTbipéx humiuek, cnegoBaTenbHO, B OCTaBLUMXCS KreTkax uLlek He MeHee 4. 3aMeTuM, 4TO
3TM "OCTaBLUMECSH KNETKN" HE BXOAAT HY B OAMH KBaApaT, Ha KOTOpble Mbl pa3bunu tabnuuy. Takmx NPSAMOYrofbHUKOB, NeXallmx
Mexay CTpokamm 97 1 99 BKIOUUTENBHO U cToNOUamun 4y+1 1 4y+4 BKIIHOUUTENBHO POBHO 24 (y OT 0 40 23 BKMAOUMTENBLHO). Takke
(OokasbiBaeTCHa aHanorM4yHO) He MeHee 4 KNeToK BXOOAT B KaXAbl U3 NPSMOYTrONbHUKOB, Nexalux mexagy cronbuamm 97 1 99
BKJTIOUMTESTBHO U CTPOKaMn 4X+1 N 4X+4 BKIHOYUTENBHO, X (MPSAMOYToSfIbHUKOB) TOXE POBHO 24 (X oT 0 40 23 BKMAYMTENBHO). A
Tenepb PacCMOTPUM OCTaBLUMECH HEPACCMOTPEHHbIE KNETKN. OTO KBaApaT 3X3, KOTOPbIN NEXUT Mexay cTpokamu 97 n 99
BKMOYNTENBHO U cTonbuammn 97 n 99 BKNUMTENBHO. B KNeTkax, BXOAALWMX B KBaApaT 4x4, pacnofoXeHHbIN Mexay cTpokammn 96 u
99 BKMOYMTENBLHO 1 cTONdLUamMm 96 1 99 BKNHOYNTENBHO, HO HE BXOASLLUMX B PACCMOTPEHHbIV paHee KBaapaT 3X3, MOXET CTOATb He
bonee 7 domwiek (T.K. Takmx KNeTok 42-3%=7). CnenoBaTenbHo, B paccMOTpeHHOM KBagpate 3x3 cTouT He meHee 1 duwkun. UTak, Bo
Bcel Tabnuue CToOUT HE MeHee:

8X24%+4xX24+4x24+1=8%24%+8Xx24+1=8X24X(24+1)+1=8x24x25+1=200x24+1=4800+1=4801 dorLLIKN.
Mpumep:

MonHOCTbIO 3anonHaemM ULLIKaMK Kaxabli cTondew, n Kaxayto CTPOKy Tabnuubl C HOMepOoM, KpaTHbIM 4. KneTku 6e3 duwek
obpasyloT rpynnbl - kBagpaTtbl 3x3. B ueHTpanbHyo KNeTKy KaXKaoro kBagpara ctaBum rno uwlke. HasoBEM Takme uLLKu
cBo60oaHbIMK. Takmm o6pasom, ecnv pasbuTs TabnuLly Ha 242 kBaapaTtoB 4x4 (Kak 1o AenaThb - cM. B OLEHKe), TO B KaXaoM
KBagpate OygeT no 8 dmiek, Takke poBHO Mo 4 OULLKM BXOAAT B KaXKAbIN U3 NPAMOYTONbHUKOB (MX 24), Nexalumx Mmexay
cton6uamm 97 1 99 BKIMIOYMUTENBHO U CTPOKaMU 4X+1 1 4x+4 BKITOUNTENBHO (X OT 0 40 23 BKITHOUYUTENBHO), B KaXObIN 13
NPSIMOYTONbHUKOB (MX TOXE 24), Nexalumx Mexay cTpokamm 97 n 99 BKNIOYMTENBHO 1 cTonbuamu 4y+1 n 4y+4 BKNIOYMTENBHO (Y OT
0 [0 23 BKAYMUTENBHO), M B KBagpaTe 3x3, nexawem mexay ctpokamum 97 n 99 BKNtoUMTENBHO 1 cTonbuamm 97 1 99
BKMoUMTENbHO ByaeT poBHO 1 domiuka. Takum 06pa3omM BCero pULLIEK POBHO 8X24%+4x24+4x24+1=4801.

Moyemy Npumep paboTaet:

PaccmoTtpum ntobon kBagpar 4x4. B HEM eCTb NOMHOCTBLIO 3aMOfHEHHLIN CTONOEL, MOMHOCTBIO 3anofIHEHHas cTpoka U 1 ceobogHas
duwka. Ctonbew 1 cTpoka MMetoT poBHO 1 06LLYIO KNETKY, CrieaoBaTenbHO, B HUX CyMMapHo 7 cmwek. Ho ectb ewwé 1 ceobogHas
duLLKa, 3HAUMT, BCEro B KBagpaTe poOBHO 8 doMLLIEK, YTO HAM U HYXKHO.

OTBeT: 4801 oULLKY.







Bonpoc 5
HeTt otBeTa

bann: 20

OwnaroHanu yetbipexyronbHuka ABC D nepecekatotcsa B Todke O. QuaroHans AC — 6uccektpuca yrma £/ BAD, Touka M —
cepeavHa ctopoHbl BC, a Touka N — cepeguHa otpeska DO. [lokaxuTe, 4To YeTbipexyronbHuk ABC D aBnseTcs BNMCaHHbIM
Toraa v TorbKo Toraa, koraa vetbipexyronbHuk ABM N sBnsieTcs BNMCaHHbIM.







Bonpoc 6
BbinonHeH

Bannos: 20 n3
20

HokaxuTe, 4To y Kaxxgoro n3 uncen n! + 1, n! + 2, \dots, n! + n MOXXHO BbIGpaTh NPOCTON AENUTENb, HA KOTOPLIN HE AENUTCS HU
O[HO 13 OcCTalbHbIX.

