MOCKOBCKNN
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NHCTUTYT

OJIMMITNAJIA "OU3TEX"
I[1O MATEMATUKE

10 KJIACC. Bapunant 5

[3 6anna] Ilycrb a, b, ¢ — Tpu nomapHO pa3IMIHBIX HEHYJIeBbIX Ynca. [ kaxmoit mapst u3 uunces 0,
a, b 1 ¢ BBIIUCHIBACTCS IPUBE/ICHHBIN KBaIPATHDI TPEXIEH, KOPHAMHI KOTOPOTIO SIBJIAETCS 9Ta Hapa
qncesr. ODO3HAYMM TTOJTyUeHHbIe TPEXWIeHbl f1, fa, ..., f¢. llycts f = fi + fo + ...+ f¢. Haiinure
cymmy S = a? +b? + 2, ecu f(0) =11, a f(1) = —1. (Camu uucna a, b u ¢ He JaHbI.)

[4 6anna] Haityure Bee Tpoitku nenbix uucen (a;b;c), aus Kotopbix a + be, b+ ac, b* — a? + 21¢* —
TPH IOCJIEI0BATE/ILHBIX HATYPAJIbHBIX YUC/IA, PACIOJIOKEHHBIX B MOPSJIKE BO3PACTAHUSI.

[4 6anna] Ilerst coryuaiino packiajbiBaer 56 OJIMHAKOBBIX MIAPOB 110 3 MPOHYMEDOBAHHBIM SIIITIKAM.
Haiiiure BEpOSITHOCTD TOTO, UTO B KAYKJIOM SIIIIIKE OKAYKETCs I6THOE (BO3MOXKHO, HYJIEBOE) KOJIIMIe-
CTBO ITIAPOB.

[5 bannos] OxpyxHOCTh w, nocTpoeHHasi Ha BbicoTe AH Tpeyrosbanka ABC kak Ha aumamerpe,
nepecekaer cropony AB sToro Tpeyrosibauka B €€ cepemaune M. Boeicotra AH jexkut BHyTpHu Tpe-
yroabanka. Ha cropone AC' ormeuena Touka X rtakas, uro C'M npemur orpesok HX momosam.

Haiiinre oraomenne AX : XC, eciu BC : AB = 2v/2.

[5 6annos] IIBeTouHbIil JIyT, TPEYUIIHOE [OJIe U JIUIIOBAs POIIA PACIIOJNOKEHbl B TPEX TOUYKAX, HE Jie-
Kamux Ha ojfHoi mpamoit. [lacevynuk moctaBmil yieit Ha TPAMOJIMHEIHON TPOIMHKE MEXKIy JIyTOM
U TOJIEM TaK, YTOOBI CyMMa, PACCTOSHUN OT YjIbs JIO JIyra, MOJid W poIny Oblia HamMmeHbImeid. Ha
KaKOM PaCCTOSHUM OT JIyTa YCTaHOBJEH yJjell, ecin W3BeCTHO, UTO JyimHa TpormmHkn pasHa 1000 M,
PaCCTOsTHUSI OT YJIbsl JIO JIyTa, POIIH 1 T10Jist (B YKA3aHHOM MOPsIJIKE) SIBIAIOTCS TPEMS TTOCTIeI0BATE b
HBIMU YJIeHaMHM HEKOTOPOII IeOMeTPUYEeCKOl Iporpeccuu, a JiJIMHa TPOIUHKHU, PACCTOAHHUE OT POIIU
J10 JIyT'a U PACCTOSHUE OT POIIH /IO 110JI — COOTBETCTBEHHO BTOPBIM, YeTBEPTHIM U IIECTHIM YJIeHAMU
HEKOTOPOI apudMEeTUIECKOil Iporpeccun?

[5 6annos| B ocrpoyrosbaoM HepaHOGepenHOM Tpeyrosbauke A BC nposeenst Boicotel AP u C'Q).
[Iycte M u T — coorBercTBenHo cepenunabl ctopon AC' u AB. Ussectno, uro /PBQ = ZPMQ.
Haitoqure QT, ecoim AB = 3, BC' = 5.

[6 6annos] Haiiaure Bce ompuuyamenvhvie 3HadeHNsT TapaMeTpa @, JJIs KazKJI0ro U3 KOTOPBIX Haii-
JleTcs TaKoe 3HadeHne b, 9To cucrema

y=x+b,

nmMeeT OoJjiee JIByX PEIIeHMUIA.

ToToBuMcs K oaumnuazae Ha caiite 100ballnik.com
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[3 banna] Ilycrs a, b, ¢ — Tpu HOMAPHO PA3IMIHBIX HEHYJIeBbIX dncia. st kax1oit napsl u3 uncer 0,
a, b 1 ¢ BBIIUCHIBACTCS IPUBE/ICHHBIN KBaIPATHDI TPEXIEH, KOPHAMHI KOTOPOTIO SIBJIAETCS 9Ta Hapa
qncesr. ODO3HAYMM TTOJTyUeHHbIe TPEXWIeHbl f1, fa, ..., f¢. llycts f = fi + fo + ...+ f¢. Haiinure
cymmy S = a® + b* + ¢, ecu f(0) = —4, a f(1) = —7. (Camu uncna a, b u ¢ He jaHbL.)

[4 6anna] Haityure Bee Tpoitku nesbix uucen (a;b;c), aus KoTopbix a + be, ¢ + ab, ¢ — a® + 260* —
TPH IOCJIEI0BATE/ILHBIX HATYPAJIbHBIX YUC/IA, PACIOJIOKEHHBIX B MOPSJIKE BO3PACTAHUSI.

[4 6anna] Ilerst coryuaiino packiajbiBaer 68 OIMHAKOBBIX MIAPOB 110 3 MPOHYMEDPOBAHHBIM SIIITIKAM.
Haiiiure BEpOSITHOCTD TOTO, UTO B KAYKJIOM SIIIIIKE OKAYKETCs I6THOE (BO3MOXKHO, HYJIEBOE) KOJIIMIe-
CTBO ITIAPOB.

[5 bannos] OxpyxHOCTh w, nocTpoeHHasi Ha BbicoTe AH Tpeyrosbanka ABC kak Ha aumamerpe,
nepecekaer cropony AB sToro Tpeyrosibauka B €€ cepemaune M. Boeicotra AH jexkut BHyTpHu Tpe-
yroabanka. Ha cropone AC' ormeuena Touka X rtakas, uro C'M npemur orpesok HX momosam.
Haiiinre oraomenne AX : XC, eciu BC : AB = 5v/2.

[5 6annos] Jlyxkaiika ¢ KjeBepOM, 3apOC/iU BepecKka U IOJie MOJCOTHEUHUKA PACIOJIOXKEHBI B TPEX
TOYKAX, He JieyKalluxX Ha ofHoit npsamoit. [laceunuk mocraBut yiieit Ha TPSAMOJIMHEHHON TPOIUHKE
MEKJTy KJIEBEPOM U IOJICOTHETHUKOM TaK, YTOOBI CYMMa PACCTOSTHUI OT VJibsl 70 KJI€Bepa, BepecKa
U TI0JICOJTHETHIMKa Obljia HanmMeHblrneir. Ha KakoM paccTOSHWM OT TOJCOJTHEIHUKA YCTAHOBJICH YJIei,
€CJIM M3BECTHO, UTO JIMHA TPONMMHKHN paBHa 1250 M, paccTOdHUS OT yiabs J0 KJEBEPa, BepecKa n
[OJICOJTHETHUKA (B YKA3AHHOM IOPSJIKE) SABJISIIOTCS TPEMS TIOCIEI0BATEILHBIME WICHAMU HEKOTOPOI
reOMEeTPHUYECKOl IPOTPECCUn, a JIJINHA TPOIMHKH, PACCTOSIHIE OT BepecKa JI0 KJIEBEPA U PACCTOSTHUE
OT BEPECKa JI0 TOJICOJTHETHNKA — COOTBETCTBEHHO BTOPBIM, ISITHIM U BOCHBMBIM UJIEHAMHU HEKOTOPOit
apuMeTUIeCKOi TPOrpeccun?’

[5 6annos| B ocrpoyrosibaoMm HepasHOGeapenHoM Tpeyrosibanke A BC nposeenst Boicotbl AP u C'Q).
[Iycrs M u T — coorBercrBeHHO cepeqnnbl cropon AC' u AB. UssectHo, uro /PBQ = ZPMQ.
Haiinure QT, eciu AB =4, BC = 5.

[6 6annos] Haiiure Bce ompuyamenvhvie 3HaUeHNsT apaMeTpa a, JJIs KazKJO0ro U3 KOTOPbIX Haii-
JleTcsl TaKoe 3HadeHue b, 9To cucrema

y=u1x+b,

nmMeeT 6oJIee JIBYX PelieHui.

ToToBuMcs K oaumnuazae Ha caiite 100ballnik.com
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[3 6anna] Ilycrb a, b, ¢ — Tpu nomapHO pa3IMIHBIX HEHYJIeBbIX Ynca. [ kaxmoit mapst u3 uunces 0,
a, b 1 ¢ BBIIUCHIBACTCS IPUBE/ICHHBIN KBaIPATHDI TPEXIEH, KOPHAMHI KOTOPOTIO SIBJIAETCS 9Ta Hapa
qncesr. ODO3HAYMM TTOJTyUeHHbIe TPEXWIeHbl f1, fa, ..., f¢. llycts f = fi + fo + ...+ f¢. Haiinure
cymmy S = a® + b + ¢, eciu f(0) =5, a f(1) = —7. (Camu uncia a, b u ¢ He JaHbL. )

[4 6anna] Haityure Bee Tpoitku nesbix uucen (a;b;c), aus Kotopbix a + be, b+ ac, b* — a? + 11¢* —
TPH IOCJIEI0BATE/ILHBIX HATYPAJIbHBIX YUC/IA, PACIOJIOKEHHBIX B MOPSJIKE BO3PACTAHUSI.

[4 6anna] Ilers caywaiiHo packiaabiBaeT 92 OJMHAKOBBIX Iapa M0 3 MPOHYMEPOBAHHBIM SIIITIKAM.
Haiiiure BEpOSITHOCTD TOTO, UTO B KAYKJIOM SIIIIIKE OKAYKETCs I6THOE (BO3MOXKHO, HYJIEBOE) KOJIIMIe-
CTBO ITIAPOB.

[5 bannos] OxpyxHOCTh w, nocTpoeHHasi Ha BbicoTe AH Tpeyrosbanka ABC kak Ha aumamerpe,
nepecekaer cropony AB sToro Tpeyrosibauka B €€ cepemaune M. Boeicotra AH jexkut BHyTpHu Tpe-
yroabanka. Ha cropone AC' ormeuena Touka X rtakas, uro C'M npemur orpesok HX momosam.
Haiiinre oraomenne AX : XC, eciu BC : AB = 4:/2.

[5 6annos| IlBerounblii Jiyr, TpEUYUITHOE OJI€ W JIMIOBAas POIIA PACIOJIOKEHBI B TPEX Pa3JIUUHBIX
TOYKAaX, He JIeXKAIX Ha OJHOi mpamoil. [lacednnk moctaBus yieit Ha MPsAMOJMHEITHONW TPOIMHKE
MEKJTy JIyTOM U IIOJIEM TaK, YTOOBI CyMMa PaCCTOSHHI OT YiIbs JIO JIYTa, MOJSg U POIIU ObLia HaW-
MenbIneii. Ha kakoM paccrosgnum OoT Jiyra yCTAHOBJICH yJeil, ec/ii U3BECTHO, UTO JIJIMHA TPOIUHKH
pasta 1500 M, pacCTOSIHUS OT YJibsi JIO JIyTa, POITH U TOJist (B YKA3aHHOM HOPSIJIKE) SBJISTFOTCS TPEMST
[IOCJIEIOBATEIbHBIMYI YJICHAMA HEKOTOPOII T€OMEeTPUYECKON IIPOIrPecChui, a JJIMHA TPOIIMHKHU, PacCTo-
dHUE OT JIyra JI0 POIU U PacCCTOAHHUE OT IOJIS JIO POIIUA — COOTBETCTBEHHO Y€TBEPTHIM, ITIECTBIM U
BOCBMBIM “JIEHAME HEKOTOPOI apuMeTHUIeCKOl TPOrPeccuu’

[5 6annos| B ocrpoyrosbaoM HepaHOGepenHOM Tpeyrosbauke A BC nposeenst Boicotel AP u C'Q).
[Iycte M u T — coorBercTBenHo cepenunabl ctopon AC' u AB. Ussectno, uro /PBQ = ZPMQ.
Haitoqure QT, ecoiu AB =6, BC' = 9.

[6 6annos] Haiiaure Bce ompuuyamenvhvie 3HadeHNsT TapaMeTpa @, JJIs KazKJI0ro U3 KOTOPBIX Haii-
JleTcs TaKoe 3HadeHne b, 9To cucrema

nmMeeT OoJjiee JIByX PEIIeHMUIA.

ToToBuMcs K oaumnuazae Ha caiite 100ballnik.com
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[3 banna] Ilycrs a, b, ¢ — Tpu HOMAPHO PA3IMIHBIX HEHYJIeBbIX dncia. st kax1oit napsl u3 uncer 0,
a, b 1 ¢ BBIIUCHIBACTCS IPUBE/ICHHBIN KBaIPATHDI TPEXIEH, KOPHAMHI KOTOPOTIO SIBJIAETCS 9Ta Hapa
qncesr. ODO3HAYMM TTOJTyUeHHbIe TPEXWIeHbl f1, fa, ..., f¢. llycts f = fi + fo + ...+ f¢. Haiinure
cymmy S = a® + b* + ¢, eciu f(0) = =9, a f(1) = —6. (Camu uncna a, b u ¢ He jaHbL.)

[4 6anna] Haityure Bee Tpoitku nesbix uucen (a;b;c), aus KoTopbix a + be, ¢ + ab, ¢ — a? + 160* —
TPH IOCJIEI0BATE/ILHBIX HATYPAJIbHBIX YUC/IA, PACIOJIOKEHHBIX B MOPSJIKE BO3PACTAHUSI.

[4 6anna| Ilers coyuaitno packiagbiBaer 104 OIMHAKOBBIX IIapa 110 3 MPOHYMEPOBAHHBIM SITITIKAM.
Haiiiure BEpOSITHOCTD TOTO, UTO B KAYKJIOM SIIIIIKE OKAYKETCs I6THOE (BO3MOXKHO, HYJIEBOE) KOJIIMIe-
CTBO ITIAPOB.

