[JIABA V
YPABHEHUA N CUCTEMbl YPABHEHUIA

§ 14. YpaBHeHus ¢ ogHOU NepeMeHHOW

134. Onpenenenue ypaBHeHusa. KopHu ypaBHeHHNA.
PaBeHcTBO ¢ nnepemeHHoi f (x) = g (x) Ha3LIBAIOT YpasHe-
Huem ¢ OOHOIl nepemerHOll X, eCJI IIOCTaBJIeHA 3aJada
HAWTH BCe Te »Ke 3HAUEeHUS X, IPU KOTOPHIX PABEHCTBO C
IIEPEMEHHOM o0paliaeTcs B BEPHOE YHCJIOBOE PABEHCTBO.
Bcsakoe 3HaueHre mepeMeHHOM, IPH KOTOPOM BhIpake-
HUsa f(x) u g(x) npuHUMAaOT paBHbIe YUCJIOBbLIE 3HAUE-
HUA, Ha3bIBAIOT KOPHEeM YPABHEHUSL.

Pewwumv ypaénHeHue — 3TO 3HAUUT HAUTU BCE €r0
KOPHU MJIM JOKa3aTh, YTO UX HET.

IIpumep 1. YpaBHeHue 3 + x = 7 ©UMeeT eITUHCT-
BE€HHBII KOpeHb 4, TaK KaK IIPW 3TOM M TOJBKO IIpHU
9TOM 3HAUYEHHMU IIepeMeHHOM PaBeHCTBO 3 + x = 7 faAB-
JISIETCSI BePHBIM.

IIpumep 2. YpaBueHue (x — 1)(x — 2) = 0 umeer
nBa KopHs: 1 u 2.

IIpumep 3. YpaBHeHUE x2 + 1 = 0 He umeer new-
CTBUTEJIbHBIX KOPHEMH.

3aMeTHM, UTO MOKHO T'OBOPUTHh U O MHUMBIX KOp-
HAX ypaBHeHU#. Tak, ypaBHeHUE x2 + 1 = 0 umeer IBa
MHUMBIX KOPHA: X7 = i, X9 = —i (cM. 1. 47). Bcrony HE-
’Ke peub HuAeT TOJBKO O OdeiicmsumenbHulX KOPHAX
YpaBHEHUM.

135. PaBHOCMJIBHOCTH YpaBHEHMil. ¥YpaBHEHU,
MMeIOIIMe OOHU U Te K€ KOPHU, Ha3bIBAIOT PABHOCUJLb-
Hoimu. PaBHOCHJIBHBIMU CUHUTAIOTCSI M ypaBHEHUA,
KasKJgoe N3 KOTOPhIX He NMeeT KOPHEH.
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Hamnpumep, ypaBHeHus x + 2 =5 u x + 5 = 8 paBHO-
CUJIbHBI, TaK KaK KaiKJoe N3 HUX HNMEeT eJNHCTBEH-
HbIlI KOpeHb — uHncJio 3. PaBHOCUJIBHBI U ypaBHEHUS

x2+1=OI/12.’X,‘2+5=O—HI/IOJIHOI/13HI/IXHGI/IM96T
KOPHE.

VYpaBHeHUA x — 5 =1m x? = 36 HepaBHOCUJIbLHEI,

TaK KaK IIepBOe MMeeT TOJBKO OAWH KOPeHb 6, Torma
KaK BTOpoe MMeeT ABa KOpHA: 6 u — 6.

B mporiecce pelteHuss ypaBHEHHSA €ro CTapaloTCA 3a-
MEHUTH 00Jiee MPOCTHIM, HO PABHOCUJIBHBIM JaHHOMY.
ITosToMy BasXKHO 3HATBH, IPH KaKUX IIPeoOpPa30BaHUIX
IaHHOe YpaBHEHUE IIEPeXOAUT B PaBHOCHUJILHOE €My
ypaBHEeHUe.

Teopema 1. Eciiu B ypaBHeHUU KaKoe-HUOYAb cJia-
raeMoe IepeHecTH 13 OLHOI YacTH B APYIyIO, N3MEHUB
ero 3HaK, TO IOJIYYUTCA ypaBHEeHUE, PABHOCHUJIBHOE
ITaHHOMY.

Hampumep, ypaBHeHUe 2+ 2 = 8x PaABHOCHUJIBHO
YPaBHEHUIO 2 +2-38x=0.

Teopema 2. Eciiu 06e yacTu ypaBHEHUS YMHOMKUTD
WUJIV pas3fieJIUTh Ha OJTHO U TO e OTJHUYHOe OT HYJIA UNC-
JIO, TO IIOJIYYUTCS YpaBHeHUE, PABHOCUJIBHOE JaHHOMY.

x2-1

Hanpumep, ypaBHeHUE = 2X PaBHOCHJIBHO

YpaBHEHUIO x2-1= 6x (obe yacTu ImepBOro ypaBHe-
HUS Mbl YMHOMKHWJIU Ha 3).

136. JIuneutnsie ypaBHeHHU . JIuHeilHbLM YPABHEHU-
em ¢ 00HOIl nepemeHHOIl X Ha3bIBAIOT yPaBHEHUE BUIA

ax =b,
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rae a 1 b — pelcTBUTEJBbHBIE UNCJIA; G HA3LIBAIOT KO-
apduyuenmom npu nepemeHHoil, b — c60000HbLM UTLe-
HOM.

Ilna TuHEeHOTO ypaBHEHUA ax = b MoryT mpeacra-
BUTHCA TPU CIAyUad:

1) a # 0; B 3TOM ciiyuae KOpeHb YPaBHEHU S PaBeH b ;

a
2)a =0, b=0; BaTOM ciyuae ypaBHEeHUE IPUHUMAET
Bug 0 - x = 0, uTo BepHO mpm JIOOOM X, T. €. KOPHEM
YPaBHEHUSA CJIYKUT JI000e JeliCTBUTEJIBFHOE YHCJIO;
3)a =0, b#0; BaToM ciiyuae ypaBHEeHHE IIPUHIMAET
Bupg 0 - x = b, oHO He UMeeT KOpPHel.
MHorve ypaBHEeHUs B pe3yJibTaTe IIpeodbpas3oBaHUM
CBOISATCA K JIMHEHMHBIM.

IIpumep 1. Pemmutrh ypaBHEHHE e+ 2 —o.

