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I. BBenenue
T€H30pHO€ HCHYHUCJIEHUE — TEMaA, TpaILI/ILH/IOHHO KHaBoJsUIas y2Kac» Ha
CTYyAEHTOB.



I. BBenenue

TenzopHoe ucuucieHre — TeMa, TPaJULMOHHO «HABOJISILLAS y2KaC» Ha
CTYJIEHTOB.

Bo-nepBbix, onpejenende, yacto jaBaemMoe B yueOHUKAX M0 (hU3MKE,
MeXaHHKEe CIJIOUIHbIX CPe/l U Jp. (TEeH30p — OO'bEKT paHra r...), He COo-
BCEeM KOPPeKTHO. Mbl NpuBeieM KOPPEKTHbIE OIpeieJieHHs], IPUHSThIE B
HEKOTOPbIX 00J1aCTAX ajreOphl.



I. BBenenue

TenzopHoe ucuucieHre — TeMa, TPaJULMOHHO «HABOJISILLAS y2KaC» Ha
CTYJIEHTOB.

Bo-nepBbix, onpejenende, yacto jaBaemMoe B yueOHUKAX M0 (hU3MKE,
MeXaHHUKE CIJIOLIHbBIX CPel U JIP. (TEH30p — 0O'bEKT paHrar...), He COBCeM
KOPPEKTHO.

Bo-BTopbIX, caM TEPMUH «T€H30P>» UCIOJb3YETCsl BO MHOTUX CMbICJ/1aX.

B sToii cBSI3U MbI TOBOPUM O TeH30p-(IYHKLUMH, TEH30p-MacCHBE
U TeH3op-BekTope. MMesi TeH30p-(yHKIMIO, JIerKo HanucaTb TeH30P-
MACCHUB UJIK TEH30P-BEKTOP, U HA0OOPOT.



I. BBenenue
T€H30pHO€ HCHYHUCJIEHUE — TEMaA, TpaILI/ILH/IOHHO KHaBoJsUIas y2Kac» Ha

CTYJICHTOB.
Bo-nepBbiX, onpeaeseHue, yacTo jaBaeMoe B yueOGHUKaX M0 (hHU3UKE,

MeXaHHUKE CIJIOLIHbBIX CPel U JIP. (TEH30p — 0O'bEKT paHrar...), He COBCeM

KOPPEKTHO.
Bo-BTOpPBIX, CAM TEPMUH «TEH30P>» UCIOJb3YETCSI BO MHOTHX CMbICJ/IAX.,

Mbl 6yieM rOBOPUTH MTPOCTO TE€H30P», KOTJA CMbICJ ICEH U3 KOHTEeK-
CcTa.



I. BBenenue
Bce pacemampusaemoele AUHEUHbLE npo-

cmpaHcmsa npeodnoaacarmces KOHeuHomep-
Homu. B npumepax sce AuHeliHble NPOCMPAH-

CMBa paccmompersl Hao noiem delcmsumnens-
HObLX YUCeAN.



II. MoTuBupoBKa

Jlo cux nop npu paboTe C JHUHEHHBIMU MPOCTPAHCTBAMH (B Kypce
aJreOpbl Mbl PACCMATPHUBAEM TOJIbKO KOHEUHOMEPHbIC JIMHEHHbIE MPO-
CTPAHCTBA) OJIHUM W3 OCHOBHbIX HHCTPYMEHTOB OblJl TIEPEHOC paccmaT-
pHUBaeMbIX B JIMHEHHOM MpocTpaHcTBe U KOHCTPYKUMH (BEKTOPOB, JIM-
HEUHBIX OMEePaTOPOB, CKAJNSAPHOTO MPOU3BEACHUA U JIPYTUX OUJTUHEHHbBIX
(hopM M T.M.) B KCTAHJAAPTHOE» JiMHelHHOoe npocTpaHcTBO R”. Kak npasu-
JIO, BBEJIeHHbIM B U «KOHCTPYKUUAM» B R" COOTBETCTBYIOT «KOHCTPYK-
LMK >», BBEJICHHbIE C [TOMOLLbIO HEKOTOPBIX MAaTPHLL.



II. MoTuBupoOBKa
[Tyctob b = {ey, eq, ..., e,} — 6Gasuc suneitHoro NpoctpancTa U.

L1
e Bekrtopy X cootBeTcTBYyeT cTO/I0€1 €10 KOOPAMHAT [X|g =
Ln
B Gasuce b, kKosduuMeHTb KOTOPOTO ONpenessitoTcs: (popMyson

n
X = Z ;€.
1=1



II. MoTuBupoOBKa
[Tyctob b = {ey, eq, ..., e,} — 6Gasuc suneitHoro NpoctpancTa U.

L1
e Bekrtopy X cooTBeTCTBYET CTO/IOE €10 KOOPAMHAT [X|g =
xn
e JIuHelHOMY oniepatopy L COOTBETCTBYET MATPULLA IMHEHUHOTO Ofe-

. n

patropa B 6asuce b ={ej,eq,...,e,}: L(e;) =) l;e;, c nomo-
j=1

b0 Kotopoil orepatop B R" BBoauTcs «cTangapTHoi dhopmyJioi»

L) = Lg - X



II. MoTuBupoOBKa
[Tyctob b = {ey, eq, ..., e,} — 6Gasuc suneitHoro NpoctpancTa U.

X1
° BeKTopy X COOTBETCTBYET cToJioer ero KOOpJauHaT [x]B =
xn

e JIuHerHoMy onepaTopy L COOTBETCTBYET MATPUILLA JIUHEUHOTO OTle-
partopa L.

e busiunerinol dopme f — wmarpuua 310l dopmbl B 0asuce
b = {el,eg,...,en}: fij = f(ei,ej).



II. MoTuBupoOBKa
[Tyctob b = {ey, eq, ..., e,} — 6Gasuc suneitHoro NpoctpancTa U.

X1
° BeKTopy X COOTBETCTBYET cToJioer ero KOOpAUHAT [x]B =

Ln

e JIuHelHOMY oniepatopy L COOTBETCTBYET MATPULLA IMHEHUHOTO Ofe-
partopa L.

e busiuHeriHol opme f — martpuiia 31oi hopmbl, C TOMOILBIO KOTO-
pOU HAaXOAUTCsI 3HaUeHHe (hOPMbl HA BEKTOPAX.

e [loanpoctpanctesy V' — wmarpuua Ko3(phUUMEHTOB CHCTe-
Mbl JIMHEWHbIX YPAaBHEHWH, 3aJalolIUX 3TO MOANPOCTPAHCTBO

V= {x AlXlg = [0]5}.



II. MoTuBupoOBKa

Takum o6pasom, cyzsi 1o HallleMy OMbITy (MpaBjaa, HeOOJbIIOMY ) TPa-
JULIMOHHBIA BOMPOC «UTO COOTBETCTBYET NAHHOW KOHCTPyKUMH B R™»
MOXKHO YTOUHHUTb CJEAYIOLIMM 00pa30oM: Kakasi MaTpUlla COOTBETCTBYET
JAHHOU «KOHCTPYKLMHU», U KAKHM 00pa3oM MaTpulia «peasnusyer» oopas
B R" 3TOW «KOHCTPYKILIUK».

OO6bIYHO B HayKe ObIBaeT OueHb I10JIE3HBIM pacCMOTPEHHE BOIpoca, B
HEKOTOPOM CMbICJIe OOPATHOTO K «TPAJULUOHHOMY>», UTO SIBJSIETCS OJ1-
HUM U3 IPUMEPOB MPUMEHEHUS CTPATErUu CMEeHbl POJiel U puopuTe-
TOB.



II. MoTuBupoOBKa

Takum o6pasom, cyzsi 1o HallleMy OMbITy (MpaBjaa, HeOOJbIIOMY ) TPa-
JULIMOHHBIA BOMPOC «UTO COOTBETCTBYET NAHHOW KOHCTPyKUMH B R™»
MOXKHO YTOUHHUTb CJEAYIOLIMM 00pa30oM: Kakasi MaTpUlla COOTBETCTBYET
JAHHOU «KOHCTPYKLMHU», U KAKHM 00pa3oM MaTpulia «peasnusyer» oopas
B R" 3TOW «KOHCTPYKILIUK».

OO6bIYHO B HayKe ObIBaeT OueHb I10JIE3HBIM pacCMOTPEHHE BOIpoca, B
HEKOTOPOM CMbICJIe OOPATHOTO K «TPAJULUOHHOMY>», UTO SIBJSIETCS OJ1-
HUM U3 IPUMEPOB MPUMEHEHUS CTPATErUu CMEeHbl POJiel U puopuTe-
TOB.

B nanHom ciiyuae MOXKHO ero cpopMyJIMPOBaTh MPUMEPHO TaK: MOXK-
HO JIM JI0TaJaThCsl, UTO JAaHHbIE MAaTPHULbl «peanndytoT» B R HeKOTopyto
«KOHCTPYKLMIO» JJUHEHHOTO NpocTpaHcTBa U?



II. MoTuBupoBKa
MOXKHO JIM J0TajaThCs, UYTO JAHHbIE MaTPHLUbl «peanudyior» B R”
HEKOTOPYIO «KOHCTPYKILIMIO» JIUHEHHOTrO npocTpancTsa U?
Kosdduilimentbl MaTpuilbl, COOTBETCTBYIOLIEH JAHHOH «KOHCTPYK-
LIMKU>», 3aBUCAT OT Oasuca (cTosidel KoopJAMHAT BEKTOpa B pa3HbiX Oa3u-
cax, MaTpHulla JIHHEHHOTro oniepaTtopa ¥ OUJIMHERHOH, KBajpaTHUUHOH hop-
Mbl B pa3HbIX 6asucax u T.I1.).



II. MoTuBupoOBKa

MOXKHO JIM J0TajaThCs, UYTO JAHHbIE MaTPHLUbl «peanudyior» B R”
HEKOTOPYIO «KOHCTPYKILIMIO» JIUHEHHOTrO npocTpancTsa U?

