Jlekiust 7. AHTUJIENITOHBI 1 KOBAaPUAHTHAs COIIPs>KeHHas aJjiredbpa JaeiicTBud.

A. A. Kenapuc

(4 mapra 2004 r.)

B sT0it seknmm MBI TpoOO/IZKAEM PACCMATPUBATDH OIEpa-
IIUIO CONIPSAKEHUs U BBOJUM KOBAPUAHTHYIO COIIPAXKEHHYIO aJl-
rebpy JeHCTBUsT KaK CIoCO0 ONMMCAHUsT AHTUJIEITOHOB.

I. KOBAPUAHTHAA COIIPAKEHHAA
AJITEBPA JENCTBUS KAK AJITEBPA
K/IIN®PPOPIA

B coorBercTBMEM ¢ Hamieit mporpaMMoil TakxKe Oyaem
paccMaTpuUBaTh KOBAPUAHTHYIO AJINeOpy JAefCTBUS JIJIsT
aHTUJIENTOHOB Kak ajrebpy Kimddopma. B srom ciy-
Jae KOBAPUAHTHYIO ajrebpy JeficTBus Gyj1eM HA3bIBATH
KOBapHAHTHOI compszKenHoi anrebpoit Kianddopaa u
oboznauars, T C. BazucHbIe BEKTODPHI I KOBAPUAHTHOM
conpsizkerHoit anrebpor Kimnddopaa 6ymem obosnavarhb
el.

Sama M 3aKOH yMHOXEHHsI Oa3WCHBIX BEKTOPOB B
KOBapHUaHTHOI conpsizkeHHoil ajrebpe Kimmddopma TC
CJIETYFOIIMM 00pa30M:

EK OEI _ +CIKL€L, (1)
rae TCOTE, ecrb cTPyKTYpHBIE HOCTOSHHBIE KOBAPHAHT-
HO#t conpsizkenHodt aare6por TC.

Wrax B COOTBETCTBUM C TMPUHATON HAMU ITPOTrPaMMO
MbI nMeeM anredbpy Kmunddopa, nocrpoennyro Ha 1ect-
HaJaTu GA3UCHEIX BeKTOpax €, e unekc I mpoberaer
suadennst oT 0 1o 15. YkaykeM 3TH BEKTODPBI U IIPAaBUIA
YMHOYKEHUSI, KOTOPBIM OHU IO TIUHSIOTCS.

o c. [ly1st HEro mMeeT MeCTO IPABUJIIO YMHOXKEHUsT

60050260.

e &', rye uHIEKC i mpoberaer 3HadenHus or 1 g0 4.*
To ecTb, YMCIIO TAKUX BEKTOPOB PABHO YETHIPEM.
OTU BEKTOPHI SABJSIIOTCs obpasyromumu. st Hux
MMEIOT MECTO IIPABUJIa YMHOXKEHUS

o =0t =¢".

g'og' =signe’,

* Tasiee BCe MHJEKCHI, 0603HAYAEMbBIE MAaJIbLIMU JIATHHCKUMUI
OyKBaMu, HAUWHAS C 1, MPOOETAIOT 3HAYEHUs OT 1 1o 4.

r7ie

signe! = signe? = signe® = —signe? = ¢

BekTopsr

etf =gkogt,
3nech i # k. Takum 06pazoM, IUCIO STUX BEKTOPOB
PaBHO YHC/Iy COYETAHUN U3 YEThIPEX IJIEMEHTOB IIO
JIBa

715t 9TUX BEKTOPOB BBINOJIHSETCS MIPABUJIO II€pe-
CTAHOBKHU WHJIEKCOB M, COOTBETCTBEHHO, COMHOYXKU-
TeJiell — yCJIOBHEe aHTUKOMMYTATUBHOCTHU

OcrajbHble TIpPaBWIa YMHOXKEHHS, B KOTOPBIX
YYaCTBYIOT 3TH BEKTODPBI, CJIEJYIOT U3 YCJIOBHIl ac-
COIMATUBHOCTU U aHTUKOMMYTATHUBHOCTU. B wact-
HOCTH,

e* ot = glo (P oek) o’ = —signe’ osigne®.
BekTopsr

glkl:&jlogkogl,
31ech

itk i AL kAL

Taxum 06pa3oM, IUCTIO ITUX BEKTOPOB PABHO UUC-
JIy COUeTaHuil U3 4eTbIpeX 3JIEMEeHTOB 110 TPHU

C}=4.

J71st 9STUX BEKTOPOB BBINOJIHSIOTCS IPABUJIA II€pe-
CTAHOBKU WHJIEKCOB U, COOTBETCTBEHHO, COMHOXKU-
Tesel, cileyIomue U3 yCJIOBUHA acCOUaTUBHOCTI U
AHTUKOMMYTaTUBHOCTHU

OcrasbHble TpaBWIa YMHOMXKEHHUsI, B KOTOPBIX
YYACTBYIOT STU BEKTOPBI, TAKXKe CJEJYIOT U3 U
YCJIOBHII aCCOIMATUBHOCTU U AHTUKOMMYTATHUBHO-
cru. B gactHocTn,

gikl o{—jikl _ _Ei o (6k o (gl ogl) ng) ogi —

—signe’ osigne® osigne! .



e BekTop
EZklnglogkOElOém.

31ech
1 kiAlLiEmkZELkKEFm,l+m.

Takum 0O6pa3oM, IUCIO ITUX BEKTOPOB PABHO UUC-
JIy COYETAHUII U3 YETHIPEX SJIEMEHTOB II0 YeThIPE,
TO €CTh eMHUIIE

cf=1.

715t 9TOro BEKTOPa BBIIOJIHAIOTCS IIPABUIIA, II€pe-
CTAaHOBKHU HHJEKCOB M, COOTBETCTBEHHO, COMHOKHU-
Tesled, ciieyIomue u3 yCJIOBUA acCOUaTUBHOCTI U
AHTUKOMMYTaTUBHOCTHU

Eiklm _ Eilmk _ Eimkl _ 7€ilkm —
_eikml — _Simlk _ _gklmi _ _Ekmil —
_Ekilm — Ekmli — Eklim — Ekiml —
El’mik _ EliknL _ El'mki _ _Eli’mk —
_€lmki _ _Elkim — _smik:l _ _Smkli —

7€mlzk: —_ gmkzl —_ gmzlk: —_ gmlkz .

OcrajibHble TIpaBuUjia yMHOXKEHHS, B KOTOPBIX
y9acTBYeT 3TOT BEKTOD, TaKKe CJIEAYIOT U3 YCJIO-
BHUIl ACCOIMATUBHOCTA ¥ KOMMYTATHBHOCTH. B
YaCTHOCTH,

Z_:zkhn o Ezkln@ _

glo(efo(eho(emoe™)oe)oek)oe! =
signe® o signe” o signe! o signe™.

