PaBHOCUNBLHOCTL
YPaBHEHUN

11 Knacc
(NMpOUNbHLIN YPOBEHbL)



OnpedesieHue 1. 1Ba ypaBHEeHUSAA C O4HON NepeMeHHOMU

f(x) = g(x) nu p(x) = h(x) Ha3bIBalOT paBHOCUJIbHbLIMU, €CNU
MHOXeCTBa UX KOpHen coBnagatorT.

MNHbIMK crioBamMu, ABa YpaBHEHUSI HA3bIBaOT
pasHoCUJIbHbIMU, ECITN OHU UMEIOT OAMHAKOBbIE KOPHU
nnn ecnu oba ypaBHEHUSI HE UMEIOT KOPHEN.

Hanpumep, ypaBHeHUA x° -4=0WU (x +2)(2*-4) =0
PaBHOCUITbHbI, 00a OHU MMEIOT MO ABa KOPHS:

2 11 -2. PaBHOCWMbHbI U YypaBHEHUS X>+1=01v/x=-3, MOCKOIbKY
o0a OHM HE MMEIOT KOPHEWN.




OnpedenieHue 2. Ecnun Kaxablu KOpeHb YpaBHEeHUS
fx)=g(x)

ABNSETCA B TO XXe BpeMs KOpHeM ypaBHeHUA
p(x) = h(x), (2

TO ypaBHeHMe (2) Ha3bIBaKOT CrieACTBUEM YpaBHEHUSA

(1).

Hanpumep, ypaBHeEHME X - 2 = 3 UMEET KOPEHb X =5, a
ypaBHeHUe (X - 2)> = 9 UMeeT [iBa KOpHA: X, =5, X, = -1.
KopeHb yPaBHEHUS X - 2 = 3 aBnsieTcs O,EI,HI/IM n3 KOpHeI/I
ypaBHEHUSA (X - 2)° = 9. 3HAYUT, ypaBHEHUE (X - 2)* =9 —
crieacTBue ypaBHEHUA X - 2 = 3.

[locTaTto4yHO O4YEBUOHLIM ABMSIETCS creaytoLlee
yTBEpPXOeHUe.

Jlea ypaeHeHuUsi pagHOCUJ/IbHBLI Mo20a U MOJIbLKO
mo2a0a, ko20a Ka)xodoe U3 HUxX siesisiemcsi

csiedcmeuemM opy2020.




B ntTore MoXxHo ckasaTtb, YTO pelLleHue ypaBHEeHUS, KakK
npaBuo, OCyLEeCTBNSETCA B TPM 3Tana.

[lepBbIn 3Tan — mexHu4yeckuu. Ha atom atane
OCYLLECTBNAIT NpeobpasoBaHus rno cxeme (1) - (2) -
(3)— (4) — ... " HAXOQAT KOPHU NocrnegHero (camoro
NPOCTOr0) ypaBHEHUA YKa3aHHOU LLEMOYKN.

BTopou 3atan — aHasu3 peweHus. Ha atom atane,
aHanmanpys npoeeaeHHble Npeodbpa3oBaHng,
OTBEeYaloT Ha BOMNPOC, BCE NN OHU ObInn
PaBHOCUIbHbLIMN.

Tpetun aTan — nposepka. Ecnmn aHanuns, npoBegeHHbIN
Ha BTOPOM 3Tarne, Noka3bIBaeT, YTO HEKOTOPbLIE
npeobpasoBaHmNst MOITIN NPUBECTU K YPpaBHEHUIO-
crneacTButo, To obsizaTenbHa NpoBepka BCex
HaWAEeHHbIX KOPHEW X NOACTAHOBKOW B UCXOOHOE
ypaBHeHMe.




Peanunsauusa aToro nnaHa cBsi3aHa ¢ Nonckamm
OTBETOB Ha YeThblpe Bonpoca.

Kak y3HaTb, ABnsaeTca nu nepexon ot ogHOro
YPaBHEHUA K ApPYroMmy paBHOCUJSIbHbIM
npeobpa3soBaHnem?

Kakune npeobpa3zoBaHMs MOryT nepeBecTy AaHHOe
ypaBHeHue B ypaBHeHue-cneacreue?

