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Yereéprhiii Typ 04.12.2022. Tperbsa jura, 6ou 3a 1-4 mMecTta, pelrlieHus 1 yKa3aHus JJis 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.

Koukypc kanurtanos. [Ipo BemecrBentbie uncia a,b,c > 0 mu3BectHo, uro ab — ¢ = 5 u abc = 50. Hemy
MoxkeT ObITh paBHO ab/c? Haiigure Bce BapuaHThI.
OrTBer. % u 2.

1. Janw wamypasvuwe wucaa k > 2, n > k u t. Kascdomy ynopadouennomy nabopy HAMYPALbHbLT YUCEA
1 < X9 < ... < T, HE NPEBOCTOOAUUT N, YOAAOCH CONOCNABUMD HAMYPaAbHoe wucao f(x1, T, ..., x), HE npe-
socxodawee t, wmo f(x1,xo,...,xk) # f(x2,23,...,Tkr1) npu 1 < 21 < 22 < ... <z < Tp1 < n. Hoxaorcume,

t

2
wmon <227 (k—1 dsotixa).
T

2
Pemenne. O6osnatinm T = {1,2,...,t} u Gynem WHIYKTHBHO CTpouTh MHOMKecTBa M (z1,...,77) € 227
3nech 11 < ... < x7, a TaKxKe N — [ JIBOEK.
A nmenno, nonoxkum M (z1,...,x,) = f(x1,...,2,) € T, a TakKe

M(l‘l, s ,.’El) = {M(I‘l,. . 'axl)xl-I—l) | Ti41 > I‘l}.

¢ oT

2 2t
pemonoxum nporusuoe, u n > 227 (k — 1 npoiika). Torna, Tax kak (22

=227 (Besye k — 1 apoiika),

to 1o upunnumy lupuxie maiiagyres 1 < y1 < yo2 < n, mas koropuix M (y1) = M (y2).

Torga no kouerpykiwu Mbl umeem M (yq,y2) € M(yp). A pas M(y1) = M(y2), To Haiiaéres ys > yo, s
koroporo M (y1,y2) = M (y2,ys3). Ananorugso, no koucrpykiwu M (y1,y2,y3) € M(y1,y2), Takxke M (y1,y2) =
M (y2,y3), oTKyaa Hailgéres yq > ys, 1t Koroporo M (y1,y2,y3) = M (y2, Y3, ya). LelicTByst aHATIOTUYIHO, MBI TIOJTY-

YHUM [I0CJIEIOBATEIILHOCTD Y1, - . .y Yn+1, JIst KOTOPOI M (y1, ..., yn) = M(y2,...,Ynt1). A Tak kax M (z1,...,2,) =
f(x1,...,25), TO MBI OJIyIUM MPOTUBOPEUHE C YCIOBUEM.
2. Ana nuwem wucaa 1,2, . ..,100 6 xaemxu mabauyws 10 X 10, xaorcdoe wucao no 00Homy pasy, 6 npoussosbHOM

nopadke. 3a 00un xod Bopsa evibupaem cmpoxy ust cmoabey, u npocum Ao ynopadouums YucAG: no 603PACMAHUIO
CAEBA HANPABO 8 CMPOKAT U MO G03PACMAHUI C6EPTY 6Hu3 6 cmoabuax. Ipu smom Bopsa mabauuyy me sudum.
Yepes 11 10006 on dossrcen ykazamv KAemry, Ha Komopotl 6ydem nanucaro wucao om 30 do 71 (exmovumenvho).
Cmoorcem au Bopsa 2apanmuposanto nobedums, kax 6vL HU paccmasaara wucsa Ans?

OtBet: J1a, MOXKET.

Pentenue. HazoéM cTOOILI cieBa HAIIPABO OYKBaMU a, b, ..., j, & CTPOKM CBEPXY BHU3 MPOHYMEPYEM UUCIaMU
1, 2, ..., 10. YoopsmounM cHaYa/a 9UCJIa BO BCEX CTPOYKAX, a MOC/IETHUM ITAroM YIIOPSIOYUM YUHUCJIa B CTOJIOIE
e. ITokazxkeMm, 9TO YHUCTI0 U3 KJAETKU €6 HAM IOIXOIUT.
Bo-mrepBrix, momyctuMm, 9T0 0OHO OKa3ajochk bosibirne 71. Torma qncia B kiietkax €7, e8, €9, el0 Toxke 6osbime 71,
1 BO BCEX CTPOYKaX, B KOTOPBIX CTOSLIN 4HCaa €6, ..., el0 10 ynopsgodnBanus cTOI0IA €, eCTh eIlé M0 D Jucel,
6osbiiux 71. Iloygaem Bo Beeit Tabsume munnmyM 30 qucest, 6obiux 71, 9ero He MOXKET OBITb.
Bo-Bropnix, mokaxkem, uro ono mHe menbire 30. IIpeamnomoxum nporusrnoe. Torma gyucia B Kierkax el, €2, e3,
ed, eb Ttakxke menbiine 30, U B KaXKJ0# CTPOKe, Ije cTosiu uucia el, e2, ..., eb 1m0 ymnopsiiounBanus cTojdna e,
ecTb 110 4 gucia, Mmeabmmx 30. Takum obpazom, Bcero amnces, MeHbIuX 30, xoTa Ob1 30, 9TO OIATH YK€ HEBO3MOXKHO.

3. Jas namypaavrozo wucaa m 0603navum wepes (m) KoAuuecmso HAMYPAAbHOLT HUCEN, HE NPEBOCTOOAULUL
m U 63AUMHO NPOCMHLT ¢ M, 4 uepe3 o(m) cymmy Hamypasvhur deaumenret wucaa m. Hatdume ece wémmwie
namypaavhvie n, daa xomopux n’a(n) — 2 deaumea na p(n).

Oreet: 2, 4, 6, 22, 382.
IIpe oo KIM, ITO ¥ 7 €CTh HPOCTO HEUSTHBIH jeanTens p, npuaém n - pF mpu k > 2. Torma

ple(p) e = pln'on) —2=p]2,



4TO HEBO3MOYXKHO. JIOmyCTHM, 4TO N He sBjiserca crenennio apoiku. Ecmu 28 | nnpu k > 2, Ton = 28py ... py, s
PA3JMIHBIX HPOCTBIX P1, ..., P, HpHaéM m > 1. Oyukuus Diltepa Beranciserca kax ¢(n) = 2817 (p; — 1).
O6ozHaunm uepes vo(t) cremnenb BxoxkaeHus 2 B uucio t. Torma

valp(n) =2 k—14+4m=1+1=2,

TaK KaK Bee p; HeUS8THBL. DTo 3HAYUT, 9T0 4 | n’a(n) — 2, 9TO HEBO3MOYKHO.
Takum obpaszoMm, ecian n— He CTeNeHb ABOUKU, TO N = 2p1 ... Py,. Ecim m > 2, ousaTh »Ke B CHJIy HEIETHOCTH
BCEX p; UMeeM

va(p(n)) =m =2,

YTO ONATH BEJET K MPOTHBOPEIUIO.
Urak, eciiu n—He CTeleHb JBOHKH, TO M = 2p Jyisl HEKOTOPOIO HEYETHOTNO HPOCTOrO p, U Torja o(n) =
1+2+p+42p=3p—+ 3. Torma yciioBre MOXKHO MEPENUCATH KaK

p—1]32p°3p+3) -2,

u nosib3ysick p = 1 (mod p — 1) mosyaaem, aro p — 1 | 190. IIpu srom 190 = 2-5-19, u p — 1 — uérnoe, 3HAUUT
MoryT nogoiTu p = 3,11, 191. OHu geficTBUTEIHLHO BCE HMOAXOMIST, 9T0 HaéT oTBeThl 1 = 6, n = 22, n = 382.
Hakomerr, pas6epém ciydait, korga n = 2%, k > 1. Jlas takoro n cyMMa gesnreseit on)=14+2+...+ 2k —
2k+1 1. Tloncrapass B ycaosue, nomygaem 251 | 29F (2k+1 — 1)—2. Ecmuk > 3,281 =0 (mod 4),2% (2k+1 — 1)—
2 =2 (mod 4), nporusopeune. Ouako, k = 1,2 1m0AxX0auT, 9TO TaK)Ke JaéT OTBeThl N = 2 u n = 4.
¢ Jokazano, uro n me jeantcs Ha pr, rie p meuérno, k > 2: 2 baana.
¢ Jokasamo, uro n = 2p wiu n = 2F: J 6aana, He CyMMEPYIOTCS C IPEIBLIY M.

