Kypc: [lporpaMmmMmHbie NPOAYKTbLI
B MaTeMaTU4eCKOM
MoaenupoBaHUMN.

[MpudnunxxeHHoe peLlieHune
HeJIMHEeUHbIX YPaBHEHUMU



locmaHoeKka 3adayu

[TycTb OaHO ypaBHeHUEe
f(x) =0,

roe pyHkuua f(x) onpeneneHa u HenpepbiBHA B
HEKOTOPOM KOHEYHOM U1 BECKOHEYHOM
MHTEpBaAne a<x<bh.

Bcsikoe 3HadeHume v, obpallatolee dyHkuuto f(x) B
Hynb, T.€. Takoe, 4YTo f(v)=0, Ha3bIBaeTCA KOpHeM
ypaBHEHUSA UNn Hynem pyHkumnm f(x).



Mertoasl  pelieHHUs  HEJIMHEWHBIX  YPABHEHUM
OEIATCA Ha npAMble U UMEPAUUOHHbLe.

Ipamvie memoost TIO3BOJIAIOT 3alIMCaTh KOPHU B
BHMJI€ KOHEYHOI'O COOTHOIIECHHUS ((DOPMYJIbI).
OHAaKO, TOJBKO JJIsI MOPOCTECUIIMX YPaBHCHUH
YAAETCA HAUTU PEIICHUE B AaHATUTUYECKOM BUJE, T.
€. 3amucarb (hOpPMYJy, BBIPAKAIIIYI HCKOMYIO
BEIIMYMHY X B SIBHOM BHJE€ 4YE€pE3 MNapaMETPHI
YPaBHECHHUS.



B OombiiuHCTBE CIIYYa€B YPABHEHUS IPUXOAUTCSA
pelarb, UCHOJb3YA UmepayuoHHble MEenoobl

WTepalldOHHBIM MPOIECC COCTOUT B IIOCIEAOBATEIILHOM
YTOYHEHUHY HAYaJIbHOTO NPUOIMKEHUSI MCKOMOM BEIUYHHEI
x. Kaxnpii Takod IIar Ha3bIBACTCA wumepauuen. B
PE3YJIBTATE WTEPALMM HAXOAUTCI  IOCJIEHOBATEILHOCTD

MPUOMKCHHBIX 3HAYCHUN KOPHS: X, X, Xygessesnny X .

Eciimi  5TM 3HA4€HHSI C POCTOM K TIPUOIMIKAIOTCA K

HCTUHHOMY SHAYCHHUIO KOPHAI, TO I'OBOPAIT, qToO
umepauuouublﬁ npouvecc CXoourTcs.



lpednosnoxeHue

[lpegnonaraetcs, YTo ypaBHeHue f(x) = 0 umeeT
NULLb N30NNPOBAHHBLIE KOPHU, T.€. OANd KaXaoro
KOPHSA ypaBHEHUA CYLLLECTBYET OKPECTHOCTb, HE
cogepkallaa apyrnx KOpHem aToro ypaBHeHUS.



Imaribl peweHusi 3adavu:

OTaeneHue KOpPHEN, T.e. YCTaHOBIEHMNE
BO3MOXHbIX MPOMEXYTKOB (MHTepBasioB), B
KOTOPbIX COOEPXUTCA OAUH U TOJ1IbKO O4MH
KOp€eHb YpaBHEHUS.

2. YTOYHEHue nNpunbnmxeHHbIX KOPHEN, T.e.
noBegeHne nx 0o 3agaHHOU CcTeNeHu
TOYHOCTW.




Teopema 1.

y Yo Sl Ecnu HenpepbiBHagd
! doyHKUMSA f(x) NpuHUMaeT

.ﬁ 3HAYEHMS Pa3HbIX 3HAKOB
' Ha KoHLax oTpeska [a ,Bl],
ot ) T.e.

|
!

) : f(a)*f(B)<0, TO BHYTpMU

1¢ & 9TOro OTPE3Ka COAEPKUTCS

=
I~ @ 8§ Z. MO MeHbLUel Mepe o
| pe oanH
{ KOpeHb ypaBHeHUq f(x)=0, T.
| e. HanaeTtcsa XoTd Obl 0 AHO

]
1P) ymcno € Takoe, 4To f(g)=0.




Teopewma 2.

KopeHb € 3aBeomo oyaet
eOVHCTBEHHbLIM, ecnu
npounssogHaga f’(x)
CYLLECTBYET N COXPaHSET
NOCTOAHHbLIN 3HAK BHYTPU
nHtepsana (a,B), 1.e. ecnu
f'(x)>0 (nnun f’(x)<0) npu a<

x<B.



