Mocxosckuil 2ocydapcmeentnits yrusepcumem umenu M. B. Jlomonocosa
OJ'II/IMHI/Ia.,Z[a INIKOJILHUKOB «JIOMOHOCOB» IO MaTeMaTUKe

BaksrounTesbHbiil sran 2024 /25 yyebuoro roja jyisi 9 Kiacca

agaga 1

B-1 A n Bang ucnekimm mupor npsmMoyroJibHoi ¢opmbr co ctoponamu 20 u 15 ¢m u peruiin
CBITPATh B TaKyio urpy. Kaxkmas n3 HUX 110 odepe/n fiejiaeT He OoJiee IBYX IMapaJlIeIbHBIX Pa3pPe30B
U CbeJaeT OJIMH U3 UMeIouXcsd KyckoB. [Ipm 3ToM Kyckum mepekaibiBaTh HEIb3sd. 3a OJIUH XOJ
00s13aTeIbHO HY?KHO CheCThb KyCOK, HO He bosiee 1/10 mmpora. 3amperineHo pe3arb MHpor Tak, ITOObI
nostyvasmck Kycku Menbine 1/100 mupora. [Tobexmaer Tor, KTo goen nupor. Ko BemrpeiBaer mpu
IpaBUILHOI urpe, ecim HadnHaeT Ajsi? Kakast cTparerns BEIMIPBIITHAA !

OrBet: AJs.

Pemntenue. Onrnmasibaas crpaTerus TakoBa. AJis IIEPBBIM X0OJI0M BBIPE3aCT U ChE/IaeT U3 MUPora
[I0JIOCY TaK, YTOOBI OCTAJIUCH JIBA CAMMETPUYHBIX TPAMOYTOIbHUKA. [lasiee, Kakoit Obl KyCOK HU Chesia
Bajst — 310 Oyjier Kycok oT ojHON u3 dacrteil. A ¢belaeT MEHTPATBHO CHUMMETPUIHBIN KYCOK OT
JIPYTOil 4acTu, U TEM CaMbIM obecriednBaeT cebe mode/ry.

Samaya 2
B-1 Pemure ypaBuenue
2 — |2 — 2 — 2| =122 — 13.

OtBet: z = 3,—1 — /6,1
Pentenmne. /IBa ciydas. Ilepsbril, Korja BbhIpaykKeHUe 0/ MOJLYJIEM HEOTPUIIATETHHO, MOJTyYaeM
ypaBHEHHE

- —1le+15=0=>2=3,2=-1+V6

B paccmaTpuBaeMyio 061acTh momnaanT £ =3, £ = —1 — /6

Bropoii cityuaii, Korja BeIpazkKeHue 10JT MOLYJIEM OTPUIATE/IHLHO, ITOJIyYacM YpaBHEHUE
P42’ —132+11=0=>z2=12=—-1+V12

B paccmarpuBaemyto obsacTh nomnajgaer xr = 1.
Otser pasen z = 3, —1 — /6, 1.

Samaga 3

B-1 I3 Oymaru BbIpe3aJin JiBa Pa3HbIX MPsAMOYTOJbHUKA — HO Y KayKJIOr0 JIIMHBI CTOPOH BbI-
parkaloTcs HATYPAJbHBIMU YUCJIaMUA, U Y KaxKJOro IepuMeTp YHCJIEeHHO paBeH ero rmiomasun. Oda
IPSIMOYTOJIHUKA TIOJIOXKU/IA HA CTOJI, OJINH Ha JIPYToii, TaK, YTO HEKOTOPbIE CTOPOHBI OJHOTO IIPSIMO-
yr‘OﬂbHHKa OKa3aJ/JIUCh HapaﬂﬂeﬂbeI HeKOTOprl\l CTOpOHaM ,ZLPYFOFO — 1 KaKad-TO 9aCTb CTOJICIITHUIIbI
OKa3aJiach HAKPBITA BCETO OJHUM CJIOEM OYMAaru.

Kakas nanMenbIas BO3MOXKHAa IJIONAAb 3TOH YaCTU CTOJICITHUIILI?

