44-n MexxgyHapoaHbIM MaTteMmaTuyeckum TypHUp roponos
MNpeaBapuTenbHble pelleHUs 3agay BeCeHHero Typa

CJ10:)kHBIH BapuaHT, 8—9 Ki1acchl

1. [4] OokaxwuTe, 4YTO B NpsIMOYrofibHOM TpeyronbHuke ¢ yrrnom 30° ogHa m3 Guccektpuc B
ABa pasa Kopo4e Kakon-TO ApYyron GUCCEKTPUCHI.
Eeop bakaes

PeweHue 1. MNycTb gaH npsimoyronbHbIn TpeyronbHuk ABC,
<A = 30° 2C = 90°. bygem gokasbiBaTth, 4TO buccektpuca AK
B ABa pasa 6onblie 6uccektpucbl CL gaHHOro TpeyronbHuKa.
Hoctpoum ABC o npaBunbHoOro TtpeyronbHuka ABB'. [pu
aToMm AK obpasyeT CcO CTOPOHOM MpaBUIbHOIMO TPEYrosibHUKa
yron 15°. 3ameTum, 4TO ecnu 4epe3 TouKy B' npoBecTn )
npamyto, napannenbHyto CL, oHa OygeTr BbicekaTb B
TpeyronbHuke ABB' oTpe3ok, BaBoe 6Gonbwwm CL (no
CBOWCTBY CpeaHen NHMM TpeyrosbHuka). B To e Bpems 10T
0oTpe3ok Toxe OygeTt obpasoBbiBaTh yron 60° — 45° = 15° co ctopoHon B'A, a 3HauuT, paBeH
oTtpesky AK. Torga AK = 2CL.

PeweHue 2. lyctb B TpeyronbHuke ABC <A = 30°,
/B =60°, AK un CL — 6uccektpuchl, | — Touka nepeceveHns
ouccekTtpuc, M — cepeanHa AK. Torga ZBLC = 75° = ZAKC,
TO eCTb u4eTbIpéxyronbHuk BKIL BnNucaHHbIN. 3HauuT,
ZKLI = ZKBI = 30° = ZKMC, T.e. yeTblpéxyronbHuk CKLM
TOXe BnucaHHbli. [loatomy ~CLM = ZCKM = 75°,
/CML = ZCMK + «ZKML = ZCMK + «ZKCL = 75°.
CnepoBaTtenbHo, CL = CM = 0,5AK.

PeweHue 3. MNpoeegém BbicoTy CH. N3 nogobus TtpeyronbHukoB CHL n ACK no octpomy
yrny cnegyet,4yto CL: AK=CH: AC=1:2.

2. [5] Ha knetyaton pocke 10x10 B ogHowM m3 knetok cvaut Oaktepus. 3a oguH xoAa
DOakTepus caBuraeTcd B COCEOHIOK MO CTOPOHE KNeTKy M genutcsa Ha aBe Oaktepum (obe
OCTaloTCA B TOW Xe KreTke). 3aTtem CHOoBa OfHa M3 cuasLwmx Ha gocke 6aktepuii casuraeTcs B
COCEAHIOK MO CTOPOHE KIMEeTKy U AenuTcsa Ha ABe, U Tak ganee. MoOXeT nvm nocrne HecKonbkux
TaKknx X0[40B BO BCEX KMNeTKkax oka3aTbCs NOPOBHY BakTepun?

AnekcaHdp Npubarko



OTBeT: He MoOXeT. Packpacum KneTkm OOCKM B Oenbii U YEPHbIA LBeTa B LUAXMaTHOM
nopsigke. PaccMoTpum pasHOCTb Mexay KonudectBoM 6GakTtepuin Ha 6enbix KneTkax wu
KonnyectBom OakTepui Ha 4YE€pHbIX kneTkax. [pu xoge € 4YE€pHOM KneTkn Ha Oenyto oOHa
yBenuumnBaeTcsa Ha 3, a npu xoge ¢ 6enon Ha YEPHyI ymeHbluaeTcst Ha 3. Mockonbky BHavane
3Ta pa3HOCTb paBHsNachb 1, OHa HMKOr4a He CTaHeT KpaTHa 3, B YaCTHOCTM He cTaHeT paBHa 0.

3. [7] HasoBém HaTypanbHOE 4MCNO 3aypsiOHbIM, €CNU B €ro [OEeCSATUYHOM 3anucu
BCTPeYalTCA TOMbKO Hynu W eguHuubl. [ycTb npousBedeHwe [OByX 3aypsgHbiX 4ucen
oKasanocb 3aypsgHbiM uducnom. O6si3aTenbHO Ny Toraa cymma uudp npousBeneHus paBHa
NPON3BEAEHUIO CYMM LNpp COMHOXUTENEN?

