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

Baksrounresbhbiil dran 2023/24 yuebuoro roja jyist 9 Kiacca

agaga 1
1 1
B-1 Paziuunble miesibie 9uc/ia m 1 n TaKOBBI, 4TO Yucjaa (| — — 2 | u [ — — 2 | aBA4I0TCA KOPpHAMEI
m n
KBa/IPATHOTO TpexuieHa o2 + ax + b ¢ measiMu Koaddurmentamu. HaliTi Bce BO3MOKHBIC 3HAYCHUS
BbIpakeHus a + b.
OtBeT: 7
1
Pemienne. Yuciia — — 2 u — — 2 gpisiorcs parnuoHaabHbIMI. [Io Teopeme Buera nmeem:
m n
1 1
— =24+ ——-2=—a€cZ
m n

) (s

U3 nepBoro ypasHenus ciejyer, 9to m + n = (4 — a)mn. Torma u3 Broporo ypaHeHHs HMeeM:

1—2(m+n) b4 o 1—-2(4—a)m

n 1 1
=b—4, = —-24—-a)=0b-4, = — =b—-2a+4€Z.
mn mn mn mn
Buaunt, mn = +1, ciie1oBaTe/IbHO, TaK KaK OHU IIeJIble U pPa3/ndHble, To ubo m = 1, n = —1, 1ubo
m = —1,n = 1. To ectrb —3 uw —1 — KopHHU KBajipaTHOTrO TpexwieHa. Torma (mo Teopeme Buera)
a=4,b=3,a+b=T.
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3amaya 2

B-1 Bpocaercst cranjaprias urpajbias KocTh (Kyouk, or 1 710 6 0YKOB Ha IpaHH, CyMMa OYKOB
Ha IIPOTUBOIIOJIOXKHBIX I'DaHsX paBHa cemu). [locste 6pocka 3ammchiBaeM pe3ysbTaT, TepeKaThiBaeM
KyOWK CJIydaifHbIM 0Opa30M Ha OJIHY U3 COCEJIHUX TI'PAHE, 3allMChIBAEM HOBBIN PE3YJILTAT, ITOTOM
CHOBA CJIyJaifHO TIepeKaThiBaeM KyOUK Ha OJIHY U3 COCETHUX I'paHeil, i 3aIuchbiBaeM TPETHH pe3yIbTaT.

CKOJIBKO Pa3HbIX BO3PACTAIONINX II0C/IE0BATEILHOCTEH OYKOB MbI MOYKEM IIOJIYIUTh !

OtBer: 14

Penternne. Mbr niostygaeM mocjie10BaTeIbHOCTD UM © — y — 2 ¢ mudpamu ot 1 710 6. Bozmoxk-
Ha He KaxKjas IMOCIeI0BATE/ILHOCTD — YHCIa ¢ KayKJIBIM XOJIOM MEHSIOTCs, ITPU 9TOM HEBO3MOYKHBI
cocefctBa 1 m 6, 2 m 5, 3 1 4, Tak KaK OHU PACIIOIarailoTCs Ha MTPOTUBOIMOJIOXKHBIX T'PAHIX, U OJTHUM
[IepeKaToOM MeXKJIy HUMU He IepeiiTu. Boinmimem u 1mojcanTaeM BCe BO3PACTAIONINE TTOCIEI0BATE /b
HOCTHU YHUCEJI, TIOJIXOJIAIINE O] TAKUEe YCJIOBU.
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3amaya 3
B-1 Haiijiure MunnMaibHoe 3Ha9€HUE BbIPAXKEHUS

2bc — 2a® 4+ 2a  2ca — 26> +2b  2ab — 2¢* + 2¢
+ + , a,b c>0.
2a 2b 2c

OrtBer: 3
Pentenwne. [IposeieM 1enovky yrpomamonmx mpeodpazoBaHuii:

2bc—2a2+2a+20a—2b2+2b+2ab—202+20_bc

Lac b b—c+3
—+ —+——=a-b—-c
2a 2b 2c a b c
B coorBercTBUN ¢ HEPABEHCTBOM O CPEJIHEM MOKHO 3aMETUTh, YTO
bc ac bc ab ac ab
—+ - = 2¢ — + — > 2b; + — > 2a.
a b a c b c

