MurncrepctBo obpazoBaHus SApociaBckoii obtacTi
Bceepoccniickast ouminuajia mkogabHuKoB 2024,/2025 yaebHoro rojia

MatremaTuka, 9 Kjacc, MyHUIIAIIAJbHBII 3TaIl
Kpumepuu u memodura oueHusaHus

3ajganns MaTeMaTHICCKIX OJTIMITHAT SIBJIAIOTCA TBOPYECKUMH, JTOMYCKAIOT HECKOJIHKO
pPa3/IMIHbIX BApUAHTOB perrennit. Kpome Toro, HeoOX0IMMO OIEHNBATH YaCTUIHBIE TPOIBU-
JKEHUsT B 33/1a9ax (HalpuMep, pazdop OJHOIO U3 CJIYYaeB METOJIOM, MO3BOJIAIONIIM PEINThH
3a/la9y B [IEJIOM, TOKA3aTEeJAbCTBO JIEMMBbI, NCIIOJIB3YEMOIT B OITHOM U3 J0KA3aTEeIbCTB, HAXOXK-
JeHIe MpuMepa W JOKA3aTeIbCTBA OMEHKN B 3aJadaX THUIA «OIEeHKa -+ MpuMep» U T.II.).
Hakomner, BO3MOXKHBI KaK CYIIECTBEHHBIE, TaK U He BJIUSAIONIUE Ha JIOTHKY PAaCCYKJIEHUI
Jornyueckne u apudmerndeckne ommnoku B perreHnsix. OKoHdaTeIbHbIe OAJIBI 110 3a/a4e
JIOJIZKHBI YUUTBIBATH BCE BBIIICIIEPEUYNCICHHOE.

B cooTBercTBHM CO CTaHIAPTHBIME IIPABIIAMI IIPOBEIEHNS MaTeMaTUIeCKIX OJINMIIN-
aJ1 IIKOJIbHUKOB KaXK/Jiasl 3aJiada OlleHUBaeTcs B Iiejioe 4uucjio daJaaos ot 0 mo 7.

CootrBercTBue IIPaBUJILHOCTHU PEIICHN T U BbICTABJISIEMbBIX 0aJ17I0B IIpUBEACHO B Ta6JII/IHe.

Banet | [IpaBusibHOCTD (OMIMGOYHOCTD) pelIeHust
7 [Tosinoe BepHOE perienue.
6—7 | Bepnoe pemenne. Mmerorcess HeOO IbIINE HEJOYETHI, B IIEJIOM HE BJIMSIONINE
Ha peleHne.
5—6 | Pemenne cojiepkuT He3HAYUTE/ILHBIE OMIUOKH, ITPOOETBI B 0O0CHOBAHUSIX,
HO B II€JIOM BEPHO W MOXKET CTATh TOJHOCTHIO MPABUILHBIM
nocJ/ie HeOOJIBINX UCITPABICHU WIN JOMOTHEHMUIA.

2-3 | JlokasaHbl BCIIOMOTATEIbHbBIE YTBEPIKICHUST, TIOMOTAIOIIIE B PEIeHIN 381,
0-1 | PaccMoTpeHbl OT/ieIbHbIE BasKHbBIE CJTydan [PU OTCYTCTBUN DEIeHNUsT
(mim mpu OMMUOOTHOM peIleHun ).
0 Perrienrie HeBepHOe, MPOJIBIZKEHHsT OTCYTCTBYIOT.
0 Pemmenne orcyTcTByer.

Huzke OytyT ipuBe/ieHbl KPUTEPUH K MIPEJIOKEHHBIM 33 [a9aM OJTIMIAAHI (JIOKAThHbIE
KPUTEPHN ), COEPIKAIINe YKAa3aHUs K OIEHUBAHNIO (B OajllaX) HEKOTOPBIX IIPEJII0IAraeMbIX
OIMOOK U YaCTUIHBIX IpoABrKeHuil. Takue jloKaJibHbIe KPDUTEPHUH 110 OTJIEJIHLHBIM 3a1adaM
NMeIOT 00Jiee BBICOKUI MPUOPUTET 110 OTHOIIEHWIO K YHUBEPCAJBHBIM KPUTEPHUSIM.

