TecT Hauar
CocTosiHue
3aBepLueH

Mpowno
BpeMeHu

OueHKa

012214065 0l2214065

noHeaenbHuK, 14 ®epanbs 2022, 10:09
3aBepLueHo

noHeaensHuK, 14 ®eppanb 2022, 14:03
3 yac. 54 MUH.

67,00 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=41255&course=2084

Bonpoc 1
BbinonHeH

Bannos: 17,00
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!

OTBET: Npn n = 5*7*11= 385

peLueHue:

nepedopMynupyem ycrioBme: Yncna coefmHeHbl pebpomM paBHOCUIIBHO,4TO HOA pa3HOCTM Yncen u n 6onblue 1u
yucna HE coeanHeHbl pebpom paBHOCUIBLHO, YTO HOA YMCen U n paseH 1

n = p1°k1*p2/k2 ...ps"ks (pi pasHble ,npocTble)

0603Ha4mMm Ymcna B 7 yronbHUKe 3a al, a2, a3, .., a7 no YyacoBou cTpenke(al n a7 cocegHue) BCe pasnnyHbl Mo YCroBuIo. Te
pa3HoCTU He paBHbI 0

Ha pebpax ceMNyrosibHMKa HanMweM HOL Pa3HOCTM YMUCEN,CTOSLLMX B BEPLUMHAX 3Toro pedpa ,c Yicriom n
Hop(al-a2, n) = cl

Hopg (a2-a3, n) =c2

Hop(a6-a7, n) = c6

Hopg(a7-al, n ) =c7

BCe HoAbl 6onbLue 1, TK Yncna coegmHeHbl pebpom(3HaYMT No yCn 3TO BbINOSHAETCSA)
3aMeTuM, YTO Ci U ¢j ANs NoBbIX He paBHbIX i U j OT 1 40 7 BEPHO ,4TO HOA(CI,cj)=1.
OOKaXeM 3To.

NyCTb 3TO He TaK. TOrAa CyLecTByeT Takue ci, ¢j (i I=j) ,T4 Hoa(ci,cj) =d =1

nycTb d AennTcs Ha NPoOCToe YNCHOo p




Bbligenvm Bce ¢j, KoTopble Aenatcs Ha pl. 3HauuT Ans Takmx HOQOB 2 Yucna ,CTosiwme B BepLlunHax pebpa, uMeeT oanHaKoBbIN
OCTaToK MO MOAYyNto pl, TK X pa3HOCTb Aenutcs Ha pl. 3ameTnMm, 4To Takux cj He 6onee Yyem 3. OT npoTuBHOrO. MNycTb XOTS Gbl 4.
Torga HangyTca no npuHumny Oupuxne(unu xxe OQupexne) Takne 2 pebpa (Mmetowime o6LLYyH0 BEPLUMHON) C HanMcaHHaMKn Ha HMX ck
,Cm, T4 OHM AenaTcs Ha pl. Torga 3 yncna cTosilme B BepLUMHaxX aTuX AByX pebep MMeroT oanHakoBble OCTaTKu Mo Mogyrnto pl1 no
paHee ckasaHHOMY. Toraa Bce Tpu Yncrna SOSMKHbI OblTb NONapHO coeauHeHbl pebpamu, TK X nonapHble pasHuLbl 4enaTcsa Ha pl u
n genutca Ha p1 ( 3HaunT Hopg BGonble 1, 3Ha4YMT coeauHeHbl pebpom no ycn)

HoB CEMUYTOJIbHUKE HET TPpeX NornapHoO CoeaANHEeHHbIX BEPLLUNH. rlpOTVIBOpe‘-II/Ie. 3HauUUT Taknx Cj He Bonee yem 3.
AHanornyHo ¢ noobbim NPOCTbIM pi Ha KOTOpOe AENNTCA n.

nyCcTb Y n MeHbLle NGO paBHO 2 pasnmyHbIX MNPOCTbIX MHOXUTENEN. 3HAYUT ci ,KOTOpble AENATCA Ha OQHO U3 3TUX NPOCTbIX
MHOXMWTENEN ,MeHbLUe NMbo paBHo Yem 3 + 3 = 6. Ho y Hac ci - 7. Y1 oHun Bce Bonblue 1. NpoTtnBopeyne. 3Ha4mT y n XoTa 6bl 3
pPasnnyHbIX MNPOCTbIX MHOXUTENS.