Kosdduilimentbl MaTpuilbl, COOTBETCTBYIOLIEH JAHHOH «KOHCTPYK-
LIMKU>», 3aBUCAT OT Oasuca (cTosidel KoopJAMHAT BEKTOpa B pa3HbiX Oa3u-
cax, MaTpHulla JIHHEHHOTro oniepaTtopa ¥ OUJIMHERHOH, KBajpaTHUUHOH hop-
Mbl B pa3HbIX 6asucax u T.I1.).

[Ipu 3TOM KaKJIbli pa3 yl1aBaJoOCh BbIUUCJATb 3Ty MAaTPUILy B JIPYrOM
0asuce, UCMOJb3ys TOJbKO CEPUI0 YMHOKEHUH HA MATPUILY Mepexoa,
M Ha MATPULYY <OOPATHOrO» Mepexoaa U TPaHCIIOHUPOBAHHbBIE K HUM.



II. MoTuBupoOBKa

MOXKHO JIM J0TajaThCs, UYTO JAHHbIE MaTPHLUbl «peanudyior» B R”
HEKOTOPYIO «KOHCTPYKILIMIO» JIUHEHHOTrO npocTpancTsa U?

BbluncasiTh 3Ty Marpuily B ApyroMm Oas3uce yaaBaJioCh, UCIOJb3YS
TOJIbKO CEPUI0 YMHOXKEHUH HA MATPUILY Nepexoia, U Ha MaTpULy «00-
paTHOrO» Mepexo/ia U TpaHCIIOHUPOBaHHbIe K HUM. Hanpumep,

e COTJIACHO TeopeMe O KOOpAMHATaX BEKTOpa B pa3HbIX Oa3ucax
_ -1 :
a5 cTo61a KOOPAKMHAT [X|gr = TBHB’[X]B’



II. MoTuBupoOBKa

MOXKHO JIM J0TajaThCs, UYTO JAHHbIE MaTPHLUbl «peanudyior» B R”
HEKOTOPYIO «KOHCTPYKILIMIO» JIUHEHHOTrO npocTpancTsa U?

BbluncasiTh 3Ty Marpuily B ApyroMm Oas3uce yaaBaJioCh, UCIOJb3YS
TOJIbKO CEPUI0 YMHOXKEHUH HA MATPUILY Nepexoia, U Ha MaTpULy «00-
paTHOrO» Mepexo/ia U TpaHCIIOHUPOBaHHbIe K HUM. Hanpumep,

e COTJIACHO TeopeMe O KOOpAMHATaX BEKTOpa B pa3HbIX Oa3ucax
_ -1 :
a5 cTo61a KOOPAKMHAT [X|gr = TBHB’[X]B’

e COIJIACHO TeopeMe O MaTpule oneparopa B Apyrom Oasuce

_]_ .
Ig = Tg' g lBTH_B"



II. MoTuBupoOBKa

MOXKHO JIM J0TajaThCs, UYTO JAHHbIE MaTPHLUbl «peanudyior» B R”
HEKOTOPYIO «KOHCTPYKILIMIO» JIUHEHHOTrO npocTpancTsa U?

BbluncasiTh 3Ty Marpuily B ApyroMm Oas3uce yaaBaJioCh, UCIOJb3YS
TOJIbKO CEPUI0 YMHOXKEHUH HA MATPUILY Nepexoia, U Ha MaTpULy «00-
paTHOrO» Mepexo/ia U TpaHCIIOHUPOBaHHbIe K HUM. Hanpumep,

® COIVIACHO TeopeMe O KOOpPAMHATAX BEKTOpa B Pa3HbIX Gasucax
a1t cTonbua koopautar [x|gr = Tg' 0[X]p;

® COIJIACHO TeopemMe O MaTpule oneparopa B Apyrom OGasuce
Lg' =15 pl6T6 B"

® COIJIacHO TeopeMe 0 MmaTpule OMJIMHedHoU opMbl B pa3HbIX 6a-
sucax Fgy = TEHB’FBTBHB"



II. MoTuBupoOBKa

MOoKHO M J10rajathCs, YTO JAHHbIE MATPULbI «peanusyroT» B R”
HEKOTOPYIO «KOHCTPYKILIMIO» JIUHEHHOTrO npocTpancTsa U?

BbluncasiTh 3Ty Marpuily B ApyroMm Oas3uce yaaBaJioCh, UCIOJb3YS
TOJIbKO CEPUI0 YMHOXKEHUH Ha MATPHUILy Mepexoaa, i Ha MaTpULy «00-
paTHOrO» Mepexo/ia U TPAaHCIIOHUPOBAHHbBIE K HUM.

[TosTOMYy BOMpoOC, BUAUMO, CJELYeT YTOUHUTL CJCAYIOLIMM 00pa30M.
[Tycts kaxpomy 6asucy B coorBerctByeT HekoTopasi matpuua M (B).
Kak 1o 3akoHy n3MeHeHHs MaTPULbI IPU Mepexojie B APYyrok 6a3uc BbIsC-
HUTb, COOTBETCTBYET JIH 3TOMY criocoby BeiGopa matpuiibl M (B) kako#i-
JIMO60 «0OBEKT» B JITHEHHOM MPOCTPAHCTBE UJIU HET?



II. MoTuBupoBKa

[Tycts kaxxnomy 6asucy b coorBetcTByer HekoTopasi matpuua M (B).
Kak 1o 3akoHy H3MeHeHH s MaTPULIbI IPU Mepexojie B APYyroki 6as3nuc BbIsiC-
HUTb, COOTBETCTBYET JIH 3TOMY criocoOy BeiOopa matpuiibl M (B) kako#i-
JIMO0 «0OBEKT» B JINHEAHOM MPOCTPAHCTBE UJIH HET?

PaccMoTpeHHble HAMU TTPUMEPBI TOBOPAT O TOM, YTO B KAueCTBE KPH-
TEpPUsT MOXKHO B34Tb CJIEAyIOLLee MMPAaBUJIO: MPUH KXOPOLIEeM BbIOOpE»
matputibl M (B) matpuiia M (B’) Bblumcssiercss ¢ MOMOLIbIO YMHOXKe-
HUE Ha MaTtpuly nepexoaa Tg ' WIH MaTpuily oOpaTHOrO mepexoja
g B = T[§1_>5” UJIM TPAHCITOHUPOBAHHDLIE K HUM.



II. MoTuBupoBKa

[Tycts kaxxnomy 6asucy b coorBetcTByer HekoTopasi matpuua M (B).
Kak 1o 3akoHy H3MeHeHH s MaTPULIbI IPU Mepexojie B APYyroki 6as3nuc BbIsiC-
HUTb, COOTBETCTBYET JIH 3TOMY criocoOy BeiOopa matpuiibl M (B) kako#i-
JIMO0 «0OBEKT» B JINHEAHOM MPOCTPAHCTBE UJIH HET?

PaccMoTpeHHble HAMU TTPUMEPBI TOBOPAT O TOM, YTO B KAueCTBE KPH-
TEpPUsT MOXKHO B34Tb CJIEAyIOLLee MMPAaBUJIO: MPUH KXOPOLIEeM BbIOOpE»
matputibl M (B) matpuiia M (B’) Bblumcssiercss ¢ MOMOLIbIO YMHOXKe-
HUE Ha MaTtpuly nepexoaa Tg ' WIH MaTpuily oOpaTHOrO mepexoja
g B = T[§1_>5” UJIM TPAHCITOHUPOBAHHDLIE K HUM.

[ToHsITHO, 4TO 3Ty W€ HaJlO XOpoulo chopMyJaupoBaTh. B naHHOM
cJyuae JJisl peajiu3allu 3Toi ujaeu pagpadotaH hakTHUECKH Clielralb-

HbIH S13bIK, K H3YYEHHIO OCHOB KOTOPOI'O MbI IIPUCTYIIAEM.



II. MoTuBupoOBKa

B pamkax TeH30pHOro MCUMCJIEHHST SI3bIK MATPUUHBIX OMepalyi B CHJIY
HEKOTOPBIX MPUUKH HE UCTOJb3yeTCsl. DTO CBSI3aHO, B UACTHOCTH, C TEM,
YTO MPHUXOJUTCS paCCMaTPUBATh MACCHBBI HE TOJbKO OJIHOMEPHbIE (KaK-
JIbIA 2JIEMEHT XapaKTepH3yeTcsi HOMEPOM CTPOKH), W JIByMepHble (KaxK-
JbIA 3JIEMEHT XapaKTepuayeTcsi Mapod uuces: HOMepP CTPOKH W HOMep
cTosbLa), HO M MaccHBbI 6odiblieil pazmepHocTh' . [TonpoGyem cdopmy-
JIMPOBATh TpaMMaTHUeCKHe MTPaBUJia STOTO sI3bIKa, HCTIOJIb3YsT B KaUueCTBe
OCHOBBI PACCMOTPEHHbIE HAMH MTPHMEDHI.

'TepmuH pasmeprocms B JAaHHOM CJlydae He UMEET OTHOLLEHHSI K pa3MEePHOCTH JIMHEHHOTO MPOCTPaH-
CTBA M MCIOJb3YyeTCsl HAMU Cefuac B «IPOrPAMMHUCTCKOM» [MOHUMAHHUH, B TEH30PHOM HCUUCJIEHUH, KaK
Mbl YBUJIUM B JIaJIbHEHLLIEM, €My COOTBETCTBYET TePMUH pare. «B yTellieHre» OTMeTUM, UTO TEPMHUH paHe
B TEH30PHOM MUCUMCJIEHUH HEe UMeeT HUKAKOTO OTHOLIEHHUS K PAHTY MaTPULLbI.



