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BbluucaMTEeIbHbIE METOAbI JTUHEHHOU AJIreOphl
3aJ1a4uM 110 BJIEKTPOHHOMY JICKIIMOHHOMY KYpCy

ManokuH AJsiekcanap MuxaujioBu4

npodeccop Kadeapbl BEIYUCIUTEILHON MaTEMAaTUKH
HoBocHOMPCKOTo rocyJapCTBEHHOI'0 YHUBEPCUTETA

1. IIpsiMble METOJIbI PEIIICHUSI CUCTEMbI TUHEHHBIX aJreOpandecKux
YPABHECHUM.

2. VITepalliOHHBIE METO/Ibl PEIICHUS CUCTEMBbI IMHEUHBIX aareOpandecKux
YPaBHEHUN.

3. UtepaiioHHble METOAbI PEIICHUS 3a/la4i Ha COOCTBEHHbBIC 3HAUYCHMUS
CaAMOCONPSKEHHOU MaTPHIIHI.




Yactp 3. UTepanmoHHbie MeTOAbI pelIeHUsI 3a1a49M HA COOCTBEHHbIE

3HAYEHUS CAMOCONPAKEHHON MAaTPHUIIbI

Tema 17. IIpoOneMa COOCTBEHHBIX BHAUCHMU ....uuviieeeeeeeeeeeeeeeeenririinnnnnsneeeeens

CTereHHO MeTO ] BEIYUCICHNS MaKCUMAaJIbHOTO COOCTBEHHOTO

%
3HaYeHUS MATPULBL A=A 2 0.,
CTeleHHO# MeTO ] BEIYUCICHUS MUHIMAIbHOTO COOCTBEHHOTO

3HAUCHHS MaTPUIEl A = AT > 0 e

Tema 18. Metoa neneHus NomoJIaM (OMCEKITAM ) ..vvvvvrvrrrrrrrrreerererrrrerrnsenesnenns

[IpuBeneHne BENIECTBEHHON, CUMMETPUYHOM MATPULIBI K
TPEXIUArOHAIbHOMY BHly OPTOTOHAJIBLHBIM MTPEO0Opa30BaHUEM
110J100MS C IIOMOIIBIO MATPHUL] BPAIIECHHUS .....ceeeeeveeeeeerrrnninnnnnnnseeeeens

STKOOMEBBI MATPHIIBI «.eeeeeeeeessiiiieivstssaseeeeeesssseeessssssssssssssssssssseeeeeenes
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Tema 17. IIpobdieMa cOOCTBEHHBIX 3HAYEHU I

Jlnst matpuibr A={a J}P j=1 Hy’KHO HaiTH

yuciaa A U HEHYJIEBBIC BEKTOPHEI X TaKHeE,
g0 AX = AX: A — cobcTBeHHOE 3HaUeHUE, X — COOCTBEHHBIM BEKTOP.

CoOcTBeHHbIE 3HaUeHUs (Yucna) MaTpulel A — KopHU Ay, Ay, ..., A,
XapaKTePUCTUISCKOTO IMOJMHOMA

P (1) =det(A—AE)=(-D)"A" + p, A" +...+ p A+ Py,

KOA(PUIUCHTBI Py, ..., Pp_1 — HEIPEPHIBHBIC QYHKIMH JIEMEHTOB {8; J},n j=1-
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CTenneHHOM MeTO BLIYMCJICHHUA MAKCHMAaJIbLHOI0 COOCTBEHHOI'0
3HAYEHUSA MATPHIBI A= A" >0
HNnea merona:
ecn 0< Ay <A, <...< A, 4 <A, = p(A) — coOCTBeHHBIC 3HAYCHUS,

q(l)’ q’(z)’ - q(n)

— COOTBCTCTBYHOIIINC UM COOCTBEHHEIE BCKTOPBI,

1)

oV X° = anCi(n) +a1€|’(1) +... +an_1€|(n (V o; — Hen3BecTHBI!)

