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B aTo0li JieKIuu MBI paccMaTpUBaeM OIMEPAIUI0 IPMUTO-
Ba CONPSI?KEHUsI U KOHTPABAPUAHTHYIO COIIPSI>KEHHYIO aredbpy
Kauddopna kak crmocob onucanusi aHTUIETTOHOB.

I. BBEAEHUE. SPMNTOBO COIIPAKEHHOE
YPABHEHUNE JNPAKA.

OrnpaBHON TOYKON I JAJBHEHINNX PACCyKICHUI
Oyzer 1o TpekHeMy ypaBHenue Jlupaka

MeC g

<20 07 = 0. (1)

(,yiozﬁ 81 +

Jlupak HaIes, 9T0 ypaBHEHUE, SPMUTOBO COIPsI?KEHHOE ™
K ypasaenuio (1), onuchiBaeT 9acTUIly, Macca KOTOPOii
COBIIQ/IAET C MACCOU IJIEKTPOHA, HO OTJIMIAIOIILYIOCS OT
3JIEKTPOHA 3HAKOM JJIEKTPUYECKOI'0 3aPsi/ia, — IIO3UTPOH.
3areM OBLJIO YCTAHOBJIEHO, YTO KaxK0W (DYHIaMEHTAJb-
HO#l 9aCTUIE COOTBETCTBYET (PyHIAMEHTAJbHAS aHTHIA~
cTuIa, obJIaaroNas Toit ¥Ke MacCcoif, HO MPOTHBOTIOJIOK-
HBIMU II0 3HAKy 3aps/IOBBIMA KBAaHTOBBIMU 4ucjaaMu. B
[IPEeJIbLIY e JIEKIIMH MbI [IOKA3aJIM, YTO AJIredpanIecKuii
[TOJIXO]T ITO3BOJISIET YTBEPKIATH IPUTOIHOCTD YPABHEHUS
Jupaka /i ONMMCAHUS JIEIITOHOB U CTABUT IOl COMHE-
HUE BO3MOXKHOCTBb HCIIOJIb30BaHus ypaBHeHus Jupaka
JJIst onucaHusi KBapkoB. OTCr0/1a MOXKHO IIPEJIIIOJIOKUTh,
9TO IPMUTOBO CONpsi2KeHHOe ypaBHeHue Jlupaka OTHO-
CUTCS K aHTUJIENTOHAM. A 9TO 0BCTOSTENIHCTBO B COYe-
TaHUU CO CTPEMJIEHUEM COEJIUHUTH IPMUTOBO COIPSIZKEH-
HOe ypaBHeHHe Jlupaka C M3JI0KEHHBIM HaMU ajredpa-
MYIeCKUM TIOJIXOJ0M K KBAHTOBBIM SIBJICHUSIM 3aCTABJISIET
HaC IIOCTABUTH B COOTBETCTBUE BOJIHOBBIM (DYHKITHSIM aH-
THUJIEIITOHOB BEKTOPBI U AJIN€OPBI OIIPEJIEJIEHHOIO BH/IA.
Wrak, HadHeM ¢ TOro, dYTO TIPUBEIEM SPMUTOBO

*OPMUTOBO CONPSI?KEHKUE IIPOU3BOJBHON KOMILJIEKCHON MaT-
DHUIIBI CBOJIUTCA K €€ TPAHCIOHUPOBAHWIO (3aMEHe CTPOK
cronbramu u HA06OPOT) U IEPEXOJYy OT KOMILIEKCHBIX BEJIM-
YUH K KOMIIJIEKCHO COITPSIZKEHHBIM.

conpszxennoe’ ypasmenne Tupakal, mpemmazsmauemnmoe
[IpEeZK/JIe BCEro JJIs ONMCAHUS [OBEIEHUS TO3UTPOHA
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e "y, — WeTBIPe MATPHIILI, SPMUTOBO COIIPSIKEHHBIE K
obpa3zyroumM MaTpuram ajareopsl JInpaka
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BonmoBasi dyHKIMS MO3UTPOHA MPEICTABICHA CTPO-
KOIi U3 YeThIPeX KOMILJIEKCHBIX KOMIIOHEHT
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T OpMHUTOBO  CONpsIKEHHYIO BeamdnHy OyneM OGO3HAYATD
3HAYKOM
9TO MPaBOE II0JIE€ OT YKA3aHHOTO CHMBOJIA YaCTO UCIOJIb3YeT-
csl JIJIs pa3Mertenus: nujaekcos. Hanmpumep, 3anuch * A% obo-
3HAYAET SPMUTOBO COMPSIZKEHHYIO MATPHUILY IO OTHOIIEHUIO K
marpune A, Dro o6o3HAYEHME HECKOIBKO OTINYAETCS OT
ODIIETPUHATOr0, HO boJiee yI00HO.

HIpu nepexone ot ypasuenus (1) K SPMHUTOBO CONPSIZKEHHO-
My yPABHEHHUIO YITEHO, ITO

cJieBa OT CUMBOJIA CaMOM BeJIMYNHDBI, UMesd B BU/LY,

*(A-B)="B-"A.

§9pMI/ITOBO COTIpsI?KEHUE CKAJISIPHOW KOMILIEKCHOU BEJTMYIU-
HBI CBOJUTCHA K €€ KOMIIJIEKCHOMY COIIPS?KEHUIO.
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Oneparopsl 0  €CTb ONEPATOPBI YACTHOTO Jiudb-
depeHnpoBaHnsa M0 TEOMETPUIECKHMM KOOpauHATaM ™™
T1, T2, T3 U BDEMEHU T4 = CT
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DTu orrepaTophl JAEHCTBYIOT HA BOJIHOBYIO (DYHKIIUIO, CTO-
SITIYTO CJIEBA.

[IpuBenennble ypaBHEHHs 3AlMCAHBI B KOMILJIEKCHOM
dopme. Unnekcsl «, § npuHUMaOT 3HadYeHus 1,...,4 B
COOTBETCTBUY C HyMepaliyeii KOMIIOHEHT BOJIHOBOI (pyHK-
nuu. OIHAKO HYXKHO MMEThb B BHJY, UTO MCIIOJIb3yeMast
3/1eCh HyMepalusi He WMeeT OTHOIIEHUsS K TOH HyMmepa-
M KOMTIOHEHT, KOTopas Oy/IeT BBeIeHa /lajiee B aaredpe
JIefiCTBUST aHTUJIEIITOHOB.

Kpowme xommiekcuoit dpopmbr ypaBuenue /lupaka mo-
KeT ObIThb 3ammcaHo B cnunophotl dopme. Ilms sroro
HeoGXOMMO CTPOKY ') I3 YeThIpeX KOMIIOHEHT 3aMEHHTh
Ha CTPOKY U3 JIBYX KOMIIOHEHT
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Kazknast u3 BemauH € U 1) OIpPeesIseTcs KaK CnuHop.
IIpu 5ToM BOJHOBaSA (DYHKIUSA BEICTYIIACT KAK HUCTUHOP.
CnuHOpPHO# (POpME SPMHUTOBO CONPAYKCHHOI'O YPABHCHUSA
JlupaKa COOTBETCTBYIOT 3pMUTOBO COIPSI?KEHHbIE MATPI-
16l JIupaka pasMepHOCTH 2X2, B KOTOPBIX II0 IIPEXKHe-
MY HCIIOJB30BAHEI CJIYIONIIe 0D03HAMEHI JJI8 GIOKOB
2x2
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Tlocie obozHavMeHNsT YKA3AHHBIX OJIOKOB MOy IUM IPMU-
TOBO COIPsiKEHHBbIE MaTpuIlbl Jlupaka B CjieIyomeM Bu-
Je:
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e "y, — WeTBIPe MATPHIILI, SPMUTOBO CONIPSIKEHHBIE K
obpa3zyronumM MaTpuram ajaredpsr JIupaka
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CrunaopHast (popMa SPMUTOBO COIPSI)KEHHOT'O yPaBHE-
nna Jlupaka B MaTpuwaHOM Bumae™:
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II. AJITEBPA SPMUNTOBO COIIPSI>)KEHHBIX
MATPUII JIUPAKA.

