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MATEPUAIJIBI 3ATAHUM OTBOPOYHOI'O 1
SAKIITOYUTEJIBHOI'O OTAITOB OJIUMIINA /JIbI,
OTBETHI HA 3AJJAHUA 3AKJIIIOYUTEJIBHOI'O OTAITA



OTBETDI K 3AJJAHUSAM
SAKVIIOYUTEJIBHOTI'O 3TAITA
MATEMATHUKA



MaTremaTnka — perneHus 11 kJacc

1. Tpu pa3IUIHBIX TOJTOKHUTETHHBIX TUCIA IBASIOTCS TPeMs TMOCIeI0BATETHbHBIMHI dJIeHAMI
apudMernueckoii nporpeccuun. MoryT Jjin 9Tu Ke TpU dMCja OKa3aTbCsd Tpems (He 00si3a-

TEJILHO MOC/Ie0BATEIbHBIMI) YJI€HAMU NeOMEeTPUYIECKOi mporpeccun’
Omeem. MoryT.

Pewenue. PaccMoTpuM reomerpuueckyio nporpeccuio 1,q,q%, ¢3. BeibepeM ¢ Tax, 4To-
61 uncaa 1, q, ¢> obpazosbiBaan apudMeTHuecKyio nporpeccuio. JIis 3Toro HyzKHO, 9TO0bI
BBINOJIHsIOCH paBencTso 1+ ¢3 = 2g & (¢* + ¢ — 1)(¢ — 1) = 0. Oun u3 KopHeii 3TOrO
ypaBHEHUS paBeH ¢ = @ [Ipur TakoM 3HaUEHNN ¢ 9ucaa 1, q, ¢° yIOBICTBOPSIOT YCIOBHIO
3aJ1a4MH.

Kpumepuu ouyernusarus pewerud.

(—) penienne He COOTBETCTBYET HU OJHOMY M3 IIEPEYNC/TICHHBIX HH2KE KPpHUTEPHUEB.

(—.) JO0Ka3aTeJIbCTBO HEBO3MOZKHOCTH B CJIy4a€ PalldOHAJIbHBIX YHUCEJI UJIH IIOCJIEA0BATE/Ib-

HBIX 9JIEHOB MeOMeTPUUIECKOU MPOTPeCCH.

(4+/2) 3amava SBHO CBejieHa K PENIEHUIO MOJIMHOMHATIHHOIO YPABHEHUsT TPETheil CTeTeHn Wi
BBINIIE OT 3HAMEHATEJsI TeOMETPHYECKON IIPOTPECcChH, HO He JOKA3aHO WM JOKA3aHO

HEBEPHO CYIIECTBOBAHUE pElleHUust, OTJIUIHOIO OT 1.

(+/-) BepHoe pemrenue ¢ HEGOMBIIUME HegOYeTaMu (HAnpuMep, apudMeTuyecKas OumoKa,

He BJIHSIIONIAS HA XOJ PEIIeHMsI )

(+) Bepmoe permenue.



2. Bokpyr Tpeyrosbauka ABC' ¢ yrimom /B = 60° onucana okpy)kHOCTh. KacareabHbie K
OKPY’KHOCTH, NMpoBeaéHHbie B Toukax A m (', mepecekatorcss B Touke Bi. Ha nyuax AB u
CB ormermwan Toukn Ag u Cy coorBercrBenno tak, uro AAg = AC = CCy. HJokazkure, 910

rouku Agy, Cp, By 7mexKar Ha OTHON IPAMOIi.

Pewenrue. TTo Teopeme 06 yriie Mexk 1y KacaTebHOI n xopaoit umeem L ACB, = ZCAB, =
ZABC = 60°, T.e. tpeyronbauk AB;C' — pasuocropounnmii. Torna AAg = AC = ABj, Te.
Tpeyroabauk AgAB; paBaobeapennsiii. Ecin obosuauuts /BAC = o, /BCA = f3, To 10-

ayunm L AB1Ag = 180_(260+a) = 1202_“. Orcroma B yacTHOCTH caeayer, yto L ABi1Ag < 60°,

r.e. Touka Ay pacuosioxkena suyrpu yriaa ZAB;C, cm. pucynok ciaesa. Auanornuno ACyC By

120—3
2

pasuoOeapennsiit, u LCBCy = . Cymma 3Tux yrjioB paBHa

JABL Ay + /CByCy = w.

YunreiBas, uro o + S = 120°, monyaaem LAB1Ag + ZCBCy = 60° = LAB,C, cnenosa-

tesbHO Jyun By Ag u B1Cy coBmamaoT (pUCYHOK CIpaBa), YTO U TPeOOBAIOCH.

