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KeagpaTuyHas cdopma
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KeagpaTuyHas cdopma

OnpegeneHne

KBagpaTuyHov popmMoii HasbiBaeTcs
OL4HOPOAHbIA MHOTOYJIEH BTOPOWN CTENEHW OT N
NepeMeHHbIX C AeACTBUTENbHBIMM

KO3 prLMEHTaMU:

f(x1, %0, ...y Xp) = Za,-jx,-xj, (1)

1Jj=1

rae aj; = aj Vi,j =1,n.

1A, Mogynb 2, Jlekuus 2.2 2 /36



KeagpaTuyHas cdopma

[pumep
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KeagpaTuyHas cdopma

[pumep
f (x1,x0) = Tx? — 2x1x2 + 5x3 - KBagpaTUUHas
dbopmMa ABYX NepemeHHbIX.

1A, Mogynb 2, Jlekuus 2.2 3/36



KeagpaTuyHas cdopma

3amedaHne
Tak kak aj = aj Vi,j =1, n, To hopmyny (1)
MOXHO 3anncaTh B BUAE

f(xi, Xz, - .. E ajix? + 2 g a,Jx,xJ
1<i<)
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KeagpaTuyHas cdopma

3amedaHne
Tak kak aj = aj Vi,j =1, n, To hopmyny (1)
MOXHO 3anncaTh B BUAE

f(xi, Xz, - .. E ajix? + 2 g a,Jx,xJ
1<i<)

3anuce kBagpaTudHoii dopmbl B Brge (1)
Ha3blBaeTCs KOOPAWHATHOW pOopMOVi
3anucu.

JIA, Mogynb 2, Jlekuma 2.2



KeagpaTuyHas cdopma

OnpeneneHne
CummeTpuyeckas matpuua

dil1 4d12 ... din

a1 azp ... az
A= "1,

dnl dnp2 ... dpn

COCTaBNIEHHAs U3 KO3(PPULMEHTOB

KBafZpaTU4YHOR popMbl, Ha3biBaeTCs MaTpuULei,,
KBagpaTu4dHoii popmbl. O
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KeagpaTuyHas cdopma

VTBepxaeHne
KeagpaTnyHyto hopMy MOXHO 3anucaTh B
MaTpU4YHOM Buae

f(x1,%0,...,x5) = XTAX,

roe X - cTonbew, nepemenHbix, A - MaTpuLa
KBagpaTu4Hol opmbl.
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KeagpaTuyHas cdopma

3agava 1. 3anncaTb KBagpaTUYHYO (DOPMY B
MaTPUYHOM BUAE:
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KeagpaTuyHas cdopma

3agava 1. 3anncaTb KBagpaTUYHYO (DOPMY B
MaTPUYHOM BUAE:
f(x1,x0,X3) = X2 — 2x5 + 4x5 + 6x1% — 8x0x3 .
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KeagpaTuyHas cdopma

PeiueHune.

JIA, Mogynb 2, Jlekumna 2.2



KeagpaTuyHas cdopma

2

Peierune. Tak Kak ajj — KoabpnLNEHT Npu X7,

ajj + ajj = 2a;; = 2aj; — KO3(PDNLNEHTLI NpK X;X;,
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KeagpaTuyHas cdopma

Pewerne. Tak kak a; — koachchuLmeHT npu x?2,

ajj + ajj = 2a;; = 2aj; — KO3(PDNLNEHTLI NpK X;X;,
TO MONYYUM MATPULY KBaApPaTU4HON dopmbi:

1 3 0
A= 13 —2 —4
0 —4 4
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KeagpaTuyHas cdopma

OTkyna
f (X1,X2,X3) = XTAX =
1 3 0 X1
= (X1,X2,X3) 3 —2 —4 X2
0 —4 4 X3
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KeagpaTuyHas cdopma

3agaqa 2. MycTb gaHa maTpuLa KBagpaTUYHON
PopMbl

31
A=|1 4 -1
2
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KeagpaTuyHas cdopma

3agaqa 2. MycTb gaHa maTpuLa KBagpaTUYHON
PopMbl

3 1 2
A=11 4 -1
2 =1 5

3anncaTb KBagpaTu4Hyto bopMy B Bue
MHOrouneHa (B KOOpAMHATHOW dopme).
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KeagpaTuyHas cdopma

Peluerune.

