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AddunHbIE KBagpPUKU

TepmuHosiorus. [Iycts abdunHas kBagpuka Q C A™ = A(V) 3agaércsa HeOJHOPOAHBIM KBaIpaTUYHBIM ypPaB-
HeHueM b,(xq,...,Xn) + b1(Xq,...,Xn) + by = 0, THIE

n n
by (X1, ..., Xp) = Z Bijxixj € S?V*,  by(X1,...,Xp) =2 Zﬁojxj €EV*, by= o €k.
ij=1 j=1
[Monoxum W =k-e, ®V, P, = P(W), otoxaectsuM A" = A(V) co crangaptHoii abduHHOMI KapToil U, C Py,
u obo3Hauum uvepe3 L, = P(V) = P, \ U, OeCKOHEeUYHO yAaIéHHYI0 TUIepILIOCKOCThb X, = 0. [I[poekTuBHOE 3a-
MbIKaHKe Q C IP,, uMeerT B 6asuce e, e,, ..., e, MaTpuily I'pama B = ( Bi j) c 0 <1, < n, KOTOpas Ha3bIBaETCA
pacuwupenHoti matpurieii I'pama abdunHOI kBagpuky Q. [lepecedenue Q. = Q NL,, UMeeT B 6a3uce ey, ... , e,
maTtpuny I'pama B, = (ﬁi j) c 1 < i,j £ n, KoTopas Ha3wBaeTcA acumnmomuyeckol Matpuleii I'pama ad-
dunHON KBa,E[pI/IKI/I Q. AbduHHas KBaJpUKa Q Ha3BIBAETCA 2IA0KOU YeHMPATbHOU, ec/i 00€ KBaJpUKK Q, Qu
rna/:ucl/le napaboJioudom — ecau Q riuajxasd, a Q. ocobas?, (npocmuim) xoHycom — ecsu Q ocobas, a Q.
rIafKas’, ywiuHOpoM — ecyiv obe KBagpuku Q, Q., ocobs?. I'1akan BelecTBeHHas lleHTpasIbHasa abpUHHASA
KBaJ[pyKa Q HA3bIBAETCA 3/UTUNCOUOOM, eCIiU Q ., = @, U eunepbotoud0om, eciu Q ., # J.

Yepes Qnm C Ppy1(R) 0603HaUaeTCA IJ1aqKasA BELIECTBEHHAs IPOEKTUBHAA KBaJpPUKa Pa3MEPHOCTU N U
naaHapHocTh® —1 < m < n/2. Beskas riaKas BellecTBeHHAs MPOEKTUBHAsA KBaJPUKA IPOEKTUBHO KOHTPY-
3HTHA OJJHOU YU TOJIbKO OJHOU KBaJPUKE Qy -

HeBBIpOX/IeHHaA BellecTBeHHas adduHHAA KBaApuKa® Q ¢ TOYHOCTBIO A0 apPUHHON KOHIPYSHTHOCTU
onpejiesiAeTcA KJacCaMK MPOEKTUBHOHN KOHTPYSHTHOCTH KBAApUK Q U Q,, IPUUEM ecsid Q = Qpm, TO JIU-
060 Qw = Qn_1m, 00 Qy, = Qn_1.m—1, MO0 Qy, ABIAETCA MPOCTHIM KOHYCOM Haf Qn_» m—1. [lOcaeaHee
PaBHOCUJIBHO TOMY, 4TO adpPprHHaAsA KBaApuKa Q ABJseTcs NapaboIonuIoM.

BemecTBeHHbIH ahbOUHHBIN KOHYC @ ¢ TOYHOCTHIO 10 ahdUHHOM KOHT'PYIHTHOCTH OIpeiesIAeTCs KJIacCoM
IIPOEKTHUBHON KOHTPYSHTHOCTHU CBOEN aCUMIITOTUYECKOU KBaJAPUKU Q.

Besaxuii unuaap Q € R™ sBiAercsa NpsAMBIM NPOU3BefeHNeM a(l)(l)I/IHHOFO noanpocrpadcrea R® ¢ R™,
MPOEKTUBU3aIMell MPOCTPAHCTBA HAMPABJIEHNUI KOTOPOrO CJIYXHUT Ly, N Sing Q, U HENUIMHAPUYECKON ad-
dbuHHON KBaApUKH Q,.q B TPaHCBepcasibHOM K R® adbduHHOM nmoanpoctpaHcTBe R C R™.

