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I'VIABA 2. TOYHBIE METO/IbI PEITTEHUA CJIAY

ITox Tounbimu metogamu pemrerust CJIAY nmonmmaroT MeToIbI, KO-
TOPBIE TTO3BOJIAIOT 38 KOHEYHOE YNCJI0 apUPMETHIECKIX OLEPAITHil IIPU
OTCYTCTBHU OKPYIJIEHUI 1MoJiyduTh Todnoe perenne CJIAY mpu Todno
3aganaoit npasoit vactu CJIAY 1 ToUHO 3aaHHBIX dJIeMEHTaX €€ MaT-
puiibl. Ilepeuncinm 31ech HEKOTOPBIE U3 HUX ¢ YKa3aHUEM aJITOPUTMOB
X HUCIIOJIb30BAHUSI.

§1. Meroanr I'aycca

Meroapr laycca (mam MeTObI MCKJTIOUEHUsT HEM3BECTHBIX) OIITH-
MaJsibHbI J1s periteruss CJIAY obiiero Bujia 1o KOJndecTBy apudmMerTu-
YEeCKUX Olleparuii, HeOOXOIUMBIX JIJIsi HAXOXKJICHUsI PEIeHUsi 3TON CHU-
CTEeMBl.

[Tpocroit metox aycca cocrout B cienytomem: B CJIAY (4.1),
3allICaHHON B KOOPJIUHATHON (hopMe, ITPOU3BOIUTCS JIEJIEHUE IIePBOr0
ypaBHEHUS CUCTEMBI Ha KO(POUITMEHT TTPU IEPBOM HEM3BECTHOM, TIOCJIE
Yero 3TO Mpeodbpa3oBaHHOE YpaBHEHUE, OYyydn YMHOKEHHBIM ITOCJIET0-
BaTeJbHO HA BCe KOI(MUIMEHTHI IIPU IIEPBOM HEM3BECTHOM W3 BCEX
HIZKEJIEXKAINX YPABHEHUSIX CHCTEMBI, BBIUATAETCA M3 COOTBETCTBYIO-
mux ypaBHeHuit. TeM caMbIM II€pBOe HEM3BECTHOE OKA3bIBAETCS ''HC-
KJIFOYEeHHBIM "' M3 BCeX ypaBHEHHI cucTeMbl, KpoMe meporo. OcraBus
Ha BpeMs B IIOKOe II€pBOE ypaBHEHME, TaKUM »Ke 00pa30oM HUCKJIIOYa-
€M U3 CUCTeMBbI YPABHEHUII ¢ HOMepPaMU 2-N BTOPOe HEM3BECTHOE U TaK
naJiee. PesysibraToMm mpojesianHoi pabOThl SIBUTCS ypaBHEHUE, COJEp-
JKallee JIUIIb [OC/IeHee Hen3BeCTHOE CUCTeMBI (4.1 ), 13 KOTOPOro OHO 1
HAaXOIUTCsA. DTOT dran npeodbpasopannit CJIAY HOCuT Ha3BaHUE TPSIMO-
ro xoia metoja [aycca. Beses 3a HaliIeHHBIM HEU3BECTHBIM HAXOISITCS
IIO0YEPETHO U OCTAJbHBIE. DTOT STAIl HA3BIBAETCS OOPATHBIM XOJIOM Me-
tosia [aycca.

OTmeTnM OYeBHUIHBIN HEJOCTATOK IPOCTOIr0 MeToja ['aycca — Bo3-
MOKHOe obpallleHre B HYJIb 6€dyujux SJIEMEHTOB, T.e. T€X 3JIEMEHTOB,
Ha KOTOPbIEe MPUXOIUTCS JIEJTUTH B MMPsIMOM Xojie MeToa [aycca. Jlerko
yKa3aThb U CIIOCOO m30aBJIEHHUsI OT 9TOTO HEJIOCTaTKa IIPOCTOr0 METO/Ia
laycca — mepecrtaHoBKa ypaBHEHHII CHCTEMBbI, KOTOpPas, OYEBUIHO, HE
mensteT perrenust CJIAY. Beumay toro, aro pemaerca CJIAY ¢ mHeocoboir
MaTpUIle, IPU UCKJIIOYECHUN [I€PBOTO HEU3BECTHOI'O B TIEPBOM CTOJIOIE



