Hsaduams namwiti mamemamuyeckuti myprup cmapuexaaccruros «Kybox namamu A.H.Koamozoposas
Teepv, 28 Hosbps—5 dexabpsa 2022 200a

Pemennga 3aga1 KOMaHAHON OJMMIONABI CTAPINEN T'PYyNIIbI.

1. /[aa namypanvrozo wucaa n ecmsv posHo dsa us wucen 1, 2, ..., 2022, na Komopwve oHo He desumc.
Hyemov omu wucaa — a u b. Moocem au oxasamoea, wmo a —b = 139
[lo motuBam Mid-Michigan MO, 2019

OTBeT: HeT, HE MOXKET.

Pemntenne. Bynem paccy:kpars or nporusaoro. Torma ogHo u3 ducen a u b — yérnoe. OO03HAYUM TO
qucio depes 2k. Eciam n we pesurca Ha k, To k m 2k Kak pa3 m ecTb JBa 4uciaa u3 1, 2, ..., 2022, na
KoTopbie He faenutcd n. [lostomy 2k — k = 13, orkyna k = 13. Ho Torma n He genuTcs Tak:ke Ha YUCI0 39,
U 4uces, Ha KOTOpble HE JEJUTCH N, XOTd Obl 3.

SHaunt, n He AeauTCs Ha 2k oToMYy, 9TO B 2k JBOIKa COAEPKUTCSA B OOJIbINEi cTemenn, 1eM B n. 'Torma
n He JEJUTCA Ha HauOOJIBIIYIO CTeleHb JIBOMKY cpeu 1, 2, ..., 2022, To ectb Ha 1024. Takum obpaszom, napa
qHces1, Ha KOTOpbie He jgesutces n — 1o (1024, 1037) wan (1011, 1024). Ho 1037 = 17-61 u 1011 = 3 - 337,
MOITOMY B ODOUX CJOydadx 7n He JeJUTCd TaKKe Ha OJHO W3 MPOCThIX uucen 17, 61, 3 win 337.

2. ﬂ/lﬂ GEULECMBEHHO20 HYUCAG T BBTIONHEHO PAGEHCINBO
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Pemtenne. /TomHoxkum 06e yacTu ycjaoBUs HA X, HOJLYYUM

OTsBer:

x? — 4z 22 — Ax x? — 2
+ + =3
22 —-5rx+1 222 —-bzx+1 22—-3zx-+1

Broljiesium B Kazkj10i Jipodu «Ie/IyIo 4acTby:

1yt M S M S =3
22 —5r+1 202 — 5 + 1 22—-3x+1) 7

( 1) ! + L + L 0
x — -0
2 —-5rx+1 222 —-bx+1 22—-3x+1

Taxum obpazom, anbo r = 1, mubdo 3navenue Bropoit ckobku pasuo 0. [Ipu x = 1 ycjaoBue BBITIOJTHEHO,
a 3HaYeHWEe MCKOMOTO BBIPDAKEHUdA PABHO —%. Ecyim obuynsiercs 3Hauenue BTOPO CKOOKH, TO M MCKOMOE
BbIpazkenue paBHO (. IIpu 3TOM He BakKHO, CYIIECTBYIOT JIX TaKWe I: B JIIOOOM cjydae K HCKOMOH cyMMe

nobapisercs 0. 3HAYUT, CYMMa BCeX BO3MOXKHBIX 3HAYCHHUN BbIparKeHHUs paBHA —%.

3. B ocmpoyzosvrom mpeyzoavnuke ABC nposedena meduana AM. Ha ayuwe AB ommeuena maxas
mouka D, wmo LZADM = ZACM, a na aywe AC' — maxas mouxa E, wmo LZAEM = ZABM . Onucarmvie
oxpyotcnocmu mpeyeoaviukos ACD u ABE nepecexatomes 6 moukax A u S. oxascume, wmo AS || BC.

A. Ky3suenos, A. CyvupHoB

Pemenne 1. Ilycts AB > AC. Torma sicHo, uro Touka D jie;kuT Ha orpe3ke AB, a Touka F — Ha
npogoszkennn orpes3ka AC 3a touky C. 3ameTum, 910

LCME = /ZACM — ZCEM = ZADM — Z/DBM = ZDMB.

