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1. BBenenue
Tenzopnoe ucuncjenne — TeMa, TPAIUIMOHHO «HABOAAIIA yKaACy Ha
CTYJICHTOB.



1. BBenenue

Tenzoproe ucuncaenne — TeMa, TPAJUIIMOHHO «HABOJIAIIAS YZKAC» HA
CTYJICHTOB.

Bo-11epBuIX, onpejesenne, 4acro jgaBaeMoe B ydeOHUKax 110 pU3MKe,
MeXaHUKe CILIOMIHBIX CpeJl U Jp. (TeH30p — 0ObeKT paHra r...), He CO-
BCEM KOPPEKTHO. MBI IpuBeieM KOPPeKTHBIE OIIPE/Ie/IeHI, IIPUHATHIC B
HEKOTOPBIX 00JIACTIX aIreOphI.



1. BBenenue

Tenzopnoe ucuncjenne — TeMa, TPAIUIMOHHO «HABOAAIIA yKaACy Ha
CTYJICHTOB.

Bo-nepBbIX, ompejeenne, 9acTo jlaBaeMoe B yueOHUKaX 10 (pU3MNKe,
MeXaHUKe CILIONIHBIX CpeJl U JIp. (TeH30p — 00beKT paHra r...), He COBCEeM
KOPPEKTHO.

BO—BTOprX7 CaM TE€PpMHH «TE€H30DP» HUCIIOJIb3YE€TCA BO MHOI'MX CMbICJIaX.

B »9T0it CcBA3M MBI TOBOPUM O TEH30P-PYHKIIUU, TEH30P-MACCUBE
1 TEH30P-BEKTOPE. I/IMGH TeHSOp-beHKLU/I}O, JICI'KO HallUCaTb TEH30P-
MAaCCHUB UJIN TEH30P-BEKTOP, 1 Ha00OPOT.



1. BBenenue

Tenzopnoe ucuncjenne — TeMa, TPAIUIMOHHO «HABOAAIIA yKaACy Ha
CTYJICHTOB.

Bo-nepBbIX, ompejeenne, 9acTo jlaBaeMoe B yueOHUKaX 10 (pU3MNKe,
MeXaHUKe CILIONIHBIX CpeJl U JIp. (TeH30p — 00beKT paHra r...), He COBCEeM
KOPPEKTHO.

BO—BTOprX, CaM TE€PpMHH «TE€H30DP» HUCIIOJIb3YE€TCA BO MHOI'MX CMbICJIaX.

Mgr OyjieM TOBOPUTH IIPOCTO «TEH30P», KOIJa CMBIC/ SICEH U3 KOHTEK-
CTa.



1. BBenenue

Bee paccmampusaemvie Auretinoe npocmpancmaea
nPednorazaomcs KoneuHomeproiMu. B npumepax

8CE NUHETHDIE NPOCTPAHCNEA PACCMOMPEHDL HAD NO-
NEM ODETICMBUMENDLHBIT YUCEN.



I1I. MoTtuBupoBKa

Jlo cux mop npu pabore ¢ JTMHEHHBIME MPOCTPAHCTBAME (B Kypce aJl-
reOpbI MBI paccMaTpuBaeM TOJIHKO KOHEeUHOMEepHbBIE JTUHEHHbIe TPOCTPat-
CTBA) OJIHMM U3 OCHOBHBIX MHCTPYMEHTOB OBLI MEPEHOC paccMaTpuBae-
MBIX B JInHeitHoM mpocTpancTBe U KOHCTPYKIINIL (BeKTopOB, JIMHENHBIX
OI1epaTOPOB, CKAJSIPHOIO MPOU3BEIEHU U JIDYTUX OUJINHENHBIX (PopM 1
T.II.) B «CTaHJapTHOE» JinHeiiHoe npocrpanctso R”. Kak npasuio, BBe-
nenabiM B U «KoHCTPYKIIAM» B R" cOOTBETCTBYIOT «KOHCTPYKITUN, BBE-
JIEHHBIE C IIOMOIIIbIO HEKOTOPLIX MaTpPUII.



I1I. MoTtuBupoBKa
[Tycte B = {ey, €9, ..., e,} — basuc smneitnoro nmpocrpanctsa U.

e BekTtopy X coorBercrByer  crojiber;  ero  KOOPJMHAT
L1

xjg = ... | B 6asuce B, xoapdunuentn KoTOpPOrO ONpEIEIIA-
Ln

n
rorest hopmysioit X = ) x;e;.
i=1



I1I. MoTtuBupoBKa
[Tycte B = {ey, €9, ..., e,} — basuc smneitnoro nmpocrpanctsa U.

e BekTOopy X COOTBETCTBYeT  CTOJIOEr] ero KOOpPAUHAT
L1
X|p =
xn
e Jluneiinomy oneparopy L COOTBETCTBYET MaTpPuUIla JIMHEHOTO olle-
N n
paropa B Oasuce B ={ej,es,...,e,}: L(e;)) =) lje;, ¢ nomo-
J=1
b0 KOTOpoil omeparop B R BBOguTCS «cTanmapTHOl GOPMYIOiis

L) = LB KB



I1I. MoTtuBupoBKa
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e BekTOopy X COOTBETCTBYeT  CTOJIOEr] ero KOOPAMHAT
Xy
x]g =

Ln

e Jluneiinomy oneparopy L COOTBETCTBYET MaTpPuUIla JIMHEHOTO olle-
paTopa L.

e Bumnneitnoit opme f — marpmna s71oit  hopmbl B Oasuce

b ={ejes....en}: fij = fleie))



I1I. MoTtuBupoBKa
[Tycte B = {ey, €9, ..., e,} — basuc smneitnoro nmpocrpanctsa U.
e BekTtopy X coorBercrByer  crojiber;  ero  KOOPJMHAT
Iy
x|p =

Ln

e Jluneiinomy oneparopy L COOTBETCTBYET MaTpPuUIla JIMHEHOTO olle-
paTopa L.

e Bummneitnoit popme f — marpuiia 3Toil (hOPMBI, ¢ IOMOIIBIO KO-
TOPOI HAXOJUTCS 3HaUeHre (DOPMBI Ha, BEKTOPaX.

e [lognpocTpanctey V  — wMarpuna  Ko3dpDUINEHTOB  CUCTe-
Mbl  JIMHEHHBIX YpaBHEHUH, 3aJIalolluX >STO IOJAIPOCTPAHCTBO

v ={x| kg = 05



I1I. MoTtuBupoBKa

TakumM 00pazoM, cyjis 10 HallleMy OTbITY (MpaBjia, HeOOJIBIIIOMY ) Tpa-
JUIUOHHBIN BOIIPOC «9TO COOTBETCTBYET JAHHONI KOHCTPYKIMH B R™»
MOYKHO YTOUHHUTH CJICAYIOIMIM 00pa3oM: Kakas MaTpUIla COOTBETCTBYET
JTAHHOM «KOHCTPYKIMN», U KAaKUM 00pa30M MaTpHIa «peasusyers obpas
B R" 970l «KOHCTPYKITAN».

OOBIYHO B HayKe ObIBaeT O4YeHb I0JIE3HBIM PACCMOTPEHUE BOIIPOCa, B
HEKOTOPOM CMLICJIE O6paTHOFO K «TpaduIIMOHHOMY», 9TO ABJIAE€TCA OJJHUM
13 IIPMMEPOB IIPUMEHEHNS] CTPATErNM CMEHbI POJIEN U IIPUOPUTETOB.



I1I. MoTtuBupoBKa

TakumM 00pazoM, cyjis 10 HallleMy OTbITY (MpaBjia, HeOOJIBIIIOMY ) Tpa-
JINIMOHHBII BOIIPOC «9TO COOTBETCTBYET JaHHOH KOHCTpykKumuu B R™»
MOYKHO YTOUHUTDH CJICIYIONIUM 00pa30oM: Kakas MaTpHIla COOTBETCTBYET
JIAHHON «KOHCTPYKIINWU», 1 KaKUM 00pa3oM MaTpHila «peajnsyers obpas
B R" 970l «KOHCTPYKITAN».

OObIvHO B HayKe ObIBAET OYeHDb IMOJIE3HBIM pacCMOTpPEHHe BOIpoca, B
HEKOTOPOM CMBbIC/IE 0OPATHOIO K «TPAJUITUOHHOMY », UTO SABJISIETCA OJIHUM
113 IPUMEPOB IIPUMEHEHNs CTPATEernu CMeHbI PoJieil 1 IIPUOPUTETOB.

B jnannoMm ciydae MOXKHO €ro ¢ccpopMyTUpoBaTh MPUMEPHO TaK: MOZKHO
JIN JIOTadaThesd, 9TO JaHHble MaTpUIlbl «pean3yioTs B R HekoTOpyio
«KOHCTPYKIMIO» JIMHEeHOro npocrpancrsa U7



I1I. MoTtuBupoBKa
Moxxkno im Jorajarhcs, 4TO JaHHble MaTpPUIlbl «peaan3yiors B R™
HEKOTOPYIO «KOHCTPYKIIMIO» JIMHEHOro npocrpancTsa U?
Koadbpunmentbl MaTpHIbl, COOTBETCTBYIONIECH JaHHON «KOHCTPYK-
U, 3ABUCAT OT Hasuca (cTober; KOOpJIMHAT BEKTOPa B pa3HBIX Oa3ucax,
MaTpHIla JUHEHHOro oepaTopa 1 OMINHEITHOM, KBaJJpaTHIHON (pOPMHBI B
pasHbIX Oa3Mcax u T.IL.).



I1I. MoTtuBupoBKa

Moxxkno im Jorajarhcs, 4TO JaHHble MaTpPUIlbl «peaan3yiors B R™
HEKOTOPYIO «KOHCTPYKIIMIO» JIMHEHOro npocrpancTsa U?

Koadbpunmentbl MaTpHIbl, COOTBETCTBYIONIECH JaHHON «KOHCTPYK-
U, 3ABUCAT OT Hasuca (cTober; KOOpJIMHAT BEKTOPa B pa3HBIX Oa3ucax,
MaTpHIla JUHEHHOro oepaTopa 1 OMINHEITHOM, KBaJJpaTHIHON (pOPMHBI B
pasHbIX Oa3Mcax u T.IL.).

[Ipu sTOM KaxKAblil pa3 yaaBagoch BRIYUCIATL 3Ty MATPHUILy B JIPYTOM
Oazmnce, UCIOJIBL3YST TOJBLKO CEPUIO YMHOXKEHUIT Ha MATPUILY Tepexo/ia,
1 Ha MaTPHUILy «00PATHOTO» Iepexojia U TPAHCIIOHUPOBAHHBIE K HUM.



I1I. MoTtuBupoBKa

MoxKHO Ji JIoraiaThCs, YTO JAHHbIE MATPHUILl «peajn3ylors B R”
HEKOTOPYIO «KOHCTPYKIIMIO» JIMHEHoro npocrpancTsa U7

Bbrunc/isite 9Ty MaTpuily B JIpyroM 0asuce yIaBasoCh, HCIOJIb3Ys
TOJIBKO CEPUI0 YMHOXKEHII Ha MaTpPUILy Iepexo/ia, n Ha MaTpUIly «00-
paTHOIO» Iepexojia U TPAHCIOHUPOBaHHbIe K HUM. Hampumep,

® COIVIACHO TeopeMe O KOOp/IMHATaX BEKTOpa B Pa3HbIX Da3mcax
JIs cToNIOA KOoop/uHAT |X|Rr = T]gl B XB:
—
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Bbrunc/isite 9Ty MaTpuily B JIpyroM 0asuce yIaBasoCh, HCIOJIb3Ys
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® COIJIACHO TeopeMe O MaTpulie olepaTopa B Jpyrom 0a3uce

Ly =Tg 5Ll B



I1I. MoTtuBupoBKa

MoxKHO Ji JIoraiaThCs, YTO JAHHbIE MATPHUILl «peajn3ylors B R”
HEKOTOPYIO «KOHCTPYKIIMIO» JIMHEHoro npocrpancTsa U7

Bbrunc/isite 9Ty MaTpuily B JIpyroM 0asuce yIaBasoCh, HCIOJIb3Ys
TOJIBKO CEPUI0 YMHOXKEHII Ha MaTpPUILy Iepexo/ia, n Ha MaTpUIly «00-
paTHOIO» Iepexojia U TPAHCIOHUPOBaHHbIe K HUM. Hampumep,

® COIVIACHO TeopeMe O KOOp/IMHATaX BEKTOpa B Pa3HbIX Da3mcax
JIs cToNIOA KOoop/uHAT |X|Rr = T]gl B’ XIB:
H

® COIJIaCHO TeopeMe O MaTpulie oleparopa B JPyroM bGasuce
Lp = Tp_plBTB_B"

® COIJIaCHO TeopeMe O MaTpulle OMIMHeHHoi GOpMbI B PA3HBIX
basucax Fg = TtB_,B’FBTBHB"



I1I. MoTtuBupoBKa

MoxKHO Jin J1orajilaThbCsl, 9TO JaHHbIE MaTpUILl «peaju3yiors» B R”
HEKOTOPYIO «KOHCTPYKIIMIO» JIMHEHOro npocrpancTsa U?

Bbrunc/isite 9Ty MaTpuily B JIpyroM 0asuce yIaBasoCh, HCIOJIb3Ys
TOJIBKO CEPUI0 YMHOXKEHII Ha MaTpPUILy Iepexo/ia, n Ha MaTpUIly «00-
PATHOIO» I1ePEX0/ia U TPAHCIIOHUPOBAHHBIE K HUM.

[TosTomy BOIpOC, BUJAUMO, CJAeJAyeT YTOUHUTL CJIEAYIOIMIMM 00pasoM.
[Tycts kaxkomy Oasucy B coorsercrByer Hekoropas matpuria M(B).
Kax 110 3aKoHy U3MeHeHsI MATPUILI IIPH IIePEX0/Ie B JPYToil OA3UC BhISIC-
HUTb, COOTBETCTBYET JIi 3TOMY c110co0y Bbibopa Matpuiisl M (B) kakoii-
MO0 «00BEKT» B JIMHEHHOM HPOCTPAHCTBE UM HET?



I1I. MoTtuBupoBKa

[Tycrs kaxkomy 6asucy B coorBercTByet nekoropast matpuiia M (B).
Kak 110 3aKoHy M3MEeHEHUsT MATPHIIBI IPU IIePEX0/ie B JIPYToii 6a31C BbIsiC-
HUTb, COOTBETCTBYET JIi 3TOMY c110co0y Bbibopa Matpuiisl M (B) kaxoii-
MO0 «00BEKT» B JIMHEHHOM HPOCTPAHCTBE UM HET?

Paccemorpennble HaMy IIPUMeEPhI TOBOPSIT O TOM, YTO B KadecTBE KPHU-
Tepusi MOXKHO B3sIThb CJIeJIyIOllee IIPaBUJIO: IIPU «XOPOIleM BbIOOPe»
marpuiiel M(B) marpurnia M (B’) Beraucssierest ¢ MOMOIIBIO Y MHOZKE-
Huil Ha MaTpuiy nepexoja Tg g2 WM MaTpully oOpaTHOro Hepexoja
g B = T_1—>B” WJIM TPAHCIIOHUPOBAHHbIE K HUM.



I1I. MoTtuBupoBKa

[Tycrs kaxkomy 6asucy B coorBercTByet nekoropast matpuiia M (B).
Kak 110 3aKoHy M3MEeHEHUsT MATPHIIBI IPU IIePEX0/ie B JIPYToii 6a31C BbIsiC-
HUTb, COOTBETCTBYET JIi 3TOMY c110co0y Bbibopa Matpuiisl M (B) kaxoii-
MO0 «00BEKT» B JIMHEHHOM HPOCTPAHCTBE UM HET?

Paccemorpennble HaMy IIPUMeEPhI TOBOPSIT O TOM, YTO B KadecTBE KPHU-
Tepusi MOXKHO B3sIThb CJIeJIyIOllee IIPaBUJIO: IIPU «XOPOIleM BbIOOPe»
marpuiiel M(B) marpurnia M (B’) Beraucssierest ¢ MOMOIIBIO Y MHOZKE-
Huil Ha MaTpuiy nepexoja Tg g2 WM MaTpully oOpaTHOro Hepexoja
g B = T_1—>B” WJIM TPAHCIIOHUPOBAHHbIE K HUM.

[ToraTHo, 9TO 3Ty WJEI0 HAJJ0 XOPOIIO chOpPMyINpoBaTh. B jJannom
caydae JIJIsd peajinsaiuu 3Toil ujen paspaboTan (GaKTUIECKHU CIIeIa/b-
HBIil 13bIK, K M3YUYEHUIO OCHOB KOTOPOI'O MBI IIPUCTYIIAEM.



I1I. MoTtuBupoBKa

B pamkax T€H30pHOI0 UCUNCICHUS S3bIK MATPUIHBIX Ollepaluil B CHITY
HEKOTOPBIX NPUYNH HE UCIIOJIb3YETCs. DTO CBA3AHO, B YACTHOCTH, C TEM,
9TO MPUXOJUTCA PACCMATPUBATH MACCUBBI HE TOJIBKO OJTHOMEPHBIE (KaK-
JIbIiT 9JIEMEHT XapaKTepus3yeTcsi HOMEPOM CTPOKH), 1 JIByMEpHbIE (KarK-
JIBIIT 9JIEMEHT XapaKTepU3yeTcs Iapoil 4uces: HOMED CTPOKU U HOMED
cTosiblia), HO U MaccuBbl GoJiblueil pasmeproctu’. TTonpobyem chopmy-
JINPOBATH FpaMMaTUIeCcKUe MPaBUJIa 3TOTO SI3bIKa, UCIIOIb3Ys B KAUeCTBE
OCHOBBI PACCMOTPEHHBIE HAMK HIPUMEPHI.

'TepMuH pasmeprocmds B JTAHHOM CJaydae He MMeeT OTHOIIEHWd K pasMepPHOCTH JIMHEWHOTO IPO-
CTPaHCTBA U UCIOJIL3YETCHd HAMU Ceffdac B «IIPOTPAMMUCTCKOM» ITOHUMAaHWHU, B TEH30PHOM HCYUCJTIE-
HUM, KAK MbI YBUJIUM B JIaJIbHENIIIEM, €My COOTBETCTBYET TEPMUH pare. «B yTerenue» orMeTuM, 94To
TEPMUH paHe B TEH30PHOM MCUYUCIEHNN HE NMeeT HUKAKOTO OTHOIIEHUS K PAHTY MATPUILbI.



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII
Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, u B=Tg_pg= T]gl B



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII
Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, 1 B=Tg_pg= T]§1_>B"
CorjilacHO TeopeMe O KOOpAMHATaX BEKTOpPa B pa3HbIX Oa3mcax
n

x|g> = Blx|g, 10 ectb 7 = Z:lbipxp.
p:



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII
Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, 1 B=Tg_pg= TB1 B
CorjilacHO TeopeMe O KOOpAMHATaX BEKTOpPa B pa3HbIX Oa3mcax
n
x]g> = Blx|g, T0 ectb x; = ) bipx).

p=1
CorslacHO Teopeme o ManMue orneparopa B JApyrom 0a3uce

Lp>» = BLgA, To ectb I Z Z biplpgQy;-

p=1q=



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII
Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, 1 B=Tg_pg= TB1 B
CorjilacHO TeopeMe O KOOpAMHATaX BEKTOpPa B pa3HbIX Oa3mcax
n
x]g> = Blx|g, T0 ectb x; = ) bipx).

p=1
CorslacHO Teopeme o ManMue orneparopa B JApyrom 0a3uce

Lp>» = BLRA, o ectb [j; = Z Z biplpgQy;-

p=lq=
CoryiacHo TeopemMe o ManI/Iue 61/1JII/IH€I/IHOI71 dopMBbI B pa3HBIX
t
basucax Fg» = A'LgA, 10 ecTn Z Z Api [ Q-

p=1q=
OTMeTuM [IEPBYIO TPYAHOCTL: HAM HaJIO KaK-TO pa3jnviaTh, KOTJia CyM-

MUPOBaHUE BEJETCs 110 MHIACKCY, 0003HAYAIOIMEMY CTPOKM W CTOJIOIbI
maTpuibl A, a Korjga — Marpuiisl B.