60° 60°

B, B,

Kpumepuu ouernusarus peweru.

(=) JIroboe pemnienne, HEe COOTBETCTBYOIIEE HU OJHOMY W3 MEPEUUCTEHHBIX HUZKe KPUTEDH-

€B.

(-.) Pucynok, ue coorBercTByomuii yeaosuio: Touku Ag u Cp BeIOpaHbl He Ha Jydax AB
n C'B, a Ha ux npojokenudx. /[1g Takoro pucyHka J0Ka3zaHa pPaBHOOEIPEHHOCTD

rpeyroabaukoB ACoC By u ANAygAB;.



(=/+) Hokazaua pasaobGenpenuocts Tpeyroiabaukos ACyC'By u AAyAB;.

(+/-) Pucynok, me coorBercTBytomuii ycaosuio: Toukn Ay u Cy BeIOpaHbI He Ha TyIax AB u

CB, a na ux npojo/kenusx. [Ijis Takoro pucyHka IMPUBEIEHO MPABIIHLHOE PEIeHue.

(+) IlpaBuabHOE pemenue



3. Oynknus f(z), oupejesénnas Ipu BeeX JeHCTBUTEJNBHBIX X, sBJIseTcs dérHoit. Kpome

TOro, npu JIIOOOM ,Hel';lCTBI/ITeJIbHOM I BBITMIOJIHAETCA PaBEHCTBO

flz)+ f(10 —z) = 4.

a) [TpuBennre npumep Takoii dbyHKINH, OTJIHIHOH OT KOHCTAHTHI.

6) Jdokaxkure, 910 Jr06ast Takast (GYHKIHS sIBISIETCS] IEPHOTIECKOI.

Pewenue.

a) Hanpuwmep f(x) = 2 + cos (%) YéTHOCTH OYeBHUIHA, TPOBEPUM BTOPOE YCJIOBHE:

f(if)‘l'f(m—x):él—f—cos(%)+cos(7r(*0_x)) :4—|—cos<%>—|—cos<7r_7r_> =0,

T.K. cos(m — a) = — cos().

6) U3 uérrnoctu moxydaem f(10 —x) = f(z — 10), Te.
f(@) + f(e—10) = 4
npu srobom z. [logcraBus coga = + 10 u x + 20 BMecTO =, MOTYy4IUM
flz+10) + f(z) = 4,

fx+20)+ f(x +10) = 4.
Beraurast u3 Broporo nepsoe, noaydaem f(x + 20) — f(x) = 0 npu gob6om x, T.e. byHKIHS

nmepuoandHa ¢ mepuoaom 20.

Kpumepuu ouenusarus pewerud.

(=) sroboe perierne, HEe COOTBETCTBYIONIEE HU OJJHOMY U3 MEPEYUCTCHHBIX HUKE KPUTEPHUEB.

(—.) upaBuibHbiii upumep GyHKiIUU 0€3 IPOBEPKU BblIOJHEHUs ycioBuil. onyckaercs
npumMep B Buje rpaduka, ecju B peleHun JaHo UCYepIbIBaloniee u moJpodHoe omuca-

Hre rpaduKa ¢ yKasaHueM BCeX KJIIYEBBhIX TOYEK.
(-/+) upaBuabHBI mpuMep GYHKIUE ¢ MPOBEPKOIl BBIOJIHEHUS BCEX YCJIOBUIL.

(+/2) npaBubHbli puMep DYHKIME Ge3 TPOBEPKH W HECTPOrOe PeIleHne MyHKTa 0, OCHO-
BaHHOE HA CUMMETPHSIX
nJin
NPaBWILHBIN puMep (PYHKIUU 0€3 MPOBEPKH W PeIleHue MyHKTa O ¢ MPOIyIIeHHbIM

nraromM

(+/-) Tommoe pemenne mynkra 6)
nJjin
npumvep GYHKIME ¢ TPOBEPKOil 1 HECTPOTOe perieHne MyHKTa 0, OCHOBAHHOE Ha CHM-
MeTPHAX
nJjim

npumMep (GYHKIUN ¢ TTPOBEPKOl U pellleHre MyHKTa O ¢ MPOMYIEeHHBIM IIaroM
(+.) Ilpumep dyHKIMN 6€3 TPOBEPKH U TOJHOE PEIleHne MyHKTa 6).