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH
3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxkuMm A =1Tg g, 1 B=1T = Tﬁl B



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH
3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxum A=Tg g, U B=Tg_p= Tl§1_>B"
CorjilacHO TeopeMe O KOOpJAMHATax BEKTOpa B pa3HbiXx 6a3ucax
n

X|g’ = B[x|g, T0 ecTb x; = 21 bipT ).
=



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH
3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxum A=Tg g, U B=Tg_p= TB—>B’
CorjlacHO TeopeMe O KOOpJAMHATaX BeKTOopa B pa3HbIX 6Ga3ucax
n
X|g» = B[X|g, T0 ecTb 7 = Y bjpxy,.

p=1
COFJIaCHO TeopeEME O Manl/lLle oneparopa B Apyrom oasuce

Lg' = BLgA, To ectb [} Z Z biplpgQq;-

p=1q=1



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH
3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxum A=Tg g, U B=Tg_p= TB—>B’
CorjlacHO TeopeMe O KOOpJAMHATaX BeKTOopa B pa3HbIX 6Ga3ucax
n
X|g» = B[X|g, T0 ecTb 7 = Y bjpxy,.
p=1
CorziacHO Teopeme 0O Matpuue orneparopa B 1pyrom 0a3uce

n
_ I
p=1g¢=1
CorJlacHO TeopemMe 0 MmaTpulLe 614J1|4He|/m0ﬁ (hopmbl B pa3HbIX 6a-

gt o
sucax Iy = A'Lg A, 1o ecth f], = 21 Z Api [ Q-
p=1q=
OTMETHM MepBYyIO TPYAHOCTh: HAM HaJl0 KAK-TO pa3jinyaTth, KOraa CyM-

MUPOBaHHUE BEJETCA M0 UHJEKCY, 0003HAUYAIOIIEMY CTPOKH UJIU CTOJIOLbI
MaTpulbl A, a Korja — mMaTpulbl B.



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH
3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxum A=Tg g, U B=Tg_p= TB—>B’
CorjlacHO TeopeMe O KOOpJAMHATaX BeKTOopa B pa3HbIX 6Ga3ucax
n
X|g» = B[X|g, T0 ecTb 7 = Y bjpxy,.

p=1
COFJIaCHO TeopeEME O Manl/lLle oneparopa B Apyrom oasuce

— /
p=1g=1
CorJylacHO Teopeme 0 Mannue 6MJ1uHenH0ﬁ (hopmbl B pa3HbIX 6a-

sucax gy = A'Lg A, To ecth Z Z Qi fqQyj-
p=1lg¢=
[Tpumem ciiemyioliiee NpaBuIIo: ecJu HpI/I repexojie 0T «CTaporo 6asu-

ca» K «<HOBOMY 0asucy» CyMMHPOBaHHUE HAJI0 BECTH 10 HHJEKCY, SBJISIIO-
lemMycsi oOLIMM JIJ/IS1 MAaTPULbl «00beKTa» U MaTpuubl A, TO y MaTpu-
bl «0ObEKTa» ITOT HHAEKC OyJieM MUCaTh BHU3Y ,



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH
3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxum A=Tg g, U B=Tg_p= TB—>B’
CorjlacHO TeopeMe O KOOpJAMHATaX BeKTOopa B pa3HbIX 6Ga3ucax
n
X|g» = B[X|g, T0 ecTb 7 = Y bjpxy,.

p=1
COFJIaCHO TeopeEME O Manl/lLle oneparopa B Apyrom oasuce

— /
p=1g=1
CorJylacHO Teopeme 0 Mannue 6MJ1uHenH0ﬁ (hopmbl B pa3HbIX 6a-

sucax gy = A'Lg A, To ecth Z Z Qi fqQyj-
p=1lg¢=
[Tpumem ciiemyioliiee NpaBuIIo: ecJu HpI/I repexojie 0T «CTaporo 6asu-

ca» K «<HOBOMY 0asucy» CyMMHPOBaHHUE HAJI0 BECTH 10 HHJEKCY, SBJISIIO-
lemMycsi oOLIMM /151 MaTPUILbl «00beKTa» U MaTpUllbl B, To y MaTpu-
bl «<0ObEKTA» ITOT HHJEKC OYyJIeM NUCaTh HABEPXY .



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH
3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxum A=Tg g, U B=Tg_p= TB—>B’
CorjlacHO TeopeMe O KOOpJAMHATaX BeKTOopa B pa3HbIX 6Ga3ucax
n
X|g» = B[X|g, T0 ecTb 7 = Y bjpxy,.

p=1
COFJIaCHO TeopeEME O Manl/lLle oneparopa B Apyrom oasuce

— /
p=1g¢=1
CorJylacHO Teopeme 0 Mannue 614J1|4He|/m0ﬁ (hopmbl B pa3HbIX 6a-

sucax gy = A'Lg A, To ecth Z Z Qi fqQyj-
p=1lg¢=
[Tpu 3TOM COrJIalleH|H MTPUBEIEHHbIE paBeHCTBa JIJIsT KOOPJIMHAT BEK-

TOpaA U KOMITOHEHT ManHLL JINHEUHOTO onepaTopa HpHO@peTaIOT COOT-

BETCTBEHHO, BUJI 1! = Z bip -z n Z Z bip - 1
p=l1 p=lg=



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH

3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxkuMm A =1Tg g, 1 B=1T = TB—B’

Ecau cymmMupoBaHUE HIET 10 UHIEKCY, 0OLIEMY JJI1 MATPHULIBI OO bEK-
Ta» U MaTpullbl A, TO y MaTpullbl «0ObeKTa» 3TOT HHJIEKC OyJieM MHUcaTh
BHU3Y, a €CJIM UHJIEKC — OO JJ1s1 MAaTPULIbl «0O'beKTa» U MaTpUllbl B,
TO Y MaTPHULbl «0ObEKTa» 3TOT HHAEKC Oy/leM MUCaTh HABEPXY.

[Ipu 3TOM CcoryiallieHHH NpUBeJIeHHbIE PABEHCTBA JIJIs1 KOOPJAMHAT BEK-
TOpa H KOMIIOHEHT MaTpHIL JIMHEHHOTO onepaTopa HpHo6peTa10T COOT-

BETCTBEHHO, BUJL 1! = E biy-xP W Z Z bip - 1
p=l1 p=lg=



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH
3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
_ _ _ -1
xonanonokum A =1Tg g, U B=Tg_p= TB—B"

Ecau cymmMupoBaHUE HIET 10 UHIEKCY, 0OLIEMY JJI1 MATPHULIBI OO bEK-
Ta» U MaTpullbl A, TO y MaTpullbl «0ObeKTa» 3TOT HHJIEKC OyJieM MHUcaTh
BHU3Y, a €CJIM UHJIEKC — OO JJ1s1 MAaTPULIbl «0O'beKTa» U MaTpUllbl B,
TO Y MaTPHULbl «0ObEKTa» 3TOT HHAEKC Oy/leM MUCaTh HABEPXY.

[Ipu 3TOM CcoryiallieHHH NpUBeJIeHHbIE PABEHCTBA JIJIs1 KOOPJAMHAT BEK-
TOpa U KOMIIOHEHT MaTpHLL JIHHEHHOTO orepaTtopa NpuoOpeTaroT, COOT-
n , n o n

P—= P o= P
BETCTBEHHO, BUL L' = > by -af w1y =" > by - 1P - ay.
p=1 p=1q=1
HenpusiTHO, 4TO B JIeBOW YaCTH MOCJEHENO PABEHCTBA UHJIEKC ¢ CTOUT

HaBepXY, a B NPABOK — BHU3Y.



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH

3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxkuMm A =1Tg g, 1 B=1T = TB—B’

Ecau cymmMupoBaHUE HIET 10 UHIEKCY, 0OLIEMY JJI1 MATPHULIBI OO bEK-
Ta» U MaTpullbl A, TO y MaTpullbl «0ObeKTa» 3TOT HHJIEKC OyJieM MHUcaTh
BHU3Y, a €CJIM UHJIEKC — OO JJ1s1 MAaTPULIbl «0O'beKTa» U MaTpUllbl B,
TO Y MaTPHULbl «0ObEKTa» 3TOT HHAEKC Oy/leM MUCaTh HABEPXY.

[Ipu 3TOM CcoryiallieHHH NpUBeJIeHHbIE PABEHCTBA JIJIs1 KOOPJAMHAT BEK-
TOpa H KOMIIOHEHT MaTpHIL JIMHEHHOTO onepaTopa HpHoépeTaH)T COOT-
BETCTBEHHO, BUJL £’ = E biy-xP W Z Z bip - 1

p=1 p=1q=
HoaTOMy Jiydllle 1 y MaTpHULbI ITepexoja HoMep CTpOKH [TIOCTABUTb HA-

BEPXY.



[1.1. MoTuBMpOBKa BBeleHUSI 0003HaUeHUH

3adukcupyem asa 6azuca: b u b’. [lyig kpatkocTu 11t matpui nepe-
xonanonoxkuMm A =1Tg g, 1 B=1T = TI;LB"

Ecau cymmMupoBaHUE HIET 10 UHIEKCY, 0OLIEMY JJI1 MATPHULIBI OO bEK-
Ta» U MaTpullbl A, TO y MaTpullbl «0ObeKTa» 3TOT HHJIEKC OyJieM MHUcaTh
BHU3Y, a €CJIM UHJIEKC — OO JJ1s1 MAaTPULIbl «0O'beKTa» U MaTpUllbl B,
TO Y MaTPHULbl «0ObEKTa» 3TOT HHAEKC Oy/leM MUCaTh HABEPXY.

[Ipu 3TOM CcoryiallieHHH NpUBeJIeHHbIE PABEHCTBA JIJIs1 KOOPJAMHAT BEK-
TOpa U KOMIIOHEHT MaTpHLL JIHHEHHOTO orepaTtopa NpuoOpeTaroT, COOT-
n , n o on

BETCTBEHHO, BUL &' = ;9;1 bip-a? m ', = p;l ; bip - 17, - ag;.

[TosTOMy Jiyullle My MaTpUlbl I[epexojla HOMep CTPOKH I10-

n
CTaBUTb HaBepxy. PapeHcTBa npunumaror Bup ' = ) b0, -2,
p=1

, n n ' n n
= S5, By, f= S

p=lg=1



[1.2. HekoTopble 0603HaUeHUs

bykBbl t U T' 111 0003HAUCHUSA MATPUILIbI NIEPEX0Ja B TEH30PHOM HC-
UMCJIEHUH UCTI0JIb30BATh HEYI00HO, TaK KaK UMH 0003HAUYAIOT TEH30PbI U
MX KOMITOHEHTHI (110 NepBoi OYKBeE CJ0BA KTEH30P» ).