Torma Ttouku D, M u E nexar ua oxgmoit npswmoii. bomee toro, /DBC = /ZDEC u, cienoBareiib-
HO, YeTbipexyroibiuk BDCE snucammsiit. Tak kak BM = MC, to C'D wne mapamneapno BE. Ilyctb
CD N BE = I. 3ametuM, 4to I — pajuKaIbHBIA HEHTP OKPYZKHOCTEH, ONUCAHHBIX BOKPYT TPEYTOJILHIUKOB



ADC', ABE n gernpexyronbuuka BDCE. ITostomy npsavasa AS npoxoaut depes Touky I. C apyroi cro-
poHbI, 110 TeopeMe Uennl s Tpeyroabanka EBC u wesnan BA, CI uw E M, nepecekaioruxcs B ToUke D,
nveem FA/AC -CM/MB - BI/IE = 1. To ectb, EA/AC = EI/IB u upsameie Al u BC' napaiieabHbl.

Pemenne 2. Ha cepenunnom nepnenguky/spe K BC paccemorpum Takyio Touky K, aro KC 1 AC.
Ilycrs D' — ocHoBanume nepuenaukyasapa u3 Touku K Ha AB. 3amerum, uro Touku A, C, K, D’ nexar Ha
okpyxkHOCTH ¢ juamerpom AK. A tak:xke, touku B, M, K, D’ nexar Ha oKpyzKHOCTH ¢ JuamMerpom BK.
Torna L(AC, KC) = L(AD',KD') = L(KD',AD"Y u Z(MC,KC)=Z(KB,MB)=Z(KD',MD’). BoI-
anragd, noaydaem, aro Z(AC,CM) = Z(M D', AD'), to ectb, ZACM = LAD'M. Takum obpazom D' = D
U IIeHTP OIMUCAHHOHM OKpy2KHOCTH Tpeyroiabauka AC'D — cepeauna orpeska AK. AHaJOrHIHBIM 00pa3oM
JTIOKA3BIBAETCS, UYTO eCJIM TOUKa L Ha cepeIMHHOM mepueHaukyaspe K BC' takosa, uro LB | AB, T0 meHTp
OIUCAHHON OKpYzKHOCTH TpeyrosibHuka ABE — cepenuna orpeska AL. V13 31oro ciiejyer, 4To JUHUS [1€H-
TPOB TUX JABYX OKPYZKHOCTEH ABJsIeTCS CpeaHeii uaueit tpeyroabanka AK L, a 3Ha9UT neprennKyasapHa
BC, uro B Tounoctu n o3naqaer, uro AS || BC.

4. Ipasumeavcmea Ilapaesas u Ypyeeas xomam suinycmums MOHEMBL HECKOALKUL JOCMOUHCME, MEHb-
wux 1000. B Iapazeae romam, 4mobv. HUKAKAA CYMMa, HabuUpaemas 6oavuie, wem 00noti napaesatickol
moHemotl (cpedu komopur mo2ym Gums 00uHaK06uE), He Gblaa JOCTOUHCMBOM NAPa2EaticKol MOHEMDL.
B Ypyesae xomam, wmobv 410644 cymma, HAOUpaemas 08Yms (603MOHCHO, 00UHAKOBHLMUY) Ypy2eaticku-
mu monemamus u menwvuwas 1000, 6vaa docmouncmeom ypyeeatickoli monemoi. ¥ kakol cmpans, 60AbULE
Cnocobos 8uINYCMUMb MOHEMbL?

G. Wiseman

OtrBeT: c1oco6OB OPOBHY.

Pemenne. Hazopém uuciia, menbiine 1000, masenvkumu. HazoBéM MHOKECTBO JOCTOMHCTB, COOTBET-
CTBYIOIIIee MaparBaficKiuM (COOTBETCTBEHHO yPyTBailcKiM) TpeGoBaHusaM, [1-mroorcecmeom (COOTBETCTBEH-
HO Y-mnoorcecmeom). O6o3naduMm depe3 P u U Habopsl Beex [I- 1 Y-MHOXKECTB COOTBETCTBEHHO.