(+) Ilyukr a: BepHbiii npuMep ¢ HPOBEPKON BCEX YCJIOBUIl U II0JIHOE PelieHHe MyHKTa 0)



4. [lers xo4yeT npoBepuTh 3HaHUs cBoero Opara Koy — 1mobepuresist omMira/ibl “Boiciiast
npoba” mo maremaruke. /s sroro Ilers 3ajymast Tpu HATYpaIbHBIX YUCTAA G, b, ¢, 1 BbIYUC-
muwt x =HO/I(a,b), y =HO/(b, ¢), 2z =HO/I(c, a). 3arem OH Hammcas Ha JOCKe TPH PAIa IO
[STh YHCET B KayKIOM:

6, 8, 12, 18, 24

14, 20, 28, 44, 56
5, 15, 18, 27, 42

[Terst coobmum Kose, 9T0 0j1HO U3 Ynce B IEPBOM PSIIY PABHO X, OJHO U3 YUCET BO BTOPOM
pdLy PaBHO ¥, OJHO U3 YUCEJ B TPETHEM PSIy PABHO 2, U MOUPOCUT yrajaTh UUCIA T, Y, 2.
[TomymaB HeCKOTbKO MUHYT, Kosa cupaBuica ¢ 3aaadeil, TpaBUIbHO HA3BaB BCE TPHU UHUCTA.

Haszosure ux u Bbl. JJokazkure, 94T0 CyIeCcTBYeT €JMHCTBEHHAsI TaKas Tpoiika (z,y, 2).
Omeem. x =8, y =14, z = 18.

Pewerue. Mbl Oyem ucoJib30BaTh CJe/yIoniee yrBepK/IeHue:
Jlemma. FEeau dea us wucea x,y,z 0eAAMCA HG HEKOMOPOE HAMYPAALHOE YUCAO T, MO U

mpemuve deAumcs Ha M.
Zoxaszamenavcmeo. Ilycth Hampumep x u y JAesiTcd Ha M.

rm = a:m, bim a:m .
) ) ) = ) = zZm.
y:m = bom, c:m. cm

]

CrencrBue: ecau 00H0 U3 Wuces x,y, 2 He 0eAUMCA Ha M, MO U3 0CMABUUTLCA 08YT TOMA

OvL 00HO Modce He deaumcs Ha m.
PaccmoTpum Tenephb JaHHbIE B 3aja4e 4UCIa;
6, 8, 12, 18, 24
14, 20, 28, 44, 56
5, 15, 18, 27, 42
3aMeTHM, YTO B IIEPBBIX JIBYX CTPOKAX BCE YUCIA YETHBHIC, T.e. T2, 12 = 212 = 2z = 18
wm z = 42. Jlanee, oba uncaa 18 u 42 nensarca Ha 3, T.e. 2:3. Bo BTOpoil ¢TpoKe HeT uuce,
Jensmuxcd Ha 3, T.e. y /3 = x [3 = x = 8. lanee, x:4, z /4 =y 4 = y = 14. Hakonen
v, x JT =z [T=2z=18.
Suavenus x = 8, y = 14, z = 18 BO3MOKHBI, HAIIPUMED, TIpu a = 72, b = 56, ¢ = 126.

Kpumepuu ouernusarus pewerud.

(=) Pemienne, se cooTBeTCTBYIOINIEE HU OJHOMY M3 HEPEYHCICHHBIX HUKE KPUTEPHEB.
(-.) Pacemorpena eimMocTh Ha OJHO 9HCJIO.

(-=/+) Paccmorpena neqmMoCTh Ha JBa YHCIIA
1JI
copmyupoBaHa U J0Ka3aHa JeMMa, AaHAJOTHIHAS WM PABHOCUIbHASL JIEMMe U3 [PH-

BEJIEHHOI'O BbIIIIe PENIeHUS.



(+/2) Paccmorpena neqimMOCTb HA TPH YHCJIA.

(+.) Jlemma, anamoruvdHasg WIH PABHOCUIbHAS JIEMMe W3 IPUBEIEHHOTO BBIIIE DEIIeHUS,

HCIIOJIb3YyeTCA B PACCYKACHUAX, HO HUKAK HE JOKa3aHa.

(+) BepH0e penienne: moJjay4vex HpaBI/IJIbeIﬁ OTBET U JOKa3aHa ero €JMHCTBEHHOCTbD.



5. J/IBa KOopu/10pa BHICOTOM ¥ MUPUHON B 1 M MLy T HePHEHUKYJIAPHO JAPYT JIPYTY 110 IEePBOMY
U BTOpPOMY 3Taxy 3ianus. Pazgensioniee ux nepekpbiTue pazobpano, obpasyst abipy 1 X
1 M B moJsy ojJiHOrO M MOTOJKe Jpyroro. KakoBa mMakcuMasibHas JTHHA OAJTKH, KOTOPYIO
MOXKHO MEpPeJIATh U3 OJHOIO KOPHIOpa B ApYroi depe3 npipy? (Baaky caurars HerHyImMMCst
OTPE3KOM HYJIEBOI TOJINIUHBI. TOJIIUHA IEPEKPbITUS TaKzKe paBHA HYJIIO, T.€. 110/ BEDXHEI'O

KODHJIOPA U TOTOJIOK HUZKHEr0 KOPHIOPA HAXOJATCS B OJHOMN MJIOCKOCTH. )

Omeem. % - (2 + NOER

Pewenue.