JIA, Mogynb 2, Jlekuymna 2.2



KeagpaTuyHas cdopma

Pewwenue. f (xi, X2, x3) =
3x12 + 4x22 + 5x32 + 2x1%0 + dx1x3 — 2X0X3.
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KeagpaTuyHas cdopma

3amedaHne

[ycTb L - n—mepHOoe NnHeiHoe MpoCTPaHCTBO.
KeagpaTu4dHas hopma — 3T0 oTobparkeHue

f: L — R, conocTaBnstollee KaXKAOMYy SNEMEHTY
x € L c xoopguHaTtamu (xg, ..., X,) B HEKOTOPOM
basuce {e} pelicTBuTensHOE YNCNo

f(x) = Z?J:l AijXiX;.
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KeagpaTuyHas cdopma

Obo3HauymM MaTpuLly KBagpaTU4HOW POPMbI B
bazuce {e} uepes A..
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KeagpaTuyHas cdopma

VTBepxaeHue.
Mpun nepexoge ot basuca {e} k basucy {f}
MaTpuUa KBagpaTu4Hoi opmMbl As MeHsieTcst no

3aKOHY
Ar=TT ; Ae Tesr
rae Te_,¢ - MaTpnua nepexoga ot basuca {e}

basucy {f}.

JIA, Mogynb 2, Jlekumna 2.2



KeagpaTuyHas cdopma

3amedaHne

l3meHeHne ba3uca B nnHeiiHOM npocTpaHcTse L
MPUBOANT K NNHENHON 3aMEHE NEPEMEHHbIX

X = Te_.r-Y B KBagpaT4HoOl hopme.
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3HakoonpeaeneHHble KBagpaTuiHble OpMbi
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3HakoonpeaeneHHble KBagpaTuiHble OpMbi

OnpeneneHne

KeagpaTuinas dbopma HasbiBaeTcs
NOJIOXKNTENIbHO OonpeaeneHHo
(oTpuuaTenbHO onpeaeneHHom), eciu ans
NtobOro HeHYNIEBOTO 31EMEHTA

x = (x1, X2, ...,X%,) € R" BoinonHsieTcs
HepaseHcTeo f (x) > 0 (f (x) < 0).

JIA, Mogynb 2, Jlekuma 2.2



3HakoonpeaeneHHble KBagpaTuiHble OpMbi

3ameyaHue
Ecnn e B faHHOM onpegeneHnn BMeCTo CTPOrux
HEpPaBEHCTB BbIMOJHSAOTCS HECTpOrme
HepagencTga f (x) >0 ( f(x) <0) wm
CYLLIECTBYET TaKOIl HEHYNEBON aneMeHT x € R”,
yto f (x) = 0, To kBagpaTuyHas dopma
Ha3blBaeTCs HEOTPULATEIbHO
onpeeneHHomn (HeNoONOXKNTESIbHO
onpeaeneHHom).

NA, Mopynb 2, Jlekuyusi 2.2 17 / 36



3HakoonpeaeneHHble KBagpaTuiHble OpMbi

Onpegenerue

KeagpaTuyHasi popma Ha3biBaeTCs
3HAKOMEPEMEHHOW, eCcNu CyLWeCTBYOT Takue
snemeHTsl X,y € R", 4to f(x) >0, a f(y) <O.

JIA, Mogynb 2, Jlekumna 2.2



3HakoonpeaeneHHble KBagpaTuiHble OpMbi

[Npumepebi:
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3HakoonpeaeneHHble KBagpaTuiHble OpMbi

[Npumepebi:

1. KeagpatuyHas dpopma

f(x) = f (x1, %) = 3x? + 3x5 aABnsercs
NOJIOXKNTENLHO OMNpPefEsEHHON.
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3HakoonpeaeneHHble KBagpaTuiHble OpMbi

[Npumepebi:

1. KBagpaTu4dtas opma

f(x) = f (x1, %) = 3x? + 3x5 aABnsercs
NONOXKNTENBHO OMNPEAEEHHOIA.

2. KeagpaTtnyHasa cdopma

f(x) = f (x1, %) = 3x? asnsercs
HEeOTpULATENbHO ONPEAENEHHON, TaK Kak
CylLeCTByeT HeHynegoit snemenT x = (0;1) € R?
Takoii, 4to f (x) = 0. &

1A, Mogynb 2, Jlekuus 2.2 19 / 36



3HakoonpeaeneHHble KBagpaTuiHble OpMbi

[Npumepebi:

3. KeagpatnyHas dopma

f(x)="f(x,x)= 3x12 —x22 - 3HaKOMepeMeHHas,
Tak kak f (1;0) =3>0,a f(0;1)=-1<0.

