Ouumnuana mkoJLHUKOB CIIOIY o maremarTuke.

3akmounTteabnblii dTan. 2018/2019 yueoHsblii rox.

3aganuda 14 8-9 Kjaccos

(ITpaBuUsIbHOE ¥ MOJIHOE pEIICHUE KaKA0M 3a/1aun olieHuBaeTcsi B 20 6asioR)



9 KJIACC. IIEPBBIT BAPUAHT

1. Maima Ha CBOIi JIeHb POXKJIEHHSI IIPUHEC/Ia B MIKOJy KOH(METhI, OCTaBUIIa
HECKOJIbKO KOHQET cebe, a OCTaJIbHbIE pa3aJia MeCTePhIM CBOUM IIOIPYKKAM.
OKasaj10ch, 9TO y BCEX JIEBOYEK PA3HOE YUCI0 KOHGET, 1 KOJIMIeCTBO KOHMET ¥
JIIOOBIX YeThIPEX JIEBOUEK OOJIbINE, YeM Y TPeX OCcTaBIIMXcs. KKakoe HanMeHbIee
kosimgecTBo Konder Marmra moriia octaBuTh cebe?

Orser: 10

Pemtenne. Ilycts y meBouek a, b, ¢, d, e, f kouder, rme a < b < c<d <
e<f<g Torme>d+1, f>2d+2ug>d+3. Anamornaao c < d—1mu
b<d—2.1Ilo ycnosuto a+3d—3 > a+b+c+d > e+ f+ g > 3d+6, mosromy
a > 9. CnenoBaresnbro, a > 10. Jlecars xkouder y Maiu MO0 oCTaThs,
HaIIpUMep, €CJIU y OCTaJIbHBIX JeBouek ObLto 11, 12, 13, 14, 15 u 16 kouder.
Torma 10+ 11 + 12+ 13 =46 > 45 = 14 + 15 + 16.

2. IIpu Kakux a KBaJpaTHbe TpexwieHbl 22 +ax — 2 u 222 — 3z + 2a umeror
001t KOpeHb?!

—3—V17 —3+V17
4 ’ 4

OtBeT: 0 = —1,a = a =
2

Pemenue. Ilycrs f(x) = 22 + ax — 2 u g(x) = 22° — 3z + 2a. Ecm
fu) =g(u) =0, 100 =g(u) —2f(u) = (2u* — 3u+ 2a) — 2(v* + au — 2) =
—(3 4 2a)u + (2a + 4). Crano 661Th, 3 + 2a # 0 m u = 2252 Ham octasnoch

3+2a"
HaiiTH Bce a, Ipu KOTOPBIX Takoe u Oymer KopHeM TpexwieHa f. Torma

2a + 4 2a + 4\ 2 2a +4
O_f(u)_f(3+2a>_<3+2a> a.3+2a_ B
~ (2a+4)+a(2a+4)(3+2a) —2(3+2a)*  2(2a® +5a* +2a — 1)
B (3 + 2a)2 B (3 + 2a)? ‘

[Tostomy 2a® + 5a® +2a — 1 = 0, orkyna a = —1 wim 2a® +3a — 1 = 0. Uz
MIOCJIEJTHETO YPABHEHUs U HAXOJUM OCTABIINECH OTBETHL.

3. Ha crose nexkur 2019 xamueit. [leta n Baca urpator B urpy no ciueiy-
IOIUM TIPaBUJIaM. XOJdT 10 odepe/in, HadnHaer [lers. 3a ojuH X0/ MOYKHO
B34Tb CO CTOJIa 1 WM 2 KamHs, HO OJIMH W TOT K€ UT'POK JIBa pa3a IMOPs]
He MOKeT OpaTh 2 Kamus. [IpourpsiBaeTr He mMmeromuii xo1a. KTo n3 urpokon
cMOKeT obecreunTh cebe mobey BHE 3aBHCUMOCTH OT UT'PHI IIPOTHBHUKA?

OrtBert: BoiurpeiBaer [lers.

Pemenue. Onumem crpareruto [leru. [lepsbim x0om0M oH Bo3bMeT 1 Ka-
MEHb. DTO He HAJIOKUT OI'PAHMIEHHUI Ha €ero BTOPOIl XOJI, TO3TOMY OH CMOYKET
JIOIIOJIHUTE X0J1, Bacu Tak, uTo0bI 3TOr0 ocrasioch 2015 kamueii. lasbine Ile-
Ts OyJeT JeficTBOBAThH TaK, YTOOBI 3a JIBE Mapbl XOJIOB OBLIO B3ATO POBHO 5
KaMmHeil. Bacs cBommu JIByMsI XoaMu CMOYKET B CyMMe B34Th 2 WA 3 KaMHS,
nosromy Ilerst cnavuasa BosbMeT 1 KaMeHb (9TO He HAJIOKUT ONPaHUYICHUIT HA
ero BTOPOIl XOJ1), a MOTOM, KOIJIa yKe OyJIeT 3HATh, 4To ciesaj Bacs, J1o1moJ-
HUT €ro XoJ Jio 5 B cymMe. lIpu pazbope KaxKjaoit MATEPKU MOCIEIHUI XOJT
octraercsd 3a llereit. [losToMy, B 4acTHOCTH, OH BO3BMET IOC/ICTHUN KaMEHb U
BBINTDAET.



