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TOJIKOBBIM CIIOBaph TEPMUHOB II0 Kypcy «BpramciurenbHble METOABl JUHEHHOU
anreOps» pa3zpaboTaH B COOTBETCTBUU C TPEOOBAHUSIMU K 00SA3aTEIBHOMY MUHUMYMY
colepKaHUsT M YPOBHIO  MOJATOTOBKM  JUIUIOMUPOBAHHOTO  OakajaBpa IO
npodeccruoHaTbHOMY HUKITY AUCIUIUIMH (0a30Basi 4aCTh) MO HAMPABIECHUIO 11OITOTOBKU
«MaremaTtuka», a Takke 3aJadamu, crosmuMud  nepen  HoBocuOupckum
rOCyJJapCTBEHHBIM YHHUBEPCUTETOM N0 peanu3anuu lIporpammser pazsutus HI'Y kak
HAallHOHAJIBHOTO ~ HCCIIEIOBATEIIbCKOIO  WHCTHUTYTa W COTPYJHHUYECTBA  C
X3UMyHI3IHCKUM yHUBEpcUTETOM (XapOuH, Kutaiickas HapoiHas pecimy0JiKa).
Ilopsnoxk cnemoBanusa crared  «TONKOBOro cimoBaps TEPMHUHOB II0  Kypcy
«BpluucnurenbHble  METOABI  JIMHEWHOM — anreOphl»  COOTBETCTBYET  HOPSAKY
ONpENEIICHNS] U YIIOMUHAHNSI TEPMHUHOB B TEKCTE JIEKIHUN IO Kypcy «BrraucnurensHbie
MEeTOABl JIMHEHHON anreOpe». B crarthsax «ToJKOBOTO cCloBaps TEPMHHOB IO KypCy
«BbryuciauTenpbHble METOJIbl JIMHEHHON anreOpbl» HCHOJIb30Bajlach HMHQOpMAIUs U3
crareii cBOOOHOM sHIMKIoNeaun «Bukunenes»: http://ru.wikipedia.org/.

ABTOD:
Manokun Anekcanap Muxainosuyd, 1.¢.-M.H., JOLEHT, mpodeccop Kadeapbl
BprunciaurenbHON MaTeMaTUKH.

MexaHuko-mMaTeMaTUYeCKuil (haKyJabTeT
Kadenpa BreruncnurensHOM MaTeMaTUKU
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®annees JImutpuii Koncranrunosuu (30.06.1907 — 20.10.1989)
— COBETCKUN MaTeMaTHK, YJIEH-KOPPECIIOHAEHT AKaJeMUU HayK
CCCP, OcHoBHbI€ pabOTHI 110 TEOPUHU YHUCEI, anreodpe,
BBIYUCIIUTEILHON MaTeMaTuke. B o0mactu mpuOInKEHHBIX U
YUCJICHHBIX METOJI0OB OOJIBITMHCTBO pa0OT YUEHOTO MPUHAIIICIKUT
K MPUKJIAIHBIM 33/1adaM JJUHEHHOU alreOpshl.

danneeBa Bepa HukosaeBna (20.09.1906 — 15.04.1983) —
W3BECTHBIA YUCHBIN 110 YMCICHHBIM METOIaM JTUHEHHOM anreOphl.
Ero Opla HammcaHa mepBasi B MUPOBOH JIMTEpaType MOHOTpadus
Ha ATy TeMy (1950 r.). [To3aHee aTa MoHOTpadus ObuIa €10
CYILIECTBEHHO paclIipeHa B COTpyAHUYECTBE ¢ [IMuTpuem
KoncrantunoBuueM PajieeBbiM; HOBast MOHOTpadust Obuta
nepeBe/icHa Ha MHOTHUE s13bIKU. [IOMUMO 3TOM YHUKAJIbHON KHUTH,
cynpyru @ajjeeBbl BHIMOIHWIN Pl 3HAYUTEIBHBIX padOT 10
YUCJICHHBIM METO/IaM JIMHEHHOM anreOpshl.

X oARALRE. -
{/luomnu ‘ "

YHukanbHas MOHOTpa(us JICHUHTPAJCKUX YIEHBIX
(cympyroB JI.K. ®anneesa u B.H. ®anneesoit) —
MPAKTUYECKU JTYUITUN YYeOHUK 110 BEIYUCTUTEIHHBIM
METO/IaM JIMHEWHOM anreOphl 0 HACTOSIIIETO BPEMEHH.
Momnorpadus mocBsIIeHa N3T0KCHUIO BEIYACITUTETHHBIX
METOJIOB JIJISl PEIIEHUS] OCHOBHBIX 3a7a4 JIMHECUHOMN
anreOphl: pelIeHne CUCTEMbI JIMHEWHBIX ypaBHEHUH,
oOpallleHre MaTpUIlbl, PEIICHUN MOTHON ¥ YaCTUYHOU
npo0JieM COOCTBEHHBIX 3HAUCHUH.




IpsamoyrosibHast | N XM TabIuIa BEMECTBEHHBIX WIJIM KOMIUICKCHBIX YHCE
MaTpHIa a4 a1 m
_ _ n m
Anm = = (2 j)iz1,ju1
an,1 an,m
u3 N CTpOK U M CTOJIOLOB.
KBaapaTtnas | kBajgparHas N xN TaOIuUIa BEIIECTBEHHBIX WX KOMIUICKCHBIX YHCEIT
MaTpHIa a1 a
_ _ n
Apn = = (@ j)i j=
an,1 an,n

u3 N CTpOK U N CTOJOIOB.

Onpegenurenn (nerepmunant) | detA.

KBaJApaTHO MaTpuubl A

Oo0paTHas maTpuna

BekTop-cTonbden
X1

u3 N cTpok u 1-ro cronbia.

BekTop-cTpoka

X=[Xy ... Xu]
u3 1-oit cTpoku U N cTOOIOB.

CoOcTBEHHOE YHCJI0
(3HaueHue) A u
COOCTBEHHBII BEKTOP
X # 0 kBaapaTHOii
MaTpuubl A

ecrn detA =0, 70 IAL: ATA=A-A1=E,

nx1 Ta6J'II/II_[a BCIICCTBCHHBIX NJIN KOMIIJICKCHBIX YHCCJI

1x N Tabnuia BEneCTBEHHBIX WM KOMIUIEKCHBIX YUCE

pelieHue crekTpaibHoi 3amaun AX = A - X.

XapakTepucTUHYeCKUN OJTMHOM
KBaJipaTHOi MaTpuubl A

P(L)=det(A—A-E), xopuu mnomunoma P(L)

SIBIIIFOTCSI COOCTBEHHBIMH YHCJIaMH MaTpHUIlbl A.

Cuexrp Sp(A)
KBaJpaTHOi MaTpuubl A

MHOKECTBO COOCTBEHHBIX YHCENI MAaTpUIbl A .




Cnextpanbnblii paguye p(A) | p(A)= max |A].

KBaJpaTHO# MaTpuibl A

AeSp(A)

I'epuuropun

Cemén Aponoswuu ['epmropun (24.08.1901 —
30.05.1933) — coBeTckHii MaTeMaTHK, pabOTaj B
00J1aCTH PUKIATHON MAaTEMATHUKH, aBTOP
3aMeuaTeNIbHBIX TEOPEM O JOKATU3aLUN COOCTBEHHBIX
YU CeJl TPOU3BOJIBHOM KBAaAPATHOU MaTPHULIBI.

Kpyru I'epuuropuna
KBaJApaTHO MaTpuubl A

MHO>XECTBO TOUCK HaA KOMHHGKCHOﬁ IIJIOCKOCTHU C
Si={z=x+1i-y:|z-a;|<Rj}

€ a;; — JMaroHaIbHbIN 2JIEMEHT MaTpHUIBl A,

Ri=laj|+.+3j i [+]8j i | +-Flajn| — cymma

MOI[y.Heﬁ OCTAJIBHBIX DJICMCHTOB | 'TOﬁ CTpOKI/I

MaTpHIbI, Ha3bIBaeTCs |-TBIM Kpyrom [epmropuna c
LIEHTPOM B Touke a;; € C m paguycom R;.