[5 bannos] OxpyxHOCTh w, nocTpoeHHasi Ha BbicoTe AH Tpeyrosbanka ABC kak Ha aumamerpe,
nepecekaer cropony AB sToro Tpeyrosibauka B €€ cepemaune M. Boeicotra AH jexkut BHyTpHu Tpe-
yroabanka. Ha cropone AC' ormeuena Touka X rtakas, uro C'M npemur orpesok HX momosam.
Haiiinre oraomenne AX : XC, eciu BC : AB = 3v/2.

[5 6annos] Jlyxkaiika ¢ KjeBepOM, 3apOC/iU BepecKka U IOJie MOJCOTHEUHUKA PACIOJIOXKEHBI B TPEX
TOYKaX, HE JIeXKAINX Ha OJHON mpsiMoii. IlaceuHuk mocTaBui yieir Ha NMPAMOJIUHEHHON TPOIMHKE
MEXKJIy KJIEBEPOM U ITOJCOTHEUYHUKOM TakK, 9TOOBI CyMMa PaCcCTOsTHUI OT VJIbsl JIO KJIEBEpa, BepecKa
U TIOJICOJTHEYHUKA Oblia HamMeHblneii. Ha KakoM paccTOAHUU OT IOJCOJIHEYHUKA YCTAHOBJICH YJICH,
€CJIN M3BECTHO, YUTO jjuHa TponmuHKH paBHa 2000 M, paccTogHUs OT yabd JIO0 KJI€Bepa, BepecKa M
[OJICOJTHETHUKA (B YKA3AHHOM IOPSJIKE) SABJISIIOTCS TPEMS TIOCIEI0BATEILHBIME WICHAMU HEKOTOPOI
reoMeTPUIECKON MPOTPECCUH, a JIJIMHA TPOIMHKU, PACCTOsTHUE OT BepecKa JI0 KJeBepa U PacCTOsi-
HHE OT BepecKa JI0 IOJICOJIHEYHUKA — COOTBETCTBEHHO IIE€PBBIM, U€TBEPTHIM U CEAbMBIM UJI€HAMH
HEKOTOPOI apudMeTHIECKO Iporpeccun?’

[5 6annos| B ocrpoyrosibaoMm HepasHOGeapenHoM Tpeyrosibanke A BC nposeenst Boicotbl AP u C'Q).
[Iycrs M u T — coorBercrBeHHO cepeqnnbl cropon AC' u AB. UssectHo, uro /PBQ = ZPMQ.
Haiinure QT, ecntu AB =7, BC' = 11.

[6 6annos] Haiiure Bce ompuyamenvhvie 3HaUeHNsT apaMeTpa a, JJIs KazKJO0ro U3 KOTOPbIX Haii-
JleTcsl TaKoe 3HadeHue b, 9To cucrema

nmMeeT 6oJIee JIBYX PelieHui.

ToToBuMcs K oaumnuazae Ha caiite 100ballnik.com
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[3 6anna] UsBecTHO, YTO €ciM yMEHBIINTh KaxKJblii U3 KopHeil ypaBHenns x> + br + ¢ = 0 na 5,
HOJIyYeHHbIC YucIa OyayT KopHaME ypasaenus 12 + cx +b = 0. Kaxoe HauMeHbIIIee 3HAMCHIE MOMKET
[IPUHUMATH MTPOU3BEJICHIE BCEX UEeThIPEX KOPHEH 9THX ypaBHEHUI!

[3 6anna] Cymma msiTi TIOAPST WILYTIUX JBY3HAUHBIX YUCEJT sIBIAETCS MOJTHBIM KBaparoM. Haiinnre
BCE BOBMOXKHBIE 3HAYEHUS CYyMMBbI UCXOIHBIX TUCE.

[5 6annos] B maywHOil ;ab0paTopum COCTABISETCS IUIAH 3aIlyCKa IHCJICHHOTO DEIICHUs 3aatdu Ha
kitacrepe. 3a 100 et Tpebyercs caenars 10 3aIyCcKOB, a IMOC/e KazKI0ro 3aIycKa, KpoMe IOCIeIHe-
ro, KJacTep 3arpyzkeH TOJIbKO JIAaHHON 3ajiavueil B TedeHWe 7 JIHell, BKJIodas JieHb 3ammycka. [Ipu mo-
cJIeJTHEM 3allycKe TpedyeTcss 00padboTaTh pe3yJibTaThl BCEX MPEIbIIYINIX 3aIllyCKOB, HA 9TO TpedyeTcs
8 nmeit paboThl KJjacTepa, BKJIIOYas JIeHb MMOcje Hero 3amycka. CKOTbKUME CrocobaMu COTPYIHUKH
J:abopaTopuu MOTYT BBIOpaTh JHE 3ammyckoB pacuéTo? OTBeT jaliTe B BUJE BbIPAXKEHUS, COJIEPIKA-
mero He 6oJiee TPEX WICHOB (B HUX MOTYT BXOJUTH (haKTOPHUAJIBI, OUHOMUATBHbBIE KOI(DQUIINEHTE).

[5 6annos] Beicorsr AA; u C'Cy ocrpoyrosbaoro Tpeyroibanka ABC nepecekatorcs B Touke H. Jlyq
B H mnepecekaeT OKpPYyKHOCTb, OIMMMCAHHYO 0K0JIO Tpeyroybianka ABC, B Touke P. Haiigure oTHOIIE-
HUE PaJInyCOB OKPYZKHOCTEM, OIMMCAHHBIX OKOJIO TpeyroabunkoB AH P u CH P, eciii U3BeCTHO, YTO

BA, . BCi,=3:4,a AH : CH =3:10.

[5 6annos| Ot npucranun A K npucranu B, pacrioyoXKeHHO# 0T A BHHU3 110 TEYEHUIO, OJTHOBPEMEHHO
OTHPABUJINCH JIOJKa U Oaiiiapka. KuimomerpoMm Humke or A 1o TedeHUIO K B OoTHpaBmics TakxKe
wioT. Eciu ciokuTh BpeMeHa JBUKeHUs JIOJKHU, OaiilapKu U IUIOTa JI0 pUCTaHu B, To noJy4unrces
22 gaca. Haiijiure paccrosgHue MexK 1y IPUCTAHIMU, €CJIM U3BECTHO, 4TO Oafigapka npudblia Kk B na
2 4Waca paHblIle JIOJKU, CKOPOCTH IIJI0Ta, JIOJKN U DAlIAPKKU SBJISIOTCS TPEMs MTOCJIe/I0BATEIbHBIMU
“WICHAMHU HEKOTOPOi apu(METHYIeCKOl MPOTPeccuu, a CKOPOCTH ILIOTa, CKOPOCTh B CTOSYEH BOje
JIOJIKU ¥ CKOPOCTb B CTOg4ell BoJie OalllapKu — TpeMs MOC/IeI0BATEILHBIMUA UJI€HAMU HEKOTOPOU
reOMETPUIECKON TPOTPECCHN.

[5 6annos] Yron A pomba ABCD pasen 60°. Ha npogomkenusix ero cropon AB u AD 3a Touku B
u D B3gaTbl TOUKN () 1 P cOOTBETCTBEHHO TaK, UTO npsiMas P(Q) mpoxonut depe3 Touky C'. Haiigure
JumHy orpeska BQ), ecrmu DP =10, a DQ : BP =11 : 10.

[6 6annos] Haiiyiure Bee 3HaYeHMs TapaMeTpa @, IPU KOTOPHIX CHCTEMA

2 6 8
:U—i—y——maX(S—i——y; ——y),
x x x

y=axr — 9 + 8

nMeeT HeYETHOE KOJUIECTBO peHleHHfI.

ToToBuMcs K oaumnuazae Ha caiite 100ballnik.com
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[3 6anna] NssecrHo, 4To ecim yBeJUMUUTh Kask/blil U3 KopHeil ypaHenus z2 + bx + ¢ = 0 Ha 6,
HOJIyYeHHbIC YucIa OyayT KopHaME ypasaenus 12 + cx +b = 0. Kaxoe HauMeHbIIIee 3HAMCHIE MOMKET
[IPUHUMATH MTPOU3BEJICHIE BCEX UEeThIPEX KOPHEH 9THX ypaBHEHUI!

[3 6anna] Cymma cemu moapsi| Wy mux JIBy3HAYHBIX YHCEJT sIBJISIETCS MOJTHBIM KBajparoM. Haiinnre
BCE BOBMOXKHBIE 3HAYEHUS CYyMMBbI UCXOIHBIX TUCE.

[5 6annos] B maywHOil ;ab0paTopum COCTABISETCS IUIAH 3aIlyCKa IHCJICHHOTO DEIICHUs 3aatdu Ha
kitacrepe. 3a 120 mreit Tpebyercs caenars 11 3ayCcKoB, a IOC/e KazKI0ro 3aIycKa, KpoMe IOCIeIHe-
ro, KJacTep 3arpyzkeH TOJBKO JIAaHHON 3ajiavueil B TedeHmne 6 JHeil, BKItodas JieHb 3ammycka. [Ipu mo-
cJIeJTHEM 3allycKe TpedyeTcss 00padboTaTh pe3yJibTaThl BCEX MPEIbIIYINIX 3aIllyCKOB, HA 9TO TpedyeTcs
7 et paboThI KJacTepa, BKJIOYas JIeHb [ocje/Hero 3amycka. CKOJBKIMU CIIOCO0aMU COTPY/IHUKN
J:abopaTopuu MOTYT BBIOpaTh JHE 3ammyckoB pacuéTo? OTBeT jaliTe B BUJE BbIPAXKEHUS, COJIEPIKA-
mero He 6oJiee TPEX WICHOB (B HUX MOTYT BXOJUTH (haKTOPHUAJIBI, OUHOMUATBHbBIE KOI(DQUIINEHTE).

[5 6annos] Beicorsr AA; u C'Cy ocrpoyrosbaoro Tpeyroibanka ABC nepecekatorcs B Touke H. Jlyq
B H mnepecekaeT OKpPYyKHOCTb, OIMMMCAHHYO 0K0JIO Tpeyroybianka ABC, B Touke P. Haiigure oTHOIIE-
HUE PaJInyCOB OKPYZKHOCTEM, OIMMCAHHBIX OKOJIO TpeyroabunkoB AH P u CH P, eciii U3BeCTHO, YTO

BA, . BC,=6:5,a AH : CH =21 : 10.

[5 6annos| Ot npucranun A K npucranu B, pacrioyoXKeHHO# 0T A BHHU3 110 TEYEHUIO, OJTHOBPEMEHHO
OTIPABUJINCH JIOJIKA U KaTep. JIByMs KujoMeTrpamu Bbilie OT A 110 TedeHuio K B OTIPaBU/Icad TaKkKe
wioT. Ecim cokuTh BpeMeHa JIBU2KeHUs JIOJKHU, KaTepa M ILUIOTa JI0 MpUcTaHu B, To noJydnrcs
29 gacos. Haiijiute paccrosgaue MexK 1y MPUCTAHSAME, €CJIU U3BECTHO, UTO JIOJKa pudbLia K B Ha 3
Jaca Mo3Ke Karepa, CKOPOCTH ILIOTA, JIOJKA U KaTepa SBJISIOTCS COOTBETCTBEHHO MEPBBIM, BTOPBIM
U YeTBEPTHIM YjeHAMU HEKOTOPOH apmMeTHdecKoi IIPOrpeccuu, a CKOPOCTh IJI0Ta, CKOPOCTh B
cTosYell BOJIE JIOJAKHM U CKOPOCTb B CTOsiUell BOje KaTepa — TPeMs MOCeI0BATEIbHBIMUA JICHAMI
HEKOTOPOU IeOMETPUYECKON MPOTPECCHUN.

[5 6annos] Yron A pomba ABCD pasen 60°. Ha npogomkenusix ero cropon AB u AD 3a Touku B
u D B3gaTbl TOUKN () 1 P cOOTBETCTBEHHO TaK, UTO npsiMas P(Q) mpoxonut depe3 Touky C'. Haiigure
JumHy orpeska BQ), ectu DP =20, a DQ : BP =9 : 10.

[6 6annos] Haiiyiure Bee 3HaYeHMs TapaMeTpa @, IPU KOTOPHIX CHCTEMA

2 8 6
:U—l—y—:max 6—|——y; ~ ,
x x x

y=axr —8a+9

nMeeT HeYETHOE KOJUIECTBO peHleHHfI.
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MOCKOBCKNN
OUBNKO-TEXHUYECKNN
NHCTUTYT

OJIMMITNAJIA "OU3TEX"
I[1O MATEMATUKE

10 KJIACC. Bapunant 5

1. [3 banna] Ilycrs a, b, ¢ — Tpu HOMAPHO PA3JIMIHBIX HEHYJIEBbIX Tnca. st kaxK1oi napbl n3 wuced 0,
a, b 1 ¢ BBIIUCHIBACTCS IPUBE/ICHHBIN KBaIPATHDI TPEXIEH, KOPHAMHI KOTOPOTIO SIBJIAETCS 9Ta Hapa
qncesr. ODO3HAYMM TTOJTyUeHHbIe TPEXWIeHbl f1, fa, ..., f¢. llycts f = fi + fo + ...+ f¢. Haiinure
cymmy S = a® + b + ¢, eciu f(0) =11, a f(1) = —1. (Camu 4ncna a, b u ¢ He JaHbI.)

OTsert: 14.

Pertenne. JJannbie TpéxuiieHbl UMEIOT BUJL:
filz) =x(x —a), fo(zx)=x(x—-0>), f3(x)=x(x—-c),

fu(@) = (z —a)(z = b), fs5(x) = (z —a)(x —c), fo(z)=(z—0b)(x—c)

Bnaunt, f(r) = 62%—3(a+b+c)r+(ab+be+tca). Torma f(0) = ab+be+ca, f(1) = 6—3(a+b+c)+(ab+be+ca),
otkyna 3(a+b+c) = 6—f(1)+ £(0). Ocramocs sameruts, uto S = a+b*+c? = (a+b+c)? —2(ab+bc+ca) =

5 (6= (1) + £(0))* —27(0) = 14.

2. [4 banna] Haiiyiure Bee Tpoiiku nenbix uuces (a;b;c), aas KoTopwix a + be, b+ ac, b* — a* + 21¢* —
TPH TI0C/IE/I0BATETLHBIX HATYPAJILHBIX YHUC/IA, PACIOIOKEHHBIX B MOPSAJIKEe BO3PACTAHUS.

