Mynununansaeii 3tan BcOIL 2024-2025 yu.r.
MaTeMaTuKa 9 Kjacc KpUTEPUH MPOBEPKU
Pabora paccuutana Ha 240 MUHYT

1. B 300mnapke ectb 10 CJIOHOB U OTPOMHBIE Yalll€YHbIE BEChl. I3BECTHO, YTO €Clu
Jt00bIe YEThIpE CJIOHA BCTAaHYT HA JIEBYIO Yallly BECOB, a JIIOObIE TPU HA — MPaBYIO, TO
JeBas 4yaia nepeBecut. [ISTh CIOHOB BCTaly Ha JIEBYIO Yallly U YEThIPE — HA MPABYIO.
OO0s13aTenpHO JIK JI€Bas Yallla epeBecuT?

OTBeT: He 00s13aTENBHO.

Pewenue. IIpuBenem kouTpripumep. IIycTh naTh CJI0OHOB BECAT 11O 7 TOHH, a €I
IATh - 10 9 TOHH Kaxeii. Toraa r0Oble YETHIPE CIOHA HA JIEBOM Yallle BECOB BMECTE
BECAT HE MeHee, ueM 4-7=28 TOHH, a JTr00bIe TP CJIOHA Ha MIPaBoil — He Ooiee, yem 3-9=
2’7 TOHH, Y JIeBas Yailla JeUCTBUTEIbHO NIEPEBECHUT.

Ho ecnu nsath «JIerkux» CJIOHOB 0011Iei Maccoi 5-7=35 TOHH BCTaHYT Ha JIEBYIO
yalry BECOB, a YETBIPE «TSDKEINbIX)» CJIOHa 001ei maccoi 4-9=36 TOHH Ha MpaBylo, TO
MIEPEBECUT MpaBas yaua.

CymiecTByeT U MHOTO JPYTMX KOHTPIPUMEPOB. B mpuBeneHHOM mpumepe Macca
CJIOHA MpaBaono00Ha. OT HIKOJIBHUKOB 3TOTO HE TpeOyeTcs.

Kpurepun nposepku:

2 Oamia — mpuBeNEH JII0OOW BEpPHBIM KOHTPIPUMEDP C JI0KAa3aTEIbCTBOM €ro
MPUTOJIHOCTH;

1 Gan - mpuBEACH BEPHBIA KOHTPIIPUMEDP, HO HE OOBSICHEHA €r0 MPUTOIHOCTD;

0 GayI0B — MPUBEICH BEPHBIN OTBET C HEBEPHBIM KOHTPIPUMEPOM;

0 GamIoB — MPUBEACH TOIBKO OTBET.

2. Haiigute Bce Takue TPOMKHM YUCEN, YTO KaXKJ10€ YUCIIO PABHO KBaJpaTy CyMMBbI
JBYX OCTQJIbHBIX.
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Ortser: (0, 0, 0); (Z’Z’Z)'

Pemenne. 3amumem ycnosue anredbpamdeckn: a = (b +¢)%, b = (a+¢)?,c =
(a + b)?%. . IlycTb cpeam YnCEN €CTh pa3IMdHbIE, HAIPUMED, a # b. BerunTas us nepporo
paBeHcTBa BTOpoe, momyunM a—b = (b+c)> —(a+c) = (b —a)(b + a + 2¢).
Tak xak a # b, TO U3 MOJTYYEHHOTO PaBEHCTBA ClIeAyeT, uTo a + b + 2¢ = —1. Ho ato
HEBO3MOYKHO, TaK KakK 4MclIa a,b,c SABIAIOTCS KBagpaTaMH, II0O9TOMY HX CyMMa
HEOTPHIATENBHA.

Takum obpazom a = b = c¢. Toraa kaxjoe ypaBHeHHe MMeeT BHA a = (2a)?,
1

3HaIII/ITa=b=C=OI/IJII/Ia=b=C=Z.

Kputepun npoBepku:

2 6ajia — MpUBEIEHO MTOJTHOE 00OCHOBAHHOE PEIICHUE;

1 Gamnm — poka3aHO, YTO TPH YWCHA JOJDKHBI OBITH PAaBHBIMH, HO JOMYyleHa
omwuOKa B OTBETE (HAIIpUMEP: HaMIeHA TOJIHKO OJTHA TPOUKA);

1 Gamn — BepHBIM OTBET MOJYYEH, UCXOAS W3 MPEATOIOXKEHHSI, YTO TPU YHUCIIA
paBHBI, HO ATO HE JOKA3aHO;

1 Gaymt — mpUBEICH TOIBKO BEPHBINA OTBET;



0 GanioB — yrajiaHa ToJIbKO OJiHa TPOMKa,;
0 GanoB — 3a7a4ya HEe pelleHa UM pelieHa HEBEPHO.

3. [Ipunymaiite, kak pa3pe3aTb KOHTYp KBaJpara cO CTOPOHOU 1 Ha yeThipe 4acTH
U CJIOKUTh U3 3TUX YacTel KOHTYp TpeyroyibHUKa. HaliuTe miomanb noiay4yuBIIErocs y
Bac TpeyroyibHuKa. (Tonmuubl KOHTYp He umeeT. CrudaTh U pa3rudaTh YaCTH HEIb3sl.)

