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Teepv, 28 noabpsa — 5 dexabpsa 2022 200a

Tperuii Typ 03.12.2022. TpeTbsa jura, penieHus U yKa3aHUSA AJs YXKIOPU.

¢ Orenka B 6 6A/IJTOB B KPUTEPHUAX O3HAUAET OTCYTCTBUE PEIIEHUsI, €CJIM SIBHO He OTOBOPEHO OGpaTHOE.

¢ Hepasbop ciydaeB B KJIaCCHYECKON MeOMETPUU IIPU YCIOBUHU, YTO XOTs OBbI OJMH CYIIECTBEHHBIA ciiydail paso-
Opan — JpIpa He 6osee 4 baJIoB, eciin obpaTHoe He oropopero. dror Kpurepuit HE OTHOCUTCA k 3amagam o
KOMOMHATOPHOI MeOMEeTPUH M NeOMETPUIECKIM HEPABEHCTBAM.

Konkypc karmmraHoB.

Jlan paBHOCTOpOHHMIT 12-yrosbHUK, yriibl KoToporo paBubl 90° mam 270°, a mymHbl cTopoH paBHbl 1. Uemy
MO2KET OBITH PaBHA €TI0 IJIONAJIb! YKAXKUTE BCE BAPUAHTHI.

Ortser. 5.

1. Vnoprwii Towa cmoum neped Hauasom OECKOHEHH020 PAAA € 3AMKAMU, NPOHYMEPOSAHHBLMU NOOPAD HucAaMU 1,
2,3, .... llepsonauasvro sce samru 3axpvimot. On HANUCAA Y CEOA HA NAGHWEME MHOHCECTNEO BCEXL HAMYPAALHVIL
wucesa. Ha xasrcdom nosom amane Towa npodesvisaem caedyrowee beckorneunoe wucao deticmeut. On cmupaem
ouepedHoe YUCAO G U3 NAGHULEMA, UDEM 8004 PADA, MEHAEM COCTNOAHUE GCET 3GMKOS, HOMEPA KOMOPHIL OeAAMCA
HG @ 3AKPLIMDIE OMEPBIBAET, 6 OMKPLIMbIE 3aKpuieaem. Kozda ece wucaa 6 naanueme cmépmot, 1owa udém 6doav
pAda, NEPENUCHIBAEM, 8 NAAGHUWEM HOMEPG CET OMEKPLIMBIL 3AMKOS, NOCAE YE20 3aKpbIBaem 6ce damku. Ha smom
aman 3axanyusaemcs. Iocae 2022 smanos okazasocy, 4mMo PoSHO N YUCEA HA NAGHIEME ABAAIOMCA OCAUMEAAMU
wueaa 102922, Hatidume n.

OTBeT: 64.

Pemrenne. O6o3naunm uepes S, MHOXKeCTBO S mocsie n 3ranos, B yacraoctu, So = {1,2,3,...}. Bo-nepssbix,
OTMETHUM, ITO Sy, +1 COCTOUT B TOUYHOCTH U3 HATYPATBLHBIX THCET, UMEIOMINX HEUETHOE KOJUIECTBO AeauTeneil B Sy,.
Hastee j0KaxKeM, 9TO MHOXKECTBO Sy, MyIbTHILTMKATUBHO, TO ecTh 1ipu HO/I(a,b) = 1 u a,b € S, Takxke ab € S,.
Baza mns Sy oueBumana.

IIpeiosozKum, 410 Sy, MyJIBTHIIMKATUBHO, 1 & = p'ps? ... pi* € Spq1. Torma KonandecTso Jeaureseil ducia
B Sy, (0603HaMMM ero dg, (%)) B cuily My/IBTUIIEKATHBHOCTH Sy, pasHo dg,, (p(') ds, (p5?) .. .ds, (py*), 4ro siBstercs
HEYETHBIM TOIJ2 M TOJIBKO TOLJA, KOIJ[A BCE MHOXKUTEIN HEIETHBI, TO €CThb T € Spi1 <= [[;ca D' € Sny1 s
kaxkoro nogmuoxkecrsa A C {1,2,...,k}, 9ro u 10Ka3bIBaeT MYJbTHILIMKATUBHOCTD Sy 1.

Tenepb MOHATHO, YTO MBI MOXKEM BOCCTAHOBUTDL S, IO CTEIEHSM IIPOCTHIX YUCEJI, BXOIMIINX B 3TO MHOXKECTBO.
Takke B CHIy CUMMETPUIHOCTH, JJIsi PA3HBIX MPOCTHIX UYUCEJ KAPTUHA IOJIydaeTcs ofgumHakKoBas. [losTomy o6o-
3HAYUM depe3 [, MHOXKECTBO MOKazaTesell CTEleHH, B KOTOPBLIX IIPOCThbIe YHCa coaepzKarcsa B Sy,. V3HavaabHO
Ey = {0,1,2,...} u E;y = {0,2,4,...}. Jajee 1m0 MHIYKIUK HETPY/IHO JIOKA3aTh, YTO F, — MHOYKECTBO HEOT-
pULATEIbHBIX HEIbIX T, A KoTophix n&xr = 0, rae & obosnavaer moburoByio onepamuio M. Hampumep, MoxKHO
0603HauUTh f(N, ) = Opge = (1 eciu n&ax = 0, unaue 0), u nposeputh, uro f(n+1,z+1) = f(n+1,2)® f(n, z+1),
e P, rae P — nckmaodatoriee NI

Tak wnn nnage, 2022 = 111111001102, mosTomy 3sieMeHTBI Fogoo, He mpeBocxojsmue 2022 —3To ducia BUIA
b1b200b3 B cucTeMe ¢ ocHOBaHIEM 2. Y HAC 8 BAPHAHTOB BBIOPATH b-1mKn, a Tak Kak y 102022 1Ba mpocTeix gesures,
2 1 5, ecTb 110 8 BAPUAHTOB BLIOPATH CTEIEHDb KAXKIOr0 U3 HUX. SHAYUT, BCErO BAapUAHTOB 64.

¢ 3amada cBejieHa K PACCMOTPEHUIO CTENEHEH TTPOCTHIX: 4 6a.AAG.

2. Umeromes 160 aseywer u n Ko4exr, pacnosodcennvx no kpyey. llepsas aseywka npvieaem na nepsyo Kouxy,
6IMOPAA — NA YEMEEPMYIO, MPEMbA — 1A DEBAMYIO, U MAK Jaiee, O eCTND i-A AALYWKG NPLI2AEM, N 12-10 KOUKY
(cuumaem, wmo nocae n-G xouku udém n + l-a, cosnadarowasn ¢ 1-4). Ipu xaxom Haumenvwem n HuKaKkue dee

AALYULKY He OKAHCYMCA Ha 00HOT Kouke?

OtBet: 326.

Pemnternne. YTobb! JATyIMIKE OKa3aJIMCh Ha Pa3HbIX KOYKax, MId Beex 1 < ¢ < j = 160 He IOIKHO OKa3aThCA
i? = 52 (mod n). dpyrumu ciosamu, (i—j)(i+j) He pomxno gemmThes Ha n. OUeBHHO, 9T0 N = 1,2 He MO/XOAT.
IIpu 3 < n < 319 moxuo BoiOpaTh ¢ + § = n. [Ipu n = 326 = 2 - 163, tak kak 163 — npocroe, MOryT MOJONTH
TOJIBKO © + j = 163, Ho Torma j2 — 4% HeyéTHO, 3HAUNT, /it n = 326 ycaoBue BbinosHEeHO. OcTanoch HepebopoM
yoenuThes, 9To dncia or 320 10 325 He MOIXOISIT.

¢ Joxaszano, uro n = 326 HOAXOAUT: 4 OaiAd.

¢ okazanb, uro n < 326 He LOAXOIAT: 4 ba.Anq.