Baotcro ommemumsb, wmo arboe npasuavroe (!) pewenue ouenusaemcs 8
7 baanos.

Henonycrumo cusiTue 6aJ1jI0B 3a TO, UYTO PEIIeHUE CJIUIITKOM JJIMHHOE, WX 38 TO, YTO
peleHne MKOJbHIUKA OTJNYaeTCs OT MPUBEJICHHOINO WJINM OT JIPDYTUX PENICHUi, N3BECTHBIX
»iopu. [Ipu npoBepke pabOThl BayKHO BHUKHYTH B JIOTUKY PACCyrKJIeHNI yIaCTHUKA, OIEHMU-
BaeTCsl TOJIBKO MaTeMaTHudecKasl IPaBUIbHOCTh, KOPPEKTHOCTD, IIOJIHOTA PeIleHus]; OaJLIbl
HE CHUXKAIOTCS 38 «HEJIOCTATOYHYIO» KPacOTy, ONTUMAJJILHOCTDL PEIICHMS.

OummMnnajgaas padboTa He SIBJISeTCs KOHTPOJILHOI paboTol yIacTHIKA, [T03TOMY JII0ObIe
UCIpaBJieHns B paboTe, B TOM YUCJIe 3a4epPKUBaHe paHee HallnCAHHOIO TEKCTA, He SIBJIAIOTCS
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OCHOBaHUEM JIJIsI CHATHA OaJIJIOB; HEJIONYCTUMO CHsTHE OaJIJIOB B padOTe 3a HEaKKYyPaTHOCTD
3alliCHU PeNIeHuit Ipu ee BbIIOJTHEHUN.

BaJuibl He BBICTABISIOTCA «3a CTapaHue yYacTHHKa», B TOM YHCJIe 3a 3alliCh B pabdoTe
OO0JIBIIIOTO 110 00bEMY TEKCTa, HEe COJEPIKAIIEro IMPOABIKEHUI B PEIICHUN 33 1a4l.

Bce pewenus, ecau He ykazano npomusroe, mpebyrom obocHo8aAHUS.

Ecau pewenus ne cosnadairom ¢ npusedeHHbLMU, YUMATUME 8HUMAMEADHO!

MaxkcuMaJibHBIA 0aJ1jI 3a Bce 3aJlaHus OJIMMIINaAbl — 35 0aJijIoB.

Nezanmaum |1 (2|3 |4 |5 | Bcero
bamwm | 7|7 |7|7|7 35

Penienusa n YKa3aHusd 110 IIPpOBEPKe

1. Kaowcdoe ympo Ilems u Bacsa evieyausarom cobax 60oib daunmoti npamot dopoau, co-
edunsmowets ux doma, deuzanacv nascmpeyy dpye dpyey ¢ 00UHAKOBHIMU HEUSMEHHBLMU
ckopocmamu. B nonedeavrur Ilems eviwen us doma 6 5:00, a Bacsa — 6 5:05, 6 pe3yan-
mame onu ecmpemuaucey na paccmoanuu 800 m om doma Ilemu. Bo emoprur Ilemasa
sviwen 6 5:05, a Baca — 6 5:00, 6 peayavmame scmpeua cocmoasacsy Ha paccmosHul
400 m om doma Ilemu. Ha xaxom paccmosnuu om doma Ilemu onu ecmpemamces, ecau
0ba ewvitidym 6 5:007

Omeem: 600 wm.

Pewenue.

