OsmMmnuaza mKoabHUKOB «Hazexga sHepreTuku». OT60pouHbli aTan. OyHas ¢opma.

3AZJAYN 110 MATEMATHUKE

Bamaga 1 (11 kmacce).
Haiisinre ocTaTok OT JefeHns MHOTOWICHA,

201 92018 4 32017 901822 + 2019z

Ha MHOI'OYJICH 213'3 — X.

Pemienne.

OboznaunM UCXOMHbIA MHOTOWIEH Yepe3 P(x), a wacruoe uepe3 Q(z). [lo-
CKOJIbKY JIeJIUTeNIb UMEeT CTereHb 3, TO OCTaTKOM OyjieT MHOTOWJIEH CTEereHu He
Bbilie Bropoit. Takum obpasom,

P(x) = Q(x) - (2* — x) + az® + bz +c.

[ToncraBum B 310 paBencTBo noodepeano x =0, z =1, v = —1.
P(0)=0+c¢,
P(1)=0+a+b+c,

P(-1)=04+a—-b+c.

Ocraercst Boraucauth 3unadenust P(0), P(1), P(—1) u pemurh 10Jy9YeHHYIO CH-
cremy. Vmeem

P(1)=1-2+43—4+...42017 — 2018 + 2019 =
(1—2)+(3—4)+...+ (2017 — 2018) + 2019 = (—1) - 1009 + 2019 = 1010.

1+ 201
P(—l):—1—2—3—4—...—2019:—+T09-2019:—1010-2019.
Teneps cucrema Jijist Koo MUIIMEHTOB IPUHUMAET BH]

c=0,

a+ b= 1010,

a—b=—1010 - 2019.
Orkyna

a = —1010- 1009, b= 1010

OTBer.

—101909022 + 1020100z = —1010 - 100922 + 1010%z = 10102(1010 — 1009x).



Bamaua 2 (11 kaacc).
Permure ypaBrenue ¢ iByMs Hen3BeCTHBIME 1 (DYHKIHEH T1€J10# TacT

T+ |r —y| .,
— | ==

Pemienne.
1. Jlepast yacTh — IEJI0€ YUCJIO, OITOMY M IpaBas 9acTh, YUCJIO T, — IEJI0e.
2. VYpaBuenue paBHOCHJIbHO cucreme nepasencts © < (r+ |x —y|)/2 <z + 1
IpU HEJbIX T, T. €.
r<|r—y|<z+2 x € Z. (1)

3. IIpu o < y u3 (1) nosydyaem cucremy yciaoBuii

x € 7,
r <y, (2)
20 <y<2z+2 (3

[loncrasnss B (2) u (3) mesbie x, HAXOIUM:
ecmx=0,toy €[0;2); ecmmax =110y € [2;4); ecmux=2 10y € [4;6);
.y ecmmx =—1,toy € [—1;0). Ecim ke x < =2, 170 20+2 < x v nosToMy
HepaBeHCTBa i > T U Yy < 2T + 2 HecoBMmecTHbl. VTak, nojydaem ciejyloliue
perenust (x;y):
r=—1, y € [—1; 0); ()
r=0,1,2,..., y € [2x; 2z + 2).

4. Tlpu = > y u3 (1) nosydaem cucremy yciaoBuii
x € 7,

T 2y,
—2<y<O0.

Eciau x > 0, ro y € (—2; 0]. Eciu x = —1, oy € (—=2; —1]. Ecin xe
x < —2, To HEpaBeHCTBa Yy < X U Y > —2 HECOBMECTHHDI.
Urak, noaydaeM cienytoriue perrerust (x;y):

v =0,1,2,..., ye (-2 0.

O6beunss perennst (4) u (5), moaydaem
OrBert: napb! (;y) Takue, 9T0

r=-1, ye[=2 0);
r=0,1,2,..., ye(—2; 0]U[2z; 22+ 2).



Bamaga 3 (10 kaacc).

