36-i1 MexayHapoaubiii MatemMaTuueckuil TypHup ropoaos
Pemenusi 3a1a4 BeCEHHEro typa
ba3oBblii BapuaHT, 8-9 Kiaccel

1. [3] MoxHO J11 pacKpacuTh TpaHu Ky0a B TPH LIBETa TaK, YTOOBI KaX/IbIi [[BET MPUCYTCTBOBAJ, HO HEJb35
OBUIO YBHIIETh OJHOBPEMEHHO TPaHM BCEX TPEX LIBETOB, OTKY/a ObI MBI HU B3IJISIHYJIH Ha KyO?
(OnHOBpPEMEHHO MOYKHO YBHUJIETh TOJBKO TPU JH0ObIE TPaHH, UMEIOLIKE OOIIYI0 BEPILIUHY.)

OtBer. MoxHo. Pemenne. [lokpacuM BEpXHIOIO I'paHb B NIEPBBIH I[BET, HUKHIOIO — BO BTOPOH, a
OCTaJIbHBIE YETHIPE — B TPETUH.

2. [4] Ha ctopone 4B tpeyronsuuka ABC ormetmiiu Touku K u L Tak, uto KL = BC u AK = LB. Jlokaxure,
4yTO 0Tpe30K KL BUAEH u3 cepenuHbl M ctopoHbl AC MO MPSIMBIM YIJIOM.

Pemenmne. [Tycte N — cepenuna AB (1 omHOBpeMeHHO — cepeauHa KL). /&/B\
Jnuna cpenneit nuauu MN pasna Y2 BC = 2 KL. CnenoBareiabHO, TOUKA - > 2

M nexxuT Ha OKpYKHOCTH ¢ 1uaMmeTpom KL.

3. [4] leTs cnoxun 10 mocnenoBaTeIbHBIX CTENEHEN BOMKH, HAUYMHAs C HEKOTOPOH, a Bacs crmoxmn
HEKOTOPOE KOJMYECTBO MOCIIEA0BATEIbHBIX HATYPAIBHBIX YHCell, HaunHasi ¢ 1. Moriau Jin OHU TTOJTy9HTh
OJIUH | TOT K€ pe3ynbTar?

Oteer. Mormu. Pemenne. 2° + ... +2%8=2°2"° - 1)=1+2+3+...+(2"°-1).

3ameuanue. DTO — €JMHCTBEHHBIN IPUMED.

4. [4] Ha xakoe HauMEeHbIIIee KOJTUIECTBO KBAIPAaTOB MOYKHO pa3pe3aTh JIECEHKY U3 15 cTyreHei (cm.
pucyHOK)? Pe3aTh MOXHO TOJBKO MO IPaHHUIIAM KJIETOK.

OrtBer. Ha 15 xBagparos. Pemenne. OueBuaHO, KpaiiHue JIEBbIE KJIETKU ABYX Pa3HbIX CTPOK HE MOTYT
IPUHAJJIE)KATh OJTHOMY KBaJpaTy. 3Ha4uT, KBaapaToB He MeHb1e 15. [Ipumep ¢ 15 kBagpaTamu cM. Ha

PHUCYHKE.

5. [5] Hano 2n + 1 uncno (n — HaTypajabHOE), CPEAN KOTOPBIX OAHO YuCio paBHo 0, ABa 4Kciia paBHHI 1, 1Ba
YHCIIa PaBHEI 2, ..., JIBA YUCIIA PaBHBI /1. J[JI1 KaKUX 72 3TH YHCIa MOXHO 3aIHCaTh B OJIHY CTPOKY TaK, YTOOBI
JUTSL KXKJI0TO HATYPAJIbHOTO 72 OT 1 10 7 MeXy JBYMsI UMCIIaMH, PaBHBIMH /71, OBLIO PACIIOJIOKEHO POBHO 71
JIpYyrux yucen?

OtBet. /{5 m00b1x. Pemnenue. Pacronoxum yucia Tak:
ey 6,4,2,n,0,2,4,6,...,53,1,n,1,3,5, ... (CHayasia CTOST B yOBIBAIOIIEM MOPSJIKE BCE YETHHIC
MOJIOKHUTEHHBIC YUCIIA, MEHBIIIHUE 71, TOTOM 71, (0, T€ jke YETHBIC YMCiIa B BO3pACTAIONIEM MOPSIJIKE, 1ajiee BCe
HEUYETHBIC, MEHBIITNE 71, — B YOBIBAIOIIIEM, 7 M T€ K€ HEYETHBIC B BO3PACTAIOIIEM ITOPSIKE).
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1. [3] [letrs cnoxun 100 nocnenoBaTebHBIX CTENEHEN BOMKH, HAUMHAsI C HEKOTOPOH, a Bacs crmoxun
HEKOTOPOE KOJIUYECTBO MOCIEI0BATENbHBIX HATYPAJIbHBIX YHUCeN, HaunHasi ¢ 1. Moriau Jin OHU MOJTy4UTh
OJIUH | TOT K€ Pe3yybTar?

Otser. Morimu. Pemenne. 2%° + ... + 2% =27Q2'° - )=1+2+3+ ... +(2'°-1).

