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3ALAYI MIABULLEHOI CKIIAQHOCTI 3 MATEMATUKMA
HA BCTYNHUX BUNMPOBYBAHHAX
y BULLIMX HABYAJIBHUX 3AKITALAX

|. PiBHSIHHA Ta HEPIBHOCTI

Hecmanoapmui pI6HAHHA Md CUCTNEMU HepieHOCmEl
OCHOBHEMH MCTOJaMH PO3B A3YBAHHA HCCTAHAAPTHHX PIBHAHD
260 CHCTEM € HEEIEMEHTapHI TIPAHOMH.

[Tpmxnaa 1. Po3s s3aT PIBHAHHA X +3x+542 =0.
Pose’szanng. byaemo  IIyKaTd — MHOTOWICHH — X+ & 1

ﬁ1x2 + Bx+f; Taki, 1m0  CIPABENINBA TOTO’)KHA  PIBHICTD
(xwz)(ﬂ]x2 + Bx + ,83): ¥ +3x+542.

Toni, IPHPIBHIOKOYH KOEDIMIEHTH NPH OAHAKOBHX CTCICHIX HE-
BiJOMOrO X B TiBiH 1 MpaBld 4acTHHAX Ii€i PIBHOCTI, MAEMO CHCTEMY
PIBHOCTEH:
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(5 =1,

B, +ap =0,

< pra+ p;=3,

af; = 5V2.

[ CUCTEMI pIBHOCTEH 3a/I0BOJIbHSIOTH yucia

Bi=L 5= ~J2, B=5a= J2. Tomy CTpaBe/UTMBHIM pPO3KJIa[l MHO-
rOwIeHa Ha MHO>KHHKH:

x3+3x+5ﬁ:(x+ﬁ)(x2—\/§x+5), 3BIJIKM BUIUIMBAE, IO

BUXIJIHE PpIBHSHHS pIBHOCHJIBHE CYKYyHHOCTI PIBHAHb X+ J2=0 i
x2—\J2x+5=0. Lz CYKYTIHICTb Ma€ €JUHHH PO3B A30K X = 2.
Bionosiow: x =—2.
[Tpuxnan 2. Po3B’s13aTu piBHAHHA x*=23x* =x+3-3 =0. (1)

Poss’sazanns. Tlosnaunmo /3 =a i PO3IJISHEMO PIBHAHHSA 3 Ia-

paMeTpom x*—2ax* =x+a® —a=0. Pozrnsnaioun e PIBHSHHA AK

KBaJIpaTHE BiTHOCHO @, PO3KJIAZIEeMO HOTO JIIBY YaCTHHY Ha MHOYKHUKH

xt -2 x4 —a=(a—x2 +x)(a—x2 —x—l). 3HaYUTH, pi-

BHAHHA (1) pIBHOCWIbHE CYKYIHOCTI pIBHAHB ¥ —x-3=0 i

x2+x+1—\/§=0.
1441443 ;

2

MHoXuHA pO3B’SA3KIB MEpIIOro PIBHAHHA € X; =

:1—\/1+4J§.

—]+\/4ﬁ—~3 :

2

MHOXHHa po3B’A3KIB APYroro piBHAHHA € X3 =

Otxe, BUXiJJHE PIBHAHHA Ma€ YOTHPH KOPEHI X, Xy, X3 1 Xg4.
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Bionogiow: x, s '1;4\6 , X . '1;4\6 :
. 44 /43 =3 ; =lend B i3
= n 4= .
2 2

5 ; 8
[Nprknan 3. Po3s’s3aTH pIBHAHHA X~ — x®+xt—x?2+1=0. (1)
Po3ze’a3anns. TloMHOKHUBINKE OOHABI YaCTHHH PIBHSAHHS HA MHO-

rOwIEH  Xx° + l, mo HEe Ma€ KOPEHIB, OTPHMAEMO PIBHAHHA

(:\c:2 +1)(x8 st pateghp l) =0 (2), pieHocunbHe pipEAHHIO (1). PiB-

HAHHSA (2) MOXKHA 3alHCATH Y BATTLII x?+1=0 (3).

SlcHo, mo piBHsHAA (3) HE Ma€ AWCHUX KOPEHIB, TOMY 1 PIBHSIHHS
(1) ix me mae. -

Bionogios: Hemae po3s’a3KiB.

. 1
IMpuxnag 4. Po3s’s3aTé pIBHAHHA x —3x=a3+—3 (1), xe a
a

BIIMIHHE BIJ HYJIS 9HCIIO.

3
. 1 1 1 1
Po3é’azanns. OCKINbKH a3+—3—_~[a+—J ~—3a2-——3a-—2=
ad a a a

3
1 1 ) 1
=[a+—] —3(0 +—}, TO 3BIACH POOMMO BHCHOBOK, IO X; =d +— €
a a a

omuH 3 KopeHiB BuxigHoro pismsHHEA (1). [NoginuBum MHOro4neH

1 ]
% —3x—a’ = — Ha  JBOWIEH X-d——,  OTPHMAEMO, IO
a a

2
xs_gx_(aug):[x_a_i){xzH[NAHMA} _3}, i
a a a a

pemTa KopeHis piBEHES (1) CIBOAZAOTH 3 yCiMa KOPCHAMH PIBHAHHS

2
X2 +x(a+l]+[a-'~l] -3=0 (2).

a a
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2
: ; 1
JMCKpuMiHAHT KBaJapaTHOro piBHAHHA (2) € D:[a+—] ~

a
2 2 2
4[[a+lj —3}23[4—(a+1] J=—3(a~—l—] :
a a a
a) D >0 Oyru e Moxe.