Bukmop KnenuybiH, KoHcmaHmuH KHon

OTBeT: He ob6sa3artenbHo. PelweHne. PaccMoTpum npoviaBedeHne AByX 3aypsaHbiX Yncen
(102 + 10% + 108 + -+ + 101024)(10N=2 4 10N=* + 10N =8 + ...  1QN—1024),

roe N — Gonbliuoe YETHOe YMcro (Hanpumep, MUMNMMOH). PackpbiB BCe CKOBKW, Mbl MOMyYMMm
MHOTO Criaraembix, Kaxgoe u3 KOTopbix — creneHb yncrna 10. Ecnu 6bl Bce cnaraemblie 6binu
pasHbIMK, Mbl NMONY4YUNK Gbl 3aypsiAHOE YMCIIO C CYMMOM LIMADP, PaBHOM NMPOM3BEOEHUI0 CYMM
LUMdpP UcxoaHbIx Yncern. MocMoTPMM, NOMYYUNUCE NN KakMe-TOo criaraemble oanHakoBbiMu. Ecnn
10%-10V"? =10*-10""Y, Toa+N—-b=x+N—y, oTkyaaa+y =b +x. Takkak a, b, X, y —
CTeneHn OBOWKM, PAaBEHCTBO BO3MOXHO MULLb B Criyvasx a = x, b = y (HO Toraa 3To OAHO U TO
Xe cnaraemoe) u a =b, x =y. lNoatomy y Hac Oyaet Bcero 10 oQMHAKOBBLIX CnaraemblXx,
paBHbIXx 10V, B cymme oHu gagyt 10V+1,

3ameTnm, YTO HUKakue Opyrme craraemble He paBHbl 10V*1) Tak kak y Bcex cnaraembix
rnokasatenb CTeneHy YETHblIA. oaToMy cymma craraembix OyaeT 3aypsnHbiM YMCIIOM, HO
cymma ero umdp 6yaer Ha 9 MeHbLLe, YeM NPOU3BEAEeHME CYMM LMP MCXOOHLIX YMCern.

Bapuauumsa. PaccmoTpum npounssegeHne
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(nanee wayT oTpULATENbHbLIE CTEMNEHN X, OTMNYAIOLLMECS OT MOMOXUTENLHBIX TOMBLKO 3HAKOM).
3amMeTVM, 4YTO CTeneHW BO BCeX CraraeMblX PasnuyHbl, Tak kak nioboe HaTypanbHOe YWUCHO
3anMNCLIBAETCS €ANHCTBEHHLIM 06Pa3oM B BUAE CyMMbl CTENeHel TPoek, Kaxaas U3 KOTopbIX

NOBTOPAETCA HE bonee AByX pas3 (TpOVI‘-IHaFl cucrema C‘-II/ICJ'IeHI/IFI).

o 9
MopcTasve X = 10 M YMHOXMB BTOPOit MHOXUTENb Ha 10° | nonyunm gBa 3aypsigHbIX Yucna
m u n, ux cymmbl undp pasHbel 10. VIx npousseneHne — 3aypsaaHoe Yncrno ¢ cymmon umdp 91.

4. [8] Ha ctopoHax paBHOCTOPOHHEro TpeyroribHnka ABC NoCTpOeHbl BO BHELLHIOK CTOPOHY
TpeyronsHukn ABC, CAB, BC'A Tak, 4yto nony4urcsa wectunyrornbHuk AB'CABC’ B KOTOpOM
Kaxabin M3 yrnos ABC’, C’AB, BCA’ 6onbwe 120°, a ons CTOPOH BbINOSIHEHLI PaBEHCTBaA
AB’= AC/’, BC’= BA’, CA’= CB". okaxuTte, 4to n3 otpe3koB AB’, BC’, CA’MOXHO COCTaBUTb
TPEYronbHUK.

Lasud Bpodckuti



PeweHue. YTob6bl 13 nNpennoXeHHbIX OTPE3KOB MOXHO G
ObINO CcoCTaBUTb TPEYrofibHUK, AOCTAaTOMHO AoKa3aTb, YTO r\‘\ A
Hambonbwni u3 HUX (Nyctb aTo AC’) MeHblLUe CyMMbl ABYX >
apyrux. NoeepHém TpeyronbHUk AB'C OTHOCUTENBHO TOYKK AN
A Ha 60° Tak, 4Tobbl Touka C nepewna B Touky B. Touka B’ <
nepengér npuM 3TOM B HOBYH TOYKy X (CM. PUCYHOK
cnpaea). 3ametmm, 4to B TpeyronbHuke C'AX GokoBble
cTopoHbl AC' 1 AX paBHbl, a yron mexgy Humu 6onblue N
60°. Toroa ctopoHa CX B HéEM Hambonbluasi, HO OHa He
npesocxoant C'B + BX MO HepaBeHCTBY TpeyroribHUKA.
Monyyaem, uto AC' < C'X < C'B + BX, 4to 1 TpeboBanoce.