BrimreykazaHHbIE MATPUIIBI [IO3BOJIAIOT TOCTPOUTH AJI-
rebpy PMHUTOBO CONPSI?KEHHBIX Marpurl lupaka ¢ mect-
Ha/IATHIO OA3MCHBIMU MATPHUITAMU ty;. 3necy uageke
1o mpexkHemy npuaumaeT 3uadenus ot 0 jgo 15. Ilpuse-
JIEM 9TH MaTPHUIbI U YKAYKeM UX CBOWCTBA.

e Enuanunas maTpuia .
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e Yerhipe 06pasyomux MATPUILL g, TIe HHICKC k
IIPUHUMAET 3HaveHus oT 1 jo 4.
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,ZLJIS{ HHUX UTMEIOT MECTO COOTHOIICHUNA

"y =", Y2 Ty = Ty,

5 - Tys =Ty, Ty T =" (5)
C IIOMOIIBLIO ManI/IH +'}/k HyTeM yMHO}KeHHﬂ ux

JIpyT Ha Jpyra o0pa3yloTcs OCTaJbHBIE OIMHHA-
JIaTb MaTpHIIL.

*31ech Kak M IpeK/Ie JaTHHCKUEe MHIEKCH a, b, ¢, d, mpobe-
raloT 3HaveHus ot 1 g0 3.
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III. KOHTPABAPNAHTHAZ# COIIPA>XKEHHA £1
AJITEBPA KJIN®PDPOPIA.

B cooreercTBUmM ¢ Hareil mporpammoil OygeMm moJia-
raTh, 9TO SPMUTOBO COMPSIKEHHbIe MaTpuIlhbl JIupaka 8-
JISIIOTCSL CTPYKTYPHBIME MaTPHUIIAMU aJredpbl JTeicTBrs
anrmwrenToHoB. OTCIoNa ciiejyeT, IYTo anrebpy JeificTBus
AHTUJIEIITOHOB HEOOXOJIUMO pacCMAaTPHUBATH KaK KOHTDa-
BapuanTHyio anrebpy Kimddopaa. Ilostomy asmredbpy
JIeHCTBAST AHTUJIETITOHOB OyJIeM Ha3bIBATh KOHTDABAPH-
aHTHOH conpsizkeHHOH asrebpoit Kimddopaa n obosuna-
yarh "C. Ba3ucHble BEKTOPLI /Il KOBAPUAHTHOMN COIPSi-
xeHHo asrebpor Kinddopaa 6ymaem obosnadars E;.

Sama M 3aKOH yMHOXEHUsI Oa3MCHBIX BEKTOPOB B
KOHTPaBapUaHTHON conpsikennoit anredpe Kimndddopaa
*C caenyromuM 06pazoM:

SIOEKsz'+CLK[. (15)

rne "CYy; ecTb CTPYKTYpHBIE MOCTOSHHBIC KOHTpaBapu-
anTHO{T conpsizkeHHoi anre6psr Kimddopma "C.

3ech HEOOXOIMMO OTMETHUTD, ITO BBEJEHHDIN B HACTO-
SIIIEM Pa3Jiesie TepMUH " conpskeHHbIH "1 cuMBOT T HY K-
HO CUMTATH HUKAK HE CBSI3aHHBIMU C IOHSTHEM "SPMUTO-
BO CONPSI?KEHHBIH"U COOTBETCTBYIOMIUM CUMBOJIOM, TIPH-
BEJIEHHBIMHU B IIPEJIBIIYIINX Pa3/iesiax, 0 TeX 0P, IT0Ka
MBI HE JIOKayKeM, YTO BEKTOPBI M MATPHUIIBI BBOIUMOI aJi-
rebpbI “C B KOMILIEKCHOM IIPE/ICTaB/ICHUN SIBJISIIOTCS 9P~
MWTOBO COIPsI?)KEHHBIMU 110 OoTHOIeHnio K ayrebpe C. B
9TOM, COOCTBEHHO, M COCTOUT HAIIIA 33a9a.

WTax B COOTBETCTBUM C MPUHATON HAMU ITPOTPAMMOI
MBI uMeeM asredbpy Kimnddop/ia, mocTpoeHHYIO Ha IIecT-
HaaaT OA3MCHBIX BeKTOpax £, rae nHaeke I mpoberaer
suadenns: or 0 1o 15. YkaykeM 9TU BEKTODPBI U IIPAaBUIIA
YMHOXKEHUSI, KOTOPBIM OHU ITOTIUHAIOTCS.

o &. [yist HETO MMeeT MECTO TPABUJIO YMHOYKEHUsT

50060:50.

e &, TIe WMHIEKC ¢ mpoberaer 3HaYeHWsT OT 1 10 4.
To ecth, YnCI0 TAKMX BEKTOPOB PABHO YETHIPEM.
OTHU BEKTOPBI ABJAIOTCA oOpasytormmmvu. s mux
UMEIT MEeCTO IIpaBUJla YMHOXKEHU A

Eioky=E o0& =&,
Eio& =signé&;,
rie

sign &1 =sign &y =signés = —sign&y = & .

e BekTophn!

8ik:gi08k~

3nech i # k. Takum 06pazoM, IUCI0 STUX BEKTOPOB
PABHO YUCJIy COYETAHUIT M3 YETHIPEX FJIEMEHTOB 110
J1Ba

Ci=6.

1t 9TUX BEKTOPOB BBIMIOJIHAETCS MIPABUJIO TIEepe-
CTAHOBKHU HHJIEKCOB M, COOTBETCTBEHHO, COMHOKHU-
TeJiell — yCJIOBUEe aHTUKOMMY TATUBHOCTHU

Eikk = —Eki -

OcrajibHble TIpaBUjia yMHOXKEHHS, B KOTOPBIX
Y4acTBYIOT 3TU BEKTODHI, CIeAYIOT U3 yCJIOBHIl ac-
CONMATUBHOCTA W aHTUKOMMYTATHBHOCTH. B dacT-
HOCTH,

Eikoli=—E o(Eo&)o& = —sign&; osignéy, .

BekTopsr

Ein =& 0&,0&.

31ech
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Takum 06pa30M, YUCJIO ITUX BEKTOPOB PABHO YUC-
JIy COYeTaHUl U3 4eThIpEX 3JIEMEHTOB 110 TPHU

C3=4.

Jl7s1 9TUX BEKTOPOB BBIMIOJIHSIETCsI ITPABUJIO TIEpPe-
CTAHOBKU WHJIEKCOB M, COOTBETCTBEHHO, COMHOXKH-
TeJslell, BbITEKalolee U3 yCJIOBUNA acCOIUaTUBHOCTHI
U aHTUKOMMYTaTHUBHOCTH

ikt = Erti = Elik = —Ekit = —Eur = —Ei -

OcrasbHble TpaBWjia YMHOMXKEHHUsI, B KOTOPBIX
Y4acTBYIOT 3TU BEKTODBI, CJIeAYIOT U3 yCJIOBHIl ac-
COIMATUBHOCTH M aHTUKOMMYyTaTUBHOCTH. B dact-
HOCTH,

Eint 0 &g = —&io(Eo(E1o0&)o0&y)o0&; =
—sign&; osign & osign & .

BekTop
Eikim =& 0&E,0&0&,,.
31ech
1 £ ki£lLiEm, k£l kEm,l#m.
Takum 06pa3oM, YUCJIO STUX BEKTOPOB PABHO JHC-

JIy COYeTaHUil M3 4HeTbIpeX JIEMEHTOB II0 YeThIpE,
TO €CTb eIUHUIIEe



JJist 3TOr0 BEeKTOpa BBIMIOJHSIOTCS ITPABUJIA IIepe-
CTAHOBKU WHJIEKCOB M, COOTBETCTBEHHO, COMHOXKU-
TeJslell, BbITEKalollee U3 yCJIOBUNA acCOIUaTUBHOCTHI
U aHTUKOMMYTaTHUBHOCTH

—Cilkm —

Eikim = Eitmk = Eimit =

—Eikmi = —Eimik = —Ekimi = —Ekmil =
—Eritm = Ekmii = Ertim = Ekimi =
Eimik = Eikm = Etmki = —Elimk =

—Eimki = —Eikim = —Emikl = —Emkti =

—Emiik = Emkil = Emitk = Emiki -

OcrajibHble TpaBWJIA YMHOMXKEHHUsI, B KOTOPBIX
Y4YacCTBYIOT 3TOT BEKTOD, CJIeJAyIOT U3 YCJIOBUH ac-
COITMATUBHOCTU U aHTUKOMMYTATUBHOCTU. B wacT-
HOCTH,

Eikim © Eiklm =
Eio(Ero(Eo(Emo&m)o&)oly)o&; =
sign &; o sign & o sign & o sign &,,, .

