TecT Hauar
CocTosiHue
3aBepLueH
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BpeMeHu

OueHKa

012201944 012201944

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

noHegensHuK, 14 ®espanb 2022, 14:05
3 4ac. 59 MUH.

65,00 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=53497&course=2084

Bonpoc 1
BbinonHeH

Bannos: 20,00
13 20,00

Ha xapTuake HapuCOBAHO HECKOJLKO KPYKOYKOB, COCIUHEHHLIX oTpe3kamu. Hacts Bpibupaer HATy-
paJbHOE YUCII0 N U PACCTaBIIAeT B KPYKOUKAX PA3THIHbIC HATYpPAJIbHBIE UACIa TaK, YTOOBI 18 BCEX
9TUX YHCE] BBIIOJIHSIOCH 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!

Kpy»koukn 6yoem HasbiBaTb BeplunHamu. bygem paccmartpurBatb MUHMMaIbHbBIV HAaTyparnbHbIN 06U OenuTenb a-b 1 n, OTANYHbLIN
oT 1 (onsa 2 coceaHnx No OTPE3Ky YMCen) 1 NucaTb ero Ha OTpe3Ke, COEAMHSIIOLLEM 3T Yncna. 3aMeTnMm, YTO Ha 2 oTpesKax,
BbIXOOALLMX N3 OOHOW BEPLLMHbI, HE MOXET ObiTb HanUCcaHbl OAMHAKOBbIE Yncna. T.K. eCnv 3TO Tak, TO NYCTb B 3TUX 3 BEPLUMHDI
CTOAT a, b, ¢, a d HanucaHo Ha oTpeskax. Torga a-b genutca Ha d, b-c AennTca Ha d, 3Ha4nT 1 UX cyMMma a-c genutca Ha d, d>Tun d -
aenvtens n. 3HaYUT a-c U n He B3aMMHONPOCTbI, @ A0IMKHbI 6bITb. 3HAYUT, y Yncna n XoTs Bbl 2 NPOCTbIX Pa3NUYHbIX AeNUTENS.

Ecnu nx poBHO 2, TO OHM [OMKHbI YepeaoBaThbCa Ha OTPe3Kax, HO Ha Hallein KapTUHKE OTPE3KOB HEYETHOe KOMMYECTBO, 3HAUYUT 13
KaKoW-TO BepLUMHbI ByayT BbIXOAWTb 2 OTPEe3Ka C PaBHbIMM YCMaMK, a TAKOro He AOMKHO BbiTb. 3aHUYMT ¥ n XOTSA Bbl 3 NPOCTLIX
AenuTens. MokaxeM, YTo 3TV NPOCTble AENUTENN He MOTyT BbiTb 2 1 3. 3aHyMepyeM BEPLLUHBI Ha KapTUHKe OT 140 7 No YacoBoMu
cTperke.

1. Ecnn oaunH u3 genutenen n 2. Torga Bce ynicna B 3, 4, 5, 6 BeplumMHax OMKHblI UMETb YETHOCTb, OTIIMYHYIO OT YETHOCTM Ymcna B 1
BEPLUMHE, MHaye nx pasHocTb byaeT genutca Ha 2. Ho Torga pasHoCTb uncen B 3 1 5 BepLunHax AeNnUTCA Ha 2, a He JOImKHa. 3HaunT
cpeau genutenen n HeT 2.

2. Ecnv ecTb 3. Torga ectb 2 COeANHEHHbIX OTPE3KOM BEPLUMHbBI, UMEILLMX padHble OrncTaTky No MOAYIM0 3, eCrv UX HET, TO BCe
Pa3HOCTM OENATCH Ha 3, 3HAYUT Ha KaXXAOM OTpe3Ke HanMcaHo 3, a 3Toro He MofeT ObiTb. [1yCTb pa3Hble ocTaTku y BEPLUMH 11 2.
Ho Ttorga y BeplvH 4, 5 1 6 4ormkHbl ObITb OCTaTKW, OTIIMYHbIE OT OCTATKOB BEPLUMH 11 2 Npu AeneHun Ha 3. Ho pasnunyHbIix
OCTaTKOB BCEro 3, 3Ha4uT y BepLUKH 4, 5, 6 oHM coBnagatoT, 3Ha4YUT Pa3HOCTb YMCen B BeEpLUMHAX 4 U 6 JenuTcd Ha 3, a 3Toro He
JOnAHO ObITb. 3HAYUT n HE JenuTcsa Ha 3.