2. [4] KoBep umeet ¢hopMy KBajpaTa co CTOpoHOi 275 cM. Mok mipoena B HeM YeThIpe ABIPKU. MOXKHO JTH
rapaHTHPOBAHHO BBIPE3aTh U3 KOBPA KBAJPaTHBIM KYCOK CO CTOPOHOU 1 M, He coaepskamuit Je1pok? JIpipku
CUUTAWUTE TOYECYHBIMHU.
OtBet. MoxHo. Pemmienne. Ha koBpe MOKHO pa3MECTUTh IATh HETIEPECEKAIOIUXCS T
KBaJIpaToOB CO CTOPOHOU | M (CM. pUCYHOK; CTOPOHA TYHKTUPHOTO KBaJpaTa paBHa : |

0,75\/5 > 1). XoTs ObI OIMH U3 HUX OCTAHETCs 0€3 TBIPKU.

3. [4] Hano 2n + 1 uncno (n — HaTypalbHOE), CPEAN KOTOPBIX OHO yucio paBHo 0, 1Ba
YHCIIa PaBHEI 1, JIBa YUCIIa PaBHBI 2, ..., ABA YUCIIA PaBHBI 7. )1 KAKUX 7 3TH YUCIIa MOYKHO 3aIicaTh B
OJIHY CTPOKY TaK, YTOOBI JUIsl K&KJIOTO HaTypaJIbHOTO 7 OT 1 10 7 MEeXIy ABYMS YHCIIaMH, PaBHBIMHU 711,
OBLJIO PACIIOIIOKEHO POBHO /71 IPYTUX YHCen?

OrtBet. 151 mr00b1X. Pemenne. Pacmonoxxum ymcina Tak:
ey 6,4,2,n,0,2,4,6,...,5,3,1,n,1,3,5, ... (CHayasia CTOSIT B yOBIBAIOIIEM MOPSJIKE BCE YETHBIC
MTOJIOKHUTEIBHBIC YHCIIa, MEHBIITUE /1, TIOTOM 71, ), TE JKe YETHBIC YKCIIa B BO3PACTAIONIEM TIOPSJIKE, JTaiee BCe
HE4ETHBIC, MEHBIIINE 71, — B YOBIBAIOILIEM, /1 U T€ K€ HEUETHBIC B BO3PACTAIOILEM TOPSAKE).

4.[5] Touku K u L nenar meguany AM tpeyronbHuka 4A5C Ha TpU paBHBIE 4acTH, TOUKA K JIEKUT MEXTY L
u A. OrmeTnnu Touky P Tak, uyto TpeyronbHuku KPL u ABC nono6usl, npuuém P u C nexar B 0JJHON
HOJIYTIJIOCKOCTH OTHOCUTENBHO NpsiMoit AM. Jlokaxkute, uto P nexuT Ha npsimoit AC.

Pemenne. [Tycts N — cepenuna AC. IlepBbiii coco0. PaccMoTpuM Ha CTOpoOHE
AC takyro Touky Q, uto LZALQ = ZC. Torna tpeyronsHuku ALQ u ACM nonoOHbI
(mo nBymM yrnam). IIpu s3Tom nono6uun meauana MN tpeyroiabHuka ACM nepexoaut B
menuany OK tpeyronsnuka ALQ. CienoBarenbHo, TpeyroiabHUK KQL nonodex
tpeyroabHuky NMC, a 3HauuT, U Tpeyroibuuky ABC. Takum obpaszom, Touku P u QO
COBMAJIAOT.

Bropoii cnocod. PaccMoTpyuM KOMMO3UITNEIO CHMMETPUH OTHOCUTEIHHO
ouccektpucsl yria CAM, nepeBojsiieit C B Touky C', ¥ TOMOTETUH C LIEHTPOM A,
nepesosieit C' B L. [Ipu atom Touka N nepeia€r B K, a o0pa3 Touku M nonanér Ha npsmyto AC u,
nockoybKy TpeyrosibHuku NMC u KPL nonoOHbl, coBnaaér ¢ P.

5. [5] o kpyry 3anuckiBatoT 2015 HaTypadbHBIX YHMCEN TaK, YTOOBI JHOOBIE IBa COCETHUX YHCIa
pasIuyaTKCh HAa X HAMOONBIIHKM o0Iuil Aenurens. Haligute HanbompIiee HaTypasibHOE N, HA KOTOPOE
rapaHTHPOBAHHO OYJET AeNUThCA npousBeaeHue 3tux 2015 uucern.

Otser. N =3-2'"°_ Pemenue. Oyenka. JIpa HEUETHBIX YHCIIA HE MOTYT CTOSTh PSJIOM, TAK KaK OHU HE
JENATCS HA CBOIO YETHYIO pa3HOCTh. [103TOMy 4ETHBIX YKCeN He MEHBIIIE MTOJIOBUHEI, TO ecTh X0Ts 061 1008.
Taxk kak ux 00JbIIe TOJTOBUHBI, TO KAKHE-TO JIBa YETHBIX YUCIIA CTOAT PsiioM. M3 3To# maphl YETHBIX YUCEN
XOTs ObI OIHO KpaTHO 4, MHAa4Ye WX Pa3HOCTh KpaTHa 4, a CaMH OHU — HET.

[Tpenmnonoxum, y HaC HET 4Kcen, KpaTtHeiX 3. Toraa, n3-3a HEYETHOCTH KOJIMYECTBA YUCENT, KAKUE-TO J1Ba
COCEHUX YHUCIIa Jal0T OJMHAKOBBIE OCTATKU MPH JIeJI€HUH Ha 3. DTU YKclia JAESTCS Ha CBOIO Pa3HOCTb,
KoTopas kpatHa 3. [IpotuBopeuue.