Otser: (1;2;0), (17;16;2).
Pemenmne. IIycts a +bc=n, b+ ac =n+ 1, b*> — a® + 21c¢*> = n + 2. Torna
l=(n+1)—n=b+ac—a—bc=(b—a)(l—c),
orkyaa oo b—a=1,1—c=1, ubob—a=—-1,1—c= —1.
I[Iyctrb b—a=1,1—c=1. Torma b=a+ 1, ¢ = 0. 3uauur, a = n, b =n + 1, oTkyaa
¥ —a’+21*=2n+1 = 2n+1=n+2.
Tormtan=1,a=1,b=2.
[Myctb b—a=—-1,1—c=—1. Tormab=a — 1, c = 2. Buauur, a +2b=n, 3a —2=n, b =a — 1, orkyna
b* —a’+21c* = —2a+1+84=n+2 = —2a+85=3a.
Torna a = 17, b = 16.

3. [4 6anna] Tlers cayugaiino packiaasiBaeT 56 OJMHAKOBBIX IAPOB MO 3 MPOHYMEPOBAHHBIM SIIUKAM.
Haiiiure BeposiTHOCTH TOTO, 9TO B KAXKJIOM SIIHUKE OKAXKETCA I6THOE (BO3ZMOXKHO, HYJIEBOE) KOJIAIe-
CTBO IIAPOB.

OTBer: —.

19

Pemenne. KommuecTso crocoboB pasioKuTh 56 1IapoB 10 3 IPOHYMEPOBAaHHBIM AIIMKAM COBIAJIACT C
KOJTMYIECTBOM PEIeHnil ypaBHEeHUSA & + Y + 2 = 50 B IeIbIX HEOTPUIIATETBHBIX TUCIAX, TO €CTh 0528. Haitmem
KOJIUYIECTBO CIIOCOO0B Pa3JIOKUTDL UX TaK, YTOOBI B KAXKJ0I KOpoOKe 1uuciio mapos Obuio uérabiM. [Iycers B
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11epBOil KOPOOKE JIE2KUT 2a MIAPOB, BO BTOPOH 2b 11apos, a B TpeTheil 2¢ mapos. Y paBuenue 2a+ 2b+ 2¢ = 56
PaBHOCHJIBHO @ + b + ¢ = 28, a KOJIM4YeCTBO CIIOCOOOB COBIAJIAET C KOJMYECTBOM II€JIBIX HEOTPHUIATETHHBIX

. > C _ 5
peneHnm 3Toro ypaBHEHHA: OHO PaBHO 030. Hckomasa BEPOATHOCTDL PpaBHA 9 = —.
Cs 19
[5 6annos| OxkpyzkuOCTL W, MOCTpoeHHasi Ha Bhicore AH tpeyrosbhuka ABC Kak Ha juamerpe,
nepecekaer cropony AB sToro TpeyrosibHuKa B €€ cepemquie M. Boicora AH jexkuT BHYTpH Tpe-
yrospauka. Ha cropone AC ormeuena touka X takas, uro C'M jgenur orpe3ok HX momosam.

Haiigure oraomenne AX : XC, eciu BC : AB = 2¢/2.
OTBeT: —.
3

Pemenne. ITockonbky HM 1 AB, B upsmoyroasnom AABH memnana H M neprenuKyisipHa THIIOTEHY 3

AB, nostomy AH = BH. llpamas CM — mennana ojHO- A
ppemerro ACBA u ACH X. Ilokazxkewm, aro npsimbie H X u
AB napaJjuienbHbl. B camoMm geste, mycTb 310 He Tak, a X1 —
rakast Touka Ha AC, aro HX; || AB. Torma Tpeyrosbhu-
ku CHX, u CBA nonobusl, a meauana C'M TpeyrojabHU-
ka C'BA pemur HX; nmonosam. [losromy B TpeyrosbHUKe
HX X, npsavass CM siBisiercst cpefHeil JIMHUEH, a 3HAYUT,
ona napasuienbia AC, 94TO HEBOZMOXKHO, MOCKOJbKY AC n X
CM mnepecekatorcst B rouke C. Urak, HX | AB. [Hazee,

/ABC = 45°, orkyma HX — 6uccekTpuca mpsiMOTO yIJia

AX AH .
AHC. VlckoMoe OTHOIIEHNEe —— PABHO e = o Haii- 4

XC
JIeM 9TO OTHOIIIEHUE:

B BH + H BH 4 1 AX BH 1

= = = = = = —.
AB V2BH 2% XC HC 3

[5 6annos] LlBeTouHbIil JIyT, TPEYUINHOE MOJIe W JIUTIOBAs POIIA PACIIONOKEHBl B TPEX TOUYKAX, HE Jie-
JKamumx Ha ojHo# mpamoit. [lacednmk mocTaBuI yaeil Ha MPAMOJUHENHOW TPONMUHKE MEXKTy JIyTOM
U TMOJIEM TaK, YTOObI CyMMa PaCCTOSHUIl OT yJibsd JO JIyra, IMOoJsd U poiu ObLia nanMmenbieii. Ha
KaKOM PacCTOAHUM OT JIyra, YCTAHOBJIEH YJjIell, eCJiu M3BECTHO, 9TO JjinHa TponmHku paBHa 1000 M,
paccTosIHus OT YJIbd JI0 JIyra, POIIU U I10JId (B YKa3aHHOM HOpHI[‘Ke) ABJIAIOTCA TPEMSI II0CJIEI0BATE b~
HBIMA YJICHAMHW HEKOTOPOW NeOMETPUUYECKON IIPOrpecCcruu, & JJIMHA TPOIMHKU, PACCTOAHUE OT POIIA
J0 JIyra A PacCTOAHUE OT POIIH JI0 IOJIA — COOTBETCTBCHHO BTOPBIM, YC€TBEPTHIM U IIECTHIM YJICHAMU
HEKOTOPOIT apruMeTUIeCKON TPOrPecCun !

OTrset: 640 M.

Pemenne. Paccmorpum tpeyronsnuk ABC' ¢ Toukoit D, pacnonoxkennoii na cropone AB: A — nyr, B —
noste, C' — pora, D — yieii. 3amernm, 9ro cymma i oTpeskoB AD u DB pasna njuHe AB BHe 3aBUCH-
MOCTH OT PACIOJIOXKEHUsI TOYKU [, TO ecThb pedb UAET 0 MuHUMu3anun jymmabl orpeska DC'. Ilpu srom Touka
D we comajiaer uu ¢ A, Hu ¢ B, IOCKOIBKY B 9TOM ciaydae jyuHbl orpeskoB DA, DC' u DB ne MoryT ObITH
YIEHAME T'eOMeTPUIeCKoil mporpeccun. 3uadut, B Tpeyroyibauke ABC yribt A u B — ocrpele, a Touka [ —
OCHOBaHME BBICOTHI, IPoBe/eHHOM n3 Beprmunbl C. Torma u3 yeiaosus DC? = DA - DB jeaeM BBIBOJ, UTO
yroj C — mpsimoii. [Tockonbky 2 -4 = 2 4+ 6, B s1060it apudMermdeckoii nporpeccun 2a4 = as + ag. Cieno-
satenbno, 2AC = AB + BC'. O6osnaunm AB = a — b, AC = a, BC = a+b. Torna (a — b)? = a®> + (a + b)2.
W3 nByx ciaydaes: a = 0 u a = —4b nogxonut Tojabko a = —4b. Torna AB = —5b, AC = —4b, BC = —3b, u
AC : BC =4:3. Orcroga AD : DB =16:9, u AD = 1000 : 25 - 16 = 640 M.

[5 6annos| B ocrpoyrosbaoM HepaHOGepenHOM Tpeyrosbauke A BC nposeenst Boicotbl AP u C'Q).
[Iycte M u T — coorBercTBenHO cepenunbl ctopon AC' u AB. Ussectno, uro /PBQ = ZPMQ.
Haitqure QT, ecoiiu AB =3, BC' = 5.

OTser: 1.
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Pemienne. O6ozuaunm Z/QBP = 3. Ilockonbky QM u PM — mMeauanbl IPSMOYTOJIBHBIX TPEYTOJbHUKOB
AQC u APC, MA = MQ = MP = MC. 3uauur, Touku A, @,

P u C nexar Ha OHON OKPYXKHOCTH W, & IEHTP ITON OKPYKHO-
ctu HaxoguTes B Touke M. Torma B okpykHOCTH W yroa QCP —
BIUCAHHBIA, a yroa QM P — 1neHTpaJibHBIA, OIMUPAIOIINAICS Ha TY

xe nyry QP, to ectb LQCP = g [IosroMy B mpsiMOyTOJTBHOM

TpeyrosbHuke BQC octpbie yrel B u C papabl  u 5 COOT-
BETCTBEHHO, OTKyJa [ = 60°. VI3 mpsiMOyTrOJILHOTO TPeyroJibHUKA

BQC nonyuaem paerctBo BQ = BCcosf = —~ [TockosbKy

AB 1
BT = —5 > HaxomuM QT =BQ — BT = i(BC — AB) = 1.

Al M K¢

. [6 6annoe] Haiture Bce ompuyamensvhvie 3HaUeHUsT apaMeTpa a, JiJIs KaxKJ0ro U3 KOTOPbIX Haii-
JleTcsd Takoe 3HadeHnue b, 9To cucremMa

y=uax+D0,

(lz] = |z —a| = a)y = 2(z — a)
nmMeeT OoJjiee JIByX PENIeHMUIA.
OtrBeT: a = —1.

us
Pemenne. Ileppoe ypaBnenne cucreMbl 3a1aeT IPAMYIO ¢ (DUKCUPOBAHHBIM yTJIOM HAKJIOHA 1 POXO/d-

niyto depe3 Touky (0;b).

Paccmorpum Bropoe ypasaenue cucreMbl. [lycrs M — MHOXKeCTBO TOUEK (X;Yy), YIOBIETBOPSIIONINX STOMY
YPaBHEHHUIO.

Ilpnz >0
(lz] = |z —al —a)y =2(z —a) &
(x—(zr—a)—a)y=2(x—a) & x=a.

[Tockonpky © = 0 > a, B 9TOM cjiydae HU OJIHA
TO4YKA HE JeKuT B M.
Ilpu x € [a;0)

(lz] =z —a[ —a)y =2(z —a) &

Or1o ypaBHeHue THIEPOOIIBI, HPOXOJAIIEH depe3
Touky (a;0).

Ipu z < a
(lz] = |z —a| —a)y=2(z—a) & (—x+(x—a)—a)y=2(x—a) & z+ay—a=0. (18)
DT0 ypaBHeHHEe NpPsAMOil, npoxogiieii yepes Touky (a;0).

MmuoxkecrBo Touek M mzobpazkeHo Ha pucyHke. [lokaxkem, uro runepbosa (23) u npsivas (24) kacatorcst
Jpyr apyra B Touke (a;0). B camom jese,

a a
a = _14+= - _14+= a
r4+ay—a=0 yzl_f _1+9:1_§ 22 —2ax +a®> =0 rT=a
a T a
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U3 roro, uro runepbosta (23) u npsmast (24) KacaroTcs, CreLyeT, ITo 060 0TPE30K ¢ KOHI[AME BO MHOYKECTBE
M 7nexXWUT He HHUZKE 3TOIO MHOYKECTBA.

ITpu a = —1 nupsmble 7 +ay —a = 0 u y = x + b mapaiensusl, a npu b = 1 onu copmagaior. B sroM ciayqae
pellleHne JIAHHON CHCTeMbl — Bechb Jiyd (—o0; a).

Ilpn a € (—o0; —1) U (—1;0) upsmas y = = + b umeer ¢ MuoxkectBoM M He Gostee 2 OOIIIX TOUEK.

Nrak, a = —1 — ncKoMmoe 3HAUEHNe mapaMeTpa.
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MOCKOBCKNN
OUBNKO-TEXHUYECKNN
NHCTUTYT

OJIMMITNAJIA "OU3TEX"
I[1O MATEMATUKE

10 KJIACC. Bapuant 6

1. [3 banna] Ilycrs a, b, ¢ — Tpu HOMAPHO PA3JIMIHBIX HEHYJIEBbIX Tnca. st kaxK1oi napbl n3 wuced 0,
a, b 1 ¢ BBIIUCHIBACTCS IPUBE/ICHHBIN KBaIPATHDI TPEXIEH, KOPHAMHI KOTOPOTIO SIBJIAETCS 9Ta Hapa
qncesr. ODO3HAYMM TTOJTyUeHHbIe TPEXWIeHbl f1, fa, ..., f¢. llycts f = fi + fo + ...+ f¢. Haiinure
cymmy S = a® + b* + ¢, ecu f(0) = —4, a f(1) = —7. (Camu uncna a, b u ¢ He jaHbL.)

OTser: 17.

Pertenne. JJannbie TpéxuiieHbl UMEIOT BUJL:
filz) =x(x —a), fo(zx)=x(x—-0>), f3(x)=x(x—-c),

fu(@) = (z —a)(z = b), fs5(x) = (z —a)(x —c), fo(z)=(z—0b)(x—c)

Bnaunt, f(r) = 62%—3(a+b+c)r+(ab+be+tca). Torma f(0) = ab+be+ca, f(1) = 6—3(a+b+c)+(ab+be+ca),
otkyna 3(a+b+c) = 6—f(1)+ £(0). Ocramocs sameruts, uto S = a+b*+c? = (a+b+c)? —2(ab+bc+ca) =

5 (6 F(1)+ F(0)* ~ 2f(0) =17,

2. [4 banna] Haiiyiure Bee Tpoiiku nenbix uucen (a;b;c), 1 KOTopwix a + be, ¢ + ab, 2 — a* + 260* —
TPH [OC/IEI0BATEILHBIX HATYPAILHBLIX YMC/IA, PACIOIOKEHHBIX B IMOPSIKE BO3PACTAHUS.

Otser: (1;0;2), (21;2;20).
Pemenmne. IIycts a +bc=n, c+ab=n+1, ¢ — a® + 260> = n + 2. Torna
l=(n+1)—n=c+ab—a—bc=(c—a)(l—0),
oTkyaa oo c—a=1,1—-b=1, mboc—a=—-1,1—-0bb=—1.
I[lyctb c—a=1,1—-b=1. Torma c=a+ 1, b = 0. 3uauur, a = n, c = n + 1, oTkyaa
A —a*+260° =2a+1 = 2a+1=n+2.
Torman=1,a=1,¢c=2,b=0.
IMyctb c—a=—-1,1—b=—1. Torma c =a — 1, b = 2. 3nauur, a + 2c=n, 3a —2 =n, c = a — 1, OTKy1a
?—a’+260>=—2a+1+104=n+2 = —2a+ 105 = 3a.
Torma a = 21, ¢ = 20, b = 2.

3. [4 6anna] Tlers cayugaiino packiaapiBaeT 68 OJMHAKOBBIX IIAPOB MO 3 MPOHYMEPOBAHHBIM SAIIUKAM.
Haiiiure BeposiTHOCTH TOTO, 9TO B KAXKJIOM SIIHUKE OKAXKETCA I6THOE (BO3ZMOXKHO, HYJIEBOE) KOJIAIe-
CTBO IIAPOB.