C y4eToM 3TOro MOXHO cKasaTb, UTO n>=5*7*11 = 385. T.K. y n XOTS Obl 3 pasnnyHbI3 NPOCTbI3 AENUTENS, KOTOPbIE HE 2 N He 3.
Mpumep ons n = 385. [NycTb B BepLUMHAX nocnegoBaTtesibHO 3anucaHbl Yucna 1, 6, 13, 24, 49, 5, 12. HECNOXHO 3aMeTUTb, YTO Npu
Taknx Yymcnax ycrioBus BbIMOMHAKTCA.

OTBeT: n >= 385




KommeHTapwii:




Bonpoc 2
BbinonHeH

Bannos: 5,00 13
20,00

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

Ao Vy+at oyt (P —a) Ve 4y —ay +1

(z—y)?+1

MakcunmanbHoe 3HaveHune A ecTb 1, gocturaetcs npu x=y=1. Tenepb JoKaxeM, 4To A<=1.
PaccmoTprM HECKONBKO Crnyyaes.

1. x=y. Torga B yncnurtene 1+2*x(x-1)*(x+x/3-xA2)"0.5, Ho npu 0<x<=1, x(x-1)<=0, 3Ha4YUT YncnuTenb <=1, 3HameHaTernb paBeH 1,
3Ha4nUT A<=1.

3amMeTuM, YTO 3HaYeHNs KBapaTHOro KOPHSA BCcerga noroxuTenbHbl. Ho 3HaveHuns (xA2-y) n (yA2-x) He MoryT ObITb
NONOXWUTENbHLIMU OAHOBPEMEHHO. [TOTOMY YTO NYCTb 3TO He Tak, Torga x/2>y, x<y2. [JOMHOXWB NepBOe Hep-BO Ha y>0 Nony4nv
xA2*y>y*y>x, T.e. x*y>1, YTO HEBO3MOXHO MPU OrpaHnYeHnsax 3agadn. 3HauuT, He 6bonee oaHON CKOBOYKN (x2-y) 1 (yA2-x)
NONOXUTENBHO, 3HAYUT, B CYMME YNCIUTENS 1 UK 2 oTpuuaTenbHbIX criaraeMbix.

2. Ecnu o6a 3Tu cnaraemMblx YUCNIUTENS, 3aBUCSILLME OT NEPEMEHHBIX, HEMOMOXUTENbHBI, T.e. xA2<=y, yA2<=x. Torga Ymcnurenb
MeHbLLIe UNW paBeH 1, a 3HaMeHaTernb He MeHblLLe 1, T.K. KBagpaT pasHOCTM Bceraa HeoTpuuarteneH, 3HadmT A He GonbLue 1.

3. OgHo cnaraemoe 13 Tex 2 nonoxurensHoe. [ycTb 310 nepBoe (BblipaXeHue CUMMETPUYHO OTHOCUTESBHO X U Y, NO3TOMY MOXEM
He ymansas obLHOCTH Takoe npegnonaratb). Torga xA2>y, x>=y/2. 3aMeTUM, YTO NOAKOPEHHbIE BbIPaXXEHWNSI C Y4ETOM HEPABEHCTB
aTtoro cnyyas x"3+y(1-x)<x"2, x(1-y) + yA3 >= yA2. Torga uncnurenb <= x(x"2-y) - y(x-yA2) +1=x"3 + yA3 - 2xy + 1 <= x\2+y"2-2xy+1, TK.
x"3<=x"2 npu x<=1 (@aHanorn4Ho y"3<=yA2 npu y<=1). Ho T.K. x\2+y"2-2xy+1 - 3HameHarernb, MOXHO CAernaTb BbIBOA, YTO A<=1.

Tk npun NOBbIX N3 3HAYEHUSX X U Y BbINOJIHAETCA KaKoWn-TO 13 Crniy4yaesB, 3Ha4nUT A<=1.