CnenoBatenbHo, N > 3-219,

Ilpumep. Yucna 4, 3,2, 1,2, 1, ..., 2, 1, 2 ynoBnetrBopstoT ycnosuro. X nponssenenue paBHo 3

2

1009
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1. [4] Buytpu napamienorpamma ABCD otmetwnu Touky E Tak, uto CD =CE. g Y c
Joxaxure, 4Tto OTpe3ok DE NEepHneHAMKYJIIPEH OTPE3Ky, COECAMHSIOIEMY
cepenunbl 0Tpe3koB AE u BC.

Pemenue. ITycts X, Y u Z — cepenunsl DE, BC u AE cooTBeTcTBEHHO. Tak
Kak ZX — cpennsis nHus TpeyrosnbHuka AED, To CXZY — napasienorpaMm.
CX — menuaHa, a 3HauuT, ¥ BbICOTA paBHOOeApeHHOTro TpeyronbHuka DCE, A D
cnenosarensHo, ED 1 CX || YZ.

2. [6] CekpeTrHas 6aza OKpy>KeHa IMPO3PAYHBIM U3BUIIUCTHIM 3a00pOM B (hOpPME HEBBIITYKIIOTO
MHOTOYTOJIbHHKA, CHapYk K — 60110T0. Uepe3 60710To MposiokeHa MpsMas JHHH dJIeKTpornepenad us 36
CTOJIOOB, YaCTh U3 KOTOPBIX CTOUT CHApPYKU 0a3bl, a 4acTh — BHYTpH. (JIMHUS 21ekTpornepenad He MPOXOIUT
4yepe3 BepHuHbI 3a00pa.) [lnmnon o6xoaut 6a3zy cHapyku BIIOJIb 3a00pa TakK, 4To 3a00p BCE BpeMmsl 110
MpaByo pyKy OT Hero. Kak/plii pa3, oka3aBIIMCh HA JUHUU AJIEKTPOIepeaad, OH CUMTAET, CKOJIBKO BCETO
CTOJIOOB HAXOJUTCS TI0 JIEBYIO PYKY OT Hero (OH X Bce BUAUT). K MOMEHTY, Kor/1a mmuoH 000mIEN BeCh
3a00p, oH HacuuTaia B cymme 2015 cton6oB. CKOJIBKO CTOIOOB HAXOAUTCS BHYTpU 0a3bl?

OtBet. Oaus cton0. Pemenue. [psmas JIDII nepecekaercs ¢ Teppuropueii 0a3bl o HECKOIBKUM
orpeskam. IIImroH cunuTaeT cTOJIOBI, KOT/Ia OKa3bIBACTCS B KOHIIE OJTHOTO M3 3TUX OTPE3KOB. PaccMoTpum
onuH u3 HUX (4B). Korna mmuoH HaXOQuTCs B TOUKE A, OH CYUTACT CTOJIOBI 10 OJIHY CTOPOHY OT AB, a
KOT/Ia HAXOAMUTCS B TOUKE B, CYUTAET CTOJIOBI 11O APYTYIO CTOPOHY OT AB. Ecnu k 3THIM cTON0amM 100aBUTH
CTONOBI BHYTpH AB, To nonyuutcs 36 cton6oB. CkiiaapiBasi 5TH paBEHCTBA JJI BCEX OTPE3KOB, MOTYUHUM,
yT0 2015 muroc KOIU4ecTBO # CTOIO0B BHYTpH 0a3bl nenutcs Ha 36. Tak kak n < 36 u 2016 nenutcs Ha 36,
Ton=1.

3. a) [3] HarypanbHble uncna x, x* ¥ X° HAaUMHAIOTCSA C OJHON U TOM ke 1mdpsl. O6s3aTenpHO u 3Ta nudpa
— eauHUNIA?

0) [4] Tor e Bompoc I HATyPaIbHBIX YUCEN X, X, X°, ..., X

Oteer. He o6s3arensno. Pemenue. a) Yucna 99, 992 = 9801, 99° = 970299 maunHaroTcs ¢ JEBATKH.

2015

6) OueBuaHO, HalieTcs Takoe HaTypabHoE k, uto 107% < 1 — 2°5/0,9 . Torna HepaBeHCTBO

0,9 <(1-10%"5<(1-10%"<1 Beinosnneno npu Beex n < 2015. Ymuoxas na 10", momyaum 0,910 < (10
—1)" < 10*. D10 3HauwuT, uto npu x = 10" — 1 Bce uncna Buma x", tae n =1, 2, ..., 2015, naunHaroTcs ¢
JICBSITKH.

3ameuanue. logurcs yxe k = 5, Tak Kak 1o repaserncmey beprynn 0,9 <1 —n-107 < (1 -107)" naxe nas n < 10000.

4. Kaxxziast CTopoHa HEKOTOPOTO MHOTOYTOJIbHUKA 00J1a1aeT TAKUM CBOWCTBOM: Ha MPSIMOM, cozepsKaleit
9Ty CTOPOHY, JIGKHT eII€ XOTsI ObI 0JTHA BEPIINHA MHOTOYTOJIbHIKA. MOKET JIM YMCIIO BEPIIUH 3TOTO
MHOTOYTOJIbHUKA a) [4] HEe MPEeBOCXOIUTH NIEBITH; ©0) [5] HE MPEBOCXOAUTH BOCHMU?