2
OrtBert: S = .

Wl

Pewenne. Otmerum Ha ctopoHe AD kBaapata ABCD touky M Tak, yto AM =

Paspexxem KoHTYp KBagpara B BepiumHax B, C, D 1 Toyke M. 13 nmony4uBIIMXCS YacTen
COCTaBUM TMPSIMOYTOJIbHBIN Tpeyroabuuk A,B;C; ¢ xareramu A.B; =1, A,C; =

AM; + M C; = % +1= % u runorenyzon B;C; = BiF + FC; =1 +§ =§ (cmoTpu
pUcCyHOK 9.3).

[Puc. 9.3]
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Cy1uiecTBoBaHUE 3TOTO TPEYroJIbHUKA CIIEYeT U3 TEOPEMBbI, 0OpaTHON Teopeme

1 4 2
[Mugaropa. Ero miomans pasa S = 5 1- 33

[TokaxkeM Kak MOXKHO OBUIO HAWTH ATOT cmOCOo0 paspe3aHusi (y4aCTHUKU
OJIMMITMA/IBI 3TOTO JenaTh He o00s3anbl). [lycts AM = x. CocTaBUM IPSMOYTOJIBHBIN
TpeyroapHuk A;B;C;. Omun wu3 ero karetoB A;B; =1, mpyron A,C; = A M; +
M,C; = x + 1. l'unotenys3a B;C; = BjF + FC; =1+ (1 — x) = 2 — x. TpeyronbHuk
C TaKUMHU CTOPOHAMHM SBJIAETCS IPAMOYTONbHBIM, ecmu 1% + (x + 1)2 = (2 — x)?,

1
OTKy/a X = —.

MoxHO Jd0Ka3aTb, YTO TPHUBEIACHHBIA CHOCOO pEUICHUs] EIWHCTBEHHBI C
TOYHOCTBIO JIO PABEHCTBA TPEYrOJbHUKOB. OT yYaCTHUKOB OJIMMIIMAJbl 3TOTO HE
TpeOoBanock. Takke MOYKHO IOKa3aTh, YTO YETHIPE — 3TO MUHUMAJIBHOE KOJUYECTBO
yacTel, Ha KOTOPbIE MOXHO pa3pe3aTh KOHTYP KBajapaTa, YTOObI CIOXKHUTh TPEYTOJIbHUK.

Kputepun nposepku:

3 Oanya — npuBeACHO MOJIHOE 00OCHOBAaHHOE PEIIICHHUE;

2 Oamna — BEpHO IOKa3aHO KakK pa3pe3aTb M CIOXKHUTb, B TOM YHUCIE YKa3aHbl
pa3Mepsl YacTel, HO IUIOIIA (b TPEYTOJIbHUKA HE HaliJIeHa WU HaliJIeHa HEBEPHO;

1 Gam1 — BepHO MOKa3aHa CXxema pa3pe3aHusi, HO pa3Mepbl YacTel HE yKa3aHbl WU
HE HAMJICHBI,

0 OamIoB — 337a4a HE pPEIIeHa WM PEIICHA HE BEPHO.

4. Ha30BéM HaTypajlbHOE YMCIIO MHTEPECHBIM, €CIM €r0 MOKHO Pa3jOKUTh Ha
HATypaJbHbIE MHOMXHUTENH, KKl M3 KOTOPbIX MeHblle, yeM 30. Jlokaxure, 4to U3



10000 uHTEpeCHBIX 4YHCENT BCErJa MOXXHO BBIOpaTh J1Ba, IMPOU3BEJIECHUE KOTOPHIX
SIBJISIETCS TOYHBIM KBaJPAaTOM.