0) D=0 timeku ipu a=1 inpu a=-1.

Otxe, piBHAHHS (2) He Mae KOpeHiB NIpH a” # 1, Mae euHMIl KO-
piab x=1 npu a=-1. JloHSaBnsroun mie KOpiHb X =a+1/a, 3Haxonu-
MO BC1 KOp€eHi BUXiiHOro piBHsHHA (1).

Bionogioe: Tlpu a=1 nBa xopeni x; =2, x, =—1; npu a=-1

nBa  KopeHi x=-2,x,=1; mpu a’#1ia#0 onun KOpIHb
x=a+l/a.

5 3

(x —x+1) _x2(x_1)2
(5~J§+1)3 5(\/5—1)2

Po3e ’as3anuna. OueBUIHO, 1110 30BHILIHIA BUIJIA PIBHSAHHSA TiAKa-

ITpukian 5. Po3s’s3atu piBHAHHS

(1)

3ye€, IO OJTMH 13 KOpeHiB piBHAHHS (1) € x; = 5. [lepenuinemo piBHAH-
Ha (1) B A€o iHIoMy BHIVIA/L.
OCKibKM CIIpaBeTHBI TOTOXKHI PIBHOCTI

X —x+1=(x-1/2)" +3/4,
x(x=1)=(x-1/2)" -1/4,
TO piBHAHHA (1) MOXKHA MEpenUCcaTH TaK:
5 3 , 2
((x-1/2) +3/4) ((x—1/2)"—1/4)

3 g - (2)
(5-\/§+1) 5(@-1)

Tenep, o4eBMIHO, IO SKIIO X, — KOPIHb pPiBHAHHSI (2), ToO

x =1-x, TaKOK €  KOpIHb  pIBHAHHA  (2),  OCKUIBKH

(il
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[lokaxemo, o skn x;, x; #0; 1, € xopiHp piBHAHHA (1), TO

1 ; ; = :
Xp =— TaKOX € KOpIHb UbOro PIBHAMHA. ,HIHCHO, OCKLTbKH

SR O Y B s
(xz—x2+1) B xIZ X, “(l-xﬁ—xl) (xl—x1+1)

= = = 3 TO
x%(xz—l)z I[l_IT xf%(l—xl)2 xi’z(l—xl)2

xl xl

Xt
3BIICH 1 BUIUIMBAE LI€ TBEPIPKEHHSA.
Omxe, axuwo x, x; # 0, x; #1, xopine piBHAHHA (1), TO BOHO Ma€

me KopeHi -1—, l—xl,—l—-—-,l——l—,—l*—-, tobT0 piBHAHHA (1) Mmae
% 1-x x _1
X
KOpeHi
1 1 1

%=, ==, iy =15, Xy =, Xy =1, X = :
1 2 3 4 1_\/'5‘ 5 \/g 6 I_L

NG
J5

Ockinbku piBHAHHA (1) anreOpaiuHe pIBHAHHA IIOCTOIO CTEMNEH,
TO BOHO Ma€ He Oiblle mwecTH KopeHiB. TakiM YHHOM MU 3HaHIIUIH BCI
KopeHi piBHIHHA (1).

Bionosgiow:

]

1 /': 1 1 1
X = 5,).’2::]1_5—‘,)63:]-‘\3,1’4::/——5‘,15:1—7—;, Xg = i
5

]-—-

[puxuian 6. Po3p’s3aty piBHAHHS
2 = 2
(x +2x—5) +2(x +2x—5)—5=x(1).

.

Pose’azanna. [loznauimo f (x) =x"+2x-5, Toxi piBHsaHHA (1)

MOKHA Nepernucar y Burnsai f ( (x)) =x. Tenep o4eBHAHO, IO K-

WO X, — KOpiHb DIBHSHHA [ (x):x, TO X, 1 KOpiHb piBHSHHA
 pi - -1++21 .
f(f(x))=x. Kopeni piBHSHHSA X} +2x-5=x € b :__#_Q/:_ i

2
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-1-+/21 : : s ; .
X, =_-2—. Takum uaHOM, i BUXigHe pisHsHHS (1) Mae 0i kopewi.
Hepenucasium pisasuns (1) y Barmsai x° +4x° —4x> —17x+10=0 2)
i pO3AUIMBIIM MHOrOwleH x° +4x° —4x?-17x+10 Ha MHOrowIeH
(x—x)(x—x,), oTpumacmo, wo piBHAHHA (2) MOXKHA 3aNHCATH Y BH-

Il (xz +Xx —S)('x2 +3x— 2) =0. Omnxe, xopensmu piBusanus (1) pa-

-~

30M 3 X| Ta X, € TaKOX KOpeHl piBHIHHA x“ +3x—2 =0, T06TO yncna

3+V17 . 3-\17

2 2
ot ~1++/21 ~1-+21 ~3+417
Bionogioe:  x; =- , XpEm——— Xy =——
2 2 2
—-3-J17
Xy =——.