B Tom ciydae, Korma HEOOXOIWMO TOTYEPKHYTH Pas-
MEpPHOCTH 00pa3yIoIIero MpoCcTpaHcTBa aareopnl Kind-
dopa, MBI 6yIeM HCIONIbL30BaThL obozHaderne '+ Cy BMe-
cro obosnadenus +C. DTo 0COGEHHO IIOJIE3HO IIPH BbI-
nesternn nogasredpsr aiarebper Kimddopma. Hanpuwmep,
nogaredpy ¢ TpeMs 0Opa3yIomuMu OA3UCHBIMUA BEKTO-
pamu (manpumep, ¢!, €2, £3), yao6uo oboznauats T Cs.

B coorBercTBUM ¢ HAITAM OOIIIIM 3aMBICJIOM MBI JTOJIK-
HBI /I YKA3AHHBIX OA3MCHBIX BEKTOPOB !, HOIb3ydach
MIpaBUJIAMHU YMHOXKEHUS BEKTOPOB B aaredbpe Kauddop-
na, waiitn u3 (1) crpyxrypnbie Marpuns C157 n noka-
3aTh, 9TO 9TH MATPUIII CBSI3aHBI CO CTPYKTYPHBIMU MaT-
punayu CL; anre6psr C mekoropoit oneparueit "corps-
JKeHust", KOTopast B KOMIIJIEKCHOM IIPEJICTABJICHUH JIOJIXK-
Ha CBOJUTBHCSI K SPMUTOBOMY COIIPSIZKEHUIO.

II. PETVJISIPHOE ITPE/JICTABJIEHUE
KOBAPUAHTHOI COIIPSI>KEHHO
AJITEBPHI KJIN®®OPIA

PaccMoTpuM coOTBETCTBHE MEXKy OGA3UCHBIMHU BEKTO-
paMu KOBapHUaHTHON cOmpsizkeHHOo# aarebpsr Kanddop-
na TC u ee cTpyKTypHBIME MaTpumaMu. s sToro Kax

U TIpeXKJie BOCIIOJIB3YyEeMCs ACCOIMATUBHOCTBIO AITreOphI
TC. 3anumenM ycjloBHe acCONUATUBHOCTH I ITPOU3Be-
JieHust Tpex Ga3MCHBIX BEKTOPOB

(N oef)oel =N o (K 0el).

Orcrona, ICoIb3ys 3aKOH yMHOXKEHHST GA3UCHBIX BEKTO-
pos (1), mosyaum

+CKNL (SL 051) —_ +CIKL (5N osL),
Orkyna
+C«KNL +CILM _ +CIKL +CLN1M ) (2)

CpaBHuBasi 3TO BBIPayKEHHE C CAMUM 3aKOHOM yMHOXKE-
Hus 6a3ucHBIX BeKTOPOB (1), 3aKiodaem, 9T0 6a3UCHBIM
BEKTOpaM €' MOYKHO IIOCTABUTH B COOTBETCTBHE CTPYK-
rypubte marpuupt +CTEp . TIpu srom o — yMHOMXKeHHIO
0a3MCHBIX BEKTOPOB CTABUTCS B COOTBETCTBHUE OOBITHOE
YMHOXKEHUE MATPUIL B MOM € TOPSIKE. ITO COOTBET-
CTBHUE COCTABISET pezyasaproe (npucoedunennoe) npeo-
cmaeaenue anredpol TC u 0603HaMACTCS:
el ~ FOIK,

Homep crpyxTypHOit Mmarputiel I eCTh MHIAEKC 6a3UCHOTO
BEKTOpa, KOTOPBIH IpecTaBieH 3Toil maTpureii. B pery-
JISIDHOM IIPEJICTABJIEHIH [IPOM3BOJBHOMY BEKTOPY aJjired-
pot S = S;e! coorsercrByer MaTpuna

TSk, =8, TOK, . (3)

1. deiicTBuTebHOE Mpe/ICTaABJIEHUE

U3 (1) ciemyer ajropuT™ BBIYUCJIEHUS CTPYKTYPHBIX
MaTpHI], COOTBETCTBYIOMUX 6a3ucHbIM BeKTOpam. CHa-
4Jajia HYy?KHO YCTAHOBUTH HOMEDP CTPYKTYPHOM MATPHUIIBI
B COOTBETCTBUU C HOMEPOM Oa3MCHOIO0 BEKTOPA. 3aTeM
JIJIsT BBIYUCJICHUS 9JIEMEHTa, CTPYKTYPHOM MATPHUITHI C HO-
MepoM [, pacrmoioXKeHHOTO B CTPOKe ¢ HoMepoMm K u B
croJibrte ¢ HomepoMm L, HeoOxoauMo Ga3UCHBIN BEKTOD,
HOMEDP KOTOPOT'O COBIIJIAET C HOMEPOM CMpPOoKU MaTpHU-
IIbI, YMHOXKUTD CNPa6a Ha OA3UCHBII BEKTOP, HOMEP KOTO-
pPOTO COBITAJAET C HOMEPOM CTPYKTYPHOII marpuiisl. la-
Jiee Hy>KHO OIIPEJIe/IUTh OA3UCHBIN BEKTOP, HA KOTOPDIA
[IPOENUPYETCST ITO MPOU3BEEHNE, U YNCJIEHHOE 3HAUEHHE
npoeknnu. Torma Homep L yKa3zaHHOTO 6a3MCHOTO BEKTO-
pa OIpesesIuT HOMEP CTOJIONA, HA II€PEeCEeIeHnr KOTOPO-
ro ¢ pacCMaTPUBaEMOl CTPOKOil, HEOOXOIUMO TOCTABUTD
YKa3aHHOE YNCJIEHHOE 3HaYEeHUEe ITPOEKITUH.

Teneps BeraucnM crpykrypusie Marpunsr +CTE 1o
[IPUBEIEHHOMY aJITOPUTMY JJIS ABYX CJIy4aeB

1. moganre6pa TCs ¢ Tpemsa 06pa3yOIIIMI 6A3HCHLI-
MH BeKTOopaMmiu €', €2, €3;

2. anrebpa TC, ¢ 9eTLIpbMs 06Pa3yIONHME Ga3HCHDI-
mu BekTopamu ', €2, €3, et



s momanre6per TCs GyneM BBHIMUCIATL CTPYKTYP-
HbIe MaTPHIIHI I 0COO0TO TOPsI/IKa MHIEKCOB:*

(32,13,21,0,1,2,3,123).

To ecth, OGymeM 3amMCHIBATL CaaraeMble BEKTOpPa B CJie-
JIYIOIIEl TI0CJIe/0BATETbHOCTH

Top = th3o €32 + ah13 '3 + ahoy €21 + 1P 0
+ 1 et + o e? + hge® + hraz et

(4)

B pesynbrare momyunMm JeficTBUTEIbHBIE MATPHUITHI 8 X 8
[pe/ICTABJICHIS GA3ICHBIX BEKTOPOB € . (Cwm. Pazmen IIT).

s amrebpor TC4 GyzmeM BLIYHCIATL CTPYKTYPHBIC
MAaTPHIIBI JJIsT 0COOOTO TTOPAIKA MHIEKCOB, 0000IIAONIEro
TIPEBLLIY I TOPSIIOK WHIEKCOB,

(32,13,21,0,42,14,1324,34,1,2, 3,123,134, 234, 4,124) .

