Jlekiusa 2. Anrebpa Kimddopaa Kak KaHaumaaT Ha aaredbpy JieiicTBusi.

A. A. Kenapuc
(27 mas 2003 r.)

B aTo0it exniuu MbI HaesIsIeM UCKOMYIO aaredpy AeiCTBHs
TaKMMHU K€ IIPaBUJIaMU YMHOXKEHUsI BEKTOPOB KaK Te, KOTO-
pble npucyimnu anrebpe marpur Jlupaka.

I. BBEJEHUE

B npenpiaymeil jieKinuu Mbl IPULNLIA K HEOOXOIMMO-
CcTH BBeCTH B 06uxoj ajredpy gedcreust S. OmgHAKO BUJL
9TOI1 aJirebpbl OCTAJICS He yCTaHOBJIEHHBIM. [losToMy cite-
AYIOIUA MIAr COCTOUT B TOM, YTOOLI BHIOPATh KOHKPET-
HyI0 ajirebpy B KadecTBe aiaredpsl geiicTeust. A‘priori cue-
JIaTh Takoit BeIOOp HeBO3MOXKHO. HaBossime coobpaszke-
HUsI CJIeIyeT UCKATh B CErOJHSIIHEl KBAHTOBOI TEOPUH.
OpHako, ciaeayer UMeTh B BUALY, YTO TaKHe COODParKeHMs
MOI'YT CJIY?KUTH JIAIIb IOSICHEHHEM, HO HE JIOKa3aTelb-
CTBOM.

IIpexkme, yeM OBUTaThCS B 9TOM HAIIPABICHUM, HaM
HEeOOXOIUMO OCTAHOBUTHCA HA ABYX TeMax:

e Perynsproe npescraBienne 6a3uCHBIX BEKTOPOB B
ajrebpe JeificTBus S.

e Anrebpa marpur Jlupaka.

B pamkax miepBoii TeMbI MBI [TOKaKeM, YTO MEXKJLY YMHO-
JKeHneM Oa3WCHBIX BEKTOPOB B aJjirebpe JeiictBust S u
YMHOXKEHUEM CTPYKTYPHBIX MATPHUIL CYIIECTBYET B3AUMO-
cBsi3b. A B mpesiesiax BTOPOit TeMbI OyyT PacCMOTPEHBI
[IpaBUJIa YMHOXKEHUsI, KOTOPBIM OYUHSIIOTCS MATPHUITHI

Hupaka.

II. PETVJIAPHOE IMTPEJCTABJIEHUE
BA3NCHBIX BEKTOPOB B AJITEBPE
JENCTBUA S.

Obparumcst K anrebpe jgeiicrsust S. HarmomuuMm, 9To 3a-
KOH YMHOXK€HUsI OA3MCHBIX BEKTOPOB aJIreOphl IeHCTBUS
6nL1 3amucan B Jlekmuu 1 B ciremyromem Buae™

QKOQI:eL-CLK]. (1)

*B1ech, Kak W paHee, Mbl UCTIOJIb3YeM IPABUIIO DHHIITEHHA:
110 TIOBTOPSTIONIUMCSI HUXKHEMY M BEPXHEMY WHJIEKCAM BBIIOJI-
HSIETCS CyMMUPOBAHUE.

Bynem nosarars, aro nckomasi asredbpa S sABISeTCs ac-
conmatuBHOi. To ecTh, MpON3Be/IeHIe HECKOJILKUX BEKTO-
POB He 3aBHUCUT OT IOPSIJIKA YMHOYKEHMS COMHOXKUTEJIEIA.
DTO yCJIOBHE MOXKET OBITh CBEJIEHO K YCJIOBUIO ACCOIUa-
TUBHOCTHU

(5105'2)05325’10(52053).

3amuieM ycjaoBUEe acCOMUATHBHOCTU JIJTsi TPOM3BEICHUS
Tpex OA3MCHBIX BEKTOPOB

(QNORK)OQIZQNO(QKOQI).

