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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=39608&course=2084

Bonpoc 1
BbinonHeH

Bannos: 15,00
13 20,00

Ha xapTuHKe HAPHCOBAHO HECKOJBKO KPYXKOYKOB, COETHHEHHBIX OTpe3KaMmu. TaHsd BHIOMpaeT HATY-
panabHOE YHCJI0 7L B PACCTABJISET B KPYKOUYKAX PA3JIHYIHBIE HATYPATbHBIC YUCIA TaK, 9TOOBI JIIA BCEX
ITUX YHUCEJ BBIMOJJIHSIOCH CBOHCTBO:

ecan wucaa a u b e coedurenvt ompesxom, mo cymma a’ + b> doascna Gumn 63aummo npocma ¢ n, a
ecau coedunensi, mo wucaa a° 4+ b u n doarsicnvt umems obuull Hamypasvhuili deaumenn, boavuud 1.
[Ipm kakOM HaMMeHBIIEM 7 CYIIECTBYET TaKas pacCTAHOBKA?

lMpoHymMepyeM yncna B Tabnuuke

2-4-6

1

1-3-5

3amMeTrM 4YTO ecnu NPOCTON AenuTerb B YMCre n UMeeT cTeneHb 6onbLuyio 1 TO Toraa 3Ty CTeneHb MOXHO COKpaTuTb A0 1 T.K ecnu
4yucno nmeet obwmn genutens ¢ PAk To 1 ¢ P oHo Byaet nmetb obwuin genutens. I HaobopoT ecnn uncno ¢ PAk He nmeeT obLmx

Aenvitenei. To n ¢ p OHO aenuTenemn obLUMX UMETb HE MOXET.
3HauuT n nmeet Bua n = pl* p2 * p3..* pm.

Tenepb 3aMEeTUM YTO n HE MOXET AENUTCS Ha 2 T.K eCrlv NOCMOTPeTb Ha 1 1 4 YMUCIIO Mbl MOMMEM YTO OHM Pa3HOM YETHOCTU T.K
Torga Gbl cymma MX KBagpaToB Aenvnach 6bl Ha 2. AHaNorMyHo 4 5 ymucna Toxe pasHon YeTHOCTWU. 3Ha4uT 11 5 ogHOM YeTHOCTH =>
CyMMa UX KBagpaToB AenuTcs Ha 2. Ho mexxay HMMu HeT pebpa. 3HaunT n He AenuTcs Ha 2.

Takke n MmeeT Gonblue 1 NPOCTOro AenuTens T.K NyCTb 3TO Tak.

Torga nycTb 14MCNO B KBagpaTe CPaBHMMO C x TOraa 2 YACNOo B KBaapaTe CPaBHUMO C -x MO MOAYIHo n.

Torga 4 yncno B KBagpaTe CpaBHMMO C x, 6 YACMO B KBapaTe CpaBHUMO C -x. Ho Torga cymma kBagpaToB 11 6 Yncen Aenutcs Ha
n, @ No YCrnoBuWIO He AenNnUTCs.

Torga Mbl NONYYMIIM YTO N UMEET XOTS1 Obl 2 NPOCThLIX PA3NNYHbIX AENUTENSA HE PaBHbIX 2.
Mpymep Han=5*13 = 65.

2425

1350

MoxxHO ybeamTcsa YTo OH NOAXOAMT.
Ecnn n umeet xoTa 6bl 3 NPOCTLIX AENUTENS TO n XOTs1 Obl 3 * 5 * 7 yTo Bonblie 5 * 13.

Ecnu xe n nveert 2 NPOCTbIX AEeNnTena T0 3aMETUM YTO €CJn oba atn NPOCTbIX Aenntena MMeT BN 4k +1 710 n X0Ts1 ObI 5 * 13 YTO
ABNAETCA MOMM OTBETOM.