[Iycts A u B — xouIp 6aiku, mpuaém B — HUKHU KOHEI, KOTOPBIil TePBBIM MO, 1aeT
B HUKHUI KOpUIOp (cumTaem, 910 GajiKy HepeIaroT W3 BEpXHEro KOPUIAOpA B HUKHWIA).
3
Ob6o3HaYnM 171 KPATKOCTU d = % (24 V/4)2 — ykaszaunyio B orBeTe aauny Gaaxu, PQRS
— KBaJIpat, 0b6pas3yoiiuii JabIpy.

Pemenne 6ymer cocroarh 3 aByX dacteit: I — MBI moKakeM, Kak mepeaTh OAJIKYy yKa-
3anHHoit B orere ;ymHbl, u II — jgokaxkem, 4ro OasiKy OoJiblIeill JI/IMHBI HEJIb3sl HEPEIATh
HUKAKHAM CIIOCOOOM.

I. Ham nonamobsitest cieayronme A0noaHuTebable 00o3Hadernst. CTeHa BEPXHEro KO-
puIopa, Mpoxoisinas dyepe3 Toukn (), R, mepecekaercst ¢ MOTOJIKOM BEPXHEr0 KOPHIOPa IO
npsiMoii a (eMm. prcyHOK ). CTeHa HUZKHEro KOPHI0pa, cojepskamias Toukn R, S, mepecekaercst
¢ TOJIOM HUZKHEro KOpujaopa o mpamoit b. (1, Ry — opToroHajbHbIe IPOEKINUH ToUeK (), R
Ha TPAMYIO a, Ry, So — OpTOTOHAIbHBIE IPOEKITNNA TOUEK R{S Ha IIPSAMY 0 b. Ay, By — TOUKHI
Ha UPAMBIX @, b coorBercTBenno, takue, 4ro AgQ; = QiR u BySs = SsRs. Orpesku PA

n P By napaienbust orpe3ky ()15, mosromy Touku P, Ay, By /exkar BIOIb OJHON MPSIMOI,

npuuém PAy = PBy = /3.
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[Tepememntenne Gaixu OyeT COCTOATH U3 ceayomux maros (M. pucynkn (1)-(4) bimte):

(1) Pacnosnoxum 6aiky Tak, 4robbl 6 KoHen A Jjiexkaj Ha UpsiMoii a, a Koner, B Haxo-

JUJICS B Touke P.

(2) Byuem nepememars eé kounen, A Bj1oJib HpsAMOil @, Tak 4robbl caMa DaJjika BCE BpeMsi
POXO/IMJIa Yepe3 TouKy P.

(3) Takoe nepemerenne GyemM MpoOIOIKATH JI0 TEX 1OpP, MOKa Touka A He coBmaJgér ¢
Ap. B 10T MOMEHT DaJika pachoIoKUTCs BIOAb npsaMoit Ay By.

(4) Barem Gymem nBurath O6aJKy BIOJIb npsiMoii AgBy, 10 Tex mop, moka Touka B He
coBIaieT ¢ By.

(5) Hakoner 6ysem aBurath To4Ky B B1oJib HpsMOil b, Tak, 9T00bI BCst OAJIKA 10 PEeK-

HEMY TIpOXO/iuJia Yepe3 P, 10 Tex mop, moka Bcs H6ajka He OKaxKeTCs B HUZXKHEM KOPHUIope.

KutoueBoit axt, KOTOpbIii HY:KHO NPOBEPUTH — YTO TAKOE HEPEMEIeHHe OCYHIeCTBY-
MO, T.e. 9TO OaJika BCE BpeMms Oy/eT HAXOAUTHCS HEJIUNKOM BHYTPH KOPHUIOPOB. OUeBUIHO
JOCTATOYHO TMPOBEPUTH €ro TOJBKO jijig maros (1) — (3)