PaccmoTtpum ntoboe npocToe p (n 4enutca Ha p).

Pa3HOCTM 3TUX YMCEN MO MOAYMI0 p CPaBHWUMbI C 0, 3HAYUT N HOAbI PA3HOCTU C n AENATCS Ha p,3HaYMT Hoabl 6onbLue 1. 3HaUnT
yucne nonapHo CoeamHeHbl pebpom no ycnosuto. Ho B cemu yronbHuke Takoro HeT. MNMpoTuBopeune. 3HaUnT Ans Kakaoro ocrtaTka
no mogynto p He 6onee ABYX xi paBHbIX 3TOMY OCTaTKy. Torga KonBo pa3fnmnyHbiX OCTaTKOB MO MOAYI0 p XOTSAObI 4, MHa4e ymcen
Ob1n0 66l MeHbLLE NMBO0 paBHO 2 * 3 = 6, a y Hac 7. KOnBo pasnuyHbIX OCTaTKOB NO MOAYNH0 p XOTSA 6bl 4.3Ha4nT p XoTs Obl 4.

3Ha4nT n >= 5% 7* 11. npon3BeaeHne Tpex pasnnyHbIX NPOCTLIX Yncen 6onblie NMbo paBHbIX 4.

NOSTyYMNK OLEHKY Ha 5*7*11

npumMep Ha n = 5*7*11

nycTb N0 MoAynto 5 yncna gatort al,.. a7 octatku -0,0,1,1,2,2,3 COOTBETCBTEHHO. (3HaunT cl, ¢3,c5 6onbLue 1, 4To 1 TpeboBanock)
no mMoaynto 7 yncna gatot octaTkm 3,0,0,1,1,2,2, COOTBETCTBEHHO(3HAUUT €2,c4,c6 BonbLue 14To 1 TpeboBanoch)

no moaynto 11 ynucna gatot octatkum 0,1,2,3,4,5,0 COOCTBETCTBEHHO (3Ha4UT €7 BonbLue 1470 1 TpeboBanocs)

3aMETUM YTO HUKaKMe nuliHMe pebpbl NpoBeaeHbl He ByayT no nocTpoeHuto. Noabepem Takne ceMb pasnUYHbIX YMcen ¢
HeobXxoauMbIMM YCOBUSIM MO ocTaTtka no noaynto 57,11 no KTO. npumep NOCTPOEH.

KommeHTapuii:
HET YMCMNOBOro npumepa




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

Bannos: 0,00 n3

20,00 ) (22— Vy+2d—ay+ (Y2 —2)Vr+y3—ay+1

B (z—y)?+1

npv x =y =1/ 2 BbIpaXXeHne NpUHUMaeT 3Ha4yeHune 1

nycTb cywiecTyeT a > 1 --->

(X" 2-y) (y+x"3-xy)N0.5 + (y"2-x) (x+y"3 - xy) + 1> (x-y)"2 +1 <>
(X" 2-y) (y+x"3-xy)"0.5 + (y"2-x) (x+y”"3 - xy) > x/\2 - 2xy+y/2

3aMeTUM YTO y+x/3-xy




KommeHTapwmii:
npyMep HeBEPHbIN, [OKa3aTeNbCTBO HE 3aBepLUEHO




Bonpoc 3
BbinonHeH

Bannos: 20,00
13 20,00

Ha cropone AB octpoyronsuoro tpeyronbanka ABC ormeuena touka M. BryTpu TpeyroibHuka
BuiOpana Touka D. OKpy:KHOCTH W4 U Wp ONUCAHLI BOKPYT Tpeyroabuukos AM D u BM D coorsert-
crBenno. Cropona AC BTOPUYHO TMepecekaeT OKPYKHOCTh w4 B Touke P, a ctoporna BC BTOpUvHO
[IEPECEKAET OKPYKHOCTh Wy B Touke (). Jlyu P BropudHo nepecekaer OKpPyKHOCTb Wp B Touke R, a
ay4a QD BTOpUYHO TepecekaeT OKPYKHOCTh w4 B Touke S. Haiiaure oTHOIEeHNE wiomageii Tpeyroib-

auxkoB ACR u BCS.