3. Ileped Aaucoti aesrcum xosaoda uz 999 kapmouer ¢ wucaamu om 1 do 999 (na kascdot kapmouke po6Ho 00Ho
YUCAO, KAHCIOE YUCAO POBHO HA 00HOT KAPMOUKE, KAPMOUKU AEHCAN 6 NPOUZBONLHOM NOPAJKE PYOawKol 66epx).
Aauca no ouepedu omrpuieaem xapmowku, écezo ona omxpoem 101 xapmouxy. Ha xaxom-mo u3 smux xodos el
HYHCHO OMMEMUMS KAPMOUKY, KOMOPYI0 0Ha JOCMara Ha 3mom xody. [Iycms Aiuca ommemuia Kapmy ¢ 4UcioMm
A, a wucao M —51-oe no seaunune cpedu 101 kapmo, omxpoimor Aaucot. Aauca zowem, wmobu, wucao | M — Al
6LA0 KaK MOMHCHO mernvwe. [aa Kakoeo naumenvwezo d Aauca mootcem eapanmuposamsv, wmo |M — Al < d
HEZABUCUMO 0T USHAHAAGHOZ0 PACTLONONHCEHUSA KAPMOUEK ?

OrBer: 474.

Perrenne. Ilokaxkem, aro d > 474. Ilycrs Asnca 10cTaéT U3 KOJIOABI CAEAYIOILYIO MTOCJIEI0BATEIBHOCTD KApT:
475,474, ...,426,949,950,...,998,1. B saTtom ciayuae M = 475, u qubo d > 474, mubo Anuca mOMXKHA OTMETUTD
kapty 426 < A < 475. Oxnako, eciau oHa oTMeTuT Kapry 426 < A < 475, To majiee OHA MOIJIA BBITAIIUTH KAPTHI
949, ...999, u rorma |M — A| =949 — A > 474. CnenoBarenbho, d > 474.

[Ipuseném crparerus 3a Asmcy. 3amernm, 9to 5l < M < 950. CrietoBaTeIbHO, €/ B KAKO-TO MOMEHT OHa
JocTaéT Kapry ¢ dncjaoM ot 476 1o 525, To oHa BeIOepeT €€ n m00béTca kejgaemoro. [lomennm ocTaibHbIe 9UCIa Ha
boavwue (koropbie Gosbine 525) u masenvrue (koropbie Menbiie 476). Torpa mycrs Anuca, ysuges 51-e 6osibiioe
mwin 5l-e MajleHbKOe 4YnCiio, oTMeTuT ero. lorma M um A GyayT OZHOBPEMEHHO OOJIBINMME WX OJHOBPEMEHHO
MaJIEHbKUMM YrcaaMi. HeTpyniHO 3aMEeTUTD, YTO Pa3HOCTH MEKILY JIIOOBIMU JBYMsi OOJILITMMU U MEYKTY JIFOOBIME
JBYMsI MaJIEHbKUME He mpeBocxonar 474. CrnemoparenbHo, Anca MoxkeT J00uThest d < 474.

¢ TosbKo OIleHKa MJIM TOJIBKO HIPUMED: 4 0a.AAQ.

4. Mnuootcecmso A HAMYPAALHOIT “HUCEA, COCTMOAWEE TOMA Ol U3 MPET “UCEA, MAKOBO, 4MO Oif a0bo20 1 > 1
U NOOBIT PABAUMHBLT INEMEHMOS A1, G2, ..., An U3 A, Kaotcoul deaumend Yucaa ai1as . ..a, — 1, omauursld om 1,
npurnadaesrcum A. oxaosrcume, wmo A codeporcum ece wucaa, Goavwue 1.

Perrenne. 3amerum, uro MHOXKeCcTBO A Geckoneuno. [leiicrBurenbro, eciim M — Haumbosbinmil saemeHT A, a
k # 1 — moboii apyroii, He He pasHbii M, To B MHOXKecTBe A ecTb sement kM — 1 > M.

[Iycrs t ¢ A. Anasorudno, JokaxkeM, 910 B A GECKOHEYHO MHOIO YHCeJI, B3aUMHO NpPOCThIX ¢ t. IlycTh Bee
ssiementbl A, Gonbime M’ umeror obmuit gemuresns ¢ t. YIcHO, 9TO MHOXKECTBO 3TUX JlejUTeNIell KOHEIHO (OHU
Bce Menbire t). O6o3naunM ux di,...,dg, a 4ucia HA HUX JeJsIIuecs aj,...,ar € A coorsercrBenHo. [lycTsb
ag € a moboe YUCJI0, OTIAMYIHOE OT BCEeX HPEILLIYIINX a;. Torja 4ucio agai ...ar — 1 € A 6onbme M’ n ne umeer
obmux gesmreseit ¢ t. Cpeau GECKOHEYHOrO YUC/Ia B3aMMHO IPOCTHIX ¢ ¢ 3eMeHToB A Bbibepem n = ¢(t) aucesn
bi,...,b, € A mamomux oQUHAKOBLIA OCTATOK 1O MOIYJIO t. Takum obpaszom, uucio by - ... - b, — 1 meaurcs Ha t u
BCE €ro JIeJUTENN JIeKaT B A.

¢ IloctymaTom BepTpana paspernieHo Mob30BaThCsI TPU YCJIOBUU BEPHOH (hOPMYTUPOBKH.

5. Qoxychuk ¢ NOMOULHUKOM COOUPAIOMCA NOKA3AMD MAKOT POKYC: 3PUMEAL COOGULALEM TOMOUHUKY HAMYPAALHOE
wucno, menvwee 22922, Ilomownux 3anucvieaem 6 mexcmosom pedaxmope cmpoky daunv, 4044 uz 6yxe A, B, B.
3pumenv cmompum wa MY cMpory, euvidbupaem 00ny u3 mpexr byke u ydassem ece 6rocncdenus euopartot 6YKeb
u3 cmpoku. Ilocae amozo poxycnur, 2aa08 HA OCMABUWYIOCA CMPOKY, 00ANCEN Y2adamb, KAKOE YUCAO 3620004
apumensv. Mozym au GokycHUK U NOMOWHUK J02080PUMBCA MaAK, 4Mobv, POKYC 2aPaHRMUPOSAHHO YIAACAT?

OrBer: MOTyT.

Permtenue. Ha MecTe moMoIHIKa TPEICTABIM 3araJaHHoe IUCI0 B ABondHoi 3ammcn n 3amennM 0 Ha AB, 1 Ha
BB. okakeMm, 9T0 POKYCHUK CMOXKET yraJaTh 3araJaHHOe YUCJIO, KaKyi Obl OYKBY HE yIAJIUJI 3PUTEIb.
Ecan spurens ynanser B, To nBondHast 3amnch 3araIaHHOTO 9UCIa BOCCTAHABIMBAETCS 3aMeHOl OykB A Ha 0,
oyke B Ha 1.
Cnyuan, Korma 3puTesnb yaanager A m B, cuvmMerpudnnl, pa3bepéM TONBKO Caydail, KOTIa 3pUTENb YIATIIET
oykBy A. @okycHuk 3HaeT, 9To nepes OykBoil B Bcerna mura 6ykBa B, m BMecTe 3TH JgBa CHMBOJIA O3HAYAIOT 1.
ITpoBeném Bce Takme 3aMeHbI, a ocTaBinecs OykBbl B 3amenum ma (.

6. Jlanw pasnwie nepecexarowuecs oxpysicnocmu 2 u Qo. Pasnwie okpysicnocmu 1 u Yo Menvweeo paduyca
xacaromes 1 u Qo enympennum obpazom. [lycmv A — mouxa xacanua Q1 u vyo. Oxpyostchocmov o kacaemces
sHYyMpeHHuM o0bpazom 6 mouke B u xacaemcesa 1 enewHum obpazom. Ipamas AB emopuurno nepecexaem 7o 6
mouxe C. Jloxasicume, wmo cyuwecmsyem oKpysHcHoCmy, Kacarowaica yo 6 mouwke C, a maxoce xacarowasca o
u Q.

