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BBEOEHUE

Marepuan,  cBA3aHHBIH €  ypaBHEHHSIMH,  COCTaBIISET
3HAYUTENFHYIO YacTh MIKOJIBHOIO Kypca MaTeMaTuku. JTO 00bsSCHSIETCS
TeM, YTO YpaBHEHMS IIUPOKO HCIOJIB3YIOTCS B Pa3iMYHBIX pa3zenax
MaTEeMaTHKH, IPU PEIICHNN BaXKHBIX MIPUKIIAIHBIX 3a1a4.

VYpaBHeHHEe Kak OOLIeMaTeMaTHYeCKOe TIOHSITHE SIBIACTCA
MHOT0ACTIEKTHBIM, TIPUYEM HH OJIMH U3 ACHEKTOB HEJb35 UCKIIOYUTH U3
paccMoTpeHHsi, 0COOGHHO €CliM pedb UAET O MpodieMax MIKOIbHOrO
MaTeMaTH4YeCKOro oOpa3oBaHMsL.

BBuay BaxkHOCTM W OOLIMPHOCTH MaTepuaia, CBS3aHHOIO C
MOHATHEM YpPaBHEHHUS, €ro M3Yy4EHHE B COBPEMEHHOM METONMKE
npenojaBaHvs  MaTeMaTHKH  OpPraHW30BaHO B  COIEPIKATEIbHO-
METOANYECKYIO JTUHHUIO — JIMHUIO ypaBHEHUH. 31eCh pacCMaTpUBAIOTCS
BOMPOCH  (POPMUPOBAHMS TIOHITUS YPAaBHEHMS, METOAOB pPELICHUS
YpaBHEHUH, B3aUMOCBSI3M HM3YYEHHS YpaBHEHMH C  YHCIIOBOIMA,
(YHKIMOHATBHON M JPYTUMH JMHHUSIMH IIKOJIBHOTO Kypca MaTEMaTHKH.

B nanHOM 0oCcOOMH M37I0KEHBI METOABI PEILICHUS PALMOHATbHBIX,
UppalMOHANBHBIX, IOKa3aTeNbHBIX, II0KAa3aTEIbHO-CTCNICHHBIX H
norapugmuueckux ypaBHeHHi. Llenb mocobus — B paMKax perIeHHs
3aJa4u MOATOTOBKM METOIMYECKU I'PAMOTHOTO YUYHTENs, pean3yeMoi
YK€ Ha BY30BCKOM YPOBHE, IOMOYb CTyAEHTaM B CHCTEMaTH3aL[1H
CBOMX 3HAaHMH MO PELICHUIO YPaBHEHUH Kypca CpeAHel KO, a TaKXKe
O3HAKOMUTb HMX C HEKOTOPBIMH METOJaMH pEIICHUS YpaBHEHMH,
KOTOphIM B IIKOJ€ IO ONpPEIEICHHBIM NPUYMHAM HE yIensercs
JOCTaTOYHO BHUMAHMSL.

[TonpITKOW AOCTHYD 3TOM LETM M ONPENEISETCs CTPYKTypa
JAaHHOTO TOCOOMA: B Haudale KaKIOro IIYHKTa KpaTKO H3JI0XKEH
TEOPETUUECKUI MaTepuall, 3HaHHE KOTOPOro SIBJSIETCS HEOOXOIUMBIM
IUIL  pELIeHUS COOTBETCTBYIOLMX YpaBHEHUH. OTO  IO3BOJSIET
WCTIONB30BaTh mocoOMe, He mnpuberas k ydeOHukam. [lamee
OIIPEENsIeTCs METOA PEIICHNS YPaBHEHUH U pa30uparoTCsi KOHKPETHBIE
IpHUMephl Ha NpHUMEHeHHe AaHHoro merona. [locie 3Toro mpuBeneHb!
YpaBHEHHUS AJISI CAMOCTOSITEIIBHOTO PELICHUSI.

Takass ¢opma H3IOXKEHHUS, 10 HAIEMy MHEHHIO, SIBISETCS
HanOosee yINOOHOW Ml AaKTUBHOI'O YCBOEHHMS METONOB pEILICHUS
ypaBHeHUH. MBI ToOmpoOoBanmM  pPacHONOXKHTb ypaBHEHHS IS



CaMOCTOATCIABHOI0  PCIICHUA 110 BO3paCTaHUIO UX  CJIIOXKHOCTH,
0CO3HaBad IMpHu 3TOM, YTO Ka)K,I[I:IfI CTYACHT, B 3aBUCUMOCTHU OT CBOHX
3HAHUU U CKJIOHHOCTCP’I, BO3MOXHO, U3MCHHNJI OBl MMopAa0K ypaBHeHHf’I.
[Tocobue B OCHOBHOM NpeaAHa3HA4YCHO [JIA CTYACHTOB OYHOI'O U
3a049YHOIro OTHCHCHHﬁ, 06y‘~IaIOH.[I/IXCH o0 CIICHHaJIbHOCTHU
<<MaTeMaTI/IKa)>, Ipu U3y4CHUH KYypCOB <<3J’IeMeHTapHa${ MaTéMaTHuKa 1
MCTOJUKA  MpPCIOoJaBaHUd  MATCMATUKW» U «IIKxOonbHBIA KypcC
MAaTeMAaTUKU U MCTOAWKA MPCIIOJaBaHUA MATCMATUKW», a TAKIKEC 6y,Z[CT
MOJIC3CH yYallIUMCA CTAapIINX KJIIACCOB U YUUTCIAM MATCMATUKU.



OCHOBHBIE METO[bl PELUEHU!A
PALUOHAJIbHbIX YPABHEHUA

VpaBuenne f(x)=g(x), B koTopoM f{x) U g(X) — HEKOTOpHIE
(YHKUMH OTHOCHTENIBHO apryMeHTa X, paccMaTpuBaeMble B 0OIIei
4acTU MX 00JacTe ompenerneHus, HA3BIBACTCS yPAGHeHUEM ¢ OOHUM
Heu36ecmubiM X.

3HaueHus1 HEW3BECTHBIX, MPUHAISKAIINE 00JIACTH JOITYCTUMBIX
3Ha4YeHUH ypaBHEHHS U yJOBJIETBOPSIOMINE eMy (T.e. oOpalaromue ero
B BEPHOE PABEHCTBO), HA3BIBAIOTCS KOPHAMU YPAGHEHUA.

Pewiumsy ypagnenue — 3HAUNT HAWTH BCE €ro KOPHU WIH
JI0Ka3aTh UX OTCYTCTBHE.

Meronsl pemieHus ypaBHEHUH 0a3upylOTCS Ha IOHSATHH
PaBHOCHJILHOCTHU (3KBHBAJICHTHOCTH).

Ecmm  Bce kopHu  ypaBHeHust  f(x)=g(x)  SBIAIOTCA
OTHOBPEMEHHO KOpHAMH ypaBHeHus f(x)=g;(x), TO BTOpOEC
ypaBHEHHUE HA3BIBACTCS C1€0CHIgUEeM TIEPBOTO.

IBa ypaBHEHUS Ha3bIBAIOTCS PAHOCUTILHBIMU
(9KeusanenmuviMu), €CIIM MHOKECTBA UX KOPHEH COBMANAIOT.

B mpouecce pemieHusi ypaBHEHME NOpW IOMOIIM Pa3IHYHBIX
npeoOpa3oBaHUi 3aMEHSIOT Oojiee TPOCTHIM, PABHOCHIBHBIM EMY
ypaBHeHueM. Eciu 5T0 He yaaercsi, ToO BO3SMOXKHBI CIEAYIOIIUE CITyqau:

1. Ilpu mepexoae K HOBOMY YpPaBHEHHIO MOXKET INPOU3ONUTH
oTepst KOPHEN.

2. HoBoe ypaBHEeHHE MOXET COAEPIKAaTh KOPHH, HE SBISIOMINECS
KOpHSIMH HCXOJHOTO ypaBHEHHs (HoCTOpoHHUE KopHH). IlocroponHme
KOPHM MOXHO BBISIBUTH IPOBEPKOH (TIOICTAaHOBKOW BceX KOpHeEH
HOBOT'O YpaBHEHUS B HCXOIHOE).

1. UENbIE PALUNOHAJIIbHbIE YPABHEHUA
Pa3noxeHune Ha MHOXUTENun

Ilpumep 1. Pemuts ypaBHEHUE
8x* +6x° ~13x% —x+3=0.
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Pewenue. Jlemurensmu uucna 3 Oyayr uumcma 1, £3, a
genurensaMu umciaa 8 — umciaa *1, £2, £4, £8. CuegoBaTelbHO,
BO3MOXHBIE PAllMOHANbHBIE KOPHU YPaBHEHUSI HAXOASITCS CPEAU YHCEN
+1, £3, i1/2, i1/4, i1/8, i3/2, i3/4, i3/8. IMoacTaBuB >TH YKCIA
B YpaBHEHHE, HAWIeM ONMH M3 €ro KopHeil: X, =—1/2. Pasnenus Ha
x+1/ 2 MHOTOWICH, CONEPXAIIUICS B JICBOH YaCTH YpaBHEHHS, WU

MOAy4YHWB MpHU OTOM (HampuMmep, OpU TOMOIIM cXembl [opHepa)
MHOrowleH 3-W CTeneHH, HalJeM eIle OAWH KOpPEHb YPaBHEHHUS:
X, =3/4 . BbINOJHUB ONMMCAHHYIO BBILIE MPOLEAYPY JUISl TIOTyYEHHOrO

MHOTO4IEHa, MepelieM K MHOTOWIEHY BTOPOH CTEIeHH 8x% +8x—8.
PemmB cooTBeTcTBYyIOIIEE KBaIpaTHOE YypaBHEHUE, HaiaeM KOpHHU
JaHHOTO MHOTOWIEHA, a, 3HAa4YMT, CIIe JBa KOPHA HCXOIHOrO

—1+5 _  -1-4/5
T2 Mt

2
3adanusn 0na camocmoamenbHo20 peulenus:
o 3 —8x? +13x—6=0;
o x3—7x2 +16x-12=0;
o 10x3 —3x? - 2x+1=0;
5x3 =632 +11x-2=0;
o x4+x3—x2-7x-6=0;
x*—2x3 +5x2 —8x+4=0;
o x5 —x4—3x3 +5x2 —2x=0:
0 =2x* —dxd +4x? =5x+6=0

YPaBHEHUSL: X3 =

3ameHa nepeMeHHOM

Ilpumep 2. Pemmth ypaBHEHUE
(x2 +2x)2 —(x+1)% =55.
Pewenue. Beenem 3ameny:



t=(x+1)2,1>0 (*),

OTKyZAa t=x?+2x+1=x% +2x=t-1.
Torna ucxomHoe ypaBHEHHUE 3aIlUIIEM B BUJE:
(t-1)2 —1=55.

Ero kopuu: #, =—6, t, =9. 3HaueHue # He yJOBIETBOPAET YCIOBUIO

(*). BepHyBIINCB K NIPEKHEN IEPEMEHHOM, TOTyYHM ypaBHEHHUE
(x+1)*=9,

PaBHOCUIILHOE COBOKYITHOCTH yPaBHEHUI

x+1=3,
x+1=-3.

Pemus ee, HalizieM KOPHHM HCXOJHOTO YPaBHEHUS X; =2, X, = —4.
Omeem: x; =2, x, =—4.
3adanusn Ona camocmoamenbHo20 peulenus:
» (x2 +2x)2 -11(x+1)2 +35=0;
(x4 x+D)(x2+x+2)-12=0;
» (x2+x+D)2x2 +2x+3)=3-(1-x—x2);
" (2x2 +3x—-2)(5—6x—4x2)=—5-(2x% +3x+2);
" (x2—5x+7)2 —(x-2)(x-3)=1.

YpaBHeva cneunanbHOro Buga
BO3BpaTHbIe YpaBHeHUsA

Anrebpandeckoe ypaBHEHHE BHIA
axt +bx +ox? +dv+e=0 (e=0)

HAa3bIBACTCSA 6036pAMHbIM YpDAGHEHUEM uemeepmoﬁ cmenenu, CCiliu
€ro K03(1)(1)I/II_[I/ICHTLI CBA3aHbI CJICAYIOIIUM COOTHOIICHUCM



Pemienne  gaHHOrO  ypaBHEHHSI MOXKET  OBITH  CBEAEHO
COOTBETCTBYIOILEH 3aMEHOH K PEeIICHNIO KBaJpaTHOTO ypaBHEHUSI.
Ilpumep 3. Pemuts ypaBHEHUE

18x% —3x% —25x% +2x+8=0.
Pewenue. Tlockonbky (18/8)=(-3/2)?, ypaBHeHue sBiseTCs

BO3BpPAaTHBIM. Tak xkak x=0 He ABIsIETCA €ro KOpHEM, pa3aciinuM obe

YaCTH YpaBHCHUA Ha x2 .

2, 8

18x2 —3x—25+5+—=—=0.
X x2
Crpymnmupyem ciaraeMble B MPaBoi YacTH yPaBHECHUS:
2(9x2 +ij—(3x—2)—25=0. *)
x2 X
BBenem obo3HayeHue:
t=3x-— 2 .
x
BosBenem 00e yacTu 3aMeHBI B KBaIparT:
2-o2+ 10 = o2: 4 _ 2.0,
2 2
x x
Torna ypaBHenue (*) mpumer BUA:

202 —t-1=0.
Ero xopan — umncna 1 n —1/ 2. Takum 00pa3oM, UCXOIHOE ypaBHEHUE
SKBHUBAJICHTHO COBOKyHHOCTI/I ypaBHeHI/Iﬁ

3x—-==1,
X
2 1’
Ix—==——
o X 2
N 2 -1£/97
KOPHU KOTOpOH xj =1, xy = ~3 4= SIBJITFOTCS. KOPHSIMHU

HUCXOOHOI'O0 YpaBHCHUS.

—1+/97

Omegem: x, =1, x, = —%, Ba4=",

10



3adanusn 0na camocmoamenbHo20 peuienus:
= 2x* +3x3 —13x% - 6x+8=0;
= x4+x3+4x2+5x+25=0;
= x4+2x3—7x2—4x+4=0;
] 9x4—6x3—7x2—4x+4=0;
o x* 2% —18x% —6x+9=0

Bozeépamnvim ypasnenuem wiecmoii cmeneHu Ha3bIBaCTCS
ypaBHEHHE BHJIA

ax® +bxd +ex? +dx3 +ex? + fx+k=0,
B KOTOPOM  BBIMOJHSCTCS  CICAYIONIEE COOTHOIICHHE  MEKIY

ko3 humenTamu:
2 3 6

Pemienne  gaHHOrO  ypaBHEHHSI MOXKET OBITh  CBEAEHO
COOTBETCTBYIOILEH 3aMEHOH K pelIeHNI0 KyOU4ecKOoro ypaBHEHUSI.
Ilpumep 4. Pemith ypaBHEHUE

xS a7 +2x? —4x +8=0.
Pewenue. Ilposepxoit

(1/8)2=(-1/-4y =(1/2)°.
y6e)KI[aCMC$[, YTO YpaBHCHHUC ABJIACTCA BO3BPATHBIM. Tak xak x=0 He

SABJIACTCA €ro KOPpHEM, pa3aciinM 00e yactu YpaBHCHUSA HA X3 .

3o 2yx-742- 4.8 o

* 3

—-X
x x2 x

CrpynnupyeM ciiaracMmsle:

A g e o

Beenem 3ameny:
2
t=x+—.
X
BosBenem o06e ee yacTu B KBaapaT  KyO:

11



t2=x2+i2+4, 13:x3+%+6t’
X X
OTKyJ1a x2+i=12—4, x3+i:z3—6z.
x? x3

Torna ypaBHenue (*) mpuMmer BUA:

£ —12-5t-3=0,
KOPHH KOTOporo: f; , =—1, #;=3. Takum o0Opasom, HCXOIHOE
ypaBHEHME SKBUBAJIEHTHO COBOKYITHOCTH YpaBHEHHH

x+2=—1,
x

x+2=3
X
Kopuu ee x; =1, x, =2 ABIAIOTCS KOPHAMHU UCXOIHOTO YPaBHEHUSI.
Omeem: x; =1, x, =2.
3adanusn Ona camocmoamenbHo20 peulenus:
o 8x0 —16x° +2x* +12x3 +3x2 —36x+27=0;

o X0+ +x +3x3 —2x2 +4x+8=0
CumMeTpUYHbIe ypaBHEHUA

YacTHEIM cJ1ydyacM BO3BpPATHBIX ypaBHGHI/Iﬁ SIBIIAKOTCA
cummempuuHnble YypaBHCHUSA !

a3 +bx% +bx+a= 0, a#0 (3-i crenenn),

axt +bx3 +ex? +bx+a= 0, a#0 (4-if crenienun) u T.11.
Pemienne cMMMETpHYHOI'O ypaBHEHHS MOXET OBITh CBEACHO K
PELICHUIO:
— COBOKYITHOCTH ypPaBHEHHH METOAOM TPYNIHPOBKH (OIS
ypaBHEHUH 3-1 CTENeHN);

o 1 o
— KBAJApAaTHOI'0 YPaBHCHUS 3aMCHOM f = X + — (,ELJ'ISI YpaBHCHUU 4-
X

Wi CTereHn).
PaccMotpum perieHne CUMMETPUYHBIX YPaBHEHUI OTJAEIBHO A
cilydasi ypaBHEHMM 3-# U 4-1 cTeneHy.
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Ilpumep S. Pemuts ypaBHEHUE
3x3 +8x2 +8x+3=0.
Pewenue. CrpynnupyeM ciaracMmole:
3(x3+1)+8x(x+1)=0.
BremonauB HEKOTOpBIEC IPeoOpa3oBaHMUS:
3x+D(x2 —x+1)+8x(x+1)=0,
nepeiieM K SKBUBAJICHTHON COBOKYITHOCTH YPaBHECHUI:
x+1=0,
[h@+5x+3za
Bropoe u3 ypaBHeHMII He HMeeT IEHCTBUTENBHBIX KOpPHEH, MOATOMY
pEIICHUEM COBOKYITHOCTH, a 3HAYHT, ¥ MCXOIHOIO ypaBHEHHS, OyIeT
KOpEHb NIepBOro ypaBHeHust x =—1 .
Omeem: x=-1.
3adanusn Ona camocmoamenbHo20 peulenus:
e 4x3 +7x% +7x+4=0;
0 2x3 —9x2 —9x+2=0;
e 3x3 +4x? +4x+3=0

Ilpumep 6. Pemuts ypaBHEHUE

x50 120 450 +1=0.
Pewenue. Tax xak x=0 He sBIsAETCS KOPHEM YpaBHEHUS,

pasacimm o0e yacTu YpaBHCHUSA HA X2 .

x2+5x+2+§+%=0.

