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CocTosiHue
3aBepLueH
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BpeMeHu

OueHKa

0l2205067 0l2205067

noHenenbHuK, 14 ®eppanbs 2022, 10:05
3aBepLueHo

noHeaensHuK, 14 ®espanb 2022, 14:10
4 4ac. 5 MUH.

80,00 13 100,00

Bonpoc

Nudo

YBaxaeMbin yyacTHUK Onumnuagbl!

Ha BbINonHeHne TecTta 3aknounTensHOro atana oTBoanTCs 230 MUHYT NAKOC 15 MUHYT Ha COXpPaHEHUe U NPUKPENNEHNE PELLEHUN.

Pa6oTta aBTomatnyeckn otnpaeutca B 14:05 no MockoBckoMy BpemeHu. OKHO Tarimepa Bbl yBuanTe B BEpXHEN YacTu pabo4dero
3KpaHa.

Bonpocbl TexHuveckoro xapakrtepa Bbl MoxeTe 3agaTtb HabniogaTtento B 4aTe (OKOLLKO BHU3Y B MPaBOW YacTu akpaHa). Ecnv Bam
notpebyeTcsa BbINTU B TyaneTHY0 KOMHaTy, OCTaBbTe B YaTe C NMPOKTOPOM COOBLLEHNSA O BpEMEHN BbIXOAa U BPEMEHU
BO3BpaLleHuns (Hanpumep, "12:04 - Bbiwen"). OTBET OT NPOKTOpPa XAaTb NPy 3TOM HE HY>KHO.

BapuaHT 3aknounTenbHOro atana cocTouT U3 5 3agay. PelueHne kaxgon 3agaym Bel moxeTe
a) NOJHOCTLIO 3anucaTth B Nose oTeeTa (Npy HEOBXOANMOCTM MOXHO MPUKPENUTL MNOSICHAOLWLMIA PUCYHOK),

6) nonHocTb HabpaTb B TEKCTOBOM peakTope C peaaktopom opmyn, npeobpasoBaTtb B popmart pdf n npukpenuTb
nonyumsLummncs dann. Ecnu y Bac HeT BoamoxHOCTU npeobpasoBath pelleHue B pdf, Bbl MoxeTe caenartb CKPUHLLOT 3KpaHa
(kHonka PrtScn Ha KnaBuaType uUnm BCTPOEHHbIN cepBuUc "HoXHULBI") 1 NPUKPENnTb ero.

O6patuTe BHUMaAHWE, K KaXKOoW 3a4ade MOXHO NPUKPENUTL TONbKO OAMH dhals, HazBaHWe KOTOpPoro hopmupyeTcsa no npaBuny
ol22*****_N, rge ol22***** _ Baw noruH, N - HOMep 3agaun.

B TekcTax peLleHnin, NpUKpenneHHbIX N300paxeHnsax n dannax He JOMKHO BbiTb HUKAKOW NepcoHarnbHOW nHopmaumm!

Bo BpeM4 BbINMOJIHEHNA BapMaHTa Ha KOMMbOTEpE MOXHO MOJ1b30BATbCA TOJIbKO TEKCTOBbIM peOaKTOPOM U BCTPOEHHLIM CEPBMCOM
co3gaHunA I/1306pa>KeHI/Il7I. l—IepHOBoe peweHne MOXHO BbIMNOJTHATb Ha 6ymare, paCI'IOJ'IO>KeHHOIZ B nosrne snanMocCTu Be6—KaMepr.



https://talant.spbu.ru/moodle/user/view.php?id=34550&course=2084

Bonpoc 1

BbinonHeH Ha KapPpTHHKE HAPHUCOBAHO HECKOJIBKO KPYXKO4YKOB, COCIHHEHHBIX OTPE3KaMH. HaCTﬂ BbIGHpaCT HaATYy-
Bannos: 15,00 PadbHOE HHCJIO N 1 PacCTaBJIdeT B KPYZKOYKaX pa3/IHYHbIEe HaTypPaJIbHbIe YHC/Ia TakK, tITO6]’:>I AJIA BCeX
13 20,00

3THUX YHCEJ BBIIOJHIIOCE CBOMCTBO:

ecau wucaa a u b me coedunenv, ompeaxom, mo paznocmsv a — b doasicna 6viML G3aUMHO NPocMma € N,
a ecau coedunensl, mo wucaa ¢ —b un doaskcno, umems 06Ul HamMyparviblil deaumens, boavwut 1.
[Tpu kakOM HAMMEHBIIEM T CYIIECTBYET TaKasd PACCTAHOBKA!

