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MaTpryHas aekomMnosnuus

Onpegenerne

Lekomnosnymeii nan pasnoxxeHnem mMaTpuubl A Ha3bIBAETCS npeacTasaeHne A B
BUJE HEKOTOPOro MPOU3BELEHUS

A=AA.. A,

Manskoscknii H. B. (CMB6AY) Pewenne CJIAY

2/ 40



MaTpryHas aekomMnosnuus

Onpegenerne

Lekomnosnymeii nan pasnoxxeHnem mMaTpuubl A Ha3bIBAETCS npeacTasaeHne A B
BUJE HEKOTOPOro MPOU3BELEHUS
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3amedanue. Obbl4HO n = 2, 3, B MHTepecytoWwmx Hax caydasx A n A; —
KBaApPaTHbIE MAaTpULbl.
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MaTpryHas aekomMnosnuus

Onpegenerne

Lekomnosnymeii nan pasnoxxeHnem mMaTpuubl A Ha3bIBAETCS npeacTasaeHne A B
BUJE HEKOTOPOro MPOU3BELEHUS

A=AA.. A,

3amedanue. Obbl4HO n = 2, 3, B MHTepecytoWwmx Hax caydasx A n A; —
KBaApPaTHbIE MAaTpULbl.

3adem HyxHo: MNycte A= Ay ... A,, BaHa cuctema

Ax=0>b
Ecnu A1y = b, cuctemy Ax = b MOXHO pefyLmpoBaTh JO CUCTEMbI
A .. Apx=y.

Takum 0bpa3oM, MHTEPECHbI Pa3IOXKEHUSI C HEOOMBLIUM N N NPOCTOW CTPYKTYPOIi
A;.

Manskoscknii H. B. (CMB6AY) Pewenne CJIAY 2/ a0



OpTOFOHaJ'I bHbl€ MaTpULbl

Onpegenexne

Matpuya P € R"*" na3sbiBaetcs optoroHansHoii, ecam PTP = PPT = |.
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Matpuya P € R"*" na3sbiBaetcs optoroHansHoii, ecam PTP = PPT = |.

3ameuanue 1. HenocpeacteenHoe cneacteue, ecnn P opToroHanbHa, TO
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OpTOFOHaJ'I bHbl€ MaTpULbl

Onpegenexne

Matpuya P € R"*" na3sbiBaetcs optoroHansHoii, ecam PTP = PPT = |.

3ameuanue 1. HenocpeacteenHoe cneacteue, ecnn P opToroHanbHa, TO
P~1 = PT. 3ameyanue 2. Mycts py,...,p, € K" — cTonbusl maTpuusl P, T. e.

P=1p1...pn] Torpa

. plipl plipz plipn
P1 PaPL PyP2 --- P3Pn
PTP=1| ... |[p1...pn] = ) , , . =1
,DT : : . :
n
prpt plp2 ... plps
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OpTOFOHaJ'I bHbl€ MaTpULbl

Onpegenexne

Matpuya P € R"*" na3sbiBaetcs optoroHansHoii, ecam PTP = PPT = |.

3ameuanue 1. HenocpeacteenHoe cneacteue, ecnn P opToroHanbHa, TO
P~1 = PT. 3ameyanue 2. Mycts py,...,p, € K" — cTonbusl maTpuusl P, T. e.

P=1p1...pn] Torpa

. p{p p{p2
. Py pip1 pipe
P'P=1| ... |[p1---pn] = : ,
Py

Pl PP

]_ i:.
T_: ) J
Prb {o, i#j

Takum obpazom

p{ pn
PJ Pn _

P; pn

nHaye roeopsi, CTonbybl P — OPTOHOPMUPOBAHBLI. DTO CBOWCTBO BbIMOMHSETCS 1

ANnsa CTPOK.
T VY

3/ 40



TpeyronbHble MaTpULlbl

Onpegenexne

Matpuya A = (aj;) € K"*" Ha3biBaeTcsi BepxHeil TpeyrosbHOI MaTpuLed, ecam
ajj =0 npu i > j. AHanoruyHo A Ha3bIBAETCS HVDKHEN TpeyronbHoii, ecim aj = 0
npu i < j.

dil1 412 ... din ail 0 . 0

0 dp2 ... da2p do1 a2 ... 0

0 0 ... am anl a2 --- anmn
Pewenne CJIAY
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Pewenne CJTIAY ana opToroHanbHbix MaTpul

[yctb P — opToroHanbHasi MaTpuua, pacCMOTPUM CUCTEMY

Px=05b
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Pewenne CJTIAY ana opToroHanbHbix MaTpul

Myctb P — opToroHanbHasi MaTpuua, pacCMOTPUM CUCTEMY
Px=05b

N3 ceoiicte P nonyyaem
x=P"Px=PTb

®aKTN4ecKm, CBOCTBO OPTOrOHANLHOCT MOXHO nepenucath B Buge P~ = PT,

Manskoscknii H. B. (CMB6AY) Pewenne CJIAY 5 / 40



TpeyronbHble MaTpULlbl

CsolicTBa:
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TpeyronbHble MaTpULlbl

CeoiicTea:
1. TMpoun3eefeHne BEpXHUX TPEYrOAbHbIX MAaTPUL, €CTb BEPXHSISI TPeyrosbHas
MaTpuua, npu i > j

n
Za,-kbkj Z ik bkj-l- Z aik ka =0
k=1

k=j+1
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TpeyronbHble MaTpULlbl

CeoiicTea:
1. TMpoun3eefeHne BEpXHUX TPEYrOAbHbIX MAaTPUL, €CTb BEPXHSISI TPeyrosbHas
MaTpuua, npu i > j

n
Zaikbkl Z ik bkj"" Z ajk ka =0
k=1

k=j+1

2. Myctb A = (ajj) — BepxHsist TpeyronbHasi MaTPULA C HEHyNEBbIMN
AVaroHanbHbIMK 3nemeHTamu, Torga AL cyllecTeyeT u Takxe sBnseTcsa
BEepXHeli TpeyronbHoi maTtpuueii. Mycts i = n, Torga gns j < n nmeem

n n—1
Z a,-kbkj = ; a,-/; bkj + a,,,,b,,j =0 => bnj =0

MosTopsisi pnss i = n—1...j + 1 nonydaem

n
> by = Z aik bk_] + aiibj + Z ik by =0 = b;=0
— ~~

k=1 o, nnaykums
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TpeyronbHble MaTpULlbl

3. Ecnn A — BepxHsist TpeyronbHasi, To A — Al TOXe BEpxHsisi TPeyrosnbHasi
MaTpuLa, a €€ ONnpeaenunTesb JIErKO BblHYUCISIETCS

n

det(A— M) = [J(ai = A)

i=1

Taknm 0bpasom, AnaroHasnbHble dNEMEHTbI A ABASAIOTCA €€ COBCTBEHHBIMY
YMcnamMm C y4eTOM KPaTHOCTH.
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MaTpuLa, a €€ ONnpeaenunTesb JIErKO BblHYUCISIETCS

n

det(A— M) = [J(ai = A)

i=1

Taknm 0bpasom, AnaroHasnbHble dNEMEHTbI A ABASAIOTCA €€ COBCTBEHHBIMY
YMcnamMm C y4eTOM KPaTHOCTH.