I'C901. IlokaxuTe, 4TO y TIJIAJKOM NMPOEKTUBHON KBAAPUKU Qn ., = V(q) C Puiq(R) muanap-
HOCTb M, Pa3MepPHOCTb N 1 aOCOJIIOTHAA BeJIMYMHA uHgekca® | KBaJIpaTU4YHOU (POPMHI q CBA3a-
HBI COOTHOIIIEHHEM 2m + (| = n, 1 HAWAWUTE PaHT U IJIAHAPHOCTD CJEAYIOIIMX BelleCTBEHHBIX
JBYMEPHBIX IIPOEKTUBHBIX KBAJpUK B P3:

a) —5x% — 8x¢xy + 16x0x5 + 2x0x3 + X2 + 18x1%5 — 8x1x5 — 11x% — 10x,x3 + 6x2 = 0
6) 8x% — 14xx; + 6X0xy — 22X0X3 + 5x7 + 2X1X5 + 22X1%3 — 10x2 — 18x,x3 + 14x2 =0
B) —3x3 + 2x9x1 — 12X, + 20x0x3 — 6x% — 4x1%5 + 22X1x3 — 15x% + 60x,%5 — 70x2 = 0
r) —2x3 + 14x0%1 + 6x9X5 — 4xgX5 — 24x% — 20x1x5 + 12x1 X5 — 4x5 + 4x,%5 — x5 =0
n) —4x2 — 12x9x1 + 24x0x5 + 4x0x3 — 8x2 + 34x1 X, + 8x1x3 — 35x% — 14x,x3 = 0.
I'C9¢2. [epeuniciuTe Bce 7 HEMyCTHIX BELIECTBEHHBIX «KPUBHIX BTOPOM cTeneHW» B R? u Bce 14

B stom cjlyyae MoJIC Z, = (BO,O :=Bpq ... (—1)”B0,n) TUIEPIJIOCKOCTH L, JIeXUT B A™ U ABAeTCA EHTPOM
cuMMeTpun apOUHHOI KBaJIpUKU Q.
2B sToMm cjlyyae I'MmnepIriocKoCcTh L, KacaeTcsa KBagpUKU @ B TOYKe X, = (0 i=Bgq ...l (= 1)”+1Bo,n), KoTOpas

OJTHOBpPEMEHHO SIBJIAETCSA NOJII0COM I'MIEePIITIOCKOCTH Xy = 0 U OJHOMEPHHIM AAPOM HOPMBI B

3B aTOM CITyyae KBajipuKa Q IMeeT eIMHCTBEHHYI0 0COBYI0 TOUKY Z, € A™ U ABJIAETCA MPOCTHIM KOHYCOM C BEPIIMHOMH
B 3TOH TOYKe HaJ TJIAAKON aCUMOTOTHUYECKOU KBAaAPUKON Q, C L.

“B aToM ciywae Q = ASx Q’, rie apduHHOe TpocTpaHcTBo AS C A™ UMeeT HaNpaBJIAIIIAM IPOCTPAHCTBOM BEKTOP-
HOe MonpocTpaHcTBO U = ker BNV, a Q' — HequInHApUYecKas KBaJpHKa, jexaiias B IPOM3BOJIbHOM TPaHCBepPCab-
HOM K U adpduHHOM nofgnpoctpaHcTee A" C A™.

SHanoMHI0, YTO NJIGHAPHOCMbIO POEKTUBHOM KBaJPUKK HA3bIBAETCSA MAKCUMYM 1M pa3MepHOCTeH JIeXalix Ha 3TOi
KBaJIpyKe IPOEKTHUBHBIX MOANPOCTPAHCTB. 3HaUYeHHe M = —1 paBHOCUJIBHO MyCTOTE KBaIPUKU.

°T. e. rakas eHTpasbHas KBaJpyKa UM MapaGosion.

7B wacTHOCTH, S = 1 4 dim L, N Sing Q.

8T. e. Moy b pasHOCTU MeX/y HOJIOKUTETbHBIM M OTPULIATEIbHBIM MH/EKCAMU HHEPIUH.



HEIYCTBIX BEIIECTBEHHHBIX «IIOBEPXHOCTEN BTOPOU cTeneHn» B R3 ¢ TouHOCTHIO 10 adhdUHHOM
KOHTPYSHTHOCTH. [[J1 Ka’X0ro TUINa HAIIUIINTE 110 BO3MOXXHOCTU CaMbIi POCTOU npuMep ad-
(¢puHHOrO ypaBHeHNs, 3a[Ja0l[ero KBaJpuKy 3TOro TUMA.

