ABagnats Bropoii Poccuiickuit PecTuBaib I0HBIX MAaTEMATUKOB
Pemenusa Crapireit Jlurn.

1. OrBer: (3" + 1)/2. O6o3Hauum 3a fp U g, KOJMYECTBO CJIOB JJIMHBI 1 COJEPKAIIEE COOTBETCTBEHHO HYETHOE
u HewerHoe umcyio Oyks t0. Torma fr, = 2% foo1 4+ gn—1 = fa—1 + (fne1 + gn-1) = fo-1 + 37—l SByagur fn =
3l 14+ fo=03B"-1)/2+ fo=03"-1)/2+1=(3"+1)/2.

A BOT IpsIMOE PACCYK/IEHHE — KOJIMIECTBO C/IOB ITHHEL 71, B KOTOPEIX POBHO k GyKB 10, — CK2"~F Tlosromy pasmocrs
Me¥K/Ty 9HCJIOM CJIOB C YeTHBIM KOJUYIECTBOM OYKB 70 U C HEYETHBIM PABHA
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k

2. OrBer: BriurpoiBaer Bropoii urpok. Byjem cuantarh,9T0 OHU UTPAIOT HA YUCIaX 3AIMUCAHHBIX B CUCTEME CUUCJIe-
uus ¢ ocaoBanurem 2011. YrBepzkmaem, 9T0 MPOUTPHINIHBIMY HO3UIUAMU SIBJASIOTCH T€, Y KOTOPBIX YUC/I0 3aKAHIMBAECTCS
Ha HedeTHOe dmucyo 0, ocTajabHBIE COOTBETCTBEHHO BBIUTPBIITHEIE.

Ecnu gucmo 3akanauBaercs, na nedernoe ducjao 0, To mocse Jro00ro xo0/4a, OHO 3aKAHIUBAETCs Ha YeTHoe duco 0
(6o ma ommu 0 Menbe, mbo WX He Oyzer).

Ecmm wnmcenmo 3akamunBaioch, Ha 9eTHoe uncyao 0, U OHM eCTh Ha KOHITE, TOTAa MOXKHO mofennTh #Ha 2011 m cramer
HEYETHOE YMCJIO Hy/ell. A ecqm WX HET Ha KOHIE, TO JBA BAPWAHTA B JAHHONW MOMEHT YHUC/I0 OJHO3HAIHOE (Cpasy
BBINTPBIBaeM), 60 Her. Bo BTOpOM ciydae 0003HAYMM 3a k KOJUYECTBO HyJIel mepes mocjiemneii nnudpoii, Torma
nozenus Ha 2011, Hysteit Ha KoHIE Oyer k, a ecjin BEIYeCThb MOC/IeHIO 1udpy, TO craHeT k -+ 1, 0HO U3 HUX HEYeTHOE,
a 3HAYUT €CTh XOJ B MPOUTPBINIHYIO TO3UITUIO.

Tax xak 201129 zakamumsaercss ma HeueTHOe uMC/IO Hy/IeH B HAeil CHCTEMe CUMC/ICHHS, TO 3HAUUT MO3UIHS
[IPOUTPBIIITHAS.

3. JlokazkeM, 94TO KazKJjioe U3 yCaoBuil paBHOCHIbHO Briucanuoctu ABCD. J1jist 3TOro JI0KazKeM, 9TO IepBOe YCIOBUE
pasHOCUIBHO 11040010 Tpeyrosbaukos AOD u BOC' (Bropoe ycjaoBHe aHAJOrMYHBIM 00pa3om Oyjuer PaBHOCUIIBHO
noo6uio Tpeyroasankos AOB u DOC).

[Iycts Touka O’ ma ayde NO Ttakosa, uro ZO'AN = ZOBN. Toraa tpeyroapauk O’ AN momoben TpeyroabHUKY
OBL 1o asym yriam, u ciaejgobarenbno rpeyroiabauk O'AD nonoben rpeyrobuuky OBC. Torna ZAO'D = /BOC =
ZAOD, cnenosarensro Toukn O u O’ copnagator. C apyroit croponsl paeHcTBo yrioB ANO u BLO odeBHIHBIM
obpaszom caegyer u3 nogobus Tpeyroabankos AOD n BOC.