4. ArtomapHas TpeyrosbHasi MaTpULA — HUDKHSS TPEYroJibHasi MaTprua

cnepytoLlero suaa

1 0 0O ... 0
0 1 0O ... 0
0 aiyni 1 0
0 ani 0o ... 1

[omHoxeHne cneBa Ha Takylo MaTpuuy AODaBASIET K CTPOKE / JIMHERHYIO
KoMOuHaumto cTpok i +1,... n.
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5. ObpaTHasi MaTpuua K aTOMapHOIA BbIHMCASIETCS JOBOJIbHO MPOCTO

1 0 0 ... 0 1 0 0 ... 0
0 1 0 0 0 1 0 0
A= 0 agyi 1 0 A1=]1 0 —aiy; 1 ... 0O
0 ani 0 1 0 —anj 0 1
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Pewenne CJTAY ana TpeyronbHbIx MaTpuL

MycTb L — HWKHAA TpeyroabHas maTpuua, Torga cuctema Lx = b umeet Bug,

€11X1 = bl
lnxy + laxo = b
Enlxl + ‘€n2Xn et enan = b,
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Pewenne CJTAY ana TpeyronbHbIx MaTpuL

MycTb L — HWKHAA TpeyroabHas maTpuua, Torga cuctema Lx = b umeet Bug,

flle = bl
lxy  + laoxo = b
baxi  + Looxp oo+ lpnxn = b,

/13-3a ocoboro Bupa cncrembl pelueHne nerye BCEro NOAyYnTh NOCNEA0BATENbHbIM
pelleHneM ypaBHEHNT B 3aJaHHOM MOPSIAKE, YTO AAET PEKYPPEHTHbIE POPMYIbI

_ b; — Z;{;ll Lige X
i

Xj
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Pewenne CJTAY ana TpeyronbHbIx MaTpuL

MycTb L — HWKHAA TpeyroabHas maTpuua, Torga cuctema Lx = b umeet Bug,

(11X1 = bl
lxy  + laoxo = b
baxi  + Looxp oo+ lpnxn = b,

/13-3a ocoboro Bupa cncrembl pelueHne nerye BCEro NOAyYnTh NOCNEA0BATENbHbIM
pelleHneM ypaBHEHNT B 3aJaHHOM MOPSIAKE, YTO AAET PEKYPPEHTHbIE POPMYIbI

i-1
bi — > i1 linxe
i
3ameuanne 1. Ecnn Bce gnaroHanbHble 3/1€MeHTbI HEHYJIEBbIE, TO (POPMYIIbI
E i =0 bi— S 4 0
koppekTHbl. Ecnun xe (i = 0, Ho npn atom b; — >, Lixx # 0, TO pelieHus He
i—1
CyLLECTBYET, ecnu Xxe b; — Z;(:l LixXk, TO X; MOXHO BblOpaTb ntoboe. 3ameyanue
2. HaxoxpeHue pewweHns no aTum opmysaM NpriHSATO Ha3bIBaTb
NpsiMO NOACTAHOBKON.
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Pewenne CJTAY ana TpeyronbHbIx MaTpuL

Myctb L — HXHSAs TpeyronbHast MaTpuua, Torga cucrema Lx = b umeet Bug,

u11x1  + Uisxn + U1pXn = b

|

o
=
=

U(n—1)(n—1)Xn—1 T U(n—1)nXn
unan

I
o
B
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Pewenne CJTAY ana TpeyronbHbIx MaTpuL

Myctb L — HXHSAs TpeyronbHast MaTpuua, Torga cucrema Lx = b umeet Bug,

uiXy  + UXp + upxp = b

bn—l
b

U(n—1)(n—1)Xn—1 T U(n—1)nXn
unan

DTy cucTeMy peLuaTb npoLie B 0OpaTHOM MOpsifke, NO aHAMOMMMN C BEPXHED
TPeyrosibHOl MaTpuueil nonyyaem cnegytoume opmybi

n
bi — > ki1 UikXk
uj;

Xi =
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Pewenne CJTAY ana TpeyronbHbIx MaTpuL

Myctb L — HXHSAs TpeyronbHast MaTpuua, Torga cucrema Lx = b umeet Bug,

u11x1  + Uisxn + U1pXn = b

bn—l
by

U(n—1)(n—1)Xn—1 T U(n—1)nXn
unan

DTy cucTeMy peLuaTb npoLie B 0OpaTHOM MOpsifke, NO aHAMOMMMN C BEPXHED
TPeyrosibHOl MaTpuueil nonyyaem cnegytoume opmybi

n
bi — > ki1 UikXk
ujj

Xj =

3amedanuve. Takoii NPOLECC NPUHATO Ha3blBaTb OOPaTHON MNOACTAHOBKOIA.
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LU-pekomnosuuus

Onpegenerne

LU-gekomnosunymeii matpuubi A € K"*" nazeiBaercs npegcrasaeHne A = LU,
rge L, U € K™, L — nuxHsas TpeyronbHas matpuya, a U — BepxHss
ANAaroHasbHas MaTpULa.
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LU-pekomnosuuus

Onpegenerne

LU-gekomnosunymeii matpuubi A € K"*" nazeiBaercs npegcrasaeHne A = LU,
rge L, U € K™, L — nuxHsas TpeyronbHas matpuya, a U — BepxHss
ANAaroHasbHas MaTpULa.

3ameuanne. Ypasrenne Ax = b nepenucbiBaetcsi B Buge L~ Ax = Ux = L~ 1h.
Metog laycca 3akio4aeTcs B NOCAEA0BATENLHOM AOMHOXEHWN JIEBOW 1 MpPaBoii
4aCTU UCXOQHOrO YPaBHEHNS HA aTOMapHbIE MATpULbl, YTO B UTOre JaeT
npuseaeHHoe ypasHeHne Ux = L~ 1h.
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MeTon [aycca

Metog laycca 3ako4aeTcs B NOCNEA0BATENLHOM BbIYNTAHNEM OLHOrO

YPaBHEHUS N3 JPYrux, TaKUM 0DPa3OM MHOXKECTBO PELUEHUl CUCTEMbI HE
MeHsieTcs.
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MeTon [aycca

Metog laycca 3ako4aeTcs B NOCNEA0BATENLHOM BbIYNTAHNEM OLHOrO
YPaBHEHUS N3 JPYrux, TaKUM 0DPa3OM MHOXKECTBO PELUEHUl CUCTEMbI HE
MEHSAETCA. MeTO,D' AC€NMNTCA Ha N WaroB, Ha ware k CNCTEMA NMEET BNA

k k k k k

utq ui2 - uik ... u}(n b}(
0 wl ... Uy ... Uy, b5

A S W

0 0 ... wufy ... oug, b
K k k

0 0 ... uNy .. ous, by

3gaeck nog ufj‘- NOAPa3yMEBAETCs1 3HAYEHNE COOTBETCTBYIOLWErO KO3 urumeHTa Ha
ware k. ufj = 0 npu BbINOSIHEHWN ABYX YCIOBWIA:

0>

o ;< k
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MeTon [aycca

Vtepaums k: BbiyecTb npomaciuTabupoBaHHyto CTPOKY k n3 cTpok k+1,...,n
Tak, 4TobbI OOHYNINTL cTONbEL, K.
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MeTon [aycca

Vtepaums k: BbiyecTb npomaciuTabupoBaHHyto CTPOKY k n3 cTpok k+1,...,n
Tak, 4TobbI OOHYNINTL cTONbEL, K.