X ox
CrpynmnupyeM ciaraembie:
(x2+L)+5(x+lj+2=0. (*)
x2 X
Brinonnum 3aMeny:
x4l
b

BosBenem obe ee wacT B KBaIpaT:

13



12=x2+%+2 = x2+—2=12—2.
X X

Torna ypaBHenue (*) mpuMmer BUA:

12 +51=0.
Kopuu mnomydyennoro ypasuenus: #,=0; ¢,=-5. Torma mcxomgHoe
ypaBHEHHE SKBUBAJICHTHO COBOKYITHOCTH ypaBHEHUI

x+l=0,
x

x+l=—5,
x

—5+421

5 SABJIAIOTCS KOPHAMH HCXOJHOI'O

KOPHH KOTOPOH X , =

yYpaBHEHHUS.

-5++21
—
3adanusn Ona camocmoamenbHo20 peulenus:

o x4 —2x3 —x2—2x+1=0;

° x4+5x3+2x2+5x+1=0;

o 6x* —13x3 +12x? —13x +6=0;
° 2x4—5x3—3x2—5x+2=0;
st 3 —6x? +x+2=0

Omeem: x, , =

KococummeTpuiHble ypaBHeHUA
(BO3BpaTHbIE ypaBHEHUSA BTOPOro poaa)

Kococumempuunvimu ypasnenusamu 4-ii cmenenu Ha3bIBaIOTCA
ypaBHEHHUS BUIA
axt +bx3 +ex? —bx+a =0, a#0.
Pemenne ypaBHeHWIT JaHHOrO THNA AaHAJOTHYHO PEIICHUIO
CUMMETPHYHBIX YPaBHCHHUI.
3adanusn 0na camocmoamenbHo20 peuenus:

o x4 —13x3 +12x2 +13x+6=0:

14



° x4+4x3—7x2—4x+1=0;

o x4+ X3 +2x2 —x+1=0

BbIBO/IbI:

1) C€CJIM  HUCXOAHOC BO3BPATHOC YPABHCHHUC HUMCCT UYUCTHYIO

/2

CTEIEHb, TO JCIHM €ro Ha X, TJe N — CTCICHb yPABHCHHS, 3aTeM
TOTOBHM BBEICHHUE BCIIOMOTaTEILHOTO HEM3BECTHOIO, CrPYIIHPOBAB
YJICHBI, PABHOYJAJICHHBIC OT Havajla M KOHI[A JICBOM YacTH ypaBHEHHSI.

2) eClli HMCXOJHOE BO3BPAaTHOE YPaBHCHHE HMEET HEUYETHYIO
CTENeHb, TO OHO BCETJa WMEeT KOpeHb X =—1, mpuueM YacTHOE OT
JeNiCHUsT JIGBOW 4YacTW ypaBHeHHS Hax+1 mpexacraBiser coOoi
BO3BpaTHBIN MHOTOYJICH YETHOH CTEIICHHU.

3adanusn Ona camocmoamenbHo20 peulenus:

o 125 +8x% —45x3 —45x2 +8x+12=0;
o 15x° +34x% +15x3 —15x2 —=34x-15=0

OD.HOpOFIH bleé ypaBHeHUA

YpaBHeHue BUaa
au” + azun_lv + a3un_2v2 +ota)" =0
Ha3bIBa€TCd OOHOPOOHBIM YPABHEHHEM H-il CTENEHH OTHOCUTEIBHO
HEHM3BECTHBIX U U V.

Jlenenne o0euX wYacTell JAHHOTO ypaBHeHHMs Ha V' (u”)
MPUBOAUT €T0 K YPaBHEHHUIO #-H CTENEHHW OTHOCHUTENBHO HEM3BECTHON

t=% ym =L,
v u
Ilpumep 7. Pemuts ypaBHEHUE
(x2 =12 +5(x* =) —6(x> +1)* =0.
Pewenue. IpeoOpazyeM JIeByIO 4acThb:
(x2 =1)? +5(x> = )(x? +1) - 6(x? +1)*> =0.
O603HauNM

x2—1=u, x2+1=v.
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Torpma ypaBHEHHE IPUMET BHI:
u2 +5uv—6v2 =0.

Paznenum o0e yacTu ypaBHEHHS Ha V2
u)
(—) +5=-6=0.
v v

t=—,

v

Brimonnus 3aMCHY

TIOJTyYMM KBaIPATHOE YPABHEHHE

> +5t-6=0,
KOpHH KOTOporo # =1, t, =—6. BepHeMcs K HCXOIHBIM HEM3BECTHBIM.
HOHy‘II/IM 3KBI/IBaﬂeHTHyIO COBOKyHHOCTI) ypaBHeHI/If;I

|=

VZL u=v, x2—1=x2+1,

u_ o = T 2 o241
“_ 6 x<+1)
v

HE VMEIOIYIO JICHCTBUTEIBHBIX KOPHEH.
Omeem: ypaBHEHUE HE UMEET JCHCTBUTEIBHBIX KOPHEH.
3adanusn Ona camocmoamenbHo20 peuienus:

e 2x—1)2+(2x-D(x+2)-2(x+2)2=0;

o (x—2)2—6(x2-4)+5(x+2)2=0;

o (2 +x+1)2 +8x(x2 +x+4)+15x2=0;

e 2x2 —x+1)2+x2(2x%2 —x+1)-6x*=0;

o (x—22(x+1)?2 —(x-2)(x2 -1)-2(x-1)2 =0;
o 2(x? +x+1)2 = 7(x-1)? =13(x> - 1);

o (x+5) =13(x +5)2x? —36x*;

_9)\2 2 2
-2o(x 2 —5(x+2 +a8 =4
x+1 x—1 x2 -1

16



YpaBHeHUus BuAa
(x+a)x+b)x+c)x+d)y=m,rRe a+b=c+d =k

YpaBHeHHe AaHHOI'0 BHJa CBOAUTCA K KBAAPATHOMY YPaBHCHHIO

OTHOCHTENHHO HEH3BECTHOM ¢ = X2 + kx .
Ilpumep 8. Pemuts ypaBHEHUE
(x=D(x+D)(x+2)x=24.
Pewenue. IlepeMHOXUM TOMapHO MHOXKUTEIM B JIEBOM YacTH
Tak, 4TOObl CyMMBI YHCENl B KaXKIOH Mmape ObLIM paBHBL, a MMEHHO:
(x=D(x+2) u (x+1)x . Homyunm:

(x2 +x-2)(x2 +x)=24.

O603HaYNM
t=x>+x.
Torz[a YpaBHCHUC TPUMCET BU:
(t-2)=24 = 12 -2t-24=0.
Kopuu  nmaHHOro  KBajgpaTHOro ypaBHeHus: £ =6, f,=—4.

BosBpamasicb K HCXOIHONH HEU3BECTHOM, JIeflaéM BBIBOA, YTO MCXOAHOE
ypaBHEHHUE SKBUBAJICHTHO COBOKYITHOCTH YPaBHEHUH
x%+x=6,
x2+x=—4
PemuB ee, HalifieM KOPHU HCXOIHOTO YPABHEHHS: X} =—3, X, =2.
Omeem: x; =3, x, =2.
3adanusn ona camocmoamenbHo20 peulenus:
o x(x—D(x—-2)(x-3)=15;
o (x—Dx(x+1)(x+2)=24;
o (x—4)(x—-5)(x—-6)(x—7)=1680;
o (x—D(x+D(x+2)x=24;
o (x—dH(x+2)(x+8)(x+14)=304

17



YpaBHeHusA BuAa axt +bx> + ox? +dx+e=0,
roe a+b=b+c+d=d+e

JleBas yacTh YPaBHCHUA [JAHHOI'O BHAA PACKIAAbIBACTCA Ha
MHOXUTCINW, OAWH H3 KOTOPbIX x2 —X+1, a BTOpOf’I HaXOqUTCA

JIeNICHUEM JICBOH YacTH ypaBHEHHS Ha X2 —x+l.
Ilpumep 9. Pemuts ypaBHEHUE
4 2
xt 2 1352 —2x+5=0.
Pewienue.  1lpoBepuM, OTHOCUTCA JIM  ypaBHEHHE K
paccMaTpuBaeMoMYy THUITY:
1+2=2+3-2=-2+5.
PaBeHCTBO BBITIONHSCTCS, CJEAOBATENBHO, JieBas YacTh ypaBHEHHS
nenuTcs 0e3 ocTaTka Ha TPeXwieH x> —x+1. Buimonsum JIeTICHUE:
(x2 —x+1)(x2 +3x+5)=0.
[MomyueHHoe  ypaBHEHHE, B CBOI  OdYepeldb, JKBUBAJICHTHO
COOTBETCTBYIOIICH COBOKYITHOCTH YpaBHEHWM. Pemas ee, mpuxoaum K
BBIBOJY, YTO OHA, @, CIICIOBATEIBHO, U UCXOIHOC YPaBHCHUE, HE HMCIOT
JECTBUTENBHBIX KOPHEH.
Omeem: ypaBHEHUE HE UMEET JCHCTBUTEIBHBIX KOPHEH.
3aoanusn 0na camocmoamenbHo20 peulenus:
o x* +3x3 +2x2 -x+5=0;

o xt+ 3 +2x2 —x+3=0

YpaBHeHus Buaa (x + a)4 + (x+b)4 =m

JTO0 ypaBHEHUE CBOAMUTCS K OMKBAIPaTHOMY YPaBHEHUIO 3aMECHOM
x+a+x+b a+b
t= =x+
2 2
Ilpumep 10. Peutes ypaBHEHUE
(x=3*+(x-5*=2.
Pewenue. BemonHus 3aMeHy
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=$=x—4:>x=t+4,

MOJIy4YUM YPaBHCHUC
t+D)*+ (-1 =
Packpost ckoOku, mpuaeM K ypaBHEHHUIO
t*+6t2=0.
JlanHOE ypaBHEHHE UMEET OAMH JICHCTBUTEIbHBIN KOpeHb ¢ =0, oTKyaa
X = 4 — KOPCHb UCXOAHOI'0 YpaBHCHUA.

Omeem: x=4.
3adanusn Ona camocmoamenbHo20 peulenus:

o (x=3)*+(x-1*=82;

o xt+(x-D*=

2. A POBHO-PALUMNOHAJIIbHbLIE YPABHEHUA

Jpoéno-payuonansnuvimu ypasHuenuamu Ha3bIBAIOTCS
ypaBHEHHUS BUIA
Plx) _
0 (%),
0(x)

rae P(x) u Q(x) — MHOTOUJICHEI.
Ob6nacte fmomycTUMBIX 3HaueHUH ypaBHeHHS (*) 3amaercs
yCJIOBHUEM
O(x)=0.
Takum oOpazom, st pemieHus ypaBHeHus (*) HeoOXoaumo
pewnTh ypaBHeHHe P(x)=0 u U3 MHOXECTBa €ro peleHnui oToopaTh

T€ M3 HHUX, KOTOpble BXOIAT B 00JacTh JOMYCTHMBIX 3HA4YECHHIl
ypaBHeHus (*). Onu 1 OyAyT KOPHSMH HCXOAHOT'O YpaBHEHHUSI.
IIpumep 11. Pemuts ypaBHEHUE
3 1 _ 3
2-9 x2-6x+9 2x2+6x
Pewenue. Ilpeobpazyem JIeBYyIO 4aCTh ypaBHEHUS: Pa3lIOKUM Ha
MHOXHTENM KBaJApaTHBIC TPEXWICHBI B 3HAMECHATEIISX:
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3 1 3
(x=3)(x+3) (x-3)2 2x(x+3)’

Ob6nacte  JOMYCTHMMBIX  3HAa4eHUH  ypaBHeHHs: X € R\ {i3;0} .

JIoMHO)XUM ~00€ YacTH ypaBHEHHsS Ha OOIIMH  3HaAMEHATENb
2x(x=3)*(x+3):
6x(x—3)—2x(x+3)=3(x—3)2, x2—6x-27=0.

Kopuu nanHOro ypaBHeHus: x; =-3; x, =9. Tak kak X, He BXOIUT B
00J1aCTh JOMYCTUMBIX 3HAYCHUI MCXOMHOTO YPaBHEHUSA, TO OHO UMEET
eIMHCTBEHHBIN KOpPeHb X =9.

Omeem: x=9.

3adanusn Ona camocmoamenbHo20 peulenus:
J12x+1 9x—5_ 108x—-36x*-9
6x—-2 3x+1 4-(9x% - 1)
2

I x4l 11,

2_4 2(x-2) 2-x x+2°

1 1 1 x—8
) - + - =
2x+3  x2-16 2x2 +11x+12  2x3 +3x2 —32x—48

1 2 6 .

[ ) + = 5

x2=2x+2 x2-2x+3 x%2-2x+4
2 - SR

x2 —4x+10

2 2
, (X" —6x) o 81 :

(x-3)? (x-3)?

24 15

— :2,
x2+2x-8 x2+2x-3

x2 +2x+1 +x2+2x+2=1
x2+2x+2 x2+2x+3 6
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ax bx
YpaBHeHUA BUAa + =c, c#0

X +mx+p cx2+nx+p

IMockoneky x=0 He sBIsAETCS KOPHEM YPaBHEHHs, TO MOXXHO
pa3fenuTh YMCIUTENb M 3HAMEHATENb KaXIOH IpoOW B JIEBOM 4YacTH
YpaBHEHHUS Ha X :

a b
+ =c.
x+m+P exin+ L
X X
JlanHOE ypaBHEHUE B pe3yJbTaTe 3aMEHbI
.
X
CBOJUTCS K YPaBHEHUIO
a b
+—=c.
t+m t+n
Ilpumep 12. Pemntes ypaBHEHHE
3x . 2x 8
x2—4x+1 x?+x+1 3

Pewenue. Paznenum ducinTenb U 3HAMEHATENb KaKIO0H APOOH B
JIEBOW 4acTH YpaBHEHMS Ha X :

3 B 2 _ §
x—4+ 1 x+1+ 13
X X
O06o03HaunB
foid
X
HOJ'Iy‘II/IM ypaBHeHMe
3 2 8
-4 t+1 3°
CBOOAIICECA K KBaZ[paTHOMy ypaBHeHI/IIO
82 —27t—65=0,

KOpHH KoToporo f# =35; ¢, =-13/8. Takum o0pasom, HCXOAHOE
ypaBHEHHE YKBHBAJICHTHO COBOKYITHOCTH YpaBHEHUI

21



BTOpOC YpaBHCHUE HC HUMCCT HCP’ICTBI/ITCHLHBIX KOpHCP’I, a KOpHHU

5+421

IEPBOTO — x| 5 = .

2
521
—
3adanusn 0na camocmoamenbHo20 peuienus:

o 2x + 13x p

2x2 —5x+3 2x2+x+3

- X + 22x _1;
x“=x+1 x“+x+1

. 8x N 9x 4

x2+3x+4 x2-2x+4
4x 5x 3

[ ) —+ =——,
> +x+4 x*-5x+4 2

3x 2x
[ ] — :1
2 ox+l xrax+l

Omeem: x| , =

f(lx)=a+é nnu f(x)—L a—l

)

YpaBHeHua Buaa f(x)+

JlanHoe ypaBHEHHE CBOAUTCS K COBOKYITHOCTH YpaBHCHUM
f(x)=a,( f(x)=a, )
1 (COOTBETCTBEHHO 1).
Sx)=— Jx)=—
a a
Ilpumep 13. Pemintes ypaBHEHHE
x2—x L Xt 5 13
x+5 xz —X 6 ’
Pewenue. JleBas yacTh ypaBHEHHsI TIPEACTABIISCT COOOH CyMMYy
JIBYX B3aMMHO OOpaTHBIX BBIPAKEHHUH, TPaBYKd 4YacTb MOXKHO
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npeacTaBUTh B BUJIC CYMMBI IBYX B3aMMHO 06paTHI:IX YHUCCII 2/3 +3/2,

T.C.

xz—x+ x+5 _2+§
x+5 xz —-X 3 2 ’
Toraa noay4yuM COBOKYITHOCTh YPaBHEHUI:

xz—x_g
x+5 3
xz—x_é'
x+5 2

PemuB ee, HaliieM KOPDHM HCXOJHOIO YPAaBHEHHA: X; » ==

_ 524145
e

X3, 4

Omeem: xl, 2 = N X3, 4 = 4 .

5++/145 5++/145
6

3adanusn ona camocmoamenbHo20 peulenus:

2
oX L, x =2,9;
x xZ2 +1

2 2
.( x ) +(x+1 17
x+1 by 4

[JononHeHne [0 NOnHOro KBagpaTta

Ilpumep 14. Pemnts ypaBHEHHE
2
2, 9% __4
(x+3)2

Pewenue. JlomomHUM JEBYIO YacTh YpaBHEHHsS [0 KBaJpara
2

Pa3HOCTH, HpI/I6aBI/IB K 00eUM 4JacTsaMm BBIPA’XXCHUC ——3 .
X+

6x2 9x2 _ 6x2
- + =7- .
x+3  (x+3)2 x+3

x2

Tax kak
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2 2 2
x2_6x +L:x2_2.x.3_x+[ 3x j R
x+3  (x+3)2 x+3 \x+3

T.C. JICBAd 4aCTb YPABHCHUSA ABJIACTCA KBAaAPATOM PA3HOCTH, MMOITYyUUM:

( 3x jz 6x2
X - =7~ ,
x+3 x+3

x2 2 6x2
=7- .
oTiyRa x+3 x+3

BBIMOMHUB MOICTAHOBKY:
m= x? ,
x+3
MPUIEM K KBaJPAaTHOMY YPaBHEHHUIO
m? =7—6m ,
KOpPHH KoToporo: m; =—7, m, =1. BepHyBIINCH K 3aMeHE, IOIy4YUM

COBOKYITHOCTh YPaBHEHUM:

1.

x+3=

1+4/13

Pemmus €C, HAauACM KOpHU UCXOAHOI'0 YPAaBHCHUA! xl, 7 = >

1+4/13
==

3adanusn 0na camocmoamenbHo20 peulenus:
2, x?
t——=
(1+x)
2, 8lx?
t——=
9+x)

2 2
TESNES
x—1 x+1 9

24

Omeem: x, , =

® X

® X




() ) -
° =] ==
x+1 x—1 16
3. OCHOBHbIE METO[bl PELWWEHNA YPABHEHVIVI,
COLOEPXALLUMX MEPEMEHHYIO NO4 3HAKOM MOayn4A

[Ipu pemreHnu ypaBHEHHH, COACPKAIIMX TEPEMEHHYIO TOJ
3HAKOM MOJTyJIsl, HAHOOJIee YaCTO UCIIONB3YIOTCS CICAYIOIE METOIBI:

1) packpbITHE MOIYJIS 11O OMPEEICHUIO;

2) pacKpbITHE MOJIYJS, HWCIOIB3ysl €ro T'€OMETPUYECKYIO
HMHTEPIPETAIUIO;

3) Bo3BeZieHME 00EHX YacTell ypaBHEHUS B KBaJIpaT;

4) pa3OueHue Ha IPOMEKYTKH (METOJ HHTEPBAJIOB).