Ilepewiti cnocob. TlockosibKy CUTYyaIlls, ONICAHHAS BO BTOPOM CJIydae, CAMMETPUYIHA, CHU-
Tyallu B 1IepBoM ciydae, To [leTst u Bacst Bo Bropowm ciiydae BCTPETSITCSI Ha PACCTOSTHUN
800 M ot joma Bacm, no Tak Kak mMecTo BcTpeunm HaxojuTcd Ha paccroguun 400 M ot
noma Ilern, To paccrostaue mexx iy ux jgomamu pasHo 400 + 800 = 1200 m. Ecom Ilera
n Bacst BBIiIIyT OJHOBPEMEHHO, TO 338 PaBHOE BpeMsi OHH IIPOIIYT PaBHbIE PACCTOSHUSI,
cJIeJIOBaTEIbHO, BCTPETATCA Ha cepeJinHe IMyTH, T.e. Ha paccroguun 600 m oT moma Ilern.

Bmopoti cnoco6. Ilycts v m/Mun — ckopocth jsmxkennst [leru w Bacu, © M — pac-
800

cTosiHMe MexK 1y Jomamu. B mepsom ciaydae Ilerss 10 mecta BcTpeunm mjiér —— MUH, a
v

x — 800 800

Bacas ———— wmuH. Pasnuna B 3aTpadyeHHOM UMM BpPEMEHHM paBHa b MWUH, T.e. —— —

v v
x — 800
— —— = 5, orciozia 1600 — x = 5v. Bo BTopom ciyuae Ilets g0 mecta BeTpedn ujaeT
v

400 x — 400

— wuH, a Bacga ——— wvmn. Pasnnna B 3aTpadennoM MU BpeMeHN paBHa O MUH,

v
x —400 400

T.€. = 5, orciona x — 800 = 5v. [IpupaBHuBag J1eBbIC YaCTH MOJTYICHHBIX

v v
pasencts, noxyunMm 1600 — z = z — 800, orkyna 2z = 2400 u x = 1200. Ecim Ileta n

Bacs BBIIIYT OJIHOBPEMEHHO, TO BCTPETATCS Ha cepeJuHe IyTH, T.e. Ha paccrosauu 600
M oT joMma llern.
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Kpumepuu. OboCcHOBAHHO IOJIyYeH BEPHBIN OTBET — 7 0AJLIOB.

ToJsibKO BepHBIT 0TBeT 6e3 000CHOBaHUS MM ¢ OOOCHOBaHUEM, IIOJYYEHHOM Ha, OCHOBE
HEeJIOKA3aHHOI'O IIPEJIIOJIOKEHNsT O PACCTOSIHUM MeXKIy JoMaMu, — 2 OaJia.

BepHo cocrapiieHo ypaBHEHME WM CUCTEMa yPABHEHUI IS HAXOXKJIEHUS DPACCTOSHIUSI
MEXK/1y JIOMaMHU, IIPU 9TOM JaJIbHEIIee IPOoJIBIKEHIE OTCYTCTBYET JINOO pelleHne HeBep-
HOoe — 2 DaJuia (CyMMUDYETCsI ¢ BEPHBIM OTBETOM, €CJIH OH MPUCYTCTBYET).

C 1IOMOIIBIO BepPHBIX PACCY:KJIEHNII BEPHO HailJIeHO PACCTOsIHUE MEXKJy JIOMAaMU, IIPH
9TOM HMCKOMOE PacCTOdHNE He HallJeHO MM HailJleHO HeBepHO — 5 DaJLIOB.

Kaemuamasn mabauya 3 X 3 Ha3v6aeMCA MATTIECKIM KBaJIPATOM, €CAU
CYMMA MPET wucens 6 Kaxrcdotl cmpoke, KaHcAoMm cmosdbue u xaxcdot u3 7
deyx duazonanets (u3 yeaa 6 yeon) odna u ma srce. Cocmasuau mazuveckuts | A
Keadpam, HO HEKOMOPHLE YUCAL CMEPAU — OCMANAOCH TOAKO MO, YN0 Ha
wepmeotce cnpasa. Onpedesume, KAKOE HUCAO MO2A0 CMOAMD 68 KACMKE,
ommevennoti byxeoti A. Hatidume 6ce so3mootcHvie sapuarmol u 000CHYGME, NOYEMY
Hem dpyeu.

10] 3

Omeem: 4.

