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

Bropoii Typ 01.12.2022. TpeTbsa jura, penieHuss U yKa3aHusd AJs >KIOPH.

¢ Orenka B 6 0a/JIOB B KPUTEPHUAX O3HAMACT OTCYTCTBUE PEIICHUSI, €CJIM SIBHO HE OTOBOPEHO OOpATHOE.

¢ Hepasbop cimydaes B KIacCHIeCKO T€OMETPUH TIPU YCJIOBUH, ITO XOTsI ObI OIUH CYIIECTBEHHBIH CIydail pazoopan
— Jabipa He Gosiee 4 GasioB, ecsim obparnoe He oropopeno. drtor kpurepuit HE OTHOCUTCH x 3anauam 1o
KOMOWHATOPHOW M€OMETPUH U MeOMETPUICCKUM HEPABEHCTBAM.

Konkypc kanmuramoB. 19 BeabM, Bce pa3HOIo pocTa, BCTaJm 10 Kpyry. Kazkmas ckasaja, 9T0 OHa JTHOO BBIIIIE
oboux coceneil, mub0O HUke 0O60UX cocefieit, OO BbINIE OJIHOIO COCEMa, HO HUXKe JApyroro. Bce BembMbl, KaK HU
CTPaHHO, TOBOPSAT MPaBLy. POBHO Tpu BeIbMBbI CKa3aJid, 9TO OHH BbIIIe 0b60oux coceeii. CKOMBbKO BeIbM CKa3aJlH,
YTO OHM BBIIIE OJHOI'O COCEla, HO HUXKE JIPyroro?

OTser. 13.

1. Mnooicecmeo movex 6ydem Ha3vieamv UeHMPasbHO-CUMMEMPULHDIM, ECAU CYWECTNEYEM, TOYKA, TPU CUMMEM-
PUU OMHOCUMEALHO KOMOPOT MHONHCECTNBO NEPEXodUm camo 6 ceba. Jlan 8unykivit MHO202PAHHUK, 6CE 0PMO20-
HANDHDIE NPOEKUUU KOTNOPO20 ABAAOMCA UEHMPANLHO-CUMMEMPULHOIMU. Llokadicume, wmo cam MHO202DAHHUK
MaKIHCe YEHMPANLHO-CUMMEMPULHBLT.

Pemtenne. O6o3HaunmM Hain MHOTOrpaHHUK depe3 7. Ilycrs PQ — muamerp 7, M — cepeauna PQ). Ilpenmoiio-
KUM, 9T0 M He SABISETCS MEHTPOM CUMMETpPUH MHOrorpanuuka 7. Ilycts X — To4ka Ha rpanmie 7, a Y — BTOpoe
nepecedenne X M c rpanuneit 7. He ymagss obiiaocTr, Mol Oyiaem cantatb, yro X M > MY . Paccmorpum rpassb,
COZIEPIKAIYIO TOUKY Y U IIPOBEJEM B 3TOi rpanm npsmyio £, nepruesaukynspuyio PQ. ITycrs mmockocts o mep-
nenukyagpaa £. CipoenupyeM T Ha II0CKOCTh . OGpasbl Ipu Takoil IIpoeKIuu 0603HAYUM INTPUXaMU. Tak Kak
¢ 1 PQ, o P'Q' = PQ. Torna M’ (a ona sisnsiercs cepenunoii P'Q’) — uentp cuvmerpun 7. C 1pyroit cTopoHbr,
Y’ nexxut Ha rpanune 7', a Bor X’ Morya nonacts u BHyTph. Torma, ecim Y/ M’ Bropuuno nepecekaer 71 B Touke
Z, 0 Y'M' < M'X' < MZ. llporusopeune.

¢ oxazaHo, UTO IIEHTP CUMMETDPUHU ILJIOCKOW (PUTYpBI JIEXKHUT Ha guamerpe: 2 baana. Eciau, HA0OOpPOT, 3a1a49a
peleHa o MOJIYJII0 9TOTro (hakTa: dupa 6 4 basna.

2. Ilycmob ay, ag, ..., ap —nepecmanoska wucea 1, 2, ..., p, 2de p > 2 —npocmoe wucao. Moocem su oxa-
3aMBCA, WMO YUCAG A1, 202, 303, ..., PAp, NEPECTNABACHHIIE 6 HEKOMOPOM NopAdKe, 006pasyom apupmemuieckyro
npoepeccuto?

OrBer: Her, He moxker.

Pemenne. Iloiiném or nporusnoro. omycTuMm, 9To pa, # p?. Torna y HAC €CTh POBHO 2 YHC/IA, JIG/SAIAXCS HA
p. Tak Kax He Bce YMC/IA JICJIATCS HA P, TO PA3HOCTh d apudMeTUIeCcKoil mporpeccun He Jjienurcs Ha p. Ho Torma
JIEHBI, JIEJIAIINECs HA P, TOBTOPSIOTCH Yepe3 P MO3UIUM, U JBa TAKUX UUC/IA CPEIU P UUCeJ ObITH HE MOYKET.

3Hauut, pa, = p?. Torma d > p? — (p—1)% = 2p— 1, m HAMMEHDLIHIT YJIEH MOCTEOBATEIHHOCTH HEe MPEBOCXOIUT
pP—(@2p—1)-(p—1) <O0mpup>3.
¢ Kaxxpiit u3 aByx ciydaes: 4 ba.ana.

3. Ha naockocmu danwv, 10 mouer, HUKAKUE MPU U3 KOMOPYIT He Aedcam Ha 00noll npamoti. Kascdas napa mo-
YeKx CoeOUHENA KPACHBILM UL cunum ompeskom. Cpedu smux 10 movek nawsacy mouka A, uz xomopot evrodum
HEUEMHOE KOAUMECTNEO KPACHDIT OMPE3K06, G U3 6CET OCMANDHULT MOoYEK, Kpome A, 6vixodum passudHoe Koau-
YECMEO KPACHBIL ompedkos. demy mooicem Obimb Pa6HO KOAUMECTNEO KPACHBIL MPEY20NDHUKOE C SEPUUNHAMU G
dannwvir 10 moukax?

OtBer: 30.

Pemntenne. Ilycts N — To4YKa ¢ HEI€THBIM KOJIMIECTBOM OTPE3KOB, B1, Ba, ..., Bg —9 ocraBmmxcs Touex. ITycTn
X; — KOJIMYECTBO KPACHBIX 0Tpe3KoB ¢ KoHIOM B; (1 < i < 9). He ymasnsis obmuoctn 0 < 21 < 29 < ... < xg < 9.
HoxkazkeMm, aTo x9 = 9. Ecin xg < 8, To 1 = 0. Ho Torma Todexk ¢ HEYETHBIM KOJUIECTBOM BBIXOMIAIIMX U3 HUX
orpe3kos HeueTHO (N u Bo, By, Bg, Bs).

Taxum obpaszoM, Bg coeinHEHA CO BCEMHU OCTAJBHBIMU 9 TOUKAMK KPACHBIM OTPE3KOM. DTO O3HATAET, UTO &; = 1
st 1 <1< 9. To ectw, By coepunena (najnee 6yjieM CIMTATh TOJIBKO KPaCHbIE OTPE3KH) CO BeeMH, BKJouast N. A
Bj Tonbko ¢ By. Torna Bg coemuuena co Bcemu, KpoMme By, By Tonbko Bg n Bg, u T.1.

[Monyuaem, aro Bee BepruHbl paszbusatorcs Ha MHOxKecTBa A = { N, Bs, Bg, B7, Bs, By} u B = { By, By, B3, By},
JIJIsI KOTOPBIX JIIOOBIE JIBE TOYKU U3 A coeMHEHbI, HUKAKKE JIB€ TOYKU U3 B He COeIMHEHbI, U I KaXKJI0i TOYKU
B; € B BuixoauT B A pOBHO i OTPE3KOB.