To ecth, GyaeM 3amuUCHIBATL CaraeMble BEKTOpPa B CJjie-
JIYIOIIEH T10C/Ie/I0BATETEHOCTH

T = 130632 + P36 4 ho1! + hoe’

+ thaoe®® + 148 + P304 + g
+ 1! 4 1oe? + h3ed + h1a3e!®

+ 1h13481 + 1234623 + Yyet + hroget®t.

B pesymbrare mosmydmm IeiiCTBUTENbHBIE MATPHUITHI
16 x 16 mpeicTaByienns 6asucHbIx BekTopos £ . (Cm. Pas-
nen I11).

[TomMumMo feiicTBUTEIBHOIO TIPEJACTABICHUsS OyIeM uc-
[IOJTb30BATH KOMNAEKCHOE U K8AMEPHUOHHOE TIPEICTABIIE-
Hus 6a3UCHBIX BeKTOPOB arebpnul Knuddopma, ynobubie
B CHJIy CBOEl KOMIAKTHOCTH.

2. KoMILieKcHoe IIpe/cTaBJieHue
1. nodanzebpa +Cs.

OcTaHoBUMCSI Ha BOIIPOCE O NPEICTABICHUN ITPOU3BE-
nenua anrebp Kmuddopaa. Anrebpy Kimdbdbopna +C,
MOZKHO 3armcaTh B Buje npousseenns +Cp, X TC,_pp).
U zarem npencrasuth anrebpy T C, xak amrebpy TC,,
uaj noseM runepuaucen ' Ce,_,,). Hanpumep sexrop
o = yrel amre6pnr TCs MOXKHO 3aIECATb B CIIEIYIO-
meM BUJIE:

Top =13 o (aae?! + P13¢°) + €0 0 (P12t + hpe?)

+e? 0 (Y1®! +9h2e”) + e o (h3e?! + tr123e”) . (5)

*TIpuBeIeHHBIN TIOPSIOK WHJEKCOB OMPABJAH TEM, UTO JIJIst
HEro CTPYKTYpHble Marpuiibl ajarebpol Kanddopma mupes-
craBsienbl Marpunamu Jupaka (cm. nasee). C maremarude-
CKOI TOYKHU 3PEHHUsI TIOPSIO0K UHIEKCOB HECYIIIECTBEHEH BCJIEI-
CTBHE aJIATUBHOCTH CJIOXKEHUsI KOMIIOHEHT BEKTOPa, HO ¢ (Ou-
3UYECKOM TOYKU 3PEHUs] YKA3aHHOMY TTOPSIIKY WHIEKCOB HY K-
HO NPUJABATH OIPEJIEJIEHHOE 3HAYEHHE.

SOra 3amuch cooTBeTcTBYeT 3amucu aarebpnl tCs B BH-
ne mpomspepenns TCy, x TC;. BasucHbIME BeKTOpa-
mu anrebpsr TCo apasorca €'3,e9 62, ¢123; Gazuchbl-
Mz BexTopamu ajarebper TC; sBuaiorca e2!,e0. Ilpo-
crpactso TC; MOXKHO paccMaTpUBATh KaK IIPOCTPaH-
CTBO KOMILIEKCHBIX Unces. /Ijis aToro 6a3mcHOMY BEKTO-
py 2! anrebper TC; IOCTABUM B COOTBETCTBHE MHIMYIO
eIMHUITY 4, IMes B BEIY, ITO sign e2! = —1, a 6asmcroMy
Bekropy € anre6psr TC) mocTaBUM B COOTBETCTBHE JIeii-
CTBUTEJIbHYIO e/nHuIly. B pe3ysbTare IOIyYUM BEKTOD
anre6psl TCs3 B KOMIIJIEKCHOM TIPECTaBICHIN

Top = &' o (Pag i+ Y13) + €% o (a1 i + 1ho) (6)

+e% o (Pri+ 1) + e o (Y30 +1hias.

Komrmurekcroe mipesicraBienne gqaercst marpuramn 4 x4,

B KOTODBIX OJIOKM 3aMeHEeHbI ODa3UCHBIMU enuHAIAMU 1 U
i (em.Pasmen III).

2. anzebpa TCy.

Kowmruiekcuoe npejacTaB/ieHue OCHOBaHO Ha CJIeAYIOo-
oeM pa3JIO?KEHHUUN BEKTOpPa:

Fip = '3 o (1h3ae?! + 136%) + €% 0 (a1 + 1Ppe?)

+ e o (Paze® + 114€%) + €34 0 (Y132482" + 34€0)

+ &% o (P12 + o) + 1 o (h3e?! + 1P123€0)

+ &2 0 (113482 + 12348%) 4 €12 0 (Pae?! + 1h124€0) .

Do mpecTaBIenne COOTBETCTBYeT 3anmcu aareopnl +Cy
B Bujie nipoussejienust TC3 x TCy (3/1ech HUXKHUI UHJIEKC
€CTb Pa3MepHOCTb 00Pa3yIOIIEro IIPOCTPAHCTBa). Basuc-
HbIME BekTOpaMu ajrebpsr TCs sBisorcs €13, €0, 14,
g3t g2, 123 234 124 GazpcHpiME BeKTOpaMu aareGpol
*TC; asnsorcsa 2!, 0. Bamenss Gazucubli BexTOp £2!
MHUMOH e TUHUTIEH ¢, 8 OA3UCHBIN BEKTOD e JIEACTBUTEb-
HOJ eJUHuIei, HoJIydIuM BekTop anareopnl TC, B KOM-

IIJICKCHOM IIpEACTaBJICHUN

tip =" o (haa i+ hi3) + €% o (tha1 i + o)

+ e o (agi + P1a) + 3 0 (V13247 + h34)

+ %0 (P14 12) + €3 0 (Y3 + 123)

+ 23 0 (Y1347 + a34) + €' 0 (Ygi + P124) -

KowmmtekcHoe mpecrapienne 6a3uCHBIX BEKTOPOB TaeT-
CsI CTPYKTYPHBIMU MaTpUAMA 8 X 8, B KOTOPBIX COOTBET-
cTByfOIIME OJIOKU 3aMEHEHbI OA3MCHBIMU euHuIaMu 1 1
i (em. Paznmen II1).

CrenaeM 3aMedanne, Ha KOTOPOM OCTAHOBUMCS B JIAJTb-
neitmem. Hasoem BekTOp £2! ochoshbim, IMes B BHIY
TY POJIb, KOTOPYIO 3TOT BEKTOP MIPAET B KOMILJIEKCHOM
npeacrapiaerann. OmHako, ¢ ajaredbpandeckoil TOUYKU 3pe-
Hus Harmpasienns €2 u €32 SKBUBAIEHTHBI HAIPABICHIIO
2! u TaxKe MOTYT GBITH IPUHSATLI 38 OCHOBHOE. JIjIst TO-
10, 9TOOBI OTVIMYHUTD STU CIYyYad OT IIPEbIIYINEro, Oymaem
0003HAYATH MHUMYIO €JMHUILY 9epe3 j, U 38 OCHOBHOE



HaIpaBJIeHNe IPUHAT BEKTOP €2, 1 0603HAYATH MHHMYIO
eIMHUILy depe3 k, eciIu 32 OCHOBHOE HAIIPABJIEHUE IPUHAT
BeKTOp £°2.