5. [8] HaTypanbHbie uncna ot 1 go 100 packpaweHbl B Tpy uBeTa: 50 yncen — B KpacHbIn, 25
ymcen — B XENTbin N 25 — B 3enéHbli. MI3BECTHO, YTO BCE KpacCHbIE U XENTble YMcra MOXHO
pa3buTtb Ha 25 Tpoek Tak, YTOObI B KaXA0W TPOWKe ObINO ABa KPacHbIX YNCha U OOHO XENnToe,
KOoTopoe Oonblue 0gHOro KpacHOro M MeHblle apyroro. AHanorm4yHoe yTBep)xaeHue BepHoO Anis
KpacHbIX 1 3enéHbix Yncen. O6s3atensHo nu Bce 100 yncen MoXHO pa3dutb Ha 25 4eTBEPOK, B
KaXKOoW M3 KOTOPbIX ABa KpacHbIX Yucra, OAHO XENTOEe M OOHO 3efIEHOE, NMPU 3TOM XKEMTOE U
3enéHoe ymcna nexar Mexay KpacHbIMn?

AnekcaHdp pubariko

OTtBet. O6GsA3aTenbHO. PeweHue. Ynopsaoumm vmcna Kaxaoro uBeTa no Bo3pacTaHuto. A
KpacHble 4ncna ewé n pasobbEM Ha ABe 4acTu: nepsble 25 HA30BEM MarbiMu, a cregyoLime
25 — bonbwnmK. [okakem, 4YTO MOXHO B3ATb B kayecTBe k- yeTBepku k-e xéntoe n k-e
3enéHoe Ymcna n ua kpacHblx k-e manoe u k-e 6onbLuoe.

HencteutensHo, k-e xéntoe uncno 6onblle 0AHOro KpacHOro ymMcna u3 CBoen TPOWKN U 3
BCEX TPOEK C MEHbLUMMM XKEMTbIMU YUCramMn, TO ecTb Bonblie XoTa O6bl K KpacHbIX 4ucen.
3HaunT, oHO Gonblwe Kk-ro Manoro kpacHoro uucna. C gpyron CTOpOHbI, K-e XENnToe 4ncro
MEHbLUE OOHOr0 KPacHOro 4ucra u3 CBOEN TPOMKM M U3 BCEX TPOEK C BOMbLUMMU XKENTbIMU
yucnamm, To ecTb MeHble xoTa 6bl 25 — (k — 1) KpacHbIX Yncen. 3HayunT, OHO MeHbLue K-ro
©onbLIOro KpacHoro uncna. Te e paccyxaeHust cnpaseanuebl ans k-ro aenéHoro vnicna.

6. lNyctb X — HEKOTOPOE MHOXECTBO UefNbIX YuCen, KOTOpoe MOXHO pasbuTb Ha
N HenepecekawLmMxca BoO3pacTalolmx apudmeTndeckux nporpeccun (6eckoHeuyHbIX B obe
CTOPOHbI), @ MeHble YeM Ha N — Henb3s. [nga nboro nu Ttakoro X Takoe pasbuveHve Ha
N nporpeccuin eanHCTBeHHO, ecnn a) [4] N =2; 6) [4] N =3?
(BospacTatowan apudmeTtundeckas Mnporpeccmsi — 3TO MNOCreAoBaTeflbHOCTb, B KOTOPOW
Kakgoe 4ncrno Gornblue CBOero cocefa crieBa Ha OfHY M Ty e NONOXUTENbHYO BENUYMHY.)
Bukmop KnenubiH



6. a) OrtBer: gna nwboro. PeweHwne. [lpeanonoxmm npoTMBHOE — €CTb 4eTbipe
apugmeTnyeckme nporpeccun A, B, C n D, npnyém A n B garot B o6beguHeHun X, n C n D —
Toxe. MOXHO cumTaTb, YTO Yy nporpeccmM A pas3HOCTb a He bonblie, Yem y Kaxgom wu3
OoCTanbHbIX.

#AcHo, 4To A He coBnagaeT Hu ¢ C, HM ¢ D — nHaye pa3bueHunsa cosnagatoT. Toraa A u He
cogepxutcs uenukoMm HM B C, HM B D (Tak kak y A HaummeHbllas pasHOCTb). 3HaunT, A
nepecekaetcanc C, ncD.

MycTb uncno x nexuTt B nepecedeHun A n C, Torga HM OgHO M3 YNCEN X-a U X+a He NEXUT B
C (nHadve A copgepxanacbk 6bl B C). 3HauuT, oHM o6a nexat B D, a pasHocTb nporpeccumn D —
genutene dncna 2a=(x+a)-(x-a), Npu4€m He MeHbLUMIM a, TO eCcTb 3TO 2a unu a. lNocneagHee
HEBO3MOXHO, MOCKONbKY A He coBrnagaetr ¢ D. AHanormyHo nonyyaem, 4YTO Pas3HOCTb
nporpeccun C paeHa 2a. Torga nporpeccun C n D B 06begmHeHnn gatot A, a nporpeccusi B
OTCYTCTBYET — MNPOTUBOPEUME.