Hekoropblil mapamMerp TeXHOJOIHYECKOro Mporecca B 00JaCTH SHEPIeTHKH H3-
MEHSIETCsI BO BPEMEHH 110 3aKOHY
(1) = t'+12+5
U= ez

C ToukyM 3penust 6E30IMACHOCTH BaXKHO, YTOOBI €r0 3HAUYCHUST HE OIYCKAJMCH HIXKE

M3BeCTHOrO Topora. Haiiure HauMeHnbinee 3Hauenne napaMerpa p(t) winm jgoka-
JKUTE, 4TO ero He CYIIeCTBYeT.

Pemenne. Cnenaem 3ameny t2 = z > 0. Torna

_1:2+x+5_1 1 5)

P =@ =y o T o et

e u = 1/(z + 1). Ksagparupii rpexunen g(u) = 5u? — u + 1 umeer MUHAMYM
npu u = ug = —(—1)/(2 - 5). uauenuto uy COOTBETCTBYIOT 3HAYCHUsT To = 9 U
to = 3 (t > 0). Takum obpazom,

Pmin(t) = p(to) = f(x0) = g(uo) =5-(0,1)* = 0,1+ 1 =10,95.
OrBeT: P, = 0,95.

Banma4a 4 (10 kaacc).
[Iycts X (p) — MHOXKECTBO BCeX KOpHEl ypaBHEHUSs

p2

sin

te?r = .
g 2

Haiiure Bee p, 1711 KOTOPBIX MHOXKeCTBO X (p) HEIYCTO U OTJIMIHO OT MHOXKECTBA,

X(0).

Pemnienne

1. OJI3 nmepemenHoii omnpeesieTcss HepaBeHCTBOM sin x cos 7 0.
2. TIpu p = 0 monyuaem X (0) = ().

3. IIpeobpasyem ypasuenue na ero OJ13: sin* x = p? cos? z.

Bamenss cos’z =t, 0 < t < 1, noaydaem:

(1-t)?=p* & * -~ 2+p)t+1=0.

4. Ecu p =0, To t = cos’z = 1 me Bxomut B OJI3.
5. ITpu p # 0 xBajpaTHOE ypaBHEHUe nMeeT AucKpuMuHanT p2(4 + p?) > 0 u
KOPHU

f = 2P = VP )

2 9

L2 VPP
2 = )
2



npuuem 0 < t1 < 1, to > 1. Takum obpaszom,
ecim p # 0,10 X(p) = {x | cos’z =11}, X(p) # 0, X(p) # X(0).

OTget: p # 0.

Bamaua 5 (10 kaacc).

[Ipenebpexkenune 3akoHaMU CBOOOJHOIO DPBIHKA MOXKET JiejiaTh OM3HEC Heyc-
TOMYIMBLIM U BECTH K PA30PEHHIO OJHOI0 M3 y4IacTHHKOB. Tak, HedTaHas KOM-
nanust «CBepxaKaJHOCThy BeJia JIesIo caeayionmmM obpaszoM. Tloayaus 3a mecsir
IpUOBLIL, KOMIAHWS YBEJIUUINUBAJIA JOOBIYY M IOBBIIIAJA HEHY, YTOOLI B CJIEIY-
IOIEM MecsIle MOJYyUYUTh elie 00/bmyo npubblib. OJHAKO CIIPOC CHUXKAJCH, U
KOMTIaHUst Tepriesia yObITKY (Mostydalia OTpuliaTe bHy o Iprubbuib). B ciepyiomitm
38 9TUM MECsIIe KOMIIAHWS COKpaIaJia, JI0ObIIy ¥ CHUXKAJA IEHY, CIPOC BO3PaC-
TaJI, 1 Bo3pacTaJia IpudbLIb. B mocieayonime 1Ba Mecsiia aHaJOrnIHbI 3¢ dekT
noBropsiicd. [Ipu aTom npubbLib B J-il Mecsdll onuchiBaeTcs (popMyJioit

a;=(-1)'(3j —2), j=0,1,2,...

Haiinnre cymmapuyto nmpubbLin S, = ag + a1 + « -+ + a, ITOil KOMIaHWK 3a N
mecsnes (n=0,1,2,...).