OrBer: %.
23

Pemenne. KomuuecTso crocoboB pasioKuTh 68 IIapoB 10 3 IPOHYMEPOBAHHBIM AIIMKAM COBIAJIACT C
KOJIMYECTBOM DPeITeHnil ypaBHeHUd T + Y + 2 = 68 B 1eJIbIX HEOTPUIATETbHBIX YUCIaX, TO €CTh C’?O. Haitmem
KOJIUIECTBO CIIOCOO0B Pa3jIoKUTh UX TaK, YTOOBI B KaXKJI0i KOpOOKe IncJio mapoB ObL1o 4érHbIM. [Iycrs B
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11epBOil KOPOOKE JIE2KUT 2a MIAPOB, BO BTOPOH 2b 11apos, a B TpeTheil 2¢ mapos. Y paBuenue 2a+ 2b+ 2¢ = 68
PaBHOCHUJIBHO + b +c = 34, a KOJIM4YeCTBO Cc110cob0B COBIIaJacT C KOJII/ILIGC%’BOIVI OeJIbIX HECOTPUIATC/IbHBIX
peIeHnii 3TOoro ypaBHeHUs: OHO PaBHO C§6. Nckomast BEpOATHOCTD paBHA g:;G = %

70
[5 6annos] OxpyzkuOCTH W, TOCTpoeHHAst Ha Bhicore AH tpeyrosbhnka ABC Kak Ha jmamerpe,
nepecekaer cropony AB sToro TpeyrosibHUKa B €€ cepequae M. Bweicotra AH mexkur BHyTpH Tpe-
yroabanka. Ha cropone AC' ormeuena Touka X Ttakas, uro C'M npemmr orpesok H X momosam.

Haiiure ornomenne AX : XC, ecoin BC' : AB = 5v/2.
OTBer: —.
9

Pemenne. ITockonbky HM | AB, B upsmoyronsnom AABH yeanana H M neprenuKyisipHa THIIOTeHy 3

AB, nostomy AH = BH. llpsamass CM — meaunana OHO- A
Bpemeno ACBA u ACH X. Tlokaxkewm, uro npsimbie H X n
AB napaJuiesibHbl. B camoMm sieste, mycTh 3TO He Tak, a X1 —
rakas Touka Ha AC, yro HX; || AB. Torma TpeyroibHu-
ku CHX, u CBA nonobusr, a meauana C'M TpeyrojabHU-
ka CBA nmemur H X momonam. Ilostomy B TpeyroibHUKe
HX X, npsamast CM siBisiercst cpejHeil JIMHUEH, a 3HAYUT,
ona mapaJjuiesnbHa AC, UTO HEBOBMOXKHO, MOCKOILKY AC u X
CM mnepecekatorcst B touke C. Urak, HX | AB. [dazee,
ZABC = 45°, orkyma HX Z X6HcceKTpI/1ca [IPSIMOTO  YTJI&

AHC'. VckoMoe OTHOIIIEHUE —— PABHO

XC

-

— = ——. Ha
HC HC B

JeM 9TO OTHOIIECHUE:

=—_ = = = = =
AB V2BH 284 XC HC 9

5\@_3(1_BH+H0_%+1 AX BH 1

[5 6annos] Jlyxaiika ¢ KjeBepoM, 3apoC/in BepecKka U IOJIe MOJCOTHEUYHUKA PACIOIOXKEHBI B TPEX
TOYKaX, He JIeKaIX Ha OJHOI mpsmoil. [lacednnk moctaBus yieit Ha NPSMOJMHEIHON TPOIMHKE
MEK/1y KJICBEPOM W MOJCOJTHEIHUKOM TaK, YTOOBI CyMMa PACCTOSHUII OT yJibs JO KJI€Bepa, BEPECKa
U TIOJICOJTHEYHUKA OblLiia HamMeHblneil. Ha KakoM pacCTOAHUU OT IMOJCOJTHEYHUKA YCTAHOBJIEH YJIEH,
€CJIN M3BECTHO, YTO JIJIMHA TPONMWHKM paBHa 1250 M, paccTogHUs OT yabd JI0 KJ€Bepa, BEpecKa .
HOJICOJTHEYHUKA (B YKA3aHHOM TIOPSIJIKE) SBJISTIOTCST TPEMS [OCJIEI0BATEIbHBIMEI YJIEHAME HEKOTOPOI
reOMeTPUIECKOll ITporpeccuu, a JJIMHA TPOIUHKY, PACCTOSHIE OT BepecKa JI0 KJleBepa W PacCTOsHHE
OT BepecKa JI0 MOJICOJHEYHNKA — COOTBETCTBEHHO BTOPBIM, IMATHIM U BOCHMBIM YJIEHAMU HEKOTOPOI
apudMeTUIecKoil Iporpeccun?

OTBeT: 450 M.

Pemtenne. Paccmorpum tpeyrombnuk ABC ¢ Toukoii D, pacnonoxkennoit na cropone AB: A — knesep,
B — nojiconmneunnk, C' — Bepeck, D — yieii. 3amerum, 9ro cymMma JiuH oTpe3koB AD u DB pasHa jjuHe
AB BHe 3aBUCHMOCTH OT PACIIOJJIOXKEHUsT TOUKH [, TO €CTh pedb WJIET O MUHUMU3AIUN JTHHbl oTpeska DC.
[Ipu sTom Touka D He coBmajaer Hu ¢ A, HU ¢ B, TOCKOJIBKY B 3TOM ciiydae jjuHbl orpe3kos DA, DC' u
DB He MoryT ObITH YjleHAMU MeOMeTpPUIecKoil mporpeccuu. 3HaunuT, B Tpeyrojbauke ABC yriaet A u B —
ocTpele, a Touka D — oCHOBaHHE BBICOTDI, IpoBeaénuoiil u3 sepumnbl C. Torma us yeaosus DC? = DA-DB
JenaeM BuIBOJ, uTo yroa C — mpsamoii. [lockombky 2 -5 = 2 + 8, B m060it apudmerndeckoil mporpeccun
2a5 = as + ag. CienoBarennsno, 2AC = AB + BC'. O6oznaunm AB = a — b, AC = a, BC = a + b. Torna
(a —b)? = a® + (a+ b)%. Us asyx cayuaes: a = 0 u a = —4b nogxoaut Tosbko a = —4b. Torma AB = —5b,
AC = —4b, BC = —=3b,u AC : BC =4:3. Orciona AD : DB =16:9, u DB = 1250:25-9 = 450 m.

[5 6annos| B ocrpoyrosbaoMm HepasHoGeapenaoM Tpeyrosibanke A BC nposeenst Boicotbl AP u CQ).
[Iycrs M u T — coorBercrBeHHO cepenibl cropon AC' u AB. UssectHo, uro /PBQ = /ZPMQ.
Haitmure QT', eciu AB =4, BC' = 5.
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OrBer: —.
2

Pemenne. O6oznauum ZQBP = 3. Ilockonbky QM n PM — MeauaHbl IPSMOYTOJIBLHBIX TPEYTOJLHUKOB
AQC u APC, MA = MQ = MP = MC. 3uauur, Touku A, Q,

P u C jexxar Ha OIHOI OKPYXKHOCTH W, a IEHTP 3TOI OKPYKHO-
ctu Haxojured B Touke M. Torna B okpyxkuoct w yroa QCP —
BIUCAHHBIN, a yrojg QM P — 1neHTpaJibHbBI, ONMUPAIOIIAICS HA TY

xe ayry QP, to ectb ZQCP = g [TosTomMy B HpAMOYTrOJIbHOM

tpeyrosibauke BQC' octpoie yriet B u C papabl  u 5 C00T-

BETCTBEHHO, OTKyJa [ = 60°. VI3 mpsiMOyroJIbHOTO TPEyroJIbHUKA,

B
BQC nonyuaem pasernctBo BQ = BCcosf = — ITockombKy

(BC — AB) = .

2\
2 Al M Ke

. [6 6annos] Haiismre Bce ompuyamenrvhvie 3HaUeHNST TapaMeTpa @, JJId KazKJ0To U3 KOTOPBIX Haii-
JeTCd TaKO€ 3HavYeHUe b, 9TO cucreMa

AB 1
BT = —5 » HaXOZuM QT = BQ — BT = 3

y=z+b,

(lzl = oz —a| —a)y = 4(z — a)
nmMeeT OoJjiee JIByX PENIeHMUIA.
OtBeT: a = —2.

T
Permenne. Ilepsoe ypaBnenne cucreMbl 3aaeT IPAMYIO ¢ (DUKCUPOBAHHBIM YTJIOM HAKJIOHA T ITPOXO/IsI-

niyto gepe3 Touky (0;b).

Paccmorpum Bropoe ypasaenue cuctembl. Ilycrs M — MHOXKeCTBO TOUEK (Z;Y), YAOBICTBOPSIONIAX STOMY
YPABHEHHIO.

I[pu z >0 y
(lz = |z —al —a)y = 4(z —a) &

(x—(xr—a)—a)y=4(x —a) & z=a.

ITockonbky > 0 > @, B 9TOM cjydae HU OJIHA
TO4YKa He JiexkuT B M.
IIpu x € [a;0)

(lz] = [ —al —a)y =4(z —a) <
(—z—(x—a)—a)y=4(x —a) &

2a
=924+ =, 1
Yy +x (19)

Oto ypaBHenue rUIepOOIIBI, HPOXOJSAIIEH Uepe3
Touky (a;0).

IIpu z < a
(lzg| = Jlx —a| —a)y=4(x —a) & (—x+(r—a)—a)y=4(r —a) < 22+ ay —2a=0. (20)

D10 ypaBHEHUE TPSIMOIA, MPOXosiieii depe3 Touky (a;0).

MHuozxkecrBo Touek M mzobpaxkeHo Ha pucyHke. [lokaxkem, uro runepbosa (23) u npsivas (24) Kacatorcs

ToToBuMcs K oaumnuazae Ha caiite 100ballnik.com



npyr apyra B Touke (a;0). B camom gese,

% y:2a_2’ y:2a_ ’
y=-2+—, x x

- < 2z <~ 2a 2
20 +ay —2a =0 y:2_a 7_2:2_;

— 2+2a —
= Yy = xa PR y=VY,
222 — dax + 2a* = 0 T = a.

U3 roro, uro runepbosta (23) u npsmast (24) KacaroTcs, CieLyeT, ITo J060i 0TPE30K ¢ KOHI[AME BO MHOKECTBE

M nexkuT He HUZKE 3TOrO MHOXKCCTBA.

I[Ipu a = —2 upsimbie 22 + ay — 2a = 0 u y = x + b napauiesbHbl, a pu b = 2 oM coBHaal0T. B aTOM

cilydae pelleHre JJaHHON cucTeMbl — Bech JIyd (—o0; al.

Ilpn a € (—o0; —2) U (—2;0) upsmas y = = + b umeer ¢ MuoxkectBoM M He Gostee 2 0OIIIX TOUEK.

Nrak, a = —2 — ncKoMoe 3HAUEHNe mapaMeTpa.
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MOCKOBCKNN
OUBNKO-TEXHUYECKNN
NHCTUTYT

OJIMMITNAJIA "OU3TEX"
I[1O MATEMATUKE

10 KJIACC. Bapuant 7

1. [3 banna] Ilycrs a, b, ¢ — Tpu HOMAPHO PA3JIMIHBIX HEHYJIEBbIX Tnca. st kaxK1oi napbl n3 wuced 0,
a, b 1 ¢ BBIIUCHIBACTCS IPUBE/ICHHBIN KBaIPATHDI TPEXIEH, KOPHAMHI KOTOPOTIO SIBJIAETCS 9Ta Hapa
qncesr. ODO3HAYMM TTOJTyUeHHbIe TPEXWIeHbl f1, fa, ..., f¢. llycts f = fi + fo + ...+ f¢. Haiinure
cymmy S = a® + b + ¢, eciu f(0) =5, a f(1) = —7. (Camu uncia a, b u ¢ He JaHbL. )

OTser: 26.

Pertenne. JJannbie TpéxuiieHbl UMEIOT BUJL:
filz) =x(x —a), fo(zx)=x(x—-0>), f3(x)=x(x—-c),

fu(@) = (z —a)(z = b), fs5(x) = (z —a)(x —c), fo(z)=(z—0b)(x—c)

Bnaunt, f(r) = 62%—3(a+b+c)r+(ab+be+tca). Torma f(0) = ab+be+ca, f(1) = 6—3(a+b+c)+(ab+be+ca),
otkyna 3(a+b+c) = 6—f(1)+ £(0). Ocramocs sameruts, uto S = a+b*+c? = (a+b+c)? —2(ab+bc+ca) =

5 (6 F(1)+ F(0)* ~ 2f(0) = 26,

2. [4 banna] Haiiyiure Bee Tpoiiku nenbix uuces (a;b;c), aasa KoTtopwix a + be, b+ ac, b* — a® + 11¢* —
TPH TI0C/IE/I0BATETLHBIX HATYPAJILHBIX YHUC/IA, PACIOIOKEHHBIX B MOPSAJIKEe BO3PACTAHUS.

Otser: (1;2;0), (9;8;2).
Pemenne. Ilycrs a +bc =n, b+ ac =n + 1, b*> — a? + 11¢? = n + 2. Torya
l=(n+1)—n=b+ac—a—bc=(b—a)(l—c),
orkyaa oo b—a=1,1—c=1, ubob—a=—-1,1—c= —1.
I[Iyctrb b—a=1,1—c=1. Torma b=a+ 1, ¢ = 0. 3uauur, a = n, b =n + 1, oTkyaa
¥ —a’+11*=2n+1 = 2n+1=n+2.
Tormtan=1,a=1,b=2.
[Myctb b—a=—-1,1—c=—1. Tormab=a — 1, c = 2. Buauur, a +2b=n, 3a —2=n, b =a — 1, orkyna
b —a’+11c* = —2a+1+44=n+2 = —2a+45 = 3a.
Torna a =9, b = 8.

3. [4 6anna] Tlerst ciyuaitno packiapiBaer 92 OAMHAKOBBIX Iapa MO 3 MPOHYMEPOBAHHBIM SAIIUKAM.
Haiiiure BeposiTHOCTH TOTO, 9TO B KAXKJIOM SIIHUKE OKAXKETCA I6THOE (BO3ZMOXKHO, HYJIEBOE) KOJIAIe-
CTBO IIAPOB.

OTBer: —.