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII
Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, 1 B=Tg_pg= TB B
CorjilacHO TeopeMe O KOOpAMHATaX BEKTOpPa B pa3HbIX Oa3mcax
n
x]g> = Blx|g, T0 ectb x; = ) bipx).

p=1
CorslacHO Teopeme o ManMue orneparopa B JApyrom 0a3uce

Lp>» = BLRA, o ectb [j; = Z Z biplpgQy;-

p=lq=
CoryiacHo TeopemMe o ManI/Iue 61/1JII/IH€I/IHOI71 dopMBbI B pa3HBIX
t
basucax Fg» = A'LgA, 10 ecTn Z Z Api [ Q-

p=1q=
HpI/IMeM cJIeJiyrolee 1paBuJio: ecjau 1pu Hepexoge OT «CTaporo Oazucay

K «HOBOMY Das3ucy» CyMMHUPOBaAHNE HaJI0 BECTH 110 UHJIEKCY, ABJISIOIEMY-
csl OOIIMM JIJIsI MATPHUIIBI «00beKTa» 1 MaTpumbl A, TO y MaTpuIlbl
«00BEKTa» TOT MHJEKC OYyJeM I1caTh BHUAIY ,



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII
Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, 1 B=Tg_pg= TB B
CorjilacHO TeopeMe O KOOpAMHATaX BEKTOpPa B pa3HbIX Oa3mcax
n
x]g> = Blx|g, T0 ectb x; = ) bipx).

p=1
CorslacHO Teopeme o ManMue orneparopa B JApyrom 0a3uce

Lp>» = BLRA, o ectb [j; = Z Z biplpgQy;-

p=lq=
CoryiacHo TeopemMe o ManI/Iue 61/1JII/IH€I/IHOI71 dopMBbI B pa3HBIX
t
basucax Fg» = A'LgA, 10 ecTn Z Z Api [ Q-

p=1q=
HpI/IMeM cJIeJiyrolee 1paBuJio: ecjau 1pu Hepexoge OT «CTaporo Oazucay

K «HOBOMY Oa3ucy» CyMMHUPOBAHNE HAJIO BECTH 110 WHICKCY, ABJISIONIEMY-
csd OOIMMM /I MATPHUIIBI «00bEKTa» 1 MATPHUIIbl B, TO y MaTpUIL
«00bEKTay» ITOT MHJEKC Oy/ileM MucaTh HaBepXy .



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII
Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, 1 B=Tg_pg= TB B
CorjilacHO TeopeMe O KOOpAMHATaX BEKTOpPa B pa3HbIX Oa3mcax
n
x]g> = Blx|g, T0 ectb x; = ) bipx).

p=1
CorslacHO Teopeme o ManMue orneparopa B JApyrom 0a3uce

Lp>» = BLRA, o ectb [j; = Z Z biplpgQy;-

p=lq=
CoryiacHo TeopemMe o ManI/Iue 61/1JII/IH€I/IHOI71 dopMBbI B pa3HBIX
t
basucax Fg» = A'LgA, 10 ecTn Z Z Api [ Q-

p=1q=
HpI/I 3TOM COTJIAIIeHUU ITPUBEJICHHBIC paBeHCTBa JJId KOOPJIMHAT BEK-

TOPa M KOMIIOHEHT MaTDUIl JIMHEHHOTO onepaTopa HpI/IO6peTaIOT COOT-

BETCTBEHHO, BUJ| 1! = Z bip-xP u Z Z bip -
p=1 p=1lg¢=



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII

Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, u B=Tg_pg= TB—>B’

Ecin cymmupoBanne njeT 1o HHJIEKCY, 00ImeMy IJIsi MATPUITHI «00beK-
Tay U MaTpuilbl A, TO y MaTpHIlbl «00beKTay TOT UHJIEKC OYJeM I1caTh
BHU3Y, & €CJIU UHAEKC — OOIIUil JJIs1 MaTPUIbl «00beKTay U MaTpUlbl 3,
TO Y MaTPUIbl «00bEKTa» 3TOT UHJIEKC OyJIeM IIIcaTh HaBEpXY.

[Tpu sToM coralieHun NnpuBejeHHbIe PaBeHCTBa JIIsi KOOPJIUHAT BEK-
TOpa U KOMIOHEHT MaTpHIl JINHEITHOIO onepaTopa HpI/IO6peTaIOT COOT-

BETCTBEHHO, BUJ| 1! = Z bip-xP u Z Z bip - 1
p=1 p=1g¢=



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII

Sadukcupyem asa 6asuca: b u B’. /Ins kparkocTu Juisg MaTpuIl me-

_ _ _ -1
pexona nonoxkum A=Tg g, u B=Tg_pg= TB—>B"

Ecin cymmupoBanne njeT 1o HHJIEKCY, 00ImeMy IJIsi MATPUITHI «00beK-
Tay 1 MaTpuilbl A, To y MaTpuiibl «00beKTay 3TOT MHJEKC OYIeM IIUCATD
BHU3Y, a €CJIN UHJIEKC — OOIINIA JIjIsT MATPULIBI «00beKTay U MaTpullbl B,
TO Y MaTPUIbl «00bEKTa» 3TOT UHJIEKC OyJIeM IIIcaTh HaBEpXY.

[Tpu sTOM coraleHnn IpUBeJeHHbIE PABEHCTBA JIJII KOOPJIUHAT BEK-
TOpa U KOMIIOHEHT MATPWUII JIMHEHHOIo olleparopa MPUoOpPETaroT, COOT-
n , n o on

P — P [ N /R
BeTCTBEHHO, BUJL ' = Y by -l m I' =3 > by 1P, - ay;.
p=1 p=1g=1
HemnpusitHo, 4T0 B JIeBOil YacTH [OC/IeTHEIO0 PABEHCTBA UHJIEKC 7 CTOUT

HaBepXy, a B IPpaBoii — BHU3Y.



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII

Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, u B=Tg_pg= TB—>B’

Ecin cymmupoBanne njeT 1o HHJIEKCY, 00ImeMy IJIsi MATPUITHI «00beK-
Tay U MaTpuilbl A, TO y MaTpHIlbl «00beKTay TOT UHJIEKC OYJeM I1caTh
BHU3Y, a €CJIN UHJIEKC — OOIINIA JIjIsT MATPULIBI «00beKTay U MaTpullbl B,
TO Y MaTPUIbl «00bEKTa» 3TOT UHJIEKC OyJIeM IIIcaTh HaBEpXY.

[Tpu sToM coralieHun NnpuBejeHHbIe PaBeHCTBa JIIsi KOOPJIUHAT BEK-
TOpa 1 KOMIOHEHT MATpIl JINHEITHOIO onepaTopa HpI/IO6peTaIOT COOT-
BETCTBEHHO, BUJ| 1! = Z bip-xP u Z Z bip - 1

p=1 p=1q=
HOSTOMy JIVUIIe U Yy MaTPUILI [Iepexo/ia HoMep CTpOKI/I I[IOCTABUTH Ha-

BEPXY.



I1.1. MoTtuBupoBKa BBeJeHIsI 0003HAUEHUII

Sadukcupyem aBa Oasuca: b u B’. [Ing kparkocTt s MaTpurl mne-
pexona nonoxkum A=Tg g, u B=Tg_pg= T]§1_>B"

Ecin cymmupoBanne njeT 1o HHJIEKCY, 00ImeMy IJIsi MATPUITHI «00beK-
Tay U MaTpuilbl A, TO y MaTpHIlbl «00beKTay TOT UHJIEKC OYJeM I1caTh
BHU3Y, a €CJIN UHJIEKC — OOIINIA JIjIsT MATPULIBI «00beKTay U MaTpullbl B,
TO Y MaTPUIbl «00bEKTa» 3TOT UHJIEKC OyJIeM IIIcaTh HaBEpXY.

[Tpu sToM coralieHun NnpuBejeHHbIe PaBeHCTBa JIIsi KOOPJIUHAT BEK-
TOpa M KOMIIOHEHT MaTpPHll JIMHEHHOro oleparopa IpuodbpeTaloT, COOT-
n n n

BETCTBEHHO, BUJ £' = > by, - 2P n l/ij =D by 1P, - ay
p=1 p=1g=1
[TosTomy Jiyumie m y MaTpuilbl Iepexojla HOMEp CTPOKHU I0-

n
CTaBUThL Hapepxy. Papencrsa mupunumator muj: 1= ) 0 - af,
p=1

, n n ' n n
I’ :p;l;blp'lpq'@qj; =220 [yl



I1.2. HekoTopnie obo3HaueHNnsI

Bykser t u T jiyist 0b03HAUYEHUs] MATPUILBI [1€PEX0/a B TEH30PHOM HC-
JUCIEHIH UCIIOIB30BaTh HEYJ00HO, TaK KaK UMH 0003HA9al0T TEH30PHI 1
X KOMITOHEHTHI (110 11epBoii OYKBE CJI0Ba «TEH30D» ).

[TosTOoMy B TEH30pHOM HCUYHUCICHUU MATPUILy Iepexoja u3 daszuca b B
basuc B’ 0bbraHo obo3HavaioT depe3 A, a MaTpuily oOpaTHOIO IIepexo/ia
— OykBoil B. KoOMIIOHEHTHI 3TUX MaTPuUIl 0003HATAIOTCsI, COOTBETCTBEHHO,
Jepes aij 1 bij.

OueHb BayKHBIM B TEH30PHOM MCUUCJICHUU SIBJISCTCA TaKzKe 0003Haue-
HUE OJIHON (DYHKIIIH: 53-, 0ij, 0" — 3m0 Tax HasbiBaeMmblil cuMBOa Kpo-
HeKepa, paBHblil 1 npu ¢ = 7, u 0 B IPOTUBHOM CJIy4ae.



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja

1. Ham npupercs mnaeKcupoBaTh 3JeMEHThl MAaCcCUBOB KaK HUMKHUMUI
NHJIEKCAMU, TaK W BEpXHUMHU HHJEKcaMu. KaKaplii pa3 u3 KOH-
TeKcTa Oy/eT $CHO, 4TO uMeeTcs B Bujay 1ox 17 — wmciao T - T
U1 BTOPOI 9JIEMEHT CTOJIONA, SJIeMEHThEI KOTOPOI'o 0003HAYEHBI, KaK

TVT2, ... T"



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja

1. Ham npunaercda NHIACKCUPOBATb 3IJIEMECHTBI MaCCUBOB KaK HWzKHHMU
HMHAEKCaMU, TaK U BEPXHUMU NHIAECKCAMU.

2. (Cozaawerue unwmetina). B B BbIpaskeHUH BCTPEIALTCS TOBTO-
PSTIOIIUIICSA WHJIEKC, TO TI0 HEMY MPOM3BOJNTCS CYMMUPOBaHUE (ecyin
He OroBopeHo mpotuBHOe). To ecTb MbI OyjieM mucaTh ; - Yj BMECTO

n
S y;. Nujeke j cTouT «B ropJoM OJMHOYMECTBE», TOITOMY CYM-

=1
MUPOBAHUA 110 HEMY HE IIPOU3BOJIUTCH.



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja

1. Ham npunaercda NHIACKCUPOBATb 3IJIEMECHTBI MaCCUBOB KaK HWzKHHMU
HMHAEKCaMU, TaK U BEPXHUMU NHIAECKCAMU.

2. (Cozaawenue Strnwmeting). Eciu B BBIpazKeHnn BCTPEIaETCs OBTO-
PSTIONIUICS MHJIEKC, TO 110 HEMY TTPOM3BOJIUTCA CyMMHUPOBAHUE (€C/Ti
He OrOBOPEHO IPOTUBHOE).

3. Ecin, manpumep, uf’j (re 4, j, k — UHJIEKCHI) — 9JIEMEHTBI HEKOTOPOT'O

k

MacCCHUuBa, TO (UZ]) 0003Ha1aeT BEChL MACCHUB.



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja

1. Hawm npuaercd NHACKCUPOBaThb 3IJIEMEHTHI MaCCUBOB KaK HWKHHUMU
NHACKCaMM, TaK U BEPXHUMHN NHICKCaMU.

2. (Cozaawenue Stnwmeting). Ecu B BBIpazKeHIN BCTPETAETCS TOBTO-
PSTIONIUICST MHJIEKC, TO 110 HEMY TTPOM3BOJUTCSA CyMMHUPOBAHUE (€C/Ti
HE OMOBOPEHO MPOTHUBHOE).

3. Ecin, nanpumep, uf’j (re 4, j, k — UHIEKCHI) — 9JIEMEHTBI HEKOTOPOT'O

k

MacCHUuBa, TO (uw) 0003HATaET BEChL MACCHUB.

4. DJ1eMeHTbl MACCUBOB Y HAC OYJIYT UHJIEKCUPOBATBLCS U CBEPXY, 1 CHUBY.
B ¢Bsi3u ¢ 3TUM MOTYT BOBHUKHYTH HEKOTOPBIE IIPOOJIEMBI C MATPUI-
HOII 3alliCcblo MaccuBa. B camom Jiejie, MacCuB MOYKHO 3aJaTh Tak:
v =1, v3 = =3, v = 0, v3 = 2. Ho, pasymeercs1, GoJiee y1006HOi Oy-

1 =3

0 2

JleT MaTpuyiHas 3alllicCh: (v‘j) —



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja
Maccup MOXKHO 33aTh Tak: vi = 1, vf = —3, vi =0, v3 = 2. BoJee

J 0 2
K coxkasnennio, npu HeOpexkKHO 3amucu ObIBaeT HEBO3ZMOYKHO TOHATD,

: 1 =3
yJI00HOM OyIeT MaTpudHasd 3aluCh: (vz») = ( )

KaKO#l MHJEKC CTOUT MEPBBIM: ¢ WK j. YTOOBI MOAIEPKHYTH, UYTO Y HAC 1
— BTOPO# MHJIEKC, T.€. HOMEpP CTOJIOIA, MbI IIepeJl HUM IIOCTaBUM TOUKY,
0003HAYAIOIIYIO «OTCYTCTBYIONIMI» MEPBBIi HHJIEKC (9TOT WHJIEKC CTOUT

: I =3
BHU3Y ). Tak, Mbl OyjieM B JlabHEAIIeM MICATh: (Uﬁj) = < 0 9 >



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja
OTMeTHuM ele, 9TO0 MAaCCUBBI ¢ YUCJIOM MHJIEKCOB, OOJILIINM 2, MbI Oy-
JIEM 3allChIBATh B BUJIE KJIETOYHONH MATPHIIBI, HAIIPUMEP:

( U%l U%z )

(uz.o]k:) = uil u?
Ugy Upo

( U3 Uy )



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja

Takum 00paszoM, HalpUMep, MaCCUB (X.'j ) npejcrasiser coboil

18kpq
Uy
U2 LX)
MATPHUILY-CTOJIOET] , 9JIeMEeHTaM1 KOTOPOIT sIBJSIOTCA KBaJIpaTHBIE
Un
MAaTPUILl PABMEPHOCTH N X N (3HAUEHUE N KaxK/Iblil pa3 OyJeT siCHO u3
ol ol
Vel - Vi, .
: . oj
KoHTekcra): U; = . ; mpudeM VU ABIISIIOTCS KBaJpaT-
on o7
/1/.1 o o o V i.n

HBIMI MaTPUIAMU PA3MEPHOCTU 7b X 1 ¢ YUCJIOBBIMU KOI(MDPUIUEHTaAMU.



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja

[Tpu sTOM mocsie0BaTEIbHOCTL UHACKCOB 2]kpq pa3duBaeTcs Ha <Ila-
pbl» MHJIEKCOB (IIOCJIE/THSIST «IIapay MOYKeT ObITh HEIOJTHOM ), HaunHAas C
Kpaituero crnipasa: i jk pgq , npudeM HHJEKC § (TPeThbs, HEMOJHasI,

1
«rapay ) 0bo3HauaeT Homep MaTpuilsl U;, Bropast apa HHIeKCcoB, jk, «oT-

[
BEUYACT» 34 «PACIOJIOZKEeHNE dyieMenTay Vo) B Marpuue U.



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja

[Tpu sTOM mocsie0BaTEIbHOCTL UHACKCOB 2]kpq pa3duBaeTcs Ha <Ila-
pbl» MHJIEKCOB (IIOCJIE/THSIST «IIapay MOYKeT ObITh HEIOJTHOM ), HaunHAas C
Kpaituero crnipasa: i jk pgq , npudeM HHJEKC § (TPeThbs, HEMOJHasI,

1
«rapay ) 0bo3HauaeT Homep MaTpuilsl U;, Bropast apa HHIeKCcoB, jk, «oT-

BEUYACT» 34 «PACIOJIOZKEeHNE dyieMenTay Vo) B Marpuue U.
Haxomell, sjileMeHTbl pg 1epBoil I1apbl OIPEIEIAI0T «PACIOJIOKEHUIE
yncsa X/

10kpq
Paccmorpum npumep?

B Marpuiie V.,



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja

3aMeTHM, UTO aKKypaTHasl pacCTaHOBKA TAKUX «TOUYEK» HEOOXOInMa
TOJIBKO IIPH IIepexojie K MaTPUIHON 3allUCh MacCHBa, B ciaydae »Ke (hop-
MY THIA 2 = bij:vj TOYKY IepeJi j MOXKHO W He CTaBUTbh. Takmm obpa-
3oM, dopmyna ' = béa:j SIBJISIETCSI TPaMMaTHIeCKH NPaBUILHOM, 1 TOY-

. 12
Ka Hy)KHa TOJIBKO IIpH1 3alaHN MaCCHBa MaTPHUIICHU. (T.j) = 3 4 . B

: 12
TOM CJIydae 3alliCh (sz) = < 2 4) ObL1a OBI JIBYCMBIC/IEHHOT] .



11.3. HekoTopble rpamMmMaTdeckKkie NpaBuja

1. Ham npunaercda NHIACKCUPOBATb 3IJIEMECHTBI MaCCUBOB KaK HWzKHHMU
HMHAEKCaMU, TaK U BEPXHUMU NHIAECKCAMU.

2. (Cozaawenue Strnwmeting). Eciu B BBIpazKeHnn BCTPEIaETCs OBTO-
PSTIONIUICS MHJIEKC, TO 110 HEMY TTPOM3BOJIUTCA CyMMHUPOBAHUE (€C/Ti
He OrOBOPEHO IPOTUBHOE).

3. Ecin, manpumep, ufj (re 4, j, k — UHJIEKCHI) — 9JIEMEHTBI HEKOTOPOT'O

k

MacCCHUuBa, TO (UZ]) 0003Ha1aeT BEChL MACCHUB.

4. TlpaBuio «pacCTaHOBKHU TOYEK» JIJISI YCTAHOBJICHUS IMOPSIJIKA CJICTO-
BaHUS UHJEKCOB B MATPUYHOIl 3allMCh MacCUBA.

5. Marpuip! nepexoja us 6asuca b 8 B’ u us B’ 8 B unjexcupyiores

ciesytonum obpazom: A = (aij), B = (bﬁ])

Paccmorpers npumep?



ITI. Onpenesienus: Tenzopa

MpbI paccMOTpUM J1Ba OCHOBHBIX BapHalTa OIpeJie/IeHIs TeH30pa, KO-
TOpBIe Mbl Ha30BeM (Ha3BaHUE HE SIBJISIETCA OOIICIPUHSITBIM) 1MeH30D-
dynryua 1 mendop-eexmop. Kax BapuaHT 3aJilaHus TEH30Pa MOYKHO Pac-
CMaTpUBATDL MEH30P-MACCUGB.



II1.1. Tenzop-dpyuknus

Omnpenenenune 1. [lycmov dano aunetinoe npocmparcmeo V- pasmepro-
cmu n 1ad nosem K. Qynxuyus T, obaracmoro onpedescrus kKomopot A6-
AAECMCA MHOHCECTNBO DA3UCO6 npocmparcmea V , a 0bAacmvbio 3HaveHull

— MHOHCECTNEO MACCUBOE (TZJ1 12‘35) anemenmos u3 I, nasvisaemes Ten-

30poM paHra r (2de r =k + m), m pa3 KOBApUAHTHBIM, k pa3 KOH-
/
TPpaBaApUAHTHBIM, ecAl 0asd A00vx dsyxr basucos B u B npocmpan-

cmea V. oAemMenmbL MACCUBOS (Tlf““'-j’f) U (T.]l"ijk>, ABAAOWUTCA 310~
/

yenuamu gynryue T na oasucar B u B coomeememsenno, ceasarol

TEH30PHBbIM 3aKOHOM:

AL Jk P o APmo 1 B2 . k. 14
Tk = b T ()
2de (aﬁj) — mampuya nepexoda us B ¢ B, (bﬁj) — Mampuya 06pamrozo
nepexooa.