Pemenne. O603naunM BTOpPYIO TOUKy Tepecedenust o« u AB 4epe3 P, a Toukn kacauus 7y, ¢ o m oo — depes
X u Z coOTBETCTBEHHO. 3aMeTHM, 9TO CYIIECTBYET IEHTpaJbHAsT CUMMETPUsI 1, tepeBojdamast {21 B {29, & y1 B Y2;
ona mepepogur A B X.



PaccmoTprM KoMImosunuio npeobpa3oBanuii: MoI0KUTEIbHON roMoTeTn (¢ rieHTpoM B), mepeBojgreii « B €2y
HOJIOZKUTEJIbHOI roMoTeTun (¢ neaTpoM A), nepeBojsiineii {21 B 7y2; NEHTPaIbHON CUMMETPUU i, TIEPEBOJISIIEH Yo B
1; OTPUIATENBHON roMoTeTHH (C IeHTPOM Z ), nepeBojisieii 1 B a; VIX KOMIIO3UIMST MMeeT MOJI0KUTEIbHBIN KO-
3 DUIUEHT U COXPAHSIET (¥, T.€. SIBJISETCsT TOXKIECTBEHHBIM ITPEOOPA30BAHNEM. SHAUUT, ITa KOMIIO3UIINS IEPEBOIIUAT
P— A— A~ X — P. CnenoBaresibHo, Toukn X, Z u P jie;kar Ha OJHON IPSIMOIA.

[Tycrs X Z Bropuuno nepecekaer 2o B Touke Y. Tokaxkem, uro okpyzkHOoCcTh (CPY') — uckomast. [lycre R, 7
u a — pajuychl §2;, y; U @ COOTBETCTBEHHO. V3 roMoTeTnii nMeeM
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orkyzna okpyxkuoctu o u (C'PY') kacaiorcst B Touke P.
ITycTs ¢ — obmiast KacaresibHas K Y1 U « B ToukKe Z. [omorerust ¢ nearpom X mepeBouT £ B KacaTeJbHYIO K 1'o
B TouKe Y, a romoreTus ¢ rienTpoM P nepesoaut £ B KacareabHyto K okpyxkHocT (C'PY) B Touke Y. OKpyKkHOCTH
(CPY) u 'y kacatorcst B Touke Y, TIOCKOJIBKY KacaTelbHble K HUM B Y HapasiebHbl. AHAJIOTUYHO JOKA3BIBAEM,
uro okpyxuoctu (CPY') u 72 kacatorcs B Touke C.

7. Ha cmopone AB ocmpoyzoavrozo mpeyzosvruka ABC ommemuau maxyro mouxy K, wmo AK = KC. Me-
duana BM mnepecexaem ompesox KC 6 mouxe E. Ipaman AE nepecexaem ompesox BC 6 mouke F. Touka
N — cepeduna BC. Onucarmwvie oxpyscrhocmu mpeyeoavhuros ABC u ANF nepecexaromes 6 moukar A u D.
Loxaorcume, wmo mouku C, D u K aescam na 00Hoti npamod.

Pemenne. Ilycrns yu C'K nepecekaer onucannylo oKpyzKHoCTh Tpeyroiabauka ABC B Touke D'. Jljia perrennst
3aJIa9M JIOCTATOYHO JIOKa3aTh, 9ro Toukn A, N, F u D' nexar Ha ofHOil OKpyzKHOCTH. 13 0CTPOYyTrOJBLHOCTH
tpeyronbhnuka ABC cienyer, uro AC BD' papnobenpennas Tpanenys, G0KOBbIE CTOPOHBI KOTOPOIi IIepeceKaroTcs,
CKaykKeM B TOUKe S, JieXKalleil B TOi »Ke MMOJIYIUIOCKOCTH OTHOCHTeIbHO npsimoit AC, aro u Touka B. /lokaxkem, 94To
SD'-SA = SN -SF. W, uro To xe camoe, SD' - SA = SN - SF. Tak kax CK u AF nepecekalorcst Ha MeJIuaHe
BM, to KF || AC. Ilycre AC/BD' = k, SB = a. Torna FC/BF = CS/BC = k u SC = ka, BC = (k — 1)a.
Takxke BF = (k—1)a/(k+ 1), SN = (k+1)a/2 u SF = 2ka/(k + 1). To ecrb, SD" - SA = SN - SF.

8. Jana napa sewecmeennuix wucen (ag,by). Onpedeaum nocaedosamenvrocmu ag, ay,az, ... u by, by, ba, ... co-
OMHOWEHUEM Cpy1 = Gy + by U bpy1 = apby das 6cex n = 0,1,2,.... Hatidume ece napwv (ag,by), daa xomopwux
az022 = ag u bagz = by.

Orser: Ilaps Buga (a,0), rje a — a1060€e BelecTBEHHOE.
Pentenue. Jlerko BuieTh, UTO Mapbl U3 YCJIOBUs MOAXONAT. JlokazkeM, 4TO B JIIOOOM MOIAXOMsIIel nape ods3a-
tesibHO by = 0. I[IpocyMmmupyeM 1o mepuoLy CJIeIyIONIe BeJIMIINHbL:

2021 2022 2021 2021 2021 2021
Zai_H = Zai_H = Z(ai—i-bi): Zai+26i:> Zbizo.
=0 =1 =0 =0 =0 =0
2021 2022 2021
=0 =1 =0
2021 2021 2021 2021 2021 2021 2021 2021
ZG?H = Z(ai+bi)2 = Za?+2b?+22aib¢: Za?+2b? = Zb? = 0.
=0 i=0 =0 i=0 i=0 =0 i=0 =0

¢ Tosnbko orBer ¢ mpumepom: 0 6a.4108.

9. Mootcro au Ha pé6paT KYba 6VOPAMS NAMB MOYEK, ACAAOUUTCA BEPULUHAMU NPABUABHOZ0 NAMUY20ALHUKA?



OTBeT: HeT, HEb3SI.

Pertenue. [Ipeamomoxum, ITO TaKoOi MSATUYTOTBHAK CYIIECTBYET. 3aMETHM, UTO HEJIb3sT BRIOPATD 5 BEpITNH Ha
CTOPOHAX KBaJIpaTa, YTOObI OHU SBJISIJIUCH BEPITUHAME IIPABUILHOTO IATUYTOJBHAKA. DTO O3HATAET, UTO B KAXK IO
rpaHu Ky0a JIeXKuT He D0Jiee OTHOIM CTOPOHBI IATUYTOAbHEKA. [Ipu 9TOM, Ha IBYX HAapaJLIEIbHBIX TPAHIX HE MOXKET
ObITH CTOPOH MSITHYTOJbHUKA (MHAYE OHY HapaJulesibHbl). Torma HaliyTest iBe COCe/IHIEe BEPIIUHBI MSITHYTOJIbHUKA,
paccrosinue Mex 1y Koropbimu He MeHee 1. CiiesioBaTesbHO, MaroHaJlb IIsITHYTOJbHUKA He MeHbIie (1 4+ \/5) /2 >
V2. To ecTb, eciIu JiBe BEpIIMHbI ISTHYTOIBHIKA, JIEKAT B OIHOI TPAHI Ky6a, TO OHI coceaue. 1Ipi 9ToM HIKaKme
TPU BEPIINHBI ISATUYTOJBHUKA He JIeyKaT B OJHON I'DaHU.

Wrak, KaxK1as BepIINHA NITHYTOIBHIKA JIEKUT He MeHee UeM B 2-X I'DaHsX, TO €CTh, Iap BEpIINHA-TPaHb He
meree 10, a cienoBaTeIbHO, HAIYTCA He MeHee 4 IpaHeil, B KOTOPBIX JIE?KUT 1O JIBE BEPIIUHBL. fICHO, 4TO JiBe U3
Hux Oy/yT nporusonosoxkusiMu. [IporuBopeune.