[Iycts U — Y-MHOXKeCTBO; onuineM ero cTpykrypy. Ilo ycioBuio, g JoObIxX ai,as € U umeeMm
a1 + as € U, ecnu uucsio aj + as Majgenbkoe. Torma nis J00BX aq,as, a3 € U moaydaeM a; + as + az =
= (a1 +as)+az € U (upu Tex ke orpaHnveHusix). AHATOTHIHO TIOJYYaeM, 9TO JJIs JIOObIX a1, g, . . ., G €
€ U umeem a; + as + ...+ ap € U, ecsim 312 cymMMa MajeHbKasd.

Haszosém uncsio usz U npumumueHvim, ecid OHO He SBJIsIeTCsl CYyMMOit 6oJiee uem oHoro yuncia us U (He
obsi3aTebHO pasaudHoro). O6o3naduM depes p(U) MHOKECTBO BCeX MPUMHTHUBHBIX 37eMeHTOB a € U; mo
oIrpeiesIeHuI0, OHO siBasgeTcda II-MHOoKecTBOM. Kazkiplit HeNPUMUTHBHBINA 371eMeHT B U MOXKHO Pa3JI0KUTH
B CyMMY HECKOJIbKHX 39JIEMCHTOB U3 U ZLeJIaH TO 2k€ CO CJlara€eMbIMU B CyYMMeE, paHO HJIM II03HO MbI
IpeacraBuM a B BUJAe CyMMBI (He O6H3&TeﬂbHO paSJII/IquIX) IMIPpUMHUTUBHBIX 3JIEMEHTOB.

MT&K, U COCTOUT B TOYHOCTHU N3 BCEX MAJIEHBKUX CYMM 3JIEMEHTOB U3 p(U)

Haobopor, mo kaxkmomy [l-muOkecTBY P MOXKHO MOCTPOHTH MHOMKECTBO u(P) BCeX MaJICHBKAX CYMM
7aeMeHToB u3 P. O4eBHIHO, OHO FABJISIETCS Y-MHOXKECTBOM, NPHYEM B HEM MHOXKECTBO HPUMHUTHBHBIX
9JeMeHToB — 9710 B Tounocrn P. Snaunt, p(u(P)) = P. 3 ckazanuoro Beime noxydaem u(p(U)) = U.
Taxum obpazom, Mbl TOCTPOUIN Mapy B3auMHO oOparTHbIX oTobpaxkenuit p: U — P u u: P — U, 4to n
JAO0Ka3bIBaeT NX PaBHOMOIITHOCTD.

5. Hatidume ece gynkyuu f: R\ {0} — R makue, wmo pasencmeo

f@P? = ffz)=z@@+y+2)(f(@)+ fy) + f(2))

BYNOAHAECNCA OAA N0OBT MPET BEUECTNEEHHBIT YUCEA T, Y, Z MAKUT, Mo xyz = 1.
HMMT 2022

Oxser: f(z)=0u f(z)= 2=

xT
Pemenwne. IIpoBeprmM, 9T0 BTOPOi#t OTBET MOIXOANT, TPO MEPBBIN 3TO 04eBUAHO. [IpaBas JacTh paBHA

»—-1 P—-1 -1
+ +
x Y z

z(z+y—+2) ( ) =z(z+y+z) (2> —yz +y* — 22+ 2° — 2y) = p(2®+y°+2°-3).

JleBag JacTh paBHA

So1\? P11 P 1
(I—> Y Lz =zt -2+ -2 (PP -y -+ =2+ + 27 - 3).
x Yy z x



JlokazkeM, 9T0 ApYrux oTBeToB HeT. OGO3HAUNM PABEHCTBO W3 yCJIoBHs depe3 P(x,y, z). Cpa3sy orme-
tum, aro P(1,1,1) xaér f(1) = 0.

[Tycrb mas wekoroporo ¢ BeinosHseTcst paBeHcTBo f(t) = 0.