31

Pemenne. Kosmuectso crioco6os pas/iozkuTh 92 mapa 10 3 IPOHYMEPOBAHHBIM SIIIUKAM COBIAJIAET C KO-
JIMTIECTBOM DPeNleHnil ypaBHeHusd * + Yy + 2z = 92 B 1eJIbIX HEOTPUIATETbHBIX YNCIaX, TO €CTh 034. Haitmem
KOJIUIECTBO CIIOCOO0B Pa3jIoKUTh UX TaK, YTOOBI B KaXKJI0i KOpOOKe IncJio mapoB ObL1o 4érHbIM. [Iycrs B
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11epBOil KOPOOKE JIE2KUT 2a MIApOB, BO BTOPOH 2b 11apos, a B TpeTheil 2¢ mapos. Y paBuenue 2a+ 2b+2¢ = 92
PaBHOCHUJIBHO + b +c = 46, a KOJIM4YeCTBO Cc110cob0B COBITa/[a€T C KOJIMIECTBOM IICJIbIX HEOTPpUIATC/IbHBIX
. 5 Cis _ 8

pemennii 3Toro ypasuenust: ono pasuo Cjg. Vlckomast BEpOATHOCTD paBHA —5 = ——.

Cs, 31
[5 6annos] OxpyzkuOCTH W, TOCTpoeHHAst Ha Bhicore AH tpeyrosbhnka ABC Kak Ha jmamerpe,
nepecekaer cropony AB sToro TpeyrosibHUKa B €€ cepequae M. Bweicotra AH mexkur BHyTpH Tpe-
yroabanka. Ha cropone AC' ormeuena Touka X Ttakas, uro C'M npemmr orpesok H X momosam.

Haiiure ornomenne AX : XC, ecoin BC' : AB = 44/2.
O R
TBET! -

Pemenne. ITockonbky HM | AB, B upsmoyronsnom AABH yeanana H M neprenuKyisipHa THIIOTeHy 3

AB, nostomy AH = BH. llpsamass CM — meaunana OHO- A
Bpemeno ACBA u ACH X. Tlokaxkewm, uro npsimbie H X n
AB napaJuiesibHbl. B camoMm sieste, mycTh 3TO He Tak, a X1 —
rakas Touka Ha AC, yro HX; || AB. Torma TpeyroibHu-
ku CHX, u CBA nonobusr, a meauana C'M TpeyrojabHU-
ka CBA nmemur H X momonam. Ilostomy B TpeyroibHUKe
HX X, npsamast CM siBisiercst cpejHeil JIMHUEH, a 3HAYUT,
ona mapaJjuiesnbHa AC, UTO HEBOBMOXKHO, MOCKOILKY AC u X
CM mnepecekatorcst B touke C. Urak, HX | AB. [dazee,
ZABC = 45°, orkyma HX Z X6HcceKTpI/1ca [IPSIMOTO  YTJI&

AHC'. VckoMoe OTHOIIIEHUE —— PABHO

XC

-

— = ——. Ha
HC HC B

JeM 9TO OTHOIIECHUE:

=—_ = = = = = .
AB V2BH 284 XC HC 7

4\@_3(1_BH+H0_%+1 AX BH 1

[5 6annos| IlBerounblii Jiyr, TpedyuIHOE MOJIe W JIMIOBas POIIA PACIOJIOXKEHBI B TPEX Pa3JIHYHBIX
TOYKaX, He JIeXKaINX Ha OJHO#N mpsiMoii. [laceunmk moctaBmi yieir Ha NMPAMOJIUHENHON TPOIMHKE
MEXK/JIy JIyI'OM M IIOJIEM TaK, YTOObI CyMMa PaCCTOAHUI OT yJbd JIO JIyTa, IOJid U POIINKM ObLIa Hau-
MenbIeit. Ha KakoMm paccTosHum OoT Jiyra ycTaHOBJIEH yJjieii, eCJIi U3BECTHO, YTO JIJIMHA TPOIUHKHI
pasra 1500 M, pacCTOSHUS OT YJIbsi JIO JIyTa, POIIH U HOJist (B YKA3AHHOM HOPSIJIKE) SBJISTFOTCS TPEMST
MTOCJIIOBATEIbHBIMU YJIeHAMHI HEKOTOPOW T€OMETPUYIECKON ITPOTPECCHH, & JITMHA TPOITMHKU, PACCTO-
dHWE OT JIyra JIO POIIU U PACCTOSHUE OT IOJIsd JO POIIU — COOTBETCTBEHHO YETBEPTBHIM, IMECTHIM U
BOCBMBIM YJIEHAMU HEKOTOPOH apudMeTndecKoil mporpeccun?’

OTBeT: 960 M.

Pemenne. Paccmorpum tpeyronsnuk ABC' ¢ Toukoit D, pacnonoxkennoii na cropone AB: A — nyr, B —
moste, C' — poma, D — yueit. 3ameTnM, 910 cyMMa JnH oTpe3koB AD u DB pasna jimune AB BHe 3aBUCH-
MOCTHU OT PACIIOJIOXKEHUS TOUKA [, TO ecTh pedb ujéT 0 MuHuMu3aruu Jauabl orpeska DC'. [Tpu aTom Touka
D wue coBuajiaer Hu ¢ A, HU ¢ B, TIOCKOJIBKY B 3TOM cjydae JyinHbl orpe3skoB DA, DC' u DB He MoryT OBITH
YIEHAME TeOMeTPUIeCKoil mporpeccun. 3uHaduT, B TpeyroibHuke ABC yriabt A u B — ocrpble, a Touka [ —
OCHOBaHMIe BBICOTHI, IPoBeIeHHOM n3 Bepmunbl C. Torma u3 yeiaosuss DC? = DA - DB jesaeM BBIBOJ, 9TO
yros C' — mupsamoii. [Tockombky 2 -6 = 4 + 8, B y1060it apudmerndeckoii nporpeccun 2ag = a4 + ag. Ciegno-
sarenbno, 2AC = AB + BC'. O6osnaunm AB = a — b, AC = a, BC = a+b. Torna (a — b)? = a®> + (a + b)2.
W3 aByx ciydaes: a = 0 u a = —4b nogxomut Toabko a = —4b. Torna AB = —5b, AC' = —4b, BC'= —3b, n
AC : BC =4:3. Orcrona AD: DB =16:9, u AD = 1500 : 25 - 16 = 960 M.

[5 6annos| B ocrpoyrosbaoM HepaBHOGepeHHOM Tpeyrosibanke A BC nposeenst Boicotbl AP u CQ).
[Iycte M u T — coorBercTBenno cepeaunbl cropon AC' u AB. Ussectno, uro /PBQ = ZPMQ.
Haitoure QT, ecoiiu AB =6, BC = 9.
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OrBer: —.
2

Pemenne. O6oznauum ZQBP = 3. Ilockonbky QM n PM — MeauaHbl IPSMOYTOJIBLHBIX TPEYTOJLHUKOB
AQC u APC, MA = MQ = MP = MC. 3uauur, Touku A, Q,

P u C jexxar Ha OIHOI OKPYXKHOCTH W, a IEHTP 3TOI OKPYKHO-
ctu Haxojured B Touke M. Torna B okpyxkuoct w yroa QCP —
BIUCAHHBIN, a yrojg QM P — 1neHTpaJibHbBI, ONMUPAIOIIAICS HA TY

xe ayry QP, to ectb ZQCP = g [TosTomMy B HpAMOYTrOJIbHOM

tpeyrosibauke BQC' octpoie yriet B u C papabl  u 5 C00T-

BETCTBEHHO, OTKyJa [ = 60°. VI3 mpsiMOyroJIbHOTO TPEyroJIbHUKA,

B
BQC nonyuaem pasernctBo BQ = BCcosf = — ITockombKy

(BC — AB) = 2.

2\
2 Al M Ke
. [6 6annos] Haiismre Bce ompuyamenrvhvie 3HaUeHNST TapaMeTpa @, JJId KazKJ0To U3 KOTOPBIX Haii-
JeTCd TaKO€ 3HavYeHUe b, 9TO cucreMa

AB 1
BT = —5 » HaXOZuM QT = BQ — BT = 3

y=—- + ba

(lz| = o —a| —a)y = 2(a — x)
nmMeeT OoJjiee JIByX PENIeHMUIA.
OtrBeT: a = —1.

T
Permenne. [lepsoe ypaBaenue cucreMsl 3aaeT IPAMYIO ¢ (DHKCHPOBAHHBIM yTJIOM HAKJIOHA e ITPOXO/IsI-

niyto gepe3 Touky (0;b).

Paccmorpum Bropoe ypasaenue cuctembl. Ilycrs M — MHOXKeCTBO TOUEK (Z;Y), YAOBICTBOPSIONIAX STOMY
YPABHEHHIO.

I[pu z >0
(lzl = |z —al —a)y = 2(a —2)
(x—(xr—a)—a)y=2(a—z) & z=a.
ITockonbky > 0 > @, B 9TOM cjydae HU OJIHA >
TO4YKa He JiexkuT B M.
IIpu x € [a;0)
(lz] = [z —al —a)y = 2(a —z) <
(—z—(x—a)—a)y=2(a—2) &
a
=1-—. 21
y . (21)
DTO ypaBHeHHE TUIEepOOJIbI, ITPOXOIAIIEl Tepe3
Touky (a;0).
IIpu z < a
(lz| = |z —a| —a)y=2(a—2) & (—x+(x—a)—a)y=2(a—z) & z—ay—a=0. (22)

D10 ypaBHEHUE TPSIMOIA, MPOXosiieii depe3 Touky (a;0).

MHuozxkecrBo Touek M mzobpaxkeHo Ha pucyHke. [lokaxkem, uro runepbosa (23) u npsivas (24) Kacatorcs
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npyr apyra B Touke (a;0). B camom gese,

a a
_q,_a _q1_¢ a
?/Zl_g7 y=1 xz’ y=1 z’ y=1-——, y =0,
€ = x - a T - x 54
r—ay—a= y==—1 1—--=2-1 2? —2ax +a®> =0 T =aq.
a T a

U3 roro, uro runepbosta (23) u npsimast (24) Kacarorcs, cyejryer, 9To J60i 0TPE30K ¢ KOHIAME BO MHOYKECTBE
M neXuT He HHUXKe STOTO MHOYKECTBA.

IIpu @ = —1 upsambie * —ay —a = 0 u y = —x + b mapaJjuienbHnl, a upu b = —1 onu coBnagaoT. B sTom
cJlydae pereHne JIAHHOI CHCTeMbl — Bech Jiyd (—o0; al.

ITpu a € (—o0; —1) U (—1;0) upsimast y = —x + b umeer ¢ MHokecTBOM M He GoJiee 2 OOIIMX TOYEK.

Nrak, a = —1 — ncKoMmoe 3HaYEHHE apaMeTpa.
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MOCKOBCKNN
OUBNKO-TEXHUYECKNN
NHCTUTYT

OJIMMITNAJIA "OU3TEX"
I[1O MATEMATUKE

10 KJIACC. Bapunant 8

1. [3 banna] Ilycrs a, b, ¢ — Tpu HOMAPHO PA3JIMIHBIX HEHYJIEBbIX Tnca. st kaxK1oi napbl n3 wuced 0,
a, b 1 ¢ BBIIUCHIBACTCS IPUBE/ICHHBIN KBaIPATHDI TPEXIEH, KOPHAMHI KOTOPOTIO SIBJIAETCS 9Ta Hapa
qncesr. ODO3HAYMM TTOJTyUeHHbIe TPEXWIeHbl f1, fa, ..., f¢. llycts f = fi + fo + ...+ f¢. Haiinure
cymmy S = a® + b* + ¢, eciu f(0) = =9, a f(1) = —6. (Camu uncna a, b u ¢ He jaHbL.)

OTser: 19.

Pertenne. JJannbie TpéxuiieHbl UMEIOT BUJL:
filz) =x(x —a), fo(zx)=x(x—-0>), f3(x)=x(x—-c),

fu(@) = (z —a)(z = b), fs5(x) = (z —a)(x —c), fo(z)=(z—0b)(x—c)

Bnaunt, f(r) = 62%—3(a+b+c)r+(ab+be+tca). Torma f(0) = ab+be+ca, f(1) = 6—3(a+b+c)+(ab+be+ca),
otkyna 3(a+b+c) = 6—f(1)+ £(0). Ocramocs sameruts, uto S = a+b*+c? = (a+b+c)? —2(ab+bc+ca) =

5 (6 F(1)+ F(0)* ~ 2f(0) =19,

2. [4 banna] Haiiyiure Bee Tpoiiku nenbix uucen (a;b;c), A KoTopwix a + be, ¢ + ab, ¢ — a* + 160* —
TPH [OC/IEI0BATEILHBIX HATYPAILHBLIX YMC/IA, PACIOIOKEHHBIX B IMOPSIKE BO3PACTAHUS.

Otser: (1;0;2), (13;2;12).
Pemenmne. IIycts a +bc=n, c+ab=n+1, ¢ — a®> + 16b*> = n + 2. Torna
l=(n+1)—n=c+ab—a—bc=(c—a)(l—0),
oTkyaa oo c—a=1,1—-b=1, mboc—a=—-1,1—-0bb=—1.
I[lyctb c—a=1,1—-b=1. Torma c=a+ 1, b = 0. 3uauur, a = n, c = n + 1, oTkyaa
A —a’+16b* =2a+1 = 2a+1=n+2.
Tormtan=1,a=1,c=2.
IMyctb c—a=—-1,1—b=—1. Torma c =a — 1, b = 2. 3nauur, a + 2c=n, 3a —2 =n, c = a — 1, OTKy1a
A —a*+16b* = —2a+1+64=n+2 = —2a+65=3a.
Torna a = 13, ¢ = 12.

3. [4 6anna] Tlers cayuaiino packiaasiBaer 104 0JMHAKOBBIX Iapa Mo 3 MPOHYMEPOBAHHBIM SAIIUKAM.
Haiiiure BeposiTHOCTH TOTO, 9TO B KAXKJIOM SIIHUKE OKAXKETCA I6THOE (BO3ZMOXKHO, HYJIEBOE) KOJIAIe-
CTBO IIAPOB.

OTBer: —.