[osTomy KosmiecTso Tpeyrosbhuukos pastno Ci + C3 + C3 + CF = 30.

¢ 'pad BoCcCTaHOBIIEH HEBEPHO XOTSI OBI B OJTHOM CJIydae: He boaee 6 6a.an08.

4. Ha cmoae cmoam 54 00unaxosuwr cmaxana, 6 HUT Haiuma 600a. 3a xod modxcHo 6bilbpamv 48 cmaxanos u
NePepacnpedesumsd UMENULYIOCH 68 HUT 600Y MeAHCIY HUMU MaK, 4MobvL 60 8CET IMUL 48 CMAKAHAT CMAAO TLOPOSHY
600vt. IIpu 21060M AU HAYANLHOM PacnpedeseHUult 800bL NO CMAKAHAM MONHCHO 3G HECKOABKO L0008 dobumbCa mozo,
YWMobbL 80 6CET CMAKAHAT CMANO NOPOSHY 600bL?

OTBeT: 1a, Ipu JIOOOM.

Pemtenne. [Ipuseném mpumep, kKax u3 J000ro Habopa Unces MOAyIUTh HAOOp paBHBLIX. BHadase ypaBHsem
Jobbie 48 guces, a 3areM ypaBHsieM 6 dmces, He BHIOPAHHBIX B IEPBLIN pa3, u 42 ocrasiuxcsd. [loaydnm HabOp
(x,z,z, 2,2, 2,9,9,...,Y,y) (6 auces, paBHbIX =, u 48 unces, paBubiX y). Ecin x = y, 1o 3asa4a perrena. [lycrsb
x # y. Jlng ymobeTBa BBIYTEM M3 BCEX UHCEN Y, & 3aTeM TOJeNM BCe YnCaa Ha T — Y. HeTpyaHo MOHATH, 9TO
€CJIN II0CJIE 3TUX OHepaLLI/IfI MBI CMO2KEeM YPpaBHATH BCE YHC/Ia, TO U JJO 3TOI'O MBI TO2KE MOIJIX 9TO CIAE/IaTh. ByﬂeM
oboznadaTh mabop B Bume {a®,b%,...,}, ecin a BeTpedaercs o pas, b BeTpeuaerca 3 pas m Tax jgasnee. Jaree
IPOBEJIEM CJIEIYIOIIUE [TePeTNBAHUST:

o= ()} o () ()} ) ) GR)') -
RORORCRC RS CRCRONR O

5. Buccexmpuca yana B nepasnobedpennozo mpeyzorvrura ABC nepecexaem ompesox AC u onucarHyro oxpyotc-
HOCTL 9M0o20 mpeyzoavhuka 6 moukar P u D coomeememeenno. Touxu K, L, M u N — cepedunv. ompesxos AD,
AP, PC u CD coomsemcmeenno. Huazonaru wemvipexyzorvrura K LM N nepecexaromes 6 mowke O. Jokastcu-
me, 4Mo OKPYHCHOCTU, OnucaHHbvle 0%0a0 mpeyzoronukos BKL, BMN u ONK, umeom obwyro mouxy.

Pemenne. Ilycrs okpyxuoctu (BKL) u (BMN) Bropndno nepecekatorcst B Touke (). 3amernm, ato KL ||
BD || MN. Torna Z(KQ,QN) = L(KQ,QB) + Z(BQ,QN) = Z(KL,LB) + Z(BM,MN) = Z(BD,BL) +
Z(MB,BD) = Z(MB, BL). Hocraro4ro jokaszarb, uro Z(KQ,QN) = Z(KO,ON). 910 5KBUBAJIEHTHO TOMY,
aro Z(MB,BL) = Z(MO,OL), t.e. aro uerbipexyronbuuk BLOM Buucan.

Bamernm, uro Tpeyroiabankn BAP u BDC nonobHbB! 110 AByM yriiaM, a ToUkd L 1 N B HUX COOTBETCTBYIOIIHE.
Suauut, /BLC = ZBNC, orkyna dersipexyroibunk BLNC srnucan. Cienosaresnsno, ZBLN = 180° — ZBCN.
Ananornuno, /ZBMK = 180° — ZBAK. Tlony4yaem Z/BLO+ /ZBMO = (180° — ZBCD)+ (180°— ZBAD) = 180°,

9T0 U TPebOBAIOCH.
¢ Joxaszano, uro BLOM — BOUCaHHBII YeTHIPEXYTOJbHUK: 6 6a.4006.
¢ [lokazano, 4o yerbipexyrosbuuk BLNC — Brnucanubiii: 2 6aaia (He CyMMUDPYETCs C IPEIBILIAYIIIM ).

¢ 3ajaua cBejieHa K J0KA3aTeIbCTBY TOro, Yro BLOM — BnucaHHBIA Ye€THIPEXYTOJIBHUK: 4 OQAAG.

6. Oxpyorcnocms w ¢ yenmpom O npoxodum wepes sepwury C pasrobedpennozo mpeyzosvnura ABC (AB = AC')
u nepecexaem ompesku BC u AC 6 mouxax D u E coomeememeenno. Taxowce w nepecexaem onucartyro 60kpye
mpeyzoronuka AEO oxpyorchocmo € 6 moukaxr F u E. Oxasanoco, ymo O aestcum enympu mpeyeorvruka ABC.
Loxaorcume, wmo uewmp onucarrol oxpysrcrocmu mpeyzorvrurxa BDEF jaescum wa oxpyotchocmu §Q.

Pemrenne. Ilycte DE mnepecekaer w B Touke P. Ilockoabky OF = OFE, to /FAO = ZOAE = ZCAO nu
ZOFA =180° - LAEO = ZOEC = ZOCE = ZOCA. Cnenosarensno, Tpeyroabauku AOF u AOC pasubl (110
asym yruiam u cropore AQ). Tockonbky AB = AC' = AF, 70 A — IeHTp ONUCAHHON OKPY?KHOCTU TPEYrOJbHUKA
BFC. Torma LFAC =2/FBC =2/FBD, /FPD = /FPE = /FAE = /ZFAC = 2/FBD. Tak kak xopabl OF
u OF pagusl, o /ZFPO = /OPE = /DPO, ZOFP = 180°-/PFO = 180°-Z0DFE = ZODP. CnenoBarejibHO,
tpeyrosibiuku POF u POD pasubl 1o nBym yriam u cropoue PO. Urak, PD = PF uw /FPD = 2/FBD, T0
ecTh ToOuka P — 1enTp onucanuoit okpyxkuoctu BDF.

7. Hatdume naumenvwee namypasvroe N, daa komopozo 6 xascdom us 101 unmepsa.nos
[N?, (N + 1)), [(N+1)% (N +2)?),..., [(N +100)%, (N +101)?)

codepotcumes xoms 0v, 00H0 wucao, dessweecs wa 1001.



OtrBer: 485.