IlepeiiTn K orstaB/ieHHIO Ha cTpaHuUre: 19

Marpuiibl A HaliAETCsT HEHYIEBOI 9JIEMEHT U CTPOKA, COAEPKAIIasi STOT
9JIEMEHT, TIePEeCTaBJIAeTCsS Ha MECTO mepBoro ypaBHeHus. C 1e/1bi0 MU-
HUMU3AIIN [IOIPEITHOCTH OKPYIJIEHNsI OOBIYHO BBIOMPAIOT HE IIPOCTO
HEHYJIEBOIl 9JIEMEHT B CTOJIONE, a 3JEMEHT, MaKCUMAJIbHBIN 110 MOJLY/IIO
1 9TOT IIPOIECC TTOBTOPSETCS Ha, KazKIOM dTalre IpsaMoro Mmerosa [aycca.
Jamuass MoauduKaus Ha3bIBAETC METOIOM [aycca ¢ BEIOOPOM Mak-
CHMAJILHOT'O 3JIEMEHTa II0 CcToJ0Iy. MOoXKHO 0000IIUTh 3TOT IIOAXOM, U
BBIOMpPATH MAaKCHMAJIHLHBINM 3JIEMEHT I10 BCEll MaTpHUIle, YTO IIPUBOIUT K
HEOOXOIMMOCTHU IIePe0D03HAYEHNSI HEM3BECTHBIX 1 IIOTOMY HCIIOJIb3YeT-
csI 3HAYUTEJIHHO PexKe.

Ormerum 37€ech, uTo ecau marpuria A cucrembr (4.1) obiagaer
CBOICTBOM JIarOHAJILHOTO 1peobiiaianus (cM. omp. 2.1), To obpartieHne
B HYJIb BEAYIIIX JIEMEHTOB B MeTo/e l'aycca He IMPOUCXOINT.

B dopmynbnom Bume Metos laycca BBITISAUT Tak: mMeeTCd
CJIAY, 3anucannasi B Buje

1171 + a1222 + 1323 + ... + a1 Ty, = by
a21x1 + a29T2 + 2313 + ...+ ALy = bg
¢ asz1x1 + asexe + aszzxrs + ... + az,x, = b3 (1.1)

Ap1T1 + ApoTo + p3xs + ...+ apnTyn = by, .

\

IIycts a17 # 0, nHaYe MeHsieM TOPSIIOK YpaBHEHU C TeM, UTO-
OBbI OBLTIO BBITIOJIHEHO JIAHHOE ycjioBHe. Pa3jieiuM nepBoe ypaBHEHHE Ha
@11, IIOCJIE YEro OHO IPUMET BUJI:

T+ aglz)atg + a%):zfg +...+ a%ﬁxn = bg” (1.2)
1 1
e agj) :alj/all, bg) :bl/all.
YwmuoxkuM ypaBHerue (1.2) Ha a9; W BBIUTEM MOy IYeHHOE yPaBHE-
HUe W3 BTOPOTO ypaBHeHus cucteMbl (1.1). AHamornvaHo mpeobpasyem
ocrajbHble ypaBHeHus. B urore mosyanm CJIAY
( (1)

1+ a9 T2 + a%)xg +...+ a&)xn = bgl)
1 1 1 1
J 7 ettt o, = i) .

CLSQ)ZEQ -+ CLS?))ZE:), 4+ ...+ aﬁ}ﬁxn = 511) ,




rJie BBEJIeHbI OOO3HAYECHIUS

(1 _ (1) (1) _ (1)

CL2J = CLQJ —alj ani, CL3j —agj—alj aA31y---
) = (1) (1) _ (1) L
’I’L] = anj—alj ani, bj —bj_bj 51y, ]—2,7%.