Jlemma I'epmiropuna o

MHOKECTBO SP(A) COOCTBEHHBIX YHCEN MATpUIBl A

JOKAIM3ANMH COOCTBEHHBIX | pyiHaICKHUT 00BEIMHEHNIO KpyToB I eprroprHa:

ypceJ MaTpuibl A

sp(A) = J:,Si

IIpeoGpa3zoBanue moaoodust

KBaJAPaTHO! MaTpuibl A

BBIYUCIICHHE MATPHUIIBI A:Q_lAQ, rme Q -
MaTpuIla Npeoopa3oBaHus MOI00US.

Kopnan

Mapu DOumon Kamune (Kamwmi) Xopman (Marie
Ennemond Camille Jordan, 5 suBapst 1838 — 22 sHBaps
1922) -  ¢paHmysckuii  MaTeMaTHK, HM3BECTHBIH
Oyiaroapsi cBOUM (pyHJIaMEHTAIILHBIM paboTaM B TEOPUU
"! rpymn U «Kypcy ananuza». On poawics B JInone u
yumics B [lonmurexnuueckoil mkose. [To oOpa3oBanuto
XKopman ObLT WHXXEHEPOM; IIO3KE OH IMpernojaBal B
[Tonurexnuueckoit mkosie u Komnex ge @pauc.



http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0

Kopaanosa ¢popma

cymectByeT Matpuiia Q mpeoOpa3oBanus noa00wus

KBaHpaTHOﬁ MaTpuUbI A MaTpHIbI A Takast, 4To

A, 0 O
A=0Q7'AQ=|0 . 0 | rtme
0 A
N 1 0 0]
A = 0 0 % €Sp(A).
0 0 & 1
0 0 0 Ay

Kopnanosa ¢gopma

KBaJApaTHO MaTpuubl A

V € > 0 cymectByer Marpuia Q. npeobpasoBaHus
noa00us MaTpuibl A Takasi, 9To

A, 0 0
A, =Q'AQ,=| 0 . 0 | rze
O Am,S
A € 0 0]
A= 0 O cspeay.
Tlo 0 A e K
(0 0 0 Ay

TpancnonupoBannast | \orpung C = (A, ;) HasbiBacTCs TPaHCIIOHMPOBAHHOI
MaTpuua ’ ’
K Marpune Ay !
al’l cee al,m al,l eee an,]_
— T_
Anm=| = = o | (Apm)T =
an,l coe an,m al,m “oe an,m
CumMeTpu4Has KBaJpaTHas MaTpuia A, , Ha3bBACTCS CHMMETPHYHOI, €CITH
MaTpuua

An,n = (An,n)T-




ConpsizkeHHasn
MaTpuna

* )
matpuna Cq o =(A ) HasbBaeTcsa CONMPSIKEHHOM K MaTpHIle

Anm:

|

a1 - dm g nl
%k
Anm=] - = |, (Apm) =
an’l coe an’m al,m cee §n1m
Camoconps:keHHas KBaJpaTHas Matpuma A, Ha3bIBAETCA CaMOCONPSKCHHOM,
MaTpHIa —
*
An,n = (An,n) .
Kopaanosa ¢popma CYIIIECTBYET YHUTapHas (OpTOroHaabHast) Matpuiia Q
CaMOCONPIRCHHON (Ql= Q") mpeobGpasoBannus momo0Hs MaTpUIEl A
MaTpunbl A
A 0 0
takas, ato A=Q1AQ=|0 "-. 0 |, e
A = Red, € Sp(A) — cobcTBeHHbIE YnCITa MATPHITHL.
Bekropnoe Xq
NPOCTPAHCTBO - .
MHO>KECTBO BCEX BEKTOPOB X =
Xn

Hopma BekTOpa

uucio || X ||:

(BexTopHasi nopma) | 1. [|X[|>0, [|X||=0 < X=0;

2. fo- Xl =lo]-[[X]l, Va,
BAIX+YI<IX+1YIl VX Y.

EBxiaua

EvkAeidng (~ 300 rox 1o H. 3.) — ApEeBHETPEYECKUH
MaTEMaTHK, aBTOP IIEPBOTO M3 JOIIEIIINX 10 HAC
TEOPETUUYECKHUX TPAKTATOB 110 MAaTEMATHKE.

EBkiinioBa Hopma

BeKTOpa

yucno || X ||, = \/| Xq |2 +o | X, |2 — JUTMHA BEKTOPA.




Hopma maTpunsr A,
NOJYNHEHHASA

gucno || A || = max

[ AX]].
%20 || X||

BeKTOPHOii HopMme || X || LIA[>0, [A]|=0 < A=0:

—

2. lo-All=lal-I Al Vo,
3.IA+BlI<[IAll+IB];

4 |A-BlI<lIA-lIBI.

Hopma marpunsr A,
NOXYHHEHHAS eBKJIMI0BOM
BeKTOpHOU HOopM™e || X ||,

ancio || A, = p(A*A).

YeObimen » ‘ [apuytnii  JIsBoBmu Yebbmmes (16.05.1821 —
A ?g | 8.12.1894) — Benmukuii pyccKuii MATEMATUK ¥ MEXAHHK.
N

YedbIuieBcKast aeno || X ||g =Xy |+..+] X, |-

HOpPMAa BEKTOpa

PaBHoMepHast aucno || X ||, = max | Xy |.
1<k<n

HOpMa BeKTOpa

Yucs0 00yca0BJIEHHOCTH
MaTpuubl A

qucio Cond A =] Al-|| A7

CkajisipHoe npousBeieHre
BEKTOpPOB

upucio (X, Y):

EBKIMI0BO CKAJIAPHOE
NPou3Be/IeHNE BEKTOPOB

YqUucCcJio ()_{, y)z :Xl'yl'l‘XZ'yz +...+Xn °yn.




Jlarpanax

XKozed Jlym Jlarpamx (Joseph Louis Lagrange,
25.01.1736 — 10.04.1813) — ¢panmy3ckuii MaTeMaTWK,
MEXaHUK U aCTPOHOM.

BHEcC rpaHaMo3HBIM BKJIAA B PA3BUTHE AHAIN3a, TEOPUH
9KCceN, TCOPUU BEPOSTHOCTEH W YHUCIICHHBIX METOJOB,
CO3J1aJI BApUALlMOHHOE UCYECIICHHUE.

Toxnecrso Jlarpanka (A%, V), = (% A'Y), VX, V.

Buxtop SkosneBumu Bymskosexmit (15.12.1804 — 12.12.1889) -
POCCHIMCKHMIA MaTeMaTHK YKPAaMHCKOTO IPOMCXOKICHHS, BHIlC-
npe3uaeHT Poccuiickoli akagemun Hayk (1864—1889).

Oriocten Jlyn Komm (21.08.1789 — 23.05.1857)— Benukwmii
dpaHIly3cKuii MaTeMaTUK W MeXaHWUK, wieH [lapmkckoil akagemuu
Hayk, JIoHZOHCKOTO KOpojeBckoro oOmectBa, IleTepOyprckoi
aKaJeMUU HayK U IPYyTUX aKaJeMUU.

HepasencrBo Komn-ByHsikoBeKoro | cBsa3biBaeT ckanspHoe npoussenenue (X, Y)u

HopMmy || X || = ,,f()*(, X) BEKTOPOB:
| (%, 9) [ < (% %) (7, ) -

IpMuUT

Iapns Dpmur (Charles Hermite; 24.12.1822 — 14.01.1901)
— dpaniry3ckuit Mmatematuk. Ysnen [lapukckoii akanemMun
Hayk ¢ 1856 rona, unen-koppecnonaeHT (1857) u noyeTHbIi
uieH (1895) [lerepOyprckoil akageMun HAyK U

WHOCTpPaHHbIN wieH JIOHTOHCKOTO KOPOJIEBCKOTO O0IIeCTBa
(1873).