Yumcno n oyeBnaHo Bonblue 11 He ennuTca Ha 2 1 3. Tak Kak B NPOTUBHOM ClydYae OMeBUOHO HanayTCs 2 He COCEAHMX Yncna,
AatoLLMX OOMHAKOBbIA OCTATOK NO 3TMM MOAYNAM (MPOCTO KaKON-TO OCTATOK BCTPETUTCS XOTA Obl 3 pa3 no npuHumny dupuxne).
3HauYUT n COOEePXKUT NPOCTble MHOXUTENM BonbLune 3. PaccmoTpum Tpu Noapsaa nayLmx ymcna a, b, c. Nycte a-b genutca Ha d, a b-c
Ha s. Torga d 1 s B3aMMHOMPOCTHI, MHaYe a-c genutea Ha Hop(d,s). OTcroga cnefyert, YTo B n XoTs Obl 2 pasnnyHbIX NPOCThIX
MHOXUTENS. MyCcTb NX POBHO 2 1 OHW paBHbI p U q. [1yCTb a - BEpXHASA BepLUMHKa. Ecnn oHO cpaBHMMO € YMCrOM crnpasa no MoAgyro
p, TO TOrga Ans crieqyloLen no Kpyry BepLUMHKE YMCIO crpaBa CpaBHMMO MO MoAgyrnto q 1 T.4. Ho Torga neeas ot a BepLumnHKa
CpaBHMMa C a Mo MOAYI0 p U Mbl NOfy4YaeM NPOTMBOPEYME, Tak Kak Tpy Noapsia nayLmx yncna (a u cocegHve BepLUnHbI)
CpaBHMMbI MO HE B3aMMHOMNPOCTbLIM MOAYNAM. 3HAaYUT B n XOTA Bbl 3 Pa3fiMyHbIX NPOCTLIX MHOXUTENS U Torda n <= 5%7*11 = 385,
Mpumep: 1, 22, 33,19, 30, 65, 21 - HECNOXHO YOeanTLCS, YTO OH AeNCTBUTENBHO paboTaeT




KommeHTapui:
NpPUMep HEBEPHbIN




Bonpoc 2

BbinonHeH ITpu x,y € (0, 1] maiigure MAKCHMATLHOE 3HAYCHHUE BBHIPAYKCHUST

Bannos: 5,00 13

i Ao @ VY eyt (P ) Vet eyt ]
(xr—y)2+1 '

Hokaxewm, 4yto A <= 1. Makcumym gocTturaetcs npu x = y = 1. He Hapywas obLwHoCTU (BbIpaXXeHne CUMMETPUYHO OTHOCUTENBHO X U
y) nycTb xA2 >=y. Toraa x >=y >= yA2. 3HauuT x"2- y >= 0, y*2 - x <= 0. 3HaunT BTOpOE criaraemoe B YyncnuTene otpuuaTensHoe u
€CNN Mbl YMEHbLLUM MO MOAYI0 CKOBKY y/2 - X, TO BbIpaXKeHUe YBENNUNTCA. 3aMeTUM, YTO yA2 - x <=y - x <= 0, YTO HaMm noaxoauT
TaK Kak 3To 6bonee maneHbKoe No MoAymMo oTpuLaTenbHoe. AHanNorMYHO 3aMeTUM, YTO X2 -y >=x - y >= 0, TO €CTb BbIpaXKeHne
CHOBA YBENNYUTCS, TaK Kak Mbl YBENUYUMW NONOXUTENbHOE cnaraemoe. Toraa JOMHOXUM 06e 4acTu, NonoXxum 4to A =1 Ha
3HameHaternb (oH 6onblue 0) 1 JoKaXKeM, YTO CrieBa He MeHbLLE YeM CripaBa. eauHULIbI B 0BenX 4acTsaX COKpaTATCs, a TaK Xe
nocne aToro cokpaTuTca oguH x-y. OcTaHeTca AokasaTb, YTO x-y >= Pa3HOCTb KOPHEW. 3aMeTuM, YTo y + X3 - xy <= x"2 ; y(1-x) <=

x72(1-x); y <= x"\2 - BEpHOE Hep -BO. 3HAYUT NepBbI KOPEHb MEHbLLE X, @ BTOPOW aHanormyHo 6onbLue y, No3ToMy MX pa3MHOCTb He
bonwe x-y, 4.1.4.