Tenepnb, ocraBuB 0e3 U3MeHEHUi IepBoe ypaBHeHHe cucreMbl (1.3),
MOYKHO TIPUMEHHUTH OIUCAHHYIO TPOIEaypy K cucreme u3 (n — 1)-ro
yPaBHEHUi, NCKIIOYUB HEU3BECTHOE To U3 TPETHErO U IIOCJIEIyIOIINX
ypasuenuii. [ToxydnMm cucremy Buaa

Uiyt 0+ ...+ 0, — 4D

T2 + aé?mg + ..+ aéi)xn = b(22)

Dyt 4 0y = b2

’rL’erTL -

r1+aq

riae

2 1 2 1 1 2 1 2 1
o = asall, oD =60, o = olf) — ol

a? = an; (1) — ag)ag, b;z) =b;(1) — b§2>a§.1), e, j=3,n.

n]

[Ipomomkasi aHAJIOTUYHBIE BBIUUCJIEHNUS, B UTOT€ IOJIYIUM SKBU-
BaJICHTHYIO MCXO/THON TPEYTOJbHYIO CACTEMY

(1) 1), (1) (1)

1+ ayy T2 + a5 x3+ ...+ ay, T, = by
asg—l—ag?xg—i—...—l—aéi)xn:b(z)

S :1:3—1—...—|—ag?;3:1:n b:(;’)
\ xn:bgln)7

OTKYJIa U HAXOJSITCsI MIOCTIeI0BATEbHO BCe KOMIIOHEHThI PelleHusl.

PasnoBugnoctrio Meroma laycca saBasierca wmeron [aycca-
2?Kopaana, B KOTOPOM COBMEIEHBI TIPAMOAl U OOPATHBINA XOJ, T.€. Ha-
YMHAsI CO BTOPOro mara Meroa [aycca ncKIIyenne HeM3BECTHBIX PO~
M3BOJIUTCS HE TOJIBKO U3 HUKEJIEXKAIIUX YPABHEHU, HO U U3 BBIIIIEPAC-
TTOJTIO’KEHHbIX. Bee oTMedeHHble pa3sHOBUIHOCTH MeToa Tpebyior O(n3)
apudMeTnIecKuxX OIleparyii U sBJSIFOTCA B 9TOM CMbICJIE OIITUMAJIbHbI-
MU CPEJI TOYHBIX METOJIOB.



§3. Mertoa oTparkeHHit

[Iyets w € R™ — BeKTOp eAWHHYHON JJIMHBI B €BKJIHJI0BON MeT-
puke: wlw = E;‘:lw? = 1. C ero nomompbio TMOCTPOUM MATPHUILY
U=F — QtuwT, rane E — enuanuHas matpuna n X n. OUeBHIHO,
aro U = UT u, kpome Toro,

U2 =0TU = (E—2wuw’)T (E—2uwwT) = F—dww” +4w(w w)w’ = E,

T.e. MmaTpulia U gBjgercs cHMMeTpUYHON U opToroHa/jibHoil. [locyennee
pPABEHCTBO O3HAYAET, YTO Bee cODCTBEHHBIE YHe/a MMOCTPOEHHOH MaT-
punsl U ynosnersopsitor cootromenuio: A2(U) = 1. IlposepuM, 4T0
BEKTOD W #ABJsdgeTcHd cOOCTBEHHBIM J/1d MaTpulbl U, oTBedaromum cod-
cTBeHHOMY 3HadeHHio A\(U) = —1:

Uw = (E — 2uwww =w — 2w(wTw) = —w.

