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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=48771&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 BeCb NyTb - 3s KM, a KonnHa nocnegHAsa CKOpoCTb - x KM/Y. Torga naHavanbHO A0 3aKpbITUA Mara3uHa octanoch 3s/10 4, Tak
kak Konsa noHsn, 4To npu OBUKEHUU C Ha4YanbHOM CKOPOCTLIO 10 KM/Y OH yCneeT TOYHO K 3aKpbITUIO MarasvHa. Ha nepByto TpeTb
nyTKn, TO eCTb Ha nepBble s KM, Konga notpatun s/10 4. 3aTem OH yBeNnu4mn cKopocTb BABOE, TO €CTb €ro HoBasi ckopocTb 20 Km/4. Ha
BTOpble s KM Konsa notpatus s/20 4. Ha TpeTbKn s KM OH noTpatus s/x Y. [Npu aTom cymmapHO oH notpatun 3s/10 Y, Tak Kak OH ycnen
TOYHO K 3aKpbITUIO MarasuHa. imeem ypaBHeHwMe:

35/10=s/10+s/20+s/x;

3/10=1/10+1/20+1/x;
4/20=1/20+1/x;
3/20=1/x;

x=20/3.

WNtak, Kons wén co ckopocTbio 20/3 nnm xe 6 uenbix 2/3 Km/u.




KommeHTapuii:




Bonpoc 2
HeTt otBeTa

bann: 20

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







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

Bannos: 20 n3
20




012223098 _3.pdf

KommeHTapwii:



https://talant.spbu.ru/moodle/pluginfile.php/174708/question/response_attachments/44284/4/883437/ol2223098_3.pdf?forcedownload=1

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: 20 n3
20




012223098_4.pdf

KommeHTapuin:



https://talant.spbu.ru/moodle/pluginfile.php/174708/question/response_attachments/44284/5/883504/ol2223098_4.pdf?forcedownload=1

Bonpoc OwnaroHanu yeTtbipexyronbHuka ABC D nepecekatotcs B Touke O. AnaroHans AC' — 6uccektpuca yrma Z/BAD, Touka M —
BuinonHeH cepeavHa ctopoHbl BC, a Touka N — cepeavHa oTpeska DO. [JokaxuTe, 4To YeTblipexyronbHuk ABC D siBNsieTCst BMIMCAHHbIM

Bannos: 18 u3 Toraa U TONbKO TOraa, Korga YeTblpexyronbHuk ABM N aBnsieTcs BNcaHHbIM.
20




012223098 5 pdf

KommeHTapwmii:
HanvcaHo "yron OAC = yron CAD" BmecTo "yron BAC = yron CAD"



https://talant.spbu.ru/moodle/pluginfile.php/174708/question/response_attachments/44284/6/883554/ol2223098_5.pdf?forcedownload=1

Bonpoc 6 HokaxuTe, 4to y Kaxxgoro n3 umcen n! + 1, n! + 2, \dots, n! + n MoxHO BblIOpaTb NPOCTON AenUTENb, HA KOTOPbIA HE AENUTCS HN
BbinonHeH OHO 13 OCTallbHbIX.

bannos: 12 n3
20




012223098_6.pdf

KommeHTapuin:

HeakkypaTHoe nanoxeHune. CHavana yTBepXxgaercs, YTo Bcerga eCctb NpoCcTon agenutenb, 60nbLwnii n, NOTOM Nofy4aeTcs, YTo
ObIBalOT cnyyaw, korga aT1o He Tak. Kak AenctBoBaTh B 3TOM Clydae SBHO He HanmcaHo, NPUXOAUTCS AoraabiBaTbCA U3 KOHTEKCTa.
Ho npocTo BbIGpaTth k B 3TOM cnyyae Henb3s (Ha k MOXeT AennUTbCS eLe OgHO U3 YMCen), HanpuMep, Y n!+2 Henb3s 6paTb ABOWKY,
MOCKONbKy n!+4 Takke AenuTtcs Ha 2. TyT Hago 4eNCTBOBaTb akKypaTHee.

OPEOLIAYWWA AKT. QNEMEHT CINEAYOUWWNNA AKT. SNEMEHT
« BapuanT 21 BapuaHrt 13

»


https://talant.spbu.ru/moodle/pluginfile.php/174708/question/response_attachments/44284/7/883607/ol2223098_6.pdf?forcedownload=1
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

Mo ycnosuto 3agauv abc(a + b + ¢) = 3 = ac(ab + b? + bc)

(a+b)(b+c)(a+c)=(b2+ab+ac+bc)(a+c)=(%+ac)(a+c)=

8 la2cac?

= 8no
aaaccc

3 3 1 1 1 1 1 1
-+=-4+a*c+ac*=-4+-+-+-4+-+-+a*c+ac*=8
c a c C c a a a

11
HePABEHCTBY O CPEAHMK AIA MONOXKMTENbHBIX uncen —, -, a’c, ac? (uncna a,b,c

NONIOXKUTENbHbIE MO YC/I0BMIO 3a4a4n. HU a, HM ¢ He moryT paBHATbCA 0, NoaTomy
MOTYT HaX04MTbCA B 3HaMeHaTensax apoben.