¢ He pasobpan xoTst Gb OJIUH CYIIECTBEHHBIH ciiydaii (HapuMep, KaKoii-To U3 JIByX B HPEBIAYIIEM KPUTEPUN):
ne boaee 6 6a.1008.

4. Touxa O — yernmp onucarHHot OKPYHCHOCTU W 0CMPoy20avH020 mpeyeorvrura ABC . Buccexmpuca yeaa L BAC
nepecexaem BC' 6 mouke D. Oxpyostchocmo w4 kacaemes ompeskos AB u AC, a maxoce snympennum oopasom
xacaemca w 6 mouxe P. Obosnauum wepes E u F mouku xacarus 6HEBNUCAHHBLLT OKPYHCHOCMED ¢ OMPE3KAMU
AC u AB coomseemcmeenno. Iyemv N — mouxa Hazean, mo ecmb mouxa nepecevenus ompesxos BE u CF. Oxa-
sanoce, wmo N aesrcum na onucannoti oxpysicnocmu mpeyzoavhura AEF. Hoxaswcume, wmo N maxoice aeocum
Ha onucannoll oxkpyschocmu mpeyzoavhuxa PDO.

Pemtenne. Ilycts I — 1ieHTp BHucaHHOM OKpyKHOCTH Tpeyroyibauka ABC, A1B1C] — ero cepejuHHbBI Tpe-

YTOJBHUK.

Baxnniit dpakr: I — Touka Harens A1 B1C.

U3 yenosus crenyer, aro ZBNC = 180° — LA. Tak kak tpeyronsuuku ABC u A1 B1C niogobunt, a Toukn N
u I B Hux coorBercTBerubl, To £ B1I1C1 + £/ B1ACT = 180°. To ectb, yerbipexyroiabuuk AB1ICh Buncannbiii. Torma
tak Kak Al buccekrpuca, ro B1I = C11, a ciemoBarensao, BN = CN. Ilycts M — cepenuna ayru BC' onucanHOi
okpyx)HocTu Tpeyronbauka ABC. 13 nokazanuoro Boire ciemyet, 9to M cummerpudra N OTHOCHTETBHO MPSIMO
BC. Yepes A’ 0603na4nM TOUKY, CUMMETPUYHYI0 A OTHOCHTEILHO 3TOi1 2Ke npamoil. ITycts S — Touka nepecedenus
AN n BC'. U3 cummerpuu caemayet, uro Touku A’ M u S nexxar na ognoit npsmoii. Caenaem KOMIOZUIIIO HHBEPCHN
¢ nieatpoMm B Touke A pammycy vV AB - AC' u cummerpun oraocureibHo Al. Ilpu sTom npeobpaszopanun: B — C
C — B; (ABC) — BC; A — O; M — D; wy + w, TJie w — BHEBIHUCAHHAS OKPYYKHOCTb, KACAIOIIASICA OTPE3KA
BC'. Takum obpazom, S +— P. To ectb, Toukn P, D, O u A nexar Ha oaHoil okpy)kHoCcTH. OCTaI0Ch 3aMETUTD,
aro Tak Kak Touku O, N u M jexar na cepeanuanoMm nepnenaukyiaspe K BC, ND = DM u AO = OM, To
/DAO = ZDNM. To ectb, Touku A, O, N u D jiexxar Ha 0JIHOI OKPYKHOCTH.

¢ Baxubim hakToM, eciim OH BEpHO chOPMYJIUPOBAH, MOJIb3yeMcst 0e3 JJ0Ka3aTeIbCTBa!
¢ Joxaszano, uro BN = CN unu anajgorudsoe: 2 6a.a4a.

¢ Jlokazamo, uto P, D, 0, A nexar Ha ofHO# OKpyXKHOCTH: 6 6aaio6. He ckmaanpiBaeTcst ¢ mpeapirynimm!

5. Ha naockocmu napucosans, nepecexarowueca mpeyzosvhuk T u kpye ). Joxaosrcume, umo naowads nepeceve-

T Q
HUA HE NPeBOCTOIUM, 5(3) + 8(2)

Pemenne. Jlemma. Ilycte & — nenrpasbio cumMmerpudnasi dburypa sayTpu Tpeyrosabuuka 1. Torpa S(P) <
25(1).
Joxazamenvcmaeo aemmor. Obozuadanm Tpeyroabuuk T uepes ABC v nycts DEF — cepeIMHHBIH TPEyTOILHUK.
Pazbepem nBa ciayuas: nentp cumMerpun ¢purypsl O jgexxut B Tpeyrosbuuke DEF'; neatp cumMerpun hurypol
JIEXKUT B OJIHOM U3 TPEYTOJIbHUKOB, IPUMBIKAIONINX K BEPIIUHAM.



B nepBoMm ciyuae MOKHO cauTaTh, 9T0 P MEHTPATBHO CUMMETPUIHBIA IMECTHYTOMLHNUK MO JIBE BEPIIUHBI KOTO-
pOoro JiexkaT Ha KaxKJIoil u3 cropon tpeyrosbiuka 1. Torpa T\ & — 310 Tpu Tpeyrosibauka, moaobubix 1. Cymma
ux xo3durenTos noxobuit a, b u ¢ pasna 1. Torma ornomenne S(®)/S(T) =1—a? — b — 2 < 2.

Bo Bropom citydae @ siexkut BHyTpu napasuienorpamma, ckaxkeM ADEF u S(®)/S(T) < %

[lepeitném K pereHunro 3a/1a4u.

[Tycts T — Tpeyroabnuk, {2 — Kpyr, uyepe3 T’ 0603Ha9MM TPEYTOabLHUK CAMMETPHUIHBII T’ OTHOCUTEILHO IEHTPA
kpyra . Uepes X Gyjem obosHauaTh jononenne Muoxecrsa X . Torya nepasencrso S(T'NQY) < 25(T) + 15(9)
PABHOCHILHO HEPABEHCTBY

S(TNT'NQ)+S(TNT' NQ) < S(T)+%(S(QanT’)+28(§2me?)+5(9me?)),

1
3
YTO PABHOCHJIBHO

1 1 1 S
ES(TOT’ nQ) < §S(T) + 5S(Q NTNT,

9TO PaBHOCHUJIBHO

2 _
S(rnT nQ) < §S(T) +SQNTNT).

Ocrajock 3ameruthb, uro T NT' N Q) C T — nenrpaibHo cuMMeTpudHas purypa.
PaBencrBo mocTuraercst TOIBKO B Cydae MPABUIBHOTO TPEYTOJbHUKA M €r0 BIHMCAHHOTO KpyTal

¢ oxazana jmemMma; 4 baina.