Paccmorpers npumep?



111.2. 1Ipumepnl TeH30pOB

BexkTopy 00BITHO comocTaB/isieTcst KOHTpaBapuaHTHBII TeH30p paHra 1,
KayKJoMy 0a3ucy CTaBAINil B COOTBETCTBHUE CTOJIOEI] KOOPAMHAT JIaH-
HOT'O BEKTOpa B 9ToM Oazuce. MbI mmoKaza m, 4To 9Ta QYHKIU ABIsIeTCs
KOHTpaBapuaHThIM TeH30POM paHra 1.



111.2. 1Ipumepnl TeH30pOB

JIuneitnoMy ormepaTopy OOBIYHO CONOCTaBJIAETCS CMENIAHHBII TeH30D
paHra 2, KaxKJIoMy 0as3ucy CTaBsUil B COOTBETCTBUE MATPUILY 3TO-
ro JUHEHHOTo oneparopa B JlaHHoM 0asuce. Mbl mokazasu, 9To 3Ta
DyHKIUS ABIAETCS CMEIAHHBIM TEH30POM paHTa 2.



111.2. 1Ipumepnl TeH30pOB

Bununeitnoit popMe 0OBIYHO COIMOCTABJISIETCs JIBAXK/ bl KOBapUAHTHDI
TEH30p paHra 2, KaxKJIoMy 0as3ucy CTaBdlliil B COOTBETCTBUE MATPUILY
9TOIl OmamHeltnoit dhopMbl B jjanHoM Oasuce. Mbl 1okasasiy, 4To 9Ta
QYHKIUS gBJIsIeTCs JBaXK bl KOBapUAHTHBIM T€H30POM PaHra 2.



111.2. 1Ipumepnl TeH30pOB

Kpajgparuanoit (popMe 0OLIYHO CONOCTABJSIETCs] JIBAXK/bl KOBAPUAHT-
HBIII TEH30p paHTa 2, KaxKJIoMy 0a3mucy CTaBAINI B COOTBETCTBUE MAT-
PUILY JAHHOI KBaapaTmIHoil (hopMbl B 3ToM baszuce. Mbl mokazam,
YTO 9Ta CbYHKLH/IH ABJIAETCA OBazKJbl KOBapUaHTHBIM TE€H30POM paHI'a 2.



111.2. 1Ipumepnl TeH30pOB
YKaKeM CMbBICJ HEKOTOPBIX (pas3, HepeJKo MCIOJIL3YeMbIX B JINTEPa-
Type 1 IpodeccruonaJbHOM OOIIEHNIH:



111.2. 1Ipumepnl TeH30pOB

Sameuanue 1 (o cMbiciie HEKOTOPbIX dpa3). e Bektop v — 370
KOHTPaBapuaHTHbIN TeH30p paHra 1: basucy conocmasisemcs CmoJ-
beu, kKoopduHam eexmopa v.

e JlnHeliHbili onepaTtop L — 3TO CMellaHHbIA TeH30p paHra 2: basucy co-
NOCMABAAEMCA MAMPUUA AUHETHO20 onepamopa L.

e bunnHeiinas dbopma — 370 ABaXKAbl KOBaPWaHTHbLIV TeH30p paHra 2: ba-
3UCY CONOCTMABAAECMCA MAMPUUG daHHOU busuretiHol gpop-
ML

e KBagpaTuyHas hopma — 3TO ABaXKAbl KOBapWaHTHbIA TeH30p paHra 2:
0a3UCY CONOCMABAAEMCA MAMPUUA 0aHHOT KeadpamuuHol

dopmut.

Paccmorpers npumep?



I11.3. PazmepHocTh M paHT
Cuenyer pasjndarb pa3amMepHocmb NPoCMpaHcmea, B KOTOPOM 3aJaH
TEH30D, U pare MeH30Da.



I11.3. PazmepHocTh M paHT

Cuenyer pasjndarb pa3amMepHocmb NPoCMpaHcmea, B KOTOPOM 3aJaH
TEH30D, U pare MeH30Da.

Panr r tenzopa onpeJieisieT CTPYKTYPY MacCUBa €ero KOMIIOHEHT B JIIO-
bom Oasuce.



I11.3. PazmepHocTh M paHT

Ciieiyer pasimdarb pa3MeEPHOCMb NPOCMPAHCMBA, B KOTOPOM 3ajaH
TEH30D, U paHz meH3opd.

Panr r tensopa onpejesier CTpyKTypy MaccuBa €ro KOMIIOHEHT B JIIO-
oom Gasuce. Hampumep, tipu r = 0 mojrydaem ckajisip (OH ¥MeeT MOCTO-
STHHOE 3HAYeHUe BO BCex basmcax),

npu r =1



I11.3. PazmepHocTh M paHT

Ciieiyer pasimdarb pa3MeEPHOCMb NPOCMPAHCMBA, B KOTOPOM 3ajaH
TEH30D, U paHz meH3opd.

Panr r Tenszopa onpejesser cTpyKTypPy MACCHBa, €ro KOMIIOHEHT B JIIO-
oom Gasuce. Hampumep, tipu r = 0 mojrydaem ckajisip (OH ¥MeeT MOCTO-
STHHOE 3HAYeHUe BO BCex basmcax),

npu 7 = 1 — BEKTOP-CTOJIOEII,

r =2



I11.3. PazmepHocTh M paHT

Ciieiyer pasimdarb pa3MeEPHOCMb NPOCMPAHCMBA, B KOTOPOM 3ajaH
TEH30D, U paHz meH3opd.

Panr r Tenszopa onpejesser cTpyKTypPy MACCHBa, €ro KOMIIOHEHT B JIIO-
oom Gasuce. Hampumep, tipu r = 0 mojrydaem ckajisip (OH ¥MeeT MOCTO-
STHHOE 3HAYeHUe BO BCex basmcax),

npu 7 = 1 — BEKTOP-CTOJIOEII,

r =2 — MaTpuILy,

r=3



I11.3. PazmepHocTh M paHT

Ciieiyer pasimdarb pa3MeEPHOCMb NPOCMPAHCMBA, B KOTOPOM 3ajaH
TEH30D, U paHz meH3opd.

Panr r Tenszopa onpejesser cTpyKTypPy MACCHBa, €ro KOMIIOHEHT B JIIO-
oom Gasuce. Hampumep, tipu r = 0 mojrydaem ckajisip (OH ¥MeeT MOCTO-
STHHOE 3HAYeHUe BO BCex basmcax),

npu 7 = 1 — BEKTOP-CTOJIOEII,

r =2 — MaTpuILy,

7 = 3 — KJIETOUHYIO0 MATPUILY-CTOJIOeI], SJIeMEeHTAMU KOTOPOIl SIBJISTIOT-
Cs1 «OOBIYHBIE» MATPUIIBI PA3MEPHOCTH 1 X M, U T.II.



I11.3. PazmepHocTh M paHT

Cuenyer pasjndarb pa3amMepHocmb NPoCMpaHcmea, B KOTOPOM 3aJaH
TEH30D, U Par2 men30pa.

Panr r tenzopa onpeJieisieT CTPYKTYPY MacCUBa €ero KOMIIOHEHT B JIIO-
OboM Dasuce.

P&SMepHOCTb zZK€ OlIpeJae/IA€eT IIpede/Ibl NSMEHECHN 3HAUYEeHU 1 NMHIEKCOB,
TO €CTh «00beM» MaccuBa.



I11.3. PazmepHocTh M paHT

Cuenyer pasjndarb pa3amMepHocmb NPoCMpaHcmea, B KOTOPOM 3aJaH
TEH30D, U paH2 MeEH30PQ.

Panr r Tensopa onpejie/isier CTpyKTYpPy MaccuBa €ro KOMIIOHEHT B JIH0-
oM Dazuce.

PasMepHOCTB »Ke ompejiessieT Ipejie/ibl H3MeHeH!s 3HaYeHU il MHIEeKCOB,
TO €CTh «00beM» MacCHUBA.

Hanpumep, nycts r» = 2. Torga MaccuB KOMIIOHEHT TE€H30pa B JIHOOOM
basuce mpeJicTaBiIsieT coOoil



I11.3. PazmepHocTh M paHT

CileJlyer pazindaTb pasmepHocmb Npocmpancmead, B KOTOPOM 3aJlaH
TEH30D, U PaHz MeH30)a.

Panr r Tensopa onpejie/isier CTpyKTYpPy MaccuBa €ro KOMIIOHEHT B JIH0-
oM Dazuce.

PasMepHOCTB »Ke ompejiessieT Ipejie/ibl H3MeHeH!s 3HaYeHU il MHIEeKCOB,
TO €CTh «00beM» MacCHUBA.

Hanpumep, nycts r» = 2. Torga MaccuB KOMIIOHEHT TE€H30pa B JIHOOOM
Oasuce 1pejcraBisier coboit MaTPUILy Pa3MEPHOCTH 1 X 1, TJe N — pas-
MEPHOCTH IIPOCTPAHCTBA.



I11.3. PazmepHocTh M paHT

Ciieiyer pasimdarb pa3MeEPHOCMb NPOCMPAHCMBA, B KOTOPOM 3ajaH
TEH30D, U paHz meH3opd.

Panr r Tenszopa onpejesser cTpyKTypPy MACCHBa, €ro KOMIIOHEHT B JIIO-
boMm Dazuce.

PasMepHOCTB »Ke ompejiessieT Ipejie/ibl H3MeHeH!s 3HaYeHU il MHIEeKCOB,
TO €CTh «00beM» MacCHUBA.

Hanpumep, nycts r» = 2. Torga MaccuB KOMIIOHEHT TE€H30pa B JIHOOOM
Oasuce MpeJICTaB/IsieT coDOI MATPUILy PA3MEPHOCTH 1 X M, TJe N — pa3-
MEPHOCTb [IPOCTPAHCTBA.

Takum oOpa30M, yMeHbIIIeHe 1 IPUBOJUT K YMEHbIIEHIIO PasMepHO-
CTU MATPUIIBI, B TO BpeMsl KaK YMeHbIIIeHNEe 7" — K UBMEHEHUIO CTPYKTYPhI
MaccuBa (J10 BEKTOP-CTOJIOMNA HIIN JIazKe CKaJisipa,).



111.4. Tenzop-maccus
Hy>kHbl munosvie cnocobwvr 3adanus men3opa.



111.4. Tenzop-maccus
Hy>kHbl munosvie cnocobwvr 3adanus men3opa.
NTak, corsiacHo IpeblIyIieMy OIPEIe/IeHII0, TeH30P — 3TO



111.4. Tenzop-maccus
Hy>kHbl munosvie cnocobwvr 3adanus men3opa.
Tak, coryiacHo mpeabLAyIeMy OIIPeIeIeHNI0, TEH30D — 3T0 PyHKIHS.



111.4. Tenzop-maccus
Hy>kHbl munosvie cnocobwvr 3adanus men3opa.
Tak, coryiacHO IpeIblIyIIeMy OIIPeIe/IeHII0, TEH30D — 9TO (DYHKITHSI.
CrangapTHble criocobbl 3ajgannsd QYHKINN: Tpaduk,



111.4. Tenzop-maccus
Hy>kHbl munosvie cnocobwvr 3adanus men3opa.
Tak, coryiacHO IpeIblIyIIeMy OIIPeIe/IeHII0, TEH30D — 9TO (DYHKITHSI.
CranjapTHble crocoObl 3aianns QYHKIUN: rpaduk, Tad/uma,



111.4. Tenzop-maccus
Hy>kHbl munosvie cnocobwvr 3adanus men3opa.
Tak, coryiacHO IpeIblIyIIeMy OIIPeIe/IeHII0, TEH30D — 9TO (DYHKITHSI.
CrangapTHble criocoObl 3ajianns QYHKIUN: rpaduk, Tadanma, gop-
MYyJIA.



111.4. Tenzop-maccus

Hy>kHbl munosvie cnocobwvr 3adanus men3opa.

Nraxk, corsiacHo IpeabLIyIneMy OlPeIeCHII0, TeH30P — 9TO (PYHKIINS.

CrangapTHble criocoObl 3ajianns QYHKIUN: rpaduk, Tadanma, gop-
MYJIA.

[Iycts HaM M3BeCTHO CTpoeHHE TeH30pa (TO eCTh KOJUYIECTBO KO- N
KOHTPABAPUAHTHBIX WHJIEKCOB U TIOPSJIOK MEePEUnC/IeHns 3JIeMEHTOB) U
MACCHB €I'0 KOMIIOHEHT B HEKOTOPOM (bukcupoBaHHOM bOazuce B.



111.4. Tenzop-maccus

Hy>kHbl munosvie cnocobwvr 3adanus men3opa.

rak, coryiacHO IIpeJIbIIyIIEeMY OIIPeJIe/IeHII0, TeH30P — 9T0 (DYHKIINS.

CrangapTHble criocoObl 3ajianns QYHKIUN: rpaduk, Tadanma, gop-
MYJIa.

[Iycts HaM M3BeCTHO CTpoeHHE TeH30pa (TO eCTh KOJUYIECTBO KO- N
KOHTPABAPUAHTHBIX WHJIEKCOB U TIOPSJIOK MEePEUnC/IeHns 3JIeMEHTOB) U
MACCHB €I'0 KOMIIOHEHT B HEKOTOPOM (bukcupoBaHHOM bOazuce B.

Tora, ecin B3aTh J11060i 6asuc B’ To MaccuB KoMIIoHenT 3Toro TeH3o-
pa B B’ (To ecth snauenne renzop-gynxuun na 6azuce B') serko najitu
C IIOMOIIIBI0 TEH30PHOI'0 3aKOHA.



111.4. Tenzop-maccus

Omnpepnenenne 2. Maccus xomnonenm mendopa 1T 6 xKaxom-aubo @puk-
CUPOBAHHOM Oa3uce npu GUKCUPOSAHHOM CMPOEHUL MEH30PA U NOPAJKe

NEPeYUCAEHUA UHJEKCOE (68 COOMBEMCMEUN ¢ NPAGUAOM /4, cmp. 41) mol
Oydem Ha3vieams TEH30POM-MaCCUBOM.



111.4. Tenzop-maccus

Omnpepnenenne 2. Maccus xomnonenm mendopa 1T 6 xKaxom-aubo @puk-
CUPOBAHHOM Oa3uce npu GUKCUPOSAHHOM CMPOEHUL MEH30PA U NOPAJKe
NEPeYUCAEHUA UHJEKCOE (68 COOMBEMCMEUN ¢ NPAGUAOM /4, cmp. 41) mol
Oydem Ha3vieams TEH30POM-MaCCUBOM.

Takum obpasom, dpasza <«IIycTb JlaH TEH30D (T@'.j) =

N TS

2 3
5 6 |»
8 9
O3Ha4YaeT, YTO 3TOT TEH30p 3a/laH, KaK TEeH30p-MacCUB BTOPOI'O PaHra,

KO-KOHTpaBapuaHTHbINA. [Ipu 9TOM maHnblii TeH30p IOKa He 3aJiaH I10JI-
HOCTBIO, TIOCKOJIbKY HE YKa3aH0, KAKOMY 0a31Cy COOTBETCTBYIOT 9TH KOM-

1 23
.Tiie b —

.
nonenTsl. [IpaBmibaee nanucars T(B) = (TZ T =

456
789

HEKOTOPHBII Dasuc.



111.4. Tenzop-maccus

Omnpepnenenne 2. Maccus xomnonenm mendopa 1T 6 xKaxom-aubo @puk-
CUPOBAHHOM Oa3uce npu GUKCUPOSAHHOM CMPOEHUL MEH30PA U NOPAJKe
NEPeYUCAEHUA UHJEKCOE (68 COOMBEMCMEUN ¢ NPAGUAOM /4, cmp. 41) mol
Oydem Ha3vieams TEH30POM-MaCCUBOM.

B nanbreiimeM, KaK IpaBuio, ecian 6a3uc He yKasaH, Mbl OyJIeM CUH-
TaTh, YTO OCHOBHOE TIPOCTPAHCTBO — 3T0 R™ (/1151 yKA3aHHOTO BBIIIIE MTPH-
Mepa R3), 1 JaHHble KOMIIOHEHTHI COOTBETCTBYIOT €CTeCTBEHHOMY Oas3ucy

1 0 0
(B mpuMepe BBIIIE TO Ol,{11],10
0 0 1

PaccmoTrpers npumep?



IV. Tenzop-BekTOp

OKa3sbIBaeTcsl, TEH30P-MaCCUB — He eJIMHCTBEHHbIN, U He Beerjia caMblii
VIOOHBIN CIIOocO0 3a/1aHnd TeH30P-PYHKINKA. B 11esioM psijie MpuaIoXKeHui
BO3HUKAIOT 1 Jipyrue. Cpean HUX HanOoJsiee BayKHBIME SIBJISIOTCS TTOJIN-
JIMHelHble POpMbI U TeH30p-BeKTop. O moJuanHeilHbIX (opMax MbI B
JIAHHOM I10COOMH T'OBOPHUTHL He OyJeM, a BOT 0e3 TeH30p-BeKTopa HaM He
oboiiTnch. PaccMOTpuM HECKOJIBKO HOBBIX TOHSATHIA.



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPAHCTB

[Tycrs U u V' — jBa JimHEHHBIX pOCTpaHcTBa HaJl mojieM K (Kak mpa-
BIJIO, B IPUJIOYKEHUSIX K — 3T0 JTnOO 1M0J1e IeiCTBUTE/ILHBIX Yncel, 00
110J1e KOMILIEKCHBIX drces1). PaceMoTpnM MHOZKECTBO (hOpMaTbHBIX BbIPa-
JKeHUN BUJIA U @ U1 + Uy @ Vo + ... + Ug @ Vg, TJIE BCE U,; IPpUHAJICIKAT
U, n v; npunajjexar V', § — IIpon3BOJbHOE HATYPaJIbHOE YNCIIO.

B sTux BblparkeHusix 3HaKi @ 1 + He 0003HAYalOT IOKA HUKAKUX Olle-
paluii, TakuM oopaszoM, MHOZKeCTBO W — 9T0 MPOCTO MHOZKECTBO «CJIOB»
Takoro Buja. 11710X0, KoHedHo, 4To 3HaK + yxke «3andar» B U un B V.
Brpouem, oH B 9THUX IPOCTpaHCTBAX BCE PABHO MOYKET MMEThb pas3HbIil
CMBICJI, HO 9TO He IPUBOJUT K HejopasyMeHusM. KarkKablil pa3 13 KoH-
TeKcTa OyJIeT SICHO, KaKOi + MMeeTcsd B BU/LY.



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPaHCTB

[Tycrs U u V' — jBa JimHEHHBIX pOCTpaHcTBa HaJl mojieM K (Kak mpa-
BIJIO, B IIPUJIOYKEHUAX K — 9T0 JIubO 10J1e AefiCTBUTEIbHBIX YnCeI, JIN0O
110J1e KOMILIEKCHBIX drces1). PaceMoTpnM MHOZKECTBO (hOpMaTbHBIX BbIPa-
JKeHUN BUJIA U @ U1 + Uy @ Vo + ... + Ug @ Vg, TJIE BCE U,; IPpUHAJICIKAT
U, n v; npunajjexar V', § — IIpon3BOJbHOE HATYPaJIbHOE YNCIIO.

Ha muoxkecrse W onpejesinM Tenepb olepalnio cJI0XKeHUsT 9J1eMEHTOB
(BHOBB 0003HATAEMYIO MHOTOJTUKUM CHUMBOJIOM +) U ONEPAITUIO YMHOZKe-
HUSI Ha 3JIeMEeHTbI 13 110J1s1 K clieIy oMy paBuiaMu.



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPaHCTB

[Tycrs U u V' — jBa JimHEHHBIX pOCTpaHcTBa HaJl mojieM K (Kak mpa-
BIJIO, B IIPUJIOYKEHUAX K — 9T0 JIubO 10J1e AefiCTBUTEIbHBIX YnCeI, JIN0O
110J1e KOMILIEKCHBIX drces1). PaceMoTpnM MHOZKECTBO (hOpMaTbHBIX BbIPa-
JKeHUN BUJIA U @ U1 + Uy @ Vo + ... + Ug @ Vg, TJIE BCE U,; IPpUHAJICIKAT
U, n v; npunajjexar V', § — IIpon3BOJbHOE HATYPaJIbHOE YNCIIO.

