Jlaboparopnas pabora Ne 1
IIpsimbre MeTobl peIleHuss CUCTEeM

JUHEHHBIX ajireopamviecKux ypaBHEHUL

Llenp paboTbl

U3ydenne npsiMbIX METOJIOB PEIeHsI CHCTeM JIMHEHHbIX asirebpandeckux ypasaernii (CJIAY):
a) meroja [aycca u ero monndukanmii;

6) mertoja () R-pa3iioxKeHust.

Conep>kaHne padoThI

PaccmoTpuMm cucremy JIMHEHHBIX ajredpandecKuxX ypaBHEHUN BHUA
Az = b, (1)

rjie A — marpuna cucreMbl pasmepa nxn, det A £ 0, b — BexkTop npasoit gactu. Tpebyercst

BBIIIOJIHUTDL CJIEAYIOIINE ﬂeﬁCTBHH.

1) Hanucars nporpammy pemenns CJTAY meromom aycea (¢ mOSHBIM HTH 9ACTHIHBIM
BBIOOPOM TJIABHOTO djIeMeHTa) u MeTonoM () R-passoxkenus. [IpeaycMorpers BBIBOJ

Ha dKpaH Jaubo B daiisr matpur, Q) u R.

2) IozcTaBuTh MOJyYeHHOE DelleHne B UCXOIHYIO0 (He mpeoOpa3oBaHHYIO) CHCTEMY U
BBIYHCJINTh HOPMY BEKTOpa HEBSI3KH ||b — by ||, e by — BEKTOp mpaBoii 9acT, moy-

YEeHHbINA IIpyu IIOACTaHOBKE PEIICHUA.

3) HpOBeCTI/I pac4deThl C OOBIYHONM ¥ MOBBLIIIECHHOM TO‘{HOCTIDIO1 JJId TeCTOBBIX 3aJiad 1N

JABYX CHUCTEM CBOEr'o BapuaHTa.

4) CpaBHI/ITb Pe3yJIbTaThl, IIOJIyY€eHHBIC ITPXU UCIIOJIb30BaAHUU PA3/IMYHBIX THUIIOB JaHHDBIX,

1 OIEHUTH JOCTUTHYTYIO TOYHOCTH pEHICHUA.

1 CwMm. 3ameganune 06 UCIIOJIb3YEMbIX TUIIaX JaHHBIX BO BBe,ZLeHI/II/I.



5) Buectu Bo3MyIleHEe B CHCTEMY, U3MEHUB IIPOU3BOJIBHO 9JIEMEHTHI BEKTOPA IPABBIX
qacteit Ha +0,01. HaiiTu permenne BO3MyIIIEHHONU CUCTEMBI U CPABHUTDL €0 C paHee
IIOJIyY€HHBIM. C,Z[GII&TB BBIBO/], 06 yCTOfIqHBOCTH penennd K IIOrPpenrHoCTAM MCXO/IHBIX

JaHHbIX. Pacuer mpoBecTu Jijisi 06eMX CHUCTEM CBOEI'O BapUaHTA.

Metonnvieckue yKa3aHUS

OO61ue cBejieHusi 0 NpsaMbIX MeTonax pertenus CJIAY
[Ipstmbivu, wum mounvLmu, HazbiBaioT MeTo bl pertenust CJIAY, KoTopbie O3BOJISIOT TI0-
JIVIATH TOYHOE pPEeIIeHre 38 KOHETHOe YUCIO0 JHCTBUN IPU YCJIOBUH, 9TO BCe apudMeTn-
YecKue JIeiCTBIsI BBINOJIHSIOTCA TOYHO (6€3 MorpentHocTei).

B mamnnoit 1aboparopHoii paboTe paccMOTPHUM JBa MPAMBIX MeToja: MeToj [aycca u

MeTo () R-pasyioxKeHus.