6) OTBeT: He ansa nwboro. PeweHue. Nyctb X — BCce uenble uncna, garowue ocratkm 0, 3, 4, 6,
8 vnn 9 npu geneHun Ha 12. lNepBoe pas3bueHne: Bce 4ucna, KpatHble 3; BCe uucna c
ocTaTkoM 4 OT AeneHns Ha 12; Bce Ynucna ¢ ocTaTkoMm 8 oT AeneHus Ha 12. BTtopoe pa3bueHune:
BCe yucna, KpaTHble 4; BCe Yucna ¢ ocTaTkoM 3 OT AerneHnd Ha 6; Bce 4ncna ¢ ocTatkom 6 oT
Jenenud Ha 12.

[okaxeM, 4To Ha aBe nporpeccun pasbutb X Henb3s. [peanonoXxmm nNpoTMBHoe. 3aMeTumMm,

4yTO TOrda MUHMMYM 4eTbipe uucna m3 0, 3, 4, 6, 8, 9, 12 npuHagnexat ogHOM NPorpeccun.
Toraga MMHMUMYM OBa M3 HUX nexaT «C OOHOW CTOPOHbI» OT 6, M MO3TOMY pPa3HOCTb 3TOW
nporpeccun — nnbo 1, nuéo 2, nubo 3, nnbo 4. MNepBble ABa criy4asi HEBO3MOXHbI (BO3HUKHYT
NVLWHWE Yncna), a BO BTOPOM M TPETbEM Cry4asix OCTaBLLUEeCss MHOXECTBO — HEe NPOorpeccus.

7. [10] MpaBunbHbIM 100-yronbHUK paspes3ann Ha HECKONbKO naparnsienorpaMmoB M ABa
TpeyronbHuka. [Jlokaxute, 4To 3TN TPEYroNbHUKA PaBHbI.
AnekcaHdp KOpaH

PeweHnue 1. Y kaxpgoro napannenorpaMma C rOpPU3OHTaNbHbIMKU CTOPOHaMM MOKPacum
BEPXHIOD CTOPOHY B CMHWUA LBET, a HWKHIOK B KpacHbli. TO e caenaem co BceMu
NMELNMNCA TOPU3OHTarNbHbIMU CTOPOHAMW TPEYrOfibHUKOB (€Crn TPeyrofibHUK CHU3y OT
CTOPOHbI, Kpacum €€ B CUMHUKW, MHade — BKpacHblM). A ecrnim y 100-yronbHuka ecTb
rOPM30OHTarbHbIE CTOPOHBI, TO UX NOKPACUM HAOBOPOT: BEPXHIOKD B KPACHbLIV LIBET, @ HUXHIOW B
CUHNIA.

Tenepb Kaxabli rOPU3OHTaNbHbLIN OTPE30K Ha PUCYHKEe MOKpalleH OAMH pa3 B CUHUWA uBeT

(«CHM3Y») 1 0OQUH pa3 B KpaCHbIN («CBEPXY»), MOITOMY CUHErO M KPAaCHOro LBeTa Mbl NOTpaTUn
noposHy. Ho Beab M B kaxgom napannenorpamme, M B Hawem 100-yronbHWKe CUHEro u
KpacHoro ueeTa OblS1I0 MCMOMNb30BaHO NOPOBHY. [103TOMYy ecnn ux CTepeTb U OCTaBUTb TOSLKO
OBa TpeyrorbHUKa, TO B HUX TOXE CUHEro W KpacHoro rnoposHy. [Opyrumn crioBamu, ecnu y
OLHOIN0 €CTb CUHAS ropu3oHTanbHasd CTOPOHAa KaKOWM-TO ASIMHbI, TO Y OPYroro ecTb KpacHas
ropusoHTanbHasg CTOpoHa Takom Xe AfnHbI!

AHanorMyHo [JokaxeMm, 4TO OcCTalNbHble CTOPOHbI TPEYroribHUKOB MOMapHO pPaBHbI.
CnepoBatenbHO, OHM PaBHbI MO TPEM CTOPOHAM.



PeweHue 2. [Inga kaxgon curypsl — napannenorpaMmma - !
N TpeyronbHWKa — pPacCMOTPUM BCE BEpLUMHbI Uryp Ha
rpaHuue. [Ona  kaxgon  urypbl  nNpoBedéM  Mexay
COCEAHMMW TOYKaMWM Ha rpaHuLEe BEKTOpbl Tak, 4Tobbl KX
HanpaBneHne COOTBETCTBOBANo 06xoay rpaHuubl urypbl
NPOTMB 4YaCOBOW CTPESKM.

PaccmoTpum npousBonbHyto npsimyto £ M BCe BeKTOpbl, napannenbHble en. Cymma aTux
BEKTOPOB paBHa Hynto. [encTBUTENbHO, K KaXOoW nvHMM paspesa, napannenbHon £,
npyMbIkatoT Habopbl MPOTUBOMONMOXHbLIX BekTopoB. Ecnn { napannenbHa ctopoHam 100-
YrofnibHUKa, TO CyMMa BEKTOPOB, COOTBETCTBYIOLMX MNPOTUBOMOMOXHbIM cTOopoHam 100-
YronibHUKa, Takke paBHa Hymto, Tak Kak OHW OyayT HanpaBreHbl B NPOTUBOMOSIOXHbIE CTOPOHbI
1 paBHbI MO AfIMHE.