OTBerT. 1




KommeHTapwmii:

[Mpumep BEPHBIN.

" 3amMeTuM, YTO NOAKOPEHHbIE BbIPAXEHWS C y4ETOM HEPaBEHCTB 3TOro cny4das x"3+y(1-x)<x"2, x(1-y) + yA3 >= yA2." - HepaBeHCTBa
He o4yeBuaHbl. OLeHKa He 06ocHOBaHa.




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.

Jlemma ®ycca. MNyctb 2 okpyxHocTu 11 1 2 nepecekatoTca B Todkax A u B, npsamas yepes A nepecekaet 1 B Touke C, 2 B Touke [,
npsamas vyepes B nepecekaet 1 B Touke E, a 2 B Touke K. Torga CE || OK.

[ok-Bo. Ecnn 3T 2 npsiMble nepecekarnTcs BHe okpyHocTen, To yron CEB = yrny JAB =180 - yron [IKB => npsiMble napanmernbHbl.

Ecnu oHn nepeckatotcs B OKpY>KHOCTAX, TO NycTb BHYTpu 1. Toraa CEB = yrny CAB = [JKB => npsimble napannenbHbl. (paBeHCcTBa
YIMoB CrieaytoT U3 BNMCAaHHOCTU YeTbIPEXYTONbHUKOB 1 CMEXHOCTN HEKOTOPLIX YIIOB).

Bocnonb3yemca nemmon dycca ans okpy>kHocTen w_a U w_b 1 cekywimx DR n MB. Torga BR || AP, T.e. BR || AC, 3HauunT BbICOThI U3 B
1 R Ha AC paBHbl, cnegoBaTenbHo niowaan TpeyronbHnkoB ARC n ABC paBHbI.

Bocnonb3yemca nemmon dycca ans okpy>kHocten w_a 1 w_b n cekywmx DQ n MB. Torga BQ || AS, T.e. BC || AS, 3Ha4MT BbICOTbI U3 S
n A Ha BC paBHbI, criegoBaternbHo nrowaau TpeyronbHukos BSC n ABC paBHbl.

M3 aTOro noHATHO, 4TO Nrowaan TpeyrornbHUKoB BSC 1 ARC paBHbI, T.e. UX nNnowanm oTHocATCs Kak 1:1

OTBerT. 111




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?

B cucteme cuncneHus r: x = aa, xA2 = b00b

[anee Bce B AeCATUYHOMW.

r-1>=a,b >=1 (a, b HaTypankeHbIE).

Torga B AecATUYHOM 3annck x = a*(1+r), => xA2 = a2*(1+r)A2, x 2 = b(r*r*r+1) = b*(1+r) (r*r-r+1) => a*a*(1+r) = b*(r*r-r+1).
3ameTtum, yto HOO(1+r,r*r-r+1) = HOLO(3, 1+r).

1. 1+r He genuTtcsa Ha 3. 3HaunT (r*r-r+1) He genuTcsa Ha 1+r, 3Ha4YUT b genuTtcsa Ha 1+r,T.e. b >= 1+r, HO b<=r-1. TakMe r He BO3MOHb

2. 1+r genutca Ha 3. Toraga (r*r-r+1)/3 He genuTtca Ha (1+r)/3, 3HaunT b genutca Ha (1+r)/3 => b = (1+r)/3 or b = 2*(1+r)/3, B NpOTUBHOM
cnyyae b>r-1. 3HaunT a*a = (r*r-r+1)/3 or a*a = 2*(r*r-r+1)/3.

A) Ecnu a*a = (r*r-r+1)/3, TO r*r-r+1-3*a*a =0, D =1 - 4 + 12*a*a = 3*(2a-1)*(2a+1)