Ecnu Mbl B KOHEYHOM UTOre Pelwunsin ypaBHeHuUe-
cneancTteue, To Kak caesiatb NPoBEepPKy B Criy4ae,
Koraa oHa conpsAa>xeHa co 3Ha4YnTeJsNibHbIMU
BblHUCJINTEJIbHBIMA pr,EI,HOCTFIMVI?

B kakux cnyuasx npu nepexoge oT 0gHOro
YPaBHEHUSA K APYroMy MOXeT NPOU301TH NoTeps
KOPHEW 1 KaK 3TOro He 4ONyCTUTb?



TeopeMbl O paBHOCUJIbBHOCTM
YpaBHEHUN

e «CroKOUHbIe MeopeMbl»rapaHTUpyiOT

PaBHOCUITbHOCTb Npeobpa3oBaHn 6e3 Kakmx-nmbo
OOMOSTHUTENBbHbIX YCITOBUI, UX UCMOSIb30BaHNE HE
NPUYUHAET peLlaroLemMy HUKaKux HENPUATHOCTEN.

e « BecrnoKouHbIe meopeMbl» paboTaloT NuLlb
Npun oripeaeneHHbIX yCrioBUAX, a 3Ha4YnT, MOryT
O0OCTaBUTb HEKOTOPbLIE HENPUATHOCTU MPU peLLEHUN
ypaBHEHUN.



«CrnoKouHble TeopeMbi»

Teopema 1. Ecriu kakou-r1ubo YreH ypasHeHUs rnepeHecmu u3 00HouU Yacmu
ypasHeHUsi 8 Opyayro C PomueorioiOXXHbIM 3HaKOM, MO Mos1y4umcs
ypasHeHue, pagHocusibHoe 0aHHOMY.

Teopema 2. Ecriu 0ob6e yacmu ypasHeHUsl 8038eCmuU 8 00HY U MY Xe HEYemHYHo
cmereHb, Mo rofy4umcs ypasHeHuUe, pagHOCUIbHOe OaHHOMY.

Teopema 3. lNokazameribHoe ypasHeHue a™ = aé¥ (roe a > 0, a#1) pa8HOCUIILHO
ypasHeHUr f(x) = g(X).



oas3

[Tpexae yem doopmynupoBaTb TeOpPeEMbl 4—6, HAMOMHUM
elie 06 0QHOM MOHATUN, CBA3AHHOM C YPaBHEHUAMM.

OnpedesneHue 3. ObnacTbio onpeaeneHns ypaBHeHUs f(x)
= g(x) nnu obnacTbo AOMNYCTUMbIX 3HAYEHNN NEPEMEHHON
(O13) Ha3bIBalOT MHOXKECTBO TEX 3HAYEHUIN MEPEMEHHOM
X, NPU KOTOPbIX OAHOBPEMEHHO UMEKOT CMbICHT
BblpaXXeHUS

f(x) v g(x).




«becnokouHble TeopemMbI»

Teopewma 4. Ecrniu obe yacmu ypasHeHUS f(x) = g(X) yMHOXUMb Ha 0OHO U MO Xe
8blpaxkeHue h(x), komopoe:

a) umeem cmbicr1 8ctody 8 obriacmu ornpederieHuUs (8 obriacmu dornycmumabiX
3Ha4yeHuu) ypasHeHUs f(x) = g(x)

6) Huzade 8 amou obnacmu He obpauwaemcsi 8 0
mo roslyqumcs ypasHeHue f(x)h(x) = g(x)h(x), pagHocuribHoe OaHHOMY 8 €20
O/LS3.

CnencremeM TEOPEMBI 4 ABIISIETCS eLle 0OQHO «CNOKOWHOE» YTBEPXKOEHME: ecriu
06e Yacmu ypasHeHUs1 yMHOXXUMmb UJ1U pa3desiumb Ha OGHO U MO e
OMJIU4YHOE Om HYJ1s1 YUCJ10, MO NMoJsIy4umcs ypaeHeHue, pasHOCUJIbHOe
daHHOMY.

Teopewma 5. Ecriu 0be yacmu ypaeHeHUs f(x) = g(x) HeompuuamersnbHbl 8 O3
ypasHeHuUsi, mo rocsie 8o3gedeHusi obeux e2o yacmeu 8 O0HY U my Xe YemHYyr
cmerieHb n roslydumcs ypasHeHue (f(x))"=(g(x))" pagHocuribHoe OaHHOMY 8 €20
O/4S3.