Fem wi=u1Qui+uw®@u+...+u, v,
nwy = uy @) + Uy @ vy + ...+ Uy & Vg, TO HOJIOKUM

W1 +wW9 = UL RV F+ U RV . . .+up®vp—|—u'1®vi+u'2®vé+. . .+u;®v£],



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPAHCTB

[Tycrs U u V' — jBa JimHEHHBIX pOCTpaHcTBa HaJl mojieM K (Kak mpa-
BIJIO, B IPUJIOYKEHUSIX K — 3T0 JTnOO 1M0J1e IeiCTBUTE/ILHBIX Yncel, 00
110J1e KOMILIEKCHBIX drces1). PaceMoTpnM MHOZKECTBO (hOpMaTbHBIX BbIPa-
JKeHUN BUJIA U @ U1 + Uy @ Vo + ... + Ug @ Vg, TJIE BCE U,; IPpUHAJICIKAT
U, n v; npunajjexar V', § — IIpon3BOJbHOE HATYPaJIbHOE YNCIIO.

Eecmm wy =11 ®@up +up @ v+ ...+ up @ vy, TO NOJOKUM LIS JIIO-
ooro A uz K

Awp=Au) @ui+(A-u) @ua+ ...+ (A up) @ v,



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPAHCTB

Onpenenum Ha W cilenytolnee IpaBujio OTOXKJIECTBJICHUsT 3JIEMEHTOB:
9JIEMEHTDbI W1 U W9 CHUTAIOTCA PaBHBIMMU, €CJ/IM W9 MOZKHO IIOJIYIUTH U3
W1 € IOMOIIBIO IIENOYKHU [TPeodPas3oBaHmil, KayK10e U3 KOTOPBIX ABJIsIeTCs
Hp€O6pa30BaHI/IeM OHOI'O N3 CJICAYIOINNX TPEX THUIIOB!:

Lu@u+u v =11 +u®v;



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPAHCTB

Onpenenum Ha W cilenytolnee IpaBujio OTOXKJIECTBJICHUsT 3JIEMEHTOB:
9JIEMEHTDbI W1 U W9 CHUTAIOTCA PaBHBIMMU, €CJ/IM W9 MOZKHO IIOJIYIUTH U3
W1 € IOMOIIBIO IIENOYKHU [TPeodPas3oBaHmil, KayK10e U3 KOTOPBIX ABJIsIeTCs
Hp€O6pa30BaHI/IeM OHOI'O N3 CJICAYIOINNX TPEX THUIIOB!:

Lu@u+u v =11 +u®v;
2. A u)@u=u® (\-v);



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPAHCTB

Onpenenum Ha W cilenytolnee IpaBujio OTOXKJIECTBJICHUsT 3JIEMEHTOB:
9JIEMEHTDbI W1 U W9 CHUTAIOTCA PaBHBIMMU, €CJ/IM W9 MOZKHO IIOJIYIUTH U3
W1 € IOMOIIBIO IIENOYKHU [TPeodPas3oBaHmil, KayK10e U3 KOTOPBIX ABJIsIeTCs
Hp€O6pa30BaHI/IeM OHOI'O N3 CJICAYIOINNX TPEX THUIIOB!:

Lu@u+u v =11 +u®v;
2. A u)@u=u® (\-v);
BuR@uv+uRv=u®w+v) 1 uRQuv+uv=(u+u)R0.



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPAHCTB
Onpenenum Ha W cilenytolnee IpaBujio OTOXKJIECTBJICHUsT 3JIEMEHTOB:

9JIEMEHTDbI W1 U W9 CHUTAIOTCA PaBHBIMMU, €CJ/IM W9 MOZKHO IIOJIYIUTH U3
W1 € IOMOIIBIO IIENOYKHU [TPeodPas3oBaHmil, KayK10e U3 KOTOPBIX ABJIsIeTCs
Hp€O6p&30BaHI/IeM OHOI'O N3 CJICAYIOINNX TPEX THUIIOB!:

Lu@u+u v =11 +u®v;

2. A u)@u=u® (\-v);

BuR@uv+uRv=u®w+v) 1 uRQuv+uv=(u+u)R0.

[IpeoOpaszoBaHmst BBIIIOJIHAIOTCS U CIIpaBa HAJIEBO, U CJIeBa HallPaBo.



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPAHCTB

Herpynao mpoBepuTh, 4To MHOXKECTBO W ¢ TaKUM OTOXKJIECTBJICHUEM
QJIEMEHTOB M OIIPEJAC/JICHHBIMI BBLIIIEC OIlI€EpalludAMM CJIOZKECHNA IJIEMEHTa 1
YMHOzKEHUA 9JIEMEHTa Ha CKaJIdp U3 K ABJIAECTCS JIMHENHBIM I[IPOCTpPaH-
crBoMm HaJ| K. Ono obosnavaercs depes U ® V', u Ha3bIBaeTCsl TEH30P-
HbIM ITPpOU3BeJIeHUEM JinHeiiHoro mpoctpancTBa U Ha JinHelHOe MPo-
cTpaHcTso V.



IV.1. TenzopHoe 1npousBejieHne JIMHEMHBIX IIPO-
CTPAHCTB

Herpynao mpoBepuTh, 4To MHOXKECTBO W ¢ TaKUM OTOXKJIECTBJICHUEM
QJIEMEHTOB M OIIPEJAC/JICHHBIMI BBLIIIEC OIlI€EpalludAMM CJIOZKECHNA IJIEMEHTa 1
YMHOzKEHUA 9JIEMEHTa Ha CKaJIdp U3 K ABJIAECTCS JIMHENHBIM I[IPOCTpPaH-
croM HaJ| K. Ono obosnauaercst dyepes U ® V', u Ha3bIiBaeTcsi TEH30P-
HbIM ITPpOU3BeJIeHUEM JinHeiiHoro mpoctpancTBa U Ha JinHelHOe MPo-
cTpaHcTso V.

O6BIQHO 11O OIIpEAEJICHUIO 110JIal'atOT, 9TO

UV)eW=U(VeW)=UV aW.

Paccmorpers npumep?



IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB
OkasbiBaeTcs, uMest dasucel Jjst U u V| jierko 1mocTpouTh Oa3uc Jijis

W=UQV.



IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB

[Tycrs By = {ey, ..., e,} —6asuc npocrpanctea U, By = {f1,..., f}
— ©Oasuc mpoctpancTtBa V. DBosbMeM  NIpOM3BONBHBIN  3JIEMEHT

S
w=> u; Q@v; uz W. Ilycrs
=1

1=
n
U; = E )\ijej,
j=1



IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB

[Tycrs By = {ey, ..., e,} —6asuc npocrpanctea U, By = {f1,..., f}
— ©Oasuc mpoctpancTtBa V. DBosbMeM  NIpOM3BONBHBIN  3JIEMEHT

S
w=> u; Q@v; uz W. Ilycrs
=1

1=
n m
w=Y Agej, vi= Y prfr, e Ay, i € K.
J=1 k=1

Torma, 1Mo ompeiesIeHNI0 TEH30PHOIO TPOU3BEAeHNs TPOCTPAHCTB, MOJIY-
qaeM



IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB

n m
wi= > Njej, vi= > piefe,  tae M, i € K.
j=1 k=1

[To onpenenennio TeH30pPHOIO MPOU3BEAEHNS TPOCTPAHCTB, MOJTyIaeM

S
w = g U; K v; =
i=1



IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB

n m
wi= > Njej, vi= > piefe,  tae M, i € K.
j=1 k=1

[To onpenenennio TeH30pPHOIO MPOU3BEAEHNS TPOCTPAHCTB, MOJTyIaeM

S n

w:ZuZ-@w:Z Z)\zj@j X Zﬂzkfk =
i=1 k=1

i=1 \ j=1



IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB

n m
wi= > Njej, vi= > piefe,  tae M, i € K.
j=1 k=1

[To onpenenennio TeH30pPHOIO MPOU3BEAEHNS TPOCTPAHCTB, MOJTyIaeM

S n

w:ZuZ-@w:Z Z)\zj@j X Zﬂzkfk =
i=1 k=1

i=1 \ j=1

= JS: S:)\ij',uik: €5 ® [

j=1 k=1 \i=1




IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB

n m
wi= > Njej, vi= > piefe,  tae M, i € K.
j=1 k=1

[To onpenenennio TeH30pPHOIO MPOU3BEAEHNS TPOCTPAHCTB, MOJTyIaeM

w=> YA N | e @ fi.

j=1 k=1 \i=1

CaejioBaresibHO, Kaxk/ bl BekTop 13 U ® V' gpjisieTcst juHeiHO KOMOU-
Halueil BeKTopos e; @ fj.

BepHo J1, 9T0 cucTeMa BEKTOPOB
Broy ={e1® fi,e1® fa,...,€, @ fin}



IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB

n m
wi= > Njej, vi= > piefe,  tae M, i € K.
j=1 k=1

[To onpenenennio TeH30pPHOIO MPOU3BEAEHNS TPOCTPAHCTB, MOJTyIaeM

w=> YA N | e @ fi.

j=1 k=1 \i=1

CaejioBaresibHO, Kaxk/ bl BekTop 13 U ® V' gpjisieTcst juHeiHO KOMOU-
Halueil BeKTopos e; @ fj.

BepHo J1, 9T0 cucTeMa BEKTOPOB
Byey ={e1® fi,e1 ® fo, ..., €, @ fin} Oyaer 6azucom s U @ V7



IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB

n m
wi= > Njej, vi= > piefe,  tae M, i € K.
j—1 k=1

[To onpenenennio TeH30pPHOIO MPOU3BEAEHNS TPOCTPAHCTB, MOJTyIaeM

w=> YA N | e @ fi.

j=1 k=1 \i=1

CaejioBaresibHO, Kaxk/ bl BekTop 13 U ® V' gpjisieTcst juHeiHO KOMOU-
Halueil BeKTopos e; @ fj.

CornacHo TeopeMe O JHHENHBIX KOMONHAMNSIX 0a31CHBIX BEKTO-
POB OCTaJIOCH IIPOBEPUTDH JIMHENHYIO HE3aBUCUMOCTH CUCTEMbl BEKTOPOB
Bygy. D10 gBisieTcst ae0M HENPOCTBIM, U Mbl OIIYyCTUM COOTBETCTBYIO-
e BhIKJIaAKN. HaMu «Hano/oBuHy JloKaz3aHay cjeaylollas TeopeMa.



IV.2. bazuc m pa3smMepHOCTb TE€H30PHOT'O IIPOU3BeE]Ie-
HU JNHEHHbIX IIPOCTPAHCTB

Teopema 1 (0 6a3uce TEH30PHOTO NPOU3BENEHUS JIMHEHHBIX TPOCTPAHCTB).

ITyemw {eq, ..., e,} — basuc aunetinozo npocmpancmea U, { f1,. .., fm}
— basuc aunetinozo npocmpancmea V. Toeda

{e1® fre1® fo, 60 @ fin}
— oasuc npocmparcmea U @ V.

Paccmorpers npumep?



IV.3. ConpskeHHoe mpocTpaHCTBO

[Ipn m3ydennn JUHERHBIX TPOCTPAHCTB UCCIETOBATEN HEPEJIKO CTaJ-
KIUBAIOTCS ¢ Pa3HOOOPa3HbIMI (PYHKIUSIMU, KAXKJIOMY BEKTODPY CTaBSIIIU-
MU B COOTBETCTBHE 3JIEMEHT U3 OCHOBHOTI'O 110J1sd K .



IV.3. ConpskeHHoe mpocTpaHCTBO

[Ipn m3ydennn JUHERHBIX TPOCTPAHCTB UCCIETOBATEN HEPEJIKO CTaJ-
KIUBAIOTCS ¢ Pa3HOOOPa3HbIMI (PYHKIUSIMU, KAXKJIOMY BEKTODPY CTaBSIIIU-
MU B COOTBETCTBHE 3JIEMEHT U3 OCHOBHOTI'O 110J1sd K .

DT0, HAIIpUMED, MOJIYJIb BEKTOPA,



IV.3. ConpskeHHoe mpocTpaHCTBO

[Ipn m3ydennn JUHERHBIX TPOCTPAHCTB UCCIETOBATEN HEPEJIKO CTaJ-
KIUBAIOTCS ¢ Pa3HOOOPa3HbIMI (PYHKIUSIMU, KAXKJIOMY BEKTODPY CTaBSIIIU-
MU B COOTBETCTBHE 3JIEMEHT U3 OCHOBHOTI'O 110J1sd K .

DT0, HAIIpUMEDP, MOJIYJIb BEKTOPA, IPOEKIINI BeKTOpa Ha OCb,



IV.3. ConpskeHHoe mpocTpaHCTBO

[Ipn m3ydennn JUHERHBIX TPOCTPAHCTB UCCIETOBATEN HEPEJIKO CTaJ-
KIUBAIOTCS ¢ Pa3HOOOPa3HbIMI (PYHKIUSIMU, KAXKJIOMY BEKTODPY CTaBSIIIU-
MU B COOTBETCTBHE 3JIEMEHT U3 OCHOBHOTI'O 110J1sd K .

DTO0, HAIPUMEpP, MOJIYJIb BEKTOPa, MPOEKINs BEKTOpa Ha OCb, apry-
MEHT KOMIIJIEKCHOI'O YucCJia (H&HOMHI/IM7 YTO KOMILJICKCHBIC YHCJa 00-
pa3yloT JIByMEPHOE BEKTOPHOE MPOCTPAHCTBO HaJl IOJIEM JI€CTBUTE/b-
HBIX THCET).



IV.3. ConpskeHHoe mpocTpaHCTBO

[Tpn n3ydennn JIMHEHHBIX TPOCTPAHCTB UCCIeI0BATE/N HEPEJIKO CTaI-
KUBAIOTCS ¢ pa3HOOOpasHbIMU (PYHKITUAMU, KaXKJIOMY BEKTOPY CTABSIIIHI-
MU B COOTBETCTBHE 3JIEMEHT M3 OCHOBHOIO 1M0JIs1 K.

MaremaTnkm TUTAIOT JlaBHEe ITPUCTPACTHE K JUHEHHOCTH, TOITOMY
cpean TaknxX PYHKIHUH ocoboe BHUMaHUE OBLIO YACIEHO JUHEHHBbIM. M,
KaK 0Ka3aJIoCh, He HaIlpacHo.



IV.3. ConpskeHHoe mpocTpaHCTBO

Ha muoxkectse V* jinHeitHbIX (DYHKINI, TepPeBOAAIINX JIMHEITHOE TPO-
CTPaHCTBO B OCHOBHOE Iojie K BBejleM olepallii CJAOYKEHUS W YMHO-
YKeHUsI Ha cKajsip u3 K claeJyromuMu eCTeCTBeHHBIMU IIPaBHIAMMU:
(f+9)(x) = flz)+g(x), (A f)lx)=A- f(x), e X\ — IPOU3BOJIHHBII
ssiemenT 1ot K. Herpyaao nposeputsb, uto V* oTHOCHTEIBLHO 9THUX Olle-
panuii gaBJisieTcd JIMHEHHBIM IIPOCTPAHCTBOM.



IV.3. ConpskeHHoe mpocTpaHCTBO

Omnpenenenune 3. Jlunetinoe npocmpancmeo V* aunetinoix dymruyuil,
BEKMOPAM Npocmparcmea V.- cmasawuxr 6 coomseemcemeue dIAEMEHMbL U3
ocHo6H020 noas I, Hazvieaemcs COMPAYXKEHHBIM % V' npocmpancmeom.



IV.3. ConpskeHHoe mpocTpaHCTBO

Omnpenenenune 3. Jlunetinoe npocmpancmeo V* aunetinoix dymruyuil,
BEKMOPAM Npocmparcmea V.- cmasawuxr 6 coomseemcemeue dIAEMEHMbL U3
ocHo6H020 noas I, Hazvieaemcs COMPAYXKEHHBIM % V' npocmpancmeom.

OOBIYHO M3YyUYeHMEe HOBOI'O IOHATHUsI OCYLIECTBJISIETCSA OJHUM U3 JIBYX
CIIOCODOB:



IV.3. ConpskeHHoe mpocTpaHCTBO

Omnpenenenune 3. Jlunetinoe npocmpancmeo V* aunetinoix dymruyuil,
BEKMOPAM Npocmparcmea V.- cmasawuxr 6 coomseemcemeue dIAEMEHMbL U3
ocHo6H020 noas I, Hazvieaemcs COMPAYXKEHHBIM % V' npocmpancmeom.

OOBIYHO M3YyUYeHMEe HOBOI'O IOHATHUsI OCYLIECTBJISIETCSA OJHUM U3 JIBYX
CIIOCODOB:

— UHJIyKTHBHO (paccMOTpeHHe TPUMEepPOB, TOCTPOeHNe Mojieied);



IV.3. ConpskeHHoe mpocTpaHCTBO

Omnpenenenune 3. Jlunetinoe npocmpancmeo V* aunetinoix dymruyuil,
BEKMOPAM Npocmparcmea V.- cmasawuxr 6 coomseemcemeue dIAEMEHMbL U3
ocHo6H020 noas I, Hazvieaemcs COMPAYXKEHHBIM % V' npocmpancmeom.

OOBIYHO M3YyUYeHMEe HOBOI'O IOHATHUsI OCYLIECTBJISIETCSA OJHUM U3 JIBYX
CIIOCODOB:

— UHJIyKTHBHO (paccMOTpeHHe TPUMEepPOB, TOCTPOeHNe Mojieied);
— JIeJIYKTHBHO (aHAJIN3 OIPEJIC/ICHNUS, TTOJIyIeHNe CJIeJICTBHUI).



IV.3. ConpskeHHoe mpocTpaHCTBO

Omnpenenenune 3. Jlunetinoe npocmpancmeo V* aunetinoix dymruyuil,
BEKMOPAM Npocmparcmea V.- cmasawuxr 6 coomseemcemeue dIAEMEHMbL U3
ocHo6H020 noas I, Hazvieaemcs COMPAYXKEHHBIM % V' npocmpancmeom.

[TpuBejiem npumepbl TaKIX JIMHEHHBIX (DYHKIINI, TO €CTh BEKTOPOB 13
COIPSIZKEHHOTO TPOCTPaHCTBA.

1. Jlj1st mpocTpalcTBa MHOIOWIEHOB CTEIIeHN He BBIIIE 1 U JII000r0 Yucia
a byuxius F(f) = f(a) Oyner nuneiinoii.



IV.3. ConpskeHHoe mpocTpaHCTBO

Omnpenenenune 3. Jlunetinoe npocmpancmeo V* aunetinoix dymruyuil,
BEKMOPAM Npocmparcmea V.- cmasawuxr 6 coomseemcemeue dIAEMEHMbL U3
ocHo6H020 noas I, Hazvieaemcs COMPAYXKEHHBIM % V' npocmpancmeom.

[TpuBejiem npumepbl TaKIX JIMHEHHBIX (DYHKIINI, TO €CTh BEKTOPOB 13
COIPSIZKEHHOTO TPOCTPaHCTBA.

1. Jlj1st mpocTpalcTBa MHOIOWIEHOB CTEIIeHN He BBIIIE 1 U JII000r0 Yucia
a byuxius F(f) = f(a) Oyner nuneiinoii.
B camom jieste, jis JIIOOBIX YHCET A, [t TMEEM:

FOf+pg) = (Af +upg)la) = Afla) + pgla) = AF(f) + pF(g),

YTO W TPeOOBAJIOCH JI0KA3ATD.



IV.3. ConpskeHHoe mpocTpaHCTBO

Omnpenenenune 3. Jlunetinoe npocmpancmeo V* aunetinoix dymruyuil,
BEKMOPAM Npocmparcmea V.- cmasawuxr 6 coomseemcemeue dIAEMEHMbL U3
ocHo6H020 noas I, Hazvieaemcs COMPAYXKEHHBIM % V' npocmpancmeom.

[TpuBejiem npumepbl TaKIX JIMHEHHBIX (DYHKIINI, TO €CTh BEKTOPOB 13
COIPSIZKEHHOTO TPOCTPaHCTBA.