HerIOCpe,D,CTBeHHbIM BblHNCNEHNEM NOJIyHaeM ONnA:

k—1 k—1
k=1 ug o k=1 g k=1
k) ug g, 1>k b b; b, P>k
U"j — k-1 ik i i k-1 ik .
us i<k b~ i<k
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MeTon [aycca

Vtepaums k: BbiyecTb npomaciuTabupoBaHHyto CTPOKY k n3 cTpok k+1,...,n
Tak, 4TobbI OOHYNINTL cTONbEL, K.

HerIOCpe,D,CTBeHHbIM BblHNCNEHNEM NOJIyHaeM ONnA:

k—1 k—1
[ k=1 uglik-1
k) ug g, 1>k b b; b, P>k
U"j — k-1 ik i i k-1 ik .
T i<k b~ i<k

ij = i

Ntepauns k tpebyer

@ n— k penennia.
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MeTon [aycca

Vtepaums k: BbiyecTb npomaciuTabupoBaHHyto CTPOKY k n3 cTpok k+1,...,n
Tak, 4TobbI OOHYNINTL cTONbEL, K.

HerIOCpe,D,CTBeHHbIM BblHNCNEHNEM NOJIyHaeM ONnA:

k—1 k—1

k—1 U . [ k—1 U k—1 .
k) ug Hsug, 1>k b b; b, >k
U"j — k-1 ik i i k-1 ik .
T i<k b~ i<k

ij = i

Ntepauns k tpebyer
@ n— k penennia.

o (n— k)? — 1 cnoxeHuii 1 yMHOXeHMiA.
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MeTon [aycca

Vtepaums k: BbiyecTb npomaciuTabupoBaHHyto CTPOKY k n3 cTpok k+1,...,n
Tak, 4TobbI OOHYNINTL cTONbEL, K.

HerIOCpe,D,CTBeHHbIM BblHNCNEHNEM NOJIyHaeM ONnA:

k—1 k—1
k=1 ug oo . k=1 Ug lpk—1
k) ug Hsug, 1>k b b; b, >k
Uij — k-1 ik i i k-1 ik .
u:~ i<k b, i<k
Iy 1
Ntepauns k tpebyer
@ n— k penennia.
o (n— k)? — 1 cnoxeHuii 1 yMHOXeHMiA.
k—1

3ameyanue. Ecnn A obpatuma, To BCe hOpMyJibl KOPPEKTHBI U Uy, ~ OTJINHHO OT
Hyns.
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PekypcusHasa dopma meTtoga laycca

Mycte A€ K™ 0 e K1 ye K™ Ae K™=1 4 npn stom

T
o dil U~
Sl
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PekypcusHasa dopma meTtoga laycca

Mycte A€ K™ 0 e K1 ye K™ Ae K™=1 4 npn stom

T
o alil U~
A=
0603Haunm 3a GU(A), GL(A) — BEPXHIOIO 11 HUXKHIOIO TPEYrOJbHYIO MaTpuLy,

MONTyHaloLLytOCs B pe3ynbTaTe npumeHeHusi metopa laycca k maTpuue A, Torpa
NMeloT MECTO COOTHOLLEHUS

GU(A) = [ o u’ }

0 GUA- L")

an

1 0, 1 041
GL(A) = [ S S } |: 0, 1 GL(~— iguT) :|

ai
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Paznoxenne Xoneckoro

Onpegenexne

Paznoxernem Xoneckoro Ha3biBaeTcs NpejCTaB/AeHe KBAAPATHON MaTpuLbl B
suge A= LL", rge L — HuxHsisi TpeyronbHas MatTpuua.
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Paznoxenne Xoneckoro

Onpegenexne
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Paznoxernem Xoneckoro Ha3biBaeTcs NpejCTaB/AeHe KBAAPATHON MaTpuLbl B
suge A= LL", rge L — HuxHsisi TpeyronbHas MatTpuua.

| \

Teopema

Lns kBagpatHoi maTtpuuer A pasnoxenve Xoneckoro CyLjecTByeT Torga u TOJIbKO
TOrZa, KOrga OHa CUMMETPUYHA U MOJIOKUTENILHO OMPELEIEHA.

)\

Dok-Bo. HeobxogmmocTs: nerko yeuaeTs, 4To MaTpuua LLT Bcerpa
CUMMETPUYHA 1 NMOJIOKUTESIbHO OMNpPeaesneHa

T x=(L"x)"LTx=||L"x|[>>0
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Paznoxenne Xoneckoro

JoctatodHoCTh: NycTh A — CUMMETPUYHAS NONOXKMTENIBHO ONpeeseHHas
maTpuua n nycte, A= LU, rge L — obpaTMas HUXHsSIS TpeyrosibHasi MaTpuua, a

U — BepxHsis TpeyronbHas maTpuua (Cywectsyer B cnegcteun metopa laycca),
Torga

A=AT=1Uu=U0"LT
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maTpuua n nycte, A= LU, rge L — obpaTMas HUXHsSIS TpeyrosibHasi MaTpuua, a

U — BepxHsis TpeyronbHas maTpuua (Cywectsyer B cnegcteun metopa laycca),
Torga

A=AT=1Uu=U0"LT

ULt =Ltum.

B neBoii 4acTu nocnefHero paBeHCTBa HAXOAUTCS MPOU3BEAEHME BEPXHUX
TPeyroJibHbIX MaTpuL, B NPaBoii — MPOU3BEAEHMNE HUXKHUX TPEYrobHbIX MaTpuL.

PaBeHCcTBO BO3MOXHO TONBKO B TOM Cily4ae, KOrga B 0bOMX HYacTsX AnMaroHasbHble
MaTpuLbl.
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JoctatodHoCTh: NycTh A — CUMMETPUYHAS NONOXKMTENIBHO ONpeeseHHas
maTpuua n nycte, A= LU, rge L — obpaTMas HUXHsSIS TpeyrosibHasi MaTpuua, a

U — BepxHsis TpeyronbHas maTpuua (Cywectsyer B cnegcteun metopa laycca),
Torga

A=AT=LUu=U"TL"T
ULt =Ltum.
B NeBO YacTun nocnegHero paBeHCTBa HaXoaunTcsa npom3Be,u,eHv|e BerHI/IX
TPeyrofbHbIX MaTpuL, B NPaBOii — NPON3BEAEHNE HUXKHUX TPEYroJibHbIX MATpUL.

PaBeHCcTBO BO3MOXHO TONBKO B TOM Cily4ae, KOrga B 0bOMX HYacTsX AnMaroHasbHble
MaTpuLbl.

O6oszHauum D = diag{ds,...,d,} = U(LT)7!, Torpa

A=LDL"
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Paznoxenne Xoneckoro

JoctatodHoCTh: NycTh A — CUMMETPUYHAS NONOXKMTENIBHO ONpeeseHHas
maTpuua n nycte, A= LU, rge L — obpaTMas HUXHsSIS TpeyrosibHasi MaTpuua, a
U — BepxHsis TpeyronbHas maTpuua (Cywectsyer B cnegcteun metopa laycca),
Torga

A=AT=1Uu=U0"LT

ULt =Ltum.