[To3TOMYy B TEH30pHOM MCUMCJICHHH MaTpHlly nepexona u3 6asuca b B
6asuc B’ 06b1uHO 0603HavatoT uepes A, a MaTpuily oOpaTHOro nepexoja
— OykBOH B. KOMIOHEHTBI 3TUX MaTpHLL 0003HAUAIOTCS, COOTBETCTBEH-
HO, uepes a’ ; u b’ ;.

OueHb BaxKHbIM B TEH30PHOM UCUHCJIEHUU SIBJISIETCS TaKxKe 0003Haue-
HHe 0fHOl dyHKuMK: &}, d;5, 07 — 3To TaK HasbiBaeMblil cumBoJ Kpo-
HeKepa, paBHbld | npu ¢ = j, u 0 B IPOTUBHOM CJIyyae.



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia

I. Ham npuaercss vHIeKCUPOBaTb 3JIEMEHTbl MACCHBOB KaK HHXKHH-
MH HHJEKCAMH, TaK U BEPXHUMM HHJAeKcaMH. KaxKablii pa3 U3 KOH-
TeKcTa OyleT SICHO, 4To uMeeTcst B Buay nog 12 — uucao T -T

UJIK BTOPOUM JIEMEHT CTOJ01A, 3JIEMEHTbl KOTOPOro 0003HAUYEHbI, KAaK
1 2 n
T T



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia

1. Ham NPUAETCSHA MHAECKCUPOBATL 3JIEMEHTbI MACCHBOB KadK HH2KHHMH
HMHACKCAMH, TAK U BEPXHUMHU HHACKCAMH.

2. (Coenawerue dinwmetina). Ecnu B BbIpaXKeHHWH BCTpeuaeTcsi Mo-
BTOPSIIOIIMACS HMHJEKC, TO MO HeMYy IMPOU3BOJUTCS CYMMHPOBAHHE
(ecsii He oroBopeHo MpoTuBHOe). To ecTb Mbl OyjleM nucaTb x; - y;

n
BMECTO ), ; - ;. FIHJeKC j CTOUT «B rOP/IOM OIMHOYECTBE >, TOITOMY

1=1
CYMMHPOBAaHHs 110 HEMY HE ITPOU3BOAUTCA.



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia

1. Ham NPUAETCSHA MHAECKCUPOBATL 3JIEMEHTbI MACCHBOB KadK HH2KHHMH
HMHACKCAMH, TAK U BEPXHUMHU HHACKCAMH.

2. (Coenawerue dinwmetina). Ecnu B BbIpaXKeHHWH BCTpeuaeTcsi Mo-
BTOPSIIOIIMACS HMHJEKC, TO MO HeMYy IMPOU3BOJUTCS CYMMHPOBAHHE
(ecJi He OTOBOPEHO MPOTUBHOE).

3. Ecau, Hanpumep, ufj (rne ¢, 7, k — WHIEKChI) — 3JIEMEHTbl HEKOTO-
poro maccusa, To (u);) 0603HaYAET BeCh MACCHB.



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia

1. Ham NPUAETCHA MHAECKCHUPOBATDL 3JIEMEHTbI MACCHBOB KadaK HH2KHHMH
HMHJAEKCAMH, TAK U BEDXHUMHU UHIECKCAMMU.

2. (Coenawenue Junuimetina). Ecau B BblpaXKeHWH BCTpeyaeTcst Mno-
BTOPSIIOLLMIACS HMHAEKC, TO MO HEMYy MPOU3BOJUTCS CYMMHPOBAHHE
(ecJid He OrOBOPEHO MPOTHUBHOE).

3. Ecau, Hanpumep, ufj (rne ¢, 7, k — WHJAEKChI) — 3JIEMEHTbl HEKOTO-
poro maccusa, To (u);) 0603HaYAET BeCh MACCHB.

4. DJIeMEHTBI MACCUBOB y HAC OYIyT HHIEKCHPOBATLCS U CBEPXY, H CHH-
3y. B CBsSI3M ¢ 3THM MOIYT BO3HHKHYTb HEKOTOPbIE TIPOOJIEMbI ¢ MAT-
PUYHOH 3aMKHChio MacckBa. B camom jieie, MacCHB MOXKHO 3a/1aTh TaK:
vi = 1, v} = =3, vd =0, v5 = 2. Ho, pasymeercs, GoJiee yno6HO#H Oy-

JIeT MaTpuuHast 3anuce: (v';) = L =3
(v 0 o)



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia
MaccuB MOXKHO 3aiath Tak: vi = 1, v¥ = —3, vi =0, v5 = 2. Bosee

o : 1 -3
y00HOi1 GyieT MaTpHUHas 3aruch: (v';) = ( 0 9 )

K coxxasienuto, npu HeOpeKHOH 3anMUCH ObIBa€T HEBO3MOYKHO MOHSTh,
KaKOW MHAEKC CTOUT MEePBbIM: ¢ WK j. HTOOBI MOJUEPKHYTh, UTO Y HAC %
— BTOPOM HMHJIEKC, T.€. HOMEpP CTOJIOLA, MbI ITEPel HUM MMOCTABUM TOUKY,
0003HAYaIolLyl0 «OTCYTCTBYIOLIMIA» MEPBbIH UHIEKC (3TOT HHAEKC CTOUT

. 1 —
BHU3Y ). MTak, Mbl OyjieM B JlaJibHeHIlIeM TUCaTh: (vj'-z) = ( 0 ; >



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia
OTMeTHM ellle, UTO MACCHUBbI C YUCJOM MHJIEKCOB, OOJbIIUM 2, Mbl OY-
JEM 3dlTUCbIBATH B BUJIC KJIETOUHOH MaTpPHLLbl, HAITIPUMEP:

Uh Ub
U%1 U%z
U%1 U%2
U%1 U32



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia

.j o
Takum 00pa3oM, Hanpumep, MacCHB (Xi.kpq) NpeACTaBJseT COOOM

Un
U2 (3]
ManHU,y—CTOJI6eLL , DJIEMCHTAMHU KOTOpOH ABJAKOTCHA KBaILpaT—
Un
HbIE ManI/IUJDI paSMepHOCTH nxn (SHaquHe n Ka)KI[bH/UI pa3 6YIL€T JdCHO
ol ol
V Z.]_ o« o o V /L.n '
. . ®)
U3 KOHTeKCTa). Uz = C.e s HpI/Iqu ViOk‘ ABJIAIOTCA KBA-
on Von

101 ien
paTHbIMI/I ManI/IHaMI/I paSMepHOCTH n X 1n C YUCJIOBLIMU KOS(pCbI/IHI/IeHTa—
MH.



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia
[Ipu 5TOM MocJIe10BaTE/bHOCTb HHAEKCOB 7] kpg pa3bUBaeTcs Ha «Ma-
pbI» MHJEKCOB (MOCJEHSS «apa» MOXKeT ObITb HEMOJIHOM ), HAaUMHas C
KpauHero crpasa: . ¢ 'k , [IpUYEM UHIEKC 7 (TpeTbsl, HeloJHa,
p p < Jk  pg , np (Tp

2 1
«rnapa») o603HayaeT HoMep MaTpuubl U;, BTOpasi mapa WUHIEKCOB, jk,

KOTBEUACT» 3ad «PACIIOJIO2KEHHUE 2JIEMEHTA » V;:‘l]{ B MaTpHLE Uz



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia
[Ipu 5TOM MocJIe10BaTE/bHOCTb HHAEKCOB 7] kpg pa3bUBaeTcs Ha «Ma-
pbI» MHJEKCOB (MOCJEHSS «apa» MOXKeT ObITb HEMOJIHOM ), HAaUMHas C
KpauHero crpasa: . ¢ 'k , [IpUYEM UHIEKC 7 (TpeTbsl, HeloJHa,
p p < Jk  pg , np (Tp

2 1
«rnapa») o603HayaeT HoMep MaTpuubl U;, BTOpasi mapa WUHIEKCOB, jk,

KOTBEUACT» 3ad «PACIIOJIO2KEHHUE 2JIEMEHTA » V;:‘l]{ B MaTpHLE Uz

HakoHel, 3/ieMeHTbl pq NMEPBOU Mapbl ONPEALSIOT «PACIOJOKEHUE»

o] o
uncsa Xy, B Marpuue Vi .



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia

3aMeTHM, UTO aKKypaTHasi pacCTaHOBKA TaKHUX «ToueK» HeoOXoauMma
TOJILKO TIPH TIepexojie K MaTPUUHOMH 3aMicH MaccuBa, B cayuae e op-
My THna ' = b, ;27 TOUKy Tepejl j MOXKHO H He CTaBUTb. Takum 06pasom,
popmyna ' = bix’ BJISIETCS rPAMMATHYECKH TPABUJILHOM, U TOUKA HYK-

1 2
).BSTOM

Ha TOJIbKO MPH 3aJJaHHH MACCHBA MaTPHULIEH: (Tfj) = (3 A

: 1 2
cJlyuae 3aruch (T;) = (3 4> Oblyia Obl IBYCMbICJICHHOM.



[1.3. HekoTopble rpaMmaTHuecKUe npaBuJia

1. Ham NPUAETCSHA MHAECKCUPOBATL 3JIEMEHTbI MACCHBOB KadK HH2KHHMH
HMHACKCAMH, TAK U BEPXHUMHU HHACKCAMH.

2. (Coenawerue dinwmetina). Ecnu B BbIpaXKeHHWH BCTpeuaeTcsi Mo-
BTOPSIIOIIMACS HMHJEKC, TO MO HeMYy IMPOU3BOJUTCS CYMMHPOBAHHE
(ecJii He OrOBOPEHO MPOTUBHOE).

3. Ecau, Hanpumep, ufj (rne ¢, 7, k — WHIEKChI) — 3JIEMEHTbl HEKOTO-
poro maccusa, To (u);) 0603HaYAET BeCh MACCHB.

4. ITpaBusio «pacCTaHOBKHU TOUYEK» JJIsl YCTAHOBJIEHHUS MOPSIJIKA CJIE/10-
BAHUSA UHJICKCOB B MATPUUYHOM 3aMHCU MACCHUBA.