35

Pemmenne. Kommuectso crocobos pazioxkurh 104 mapa 1o 3 IPOHYMEPOBaHHBIM AIIMKAM COBIIAJIACT C
KOJIMIEeCTBOM peleHuil ypaBaenust £ +1y—+z = 104 B 11eJIbIX HEOTPUIIATEIBHBIX YUCIaX, TO ecTh C' 1206- Haitmem
KOJIUIECTBO CIIOCOO0B Pa3jIoKUTh UX TaK, YTOOBI B KaXKJI0i KOpOOKe IncJio mapoB ObL1o 4érHbIM. [Iycrs B
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[I€PBOil KOPOOKeE JIEXKUT 2a 11apoB, BO BTOPOii 2D 1m1apos, a B TpeTbeit 2¢ mapos. Y paBHenue 2a+2b+2¢ = 104
PaBHOCWIBHO @ + b + ¢ = 52, a KOJUIECTBO CIIOCOOOB COBIAJIAET ¢ KOJUUECTBOM IIEJIBIX HEOTPHUIATETHbHBIX
cz, o
C%s 35

peIeHnii 3TOoro ypaBHeHUs: OHO PaBHO C§4. Nckomast BEpOATHOCTD paBHA

[5 6annos] OxpyzkuOCTH W, TOCTpoeHHAst Ha Bhicore AH tpeyrosbhnka ABC Kak Ha jmamerpe,
nepecekaer cropony AB sToro TpeyrosibHUKa B €€ cepequae M. Bweicotra AH mexkur BHyTpH Tpe-
yroabanka. Ha cropone AC' ormeuena Touka X Ttakas, uro C'M npemmr orpesok H X momosam.
Haiiure ornomenne AX : XC, ecsin BC : AB = 3v/2.

OTBeT: —.
5

Pemenne. ITockonbky HM | AB, B upsmoyronsnom AABH yeanana H M neprenuKyisipHa THIIOTeHy 3

AB, nostomy AH = BH. llpsamass CM — meaunana OHO- A
Bpemeno ACBA u ACH X. Tlokaxkewm, uro npsimbie H X n
AB napaJuiesibHbl. B camoMm sieste, mycTh 3TO He Tak, a X1 —
rakas Touka Ha AC, yro HX; || AB. Torma TpeyroibHu-
ku CHX, u CBA nonobusr, a meauana C'M TpeyrojabHU-
ka CBA nmemur H X momonam. Ilostomy B TpeyroibHUKe
HX X, npsamast CM siBisiercst cpejHeil JIMHUEH, a 3HAYUT,
ona mapaJjuiesnbHa AC, UTO HEBOBMOXKHO, MOCKOILKY AC u X
CM mnepecekatorcst B touke C. Urak, HX | AB. [dazee,
ZABC = 45°, orkyma HX Z X6HcceKTpI/1ca [IPSIMOTO  YTJI&

AHC. NlckoMoe OTHOILIEHUE —— PaBHO
xc P

-

— = ——. Ha
HC HC B

JeM 9TO OTHOIIECHUE:

3\@_BC_BH+HC_%+1 _ AX _BH _1
AB V2BH 284 XC HC 5
[5 6annos] Jlyxaiika ¢ KjeBepoM, 3apoC/in BepecKka U IOJIe MOJCOTHEUYHUKA PACIOIOXKEHBI B TPEX
TOYKaX, He JIeKaIX Ha OJHOI mpsmoil. [lacednnk moctaBus yieit Ha NPSMOJMHEIHON TPOIMHKE
MEK/1y KJICBEPOM W MOJCOJTHEIHUKOM TaK, YTOOBI CyMMa PACCTOSHUII OT yJibs JO KJI€Bepa, BEPECKa
U TIOJICOJTHEYHUKA OblLiia HamMeHblneil. Ha KakoM pacCTOAHUU OT IMOJCOJTHEYHUKA YCTAHOBJIEH YJIEH,
€CJIN M3BECTHO, YTO jjmHa TpommHKH paBHa 2000 M, paccTogHUs OT yiabd JI0 KJ€Bepa, BEpecKa
HOJICOJTHEYHUKA (B YKA3aHHOM TIOPSIJIKE) SBJISTIOTCST TPEMS [OCJIEI0BATEIbHBIMEI YJIEHAME HEKOTOPOI
reOMEeTPUIECKOl ITporpeccuu, a JJINHA TPOIUHKH, PACCTOSHUE OT BepecKa JI0 KJeBepa U PacCTos-
HUE OT BEpecKa JI0 MOJICOTHEYHUKA — COOTBETCTBEHHO IEPBBIM, YETBEPTHIM U CEJIbMBIM HJIEHAMU
HEKOTOPOI apudMeTUIeCKOil Iporpeccun?

OTBeT: 720 M.

Pemtenne. Paccmorpum tpeyrombnuk ABC ¢ Toukoii D, pacnonoxkennoit na cropone AB: A — knesep,
B — nojiconmneunnk, C' — Bepeck, D — yieii. 3amerum, 9ro cymMma JiuH oTpe3koB AD u DB pasHa jjuHe
AB BHe 3aBUCHMOCTH OT PACIIOJJIOXKEHUsT TOUKH [, TO €CTh pedb WJIET O MUHUMU3AIUN JTHHbl oTpeska DC.
[Ipu sTom Touka D He coBmajaer Hu ¢ A, HU ¢ B, TOCKOJIBKY B 3TOM ciiydae jjuHbl orpe3kos DA, DC' u
DB He MoryT ObITH YjleHAMU MeOMeTpPUIecKoil mporpeccuu. 3HaunuT, B Tpeyrojbauke ABC yriaet A u B —
ocTpele, a Touka D — oCHOBaHHE BBICOTDI, IpoBeaénuoiil u3 sepumnbl C. Torma us yeaosus DC? = DA-DB
JenaeM BuIBOJ, uTo yroa C — mpsamoii. [lockombky 2 -4 = 1+ 7, B m060i apudmerndeckoil mporpeccun
2a4 = a1 + ay. CienoBarennsno, 2AC = AB + BC'. O6oznaunm AB = a — b, AC = a, BC = a + b. Torna
(a —b)? = a® + (a+ b)%. Us asyx cayuaes: a = 0 u a = —4b nogxoaut Tosbko a = —4b. Torma AB = —5b,
AC = —4b, BC = —=3b,u AC : BC =4:3. Orciona AD : DB =16:9, u DB = 2000:25-9 = 720 m.

[5 6annos| B ocrpoyrosbaoMm HepasHoGeapenaoM Tpeyrosibanke A BC nposeenst Boicotbl AP u CQ).
[Iycrs M u T — coorBercrBeHHO cepenibl cropon AC' u AB. UssectHo, uro /PBQ = /ZPMQ.
Haiture QT', eciu AB =7, BC' = 11.
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OTBer: 2.

Pemenne. O6oznauum ZQBP = 3. Ilockonbky QM n PM — MeauaHbl IPSMOYTOILHBIX TPEYTOJLHUKOB
AQC u APC, MA = MQ = MP = MC. 3uauur, Touku A, Q,

P u C jexxar Ha OIHOI OKPYXKHOCTH W, a IIEHTP 3TOI OKPYKHO-
ctu Haxogured B Touke M. Torna B okpyxkuoct w yroia QCP —
BIUCAHHBIN, a yroj QM P — 1neHTpaJibHbBI, OIMUPAIOIINICST HA TY

xe ayry QP, Tto ectb LZQCP = g [TosTomMy B HpAMOYTrOJIbHOM

tpeyrosibiuke BQC' octpoie yriet B u C papabl 8 u 5 C00T-

BETCTBEHHO, OTKyJa [ = 60°. VI3 mpsiMOyroJIbHOTO TPEyroJIbHUKA

B
BQC nonyuyaem paserctBo BQ = BCcosf = — ITockombKy

AB
BT = — > Haxonum QT =BQ — BT = -(BC — AB) = 2.

% AK M Ke

. [6 6annos] Haiimre Bce ompuyamenrvhvie 3HadeHNsT TapaMeTpa @, JJId KazKJI0ro U3 KOTOPBIX Haii-
JleTcs Takoe 3HadeHue b, 9To cucrema

y=—z+b,
(lz] = [z = af = a)y = 4(a — 2)

nmMeet OoJjiee JIByX PENIeHMUIA.

OrBer: a = —2.

T
Permenne. Ilepsoe ypaBHenue cucreMsl 3aJaeT IPAMYIO ¢ (DHKCHPOBAHHBIM yTJIOM HAKJIOHA e ITPOXO/IsI-

niyto yepe3 Touky (0;b).

Paccmorpum Bropoe ypasaenue cucreMbl. [lycrs M — MHOXKeCTBO TOUEK (X;Yy), YIOBIETBOPSIIONIUX STOMY
YPABHEHHIO.

I[pu z >0
(lz| = |z —al —a)y = 4(a - 2) &

(x—(xr—a)—a)y=4(a—z) & z=a.

ITockosbky x > 0 > a, B 9TOM cjIydae HUA OFHA TOYKa HE
gexur B M.
IIpu x € [a;0)

(lz] = [z —a[ —a)y =4(a —z) &

(—x—(r—a)—a)y=4(a—2) &

2a
9T0 ypaBHEHUE TUIEPOOJIbI, TPOXOMAIIEH Yepe3 TOUKY
(a;0).
Ipu z < a

(2] = [ —al —a)y = 4(a —2) <

(—z+(r—a)—a)y=4(a—2z) &
2z —ay — 2a = 0. (24)

D10 ypaBHeHUe NpsiMoii, Ipoxosiiieil uepes Touky (a;0).
MmuoxkecTBo ToYek M m3006pakeHO Ha PUCYHKE.
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[Mokazkem, aro runepbosa (23) n npsmvast (24) kacatorcst apyr apyra B Touke (a;0). B camom nere,

2a 2a
2 =92 —9_ 7 2
y:2_£’ y=2 ) y=2 ) y:2_£7 {y—O,
x =4 =4 =4 x =4
2r —ay — 2a = y_2ﬁ_2 2_2£:2£_2 2?2 —2ax +a®> =0 r=a
a x a

U3 roro, uro runepbosta (23) u npsimast (24) Kacarorcs, ciejyer, 9To J60i 0TPE30K ¢ KOHIAME BO MHOYKECTBE
M neXuT He HUXKe STOTO0 MHOYKECTBA.

ITpu @ = —2 upamoie 2z — ay — 2a = 0 u y = —x + b nmapajieabbl, a 1pu b = —2 oHHU coBHama0T. B aTOM
cJlydae pereHue JIAaHHOM CHCTeMbl — Bech Jiyd (—o0; al.

IIpu a € (—o0; —2) U (—2;0) upsimast y = —x + b umeer ¢ MHokecTBOM M He GoJiee 2 0OIIMX TOYEK.

I/ITaK, a = —2 — UCKOMOe 3HaJYeHNe ITapaMeTpa.
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MOCKOBCKNN
OUBNKO-TEXHUYECKNN
NHCTUTYT

OJIMMITNAJIA "OU3TEX"
I[1O MATEMATUKE

10 KJIACC. Bapunant 13

1. [3 6anna] M3BecTHO, YTO €cjlM YMEHBIIUTh KasK/Iblil U3 KopHeit ypasHenus z2 + bxr + ¢ = 0 Ha b5,
HOJIyYeHHbIC YucIa OyayT KopHaME ypasaenus 12 + cx +b = 0. Kaxoe HauMeHbIIIee 3HAMCHIE MOMKET
[IPUHUMATH MTPOU3BEJICHIE BCEX UEeThIPEX KOPHEH 9THX ypaBHEHUI!

OrBer: —21.

Pemenne. Ilycrs 21 u 2o — xopuu ypasuenusi 2 + bx + ¢ = 0, x3 u £4 — ypasuenus 2 + cx + b = 0.
Torma x1 + x9 = —b,x1292 = ¢, 23 + x4 = —c,x324 = b. Tlo ycnoBuio (r1 + x2) — (x3 + x4) = 10 = ¢ — b.
Takxke b = x324 = (21 —5)(x2 — 5) = 122 — 5(x1 + 22) + 25 = ¢+ 5b+ 25, 10 ectb ¢ + 4b+ 25 = 0. U3 s11x
ypaBHeHwuil osrygaeM, uro ¢ = 3,b = —7. Torma x1 - 9 - x3- x4 = c- b= —21.

2. [3 banna] Cymma gy nojpsijy WYUK JBY3HAYHBIX YHCEJI SIBJISIeTCsI TIOJIHBIM KBajipaTom. Haiiaure
BCE BO3MOYKHbBIE 3HAYEHUST CYMMBI UCXOJIHBIX UUCE].

Orset: {100,225,400}.

Pemenue. Paccmorpum nsmh moapsi 1 1y mux JABy3HadHbx ancei n—2, n—1,n, n+1, n+2 (12 < n < 97).
Nx cymma pasna 5n. CrenoBaresibHO, KBaJIPAT, KOTOPBIM SIBJISETCS 9Ta CyMMa, KpaTeH b, a, 3Ha4uT, u 25.
[Tpu arom 60 < 5n < 485. B sannoM oTpeske Jiexkar cienyromue KBajaparsl, Kparabie 25: 100, 225, 400. Ouu
2Ke U paBHBI CyMMe MCXOJHBIX YHUCEJ.

3. [5 bannos| B mayunoii sabopaTopun cocTaBisieTcsi IJIaH 3allyCKa YUCIEHHOIO DeIleHusl 3a/a9u Ha,
kiactepe. 3a 100 gHeit Tpebyerca ciaenarh 10 3aIycKoB, a Toc/Ie KayKI0T0 3aIlyCKa, KPpoMe MTOCIe /THe-
ro, KJacTep 3arpyzKeH TOJIbLKO JIaHHOM 3ajadeil B TedeHue 7 JHell, BK/IIo4as JieHb 3aiycka. [Ipu 1mo-
cJIeJTHEM 3allycKe TpebyeTcst 00paboTaTh pe3yIbTaThl BCEX MPEIbIAYINNX 3aIllyCKOB, HA ITO TpedyeTcs
8 nHeil paboThl KJjacTepa, BKJIIOYasl JIEHb MMOc/eHero 3amycka. CKOTbKUME CIIocOOaMU COTPYIHUKH
J1abopaTopuu MOTYT BBIOpaTh JHE 3alyCKoB pacdéToB? OTBeT jaliTe B BUJE BhIPAXKEHUS, COJIEPIKa-
mero He 6oJiee TPEX WIEHOB (B HUX MOTYT BXOAUTH (haKTOPHUAJIbI, OUHOMUATbHbIE KOA(DQUIINEHTE).

Orser: C3.

Pemenne. Ilycto 21, ..., 19 — HOMepa ameil 3amyckoB pacuéros. Torma xp > 1, 29 > x1 + 6, ...,
T10 > Tg9 + 6, x10 + 7 < 100. Obo3HaUMM Y1 = Z1, Yo = T2 — 6, y3 = x3 — 12, ..., y190 = x19 — H4. Torma
JIOCTATOYHO BBIOPATH YUCHA Y1, - - ., Y10, YIOBIETBOPSIIONIUMU YCJIOBUSIM

1<y <y2a<... <y < (100—7)—54:39,
4TO MOKHO crenath Ch§ crocoban.