OtBeT. Moxer. Pemenne. CM. puCyHKHU:

3ameuanue. MoXHO J0Ka3aThb, YTO YMUCJIO BEPUIMH TaAKOT'O MHOT'OYT'OJIbHUKA HE MOXKET OBITH MEHEIIIE BOCHMH.

5. a) [3] B Tabmuiy 2xn (tae n > 2) Buucansl yncia. CyMMBI BO BCEX CTOJIOIAX pa3iudHbl. JlokaxkuTe, 9To
MOJKHO IePECTABUTh YUCIIA B TAOJIHUIIE TaK, YTOOBI CYMMBI B CTOJIONAX OBUTH Pa3IMYHBI U CyMMBI B CTPOKaX
OBLITH pPa3TUYHBI.



0) [6] B Tabmuiy 10x10 Brucansl yncna. CyMMBI BO BCeX CTOJIOIAX pa3indHbl. Beeraa 1 MOXHO
NIEPECTaBUTh YHCIIA B TAOJIHIIE TaK, YTOOBI CYMMBI B CTOJIOIAX OBUIM PA3TUYHBI U CYMMBI B CTPOKaX OBLIH
pa3IuyHbI?

a) Pemenue. Jlomyctim, cyMMbI B CTpoKax paBHbL. Eciiu ecTh cronber, rae yucia pa3iuyHbl, TO
MOMEHSIEM WX MECTaMH, M CYMMBI YHCEJ B CTPOKAX CTaHYT pPa3HBIMHU.

Ecnu B kaxxaoMm cTonbiie 06a 4riciia paBHBI, TO BCE YUCIA B CTPOKE Pa3inyHbl. Bo3bMEM TpH
HAaMMEHBIIUX YKclia @ <b < ¢ B BEpXHEH CTPOKE M MEPECTABUM MX HMUKIHMUECKHU. Tak Kak
b+a<a+c<b+c,npuuém b + ¢ MEHBIIIE CyMMBI YUCEIN B JIFOOOM U3 OCTAaBIIUXCS 1 — 3 CTOJOIOB, TO
CYMMBI YHCeJl B CTOJIOLIaX OCTaHYTCS pa3inyHbIMU. Terneps y Hac ecTh CTOJ0EI, T/Ie Yucia pa3IudHbl.

0) OTBet. He Bcerna. Pemenue. [IpuBeném xonmpnpumep nns Tabauibl #xn. Bmiem B CTOIOIBI
nocnenoBatenbHo 1o 0, 1, ..., (n —2), n eIUHUI, a B OCTaJIbHbIE KJIETKH BOHIIEM HyIH. Yucio, paBaoe 0 + 1
+ ...+ (n—2) + n, HENMB3s MO-APYTOMY Pa30UTh HA 1 ETBIX PA3IUYHBIX HEOTPUIIATETHHBIX CIIaraeMbIX.
CrenoBartenbHO, yKa3aHHOE pa30MEHNE eIMHHMII [0 CTOI0LAM eTMHCTBEHHOE, TP KOTOPOM CyMMBI B HUX
pa3IuyHbI. 3HAYUT, MPU JTFO00H «ITOMYCTUMOI TIEPECTAHOBKE 003aTEIHHO TOJKHBI OBITH CTOJIOCI U3
HyJIeH U cTOJIOCI U3 eMUHMIL. 10 ke caMOoe MOYKHO CKa3aTh U MPO CTPOKH, €CIIM CYMMBI B HUX paznudyHbl. Ho
HAJIMYUE CTONONA U3 HYJIeH MPOTUBOPEUUT HATUYHUIO CTPOKU U3 IMHHII.

6. [9] BHyTpHU OKPY>XHOCTH PacroioKeH paBHOCTOPOHHUMN N-yronsHuK. Kaxmayio ero cropoHy npo/ajieBaroT
B 00€ CTOPOHBI JI0 TIEPECEUSHHsI C OKPYKHOCTBIO, ITOJTy4as IO [BAa HOBBIX OTPE3Ka, PACIIOIOKEHHBIX BHE
MHOT'OYT'OJIbHUKA. 3aT€M HEKOTOphIE U3 2N MOJYyYEHHBIX OTPE3KOB KPACATCA B KPACHBIN LIBET, & OCTAJIbHBIE
— B CUHMI 11BeT. JIOKa)KUTE, YTO MOKHO PaCKpacUTh 3T OTPE3KH TaK, YTOOBI CyMMa JJIMH KPaCHBIX
OTPE3KOB PaBHSIACH CyMMeE JJIMH CUHUX.

Pemenue. [Tycts kaxaas cropona 4;4;.1 = @ MHOTOYTOJIbHUKA A;...Ay TPOJOHKEHA CHHUM OTPE3KOM
A;B; = b; n xpacHbIM 0Tpe3KoM A;+1C; = ¢; (cuutaeM, uyto Ay = A1). Xopasl BiC, u B,C, nepecekaroTcs B
TOUKE A, 3Ha4UT, ci(a + by) = ba(a + ¢2), T. €. (¢1 — br)a = bac, — bicy. Ananoruyo, (c; — bs)a = bscs — boc,
T. A. CJIO)UB BCE 9TU PaBEHCTBA, MOJyduM (¢; +...+ cy — by —...— by)a = 0, T0 ecThb ¢ +...+ cy = by +...+ by.