3. KBaTepHHOHHOe npe/icTaBJIEHUE.
1. nodanzebpa +Cs.

Ksarepamonnoe mpezacrapiienne 0a3UCHBIX BEKTOPOB
OCHOBAaHO Ha CJIEJIYIONIEM Pa3JIO?KEHUHU BEKTOPa

T = (P326% + 3™ + ho1 €2+ hpe®) 0 €” )
+(h1 €32 + o e!® + 952! 4 hrogeY) 0 123
Ora 3amuch cooTBeTcTByeT 3amucu aarebpol tCs B Bu-
ze npoussegenusa TC; x TC,. BasucnbiMu BekTOpaMu
anre6per TCp apnsmores €0, 123, 6asucHBIMT BeKTOpaMu
amre6bper T Cy apasiorea €32, 13, g2t &0,
Bamucu anrebpn Kimdbdopra TCz B Buge mpousse-
genuna TCy x TCy cooTBercTByeT npeacTaBeHue 6a3uc-
HEIX BEKTOpPOB anre6psl T Cs B IpocTpaHCTBE MOmAITe6-
per TC; Haz moJieM THIIEPYHCes, COCTAB/IAIOMUX ajreb-
py TC,. IlpuueMm GaszucHble THIEpYHCTIa, U30MOpQHbIE
6asucHbIM BekTOpaM £°2,¢e13 21 0. wmoryT paccmarpu-
BaTbCsl KAK KBATEPHUOHBI, TaK KaK

signe®? = signe!® =signe?! = —1.
J17151 6a3MCHBIX KBATEPHUOHOB HCIIOJIb3YeM COOTBETCTBEH-

HO CJIeIyIoIue 0003HaYeHUS

Bamenss Gazucnble BekTopb €52, 13, 21 €Y xparepmumo-

HaMH, TIOJy4IUM BeKTop aare6pnl +Cs B KBaTePHHOHHOM
IpeJICTaBIEHI T

T = (Y3200t +higi- 02 +aPori- 0% + ) o

8
+(w1i-01+1/J2i~02+¢3¢.g3+¢123>0812s. (8)

Ksarepanonnoe npejicraBierne 6a3uCHBIX BEKTOPOB J1a-
eTcsl CTPYKTYPHBIMU MaTpPHUIAMU 2 X 2, B KOTOPBIX CO-

oTBeTcTBYyIomHe 6J0KN 3aMeHensl o, 02 0 (cM. Paszmen

I11).

2. aneebpa TC4.

KBaTepHI/IOHHOQ IpeacTraB/ieHue 0a3UCHBIX BEKTOPOB
OCHOBAHO Ha Pa3JIO2KCHHUHN BEKTOpPa

+7/} = (7/}32 32 + Y13 gld + Yoy g2t + g EO) ogb
+ (42832 + h1a €™ + 130021 + 1h34 %) 034
4 (1 €32 4 by €13 4 g £21 4 hrog £0) 0 123

+ (1134 €32 + Yoza ' + Py e 4+ 114 %) 0124,

OTO0 mpe/CTaB/IeHUE COOTBETCTBYET 3aIlUCU AJIreOpPbI
*+C,4 B Buge npoussesenusa TCy x TCy. Basucubivum Bek-
rTopamu ojHoit anre6psr Co sBitstiorest €0, €34, 123, 124,
6a3UCHLIME BEKTOPaMH IpyTroit anrebpor T Coy aBisioTcs
€32, g3, 21 &0 Kax u npesk/e, 3aMenss GasucHble Bek-
Topel 32,13 2! kparepHmOHaMH, a GA3UCHLIN BEKTOD
(50) JIefiCTBUTE/IbHON IMHUIIEH, [TOJIyYUM BEKTOP aJred-
per TC4 B KBATEPHMOHHOM ITIPE/ICTABICHIN

= (g0 0 +h13i- 0%+ hari- 0° 4 1) 0 €°
4+ (Yazi- ol +Prai- 0+ Pigoai- 0% 4 1P3q) 03t
+ (Y10t +gi- 0%+ 1hgi- 0% 4 1Pya3) 0 123

+ (Y1348 01 + azai- 0%+ 1hyi- 0%+ Pyaq) 0 2.

Ksarepumonnoe mpejcraBienne 6a3UCHBIX BEKTOPOB
JIaeTcst CTPYKTYPHBIMU MaTpuiiaMu 4 X 4, B KOTOPBIX CO-

OTBeTCTBYIOmUe 6J10KN 3aMenensl ob, 02, 03 (cm. Pazmen

II1).

III. CTPYKTYPHBIE MATPUIIHI
KOBAPUAHTHOU COIPI>KEHHOM
AJITEBPHI KJIN®®OPIA

IIpuBenem cTpykTypHble MaTpuiibl ajaredbpor Kind-
dopa, KOTopble Pean3yioT PEryIsipHOe IIPeJICTaBICHIE
6Ga3UCHBIX BEKTOPOB:

e~ TOTE,
IIpu npeobpazosannu marpun +CTEp or neiicrsurens-
HOTO TIPEJCTABIEHUS K KOMILJIEKCHOMY WCIIOJIHb30BAHbI
cJeyrorye obo3HaYeHUs JIIs OJIOKOB 2 X 2

I G A .M
I'= =g, a= g, b= =g, = 3

Asrebpa cucremsr uuces {1,a,b,i} npeicrasiena 3aKo-
HAME YMHOXKCHHS:

a?==1, ’=-1,

ai=1a=-b,

ab=—-ba=1,
bi=1ib=—a.
IIpu mpeo6paszosanmm marpur, ~CTEp or xommexc-

HOTO NPEJICTABJIeHNs K KBATEPHUOHHOMY HUCIIOJIb30BaHbI
creyrorye obo3HaMEHUs M1 OJIOKOB 2 X 2

_ [ _
1=, 1=k

1

3. ITodanzebpa TCs

39183970 ; 2 4123 13 0 5123
32 (1 1 13
13 1 1 0
21 1 = 1 T 2

0 0 1 . 1]123
5 1 0 123
3 1 - 1 1 0
123 1 1123




21

13

32 13 21 0 1 3123
1
-1
1
I
1
-1
-1
32 13 21 0 1 3123
I
-1
-1
-1
1
1
-1
32 13 21 0 1 3123
1
-1
1
T
-1
1
-1
32 13 21 0 1 3123
-1
1
-1
1
1
-1
1
13 0 123
32 21 1 3
T
-1
-1
1
I
-1
-1