5. Marpuupl nepexona u3 6asuca b B B’ u us B’ B B ungekcupyiores

caenyioum oopasom: A = (al;), B = (bl;).

PaccmoTperb npumep?



I[11. Onpenenenus TeH3opa

MbI pacCMOTPHUM JIBa OCHOBHBIX BapUaHTa ONPeeJeHUs TeH30pa, KO-
TOpPbI€ Mbl HA30BEM (HaSBaHI/Ie HE ABJIACTCA OéLU,GHpHHHTbIM) MeH30p-
GynKkyus u mensop-gexkmop. Kak BapuaHT 3ajaHusi TEH30pa MOXKHO
pacCMaTpuBaThb rMeH30pP-MACCUB.



I[11.1. Tenzop-pyHKuus

Onpeneaenue 1. [Tycmo darno aurnetinoe npocmparcmso V pasmep-
Hocmu n Hao noaem K. Pyukuyus T, obracmoro onpederenus Ko-
mMopoll 18A8emcs MHodcecmso basucos npocmparcmsa V, a obaa-

CMbIO 3HAUYCHUI — MHONCECNIBO MACCUBOB (lejk) INEMEHIMOB U3

K, nHasvieaemcs TeH30pOM paHrar (eder =k +m), m pa3 KOBapu-
aHTHbIM, k pa3 KOHTPaBapUAHTHBIM, ecau 0451 100blx 08Yx 6asucos

b u B’ npocmparncmea V snemenmor maccusos (T2 %) w (T 7%,

]

asastoujuxca snavenuamu pyrnkyuu T na 6asucax b ub’ coomsem-
CMBEHHO, 85130 HblL TEH30PHBIM 3aKOHOM:

PiLeeJk D1 CqPmoLpit L pi2 . k. Gk
Tu-.-%m au R bél bgm bglk Tp1---pm’ (1)

ede (al;) — mampuya nepexoda uz b e B, (b,;) — mampuya 06-

pammuoeo nepexooa.

Paccmorperbh npumep?



[11.2. [Ipumepbl TeH30pOB

BekTopy 00bIYHO COMOCTABJAETCA KOHTPABAPUAHTHBIM T€H30p paHra 1,
KaxK10My 683HCy CT&BHLLH/IIL/,I B COOTBETCTBHE CTOJ]6ell KOOpAUHAT JdH-
HOTO BeKTOpa B 3ToM 6azuce. Mbl nokasaJiu, uTo 3Ta GyHKIUS SBJSETCS
KOHTPAaBapUaHTbIM TEH30POM paHra 1.



[11.2. [Ipumepbl TeH30pOB
JIMHeHHOMY orepaTopy 0ObIYHO COTMOCTABJISIETCS CMELIaHHbIH TEH30P

paHra 2, Kaxjaomy 06as3ucy CTaBsIlLIMA B COOTBETCTBUE MATPUILY TOTO
JMHelHoro onepaTtopa B JaHHoM 6a3uce. Mbl okasaJjii, uTo 3Ta yHK-
LM SIBJISIETCS CMEllaHHbIM TEH30POM paHra 2.



[11.2. [Ipumepbl TeH30pOB

busuneiinolt popme 0ObIUHO COMOCTABJSIETCS JBAXK bl KOBAPHAHTHbIH
TEH30p paHra 2, KaxKjaoMy 0asucy CTaBsiliMd B COOTBETCTBHE MATPUILY
3T0N OuanHenHou opmbl B faHHoM 6asuce. Mbl okasaJu, uTo 3Ta
(hYHKUMS SIBJISIETCS JIBAKJIbl KOBAPUAHTHBIM TEH30POM paHra 2.



[11.2. [Ipumepbl TeH30pOB

KBajapatuuHoii jopmMe 0ObIUHO COMOCTaBJSIETCS ABaXKAbl KOBAPHUAHT-
HbI TeH30p paHra 2, Kaxkjaomy 06asucy cTaBsilIMH B COOTBETCTBHE MaT-
puIly JaHHOW KBaapaTuuHou opmbl B 3TOM Oazuce. Mbl nokasaJu,
UTO 3Ta PYHKIMS SIBJSIETCS ABaXK/bl KOBAPUAHTHBIM TEH30POM paHra 2.



[11.2. [Ipumepbl TeH30pOB
YKaxKeM CMBbICJI HEKOTOPbIX (bpaS, HEPEIKO HUCIIOJIb3YEMbBIX B JIMTEPA-
Type U NpoecCcHoHabHOM OOLIEHUH:



[11.2. [Ipumepbl TEH30pPOB

3ameuaHue 1 (0 cMbicie HEKOTOPbIX (hpa3). e Bektop v — 310 KOH-
TpaBapuaHTHbIA TeH3op paHra 1: 6as3ucy conocmasasemcs Cimo-
Oeuy kKoopdunam sekmopa v.

A

e Jlunelinblii onepatop L — 3TO CMellaHHbIl TeH3op paHra 2: 6asucy
conocmasasemcesa mampuya Aunelno2o onepamopa L.

e bununelinas dhopma — 370 ABaXKAbI KOBapUaHTHbIN TeH30p paHra 2: 6a-
3ucy conocmasasemes mampuya dannold oburunetnol dop-
MbL.

e KBagpaTuyHast (popma — 3TO ABaXKAbl KOBapUaHTHbLIV TEH30p paHra 2:
basucy conocmasasemca mampuya JaHHol KeadpamudHoul

gopmeot.

PaccmoTrpeTbh npumep?



[11.3. PasamepHocTb U paHr
CuyieryeT pazavuaTb pasmepHocnio NpoOCmpamHcmaa, B KOTOpOM 3a-
JaH TEH30P, U pAHe MeH30pa.



[11.3. PasamepHocTb U paHr

CuyieryeT pazavuaTb pasmepHocnio NpoOCmpamHcmaa, B KOTOpOM 3a-
JlaH TEH30p, U paHe meH30pa.

Panr r TeH30pa onpeaessieT CTPYKTYPY MacCUBa €10 KOMITOHEHT B JIKO-
O6om Oasuce.



[11.3. PasamepHocTb U paHr
CuyieryeT pazavuaTb pasmepHocnio NpoOCmpamHcmaa, B KOTOpOM 3a-

JIaH TEH30p, U paHe mMeH30pa.
PaHr r TeH3opa onpenessieT CTPYKTypy MacCHUBa €ro KOMIIOHEHT B JIt0-
6oM 6asuce. Hanpumep, npu » = 0 noJjiyyaem ckaJsip (OH UMeeT M0oCTO-
SIHHOE 3HaUeHHe BO Bcex 6asucax),
npur =1



[11.3. PasamepHocTb U paHr

CuaielyeT pazanuaTb pagmepHocnio npoCmpaHcmaa, B KOTOPOM 3a-
JIaH T€H30p, U paHe meH30pa.

PaHr r TeH3opa onpenessieT CTPYKTypy MacCHUBa €ro KOMIIOHEHT B JIt0-
6oM 6asuce. Hanpumep, npu » = 0 noJjiyyaem ckaJsip (OH UMeeT M0oCTO-
SIHHOE 3HaUeHHe BO Bcex 6asucax),

npu r = 1 — BeKTop-croJbel,

r =2



[11.3. PasamepHocTb U paHr

CuaielyeT pazanuaTb pagmepHocnio npoCmpaHcmaa, B KOTOPOM 3a-
JIaH TEH30p, U paHe mMeH30pa.

PaHr r TeH3opa onpenessieT CTPYKTypy MacCHUBa €ro KOMIIOHEHT B JIt0-
6oM 6asuce. Hanpumep, npu » = 0 noJjiyyaem ckaJsip (OH UMeeT M0oCTO-
SIHHOE 3HaUeHHe BO Bcex 6asucax),

npu r = 1 — BeKTop-croJbel,

7 = 2 — MaTpuLy,

r=23



[11.3. PasamepHocTb U paHr

CuaielyeT pazanuaTb pagmepHocnio npoCmpaHcmaa, B KOTOPOM 3a-
JIaH TEH30p, U paHe mMeH30pa.

PaHr r TeH3opa onpenessieT CTPYKTypy MacCHUBa €ro KOMIIOHEHT B JIt0-
6oM 6asuce. Hanpumep, npu » = 0 noJjiyyaem ckaJsip (OH UMeeT M0oCTO-
SIHHOE 3HaUeHHe BO Bcex 6asucax),

npu r = 1 — BeKTop-croJbel,

7 = 2 — MaTpuLy,

r = 3 — KJETOUHYI0O MaTpULy-CTOJOELL, 3JeMEHTAMHU KOTOPOH SIBJISI-
I0TCS1 OOBIUHbIE» MATPULIbI PA3MEPHOCTH 7 X 7, U T.II.



[11.3. PasamepHocTb U paHr

CuyieryeT pazavuaTb pasmepHocnio NpoOCmpamHcmaa, B KOTOpOM 3a-
JlaH TEH30p, U paHe meH30pa.

Panr r TeH30pa onpeaessieT CTPYKTYPY MacCUBa €10 KOMITOHEHT B JIKO-
O6om Oasuce.

PaSMepHOCTb 2KeE olpeaessieT rnpeaesibl USMEHEHHU S 3HAYeHUH HHICK-
COB, TO €CTb «0O6bEM» MacCcHUBa.



[11.3. PasamepHocTb U paHr

CuaielyeT pazanuaTb pagmepHocnio npoCmpaHcmaa, B KOTOPOM 3a-
JIaH TE€H30p, U paHe meH30pa.

PaHr r TeH30pa onpenenser CTPyKTypy MacCUBa €ro KOMIIOHEHT B JIO-
O6om Gasuce.

PasmepHocTh Ke onpenessier npeaesnbl U3MEHEHUsI 3HAUeHUH HHIeK-
COB, TO €CThb «00bEM» MACCHBA.

