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. BunuHeiiHble (hopMbl Ha A3bIKe JJUHENHbIX
NPOCTPAHCTB

busunelinas dopma B TeopuH JMHEHHbBIX TPOCTPAHCTB ONpeessieTcs
CJICYIOLLIAM 00Pa3oM:



. BunuHeiiHble (hopMbl Ha A3bIKe JJUHENHbIX
NPOCTPAHCTB

bununeiinas dopma B TeOPUH JIMHEUHBIX TPOCTPAHCTRB ONpeessieTcs
CJICYIOLLIAM 00PasoM:

Onpeneaenue 1. [lycmo U — auwnetinoe npocmparcmso. Toeda
Gynkyusa f .U x U — K Haszeigaemcsa OuanHeiHon dhopmont mo-
eda u moavbko moeda, Koeda OHA AUHEUHa Nno Kaudomy u3 ap-
eymenmos, mo ecmo fNX +uy,z)=M(X,2)+uf(y,z) u
FXNY +u7Z) = M(X,¥) +uf(X, 7).



. BunuHeiiHble (hopMbl Ha A3bIKe JJUHENHbIX
NPOCTPAHCTB

bununeiinas dopma B TeOPUH JIMHEUHBIX TPOCTPAHCTRB ONpeessieTcs
CJICYIOLLIAM 00PasoM:

Onpeneaenue 1. [lycmo U — auwnetinoe npocmparcmso. Toeda
Gynkyusa f .U x U — K Haszeigaemcsa OuanHeiHon dhopmont mo-
eda u moavbko moeda, Koeda OHA AUHELHA No Kaioomy u3 ap-
eymenmos, mo ecmo fNX +uy,z)=M(X,2)+uf(y,z) u
FXNY +u7Z) = M(X,¥) +uf(X, 7).

Anre6pa 6uIMHENHBIX POPM-PYHKIMH — JMHEHHOE TPOCTPAHCTBO OT-
HOCHUTEJIbHO olepalui CJ0KeHUsS PYHKIUMHA U YMHOXKEHUST (DyHKLMHU Ha
cKaJsp.



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
cTpaHcTB. Kak 00bIUHO, MOCTAaBUM BOMPOC O TOM, YTO COOTBETCTBYET
TON (DYHKUMH «B MPOCTPAHCTBE KOOPAMHATY, B TpocTpaHcTBe R™.



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro

f(X,Y) =



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro

FRY) =1 D wien Y ue; | =)D wwyif (€,7€)).
i=1 J=1

i=1 j=1



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
ctpaHcTB. Kak 0OblUHO, MOCTaBUM BOIMPOC O TOM, YTO COOTBETCTBY-
eT 3TOH (YHKUMH «B MPOCTPAHCTBE KOOPAMHAT», B MPOCTPAHCTBE

Ilnsi oTBeTa Ha 3TOT BOMNPOC, KAaK OOBbIUHO, BbiOMpaeM 0Oaszuc
— —
b={¢,...,€,}. Torna nomyuaem, uro

f(Q,?) =f sz‘?u Zyj?j :ZZx@yJ e e )
i=1 J=1

=1 j=1

— —
3aMeTHM, UTO MaCCHB KOMITOHEHT BUa f( € ;, € ;) He 3aBUCHUT OT BEKTO-
— —
PoOB X H Y, 3T0 XapakrepucTka 6asuca. O6osHaunum uepes Fg matpu-
— —
Lly 2J1eMeHTOB BUAA fi; = f( €, €).



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro

n

FRY) =1 D wien Y ue; | =)D wwyif (€,7€)).
i=1 J=1

i=1 j=1

B pe3yJbTaTe Mbl IIOJIYYUJIK PABEHCTBO



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro

FRY) =1 D wien Y ue; | =)D wwyif (€,7€)).
i=1 J=1

i=1 j=1

B pe3yJbTaTe Mbl IIOJIYYUJIK PABEHCTBO

FAD wi€ Y yie; | => > awify, me fi = f(€,€;). (1)
i=1 j=1

i=1 j=1



Paccmotperth npumep?



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro

f Z%?i, Zyj?j = sziyjfija rue fij = f(?ia?j)- (1)
i=1 j=1

i=1 j=1



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro

f Z%?i, Zyj?j = sziyjfija rue fij = f(?ia?j)- (1)
i=1 j=1

i=1 j=1

UTO K€ Mbl MOJIYUHJIH ?



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro

f Z%?i, Zyj?j = sziyjfija rue fij = f(?ia?j)- (1)
i=1 j=1

i=1 j=1

UTo 2Ke Mbl oJiyunn? Kak mMbl cefiuac yBuaum, ypastenue (1) oTkpbi-
BAET JIOBOJIbHO HEOXKUJIAHHbBIE MTEPCIIEKTUBBI.



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

[Iyctb f — OwuauHeitHass ¢opma Ha siI3blKe JMHEHHbIX MNPO-
crpaHcTB. Kak oOblUHO, MOCTABUM BOMPOC O TOM, UTO COOTBETCTBY-
eT 3ToH (PYHKIMH «B TPOCTPAHCTBE KOOPJMHAT», B IPOCTPAHCTBE
R"™. Jlnsg oTBeTa Ha 3TOT BOMNPOC, KakK OOBIYHO, BbIOMpaem 0asuc

— —
b={¢,...,€,}. Torna nomyuaem, uro

f Z%?i, Zyj?j = sziyjfija rue fij = f(?ia?j)- (1)
i=1 j=1

i=1 j=1

CHauaJia 3aMeTHM, UTO Mbl MOJYUHJIU 3alaHie PYHKUUU f C TOMOUIbIO
golpadscerus. Takue BbIparKeHUs MOXKHO (M OUYeHb M0JIe3HO) U3ydyaTb U
6€30 BCAKOU CBSI3U C JINHEHHBIMU MTPOCTPAHCTBAMM.



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenernure 2. MHOTOUJNEHOM OM NEPEMEHHbLX X1, L2, .
3bl8aemcs solpadcerue p(ry, To, . .., T,) 8U0A

mp m2

11 19 1
S S S  Qiyig. iy Ty To R e

Zl 022 0 Zn—o

..7£L,n Ha_



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenenne 2. MHOTOUYJNEHOM OM NEPEMEHHOLX L1, Lo, ... L, HA-
3bl8aemcs solpadcerue p(ry, To, . .., T,) 8U0A

mp m2

11 19 1
S S S  Qiyig. iy Ty To R e

Zl 022 0 Zn—o

anL IMOM CTENMEHDbLIO 2111020 MHOcOUAEHA HA3bleaercAa 4Yiuca0

deg (p(x1, o, ..., xy)) = max%o (1p +d2 4 ... +1ip) -

ailiQ...in



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenenne 2. MHOTOUYJNEHOM OM NEPEMEHHOLX L1, Lo, ... L, HA-
3bl8aemcs solpadcerue p(ry, To, . .., T,) 8U0A

mp m2

11,12 in
; ; ; alllz anl 332 . CCn .

Zl 022 0 Zn—o

anL IMOM CTENMEHDbLIO 2111020 MHOcOUAEHA HA3bleaercAa 4Yiuca0

deg (p(x1, o, ..., xy)) = max%o (1p +d2 4 ... +1ip) -

ailiQ...in
Hanpuwmep, deg (zj29 + 22323 — 3z123) pasHa 5, Tak kak

max (i1 +ds+...+4,) =max{24+0; 24+ 3; 1 +3} =5.

Uiyiy...in



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenenne 2. MHOTOUYJNEHOM OM NEPEMEHHOLX L1, Lo, ... L, HA-
3bl8aemcs solpadcerue p(ry, To, . .., T,) 8U0A

mp m2

mn
S S S L 11,02 in
-, -, « o o -, alll2ln$1 ZCQ o« o e .an .

i1=0i9=0  ip=0

[Ipu 3mom cTeneHbIo 3Moeo MHO20UNeHA HA3bI8ACMCA HUCAO
deg (p(x1, T2y ..., xy)) = max (ip +io+ ...+ 1y,).
ailiQ...in 0
3ameTHM, UTO y MHOTOUJIEHOB U3 MTPaBo# yacTH ypasHeHus (1) ecTb of1-

HO BaXKHOE CBOUCTBO: Kadcdoe caaeaemoe umeem cmeners 2! [lonesno
paccMoTpeTb OoJiee o0liiee MOHATHE:



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenenue 3. Mnocouren p(xy,...,r,) Haszoieaemcs (opmon
CTEeNeHU M LAl OJHOPOIHbIM MHOTOYJI€HOM CTENEHHU 1M, eCAl BCe €20
caaeaemoble UMeIOm Crenems m.



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenenue 3. Mnocouren p(xy,...,r,) Haszoieaemcs (opmon
CTEeNeHU M LAl OJHOPOIHbIM MHOTOYJI€HOM CTENEHHU 1M, eCAl BCe €20
caaeaemoble UMeIOm Crenems m.

Ha si3bike MHOrouJIeHOB MOHsSITHE OUJIMHERHOH POopMbl MOXKHO chop-
MYJIHPOBATH CJICIYIOLIUM 0OPAa30M:



1. bunuHeHble GopMbl HA 3bIKE

MHOTO4YJICHOB
Onpenenenue 4. Muocousren p(xy,...,Tn,Y1,--.,Yn) HAS6IBACMCA
ounauHeiHo popmoit, ecau smom mHo2oUACH A8A8emCcA HOPMOL
nepsoil cmenenu KAk onm nepemenmolx (ry, ..., x,) (y; — duxcupo-

BAHbBL), MAK U OM nepemMenmolx (Y1, ..., Yn) (T; pukcuposarot).



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenenue 4. Muocousren p(xy,...,Tn,Y1,--.,Yn) HAS6IBACMCA
ounauHeiHo popmoit, ecau smom mHo2oUACH A8A8emCcA HOPMOL
nepsoil cmenenu KAk onm nepemenmolx (ry, ..., x,) (y; — duxcupo-
BAHbBL), MAK U OM nepemMenmolx (Y1, ..., Yn) (T; pukcuposarot).

YpaBuenue (1) ycraHaBiMBaeT CBsI3b  OWJMHEHHOH  (POpPMbI-
MHOrousieHa ¢ 6GUJIHHeRHON POPMOK-PyHKIIMEH.
OTMmeTuMm, 4ToO,



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenenue 4. Muocousren p(xy,...,Tn,Y1,--.,Yn) HAS6IBACMCA
ounauHeiHo popmoit, ecau smom mHo2oUACH A8A8emCcA HOPMOL
nepsoil cmenenu KAk onm nepemenmolx (ry, ..., x,) (y; — duxcupo-
BAHbBL), MAK U OM nepemMenmolx (Y1, ..., Yn) (T; pukcuposarot).

YpaBuenue (1) ycraHaBiMBaeT CBsI3b  OWJMHEHHOH  (POpPMbI-
MHOrousieHa ¢ 6GUJIHHeRHON POPMOK-PyHKIIMEH.

OTMeTHM, 4TO, BO-NIEPBbIX, ajaredpa OUIMHERHBIX (OPM-MHOTOUJIEHOB
OTHOCHUTEJIbHO OTepalli CJA0XKEHUA MHOTOUJICHOB U YMHOXKEHHUSA MHOTO-
uJIeHa Ha CKaJisip ABJSACTCS JUHEHHBIM IPOCTPAHCTBOM.



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenenue 4. Muocousren p(xy,...,Tn,Y1,--.,Yn) HAS6IBACMCA
ounauHeiHo popmoit, ecau smom mHo2oUACH A8A8emCcA HOPMOL
nepsoil cmenenu KAk onm nepemenmolx (ry, ..., x,) (y; — duxcupo-
BAHbBL), MAK U OM nepemMenmolx (Y1, ..., Yn) (T; pukcuposarot).

YpaBuenue (1) ycraHaBiMBaeT CBsI3b  OWJMHEHHOH  (POpPMbI-
MHOrousieHa ¢ 6GUJIHHeRHON POPMOK-PyHKIIMEH.

Bo-BTopbix, oTo6paxkKeHue, KaxKaod OunHeHHOH (opme-pyHKIMH
CTaBsilllee B COOTBETCTBHE OUJMHEHHYIO (DOPMY-MHOTOUJIEH, OTpeiesi-
eMblil ypaBHenueM (1), sABJasiercss U30MOPU3MOM JIMHEHHOTO MPOCTPaH-
cTBa OGUJIMHENHBIX POPM-PYHKIMH HA JIHHEHHOE TPOCTPAHCTBO OUIHHEN -
HbIX (hOPM-MHOTIOUJIEHOB.



1. bunuHeHble GopMbl HA 3bIKE
MHOTIO4Y4JICHOB

Onpenenenue 4. Muocousren p(xy,...,Tn,Y1,--.,Yn) HAS6IBACMCA
ounauHeiHo popmoit, ecau smom mHo2oUACH A8A8emCcA HOPMOL
nepsoil cmenenu KAk onm nepemenmolx (ry, ..., x,) (y; — duxcupo-
BAHbBL), MAK U OM nepemMenmolx (Y1, ..., Yn) (T; pukcuposarot).

YpaBuenue (1) ycraHaBiMBaeT CBsI3b  OWJMHEHHOH  (POpPMbI-
MHOrousieHa ¢ 6GUJIHHeRHON POPMOK-PyHKIIMEH.