B neBoii 4acTu nocnefHero paBeHCTBa HAXOAUTCS MPOU3BEAEHME BEPXHUX
TPeyroJibHbIX MaTpuL, B NPaBoii — MPOU3BEAEHMNE HUXKHUX TPEYrobHbIX MaTpuL.
PaBeHCcTBO BO3MOXHO TONBKO B TOM Cily4ae, KOrga B 0bOMX HYacTsX AnMaroHasbHble
MaTpuLbl.

O6oszHauum D = diag{ds,...,d,} = U(LT)7!, Torpa
A=LDLT

B cuny obpatumoctn L u nonoxumTtensHoin onpegeneHHocT A noaydaem
MOJNIOXKUTENBLHYIO onpeaeneHHocTs D, T. e. d; > 0, oTctoga A = L\@(L\@)T, roe
VD = diag{\/dy,...,\/d,}.
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Paznoxenne Xoneckoro

3ameyanmne 1. Ecnn matpuua A CTporo nosioXKnTeNbHO onpeaeneHa, To
pa3snioxxeHne XoeCKOro enHCTBEHHO.
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Paznoxenne Xoneckoro

3ameyanmne 1. Ecnn matpuua A CTporo nosioXKnTeNbHO onpeaeneHa, To
pa3snioxxeHne XoeCKOro enHCTBEHHO.
PacnucbiBas paseHCTBO

LLT = A

MOKOOPAMHATHO MOJlyHaeM NoJiydaem ans i > j

n J
aj = Ll = Llulj
k=1 k=1

/13 3Tx paBEHCTB MOXHO NOJIyHaeM Crefytowme pekyppeHTHbIE popMyIbl
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Paznoxenne Xoneckoro

Ecnn A nonoxutensHo onpegeneHa, TO BbIPaXXEHNE KOPHEM BCEraa
MONIOXKUTENBHO, TaK KakK CUCTEMA AOJKHA nMeTh peweHue. B cnyyae, ecnn
£;; =0, 10 £jj MOXeT ObITb BbIOPAHO NPON3BOBLHO.
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Taknm obpasom L copepxut cobcteeHHoe ymncnio 0 Torga n Tonbko Toraa Korga A
copepxut A. CnepoBaTenbHO At CTPOro NOJIOKNTENBHO ONPeAesieHHOR A

opmynbl (1) 3a8at0T €ANHCTBEHHYIO MaTpuuy L ¢ TOYHOCTBIO 0 3HaKa nepef,
kopHeM. IToro nmeem cregytowyo Teopemy €guHCTBEHHOCTH

Teopema

Lns cTporo nonoxunTensHO ONpeaeneHHoN MaTpuLbl A CyLeCTBYET eANHCTBEHHAS
CTPOro MoJIOKNTEIbHO ONPEREIEHHAS] HUXHSSA TPeyroibHas matpuya L Takas,
yro A= LLT.
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PekypcusHas dopma pasnoxeHusi Xoseckoro

Mycte A € K™ — cummeTpru4Has CTPOro NOJIOKNTENBHO ONpeAesieHHas
y N
matpuua, £ € K™ 1, A e K"2X"=1 4 npu stom

- ail gT
A= ]
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PekypcusHas dopma pasnoxeHusi Xoseckoro

Mycts A € K™ — cummeTpruyHas CTPOro NONIOXKNTENLHO ONpefeieHHast
matpuua, £ € K™ 1, A e K"2X"=1 4 npu stom

A— ail gT
¢ A
OTmeTUM, 4TO NMEET MecTo PaBEHCTBO

an (7] [ yam 0, 1o, var =t
¢ AT L&l e [ 0 A= LulT

ai

=~
| -
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PekypcusHas dopma pasnoxeHusi Xoseckoro

Mycts A € K™ — cummeTpruyHas CTPOro NONIOXKNTENLHO ONpefeieHHast
matpuua, £ € K™ 1, A e K"2X"=1 4 npu stom

A— ail gT
¢ A
OTmeTUM, 4TO NMEET MecTo PaBEHCTBO

d11 er - 4/ 911 0,3;1 1 . 0,7,;1 V a11 \/%KT
¢ AT &l Oy A— LT Op1 o

Takum obpasom, 0603HaumB 3a HL(A) — eamHcTeeHHyto Matpuuy L, uto A= LLT
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PekypcusHas dopma pasnoxeHusi Xoseckoro

Mycts A € K™ — cummeTpruyHas CTPOro NONIOXKNTENLHO ONpefeieHHast
matpuua, £ € K™ 1, A e K"2X"=1 4 npu stom

A— ail gT
¢ A
OTmeTUM, 4TO NMEET MecTo PaBEHCTBO

IR S I o

¢ A e 1 A= Lot Op1 o

Takum obpasom, 0603HaumB 3a HL(A) — eamHcTeeHHyto Matpuuy L, uto A= LLT
n ucnonb3ys dakt, 4to npu B = RRT BbinonHseTcs

o 5]=[o #]lo ]

NET 01 1
1 A 1 T
\/ag HL(A — THEU )
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ITepaTrBHbIE CXEMBI

Paccmotpum chosa CJTAY
Ax = b.
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ITepaTrBHbIE CXEMBI
Paccmotpum chosa CJTAY
Ax = b.

Ecnn D — obpatumasi maTpuua, TO CMCTEMA MOXET OblTb 3KBMBANEHTHA
nepenuncaHa B BuUAe

x =x+ D(Ax — b) = (I — DA)x + Db
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ITepaTrBHbIE CXEMBI
Paccmotpum chosa CJTAY
Ax = b.

Ecnn D — obpatumasi maTpuua, TO CMCTEMA MOXET OblTb 3KBMBANEHTHA
nepenuncaHa B BuUAe

x =x+ D(Ax — b) = (I — DA)x + Db

Obwas ntepatusHas cxema pewwenust CJIAY 3aknito4aetcsi B NOCTPOEHUN
MoCNeA0BaTENbHOCTH

Xks1 = (I — DA)x + Db (2)
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ITepaTrBHbIE CXEMBI
Paccmotpum chosa CJTAY
Ax = b.

Ecnn D — obpatumasi maTpuua, TO CMCTEMA MOXET OblTb 3KBMBANEHTHA
nepenuncaHa B BuUAe

x =x+ D(Ax — b) = (I — DA)x + Db

Obwas ntepatusHas cxema pewwenust CJIAY 3aknito4aetcsi B NOCTPOEHUN
MoCNeA0BaTENbHOCTH

Xks1 = (I — DA)x + Db (2)

Teopema

Ecnn matpuya | — DA nonoxutensro onpegenera, o(l — DA) <1 u D
obpatuma, 10 (2) cxoauTCa K CXOBUTCS peLueHnio cuctemsl Ax = b.