Meton I'aycca

B KOOPJAMHATHON dpopMe CUCTEMY ypaBHEHUMN (O].) MOKHO 3alliCaTb CJIedYyIonInM O6p&30MZ
n

Zaija:j:bi, i:1,2,...,n. (2)
j=1

Meroz Faycca?, i memod nocaedosamenbriozo UCKMOMeHUA HeU3E6ECMHbIT, COCTOUT
B TOM, YTO HEW3BeCTHbIE T;, j = 1,...,(n — 1) moc/eJoBaTeIbHO UCKIIIOYAIOTCA U3 CH-

cremsl (0.2); B pe3yabTare oHa mpeobpasyercst K SKBUBAJIEHTHON CHCTEMe ¢ TPEYrOJIbHOM

MaTPUIIEH:
((0) (0) (0) (0) (0) (0)
(1) (1) (1) 1), _ @
(39 Ty + Q33 T3 + Qo Ty + ... +  ay, Tp = by,
(2) (2) (2, _ 12
........................... (3)
(i—1) (i—1) (i—1)
Ay ity T =0,
n—1 n—1
\ alls )mn =Y,
2 Kapa @puapux Faycc (1777-1855) — BbLAAIOUMIICA HEMENKHUI MaTeMaTUK, aCTPOHOM M (PU3MK, OJUH U3 BeJUIAMIIIX

MaTEMaTUKOB B UCTOPHU.



(k)

Koabdumumentsr a;; (k)

U KOMIIOHEHTBI IpaBoii dactu b; ~ cucreMbl (0.3) BBIUUCISIOTCS IO

dopmynam
a®) — g1 (k=1)
'U g o Cikakj ) (4)
b(k _ b(kfl) _ cikbl(fkfl)
rue
o = i,
(k+) n, J =R, , I, k:]-? 7(n_1)7
IIpu4yeMm
(0) _ 0) _

Borauciienust o dopmysiam (0.4) HazbiBatoTcsi OpsiMbIM X0J0M MeTojia [aycca. 3arem

HEU3BECTHBIE X; MOCJIEJI0BATEIHHO, HAYMHAS C T, Oonpelensaiorcs u3 cucreMbl (0.3) 1o

dopmynam

z = (b0 — Z ag_l)xj al™! ), i=mn,..., 1 (5)

j=i+1
Boraucienus o srum ¢gopMysiaM Ha3bIBalOTCsA 00paTHBIM X0/I0M MeToja [aycca.

Jljig peaymmzanuu psiMoro xojia Merosia Laycca Tpebyerces nopsjika O(n?/3) onepanuit
YMHOXKEHUS U JIJICHUs IUCeT ¢ IIaBaloleil TouKoil, g obparnoro — nopsaka O(n?/2)

onepanui.

Bpi6op riiaBHOTO 3JiIeMeHTa

MeTO,H Faycca IIPpUMEHUM TOI'Zla 1 TOJIBKO TOIr/Ia, KOI'/la BCE€ YIJIOBbIE MUHOPBI MaTPUIIbI A

(i=1) # 0 s Beex 3uadenuii ¢ = 1,...,n. Ho

HEHyJIeBblE, YTO PABHOCUJIBHO TPEOOBAHUIO @;;
u3 ycjioBus HeBbIpOXKIeHHOCTH det A # 0 He ciieryer, 9TO B XOJ€ [PUBEJICHUST MATPHUIIHI
A k tpeyroabromy Bujy (0.3) Ha JMaroHa/J M He BO3HUKHET 3JIEMEHTOB, PABHBIX HYJIIO
WK MaJIbIX 0 abCOIOTHON BeJmdnHe (9TO TaKKe II0XO, TOCKOJBKY 9TO IPUBOIUT K
JIONIOJTHUTEJIHHBIM OIIMOKAM OKPYIJIEHUsI B BBIYUC/IeHUSX ). B Takux ciryuasx meron [aycca
HEIIPUMEHUM, TI09TOMY Ha MPAKTUKE OOBIYHO HCIIOJIb3yeTCs BapuaHT ajropurMa ['aycca c
JACTUYIHBIM JIHOO TTOJTHBIM BBEIOOPOM TJIABHOTO djieMenTta. OCHOBHAsA i€ METO/Ia COCTOUT

B TOM, 9TOOBI Ha OYEPETHOM Iare UCK/II0YATh He CJIEYIONee TI0 HOMEPY HEM3BECTHOE,



a TO Hem3BeCTHOEe, KOA(MMUIMEHT TP KOTOPOM SABJISI€TCsT HAMOOIBIINAM 110 MOJLYJIIO. DTOT
KO0 DUIMEHT HA3bIBAETCsT BeJLyIUM (IJIABHBIM) 3JIEMEHTOM. BBIGOpD HEHYIeBOro Koadh-
durmenTa 10CTATOYEH JIJIsT UCK/IIOYEHNsI HEM3BECTHOIO, a BHIOOD HAMOOJIBIIETO 3JIEMEHTa,
JIUKTYETCsI COOOPAYKEHUSIMU YCTONIMBOCTH BBIMHUC/IEHUT.