Teopema 6. [lycmb a>0 u a#1, X — pelweHue cucmembl HepageHCma

f(x)> 0O,

g(x) >0 0208 ypaeHeHue log_f(x) = log  g(x) paéHOCUIIbHO Ha MHOXecmee X
ypasHeHUr f(x) = g(x)



KpaTtkasa 3anucb Teopem 4 - 6.

4. f(x) =g(x) © h(x)f(x) =h(x)g(x), raoe h(x) #0

v h(x) nmeet cMmbici B O/[3 faHHOrO ypaBHEHHUS.

5. f(x) = g(x) & (f(x))"=(g(x))", roef(x)=0, g(x)=0
M n=2K (4ETHOE YH1CJI0).

6. log_f(x) =log_g(x) & f(x) =g(x), rae f(x)>0O,g(x)>0
n a>0 u a#l



Mpeobpa3oBaHne faHHOro ypaBHeHUA
B YpaBHeHMe — crieacTteue.
[MpoBepKa KOpHew.

Ecnus npouecce peleHna ypaBHeHNA npuMeHdaemM Teopemsbl 4-6, He
npoBepnB BbINMONMTHEHUA OrPaHNYUTENbHbLIX yC.I'IOBI/Il7I, TO NONy4Ynm
YpaBHEHNE-CIleacTBUeE.

Hanpumep. a) x—1=3;, x=4
YMHoXum 06e yacmu Ha (x — 2):
(x—-2)(x—1)=3(x—-2); Xx=4UX=2-10CMOPOHHUU KOpeHb= MpoBepkKa!

6) In(2x-4) =In(3x-5)
lloteHqupyem 2x -4 = 3x - 5; x =1, HO IpHU 3TOM 3HAYEHUH
ypaBHeHHe He UMeeT cMbIcjia = HCKaTh O/]3 HiH NmpoBepKa.



NMpumep 1

PewnTb ypaBHeHNe ;5 +45x—6=>5

PeweHue. [1epBbit 3Tan — mexHu4yeckuu. Ha aTom aTane, Kak Mbl OTMeYanu Bbllle, OCYLLEeCTBIIAOT
npeobpasoBaHUs 3a4aHHOIO ypaBHEHUS Mo cxeme (1) -> (2) (3) -> (4) -> ... U HaxoQAT KOPHW nocnegHero
(camoro NpocToro) ypaBHeHUA yKkasaHHOW LeNOYKH.

[MocnepoBaTenbHO NosnyvaeMm:

(Vsx—6 I: = (5-v2x+5 ):

10v2x+ 5=36—3x

100(2x + 5) = 1296 — 216X + 9x?
9x? - 416X +796=0
X1 = 2, X2 = 398/9

Bropown atan — aHanu3 PEWEeHUH. Ha atom aTane, aHannm3npyq rnposegeHHbIe npeo6pasoBaHMﬂ, oTBEe4aloT
Ha BOIMNpPOC, BCE JIN OHU Obinu paBHOCUITbHbIMU.

Tpetuin atan — rposepka. [loactaBum NooyepenHoO KaXKaoe N3 HangeHHbIX 3Ha4eHU NepeMeHHoN B
NCXOOHOE YpaBHEHME.

X, = 398/9 - noCTOPOHHHUU KOPEHb.

OTBeT: x=2



NMpumep 2
PewunTtb ypaBHeHue
In(x+4)+In(2x+3)=In(1-2x).

PeweHue. [lepBbit 3Tan. Bocnonb3yemcsa npaBuiioM «Cymma fiorapudmMoB paBHa fiorapndpmy
npousseaeHusi». OHO NO3BONSET 3aMEHUTL BblpaXXeHue In (x + 4) + In (2x + 3) BbipaXeHnem

In (x + 4)(2x + 3). Torga 3agaHHOE ypaBHEHNE MOXHO NepenucaTb B BUAe:
In (x+4)(2x+3)=In(1-2x).

[MoTeHuunpys, nonyyaem:
(X+4)(2X+3)=(1-2X); 2x> +8Xx + 3x+12=1-2x; 2x*> + 13X + 11 = 0; X; =-1, x,=-5,5.