5 15
P e m e H u e. Ilo Teopeme 1 (cm. 1. 135), manHOE
ypaBHEHNEe PABHOCUJILHO YPABHEHUIO %x - —135 . Ecoin

pasnesuTh 00e YacTHU 3TOT0 YPaBHEHHUS Ha Ko3dpuiu-
€HT IpPU X, TO IO TeopeMe 2 IOJYUMM PaBHOCHJIBHOE

2 .1 2
aHHO aBHeHUe x =— — : =, T.e. x=—=. Urax,
OIaHHOMY YPaBHEHU TR T 3 T
—g — KOPEHb YPaBHEHUA.
IIpumep 2. PemmuTs ypaBHEHHE
2, x  1-x_8x _

3 4 6 12

P e 1 e H 1 e. ITO ypaBHEHUE CBOAUTCA K JINHEHHO-
MYy YPaBHEHUIO. YMHOKUB 00e uacTH ypaBHeHUs Ha 12
(HamMmeHBIITee 00IIlee KpaTHOe 3HaMeHaTee 3, 4, 6, 12),
IMOJIYY M
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I Jajiee
8+3x+2—-2x=5x—-12,

8+24+12=5x—3x+ 2x,
4x = 22,
x=95,5.

137. KBagpaTHble YpaBHeHHA. Y paBHEHIE BHUIA
ax® +bx +c¢=0, (1)

rne a, b, ¢ — ;melicTBUTENIbHBIEC UHKCJa, mpuueM a # 0,
Ha3bIBAIOT K8adpamHuim ypasneHuem. Eciu a = 1, To
KBaJipaTHOe ypaBHEeHUEe Ha3bIBAIOT NPUBEOCHHbLM, €C-
au a # 1, To nenpusedenrnvim. Kosadpodpuniuenrs a, b, ¢
UMEIOT CJEeAYIOILEe Ha3BaHUA: @ — NepauLil KoI(ppuuyu-
enm, b — emopoii koapppuyuenm, ¢ — c80000HbLIL

ynen. KopHI ypaBHEeHHUSA ax’+bx+c=0 HaxXoOAT IIO
dopmy.e

x=

—b+.b2—-4ac _ (2)

2a

Bripaxxenue D = b2 — 4ac HABBIBAIOT OUCKPUMUHAH-
mom KBagpaTHoro ypaBHeHus (1). Eciu D <0, To ypas-
HeHue (1) ne umeem OeiicmeumenvHblX KOpPHELl; ecau
D =0, mo ypasnernue umeem o0un OeilcmaeumebHblil
Kopenwv; ecau D > 0, mo ypasnernue umeem 0sa oeiicm-
8UMENIbHbLX KOPHSL.

B ciyuae, korma D = 0, nHOr1a rOBOPSAT, UTO KBa/l-
paTHOe ypaBHeHIe NMeeT ABa ONNHAKOBBIX KOPHSI.

HNcnonsdys obo3naueHue D = b2 — 4ac, MOKHO IIepe-

b +./D

nmucaTb opmyay (2) B Buze x = g
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Ecau b = 2k, To popmyany (2) MOKHO YIIPOCTUTD:

_ —2k+J4k2—4ac _ —-2k+2. k2 —ac _ -kt JE2—ac
2a a )

X

2a
HUrax,
_ b2 _
x=—kEJk —ac ep-0, (3)
a 2
dopmya (3) ocobeHHO ynobHa, ecyu g — 1IeJIoe

YHCJO0, T. €. KO3 PUuIuenT b — ueTHOE UMCJIO.

IIpumep 1. Pemurs ypaBHEeHUE 2x2 —5x+2=0.
Pemenune.3necoa=2,b=-5, c=2. Umeem:

D=b%2—4ac=(-52-4-2-2=09.
Taxk kax D > 0, To ypaBHeHIe NUMeeT ABa KOPHS, KO-
TOpbIe HalaeM 1o hopmy.e (2):

,—"btJD _5+J9 _5
2a 4

5+3

I/ITaR,x1=T=2,x2= =

X9 = % — KOPHH 3aJaHHOT'O YPaBHEHU .

IIpumep 2. Pemurh ypaBHeHHe x2—6x+9=0.
Pemenue.3mecba=1, b=-6,c=9. Ilo popmye (3)
83+.,/9-9-1 _ 3+0
1 1
eIVHCTBEHHBII KOPEHb YPaBHEHU .

IIpumep 3. Pemmurs ypaBHEeHHE 2x2 - 8x+5=0.

HaXOOUM X = =3, T.e. x =3 —

PemeHI/Ie.3ue(:ba=2,b=—3,c=5;D=b2—4ac=

= (—3)2 —4-2-5=-381. Tak kak D < 0, To ypaBHEHUE
He MMeeT NelICTBUTEeJILHbIX KOPHEN.
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138. Hemoansble KBaapaTHble ypaBHeHusA. Eciu B

KBaJIPATHOM YPaBHEHUU ax? +bx+c¢=0 BTOPOM K03(-
dumnueHT b uam cBOOOAHBIN UYJIEeH ¢ paBeH HYJIIO, TO
KBaJIpaTHOE YPaBHEHUE Ha3bIBaIOT HenosiHbim. HemoJ-
Hble YPAaBHEHUSA BBIZEJAIOT IIOTOMY, YTO AJIA OThICKA-
HHUSI UX KOPHEH MOKHO He MOJIb30BaThCA (DOPMYJIOM
KOPHEell KBaJpaTHOIO ypaBHEHUsS — IIPOIIE PENIUTH
YpaBHEHHE METOIOM Pa3JIOKEeHUSA ero JIEBOM 4acTHU Ha
MHOXKHUTEJIN.

IIpumep 1. Pemurs ypaBHeHUE 2x% - 5x = 0.

Pemeuue. Umeem x(2x — 5) = 0. 3uauur, 1ubo
x =0, 1m6o 2x—5=0, T.e. x = 2,5.

HNrTak, ypaBHeHHEe nMeeT ABa KopHdA: 0 u 2,5.

IIpumep 2. Pemurs ypaBHEHHE 3x%2 —10=0.
P e 1 e H 1 e. Pa3nenuB o6e uacTu ypaBHeHUs Ha 3,

IIOJIYUUM x2—13—0 =0, T. e. (x— %)(x+ E) = 0.