1. Jlj1st mpocTpalcTBa MHOIOWIEHOB CTEIIeHN He BBIIIE 1 U JII000r0 Yucia
a byuxius F(f) = f(a) Oyner nuneiinoii.

2. B mpocTpaHcTBe KBaJpaTHBIX 71 X N-MaTPHI PACCMOTPUM (hyiiK-
o tr(X). Ona, oueBujiHO, OyJIeT JTUHENHOI.



IV.4. B3aumublii 6a3uc

[Toce m3ydenus nuneiinoit aarebpnbl y Bac go/zkeH ObLT BIpabOTaThCA
OJIMH 110JIe3HBIH pediekc: npu paboTe ¢ JIMHEHHBIM IPOCTPAHCTBOM HaJI0
B [IEPBYIO o4Yepe/ib HaluTu



IV.4. B3aumublii 6a3uc

[Toce m3ydenus nuneiinoit aarebpnbl y Bac go/zkeH ObLT BIpabOTaThCA
OJIMH 110JIe3HBIH pediekc: npu paboTe ¢ JIMHEHHBIM IPOCTPAHCTBOM HaJI0
B IIEPBYIO odepe]ib HailTu ero Oasmc. Kax HaiiTm 6a3uc CONpsizKEHHOIO
IIPOCTPAHCTBA?!



IV.4. B3aumublii 6a3uc

[Toce m3ydenus nuneiinoit aarebpnbl y Bac go/zkeH ObLT BIpabOTaThCA
OJIMH 110JIe3HBIH pediekc: npu paboTe ¢ JIMHEHHBIM IPOCTPAHCTBOM HaJI0
B IIEPBYIO odepe]ib HailTu ero Oasmc. Kax HaiiTm 6a3uc CONpsizKEHHOIO
IIPOCTPAHCTBA?!

[Tycts B = {ey, ..., e,} — 6asuc juneitnoro npocrpauctsa V. Obo3Ha-
M uepes f' DYHKIMIO, CTaBSILYI0 KasKJIOMY BEKTOPY B COOTBETCTBUC
ero 1-10 KoopJimHaTy B Oasuce bB.



IV.4. B3aumublii 6a3uc

[Toce m3ydenus nuneiinoit aarebpnbl y Bac go/zkeH ObLT BIpabOTaThCA
OJIMH 110JIe3HBIH pediekc: npu paboTe ¢ JIMHEHHBIM IPOCTPAHCTBOM HaJI0
B IIEPBYIO odepe]ib HailTu ero Oasmc. Kax HaiiTm 6a3uc CONpsizKEHHOIO
IIPOCTPAHCTBA?!

[Tycts B = {ey, ..., e,} — 6asuc juneitnoro npocrpauctsa V. Obo3Ha-
M uepes f' DYHKIMIO, CTaBSILYI0 KasKJIOMY BEKTOPY B COOTBETCTBUC
ero i-1o koopauHaty B basuce B. Takum obpasom, byukuua f' ompese-
JIsIeTCsl PaBEHCTBOM

f(zler+ .. 4+ ate,) = [ (2e)) = 2", 2)



1V .4. Bzaumubliii 0a3uc

frzler+...+x"%,) = [ (ale;) = 2. (2)
Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = { Ll f”]

2de f' onpedesenve paserncmeom (2), Acasemca ba3ucom CONpPsi-
HCEHHO020 NPOCMPAHCMEQ.

JloKka3aTebCTBO.



1V .4. Bzaumubliii 0a3uc

frzler+...+x"%,) = [ (ale;) = 2. (2)
Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = { Ll f”]

2de f' onpedesenve paserncmeom (2), Acasemca ba3ucom CONpPsi-
HCEHHO020 NPOCMPAHCMEQ.

JokazareabcTBo. CHauasa J0KaXKeM JIMHEHHYI0 He3aBUCUMOCTE Cl-
creMbl pynkinii B



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = { Ll f”]
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

HokazareabcTBO. [IycTh 119 HEKOTOPBIX Y1, . . . , Y, AMEET MECTO Pa-
BEHCTBO:

O=wi- fl=wm-f+.  +y- "

Breraucrss snadenne 9Toil GyHKIUN Ha, 0a3MCHOM BEKTOpE €; IOJIyIaeM



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = {fl, 2., f”]
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

HokazareabcTBO. [IycTh 119 HEKOTOPBIX Y1, . . . , Y, AMEET MECTO Pa-
BEHCTBO:

O=yi-fr=y-ft. . +y. "
Breraucrss snadenne 9Toil GyHKIUN Ha, 0a3MCHOM BEKTOpE €; IOJIyIaeM
0(e) =y1- flle)+.o +yn- f(ei).

CoriacHO OIpe/Ie/IeHII0, TO eCTh PABEHCTBY (2), JieBasi 4acTh paBeHCTBa
pasra 0, a paBasg — ¥; (Bce ocTajbHbIE cjaraemMbie paBHbl ().



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = {fl, 2., f”]
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

HokazareabcTBO. [IycTh 119 HEKOTOPBIX Y1, . . . , Y, AMEET MECTO Pa-
BEHCTBO:

O=yi-fr=y-ft. . +y. "
Breraucrss snadenne 9Toil GyHKIUN Ha, 0a3MCHOM BEKTOpE €; IOJIyIaeM
0(e) =y1- flle)+.o +yn- f(ei).

[TosTomy y; = 0 jutst 1r0060r0 2, 9TO U JIOKA3bIBAET JIMHEHHYIO HE3aBUCHU-
MOCTL cucTeMbl B*.



1V .4. Bzaumubliii 0a3uc

frzler+...+x"%,) = [ (ale;) = 2. (2)
Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = { Ll f”]

2de f' onpedesenve paserncmeom (2), Acasemca ba3ucom CONpPsi-
HCEHHO020 NPOCMPAHCMEQ.

JlokazaTeabcTBO. OcCTajoCh MPOBEPUTH MAKCUMAJILHOCTH CHCTEMbI

B



1V .4. Bzaumubliii 0a3uc

frzler+...+x"%,) = [ (ale;) = 2. (2)
Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = { Ll f”]

2de f' onpedesenve paserncmeom (2), Acasemca ba3ucom CONpPsi-
HCEHHO020 NPOCMPAHCMEQ.

Hoxka3zareabcTBo. Ilycts f — Bekrop uz V*. Hajo nposeputhb, 4To



1V .4. Bzaumubliii 0a3uc

frzler+...+x"%,) = [ (ale;) = 2. (2)
Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = { Ll f”]

2de f' onpedesenve paserncmeom (2), Acasemca ba3ucom CONpPsi-
HCEHHO020 NPOCMPAHCMEQ.

JokazareabcTBo. [lycrs f — BexkTop us V*. Hajio nposeputhb, 4To
f =i f g nopxoasnux ;.



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = {fl, 2., f”]
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

JokazareabcTBo. Ilycts f — Bexkrop uz V*. B cuiny Jinneii-
wHoctn yHKIwpn f s J1000ro BekTopa x'e; mojydaeM (Tak Kak

fi(z7 - ej) = '), uro



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = {fl, 2., f”]
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

JokazareabcTBo. Ilycts f — Bexkrop uz V*. B cuiny Jinneii-
wHoctn yHKIwpn f s J1000ro BekTopa x'e; mojydaeM (Tak Kak

fi(z7 - ej) = '), uro

f(l"):f(ﬂfi'@):



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = {fl, 2., f”]
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

JokazareabcTBo. Ilycts f — Bexkrop uz V*. B cuiny Jinneii-
wHoctn yHKIwpn f s J1000ro BekTopa x'e; mojydaeM (Tak Kak

fi(z7 - ej) = '), uro

f(l"):f(ﬂfi'@):ﬂ?i'f(ei):



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = {fl, 2., f”]
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

JokazareabcTBo. Ilycts f — Bexkrop uz V*. B cuiny Jinneii-
wHoctn yHKIwpn f s J1000ro BekTopa x'e; mojydaeM (Tak Kak

fi(z7 - ej) = '), uro

f(as):f(a:i-ei):xi-f(ei):xl-f(61)+...+afn-f(en):



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = {fl, 2., f”]
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

JokazareabcTBo. Ilycts f — Bexkrop uz V*. B cuiny Jinneii-
wHoctn yHKIwpn f s J1000ro BekTopa x'e; mojydaeM (Tak Kak

fi(z7 - ej) = '), uro
f(as):f(a:i-ei):xi-f(ei):xl-f(61)+...+afn-f(en):
=ty +. 42y, =



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = {fl, 2., f”]
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

JokazareabcTBo. Ilycts f — Bexkrop uz V*. B cuiny Jinneii-
wHoctn yHKIwpn f s J1000ro BekTopa x'e; mojydaeM (Tak Kak

fi(z7 - ej) = '), uro
f(as):f(a:i-ei):xi-f(ei):xl-f(61)+...+afn-f(en):
=z oyt =S @)+ (@),



1V .4. Bzaumubliii 0a3uc

frlzter+ .. +ate,) = f' (¢lej) = . 2)

Teopema 2 (o szaumuom Gasuce). Cucmema sexmopos B* = {fl, 2
2de [ onpedeaenvr pasencmeom (2), asasemes bazucom cOnpsi-
HCEHHO020 NPOCMPAHCMEQ.

JokazareabcTBo. Ilycts f — Bexkrop uz V*. B cuiny Jinneii-

wHoctn yHKIwpn f s J1000ro BekTopa x'e; mojydaeM (Tak Kak
fi(z7 - ej) = '), uro

fla)y=f(2"e)=a"-fle)=a"fle))+...+2" f(e,) =
=zt oy 42y =g f @)+ (),

rie y; = f (e;), uro u TpeboBasioch JoKazaTh. 3HadnuT, B* — basuc mpo-
cTpaHcTBa V'*.

\
J



1V .4. Bzaumubliii 0a3uc

frzler+...+x"%,) = [ (ale;) = 2. (2)
Omnpenesienne 4. /aa 6asuca B ={ey,...,e,} cucmema dynryui
B* = {f1, f% ..., ["}, ede [ onpedeanromen coommowenuamu (2),

na3veaemes B3auMHBIM k b 6asucom.

| | ! .
B uwacrnocru, f'(e;) = 0; = { com 17 J>

0, ecou 1 =].



1V .4. Bzaumubliii 0a3uc

frzler+...+x"%,) = [ (ale;) = 2. (2)
Omnpenesienne 4. /aa 6asuca B ={ey,...,e,} cucmema dynryui
B* = {f1, f% ..., ["}, ede [ onpedeanromen coommowenuamu (2),

na3veaemes B3auMHBIM k b 6asucom.

B yacTHOCTH, PA3MEPHOCTH UCXOIHOIO 1 COIPSIZKEHHOI'O IIPOCTPAHCTBA,
pPaBHBI, CJIeJIOBATEILHO, OHU M30MOPQHBI. bojee Toro, KaKk MBI I1031HeEe
yBu M (CM. pasjient «otoxkjectsienne Vo ou V*») B eBK/IMIOBOM IIPO-
CTPAHCTBE MOYKHO OTOXKJIECTBUTH MCXOHOE IIPOCTPAHCTBO C COIIPSIZKEH-
HBIM C IIOMOIIbIO BEChbMa €CTECTBEHHOI'O IIPaBIIa.



IV.5. Teopema 00 m3mMeHeHnn B3anMHOI'O Oa3mca

TeopeMa 3 (06 U3MEeHEeHNH B3amMHOro 6asmuca). Hycmb b = {61, N en}
/ o
u B'={el,...,;e} — dsa basuca aunetrozo npocmpancmea V.,

B* = {fl,f2, . ,f”} uw B = {fl, f2, . ,f”} — COOMBEMCMBYUUE

saaummwie basucet. Toeda € = ale;, ecau u moavko ecau f' = bé.fj,
. o —1

7 _ 1
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L el f
HokazaresbcrBo. [lycrs f' = ¢} - f7. Torga
3 t t ‘ ot Y
G=f = f = f (o) =cidl-fe)=ci-al -0
3aMeTUM, 9TO
a -0l=a-0+.. . +a-1+... +a"-0=d
/05 = q . ta ... +al L

S _ .S t S _ S
Crenosarenbio, 67 = ¢ - ai. Ho sTo o3nauaer, 1rto ¢ = b (B cuty ojiHo-
3HATHOCTH 0bpaTHOi Marpuibl). Teopema joKazaHa.
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J

83auMHbLle ba3ducwv,. Tozda €. = a’e:. ecau u moavko ecau = b {7
7 Rl g )

7 _ 1
e (b,) = (ai,) "
Taxum obpaszoM, TIpu 1epexojie B JIpyroii basuc mpoctpancTsa Vo coot-
BETCTBYIOIIIE BEKTOPHI B3ANMHOTO Das3nca MEHSI0TCs 110 TPaBIITY, aHAJIO-

r’MYHOMY TE€H30PHOMY 3aKOHY JJIsl KOHTPpaBapuaHTHOI'O TEH30Pa, II0O9TOMY
NHIEKCBI Y BEKTOPOB B3aMMHOI'O Oa3nca Mbl [TUIIEM CBEPXY.



IV.6. Teopema o KkoBapuaHTHBIX KOOP/JIMHATAX

TeopeMa 4 (o KOBAapUAHTHBIX KOOP/IMHATAX). Hycmb V. — aunetnoe npo-
cmpancmeo, f — sexmop conpascennozo x V- npocmpancmea V*. Tozda
dynryua, xascdomy obasucy B npocmpancmea V- cmasawans 6 coomeem-
cmeue cmoabey, xoopdunam eexmopa f 6 basuce B*, szaummnom x basucy
b, asasemes KosapuarmmLLM MEHIOPOM NEPBO20 PAH2A.

Jloka3aTeJabCTBO.
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3aKOHA.
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! __ ] )
e; = aj - €;.
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y y Y,

06 m3MeHeHnUU B3auMHOro 6asuca noiyvaem f'=0;- f7.
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Nrak, nokazano f* =a; - f', oTky1a
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I/I S ZS 7 y
f=y- =y f'=yi-af.

CiieioBaTeILHO,
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N S A S |
f=y;- =y =y a; f.
CnenoBaTeibHO, 110 TeOpeMe 00 OJHO3HAYHOCTU PA3JIOXKEHUS BEK-

Topa 1o 0asucy yi = aj - y;, 4T0 n TpebOBAIOCH JIOKA3ATh.
Paccmorpers npumep?



IV.7. Onpenenenne TeH30p-BEKTOPA

Omnpenenenune 5. [lycmv V' — aunetinoe npocmpancmeo. Beaxud eex-
mop aunetinozo npocmpancmea Vi @ Vo ® ... ® V,., 2de posro k npo-
cmpancme Vi coenadaem ¢ V', a ocmasvnvie m wmyx npocmparcme
Vi cosnadarom ¢ V* (3deco m + k = 1), nazweaemesa menzop-6exmopom
PaH2Q T, M Pa3d KOSAPUAHMHLM U k Pa3 KOHMPaBapUaHMHbIM.
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V. CBs3b TeH30p-BeKTOpa ¢ TeH30p-pyHKIUed u
TEH30P-MaCCUBOM

[TycTb nana TeHzop-pyHKIMS paHra r, m pa3 KoBapuaHTHas U k pas
KOHTpaBapuanTHas. s ypolneHns gaJabHeHInero n3a0KeHusl, YIIopsi-
JO0Y9HUM MacCCHUB €ro KOopJAnHaT TakK, LITO6bI CHavaJla IEPEIUCIIATINCH BCE
BEPpXHUE, a IIOTOM — HHZKHHNE NHIEKCDLI.
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T _ it i !
T=T"""¢®¢€,®..0¢, Qf1®...0fm, (3)

rjie f' — BEeKTOpbI B3aMMHOTO Oasnca.



V. CBs3b TeH30p-BeKTOpa ¢ TeH30p-pyHKIUed u
TEH30P-MaCCUBOM
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11---tm
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IyCTh
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N o . .
T =T\ ¢®ep. . .0gofte...ofm 3)
rie f' — BEKTOPBI B3aMMHOIO Hasuca.

rak, Bcsikoil TeH30p-pYHKIIMU COOTBETCTBYET OJIHO3ZHAYHO OIIpe/ie-
JIEHHBIII TEH30P-BEKTOpP. DTO COOTBETCTBUE oOpaTumo. /[eiicTBUTE b
HO, TIyCThb JIaH TEeH30p-BeKTOp W3 mpocrpancTBa W (onpemeseHno-
ro HECKOJIbKUMU CTpPOKaMu paree). BosbMem MTpon3BoJibHBIT 6Haswuc
b = {ey,e9,...,e,} npocrpancrsa V. Emy nocrasum B coorBeTcTBHE Ha-
3UC



V. CBs3b TeH30p-BeKTOpa ¢ TeH30p-pyHKIUed u
TEH30P-MaCCUBOM

N o . .
T =T\ ¢®ep. . .0gofte...ofm 3)
rie f' — BEKTOPBI B3aMMHOIO Hasuca.

rak, Bcsikoil TeH30p-pYHKIIMU COOTBETCTBYET OJIHO3ZHAYHO OIIpe/ie-
JIEHHBIII TEH30P-BEKTOpP. DTO COOTBETCTBUE oOpaTumo. /[eiicTBUTE b
HO, TIyCThb JIaH TEeH30p-BeKTOp W3 mpocrpancTBa W (onpemeseHno-
ro HECKOJIbKUMU CTpPOKaMu paree). BosbMem MTpon3BoJibHBIT 6Haswuc
b = {ey,e9,...,e,} npocrpancrsa V. Emy nocrasum B coorBeTcTBHE Ha-
3UC

B={...6®e,®...0¢, @ ®... fm. ..}

nnpocrpancTBa W, riue f' — BeKTOpbI B3aMMHOI0 Oasuca.



V. CBs3b TeH30p-BeKTOpa ¢ TeH30p-pyHKIUed u
TEH30P-MaCCUBOM

H . . . .
—_ Il--Jk . . . (2 im
T=T/"" 0,0 .0c,0f10...0f" (3
rie f' — BeKTOpbl B3auMHOro Oasuca. BosbmeMm 1pousBoJIbHBIN Oa3uc
b = {e1, e9,...,e,} mpocrpancrea V. Emy nocrasum B cooTBeTcTBUE Ha-

3UC
— : : : i1 i
B={...,¢,0€¢,®...0¢, @f1@...f" ...}
i
npocrpancrBa W, rie f' — BeKTOPhI B3aUMHOI0 Hasuca.
Oyuknmsd, KaxkjoMmy Oasucy B nmpoctpancTa V' crassiias B cOOTBET-

CTBHME MaCCUB €ro KOOPJIMHAT B COOTBETCTBYIOIIEM Dasuce B, oueBuHO,
OyIeT MCKOMOII TeH30P-(DyHKINEI.



V. CBs3b TeH30p-BeKTOpa ¢ TeH30p-pyHKIUed u
TEH30P-MaCCUBOM

T J1--] i U
T=T"" ¢ ®e®. Qe @f1@...0fm (3)

11...9m
rie f' — BEKTOPBI B3aMMHOIO Hasuca.
Nrak, coorHorenue (3) ycraHaBINBAET B3AUMHO-OTHO3HATHOE COOT-
BETCTBUE MEXK]Yy TEH30P-(PYHKIUSIMHA 1 T€H30P-BEKTOPaM.
Paccmorpers npumep?



VI. Onepanum TeH30pHOI aJIredphnl
[lycts U — nunelinoe NpoCcTPaHCTBO PasMEPHOCTH N Ha/l mojieM K.



VI.1. Cymma TeH30pOB

[Tycrs Tersopul T n R MMEIOT 0JAMHAKOBOE CTPOEHHUE: Tj b ‘7’“ Rfll f g



VI.1. Cymma TeH30pOB
[Tycrn mensopet T' n R nmetor oaunaxosoe crpoenne: Ti J1- ‘7’“ RJ L j "
B tepMmHax TeH30p-QYHKINM: CyMMOM m pa3 %osapuaHmew: U k
a3 Koumpasapuarmmur mensopos T u R nasvweaemces Gynkuus, xastc-
domy baszucy B npocmpancmea V' cmasawas 6 coomeemcmeue Mac-
cu6 (Tfl”i‘”C + Rgl""?k), ede TV /% oy RIVR — womnonenwmo, coomeems-

cmeenno, mersopos T u R 6 basuce B.




VI.1. Cymma TeH30pOB
[Tycrn mensopet T' n R nmetor oaunaxosoe crpoenne: Ti J1- ‘7’“ RJ L j "
B tepMmHax TeH30p-QYHKINM: CyMMOM m pa3 %osapuaHmew: U k
a3 Koumpasapuarmmur mensopos T u R nasvweaemces Gynkuus, xastc-
domy baszucy B npocmpancmea V' cmasawas 6 coomeemcmeue Mac-
cu6 (Tfl”i‘”C + Rgl""?k), ede TV /% oy RIVR — womnonenwmo, coomeems-

cmeenno, mersopos T u R 6 basuce B.

