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MeTtos opToroHanbHOro npeobpasoBaHus

[lycte E - n-mepHOe eBKANAOBO MPOCTPAHCTRO.
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MeTtos opToroHanbHOro npeobpasoBaHus

Mycte E - n-mepHoe eBKANAOBO NPOCTPAHCTEO.
Mpun nepexoge ot basuca {e} k basucy {f}
MaTpuLA KBaApPaTU4HON hOpMbI MEHSETCS MO

3aKOHY

A =TI i Ac-To o,

rae Te_,¢ - MaTpnua nepexoga ot basuca {e}

basucy {f}.

JIA, Mogynb 2, Jlekumna 2.3



MeTtos opToroHanbHOro npeobpasoBaHus

Tak Kak MaTpuua KBagpaTUYHONR dopmbl
SBSIETCS CUMMETPUYECKON, TO OHa MOXET DObITb
npuBefeHa OPTOroHabHbIM NMpeobpa3oBaHmeM K
AVaroHasbHOMY BUAY,

1A, Mogynb 2, Jlekuus 2.3 3/34



MeTtos opToroHanbHOro npeobpasoBaHus

Tak Kak MaTpuua KBagpaTUYHONR dopmbl
SBNSIETCA CUMMETPUYECKON, TO OHa MOXET DbITb
npuBefeHa OPTOroHabHbIM NMpeobpa3oBaHmeM K
ANaroHanbHOMY BUAY, TO €CTb ANst MaTpulpbl A,
CYLLLECTBYET Takasi OPTOroHabHas MaTpuua

U
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MeTtos opToroHanbHOro npeobpasoBaHus

Tak Kak MaTpuua KBagpaTUYHONR dopmbl
SBNSIETCA CUMMETPUYECKON, TO OHa MOXET DbITb
npuBefeHa OPTOroHabHbIM NMpeobpa3oBaHmeM K
ANaroHanbHOMY BUAY, TO €CTb ANst MaTpulpbl A,
CYLLLECTBYET Takasi OPTOroHabHas MaTpuua

u(ut=u),
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MeTtos opToroHanbHOro npeobpasoBaHus

Tak Kak MaTpuua KBagpaTUYHONR dopmbl
SBNSIETCA CUMMETPUYECKON, TO OHa MOXET DbITb
npuBefeHa OPTOroHabHbIM NMpeobpa3oBaHmeM K
ANaroHanbHOMY BUAY, TO €CTb ANst MaTpulpbl A,
CYLLLECTBYET Takasi OPTOroHabHas MaTpuua

U(U 1 — UT), gyto UTAU = A,

1A, Mogynb 2, Jlekuus 2.3 3/34



MeTtos opToroHanbHOro npeobpasoBaHus

roe N - amaroHanbHas maTpuua, y KOTOpoli Ha
rNaBHOW AMaroHann CTOSAT CODCTBEHHbIE
3Ha4eHus mMaTpuupl A,

NA, Mopynb 2, Jlekuyusi 2.3 4/ 34



MeTtos opToroHanbHOro npeobpasoBaHus

roe \ - anaroHasbHas mMaTpuLa, y KOTOPOIA Ha
rIaBHOM AMaroHaan CTOAT COBCTBEHHbIE
3HaYeHUst MaTpuLbl A, SBASIOLWIMECS PELIEHUSMU

ypasHeHusi: |A — AE| = 0.

JIA, Mogynb 2, Jlekuma 2.3



MeTtos opToroHanbHOro npeobpasoBaHus

rae A\ - guaroHanbHash MaTpuLa, y KOTOPOU Ha
FNaBHOW ANaroHanu CTosAT CObCTBEHHblE
3Ha4YeHns MaTpulbl A, SBAAIOLWMECS pelleHnaMu
ypasHerus: |A — AE| = 0. Mpn 3tom matpuua U
ABNAETCA MaTpuLeli nepexofa oT CTaporo
OPTOHOPMUPOBAHHOIO Hasnca K HOBOMY
OPTOHOPMUNPOBAHHOMY ba3ucy.