Orciofia, NCTOMB3YsI 3aKOH YMHOXKEHUST DA3UCHBIX BEKTO-
POB, IIOJIyYUM

(eLoeI) CLNK = (QNOQL) CLK[.
Orkyna
CMpr - Cly = CMyp - Oy . (2)

CpaBHUBasi 93TO BBIpayKEHNE C CAMUM 3aKOHOM yMHOYKE-
HUst 6a3uCHBIX BeKTOPOB (1), 3aKiouaeM, 9T0 Ga3UCHBIM
BEKTOpaM €7 MOXKHO IIOCTaBUTH B COOTBETCTBHUE CTPYK-
rypuste mMarpunsl CMp;. Ilpu sToM © — yMHOMXKEHHIO
6a3UCHBIX BEKTOPOB CTABUTCH B COOTBETCTBUE OOBITHOE
YMHOXKEHUE MATPUI[ B OOPATHOM MOPSIJIKE. DTO COOT-
BETCTBHE HA3BIBACTCI PE2YAAPHUIM  (NPUCOCOUHEHHBLM)
npedcmasaeruem anredpsl S u 0603HATAETCS:

ey ~ CLK] .

Homep crpyxTypHOit Mmarputiel I ecTb MHIAEKC 6a3UCHOTO
BEKTOpAa, KOTOPBIH TpeICTaBIeH 3To# MaTpurieit. B pery-
JIIDHOM IIPEJICTABJIEHIH [IPOM3BOJBHOMY BEKTOPY aJjired-
put S = ¢; S! coorBercTByeT MaTpuna

Sl = CFyr - ST,

II1I. AJITEBPA MATPUII JINPAKA.

J1st 1iesieit MOCTPOEHUsT PEISTUBUCTCKON KBAHTOBOM
Teopun 3jeKTpoHa Jlupak CKOHCTPYHPOBAJI IIIECTHA-
nnaTh Marpui v! . 3xech nugexc I npoberaer 3uaueHns !
ot 0 1o 15. IIpuBesem 3T MaTPUITLI U YKAXKEM UX CBOM-
CTBa.

TMb1 06ozHauaem umIeKC MaTPHUI[ TAKXKE KaK 0003HATUIIN
WHJIEKC Oa3HMCHBIX BEKTOPOB aJireOphl JEHCTBUs, TaK Kak B
JAJIbHENIIIEM STH WHIEKCHI OYIyT OTOXKIecTBjeHbl. OmHAKO
[IOKa yKa3aHHbIE UHIEKCHI HYy>KHO CUATATH HECBI3aHHBIMU.
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Jlist 9TMX MATPHI] BBIIOJIHSETCH IIPABUIIO II€pe-
CTAaHOBKU HHJIEKCOB U, COOTBETCTBEHHO, MaTpPHUII-
COMHOXKHUTEJIEHl — yCJIOBHE aHTUKOMMYTaTHBHOCTHU
IIPOU3BEICHNA MaTPHI]

= (5)

Bossesenue B KBajgpar Mmarpur F mpuBomuT K
CJIETYIONINM COOTHOIIIEHUSM

C nomompio MaTpmm YF myTem yMHOMKeHHS nX
JpyT Ha Jpyra o0pa3yioTcs OCTAJbHBIE OIMHHA-
JIaTb MaTpPHIIL.

*Harma 3ammch MaTpuiL v* oTimaaercst or 0GBIMHO HCIIONB3Y-

eMoii 3alliCl HaJu4IueM MHHMMOM €JIMHMILI ¢ B KadecTBe MHO- 721 . 721 - —’YO , 742 . 742 — ,Y() )

skuTesisi (He IyTaTh ee ¢ UHJEKCOM i). 32 32 0 14 14 _ 0
T asee Bce MEOEKCH, 0GO3HAMACMBIE MAJBIMI JIATHHCKHAMIL " 13. " 13 =7 0’ " 3 4' " 24 =7 0’

OyKBaMu, HAUMHAS C i, IPUHUMAIOT 3HaYeHus: or 1 10 4. YO =0 T =T (6)
HIpu mpeoGpasoBaHUE MATPHUIL] HCIIOIH30BAHBI CJIELYIONIHE

0003HauEHHA JId OIOKOB 2X 2 o Matpuript

L= 11’ ol — 11’ o2 — i-i7 03:-11. AR = A AR A (7)

3ech
Marpunst o', 0%, 0 npencrapisiior coGoit mampuywbe Ila- a

yau (¢ TOU pasHHUIEH, 9TO O COOOPAKEHUAM CAMMETDUH B 7 7£ ki # I,k 7£ l.
KadecTBe 0° B3sITa MATPHIIA C IIPOTHBOIOJIONKHBIM 3HAKOM ).
Yucso 9TUX MATPHUIL PABHO TETHIPEM.
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Jlis 9TUX MAaTPUIl BBIIOJHSIOTCS IIPAaBUJIA IIepe-
CTAHOBKU WHJIEKCOB M, COOTBETCTBEHHO, MaTpPHII-
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Bossegenue B kBajgpar marpur v* mpusoguT K