2
! 3x 35
Ilpuknan 7. Po3p’s3aTv piBHAHHA X +—— =—.
\ﬁrz -9 4
Pose’azanns. O61acTh JONMYCTMMHX 3HA4Y€Hb NAHOTO PiBHSIHHS:
Ix[ >3. OueBHAHO, O PO3B’A3KH PIBHAHHA MAKOTh 3a[0BOJBHATH YMO-

By x>3. IlizHecemo JIiBy Ta NpaBy 4YacCTHHH DIBHSHHA /0 KBaJpaTa;

,  6x? 9x* 1225 &* 6x* 1225 .

x + +—5—= y g === — =0. Ilicna 3a-
xt-9 x°=9 16 x*-9 ;2 o9 16

x* 1225 25

MIHM £ = (t > O) OTPUMYEMO 1> + 61 ———— = 0, 3BigKM £ =—.
2 -9 16 4
, . X" 25 15
Po38’43aBIUH PIBHAHHA —=——==—, 3HAXOAUMO: X; =5, X, =—.
xt = .4 4
15

Bionosioe: x; =5, x, o
3x+16—9x2

Ipuxnazn 8. Po3r’a3aTu piBHAHHA =16-18x2.
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Po3s’a3anna. 3anuimeMo pIBHSHHS Y BETJIAAL )3x+\/ 16 —9x°
|

=(\JI6—9x2+3x)( ]6-§x_2~3x). PiBHICTE |a|:a-b BUKOHYETBCA

a>0; a<0;
MpH BUKOHaHHI HacTynHuX yMoB: a =0 abo ][ pe1 abo {b ; To-
L =1 =—].

MY [JaHe PIBHSAHHS PIBHOCWILHE TaKiH CYKYIHOCTI:

;16 ~9x2 =9x2:
| =3zl

< 2 =iy ;

r16f9x ;jx_OT \/ES~—9x2 > -3Xx;

y ]6—9x_+3x>0; = 16-—9x2=(3x+1)2;
kQ16_9x2 —3x=1 3x+120;
(Ji6-922 +3x<0; |+
1 — 3 \/3“912 <=3x;
(V16 —-9x° --3x=-1];

- 16-9x* = (3x-1)*;
(3x-1)

M

A

3x-1>0;
; o 22 J31-1
3 IKOI OTPHMY€EMO BLIITOBIB: X| = — 3 Xy = .
2 31-1
Bionosios: x| = ——2)—3/*-, Xy = J_6 ;

Ilpuknan 9. Po3s’sa3atH piBHAHHA

x=(ﬁ+])(\/f:;l+x2—+x~7). (1)

Po36’azanna. 1ToMHOXHUBIIM OOMABI YaCTUHU PIBHAHHA Ha (yHK-
miro v1+ x —1, orppuMaeMo piBHAHHA

x( l+x—1)=x(\/l_-:;+x2+x—7), (2)
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o € HacaiakoM BuxigHoro pisHauus (1). [epenumemo pisuanus (2) y
BUIJIAA]

x(—T+x +1+J17§+x2+x--7)=0. 3)

Hacuiikom piBHAHHS (3) € pIBHAHHS x(x2 +x—6) =0 4)

Po3B’s3kamu piBHAHHA (4) € x; =0, x; =2 1 x3 =-3. Ilepesipka
MOKa3ye, 0 X, =2 € KOpeHeM BHXimHoro pisHaHHA (1), a x=0 i
X =—3 He HOro KOpEHIMH.

Bionogiov: x; =2.

. 4
TMpuxitaza 10. Poss’s3atu pismsmasa x° —4x° —1=0.
Po3zs’sizanns. Ilicns 3amibm  x—1=! OTPUMYEMO piBHAHHA

t* 61> —8t—4=0. PoskianeMo JiBy YacTHHY LIbOrO PIBHAHHA Ha

MBOKHUKH. JIIsl 1LOrO IPENCTaBHUMO 11 Y BHIJIAI {6 <8 -4=

e 2 2 .
=|# +a) —(bt+c)”, me a, b, c niaGepeMO METOIOM HEBH3HAYEHWX

koedimientie. MaemMo -6 Rt =" +| 2a—b? ) 1 —2bct +a* -c*.

2a-b%=-6;
OpuH 3 po3B’sA3KIB CHCTEMH § —2bc=-8;,  3HAXOJANMO METOJIOM J1000-
a*-c*=-4

py: a=-2,b=42,c= 22. Tomy  oTpUMyeEMO  DiBHAHHA
(rz—z)z_(@u\/ﬁ)z:o, a6o (:2+J§:+2\ :i--z)(:z—ﬁ:hzﬁ—z)zo.

. t2+\/§r+2\/ﬁ—2=0;
3 CYKYITHOCTI 3HaXOIHMO

£ _J2-2J2-2=0;
24104812

L2 ™
’ 2

2+2 +4/10+ 82

Bionosioe: x) , = > .
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r

x+y+z=4
IIprknan 11. Po3s’43aTH cucteMy piBHAHB < Xy + yz + zx = 5;
Lx3 +y3 +2° =10.
Po3é 'azanna. Jlana cuctemMa € CUMETPUYHOK BiJHOCHO 3MIHHHMX
x, y,z. IlosHauumo x+y+z=a,xy+yz+zx=b, xyz=c. Tomi
©+y +2°=a’ —-3ab+3c=10, 3Bigku orpumyemMo c¢=2. Jlus
x+y+z=4;
PO3B’S3aHHA CHCTEMH Xy + yZ+zZX =35; 3pyYyHO CKOPHUCTAaTHCh Teope-
xyz =2
Moo  Bieta s kyGi4HOrO  pIBHAHHA:  SKIMO  pIBHAHHA
ax’ +bx* +ex+d =0  wmae TPH [JIHCHI KOpeHl X, X,, X3, TO
b c d
Xt+Xy+X3= =——, X)X +XX3 + X3X = —, X X,X3 =——. Tomy umucia
a a a
X, Y, Z € KOPEHSMH PIBHAHHSA > — 412 +5¢t-2=0.
3uaxoaumo 4 =1, 1, =1, t; =2. Po3B’13kaMu CUCTEMH € BCi MOXK-
JIHBI MEPeCTAaHOBKH LIMX KOPEHIB: (1;1;2), (1; 2;1), (2;1;1).
Bionosion: (1;1;2), (1;2;1), (2:1:1).
PiBHAHHA 3 OOE€pHEHHMH TPHUIOHOMETPHYHHMHM QYHKI[IAMH 3a

JONMOMOrOK) BIANOBITHHX IO3HA4eHb Kpallle 3BOAWTH [0 CHCTEM piB-
HAHb.