IIpu sTOM paBeHCTBa JOCTHraeTcs Ipu a = b = ¢
Orcroma caeayer, 9T0O

bc ac ab
+—+—2>a+b+c
a b c

S4Ve) 3HA4YUT, 9TO MUHHMYM BCET'O UCXOJHOT'O BbIpazK€HNA PaBEH 3u JOCTUTaCTCA 11PN a4 = b=c
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3agaua 4

B-1 B kuno npunum 5 jeBovek, 3 MaJbuMKa W yUUTeJIbHHUIA. Bce oHM pacceich B IIePBOM
psty, B KOTOpoM MecTa nponyMepoBanbl oT 1 10 10. ITo myTn B KuHOTeaTp 5 JAeBOYEK HAYAIHM aK-
THUBHO OOINATHCSA, W YIUTEJbHUIA PEIlijia, 9TO caxkaThb UX pajgoM HebezomacHo. Mex ity Jio0bIMu
JIByMsI JIEBOYKAMU JIOJIZKHO OBITH MUHUMYM OJITHO MECTO: WJIM HE3aHATOe, WU 3aHATOEe MabiluKOM
i yanresbuuieii. CKOJIbKO pa3imIHbIX criocoboB paccaiku umeercs? (/IBa crocoba ormmaatorces,
ec/i XoTsl Obl OJIMH U3 YYACTHUKOB IPYIIIBI CUJUT Ha MECTaX ¢ PA3HBIMU HOMEDAMH. )

OtBet: 86400

Pemtenne. O6o3naunm jesovek Gyksoit /I (takux 6yks 5). Mexmay Gyksamu /I mo/keH ObITH
Kakoii-T0 U3 «pasjenureseil» (uam GOJIbIIe OHOIO Pa3/IeTUTe]s): WK MaJIbuiK, UM yIUTeJIbHUIA,
win cBobosnoe Mecto. Obo3naunm pazjeauresib OyKBoit P — rakux 6ykB 3 + 1 + 1 = 5. Pacnosioxxum
JIEBOYEK CJIEBa HAIPABO W PACIOJIOXKUM MEXKJy HUMU 10 ojHomy pazaenureno: I - P — 1 — P —
I — P —J1 - P — JI. B pe3ynbrare ocranercss BCTaBUTH erie ofHy OykBy P. 910 MoxkHO craenars 6
criocobamu (mosryvarorces Bapuadtsl Tuna P -1 -P-1-P-1-P-A-P-, 1-P-1-P - /1 —
P-P--P—-/wur ). Bkaxmom n3 ykazaHHbIX BADHAHTOB TaK KaK BCE JEBOYKH — Pa3HbIe, I BCE
«pazjie/iuTe/iny pasHble, ecTh H! - 5! criocoboB mepecTaBUTh UX MECTaMU, OCTABAsCh B PAMKAX JIAHHOTO
BapuanTa. TakuM o6pa3oM, KOJIMYIeCTBO CIOCO00B paccaaku pasho: 6 - 5! - 5! = 6 - 120% = 86400.
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3amada 5
B-1 Ha cropone AC' tpeyrosibauka ABC' ormedenst Takue Touku M u N, aro ZABM = 15°,
ZMBN =45°u /ZNBC = 75°, a cymma u nipousBejieHue 1tomaeit rpeyrosbaukos ABM u N BC
paBHbI b 1 3 coorBercTBento. Haiiimre miommaas Tpeyroiabnuka ABC.
OrtBer: 6
Pemenne. O6osuaunus S = Syapc 1 S = SN, UMeeM

1 1
S —s=8saBm + Sanpc =5, Ss= §AB - BC'sin(15° 4 45° + 75°) - §MB - NBsin45° =
1 1 1
= gAB -BC-MB-NB=2- éAB - BM sin 15° - ENB - BC'sin75° = 2S5y apm - Sanpe = 6,
Tak Kak sin(90° + 45°)sin45° = sin®45° = 1 u sin15°sin75° = sin15°cos 15° = 1sin30° = 1
i (

i
[Tosromy unciia S u —s 06pas3yioT napy KopHeil KBajipaTHOro Tpéxuiena o2 —50 —6 = (0 —6)(o+1),
oTkyna S = 6.
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3amaya 6

