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NMpakTuyeckan padota Ne3: PeweHue
HeJINHEeUHbIX YPaBHEHUN U CUCTEM

LLenb paboThl

CdopmMuposaTb NpeacTaB/ieHne 0 MeToAax pelleHns HeIMHEeNHbIX YPaBHEHUIA 1 CUCTEM
HeMHENHbIX YpaBHEHWI, BbipaboTaTb yMeHne COCTaBAATb U NPUMEHATb airopuTMbl 415 peLLueHns
YPaBHEHUN N CUCTEM YPaBHEHWI, NPUBUTb HaBblK NCMONb30BaHUSA NPOrPaMMHbIX CPeACTB ANs
peLleHns HeIMHENHbIX YPaBHEHUN N CUCTEM HEJIMHENHBIX YPaBHEHWUN.

OCHOBHble TeopeTU4YecKue NoJIoOXKeHus

PewieHue HeNMHENHbIX YpaBHEHUN

YucneHHoe pelleHne HenuHenHbIX (anrebpanyeckmx nam TpaHCUeHAeHTHbIX) ypaBHeHun suaa \[ f(x)
= 0\] 3aK/II04aETCS B HAX0XAEHUN 3HaYeHnn $ X $, yO0BNeTBOPAOLWMNX (C 3a4aHHON TOYHOCTHIO)
LaHHOMY YPaBHEHMIO N COCTOMUT U3 C/IeAYIOLLMX OCHOBHbIX 3TamnoB:

1. OTaeneHne (M3o0n9Uns, OKaIM3aLNA) KOPHEN YPaBHEHNS.
2. YTO4YHeHue C NOMOLLbI0 HEKOTOPOr0 BbIYUCANTENBHOIO aIrOPUTMa KOHKPETHOr0 BblAE/IEHHOrr0
KOPHS C 3a4aHHON TOYHOCTbHO.

Llenbto nepBoro 3Tana SBASETCS HAaX0XKAEHME 0TPe3KOB 13 obnacTu onpeneneHns pyHkuum $ f(x) $,
BHYTPW KOTOPbIX COAEPXXUTCS TOJIbKO OAVMH KOPEHb peLllaeMoro ypasHeHus. NHoraa
OrpaHNYMBaOTCA PACCMOTPEHMEM NULLL KaKON-HMOYAb YacTn 06nacTn onpegeneHns, Bbl3biBatoLLEN
Nno TeM UM UHbIM coobparkeHnsM nHTepec. 1N peannsaunm 4aHHOro 3Tana NCNoNb3yTCS
rpagu4eckne Vi aHaamTu4eckme cnocobbl.

Mpn aHanMTN4YeCcKoM crnocobe oTeNeHNs KOpHe NnonesHa cleayollas Teopema.

Teopema. HernpepbiBHas CTPOro MOHOTOHHas pyHKUMA $ f(x) $ MeeT n NpUTOM e ANHCTBEHHbIV
HyJb Ha oTpe3ke $ [a, b] $ Torga v To/IbKO TOrAa, Korga Ha ero KOHUax oHa rnpUHUMAaeT 3Ha4YeHns
pa3sHbIX 3HaKOB.

[lO0CTaTOYHbIM NPU3HAKOM MOHOTOHHOCTU pyHKLMK $ f(X) $ Ha oTpeske $ [a, b] $ aBnseTca
COXpaHeHMe 3HaKa NPon3BO4HON PYHKLUMN.

pacuyeckmin cnocob oTaeneHns KopHen LenecoobpasHo MCMoONb30BaTh B TOM C/yyae, Korga
NMeeTCs BO3MOXHOCTb NOCTPOeHUs rpadmka pyHkummn $y = f(x) $. Hannyme rpagpmka ncxogHom
(byHKUMKN faeT HenocpeacTBEHHOE NMPeacTaBieHNE 0 KOIMYECTBE M PaCMONIOXKEHUN HYNen PyHKLMK,
4TO NO3BOSISIET ONPEAENNTb MPOMEXYTKUN, BHYTPU KOTOPbIX COAEPXKMUTCS TOJIbKO OANH KOPEHb. Ecnn
nocTpoeHue rpadunka yHkumnm $ y = f(x) $ Bbi3biBaeT 3aTPyAHEHNE, YAaCTO OKa3blBAETCH YA0OHbLIM
npeobpasosaTth ypaBHeHue $ f(x) = 0 $ K s3kBMBaneHTHoMy Buay $ f 1(x) = f 2(x) $ n nocTponThb
rpadmkm pyHkumn $y =f 1(x) $n$y =f 2(x) $. Abcumnccol Touek nepeceyeHns 3TUX rparKkos
OyLyT COOTBETCTBOBATb 3HAYEHUSIM KOPHEW PELIAeMOro ypaBHEHMS.
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TaK nnu nHave, NpU 3aBEPLLEHMIN NEPBOro 3Tana, A0JXKHbI ObITb OnpeaeneHbl MPOMEXYTKM, Ha
KaXK[10M M3 KOTOPbIX COAEPXXUTCA TONbKO OANH KOPEHb YPaBHEHWS.