Bropou atan. B npouecce pelueHuns npomsoLwsio pacwmpenne O13 ypaBHEHUS, 3HAYNT,
obsa3aTenbHa NpoBepka.

Tpetuin atan. lNMockonbky, kpome paclumpeHna O[3 ypaBHEHUS, HUKAKNX OPYTruX
HepaBHOCUIbHbLIX NMpeobpasoBaHMin B NpoLiecce peLleHns ypaBHEHUS He BbIno, MpoBepKy
MOXHO BbINnosniHUTL No OL13 ncxogHoro ypasHeHns. OHa 3agaeTcd CUCTEMOW HEpPaBEHCTB

x+4 >0,
2x+ 3 >0,
1-2x>0.

3HaveHne x = -1 yOoBETBOPSET 3TON CUCTEME HEPABEHCTB, a 3Ha4YeHne x = -5,5 He
yOOBETBOPSET yXXe NepBOMY HEPABEHCTBY, 3TO NOCTOPOHHUN KOPEHb.

Omeem: -1.



O noTepe KopHen

YKaxxem ABe npu4yuHbI Momepu KOpHeuU rnpu peweHuu
ypaeHeHuu:

1. [leneHne obeunx 4yacten ypaBHEHNSI HA OQHO U TO XE BblpaXXeHne
h(x) (Kpome Tex cry4yaeB, Korga TO4YHO M3BECTHO, YTO BCOAY B
obnacTtu onpeaeneHns ypaBHEHUSA BbINOMNHAETCA ycroBue h(x) #
0);

2. CyxxeHune O[3 B npouecce peLlleHnst ypaBHEHUS.

C nepBou npuymHom 6opoTbCs HETPYAHO: NpuyvyanTe cebs
nepexoanTb OT ypaBHeHUA f(x)h(x) = g{x)h{x) Kk ypaBHeHUIO h(x)(f(x)
—g(x))=0 (a He K ypaBHeHWUIO f(x)=g(x)). MOXeT ObITb, Oaxe eCTb
CMbICI1 BOOOLLE 3anpeTuTb cebe aeneHne obenx 4acteu
ypaBHEHUA Ha O4HO U TO XXe BblpaXXeHue, coaepkallee
nepemMeHHyIo.



Co BTOpOU NPUYNHON DOPOTLCA CrIoXKHee. PaccMoTpuMm, Hanpumep,
ypaBHeHue Ig x? =4 v peLumm ero AByms crnocobamu.

[MepBbiv cnocob. Bocnonb3oBaBLUKCE onpeaeneHnem norapmdpma,
HaxoauM:

x*=10% x =100, X, =-100.

Bropou cnocob. meem: 2lgx=4; Igx=2; x=100.

ObpaTnTte BHUMaHUE: Npu BTOPOM Crocodbe npounsoLuna noteps KOpHs —
«noTepsanca» KopeHb X =-100. [NprnynHa B TOM, YTO BMECTO NpaBUSibHOW
cdopmynbl Ig x? =2Iglxl Mbl BOCMONb30Banuncb HenpaBuUnbHOM
doopmynou
lg X° = 2lg x, cy>katoLLen obnacTb onpeaeneHuns BblpaxeHus, N3 Hee
«BblIMan» OTKPbITbIN Ny (-=°; 0), rae Kak pas u HaxoguTcs
«MNOTEPABLLUMNCA» NPU BTOPOM CNoCcobe peLlleHnsi KOpeHb YpaBHEHMUS.

BbiBOA: NpUMEHSS NMpU peLLEHNN YPaBHEHUSA KaKyo-nMbo popmyny
(0CODEHHO TPUTOHOMETPUYECKYIO), crieanTe 3a Tem, YTobbl obnacTtu
O0NYCTUMbIX 3HA4YEeHUN NepeMeHHOW O NpaBoun 1 NeBOn YacTeu

dopmynbl ObINM 0AMHAKOBBLIMMW.




§ 26; Ne 12(a, o) - 15(a, 6).



YpoK no anredbpe n Ha4yanam aHanu3sa:
«PasHoOcusiIbHOCMb ypasHeHuUU».
11 Knacc (NnpodubHbIN YPOBEHL)
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