CcIeAyIomuM COOTHOUICHUAM
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Jtst 9TO# MaTPUIHI BBITIOJTHSAIOTCS ITPABUJIA IIepe-
CTAHOBKH WHJIEKCOB M, COOTBETCTBEHHO, MaTpPHII-
COMHOXKUTEJICH, TaKKe BBbITEKAIOUe U3 YCJIOBUIl

ACCOIMUATUBHOCTU U aHTUKOMMYTAaTHUBHOCTU,
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Coornomennst (4) — (12) mO3BOJAIOT paccMaTpUBaTh
MaTpuipl v Kak 0Ga3uCHBIE BEKTOPBHI CIICIHATIBLHON aJl-
rebpLI, KOTOpasl HasbiBaeTcst ajrebpoit Knuddopaa.*

IV. HAIITA TIPOTPAMMA.

Teneps, mocse TOro Kak Mbl OCBOUJIA

® peryJsipHOe IpeJCTaB/IeHre OA3UCHBIX BEKTOPOB B
anrebpe geicTBUg S U

e ajrebpy marpur, upaka

BepHeMCs K Haleil 3ajade: HaflTH COODparKeHWs Jijist
YCTAHOBJIEHUST AJIreOPhl JeHCTBYS.

CrenaeM clieyrolee MpeInoIoKeHne: myCcTh MaTph-
bl Jlupaka HAXOIATCS B COOTBETCTBUU C MaTPHUIAMU
PEeryaspHOTO MpeCcTaBIeHnsT Ha3UCHBIX BEKTOPOB aJIred-
pbl geiictBust. Torma, BO-IepBBIX, MCYE3aeT HEOIpele-
JIEHHOCTBH B BBIOODE Buza ajreOpwl JeificTBus — ajirebpa
JefictBusa BbIcTymaeT Kak anredopa Kmuddopma. U, Bo-
BTOPBIX, MCXOMs W3 IPABUJI yMHOXKEHUs OA3UCHBIX BEK-
TopoB B ayrebpe Kiauddopaa MOXKHO yCTAaHOBATH BHIL
crpykrypubix Marpun, Cly; amrebpsr neiicrsus. s
9TUX MATPHUIL IPU KAKUX-TO YCJOBUIX YPABHEHUs CTPYK-
Typel (19) Jleknuu 1 JOJKHBI COBIIACTD ¢ KBAHTOBBIMU
nocrynaramu (3) Jlexiun 1.

Orcrofa Hala TporpaMMa TakoBa.

e OroxjecTBUTh aredpy JieiicrBus ¢ ajredpoit
Kmuddopma.

e YCTaHOBUTH IIPABUIIA YMHOXKEHUs OA3UCHBIX BEKTO-
POB B paccMaTpuBaeMoil ajaredpe.

e BouruucauTh CTPYyKTypPHbIE MATPHIIBI JIJI PACCMaT-
puBaeMoii aarebpsbl.

e YCTaHOBUTH CBA3b MEYKJY BBIMHC/ICHHBIMUA CTPYK-
TYPHBIMEA MaTpuiiamMu u Marpuramu Jlupaka.

B cityuae ycrexa Mbl, BO-IIEPBBIX, HAlJIEM IIyTh K 6bi-
600y marpurl Iupaka u, BO-BTOPBIX, yOEIUMCI B BEPHO-
cru BeIOOpa aarebpnl Kiauddopmaa B KauecTBe anredpb
JeiicTBuUs, HailleM TeopeTudYecKrne OCHOBAHUS JJjIsI KBaH-
TOBBIX SIBJIEHUMA.

V. AJITEBPA KJIN®POPA.

B cooTBercTBUM ¢ Hareit mporpaMmoitl 6ymeM paccMar-
puBaTh anrebpy aeticrBus Kak aaredbpy Kmnddopaa. B
9TOM ciiydae ajrebpy jeiicrBust Oymaem obosnauars C Ha-
psny ¢ obozHaueHueM S. BasucHble BEKTOPHI i ajred-
pot Kiinddopaa Oymem 0603HaIATE £, OCTaB/IsIa 0003HA~
qeHue ¢ I ODIIEro cirydas.

*Ee onpenenenne Oyger gaHo B pasaene V.