4. OTBer: n = 3. Bamerum, uro (2% — 1) : 7 < 2 : 3. Tax xak 2" — 1 me pennrcs wa 7, 3paunr au6o n 6o N+ 2
JenuTcs Ha 3, cenoBaTensHo aubo 2" — 1 mmbo 2772 — 1 gemures ma 7. Ho omm o6a y HAC IpOCTBIE, 3HAYAT KAKOE TO
W3 HUX PaBHO 7, Torma N paBHO 1 mwiam 3. n = 1 He MOAXOANT, & N = 3 TMOAXOINT.

5. OTBeT: 3TO HEBEPHO.

Hanpnmep, pacemorpum rpad ¢ 35 sepmmuavm: A, By, ..., Bi7, Cq, ..., C17, B xoTOpom Bepmmaa A coegurena co
BCEMU BepIuHAMHU B; U TOJIBKO ¢ HUMW; KaXKgada BepimmHa B; coenunena Toabko ¢ A n ¢ Cj; U, HAKOHEI], BCE BEpIITHHBI
C; coemuaenbl apyT ¢ Apyrom. Ilycrs pebpa sToro rpada mokpaiinessl B 4 mnpera.

Tak xax u3 BeprmHbl A BBIXOAAT 17 pebep, TO KakKWe-TO MATH W3 HUX 3aBEJOMO OJHOTO IBeTa. Byaem cuuTarh,
uro 310 pebpa ABy, ABs, ..., ABs. Cpean pebep B1C1, B2Cy, ..., B5C5 ectb nBa pebpa, MOKPAIIEHHBIX OQMHAKORBO.
[Tycts aTo 6yayT pebpa B1C1 u BaCy. Torma mo60it yTh U3 BepmuHbl B B By COIEPKUT IBa OMMHAKOBO TIOKPAIIEHHBIX
pebpa.

6. O6o3HauMM pajMyC-BEKTOPA HAIMX TOYEK u3 meHrpa cdepor uepes z; (i = 1,2,3,4). Torga cymma KBagpaTos
TMOTNAPHBIX PACCTOAHUIT MKy HAIIMMU TOYKAMHI paBHa ) ;i (T; — z;)? = 16R? — (3" x;)?, rae R — pagmyc cdepsl.
Taxum obpaszom, » Pin2 < 16R2. Ho 110 HepaBeHCTBY O CPEeIHIX
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n BCE HEPABEHCTBaA O6pa,HLa,IOTCH B PaBEHCTBO TOJIBKO [IJId IIPABUJIBHOTO TETPad/Apa.

7. OrBer: f(x) = z, f(z) = 1. Bamernm, uro f2(x) — f(z)f(y) + f2(y) = f(2® — 2y + y ) f((x —y)? —
z(x —y) +a%) = [Pz —y) - f@)f(e —y) + fP(z) orkyna 0 = f*(z —y) — f(2)f(z —y) — [(y) + f(2)f(y) =
(flz —y) = fW)(f(z —y) + f(y) — f(z)) raxum obpasom smbo f(z —y) = f(y) mbo f(z) = f(z —y) + f(y)
To ects f(a +b) = f(a) + f(b), ecim f(a) # f(b). Hoxcrasum B yciaosme x = y, orkyna f(22) = f2(x), otkyma
f(1) = 1. Ilycts k nanvenbiee HaTypasbHoe uncao takoe, uro f(k) # 1 (ecim takoro mer, To f(x) = 1). Torma
f(k+1) = f(k)+ f(1), m 6omee Toro f(k+n) = f(k) +n arsa 1060r0 1EJIOrO HEOTPUIATETHLHOTO 1. 3aMETUM, UTO
k? > k, orkyna f(k)? = f(k?) = f(k) + k® — k, uro paBHOCHABLHO ToMy, uTo f(k) = k, 6o f(k) = —k + 1 < 0, uro
HEBO3MOYKHO.
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8. IIpomymepyem moreTsl oT 1 10 2011 mo mopaaky. Ilycts a1 < ag < ... < ai — HOMepa MOHET, JIEXKAIIX PEITKON.

k+1lg,.. Jlerko IIPOBEPUTH, YTO [IPU OIEPAIUAX C

PaccmMoTpuM 3HAKOIEPEMEHHYIO CyMMy @] — G2 + a3 — a4 + ... + (—1)
He KpallHIMU MOHETaMHU OHA He MeHgeTcs, ipu onepanuu ¢ MoHeToit 2011 mensgerca Ha 2012, mpu omepanun ¢ MOHETO#
1 mensier 3uak. B konne ona goszkha crars pasaa 1006, 3HayuT, B Havaje oHa JOJKHBL ObLia ObiTh KparHa 1006. 1o
BO3MOXKHO TOJIBKO JIJIs CpeHeil MOHeTHI. [Ijis Hee HeC/IOKHO IPUBECTU IIpUMep, KaK BCe MOHETHI CTAHOBATCS PEITKaMU

(mposogmm onepanuu ¢ moreramu 1006; 1005, 1007; 1004, 1006, 1008; ...).