Kak u mpexe B ToM caydae, KOTaa HEOOXOIUMO O/~
YEPKHYTh Pa3MEePHOCTb 00Pa3yIoIIero IPpoCTPAHCTBA aJl-
rebper Kimddopaa, Mbl 1o npexknemy Oylem HUCHOJB-
30BaTh ObosHauenue C4 BMecTo obosHadeHus C. Dro
0COOEHHO TI0JIE3HO MTPH BBIAEICHUN MOJAJITeOpPBI aaredpsl
Kmuddopaa. Hanpumep, momanredbpy ¢ Tpemsi obpasy-
oM 6a3uCHBIMU BeKTopamu (Hanpumep, &1, £z, £3),
yI00HO 0003HAYATH +((~:3.

B coorBeTcTBUM ¢ HAIIAM OOIIMM 3aMBICJIOM MBI JOJIK-
HBI JJIsi YKA3aHHBIX OA3UCHBIX BEKTOPOB &y, TMOJIB3YSACh
MIpaBUJIAMHU YMHOXKEHNS BeKTOpPOB B anarebpe Kauddop-
na, Haitti u3 (15) cTpykTypHbIe MaTpuisl Oy u moka-
3aTh, YTO 3TH MATPHUIIbI CBAZAHBI CO CTPYKTYPHBIMA MaT-
pumamu CTX; anre6pot C HekoTopoit omeparueit " compsi-
keaust", KOTopas B KOMILIEKCHOM IIPEICTABICHUH TOJIK-
Ha CBOIUTHCS K SPMUTOBOMY COIIPSAYKEHUIO.

IV. PETVJIIPHOE IIPE/ICTABJIEHUE
KOHTPABAPUAHTHOM COIIPSI>)KEHHOU
AJITEBPHI KJIN®POPIA

Jamee paccMOTPUM COOTBETCTBHUE MEXKTY OA3MCHBIMU

BexTopamu anre6ps Kmuddopaa "C u ee crpyKTypHBI-
My MaTpunamu. Jljs 9Toro 3ammimeM ycJioBHE acCoIa-
TUBHOCTH JIJIsI IPOU3BE/ICHUsT TPEX OA3UCHBIX BEKTOPOB

5[0(5[{05]\]):(5105[()05]\7.

Orciofa, UCHOIB3YsT 3aKOH YMHOXKEHUS OA3UCHBIX BEKTO-
POB, IIOJIy4YUM

(51 o SL) JrCVLNK = (SL (¢] EN) +CLK] .

Orkyna
+CMLI . +CLNK — +CMNL . +CLKI ) (16)

CpaBHUBasi 9TO BBIPDAXKEHHE C CAMUM 3aKOHOM yMHOKE-
HUs 6a3ucHBIX BekTOpoB (15), 3akmmodaeM, 410 Gasmc-
HBIM BEKTOpaM & MOXKHO IIOCTABHTb B COOTBETCTBHE
crpykTypubte Matpurpt T Cly . Tlpu sTom o — ymHOMKe-
HUIO 6A3MCHBIX BEKTOPOB CTABUTCS B COOTBETCTBUE OOBIY-
HOe YMHOXKEHHE MATPHI| B 1MOM dice HOPSIKE. DTO CO-
OTBETCTBHUE HA3BIBACTCS PE2YAAPHOIM (NPUCOCOUHEHHBIM)

npedcmaeaenuem aredpsl T C u 0603HATAETCS:
+
Er ~TC .

Howmep crpykTypHOit MaTpurisl I ecTh UHIEKC 6A3MCHOTO
BEKTOpAa, KOTOPBIH TpeJICTaB/IeH 3Toi MaTpurieil. B pery-
JAPHOM HPEJICTABJIEHIT ITPOU3BOILHOMY BEKTODY asred-
put 'S = & ST coorBercTByeT MaTpHIA

+S¢LK _ +CLKI . SI .

1. HeiicTBuTebHOE MpeCcTaBJICHUE

W3 (15) caeayer aaropuTM BBIYUCIEHHs CTPYKTYPHBIX
MaTpHI], COOTBETCTBYIOMUX 6a3ucHbIM BeKTOpam. CHa-
JaJia Hy>KHO YCTAHOBUTH HOMEDP CTPYKTYPHON MATPUIIHI
(I) B coorBeTCTBUM C HOMEPOM GA3UCHOIO BEKTOPA, 3aTEM
JUIS KaxKJoro cTojibna Marpunsl (K) npogenars ciery-
OIre BBhIYUC/IeHust. basucubiit BekTop Ef, HOMEpP KOTO-
pOrO COBITQJIAET ¢ HOMEPOM CMOoAOYaG MATPUIIBI, HYKHO
YMHOXKWUTD CAe66 Ha Oa3uCHBII BeKTOP £, HOMED KOTOPO-
IO COBIQJAET ¢ HOMEPOM CTPYKTYpHOU marpuIibl. lasee
HYKHO OIpeIenTb 0a3ucHbIl BeKTOp &7, Ha KOTOPBIi
MIPOEITUPYETCS ITO MPOU3BEIEHIE, U YUCJIEHHOE 3HAYEHUE
npoeximu. Torga HoMep (L) yka3zaHHOTO 6a3UCHOTO BEK-
TOpa OIPEJIETUT HOMEP CTPOKHU, Ha IIEPECEeUeHUu KOTOPOH
C pacCMATPUBAEMBIM CTOJIOIIOM, HEOOXOAUMO MOCTABUTH
yKa3aHHOE YUCJIEHHOE 3HAYEHWE TTPOEKITHH.

Tenepsb BBIUUCINM CTPYKTypHBIe MaTpunsl 'Clyr mo
IIPUBEJICHHOMY AJICOPUTMY JUIS JIBYX CIIydaeB

1. momanre6pa TCs ¢ TpeMs 06pa3yOIUME GA3HCHBIME
BekTOpamu &1, &2, &3;

2. asre6pa "Cy4 ¢ 4eTHIPbMs 06Pa3yIOIUMI 6A3UCHBIME
BekTopamu &1, Eo, 83L€4.

st momasre6psr Cy 6y1eM BBEIMUCIISATE CTPYKTYPHBIE
MaTPHUIBI I 0OCODOTO MOPSIIKA UHIEKCOB: ™

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

*IIpuBeIeHHbIH IOPSAIOK MHIEKCOB OIPAaBIAH TEM, 9TO JIJId
HEro CTPYKTYpPHbIE MATPHIBI KOHTPABAPUAHTHON COIPSIXKEH-
Hol aJyirebpbl Kitndppopaa mpegacraBiieHbl SPMUTOBO COIPSI-
keHubiMu MaTpunamu Jupaka (cm. Pasmesn IT).



To ectb, GyleM 3almMCHLIBATL ClIaraeMble BEKTOpa 'S B
CJIeJTYIONIEH TT0C/IeI0BATETLHOCTH

TS = E398%2 4 £3589 + 1 52 + 650 +
E ST 4+ E5 5% 4+ &3 5% 4 E193 5123

B pesynbrare monyduM JeficTBUTEIbHBIE CTPYKTYPHbBIE
MaTpuIbl 8 X 8 mpecTaBieHns OA3UCHBIX BEKTOPOB Ef .

(Cm. Pazgen V).

g anrebpor +@1 OyIeM BBITUCIATH CTPYKTYPHBIE
MAaTPHIIBI JJIsT 0COOOTO TTOPSAIKA MHIEKCOB, 0000IIAIONIEro
[IPEJIbLIY M TOPSIJIOK WHJIEKCOB,

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

To ecth, OymeM 3amUCHIBATH CaraeMble BEKTOPa S B CJie-
JIYIOIIEH TT0C/IeI0BATETHHOCTH

TS = E395%2 + £13588 46 8 +65° +
E42 842 4 £14 8™ + E1394 ST 1 €34 834 +
E1S 4+ 687 +E35% + 103 51 +

E134 S 4 E934 SB 4 £,5% 4 £194 51

B pesyibrare moaydumMm JefCTBUTEbHBIE MATPHUILI
16 x 16 upencrasienust 6azucubix BekTopoB Ei. (Cwm.
Paszuen V).

