Bonpoc MH(bO

YBaxaembIin y4yacTHUK Onumnuagbi!

Ha BbinonHeHne TecTa 3aknioumMTenbHOro atana otBogmTcest 230 MUHYT Ntoc 15 MUHYT Ha COXpaHeHMe 1 NpUKpenneHne peleHnin. Pabota
aBToMartumyeckun otnpasutca B 14:05 no MockoBckomy BpeMeHu. OKHO TariMepa Bbl yBuagnTe B BepxHen Yactu pabodero akpaHa.

Bonpocbl TexHu4eckoro xapaktepa Bbl MoxeTe 3agatb HabnogaTtento B YaTe (OKOLLKO BHM3Y B MpaBoW YacTu akpaHa). Ecnu Bam notpebyetca
BbINTW B TyaneTHYH KOMHATY, OCTaBbTE B YaTe C MPOKTOPOM COOBLLIEHNSA O BPEMEHU BbIXOAa U BPEMEHW BO3BpaLLeHust (Hanpumep, "12:04 -
Bbiwen"). OTBET OT NPOKTOpa XAaTb NPU 3TOM HE HYXHO.

BapuaHT 3aknounTenbHOro atana coctouT U3 6 3apgad. PelueHne kaxgon 3agaym Bel moxeTte
a) NOMHOCTbIO 3anuncaTth B Nore oTeeTa (Npu HEOBXOAMMOCTU MOXHO MPUKPENUTb MOACHAIOLLIMIA PUCYHOK),

0) nonHocTbIo HabpaTb B TEKCTOBOM pefakTope ¢ pegaktopom hopmyn, npeobpasoBath B popmMaT pdf 1 npukpenutb NonyymBLUMACS pann.
Ecnu y Bac HeT Bo3aMOxHOCTM NpeobpasoBaTthb pelleHue B pdf, Bol MoXeTe caenaTtb CKpUHLLOT akpaHa (KHormka PrtScn Ha knasuatype unm
BCTPOEHHBIN cepBUC "HOXHULBI") 1 NPUKPENUTL €ro.

O6paTtuTe BHUMaHKWE, K KaXX40W 3aade MOXHO MPUKPENUTL TONbKO OAMH halin, Ha3BaHWe KOTOPOro hopMmpyeTecs No npaBuiny ol22*****_N roe
ol22***** _ Baw noruH, N - HOMep 3agauun.

B TekcTax peLleHun, NpUKPEneHHbIX N300paxKeHNsIX U darinax He JOMKHO ObITb HMKAKOW NepcoHansHoON nHdgopmaumm!

Bo BpeM4 BbINMOJTHEHNA BapMaHTa Ha KOMMbOTEPE MOXXHO NONb30BaTbCA TOJIbKO TEKCTOBbLIM PeaakKTopoOM U BCTPOEHHbIM CepBUCOM CO34aHUNA
|/|306pa>i<eH|/u7|. L-‘|epHOBOG peweHne MOXHO BbINONMHATbL Ha 6y|vlare, pacnono»(eHHoM B none snanmMmocCTun Be6—|<a|v|epb|.




Bonpoc 1
BbinonHeH

Bbannos: 20 n3 20

Kornsi noexan Ha anekTpocaMmoKkaTte B Mara3uH B COCEHIO AepPeBHI0 CO CKOPOCTbIO 10~KM/Y. [TpoexaB pOBHO TPETb BCErO MyTWU, OH MOHSAS, YTO
npv OBVXXEHWU C MPEXHEN CKOPOCTbIO YCNEET TOYHO K 3aKPbITUIO MarasuHa, 1 yBenuyun ckopocTb BABoe. Ho Korga oH npoexan poBHO 2/3 BCero
nyTW, CaMoKaT criomarcs, 1 octaBLUytocs YacTb nyTn Konsa npowen newkom. C Kakon CKOPOCTbIO OH LLES, ECNK YCnen TOYHO K 3aKpbITUIO
marasuHa?

Pa3 Kons ycnen TOYHO K 3aKpbITMIO Mara3uHa, TO BpeMsi, 3a KOTOpoe OH Npoe3XaeT 2/3 nyTy Ha caMoKaTte CO CKOPOCTbo 10 KM/4 (Kak OH
niaHMpoBan), paBHO BPEMEHM, 32 KOTOPOE OH Npoe3xaeT 1/3 nyTn co CKOpOCTbio 20 KM/Y 1 1/3 NyT MAET NEeLIKOM.