Pewerue. Obo3HAUYMM 4HCIa, CTOsIINE €I B HEKOTOPBIX KJIETKaX KBaJpaTa

(eMm. weprex) depes a, b u c¢. Torma cymma ducest B HIZKHEl CTPOKe paBHA
a—+ 10+ 3, a cymma 4uces1 B JUAroHa I U3 JIEBOIO HUZKHETO YTJia B IIPaBbIil
BepxHuilt paBHa a + b + 7. Ilo onpenenennto mMarndeckoro Kpajpara a + al10] 3
+104+3 =a+b+7, orkyna b = 6. Cymma 4nces B ipaBOM CTOJIOIE paBHA,
7+ c+ 3, nosromy a + 104+ 3 = 7+ ¢ + 3, orkyzna ¢ = a + 3. Hakonen, cymma uncen
BO BTOPOIl cTpoke paBHa A + 6 4 ¢, 9T0 paBHO cyMMe 4uce/l B HUXKHEHl CTPOKe, TO eCTh
A+6+c=a+10+ 3, Ho Tak Kak ¢ = a + 3, To 3anuiem 510 Tak: A+ 6+ (a + 3) =
=a—+ 10+ 3, orkyga A = 4 — 3T0 eIMHCTBEHHBII BO3MOXKHBIN OTBeT. IIpumMep Taxoro
KBaJipaTa CTPOUTCA (B BepxHeit ctpoke: 9, 2, 7; B cpejneii crpoke: 4, 6, 8; B HuKHE
crpoke: 5, 10, 3).

Kpumepuu. OBoCHOBAHHO MOJIYYEHO, 9TO BO3MOYKEH TOJIBKO ciaydait A = 4, — 7 6aios.

Ecim nokazano, 910 1npu coOJTIOIEHNN YCJIOBUIT BOBMOXKHO JnIh A = 4, HO He NPUBEJIEH
IpUMEP TTOAXOJISAIIEr0 KBaJipaTa, — OaJl/ibl He CHUZKAIOTCS.

[Tonydyen BepHBbIIT 0TBeT 6e3 0OOCHOBaHUS W O€3 IpUMepa Marndeckoro Kpajparta — 1
OaJLI.

[Tostyuen BepHBI OTBET U IPUMEpP MOAXOAANIEI0 MArnIeCKOro KBaipara, HO HeT 000CHO-
BaHUsI, II0YeMy BMecTO A He MOKeT CTOATDH JIPYyroro 4ucia, — 3 dasia.

Ans, Bopa u Bumsa zadymaisu no odnomy uesomy wucay. Eeau uz wucaa Bopu 6ovi-
weemsy wucao Bumu, mo noaywumes wucao Anu. A ecau wucao Anu pasdeaumo wa wuc-
20 Bumu, mo noaywumecesa wucao Bopu. emy mozsu 6vimov pasHvl 3a0YyMarHble 4Ucaa?
(Hatidume 6ce 603M0dHCHDIE BAPUAGHMBL OMBEMA U 000CHYTME, NOYEMY HEM OPYeul. )

Omeem. —4, —2 u 2.
Pewenue. Obosnaunm unciia, 3agymannabie Areit, Bopeit u Bureii, kax a, b 1 ¢ coorBeTCTBEH-

a
Ho. [To yemoBuio a = b — cu b = — (orcioa cpasy ciejayer, aro ¢ # 0). Torga a = be
c

1, MOJICTABUB B IIEPBOE PaBEHCTBO, MoJydIuM bc = b — c. [lajibilie MOXKHO JieiicTBOBaTh
[I0-Pa3HOMY.
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Ilepeuiii cnocob. Tlepemnuiem paBercTBo B Bujie be — b+ ¢ = 0, orkyna b(c — 1) + ¢ =