[TpoBeiém TIIOCKOCTh § Yepe3 MpsaMyio a u Touky P. Ha mporsizkennn Beex mmaros (1) —
(4) Ganka HAXOMUTCS BHYTPU IIOCKOCTH §, CJEJOBATENHLHO MOXKHO HCCJIEJOBATH JBUKEHUE
GaJKM OTAETHHO B 3TOii IOCKOCTH (pucyHOK Huzke). [lycts AQ)y = z. [Ipommum npamyo AP
JIO TIepeceveHust CO CTeHO HuzKHero kopujiopa B Touke X . Torja us 1nopodust TpeyrojbHIKOB
APQ1 n AX Ry mecinoxuo Haiitn AX = mTH -v/2 + x2. Tlpoussognas 310i PyHKIUU paBHA
:EQT;T;Q?. Otciofna BHJIHO, YTO MUHUMYM (DYHKIIUU JOCTUTAETCI IIPU T = /2. Tloncrasnsst
9TO 3HaUeHUe B Bhipakenue jig AX, noydaem nocse npeobpasosanuii min(AX) = d (ua-
nomuuM, d 0603HaAYAET YUCI0, yKazaHHoe B orBere). Takum obpasom jyinna AX BCE Bpemsi
He MeHbIIe b 6aaku (B yacrHocrd nipu © = 1 AX = 23 > d), r.e. TOuka B HUKOT/a He

BBIXOJINT 3a Tpeaebl orpeska AX, a 3HAYUT U 3a Mpeaebl KOPUIOPOB, 9TO U TPebOBAIOCH.
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II. Teneps moKaxkeMm, 9TO OANKY JIUHBI OOJBINE d HEBO3MOYKHO MEpPeJaTh U3 OJHOTO KO-

pugopa B Apyroit aukakum crmocobom. [lycrs O — touka Gasiku, jesisiiiasi €€ B OTHOIIEHUN



3
AO : OB = /2 : 1. TIocKoJIbKY ABHIKEHHE GAJIKH HELPEPBIBHO, IPH JIOGOM CLOCOGe mepe-
Jla9i BO3HUKHET MOMEHT, Korja Touka () okaxkercss B miaockoctu PQRS. Tlokaxkewm, 910 B

9TOT MOMEHT JIJIMHA OAJIKNA He MOXKeT ObITh OoJblie d.

[lycts o m § — BepTUKaJBbHBIE TIOCKOCTH, TPOXOasIiue depe3 () mapasiebHO OCSIM BepX-
HEero W HUZKHETro KOPHIOpa COOTBETCTBEHHO, 24 — paccTosaue or A 10 miockoctn PQRS,
T A — paccTostHEe 0T A 10 o, Y4 — paccrostaue or A 10 3, 2, T, Yp — AHAJIOTHYHBIE PaC-
crosiuust Juist Toukn B. (Ha pucynke Huzke cieBa m300pazkén "Buj| cBepxy” B IPOEKIMU HA
miockocth PQRS, miockoctn v u f pOenupyroTcss B MPsIMble, OTPE3KU 24 U Zp HE BUJI-

HBI, T.K. Ipoenupyorcs B ToUKn A u B coorBercrBerHo. Touka () HaXOAUTCS B ILIOCKOCTH

PQRS).

g
o]

OUeBUIHO 24 : 2B = T4 : X = YA : YB = V2 1. Kpowme toro, x4 <1, yg <1, z4 < 1.

Torna nymna Beeil baaku

2 2 1 1
AB = (1492) 1 Ja2 + 4% + 22 = (14V/2) 4 [ 24 142 + “A < (1492) = +1 4 —= =
( ) B yB B ( ) \3/1 yB \3/1—( ) \3/4—1 \3/21

Kpumepuu ouenusarus pewerud.

(=) Pemienue, He cojepzkaliee MPOJIBUKEHNI B MPABUILHOM HABIPABIEHHUH, & TAK ZKe JIIO-

6oe pelente, B KOTOPOM yKa3aH OTBeT 2v/3.

(-=/4+) Umeercsa npaBuibHas ujest pelieHus (aJrOpUTM IPOTACKUBAHUS OAJKH Yepe3 OTBep-
CTHE) ¥ TONBITKA (He JOBeJEHHAs JIO KOHIA) cOocTaBjeHns (DYHKIUH, BbIpazKaromeii

JuinHy orpeska AX depes nepeMeHHyo.

(+/-) B 3amade moayven NpaBUJIBHBIA OTBET U MOKA3aHO, YTO OAJKY TAKOW JIHHBI MOKHO

nepeaaThb. OaHAKO He T0Ka3aHo, UTO O6AIKY OObINeil JIUHBI TepeaaTh Helb3d.

(+) Bepnoe pemenne (oTBeT + croco6 nporackuBaHus GajKu + JOKA3ATEIbCTBO MAKCH-
MAaJIbHOCTH ).



