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3amanue 1. (5 Gamnos) JokasaTh, uTo ypaBHeHHe X* —4X° +12x? —24x+24=0 He umeer
penieHui.
Pemenne.

x* —4x3 +12x% = 24x+24=x* —4x3 + 4x? +8x°% —24x+24=
(x2 =2x)2 +8(x% —3x+3) = (x? —2x)? +8((x—1.5)% +0.75) =

(x? —=2x)? +8(x—1.5)% +6 = 0.
CnenoBarenbHO, ypaBHEHUE HE UMEET JIEHCTBUTENLHBIX PELICHHI.
Yto TpedoBaioch 10KA3ATh.

3aganne 2. (10 6amnos) Pemnts HepasenctBo (4 —+/15)% + (4 +/15)% <62.
Pemenne.

— T X _ 1
T.x. (4—+/15)(4++/15) =1, 10 (4 +/15) IS

1
HcxoqHOE HEPAaBEHCTBO MOKHO 3anmcath B Buge: (4 —+/15)" + ——— <62,
(4-+15)"

[TycTs t:(4—\/E)x =a", rae a:4—\/E,ae(0;1),t>0.

t+ L <62 {t2—62t+130
t =

t>0 t>0

t, =31++/960 = 31+815 = (4 +/15)? =

1 e
(4-+/15)?
t, =31—+/960 =31—815 = (4—+/15)% = a?

{(aX —a’)(a*-a?)<0 xe[2:2]
xeR
OtBer: X €[-2; 2]

3aganne 3. (15 6amnos) Jns Gpynkmuu y =sin? x Haiitn nponsoaHyto 2019-ro nopsuka

( y(2019) )
Pemmenue.

y' =2%.sin2x,

y" =2%.cos2x = 2* -sin(g + ZXJ :

y" =—2%.sin2x = 2% -sin(m+ 2x),
y@ = 23 .cos2x = 23 -sin(%ﬂ + ZXJ ,

y(5) =2% .sin2x=2° -sin(27t+ 2X),



y(n) _ (1) .sin[(n—Tl)n + ZXJ .

Torna,

y(2018) _ p(2019-) -sin(w + 2xj — 02018 -sin(% + 2xj = 27018 .sin(504- 270+ 7+ 2X) =

= 22018 ginox.

OtBert: y(2019) = 22018 sin 2x..

3ananme 4. (20 6aywmoB) CTpOUTENBHBIN OTPS COCTOUT U3 32 OOWIIOB, KAKIBIM U3 KOTOPBIX

BJIaJ€CT O)IHOﬁ HJIN ABYMS CTPOUTCIBbHBIMHA HpO(bCCCI/IflMI/II KaMCHIIIUK, 6€TOHHII/IK, IINIOTHHK.

boiiios, Bnazeromux npodeccueil MIOTHHKA B OTpsiie B JBa pasza Oosblile, yeM OOMWIIOB,

BIIAJICIONIUX Mpodeccueit OeTOHIUKA, M B N pa3 MEHbIIIE, 4eM OOMIIOB BIAACIONINX MTpodeccueit

KaMeHIIMKa, mpudeM 3<n<20 (n — menoe uucio). CKkoIbko OOHIIOB B OTPs/IC BIAJCET TOIBKO

OoJHOU mpodeccuert, ecnu OOWIIOB, BIAACIONIUX JBYMs mpodeccusiMu Ha nBa OOJbIIE, YeM

00MI1I0B, BIaaeoNMX npodeccuei mIoTHuKa?

Pemienmne.

KaMCHIIINKH

IIJIOTHUKH

m+l+k+2x+2y+2z=2nu+3u,
m+1+k =2nu+3u—2(x+y+2).

[Iyctp u OoiimioB BiameeT mpodeccueit OeTOHIIMKA,
Torga 2u — npodeccuei MIoTHUKA, 2nU — npodeccueit
KaMEHIIHMKA.