=0 = blc=1)+(c-1)=-1 = (b+1)(c—1)= —1. Yucna B cKoOKax IeJble,
a MOJIYUUThL B MPOU3BeJleHnn —1 MOXKHO TOJIbKO IlepeMHokeHneM 1 nm —1 B KakKOM-TO
nopsizike. Orciona jBa Bapuanta: (1) b+ 1 =1uc— 1= —1, vo Torma ¢ = 0, 9r0 He

nojxouT; (2) b+1=—-1uc—1=1,orkynab=—2u c= 2, aTorjga a = bc = —4.
Bmopoti cnoco6. llepemnuiiem paseHnctBo B Bujie be + ¢ = b, orkyna ¢(b+ 1) = b u

b b+1)—1 1
c=—— Tormac=-—*—=1———. Tak Kaxk ¢ — 1eJ10€e 4ncjao, To 1 JieJuTcs
b+1 O bt 1 b1 a A
Ha b+ 1. Cnenosarenibio, b+ 1 =1 wim b+ 1 = —1. B nepom ciaygae ¢ = 0, 9T0
HEBO3MOXKHO, BO BTOpoM b = —2 u ¢ = 2, otkyzna a = bc = —4.

Tpemuti cnocob. Tak Kak bc mesmuTcst Ha ¢ U ¢ JAeJUTCsI Ha ¢, To b = bc + ¢ jpenurcs
Ha ¢. AHAJOrMYHO IOKa3bIBaeTCsI, 4To ¢ jeantcd Ha b. Torma b u ¢ jensTess Apyr Ha
JIpyTa, IO9TOMY OHU WJIM PaBHBI, WK IPOTUBOIOJIOXKHBL. Kemm b =c¢, toa=b—c =0

a
nb=—=—=20. Ho rorma ¢ = 0 (oHo pasuo b), 4ro HEeBO3MOXKHO. CJie0BaTeIbHO,
c c
b = —c. IloncraBuM B paBencTso bec = b — ¢: —c? = —c — ¢, otkyna ¢ — 2¢ = 0. Do
ypaBHeHne uMeeT KopHu 0 (Ho c#0)u2 Tormac=2,b=—-c= -2 a=bc=—4.

Kpumepuu. OboCcHOBAHHO IOJIyYeH BEPHBIN OTBET — 7 0AJLIOB.
ToabKo BepHbIil oTBeT 63 0bocHOBaHUsT — 1 OaJLI.
[Tosryuena BepHast popMmyJia, BbIparkalolas OJHY U3 IIePEMEHHbIX Yepe3 OJIHY JAPYTIYIO
(HampuMep, b depes ¢), IocJie Yero yraJaHo BepHoOe 3HaueHne TlepeMeHHON (Ujiu prBe/ie-
HO 6€3 BepHOr0 000CHOBAHTISI ), IIPH ITOM He JOKA3aHO, TIOUEMY T1eJI0UNC/ICHHbIE 3HAUCHUST
MOJTyIAIOTCA TOJBKO MPU TaKUX 3HAYEHUAX TepeMennoil — 4 daJuia.

4. Ilpu Kaxur HAMYPAALHHLT 3HAYEHUAT T MOHCHO NOJOOPAMS MAKUE YUCAG N YUCEN, MU
00Ho u3 Komopwux we pasno 0, 4mobvl ux cymma OviAG NOAOAHCUMENLHOT, G CYMMG UL
Kybos — ompuyamenvnoti? Hatdidume ece 603mooicnvie omeemul U 000cHyime, novemy
Hem dpyeuz.

Omeem. Bcee snauenus n > 3.

Pewenue. Ilpu n = 1 rakux duces1 (Takoe 9nCI0) He MOJ00PATh: OHO JIOJIZKHO ObITh MOJIOZKI-
TeJILHBIM, HO TOTJIa 1 KyO Oy/IeT TOJIOKUTETbHBIM, a M0 YCJIOBHUIO HY?KHO OTPUIIATETHHOE
3HAUEHUE.

[Ipu n = 2 Takux 4uces TakKe He CYIIECTBYET: JIeHCTBUTEIbHO, eCu a1 + as > 0, TO
a; > —ap, HO TOrJa U JIs Ky6oB Oyier BepHo, uTo aj > (—ap)?, oTkyna ai > —a3 u
a} + a3 > 0, a Hy?KHO OTPUIIATEIBLHOE 3HAYCHHE.