IToMuMO meliCcTBUTEILHOrO IpeACTaB/IeHns OyaeM uc-
[IOJIb30BATH KOMNAEKCHOE U K8AMEPHUOHHOE TIPEICTaBIIe-
Hust 6a3UCHBIX BeKTOpOB anreopnul Kiuddopa, ynobubie
B CHJIy CBOEHl KOMIAKTHOCTH.

2. KoMIuieKkcHoe mnpejicraBjieHue
i~
1. nodanzebpa Cs.

Komriutekcaoe mpescraBienne OCHOBAHO HA CJIEIYIO-
IeM Pa3JI02KeHUU BEKTOpa:

TS = €130 (E91 8%+ & S13) + £y 0 (€01 8% 4 & S°) +
Ey0(Ea1 ST+ E)S?) + Eiaz 0 (21 83 + & S*23).
9TO npeacraBjeHue COOTBETCTBYET 3alluCh aJn‘e6p131
+((~:3 B BUJE NPOU3BEICHUI +(Eg X +(El (3;Lec5 HUZKHUN
WHEKC €CTh Pa3MEpHOCTH 00pa3yIoIIero HpOCTpaHCTBa).
BaSI/ICHbIMI/I BEKTOpaMu aﬂre6pm +(63 ABJIAOTCA

&1z, &0, &2y &3
o
6a3ucHpIME BeKTOpaMu ajaredpol C; sSBISAIOTCS

&, &

IIpocrpancrso "C; MOMKHO paccMATpUBATL KaK IIPO-
CTPaHCTBO KOMILIEKCHBIX umnces. st sToro 6asmcHOMy

BeKTOpY E21 AJredphI +(El TIOCTaBUM B COOTBETCTBUE MHU-
MYIO eJIUHUITY 4, mMest B By, 9To (1) = —1, a Gasmc-
HOMY BEKTOpY &£y areGpbl *C1 HOCTABUM B COOTBETCTBHE
JIECTBATEBHYIO €IUHUILY

Ezlwi, gowl.

B pesysibrare mojrydnm BeKTOP aaredphbl *C3 B KOMILJIEKC-
HOM TIPEICTaBICHUN:

TS = E130 (1532 4 813) + & o (152 4 S0)+

17
Sgo(isl+S2)+51230(i53+5123). ( )

Takum 006pa3oM, B KOMILIEKCHOM IIPEICTABICHUN KOOP-
JAMMHaTDBhI (KOlVIIIOHeHTbI) BEKTOpa fABJIAIOTCA KOMIIJIEKCHbI-
vu. Besem 11t HUX 0b603HAUEHME
+313 _ +&0
ST =832 4 13 S
&2 ; +&12
87 =4St 482, St28

=i5% +59,

=393 + 9123 (18)

C y4eToM 3TOro BeKTOp S MOXKHO 3allicaTh
+& +&13 +&0 +&2 +&123
S=E&3"57+E S +E TS+ E93 75

Orcroa BUIHO, 9TO B KOMILJIEKCHOM IIPEJICTABIEHUH BEK-

Top S mpoernupyercst Ha Hamnpasiaerus E13, £y, E2, E123-
Kowmmekcaoe mpencrapierne 6a3MCHBIX BEKTOPOB Ja-

ercs cTpyKTypHbiMu MaTpuiiamu 4 X 4 (em. Pazmen V).

2. aneebpa +(E4‘

Kowmruiekcuoe npeacTaB/IEHUE B 9TOM CJIydae OCHOBaAHO
Ha cjeyromeM pa3J/IOZKEeHUU BEKTOpa:

TS =130 (E21 5% + & 8) + Eg o (€21 5P + & S%) +
E140 (521 G42 + & 514) + &40 (521 g1324 + & 534) +
Ey 0 (E21 S* + & S?) + a3 0 (E1 8% + & S23) +

Eoa3q 0 (Ea1 S™3* + & SB34) + E194 0 (Ea1 S* + & SY),

DT0 HpeJCTaBJICHEE COOTBETCTBYET 3AIUCH AJIreOpbI
*C,4 B Bume npomssenerust “Cs x "Ci (316ch HUKHMIA
TH/IEKC eCTh Pa3MEePHOCTh 06Pa3yIoNero IpOCTPAHCTRA).
BasucHbME BekTOpamu anrebps Cs aBIAroTCS

&1z, €0, €14, E3a, &2, 123, 34, E124;
e
6a3uCHBIME BeKTOpaMu ajredpbl  Cp sBJISIIOTCS
&, &o-

Kaxk u npek/ie mocraBuM B COOTBETCTBHE DA3UCHOMY BEK-
Topy €21 aredphI +(61 MHAMYIO €MHHUILY i, UIMesl B BUY,
aro (£91)? = —1, a 6asucuomy BekTopy & anrebpsr C;
JIeiCTBUTEJIbHYIO eIUHUILY. B pe3yJsbrare IOJIyduM BeK-
TOp aJarebpbl "C4 B KOMILIEKCHOM [IPEICTABICHIH:



TS =E130(18%% + 81 + & o (i 5% 4 8°) +

514 o (Z 542 + S14) + 534 o (’L S1324 + 834) +

& o (Z St + 52) + &193 0 (iSB + 5123) +

5234 o (Z 5134 + 5234) + 5124 ° (’L S4 + 5124> .
Takum 06pa3oM, B KOMILJIEKCHOM TTPEICTABICHUN KOOP-

JIMHATHI BEKTOPA SBJISIFOTCS KOMILJIEKCHBIMU. BBeieM J1ist
HUX 0003HaYeHue

S =% g8 S0 =g 450,

+5«14 — 2-542 + 514’ +§34 _ i51324 + 5347
+§2 —; 91 +Sz, +5«123:Z'S3 +Sl23,
+§234 — i5134 + 5234’ +5le4 — iS4 + 3124.

(19)
s
C yueroMm 3TOro BeKTOp 'S MOXKHO 3aIlMCaTh

TS = €138 4 £ TS0 4 £14 TSM 4 £34 75 +
52 +Sv? + 5123 +§123 4 5234 +,§234 4 5124 +5124 .

Orcroza BUJIHO, 9TO B KOMIJIEKCHOM IIPE/ICTABJICHIN BeK-
top "S mpoernupyercs na nanpasienus 13, £9,E14, Ez4,
&2, 123, 234, E124.

Kowmmekcraoe mipejicrasiernne 6a3uMCHBIX BEKTOPOB Ja-
ercst CTPYKTypHbIMU MaTpuiamu 8 X 8 (em. Pazmen V).

Kak n g jgenTtonoB HazoBeM 0a3uMCHBIN BEKTOp Eo1
0CHOBHDLM B CBSI3U C TEM TIOJIOXKEHHEM, KOTOPOEe OH 3aHU-
MaeT B KOMILIEKCHOM IipejicTapiernu. CBs3aHHOE C HUM
KOMIIJIEKCHOE IIPEJICTABJIEHNE MTOCTABAM B COOTBETCTBUE
nosuTpony. C ajrebpan<ieckoil TOYKH 3peHUsT HAIIPABJIIE-
Hust 13 U E32 SKBUBAJEHTHBI HAIIPABJIEHNUIO E91 U TAKIKe
MOI'YT OBITH IPUHSTHI 38 OCHOBHOE. JIjis1 TOTO, 4TOOBI OT-
JINYUATH 9TH CJIyYaH OT MPEbLIyIero, Oymem 0603Ha9aTh
MHUMYIO €JIMHUILY Yepe3 j, eCJIM 32 OCHOBHOE HAIPABJIE-
HUe TIPUHSAT BeKTOp E13, 1 0003HAYATH MHUMYIO € TUHUILY
4gepes k, ecjii 3a OCHOBHOE HAIIPABJIEHUE IIPUHSAT BEKTOP
E32. Tlepsriil cay4ail opraHr3anuy KOMILIEKCHOTO TP
CTaBJIEHUsI TTOCTABIUM B COOTBETCTBUE aHTUMIOOHY. BTo-
poii ciay4ail OpraHu3anuy KOMILJICKCHOI'O IIPEe/ICTaBICHUS
[TIOCTABUM B COOTBETCTBHE AHTU-T-JIEIITOHY.