I'C9¢3. Onpenennre, K KAKOMY U3 YeTHIPHAALATH TUIIOB OTHOCUTCA adGUHHAA IOBEPXHOCTS, 3a-

JJaHHasA B CTaHJapTHHIX KOOpAWHaTax Ha R3 ypaBHeHueM:

a) 3x2 — 14xy + 8xz — 12x + 17y% — 18yz + 28y + 622 — 16z + 11 =0

6) —x2 4+ 2xy + 10xz + 4x + 4y? —34yz — 10y + 42> - 6z—-3 =0

B) —x% +6xy —8xz+2x —7y* +18yz— 1122 - 22+5=0

r) 2x% —8xy —2xz+2x+8y? +4yz -2y +2z2+7=0

m) x? —4xy —2xz—4x+6y+4z+7=0

e) 2x% —2xz+2x +3y? —10yz -2y +92z2 +9 =0

K) x% +4xy —4x + 4y? —2yz -8y — 472+ 224+ 4 =0

3) 2y? —6yz—2y+52° +6z+4=0

u) x2 —4xy —2xz+2x+ 3y +6yz—62—4=0

K) —x2 —2xy —2xz+6x —y? —2yz+4y—2z24+62z=0

n) x? —4xy — 2xz —4x + 5y? + 6y + 522 +82+5=0

M) 2xz — 2yz —3z2 +4z=0

H) X2 —2xy—2x+y*>+2y=0

0)y? - 2yz+2y+2z>-2z+1=0.
14 rnagKkux 1eHTpasbHbIX IOBEpXHOCTEN HalauTe LeHTp, JJiA napaboJ — HalpaBJjieHHe OCH,
JIJIs1 KOHYCOB — BepIINHY, AJIA HWINHIPOB — o0pa3yolllee BeKTOPHOe MIPOCTPAHCTBO, a TaKxke
TUIl 1 Pa3MepPHOCTb KBaAPUKH, CJIyXallleil OCHOBaHHEM LUJINHAPA.

I'C9¢4. [lepeunciinTe Bce a) KOMIIAKTHbIE 6) HECBsA3HbEe adUHHbIE KBaJPUKA B R3.

I'C905. ITokaxurTe, 4TO”:

a) mo6oii auncong Q C R™ 0-mianapeH u romeoMopdeH chepe!® S71

6) o6oi napabosous B R romeomopden R*~1

B) 0-nlaHapHasA IPOEKTUBHAA KBaApuKa Qo C P41 (R) romeomopdna cepell s™

r) runepbosions Q C R" ¢ 0-rutaHapHOM acUMOTOTHUYECKON KBaApukon Q. C R™ Toxe 0-

maHapeH u romeoMopden’'? R 1 x §0 = R*~1 | R*1
1) OIHOIOJIOCTHHIN runep6osons 1+ z2 = x? + y? B R3 romeomopden R! x ST,
r'C9+6". [TokaxuTe, 4YTO BCAKasA HeIlyCcTasA LeHTpaJibHaA riiagkasa appuHHasA BellleCTBeHHAasA KBa-

puka romeomopdHa R x S¢, 1 o6bacHuTe, Kak cBA3aHb ynciaa k u £ ¢ CUrHATypaMu MaTpHI]
I';pama B u B,.

*
I'C907 . Ilokaxwure, yTo riajkuve O-maHapHas u 1-miaHapHas KBaApuku B P; Hap mosieMm [,

COCTOSAT, COOTBETCTBEHHO, U3 q°+1 1 (q+1)? ToYek, M MOACYUTATE YMCIIO PEIeHNI ypaBHEeHNI
n3 3af. 'C901 nvapg nosamu Fs, Fr, Frg 1 Faq.

Ecnu obuiuit cJIyuyall BRI3BIBaeT 3aTpyAHEHUs, cAeslaliTe 5Ty 3afavuy JJjia n = 3.
108 yacTHOCTH, KOMIIAKTEH.
"Tonckaska: CipoeKTUpyiiTe KBapUKy U3 JIexalleil Ha Heil TOYKM Ha MPOeKTHUBHYIO IMIePIUIOCKOCTh U CPaBHUTE
pe3yJibTaT co crepeorpaduieckoil npoeknueii cpepsl Ha ahOUHHYIO THUIIEPIIIOCKOCTb.
12B yacTHOCTH, UMeeT [Be CBA3HbIE KOMIIOHEHTHL.
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