3akoH yMHOKeHUs [JIsi HA3UCHBIX BEKTOPOB € aareod-
pot Kiinddopaa C neperuiiem ciieayonmM o0pa3oM:

EKO€]:€L~CLK]. (13)

Bnecs Cly ecTh cTPyKTypHBIE IOCTOSHHBIC W CTPYK-
Typuble MaTpuIlpl aaredbpsr C.
IIpuBemem croiicTBa, omnpeensiomniune aaredopy Kiand-

dopaa.
e Omna accoruaTuBHA.

e CyImecTByeT 3JeMeHT £g, W30MOPMHBII IeiicTBu-
TEJILHOU equHuIe,” /1JIsi KOTOPOro

60052508025.

U, B wacrmoctm,

EQOEQ) =Ep-

e Anrebpa BKJItOUaeT B cedst 6a3MCHBIE BEKTOPDI

€1,E2,.-. 4En,

HasbIBaeMble o6pasyrowumuy. + IIponssenenus 06-
PA3yIOIINX BEKTOPOB IOMUUHSIIOTCS YCIOBUSIM:

© IPOU3BEEHNE OIMHAKOBBIX 00PA3yIONX BEK-
TOPOB

€;0¢g; =signeg;.

31ech BbIpaXKeHHUe sign €; paBHO JHO0 +£ JIu-
60 —&g. OHO Ha3BIBaeTC cuzHaMypol HGasuc-
HOT'O BEKTOpA &;.

*TlomuepkHeM, 9TO HEOOXOAMMOCTL B TAKOM 3JIEMEHTE JIJIdA
HMCKOMOIi ajrebpbl y:ke ObLia ycraHoBjeHa B Jleknum 1 u ¢
3TO# TouKM 3peHus anredpa Kimddopaa mogxoaur st Ha-
LIEro UCCIIEIOBAHMSI.

tOrcrona caemyer, uTo o-ymHOXKeHHe BekTOpa S Ha BEKTOP,
MIPOIOPITNOHAJIBHBIN €0, SKBUBAJEHTHO YMHOXKEHUIO BEKTOPA
S Ha 49ucIo.

H[Ipu sToM MMeeTcsi B BUJLY, YTO OCTAJbHBIC GA3HMCHDIE BEK-
TOPBI 00PA3YIOTCS U3 HUX MYTEM YMHOYKEHHUS.

$3amermm, aTo anrebpa Kimnddopaa, IpeacTaBieHHas MaT-
pumiamu Jlupaka uMmeeT 4eTbipe oOpasyromux 6a3MUCHBIX MaT-
PHIIBI

1 2 3 4
YT T Y
C curHaTypaM#u COOTBETCTBEHHO
(+ ) +, +, 7) .

(Bmech B EpEYUCIICHUN CUTHATYD JEHCTBUTEIbHAS €IUHATA
€0 OILyIIleHA)

© MPOM3BECHNE PA3HBIX 00PA3YIONINX BEKTOPOB
VAOBJIETBOPSIET YCIOBUIO AHTUKOMMYTATHUBHO-
CTH

EjO0€&K = —€L0OE&;.

Ocrasbable  6a3WCHBIE BEKTOPBI IOJIYYAIOTCS  IIyTeM
YMHOXKEHHUsT 00Pa3yIOIuX BEKTOPOB(II0 J1Ba, 110 TPH U TaK
nanee Bekropa). Orcioma coemyer, uro anrebpa Koud-
dopa onpemensaeTcs IUCAOM 00Pa3yIoNNX BEKTOPOB M
UX CUTHATYPOM.

VcjioBre aHTHKOMMYTATUBHOCTHU IIO3BOJISIET IIEPECTaB-
JATh(MEHIATh MECTaMM) COCe/HIe OA3KUCHbIE BEKTODPHI B
[IPOM3BOJILHOM [IPOU3BEIEHNN 00PA3YIOIINX BEKTOPOB

EmO...0(;0€)0... 08, = —£,0...0(gp0€;)0...06,,

DTO yCI0BUE B COUETAHUU C YCJIOBHEM ACCOIUATUBHOCTH
[IPUBOAUT K TOMY, YTO YUCJO HE3ABUCUMBIX OA3MCHBIX
BEKTOPOB, IO/Iy9aeMbIX IIyT€M YMHOXKEHUs P 00pasyio-
MUX BEKTOPOB, PABHO YHUCJIy COYETAHUIl U3 1 3JIEMEHTOB
1o p

cr

Takum obpazom, obiree YncaI0 GA3UCHBIX BEKTOPOB, ITO-
JiydaeMoe TIyTeM BCEBO3MOXKHBIX MPOU3BEJICHUI 0Opasy-
TOMX 6A3UCHBIX BEKTOPOB, PABHO

CatCpt...+Cp.