Bo-BTopbix, oTo6paxkKeHue, KaxKaod OunHeHHOH (opme-pyHKIMH
CTaBsilllee B COOTBETCTBHE OUJMHEHHYIO (DOPMY-MHOTOUJIEH, OTpeiesi-
eMblil ypaBHenueM (1), sABJasiercss U30MOPU3MOM JIMHEHHOTO MPOCTPaH-
cTBa OGUJIMHENHBIX POPM-PYHKIMH HA JIHHEHHOE TPOCTPAHCTBO OUIHHEN -
HbIX (hOPM-MHOTIOUJIEHOB.

Bot Kak naJjieko 3aBeJsio Hac ypasHeHnue (1) Ho 370 ele He Bce.



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl
PaBencTBo (1) NnpuBOAMT K ellle OAHOMY BaxkKHOMY pe3yJbraty. [leso
B TOM, UTO MHOTOUJIEH Y > ;y, f;j MOXKHO 3anucaTb B KOMIAKTHOM H

i=1j=1
yI0OHOM MamputHom sude:



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl
PaBencTBo (1) NnpuBOAMT K ellle OAHOMY BaxkKHOMY pe3yJbraty. [leso
B TOM, UTO MHOTOUJIEH Y > ;y, f;j MOXKHO 3anucaTb B KOMIAKTHOM H

i=1j=1
yI0OHOM MamputHom sude:

n.on Jir Si2 oo Jm U
sziyjfij:<$1 Ty ... xn) fau foa oo fon Y2
i=1 j=1

fnl fn2 fnn yn



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl

Papenctso (1) npuBOMT K ellle 0AHOMY BaXKHOMY Pe3yJIbTaTy.
" Jit Si2 oo S n
sziyjfij:(gjl Ty ... ﬂin) Jor Jo2 oo Jo n
/L:l j:1 o o °« o o
fnl fn2 fnn yn



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl

Papenctso (1) npuBOMT K ellle 0AHOMY BaXKHOMY Pe3yJIbTaTy.
n Jit Si2 oo S n
n
sziyjfij:(gjl Ty ... ﬂfn) Jor Jo2 oo Jo Ys
Z:]- ]:1 o o °« o o
fnl fn2 fnn yn

Kak 0ObIUHO, OTMETHM, UTO 3TO PAaBEHCTBO HA CAMOM JIeJI€ HEBEPHO, TaK
KaK MpH MOJACTAHOBKE 3HAUEHUH MePEMEHHbIX B JIEBOW UACTH MOJYYEHHO-
ro ypaBHeHHs MoJiyyaeM CKaJisip, a B IPaBOH 4aCTH — OJIHO3JIEMEHTHYIO

MAaTpPHULLY.



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl

PaBencTBo (1) NpUBOAMT K ellle OJIHOMY BaxKHOMY Pe3yJibTarTy.
Jit Si2 oo S Y1

non
sziyjfij = (5131 Ty ... xn) J f22 Jon yg
o fnl fnz fnn Un

Kak 0ObIUHO, OTMETHM, UTO 3TO PAaBEHCTBO HA CAMOM JIeJI€ HEBEPHO, TaK
KaK MpH MOJACTAHOBKE 3HAUEHUH MePEMEHHbIX B JIEBOW UACTH MOJYYEHHO-
ro ypaBHeHHs MoJiyyaeM CKaJisip, a B IPaBOH 4aCTH — OJIHO3JIEMEHTHYIO
maTpuly. OnHaKo, Mbl OyleM OTOXKJIECTBJATh OJHO3JEMEHTHYIO MAaTPH-
Iy C €e €IMHCTBEHHbIM 3JEMEHTOM, TaK KaK B pacCMaTPUBAE€MbIX HAMHU
BbIPAXKEHUSIX 3TO He OyJIeT BbI3bIBATh HEJOPA3yMEHHH.



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl

fll f12 fln
F = f21 f22 f2n

Onpepeaenue 5. Mampuyy , ede

fnl an R fnn
H H (i i i
fij =1 (€:,°€;), nasoisaiom marpuueil 6uanneirnoi hopmbl B Ga-
suce b (Ha a3blke meopuu AUHEUHbLX NPOCMPAHCTIB) UL MAT-
puueit KoapduuueHToB OUAMHedHOW GopMmbl (Ha A3blKe meopuu
MHO20UYNCHOB).



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl

fll f12 ce fln
o f21 f22 S f2n

OnpeneJleHMe . Mampuqy F = HA36l8A KO
fnl fn2 SR fnn

matpuuei ounuHeitHoit ¢popmbl B 6asuce b (na a3vike meopuu nu-
HelUHbLX npocmpancme) uil matpuued Kosap@uuueHTOB OUIU-
HelHOU GOopPMBbI (Ha A3bLKe MeopuU MHOCOUYACHOS).

[Tonsitne Matpuibl 6GUIHHERHON (POPMbI 060O1IAET MOHSATHE MATPULLBI
[pama.



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl

fll f12 ce fln
o f21 f22 S f2n

OnpeneJleHMe . Mampuqy F = HA36l8A KO
fnl an SR fnn

matpuuei ounuHeitHoit ¢popmbl B 6asuce b (na a3vike meopuu nu-
HelUHbLX npocmpancme) uil matpuued Kosap@uuueHTOB OUIU-
HelHOU GOopPMBbI (Ha A3bLKe MeopuU MHOCOUYACHOS).

[Tonsitne Matpuibl 6GUIHHERHON (POPMbI 060O1IAET MOHSATHE MATPULLBI

[pama.
B cooTBercTBUM ¢ 3ameuaTesibHbIM paBeHCTBOM (1) mosiyyaem, uTo
o o — —
MaTpuua OuuHerHo#l (opmbl-dpyHKIMH B Oasuce b = { €1,..., en}

nMeeT BUJL



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl

B cooTBercTBUM ¢ 3ameuaTesibHbIM paBeHCTBOM (1) mosiyyaem, 4To

MaTpHla OUJIMHEHHOH (pOprI—(bYHKIlHH B 0a3uce b = {?1, N ?n}
UMECT BUJL
FB - o« o o
f(€n,€1) f(€,, 7€) ... f(€,€,)



I11. MaTtpuuHasg popma 3anucu OUJIMHENHOM
hopMbl

B cooTBercTBUM ¢ 3ameuaTesibHbIM paBeHCTBOM (1) mosiyyaem, 4To

MaTpHila OUJIHHEHHON (popMbl-(DYyHKLMH B Gasuce b = {?1, .. .,?n}
UMeeT BU/L
fe,€1) f(€1,€s) ... f(er1,€,)
- — — = — =
€9, €1 €9, €9) ... f(€9,€,)

CaeloBaTe/IbHO, Mbl C TOMOLLbIO paBeHCcTBa (1) 10Ka3anu ciaeayouLyto
TEOpEMY:



I1l. Teopema o BblUMCJIE€HUN OUTUHENHOU
(popmMbl B KOOpJAUHATAX

Teopema 1 (0 BbIYMCJEHUU OUIMHEHHON () opMbI B KOOPIUHATAX). Ecau b — 6aszuc

AUHEUHO2O0 npocmpaHcmsa U, FB —mampuya OUNUHCLIHOL Cf?OprL
— —

f g8 basuce B, mo 045 1100blx BeKmMopos X,y U3 U umeenm

f(X,¥) = [2lgFgl¥lp: (2)



I1l. Teopema o BblUMCJIE€HUN OUTUHENHOU
(popmMbl B KOOpJAUHATAX

Teopema 1 (0 BbIYMCJEHUU OUIMHEHHON () opMbI B KOOPIUHATAX). Ecau b — 6aszuc

AUHEUHO2O0 npocmpaHcmsa U, FB —mampuya OUNUHCLIHOL Cf?Oprt
— —

f g8 basuce B, mo 045 1100blx BeKmopos X,y uUs U umeenm

f(X,¥) = [2lgFgl¥lp: (2)

Ata popmyna o606111aeT POPMYJY U3 TEOPEMbBI O BHIUUCIEHUN CKAJISIP-
HOTO MTPOU3BEIEHUS.



I1l. Teopema o BblUMCJIE€HUN OUTUHENHOU
(popmMbl B KOOpJAUHATAX

Teopema 1 (0 BbIYMCJEHUU OUIMHEHHON () opMbI B KOOPIUHATAX). Ecau b — 6aszuc

AUHEUHO2O0 npocmpaHcmsa U, FB —mampuya OUNUHCLIHOL Cf?Oprt
— —

f g8 basuce B, mo 045 1100blx BeKmopos X,y uUs U umeenm

f(X,¥) = [2lgFgl¥lp: (2)

Ata popmyna o606111aeT POPMYJY U3 TEOPEMbBI O BHIUUCIEHUN CKAJISIP-
HOTO MTPOU3BEIEHUS.

Kak 06bIluHO, B paccMaTpuBaeMOH TEOPUU Mbl OTOXKJECTBJISIEM OJIHO-
9JIEMEHTHYIO MATPHUILy C €€ eIMHCTBEHHbIM 3JI€EMEHTOM.



[11. Teopema o maTpuile OUIMHEHHON (hOPMbI B
pa3HbIX 0a3ucax

Teopema 2 (0 mMaTpuie OuIMHeHHOH popmMbl B pa3HbiX 6a3ucax). Ecaubub — dsa
baszuca aunetinoeo npocmparcmsa U, npuuem TB—>B’ — coomeemn-
cmeyiowas vampuya nepexoda, mo mampuyel Fg u FB’ amoil ou-
AUHEHOL hopmblL 8 3MUX DA3UCAX CBAZAHL COONMHOULEHILEM:

_



[11. Teopema o maTpuile OUIMHEHHON (hOPMbI B
pa3HbIX 0a3ucax

Teopema 2 (0 mMaTpuie OuIMHeHHOH popmMbl B pa3HbiX 6a3ucax). Ecaubub — dsa
basuca aunetnoeo npocmpancmsa U, npuien Tg g — coomsern-
—
cmsyrowas sampuia nepexoda, mo mampuyst Fg u Fgr amoii ou-
AUHeUHOU hopmol 8 aImux basucax c8a3aHbL COONMHOULEHUEM:
ot
Joka3areabcTBo. [1o onpenenenuio MaTpulibl nepexojia, ee Koadpou-

to 5 ! — - t.. e,
LIMEHTDI t;; ONIPENENAIOTCS CHCTEMOH PABEHCTB € = 21 ij €.
1=



[11. Teopema o maTpuile OUIMHEHHON (hOPMbI B
pa3HbIX 0a3ucax

Teopema 2 (0 mMaTpuie OuIMHeHHOH popmMbl B pa3HbiX 6a3ucax). Ecaubub — dsa
basuca aunetnoeo npocmpancmsa U, npuien Tg g — coomsern-
—
cmsyrowas sampuia nepexoda, mo mampuyst Fg u Fgr amoii ou-
AUHeUHOU hopmol 8 aImux basucax c8a3aHbL COONMHOULEHUEM:
ot
Joka3areabcTBo. [1o onpenenenuio MaTpulibl nepexojia, ee Koadpou-

o —/ 4 —
LMEHTI £;; ONPEJIEJISIOTCS] CHCTEMOH paBeHcTB € ; = > t;; € ;. CaieloBa-
i=1

TeJIbHO, Vsl KO3 dULIEHTOB MaTpHLL F 1 Fgr nveeM:



[11. Teopema o maTpuile OUIMHEHHON (hOPMbI B
pa3HbIX 0a3ucax

Teopema 2 (0 mMaTpuie OuIMHeHHOH popmMbl B pa3HbiX 6a3ucax). Ecaubub — dsa
baszuca aunetinoeo npocmparcmsa U, npuuem Tg_p — coomsem-
cmeyiowas vampuya nepexoda, mo mampuyel Fg u Iy amoil ou-
AUHEHOL hopmblL 8 3MUX DA3UCAX CBAZAHL COONMHOULEHILEM:

_

ILO Ka3aTeE€JdbCTBO.