0 123

32 7721 1 3 13 0 5123
32 -1 1
13 -1 = —a |-1
21 1 1
32 o |1 1
-1
2 -1
3 1 0 123
123 1 =—a |J 0
I |123
3013970 ; 2 4123 150 5123
32 1 1
13 1 = 1 1
21 1 1
123 0 1 1
-1
2 -1
3 -1 0 123
123 -1 = 1 1] o0
1 123
4. Aneebpa TCy
13 _ .0 14 34 123 234 124
32 21 42 1324 1 3 77134 4
32 (1
13 1
21 1
0 1
42 1
14 1
1324 1
0 34 1
€ 1 1
2 1
3 1
123 1
134 1
234 1
4 1
124 1
0 34 _123 124
13 147 27 7134
1 13 34 124
1 0 0 123
1 14 1 0
. 1 34 4 1 34
1 . 2 1 |23
123
1 234 1124
1]124

0 123




13 0 14 34 2 123 234 124
32721 42 1324 1 377134 4
32 -1
13 -1
21 1
0 1
42 -1
14 -1
1324 1
34 1
1 1
2 1
3 -1
123 |-1
134 1
234 1
4 -1
124 -1
13 0 1434 12%3i24
-1 13 34 124
1 0 0 123
-1| 14 -1 0
1 34 -]\ 34
. 1 2 @ I 123
- 123
1 234 I 124
-1 124
13 0 14 34 123 234 124
32 21 42 1324 1 3 77134 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
34 1
1 -1
2 1
3 |1
123 -1
134 -1
234 1
4 1
124 -1
13 1434 12%3524
-1 13 34 124
1 o 0 123
-1] 14 -1 0
1 3.y -J| 34
. 1 2 I 123
- 123
1 234 I 124
-1 124

13 0 14 34 123234 124
3221 42 1324 1 377134 4
32 -1
13 1
21 -1
0 1
42 1
14 -1
1324 1
N 34 -1
1 1
2 |1
3 1
123 -1
134 -1
234 1
4 -1
124 1
13 0 1434 12%3i24
-1 13 34 124
1 o 0 123
1 14 -1 0
i - 1 %; — 1] 34
1 123 1 1
-1 234 -1 124
-1 124
13 0 14 34 123 234 124
32 721 42 1324 1 3 77134 4
32 -1
13 1
21 -1
0 1
42 1
14 -1
1324 1
34 -1
~J
1 1
2 -1
3 1
123 -1
134 -1
234 |1
4 -1
124 1
0 34 123 124
13 14 277134
1 13 34 124
1] o 0 123
-1 14 1|0
i - 1 324 - -1 34
-1 123 -1 128
1 234 1 124
1 124




13 .0 14 34 123234 124 14 34 123,234 124
32 21 42 1324 1 3 771347 4 32 21 42 1324 1 3 771347 4
32 -1 32 -1
13 |1 13 -1
21 -1 21 1
0 1 o |1
42 -1 42 1
14 1 14 1
1324 -1 1324 -1
521 L 34 1 832 L 34 -1
1 -1 1 -1
2 1 2 -1
3 -1 3 1
123 1 123 1
134 -1 134 1
234 1 234 1
4 -1 4 -1
124 1 124 -1
0 34 _123 124 0 34 123 124
13 147 2 7134 13 14" 2 7134
1 13 34 124 1 13 34 124
1 o 0 123 -1 o 0 123
1 14 1 0 -1 14 I 0
— 1 . 324 - 1 34 —a 1 . 324 - g -1 34
1 123 1 1 -1 123 I 1
1 234 112 -1| 234 -] 124
1]124 1 124
13 0 14 34 2 123 234 124 13 0 14 34 123234 124
32 721 42 1324 1 3771347 4 32 721 42 1324 1 3771347 4
32 1 32 1
13 -1 13 -1
21 |-1 21 -1
0 1 0 1
42 -1 42 -1
14 1 14 1
1324 1 1324 |1
813 L 34 -1 14 ., 34 -1
1 1 1 1
2 -1 2 -1
3 -1 3 -1
123 1 123 1
134 -1 134 -1
234 1 234 1
4 1 4 1
124 -1 124 -1
34 123 124 0 34 123 124
13 14 27 7134 13 14 277134
1 13 34 124 -1 13 34 124
-1 o 0 123 1 o 0 123
-1 14 I 0 1 14 -1 0
— 1 34 b -7 34 b -1 34 b I 34
) 1 2 T 123 . -1 2 -J|123
- 123 123
-1| 234 ~[] 124 1 234 I 124
1 124 -1 124




123

32
13
21

42
14
1324
34

123
134
234

124

13
32

0 1
21 42

4 34
1324

2
1

123
3 1

234 124
34 4

1

123
234
124

34 124
123

34
123
124

13 .0 14 34 123234 124
32721 42 1324 1 3777134 4
32 -1
13 -1
21 1
0 1
42 1
14 1
1324 -1
642 34 |1
1 -1
2 -1
3 1
123 1
134 1
234
4 -1
124 -1
0 34 123 124
13 14 134
-1 13 34 124
1 0 0 123
1 14 -1 0
-1 34 34
- a2 — @ L
1 123 -1
1 234 I 124
-1 124
13 0 14 34 123234 124
32 721 42 1324 1 3771347 4
32 1
13 1
21 1
0 1
42 |1
14 1
1324 1
634 34 1
1 1
2 1
3 1
123 1
134 1
234 1
4
124 1
34 123 124
13 147 277134
1 13 34 124
1 o 0 123
1 14 1 0
- 1 34 1 34
o 1 2 1
1(123 i
1 234 1 124
1 124

32
13
21

42
14
1324

124

13

0 34
14

13
32

0 1
21 42

4 34
1324

1

123
3 1

234 124
4

123 124
2 134

13

14
34

123
234
124

- | 34

123
124




13 0 14 34 2 123 234 124
32721 42 1324 1 3 77134 4
32 -1
13 -1
21 1
0 1
42 -1
14 -1
1324 1
134 34 1
€ ~ 1 1
2 1
3 -1
123 -1
134 1
234 1
4 -1
124 |-1
13 0 1434 123&3i24
-1 13 34 124
1 0 0 123
-1 14 -I| o
a . 1 324 —a -7 34
-1 123 1 12
1 234 I 124
-1 124
13 0 14 34 123 234 124
32 21 42 1324 1 3 77134 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
g234 34 1
1 -1
2 1
3 1
123 -1
134 -1
234 1
4 |1
124 -1
13 1434 123134{24
-1 13 34 124
1 o 0 123
-1 14 -I| o
b 1 34 b -7 34
11 2 I 123
- 123
1 234 I 124
-1 124

13 .0 14 34 2 123 234 124
327721 42 1324 1 3777134 4
32 -1
13 1
21 -1
0 1
42 -1
14 |1
1324 -1
cl324 34 1
1 -1
2 1
3 -1
123 1
134 -1
234 1
4 -1
124 1
13 0 1434 212313&24
1 13 34 124
1 0 0 123
1 14 1 0
— 1 . 324 - 1 34{
1(123 Ly
1 234 1 124
1 124