Perienne.
BbILH/ICJH/IM HepBbIe YJIEHbBI HOCHGI[OB&TGHBHOCTH N UX CyMMbIZ

Jj10 1.2 3 4 5
a; -2 -1 4 -7 10 -13.
Si|-2 -3 1 -6 4 -9
3aMeruM, 4To

Sk+2 = Sk + ar+1 + ar+9 = Sk + (—1)k+1(3(l€ + 1) — 2) + (—1)k+2(3(]€ + 2) - 2) =
= Sp + (=) Bk + 1) + (=1)*(3k + 4).
Ecnu k gerno, T. e. kK = 2m, T0
Spio =S — (3]€+1)+(3]€—|—4) =5y +3, Sp=-2,

OTKY/Ia
Som = —2 + 3m.

Ecin xe k nedgerno, k = 2m + 1, To
Skr2o =S+ Bk+1)—Bk+4)=5,—-3, S1=-3,

OTKY/1a
ng+1 = —3(m -+ 1)



Otser. Eciu n verno, to S, = (3/2)n — 2.
Ecin n neverno, to S, = (—3/2)(n + 1).

Banma4a 6 (9 kiacc).
Haiimure ,y, 2, 1pu KOTOPBIX PABEHCTBO

X

<

LY z _2a2+a—2
a—1 a (a—1)2 a—2a+a

BBIIIOJIHAETCA IIPKU BCEX JIOIIYCTUMBIX (.

Pemtenwne.
[Tpusejiem Jipobu B JieBOI YacTu paBeHCTBa K ODIIEMY 3HaAMEHATEJIIO.

a*r —ax +a’y —2ay +y+az  2a*+a—2

a(a —1)2 a? —2a>+a

[TockonbKy 3HAMEHATEN JIpOoOEit paBHBI, JOJXKHBI OBITH TOXKJIECTBEHHO PaBHbI
VX TUCJUTENH (T.€. DABHBI DU JIIOOBIX 3HAUCHUSX (). DTO PABEHCTBO OY/I€T UMETh
MECTO, KOrJia paBHbI KOIMD@MUIMEHTHI MPU Pa3HbIX CTENEHSX @ B JIEBOW U MPaBOi
yactsix paBencrna. [losyuaem

2

npu a” : r+y =2,
pu a : —x —2y+z=1,
CBOOOJTHBIE YJICHHI : y=—2.

Pemmas mosydennyio cucremy, HaXouM

OrBer: x =4, y=-2,2=1upua #0, a#1.

Bamada 7 (9 kiacc).

Hmeercst JiBa 0JIMHAKOBBIX 1OJHOCTHIO 3aPSIXKEHHBIX aKKYMYJIsATOPa JIJIst 3JIeK-
TpoIbLIecocoB. B mbriecoce «Buxpb» aKKyMyJIdTop paspsizKaeTcs 3a 25 JacoB
HeIIpPepbIBHON paboThl, B IbLIecoce « Bpusy — 3a 35 1acoB. AKKyMyJIATOPBI MOXKHO
HEPECTABJISITH C OJJHOIO Ibllecoca Ha Jipyroii. Kakoe nauboJibiiiee BpeMsi Herpe-
PBIBHOIT PabOTHI 0OOUX TBLLIECOB MOT'YT OOECIEUYUTH JBa TaKUX aKKyMyJsTopa’

Pemtenue. llycts x u y — Bpems (B gacax) pabOThI OJTHOTO aKKyMyJIATOPa Ha
nbLiecoce «Buxpb» 1 nbuiecoce «bpusy. Paspsiika akkyMmyiisitopa nmpu padore Ha,
JIBYX YCTPOMCTBAX O3HAUAET, ITO

—_— _— = — —:1
25+35 25+35 ’



orkyja r =y = 175/12. JIBa akkymMyJisitopa 0beciequBaioT BJBoe 0oJibliee Bpe-
Mst paboThI TBITecocoB 175/6 wacos, T. e. 29 u 1/6 waca.

OTBet: 29 vacoB 10 MUHYT.

Banma4a 8 (9 kjacc).
Permure ypaBHeHue ¢ JByMsi HCH3BECTHBIMU

T+ |z —y _
— -

Permenue. [Tpeobpasyem ypaBHenue K 9KBUBAJEHTHOMY BUJLY | — y| = .