D pormxkeH 6bITb KBaApaToM, 3HAYUT ofHa U3 cKobok (2a-1), (2a+1) aTo 3*x*x, a gpyras y*y rae x, y HaTypanbHble. Ho /3 cpaBHeHMI
no moaymnto 8 Buanm, 4to (r*r-r+1) moget 6biTb 1,3,7,5, a 3*a*a - 0, 3 1 4, 3HAUNT PaABEHCTBO TONbKO Korga a*a =1 (mod 8) =>
3ameTum, 4To (2a-1) 1 (2a+1) HEYETHbIE, 3HAYMUT X, y HEYETHbIE, 3HAYNT 3x*x = 3 mod 8, y*y =1 mod 8 =>

a)Ecnun 2a-1 =3*x*x = 3 (mod 8) and 2a+1 = y*y =1 (mod 8) => 2a = 4 (mod8) and 2a=2(mod 8) - Takoro He GbiBaeT

b) Ecnn 2a+1 =3*x*x = 3 (mod 8) and 2a-1=y*y =1 (mod 8) => 2+y*y=3*x*x (1)
f(x) = 2+x*x -napabona BeTBsIMM BBEPX C BepLUMHOM Ha ocn OY; g(x) = 3*x*x - napabona BeTBAMYK BBepX B BepLunHou (0,0). Takue 2
rpacdouka nmetot He 6onee 2 obLymx Tovek. 3Ha4YUT ypaBHeHue 1 umeeT He Bonee 2 pelleHni. To peLleHns x=y=1; x=3, y=5.

Torpa ato a=1, r =2 unu a=13, r = 23.

B) Ecnn a*a = 2*(r*r-r+1)/3, TO r*r-r+1-1,5%a*a = 0. T.k. 3*a*a/2 = (r*r-r+1) - HaTyparnbHOE, TO a*a AenuTcs Ha 2 => genuTcd Ha 4 =>
3*a*a/2 genuTca Ha 6, T.e. r*r-r+1 gennTcs Ha 6, HO Takoe HEBO3MOXKHO.

3Ha4nT MOXeT ObITb TONMbKO 2 OoTBeTa - a=1, r = 2 unu a=13, r = 23.

OTBeT: r=2 unu r=23




KommeHTapwii:




Bonpoc 5
HeT oTBeTa

Bbann: 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?




«

NPEOLIAYIIWM AKT. O9NEMEHT

BapuaHTt 24

CNEOYIOWWN AKT. SNEMEHT

BapuaHTt 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

YTBEPXAIO:
OtBercTBeHHBIN cekperapb Oprromurera OL CIIOIY

Xypurynsa AJL ( /j %Zd///)

I[TPOTOKOJI
paccMOTPEHUsI aneUIAIUU yyacTHUKA OIMMIIUA/IbI IKOJIHHUKOB
Cankr-IleTepOyprckoro rocyJapcTBEHHOTO YHUBEPCUTETA

r. Cankr-IlerepOypr Ne MAT-8 «31» mapma 2022 2.

ATneiaroHHas KOMHCCHS B COCTaBE:
1. CaBenneBa Anacracus '11e00BHa,
2. Tloroxes Cepreii Bnanumuposuy,
3. ®nopuHckuil AnekcaHap AJIeKCeeBUY.

paccMoTpenia aneusIIHOHHOE 3asBieHne yyacTHuka Onumnuaas! mkoiasHuKoB CIIOIY:

@UO: Kozan Anna Anexceeena

Ilpeomem (komnnexc npeomemos) Onumnuadwvl: MamemamuKa

Konuuecmeo nabpanuvix 6annos oo anennsayuu. 65

[Io pesynbrataM pacCMOTpEHHUS AaNEJUIUOHHOTO 3asBleHUs y4yacTHHKA OIMMIUab,
ATeIUTSIIMOHHAs KOMUCCHS TIPUHsUIA CIIEAYIOIIEE PEIICHUE: HO6bICUMb OUEHKY 34 padomy Ha
10 6annos, npuznamse yuacmuuyy nodeoumenem 3akaoyumenvHozo Imana Onumnuaowl

wikoavnukoe CIIoI'Y no mamemamucxe.

B 3a0aue Ne2 Ookazamenbcmeo npedcmasieno HeodoCMAamoyHo nOOpoOHO (ROCIeOHUN NYHKM

ocmaenen 6e3 00vbACHeHUll), 00HAKO OYEHKY MONCHO NO8bicUumb ¢ 5 00 15 bannos.

KonuyecTBo HaOpaHHBIX 0aJIOB MOCIIE AMEIUIISIIAN: 75