3SHaAYUT, JHUOO X — E =0, oTKyza x = «/1%0 , JIN0O x +

10 10
+ /—=0,0TR ax=— [—.
3 YA 3

HNrak, ypaBHeHUe UMeeT ABA KOPHA: E u— ’\/% .

IIpumep 3. Pemurs ypaBHeHIE 2x2+5=0.
Pemenue. TaRRaR2x2+5>OHpHJI106blxx,
TO YPaBHEHUE 2x% 4+ 5 = 0 He uMeeT KOpHEIA.

139. Teopema Buera.

Teopema 3. Eciu npuBeieHHOE KBaJpaTHOE ypaB-
HeHHe

x?+px+qg=0
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MeeT JeliCTBUTeJIbHEIE KOPHU, TO UX CyMMa paBHA —p,
a IIpousBeZieHVe paBHO (@, T. €.
xq1 + x9 = —p,

X1X9 = q (1)

(cymma kopheii npusedenH020 K8a0pamHoz0 YpasHe-
HUs pasHa mopomy KoagpuyueHmy, 63amomy ¢ npo-
MUBONOJNONHLLM 3HAKOM, a npou3gedeHue KOpHeil
pasHo c60000HOMY UJIEHY).

BriBemeM ellle HEKOTOpPbIE COOTHOIIEHUS MEXIYy
KOPHAMHU 1 Ko3(pHUIlNeHTaMu IIPUBeJeHHOI0 KBaAparT-
HOT'O YPaBHEHUA

x?+px+q=0.
Haiinem cyMMy KBaJpaToOB KOPHEM:
xf + xg = (xf + 2x1x9 + xg)— 2x1x9 =
= (x1+ xz)2 — 2x1X9.
Bocnonb3oBaBiuchk popmysnamu (1), momyuum
2 2 2
x, x5 =p°—2q. (2)
Haiinem cymMmmMmy KyOOB KOpHEeI:
3 3 2 2
X1+ x5 =(x7+x)(x]{ —x1x2+ x5)=
= (21 + 2)((x1 + x9)* — x1 x).
BocnonbzoBasimucsk popmysnamu (1) u (2), moayuum
3 3
xq1+ x5 =—p(p2—3q).

CnopasBeniuBa TeopeMa, oopaTHast TeopeMe Buera.
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Teopema 4. Eciu unciia xq 1 X9 TAKOBBI, UTO X1 + X9 =
=—p, X1X9 =(Q, TO X1 ¥ X9 — KOPHU KBaJAPaTHOIO ypas-

HeHUS x2+px +qg=0.

JTa TeopeMa II03BOJIIET B pAle CJIyuaeB HAXOLUTh
KOPHU KBaJpPaTHOIO ypaBHEHUs 0e3 MCIIOJb30BaHUS
dopMyJIBI KOPHEMN.

IIpumep 1. Pemurs ypaBHEHHE x2—-9x+14=0.
P e m e H u e. Ilonpobyem HaliTH ABa UUCIa X1 U X9

TaKue, 4YTO
x1+x9=09,

X1X9 = 14.

Taxumu unciamu aBisiorcd 2 u (. ITo Treopeme 4, oHn
U CIIYyKaT KOPHAMH 3aJaHHOro0 KBaJApaTHOI'oO ypaBHEe-
HUSA.

IIpumep 2. Pemiutrh ypaBHeHHE x2+3x—28=0.
P e 1 e H u e. Ilonpobyem HaliTu Takue ABa UMCJIa
X1 U X9, YTOOBI BHIIIOJHAJINCH PABEHCTBA

X1+ x9=-38,
X1X9 = —28.

Takumy uucaamu OynyT —( u 4. OHU U ABJIAIOTCA
KOPHAMU 3aJJaHHOTO0 YPaBHEHUA.

140. Cucrembl 1 COBOKYITHOCTH ypaBHeHMil. PaccMoT-
p¥M ypaBHEHUE

(2 =12+ ((x - 1)(x—2))2=0.

slcuo, uto (x2 —1)2 > 0 u ((x — 1)(x — 2))2 > 0, a cymma
ABYX HeEOTPpUIlATEeJIbHBbIX YHCEJI PaBHa HYJIIO TOorga Hn
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TOJIBKO TOTZA, KOTJa KamJoe cjlaraeMoe paBHO HYJIIO.
ITosToMy cHauasia HaJIO0 PEINIUTh YPaBHEHU S (x2 — 1)2 =0
1 ((x— 1)(x — 2))2 0, a 3aTem HailiTu UX OOIIIME KOP-
Hu. KopHaMu ypaBHeHUA (x — 1)2 0 cay:xar uucia

1 u -1, a xopaamu ypaBHeHuA ((x — 1)(x — 2))2 0—
yucya 1 u 2. O0mum ABJIAeTcs 4Yucjio 1 — 3TO KOpeHb
HCXOOHOTO ypaBHEHU .

B ToMm cayuyae, Korga Hy»XHO HaliTU 3HAYEHUSA IIepe-
MEHHOI, yJIOBJIETBOPSIOMIEe O00MM 3alaHHBIM ypaB-
HEHUAM, T'OBOPAT, YTO 3aZlaHaA cucmema YpaBHeHUIl.
Ilnsi 0003HAUEHUSA CHCTEMBI MCHOJBL3YIOT (PUTYPHYIO
CKOOKY:

(x?-1)2=0,
((x — 1)(x — 2))%2=0.

PaccmoTpuM Terneps ypaBHEHHE (x2 — 1)(x2 -4)=0
ITpousBeneHne ABYX YHCEJ PaBHO HYJIIO TOT/A U TOJb-
KO TOT/[Ia, KOI/ia XOTs ObI OJJHO M3 YHCEJI PABHO HYJIIO.

ITosTomMy cHauajyia HaJio PeIInuTh YPaBHEHUA x2-1=0

u x2 — 4 =0, a 3aTeM 06'bEJUHNUTD UX KopHU. RopHAMHU
IIEPBOT0 YPaBHEHUS ABJAIOTCA uncia 1 u —1, a KopHs-
MU BToporo — umucja 2 u —2. 3Hauur, 1, -1, 2, -2 —
KOPHHU HCXOOHOTO YPaBHEHUS.