4. JIyist 100BIX MTOJIOXKUTEIBHBIX THCeN ¢, b U ¢ JOKaXKUTe HEPABEHCTBO

a b c 9
< .
2a2+b2—|—c2+a2+2b2+c2+a2+b2+202 4la+b+c)

Pemenue. ITockonbky a? + b? 4+ ¢ > ab + be + ca, 3HaMeHATEH 1IEPBOit
npobu ne menbie a? + ab + be + ca = (a + b)(a + ¢). Anajoruumyio oneHky
JOITYCKaIOT 1 JIpyIr'ue 3HaMeHaTe/In. HOSTOMy HaM JOCTAaTOYHO JOKa3aThb, 9YTO

a b c 9
@+D)are)  brob+a)  cra)ctrd) Sdatbto)

D10 paBHOCWILHO HepaBeHCTBY 8(a+b+c)(ab+be+ca) < 9(a+b)(b+c)(c+a),
KOTOpOE IOC/Ie PaCKPBITHs CKODOK HpeBpalaeTca HepaBeHCTBO 6abe < a?b +
a’c+ b?a + b*c + c*a + ¢*b. Ho oHO y2Ke o4eBHIHO:

(a®b + cb) + (a*c + b%c) + (b*a + c*a) = 2abc + 2abc + 2abc = Gabe.

5. Bayrpu tpeyrosibauka ABC' BbiOpana Ttakas Toduka D, uro ZABD =
LACD u ZADB = 90°. Touku M u N cepeaunnt cropor AB u BC' coorset-
crBenno. Haitaure yron ZDN M.

Orsert: 90°

B ) N ) Joi

Pemenwne. Ilycts L — cepenuna orpeska BD. Torma LN — cpemnss
muaust B Tpeyrosbauke BCD, mostomy LN || DC. Anamormano MN —
cpenuss jquHug B Tpeyroiabinke ABC, mostomy MN || AC. Crenosaresb-
o, ZMNL = ZACD = ZABD. llockonbky M — cepennna THIIOTEHY-
3bI MPSIMOYTOJIBHOTO Tpeyrojabauka ABD, AM = MB = MD. Ilostomy
tpeyroibauk BM D pasuobenpenuniit u ZMBD = /MDB. Crano ObITb,
ZMNL = ZM DB n, 3uauut, dersipexyroabuuk M LN D — Brnucannbrii. To-
ria ZMND = ZM LD, tak Kak OHI OLIIPaTca Ha oy ayry. Ocraaoch 3ame-
TUTh, 9TO TOCKOJIbKY M L — cpeHsis JUHUS B TPSIMOYTOJIBHOM TPEYTOJIbHUKE

ABD, ML || AD w, suauur, ZMND = /MLD = /ZMLB = ZADB = 90°.



6. Haiture Bce mapbl TPOCTHIX YHUCET P U ¢, JJIsT KOTOPBIX 102 + pq + q2
ABJIAETCI TOYHBIM KBaJIPATOM.

OrBer: p=3uq=5wmp=5uq=3.

Pemenue. Ecim p = ¢, T0 p? +pq -+ ¢* = 3p?, 9T0 HEe MOKET OBITH TOTHBIM
KBa/IPATOM, IIOCKOJILKY 3p? 6o pasHO 27, 60 JeanTes Ha 3, HO He JIeJIUTCs
na 9. Cnegosarennbho, p # q. Illycrs ¢ = 2. Torma (p+1)2 < p?* + pg + ¢* <
(p+2)? u, sHauur, p* + pq + ¢* He ABIAETCS TOUHBIM KBajgpaToM. CTajo ObITh,
P UM ¢ — pa3jaudHble HEYETHbIE MpOCThle. byaeM cuurarh, 9to p < ¢. Ilycth
p? + pq + ¢* = n%. O6osmaumm ag ynobersa k = p + ¢. Torma

(k—=n)(k+n) =k —n">=(p+q)°— " +pq+ ) = pqg,

T.€. pq ABJSETCI MPOM3BE/ICHUEM JIBYX HATypasbHbiX uuces. [losromy smbo
k—n =1uk+n = pq, 6o k—n = pu k+n = q. Bropoii cirydait HeBO3MOKEH,
Tak Kak k+n = p+q+n > q. Torna 2(p+q) = 2k = (k+n)+(k—n) = pg—1.
Crajo 6bITh, (p—2)(q—2) =pg—2p—2q+4=3.Hop >3 uq > 5, nosromy
p =3 u q=>5. dror BapuanT noaxomut: 32 + 3 -5+ 52 = 49 = 72



9 KJIACC. BTOPOI1 BAPUAHT

1. U3 HecKOJLKUX OJMHAKOBBIX Oesibix KyOumkos llers: cioxkmi 60mbIoit
Ky0O U IOKpacu/ ero rpanu B 4epHbIil 1BeT. OKa3a/i0Ch, 9TO YUCIO0 KyOUKOB
C OJIHOI YepHOil I'PAHBI0 PABHO YUC/IY MOJHOCTBIO OesIbiX KyOMKoB. CKOJIBKO
MaJIeHbKUX KYOMKOB POBHO C JIBYMsI YEPHBIMU TPAHIMU !