¢ JlemMma He mokaszaHa: He boaee 6 6anr06 38 3aa9dy.

6. Jlano beckoneuroe muoocecmso A, cocmoausee u3 ueavr wucen. Jloxascume, 4mMo 6 Hem MOHCHO BulOPAMb
makue 20 anemenmos, umo cpedhee apupmemuseckoe sodux 11 us Hux He npunadiescum muoscecmsy A.

Pemrenne. [lis magaia 3aMeTHM, UTO €CJIU KO BCEM YHCIaM U3 A mpubaBUTH OJHO U TO K€ IEJI0€ UHUCJIO, TO
K CPEJIHUM apu(pPMeTHIECKUM BCEX KOHEUHBIX HAOOPOB MPUOABUTCST 3TO YKe UUCTIO0. AHAJOTUIHO, €CJIA TOJIETUTh
Bce unciaa n3 A Ha ux oOIUil MHOXKHTENb, TO Ha HEro IOJEJSITCS W BCe cpelHue apudpmerndeckue. Ecam st
[TOJIy9€HHOTO MHOYKECTBA yTBEP:K/IEHUE 3aJa9d BEPHO, TO OHO OBLJIO BEPHO U paHee. VCHOb3ys TakKue MPUEMBI,
MOXKHO JIOBGUTBCSI TOTO, YTOOBI He Bee 1eMeHThl A Obin nonpato cpaBHuMbI 110 Moysto 11. (Eciu Bee uncna nator
OJIMHAKOBBII OCTATOK IO MOAY/II0 11, TO MOXKHO cliejlaTh 9TOT OCTATOK HYJIEBBIM, IIOJIEJINTH Bce ducia Ha 11, or
Yero Bce MOMapHbIe PA3HOCTH CTPOTO YMEHbINATCs. Pano mwim 1mo3aHo onHa n3 pa3HocTeil craHer He KparHa 11.)

JokaxkeMm Tenepb, uaaykiuei mo k < 20, 4ro us 6eckoHeuHOro Muoxkecrsa A C 7Z, MOXKHO BLIOpaThb Takue k
quces, 9To Bee cpejaue 1o 11 w3 Hux He jexkat B A. Bazoit moxer ciyxuth k < 10. Coeprium nepexos ot k — 1
K k.

[Ipeobpasyem MHOXKECTBO A Tak, KaK yKa3aHO B IepBOM ab3alle; Ternepb B A eCTb KAaK MUHUMYM J[Ba PA3HBIX
octarka 1o mojyiio 11. Ecin ectsb jiBa octaTka, KOTOpble BcTpedaloTcs: XoTs Obl 1o 10 pa3, To BeIOEpeM COOTBET-
creytormue 20 umces. Cpennee apudmerndeckoe JOObIX 11 U3 HUX OKaXKeTCsl He IEJIbIM, U TeM Oojiee He Oyjer
[IpUHAJIEXKaTh MHOXKECTBY A.

B mporuBHOM cityuae Bce ocTaTKh, KpOMeE OJIHOTO, BeTpedarorcs MeHee 10 pas3, a OiMH OCTATOK — OECKOHEYHO
muOro pa3. dus ymobersa OymeM cuuTaTh, YTO ITOT OCTATOK — HOJbL (IpHOABUB KO BceM 3eMeHTaM A oHy
u Ty ke KoHcraHTy). Ilyers Ay — MHOXKecTBO 2jieMeHTOB A, KpaTHbIX 11, a B — MHOXKECTBO BCEX OCTAJIbHBIX
ssieMeHTOB A (Kak Mbl 3HaeM, KOHEYHOe, HO Helycroe). Beibepem npoussoibaoe b € B. Kpome Toro, paccmorpum
BCe 3JIeMeHThl Ag, 6oble yeM HanboJIblllee YiCIo B B, a TakyKe Bce 91eMeHTh Ay, MeHbIINe YeM BCe 3JIeMEHThI
B; oboznauum 3T MuOXKecTBa depe3 Ay m A_ coorBercTBenno. OHO M3 3TUX ABYX MHOXKECTB OECKOHETHO, HE
yMaJisist O0IHOCTH — A .

ITo mpeanosioxKeHn0 UHIYKINA, BbIOEpeM B A Takoe MHOXKeCTBO u3 k — 1 4mcesi, 9To Bce ux cpemame 1mo 11
qncest He jexkaT B Ay. Bce aTu cpenme 3aBe10MO 60JIBINTE YeM MAaKCUMAJBLHOE IUC/IO U3 B, M0ITOMY OHU HE JIeKAT
uu B B, Hu B Ag (ecsiu 6b1 Takoe cpejinee Jiexkaso B Ag, To oHo 1onasio 661 u B A4 ). Takum 06pasom, oHE He Jiexkar
B A. Ocranoch no6aButh K 9tuM k — 1 umciaam 3emenT b. Bee Habopbl mo 11 4mcest ¢ ero ydacrueM HMEIOT BHL
«10 gucesn, kpatubix 11, a ofHO UKCI0, HE KpaTHOE 11», MOITOMY CpeJiHee B TAKOM HAOOpe He SBJISIETCS MEJIbIM, 1
TeM GoJtee He JiexKUT B A. Ilepexon HHIyKIMU 3aBepIIeH.

¢ Tosbko nupest caBuraThb U JeJUTh: 0 6a.4106.

7. Jlano neuémmoe namypasvroe n. 3a CMoAOM CUIAM T HENOBEK, USHAYAALHO Y KaHCI020 U3 HUT 1O T MOHEM.
Pas 6 munymy npou3eosvHvim 00pa3om 8ulOUPAIOMCsA 0604 HEAOBEKA, U TOM, Y K020 MOHEM MeHbULE, 0MIAEM 00HY
MOHEMY MOMY, Y K020 MoHem boavwe. Ecau Y ulOPAHHLLT A100eli MOHEM MOPOSHY, MO MOom, KMo omaAaém dpyzomy



MoHemy, evbupaemcs caywatno. Ilpouecc 3axanvusaemcs, koeda 6ce MOHEMBL CObEPYMCA Y 00H020 “EA0BEKE.

Kaxoe nauboaviuee wucio MUHYIT, MOIHCETN npodwmcambc,ﬂ amom npouecc?

11n—1)n(n—1
OrsBer: %.

Perrenue. [Iponymepyem Jirojieit 1o Bo3pacTanuio Kojudectsa MoHeT. O603HAYNM depe3 t; KOTUIECTBO MOHET Y
. .. 2 o
i-ro vesioseka. Beeaém nosyunsapuant S = Y " | (t; —n)®, KoTOpBIA GyieM HA3bIBATL OMKAOHEHUEM. JToKazkeM,
YTO ITOT MMOJYWHBAPUAHT BCEIJIA YBEJIMIUBACTCS, & UMEHHO IIPU BBIOOPE JIIOJIEll ¢ HOMepaMu ¢ < j:

(ti—1—n)l4+t+1-n)=(t;—n)+t;—n)+2-(t; —t;) + 2.

Takum o6pa3oM, yBeJandIeHne IPOUCXOIUT Ha 2 - (t; — ;) + 2, 9TO He MEHBIIE [IBYX.