3. KBarepHHOHHOE NpeJicTaBJIeHNE

1. nodanzebpa +(E3.

Kparepuuonnoe mpejcrapienne nogainredbper Cz oc-
HOBAHO HA PA3JIOKEHUU BEKTOPA:

TS = (£325%% 4+ E13 81 + E91 S + £ 5%) 0 & +
(E32 8 + E138% + 631 S + & 5'3) 0 E1a3.

DTO ImpeCTaBIeHIEe COOTBETCTBYET 3alich ajireopst Cs
B Buze mpoussenenns: ' Cq X 'Coy. BasucHbIME BEKTOpaME
asre6per " Cq SBISIOTCS

o, E123;

GA3MCHBIMEI BeKTOpaMu aareGpnl Cyp ABIAIOTCS
&2, &3, &, &

Tlocnenusss aarebpa siBasgeTcss aaredpoit KBATEPHUOHOB,
TaK KakK

sign £35 = sign £13 = sign &y = —1.

Jtst 6a3uCHBIX KBATEPHUOHOB UCIIOIB3YEM COOTBETCTBEH-
HO CJIJYTOIIre 0003HAUEHUSI
1.0 3, 1.

i'ala Z.'0-27

3ameHuM 6a3uCHBIE BEKTOPBI £32, 13, 21, £y KBATEpHU-
OHAMH B COOTBETCTBHUU

Esp ~ioy,
13 ~iog,

&g ~ 103,
Eo~11.

B pe3ysibTaTe MMOJydYUuM BEKTOD aJIF€6pLI +(C3 B KBaTep-
HUOHHOM IIpeIaCTaBJICHUN

TS =(i-018%4i-0088 +i 035" +85%0& +
(i-alSl+i~0252+i-0353+5123)08123.
TaKI/IM O6pa30M, B KBAaTE€PpHUOHHOM IIpEJICTAaBJICHUU KO-

OpIMHATHEI BEKTOpPa SIBJISIOTCA KBaTepHUOHAMHU. BBemem
JJIg HAX 00O3HaYeHUE

+Sv0
+S«123

i'01532+i‘02513+i'03521+SO,

20
=i-018" 4i-095% +i-035% + 9123, (20)

C yuerom 3TOro BeKTOp S MOYKHO 3aIlACATH
+S — +SO 50 4 +51235123 )

Otcioma BEAHO, YTO B KBATEPHUOHHOM IPEICTABJICHIN

BeKTOp 'S Ipoerupyercs Ha HaIpaBiIenus &£y, 123.
Ksarepumonnoe mpejcraBienne 6a3UCHBIX BEKTOPOB

JIaeTcs CTPYKTypHbIMU MaTpuiiamu 2 X 2 (em. Paznen V).

2. aneebpa +((~:4.

KsarepHnonHOe npejicTapieHue aarebper *C, ocHOBa-
HO HA Pa3JIOXKEHUU BEKTOPA:

TS = (£328%% 4+ £13 813 + E91 S + £ 5%) 0 & +
(E39 S*2 4 E13 SM + E91 S13H 4+ £55%4) 0 E34 +
(E32 S + E13 8% + E21 8% + €9 51%3) 0 Er93 +

(E32 8134 + €13 8% + £91 S 4+ 9 S'*) 0 E14 .

DTO IpeCTABICHEE COOTBETCTBYET 3aIlich ajureopst ' Cy
B Bugie pousseenus Co x "Co. BasucHbIME BeKTOpaMU
onmoit anrebpot T Co SBIIAIOTCS

o, &1, 123, Eroa;



GABMCHBIMI BEKTOPAMH JIPYToi anrebpsl ' Co SBISIOTCH

&2, 13, &, &

Samensist 6a3ucHble BeKTOPHI £33, £13, 21, £ KBATEPHU-
OHAMH, TIOJIYIUM BeKTOp ayre6pel 'Cs B KBATEPHIOHHOM
[IPEICTABICHII

S = (i-018% +i-0088 +i-0358%" +5%0& +

(i-018% 4i-098™ +i-038"2 153 0&3y +

(i-01 8" +i-025%4i-035%+5%)0E 93+

(i-01 S i 09 8% +i- 035"+ 5% 0 &0
TaKI/IM O6pa30M7 B KBAaTE€PpHUOHHOM IIpEJICTaBJICHUU KO-

OpAWHATHEI BEKTOPa SIBISIOTCS KBaTepHUOHAMU. BBemem
TSI HUX 0D03HATEHME

TG0 =51 9%2 450588 440582 489,
+§34 —i~01542 +i-02314 +z’-0351324+5’34,
TSI — 01 8 400082 +i-038% 46123,
TG g 13 4y §234 gy S 4 S124
(21)

C y4eToM 3TOro BEKTOp 'S MOMKHO 3aIliCcaTh
+& _ +3a0 + &34 +a123 +a124
S="8"8 4+ "5 Eu+ "5 a5+ TS 0y

Orciona BUJHO, YTO B KBATEPHUOHHOM IDE/ICTABJICHUN
BEKTOp 'S IpoernupyeTcs Ha HampasieHud &, 4, E123,
E124.

Ksarepumonnoe mpeacraBienne 6a3mMCHBIX BEKTOPOB
JlaeTcst CTpyKTypHbIME MaTpuiamu 4 X 4 (em. Pazmen V).

V. CTPYKTYPHBIE MATPUIIBI
KOHTPABAPMAHTHOM CONPSIXKEHHOU
AJITEBPHI KJIN®POP/IA.

IIpuBemem crpykTypuble MaTpuibl aaredbpor Kand-
dopa, KOTopble pean3yioT PeryisipHOe IIpeJICTaBIeHIe
6a3UCHBIX BEKTOPOB:

Er ~ +OLKI.

IIpu npeobpasosanun marpur, 'Cly or neitcrBurenn-
HOTO NPEJCTABJIEHNs K KOMILIEKCHOMY HCIIOJIH30BaHbI
ciiesiyrorye 0603HaMEHUA JIJIsT OJIOKOB 2 X 2

T [T
ik Y oE )

1 =

9TO PaBHOCHUJIBHO 3aMeHe JIefiCTBUTEIbHBIX MaTPHUIL 2 X 2
BUIA

al|b
-b|a

Ha KOMIIJIEKCHBIE YUCJIA.

IIpu npeobpazosanun Marpun, Clg; or KoMmmrexc-
HOT'O TPEJICTABJICHNUS K KBATEPHUOHHOMY HCIIOJIH30BAHBI
cieayromye 0603HATEHNA 11T OJIOKOB 2 X 2

1 o 1 o -1 1
11 o1 = 1 ) 02 = 7 ) 03 =

1

Matputisl 01, 02, 03 TMPEACTABIIIOT COOOH MaMmPULYbL
ITayau (¢ Toit pasHuUIEil, 9TO M0 COOOPAYKEHUAM CHUMMET-
pUU B Ka4eCTBe 03 B3ATa MATPUIA C TPOTUBOIOJIOXKHBIM
BHAKOM).