Pemenune. PaccMoTpuM pasniokeHrne HHTEPECHOTO YKciia Ha TPOCThIE€ MHOKUTEIIH,
TOrJa KOKIBIM UX ITUX MHOXHUTENIEeW Takxke MeHsblie, yeM 30. CymectByet poBHO 10
MPOCTHIX YHUCEN, MEHbIIUX Tpuauatu: 2, 3, 5, 7, 11, 13, 17, 19, 23, 29. 3nauut, kaxmnoe
HUHTEPECHOE YMCJIO0 MOYKHO MPEICTaBUTh B Buae: 2™t,3"2, ... 29™0, e ny,n,,...Nyo —
HaTypajbHble yncaa i 0.

Hucno gaBasieTcs TOUHBIM KBaJpaTOM, €CJIA BCE MOKA3aTeNId CTEIEHEN ero MpOCThIX
MHOXUTENIEH YETHbIC, 3HAYUT, Yy JBYX HHTEPECHBIX YHUCEI, MPOU3BEIACHUE KOTOPBIX
SBJISIETCS KBAJIPATOM, BCE MOKA3aTEIN CTEIEHEW C OJIMHAKOBBIMH OCHOBAHUSMHM JOJIKHBI
MMETh OJIMHAKOBYIO YETHOCTh. Bce MHTepecHble uncia pazousarorcs Ha 210 rpynm, B
KKJIOW M3 KOTOPBIX YETHOCTH IIOKa3arejeld CTeneHeld C OJMHAKOBBIM OCHOBAaHHEM
copnamaror. Tak kak 210 = 1024 < 10000, To 1o npuHnuny [upuxie u3 aecatu
TBHICSTY UHTEPECHBIX YMCEJ BCETJ]a MOXKHO BHIOpATH JIBA YMCJIA OJTHOW W TOU YK€ TPYIIIIBI.
Wx mpousBenenne OyaeT TOYHBIM KBAIPATOM.

Kpurepnu nposepku:

3 Gajuta — MpUBEICHO TTOJTHOE 00OCHOBAHHOE PEIICHUE;

2 Oajia — NPUBEACHO BEPHOE B IIEJIOM PEILICHUE, COJIEPKAIIEE HE3HAUYUTEIbHbIE
poOebl MM HETOYHOCTH (HampuMep, HEBEPHO YK3aHO KOJUYECTBO MPOCTHIX HYHCET,
MenbIux 30);

1 Oaym — BEpHO yKa3aH BHU3 PA3OKEHUS HMHTEPECHOTO 4YHCIAa Ha MPOCTHIE
MHOYHUTEJH, HO JAIBHEHIITUX MPOJIBIKCHUHN HET;

0 OanIoB — MPUBEJCHO HEBEPHOE PEIICHUE UIU OTCYTCTBYET.

5. B maxMaTHOM TypHHUpE B OJIMH KPYI' y4acTBOBAJIO JIBa MAJbUYMKA U HECKOJIBKO
JeBOoYeK. Manpurku HaOpajan Ha JBOMX 8 OYKOB, B TO BpeMs KaK BCE JEBOYKU HAOpaiu
0ukoB NopoBHY. CKOJBKO JIeBOYEK MOryo ydactBoBaTh B TypHHpe? (Ilobena 1 ouko,
HU4bs — 0,5 ouka, nopaxkeHue — 0 OUKOB).

Otsert: 7 wm 14.

Pemenue. [lycTs B TypHUpPE Y4acTBOBAJIO N AEBOYEK M Kaxaas M3 HUX HaOpaja X

OYKOB, TOTJJa CyMMa BCEX HAOPAaHHBIX OYKOB paBHA nx+8. C Apyroil CTOPOHBIL, KaXAbIH U3
n+2)(n+1)

n+2 MaxMaTUCTOB ChIrpall n+1 mapTUio, MO3TOMY B TYPHUPE ObLIO CHITPAHO .

MMAPTHUH.
Tak Kak B KaXJOW MNapTHUM pPa3bIPhIBAIIOCH OAHO OYKO, TO KOJUYECTBO

pa3bIrpaHHBIX OYKOB PAaBHO KOJIUYECTBY CHITpaHHBIX NapTuil. Takum oOpazoM, nx+8=
n+2)(n+1)
> .

14
[IpeoOpa3zoBaB 3TO pPaBEHCTBO, MOJIYYUM 2x=n+3-7. Tak kak yJIBOEHHOE

KOJIMYECTBO OYKOB, HAOPAHHBIX KaXKJOW JEBOYKOM, SIBISETCS LEJIbIM YHCIOM, TO
KOJIMYECTBO JEBOYECK SIBJISIETCA HATYpPAJIbHBIM JAenuTenemM uucia 14, to ects 1, 2, 7 uin
14.