MHaue xoTa 6bl 0OMH M3 NPOCTLIX AenuTtenen uMeeT Bug 4k + 3 To Torga 3aMeTUM YTO €ANHCTBEHHbI BO3MOXHbI BapuaHT Koraa
CyMMa KBagpaToB ABYX YMCEN OENUTCS Ha 3TO NPOCTOE YMCHO 3TO Korga oba aTux Yncna Jensarcst Ha 3TO NPOCTOe YNCIO
M3Ha4anbHO.

a2 + b2 penatca Ha p = 4k + 3.

a2 =-b"2 no moaynio p
a2 M(p - 1) [ 2) = (-bA2)M((p-1)/2)

a(p-1) = -b~(p-1) TK (p - 1) / 2 - HEYETHO HO MO Marnoun Teopeme pepma x(p-1) cpaBHUMO NGO ¢ 0 ecnm x = 0 NGO ¢ 1 B ApPYrKx
cnyyasx.
Torga ecnui a n b He paBHbI 0 TO 1= -14TO Henpasaa T.K p HE paBHO 2.

Toraa Kakve To 2 coceHuX Yncna byayT OennTcs Ha p NPUYEM HUKaKMe ocTaBLuMecs Yynucna He ByayT T.K Torga HarMaeTcs napa
yncen He coeguHeHHbIX pebpom KOTopble OendaTcs Ha p(3To NpaBaa T.K y ABYX COCEOQHUX YMCeN HET HM OAHOro obuiero coceaa).
Ho Torga 3ameTym 4TO y Hac NPOCTO HE UCNOoNb3yeTca 04HO pebpo 1 Torga onATb MOXHO BblGpaTh YETBEPKY YMCen ANst KOTOPbIX
OygeTt nponcxoauTb NPOTMBOPEYME Kak B JOoKa3aTenbCTBE KOrga n MUMEET OAMH NPOCTON AenuTenb. (MOXHO BblOpaTb OaHY U3
yeTBepokBMga1-2-4-6umnmn6-5-3 -1TK pebpa y aTUX YETBEPOK HE NEepeceKkatoTcs)

OTBeT 65.

KommeHTapuii:
[Mpymep HeBEpPHbIN




Bonpoc 2

BLINONHEH Ipn z,y, z € (0, 1] HafiinTe MaKCHMaTbHOE 3HATEHNE BBIPAYKEHHA

Bannos: 20,00

M3 20,00 A_\/8$4+y+\/8y4+z+\/824+m—3
N THy+z '

[okaxem 4To sqrt(8z"4 + x) <=2z +1<=>8zM +x <=4z"2+4z+1THyaTakKkak 0 <zx <=1, TOx <=1U 4z"4 <= 4z"2 n 424 <= 4z.

AHanornyHo noriyqaem 41o sqrt(8x"4 +y) <= 2x + 11 sqrt(8y*4 + z) <=2y +1
3HaunT (sqrt(8xM4 +y) + sqrt(8yr +z) +sqrt(8z74 +x)-3) [ (x +y+2) <= (2x+1+2y+1+2z+1-3) [(x+y+2z)=2(x+y+2z) [ (x+y
+2z)= 2.

3HauMT MaKCUMyM OaHHOTO BblpaxeHusi He 6onblie 2. Hy a npu x =y = z = 1 Bblpa)keHWe AOCTUraeT 3TOro MakcuMmyma.
CnepoBaTenbHo OTBET 2




KommeHTapuin:




Bonpoc 3
BbinonHeH

Bannos: 20,00
13 20,00

Huaronann AC pnucannoro wernipexyronnnuka ABC D apnaercsa nuaMeTpoM OMACAHHON BOKPYT HEro
OKPyzKHocTH w. M3 Toukn D nmposenn npsaMyio, Iepnennkyaapuyio orpesky BC, ona Bropudno me-

peceksia OKPYysKHOCTEL w B Touke F. Haiinute otnomenne naomaneii Tpeyronsauka BC'D n geTnipex-
yroaoauka ABEC.

OTtmeTuM TouKy X Kak nepecedyeHue DE n BC. Onyctum nepneHamkynsip u3 Todkn A Ha DE oTMeTum 3Ty TOuUKy 3a Y.

Tenepb 3ameTum 4To yron ADC = yriy ABC = 90 TK onupatoTca Ha guamerp.

3ameTum 4TO NNowaab TpeyronbHuka BCD = BC * DX [ 2.

A nnowanb veTbipexyronsHuka ABEC paBHa nnowanu tpeyronbHuka ABC + nnowwaan TpeyronbHmuka BCE = AB * BC /2 + BC * EX /
2(T.k AB BbIcoTa B TpeyronbHuke ABC 1 EX BbicoTa B TpeyronbHuke BEC.