IlepBpiif © mocnenHMM W3 OpejaraéMblX METOIOB  —
YHUBEpCANbHBIE, T.€. MPUTOAHBI JJs PEIIeHUS T00ro ypaBHEHUS,
coJiepXaliero MepeMeHHY TOoJ 3HakoM Momyis. OgHako MepBBIA
Meron HambOonee 3(dekTHBeH A ypaBHEHHH, COJEpXKalluX OIUH
MOJlyJb, a TOCIEAHUN — JJI YpaBHEHHH, COAEpIKAIIUX Ooiee OTHOTO
MOJTYJISI.

PackpbiTue Mmoayns no onpeaeneHuto

I[Io ompepenenuto, Mmodynv  (abconiomuas  GeIUUUHA)
HEOTPULATENbHOIO JEHCTBUTENBHOTO 4YHCIA PAaBEH 3TOMY YHCIY,
MOJYJb OTPULIATEIBHOTO JeH CTBUTEIBHOTO quciaa  paBeH
MIPOTHBOIIOJIOKHOMY €MY YHUCITY:

|f( ) | f(x), ecu f(x) =0,
X) |= .

—f(x), ecnu f(x) <0

Taxum 00pa3oM, pacKpbIBasi O JAHHOMY OMPEACTCHUIO KaXKIbIi
W3 MOJYJICH, COMEPKANIUXCS B YPABHEHUH, OT YPABHEHHUS MEPEXOIUM K

COBOKYIIHOCTH CMCIIAHHBIX CHUCTCM, COCTOAINNX U3 HCPABCHCTBA U
YpaBHCHUA.
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Oror Merox Haubonee dddexkTuBeH A ypaBHEHUIA,
COJEPIKAIINX OIUH MOMYJIb.
Ilpumep 15. Pemntes ypaBHEHHE
| 3x-4 | =5.
Pewienue. YpaBHEHHE DPAaBHOCHJIBHO COBOKYIMHOCTH JIBYX
CMEILIaHHBIX CUCTEM:

{3x—420, {x24/3,

3x-4=5, x=3 x=3,1
3x—-4<0, ’ x<4/3’ ’ x:_g'
—(3x—4)=5. x=-1/3.

Omeem: x, =3, x, =-1/3.
Ilpumep 16. Pemintes ypaBHEHHE
| x+4 | =2x+1.

Pewenue. OrT ypaBHEHHs TepedeM K  PaBHOCHIBHOM
COBOKYITHOCTH JIBYX CMEIIaHHBIX CUCTEM:

x+42>0, x>-4,

{x+4=2x+l; ) {x=3; ) x=3,
x+4<0, ’ x<—4, {@. '
{—(x+4)=2x+1. {x=—5/3.

Tak kak x=—5/3 He yJIOBJETBOPSET YCIOBHIO X <-4, TO HCXOJHOE
YpaBHEHUE UMEET €IUHCTBEHHBIN KOPEHb X =3 .
Omeem: x=3.
3adanusn Ona camocmoamenbHo20 peuienus:
0|x |=x2+x—2;

2

ol x +x—1‘=2x—1;

. 2‘x2 +2x—5‘=x—1;

JTx+4_[3x-5]
5 2
x+1 4.

Y
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G U+0)(2+x) _

3 >
x2—|x|—2 g
1-2x .
® — -/ @@
3—|x-1]=1"
1o 5 31|12 _3.
° 2x 2x+2 + 2x 3x+4‘ 1

0|x—| 4—x| |—2x=4

PaCKprTI/Iﬂ MoAaynsA, ucnonb3ys
ero reomMeTpuiyecKyro uHTepnpeTtauuro

JlaHHBII METO TPUMEHSIETCS TOJBKO ISl YPaBHCHUN BUAA
|f(x)|=a.
Kak wu3BecTHO, M0Oyns uucia — 370 pacCcTOSHUE OT Hayaia
KOOpPAMHAT JI0 TOJOXCHHUS COOTBETCTBYIOIIECH TOYKH Ha YHCIOBOM

npsimoit. Takum 00pa3oM, Y4YUTBHIBas, YTO CYIIECTBYIOT JBa 4HMCIIA,
MOJYJTb KOTOPHIX paBeH a (a U — a),

a

e

—a

ypaBHeHHe JAaHHOI'O BUJa CBOAUTCA K COBOKyHHOCTI/I ypaBHeHI/Iﬁ
{f (x)=a,
f(x)=-a.

Ilpumep 17. Pemnts ypaBHEHHE
| 3x—4]|=5.

Pewenue. Ilockonbky | 5 |=5 u | -5 |=5, TO ypaBHEHHUE
PaBHOCHJILHO COBOKYITHOCTH YPaBHEHUH:
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3x—4=5,
3x—4=-5,
KOPHH KOTOPOii: x; =3, x, =—1/3.
Omgem: x; =3, x,=-1/3.
Ilpumep 18. Pemntes ypaBHEHHE
‘xz —3|x |+1 ‘zl.
Pewenue. YpaBHeHHE 3aMCHUM PaBHOCHIIBHON COBOKYITHOCTBIO
YpaBHEHUM:
x? —3| x| +1=1,
x2—3|x |+1=—1.
Pemnm xakgoe U3 ypaBHEHHH COBOKYITHOCTH PAaCKPBITHEM MOAYIIS MO
OIpEeIeHUIO.

HepBoe YpaBHCHUC PaBHOCHUIIBHO COBOKYITHOCTHU ABYX
CMCIIAHHBIX CUCTEM:

x20, x>0,
x2—3x+1=1;_ {x=0vx=3; )

x<0, ’ {x<0, ’
X +3x+1=1. x=0vx=-3

R oR o=
o
Wp

Il
|
w

BTOpOC YPaBHCHUC TaKXXE PAaBHOCUJIBHO COBOKYIIHOCTH JOBYX
CMCIIAaHHBIX CUCTEM:

x>0, x>0,
x2—3x+1=—l;_ {levx=2;

x<0, ’ {x<0, ’
X2 43x+1=—1. x=-lvx=-2

OObeMHUB pelIeHUsT O0CHX COBOKYITHOCTEH, HaWieM KOpPHH
UcXoaHoro ypaBHeHus: x; =0, xp 3 =13, x4 5 =*1, x5 7 =£2.

"o R
[T
[N
\:—‘

Il
|
\S]

Omegem: x; =0, Xp3 = 13, X45= 1, X67 = 2.
3adanusn 0na camocmoamenbHo20 peuenus:
o|3x+2|=6;
28



. xz—x—3‘=2;

o Xt1 -1

x—1

x2—6\/;+7 ~1
2 +63x +7

Bo3BepeHue ob6enx yacten ypaBHeHUs B KBagpaT

HaHHBIﬁ MCTO/[ HCIIOJB3YCTCH JIMIIb B CilIy4ac, CCJIU o0e yactu
YPaBHCHUA — BbIPAKCHUS OJAUHAKOBBIX 3HAKOB, IIPHU 9TOM

(7] ) =(re)*.
Ilpumep 19. Pemnts ypaBHEHME
| 3x—4]|=5.

Pewenue. Tlockonpky 00e 4acTW ypaBHEHHUS HEOTPHLATENbHBI,

OHO PaBHOCHJILHO YPaBHEHHIO
(3x—4)2 =52,

KOPHH KOTOpOro: X, =3, x, =—1/3.

Omgem: x; =3, x,=-1/3.

Ilpumep 20. Pemntes ypaBHEHHE

| 3x—4|=|5x+7].

Pewenue. Tak xak o0e yacTd ypaBHEHHS HEOTPULATENbHBI, TO

OHO PaBHOCHJIBHO CIIEIYIOLIEMY YPaBHEHHUIO:
(3x—4)? = (5x+7)?.
Bocnonb3yemcst popMyiioit pa3HOCTH KBaJApaTOB:
(Bx—-4-5x-7)B3x—4+5x+7)=0.

Kopuu mnomydeHHoro, a ciegoBaTeldbHO, M HCXOTHOIO YpaBHEHUS:
x =-5,5; x, =-3/8

Omegem: x; =-5,5; x, =—3/8.

3adanusn Ona camocmoamenbHo20 peulenus:
° | 2x+1 | =3;
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o|3x-5|=|5-2x
o|x-3]=2|x+1]|

B

MeTon nHTepBanos (pa3bueHusi Ha NPOMEXYTKW)

Hannpiii  Meron Haumbonmee »d¢¢eKTHBeH Ais  ypaBHEHUH,
coJieprKallnX, 0 KpaitHel Mepe, ABa MOIYJIA.

Ilpumep 21. Pemintes ypaBHEHHE

| 4—x|-|x+3|=6.

Pewenue. Ha uncnoBoil oCH OTJIOKUM 3HA4YEHUS TEPEMEHHBIX,
IpU KOTOPHIX Ka)KI0€ W3 MOAMOIYJIBHBIX BBIpaKEHHH oOparmaercs B
HylIb: X, =—3; X, =4 . [lony4eHHble TOYKH PAa30OUBAIOT YHCIOBYIO OCh
Ha MPOMEKYTKU:

Ha kaxxnoM m3 HUX NOAMOAYNBHBIE BBIPAKEHUS COXPAHAIOT 3HAK.
OmnpenenuB 3HAK KaXAOTO W3 HUX, packpoeM Moayinu (1o
onpezneneHuto). [lpy 3TOM KOHTPONBHOH TOYKOM MOMKET CIYXKHTh
m00ast TOUYKa U3 COOTBETCTBYIOLIETO MPOMEXKYTKA!

— s x € (—o0;—3]: | 4—x |=4—x; x+3 |=—(x+3);

— g x €(-3;4]: | 4—x |=4—x;

x+3 |=x+3;
— s x € (4;+0): | 4—x |=—(4—x); x+3 |=x+3.

CJ'ICZ[ OBAaTCJIbHO, HCXOAHOC YpaBHCHUC 3aMCHUM paBHOCHJ’IBHOﬁ
COBOKYITHOCTBIO CMCIIIAaHHBIX CUCTCM:
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x € (—o0;-3]; x € (—0;-3];

4—x+x+3=6; Ox=-1; %)

x e (-3;4]; x e (-3:;4]; x € (3;4];
4—-x—-x-3=6; -2x=5; x=-2,5;
x € (4;4); x € (4;+0); %)

-4+ x—-x-3=06; 0x=13;

Takum 00pa3oM, KOPHEM UCXOAHOTIO YPaBHEHHS SIBJISETCS X =—2,5 .
Omeem: x=-2,5.
3adanusn 0na camocmoamenbHo20 peulenus:
o|x—3|+2|x+1|=4
. | 2x-9 |+|x—6 |+x=4;

o 5| x—2|+|x+1|+]

o[ -1]=—|x] +1;

‘x2—4x‘+3
o — -]
x2+|x—5|

OCHOBHBbIE METO[1bl PELUEHMA
MPPALMOHAJIbHbLIX YPABHEHUU

Hppayuonanvnvimu ypasnenuamu Ha3bIBAIOTCS YpaBHEHUS,
coJieprKaIire IepeMEHHYIO O] 3HAKOM pajfKaia.

OO6macTh JOMyCTUMBIX 3HAYCHUU HMPPAIMOHAIBLHOTO YPaBHEHUS
COIEPKUT TONBKO TE€ 3HAUGHHWS [EPEMEHHOW, TPH KOTOPBIX
HEOTPHIIATEIbHBI BCE BHIPAXKCHUSI, CTOSAIINE TOJ 3HAKAMH PaJINKAIIOB
YETHOU CTENEHH.

[Ipu pemreHVM WPPAIMOHAIBHBIX YPaBHEHHH MPUMEHSIOTCS
caexyromue GopMyIIbL:

Jns dynkumii fu g, rne ke N :

D 24 f4e =41z (£20,g>0)
ng—_ﬁ (f=0, g>0)
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3) |/ %g =24 % ¢ (g20)
2k
4 L - @ (f2=0, g#0)

gZM

5) %[ e =24 1 |24 g | (fg=0)

[pumenss n}06y}0 U3 AaHHBIX QopMya ¢opManbHO (0e3 yueTa
yKa3aHHBIX OTpaHUYEHMIT), HEOOXOIUMO HUMETHh B BHUAY, YTO OOJACTH
JONMYCTHMBIX 3HAYEHHWI JIeBOH M NpaBoW yacTeld Kakaoh u3 (Gopmyln
MOT'YT OTJIMYAThCA.

O6nacTe OOMYCTHMBIX 3HaYeHUH ee MpaBOW YacTH MOXKeT OBbITh
mmpe 001acTh JOMYCTUMBIX 3HA4eHHH JeBoi wactH. CrlenoBaTelbHO,
npeoOpa3oBaHus ypaBHEHHsI C (OPMaJbHBIM NPHUMEHEHHEM JaHHBIX
¢dopmyn «cieBa — HampaBo» (Kak OHHM 3alKCaHbl) TNPHUBOAAT K
YPaBHEHUIO, SBISIOIIEMYCS CIEICTBUEM MCXOIHOro. B sTtom cimydae
MOT'YT MOSIBUTHCS IOCTOPOHHUE KOPHHU, TIOATOMY 00SI3aTEIBbHBIM 3TarloM
B PEIICHUH UCXOIHOTO YPaBHEHHS SBJISIETCS TPOBEPKA.

[IpeoOpa3zoBanust ypaBHeHUs ¢ (HOPMaIbHBIM HCIIOIB30BaHUEM
(dhopMyI «crpaBa — HAJIEBO» HEIOMyCTUMBI, TaK KaK BO3MOXKHO CYXECHHUE
o0macTi  JOMyCTHUMBIX  3HAYEHUH  MCXONHOTO  YpaBHEHHA, H,
CJIEIOBATENBHO, IIOTEPS] HEKOTOPHIX KOPHEH.

[Ipexne 4YeM NPUCTYNUTh K PEUIEHUIO HPPALUOHAIBHOIO
ypaBHEHUS, 1eJIeco00pa3HO ONpeaeauTh 00JacTh JOMYCTUMBIX
3Ha4E€HUI ypaBHEHMs. B HEKOTOPBIX clydasx MOCe 3TOro OTMAAaeT
MOTPEOHOCTH B PEIICHUHU.

Tak, nns ypaBHeHUA

Vx—=3++42-x=3

00J1acTh JONMYCTUMBIX 3HAUEHU 3a]Ia€TCS CUCTEMON HEPABEHCTB
x—320,
2—x20,
KOTopast He uMmeeT pemieHuid. CrenoBaTeNbHO, U YpaBHEHUE HE
HUMEET KOpHEH.
Jnst ypaBHEHUSA

Jx-3+B3-x+25=(x+2)*
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00J1acTh JAONMYCTUMBIX 3HAYEHMH COCTOMT BCETO JUIIb W3 OJHOTO
3HaueHHs nepeMeHHol x=3. [losToMy mpolecc pemeHus: TaHHOTO
ypaBHEHUS (JIOBOJIBHO JJIMTENBHBINA) 3aMEHsIETCS TMOMCKOM OTBETa Ha
BOMPOC, SIBISIETCS JIM X =23 pEUICHUeM JTaHHOTO YpaBHEHHUs, 4TO
ropaszo mnpouie. JJast 3TOro 10CcTaTouHO MOACTaBUTh X =3 B MCXOAHOE
ypaBHEHHE M yOemuTbCs, 4TO X =3 SBISETCS SOUHCTBEHHBIM KOpHEM
JTAaHHOTO YpaBHEHHSL.

Bo3BeaeHue o6enx Yacter ypaBHeHUs1 B O4HY CTeNeHb

OmHMM W3 METOJOB PEIICHUS HPPAIMOHANBHEIX YpaBHEHUH
SIBJIICTCSI TIOCJIEZIOBATEIBHOE BO3BEJICHUE 00CHUX €ro YacTed B CTCICHb,
SIBJIAFOIYIOCS] HAWMEHBIIUM OOIIMM KpaTHBIM TOKa3aTeNell Bcex
BXOJISIIIIUX B YPaBHEHUE PaIUKaIIOB.

CHavasia W30MHUPYIOT OAWH paJuKal, a Jaublie 00e YacTh
YpaBHEHUsSI BO3BOJST B CTEIEHb, TIOTOM OIATH W3OJUPYIOT PajMKall U
1.71. JIto0oe uppanroHaibHOe ypaBHEHHE OCIE KOHEYHOTO YHCIa TAKHX
peoOpa3oBaHil MOXKHO MPUBECTH K PAIIHOHAITEHOMY.