Moxkno ckazaThb n Tak: cymmoil Tenzopon 1’ n R HasbiBaeTcd (HyHK-
musg 1T+ R, Kaxkjomy Oaszucy B crapdimiasi B COOTBETCTBHE MAaCCUB

(T+ R)(B)=T(B)+ R(B).



VI1.2. Teopema o cymme TeH30pPOB

TeopeMa 5% (o CyMMe TEH30pDOB). Cy,/\/LJ\/LCL men3opoe 00UHAK0601] Cmpywmuy-
pout AGAACTNCA TNEH3OPOM.

Jloka3aTeJabCTBO.



VI1.2. Teopema o cymme TeH30pPOB

TeopeMa 5% (o CyMMe TEH30pDOB). Cy,/\/LJ\/LCL men3opoe 00UHAK0601] Cmpywmuy-
pout AGAACTNCA TNEH3OPOM.

Jloka3aTeJabCTBO IPOBEINTE CAMOCTOATEIHLHO.
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TeopeMa 5% (o CyMMe TEH30pDOB). Cy,/\/LJ\/LCL men3opoe 00UHAK0601] Cmpywmuy-
pout AGAACTNCA TNEH3OPOM.

Jloka3aTeJabCTBO IPOBEINTE CAMOCTOATEIHLHO.

B TepMunax TeH30p-MaccuBa CyMMa TEH30pPOB — OOBIYHAS CyMMa, Mac-
CHBOB.




VI1.2. Teopema o cymme TeH30pPOB

TeopeMa 5% (o CyMMe TEH30pDOB). Cy,/\/LJ\/LCL men3opoe 00UHAK0601] Cmpywmuy-
pout AGAACTNCA TNEH3OPOM.

Jloka3aTeJabCTBO IPOBEINTE CAMOCTOATEIHLHO.

B TepMunax TeH30p-MaccuBa CyMMa TEH30pPOB — OOBIYHAS CyMMa, Mac-

CUBOB.
B TepMmunax TeH30p-BEKTOpa CyMMa TEH30pPOB — OObITHAas CyMMa, BEK-

TOPOB.



VI1.3. YMHO>KeHNe TeH30pa Ha CKaJIsap
B repmunax Tenzop-dyHKINN: Opou3BeaeHueM mensopa 1 na cxa-
AA4p A € K nasvieaemces pynkyua, xaxcdomy 6a3ucy cmasawas 6 coom-

6EMCMBUE MACCUE ()\ : szlliz,]f); 2de T — womnonenmo, mensopa T
6 basuce B.




VI1.3. YMHO>KeHNe TeH30pa Ha CKaJIsap

B repmunax Tenzop-dyHKINN: Opou3BeaeHueM mensopa 1 na cxa-
aap A € K wnasvieaemesn pynryua, xasrcdomy b6a3ucy cmasau,as 6 coom-
6EMCMEUE MACCUE ()\ : le”'jk), 2de 7}711#“ — Komnonernmo, mensopa I

11---Ym

6 basuce b.

OueBUIHO, YTO MPOU3BeAcHNE TeH30pa 1’ Ha CKaJIdp A dBJIsIeTCsA TEH-
30POM.



VI1.3. YMHO>KeHNe TeH30pa Ha CKaJIsap
B repmunax Tenzop-dyHKINN: Opou3BeaeHueM mensopa 1 na cxa-
AA4p A € K nasvieaemces pynkyua, xaxcdomy 6a3ucy cmasawas 6 coom-

6EMCMBUE MACCUE ()\ : ﬂjlll‘zr’f), 2de T — womnonenmo, mensopa T
6 basuce B.
OueBu/IHO, YTO NpousBejienne Tensopa T Ha CKalap A ABJIACTCA TeH-

30POM.
B TepMmunax TeHzop-mMaccuBa IoJiydaeM OOBITHOE MTPOU3BeJIeHNEe Mac-

CUBa Ha CKaJIsp.



VI1.3. YMHO>KeHNe TeH30pa Ha CKaJIsap
B repmunax Tenzop-dyHKINN: Opou3BeaeHueM mensopa 1 na cxa-

aap X € K nasvieaemen dynryua, xascdomy 6asucy cmasauas 6 coom-
6EMCMBUE MACCUE ()\ : ﬂjlll‘zr’f), 2de T — womnonenmo, mensopa T
6 basuce B.

OueBu/IHO, YTO NpousBejienne Tensopa T Ha CKalap A ABJIACTCA TeH-
30POM.

B TepMuHax TeH30p-MaccuBa MoJydaeM OOBIMHOE MPOU3BEICHHE MaC-

CUBa Ha CKaJIsp.
B TepMmHAaX TEH30P-BEKTOPa TaK 2Ke MOJIydaeTcs 0ObIYHOe ITPON3BeIe-

HUe BEKTOpa Ha CKaJsp.



VI1.4. IlepectanoBKa OJITHOTUITHBIX UHIEKCOB (TPAHCIIO-
HUPOBaHUeE )

B tepmunax maccuBos: nycmo zadan maccus T = (T, ;). Toeda mac-
CUB0OM, TPAHCIIOHUPOBAHHBIM K Maccusy 1T no p-my u q-my undexcam,

HA3BLEAETMCA MACCUB

Ttra — (TZ

1---Z'pfliqierl---iqflipqurlqurZ---im) .

B sToM onpejiesieHun HaC He MHTEPEcOoBaJso, Ha KaKOi BbICOTE HAXO/UT-
cst TOT WJIM WHOI MHJEKC (9TO BazKHO TOJIBKO JIjIst TEH30PHOTO 3aKOHA),
II03TOMY MbI BCE MHJ/ICKCBI [TMCAJIN BHUZY.



VI1.4. IlepectanoBKa OJITHOTUITHBIX UHIEKCOB (TPAHCIIO-
HUPOBaHUeE )

B tepmunax maccusos: nycmo sadan maccue T = (15, ;). Toeda mac-
CUB0OM, TPAHCIIOHUPOBAHHBIM K Maccusy 1T no p-my u q-my undexcam,
Ha3vleaemcAa maccue

Ttra — (TZ

1---Z'pfliqierl---iqflipqurlqurZ---im) .

B sTom onpejsesiennn Hac He MHTEPECOBAJIO, Ha KaKOil BHICOTE HAXOINT-
csl TOT WJIM MHOM WHJIEKC (9TO BayKHO TOJIBKO JIJIST TEH30PHOIO 3aKOHA),
MIO3TOMY MBI BCE MHJIEKCHI TUCAJT BHU3Y.

B repmunax renzop-dynkunun: TpancrmoarmpoBanuem mensopa 1’ no

P-MY U @-MY uHdekcam nazwsaemesa Gynrkyua, xarcdomy basucy B cma-
sawan 6 coomsememesue maccus Tr4(B).




VI1.4. IlepectanoBKa OJITHOTUITHBIX UHIEKCOB (TPAHCIIO-
HUPOBaHUeE )

Teopema 6. Ecau undexco, ¢ nomepamu p u q Aubo oba eeprnue, Aubo
oba HudtcHue, mo Gynryua, xasxcdomy dasucy b cmasawan 6 coomseem-

CMeue Maccus Ttpaq(B), ABAACNCA MEH30POM MOTL dHce CMPYKMYPLL, MO
u T,



VI1.4. IlepectanoBKa OJITHOTUITHBIX UHIEKCOB (TPAHCIIO-
HUPOBaHUeE )

Teopema 6. Ecau undexco, ¢ nomepamu p u q Aubo oba eeprnue, Aubo
oba HudtcHue, mo Gynryua, xasxcdomy dasucy b cmasawan 6 coomseem-

CMeue Maccus Ttpaq(B), ABAACNCA MEH30POM MOTL dHce CMPYKMYPLL, MO
u T,

Jloka3aTeJabCTBO IPOBEJINTE CAMOCTOATENHHO.,



VI1.4. IlepectanoBKa OJITHOTUITHBIX UHIEKCOB (TPAHCIIO-
HUPOBaHUeE )

Teopema 6. Ecau undexco, ¢ nomepamu p u q Aubo oba eeprnue, Aubo
oba HudtcHue, mo Gynryua, xasxcdomy dasucy b cmasawan 6 coomseem-
cmeue maccue T4(B), acasemes menzopom moti sice cCmpyxkmypol, 4mo
u T

Takum 00pas3oM, TPAHCIIOHUPOBAHUE CBOIUTCS K IIePeyHopsI0IeHn0
9JIEMEHTOB MaCCUBA, IIPHU ITOM, I10J1y4aeTCst, BOOOIIE FOBOPSI, IPYTIOil Mac-
cuB. BaxkHo, 9TO 1IpU 9TOM I110JIyHdaeTCs TEH30D TOT'O »Ke CTPOEHUs], YTO 1
HCXOJIHBIN, 9TO II03BOJISIET BBIUYKUC/IATH JUHEHHbIe KOMOMHAIINN C HCXO/I-
HBIM TEH30POM.



VI1.4. IlepectanoBKa OJITHOTUITHBIX UHIEKCOB (TPAHCIIO-
HUPOBaHUeE )

Teopema 6. Ecau undexco, ¢ nomepamu p u q Aubo oba eeprnue, Aubo
oba HudtcHue, mo Gynryua, xasxcdomy dasucy b cmasawan 6 coomseem-
cmeue maccue T4(B), acasemes menzopom moti sice cCmpyxkmypol, 4mo
u T

Takum 00pas3oM, TPAHCIIOHUPOBAHUE CBOIUTCS K IIePeyHopsI0IeHn0
9JIEMEHTOB MaCCUBA, IIPHU ITOM, I10J1y4aeTCst, BOOOIIE FOBOPSI, IPYTIOil Mac-
cuB. BaxkHo, 9TO 1IpU 9TOM I110JIyHdaeTCs TEH30D TOT'O »Ke CTPOEHUs], YTO 1
HCXOJIHBIN, 9TO II03BOJISIET BBIUYKUC/IATH JUHEHHbIe KOMOMHAIINN C HCXO/I-
HBIM TEH30POM.

B repMunax TeH30p-BeKTOpa TPAHCIOHUPOBAHUIO COOTBETCTBYET CHM-
METPUYHOE OTparKeHre OTHOCUTEJIbLHO HEKOTOPOM TIuiepIniockocTi. Bo
BCSIKOM CJIydae, IOJIy4aeTcsl BEKTOP TOT'O 2Ke IIPOCTPAHCTBA.



VI1.5. Tenzopnoe (BHellIHee) MPOU3BeeHIE TEH30POB
B repmmnax maccuson: [lycmo 1T = (Til...z'p> u R = (le_._jq) — Jsa

maccuea’. Tozda TeH30pHBIM IIpou3BejeHueM maccucos T u R na-
3bIBAETNCA MACCUB

(Qil...ipjl...jq) = (Til...z'p : Rj1---jq) '

2Ceifuac Hac He HMHTEpeCyeT, Ha KaKOIi BbICOTE HaXOAUTCA TOT MJIN HHOI MHIEKC <3TO BazKHO TOJIb-
KO J1JIdd TEH30PHOI'O ?,‘aKOHa)7 IIO3TOMY, q)OpMyJII/Ip}fH olpeJjesieHrue TOJIbKO JIJId MaCCHUBOB, Mbl BCE
NHIOEKCHhI ITUIIEeM BHU3Y.



VI1.5. Tenzopnoe (BHellIHee) MPOU3BeeHIE TEH30POB
B repmmnax maccuson: [lycmo 1T = (Til...z'p> u R = (le_._jq) — Jsa
maccusa. Toeda TeH30pHBIM IIpou3BedeHUEeM maccusos 1 u R na-

3bleaemcCcA Maccue

(Qil...ipjl...jq) = (Til...z'p : Rj1~--jq) '

B repmunax Tenzop-yHKINN: TEH30PHBIM IIPOU3BEIEHIEM MEH30-

——
pa T na menszop R nazvieaemes ynrkuyus T @ R, waorcdomy 6aszucy B
npocmparcmea V. cmasAawas 6 COOMBEMCMEUE MACCUB

(7@ R)(B) = (@) = (T miy)

20e (T.jl“‘.j’f) — T(B) u (Rsl'“sq) — R(B).



VI1.5. Tensopuoe (BHellIHee) TPpOU3BeJIeHNE TEH30POB

TeopeMa 7 (o TEH30PHOM IIPOU3BEJEHUU TEH30POB). TGHSOpHOB nPOUSGGaBHUG
meH30p06 ABAACTNCA TNEH3OPOM.

JloKa3aTeabCTBO.
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TeopeMa 7 (o TEH30PHOM IIPOU3BEJEHUU TEH30POB). TGHSOpHOB nPOUSGGaBHUG
meH30p06 ABAACTNCA TNEH3OPOM.

Jloka3aTeJabCTBO 0YEBHUIHO, IIPOBEIUTE €I0 CAMOCTOSATENHHO.



VI1.5. Tensopuoe (BHellIHee) TPpOU3BeJIeHNE TEH30POB

TeopeMa 7 (o TEH30PHOM IIPOU3BEJEHUU TEH30POB). T6H30pH0€ nPOUSGGaBHUG
meH30p06 ABAACTNCA TNEH3OPOM.

Jloka3aTeJabCTBO 0YEBHUIHO, IIPOBEIUTE €I0 CAMOCTOSATENHHO.

B TepMmunax TeH30p-BeKTOpa: TEH30PHBIM IIPOU3BEIeHIEM TEH30Pa
—

—
T u3 npocrpancrsa U na menzop R m3 npocrpancrsa V' nasbiBaeTcd
BekTOp 1T' ® R m3 nmpoctpanctBa U ® V.




VI1.5. Tensopuoe (BHellIHee) TPpOU3BeJIeHNE TEH30POB

TeopeMa 7 (0 TEH30PHOM IIPOU3BEJEHUU TEH30POB). TGHSOpHOB nPOUSGGaBHUG
meH30p06 ABAACTNCA TNEH3OPOM.

Jloka3aTeJabCTBO 0YEBHUIHO, IIPOBEIUTE €I0 CAMOCTOSATENHHO.

B TepMmunax TeH30p-BeKTOpa: TEH30PHBIM IIPOU3BEIeHIEM TEH30Pa
— —
T u3 npocrpancrsa U na menzop R m3 npocrpancrsa V' nasbiBaeTcd

BekTOp 1T' ® R m3 nmpoctpanctBa U ® V.

OueBUIHO, YTO PAHI TEH30PHOIO IIPOU3BEJICHUs] TEH30POB PaBEH CyMMe
3

paHroB COMHOXKUTEJIeH

Sec/id MbI IpuHUMaeM rpammarudeckoe mpasuwio (U@ V)W =U (VeW)=UV o W.



VI1.6. CBepThiBanue
Onpejiesieane MpuBeJIeM TOJIbBKO B TePMUHAX TEH30P-(DYHKINKT U Mac-
CHhBa.



VI1.6. CBepThiBanue
B repmunax maccusa: [Ifyemo T = (15, ;) — maccus. Toeda cBepT-

Kol maccusa T no p-my u q-my urdexcam, 20e p < q, HA3bIBALNCA MAC-
cus

n
(Rz'l...z'p_lz'pﬂ...iq_lz’qﬂ...z‘m) = E Til...ip_l Kipi1.ig1 kigitim
k=1



VI1.6. CBepThiBanue
B repmunax maccusa: [Ifyemo T = (15, ;) — maccus. Toeda cBepT-

Kol maccusa T no p-my u q-my urdexcam, 20e p < q, HA3bIBALNCA MAC-
cus

n
(Rz'l...z'p_lz'pﬂ...iq_l@'qﬂ...z‘m) = E Til...z'p_l Kipi1.ig1 kigitim
k=1

B repmunax renzop-dyukunn: [lycmo dan menzop T'. Qynxuus, xaorc-
domy basucy B npocmpancmea U cmasswas 6 coomsememeue maccue
J1---Jqg—1tpJq+1Jq+2---Jk
(T3,
]_...Zm

Upy Jq-

), Hazwveaemcs cBEPTKOM menzopa T no undexcam



VI1.6. CBepThiBanue
B repmunax maccusa: [Ifyemo T = (15, ;) — maccus. Toeda cBepT-

Kol maccusa T no p-my u q-my urdexcam, 20e p < q, HA3bIBALNCA MAC-
cus

n
(Rz'l...z'p_lz'pﬂ...iq_l@'qﬂ...z‘m) = E Til...z'p_l Kipi1.ig1 kigitim
k=1

B repmunax renzop-dyukunn: [lycmo dan menzop T'. Qynxuus, xaorc-

00,/\4@/ 6@3U0y B npocmparcmea U cmasAwaA 6 Coomeememaeue mMaccue
(TJI-~-]q—12p]q+1]q+2-~-3k‘

i

]_...Zm
Upy Jq-

I‘I&I—[OMHI/IM7 9TO 11O IIOBTOPAIOIIMUMCA NHACKCAM — B JJaHHOM CJIy4dae 110

), Hazwveaemcs cBEPTKOM menzopa T no undexcam

1p — BeJleTcd CyMMUPOBaHUe.



VI1.6. CBepThiBanue
B repmunax maccusa: [Ifyemo T = (15, ;) — maccus. Toeda cBepT-
KO maccusa T no p-my u q-my undexcam, 20e p < ¢, HA3HIBACMNCA MAC-

cuB
n

(Rz'l...z'p_lz'pﬂ...iq_l@'qﬂ...z‘m) = E Til...z'p_l Kipi1.ig1 kigitim
k=1

B repmunax renzop-dyukunn: [lycmo dan menzop T'. Qynxuus, xaorc-

00,/\4y 6a3ucy b npocmparcmaed U CMABAWAA 6 COOMBEMCMBUE MACCUB
J1--Jg—1tpJg+1Jq+2---]
(TZ Jq—1'pJq+1Jq+ k:)
]_...Zm
Zp, ]q'

Takum O6paBOM7 CBEpTKa TEH30pa COMHOCTABJIACT KayKIOMY 6aSI/Icy

, Ha3vieaemcs CBePTKOM mewnsopa 1T no undexcam

CBEPTKY 3HAUYEHUs 9TOI0 TEH30pa Ha 3TOM Oa3muce IO COOTBETCTBYIOIMIUM
nHjgexkcaM. IIpm 9ToM MHAEKCHI, 110 KOTOPHIM IPOBOJNTCS CBEPTLHIBAHUE
TeH30pa, JOJZKHBI HAXO[IUTHCS Ha, Pa3Hoil BLICOTE.



VI1.6. CBepThiBanue

TeopeMa 8 (o CBEpPTKE TE€H30POB). Ceepmm men3opoe (TLO Pa3HOBbICORUM
undexcam!) aasemes menzopom.

Jloka3aTeJabCTBO.
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g
Mepe Tenszopa 1 ik DI€ CBEPTKa BEJIETCS 110 MHEKCAM P, k. Urax,
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TeopeMa 8 (o CBEpPTKE TE€H30POB). Ceepm%a men3opoe (TLO Pa3HOBbICORUM
undexcam!) aasemes menzopom.

Jloka3zaTeJabCTBO CTaHAAPTHOE, MBI MPOUIIOCTPUPYEM €ro Ha MPH-

g
Mepe Tenszopa 1 ik DI€ CBEPTKa BEJIETCS 110 MHEKCAM P, k. Urax,
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VI1.6. CBepThiBanue

TeopeMa 8 (o CBEpPTKE TE€H30POB). Ceepm%a men3opoe (TLO Pa3HOBbICORUM
undexcam!) aasemes menzopom.

Jloka3zaTeJabCTBO CTaHAAPTHOE, MBI MPOUIIOCTPUPYEM €ro Ha MPH-

g
Mepe Tenszopa 1 ik DI€ CBEPTKa BEJIETCS 110 MHEKCAM P, k. Urax,



VI1.6. CBepThiBanue

TeopeMa 8 (o CBEpPTKE TE€H30POB). Ceepm%a men3opoe (TLO Pa3HOBbICORUM
undexcam!) aasemes menzopom.

Jloka3zaTeJabCTBO CTaHAAPTHOE, MBI MPOUIIOCTPUPYEM €ro Ha MPH-

Mepe Temsopa 175 ik DI€ CBEPTKa BEJIETCS 110 MHEKCAM P, k. Urax,
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VI1.6. CBepThiBanue

TeopeMa 8 (o CBEpPTKE TE€H30POB). Ceepm%a men3opoe (TLO Pa3HOBbICORUM
undexcam!) aasemes menzopom.