Hanpumep, nyctb 7 = 2. Torna MaccuB KOMITIOHEHT T€H30pa B JI0OOM
Oasuce npejacTaBJsieT cobon



[11.3. PasamepHocTb U paHr

CuyieryeT pazavuaTb pasmepHocnio NpoOCmpamHcmaa, B KOTOpOM 3a-
JlaH TeH30p, U paHe meH30pa.

PaHnr r TeH30pa onpeiesisieT CTPYKTYPy MacCUBa €ro KOMIIOHEHT B JII0-

O6om Gasuce.

PasmepHocTh Ke onpenessier npeaesnbl U3MEHEHUsI 3HAUeHUH HHIeK-
COB, TO €CThb «00bEM» MACCHBA.

Hanpumep, nyctb 7 = 2. Torna MaccuB KOMITIOHEHT T€H30pa B JI0OOM
Oasuce MpeaAcTaBaseT cOO0H MaTpULLy pa3MEpPHOCTH i X M, TIe N — pas-
MEPHOCTb MPOCTPAHCTBA.



[11.3. PasamepHocTb U paHr

CuaielyeT pazanuaTb pagmepHocnio npoCmpaHcmaa, B KOTOPOM 3a-
JIaH TEH30D, U paHe meH30pa.

PaHr r TeH3opa onpenessieT CTPYKTypy MacCHUBa €ro KOMIIOHEHT B JIt0-
O6om Gasuce.

PasmepHOCTb Ke onpefessieT npejiesibl U3MeHeHUs] 3HAaU€HUH HHIeK-
COB, TO €CTb «00'beM» MaCCHBa.

Hanpumep, nyctb 7 = 2. Torna MaccuB KOMITIOHEHT T€H30pa B JI0OOM
6a3uce npejcTaBasieT Co60H MaTpUILy Pa3MEPHOCTH . X N, TJe 1 — pa3-
MEPHOCTb POCTPAHCTBA.

Takum 06pa3oM, yMeHbllIeHHE 12 TPUBOJUT K YMEHbILIEHUIO pa3MEPHO-
CTH MaTPHLbl, B TO BpeMsl KaK YMEHbILIEHUE 7 — K U3MEHEHHIO CTPYKTYPbI
MaccHuBa (J10 BEKTOP-CTOJIOLA HJIH JlaxKe CKaJisipa).



I11.4. Tensop-maccuB
Hy>kHbl munosoeie cnocobol 3adarnus mensopa.



I11.4. Tensop-maccuB
Hy>kHbl munosoeie cnocobol 3adarnus mensopa.
HMrak, coriacHo npepiiyliemMy onpeieseHnto, TeH30p — 3TO



I11.4. Tensop-maccuB
Hy>kHbl munosoeie cnocobol 3adarnus mensopa.
HMrak, corsiacHO npepliylemMy orpeiesaeHuio, TeH30p — 3TO (DYHKIMS.



[11.4. Ten3op-maccus
Hy»kHbl munosoie cnocobsl 3a0anus meH3opa.
Mrak, coryiacHo npeablaylieMy ornpeaeseHnto, TeH30p — 3T0 (yHKIHS.
CranjpapTHble crnocobbl 3aaHust GyHKIUMH:  rpadHk,



[11.4. Ten3op-maccus
Hy>kHbl munosoeie cnocobol 3adarnus mensopa.
HMrak, corsiacHO npepliylemMy orpeiesaeHuio, TeH30p — 3TO (DYHKIMS.
CranjpapTHble crnocobbl 3afaHust GyHKUMU:  rpaduk, Tabaula,



[11.4. Ten3op-maccus
Hy»kHbl munosoie cnocobsl 3a0anus meH3opa.
Mrak, coryiacHo npeablaylieMy ornpeaeseHnto, TeH30p — 3T0 (yHKIHS.
CranjpapTHble crnocobbl 3ajanust PyHKUMU: rpaduk, Tabauua, dhop-
MyJia.



[11.4. Ten3op-maccus

Hy»kHbl munosoie cnocobsl 3a0anus meH3opa.

Mrak, corsiacHo npeablayliemMy ornpeaeseHnto, TeH30p — 3T0 (yHKIHUS.

CranjpapTHble crnocobbl 3ajanust PyHKUMU: rpaduk, Tabauua, dhop-
MyJia.

[IycThb Ham M3BeCTHO CTpOeHHe TeH30pa (TO €CTb KOJMUYECTBO KO- W
KOHTPABAPUAHTHBIX UHJEKCOB W MOPSJIOK MepeuncseHnst 3JIeMEHTOB) U
MacCCHB €ro KOMIIOHEHT B HEKOTOPOM (hukcupoBaHHOM Oasuce b.



[11.4. Ten3op-maccus

Hy»kHbl munosoie cnocobsl 3a0anus meH3opa.

Mrak, corsiacHo npeablayliemMy ornpeaeseHnto, TeH30p — 3T0 (yHKIHUS.

CranjpapTHble crnocobbl 3ajanust PyHKUMU: rpaduk, Tabauua, dhop-
MyJia.

[IycThb Ham M3BeCTHO CTpOeHHe TeH30pa (TO €CTb KOJMUYECTBO KO- W
KOHTPABAPUAHTHBIX UHJEKCOB W MOPSJIOK MepeuncseHnst 3JIeMEHTOB) U
MaCCHUB €ro KOMIIOHEHT B HEKOTOpOM pukcupoBaHHoM OGasuce b.

Torna, ecaiu B3Th JM060# 6aszuc B', To MaccuB KOMIOHEHT TOrO TeH-
sopa B B’ (To ecTb 3Hauenue Tenzop-dyukuuu na 6asuce B') nerko naiitu
C MOMOILIbIO TEH30PHOT0 3aKOHA.



[11.4. Ten3op-maccus

Onpenenenue 2. Maccus komnonenm mensopa T 8 KaKoOm-aubo
GpurcuposanHom basuce npu GUKCUPOBAHHOM CHIPOEHUL MEH30-
pa u nopsoke nepeuucieHus uHoeKcos (8 coomsemcmasuu ¢ npa-
sguarom 4, cmp. 42) moL 6ydem Ha36.8a11b TEH30POM-MaCCUBOM.



[11.4. Ten3op-maccus

Onpenenenue 2. Maccus komnonenm mensopa T 8 KaKoOm-aubo
GpurcuposanHom basuce npu GUKCUPOBAHHOM CHIPOEHUL MEH30-
pa u nopsoke nepeuucieHus uHoeKcos (8 coomsemcmasuu ¢ npa-
sguarom 4, cmp. 42) moL 6ydem Ha36.8a11b TEH30POM-MaCCUBOM.

»

co Ot O
© O W

1
Takum o6pasom, ¢paza «mycTb AaH TEH30p (Ti'j) =1 4
7

O3Hauaet, YTo 3TOT TEH30p 3ajaH, Kak TeH30p-MaCCUB BTOPOr0O paHra,
KO-KOHTpaBapHaHTHbIN. [ Ipy 3TOM 1aHHBIN TEH30p MOKa He 3a/1aH MOJHO-

CTblO, MMOCKOJIbKY HE YKA3aHO, KAKOMY 0a3UCY COOTBETCTBYIOT 3TH KOM-
123

noHeHtol. [IpaBusbhee Hanucats T'(B) = (T’j) = ,rneb —

: 456
789
HEKOTOPbIA Da3uc.



[11.4. Ten3op-maccus

Onpenenenue 2. Maccus komnonenm mensopa T 8 KaKoOm-aubo
GpurcuposanHom basuce npu GUKCUPOBAHHOM CHIPOEHUL MEH30-
pa u nopsoke nepeuucieHus uHoeKcos (8 coomsemcmasuu ¢ npa-
sguarom 4, cmp. 42) moL 6ydem Ha36.8a11b TEH30POM-MaCCUBOM.

B nanbHefiem, Kak npaBuso, ecjau 0asuc He yKasaH, Mbl OyJieM CUu-
TaTb, UTO OCHOBHOE€ MPOCTPAHCTBO — 3T0 R" (i yKa3aHHOrO BbIllIe
npumepa R?), ¥ 1aHHbIe KOMIIOHEHTBI COOTBETCTBYIOT €CTECTBEHHOMY Ga-

1 0 0
3Ucy (B MpUMepeE BbIllIE 3TO O, 11,10
0 0 1

Paccmorperb npumep?



IV. Tenzop-BeKTOp

OKkasblBaeTcs, TeH30P-MaCCUB — He €IMHCTBEHHbIN, U He BCerja ca-
MbIF y0OHBIN criocob 3aaHus TeH30p-(PyHKUMU. B 1enom psie npuiio-
»KEHUH BO3HUKAIOT U ipyrue. Cpear HUX HauOoJsiee BaXKHbIMHU SBJISIIOTCS
MOJIMJIMHENHHbIE (POPMBI U TeH30p-BeKTOP. O MOJUIUHEHHBIX (POPMAX Mbl
B JJAHHOM ITOCOOUU TOBOPUTH He OyfieM, a BOT 6€3 TeH30p-BEKTOpa HaM He
000UTHUCH. PaccCMOTPUM HECKOJIBKO HOBBIX MTOHATHH.



IV.1. Ten3opHoe npou3BeaeHUE JUHEUHbIX MPOCTPAHCTB

[Iycth U 'V — nBa JIMHEHHBIX TPOCTpAHCTBA HaJ roJieM K (Kak npa-
BUJIO, B TPUJOKEHUAX ' — 3TO0 JIMOO MoJie JEUCTBUTEbHBIX UACEJ, JIUOO
noJie KOMILJIEKCHBIX uuces). PacecMoTpuM MHOXKeCTBO hopMaJsibHbIX Bbl-
paxKeHUH BUIA U) & V] + Uy @ Vo + ... + Us @ Vg, T BCE U; NPUHANIIC-
x)at U, u v; npuHapgiexxar V', s — npou3BOJIbHOE HATYPAJbHOE UUCJIO.