KommeHTapwmii:
"AHanorM4yHo 3aMeTnM, 4To x 2 -y >=x - y >= 0" - HEBEepPHO NMpun cobnoAEeHNN ONUCAHHbIX BbILLE YCIOBUN.
[Mprmep BEPHbIN.




Bonpoc3
Ha cropone AB octpoyronsuoro tpeyronbanka ABC ormeuena touka M. BryTpu TpeyroibHuka

Bannos: 20,00 BuiOpana Touka D. OKpy:KHOCTH W4 U Wp ONUCAHLI BOKPYT Tpeyroabuukos AM D u BM D coorsert-
M3 20,00 crBenno. Cropona AC BTOPUYHO TMepecekaeT OKPYKHOCTh w4 B Touke P, a ctoporna BC BTOpUvHO

BbinonHeH

[IEPECEKAET OKPYKHOCTh Wy B Touke (). Jlyu P BropudHo nepecekaer OKpPyKHOCTb Wp B Touke R, a
ay4 ()D BTOpUYHO TlepeceKaeT OKPYIKHOCTh w4 B Touke S. Haiinure orHOIEHNe nimomaaeii Tpeyroib-

auxkoB ACR u BCS.

3ameTtum, 4To yron MDR = PAM, Tak Kak BHELUHWI K BMIMCAHHOMY YeTbipexyrornbHuKy. Ho MDR = MBR (Ha ogHy Ayry onvpatoTcs),
3HaunT npsmble AC n BR napannenbHbl. AHanornyHo napannenbHbl npsMble AS 1 BC (MOXHO Tak e 3aMeTuTb, Yto AC
aHTunapannensHa MD oTtHocuTenbHO AB 1 BR aHTunapannensHa MD Toxe oTHocuTernbHO AB, OTKyga cnefyet napasnnerbHOCTb
AC 1 BR 1 B aHanorn4yHom crnydae AS n BC). 3To 3HauuT, 4To BbicoTa U3 B Ha AC paBHa BbicoTe 13 R Ha AC, HO Torga nnowagu
TpeyronbHukoB ABC n ARC paBHbl. C apyro CTOPOHbI paBHbl BbiCOThl 3 A Ha BC u 13 S Ha BC, cnegosaTtenbHo nnowaan ABC u
BSC paBHbI. HO 3TO MPOCTO-HaNpPOCTO 3HAYUT, YTO NIIOLWAaAN UCKOMbIX TPEYroNbHUKOB PaBHbI.

OTBeT: OTHOLLEHME paBHO 1.




KommeHTapuii:




Bonpoc 4
BbinonHeH

Bannos: 20,00
13 20,00

B cucreme camcnennsi ¢ ocaoBanuem 7 (7 < 100) HaTYpasbHOE YHUCIIO T SIBIASETCS JIBY3HAYHBIM C OIH-
HakoBbIMH 1dpamu. OKazanoch, YTO r-myHAS 3AIIUCh YHCAA T2 4eThIPEX3HAYHAS, IPUYEM KpaiiHue
nudpbl OOMHAKOBBI, & CPEIHHE paBHBI HYMO. [Ipn kKakux r Takoe BO3MOKHO?