OrBeT: 10

Pentenne. Chnavasa HaiiiéM pasMepbl BOSMOXKHBIX ITPAMOYTOJIBHUKOB. [1ycTh cTOPOHBI paBHBI
u y. Torma

ry = 2x + 2y,

2 —242 2
r= Y (Y2 o1y ).
y—2 y—2 y—2

BuuMm, aro y = 1 npuBoauT K npotruBopednio (OTpUIaTeIbHoOe ), Kak U y = 2 (Tormaa oJHOBpe-
menno y = 0). Haunnast ¢ y = 3 Bbipazkenue ?ﬁ pu pocte y 6yaeT yobiBaTh. 3HAYUT, TOTEHITUATLHO
x He MozKeT ObITh OoJibIte 6. [lepebpas BapuanTer x = 1,2, 3,4, 5, 6, moyiydaem BapuanTol £ = 6,y = 3;
r=4,y=4; x =3,y = 6. To ecTb TaKUX NMPAMOYTOJLHUKOB Bcero jiBa: 4 va 4, u 6 na 3.



[peioxkum Takoe pacoyiozKeHue MpaMoyTroabHUKOB. OHO JIEHCTBATE/IHHO ONITHMAIBLHO — HEOOTb-
e CABUIM BBEPX-BHU3 He M3MEHAT ILIOIIA/M Tepecedenust, 6osbime (KOrjia HUXKHSsT UM BEPXHsISA
CTOPOHA KBaJ[paTa OKayKyTCs BHYTPU HPSIMOYTOJbHUKA) €€ YMEHbIIAT, YTO YBEIMIUT ILIONalb OJl-
HOCJIOHO 0bs1acT. AHAJIOrUYIHO PAOOTAIOT CJBUTHU BJIEBO U BIIPABO.

Ocraéres mocunTarh ILIONIA/IL, M OHA paBHA 3 - % -2+4- 4%3 -2=10

3agaya 4
B-1 Buccekrpucsr Tpeyronbanka ABC nepecekatorcst B Touke O. [Ipsavas AO nepecekaer orm-
CaHHYIO OKpY2KHOCTBH Tpeyrojbunka OBC B Toukax O u M. Haitaure miuny cexymieir OM, ecian
BC =6, AB: AC=3:1,u ZBAC = 60°.
Orser: 41/3

Penienne.

M

Taxk kak ZOBM = —AAQBC+AC’BM = —4A2]30+AC’OM = —4A2’BC+AOAC+ZOCA = MBC*ZB;‘C“ACB
90°, To OM = 2R (tne R — pajauyc onucanHoii okosio Tpeyroybuuka O BC OKpyKHOCTH).
Takxke ZBOC = 180° — “BE£C = 180° — 18024 — 90° 4 £4 = 120°.

2 2
[Tostomy OM = 2R = % = 67% = 4./3.
Sama4da 5

B-1 Haiijgure Bce 3HAUEHUsT G, IPU KaXKJIOM U3 KOTOPBIX OCH KOODJAMHAT U rutepbosa y = 1/x
BBICEKAIOT Ha NpAMOil y = —18x + a Tpu oTpe3Ka paBHOI JIJINHBI.

OrBet: +9

Pentenmne. /locraTouno paccmorpers ciydait ¢ > 0, TaK KakK B CHJIy CUMMETPHUHU JIIo60e TTPOTHU-
BOIIOJIOZ?KHOE 3HAUEHNE @ TaKyKe YJOBJIeTBOPseT ycjoBuio 3ajaqn. [Ipsavas y = —18x + a nepecekaer

a
18"
1 "
e T1, Tp — KOpHH ypasHenud ~ = —187 + a, 0 < z; < 3 (cry9ail, Korja ypaBHeHne IMeeT MeHb-
1€ JIByX KOPHEil, OYeBU/HO, He MOJXONUT). DTO ypaBHEHHE PABHOCUILHO KBaJIPATHOMY YDABHEHUIO
1822 —ax+1 = 0. ITo ycaosuio AC = CD = DB, 105TOMY &) = Zo — T = 15 — T2. OTcro/1a naxoaum
xo = 2x1, a = 18(x1 + x2) = 18 - 3x1. [To Teopeme Buera xjxy = %, oTKya 273 = %, TOrJIA T = é,
a =183z, = 9. Koneuno, emgé Hy»KHO TPOBEPUTH, uTo ypasHerne 1872 — ax + 1 = 0 nMeso KopHu,

uD=9%—14-18 =9 3710 nokazeiBaer. OTBer +9.

ocu koopunar B Toukax A(0,a) u B(+%,0), a runepbosy y = 1/x — B Toukax C(z1, w—ll) u D(z,, é),




Sama4da 6

B-1 Ha kaxoit cropone 6ej1oro Kyonka cuiuT 1o KyKy. KyOuk 6pocusiu, u KyKd HIeperoJIoniu-
JINCh — KaXKJIBIIl BBIOPAJI HAyTa  OJIHY U3 4-X COCEIHUX TpaHeil U Mepernosis3 Ty/a.