Bynem na3bIBaTh COCTOSIHHIE IIPOIECCA MOHOMOHNHBILM, CCTIA TIPH BeeX ¢ # j npu ycjaosun 0 < t;,t; BBIIOTHEHO
ti # t;. Ilycts C'— MOHOTOHHOE COCTOSIHIE C MUHIMAJIBHBIM 3HadeHneM S (GyzieM Ha3bIBATH €ro S¢). 3aMeTHM, 49TO
BCE MOHOTOHHBIE COCTOSIHUSI MOYKHO HOJIy4nThb 3 C, 1 IPU TAKOM CII0CO0e KOJIMYECTBO XO/I0B Oy/1€T MaKCHMAa IbHBIM.
ITpu sTom camo C' MOXKHO HOJIydnTb He OoJiee, YeM 3a STC X0/I0B (M 3a TaKoe 9UHCJIO XOJOB €ro JIeHCTBUTEIHHO
HOJIY YU Th MOYKHO).

it HegéTHOTO N

n—1
So_2-34 P t et (n4 Dn(n—1)

2 2 6 N 24
KaK TOJIBKO IIOJIYYE€HO COCTOdAHUE 07 3aMETHUM, YTO KazK/iasl U3 tl' MOHET UI'POKa C HOMEPOM ’L MOZXKET ,ZLO6paTbC5{
0 UI'POKa C HOMEPOM 7 KaK M&KCI/IMyM 3a N — i XOJ0B. HOQTOMy TelIepb MblI MO2KEM HaTH MaKCUMAaJIbHOE YIC-
JIO XOJIOB, 3a KOTOPOE 3aKOHUUTCS UI'Pa TOCJe MojydeHus: cocrosaus C, ITO paBHO Z:.L:l t; - (n - z) Ocraoch

N/ on—1 . n+1l .. = n—1 =
Z<z+ 5 )-(n—z): 5 ;z - Z;z + 2-n21
n(n + 1) ~n(n+1)(2n+1) n n*(n—1)  (10n —2)n(n — 1)

4 6 2 24

HaKOHeH, 06Luee KOJIMYECTBO IIaroB paBHO

II0CYUTATh.

(10n —2)n(n —1) N (n+1)n(n—-1) (Aln—1)n(n—1)
24 24 24 '

¢ Tonnko mpumep: 2 6aasa. Tonbko oreHka: 6 6a.4408.

¢ 3aneueH NOJyUHBAPUAHT, JAIOIIUI 9aCcTh ONEHKH (II0Ka He TOJIyI€HO MOHOTOHHOE MHOYKECTBO): 2 6aiAa.

8. ITycmb o — eduncmeeniolli 6eulecmeennvill Kopens mruozourena > — 2> + x — 1. Hasecmno, wmo 1 < o < 2.
Onpedeaum nocaedosamesvrocmv mno204aeno6 {pn ()}, o, npumnas po(r) = u

Put1(@) = (pu(2))* —

npu ecex uesvx n = 0. Ckoavko pasiuuhnr 6€Wecmeennur Koprel y mHo2ousena pio(x)?
OtrBer: 232.

Perrenne. O603ua4u1M J1Ba BEIIIECTBEHHBIX KOPHS TPEXUWIeHa p1 () = &
I) = (—o0o,r], I3 = [r, s], I3 = [s,00), 3a/jaHHbIE STUME KOPHSIMU. 3aMETHM, 9TO

p1(l1) = p1(I3) = [0,00)

2 _a kak r < s. PaccMoTpuM HHTEpBAJIBI

P1 (IQ) = [—Q,O].

Takzke pacCMOTPUM MHOTOYJIEH Pa(x), 0003HAUNM €ro YeThIpe BEIeCTBEHHBIX KOpHA Kak a < b < ¢ < d. Takxke
PaccCMOTPHUM 3HAYEHUsT MHOI'OYJIEHA JIJII COOTBETCTBYIOIINX HHTEPBAJIOB

pQ((_Oova]) :pg([d, OO)) = 0,00)
pQ([av b]) :pQ([ca d]) =|-a,0
p2([b,c]) = [0,042 — oz} .

o 2
BameTunM, UTo MOCIe/HUIT HHTEPBAJI [IPU MIOJCTAHOBKE B p3 lIpeBpaTuTcs B nHTepBad [0; o], Tak Kak (a2 - a) =
a?. DT0 03HAYACT, YTO y MHOTOUJICHA P3 B TouKe & = 0 GyleT KOPeHb BTOPOil KPATHOCTH.



st uarepBasa [, Ha KOTOPOM P, MOHOTOHeH, ecsiu pp () = [0,00), TO 1Jis ppy1 MBI MOXKeM pas3buthb I Ha j1Ba
MOHOTOHHBIX MHTEPBAJIA, OJMH U3 KOTOPBIX oToOpazkaercs Ha [0,00), a apyroii — na [—a«, 0]. Ecau p,(I) = [—a, 0],
MBI MOZKEM CHOBa pas3buthb I Ha JiBa MOHOTOHHBIX HHTepBaJIa, OHH ¢ oTobpazkenneM [—a, 0], a apyroit — [0, a? — a.
Haxonew, ecn p,(I) = [0,0? — o, 1o ero orobpazkenne upnu py41 6yaer B rounocru [—a, 0]. Hamumem st yenosus
CXeMaTUIHO:

[0,00) +— [0,00) + [—a, 0];
[—a, 0] = [, 0] + [0, o? — ol;
0,0 —a] — [~a,0].

Ilepeitném k mopcaéram. Obo3HAYNM depe3 X, KOJMIECTBO MHTEPBAJIOB I B HalleM pas3OHeHUH, IjIsi KOTOPBIX
pn(I) = [0, 00), uepes y, — KOJIMIECTBO HHTEPBAJIOB, JJIsi KOTOPBIX Pp(l) = [—a, 0] u yepes z,, KOJIMIECTBO HHTED-
BaJIOB, 1715t KoTopbix py(I) = [0, 0% — af.

Paccy»k/ienus Bbllle JIal0T HAM COOTHOIIEHUS Tptl = Tn,Yntl = Tn + Yn + 2n U Znt1 = Yn. 1K KaK ] =
2,1 = 2, z1 = 0, MBI IOJIYIUM, 9TO T, = 2 JJjIsI BCeX N = 1, & Y, = Yp—1 + Yn—2 + 2 IpH BceX N = 3. DTO 3a1a8T
yCJIOBUE, OUeHb ToxoxKee Ha uncia Oubonauan, u o WHIYKITUH JOKA3bIBAETCS, 9T0 Yy, = 2F), 10— 2 nipu Bcex n > 1.
Kaxkaprit maETEpBA B HAIlleM pa3OMeHnN COMEPXKUT POBHO OIWH KOPEHB, a KasKIbIil KOPEHBb COAEPIKUTCST POBHO B
JBYX MHTEpBaJIax PasOUeHUsl, IIO3TOMY KOJMYIECTBO KOPHEN P, PaBHO

Tn + Yn + 2n - 2+(2Fn+2_2)+(2Fn+1_2)
2 N 2

:Fn+3_1

npu Beex n > 2. 3HAUNT, KOJIMIECTBO KOpHEil pio(x) paBno Fiz — 1 = 232.
¢ Ues pasbueHust Ha IPOMEXKYTKH, 0TOOPaskeHUsI KOTOPBIX JAl0T TPU WHTEPBAJa U3 PEIleHus: 2 6a.aa.

¢ Tosbko ommbKa B nojcuérax: duipa ne boaee 4 6ann06.

9. IIycmv ABCDE — npasuasvhoii namuyzorohuk. Towku P u Q aescam na cmoponaxr BC u CD coomeem-
cmeenno mak, wmo ZAPQ = 90° u ZPAQ = 36°. Hatidume 2padycryro mepy yera QED.

OrBer: 18°.