OpmuroBa (kBagpatu4Has) | pyukuus (AX, X),: V X
dopma matpuuet A=A |5 L (A). (%, X) 5 < (AX, X) 5 < Aoy (A) (%, X) 5,

Amin = Min A, A = max A.
HAS fmin = ey M T LeoiA)
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http://ru.wikipedia.org/wiki/15_%D0%B4%D0%B5%D0%BA%D0%B0%D0%B1%D1%80%D1%8F
http://ru.wikipedia.org/wiki/15_%D0%B4%D0%B5%D0%BA%D0%B0%D0%B1%D1%80%D1%8F
http://ru.wikipedia.org/wiki/15_%D0%B4%D0%B5%D0%BA%D0%B0%D0%B1%D1%80%D1%8F
http://ru.wikipedia.org/wiki/12_%D0%B4%D0%B5%D0%BA%D0%B0%D0%B1%D1%80%D1%8F
http://ru.wikipedia.org/wiki/1889_%D0%B3%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%A3%D0%BA%D1%80%D0%B0%D0%B8%D0%BD%D1%86%D1%8B
http://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D0%B9%D1%81%D0%BA%D0%B0%D1%8F_%D0%B0%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA
http://ru.wikipedia.org/wiki/21_%D0%B0%D0%B2%D0%B3%D1%83%D1%81%D1%82%D0%B0
http://ru.wikipedia.org/wiki/21_%D0%B0%D0%B2%D0%B3%D1%83%D1%81%D1%82%D0%B0
http://ru.wikipedia.org/wiki/21_%D0%B0%D0%B2%D0%B3%D1%83%D1%81%D1%82%D0%B0
http://ru.wikipedia.org/wiki/23_%D0%BC%D0%B0%D1%8F
http://ru.wikipedia.org/wiki/23_%D0%BC%D0%B0%D1%8F
http://ru.wikipedia.org/wiki/23_%D0%BC%D0%B0%D1%8F
http://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B0%D1%8F_%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA
http://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B0%D1%8F_%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA
http://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B0%D1%8F_%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BE%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%82%D0%B5%D1%80%D0%B1%D1%83%D1%80%D0%B3%D1%81%D0%BA%D0%B0%D1%8F_%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%82%D0%B5%D1%80%D0%B1%D1%83%D1%80%D0%B3%D1%81%D0%BA%D0%B0%D1%8F_%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA
http://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B8%D0%B7%D0%B2%D0%B5%D0%B4%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.wikipedia.org/wiki/%D0%9D%D0%BE%D1%80%D0%BC%D0%B0_(%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0)

IHosoXuTEeILHO-
omnpeaeJIeHHASI MATPHULIA

A>0

*
kBajpaTHas matpuiia A = A" Ha3bIBaeTCs
nojoxureapHo onpeaenendoi (A > 0) B mpoctpaHcTBe
KOMILIEKCHBIX BEKTOPOB, ecim (AX, X), >0 V X #0.

BelecTBeHHas KBagpaTHas Matpuiia A = A"
Ha3bIBACTCS MOJIOXKUTENBHO onpezeneanoi (A > 0) B
IPOCTPAHCTBE BENIECTBEHHBIX BEKTOPOB,

ecm (AX, X), >0 V X #0;

A>0 < C=A+AT=C*>0.

JHepreTuyeckKoe
CKaJIsIpHOE NIPOU3BeCHIE

(%, Y)a = (AX, 7)2, A=A">0.

JHepreruyecKas
BEKTOpHAsi HOpMA

| X]|a= (X, ¥)a, A=A">0.

I'naBHbIH MUHOP
KBAJPaTHON MATPHUIbI

det Ay = det
A1

ay 1
_ n
matpuubl Ap = = (ajj)ij=1-

an,l

CuabBectp

Jlxenime Jxozed CumbecTp

(James Joseph Sylvester; 3.10.1814 — 15.03.1897)

— aQHTJIMACKUI MaTeMaTHK, U3BECTEH CBOUMH padOTaMu
B TEOPUU MATPUII, TCOPUHU YUCETT U KOMOMHATOPUKH.
OcHoBaTeNnb aMEpUKaHCKOT0 MaTEMAaTHYECKOTO
KypHaJa.

Kpurepnii CunbBectpa

CoOCTBEHHBIC YHCTIA CAMOCOIPSKEHHOM MATPHUIIBI
MOJIOKUTEIIbHBI TOT/IA M TOJIBKO TOT/A, KOT/1a BCE €€
TJIaBHBIC MUHOPBI TTOJIOKUTEITHHBI.

Cucrema JIMHEHHBIX
ajireOpanvecKux
YPaBHEHM U

AX =

A= (ai, J),n j=1 — 3aJaHHas KBaJpaTHas MaTPHUIa,

—

b, rne

b, X1

— 3aIaHHBINA, X = — HEU3BECTHBIN BEKTOPBI.




IIpsaMbie MeTOABI
pelIeHs] CUCTEMBbI

—

AX=Db

(bopMyJIbl, ATOPUTMBI BHIYMCIICHHS PELICHUSI CUCTEMBI 32
KOHEYHOE YUCII0 apupMeTUIECKUX JAeHCTBUM (omeparuit).

Kpamep

[a6puans Kpamep (Gabriel Cramer, 31.07.1704 —
4.01.1752)) — mBeinapckuii MaTeMaTHK, OAUH U3
co3fiaTenel TMHEHHON anreOpsl.

Metoa Kpamepa pemenust

CHUCTEMBbI JINHEHHBIX
ajireOpanvecKux

ypaBHeHuii AX = b

(opMyIibI 1711 HeM3BECTHBIX X cucTeMbl AX =D

1 K K)
X, = ——-det Al ), TI€ MaTpUIA AK) onyuena
“ 7 detA P yti

samenoi K -ro cron6ua matpunpsr A Ha BexTop D .

HuxHe-TpeyroabHas
MaTpuua

i ... 0

KkBagparHas NxN marpuna L = C HYJIEBBIMU

In,1
dJIEMEHTAMM BEIIIE IIaBHOM JUATrOHAIIN.

BepxHe-TpeyrosibHas
MaTpuua

kBagpaTHas NxN  wmarpuma U =| : . C

HYJICBBIMHU 2JICMCHTAMU HHIKC rJIaBHOM JuaroHaliu.

I'aycc

Kapn ®puapux IMaycc (30.04.1777 — 23.02.1855) —
HEMEIKUH MaTeMaTHK, MEXaHUK, (PU3MK U acCTPOHOM,
BEIIMYAMIIMKA  MAaTEMaTHUK BCEX  BPEMEH,  «KOPOJb
marematukoB». Jlaypear wmemamum  Kommm  (1838),
uHocTpanHbiii uneH IBenckoit (1821) u Poccuiickoi
(1824) Axkamemuii Hayk, anrmiickoro Koponesckoro
oO1recTBna.

Metoanbl I'aycca uckiIr04YeHust
HEU3BECTHBIX CHCTEMBbI
JINHEHHBIX aJIredpanvdecKux

ypaBHenuii AX =D

noctpoenne paznoxenuss A= L-U wu mocnenyroree
pemenue cucrem: LYy =b, UX =V, rne L — nuwxnas
TpeyroibHas, U — BepxHss TpeyroibHas MaTPHUIIBL.
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http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%B7%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%90%D1%81%D1%82%D1%80%D0%BE%D0%BD%D0%BE%D0%BC
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D0%B0%D0%BB%D1%8C_%D0%9A%D0%BE%D0%BF%D0%BB%D0%B8
http://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%BD%D0%B4%D0%BE%D0%BD%D1%81%D0%BA%D0%BE%D0%B5_%D0%BA%D0%BE%D1%80%D0%BE%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%BD%D0%B4%D0%BE%D0%BD%D1%81%D0%BA%D0%BE%D0%B5_%D0%BA%D0%BE%D1%80%D0%BE%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%BD%D0%B4%D0%BE%D0%BD%D1%81%D0%BA%D0%BE%D0%B5_%D0%BA%D0%BE%D1%80%D0%BE%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE

Metoas! I'aycca uckioueHus

HEHU3BECTHBIX CUCTEMBI
JIMHEMHbIX a.ﬂreﬁpanquKnx

ypasuennii AX = D: cxema
eIMHCTBEHHOIO JeJIeHHsI

noctpoenue paznoxenus A= L-U wu nocrenyromee

—

pemenne cuctem: Ly =b, UX =V,

rae L — mwkHsas TpeyrombHas mMarpuia,

U — Bepxuss TpeyrojbHas MaTpUIA, IMATOHAILHBIE
3IIEMEHTHI KOTOPOI PAaBHEI €IUHUIIE.