¢ /lokazamo, 9TO He CyNmECTBYeT MPABUIBLHOTO MSITHYTOJHHUKA C BEPIIMHAME HA CTOPOHAX KBaJpaTa: 4 0a.A4a.
Eciiz 310, HA060OPOT, HE JTOKA3aHO, & BCE OCTAJILHOE BEPHO: duipa 8 4 6a.nia.

10. Hatddume sce gpynxyuu f: R — R, das xomopwuix svinosnero
F(f@)+ f®)°) = f(2)* + 4 f(y)°

OrBer: Tosbko f(z) = 0.

Permrenne. O6o3naquum uepes P(z,y) JaHHOE yc/iOBHE M HAYHEM IOJCTABIISITH PA3HbIE 3HAYCHUS II€PEMEHHBIX.
Bo-neperix, P(z,0) = f (f(z) + f(0)?) = f(x)?. danee, a1st m0GBIX BEMECTBCHHBIX Y, 2

P(f(z)+ F(0)%y) = f(F(2)2 + F()?) = F (F(z) + F(0)2) + 2F () = F(2)* + 42 F (y)°

B cuity cuMMeTpHYHOCTH yesoBumii, 310 o3nauaet, aro f(2)* +y2f(y)? = f(y)* + 22 f(2)3 nna Beex BemecTBEHHBIX
y, z. Honcrasus y = 0, nomyanm f(2)* = f(0)1+22f(2)3. ycs z = f(w)+ f(0)? 11 HEKOTOPOTO BENECTBEHHOTO
w. TloacraB/iss 370 B PAaBEHCTBO BHIIIE, NMEEM

4

Fw)® = F(f(w)+ F0)2)" = F0)* + (f(w) + £(0)2)7 f(w)®
= 2f(w)" f(0)* + f(w)° £(0)* + f(0)* =0 (1)

Jomyernm, ato f # 0 vu B ojHoit Touxe. Toria pasenctso Bhimte oznagaet, ato 2f (w)” + f(w)® f(0)2+ £(0)2 = 0
JUIst BCEX BEIECTBEHHBIX w. TakuM 06pa3oM, Bce BO3MOXKHBIE 3HaUeHUs f(w) — KOPHE HEKOTOPOIO MHOIOYJIeHA 7-it
CTelleHH, U TAKUX 3HadeHuii He GoJbie 7.

Tax kak Mbl 3HaeM, aro f (f(z) + f(0)%) = f(x)?, To B cayuae, ecam f NPUHAMAET KAKOE-TO 3HAMEHHE, 1O
MoLysf0 Gosibltiee 1, TO, TOJCTaBIIAs 9TO HOBOE 3HAUEHHE B KAUeCTBE CJIEYIONIEro X, MbI OyjieM IOJydaTb BCE
OoJiblie W OOJIbININME 3HAUEHUsI (DYHKIMH, U UX Oyaer Oojbire 7. AHAJOIMIHO C CUTyalMel, eCIu MPUHUMAETCS
KaKoe-TO 3HaueHne, 1o Moy o Mesbinee 1. Takum obpasom, f(z) = £1 upu Beex .

Honcrasus w = 0, momyanm 2£(0)7 + £(0)® + £(0)? = 0. Mu1 zmaem, aro f(0) = +1, u f(0) = 1 He moAXOAHT,
nostomy f(0) = —1. Torma ama Beex BemectBennbix w Bumomneno 2f(w)” + f(w)® + 1 = 0. Ipu sTom npn
f(w) = 1 paBencrBo HeBepHO, 3HaunT f(w) = —1 jyIst Beex BerecTBeHHbIX w. Ho pemenne f(z) = —1 ne nogxoaur
10/, ICXOJIHOE YCJIOBHE.

Haxomern, gomycruM, 4ro Jyist HekoToporo ¢ Beinosaeno f(c) = 0. Iloxcrasus B pasencrso (1) w = ¢, moaydnm
f(0) = 0. Torma f(2)* = 22f(2)3, To ectb pH Beex BemecTBeHHLIX 2z 60 f(2) = 0, 6o f(x) = 22. HomycTmm,
uro ectb = # 0, npu kotopom f(x) = x2. Ilogcrasum P(x, ), nesas yacTh GyjeT paBHa (x2 + x4)2 umu 0. TIpasas
“acTh pm 3ToM paHa x1 + x®, pasencTBo HeBozMOXKHO. Taxkum obpaszom, f(x) = 0, m 3Ta DYHKIHS, OIEBHIHO,
HO/IXOJIAT.

¢ Jlokazamno, 9To (QyHKIMs TPUHUMAET KOHEYHOE KOJUYIECTBO 3HAYEHUN: 4 6a.a1a.

¢ Jlokazano, uro QyHKIMs MOXKET HPUHUMATH 3HaueHusi TOJIbKO +1,0: 6 6a.106 (He CyMMUPYeTCsi C MPeJIbILy-
UMH).



Jsadyamv namuill MAMeMAGMUYECKULT, MYPHUP CMAPUEKAACCHUKOS
«Kybox namamu A.H.Koamozoposa»
Teepv, 28 noabpsa — 5 dexabpsa 2022 200a

Tpetruii Typ 03.12.2022. BTOPA4 siura, pelrieHns U yKa3aHUs JJisd >KIOPU.

¢ Orenka B 6 6a/IJTOB B KPUTEPHUAX O3HAUAET OTCYTCTBUE PEIIEHUsI, €CJIM SIBHO He OTOBOPEHO OGpaTHOE.

¢ Hepasbop ciyuaeB B KJIaCCHYECKON MeOMETPUHU IIPU YCIOBUHU, YTO XOTs OBbI OJMH CYIIECTBEHHBIA ciiydail paso-
Opan — JpIpa He 6osee 4 baJIoB, eciin obpaTHoe He oropopero. dror Kpurepuit HE OTHOCUTCA k 3amagam 1o
KOMOHHATOPHOI MeOMEeTPUN M MeOMETPUIECKIM HEPABEHCTBAM.

Konkypc karmmraHoB.

Jlan paBHOCTOpOHHMIT 12-yrosbHUK, yriibl KoToporo paBubl 90° mam 270°, a mymHbl cTopoH paBHbl 1. Uemy
MO2KET OBITH PaBHA €TI0 IJIONAJIb! YKAXKUTE BCE BAPUAHTHI.

Ortser. 5.

1. Vnoprwii Towa cmoum neped Hauasom OECKOHEHH020 PAAA € 3AMKAMU, NPOHYMEPOSAHHBLMU NOOPAD HucAaMU 1,
2,3, .... llepsonauasvro sce samru 3axpvimot. On HANUCAA Y CEOA HA NAGHWEME MHOHCECTNEO BCEXL HAMYPAALHVIL
wucesa. Ha xasrcdom nosom amane Towa npodesvisaem caedyrowee beckorneunoe wucao deticmeut. On cmupaem
ouepedHoe YUCAO G U3 NAGHULEMA, UDEM 8004 PADA, MEHAEM COCTNOAHUE GCET 3GMKOS, HOMEPA KOMOPHIL OeAAMCA
HG @ 3AKPLIMDIE OMEPBIBAET, 6 OMKPLIMbIE 3aKpuieaem. Kozda ece wucaa 6 naanueme cmépmot, 1owa udém 6doav
pAda, NEPENUCHIBAEM, 8 NAAGHUWEM HOMEPG CET OMEKPLIMBIL 3AMKOS, NOCAE YE20 3aKpbIBaem 6ce damku. Ha smom
aman 3axanyusaemcs. Iocae 2022 smanos okazasocy, 4mMo PoSHO N YUCEA HA NAGHIEME ABAAIOMCA OCAUMEAAMU
wueaa 102922, Hatidume n.