O003HaYUM M 4YHCJIO OOMIIOB, BIAACIONIMX TOJBKO
npodeccueli kaMmeHmwuka, | — uncmo OOMIOB,
BIIQJICIONTUX TOJBKO Tpodeccueit OeroHmmka, k —
guciao OOWIOB, BIAACKIOIIMX TOJBKO Mpodeccueit
wiotHuka. IlycTh X 4ucino OOWMIOB, BJaJCIONIUX
npodeccusMHU KaMCHINMKAa W OCTOHIIUKA, Y — YHCIIO

OoiirioB, BiancONMX MpodeccusMu OCTOHIIMKA |

IUIOTHUKA, Z — 4YHCIIO OOWIOB, BJIAJCIOLIUX
npodecCusIMU KaMEHIIMKA U IUIOTHHKA.
Torna
m+l+k+x+y+z=32. *)
m+ X+ 2z = 2nu,
| +x+y=u, (**)
k+y+z=2u.
X+y+z=2u+2. (**%)

CrouB ypaBHEHHs cucTeMbl (**), nmeem

Yunreisas (***), nomyaum m+1+k = 2nu+3u—2(2u+2)=2nu—u—4.
U3 (*) u (***) momyaum, uto m+1+k =32—(x+y+2)=32—(2u+2)=30-2u.

Nm 2nu—u—-4=30-2u,

2nu+u =34,
u(2n+1) =34,
1 cnocob.

34

u= .
2n+1



T.k. U — uucio OOWIOB, BiamelomuUX Tpodeccuel Gerommmka 1 3<n<20, T0 (2n+1)
JCIIUTEb 34 U N — [EI0E YUCIIO.
2n+1=34, 2n =33, n — HELEIOE,
2n+1=17, 2n=16, n=8,
2n+1=2, 2n=1, n — Hewenoe,
2n+1=1, 2n=0, n=0,H0 3<n<20.
T.o., n=8, u=2, m+l+k=30-2-2=26 (uucio OOWIIOB B OTpsje, BIAACIOIIUX TOJIBKO
oJIHO¥ mpodeccueii).
2 cnocob.
u(2n+1) =34,

34—-u
n=

2u

T.x.3<n<20,T10 3<

34—-u 34 34
<20, — <u <—. U MOXEeT NpuHUMaTh 3HaueHus 1,2,3 v 4.
2u 41 7
Ecmm u=1, To n —Henenoe;, ecim U=2, To N=8; ecim u=3, TO N — HereJoe, ecni U =4, To
n — memenmoe. T.o. u=2, a Mm+l+k=30-2-2=26 (uncio OOWIIOB B OTps/E, BJIAJCIOIINX

TOJBKO OJTHOM TIpodeccueii).

OrtBer: 26.

3ananmue 5. (20 6amioB) [loneBoii marepb reoIOroB MpeICTaBIsACT COO0M HA 3eMJIe y4aCTOK
momaapo 1600 KB.M, COCTOUT U3 TPEX NPSIMOYTOJIBHBIX YaCcTEl Pa3JINYHOrO0 HA3HAYEHUS U
nmeet Gpopmy mHOTOyrobHIKA ABCEFGHM (cMm. pucyHok). B muoroyronsauke ABCEFGHM :
MA =GF =20M, MH =15M u GH >10M. HaiiTn HauMeHbI11€€ 3HAaYEHUE TTIEPUMETPA TAKOTO
y4acTKa U Kakue-1u00 3HaueHus 1iuH BK, KE u GH , mpu KOTOPBIX IEPUMETP MOJIEBOTO
Jlarepsi Te0JIoroB SBJISETCS HAUMEHbBIINM.

C D E
N G F
MJH

B A K

Pemenue.

[Mnomane yuactka ABCEFGHM S agcerchm =1600M°, a ero NEPUMETP PaBEH NEPUMETPY
npsamoyronbauka BCEK. O6o3nauum BK =x, KE =y, GH =z. Torna nepumerp P = 2(x+ y),
z>10 u
Secex = XY = Sasceranm + GF -GH +(MH +GF)- MA = 1600 + 20z + 700 = 2300 + 20z .

T.xk. GH=>10, 10 Sgex =1600+200+700, Spcegx =2500, T.6 2300+ 20z >2500. T.o.,
xy > 2500.

ITosTomy, y > 250

O, u, T.K. P=2(x+y), T0 P 22(x+@j.

X

BOCHOJ’ILByCMC}I HEPAaBCHCTBOM MCKAY CPCAHUM apI/I(I)MCTI/I‘-ICCKI/IM " CpCAHUM I'COMCTPUICCKUM
ABYX HUCCIIL:



2500 2500 2500 2500
X+ > 2 |X-——, X+——2>100, npuyem paBEHCTBO AOCTUIAETCSA TOJBKO MPU X =——),
X X X X

2500
T.e. X =50, MO3TOMY HanMeHbIee 3HaueHue Gpynxumn f(X)=X+——— nocruraercs mpu X =50,
X

a f(50)=100. CnemoBatensHo, P >2-100, P>200. T.e. HaMMEHbIIEEe 3HAYCHUE MEPHMETPA

yuactka P =200, BK =50, KFE =50, GH =10.
OtBet: 200M, 50M, 50M, 10Mm.