C [pyro CTOPOHbI, B KaKAOM napannenorpaMme CyMmMa BEKTOPOB, COOTBETCTBYIOLLMX
NPOTMBOMNOMOXHbIM CTOPOHAM, paBHa Hynto. CnegoBaTenbHO, U B ABYX TPEYroflbHUKax cymma
BCEX BEKTOPOB, NapannenbHbix {, Takke OygeT HyneBown.

Boibepem B kayectBe { npsmylo, napannenbHyl Kakon-Hubyab W3 CTOPOH MNepBOro
TpeyronbHuka. Mony4ymm, 4To HAabop BEKTOPOB BTOPOro TpeyrosbHWKa, napannenbHblx £, — 310
BEKTOPbI, MPOTUBOMNONOXHbBIE BEKTOPaAM NMEpBOro TpeyrosibHuka. AHaNoOrmMyHo Ans ABYyX ApYrnx
CTOPOH. [o3TOMy ANs KaXKaow CTOPOHbI NEPBOro TPeyrofibHMKa CyLecTByeT napanfensHas u
paBHas en No ANvHe CTOPOHa BTOPOro TPeyroribHUKa.

CnepoBaternbHO, TPEYronbHUKK paBHbI.

SameyvaHue. Pa3pesaHusi U3 yCrnoBusl CYLLECTBYIOT,
NpMY4émM OHM MOryT ObITb YCTPOEHbl AOCTaTOYHO
HECUMMETPUYHbIM obpasom (Hanpumep, He
o6sa3aTenbHO BCE CTOPOHbI TPEeyronbHUKOB
napannenbHbl ctopoHam 100-yronbHUKa, TPEeyrobHUKK
He obgasaTtenbHO:  06pasyloT  napannenorpamm,
npuMblkaloT K ctopoHam 100-yrosibHMKa, CUMMETPUYHBI
oTHocutenoHo ueHTpa 100-yronbHuka). Ha pucyHke
cnpasa npuBeaéH npumep paspesaHunsa 10-yronbHuKa.

L —

Cio:xkHbIi BapuaHT, 10-11 kinacebt

1. [4] OaHbl aBe nocnepoBaTensHocTM U3 6ykB A n B, B kKaxgon u3 kotopslx no 100 6yks. 3a
OQHYy orepauuito paspellaeTcs WM BCTaBUTb B Kakoe-TO MeCTO MocneaoBaTeribHOCTU
(BO3MOXHO, B Ha4ano unu B KOHew) Nioboe KonnM4ecTBo OAMHAKOBbIX OykB, nnu ybpaTb u3
nocnegoBaTtenbHOCTU No6oe KONMYECTBO NOAPSA UAYLMX OANHAKOBbLIX BykB. [lJokaxuTte, 4To 13
nepBon NocneaoBaTenbHOCTM MOXHO NONyYnTb BTOPYHO He Gonee vyem 3a 100 onepauui.

Bnaducnase Hosukos

PeweHue. CHavana pewmnm aHanornyHyto 3agadvy ans nocrnegosatenbHocTen U3 AByx Oyks,
a VMEHHO JOKaxeM, YTO M3 OOHOW MOCnefoBaTeNbHOCTU MOXHO MOMyYuTb OPYryio He Gonee
YyeMm 3a 2 onepauuu.

Ecnun ogHa 13 nocneposatenbHocTen — 310 AA, a apyras — bb, y6epém Bce BykBbl nepsomn
nocrnegoBaTenbHOCTU, a 3aTem gobaBum BykBbl BTOPOW MocregoBaTenbHOCTU. B npoTuBHOM



crlyyae B MOCMeAoBaTENbHOCTAX €CTb OAMHaKoBble OykBbl (BO3MOXHO, CTOALLME Ha pPasHbIX
mecTax). OcTaBum B NepBOM MocrenoBaTenbHOCTM 3Ty OykBy, a apyryto ybepém. 3aTtem
nob6aBMM B Hy>kHOe MecTo ByKBY, KOTOPOW HEQOCTAET AN BTOPOW NOCNeaoBaTeNbHOCTY.

BepHémcsa k nepBoHavanbHon 3agadve. Pa3obbém kaxayro nocnegosatenbHOCTb Ha 50 nap
noapsa maywmx 6yks. 3a ABe onepaumy Kaxayr napy nepsor nocnefoBaTesflbHOCTU MOXHO
nepefenartb B COOTBETCTBYHOLLYIO Napy BTOPOM nocnenoBaTesibHOCTU.

