OTPACJIEBAS MaTteMmaTnka. 9 Kjacc
OJIMMNUALA
TA3NPOM mKoanHKQB

Bapuanr 41

1

3anaua 1. (5 6amnoB) Halitu 3HaueHue BoipakeHus X TMpU a = ~2020° eciu
X:( 1 N 13 : 1+ 3a 2j.2+6a.
2—6a 27a -1 14+3a+9a a
Pemenue.
Ynopoctum BeipaxeHue X .
_( 1 N 1 1+3a j‘2+6a_
2-6a 274° -1 1+3a+94> a
B 1 N 1 1+3a+9a” ) 2+6a _
20-3a) Ba-1)(1+3a+9a>) 1+3a a
B 1 B 1 2(1+3a) _ 1+3a-2 2(1+3a) _
21-3a) (1-3a)(1+3a) a 2(1-3a)(1+3a) a
B 3a -1 .2(1+3a)__l
—2Ba -1+ 3a) a a
Ecm a =— ! ,To X =2020.
20
Otgert. 2020.
3anaua 2. (10 6amwioB) Pemuth ypaBHeHHe
: +4=2+4/3.
1
1—_4
+4
2x -3
Pemenue.
11 +4=2+4/3, 11 =2++/3-4,
-4 -4
1 +4 1 +4
2x =3 2x =3
1 _ 3.2, 1 4o 1 ’ 1 42 f3
1 1 J3-2 1
-4 +4 + 4
1 44 2x =3 2x -3




1 1 1 1
Torma, — =23, —+4= , +422443,
1 4 2x -3 2-3" 2x-3

2x—\/§

;zﬁ—z, 2x—3=-2-4/3, 2x=-2, x=-1.
2x—x/§

OtBer. x=-1.

3anaua 3. (15 6amioB) CpegHee TEOMETPUUECKOE ABYX MOJOKUTEIBHBIX YUCE @ U b
B 71 pa3 MEHbIIIE UX CPeaHero apudmeTrnaeckoro. JJokazaTs, 4To

a_n+yn’ -1

b n—n" -1

Pemenue. OueBumHO, uTO @ > b. 10 yCIOBHUIO 3312491 HMEEM:
a;b —n-ab, Z+1:2n.\/i. [Tpumem \/i:t >1. Torma ¢ —2nt+1=0, t,, =n+~n’ —1.

[Tpu ycnoBuu ¢ >1, t=n+\n*-1.

[ O e _(n+\/ﬁ)z_(n+\/ﬁ)z B (n+ 112—1)Z _n+n’ -1
b_t —(n \/ﬁ)z_ 1 _nz_(\/ﬁ)z_(n—\/nz—IXn+\/n2—1)_n—m.

Yto 1 TPe0OBAJIOCH 10KA3ATh.

3anaua 4. (20 6amoB)
B nome 320 kBaptup. OTHOKOMHATHBIE KBAPTUPHI COCTABISIOT O6osee 12%, HO MeHee
13% ot obOmero uucna kBaptup. 60% OT OCTaBIIMXCS OBLINM JBYXKOMHATHBIC

KBapTUPBI, OCTaJbHbIE — TpPEXKOMHATHbIE. OIMNpenenuTh Kakoe KOJIUYECTBO
MIPOIICHTOB OT OOIIEro YHCiIa KBAapTHP OSTOTO JOMa COCTaBWIM TPEXKOMHATHBIC
KBapTHUPHI.
Pemenne.

IIycth X — cyMMapHO€ KOJIMYECTBO JABYXKOMHATHBIX M TPEXKOMHATHBIX KBapTHUD,
TOTAAa KOJIMYECTBO OJJTHOKOMHATHBIX KBapTUP (320 — x).

[To ycnoBuwo 3amaum: KOJMYECTBO ABYXKOMHATHBIX KBapThp — 0,6X, KOJIUYECTBO
TPEXKOMHATHBIX KBAPTHP — 0,4Xx, KOMMYECTBO OJHOKOMHATHBIX KBAPTUP 3AKIFOUEHO
B untepsaie ot 0,12-320 mo 0,13-320, T.c.