C Kakoif BepOsATHOCTHIO KYOMK He U3MEHHUT CBOEr0 MEePBOHAYAJILHOIO BUA !

OrBer: %

Pemenne. Eciin HapucoBaTh Ha rpaHaxX KyOUKa CTPeJIKU, HallPaB/IeHHbIE B CTOPOHY, KY/Ia IOT0JI3
JKYK — MBI T€M CaMBbIM OIHUIIEM UcXojl Opocka. Beero Takux ucxoyor oyjer 45 = 4096 (6 rpaneit, na
KaxKJI0if 110 4 BapmaHTa), ¥ OHU PABHOBEPOSTHBI.

Hapucyem npumep Ha pa3BépTKe:

111 1

Brouio: CTAaJIo:

T4l

1
1
1
1

Kakwue ncxojipl mpuBeiyT Hac K TakoMy ke Kyonky? Ha KaxKyio rpaHb JIOJI7KHO BIOJI3ATh O OJ1-
HOMY KYKY, TO €CTh Ha KaKJIyI0 I'DaHb JIOJ2KHA OBbITH HAIIPABJIEHA POBHO OJIHA CTPEJIKA. SHAUYHUT, €CJIH
HaYaTh JIBUTATHCA IPOTUB HAIIPABJIEHUS CTPEJIOK — JIOPOTY MbI HAlJIEM OJTHO3HAYHO, «Pa3BUJIOK» HE
Oy/ieT, 1 B KOHIIEe KOHIIOB (Tak KakK rpaHeii Ha KyOMKe KOHETHOE UHCJI0) Mbl Oy/JIeM BBIHYZKJICHBI BEp-
HYTbCsl Ha T'PaHb, ¢ KOTOPOI HAYaJd. DTO BEpPHO I JiI000i TpaHu. VHBIMEU cJI0BaMU, PUCYHOK U3
CTPEJIOK 00pa3yeT Ha CTOPOHAX KyOWMKa IHUKJI, WU HECKOJIHKO ITHKJIOB.

['paneit 6, mo3TOMY JJIMHBI UKJIOB MOTEHIUAJIBLHO MOTYT ObITH OT 2 70 6. Iukier B 2, 3, 4 u
6 »KYKOB HApHCOBAaTh IOJIyYUTCsd, a BOT IOIBITKA HAPUCOBATH IUKJ JJIMHONH H MPUBEJIET K HEIO-
JIBUPKHOMY KYKY, UYTO HEBO3MOYKHO. SHAYUT, TPABUIBHBIN MCXOJ/] MOXKET COCTOSTh M3 TAKUX ITUKJIOB:
2,2,2; 2.4, 3,3; 6.

[TocumTaeM KOIUYIECTBO BO3MOXKHBIX PUCYHKOB C TAKUME CBOHCTBaMU.

2,2,2 (TO ecTh XKYKH TOIMApHO MeHsIoTCst MecTtamu). 2KyK ¢ BepxHeil IpaHu MEHsSIeTCs MeCTaMU C
OJTHO# 13 4 GOKOBBIX, & XKYKY € HUYKHEll ocTaéres Bcero 2 Ha BbIOOD (OH He MOYKET IOJI3TH Ha TDaHb,
[IPOTUBOIOJIOKHYIO BHIODAHHOI BepxHUM KyKoM.) To ecTh Takux KoHdbwurypammii 4 - 2 = 8.

2, 4. ko gymmHo# 4 00X0IMT BOKPYT pebpa Kyba — 10 WJIU TPOTUB YacoBoil cTpesikn. OQcraBiimuecs
JIBa, 2KyKa MEHSIIOTCSI MECTaMU. 3HAYUT, YUCJIO TAKUX KOH(MUTYPAIUil pABHO YUC/TY CIOCODOB BHIOPATH
pebpo (pédep 12) ymMHOKUTH Ha 2 (110 WM NPOTUB YacoBoii). Suauut, 12 - 2 = 24.

3,3. Huky jymmaOit 3 00XOUT BOKPYT BEPIIUHBI, 110 WX NPOTUB dacoBoit. OcraBiiuecs 3 XKyka
MOIBYT TaK Ke. BepxHsds IpaHb y9acTBYeT B OJIHOM U3 IUKJIOB, 3HAYUT MBI MOYKEM BBIOPATDH JIJIs
Heé 4 coceJiHMe BEPIIMHBI, 2 OPUEHTAINH, U €IE eCTh 2 OPUEHTAIIUN JIJIsi OCTaBIINXCA KYKOB. Byrer
4-2.2 =16 pUCYHKOB.