2. [5] Mepumetp TpeyronbHuka ABC paBeH 1. OKpyXHOCTb ® KacaeTcsi CTopoHbl BC,
NpoaormKeHns CTopoHbl AB B Touke P 1 npogormkeHua ctopoHbl AC B Touyke Q. lNpamas,
npoxogswasi yepes cepeguHol cTopoH AB 1 AC, nepecekaet
OMUCaHHYI0 OKPY>XHOCTb TpeyrornbHuka APQ B Touykax X un Y.
Hangute gnunHy otpeska XY.

Lasud bpodckuti

OTtBeT. 0,5. PeweHue. OTMeTUM, YTO ® — BHEBNUcCaHHas
OKPYXHOCTb TpeyronbHuka ABC. [lyctb J — €& ueHTp.
OnncaHHass OKpy>XHOCTb € TpeyronbHuka APQ — 3710
OKPY>XHOCTb € anameTpom AJ. Iycte O — eé ueHTp. FTomoTeTna
C UeHTpom B Touke A n koadppuumneHtom 0,5 nepeBogut
B OKPYXXHOCTb C ueHTpoM O, kacatowyroca xopg AP, AQ n XY.
3HauuT, 3TU XOpAbl paBHOydaneHbl OT LUeHTpa ), TO eCTb
MMEIT paBHble ANWHbLI. Ho, Kak nsBectHo, AnvHa AP pasHa
nornoeuHe nepumeTpa TpeyronsHuka ABC, To ecTb 0,5.

3. [6] OaH mHorouneH P(x) cteneHn n > 5 ¢ uenbiMu KoapuumMeHTamn, UMEeHLLni

N pasnuyHbIX LenbiX KOpHen. [okaxuTe, 4To MHorouneH P(x) + 3 MMeeT N pasfnyHbIX
OEeNCTBUTENBbHbLIX KOPHEN.

Muxaun MarskuH

PeweHue. Myctb Q(x) = P(x) + 3, X1 < X2 < ... < Xn — KOpHU P(X), yi = 2 (Xi + Xi+1),
1<i<n-1 Torga P(x) = a(x — X1)(X — X2)(X — Xn) (& — HEHyneBoe Liernoe 41crno). 3ameTum, 4To
[P(yi)] = (/2)?(312)?(%/2)? > 3. Ecnun n 4éTHo 1 a > 0, To P(x) < 0 Ha oTpeskax [X1, X2], [Xs, X4], ..., [Xn-
1, Xn], @ MHOro4neH Q(x) paBeH 3 B KOHLAX 3TUX OTPE3KOB N OTpUUATENEH B UX CepeauHax, To
€CTb MMEET MO ABa KOPHS Ha KaXXOOM U3 HUX — BCEro N KOPHEW.

Ecnn n yétHo n a < 0, To P(x) < 0 Ha oTpes3kax [Xz, Xa], [Xa, Xs], ..., [Xn-2, Xn-1], @ Q(X) nmeeT no
0Ba KOPHS Ha KaXKOOM U3 HUX M NO KOPHIO Ha (— o0, X1) U (Xn, + 00) — BCErO N KOPHEN.

Ecnu n He4éTHO, To aHanornyHo Q(x) MMeeT Mo ABa KOPHS Ha Kaxaom u3 "/, oTpeskoB BMAaa
[Xi, Xi+1] N KOPEHb HA OQHOM M3 UHTEPBANOB (— oo, X1) UMK (Xn, + ) — BCEr0 N KOPHEN.

4. [8] Cm. 3agady 7 MNafLIMX KIaccos.
5. [8] AaHo uenoe uucrno h > 1. Ha3oBém nNONOXUTENbHYO OObLIKHOBEHHYHO Apobb (He

00s13aTEeNbHO HECOKPATMMYHO) Xopouwiel, ecrniv Cymma €€ YnCnuTenst N 3HameHaTens paeHa h.
Ckaxem, 4To yncrno h 3ameyameribHoe, €Cnun Kaxayto NONoXUTENbHYO OObIKHOBEHHYO ApOOb,



3HamMeHaTenb KOTOPOW MeHbLle h, MOXXHO Bblpa3uTb Yepes xopolume Apobu (He obasaTenbHO

pasnunyHble) C MOMOLLBIO Onepauni COXEHUS U BbldUTaHUA. [lokaxuTe, 4TO h 3amevaTensHoe

TOraa un ToNnbKO TOorAa, Korga OHO NPoCToe.