XoJgeccKkui

Anpape-Jlym  Xomecckuéi  (Andre-Louis  Cholesky,
15.10.1875 — 31.08.1918) — (paHiry3ckuii BOCHHBIMH
oduIep U MaTeMaTHK.

Paszno:xenune XoJjecckoro
(MeToa KBaApaTHOIO
KOPHS)

—

pasnoxenne Matpullbl cucreMbl AX = D B Buze
. D
A=L-L wunocnenyromee pemenue cucrem: Ly =b,

* > —
L' X =y, rne L — HiokHss TpeyrojbHas MaTpHIia ¢
MOJIOKUTENIbHBIMU JUAaroHaIbHAMU DJIEMEHTAMH.

JJleMeHTapHAasA MATPHUIA
BpaieHusi (I0BOPOTA)

OpTOroHallIbHad MaTpuia Qk | » SJICMCHTBI KOTOpOﬁ

PaBHBI JICMCHTAM GI[HHHqHOﬁ MaTpHuIbl 3a
HNCKIIFTOUCHUCM IBYX JHAI'OHAJIbHBIX U JIBYX
BHCOAHMAroHaJbHBIX 3JICMCHTOB:

Q1) k =¢€0se, (Qx )k =—sino,
Qi hk =sing,  (Q;) =cose,
7€ @ — yroJj IMoBopoTa B IIIOCKOCTH X, X -

Metoa BpaumeHui
pemenus cucrembl AX = b

npeoOpaszoBanue cucreMbl AX = D ¢ momorpro
MIOCJIEI0BATEIPHOTO YMHOKCHHUS Ha DJIEMEHTapHBIC
MaTpuIlbl Bpamiennii Kk Buay RX = ¢, rme R — BepxHsis
TpEyroJbHAs MaTPHUIla, U PEIICHNE TTOJTyYCHHOM
CHCTEMBI.

JJieMeHTapHas MATPUIA
OTpaKeHUsl

k
oproronansHas Matputia H, =E-2-0 -0,
rJe ® — BEKTOP-CTOJIOEI ¢AMHIUYHOMN THHBI

MeToa oTpaxeHui
pemenusi cucreMbl AX =D

npeobOpaszosanue cucreMbl AX = D ¢ momorpro
MIOCJIEI0BATEIHHOTO0 YMHOKECHHUS Ha DIIEMEHTAPHBIC
MaTpHIel oTpaxkeHuil K Buay RX = 0§, rme R — Bepxuss
TpEyroJibHasi MaTPUIA, U PELICHUE TTOTyYEHHOM
CHCTEMEL.
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HNrepaunoHHbie METOABI
pemenusi cucreMbl AX =D

(bopMyIIBI, ANTOPUTMBI TTIOCTPOSHUST OECKOHETHON

o rokyo
nocesioBarebHoCTH npubmmkernit {X- h_g K

PCUICHUIO CUCTCMBI,
KaHOHHUYCCKAas CI)OpMa OHOIIAroBOro UTCPaAruOHHOI 0O
METOoAAa:

X0 saman, XK1 =xK —H, (AXK-b), k=0,1, ...,

rje Matpuisl (oneparopbl) Hy 3amaHsl

BekTop omumndku, MaTpuna
HIara JJifl OIuoKu
UTEePAIMOHHOT0 METOAA

pemenusi cucreMbl AX =D

=xK-x - BEKTOp OIIHOKH:

=7k _H,AZ% k=01 ..,
Sy = E—H{A — marpuna mara ommoku
OJIHOIIIArOBOI'0 UTEPAIIMOHHOIO METO/IA.

BeKTOp HEBSI3KN, MaTPpHIIA
mara aJjisst HeBA3KH
HTEPANUOHHOIO METOAAa

pemenusi cucreMbl AX =D

=A% -b - BEKTOP HEBSI3KU:

P = vk AH Y k=0,1, ...,
Ty = E— AHy —matpua mara it HeBS3KH
OIHOIIATOBOTO UTEPALIMOHHOTO METO/A.

CxoauMocCTh
UTEPAIMOHHOT0 MEeTO/Aa

—

pemenusi cucreMbl AX =D

WTEPALMOHHBIA METO:
X0~ saman, XK =xK —H, (AXK-b), k=0,1, ...,

HA3BIBAETCS CXOMSAIINUMCS, eclu V %0 lim zX = 0.
k—w

CraunoHapHbIi
O/THOLIATOBbIM
UTEePALMOHHBIN METO

pemenus cucrembl AX = b

— OJIHOIIIArOBBIM UTEPAIMOHHBIA METO/;
X° _sapan, XK =K —H(A%* -b), k=0,1, ...,
rae marpuia H 3amana u ne 3aucur ot K.
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JlocTaToyHbIe yCI10BUA
CXOAUMOCTH
CTAIlHOHAPHOIO
OJHOLLIATOBOI'0
UTEPALMOHHOI0 MeToAa

Teopema 1. OnHOIArOBBINA UTEPALMOHHBIA METOI:
vkl _ k LU

—H(AX" -b), k=0,1, ...,
CXOJIUTCS, €CJIH JIJI1 HEKOTOPON BEKTOPHOU HOPMBI
|| Z||. momunnennas eit Hopma MaTpuILBI IIara

XO — 3aaH, X

S =E - HA s ommboku 7K MEHBIIIE €NHNLIBI:

pemenusi cucreMbl AX =D
Sz
o || Z]l.
TeopeMa 2. OHOIIAaroBbIN UTEPALMOHHBINA METO/;
X0 saman, X< =K —H(AXK -b), k=0,1, ...,
CXOJIUTCS, €CJIH JIJI1 HEKOTOPON BEKTOPHOW HOPMBI
|| T ||x: moguuHenHas eii Hopma MaTpuIB IIara
T=E-AH J:[JI;I HEBSI3KU K MEHBILIE SIUHUALBL:
|| ||**
Heo0xoaumoe u
AOCTATOTHOC yCJIOBHC Teopema. OHOIIATOBBIA UTEPALMOHHBINA METOI:
CX0IMMOCTH -0 k+1 k -k T .
CTAIHOBAPHOTO X~ —3amaH, X H(AX" -Db), k=0,1, ...,
OHOIIATOBOTO CXOJHUTCS, €CIIM CIIEKTPAIBHBIM PagryC MATPHUIIBI IIIara
HTEePALHOHHOTO METoa S=E—-HA s ommbku menbire exuanmpt: p(S) <1.
pemenus cucrembl AX = b

Sxoon

Kapn T'ycras $iko6 SIko6u (10.12.1804 — 18.02.1851)
— HEMEIKHM MaTeMaTuk. BHEC OorpomMHbId BKIajg B
KOMILJIEKCHBIM aHANIN3, JIMHEHHYIO anre0py, IMHAMUKY U
JIpyrue pasfaeibl MaTeMaTUKM U MEXaHUKu. YieH
Bepnunckoir akamemuu Hayk (1836), JloHmoHCKOro
KopoJieBckoro obmiectBa (1833), uieH-KOppPECTOHACHT
[Tapmxckoit akagemuun Hayk (1830), UHOCTpaHHBIN YJICH-

koppecnioraeHT IletepOyprekoit Axagemun Hayk (1830), unen Benckoi
(1848) u unen-koppecnonaeHT Maapuackoit akagemuii (1848).