[Tpuxnan 12. Po3e’s3aTu piBHAHHSA arccos% =2 arcctg(x - 1).

, X
Po3zs azanna. [To3zHayumo arccosz =a,ac [0; 7{] s

arcetg (x—1) =B, B €[0; z]. OTpuMyeMO  CHCTeMy  DiBHAHB

a=2p;
X .
{cosa = 5; 3 AKOT OTPUMYEMO x=2cosa=ctgf+1,
ctg f=x—1.
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2
S - 1
2cos2fB =ctg B+1. Toal 3 piBHAHAA 21 tg2ﬂ= +1 3maxoaumo
1+tg*p tgp

3
tg f =—1. BpaxoByrouu ymoBYy £ € [O; 7:], OTpEMYy€eMO [ = —f x=0,
Bionogion: x =10,

[puxnag 13. Poss’a3ats piBsHES Vx° +1 —x = = . (1)

2xZ +1
Pose’asanns. O[3 pisasanna (1) € Bei midicai x. 3po6umMo 3aMiHy
HEBIAOMOro X =tgf, Ae MOXHA BBaxaTH, mo —7/2<t<z/2. Tom

piBHaHHA (1) 3anumemo y BHTIA I —tgt= %cost (2)

cost
Ockinbka cos?# 0 s THX ¢, SKi PO3TIARAIOTHCS, TO PIBHSIHHA

(2) ana mEx ¢ piBHOCHIBHE PIBHAHHAKO 2 —2s8inf =5 (1 —sin? r) (3)
PiBassna (3) piBHOCHIBHE CyKymHOCTI pIiBHSHP sinf=1 i
. 3
sint =—— 4
- (4)
I3 po3B’a3KIB HUX PIBHAHB NPOMIKKY —7/2 <t <7 /2 HAICKHTH
TUIbKH = arcsin(—3/5). Tomy Bignosiame x €
sin (arcsin (-3/5)) -3/5

- in(-3/5)= = =-3/4.
* tgarcsm( ) cos(arcsin(—3/5)) 1-9/25

Bionogios: -3/4.

Yacro MipKyBaHHSA, OB f3aHi 3 00IACTIO IOMYCTEMHAX 3HAYEHb
IBOrO PIBHAHHA Y 007acTiO 3HAYeHb (yHKUIH, IO BXOASTH Y PiBHSH-
Hi, I0MIOMAraroTh YHHKHYTH NOMMPEHAX MOMHIOK ab0 3aiiBoi poOOTH.

[Mpuxiazg 14. Po3s’s3atu cucreMy piBHAHD

Sx—4=25y%

x —8y/x? —9xy? =(9-16x)y*.

Po36’a3anna. 13 APYTOTO PIBHAHHS MAEMO, IO PO3B’A3KH CHUCTE-

MH MaroTh 3aI0BOJILHATH YMOBI x“ — 9xy2 =0, 3BIAKA
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x € (—o0; O]U[S)yz; +oo). 3 Mepuioro piBHSHHS Ma€EMO x:f‘:%. Orxe,

x29 yz.
3anumeMo apyre PIBHAHHSA y BUTJIAI

2
x—9y2—8y\/x2—9xyz+l6xy2:0, abo (1/x—9y2 —4yJ;) =0,

3BIJIKH Jvc—-9y2 —4 y\/; =0. ToMy gaHa cucTeMa pIBHOCWIbHA TaKIM:

5x—4=25y%; , g

§ Posp’s3aBmn 11, OTPUMYEMO  BIAIOBIJb:
Jt—9y2 =16xy°.
5=1 y=10,2.

Bionosiow: (1;0,2), (1; -0,2).

:c(x2 +3y2) ~158;
[purutan 15. Po3B’s13aTu CHCTEMY PiBHAHB

y(y2 +3x2) =—185.

Po36 ’sazanns. TlonivBIom nepuie piBHAHHA Ha pyre, Micis nepe-

TBOPEHb OTPHUMYEMO, IO PO3B A3KM CHCTEMHM MAalOTh 3a0BOJILHATH

piBusHEs  185x° +474x%y +555xy% +158y° =0. BpaxoByious, mo 3

Apyroro piBHAHHA BUIUTMBaE y # 0, Ta NMOJUIMBIIH OTPUMaHe PiBHAHHA

185 + 474¢* + 555t +158=0, e ¢ = Lt I[LOrO PIBHSAHHA (Kpalle 3a
h

2
nornomoror cxemu ['opHepa) 3HaX0UMMO, 1O = —g, TOOTO J1aHa CHC-

x[x? +3y%)=158:
(x* +37%)=158

TeMa piBHOCHIbHA TaKiM: ) Po3p’s3aBmu ii, oTpamy-

X
y S
eMo x=2, y=-5.

Bionosiov: (2; —5).
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Ipuxnan 16. Po3e’s3atu ciucteMy piBHSHD <

+

1

x

1

; zZ+x
1 1
z x+y

2
x(y+2z) _Y(z+x) _ z(x+y).
2 3 -+

IlosHauumo xy =a, xz=b, yz=c, x+y+z=1.