OrBeT: 72

Pemenne. [Tyctsb Gobinoit Ky6 coxken us n majenbknx. Torma (n — 2)3
KyOMKOB TIOJTHOCTBIO Oesible. K poBHO 0/1HOI (DUKCMPOBAHHOM DAl TPUMbBIKA-
er (n — 2)? KyOGUKOB, O3TOMY Beero ectb 6(n — 2)? KyGUKOB ¢ e[MHCTBeHHOi
wepnoii rpanbio. CrenoBarennsuo, (n — 2)? = 6(n — 2)2, orkyga n = 8. Ky6u-
KH C JIByMsl YepHBIMU TPAHSIMHU JIOJKHBI IIPUMBIKATH K PeOpy 0OJIBIIOro Kyba,
nosromy ux 12(n — 2) = 72.

3

2. Haiinure Bce Takme KBaJpaTHBIE TPEXUJIE€HbI ax’ +bxr+cc IeJIbIMI
kovddurmenTamu, rpaduKn KOTOPBIX MPOXOAAT depe3 Touku (a,b), (b,c) u
(c,a) (cpeau 3TUX TOUYEK MOIYT OBITH COBIAJIAIOININE).

Otrser: —2%2 — 72— 1

Pemenue. [To ycnosuto b = a® +ab+c, c = ab® +b*+cu a = ac* + be+ c.
N3 BToporo ypaBuenus cieayet, uto b = 0 win a = —1.

Paccmorpum mepsbiit ciaydait. Ilepenmmmem mepBoe m TpeTbe ypaBHEHUs:

ad+c=0na=ac®+c Tormac = —a®ua —a® = a CrenosarenbHo,

a® — a® = 1. Ho 3To ypaBHeHHe He MMeeT IIeJIbIX KOpHeil. JleficTBUTeIbHO,
a® # 0,1 u, snaunt, a? > 4, vo rorga a® —a? = a*(a* —1) > 4-15 > 1.
Paccemorpum Bropoit cirydaii. [lepenuiem repBoe u TpeThe ypaBHeHus: b =
~1-b+cu—-1=—-+bc+c Tornab=uc?—3c(c—1)—c—1=0.
Crenosarenbno, ¢ —c—2 = 0. ITosromy ¢ = —1 i ¢ = 2. B nepsom ciryuae

a =b=c= —1, Bo Bropom b 1ojryqaeTcs HEIEIbIM.

3. Tom Coitep u I'eknbbeppu OuHH UTrparoT B UTPY, 3aK/IIOYAIONIYIOCST B
nokpacke 3abopa, cocrogiiero u3 1000 HeokpallleHHBIX JIONIEYEK, B CUHUN U
kpacublii 11Beta. Haummaer Towm, xonbl Jlesiaorces 1mo odepesu. 3a OJUH XOJ
UT'POK BBIOMPAET OJIHY U3 HEOKPAIIEHHBIX JOIIEUYCK U IBET, & 3aTeM KPACUT ITY
JIONIEYKY B BhIOpaHHBIN 11BeT. rpa 3akan4ymBaeTcs, Korja Oy/IyT IMOKpaIieHbl
Bce JiomedKu. ToM Xo4deT, 4TOObI 110 OKOHYaHUN UT'PBI OBLIO KAK MOXKHO OOJIbIIE
Iap COCeIHNX Pa3HOIIBETHBIX JOIIeYeK, a ['eK xouer, 9ToObI ObLIO KaK MOXKHO
MeHbIIIe TIap COCEJIHUX PA3HOIBETHBIX Jolevuek. Kakoe MakcuMabHOE YUCTIO
takux nap Tom MoxkeT 00ecreunTh BHE 3aBUCUMOCTU OT UTPbI ['eka?

OrseT: 499.

Pemtenne. Bceero cocemnux nap jomedek 999. Eciu ek Oyaer kaxkibim
XOJIOM KPACHUTh JIOMIEYKY, COCEIHIOO C YK€ TMTOKPAIeHHOM, B TOT Ke I[BET, TO 34
cou 500 xom0B on cjenaer 500 omgHoNBeTHBIX Nap. [losTomy Tom He cmoxker
rapaHTupoBaTh Oosibiiie 499 pasnonBerHbix map. Ilokaxkem kax Tom moxker
obectieunTsb 499 pasHonBeTHHIX Map. KaKJIbIM CBOMM XOJ0M, KpOME IIEPBOTO
OH OYJIeT KPacuThb KaKyI0-HHOY/Ib JIOMIEYKY, COCETHION0 C YK€ ITOKPAIIIeHHO, B
IIPOTUBOIIOJIOYXKHBIHN 1IBET. Toraa oH KaxKJIbIM XoJ10M co 2-To 1o 500-i1 yBenan-
BaeT KOJIMIECTBO PA3HOIBETHHIX Iap Ha 1.

4



4. BemecrBennble uncia a, b, ¢ u d yja0B/IeTBOPSIOT COOTHOIIEHUAM @ +
b+c+d=0mua®+b>+c®+ d?> = 12. Hailiure HauMeHbIIee 1 HAHOOJIbIIIEE
3HAYECHUS MTpou3BejieHus abed.