OtBeT: 4801

OueHKa:
>8 >8 >8 >4
>8 >8 >8 >4
>8 >8 >8 >4
>4 >4 >4 >1

PaccmoTpum BepxHUI NEBbIV KBaApaT AOCKM pa3mepa 96*96 un pa3gennm ero Ha
24*24 kBagpaTta 4*4. B KaxKA0M U3 TaKUX KBaApaToB XoTA bbl 8 puLlek no
YC/I0BUIO 334,a4M. 3HAUYMT, B 3TOM YAaCTU A0CKUN XOTA b6bl 24*24*8 puwiek.

Y Hac ocTaHeTcA Hepa3bumTbiM yrolok 06pa3oBaHHbIN NepeceyeHnem NpPaBbIX TPEX
CTONBLOB M HUXKHUX TPEX CTPOK. Pa30bbEm NpAMOYronbHMK B MPaBOM BEPXHEM
Yrny, COCTOAWMM U3 TPEX cTONOLOB K 98 CTPOK Ha NpsAMOYronbHUKa 4*3, roe 4
KNeTKM No BEPTUKANN, @ 3 MO rOPM30HTaNN. B KaXKA0M U3 TaKnX
NPAMOYrO/IbHUKOB A0MXKHO b6bITb XOTA Obl 4 GULLKK, TaK KaK €CAM Mbl PaCCMOTPUM
TaKoM NPAMOYro/ibHMKa U AOMNONHUM ero Ao KBaapaTa 4*4, nobasms cnesa 4
KNeTKM, TO B NOJIyYEHHOM KBagpaTe byaeTt xoTa bbl 8 puwek, makcumym 4 u3
KOTOPbIX HE NeXaT B NPAMOYrosibHUKe. Bcero Takmx NnpsiMoyronbHUKoB 24.
3HauuUT, B 3TOM YaCTN AOCKKN XOTA Bbl 24*4 puLwek.

AHaNoOrnM4yHo, ecin Mbl PazobbEM NPAMOYTONbHUK B 1€BOM HUMKHEM YTy,
cocToAWwmi U3 3 CTPOK 1 98 CTPOK Ha NPAMOYTroNbHUKKN 3*4, rae 3 KNeTKu no
BEPTUKANM U 4 NO rOPU30HTANN, TO B KAXKAOM U3 TaKUX NPAMOYTrONbHUKOB TOXe
AOMNKHO 6yaeT 6b1Tb X0TA 6bl 4 PULWKKM. AHANOTMYHO, B 3TON YACTU AOCKKU XOTA Obl
24*4 dunwek.



Octanca kBaapat 3*3 B npaBom HUMKHEM yray. B HEM A0/KHA ObITb XOT 6bl 0AHA
du1LWKa, TaK KaK ec/in Mbl PAaCCMOTPUM HUMKHWUI NpaBblii KBagpaTt 4*4, To B HEM

AOMKHO 6bITb XOTA Obl 8 PULIEK, MAaKCMMYM 7 U3 KOTOPbIX HE NeXaT B KBagpaTe
3*3.
UToro, Bcero puwiek xota 6ol

24%24*8+2*24*4+1=24*8%(24+1)+1=24*200+1=4801.

Mpumep: NPoOHYMepyeM CTPOKK cBepxy BHM3 oT 1 ao 99, ctonbupl — cnesa
Hanpaso.

MNMoctaBMm No ogHOM GULLKE B KNETKM CTONOL0B C HOMepaMu, KpaTHbIMK 4 1 B
KNETKM CTPOK C HOMepPamMM, KpaTHbIMU 4. TaKKe NOCTaBUM NO QULLIKE B KNIETKN, U
HOMEP CTPOKKU, U HOMEP CTONOLA KOTOPbIX A4aéT OCTAaTOK 3 Npu AeNeHun Ha 4.

1

Tak BbIrNAAMT NEBbIN BEePXHUIN KBaapaT 7*7 nocku, 1 - puLKa.

Torpa Bcero noctasneHo 2*24*99-24*24+ 25*25 puwek, Tak Kak 24*99 - obuiee
KOJIMYECTBO KNETOK B CTONOLAX C HOMepamu, KpaTHbimn 4, 24*99 - obuwee
KO/IMYECTBO KNETOK B CTONOLAX C HOMepamu, KpaTHbIMK 4, 24*24 — KONMYECTBO
KNEeTOK Ha UX NepecevyeHunnx, KoTopble bbbl nocynTaHbl 2 pasa, 25*25 —
KO/IMYECTBO KNETOK M HOMEpP CTPOKMK, U HOMmep cToNbua KOTOPbIX A4aéT OCTaToK 3
npwu geneHun Ha 4, 2*¥24*99-24*24+ 25*25=48*99+49=48*100+1=4801.