[11. Teopema o maTpuile OUIMHEHHON (hOPMbI B
pa3HbIX 0a3uc‘ax

Teopema 2 (0 maTpuie OuIMHeHOo popmMbl B pa3HbiX 6a3ucax). Ecaubub — dsa
baszuca aunetinoeo npocmparcmsa U, npuuem Tg_p — coomsem-
(ﬁﬂByﬂnqaﬂJwaﬂunuuznep@xoda,ﬂu)ﬂuunqubtfﬁ;u_Fbxaﬂuniéu—
AUHEHOL hopmblL 8 3MUX DA3UCAX CBAZAHL COONMHOULEHILEM:

_

ILO Ka3aTeE€JdbCTBO.

n n
l —_— H/ H, —_— .H. .H. —_—
qu—f<ep,eq)—f Ztlpezvztjqej =
i=1 =1



[11. Teopema o maTpuile OUIMHEHHON (hOPMbI B
pa3HbIX 0a3ucax

Teopema 2 (0 mMaTpuile OuIMHeHHOH popmMbl B pa3HbiX 6a3ucax). Ecaubub — dsa
baszuca aunerinoeo npocmparcmsa U, npuuem TBHB’ — coomaent-
cmeyiowas vampuya nepexoda, mo mampuyol Fg u FB’ amotl Ou-
AUHELHOL hopmblL 8 3MUX DAZUCAX CBA3AHL COOMHOULCHILEM:

Fg =Ty _ptBlp 5" (3)

JloKa3aTeJbCTBO.
n n
fzgq =/ <?;7?;> =f Ztip?ivztjq?j =
i=1 j=1
non

=) > i f(€5, 7€)t =

i=1 j=1



[11. Teopema o maTpuile OUIMHEHHON (hOPMbI B
pa3HbIX 0a3ucax

Teopema 2 (0 mMaTpuile OuIMHeHHOH popmMbl B pa3HbiX 6a3ucax). Ecaubub — dsa
baszuca aunerinoeo npocmparcmsa U, npuuem TBHB’ — coomaent-
cmeyiowas vampuya nepexoda, mo mampuyol Fg u FB’ amotl Ou-
AUHELHOL hopmblL 8 3MUX DAZUCAX CBA3AHL COOMHOULCHILEM:

Fg =Ty _ptBlp 5" (3)

JloKa3aTeJbCTBO.
n n
fzgq =/ <?;7?;> =f Ztip?ivztjq?j =
i=1 j=1
non

n n
=2 D> tuf(€u€ty=) > tuwliti

i=1 j=1 i=1 j=1



[11. Teopema o maTpuile OUIMHEHHON (hOPMbI B
pa3HbIX 0a3ucax

Teopema 2 (0 maTpuue OuaMHedHOoi popmbl B pa3HbiX 6a3ucax). Ecaubub — dsa
basuca auHetiHoeo npocmparcmsa U, npuuem TBeB’ — coomsent-
cmayiowas vampuya nepexoda, mo mampuyel Fg u Fg amoi ou-
AUHEUHOU hopMmbL 8 aMuUxX OA3UCAX CBA3AHLL COOMHOULEHIULEM:
Iy = 15_p''67p_B" (3)
JloKa3aTeJbCTBO.

n n
l — H/ H/ —_— .%. .ﬁ. —
qu_f<ep7eq)_f E :tlpebi :t]qe] o
1=1 J=1

n n n n
— —
= E E tipf(€, € )ty = E | E tipfijtios
i=1 j=1 =1 j=1
YTO MpPHU 3aMMCH B MATPUUHOM BHJIE IaeT TpeOyemMoe paBeHCTBO.



[11. CummeTpuuyHasg ouanHelHaa popma

ILHH CJICAYIOLIEro pasaeyja HaM MOHaA00UTCS ellle OJIHO MOHSITHE:



[11. CummeTpuuyHasg ouanHelHaa popma

ILHH CJICAYIOLIEro pasaeyja HaM MOHaA00UTCS ellle OJIHO MOHSITHE:

Onpenenenue 6. buaunerinas opma f (8 mepmunax meopuu -
HeUHbLX NPOCMPAHCTE) HA36l8aeMCs CAMMETPUYHON OUJIMHEN-
HOl hopmMoi moeda u moavko moeda, Koeda 045 A0ObLX BEKMOPOB
- — - — — =

X,y u3 U umeem mecmo pasencmso f(x,y )= f(y, X).



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

1. f asasemcs cummempuunol OuruHeiHol popMOil ecau U Mmoab-
KO ecau ee mampuya 8 A06om Oazuce a841emcs CuMmMemput-
HOU.

2. [ asasemcsa cummempuurot OuruHetiHol opmoil ecau U moao-
KO ecau cyujecmsyem maxkoi basuc, 8 KOmopom mampuua ou-
AUHelHoU hopmol | a68a5emcst cumMmempuuHoll.



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

1. f asasemcs cummempuunol OuruHeiHol popMOil ecau U Mmoab-
KO ecau ee mampuya 8 A06om Oazuce a841emcs CuMmMemput-
HOU.

2. [ asasemcsa cummempuurot OuruHetiHol opmoil ecau U moao-
KO ecau cyujecmsyem maxkoi basuc, 8 KOmopom mampuua ou-
AUHelHoU hopmol | a68a5emcst cumMmempuuHoll.

Jloka3areabcTBO. J[0CTaTOUHO 10KA3aTh JBA YTBEPXKACHUS:



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEenHOU hopMbl). Hycmb f — Ouau-
HelHas gopma (8 cmoicae meopuu AUHEUHbIX npocmpancms). To-
eda cnpagedaussl caedyrouiue ymeeproeHus:

1. f asasemcs cummempuyuHoil OUAUHEIHOU POPMOLL ecau 1 MOAb-
KO ecau ee mampuya 8 106om Oasuce 1841emcs CUMMEemput-
HOLL.

2. [ asasemcsa cummempuurot OuruHetiHol opmoil ecau U moao-
KO ecau cyujecmsyem makoi basuc, 8 KOMopom mampuya ou-
AUHeUHOol hopmol [ a840emcs CUMMEMPULHOLL.

JlokazaTeabCTBO. BO-IE€PBbIX, ecju OuJMHeldHass dopMa f sBJjsieTcs
CUMMETPHUUYHOH, TO €€ MaTpPHulla SABJACTCA CUMMETPUUHOH B JitoOboM Oa-
3uce, U,



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHULie CAMMETPUYHOI OuaMHeitHO| hopmbl). HyCIﬂb f — Ouau-
HeltHas gopma (8 cmoicae meopuu AUHEUHbIX npocmparncms). To-
eda cnpasedaussl caedyrouiue ymeeproeHus:

1. f asasgemcs cummempuyHoil OUAUHEHOU POPMOLL ecau 1 mMOAb-
KO ecau ee mampuya 8 A0bom Oasuce 1841emcs CUMMemput-
HOL.

2. f asasemcs cummempudHol ouiureinot gopmotl ecau u moao-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMOPoMm mampuya Ou-
AUHeUHOU hopmol | asasemces cummempuHoll.

Jloka3aTeJabCTBO. BO-BTOPbIX, €CJIM CYLIECTBYET TAKOH Oasuc, B KOTO-
poM MaTpula OUJMHERHOH opMbl f SBJISIETCS CHMMETPUUHOM, TO f —
CUMMeTpHuHasi GuiMHeliHast hopma.



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

1. f asasemcs cummempuunol OuruHeiHol popMOil ecau U Mmoab-
KO ecau ee mampuya 8 A06om Oazuce a841emcs CuMmMemput-
HOU.

Joka3zareabcTBo. [ lepBoe yTBepKIeHUE OUEBUIHO:



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

1. f asasemcs cummempuunol OuruHeiHol popMOil ecau U Mmoab-
KO ecau ee mampuya 8 A06om Oazuce a841emcs CuMmMemput-
HOU.

Joka3zareabcTBo. [ lepBoe yTBepKIeHUE OUEBUIHO:

fiij=f(€,€;) =f(€;, €)= fj



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

2. f asasemcs cummempuuHol OuruHetiHol popmoil ecau U mMmoaob-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMopom mampuya ou-
AUHeUHOLU hopmol | 1648emCs CUMMEMPUUHOLL.

Jloka3areabcTBO. BTOpoe yTBep:KaeHUE CJielyeT U3 TeopeMbl O Bbl-
yucJeHUM OMJIMHedHol hopMbl B KOOPAUHATAX.



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

2. f asasemcs cummempuuHol OuruHetiHol popmoil ecau U mMmoaob-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMopom mampuya ou-
AUHeUHOLU hopmol | 1648emCs CUMMEMPUUHOLL.

Jloka3areabcTBO. BTOpoe yTBep:KaeHUE CJielyeT U3 TeopeMbl O Bbl-
yucJeHUuu ouaMHenHon gopmbl B KoopauHaTax. B camom nene, mat-
pula [x]%FB[y]B — 0JIHO3JIEMEHTHAs1, TO3TOMY OHa MPH TPAHCTIOHUPO-
BAHWUHU HE MEHSIeTCS.



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

2. f asasemcs cummempuuHol OuruHetiHol popmoil ecau U mMmoaob-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMopom mampuya ou-
AUHeUHOLU hopmol | 1648emCs CUMMEMPUUHOLL.

JlokasarenabcTBo. Cyie10BaTe/IbHO, B CHJIY paBeHCTBA Fix = Fg, TEOpeE-
Mbl O BbIUMCJAEHUHU OUJIUHENHON hopMbl B KOOpAMHATAX U CBOMCTB
onepanyuu TpaHcnonupoganus (TouHee, paeHcTBa (AB) = B'A!),
MoJiyuaem



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

2. f asasemcs cummempuuHol OuruHetiHol popmoil ecau U mMmoaob-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMopom mampuya ou-
AUHeUHOLU hopmol | 1648emCs CUMMEMPUUHOLL.

ILO Ka3aTeJdbCTBO.

f(X,¥) =



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

2. f asasemcs cummempuuHol OuruHetiHol popmoil ecau U mMmoaob-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMopom mampuya ou-
AUHeUHOLU hopmol | 1648emCs CUMMEMPUUHOLL.

ILO Ka3aTeJdbCTBO.

f(X.,Y) = llgFplylp =



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

2. f asasemcs cummempuuHol OuruHetiHol popmoil ecau U mMmoaob-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMopom mampuya ou-
AUHeUHOLU hopmol | 1648emCs CUMMEMPUUHOLL.

ILO Ka3aTeJdbCTBO.

f(Z.7) = el Fglulp = (Il Fplols) =



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

2. f asasemcs cummempuuHol OuruHetiHol popmoil ecau U mMmoaob-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMopom mampuya ou-
AUHeUHOLU hopmol | 1648emCs CUMMEMPUUHOLL.

ILO Ka3aTeJdbCTBO.

F(R. ) = [l Fslulg = (Il Falip) = Wl Pl =



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

2. f asasemcs cummempuuHol OuruHetiHol popmoil ecau U mMmoaob-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMopom mampuya ou-
AUHeUHOLU hopmol | 1648emCs CUMMEMPUUHOLL.

ILO Ka3aTeJdbCTBO.

F(R. ) = [l Fslulg = (Il Falip) = Wl Pl =

= [ylg Fplzlp =



I1l. Teopema o MmaTpuue CHMMETPUYHOU
OUJMHEHNHON (hOPMbI

Teopema 3 (0 MaTpHUlle CAMMETPUYHON OUIMHEeNHOU hopMbl). Hycmb f — Ouau-
HetHas gopma (8 cmoicae meopuu AUHeEUHbLX npocmpancms). To-
eda cnpagedausol caedyrouiue ymeeproeHus:

2. f asasemcs cummempuuHol OuruHetiHol popmoil ecau U mMmoaob-
KO ecau cyujecmsyem maxkoi basuc, 8 KOMopom mampuya ou-
AUHeUHOLU hopmol | 1648emCs CUMMEMPUUHOLL.

ILO Ka3aTeJdbCTBO.

f(%.7) = el Fgllp = (Il Fplols) = W Fplels =

4

= lylpfplrlg = (¥, X).



IV. KBagpaTtuunbie (hopmbl

Ha sisbike MHOrousieHoB KBajapaTuuHasi popma — 3To chopma cTe-
neuu 2. Ha s13blke T€OpHUH JIMHEUHBIX MPOCTPAHCTB 3TO ONpeJlesieHHe
MOKHO cpOpMYyJIMPOBATh CJAEIYIOLIMM 06pas3oM.



IV. KBagpaTtuunbie (hopmbl

Ha sisbike MHOrousieHoB KBajapaTuuHasi popma — 3To chopma cTe-
neuu 2. Ha s13blke T€OpHUH JIMHEUHBIX MPOCTPAHCTB 3TO ONpeJlesieHHe
MOKHO cpOpMYyJIMPOBATh CJAEIYIOLIMM 06pas3oM.

Onpenenenue 7. Keagpatuunod dopmoid raseisaemcss maxkas
Gynkyusa ¢ U — R, daqa komopou Hati0emcsa buiuretinas gop-
%
ma f makas, umo 0a1 moboeo sekmopa X u3 U umeem mecmo
— — —
paserncmso o(X) = f(x, X).



IV. KBagpaTtuunbie (hopmbl

[ToHATHO, UTO pasJyiMuHble OUIHHENHBIE POPMbI MOTYT MOPOXKAATH OJIHY
U TY 2Ke KBaJIpaTHUHYIO hopMmy.



IV. KBagpaTtuunbie (hopmbl

[ToHsiTHO, UTO pasyuHble OUJIHHEHHbIE (DOPMbBI MOTYT MOPOXKAATH OJIHY
U Ty »Ke KBazpaTuuHyto popmy. Hanpumep, 6unnneiitbie hopmbl

a(xr1e1 + y1€2, T2€1 + Y2€2) = X1y + Y129,

15 (931@1 + Y1€2, To€1 + 9262) = 221Ys,

pasJIMUHbL, TaK Kak « (e1,e9) = 1, [ (e, er) = 2.



IV. KBagpaTtuunbie (hopmbl

[ToHsiTHO, UTO pasyuHble OUJIHHEHHbIE (DOPMbBI MOTYT MOPOXKAATH OJIHY
U Ty »Ke KBazpaTuuHyto popmy. Hanpumep, 6unnneiitbie hopmbl

a(xr1e1 + y1€2, T2€1 + Y2€2) = X1y + Y129,

15 (931@1 + Y1€2, To€1 + 9262) = 221Ys,

pas/MuHbl, TaK KakK o (e1,€9) =1, [ (e1,e) = 2.
Ho oHu nopokaaioT oJiHy U Ty »Ke KBaApaTHUHYy10 (hOpMy:

a(re+yey re+yey) =xytyr =2xy=F(rxe;+yesy, xe +yey).