Ecmm x < gy, To, packpbiBasg MOJYJb, MoJaydaeM y = 2x. Ycaosue z < ¥
O3HavYaeT B 3TOM ciydae, 9to x < 2z, T. e. x > 0. Wrak, mogydennsl perienust
(x,y) = (z,2z), tae © > 0.

Eciu 2 > y, To, pacKpbiBasi MOJyJIb, oay4daeM y = 0. Ycaosue x > y o3Hagaer
B 9TOM ciydae, 1uto x > 0. [lomydensr pemenus (z,y) = (z,0), rme x > 0.

(Orpanunuenve x > 0 MOXKHO TaKxKe Cpasy MOJYIUTh U3 paBeHCTBa T = | —7|.)

Orsert: naps! ances (x,0), (z,2z) npu z > 0,

Banmagda 9 (8 kiacc).

B knacce 30 yuenukon. CpefgHuil pocT Bcex YUEHMKOB Kjacca paBeH 165 cw.
Cpennuit poct jieBouek paBeH 162 c¢M, a cpeJiHUil pOCT MaJbIMKOB paBeH 172 cwm.
CKOJTbKO B KJIaCCe MaJbIMKOB M CKOJIBKO JIEBOUEK?

Pemenne.
[Tycrs B K1acce n MaJbIuKoOB U m JeBodek. Obo3Haunm depes S - CyMMapHbIi
POCT MaJIbUYMKOB, a depe3 Sy - CyMMapHbIit pocT JieBodeK. [lo ycmoBusam 3agaqu

STEOY g5 ST 70 2Y e,
n-—+m n m

T.C.
Sz + Sy=165(n+m), Sxr=172n, Sy=162m,

orkyna 172n 4+ 162m = 165n + 165m nim
n = 3m.

[Tockosbky n + m = 30, TO ocTaeTcst peunTh HOJYYEHHYIO CUCTEMY JIBYX ypaB-
HeHuit. nosydaeMm 21 manbunka u 9 jieBovex.

OTtBer. 21 maJjbuuk; 9 jieBovek.



Bamaga 10 (8 kiacc).

Ksanpar ABCD umeer mwiomaab 100 ecm?. Touku M u N — cepejinbl €ro
cropou BC' u C'D. B tpeyroapuuk CM N Brnucana OKpy»KHOCTH, OHA, KaCaeTCs
orpeska M N B touke K. Haitsure paccrosinune AK. (Oxpysicnocmo u npamas
Kacaromcs, eCii OHE UMEIOT POBHO OJHY OOIINYIO0 TOUKY, OHA HA3LIBACTCS MOukOT
kacanua. OKpYsHcHOCTI® BNUCAHA 6 MHO20Y20AbHUK, €CIIA OHA KacaeTCs KayK 1ol
3 ero cropoH. Kacameavnas x oxpyostchocmu u duamemp, nporodauwjuti wepes
MOUKY KACAHUA, NEPREHOUKYAADPHDL. )

Pemmenne. 1. Tpeyrospauku CMN u AMN pasnobenpennnie, AABM =
AADN. Ilycrh ux Mo 1 MIoIalb KBaJpara eCTh

S(AMN) =z, S(ABM) = S(ADN) =y, S(CMN) =z, S(ABCD) = a? = 100.
Torma

x + 2y 4+ z = 100.

2. Cropona kBajipata a = 10, cjie1oBaTe/bHO,
z=(a/2)%*/2=25/2, y=a-(a/2)/2 =25 x=100—2y—z="T75/2.

3. Umeem ©=MN - -AK/2=32=3-MN -CK, ciejpoBarejibHo,
AK =3-CK = 3d/4, rne d — jyinHa IuaroHaju KBajpara.
4. MoxkeM BBIYNCIUTD IJI0Ia/h KBajpara kak 100 = a? = d? /2, oTKyIa

d=10v2u AK = (3/4)-10v/2 = 15v/2/2.
Orset: 15v/2/2 cwm.