HeckoJbKO YypaBHEHUM C OXHOU IepeMeHHOM oOpa-
3YIOT COB0KYNHOCMb YpPABHEHUIl, eCJI CTaBUTCA 3a]a-
ya HalITH BCce TaKMe 3HaUeHUA IIepEeEMEeHHOI, KaKI0e 13
KOTOPBIX ABJIAETCA KOPHEM XOTsA ObI OMHOTO N3 JaHHBIX
ypaBHeHUu#. [lJa 0003HaUEHMSI COBOKYIIHOCTH HMHOTZA
MCIIOJIB3YIOT KBaJPaTHYIO CKOOKY:

-1=0,
—4=0.
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141. YpaBHeHudA, coep:Kalie IEPEMEHHYIO IIO[
3HAKOM MOIYJIA.

IIpumep 1. Pemurs ypasuerue [3x — 5| = 2.

Pemenue. Ecmu la| = 2, To 6o a = 2, mubo — a = 2.
ITO 3HAYUT, UTO 3aJIlaHHOE YpaBHEHNE PABHOCUJIBHO CO-
BOKYITHOCTH ABYX ypaBHeHUM: 3x — 5 = 2; —(3x — ) = 2.

N3 ypaBHeHUA 3x — & = 2 HAXOOUM X1 = U3 ypaBHe-

3 ’
HuA —(3x — ) = 2 HaxoguM x9 = 1.
Hrak, ypaBHeHUE UMeeT ABa KOPHS. X1 = % s X9 =1,

IIpumep 2. Pemuts ypaBHeHnue [2x — 8/ = 3x + 1.

Pemenue. Conocob 1-ii. Ecaim 2x — 8 > 0, ToO
|2x — 8| = 2x — 8 u mamHOEe ypaBHeHHe IIPUMET BH[
2x — 8 = 8x + 1. ITO MOKHO 3amucaTh TakK:

2x—8 20,
2x —8=3x+ 1.
N3 ypaBHeHus 2x — 8 = 3x + 1 maxogum x = —9.

OpHaKO IPpH 3TOM 3HAUEHUN IIePEMEHHOII HepaBEeHCTBO
2x — 8 2 0 He BLIIOJIHAETCHA; 3HAUUT, HalijeHHOe 3HAa-
YyeHUe He MOKeT OBITh KOPHEM JaHHOT'O YPaBHEHUS.

Ecnu 2x — 8 < 0, To |2x — 8| = —(2x — 8) u mamHOe
ypaBHeHUe nmpuMet Bujg 8 — 2x = 3x + 1. 9T0 MOKHO
3anucaTh Tak:

2x—8<0,
8-2x=3x+1.

N3 ypaBHeHUus 8 — 2x = 3x + 1 HaxonuMm x = % He-

paBeHCTBO 2 ° (9 — 8 < 0 BepHO; 3HAUHUT, X =

Ot =3
|

KOPEHDb JaHHOI'O YPaBHEHU .
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Cmoco6 2-i1. Tak kak 3x + 1 = [2x — 8|, momKHO BEHI-
IIOJHATECA ycioBue 3x + 1 =2 0. Tak Kak ypaBHeHUe
[f(x)| = a, rme a > 0, cBOAUTCS K COBOKYITHOCTH ypaBHe-
Huii f(x) = a; f(x) = —a, To MoNTyuaem

2x—8=38x+1; 2x—-8=-(3x+1).
M3 mepBoro ypaBHeHUA HAXOOUM X = —9 , U3 BTOPO-

ro x = % . I3 HalileHHBIX ABYX 3HaUYEeHUI HEPABEHCTBY

3x + 1 2 0 yomoBiaeTBOpAeT BTOPOe 3HaAUeHNIe U He YIOB-

JleTBOpAeT IepBoe. SHAUUT, X = g — eIUHCTBEHHBIH
KOpeHb YPaBHEHIN .

VpaBHeHUe BHZA |x — a| = b MOXXHO pemIaTs reo-
MeTpuuecku (cMm. 1. 26).

142. Ilonarue ciaenctBusa ypaBHeHudA. IlocTopon-
HHEe KOPHH.
IIycTh maubl fBa YypaBHEHUS:

f1(x) = g1(x), (1)
fa(x) = ga(x). (2)

Eciu Kaxabpiii KopeHb ypaBHeHHus (1) saBisiercs of-
HOBPEMEHHO M KOpPHEM ypaBHeHHs (2), TO ypaBHeHUe
(2) HaseIBaroT ciedcmaeuem ypasnernus (1). PaBHOCHIB-
HOCTH YPABHEHHNI 03HAUAET, UTO KarKI0€e U3 YPaBHEeHUM
SIBJIIETCS CJIeACTBUEM APYTOTO.

B mmporiecce pelieHus1 ypaBHEHHUS YaCTO MPUXOLUTCS
IIPUMEHATh TaKWe IpeoOpasoBaHUA, KOTOpPbhIe IIPUBO-
OAT K YPaBHEHUIO, SBJISIOIEMYCS CJIeICTBUEM HCXO/I-
HOTO. ¥ PaBHEHUIO-CJIEACTBUIO YAOBJIETBOPSIOT BCe
KOPHHM HMCXOIHOT'O YPaBHEHMs, HO KpOMe HHUX ypaBHe-
HUe-CJIeACTBHUEe MOKeT UMETh U TaKue pellleHus, KOTO-
phIe He ABJSIOTCA KOPHAMHU UCXOTHOTO YPABHEHU ST 3TO
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TaK Ha3bIBa€MbIE€ NOCMOPOHHUE KOPHU. UTOOBI BBI-
SIBUTHh U OTCEATH IIOCTOPOHHUE KOPHU, OOBLIYHO IIOCTY-
IIaI0T TaK: Bce HalileHHble KOPHU ypPaBHEHUS-CJIEICT-
BUA IIPOBEPSAIOT IIOACTAHOBKOU B MCXOJHOE YPaBHEHUE.

Ecnu npu perieHEuu ypaBHEHUS Mbl 3aMEHUJIA €TO0
YPaBHEHUEM-CJIEICTBUEM, TO yKasaHHas BBIIIE IIPO-
BEpKa HABJAETCSA HEOTHEMJIEMON YacCThI0 PpeIleHusd
ypaBHeHUudA. IloaToMy BaKHO 3HATh, IPU KaKUX IIPe00-
pasoBaHUSAX NaHHOe YpaBHEHUE IIepeXOgUuT B ypaBHe-
HIe-CJIeICTBUE.