Torga no 3agaye Mbl XOTUM y3HaTb OTHoLeHMe nnowaaen BCD n ABEC yto paBHo DX * BC /2 k (AB + EX) * BC /2 =DX k AB + EX.
3ametnm 4yTto ABXY - napannenorpamm Tk yron ABX = BXY = YAB = 90rpagycoB => AB = XY.

Takxe 3ameTum yto yron BDE = 90 - yron XBD = yrny ABD.

N Tak kak AB napannensHo DC (yron ABX = yrny BXD = 90) n ayru Hanpotus yrnos BDE n ABD paBHbl To DABE - paBHOGOKas
Tpaneums.

W3 atoro cnegyet 4to oTpeskn EX n DY paBHbl => DX = DY + YX = EX + AB. 3HauuUT NCKOMOE OTHOLLUEHME NoLlagen pasHo 1.
OteeT 1.
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KommeHTapwii:



https://talant.spbu.ru/moodle/pluginfile.php/123846/question/response_attachments/44386/4/879491/ol2213072_3.pdf?forcedownload=1

Bonpoc4
5 Ha mocke mammcano gmciao HhH5 B cncreme camuciaenus ¢ 4eTHbIM ocHoBamueM 1 (r > 18). Ilers soisc-
bIMOSHEH ; . .

HUJI, YTO T-MYHAs 3a0UCh T2 NPeJICTaBsgeT co0Oi BOCbMU3HAYHBIA MAJIUHIPOM, Y KOTOPOIO PA3HOCTh
Bannos: 20,00

13 20,00 JeTBepToil U TpeTheil ndp pasHa 2. ([TaruaapoMoM HasbIBaeTCS YUCTO, KOTOPOE TATACTCH OJUHAKOBO

cJleBa HATIPABO ¥ CTIPaBa HaJleBo). IIpyM KaKuX 7 TaKoe BO3MOKHO?

3ametuMm YyToYncno x=5* (T+r+r"2+r3) Torgax*2=25* 1+ r+ "2+ "3) A2 =25% (1 + 2r + 3r*2 + 4¢3 + 3r 4 + 2r\5 + 1\6).

Tenepb nycTb x*2 nmeet Bua ABCDDCBA B cucteMe cumcrieHuns r(Tak kak oHo nanuHgpom). lNocmotpmm Ha A. 3ameTm 4To TK A
CTOUT Ha nocnegHem Mmecte To A = 25 % r. Tak Kak BCA 4YacTb Yncna x 2 KpoMme 25 * 1 4ennTcs Ha r => He BIIUSIET Ha NocneaHni
paspsaa. Ho Takke A siBnsietcs 1 paspssgom vmcna xA2.

3aMetTuM YTO TKr>=18 TO 25* (1+ 2r + 3r"2 + 4r"3 + 314 + 2rA5 + 176) <= 25 * (13174 + 2rA5 + r"6) < 25 * (3rA5 + rA\6) = 75rN\5 +
25r76 < 5rA6 + 25r6 = 3016 < 2r7.

M3 atoro cnegyeT YTo A <2 =>A=1HOo Tak Kak A=259% r 1 r >=18 TO €ANHCTBEHHbIN MOAXOASALLMN r ATO 24.

Tenepb oCTanocb NPOBEPUTL YTO r = 24 NOAXOOUT

XP2=25%(T+2r+3r"2+4r"3+3rM + 2rA5+1726) = (r+ 1) * (14 2r+ 3r"2 + 43 + 3r"4 + 2rA5 + rA6) =1+ 3r + 5rA2 + 7rA3 + 7rM4 +
SrAS + 3rA6 + A7 4TO ABNSETCS NanvMHAPOMOM Y KOTOPOro pasHocTb 4 1 3 LmMdpbl paBHa 2.

OTBerT 24.




KommeHTapuii:




Bonpoc 5
BbinonHeH

Bannos: 10,00
13 20,00

IHana xkBaapaTrHada Tadbauma 2023 x 2023. Kaxkgasa ee K1eTka OKpallleHa B OIWH U3 1 IBeTOB. 3BecTHO,
UTO J7 MOOBIX MIECTH KJIETOK OTHOTO TBeTAa, PACTIOIOKEHHBIX B OJTHON CTPOKE, CBEPXY OT caMOil TeBOi
M3 HUX U CHA3Y OT CaMO# MpaBoii U3 HUX HET KJIETOK TOTO JKe IBeTa. lIpm kakom HamMeHbIem n Takoe
BO3MOKHO?