[Ipu »TOM mpUMeHeHHe AaHHOTO METOJa B KOpPHE OTJIHYaeTcs B
3aBUCHMOCTH OT TOT'0, KaKas 3TO CTEIIeHb — YeTHAS WJIM HEeJYeTHasl.

a) Bo3BeneHue B 4eTHYIO CTeNleHb
YpaBHeHuE
[P (x)=g*(x), neN —
BCEro JIMINb CIICACTBHE ypaBHeHUs f(x)=g(x), T.e. HE SBISETCS
SKBHBAJICHTHBIM TiepexogoM. [loaromy, eciii B uUpparMoHAIBHOM
YPaBHEHUU BBITIONHSIOTCS TpeoOpa3oBaHMsl, COCTOSIINE B BO3BEICHUH
0o0erX ero 4Yacreil B YETHYIO CTEICHb, TO BO3MOXKHO TIOSIBIICHHC
MOCTOPOHHUX KOpHel. OHM MCKIIOYAIOTCS TPU TIOMOIIU TPOBEPKH
(TIOICTAaHOBKM TOJTy4EHHBIX KOpPHEW B WICXOJHOC YPAaBHEHHE) WIH TPH
BBITIOJTHEHUY PaBHOCHIILHBIX MPE00pa30BaHUM:
ecmu o0e dacTu ypaBHeHHS f(x)=g(X) HeOTpUUATEIbHBI, TO

ypaBHeHus1 f(x)=g(x) u ( f (x))n = ( g(x))n PaBHOCHJIBHBI.
Ilpumep 22. Pemintes ypaBHEHHE

J9—5x —Bx—2=+/x.
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Pewenue.
IepBriii cnocod. Bo3Benem obe uacTu ypaBHEHHUS B KBaIpar:

9—-5x+3x—2-249-5x-V3x—-2 =x,

OTKyJia 7—3>x=2\/—15x2 +37x—-18.
CHOBa BO3BCACM B KBaZ[paT:
49+9x2 —42x =—60x2 +148x—72, 69x2 —190x +121=0,

otkyna x; =121/69, x, =1. BbinonHus npoBepky, yoeammcs, 4to X, —
MOCTOPOHHHI KOPEHb.

Omegem: x=1.

Bropoit cmocob6. Haiigem o6nacte IOMyCTUMBIX 3HAa4YeHUI
ypaBHeHus1. OHO 3aaeTCsl CHCTEMON HEPaBEHCTB

{9—5)(20,

3x_220, (*)7
x>0,

OTKyJa X € [2/ 3;9/ 5] . 3anuuieM UCXOAHOE YPaBHEHUE B BUJC:

J9—5x =3x =2 ++/x.

Bo3Benem o00e wdacTum ypaBHEeHMS B KBaapar. Tak Kak OHH
HEOTpULATENbHBI, JaHHOE MPeoOpa3oBaHUE SIBISECTCS PaBHOCHIBHBIM.

Homyunm:
9—5x=3x—2+23x—2+/x +x,

OTKyJia 11-9x=2+43x2 —2x.

[IpaBas yacTh MOJYYEHHOrO ypaBHEHHS HEOTpHIIATEIbHA (MUCXOIs W3
OIIPENENICHUs KBaJPAaTHOTO KOPHS), MO3TOMY, IPEXKIE YeM BO3BECTH
ypaBHEHHUE B KBaJpaT, MOTpeOyeM, 4TOOBI €ro JieBas 4acTh TOXKE ObLIa
HEOTpUIIaTEIbHA:

11-9x>0,
OTKyJa X€ (—oo;l 1/9] . YuureBas (*), momyuum: xe [2/3;1 1/9].
BosBenem ypaBHeHHE B KBaIpar:
121+81x? —198x =12x% —8x, 69x% —190x +121=0,
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otkyma x; =121/69, x,=1. Tak xax x €[2/3;11/9], T.e. sBusercs

MTOCTOPOHHUM KOPHEM, JIEJIaeM BBIBOJI, YTO MCXOJIHOE YPaBHCHUE UMEET
e/IMHCTBEHHBIN KOpeHb X =1.
Omeem: x=1.
3adanusn 0na camocmoamenbHo20 peulenus:

o V633 +9x% 4245422 =3x +4;

o 3/x+3-Jx-2=7;

o JIIx+3-2—x-19x+7 +J/x-2=0;
o Jx+16-x+4=0;

NG T s

e 2\Jl-x2 =x-2;

o Jax+9 —llx+1-+7x+4=0;

o Jx+7-3x=2=3/x-1-x+2;

b m—J%:m;

. xz(\/1+x+1)(\/10+x—4).

0) Bo3BeieHHe B HEYETHYIO CTelleHb
Ilpumep 23. Pemuts ypaBHEHHE

Psx+1-Ysx-1=2.
Pewenue. O6nactp NONMYCTHMBIX 3HAUYCHWH ypaBHEHUs: X € R.
BosBenem ob6e yacTu ypaBHeHuUs B KyO 1o ¢opmyiie

(a-b)} =a’ -b> -3ab(a-b),
MOJIy4YuM:
Sx+1—(5x—1)-3325x2 —1- (\3/5x 13— 1) 8.
[To ycnosuro

Vel -Va1=2,

CJICA0OBATCIIbHO, 3aMCHUM PAa3HOCTH B CKOOKe Ha 2, MMOJIy4uM:
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Sx+1-(5x—1)-3325x2 -1 - 2=8. (*)

OTKyJla 6325x2 —1 = —6; \3/25362 -1=-1;
25x2 —1=—1; x5 =0.

IMpoBepkoit  yoemumcsi, uro x=0 sBIACTCI KOPHEM HCXOTHOTO
ypaBHEHUSI.
Omeem: x=0.

3ameuanne 1. 3ameHa HEU3BECTHOM B pAle CIydyaeB JaeT
BO3MOXXHOCTh TICPEHTH OT HPPAIMOHAILHOTO YPaBHEHUS K CHCTEME
paIoHaIbHBIX YpaBHECHU.

3ameuanue 2. [IpoBepka sBisiercss 06s3aTeNnbHON. HecmoTpst
Ha TO, YTO BO3BEJCHUE OOCHMX YaCTeH ypaBHEHHUS B KyO SIBISETCS
PaBHOCWJIBHBIM TMpeoOpa3oBaHUEM, TeM HE MeHee 3ameHa (*) MokeT
MIPUBECTHU K MOSIBIICHUIO TOCTOPOHHUX KOPHEH.

3adanusn 0na camocmoamenbHo20 peulenus:

o 5x+7-5x-12=1;
o 1+dx +31-Vx =2;
o 24+ x -5+ x =1;
e Yr+Yx16-3 8

° 3/1+l+3h+2 :—1;
X X

o fx-1+Yx-2-3x-3=0;
e Y-+ Y7+ 0? - YT+ 02-0 =3

3ameHa nepeMeHHOM

IIpumep 24. Pemuts ypaBHEHUE

x% +3x-18+4vx? +3x -6 =0.
Pewenue. Beenem 3amMeny:

t=+x2+3x-6,t>0 (*).
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BosBens obe ee yacTu B KBaJpar:

x2+3x—6=1¢2.
Torma ucxoHOE ypaBHEHHE MpeodpasyeM B CIEAYIOIIee KBaJApaTHOE
ypaBHEHHE

2 +4t-12=0.
Kopuu ero: #, =—6; t, =2. 3HaueHue # He yJOBJIETBOPSET YCIOBHIO
(*). [loncraBuM 3HaueHue , B ypaBHeHUE (*):

X2 43x-6=2 s
OTKyZa x2+3x—6=4.
PemnB monydeHHOe KBaapaTHOE YpaBHEHHE, HaieM €ro KOpHHU
X, =-5; X, =2, KOTOpble, B CBOIO OYEpEe/ib, SBISAIOTCI KOPHIMHU
HCXOTHOTO YpaBHEHHSL.

Omeem: x; ==5; x, =2.

3ameuanmne. 3aMeHa HEU3BECTHOM B psle CIy4yaeB JaeT
BO3MOXXHOCTh TICPEHTH OT HMPPAIMOHAILHOIO YPaBHEHUS K CHCTEME
paInoHaIbHBIX YpaBHECHUI.
Ilpumep 25. Pemntes ypaBHEHHE
2x—5+2x2 —5x +2Jx—5+2Jx =48 .
Pewenue. Halinem o0nactp IOMYCTHMBIX 3HA4Y€HHUI JaHHOTO
YpaBHEHUS:
x2—5x> 0,
x—-5>20, |,
x>0

oTKyna x €[5;+c0). Ha sTom MHOXecTBe:

\/x2—5x=\/;-m.

HOCKOHBKy 2x=x+Xx , TO YpaBHCHUEC NNPECACTABUM B CJICAYIOLIEM BUC:

x+2\/;\/ﬁ+x—5+2«/ﬁ+2«/;—48=0,
wm (Nx) +23xx =5+ (Vx=5) +2(Vx =5 +x)-48=0.
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re (Va5 ) +2(Vx =5+ Vx)-48=0.
O603na4nB

t=\Jx—=5+x, >0 (*),
MOJTyYUM YPaBHCHHUE
12 +2t-48=0,
KOpHU KoToporo ¢ =-8; ¢, =6. 3Ha4YeHHE f; HE YIOBJIETBOPSET

ycnosuto (*). [loacrasum suadenue 4, B (*):

m+x/;=6.

BosBenem o00e dactu ypaBHeHUs B KBaapaT (Tak Kak OHH
HEOTPUIIATENBHEI, TO 3TO IIPEOOPa30BaHUE PABHOCHIIBHO):

x=5+2\/(x-5)x +x=36, 2(x=5)x =41-2x (**).
JleBasg wyacTh mMOCJENHEr0 YpaBHEHHUS HEOTPUIIATENIbHA, II03TOMY,
MPEXIe YeM BO3BECTH €ro B KBajpar, MoTpedyeM, 4TOOBI ero mpasas
4acTh TOXKe ObLIa HEOTPUIATEITLHOM:
41-2x>0,

OTKya X€ (—00;20,5] . YuutbiBas 007acTh JOMYCTUMBIX 3HAYCHHI
WCXOJHOTO ypaBHeHus, momyuuM: x €[5;20,5]. BosBegem o0e uactu
ypaBHeHus (**) B kBagpaT:

4(x% —5x) = (41-2x)%, 144x=1681,

orkyaa x=1 1194—74 €[5;20,5]. CnemoBarensHo, x=1 1194—74 SIBJISIETCA

KOPHEM MCXOAHOI'0 YpaBHCHUS.

97
o cx=11—.
meem: x o
Ilpumep 26. Pemith ypaBHEHUE

2
X
———+~2x+15=2x
N2x+15

Pewenue. O6nacTb A0MYCTUMBIX 3HAYCHUI ypaBHEHHUS 3a1a€TCs
HEPaBEHCTBOM
2x+15>0,
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otkyna x € (—7,5;+wo). OueBugHo, yt0 Xx=0 HE SABIACTCS KOPHEM

ypaBHeHus (yOemuMmcs B 9STOM TOACTAHOBKOW €r0 B HCXOAHOE
ypaBHenue). [loaTromy pazaenum o0e yacTu ypaBHEHHS Ha X :

X +x/2x+15 —9
N2x+15 X

O06o03HayNB

t:;atio (*)7

V2x+15

MOJY4HM ypaBHEHHE

WM 2 -2t+1=0, (t-1% =0,
oTkyna ¢ =1, uto ymoBnerBopser ycnosuro (*). BepHemcsa k ucxomHoi
TepeMEeHHOM, TI0JICTaBUB 3HaueHue ¢ B (*):

X

ﬁzl, x=+/2x+15 (**)
X+

[IpaBass 4acTb MOJTYYEHHOIO YpaBHEHHS HEOTpHUIATENbHA, IMO3TOMY,
MpeXIe YeM BO3BECTH ypaBHEHHE B KBaJpaT, MoTpedyeM, YTOObI ero
JieBas 4acTh TOXKE OblIa HEOTPULIATEIbHOM:

x>0,
T.€., C y4eTOM 00JacTH JONMYCTHUMBIX 3HAUYEHUH MCXOAHOTO ypaBHEHUS,
x €[0;+00) . BozBenem o0e yactu ypaBHeHus (**) B KBaapar:

x2 =2x+15.
KopHu 1aHHOTO KBaJpaTHOTO ypaBHEHHS: X =—3; X, =5 . [lockonbky
x; €[0;+00), T.e. sBISETCSI TOCTOPOHHUM KOPHEM, JelIaeM BBIBOJ, UYTO

HCXOJHOE YpaBHEHHE HMEET CAMHCTBEHHBIH KOPEHb X =35 .
Omeem: x=35.
Ilpumep 27. Pemnts ypaBHEHHE
Jx+5=5-x2.
Pewenue. O6nacTh IOMyCTUMBIX 3HAYEHHH ypaBHEHHS 3a]1aeTCs
HEPaBEHCTBOM
x+520,
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oTkyma  x€[-5;+00). Ilockombky JieBass  4YacTb  ypaBHEHHS

HEOTpHULATCIIbHA, TO HOTpe6yeM, yTOOBl U nmpaBasg 4YacTb OblTa
HCOTpHHaTeHBHOﬁI

5-x2>0 ,
OTKy/la X € [—\/g; NG ]. CnenoBaTenbHO, BO3MOKHBIE KOPHH YpaBHEHHSI

HaXOOATCA BO MHOXKECTBE [—\/g ; \/g 1 (*). [ycts

t=x+5,1t>0 (D).

HOZ[CTaBI/IM JaHHYIO 3aMCHY B UCXOJHOC YPAaBHCHUC!

t=5-x2, x2+t=5.
C npyroii cTropoHBbI, Bo3Bes 00e yacTu (1) B KBapar, moxydnum:
2 =x+5, x—1?=-5.
CrnenoBaTenbHO, TOTYYUM CUCTEMY ypaBHEHHI
¥ +t= 5,
x—12=-5.

CJ0XUM TIOYJICHHO YPaBHEHHS CUCTEMBI:
x2—t2+x+1=0.
PasnoxuM Ha MHOKHUTEITH:
(x—-0(x+t)+(x+t)=0,mwm (x+¢)(x—t+1)=0.
Hcnonb3yst yCIOBHE paBEHCTBA HYIIO MPOU3BEACHHS, WCXOIHOEC
ypaBHEHHUE MPUBEIEM K COBOKYITHOCTH YPaBHEHHUI:

x+t=0,
{x—t+1=0'
[ToacTaBuM 3HAYECHHE ¢ B YPABHEHHS COBOKYITHOCTH:
x+5—x2=0, xz—x—5=0,
x=5+x241=0 x2+x-4=0

1+421

2

@Ng’ ¥<_\/§’ o,

HaiineM KOpHM NOIy4eHHBIX KBAaJpPAaTHBIX ypaBHEHHMH: Xj , =

_-1£417
==t

b

X34 Iockonbky
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o L 1=421
YUYUThbIBasd (), HauJaeM KOpPpHHU HCXOAHOI'O ypaBHeHI/Iﬂ.xl = > N

=—1+\/ﬁ
—

X2

1-V21 _-1+417
2 72 2
Ilpumep 28. Pemntes ypaBHEHME
63/x—3+3x -2 =5§[(x—2)(x-3) .
Pewenue. O6nacTh NOMyCTUMBIX 3HAYEHUH ypaBHEHHS 3a]1aeTCs
CHUCTEMOM HEpaBEHCTB

Omeem: x| =

x—32>0,
x—=220
oTKyna x €[3;+0). YuuTsiBas, 4To
2 2
3x—3=(6x—3) s 3x—2=(6x—2) s

3alIiuIeM UCXO0OHOC ypaBHeHHe B BUE:
2 2
6(\%—3) —58{x—2)(x-3) +(6Jx—2) ~0.

CJ'ICI[ OBaTCIIbHO, JaHHOC YpaBHCHUC SBIIACTCA OAHOPOJHBIM

2
ypaBHEHHEM BTOpOH cTeneHu. Pa3znenum obe ero yactu Ha (6 x-— 2) :

2
6x_3 _ 6x_3 _
6[ x—zj 5.0 +1=0.
:6,;C:§,t>0, (*)

MOJY4rM ypaBHEHHE

O06o03HaYNB

61> —5t+1=0,
KOPHH KOTOpOTO £ =1/3; ty =1/2. OGa 3Ha4eHHUs ! yHOBJIETBOPSIOT

ycaoButo  (*). IlomcraBmsas ux B (*), NOMYyYMM COBOKYIHOCTH
WppanroHaIbHBIX YPaBHEHUN:
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3
gx-3_1
x=2 2
Bo3Benst 00e yacTu 0OOMX YpaBHEHHIl B IIECTYIO CTEICHb U PEIINB

COOTBCTCTBYIOIIIUEC YpaBHCHUA, HaﬁﬂeM peuieHuc COBOKYITHOCTH:

B

%, Xy =3%. ITockonbKy — Xp,Xy €[3;+0), OHH SBIAIOTCS

KOPHSAMHU UCXOOHOI'O YPAaBHCHU .

x1=3

1

1
(4 px =35, X =3—=.
meem: X, Xy =3

728

3ameuanmne. 3aMeHa HEU3BECTHOM B psAle CIy4yaeB JaeT
BO3MOXHOCTb MEPEUTH OT HUPPALMOHATBHOIO YPAaBHEHHUS K CHUCTEME
paInoHaIbHBIX YpaBHECHU.

Ilpumep?9. Pemiuth ypaBHEHUE

Jx+1-J2x-6=2.
Pewienue. O603HauNM:
a=+x+1,a=>0; b=\3/2x—6 (*).
BosBenem o00e 9acTH KakAOro W3  TONYYEHHBIX  YpaBHEHHIMA
COOTBETCTBEHHO B KBAJIpaT U Ky0:
x+1=a? 2x—6=h.
VMHOXHM TI€PBOE ypaBHEHHE HA 2 M MOWIECHHO BBIYTEM U3 HET'O BTOPOE
ypaBHEHHE:
202 —p3=8.
IToCKOMIBbKY HCXOHOE YpaBHEHUE TIPUMET BU]T
a-b=2,
NPHUIEM K CHCTEME YpaBHEHHUI
a-b=2,
2a% -p3 =8.
Perienue ee CBOAUTCS K PEIICHUIO YPaBHEHHSI
2(2+b)* -b3 =8,
kopHHu Kotoporo by =0, by, =4, by =—2. Bepremcs k 3ameHe (¥):
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oTKynma x; =3; x5 =35; x3 =—1.
Omeem: x; =3; xo =35; x3=—1.
3ameuanme. [IpennaraeM uHMTaTENI0 CaMOCTOSTENbHO PEIIUThH

JAaHHBIM METOJIOM YpaBHEHHUE U3 pumMepa 23.
3adanusn 0na camocmoamenbHo20 peulenus:

e (x+4)(x+1)=3Vx2 +5x+2=6;

e x2 —4x—6=+2x2-8x+2

/x+ X
° +

X x+3
\/x2+2x+4 \/x 2x+3 5
. > + =

x°-2x+3 x“+2x+4 2’
0\/x+\/x+11+\/x—\/x+1 =4;
o i 4 21+ ax? +8x+13 =v3x2 4 6x+12 ;
o Jx+6-3Yx-2=2;
o Yx+1=x-3;
S Y

o Y47 2x+4J35+2x—4;

. 4,/15+ +4‘f2——

2 +32 - Y52 432 =3:
CX\/;—4\/X7+4=0;

° \/3x2+6x+16+\/x2+6x=2\/x2+6x+4;
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o 3x2 —2x+15+3x2 —2x+8=7:

o Jx+5+x=2x—15+2yx% +5x;

o 2 N 1__ 4 |
2-Vx 2 2dx-x’
e Haiitn Touku mepecedeHust rpadukoB QYHKUUH y=+x+2 u

x3/3x+2 .