Po3ze’azanns. MaeMo x+ y+z =

a+b=2t,
; t 3t 5t
Toni < a+c=3t; 3Binku OTPUMYEMO a—g b=—,c=—.
b+c=4t,
Onnak Toxni E:Z=l, —Ei:i:E, 3BIIKH ng—J-{, z=3y. Ig-
B=ig "3 %e g 5 5
CTABUBUIY LI 3HAYEHHS B Neplle PIBHAHHA MOYATKOBOI CHCTEMH, OTpH-
oo Sa Ll iy B, B2
A g g Pt clg g
Bionoesiow: [E’ 2;’-, 2)
10 6 2

[pukman 17. 3naiity Bei 3Ha4YeHHs napamerpa a, Uis KOXKHOLO 3
SKHX BIPHE TBEPDKEHHS: 11s Oyab-9k0ro b € R 3HAMJYThCS LIOHAHMe-
HIIE TPH Takl 3HaYeHHs ceR, wob cHcTema PIBHSAHb

3x+(2b+4) y=bc* +ac;

5 " 3 HEBIIOMMMH X, ) Maja Xoua 6 OJHH
3x+(b +2b)y:4c

PO3B’430K.
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Poss’szanna. Jana cHcTeMa PIBHOCHJIBHA TaKiH:

be® +ac—(2b+4)y
= -
< 3 ska pu b # +2 Mae po3B’A30K npu Oy 1b-

(bz —4)y = 0(40 —be? - 11) ;
skoMy ¢ € R. ToMy /Ui po3B’s3aHHs 3aj1a4l NOTPIOHO 3HAMTH BCI 3Ha-

YeHHsA MapaMeTpa d, AN KOXKHOIO 3 fAKHMX BIPHE TBEpDKCHHA: JIIA
b=+2 3HaiimyThCA IMIOHAIIMEHIUE TPH TaKi 3HA4eHHA ¢ € R, 100 piB-

-

HieHg 0.y = c(4c hpt = cz) 3 HEBIZOMHM ) Majno Xo4ya © oIHMH
po3s’s30K. Take pIBHSAHHA Ma€ PO3B A30K Y BHIAAKY, KOJIH BUKOHY€ETHCS
PIBHICTB c(4c ~be? - a) =1

Omxe, pIBHAHHA c(-ft-c—bc2 —a) =0 npu b==2 NOBUHHE MATH

TpM pisHMX AificHMX po3s’s3ku. Ile BIpHO MpH BMKOHAHHI YMOB!

a#+0,
D=16—4ab >0.
3pigcu orprmyemo Bimmosiae: a<(-2; 0)U(0; 2).

Il. HecTaHaapTHI HepiBHOCTI

Ilpu po3B’d3yBaHHI HEPIBHOCTEH OCHOBHUMH METOJaMH € BBC-
JeHHs. HOBOI 3MiHHOI afio po3Knaj JiBOI YaCTHHH HepiBHOCTI (Ticis
fepeHeCeHHs BCIX HOJAHKIB y IO 9aCTHHY) HA MHOXHHKH.

Ilpuxnan 1. Po3B’83aTH HEPiBHICTb:
x—J(x-1)(x+4) = 2Jx+4 -2Jx—-1-3.

Po3se azanna. [TozHauumo \ﬂc +4 — \f x=1=£ Toxai

2 et
r2:2x+3a2\/(x+4)(x—-l), 3B1IKH x—\f(x+4)(x—l):t 5 3. Tl
HOBOi 3MIHHOT OTPHMYEMO HEPIBHICTbH t*—4t+3>0, 3Binku
te(-oo; 1]U[3; +oo:).
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Omxe nana HepiBHICTh PIBHOCHIIBHA HACTYIIHIH CYKYITHOCTI:
Vx4 -Jx-1<L;
| Vx+4—x-123.
fo >1; -

hx+4‘_€(1+\/x_—ll)2;
s=l
Nx+42(3+¢§:Tf

Bionosgios: x € [5; +00).

Po3B’a3yr0um ii, oTpuMyeMoO

IV

b =
IA

\/_ [p;

=
v
=

“~
f_'_"'"\ ey,

vr__

IV

Ipuxnan 2. Po3B’43aTH HEPIBHICTH
i/l—xz+Q/x4~1<2x—log2(l—*—x4). (1)

Poze¢’szanna. OJ3 HepiBHOCTI (1) cki1anaeThes 3 yeix x, MO Of-

HOYAaCHO 3a/I0BONGHAIOTE yMoBaM 1—x? >0, x* —1>0, T06TO 0O/13
CKIaJaeThes 3 ABOX uMcen x; =1 1 x, =-1. IlinctaBnstoun x; =1 B
HepiBHICTH (1), oTpuMaemo, 1m0 #oro jiBa yacTHHA AopiBHIOE 0, mpasa
popiBHIOE 2—log, 2=1, 106T0 X; =1 € po3B’s30k Hepiuocri (1). ITia-
CTaB/IIl0YM X, =—1 B HepiBHICTH (1), oTpumyemo, mo x, =—1 He €
HOro po3B’sA3KOM, OCKUIBKH JIiBa YacTHHA HepiBHOCTI (1) mopisrioe 0, a
NpaBa 4YaCTUHA JAOPIBHIOE 21 —~log,2=-1/2.
Bionogios: x=1.