Metoa SIko0u pemienust
cucremsl AX =D

— OJTHOLLIArOBBIA UTEPALITMOHHBIN METO/:
X0 saman, X =K —D1(A%XK -b), k=0,1, ...,
rne D =diag(a;y, ..., ap ) — Anaronans MaTpumsr A.
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http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BB%D0%B5%D0%BA%D1%81%D0%BD%D1%8B%D0%B9_%D0%B0%D0%BD%D0%B0%D0%BB%D0%B8%D0%B7
http://ru.wikipedia.org/wiki/%D0%9B%D0%B8%D0%BD%D0%B5%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B0%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%BD%D0%B0%D0%BC%D0%B8%D0%BA%D0%B0_(%D1%84%D0%B8%D0%B7%D0%B8%D0%BA%D0%B0)
http://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D0%B8%D0%BA%D0%B0
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B0%D1%8F_%D0%B0%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA
http://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%BD%D0%B4%D0%BE%D0%BD%D1%81%D0%BA%D0%BE%D0%B5_%D0%BA%D0%BE%D1%80%D0%BE%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%BD%D0%B4%D0%BE%D0%BD%D1%81%D0%BA%D0%BE%D0%B5_%D0%BA%D0%BE%D1%80%D0%BE%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%9B%D0%BE%D0%BD%D0%B4%D0%BE%D0%BD%D1%81%D0%BA%D0%BE%D0%B5_%D0%BA%D0%BE%D1%80%D0%BE%D0%BB%D0%B5%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE
http://ru.wikipedia.org/wiki/%D0%A4%D1%80%D0%B0%D0%BD%D1%86%D1%83%D0%B7%D1%81%D0%BA%D0%B0%D1%8F_%D0%B0%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA
http://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%82%D0%B5%D1%80%D0%B1%D1%83%D1%80%D0%B3%D1%81%D0%BA%D0%B0%D1%8F_%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D0%B8%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA

Matpuna A co | [ | <R;

=[ajq |+t ]ajig [+ | +t]ajn

CTPOrUM .
p i=12..,n
AMATOHAJIbHBIM
= [|S]l,<1 =
npeodJagaHueM -
o CTPOKaM metoz Skoou pemenus cucteMbl AX = D cxoaures.

Matpuua A co | |a;;|<R;

1=12, ..
= ||Tl; <1 =

CTPOTUM
ANATOHAJIbHBLIM
npeodJagaHueM

=lay;|+..+lajgjl+lajjl+.+lag ]

n

1o CToI0HaM meroz Skoou pemenus cucteMbl AX = D cxoaures.

3eiigenn

®unvnn JTroasur 3eiaens (24.10.1821 — 13.08.1896) —
HeMelnKui maTteMatnk u actpoHoM. C 1847 mpodeccop
yHUBepcuTeTa B MionxeHe. B oOmactu  yucroit
MaTEeMaTHKH TPyAbl 3eimens KacalTcs, TJIaBHBIM
00pa3oM, TEOPUH PSIOB U IPYTUX OECKOHESYHBIX (POpM.

Hexpacos

[TaBen AmnekceeBuy Hekpacop (1853 — 1924) -
POCCHICKUI MaTeMaTHK, CIEHUAIUCT B 00JaCTH TEOPHUH
BeposiTHocTel, (Qumocod. Ilpodeccop wmaremaTuku,
pektop  MOCKOBCKOTO  YHHUBEPCHUTETa,  IMPE3UJICHT
MockoBcKOro mMarematudeckoro oomiecta. MccmemoBan
CXOMMOCTH METOZa 3EUIEI.

Metoa 3eiinens (I'aycca-
3eiinens, Hekpacosa)

—

pemenusi cucreMbl AX =D

— OJIHOIIIArOBBIM UTEPAIMOHHBIA METO/; )?0 — 3aJaH,
K=K _(D-L)(A%* -Db), k=0,1, ...,
rae D =diag(ayy, ..., ap n) — Anaronans MaTpumsr A,

0 0 0 0
—ay1 0 0 0
L= : : : | — cTporo
—ap_11 —Ap_12 - 0 0
L _an,l _an,2 _an—l,n O_

HWKHE-TPEYToJbHasl YacTh MaTpULlbl A CO 3HAKOM “— .

Teopema. Ecmu A = AT >0 , TO MeTo 3elaens
CXOJIUTCS, @ SHEPreTUUECKas HOPMa €ro OIIUOKH CTPOIro

yopsaet: |27 |a <124 VK.
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http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%80%D0%BC%D0%B0%D0%BD%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/1847
http://ru.wikipedia.org/wiki/%D0%9C%D1%8E%D0%BD%D1%85%D0%B5%D0%BD
http://ru.wikipedia.org/wiki/%D0%A0%D0%BE%D1%81%D1%81%D0%B8%D1%8F
http://ru.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
http://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
http://ru.wikipedia.org/wiki/%D0%A4%D0%B8%D0%BB%D0%BE%D1%81%D0%BE%D1%84
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%81%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D0%BD%D0%B8%D0%B2%D0%B5%D1%80%D1%81%D0%B8%D1%82%D0%B5%D1%82
http://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D1%81%D0%BA%D0%BE%D0%B2%D1%81%D0%BA%D0%BE%D0%B5_%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B5_%D0%BE%D0%B1%D1%89%D0%B5%D1%81%D1%82%D0%B2%D0%BE

S0
Metonpl peakcanuu — OJIHOILIArOBbIE UTEPALIMOHHBIE METOIBI: X — 3a/aH,

pelieHust cucreMbl AX = b gk gk . (D-o- L)_l(A)?k — B), k=01 ...,

rae D =diag(ayy, ..., ap n) — Auaronans MaTpunsr A,

0 0 0 0]
—ay1 0 0 0
L= : : : | — cTporo
—ap_11 —Ap_12 - 0 0
L —an1 —8p2 .- T8pn 0

HIDKHE-TPEYroJibHas YacTh MaTpULbl A €O 3HaKOM “— 7,
® — MMapaMeTp peJaKkCaluu:

o =1 — MeTo monHOM penakcanuu (MeToy 3eiaens),

® <1 — MeTon HUKHEN (HENOJIHOM) pelaKCalni,

® >1 — MeTo1 BepXHe (HeMOIHON) peslakcallii,

T
Teopema. Ecmm A= A" >0, To MeTox penakcanuu
cxoautes mpu iooom o € (0, 2), a sHepreTHYecKas

HOpMa €ro OUIMOKU CTPOro yObIBAeT:
sk+1 sk
IZ la <% lla ¥ K.

MeToa nNpocToii HTEPAUM | — OJJTHOLIATOBbIM UTEPALIMOHHBIN METO/:
peuenust cucreMbl AX = b %0 _ 3ajaH, gkl — gk _ r-(AY(k — B), k=01 ...,
rJie T — mapaMeTp MeToja.

Teopema. Ecmu A =A™ >0, To MeTOx POCTOi
UTEPALUH PELIEHUs CHCTEMBI AX = b cxonurtes npu
nroooM T e (0, 2/p(A)) u s OIMOKK CripaBeIInBa
ouenxa [|ZX |1, < (a.)12° II,,

e = max{|1-1-Amin (A) ], [1= - Apax (A) [ 3 <1.
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OnrumMaJbHBIN apaMeTp
MeTO/AAa NMPOCTO UTepaluu

pemenusi cucreMbl AX =D

Teopema. Ecim A =A™ >0, To MeToz1 POCTOi
UTepaLuu gKH — gk —T-(Af(k - 6), k=01 ...,
2
kmax (A) + kmin (A)

pemenus cucteMbl AX = D cxomures u aius ommbku

C OITMMAJIbHBIM NIApaMETPOM T =

CIpaBe]IMBa OICHKA ||2k |, < (po)k- | Z° 5,

— Mmax (A) - Mmin (A) <1

xmax (A) + Xmin (A)
Meton npocToi UTEpalK ¢ ONITUMAJIBHBIM ITApaMETPOM
MHOT/Ia Ha3bIBAIOT (OJIHOLIATOBBIM) METOI0M
Puuapncona.