Pemntenne. Bo-nepsoix, ormernm, aro upu N > 500 B xakmom unrepsBajie xors 061 1001 mocsemoBaTeibHOE
4pcIIo, mosToMy HamMenbiee N Touno me Gosbme 501. Tenepn 3amerum, aro 5002 = 250000 u 1001 | 250250.
[Tosromy B muTepsase mia n = 500 qucso, mensmeecd ua 1001, posuo Ha 250 mozuruit 60JIbINEe HUXKHEH T'PAHUTIBI.
Ec/ti MBI HAYHEM PACCMATPUBATL MHTEPBAJILI IS MEHBIINX JIEBBIX rpamuil, deM 5002, HuxKHss rpanuia Oyuer
yMenbmmaThea Ha 5002 — 4992 = 999, 4992 — 4982 = 997, 995, 993, ..., B TO BpeMs KaK UHCJIO, JIe/IsIeecs Ha
1001, 6yner ymenbinaTbes kaxk bt pa3 Ha 1001. [losromy nemurens unciaa 1001 Oymer cranoButbed Ha 2, 4, 6, 8
u T.J1. no3uimit 6uizke K JeBoit rpanuiie. [lostomy korma 2+ 4+ 6 + ... + 2k = k(k + 1) craner Gosbrie 250, Hatn
nesinressb yucsa 1001 npeBbIChI JIEBYIO TPAHUILY CJIEJLYIONIET0 HHTEPBAJIA, TO €CTh Mbl OCTABUIN KAKOH-TO HHTEPBAJI
6e3 uncia, gendmierocd na 1001, uro meBozmoxkuo. Hambosbiiee k, mjs KOTOPOrO MPEBLINIEHUsST HE TPOU3OHIET,
paBuoO 15, uTo coorBercrByer N = 500 — k = 485.

¢ Joxaszano, uro npu n > 501 B uHTEpBaJIE [nz, (n+ 1)2) ecThb umcyo, aensieecst Ha 1001: 2 6a.qna.

8. Bydem nasvisamv gynwyuro f: {1,2,...,1001} — Z 1noYTH MHOTOUIEHOM, €CAU CYULLCMEYEM MHOLOUAEH
p(x) = agr?P +. ..+ a1+ ag, 6 Komopom 6ce KoIPHUUUEHML Gy — UEABIE YUCAA, HE NPECOCTOAULUE IO MOOYAI0
201, u pasnocmo | f(x) — p(x)| < 1 daa ecex x € {1,2,...,1001}. Hatidume xKoauuecmeao nowmu MHO20UAEHOS.

Oreer: 31001 .4(03201 _ 91001 | 43200 . 402

Pewenne. [Tycts P — MHOXKECTBO BCEX MOJXO/SIIIX MHOIOYIECHOB, TO €CTh MHOTOUYJIEHOB BUJIA P(T) = a200%
...+ a1x + ap ¢ yciaoBuem a, —1einoe, |a,| < 201. Takxke, mycts A — mHOXKecTBO nap (f,p) dyukuumii f u MHO-
POYJIEHOB P, IJie P — UMEHHO TOT MHOTOYJIEH, U3-3a KOTOpOro f — modru MuorodwieH. IIpejamnonoxkum, 9ro f — mo-
YTH MHOIOYJIEH, JiJIsi KOTOPOI'O HAILIKNCH JIBA MHOIOWIEHa p1,p2 ¢ ycioueM (f,p1), (f,p2) € A. Torma juist Bcex
x € {1,2,...,1001}, rak kax |f(x) — p1(z)| < Lu|f(x) — p2(z)| < 1, goszkHO 6bITH BeIIOIHEHO |p1 () — p2(z)| < 2,
nosromy p1(z) — pa(z) € {—2,—1,0,1,2}. ITo upunnuny Jupuxie, kakoe-ro 3uadenue ¢ € {—2, —1,0, 1,2} npunu-
maeTcst xoTst Ob1 201 pa3, 9To HEBO3MOXKHO JIJIst PA3IMIHBIX HEIOCTOSHHBIX MHOIOYJIEHOB crerieHu He 6osbiie 200.
[TosTomy Jir06bIE J1BA MHOTOYJIEHA, HAXOAIINECS B MIAPE C OJMHAKOBBIMU (DYHKIMSIME, OTIMIAIOTCS Ha KOHCTAHTY
or —2 110 2.

st jaHHOrO movTH MHOrowieHa f IyCThb pg— TOT MHOTO4IEH, jjist koroporo (f,pg) € A ¢ HauMeHbIIUM
3HaYeHneM KOHCTaHTBI. Torja, 1o JOKa3aHHOMY BBIIIE, JPYIMe MHOTOYJIEHBI, KOTOPBIE MOTYT HOAXOIUTH JJIs f,
sto b p(z) = po(z) + 1 u p(z) = po(x) + 2. Bamernm, aro eciu (f,po+2) € A, 1o |f(z) —po(x)] < 1 m
|f(z) — (po(x) +2)| < 1, nosromy Bepro f(z) = po(z) + 1 anst Becex x, u Torna (f,po + 1) € A. Takum obpasom,
BCe TOJIXOISAIINEe MHOTOUIEHBL p ¢ yeaosueM (f,p) € A sro (i) po, (ii) po,po + 1 u (iii) po, po + 1, po + 2.

Tenepb, pacCMOTPUM PA3HOCTH JIBYX CYMM

S=STIf: (p) € A = SCHF: (fp), (Fp+1) € A}

peEP peP

200*_

st dyskun f, noaxosimeit oy ciydaii (1), f mocaurana oJuH pa3 B IEPBOii CyMMe U He OCUYUTAHA HU Pa3y
BO Bropoii. Ecin f nogxoxut noj yesosue (ii), f nmocunrana JBax/ sl B 1epBoii cymme (Kak p = po,po + 1) u ojuu
pa3 Bo BTOpOil cymme (Kak p = pyg). Ecim f mopxomur mog corydaii (iii), oHa mocdnTaHa TPUXK/IBI B IIEPBOii cyMMe
(kaK p = po,po + 1, po + 2) u ABaXKBI BO BTOpoii cymme (Kak p = po, po + 1). [oaToMy KarxKiblii MoYTH MHOTOYJIEH
f MBI mOCUUTAI POBHO OJIMH pa3 B S, ¥ UMEHHO 3TO 3HAYEHWE 110 UTOr'Y U HAJI0 HailTH.

Jns Buramcierns S MOCYATAEM STH JiBe CYMMBI. [lepBasi cumMTaercsl HAIPSMYyIO: JJId JIaHHOTO p € P, Ko-
mmaectBo f ¢ yenosmem (f,p) € A—»sto 31901 Tax kax mocrpoenme dbymkimum f — BoiGop sHadenwit f(xr) €
{p(z)—1,p(x), p(x) +1} aua xkaxmoro x € {1,2,...,1001}, nosromy neppas cymma pasua 31001 P| = 31001.403201,

Beruncsienne BTOpoit cyMMbl 4yTh caoxkuee. st p € P, npu stom p + 1 ¢ P, dbyukius [ He mocunTana Bo
BTOpoit cymme. Ecm p € Pup+1 € P, 1o ects posno 219! ciioco6os Beibpars f ¢ yenosuem (f,p), (f,p+1) € A,
TaK KakK Mbl J0/uKHbL noayuuts f(x) € {p(x),p(z) + 1} maus Beex x. Ho p € P nis koropeix Takxke p+ 1 € P, —
5TO B TOYHOCTH MHOTOYJIEHBI, Y KOTOPBIX KOHCTaHTa He pasHa 201, mosromy ux xommdectso pasuo 403200 . 402, u

21001

BTOpasi CyMMa paBHa - 403290 . 402. TIo uTory oTBeT paBeH PA3HOCTH STUX CyMM.