3 ycnoBus crnegyert, 4To ABYX3HA4YHOE YMCINO MOXHO 3anuncatb, Kak a*r + a, rae a - undpa aToro 4nicno, a ero kBagpart, Kak b*r3 +
b, rae b - kpanHsasa umdpa. Torga Mbl 3HaeMm, 4to a2 * (r+1)A2 = b*(r"3 + 1) = b*(r+1)(r 2 - r +1)

3HaunT a”2*(r+1) = b*(r*2 - r + 1). BameTtum, yto HOL(r+1; A2 - r + 1) = HOL(r+1; 3) <= 3. Ecnn Hop paBH 1, To Toraa b genuTtes Ha
r+1, HO b < r, Tak Kak oH undpa B aton cucreme. 3Haunt HOL paseH 3 n Torga r+1= 3k; r = 3k-1

MoacTtaBum: a*2*3k = b*(9kA2 - 9k + 3) => a”2*k = b*(3k"2 - 3k + 1). Tenepb ckoOKKM € Yncrnom k B3aMMHOMNPOCTLI, 3HAYMT b gennTcs
Ha k. Tak kak b < r, To b < 3k-1, cnepoBatenbHo b = 2k unu b = k. Ecnn b = 2k, To a2 = 2*(3k”2 - 3k + 1). Ho ckobka ¢ uncriom k
HeYeTHa, 3HaA4YNT crpasa CTEMNEHb ABOWKN paBHa 1, a AOMKHA ObITb YETHOM U3 - 3a a2 C NNEBOW CTOPOHbLI. 3HaUUT b = k n a2 = 3kA2 -
3k + 1. Hannwem ancKpUMMHAHT KBaapaTHOIo YpaBHEHNSA OTHOCUTENBHO k. D = 12a2 - 3. OH OOMKEH paBHATLCS KBagpaTy LEenoro
ymncna, nHadve KopHu byayT nppaumoHanbHbl. 3HaunT 3*(4a”2 - 1) = tA2. 3ameTunm, Y4To tA2 AennTCs Ha 3, 3Ha4YUT JennuTcs Ha 9,
OTKyAa nony4vaem, 4to 4a”2 - 1= 3s"2 => (2a - 1)(2a + 1) = 3s"2. Ckobku crnesa B3aMMHOMPOCTbI, 3HAYUT BEPHO NMBO 2a-1= 3p~2 1
2a+1=q”\2, rae p » q B3aUMHOMNPOTChI, MMBO 2a-1 1 2a + 1 NOMeHsIHbI MecTamn. Ecnv BepeH nepBbIn BapuaHT, To q/2 - 3p/A2 = 2.
Toraa no moaynio (3) g2 = 2, YTO HEBO3MOXHO. 3HAYUT BEPEH BTOPOW BapuaHT, rae 3p~2 - g2 = 2. 3aMeTUM, YTO p N q HEYETHbI U3
paBeHCTB C 2a-11 2a+1. Ecnn p >= 9, To a > 100, 4TO NpoTMBOPEYUT r <= 100. BHAUUT HYXXHO paccMoTpeTb 4 BapuaHTa: Ecnun p =1, To
g=1.Ecnmp=3,1T0q=5 ecnup=5, 170 g"2 =73 - HEBO3MOXHO, €crni1 p = 7, T0 g2 = 145 - HeBO3MOXHO. [1poBepuM noaxogaLune
BapuaHTbl: Ecnnq=p=1,10a=1, Toraa 3k"2-3k+1 =1, k=1,r=2, b=1- nogcraensem, ybexagaemcs, 4to noagxoaut. Ecnm p = 3,
TO a =13, 3k"2 -3k + 1=169; 3*(k"2 - k - 56) = 0; 3*(k+7)(k-8) = 0; k = 8; b = 8; r = 23 - noacraBnsaem, ybexgaemcsi, 4To NoAXoAUT.
OTteeT:npur=2unr=23.




KommeHTapwii:




Bonpoc 5
BbinonHeH

Bannos: 20,00
13 20,00

V napannenenunena a X b X ¢ rpanu pa3dUThHI HA €IUHHYHBIE KaeTKU. VIMeercs Takyke GOIbIIoe KO-
4YeCTBO TPEXKJIETOYHBIX ITOJIOCOK, KOTOPBIE MOXKHO IleperunbaTh mo rpanuiiaMm Kiuerok. [Ipu kakux a, b u
€ TpU TPaHU TapaJiyesenuneia, UMeroIue obIyn BEPIIMHY, MOXKHO TOTHOCTHIO OOKIIEUTh MOJTOCKAMHT
0e3 HAJIOXKEHUI U 3a30POB TaK, 9TO0b!I KJIETKH IpaHeil W MOJOCOK COBIAIAIN?