Ecau x aTomy unciy mpubaBuUTh YUCTIO0 0OPA3YIONTNX JJIe-
MEHTOB, 3aIIICAB €ro B BHJIE

1

C,,
U eJIMHUILY, COOTBETCTBYIOIILYIO OJTHOMY BbIJIEJIEHHOMY Oa-
3UCHOMY BEKTODY £(, 3AIIUCAB €€ B BUIE

0

C’I’L )
mosIyanM 00Iee 9mucao Oa3UCHBIX BEKTOPOB aredOphI
Knudbdopaa

0 1 n
c,+C,+...+C).

PaCCl\fIanI/IBaﬁ 9T0 4uncao Kak oumaom HbioTona or BbIpa~
2KEHUA

2
(1+1)-,
oIy aIuM 00ITiee InCI0 OA3UCHBIX BEKTOPOB

N+1=2".

ok

** s anre6per Kiuddopaa, npegcrasieHHONl MaTpuiiaMu
Hupaxka, nmeem

N+1=2"=16.



VI. AJITEBPA JIEMICTBUA KAK AJITEBPA
KJIIN®P®POPIA.

B cooTBercTBUUM ¢ IPUHSTON HAMU ITPOrPpaMMOil ajreb-
pa neiictBus ectsb anrebpa Kimddopma, odbpasyromiue 6a-
3UCHBIE BEKTOPBI KOTOPOI HAXOMSATCS B COOTBETCTBUU C
obpazyionuMu MaTpunamu ajareopor JIupaxa

1 2 3 4
€1~ ,E2 Y LE3 Y ,E4 Y
C CUTHATypaM# COOTBETCTBEHHO *
(+ ) + ) + ) _) .

Ob1iee uncsio 6Ga3MCHBIX BEKTOPOB €5 PABHO MIECTHA-
anatu. 3nech unzexc I npuaumaer 3uadenns ot 0 10 15.
VKaykeM 3TH BEKTODPBI U IIPABHUJIA yMHOXKEHHSI, KOTOPBIM
OHU TIOTIMHSIIOTCS.

e £¢. i Hero umeeT MeCTO MPABUIIO YMHOXKEHUSA
EnpOEQ =E€pn.-
o O6pa3y101m/1e BEKTODPHI €;, I'/TIe NTHJIEKC ) Hp06eraeT

3aavenus ot 1 10 4. To ecTb, 9uCIO TAKUX BEKTOPOB
paBHO UeThIpeM. [IjIsI HIX MMEIOT MECTO IIPaBMJIa

YMHOKEHHSI
E;0E) =€Ep00E; =¢€;.
€; 0¢€; =signe;,
i (!
signe; = signey = signeg = —signey = €.
e BekTopsl

Eik —EKLOE;.

3uech i # k. Uneao 3TMX BEKTOPOB PABHO YUCITY
COYeTAHUHN U3 YeThIPEX JIEMEHTOB TIO JIBA

C3=6.

715t 9TUX BEKTOPOB BBINOJIHSETCSA MIPABUJIO II€pe-
CTAHOBKHU WHJIEKCOB M, COOTBETCTBEHHO, COMHOYKU-
TeJiell — yCJI0BHe aHTUKOMMYTATUBHOCTHU

Eik = —Eki -

*3/1ech B IepEYUCIIEHNN CATHATY P AefCTBUTEIbHAS €IUNHUTIA
€0 OIIyIII€HA.

IIpaBmwra ymMHOXKEHUS, B KOTOPBIX YIaCTBYIOT dTH
BEKTODBI, CJIEJYIOT U3 YCJIOBUIl acCOIMATUBHOCTU 1
AHTUKOMMYTATUBHOCTH. B dacTHOCTH,

Eik OEik = —€i0(epoeg)oe; =

—signe; osigney .

Orcrona nmeeMm

€21 0€21 = —€o, €42 0&42 = €0,
€32 0€32 = —€p, €140¢€14 = €0,
€139¢€13 = —¢€o0, €340€34 =€0-

e BekTopnr

Eikl = €1 CELOE;.

31ech
12 k,itlk#I.