(HanomHum, 4To Yy 06LIKHOBEHHOM APOBU YMCNNTENb LENbIA, a 3HaMeHaTenb HaTyparnbHbIi.)
TambsiHa Ka3uubiHa

PeweHue. 1) h — npoctoe uncno. MNyctb N — HaTypanbHOe 4ncro, MeHbluee h. MNockonbKy
yucna n 1 h — n B3aMMHO NPOCTLI, HAaWAyTcsa uenble a u b, npu kotopbix a(h — n) + bn = 1. Mpu

h—n 1 1 1
3TOM a—+b(h—l)m=—, TO ecTb Apobb — sBnseTca anrebpanyeckoin CymMMOM
n — n n

xopowmnx gpoben. IJTOro [OCTATOMHO, YTOObLI MONy4YUTbL BCe ApobU CO 3HameHaTenem n,
crnepoBaTenbHo, h — 3amevartensHoe Yncno.
2) h — coctaBHoe umucno. MNycTb p — OAUH U3 NPOCTbLIX AenuTtenei yucna h n p* < h < p*t,

h —ap*
3ameTnm, YTO XopoLuas Apobb Co 3HaMeHaTenem, KpatHbiM p, meeT BuA, _kp (O<a<p),
ap

W NOCne COKpalLleHUst Ha p eé 3HameHaTenb He KpaTeH pX. 3HauuT, BCAKYI0 XOpoluylo apobb

1
MOXHO 3annmcaTtb B BUOE ,El,p06l/l CO 3HamMeHaTeNnem, He KpaTHbIM pk. Ho Torpa ,El,p06b = He
p

sBNsieTcs anrebpanyeckon CyMMOKM XopoLwmnx gpoben, To ectb h — He 3amevaTenbHOe YnCho.

6. [10] CepeomHbl BCeX BbICOT HEKOTOPOro TeTpasgpa NexaT Ha ero BnucaHHOW cdepe.
O6da3aTtenbHO N Torga aTOT TETPAsap NPaBUIbHLIN?
Muxaun Eedokumos

OTtBeT: obGsaA3aTenbHo. PeweHue. lNyctb r — pagmnyc, O — UEHTp BAMcaHHoOW cdepbl S
TeTpasagpa ABCD. lycTb 06beM Voasc MeHbLUe 4eTBepTU obbema Vagc TeTpasgpa. Torga
I MeHbLle 4YeTBepTU BbICOTbl hp, onywleHHon Ha rpaHb ABC, T.e. cepeanHa 3TON BLICOTbI He
MOXeT nexatb Ha S. lNpoTnesopeyne.

OTcroga BMAHO, YTO BCE BbICOThbI paBHbl 41, LeHTp O NexuT Ha nepeceyeHnn BbICOT U AennuT
ux B OTHoweHun 3:1, cumtas OT BeplmHbl. Takum obpasom, O — nepeceveHne MIOCKOCTEN,
napannenbHbIX rpaHsaM 1 genswum BbicoThl B OTHoweHun 3:1. Ho 310 nepeceyveHne cosnagaeT
C LUEeHTpPOM Macc BepluH TeTpasgapa, TO eCTb OCHOBAHWA BbICOT COBMadaldT C TOYKaMu
nepeceyeHnsa megmaH rpaHen.

Myctb K — TOYKa nepeceveHns megmaH TpeyronsHuka ABC. Torga AO L BCD, npsamada AK —
npoekuma npsamon AO Ha rpaHb ABC. o Teopeme o Tpéx nepneHankynspax AK 1L BC, To ecTb
BCe BbICOTbl FpaHen coBnagatT ¢ megmaHamu. CnegoBaTtenbHO, BCE rpaHn — paBHOCTOPOHHME
TPEYroSnbHUKN.

7. [12] Ha ocTpoBe XMBYT XaMereoHbl NATK LBeToB. Korga oavH XxaMerneoH KycaeT Apyroro,
LUBET YKYLIEHHOro XamerneoHa MeHSieTCA Ha OAMH M3 3TUX MATU LBETOB MO HEKOTOPOMY
npasuny, MPUYEM HOBbLIN LBET 3aBUCUT TONMbKO OT LBETa YKYCUBLUErO W LBETa YKYLUEHHOrO.
M3BecTHO, 4To 2023 KpacHbIX XamerieoHa MOryT A4OroBOPUTLCS O MOCNe4OBaTENbHOCTU YKYCOB
mMexay cobon, nocrne KOTOpOW BCE OHW CTaHyT CUHMMW. [pM KakoMm HammeHbLleM K MOXHO



rapaHTMpoBaTb, YTO Kk KpacHbIX XaMerieoHOB, Kycas TONbKO Apyr Apyra, CMOryT cTaTb CUHUMWU?
(Hanpumep, npaBuna MoOryT ObiTb TakMMW: €CAM KpPacCHbI XaMeneoH KycaeT 3enéHoro,
YKYLLEHHbIN MEeHSieT LUBEeT Ha CUHWUWA; eCnun 3enéHbl KycaeT KPacHOro, YKYLUEHHbIA OCTaéTtcs
KpacHbIM, T.e. «MeHSieT LBEeT Ha KpacCHbI»; €CnM KpacHbIN KycaeT KpacCHOro, YKYLUEHHbIN
MeHsieT UBeT Ha XénTblin, 1 T.4. [paBuna cMeHbl LBETOB MOTyT BbITb APYTYMU.)

Muxaun PackuH

Oteer. Mpn k = 5.