7. [10] Umneparop npuriaacui Ha npa3aHuk 2015 BoameOHUKOB, 100PBIX U 371bIX, IPU ATOM BOJIIIEOHUKU
3HAIOT, KTO JOOPEIN U KTO 3710, a mMnepaTop HeT. J1oOpbIii BOMIIIEOHUK BCETAa TOBOPUT MPaBy, a 3JI0H
TOBOPUT 4TO yrojaHo. Ha npa3nHuke uMmmneparop, B KAKOM XOUeT MOPsAKE, 3a1aéT KaXA0My BOJIILIEOHUKY IO
BOIPOCY (TpeOyroIieMy OTBETa «Ia» WIH «HET») U CIyIIAeT OTBET, a OCJIE BCEX OTBETOB OJIHOTO M3TOHSET.
BonmeOHMK BBIXOAUT B 3aKOJIOBAHHYIO IBEPh, M UMIIEPATOP Y3HAET, 10OphIi oH ObLT Mitn 3110i. [locne
3TOTO UMIIEPATOP BHOBD 3a/1aET KaXKIOMY U3 OCTABILIUXCS BOJIIEOHUKOB MO BOMIPOCY, BHOBH OJTHOTO
U3TOHSET, U TaK Jlajiee, MoKa UMIIEPAaTOp HE PELIUT OCTAHOBUTHCS (3TO BO3MOXKHO MOCIIE JII000T0 U3
OTBETOB, U [10CJIE OCTAHOBKM MO>KHO HUKOT'O HE U3TOHATH). JloOKa)KuTe, 4UTO UMIIEPATOp MOXKET U3THATh BCEX
37BIX BOJIIIEOHUKOB, YIIHB IIPH 3TOM HE 00JIee 0JHOTO J00pOTo.

Pewenmne. /lepguiti sman. imniepaTop BbIACIAET OAHOTO BOJIIICOHNKA 4 U CIIPAIIUBACT BCEX
OCTaBIIUXCS, JOOPBIH JIM OH (a ero — o 4yéM yroano). iMeem zBa ciyyas.

1) Bee ckazanu «Her». Torma ummnepatop usronsier 4. Eciu okazanock, 4to A — 100phIid, TO Bce
ocTajbHbIE BOJNIIEOHUKH — 37IbIe, M UIMIIEPATOP M3TOHSET UX MO OYepen, 3a/1aBasi POU3BOJIbHbIE BOMPOCHI.
Ecnu okazanocsk, uTo A — 3710, TO YMCIIO 376X BONIIEOHUKOB YMEHBUIMIIOCH, 1 UMIIEPATOP CHOBA
IIOBTOPSET IEPBLIN ATAIl.

2) Hamencs BommeOHuK B, ckazaBmuii «aa». Toraa umneparop usronsiet B. Ecnu okaszanocsk, 4to B —
3JI0M, TO UMIIEPATOp TAK)KE BO3BpaIaeTcs K mepBomy dtamy. Ecim okazanock, uto B — 100OpBIid, TO
UMIIEPaTOp MOHUMAET, 4TO A — TOOPBINA U NEPEXOUT KO BTOPOMY STaIly.

Bmopoti sman. imnepatop cTaBUT BOJIIEOHUKOB MO KPYTYy U CHPAIINBACT KaKI0T0, TOOPBIN JIH
cienyromuii. Eciu Bce OTBETUIM «/1a», TO BCE OCTABILIUECS B 3ajie BONIEOHUKU — J0OpBIe, U UMIIEpaToOp
OCTaHaBJIMBAETCS.

Ecnu KTO-TO OTBETHII «HET», TO TIEPBBIN, HAYMHAS CO CIEAYIOMIETO 3a A BONIIEOHUKA, PO KOTOPOTO TaK
CKaszaiu, — 3710i. MiMneparop ero u3roHsieT 1 BO3BpallacTCcs KO BTOPOMY JTally.
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1. a) [2] HarypanbHble uncna x, x* ¥ X’ HAUMHAOTCS C OJHOM U ToM e mudpel. O0g3aTensHO a1 dTa mudpa
— equHUIA?
6) [3] Tor e BOIPOC /I HATYPAIBHBIX YUCEN X, X7, X, ..., X
OtBet. He o0s13aTenbHo.

Pemenne. a) Yncna 99, 992 = 9801, 99° = 970299 naunHarOTCA C IEBATKH.
2015 0

2015

0) OueBuaHO, HAalIETCS TAKOE HATYpalibHOE k, UTO 10%<1 - ,9 . Toraa HepaBEeHCTBO

0,9 <(1-10%*"<(1-10%"<1 Bemonneno npu Beex 1 < 2015. Ymuoxas Ha 10", momyanm 0,9-107 < (10*
—1)" < 10*. D10 38a4uT, 9o npu x = 10" — 1 Bce uncna Buna X", rae n = 1, 2, ..., 2015, HauunaroTcs ¢
JIEBSTKHU.

3ameuanne. [omqurcs yxe k = 5, Tak kak 1o nepasencmsy bepuynn 0,9 <1 —n-107 < (1 -107)" maxe mas n < 10000.