¢ JlokazaHo, 9TO BCe MHOTOUJIEHBI, COOTBETCTBYIONINE TOYTH MHOTOUJIEHY, OTJIMIAIOTCST Ha KOHCTAHTY: 2 0440,
3aada cBeJleHa K IOJCYETY JBYX CYMM U3 pElIeHus: 6 6a.a406.
9. Cymma 06pAMHBIT BEAUNUH NOLOHCUMENOHBLT YUCEA A, b U ¢ pasna 1. Jlokasxcume HepageHcmso

b+c+a+c b+a> 12
a+bc b+ac c+ab” a+b4+c—1"




Pemenne. 3amernm, ato a,b,c > 1. Torma (a + ¢)?(b — 1) > dac(b — 1), To ecTs,

4dac(b—1
(a+o)b—1) 3 dacb=b _
a+c
Torma a + ¢ > 4_1711/1
a—+c S 4b 4 B 4

b—l—ac/(b—l)(b—l—ac):b—1+ac(1—1/b) a+b+c—1

CkJasipIBasi 3TO U €I1e JIBa AHAJOTUYIHBIX HEPABEHCTBA, IOJIydaeM TpebyeMoe.

¢ Hepasencrsom KBIII st gpoGeii (nepaBencrBo CesnpaksiHa) Ipu yCJIOBUU BEPHON (DOPMYJIUPOBKU MOXKHO
TOJIb30BATHCA O€3 T0Ka3aTeIbCTBA.

10. Hsnauasvrno 6 2n + 1 xaemxy xaemuamoti xoopdunammoti naockocmu nocmasusy no guwxe. Bacs 06664
xaemuamail Keadpam co cmoponoti k. Ecau mpu xaemxu a, b, ¢ cmoam nodpad no 20pu3oHmMait Uil 6EPMUKIAIL,
npuuém 6 a u b cmoam guwru, a ¢ nycma, mo duwra ud a moxcem 3a rod nepenpuienyms 6 ¢. Moowcem au das
KaK020-M0 N 0KA3AMBCA, 4MO 0L A100020 HAMYPANLHO20 K MOICHO COBEPUWUMD HECKOADKO T0006 MAK, WMo 6Ce
duwry oxadtcymces 3a npedesamu 066edénnozo xeadpama?

OrBet: 14, MOXKET.

Perrenne. [Tokarxkem, Kak Takoe MOIJIO CIYUYUTHCS IpU 1 = 2. PaccraBum 1sTh (DUIIEK B BUjie KBaIPATHKA 2 X 2
7 emé oaHOoM (DUIKY, TPUMBIKAIOINIEH 110 CTOPOHE K 9TOMY KBaJIpATHKY.

11]2]3 21 1]2 3[2]1] [3]2]1
45 45 5|4 54 5
&l =l

Hastee nepenpeiruBaeM buiikoit 3 depes 5, durikoit 1 gepe3 2. 3arem pumramu 2 u 4 yepes 1 u 5 coorBer-
crBenno. Jlanee dumkoit 1 gepes 2, purkoit 3 gepes 5. Hakownerr, durikoit 5 gepes 4. Mbl 1oy Inim TOIHO TAKYIO

K€ KapTHUHKY, KaK Ha II€PBOM PDUCYHKE, HO CABUHYTYIO Ha JAB€ IIO3UIINU BIPaBO. Taxknmu IPBIZKKaMi MbI MO2KEM
BBIIIPBITHYTh U3 JII000r0 KBa/IpaTa.



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

Bropoii Typ 01.12.2022. Bropasa sura, perneHusi 1 yKasaHusl JJs >KIOPH.

’ OLLGHK& B 6 0aJUI0B B KpUTEepUAX O3HA4YaCT OTCYTCTBHE DEIICHUA, €CJIN ABHO HE OI'OBOPEHO O6paTHO€.

¢ Hepasbop ciiyuaes B KJIaCCHIECKON T€OMETPUH IIPH YCJIOBAM, YTO XOTsI ObI OJINH CYIIECTBEHHbII CJIydail pa3obpaH
— nbipa He 6osiee 4 GajoB, eciiu obpatHoe He oroBopeno. dtor kKpurepuit HE OTHOCUTCH k 3amagam 1o
KOMOUHATOPHON MeOMeTpUN U NeOMETPUIECKUM HEPaBEHCTBAM.

Konkypc kanuranoB. 19 BeabM, Bce pa3HOIo pocTa, BCTaJm o Kpyry. Kakmas ckasaja, 9To OHa JTHOO BBIIIIE
oboux coceneil, mubo HUXKe 000UX cocelieil, OO BBIIIE OJHOIO COCEla, HO HUMXKE Jpyroro. Bce BeabMbl, KaK HH
CTpaHHO, TOBOPSIT MpaBIy. POBHO TpH BeIbMBbI CKa3aJd, UTO OHM BhIIIe 0boux cocemeit. CKObKO BEIbM CKa3aJId,
9TO OHH BBIIIE OJHOI'O COCElla, HO HUXKE JIPyroro?

Orser. 13.

1. Ha naockocmu napucosar svinykavti muozoyzoavruk M u ommeuena ezo eepwuna V. IHycmv P — naubosvwud
nepumemp mpeyzosvHuka, codepocawezocs 6 M, a Py — Haubosvwul nepumemp mpey2oivhuka, co0eprcau,e2ocs
6 M, odna us eepwun komopozo — V. Kaxue snauenus moocem npunumamyv P/ Py ?

Otrser: [1,4/3).

Perrenne. IIpumep. Paccmorpum tpeyronsauk ABC, B kotopom AB = BC = 5 u AC = 6, ero nepumerp
pasen 16. O6o3uaunm depes M cepenuny orpeska AC. Bamernm, 94ro nepuMerpbl Tpeyroasuukos ABM u BC' M,
a TakKe BbIpOXKIeHHOTo Tpeyrojibauka ACM Bce pasubl 12. s qanaoro t > 0 orMeTuM TOYKY V' Ha pacCTOSHUH
t or Toukn M BHe Tpeyronbauka ABC (paccMaTpuBaeM JIOCTATOYHO MaJible 3HadYeHus ¢, upu Koropbix ABCV —
BBIIIYKJIBIH Y€TBIPEXYTOJIbHUK ).

IIycts VXY — TpeyroibHUK HambOJBIIErO mepumMerpa, comepzkamnuiicas 8 ABCV | ¢ Bepmunoit V. ITokazkem,
aro VXY —sr1o ogun us tpeyrosbankoB VAB,V BC,VCA. fcuo, ato Touku X u Y jexkar Ha CTOPOHAX Tpe-
yronpanka ABC. Ilycts na AB u BC, ciydait, korma oHu obe JjieykaT Ha, OfHOM cTopore, oueBmaeH. [lycrs X
nexxut Ha AB, a Y nexur sa BC. 3ameruM, uTo Ijis nepemerHoi Touku U Ha orpeske AB MakcuMyM BeJIMUN-
et UV + UY jocruraercss B KOHIAX orpeska (ecam ormerutb Touky V', cummerpuunyio V' orHocurensHo AB,
to UV +UY = UV'+ UY, ana semaunst UV + UY 310 yrBepxKienue odesunno). Takum obpazom, Touka X
COBIIaJaeT C OJHUM M3 KOHIOB OTpe3ka AB, aHajormyHO Y COBIAJAeT ¢ OJHMMH U3 KOHIOB orpeska BC (sicHo,
9TO OHU 00€ HE MOIYT COBIAJAThH C TOUKOil B).

Taxkum obpasom Py = max(Pyap, Pvpc, Pvac). Ilpu gocrarouno Masibix 3HAUYEHHsIX ¢ 9TO BeJMUUHA CKOJIb
yroguo 6ymska K 12. Tenepn mis touku V') smexameit va orpeske AV, dyukuus max(Py:ap, Pyipo, Pyrac)
HelpepPbIBHA KAaK MaKCHUMYM TPEX HEeNpEepBbIBHBIX (hyHKIui, mpuuém s V = A ona pasaa 16. U3 ckaszanHOTO
Bolllte, P/ Py npuHnMaer Bce 3HAYEHUs U3 IPOMeKyTKa [1,4/3).