A0 = p [anﬁ(n)+(—/1;)1)kan_lﬁ(n_l)+...+(%)ka1€|(l)] ~ o¢ o gM

NG
ARHRO _ pkry ) +(ﬂﬂ_1)k+1 G U +(ﬁ)k+1 L) PR )
p p
k+150
| AR <D, 1 ARHZO o g™

K0 k0
I A™X]| I A™X]|
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UrepanmoHHBIA METO/

)—(»k

=k '’
X ]

Ha3bIBA€TCH CTCIICHHBIM METOJA0OM BbBIYHUC/JICHUA MAKCUMAJIBHOI'O

020 xK1=A k=01 ..

%
co0CTBEeHHOro 3HaYeHust marpunbl A= A" >0:

174 || = p(A), X*—>%X: AX=p-X

3amaua 17.1.

*
Jlana cummeTrpuuHas matpuia A= A",

1. lokasate A(B)=|| All,, +A(A) >0 V¥ A(A).
2. loxazats B=|| A, E+A=B">0.
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1 0
3apava 17.2. Jlana cumMmeTpudHas MaTpuia A = {O 10}.

1. Berancauth €€ cOOCTBEHHBIC 3HAUCHUS M BEKTOPHI:
Aq’(l) _ ﬂl'q(l)’ Aq(Z) =1, ,q’(z)_

2. BEIUMCINTE CTETIEHHBIM MCTOJAOM HpI/I6JII/I)I{€HI/I}I

1 %0
>*<0=U, X'=A—c—u =] |
X [l

3.BLIIIHCJIHTL|22—||7(O l.|=? u |ﬂ/2—ﬂ%|=?.

5(2) 50 5(2) _50
4. Bermemis || jz) - =7 | jz) - ), ="

10 e 11X ]l 107 e X7 ]l
~(2) 71 ~(2) 71
q X q —X
[ e =7 | e =7

1G9, 1% 1G9, 1% ]
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CTeneHHOIi MeTO/I BLIYHCIEHUSI MUHUMAJIBLHOI0 COOCTBEHHOTO
%
3HaYeHuss Matpunbl A= A" >0

B>p(A) = A(B-E—A)=B-A(A)>0
= p(B-E-A)=L—Anin(A).
(nanpumep: S = || All, = p(A))

UTEePANMOHHBIN MPOLECC
~k

Ha3bIBA€CTCH CTCIICHHBIM ME€TOA0OM BbHIYUCJICHUA MUHUMAJIBHOI'O

Sk+1

V20, X k=01 ..

%
co0CTBeHHOro 3HavYeHusi MaTpuubl A= A" >0:

Ifin = B XX | - ﬂminw,
| AX" ||
=<

bopmyna lmm = —> Amin (A) dyume!




3amaua 17.3.

%
Jlana cummeTpuuHas matpuia A= A",

Jloka3ars:

1. A(B)=|| A, —A(A) >0 V A(A).
2.B=|A|,E-A=B*>0.

3. Jnasc(B) = | All, —min (A) 2 0.
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1 0 0
3amaua 17.4. Jlana cummerpuunas matpuiia A={0 10 0 |
_O 0 100_

1. Beruuciauth €€ cOOCTBEHHBIE 3HAYECHUS U BEKTOPHI:
Aq*(l) _ ﬂl'q(l)’ Aq(z) =, °ﬁ(2), Aﬁ(B) =, ,q’(3).

2. BBIUMCINTD CTENEHHBIM METOJ0M MPHUOJINKECHUS

(1) 0
_ _ X N
X0 =|1], x1=(||A||ooE—A)IIXOII n A=Al — 1% L.
L "
_1
3. Beraucimuts | A4 —211|=? u |4 _ A ”OO|=?.