INa yTOYHEHMNSA KOPHSA C TpebyemMon TOYHOCTLIO NMPUMEHSAOTCS Pa3/iMyHbIe UTEPALMOHHbIE METObI,
3akJioYatoWwmmnecs B NoCcTpoeHnn Yyncnoson nocnegosatenbHoctn $ x~{(k)} $ ($ k=0, 1, 2, \dots $),
CXOOALLENCA K MICKOMOMY KOPHIO $ X~ {(*)} $ ypaBHeHua $ f(x) = 0%.

PeweHue cUMCTEM HeJIMHEeUHbIX ypaBHEHMﬁ

CncTeMy HesIMHenHbIX YpaBHEHUI C N HEM3BECTHBLIMU MOXHO 3anucaTb B Buae \[ \left\{
\begin{aligned} &f 1(x_1, x_2,\dots, x n) = 0\\ &f 2(x_1, x_2, \dots, x_n) = 0 \\
&\dots\dots\dots\dots\dots\dots\dots \\ &f n(x_1, x_2, \dots, x_n) = 0 \\ \end{aligned} \right. \] nnn,
6onee KopoTKo, B BekTOpHOM hopme \[ F(X) = 0,\] rae $ X = (x_1, x_2, \dots, x n)"T $ - BeKTOp
Hen3BecCTHbIX, $ F = (f 1, f 2, \dots, f n)~T $ - BekTOpP-DYyHKLUUS.

B peakux cnyyasx ons pelweHuns Tako CUCTEMbI YAAeTCs NPUMEHUTb METOA NOCNeN0BaTEIbHOrO
NCK/IOYEHUSI HEN3BECTHbIX U CBECTU PELLEHNE UCXOHON 3a[1a4M K PELLEHUNIO OAHOr0 HENIMHENHOr 0
YPaBHEHMS C OOHUM HEN3BECTHbIM. 3HAYEeHNS APYTrUX HEM3BECTHbLIX BENYUH HAaXoasTCs
COOTBETCTBYHOLLEN NOACTAHOBKON B KOHKPETHbIE BbipaxkeHns. OHaKo B NOAAB/ISAOLLIEM
60bLINHCTBE C/yYaeB OJ151 PELUEHUS CUCTEM HEJIMHENHbIX YPABHEHWUIA NCMOMb3YIOTCA UTePALNOHHbIE
MeTombl.

B nanbHenweM npennonaraeTcs, YTo ULLIETCA N30/IMPOBAHHOE PELLIEHNE HESIMHENHOW CUCTEMBI.

Kak v B C/ly4ae 04HOr0 HEJIMHENHOr O ypaBHEHUSA, JIOKaIn3aLUns pelleHns MoXXeT OCYLLeCTBIATbCS
Ha OCHOBE cneundun4eckon NHHopMaL M No KOHKPETHOW peLllaemMon 3agaye (Hanpumep, rno
husnyeckmm coobpa>keHmsam), 1 - C MOMOLLbIO METOA0B MaTeMaTMYeCKOoro aHanusa. MNpu peweHunn
CUCTEMbI IBYX ypaBHEHW, LOCTAaTOYHO 4YacTo YA0OHbIM ABASETCA rpaduyecknin cnocob, korga
MeCTOopacroioXeHne KopHen onpeaenseTcs Kak To4ku nepecedverHns kpmebix $f 1(x 1,x 2) =0%, $
f 2(x_1, x_2) = 0$ Ha nnockocTn $ (x_1, x_2) $.

NMocTaHOBKa 3ap4auu

YncneHHO pewnTb YpaBHEHME N CUCTEMY YpPaBHEHWUA MeTOAaMN Hbl0TOHa M NPOCTLIX UTepauui ¢
3af@aHHOM To4YHOCTbIO $ \varepsilon $. 3Ha4eHue $ \varepsilon $ Bapbupyetcsa ot 0.1 go 0.000001.