IV. KBagpaTtuunbie (hopmbl

[ToHsiTHO, UTO pasyuHble OUJIHHEHHbIE (DOPMbBI MOTYT MOPOXKAATH OJIHY
U Ty »Ke KBazpaTuuHyto popmy. Hanpumep, 6unnneiitbie hopmbl

a(xr1e1 + y1€2, T2€1 + Y2€2) = X1y + Y129,

B (181 + y1€2, To€1 + Yy2€2) = 2117,
pas/MuHbl, TaK KakK o (e1,€9) =1, [ (e1,e) = 2.
Ho oHu nopokaaioT oJiHy U Ty »Ke KBaApaTHUHYy10 (hOpMy:

a(re+yey re+yey) =xytyr =2xy=F(rxe;+yesy, xe +yey).

Kakue Bompockl Bbl MOIJIM Obl TOCTaBUTL TePE UCCeI0BATEISIMH B
CBSI3U C HEOJHO3HAYHOCTbIO OMJIMHEHHOH (POpPMbI, MOPOXKAAIOIIEH KOH-
KPETHYIO KBaipaTHUHy10 hopmy?



IV. KBagpaTtuunbie (hopmbl

[ToHsiTHO, UTO pasyuHble OUJIHHEHHbIE (DOPMbBI MOTYT MOPOXKAATH OJIHY
U Ty »Ke KBazpaTuuHyto popmy. Hanpumep, 6unnneiitbie hopmbl

a(xr1e1 + y1€2, T2€1 + Y2€2) = X1y + Y129,

15 (931@1 + Y1€2, To€1 + 9262) = 221Ys,

pas/MuHbl, TaK KakK o (e1,€9) =1, [ (e1,e) = 2.
Ho oHu nopokaaioT oJiHy U Ty »Ke KBaApaTHUHYy10 (hOpMy:

a(re+yey re+yey) =xytyr =2xy=F(rxe;+yesy, xe +yey).

Mbl paccMOTpUM JiBe 3aj1aud: | ) BbISICHUTB, KaK CBsI3aHbl MEXKJLY CO-
600 GuMHeNRHbIe (hOPMbI, MTOPOXKIAIOIINE OJIHY U Ty K€ KBaJPATHUHYIO
dbopmy; 2) BbiOpaTh HauboJsee y1o6HYI0 OUJIUHENRHYIO hOpPMY, TOPOK-
JA011LY10 IAHHYIO KBaJIpaTHUHY1O popmy.



IV.1. Kpurepun copnageHus nOpOKIAEHHbIX
KBaJpaTUUHbIX (hOopM

Jlemma 1 (Kputepuid coBnaaeHus nopoxKaeHHbIX KBaap. hopm).
buaunetinole hopmor f u g nopoxcdarom o0Hy u my xe Keaopa-
Mu4Hyo hopmol moeda u moabKo moeoda, Koeda

F(XY)+f(V: X)=9(X;:yY)+g(¥; X). (4)

Jloka3aTeJbCTBO.



IV.1. Kpurepun copnageHus nOpOKIAEHHbIX
KBaJpaTUUHbIX (hOopM

Jlemma 1 (Kputepuid coBnaaeHus nopoxKaeHHbIX KBaap. hopm).
buaunetinole hopmor f u g nopoxcdarom o0Hy u my xe Keaopa-
Mu4Hyo hopmol moeda u moabKo moeoda, Koeda

F(XY)+f(V: X)=9(X;:yY)+g(¥; X). (4)

Joka3areabcTBo. [lycTh GunnHeiinble opMbl f U g MOPOKIAIOT OJIHY
U Ty »Ke KBajipaThunyio popmy. MHbIMU cioBamMu



IV.1. Kpurepun copnageHus nOpOKIAEHHbIX
KBaJpaTUUHbIX (hOopM

Jlemma 1 (Kputepuid coBnaaeHus nopoxKaeHHbIX KBaap. hopm).
buaunetinole hopmor f u g nopoxcdarom o0Hy u my xe Keaopa-
Mu4Hyo hopmol moeda u moabKo moeoda, Koeda

F(XY)+f(V: X)=9(X;:yY)+g(¥; X). (4)

Joka3areabcTBo. [lycTh GunnHeiinble opMbl f U g MOPOKIAIOT OJIHY
U Ty »Ke KBajipaThunyio popmy. MHbIMU cioBamMu

—
; X

+ ?), OTKyJa



IV.1. Kpurepun copnageHus nOpOKIAEHHbIX
KBaJpaTUUHbIX (hOopM

Jlemma 1 (Kputepuid coBnaaeHus nopoxKaeHHbIX KBaap. hopm).
buaunetinole hopmor f u g nopoxcdarom o0Hy u my xe Keaopa-
Mu4Hyo hopmol moeda u moabKo moeoda, Koeda

F(XY)+f(V: X)=9(X;:yY)+g(¥; X). (4)

Joka3areabcTBo. [lycTh GunnHeiinble opMbl f U g MOPOKIAIOT OJIHY
U Ty »Ke KBajipaThunyio popmy. MHbIMU cioBamMu

f(?; ?) :g(?; ?)
Torna f (X +y;
X



IV.1. Kpurepun copnageHus nOpOKIAEHHbIX
KBaJpaTUUHbIX (hOopM

Jlemma 1 (Kputepuid coBnaaeHus nopoxKaeHHbIX KBaap. hopm).
buaunetinole hopmor f u g nopoxcdarom o0Hy u my xe Keaopa-
Mu4Hyo hopmol moeda u moabKo moeoda, Koeda

F(XY)+f(V: X)=9(X;:yY)+g(¥; X). (5)

Joka3areabctBo. [lycTe OusnuHellHble ¢dopMbl f U g TOPOXK-
JAI0T OJHYy W Ty »Ke KBajpaTuuHyto Qopmy. HWHbiMH cioBamu

F(R:R) = g(R: %)
F(X X))+ (X Y)+f(¥V:X)+f(¥V:Y)=
=g(X; X)+9(X:Y)+9(y¥; X)+9(¥V:7Y). (5)
[Moyeaosuio f (X; X) =g (X; X)nf(y:;¥)=9(¥:Y).

X
MO3TOMY U3 (D) cjielyeT paBeHCTBRO (4).



IV.1. Kpurepun copnageHus nOpOKIAEHHbIX
KBaJpaTUUHbIX (hOopM

Jlemma 1 (Kputepuid coBnaaeHus nopoxKaeHHbIX KBaap. hopm).
buaunetinole hopmor f u g nopoxcdarom o0Hy u my xe Keaopa-
Mu4Hyo hopmol moeda u moabKo moeoda, Koeda

F(XY)+f(V: X)=9(X;:yY)+g(¥; X). (5)

Joka3areabcTBo. Jlokakem J0CTaToOuHOCTb. [lycTh BbIMOJIHSAETCA
— —
paBeHCTBO paBeHCTBO (4). [Tosarasi B 3TOM paBeHCTBe X =y, MOJY-
yaeMm



IV.1. Kpurepun copnageHus nOpOKIAEHHbIX
KBaJpaTUUHbIX (hOopM

Jlemma 1 (Kputepuid coBnaaeHus nopoxKaeHHbIX KBaap. hopm).
buaunetinole hopmor f u g nopoxcdarom o0Hy u my xe Keaopa-
Mu4Hyo hopmol moeda u moabKo moeoda, Koeda

F(XY)+f(V: X)=9(X;:yY)+g(¥; X). (5)

Joka3areabcTBo. Jlokakem J0CTaToOuHOCTb. [lycTh BbIMOJIHSAETCA
— —
paBeHCTBO paBeHCTBO (4). [Tosarasi B 3TOM paBeHCTBe X =y, MOJY-
— — — —
uaem f (X; X) =g (X; X).
CuaienoBaresibHO, GUIMHERHbIE (DOPMbI f U g TOPOXKIAIOT OJIHY U Ty 2Ke
KBaJpaTHUHYIO (popmy.



IV.1. Kpurepun copnageHus nOpOKIAEHHbIX
KBaJpaTUUHbIX (hOopM

Jlemma 1 (Kputepuid coBnaaeHus nopoxKaeHHbIX KBaap. hopm).
buaunetinole hopmor f u g nopoxcdarom o0Hy u my xe Keaopa-
Mu4Hyo hopmol moeda u moabKo moeoda, Koeda

F(XY)+f(V: X)=9(X;:yY)+g(¥; X). (5)

Joka3areabcTBo. Jlokakem J0CTaToOuHOCTb. [lycTh BbIMOJIHSAETCA
— —
paBeHCTBO paBeHCTBO (4). [Tosarasi B 3TOM paBeHCTBe X =y, MOJY-
— — — —

uaem f (X; X) =g (X; X).

CuaienoBaresibHO, GUIMHERHbIE (DOPMbI f U g TOPOXKIAIOT OJIHY U Ty 2Ke
KBaJpaTHUHYIO (popmy.

Teopema nokasana.



IV. KBagpaTtuunbie (hopmbl

B cusy HeosiHO3HAUHOCTH OUJIMHERHOH (DOPMbI, MOPOKIAAIOLIENH KOH-
KPETHYIO KBaJpaTHUHYIO (hOpMY, aKTyaJibHbIM SIBJIsIETCS] BbIOOpP HAaubo-
Jiee y1oOHOH OUJMHERHON (DOPMbI, MOPOKIAIOLIEN NAHHYIO KBaJpaTHU-
Hyto gopmy. Pazymeercsi, «yn06CTBO» onpene/isieTcsi COOTBETCTBYIOLIEH
LEJIbIO.



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll
Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcs, npuuem eOUHCMBEHHAS, MAKASL CUMMEMPUUHASL MAMPULQ
It
A, umo p(x) = [:U]BA[:U]B.

ILO Ka3aTeE€JdbCTBO.



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll
Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demCﬂ, npudem edLLHCIﬁBQHHa}Z, maxKkasa cummempudHas nampuya

A, umo p(x) = [as]tBA[a:]B

Joka3areabcTBo. CHavasa JIoKaKeM eIMHCTBEHHOCTb MaTpPHLbl A,
TO €CTb €IMHCTBEHHOCTb COOTBETCTBYIOLIEH CUMMETPUYHON OUJIMHEHHOH
dhopmbI:



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

Joka3areabcTBo. CHavasa JIoKaKeM eIMHCTBEHHOCTb MaTpPHLbl A,
TO €CTb €IMHCTBEHHOCTb COOTBETCTBYIOLIEH CUMMETPUYHON OUJIMHEHHOH
dhopmbI:

{ fle,y) = fly,z),

9(z,0) = gly,z) (f(z,z) = g(z,z) & f(z,y)=g(z,y)).



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:z:]BA[:c]B.

Joka3areabcTBo. CHavasa JIoKaKeM eIMHCTBEHHOCTb MaTpPHLbl A,
TO €CTb €IMHCTBEHHOCTb COOTBETCTBYIOLIEH CUMMETPUYHON OUJIMHEHHOH
dhopmbI:

flw,) = Fly.2), ) )
{ g(r,y) =gy, v) = (f(z,2) =g(r,z) & flr,y)=9(z,y)).

MOKHO TOJIyUUTh TpeOyeMoe YTBEPKIECHHUE U3 KPUTEPUST COBIAJICHHUS
MOPOKJIEHHBIX KBaJPATHUHBIX (POPM, HO Mbl BOCIIPOU3BEJEM MPUBEIEH-
HbI€ BbILLIE PACCYKACHUSA /I HALIETO CJyuas.



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll
Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demCﬂ, npudem edLLHCIﬁBQHHa}Z, maxKkasa cummempudHas nampuya

A, umo p(x) = [as]tBA[a:]B

Joka3areabcTBo. CHavasa JIoKaKeM eIMHCTBEHHOCTb MaTpPHLbl A,
TO €CTb €IMHCTBEHHOCTb COOTBETCTBYIOLIEH CUMMETPUYHON OUJIMHEHHOH
— — - —
dopmbr. [Tyets f(X,y) u ¢(X,y) — Takue cHMMeTpHUHble GH-
o — — = - —
JIMHEeHHbIe (DOPMBbI, UTO (X) =f (X, x) =g (x, x).