PaccmoTpum ypaBHEHUE

f(x) = g(x) (3)
1 YMHOMHUM 00e ero 4acTH Ha OLHO U TO Ke BEIpaKe-

HUe h(x), nMelolee CMbBICJI IIPU BcexX 3HAUEHUAX X. I1o-
JYYUM ypaBHEHUE

f(x) - h(x) = g(x) - h(x), (4)
KOPHAMH KOTOPOT'O CJOYKaT KaKk KOPHU ypaBHeHUu (3),
TaK 1 KOpHU ypaBHeHUs h(x) = 0. 3HauuT, ypaBHEeHUE
(4) ectnb cnencTBue ypaBHeHud (3). icHo, uTO ypaBHe-
HuA (3) u (4) paBHOCUIBHBLI, €CJIA <«IIOCTOPOHHEE»
ypaBHeHHue h(x) = 0 He UMeeT KOpHeH.

Nrak, eciu obe wacmu yYpasHeHUs YMHOMCUMb HA
svipadicenue h(x), umeruwee cmvica npu n100bLX 3HAYE-
HUAX X, MO NOAYLUMCS YpasHeHUe, SABNAIULeecs
cnedcmaeuem ucxodnozo. IlosryueHHOE ypaBHeHUE Oy-
IeT PaBHOCUJIBHO MCXOTHOMY, ecau ypaBueHue h(x) =0
He MMeeT KOpHel. 3aMeTHM, UTO oOpaTHOe Ipeodpaso-
BaHUe, T. €. IIepexoJ OT ypaBHeHUd (4) K ypaBHEHUIO (3)
ITyTeM JieJIieHus o0enx uacTeil ypaBHeHud (4) Ha BeIpa-
s)keHHe h(x), KaKk IpaBUJIO, HEJOIIYCTUMO, IIOCKOJIBKY
MOKET IIPUBECTHU K IIOTepe KOPHeH (B 3TOM cJryduae Mo-
I'yT «IOTEPAThCA» KOopHU ypaBHeHHus h(x) = 0). Ha-
npuMep, ypaBHeHue (x — 2)(x — 3) = 2(x — 3) umeer
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IBa KOpHA: 3 u 4. JleneHue xe 00enx yacTeil ypaBHe-
HHIS Ha X — 3 IPUBOAUT K YPaBHEHUIO X — 2 = 2, IMe€IO-
IITeMy TOJIBKO OAUH KOPeHb 4; IIPpou3oIljIa IIoTeps
KOpPHH.

CHoBa Bo3bMeM ypaBHeHHe (3) m BO3BeeM 00e ero
yacTu B KBaapar. Ilonyunm ypaBHEHHUE

(f(x))? = (g(x))?, (5)

KOPHAMHJ KOTOPOT'O CJYKaT KaK KOPHU ypaBHeHU (3),
TaK ¥ KOPHU «IIOCTOPOHHEro» ypaBHeHHu f(x) = —g(x);
ypaBHeHue (5) — cieactBue ypaBHeHUdA (3).
Hampumep, ypaBHeHue x — 1 = 3 umeeT KOpeHb 4.
Ecin 06e wacTu ypaBHeHUus: X — 1 = 3 Bo3BeCTH B KBaJl-

paT, TO MOJYYUTCHA ypaBHeHHue (x — 1)2 9, umeroIIee

IBa KOpHA: 4 1 — 2. 3HAUUT, ypaBHEeHUE (X — 1)2 9 —
caenctBue ypaBHenuss x — 1 = 3. Ilpu mepexome oT

ypaBHeHUuA X — 1 = 3 K ypaBHEeHUIO (x — 1)2 = O mosABMJI-
cs IIOCTOPOHHUI KOpPeHb X = —2.

Nrak, npu 603edenuu obeux wacmeil YypasHeHUS
8 Keadpam (u 6oobuwe 8 nWOYI0 YEMHYIO CMeneHbv)
noayyaemcs yYpasHeHue, a8aswuLeecs caedcmaeuem
ucxo0Ho0zo. 3HAUUT, IIPU yKa3aHHOM IIpeoOpa3oBa-
HUM BO3MOJKHO IIOSBJEHHE MOCTOPOHHHX KOpPHEI.
3aMeTHuM, 4TO BO3BeJleHHe 00enXx uacTeil ypaBHEeHUS
B OLHY U Ty K€ HeU4eTHYIO CTelIeHb IPUBOAUT K ypaB-
HEHHNIO, PABHOCUJIHLHOMY JaHHOMY.

143. YpaBHeHHA ¢ IIepeMEeHHOWlI B 3HaMeHaTeJe.
PaccMoTpuM ypaBHEHHE BUIA

v

p(x) _, 1
a(x (1)

Nasr”
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Pemenue ypaBHenus (1) ocHOBaHO Ha ClieLyIOIEeM

yTBEpPIKACHUU: P00t & pasHa HYMI0 mozda u MoJbKO
n

mozda, Kozda ee wucaumesnvb pasen HYJL0, & 3HAMEHA-
meav omauyen om Hyas (Ha O genuTs Heab3sa!). 3anu-
CBLIBAIOT 3TO TaK:
{m =0,
n#0.

B cooTrBeTCTBUH CO CKa3saHHBIM, PEMIEHUE YPaBHEHUA

% = (0 mpoBOAUTCS B ABa 9Talla: CHAUYaJIa HY»KHO pe-
IMUTH ypaBHeHUeE p(x) = 0, a 3aTeM AJIs1 KasKI0ro ero Kop-
HsI BBISICHUTD, OOpalliaeTcs JiM IIpU HalIeHHOM 3HAUYeHU U
IIEpEMEHHOI X 3HameHaTresb ¢(x) B Hynb. Ecim g (x) #
# 0, To HalileHHBIN KopeHb ypaBHeHUs p(x) = 0 aBis-
eTcsl U KopHeM ypasHeHus (1); ecomu g(x) = 0, To moiry-
YeHHBIN KOpeHb ypaBHeHUs p(x) = 0 He ABIAETCA KOP-
HeM ypaBHeHus (1).