0,12-320<320—-x<0,13-320,

38,4<320—-x<41,6,

2784 < x < 2816.
Uucno 0,6x — 4YKCIO ABYXKOMHATHBIX KBapTup — uenoe. CieqoBaTelbHO, OHO
IOJDKHO nenuTbess Ha 5. Ho B umHTepBasie 2784 <x<281,6 OmHO LEIOE YHUCIIO,



KoTopoe Jenutcs Ha 5 — 31o 280 T.e. x =280. Torga KOJIWYECTBO TPEXKOMHATHBIX
kBaptup 0,4-280=112, uro coctasnsieT 35% OT 0011ero Yncia KBapTup.

Otsert. 35%
3anaua 5. (20 6amoB)
Touka P J€XUT Ha TMIOTEHY3€ NMPSMOYIOJIBHOIO PaBHOOEAPEHHOIO TPEYTOJIbHUKA

ABC. Touka F npunagnexur karety AB, npudyem yroa FPC npsmou. Ilnomans

3
TpeyronbHuka FPC cocTaBisieT 3 wiomaau tpeyronbarka ABC. Onpenenuts, B

Kakou nponopuuu Touka P aenut ctopony AC.
Pemenmne.
A

F

B C

Tpeyronbunk ABC paBHOGeIpeHHSIit, mosToMy £ BAC = 45°.
Torna AAPF Ttoxe paBHOOeApeHHBIN 1 AP = PF = x.
O6o3naunm PC =y, AB=a.llo teopeme [Tudaropa us A4ABC:

(x+y)? =242, x+y=\/§a.

3 1 3a’ 3 a
[To ycnoButo S yppe=—S oxy=24 =24
y AFPCSAABC2y82y8x
2
Torna, x"'%'a_:ﬁa, 8x% —8+2ax+3a> =0, X, :af 1 X, :362/5_
X

HE MOJAXOMUT, TK. '€ AB n x< AB.

a2
4

x
Y 2a-

Kopens x, =

AP
Takum obpazom, —— =

Q
A2

[\

W | —

Ortser. 1:3.
3anaua 6. (30 6a1oB)
Haynagy BeIOMpaIOT YMCIIO a U3 IPOMEXKYTKa [— 6; 6]. Haiitn BeposATHOCTB TOTO, 4TO
ypaBHenue x° —2(a+1)x+a’ —9 =0 uMeeT JBa NOIOKHUTEILHBIX KOPHS.

Pemenue.
Haiinem BO3MOKHBIE 3HAUEHUS [TAPAMETPA d , IPU KOTOPOM yYpaBHEHUE
x’ =2(a+1)x+a’ —9=0 umeer JBa MOJOKUTEILHBIX KOPHS U3 PENIEHHUs CHCTEMBI

HCPaBCHCTB:



4a+1)" —4(a* -9)>0, (8a+40>0, a>-5,
a’-9>0, (a=3)a+3)>0, {(a—3)a+3)>0, ac3+mx).
2(a+1)>0; a+1>0; a>-—l;

Tak Kak 10 yCJIOBUIO YUCIIO ¢ BBIOMPAIOT U3 IPOMEXKYTKA [— 6; 6], TO a € [3;6].

BeposiTHOCTB TOTO, uTO ypaBHenue x° —2(a+1)x+a’ —9 = 0 umeer aBa

IMOJIOKUTCIIBbHBIX KOPHA, paBHA OTHOIICHWIO JJIMHBI IIPOMEKYTKA [3,6] K JJIMHC

1
IPOMEKYTKA [— 6; 6], T.€. BEPOSATHOCTb PaBHA e

OTtBer. —.
4
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3anauya 1. (5 6amnoB) Halitu 3HaueHue BoipaxkeHus A npu x = 998,222...23,
2019

y=1021,777...77, ecnu
—

2020
Y’ +xy—4/x’y —4fxy’
ey )
Pemenne.

BhInoaHuM peo0pa3oBaHus BeIpaKeHHs A .
5 3 1 7 1 3
>y xhpd — Ayt iy
iy xtyt oyt ) )t ) ey