3aganue 6. (30 6ayuioB) HaliTu penieHne cuctemMa ypaBHEHUH ISl BCEX IMOJIOKUTEIBHBIX
3HAYEHUH X,Y, Z

X2+ xy+y? =4,

x> +xz+2% =9,

y? +yz+12? =36.
Pemenne.
X2 +y? —2(—ljxy =22
X% +xy+y? =4, 2
Tepenmmem cucteMy { X2 +xz+2% =9, B BHIE { X° + Z° —2(— lsz =3,

y2+yz+22 =36 2

y2+ 122 —2(—%Jyz = 6%

x? + y? —2xyc0s120° = 2%,
T.x. —% =05120°, To cucTeMy IepernuieM { X2 + 2% — 2xz c0s120° = 32,
y? + 2% — 2yzc0s120° = 6°.

VYpaBHEHHs TOJYYHUBIICHCS CUCTEMbl MOKHO WHTEPIPETUPOBATh KaK TEOPEMbl KOCHHYCOB JIsi
TPEYroJIbHUKOB ¢ yriioM B 120° u ctopoHamu X u Y, X u Z, Y U Z, T.C.

MepBOE ypaBHEHUE — TPEYTOJIBHUK CO CTOPOHAMH X,Y, 2;
BTOPOE YpaBHEHHE — TPEYTrOJIbHUK CO CTOPOHaMHU X,Z, 3;
TpEeThe YpaBHEHUE — TPEYrOJIbHUK CO CTOpOHaMH Y,Z, 6.

Ecnu cymiecTBYIOT MOJIOKUTENbHBIE peIeHuss X, Y u Z, TO COCTaBHTCS W OOBEMIIIOLIHI
TPEYroJbHUK cO cTopoHamu 2,3,6. Takoro TpeyroipHuKa He cymiecTByeT. CienoBarenbHO, B
MIOJIOKUTEIIBHBIX YNCIIAX CUCTEMA HE UMEET PEILIECHUE.

OTBeT: B N0JI0KUTEJIBHBIX YHCJIAX CHCTEMa He HMeeT pPelIeHuii.
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Bamanme 1. (5 Gawos) Jlokasarh, 4ro ypaBHeHHE X' —6X° +11x° —4X+9=0He uMeer
penieHui.
Pemienne.

¥ —6x3 +11x% —4x+9=x* —6x° +9x® + 2x* —4x+9=
=((x2)2 ~2.3x-X? +(3x)2j+2(x2 —2x+1+35)=
(x?2 =3x)%2 +2(x? = 2x+) +7=(x*> =3x)2 +2(x -D? + 70

CnenoBarenbHO, ypaBHEHUE HE UMEET JIEHCTBUTENLHBIX PELICHHI.
Yro TpedoBaioch 10Ka3aTh

X X
3aganue 2. (10 6ayuioB) Pemuth HepaBeHCTBO (\/7 ~43 ) +( 7+443 ) <14

Pemrenmne.

Tx. (J7—4J§)[\/7+4\/§)=1, 10 ( 7—4J§jx =(7++\/_3)X.

X 1
HcxonHoe HepaBEeHCTBO MOYKHO 3allMCaTh B BUJIE: ( 7 — 4\/§j +——<14.

( 7+4\/§jx
[TycTh t:( 7—4\/§jx =a”", rue a:\/7—4\/§ =\/(2—\/§)2 =2-4/3, ae(01),t>0.

t+1<14 {t2—14t+130
t =

t>0 t>0

t1=14+T 192 432443

-2

)2 :;:a
(2-+3)?

tzzﬂﬂ_m:(z_@y:az

{(aX —a’)(a*-a?)<0

xel[-2;2
xeR [ ]

OtBer: xXe[-2; 2]

3aganue 3. (15 6amios) [l Gynkium y = cos® X HaiTH mpousBoaHyto 2019-ro mopsaxa

( y(2019) )
Pemenue.

y' = (-1f-2°-sin2x,

y" = (-1-2 . cos2x = (-1f - 2* -sin(% + 2x] ,



y" = (=122 sin2x = (=1)° - 22 -sin(r + 2x),
y@ = (-1 23 cos2x = (-1)* - 22 'Sin(%n + ZXJ :
y® = (“2fP - 2% -sin2x = (1 - 2° -sin(2r + 2x),
y(n) =(-1)- o(n-1) -sin(@ + ZXJ.