JIA, Mogynb 2, Jlekuma 2.3



MeTtos opToroHanbHOro npeobpasoBaHus

KeagpaTudHas bopMa ¢ MaTpuueil

A0 .00
A= A= 0 A ... O
0 0 ... A\,

NMEET KAaHOHNYECKUNIA BN

f(x)=Ayf+ ...+ Ay

JIA, Mogynb 2, Jlekuma 2.3




MeTtos opToroHanbHOro npeobpasoBaHus

OpToHopmupoBaHHbiii basuc {f}, coctoswuii ns
CODCTBEHHbBIX BEKTOPOB MaTpuLbl Ae
(cooTBETCTBYIOLIME CODCTBEHHBIM 3HAYEHUSIM),
ABNAETCA KAHOHMYECKUM Ba3MCcoOM KBaZpaTUYHOIA

POPMBI.

JIA, Mogynb 2, Jlekuma 2.3



3aKOH UHEPLIMN KBAAPaTUYHbIX (POPM

JIA, Mogynb 2, Jlekuma 2.3



3aKOH UHEPLIMN KBAAPaTUYHbIX (POPM

OnpeneneHne
PaHr maTpuubl KBagpaTu4Hoi dopMbl B 1H0OOM
basuce Ha3blBaeTCA paHroM KBaApaTUYHO

chopmbil.

1A, Mogynb 2, Jlekuus 2.3 7/ 34



3aKOH UHEPLIMN KBAAPaTUYHbIX (POPM

Teopema (3akoH uHepymu KBaZPAaTNHHLIX POpM )
Yncno cnaraembix ¢ NONOKUTENBHBIMUY
(oTpULaTENBHBIMI) KAHOHUYECKMMU

KO3 dDULMEHTAMN B KAHOHNYECKOM BUAE
KBagpaTN4YHON hopMbl He 3aBUCUT OT crnocoba
NpUBeAEHNS KBaApaTUHHON opMbl K
KaHOHWYECKOMY BUAY.

1A, Mogynb 2, Jlekuus 2.3 8 /34



3aKOH UHEPLMN KBAZPaTUYHbIX hopMm

3ameyaHue
Hu kaHoHW4eckunii 6basnc, HU KAaHOHWUYECKN BUL

KBaZpaTUYHOW POPMbI HE ONpemsensitoTCs
OLHO3HAYHO.

JIA, Mogynb 2, Jlekuma 2.3



3aKOH UHEPLIMN KBAAPaTUYHbIX (POPM

Teopema (HezaBucumMocTeb paHra ot Beibopa
basuca)

PaHr kBagpaTniHOi OpMbl HE MeHSETCs npu
HEBBLIPOXKAEHHBIX JIMHETHBIX NPeobpa3oBaHNAX 1
PaBeH:

1) 4ncny OTANYHBLIX OT HY/St KAHOHUHECKIX

KO3 PULIMEHTOB,

2) KONMYECTBY HEHYJIEBbIX COBCTBEHHBIX
3HAYEHWU MaTpULbl KBaAPaTUYHOW POPMbI B i

ntobom bHasnce (¢ yHeToM nx KpaTHOCTH).
1A, Mogynb 2, Jlekuus 2.3 10 / 34




[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWY€ECKOMY BUAY

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

PaccmMoTpuM n-mepHoe BeLeCTBEHHOE EBKJIN0BO
npoctpatcTteo R". Mycts {e} -
OPTOHOPMUPOBaHHbLIA ba3uc B R”.

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

PaccMoTprm reomeTpriyeckoe MecTo Touek
x = (x1,...,X,) € R" B aTom basuce,

YAOBJIETBOPSOLLNX YPABHEHNIO

Za,]x,xj be,+c-0 (1)

1j=1
rAe ¢, ajj, b - pelictenTenbHble KOatbdULMEHTSI,

ajj = aji Vi,j, cpean ko3prLNeHToB aj XOTS 6|;§

OANH HE pPaBEH HYJHO.
JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

3amedarue 1.

VpasHetne (1) npn n = 2 sBASETCS ypaBHEHNEM
KPUBOV BTOPOro MOPAAKA Ha MJOCKOCTU, NpU

n = 3 - ypaBHeHMEM MOBEPXHOCTN BTOPOro
nopsiika B TPEXMEPHOM MPOCTPaHCTBE.

1A, Mogynb 2, Jlekuus 2.3 13 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Sameyvarue 2.

n -
Cnaraemoe ) ;._; a;Xix; Ha3blBaeTCA FPyNNoVi
CTapLwux 4aeHoB ypasHeHus (1), rpynna
cnaraembix Y - bix; + ¢ HasbiBaeTcs

NuHeliHo’ YacTblo ypasHenns (1).