Ouenxa. Ilycts ABC — TpeyroJibHUK HaubOJIBIIETro IepuMeTpa, KOTOpbIit cofep:xkutcst B M. fcHo, 1o Toukm
A, B u C nexar Ha rpanune M. Bes orpanundenust 0OIIHOCTH Jajiee CINTAEM, UITO IIEPUMETP ITOIO TPEYTOJbHUKA
pasen 16, u Touka V' pacrosiokeHa Tax, 4ro derbipexyroiabHuk ABCV — Beinykiblii (ciydait, korya V' coBrajaer
¢ onuoit u3 Touek A, B, C, oueBnjien). JJoctaTodHo JOKA3aTh, YTO IEPUMETP XOTsi ObI OJHOTO M3 TPEYIOJbHUKOB
VAB,VBC,VAC 6onbime 12. Eciu AC' > 6, To Pyac > 12, nanee pasbupaem caydait AC < 6.

[Ipenmonoxkum, aro ZACV > 90°. B takom ciyuae takxke u ZBCV > 90°, a moromy AV > AC u BV > BC.
Caenosarenbio, Papoc < Payp, uporusopeune ¢ onpeneneaneM AABC. Buaunr, ZVAC < 90° u LVCA < 90°,
noatomy mnpoektuss D touku V #Ha AC jexur Ha orpeske AC. B rakom ciydae sicHo, utro Papp < Papy ©
Ppep < Ppev, u mocrarodno npoeputh, 1to max(Papp, Peop) = 12.

IIycrs AB = ¢, BC' = a, CA = b, mbI 3HaeM, 9Tt0 ¢ < 6 u a + b+ ¢ = 16, orciona a + b > 10. B ciyuae,
KorJa Touka [) COBIAIaeT ¢ TOUYKON KacaHWs BHEBIIMCAHHON OKpyxKHocTu TpeyroiabHuka ABC co croponoit AC
Mbl miosiydaem, 9to AD = p—a, CD = p — b u Papp = Ppcp = max(Papp, Pecp), a Jyisi Bcex OCTabHbBIX
ToueK Ha orpeske AC 3HaUEHUs] STOr0 MaKCHMyMa IepuMeTpoB Gosiblie. [loaToMy mocTtarodHo paszoOparThb JIMIND
sror caydait. 3nece Papp = Papc/2 + BD = 8 + BD, nosroMy ocraercs: IpoBepuThb, uro BD > 4.

ITo bopmyne Crroapra juist yeuanbl BD Tpeyronbanka ABC nmeeM:

c-BD*=0d*(p—b) +b*(p—a) — (p— a)(p — b)c = 8(a* + b*) —abla +b) — (8 —a)(8 — b)c >

Q(Q—Zb) 7(6 agl b)c>4(16ic)2iw—c—:640*802

>

Orciona BD? > 64 — 8¢ > 16, nosromy BD > 4.

¢ OTBer u mpumep: 4 6a.aaa.



¢ Toabko onenka: 6 6a.n106.

¢ lIpuBeseHb! UL TPUMEDHI JJIsT CKOJIb YTOHO On3KuX K 4/3 3uadenusm P/ Py: dupa 6 4 6aana (T.e. 2 6amna
3a pUMeD).

¢ CeejieHne ONEHKM K HEPABEHCTBY JIJIsl HATEJIUAHBL: 4 04AAG.

2. Ilycmov ay, ag, ..., ap —nepecmanoska wucen 1, 2, ..., p, 2de p > 2 —npocmoe wucao. Moocem su oxa-
3aMBLCA, WMO YUCAG A1, 202, 33, . .., PAp, NEPECTNABAEHNIIE 6 HEKOMOPOM NopAdKe, 0bpasyom apupmemuveckyro
npoepeccuto?

OrBer: Her, He moxer.

Pemenne. Iloiiném or nporusroro. [lomycruMm, uro pa, # p?. Torna y HAC €CTh POBHO 2 YHC/IA, JIC/ISAIAXCS HA
p. Tak Kak He BCce 9mCIa IEJIATCA Ha P, TO PA3HOCTDL d apudMeTHIecKoil mporpeccun He meautces Ha p. Ho Torma
YJIEHBI, JICJISATIIECS HA P, MOBTOPSIOTCS Uepe3 p MO3UINIA, U J[Ba TAKUX UUCJIA CPEJU P TUCEJ OBITh HE MOXKET.

Bnaunr, pa, = p?. Torma d > p? — (p— 1)2 = 2p — 1, ¥ HAUMEHbIINI YJIeH II0CJIe0BATEILHOCTH HE TPEBOCXOIUT
pPP—(2p—1)-(p—1)<O0mupup >3

¢ Kazkapiit u3 qByX ciaydaes: 4 6aana.

3. HamypaarvHvie wucaa noxpawenss 6 dea uysema. Jlokascume, wmo Hatoémes maxas OeCKOHEUHAA 803PACMa-
10UWAA NOCAEO0BAMEALHOCTND HAMYPAAGHHLT Yuces a1 < a2 < ..., WMO PA3HOCTNU Qjt+] — Qi 02PAHUYEHDL, U OAA
BCAK020 HAMYPANOGHO20 N HATIEMCA HAMYPAALHOE T MAKOE, YIMO 6CE YUCAG A1 + T, a2 + X, . . ., Ay + T uMeom 00UuH
U Mom oce ugem.

Permnenne. Ecin naiinércess takoe N, 9To Ha JIFOOOM OTpe3ke JINHBI [N BCTpeTuTcs 1-it 1BeT, TO Bce dmcia 1-ro
npera o0pas3yioT TpebyeMyIo IOC/IeI0BaTe/JIbHOCTE. MHade HaiiayTcs CKOJIb YIOAHO OOJIBIINE OTPE3KH PACKPACKH
6e3 1-ro 1mBera, TO ecThb BTOporo. Torma mocenoBaTe/bHOCTD 1 < 2 < 3 < ... MOAXOAWUT IO/ YCJIOBHE.

4. Ha cmone cmoam 32 0dunaxoswur cmakxaha, 6 HUT HaAuma 600a. 3a xod moocHo evibpamov 30 cmakxanos u
NEPePaAcnpPetesumsd UMEWYICA 8 HUL 600Y MEHCIY HUMU MaK, 4mobv, 60 ecex amux 30 cmakxaraxr cmaio NopPosHyY
800vt. IIpu 21060M AU HAYANDHOM pacnpedeseHuts 800bl NO CMAKAHAM MOHCHO 34 HECKOALKO T0d06 dobumuvbcesa mozo,
4mMobbL 60 GCEX CMAKAHAT CMAAO NOPOBHY G00bL?

OrBer: HerT, HE TIPU JIFOOOM.

Pemenne. Paccmorpum nabop crakanos (1,1,0,0,...,0,0) (1Be euHuIbl U TpUANATL HyJedi), TJe 4UCIa 3TO
KOJIMIeCTBO BObI B HuX. Jlajee Oymem paborarh ¢ Habopom u3 32 uncest. JlokaxkeM, 9T0 ypaBHIThH BCE TUCIa HUKO-
rJa He MOJIyUUTCs. 3aMETUM, ITO YMHOXKEHUE U JIeJIeHIe BCEX YUCesT Ha OJHO M TO K€ JHCJIO, 8 TaKyKe BhIYUTaHUE
73 BCEeX HTHCesI OJHOTO U TOTO Ke YUC/Ia He BAUAeT Ha OTBeT 3aa4qu. [losromy mocie Kaxkporo yepeanenns 30 ducesn
OyzeM fesiaTh CJIeIyIolme onepanun: myctb cymma 30 BEIOpaHHBIX 4ducesI i yepeaHenus pasua S. Torma mocse
YCPEeIHEHUsT BLIUTEM U3 BCEX TUCET 3%, a 3aTeM JOMHOXKUM BCe OCTaJIbHbIE YHC/Ia Ha 3HAMEHATE b 1pobu % ocjie
cokparienus. B urore, KaxkJblil pa3 mocJie 3TUX oreparuii oyaer octaBarbcss MUHUMYM 30 9uCeJ, PABHBIX HYJIIO, a
OCTaJIbHBIE YUC/Ia OyJIyT IeJIble.