Hamumem pasencrsa P (x, t, %) n P (t x, tx)

f(m)2=1‘($+é+t)( ( ))
11 () =t (e+ 5 ) (r s ( )>

Buaunt, tf(2)? = —zf(2)f (1), re. pm f(@) =0, mmm f (L) = —Lf(z). Ecam Boimosneno Bropoe

xT

PaBEHCTBO, TO MOJICTABUM €ro B P (x t, = -

f(x)Q:x(aH—%H) (f(x)—m),

X

OTKy/a win BHOBD f(x) = 0, mwin

3 _ 3_
f(m):x<m+t+%) (1—%)23336 L_! ; 1.

Benmomunm, uro npu ¢ = 1 BemosiHsiercst paBerctBo f(t) = 0, OTKyAa moJydaeM, 9TO sl KazKJI0ro
r # 0wm f(r) =0, wm f(r) = % Eciau cymecrsyer ¢ # 1 Takoe, uro f(t) = 0, To /s KazKI0ro
r # 0 Beimonnsgercs emé u wm f(z) = 0, mwm f(x) = ISx_l s —L. BameTum, aTo t3— # 0 mpu t # 1,
MO3TOMY OJHOBPEMEHHO J[Ba TIPEBILYIIUX «HJIN» MOTYT BBIHOJIHHTBCH TOBKO ecan f(x ) = 0 mst moboro .
CrenoBaTesbHO, ecau XoTs Obl Uist 1BYX t BeinosHeHo f(t) = 0, To f(x) = 0 st KazxKa0r0 T; WHAYE [T

BCcex x Boimosneno f(x) = mZ—_l

6. B mpeyzorvnure ABC nposedena buccexmpuca AL. Fzo enucanmnan oKpyscrocms ¢ yenmpom 6 mouke
I xacaemcsa cmopon AB u AC 6 moukar P u Q) coomeemcmeserno. Hpamove PQ u BC nepecexaromcs
6 moure 1. Oxpystcrocmo w, onucannas oxoao mpeyzoavhuka T'1L, nepecexaem ompeszox P(Q) 6 mouxe
R. Jlokaostcume, umo na npamoti AR aestcum 00HG U3 MOYEK NEPECEUEHUA OKPYAHCHOCTNU W C ONUCGHHOT
oxpyosrcnocmuvio mpeyaosvhura ABC.

J1. Bpoackunii

Pernenune. Be3 orpanudenus obmHocT 6y1eM cauTaTh, 9T0 Touka 1 sexkut Ha jyde CB. [lycrs AL

BTOpUYIHO mepecekaeT okpyKuocTh (ABC) B Touke W. Tpeyronmpuuku PIQ u BWC nomobubl mo aByMm

yruam, u ZPRI = ZBLW (u3 Buucannoctu dersipexyrosabuuka T RIL), nosromy R u L — coorBeTcTBY-
IOITIe TOYKN ITUX MOMOOHBIX TPEYTOJTbHUKOB. 3HAUNUT,

PR BL AB
RQ LC AC’
[Tyctes ABDC' — rapMOHWYECKHU 9eThIPexyrobHIK. Torma

sin/BAD BD AB PR  Sipgp sin/BAR
sin/CAD DC  AC  RQ  Sagr sinZCAR’

nosromy touku A, R u D nexar ua oxnoii npsamoii. Ocraercs gokasarb, 4To [ JIeKUT HA OKPYZKHOCTH
(TRL). 3amerum, ato DL — Guccexrpuca tpeyrojabauka BDC| oTkyaa

1
LDLT = §ABDC’ + /BCD = LAPQ + £LBAD = ZDRT.

7. Jlano namypasvroe wucao n. Hazo6ém caoBoM nocaedosamesvHocmsd u3 n nyaeld U edunuy, ¢ Mac-
KOl — nocaedosamesvrocmov u3 n wysed, edunuy, u 36ézdover. Cao60 COOTBETCTBYET MACKE, €CAU OHO
noAYHeHo u3 Heé 3amenotl 3663douer na nyau u edunuyot. Pacemompum nabop macox M, ydosaemeops-
10WUT CACOYIOULUM DBYM YCAOBUAM.:



(1) xascdoe caoso coomeememesyem posro 00noti macke,
(2) dan xasicdol usz n nosuyud natdémes macka us M, 6 Komopotl 6 Mot NO3UYUL CMOUM HE 36€3004K.
Hatidume naumervuiee 803MONCHOE KOAUYECMBO MACOK 8 makom Habope M.