He HapyLwwas oGWHOCTM NONOXMM, YTO a Aenutca Ha 3. Torga nnowaab TpebyeMon NoBepXHOCTM paBHa a*(b+c) + bc n oHa Toxe
OOMKHa genutca Ha 3. 3HaunT bec genutca Ha 3, oTkyga b unu c Toxe genutes Ha 3. Ho ecnn xoTa 6bl 2 Yyncna genarcs Ha 3, To 3T0
3HA4YUT YTO y BCEX 3 rpaHen ecTb KpaTHas 3 CTOPOHA, a TaKyto rpaHb fnerko 0bknenTb nonockamu 1x3. 3HaunT ecnu xoTs 6bl 2 u3
yucen SenaTcs Ha 3, TO MOXHO, @ eCn TOMbKO OOHO, TO HEMb3s U3 3a paccyeToB obLwen nnowagu. [Nycte Tenepb HU OOHO He
aenutcsa Ha 3. PaccmoTpum mx no moaynto 3. Ecniv ato Hatop (1,1, 1) unum (2, 2, 2), To nnow,agb Ha 3 genutced, a ecnu (1, 1, 2) unm (1,
2, 2) C TOMHOCTbIO 4O NEPECTAHOBKM, TO Nrowlaab OyaeT cpaBHMMa ¢ 2 no mogynto 3. Toraa ecTb WaHC OOKNeNTb TOMNbKO Y NEPBbIX
OByx. Nokaxem, 4To Henb3s.. [Tokpacum HaluuM KIeTKM B OEnbIN 1 YepHbI crieayrowmM 006pasoM: y Kaaon rpaHn 3adpukcupyem
yron y BepLUnHbI, B KOTOPOW BCE 3TN FPaHN CXOOATCA M [iBE CTOPOHbI TAKOro yrra o603Ha4ymMmMm oCsiMu, a KneTky, KoTopasi NpuMbIKaeT
K BEpLUMHe 3TOoro yrna 3a knetky (0; 0). Toraa Mbl MOXeM N0OYH0 KNETKY 3TOM rpaHun 3afaTh Kak (a, b), rae a - HACKOMbKO HYXHO
OTCTYNUTb OT KneTku (0;0) No ogHOM U3 0cer 1 b - Hackonbko No gpyron. Torga gaBanTe Nokpacum B 6enbivi Bce KNeTkn Buaa (x, a),
rae x - noboe, a - cpaBHMMO ¢ 1 no moaynio 3, a Takke Buaa (b, y), rae y - noboe, b - Toxxe cpaBHUMO € 1 MO Moaynto 3, a Bce
ocTarbHble B YepHbIN. M Tak ans Bcex rpaHen. Torga HECNOXHO 3aMETUTb, YTO Halla MOBEPXHOCTb COCTOUT U3 YEPHbIX
KBagpaTMKOB 2X2, KOTOPbIE OTCTOAT APYr OT Apyra Ha paccTosiHUM 1 U HEKOTOpbIE N3 HUX nepernbatoTca Yyepes obime pebpa
rpaHen + y obLuen BEPLUNHKM rpaHen Bce 3 NpUMbIKatoLLME K HEWN KIETKM YepHble. [103TOMy YepHbIX KNETOK BCEro HEYETHOE YNCTIO.
Ho ntobasa nonocka 1x3 nnMbo NeXnT NofHOCTEI0 B 6enbix KneTkax, Mbo 3akpbiBaeT 2 YepHble, a 3HAYUT 3aKpbiTb BCE YEPHbIE
KITETKM OHM HE CMOTYT.

OTBeT: ecnu Kakue To 2 Ymcna gensaTca Ha 3, a ocTaBLleecs nobdoe.




«

KommeHTapwmii:

OPEOLIAYLWWN AKT. SNEMEHT

BapwuaHT 24

CNEOYOUWWN AKT. SNEMEHT

BapuaHt 25

»



https://talant.spbu.ru/moodle/mod/quiz/view.php?id=1388&forceview=1
https://talant.spbu.ru/moodle/mod/quiz/view.php?id=1389&forceview=1