Takum 06pa30M, YUCIO ITUX BEKTOPOB PABHO UUC-
JIy COYeTaHUil U3 4eThIpeX 3JIEMEHTOB 110 TPHU

J1J1st 9TUX BEKTOPOB BBIIOJIHSIIOTCS [TPABUJIA TIepe-
CTAaHOBKHU HHJIEKCOB M, COOTBETCTBEHHO, COMHOKHU-
TeJsiell, BBITEKAIONINE U3 YCJIOBUI acCOIMATUBHOCTU
U aHTUKOMMYTaTHUBHOCTH,

Eikl = €kli = E€lik = —E€kil = —E€ilk = —€lki -
W3 yka3aHHBIX 3aKOHOB TaK¥XKe CJIEIyeT

Eikl O €kl = —€;0 (g0 (€10€) 0e) 06y =

—signe; osigney osigne; .
Orkyna

€123 0 €123 = —€o0, €124 €124 = €0,

€134 9 €134 = €0, €234 0 €234 = E€q -

BekTop
Eiklm — Em QO EIO0ELO&;.
3necn
i1#£kyi#li#EZFm,k#l k#Fm,l#m.
Takum 06pa3oM, YUCTIO ITUX BEKTOPOB PABHO HMC-

JIy COYeTaHU{ M3 4YeTbIpeX JIEMEHTOB II0 YeTHIPE,
TO €CTh €INHHIIE

Ci=1.



Jlist 5TUX BEKTOPOB BBIMIOJHSIETCST TIPABUJIO TIEpe-
CTaHOBKHN HMH/IEKCOB M, COOTBETCTBEHHO, COMHOX?KH-
Te.HeIU/I7 BbITEKalolue 13 yCJIOBI/Iﬁ aCCOIIMaTUBHOCTHU
n aHTI/IKOMMyTaTI/IBHOCTI/I,
Eiklm = €ilmk = Eimkl = —Eilkm
—Eikml = —Eimlk = —E€kimi = —E€kmil =
—E€kilm = €kmli = E€klim = Ekiml =
€lmik = €likm = €lkmi = —E€limk =
—E€lmki = —€lkim = —&mikl = —Emkli =

—Emlik = Emkil = E€milk = €mlki -
W3 ykazaHHBIX 3aKOHOB TaK¥Ke CJIEJYET

Eiklm © Eiklm =
gio(epo(ero(emoem)oeg)oeg)oeg; =

sign e; o sign ey o signe; o signe,y, .

Orkyna
€1324 ©€1324 = —€0 -

B Tom ciyuae, korma HeOOXOAMMO TOTIEPKHYTH Pas-
MEpPHOCTb 00pa3yIoIIero mpocTpanHcTBa aareopor Kmnd-
dopaa, Mbl OyaeM HCIOIb30BaTh 0003HadeHune C4 BMe-
cro obozuadenust C. 9To 0coOOGEHHO MOJE3HO IPHU BBIIETIE-
Hun nonanareopsl anredbpor Kimddopna. Hanpumep, mo-
JaJredbpy ¢ TpeMst 00pa3y oM 0a3MCHBIMU BEKTOPAME
(nanpumep, €1, €2, €3), y106HO o6ozHauaTh Cs.

B coorBercTBUE ¢ HAITAM OOIIMIM 3aMBICJIOM MBI JTOJIK-
HBI JIJTsI YKA3AHHBIX DA3UCHBIX BEKTOPOB, ITOJIB3YACH IPa-
BUJIAMU YMHOXKEHUsT BEKTOPOB B ajrebpe Kmauddopraa,
Hafitn u3 (13) CTPYKTypHBIE MATPHIBI . 3aTeM HOJCTa-
BUTD 9TU MATPUILI B ypaBHeHUs cTpyKTyphI (19) Jlekuuu
1 u cpaBHUTH pe3yJbTaT ¢ KBAHTOBBIME HOCTysIaraMu (3)
Jleknuu 1. B Tom ciyvae, ecam coorHorenus (3) Jlex-
nuu 1 OyayT moJydeHbl, Mbl JIOKaxKeM BbIBOg, Jlekiuu 1
0 TOM, YTO IPUINHA KBAHTOBBIX SIBJICHUI 3aK/IIOYAETCS
B anredpandecKoil CTPYKType BEKTOPOB JAEHCTBUSI.

OHaKO TIpeXK e, YeM IPOABUTATHCS B 9TOM HallpaBJie-
HUUW, TONBITAEMCs] PEIIUTh APYTYI0, TECHO CBSI3AHHYIO C
HAIAM 3aMBICJIOM, 33J[a7dy - MOIBITAEMCS] BHIBECTH MaT-
purel JIupaxka.