BbiHeceHune 00Lero MHOXUTeNs 3a CKOOKMU

Ecnu B mpouecce pemieHdss UPpalMOHAIBHOTO YPaBHEHUS TPH
Pa3IOKEeHUH MOJKOPEHHBIX BBIPAKECHUI Ha MHOXKUTEIH IOSBISIOTCS
OJIMHAKOBBIC BBIpAXKEHHSI B OOEHX YacTAX ypaBHEHUS, TO ypaBHEHHUE
CBOAMTCS K COBOKYITHOCTH YpaBHEHHI OoJiee MPOCTOro BHIA.

Ilpumep 30. Pemnts ypaBHEHUE

Va2 tx—2 4422 —4x+3=x2 1.
Pewenue. Pa3noxum noJKOpEeHHBIE BRIPaXKEHUS HA MHOXKUTEIHN ;
JE+2) (=1 +J(x =3)(x-1) = J(x+)(x-1).
Hatinem o0macTh AOMyCcTUMBIX 3HaueHWi ypaBHeHus. OHa 3amaercs
CHUCTEMOU HEPABEHCTB:

(x+2)(x—1)=0,
(x=3)(x-1)>0,
(x+D(x-1) =0,

OTKyZAa xe(—oo;—2]u{l}u[3;+oo). [Tockonpky Kaxaoe craraemoe

YpaBHCHUA HMCECT 06H_II/H>’I MHOXHUTCIIb X—l, TO €ro BBIHCCEM 3a
CKOOKH. I/ICHOHBBYH YCJIOBHUC paBCHCTBA HYJIKO TIPOM3BCACHUA,
HUCXOAHOC YpPaBHCHHUC MNPUBCACM K COBOKYIHOCTH HWPpalHOHAJIbHBIX

YpaBHEHUM:
{\/x ~1=0,

Jx+2 +4x=3=x+1

Pemennem IMEPBOro ypaBHCHUA SABJIACTCA X = 1 , KOTOpBIﬁ, B CBOIO
o4uepcC/ib, ABJIACTCA KOPHCM UCXOJHOIO YpaBHCHU .
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Pemmm BTOpOE ypaBHeHHe. OONacTh €ro JOIMyCTUMBIX 3HAYCHUM
3aJaeTcd CUCTEMOI

x+22>0, x+22>0,
x—32>0, x—32>0,
x+1>0, x+1>0,

oTKyaa x €[3;+) (*). Bo3sBenem o00e uyacTH ypaBHEHUS B KBaJpart.
Y, yp p

HOCKOHBKy OHM HCOTPULATCIbHBI, 3TO npeo6pa303aHHe SABIIACTCS
PaBHOCUJILHBIM. HOJ’Iy‘II/IM:

X+2+2y(x+2)(x—-3)+x—-3=x+1,

OTKyZAa 2Wx?—x-6=2-x.
JleBasg 4YacTh TONYYEHHOTO YpaBHEHHS HEOTpUIATEIbHA, II03TOMY,
MpeXkIe YeM BO3BECTH ypaBHEHHE B KBaJpar, MoTpedyem, YTOObI ero
MpaBas 4acTb TOXKe OblJIa HEOTPULATEIBHOM:

2—-x20,
OTKyJa xe(—oo; —2]. 3TO MHOXECTBO B IMEPECEYCHUU C MHOXKECTBOM

(*) obOpasyer &, T.. BTOpOE YpaBHCHHE KOpPHEH HE WMeeT.
CrenoBaTenbHO, MCXOTHOC YpaBHEHHE MUMEET SIMHCTBEHHBIN KOpCHb
x=1.

Omeem: x=1.

Ilpumep 31. Pemnts ypaBHEHHE

‘/x—l+‘f1—l=x_1.
x X X

Pewenue. Halinem 00acTb JOMYCTUMBIX 3HAUEHHH YpaBHEHHUA.
Omna 3agaercsi CHCTEMOH HEPaBEHCTB

x—lZO,
i

1-=2>0,
X

x#0,

otkyna xe€[-1;0)U[l;+00). PasnokuM MNOIKOpEHHBIE BBIPAKCHUS B

YpaBHCHUU Ha MHOXUTCIIH, a4 B npaBoﬁ €ro 4aCTu MmO4JICHHO pa3aciinM
YHUCIUTCIIb HA 3BHAMCHATCIIb:
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/x[l—ij T
x2 x X

1 1 1 2
WA \/x(l——j(l+—j+ 1-—= 1—l

x x x x

HOCKOJ’IBKy KaXao€ cjaracMoc ypaBHCHUSA HUMECT 06H.[I/Iﬁ MHOXXHTCEIIb

f 1
1—— , TO €ro BBIHCCCM 3a CKOOKH. I/ICHOHBBYH YCJIOBHUC paBCHCTBA
X

HYJIIO MMPOU3BCACHUA, NCXOAHOC YPAaBHCHUC MMPUBCACM K COBOKYITHOCTH

YpaBHEHUM:
1———0
/ 1+ +1_J1——

Pemenuem mepBoro ypaBHeHHsI sBIseTcss X =1, KOTOpPBIH
SIBJISIETCS KOPHEM MCXOJHOTO YPaBHEHHUS.

Pemmmm BTOpOE ypaBHeHHe. OONaCTh €ro JOIMyCTUMBIX 3HAUCHUM
3aJ1aeTCs CUCTEMOM

x+12>0,
X1y
X
Pemenne ee copmanaer ¢ 001acTbiO JOMMyCTUMBIX 3HAUYCHUH HCXOIHOTO
ypaBHEHUSI. 3auIlIeM BTOpOe ypaBHEHUE B BUJIE:
x—1
Nx+l+1= —.
x
BosBenem o00e wactu ypaBHeHMST B KBaipaT (TOCKONBKY OHHU
HEOTPULATENbHBI, 3TO npeo6pa3OBaHHe PaBHOCHIIBHO):
x-1
x+1+2Vx+1 +1—— U x+2424x+1=—.
x

YMHOXHUM 00€ yacTu ypaBHeHust Ha X =0 :

x2+2x+2x«/x+1=x—l, X2+ x+2xVx+1+1=0.

anuiiem MMOCJICAHCC YPAaBHCHUC B BUJIC!
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242 1+ (Var ) =0,

JleBas yacTh ero mpencTaBiIsgeT COOOH MOTHBIN KBaIpaT:
2
(x ++/x+ 1) =0,

OTKyJia X++x+1=0.

O0o03HauNB
t=+x+1,1t20 (),
MOJYYUM YPaBHECHHE

2 -1+1=0.
-5 1445
o2 YT 2
yaoBieTBopsier ycnosuto (*). IloncraBum 3HaueHue ¢ B (*):

x+1 :_1;\/5
RV > .

BOBBCI[CM 00e uacTu YpaBHCHUA B KBaJpar (HOCKOJ’H:Ky OHH
HCOTpHUUATCIIbHBL, JTaHHOC npeo6pa3OBaHHe paBHOCI/IHBHO)Z

x+1=[_1;\/§J2
5 .

e[-L,0)U[l;+0), clemnoBaTeNbHO,  SIBISETCS

Haiinem ero kopHu: #

) 3HaueHUE # He

Otcroma x=

1-+5
2

KOPHEM MCXOAHOI'0 YpaBHCHUS.

1-5
-

Omeem: x; =1, Xy =

Ilpumep 32. Pemnte ypaBHEHME
J2-x=1-x-1.
Pewenue. O6MacTh NOMYCTUMBIX 3HAUCHUN ypaBHEHUS 3a/1aeTCs
HEPaBEHCTBOM
x—120,
oTkyna x €[l;+c0) . 3amumieM UCX0IHOE YpaBHEHUE B BUJIC:

Jx-1=1+3x-2.
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BosBenem ero obe yactu B KBapar:
x—1=1+23x-2+3(x-2)?,

OTKyZa x—2—%/(x—2)2—2%/(x—2)2=0.

3
[Mockonbky x—2 2(\3/)6—2) , TO BBIHECEM 3a CKOOKM OOImmMi

MHOKUTEIIb Ix—2 :
%/x—z(%/(x—z)z _¥x—2 —2) _0.

I/ICHOHBBYH YCJIOBUE PABCHCTBA HYJIIO IPOU3IBCACHUA, JAHHOC
YpPaBHCHUC NPUBCACM K COBOKYITHOCTHU ypaBHeHI/If/’II

Yx-2=0,
Yx-2) -x-2-2=0.
Jli1s1 perieHrst IeEpBOT0 ypaBHEHUS BO3BEEM 00€ €ro 4acTu B KyO:
x—2=0,
oTKy#a x=2¢€([l;+00). Bropoe ypaBHEHHME pelIUM Kak KBaJIpaTHOE

OTHOCHUTCIIBHO \3/)(? -2 , B ATOI'C MMOJIY4YHM:

Ix-2=2,

Jx-2=-1.
Bo3Benem kaxioe ypaBHEHHE JAHHOM COBOKYIHOCTH B KyO, Haiinem
emie 1Ba KOpHS COBOKymHocTH: Xp =10, x3=1. OHu 06a BXomiT BO
MHOXecTBO [l;4+00). [lockompky mnpu BO3BegeHMH o0O0eHX dYacTel

ypaBHEHHsS B KBaJpaT MBI HE CIEAWIH 3a TeM, YTOOBI 3TO
npeoOpazoBaHue OBLJIO PaBHOCHIBHBIM, HEOOXOAMMO BBIMOTHUTD
MPOBEpPKY M BCEX TpeX KOpHEH COBOKYNMHOCTH. IIpoBepkoi
yOex1aeMcsl, 4TO BCE OHU SIBJISIFOTCS] KOPHSMH HCXOIHOT'O YPaBHEHHSL.

Omeem: x;=2,x, =10, x3=1.
3adanusn Ona camocmoamenbHo20 peulenus:

o J(x—1)2(x—4) =[x -1|V16-x?;

o 2Vx2 —2x -8 —/x2 —16 =\3x2 —13x+4:
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o 22 18x+6+4x2 —1=2x+2;

. \/4x2+9x+5—\/2x2+x—1=\/x2—1;
o \x2 - =(x+5)‘f§—t};

o Vx2+3x—4=2x+2;

e V2-x _2-x
2+x 2+x)

YMHOXeHUue 06eunx yacten ypaBHEeHUsA
Ha COHpﬂ)KeHHbIVI paauvkan

Ecnu B mpouecce pemieHuss ypaBHEHHUS!  BBIIOJHSIOTCS
npeoOpa3oBaHus, COCTOSILIUE B N30aBICHUH YPaBHEHUS OT 3HaMEHaTeNs
WIA B YMHOXEHHU ypPaBHEHHUS Ha BBIpaKEHHE, O00JIACTH JOIMYCTHMBIX
3HAYeHU KOTOPOr'0 HE CyXaercs, BO3MOXKHO pacIIMpeHhe o0jacTu
JONMYCTHUMBIX 3HA4YE€HWH HWCXOOHOTO YpaBHEHHMS H, KakK CIIEICTBHE,
MOSIBJICHUE TIOCTOPOHHMX KOpHeH. B »stoM ciywae sBisiercs
06A3aTeNnbHOM NpoBepKa Kak COCTaBHAs YaCTh PELICHHS YPABHEHUSI.

Ilpumep 33. Pemnts ypaBHEHUE

B3x2 = 2x+15+3x2 —2x+8=7.
Pewienue. YMHOXKUM 00€ 4YacTH YpaBHEHHUS HAa BBIPAXKEHHUE,
COHpﬂ)KeHﬂoe cro neBoﬁ qacTu. HpI/IMCHI/IM K ﬂeBOﬁ qacTu ypaBHeHI/ISI
(bopmyy pa3HOCTH KBaPaTOB:

(3x2 —2x+15)—(3x2—2x+8)=7-(\/3x2 “2x 415 —3x2 —2x+8).

HpI/IBCZ[ M HOZ[O6HI:IC YJICHBI:

32 —2x4+15-\3x2 ~2x+8 =1
[TprbaBuM NaHHOE ypaBHCHHE K HCXOIHOMY YPaBHEHHUIO:
3x2 —2x+15=4.
Kopuu ero: x; =—1/3, x, =1. Tlposepkoii yOexmaeMcs, 4TO OHH

SABJIAIOTCS KOPHAMU UCXOAHOI'O YPABHCHU .
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Omeem: x;=-1/3, x, =1.
Ilpumep34. Pemuts ypaBHEHUE
(\/x+1 +1)(\/x+10 —4)=x.

Pewenue. O6nacTh IOMyCTUMBIX 3HAYEHHH ypaBHEHHS 3a]1aeTCs
CHUCTEMOW HEpaBEHCTB

x+12>0,
x+102>0,

oTKyna x €[—1;+00). YMHOXUM 00€ 4acTH ypaBHEHHsI Ha BBIpaKeHHE,
COIPSKEHHOE IEPBOMY MHOYKUTEIIO B JIEBOW YaCTH:

(Vr+T+1)(VxrT=1)(Vx+10 - 4) = x(Vx+1-1).

[IpuMeHrM K MEPBBIM IBYM MHOMKHUTEISIM B JIGBOH YacTH YpaBHEHHS
(dbopmyny pa3HOCTH KBaJpaTOB:

(V1) =1 (V370 -4)=o( 5 1),
OTKyzAa x(\/x+10—4)=x(\/ﬁ—l).

[Tockonpky Ka)kmoe ciaraeMoe ypaBHEHHS UMEET OOLIUH MHOXHTEINb
X, TO €ro BbIHECEM 3a CKOOKH. Vcronb3yst ycloBHE paBeHCTBAa HYJIIO
MIPOM3BENCHNSI, HMCXOJHOE YpaBHEHHE IIPUBEJEM K COBOKYIHOCTH
YpaBHEHUH:

x=0,
L/x+10 —4d=x+1-1
Hecmorpst Ha TO, uT0 X =0 €[—1;+00), MOJACTAHOBKOM €r0 B UCXOMHOE

YpaBHEHHE BBIICHSEM, YTO OH HE SBJIAETCS €M0 KOPHEM.

Pemmm BTOpOoe ypaBHeHMe COBOKymHOCTH. OOmactb ero
JOMYCTHMBIX 3HAYEHUU COBMANAEeT C 00NACThIO JOMYCTUMBIX 3HAUYCHHM
HCXOAHOT0 YpaBHEHHUs. 3alUIIIEM BTOPOE YPAaBHEHHUE B BUJIE:

Vx+10=+/x+1+3.

BosBenem obe ero yactu B KBaapat (MOCKOJIBKY OHU HEOTPULATEIbHEI,
3TO MpeoOpa3oBaHuUE SBIACTCS PAaBHOCHIBHBIM):

x+10=x+1+6J/x+149,
OTKyZAa x=-le[-1;+0).
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[ToncTaHOBKOM €ro B HCXOAHOE ypaBHEHHE YOeXIaeMcCsl, 4TO 3TO — €ro
KOpPEHB.

Omeem: x=-1.
3adanusn Ona camocmoamenbHo20 peulenus:

° \/3x2+5x+8—\/3x2+5x+1=1;
° \/2x2+3x+5+\/2x2—3x+5 =3x;
o V632 —59x +149 —\/x2 —9x+24=x-5;

e V5 x4+ 3 x=6;

. \/x2+9—\/x2—7=2;

G N2l+x+421-x 21,
Ll+x-21-x  x~

BbigeneHune nonHoro KBagpaTta
B NOAKOPEHHbIX BblpaXXeHnAX

X
6

B ocHOBe 3TOr0 Meroaa — ucrnosib30BaHue GOPMYIIbI
Va? =| a | (*).

Ilpumep3s. Pemuts ypaBHEHUE

Jxr2+2dx il +fxr2-2dx+1 =2,
Pewenue. O6030a4nM
t=x+1,1>0 (*%),

OTKyJia 2 =x+l=x=1>-1.

Torz[a, NoACTaBMB B HCXOAHOC YPAaBHCHHC BMCCTO X IIOJYUYCHHOC
BBIPpAXKCHUEC, IMMOTYUUM:

V2w 21442 =2t 41=2.
[TockonbKy mon paguKagaMH B JIEBOW YacTH YpaBHEHHUS CTOAT IOJHBIE
KBaJpaThl, C ydeToM (opmyiisl (*), MOTydnmM:
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|41 |+|1-1]|=2.
Pemum 5T0 ypaBHEHHE U yuTeM orpaHudeHue (**):
0<r<l.
BosBpamasich kK HCXOAHOMY HEU3BECTHOMY, ITOJTyYHM HEPABEHCTBO

0<Jx+1<1,
peLIeHnEM KOTOPOTO SIBIISIETCS MHOYKECTBO [—1;0] .
Omeem: x < [—1;0].
Ilpumep36. Pemuts ypaBHEHUE

X2 —dxx+1+8x—8/x+1+8=0.

Pewenue. IpeoOpazyeM JIeByI0 YacTh ypaBHEHUS:

= axxt1+4(x+1)+4x -8 x+1+4=0,
OTKyJIa (x—2x/x+l)2+4(x—2\/x+1)+4=0.