OtBeT: min = —3, max =9
Pemenne. Haiijiem cragaia makcumyM abed. 11o HepaBeHCTBY 0 cpeiHEX

a’+ 0+ +dF

V]abed) = Va2b2c2d? < 1 3.
CanenosarenbHo, abed < |abed| < 9. PaBencrBo jrocturaercsi, HalpuMep, Korja
a=0b=—c=—d=+/3. IlosToMy HauGobIeE 3HAYECHNE IPOU3BEIeHNs abed

pasuo 9. Haitnem terieps munumym abed. I3 wucern a, b, ¢ u d xkakue-to aBa
onHOro 3Haka. IlycTs s onpenenernoctu 3to a u b, Torma ab > 0. SameTnm,
aro ¢ + d* = (¢ + d)? — 2cd = (a + b)? — 2cd. Torga

R=d+P+F+d=a®+ "+ (a+b)? — 2,
OTKY/1a

2 4 p2 b)2 — 12
P +%;+) — >+ b+ ab—6>3ab—6

u, 3uaqnt, abcd > 3ab(ab — 2) > —3. PaBenctBo mocturaercs Korjga a = b =
c =1ud= —3. [losromy HanboJbINIEE 3HAYECHHUE TTpOU3BeIeHnsA abcd paBHO
—3.

Bameuarue. Ilockonbky d = —(a+b-+c), HIKHsIs O1eHKa abed pABHOCUITBHA
nepasenctBy abc(a + b+ ¢) < 3. Ilposepum ero apyrum crioco6om. ITockonbky
3abc(a+b+c) < (ab+be+ ca)?, nocraTouno ycranoButh, uro ab+be+ca < 3.
[Io ycmoBuio

R=a+V+F+d=a*+V+F+(a+b+c) =
= 2(a® + b* 4 %) + 2(ab + be + ca) >
> 2(ab + be + ca) + 2(ab + be + ca) = 4(ab + be + ca).

Craso 6b1Th, ab + bc + ca < 3.

5. Jlan HepaBHOOEIHEHHBII 0CTPOyTOIbHbBIA Tpeyroabuuk ABC. Ha mydax
AB u AC BbIOpaHbI COOTBETCTBEHHO Takue TOUYKKU K 1 L, 9T0 4eThIPeXyroJib-
nuk K BC'L Buucansbiii. Touka H — ocHOBaHUE BBICOTHI, OIYIIIEHHON U3 BEp-
muabl A #Ha cropony BC'. Jlokaxkwute, uro ecim KH = LH, to H — tentp
ONMCAaHHON OKpYKHOCTH TpeyrojbHuka AK L.

A




Pemenne. Ilycts M — cepenuna orpeska KL, a O — 1eHTp ONUCAHHON
okpyxkHocTu Tpeyrombanka AK L. Jlokaxkem, aro Toukn O u H coBIagaror.
[Tockomeky KH = LH n KO = LO, toukn H u O jexkar Ha CepeIMHHOM TIep-
neHKyJsipe K orpe3ky K L. Crajo obiTh, Touku H, M u O jexar Ha OHOIM
npsamoit. Tak kak derwipexyronpauk K BC'L Bruucannbiii, ZABC = /ALK
nu ZACB = ZAKL. Orcroga, B yactHocTH, cieayer, uro AK # AL, B nipo-
tusHoM ciydae LACB = ZAKL = ZALK = ZABC u tpeyrosibauk ABC —
paHOoOepennbiii. [leaTpanbubiit yron ZAOK B aBa pa3a 00JibIlle BIMCAHHOTO
yrina ZALK, mosromy

LZOAK =90° — %AAOK =90° - LALK =90° — LZABC = ZHAB.

CnenoBarenbro, Toakn A, O u H jexkar Ha OIHON MPsIMOii, TpUIeM 9Ta MPsi-
Masl He COBIQJIaeT C CePEIMHHBIM IEePIIeHINKYIAPOM K OTpe3Ky K L, OCKOIb-
Ky AK # AL. Takum obpasom, touku O u H jekaT Ha HepecedeHnn JIBYX
PA3JIMYHBIX MPAMbIX 1, 3Ha4nT, O = H.

6. Haiiure Bee mapbl IPOCTBIX YUCEI P U (, I KOTOPLIX p? +¢° aBiisgeTcs
TOYHBIM KyOOM.

OtBet: p =13, ¢ =T.
Pemenue. Eci p?+¢3 = n?, 10 p? = n®—¢® = (n — q)(n* + ng + ¢?). Io-
CKOJIbKY TIepBasi CKOOKa BCer/la MeHbIIIe BTOPOii, a UX IIPOU3BejIeHne — KBaIpaT
pocToro uncia, n — ¢ = 1 u n? +ng + ¢*> = p*. Crayo O6bITS,

PP=(q+1)?+(q+1)g+¢*=3¢+3¢+1=(2¢+1)* —qlg+1).
CrestoBaTe/ibHO,
0<qlg+1)=(2¢+1)°—p*=(2¢+p+1)(2¢—p+1).