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

Joka3areabcTBo. CHavasa JIoKaKeM eIMHCTBEHHOCTb MaTpPHLbl A,
TO €CTb €IMHCTBEHHOCTb COOTBETCTBYIOLIEH CUMMETPUYHON OUJIMHEHHOH
— — - —
dopmbr. [Tyets f(X,y) u ¢(X,y) — Takue cHMMeTpHUHble GH-
o — — — — —>
JIMHeHHble POPMBI, UTO (x) =f (x : x) =g (x , X ) Hcnonbays 6u-
JIMHEHHOCTb U CUMMETPUUYHOCTb, M10JIy4aem

P (X+Y)=f(X+¥Y.X+Y)=f(X.X)+2f (X.¥V)+[(V.V)



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

Joka3areabcTBo. CHavasa JIoKaKeM eIMHCTBEHHOCTb MaTpPHLbl A,
TO €CTb €IMHCTBEHHOCTb COOTBETCTBYIOLIEH CUMMETPUYHON OUJIMHEHHOH
— — - —
dopmbr. [Tyets f(X,y) u ¢(X,y) — Takue cHMMeTpHUHble GH-
o — — — — —>
JIMHeHHble POPMBI, UTO (x) =f (x : x) =g (x , X ) Hcnonbays 6u-
JIMHEHHOCTb U CUMMETPUUYHOCTb, M10JIy4aem

p(X+Y)=f(X+¥Y,X+Y)=Ff(X,X)2f (X, ¥)+f (V. Y)
p(X+Y)=g(X+y.X+Y)=9(X,X)+29 (X, ¥)+9(¥,Y)



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

Joka3areabcTBo. CHavasa JIoKaKeM eIMHCTBEHHOCTb MaTpPHLbl A,
TO €CTb €IMHCTBEHHOCTb COOTBETCTBYIOLIEH CUMMETPUYHON OUJIMHEHHOH
— — - —
dopmbr. [Tyets f(X,y) u ¢(X,y) — Takue cHMMeTpHUHble GH-
o — — — — —>
JIMHeHHble POPMBI, UTO (x) =f (x : x) =g (x , X ) Hcnonbays 6u-
JIMHEHHOCTb U CUMMETPUUYHOCTb, M10JIy4aem

p(X+Y)=f(X+y.,x+y)=f(X



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

Joka3areabcTBo. CHavasa JIoKaKeM eIMHCTBEHHOCTb MaTpPHLbl A,
TO €CTb €IMHCTBEHHOCTb COOTBETCTBYIOLIEH CUMMETPUYHON OUJIMHEHHOH

dopmbl. ITyets f(X,y) u g (X,y) — Takue cuMMeTpHuHble OH-
JIMHEeHHbIe (DOPMBbI, UTO (?) =f (?, ?) =g (?, ?)

P (X)+2f (X.Y) +e(¥V) =0 (X) +29(X.Y) +¢(¥)-

[Mostomy f (X,y) =g (X,y). OnHosHauHOCTb JOKA3aHA.



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll
Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-
demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ

A, umo p(x) = [as]tBA[a:]B

JokasareabcTBo. OcCTanoch 10Ka3aTb CYUIECTBOBAHHE TAKOW CHM-
METPUUHON MaTpuLlbl A.



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

Joka3areabcTtBo. OcCTasoch 10Ka3aTh CYyLLECTBOBAHHWE TaKOH CHM-
mMeTpuuHod MaTpulibl A. [TycThb f — GusinHeliHas dpopma, nopoxkaatouas
©, TO €CTb Takasi OusnHeldHast popma, st KOTOPOH BbIMOJHSETCS TOXK-
nectBo p(x) = f(z,x).



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

Joka3areabcTBo. OcTasoch J10Ka3aTb CYyllleCTBOBAHHE TaKOH CHM-
mMeTpuuHod MaTpulibl A. [TycThb f — GusinHeliHas dpopma, nopoxkaatouas
©, TO eCTh Takasi OuJIMHeRHast popma, 1J1sI KOTOPOH BbITIOJIHSIETCS TOXK /e~
cTBO () = f(z,x). PaccmoTpum GusHelinyto hopmy g, onpesiesieHHY0

PABEHCTBOM
1

gle.y) =5 (fle,y) + F(y.2).



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll
Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-
demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
A, umo p(x) = [as]tBA[a:]B
Jloka3aTeabCTBO.
1

olw) = fla.a),  gloy) =5 (flay) + fly.).

3ameTuM, uTo, BO-TE€PBbIX, g MOPOKIAET KBaJApaTHUHYIO PopMmy ©,



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

ILO Ka3aTeE€JdbCTBO.

1

olw) = fla.a),  gloy) =5 (flay) + fly.).

3aMeTHM, 4T0, BO-TIEPBLIX, g OPOXKJIAET KBAJAPAaTHUHYIO (hOPMY 0, U, BO-
BTOPbIX, ¢ — CHUMMeTpHUHasi OUJMHeHHast (hopMa, TO eCThb JyIsl JIIOOBIX
BEKTOPOB x,y € U UMeeT MecTo paBeHCTBO ¢(x,y) = g(y, x).



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

Jlemma 2 (0 mMaTpuue KBaapaTUYHOU (hopMbl). ,ZZ/ZFL aAr0botl fceadpamuqﬂoﬂ

dopmor p u a0b6oeo bazuca b aunerinoeo npocmparncmsa U Hali-

demcs, npuuem eOUHCMBEHHAA, MAKAA CUMMEMPUYHAAL MAMPULQA
_ [t

A, umo p(x) = MBAMB'

ILO Ka3aTeEJdbCTBO.

1

o) = f(w,x),  glay) =3 (fly) + fly.a)).

3ameTuM, uTo, BO-NIEPBBIX, g MOPOKAAET KBaApaTUUHYIO POPMY ¢, H, BO-
BTOPbIX, ¢ — CUMMeTpHUHasi OusMHeldHas dopma, TO eCTb JJIs JII0ObIX

BEKTOPOB x,y € U uUMeeT MecTO paBeHCTBO ¢(x,y) = ¢(y,x). B camom
jieJie, BO-TEePBbIX,

glz,2) = 5 (fl@,2) + f(,2)) = fla,2) = ol).

N | —



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll
Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-
demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ

A, umo p(x) = [as]tBA[a:]B
ILOKaSaTeJIbCTBO.
1
olw) = fla.a),  gloy) =5 (flay) + fly.).
Bo-BTOphIX,
o(w.7) = 5 (o) + fo.)) = 5 (Fo.) + F.2) = glo.)



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll
Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-
demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ

A, umo p(x) = [as]tBA[a:]B
ﬂ,OKaSaTeJIbCTBO.
1
olw) = fla.a),  gloy) =5 (flay) + fly.).

CJieioBaTe/IbHO, BO-MEPBbLIX, ¢ MOPOXKAAET KBaJpaTUUHYO hOpMY o, U,
BO-BTOPbIX, ¢ — CUMMeTpHYHasi OUJIMHeHHast hopMa, TO e€CThb AJIsI JTIOObIX
BEKTOPOB x,y € U UMeeT MecTo paBeHCTBO ¢(x,y) = g(y, x).



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

ILO Ka3aTeE€JdbCTBO.

1

olw) = fla.a),  gloy) =5 (flay) + fly.).

CJieioBaTe/IbHO, BO-MEPBbLIX, ¢ MOPOXKAAET KBaJpaTUUHYO hOpMY o, U,
BO-BTOPbIX, ¢ — CUMMeTpHUHas OusnHeldHas popma, TO eCThb sl JIIOObIX
BEKTOPOB .,y € U MeeT MeCcTo paBeHCTBO g(z,y) = g(y, x).

Kak usBectHo, g(z,y) = [:c]%A[y]B rie A — maTpuuia OUJHHEHHON
dopmbl g B 6asuce b. [1pu sTom, oueBHHO, MaTpulla A — CUMMETpUU-

Hasl, TaK Kak a;; = g(e;, ;) = g(e;, ej) = a;j.



IV.2. Jlemma o maTpuue KBaapaTuuHoOu (hOpMbl

JlemMa 2 (o marpuue ksanparnunoii popmur). /42 110001  KeadpamuuHoll

Gpopmol o u a0b60eo bazuca b auneilnoco npocmparncmsa U Hatl-

demcsa, npuvem eOUHCMBEHHAA, MAKAA CUMMEMPULHAL MAMPUYQ
[t

A, umo p(x) = [:U]BA[:U]B.

ILO Ka3aTeE€JdbCTBO.

1

olw) = fla.a),  gloy) =5 (flay) + fly.).

CJieioBaTe/IbHO, BO-MEPBbLIX, ¢ MOPOXKAAET KBaJpaTUUHYO hOpMY o, U,
BO-BTOPBIX, ¢ — CUMMeTpHUHasi OunHelHasi popma, To ecThb JIJIsi JIFOOBIX
BEKTOPOB .,y € U MeeT MeCcTo paBeHCTBO g(z,y) = g(y, x).

Kak usBectHo, g(z,y) = [:c]%A[y]B rie A — maTtpuua OUIUHEHHOMH
dopmbl g B 6asuce B. [Tostomy o(z) = g(z,x) = [az]%A[as]B IS CHM-
MEeTPHUUHOH MaTpHlibl A, 4To U TpeGOBAJIOCH J10KA3aTh.



IV.3. MaTpuua kBaapaTtuuHon hpopMbl

Onpepenenue 8. Mampuya A, cyuiecmsosanue Komopot 06yca08-
AEHO Nemmoll 2 0 mampuye K8aopamuuHot Gopmol, Ha3bl8aemcs
MaTpuleld KBaapaTUUHON popMbl.



IV.3. MaTpuua kBaapaTtuuHon hpopMbl

Onpepenenue 8. Mampuya A, cyuiecmsosanue Komopot 06yca08-
AEHO Nemmoll 2 0 mampuye K8aopamuuHot Gopmol, Ha3bl8aemcs
MaTpuleld KBaapaTUUHON popMbl.

3aMeTuM, 4To TeopeMa O MaTpuile KBajpaTHUHOH (hOpMbl CBOJMUT Bbl-
yHCJ/IeHHe 3HAUeHHs KBAAPATHUHOH (GOPMBI HA BEKTOPE X K BBIUHCJICHHIO
3HaueHHsl MHOTouJeHa OT KO3(PMHLUHEHTOB pa3/oKeHHs BeKTopa X 0
0asucy b.



IV.3. MaTpuua kBaapaTtuuHon hpopMbl

Teopema 4 (o KBaJApaTUYHOW (hopMe Ha I3bIK€ MHOTOUJIEHOB). MHoeouren
[x]tBA[a:]B ede A — mampuya uz remmol 2 0 mampuye Keaopamuy-
HOU hopmol, 849emcss OOHOPOOHLIM MHOCOUACHOM CIeNneHl 2, mo
ecmo ¢hopmoii cmenenu 2.

Jloka3aTebCTBO MPEJOCTABJSETCS UUTATE/ISIM B KaueCTBe yIpaKHe-
HHSI.



IV.4. Teopema o npeoOpa3oBaHUU MaTPULLbI
KBaJApaTUUYHOHU hopMblI

Teopema 5 (0 npeo6pa3oBaHUM MAaTPHLbl KBAAPATUYHOUN (hOPMBbI). Ecau A u A\ —
mampuyovl Keaopamuuroti gopmol p 8 basucax b u B’ coomsem-
cmeeHHo, u'l = TB—>B' — mampuua nepexoda, Mo UmMeem Mecnio
paserncmeo: A = T'AT.

JloKa3aTeJbCTBO.



IV.4. Teopema o npeoOpa3oBaHUU MaTPULLbI
KBaJApaTUUYHOHU hopMblI

Teopema5 (0 npeo6pa3oBaHUM MAaTPHLbl KBAAPATUYHOUN (hOPMBbI). Ecau A u A\ —
mampuyovl Keaopamuuroti gopmol p 8 basucax b u B’ coomsem-
cmeenno, u T =Tg @ — nampuya nepexoda, mo umeern mecmo
paserncmeo: A = T'AT.

Joka3areabctBo. Ecau T' — martpuua nepexoya u3 6asuca b B 0a-
suc B', 1o, cornacHo Teopeme 0 KoopaMHaTax BEKTOpa B pa3HbIX Oasucax,
— —
[x]p = T[x]g- [Tosromy



IV.4. Teopema o npeoOpa3oBaHUU MaTPULLbI
KBaJApaTUUYHOHU hopMblI

Teopema5 (0 npeo6pa3oBaHUM MAaTPHLbl KBAAPATUYHOUN (hOPMBbI). Ecau A u A\ —
mampuyovl Keaopamuuroti gopmol p 8 basucax b u B’ coomsem-
cmeenno, u T =Tg @ — nampuya nepexoda, mo umeern mecmo
paserncmeo: A = T'AT.

Joka3areabctBo. Ecau T' — martpuua nepexoya u3 6asuca b B 0a-
suc B', 1o, cornacHo Teopeme 0 KoopaMHaTax BEKTOpa B pa3HbIX Oasucax,
— —
[x]p = T[x]g- [Tosromy

t t g
/T AT[ X ]B/,

XA = (T[X)y) ATRg = (Kl



IV.4. Teopema o npeoOpa3oBaHUU MaTPULLbI
KBaJApaTUUYHOHU hopMblI

Teopema5 (0 npeo6pa3oBaHUM MAaTPHLbl KBAAPATUYHOUN (hOPMBbI). Ecau A u A\ —
mampuyovl Keaopamuuroti gopmol p 8 basucax b u B’ coomsem-
cmeenno, u T =Tg @ — nampuya nepexoda, mo umeern mecmo
paserncmeo: A = T'AT.

Joka3areabctBo. Ecau T' — martpuua nepexoya u3 6asuca b B 0a-
suc B', 1o, cornacHo Teopeme 0 KoopaMHaTax BEKTOpa B pa3HbIX Oasucax,
— —
[x]p = T[x]g- [Tosromy

b
U, U3 JIOKA3aHHOIO paHee YTBEPXK/CHHUS O €JIMHCTBEHHOCTU TAKOW CUM-
MeTPUUHOK MaTpHLibl, noaydaeM A’ = T'AT. Teopema o Marpuile KBaj-
paTUYHOHN (hOPMbI I0Ka3aHa.