6. O6oitém KyO 10 HampapjeHuio ctpesiok. C BepxHeil IpaHd Mbl MOXKEM IepeiTH Ha OJIHY W3
4 60KOBBIX. JlajbIlie MbI MOXKEM MOBEPHYTH HAJIEBO, HAIIPABO, WUJIU CIIYCTUTHCS HA HUXKHIOIO I'DAHbD.
BapuanThl «Ha/I€eBO» M «HAIPaBO» MOTYT HPOJOJIZKHUTCA JIByMsl CriocobamMu — JInOO MBI UJIEM B TY
JKe CTOpPOHY, JIMOO cIlycKaeMmcsd BHU3. Ec/im MBI T B TY K€ CTOPOHY — JIAJIbIIE IIYTh ITPOJIOJIZKAETCH
OJIHO3HAYHO (4Yepe3 HUZKHIOK I'PaHb), eCIH CIIYCKaJINCh — BAPHAHTOB JIOPHCOBBIBAHUS 2.

BapuanT «Ha BTOpPOM IIare MblI CIIyCTUJIUCH BHU3» JOPUCOBBIBAETCS JO TOJHOTO IUKJIA JIBYMS
CIIocobaMU.

Bcero nukios pjmHOl 6 Oymer 4(2(1 +2)+ 2) = 32.

A BeposITHOCTH paBHA

32+16+24+8 80 )

—  (upubnusuresnsrao 2%).

4096 T 4096 256

Samaua 7
B-1 B knacce, cocrosiiiem u3 20 ydammumMcst, yIuTe/b pa3gai KaXKJI0My CBOW COOPHUK, COJIEPZKa-
it pono 100 3amad. Kaxkplit ygarmumiicss penms u3 3Toro cOopHuka He Menee n 3ajad, a [leta —
6oJibiie, yeM Bacs. J[1s KAaKOro HAaMMEHBITIEro 3HaYeHUs 1. IIPU 9TOM YCJIOBUU 00s13aTe/IbHO Hall1eTcs
3a/1a1a, KOTOPYIO PEIIIIO He MeHee MOJIOBUHBI KJacca?



Otser: 45

Pentenne. Eciim n > 45, To B o0Ieil CJIOKHOCTH ydalluecs PeIrmin 3aja4d He Menee 19 - 45 +
46 = 901. Ho ecsmu npum 9TOM KazK/IyI0 3aJiady peruaio He Oojiee 9 ydaluxcs, TO BCEro 3ajad OHU
peritn zHe Oostee 9 - 100 = 900 < 901 — mporusopeune. Ecin xe n < 44, npuuém [lera permmn 45
33124, a BCe OCTaJIbHbIE 110 44 3a/1a9M — IIyCThb JlazKe Bce 10 45, TO MOXKET CJIyYUTHCH, YTO KarK/IyIO
33129y peruin poBHO 110 9 ygamuxcs. JleficrBurensno, pacnosiozkus Bee 100 3a71a4 10 OKPYKHOCTH,
KayKJIOMy ydYaIleMycs OTBeJeM POBHO IO 45 3ajad MOJIps/I cO CABATOM Ha O 3aJad MPU Tepexojie K
CJICJTYIONIEMY YIaIlleMycsd — TOTJIa KasKJIoi 3a/1ade Oy/JIeT COOTBETCTBOBATH POBHO 9 yUAIUXCS.

3amaya 8

B-1 Bacg napucosau Ha j1ocke 3aMKHYTYI0 KpuByto ABC' D, cOCTOSIIYI0 U3 YeThIpeX 3BeHbeB: AB
- JIyra OKPY>KHOCTH, MeHbIas 1moiyokpyxkuoctu, BC' - orpe3ok, C'D - myra OKpyKHOCTH, OOJIbIITasT
oJTyoKpy»kHOCTH, D A - 0Tpe30oK, TakuM 00pa3oM, 9To JTFOBIE JIBA COCETHUX 3BEHA MEPIEH UK Y/ISTPHBI
apyr apyry. Ilers mapucoBas KpuByIO JAHHOTO BUJA TaK, YTOOBI JJIMHBI BCEX 3BEHBEB COBIIAJIAJIN.
Kaxkwue Torma Oymayt yriast y gyr AB u DC?