[Tpu "acTHIHOM BBIGOpE MOMCK IJIABHOTO 3JIEMEHTa BEJIETCS TOJBKO 110 CToJIomy (mim
TOJIBLKO 1O cTpoke). [Ipu nekiodennn k-it mepeMeHHON CHadasa OCYIIEeCTBIISIeTCs] TIOUCK
HauOOJILIIIEr0 110 MOy Koddduiimenta B k-M cToJIOIE Cpen 3JeMEHTOB ai’,zfl), 1
k,..., n, JeXalux He BBIIIe IIaBHOH auaroHam. [IycTh HCKOMBIH 9/IeMEHT HAXOIUTCS B
cTpoke 7*, Tora k-si v 1*-g CTPOKU MEHAIOTCS MECTaMU U Jlajiee IPOU3BOIUTCS NCKITIOIEHNE
epeMeHHOM 110 cTaHIapTHOM mporeype. [lpu mepexose K cireyromnemy mary mporeaypa
[IOUCKA TJIABHOT'O 3JIEMEHTa, OCYIIECTBJISETCs CHOBA.

BapI/IaHT C IIOJIHBIM BbI60pOM IVIaBHOI'O 3JIEMEHTa OT/IM49aeTCd TeM, 9TO Ha k-M 1are

UCKJ/IIOYeHNUsl ITIEPEMEHHOM IMOMCK IVIABHOI'O 3JICMEHTa, OCYINECTBIACTCA CPEJIH 3JIeMEeHTOB
(k=1)
ij

Tak, 9ITOOBl  TJIABHBI  9JIEMEHT  MaTpHIbl  OKazajcad B mosunun  (k, k).

a , 1, = k,..., n.3aTeM IPOUCXOJUT [IEPECTAHOBKA CTOJIONOB U /Ui CTPOK MaTPUILBI
[Ipu sTOM TpebyeTcs TeM WU WHBIM CIIOCOOOM YUHUTHIBATH MU3MEHEHHEe HyMepalluu HEen3-

BeCTHBIX Zj, ] = k,..., n.

Metoa QR-pa3zsioxkeHust

B ocuoBe muorux metonos pertenusi CJIAY jtexkut hakTopusariusi MATpPHUILI UCXOIHOM CU-
CTEeMbI YPaBHEHU, TO €CTh €€ IIPEJICTAB/IEHIE B BUJIE ITPOU3BEICHUs MATPUIL, YIOOHBIX JIJIst
obparenns. TaKOBBIMU SIBIAIOTCSA OPTOrOHAJIBHBIE, TPEYTOJIbHbBIE, THArOHAIbLHBIE U HEKO-
TOPBIE JPYTHe TUITBI MATPHUIL. 3aMeTuM, I9T0 MeTo 1 ['aycca sxpuBasenTer LU-pas3iioKeHuo
MAaTPUIIBI CUCTEMBI, Tyie L — HuKHeTpeyroyibHasd, a U — BepxXHETpeyroJibHas MaTpHIia.

Paccmorpum Meros, () R-pasziiozkenns, OCHOBAHHBIN HA [TPEJICTABICHUN MATPHUIILI CUCTe-
MBI B BUJIE [TPOU3BEJICHIS OPTOTOHAILHON MATPUIILI () U BepXHEH TPEyToJbHON MATPHUIIHI
R. Oun u3 criocoboB MOy YeHUsT TAKOIO PA3JIOKEHUsT — METO/T BPAIEeHU].

Ha nepBoMm 3tare 3T7oro MeTojia HEN3BECTHOE T UCKJIIOYAETCs U3 BCEX YPaBHEHUI, KPO-

Me IIepBOro. Se) IIPOU3BOJUTCA C IIOMOHIbIO CJIEAYIOIIEroO aJjJir'OpuTMa. ,ZLHH HNCKJIIOYCHU A



21 U3 BTOPOI'O yPaBHEHUS BBIYUC/ISIOTCH KOIMDPUITMEHTRI

ail a21
3aTeM IepBOe ypPaBHEHNE CUCTEMbI 3aMEHSIeTCsI IMHEHHOI KOMOMHAIIIEH IepBOro U BTOPO-
ro ypaBHEHUI ¢ KOI(DPUITUEHTAMU C19 U S12, & BTOPOE YpaBHEHHE — JINHEWHON KOMOUHAIIU-
eil Tex yKe ypaBHeHHil, HO yke ¢ Koaddurmenramu (—s12) 1 ¢19. Tak Kak —S12a11+C12a91 =
0, Ko puimeHT BO BTOPOM YpaBHEHHUH IIPU X1 00paTUTCS B HYJIb. B uTore mcxoHass cu-
creMa OyeT IpuBegeHa K BUJLY:

(
agll)l'l + a§12)$2 + a%):cg + ...+ a&)%: bgl)’

aélg):cg + a(zé)xg + ...+ agm)xn: bgl),
afm1 + afma + afrs + .+ af)wa= b,
\a&)azl + affg)xg + a%)xg Fo A+ alr,= b

D10 npeobpazoBaHne SKBUBAJCHTHO YMHOXKEHUIO MATPUIIBI cucreMbl ypauernit (0.1)

1 BEKTOpa IIPaBOil YacTHU CJeBa Ha OPTOTOHAJILHYIO MATPHILy 11, UMEIONTYIO BU/I

ci2 si2 00 0
—S12 C12 0 0 0
0 0O 1 0 0
T12 -
0 0 0 1 0
0 0O 00 1

Tak Kak KO3(hPUIMEHTHI C19 U S12 MOJ0OPAHbI TAKUM 00pPa30M, UTO Ciy + S29 = 1, TO
MOYKHO CUNTATh, ITO
Cl1g =COS¢® ® Syp = sino.
Cunenosarenbuo, matpuria 1o — 9TO MaTpuUIla MOBOPOTA HA YTOJI ¢ IO TaCOBOH CTPEJIKE B
IJIOCKOCTH (1, T9), OTKY/IA U MOSBIJIOCH HA3BAHKIE METOJIA.
YT00bI UCKIIOUATD L1 U3 TPETHErO yPABHEHUS, UCIOJIb3YIOTCA KOIMDDUITUEHTHI

1 1
agl) ai(%l)

BTN e BT ey
V(@) + (af)) V(@) + (@)




JlaJtee mepBoe 1 TpeThe ypaBHEHUsT 3aMEHSIIOTCsI CBOUME JIMHEHHBIMI KOMOUHAIIUSIMEA. DTa
olepals paBHOCIIbHA yMHOKeHmio ciesa marpuisl AV = T, A u BekTopa HpaBoif

qactu b = T1,b Ha oproroHasbHy0 MaTpuiy 1}3, IMEIONIIYIO BT

C13 0 S13 0 . 0
o 1 0 0 . 0
T13 _ —S13 0 C13 0 . 0
o 0 0 1. 0
0 0 0 0 1

Anajiormgabiv 06pa3oM HEM3BECTHAs T1 UCKJIIOYAeTCS U3 OCTAIbHBIX YPaBHEHUIT, 3aTeM
IepeMeHHasl Xy — U3 BCeX YPaBHEHHiT, KpOMe IIEPBOI'O U BTOPOTO, IIPU 9TOM HUCIIOJIb3YIOTCS
MaTpuilbl 1o, Thy, ..., Th, u Tak jajee. [Iporecc npogoskaercs, moka cucreMa He OyJieT
IpUBeJ/IcHA K BEpXHE TPeyrobHoi hopMme.

B MaTPpUYIHOM BHJIE BCE 9TU OII€pallul MOXKHO 3alliCaTb TaK:
T'=Tyan- o Toa-Tog-Tip- ... - Tiz-Tho,

R=TA, b =Tb

rae 1;; — MaTpHIbl I0BOPOTa, 1 — MaTpHIla Pe3y/ILTUPYIONIEro BpalleHus (OHa TaKxkKe
Oy/ieT OPTOTOHAJIBHOI KaK MPOM3BEJIEHIE OPTOrOHAJBHBIX MATpHIl), R — HoJydaronias-
¢ B WTOTe BepxXHsIsl TpeyrojibHas Marpuiia. B pesyiabrare mosydaercs () R-pasyioxkeHne

marpunel A, tne Q =T =T.

Eciu uzsecrno Q) R-pasznoxenue marpuibl A, o pemenue cucrembl (1.1) comures k

pemiennio 60J1ee MPOCThIX CUCTEM ypPaBHEHUI:
1) pemenne cucrembr Qb* = b;

2) pemtenne cucreMel Rx = b*.