2. [5] Ha ocnoBanuu BC paBHOOeapeHHOTO Tpeyroibunka ABC oTMedueHa Touka X, a Ha cropoHax AB u AC
— COOTBETCTBEHHO TOUKHU P 1 Q TakuM obpazom, uto APXQ — napamnenorpamm. Jlokaxure, 4to To4ka Y,
CUMMETpPUYHAs TOUYKE X OTHOCUTENIBHO NpAMOM PO, monasaer Ha ONUCAaHHYIO OKPYKHOCTb TPEYrOJIbHUKA

ABC. A
ITepBoe pemenne. [Tycts O — IEHTp ONUCAHHOW OKPYXHOCTH 2
TpeyronbHuka ABC, J — uentp napaiienorpamma APXQ. TpeyronbHUKU 0

AOB n BAC — paBHOOEAPEHHBIE, TIOITOMY

ZABO = ZBAO = ZOAQ. 3uauurt, tpeyroibHuku BPO u AQO paBHbI
110 IByM CTOPOHAM U yrity Mexay HuMmu. CienosarensHo, OP = OQ, To
ectb OJ — cepelMHHBIN NepneHauKyisp k PQ.

3aMeTuM, 4TO TOUKY Y MO>KHO MOJIY4YMTh B JIBa ATala: CHa4yajaa
OTpa3uTh X OTHOCUTEIBHO TOYKH J, @ 3aT€M OTPA3UTh MOIY4CHHYIO
TOYKY A oTHOCcUTENbHO TipsiMon OJ, nepnenaukynsapaor PQ. Teneps
OYEBHJIHO, YTO Y JIEXKUT Ha OKPYKHOCTHU L.

Bropoe pemenne. Tak kak PX u AC napajuienbHbl, TO TPEYTOJIbHUK
BPX toxe paBHOOGAPEHHBIH, caeoBaTeNbHO, B, X u Y paBHOyAaneHs! ot P,
3Hauut LBYX =" /BPX =" LA. Ananoruuno, ZCYX = "2 ZA. lloatomy
/BYC= ZBAC u touku B, Y, A, C nexaT Ha OJJTHOI OKPYKHOCTH.

3ameuanue. Mbl HESIBHO UCIIOJIB30BAIM OYEBUIHBIN (akT: Touku P, Y,
A, Q nexat 1o oiHy cTopony ot BC.

3. a)[2] B tabnuny 2xn (rae n > 2) Bnucansl yrciaa. CyMMBI BO BceX
cTonbuax pa3nuyHsl. JJokaXuTe, 4TO MOKHO MEPECTABUTH YUCIIA B TAOIUIIE TaK, YTOOBI CyMMBI B CTOJIOIAX
OBLIM pa3IMYHbI K CYMMBI B CTPOKaX OBLITH Pa3IUJHEI.

0) [6] B Tabmuiry 100x100 Brmcanst ynciia. CyMMBI BO BCeX CTONIONAX pa3UvHbI. Beeraa m MoKHO
NePEeCTaBUTh YKCia B TAOIMIIE TaK, YTOOBI CYMMBI B CTOJIOIAX ObUIM Pa3IMYHbl U CyMMbI B CTPOKaX ObLIN
pa3Iu4HbI?

a) Pemenue. JlormyctrM, CyMMBI B CTpOKax paBHBI. Eciu ecTh cTon0€1, Ie Yncia pa3indHbl, TO
MTOMEHSEM WX MECTaMH, M1 CYMMBI YHCEJT B CTPOKAaX CTaHYT Pa3HBIMH.

Ecnu B kaxxaoMm cTonbiie 06a 4riciia paBHbI, TO BCE YUCIA B CTPOKE pa3inuyHbl. Bo3bMEM Tpu
HAUMEHBINNX Yncia a < b < ¢ B BEpXHEU CTPOKE U MEPECTAaBUM UX MUKIMYECKU. Tak Kak
b+a<a+c<b+c, npuuaém b + ¢ MEHBIIIE CyMMBI YHCEN B TIOOOM M3 OCTABIIUXCS 7 — 3 CTOJOIIOB, TO
CYMMBI YHCEJI B CTOJIONAX OCTaHYTCS pa3IuYHBIMH. Tereph y HaC €CTh CTOJIOEI, T/Ie YMCIIa Pa3TuIHbI.

0) OTBet. He Bcerna.

Pemenue. [Ipuseném xonmpnpumep nns Tabauisl nxn. Bnumem B cTonOIs! mocneaosareiabHo 1o 0, 1,
..., (n—2), n equnMIL, a B OCTaIbHBIC KJIETKHU BIuiieM Hynu. Yucno, pasaoe 0 + 1 + ... + (n — 2) + n, HeNb34
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MO-JIPYroMy pa3OUTh Ha 7 LENBIX Pa3IUYHBIX HEOTPUIATENBHBIX ciaaraeMbix. ClienoBaTebHO, YKA3aHHOE
pa3dueHne eTuHHMII IO CTOI0AM eTUHCTBEHHOE, TP KOTOPOM CyMMBI B HUX Pa3JIMYHBL. 3HAYHT, IPU
000 «JIOMYCTUMOI TIEPECTAHOBKE 00s13aTEHHO JIOJDKHBI OBITh CTOJIOCI U3 HYJIEH M CTOJIOCT] U3 eUHUIL.
To e caMoe MOKHO CKa3aTh U PO CTPOKH, €CJIM CYMMBI B HUX pa3iuvHbl. Ho Haymuue cronbna u3 Hyseu
TPOTHBOPEYHT HAIUNYHIO CTPOKU U3 CIUHUII.