[okasaTenbCTBO HECKOMBbKUX HY>KHbIX TEOPEM:
1. a-b penutca na HOM(a,b).
[lokasaTenbcTBO:

a penutca Ha HOL(a,b) u b penntcsa Ha HO[(a,b), cnegoBaTenbHo, Ux pasHocTb aenutca Ha HOL(a,b), 4uTo n TpeboBanock
[JoKasaTb.

2. PaccmoTpum psag HaTyparnbHbIX Yucesi oT 1 40 n, He coaepKallnini HeKoero COCTaBHOro a<=n. Torga B 3TOM psiAie HangyTcs
HECKOITbKO YMCer, Mpon3BeaeHNe KOTOPbIX AENNTCS Ha a.

[okasaTenbCcTBO:

PaccmoTprm npocTton genvtens p, BXOASLUIA B a B KAKOW-TO cTeneHun x. Ecnn x=1, TO NOCKOMbKY a COCTaBHOE, TO 40 HEro eCTb caMo
4yucno p (4nsa aToro crny4vasa TeopemMa gokasaHa). Ecnm xe x>=2, To B paCCMOTPEHHOM psfe A0 a HAaNAETCA YMCHO p B CTENEHU x-1
(BeOb OHO MeHbLUE a) 1 Yncno, B ABa pa3a bonbluee Hero. VicknioyeHne coctasnseT crnyyvan, rae p=2, a=4. Ho torga n<6, Beab
MHa4ye B paccmaTpmBaeMoM psagy HanayTcs 2 YMcna, KaXkaoe U3 KOTopblx genutcsa Ha 2. CrieqoBaTternbHo, n=5, 1 Yncna U3 ycrnoeus
paBHbl 121, 122, 123, 124 1 125. ickoMbIi NpocTon genutesnb y ynucna 121-11,y 122 - 61, y 123 - 41, y 124 - 31 n y 125 - 5. [Ing atoro
crny4yas TeopemMa ToXe Aoka3aHa (Tak Mbl MOXXEM pacCMOTPETb BCE NPOCTbIE AENUTENM YACNA a U HAUTU NO YKa3aHHOMY anroputMmy
BCe 4YuCra, Npon3BedeHne KOTopbiX OyaeT OenuTbCs Ha a).

Camo pelueHue:

MakcumanbHbein HOL, AByX 4yMcen 13 aToro psga He NpPeBOCXOAUT MakCMMarbHOW pasHOCTU ABYX YMCeN U3 9Toro psiaa (T.K. no
TeopeMme 1 a-b genutcs Ha HO[(a,b)). A makcumanbHasi pasHoCTb - 370 n-1. CnegoBaTenbHO, HaM HAgo0 4oKa3aTb, YTO Y KaXAoro 13
yucen nl+1, nl+2, ..., nl+n NMMBG0 MOXHO BbIGpPaTb MPOCTON AENUTENb, HE MEHBLLUMIA n, NMMOO BbIOpaTbL KAKOW-TO APYron NPOCTOn
nenuTenb, Ha KOTOPbIA HE AENUTCS

HW OAHO N3 OcTarnbHbIX YNCEN.

PaccmoTpum uncno nl+a, a<=n. 3aMeTUM, YTO:

n+a=a(1x2x. . x(a-1)x(a+1)x. . xn+1). Ecnu a - coctaBHOE, TO, MO TEOPEME 2, Ha HEro AEeNUTCA NPOU3BEAEHMNE HECKOMBbKNX YnCen,

BXOOAWMX B ps4 1, ..., n, He cogepXalumm a. To e camoe, ecnu a=1. Ecnu a - NpocToe, HO He GonbLuee NONOBMHbI N, TO HA HEFO
OennTcs Yncro 2a, Bxoasiliee B pag 1, ..., n, He cogepxawun a. CnegoBartenbHo, ecnv a=1, a COCTaBHOE UMK a - MPOCTOE, He
Oonbluee NoNoBUHbI n, TO 1x2x. . x(a-1)x(a+1)x. . xn AENUTCA Ha a, 3Ha4uT, 1x2x. . x(a-1)x(a+1)x. . xn+1 HEe OENUTCSA HXN HA OQHO YMCIIO U3
pagal, ..., nny Hero HangéTcs NPOCTON AenuTenb, HE MEHbLUMI n - 3TO MCKOMbIN NPOCTON AenuTenb.

Ecnun xe a - npocTtoe, HO 6orbLuee NOMOBMHbI N, TO HA HEFO HE OENUTCH HM OQHO U3 vncen ni+1, n+2, ..., ni+a-1, nl+a+1, ..., nl+n (TK
n! OENUTCS Ha a, @ HM OOHO U3 Yncen psgal, ..., n, He CogepXallero a, Ha Hero He genutcs). Takum 06pasom, a - MICKOMbIN NPOCTON
aenunTens.

WNTak, Mbl gokasanu, 4To y nboro Yncna nl+a HanaETcs NPOCTON AeNUTENb, HA KOTOPLIA HE AEeNUTCS HU OAHO M3 Yncen nl+l, nl+2, ..
., nl+a-1, ni+a+1, ..., nl+n. Y10 1 TpeGoBanock gokasaThb.




«

KommeHTapwii:

OPEOLIAYLWWN AKT. SNEMEHT

BapuaHTt 21

CNEOYOUWWN AKT. SNEMEHT

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