no ycnosuto AMDPS nexar Ha okp wa ¥ BQDMR nexat Ha okp wb.

nyctb yron A- x, yron B -y npu BepwmHax TpeyronbHuka ABC. Torga yron C = 180-x - y(TK cymma yrrnoB TpeyrornbHuka 180)
yron MDP =180 - yron A =180 - x(Tk AMDP BnucaH B wa)

yron MDQ = 180- yron B =180-y(Tk BQDM BnucaH B wb)

3HauunT MeHbLwn yron QDP = 360 - yron MDP -yron MDQ = x+y

Torga yron QDP + yron C = x+y+180-x-y = 180

3Hauut QDPC BMNCAHHbIN

CneposatensHo yron C = yron SDP = yron RDQ = 180-x-y (yron SDP U yron RDQ BepTukanbHble) !!!! BaXXHO

yron RDQ + yron RBQ =180 Tk RBQD BnucaHHbIn crnegoBaTenbHo yron C + yron RBQ =180 - 3HaumT BR napannensHo ¢ AC.
yron SDP= yron SAP Tk ADPS BnucaHHbIn cnegoBatensHo yron C = yron SAP - 3HaumT AS napannensHo BC.

3aMeTVMM YTO ecnu ecTb ABe napasnsenbHble NPsSIMbIE, TO PAcCTOSIHME MeXAY HUMW KOHCTaHTa paBHas AfMHe OTpe3ka C KoHLamu
Ha NpsSIMbIX , NEPNEHANKYNSAPHOrO NPAMbIM - hakKT .

TOorga NocMoTpuM Ha TpeyronbHukn ARC, ABC - nx nnowaaun pasHbl ,TK ocHoBaHUe AC coBnagaeT U onyLleHHble BbICOTbl 13 B R
pasHbl ,TK RB || AC. (ncnonb3yem chakr)

aHanoruyHo TpeyronsHukn ABC, BSC - ux nnowaam pasHbl , Tk oCHoBaHWe BC coBnagaet un onyLleHHble BbICOTbl M3 A, S paBHbI ,TK
AS || BC (ncnonbsyem akr)

TOorga OTHOLWeHMe nrowwanen TpeyronbHukos ACR, BCS paBHO OTHOLEHUIO nnowagaen TpeyronsHnkoB ABC, ABC - Te paBHO 1.

OTBeT 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?

nycTb x = aa (B r) = a(r+1) (B 10) --- O<a <r

nyctb x2 = b00b = b(r*3 + 1) (B 10) ------ O<b<r

a>0 b> 0 TK x HaTyparnbHoe

Torga a’2*(r+1) A 2= b(rA3+1) = b(r+1)(r"2-r+1) ( TK r > 0),TO 3TO PAaBHOCUIIbHO TOMY ,4TO

ar2*(r+1)=b( 2 -r+1)

nycTb HoA(r+1, rA2-r+1)=d > 1, TOrga r = -1 no MmoAay”nto d

Toraa rA2-r+1 = 1+1+1 = 3 no moaynto d n 0 ¢ Apyron CTOPOHbI. 3HAYUT 3 1 O cpaBHUMbI N0 Mogynto d. 3HaunT d = 3
Myctb d !=3,Torgad =1.

Ho torga Tk a"2*(r+1)= b(r"2 - r + 1),TOo b gomkHo genutca Ha r+ 1. HO b <r. n b =0 ,uHaye x = 0000=0. MO yCnoBuUIO X HaTypanbHoe
npoTUBOpeEYMeE.