B 5THUX BbIpaXKeHUSIX 3HAKM @ U + He 0003HAYAIOT MOKA HUKAKHX
ornepauri, Takum o06paszom, MHOKeCTBO W — 3T0 MPOCTO MHOXKECTBO
«CJIOB» Takoro Buaa. [171oxo, KoHEUHO, UTO 3HAK + yxKe «3aHdaAt» B U u
B V. Bripouem, OH B 3TUX MPOCTPAHCTBAX BCE PABHO MOXKET UMETb Pa3-
HbI CMBICJI, HO 3TO He MPUBOJUT K HelopadyMmeHusm. Kaxkabiii pas us
KOHTeKCTa OyIeT ACHO, KAKOH + UMEETCs B BU/LY.



IV.1. Ten3opHoe npou3BeaeHUE JUHEUHbIX MPOCTPAHCTB

[TIyctb U n V' — nBa JIMHEHHBIX TPOCTPAHCTBA HaJ 1oJieM K (Kak npa-
BUJIO, B PUJIOKEHUSAX K — 3T0 JIMOO 1oJ1e IeHCTBUTENbHBIX UUCeJ, THOO0
oJie KOMIJIEKCHBIX yuces). PaccMOTpUM MHOXKeCTBO pOpMaJibHbIX Bbl-
paxKEeHUH BUJIA U] @ V] + U @ Vg + ... + ug @ vy, [JIE BCE u; NPUHAJIIC-
x)at U, v v; npuHayiexxkat V', s — Npou3BOJIbHOE HAaTypaJsibHOE YHCIIO.

Ha mHoxectBe W onpesie/iuM Ternepb orepaiuio CJ0KEHHs 3JIEMEHTOB
(BHOBb 00603HAaYaeMyI0 MHOTOJIMKUM CUMBOJIOM + ) U OTMepaLfio YMHOXKe-
HHUSI HA 3JIEMEHTbI U3 1oJist K CJIelylolIMMH MTPABUJIAMH.



IV.1. Ten3opHoe npou3BeaeHUE JUHEUHbIX MPOCTPAHCTB
[TIyctb U n V' — nBa JIMHEHHBIX TPOCTPAHCTBA HaJ 1oJieM K (Kak npa-

BUJIO, B IPUJIOXKEHUSIX K — 3T0 JIM6O noJie 1eHCTBUTENbHBIX YHCe, THOO

oJie KOMIJIEKCHBIX yuces). PaccMOTpUM MHOXKeCTBO pOpMaJibHbIX Bbl-

paxKEeHUH BUJIA U] @ V] + U @ Vg + ... + ug @ vy, [JIE BCE u; NPUHAJIIC-

x)at U, v v; npuHayiexxkat V', s — Npou3BOJIbHOE HAaTypaJsibHOE YHCIIO.
Ecom wi=u@u+uw®@uv+...+u, 0,

Hwy = Uy @ V] + Uy @ Uy + ... + Uy @ U}, TO TIONOKUM

w1 Fwy = U @V +U @Va . . U, @V Uy DUy U RV AU, @,



IV.1. Ten3opHoe npou3BeaeHUE JUHEUHbIX MPOCTPAHCTB

[TIyctb U n V' — nBa JIMHEHHBIX TPOCTPAHCTBA HaJ 1oJieM K (Kak npa-
BUJIO, B PUJIOKEHUSAX K — 3T0 JIMOO 1oJ1e IeHCTBUTENbHBIX UUCeJ, THOO0
oJie KOMIJIEKCHBIX yuces). PaccMOTpUM MHOXKeCTBO pOpMaJibHbIX Bbl-
paxKEeHUH BUJIA U] @ V] + U @ Vg + ... + ug @ vy, [JIE BCE u; NPUHAJIIC-
x)at U, v v; npuHayiexxkat V', s — Npou3BOJIbHOE HAaTypaJsibHOE YHCIIO.

Ecom w=u @v+us @ vy + ...+ u, @ vy, TO NOJOKUM IJIS1 JIIO-
60oro A uz K

)\"wl:<)\'U1)®’U1—|—()\'U2)®’UQ—|—...—|—()\'UP>@Up.



IV.1. Ten3opHoe npou3BeaeHUE JUHEUHbIX MPOCTPAHCTB
OHPGILGJIHM Ha W cjaeayromee 1nmpaBuJJIO OTOXKIAECTBJIIECHHUA 3JIEMEHTOB!
9JIEMEHTbI w1 U w9 CUHHUTAIOTCS PABHbBIMH, €CJIH Wy MOXKHO ITOJIYUHUTb M3
w1 C MOMOILLIBIO LEMOYKHU TPpeoOpa30BaHNM, KaxK10€ U3 KOTOPBIX ABJISIETCS
npeo6pa3oBaHUEM OJIHOTO U3 CJIEAYIOLIMX TPeX TUITOB:

l.u@u+u @V =u v +u®u;



IV.1. Ten3opHoe npou3BeaeHUE JUHEUHbIX MPOCTPAHCTB
OHPGILGJIHM Ha W cjaeayromee 1nmpaBuJJIO OTOXKIAECTBJIIECHHUA 3JIEMEHTOB!
9JIEMEHTbI w1 U w9 CUHHUTAIOTCS PABHbBIMH, €CJIH Wy MOXKHO ITOJIYUHUTb M3
w1 C MOMOILLIBIO LEMOYKHU TPpeoOpa30BaHNM, KaxK10€ U3 KOTOPBIX ABJISIETCS
npeo6pa3oBaHUEM OJIHOTO U3 CJIEAYIOLIMX TPeX TUITOB:

l.u@u+u @V =u v +u®u;
2. A u)@v=u® (A v);



IV.1. Ten3opHoe npou3BeaeHUE JUHEUHbIX MPOCTPAHCTB
Onpenenum Ha W cseyioliee paBUIO OTOXKAECTBIEHHS 3JIEMEHTOB:

5JIEMEHTBI W) W Wy CUUTAIOTCS PABHBIMH, €CJIH Wy MOXKHO MOJYUYHTh U3
w1 C MOMOIIIbIO LIEMOUKH MPeoOpasoBaHH, KaxK10€ U3 KOTOPBIX SIBJISIETCS
npeoGpasoBaHHEM OJHOTO H3 CJIEAYIOLINX TPEX THITOB:

l.u@u+u v =v' v +uQ v;

2.0 u)®@v=u® (A v),

B uR@utu®v =u v+ iuu+d v=(ut+u) .



IV.1. Ten3opHoe npou3BeaeHUE JUHEUHbIX MPOCTPAHCTB
OHPGILGJIHM Ha W cjaeayromee 1nmpaBuJJIO OTOXKIAECTBJIIECHHUA 3JIEMEHTOB!
9JIEMEHTbI w1 U w9 CUHHUTAIOTCS PABHbBIMH, €CJIH Wy MOXKHO ITOJIYUHUTb M3
w1 C MOMOILLIBIO LEMOYKHU TPpeoOpa30BaHNM, KaxK10€ U3 KOTOPBIX ABJISIETCS
npeo6pa3oBaHUEM OJIHOTO U3 CJIEAYIOLIMX TPeX TUITOB:

l.u@u+u @V =u v +u®u;
2. A u)@v=u® (A v);
B uR@utu®v =u v+ iuu+d v=(ut+u) .

Hp€O6paSOBaHHH BBIITIOJIHAKOTCA U CIIpaBa HAJIEBO, U CJIEBA HAIIPABO.



IV.1. Ten3opHoe npou3BeaeHUE JUHEUHbIX MPOCTPAHCTB

HerpyaHo npoBeputh, 4To MHOKeCTBO W C TaKUM OTOXKJI€CTBJIEHHEM
3JIEMEHTOB U OMNpPEIeJCHHBIMU BbILLIE OTIEPALIUSIMU CJIOKEHUS SJIeMEeHTa U
YMHOXKEHUS 3JIeMeHTa Ha cKaJsip U3 K sIBIseTCs JIMHEHHbIM NIPOCTPaH-
ctBoM Haj K. OHo o6o3Hauaercst yeped U ® V', W Ha3bIBAeTCs TEH30P-
HbIM NPOU3BEAEHUEM JIMHEHHOrO NnpocTpaHcTBa U Ha JIMHEHHOe Mpo-
CTpaHCTBO V.



IV.1. Ten3opHoe npou3BeaeHUE JUHEHUHbIX MPOCTPAHCTB

HeTpyaHo npoBepUTh, UYTO MHOXKECTBO W/ ¢ TaKUM OTOKJI€CTBJIEHHEM
3JIEMEHTOB U OMNpPEIeJCHHBIMU BbILLIE OTIEPALIUSIMU CJIOKEHUS SJIeMEeHTa U
YMHOXKEHUS 3JIeMeHTa Ha cKaJsip U3 K sIBIseTCs JIMHEHHbIM NIPOCTPaH-
ctBoM Haj K. OHo o6o3Hauaercst yeped U ® V', W Ha3bIBAeTCs TEH30P-
HbIM NPOU3BEAEHUEM JIMHEHHOrO NnpocTpaHcTBa U Ha JIMHEHHOe Mpo-
CTpaHCTBO V.

OOBbIUHO MO OMPENEJIEHUIO MT0JAratoT, UTO

URV)eW=Ug(VaW)=UaVaW.

Paccmorperbh npumep?



IV.2. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB
OKaSbIBaeTCH, nmest 6a3uChl JJTA Uwn V, JIETKO IMOCTPOUTDH 0asuc JJTA

W=U®YV.