Torna, y\2%%) = (~1)2¢ . o018 -sin(w + 2x] = %18 -sin(zoi87T + ZXJ =

= 2?18 .5in(504- 21 + m+ 2x) = 22°'8 .sin 2x.

(2019) _ 2018

OTtBer: Yy -sin 2x.

3ananue 4. (20 6awmoB) CTpoUTENbHBIN OTPSA COCTOUT U3 36 OOWIIOB, KAKIBIM U3 KOTOPBIX
BIIQJICET OJIHOM WJIM JIBYMsI CTPOMTEIBHBIMH MpodecCcusMu: KaMEHIIUK, OSTOHINUK, TUIOTHUK.
BoiimoB, Bnazeronmux mpodeccueil MIOTHUKAa B OTpsA/Ee B TPU pasza OoJiblie, yeM OOWIIOB,
BIIAJICIONUX Mpodeccueit OeTOHINKA, M B N pa3 MEHbIIIE, YeM OOMIIOB BIAACIONINX Mpodeccueit
KaMeHInuka, npuaeM 3<n<20 (n — meioe yrciao). CKoIbKo OOMIIOB B OTPsIE BIAJCET TOIBKO
OJHOU mpodeccuert, eciu OOWIOB, BIAACIONMIMX IABYMS MPOQecCHUsIMU Ha TpU OOJIbIIIE, YeM
00MI1I0B, BIIaJeONUX nMpodeccuei mIoTHuKa?

Pemenmne.
[Iyctp u OoiiioB BiameeT mpodeccueit OeTOHIIMKA,
KaMCHIIMKH torna 3u — npodeccuei mIoTHUKA, 3nU — npodeccueit
KaMEHIITNKA.
O06o3HauuM M 4YKUCJIO OOWIOB, BJIAACIOIIMX TOJBKO
npodeccueli kaMeHmwukKa, | — uucmo OOMIOB,

BIIQJICIONTUX TOJBKO Tpodeccuert OeroHmmka, k —
yuciao OOWIOB, BIAACKOIIMX TOJBKO Mpodeccueit
mwioTHUKa. IlycTe X 4ucimo OOWIOB, BIIAJICIOIIMX
npodeccusiMU KaMEHIMKA M OCTOHINMKA, Yy — YHCIIO

OoiiroB, BIancONUX MpodeccusMu OCTOHIIUKA |

IJIOTHWKA, Z — YHCJIO OOWIOB, BIIAJACIOIINX
npodeccusMu KaMEHIIUKA ¥ IIOTHUKA.
Tornma
m+l+k+x+y+z=36. *)
m+ X+ z = 3nu,
| +x+y=u, (**)
k+y+z=3u.
X+y+z=3u+3. (**%)

IIJIOTHUKH

CnoxuB ypaBHEHUs CUCTEMBI (**), umeem
m+l+k+2x+2y+2z=3nu+4u,

m+1+k =3nu+4u—2(x+y+2).

Yunureisas (***), nomyaum m+1+k = 3nu+4u—2(3u+3)=3nu—2u—6.

U3 (*) u (***) nomyaum, uto m+1+k =36—(x+y+2)=36-(3u+3)=33-3u.
Nmm 3nu—2u-6=33-3u,

3nu+u =39,



u(@n+1) =39,
1 cnocob.
39
3+l
T.k. U — 4ucio OOWIOB, BiamelomuUX Tpodeccheld OGeTommmka 1 3<n<20, To (3n+1)

nenuTenas 39 U n — meoe Yucio.
3n+1=239, 3n=38, n —Heneloe,
3n+1=13, 3n=12, n=4,
3n+1=3, 3n=2, n — HELEIOE,
3n+1=1,3n=0, n=0,H0 3<n<20.
T.o., n=4,u=3, m+l+k=33-3-3=24 (4ucno OOUIIOB B OTPs/E, BIAACIONIUX TOJIHKO OJHON
npodeccuent).
2 cnocoo.
u(@n+1) =39,

39-u
n=

3u

T.x. 3<n<20, 710 3<

39-u <20 39 <u< —i . U MO’eT NpuHUMaTh 3HadyeHus 1,2 wm 3.

3u ' 61

Ecomz u=1, To h — "Henenoe; ecan U =2, To N — Henenoe; ecmt U=3, 0 n=4. T.o. u=3, a
m+1+k =33-3-3=24 (uucno GOUIOB B OTPs/IE, BIAICIOMINX TOJIBKO OJHOM mpodeccueit).
OTtBer: 24.