Po

Puuapacon

JIptonc ®pait  Puuapacon (Lewis Fry Richardson,
11.10.1881 — 30.09.1953) — aHrIMiCKuii MaTeMaTHK,
aBTOp paboT MO METOAY PEIICHHS CUCTEM JIMHEHHBIX
ypaBHEHUH, W3BECTHBIX KakK MOJH(PHUIIMPOBAHHBIC
urepaunu Puyapacona.

JledeneB Bsiueciap UBanosuy (27.01.1930 —
22.03.2010) — u3BECTHBII POCCUICKHIA MATEMATHK, BHEC
CYIIECTBEHHBIN BKJIAJ B Pa3BUTHE TEOPUU METOAA
Puuapncona ¢ ueObilieBCkUMU napameTpamu. B ero
paboTax pemieHa BakHast MpodIeMa yCTOWIMBOCTH
4eOBIIIIeBCKIX MHOTOIIIATOBBIX UTEPAIIMOHHBIX
aJITOPUTMOB.
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IHukaugeckuii MeTOq — M -IIaroBbIM UTEPALIMOHHBIA METO:
Puapjcona ¢ X0 sanan, X< =% — 1,1 (AX* -b), k=0,1, ...,
yeObIIIEeBCKUMHU

rae t = T, — IapaMeTPbl METOA.
napaMeTpaMu peuieHust HE Them = Tk pamerp A

%
Teopema. Ecmm A= A" >0, To onTUMaabHbIC
(ueObleBCKUE) mapaMeTphl T, MeToja Puuapacona

cucteMbl AX =D

pemenus cucreMbl AX = D 0OpaTHBI KOPHAM IOJMHOMA
Yeonmena Py, (L) crenern m, paBHoro | mpu A =0 u

HaUMEHee YKJIOHSIOIIETOCS OT HyJIsl Ha HHTepBaJe
[ min (A), Apax (A)], 1 anst ommbky cipaBeyinBa

ouenka [| 2™ [ < (pm) 12° I,
2ym <1 _ \/}\fmax (A) _\/kmin (A) .
1+ yzm \/kmax (A) +\/7“min (A)

e Py =

T'ypuii UBanoBua Mapuyk (8.06.1925 — 24.03.2013) —
poccuiickuii MaTeMaTuk, akageMuk PAH, nmpe3uaeHt AxkageMun
Hayk CCCP (1986 —1991), Beinaromumiicst CieliMaiucT B 00J1acTh
BBIYMCIIUTEILHON MaTeMaTuKu, pusnke atMocdepsl, reopusmnke,
MaTeMaTUYECKOT0 MOJICIUPOBAHMUS.

Ky3nenos FOpuii AsiekceeBu4, pos. 7.08.1945 r., u3BecTHbI
pyCCKuii MaTeMaTuK, yueHuK akagemuka I'.M. Mapuyka, npodeccop
yHuBepcuteTa B XbptoctoHe (CILIA), BHEC CylIeCTBEHHBIN BKIIa] B
pa3BUTHE TEOPUHU UTEPALIMOHHBIX METOJOB Ha OCHOBE
BApUALMOHHBIX TPUHIUIIOB.

Teopema o cTporom Tyers {Z¥ # 0} — MOCIEI0BATENBHOCTD BEKTOPOB
yObIBaHUM PyHKIHMOHAJIA

(HOpMBI) OLIHOKH =
AX =D sk+1 _ S 5k
HTEPAIMOHHOTO METo1a cucremMbl AX =D Takad, 4To Z = (Z ), rae

OIIIHOOK HCKOTOPOI'0O UTCPALMMOHHOI'O METOAA PCHICHUA

S:R"\{0} > R" nenpepriBHoe oTOGpaXKeHHe,
U B HEKOTOPOKH HOpME ||2kJrl la <l 7K la VK.

Torma lim 7K =0.
k—w
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MeTOIl MHUHHUMAJIBbHBIX
HEBSA30K PCIICHUA

cucteMbl AX =D

— OJHOLIArOBbIA UTEPAVOHHBIN METO/:
X0 saman, XK =K — 1, - (AX® =D), k=0,1, ...,
1€ IapameTp T, ONPEAEIAETCS U3 YCIOBUS MUHUMU3ALUN

CBKJIMJIOBO HOPMBI HEBSI3KH.
Teopema 1. Ecniu A >0, To B MeTOJIe MUHUMAJIbHBIX

HEBA30K pemenus cuctemsl AX = b mapamerp
Ty = (AFk, ?k)z /(Afk, AFk)Z 1 METOJ[ CXOJIUTCS.
Teopema 2. Ecau A = AT >0, To 115 HEBsI3KM MeTOzA

MHUHHMAJILHBIX HEBA30K pelreHus cucreMbl AX =D
CIIPAaBEJINBA OLICHKA

175115 <o) 1011, p = —max (A = Amin(A)

Mmax (A) + Ain (A)

MeTtoa HaucKopeero

— OJIHOIIArOBBIN UTEPAIMOHHBIA METO:

CIyCKA PelleHusi CHCTeMBbI <0 _ 3azam, gkl gk _ Ty -(Af(k _ B)’ k=01 ...

AX=Db

rac napamMeTp T OIpCACIIACTCA U3 YCIOBUA

MHHHMMHM3ALUHA SHEPTETHIECKOM HOPMBI OLIMOKH.
Teopema. Ecmu A= A" >0, To B MeToze
HAaMCKOPEHIIEro CIycka pemenns cucreMsl AX = D
napameTrp Ty = (Fk, ?k)z /(A?k, Fk)z, =A% -b,
METOJ[ CXOIMTCA 1[I OLIMOKY CIIPaBEIIMBa OLEHKA
sk < k 150 _ Xmax (A) - }‘min (A) 1
1Z% A <(Po)"-IZ" A, po = <
Mmax (A) + Ain (A)

MeToa conpsizKeHHbIX
rpajueHTOB pelleHns!

cucreMbl AX =D

— MHOTOIIIArOBbIN UTEPAIIMOHHBIN MeToT (00001IIeH e
METO/Ia HAaMCKOPEHIIIero Crycka)

X0 saman, X7 =xK — oy ;-5 k=0,1, ...,
I'JIc BEKTOPBI {@1, ... 3™} — A-opToroHanbHbIIA 6a3Hc

JMHEHHOU 000109KH BeKTOPOB {A 7%, .., A™%} v m,

a4 MapaMeTphbl Oy, 1 OHPCACIACTCA U3 yCJIOBUA MUHUMHU3ANN

DHEPreTHUECKON HOPMBI OIIHOKH || 7k+L | a-

Teopema. Eciu A= A" >0, To METO CONPSKEHHBIX
rpaaueHToB pemenns cucreMbl AX = D cxoaures u mis ero
OIIHOKH CIpaBeINBa OIECHKA || 7K la <pk-ll 7Y A,

2Yk _ \/kmax(A) _\/Xmin (A)

me px=——-<1,v=
1+V2k \/Xmax(A) +\/7‘min (A)
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IlepeoOycaoBanBarein
MaTpHUbIl CHCTEMBI — Mmatpuia B Takas, 4To Cond(B_lA) << CondA.

—

AX=Db

/’

JbsikoHoB EBrenmii I'eoprueBuy (2.07.1935 — 11.08.2006) —
M3BECTHBIA COBETCKUM M POCCUMCKUNA MATEMATHK, BHEC
CYILLIECTBEHHBIN BKJIAJl B TEOPHUIO SKBUBAJICHTHBIX 110 CIEKTPY
OIIEpaTOPOB U ONTUMHU3ALMH BEIYUCIUTEIBHON paOOTHI.

JKBHBAJICHTHbIE 10 [MonoxuTensHO onpeaeacHHbie MaTpulsl A u B
CIIEKTPY MaTPHLbI Ha3bIBAOTCS IKBUBAJICHTHBIMU IO CIIEKTPY € MOCTOSIHHBIMU
Y1 27v0 >0, eciu

YO(By’y)ZS(Ayly)SY1(By!y)2 VVERH.