9. IIycte Toukn A’ u C’ na nuaronanax AC u BD cooTBeTCTBEHHO TaKOBBI, UTO 4eThipexyronbuuku ADA'F u
BCB'F smucannwie. Torpa (DF, AF) = (DA', AA") = —(CA',DA"). C apyroit croponw (BF,CF) = (BB',CB’) =
—(CB',DB'). Tx. (DF,AF) = (BF,CF), ro (CB',DB’") = (CA’,DA’), n nosromy Touku A’, B', D,C nexar na
onmuoit okpyxuocru. Torma (B’A', AA") = (B'D,CD) = (BB', AB), a snauur toukn A’ B', A, B nexar wa oJHOIt
okpyxuoctu. Torga AFE - EA' = BE - EB’, cnepoBarenbHo TouKa F JIeXKUT Ha paJuKaIbHON OCH OKPY2KHOCTefl m3

yCJIOBHUsI. DTO 03HAUAET, 9TO npsiMast B F — pajukaibHas 0Ch 3TUX OKPYxKHOCTEH, a 3uauur EF 1 O10s.

10. Paccmorpum k—ble cremnesu a]f, ... ,afL
MBI O CHMMETPHAIECKHX MHOTOY/IEHAX CJIeAyeT, ITO OHU CHOBA OyIyT KOPHAME MHOTOYIEHA C IEJBIMI KO(MDUITMEHTAM,
.
MaTh JIMITH KOHEYHOE YNCJI0 3HAYeHU B 3aBUCUMOCTH OT k. 3HAYUT, KaKWe-TO JBa TaKuX HAabopa (JBa yrmopsi0ueHHbIX )
COBIIAIYT: af = ;" TIpH BCEX %, YeT0 U XOTEeJIOCh.

Pemenust Muanrmeit JInrn.

KOpHeli Hanero Muoro4iena (¢ yaerom Kkparnocrtu). VI3 0CHOBHOI Teope-

npuyeM cyMMa MojyJieit koadduimenTos oyaer He Oosbine, yem 2. Takum obpazom, Habop (alf, ..., Q) MOKET IpUHU-

1. Cwm. permenne 3agaun 1 crapieit jury.

2. OTBer: BBIUTPBIBAET BTOPOIT urpok. BoobIre mo3uiinm, B KOTOPBIX HAYMHAIOIIUI TPOUTPHIBAET, — 9TO B TOYHOCTH
Te HATypaJbHble YHUCJIA N, JIeCATUYHAS 3alUCh KOTOPbIX OKAHYNBAETCA Ha HEYETHOE YUCJIO HYJIeil.

HeiicrBuTenbHO, 11000 X0/I B TAKOH MO3UIMK JAET YUCJI0, OKAHIMBAIOIIEECH HA, YE€THOE YUC/I0 HYJEH: XO-/e/IeHne
YMeHbITIaeT IUCJI0 Hyaell Ha 1, a XOI-BEIUUTAHNE MPUBOIUT K TUC/IY C HYJIEBBIM KOJUIECTBOM HYJIell Ha KOHIIE.

C Jpyroii CTOPOHBI, €C/IM YUCI0 OKAHUYMBAETCS HA YETHOE MOJIOXKUTEJIHHOE YUCI0 HYJIEH, TO JeJeHUeM [MOJIyIaeM
YUCJ0 C HEYETHBIM YHUCJIOM HyJell Ha KoHIe. Kcam »Ke MBI MMen YMCI0, OKaH4YMBaroleecss He Ha (), mpuMeHsas pas-
peITieHHbIe OMepaIlny, Mbl MOXKEM 3aHYJIUTh WU OTOPOCUTH MOCIETHION MUMPY, U TAKUM 00pa3oM JO0OUTHCS HYKHOM
9EeTHOCTH KOJWYECTBA KOHIEBBIX HYJIEH.