MemoObI omoesieHUs1 KOPHeU

* rpadon4ecknin criocod

* onpegeneHne 3HakoB @YHKUMM B psade
NMPOMEXYTOYHbLIX  TOYEK, BbIOOP  KOTOPbIX
YUYUTbIBAET OCODEHHOCTU PYHKLINK

* crneyunanbHble cnocoba aHannaa yHKLUK



MemoObI npubsiuxeHHO20 Hax0)X0eHUs
(ymo4YHeHusi) KOopHeu

 MlemoO nosio8UHHO20 desieHuUs1 (Buxomomuu)
* Memood xopao

* MemoO kacamersibHbIX

e Memood umepauyuu
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[Tpnmep

OmoeneHue KopHeu YPaB8HeHUs

X —6x+2=0
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peweHue ypasHeHus F(x)=0

X

-3,142
-2,832
-2,522
-2,212
-1,902
-1,592
-1,282
-0,972
-0,662
-0,352
-0,042
0,268
0,578
0,888
1,198
1,508
1,818
2,128
2,438
2,748
3,058

F(x)

-10,157
-3,714
1,096
4,452
6,533
7,518
7,585
6,912
5,680
4,066
2,249
0,409
-1,277
-2,629
-3,469
-3,618
-2,898
-1,129
1,868

6,270

12,257

f(x)= x - 6xi 2

rpacpuk cpyHkumMmn F(x)

15 0
o

y

KOPHW YpaBHEHWS

fus]
fas}

'5.0 -

-10,0 A

3.0

258
&
fus)




VIHTepBanbl pacnonoXeHnda KOpHeEN

* NPUBNU3NTENBHO -2,5 Ha HTepBane [-5,-2]
* MPUONN3NTENLHO 2,5 Ha NHTepBane [2,5]
* NpnonnanTensbHo 0,5 B MHTepBane [-1,1]
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MemoO nosio8UHHO20 OesieHUs
(Quxomomuu)

Ycnosue Hannyuna kopHa f(a)*f(b) < 0.
Bbluncnsierca cepeanHa otpeska x = (a+b)/2.
Ecnun f(x) =0, TO X - KOPEHL YpaBHEHUS.

B npoTnBHOM crny4yae BblOMpaeTcs TOT U3
OTPEe3KOB [a, x] nnu [x, b], Ha KOHLAX KOTOPOro
dyHKUMA f(x) MMeeT pasHble 3HaKW. T.K 4OCTUYb
f(x) = 0 npakTn4eCckn HEBO3MOXXHO, TO
BblYMCIIEHNA 3aBepLUaloTca npu ycnosumn |b —aj
< g, rae € — TOYHOCTb (Manoe 4mcno).
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ECTb IM pelueHue Ha |qa, b]?

y €CTb pelueHne 4 Her yt Her

— —~._Pewenns  —_ peweHus

Ecnun HernpepbiBHas yHKUMA f (x) UMeeT pa3Hble
3HAaKM HAa KOHLlAX UHTepBana [a, b|, TO B HEKOTOPOM
TOUKe x BHYTPM [a, b] nMeeM f(x) = 0!




MemoO nosio8UHHO20 OesieHUs
(Quxomomuu)

Ycnosue Hannyuna kopHa f(a)*f(b) < 0.
Bbluncnsierca cepeanHa otpeska x = (a+b)/2.
Ecnun f(x) =0, TO X - KOPEHL YpaBHEHUS.

B npoTnBHOM crny4yae BblOMpaeTcs TOT U3
OTPEe3KOB [a, x] nnu [x, b], Ha KOHLAX KOTOPOro
dyHKUMA f(x) MMeeT pasHble 3HaKW. T.K 4OCTUYb
f(x) = 0 npakTn4eCckn HEBO3MOXXHO, TO
BblYMCIIEHNA 3aBepLUaloTca npu ycnosumn |b —aj
< g, rae € — TOYHOCTb (Manoe 4mcno).
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HanTu KOpHM ypaBHEHUS]
f(x)=x>—6*x+2 =0

Ha nHTepBsasne [-5,-2]
T.E.
rpaHuLbl MHTEpBana: a = -5, b =-2;
3HavyeHus pyHkummn:  f(a) = -7; f(b) = 6.
To4HOCTb BbluncneHud: € = 0.01
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Peanusauuss Memooda nosio8BUHHO20
desieHuUs1

KOPEHb!!!!
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KPYIHEE:

[_51_2]
€=0.01

-2,800 -2,780 -2,760 -2,740 -2,720 -2,700 -2,680 -2,660 -2,640 -

'] k=1 x=-3.500 f(x)=
-19.875

| k=2 x=-2.750 f(x)=
| -2.297

k=3 x=-2.375 f(X)=
+ 02.854

-2600 -2,580 -2,;60 -2,I540 -2,!]'120 -2,;00 -2,:180 -Z,IIlﬁU -2,11440 -2,;!20 ?2,400
k=4 x=-2.563 f(x)=
+ 10.542

k=5 x=-2.656 f(x)=
1 -0.800

k=6 x=-2.609 f(x)=
-0.105

4 k=7 x=-2.586 f(x)=

0.222

k=8 x=-2.598 f(x)=
0.053 19

k=9 x=-2.604 f(x)=



YcnoBueM cxoamMoCTu MOXET 6bITb U
la-b| <= 2¢

[Ipenmyiecrtna

= NpOcCTOTAa

= MOXXHO MOMNy4YnUTb peLleHne ¢ 3aaHHON TOYHOCTbIO
(B npeaenax TOYHOCTM MaLLUMHHbBIX BbIYUCIEHUIA)