IV. C2KATOE ITPEJACTABJIEHUE.

B srOoM paszjesie MBI OCTAHOBUMCSI Ha, IPEJCTABIECHUHN
6a3CHBIX BeKTOPOB airebpsl Kimnddopna TC,, B ee mo-
nanrebpe TC,_x, Tne k < n. g mpumMepa paccMoT-
pUM C2KATOE TPeJICTaBIeHNe DA3MCHBIX BEKTOPOB ajred-
per TC, B ee monanrebpe TC,_;. Pazobnem 6asucubie
BekTopsl e amrebpsr TC, ma ase rpymmer e/t u 2 ¢
OIMHAKOBBIM UHCIOM BEKTOPOB TaK, ITOOLI BEKTOPHI €11
ob6paszospiBan aiaredpy TC,_;. B cury cuMmerpmit ag-

re6po1 Kimmddopaa coornomenns (1) npuanMaroT By

el okt = CIlKlL el 9
1 9

elz o gfr = chKyy L2 (10)

elioehe = ohlz . cle

612 ° {_:Kz _ szKle . ELI )

By)leM IIoJjiaraTb, 4TO HpI/I6JII/I)KeHHO Ipru BbIYUCJIEHUN
MAaTPUIL TIPeJICTaBIeHNs] 0a3MCHBIX BEKTOPOB AJreOpbl
*C, B amrebpe TC,_; 6Gasucmble BeKTOpPH -2 B mpa-
Boil wactu ypasuenusi (10) MOXKHO 3aMeHNTH Ha GasmC-
HBIe BEKTOPHI €11 ¢ momopio cooTHomIeHIS

gl2 = ple el (11)

rme PY2p, ects marpuma coorsercrsmit. Torma cooTHO-
wenve (10) npuHIMaeT BU:

612 o] €K1 = CIQKle . PL2L1 -ELl . (12)

Coornomterns (9) u (12) mO3BOMSAIOT MOTYYNTH MATPHU-
IBI TIpeJICTaBJICHNs GA3UCHBIX BEKTOPOB aarebpel TC, B
ee moganrebpe TC, 1, IpudeM Ga3UCHBIE BEKTOPHI I110-
nanrebpsr TC,,_; TPeICTABIAIOTCS TOYHO, 8 OCTAILHBIE
6a3ucHble BEKTOPBI — MPUOINKEHHO.



AnajornaapiM 06pa3oM MOXKHO PacCMOTPETh CKAaTOe
npejicTaBieHie 6a3uCHBIX BEKTOpoB asrebopsr TC, B ee
nonasrebpe tC,_j, e k < n.

1. IlepBoe c>kaToe mpeJcTaBJICeHUE.

PaccmoTpum nepBoe cxkaToe mpeJicTaBIeHue
R, : tC, — *Cs {532,513,521,50751,52753,5123}.

JIJ1sT 9TOTO TOJIOXKUM, 9TO MPU BBIYUCJIEHUN CTPYKTYD-
HBIX MaTpur o dopmyse (12) coornomenne (11) ompe-
JIeJISIeTCsl TeM, 9TO GA3UCHBIE BEKTOPBI ¢ MHICKCAMU

42,14,1324, 34, 134, 234, 4, 124
3aMEHAITCAd HA 6a3I/ICHbI€ BeKTOpr C NHIEKCaMM
32,13,21,0,1,2,3,123

coorBeTcTBeHHO. Torjia pa3MepHOCTh MaTpuil OA3UCHBIX
BeKTOpoB anrebper T Cy moHMKaeTcsa BABOE U paBHA 8 X 8
B JIEHCTBUTEIHHOM TIPEJICTABIEHUH, 4 X 4 B KOMIIJIEKCHOM
[IPEJICTABJIEHIH U 2 X 2 B KBATEPHUOHHOM IIPEJICTABJICHUHN.
B pesysibrare 6ynem nmern

14 34 234 124
42 1824 134 4
39185, 0 | 2 123
32 |1 1
13 1 o 1
21 1 = 1 1
O 0 1 . 1
2 1
3 1 - 1 1
123 1 1
14 34 234 124
42 1824 134 4
3013970 ; 2 4123
32 -1 -1
13 -1 - 1
21 1 = a 1
el O . 1 -1
2 1
3| -1 — -1
123 |-1 I
14 84 234 124
42 1824 134 4
3213970 ; 2 4123
32 1 -7
13 -1 7
21 -1 = b I3
2 0 1 -3
e 1 -1
2 1
3 |1 — b -1
123 -1 I

10

21

13

32

14

14 84 234 124
42 1824 134 4
32135, 0 | 2 5123

32 -1

13 1

21 -1

0 1

1 1

2 |-1

3 1

123 -1

14 84 234 124
42 1824 134 4
30183970 ; 2 4123

32 -1

13 1

21 -1

0 1

1 1

2 |-1

3 1

123 -1

14 84 234 124
42 1824 184 4
3213590 1 2 4123

32 -1

13 |1

21 -1

0 1

1 -1

2 1

3 -1

123 1

14 34 284 124

42 1324 134 4
3213570 ;1 2 4123

32 1

13 -1

21 -1

0 1
1 1
2 -1
3 -1
123 1
14 84 2384 124
42 1324 134 4
32139, 0 4 2 5123

32 -1

13 -1

21 1

o |1
1 -1
2 -1
3 1
123 1
14 34 284 124
42 1824 134 4
32134990 1 2 4123

32 1

13 -1

21 -1

0 1

1 1

2 -1

3 -1

123 1




42

34

123

124

134

234

484 284 124
42 1324 134 4

0 2 3123

14 34 284 124
42 1824 134 4

3213210 1 2 3123

1
1

32
13
21

123

32
13
21

123

32
13
21

123

32
13

123

14 34 234
42 1824 134 4

3213210 1 2 3123

124

1

14 84 234 124
42 1824 134 4

3213210 1 2 3123

1

14 84 234 124
42 1324 134 4

13 0 2 3123

32 1
-1

21

-1
1

14 34 234 124

42 1824 134 4

3218570 ; 2 5123
1

-1
-1
1

-1

11

14 34 284 124
42 1324 134 4

3213210 1 2 3123

32 -1 1
13 |1 . 1
21 -1 1

[=}
—_

1324 1
€ 1

123 1 1

2. Bropoe cxkarToe npeacraBiieHUe.

PaccMoTpHEM BTOpOE C2KaToe IIpeICTaBICHHe
Ry: TCy — TCy{e%? 13 2 ).

st 5TOrO TOJIOXKUM, YTO NPU BBIYMCJIEHUN CTPYKTYP-
HbIx Marput, 1o dopmyie (12) coornomenue (11) onpe-
JIeJIsieTCs TeM, 9TO OAa3WCHBIE BEKTOPHI C HHIEKCAMUI
(42,14,1324,34), (134,234,4,124) u (1,2, 3, 123) 3amensi-
F0TCsl Ha Ga3uCHBIE BEKTODHI ¢ uHjekcamu (32,13,21,0)
cooTBeTcTBeHHO. TOrma pa3sMepHOCTh MaTPWIIL IIPEICTAB-
neHns Ga3HCHBIX BEKTOpoB aarebpnl T C4 moHmXKaeTcs
BJIBOE B CPABHEHUU C IEPBBIM C2KATHIM IIPEJICTABICHIEM
u paBHa 4 X 4 B JIefiCTBUTEILHOM IIPEJICTaBIeHUH, 2 X 2 B
KOMIIJIEKCHOM IIpeJicTaBjieHnu u 1 X 1 B KBATEPHUOHHOM
[IPE/ICTABJICHIH.