Perrenne. Ilycre AP nepecekaer BD B Touke X, a npsmast C X nepecekaer orpe3ok AB B Touke Y. Tak xak
/XAQ = /X DQ = 36°, to gerbipexyroabuunk AX QD snucannbiit. Torma /PXQ = ZQDA = 72°. [lostomy
/PXQ + ZPCQ = 180°. To ecrb, gernipexyronbank X PCQ Boucanubiii u /X PQ = ZXCQ = 90°. Torma
/BCX = /XCA = 18°. Bonee toro, /BXY = /BY X = 54°. Tpeyrombauku BXC u AY C mogobHbBI 110 IBYM
yroam. Tornma AY/BX = AC/BC. C npyroii cropoubl, ZABX = LZACQ, LBAX = ZCAQ u TpeyrojbHUKI
BAX u CAQ roxe nomobusl no asym yriaam. Torma CQ/BX = AC/AB = AC/BC. Caenosarensuo AY = CQ
u BY = DQ@. 9710 oznauaer, uro Tpeyrojbauku Y BC u QDE paBHbl 10 yriiy u aByM ctopoHam u ZQED =
ZYCB = 18°.

¢ OrBer npesicTaBieH B BUAe apKQYHKIMH, BCE OCTAJIbHOE BEPHO: 6 0GA4086.

10. Cywecmsyrom au epap G, 6ce cmeneru 6EPWUH KOMOPO2O YEMHDVL, U HAGMYPAALHOE YUCAO T MAKUE, YN0 0Nl
MObbIT I6YT (HE 00A3AMENBHO PASAUNHIIT) GEPUWUH U, V CYUWECMEYEM HEUEMHOE HUCAO Cnocobos Jotmu U3 U 6 v
poeho 3a n waz06? (Ilpu «doxodes MoAHCHO NPOTOOUMB NO BEPULUHE UAU PEOPY HECKOALKO Pa3.)

OTBer: Her.

Petmenne. Yepes N(v) Gyaem o603HAYATH MHOKECTBO BCEX BEPINUH, CMEXKHBIX ¢ v. O6osHaunm depes fp,(u,v)
KOJTMIECTBO JIOXOJIOB JIJTMHBI 7, HATHHAIOIINXCS B U U KOHIAIOMUXCA B V. Bee pasencmea OyayT 03HAYATH CDABHEHUST
110 MOJLYJIIO 2.

BadukcupyeM BEPIIMHY ¥ U PACCMOTPUM JIOXOJIBI JJIMHBI d, Beaylue u3 v B v. Ha smux joxomax cyiecTByer
MHBOJIIONNAST — Pa3BOPOT J0XOJa 3aJ0M Hamepén. Bee moxompl pasbuBaioTcs Ha Iapbl, KPOME TeX, KOTOPbIE Iepe-
XOIAT camu B cebst. 3uaquut, fy(v,v) CPABHUMO € KOJUYECTBOM HENOJBUKHBIX TOYEK WHBOJIOIMU, KOTOPBIE MbI
Ha30BEM 2-dozodamu. 1o mpeanonokennio, KoandectBo B(v) TaKux 2-10X0/I0B HEUYETHO; B YACTHOCTH, OHU €CTh.

2-JI0X0J1, 3AKJII0YAETCS B JIOXOJIe JUIMHBL d /2 U3 ¥ B KAKyI0-TO BEPIINHY U, IIPONHIEHHOM MIOC/IEJ0BATEIBHO B JIBYX
HAIPABJICHAAX; B JACTHOCTH, MBI y2Ke HOHEMaeM, 9To d 1érno. Utak, B(v) = 3, f4/2(v, u). Ho Bee moxompr aymet
d /2, BBIXOISIIIUE U3 U, pA30MBAIOTCS HA IPYIIIBI JIOXO/I0B, OTJIMIAIONIUXCS JIUIIb TOCJIEJHIM PEOPOM, U B KaXKJION
rpyIie 9ucIo J0X0J0B 496THO (160 Bee crenenu uérHbl). 3Hauut, 1 N (v) 4ETHO — IIPOTUBOpPEYUE.

¢ Jlokazamo, ITO IUCJIO 2-TOXO/I0B U3 JTIO00H BEPITUHBI HEIETHO: 4 O6A.AAG.
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Yerséproiit Typ 04.12.2022. Tperbs aura, 6ou 3a 5—6 mecTa, pelieHus U yKa3aHus JIJs >KIOPU.

¢ Orenka B 6 6a/IJTOB B KPUTEPHUAX O3HATAECT OTCYTCTBUE PEIIEHUsI, €CJIM SIBHO He OTOBOPEHO OOpAaTHOE.

¢ Hepas6op ciydaes B KJIaCCHYECKON MeOMETPUU IPU YCIOBUHU, YTO XOTd ObI OJMH CYIIECTBEHHLIA ciydail paso-
Opan — jpIpa He 6osiee 4 basioB, eciu obpaTHoe He oropopeno. dror Kpurepuit HE OTHOCUTCA k 3amagam 1o
KOMOMHATOPHOI reOMEeTPUU M MeOMETPUIECKIM HEPABEHCTBAM.

Konkypc kanuranos. IIpo Bemecrsennbie uncia a,b,c > 0 uzBectHo, uro ab — ¢ = 5 u abc = 50. Yemy
MoxKeT 6bITh paBHO ab/c? Haiijure Bce BapuaHThI.
OrTBer. % n 2.

. Jan xoneunuli Habop namypasvhor wucea A = {ai,as,...,a,} . Hzsecmuo, wmo cyuecmsyem MHOHCECTNEO
1 7 A 1,42, y Un n s

uean yucen B maxoe, wmo arboe Hamypasvroe wucao k moocHo eduncmeennvim 0bpasom npedcmasums 6 eude
k=a+0b|aec Abe B. [oxarcume, wmo cyuecmsyem mmosxcecmso yeavix wuces C makoe, wmo aoboe ueaoe
wucao k mootcno edurcmeennvim 06pasom npedcmasums 6 éude k =a+cla € A,c e C.

Pemtenne. Boibepem npoussoibaoe N, 6ombiinee Beex yucen u3 A. g muoxkects X u Y depes X +Y oboznaunm
muoxkecTBo { +y |z € X,y € Y}.

JList KaXKI0r0 HATypasibHOrO k PacCMOTPUM MHOXKECTBO Bj — MUHMMAaJbHOE MOAMHOXKECTBO B Takoe, 4TO
[1,k] C A+ By. OueBunno, 9ro B By, BCe sj1eMenThl Menbiie k, Troryma B A+ By Bce He 6oubiie k + N. Pacemorpum
Dy ={1<i< N |k+i€ A+ By}. Pacemorpum k = (N +1),2(N +1),..., 2V "1 +1)(N +1). Tak xax D; moxer
npuHrMaTh Junb 2 71 BosMozkHOe 3nauenHne, To 10 npuHnuny Jupuxie Haiiayres k > [, mis KoTopbix Dy, = Dj.

Pacemorpum Cy = By, \ B;. Tak kak [ > N, 1o By \ B} MOXKeT COCTOSITH TOJIBKO HOJIOKUTEJIbHBIX 9JIEMEHTOB.
Torna

A+Cy = (A+Co)NN = ((A+Bp)\(A+B))NN = ([1, k]U(k+ D)\ ([1, JU(I+Dy)) = [14+1, k]JU(k+ D)\ (I+Dy).