4. [8] BHyTpH OKPY>KHOCTH PacCIOiIOKEH PaBHOCTOPOHHUHN N-yronsHUK. Kaxkmayto ero cTopoHy mpo/jieBaroT
B 00€ CTOPOHBI JI0 TIEPECCUCHHSI C OKPYKHOCTBIO, ITOJTy4as IO [Ba HOBBIX OTPE3Ka, PacIOIOKEHHBIX BHE
MHOTOYTOJIbHHUKA. 3aTe€M HEKOTOPbIE U3 2N MOJYYCHHBIX OTPE3KOB KPACATCsl B KPACHBIN I[BET, @ OCTAIbHbIC
— B CUHHI 1BeT. JIOKa)KUTE, YTO MOKHO PaCKpacCUTh 3TU OTPE3KH TaK, YTOOBI CyMMa JJIMH KPaCHBIX
OTPE3KOB PaBHSIACH CyMMeE JJIMH CUHUX.

Pemenue. [Tycts xaxmas cropora 4;4;.1 = @ MHOTOYTOIbHUKA A,...Ay TPOJOHKEHA CHHUM OTPE3KOM
A:B; = b; u xpacHbIM 0Tpe3KoM A;;1C; = ¢; (cuutaeM, 4To Ay = A4,). Xopasl B,C, u B,C, nepecekarrcs B
TOYKE A», 3HaUUT, ci(a + bi) = ba(a + ¢2), TO ecTh (¢1 — b2)a = byc, — bici. Ananoruyno, (¢, — bs)a = bscs — bycs
u T. 1. CJI0XXHB BCe 3TH PaBEHCTBA, TIOIYIUM

(Cl +...tev— bl — . — bN)a = 0, TOECTb C; t ... T ey = b1 + ...+ bN.

5. [10] CymecTByIOT 1 Takue JBa MHOTOWICHA C HEIbIMUA KO (OUIIMEHTaMH, YTO Y KaXI0TO U3 HUX €CTh
ko3 duLreHT, MoAynb KoToporo Ooisbuie 2015, HO mpu ATOM y HMX HPOU3BEIEHUS MOIYIH BCEX
ko3¢ purmenToB He O6ombIIe 17

OtBet. CyllecTBYIOT.

IlepBoe pemenne. HazoBéM xopowium MHOTOUNIEH, Y KOTOPOTO Bee Kod(hduimenTs! paBHsl 0 wim 1.
3aMeTuM, 4TO NMPOU3BEACHHUE XOPOILIEro MHOTOUIEHA CTENIEHN # Ha MHOTowIeH x™ + 1, rae m > n, cHOBa
ABJIIETCS XOPOLIMM MHOrowieHoM. HagaB ¢ MHOrousieHa x + 1 1 JOMHOXUB €ro Takum oopazom Ha 2019
MHOTO4JICHOB BUa X" + 1 ¢ HEUETHBIM M, MBI IIOJIy4UM XOPOILIMH MHOTOWIEH f(x), AeNAIuics Ha
mHorousnieH (x + 1)%%°. Torma fix) = (x*** +2020x*°" + ... +1)(x* + ax*' + ... +1). Bropoii ko>punmenTt
MHorouieHa f{x) paBex 2020 + a, u oH He Oounbie 1, mosTomy a < —-2019.

Bropoe pemenune. Paccmorpum MHOrOWIIEH 18-ii crenenu
hx)=@x+ D' +x+ D+ ...+ D)+ ...+ 1) u maorowten g(x) = h(x)(x'® + ... +1). Jlerko BUAETS,
uro K03 duIrenT npu x'® MHOrowIeHa g(x) paBeH cymme KodpPUIUEHTOB MHOrOWIEHA /(x), TO ecth A(1) =
2%3-5-9 =2160 > 2015.

[Mpoussenenne g(x)g(—x) = (1 — x°)(1 — x")(1 — x")(1 — x**) 1o Tem ke cooOpaKeHUsIM, YTO U B TIEPBOM
pemeHny, oyeT UMeTh K03((PUIUEHTHI, 10 MOIYJII0 HE IPEBbIIIAIOIINE €IUHHIIBIL.

3ameuyanue. Bropoe pemienue IaéT Bcero UMb 36-10 CTENEHb MHOXKHTENEH, B TO BpEMsI KaK B IIEPBOM
pElIeHNH CTENeHb OJJHOr0 MHOKHUTENS paBHa 2020, a BTOporo — ropaso 0oJblie.

6. [10] Ummepatop npuriacui Ha pa3aHuk 2015 BonmeOHUKOB, TOOPHIX U 3JIBIX, IPU 3TOM BOJIICOHUKHT
3HAIOT, KTO JOOPBIN U KTO 3J710H, a uMriepatop — HeT. JloOpbIii BoMIIeOHUK BCEr1a TOBOPUT MPaBy, a 37101
TOBOPHT 4TO yrojaHo. Ha nmpa3iHuke uMmepaTop cHayana BbIIaeT KaXJA0My BONIIEOHUKY IO OyMaxkKe C
BONPOCOM (TPEOYIOIIMM OTBETA «J1a» WIH «HET»), 3aTeM BOJILIEOHUKHU OTBEYAIOT, U MOCJIE BCEX OTBETOB
UMIIEPaTop OJHOTO M3rOHsET. BonmeOHNK BBIXOIUT B 3aKOJIIOBAHHYIO IBEPb, M UMIIEPATOp Y3HAET,
oOpBIit OH OBLT WK 37101, [Tociie 3TOoro uMIepaTop BHOBB BBIJIAET KAXKIOMY M3 OCTABIUXCS BOJIIICOHUKOB
1o OyMa)KKe ¢ BOIIPOCOM, BHOBb OJIHOT'O U3IOHSET, U TaK Jlajee, oKa UMIIEpaTOp HE PEIIUT OCTAHOBUTHCS
(3TO BO3MOKHO TOCIIE JTF0O0T0 U3 OTBETOB, U MOCJE OCTAHOBKH MOXHO HUKOTO HE M3rOHATH). Jlokaxure,
YTO UMIEPATOP MOKET U3THATH BCEX 3JIbIX BOJIIEOHUKOB, YIAIMB MIPH 3TOM HE OoJiee OHOTO J00pOro.