MycTb 3S - gnuHa Bcero nyTH, V - CKoMasi CKOpoCTb NeLKoM. Torga 3To yCrnoBue 3anvcbiBaeTcs crneayowmm obpasom:
25/10 = S/20 + S|V

Cokpawaewm S, nonyyvaem 1/V =1/5 - 1/20; V = 20/3

OTBeT: 20/3



KommeHTapuii:



Bonpoc 2
BbinonHeH

Bbannos: 15 13 20

Hangute Bce uenble a, ANs KOTOPbIX KBaApaTHbIN TpexuneH 2 + ax + 2a MMeeT [Ba Pas3nuyHbIX LiebIX KOPHS.



012203800_2.pdf

KommeHTapuii:
paBeHCTBO a = 2k - n2 03HayaeT, 4To Bbl paccmoTpenu Tornbko a>0


https://talant.spbu.ru/moodle/pluginfile.php/174708/question/response_attachments/44627/3/878691/ol2203800_2.pdf?forcedownload=1

Bonpoc 3
Het otBeTa

bann: 20

MonoxwuTenbHble Yicna a, b 1 ¢ yaoBneTBopsioT ycroButo abe(a + b+ ¢) = 3 . [Jokaxute HepaBeHCTBO (a + b)(b+ c)(c+a) > 8 .






Bonpoc 4
Het oTBeTa

bann: 20

Kakoe HavmMeHbLLee KoNMYecTBO ULLEK MOXHO pacCTaBUTb B KrneTkax Tabnuubl 99 x 99 Tak, 4Tobbl B kaxxaoM kBagpate 4 x 4 6biro He MeHee
BOCbMW huLek?






Bonpoc 5
BbinonHeH

Bbannos: 20 n3 20

OunaroHanu yetbipexyronbHuka ABC D nepecekatotcs B Touke O. QuaroHans AC — buccektpuca yrma / BAD, Touka M — cepefyHa CTOPOHbI
BC, a Touka N — cepeavHa otpeska DO. [lokaxuTe, 4To YeTblpexyronbHuk ABC D sBnsieTcst BnMcaHHbIM Torga 1 Tonbko Toraa, koraa
yeTblpexyronbHuk ABM N sBNsieTCst BMIMCaHHbIM.



012203800_5.pdf

KommeHTapuii:


https://talant.spbu.ru/moodle/pluginfile.php/174708/question/response_attachments/44627/6/878692/ol2203800_5.pdf?forcedownload=1

Bonpoc 6
Het otBeTa

bann: 20

LokaxuTe, 4To y kKaxgoro u3 yicen n! + 1, n! + 2, \dots, n! +n MOXHO BbIGPaTbL NPOCTON AeNUTENb, Ha KOTOPLIA He AENUTCA HWU OHO U3
ocTarnbHbIX.



«

OPEALIAYWWN AKT. QNEMEHT

BapuaHTt 21

CINEOYIOWWN AKT. QNIEMEHT

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

JluckpuMuHaHT 3TOro TpéxwieHa paBeH a(a — 8). Jlmd 1enoYnciaeHHOCTH
000ouX KOpHEH HEOOXOAMMO, YTOOBI JUCKPUMHUHAHT OBLI KBAJAPaTOM HATypaJbHOTO
qucia. 3aMETHM, YTO

HO/Zl(a,a — 8) = HO/l(a,8) = HO/I (a — 8, 8)

W13 3ToTr0 chemyer, 4To eciiv a JSUTCS Ha HEKOTOpOoe P, OTIAMYHOE OT 2, TO a-8
He JenuTcs Ha 310 P. B mpowmsBenennu a(a-8), xak B KBajapaTe, CTCIICHH BCEX
IPOCTBIX JTOJIKHBI OBITh YETHBI, MIOATOMY BCE MPOCTBIE KpOME 2, BXOJSIINE B 4,
JOJKHBI UMETh YETHYIO cTeleHb. Torma a MOXHO MPEJICTABUTh B BUJIC

a = 2%.-n?
I'me N — Heuy€THOE YKnCIO.
Ecau k = 0, To umeem
t? =a(a—8) =n?(n*>-298)

Torma (n? — 8) MOMKHO ABIATHCA KBagpaToM. HeclnoxkHo yOeauThCs, 9To 3T0
BO3MOXKHO TOJBKO mpu N =3, 8= 9.