. Bormamos

OrBeT: n -+ 1.

Pemenune 1. Cuavasa npueiéMm npumep u3 n + 1 Macku, yAOBIETBOPAIONINN YCIOBUAM. ITO MACKH
Osxs...okok, 10k, %%, 110 ... %%, ... 11...110%, 11...1110, 11...1111.

HeiicTBuTenbHo, Jo6oe cioBo 11...110. .. MOXKHO NOIyIuTh U3 MACKH 11 ... 11 0% % ... %%, ¥ HA U3 KaKOU
—— —_—

k k
JIPYTOif MAaCKW 3TO CJIOBO MOJYInTh Herh3st. CmoBo 11...11 Takzke MOIy9IaeTcs € IMHCTBEHHBIM 00Da30M.

[lokaxkem Temnepb, 4To B JIIOOOM HabOpPe, YAOBIETBOPAIONIEM YCJI0OBUIO, X0Td Obl n + 1 Macka. Zcuo,
9TO B JIIOOOH MO3UIUK MOXKHO BO BCEX MACKaX 3aMEHHMTDL HYJIHM HA €JUHHIIBI, & ¢ TUHUALBI Ha Hyad. [TosTomy
MOXKHO CYMTATh, YTO JIUIA KazKJI0i MO3UIUK HARAETCS Macka, cojepzkaniast euauiy B 91oit nosunuu. (Ha
CaMOM JieJie, MOZKHO OBLJIO TI0Ka3aTh, 9TO TaKas MacKa HA#AETCs BCerja.)

HaszoBém eecom coroBa (MM MaCK®) KOJIUIECTBO eIMHUT B HEM (B Heil). [List Kazk10#i mo3uinm ¢ Beibepem
MacKy M; HAUMEHBIErO Beca, COMEPKAILYI0 eMHUILY B (-if HO3uInuu (ecjau TaKUX HECKOJBbKO, BbIOepeM
m00y10). Takzke BoiGepeM Macky My, KoTopoii cooreTcTByeT ¢10B0 00 . . . 0. MBI I0KazKeM, 9TO BHIOpAHHbBIE
n + 1 MacKa pa3TUYIHBI, OTKY/IA U CJIeIyeT OleHKa.

dAcuo, uro macka My cocrout Jiminb U3 HyJIell U 3BE3/I049€K, TOITOMY OHA HE MOXKET coBnajgarhb ¢ M;
npu ¢ > 1. Tlpeanonoxkum, 9T0 ABe W3 OCTAJbHBIX Macok coBhaim (ckaxem, M; = My =: M); Torma
Macka M mosmkua Haunnatbed ¢ 11, Ilyerb wy; — cioBo, nmonydennoe u3 M 3aMeHOil BcexX 3BE37104YEK HA
HYJH, & W;; — CJIOBO, HOJYyYeHHOe U3 Wi 3aMEeHON IIePBHIX JBYX eJMHHUIL HA 7).

Bec cnoBa wig MenbIte Beca wyy, MOITOMY OHO HEe MOXKET COOTBETCTBOBATH MacCKe C eINHUIEH B IEPBOM
paszpsizie (o BeIGOpPY Macku M7). 3HAYUT, OHO COOTBETCTBYET KAKOH-TO MAacKe O 3BE3J0YKOH B MEPBOM
paspgane, u el xKe COOTBETCTBYET Wqg.

AHaJIOrIYIHO, W, U Wy COOTBETCTBYIOT OJHON W TOIl »Ke MacKe, I B Hell CTOUT 3BE3J0YKA BO BTOPOM
paspsaae. Ho wyy cooTBeTcTBYeT pOBHO OTHOM Macke M™; 3HAUHT, B Hell CTOAT 3BE3T0YKH B MEPBBHIX JIBYX
paspsax, a Torga ei ke COOTBETCTBYET wq1. SHAYHT, w11 COOTBETCTBYET JABYM pPa3JIUYIHBIM MacKam — M*
u M. IIporusopeune.