Pewmenmne. /lepguiti sman. imniepaTop BbIACIAET OAHOTO BOJIIIECOHUKA 4 U CIPAIIUBAET BCEX
OCTaBIIUXCSI, JOOPHIN 1 OH (a ero — o 4éM yroano). imeem niBa ciryqast.

1) Bee ckazanu «uet». Toraa ummneparop usronsiet 4. Ecnu okazanock, uto 4 — 100pslii, TO Bce
ocTajbHbIE BOJIIEOHUKH — 37Ible, 1 UMIIEPATOP U3TOHSET UX M0 OYeper, 3a/1aBasi IPOU3BOJIbHbIE BOIPOCHI.
Ecnu okazanock, 4to 4 — 3710H, TO YHUCIIO 37BIX BOJIICOHUKOB YMEHBIINIOCH, U UMIIEPATOP CHOBA
HOBTOPSIET NMEPBBIN dTaI.



2) Hamencs BoneOHuK B, ckazaBimuil «aa». Torna umneparop usronsietr B. Ecnu okaszanocs, 4to B —
3JI0M, TO UMIIEPATOP TAK)KE BO3BpaAIaeTCs K epBomy stamy. Eciu okazanock, uto B — 100pBIid, TO
HMMIIEpPATOp MOHUMAET, YTO A — T0OPBIi U EPEXOIUT KO BTOPOMY 3TaIly.

Bmopoti sman. imnepatop cTaBUT BOJIIEOHUKOB MO KPYTYy U CHPALINBAET KaKI0T0, TOOPBIH JIH
cnenyromuii. Ecim Bce OTBETHIIN «J1a», TO BCE OCTABIIMECS B 3aJie BOJMIICOHUKH — T0OpBIE, U UMIIEPATOP
OCTaHaBJIMBAETCS.

Ecnu KTO-TO OTBETHII «HET», TO MEPBBIN, HAYMHAS CO CJIEAYIOMIETO 3a A BONIIEOHUKA, PO KOTOPOTO TaK
CKaszanu, — 37101. FMiMneparop ero u3roHsieT ¥ BO3BpallacTCcs KO BTOPOMY JTally.

7. [10] Kak u3BecTHO, €ciii y YETBIPEXYTOJIbHUKA CYIIECTBYIOT BIIMCAHHASA U ONMCAHHASA OKPYKHOCTHU U UX
LEHTPBI COBIAJAIOT, TO 3TOT YETHIPEXYTOIBHUK — KBAAPAT. A BEPEH JIM aHAJIOT 3TOTO YTBEPKIACHUS B
IPOCTPAHCTBE: €CIM Y KyOOH/1a CYIECTBYIOT BIIMCAHHAS U ONMCaHHAs CEephl U UX HEHTPHI COBIAAAIOT, TO
3ToT Kyboua — ky0? (Kyboua — 370 MHOTOrpaHHHK, Y KOTOPOTro 6 4eThIpEXYTOJIbHBIX IPaHel U B KaX10i
BEpIIMHE cXOoauTCs 3 pedpa.)

Oteer. He Bepen. Pemenue. [Ipuseném xonmpnpumep. Ha puc. 1 nzo6paxxken KyOooua, MOCTPOCHHBIN
cienyromuM oopa3zoM. BepXHsist 1 HUXKHSS €ro TpaHu — IPSIMOYTOJIbHUKU 6x8 (BIIMCAHHBIE B OKPYKHOCTh
paauyca 5), TOBEPHYTHIC IPYT OTHOCUTEIBHO apyra Ha 90°. JIuHus, coequHSIOmAs UX IEHTPHI,

TepIIeHANKYIISPHA TIIOCKOCTSIM MPSIMOYTOIBHAKOB H HMEET JUTHHY 4+/3 (3HAYHT, paiyc OMHCAHHOM
chepbl paBeH +/12 + 5% =+/37 ). BokoBbIe 'paHu — paBHOCTOPOHHHUE TPATEHUK ¢ OCHOBAHUAMH JUTUHBI 6 1 8
Y BBICOTOM JUIMHBI 7 (OOKOBasi CTOPOHA paBHA J50 ). [Ipoekmust 60KOBOM CTOPOHBI ATON Tpareluy Ha
BEPTUKAJIb KaK pa3 paBHa /49 —1 = 4+/3 . Takas Tparneuus TakKe BIIMCaHa B OKPYXHOCTb paauyca S (cM.

puc. 2), 3Ha4UT, KyOOH| ONHCaH BOKPYT chepsl paanyca 243.

Puc. 1 Puc. 2

Pemenns JI. MenuukoBa, U. PyoanoBa, A. CemenoBa, A. lllanoBasioBa
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