OTBeT: 64.

Pemrenne. O6o3naunm uepes S, MHOXKeCTBO S mocsie n 3ranos, B yacraoctu, So = {1,2,3,...}. Bo-nepssbix,
OTMETHUM, ITO Sy, +1 COCTOUT B TOUYHOCTH U3 HATYPATBLHBIX THCET, UMEIOMINX HEUETHOE KOJUIECTBO AeauTeneil B Sy,.
Hastee j0KaxKeM, 9TO MHOXKECTBO Sy, MyIbTHILTMKATUBHO, TO ecTh 1ipu HO/I(a,b) = 1 u a,b € S, Takxke ab € S,.
Baza mns Sy oueBumana.

IIpeiosozKum, 410 Sy, MyJIBTHIIMKATUBHO, 1 & = p'ps? ... pi* € Spq1. Torma KonandecTso Jeaureseil ducia
B Sy, (0603HaMMM ero dg, (%)) B cuily My/IBTUIIEKATHBHOCTH Sy, pasHo dg,, (p(') ds, (p5?) .. .ds, (py*), 4ro siBstercs
HEYETHBIM TOIJ2 M TOJIBKO TOLJA, KOIJ[A BCE MHOXKUTEIN HEIETHBI, TO €CThb T € Spi1 <= [[;ca D' € Sny1 s
kaxkoro nogmuoxkecrsa A C {1,2,...,k}, 9ro u 10Ka3bIBaeT MYJbTHILIMKATUBHOCTD Sy 1.

Tenepb MOHSTHO, UTO MBI MOYXKEM BOCCTAHOBUTE S;, TIO CTEMEHSIM MPOCTBIX YHCENT, BXOJSIINX B 9TO MHOXKECTBO.
Taxzke B crjly CUMMETPUYHOCTH, JIJIsI PA3HBIX MPOCTBIX YUCEJ KAPTUHA MOJIYYaeTCsa oJuHakoBas. Ilosromy 060-
3HAYMM Uepe3 F, MHOKEeCTBO MOKasaTesell CTEMeHN, B KOTOPBIX MPOCThIe YHCIa coflepkKarcesa B S,. M3nadannHo
Ey = {0,1,2,...} u E;y = {0,2,4,...}. Jajee 1m0 MHIYKIUK HETPY/IHO JIOKA3aTh, YTO F, — MHOYKECTBO HEOT-
PHUIATENbHBIX TIENBIX T, Jist KoTophix n&x = 0, tme & obozradaeT mobutosyio omeparmio V. Hanmpumep, moxkHO
0603HauUTh f(N, ) = Opge = (1 eciu n&ax = 0, unaue 0), u nposeputh, uro f(n+1,z+1) = f(n+1,2)® f(n, z+1),
e P, rae P — nckmaodatoriee NI

Tak wnn nnage, 2022 = 111111001102, mosTomy 3sieMeHTBI Fogoo, He mpeBocxojsmue 2022 —3To ducia BUIA

02022

b1b200b3 B cucTeme ¢ ocHoBaHueM 2. Y Hac 8 BAPUAHTOB BhIOPATH b-1ITKM, a TaK Kak y 1 JIBa TIPOCTBIX JIeJTUTES,

2 u 5, ecTh 110 8 BapUAHTOB BBIOPATH CTENEHBb KaXKJOT0 U3 HUX. SHAUUT, BCEIO BAapUAHTOB 04.

¢ 3amada cBejieHa K PACCMOTPEHUIO CTENEHEH TTPOCTHIX: 4 6a.AAG.

2. Bepno au, umo 0as a106020 NOAOHCUMENDHO20 BEULLCMEBEHHO20 YUCAG A CYULECTEYEM HAMYPAALHOE YUCAO

n = 2 U N NOAOHCUMEADHBIT “UCEA A1, A2, ..., (p MAKUE, 4Mo a1 < az < ... < ap < 2"\ u das 406020
k=1,2,....n
HO/(a1,ar) + HOA(az,ax) + ...+ HOA(ap, ar) : a?

OtBet: Bepno.

Pemntenne. Tpebyemblie IeJIMMOCTH SIBJIAIOTCS CUMMETPUYIHBIM YCJIOBHEM, IIO3TOMY CHadaJIa HAWIEM MHOXKECTBO
qHCeJI, VIOBACTBOPSIONINX JTAHHOMY YCJIOBUIO, a IIOCJIE YIOPSIOYUUM €r0 U IOJIyYIUM COOTBETCTBYIONIU HAOOD a;.
Bynem crpouts nmpumep Bua

{bl, ey bN+2t7t+1} = {pl,p2, . ,p2t, 2t7 2t+1, ceey 2N}7

rJie p; — PA3JIMYHbIE TTPOCThIE YUCA, a TapaMeTpsl t, [N Mbl BBIOEDEM TIO3Ke.



3aMeTnM, 9TO JIeJIMMOCTD U3 YCJIOBUS BBITTOJTHEHA I CTeleHeil TBONKM:

N+2t—t+1 2t N '
> HOH(b;,2") =Y HOM(p:,2F) + Y HOM(2',2") = 2" + (2" - 2") + (N -k +1)2F © 2~
j=1 i=1 i=t

N+42t—t+1
JLj1st TPOCTBIX YUCE MBI XOTUM JIEJIMMOCTHU HA Py BHIPAYKEHUS Zj:ﬁ s HO(b;, pr) = N + 2L —t + pg.
Hakomer, j1/1sl BBIIIOJIHEHNS] HEPABEHCTBA HAM JOCTATOYHO, 94TOOBI BCE HPOCTBIE umcia Obum Membime 2V a
t ot
raxoke 21V < \2VF2 =1L 16 ecrp 207172 < A,

. _ot
Bce sTi ycjoBus MOXKHO BBIIOJIHETE. CHadaga Bo3bMEM t, jus Koroporo 20H1—2

< )\, 3areM BO3bMéEM 2¢
Pa3IIIHBIX TPOCTHIX unced. 1locite nonbepém N, cpaanMoe ¢ t — 2f o Mojymio py . . . pyt, KoTOpoe 6yaer GorbIre

BCeX Pi. HpI/I TaKNX YCJIOBUAX HAIIl IPUMED 6y,ILGT VAOBJIETBOPATH BCEM YCJIOBUAM.

4 B 1esiom perierne paGoraer, HO B KOHIIE He IIPOBEPEHbI KAKHE-TO YCJIOBUsl (KOTOPbIE IIPH 9TOM HETDPY/IHO UC-
HPABJISIIOTCs): 6 6a.A1006.

3. Ileped Aaucoti aeosrcum xoaoda uz 999 kapmouer ¢ wucaamu om 1 do 999 (ha kascdol kapmouke po6Ho 00HO
YUCAO, KAHCIOE YUCAO0 POGHO HA 00HOT KAPMOUKE, KAPMOUKU AEHCATN 6 NPOU3BONLHOM NOPAJKE PYOawKol 66ePT).
Anuca no ouepedu omrpuieaem xkapmouwku, ecezo ona omxpoem 101 wapmouxy. Ha xaxom-mo us smux xodosg et
HYHCHO OMMEMUMb KAPMOUKY, KOMOPY0 0HAG JOCMaAa Ha 3Mom xody. [Iycms Aauca ommemuia Kapmy ¢ 4UuUcioMm
A, a wucao M —51-0e no seaunune cpedu 101 kapmoi, omxpoimuix Aaucot. Aauca xowem, wmobv, wucao |M — Al
6vn0 Kk MoHcHo Mmenvwe. s Kakozo naumenvwezo d Aauca moorcem zaparmuposamv, wmo |M — Al < d
HE3ABUCUMO OM, USHAMAALHO20 PACTLOLONCEHUL KAPMOUEK?

OrBer: 474.