8. Iodanzebpa +@3

3913570 ; 2 4123 13 0 5123
32 [1 1 13
13 1 1 0
21 1 = 1 1 2
50 L 0 1 1]123
; 1 1 0 123
3 1 - 1 1 2
123 1 1123
39 13 21 0 1 2 3123 13 0 5 123
32 -1 -1] 13
13 1 = 1 -1 0
21 -1 1 2
£~ (1) . 1 1 123
2 -1
3 1 0 123
123 |-1 = 1 -oq| 2
o1 123
39 13 21 0 1 2 3123 13 0 5 123
32 -1 7] 13
13 1 = 1 ] 0
21 1 = 2
E ~ (1) . 1 i 123
2 1
3 1 0 123
123 -1 = 1 -09| 2
o) 123
301350 | 2 4123 130 5123
32 1 1 13
13 -1 = 1 -1l o
21 -1 -1 2
0 1 1 123
&3~ 1 -1
2 |1
3 1 0 123
123 -1 = 1 -o3| 2
o3 123
39 13 21 0 1 2 3123 13 0 9 123
32 -1 -1 13
13 |1 = 1 1 0
21 1 -1 2
0 -1 1]123
€1 ~ -1
2 1
3 1 0 123
123 -1 = 1 |og 2
o4 123




13 0 14 34 123234 124
123 32 21 42 1324 3 771347 4
32 2123 32 -1
32 -1 13 13
13 0 21
21 |-1 <3| 2 0
0 i 123 42 -1
i3 ~
14 1
2 1 o 123 1324 -1
3 34 1
& ~
123 o9 2 1 1
o] 123 2 -1
3
123 |-1
134
32 123 5123 234 -1
32 1 13 4 1
13 0 124 -1
21 1| 2
o |-1 0 34 123 124
E3g ~ L T 1 Ji2s 13 147 2 77134
-1 13 34 124
2 0 123
3 0 123 0
193 5 . -1| 14 -01 0
71 =1 -1 | 34 -gq| 34
o] 123 1 5
il 123
1 123 124
1 234 g1
1 124
39185, 0 ;2 4123 15 0 128
32 -1 T 13
13 -1 = 1 -1 o
21 -1 il 2
_1 1
123
Ei23 ~ 11 130 14 34 123 234 124
32721 42 1324 3 71347 4
2 . -
3 0 123 32 1
) 13 -1
123 -1 o1
1 123 0
42 -1
14 -1
~ 1324 1
+
4. Anzebpa "Cy 34 1
Ey ~
1 1
- 2 1
3 -1
123 -1
14 34 123 234 124
1324 3 77134 4 134 1
32 234
13 4 -1
21 124 -1
0
42 0 34 123 124
13 147 2 7134
14 7 13 34 124
1324 1 o 0 123
34 1 .
Ey ~ 31 . i| 14 -0 0
f— ? _i
2 _ (3 324 -09 34
7 123
. o
133 ’ 123 ? 124
-4 234 02
134 1 .
) 124
234 1
4 1
124 1
0
13
1 13 34 124
1 o 123
14 0
— g 34 1 34
2 1 123
123
124
234 1
124




13 .0 14 34 123234 124 13 0 14 34 2 123 234 124
32 21 42 1324 1 3 771347 4 32 21 42 1324 1 3 771347 4
32 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
53 L 34 1 521 N 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 14 134 13 14 2 134
1 13 34 124 -1 13 34 124
0 123 0 123
-1 0 1 0
. 1 14 . -03 0 . -1 14 . los 0
=t . -1l sa — 0 -gg| 34 =t 1 . 3¢ — 1 o3 34
- 2 5 - 2 5
1 123 93 18 1 123 03 18
-1 234 g3 124 -1 |234 gg 124
1 124 1]124
13 0 14 34 123234 124 13 0 14 34 2 123 234 124
32 721 42 1324 1 3771347 4 32 21 42 1324 1 3 77134 4
32 1 32 1
13 -1 13 1
21 1 21 |-1
0 -1 0 -1
42 42 1
14 -1 14 1
1324 1 1324 -1
34 -1 -1
€4~ 1 T 13 ~ 1 T
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 2 7134 13 147 27 7134
1 13 34 124 -7 13 34 124
1] o 0 123 i o 0 123
. 1 14 . 1| 0 . -1 14 oo 0
=t 1 3¢ — 1 34 =t i 3¢ — ¢ o9 34
1 2 -1 2
1 123 1 12 i 123 02 18
1 234 1 124 -i| 234 go 124
1 124 i 124

10




13 0 14 34 2 123 234 124 13 0 14 34 2 123 234 124
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
o |-1 0 1
42 1 42
14 -1 14 -1
1324 1324 -1
532 N 34 -1 542 N 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 14 2 134 13 14 2 134
1 13 34 124 7 13 34 124
0 123 . 0 123
1 0 -1 0
. 1 14 Lot 0 i 14 -09 0
=t 1 . 3¢ — ¢ o1 34 1\ BT 1 09 34
2 E -l 2 5
1 123 o1 1 7 123 oz |1
1| 234 gy 12 - 234 02 124
1 124 i 124
13 0 14 34 2 123 234 124 13_0 14 3 2 123 234 124
32 21 42 1324 1 377134 4 32 21 42 1324 1 377134 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
& 34 1 & 34 1
14 ~ 1 a1 34 ~ 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 277134 13 14 277134
1 13 34 124 -1 13 34 124
0 123 0 123
1 0 1 0
1 14 o1 0 -1 14 o3 0
= 1] . sa = 1 o1 34 1 1 - sa — 1 o3 34
-1 2 2
-1 |123 oy 1% -1| 123 ~O3| 1
-1 234 -01 124 1 234 -03 124
-1 124 -1 124

11




13 .0 14 34 123234 124
32 721 42 1324 1 3777134 4
32 -1
13 -1
21 -1
0 -1
42 -1
14 -1
1324 -1
Eroz ~ =
1 |1
2 1
3 1
123 1
134 1
234 1
4 1
124 1
0 34 123 124
13 14 2 134
-1 13 34 124
1 o 0 123
-1 |14 -1 0
= 1 1| 3a = 1 -1 34
1 . 2 1 123
123
1 234 1 124
1 124
13 0 14 34 123234 124
32 7721 42 1324 1 134 4
32 -1
13 -1
21 1
0 1
42 -1
14 -1
1324
Erog ~ !
1 -1
2 -1
3 1
123 1
134 |-1
234 -1
4 1
124 1
0 34 123 124
13 145 277134
-1 13 34 124
0 123
1| o
-1 14 og| ©
= 1 1 sa — 1 o 34
-1 2
1 123 93 1
-1 234 03 124
1 124

12

13 .0 14 34 123,234 124
32 21 42 1324 1 3 771347 4
32 1
13 -1
21 -1
0 1
42 1
14 -1
1324 -1
Eiza ~ L
1 1
2 -1
3 -1
123 1
134 1
234 -1
4 -1
124 |1
0 34 _123 124
13 147 2 7134
1| 13 34 124
. 0 123
-1 0
i 14 o9| 0
= 1 - 34— (_1) o5 34
K 2 o9 123
-7 123
i 234 02 124
-4 124
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
Eogg ~ !
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
0 123
1 0
1 14 o1l ©
= 1 . 1 sa = 1 2l 34
2
1 123 o1 18
1 234 01 124
1 124




13 0 14 34 2 123 234 124
3221 42 1324 1 377134 4
32 1
13 -1
21 1
0 -1
42 1
14 |-1
1324 1
& . 34 -1
1324 q
2 1
3 -1
123 1
134 -1
234 1
4 -1
124 1
13 0 1434 212313i24
-1 13 34 124
-1 o 0 123
! 14 . -1 0
= 1 -1 3¢ — “tq 34
1 . 2 1123
123
1 234 1 124
1 124

IMocrynmupoBannblit HaMu 3aKOH yMHOXKeHust (15) Ga-
3HCHBIX BEKTOPOB KOHTPABAPHAHTHOM CONPSKCHHON all-
re6psr Kimddopaa *C mpusomur k ToMy, 4TO CTPYK-
TypHBIe MaTpHUIBl  C K 9TON anrebpbl B JEHCTBATEb-
HOM IIPEJICTABJIEHUN COBIIAJIAIOT C TPAHCIIOHUPOBAHHBIME
crpykrypabivMu Marpunamu CTE; anre6psr neiicTus C.
DTOT BBIBOJ, MBI 3aIUIIIEM CJIEIYIOIIM 00pa30M

+CLKI _ (CIKL)t )

Otcioza criejiyer, 1TO CUMMETPUYHbBIE CTPYKTYPHbIE MaT-
puibl asnrebpsl C COBIAIAIOT C COOTBETCTBYOIIMH
CcTpYyKTYpHBIMU MaTpurnamu ajaredpsl C u anTucuMmer-
pUYHBIE CTPYKTYPHBIE MATPHUILI aareOphbl *C ormma-
JOTCS IIPOTUBOIIOJIOXKHBIM 3HAKOM OT COOTBETCTBYIOLIUX