Kpome TOro, KBagpat 4*4 Bceraa BkAtoYyaeT B cebs 4 noapaa maywme cTpoku n 4
noApsaa naywmx cronbua, cneaoBatenbHO, Cpean CTPOK U cpeamn cTonbuos
HaMAYyTCA C HOMEPOM, KPaTHbIM 4, a TaKXKe HaNAETCcA KNeTKa, U CTPOKa un ctonbel,



KOTOPOM AatoT OCTATOK 3 Npu AeNeHnun Ha 4, OTINYHAA OT HaNgeHHbIX 7 pULeK B
KpaTHbIX 4 CTPOKax unu ctonbuax. 3HaumT, B KaKA0M KBagpaTte 4*4 6yaet xoTs
6b1 8 puLeEK.



CHayvana pokKaxkem, yto ecnm ABCD — BnncaHHbIN, To 1 ABMN — BIMCaHHbIN.

B

Mo ycnosuio 3agaum AC — buccekTtpuca yrna BAD, 3HauuT, yron OAC = yron CAD.
ABCD — BnncaHHbIi, cnegoBaTtenbHo, yron ADO = yron ACB. Torga TpeyronbHUKK
AOD 1 ABC nogo6HbI N0 ABYM yrnam, Cie40BaTeIbHO, YO MeXKay
COOTBETCTBYOWMMM MeanaHaMM N CTOPOHAMM B HUX paBeH: yron ANO =yron
AMB, a 3HauunT, YeTblpEXyronbHUK ABMN — BNUCAHHbIN.

Tenepb gokaxem, yto ecaim ABMN — BnucaHHbIn, TO 1 ABCD — BIMCaHHbIN.
yron ANO = yron AMB u13-3a BNMCAaHHOCTH

CoBmectnm Touky M c Toukor N, Touky O pacnonoxum Ha nyye MB, Touky D — Ha
nyye MC:

0

N(M)



TaK Kak Ha aTon KapTMHKe OB=CD, To, npoBeaa yepe3 Toukun B 1 C npamble

napannensoHble AO n AD, oHn nepecekyTcA Ha AN B TouKe X noA, yrnom, paBHbIM

NA NO ND
yrny OAD (no Teopeme ®aneca X on E)' TaK Kak Ha ny4ye NA MOXKHO

BblOpaTb €ANHCTBEHHYIO TOYKY X, 4To yron BXC = yron BAC(c otaaneHnem X ot N
yron BXC ymeHbLuaeTca), To TpeyronbHMKa BXC = TpeyronbHuky BAC. MNpu aTom
yron ADO = yron XCB(13-3a napannenbHoctn XC, AD) = yron ACB, oTKyaa u
cnepnyet BNUCAHHOCTb.



JloKkaxem, 4To y Kaxaoro ns umcen nl+1, nl+2, ..., nl+n ectb npocton aenuntens,
601bLWNI N, TOFAA 3TOrO NPOCTOrO HE MOKET BbITb B Pa3/103KEHUN HU Y OAHOTO U3
OCTa/IbHbIX YNCEN B PAAY, TaK KaK Pa3HOCTb IH0BbIX ABYX U3 HUX HE NPEBOCXOANT
n, a B C/lydyae, KOrAa ABa YMcna € Pa3HOCTbIO He bonbliue N AeNATCA Ha NPOCTOE,
60/1bLIOE N, UX PA3HOCTb TOXE AENNTCA Ha 3TO NPOCTOE U NPU 3TOM Pa3HOCTb
CTPOro MeHblle AeNNTeNs, cieoBaTeNbHO, UX Pa3HOCTb paBHa 0, 1 3TK ABa YMcha
COBMaAaloT.

MycTb uncno nl+k, rae 1<k<n He gennTcA HM Ha KaKoe nNpocToe, bonbllee n.

nl+k=p; % * p,%2 * ... * p,, %™, pa3noKeHne Ha NPOCTbIe MHOXKUTENN, Tae

D1, P2 --- Pm — BCE MPOCTbIE, HE NPEBOCXOAALLME N. P; BXOAUT B PA3/I0XKEHME B
MeHbLLEN N3 cTeneHemn, B KOTOpble OH BXoAMT B k 1 n!(B cnyyae, ecnm aTn cteneHun
HepaBHble), TaK KaKk n! aenntca Ha p;, KoTopoe meHblLue n. Mpu aTom n! gennTca
Ha k, nosTOMY p; BXOAUT B MEHbLUEN CTENEHM B K.

Ecnu xe 3Tu cTeneHn paBHbl, TO TaKOE BO3MOKHO TO/IbKO B Cay4yae, Koraa k —
npoctoe. 1 eANHCTBEHHOE BO3MOMKHOE Pa3ioXKeHMe, B KOTOPOM HET HU O4HOro
npoctoro, 6osbluero n, 3to nl+k=k*, Tak KaKk k genuntca Ha Ka)ka0e npocroe,
BXOAsALLee B pa3NoXKeHne, NOToOMy 4To n! AennTca Ha HUX.
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