ITpu sToM KaxK bl ssement u3 A + Cy npejcTaBisieTcst POBHO OJHUM criocoboM B Bujie a + ¢ | a € A, ¢ € Cy.
Takum obpasom, ecit Co = {c1,...,Cn}, T0 B Kadecre C' nocrarouno B3are C' = {(k — )z + ¢, | © € Z}.

2. Ana nuwem wucaa 1,2, ...,100 6 xaemxu mabauys 10 X 10, xasrcdoe wucao no o0nomy pasy, 6 npoussoabHOM
nopadke. 3a 00un xod Bops svibupaem cmpoky uiu cmoabey, u npocum AHo ynopadouums “ucaa: no 803PacMaHUN0
CAEBA HAMPABO 6 CMPOKGT U MO 803PACTNAHUIO C8epxY 6HuU3 6 cmoabuazx. IIpu smom Bopa mabauuyy ne sudum.
Yepes 11 x£0dos on doadicen yraszamo Kiemky, Ha Komopol 6ydem nanucaro wucao om 30 do 71 (sxarouumenrvho).
Cmootcem au Bops 2aparmuposarto nobedumsv, xak 0bt HU PACCMABAANL Yucsa AHa?

OTBeT: 18, MOXKET.

Pemntenne. Hazoém cTo101b1 C1eBa HAIIPaBo OYKBaMu a, b, . .., J, & CTPOKH CBEPXY BHU3 MIPOHYyMEpPYEM UNC/IaMU
1, 2, ..., 10. Yoopsiounm cHadaJa 9UCa BO BCEX CTPOUYKAX, a MOCJETHUM IIANOM YIIOPSIOYUM YHUCIA B CTOJIOIE
e. ITokaxkem, 4TO 4MC/IO U3 KJIETKHA €6 HAM IIOJXOJINT.

Bo-niepBbix, gomyctuM, 910 0HO OKazasiock 6osbiie 71. Torga guciia B kiterkax €7, €8, €9, €10 Toxe 60bIe 71,
¥ BO BCEX CTPOYKAX, B KOTOPBIX CTOstIn ducia €6, ..., el) 1o ymopsgodanBanus CTOI0IA €, eCTh eIle Mo D Tuces,
bosbmux 71. [Momygaem Bo Beeit Tabsurie muauMyM 30 1uces, 6oJbimmx 71, 9ero He MOXKET OBbITh.

Bo-Bropnix, mokaxkem, uro ono He MeHbIne 30. [Ipenmonoxxum mporusHoe. Torma uncia B KiaeTkax el, e2, e3,
ed, eb Ttakxke menblne 30, 1 B KaXKJI0# CTPOKe, Ije CTOoaIu ducia el, e2, ..., €6 0 yHOpsiIOoYnBaHusA CTOJIONA €,
ecTh 110 4 uucya, meubinux 30. Takum obpazom, Bcero auces, MeHbIux 30, x0T ObI 30, 9TO OIATH K€ HEBO3MOYXKHO.

3. Jlaa mamypasvhozo wucaa m 0603natum wepes ©(m) KoAuNECmEo HAMYPAALHOIT HUCEA, HE NPEEOCTOOAULUL
M U 63GUMHO NPOCIVLT € M, 4 “epe3 o(m) cymmy Hamyparvrox deaumenet wucaa m. Hatidume ece uémmoie
namypaavhvie n, daa xomopux n’a(n) — 2 deaumea na p(n).

Oreet: 2, 4, 6, 22, 382.
IIpe/IIIo/IoKIM, ITO ¥ 7 €CTh HPOCTO HeUSTHBIH jeanTens p, upuaém n - p* mpu k > 2. Torma

ple(ph) e = plnPom) —2=p|2,

YTO HEBO3MOXKHO. JIOIYCTIM, YTO N He SIBJISIETCSI CTEIeHbI0 IBOMKN. B 2F |nupu k > 2, ron = 25p1 .. Py s
PABIUIHBIX TPOCTBIX P1, - - - , P, TPpHIeM m > 1. Oymxmusa Ditnepa Berancisercs kak p(n) = 28717, (p; — 1).
O6osHaunM uepes va(t) crenenb BxoxkaeHus 2 B uucio t. Torma

va(p(n)) 2 k—1+m=21+1=2,



TaK Kak BCe p; HEISTHBI. DTO 3HAUNT, uTO 4 | n®0(n) — 2, 9T0 HEBOZMOKHO.
Taxkum 06pa3om, eciiu 1 — He CTeleHb JBOMKHU, TO 1 = 2p1 ... Dpy. Eciaum m > 2, ousarh XKe B CUILy HEYETHOCTH
BCEX p; UMeeM

va(ip(n)) = m > 2,

9TO ONSATH BEIET K MPOTHBOPEUUIO.
Urak, eciiu n— He cTeneHb JIBONKH, TO n = 2p I HEKOTOPOIO HEYETHOrO IPOCTOrO p, U Torjga o(n) =
1+2+p+2p =3p—+ 3. Torna yciioBrue MOXKHO IEPENUCATH KaK

p—1]32°3p+3) -2,

u nosb3ysick p = 1 (mod p — 1) mosyuaem, uro p — 1 | 190. Ilpu stom 190 = 2519, u p — 1 — yérHoe, 3HAUUT
MoryT mogoiTu p = 3,11,191. OHu aeficTBUTEIBHO BCE MOAXOIST, 9TO HaéT oTBeThl . = 6, n = 22, n = 382.

Haxonen, pas6epém ciyuait, korga n = 28, k > 1. Jlns takoro n cymma gemareneii o(n) =1 +2 4 ... + 2
2k+1_1. Honcrapiss B ycaosue, nomyaaen 2871 | 257 (2801 — 1) -2 Ecmm k > 3,281 =0 (mod 4),2°% (2841 —1)—
2 =2 (mod 4), nporusopeune. Onako, k = 1,2 MOAXOAUT, YTO TAKKe JaéT OTBEThI N = 2 u n = 4.

k:

¢ Jokaszano, 4ro n ne geiurcs ma p¥, rae p weuérno, k > 2: 2 6aana.
¢ okaszano, aro n = 2p win n = 2F: 4 6asa, ue CYMMUPYIOTCS C IMTPEIBITYIITUMH.

4 He pasobpan xoTst Ob OJIUH CYIIECTBEHHBI cirydaii (HapuMep, KaKoi-To U3 JByX B HPEIBIAYIIEM KPUTEPUN):
ne boaee 6 6a.1008.

4. B mpeyzoavhuxe ABC' buccexmpuca yeaa A nepecexaem 6HEENUCAHNYIO OKPYHCHOCTD (KACAIOULYIOCA CINOPOHDL
BC) 6 moukax D u E maxuzx, wmo D aesrcum wa ompesxe AE. Joxasicume, wmo

AD  B(C?
— < —.
AE ~ DE?

Pemenue. [lycThb nannast BHEBIUCAHHAST OKPYKHOCTE KacaeTcst AB B touke X. B cuity mojobust TpeyrobHUKOB

ADX u AXE,

AD AD AX AX 2

AE ~ AX AE ~ AE?®
IIO9TOMY JIOCTATOYHO JIOKA3aTh, UTO 45 < % rje p — nojynepumerp Tpeyrojabanka ABC, r, — pajuyc BHEBIIU-
cannoit okpyxkuoctu, a = BC. Ho a- AE > a - (AH + 2r,) = ahg + 2arg > 2prg <= ah, > 2(p — a)rqy The H —
npoeknust A Ha BC. Ilociennee BepHO, TaK Kak 00a BBIPpAXKEHUsT PaBHBI yaBoeHHOI tomatu ABC.