Permrenne. Ilokaxkem, aro d > 474. Ilycrs Asnca j1ocTaér U3 KOJIOMBI CAEIYIONLYIO MOCJIEI0BATEIBHOCTD KApT:
475,474, ...,426,949,950,...,998,1. B stom ciayuae M = 475, u qubo d > 474, mubo Ajuca mOIXKHA OTMETHUTDH
kapty 426 < A < 475. Oxnako, eciu oHa orMmeTuT Kapry 426 < A < 475, To jajiee OHA MOIJIA BBITAIUTD KAPTHI
949,...999, u rorma |M — A| =949 — A > 474. CrnenoBarenbho, d > 474.

[Ipuseném crparerust 3a Asmcy. 3amerum, ato 5l < M < 950. CrieroBaTeIbHO, €/ B KAKOI-TO MOMEHT OHA
nocTaéT Kapry ¢ uncyoM ot 476 1o 525, To ona BeIOepeT e€ n mo0béTcsa kegaemoro. [lomenum ocTaibHble 9ncia Ha
boavwue (koTopbie Gosbine 525) u masenvrue (Koropsie Menbiie 476). Torpa mycrs Asica, ysuzues 51-e 6osbiioe
mwim 5l-e MajleHbKOe 4YnCjio, oTMeTuT ero. lorma M u A OyayT OJHOBpPEMEHHO OOJIBIIMMEU WA OJHOBPEMEHHO
MaJIeHbKUMH YucjaMu. HeTpyiHO 3aMeTUTh, 9YTO Pa3HOCTHA MEXK/Ly JIFOOBIMU JBYMsi OOJIBITUMU U MEXKTY JIIOOBIMEI
JIBYMSsI MaJIeHbKUME He mpeBocxoaat 474. CrenoparenbHo, Ajnca MoxkeT 100uThest d < 474.

¢ TosbKo oleHKA WM TOJIBKO TIPUMED: 4 6aAAG.

4. Mnootcecmso A HAMYPAALHBIL “HUCEA, COCTMOAWELE TOMA Obl U3 MPET “UCEA, MAKOEO, YMO 0Af M0b020 1 > 1
U NI0ODIL PASAUMHBLT INEMERMOB A1, A2, ..., An U3 A, Kaotcovll deaumenv wucaa aias . ..a, — 1, omauunsiid om 1,
npunadaeorcum A. Hoxascume, wmo A codeporcum ece wucaa, boavwue 1.

Pemrenune. 3amerum, aro muOXKecTBO A Geckoneuno. [leiicreurenbao, eciiu M — nHambosbimmit sjemeHt A, a
k # 1 — mro6oit mpyroii, He He paHbIl M, To B MHOXKecTBe A ecTb smemenT kM — 1 > M.

[Mycts t ¢ A. AHajoruvno, jiokaxkem, 4ro B A GECKOHEYHO MHOIO YHCeJI, B3aUMHO NpOCThIX ¢ t. Ilycrs Bee
snemenTsl A, Gonbmme M’ mmeror obmmit merens ¢ t. $ICHO, UTO MHOXKECTBO 3THX JesuTeseii KonedHo (oHn
Bce Menbine t). O6o3naunm ux di,...,dy, a 4ucia Ha HUX JEJsIIUecs ai,...,ar € A coorBercrBenHo. Ilycrb
ap € a moboe 9UCI0, OTJIMYHOEe OT BeeX NpebLLyIuX a;. 1orjaa 4ucio apai . ..ay — 1 € A Gonbme M’ u ne umeer
obmux gesmresieii ¢ t. Cpefu GECKOHEYHOTO YHC/Ia B3AUMHO IIPOCTHIX ¢ ¢ 3jeMeHTOB A Bbibepem n = ¢(t) duces
bi,...,b, € A maromux OIUHAKOBBIA OCTATOK 10 MOy o t. Takum obpaszom, auciio by - ... - b, — 1 genurcs Ha t u
BCE €ro JIeJINTENIH JIesKaT B A.

¢ Ilocrynarom Beprpana paspelneHo MOJIb30BATHCS IPU YCJIOBUU BEPHON (hOPMYJINPOBKH.

5. DoKkYycHuK ¢ NOMOWHUKOM COOUPAIOMCA NOKA3AMb MAKOT POKYC: 3PUMEAL CO00ULGEM POKYCHUKY HAMYPAALHOE
YUCNO0, MEHDULEE (%)10000. Homougnux 3anucvieaem 6 mekxcmosom pedaxmope cmpoky daunve 10000 us 6yxs A,
b, B. 3pumeav cmompum Ha amy cmpoky, suldupaem odny u3 mpexr byke u yoassem 6ce 8TONCIEHUSA SulOPAHHOU
byxev, u3 cmpoku. Iocae 9mozo Poxycruk, 2aa0ds Ha OCMABWYIOCA CMPOKY, DOANHCEH Y2adamb, KGKOE YUCAO 3620004

spumensv. Mozym au Gokychukr u NOMOWHUK J02080PUMDBCA MAK, 4Mobb, GOKYC 2aparmuposarto yoarcs?
OtBet: /la, MoryT.

Perrenne. Haz0BéM JiBe CTPOKU NOTOHCUMU, €CJIA 3PUTENIB MOYKET MOJIYINTh U3 HUX OJIHY U TY K€ CTPOUKY. DTO
PABHOCHJILHO TOMY, YTO 9TH JBE CTPOUYKY OTIMYIAIOTCS TIepecTaHoBKO# mian 6yks A, nan 6yks B, win 6yks B. 13



cTpoku ¢ k Gyksamu A mepectamoBKamMu 6yKB A MBI MozkeM oy auTh Oy < CF000, cios. Crenosatensno, s

% 5000 - 3\ 10000
KazKJI0il cTpokm cymiecTByeT MeHee 3CTqh0) HOX0KUX Ha Heé crpok. Hamra 3a/1ava paBHOCHIIbHA HOMCKY (5)

CTPOK, HUKaKHe JBE U3 KOTOPBIX HE IOXOXKHU.

Pacemorpum rpad GG, BepmmHaMu KOTOpOro 0yayT Bce BozMmozxkHbIe cTpoku jymmabl 10000 us 6yke A, B, B, a
pébpanmu coenmnuM noxoxkue crpoukn. Torma G comepxur 310090 peprnum, a crenenb Kazkioil BEPIIMHBI MEHBIIIE
3075000 < 219090 TTocemee nepasencTso ciepyer u3

10000 4998 4999 5000 5001 5002 _ 4999 5000 5002 5000
2 > Co000 + C1o000 + CToooo + Cloooo + Cloooo = Crooor + Cioooo + Cooo1r > 3CT0000-

Buaunt, BepuHbl rpada G MOYKHO HOKPACHTD IIPABIIILHEIM 0bpazom B 210000

nperor. Cire10BATEILHO, CYIIECTBYET
10000
IIBET, B KOTOPBLII TTOKPAIIIEHO HEe MeHee 310000 BepmH. Torna B rpade GG ecTh HE3aBHCMMOE MHOXKECTBO U3 BEPIITUH

(;) 10000
2

¢ Pemenne B 11e;10M BEpHO, HO BOSHUKJIN IIPOOJIEMBI U3-38, OIIEHKU CyMMbI C-IIIeK Yepe3 cTelleHb IBOMKN: 6 6a.4.0086.

, OTKY/Ia U CJIeJIyeT pelleHne 3aJadn.

6. Oxpyorcnocmu w1 u we enucans, 8 yeon BAC. Oxpyorchocmo B xacaemen wi 6 mouxe X, a AB — 6 mouxe B.
Oxpyorcnocms y Kacaemea we 6 mouke Y , ompesxa AC — 6 mouke C, a oxpyorcnocmu B — enewnum 06pasom 6
mouke D. [oxastcume, umo oxpyotcrnocmu (BDY') u (CDX) nepecexaromesn nwa 6uccexkmpuce yeaa BAC.