[Ipumeuanue: npsmas MepIeHIUKYISAPHA JIyre OKPY2KHOCTH, €CJIN MPAMas HePIeHINKYITpHa Ka-
CaTeJbHOI K OKPYZKHOCTH.

. _ 272121 _ o \/T _
OTBer: oy = 27 (—2+2m*2ﬂ'> U2T —Qq, WA Qg = T T 21 U 2T — Q.

Pentenne. Tak kax BC nepnenaukyispuo jgyre UAB, To paanmyc OKPYy»KHOCTH, Ha KOTOPOI
JIEXKUT Jyra, JiexknT Ha npsaMmoilt BC. Awnanormuno, wa mnpsmoit BC' j1eXKuT pajgnyc OKpPYKHOCTH,
conepxkameit gyry UC'D — u oHOBpEMEHHO pajnyChl 00erX OKPYKHOCTEl JieskaT Ha mpsaMoit DA.
W3-3a TOrO, 9TO JYrH HE PaBHBI MMOJIYOKPYXKHOCTIM 110 ycJioBuio, npsmble BC' u DA nepecekaioTcs
— W BMECTe BCE 9TO 3HAYUT, UYTO OKPYKHOCTH UMEIOT OOIINii IEHTP.

Taxke ecTh TpebOOBaHME, YTO OJHA JIyTa OOJbIIE TOJIYOKPYKHOCTH, & JApyrad — MeHbine. C yaérom
TOIO, YTO MBI XOTHUM IOJIYIATh PABHBIE JJIMHBI BCEX 3BEHBEB JIOMAHO, OOJIBINAs MOJIYOKPYKHOCTH
JIOJIZKHA, OBITH Y OKPY2KHOCTH MEHBIIIEr0 Pajuyca, YTO OCTaBJIIeT HAC C JIByMsl BapUaHTaMU JIOMaHO:

(J) B

[Iycts |UAB| = BC = |UCD| = DA = a. [lycrs paguyc UC' D menbine. O603uadum O - 1EHTp
OKPY2KHOCTH, cojepzxkaieit nyry UC'D, r — ee paguyc, a — yron AOB.

B ) _ ‘UAB‘ _ a C o _ 27T7‘7|UCD‘ _
IIEPBOM CJIlydae — C OJHOM CTOpOHbI, v = S =~ = . C npyroit cropousl o = ———— =
2=t Taxum 0Gpasom,
a 2Tr — a
r+a r

ra= (2rr —a)(r + a)
ra = 2wr? + 2wra — ar — a®
21r? + (27 — 2)ar —a® = 0

Byjem pemarhb 3T0 ypaBHEHHe KaK KBajpaTHOe OTHOCHTENbHO 7. Umeem D = (27 — 2)%a® + 8ma? =

4a*(m? + 1). Orcrona
—(2m —2)a £ 2av/7? 4+ 1
4 '

OJtnH KOpeHb OTPHIATENIbHBI, a BOT BTOPOii Gosibiie Hysst (T.K. Vw2 + 1 > 7).
To ecTb

r =

a A 2V +1—-2m

=27 —— =21 —

=27
r 24+ 2v/m2+1—-27 24+ 2v/m2+1—-27

~ (0.844684 pajinaH.



Y BTOpOIi JIyru yroJji paBeH 27 — q.
Pacemorpun Bropoii cirydaii (Korma Kpusast camoriepecekarorascs ). R - pasimyc 60ibImeit oKpy kK-

Hoctu, 1 - Menbmeit. « = ZAOB € (0, 180).

R
Torma, nyra AB = % ca. A nyra CD = o

Toryia mosy4nM CJI€IYIONIYIO CUCTEMY:

(360 — ). |[AC| = |BD| =R +r.

R
R+r:7T—-Q T

0 @~ 180000 — @)

Torma nmeeMm

RazR(%-a—l)(%O—a).

[Homyumm cirefrytoriee KBajpaTHOe YpaBHEHUE

%oﬁ — o+ 180 = 0,

e IIOJIO2KUTEJIbHBIN JAUCKPUMUHAHT PaB€H D= 7T2 — 2. TOI",ZLa nMeeM JiBa pelIeHusd

Vit =2
m—ﬁ.?,@o_

a4 =
2

Ouesupno, uro ay > 180, a a_ € (0,180). Torma nosxywaum BTOpOit BapuaHT yria

o =T — V72 — 27 paj,.