RpARp = (T[X)y) AT[Rg = [T AT g



IV.5. [IpuBenenune kBaagpaTuuHo popmbl K
KaHOHUYECKOMY BUILY

OnHo# M TOW »Ke KBaJpaTHUHOH (DOpMe B CMbICJE TEOPUU JUHEN-
HbIX TPOCTPAHCTB 0OBIYHO COOTBETCTBYET MHOI'O KBaipaTHUHbIX POpM-
MHOIOUJIEHOB: MPH Mepexojie B APYrod 6asuc, Kak MpaBuJio, MoJydyaem
JPYTyI0 KBajJpaTHUHylO (hopMy-MHOrousieH. B To »ke Bpemsi, B COOTBET-
CTBHH C NMPUHUMIIOM CTaHJAAPTH3AlIMH, XOTeJOCh Obl B 3TOM «MOpe Ba-
PHAHTOB» UMETb «CTaOUJIbHble OCTPOBKH», CTAHJAPTHbIE THIIbI KBaJpa-
TUUHBIX (POPM. DTO MO3BOJIUT, B YACTHOCTH, OCYLLLECTBUTH MOJIE3HYIO JIJIS
MHOTHX MPUJIOKEHUH KaccupUKalHKIo KBaapaTUuHbIX popm. CyliecTBy-
€T HECKOJIbKO TaKHX «CTaHJapPTOB», B CBSI3U C TEM, UTO B Pa3HbIX MPUJIO-
»KEHHSIX BO3HHUKAIOT pasHble TpeOOBaHUS K JIOMYCTHMbIM Mpeobpa3oBa-
HUSIM 0a3uCoB.



IV.5. [IpuBenenune kBaagpaTuuHo popmbl K
KaHOHUYECKOMY BUILY

3aMeTuM, U4TO HeOOXOJIMMOCTb B TAaKOH CTaHJAAPTH3aAllMH BO3HHUKAET
He TOJIbKO B T€OPHUH KBaJIpaTHUHbIX (PopM, chOpMysIHPOBAHHON B Tep-
MHUHAX JIMHEWHbIX MPOCTPAHCTB, HO U B TEOPUH KBaJPaTHUHBIX HOpPM-
MHOrO4JIeHOB. B nocJsieiHem ciyuae BMeCTo rnepexoja u3 6asuca B 6asuc
paccMaTpuBaloTcs npeobpasosarus nepemermorx. [ lpu stom Hapabo-
TaHHas paHee B TEOPUH JIMHEHUHBIX MPOCTPAHCTB CUCTEMA MOHATHH 3] -
(heKTUBHO paboTaeT U B 3TOH, «Uy>KOH» 00J1acTh NPUMeHeHHUs1. B yacTHoO-
CTH, MOXKHO FOBOPHUTb O AUHELHbLX U 00 OPMO2OHAAbHOLX NPeodpa3o-
BAHUAX NepPeMeHHbLX.



IV.5. [IpuBenenune kBaagpaTuuHo popmbl K
KaHOHUYECKOMY BUILY

Onpeneaenne 9. losopam, umo keadpamuuras gopma o : U — R
umeem 6 Oaszuce B KaHOHWYECKHH BHUJI, ecau U MOAKO eCcau
n n
—
o> eZ-) = > b, Huolnu crosamu, mampuya Fg — ouaeo-
i=1 /

= 1=1
HAaAAbHAA.



IV.5. [IpuBenenune kBaagpaTuuHo popmbl K
KaHOHUYECKOMY BUILY

Onpeneaenne 9. losopam, umo keadpamuuras gopma o : U — R
umeem 6 Oaszuce B KaHOHWYECKHH BHUJI, ecau U MOAKO eCcau
n n
© in?Z) = >"bix?. Hromu caosamu, mampuya g — duaeo-
HaibHA. =
Hrak, kBajgpaTuuHas ¢opma uMmeeT B Gazuce B KaHOHWUECKHH BUJI
TOIJIa U TOJIbLKO TOIJIa, KOIJla B €€ BbIpaXKeHHH uepe3 KOOPAMHAThl BCe
KO3 MHULMEHTH T1epe]] «CMellaHHbIMU» cjaraeMbiMu’ pasHbl 0. Hanpu-
mep, x2 + 2y — 5z — kBagpatuuyHas GopMa KaHOHHUYECKOTO BHJA, a
2? — 2y + 222 MMeeT He KAHOHUYECKHMH BHJ, TAK KaK KO3(DMHULIMEHT ne-
pen xz He paBeH 0.

1CJ/1araeMbIMH BUJA X;2 4, TAC © 7 J.



IV.5. [IpuBenenune kBaagpaTuuHo popmbl K
KaHOHUYECKOMY BUILY

Teopema 6 (0 npUBeJeHUH KBAAPATUUHON (DOPMbI K KAHOHMUECKOMY BHUAY ). Ecau
QY . U— R — fcsa(?pamutmaﬂ d?OpMCl, mo cyuiecmsyem makxotu 6a-
3uc, 8 KOmMopom mampuya Ksaapamutmod QbOprL duanHCl/leCl,

Mo ecniv 8 KOMOPOM IMa Keaodpamuunas gopma umeem KaAHOHU-
uecKull suo.

ﬂOKaSaTeJIbCTBO MbI [TPUBOJUTDH HE GYILQM, OIrpaHUYUMCS ITPUMEPOM.



IV.6. [IpuBenenune kBagpaTuuHo popmbl K
KaHOHUWuYecKoMy BUaYy MeToaom JlarpaHika

CylllecTBYeT JiBa criocoba npuBeaeHHst KBaapaTHIHON (hOPMbl K KAHO-
HUYeCKOMY BHUJy: MeToJl JlarpaHKa W MeTos OpTOroHaJibHOTO Npeobpa-
30BaHUSI.

[Tepeditu k npumepy?



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M

OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

B paccMoTpeHHBIX Bbille TeOpeMax Mbl, B OCHOBHOM, IPUMEHSIJIM MaT-
PUUHYIO anreOpy sl 10Ka3aTeJbCTBA YTBepKAeHUH 06 onepartopax. Ho,
pa3yMeeTcsl, C YCIeXOM OCYLIECTBJSETCA U «0OpaTHBINA MPOLeCC»: ¢ Mo-
MOLLbIO areOpbl ONepaToOPOB JI0KA3bIBAIOTCS YTBEPAKIACHUS U1 anreOpbl
maTtpuil. OJHO U3 TAKKUX YTBEPKJIEHUH Mbl ceiiuac paccmotpum. CHauaJga
OTMETHM, UTO OKA3bIBAETCS YA0OHBIM MIEPEHECTH €OMEePATOPHYIO» TEPMH-
HOJIOTHIO Ha 13bIK MATPHULL, U BBECTH MOHSATHE HOPMAJIbHOH, OPTOrOHAJb-
HOW U YHUTAPHOU MATPHULLbL:



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M

OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

Onpepenenue 10. Mampuya A naseisaemcs HoOpMadabHOU (coom-
8eMmcmBeHHo, OPTOTOHANbHOW, YHUTAPHOM Ul 9PMUTOBOW ) moeda
U moavko moeda, Koeda OHa A8ALemca mampuyetl 00HOUMEHHO2O
onepamopa 8 HeKOMmMmopoOM OPMOHOPMUPOBAHHOM Da3ice.

HMcnosabays ToT dakTt, uto matpuua [pama oproHopMHpoBaHHOro Ha-
3uca — eJMHUYHAs, MOXKHO JaTh UHCTO MATPHUUHYIO XapaKTepU3aluio
9TUX MaTpPHULL MaTpula A — HOpMmaabHasd TOTAA W TOJbKO TOrna, KO-
ria A'A = AAY, marpuua opeornasvras (yHuTapHasi, 5pMUTOBA ) TOTA U
TOJIbKO Torna, Korna Af = A1,



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M

OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

Onpepenenue 10. Mampuya A naseisaemcs HoOpMadabHOU (coom-
8eMmcmBeHHo, OPTOTOHANbHOW, YHUTAPHOM Ul 9PMUTOBOW ) moeda
U moavko moeda, Koeda OHa A8ALemca mampuyetl 00HOUMEHHO2O
onepamopa 8 HeKOMmMmopoOM OPMOHOPMUPOBAHHOM Da3ice.

C 6asucom b siuHeliHoro npoctpancTBa U MOXKHO €CTECTBEHHBIM 00-
pa3oM CBsI3aThb CKaJsipHOe MPOU3BeJieHHe TakuM o6pasom, uto b Gyner
OHD noJsiyuuBlilierocsi eBKJKMA0Ba MPOCTPAHCTBA.



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M

OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

Onpepenenue 10. Mampuya A naseisaemcs HoOpMadabHOU (coom-
8eMmcmBeHHo, OPTOTOHANbHOW, YHUTAPHOM Ul 9PMUTOBOW ) moeda
U moavko moeda, Koeda OHa A8ALemca mampuyetl 00HOUMEHHO2O
onepamopa 8 HeKOMmMmopoOM OPMOHOPMUPOBAHHOM Da3ice.

C 6asucom b siuHeliHoro npoctpancTBa U MOXKHO €CTECTBEHHBIM 00-
pa3oM CBsI3aThb CKaJsipHOe MPOU3BeJieHHe TakuM o6pasom, uto b Gyner
OHD noJsiyuuBlilierocsi eBKJKMA0Ba MPOCTPAHCTBA.

n n n
— —
Mo2KHO, HanIpuMep, MOJIOKUTh <§ Ti €, Y. Yj€ j) = > Ty



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M

OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

Onpepenenue 10. Mampuya A naseisaemcs HoOpMadabHOU (coom-
8eMmcmBeHHo, OPTOTOHANbHOW, YHUTAPHOM Ul 9PMUTOBOW ) moeda
U moavko moeda, Koeda OHa A8ALemca mampuyetl 00HOUMEHHO2O
onepamopa 8 HeKOMmMmopoOM OPMOHOPMUPOBAHHOM Da3ice.

n n
L2 (2] O é
C  BeLIeCTBEHHOH KBaapaTHUHOH dopMmoll ¢(X) = > > a;zx;
i=1j=1

A

CBsDKeM JIMHeWHbId onepatop A, umeowmid B OHb b wmarpuwy
ayp a2 ... Qin

A —

an1 Ap2 ... App



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M

OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

Onpepenenue 10. Mampuya A naseisaemcs HoOpMadabHOU (coom-
8eMmcmBeHHo, OPTOTOHANbHOW, YHUTAPHOM Ul 9PMUTOBOW ) moeda
U moavko moeda, Koeda OHa A8ALemca mampuyetl 00HOUMEHHO2O
onepamopa 8 HeKOMmMmopoOM OPMOHOPMUPOBAHHOM Da3ice.

n
C BeltectseHHoil  KBaapatnunoil dopmoii (X)) =3 3" a;wx;

A

CBsDKeM JIMHeWHbId onepatop A, umeowmid B OHb b wmarpuwy

aip aip ... Qip
A= e . [Ipu 3ToM, Tak Kak MaTpula onepatopa A B

an1 Ap2 ... App
OHDb b cummerpuuna, 1o A — caMoCONPSIKEHHbIH.



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M

OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

Onpepenenue 10. Mampuya A naseisaemcs HoOpMadabHOU (coom-
8eMmcmBeHHo, OPTOTOHANbHOW, YHUTAPHOM Ul 9PMUTOBOW ) moeda
U moavko moeda, Koeda OHa A8ALemca mampuyetl 00HOUMEHHO2O
onepamopa 8 HeKOMmMmopoOM OPMOHOPMUPOBAHHOM Da3ice.

CasienoBaresibHo, cyliectTByeT OHD u3 co6cTBeHHbIX BeKTOPOB one-
patopa A. B 6a3uce u3 cob6CTBEHHBIX BEKTOPOB MaTpHlla oreparopa
JMaroHaJibHa.



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M

OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

Onpepenenue 10. Mampuya A naseisaemcs HoOpMadabHOU (coom-
8eMmcmBeHHo, OPTOTOHANbHOW, YHUTAPHOM Ul 9PMUTOBOW ) moeda
U moavko moeda, Koeda OHa A8ALemca mampuyetl 00HOUMEHHO2O
onepamopa 8 HeKOMmMmopoOM OPMOHOPMUPOBAHHOM Da3ice.

CasienoBaresibHo, cyliectTByeT OHD u3 co6cTBeHHbIX BeKTOPOB one-
patopa A. B Gasuce n3 coGCTBEHHBIX BEKTOPOB MATpHLiA OIEpaTopa
auaroHaJibHa. B sToM 0Gasuce maTtpuilia KBaapaTUUHOH (opmbl Oyaer
JMaroHaJjJbHa, Tak Kak 3aKOH NpeoOpa3oBaHus MATPHILbl KBaJpaTHUHON
(hopMbI B JaHHOH CHTYallMK COBMAJAET C 3aKOHOM MpeoOpa3oBaHus MaT-
pHLbI JIMHEHHOro onepatopa: T 1AT = T'AT.