CremyeTr OTMETUTD, YTO METOJ BPallleHniT TpeOyeT BBITOIHEHN 3HATNTEIbHO OOIBIITEro

4qucJia oneparuit, yem Meroj; aycca.



CO,Z[ep}KaHI/Ie OTYETa
1) Homep BapuaHTa M MCXOIHBIC JTaHHBIC.
2) Kparkoe onucanue UCIOJIb3yeMbIX aJrOPUTMOB.
3) Pesynbrarsl pacueroB (YHCIEHHOE PEIeHNEe, HEBA3KU U T.11.).

4) Ananus pe3ysbTaToB (CpaBHEHME DEIIeHUil, MOJYUEHHBIX ¢ PA3IMIHON TOYHOCTHIO,

OICHKA TOJIYYEHHON TOYHOCTH U T.II.).

KoHTpoJbHBIE BOIIPOCHI
1) Kakossl ycioBust ipumennmoctu metojia Laycca?

2) B MEeTOo/1e Faycca C ITOJIHBIM BbI60pOM BEAYyIIETO dJIEMEHTa IIPUXO/IUTCA HE TOJIBKO
IIepeCTaBJIATL YPaBHEHUA, HO U MEHATH HyMepallui0O HEU3BECTHbIX. Hpe;momm‘e aJI-

ropuTtm, HOBBOHHIOHLI/IfI BOCCTaHOBUTDH HepBOHa“IaHbeII;'I IIOPAJOK HEU3BECCTHDBIX.

3) Hokazxkure, uro ecau det A # 0, To nmpu BEIGOpE IIABHOTO 9JIEMEHTa B CTOJIOIE CPe/IH
9JIEMEHTOB, JICXKAIIUX HE BBIIIE TJIABHOW JUArOHAJIN, BCErIa HalIeTcs XOTsa Obl OJINH

QJIEMEHT, OTJIMYHBIA OT HYJIA.

4) Ornennre KoJmuecTBO apudMeTnieckKux oneparuii, TpedyeMbix /s ) R-pasnoxkeHust

[IPOU3BOJIBHON MaTpuIlkl A pasmepa n X n.

5*. B kakux ciryudasix 1ej1ecoobpasHo UCIoJIb30BaTh MeTos [aycca, a B KaKuX — METOJIbI,

OCHOBaHHBIE Ha (baKTOpI/ISaHI/H/I ManI/IHI)I?

6*. Kaxk MOXKHO 00beJIMHUTD B OJHY HPOIEAYPY IIPAMO 1 0OpaTHbI Xo1 MeToaa [aycca?

B 1em pocromHCTBa M HEIOCTATKH TAKOIO IOIXOA”!

IIpumepsl 3agaHMit

Cucrembl ypaBHEHUI JIJIT TECTUPOBAHUS ITPOTPAMMBI



1) Tecrossrit npumep «Tect 1»:
$1+$2+$3+$4:4,
To + T3 + Ty = 3,
T3 + T4 = 2,

1'4:1.

Tounoe perenne
z=(1, 1, 1, 1).
2) Tecrossrit ipumep «Tect 2»:
Ty =1,
T3+ 14 = 2,

5L'2+333+$4:3,
1+ X0 + 13 + x4 = 4.

Tounoe pemrenue

r=(1,1,1,1).

3) Tecrossbrit ipumep «Tect 3»:
T+ 20+ 234+ x4 = 4,
221 4+ 3z9 + 323 + 324 = 11,
211 + 4zy + 4x3 + 44 = 15,
4x1 + bxy + 623 + Ty = 22.

ManI/IHa CHUCTEMbI BBIPOXKJACHHaA, CUCTEeMa HeCOBMeCTHa..

4) Tecrossrit npumep «Tecr 4»:



1021 + 629 + 223 = 25,
91 + Ty — 2x3 + 4dxy = 14,
3x1 + dxe + x3 — x4 = 10,

6xy — 223 + 224 = 8.

Tounoe pemrenue

z=(2, 1, —0.5, 0.5).

5) Tecrossrit tpumep «Tect 5»:

28.859 w1 — 0.008 9 + 2.406 73 + 19.240 24 =

14.436 z1 — 0.001 2z + 1.203x3 + 9.624 24
120.204 21 — 0.032 25 + 10.024 x5 + 80.144 x4
—57. 71421 + 0.016 29 — 4.81223 — 3847824

Tounoe pemenne z = (1, 1000, —20, 3).

30.459,
18.248,
128.156,
—60.908.



