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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: 19 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?

MycTb BeCb MyTb 3TO S, TOrAa nNepByto TpeTb NyTh Konsa exan co cKopocTbio 10 KM/4, BTOPYH TPETb CO CKOPOCTLIO 20 KM/Y, @ OCTaBLUMIACS NyTb
(T.e. eLLé TpeTb) CO CKOPOCTLIO x. [1yCTb Ha NepByto TPETbL NyTK OH 3aTpaTtun Bpems t1 = (S/3)/10, Ha BTopyto t2 = (5/3)/20, a Ha TpeTblo t3 =
(S/3)/x, npnyém ecnm bl Kons BeCb nyTb €xan Cco CKopoCTbio 10 KM/Y, OH Obl 3aTpaTunn Bbl CTOMBKO e BPEMEHW, KaK U Ha 3Ty Noes3aky. 3HaunT
t1+t2+t3 = S/10

(S/3)110 + (5/3)/20 + (5/3)/x =S/10

(S/3)/x = SN0 - (25/3)/20 - (5/3)/20

(S/3)/x = 25/20 - S/20

(S/3)x =S/20

20S/3 = S*x

20/3 =x

3HauYnT CKOPOCTb Ha TPETbEM NPOMEXYTKM Bbina 20/3 = 6.66 KM/4

OTBET: CO CKOPOCThLIO 6.66 KM/M.



KommeHTapuii:
npaBuIibHbIN OTBET 20/3 KM/Y

6.66KM/Y - NPUONIMKEHHOE 3HAYEHNE



Bonpoc 2
BbinonHeH

Bbannos: 15 13 20

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

dopmyna KopHel KBagpaTHoro TpéxyneHa (-b+-D70.5)/2a, B Hawem cnyyae (-a+-(a”2-8a)"0.5)/2. YTo6 KOpHM Obinu LenbiMn QUCKPUMUHAHT
AOIKeH ObITb KBagpaToM U -a+-(a”*2-8a)*0.5 ObITb YETHOW, 3aMETMM, YTO -a Y KOPEHb U3 OUCKPUMUHAHTA OOHOM YETHOCTH, @ 3HAYUT UX CyMMa
(pasHocTb) Oyaet YéTHon. M3 3Toro MoXXHO caenaTth BbIBOA, UTO HAM NOAXOOAT BCE a NPU KOTOPbIX a2-8a ABMAETCA KBaApaToOM.

a’2-8a = a(a-8) , 3aMeTnM 4TO 0<=a<=8 HaM He NOAXOAAT, BeOb AVCKPUMUHAHT OOMKEH ObITb nonoxuteneH. NMponsseaexHre OByx LenbIx Ynucen
ABNAETCA NOMHbIM KBaApaToM ecru:

1)ob6a MHOXUTENSA KBagpaThl (NMMBO NPOTMBONOMOXKHLI KBagpaTam)
pasHOCTb ABYX KBagpaToB paBHa 8, TONbLKO ecrnn 310 9 1 1, nnbo obpaTHble -9 1 -1, T.e. Npn a = 9 n a = 1, ANCKPUMUHAHT ABMSETCA KBagpaToM

2)(bynem paccMmaTpurBaTh Cry4Yait ¢ NoNoXUTenbHbIMU a, Cryyai ¢ oTpuLaTeNnbHbIMM aHanorndeH (BbiHeCs ABa MUHYca 3a CKOOKU 1M 3aMeHB a
Ha a-8, a a-8 Ha a, T.K. NPy OTpULATENbHbLIX a Mo MOAYNo Gonblue a-8)) MHOXUTENV KBagpaTamu He SIBNAIOTCS, a NPy pasnoXeHnu Ha NpocTble
MHOXUTENN 3TUX MHOXUTENEN, BCe OMHAKOBbIE NPOCTbIE BXOAAT B HUX B OANHAKOBbIX N0 YETHOCTU CTEMEHSIX.

3ameTum, 4YTo 8 Mo BCEM HEYETHLIM MOAYSISAM HE CPaBHMMO C 0, @ 3HAYUT eCINK a AENUTCHA Ha Kakoe-TO MPOCTOE B HEYETHOW CTEMEHW, TO a-8
HUKorga He ByaeT AenMTbCA Ha 3TO YACIIO, @ 3HAYUT UX NpouaBeneHne He ByaeT KBagpaTom (aHanorm4yHo u B 0OpaTHyr CTOPOHY, ecnn a-8
AENnnTbCS Ha Kakoe-TO MPOCTOE B HEYETHOWM CTEMEHU, TO @ HAKOFAA Ha HEro AenNUTbCS He ByaeT), NPUYEM HEYETHbIE NMPOCTbIE B PA3NOXEHMM a U
a-8 0653aHbI ObITb pas3nNUYHbI.