Ojina 3 ckoOOK B IIpaBoii YacTu Jenrcesd Ha q. Ecau nepsas, To p+ 1 jgesmrcs
Ha ¢, a ecji BTopas, To p— 1 mnesmmred Ha ¢. Ho p < 2¢+ 1, mosToMy BO3MOZKHBI
Tpu Bapuanta: p —1 = ¢, p+1 =qu p+ 1 = 2q. B nepBom ciyuae p = 3
I ¢ = 2, 9TO He HOJXOINT, TakK Kak 32 + 23 = 17. Bo BTOpOM ciydae p = 2 u
g = 3, 4To TakxKe He noaxoaut, u6o 22 + 3% = 31. Haxownel, B TpeTbeM ciydae
nosygaeM q(q+1) = (2¢+2q)(2¢ —2qg+2) = 8¢, orkyma ¢ = 7 u p = 13. Dror
BapHaHT moaxoauT: 132 + 73 = 512 = 83,



9 KJIACC. TPETUN BAPUAHT

1. Ilo xpyry manucanbl 20 pa3jUYHbIX HATYPAJIbHBIX YUCEJ, TAK UTO JIIO-
Oble JIBa COCEIHUX YMCja OTJIMYalTcd Ha 2 wian Ha H. Haiiaure HanboIbIIyiO
BO3MOXKHYIO PA3HOCTHb MEK/Ly JBYMS N3 HAITMCAHHBIX YNCEJL.

Orser: 47

Pemenue. J[na ynobcTBa m3joxkeHus OyJieM CUYUTATH, U9TO UUCIA CTOAT
B BepmmHax TpaBuwibHOro 20-yrosbHuka. PaccMoTpuMm HanMenblliee n Hau-
bosbiee gucsta. Obo3HadnM mx coorBeTrcTBeHHO @ u b. Ilpemgmooxum, 9To
b—a > 47. Eciim MexKTy HUMH IO MEHBINEH Jiyre OKPY?KHOCTH CTOUT MeHee
9 guces, To b — a < 45. 3HaUUT OHM JIMAMETPAJIHHO IIPOTUBOIOIOKHBL. Torma
MeZKJIy HUMHU C KazKJI0ifl CTOPOHBI POBHO 110 9 unces. PaccMoTpuM ojiiy Takyio
neBatky. lloiiem o weit ot a K b. OT™MeTnM, 4TO KaxKI0€ CJIE/LYIONIEe TUCIIO
He ITPEBOCXOJIUT MPEJIbIIYINEro, YBeJIMYEeHHOTO Ha 5. Kcm Ha HeKoTopoMm mare
CJIEJTYIONEeEe YHUCJIO He TTPEBOCXOJIUT MPE/IBIIYINEr0, YBEJIUIEHHOTO Ha 2, TO yKe
b—a < 47. IlosTomy Gosbiiee 47 9HCIO MOXKET TOJTYIUTHCS JIAIIH KOTJIa Ha
Jyre crodat duciaa a + 5, a + 10, ..., a + 45. Ho Te ke uncia JIOKHBI CTOATH
U Ha JIDYrOil JIyre MeXKJly YucjiaMu ¢ U b. DTO IPOTHUBOPEYUT TOMY, UTO BCE
qncsa pazaundabl. Ctaso ObiTh, b — a < 47. [lpuBegem npumep paccTaHOBKH,
Jaromeit pa3HocTsb 47:

1, 6, 11, 16, ..., 46, 48, 43, 38, 33, ..., 8, 3.

2. Haiiyiure Bee KBajipaTubie Tpexuienst f(r) = x + ax + b, 119 KOTOPBIX
FUF(=0) = f(f(0)) = f(F(2)).

Orser: 2? —z — §, a? + 2 — 3, 22 — 1.

Pemenne. IlockoibKy KBajpaTHBIH TPEXWIEH HE MOXKET IPUHUMATDH
KaKoe-TO 3HadeHme OoJiee ¥eM B JBYX Toukax, cpeau wmcena f(—1), f(0) n
f(1) ectn pasible.

[Iycrs f(—1) = f(0). Torma 1 —a+b = b u, 3naunt, a = 1. CiieoBaTesbHO,
b> +2b= f(b) = f(f(0 )) F(f(1) = f(b+2) =b*+6b+6, orxyna b= —32.

[ycrs f(1) = f(0). Torma 1+a+b = b u, 3uauur, a = —1. CireoBaresbHo,
v> = f(b) = f(f(0)) = f(f(-1)) = (b—|—2)—b2+4b+2 orkya b= —1.

IIycte f(—1) = f(1). Torma 1 —a +b = 1+ a + b u, 3naunr, a = 0.
C.HG,ZLOBaTe.HbHO V+b=f(b) = f(f0)=f(f(1))=f(b+1)=0b"+3b+1,

oTkysa b = —5.

3. Ha crose nexkur 2019 xkamueii. [leta u Baca urpator B urpy mno cjuejy-
IOIUM TIpaBUIaM. XOJdT Mo odepen, HaunHaer [lers. 3a ojuH X0J1 MOYKHO
B34Th CO CTOJIA 1 mjin 2 KaMHs, HO OJIMH M TOT YK€ UT'POK JIBa pasa MOJPS
He MoxkeT 6parhb 1 kKamenb. [IpourpoiBaer He nmerornuit xoma. Kto n3 urpokon
CMOKeT obecriednTh cebe modey BHE 3aBUCUMOCTU OT UT'PbI IPOTHUBHUKA?

OTBer: BbIUT'DbIBAECT Bacs.