HonyquHoe BBIpa)KeHI/Ie SABIIACTCA KBaZ[paTOM paBHOCTI/I:
2
(x—Z\/x+l +2) -0,

T.C. x+1-24x+1+1=0.
I[aHHOC BBIPAKCHHUE, B CBOKO OUYCPCIAb, TOXKEC ABJIACTCA KBaApaTOM
pa3HoOCTH:

(Vxr1-1) =0,
OTKyZa \/xTzl.

Kopenr nmanHoro ypaBHeHus x =0 sBISE€TCS KOPHEM HCXOIHOIO
YpaBHEHHS.
Omeem: x=0.
3adanusn 0na camocmoamenbHo20 peulenus:

o \/x2—2x+1+\/x2—4x+4=1;
° m+x=m;
. \/x2—4x+4 +\/x2+4x+4=\/x2—6x+93

o Jx—142dx—2 —fx-1-2Jx-2 =1;
5

2




o \x2 4+ 24x2 - —\/x2—2 x2-1=1;
o V2x—2Y2x—1 - 22x 43— 42x —1 +3\2x +8—632x —1 =4
o 5VUx2 —2x+1-4x2 +6x+9=11;

e 1 v6r =0 +Jx—vor=9 =5

Ucnonb3oBaHue cBONCTB (PYHKL UM

Wnorna mpu pemenun ypaBHeHHS f(x)=g(X) OKa3bIBaeTCs
TMOJIE3HBIM HCITOJIb30BaTh HEKOTOPBIC CBOMCTBA (GyHKIMMA f{x) 1 g(X).

Tak, ecnmu ogHa u3 pyHKUMH yObIBaeT, a Apyras BO3pacTaeT Ha
npoMexyTke X, TO JaHHOE ypaBHEHHE JIMOO MMEET OIUH KOpEHb U
TOr/Ia MOXXHO HAaWTH €ro Mo KpaifHed mepe mogoopoM, Ju00 HE UMeeT
KOpHEH.

Ecmn ¢ynkumsa f{x) Ha npomexyrke X oOrpaHuueHa CBEPXY
gucaoM A, a QyHKOusA g(x) CHHU3Yy TEM K€ YHCIOM, TO ypaBHEHHE
f(x)=g(x) paBHOCHJIBHO CUCTEME YpaBHEHUI

f(x)= 4,
{g(x) =4
Ilpumep3. Pemuts ypaBHEHUE
Yr-1+23Bx+2=4+-x.
Pewenue. Haiinem 0051acTh JOMYCTUMBIX 3HAYEHUH ypaBHEHUS:
{x -1>0,
3—x20,
otkyna x €[l; 3]. ITonGopom momy4yum, 9TO ypaBHEHHE UMEET KOPEHb
x=2. IlockonbKy Ha OONacTH IONMYCTHUMBIX 3HAYEHUH YpaBHEHHS

dysxkmas  p(x)=Yx—1+233x+2 BOo3pacTaer, a  (QyHKUUA

Y(x)=4++3—x yObIBaer, TO APyrux KOpHEH ypaBHEHUS HE UMEET.
Omegem: x=2.
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OCHOBHBbIE METO[bl PELUIEHUA
NOKA3ATEJIbHbIX YPABHEHUU

Pemenre m000ro MOKa3aTENbHOTO YpPAaBHEHHUS CBOAUTCS K
PEIICHUIO Hpocmeliuiez0 HOKA3AMEbHO20 YPAGHEHUs — YPABHCHUIO
BUIA

a/ ) =8 (a>0, a#1).

OTH ypaBHEHHUS OMUPAIOTCS Ha TeopeMy (*):

Ecmm a>0, a#1, 10 ypaBHeHHe al () = q8() PaBHOCHIBLHO
ypaBHeHHIO f(x)=g(x).

JlaHHast TeopeMa OTOOpakaeT CBOWCTBO CTEMICHU: JIBE CTEMCHU C

OIMHAKOBBIM ITOJTOXHUTCIBHBIM KW OTIIMYHBIM OT CAWMHHWIIBI OCHOBAHHEM
PpaBHBI TOr'IAa U TOJBKO TOrAad, KOrJa paBHbI UX MOKA3aTCIIN.

MpuBepneHne o6enx yacten ypaBHeHuUA
K OQHOMY OCHOBaHU1IO

OTUM  METOIOM pemaercs OOJNBIIMHCTBO — IOKa3aTeNbHBIX
ypaBHeHul. [Ipu 3ToM HMcnonb3yloTCa GOPMYINbI sl IPeoOpa3oBaHUs
MOKAa3aTeNIbHBIX U CTENEHHBIX BBIPAXKECHHH.

Ilpumep38. Pemuts ypaBHEHUE

4% =§2x-3

Pewenue. IpuBenem obe yacTu ypaBHEHHUSI K OCHOBAHHIO 2:
2\ 2
4" =(2 ) =27,

2x-3
_— 82x—3 _ ( 23) _ 23~(2x—3) _50x9

Torz[a HCXOJHOC YpaBHCHUC CBOAUTCA K HpOCTCﬁmeMy
MOKa3aTCJIbHOMY YpPaBHCHUIO:

22x _ 76x-9 ,
OTKyJa 1o Teopeme (*) moiayqnm:
2x=6x-9, x=9/4.
Omeem: x=9/4.
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3adanusn 0na camocmoamenbHo20 peuienus:

2 2 3
277253 =001 (1077

L"’S x+17
e 32%7 =0,25.128 3 ;
X 2+x+x

. f31+f( 20+/x) _

N———

1
3

w
=
N
=
T‘
=

Jﬁ

° 31+s1nx+s1n X+..+sin” x \/5

INorapudmmnpoBaHue o6enx YactTen ypaBHEeHUS

Ecnun neBast m mpaBas yacTW MOKa3aTeIbHOTO YypaBHEHUS He
CBOZSTCS K OMHOMY OCHOBAHHIO, TO, IIOCKONBKY OHH MOJIOKUTENbHBI, UX
MOXHO MPOJIOrapu(GMUpOBaTh MO OJHOMY OCHOBAHHIO.

Ilpumep39. Pemuts ypaBHEHUE

§2x-1 —73—x

Pewenue. OGe yacTn ypaBHEHUS TONOKUTEIBHBI, TIO3TOMY HX

nposiorapupMUpyeM 1o OAHOMY OCHOBaHHUIO, HaripuMmep, 10:

lg52¥ 1 =1g 73,
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[IpumenuM cBoiicTBa orapu)MoB:
2x-1)-1g5=3-x)-1g7.
BrInoiHuB 351eMeHTapHbIE MPE00pa30BaHUs, MIOTYYUM yPaBHEHHE
x(21g5+1g7)=31g7 +1g5,
3lg7+1g5
21g5+1g7 "
MCTonb3ys (hOpMyIIbL: JorapudMa CTereHH, jJorapudma Mponu3BeACHUS,
nepexofa K IpyroMy OCHOBAaHHUIO:
g7’ +1g5 _ 1g(73-5) 1gl715
x= = =
1g52 +1g7  Ig(5%-7) 1g175
Omeem: x =log|751715.
3ameuanne. [IpegmaraeM YuTaTeNr0 PENIUTh 3TO ypaBHCHHUE,
poiorapuMUpoOBaB MO JAPYroMy OCHOBAHUIO, U YOSIHUTHCSA, B CIlydac

BBITTOJIHCHHSL COOTBCTCTBYIOIIUX npeo6pa303aHHI7I, MBI TTOJTYYHUM TaKOH
KE OTBCT.

KOpEHb KOTOpOIro X = OTO BBIpaXXEHUE Npeodpaszyem,

= 10g175 1715.

3adanusn 0na camocmoamenbHo20 peuienus:
o115 7 = 177—x;
2
° 3)6-3 =5x —7x+12;
o 72x-1 —g3—x :
N 1510g5 3. xlog5 9x+1 —1

B

3.

B

2
° x21g Y =10x

2.2
N xlg x"-31gx—4,5 _ 10—21gx :
1 llogzx lloggx
o —x2 —04
4
BbiHeceHune o6u.|ero MHOXWUTENSA 3a CKOOGKMU

YpaBHeHue BUIa
Aga™ R0 + 4a™ R 4 4,0 =M
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rne M, Ay, 4y, ... A4,, a, m, ky, ky, ..., k,, — NOCTOSIHHbBIE BEIMYUHBI,

mx+
pemacTcd BIHECCHUECM 3a CKOOKU 06]]_[61"0 MHOXUTCIA a

ki rne k;
— HauMeHblIee u3 uncen ky, ky, ..., k,, .
IlIpumep40. Pemnts ypaBHEHUE
52x+1 -3. 52x—1 =550
Pewienue. BriHeceM B JIeBOM 4YacTH YpPaBHEHUS BBIPaKCHHE
5271 33 croGku:
52x-1.(52 _3)=550,

OTKyJIa 52x1 52
Pelus ero, HaiijieM KOpeHb HCXOHOTO ypaBHeHUs x =3/2 .
Omeem: x=3/2.
3adanusn Ona camocmoamenbHo20 peulenus:
o 45 lpgx g+l —gy.
o xHl L ox+3 4 ox _ qx+l —5%:
o V¥ 3.93Wal g,

1 1
P LI o
o 473 23T el
3.3

2x-5 | 3257 L 3259 _ 451 L 593 113
e 3 +3 +3 52+ 4+ 8+...

2x

3ameHa nepemMeHHOM

Ecnu nokazaTenbHOe ypaBHEHUE UMEET BUA
f(a*)=0,
rze f(x) — Hekoropas QpyHKIHs, TO 3aMEeHON
t=a*,t>0

OHO CBOJUTCA K YpaBHCHUAM BUOA

X
a Zti,

rae f; — KopHu ypaBHeHus f(x)=0.
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Ilpumep41. Pemuts ypaBHEHUE
5.23%3-3.253% 4+ 7=0
Pewenue. Vicnions3ys CBOICTBA CTENEHH, IEPENUIIIEM YpaBHEHHE
B BHJIE

5.23%% 3.2 5.2 96
> —23x +7=0, nm g —23x+7—0.
O603HaUMB
t=2°",t>0 (*)
" OpoOBCAd 3aMCHY ITIEPEMCHHBIX, TIOJTYYUM YPABHCHUC
31 9 +7=0,
8 ¢t

KOTOPOE, B CBOIO O4Y€pe/lb, CBOAUTCA K KBaJPAaTHOMY YPABHEHUIO
512 +561 - 768 =0,
KOPHH KOTOporo: #; =—96/5, t) =8. 3HaueHue f He yIOBIETBOpSET

ycnoBuio (*), MO3TOMY peEIICHHE HUCXOJHOTO YpaBHEHHS CBEIEeM K
PEIICHUIO YPaBHEHUS

23% =8,
OTKyZa x =1, 4To SIBIIIETCS KOPHEM HCXOAHOTO YpaBHEHUSI.
Omegem: x=1.
Ilpumep42. Pemits ypaBHEHUE

X X
( 4—@) +( 4+JE) =2,
Pewenue. HerpyaHo 3aMeTUTh, YTO
(4-@)-(4+J§)=1,
Te. wncna 4—+/15 u 4++/15, a, cienosatensHo, u BBIpaXCHUS

X X
( 4-\15 ) u ( 44415 ) , SIBJIIETCSl B3aUMHO 0OpaTtHeIMU. [loaTomy,

0003HauYNB

t:( 4—E)x,t>o (*),
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MIOJIY4MM: t+%=2.

IMockonmeky ¢#0, To, yMHOXHB 00€ YacTH ypaBHEHHsS Ha f, IOCJE
npeoOpa3oBaHN TOMYYUM KBaIpaTHOE YpaBHEHHE

2 -2t+1=0,
orkyna t=1. DTo 3HaueHHWe yIOBIETBOpsET ycioBuio (*),
CIIEMIOBATENBHO, TIOTYYUM YPABHEHHE

X
( 4-415 ) =1.
[Tepeitnem Kk OTHOMY OCHOBAHUIO:
X
x 0
4-VESJ <15
orkyna x=0.

Omeem: x=0.
3adanusn Ona camocmoamenbHo20 peulenus:

o 55 +557% =30;

. (3+2\/§)x+(3—2x/§)x=6;
. (Jz—\@)x+(\/z+ﬁ)x —4;
. (m)x+( 7—4ﬁ)x=14;

coszx sinzx
o7 +7 =8;

3x—1‘+‘3x—9‘=8

TpeaneH Hbleé NoKa3aTeJibHble YpaBHEeHUA

YpaBHeHuE BUIa
Aya® ) + 40 ™) + 4, =0,
rae Ay, A4, Ay — IOCTOSHHBIC BENUYHHBI, HA3bIBACTCSA MIPEXUIEHHBIM

ROKAa3amejibHbIM ypaAeHeHUeMm.
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C noMoIIbIO N0ACTaHOBKU
t=al™ >0
9TO ypaBHEHHUE Ipeolpa3yercs B KBaJpaTHOE ypaBHEHHE
Agt?> + At + 4 =0.
PemmuB ero, maiinem xopuu f u t,. Ilocne sroro pemenue
ypaBHEHUE CBOJUTCS K PEILICHUI0 COBOKYITHOCTH ypaBHEHUI
{af ) =4,
al ™ =¢,.
Ilpumep43. Pemuts ypaBHEHUE
97’1 _36.37"3 4320
Pewenue. ITockonbky

e~ =(32 )Xz‘l 2[3);2—1)2’

2
33 g2 37 N _1 i

329 ’

HUCXOOHOC YpaBHCHUC ITPUMCT BUA!

2
2 2
[33‘ ‘lj —36-%-3)‘ 14320,

O003HaYUB
2
1=3""1,1>0 (**%)
nu HpOBG)_UI 3aMeHy HepeMeHHI:IX, HOJ'Iy‘II/IM KBaZ[paTHOC ypaBHeHHe
2 —4t+3=0,

KOpHH KoToporo 4 =1, # =3. O06a 3HaueHMs IEPEMEHHOMH

YIOBJICTBOPSAIOT  yCIOBHIO (***), TO3TOMY pelIeHHEe MCXOIHOTO
YpaBHEHUS CBEIIEM K PEIICHUIO COBOKYITHOCTH YPaBHEHUIMA

3X2*1 — 1’
2
3x -1 — 3’

KOTOpas, B CBOIO O4YCPECAb, CBOAUTCA K COBOKYITHOCTH ypaBHGHI/Iﬁ
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{xz ~1=0,
x?-1=1,
KOPHH KOTOPOH X5 =%1, x34 = +2 sBisoTes KOPHSIMU HCXOJTHOT'O
ypaBHEHUS.
Omeem: x15 =%l, X34 = +2.
3adanusn 0na camocmoamenbHo20 peuienus:
° 72X —6-7"+5=0;

2x+2 x+3

1 1 .

- —0.| = -27°=0:
(2) ? (2) 0;
o 3 3l yov 9w =6,

2 2
e 0¥ 1 _36.3¥3 139,
l 2+§
e 64% —2 ¥ 412=0;
¢3.981-10-¥9+3=0;
o 64 —32> 112=0;
° 4\)3X2—2X+1+2:92\)3X2—2X

. 4x+\/x2—2 _5.2x—1+\1x2—2 -6

I'onasa'reanble ypaBHeva Buaa
Agad®™ + 4 (a- @) + 4y (a-¢?)¥ =0

B YpaBHCHUAX JaHHOI'O Buaa OCHOBAHU SBIIAKOTCA
IOCJICAOBATCIIBHBIMU  YJICHAMU FCOMC’I‘pH‘leCKOﬁ mporpeccuu, a
moKasaTciii OAJMHAKOBEI. Pemarot »tH YpaBHCHUA ACIICHUCM Ha TrI000MH
n3 KpaﬁHI/IX WICHOB, UYTO IMIPUBOAUT UX K YPABHCHUAM BUJA

g(af(x) ) =0.
Ilpumep44. Pemits ypaBHEHUE
3-16¥ +36% -2-81¥ =0
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Pewenue. Paznenum o6e yactu ypaBHeHust Ha 81F # 0 :

X X
16 +36
81*  81F

C y4eroM CBOICTB CTETIEHU

16 (36)" 16" (4 o
3‘ - _— —2: , P —_ _2= .
(81) +(81) 0, nm 3 (81) + 9 0

3. -2=0.

0O003HaYUB
X
t=(i) 150 )
9
HpOBe}_IeM 3aMeHy HepeMeHHI:IX, HOJ'Iy‘II/IM KBaZ[paTHOC ypaBHeHHe
32 +1-2=0,

KOpHH KOTOporo # =-1, t)=2/3. 3HaucHue # He yIOBICTBOpSET
ycioBuio (***), moaTOMy peIlleHHE HCXOIHOTO ypaBHEHHS CBEIEM K
PELICHHUIO YPaBHEHUS
(i T2
9 3’

I/ICHOHBByH CBOMCTBA CTCIICHU, MOJYYHUM HpOCTeﬁ].Hee II0Ka3aTCIbHOC
YpaBHCHUC
2x
21722
3 3’

OTKyJia 2x=1,
T.e. x=1/2 ABNsIETCA KOPHEM MCXOHOTO yPABHEHHUS.
Omegem: x=1/2.
3adanusn Ona camocmoamenbHo20 peulenus:
064" -13-6+6-9Y=0;
0 27% —13-9¥ +13-3%1 -27=0;
1 1 1
e 9% +12% =16%;

¢ 6-39-13-Y6+6-Y4=0;

o 32x24+6x-9 | 4.15%243x-5 _ 3. 52x2+6x-9
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OD.HOpO.CIH ble NoKa3aTesibHble ypaBHEeHUA

YpaBHeHue BUIa
Aga®* ) + 4 (ab)/ ) + 4,62 () =0,
TIe AO, Al, A2 — MOCTOSIHHBIC BEUYUHBI, HA3BIBACTCS OOHOPOOHbBIM
HOKQ3aMenbHbIM YPAGHEHUEM.
Jenenne o0eux dacTeil OJHOPOJHOTO YpaBHEHUS Ha a2/ ()

(be(x)) CBOAUT C€ro K KBaJApaTHOMY YPAaBHCHHIO OTHOCHUTCIBHO

HCHU3BECTHOI'O

S(x) S(x)
t:(%) I/IJ‘II/It=(2) ,1t>0.

a
Ilpumep4s. Pemnts ypaBHEHUE
4.22% 6 =18.32%
Pewenue. 3anuiieM ypaBHEHUE B BUJIE:
4.22¥ _(2.3)* -18-32¥ =,

Pasziennm 06e JacTH ypaBHeHHs Ha 32 # 0 :

(- ue

O0o3HauMB
X
‘= (3 ,t>0 (*)
3
1 TIPOBEISI 3aMEHY TIEPEMEHHBIX, TOIYYUM KBaIpAaTHOE YpaBHEHUE

412 —1-18 =0,
KOpHH KOTOpOro f =-2, t, =9/4. 3uauyeHue #; He yJIOBIETBOPSET

ycnoBuio (*), MO3TOMY peEIICHHE HUCXOJHOTO YpaBHEHHS CBENEM K
PELICHUIO YPaBHEHUS

HOJ'Iy‘II/IM HpOCTefI].HeC IMOKAa3aTCIbHOC YPAaBHCHUC
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3 3)
OTKyJda X = —2 sgBAseTCs KOpPHEM UCXOAHOI'0 YpaBHCHHUA.