1
X [l
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Tema 18. Mertoa aesieHus nomojiam (OMCeKIum)

3aKoH uHepUMM:
CCJIN A:{ai J}In, j=1 = /A\>l<
T*AT = Dy =diag{d,, d,, ..., d,} — xonrpysHTHOE HpeobpasoBaHue,
rae detT =0,

TO OT MaTpHIBI | He 3aBUCHT curHarypa o(A) marpunsr A:

e 0_(A) — KOTHYECTBO OTPULIATENBLHBIX DJIEMEHTOB,
® 0y(A) — KOTMUECTBO HYJIEBBIX JIEMEHTOB,

¢ 0, (A) — KOIMYECTBO MOJOKHUTEIBHBIX YIIEMEHTOB Ha juaronanu Dy .
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3ameuanmue 1.

Eciu A= A" u det A, #0 V Kk,
10 (13 Teopembl 0 LDU — paznoxkennn 3a KOHEUHOE YUCIIO OIepaIiii)
A=LDL, D=diag{d,, ..., d,},
= (A ={o_(A), 5p(A), o, (A}, op(A) =0
BEIYHCIISICTCS 32 KOHCYHOC YUCIIO OITePAITUH.

3ameuanue 2.
Ecm A= A",
TO (13 TeopeMbl 0 hopme KopaaHa)
A=QAQ , A=diag{/,, ..., 1.},
u(ecmm det A =0 V k) o(A)={c_(A), oy(A), o .(A)}, cp(A)=0
BBEIUHCIISCTCS 32 KOHEYHOE YHCIIO OIepaIii,

rie o_(A) — xommuectBo 4, <0.
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Jlemma 1. Eciin maTpuna A= A" u det A =0 VK,
10 o_(A)=YII3{], det 4, det 4,, ..., det 4, } — aucio mepemeH 3HaKa.
U3 3amevanus 2. = o_(A) =YII3 — konuuecmeso Ay <0.

Unest MeTona ducexkuuii Boranciaenns A € Sp(A)
Mycre A=A, AL<Ah<.<A.

1. 4 elag, byl =[] All, [ All ]

2. Beramcnuts Cy = (85 +by)/2; o_(A—-CcyE)
— KOJIMYECTBO COOCTBEHHBIX 3HAYCHUI MEHBIIHUX C.

ay,Col, eciuo_(A—cgE) =1

3. BaHaTB [al,b_l_] = [ 0 O] ( 0 ) — ﬂ{]_ S [a]_1b_l_]

[Co.1p], ecru o (A—cyE)=0

Yepes K takux 1maros momydnm:

A € [ac by, b —ay = Al 2 > 0.
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Unest MmeTona ducexkuuii Boranciaenus A, € Sp(A)
Myctse A=A, S <L <A,
1. 4y e[3g,b]= [ | All, | Al ]
2. Beraucnutb Cy = (a9 +by)/2; o_(A—-CcyE)
— KOJIMYECTBO COOCTBEHHBIX 3HAUCHHUI MEHBINHUX Cp.
3. 3amats [a;,by] = {[aO’CO]’ com o (A=GE)=N o lanb]
[Co.0p], ecru o _(A—cyE)<n
Yepes K Ttakux maros momyunm:
n €l b ], b —a =]l All, /2 0.
3agaya 18.1.
Mycte A=A, K< <..<A.

[ToctpouTs cxemy Bhruncnenns A; € Sp(A).




IlpuBeaenue BeIeCTBEHHOU, CHAMMETPUYHON MATPHUIBI K
TPEXJAUArOHAJIHLHOMY BH/Y OPTOrOHAJBHBLIM NPe00pa3oBaHueM MOA00US C

3agana marpuia

IMOMOIIBI0 MATPHUII BPaIlleHU S

d1p 3 djg
dpp dp3z dyy
dz3, dz3 dzg

dgo 943 dy4
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1—# mar.