MopAapoK BbiNOJIHEHUA pPaboThi

1. Mpwu peweHnn ypasHeHusa $ f(x) = 0 $:
1. Tpadmyeckn nnv aHaIUTUYeCKN OTLENUTb KOpHY ypaBHeHusa $ f(x) = 0 $, T.e. HanTK
oTpe3kun $ [a, b] $, Ha KOTOPbLIX PYHKLMS YAOBNETBOPSAET YCNOBUSAM TeopeMbl BosbLiaHo-
Kowmn.
2. CocTaBuUTb NoanporpamMmmy BblYUCaeHna pyHkumm $ f(x) $.
3. Insa meTona HbOTOHa:
1. CocTtaBuTb Nporpammy newton () Ons BbIMUCIEHUA KOPHA YPaBHEHMS METOAOM
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HbloTOHa C 3a4aHHON TOYHOCTLIO $ \varepsilon $.

2. MNpoBecTn BbIHNUCNEHNSA MO NMPOrpaMMe O KaXX4oro KopHs. 3anoHnTe Tabn. 1 npu
pa3/inyHbIX 3Ha4YeHusax $ \varepsilon $. CoenaTb BbIBOAbI.

3. N5 HanMeHbLIEero KOpHS (ANA HEYETHbIX BApPUMAHTOB) 1 A5 HanbonbLiero
KOPHSA (A1 YETHbLIX BapPMAHTOB) 3an0/iHNTb Tabn. 2 npu $ \varepsilon = 0.000001
$. CoenaTb BbIBOAbI.

4. TeopeTnYecKn N 3KCNepMMeHTasIbHO NCCNeoBaTbh CKOPOCTb CXOAMMOCTU U
obycnoBneHHOCTb MeToAa. CaoenaTb BbIBOAbI

4. [Ina meToda NPOCThbIX UTEpaLni:

1. MpueecTtn ypaBHeHune $ f(x) = 0 $ k Buay $ x = \varphi(x) $, roe $ \varphi(x) = x +
\lambda f(x) $, $ \lambda $ - HekoTopas KoOHCTaHTa. MpoBepuTb PyHKLNIO $
\varphi(x) $ Ha cxoaumocTb. CocTaBuTb nporpamMmy phi() ana dyHkuun $
\varphi(x) $, yonosneTsopstoLein CXoguMoCTH.

2. CocTtaBuTb nporpammy siter () Ons BbIHUCNEHUSA KOPHSA YPaBHEHNA METOL0M
NPOCTLIX UTepaLnin ¢ 3aaHHON TOYHOCTLIO $ \varepsilon $.

3. MpoBeCT BbIYMCEHNS MO NpOrpaMMe Ans KaXx[oro KopHs. 3anofHnTb Tabn. 1 npu
pa3finyHbIX 3HaYeHuax $ \varepsilon $. CaenaTb BbIBOAbI.

4. N HauMeHbLIEero KOpHS (ANA HeYETHbIX BapMaHTOB) 1 419 HanbosbLuero
KOPHA (ANA 4Y€THbIX BAapUAHTOB) 3anosHuTbL Tabn. 3 npu $ \varepsilon = 0.000001
$. CoenaTb BbIBOAbI.

5. TeopeTnyeckun n 3KCNepuMeHTasbHO NCCefoBaTb CKOPOCTb CXOAUMOCTM U
obycnoBneHHOCTb MeTofa. CoenaTb BbIBOAbI.

2. Mpw pewweHnn cnctembl ypasHeHnn $ F(X) = 0 $:
1. F'padmyeckn oToeNNTb peLleHns CUCTEMbl HeJIMHENHbIX ypaBHeHUA $ F(X) = 0 $.
2. CocTaBuTb NoAnporpaMmbl Ansa BblducieHns pyHkumn $f 1(x, y) $n $f 2(x, y) $.
CocTaBuTb Noanporpammy Bel4ncneHmsa cuctemol $ F(X) $.
3. Ana meTopa HboTOHA:

1. CocTtaBuTb Nporpammy newts () o158 BblYUCNEHUS PELUEHNA CUCTEMbBI YPaBHEHUI
MeToA0M HbloTOHa € 3af4aHHON TOYHOCTbIO $ \varepsilon $.

2. MNpoBecTn BbIHNUCNEHNSA MO NPOrpaMMe O KaXX40ro KOpHS. 3anoiHnTe Tabn. 4 npu
yKa3aHHbIX 3Ha4eHusax $ \varepsilon $. CoenaTb BbIBOAbI.