B-1 B kyBmwmn 3auau 7 uTpoB Bojbl. POBHO Yepe3 CyTKU B KYBIIUH J00aBUJIN D JTUTPOB BOJIHI,
U 3Ty OIEPAINIO MMOBTOPSJIA KazKJIble OYepe/IHble CYTKU. B mpoMeKyTKax MKy JIOJUBAHUAMU U3
KYBIITMHA yCIIEBAJIN BBIIUTH POBHO ITOJIOBUHY BOJIBI, UMEBIIENCS MOCIE TTPEIBIIYIIEil 3aTMBKU.

a) Kakoro MuanMaabHOro 00béMa JI0J1KeH ObITh KYBIINH, YTO0BI OH HUKOT/IA HE MOT HAIIOJTHUThCSI
[PU JIAHHBIX YCJIOBUAX ]

b) Ha kakoii jeHb KyBIIHH TAKOro 00'bEMa BIIEPBbIe OKayKeTCs HAIlOJIHEH He MeHee, ueM Ha 99,9
nporierTa’?

OrserT: 10 ymuTpos, 10-it geHb.

Pemenmne. Ilycrs B Havyasile B KyBIIMH HAJWIN b JTUTPOB BOJBI, IO MPOIIECTBUN KAaKJIBIX CYTOK
octraBajioch 100 - ¢ IPOIEHTOB MMEBIIEHiCsd Ha HAYAJIO CYTOK BOJIbI, M JIOJUBAJIOCH C JINTPOB BOJIBI.
Ob6o3HauuM 4Yepe3 aj KOJMYECTBO BOJBI B KYBIIUHE IIOC/IE JIOJUBA OYEPEIHBIX C JINTPOB B K-TbIil
nenb. Torma

a1=0b, ay=q¢b+c, as=¢b+qgc+c, ...

k-1 k-2 k-1 1—¢"! ¢ k-1 ¢
ar=¢""b+q¢"c+...qc+c=q"""b+c = +q b— .
l—q l—gq l—gq
Takum 06pa3oM, OCKOJIBKY BO Beex 3ajadax BbioaHeno yeiosue b—c(1—¢q)™! < 0, ¢ < 1, kypmun
HUKOT/Ia He HATIOJIHUTCH, €CJIi ero o0béM byter ne menee V = c(1—¢q) ™!
c=D),aq= %, nosromy V' = 10.
OTBeTOM Ha BTOPOIi BOIIPOC 3a/1a4u OyIeT HAMMEHbIIee HATYPAJIbHOE PEIleHne HEPABEHCTBA

JuTpoB. B ycioBugax 3amadn

V—b
V

ap >0,999- V& V+d 'b-V)>0999-V < k>1+log, 10%.

To ecTb 10—
k>1+kgffm—ﬂﬁzl+b&3%

Taxkoit orapudm 6osbie 8, Ho Menbine 9 (T.e. 28 = 256 < 300 < 512 = 2%), Tak urto k pasno 10.
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Sagaga 7
B-1

ABTOIPOM COCTOUT U3 TpPeX MOMAPHO KACAIOIMINXCs KOJBIEBBIX TPACC (CM.
PUCYHOK ). ABTOMOGIIIB B JII060I TOUKe KaCaHUs MOYKET IPOJIOJIZKATD JIBUKEHUE
110 JII0OOI M3 JIBYX BO3MOXKHBIX TPACcC, HO HUIJE He MOXKET Pa3BOPadUBATbCS
Ha 180°. ITo KazKk 1011 U3 Tpex Tpacc aBTOMOOWIb €JIeT CO CBOEl CKOPOCThIO, TaK
qro 00y u3 ayr AB jgymHOR 15 KM OH mpoes:kaeT 3a 7 MHHYT, JIIOOYIO U3
qayr BC' mmnoit 25 kv — 3a 11 munyT, a 00y u3 gyr AC' — 3a 17 MuHYT.
BoerexaB u3 Toukn A, aBroMobmsib depe3 1 gac 25 MUHYT OKa3aJics B Hell ¥kKe.
CKOJIBKO KUJIOMETPOB IIpoexasl aBTOMOOUIIE?