Takum obpasom, ypaBHeHUE p(x) = 0 siBIsAETCSA CIIEACT-

BueM (cM. 1. 142) ypasrenns 2 p(x) _, IIpu nepexoze oT

ypaBHeHUs 2 p(*) _ 0k ypasHeHUIO p(x) = 0 (oceoborcde-

q(x)
HUue Oom 3HAMEHameNs) MOTryT IMOSABUTHCS IIOCTOPOHHUE
KopHHU. OTCeATh X MOYKHO C IIOMOIIBIO ycaoBus g(x) # 0
(1Iu ¢ IIOMOINBIO HEMOCPEACTBEHHO! ITOACTAHOBKY KaiK-
Ioro KopHsa ypaBHeHuA p(x) = 0 B ypasHeHnue (1)).

3x—06 =O.
x2—-x—-2
PemneHnue. U3 ypaBHeHUA 3x — 6 = 0 Haxogum

Il p u M e p. PermtuTh ypaBHEHHE

x = 2. Tak KaK npu x = 2 3HaMeHaTeJb x2 — x — 2 06-
pamiaeTcs B HyJb, X = 2 — IIOCTOPOHHUI KOPEHb, a I10-
TOMY 3aJJaHHOEe YpaBHEeHIE He NMeeT KOPHeH.
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144. O6axacts onpenenenusa ypasHeHua (0/13). O6-
aacmovio onpedenenus ypasnenus f(x) = g(x) HasbIBa-
IOT MHOXKECTBO BCEX TeX 3HAUEHUU IIepEMEHHOM X, IpH
KOTOPBIX BeIpaskeHud f(x) u g(x) umeroT cMmbIicia (OLHO-
BPEMEHHO).

Il pumMmep 1. HaliTu obJsacTh omrpenejaeHns ypaB-
HEHUS:

a)x2—5x=1+2x; B) Jx —4/x-1=6/x-2;

X 1
0 + =
)x—l x—2

3; T1)logg(x— 3)=1ogs (5 — x).

>e

P e m1 e H u e. a) Beipakenusa x2 —5xu 1+ 2x on-
peneJyieHbI IIPpH BceX X. SHAUUT, 00JIaCTh OIpelesIeHu s
YpaBHEHUSA — BCS YMCJIOBas IIpsAMasd.

x
0) BripakeHue =1 He oIpezneJieHo Ipu x = 1, a BbI-
x J—

paKeHue Lz He oIIpedeJieHo mpu x = 2. S3HAYUT, 00-

JIaCTh OIIpeIeJIeHUS yPaBHEHHUS MOXKHO 3aJaTh YCJIO-
BUAMHU X # 1, x # 2.

B) KopeHb ueTHOU cTenmeHn UMeeT CMbICJI JIUIITh TP
HEeOTPHUIATEJIPHBIX 3HAUEHHUAX IIOJKOPEHHOIro BEIpa-
JKeHUsA. S3HAYUT, OJHOBPEeMEHHO JIOJI3KHBI BBHIIOJHATH-
cayciaoBua x 20, x—120ux— 2 > 0. Bce 3T Hepa-
BE€HCTBAa CIPaBEeAJIUBLL IIpu X = 2, T. e. [2; +00) — 006-
JIaCTh OIIpefeJieHUs YPaBHEHUI.

r) Jlorapmpm mMeeT CMBICJ JIUIIL IIPH HOJIOMKUTEb-
HBIX 3HAYCHUAX JIOTapU(pMUPYEeMOro BELIPAKEeHHs. 3Ha-
YUT, TOJIXKHBI OMHOBPEMEHHO BBIOJTHATHCSA JBa HEPABEH-
ctBa: x — 3> 0, otkynax >3, u d— x>0, oTkyzma x < 5.
HNrak, (3; 5) — obsacTs onpenesieHua YpaBHEHU.

BmecTo TepMumHaA «00JIACTH OIpenesieHUS ypaBHe-
HUSA» YacTO MCIIOJb3YIOT TEPMUH «00JIacTh JOMYCTH-
MBIX 3HaueHui nmepemenHoun» (O/13).
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flcHo, uTO KOopHU ypaBHEeHUA f (x) = g (X) ZOJIKHBI
IIpUHaAJEeKaTh ero obsactu onpeneyeHus (ero OJ/13).
Ho nHorza ObIBaeT Tak, UTO B IIpoIiecce Npeodpas3oBa-
HU ypaBHEHUS ero 00JIaCTh OIpefelIeHUs MEHSIeTCs
(uamie Bcero oHa pacIIupseTCA) U U3 HAaUJeHHBIX 3Ha-
YeHUU NepeMeHHOM OJHHU IpUHAAJIe:KaT 00JIacTH OIl-
peneneHus ypaBHeHud [ (x) = g (x), a pyrue He IIpu-
Hajaye:xkat. Torza mepBbie ABJISIOTCA KOPHAMHI YPaB-
HEeHUs, a BTOpPble — HeT (3TO MOCTOPOHHNE KOPHM).
3x—6 _ 0
x2—x—2
(cMm. . 143), obaacTh onpenesieHNA KOTOPOTO 3alaeTcs

Tax, npu pelreHNu ypaBHEHUA

ycoBueM x2 — x — 2 # 0, MBI IEPENLIN K YPABHEHHUIO
3x — 6 =0, ob61acThIO OIIpeeJIeHN s KOTOPOT'O SIBJIAETCS
BCA umcJioBasA npAaMas (00JacTh ompefesIeHUs pPacIIIy-
puyiack). YpaBHeHHe 3x — 6 = 0 umeer KopeHb X = 2,
KOTOPBIN He IPUHAIJICKUT 00JaCTH OIpeneJIeHus YC-
XOJHOTO YPaBHEHUS M, CJIEIOBATEJbHO, ABJIAETCA IIO-
CTOPOHHUM KOPHEM.

OO1uit BEIBOJ, TAKOB: eCau 8 npoyecce npeobpa3osa-
HUil ypasHeHus ez0 00/1acmb onpedeneHus Paculupu-
JAACb, MO MOZYM NOABUMbCA NOCMOPOHHUE KOpHU. I1o-
3TOMY BCce HalileHHble 3HAUYCHUs IepeMeHHOM HAaIo
IIPOBEPUTH IMIOACTAHOBKOM B MCXOJHOE YPAaBHEHUE HJIU
¢ nomoItbio obsactu omnpeznenenusa (OI3) ncxomHOro
YPaBHEHUS.