Omegem: x=-2.
IIpumep46. Periuth ypaBHEeHUE

6" +4% =9".
Pewenue. IlpencraBuB ypaBHEHUE B BUJIE
3020 42727 =3%.3",
X 2 X X X 2
WIn (3 ) -3%.2 —(2 ) =0,
MOXHO paccMaTpUBaTh €ro Kak ogHopoaHoe. Paznenum obe yactu

ypaBHEHHS Ha (2x )2 #0:

O06o03HauuB
3 X
t=|=1|,t>0 *
( 2 j ©)
W TIPOBE/IS 3aMEHY MEePEMEHHBIX, TONyYHM KBaIpPaTHOE YPaBHCHHE

2-t-1=0,

1+/5
2

KOPHH KOTOPOIo f# , = . YcnoBurw (*) ymoBIETBOpPSET TOJBKO

1+\/§
2

3HA4YeHUe f = . HOSTOMy PCIICHUE UCXOOAHOI'O YPaBHCHH A CBECACM

K PCHICHUIO YPAaBHCHU A

2 2

By

1+\/§

OTKylda X = IOg3 [ J SABJIACTCA KOPHEM HCXOAHOTI'O YPAaBHCHU .

2
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1++/5

Omeem: x = log3 5

2
3adanusn 0na camocmoamenbHo20 peuienus:

©4.9"-7.12* +3.16* =0;
° 32X+1 _215X_52X+1 20,

2x2+6x—94_4_15x2+3x—5::3_52x2+6x—9;

sz%ﬁ%

. 10-4x—9-2x-(4x+1)+2-(16x+2-4x+1)=0

3
. 32x2—6x+3_+6x2—3x+1

anMeHeHVIe OCHOBHOIO norapmbMquCKoro TOXAOecTBa

HeKOTOpBIe YpaBHCHUA CBOAATCA K PaCCMOTPCHHBIM BBbIIIC
YPaBHCHUAM, €CJIn Hp606p3,30BaTB OTACIBHBIC HUX  3JICMCHTHI,
HCII0JIb30BaB OCHOBHOC ﬂorapn(bMqucxoe TOXIAECTBO

log b
a % =b (a>0,a=l, b>0).
Ilpumep4. Pemits ypaBHEHUE
2
log’, x log, x
3T 4x =162
Pewenue. [IpeobpasyeM nepBoe ciaraeMoe B ypaBHEHUU:

2 1
3log3 x _ [310g3 xj 083X log3 X

=X

HOZ{CTaBI/IM TMOJIYYCHHOC BBIPAXXCHUC B UCXOJAHOC YPAaBHCHUC!

log, x log, x
3 +x 3

X =162,

log3 X log3 X

WITH 2-x =162, X 81.

[Iponorapupmupyem 3T0 ypaBHEHHUE [0 OCHOBAHUIO 3:
log, x
1 3 =1 l.
g, | X og, 8
Tornaa, ucnonb3ys ONpEACICHUE U CBOMCTBA JIorapugMa, MoIydnuM:
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logg x=4,

a 9TO ypaBHEHHE YKBUBAIICHTHO COBOKYITHOCTH YpaBHCHHH
log3 x=2,
log3 x=-2.

PemmuB ee, HaiileM KOPHH UCXOIHOTO ypaBHeHus: x; =9, x, =1/9.
Omegem: x;=9, x, =1/9.
3aoanusn Ona camocmoamenbHo20 peulenus:

logzx log, x
O px 6 =

° 6 12;

1og2x log, x
2 4x P =

o2 32;

2
o 10'8" ¥ 4 x'8¥ =20,

2
. 2log2(x +5x—6) iy

o 5lex =50 185,
o x2182 _5.0lex 1 6=0

Mcnonb3oBaHMe CBOMCTB NokKasaTenbHOM hyHKLUM

Pemenne HEKOTOPBIX ypaBHEHMH, cOIep:Kallie HEU3BECTHOE B
MoKaszatelie  CTENEeHW, MpeArojaraer HccieJoBaHue  (QYHKIUM,
BXOASLINE B 00€ YaCTH ypaBHEHHUS.

Ilpumep48. Pemits ypaBHEHUE

7% =x+2

Pewenue. Kopenr x =35 nHaiinem nmogoopom. OyHKIUS ¥ =76—x
MOHOTOHHO YOBIBaeT, a ¢pyHKuus g(x)=x+2 MOHOTOHHO BO3pacTaer.
CrenoBaTenbHO, rpaduku 3TUX QYHKIHUN MOTYT IIepeceKkaTbesl He Oonee
ofHOro pasza. Takum 00pa3om, APyrux peleHnid ypaBHEHHE HE UMEeT.

Omeem: x=35.

Ilpumep49. Pemuts ypaBHEHUE

3¥ 445 =5%,
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Pewenue. Haiinem mnopOopoM KOpeHb ypaBHEHHS: Xx=2.

Paznenum o6e wacTu ypaBHeHust Ha 5% #0:
X X
DR
5 5
3 X 4 X
[Mockonbky ¢yHKOUSA y(Xx) = (gj + (5) MOHOTOHHO YOBIBaeT, a

¢ynkuus y(x)=1 sBugeTcss MOCTOSHHOMN, TO rpaduku >THX QyHKUUN

MOTYT TepeceKkaTbcss He Oonee ogHOro pasa. Takum oOpasom,
yYpaBHEHHUE UMEET OIMH KOPCHb.
Omeem: x=2.
3adanue 011 camocmoamenbHo20 peuweHus:

o 5% +12¥ =13*
PELUEHWE NOKA3ATENbHO-CTENEHHbLIX YPABHEHUNA

Ilokazamenvno-cmenennvle ypasHenus — ypaBHeHMsI BUIA
S8 = £ (x)me).
Ecim  w3BectHo, uto f(x)>0, f(x)#1, To HeoOXoauMO
MPUPABHATH MOKA3aTENH, T.€. PEIIUTh YPABHEHHE
g(x)=m(x).
Eciu ycnoBue He uckimouaer BosmokHoctu f(x)<0, f(x)=1,
TO HEOOXOIUMO PacCMaTPUBATh CICAYIOIINE CAyYau:

f)=-1
D fe=1 &M
g(x), m(x)— ogHON YETHOCTH;
{f (x)=0; {f (x)>0, {f (x)<0,
3) 1g(x)>0; A f()=] 5) 1 f(x)#-1,
m(x) > 0; g(x) =m(x); g(x) =m(x).

B nocneanem cinydyae HeoOXoauMa MpoBEPKa.
IlpumepS0. Pemuts ypaBHEHUE

2
(3x—4)" 2 = (3x—4)",
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Pewenue. I1ockonbKy yciloBUE HE UCKIIIOYAET CUTYALMIO, KOTAA
3x—4<0, 3x—4=1, HeoOXOANMO pPACCMOTPETh yKa3aHHbIC BBIIIE
CUTYyaL1H.

1) 3x-4=1.

B sToM ciiyuae ncxonHoe ypaBHEHUE IPUHUMAET CIEAYIOLIMN BUA:

12X2 +2 _ 15X ,
T.e. 1=1. 3HauuT, KOPHM [AHHOTO YpPaBHEHHUS SBIAIOTCA TaKXkKe
KOPHAMHU HMCXOHOrO ypaBHeHus. Urak, x = 5/3 — nepsbiii KOpeHb
HCXOAHOTO YpaBHEHHUS.

2) 3x—4=-1, oTkyna x=1.

B sToM ciiyuae ncxonHoe ypaBHEHHE IPUHUMAET CIEAYIOLIMN BU:
(_1)2x2+2 — (_1)5x.

OTOMYy ypaBHEHMIO MOTYT YAOBJIETBOPATH TOJBKO TaKWe 3HAYEHHS X,

IIpU KOTOPBIX I1OKAa3aTelnu 22 +2m5x - uensle ymeiaa. x =1

2
YIOBJIETBOPSIET 3TOMY yclIoBUI0. OHako uncna 2x~ +2 u Sx mia x =1
MMEIOT Pa3HyI0 4eTHOCTh. Takum o0pa3oMm, x =1 He sABISETCS KOPHEM
HCXOJHOTO YPaBHEHHUS.

3) 3x-4=0, otkyma x=4/3.
B aToM ciyuae ucxopHoe ypaBHEHUE IPUHUMACT CIICAYIOUIMI BT
02x2+2 _ 5%
DTOMYy ypaBHEHHIO MOTYT YJOBJETBOPATH TOJBKO TaKHE 3HAYCHUS X,

npu koTopeix 2xZ +2>0 (310 BepHO ams BCex X€R), 5x>0, Te.
TOJIBKO TMOJOKUTENbHbIC 3HAa4YeHHs. [lOCKOJbKY HaiiIeHHBIH KOpPEHb

4/3 >0, naiinem elile OMH KOPEHb HCXOAHOTO ypaBHeHUs X, =4/3.
4)Ecmn 3x-4>0, 3x—4#1, To OT HCXOAHOTO YpaBHEHHS
MpUAEM K YPABHEHHIO-CIEACTBHMIO 2X2 +2=5x, KOPHH KOTOPOrO
x=1/2, X =2. Kopesb x; He yIOBICTBOpSeT yCIOBHIO 3x—4>0,
HO3TOMY He SIBJIIETCSl KOPHEM MCXOJHOrO ypaBHEHHs. Takum oOpasom,
MBI Hal{JIeM ellle OMH KOPEHb HCXOIHOI0 YPaBHEHUS X3 =2 .
5)Ecmn 3x—-4<0, 3x—4#-1, TO BHOBb OT HWCXOIHOTO

YpaBHEHHS TPHAEM K YPAaBHEHMIO-CIEACTBHIO 2X2 +2=15x, oTKyma
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Haiinem x; =1/2, x, =2. KopeHb X, =2 He ylOBIETBOPAET YCIOBHIO
3x—4<0, mo3ToMy He ABISETCS KOPHEM MCXOAHOro ypaBHeHHs. Jlis
X| BBIIIOJIHUM TIPOBEPKY:

i (<2,5)%2 =(=2,5)23

— HEBEPHOE PABEHCTBO (BO3BE/IEHHE OTPUILIATENBHOIO YHCIIA B JPOOHYIO
cTenenb He cymiectByer). ClienoBaTensHo, X =1/2 Takke He sBiseTCs
KOPHEM MCXOJHOI0 ypaBHEHHS.

Urak, yuuteiBast ciydan 1)-5), memaeM BBIBOI, YTO HCXOAHOE
ypaBHEHHE UMEET TP KOpHSL: X; =5/3,x, =4/3, x3=2.

Omeem: x| =5/3,xy=4/3, x3=2.

3aoanun 0na camocmoamensHozo pewenu:

° (x+4)x2+9x+8 _

5 3x%43 5 10x
. (x +x—57) =(x +x—57) ;

2
° (3x_4)2x +2 =(3x_4)5x;

o x' =x;

1;

N |x|x272x _

°
=
I
w
T
=
Il
w
I
=
i
w
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OCHOBHbIE METOAbIl PELLEHUA
NOrAPUGMUYECKUX YPABHEHUI

Jozapugpmuueckumu ypasnenuamu Ha3bIBAIOTCA YpaBHEHUS,
coJepKalllie HEHM3BECTHOE TMOJ 3HAaKOM Jorapudma HIM B €ro
OCHOBaHUH (MU TO U APYroe OTHOBPEMEHHO).

Pemenne Bcex morapuMUYECKHX YpaBHEHHH CBOOUTCS K
PELICHUIO HPOCHMENMUX 102aPUPMUYECKUX YPAGHEHUII — YPAaBHEHUN
BUIA

log, x=b (a>0,a=1).

Ux pemenue omnupaercs Ha OAHO M3 BaKHEHMIINX CBOMCTB
JorapuQMoB:

(log, m=log, n)=(m=n), tnea>0,a#1, m>0,n>0 .

[Ipu pemennn norapuMUUecKNX ypaBHEHUN UCTIONB3YIOTCSA TPH
OCHOBHBIX  METOAA: METOX IOTCHIUPOBAaHUS, METOA  3aMEHBI
MEepEMEHHBIX, METO/ JIorapu(MUPOBAHHUS.

nOTeHLIVIpOBaHVIe

OTOT METOA MPeACTaBIsIeT cOOO0i Mepexoa OT ypaBHEHUS
log, f(x)=log, g(x),rne a>0, a#l1,
K ypaBHEHHUIO-CIICICTBUIO
f(x)=g(x).
[Ipu >TOM HEoOXOmMMO yOEmUTHCS, BXOAAT JIM KOPHU JaHHOTO
ypaBHEHHUSI B 00JacTh OMyCTUMBIX 3HAYCHUI HMCXOIHOTO YpaBHEHHS,
KOTOpasi 3a1aeTcsl CHCTEMOI HepaBEHCTB

S(x)>0,
g(x)>0.

IlpumepS1. Pemuts ypaBHEHUE
logs (x? —4x +3) =log; (3x +21).

Pewenue. O6nacTh NOMyCTUMBIX 3HAYEHHH ypaBHEHHS 3a]1aeTCs
CHUCTEMOM HEPaBEHCTB
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x2—4x+3>0,
3x+21>0,

orkyna x € (—7;1) U (3;400) . [lepeiinem K ypaBHEHHIO-CIIEICTBUIO

x2 —4x+3=3x+21,
KOPHHM KOTOPOro X, =-2, X, =9 BXOmAT B 00JacCTh JOMyCTHMBIX
3HAYCHHUI UCXOIHOTO ypaBHEHHS, CICIOBATEIBLHO, SBISIOTCS KOPHIMHU

HCXOJHOTO YpaBHECHHSI.
Omeem: x; =-2, x,=9.

Eciu ypaBHEHHE CONEPIKUT HEM3BECTHYIO HE TOIBKO MO 3HAKOM
norapudma, HO ¥ B OCHOBAHUU JIorapudma, T.e. UMEET BU/T
logm(x) S(x)= logm(x) g(x),
TO CHCTEMa, 3a/alias O0JIACTh JIOMYCTHMBIX 3HAYCHUI ypaBHEHWUS,
TIOTIOJTHSIETCS €Il IBYMSI HEPaBEHCTBAMMU:
m(x)>0, m(x)=1,

T.€. IPUHUMAET CICAYIOIIUN BH/I;
f(x)>0,
g(x)>0,
m(x) >0,
m(x) #1.
IlpumepS2. Pemuts ypaBHEHUE
lo x> +6)=1lo 4x%2 —x).
g2 _1( ) g2 _1( )
Pewenue. O0MacTh NOMYyCTUMBIX 3HAYCHUW ypaBHEHUS 3a/1aeTCs
CHUCTEMOU HEPaBCHCTB:
X3 +6>0,
4x2 — x> 0,
x2-1>0,
x?—1#1,
[epetinem Kk ypaBHEHUIO-CIICICTBHIO:
x> +6=4x% —x.
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Ono mmeer 1pu KopHi: X =-1, xp =2, x3=3. Uucnmo x He
YZOBJIETBOPSET HEPABEHCTBAM CHCTEMBI, T.€. KOPHSAMHU MCXOJHOTO
ypaBHEHHS SIBIAIOTCS Uucna x; =2, xp =3.

Omeem: x; =2, xp =3.

YpaBHeHuE BUIa
PaBHOCHJILHO CMEIIAaHHOM crucTeme
S (x)>0,
g(x)>0,
gx) =1,
f(x)=gx)",
I'Jle HEPaBEHCTBA CUCTEMBI 33/1al0T 00JIaCTh €r0 AOMYCTHUMBIX 3HAUCHUH.
IIpumepS3. Periuth ypaBHEHUE

log (2x% -3x—-4)=2
Pewenue. Haiinem 0051acTh JONYCTUMBIX 3HAYEHUH YpaBHEHUSI:
2x? =3x—4>0,

x>0,
x#1,

LAl

3
OTKyla x € T;-l—OO . Pemmmm YpaBHCHUC-CIICACTBUC

2x2 —3x—4=x2.
N3 nByx ero kopHeil X;=-1 m Xy =4 TOIBKO X, YHOBIECTBOpSCT
obyractu JIOITY CTHMBIX 3HAYCHUI HCXOHOTO ypaBHEHUS,
CJIEZIOBATEIBHO, SIBJIACTCS €0 KOPHEM.
Omeem: x=4.
3adanusn Ona camocmoamenbHo20 peulenus:

2x2 —54
° logo,l—x 3 =10g0,1(x—4);
010g4(x2+3x—4)=10g4x—_41‘;
x_
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1 1 1
1-1lg5==| lg—+1 =1 ;
° g5 3(gz+ gx+3g5),

1
. 10g1/3 (—;):2
e log3(4x) —log3 (2x) =1;
. 0,210gx3%=—0,5;
e log, . 7+logy 7=0;
. logx216+log2x 64=3;

e log, log, (5x—4)=1+log, log, x;
e log,(x+12)-log, 2=1;
. log10g3x3=2;

o lg/x—1 +%lg(2x+15) ~1;

e lo lo
€2 6x+8 ( 93242143

o lg2x=2Ig(4x—-15);

(x2 —2x)) =0;

. %logs(x+5) +logVx—3 =%log5(2x+ 1;
® 2—x+3logs2=1logs (3x —SZ‘X);

. log5+7x3=log_i3

3 x+1

Hcnonp3oBaHue pasinuHBIX JorapupMuueckux ¢GopMya B
mporecce MpeoOpa3oBaHUs YpaBHEHMH MOXET TIPUBECTH Kak K
MOSIBJICHUIO TIOCTOPOHHHUX KOpHEH, Tak M K MOTepe KOPHEH HCXOIHOTO
YpaBHEHHUA.