Pemrenne. Ilycts wy Kacaercs npsamoit AC B Touke Pj, a npsimoii AB B Touke (1. AHAJIOIMYHO, Wy KacaeTcs
upsimoit AC B Touke P, a ipsimoit AB B Touke (. Ilycts £ — bGuccekrpuca yria BAC. Pacemorpum Ha mpsiMoit £
taxyto Touky T, uro AT? = AP - AQ. Torma onncannble oKpyKHOCTH TpeyronbHnkos PiQ1T u PoQoT Kacaiorcs
¢ B rouke T. Tokaxkem, uro okpyzxuoctu (BDY') u (CDX) npoxogar depe3 Touky 1.

Crenaem unBepcuio ¢ neaTpom B 1. Ilpsimere AB u AC niepeiiyT B JiBe CUMMETPUIHBIE OTHOCUTEIBHO £ OKPY K-
HOCTH PABHOTO PAIUyca 7y, U Yo. Touku Py, Ps, Q1 u Q2 TIepeiiIyT B BEPIIUHBI MPSIMOYTOJIbLHAKA, CAMMETPUIHOTO
OTHOCUTEBEHO £. DTO 03HAYAET, UTO OKPYKHOCTH Wi U wo IEPeijiyT B OKPYXKHOCTH paBHOro pajmyca €21 u (o,
Kacarommecs 1 1 yo. LTpuxamu 6y1em 0603HaYaTH COOTBETCBEHHBIE OOPA3bl TP WHBEPCUH.

ITycrs P) — Touka kacanust §); u 2. Ilycrs okpyzkHOCTB 3/ Kacaercst {1 BHyTpeHHHUM o6pa3oM B Touke X' n
Kacaercs 7y BHemHUM obpasoM. IIpsivast Py X' Bropuano mnepecekaer v2 B Touke C. OG03HAUNM BTOPYIO TOUKY
nepeceuenusi 5’ u Py X' wepes Dy, a Touku kacanusi v, ¢ Qo u 3 — 1epes Q) u B’ coorsercrBenHo. 3aMeTnm, 9TO
CyIIECTBYeT IEeHTpasbHas CHMMeTpust i, nepeBoismmast 21 B o, a 1 B 72; ona nepesoaur P B Q). Iycrs Q) B’
BTOPUYHO TiepecekaeT {lo B TOUKe Yj.

PaccMOTpUM KOMIIOZHIMIO MPeobpa3oBaHmii: MoIoKUTENbHO roMorernn (¢ nenrpom X'), mepeBogameit 5 B
Q1; nosoxkuTenbHON roMorernn (¢ nenTpoM Pj), nepesomsineii (1 B 72; NEHTPATIBbHOM CUMMETPUH i, IepeBOIsiIeit
Y2 B 71; orpunareabHoii romorernn (¢ nenrpom B'), nepesongmeii 1 B 3'; VIX KOMIIOSUIMSA MMEET MOJOKUTEb-
Hblil Ko3bdunuent n coxpanser (', T.e. ABIAETCH TOXKJIECTBEHHBIM NPeoOpa3oBaHueM. SHAUUT, 3Ta KOMIO3HUIUA
nepesoput Dy — Pj — P) — Q) — Dy. CuenoBarensro, Touku Q), B’ u Dy jexxar Ha OJHON IPsIMOii.

[Tycrs Q) B’ Bropuuno nepecekaer g B Touke Y. Hokaxkem, uro okpykHOCcTh (CoD)Y)) Kacaercst 2 B TOUKe
Cp, a raxxke Kacaerca 2o u 3/, To ecrb conamaer ¢ . 3 sToro Gyner ciaenosarb, uro Touku B', D' = Dy n
Y’ =Y, a takxke toukn C' = Cy, X' u D' = Dy nexxat Ha OIHOI IPSIMOI.

[Tycts R, r u a — pamuycol ;, v; u ' coorBercrBenno. V3 romorernii numeem

! 7 /
QB _r PGy
Q/Y R PIX/
140 2
> e
B'Dy B'Dy QB a r a DyX’
= < = — = = = = [—
QYo B v "B R opx

CeroBaTe IBHO,

D(]i(] 1— QllB/ B/DO -1 r a 1— PQICO _ D()X/ i OoD()

s = —_— T = = _ = — = = = .
Q1Y QYo QYo R R PX' PX' PX
Doio _ l—-r—a _ CoDo
B'D; a Do X'

orkyna okpyxuocru 3 u (CoDgY)) kacaioress B Touke Dy.

ITycrs ¢y — obmast kacaresabHas K 1 u 3 B Touke B'. Tomorerus: ¢ nenrpom Q) nepesoaut £y B KacCATEIbHYO
K I'9 B Touke Y), a romorerus ¢ nearpom Dy nepesout ¢y B Kacareabuyio Kk okpyzxuocru (CoDgYy) B Touke Y.
Oxpyxuocru (CyDoY) u I'y kacatorcst B Touke Yy, HOCKOJIbKY KacaTesbHbe K HUM B Y HapaJljIeIbHbL. AHAJIOMMIHO
JokasbiBaeM, aro okpyxHoctu (CoDoYp) u 2 Kacatorcs B Touke Cj.



7. Ha cmoponax AC, BC, AB mpeyzoavhura ABC swbpars, mouxu Ay, By, D coomeemcmeenno. Ompesxu C D
u A1 By nepecexaromea ¢ mouxe M, npuuem A1M = B1 M. Joxasicume, umo
AAy, BBy _ 2DM
+ = .
AC B C MC

_ AA _ BB _ DM
Pemrenne. O6oznaunm x = e Y= B 2= e Ham nyxno nokazarb, uto © + y > 2z. IloctaBum B

seprumnbl A, B, C maccet y + 1, x + 1, (y + 1)z + (z + 1)y coorBercTBenno. Torma meHTp Mace CHCTEMBI MOMAIET
B Touky M, nockoibKy (y + 1)A u (y + 1)xC cuocsirest B (z + 1)(y + 1) A1, n ananoruusno (x 4+ 1)B u (x 4+ 1)yC
cuocsitest B (x+1)(y+1)By, a M — cepenuna A; By, Orciona caenyer, uto (y+1)A u (z+ 1) B 10J0KHBI CHOCUTBCSI
Ha upsimyo C'D, T.e. B Touky (x + y + 2)D. Iloayuaem, uro z = % Hawm ocrasiock j1oKka3arhb, 9T0 9T0

BbIpazkenue e 6ouibiie (z + y)/2. [ocse qomuokKeHust HA T + Y + 2 9TO HEPABEHCTBO OYEBHJIHO.

8. Jana napa sewecmeennux wucen (ag,by). Onpedeaum nocaedosamenvrocmu ag, ay,az, ... u by, b1, ba, ... co-
OMHOWEHUEM Cpy1 = Gy + by U bpy1 = apby das ecex n = 0,1,2,.... Hatidume ece napwv (ag,by), daa xomopux
az022 = agp U bagaz = bo.

Orser: Ilapwl Buga (a,0), rae a — ja060e BelecTBeHHOe.

Pemnenmne. Jlerko BumaeTh, YTO HMaphl U3 YCJIOBUsT HMOAXOMST. JloKarkeM, UTO B JIFOOOH MMOAXOIsIINEH mTape 00s13a-
tesbHo by = 0. IIpocymMupyeMm 1o mepuojy Cjeayionme BeTnInHb:

2021 2022 2021 2021 2021 2021
E Ait1 = E Aip1 = E (ai + bi) = E a; + E b, = E b; =0.
1=0 =1 1=0 1=0 1=0 =0
2021 2022 2021
i=0 i=1 =0
2021 2021 2021 2021 2021 2021 2021 2021
2 2 2 2 E 2 2 2 E E 2 2 2 2 2
ai+1 = (ai + bz) = a; + bz + 2 (Zibi = a; + bZ — bz =0.
=0 =0 =0 1=0 =0 1=0 =0 1=0

¢ Tosbko orBer ¢ mpumepoM: 0 6a.a.408.