J1A, Mogynb 2, Jlekuus 2.2 20 / 36



3HakoonpeaeneHHble KBagpaTuiHble OpMbi

[Mycts A - maTpuua KBagpaTU4HOl hopMbl
pa3Mepa n X n B NPOW3BOJILHOM basunce.
PaccmoTpuM yrinoeele MuHopbl A:

dil 4d12
Ay = a1, Ay =
dp1 422
dil ... din
A, =
anl e o o ann

NA, Mopynb 2, Jlekuyusi 2.2 21 / 36



3HakoonpeaeneHHble KBagpaTuiHble OpMbi

Teopema (kputepnii Cunbsectpa)

[lns Toro 4tobbl KBagpaTM4Hasi popma n
NnepeMeHHbIX Dbla NONOXKNTENBHO
onpeaeneHHol, HeobxoaMmMo 1 JOCTaTOYHO,
4TODbI BCE YrI0BblE MUHOPLI €8 MaTpuubl A B
NPON3BOJILHOM Da3unce ObIAN NONOXKNTENBHBI, T.€.

AL >0,A,>0;...:.A,>0.

JIA, Mogynb 2, Jlekumna 2.2



3HakoonpeaeneHHble KBagpaTuiHble OpMbi

Cnegctsue

[lns Toro 4tobbl KBagpaTU4Has bopma n
nepeMeHHbIX bbifa OTpULATENBHO ONPEEEeHHOM,
HEODXOANMO N [NOCTAaTOYHO, YTODbI 3HAKM
YrOBbIX MUHOPOB ee MaTpuubl A B
NPOM3BOJILHOM Da3sunce 4epenoBainCh, HAYUHAS C

munyca: A; < 0; A > 0;...;(-1)"A, > 0.
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3HakoonpeaeneHHble KBagpaTuiHble OpMbi

3amedaHne

N3 kpuTtepust CunbBecTpa BbITEKAIOT YCI0BUS,
MPU KOTOPbIX HEBLIPOXKAEHHAA KBaJpaTU4Has
bopMa byaeT 3HaKOMEPEMEHHOIA
(HeonpegeneHHoii). 370 byaeT B ToM Ciy4ae,
KOrga A MaTpuLbl KBaZpaTUYHol dhopMbl
BbINOJIHAETCS XOTbl Obl OfIHO N3 TPeX YCNOBWIA:

NA, Mopynb 2, Jlekuyusi 2.2 24 / 36



3HakoonpeaeneHHble KBagpaTuiHble OpMbi

Sameyanne (npogosxenne)
1) OAMH U3 YrI0BbIX MUHOPOB PAaBEH HYJIHO;
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3HakoonpeaeneHHble KBagpaTuiHble OpMbi

Sameyanne (npogosxenne)

1) OAMH U3 YrI0BbIX MUHOPOB PAaBEH HYJIHO;
2) ABa Yr0BbIX MUHOPA HEYETHOrO MOPSIAKA
MMEIOT pasHble 3HAKM;
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3HakoonpeaeneHHble KBagpaTuiHble OpMbi

Sameyanne (npogosxenne)

1) OAMH U3 YrI0BbIX MUHOPOB PAaBEH HYJIHO;

2) ABa Yr0BbIX MUHOPA HEYETHOrO MOPSIAKA
MMEIOT pasHble 3HAKM;

3) ofVH N3 YrAOBbIX MUHOPOB YETHOMO MOPSIAKA
OTpULATENEH.

1A, Mogynb 2, Jlekuus 2.2 25 / 36



KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

Onpeaenerune

KeBagpaTnyHasa dopma

(X1, %0, ..., Xn) = Y14 @iX?, COpepxaLLas
TOJIbKO KBafpaThbl MepeMeHHbIX, Ha3bIBAETCs
KBaapaTu4dHoii opMoii KaHOHNYECKOro
Buaa. KoadpduumneHTsl aj; Ha3biBatOTCS
KaHOHN4Yeckumun koadpdunymneHtamn.

JIA, Mogynb 2, Jlekumna 2.2



KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

3ameyaHue
MaTpuua KBagpaTU4HON POPMbl KAHOHNYECKOrO
BUAA ABNAETCA ANArOHANbHOIM.

JIA, Mogynb 2, Jlekumna 2.2



KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

Teopema
[ns ntoboii kBagpaTUyHOW OpPMbI CyLLLECTBYET
basnc, B KOTOPOM OHa WMEET KaHOHWUYECKUA BUL.

JIA, Mogynb 2, Jlekumna 2.2



KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

Onpeaenerune

Baswuc, B koTopom kBagpaTuyHas dopma nmeet
KaHOHNYECKWIA BUA, Ha3blBAETCS
KaHOHNU4eckum basncowm.

J1A, Mogynb 2, Jlekuus 2.2 29 / 36



KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

MeTtoabl npuseseHnst KBagpaTUHHON OpMbI K
KaHOHUYECKOMY BUAY:
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

Metoabl npneesenns kKBagpatuqHoi hopmbl K
KaHOHWYECKOMY BUZY:
1) metog Jlarpanxa,

1A, Mogynb 2, Jlekuus 2.2 30 / 36



KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

Metoabl npneesenns kKBagpatuqHoi hopmbl K
KaHOHWYECKOMY BUZY:

1) metog Jlarpanxa,

2) MeToZ OpTOroHabHOro npeobpasoBaHms.