5 2

X
23 3 2 2
p4 — x4y y4[y4—x4]

13 EE o1
(y+X)[y—x4y4] L (y+X)y4-[x4—y“ -[x4+y4J
_ d x4 4 p4 = _
11 [x +y] (11 mrry
y{yz—sz y{yz—sz
IIpn x =998,222...23, y=1021,777...77 , noryuum:
2019 2020
x+y=998,222..23+1021,777...77 = 2020.
S —
2019 2020
Otger. 2020.

3apaua 2.(10 6amoB)
Jlokasatb, uto A< B, ecioun

0 0
e cos 2018 B - cos 2020

 082019°° cos 2021°

Pemenne.
Havinem pasHocts 4 u B.



052018’ B c0s2020° cos38’ cos40”

A-B

c0s39° cos41°

B c0s3° +¢0s79° —cos1® —cos79° B cos3’ —cos1’

c0s2019°  c0s2021° - c0s39° - cos41°

B c0s38° cos41° — cos40° cos39° B

Tak xak cos3’ < cosl’ , TO

3agaya 3.(15 GamioB) Pemute cucremy ypaBHEeHUH

Pemenmne.

2¢0839° cos1’

- 2c0s39° cos1®

0 0
cos3” —cosl

<0.

2c0s39° cos1’
Takum obpazom, A—B <0, A<B.

Yto TpedoBaNOCh 10KA3ATh.

x> =3xy+2y*+5x-9y+4=0,
x’—y*=5=0.

3anuiieM nepBoe ypaBHEHUE KaK KBaJpaTHOE OTHOCHTEIBHO X C MApAMETPOM y U

pELINM €ro.

x'=3xy+2y"+5x -9y +4=0,
x> —x(3y=5)+2y> -9y +4=0,
D=03y-5) -8y’ +36y-16=y"+6y+9=(y+3),
x, =2y-1x,=y—-4.

Torma cucrema NpuMeT BHUJ

|
|

(x=2y+1)(x—-y+4)=0,
x’ =y’ =5=0=0.
IlepeiiiemM K COBOKYITHOCTH CUCTEM YPABHEHHM.

x=2y-1,
2y-1* -y -5=0;
x=y-—4,
(y—-4) -y -5=0;

3anaya 4.(20 6amioB)

|
{

x, =3,y =2,
x=2y-1, xzz_zayz:_%;
3y’ -4y -4=0; 3 3
21

x=y-4, x3:—§,
-8y +11=0; 1

_y3:§'

7 2. .21 11
Otser. (3;2), (————),(—:5—).
TBer. (3;2), ( 3 3)(8 .

Jlokasath, uto A< B, ecmu A=2018"%".2020%"%, p=20192%",

Pemenmne.



[IpeoOpazyem BeipakeHne 4 = 2018%%°.2020%18,
A=20187"7.2020>""" =2018> - 2018°"* - 2020*'® =

=2018% - (2019 —1)*"* (2019 + 1)**"* =2018> - (2019% —1)*'®.
Torma, 20182 - (20197 —1)**"® <2019% - 2019***"* | rne

2019 -2019**°"% =2019°"*2°"* =2019**°" = B.
CnenoBarenbsHo, A< B.
Yrto TpedOBAIOCH 10KA3ATH.

3agaya 5.(20 OammoB) UYucna, paBHbIE MPOU3BEACHUSM TIEPBOrO  UJICHA
apu(mMeTryecKoil mporpeccuu Ha BTOPOid, BTOPOTO Ha TPETHH U TPETHEro Ha MEPBBIH
B YKa3aHHOM IOpsAke o00pa3yloT TIeoMeTpuuecKyio mporpeccuto. Haiitu ee
3HAMEHATENb.

Pemenne.