4. [5 6annos| Beicorer AA; u C'Cy ocrpoyrosbraoro Tpeyrosbirnka A BC nepecekatorces B Touke H. JIyq
BH nepecekaeT OKpyKHOCTb, OIUCAHHYI0 0K0JIO Tpeyrosibiuka ABC, B Touke P. Haiinnre oTHOIIE-
HIUE PAJINYCOB OKPY2KHOCTEH, ONMMCAHHBIX 0KOJIO TpeyroabunkoB AH P u C'H P, eciin u3BecTHO, ITO

BA, :BCi,=3:4,a AH : CH =3 :10.

OTrBer: —.
5

Pemenne. Ilycrs ZOAA; = o, ZACC, = 3, a K — ocHOBanue BLICOTHI TpeyroabHuka ABC, omymien-
noit ma cropony AC. Touka P JIe;KUT Ha OKPY2KHOCTH, OIMCAHHON BOKpYr Tpeyrosibuuka ABC, mnpuuem
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ona cummerpuana H ornocurensno AC. Ilycts Ry m Ro — pajimychl OMUCAHHBIX OKPYKHOCTEH BOKPYT
tpeyrosibHUKOB AH P 1 C'H P cOOTBETCTBEHHO. 3AIIUAIIEM TEOPEMY CHHYCOB JIJIsT 9TUX TPEYTOJbHUKOB:

B

PH Y PH —9R, N &_S%nﬂ.cosﬁ.
sin 28 Ry sina cosa

sin 2«

N3z tpeyrombunkos AHK n C'H K naxomnm

) _HK _B_HK N sina_Cj_E
A= g P T ol snf  AH 3
Tak kak ZABP = ZACC, = 8, a ZCBP = ZCAA, = «, u3 . e
rpeyronbankoB AK B u C K B naxoaum
coso = —— cosﬂ—% == COSQ—A—B
- BC’ ~ AB cos3  BC’

Tax kax Tpeyronsauku BA1C1 u BAC nonobusr, AB : BC =
BA; : BCy = 3 : 4. Takum 06pa3oM, OKOHUIATETHLHO TOTydaeM, +

qro Ry : Ry = (3/10) : (3/4) =2:5.

. [5 6annos] Ot mpucrann A K npucranu B, pacrosoKeHHOit or A BHU3 110 TEUEHUIO, OJHOBPEMEHHO
OTIPABUINCH JIOJKa U Oaiimapka. KuimomerpoMm Huzke or A 1o TedeHUIo K B OTHpaBHIICS TaKKe
wiIoT. Ecin coXkuTh BpeMeHa JBUXKEHUsI JOAKHU, OaiilapKu U IJIOTa JI0 MPUCTaHU B, TO MOJIyInTCs
22 gaca. Haitaure paccrosinne MexKIy IPUCTaHSIME, €CJIM U3BECTHO, 9TO Daiiapka npuObLia K B Ha
2 vaca paHbIlle JIOJKU, CKOPOCTH ILJIOTA, JIOJAKH U OaifilapKu SIBJSIIOTCS TPEMs IIOCJIEI0BATEIbHBIMEI
YIeHaMU HEKOTOPOi apu(pMeTHIecKOoi MPOTPEeCcCHr, a CKOPOCTh ILIOTa, CKOPOCTh B CTOSYEH BOje
JIOJKI ¥ CKOPOCTH B CTOsYEll BoJe OalapKu — TpeMs IOC/IeI0BATEILHBIMUA YIeHAMU HEKOTOPO
reOMEeTPUYECKON IIPOrPECCHN.

OTrser: 15 kM.

Pemenne. O6osnaunum uepes & KM PacCTOsIHUE MEXKJy HPUCTAHAME, Y KM/9 — CKOPOCTH TEUeHUs] PeKH
(1, COOTBETCTBEHHO, CKOPOCTD IJIOTA) U Uepe3 z KM/ — CKOPOCTb JIOJKHU B cTosiueii Boge. Torya ckopocTh
JIBUZKEHUST JIOJIKH 110 TEYCHUIO PABHA Z + Y KM/9, & CKOPOCTD JIBUKEHNUSI 110 TeUCHUIO Oaiiapku (Kak TpeTnit
wien apudmeTnueckoii nporpeccun) pasia z +y + (2 +y — y) = 2z + y. Iomyuaem cucremy:

r—1 T T
+ + = 22,
Y z+y 2z+4+y
T xr
24y 224y

Taxk Kak CKOPOCTb JIBUYKEHUsI Oali/]apKu B CTOsIYel BOJle paBHa 22z KM /4, TOJlydaeM, 9To 2 = 2y, TIOCKOJIbKY

x

Y, 2 U 2z COCTABJISIIOT TEOMETPUIECKYIO ITporpeccuio. VI3 BToporo ypaBHEHUs CUCTEMBI CJIeJlyer, uro — = 15.
Y

Torma u3 nepsoro ypasuennst y = 1, u x = 15.

. [5 6annos] Yron A pomba ABCD pasen 60°. Ha npojoskenusix ero cropod AB u AD 3a touku B

u D B3gTbl TOuKn () u P cOOTBETCTBEHHO TaK, UTO mpsimMas P(Q) mpoxonut depe3 Touky C'. Haiigure
nuHy orpeska BQ, ecitu DP =10, a D@ : BP =11 : 10.

121
OrBer: —.

Pemenne. Tpeyronsnukn BAD u BCD pasnocroponnme, nosromy ZABC = ZADC = 120°, orkyna
ZQBC = ZCDP = 60°. Tlockosnbky BC' || AP, rpeyrosbauku BCQ u AP(Q) 10j00HbI.
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A D P

Awnasormano u3 toro, uro DC' || AQ, crenyer, uro tpeyroasuukun DPC u APQ nono6us!. [TosTomy Tpeyrosn-

uuku BCQ u DPC 1ono6Hbl, OTKY/1a BC - DP° [Mockonbky BC = CD = BD, nojiydaeM COOTHOIIIEHUE
B BD
Bg P Yraet DBQ u PDB pasubl 120°, mostomy tpeyrosibHuku (QBD u BD P 1nonobHbL 110 yIiiy U

DQ _ BQ DQ _ BD
BP _ BD " JBP ~ DP

DQ\*  BQ BO - DQ\* 5 _ 121
O qe aBEHCTBaA 0. (0} R f— O eC = —.
IIOJIYy9E€HHbBIX PpaBE€HCTBa, IIOJIy9UM, 9T BP DP T Thb BP 10

JIBYM TIapaM IIPHUJIEZKAIINX TPOITOPIUOHAIBHBIX CTOPOH. 3HAUNT, VMHOXKUB J1Ba

. [6 bannos] Haiinure Bce 3HAavYeHMs TapaMeTpa @, IPU KOTOPBIX CHCTEMA

2 6 8
a:—i—y—:max(S—l——y ——y),
x x

y=ar—9a+8

UMeeT HeYETHOE KOJIUIECTBO PENIeHni.

2
Orset: a € {0} U [

16 9 72+ 5155
99

2’ 11

Pemenue. Paccmorpum nepsoe ypasuenune cucrembl. [Tycrs M — MHOXKeCTBO ToUeK (x;y), yI0BIETBODS-

IONINX 9TOMY YPaBHEHUIO. HpaBaﬂ qJaCTb JaHHOI'O YpaBHEHHWs IIpDUHUMACT paSJIH‘IHbeI Bu1 B 3aBUCUMOCTH OT

. 6y Yy
TOr0, KAKOE U3 BbIpaXkeHuit 8 + — u 6 — — 0oJIbIle. 3aMEeTUM, ITO
X o

6y 8 Ty +x
8+ 2 <o = LTI
T x T
T
[Tpu 2 > 0 5TO HEPABEHCTBO BBINIOJHSAETCS BO BCEX TOUYKAX, JIEXKAIIUX HA MPMOiL i = % I HIKe HeE, a 1pu
x
2 < 0 — BO BCeX TOUKAX, JeXKAIINUX Ha IPAMOii y = —~ U Bbillle Heé.
Ty +x
[Tpu < 0 mepBoe ypaBHEHNE CHCTEMbI IPUHUMAET BT
y? 8y 2 2
r+==6—— <— (x—3)"+ (y+4)° =25. (5)
x x
x
D10 ypaBHEHHE OKDY’KHOCTHU C MEHTPOM B Touke (3; —4) u paamycom 5. [psamyio y = —+ OKPYHOCTS (5)

nepecekaer B Toukax (0;0) u (7;—1), a upamyo x = 0 — B Touke (0; —8). 3uaunt, yacrb MHO)ecTBa M,

TOYKH KOTOPOH YIOBIETBOPSIIOT HEPABEHCTBY < 0, ectb gyra okpyzxuoctu (5) ¢ koumamu (0; —8) u

(7;1).
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7 T
IIpu y+ > ( mepBoe ypaBHEHHE CHCTEMbI IIPH- Y

MeT BI/IILx (v — 4)2 +(y — 3)2 = 925

x+yj:8+6i/ & (2—4)2+(y—3)? =25. (6) /
T X (0,6)<

DTO ypaBHEHNE OKPYXKHOCTH C IEHTPOM B TOYKE
T

(4;3) u pamumycom 5. Ipsimyro y = —+ OKDyX-

HocTh (6) mepecekaer B Toukax (0;0) u (7;—1),

a npamytoo ¢z = 0 — B rouke (0;6). ITosromy

JacTb MHOXKeCTBa M, TOYKU KOTODOH yI0BJIETBO-
Ty+x

x
cru (6) ¢ xonmamu (0;6) n (7;—1).

Nrak, mHOKEecTBO M nmeeT BUI 00bEINHEHUST IBYX
YKa3aHHDBIX JyT 1 N300pakeHo Ha, PUCYHKE.
[lepemuiniem BTOpOE ypaBHEHHE CHUCTEMBI B BHUJIE
y —8 = a(z —9). Ilpn pasnuuHbIX 3HAYCHUSAX IIa-
pamMerpa a JaHHOe ypaBHEHHE 3aaéT IpsIMbIe C yI-
JIOBBIM KO PUITMEHTOM @, TTPOXOISIIINAE Tepe3 TOT-
Ky (9;8). Ormernm, uro Jrobasi IpsiMasi, ITPOXOIsi-
ast Yepes 9Ty TOUKY, KpOMe BePTUKAJIBHOMN, MOYKET
OBITH 3a/aHa JTaHHBIM YPABHEHUEM C ITOMOIIHIO BbI-
Oopa 3HAYEHUS .

Haiinem 3Hagenus a, npu KOTOPBIX OKPYZKHOCTH (5)
Kacaercst npsimoit y — 8 = a(x — 9):

PSAIOT YCJIOBUIO < 0, ecTth Jmyra OKpyzKHO-

|3 4+4 —9a + 8|
a?+1
TO €CThb KacaHue ¢ JIyroi

5 <= [12—6a]=5Va2+1 <= 1la®—144a+119=0,

{(x;y) ' Wtz <0, (x—3)2+(y+4)2:25}

x
72 4 5155
11 ’

Touka (4;8) okpyHocTtu (6) MMeeT MaKCUMAJbHYIO ODJIMHATY CPeJ BCeX TOUeK MHOxKecTBa M, mosromy
npsivast y = a(x — 9) + 8 KacaeTcst 9T0it OKPYKHOCTH TOJIBKO pu a = (.

HIPOUCXOIUT IIPU a =

2 9
IIpu a = g npsimast mpoxonuT depes Touky (0;6), npu a = 9 4epes Touky (0; —8), a npu a = 5 — epes

Touky (7;—1).
Haiizém KosmmaecTBo ToUeK nepecedennst npsimoii y = a(x — 9) + 8 co muoxkecrsom M:
9
1) mpu a € (—00;0) — 0 obmux ToUeK; 6) npu a = 3 3 obmue TOUKH;
2) upu a =0 — 1 obmast TouKa;
9 72+ 5v155
9 7) upu a — —————— | — 4 obume TOYKU;
3) mpu a € <0; 9) — 2 obmmme TOYKH; 2 11

72 4+ 5V155

21 _ .
4) upu a € [9; 9} — 1 obmas TouKa; 8) upu a = 11 — 3 obmye TOYKH;
1 72 + 5v/155
5) mpu a € (96, g) — 2 obIue TOYKH; 9) npna € <11, +00 | — 2 obmue TOYKH.

CriesioBaTeIbHO, NCKOMOE MHOXKECTBO 3HaueHuii nmapamerpa ectb a € {0} U [

2 16]  [9 72+ 5V155
9’9 27 11 '
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MOCKOBCKNN
OUBNKO-TEXHUYECKNN
NHCTUTYT

OJIMMITNAJIA "OU3TEX"
I[1O MATEMATUKE

10 KJIACC. BapuanT 14

1. [3 banna] UsBecTHO, YTO ec/iM yBeJIMUUTh KarK/blii u3 KopHeil ypasHenus r? + bxr + ¢ = 0 na 6,
HOJIyYeHHbIC YucIa OyayT KopHaME ypasaenus 12 + cx +b = 0. Kaxoe HauMeHbIIIee 3HAMCHIE MOMKET
[IPUHUMATH MTPOU3BEJICHIE BCEX UEeThIPEX KOPHEH 9THX ypaBHEHUI!

OrBer: —32.

Pemenne. Ilycrs 21 u 2o — xopuu ypasuenusi 2 + bx + ¢ = 0, x3 u £4 — ypasuenus 2 + cx + b = 0.
Torma 1 + w9 = —b, w129 = ¢, 23 + ©4 = —c¢, x3x4 = b. Io ycnoBuio (r1 + x2) — (x3 4+ x4) = =12 =c¢ — b.
Takxke b = x324 = (21 +6)(x2+6) = 122+ 6(21 + 22) + 36 = ¢ — 6b+ 36, 10 ecTb ¢ — Tb+ 36 = 0. 13 11X
ypaBHeHwmil mosrygaeM, urto ¢ = —8,b = 4. Torna x1 - x9 - x3- x4 = c- b= —32.

2. [3 banna] Cymma ceMu TOAPSIL UIYIIUX JIBY3HAYHBIX YHCE]I SBJISIETCsI TIOJHBIM KBajipaTrom. Haiiure
BCE BO3MOYKHbBIE 3HAYEHUST CYMMBI UCXOJIHBIX UUCE].

OrserT: 196, 441.

Permenne. PaccMoTpuM ceMb TOAPS WYX ABY3HAYHLIX uncenn—3, n—2, n—1,n,n+1, n+2, n+3
(13 < n < 96). Ux cymma pasua 7n. CrefoBaTesibHo, KBaJIpaT, KOTOPBIM sIBJISIETCS 9Ta CyMMa, KpaTeH 7, a,
suaduT, u 49. [Ipu stom 91 < Tn < 672. B mamnom oTpe3Ke JiexKaT cJeyIone KBaJapaTol, KpaTuole 49: 196,
441. Onu Ke 1 paBHBI CyMMe UCXOJIHBIX UHUCE]I.