Jloka3zaTeJabCTBO CTaHAAPTHOE, MBI MPOUIIOCTPUPYEM €ro Ha MPH-

Mepe Temsopa 175 ik DI€ CBEPTKa BEJIETCS 110 MHEKCAM P, k. Urax,
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undexcam!) aasemes menzopom.

Jloka3zaTeJabCTBO CTaHAAPTHOE, MBI MPOUIIOCTPUPYEM €ro Ha MPH-

Mepe Temsopa 175 ik DI€ CBEPTKa BEJIETCS 110 MHEKCAM P, k. Urax,

RL=TF =al al-al b0 -b] T3, =al-a) bf 6 T

1Jp J p uvw uww

. vigrmst
—aiabTws—



VI1.6. CBepThiBanue

TeopeMa 8 (o CBEpPTKE TE€H30POB). Ceepm%a men3opoe (TLO Pa3HOBbICORUM
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VI1.6. CBepThiBanue

TeopeMa 8 (o CBEpPTKE TE€H30POB). Ceepm%a men3opoe (TLO Pa3HOBbICORUM
undexcam!) aasemes menzopom.

Jloka3zaTeJabCTBO CTaHAAPTHOE, MBI MPOUIIOCTPUPYEM €ro Ha MPH-

Mepe Temsopa 175 ik DI€ CBEPTKa BEJIETCS 110 MHEKCAM P, k. Urax,
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YTO U TPeOOBAJIOCH JI0KA3aTD.



VI1.6. CBepThiBanue

TeopeMa 8 (o CBEpPTKE TE€H30POB). Ceepm%a men3opoe (TLO Pa3HOBbICORUM
undexcam!) aasemes menzopom.

3aMeTuM, 9TO, BO-TIEPBBIX, CBEPTKA ITPOBOJNTCS 110 PA3HOBBICOKNM MH-
JIeKcaM, MHade He IOJIydu/ics Obl TEH30DP, U BO-BTOPBIX, paHI' CBEPTKHU
paBeH 1 — 2, IJle 7 — PaHI' KUCXOJIHOI'O TEH30pA.



VI1.6. CBepThiBanue

TeopeMa 8 (o CBEpPTKE TE€H30POB). Ceepm%a men3opoe (TLO Pa3HOBbICORUM
undexcam!) aasemes menzopom.

3aMeTuM, 9TO, BO-IIePBbLIX, CBEPTKA IIPOBOJIUTCS 110 PA3HOBBICOKIM IH-
JIeKcaM, MHade He IOJIydu/ics Obl TEH30DP, U BO-BTOPBIX, paHI' CBEPTKHU
paBeH r — 2, IJle 7 — paHI' UCXOJIHOI'0 TeH30pa.

B kauecrBe mpumepa cBEePTKH MOXKHO NPUBECTU CJe]] JIMTHEHHOIO OIle-
paTopa, paBHBII Cjejly ero Marpullbl B KaKoMm Jubo Oasuce: tr [ = L.
DTO, OYEBHUJIHO, CBepTKa. PaHI MCXOJHOI0O TeH30pa OblLI paBeH 2, cjie-
JIoBaTeIbHO, paHr ero cBepTKH papeH (. B gacTHOoCTH, cien oneparopa
BO Bcex Dasucax oJMHaKOBBIN. JloKasaTreabcTBO 3TOro (pakTa B JIMHEHHOI
ajirebpe TMPOBO/IIIOCH TOTHO Tak 7Ke (¢ TOUHOCTBIO J10 0603HAUeHNIT ), KaK
1 JI0Ka3aTeIbCTBO IPEIbLAYIIEHl TeOpEeMbI.



VI1.7. BHyTpeHHee npou3Bej/ieHNEe TEH30POB

DTO CYNEePIO3UIIST TEH30PHOT'O IPOU3BEACHNUs U cBepTKH. 10 ecTh cHa-
daJla BBIYUCJ/IACTCA TEH30PHOE IIPOMU3BEACHUE, a IIOTOM IIPOU3BOANTCA
CBEPTKa 110 Pa3sHOBBICOKMM HHJ/ICKCaM, B3ATbBIM U3 Pa3HbIX COMHOZKHNTE-
sefi. [TosToMy npu BHyTpeHHEM INPOU3BEIEHNN HaJl0 YKa3bIBATh, 10 Ka-
KM MH/IEKCaM ITPOBOJUTCA CBEPTbIBAHUE.



VI1.7. BHyTpeHHee npou3Bej/ieHNEe TEH30POB
[IpuMmepnb! IpuMeHeHns] BHYTPEHHEr0 TPOM3BECHNUS.

1. Sadukcupyem BeKTOp X U JimHelHbII orepaTop L. Kaxkomy dasucy
IIOCTABMM B COOTBETCTBHE CTOJIOEI] KOOpnHaT BeKTopa L(x) B 9TOM
bazuce. DTOT TEH30D MOXKHO 3allMCAThL B BUJIE BHYTPEHHErO [IPOU3Be-
nenust rerzopoB. Ilycte B = {eq, €9, ..., €,} — 6azuc npocrpancrsa
U, x=21a""¢, Lx)=y=19y"-e. Torna

y ej=y=Lx)=L(z" - ¢)=a"L(e) =1L e,
J i S o R
rje <L2> — Mmarpulla oriepatopa L B 6azuce b. Ilosromy v/ = Ly - 2,

YTO U TPebOBAJIOCH JOKA3aTh.



VI1.7. BHyTpeHHee npou3Bej/ieHNEe TEH30POB
[IpuMmepnb! IpuMeHeHns] BHYTPEHHEr0 TPOM3BECHNUS.

1. Sadukcupyem BEKTOp X U JIMHEHHBII orlepaTop L. Kaxxiomy 0asucy
HOCTABHM B COOTBETCTBHE CTOJIGEI] KOOPAMHAT BekTopa L(z) B 9TOM
bazuce. DTOT TEH30D MOXKHO 3allMCATh B BUJIE BHYTPEHHErO IPOU3Be-
nenust rerzopoB. Ilycte B = {eq, €9, ..., €,} — Gazuc npocrpancraa
U z=a-e, Lx) =y =1y -e. Torma

yj-ej:y:[:(a:):[:(xi-ei):xi-ﬁ(ei):xi-L‘g-ej,

rie (LZ ) — Mmarpunia oreparopa L B 6azuce B. Tlosromy 3/ = L7 - 2,
YTO U TPeOOBAJIOCH JOKA3aTh.

2. BHadyeHue OWIMHENRHON (opMbI Ha (DUKCUPOBAHHLIX BEKTOPaX T, Y.
HeficTBUTENBHO,

Fz,y)=F (2 e,y -¢j) =" -y - Fes,e5) =’ -y - Fy,

4TO U TPeOOBAJIOCH JOKA3ATh.



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)

Teopema 9 (o6paTHLII7I TEH30PHBII MPU3HAK, IIPABUJIO0 YACTHOTO). 1T ycms gﬁy%%—
wus T nepesodum mmHootcecmeo 0a3uco8 6 MHOHCECNBO MACCU-
606  (T(i1, . lmyJ1y-- s JksPly-- -3 Pss Qs -5 Gt))  (30ecv  undexco
ihy Jh, Phy Qn Mpobezarom 3uaverus om 1 do n). Eeau T maxosa, wmo
ons 1106020 menzopa RPY-Psh-Pv dhunmonyus, xvaorcdomy 6asucy B cmasa-

qi---qgtr1---Tu
waA 6 Ccoomeemcmeue Maccue INEMEHIMOB suda

Jr-Jghihe
Q Zm’r‘l — (4)
o : . : D1...pshi...h
_T(Zla"'7Zm7]17"'7]kap17'°'7p87Q17"°7Qt) R 1 qtsrll Tuv

ACNAACITNCA TMEH3OPOM, O T maxotce asasemcs MeH30POM CMPYRIMYPdvl

sz1 {::;;Z)’jgizgi (6 pasencmee (/) 6 npasot wacmu cmoam 3HAUEHUA PYHKUUL

T u R 6 6asuce B).

JloKka3aTebCTBO.



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)

JlokazaTeabcTBO. B o0iieM ciydae oueHb IPOMO3/IKOE, T09TOMY Mbl
[IPONJIJIIOCTPUPYEM €I'0 OCHOBHYIO NJIE€I0 B 9aCTHOM CJIydae€, KOI'la paBEH-
cTBO (4) umeer BHI:

Qﬂ — T(Zaja k) ) RZZ



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)

HokazareancTBo pasencrsa Q' = T'(i, 5, k) - RY.

[Tepeiinem B apyroii 6azuc B'. Mmeem: QI = T'(i, 7, k) - Rfj



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HoxkazaTenbcTBo pasencrsa Q) = T'(4, j,k:) - RIl. N
[Tepeityiem B apyroii 6azuc B'. Umeem: Q' = T"(i, j,k) - RY. B cuy
TEH30PHOro 3aKoHa (1o ycaosuio () u R — TeH30pbI), MOy daeM:



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HoxkazaTenbcTBo pasencrsa Q) = T'(4, j,k:) - RIl. N
[Tepeityiem B apyroii 6azuc B'. Umeem: Q' = T"(i, j,k) - RY. B cuy
TEH30PHOro 3aKoHa (1o ycaosuio () u R — TeH30pbI), MOy daeM:

T'(i,5,k) - Rl = Q" =



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HoxkazaTenbcTBo pasencrsa Q) = T'(4, j,k:) - RIl. N
[Tepeityiem B apyroii 6azuc B'. Umeem: Q' = T"(i, j,k) - RY. B cuy
TEH30PHOro 3aKoHa (1o ycaosuio () u R — TeH30pbI), MOy daeM:

T/(i,], ) Rlz le bl Qst



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HoxkazaTenbcTBo pasencrsa Q) = T'(4, j,k:) - RIl. N
[Tepeityiem B apyroii 6azuc B'. Umeem: Q' = T"(i, j,k) - RY. B cuy
TeH30pHOro 3akona (o ycaosuio QQ u R — TeHSOpbl), TTOJTY TaEM:

T'(i, 5, k) - RE = Q"' =0 -bL-Q* = b - bl - T(u,s,v)- RI" =



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HoxkazaTenbcTBo pasencrsa Q) = T'(4, j,k:) - RIl. N
[Tepeityiem B apyroii 6azuc B'. Umeem: Q' = T"(i, j,k) - RY. B cuy
TeH30pHOro 3akona (o ycaosuio QQ u R — TeHSOpbl), TTOJTY TaEM:

T'(i,j, k) - Rif = Q"' = b) - b, - Q" =b] - bj - T(u,s,v) - R\ =
= b b -T(u,s,v) 0 -ad -aﬁ-RgT:

v q



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HoxkazaTenbcTBo pasencrsa Q) = T'(4, j,k:) - RIl. N
[Tepeityiem B apyroii 6azuc B'. Umeem: Q' = T"(i, j,k) - RY. B cuy
TeH30pHOro 3akona (o ycaosuio QQ u R — TeHSOpbl), TTOJTY TaEM:

T'(i,j k) - Ry = Q" = bl - b, - Q" = bl - b, - T(u,5,0) - R =
:bg.bi.T(u787/U).bp.a/ .au.RqT:bj.bp-a,u-T(’u,7S,/U)'RZZQT,

v q r D s v r



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HoxkazaTenbcTBo pasencrsa Q) = T'(4, j,k:) - RIl. N
[Tepeityiem B apyroii 6azuc B'. Umeem: Q' = T"(i, j,k) - RY. B cuy
TeH30pHOro 3akona (o ycaosuio QQ u R — TeHSOpr), TOJTY IAEM:

T'(i,j k) - Ry = Q" = bl - b, - Q" = bl - b, - T(u,5,0) - R =
:bg'bwlﬁ'T(ua‘SvU)'bg'af]'a;L'Rgr:b{;'bg'a}f'T(u’S’v).RZ’

100 bi : ag = 5é (Kpome TOro, Mbl 3alucajil TeH30PHbI 3aKOH «HA000-
/
poty, s nepexosia 13 B 8 BY).



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HokazareancTBo pasencrsa Q' = T'(i, 5, k) - RY.

T'(i,j,k)- Ry =bl -0 - a - T(u,s,v) - RY.

r

BabukcupyeM MPpOu3BOJIBLHYIO TPOHKY HATYPATBHBIX YHCEJI, HE TPEBOC-
xomstx ;- (f, g, h).



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HokazareancTBo pasencrsa Q' = T'(i, 5, k) - RY.

T'(i,j,k)- Ry =bl -0 - a - T(u,s,v) - RY.

v r
BadukcupyeM IPOU3BOILHYIO TPORKY HATYPAJIbHLIX YUCEI, He [IPEBOC-
/ /
xopsmux n: - (f, g, h). Oupenenum B 6asuce B’ Tenzop-maccus R]lf pa-

BUJIOM: BCE €r0 KOMIIOHEHTHI paBHbI (), KpoMe OJIHOi, & UMEHHO, Rﬁg =1
(MOZKHO OBLIO 3anucaTh KOpode:



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HokazareancTBo pasencrsa Q' = T'(i, 5, k) - RY.

T'(i,j,k)- Ry =bl -0 - a - T(u,s,v) - RY.

v r
BadukcupyeM IPOU3BOILHYIO TPORKY HATYPAJIbHLIX YUCEI, He [IPEBOC-
/ /
xopsmux n: - (f, g, h). Oupenenum B 6asuce B’ Tenzop-maccus R]lf pa-

BILJIOM: BCE €0 KOMIIOHEHTBI PaBHbI (), KpoMe OJIHOI, a mMenHo, RiY = 1
(MozKHO GbLI0 3amucaTh Kopode: R = 5} 67 - 0)"). Tora

Tl@aj; k) ) Rli - T/(g7j7 h) -



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HokazareancTBo pasencrsa Q' = T'(i, 5, k) - RY.

T'(i,j,k)- Ry =bl -0 - a - T(u,s,v) - RY.

v r
BadukcupyeM IPOU3BOILHYIO TPORKY HATYPAJIbHLIX YUCEI, He [IPEBOC-
/ /
xopsmux n: - (f, g, h). Oupenenum B 6asuce B’ Tenzop-maccus R]lf pa-

BILJIOM: BCE €0 KOMIIOHEHTBI PaBHbI (), KpoMe OJIHOI, a mMenHo, RiY = 1
(MozKHO GbLI0 3amucaTh Kopode: R = 5} 67 - 0)"). Tora

T/(iaja k) ) Rli - T/(g7j7 h) - b‘; ’ bz ' CLZ ) T(U,S,U).



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HokazareancTBo pasencrsa Q' = T'(i, 5, k) - RY.

T'(i,j,k)- Ry =bl -0 - a - T(u,s,v) - RY.

v r
BadukcupyeM IPOU3BOILHYIO TPORKY HATYPAJIbHLIX YUCEI, He [IPEBOC-
/ /
xopsmux n: - (f, g, h). Oupenenum B 6asuce B’ Tenzop-maccus R]lf pa-

BILJIOM: BCE €0 KOMIIOHEHTBI PaBHbI (), KpoMe OJIHOI, a mMenHo, RiY = 1
(MozKHO GbLI0 3amucaTh Kopode: R = 5} 67 - 0)"). Tora

T/(iaja k) ) Rli - T/(g7j7 h) - b‘; ’ bz ' CLZ ) T(U,S,U).

Taxum obpazom, Ji/1st TAKOTro BeIOOPa TeH30pa K nMeeM BBIIOJIHEHIE TeH-
30pHOTO 3aKoHa Jijist KoMmioueHnt 1'(g, j, h) 1o Bcem j.



VI1.8. Ob6paTHblii TeH30pHBIi TPU3HAK (TPABUIO YaCT-
HOTO)
HokazareancTBo pasencrsa Q' = T'(i, 5, k) - RY.

T'(i,j,k)- Ry =b0 -0 - a - T(u,s,v) - RY.

r

BaduKcupyem IPOU3BOJILHYIO TPOIHKY HATYPAJbHBIX YUCE, HE IIPEBOC-
/ /
xopsmux n: - (f, g, h). Oupenenum B 6asuce B’ renzop-maccus R]lf npa-

BILJIOM: BCE €0 KOMIIOHEHTBI PaBHbI (), KpoMe OJIHOI, a uMenHo, RIY = 1
(MozKHO GbLI0 3amucaTh Kopode: R = 59 - 67 - 0)"). Torja

T'(i,j,k) - R =T'(g.3.h) =0, - b - a" - T(u, s,v).

Taxum obpas3oM, JIJIsI TAKOrO BbIOOpa TeH3opa ;X mMeeM BBIIIOJIHEHUE TeH-
30pHOr0 3aKoHa Jjiyist KomionenT 1'(g, j, h) o Beem j. Ho wabop (f, g, h)
BBLIOMPAJICS TPON3BOJILHO. [109TOMY TEeH30pHBII 3aKOH IIPH ITepexoie B Oa-
suc B’ g dyuxiuu T BelnosnseTcs i BeeX ee KOMIIOHEeHT. Teopema
JIOKa3aHa.



VII. HekoTopble BUAbI TEH30POB BTOPOI'0 PaHIa



VII.1. CmenanHble TEH30PbI

1. Oyuknua T (B) = ([U;), cTaBsIas Kaxk/JoMy 0asucy IpocTpancTBa

U B cooTBeTCTBUE MACCUB A (5}), ABJISETCA, KAK HETPY/HO ITPOBEPUTh,
TEH30POM. DTOT TEH30D Ha3bIBACTCs IMAPOBBIM TE€H30POM.



VII.1. CmenanHble TEH30PbI

1. Oyuknua T (B) = ([U;), cTaBsIas Kaxk/JoMy 0asucy IpocTpancTBa
U B cooTBeTCTBUE MACCHB A (5;), SIBJISIETCST, KaK HETPYJIHO [IPOBEPUTD,

TEH30POM. DTOT TEH30P Ha3bIBaCTCA IIAPOBbIM TEH30POM.

2. CMeIaHHblil TEH30p BTOPOro panra’ [) HasblBaeTcs JeBUATOPOM
TorJla U TOJILKO Torjla, KOI'jia ero ceeprka pasHa (.

4TO eCTh OJIUH Pa3 KOBApUAHTHBII, OJIMH pa3 KOHTPaBapUaHTHIN



VII.1. CmenanHble TEH30PbI

1. Oyuknua T (B) = ([U;), cTaBsIas Kaxk/JoMy 0asucy IpocTpancTBa
U B cooTBeTCTBUE MACCHB A (5;), SIBJISIETCST, KaK HETPYJIHO [IPOBEPUTD,

TEH30POM. DTOT TEH30P Ha3bIBaCTCA IIAPOBbIM TEH30POM.

2. CMmemaHHabIil TeH30p BTOPOro panra [) Ha3bBaeTcs A€BUATOPOM TO-
12 1 TOJILKO TOIJIa, KOorjla ero cBepTKa pasHa 0.

CBepTKa TeH30pa BTOPOro panra — 3TO TEH30p HYJIEBOI'O PaHra, TO eCTb
KOHCTAaHTa. JTa KOHCTAHTA HE 3aBUCUT OT Oasnca (MOCKOJBKY TEH30D-
HBIII 3aKOH JIIsT Hee BBIpOxKaercs). CrieloBaTe/IbHO, I TOrO, YTOObI
CMEIIaHHBII TeH30P OBbLI JIEBHATOPOM HEOOXOIUMO M JIOCTATOYHO, ITOObLI
X0Tsl ObI B OJIHOM U3 6a3UCOB IPOCTPAaHCTBa V' cilej] MaTPUIIb, SIBJISIO-
mefics 3HaYeHneM TeH30pa B 9TOM Oazuce, ObLI HYJIEBBIM. B 9TOM ciydae
cJe]; J1000ro 13 3HAYCHHI 9TOTO TeH30pa — HYJIEBOIL.



VII.2. OHopo/iHble TeH30pbI (ABaXK/Ibl KO- UJIHA JIBa-
YK JIbl KOHTPaBapuaHTHbIE)

1. Tenzop” S* (coorsercrBeHHO, S;;) HA3BIBAETCS CAMMETPUYHBIM, €C-
N B HEKOTOPOM Oasrce B ero KOMIIOHEHTHI CBsI3aHbI COOTHOIIEHUSIMU
S = 57" (coorBercTBennO, S;; = Sji) JyIs BCEX 1, j.

sUmeercs B Bugy dynxuus S () = (SY).