9. ITyemv» T = {1,2,..., 15}3 — MHMOIICECNBO 6CET YNOPAJOUEHHBIL MPOEK HAMYPAALHBLL “ucen, menvuur 16.
Ha306ém KyOUKOM MHOMCECMBO 6CET YNOPADOUEHHBIT MPOEK HAMYPANLHUL wucen (X1, X2, T3), YI0BALTNEOPAIOULUT
HepageHcmeam a; < x; < a; + 7, 2de a; — nexomopuie wucaa. Moowcno au evbpamsv 15 Kybukos max, 4wmobv, oz
0601 mpotiky (t1,ta,t3) € T 6 0dnom u3 Kybukos nawsacy mpotixa (T1, T2, T3) MAKAA, MO 6CE MPU YUCAG T —t;
deasmes wa 152

OTBeT: 1a, MOXKHO.

Pemntenne. 1o cytu B 3a7ate cripanBaeTcs, KAKUM KOJIUIECTBOM KyOOB 7 X 7 X 7 MOXKHO IMOKPBITH TPEXMEPHBIII
Top co cropomnoii 15. Jdasee mbr cumraem, uro T = (Z15)3, a Kaskaplil Ky6UK ecTh MHOXKECTBO Bua (g, Yo, 20) +
{0,1,...,6}3 C T; 6yaem TOBOPUTE, 9TO 3TOT KyOuK sadaémes Tpoiikoit (o, Yo, 20)-

Paccmorpum kybuku, 3agaBaemble Toukamu (24, 74,4) npu i = 0,1,2,...,14. ITokaxkeM, 9TO OHU MOKPBIBAIOT
Bech TOp. llepecedenusi 3Tux KyOMKOB C KaKJIbIM CJIOEM ODPa3yIOT ONHY U Ty K€ KapTHHKY C TOYHOCTBIO [0
[apaJiIeJIbHOIO IEPEHOCa, TO3TOMY JOCTATOYHO UCCJIEI0BATH IECTON CJIOf, B KOTOpOM 7 KBajpatos (o, ..., Js,
rje Q; 3amaércst Toukoii (24, 7).

ITo z-xkoopamHATE KBaAPATHI CIABUHYTHI APYT OTHOCUTEJBHO Apyra Ha 2 (Kpome (o, CABHHYTOTO OTHOCHTEBHO
Qe Ha 3). PaccMoTpuM HEKOTODBIH cTOJI6EI, B KOTOPOM 3a(DUKCUPOBaHA T-KOOpMHATA. TOr/a OH [epeceKaeTcsl ¢
TpeMsl WJIM 9eTBIPbMS [TOCJIEJ0BATEILHBIMA (B IMKIMICCKOM MOPsiIKE) KBagpaTaMu (. DTH IepecedeHrs OUTH
BCerJa CJABUHYTHI JIPYT OTHOCUTEJIBHO JIpyra Ha 7, 3a OJHUM HUCKJIOUYeHHEM: (Jy CIBUHYT OTHOCHUTEIBHO (Jg Ha
0—6-7=—-42 =3 (mod 15). Tenrepp NOHATHO, YTO ITU IEPECEICHHUS MOKPBIBAIOT BECh CTOJIOEII.

10. Hatddume sce gpynkuyuu f: R — R, das xomopwix 6vinosrero
F(f@) + f®)?) = f@)* +y* f ().

Orser: Tosbko f(z) = 0.



Pemenne. O6osnaunm depe3 P(z,y) JaHHOE yCJIOBHE W HAYHEM MOJICTABJIATD PA3HbIC 3HAYCHUS [MEPEMEHHBIX.
Bo-uepsbix, P(z,0) = f (f(x) + f(0)2) = f(x)%. Hasee, mj1st OOLIX BEIECTBEHHBIX ¥, 2

P(f(2)+ F(0%y) = [ (F(2)2+ FW)?) = £ (f(=) + F(0))" + 2 F () = F(2)* + y* F ()

B cuity cuMMeTpuYHOCTH yesoBuit, 3to oznadaet, uto f(2)* +y2f(y)? = f(y)* + 22f(2)? ansa Beex BemecTBeHHBIX
y, z. lopcrasus y = 0, momyunm f(2)* = f(0)* 4+ 22f(2)3. Iyers 2 = f(w)+ £(0)? 115 HEKOTOPOTO BEIECTBEHHOTO
w. Ilojcraisist 5T0 B paBEHCTBO BBIIIE, MMeEEM

Fw)® = £ (fw) + £(0)2)" = F(0)* + (f(w) + £(0)%)* f(w)®
= 2f(w)" f(0)> + f(w)°F(0)* + f(0)' =0 (1)

4

Jomycrmm, ato f # 0 5u B ofHOM Towke. Torma pasencTBo Bhime osradaet, a0 2f (w)”+ f(w) £(0)2+ £(0)2 = 0
JIUIsT BCEX BeIeCTBeHHBIX w. Takum o6pa3oM, Bce BO3MOXKHbIE 3HaueHusl f(w) — KOPHU HEKOTOPOIO MHOTOWJIeH] 7-ii
CTENEeHN, U TAaKUX 3HAYEHMI He GosbIe 7.

Tak Kak MbI 3HaeM, 4TO f ( flx)+ f (0)2) = f(x)?, To B ciay4ae, ecin f HPUHEMAET KAKOE-TO 3HAYCHHE, 110
MOJLYJIIO GoJibIiee 1, TO, MOJACTABIIAS 9TO HOBOE 3HAYEHHE B KAIECTBE CJIEJYIOIIETO X, Mbl OyJIEM IOJIydaTh BCE
Gosbime u GoJbIIMe 3Hadenuss (PYHKIUM, ¥ UX Oygaer GoJbire 7. AHAJOIMYHO C CHTyalueil, ecid NPUHUMAETCS
KaKoe-TO 3HaueHue, 1o Moy o Menbinee 1. Takum obpaszom, f(z) = £1 upu Beex .

Honcrasus w = 0, momyanm 2£(0)7 + £(0)® + £(0)? = 0. Mu1 zmaem, uro f(0) = £1, n f(0) = 1 e moaxOIMT,
nostomy f(0) = —1. Torma st Beex BemectBenHbX w BomosHeno 2f(w)” + f(w)® + 1 = 0. Hpu stom npm
f(w) = 1 paBencrBo HeBepHo, 3HaunT f(w) = —1 mas Beex BemecTBeHHBIX w. Ho perenne f(z) = —1 ne mogxoaut
0/ KCXOJIHOE YCJIOBHE.

Hakower, momycrim, 9ro miis Hekoroporo ¢ BbimosHeHo f(c) = 0. Ilogcrasus B paBerctso (1) w = ¢, momydanm
f(0) = 0. Torma f(2)* = 22f(2)3, To ectb 1pH Beex BemecTBeHHBIX 2 gubo f(2) = 0, 6o f(x) = 2. Jomycrum,
a0 ecTh & # 0, ipn Kotopowm f(z) = x2. Ilomcrasum P(x, ), meBas dacTb GyIeT papHa (:1:2 + 1:4)2 nmn 0. IIpaBas
4acTh 1pu 3ToM pasHa zt 4 2%, pasencrso mesosmorkno. Taxum obpazom, f(z) = 0, u 91a GYHKIUA, OYEBUIHO,
HOJXOJINT.

¢ oxaszano, uT0 (DYHKIUS IPUHUMAET KOHEUHOE KOJUIECTBO 3HAUYEHUIL: 4 0a.410.

¢ Jlokazano, uTo (pyHKIMs MOKET IPUHUMATH 3HaueHust TOJIbKO +1,0: 6 6a.a106 (He CyMMUPYeTCs C MPeJIbILy-
IIAMH).