O003Ha4YMM uJIeHbl ApUPMETUUECKON MPOrPEeCcCuu a,,d,,ds, €€ Pa3HOCTb d; YJIEHBI

reoMeTpuueckoil mporpeccuu b;,b,,b;, ee 3HaMeHaTenb ¢. 3amuIEM YCIOBUS
3aJ1a4M, UCTIOJIb3ys BBEJCHHBIC 0003HAUCHHS

b =a,-a, =a)(a +d),

b,=a,-a;=(a,+d)(a, +2d),

by=a,-a;=a,(a, +2d).

Torna,

q:b_Zz(al +d)(q, +2d):a1 +2d :1+%
b, a,(a, +d) a a,’

q_b3 _oaa+2d) g d

b, (a,+d)a, +2d) a +d  a+d’
CpaBHI/IM IMMOJYYCHHEBIC TOXICCTBA!

+%: d 2 1 2

1 1- , == ,a, =——d.
a, a +d q a, +d “T3
Haiigewm ¢:
g=1+2 14 2 _
a4 —gd
3

OtBet: —2.
3anaua 6.(30 6atoB)

Tpu napaensHble TpsSMbIe KacatoTcst cephl paauyca 4cM ¢ IeHTpoM B Touke O B
toukax A, B u C. Ilnomaaws TtpeyronpHuka ABC 0omblie 16CM2, IUIOIATE
tpeyronbunka OBC pasra 4cm”. Haiiti yron BAC.



Pemenne.

Tak kak pamuycsl OA, OB m OC nepneHIuKyIspHbl 3aJaHHBIM MapajuleIbHbIM
IPSIMBIM U UMEIOT OOIIYI0 TOUKY, TO Bce Tpu oTpeska -OA, OB u OC- nexat B 0JHOM
iockocTu. PaccMoTpum cedenue cepbl 3TON MI0CKOCTHIO.

ITo ycnoBuio 3anauu Sxppc = 4, T.€.

S\ ope = = OB-OC-sin ZBOC =4 = sin Z/BOC = -
2 2

Sm
Bo3moxHble 3HaueHUs ABOC:% um  £BOC :?. PaccMoTpuM  BO3MOKHBIE

BAPHUAHTBHL.

1. Ecnm #BOC =%, TO /BAC =%(pnc.1) i /BAC = %(pI/IC.Z)
A

Puc.1 Puc.2
Torma
Sz :l-AB-AC-sin ZBAC <l-8-8-l: 16,
2 2 2
YTO MPOTUBOPEUYUT YCIIOBUIO.

2. Ecmu £ZBOC = %, T0 LBAC = Z—;(pnc.?:) i /BAC = f—;(pHcA)

Ha pucynke 3

S ause < %-BC 04 < L 8-4 =16, 4TO TaK)Ke MPOTUBOPEUYUT YCIOBHUIO.

Takum 00pa3oM, €IMHCTBEHHBIM BapuUaHT, IPU KOTOPOM S, ,,- <16 TPEICTaBICH HA
puc.4.



Puc.3

Puc.4

OtBeT. /BAC = %
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3anauva 1. (5 6amioB)
Haiitn 3HaueHne BeIpakeHUs A, eciu

:( ! - ! +..+ ! j-19,20
1919:-1920 1920-1921 20182019
Pemienue.

_n+l-n_1 1

Tak kak = =
nn+1) nn+1) n n+l

TO

1 1 1
= +. +..+ -1920=
19201921 19211922 20192020
=1—1+1—1...+1—1-19,2=
1920 1921 1921 1922 2019 2020
_ 1 B 1 1920:2020—1920'1920: 100-1920 _ 1 .
19202020 19202020100 2020

b b

1920 2020,

OTBeT. )
2020

3anaua 2. (10 6amoB)

B mepBeiif ron pa3paboTku MecTtopoxaeHus Obi1o q00biTo 600 ThiC. T HepTH. B
TEUYEHHUE P MOCIAEAYIOMHUX JET 00BbeM JOObIUM YBETUUUBAJCs exeroaHo Ha 50%, a
3aTeM B TeueHue 9 jet He MeHsics. OO0mmii 00beM J00bITON HEPTH cOCTaBUIT 35MITH
250t1sIC. T. OnpenenuTh, CKOJIbKO BCEro JET pa3padaThiBaIOoCh MECTOPOKICHHE.
Pemrenue.