5. Ha naockocmu napucosans, nepecexarowueca mpeyzosvhuk T u kpye ). oxaorcume, umo naowads nepeceve-

T Q
HUA HE npesocrodum 3(3) + 8(2)

Pemenne. Jlemma. Ilycte & — nenrpasbio cummerpudnasi dburypa sayTpu Tpeyrosabuuka 1. Torpa S(P) <
25(1).

Joxazamesvcmaeo aemmor. Obozuadanm Tpeyroabuuk T uepes ABC v nycts DEF — cepeIMHHBIH TPEyTOTLHUK.
Pazbepem nBa ciayuas: nentp cumMerpun ¢purypsl P jgexxut B Tpeyronbuuke DEF'; neatp cumMerpun dburypol
JIEXKUT B OJIHOM U3 TPEYTOJIbHUKOB, IPUMBIKAIONINX K BEPIITUHAM.

B nepBomM citydgae MOYKHO CIUTATh, 9TO P MEHTPATBLHO CUMMETPHIHBIN MIECTUYTOJBHUK MO JIBE BEPITHHBI KOTO-
pOro JexkaT Ha KaxKJ0il u3 cropon tpeyrosibauka 1. Torma T\ ® — s1o Tpu Tpeyronbauka, moaobusx 1. Cymma
ux ko3(duIenTos noxo6uii a, b u ¢ pasna 1. Torsa ornomenne S(®)/S(T) =1—a? — b — 2 < 2.

Bo sropom cityuae ® sexkur HyTpH Iapasuesorpamma, ckaxem ADEF u S(®)/S(T) < 3.

[Tepeiiiém K pernreHUO 3aa4N.

[Tycts T — TpeyroibHUK, () — KpyT, Yepe3 T’ 0603HAYUM TPEYTOJILHUK CAMMETPUYIHBIH T OTHOCUTEIBHO IIEHTPA,
kpyra ). Yepes X Gysem obosnauars gononnenue muoxecrsa X . Torua nepasencrso S(T'NQ) < 25(T) + 35(Q)
PaBHOCHJIBHO HEPABEHCTBY

S(TNT'NQ)+S(TNT' NQ) < S(T)+%(S(QﬂTﬂT’)+2S(QﬂTﬂ?)+S(QﬂTmW)),

1
3
YTO PABHOCHJIBHO

1 1 _
§S(TOT’OQ)< S(T)+§S(QQTHT’),

Lo =

YTO PaBHOCHUJIBHO

S(TNT'NQ) K =S(T)+SOQNTNT).

Wl o



Ocranocs zameruts, uro T NT' N Q C T — nenTpaJbHO CHMMETpUIHAasA (PUTypA.
PaBencTBo mocTuraercs TOJNLKO B CiIydae MPaBUILHOIO TPEYTOAbLHUKA U €I0 BIUCAHHOIO KPyTra!

¢ oxazaHa jeMMa; 4 6aina.

¢ JlemMa He gokaszana: we boaee 6 6aar06 3a 3a1a9dy.

6. Jloxasicume, wmo cywecmeyem 0eckonewHo MHO20 HAMYPLALHHIT YUCes k Maxux, wmo wucio k* moocno npeo-
cmasums 6 sude CymMmol KYyoos d8Yxr HAMYPANOHHLT YUCEN.

Pemenue. Bosbmenm k = 3z +1, Torma k* = (32 +1)3% (324 1) = 32(3z+1)3% + (32 +1)3%. Ocrasocs mopoGpars
Z Tak, 9To0bl 3T TOXKe ObLIO KyOOM.

7. Jlano neuwémmoe namypasvroe n. 36 CMoAOM CUOAM N YEAOBEK, USHAYAALHO Y Ka2HCD020 U3 HUT N0 T MOHEM.
Pas 6 munymy npoussosvHbim 00pa30M SulOUPAIOMCA 068G HEA0BEKA, U MOM, Y K020 MOHEM MEHDWE, 0MAaém 0ony
MOHEMY MOMY, Y K020 moHem boavwe. Ecau y 6ubpannvir 4100et MOHEm NoposHy, mo mom, xmo omadaém dpyzomy
Mmonemy, evbupaemcs cayuatino. Ilpoyecc zaxanvwusaemcs, k020a 6CE MOHEMBL COOEPYMCA Y 00H020 YENOBEKG.
Kaxoe nauboavuiee 4uca0 MUHYmM MOHCEM NPOJOAHCAMBCA IMOMm npoyecc?

11ln—1)n(n—1
OrsBer: %.

Permenune. [Iponymepyem mrozeit mo Bo3pacTanuio kKoandecTsa MoHeT. O603HauNM depes3 t; KOTUIECTBO MOHET Y
. N 2 .
i-ro desoBeka. Beném mosyunsapuant S = Y " | (t; —n)”, KOTOpEIi Gy1eM Ha3bIBaTL omkAoneruem. JTokaxeM,
YTO 9TOT IMOJYUHBAPUAHT BCET/IA YBEJIMIUBACTCS, 8 UMEHHO IIPU BBIOODE JIIofeil ¢ Homepamu ¢ < J:

(ti—1—n)l+t+1-n)=(t;—n)2+t;—n)+2-(t; —t;) + 2.

Takum 06pa3oM, yBendeHne IPOUCXOIUT Ha 2 - (t; — ¢;) + 2, 9TO He MeHbIIe IBYX.

BysieM Ha3bIBATL COCTOSIHEE ITPOIECCA MONOMONHDLM, €CIIH TIPH BeeX 1 7# j npu ycaosun 0 < t;,t; BBIIOIHEHO
t; # t;. Ilycts C'— MOHOTOHHOE COCTOSIHIE C MUHIMAJIbHBIM 3HadeHneM S (Gy1eM Ha3bIBATH €ro S¢). 3aMeTHM, 9TO
BCE MOHOTOHHBIE COCTOSTHUST MOYKHO TTOJIYIUTD 3 C', U TIPU TAKOM CIIOCOHE KOJMIECTBO XOJIOB OYIeT MaKCUMAJTLHBIM.
[Ipu stom camo C' MOXKHO TOAYYUTH HE OoOJiee, €M 3a STC X0JI0B (M 3a TAKOe YUCJIO XOJIOB €ero JefCTBUTEIHHO
HOJIY YU Th MOXKHO).

it He9éTHOTO N
n—1
Sc 235 "t en (n4Dn(n—1)

2 2 6 24
Kak Tosibko mostyuero cocrosinue C') 3aMeTUM, ITO KaxKasi U3 t; MOHET UTPOKa ¢ HOMEPOM i MOYKET J100paThCst
JIO UTPOKA ¢ HOMEPOM N KaK MaKCUMyM 3a N — ¢ XOJIOB. [lo3TOMy Temnepb Mbl MOXKEM HaNUTH MaKCUMaJbHOE YHC-
JIO XOJIOB, 3a KOTOPO€ 3aKOHUMUTCsSI UI'Pa TOCJe Mojydenus: cocrosstaus C, ITO paBHO Z?:l t; - (n — 4). Ocrasnoch
OCYUTATD:

> (145 ) 0= () - (D) + (Mg e
i=1 i=1 i=1 i=1
_ n(n + 1)? ~n(n+1)(2n+1) N n?(n—1) (10n —2)n(n —1)

4 6 2 24
Haxkowerr, obiriee KOJIM4ecTBO MIANOB PABHO

(10n —2)n(n —1) N (n+1)n(n—-1) (11ln—1)n(n — 1).

24 24 24

¢ Tonbko npumep: 2 6aasa. Tonbko onenka: 6 6a.a408.