Kpome Toro, mo6oit sektop v € R™, v L w (re. wTv = 0) asaser-
¢st cOBCTBEHHBIM BEKTOPOM MAaTpHIibl U, oTBedaoniuM co6eTBEHHOMY
snadenuo A\(U) = +1:

Uv=(E—2wwhv=v—2wwlv) =

Ecin pacemoTpeTh Mpon3Bo/IbHEIT BeKTOp ¥ € R™ U pasiokuTh ero 1o
BeKTOpaM z,v: y =z + v, Tie z = aw, v | w, To nocjie yMHOKEHHS
ero Ha marpuiy U nogayuum: Uy = —z + v, Te. Bektop Uy sBis-
eTcsl 3ePKAJIBHBIM OTPAXKEHHEeM BEeKTOPa Y OTHOCHUTEJILHO ILIOCKOCTH,
IepIIeH TUKY/ISPHOIT BEKTOPY W .

[Iyers y,z — npousBoabHble BekTOphl 13 R™. [locTrponm BekTOp
w TakuMm obpazom, utobel Uy = az. [lockonbky marpuna U sBjisercs
OPTOTOHAJIBHOIN WU, CJiefloBaTeJIbHO, BeKTOp Uy WMeer B eBKJIHJIOBOI
MEeTpPHKE TY Ke JIJINHY, 9TO H Y, TO & onpejaenures us yejopus ||[Uy|| =
lyll, me. a=|y||/||z| . Cremoarensuo, nonoxkus w = (y —az)/p, rae
0= |y — az|, MBI OJIy9UM HCKOMBIT BEKTOP.
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Wcnonb3yem mosydeHHble pe3yibraThl st yupormeruss CJIAY.
BosbMmém ma mepsom mare mnpeobpaszosanus CJIAY Axr = b B kaue-
CTBE BEKTOpa ¥ IEPBLIA cTosber; MaTpuilbl A, a B KadecTBe BEKTOPA
z — opr el = (1,0,... ,O)T U NOCTPOUM KaK YKa3aHO BBIIIE BEKTOP

w! = y — ael. YMHoxXuB 06€ 9aCTH MCXOMHOH CHCTEMBI Ha MATPHILY

U = (E = 2wt (w!)T), nonyuanm CJIAY Ajx = b, Ay = U1 A, bl =
Uib, y KOoTOpoii HmepBbIil CTOI0EI] UMeeT HYJIU BO BCEX CTPOKaX, KPoMe
HIepBOit (ec/in OH yrKe MMeJT TaKOoi BUJ, TO HUKAKUX IMPeoOPa30BaHMUil ¢
HIM [POU3BOJUTH HE TPEOyeTcs ).

Ha BTOpOM mare moaoxum

_ 1 n—1 . _ (1 1 1 \T n—1
z=e € R" " y=(a39,039,...,05) €R

(pu ycioBUH, 9TO BTOPOI cTOJI6E MATPUIhl A1 HE KOJINHEADEH BEK-
Topy e? = (0,1,0,...,0)). Ilocrpous marpuy Us; = {ufj} (pasmep-
Hoct (n — 1) X (n — 1)) u ymuoxkus obe gactu CJIAY Aix = b; Ha
MATPHUILY

1 0 0
A 0 u?
_ 11 1,n—1
Us = ;
2 2
0 Up—1,1 -+ Up_1n—1

noyanm CJIAY A,z = b?, y KOTOpOil B IIEPBBIX JIBYX CTOJONAX IO
IJIABHOM JIMaroHajibio croaT Hyan. Jlaabreiimee odeBuano. Ilosyuus
CUCTEMY C TPEeyroJibHOI Marpureil, pemnraeM eé Kak u B merojie [ayc-
ca. OTMeTnM, 9TO UCIOJIB30BaHUE OPTOTOHAJILHBIX MATPHUI] B IIPOIECCE
1IpeoOpa30BaHUsI CUCTEMBI K TPEYIrOJbHOMY BHU/LY IIO3BOJISET MUHUMUI-
3UPOBATH BJINSHUE HEYCTPAHUMBIX IorpemrHocTeil Ha pemrerne CJIAY.
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