Ipuxnaz 3. Po3s’s3aTi HepiBHiCTb Vx+3 + 9 —x < /3. (1)

Pose’azanus. O[3 nepiBHocri (1) € Bei x i3 npomikky -3 < x <9.
P03i6’em0 1110 MHOXHHY Ha JiBa POMiKKH —3<x<0 ta 0<x<9.

s x i3 npomikky -3<x<0 wmaemo Jx+3>0,
Yo—x>%9=13. Orxe, Vx+3+¥9-x>/3 na bOMY IIPOMDKKY, 1
TOMY HEpIBHICTB (4) He Ma€ PO3B’A3KIB Ha UBOMY MPOMDKKY.
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Hexa#t x Hanexute npoMikky 0<x<9, tomi Vx+3 >3 i

Y9-x>0. Otxe, Jx+3+39-x >\/§ IS TaKUX X, 1, 3HAYWUTh Ha
LOMY IIPOMDKKY HEPIBHICTH (4) TaKOX HE Ma€e po3B’A3KiB.
Bionogios: po3B’a3KiB HEMaE.

lll. JdoBeneHHA HEPIBHOCTEW

AnreOpaiyHi HEpIBHOCTI JOBOJAATHCA PI3HOMAHITHUMH METOAAMH,
MO IPYHTYIOTbCS HAa PIBHOCWJIBHHX MEPETBOPEHHSIX NAHOI HEPIBHOCTI
JI0 O4EBUAHOI, HA BHKOPHUCTAHHI BJIACTUBOCTEH YMCJIOBUX HEPIBHOCTEH,
BIACTHBOCTEH eJIeMeHTapHHX (PYHKIIi¥, JOBEIEHHA Bl CyNMpPOTUBHOIO
TOMmO.

Harapmaemo neski BijioMi (onopHi) HEPIBHOCTI, 1110 4aCTO BUKOPH-
CTOBYIOTBCS IIPH AOBEACHHI IHITHX HEPIBHOCTEH:

1) a®>0;

2) ax’ +bx+c¢>0, akimo a >0, b? —4ac < 0;

1 1
3) x+—=2, sxmo x>0 Tta x+—<-2, akmo x<0,.
X X

ITpuxutag 1. JloBecTH HEPIBHICTH g - 7 ¥1E0.
Pose az3auns. Maemo

2
.763+:1r:6—4x2+Jc:2+1:x8 it +1~i-)c6—-2x4 +x2 =():4—1) +

2
+x* (x2 —]) > (), OCKUIBKHM 00MIBa MONAHKH HEB1I €EMHI.

Ile TuUmoBMH NpHKNan BHKOPHCTAHHS HAaWMPOCTILIOTO METOXdY,

| AKAH HA3UBAETHCA «BHILICHHSA KBallpaTiB)).

[Tpuxnan 2. JloBeCcTH HEPIBHICTD

2
&4yt d
af+a%+___+az>L1 . )
n

=5
Po36 ’azanna. Ilicns MHOXKEHHS Li€] HEP1BHOCTI Ha 17 Ta TOTOXHHKX
NEPETBOPEHH MAEMO TaKi PIBHOCHIIbHI HEPIBHOCTI:

2 2 2

2. 2 -1V 2
nlaf +a; +..+a, ) 2(a+ay+..+a,) . nlaf +ay +...+a; |-
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2 2 2 5
(al +a; +...+a; + 2a0, 2003 + ...+ 2a.a, +2a,a5 + 2050, +...+

3 3 2
+2a,_1a,)20, (n—l)(aI +a +...+a,,)-- (2aia; +2a1a5 +...+

+2aya, +2a,a5 + ...+ 2a,a, + ...+ 2a,_1a,)=0.

[licis neperpymyBaHHS JOJaHKIB MAaeMO OYCBHAHY HEPIBHICTH,
PIBHOCHJIbHY JIaHIH:

(q Haz)z +(q —a3)2 +..+(q —ai,,)2 +(a, —a3)2 +...+(a, —a;,)2 -

-l-...+(an_l —an)2 =0

1
[Ipuxnaa 3. JoBectH, 0 —= < Jn+1—-+n-1.

Jn

Po3é’szanns. Jlana HEpIBHICTh MPH HATypajJIbHOMY 77 PIBHOCHIIB-

Ha  TaKuM: 1<\/(n+]_)n—‘/;1(n—l), Jn(n=1)+1<n(n+1),
n(n-1)+2yn(n-1)+1<n(n+1), 2\/;(12_—]7 <2n-1; 4n(n—1)<4n2-

~4n+1, 0<1, Mo TOBOAUTH Ti CIPABETUBICT.

[Mpuxnan 4. JloBectH, 110 IIPH BCIX AIMCHHUX X, V, Z, AKI 3a710BO-

JILHATH PIBHSHHIO ks 22 =8 ta xz —xy+ yz =4, 3MIHHA X 3aJ0-
BOJILHSAE HEPIBHOCTI |x| < ——%

Po36’s3anns. HeBaxko MOMITUTH, 10 YMOBH 3a/a4i CHMETPHUYHI
BiIHOCHO 3MiHHHX X, y. [lo3Hauumo x+y=a, xy=>b. Toni Maemo

a’®-2b+z% = 8;
az—b=4.
To6T0 z=a=x+y. Toni 3MiHHI X Ta ) 3a/J0BOJIbHAIOTH PIBHOCTI

x?+ y2 + (x - y)2 =8, abo micys crpoleHs y:Z + Xy + x2—4=0.