4 3amMeueH [OJYMHBAPUAHT, JAIONIUIT YACTh OIEHKH (IIOKa HE MOJIy9YeHO MOHOTOHHOE MHOXKECTBO): 2 6aana.

8. ITycmv o — eduncmeeniolli 6eulecmeennvili Kopens mruozovrena > — 2> + x — 1. Hasecmno, wmo 1 < o < 2.
Onpedeaum nocaedosamervrocmv mno204aenos {pn ()}, g, npumnas po(r) = u
_ 2
Pry1(z) = (pn(2))” — a

npu ecex uesvx n = 0. Ckoavko pasiuunnr 6€Wecmeennur Koprel y mHo2ousena pio(x)?
OrBer: 232.

Petenne. O603Ha4nM JiBa BEIECTBEHHBIX KOPHS TPExwieHa p1(x) = &
I = (—oo,r|, Iy = [r, 8], I3 = [s,00), 3alaHHbIE STUMU KOPHIMH. 3aMETHM, ITO

p1 () = p1 (I3) = [0, 00)

2 _a kak r < s. PaccMoTpuM nHTEpBAIIBI



P1 (12) = [—OZ,O].

Takke paccMOTPUM MHOTOUJIEH po (), 0DO3HAYMM €ro YeThIpe BeIIeCTBEHHBIX KOpHS Kak a < b < ¢ < d. Taxxke
pPacCMOTPUM 3HAYEHUS MHOTOYJIEHA JJIsi COOTBETCTBYIONINX WHTEPBAJIOB

p2((—00,a]) = pa([d, 00)) = [0, 00)
p2([a, b]) = pa([c, d]) = [~ 0]
p2([b, c]) = [0 o? — oz} .

3ameTnM, 4To MOCIIe/HUIT HHTEePBAJI [IPU [IOJCTAHOBKE B p3 IIpeBpaTuTcs B uHTepBad [0; o], Tak Kak (a2 — a)2 =
a?. DT0 03HAYACT, YTO y MHOTOYJICHA P3 B TouKe & = 0 Gy/eT KOpeHb BTOPOil KPATHOCTH.

st maTepBasia I, Ha KOTOPOM P, MOHOTOHEH, eciu pp(l) = [0,00), TO 1Ist ppy1 MBI MOXKeM pas3buthb I Ha 1Ba
MOHOTOHHBIX HHTEPBAJIA, OJMH U3 KOTOPBIX oToOpazkaercst Ha [0, 00), a apyroit — ua [—«, 0]. Eciu p,(I) = [—a, 0],
MBI MOYKEM CHOBa pa3buTh I Ha JiBa MOHOTOHHBIX HHTEPBAJIA, OJUH ¢ 0TOOpazkeHueM [—a, 0], a npyroii — [(), a? — 04] .
Haxkowner, eciu py, (1) = [O, a? — a] , TO €10 0TOOparKeHue IPHU P41 OyzeT B Tounoctu [—a, 0]. Hamuimem stu yeioBus
CXEeMaTHYIHO:

[07 OO) = [0’ OO) + [_aa 0];
[—a, 0] = [—a,0] + [0,0® — al;
0,0% — a] = [~a,0].

[lepeitném K momcuéram. OGo3HAUMM Yepes T, KOJIMIECTBO MHTEpBajoB I B HalleM pa3OueHUH, JJisi KOTOPBIX
pr(I) = [0,00), uepes ¥y, — KOJIUIECTBO UHTEPBAJIOB, JIJIsi KOTOPBIX P, (I) = [—a, 0] u yepes z, KOJIMIECTBO UHTED-
BAJIOB, JIJIsSI KOTOPBIX Py (I) = [O, a? — a].

PaccyKienust Bbillle JIAI0OT HAM COOTHOIIEHUSI Tpi1 = Ty, Yntl = Tn + Yn + 2n U Zpy1 = Ypn. Tax Kak o1 =
2,91 = 2, z1 = 0, MBI TOJIyYIUM, 9TO Ly = 2 JJIst BCeX 1 = 1, & Yy, = Yn—1 + Yn—2 + 2 1pu Bcex n > 3. ITO 387028
yCJIOBUE, OUeHb ToXOKee Ha Jucia QuboHATYN, U 110 UHIYKIUH JOKA3BIBAETCs, ITO Yy = 2F), 1o —2 nipu Bcex n > 1.
Kazkaplit mHTEpBaJ B HalleM pasOueHUn COJEPYKUT POBHO OJUH KOPEHb, a KayK/blii KOPEHb COJEPXKUTCS POBHO B
JIBYX MHTEpBajax pasOMeHus, MO3TOMY KOJUIECTBO KOPHEH P, PABHO

Ty, + Yn + 2n _ 2+(2Fn+2_2)+(2Fn+1_2)
2 2

:F‘n+3_1

pu Beex n > 2. 3HAYNT, KOJIMIeCTBO KopHeil pio(x) pasuo Fiz — 1 = 232.
¢ Unes pa3buenust Ha TPOMEXKYTKH, OTOOPaXKEHUsI KOTOPBIX JIAIOT TPU UHTEPBAJIA U3 PEIleHus: 2 0aAAa.

¢ Tosbko ommbKa B mojcuérax: duipa He boaee 4 6a.nn06.

9. I[lyemv ABCDE — namuyzosvruk, enucanuuiti 6 oxpyscrnocms . Ilpamasn, napaasesvras ompesxy BC,
nepecexaem ompesxu AB u AC ¢ mouxax S u T coomeemcemeenno. Ilyecmv X — mouka nepecewenus npamuls
BE u DS, a Y — mouxa nepeceuenun npamwr CE u DT. Jloxascume, wmo ecau npaman AD aeasemcs xaca-
meavrotl K onucannot okpyoicrnocmu mpeyeoavnuka DXY , mo npaman AE asasemca Kacamesvrnot x onucanmot
oxpyosrcrocmu mpeyzosvruke EXY .

Pemtenne. IIpemamonoxxum, aro DS, DT nepecekatorca ¢ {2 B Toukax P, Q u BQ N CP = R. Ilpumennm
teopemy [lackans mis mecruyronbanka PDQBAC. Tlonyuum, aro Toukun S, T u R jiexkaT Ha OJHON TIPSIMOI.
Teneps npumenum Teopemy Ilackans st mecruyroiabauka PDQBEC. TlonyanMm, aro Touku X, Y u R jexar Ha
omuoit npsimoit. Torma XY N ST = R.

Taxk kak AD siBjisiercsl KacaTeJbHON K OIMUCAHHONW OKPYKHOCTH TpeyrojbHuKa DXY' | MoayduM HEernovuKy pa-
serncrs: Z(TC,CR) = L(AC,CP) = L(AD,DP) = Z(AD,DX) = Z(DY,YX) = Z(TY,Y R). CrnenosarenbHo,
roukn C, R, Y, T snexar na ojnoit okpyzxkuocru. Torna Z(XY,YE) = Z(RY,YC) = Z(RT,TC) = £(BC,CA) =
Z(BE,FA) = /(XE,EA), nosromy AE siBiisieTcst KacaTeJbHOI K OIMICAHHON OKPYKHOCTH TpeyrojbHuKa FXY
9T0 U TPebOBAIOCH.

¢ Teopewmoit [Tackassa npu BepHO# DOPMYIHPOBKE MOJL30BATHCI MOXKHO €3 T0Ka3aTeTbCTBRA.

10. Jlano namypasvhoe wucao k = 2. Hatidume naumenvuiee HaMypasbHoe “ucAo N MaKoe, 4mo 