Torpad=3

Torga r + 1= 3*k (k uenoe) ---->r=3k-1 (r~0 -> k> 0)
noacTtaBum B a”2*(r+1)=b(r"2 - r + 1)

af2*3*k= b*(9kN2-9k + 3) <------ > al2 *k= b*(3k"2-3k+1)
3ameTum, 410 Hoa(3kA2 - 3k + 1, k)= Hoa(1,k)=1

3HaYUT TK BEPHO a2 *k= b*(3k~2-3k+1),TO b genntcsa Ha k.

0< b < r = 3k -1 3Ha4mT nnMb6o b = k, Nnb6o b= 2k

1)b=2k ----- > an2*k=2*k(3k"2-3k+1) <---> a2 = 2(3k"2 - 3k +1)
npu k yetHom 3k~A2-3k+1 - HeyeTHOe

npu k HeyeTHOoM 3kA2-3k+1 HeyeTHoe

3Ha4UT a2 gennTca Ha 2 ,HO He OennuTcd Ha 4. Npu LerioM a Takoe HEBO3MOXHO .NpoTueopeYne
2) b=k !=0 --> ar2*k=k(3k"2-3k+1) <-> a"2 = 3k"2 - 3k + 1

3kA2 - 3k + 1 Bcerga HeyeTHoe -> a HeyeTHoe -> a2 =1 (mod4)
npu k = 0(mod4) 3kA2 - 3k + 1= 0-0+1=1(mod4) ok

k =1(mod4) 3k~2 - 3k + 1= 3-3+1=1(mod4) ok

k=2(mod4) 3kA2 - 3k + 1= 3-2+1 = 2(mod4) nnoxo

k = 3(mod4) 3k"2 - 3k + 1= 3- 1+ 1= 3(mod4) nnoxo

3HaunT k no mogynto 4 nnéo 0,nn6o 1




npu aTom r <=100 -> k <= (100+1)/3 -> k <= 33(TK k uenoe)

BbinonHseTcs paBeHCTBO a2 = 3kA2-3k+1<-> 4*aA2=12k 2-12k+4<->

(2a)"2 = 3*(2k-1)A2+1 <-> (2a-1)(2a+1) = 3*(2k-1)(2k+1)

Hop (2a-1,2a+1)=Hoa(2a-1,2) = 1.

3Ha4nT Bo3bMeM ntoboe p!= 3,Ha koTopoe aenutca 2k-1, B ctenexu t. Toraa nubo 2a-1 4enutcsa B TOMHOCTU Ha p A(2t),nnbo 2a+1
AennUTCs B TOYHOCTUM Ha p ~(2t).

Torga BO3MOXHO 2 crnyyast.

1)2a-1=3x"2 2a+1 = y"2 ( x, y HeYeTHble ) 3ameTuMm, 4To s”2 (mod3) pasHsieTcs nnbo 0,nnbo 1
-—-> 3xA2 + 2 = y"N2 ---> 0+2 = 2= y"2(mod3) ----- NpPOTUBOPEYME BbiLLE CKa3aHHOMY
2) 2a+1=3x"2 2a-1=y”"2 (x, y HeYeTHble ) 3ameTuMm, 410 s*2 (mod3) paBHseTcs nubo 0,nmn6o 1
----- >3xA2-2=y"2 1 (2a+1)(2a-1) = 3(2k-1)"2 -> xy = 2k-1

0< k <=33 k=0;1 (mod4) --- >

k=1,4,5,8,9,12,13,16,17,20,21,24,25,28,29,32,33

BEPHO 4TO a’2=3k"2-3k+1, b =k, r = 3k-1, x = a*(r+1)

k=1->a=1b=1,r=2,x=3

k=4- > an2 =37 ->a He uenoe nroxo

k=5 ->a"2 = 61- > a He Leroe nioxo

k=6 -> fA2 =91 - > a He uenoe nioxo

k=8 ->a=13,b=8,r=23,x=13*24

k=9 -> a2 = 217 - > a He Lenoe Mnrnoxo

k =12 - >a2 = 469- > a He Lernoe nroxo

k =13 - > a He Uuenoe nNnoxo

k =16 - > a He uenoe nNfoxo

k =17 - > a He Uenoe nNnoxo

k = 20- > a He uenoe nnoxo

k =21 -> a He uenoe nNioxo

k =24 - > a He uUenoe nNnoxo

k = 25 - > a He uenoe nnoxo

k =28 - > a He Uenoe nNroxo

k =29 - > a He Uenoe nroxo

k =32 - > a He uernoe nnoxo

k =33 - > a He uenoe nnoxo

onpegenanocb 4YTo a He uenoe ,C NoOMOoLbio BblYNCNEHUA




OtBeTr=2unnr=23

KommeHTapuii:



Bonpoc 5
V napannenenunena a X b X ¢ rpanu pa3dUThHI HA €IUHHYHBIE KaeTKU. VIMeercs Takyke GOIbIIoe KO-

Eanos: 10.00 4YeCTBO TPEXKJIETOYHBIX ITOJIOCOK, KOTOPBIE MOXKHO IleperunbaTh mo rpanuiiaMm Kiuerok. [Ipu kakux a, b u
M3 20,00 € TPU TPaHU NapaJulelenunea, UMerIue oDy BEPIIUHY, MOXKHO TOJTHOCTHIO OOKITEUTh MOJTOCKAMHA

BbinonHeH

0e3 HAJIOXKEHUI U 3a30POB TaK, 9TO0b!I KJIETKH IpaHeil W MOJOCOK COBIAIAIN?

3amMeTnm YTO rpaHu NPSMOYTOSTbHUKOB, MMEKLLMX 00LL Y0 BEPLUUHY , UMEKT pa3mepsbl a*b , b*c, c*a.
Toraa 4ToObl MOXKHO ObINIO 3aMOCTUTL Monockamu 1%3 KonBo KNeToK AOMKHO AenuTtcs Ha 3. 3HauuT a*b + b*c +c*a penutca Ha 3.
PaccmoTprm Bce BO3MOXHbIE pas3nunyHblie Habopbl Mo Mogyrnto 3 U3 3 yucen:

000 nogxoamT ,TK a*b + b*c +c*a genutcsa Ha 3

001 noaxoauT ,TK a*b + b*c +c*a penutcsa Ha 3

002 nogxoawuT ,TK a*b + b*c +c*a penutca Ha 3

011 He nogxoauT ,TK a*b + b*c +c*a He penuTcsa Ha 3

012 He noaxoauT ,TK a*b + b*c +c*a He genuTca Ha 3

022 He noaxoauT ,TK a*b + b*c +c*a He genuTca Ha 3

111 nogxoauT ,TK a*b + b*c +c*a penutca Ha 3

112 He noaxoauT ,TK a*b + b*c +c*a He genuTeda Ha 3

122 He nogxoauT ,TK a*b + b*c +c*a He genuTca Ha 3

222 nogxoauT ,TK a*b + b*c +c*a genntcsa Ha 3

ecnun 000 nnu 001 nnmn 002, To ogHO U3 pebep Kaxaon U3 Tpex rpaHen genntcs Ha 3. Toraa Mbl MOXEM 3aMOCTUTb KaXayto rpaHb
norockamm 1*3 no otaenbHOCTW. 3HAYNT ecnn cpeamn a, b, c ecTb XoTa Bbl 2 YMCNa,KOTOpble AENATCA Ha 3,TO Takon Habop Ham
NnoaxXoauT.

OcTanocb NOHATb NOAXOAAT N HAboPbI a,b,c, OCTATKN KOTOPbLIX NO MOAYMIO 3 paBHbl,HO HEe paBHbI 0.
Packpacum B LuaxmaTHyH packpackyB 3 LBeTa 2 rpaHu NpaBuibHO U TPETbIO YTOObI COCTbIKOBanach C 1.

Torga ogHoro useta ByaeT s, BTOPOro s+1, TpeTbero s+2. B Kaxaon norocku 1*3 6e3 crmba nnm xe Ha crmbe c1um 2 unmxe 1m 3
rpaHb €CTb KaXKabl LBET POCHO 1 pas.




KommeHTapwmii:
PelueHuve He 3aBepLUeHO.

OPEALIOYLWMUA AKT. BNEMEHT CIEAYIOWMNA AKT. BNEMEHT
€ Bapuant 24 Bapuant 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