Ecmu k=1, t0
t? =a(a—8) =4n*(n*> — 4)

Torma n? — 4 TOJKHO SBIATHCA KBAAPATOM. DTO BO3MOKHO TOJIBKO IpH N = 2,
HO 3TOT CIIy4ail HaC HE YCTPAUBAET, IOTOMY YTO TOTJa JUCKPUMHUHAHT PAaBEH HYJIIO
Y KOPHU HE MOT'YT OBbITh pa3JIU4HBbI.

Ecmu k =2, To
t? = a(a—8) = 16n%(n* —2)
B sToM ciydae (n? — 2) ZOIKHO SBIATHCSA KBAJPAaTOM, YTO HEBO3MOKHO.
Ecmu k > 3, To MOKHO 3amucaTh
t?2 = a(a — 8) = 2¥n?(2*n? — 8) = 2k*3n2(2k3n2 - 1)

Eciy HOI0KHUTE B 3TOM paseHcTBe K = 3, To nmoayumm, uto BenumuuHa n? — 1
JIOJDKHA SIBIIATHCSL KBAJPaTOM, YTO BO3MOXKHO TOJIBKO TIpu N = 1, HO TOrjga CHOBa
MOJy4aeM JTUCKPUMHUHAHT PaBHbBIA HYJIIO, YTO HAC HE YCTPAUBAET.

Ecnu ke k > 3, To B cKOOKax CTOMT HEUETHOE YynCio. Tak Kak N'y HacC HEYETHO,
4TO JBOWKA B 3TO MPOM3BEICHHE BXOMUT B crerneHu K+3, orkyma K sBisercs
HEYETHBIM YUCIIOM (UTOOBI CTETICHh BXOXKIEHUS 2 B KBajpaT Oblia 4€THoi). Torma
BemunHa 2%73n? gensercsa kpagpaTom, GonbmKM 1, TO €CTh BeMYMHA B CKOOKAX
KBaJpaToM He siBysiercd. [Ipu aToM mepen ckoOKamMu CTOUT KBaApat, 3HAUUT, BCE
BBIPKEHUE HE SBJIAETCS KBAJPATOM.



3HA4YUT, NTUCKPUMHMHAHT SIBJSIETCS HEHYJIEBBIM KBAaJpPAaTOM TOJBKO B Cllyyae
a = 9. [IpoBepuM, YTO IPU 3TOM JECUCTBUTEIBHO MOJTYYAIOTCS LIEJIbIE PA3JINYHbIC
KOpHH:

x> 4+9x4+18=0
_ —9+VB1-418

x 2
—-9+4+3
=T
x € {—6; -3}

3Ha‘II/IT, 3TO €AUHCTBCHHOC IMOAXOAAIICC 3HAYCHUC a.

Ortser: 9.



[Tycth ueTbipéxyronpauk ABCD BrnvicaHHBI.
Torga £BCA = £0DA, Tak Kak OHU ONUPAIOTCS HA OAHY AYTY.
Kpowme toro, o ycinosuto AC — 6uccektpuca £BAD, mosTomy

£BAC = £0AD

Torna tpeyronsauku ABAC u AOAD nonoGHbI IO IBYM yriiaM. B HUX oTpe3ku
AM u AN sBrsitoTcst Mearanamu, modtoMy LONA = £BMA xak COOTBETCTBEHHbBIE
YIJIBI MOJIOOHBIX TPEYroJbHUKOB. M3 3TOro paBeHCTBA M CIEAyeT BIUCAHHOCTH
yeThlpéxyroyibHuka ABMN.

[Tycts Temeps ueThipéxyronbHuk ABMN Brucanubiii. Torma 2ZO0NA =
£BMA, noroMy 4TO OHHM ONMHUPAIOTCS HA OAHY Ayry. Kpome Toro, mo-mpexnHemy
£BAC = £0AD

[ToTtomy uto 0 ycnmoButo AC — 6uccekrpuca £BAD.