[ ok-Bo. CxoanMOCTb 1 CKOpPOCTb CXOAMMOCTH Oblla MoKasaHa paHblue
(cxoAnMOCTb JIMHeliHBIX NTepaTBHbIX npoueccos). lNycTb x, — x*, Torpa
x* = x* — D(Ax* — b), 1. e. D(Ax* — b) = 0, u3 obpatumoctn D cnepyert
Ax*=b. R
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[1Ba cnocoba NoCTpoeHus NTepaTUBHbIX CXEM

OcHogHas npobnema 0DbIYHO 3aKIKOHAETCA B TOM, 4TODbI nogobpate D Tak, 4To
o(l — DA) < 1. 1sa Hanbonee pacnpocTpaHeHHbIX CyHas:
1. 0 < A= ~l, Torpa rogutcs BbIGop D = v~1/. [Ins cuMMeTpuyHO MaTpuLbl
A 3TOT METOA MAEHTUHEH NPUMEHEHNIO FPAJNEHTHOrO CyCka K (DyHKLMM

1
f(x) = EXTAX +b"'x+c
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[1Ba cnocoba NoCTpoeHus NTepaTUBHbIX CXEM

OcHogHas npobnema 0DbIYHO 3aKIKOHAETCA B TOM, 4TODbI nogobpate D Tak, 4To
o(l — DA) < 1. 1sa Hanbonee pacnpocTpaHeHHbIX CyHas:

1. 0 < A= ~l, Torpa rogutcs BbIGop D = v~1/. [Ins cuMMeTpuyHO MaTpuLbl
A 3TOT MeTOf MAEHTUYEH NPUMEHEHWIO FPAMEHTHOMO CNyCKa K byHKLUN

1
f(x) = EXTAX +b"'x+c

2. A umeeT gmaroHanbHoe npeobnagaxue, T. €.

i = > |ayl-

JF#i

B sTom cnyuae rogutcs Boibop D = diag{ar;',...,a,!}. 1ot meTop
NPUHATO Ha3blBaTb METOZ0M Skobu.
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Teopewma lepuiropuna

Teopema (lepliropuHa o kpyrax)

Myctb A = (aj) € C"™". [lna noboro cobcTBeHHOro Yucaa A mMatpuupl A
Hanigerca 1 < i < n Takoe, 4TO

IA—ai] < gl

JF#i
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Teopewma lepuiropuna

Teopema (lepliropuHa o kpyrax)

Myctb A = (aj) € C"™". [lna noboro cobcTBeHHOro Yucaa A mMatpuupl A
Hanigerca 1 < i < n Takoe, 4TO

IA—ai] < gl

JF#i

Aok-Bo. Mycts Ax = Ax n i = argmax; |x;|. Takum obpasom

E ajjXj = )\X,'
J

Mopenue 0be 4acTu Ha x; nosy4aem

X
J
E aj— + aji = A
— X
J#i
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Teopewma lepuiropuna

Teopema (lepliropuHa o kpyrax)

Myctb A = (aj) € C"™". [lna noboro cobcTBeHHOro Yucaa A mMatpuupl A
Hanigerca 1 < i < n Takoe, 4TO

IA—ai] < gl

JF#i

Aok-Bo. Mycts Ax = Ax n i = argmax; |x;|. Takum obpasom

E ajjXj = )\X,'
J

Mopenue 0be 4acTu Ha x; nosy4aem

X
J
E aj— + aji = A
— X
J#i
Taknum obpaszom

X
J

A= ail = > %;’§§|%|.

J#i ! J#i
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Teopewma lepuiropuna

3ameuanue 1. BewecteenHas 4acTb n1060ro cOBCTBEHHOrO YMCAA BELLECTBEHHON
MaTpULbl C ANAroHafbHbIM NpeobnagaHueM 1 CTPOro NONAOKUTENbHBIMU
[INaroHanbHLIMU 3/IEMEHTAMIN HEOTPULATENbHA.
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Teopewma lepuiropuna

3ameuanue 1. BewecteenHas 4acTb n1060ro cOBCTBEHHOrO YMCAA BELLECTBEHHON
MaTpULbl C ANAroHafbHbIM NpeobnagaHueM 1 CTPOro NONAOKUTENbHBIMU
[INaroHanbHLIMU 3/IEMEHTAMIN HEOTPULATENbHA.

3ameqanue 2. B metope SAkobu sbinonusietca 0 < (I — DA) < /.
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MeTop, conpsi>XeHHbIX HanpaBaeHni

Onpegenexne

lycte A — cummeTpuyHas matpuya. Bektopa u, v Ha3biBatoTcs
A-OpPTOroHasIbHbIMU NIV COMPSIXKEHHBIMU, ECIIU

uTAv =0
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MeTop, conpsi>XeHHbIX HanpaBaeHni

Onpegenexne

lycte A — cummeTpuyHas matpuya. Bektopa u, v Ha3biBatoTcs
A-OpPTOroHasIbHbIMU NIV COMPSIXKEHHBIMU, ECIIU

uTAv =0

PaccmoTpum 3agady MuHUMU3aunm

1
f(x) = EXTAX —b"x+c,

roe A — cummeTpuyHas obpatumas matpuua, Takum obpasom Vi(x) = Ax — b, a
3HAYUT HAXOXKAEHMNE TOYKN MUHUMYMA f PABHOCUJSIbHO PELLEHNIO CUCTEMBI
Ax = b. Obo3Haunm 33 x* eJUHCTBEHHYO TOYKY MUHUMYMa f.
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MeTop, conpsi>XeHHbIX HanpaBaeHni

[pennonoXum, 4To HaM M3BECTHbI N MOMAPHO COMPSKEHHbIX HaMpaBaeHNI
do,...,d,_1. Bolbepem npon3BosibHYtO TOUKY Xg 1 CAENAEM NO OYepean N LAros
rPaineHTHOro CMyCKa Mo KaXKAOMYy U3 HanpasieHuii, BbIOMpas pa3mep wara Kak
MWHUMYM MO HANPABJIEHUIO.

Xk+1 = Xk — Ouedy
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MeTop, conpsi>XeHHbIX HanpaBaeHni

[pennonoXum, 4To HaM M3BECTHbI N MOMAPHO COMPSKEHHbIX HaMpaBaeHNI
do,...,d,_1. Bolbepem npon3BosibHYtO TOUKY Xg 1 CAENAEM NO OYepean N LAros
rPaineHTHOro CMyCKa Mo KaXKAOMYy U3 HanpasieHuii, BbIOMpas pa3mep wara Kak
MWHUMYM MO HANPABJIEHUIO.

Xk+1 = Xk — Qi
Monyuaem ay u3 ypasHenns -Lf(x, — ady) = 0:

da

0= dif(xk —ady) = —d] (A(xk — ady) — b) = ad] Ad] — d (Axx — b)
«
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MeTop, conpsi>XeHHbIX HanpaBaeHni

[pennonoXum, 4To HaM M3BECTHbI N MOMAPHO COMPSKEHHbIX HaMpaBaeHNI
do,...,d,_1. Bolbepem npon3BosibHYtO TOUKY Xg 1 CAENAEM NO OYepean N LAros
rPaineHTHOro CMyCKa Mo KaXKAOMYy U3 HanpasieHuii, BbIOMpas pa3mep wara Kak
MWHUMYM MO HANPABJIEHUIO.