3. Ana oQHOro U3 KopHewn 3anonHuTb Tabn. 5 npu $ \varepsilon = 0.000001 $.
CoenaTb BbIBOAbI.

4. Ona meToAa NPOCThbIX MTEpaLnii:

1. Mpueectn cuctemy $ F(X) = 0 $ k Buay $ X =\Phi(X) $, rae $ \Phi(X) = X +
\Lambda F(X) $, $ \Lambda $ - HekoTOpas MmaxxopupytoLas Mmatpuua. MpoBepuTb
maTpuuy $ \Phi(X) $ Ha cxoaumocTb. CocTaBuTb NporpamMmy Phi () ansg gyHkuum $
\Phi(X) $, yonosneTBopstoLLen CXOAUMOCTH.

2. CocTaBuTb NnporpaMmy siters() Ana BbIYUCNEHNSA PELLEHNSA CUCTEMbI YPABHEHWI
MeTOAO0M NPOCTbIX UTepaumin C 3aaHHON TOYHOCTbIO $ \varepsilon $.

3. TNpoBecTn BbIHNUCNEHNSA MO MPOrpaMMe 4158 KaXX4oro KOpHS. 3anosHnTe Tabn. 4 npu
yKa3aHHbIX 3Ha4eHusx $ \varepsilon $. CoenaTb BbIBOAbI.

4. lns ogHOro 13 KopHen 3anoaHnTb Tabn. 6 npu $ \varepsilon = 0.000001 $.
CoenaTb BbIBOAbI.

Tabnuubl

Tabnuua 1

se.moevm.info - http://se.moevm.info/



Last

;832;?2/10 courses:computational_mathematics:prac3 http://se.moevm.info/doku.php/courses:computational_mathematics:prac3?rev=1636039917

09:08

3HavyeHue $ \varepsilon $|3HavyeHune $ x_1 $|3HayeHue $ x_2 $/Yucno utepauun $ k $

0.1
Tabnuua 2
3HayeHue $ | 3Ha4yeHue $ 3HayeHue $ 3HavyeHue $ 3HavyeHue $ -
k$ x~{(k)} $ f(x~{(k)})$ | F(x~{(k)}) $ fx~ {(k)})/F(x~{(k)}) $
0
Tabnuua 3

3HavyeHue $ k $|3HayeHune $ x~ {(k)} $ 3HayeHue $ \varphi(x~{(k)}) $

0
Tabnuua 4
3HavyeHue $ 3HavyeHue $ \vec r_1 = | 3HayeHue $ \vec r_2 = |HYucno utepauuu $
\varepsilon $ (x1,y1)$ (x2,y2)$ k$
0.1
Tabnuua 5
3HauyeHue $ 3HayeHne $ |3Hauvenme $ -J~{-1}(\vec
3"““'9;“ sk \viza:f:(ﬁ}% f 1(wec rr{(K)})|f 2(ec r*{(K})| r~{(k)}) \cdot F(\vec
$ $ r~{(k)}) $
0
Tabnuua 6

3HavyeHue $ k $/3HaueHue $ \vec r*{(k)} $/3Hayenue $ \Phi(\vec r*{(k)}) $
0

BapuaHTbl 3a4aHUN

BbinosiHeHne pa60T OCylleCTBNAETCA NO NMHANBMAYaJIbHbIM BaphaHTaM 3afaHunin (ypaBHEHVIVI n
CncTem ypaBHeHvu7|). Homep BapnaHTa /19 Ka)X40ro CTyfgeHTa onpefenseTca npenoLasaTenem.

task3 vars
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Copep>xaHue oT4YéTa

Lenb paboTsl.

KpaTkoe 1310)KeHe OCHOBHbIX TEOPETUHECKMUX NOHATUN.

MocTaHOBKa 3a4a4M C KPaTKUM ONMMCaHNEM NMOpsAKa BbINOJHEHMSA paboThbl.

pacdmyeckoe nam aHanuTnyeckoe pelleHne ypasHeHus. O6ocHoBaHme BbiIbOpa Hava bHOMo

npubAnXeHns.

Heobxoanmble puUCyHKM 1 Tabnunubl C KpaTKMMK BbIBOOAMW.

e TeopeTunyeckme CKOpPOCTN CXOAUMOCTU METOLOB U UX SKCNeprMeHTabHoe A0Ka3aTeNbCTBO.
CpaBHeHVe MeTOLOB.

e Obwmn BLIBOA NO NpoaenaHHon paboTe.

e Kof nporpammel.
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