NA, Mopynb 2, Jlekuyusi 2.3 14 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

3amedarue 3.
[pynna cTaplinx 41eHOB ABASETCS
KBagpaTU4HOW dopmoli

fxt,...,xp) = Z jjXiX; (2)

iJj=1

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Sameyvanne 3 (npogonxerue).
C CUMMETPUYHON MaTpuLLEN

aiy ... dip

anl .« e e ann

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Sameyvanne 3 (npogonxerue).
4YJleHbl MEPBOrO Mopsiaka 0bpasytoT NuHeliHyo

chopmy

C MaTpULLEA-CTPOKOIA

B =(bi,...,b,).

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

YpagHenue (1) B MmaTpnyHOM BUge -
XTAX +BX +c =0,

X1

roe X = | ... | — maTpuua-ctonbew,
Xn

NnepeMeHHbIX, ¢ — CBODOAHbLIV YJieH.

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Sameyvanmne 4. Tunbl KpUBLIX BTOPOro MopsifKa
(npu n=2):

J1A, Mogynb 2, Jlekuus 2.3 19 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Sameyvanmne 4. Tunbl KpUBLIX BTOPOro MopsifKa
(npu n=2):

2
1. Ecnan ajap — aj, > 0, 1o ypasHenne (1)
onpegensieT Kpreyto 3NAMNTUYHECKOro TUNa.

J1A, Mogynb 2, Jlekuus 2.3 19 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Samedanue 4. Tunbl KpUBbLIX BTOPOro MopsifKka
(npu n=2):

1. Ecnn ajaxn — a3, > 0, To ypasHenue (1)
onpefensieT Kpueylo IUNTUHECKOro TUNa.
2. Ecnn ajjapn — afy < 0, To ypasHenne (1)
onpefensieT Kpueyto rmnepobosImyHeckoro
Tuna.

J1A, Mogynb 2, Jlekuus 2.3 19 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Sameyvarnue 4. Tunbl KpUBbLIX BTOPOro nopsiAKka
(npu n=2, npogosxeHue):

2 _ 2 2 2
3. Ecnu ajjax — aj, = 0 v ag; + aj, + a5 # 0,
TO ypaBHeHue (1) onpegensiet Kpusyto
napabonuyeckoro Tuna.

1A, Mogynb 2, Jlekuus 2.3 20 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

[Tpuseserne ypasrenus (1) k kaHoOHUHECKOMY
BuLYy

CyLecTByeT OpTOHOPMUPOBaHHbIA Hasuc,
COCTOALMI N3 OPTOHOPMUPOBAHHBIX
CODCTBEHHbBIX BEKTOPOB MaTpuLbl A, B KOTOPOM
KBagpaTuyHas dopma (2) nmeeT KaHOHUYECKNA
Bug £ (X, ..., X)) = AyP+ ...+ \y?

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

rae A\j, i = 1, n, - cobcTBeHHbIE 3HaYeHNS
MaTpuLbl A, NOBTOPAIOWNECS CTONBKO pas,
KakoBa ux KpaTHocTb. MaTpuua nepexoga U ot
CTaporo opTOHOPMUPOBAHHOMO basuca
(x1,...,Xy) K HOBOMY OPTOHOPMMPOBAHHOMY
6asucy (y1,- - -, Yn) ABASETCA OPTOrOHAILHON

NA, Mopynb 2, Jlekuyusi 2.3 22 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

N COCTOWUT U3 KOOPAMHAT OPTOHOPMUPOBAHHbBIX
CODCTBEHHbIX BEKTOPOB MaTpuLbl A,
OTBEYAOLWNX CODCTBEHHBIM 3HAYEHUAM ;.
[Tpeocbpazoeanune ¢ maTpuuein U byger
OPTOrOHAJIbHbLIM.
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[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Jtobyto KBagpaTMyHyt0 hOpMY OPTOrOHaNbHbLIM
npeobpa3oBaHNEM MOXXHO MPUBECTU K
KQaHOHNYECKOMY BUAY.