U3 BbIIEOnICAHHOl omeparnuu ciejyer, 9ro u3 Habopa (z,y,0...,0) Mbl MoxKeM mosryunTh uian Habop (y —

350 —30+0,...,0), mmm mabop (r— 55, —35,0,...,0), wiu nabop (—¥Ez _YXT . 0) (31eCh mpeacTaBIeHbl Habo-

9 )

PBI TIOCJIE BEIYUTAHMS %, HO JIO YMHOKCHUST HEHYJICBBIX YHCET Ha, 3H§1(\)/1eHaT?£1L JIpobn %) ITepBolit 1 BTOPOIt cydait
SKBUBAJICHTHDI, & B TPETHEM CJTy9ae Mbl [OJTy U/l HAGOP, SKBUBAJICHTHBII nepBonadaasaomy nabopy (1,1,0,...,0).
[TosToMy nasee Mbl OymeM cauTaTh, 9TO 30 9HCEN, ¢ KOTOPBIMU MPOAEILIBAIOTCA OIIEPAIH, COIEPKAT POBHO OJHO
U3 HEHyJIeBBLIX YUCEJI.

IIpeamooxkum, 9T0 B KaKOW-TO MOMEHT BPEMEHH IOJIyUIMJICST HADOp U3 ofHuX Hysell. PazsepHéMm Hamm onepa-
uun B obparuyio cropony. To ecrs u3 mabopa (¥ — 55, —35,0,...,0) momyuaerca madop (z,y,0...,0), mmm moce
YMHOXKEHHsI Ha 3HaMeHaresb u3 Habopa (2/,4/,0...,0) nomyuaercss nabop (—302',y' — 2’,0,...,0). Torma mo 1o-
caepneii onepanuu y wac 6pu1 Habop (1,—1,0,...,0), a g0 wero nabop (30,2,0,...,0) wm (—30,—2,0,...,0). A
Jlajiee cpejid ABYX HeHyJIeBbIX 4HceJ OJHO U3 Yuces Beeria oyuer aeauTbes Ha 30, a apyroe — HetT. JleilcTBUTEIBHO,
ecan oo m3 umcen x’ m y memarcsa nma 30, a gpyroe mer, o —30x’ 1 30, a 3y — 2’ / 30. CiemoBaresbHO, MBI
HUKOITa HE ITOJTYYIUTCA Ha60p C JIBYM¢ PaBHBIMU HEHYJIEBBIMH YHCJ/IaMM, a 3HAYUT HUKOI'Za HE ITOJIyIHUTCA Ha60p,
sKBUBaJIeHTHBIH HaOopy (1,1,0,0,...,0). CiaenoBarenbno, u3 Habopa (1,1,0,0,...,0) MBI HUKOTJa HE MOJYIUM

HYyJIEBOI HAOOP, TO €CTh, KOTJA BCE UNCJIa CTAHYT PABHBI.

¢ Ilpumep 6e3 Kakoro-aubo obpasoBanust: 0 6a.4.1006.

5. Buccexkmpuca yeaa B nepasrobedpennozo mpeyeorvrnuka ABC nepecexaem ompesox AC u onucannyro oxpyoic-
HOCTL 9M0o20 mpeyzoavhuka 6 moukar P u D coomeememeenno. Touxu K, L, M u N — cepedunv. ompesxos AD,



AP, PC u CD coomsemcmsenro. uazonasu wemupexyzorviura K LM N nepecexaromes 6 mouxe O. Joxaorcu-
ME, 4MO OKPYAHCHOCTNU, ONUCGHHBIE 0K0A0 mpeyeosvnukos BKL, BMN u ON K, umeom obwyro mouxy.

Pemtenne. Ilycrs okpyxuocru (BKL) u (BMN) Bropu4Ho nepecekatorcst B Touke (). 3amernm, aro KL ||
BD || MN. Torna Z(KQ,QN) = Z(KQ,QB) + Z(BQ,QN) = £(KL,LB) + Z(BM,MN) = Z(BD, BL) +
Z(MB,BD) = Z(MB, BL). Hocrarouno jgoka3zarb, 4to Z(KQ,QN) = Z(KO,ON). 910 5KBUBAJIEHTHO TOMY,
yro Z(MB,BL) = Z(MO,OL), 1.e. uro yerbipexyroibuuk BLOM Buucas.

Bamernm, uto Tpeyroabuuku BAP u BDC momobHb o ABYM yriiaM, a Touku L u N B HUX COOTBETCTBYIOIIIHE.
Suaunt, /BLC = Z/BNC, orkyna dersipexyrojibank BLNC srnucan. Ciaenosarensro, ZBLN = 180° — Z/BCN.
Ananornuno, /ZBMK = 180° — ZBAK. Ilonytaem Z/BLO+ /ZBMO = (180° - £ZBCD)+ (180° - ZBAD) = 180°,

9TO U TPebOBAIOCH.
¢ oxkazano, uro BLOM — BHUCAHHBIN Ye€THIPEXYTOJBHUK: 6 00.4406.
¢ /okaszano, uro derbipexyrojabuuk BLNC — Brnucanublit: 2 6a.aia (He CyMMHUDYETCsI C TIPEIBIIAYIIUM).

¢ 3amada cBejieHa K JI0Ka3aTeIbLCTBY Toro, 4to BLOM — BOUCAHHBIN YeTHIPEXYTOIBHUK: 4 64444,

6. Ha naockocmu mapucosaau, Guosemosuiii HepasHobedpertvili Mpey2osvHuK U €20 BNUCAGHHYIO OKPYHCHOCTS.
3amem 204Y0bIM UBENMOM NPOBEAU MPU OMPE3KA, COCIUHANUUE BEPULUHDL PUOAETNOB020 MPEYLOALHUKG U MOWKY
KACAHUA BNUCAHHOT OKPYICHOCTIU € NPOMUBONOAOHCHUMY CMOPOHaMU. Paccmompum dauns, ecex 9 ompesxos,
Ha Komopwle 20aybvie ompesku pazbusaromcs dpye Opyeom U 8NUCGHHOT oxkpyscHocmvio. Kaxoe munumansvroe
KOAUYECTNGO PASAUMHBIL OAUH MOBAO NOAYHUMCAT

OTBeT: 5.

Perrenne. Oboznaunm TpeyrojbHuk 4depes ABC, TOUYKM KacaHUsl BIUCAHHONW OKPYXKHOCTH CO CTOPOHAMH —
uepes A1, By, C1, Bropble TOUKH IIepecedeHnsl BIUCAHHOM okpyKHocTH ¢ AAy, BBy, CCy —uepes As, Bo, Cs, a
Touky nepecedennss AAy, BB u CCy —uepes G.

Cuauasa okazkeM, 9to bl oTpe3koB A1 G, B1G n C1G pazmnunbl. Eciin kKakne-To /Be u3 HUX paBHBI (6e3
orpannvenus: oburoctu, B1G = C1G), 10 AG — cepeiuHHbIii neprieHmKy/Isp kK orpesky B1Cy u Jierko BUjeThb
TPeyroJIbHUK, 94TO TpeyrojbHuK ABC paBHOGeIpeHHbI. 13 q0Ka3aHHOIO CIeayeT, 9TO JINHBI OTPe3KoB AsG, BoG
u CoG pa3IuvHbL.