VII.2. OHopo/iHble TeH30pbI (ABaXK/Ibl KO- UJIHA JIBa-
YK JIbl KOHTPaBapuaHTHbIE)

1. Tenzop S (coorBercrBeHHO, S;;) HA3bIBAETCS CUMMETPHYIHBIM, €C-
N B HEKOTOPOM Oasrce B ero KOMIIOHEHTHI CBsI3aHbI COOTHOIIEHUSIMU
S = 57" (coorBercTBennO, S;; = Sji) JUIst BCEX 1, j.

2. Tensop A" (coorsercrBenno, A;;) Ha3blBaeTCs aHTUCHUMMETPUY-
HBIM, ec/IiI MaTpHIla ero KOOpJMHAT B HeKOTopoMm Oasuce B — ko-
cocummeTpudHast, To ectb AY = — AJ' (coorsercrBento, A;; = —Aj;)
JIIs1 BCeX 1, J.



VII.3. Kpurepunii cuMMeTPUIHOCTI TEH30PA

Jlemma 1 (KpI/ITepI/Iﬁ CUMMETPUYHOCTU TEH30DA). TGHSO]??)L P(B) = (Pz ) U
PB) = (Q”) ABAANWMCA CUMMEMPUYHLLMU Mo20a U MoAbKo mozda,

K020a Maccuevl UT KoopouHAm AGAIOMCA CUMMEMPULHOIMU 6 A000M
basuce.




VII.4. Kpurepuii aHTUCUMMETPUYHOCTH TE€H30pPa

Jlemma 2 (KpI/ITepI/Iﬁ AHTUCUMMETPUYHOCTU TEH30PA). TGHSO]??)L P (B) = (Pz )
U P(B) = (QZ]) ACAANOMNCA AHTNUCUMMEMPUYHDIMU mo2da U MoAbKO

mozda, K020a Maccusvl UL KOOPOUHAM ABAAOMCA AHMUCUMMEMPULHDI-
MU 8 A0bom ba3uce.



CieoBaTe/IbHO, IPUBEJIEHHDbIE BbIIIE IIOHATUSI 00J1aJ1al0T OJHUM BayK-
HBIM KaueCcTBOM — HaJIMUMe WM OTCYTCTBUE Yy TEH30pa JH00r0 U3 ITUX
CBOMCTB MOYKHO YCTAQHOBHUTH 110 KOHKPETHOMY TEH30P-MaccuBy. B dact-
HOCTH, €C/II B KAKOM-TO 0a3uce MacCUB KOOPAMHAT TEH30pa HE ABJIACTCS
CUMMETPUYHBIM WIM AaHTUCHMMETPUYIHBIM, TO HET HEOOXOIMMOCTH IIPOBe-
PATb CUMMETPUYHOCTD WJIM, COOTBETCTBEHHO, aHTUCUMMETPUIHOCTD 3TO-
I'0 TEH30pa HI B KAKOM JIPYIOM Oasmuce.



Onpejiesienng CUMMETPUIHOIO ¥ AHTUCHMMETPUUIHONO TEH30pa MOYKHO
_ ij

0006IUTH Jjist TeH30pa Jitoboro panra. Hanpumep, maccus T' () = (qurt)

SIBJISICTCSl CAMMETPUYHBIM 110 MHJEKCAM p, T TOIJla 1 TOJILKO TOIJIA,

ij g
Korya Ly =Tt



OnpejiesieHust CUMMETPUYHOIO ¥ aHTUCUMMETPUUHOI'O TEH30pa MOXKHO

_ ij
0006IUTH Jjist TeH30pa Jitoboro panra. Hanpumep, maccus T' () = (qurt)
SIBJISIETCS CUMMETPUYHBIM IO MHJEKCAaM p, T TOIJla U TOJLKO TOIJIA,
korma T , = T

pal pqrt — “rgpt:
Takoil Maccup sBJIsleTCs AHTUCUMMETPUYHBIM II0 MHAEKCaM p,t

o iy
TOrJla 1 TOJIbKO Torja, Korja 1, = =T,



OnpejiesieHust CUMMETPUYHOIO ¥ aHTUCUMMETPUUHOI'O TEH30pa MOXKHO

0006IUTH Jjist TeH30pa Jitoboro panra. Hanpumep, maccus T' () = (T;grt)

ABJIAECTCA CUMMETPUYHBbIM 110 MHAEKCaM p, T TOI'Ia U TOJILKO TOI'/la,

ij g
Korya Ly =Tt
Takoil Maccup siBjsIeTCsl AaHTUCUMMETPUYHLIM MO HMHJIEKcaM p,t
TOIJIA ¥ TOJILKO Tora. Korna T = —T%
rZL ,ZL ) rﬂ; pqrt - tqrp'

TeH30p sB/IICTCSI CAMMETPUYHBIM (COOTBETCTBEHHO, AaHTUCUMMET-
PUYHBIM) 10 JJAHHO Tape MHIAEKCOB TOIJa U TOJBKO TOT/Ia, KOIJIa B
HEKOTOPOM 0a3rce MacCoB ero KOMIIOHEHT CUMMeTpPUIeH (COOTBETCTBEH-
HO, AaHTHCHMMETPUIEH) 110 9TOi ape nHjaekcoB. OUeBrIHO, 9TO CHMMeT-
PUYHOCTH TE€H30Pa 110 JJaHHOI 1mape MHJIEKCOB O3HaYaeT CUMMETPUYHOCTh
MaCCHBa €ro KOMIIOHEHT 110 9TOi 1ape MHJEKCOB 6 Atobom bazuce. Cuty-
alys ¢ aHTUCUMMETPUYHBIM TEH30POM aHaJIOTMYHAaA.



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT

MeH30P 8MOP020 PaH20 NPEICMABUM 6 BUJe CYMMDL WAPOB020 MEH3OPG
u desuamopa.

JloKka3aTebCTBO.



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT

MeH30P 8MOP020 PaH20 NPEICMABUM 6 BUJe CYMMDL WAPOB020 MEH3OPG
u desuamopa.

okazaresbcrBo. Ilycrs sanan rensop T' ¢ Komnonenramu 17 B Oa-
3uce B.



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT
meH30p 61Mopoeo parHea npedcmaeu,/w 6 sude CYMMDBL WAPO6020 TMEH30PA
u desuamopa.

okazaresbcrBo. [Tycrs saan rensop 1’ ¢ komnonentamu 15 B 6asu-
ce B. Mu1 dbakTndecku jgajgum GoOpMysTy JiJist BRITUCIECHNS COOTBETCTBY-
IOIIETo MapoBOr0 TEH30pa U JIEBUATOPA.



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT

MeH30P 8MOP020 PaH20 NPEICMABUM 6 BUJe CYMMDL WAPOB020 MEH3OPG
u desuamopa.

JlokazaTeabcTBO. [lycTh 3a1an Ten3op 7' ¢ KOMIIOHEHTaMU TZ B Oa-

suce B. Tlonoxum Iy = X - 65, vpe A =T} /n, D! = T! — III,.



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT
meH30p 61Mopoeo parHea npedcmaeu,/w 6 sude CYMMDBL WAPO6020 TMEH30PA
u desuamopa.

JlokazaTeabcTBO. [lycTh 3a1an Ten3op 7' ¢ KOMIIOHEHTaMU TZ B Oa-

suce B. Tlonoxum Iy = X - 65, vpe A =T} /n, D! = T! — III,.

. j
OcTaJioch JIHIIb HPOBEPUTH, YITO D’ — nesunatop. [l sToro naiijem

ero cBeptky (31ecp n = dim U):



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT
meH30p 61Mopoeo parHea npedcmaeu,/w 6 sude CYMMDBL WAPO6020 TMEH30PA
u desuamopa.

JlokazaTeabcTBO. [lycTh 3a1an Ten3op 7' ¢ KOMIIOHEHTaMU TZ B Oa-

suce B. Tlonoxum Iy = X - 65, vpe A =T} /n, D! = T! — III,.

. j
OcTaJioch JIHIIb HPOBEPUTH, YITO D’ — nesunatop. [l sToro naiijem
ero cBeptky (31ecp n = dim U):
D =

]



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT
meH30p 61Mopoeo parHea npedcmaeu,/w 6 sude CYMMDBL WAPO6020 TMEH30PA
u desuamopa.

JlokazaTeabcTBO. [lycTh 3a1an Ten3op 7' ¢ KOMIIOHEHTaMU TZ B Oa-

suce B. Tlonoxum Iy = X - 65, vpe A =T} /n, D! = T! — III,.
OcTaJioch JIHIIb HPOBEPUTH, YITO D’ — nesunatop. [l sToro naiijem

ero cBeptky (31ecp n = dim U):

Dy =T — 1if -



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT
meH30p 61Mopoeo parHea npedcmaeu,/w 6 sude CYMMDBL WAPO6020 TMEH30PA
u desuamopa.

JlokazaTeabcTBO. [lycTh 3a1an Ten3op 7' ¢ KOMIIOHEHTaMU TZ B Oa-

suce B. Tlonoxum Iy = X - 65, vpe A =T} /n, D! = T! — III,.
OcTaJioch JIHIIb HPOBEPUTH, YITO D’ — nesunatop. [l sToro naiijem

ero cBeptky (31ecp n = dim U):

Di=T — I =T — X6 =



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT
meH30p 61Mopoeo parHea npedcmaeu,/w 6 sude CYMMDBL WAPO6020 TMEH30PA
u desuamopa.

JlokazaTeabcTBO. [lycTh 3a1an Ten3op 7' ¢ KOMIIOHEHTaMU TZ B Oa-

suce B. Tlonoxum Iy = X - 65, vpe A =T} /n, D! = T! — III,.
OcTaJioch JIHIIb HPOBEPUTH, YITO D’ — nesunatop. [l sToro naiijem

ero cBeptky (31ecp n = dim U):

Di=T —HL=T —~\-6=T —\n=



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 10 (o pa3JIoKEeHUN CMEIIaHHOI'0 TEH30pPa). Beaxui CMEWAHHDLT
meH30p 61Mopoeo parHea npedcmaeu,/w 6 sude CYMMDBL WAPO6020 TMEH30PA
u desuamopa.

JlokazaTeabcTBO. [lycTh 3a1an Ten3op 7' ¢ KOMIIOHEHTaMU TZ B Oa-

suce B. Tlonoxum Iy = X - 65, vpe A =T} /n, D! = T! — III,.

. j
OcTaJioch JIHIIb HPOBEPUTH, YITO D’ — nesunatop. [l sToro naiijem

ero cBeptky (31ecp n = dim U):
Di=Tf = [l =T —X-8 =T/ = \en =T/ —n T /n—0,

YTO W TPeOOBAJIOCH JI0KA3ATD.



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 11 (o pPa3JIo’KEeHU OHOPO/IHOTO TEH30pa). Besaxut deastcon rosa-
pua%mnbm‘z (COOM@@WLCTTLG@HHO, deasicowl %anmpae@puanmnmu‘“) meH30p

PA3AA2AEMCA 6 CYMMY CUMMEMPUYHO20 U GHMUCUMMEMPULHO20 MEH-
30D086.

JloKa3aTeabCTBO.



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 11 (o pPa3JIo’KEeHU OHOPO/IHOTO TEH30pa). Besaxut deastcon rosa-
pua%mnbm‘z (COOM@@WLCTTLG@HHO, deastcovl %anmpae@puanmnmu‘“) meH30p
pasaazaemcsAa 6 CYMMYy CUMMEMPUIYHO20 U AGHIMUCUMMEMPUIYHO20 TNEH-
30P06.

Joka3aTeabcTBO. /loKa3aTebCcTBO IIPOBEJIEM JIJIsl JBaXK/ bl KOBAPU-
AHTHOI'O TEH30pa, JJIsI BTOPOro CJydasi OHO aHAJIOIUIHOE.



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 11 (o pPa3JIo’KEeHU OHOPO/IHOTO TEH30pa). Besaxut deastcon rosa-
pua%mnbm‘z (COOM@@WLCTTLG@HHO, deasicowl %anmpae@puanmnmu‘“) meH30p

PA3AA2AEMCA 6 CYMMY CUMMEMPUYHO20 U GHMUCUMMEMPULHO20 MEH-
30D086.

Hoxkaszareascrso. [onoxum Ay = 1 (Tj; — 1),



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 11 (o pPa3JIo’KEeHU OHOPO/IHOTO TEH30pa). Besaxut deastcon rosa-
pua%mnbm‘z (COOM@@WLCTTLG@HHO, deasicowl %anmpae@puanmnmu‘“) meH30p

PA3AA2AEMCA 6 CYMMY CUMMEMPUYHO20 U GHMUCUMMEMPULHO20 MEH-
30D086.

Hoka3zarenbcrBo. [lookum A;; = %(TZ —Tj), Sij= %(Tw +T%i).



VII.5. TeopeMbl 0 pa3jioKeHnusIX

TeopeMa 11 (o pPa3JIo’KEeHU OHOPO/IHOTO TEH30pa). Besaxut deastcon rosa-
pua%mnbm‘z (COOM@@WLCTTLG@HHO, deastcovl %anmpae@puanmnmu‘“) meH30p
pasaazaemcsAa 6 CYMMYy CUMMEMPUIYHO20 U AGHIMUCUMMEMPUIYHO20 TNEH-
30P06.

Hoka3zarenbcrBo. [lookum A;; = %(TZ —Tj), Sij= %(Tw +T%i).

Ouesujio, urto A;; — aHTUCUMMETPUYHBIH TeHsop, a Sj; — CUMMeT-
PUYHBIN, 1 Ter3op 1 dBjdgeTcs ux cyMMoii. Teopema joka3ama.



VII.6. CumMmeTpupoBaHue u ajJbTEepPHUPOBaHIE

Onpepesienne 6. Pynryus, cmasswas mensopy 1i; 6 coomeememesue

menzop A;j =5 (T;; — Tji) (ananoeuwno u das deavcdv Konmpasapu-

aHMHOCO0 meusopa) HasvleacmcA aJIbTEPHUPOBaAHUEM.



VIIL.7. CumMmeTpupoBaHue n ajJbTEepPHUPOBaHIE

Oupenesienne 6. Qynryus, cmasawas mensopy T, 6 coomsememeue
menzop A;j =5 (T;; — Tji) (ananoeuwno u das deavcdv Konmpasapu-

aHMHOCO0 meusopa) HasvleacmcA aJIbTEPHUPOBaAHUEM.

Onpepesienue 7. Qynryus, cmasswas menzopy 1i; 6 coomeememeue
mensop Sij = % (T35 + T}i) (ananozunro u Oas deastcdv, KOWMPasapuaHm-
HO20 MEH30PA) HA3LIBAEMCA CAMMETPUPOBAHUEM.



VIII. IuBapuaHThl TeH30pa. 1eH30pHbIIA SJIJIUIICONT

Omnpenenenune 8. [lycmv darn mendop T'. Qynruua, xarcdomy maccu-
6Y KOOPAUHGM IMO20 MEH30PG CMABAWAL 6 COOMBEMCMGUE INCMENM,
0cHo6H020 noas K (3asucawutl, 6000ue 2060pA, oM MACCUBG), HA3DIGA-
emcs MHBAPUAHTOM MeH30pa Mo20a U Moabko mozda, k0204 3HAYEHUE

Mot GyHKUUL He 3a8UCUm 0m mMo20, 8 KaKoM ba3UCe 6blMUCAeH MACCUB
K0OPAUHAM MEH30PG.



VIII. IuBapuaHThl TeH30pa. 1eH30pHbIIA SJIJIUIICONT

Omnpenenenune 8. [lycmv darn mendop T'. Qynruua, xarcdomy maccu-
6Y KOOPAUHGM IMO20 MEH30PG CMABAWAL 6 COOMBEMCMGUE INCMENM,
0cHo6H020 noas K (3asucawutl, 6000ue 2060pA, oM MACCUBG), HA3DIGA-
emcs MHBAPUAHTOM MeH30pa Mo20a U Moabko mozda, k0204 3HAYEHUE
MOt PYHKUUL He 3aBUCUM 0M M020, 6 KAKOM 0a3uce SuUUCAEH MACCUB
K0OpAUHAM MEN30PA.

ubivu ciioBamu, cpejin BceX (DYHKIMIT, MHOXKECTBO 3HAUYEHUIT KOTO-
PbIX — OocHOBHOe T1ojie K, a 0bJyiacTh onpejeseHnss — MHOYKECTBO 3Ha-
YeHuit Ten30p-pyHKmun 7', MBI BeIAeIseM (DYHKIMI-KOHCTAHTHI, Ha BCEX
apryMeHTax NpUHUMAIOIINE OJIHO U TO Ke 3HaYCHUE.



VIII. IuBapuaHThl TeH30pa. 1eH30pHbIIA SJIJIUIICONT

Baxknoctb MHBapHUaHTOB OlIpeAe/IdAeTCA TEM, 9TO OHU XapPaKTEPU3YIOT
0CODEHHOCTH TeH30p-PYHKINH, a He KOHKPETHOTO TEeH30p-MaccuBa. Kak
IpaBMUJIO, MTHBAPUAHTHI — 9TO KaKHe-TO XapaKTEePUCTUKHU HCXOHOTO 00b-
€KTa, I[10 KOTOPOMY MbI IIOCTPOWJIN TEH30DP.



VIII. IuBapuaHThl TeH30pa. 1eH30pHbIIA SJIJIUIICONT

Baxknoctb MHBapHUaHTOB OlIpeAe/IdAeTCA TEM, 9TO OHU XapPaKTEPU3YIOT
0CODEHHOCTH TeH30P-(PYHKINN, a He KOHKPETHOIO TeH30p-MaccuBa. Ha-
[IPUMeEP, CBEPTKA CMEIIaHHOI'0 TeH30Pa BTOPOI'o PaHra — 9TO MHBapUAHT.
Ecim stor TEH30P COOTBETCTBOBA.JI JH/IHGI‘/JIHOMY olrepaTopy, To AJisl BIIOJIHE
I[TPUBOJIMMOI'O JIMHETHOI'O OlIepaTopa IIOJIy9aceM BazKHYIO XapPaKTEPUCTHU-
Ky — 9TO CyMMa BCEX ero COOCTBEHHBIX 3HAUCHUIT (C YIeTOM Pa3MepHOCTH
ITO/IIIPOCTPAHCTB COOCTBEHHBIX BEKTOPOB).



VIII. IuBapuaHThl TeH30pa. 1eH30pHbIIA SJIJIUIICONT

Baxknoctb MHBapHUaHTOB OlIpeAe/IdAeTCA TEM, 9TO OHU XapPaKTEPU3YIOT
0CODEHHOCTH TeH30P-(PYHKINN, a He KOHKPETHOIO TeH30p-MaccuBa. Ha-
[IPUMeEP, CBEPTKA CMEIIaHHOI'0 TeH30Pa BTOPOI'o PaHra — 9TO MHBapUAHT.
Ecim stor TEH30P COOTBETCTBOBA.JI JH/IHGI‘/JIHOMY olrepaTopy, To AJisl BIIOJIHE
I[TPUBOJIMMOI'O JIMHETHOI'O OlIepaTopa IIOJIy9aceM BazKHYIO XapPaKTEPUCTHU-
Ky — 9TO CyMMa BCEX ero COOCTBEHHBIX 3HAUCHUIT (C YIeTOM Pa3MepHOCTH
ITO/IIIPOCTPAHCTB COOCTBEHHBIX BEKTOPOB).

ﬂeTepMI/IH&HT TaKOI'O TEH30Ppa — TOzxKE€ MHBapHaHT. B CJIydaec, KOI'la
TEH30p COIOCTaBJgeT Oa3Ucy MaTPHUILy JAHHOTO JIMHEHHOTO olepaTopa
B IIPOCTPaHCTBE I'ecOMETPUICCKNX BEKTOPOB, 9TOT NHBapHUaHT UMeEET IIPO-
CTOH FeOMeTpI/IT{eCKI/IfI CMBICJI — OH XapPaKTEepusyeT YMECHbIICHUE NJIN YBE-
Jndenne obbeMa Ipu JeficTBUN omepaTopa.



VIII. IuBapuaHThl TeH30pa. 1eH30pHbIIA SJIJIUIICONT

Onpepesienne 9. Ecau S;; — cummempuyunvili mensop, mo noeepr-

nocmo, sadasaemas ypasnenuem x' -z’ - Si; = 0, nasweaemcs TeH30P-
HBIM 3JLJIMIICOUIO0OM.



Cracu6o

3a
BHUMaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru

caiiter: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepuyThca K cnucKy npe3eHTanmii?
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