OtBeT: 190

Pentenne. PaccvorpuM BapraHTBI, KOTOPBIMI HAXOIAIINNCS B TOYKe A aBTOMOOWIbL MOXKET B
CJIeJTYIONNIT pa3 BIIEPBBIE CHOBA OKa3aThCs B ITOM TOUKE.

Bo-miepBbix, MOXKHO cIeaTh 3TO, He Mpoxojs depe3 Touky C, T. e. myTem ABA.

Bo-Bropsix, MoxkHO oHNM U3 JBYX criocoboB (AC wim ABC') nobpatbest o touku C, cienarh
HeCKOJIbKO KpyroB C'BC' («HECKOJIBKO» MOYKET ObITh M HYJIEM) U BEPHYTHCSI OJTHUM U3 JIBYX CIIOCOOOB
(CA wm CBA) B TOuKy A.

B mobom citydae Mbl TuO0O YETHOE YUCIO pa3 Mpoe3zKaeM IO 7-MUHYTHOW Jiyre, YeTHOE YUCTIO
pa3 1mo 11-MuHYTHOI U YeTHOe YUCI0 pas3 mo 17-MUHYTHOM, MO0 HA0OOPOT, HEYEeTHOE UNCIO Pa3 1o
KasKJIOMy U3 TPeX THUIIOB JIyT.

To ke caMoe MOXKHO CKa3aTh IIPO HEOJHOKPATHOE BO3BpAIeHHe B TOUKY A.

«YeTHblit» caydail HaM He IMOIXOIUT, TaK KaK I10 YCJIOBHIO Ha KaXKIYIO YTy YXOIUT IEI0€ IUCIIO
MUHYT, & 00Illee BpeMs BhIPaykaeTcss B MUHYTaX HEUYETHBIM UHCJIOM.

Samernm, 9TO Jiobasi TPOWKA HEYETHBIX IMOJIOXKUTEIbHBIX YNCe MOXKET OBITh peam30BaHa B
KayecTBe 4ucjia IpoxojoB (B jioboMm Hanpasienuu) ayr 1) AB, 2) BC, 3) AC. [leiicrBuresbHo,
BbIeXaB U3 TOYKH A M clejaB 3aJaHHOe HeYeTHOe YMCI0 IPoxogoB AB, Mbl OKaxKeMcs B TOUKe B,
mocJjie 9ero, caejaaB 3aJaHHOe HedeTHoe 4ncsio mpoxoaoB BC, Mbl okaxkeMcss B Touke (', a 1ocie
3aJaHHOI'0 HEYETHOrO 4mcja mpoxoaoB AC' — cHOBa B TOuke A.

Nrak, monpobyeM HaliTH TPU TAKUX HEYETHBIX IOJOXKUTETBHBIX UNUCIA 1, j, k, ITO

74115 + 17k = 60 + 25 = 85.

Jlns k BO3MOXKHBI 3 BapuanTa: o, 3, 1.

[lepsorit caydait orOpacbiBaeM, Tak Kak i Hero noaydaeM ¢ = j = 0.

Bo Bropom ciyuae nmeem 7i + 115 = 34. Ecom j > 3, to @ < 1. I[Ipn j = 1 yncmo 34 — 11 -1 = 23
He HeJIUTCA Ha 7.

Hakomnern, mpu £k = 1 umeem 72 + 115 = 68. dna j = 5,3,1 noayuaum 7¢ = 13, 35,57, oTKkyna
j =3,i=35:7=05, anpoiiennslii myrs paen 15-5+25-3+40-1 = 190 (km). 3mecy 40=15+25 —
nymna gyru AC, koropyio naxogum reomerpudecku. (AC = 7R = w(ri+ry) = wri+nry = AB+ BC,
rjae R, 7,79 — Pauychbl.)