Bamernm, uro npsimbie B1Co, BoC1 u AA1 iepecekatoTcst B OJHOM ToOUKe Py min mapaijiesibHbl. 9TO MOXKHO YBU-
JIeTh, CHeJIaB IPOEKTUBHOE IPeodpa3oBatue, IEPEBOIIIEe BIIMCAHHYIO OKPYXKHOCTb B OKPY2KHOCTE, a (G — B LIEHTP.
Torma tpeyrosibauk ABC' craHeT paBHOCTOPDOHHHUM W YTBEDXKIEHUE OyIeT O4eBUIHO. TakyKe 3aMeTHM, 9TO JeT-
Bepku (A, G; Ao, Pa) u (Ag, A1; G, P4) rapMOHIYECKHE — IOCJIE OIIMCAHHOTO BBIIE TPOEKTUBHOTO ITPE0OPA30OBAHIIS
9TO 04eBUIHO. Jlerko BUAETh, 4T0 P4 He MoXKeT JiexkaTh Ha orpeske AAq. Eciau Py jiexxur Ha npopokennn A A
3a TOuKy A, T0 A1G > GAy > AsA, eciu Py nexkur Ha npogosnkennn AAq 3a Touky Ap, o A1G < GAs < AsA,
a ecin P4 Ha 6eckoneunoctn, 1o A1G = GAy = AL A.

[Ipenmonoxkum, aro u3 9 gymH He 60s1ee 5 pazimumaabix. Torna onua u3 orpeskos A1 G, B1G u C1G paBeH ogHOMY
u3 orpe3koB AsG, BoG u CoG. Bes orpannuenns obmpocTty, ecth 2 BapuanTa: A1G = AsG u B1G = CyG. Ecim
A1G = A5G, 10, TOCKOJIBKY 4YeThIpexyTroibHuK A1 By AoC rapmonnveckuii, £ B1GAy = ZC1GAs, otkyna B1G =
C3G u BoG = C1G. Ecim B1G = C3G, 10 BoG = C1G u B1Cy || BoCy. U3 nokasannoro seime AjAs || B1Co.
Canenosarenbio, A1G = AsG. Tonyuaaercs, aro onucanuble 2 BapuadTa oanHakoBbie. Obosnaunm B1G = CoG =
u C1G = B2G = y. Bes orpanmyenua obmuoctn Oygem cantarh, uto x > y. Umeem A1G = AG = (/zy. Us
Joxkazannoro panee BBy <y, CCy >z u AAy = \/zy. TlosTtomy u3 9 jyins poBHO 5 pa3/IMIHBIX.

Yrobbl yOeauTCs, 9TO TaKast KOHCTPYKIUS CYIIECTBYET, JOCTATOUYHO B3ATh PABHOCTOPOHHMIA Tpeyrojbauk ABC,
uposectn 4epe3 Py 06yt (He GECKOHEUHO y/IAJIEHHYIO) NPSIMYIO £, He IePeceKalolyo CTOPOHbBI TPEYroJIbHUKA
ABC', u crenarh MTPOEKTUBHOE MPEOHPA30BAHIE, COXPAHSIONIEe BIUCAHHYIO OKPYKHOCTD U TepeBosriee £ Ha Gec-
KOHEYHOCTD.

¢ llpumep Ha 5 0TPE3KOB: 6 6GAL08.
¢ Ouenka Ha 5 0OTPE3KOB: 6 6aAL06.

0 BoJiee cinaboie OIICHKU U IIpUMEPBbI HE OILICHUBAIOTCH.

7. oxaosicume, wmo cywecmsyem 6ecKoHewHO MHO20 HATMYPANDHIT T, OAS KOMOPHLT YeMEBEPUNHAL 3ANUCH YUCAG

n? cocmoum moavko us yugdp 1 u 2.

23 4eTBEepPUIHON

Perrenne. Byiem j0ka3biBaTh 110 UHIYKIUH, 9TO CYIIECTBYET HECKOHETHO MHOT'O 7 TAKUX, ITO 7
crucTeMe CUUCJIeHUsI COCTOUT TOJBKO 3 1 u 2, mpudém mepBast u nocjienass mudpbl — eaunuiibl. B kadecTBe 6a3bI

BO3BMEM 1 = 5, TOTIA n? =25 =1214.



ITokaskeM Telepb, KaK IO MOIXOJANIEMY 7 OCTPOUTE cieyiorniee. Ilycrs n? comepskur k mmdp B 3ammcu ¢

ocuosamueM 4. Pacemorpum wncio n' = 2257 1n + n. Nmeenm
2
12 — _ _ _
n? = (22k 1n+n) —g2k-1p2 g 92k=1,2 4 2 2k=102 4 k2 L2

B quBepI/IqHOﬁ CUucCTreMe CHUCJIEeHUud 3TO YUCJIO COCTOUT U3 TpéX KOIIU 4ucia TL2, nepBasd KOIINI, HOqueHHaH
U3 CJIaraeMoro (nZ) 3aKaHINBAECTCA B CAMOM KOHIIE UMCJIa, BTOPAasi KOIMS, IOJYIeHHAsT U3 CJIaraeMoro (4’%2) 3a-
KAH4IMBACTCA MPAMO IIepe]] HadyaJlOM IPeJbLIylIero 4nucia, HaKOHEI, TPeThbd KOIMdA, IIOJyYeHHas U3 CJIAracMoro
(42k—1n2), HaKJIaJIbIBaETCsI CBOEl mocienHel 1mudpoil Ha nepByio 1udpy BTopoil Konnn. Tak Kak, 0 IPeInoioxKe-
HUIO, U TIePBasi, U MOCJCIHssI UPbI PABHBL 1, B 9TOM MeCTe J[Be eIMHUIIbI JaioT B cymMMe 2. Bojiee Toro, nmepsas

2
u mocaenuas nudpbl uncaa n'2° Takme ke, KaK HepBad U HOCACIHAS IudPBI YnuCIa N2, TO3TOMY OHHM PABHBI
€JIMHUTIAM, KaK U JOJI2KHO OBITD.

8. Bydem wasvisamv dynrwyuro f: {1,2,...,1001} — Z 1noYTH MHOTOUIEHOM, €CAU CYULECEYEM MHOLOUAEH
p(z) = agpr®® +. ..+ a1x+ag, 6 Komopom 6ce KosfurueH ML Ay — UEAVIE NUCAA, HE NPEGOCTOAULUE NO MOOYATO
201, u pasnocmo | f(x) — p(x)| < 1 das ecex x € {1,2,...,1001}. Hatidume xoauuecmeo nowmu MHO204AEHOS.