CTPYKTYpHBIX MaTpui, ajareopsr C.
Ilepexos OT /IeHCTBUTETBHBIX MATPUIL, K KOMILTEKCHBIM
CBSI3aH C 3aMEHOU OJIOUYHBIX MATPHIL

1 1
1]’ -1

Ha JEeWCTBUTE]BHYIO U MHUMYIO €IAHUIBI COOTBETCTBEH-
no. Ho 6sroumoit maTtpurie

-1

IIPU TPAHCIOHUPOBAHUU COOTBETCTBYIOT MaTPHUIA

-1
1 )

9KBUBaJIEHTHAA —i. TakuM 00pa3oM, CTPYKTYpPHBIE MaT-
puner “Cly KOHTPaBAPUAHTHON CONPSI?KEHHOM arebpbt
Kmddopna "C B KOMILIEKCHOM IIPEICTABICHIN COBIIA-
JIAIOT C 3PMUTOBO COMPSIKEHHBIMEU CTPYKTYPHBIMU MaT-
punayu CTX} anre6por geiicrsus C. ITostomy myzkmHO
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CUATATB, YTO BBEJCHHAS HAMM KOHTDABADHAHTHAS CO-
npskennas anrebpa Kimddopna C ¢ 3axomom ymmo-
JKeHUs 6a3UCHBIX BEKTOPOB (15) stBiisiercst ajrebpoit meii-
CTBHS aHTUJIEIITOHOB.

VI. C2KATOE IIPE/ICTABJIEHUE
KOHTPABAPUAHTHOWM COIIPSI>)KEHHOU
AJITEBPHI JENCTBUS

B npenpinymiem Paziese Mbl oty duu Jijist KOHTpaBa-
PHAHTHOH compsizkeHHoi anrebper TCs 8 cTpyKTypHBIX
MaTpUIl, KOTOPbIE B KOMILJIEKCHOM IIPEJICTABJIEHUNA COB-
HaJAIoT ¢ 8 CONpsiKeHHBIME MaTpunmamu Jupaxa 70,
BT A P e P T R P T
. 3arem gng TCy MBI nosyuman 16 CTPYKTYPHBIX Mat-
puil, OJIU3KUX 10 JIyXy K CONpPsi?>KeHHbIM MarpuiiaMm Jlu-
paka, HO OTJIMIHBIX OT HUX IIPEXKIE BCEIO PA3MEPHOCTBIO.
HeobxouMo 0TMETHTE, 9TO MOIYYUTh 16 COMPSIKEHHBIX
matput Jlupaka, UCHIOIb3ysT HAII ITOIX0J, TO €CTh HCXO0-
JIsi U3 TOYHOI'O PEryJIsIPHOIO IPEJICTABJIEHNSI KOHTPABa-
pUaHTHOM compsizKeHHoM aarebpbr Kmauddopma, meBos-
MOXKHO TpuHIMNHaIbHO. jist 9T0ro Heobxomumo obpa-
TUTBCS K €€ CXKATOMY IIPEJICTABJIEHUIO. B 3TOM pazjeire
PacCMOTPUM C2KATOe HpeJICTaB/IeHHe OA3HCHBIX BEKTOPOB
asre6psr Kimndbdopaa "C,, B ee nomanrebpe "C,_, Tae
k < n. [lns npumepa paccMOTPHM CXKaToe IIPeJICTaBlIe-
HIEe OAa3UCHBIX BEKTOPOB a/reOpbl *C, B ee nozasnrebpe
*Cp—_1. Pazobbenm Gazucubie BeKTOpsI £ anarebpol 'C,, Ha
nBe rpyunst £, u €7, ¢ ONUHAKOBBIM YHUCJIOM BEKTOPOB
TaK, 9TO0BI BEKTODHI &7, 00pa30BBIBAIN aarebpy +@n71'
B cuny cummerpuit anrebper Knuddopaa coorHomenms
(15) umeror BHL

En ok, =&, - "CM k1, (22)
Er, 0k, =&, - Ol 1, (23)
0 &k, = Er, - "CPx, 1,
5[2 o 5}(2 = ng -+CL1K2]2 .

Bysiem mnosiaraTth, 9TO NPUOJINKEHHO TP BLIYHUCJICHUM
MATDHIL TIPEJICTABJICHNsT GA3HCHBIX BEKTOPOB AJreGpbl
*C, B amrebpe "C,_; Gasucubie BekTOpHI £, B TIpa-
BOIl "yacTu ypasHeHus (23) MOXKHO 3aMEHNTH Ha Gasmc-
Hble BEKTODBI £, € HOMOIIBIO COOTHOIIECHU

Er, =&, - Py, (24)

rie PLlL2 ecTb MaTpuia coorBercTuii. Torga cooTHO-
mrenne (23) npuHEMAaET BH:

(‘:Ig © 5K1 = €L1 'PLILQ . +(jLZI(lIz . (25)

Coorromtennst (22) u (25) MO3BOJISIOT NOIYYATh MATPU-
1Bl [IPEJICTABIECHUS OA3MCHBIX BEKTOPOB ajareOphl +((~:n B
ee momaaredpe +((Njn,l, npudeM Oa3MCHBIE BEKTOPHI IO~
J1aredpbl *Chno1 [IPEJICTABIISIOTCS TOYHO, a OCTAJIbHBIE
6a3uCHbIE BEKTOPBI — MPUOINKEHHO.



AnajlornaapiM 06pa30oM MOXKHO PacCMOTPETh CKAaTOe
HpejicTaBleHne 6a3uCHBLIX BEKTOPOB airebpel C, B ee
nonairebpe "C,_g, rae k < n.

1. IlepBoe c>kaToe mpeacTaBJIEeHUE.

PaccMOTpHM TIepBOe CKATOe HPeCTABIICHHE
+ + +7
Ry : "Cy — "C3{&32,&13, 801, &0, E1,E2,E3, 123}

JJ1st 9TOr0 TOJIOXKHUM, UTO NIPH BBIYUCJIEHUN CTPYKTYD-
HBIX MaTpull no dopmyie (25) coornomenne (24) ompe-
JIEJIAETCST TEM, 9TO GA3UCHBIE BEKTOPBI C MHJIEKCAMU

42,14, 1324, 34,134,234, 4,124
3aMEHAITCA Ha 6aSI/ICHI)Ie BEKTOPbI C UHJIEKCaMN
32,13,21,0,1,2,3,123

coorsercTBeHHO. Torga pasmepHOCTH MaTpHI 6a3HCHBIX
BEKTOPOB aire6phl 'Cy TIOHMKaeTCs BABOE U PAaBHA 8 X 8
B JIEICTBUTEJIBHOM IIPEJICTaB/IeHUH, 4 X 4 B KOMIIJIEKCHOM
[IPEJICTABICHUN U 2 X 2 B KBATEPHUOHHOM IIPEJICTABICHUMN.

B pesysbrare moydnm cireayrompe CTpyKTy PHbIE MaT-
DHIIBL.

13 0123123

32 7721
42 321
14 13 |1 1
1824 21 1 1 1
34 0 1 1
Ey ~ 134 1 1 1
284 2 1
1
124 123 1 = 1 1
1
32135, 0 | 2 5123
42 32 -1
14 13 1 -1
1324 21 -1 — -1
34 0 1 1
E ~ 18 1 1 1
234 2 -1
4 3 1
124 1231 = 1 =Ca|
g1
3213990 1 2 4123
42 32 -1
14 13 -1 7
1824 21 1 . -4
= 1 -
34 0 1 -1
Ey ~ 134 1 1 7
284 2 1
4 3 -1
124 123 -1 = 1 02
g2

42
14
1824
34
134
234

124

42
14
1324
34
134
234

124

42
14
1824
34
184
234

124

42
14
1324
34
134
234

124

42
14
1324
34

42

1324

124

1

-03

g3

03

03

02

02

01

01

-01




542 ~

42
14
1824
34
134
234

Esq ~

124 123

42
14
1824
34
134
234

5123 ~

124

42 32
14 13
1824 21

134
284 2

5124

124 123

42
14
1324
34
134
234

Ei3a ~

124

42
14
1324
34
134
234

Eazyq ~

124

32
13
21

-1
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g2

03

-03

32
13
21

123

32
13
21

123

(1) 2

03

03

-1

02

-
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42 32 1

14 13 |-1 1

1324 21 1 — 1

34 0 -1 o -1
- -1

E1304 ~ 1% 1 1

284 2 1

4 3 -1

124 123 1 = 1 1 1

[TpuBeneHHbIE MATPUIIBI COOTBETCTBYIOT IIEPBOMY C2Ka-
TOMy IPEJICTABJICHHIO OA3UCHBIX BEKTOPOB aureOpbl
Kmuddopra "C4 B anmrebpe "Cs. B paccmarpusaeMom
MIPEJICTABICHUN TOJBKO HA3UCHBIE BEKTOPEI

Eso, &3, &1, &, &1, Ea, &3, Er23.

npeacTaB/I€Hbl CTPYKTYPHBIMU MaTpUIlaMu TOYHO.