6. Tabauma n X n 3anojHsiercd HarTypajdbHbiMu ducjaamu oT 1 g0 2016 Tak, 4ro0Obl HU B
OJIHOi CTPOKE ¥ HU B OJHOM CTOJIOIE He OBLIO JBYX OJMHAKOBBIX uuces. CoBIaIeHUE YUCE/I,
CTOSINIUX B PA3HBIX CTOJIONAX W CTPOKaX, jomyckaercs. Ilycts f(n) - KOJIXYIECTBO TAaKuUX
paccranoBok. Hampumep f(1) = 2016, f(2017) = 0.

a) Yro 6osbmre, f(2015) nam f(2016)7

6) Yro Gosbre, f(1008) wau f(1009)7

Omeem. a) f(2015) > f(2016), 6) f(1009) > f(1008).

Pewenue. Obo3natdum depe3 S, MHOZKECTBO BCeX TPeOyeMbIX PACCTAHOBOK JIJTsT TAOJIUIIHI

n X n. Torma f(n) M0 onpe/eIeHNI0 PABHO KOJIMYECTBY 9JIEMEHTOB B MHOKECTBE S,,.

Beeigm onepaiuio g Ha | TabinIeil, 3aKII0YaroNLy I0cs B YA eHH! MOCIeiHero (KpaifHero

paBoro) crosbia u nocae neii (Kpaiineil HuzKHeil) crpokn Tabaunel. [Ipumvep:

1 12 3 17
2015 17 1 8 123
- =215 17 1

100 2 101 56 9(t) 015 17
100 2 101

101 4 6 12

Ouesngno, ecmu t € S, 10 g(t) € Sp_1.

a) MbI jokazkeM, 9T0 oToOpazkenue g : Sagig — Sog1s SABISETCS HHBEKTHBHBIM (CMBICIT
TepMuHa Oy/eT PazbsCHEH Jlajiee), U IPU ITOM ero o0pa3 He IOKPbIBAET BCEIO MHOKECTBA

So015. O1ciona Oyzer caegoBarh TpedyemMoe HEPaBEHCTBO.

YrBepxkaenune 1. [lycmov dana mabauya y € Sop15. To2da cywecmsyem re boaee 00101

mabauyve x € Sag16 marot, wmo g(x) = y.

Jlokasamenavcmeo. Bynem BoccraHaBIMBATH TabJHUILy 2 10 W3BECTHOH Tabmuue y = g(x).

st HarasiHOCTH W300pa3uM 06e Tab/IuIbl CJIe/LYIONUM 00Pa3OM:

ay
as
as
. ]
L]
a2015
by by by -+ - boms | ¢
T.e. myctb nocseanuit crosider TabJuIbl T COAEPKUT HEU3BECTHBIE YUCJIA A1, . . . , 42015, C,
a TMOCJIe/IHSISI CTPOKA COAEPKUT HEeU3BeCTHhIe ducaa by, ..., bygs, C.

Yucsio a; K0MKHO OTJIMIATHCS OT BCEX YUCEJ B CTPOKE ¢ HOMepoM ¢ Tabsmnbl y. Ho B Jtio-
6oit crpoke TabauIbl y croaT 2015 pasnuaHbX ynces n3 Maoxecta {1, 2, ...2016}, r.e. as
@; OCTAéTCs eMHCTBEHHOE BO3MOXKHOe 3HadenHne. CaenoBaTeIbHO BCe YUCTA A1, . . . , (o015 Of-
HO3HATHO OTPEIEIAI0TCS M0 TabIuIe Y. AHAJTOTHYIHO, PACCMATPUBAS CTOJIOIBI, OTHOZHATHO

BOCCTaHaBIMBaeM 4HuCIa b;.



Ecin cpein BoccTaHOBJIEHHBIX YHCEN (1, . . ., A2015 €CTh OJNHAKOBbIE, TOJIy9aeM POTHBO-
pedre ¢ yCJOBHEM, W CJIeI0BATeIbHO TabJIUIbl X, YI0BIeTBOpsitoNieil paBHecTBY ¢(T) = Y, He
cymectByer. Ecin ke Bce a; pasiudHbl, 1 Bee b; pa3JM4Hbl, TO YUCJIO € JOJZKHO OTJIXIAThCHI

OT HHUX BCeX, I TaKO€ YHCJIO TOXKE €JMHCTBEHHO.

Wrak, ecim Tabaumna & CymecTByeT, TO OHA €IMHCTBEHHA, YTO U TPebOBaIOCH. O

CrezcrBue: ecin 1, Ty € Sogig U L1 # Tz, T0 g(x1) # g(x2). (OToGparkenune g ¢ TakKuM

CBOWCTBOM B MATEMATHKE HA3BIBACTCS UHBEKMUGHBIM ).