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M
OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

Onpepenenue 10. Mampuya A naseisaemcs HoOpMadabHOU (coom-
8eMmcmBeHHo, OPTOTOHANbHOW, YHUTAPHOM Ul 9PMUTOBOW ) moeda
U moavko moeda, Koeda OHa A8ALemca mampuyetl 00HOUMEHHO2O
onepamopa 8 HeKOMmMmopoOM OPMOHOPMUPOBAHHOM Da3ice.

B camowm nene, onepatop 1’ ¢ marpuuer 1' B 6asuce b nepeBoauT uc-
xonublit OHBb B OHD (13 co6cerBennbix BekTopos onepatopa A), cie-
JIOBATENBLHO, OH OPTOroHaAbHbIA. IMenno nostomy 171 = T,



IV.7. [lpuBenenune kBaagpaTuuHo (popmbl K
KaHOHUYECKOMY By METOA0M

OPTOrOHAJIbHOTO NMpeoOpa3oBaHUs

Onpepenenue 10. Mampuya A naseisaemcs HoOpMadabHOU (coom-
8eMmcmBeHHo, OPTOTOHANbHOW, YHUTAPHOM Ul 9PMUTOBOW ) moeda
U moavko moeda, Koeda OHa A8ALemca mampuyetl 00HOUMEHHO2O
onepamopa 8 HeKOMmMmopoOM OPMOHOPMUPOBAHHOM Da3ice.

B camowm nene, onepartop Tc matpuued 1T B 0aszuce b nepeBoauT UcC-
xomuerii OHB B OHB (13 co6eTeenibix BekTopo. onepartopa A), cie-
JIOBATENBLHO, OH OPTOroHaAbHbIA. IMenno nostomy 171 = T,

Takum o6pa3om, 3aMeHsieM 3a1auy HaXOXKAeHUs Oasuca, B KOTOPOM
MaTpula KBaJpaTHYHOH (DOpPMbl JUaroHasjbHa Ha 3ajauy HaxoxKJIeHHUS
0azuca, B KOTOPOM MaTpulla JIMHEHHOTO oriepaTopa JMaroHaJsbHa.



IV.8. Teopema 06 opToroHajabHom
npeo6pa3oBaHUU KBaAPATUUHOMN (hOPMbI

Teopema 7 (06 OPTOrOHAJbHOM NMpeo6pa3oBaHUM KBaJAPATUUHOM hopMbl). Hycmb ©
— Ksadpamuuxasa gopma, umerouwad 8 basuce b mampuuyy A.
Toeda cyuwecmsyem maxoii 6asuc B', umo, so-nepsvix, mampuya
keadpamuuroll opmoel 8 Hem duacorarvra (mo ecmo 8 6asuce b’
KeadpamuuHas opma p umeen KAHOHUYEeCKUl 8ud), 80-8MopouLx
Ha OUACOHAALL CMOSM 8 MOYHOCMIU BCE COOCIMBEHHbLE 3HAYEHILA
mampuyvl A (¢ yuemom Kpamuocmu), u, 8 mpemoux, Mampuia
nepexoda us b e B opmoeornaivna.

Jloka3aTeabCTBO.



IV.8. Teopema 06 opToroHajabHom
npeo6pa3oBaHUU KBaAPATUUHOMN (hOPMbI

Teopema 7 (06 OPTOrOHAJbHOM NMpeo6pa3oBaHUM KBaJAPATUUHOM hopMbl). Hycmb ©
— Ksadpamuuxasa gopma, umerouwad 8 basuce b mampuuyy A.
Toeda cyuwecmsyem maxoii 6asuc B', umo, so-nepsvix, mampuya
keadpamuuroll opmoel 8 Hem duacorarvra (mo ecmo 8 6asuce b’
KeadpamuuHas opma p umeen KAHOHUYEeCKUl 8ud), 80-8MopouLx
Ha OUACOHAALL CMOSM 8 MOYHOCMIU BCE COOCIMBEHHbLE 3HAYEHILA
mampuyvl A (¢ yuemom Kpamuocmu), u, 8 mpemoux, Mampuia
nepexoda us b e B opmoeornaivna.

Joka3areabctBo. MaTtpuua A KBaapaTUUHONH (hOPMbI — CUMMETPHU-
Hasl, B YaCTHOCTH, BO-TIepBbIX, OHa HOPMaJibHasl, U, BO-BTOPbIX, BCE €e
cOOCTBEHHbIE 3HaUY€HUSsl BELIECTBEHHHBI.



IV.8. Teopema 06 opToroHajabHom
npeo6pa3oBaHUU KBaAPATUUHOMN (hOPMbI

Teopema 7 (06 OPTOrOHAJbHOM NMpeo6pa3oBaHUM KBaJAPATUUHOM hopMbl). Hycmb ©
— Ksadpamuuxasa gopma, umerouwad 8 basuce b mampuuyy A.
Toeda cyuwecmsyem maxoii 6asuc B', umo, so-nepsvix, mampuya
keadpamuuroll opmoel 8 Hem duacorarvra (mo ecmo 8 6asuce b’
KeadpamuuHas opma p umeen KAHOHUYEeCKUl 8ud), 80-8MopouLx
Ha OUACOHAALL CMOSM 8 MOYHOCMIU BCE COOCIMBEHHbLE 3HAYEHILA
mampuyvl A (¢ yuemom Kpamuocmu), u, 8 mpemoux, Mampuia
nepexoda us b e B’ opmoeonaasvna.

Jloka3ateabcTBo. CorjiacHo Teopeme 00 OpTOroHaJLHOM Npeod-
pa3oBaHUM HOPMAJIbHOW MATPUILbl CYLLECTBYET TaKasi OPTOrOHAJbHAS
matpuua T, uto D = T~ AT — nuaronanbnas marpuua. Tak Kak T —
opToroHa/bHas marpuua, To I ~1 = T caenosarennno, D = T'AT.



IV.8. Teopema 06 opToroHajabHom
npeo6pa3oBaHUU KBaAPATUUHOMN (hOPMbI

Teopema 7 (06 OPTOrOHAJbHOM NMpeo6pa3oBaHUM KBaJAPATUUHOM hopMbl). Hycmb ©
— Ksadpamuuxasa gopma, umerouwad 8 basuce b mampuuyy A.
Toeda cyuwecmsyem maxoii 6asuc B', umo, so-nepsvix, mampuya
keadpamuuroll opmoel 8 Hem duacorarvra (mo ecmo 8 6asuce b’
KeadpamuuHas opma p umeen KAHOHUYEeCKUl 8ud), 80-8MopouLx
Ha OUACOHAALL CMOSM 8 MOYHOCMIU BCE COOCIMBEHHbLE 3HAYEHILA
mampuyvl A (¢ yuemom Kpamuocmu), u, 8 mpemoux, Mampuia
nepexoda us b e B opmoeornaivna.

JlokaszareabctBo. D = T'AT, rne D — juaroHajsbHasi MaTpHILA.
3HauuT, 6azuc, B KoTopbli MaTpuua T’ nepeBoauT 6asuc b, siBisiercs ne-
KOMbIM. Teopema j1oKa3aHa.



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Ecsin pacecmaTpuBaTh OUJMHEHHYIO M KBaJpaTHUHYO (hOpMY B CMbIC-
Jie TEOPUH JIMHENHbIX MPOCTPAHCTRB, TO COOTBETCTBYIOLIME MHOTOUJIEHBI
SIBJSIIOTCS OJHOU U3 popm npedcmasrernus 3Tux yHKuui. [1pu sTom
BO3HMKAET €CTeCTBEHHBIH BOINPOC: Kakhe 0COOEHHOCTH COOTBETCTBYIO-
11lero MHOTrouJieHa SIBJSIIOTCS CJIeJICTBUEM BbIOOpa KOHKPETHOro Gasuca,
a Kakue 0CoOEeHHOCTH He 3aBUCST OT 6a3uca, TO €CTb SIBJSIIOTCSI CBOM-
CTBaMHU camoil hyrxyuu (KBaapaTHUHOU UM OUIHHERHON OpMbI), a He
ee npejcTaBaeHusi. AHaJOrHuHasi CUTyalusi B TEOPHUH JIMHEHHBIX orepa-
TOPOB MPHUBEJA K MOHATHIO MHBAPUAHTA JIMHEHHOTO onepaTtopa.

MbIl HauHeM € U3yueHHs OCOOEHHOCTEH MHOTOUJICEHOB, MPEACTABJAIO-
LLIMX OJIHY U Ty K€ KBaJIpaTHUHYI0 (hOpMYy B TaKHUX pasHuyHbIX 6a3ucax, B
KOTOPBIX 3Ta hopMa UMeeT KAHOHUUeCcKull 8ud.



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Teopema 8 (3akoH unepuuu). Ecau KsaodpamuuHas Gpopma
— —
Ur—R umeem 6 basucax b={€1,...,€,} u, coomsem-
/ —>/ v
cmeenno, B’ = {€1,..., €} kanonuueckuii sud

n n n n
2 : —> 2 : 2 § : Rl ;12

e | = bixiv 2 L€ | = § :bzxz )
k=1 i=1 k=1 i=1

n n
2
mo 6 areebpauueckux soipancenusx y bx? u > bal® Koauue-
i=1 =
CMBO NOAOHUMEAbHLLX KOIPPUUUeHmos8 00UHAKOBO, MO ecnb 8

cnucke Koapgduyuenmos by, ..., b, HUCI0 NOAOHCUMENOHOLX INC-
MEHMO08 cOBNADEM C YUCAOM NONOHCUNENbHBLX INeMEHITIO8 8 CNUCKE

.-, b O0UHAK0B0 U KOAUYECMBO OMPUUAMENbHbLY KOIDPuyu-
enmos. B oboux soipascerusx cosnadaenm maxice KOAUecmao Hy-
Ne8bLX KOIPPuyuermos.



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-
n
PayKeHHH Y b;T? YHCJIO MOJIOKUTENbHBIX KOI(D(DUIIMEHTOB MEHbILIE, UeM

i=1
n
B BhIpaxKeHHu > bz’ He orpanmumBas oGLIHOCTH PACCYKICHHIT MOMKHO
=1
CUMTATD, 4TO
bl2622---pr>02bp+12---2bn
by >by> ... 20, >0>by1>... >0,



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-

n
PayKeHHH Y b;T? YHCJIO MOJIOKUTENbHBIX KOI(D(DUIIMEHTOB MEHbILIE, UeM
i=1

n
2 .
B BbIpaxkeHnu »  bia.”. He orpannunBasi 061IHOCTH pacCyKAeHHH MOXKHO
i=1
CUYUTATb, UTO

blZb22---sz>02bp+12---2bn
Dy > by > . > > 0> b > > U,

B camom niesie, pacnoJsioKUTh COOTBETCTBYIOLIHME KOSPDUIIMEHTBI B MO-
psiiKe YObIBAHUST MOXKHO, TIEPECTABUB MECTAMU BEKTOPbI B COOTBETCTBY -
touleM Oasuce. [lepectaHoBKa BEKTOPOB B Oa3UCe HE U3MEHUT UKCJIA MO-
JIOZKUTEJIbHBIX, YMCJ1a OTPULIATENbHbBIX U YMCJTIa HYJIEBBIX KOS(DPUIMEHTOB
B COOTBETCTBYIOLMX BbIPAXKEHUSAX.



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-
n
PayKeHHH Y b;T? YHCJIO MOJIOKUTENbHBIX KOI(D(DUIIMEHTOB MEHbILIE, UeM

i=1
n
B BEIpaXKeHun S b,
i=1
blzbgz...pr>Opr+1Z..
o >by> . > >0>0, > ... > b

[To npeanonoxenuto p < ¢g. Ho Torna

(€per €N (el € #{07},



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-

n
PayKeHHH Y b;T? YHCJIO MOJIOKUTENbHBIX KOI(D(DUIIMEHTOB MEHbILIE, UeM
=1
7 n ,
B BbIpaxkeHuu »  bix.”.
i=1
{blszZpr>Opr+1Zan
o >by> . > >0>0, > ... > b

[To npeanonoxenuto p < ¢g. Ho Torna
H
(€per €N (el € #{07},

2 Y —
TO €CTb B 9TOM II€peCCUYCHUH HAUAECTCS HEeHY1eB80U BEKTOD X .



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-
n

PayKeHHH Y b;T? YHCJIO MOJIOKUTENbHBIX KOI(D(DUIIMEHTOB MEHbILIE, UeM
i=1
N2
B BbIpaxkeHuu »  bix.”.
i=1

{blzbgz...pr>Opr+1Z...an
By >bh > > > 0> by > ... >0

X € (Cpnre., Ea) (T, T,
C 0IHOU CTOPOHBI,

x)

o (X



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-
n

PayKeHHH Y b;T? YHCJIO MOJIOKUTENbHBIX KOI(D(DUIIMEHTOB MEHbILIE, UeM
=1
7 n ,
B BbIpaxkeHuu »  bix.”.
i=1
{blszZpr>Opr+1Zan
By > by > >0 > 0> by > > b
— — — —> —>
X € <ep+1,..., en>ﬂ<e1,..., eq>.
C 0IHOU CTOPOHBI,

90(§>> :90(0-?1+...+0-?p+$p+1?p+1+”'+x”€>n) -



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Jloka3areabcTBO. bynem paccyknath «OT IPOTUBHOTO»: MyCTb B BbI-
paKeHuU ﬁ: b;T? YHCJIO MOJIOKUTENbHBIX KOI(PMUIMEHTOB MeHbIIEe, YeM
=1
B BhIpaKeHnn > b,
i=1
{blszZpr>Opr+1Zan
Dy >by > . >0, >0>by1>... > b

— — — —/ —/
X E<ep+1,...,en>ﬂ<e1,...,eq>.