3HauuT, B TpeyroiapHukax ABAC v AOAD paBHBI 1Ba COOTBETCTBEHHBIX yIJila
U JIBA COOTBETCTBEHHBIX YyTJIA MEXKIY MEIHAHOM M CTOPOHOM, K KOTOPOW OHa
npoBeieHa. Eciiu Mbl 1oKaxeM, 4TO 3TUX YCIOBUN JTOCTATOUHO JJIs OO0 ITHUX
TPEYTOJIbHUKOB, TO 3a/1a4a OyJIET PelIeHa, TaK KaK TOr/Aa U3 01001 Mbl IOJTYy4YUM
¢BCA = £ODA, w3 4yero MOMEHTalbHO OyJAeT CcJeA0BaThb BIUCAHHOCTb
yeTpipéxyronbarnka ABCD.

JlokaxeM, 4TO 3THX yCIOBUN JOCTATOYHO JJIsl TIOTOOMS.

Jlemma. Ilycte mansl gBa TpeyronbHuka ABC u A;B;C;, B KOTOpBIX
npoBeneHbl Meauansl AM u A{M,. Torna, ecnmu £BAC = £B{A1C; n £LAMC =
2A{M;C;, TO 1Ba UCXOTHBIX TPEYTOJbHHUKA MTOJOOHBI.

J/loka3aTe/ibCTBO:

[Tockonbky wumeer wMecto paBeHCTBO <ZBAC = £B{A{C;, TO MOXHO
COBMECTUTH YIiibl A U A, npsimbie AC 1 A, C;, npsambie AB u A4 B;.

Tenepb y Hac ecTb yroyi A, Touku B 1 B; Ha ojiHOM ero ctopone, Touku C u C_1
Ha JIpyrou.

[IpoBeném depe3 Touky C mnpsmyro, mnapamnenbHyro B;C;. Ilycte oHa
nepecekaer npsmyio AB B Touke B’. Torma tpeyronbuuku AB'C v A{B;C;
noa00H5!1. JlokakeM, uto B’ = B, Tornaa teMMma OyeT ToKa3aHa.

He ymanss oOIIHOCTH cuMTaeM, 4TO TOYKH Ha mpsiMoil AB pacmnosnoskeHsl B
takoM nopsake A— B—B'. Ilycte M' - cepemuna B'C. Torma w3 momoGus
tpeyrojapuukoB AB'C u A{B;C; umeem <£AM'C = £A;M,C;, HO HaM [aHO



LAMC = £A;M,C,, nostomy £AM'C = £LAMC. Torga touku A,M,M’,C nexar
Ha OJIHOM OKPY’KHOCTH.

ITycts Touku B u B’ He coBnamaror, Torjga He coBnagaror u M, M'. Tak xak
TOYKH JIe)KAT Ha OJHOU OKPY>KHOCTH, M HE MOXKeT ObITh BHYTPH TPEYTOJIbHHKA
AM'C. Tlyctb K — Touka nepeceuennss AM' u BC. Torzaa mo teopeme MeHenast

BM' CK BA
M'C KB AB'
Tak kak M’ - cepenuna B'C, nepBoe OTHOLICHKE paBHO 1, TaKk KaK TOYKH Ha

npsiMoii AB pacrioniokeHbl B TakoM mopsiake A— B— B’, T0 BTOpoe OTHOIIEHHE
MeHbIIe 1, 3HauuT, TpeThe OobIe 1.

BC
Torna orpe3ok CK 6omnbiie orpeska KB, To ects CK sBHO O05b1IIE, YEM — > TO

ectb Oonbiie, yeM CM. A 310 o3Hauaet, uto M nexut Ha orpeske CK, To ecTh
BHYTpHU TpeyroiabHuka CM'A. TlonyueHo nporusopeure! 3HaYUT, IPEANIOIOKEHUE
0 TOM, UTO TOUKU B ¥ B’ He coBIagaroT, ObLIO HEBEPHLIM M TOIJA OHU COBIIAIAIOT.

Torma tpeyroapuuku ABC v AB'C paBubl, Ho Tak kak AB'C v A;B,C;
10100HbI, TO U TpeyroibHuku ABC U A; B, C; nono0HbI, JeMMa JOKa3aHa.

[Io sTon nemme cmeno yrBepxaaeMm, 4uro TpeyroiabHukun ABAC v AOAD
no100Hb1, To ecTb ZBCA = £0DA u yetbipéxyronbank ABCD BrncaHHBII.

Tak kak MbI mokazanu, uro u3 BnucanHoctu ABCD cnegyer BmucaHHOCTB
ABMN u u3 Bmmcarnoct ABMN crnenyet Bnucannocts ABCD, 3amada pemiena.
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