M3 aToro MoxHO caenaTtb BbIBOA, YTO NPU pasrioXeHUn U a, U a-8 BCe HEYETHbIE NPOCTbIe BXOAAT B YETHbIX cTeneHsax. Ho 2 o6s3aHa 6bITh B
pasnoxeHnn n OblTb B HEYETHOW CTeNeHn (MHaYe YmMcno byaeTt KBaapaToM, HO crny4dan ¢ kBagpaTtamu Obin pasobpaH paHee). Ecnv cteneHb
BXOXOEHUS 2 B a 3 1 bonee, To CTENEHb BXOXAEHUS B a-8 B TOMHOCTU 3, ECINK CTENeHb BXOXAEHUS 2 B @ paBHa 1, TO 1 B a-8 oHa paBHa 1.

B 1cnyyae a =8 * 2A2x * He4éT1"2 (rge x He oTpuuaTenbHoe YnNCro), a-8 = 8 * HewéT2/2 (Kak Oblfo HAaNMCaHO paHee HEYETHOE YNCIOo
BXoAsiLlee B a U HeYETHOe BXoasillee B a-8 He MMetoT obLmx genutenen), Torga:

8 * 2A2x * HeUYeTIN2 = 8 * HeuéT2"2 + 8
2/2x * HEYET.N2 = HeYeT2/2 + 1

ecnu x = 0, To NeBas 4YacTb He4YETHasA, a npasas YETHas - NpoTMBOpeYne, a ecnu x>0, To NeBas YacTb AeNUTCA Ha 4, a NpaBas HeT, T.K. KBagpar
HEe4YE&THOro Nno mMoayno 4 cpaBHUM ¢ 1. 3HAYMT B @ 2 He MOXET BXoAWUTb B 3 1 Gornee cTeneHsx.

Bo 2 cniyyae a =2 * He4éT1"2 , a-8 =2 * He4éT2/2, Torga:

2 * HeYEeT1N2 = 2 * HeYéT2"2 + 8



HEYEeTIN2 = HEeYET22 + 4

HO 3aMeTuM, 4YTO KBagpaTbl ABYX HEYETHbIX YMCeNn HEYETHLIX YMCEN He MOTyT OTIn4aTbCA Ha 4 (OHM oTNUYaroTCH MWUHUMYM Ha 8, npniu 9).
3HaunT B pas3noXxeHne a BOOOLLE HE MOXET BXOAUTb 2.

OTkyna nony4aem, YTo HaM noaxoaaT Tonbko a=9umna=1

OTtBeT:91n 1.

KommeHTapuii:
ornevaTka. npasusibHO 'mppa=9umn a =-1"

HeBepHO yTBepxaaTb "Ho 2 ob6a3aHa ObiTb B pasnoXeHnn 1 ObiTb B HEYETHOW CTeneHn (MHade yncno byaet ksagpaTom...”



Bonpoc 3
BbinonHeH

bannos: 2 n3 20

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

M ycrnoBusa MoXHO BbIBECTU, YTO a+b+c = 3/abc, 3HaunT (a+b)(b+c)(c+a) = (3/abc - c)(3/abc - a)(3/abc - b) = 27/(abc)”3 - 9(a+b+c)/abc +
3(ab+ac+bc)/(abc)A2 - abc = (27-9abc(a+b+c)+3(abc)A2*(ab+bc+ca) - (abc)~4)/(abc)A3 , 3ameTum YTO 27 = 9abc(a+b+c),
Beab abc(a+b+c)=3, a 3HaUMT 31O BCE paBHO (3(abc)A2*(ab+bc+ca) - (abc)”4)/(abc)*3 = 3(ab+bc+ca)-(abc)2/abc , YTO Mbl 4OMKHBI CPABHUTDL C 8.

Hapgo pokasatb, 4Tto 3(ab+bc+ca) > abc(8+abc)



KommeHTapuii:
owmnbka: HanmcaHo

27/(abc)”3 - 9(a+b+c)/abc + 3(ab+ac+bc)/(abc)A2 - abec = (27-9abc(a+b+c)+3(abc)r2*(ab+bc+ca) - (abc)~4)/(abc)”3
Hago
27/(abc)”3 - 9(a+b+c)/abc + 3(ab+ac+bc)/(abc)A2 - abc = (27-9abc”2*(a+b+c)+3(abc)(ab+bc+ca) - (abc)r4)/(abc)3



Bonpoc 4
BbinonHeH

Bbannos: 20 n3 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?