2. Bropoe cxkaToe npeacraBiieHue.

PaccMOTPHM BTOPOE CKATOE HPEICTABIICHHE
+ e +
Ry : "Cq — "Cy {32, 13,21, &0}

JLIst 9TOTO MOJIOXKUM, YTO MPU BBIYUCJIEHUU CTPYKTYP-
HBIX MaTpur o dopmyse (25) coorHormenne (24) ompe-
JIeJIsieTcsl TeM, 9TO 0a3WCHble BEKTOPBbI C HHIEKCAMU
(42,14,1324,34), (134,234,4,124) u (1,2, 3, 123) 3amens-
10TCsl Ha 6a3ucHble BEKTOPHI ¢ uHuekcamu (32,13,21,0)
coorsercTBenHo. Torja pasMepHOCTh MATPHIL HPe/ICTaB-
JleHns] Ga3WCHBIX BEKTOPOB ajrebpnl 'C, IIOHMKaeTcs
BJIBOE B CPABHEHUU C TIEPBBIM CXKATBHIM [PEJICTABICHUEM
u paBHa 4 X 4 B IeHiCTBUTEILHOM IPEJCTABIEHNN, 2 X 2 B
KOMILJIEKCHOM TIpejicTaBieHnd u 1 X 1 B KBATEPHHOHHOM
IpeICTaBJICHUN.

OrpaHuduMcst TeM, 9TO MPUBEIEM MATPUIBI PEryJisp-
HOTO NpEeJCTaB/IeHns 00pasyromux 6a3HCHBIX BEKTOPOB
anre6pnr " Cy B anrebpe "Csy. Viveenm

&

&

Es

1 32
2 13
3 21
123 0

1 32
2 13
3 21

1 32
2 13
8 21

184 32
2384 13

124 0

32 13 21

0

-1

1

32 13 21

:iUl

ZiOQ

:’i0'3

=il



Taxkum obpazom, bazucHbie BeKTOpLI £1, £2, £3, TPEICTAB-
stennl B anredbpe Co marpuriamu [Taynmu. B pesynbrare st
GA3MCHBIX BEKTOPOB ajre6pnl Cy oy anM

E3p ~ioy, Eip ~ —107,
E13 ~iog, Eiy~ 10y,
& ~ios, E1304 ~ 1 1L,
Eo~ 11, E3q ~ 103,
& ~ior, 134 ~ —109,
& ~ioy, Eaza ~ 107,
53Ni03, 54Ni]1,

13~ 11, o4~ 103.

B paccmarpuBaeMoM HpeCcTaBAeHHH TOJILKO Oa3MCHBLIE
BeKTOpHI £32, £13, 21, &y upeacrasienbl TouHo. COOTHO-
EeHUs

Ezg ~ o1,
13 ~iog,
Ea1 ~io3,
Ey~11

MOXKHO PacCMaTPUBATHL KaK COOTBETCTBHE MEXKIy yKa-
3aHHBIMEU OA3UCHBIMA BEKTOPAMH U KBATEPHHUOHAMHU.
Wmenno Takoe COOTBETCTBUE OBLTIO TOCTYITMPOBAHO B pa3-
nesie IV.3.

3. Tperbe ckaToe npescTaBIeHNE

PaccMOTPHM TPEThe C2KATOE IIPEICTAB/ICHIE
+ e +r
Rs;:"Cy — "C1{&,&}

g sroro mosioxkum, 4ro cootHomienue (24) oupezens-
ercs TeM, 4TO Ga3uCHbIe BEKTOPHI ¢ uHjekcamu (42, 14),
(1324,34), (134,234), (4,124), (1,2), (3,123), (32,13)
3aMEHAIOTCS HA BEKTOpbI ¢ muiekcamu (21,0) coorser-
creenno. Torna pasmepHOCTb MaTpul 6a3HCHBIX BEKTO-
poB anre6pnr TC, IMOHMIKAETCS BABOE B CPABHEHUH C BTO-
PBIM C2KATBIM IIPEJICTaBJIEHUEM U paBHA 2 X 2 B JefiCTBU-
TeJIbHOM ITPEJICTABIEHIH, 1 X 1 B KOMIIJIEKCHOM IIPEJICTaB-
nernu. B pesynbrare st 6a3uCHBIX BEKTOPOB aiareOpbl
*C4 momyunm

Esp~i, Er~i, Epp~i, Eza~i,
Eis~1, E~1, Eu~1, Ega~1,
Eopy~vi, E3~i, Cigoa~i, Ey~i,
Eo~1, Eros~1, Esur~1, Erpa~1

B paccmarpuBaemom mpeacraBiennn BeKTOp E91 U TOJIb-
KO OH IIPEACTABIACTCA TOYHO MHUMOU €JIMHUIICH.
ITosryaennoe 371ech COOTHOIIEHTE

521Ni

[IOJITBEPKIAET COOTBETCTBUE, MOCTYJIMPOBAHHOE B Pa3Jie-
ae IV.2.
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VII. BBIBO/IbI

1. CTpyKTypHBIE MATPHIIBI KOHTPABAPUAHTHON CO-

npsizkennoit  anrebpsr Komddopna 'Cs B Kom-
IJIEKCHOM IIPE/ICTABJIEHUH COBITQIAIOT C 8 3PMUTOBO

conpsizkenupiMu Marpunamu Jupaka 40, Tl

02 +43 0 +.21 0 4,13 .32 0 +.123
AT AT A S A T A T A

. CTpyKTypHBbIE MATPHUIIBI KOHTPABAPUAHTHON CO-

upsizkeHnoit asnrebper Kimbdopaa "C B meiicTBu-
TEJIbHOM IIPEJICTABJIEHINN €CTh TPAHCIIOHMPOBaH-
HbI€ CTPYKTYPHbIE MATPHIIBI KOBADHAHTHOIL ajiret-
pot Kimuddopaa C. Ilpu mepexoe K KOMIIJIEKCHOMY
[IPEJICTABIEHUAIO ITH MATPUIILI TIEPEXOMSAT B SPMU-
TOBO CONIPsI?KEHHBIE.

. 16 cTPYKTYypHBIX MaTpHI] KOHTPaBapUaHTHOH CO-

npsizkerHoit anrebpsr Kimuddopaa "Cy 0bobmaror
16 3pMUTOBO COMPSAKEHHBIX MaTpuIl Aupaka, oTim-
4JasiCh OT HUX IPEXKJE BCEro pa3sMePHOCTHIO.

. Ecim OPEAIIoJIOZKUTh BBIDOXKJICHNE YaCTH KOMIIO-

HEHT BEKTOpa KOHTpaB%pHaHTHOﬁ COLPAXKEHHOI
anre6psl Kimmddopraa "Cy, TO CTPyKTypHBEIE MaT-
PHUIIBI 9TOi ajreOphl B KOMILJIEKCHOM IIPEJICTaBIIE-
HAW COBIAJAIOT C 16-10 9pMUTOBO CONPSIZKEHHBIMI
marpuramn upaka.

. Ycuiierune BBIDO2KJI€HUA KOMIIOHEHT BEKTOpa CHa-

qaJia IPUBOAUT K CTPYKTYPHBIM MaTpUIlAM B BUe
marpur [laynm, a 3arem K JIeCTBUTETHLHON U MHU-
MOI € IMHHUIIAM.