Pemtenne 2. [Ipuseném apyroe goka3aTeabCTBO TOIO, 4TO MeHee, 9eM 1 + 1 MacKoit 0D0HTHCH HeTb3s.
Pacemorpum aBymosbabIi rpad G, B KOTOPOM BepIIMHAMH OJHO U3 J0Jeil OyIyT HOMepa IMO3UIUN B
CJIOBE JIJIMHBI 1, BEPIIMHAMU BTOPOU U3 JjloJieit Oy/yT MacKu, a péopaMu COeJIMHUM KazxKJIyI0 MacKy C TeMu
MO3UIUSAME, Ha KOTOPHIX CTOUT He 3Be3/049Ka. [Tycrs goms Vi 9ro Beprmmabt {1,2. .., n}, coorBercTByONIIe
HOMepaM TMO3HIHiA, a 1051 Vo 910 BepiuHbl {uy, Us . . . , U}, COOTBETCTBYIOIINE MACKAM.

Joxazkem, uto B rpacde G 1j1s 1oau Vi BBIIOJIHEHO yeaoBue JieMMbl XoJ1a. [Ipemonoxkum nporusHoe.
PacemorpuMm B Vi MEHEMAJIBbHOE IO BKJIIOYEHHIO MHOXKECTBO A, 171 KOTOPOTO ycJIOBHE JeMMbI XOJLIa He
Bbi0iHEeHO. To ecrb y Bepiuun u3 A KoJMuecTBO cocejeil Menblie, yeM |A|, a jyist 106010 1MoAMHOKECTBA
B muoxkecTBa, A KostmaecTBo cocesieii y BepiuH u3 B xors 661 | B|. Orcioga caeayer, aro y A posro |A| —1
coceiHUX BepinH. Be3 orpannvenust obmHoctn Gymsem caurarh, ato A = {1,...,s+ 1}, a {uy,...,us}
9TO cocejiHue BepimHbl MHOKecTBa A. Torma nyist muozkectsa {1, ..., s} Beinosnena jemma Xosuta. [lyctsb
Oe3 orpanmvenus OOIMHOCTH CyIIecTBYeT mapocoderanue (1,uq), (2,us),. .., (s, us). 3HAUAT, B CI0BAX U,
Uy ..., Ug HA 1, 2, ..., § MeCTAX COOTBETCTBEHHO CTOAT HE 3BE3M0YKHU (IyCTh 6€3 OrpaHuveHust OOIMHOCTH
TaM CTOSIT HyJH). PacCMOTpUM MaCKM Ugiq, ..., U. 110 HOCTPOEHHIO B STHX MackaX Ha MecTax ¢ 1 10 s
CTOAT 3BE3/I0YKH. TaK KaK KazKJI0e CJI0BO MOXKHO MOJIYYUTh U3 MAaCOK POBHO OJIHUM CIIOCODOM, TO M3 MACOK
Usi1,- - -, U TOJTYIAOTCS HE BCE CJIOBA. SHAYUT, CYNIECTBYET MHOYKECTBO CJIOB * % ... % % (HA HEPBBIX §

s
IIO3UIHUAX CTOUT YTO YIOJHO, a 3aTeM I/I,ILéT CJIOBO ¢ AJIUHBI N — 8)7 KOTOpO€ HeJIb34d HOJIYYUTb U3 MaCOK

Usiq, - - -, Uk Torma caoBo 1...1 «a Heb3d MOJYUINTh HU U3 Kakoit macku. [I[poTuBopeune.

S
CrenoBaTeabHO, 1151 JOIU V] BBIIIOJHEHO YCA0BHE JIEeMMbI XoJuia. PacecmorpuM J00oe mapocoderanue,

nokphiBatotee noio Vi. Ilycrs a10 napocoderanme (1,uy),(2,us), ..., (n,u,), a B CA0BAX Uy, Ug, ..., Uy
Ha 1, 2, ..., n MecTax COOTBETCTBEHHO cTOAT Hy/u. Torjga 4robbl MoayduTh cjoo 11...11 HaMm HyXKHA
erré XoTs Obl olHA Macka. OTKyma U moydaeM OIleHKY Ha n + 1.