3amMeTUM YTO BCEro KneTok B Tabnuue 2023 * 2023 = 4092529.

[laBanTe OLEHMM CKONMbKO MaKCUMYM KITETOK O4HOIO LiBETA MOXET ObITh B Tabnuue.

[lns aTOro KNeTkn B KaXXQoW CTPOYKe pas3obbeM Ha napbl 1 crieBa - 1 cnpasa 2 crieBa - 2 crnpasa 1 7.4. 3aMeTUM YTO KNEeTKU B Nape
3anpeLualrT HaxoanTCs KNeTkam TOro e LiBeTa pOBHO B 2022 KneTkax x CBepXxy Hag fieBon 1 2023 - 1 - x CHXU3Y OT NpaBon 13 napbl.
(Hy ecnn B CTpOYKe XOTs Obl 6 KNETOK). Takke 3aMETUM YTO KaXAYH KIETKY MOryT

3anpeTuTb TONbKO 1 pa3 Tak Kak Torga y Hac 6bI1n0 2 KNeTku B O4HOM cTonbue KoTopble Nnbo obe 3anpeLLatoT Bce KNETKM CBEPXY
nMBO 2 KNEeTKM U3 KOTOPbIX OAHAa 3anpeLLaeT BCE KIETKM CBEPXY M KINeTKa KOTopas Bbille Hee 1 3anpeLuaeT Bce kneTkun cHmdy. Oba
TaKMX BapuaHTa HEBO3MOXHbI 13 - 32 YCNOBMSA 3afayn. Torga BCEro KNneTok

KOTOpble 3aHATbI MU 3aKpbIThbl paBHO 2022 * (max(5,ai) - 5) + ai rae ai 3TO KOMN-BO KMETOK B KaXXAO0W CTPOYKE. 3aMETUM YTO €CNM ai <
5 TO ai MOXXHO YBENUYUTbL M 3TO HAMNPSIMYIO YBENUYUT KOM-BO KNETOK.

Torga Bcero KneTok paBHo 2023 * 2023 Hy a C Apyron CTOPOHbI UX He Borblue YeM cyMmma no BceM psgam - 2022 * (max(5,ai) - 5) +
ai

O603Ha4mm 3a S cymmy BCeX ai.

CrniepoBartenbHo 2023 * 2023 >=2022 *S-2022 * 5% 2023 + S=> 2023 * 2023 + 5 * 2022 * 2023 >= 2023 * S cneposaTtenbHo 2023
+ (2022 * 5)>= S 3HaunT S <=12133

Toraa uBeToB X0Ts Obl 2023 * 2023 /12133 = 4092529 / 12133 > 337 cnegoBaTerbHO LBETOB XOTS Obl 338.

Mpumep Ha 338. Byaem npocTo KpacuTb NTIECTHUYKON U3 6 HAYMHAsA C HUXKHEN CTPOYKM caBurasick Ha 1. I nepexoouTb vyepes kpaw
€CIn C OpYyron CTOPOHbI Ty4a MOXHO MOCTaBUTb U Tak Kak 338 * 6 > 2023 TO y HAc Nony4mTCS.

Mpumep onst 5 Ha 5 n nectHmubl 13 3 (Ha 2023 Ha 2023 13 6 OH genaeTcs aHanorMyHo)

Lindpa ato Homep uBeTa.

32221
22211
22111
21112
11122

OTBeT 338.




«

KommeHTapwmii:
He facHo, kak npyn cymmupoBaHum oT max(5,ai) nepewnu K S.

B TekcTe ("He Gonblue") 1 B Lenovke HepaBeHCTB Mocrne TekcTa (">=") MIMeeTCsl HECOCTbIKOBKA.

MpvMep NPOTUBOPEYNT YCIOBUIO B NpeanocneaHem ctonoue.

OPEOLIAYLWWW AKT. SNEMEHT CINEOYHOWNN AKT. QIIEMEHT
BapuaHTt 23 BapuaHTt 24

»
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