Otger: 31001403201 _ 91001 . 403200 . 402

Pemenue. [Tycrs P — MHOXKECTBO BCEX TOIXOSIIUX MHOTOUIEHOB, TO €CTh MHOIOWIEHOB BUIa P(T) = a00T
...+ a1x + ap ¢ yciosuem a, —1eioe, |a,| < 201. Takxke, nycrs A — mHOXKecTBO nap (f,p) dyukuumii f u MHO-
TOYJIEHOB P, IJI€ P — UMEHHO TOT MHOTOYJIEH, N3-3a KOTOPOro f — HOYTH MHOro4IeH. IIpeamonoxum, 9ro f — 1o-
YTH MHOIOYWIEH, JijIsi KOTOPOI'O HAILINCH JIBa MHOIOWIEHA p1,p2 ¢ yeioueM (f,p1), (f,p2) € A. Torma juist Bcex
x € {1,2,...,1001}, rak kax |f(x) — p1(z)| < Lu|f(x) — p2(z)| < 1, goszkno 6bITH BeOHEHO |p1 () — p2(z)| < 2,
nosromy p1(z) —p2(z) € {—2,-1,0,1,2}. Ilo upunnuny Jupuxie, kakoe-ro 3uadenue ¢ € {—2, —1,0, 1,2} npunu-
MaeTcst XoTst 661 201 pa3, YTO HEBO3ZMOXKHO JIJIsT PA3IUIHBIX HEIMOCTOSTHHBIX MHOTOYIEHOB cTemenn e 60sbire 200.
[TosTomy JH0GBIE J1Ba MHOIOYJICHA, HAXOAANINECS B I1ape ¢ OJMHAKOBBIMU (PYHKIMAME, OTJINYAIOTCS Ha KOHCTAHTY
or —2 110 2.

1l TaHHOTO TOYTH MHOTO4JIeHa [ IMyCTh Py — TOT MHOTOYJIEH, st Kotoporo (f,pg) € A ¢ HauMmeHbITUM

200 +

3HAUYEHMeM KOHCTAHTBI. Torja, 1o JOKa3aHHOMY BBIIIE, JIPYIHe MHOIOYJIEHBI, KOTOPbIE MOI'YT HOJXOAUTHL st f,
sto b p(z) = po(z) + 1 u p(z) = po(x) + 2. Bamerum, aro eciu (f,po+2) € A, 10 |f(z) —po(x)] < 1 m
|f(z) — (po(x) +2)| < 1, nosromy Bepuo f(z) = po(z) + 1 mnst Becex , u Torna (f,po + 1) € A. Takum obpasom,
BCe TOJIXOIAIINEe MHOTOUIEHBL p ¢ yeaoueM (f,p) € A sro (i) po, (ii) po,po + 1 u (iii) po, po + 1, po + 2.

Tenepb, pacCMOTPUM PA3HOCTD JIBYX CYMM

S=S"Hf:(hp) €AY =SS (£p), (Fop+ 1) € A},

peEP peP

Hns dyskunm f, noxxosimeit o coydaii (1), f mocaurana oJH pa3 B IEPBOil CyMMe U He TOCYUTAHA HU Pa3y
B0 BTOpOii. Ecmm f mojaxomut oz yesosue (ii), f mocuurana JBakjbl B epBoit cymme (Kak p = po,po + 1) u oqun
pa3 Bo BTOpOii cymme (Kak p = pg). Ecim f mopxomur moz cory4aii (iii), oHa mocunTasa TPUXK/IBI B IIEPBOii CyMMe
(kaK p = po,po + 1, po + 2) u ABaxK LI BO BTOpOil cymme (Kak p = po, po + 1). [Tosromy KaxK/Ibiilt HOYTH MHOIOUIEH
f MBI ToCUMTANN POBHO OJMH pa3 B S, U MMEHHO 9TO 3HAYEHNE 1O UTOTY W HAJIO HANTH.

Jns Berumcienus S mocYuTaeM ITH JiBe CyMMBbI. [lepBasi cumTaercsl HANPsSIMYyIO: JIIsd JIaHHOTO p € P, Ko-
mmaectBo f ¢ yenosmem (f,p) € A—»sto 31901 tax kax mocrpoenme dbymukimm f — BoiGop sHavenuit f(xr) €
{p(z)—1,p(z), p(x)+1} mua xkaxoro z € {1,2,...,1001}, mosromy meppas cymma pasna 31001 P| = 31001.403201,

Beruncsienne BTopoit cyMMbl 4yTh cioxkuee. st p € P, npu stom p + 1 ¢ P, dbyskius f He mocunTaHa Bo
BTOpoit cymme. Ecm p € Pup+1 € P, To ects posno 219! crioco6os Bribpars f ¢ yenosuem (f, p), (f,p+1) € A,
TaK Kak Mbl J10JuKHBI noayauth f(z) € {p(x),p(z) + 1} mis Beex x. Ho p € P st koropeix Takxke p+ 1 € P, —
5TO B TOYHOCTH MHOTOYJIEHBI, Y KOTOPBIX KOHCTaHTa He pasHa 201, mostomy nx xommdectso pasuo 403200 . 402, u
Bropas cymma pasna 21001403290 . 402. TIo urory oTBeT paBeH PA3HOCTH STUX CyMM.

¢ JlokazaHo, 9TO BCeé MHOI'OUJIEHBI, COOTBETCTBYIONINE ITOYTH MHOIOUJIEHY, OTJIMYAIOTCST Ha KOHCTAHTY: 2 6a.4Aa.
3ajiavua CBeJleHA K HOJCYETY JIBYX CYMM W3 DEIleHus: 6 0aai086.

9. Cymma 06pAMHBIT BEAUYUH NOLOHCUMENOHBLT YUCEA A, b U ¢ pasna 1. Jlokaocume HepageHcmso

b+c+a+c b+a> 12
a+bc b+ac c+ab” a+b+c—1

Pemenne. 3amernm, ato a,b,c > 1. Torma (a + ¢)?(b — 1) > dac(b — 1), To ecTs,
4ac(b—1)
a+tc

(a+c)b—1) > = 4b.



4b

T U

Torma a + ¢ >

a+c> 4b 4 4

b—l—ac/(b—l)(b+ac):b—1+ac(1—1/b) a+b+c—1

CK.Ha,ZLbIBaH 9TO U enle JBa aHaJIOTUYIHBIX HEPpaBEHCTBa, IIOJIyYIaeM Tpe6yeMoe.

¢ Hepasencrsom KBIII mus apoGeii (mepaBencrso CejpaksiHa) mpH yCJIOBUM BEPHOIT (OPMYJIMPOBKHE MOXKHO
IT0JIb30BAaThHCsI O€3 JO0Ka3aTeIbCTBA.

10. Msnauanvro 6 999 xaemok kiemuamoti Koopounammot naoCKocmuy nocmasuiu no guwre. Feau mpu xaemru
a, b, ¢ cmoam nodpad no 20pu3OHMAIY UM BEPMUKAAU, NPUYEM 6 a u b cmoam duwku, a ¢ nycma, mo Puwra
u3 a Mmooicem 3a xod nepenpuienymyv 6 c. Mooicem au okazamvcea, wmo das 4106020 HAMYPaALHo20 N MO2HCHO
CoBEPULUMD HECKOALKO L0006 mak, wmo 6 noaocax || < N u |y| < N ne ocmanemes wu 00not duwu?

OTBeT: MOXKeT.
Pemntenne. B nporeccax Huzke 6eibiM 0603HAYEHBI IPBITAIOITHE (DUIITKT.
BameTuM, 4To NpuBeIEHHAsT HIZKe (DUTYPKA U3 5 KJIETOK MOXKET CABUIAThHCSI 110 BEPTUKAH (Pa3BOPAYNBAsICH IIPU

STOM), a TaKzKe ITOBOpaYnBaTLCA. ITocse Takoro IIOBOPOTa OHa aHaJIOTUYIHO MOXKET ABUTATHCA W 110 TOPU3OHTAJIA.
HCHO, YTO TaKUMU OllepaliiusgdMMU OHa MOXKET BBIATH U3 JIFOOOI II0JIOCKHI.
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Tak>ke ymMeeT CIBUTaTbCA KakK 110 BEPTUKAJIM, TaK U 110 TOPU3OHTAJIN, KBaIpaT 2 X 2.
Tpu narukIeTOIHBIX PUTYPKU U HECKOJIBKO KBaIPATOB 00PA3YIOT MCKOMBIH ITpUMeEp.