Pemenne. Onumem crparernto Bacu. IlepBbIM X00M OH JOHOJHUT XOJ,
[Iern Tak, aTo6n! Toce Bacunoro xoma ocraaocsk 2016 kamueit. Ormerum, 4TO
2016 menurca Ha 7. dasbine Bacs Oyaer jgeiicTBoBaTh Tak, 9TOOBI 3 JBE ITapbl



X0JI0B OBLIO B3s1TO POBHO 7 Kamueil. [leTss cBomMu AByMs XOJaMU CMOXKET B
cyMMe B3dTh 3 win 4 KaMHs, o3ToMy Bacst cHadasa BosbMeT 2 KaMHsl (9T0 He
HAJIOKUT OIPAHUYEHNIl Ha €ro BTOPOH XOJ1), & MOTOM, KOT/ia yKe GyJeT 3HATh,
gro cienan [lers, pomosHUT ero xoj Jjio 7 B cymme. [Ipu pazbope Kaxkioii
ceMepKU ToCIeIHI X0 1 ocTaeTcs 3a Baceit. [TosTromy, B 4acTHOCTH, OH BO3bMET
IIOCJIe/IHUIT KAMEHb U BBII'PAET.

4. JIy1s MOJIOKUTETbHBIX YUCET @, b U ¢ JIOKayKUTe HEPABEHCTBO

CLS b5 05 3 b3

+ =+ =2
B3 a3 b c
Pemienwne. [lo nepasencrBy o cpejHuX JjIsd ABYX YUCET

5 5 a3 CL3 a3

Z—3+ab>2 Z—3-ab:2€ u F—i—ab}Q — - ab = 24>

3 5 3
CrozkuB 9T HEpaBeHCTBa U COKPATHB Ha -, MOIyYuM gz + 2ab > 4 + 2a*.

[IpocymMupyeM 3TO HEPABEHCTBO C JIBYMsI aHAJIOIMIHBIMU:

a b at v A3
a o - s (.Y C 2 0120 2) >
(5 + 5+ ) +2abtbetca) > (T +=+=) +2 5 +c) >

at v A3

> (24 242
/<b+c+a>+2(ab+bc+ca),

nockosbKy a® + b? + ¢ > ab + be + ca. Tlocne cokparmenus na 2(ab + be + ca)
MOJIy9uM Tpebyemoe.

5. B octpoyrosbaoM Tpeyrosbauke ABC' omyienst Bbicotbl BD u C'E.
Buyrpu tpeyronbauka B3gTta Touka X. Ilycte X7 — Touka, cuMmeTpudHas
X ornocuresbuo npsmoit AB; Xy — Touka, cumMerpudHas X OTHOCUTETHHO
npsmoit BC', a X3 — Touka, cumMmerpudHas Xo OTHOCHTEIHHO Tpsmoit C'A.
Touka M — cepennna orpeska X X3. dokaxkure, aro Touku D, £ u M nexar
Ha OJITHON HMPAMOIA.




Pemenue. [lycrs B’ — Touka cummerpudnas B ornocurensio AC, K —
cepenuna B X3, a L — cepeauna X, .X3. [lockoabKy 110 yemoBuio To9ku Xo 1 X3
cumMeTpuaHbl oTHOCHTETHHO AC, Touka L nexut Ha npsmoit AC'. [To mocrpo-
ennto KM — cpenngasa jmung B Tpeyroiabauke BX X3, mostomy MK = %BX .
Ananornuno KL — cpeanss junus B Tpeyroibunke BXy X3, mosromy KL =
%BXQ = %BX . Hakonen, KD — cpenuss munug B Tpeyroiabuuke BB’ X5, no-
sromy KD = %B/Xg = %BXQ = %BX, mockoIbKy B’ X3 cummerpuuno B X,
oraocutesibno AC. [losromy touku D, M u L jexat Ha OKPY?KHOCTH C ICH-

tpoMm B Touke K. Torma ZLDM = %LLKM = %AXQBX =/ABC = ZADE,

nostromy M nexut Ha npamoit DE.

6. CymiecTByIOT JIM TaKue MpOCThbIe YUCIa P, ¢ U T, JJIsi KOTOPBIX YHCJIO
(p* —T)(¢* — 7)(r* — 7) aBsteTCs TOUHBIM KBapaToM?

OrBer: Her

Pemenue. [Ipearnoioxum, UTO KaKHe-TO JBa IIPOCTHIX UHC/IA DPABHBL.
[lycts myist ompenenennoctn 3to p u q. Torma (p* — 7)*(r? — 7) asiaser-
Cg TOYHBIM KBAJIPATOM W, 3HAYUT, 1> — 7 TaKKe ABJISETCA TOYHBIM KBaJpa-
tom. Torma r? — 7 = k? mis mekoroporo marypanbhoro k. Ciemoarenbo,
T=1r*—k = (—k(r+k),orkymar —k =1ur+k = 7 u, suaunr,
r = 4, 910 HeBO3MOXKHO. [losTomMy uucsia p, ¢ u r paznuaasl. B cuty cummer-
PUM MOXKHO CHUTATh, 9T0 p < ¢ < r. Ecou p = 2, 10 ¢ > 3 u npoussesenne
(p* = 7)(¢* — 7)(r* — 7) okaxercst orpunareabubiM. Crie0BaTEbHO, TUCTA P,
q u r nevernble. Torya UX KBagpaThl JaioT octaTok 1 npu gerenun Ha 4. [lo-
sromy p? —7, ¢ — 7 u r? — 7 wernsl, HO He Jenarcd Ha 4. Torna npoussenenue
(p* — 1)(¢* — 7)(r* — 7) nenurca na 23, wo we menurcsa wa 2! u, sHauuT, He
ABJISIETCS TOYHBIM KBAJIPATOM.