8. Jlanwv, neuémmoe npocmoe wucAo p u wamypasvroe a, npudem 1 < a < p. okasrcume, umo cymma

p—2

S(a) =Y (~1)"a™

k=0

deaumces wa p moz20a U moavko mozda, K0206 CYuLecmsyem Hewémmoe Hamypaisvhoe n makoe, wmo a” — 1
deaumcs Ha p.
K’ozepiskolai Matematikai Lapok, 2008, A462

Pemenne. Ilycts n — nokaszamenv 4uciaa a mo MOIYIIO P, TO €CTh HAMMEHbBIIIEe YUCJI0 TaKoe, 9To a” = 1
(mod p). Kak ussectno, n geqaur p — 1, a Bce HATYpaJbHble M, TpH KOTOPHIX a™ = 1 (mod p), KpaTHsl n.
3HaYUT, HAM HAJO JO0Ka3aTh, 9T0 S(a) JEJUTCS HA P TOrJA M TOJBKO TOTJA, KOrjJa n HedéTHo. IlycThb
p—1=nd.

Banmerim, aro a* T’ = @ tnhstns®) = ok (mod p) (*).
Cayuadi 1. Illyerb n mHewéTHO; Toraa d 4éTHO. Pa3obbéM Bee ciaraembie B S(a) Ha IPYIIbL 0O 21 MO
uaymmit. Torya, yanteiBast (*), nmeem

i
L

N

S(a) = g Z(—l)kak2 =

k=0

(=D + (=1""a")  (mod p)

£
I

Tockoabky af’ = q*+n)’ (mod p), Kazkmas u3 CKOOOK AeJUTCsI HA p. SHAYUT, U S(a) jesuTes Ha p.
Cayuati 2. lycerb ngérHo. Torya, pa3bupasi ciaraemMble Ha TPYIIIBL IO 7 MOAPS WYX, YIuThiBas (*),
umeem S(a) = d-X(a) (mod p), re

Y(a) = i(—l)kak2.

1

OGoznaunm vepes a~ ! Takoil ocTaToOK Mo MO0 p, uro aa~' =1 (mod p). TocTarouno joKazarh, 4To

Y(a)X(a™h) #0 (mod p).

Nmeem ) X o
S(a)S(a ) =Y (—DFa Y (—1)fa =0 (—1)FHat k),
k=0 =0 k=0 (=0

HerpynHo nousiTh, uro, Korga napa (k, ) mpoberaer Bce mapbl OCTATKOB no Mmody.aio n, mapa (k+ €,k — ()
npoberaeT JABazKAbl BCE MApbl OCTATKOB 110 MOJYJ/IIO 72, UMEIOMINX OJHY U Ty K€ 96THOCTH. SHAYMT,

n—1
S =2 > (=D =2> (-1)) > @7 (modp).
0<i,j<n—1 i=0 0<j<n—1
i=j (mod 2) i=j (mod 2)

Pas6epémcst, ueMy paBHa BHYTpeHHssI cymMMa (1o j) B 3aBucumocTu oT . [pu i # 0,n/2 oHa mepexoaut
B cebg (10 Mojayao p) npH jJoMHoxkennn Ha a®* #Z 1 (mod p), Tak uro oHa gesnurcd Ha p. [lpu i = 0
BHYTPEHHAA cyMMa paBHa n/2. Ecu xke i = n/2, to a' = —1 (mod p) (Tax kak a* =1 (mod p)), Tax uTo
BCe CIaraeMble IMeIoT BU q' 250 Prsn = qi* =

¢ (=1)*n/2 =n/2.

=a a” = (—1)" (mod p). 3HAYWUT, BHYTPEHHAS CyMMa CPABHAMA
Urax, Y(a)X(a™) =2(n/2 +n/2+0) = 2n (mod p), orkya u cieayer Tpedyemoe.