Xk+1 = Xk — Qi
Monyuaem ay u3 ypasHenns -Lf(x, — ady) = 0:

da

(hiﬁﬂn—a¢p>wﬂmﬂ—a@)—@:aﬁ%ﬂlwﬁmﬂ—m
«

o — d,Z_(AXk—b)
KT T 4T Ady

Manskoecknii H. B. (CM6AY) Pewenne CJIAY 26 / 40



MeTop, conpsi>XeHHbIX HanpaBaeHni

Tenepb npeanonoxum, 4to (do, ..., d,—1) — 6a3uc 8 R", Toraa

n—1
X0 — x* = E (5,'d,'
i=0
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MeTop, conpsi>XeHHbIX HanpaBaeHni

Tenepb npeanonoxum, 4to (do, ..., d,—1) — 6a3uc 8 R", Toraa

n—1
X0 — x* = E 5,'d,'
i=0

YMHOXas 3TO paBEHCTBO Ha dkTA nonyyaem

n—1
df Alxo — x*) = >_ §idy Ad; = 6,d; Adi
i=0

1 Nosyvyaem Cieaytowme paBeHCTBa gnst o
d] A(xg — x*)
dT Ady
_ AT Ao — X" = YTy cidy) _ dTAGk —x) _
dl Ady d, Ady

Ok =

Ak
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MeTop, conpsi>XeHHbIX HanpaBaeHni

Taknm obpaszom nonyyaem

k—1 n—1 k—1 n—1
XK — x* = X0 E a,-d,- —x" = E Oz,'d,' — E a,-d,- = E Oz,'d,',
i=0 i=0 i=0 i=k

YTO rapaHTUpYeT CXOOMMOCTb 3TOW MpOoLEAypbl 33 N LIATOB.
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MeTop, conpsi>XeHHbIX HanpaBaeHni

Taknm obpaszom nonyyaem

k—1 n—1 k—1 n—1
XK — X* = Xp E a,-d,- — X* = E Oz,'d,' — E a,-d,- = E Oz,'d,',
i=0 i=0 i=0 i=k
YTO rapaHTUPYET CXOAMMOCTb 3TOW npouenypbl 3a n waroe. bonee Toro,
n—1n—1
l[xk — x*|[3 = (xk — x*) T A(xie — x*) g g aja;d! Ad; = g a2dTAd
i=k j=k

Myctb x € x9 + Span{dp, ..., dk—1}, x = xo + Zf:ol Bid;, Torna

k—1 T k1 n—1
||x—x*|i—< ﬁ,d,+Za,d> A(Zﬁ;d;+2a;d;>
i=0 i=0 i=0
k— n—1
= (B+a)d] Adi+ > o7d Adi > ||Ix — x*|[a
i=0 i=k
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MeTop, conpsi>XeHHbIX HanpaBaeHni

Ba)kHOe CBOMCTBO MeETOAA COMPsiKEHHbIX HAMpPaBJEHNA:

Xk = argmianonrSpan{dg,...,dk,l} ||X - X*HA
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MeTop, conpsi>XeHHbIX HanpaBaeHni

Ba)kHOe CBOMCTBO MeETOAA COMPsiKEHHbIX HAMpPaBJEHNA:

Xk = argmianonrSpan{dg,...,dk,l} ||X - X*HA

Ocraetcs BonpocC: Kak HailTh do, ..., dp_17
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ConpsixeHue ['pama-LLImugTa

Myctb vi,...,v, € R", paccmoTpum uy,. .., Up:
k—1
u; Avy
Ug = Vi — g uj
T Au
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ConpsixeHue ['pama-LLImugTa

Myctb vi,...,v, € R", paccmoTpum uy,. .., Up:

Ananornyno obbiuHol npouegype Ipama-LLIMuara gokaxkem no nHgykuyum, 4to

ujTAuk =0 npu j # k. lycTb 370 yTBEpXXAEHNE BepHO BNOATb A0 k — 1, Torga
ans j < k

-
u; AVk
u,-TAu;

k—1
ujTAuk = ujTAvk — g ujTAu,- = ujTAvk — ujTAvk =0.
i=1
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ConpsixeHue ['pama-LLImugTa

Myctb vi,...,v, € R", paccmoTpum uy,. .., Up:

Ananornyno obbiuHol npouegype Ipama-LLIMuara gokaxkem no nHgykuyum, 4to

ujTAuk =0 npu j # k. lycTb 370 yTBEpXXAEHNE BepHO BNOATb A0 k — 1, Torga

ans j < k

L uT Ay
i Ak
ujTAuk = ujTAvk — g = ul Auj = u! Avi — uT Avi = 0.
ul Au; J J
—1 i !

Takxke N0 MHAYKLAN JOKA3bIBAETCA PABEHCTBO JIMHENHbIX 060A04eK
Span{vy, ..., vk} = Span{uy,..., ux}.

Manskoscknii H. B. (CMB6AY) Pewenne CJIAY
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Obuas cxema MeTofla COMPSIXEHHbIX HanpaBaeHni

ViToro, Ha paHHbIli MOMEHT UMeeM cregytoLyto obLLyto cxemy:
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Obulas cxeMa MeTofa COMPSKEHHbIX HaNpaBIeHN i

ViToro, Ha paHHbIli MOMEHT UMeeM cregytoLyto obLLyto cxemy:

1. BbibpaTb n niMHeHO HE3AaBUCUMbIX BEKTOPOB Vp, . . ., Vp_1.
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Obulas cxeMa MeTofa COMPSKEHHbIX HaNpaBIeHN i

Wtoro, Ha gaHHBI MOMEHT MMeEeM CleayoLLyto oLy Cxemy:
1. BblbpaTb n NMHERAHO HE3ABUCMMBIX BEKTOPOB Vo, . . ., Vp_1.
2. MocTpouTb N CONPsIKEHHBIX OTHOCUTENBHO MATpULbl A HanpaBieHnii
do,...,d,_1 no dpopmynam

kz: TAVk
g d,TAd
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Obulas cxeMa MeTofa COMPSKEHHbIX HaNpaBIeHN i

Wtoro, Ha gaHHBI MOMEHT MMeEeM CleayoLLyto oLy Cxemy:
1. BbibpaTb n niMHeHO HE3AaBUCUMbIX BEKTOPOB Vp, . . ., Vp_1.