3. Oreer: LZAC'D = 53°. Tlpomyium cropony AB 3a Touky B u 3amernm, 94To CMeKHBIN yros ¢ yriiom BAD pasen
180° — 62° — 59° = 59°, To ects AD — BHemmHgAs buccekTpuca K Tpeyroabunky ABC B Bepmune A. K tomy ke BD —
BHyTpeHHsAsA OuccexkTpuca Tpeyroabanka ABC, a, 3naunT, D — nenTp BHEBNUCAHHON OKpYyKHOCTH, TO ecTh C'D — Toxe
pHemHgs 6uccekrpuca. Yroa ACD pasen 180° — 2 - 22° — 62° = 74°. Buauur yroa ACD pasen (180° — 74°)/2 = 53°.

4. Cwm. pemrenue 3aja4u 4 crapimeil Jiuru.

5. Cwm. perenue 3a1a49u 5 crapiieil JIuru.

6. Ilycte Touku P, P>, P3 u P, jnexar HAa OKPYKHOCTH MMEHHO B TaKOM TOpsiake. Torma 3aMeTum, 94To ﬁ = é

1 1 .
U pp 2 g TAe d — nuamerp jaHHON OKpyzkHOCTH. Jlasiee, 3ameTum, 4To
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r7e p — MEePUMETP BIUCAHHOTO B 3Ty OKPYXKHOCTH KBajpara. [lepBoe m3 3TnX HEPABEHCTB — 9TO MPOCTO HEPABEHCTBO
MEK/Ty CPEIHUM FapMOHUYECKUM U CPETHUM apudMETHuIECKUM, BTOPOE YKe — 3TO MPOCTO YTBEPKIEHUE O TOM, UTO CpeIn
BIIMCAHHBIX YETHIPEXYTOJbHIUKOB MAaKCUMAJIBLHBIN MEPUMETD MMeeT KBaJApaT. JTO yTBEP:KIACHNE MOXKET OBITh JOKA3aHO
MHOTHMH CIOCOBaMm (HAIpuMep, HepaBeHCTBOM Mencena g cumycos). MBI IPOCTO BOCIONB3YeMCS yTBEDPIKICHIEM O
TOM, 9TO Cep/¥ BIMWCAHHBIX B JIAHHYIO OKPYKHOCTH TPEYTOJbHUKOB C (DUKCHPOBAHHBIM OCHOBAHUEM MAaKCUMaJIbHBIH
epuMeTp uMeeT paBHOOeapenHbIii. [IpuMenss 3T0 yTBepK/ieHne TpU YeThIpe pa3a MbI MOJydnM, Tpedyemoe.

Teneps 3amerTum, 4TO y KBa/[paTa B 9TOM HEPABEHCTBE JOCTUIAETCH PABEHCTBO, TAK YTO CyMMa P11P2 + P21P3 + P31P4 +

ﬁ KaK pa3 J0CTUraeT MUHUMAJIBHOTO 3HavdeHus. [lpu atom orpesku Py P3 u P> Py Kak pa3 oKaxyTCs JuaMeTpaMu.

7. Bynem paccmMaTpuBaTh MOPKOBKY B HOBBIX €IMHWIIAX Beca — 1 KI' paBeH JABYM OOBIYHBIM Kujorpammam. Torma
Bcero ecth 90 Kr 0BOIIE#, HYKIAIOMUXCA B 09ncTKe, pu 310 IleTnna CKOpPOCTh — HE3ABUCUMO OT BU/IA, UUCTHAIIIXCS
OBOTIell — 2 KT B Jac. Baca ke 4uCcTuT KapTOMIKY €O CKOPOCTHIO 3 KI' B UacC, a MOPKOBKY — CO CKOPOCTBIO 2,5 KT B
qgac. [Toaromy Bacsa Oymer wucturs kapromky, a [leras — mopkosky. Uepes 15 gacos Baca mouncrur 45 Kr KapToIiKwy,
a Ilers — Bcio MopKOBKY. Ilocse 3TOr0 OHE CO CKOPOCTBIO O KI' B UaC MPOJOJIZKAT YUCTUTH OCTABIINEC 15 KI' KAPTOIIKA
U ynpaBsrTcsd 3a 3 daca. Takum 06pa3om, MuHuMaJIbHOE Tpebylomeecs uM BpeMs — 18 4acos.

8. Cwm. pemrenne 3ajaun 8 cTapimei JUTH.