NA, Mopynb 2, Jlekuyusi 2.3 24 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Cnenaem 3ameHy nepementbix X = UY', Toraa
ypagHeHue (1) npumer Bua;:
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[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Cnenaem 3ameHy nepementbix X = UY', Toraa
ypagHeHue (1) npumer Bua;:

(UY) A(UY)+B(UY)+c=0

1A, Mogynb 2, Jlekuus 2.3 25 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Cnenaem 3ameHy nepementbix X = UY', Toraa
ypagHeHue (1) npumer Bua;:

(UY) A(UY)+B(UY)+c=0

Y
Y"(UTAU) Y +(BU)Y +c=0

1A, Mogynb 2, Jlekuus 2.3 25 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Cnenaem 3ameHy nepementbix X = UY', Toraa
ypagHeHue (1) npumer Bua;:

(UY)TAUY)+B(UY)+c=0
!
Y"(UTAU) Y +(BU)Y +c=0

Y
Y'AY + DY + ¢ =0,

JIA, Mogynb 2, Jlekuymna 2.3




[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

rae
A 0 ...0
A~ UTAU — 0 X ... O
0 0 ... A,
— MaTpuLa KBagpaTu4Holi dopmbl B
opToHOpMUpoBaHHOM basuce (y1, ..., V),
D = BU.

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

YpagHerue (3) MOXHO 3anucath B BUAe

Y XNyP+) dyi+c=0. (4)
i—1 i—1

VpasHetne (4) npowe ypasHenus (1), Tak Kak He
COAEPXKUT Craraembix BUAA yiy; Npu i # J.

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

3ameyaHue

[Tpeobpaszosanuto koopanHat X = UY
cooTBeTCTBYeT nosopoT oceit Oxy, ..., Ox, Ha
HEKOTOPLIA YroJ .
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[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Anroputm npeobpazosanus ypasHenus (1) k
sugy (4):

1A, Mogynb 2, Jlekuus 2.3 29 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Anroputm npeobpazosanus ypasHenus (1) k
sugy (4):

1. HaliTn cobcTBeHHble 3HaYeHns MaTpulbl A 13
PELLEHNS XapaKTEPUCTUYECKOTO YPaBHEHNS

det (A — \E) = 0.

JIA, Mogynb 2, Jlekuma 2.3



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Anroputm npeobpazosanus ypasHenus (1) k
sugy (4):

2. [Anst kaXkaoro cobCcTBEHHOrO 3Ha4YeHUs! HalTV
COOTBETCTBYOLLMIA CODCTBEHHbI BEKTOP 13
pewenus ogHopogHoii CJITAY (A— AE) X = O.
Bce cobcTeeHHble BEKTOPBI JOIXKHbI DbITh
MoMapHO OPTOrOHAIbHLIMU, A UX KOJIMYECTBO
LO/KHO DObITh PaBHO KOIMYECTBY CODCTBEHHbIX

3HAYEHWUW, YHNTbIBAA NX KPAaTHOCTb.
1A, Mogynb 2, Jlekuus 2.3 30 / 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Anroputm npeobpazosanus ypasHenus (1) k
sugy (4):

3. MocTpouTb OPTOHOPMUPOBAHHYIO CUCTEMY
3/1eMeHTOB (OPTOHOPMUPOBaHHbIA basuc),
NPOHOPMMNPOBAB HalifeHHble CODCTBEHHbIE
BEKTOPbI.

NA, Mopynb 2, Jlekuyusi 2.3 31/ 34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Anroputm npeobpazosanus ypasHenus (1) k
sugy (4):

4. CocTaBWUTb OPTOTOHAJIbHYO MaTPULLy MEPExosa
U, cTonbupbl KOTOPOIA ABAAIOTCSA KOOpAMHATAMU
3TUX COBCTBEHHBLIX BEKTOPOB. TaK Kak cucTema
CODCTBEHHbBIX BEKTOPOB ObpasyeT
OpPTOHOPMUPOBaHHLINA basnc, To maTpuua U
OyneT opTOroHanbHOM.

NA, Mopynb 2, Jlekuyusi 2.3 32 /34



[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Anroputm npeobpazosanus ypasHenus (1) k
sugy (4):

5. icnonbsys npeobpasosaHue koopanmHaT
X = UY, 3anuncats ypasHerue (4).
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[TpuBeneHve ypaBHEHUIT KPUBBIX U MOBEPXHOCTEN
2 nopsiika K KaHOHWYECKOMY BUAY

Anroputm npeobpazosanus ypasHenus (1) k
sugy (4):

6. Bblgenue nosHble KBagpaThl MO NEPEMEHHBIM
Y1, .-, Yn B ypaBHenun (4), 3anucatb
KaHOHNYEeCKOE YpaBHEHNE CMELLEHHON KPUBOW 1
NOCTPOUTL €€ B CTapoii CUCTEME KOOPAMHAT.

NA, Mopynb 2, Jlekuyusi 2.3 34 /34