2. MocTpouTb N CONPsIKEHHBIX OTHOCUTENBHO MATpULbl A HanpaBieHnii
do,...,d,_1 no dpopmynam

3. BbibpaTb Npon3BOILHYIO TOYKY Xg U NOCTPOUTL MOCIELOBATENBHOCTb

d] (Axc — b)

d
dTAd,

Xk4+1 = Xk —

Manskoscknii H. B. (CMB6AY) Pewenne CJIAY 31 / 40



Obulas cxeMa MeTofa COMPSKEHHbIX HaNpaBIeHN i

Wtoro, Ha gaHHBI MOMEHT MMeEeM CleayoLLyto oLy Cxemy:
1. BbibpaTb n niMHeHO HE3AaBUCUMbIX BEKTOPOB Vp, . . ., Vp_1.
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Obulas cxeMa MeTofa COMPSKEHHbIX HaNpaBIeHN i

Wtoro, Ha gaHHBI MOMEHT MMeEeM CleayoLLyto oLy Cxemy:
1. BblbpaTb n NMHERAHO HE3ABUCMMBIX BEKTOPOB Vo, . . ., Vp_1.
2. MocTpouTb N CONPsIKEHHBIX OTHOCUTENBHO MATpULbl A HanpaBieHnii
do,...,d,_1 no dpopmynam

kz: TAVk
g d,TAd

3. BbibpaTb Npon3BOILHYIO TOYKY Xg U NOCTPOUTL MOCIELOBATENBHOCTb

dT (Axi — b)

= X) — d
Xk+1 = Xk d,(TAdk k

/13 nokazanHoro panee ebiTekaet, uto Ax, = b. Ecnim m — konnuecTso HeHynesbIx
anemeHTOB A, TO ymHOXeHne A Ha BekTop Tpebyer O(m) cnoxenuit n
yMHOXeHWii. Takum obpasom, war 2 Tpebyet cymmapho O(n’m) peiicTeuii, war 3

- O(nm).
Pewenne CIIAY

31/ 40



[NognpocTpatcTBa KpbinoBsa

Onpegenexne

lNognpoctpaHcTteom KpbinoBa nopsgka k matpuubl A n BekTopa b Ha3biBaeTcs

K« (A, b) = Span{b, Ab, ..., A<"1b}, Ko(A, b) = {0}.
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[NognpocTpatcTBa KpbinoBsa

Onpegenexne

lNognpoctpaHcTteom KpbinoBa nopsgka k matpuubl A n BekTopa b Ha3biBaeTcs

K« (A, b) = Span{b, Ab, ..., A<"1b}, Ko(A, b) = {0}.

Myctb xa(t) = det(A—tl) = 27:_01 a;t’ — t" — xapakTepucTuyeckuii noanHom A.
N3 teopembl MamunbroHa-Kann

n—1
X(A) =) oA - A"=0
i=0
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[NognpocTpatcTBa KpbinoBsa

Onpegenexne

lNognpoctpaHcTteom KpbinoBa nopsgka k matpuubl A n BekTopa b Ha3biBaeTcs

K« (A, b) = Span{b, Ab, ..., A<"1b}, Ko(A, b) = {0}.

Myctb xa(t) = det(A—tl) = 27:_01 a;t’ — t" — xapakTepucTuyeckuii noanHom A.
N3 teopembl MamunbroHa-Kann

n—1
X(A) =) oA - A"=0
i=0

VMHoxas Ha A~1b 1 yunteiBas o # 0 ANS NONOXKUTENBHO ONpeAeNeHHol
mMaTpuubl A nonydaem

n—1
1 .
Alh= — (A"‘lb - a,-A'—1b> € Kn(A, b)

a
0 i—1

Manskoscknii H. B. (CMB6AY) Pewenne CJIAY 32 / a0



[MocnepoBaTenbHocTs Kpbinoga

Onpegenexne

MocnegosatensHocTbio Kpbiiosa gyHkuymm f(x) = %XTAX — b"x u Ha4anbHoI
TOYKOW Xy HAa3bIBAETCS MOC/AEA0BATENLHOCTh

Xk = argmlnx€xo+le(A,Axg—b) f(X)
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[MocnepoBaTenbHocTs Kpbinoga

Onpegenexne

MocnegosatensHocTbio Kpbiiosa gyHkuymm f(x) = %XTAX — b"x u Ha4anbHoI
TOYKOW Xy HAa3bIBAETCS MOC/AEA0BATENLHOCTh

Xk = argmlnx€xo+le(A,Axg—b) f(X)

N3 yCﬂOBVIﬁ ONTUMAJZIbHOCTWU ONns Xy
Vf(Xk) = AXk — bJ_ICk(A, AX() — b)

C ppyroii cTopoHbl, pa3 xx € xg + Ki(A, Axg — b), To o4eBugHbIM 0Bpaszom
Axi — b € Axo — b+ AKk(A, Axo — b) C Ki1(A, Axo — b).
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[MocnepoBaTenbHocTs Kpbinoga

Onpegenexne

MocnegosatensHocTbio Kpbiiosa gyHkuymm f(x) = %XTAX — bTx u Ha4anbHO
TOYKOW Xy HAa3bIBAETCS MOC/AEA0BATENLHOCTh

Xk = argmlnx€xo+le(A,Axg—b) f(X)

N3 yCﬂOBVIVI ONTUMAJZIbHOCTWU ONns Xy
Vf(Xk) = AXk — bJ_ICk(A,AXO — b)

C ppyroii cTopoHbl, pa3 xx € xg + Ki(A, Axg — b), To o4eBugHbIM 0Bpaszom
Axi — b € Axo — b+ AKk(A, Axo — b) C Ki1(A, Axo — b).

Takum obpasom V£ (xk) ¢ Ki(A, Axg — b), Ho VF(xk) € Kikt1(A, Axg — b) =
Ki(A, Axo — b) = Span{Vf(x0), ..., VFf(xk-1)},
8 cuny V£(x) € Kk(A, Axg — b)* npu i # j
VF(xi) VF(x) =0
Pewenne CJIAY 33/ 40



MeTop, conpsi>XeHHbIX rpaueHToOB

OcHoBHas uaes METOAA CONPSKEHHbIX FPAAMEHTOB: Mcnosb3oBaHme vx = VF(xk)
B METOAE COMPSXKEHHbIX HANPABNEHWNA.
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MeTop, conpsi>XeHHbIX rpaueHToOB

OcHoBHas uaes METOAA CONPSKEHHbIX FPAAMEHTOB: Mcnosb3oBaHme vx = VF(xk)
B METOAE COMPSXKEHHbIX HANPABNEHWNA.

1. Wcnonb3yro nuaykumio nokaxkem, 4to npu vx = V£ (xg) METOA cOnpsiKeHHbIX
HanpaBfeHNA reHepupyeT nocnenosaensHocTb Kpoinosa ans f, xp:
Basa. k = 0 — TpuBmansHo.
NuaykumvoHHbiii nepexog. lNycTs mMeTon creHepupoBan nocnefoBaTeNLHOCTb
Kpbinosa Bnnoth ao k — 1, Torga Tak Kak METOA COMPsKEHHbIX Hanpas/ieHui
BblOMpaer

Xk = argmianxojLSpan{do,..A,dk,l} ||X - X*Hi7
y4mMTbIBasS

[[x = x*[|3 = (x = x*) TA(x — x*) = x*TAx* — 2x* T Ax + xT Ax = ||x*||4 + 2f(x)

nosiy4aem, 4To MuHMMU3aums ||x — x*||4 pasHocunbHa Munummusauum f(x). Mo
MOCTPOEHIIO

Span{dy, ...,dk} = Span{Vf(xp),..., VFf(xk-1)},
MO MHAYKLMOHHOMY MPEANONOKEHNIO

Span{Vf(xo), ey Vf(Xk_l)} = le(A, AXO — b) |
T — SRV



MeTop, conpsi>XeHHbIX rpaueHToOB

2. Boiuncnenune di cunbHO ynpouaercs:

V,-T(AXk — b) = V,-T(AXk_l — b) — ak_lv,-TAdk_l

ViTAdk_l =

k1 (V"TVk_l — V,'TVkT)
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MeTop, conpsi>XeHHbIX rpaueHToOB