Camapckmii Anexcauap Angpeesna Camapekuii (19.02.1919 —

11.02.2008) — poccuiickuii MaTeMaThK, aKaJIeMUK
PAH, kpynHelmmii cnequaiiucT B 001acTu
BBIYMCJIMTEILHOM MaTeMaTHKH, MAaTEMATHUYECKOM
(bU3UKH 1 MAaTEMAaTUYECKOTO MOJICTUPOBAHUS.
Co3znarenb TEOPUH ONEPATOPHO-PAZHOCTHBIX CXEM,
00111e# TEOPHH YCTOMYMBOCTH PA3HOCTHBIX CXEM.

Teopema Camapckoro | Ycmoue B>0,5-t-A ((By,¥)>0,5-7-(Ay,y) VYY)

ABIACTCA JOCTATOYHBIM IJIA CXOAUMOCTHU UTCPAITMOHHOI'O
METOda

%% sanan, X<t =xK —1.(AXK -b), k=0,1, ...,

peLIeHUs ypaBHEHUS A =bcA=A">0s CKaJIIPHOM
npousBenenuu (X, Y).

KoppekTHOCTb 3a1a4H [Tycte A =A+0A, e=|dA].

Ha COOCTBEHHBIE YHC/IA Teopema. Ecin € — 0, To KOpHU XapaKTEPUCTUIECKOTO
KBaJPATHOM MATPHILI A | nommaoma P, 5(1) MaTpumel Ag cXOAATCS K KOPHSIM

XapakTepuctuyeckoro nojauaoma P, (L) marpursr A.

Ouenka 0J1M30CTH YUCIA A Teopema. B kpyre Ha KOMIIJIEKCHOM TTIOCKOCTH C
n

K cOOCTBEHHOMY 1uCITy IIEHTPOM B TOYKe A, u paamyca I'= /| P,(A;)| nexur

KBA/IPaTHOM MAaTpUlbl A
XOTs ObI OJTUH KOPEHb A, XapaKTEPUCTHUIECKOTO

nommHOoMa P, (L) matpummst Al |A, —A [ <T.
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CTeneHHOM MeTO]
BBLIYHCJICHHS
MaKCHMAaJIbHOI'0
COOCTBEHHOI'0 3HAYEHUS]

Matpuubl A = A" >0

BBIYHCJICHUC ITOCJICA0BATCIIbBHOCTH BCKTOPOB:

—

X
K
X1l

_k
W 9UACCIT Py 41 = | X +l | — M max (A)=p(A).

%0 20 — 3aman, X< = A . k=0,1 ..,

CreneHHOM MeTO]
BBLIYHCJICHHS
MHHHMAJIBLHOTO
COOCTBEHHOI'0 3HAYEHUS]

MaTtpuubl A = A" >0

BBIYHCJICHUC ITOCJICA0OBATCIIbHOCTH BCKTOPOB:
ok
X

X° #0 - sanan, X = (p(A)E-A)— - k=0,1, ...,

I X
U 9ucer Pyiq = || XK+t | = P(A) = Amin (A),
T.. P(A) = Pks1 = Mmin (A) -

CTeneHHOM MeTO]
BbIYHCJIEHHUS TPAHUIL
CIIEKTPa MaTPUIIbI
B~'A B ciydae

A=A">0uB=B">0

1. JIyqme nocrosuusle 3kBHBaneHTHOCTH 0 < 7o <74

camocompsnKeHHbIX Matpul A=A >0 u B=B" >0:

Yo - (BX, X)p <(AX, X), <v1-(BX, X), VX,
paBHBI MUHUMAJIBHOMY U MAaKCHMAaJIbHOMY COOCTBEHHBIM
YUCJIaM MaTPUIIbI B~IA:

Y0 = Amin (B_lA)’ T1= kmax(B_lA) -
2. [TocTostHHAS Y1 = Appax (B_lA) BBIUHCIISIETCS CTEINEHHBIM
METOJIOM:

%020 —3aman, XK1 =BrA"

. k
v = lim || X" || A
k—o0

3. IlocrostHHAS Yo = Apmin (B™LA) BbIumCIseTCS CTEIICHHBIM
METOJIOM:

x° %0 - sanan, X =(y,E-BTA)—— k=0,1,...,

KounrpysnrHoe
npeodpaszoBaHmne

marpunbt A = A’

IIpeo6pasosarne Matpumsl A k matpune Ar =T AT,

rae T — Ipou3BOJIbHAS HEBBIPOKICHHAS MaTPHIIA:

B KBajpatuuHoii opme (AX, X), Aemaercs ITMHEHHAs 3aMeHa
nepemeHHbIX: X = TY, (AX, X), =(A1Y, ¥),.
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Kanonunueckuii Buj
KBa/IpATUYHOM
dopmbl (AX, X),

KBanparuunas ¢popma (AX, X), uMeeT KaHOHUIECKUN BUI,

%k
ecmu A = A" — 1uaroHajgbHas MaTpUIa.
o *
Teopema. Jlns mo6oit marpunsl A = A” cymectByer
KOHTPY3HTHOE IMpeoOpa3oBaHKe ¢ MaTpuiield T Takoe, 4To
%k
At =T AT — nuaroHanpHas MaTpuua.

(A1Y, ¥), — KAHOHHYECKUI BUJ KBAAPATHIHOU (OPMBI
(AX, X),.

3akoH UHepUUH

Teopema. ITycts Matpuna A = A ipuBeeHa KOHTPYIHTHBIM
peoOpa3oBaHKeM K AuaroHanbsHoMy Buay: At =T AT,

Toraa 4nco MOJ0KUTETBHBIX, OTPULIATETLHBIX U HYJIEBBIX
JMarOHAbHBIX DJIEMEHTOB MaTPHUILIbI A1 HE 3aBUCUT OT MATPHIIBI
npeodpazoBanus T .

Yucno o, MONOKHUTETbHBIX KAHOHMYECKUX KOI(PPHUIIMEHTOB
kBaapatundHoit hopmbl (A1Y, ), Ha3bIBACTCS MOJIOKUTEIBHBIM
WHJEKCOM WHEPITUHN KBaIPATUIHOU (DOPMBL.

Yuciio G_ oTpHIaTeNbHBIX KAHOHMYECKUX KO3(PPHUITHEHTOB

KBaIpaTUYHOU (POPMBI HA3bIBAETCS OTPULIATEILHBIM HHACKCOM
WHEPIMH KBAJIPATUYHON (DOPMBI.
Yucno o, HylIeBbIX KAHOHUYECKUX KOI(PPHUIIMEHTOB

KBaIpaTUYHOU POPMBI paBHO Pa3MEPHOCTH siipa MaTpUIlbl A.
Ha6op uucen o(A) ={c,; 6_; Gy} onpeaensier KOIMIECTBO

TIOJIOKUTEIBHBIX (O, ), OTPUIATEIBHBIX (O_ ) U HYJIEBBIX (O()
COOCTBEHHBIX YHCEI MaTPHUIbI A .

Boiuucaenue uuciaa
o_(A)

Teopema. Eciu matpuna A = A’ u BCe €€ raBHbIE
muropsl det A, =0 V K,

TO KOJIMYECTBO €€ OTPpULOATCIIBHBIX COOCTBEHHBIX 3HAUYEHUI
o_(A) =UII3{l, det Ay, detA,, ..., det A}
— YKCJIO TIEPEMEH 3HAKA B TIOCIIEI0BATEILHOCTH YHCEL.
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MeTtoa nejieHust
MOI0JIAM BbIYMCJICHUSA
COOCTBEHHOI'0 YHCJIA

mMatpuupl A = A"

Ecii Mmb1 ymeem Berauciiath 6_ (A — - E) — komudecTBo

COOCTBEHHBIX YHCEN MAaTpUIlbl A = A" MeHbIIHX YKcia C,
10 Aj € SP(A) ={ 2y <Ay <...<Ap} MOKHO BBIYHCIHTH C

TOYHOCTBIO € >0 METOMOM [EJIEHHUS ITOI0IaM, BEIYUCIISS
TI0CJIENOBATENLHOCTD BIOKEHHBIX 0Tpe3koB { [y, by ] Y o:
1. [ag, bol=[=lIAllo: Al 1, 2j €lag, bol;
2. ecm ast C = (8 + by )/ 2 uncno o_(A—-cy -E) >,
10 [ayi1, bral=[ak, ckl,
uHave [ay,q, byl =[ck, be]l, k=0, &je[ag, beal;
3.0 —hjl < (b —ay) /2= (by —ap) / 2"F = || A]|,, 124
= ecmm K210g, (|| Al /e ), To € mpubmmkaer Aj ¢

TOYHOCTHIO €>0.