VII. BBIBO/IbI

o MOoXKHO IPeoNIoXKUTh, 9TO MaTpuns! JIupaka Ha-
XOJSITCSI B COOTBETCTBUN CO CTPYKTYPHBIMHU MaTpU-
IIaM¥U MCKOMOil ajirebpbl fAeiicTBus.

e Torma anrebpa jeficTBus ecth anredbpa Kmuddop-
Jla ¢ 9eThIpbMs 00Pa3yIoNMMu OA3UCHBIMEI BEKTO-
PAMU C CUTHATYDAMU

(+7 +, +, _)

e Marpunpr upaka HeoOXOMUMO MTOJTYyINTh KaK pe-
3YJBTAT BBIYACIEHUs] CTPYKTYPHBIX MATPHIL s
anredoper Kimddopa.

IIPNJIO2KEHUNE: YMHO2KEHNWNE MATPUIIT 1
YMHO2KEHUWNE BABUCHBIX BEKTOPOB".

HeobxomumocTh  yMHOXKATH MATPHUIIBL  PETYJISIPHOTO
[IPEJICTABJICHIS B OOPATHOM IOPSIIKE JI€JIAeT 3aIUCh pe-
T'YJIAPHOTO TPEe/CTABJIEHNSI HECKOJIbKO He 3CTETUYHOM.
DTO0 CBsA3aHO C MPUHSATON (HPOPMOil 3amcu MaTpHIL.

JIJ1st MATPUI] TPUHATO CJIEIYIONee 0003HATECHIE

aip a2 ... Qain

az1 A22 ... QA2n
Qi =

ap1 Ap2 ... App

Orcioza citefyer, 9To 1epBblii HHIEKC (i) HyMepyeT CTpo-
ki, a Bropoii - (k) Hymepyer crosbiupl. B wacrHOCTH,
CTOJIOEIT IMeeT BT

ai.
asz,
a; =
Qn,
A crpoka
ap = ’ a1 a2 ... Anp

IIpunsaro njs BeKTOpa-cTOJOIA HCIOIb30BATH BEPXHMIA
WHJIEKC

a JUIS BEKTOPa-CTPOKH WCIOJH30BaTh HUKHUN MHIIEKC

ar=|a1 a2 ... an

Takum ob6pazom, MATPHUILY HAJI0 0003HAYMATDL TaK
aik .

31ech BepXHUIT JIEBBII WHIIEKC HyMEPYeT CTPOKH, & HUK-
HOAU TPaBBIi HHIEKC HYyMepyeT CTOJIOIbI. YMHOXKEHUE
MaTPHIL UMEET BU/I,

Cij =Y ik bij -
3

*DTOT pas/ien MOCBSIIEH TEXHUYECKOMY BOIPOCY U MOXKET
OBITH OIYINEH IIPU IEPBOM UTEHUN.



I105TOMY OHO JIOJI?KHO OBITH 3AIIMCAHO TAK |

3

— ab . bF.
cj=a'%-b%.
[axzke

ci. = E i - br.
%

BAITUCHIBACTCS TAK
& =al - bk .
Orcrona HaJI0 IUCATD
Tr = €L * l‘k .
Takum ob6pa3oM, 3aKOH yMHOXKEHUS OA3MCHBIX BEKTOPOB
HAJIO 3AIIUCHIBATD TaK

QKOQIZQL'CLKI.

31ech OA3UCHBII BEKTOP ¢ HOMEPOM MATPHIIHI YMHOXKAET-
cs1 cIpaBa Ha OA3UCHBIN BEKTOD C HOMEPOM CTOJIONA. DTO-
MY YMHOXKEHHUIO COOTBETCTBYET PAHEE BBIBEJIEHHOE YMHO-
JKEHHUe CTPYKTYPHBIX MaTPHII,

M L M L
CYrr-C'nrg = CVnr - Ckr -

IIpudem cOOTBETCTBYIOINIE MATPHUITHI YMHOXKAIOTCS B 00-
pPaTHOM IIOPSsIJIKE.

Eciu cuntars m3MeHeHMe TOpSiIKA YMHOXKEHUsI CO-
OTBETCTBYIONIMX MATPUI[ HE CTETUIHBIM U CTPEMUTHCS
K COOTBETCTBUIO NMOPAIKA YMHOXKCHUS MaTPHUIL IOPALKY
YMHOXKEHUsI OA3MCHBIX BEKTOPOB, TO TOTJa HEOOXOIUMO
epeornipeiesinTh marpuity. JleiictBurenbHo, epeobo3Ha-
9UM MATPUILY CJIELYIOMUM 06pa3oM

ailp a1 ... Apl

a2 a2 ... Qp2
Aif =

A1p A2pn ... Apnp

To ectb, OyzeM cUUTaThH, 9TO IEPBBIA MHACKC (i) HyMe-
pyer croJbipl, a Bropoii - (k) nymepyer crpoku. B gacr-
HOCTH, CTOJIGEI] HIMEeT BUJL

a1
a2
ap —
a.n
A crpoka
a; = (a1, a2 ... Qp,

910 yMuOKeHHE YIO06HO 0GO3HAMHTD KAK /-yMHOMKEHHE.