2. Boiuncnenune di cunbHO ynpouaercs:

vi" (Axi — b) = vi" (Axx_1 — b) — ay_1v. Adj_1

ViTAdk_l =

k1 (V"TVk_l — V,'TVkT)

T, — A T P
Tak kak v;' v = 0 npu i # j, T0 d;' Avic OTANYHO OT HyNISA TOJIBKO MpU | = k nan

i = k — 1. Witoro war 2 nmeet Bug,

k—1

T T
de = v Zd"Avkd*v Vi Yk d
k= Vi — T di= vk —— 77— dk1
—0 di Ad,' Olk—ldk_lAdk—l
o V;Z—Vk - VkTVk
== 57— dk-1=Vk — — k-1
d_1Vi-1 Vi1 Vk-1
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MeTop, conpsi>XeHHbIX rpaueHToOB

2. Boiuncnenune di cunbHO ynpouaercs:

vi" (Axi — b) = vi" (Axx_1 — b) — ay_1v. Adj_1

ViTAdk_l =

o1 (V"TVk_l — V,'TVkT)

T, — A T P
Tak kak v;' v = 0 npu i # j, T0 d;' Avic OTANYHO OT HyNISA TOJIBKO MpU | = k nan

i = k — 1. Witoro war 2 nmeet Bug,

k—1

d,-TAvk vavk
di = v — E T di= vk —— 77— dk1
-0 di Ad, ak—ldk_lAdk—l
o V;Z—Vk - VkTVk
== 57— dk-1=Vk — — k-1
A1 V-1 Vi—1Vk—1

TO COOTHOLLEHME YMEHBLIAET CNOXKHOCTL wara 2 ¢ O(km) po O(m) Ha
ntepauun k.
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[MocnepoBaTenbHocTs Kpbinoga

3amedaHue.
k—1 _
x € x0+ Ki(A Axg — b) & x = x9 + Z(b,-A’(Axo —b)
i=0
Ecnn Ax* = b, 10

k—1

P
X —x*=x9— x* + Zqﬁ;AiA(Xo —x*) = (I + Z¢i—1Ai> (x0 — x¥)
i—1

i=0
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[MocnepoBaTenbHocTs Kpbinoga

3amedaHue.

k—1
x € xp+ Ki(A, Axg — b) & x = xo + qu,-A"(Ax0 — b)
i=0

Ecnn Ax* = b, 10
k—1 _ k '
x—x"=xg—x"+ Zqﬁ;A’A(Xo —x*) = (I + Z ¢i—1A'> (x0 — x¥)
i=0 i=1

Takum 0bpasom BbIGOP Xk Kak MUHUMYM ||x — x*||4 Ha MHOXecTBe
xo0 + Kk(A, Axg — b) MoxHO onucatb cnegytowmm obpasom

X = X"+ argminp(g)_1, geg <k P(A)(x0 — x*)
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Acumntotndecknii aHanms metoga CI

OTmeTum gnsa Havana, 4To Asst Jtoboro MHorousieHa P n cobCTBEHHOrO BEKTOpa
v: Av = AV BbINOJIHSIETCA

k k
P(Aw = Za,-A"V = Z aiXNv = P(\)v
i=0 i=0
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Acumntotndecknii aHanms metoga CI

OTmeTum gnsa Havana, 4To Asst Jtoboro MHorousieHa P n cobCTBEHHOrO BEKTOpa
v: Av = AV BbINOJIHSIETCA

k k
P(Aw = Za,-A"V = Z aiXNv = P(\)v
i=0 i=0

Mycts Amin = A1 < ..., < Ay = Apmax — cObCTBeHHbIE 3HaveHus A (c yueTom
KpaTHOCTW), V1, ..., V, — CODCTBEHHbIE BEKTOPbI.
Pewenne CJIAY
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Acumntotndecknii aHanms metoga CI

Tak kak A — BelleCTBEHHas CUMMETPUYHAA MaTpuua, To v obpasytoT
OpTOroHanbHbIN Hasuc,

n
%
Xg— X" = E &
Jj=1
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Acumntotndecknii aHanms metoga CI

Tak kak A — BelleCTBEHHas CUMMETPUYHAA MaTpuua, To v obpasytoT
OpTOroHanbHbIN Hasuc,

Xg — X = Zfﬂ/j.
j=1
Torpa
X — X" = Z&Pk(%)%

A(xi — x* Zgjpk DAY
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Acumntotndecknii aHanms metoga CI

Tak kak A — BelleCTBEHHas CUMMETPUYHAA MaTpuua, To v obpasytoT
OpTOroHanbHbIN Hasuc,

n
%
Xg— X" = E &
Jj=1

Torpa
X —x" = ijPk(Aj)Vj ||Xk - X ||A = Z’Dk )‘ £2||VJ||2
A(xk — x*) ZEJPk AV _Z'Dk ||X0_X ||A

< max P 2||x9 — x*|3
max POVl — [

rae A(A) — cnektp matpuubl A (MHOXECTBO €€ CODCTBEHHbIX 3HAYEHMIA).
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MHoro4neH rpafieHTHOro Crnycka

k
= _ o 2x
Bbibupasi mHorounen Gy (x) = (1 /\mer)\maX) nosiy4aem

[Ixic = x*[[2 < max Gi(A)?|lx0 — x*[[2

AEN(A)
)\min + Amax -2\ 2K ||X X*||2
= max —
AEN(A) Amin + Amax 0 A
)\max - >\min 2k %112
= — X0 — X" ||a,
</\min +)\max> || 0 ||A

4YTO COOTBETCBYET CXOAUMOCTU TPaANEHTHOroO Cnycka.
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Muorounen Yebbiwera

T (Amax+>\m,‘n—2>\
Amax — A min
Boibupas Pr(\) = ﬁ rae T, — MHorouneH Yebbiwesa
k

Amax+Xmin

Amax —Amin

Tk(x) = 1 [(X + VX2 =D (x— VX2 — 1)k]

2

-1
yuntbieas Ti(x) < 1 npu x € [—1,1] nonyqaem Pi(A) < Ty (%) npu
A€ [)\mim )\max]
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Muorounen Yebbiwera

Tw ( Amax+Amin =2

Amax — A min

e cmin L rpe Ty — MHorouneH Yebbiiiesa
T, max T Amin

k(>‘ma><7>‘m/'n>

Tk(x) = % [(X + VX2 =D (x— VX2 — 1)k]

Boibupas Pr(\) =

-1
yuntbieas Ti(x) < 1 npu x € [—1,1] nonyqaem Pi(A) < Ty <m> npu

>\max_>\m1n
A € [Amins Amax] W cnepoBaTensHo

[l =713 < max Pu(A)*[lx0 — x|

eN(A)
Am x + >\min - *
: Tk(Am;—Amm) lbo = x1la

k k71
<92 (\/ max+v mm) +(V>\max_v)\min> ||X0—X*||i
B \/ max V min Vv >\max + Vv )\min

(V max mm) ||X0—X*||2
NG max+m A

Manskoecknii H. B. (CMB6AY) Pewenne CJIAY 40 / 40