3Biicy oTpumyemo b=az—4, a*-2az+7* = 0,

Po3mismarouu 10 DIBHICTH SK KBajpaTHE PIBHAHHA BIAHOCHO
3MIHHOI Y, 3 YMOBH, IO TaKi YHCIIA X, Y ICHYIOTh, OTPUMYEMO, IO JTHC-

KPHMIHAHT TaKOT'O PiBHAHHA HEBiJ eMHHH, ToOTO D = 16—3x2 >0.
I3 i€l HEPIBHOCTI OTPUMYEMO TBEPIDKEHHS 3a/1a4i.
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IV. 3acTocyBaHHs HepiBHOCTEH NPU PO3B’A3yBaHHI PiBHAHDL
Ta CUCTeM PiBHAHDb

[Ipu po3B’a3yBaHHi PiBHSHb Ta CHCTEM PiBHAHb HAMOIMBIN NOUIH-
PeHi HaCTYTHI 17161 3aCTOCYBaHHS HEPIBHOCTEM:

1) skmo f(x)>0 Ta g(x)=0 mpu BCiX A0TCTHMHX 3HAYEHHAX
3MIHHOI X, TO PIBHAHHS [ (x) + g(x) =( piBHOCHJIbHE CHCTEMi PiBHAHD:
{f(X)=0;
g(x)=0;

2) axkmo f(x)=A4 Ta g(x)<A npu BeiX AOMyCTHMHUX 3HaueH-
HAX 3MiHHOT X, TO piBHAHHA f(x)=g(x) piBHOCWIbHE cHCTeMi piB-

HAHB: {f (x) =45
. g(x) = A.

[Ipuxnan 1. 3uaiiTy Bei mapu (x, y) AIACHUX YHCE, 1110 3a/10BO-

. JbHSIOTH PIBHAHHIO " ~-2x2y-'r3y2 —4ch+-4ch2 -8y+16=0.

Po3e’azanns. Bunuiusim MOBHI KBaJpaTH, MaeMo
(x2 - y)2 +(2x— y)2 +(y- 4)2 =0. OcCKiNBKM BCi JIONIAHKY HEeBix €MHI,
g y=0;
TO OTPHMY€EMO, 1110 PIBHAHHS PIBHOCHIbHE CHCTEeMI < 2x — y =0; 3Biaku
y-4=0,

oTpUMy€eMO x =2, y =4,
Bionogioe: x=2, y =4,

Ipuknan 2. Po3s’a3aT piBHAHAS VX +3 ++/x—1 = E

x
Poze’szanns. O61acTh NOMYCTUMHMX 3HAYeHb HAAHOIO PiBHSAHHS:

x21. Ane mpu x>1 BHKOHYIOTBCA HEPIBHOCTL: VX+3++vx—12>2,
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Jx+3 +x-1 =2;

<2. ToMy piBHAHHSA PIBHOCHIbHE CHCTEMi: { 5 3
X

= | o

SAKOT OTPUMYEMO X =1,
Bionogiov: x=1.

Mpuktan 3. Poss’s3atu pisHaHuA x” + 4xcosxy +4 =0.

Posg’asanns.  Maemo  x* +4xcosxy+4 = (x+2cos xy)2 B
x+2cosxy=0; ) :
+4sin? xy =0, 3BIOKH { _ . Ockinbku nipu sinxy =0 Mae-
sinxy =0.

MO COsxy =*1, TO MOKJIMBI J{Ba BUITAKK:

. : x=2
sin xy = 0; x=2,
1) = 4 T
cosxy=-1 |xy=n(2k+1),keZ y:3(2k+l),keZ.

L S

sinxy =0; x=-2; x=-2;
2) o’ <

cosxy =1 xy=2rnk, keZ y=rnk, keZ.
Bionogiow.: x =2, y:%(2k+1), keZ. ]

Ilpuxnan 4. Po3p’s3aty piBHAHHA ¢

SRS EI. B e, () 1
x“+2x+4+ EICY 0g3(x +x+) ()I

Pose szanns. OJ13 uporo piBHsHHA € BCi AikicHi yncna. Tleperm-

Vx* +2x+4 i

2

CaBIIM JiBy 4YacTHHY piBHsHHA (1) y Burasgi 2

1
2

+ , 3BEPTAEMO YBary, MO0 BOHA HE MEHINA HDK YOTHPH, K
\)xz +2x+4

Cyma IBOX B3a€MHO OOEpHEHHMX N0JATHHX BEJIMYHH, i TUTBKM 1pu x =0 -
BOHA JIOPIBHIOE YOTHPHOM. Y TOMH e Hac 1paBa 4acTHHa mpu x =0 g

3
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TAKOK JOPIBHIOE ‘{OTHPLOM a st BCIX x # () MeHme Hix yorapu. O1-
#e x =0 €IMHUH PO3B’I30K PIBHIHHI.
Bionosgios: x =0 .

Ipuxnan 5. 3mafitn Bei midicHi yncna x, y Takl, wo x> y=>1 Tta
2x2—xy—3x+ y+1=0.
Posg’ssanns.  Jlame  piBHAHHA  3BOAMTHCA 10 BUTIIATY
2 ” g "
(x=1)(x=»)+(x-1)" =0. 3a ymoBoto mepmmii 1oxaHOK HCBII €MHHI,

- TOMY PIBHICTh MOK/IMBA JIMINE TPH X = 1, 3Biaku 1< y<1 10610 y=1.
Bionogios: x=1, y=1.

| V. 3acTocyBaHHs BNacTUBOCTEN YHKUIM
Npu po3B’sA3yBaHHi PiBHSAHL

Yacro mpu po3s’a3yBanHi 3a1au BHKOPHCTOBYIOThCA TaKi BIaCTH-
BOCTI (yHKIIT, 5K 0OMexeHicTh, mapHicTs, HEeMapHICTh, NepiogHY-
HICTb, MOHOTOHHiCTb. Haibinemr nommpeni Taxi igei 3aCTOCYBAHHSA
- BIacTHBOCTEHM (YHKIIIHN.