Henocrarku

= HY>XHO 3HaTb UHTepBan [a, b]

= Ha HTepBane [a, b] AomkHO BbITb TONLKO OAHO
pelwleHne

« OONblUOEe YUCHO LaroB A4 JOCTUXKEHUSA BbICOKOMN
TOYHOCTU

= TOSNIbKO ON9 OYHKUUN OgHOUN NepeMeEHHON
20



Memod xopd

PaccMaTpMBaeMbin MeTOA, KakKk W MEeToa AUXOTOMUM
npeaHa3HadyeH ans yTodyHEeHUst KOpHS Ha uHTepBane [a,b],
Ha KOHLAX KOTOpPOro (pyHKUMS MPUHMMAET pa3Hble 3HAKW.

B oTinume oT MeToaa AUXOTOMUM NPpUBbNMXKEHHoEe 3Ha4YeHUe
KOpHS 6epeM He B cepeanHe oTpe3ka [a,b], a B Touke X1,
roe ocb abcuucc nepecekaeTr npsiMasi, NpoBeAeHHast yepes

BOUKKL GEeE(D) iosoro  mHTepsana  ans  npomomkenus
NTEPaLMOHHOIo npolecca BblbnpaeM TOT U3 ABYX OTPE3KOB (
[a,x,] wam [x,b] ), Ha KOHUax KOTOporo dyHKuus F(x)
NPUHUMAET 3HAYEHUS C Pa3HbIMM 3HAKAMMW.

3aKkaHUMBaEM MPOLIECC YTOUHEHUS KOPHSI, KOr4a pacCTosiHUE
MEXZAY OuYEPEAHbIMA  MPUBIMKEHUSIMU  CTAaHET  MEHbLUE
3a[aHHON MOrpellHocTH € T.e. | X - X . |< & wnm korpa
| F(x)| < & “



Memood xopa
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OuepenHoe npubnmxxeHmne KopHs onpeaensercsa no ¢gopMynam

¢ X))
T B S ()

Ui

eciu f(D)Y* f (x)>0

x —a)* f(x

¢ @)
f(x,)—f(a)

B 60/1bLLUMHCTBE C/lyyaeB NMpu peLleHnn YypaBHEHUI

METOAOM XOopA TPEOYETCA MEHbLLEE KOMMYECTBO UTEpaLmi
MO CpaBHEHWIO C METOAOM AUXOTOMUM.

cecau f(a)* £ (x)>0

HeobxoanMbIM YCIOBMEM CXOANUMOCTU UTEPALIMOHHOIO
npouecca SBSETCS BbiMOMHeHWe ycnosus | F'(x) | < 1.
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Memoo HbromoHa
(MeToq KacaTe/lbHbIX)

[lpeanonoXxmnMm, 4YTo KakuM-nMbo MeTtoaoM (HanpuMmep,
rpaduyecknM) ornpeneneHo HadanbHoe npubnmxeHune
KOpHS: X=X,

\a,npu f(a)* f"(x)>0
b,npu f(b)* £ (x)>0

O6bl4HO X, =1
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Memoo HbromoHa

KOPEHb!

25



OuepenHoe nNpubnmxeHne KOpHS onpeaensieTcs no
dopmyne

nl ’xn f'(xn)
f(x,)

1N OKOHYaHMSA UTEPALMOHHOIO MPOLIecca MOXET ObIThb

X

ucrionb3oBaHo ycnosue |f(x) | < & wmwm ycnosue
65M30CTU ABYX MOCNeAOBaTeNbHbIX MPUGAKEHUA | X
-x | <eg.

Metoq HbloToHa o06nagaeTr BbICOKOM  CKOPOCTbIO
cxoauMmocTtn. Ob6biyHasi abcontoTHaAs TOYHOCTb peLleHuUs
10™-10° gocTuraertcsa yepes 5-6 urepauui.

HenoctaTkoM  MeToaa  aBNsSieTcss  HeobxoauMMoCTb
BbIUMCNIEHMS Ha KaXXAOW WUTEpaLMM He TONbKO (YHKLNK
f(x), HO N eé NPon3BOAHOM.
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27
[Ipeumyiecrsa

= ObICTpas (KkBagpaTUdHaa) CXOAUMOCTb — OLLUNOKa Ha
k-om wware obpaTHo nponopumoHansHa k2
= HE HY>XHO 3HaTb MHTEpPBar, TONbLKO HavarbHOoe
npmnbnmxeHmne
= MPUMEHNM ANA DYHKLUNS HECKOMBbKUX NEPEMEHHbIX
Henocrarku
= HY>)KHO YMETb BbIYNCIIATb NPOMN3BOAHYIO (NO
doopmyne nnn YNcrneHHo)
= MPON3BOAHAS HE OOIMKHA ObITb paBHa HYIIO
=0 = f'(x)=3x"
= MOXET 3aLuKNMBaTbCA vt

f(x)=x"-2x+2
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