3ananmue 5. (20 6amioB) [loneBoii marepb reoIOroB MpeCTaBIsIeT COO0H HA 3eMJIe y4aCTOK
momaasio 2100 KB.M, COCTOUT U3 TPEX MPSAMOYTOJIbHBIX YacTeH pa3InyHOTO Ha3HAYCHUS U
nmeet Gpopmy mHOTOyrobHIKa ABCEFGHM (cMm. pucyHok). B muoroyronsauke ABCEFGHM :
MA =GF =30M, MH =15m u GH > 20M. HaiiT HauMeHbI1ee 3HaYeHNE TEPUMETPA TAKOTO
y4acTKa U Kakue-1u00 3HaueHus uH BK, KE u GH , mpu KOTOPBIX MEPUMETP IOJIEBOTO
jarepsi T€0JIOroB SBJISIETCS HAUMEHbBIIUM.

E F K
G H

D N M A

C B

Pemenue.

ITnomans ywactka ABCEFGHM  Sppcerghm = 2100M%, a ero NEPUMETP DPABEH IEPUMETPY
npsamoyronbHuka BCEK. O6o3nauum BK =x, KE =y, GH =z. Torna nepumerp P = 2(x+ y),
2>20 ¥ Sgeek = XY = Spapcerghm + GF -GH +(MH + GF)- MA = 2100+ 30z + 900 = 3000+ 30z .
T.x. z=GH >20, 10 Spegk =2100+600+900, Speek =3600, T.e 3000+30z >3600. T.o.,
xy > 3600.

ITosTomy, y > 360 "

Bocrmonb3yemcst HEepaBeHCTBOM MEXKIY CPETHUM apu(METHIECKUM U CPEIHUM T€OMETPUUECKUM
JIBYX YHCEI:

0, u, T.K. P=2(x+y), T0 P> 2(x+ﬂ)}.



3600 3600 3600 3600
+ > 2 |X-——, X+——2>120, npuueM paBeHCTBO JOCTUrAETCSI TOJBKO NP X = —,
X X X X

600
T.e. X =60, HO3TOMy HaHMeHbIIee 3HaueHne GyHKIuK f(X)= X+ "—— gocTHraercs mpu X = 60
X

, a f(60)=120. CnenoBarensno, P >2-120, P >240. T.c. HaUMEHbIIEE 3HAYCHHE NIEPUMETPA

yuactka P =240, BK =60, KE =60, GH = 20.
OTtBet: 240Mm, 60M, 60M, 20M.

3aganme 6. (30 OaytoB) Haiitu pemiecHue cucreMa ypaBHEHHH I BCEX MOJOXKHUTEIbHBIX

3HAYEHUH X,y, Z

X2+ xy+y% =9,
X2 +xz+ 2% =16,

y2+yz+22=64.

Pemrenmne.

MIH

x2+y2—2(

sz =47
y2+z —2[——jyz =82

X2 +y? —2xycosl20° =32,

x2+xy+y2=9,

r\)II—‘

epenumem cucteMy {X? + Xz + z2 =16, B BUIE < X° + 2% — [

y2+yz+12° =64

1 \O
T.k. —= =c0s120°, To cuCTeMy HepenuIeM { X + z° — 2xzc0s120° = 42,
y? +22 - 2yzc0s120° = 82
VpaBHEHHUs TOTyYMBIIEHCA CHCTEMBI MOXHO HHTEPIPETHPOBATH KAK TEOPEMbl KOCHHYCOB JUIs

TPEYroabHUKOB ¢ yriaoMm B 120° u ctoponamu X u 'y, X u Z, Y u Z, T.e.

MIepBOE ypaBHEHUE: TPEYTrOJIbHHUK CO CTOPOHAMU X,Y, 3
BTOPOE YpaBHEHHE: TPEYTOJIbHUK CO CTOPOHAMH X,Z, 4;
TPEThE YpaBHEHHE: TPEYTOJIBLHUK CO CTOpOHAMH Y,Z, 8.

Ecau CYIIECTBYIOT IOJOXHUTCIbHBIC pelIeHusA X, Y u Z, TO COCTaBUTCI U 06’BCMJIIOH_IPII>'I

TPECYroJbHUK CO CTOpOHaAMH 3,4,8. Takoro TPCYroJIbHUKa HC CYIICCTBYCT. CJ'IC,Z[OBE[TCJ'IBHO, B

TMMOJIOKUTCIIBHBIX YUCJIaX CUCTEMA HC UMCCT PCILICHUC.
OTBeT: B M0J0KUTEIbHBIX YHCJIAX CHCTEMA He HMeeT pemelmifl.