IIpumep 2. Pemurs ypaBHEeHHE
lIg (x—5)=1g (2x —9). (1)

Pemenue. Eciu lg a =1g b, To, B crtly MOHOTOH-
HOCTH JiorapumruecKkoi QyHKIuu, a = b (ecau a # b, Ha-
mpumep a < b, To u 1g a # 1g b, a umenno lg a < lg b).
3HAUUT, OT 3aJJAHHOTO YPABHEHUS MOIKHO IIePEeHUTH K
YPaBHEHUIO

x—5=2x-9, (2)
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oTKyna Haxonum x = 4. Ho npu mepexojze oT ypaBHe-
HuA (1) k¥ ypaBHeHHUIO (2) 00JaCTh OHpenesIeHUs pac-
Iupuiaachk: B ypaBHeHuu (1) oHa 3ajaeTcsa HepaBeHCT-
BOM X > 5, Torja Kak AJs ypaBHeHUs (2) 06J1aCThIO OII-
pelesieHus CJIY:KHUT BCsA UucJoBasA mpaMasa. ITosTomy
HalileHHOe 3HaueHue Xx = 4, SBJAOIIEeCS KOPHEM
ypaBHeHHus (2), MOKeT OKasaThCA IMOCTOPOHHUM KOpP-
HeM 1A ypaBHeHHus (1). B raHHOM ciiyuae UMEHHO 3TO
U IIPOUCXOAUT, TOCKOJBKY X = 4 He IPUHALJIEKUT 00-
JlacTu onpeneeHus ypasHeHus (1) (He yooBiieTBopseT
HepaBeHCTBY x > 5). Urtak, x = 4 — IIOCTOPOHHUIMI
KOpPEeHb, T. €. 3aJlaHHOe YpaBHeHUe He UMeeT KOpPHel.

145. PanmoHaJ bHbIEe YpaBHeHHNA. Y paBHeHue f(x) =
= g(x) Ha3BIBAIOT PAyUOHALbHBIM, ecau f(x) u g(x) —
palnoHaJILHEIE BeIpaskeHus. ITpu sTom ecou f(x) u g(x) —
1eJible BhIPaXKEeHUs, TO YPaBHEHUE HA3LIBAIOT UEJlblM;
eCJIH JKe XOTs ObI OHO 13 BeIpaykeHuii f(x), g(x) aBius-
eTcsi APOOHBIM, TO palMoOHAIbHOe ypaBHeHHue f(x) =
= g(x) Ha3BIBAIOT OPOOHLLM.

Hampumep, 1iesivMu SSBJISIOTCA JUHEMHBIE (cM. 11. 136),
KBagpaTHbie (cMm. 1. 137) ypaBHeHUs.

YToOBI pENIUTh paliuoHAJIbHOE YPaBHEeHNEe, HYKHO:

1) maiiTm oOOmIMII 3HAMEHATeJh BCEX HMEIOIIUXCSH
npobeii;

2) 3aMeHHuTHL JaHHOE YpaBHEHUe IeJIbIM, YMHOMKUB
o0e ero yacTu Ha OOIIUiI 3HaMEeHAaTeJIb;

3) peluTh MOJIYUYEeHHOE IIeJI0e YPaBHEHUE;

4) UCKJIIOUUTH U3 €ero KOpHel Te, KOTophle o0pailia-
IOT B HYJIb OOIIIY 3HAMeHaTeJIb.

Il p u M e p. Permtuts ypaBHEHHE

2 _|_1_ 4

2-x 2 x(2-x)

P e nr e H 1 e. OOIIEM 3HaMeHaTeJIeM MMEIOMIUXCS
npobeit aBuasierca 2x(2 — x). Haiga nomosHUTENbHBIE
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MHOMKHUTEJIN IJIA KaxKJI0u AJpoOK, OCBOOOAHNMCSA OT 3Ha-
MeHaTeseyi. Imeem:

2 @C-x 2 .
2= 1T _ 4
2-x 2 x(2-x)

4x + x(2 — x)=8;
x2—6x+8=0.

Uz ypaBHeHus x2 — 6x + 8 = 0 HaxoguM x; = 2, xo = 4
(cMm. 1. 137). OcTasiock mpoBepuTh, OOpPAIAIOT JIK HaMi-
IeHHble KOPHU BbIpaskeHue 2x(2 — x) B HyJib, T. €. IIPO-
BEPUTH BHIIOJHeHUe yeaoBus 2x(2 — x) # 0. Sameuaem,
4TO 2 He YAOBJETBOPAET 3TOMY YCJOBUIO, a 4 yIOBJIET-
BOpseT. 3HAUUT, X = 4 — eAUHCTBEeHHBLIA KOPEHb YPaB-
HEeHU .

146. Pemenue ypaBHeHua p(x) = 0 meTtomom pas-
JIOKEeHMS ero JIeBOM JyacTy Ha MHO;KUTeJu. CyThb 3TO-
o METOJa COCTOMT B ciexnyiomieM. IlycTh Hy:KHO pe-
IuTh ypaBHeHHE p(x) = 0, rae p(x) — MHOTOYJIEH CTe-
neHu n. IIpeanosoxuM, 4ToO yaajioch pas3joKUTh MHO-
roujieH Ha MHoxutenmu: p(x) = pi(x) pa(x) ps(x), roe

P1(x), pa(x), p3(x) — MHOTOUIEHBI 60JI€€ HUBKOI CTelle-

HU, ueM n. Torga ypaBueHue p(x) = 0 mpuHIMaeT BUf
P1(x) * pa(x) - pg(x) = 0. Eciu a — KopeHBb ypaBHEHUS

p(x) =0, To py(a) - pa(a) - pg(a) = 0, a moTromy xOTs OBI
omgHO U3 umuceJ pi(a), pa(a), ps(a) paBaO HYyIIIO.
3HAYUT, & — KOPEeHb XOTs ObI OTHOT'O N3 YPaBHEHUM

p1(x) =0, pa(x)=0, pg(x)=0.
BepHo u obpaTHoe: ecaiu b — KOpeHb XOTsA OBI OfI-
HOro u3 ypaBHeHuu p1(x) = 0, po(x) = 0, pg(x) = 0, To
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b — xopeHb ypaBHeHUs p1(x) po(x)pz(x) =0, T. e. ypas-
HeHusda p (x) = 0.