IIpu n = 3 cymecTByeT IpuUMeEp: MOXKHO B34Thb YnCIa a1 = —1 U ay = ag = %
a1+a2+a3:—1+§+%:%>0, O,ZLH&KOCL?—I—CL%—}—CL%z—l—F% %:2—$<0.
[Ipu 0boM n > 3 TakKe ecThb BEPHBII IPUMEp: MOYKHO B3dATbh YHUCIa a1 = —1 U ag =

:...:anzﬁ. Torﬂaa1+a2+...+an:—1+(n—1)-$:ﬁ>O)01LHaK0

d+ad+.. . +ad=-1+n-1) m=-1+20 =1+ L+ hm < -
—1+3+5<0.
Kpumepuu. ObocHOBaHHO IOJIyYeH BEPHBINT OTBET — 7 OAJIJIOB.
BepHo 1nokazaHo, 4To Ui n = 2 TaKUX YUCesI He CcyllecTByeT — 2 OaJuia.
[IpuBeién BepHbIil puMep 419 N = 3 — 2 daJuia.
[IpuBeién BepHBIT 000CHOBaHHBIN ITPUMEP JJId BceX n > 3 — 3 daJuia.
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Ecin BbInosiHEeHbI 2 13 TPEX IMYHKTOB BBIIIE, TO OAJLIBI 38 MYHKTHI CYMMUPYIOTCS.
3a npuMep ¢ HyJeBbIMU YHCJIaMHU OaJlibl He Haducjstorces. OrBer 0e3 mpumMepa He 3a-
CYNTBIBAETCS.

5. Ha npamoti £ ommevenv, mowku A, B, D, E (6 amom nopadke). B 0dnoti noayn.aockocmu
omnocumenvro £ ommemusu movwku C u F max, wmo mpeyeorvnuxu ABC u DEF
pasnocmopornue. Ilycmsv ompesxu AF u CD nepecexaromesn 6 mouxe G, a ompesxu
CE u BF — ¢ mouxe H. /lokaosicume, wmo AE||GH.

Pewenue. Ilycte AB = BC' = AC = a, DE =
= EF = DF = b Tak rak LCOAE =
=/FDFE =60°u ZCBA =/ZFFA = 60°,
to AC||DF u BC||EF. Torna LCAG =
= /DFG kak HaKpecT JiexKalue Ipu Ia-
pasutenbabix AC' u DF' n cexymieit AF, ana-
nornuno LZACG = ZFDG. ChnepoBarelbHo,

tpeyroibinkn ACG u FDG nopobubr (110
AG  AC a

JIBYM YIJIaM), TOITOMY aF = = —. AHnajiorudHo J0Ka3bIBAETCs 110j100U€e Tpe-

DF b
BH B A BH
yrosbHukoB BCH u FEH, otkyna TR E? = %. Takum obpaszoM, Gi = TP

OTKY/a 110 00paTHOIT TeopemMe O IMPOIMOPIMOHAJIBHBIX OTPE3KaxX CJIeyeT MapasliebHOCTD
AFE u GH.
Kpumepuu. Ilpuseneno nosiHoe pemnienne — 7 0aJI0B.

AG CG CH BH AB

o7 oD B IF PP pE (OTHOIIEHHIO CTO-

POH PABHOCTOPOHHUX TPEYTOJIbHUKOB) 6€3 JIabHEHIINX IPOJIBUKeHIH — 2 HasLa.

AG BH CG CH

Wil —— = —— 0e3 JaJIbHEeHIINX IPOJABIKEHN — 5 0aJI-

GF HF GD HE

JlokazaHo, 9TO OJ{HO U3 OTHOIIEHN

IlokazaHo, 9TO
JIOB.
Bo3M0KHO CUETHOE pellienre B KOOpIMHATaX — HeOOXOMMO CJIeIUTH 38 KOPPEKTHOCTHIO
BBIKJIQJ0K I 0O0CHOBaAHHOCTBIO BBIUMCJICHUSI KOOPJAUHAT TOYEK.