1A, Mogynb 2, Jlekuus 2.2 30 / 36



MeTon JlarpaH»xa

MeTopn JlarpaH»xa npuBefeHnst KBagpaTU4HON
POPMbI K KaHOHUYECKOMY BUAY COCTOWUT B
NocnefoBaTENbLHOM BbIAENEHVN NOJHbBIX
KBaJpaTOB MepPEMEHHbIX.
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

Cxema:
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

Cxema:

1. MNyctb a11 # 0 = BbiHECEM 33 CKODKW a7 ;| B
CKobke cobepeM Bce cnaraemble, Cofepxallne Xxq,
N LOMOSHUM MOJIYyYEHHOE BbIPAXKEHWE O MOJHOMO
KBagpaTa. B pesynstate nony4nm

f(x1, X, .., X)) = ;
ai - (Xl + 27:2 bJXJ) + £ (X2, e ,Xn),
rae fi (xo, . . ., X,) -KBagpaTuyHas copma, He

cofepxxallast xj.
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

Cxema:
2. 3amenum x3 + Y i, bix; Ha y1, nonyuum
: 1 j=2 DjX; Y1, y
_ 2
f(xi,x0,..., %) = any; + f(x, ... %)

1A, Mogynb 2, Jlekuus 2.2 33 /36



KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

Cxema:

2. 3ameHum xq + 2}722 bjx; Ha y1, noay4nm
F (X1, X0, ..., %) = auy? + fi(xo, ..., Xy).
3. C kBagpaTuyHoii popmoii fi (X, .. ., Xp)

MNOCTYNUM aHAJNIOTM4YHO.
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

3ameyvaHue 1.
Ecnn a;1 =0, Ho a;; # 0, i # 1, To Heobxoaumo
BbIAENATHL MOJHbIA KBaApPaT C NEPEMEHHON X;.
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

3amedaHue 2.

Ecnn ajj = 0,i = 1, n, To Heobxoanmo
BbIMOJIHUTE MPOMEXYTOUYHYIO 3aMeHy
NnepeMeHHbIX.
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

3amedaHue 2.

Ecnn ajj = 0,i = 1, n, To Heobxoanmo
BbINOJIHUTL MPOMEXYTOUYHYIO 3aMEHY
nepeMeHHbix. [lycTb, Hanpumep. ajp # 0, To ecTb
CYLLECTBYET 2a12X1X0.

J1A, Mogynb 2, Jlekumna 2.2



KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

3ameyarune 2.

Ecnn ajj = 0,i = 1, n, To Heobxoanmo
BbIMOJIHUTb MPOMEXYTOYHYO 3aMeHy
nepeMeHHbix. [lycTb, Hanpumep. ajp # 0, To ecTb
cyulecTByeT 2ax1xp. Caenaem 3ameny
MEPEMEHHBIX: X1 = Y1 + Yo, Xo = V1 — Yo,
xi=yj, i =34 ...,n.
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

3ameyarune 2.

Ecnn ajj = 0,i = 1, n, To Heobxoanmo
BbIMOJIHUTL MPOMEXYTOYHYIO 3aMeHY
nepeMeHHbix. [lycTb, Hanpumep. ajp # 0, To ecTb
cyulecTByeT 2ax1xp. Caenaem 3ameny
MEPEMEHHBIX: X1 = Y1 + Yo, Xo = V1 — Yo,
xi=Yy,i =34 ...,n Torpa

a1 = 2a12 (1 + y2) (1 — y2) =
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KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

3ameyarune 2.

Ecnn ajj = 0,i = 1, n, To Heobxoanmo
BbIMOJIHUTL MPOMEXYTOYHYIO 3aMeHY
nepeMeHHbix. [lycTb, Hanpumep. ajp # 0, To ecTb
cyulecTByeT 2ax1xp. Caenaem 3ameny
MEPEMEHHBIX: X1 = Y1 + Yo, Xo = V1 — Yo,
xi=Yy,i =34 ...,n Torpa

a1 = 2a12 (1 + y2) (1 — y2) =

= 2a1; (y7 — ¥3).

JIA, Mogynb 2, Jlekumna 2.2



KeagpaTnyHasi hopmMa KaHOHWYECKOro Braa

[Tocne 3aMeHbl NepeMeHHbIX Moy4nM
KBaZpaTU4HYO (DOPMY, Y KOTOPOIA KOI(PMLMEHT
npu y2 OTAWYEH OT Hyns.
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