9 KJIACC. YETBEPTBIN BAPUAHT

1. Ha cBoit genb poxkienunss Bacst nmpuHec B KJlacC HECKOJIBKO KOHMeET u
BCe UX Pas3jiajl CBOUM OJIHOKJIACCHUKAM (KayKJOMY JOCTAJIOCh HE MeHee OJ[HOM
koHdeTsl). HekoTopbie 13 HUX MOJIETHIINCH € OJTHOKJIACCHUKAMU T10JTy 9€HHBIMU
KoH(eramu. B pesyibrare y ueTBepTH BCErO KJIacca 0Ka3aJI0Ch 10 2 KOH(METHI,
y Tperu KJjacca — 1o 1 koHdere, y Marmu okazaJsioch 6 KoHder, a 60JibIie
HU y KOTO KOoH(peT He ocTajoch. Kakoe HanbobIee KOJIMIECTBO KOHMET MOT
pasaaTh Bacs?

OTBeT: 36

Pemtenwne. 113 ycjioBus siCHO, 9YTO KOJIMIECTBO MIKOJIBHUKOB JIEJIUTCA Ha, 12.
[Iycts ux 12n. Torja kouder y nux okazaugoch 3n-2+4n-1+6 = 10n+6. Ho y
KazK/JIOTO MIKOJIbHIKA, Kpome Bacu, 0110 X013t 661 110 KOoHbeTe. Clie/oBaTeb-
o, 10n 4+ 6 > 12n — 1, orkyza n < 3. Ilostomy Kouder 6bL10 He OoJbIIE 36.
[TokazkeMm, uto 36 kouder moryio ObiTh. [lycTh Bacs man nse kondersr Marre,
a OCTaJIbHBIM 110 KoHdeTe. Paccaimm mkombsnukoB kpome Marmm n Bacu 3a 17
napt. Ilycrs cupsmue 3a 1eBATHIO MapTaMy ¢ J€BOW CTOPOHBI OTJAJIH IO CBO-
eil KoHdere CBOUM IPABBIM COCEJIAM, & YeTBEPO CUJLIINE 3a JIBYMS JPYTUME
napraMu oTjiasm 1o cBoeit Koudere Marre.

2. IIpu Kakux a KBaJIpaTHbEIE TPexXwIeHsl 22 +ax — 6 u 202 — 5 + 2a nMeror
obmmii KopeHb?!

—9—BT . _
z 4=

OrBer: a =1, a = =9+v57

Pemenne. Ilycro f(z) = 22 + ax — 6 u g(x) = 22? — bz + 2a. Ecom
fu) =g(u) =0, 100 = g(u) —2f(u) = (2u® — 5u + 2a) — 2(u® + au — 6) =
—(5 + 2a)u + (2a + 12). Crano 6u1Th, 5 + 2a # 0 1 u = 222 Ham ocrasoch

5+2a
HailTh Bce a, IpU KOTOPBIX Takoe u Oyier KopHeM TpexduieHa f. Torma

2a 4+ 12 2a 4 12\ 2 2a 4+ 12
O_f(u)_f<5+2a)_<5+2a> a.5+2a_ B
(20 +12)? + a(2a + 12)(5 + 2a) — 6(5 + 2a)*  2(2a® + Ta® — 6a — 3)

(5 + 2a)? B (5 + 2a)?

[Tostomy 2a® + 7a®? — 6a — 3 = 0, orkyma a = 1 wm 2a%> + 9a + 3 = 0. Us
MIOCJIETHETO yPABHEHUS U HAXO/IUM OCTABIIUECS OTBETHI.

3. B Terpasin Kapanjaiom HaprcoBaHa KBajipaTHas ceTka 2019 x 2019 kJie-
ToK (cTopoHa Kjerku pasHa 1). [Terss u Bacst urpaior B Urpy mo cJie/ Ly
npaBuIaM. XoJdT 1o ovepenn, HaunHaer [lers. 3a oaun X0 Urpok cTupaer
OJIUH €JIMHUYHBIN OTPE30K ITO CeTKU. BBIUIPhIBAET TOT UT'POK, TOCJIE UbEro
xo71a 00pa3yeTcs KJaeTKa, BCe YeThbIpe CTOPOHBI KOTOPOit ctepThl. KTo 3 urpo-
KOB MOXKeT obecrednThb cebe 1mobdely BHE 3aBUCUMOCTH OT UT'PhI COTEPHUKA!

OTtBert: Bacs.