HauvHasa ¢ BepxHero neBoro yrna paspexem Tabnuuy Ha kBagpaTtbl 4*4, 3aMeTuM, YTO Tak BCHO Tabnuuy paspesaTb He Nony4mTbes (y Hac
OCTaHeTCH Mo TpY CTPOKM CHU3Y 1 NO Tpu cTonbua cnpasa). Toraa paspexeM OCTaBLUYOCH YaCcTb Ha NPAMOYrONbHUKM 4*3 CHU3Y U Ha
NPSMOYrofbHUKM 3*4 cnpasa, Nocre Yero y Hac OCTaHETCs B NPaBOM HKHEM yriy KBaapaTtuk 3*3. o utory mel nonyyunu 576 ksagpartos 4*4,
24 npaAmoyronbHuKa 3*4, 24 npsMoyrorbHUKa 4*3 n ksagpartuk 3*3.

3ameTum, YTO B Kaxabl KBagpaT 4*4 y Hac JOMKHO YATU MUHMMYM MO 8 chuiiek (576*8 = 4608), Ha NPAMOYrOnNbHUKN 3*4 1 4*3 y HaC JOMKHO
YATU MUHUMYM MO 4 ULLIKK (ECRM AOMOSTHUTD 3TW NPAMOYTONbHUKN 0 KBagpaTa 4 Ha 4 1 B AOMOSTHEHHOW YacTu BO BCE KIETKM NOCTaBMEHbI
dukm, 48*4 =192). N B kBagpaTuke 3*3 OomkHa CTOSTb XOTs Obl ogHa douLika (ecnv AONONMHUTL ero Ao KBagpaTa 4*4 n B JONOMNMHEHHON YacTu
BO BCEX 7 KIeTKax CTOAT OULLKM). 3HAUMT Hawa oueHka - 4608 + 192 + 1= 4801

Mpumep:

MonHOCTLIO 3aKkpacum Bce CToNbLbI M BCE CTPOKM HOMEP, KOTOPbIX OTCUYMTLIBAS C JIEBOTO BEPXHETO Yrna AennTbCsa Ha 4(neBasi BEpXHAS Knetka
HaxoamnTbcs B 1 cTONGLE U B NEPBOIA CTPOKE, a HWKHSIA Npasas B 99 ctonbue n 99 ctpoke). [Mocne 3Toro B 0TMEYEHHbIX paHee KBagpaTax 4*4 y
Hac nocTaBneHbl (OULLKM Ha BCIO HVXKHIOK M NpaByo CTOPOHbI (BCErO 7), B MPSIMOYrofibHMKaX NOCTaBneHbl MO 3 (OULLKM Ha BCIO MEHbLUYHO
CTOPOHY, a B KBaapaTuk 3*3 noka He NocTaBuny He ogHon duwku. OcTaBLuMecst ULLKM NOCTABUM B KIIETKU Y KOTOPbLIX HOMep cTonGua U CTPOKM
no mMoaynto 4 cpaBHUM ¢ 3 (ANs KBaapaToB 4*4 310 OyaeT yrnoBas KrneTka Mexay 3akpalleHHbIMWU CTOPOHaMU, B MPSIMOYTornbHUKaxX 3To Oyaet
yrrioBasi krneTtka Mexay KpaeM JOCKU U 3aKpalleHHOW CTOPOHOW, ANs KBagpaTuka 3*3 aTo OyAeT HUXKHSS npaBast KneTka J4OCKM).

Mo nTory Mbl pacctaBunu B TOMHOCTM 4801 douLLKy, Npuyém B Ntobom KkBagpate 4*4 CTOUT POBHO MO 8 hULLIEK.
OtgeT: 4801 douLuka.



KommeHTapuii:



Bonpoc 5
BbinonHeH

bannos: 0 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.

Ecnn ABMN BnucaHHbIn, TO yriibl ABM n ANM B cymme gatoT 180 rpagycos, a ecrniv ABCD BnvcaHHbIn, To yriiel ABM n ADC B cymme garot 180
rpagycos, 3HauuT ecnu yrort ANM paseH yrny ADC, TO Hy)XXHOe Ham JoKa3aHo.



KommeHTapun:
AoKasaTenbCTBO OTCYTCTBYET



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