1) SIxmo ¢ynkuias [ (x) HabyBae HaHOLTBIOOrO (YK HAHMEHIIO-

' T0) 3HAYEHHS, AKE OPIBHIOE A, TO JUIS PO3B’3aHHs piBrsEEa [ (x)=A
' JOCTATHBO JOCIIAMTH, NPH SKHX 3HAYCHHAX X bysxuis f(x) nocsrae
: CBOr0 HaHOLTBIIOro (4M HAMMEHIIOro) 3HaYCHHS.
| 2) Sxwmo ¢yrxmis f(x) napra (au HemapHa) Ta X, — KOpiHb pi-
! BEAHEA [ (x)=0, TO —x, TaKOX KOPiHb IIbOTO PiBHSHHS.

3) Axmo ¢ymkmiz f(x) € CTPOro MOHOTOHHOI, TO pPiBHAHHS
¥ (x):A HE MOX€ MaTH Outbie oaHoro koperd. Jlna pose’szamms
TaKOrO PIBHAHHSA JOCTATHBO MMOKA3aTH MOHOTOHHICTD Gynmxami [ (x) Ta
| 3HAHTH LCH KOPIHb METOJ0M J060pY.

4) SAxmo ¢ynkuis f(x) e crporo MosoToHHOKW, TO PIBHAHHS
fg(x)=r (7(x)) piBHOCHTBHE piBHsHHIO g(x)=h(x) (sa ymosn,

|10 0bnmacTh BU3HAYCHHA DyHKIT [ (x) mictute o6macTs 3sHaveHs byn-
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kuiii g(x) ta h(x)). SAxkwo gynkuis £ (x) € cTPOro MOHOTOHHOIO, TO
pisusuns f(f(x))= f(x) piBocunbue pinsiHmIO f(x)=x

[Tpuxian 1. Po3s’s3aTh piBHAHHA \}4x —3* 4 JS +4x—x> =S5.
Po3s sazanns. [leperiuemo PIBHSHHSA y BUIJIAAI

J4-(x—2)2 +J9—(x—2)2 =5,

MaxkcumalibHe 3HaYeHHS JIBOI YacTHHM JIOPIBHIOE 5 Ta Jocsra-
€THCA JIMLIE NPH X = 2.

Bionosioe: x =2.

[puknan 2. 3HaiTi 3HaYCHHs [TapaMeTpa @, [PH AKUX PIBHAHHA

& _g= a(] + 9%) Ma€ €IMHUH KOPIHb.

Pos36 sazannsn. OCKUIBKH J1iBa Ta TIpaBa YaCTHHU PIBHSHHS € TapHi dy-
HKLLii, TO €IMHMM KOpEHeM PiBHAHHs Moxe OyTu e x, = 0. Tomy napa-

METp a Ma€ 33/I0BOJILHATH YMOBY a” — 6 = a, 3Biku a =3 abo a = —2.
Mobymysasum  rpadiku  dymkuisi  y=a°- I 6 Ta
y :a(l +9%ﬂ?| ) IIPH LIMX 3HAYEHHAX MapaMerpa d, MPUX0UMO [0 BHU-

CHOBKY, IO IIpH @ =3 pIBHSAHHS Ma€ TPH PO3B’A3KH, a NP a =-2 —
OJIHH PO3B’A30K.
Bionogios: a=-2.

[lpuknan 3. Posp’szatm B JIHCHMX umMciaaX  PiBHAHHA
x X
(2+43) +1:(2 2+J§) .

Poszs’sasanua. Tloginumo  oOMABI  uyacTHHM  piBHSHHA Ha
x x
X
(2 2+J§) . Maemo {j—;ﬂﬁJ +[ 1 _J =1.

242+3
\/2+\/?_> ]

OckuIbKH ———— < |, —=—==<1, T0 dyHKLii

20 ol
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X X
A
\/2+\/§ 1 | o .
- a OTKe 1 TiBa YACTHHA PIBHOCT! €

=L 1 Tl ¢ A, |
= Y= ,

2 A |
242 ++/3 )
cnagauMe QyskmisvMua. Tovy PIBHAHHSA HE MOXE MaTH Olmbuie OAHOTO
kopeHs. Llum koperem € unci1o x = 2.
Bionosgiown: x =2,
IMpruxnaz 4. Po3e’sa3ati cucreMy piBHAHD
tg x +sin y+sin z = 3x;
; : 5 T T 7
sinx+tgy+sinz=23y; akmo 0<x R 0<y <5, D=2 <E.
sinx+sin y+tgz =3z, '

Pose’asanns. Jlogasind pIBHSAHHA CHCTEMH, OTPHMYEMO, IIO
pO3B’SA30K Mae 33 I0BONTBHATH PIBHAHHA-HACTLIOK:
(2sinx +tgx—3x)+(2sin y+tgy—3y)+(2sinz +tgz-3z) =0.

: : %

Posrnsaemo (ynkuno f(x) =2sinx+1gx-3x qd Xe€ [O; ,,‘}‘

L.

3acrocyBasim HepiBHICTE KoL, OTPHMYEMO

1 1
f’(x)=2005x+——,2———3::cosx+cosx+ = -3=3.
cos” x cos” x

12‘- -3=0.

cos” x
Orxe, /'(x)z0, npuaomy f’(x)=0 nume npu cosx =1, To0TO

mpu x=0. Omke, f(x) e spocraroucro. Tomy f(x)>f(0)=0 aax

'%/COS X-COSX-

‘ T : ;
BCIX X & (0, ‘EJ, a4 BKa3aHe¢ BHIIC PIBHSHHA-HACTLIOK MOXKC BHKOHYEA-

THCh THIne mpu x =y =z := (.
ITepeBipka mokasye. 1o x =y =z =0 € po3B 43KOM CHCTCMH.
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