VrBepxkaenue 2. Cywecmeyem mabauya y € Sag1s makad, wmo Yr € Sogis @ g(T) #
Y.

Joxazamenrvcmeo. Paccmorpum tabauiy y € Sogis, B MEPBOH CTPOKE KOTOPOIl HAMCAHBI
noapsan uncaa 1,2, ...,2015, a B cJIeAyIOMUX CTPOKAaX — Te YKe YNCJIa, CABUTaeMble TI0 KTy
KaxKIplii pa3 Ha 1:

1 2 3 ... 2013 2014 2105
2015 1 2 3 ... 2013 2014
Y= 2014 2015 1 2 3 ... 2013

BoccranaBiauBas 1o Heit Tab/uIly o Tak rKe, KaK 3TO CAEJAAHO BBIIIE, MBI MOJAyYaeM (i =
s = -+ = agp15 = 2016, aTo mpoTuBopeunT ycjaopuio. CiegoBaTe/IbHO UCKOMOW TaOINAIIBI X
He CYTIeCTBYeT. O

13 noKa3aHHBIX YTBEPXKIEHUI CIEIYeT, 9TO B MHOMKECTBE S5 OOJBIIE 3JEMEHTOB, IeM
B S20167 T.€. f(2015) > f(2016)

[IpomnmocTpupyeM HArJISIHO MOCTETHUN TIMar paccy:KaeHusd. lIpeanono:Kum, 9TO MBI
BBINKCAJNA B PsiJl BCE BO3MOXKHBIE TAOJIUIbBI X1,...,Tx W3 MHOKECTBA Sonig. PaccMoTpum

CJIJIYIONTYIO JUarpaMMy OTOOParKeHHs ¢:

Iy Zo T3 TK
{ { { {
g(r1) g(r2) g(xs) ... glrr) y

B muO)KecTBe Sog16 pOBHO K 3/1EMEHTOB, U BCEe OHHM BBIIUCAHBI B BEPXHEM psiy. B HuHZK-
HeM Dy JUIs KayKJIO# TabJIMIbl & BBIMHCAHA COOTBETCTBYIONas Tabmuna ¢(r), a Takxke
MOCTPOEHHAsT B yTBep:KieHun 2 Tabjuna y. Bee Tabauipbl B HUMKHEM psijly NPUHAIEZKAT
MHOXKECTBY Sag15, ¥ BCE OHH IO JIOKa3aHHOMY pa3udHbl. Cjie10BaTeIbHO KOJUIEeCTBO Tad-

JIMI] B MHOYKECTBE Sog1; O0JBIINE, 4eM B Sai6.

6) JokazxkeMm, 4T0 mpu OTOOpazxKeHUH ¢ : Sigog —> Sioos B KAKJIYIO TaOJHUILy MHOMKE-
cTBa Sgog 0TOOpazKaeTcst boJ1ee OIMHON TabJIMIBI MHOXKECTBA S1gp9. OTCIOMA OyIeT C1e10BaTh

TpedyeMoe HEPABEHCTRBO.

YrBepxkaenune 3. [lycmo dana mabauya y € Sigos. To2da cywecmeyem ne menee 1007

Pa3AuNHOLT mabauy T € Sigpg maxuz, wmo g(x) =y.

Jlokasamesvemeo. Tak ke, Kak B 1. a), ©300pa3uM HALJISIHO paBeHCTBO ¢(T) = ¥
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as
as
. ]
. ]
1008
by by b3 -+ -+ bipg | C

[TokazkeMm, Kax JJIsI 3aJaHHONH TaOJHILL i € Sigog MocTpouTh He MeHee 1007 pasjImIHBIX
TabJINI X, YIOBJIETBOPSIONINX PaBeHCTBY ¢(T) = y.

B o6bennenny mepBoit ¢TPOKM U MepBOro c¢Tosidna tabsmipl y Hanucano 2015 ancen (He
006s3aTeIbHO BCe PAa3IHYHbIe), II09TOMY CYIIECTBYeT YHCJIO u3 MHOXKectBa {1,2,...,2016},
KOTOpPOrO HET HH B IEpBOHl CTPOKEe, HU B MEPBOM CTOJ0me Tabmuubl y. Ilomoxum a; u by

paBHbIMEU 3TOMY umciy. T.e. coryiacHO Hamemy BuIOOpPY ap = bj.