OrpaHudmMcst TeM, 9TO IPUBEIEM MATPUIIBI PEryJIsp-
HOT'O IPEJICTABJIEHNs 00Pa3yIOIINX OA3UCHBIX BEKTOPOB
anre6psr TC4 B anrebpe TCy. NnMeem

;2 5123
32139, 0

32 -1

1 13 -1 1
21
o1l

32 1

=-bI

21 |-1 -1

32| -1

=il

21 -1 1

19754 4 124
321301

32| -1
4 131 .1
21 -1 1

=il

B pesynbrare 1j1a 6a3UCHBIX BEKTOPoB ajredpor +Cy mmo-
JIyIUM
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B paccMaTpuBaceMOM IIpeJCTaBJIEHUN TOJIBKO Oa3ucHbIie

BexTopEl €52, ¢13, £21 0 npencrasnens: Touno. CooTHO-
ITIeHTS
3?2~ —al,
eB ~ —bT,
2l ~ —il,
e~

MOXKHO pacCMaTpUBaTh KaK COOTBETCTBHE MEXKJy YKa-
3aHHBIMM Oa3WCHBIMH BEKTOPAMHM U KBATEPHUOHAMH.
VmenHo Takoe cOOTBETCTBHE OBLIO MOCTYJINPOBAHO B Pa3-

neiste VC.

3. TpeTbe cxkaToe IIpeacTaBJIEHUE.

PaCCMOTpI/IM TpeThe CKaToe IIpe/icTaB/IeHne
Rg . +(:4 — +(C1 {621760}

g sroro moyoxkum, aro coorHomenue (11) onpeznens-
ercs TeM, 9TO Ga3UCHBbIE BEKTOPBI ¢ uHjuekcamu (42, 14),
(1324,34), (134,234), (4,124), (1,2), (3,123), (32,13)
3aMEHSIIOTCsI Ha BEKTOpHI ¢ mHjekcamu (21,0) coorser-
crBenno. Torma pasMepHOCTh MaTpuUI] GA3UCHBIX BEKTO-
pos anre6bper +C4 HOHMKAETCA BABOE B CPABHEHNH C BTO-
PBIM C2KATBIM IIPEJICTABIEHUEM U paBHA 2 X 2 B JeficTBU-
TeJIbHOM IIpecTaBienun, 1 X 1 B KOMIIJIEKCHOM IPeICTaB-
Jiennu. B pesyibrare Jyisi 6a3UCHBIX BEKTOPOB aJireOphbI
TC,4 momyanm

532NCL, ElN(L, E42NCL, 5134~a,
513Nb, (&_2,\_‘1)7 514'\‘[)7 5234Nb,
821 N—i, 53 ~ —i, 61324N—i7 €4N—i,
EON_Z, €123N17 534N1 5124N1

1

B paccMaTpEBaeMOM Mpe/ICTaBIeHIN BeKTOp £21 1 To/b-

KO OH IIpeACTaBJIdeTCd TOYHO.

V. AJITEBPA JENCTBUY JIEIITOHOB.
OBOBHIAIOIITAYA TOYKA 3PEHNA.

ITerTasich HaiiTu aaredbpan<aecKyio OCHOBY IS KBAHTO-
BBIX sIBJIEHUII U OTTAJIKABASICh OT ypaBHeHus Jlupaka, Mbl
MIPUIILIA K HEOOXOIUMOCTH BBECTHU IeJIbI OyKeT ajredp
Kmuddopna — anrebp jeiicTBuS JIENTOHOB W aHTUJIE-
TonoB. KommaecTBo atux anrebp — dernipe. Kaxgas u3

12

HUX TIOCTPOEHA Ha YETHIPEX 00Pa3yommuX 6a3UCHBIX BEK-
TOpax, TPU U3 KOTOPHIX UMEIOT CUIHATYDY paBHyIo (+1)
U onuH GA3UCHBI BEKTOP MMEET CUIHATYPY PaBHYIO (-
1). Ob61iee qncio 6a3UCHBIX BEKTOPOB KAXKJION U3 aarebp
paBHO 16.

YkazkeM eIre pa3 yCTaHOBJIEHHbBIE areOphl.

e Konrpasapuanrnas ajrebpa C. Ee 6a3ucHbie Bek-
TOPBI 00O3HAYEHBI €7. 3AKOH YMHOKEHUST Da3UCHBIX
BEKTOPOB B 3TOi1 ajirebpe 3ammcaH Tak

€KO€I:€L'CLKI. (13)

e Kopapuantnas conpskenHas anrebpa T C. Ee 6a-
3UCHBIE BEKTOPBI 0003HAa4YeHb! £!. 3aKoH yMHOMKe-
Husi OA3MCHBIX BEKTOPOB B 3TOil ajirebpe 3alucaH
TaK

K

e OEI: +CIKL€L.

(14)

e KonTpapapuanTaaa conpszxennasg anrebpa T C. Ee
6a3uCHbIe BEKTOPBI 0003HaUeHbI £7. 3aKOH yMHOXKE-
Hust ODA3MCHBIX BEKTOPOB B 3TOH asjrebpe 3amncaH
TaK

Erolx =&, TCk;. (15)

e KopapuanrtHas aJjirebpa C. Ee 6asucHble BEKTOPbI
obozmauensr 1. 3akon yMHOMKeHI 6A3MCHBIX BEK-
TOPOB B 9TO#1 anrebpe 3aImcaH Tak

Elogk =& gt (16)

B dopmuposanun ypasuenns [lupaxa jajist JenToHOB
MPUHUMAIOT YIACTHEe CTPYKTYPHBbIE MATPHUITLl anreopsr C
u BekTOpHI ajrebpel C. B popmuposanuu ypasuenust Ju-
pakxa Jyist aHTH/IENITOHOB IIPHHIMAIOT y4acTue CTPyKTyp-
Hble MaTpuib! aarebpnl T C u BekTopnl asnredpnr TC.

PaccmarpuBas 3akonsl ymuoxkenus (13) u (15), Mbl 3a-
medaeM, uTo anredper C m +C MoKHO paccMaTpuBaTh
KaK JIBe PA3HOBUIHOCTH OJHON M TOi ke aaredpbl, OTIHU-
YAOIUeCsT MEXKJY COOOI MOPSIIKOM YMHOYKEHUs Oa3mc-
HBIX BEKTODOB. ¥YMHOXKEHHUE B IIE€PBOM ciaydae (mo ¢dop-
myse (13)) HazsoBeM npagvim, TAK KaK OA3UCHBIA BEKTOD
€ HOMEPOM CTPYKTYPHOI MATPHUIIBI 3aHUMAET [IPABOE Me-
CTO B mpomsBejieHnn. B 3akoHe ymHOXKeHusi (15) Gasmc-
HBIIl BEKTOP ¢ HOMEPOM CTPYKTYPHOI MaTPHUIIBI 3aHUMAET
JIEBOE MECTO B MIPOU3BEJIEHUN. DTO YMHOYKEHIE MBI HA30-
BEM AEGDBLM.