[lycTh n — 4yucaO TEX JieT, B KOTOpPbIE YBEJIUYMBAJIACh JOObIYa HePTH (IEepBbIA U
nocyegHue 9 JeT B 3TO YUCIO HE BXOAAT). Torna mo ycioBHUIO 33J]a4M MOJIYYUM, YTO
3a BCE ro/ibl Pa3pabOTKH MECTOPOKICHUS OBLIO TO0OBITO

2 n n
600+%-600+(%) -600+...+(%] -600+9-[%] 600 TBIC. T HEDTH.

N s1o coctaBuno 35650 teic. T HedTH. [lomb3ysich hopMynol CyMMmbl n+1 ujeHa
r€OMETPUYECKON MPOTPECCHUH, ITOJTYYUM YPaBHEHUE:

n+l
1_(;) 3 3Y 3) _8l
600 - —+9-(—) =35250, 600- 12-(—) -2 =35250,(—j =—,n=4.
3 5 2 2) 16

2

Torna obuiee KoIMYECTBO JieT OyAeT paBHO 14.
OtBer. 14



3anaua 3. (15 6amoB)
Haynauy BeiOMparoT yucio a u3 [— 6; 6]. Haittu BEposTHOCTB TOTO, YTO YpaBHEHUE
x> =2(a+1)x+a’ —9=0 umeer 1Ba MONOKUTEILHBIX KOPHS.

Pemenue.
Haiinem BO3MOKHBIE 3HAaUEHUS [TApAMETPA d , IPU KOTOPOM YpaBHEHUE
x’ —2(a+1)x+a’ —9=0 umeer JBa MOJOKUTEILHBIX KOPHS U3 PELIEHHUs CHCTEMBI

HCPaBCHCTB:

4a+1)* —4(a’ -9)>0, (8a+40>0, a> -5,
a’—9>0, (a=3)a+3)>0, {(a—3)a+3)>0, ae3+m0).
2(a+1)>0; a+1>0; a>-—l;

TaK KaK 110 YCIIOBHIO YHCIO @ BBIOHPAIOT U3 IPOMEKYTKa [—6; 6], T0 a € [3;6].
BeposTHOCTh TOTO, uTO ypaBHenue x° —2(a+1)x+a’ —9 = 0 umeer aBa

ITOJIOKUTENIBHBIX KOPHS, PaBHA OTHOILLEHUIO JJIMHBI IPOMEKYTKA [3;6] K JUIMHE

1
MPOMEXKYTKa [~ 6;6], T.e. BEpOATHOCTH paBHa — .

OTBer. —.
4

3anava 4. (20 6amutoB) HaiiTi Bce mapsl BellieCTBEHHBIX yucen (X;)),
YJIOBJICTBOPSIOIINX CUCTEME YPABHEHUH

(2-~3)" =3" +47,

\/—x2 —3xy—y° =2y+§.

Pemnenue.
OJ13: y> —2.
(2-3)" =37 +4, (2-+3)" =3 +47,

2
X
\/—xz —3xy - y? =2y+5; -x’ =3xy—y? =4y’ +2xy+x7;

(2-+3)" =3 +4", (2-43) =37 +47, [2+3) =(3) +27,

+x 2—0° S S
y 2 ) y 2> y 2

[TomenuB JIeBYIO U MPaBYIO YacTH MEPBOTO YPaBHEHUS CUCTEMBI Ha (2 + NE) ) =0,

(21/5\/5])6 +[2+2\/§j_x -

I[MOJIy4YumM




Bripaxkenue cneBa ecTb CymMMa JBYX MOHOTOHHO YOBIBAIOIIUX (DYHKLIMNA, 3HAYUT
JaHHOE ypaBHEHUE UMeeT He 0osiee OHOT0 KOPHs. DTOT KOPEHb JIETKO YIabIBaCTCS:

OTtBeT. (— 1;lj.
2
3anaua 5. (20 6am1oB)
["a3onpoBoj pa3OUT Ha HECKOJbKO ydacTKOB. Ha Kkaxkgom ywacTke paboraer
OJIMHAKOBOE YMCIIO PaOOTHUKOB. M3BECTHO, YTO YHMCIO PaOOTHUKOB HAXOISAIIMXCS HA
OJTHOM y4YacTKe, IMpeBbIIIaeT yucio ydactkoB Ha 12. Korna 15 venoBek nmpunuim Ha
HEePBbIi Y4aCTOK, a C OCTAIBHBIX YUYACTKOB YIUIO MO 15 yenoBek, Yucio paboTHUKOB
Ha TIEPBOM YYACTKE CTaJl0 PaBHBIM YHCITy PaOOTHUKOB, OCTaBIIMXCS Ha BCEX
OCTaJIbHBIX y4acTKax. OnpeesuTh YUCIIO YYaCTKOB ra30mpoBo/a.
Pemenne.
O603HauuM 3a 7 YKCIO YYacTKOB, a 3a kK — YHUCIO pPabOOTHUKOB, PabOTAIOLINX
MEPBOHAYAIBHO HA KaXKJIOM ydacTKe. VICX0/s U3 yCIIOBHI 3a/1a4d, TIOTYYUM CUCTEMY:
k—n=12, n=k—-12,

k+15=(n—-1)(k—-15), <k+15=(k—-12-1)(k —15),
k>15n,ke N, k>15n,keN.
Permm 3Ty BTOpOe ypaBHEHHE CUCTEMBI.
k+15=(k—13)(k —15),
k+15=Fk* — 28k +195,
k* —29k +180 =0,
k =9, k, =20.
Tak kak o ycnoButo k >15, 10 k=20 u n=38. Takum oOpa3zom, Ta30mpoBOa pa3ouT
Ha 8 y4acTKOB.

1
x=-1.Torma y:E.

Otser. 8.
3amaya 6. (30 G6auioB) Halitu paamyc KpyroBoro KOHyca HauOOJbIIero oobema,

€CJIM 1iiomaab €ro OOKOBOM IMOBEPXHOCTH paBHA S= TE\/§

2
CM .

Pemenne.

N300pa3um oceBoe cedeHue KoHyca. OOO3HA4YUM €ro

BBICOTY /1, 00pa3yrolyto /, a paiuyc OCHOBaHHUS 7.

Teopema [ludaropa cBsizbiBaeT MEXay cO00Ml 3TH TpHU

BEJMYMHEL [* =h* +77. h
[Inomans OOKOBOM MOBEPXHOCTH KOHYCa HW3BECTHA!

S=mwil=mh*+r.

Orcrona




O06beM KoHyca BbIpaXKkaeTcsi POopMyYJIIOif:

Vzinrzhzir\/Sz —nirt.

HeoGxonumo mompoOpath Takoe 3HaueHue », o0beM V (r) ObUT HaWOOJBIIHH.

[Tpomuddepenumpyem 310 BEIpa)KEHUE
2.3 2 A 2 4

V'(r)=1-(x/m+ ridnr) j: St L
3 NS —wrt) 3§ -t

' S
Viir)=0,1.e. $? -32%* =0, r=_|—=1.
\'3n

Yo6enumcs, UTo HalIeH MaKCUMYM (DYHKIIMHM TIPOBEPKOM 3HAKA MPOU3BOJTHOM.
Ecmu r <1, 10 V '(r)>0, V(r) BO3pacraer;

Ecmu r>1, 10 V '(r)<0, V(r) yObIBaET, 3HAYMUT Vmax(1)=n32-

OtBer. 2=,
3