Jna ¢ = 2,3,...1008 6ymem mocie10BaTeIbHO BRIOUPATH YUCAA @; TaK, 9TOOBI YUCTIO a;
HE PaBHSJIOCH HU OJIHOMY W3 9YHCE] B i~ CTPOKE TabJIUIBI Y, & TAKZKEe HE PABHSIJIOCH yI7Ke
BBIODAHHBIM YUCJAM @7, ...,0; 1. 1aKoil BHIOOP Bcerjia CyHIeCTBYeT, T.K. 3alperniéHHbIMu’
OKa3bIBaIOTCH Beerna ne 6osee 1008 4+ 1007 = 2015 umncet.

Ananormuno aas j = 2,3,...1008 OGyaem mocieoBaTebHO BHIOMpaTh uncaa b; Tak,
9TOOBI 9MCI0 b; He PABHSAJIOCH HU OJHOMY M3 UHCET B j-M CTOJIOIE TabIWIBI Y, a TaKyKe He

paBHAIOCH YHCTaM by, ..., b 1.

Mp! H3Ha4a/IbHO BRIOpAIH a1 = by, HO3TOMY cpeju duces a;, b, 4,7 = 1...1008, ne 6oJee
2015 pazauunbIX. [ToaTOMy MOXKHO BBIOpATH YHCJIO ¢ OTJIUYHBIM OT HUX BCEX, U T€M CaMbIM
3aBepIUTh HOcTpoeHue Tadbuipl . [locTpoernas Tabiuia  y10BJAeTBOPSIET BCEM YCJIOBUAM

3aJ1a9d U MPUHAJIEKUT MHOKECTBY Siogg, PH 3TOM ¢(T) = ¥.

3amerum, 4To Py BLIOOPE YKC/Ia ay 3alpeniéHabivMu ObLiu He Oosiee 1009 uncest (duciia Bo
BTODOii CTPOKe TabuuIpbl Y U 9ucio ap). [Tosromy nmesnocs He menee 1007 crioco60B BHIOpATH
YHCJIO0 (9, W BCE OHU MPUBEIN ObI K pa3andabiM Tabsunam x. CaeaoBaresbHO TAKUX TaOJINIL

x, 1t Koropeix g(x) = y, e menee 1007, uTo u TpebOBAIOCH JOKA3AT. O

Kpumepuu ouernusarus pewernu.

() Peuenne He coOTBETCTBYET HU OJHOMY U3 II€PEUUC/IEHHBIX HUZKE KPUTEPHUEE.
(-/+) B uynkre a) pokazano, uro f(2015) > f(2016) (mecrporoe HepaBeHCTBO).
(4+/2) IloaHOCTBIO PEIIéH OJUH U3 IYHKTOB.

(+/-) B 06oux myHKTax JOKa3aHO HECTPOTOE HEPABEHCTBO.
)

(+) Bephoe pemenne 060ux myHKTOB.



MepeBos oueHOK B 6ansbl B onmmnuage «Bbicwana npoba» no matematuke 8 2015/2016 yyebHom roay

10 knacc 11 knacc
OueHka 7 knacc 8 knacc 9 knacc
1 3apgava | 2 3apgava | 3 3agava | 4 3agava | 5 3apgava | 6 3agava | 1 3agava | 2 3agava | 3 3agava | 4 3agava | 5 3agava | 6 3agava
+ 20 20 20 20 20 20 20 20 20 20 20 20 20 20 20
+. 19 19 19 19 19 19 18 19 19 19 19 18 19 19 19
+— 16 16 16 17 16 16 13 16 16 17 16 13 16 16 16
+2 10 10 10 12 10 10 10 10 10 12 10 10 10 10 10
-+ 5 5 5 5 5 5 7 5 5 5 5 7 5 8 5
- 1 1 1 1 1 1 5 1 1 1 1 5 1 1 1
- 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0




MexperuoHajibHasi 0JJMMIINAIA INKOJbHUKOB
«BbIcmias npoda»

2015-2016 yueOHbIii rox

KPUTEPUU OIIPEJEJIEHM S IIOBEAUTEJENU U
[TPU3EPOB 3AKIIOYUTEJIbBHOI'O 5TAIIA no

MATEMATHKE
NOBEOUTENU NPU3EPDI

9 AnnnomaHTbl 1 cTreneHu AnnnomaHTbl 2 cTeneHun AnnnomaHTbl 3 cTeneHun
5

Kputepumn onpegenenus Kputepumn onpegenenusn Kputepumn onpegenenusn
7 oT1 80 n Bblwe oT 69 go 97 o1 60 o 68
8 oT1 80 n Bbile ot 64 po 79 o150 go 63
9 o1 80 n Bbiwe ot 60 o 79 ot 45 o 59
10 ot 80 u Bbiwe ot 62 no 79 ot45 po 61
11 oT 83 n Bbille oT 65 go 82 o1 50 po 64