[Ipn n=1 wim n=2 npaBas 4acTh NOJYYEHHOIO PAaBEHCTBA OTPULATEIbHA. & 3TO
HEBO3MOKHO.



Eciu n=7, To x=4. 3Ta cuTyalusi BO3MOXKHA, HApUMEp, B Cilydyae, KOrja Bce
NapTUHU TYPHUPA 3aKOHYWINCH BHUUBIO. Toraa kaxaplii yuacTHUK HaOpai 4 ouka.

Ecnu n=14, To x=8. OTa cuTyauus Takke BO3MOXKHA, HAIIPUMEpP, B CiIydae, Koraa
OJIMH MajbyuK HaOpan 0 oykoB (BceM NpOUrpall), a OCTAJIbHBIE MAPTUU 3aKOHUYMIUCH
BHMYBIO. Tora BTOpoi MalbuiK M KaXKJas JeBOYKa HaOpaiu 1o 8 OYKOB.

Kpurepuu nposepku:

3 Gayuia - MpUBEACHO MOJIHOE 0OOCHOBAHHOE PELICHUE;

2 Ganna - TOKa3aHo, YTO KOJUYECTBO JAEBOYEK MOTJIO OBbITh 7 uiu 14, HO mpUMeEpHI
TOTO. YTO 3TO PEAINU3YETCS, OTCYTCTBYIOT;

2 Gana - JOKa3aHO, YTO KOJMYECTBO SBIISIETCS JenuteneM 14, HO yka3aH TOJIbKO
OJIMH U3 BO3MO>XHBIX OTBETOB U MPUBEJEH NIPUMEP €r0 peann3aluu;

1 ©Oamn - mnpuBeeHsl 00a BO3MOXHBIX OTBETa U IPOBEPEHO, YTO OHU
YJIOBJIETBOPSIIOT YCIIOBHIO;

0 GaioB - NPUBEICH TOIBKO OTBET;

0 GanioB - 3a71a4a HE pellieHa WK pPellieHa HEBEPHO.

6. B octpoyrosisHoM Tpeyronsauke 4BC nposenena meauana BM. Touku P u Q -
LIEHTPbl BIMCAHHBIX OKPYXKHOCTEW TpeyroJbHUKOB ABM wu CBM COOTBETCTBEHHO.
Jlokaxkute, 4TO BTOpasi TOUKA MEPECEUCHUS] ONMMCAHHBIX OKPYKHOCTEU TPEYTOJIbHUKOB
ABP v CBQ nexut Ha oTpe3ke BM.

Pemienne. Otmetum Ha BM touky T Tak, uto MA=MT=MC. Tak kak £ABC <
£ATC =90°, To >Ta ToyKa JEKHT Ha oTpe3ske BM (cm.puc. 9.6). JlokaxeM, dUTO
ONUCAHHbBIE OKPYKHOCTU TPeYyroJibHUKOB ABP nu CB(Q BTOPUYHO MEPECEKAIOTCA B TOUKE

T.

HevictButensHo, nyctb £BMA = ¢ . Torma 4BPA = 90° +%, Tak KakKk OH

o0pa3oBaH OHCCEKTpUCAMH TPEYTOJIbHUKA ABM. C gpyroil CcTOpOHBI, U3
paBHOOEAPEHHOTO TpeyrojibHuka AMT noayduMm:

tA= 2T =="2=90"-% torna £BTA = 90" +. Pasencrso yrnos BPA u BTA

O03HAYaeT, YTO OMNHCaHHAas OKPYXHOCTb TpeyrojbHuka ABP mnpoxonutr uepe3 7.
AHaNOTUYHO JIOKA3bIBAETCS, UYTO uepe3 [ TMPOXOAUT OINKCAHHAS OKPY>KHOCTb
Tpeyroyibarka CBQ. Takum o0pa3oM, 3TH OKPYKHOCTHU MepeceKkaroTcs Ha Meauane BM,
YTO U TPEOOBAIOCH 10KA3ATh.

Kpurepnu nposepku:
3 Gajuta — mpUBEICHO TTOJTHOE 00OCHOBAHHOE PEIICHUE;



2 Oanna — MPUBEJEHO BEPHOE B IIEJIOM pacCyXKJIEHHUE, CojliepiKalllee HE3HAUUTEIIbHbIE
npoOenbl WIM HETOYHOCTH, HalpuMEp, HE TOKa3aHO, YTO TOYKa I[epeceYeHUs
OKPY>KHOCTEH JISKUT HAa MEANAHE, a HE Ha €€ MPOJ0JDKEHUN;

0 GaioB — 3a7]a4a He pellieHa WK PellieHa HEBEPHO.