PeweHue. [na Havana npueBegéM npumep npaswus, ANS KOTOPbIX AN9  ONMCaHHOW
nepekpackn oyger Heobxoammo XOoTHd Obl 5 KpacHbIX XaMeneoHoB. 3aHyMepyem LBeTa Tak,
4yTOObl KpacHbI Obin NepBbiM LBETOM, a CUHMM — nocnegHum. [ycTb npaBuna BbIrMAAaT
cnegylowmm obpasom: ecnu xameneoH uBeta k < 5 kycaeT xamerneoHa TOro e LBeTa,
YKYLLEHHbIN MeHsieT uBeT Ha k + 1. Kpome Toro, xameneoH, yKyLleHHbI XaMerneoHOM CUHEro
LuBeTa, CTaHOBMTCA CUHUM. Hukakue pApyrme cuTyauum LBeTa XaMeneoHOB He MEHSIOT.
HecnoXxHo 3amMeTuTb, YTO eCnn U3HayanbHO XameneoHOB BCero 4, TO HWU Yy OOHOrO U3 HUX He
nony4nTcss ctatb cvHMM. C Opyrom CTOPOHbI, €CNM KpacHbIX XameneoHoB 6Gonbwe 4, TO
CHavana 4eTblpe M3 HUX NpuobpeTatoT 2-1 LBET, NOTOM Tpu — 3-i, ABa — 4-1, NOCIe Yero OAuH
CTaHOBUTCH CUHMM Y NpeBpaLlaeT B CUHUX BCEX OCTalbHbIX.

Tenepb fokaxeMm, 4YTo 5 xameneoHoB xBaTUT. PaccMoTpum oOcHogHyro rpynny us 2023
XaMeneoHOB, KOTOPble MOCTENEHHO N3 KPacHbIX CTAHOBATCS CUHUMU U KOHMPOJIbHYO Tpynny 13
NATU KPaCHbIX XaMeneoHoB, KOTOPbIX MPEeACTOUT NPEBPATUTL B CUHME.

1-0 aman. TlycTb B OCHOBHOW rpynne MCcnonb3oBanocb Bcero N < 5 upetos. [poHymepyem
3TV UBEeTa B COOTBETCTBMM C MOMEHTaMM UX NepBoro nosasneHuns (1-n uset 6yget kpacHbiM). Ha
3TOM 3Tane Ha m-m ware (1 < m < n) 6ygem npeBpaLiaTb OLHOMO M3 KPaCHbIX XamMeneoHOB
KOHTPONbHOW rpynnbl B XameneoHa uBeTa m (nocne 3Toro B KOHTPONbHOMW rpynne 6yaet no
OAHOMY XamerneoHy LUBETOB 2, ..., m 1 6 — m KpacHbIx). [Ana 9Toro pacCMOTPMM MOMEHT, KOrAa B
OCHOBHOM rpynne BrepBble BO3HWK XameneoH X uBeTa m. B Havane oH Obin KpacHbIM U
npvobpen CBOW LBET NOCIe TOro, Kak ero yKyCcurm HeCKONMbKO XaMeneoHOB, MMEKLWUX LBeTa C
MEHbLUMMK HOMEpaMn (OPYrMx 40 3TOr0 MOMEHTa B OCHOBHOW rpynne He 6bino). Bo3bmém B
KOHTPOSbHOW rpynne KpacHOro XxamesnieoHa 1 yCTpoMM emy Ty XKe NocnegoBaTeribHOCTb KyCaHun
(3TO BO3MOXHO, MOCKOSbKY Cpeayn OCTaBLUMXCH XaMerneoHOB eCTb XaMerneoHbl BCex LBeToB OT 1
Ao m — 1). B KoHUe 3Toro atana B KOHTPOsibHOM rpynne 6yaeT no 0AHOMY XaMerneoHy LBETOB 2,
..., N 1 6 — N KpacHbIX.

2-0 oaman. [lepeHymepyeM uBeTa B COOTBETCTBUM C MOMEHTaMM WX MOCNegHero
NCYE3HOBEHMST B OCHOBHOW rpynne (n-n uBet OyageT cuHWM). PaccmoTpum MOMEHT
ncyesHoBeHua uBeTta 1. [Npu aTOM nocnegHUn xameneoH LUBeTa 1 nepekpacurnca rnocne ykyca
XameneoHa, uMmerowero useT ¢ 60rnbWMM HOMEPOM (XaMerneoHoB C HOMepoM 1 B OCHOBHOM
rpynne Gonble HeT). [ycTb nocrne okoHYaHust 1-ro dTana xameneoH KOHTPOSbHOMW rpynnbl C
TEM e HOMEPOM YKYCUT BCEX XaMeNneoHoB LBeTa 1 (ecnm OHW KpacHble, TO UX MOXET BbbITb
6onblwe ogHoro). [lanee aHanorn4yHo ybepemMm xameneoHoB LBeTa 2, ..., NOKa BCE XaMesieOHbl
He CTaHyT CUHUMW.