IIpeoOpa3zoBanue
MaTpuubl A = A k
TPEeXAUATOHAJIbHOMY
BHJ1Y

Teopema 1. Marpuua A = A" MoxeT GbITh IpUBEICHA K
TpexmaronansHoMy Buay T = tridiag( Bi g, o, Bi)
MocJeA0BaTEILHBIMU MTPE0OPA30BAHUSIMU TTOA00US C
IIOMOIIIBIO DIIEMEHTAPHBIX MATPHUI] BPAIICHHUS:

T=(Qngn Q24 Q23)AQn1n - Q24-Q23)" =
_(}1 B1 0 |
B oy B
= =T,
En—z On1 Pna
0 En—l Oy,

Teopema 2. B ycinoBusix Teopemsl 1

SP(A) =3p(T) =Sp(Tyeq ), rae

oy [By] 0
1Bl ap B2

Treal -

|Bn—2 | Opq |Bn—1|
0 |Bn1| Oy
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SAxooueBa

— BCHICCTBCHHAA TPpEXJUAroHajlbHasd MaTpula BUaa

TpeXJAuaroHajJbHasi a; by
maTpuina A
C, ap Dby
A= ’bk.ck+l>0’ Vk.
Cho1 8p bn—l
L Cn Ay

CBoiicTBa 1. Bce coOcTBeHHBIEC 3HAUCHUS TKOOMEBON TPEXAMAaroHaIbHOU
K00 eBOii MaTpuiibl A — BEIICCTBCHHBIC YHCIIA.
TpexauaroHajbHoi | 2. CoOOCTBEeHHbIE 3HAUCHUS IKOOMEBOM TpeXIuaroHalIbHON

mMarpunbl A

MaTpuilbl A MOMapHO PAa3IUYHBL.

3. IlepBast u mocneAHsIsI KOMIIOHEHTBI JTF0OOT0 COOCTBEHHOTO
BEKTOpPA SIKOOMEBOM TpeXIMaroHaIbHOW MaTpuilbl A HE paBHbBI
HYJIIO.

Bbruucienue
IJIABHbIX MHHOPOB
AK0OMeBOM
TPeXAUATOHAJIbHOM
mMarpunbl A

detAO El,

detAl =a1,

detAk+1 =dy,1 'detAk _Ck+lbk 'detAk_l, k =1 .., n-1
%/_/

>0
= Ecmu detAk =0 , TO detAk_l . detAk+1 <0.

Beruucienue
o_(A) skooueBoii

TPeXAUaroHaJIbLHOMI
MaTpuubl A

Ecmu det Ay =0, to onpenenum 3nak det Ay paBHBIM 3HaKY
detA,_;.
Torna o_(A) =UII3{l, det A, detA,, ..., det A} —

KOJIMYCCTBO OTPULIATCIIbHBIX COOCTBEHHBIX YHCEII MaTpulbl A
1 MbI MOXEM IMPUMCHUTHb MCTOJ JACJICHUA IMOII0JaM JJIsd

BBIYUCIIEHHUS T060TO CO6CTBEHHOTO 3HaueHus Aj € SP(A).

Boruncienue
COOCTBEHHOI'0
BEKTOpa IKOOMEeBOM
TPEeXAMATOHAJIbHOU
MaTpuubl A

Ecmu A j € SP(A) MbI BEIMHCIUIM, TO JIs BHIYMCIIEHHS

COOCTBEHHOI'0 BEKTOpa x() 3aJ1aeM XE]J) =1 u pemaem cucremy

(An—l - 7“] -E)y = _bn—l : é(n_l) ’

re v =, xO)T 8D~ 0, 0,17 eR™,
det(A,_y—2;-E) % 0.
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NHBapuaHTHOCTh CyMMBbI | J{7151 10OBIX KBapaTHOM MaTpuIbl A W OPTOTOHAIBLHOU

KBa/IpaTOB MOy IeH (yHUTapHOI) MaTpullbl T UMeeM

3JIEMEHTOB MATPHUIbI NIPH S(TA) = S(AT) =S(A) . re S(A)=S"" Ja. . 2
YMHOKeHHH Ha (TA)=S(AT) =S(A), rzie S(A) Z:i,j=1| il
OPTOTrOHAJILHYI0 MATPHUILY

®dyuxuuonan O(A) — Teopema. J1yist m000#, OTIUYHON OT IMAarOHAIbHOM,

< *
CyMMa KBaJipaToB MoAyJIeH | matpuibl A = A™ cymiecTByeT 3JeMeHTapHas MaTpUIla
BHEIMATOHAJIBHBIX Bpamenns Q; j, i # |, Takas, uto

JIEMECHTOB MaTpPHIIbI N
Q] AQ; ) <[1-2/ (n(n -1)] - ©(A).

MeToa BpamieHuii (MeTox
SAko0n) penieHue MOJTHOM
npoodJieMbl HA
CO0CTBEHHbIEC 3HAYCHMS
* matpu {A, o
matpunsl A = A k k=0
%
Ag=A, A =QA1Qk,
CXOJUTCS K TUaroHaibHoOMy Bufy, T.e. P(A,) —>0;

*
Teopema. Ecim A =A™, To cymiecTByeT
MOCJICIOBATEIBHOCTh SJIEMEHTAPHBIX MATPHUIL BPAIIICHHUS
Qk = Qj(k),j(k) TaKas, 9TO MOCIENOBATENBHOCTD

JIMarOHaJbHbIE SIIEMEHTHI MaTpHIbl Ay —
IpUOIMKEHHS K COOCTBEHHBIM YUCIIAM,
cronoupt poussenenus (Qq-Qy-...- Q) —
IpUOIKEHHS K COOCTBEHHBIM BEKTOPaM MaTpuisl A .

Kyo6aanosckasi Bepa Hukonaena (21.11.1920 — 21.02.2012)
— U3BECTHBIA POCCUIMCKUI MaTeMaTuK, Mpodeccop, JOKTOP
(bU3UKO-MaTeMaTHYSCKUX HAYK, TTOYETHBIN Mpodeccop
yuuBepcurera r. Ymeo (IIserus), aBrop (1961 r.) QR -meTona
penieHus NoJHOM NpoOieMbl COOCTBEHHBIX 3HAYEHUI
MPOU3BOJILHON MaTpUIlbl. AJTOPUTM ObLIT HE3aBUCHUMO HalJICH
AHTJIMACKAM TTPOrpaMMUCTOM J[koHOM DPEHCUCOM B TOM ke
roay. QR -meron 661 HazBaH ogHMM K3 10 caMbIX BaKHBIX

anroputMoB XX Beka.

QR -merox — UTCPALIMOHHBINA METOJT BEIYMCIICHHS MOJOOHBIX MATPHIL;
CIICHUS MOJTHOH = — * — 00

p Ap=A {A=(Qk) Ax1Qk =Ry Qylva.

npobiiembl rne Ay_1 = QR — npoussenenne oproroHansHoi

COOCTBEeHHBIX k-1 B k'k FV) Vp

e —— (YHUTApHOI) U BepXHEH TPEyroJbHON MaTPHIL;

IIPOM3BOJILHOI JMAroHaJbHBIC AIEMEHTHI MATPHIbl Ry — mpubmkeHus K

MaTPHUIbI COOCTBEHHBIM YHCIIaM MaTpuLbl A .
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