Bamaua 11 (8 knacc).

Haiiiure KomdaecTBo perieHuii 9ucjaoBoro pedyca
x x 0 %

0
0

* k%
3 0 1

Pemtenwne.

CumBout * o3Ha4daeT mpon3BosbHyIo 1udpy ot 0 10 9. Cambie JeBbie * HE MOTYT
oznadath 0. [TosTomy orm o3nagaior ndbo 1 gubo 2.

Cayuait A). Ecnu oniHo ciaraemoe HatmHaercs ¢ 1, a ipyroe ¢ 2, T0O moJiydaeM
JIBa, OYEBUJIHBIX PEIIEHUsT TAKOTO BUJIA

. 1 0 0 1 n 1 0 0 0
2 0 0 0 Wi 2 0 0 1
3 0 0 1 3 0 01

Jpyrux BapuaHTOB 37€Ch HET.



Cuayuait B). Eciu 06a ciaraembix Haunnaiorcst ¢ 1, 10 B paspsiji Thicsid Obli
IIepeHoc.
1 % 0 =
RN
3 001
3HaUNUT, B IIEPBOM CJIAra€MOM JIOJIKHO ObITH 9 COTEH M NMEPEHOC U3 MPEJIbILy-

Iero paspsijia. PaccyXaas aHaJormaHo, NPUXOJUM K KOHMDUTYypaIun

1 9 0 x
1 09 «
3 0 0 1

e nocaesiane 1mudpbl JIOKHBE B cyMMe JaBarh 11 (4robbl ObLI TepeHoc pas-
psijia). VIx MoxkHo BbiGparh 8-10 criocobamu

249=3+8=---=9+42.
Hroro B 0boux ciyuasix sMmecre Habupaercs 10 BapuaHTOB.

Orser. 10.

Bama4a 12 (7 kaacc).

B seBnIii kapMman mkoabHOrO nmukaka «llocaeansss majiexga» MOMeIaeTcs
cpasy JiBa CIPaBOYHUKA 0 MATEMaTHKe, a B IIPaBbIi — JlaXKe YeThIPe CIIPABOTHH-
Ka. CKOJIbKUMHU PA3JIMIHBIMU CIIOCOOAMU MOXKHO Pa3MeCTUTh 6 CIIPABOYHUKOB 110
000OMM KapMaHaM 9TOr0 CIIACUTEILHOTO MU KaKa?

Pemtenwne.

Haitjilem cnauaJia oblee KoJiM4ecTBo criocoboB pacipejiesinTb 6 ClipaBOuYHUKOB
B paszHoM nopsake. Ouo pasuo 6-5-4-3 - 2.

13 Bcex aTmx KOMOMHaIW Te, B KOTOPBIX B MEPBBII KapMaH IONAJIAI0T OJI-
HU M Te YK€ CHPABOYHUKH (HO B PA3HOM MOPsiJKe), OyjyT HepasamauMbl. Takux
6-5-4-3-2

5 :

I3 ocTaBmmxcst BApUAHTOB OYAYT HEPA3JIMIUMBI T€, B KOTOPBIX BO BTOPOil Kap-

koMmOunamuit 2. IToaTomy obIee KoJIM4ecTBO yMEHbIIIAETCS 10

MaH TIOMaJIAIOT OJIHU W T€ YKe CIIPABOYHUKH. TaKuX BapuaHToB 4 - 3 - 2.
[ToaToMy OKOHUATEJILHO MOJIyYaeM

6:5-4:3-2
2. (4-3-2)

Orser. 15.



Bamaua 13 (7 knacc).

Hara 2 despass 2020 r. noBosbHO nHTepecHa. Eé nudposas 3anuch 02.02.2020
CEMMETpPUYHA M COCTOUT BCErO JIMIIL U3 JBYX pasiudHbix 1udp. Haiianre Bce
JIATHI B TPEThEM ThICSIesIeTHH, 00JIaalolne TaKUMI YKe CBoiicTBamMu: 1udpoBast
3aIIACh JIATHI CUMMETPUUHA U COAEPIKUT POBHO JIBE Pa3JIMIHbIE TTUQPLL.