3. [5 bannos| B mayunoii sabopaTopun cocTaBisieTcsi IJIaH 3allyCKa YUCIEHHOIO DeIleHusl 3a/a9u Ha,
kactepe. 3a 120 maHeit Tpebyercs cienath 11 3a1mycKoB, a moc/ie Kazk10To 3aIlyCKa, KpoMe MOCIe /THe-
ro, KJacTep 3arpyzKeH TOJIbLKO JIaHHOM 3ajadeil B TedeHue 6 jaHell, BKIO4Yas JieHb 3aiycka. [Ipu mo-
cJIeJTHEM 3allycKe TpedyeTcs: 00paboTaTh pe3yIbTaThl BCEX MPEIbIAYINNX 3aIllyCKOB, Ha ITO TpedyeTcs
7 nHeit paboOThHI KjacTepa, BKJIOUYAs JIeHb 1Ooc/eiHero 3amycka. CKOJIBKUMU CIIOCO0aMy COTPY/IHUKN
J1abopaTopuu MOTYT BBIOpaTh JHE 3alyCcKoB pacdéToB? OTBeT jaliTe B BUJE BBIPAXKEHUSI, COJIEPIKa-
mero He 6oJiee TPEX WIEHOB (B HUX MOTYT BXOJUTH (haKTOPHUAJIbI, OUHOMUATbHbBIE KO(DQUIINEHTEI).

.ol
Otsert: Cg;.

Pemenne. Ilycrs 21, ..., 11 — HOMepa AHeil 3amyckos pacuéros. Torma o1 > 1, xo > x1 + 5, ..., x11 >
r10+5, r11 +6 < 120. O60o3HAUUM Y1 = X1, Yo = T2 — 5, y3 = x3— 10, ..., y11 = x11 — 50. Torma mocrarouno
BBIODATH THCIA Y1, . .., Y11, YAOBIEeTBOpsAomuME yeaoBusaM 1 <y < yo < ... < y1l < (120 — 6) — 50 = 64,

aT0 MOXKHO cienarh Cgf crocobamu.

4. [5 6annos] Beicorsr AA; u C'Cy ocrpoyrosibHoro Tpeyrobanka ABC nepecekatorest B touke H. Jlya
B H tuepecekaeT OKpyKHOCTh, OIMMCAHHYIO OKOJIO Tpeyrosibauka ABC, B Touke P. Haiijure oTHOIIIE-
HIE PaJINyCOB OKPYZKHOCTEM, ONMMCAHHBIX OKOJIO TpeyroabunkoB AH P u C'H P, eciin ©3BeCTHO, ITO

BA,:BCi=6:5,aAH : CH =21 : 10.
Orser: 1

Pemienne. Ilycrs /CAA; = o, ZACC, = B, a K — ocHOBanue BbICOTHI Tpeyroybhuka ABC, omymien-
Hoit Ha cropony AC. Touka P jiekuT Ha OKPYKHOCTHU, OIMMCAHHOW BOKPYT TpeyroybHuka ABC, npuuem
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ona cummerpuana H ornocurensno AC. Ilycts Ry m Ro — pajimychl OMUCAHHBIX OKPYKHOCTEH BOKPYT
tpeyrosibHUKOB AH P 1 C'H P cOOTBETCTBEHHO. 3AIIUAIIEM TEOPEMY CHHYCOB JIJIsT 9TUX TPEYTOJbHUKOB:

B

PH PH R i
= 2Ry, . = 2Ry = J_s?nﬂ.cosﬁ.
sin 28 Ry sina cosa

sin 2«

N3z tpeyrombunkos AHK n C'H K naxomnm

) _HK _B_HK N sina_Cj_E
A= g P T ol s AH 21
Tak kak ZABP = ZACC, = 8, a ZCBP = ZCAA, = «, u3 . e
rpeyronbankoB AK B u C K B naxoaum
coso = —— cosﬂ—% == COSQ—A—B
- BC’ ~ AB cos3  BC’ I
]

Tak xkak Tpeyrompuuku BA1C1 nu BAC nonobunst, AB: BC'= A K C

= BA; : BCy = 6 : 5. Takum 06pa3om, OKOHUIATETHHO TOJTyda- +

eM, uro Ry : Rp = (21/10) : (6/5) =7 : 4.

[5 6annos| Ot mpucrann A x npucranu B, pacrmoyioXKeHHO# 0T A BHHU3 110 TEYEHUIO, OJHOBPEMEHHO
OTIPABUJINCH JIOJKA U KaTep. JIByMsl KujaoMeTrpaMu Bbilie OT A 110 TedeHuIo K B OTHpaBUJICa TaK¥Ke
wioT. Ecin coKuTh BpeMeHa JBMXKEHUs JIOJKH, Karepa M ILIOTa [0 MPUCTaHU B, TO MOJIyInTCs
29 gacos. Haiijiute paccrosgHue MexK 1y IPUCTAHSIME, €CJIU U3BECTHO, UTO JIOJKa pudbLia K B Ha 3
Jaca I03Ke KaTepa, CKOPOCTH ILIOTa, JIOJAKK U KaTepa SBJISIOTCSI COOTBETCTBEHHO IIEPBBIM, BTOPLIM
U YeTBEPTHIM YjIeHAMU HEKOTOPOH apupMeTHdecKol IPOIPecCHH, a CKOPOCTb ILIOTa, CKOPOCThH B
cTostyeii BOJIE JIOAKKM U CKOPOCTH B CTOSIYell BOje Karepa — TPeMs IOCeI0BATEILHBIMUA UIeHaAMI
HEKOTOPOI IeOMEeTPUIECKOI IIPOrPECCHN.

OTrset: 20 KM.

Pemenne. O6osnaunum uepes & KM PacCTOsIHUE MEXKJy HPUCTAHAME, Y KM/9 — CKOPOCTH TEUeHUs] PeKH
(1, COOTBETCTBEHHO, CKOPOCTD IJIOTA) U Uepe3 z KM/ — CKOPOCTb JIOJKHU B cTosiueii Boge. Torya ckopocTh
JIBUZKEHUST JIOJIKU IO TEIEHUIO PABHA Z + Y KM/, a CKOPOCTD JIBUZKCHUST 10 T€ICHUIO KaTepa (KakK IeTBEPTHIi
wien apudmernueckoii nporpeccun) pasia z +y + 2(z +y — y) = 3z + y. [onygaem cucremy:

T+ 2 T T
+ =29,
Y z+y 3z+vy
T r
24y 324y

Taxk Kak CKOPOCTb JIBUYKEHHsI KaTepa B CTOsiUeil Bojle paBHA 3z KM/U, MOJydaeM, 9TO z = 3y, IIOCKOJIbKY Y,
T

Z U 32z COCTaBJIAIOT T'€OMETPUUIECKYIO mporpeccuio. I3 BToporo ypaBHeHUsI CUCTEMBI cjiejiyeT, uro — = 20.
)

Torma u3 nepsoro ypasuenust y = 1, u x = 20.

[5 6annos] Yron A pomba ABCD pasen 60°. Ha npojoskenusix ero cropod AB u AD 3a touku B
u D B3gTbl TOuKn () u P cOOTBETCTBEHHO TaK, UTO mpsimMas P(Q) mpoxonut depe3 Touky C'. Haiigure

muHy orpeska BQ, eciu DP = 20, a D@ : BP =9 : 10.
81

Orser: —.
5

Pemenne. Tpeyronsnukn BAD u BCD pasnocroponnme, nosromy ZABC = ZADC = 120°, orkyna
ZQBC = ZCDP = 60°. Tlockosnbky BC' || AP, rpeyrosbauku BCQ u AP(Q) 10j00HbI.
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A D P

Awnastornano us roro, uro DC' || AQ, cienyer, uro rpeyronbuuku DPC u APQ nonobust. Iloaromy Tpeyrosib-

wuku BCQ n DPC 1onobHbl, OTKYy/Ia ——

BC ~ DP’
B BD
—Q ——. Yraet DBQ u PDB pasuwr 120°, mostomy tpeyroibuauku QBD u BD P mofnobubl o yriay u

BD DP’
3 DQ BQ DQ BD
apa exa OITOPITNOHA CTOPOH. 3Had = = .
ABYM TapaM TPUJIeKaINX ITPOMOPITNOHAIBHBIX CTOPOH. SHAUUT, 5P BDI/IBP DP

DQ\*  BQ BO = DQ\* ,p_ 8l
IIOJIyY€eHHBIX paBE€HCTBa, IIOJIYIUM, 9TO BP DP TO €CThb BP 5

[Hockombky BC' = CD = BD, noixy4daeM COOTHOITICHIE

VMHOXKUB 1Ba

. [6 bannos] Haiiyure Bce 3HAYEHUs TapaMeTpa @, IPU KOTOPBIX CHCTEMA

2 8 6
x+y—:max(6+—y ——y),
i T

y=axr—8a+9

nMeeT HEYETHOE KOJIMYEeCTBO PelleHu .

16 + 5v/15
OtBert: ¢ € ——1—3\/;,0 U {} U {8}.

Pentenne. Paccmorpum nepsoe ypasaenue cucreMbr. [lycrs M — MHOXKeCTBO TOUEK (I;Y), YIAOBIETBOPSI-

IOIMUX 9TOMY YPaBHEHUIO. HpaBaﬂ JaCTb JJaHHOT'O YpaBHEHNA IIPUHUMAECT pa3m/1quH71 BHUJ B 3aBUCUMOCTH OT

. 8y y
TOr0, KaKoe U3 BblparkeHuil 6 + — u 8 — — OoJIbIlle. 3aMETHM, YTO
X X

6+ Y 8—6—y — Y=z
X xr X

< 0.

T ..
IIpum = > 0 3TO HepaBEeHCTBO BBIMIOJIHAETCS BO BCEX TOUKAX, JIEXKAINX HA MPIMOH y = - U HUZKe Heé, a 1Ipu

z .
z < 0 — BO BcexX TOYKaX, JIeXKaIIuX Ha TPIMON Yy = - U BBIIIIE HEE.

Ty —x
ITpn < 0 nepBoe ypaBHEHHE CUCTEMBI IPUHUMAECT BHU/I
y? 6y 2 2
r+==8-—— <<= (r—4)"+(y+3)° =25 (7)
xr xr

x
D10 ypaBHeHHe OKPYKHOCTHU € TeHTpoM B Touke (4; —3) u pajgmycom 5. [Tpsamyio y = = OKDYXKHOCTE (7)

nepecekaer B Toukax (0;0) u (7;1), a upsimyto z = 0 — B rouke (0; —6). Suaunt, yacTs MHOKecTBa M, TOUKN

KOTOPOIi yIOBIETBOPSAIOT HEPABCHCTBY < 0, ectb nyra okpyzkuaoctu (7) ¢ xourmamu (0; —6) u (7;1).
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Ty —x

IIpn

MeT BUJT

> ( 1epBoe ypaBHEHHE CUCTEMBI IPU-

2
x+%_6+8—y & (=324 (y—4)?=25. (8)

DTO0 ypaBHeHHe OKPYXKHOCTH C IEHTPOM B TOUKE
x

(3;4) u pamumycom 5. Ilpsmyro y = 7 OKDYX-

HocTh (8) nepecekaer B Toukax (0;0) u (7; 1), a npsi-

myto © = 0 — B Touke (0; 8). [Tosromy wacTs MHOKE-

crBa M, TOUYKH KOTOPOU YIOBJIETBOPSAIOT YCJIOBUIO
Ty —x

> 0, ecTb jyra OKpy»KHOCTH (8) ¢ KOHI[AMA
x
(0;8) m (7;1).

Mrak, muozkecrso M umMeer BUI OObCIMHCHNSA IBYX  —___---- O’-

YKa3aHHDBIX JyT 1 N300pakeHo Ha, PUCYHKE.

[TepermniieM BTOpOE ypaBHEHUE CHUCTEMBI B BHJIE

y —9 = a(z — 8). Ilpu pasnuuHbIX 3HAYCHUSAX IIa-

pamMerpa a JaHHOe ypaBHEHHE 3aaéT IpsIMbIe C yI-

JIOBBIM KO PUITMEHTOM @, TTPOXOISIIINAE Tepe3 TOT-

Ky (8;9). Ormernm, uro Jrobasi IpsiMasi, ITPOXOIsi-

mast 9epes3 3Ty TOUKY, KpOMe BePTUKAJILHON, MOXKET (0, — 6)¢

OBITH 3a/aHa JTaHHBIM YPABHEHUEM C ITOMOIIHIO BbI-

Oopa 3HaUEHUS a. \
(y +3)?

Haiijilem 3Ha9enHUs @, IPU KOTOPBIX OKPYKHOCTD (7)
Kacaercs npsimoit y — 9 = a(x — 8):

|4a +3 +9 — 8al
a?+1
TO €CTh KacaHue ¢ J1yrou

=5 <= [12—4a|=5Va2+1 <= 9a®+96a — 119 =0,

{(x;y) ' o <0, (90—4)2+(y—|—3)2:25}

x
16 +5v/15
— 3

Touka (3;9) okpy:kHOCTH (8) MMeeT MAKCHMAJLHYIO ODJIMHATY CPeJIM BCeX TOYEK MHOMKecTBa M, mosromy
upsivast y = a(x — 8) + 9 KacaeTcst 3T0i OKPYKHOCTH TOJIBKO 1ipu a = (.

1 15
Ilpu a = g TPAMasA IPOXOJMT Iepes TOIKY (0;8), mpu a = g — Iepes TOUKy (0; —6), a upu a = 8 — uepe3

HPOUCXOJUT IIPU 4 = —

Touky (7;1).

Haiiném kommdecTBo TOYEK mepecedenus npsimoii y = a(z — 8) + 9 co muoxkectBom M:

1
1) upua € (—oo; _16—1—35\/ﬁ> — 2 TOYUKH; 5) npu a € <0; 8) — 2 TOUKH,;
1 15
16 + 5v/15 6) npu a € [; } — 1 rouxka;
2) npua = T3 3 TOUKWH; 8 8
7) € 15-8 2 ;
16 + 5v/15 1pu a g’ TOYKH;
3) upua € [ —————:;0 | — 2 Touky;
: 8) mpu a = 8 — 3 TOUKH;
4) mpu a =0 — 1 TouKa; 9) upu a € (8,400) — 2 TOUKH.

. 16 + 5/ 1 15
CretoBaTe/ibHO, ICKOMOE MHOYKECTBO 3HAUEHUI TIapaMeTpa eCcTh o € —#; 0p,U U {8}.
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