C 0JIHO¥ CTOPOHHI,
p(X)=¢(0-€1+...40-€,+2pr1€p+... +x,€,) =

n

=by 2> 1 +...+ b, 22 <O0.
p+1 Lpi1 n =

<0 >0 <0 >0



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-
n

paxKeHuu Z bzil?? YUCJIO TTOJIOZKHUTEJIbHbBIX KOS(b(pHU,HGHTOB MEHbIIIEe, UeM
1=1

2
BBpra}KeHI/II/IE bl
1=1

{blszZpr>Opr+1Zan
V> by > >0 > 0> by > >
R € (Tptse, BN (Th. ., T,

C oaHoii cToponsl, ¢ (X ) < 0.



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-
n

paxKeHuu Z bzil?? YUCJIO TTOJIOZKHUTEJIbHbBIX KOS(b(pHU,HGHTOB MEHbIIIEe, UeM
1=1

2
BBpra}KeHI/II/IE bl
1=1

{blzbgz...pr>Opr+1Z...an
By > by > >0 > 0> by > > b
R € (Cpinyes €)M (T, B,
C oaHoii cToponsl, ¢ (X ) < 0.
C 1pyro# CTOPOHHI,

v (X) =



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-
n

paxKeHuu Z bzil?? YUCJIO TTOJIOZKHUTEJIbHbBIX KOS(b(pHU,HGHTOB MEHbIIIEe, UeM
1=1

2
BBpra}KeHI/II/IE bl
1=1

b1ZbQZ...pr>Opr+1Z...an
V> by > >0 > 0> by > >

R € (Cpinyes €)M (T, B,
C oaHoii cToponsl, ¢ (X ) < 0.
C 1pyro# CTOPOHHI,

[ sd ] /—>/

90(?)290(331614- -ty +Oeq+1+ +0e



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Jloka3areabcTBO. bynem paccykaath «OT MPOTUBHOTO»: MYCTh B BbI-
n

PaXKEHHH Y b;w? UHCJIO MOJNOKHUTEIBHBIX KOI(DPUIMEHTOB MEHbIIIE, YeM
i=1

n
B BRIpAKeHHH > b,
i=1
blZbZZ---pr>Opr+12---an
by >by> ... 20, >0>by1>... >0,

— — — — —
X €(€p1,..., €n)n(€y,.... 7€),
C oaHoil cToponsl, ¢ (X) < 0.
C Jpyro# CTOPOHHI,

/—>/

e(X)=p (@€ +...+a/ e +0e, ,+...+0¢€

_//2 ;] 12
bz + ...+ b



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Jloka3areabcTBO. bynem paccykaath «OT MPOTUBHOTO»: MYCTh B BbI-
n

paxKeHuu Z 192513@2 YUCJIO TTOJIOZKUTEJIbHbBIX KOS(b(bHU,HeHTOB MeHbIIE, yeM
=1

2
B BbIPpayKeHHH Z bl
1=1

blZbZZ---pr>Opr+12---an
Dy > by > > > 0> b > > b

R € (Tpriye. BB T,
C oaHoil cToponsl, ¢ (X) < 0.
C Jpyro# CTOPOHHI,

/—>/

e(X)=p (@€ +...+a/ e +0e, ,+...+0¢€

2 2
— b+ bl > 0



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-
n

paxKeHuu Z bzil?? YUCJIO TTOJIOZKHUTEJIbHbBIX KOS(b(pHU,HGHTOB MEHbIIIEe, UeM
1=1

2
BBpra}KeHI/II/IE bl
1=1

{blzbgz...pr>Opr+1Z...an

Vy>bh> . >l > 0> b > >l
X e(€p,...,e)yn(el,....e).

C oaHoii cToponsl, ¢ (X ) < 0.

C apyroii cropotsl, ¢ (X ) > 0.



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Joka3areabcTBO. bynem paccyk1ath «OT MPOTUBHOTO»: MyCTh B BbI-
n

paxKeHuu Z bzil?? YUCJIO TTOJIOZKHUTEJIbHbBIX KOS(b(pHU,HGHTOB MEHbIIIEe, UeM
1=1

2
BBpra}KeHI/II/IE bl
1=1

b1ZbQZ...pr>Opr+1Z...an
V> by > >0 > 0> by > >

X e(€p,...,e)yn(el,....e).
C oaHoii cToponsl, ¢ (X ) < 0.

C 1pyrofi CTOPOHHI, ¢ (X) > 0.
Takum o6pazom, 0 < ¢ ( ) < 0, mpoTUBOpeyHeE.



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

Jloka3aTteabCTBO. YTBEPK/JEHHUS B PABEHCTBE UHCJA OTPULATEbHbIX

n n
o 2 112
K03 (DUIMEHTOB B KAXKJI0M U3 BbIpaXKeHUH 21 bix; " 21 bia’”  noka-
1= 1=
3bIBAETCST aHAJIOTUUHO. VI3 3THUX JBYX JI0KA3aHHBIX YTBEPXKIEHUH Cllely-

eT COBMAJIeHUE KOJIMUYECTBA HYJIeBbIX KO(PMULHMEHTOB B KaXKJ10M U3 ITHX
BbIpaXKeHUH.
Teopema nokasana.



IV.9. 3akoH nHepuMu KBaapaTUUHON (hOPMbI

HMtak, Mbl OOHApPyKUJM HHTEPECHYID OCOOEHHOCTb IMPEACTABJIEHUS
KBaJpaTHUHON POPMbI B KAHOHUUECKOM BuUOe: B IIOOOM U3 TAKUX MPe-
CTaBJIEHUH YHUCJIO CJIaraeMblX € TOJIOKUTEJbHBIMU KOS PUIMEHTAMU O/1-
HO U TO 2ke. Tenepb, pagymeercs, CJeayeT NePerUTH K U3yUEHHIO 0OLIero
cJiyuasi, T.€. PACCMOTPETb, KAKUMHU OCOOEHHOCTSAMU 00JIalaeT NpecTaB-
JIeHUe KBaJIpaTHUHOH (hOpMbI B BHJIE MHOTOUJIEHA HE 06513aTEJIbHO KaHO-
HUUYECKOTO BU/IA.



IV.10. Panur kBaapaTuuHoi (popMbl

boJsiee MHOroo0OeI1a01UM BBINISIUT PAHT MATPUILbI.



IV.10. Panur kBaapaTuuHoi (popMbl

BoJiee MHOroo6€eAIO MM BBITISJIMT PaHT MaTpulibl. Jles10 B TOM, uTO,
COIJIaCHO Teopeme 0 MaTpule OMJarMHeiHOW (hpopMbl B pa3HbIX 6a3u-
cax, ¥y TeopeMe 00 MHBapUAHTHOCTHU PAHTOB MaTPHLbl, PAHT MATPHLIbI
KBaJpaTHUHOH (hOpPMbI NTPH Mepexojie B Ipyroi 6azuc He MeHsieTcs. []o-
3TOMY



IV.10. Panur kBaapaTuuHoi (popMbl

BoJiee MHOroo6€eAIO MM BBITISJIMT PaHT MaTpulibl. Jles10 B TOM, uTO,
COIJIaCHO Teopeme 0 MaTpule OMJarMHeiHOW (hpopMbl B pa3HbIX 6a3u-
cax, ¥y TeopeMe 00 MHBapUAHTHOCTHU PAHTOB MaTPHLbl, PAHT MATPHLIbI
KBaJpaTHUHOH (hOpPMbI NTPH Mepexojie B Ipyroi 6azuc He MeHsieTcs. []o-
9TOMY PaHT MaTPHULbl KBaJPAaTUUHOH (POPMbl HA3bIBAETCS PAHIOM KBaJl -
paTUUYHOM hopMbl.



IV.10. Panur kBaapaTuuHoi (popMbl

boJiee MHOroOO€IIAIOLIMM BBITJISIAUT pare MaTpullbl. Jleso B Tom, UTO,
COIJIaCHO Teopeme 0 MaTpule OMJarMHeiHOW (hpopMbl B pa3HbIX 6a3u-
cax, ¥y TeopeMe 00 MHBapUAHTHOCTHU PAHTOB MaTPHLbl, PAHT MATPHLIbI
KBaJpaTHUHOHN (hOpMbI NIPU Nepexojie B Apyroi 6azuc He meHsieTest. [To-
9TOMY PaHT MaTPHULbl KBaJPAaTUUHOH (POPMbl HA3bIBAETCS PAHIOM KBaJl -
paTUUYHOM hopMbl.

Teopema 9 (o panre ksanpatuunoit dopmer). Pare rKsadpamuurot dopmol
pasex Koaudecmasy HeHyresolx Koapguyuenmos (neped Heus-
BECNMHbIMU) 8 KAHOHUYECKOM 8ude 3Motl KeadpamuuHot hopmel.

Jloka3aTeabCTBO CJieflyeT U3 TOro (hakTa, UTo MaTpHlla KBaJpaTHUHOU
(opMbl B KAHOHHUYECKOM BHJIE SIBJISIETCS] IMAaroHaJbHOM H, CJie/loBaTe b=
HO, €e paHT paBeH YUCJy HEHYJIEBbIX KOI(PHUIIHEHTOB.



IV.11. [lonoxurtesbHO onpeaedeHHbIe
KBaJpaTUuHble (DOpPMbI

Onpeneaenue 11. Ksadpamuurnas gopma f:U — R naseisaemcs
NOJOXXHUTEJbHO ONpeaeNeHHON noeoa 1 moavko moeda, Koeoda 045
ﬁ
A060e0 sekmopa X € U, omauuHo20 on HYyae8020, umeent Mecmao
H
Hepasercmso f(x) > 0.



IV.11. [lonoxurtesbHO onpeaedeHHbIe
KBaJpaTUuHble (DOpPMbI

Onpeneaenue 11. Ksadpamuurnas gopma f:U — R naseisaemcs
NOJOXXHUTEJbHO ONpeaeNeHHON noeoa 1 moavko moeda, Koeoda 045
ﬁ
A060e0 sekmopa X € U, omauuHo20 on HYyae8020, umeent Mecmao
H
Hepasercmso f(x) > 0.

Ecan B 3TOM onpeaeseHud MocJjeqHee HePaBEHCTBO 3aMeHUTb Ha
f(X) <0, To noiyunuM ornpejesieHre OTPULATENbLHO ONpeaeaeHHOo
thopmbl. Bonipoc o ToM, Korja KBajapaTuuHasi opma sIBJSIETCS M0JI0-
YKUTEJIbHO (MJIM OTPULIATEJILHO ) OTIPEIe/IEHHOH, aKTyaJsleH B MaTeMaTHue-
CKOM aHaJiu3e (JI0CTaTouHble MPU3HAKH SKCTPpeMyMa ) U aaredpe (cKanasip-
HOe MPOU3BeJIeHHE B €BKJIHI0BOM MTPOCTPAHCTBE SIBJSIETCS MOJOMKHTENb-
HO OMpejieJIeHHOH KBaJApaTUYHON hopMoi ).



IV.11. [lonoxurtesbHO onpeaedeHHbIe
KBaJpaTUuHble (DOpPMbI

Onpeneaenue 11. Ksadpamuurnas gopma f:U — R naseisaemcs
NOJOXXHUTEJbHO ONpeaeNeHHON noeoa 1 moavko moeda, Koeoda 045
ﬁ
A060e0 sekmopa X € U, omauuHo20 on HYyae8020, umeent Mecmao
H
Hepasercmso f(x) > 0.

Onpenenenue 12. [maBHbIMM MUHOpAMU K8aOdpammHot mampuyol. A
HA3bLBAIOMCS MUHOPbL, NOCMPOCHHbLE HA Nnepsvlx k cmpokax u
cmoabyax mampuyel A, el < k < n.



IV.11. [lonoxurtesbHO onpeaedeHHbIe
KBaJpaTUuHble (DOpPMbI

Teopema 10 (kpurepuii Cunvsecrpa). Cripasedausol caedyroujue ymaep-
HCOCHUSL:

1. Ksadpamuunas popma H(uy, . . ., uy,) A645eMC1 NOAOHCUMEAbHO-
onpeodeseHHOl moeda u MmoabKo moeda, Koeda 8 Aobom basice
gce eaastole muropor mampuusl Hy smotl ksadpamuunoi ¢op-
MbL HOAOHCUIMECAbHBL.

2. Ksadpamuunas gopma H(uy, . . ., uy,) 46849emC ROA0HCUMEAbHO-
onpedereHHol moeda u mMoavKo nmoada, Koeda 8 HeKOmopoOM
basuce sce erasrole muropor mampuyol Hg amotl keadpamuy-
HOLL (hOPMbL NONOHCUIMENbHODL.



Cnacub6o
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BHUMAaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru
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