Pemenme. 3amnuch takoit jgarbl umeer Bup XY.Z2.27Y X, rne X,Y, 7 €
{0,1,...,9}. Ilpu srom Z2 — 3anuch HOPSJIKOBOIO HOMEDA MeCsla, CJejioBa-
TeJIbHO, BO3BMOXKHbI TOJIbKO £ =0 u £ = 1.

Ecnu Z = 0, to 3anuck garel ectb X Y.02.20 dng mudp X, Y BBIIOIHSIIOTCS
YCJIOBUS:

1) XY €{01,02,...,31}
2) X,Y € {0,2}.
Wwm coorBercTBytoT Tpu garer: 02.02.2020, 20.02.2002, 22.02.2022.

Ecin ke Z = 1, To 3anuck jarel umeer suj X Y.12.21Y X [Ipu srom B0
HSTOTCsL yCaoBust 1) u
3) X,Y € {1,2}.

VM cooTBeTcTBYIOT 4 MATHI:
11.12.2111, 12.12.2121, 21.12.2112, 22.12.2122.

OrBer. Beero 7 nar:
20.02.2002, 02.02.2020, 22.02.2022, 11.12.2111, 21.12.2112, 12.12.2121, 22.12.2122.

Bamaua 14 (6 kmaacc).

Ha mpennoBorogueMm ciiete Kazkjgas n3 npuObIBIUX Tyna 2020 cHerypouek 3a-
rajajia cJydaiHbIM 00pa3oM HEKOTOpoe drcyio. OKa3aJoch, YTO KaxKJ0e U3 ITUX
2020 guces paBHO cyMMe JIFOOBIX JIBYX JIpyrux u3 Hux. Haiijure cymmy Bcex 3a-
raJlaHHbIX CHEI'YPOUKaAMU YUCEJ.

Pemnienue.
Bosbmem Tpu niponsBosibabie unciaa u3 2020-tr 3aragannbix. Obo3HaunM ux a,
b, c. CoryiacHO yCJI0BUIO,

a=2-(b+c),
b=2-(a+c),
c=2-(a+Db).

Pemas nmomydennyio cucremy, nojydaeM a = b = ¢ = 0. Orciojia cyiejtyer, 9To Bee
YUCJIa PaBHbI HYJIIO, U UX CYMMa, TaK>XKe.

OtrBer. Cywmma pasna 0.



Bamaua 15 (5 kmaacc).

[Tonunk 1 Cuponmvnk, HaKpbIBas HOBOTOMHUI CTOJI, PA3JIOXKUIN BCE CBOU KY-
JIe0SIKY OJMHAKOBBIME psiaaMu. [Ipu 9ToM 0Ka3a10¢h, 9T0 KaK KOJUIECTBO PSJIOB,
TaK U KOJUIECTBO KYJeOsIK B KarXKJIOM M3 HUX BBIPAXKAETCs YETHHIM UUCIOM, HE
KpPATHBIM YeThIpeM. BepHo ju, 9To ecin K HEUM Ha Opas3fauk npuayT Oykcus n
Cestejiouka, TO KaxKJIOMY JIOCTAHETCsl OJINHAKOBOE KOJIMUECTBO KyJeOsK?

Pemienne.

Ob111e€ KOJIMYECTBO KYJIeOAK, COTJIACHO YCJIOBHUIO, PABHO IIPOU3BEICHUIO YeTHBIX
yuces. Kaxkjoe u3 HUX coep:KuT MHOKUTENb 2. CliejloBaTe/IbHO, UX IIPOU3BEJIe-
Hue OyjeT cojiepykarTh MHOKUTEb 4. Taknm oOpazom, obIiee KoJnIecTBO KyJedsik
siennrest 4.

To ke camoe MOXKHO 3anucaTh (popmysnamu. Ecin B psijy 2m KynneOsiK, a BCero
psoB 2k, To obIiee KOJIMYECTBO PABHO

(2m) - (2k) =4 -k - m,

cJIeJI0BaTeIbHO, JIeJIUTCsI Ha 4 0663 ocTaTKa.

OtBer. Bepno.