B mpouecce mnpeobpazoBaHusi JOrapupMUUIECKUX YpaBHEHHMA
Yaire BCEro NCTONIb3YIOTCS CIeAyIomue POpMYIIbI:

1) log,(fg)=log, f +log, g;
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[~

2) log,
3) log,,

4) log ,, f"="log, f
a m
(tne fu g — mekoropeie pynkuuu, a >0, a=1,f >0, g>0).

Ucnonesys mobyro u3 stux ¢opmyn dopmansHo (63 yueta
HepaBeHcTB  f >0, g>0), HeoOXOAMMO YyYHUTHIBaTh, 4TO OO0JACTD

=log, [ —log, g;

~ 09

"=nlog, f;

JONYCTUMBIX 3HAYEHUH JIEBOM M MpaBOM yacTed Ka)A0H U3 HUX MOTYT
OTJIMYATHCS.

Takum oOpa3oM, mpeoOpa3oBaHHE YpaBHEHHS C (OpPMaJbHBIM
ucrnonb3oBanueM ¢opmyn 1-4 "cmpaBa — HaneBo" TNPHUBOAUT K
YPaBHEHUIO, SIBIAIOIEMYCS CJIEICTBHEM HCXOTHOTO ypaBHEHHUS (ero
005acTb JOMYCTHMBIX 3HaUY€HHH MOXKET OKaszaThCsl mmmpe). B sTom
Cllydae MOTYT HOSIBUTHCSA IOCTOPOHHHE KOPHH HCXOJHOTO YpaBHEHHS.
[TosTOMY B KOHILIE peleHus HEOOXOAUMO MPOBEPATH MPUHAATIEKHOCTh
KaXIO0T0 KOpHS TMOCJEAHEro YpaBHEHHs] OOJAacTH JIOMyCTHMBIX
3HAYEHHUM NUCXOAHOT O YPaBHEHUS.

[IpeoOpazoBanue ypaBHEHHS C HUCHOJIb30BaHHEM (opmyn 14
"cieBa — HampaBo' dYacTO NPHUBOAAT K YpaBHEHHIO, 00JacTh
JOMYCTUMBIX 3HAYEHUH KOTOPOro YK€ 00JIaCTH JIOMYCTUMBIX 3HAUYECHHIA
HCXOMHOTO ypaBHEHMS, W, KaK CIEICTBUE, BO3MOXHA IOTEPS KOpHEH
UCXOOHOrO  ypaBHeHus. Bo wu3bexanue 3TOro, HEOOXOIUMO
WCIIONB30BaTh OoJee obmwie popMyIib:

Hns dynakuuit fug, a>0,a=1,f#0, g#0:

1) log,(fg)=log,|f |+log,| g

2) logai

g

3) log,, /2" =2nlog, | f
2n _ 1

4) log 5, f —mlog‘a ‘|f |.

O6nacTe IOMYCTUMBIX 3HAYEHUH NpPaBOH YacTH STHX (GOpMYI
MOXeET OBITh MIKMPE O0JIACTH JOMYCTUMBIX 3HAUCHUH JIEBOI YacTH.
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Taxum obpazoM, mpeoOpa3oBaHKe YpaBHEHUS C HCIOIb30BaHUEM
9TX (OpPMyNl «cieBa — HamnpaBo» MNPUBOAUT K YPaBHEHHIO,
SBIISIIOIIEMYCSl CJIEACTBUEM HMCXOAHOrO ypaBHeHus. I[IpeoOpasoBaHue
ypaBHeHUs C (GOpPMalbHBIM HCIONB30BaHUEM (OPMYN «clpaBa —
HAJIEBO» MOKET MIPUBECTH K MOTEpE KOPHEH.

Ilpumep 54. Pemnts ypaBHEHME

3
E1ogl/4(x+2)2 —3=log; 4(4-x)° ~log,(x+6)°

Pewenue. O0MacTh NOMYyCTUMBIX 3HAUCHUN ypaBHEHUS 3a/1aeTCs
CUCTEMOU

(x+2)% >0, x+2#0,
(4-x)3 >0, nm 4—-x>0,
(x+6)3 >0, x+6>0.

PemnB cucremy, nomydanm MHOKeCTBO (—6;—2)U (—2;4). Ilepeiinem B
YypaBHEHHU K OCHOBaHHIO 1/4 u ucnonsdyem ¢Gopmyiy jorapudma
CTEIEHU:

3log) 4| x+2[-3=3log; 4 (4—x) +3log; 4 (x+6).
OTMeruM, YTO HpU 3TOM OONACTh JOMYCTHUMBIX 3HAYEHHH HCXOJHOTO
yYpaBHEHUsT HE UW3MEHMJIOCh: Ha HEM HCXOIHOE U TIOIyYeHHOE

ypaBHeHUs paBHOCWIBHBEL llomydeHHOe ypaBHeHHE Ha 00JacTH
JONYCTUMBIX 3HAYEHUH PaBHOCWIBHO YPaBHEHUIO:

3logy | x+2[-3=3log; 4 (4—x) +3log; 4 (x+6).
[IpeoOpa3zoBaB JaHHOE YpaBHEHHE W HUCIONb3YS CBOWCTBA JOrapu(MoB,
MOJIy4YuM:
4 x+2|=(4-x)(x+6).

910 YPaBHCHUEC PABHOCUJIBHO COBOKYITHOCTU JAIBYX CUCTCM:

2 <x<4, {—2<x<4,
4x+2)=(4-x)6+x), x2+6x-16=0,
—-6<x<-2, —-6<x<-2,
—4(x+2)=(4-x)(x+6), {x2—2x—32=0.
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[lepBast cucrema HMMeeT pelIeHHE Xj =2, BTOpas — pCIICHHUE
Xy =1-+/33 . JIBa 3TUX 4KClIa COCTABISIOT MHOXKECTBO BCEX PELICHUI

HCXOHOTO YPaBHCHHSI.
Omegem: x; =2; xy =1-+/33.

[lpu pemennn ypaBHeHWiId  (QOpPManbHOE  MCIOIH30BAHHE
(hopMyIBI TIEpexoaa K APYroMy OCHOBAHHIO MOXKET MPUBECTU K TOTEPE
KOpHEH MWW TOSBICHUIO MOCTOPOHHMX KOpHeW. [Ipmumna 3TOrOo — TO,
YTO JICBasi W MpaBas YaCTH MMEIOT pa3Hble OOJIACTH CYIICCTBOBAHHUSI.
[TosTomy Kakaplii pa3, KOrja BOSHHKAET MOTPEOHOCTh MCIOIh30BAHUS
dbopMynBl TIepexoa K JPYroMy OCHOBAHUIO, JIydIlle MEpPeUTH K
OCHOBaHHIO, pPABHOMY HEKOTOPOMY UHUCIY.

3adanusn 0na camocmoamenbHo20 peulenus:

. log%(x—l)2 =5+log0’5(x—1);

o logd(x—1)2 +log2(x-1)> =25

o lgx? —lg?(-x) =4;

o lgZx—lgx*=1g25-4;

e log2(2-x)—log,(x—2)> +3log, | x-2|=2

3ameHa nepemMeHHOWM

Ecmu J'IOFapI/I(l)MI/I‘lCCKOG YpaBHCHUC UMECT BUL

f(log, x)=0,
rae f{x) — HekoTopas QyHKIUS, TO 3aMEHOM
y=log, x
OHO CBOJMTCS K ypPABHECHUSM BHUJIA
log, x=;.

rae y; — KopHU ypaBHeHus f(x)=0.
Ilpumep S5. Pemntes ypaBHEHHE
lg3 x—1gZ x—6lgx=0
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Pewenue. ObnacTs T0MyCTUMBIX 3HAYCHUH ypaBHCHHS — X € R .

O06o3HaYNB
y=lgx,
MOJYYUM YPaBHEHHE:
y—yr-6y=0,
KOpHH KOTOporo: y; =—2,. ¥, =0, y3=3. Takum o0pa3zom, HCXORHOE
ypaBHEHUE SKBUBAJICHTHO COBOKYITHOCTH YpaBHEHU I

lgx=-2,
lgx =0,
lgx =3,

kopHu kortopoil x; =0,01; xy =1, x3=1000 sBAArOTCI KOpHAMH
WCXOTHOTO YpaBHEHHS.
Omeem: x; =0,01; x, =1; x3 =1000 .
Ilpumep 56. Pemnte ypaBHEHME
Ig2(x+1) =lg(x+1)Ig(x —1) +21g2(x —1)
Pewenue. OTO  ypaBHEHHE — TpUMEP  OOHOPOOHO20
J10zapugmuieckozo ypagnenus. 3amnuiieM 3TO ypaBHEHHE B BUJIC:
lg? (x+ 1) —lg(x + Dlg(x 1) - 21g?(x~1) =0,
YuuThBas TO, 4TO KOpHH ypaBHeHus 1g2(x—1)=0 He sBIAIOTCH
KOpHSIMH HCXOIHOI'O ypaBHEHUS, pa3feiuM o0e 4acTH ypaBHEHHUS Ha
lg2(x—1):
Ig>(x+D) lg(x+1) -
lg2(x—1) lg(x-1) -

O06o03HaunB
lg(x +1)
t= *
lg(x-1) )
W TIPOBE/IS 3aMEHY MEPEMEHHBIX, TIOyYHM KBaIpPaTHOE YPaBHEHUE
2
t“—t-2=0,

KOpHHU KoTOporo t, =—1, t, =2 . Takum 00pa3oM, HCXOIHOE YPaBHEHUE
P p 1 2 P yp

OKBHUBAJICHTHO COBOKYITHOCTHU ypaBHeHI/Iﬁ
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lg(x+1)
lg(x—1)
lg(x+1)
lg(x-1) 7
WJIH, YYUTHIBAS TO, 4TO | 2(x—l #0 mu 1 2(x—l #0,
g g

ng+n=—gu—n,
lg(x +1)=21g(x - 1),

Ob6nacte [IOMYCTUMBIX 3HAYEHHH KaXIOrOo W3 YypaBHEHHH, a,
CJIEZIOBATENBHO, U COBOKYITHOCTH, 3a/1a€TCS CUCTEMON HEPAaBEHCTB

Kopun nanso#t coBokymHoctu: x; =0; X, =3; x3= \/5; X4 = —\/5 .
Hockombky — X;,x4 € (l;+90), TO HCXOIHOE YypaBHEHHE HMeeT [Ba
KOpHA: X} =3, X, -2.
Omegem: x;=3, x, =\2.
3aoanusn Ona camocmoamenbHo20 peuienus:

e 4—-lgx=3lgx;
1 4

* S alex Trlgx °
e log210-log210—6log, 10=0;

. log8x+log§x+log§x+...=%;

o 2-32log? x —3[log, x —6=0;

o 1g2 x3 ~1g(0,1x19) =0;

. ./1+logx\/ﬁ-log3x+1=0;
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° 4/log2x—0,5=10g2\/;;

. \/logo,04x+l 4—\/10g0,2 x+3=1

NorapudpmmuposaHue

Ecnmn HewsBecTHOe BXOAWT B YpaBHEHHE W TIOA 3HAKOM
jorapuma, M B OCHOBAaHMHU CTEEHH, TO B HEKOTOPBIX CIIydasx
YpaBHEHHUS JAHHOTO THIIa MOTYT pelaThes JiorapuMupoBaHueM ooenx
ero yacteil ¢ MOCIEAYIOIMIMM HCIIOIb30BAaHUEM NPUBEICHHBIX BBIIIE
METO/I0B peLIeHUs JIOrapu(hMUUECKIX YPaBHEHHIH.

IlpumepST. Pemuts ypaBHEHUE

2
108
Pewenue. Obnacts 10MyCTUMBIX 3HAYCHUI ypaBHEHHS — X € R .

[Iponorapupmupyem obe yacTu ypaBHEHUS 110 OCHOBaHHIO 10:
2
lg[xmg XJ ~1g(10x°) .

Hcnone3ys cBoiicTBa JorapumMoB, MOIyYHM ypaBHEHHUE:
21g2 x-1gx =1g10+3Igx.

O0603HaunB
lgx=t¢,
HaiileM KOpHU YpaBHEHHUSI
23 -3t-1=0:
1+/3
tl = _1, t2,3 = .

2
Takum 00pa3oM, MCXOAHOE ypaBHEHHWE SKBHUBAJICHTHO COBOKYMHOCTH
ypaBHEHU I

lgx=-1,
lgx = 1_2\/5,
1gx=1+2\/§,
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1+3

o -1
KopHH koTopor x; =10 ; x,2,=10 BXOOIAT B 001aCTh
p p 1 2,3

AOIMYyCTUMBIX 3HAYCHUHN HUCXOOHOI'0 YpaBHCHUA U, CJIICAOBATCIbHO,
SABJIAIOTCA KOPHAMU UCXOAHOI'O YPABHCHU .

1+3

Omegem: x| =107; Xy3=10 2

3adanusn 0na camocmoamenbHo20 peulenus:
2+1
o x HO8Y 238,

b

1 l10g2 X llogg X
° sz :24 ;

log<3 log<9x+1
015 857 087 .

0 0x'8% Loyx7Iex _gp.

2,2 log 4
o xlogz(x )—log, (2x)-2 —(x+2) (x+2)° -3

Mcnonb3oBaHue cBOMCTB norapucgpmmyeckon pyHKLUMU

[Ipu pemieHMH HEKOTOPHIX JOTapu(MUUECKHX YpaBHEHHMA
HEOOXOMMO MPOBECTH UCCIIEAOBaHHUE MMOBEACHUS (PYHKIMH, BXOIAIINX
B 00€ YacTu ypaBHEHHUS.

IlpumepS8. Pemuts ypaBHEHUE

log;(x+5)= logl/2 x+4.

Pewenue. O6nacTh IOMyCTUMBIX 3HAYEHUH ypaBHEHHS 3a]1aeTCs

CHCTEMOU HEepaBEHCTB
x+5>0,
{x >0,

otkyna x € (0;400). IloncraHoBkO# yOeaumcs, uto x =4 sBiseTCS
KOpHEM YypaBHeHHs. J[OkakeM ero eJUHCTBEHHOCThb. JleHCTBHUTENBHO,
¢ynxuusa  y=log;(x+5) Bo3pacTaeT Ha BCei 00MACTH JIOMYCTHMBIX
3HauCHMii ypaBHeHHs, a QyHKuMs y =logy, x+4 yObiBaeT npu Beex
x € (0;+0) . ITorTOMY:
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Juist Beex x € (45400) y(x) > y(4), g(x) <g(4)=y(4);
s Beex x € (0;4) y(x)< y(4), g(x)>g(4)=y(4).
CrnenoBaTenbHO, APYTUX KOPHEH YpaBHEHUE HE UMEET.
Omeem: x=4.
IlpumepS9. Pemuts ypaBHEHUE
log;(x+2)=6-x

Pewenue. IlogcranoBkoit yoequmcs, 4To X =5 sABIsIETCS KOPHEM
ypaBHeHus. DyHKIMS, CTOSIIAs B JIEBOW YacTH, Bo3pacTaer, (yHKLU,
CTOSIILIAsl B TIPaBOW 4acTH, — yOBIBACT, U, KaK CIEACTBUE, TPapUKH 3TUX
(GyHKUME He MOT'YT MMETh Ooliee OAHOM TOYKH mepecedeHus. Takum
00pa3oM, APYrux KOpHEH ypaBHEHHE HE UMEET.

Omegem: x=5.

3adanusn ona camocmoamenbHo20 peulenus:

®3*=10-log, x;

. log2x=3—x;

. log%x+(x—1)log2x=6—2x;
. log2(1+\/;)=log3x

Utak, mnpm pemieHnn J000r0 ypaBHEHHS HEOOXOAMMO
PYKOBOACTBOBAThCS  CIEAYIOIIUM IPABHJIOM: pEIIEHHE KaxJ0ro
ypaBHEHHUsI HEOOXOIUMO OCYILECTBIISTh HE MEXaHUYECKHU, HE OCTABIISTh
BHE BHUMAaHHS HU OJMH TEpPEXoj, IIe BO3MOXKHA MOTEps KOpHEH WM
MOsIBJIEHUE MOCTOPOHHUX KopHel. IIpeoOpasoBanusi, IOIMycKarolye
MOTEPI0  KOpHEH, JIydllle HE HCIOoNb30BaTh. Ecim mpuxoguTcs
BBIMOJIHATH NpeoOpa3oBaHusl, KOTOPbIE MOT'YT NPUBECTH K MOSBJICHHUIO
MOCTOPOHHHUX KOPHEH, TO B KOHIE pEIICHUs HEOOXOAMMO IMPOBECTU
uccienoBanre (Hampumep, cleiaTrb MPOBEpKY) MO OTOOpY KOpHEH,
KOTOpOE B JAHHOM CJIydae SIBJIICTCSI HEOOXOIMMOH YacThiO pelICHUs
YpaBHEHUs, & HE MPOCTO JOMOJHUTEIBHBIM KOHTPOJIEM BBIUYMCIEHUU.
WHorna B mpomecce pelIeHUs] HMEET CMBICH pa3OuTh 00J1acTb
JONMYCTUMBIX 3HaYCHUH ypaBHEHHS Ha HECKOJIBKO 4HacTell W Ha KaxIon
U3 HUX pelaTh ypaBHeHHe oTnenbHo. Hambonee sdpdextuBHBIM mpn
PEILICHNN YpaBHEHHH SIBIISIETCS METO PABHOCHIIBHOTO Iepexoa.
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Pemenne KaXA0ro ypaBHCHHSA OOJIZKHO OBITH 0(1)OpMJ'IeH0 Kaxk
AOKa3aTCiIbCTBO TEOPEMBI O TOM, UYTO [JAHHOMY YpPaBHCHHUIO
YAOBJICTBOPAKOT TC U TOJIBKO TC YHCJId, KOTOPBIC YKAa3aHbI B OTBCTC (I/IHI/I
0 TOM, 4YTO YpaBHCHUC KOpHeﬁ HC I/IMGCT).
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