1.1. Ctpoum matpuiy BpamieHus Q; 3!

A1 Yo
X X
A =
Q2,3 0 v
d41 Q42

1.2. Ctpoum matpuny BpameHus Q; 4.

Q,4[Q23A] =

X

A1 o 43 g

X
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X
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1.3. Beruuciasgem:

Il
>,

A= [Q2,4Q2,3]A[Q2,4Q2,3]T =




2—H 11ar.

1.1. Ctpoum matpuiy BpameHus Qg 4:

Q34A =

1.2. Beraucnsem: Qg 4 Ang 4=

(1
ajy

0
0

(1
a7

1
ag)

0

0

1
a3

) (1
as] a5}

X

0
1
a3
1
a5

X

0

X

X

X

X

X

=A = A,
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— TpéXIMaroHaibpHas, CAMMeTpuuHas Matpuna B = A,.




3amaua 18.2.

Ilyctb A= AT, Q — opTroroHalibHas MaTpHIia U

B=QAQ' =

Jloxasate SP(A) = Sp(B).

3agaya 18.3.
[Tycts B 3amave 18.2 b, =0.

Jloxasate SP(A) = Sp(B) = Sp{

dq

oy

dq

oy

b,
dy
b,

oy

do

o

b,
az by
b; a, |

D3 by
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SAxko0ueBbI MATPUIIBI

BemecTBeHHas, CAMMETpUYHAS, TPEXIMATOHAJIbHAA MATPHUIIA

a b
a b
B = b2 b , by #0, b, 0, by 0,
b, a; b
I b3 a4
Ha3KIBAETCI AKOOMEBOM.
3amgaua 18.4.
(det BO = 1, det Bl — al,
det Bz — a2 det Bl—blz det Bo,
Jlokazars <

det B3 — a3 : det BZ — b22 det Bl’
detB, = a, -detB; —bg - det B,.
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3amaya 18.5.
(detB,; =0 = detB,-detB, <0,
detB, =0 = detB;-detB; <0,
JloKa3arh -
detB3 =0 = detB,-detB, <0,
detB, =0 = detB;#0.
3anaua 18.0.
Jlokazars:
COOCTBEHHBIC 3HAUCHUS IKOOMEBOM MaTpuIlbl B mmomapHo pa3andHbIc
(rpocTEIe).
Yka3zanue.

Pa3zmepHOCTb A1pa CUMMETPUYHOI sikoOueBoi MaTpulel B, =B - AE
COBIIaJaeT ¢ KpaTHoCThI0 A € SP(B).
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Teopema 0 KOJMYECTBE OTPUIIATENBHBIX COOCTBEHHBIX YHCEIL.
[Tycte B =tridiag{b,_,8;,b, } — ssxo6meBa marpuna,
TOTJa KOJIMYECTBO OTPHIIATEILHBIX COOCTBEHHBIX YHCEI

o_(B) =YII3{1, det B}, detB,, ..., det B},
ecim det B, =0 npumnucars 3nak det By ;.

3amaua 18.7.
BbI4uCIUTh KOJIMYECTBO OTPULIATEIIBHBIX COOCTBEHHBIX YHCE]I MATPHIL;
(2 1 | 0 1 | (1 1 |
1 2 1 1 0 1 1 1 1
a) B = ,0) B= ,B) B =
1 2 1 1 0 1 1 1 1
i 1 2_ i 1 O_ i 1 1_
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BoIiunciieHne COOCTBEHHOT0 BEKTOPA
3agaya 18.8.
[TocneaHsst KOMIIOHEHTa COOCTBEHHOI'0 BekTopa X. BX = AX,
sikobueBoit matpunsl B =tridiag{b;_;,a;,b; } e paBna nymo.
3agava 18.9.
Jloka3ars:
coOCTBeHHBII BeKTOp X sikoOueBoit matpuisl B =tridiag{b;_;,a;,b; }
MO>KHO BBIYHCIIHUTH 110 (hOPMYyJIaM
Xp =1
Xn-1 = _(an —4)- Xn /bn—l
Xn—2 = _[(an—l —A4) Xp-1 T bn—l ' Xn] / bn—2