Hraxk, ecnu p (x) = p1(x) pa(x) p3(x), rae p1(x), pa(x),
p3(x) — MHOrOu4JIeHHI, TO BMecTO ypaBHeHUus p(x) = 0
HYKHO DEIUTh COBOKYITHOCTH ypaBHeHU# pi(x) = O,
pa(x) = 0, p3(x) = 0. Bce HaliieHHBIe KOPHU 3TUX ypPaB-
HEeHW#, W TOJIbKO OHH, OYAyT KOPHAMH YpaBHEHUS
p(x)=0.

IIpumep 1. Pemutrs ypaBHEeHHE x84+ 2x% + 3x +
+6=0.

P e m e Hu e. PaznoxXuM Ha MHOMKUTEJIHN JIEBYIO
yacTh ypasHeHus. meeM x2 (x+2)+38(x+ 2)=0,
otryna (x + 2)(x% + 3) = 0.

3Hauur, auo6o x + 2 = 0, aubo x2+8=0.U3 IIePBOTO

YpaBHEHUA HaXOAUM X = — 2, BTOPOE YpaBHEHUe He IMe-
eT KopHeM. UTak, moJIyuYnsiz OTBeT: —2.

MeTtop pasnoxeHNs Ha MHOMKHTEJN IIPMMEHVM K JIIOOBLIM
ypaBHeHuUAM Buzaa p(x) = 0, rme p(x) Heobs3aTeILHO MHOTO-
ujeH. IIycTe p(x) = p1(x) - ps (x) - p3(x), HO cpenu BeIpasKeHMiA
P1(x), pa(x), p3(x) ecTs BEIpaskeHus 60JI€€ CIOHOTIO BUAA, YEM
MHOTOWIEeHbI (HaIprMep, MppalioOHaJIbHbLIE, Jiorapudmirde-
ckue u T. A.). Cpequ KopHel ypaBHeHUM p1(x) = 0, po(x) =0,
P3(x) = 0 moryT O6BITH HOCTOPOHHYIE 151 ypaBHeHU p(x) = 0.

IIpumep 2. Peuuts ypaBHEHUE x2 Jx -9 Jx =0.

PemeHue. UmeeMm A/x (x2 — 9) = 0; 3mauwmT, TMO6O Jx =0,
60 x> —9=0. U3 yYpaBHEHUS ,\/;C =0 HaxoguMm x =0, u3 ypas-
HeHEA X2 — 9 =0 HaxonuM x = 13.

Ho x = —3 He ynoBJIeTBOPSET UCXOLHOMY YPaBHEHUIO, TaK
KaK [IPY HTOM 3HAUEHWY He OIIPEAeJIeHO BEIPasKeHue 1/x . 9To
IIOCTOPOHHUM KOPEHb.

HNTax, ypaBHeHHEe MMeeT ABa KOpHs: 3; 0.
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147. Pemenue ypaBHEeHHH METOAOM BBEJeHHMA HO-
BOM nmepemMeHHOM. CyTh 3TOr0 MeTo[a MOSICHUM Ha IIPH-
Mepax.

IIpumep 1. Pemurs ypaBHeHHE

(x2 — 3x)% + 3 (x* — 3x) — 28 = 0.

PemeHue. [lonoxus x° — 3x = Y, IOJIyYUM ypaB-
HeHUe

y?+3y—28=0,

OTKyZAa HaxofuM Y; = —(, Yo = 4. Teneps 3amaua cBo-
IUTCS K PEIIeHNI0 COBOKYIHOCTH YpaBHEHUN

x2—3x=—7; x2—3x=4,T.e.
x2—38x+7=0; x°-3x—4=0.

ITepBoe KBazpaTHOe ypaBHeHHE He NMeeT AeMCTBH-
TeJbHBIX KOPHEl, TaK KaK ero INCKPUMUHAHT OTPUIA-
TEJICH.

W3 BTOpPOro KBaApaTHOI'O YPaBHEHNA HAXOAUM X1 =

=4, x9 = —1. 9TO KOPHU 3aJaHHOIO YPaBHEHUS.
Ilpumep 2. Pemurh ypaBHEeHUE

24 15 9

x2+2x-8 x2+2x-38

Pemenue. Honomnmx2+2x—3=y, TOTLa
x2+2x—8=(x2—l—2x—3)—5=y—5

1 YpaBHEHNE IIPUMET BUJI

24 _15 _,
y-o y
PeimuB 310 ypaBHeHUe (cM. 1. 145), momyuum

y1=12,5, y,=-38.
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Hoy = x2 + 2x — 8. BHauuT, HAM OCTAETCA PEIIUTD
COBOKYITHOCTH YPaBHEHUI

x2+2x—3=12,5; x2+2x—3=—3,
NJIN
x2—|—2x—15,5=0; x2 + 2x = 0.

W3 mepBoro ypaBHeHUS HaxXOOUM X = _ZJFT“/ﬁ_G ,
Xo = _2_7“/6_6 ; 13 BTOPOTr'0 YpaBHEHUs nosrydaeM xg = 0,

x4 = —2. Tem camMbIM HalifIeHBI YeThIpe KOPHSA 3aJaHHO-
0 YPaBHEHUS.

148. BuxBaapaTHble ypaBHeHMA. Burxseadpamuvim
ypasHeHuem Ha3bIBAIOT YpaBHEHUE BUa

ax4+bx2+c=0,mea¢0.

BukBazpaTHOE ypaBHEHHE peIllaeTcsa MeTOLOM BBe-
IEeHUA HOBOI MEPEMEHHOM: IIOJIOKUB x? = Y, IIPUZEM K
KBaJIpaTHOMY YpPaBHEHUIO ay2 +by+c=0.

II p u M e p. Pemnts ypasuenne x* + 4x° — 21=0.

PemeH u e. [Tomoxus x2 = Y, IIOJIy4YUM KBaJpaTHOe
ypaBHEHHE y2 + 4y — 21= 0, oTkyza HaxXOmUM Y = — 1,
Yo = 3. Temneps 3afa4ya CBOAUTCA K PEIICHNIO0 COBOKYII-
HOCTH YpaBHEHUM x2 = -7 ; x2 = 8. IlepBoe ypaBHeHUE
He IMEET NeMCTBUTEIbHBIX KOPHEH, 13 BTOPOro HAXO-

OUM X1 = NE » Xog = —./3.910 — KOPHU 3aJaHHOTO OMK-

BaJApPaTHOI'O YpPaBHEHUA.