Pemenne. Ormerum nentp cerku, nazosem ero (. Baca Oyger urparb
o cJieyromeii crparernn. Ecm OH MOMXKeT BBIUTPATH OJHUM XOJOM, TO OH
JlesiaeT STOT XOJA. B mMpOTHBHOM cilydae OH CTHPaeT OTPE30K, CUMMETPUIHBII
oTHOCUTENILHO TouKH () OTpe3Ky, TOJIbKO 4To crepromy [lereit. Takum obpa-
30M IIOCJIe KaxK10ro xoja Bacu kaprunka Oy/ileT cUMMETPUIHA OTHOCUTEIHLHO
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rouku O. Ilpemanosoxum, aro Ilers cmor mobeauts. Torga mociie KaKOro-To
Bacunoro xoja Ilers cmor creperh MOC/IEIHIOI0 CTOPOHY HEKOTOPOW KJIETKU
K. PacemorpuM cuMMeTpruHyto eif orHocuTebHo Touku O Kierky K'. Y Hee
JIOJI?KHBI OBITH CTEPTHI TPU CTOPOHBI, MOCKOJIBKY JIUIIb TOJHKO UTO CTEPTHIi
OTPE30K He UMeeT CUMMETPHIHOIO CTEPTOr0 OTPE3Ka, & OCTAJIbHAs YacTb Kap-
THHKU cuMMeTpudHa orHocuTeabHo O. Ho Torma u nepen xomom Bacu ubo y
kiaeTku K, 6o y kiaerku K’ y»ke ObLIN CTEPTHI TPU CTOPOHBI, T09TOMY Bacst
JIOJIZKEH OBLJT CTEPETHh M YE€TBEPTYIO CTOPOHY. MBI NPUINLIK K ITPOTUBOPEUHIO.
[Tosromy Ilers He cMoxKeT BBIUTPATh U, 3HAYMT, 110beauT Bacsd.

4. JI)1s1 OJI0sKATENBHBIX YHUCET @, b M ¢ JIOKazKUTe HEPABEHCTBO
a3+b3+c3 >a2+b2+02
IS

b2 2 a? b c a

Pemtenune. [lo nepaBeHCTBY O cpeHUX JIJIs JBYX YHUCET

a’ a3 a’

2 3
CroskuB 9T HepaBeHCTBAa U COKPATHB Ha G- U @, TOJIYIUM 3

HpocyMMpreM 9TO HEPaBEHCTBO C ABYMdA aHaJIOI'MYIHbIMU:

ad vl a?
(b—2+c—2+§>+(a+b+c)><?+€+E)+(a+b+c).

[Tocite cokparenust Ha a + b + ¢ osyanm Tpedyemoe.

5. B ocrpoyronsaom tpeyrosnbauke ABC ¢ manMmenbineit croponoit AB
nposesn Bbicorel BBy u C'CY, onn nepeceknch B Touke H. Yepes Ttouxky C
IIPOBEJIN OKPYZKHOCTD W C IEHTPOM B TOUKe H 1M OKpPYKHOCTBH wq C IIEHTPOM B
rouke C. Hepes Touky A mpopesm KacaTeJbHYIO K W, KaCaloILyIocsd ee B TOUKe
K, a Takke KacaTeJbHYIO K w1, Kacatlyiocs ee B Touke L. Haiimure /K By L.

OrBer: 180°
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Pemenne. Ilockombky ZAKH = 90° = ZAB;H, 1eTbipexyrojbHuK
ABy K H Brucanusiii u, 3uavnt, Z/HK By = 180° — ZHAB;. Torna

LAKBy = /ZHKB; —90° = (180° — ZHAB;) — 90° = 90° — ZHAB;.
[Ipocroe BbIYKC/IEHEE J1AET

Orpeskn AC| u AK — Kacare/ibHbIE, IPOBEJCHHBIE U3 TOYKH A K OKPYKHOCTH
w, moatomy AK = ACY, a orpeskn AC| n AL — KacaTebHbIe, TTPOBEIEHHDBIE
u3 TOYKU A K OKpyzKHOCTH wi, ostomy AC; = AL. CnenoBarenbio, AK =

ACl == AL u
1
ZAKL =90° — ilKAL =90°—-/HAB, = ZAHB, = ZAK B;.

[Tosromy Touku K, By u L jiexkat Ha ojiHOI ipsimoii u, 3HaunT, /K By L = 180°.

p34+1700

" _ 3
6. Haitymure Bce mapbl MPOCTBIX YUCES P U ¢, JIJIsT KOTOPBIX Ao — ¢

OtBeTr: p=53,¢q=7

Pemenue. [lepenumem ypasuenue B Buje p° + 1700 = ¢3(¢® + 96) u me-
peiijieM K ocTaTkam oT jejienus Ha 7, noyuum p° — 1 = ¢3(¢® — 2) (mod 7).
Cnenopatennno, p° = (¢3 — 1)? (mod 7). Eciin npocToe 9uc/io ¢ OTIMIHO OT
7, TO ¢ JaeT HeHyJIeBOH OCTATOK OT JleJieHns Ha 7 W, 3HAYHUT, ¢° JaeT OCTATOK
1 wm 6. Torna (¢3 — 1)? maer ocrarox 0 wam 4 npu nesenun na 7. Ilepe-
OOpPOM OCTATKOB JIETKO YOEIUTHCsI, 9TO KyO HEe MOXKEeT JaBaTh OCTaTOK 4 Ipu
nesennu Ha 7. [losromy p nemurea na 7 u, 3uaunt, p = 7. Takoe uuciio p He
noaxomut. Jeitcrsurensno, p3 + 1700 = 73 + 1700 = 2043, uTo jenamTcd Ha
3. Torga ¢3(¢> + 96) menurca na 3, mostomy ymbo ¢, mbo ¢ + 96 nenurca
Ha 3. B oboux ciaydasgx mosydaem, 4To ¢ Jejdrcd Ha 3 u, 3uadut, ¢ = 3. Ho
33(3% + 96) = 3321 # 2043. Takum 06pa3oM, ¢ JOJKHO paBHATHCA 7. B aToM
ciydae p = 53.
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