Wcxonst n3 npuBeleHHBIX COOOparKeHUi, MBI BBEJIEM
COOTBETCTBYIOIIME ITepeobo3Hadenus. byjgeM paccMarpu-
BaTh aaredpy JAeficTBUs JIEITOHOB Kak aarebpy Kimd-
dopsa, B KOTOPO# MOPSIOK YMHOXKeHUsT Oa3UCHDBIX BEK-
TOPOB MOXKET OBITh BBIOPAH IIPOU3BOJILHO. DTy aiareopy



obozuaunm L. OHy pasHOBHIHOCTH 3TOM aJredphl, B KO-
TOPO#1 HCIIOIF30BAHO JIEBOE YMHOXKEHIE DA3UCHBIX BEKTO-
poB, 0603HaunM LLjer¢. Taxum obpaszom,

]Lleft E+ (E .

Jpyryio pasHOBHIHOCTL 3TOH aaredpbl, B KOTOPOIl mc-
[IOJIb30BAHO 1IpaBOE yMHOXKEHHe Oa3MCHBIX BEKTOPOB,
0603HaIUM Lyjgp:. Takum obpaszom,

ILright =C.

DTy TOYKY 3pEHUsI Mbl MPOWJLIIOCTPUPYEM CJIE Ly TOTIeit
JuarpamMmon

L

SN

I[Jleft =7 C ILJM'ght =C

Kaxnast m3 srux anarebp xapakrepu3yercsi cBomMu Oa-
3UCHBIMU BEKTOPAMU, IIPABUIAMA YMHOXKEHUS OA3MCHBIX
BEKTOPOB U CTPYKTYPHBIMH MaTPUIIAMHI

Lleft er’ght
Er €1

+ L L
Clryr Cokr1

Takke OyjeM paccMaTpUBaTh AJredpy JIefCTBHUS aHTU-
JIEIITOHOB Kak ayiredbpy Kiuddopaa, B KOTOpoit mopsiiok
YMHOYKEHUsT Oa3MCHBIX BEKTOPOB MOXKET OBITH BBIOpAH
IPOU3BOJIBLHO. DTy ajredopy obosnauum +IL. Oxny pas-
HOBHJITHOCTH 9TO¥ ajaredpbl, B KOTOPOil UCIIOIH30BAHO Jie-
BOE yMHOXKEHHE Ga3UCHBIX BEKTOPOB, 0603HaInM Ly 4.
Takum obpazom,

+]Lleft = @ .

Jpyryio pa3HOBHIHOCTL 3TOH aarebpbl, B KOTOPOil mc-
[IOJIb30BAHO IIPaBOE yMHOXKEHNe Oa3MCHBIX BEKTODPOB,
oboznasum TL,;gp;. Takum obpasom,

+Lright = +(C .

DTy TOYKY 3PeHHs Mbl ITPOUJLIIOCTPUPYEM CJIEILyFOIei
JuarpamMmoni

L
+Lleft =C +Lright = +(C
Kaxmas 3 atux anaredbp TakKe XapaKTEepPU3yeTCs CBOU-
MM 6a3MCHBIMU BEKTOPaMU, IIPABUJIAMU YMHOXKEHUs Oa-

3UCHBIX BEKTOPOB U CTPYKTYPHBIMU MaTPpUIAMN

+ +
Lleft Lright
gl el

CIKL +CIKL

Anrebpa L apigerca KoOHTpaBapHaHTHOM, anrebpa 1L
ABJIACTCA KOBAPHAHTHON M BMECTE C TeM COIPSKEHHON

13

K anredope L. Takum obpasoM, MOHATUS KOBAPUAHTHAS
airebpa u ajrebpa, COmpsizKeHHasi K KOHTPaBapUAHTHOIL,
SIBJITFOTCS 9KBUBaJEHTHBIMU.® B raJibHeiineM Mbl OyaemMm
WCIT0JIb30BaTh BBIIBUHYTYIO 3/I€Ch TOUKY 3DEHUs U yKa-
3aHHbIE O0O3HAYEHUS.

Crpyxrypusle marpuipst Clyr, Clyr, CTE,, *CTE,
npuBeseHHbIX airebp Kimmddopaa Be{Auc/IsioTcst Ha Oc-
HOBAHWM IIPABUJI YMHOXKEHUsT OA3UCHBIX BEKTOPOB B 3TUX
ayirebpax JIjIsl IPUMEHEHHOTO paHee TOPSIKa WHJIEKCOB:

(32,13,21,0,42,14,1324,34,1,2, 3,123,134, 234, 4,124) .

OHu TakKe MOTYT OBITH ITOJIyYEHBI IIyTeM IIpeobpa3oBa-
HUI OJHOTO BUJA MATPHUIL B JIPYTOil C HOMOIIBIO TEH30-
pa mpeobpazoBanuii, BBenennoro B Paznene 11 Jlekrun 3.
B kauecTBe Takoro TeH3opa mpeobpa3oBaHUil BLICTYIIAET
JInbO METPUIECKUl TeH30D

4 34 2 123 234 124
1324 1 3 134 4
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mubo cumbos Kponexkepa 6'%. Vkasamuble mpeobpa-
3oBaHus paccMmarpuBaiorcss B Pazmene VII cirenmyroreit
Jlekimm.

VI. BBIBO/JBI.

1. CrpyKTypHBIE MATPUIIBI KOBAPUAHTHON COMPSZKEH-
Holt asrebper Kimddopaa "C B KOMIIEKCHOM
[IPEJICTABJIEHIH SIBJISIIOTCSI 9PMUTOBO COIPSI?KEHHbI-
MU MaTPUIAME aareOphl IeiCTBUS.

2. KoBapuanThyio compsizkeHHyo ajredpy Kond-
dopaa *C4 cremyer cumrarn asrebpoit jeiicTBHA
AHTHUJIEIITOHOB.

3. Ilepexozn oT ozHOl U3 4€TBIPEX paHee BBEJEHHbIX
anre6p Kmuddopaa C, C, "C, *C x mpyroit ocy-
IECTBJISIETCS ¢ IOMOIIBI0 METPUIECKOTO TEH30pa 1
cumBosia Kponekkepa.

*DT0 3aKII09eHIEe 0COOEHHO HHTEPECHO B CBETE TIOUCKA €IUH-
CTBa KBAHTOBOW TEOPHUU U OOIIEH TEOPUU OTHOCUTEIHHOCTH.



4. Yernipe anredpor Kimddopra odbeaunens: B 1Be
B3aMMHO cCOlpsi2KeHHble ajrebpol. OnHa u3 HHUX
L ~ {C, *C} ornecena k senrony, a apyras L ~
{*C, C} ormecena k anrmienTomy.
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