Ilo mpexkuemy [j1si BEKTOPa-CTOJIONA OyIeM HCIOJIB30-
BaTb BEepXHUII UHIAECKC

a JIJIsl BEKTOPa-CTPOKH Oy/IeM UCIIOIb30BaTh HUKHUI MH-
JEKC

a” = (a1 a2 ... Ay’
Takum obpazom, MaTpuIly HaI0 0003HAYATDL TaK
k

a; ,

T7le HUYKHU JIEBBII HHIEKC HyMePYET CTOJIONBI, & TPABBII
BEPXHUI MHIEKC HyMepPyeT CTPOKH. Y MHOXKEHUE MAaTPHI]
TaK2Ke IePeoIpeIeInM

Cij = Y ik bij -
3

OHO 3amuIIIeTcs CJIeIyONMM obpa3oM *
ci =al by

Takzke
ci. = E a;k; - b,
k

3aIUCHIBACTCA TaK
C; = az-k . bk .
Orcroma HAJIO TUCATD
=X €.

Takum 0b6pazoM, 3aKOH yMHOXKEHUs 6A3UCHBIX BEKTOPOB
HaJ0 3aIUChIBATH TAK

QKOQIZCIKL-QL. (Al)
31ech Kak U npexk;ie 6a3UCHBIN BEKTOP C HOMEDOM MaT-
PHUIIBI yMHOXKAETCsI ClIpaBa Ha Ga3MCHBIN BEKTOP ¢ HOME-
poM cTOOIA. DTOMY YMHOXKEHUIO COOTBETCTBYET YMHO-
JKEHUe CTPYKTYPHBIX MaTPUIl, BBIBOIUMOE CJIEJLYFOIIAM
obpa3oM. 3amnuieM ycaoBHe acCOIMATHBHOCTH JIJIsI PO~
U3BEJICHUsT TPeX DA3UCHBIX BEKTOPOB

(eyoex)oer =eno(exoer).

Orciofia, NCIOMB3YsT 3aKOH YMHOXKEHUST ODA3UCHBIX BEKTO-
POB, HOJIyIUM

*D10 yMHOXKEHHUE YIOOHO 0G03HAYUTD KaK \-yMHOXKEHHUE.



C’KNL “(epoer) = CIKL ~(enyoer).
Orkyna
Cin" - Cil™ = Cr" - Cn. (A2)

CpaBHEUBasi 3TO BBIpAXKEHHE C CaMUM 3aKOHOM YMHO-
JKeHus1 GasucHbIX BeKTOpoB (Al), sakiouaeM, uro Ga-
3UCHBIM BEKTOPAM €] MOYKHO MOCTABUTH B COOTBETCTBUE
crpykrypubie Marpuisl Crr”. TIpn 9T0M © — yMHOKe-
HUIO OA3MCHBIX BEKTOPOB CTABUTCH B COOTBETCTBUE II€-
peolpeieJIeHHOe YMHOYXKEHUE MaTPHIl, IPUYEM ITOPSIOK
YMHOXKEHUS MATPULL CO6NAJAEM, C TOPIIKOM YMHOXKEHUS
0a3MCHBIX BEKTOPOB. TakKuM 00Opa3oM, JJis ICTETUKHU pe-
Fyﬂf{pHOFO HpeﬂCTaBJIeHI/IH HeO6XO)lI/IMO HepeOHpe)leﬂI/ITb
3aIUCh U yMHOXKeHHe MaTpull. Ho IIOCKOJIbKY 3TO HE B Ha-
MIUX CUJIaX OyeM TOJb30BAThCS TPUHATHIM Y MHOKEHIEM
MaTpHUIL, HO HE 3CTETUYHBIM COOTBETCTBUEM yMHOYKEHUSI
MaTPUI] U YMHOKEHUs OA3UCHBIX BEKTOPOB.

M L M L
CYrr-Co'ng =C¥Np - CPkr .

IIpuwyem cooTBETCTBYIONNE MATPHUITHI YMHOXKAIOTCHA B 00-
PaTHOM IIOpHJIKE.