IV.2. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB

[Tycto by = {ey,. .., e,} — 6asuc npoctpanctsa U, by = {f1,..., fi}
— 0Oasuc npoctpaHctBa V. Bo3bMeM MPOU3BOJIBHBIA  3JEMEHT

w =Y u; ®v; u3 W. Ilyctb
i=1

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



IV.2. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB

[Tycto by = {ey,. .., e,} — 6asuc npoctpanctsa U, by = {f1,..., fi}
— 0Oasuc npoctpaHctBa V. Bo3bMeM MPOU3BOJIBHBIA  3JEMEHT

w=> u; ®v;u3 W. Ilyctb
i=1

n m
j=1 k=1

Torna, no onpeneseHno TEH30PHOTO MPOU3BEIEHUS TPOCTPAHCTB, MOJY -
yaem



IV.2. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB

n m
U; = ZAijeja v, = Zﬂikﬁﬁ rae )\@‘j,,ul'k c K.
J=1 k=1

[To OIpeae/JIEHHUIO TEH30PHOI'O IPOU3BEACHUA TIPOCTPAHCTB, ITOJIydaeM

S
w = g u; Qv =
i=1



IV.2. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB

n m
U; = Z)‘ijeja v, = Zﬂikflﬁ rae )\@‘j,,ul'k c K.
J=1 k=1

[To OIpeae/JIEHHUIO TEH30PHOI'O IPOU3BEACHUA TIPOCTPAHCTB, ITOJIydaeM

S n

w:ZuZ-@w:Z Z)\zj@j X Zﬂzkfk =
i=1 k=1

i=1 \ j=1



IV.2. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB

n m
U; = Z)‘ijeja v, = Zﬂikflﬁ rae )\@‘j,,ul'k c K.
J=1 k=1

[To OIpeae/JIEHHUIO TEH30PHOI'O IPOU3BEACHUA TIPOCTPAHCTB, ITOJIydaeM

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. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB

n m
U; = Z)‘ijeja v, = Zﬂikflﬁ rae )\@‘j,,ul'k c K.
J=1 k=1

[To OIpeae/JIEHHUIO TEH30PHOI'O IPOU3BEACHUA TIPOCTPAHCTB, ITOJIydaeM

w=> > Y Njpi ] e fi

j=1 k=1 \i=1

CJyienioBaTesibHO, KaxK/iblk BekTop U3 U ® V' siBJisieTCsl IMHEHHOH KOMOU-
HallMel BEKTOPOB €; & fi.

BepHo /i1, 4TO cHcTEMa BEKTOPOB
Brov ={e1 ® fl.e1® fo, ..., €0 ® fin}



IV.2. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB

n m
U; = Z)\ijej’ v, = Z,Uzkfk; rae )\@‘j,,ul'k c K.
J=1 k=1

[To OIpeae/JIEHHUIO TEH30PHOI'O IPOU3BEACHUA TIPOCTPAHCTB, ITOJIydaeM

w=> DAY N | e @ fi.

j=1 k=1 \i=1

CJyienioBaTesibHO, KaxK/iblk BekTop U3 U ® V' siBJisieTCsl IMHEHHOH KOMOU-
HallMel BEKTOPOB €; & fi.

BepHo /i1, 4TO cHcTEMa BEKTOPOB
Bysy ={e1® fi,e1® fo,. .., e, ® fin} Oyner 6asucom g U @ V'?



IV.2. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB

n m
U; = Z Aij€j, U = Zﬂikfk> rae A, pik € I
j=1 k=1

[To OIpeae/JIEHHUIO TEH30PHOI'O IPOU3BEACHUA TIPOCTPAHCTB, ITOJIydaeM

w=> DAY N | e @ fi.

j=1 k=1 \i=1

CJyienioBaTesibHO, KaxK/iblk BekTop U3 U ® V' siBJisieTCsl IMHEHHOH KOMOU-
HallMel BEKTOPOB €; & fi.

CorJyilacHO TeopeMe O JMHEHUHbIX KOMOMHAUMAX 6a3UCHbIX BEKTO-
pPOB OCTAJIOCh MTPOBEPUTH JIMHEHHYIO HE3ABUCUMOCTb CHCTEMbI BEKTOPOB
Bygy. IDTO sBAsieTCs 1€JI0M HEMPOCTHIM, U Mbl OITYCTHM COOTBETCTBYIO-
l1IM€e BbIKJIaJKH. HaMu «HanoJoBUHY JI0Ka3aHa» cJeaytolas TeopemMa.



IV.2. ba3duc 1 pa3mepHOCTb TEH30PHOI0 NPOU3BEAEHUS
JJMHEUHbIX MPOCTPAHCTB

Teopema 1 (0 06a3uce TEH30PHOr0 NPOM3BeAEHUS JUHEHHBIX TPOCTPAHCTB). Hycmb
{e1,...,en} — 6asuc auneiinoeo npocmparcmsa U, {fi,..., fu}
— basuc aurnetiHo2o npocmparncmsa V. Toeda

{e1® fi,e1® fo, ..., e, @ frn}
— basuc npocmparncmea U @ V.,

PaccmoTperb npumep?



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

[Ipy u3yueHnH JTUHEHHBIX MPOCTPAHCTB UCCAEI0BATEN HEPEIKO CTaJl-
KHUBAKTCH C pEBHOO@pElSHblMH dDYHKLH/IHMH, Ka>KJ10My BEKTOPY CTaABAILIM -
MU B COOTBETCTBUE JIEMEHT U3 OCHOBHOTO MnoJisi K .



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

[Ipu ngyueHuu JUHEHHbBIX MPOCTPAHCTB UCCJE0BATENH HEPEIKO CTaJ-
KUBAIOTCS C pa3HOOOPa3HbIMU (DYHKLMSMH, KaXKIA0MY BEKTOPY CTABSLIU -
MU B COOTBETCTBHUE 3JIEMEHT U3 OCHOBHOTO noJisi K.

ITO, HApUMEP, MOJLYJIb BEKTOPA,



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

[Ipy u3yueHnH JTUHEHHBIX MPOCTPAHCTB UCCAEI0BATEN HEPEIKO CTaJl-
KHUBAKTCH C pEBHOO@pElSHblMH dDYHKLH/IHMH, Ka>KJ10My BEKTOPY CTaABAILIM -
MU B COOTBETCTBUE JIEMEHT U3 OCHOBHOTO MnoJisi K .

ITOo, HApUMEP, MOJyJib BEKTOPA, MPOEKIIMs BEKTOPa Ha OChb,



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

[Ipy u3yueHnH JTUHEHHBIX MPOCTPAHCTB UCCAEI0BATEN HEPEIKO CTaJl-
KHUBAKTCH C paSH006paSHbIMI/I d)YHKLH/IHMI/I, Ka>KJ10My BEKTOPY CTaABAILIM -
MU B COOTBETCTBUE JIEMEHT U3 OCHOBHOTO MnoJisi K .

ITO, HANpUMep, MOJYJ/b BEKTOPa, MPOEKLHUs BEKTOpPa HA OCb, apry-
MEHT KOMIIJICKCHOI'O UHUCJia (HaHOMHHM, YTO KOMILJIEKCHbBIE yucga 00-
PasyoT JIBYMEPHOE BEKTOPHOE MPOCTPAHCTBO HAJ MOJIEM JICUCTBUTE/b-
HbIX YMCe).



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

[Ipu M3yUeHHH JTUHEHHBIX TPOCTPAHCTB UCCJIEI0BATE/N HEPEJIKO CTaJ-
KHUBAKTCH C pEBHOO@pElSHblMH dDYHKLH/IHMH, Ka>KJ10My BEKTOPY CTaABAILIM -
MU B COOTBETCTBUE JIEMEHT U3 OCHOBHOTO MnoJisi K .

MarteMaTHKU MUTAIOT JaBHEE TIPUCTPACTHE K JIHHGI/UIHOCTI/I, [TO9TOMY
cpeld Takux pyHKUHMHA oco6oe BHUMaHUe ObLIO yaeaeHo JUHeHHbIM. |
KdK O0Ka3aJloCb, HE HAllpaCHO.



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

Ha muoxkectBe V* nuHelHbIX PYHKIMH, T€PEBOJSIINX JUHEHHOE MPO-
CTPAHCTBO B OCHOBHOE MoJie /' BBeIeM OMNEepaluu CJ0XKEHHSI U YMHO-
JKEHUsl Ha cKajaap u3 K CJeylollMMU €CTECTBEHHbIMU TPABUJIAMM:
(f+9)x)=flzx)+g(x), A f)(x) = X- f(z), tne A — NpPoU3BOJIbHBIN
sJqiemeHT noJist /. HetpyaHo npoBeputh, uTo V* OTHOCHTE/IBLHO 3TUX Ole-
palui ABJACTCH JUHEHUHBIM [TPOCTPAHCTBOM.



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

Onpenenenue 3. Jluneiinoe npocmparncmso V* aunetinolx (PyHK-
yutl, sekmopam npocmparcmsa Vo cmasauiux 8 cOOmsemcmasue
9NeMEeHMbL U3 OCHOBHO20 NoAs K, Ha3bisaemcs conpsaKeHHbIM K V

NPOCMPAHCIMBOM.



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

Onpenenenue 3. Jluneiinoe npocmparncmso V* aunetinolx (PyHK-
yutl, sekmopam npocmparcmsa Vo cmasauiux 8 cOOmsemcmasue
9NeMEeHMbL U3 OCHOBHO20 NoAs K, Ha3bisaemcs conpsaKeHHbIM K V
NPOCMPAHCIMBOM.

OObIYHO M3yuyeHHe HOBOTO MOHSITHSI OCYILECTBJISIETCS] OJHUM H3 JIBYX
CI10co0OO0B:



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

Onpenenenue 3. Jluneiinoe npocmparncmso V* aunetinolx (PyHK-
yutl, sekmopam npocmparcmsa Vo cmasauiux 8 cOOmsemcmasue
9NeMEeHMbL U3 OCHOBHO20 NoAs K, Ha3bisaemcs conpsaKeHHbIM K V
NPOCMPAHCIMBOM.

OObIYHO M3yuyeHHe HOBOTO MOHSITHSI OCYILECTBJISIETCS] OJHUM H3 JIBYX
CI10co0OO0B:

— UHJYKTHBHO (pacCMOTpPeHHe TPUMEPOB, MOCTPOEHHE MoJIeel );



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

Onpenenenue 3. Jluneiinoe npocmparncmso V* aunetinolx (PyHK-
yutl, sekmopam npocmparcmsa Vo cmasauiux 8 cOOmsemcmasue
9NeMEeHMbL U3 OCHOBHO20 NoAs K, Ha3bisaemcs conpsaKeHHbIM K V
NPOCMPAHCIMBOM.

OObIYHO M3yuyeHHe HOBOTO MOHSITHSI OCYILECTBJISIETCS] OJHUM H3 JIBYX
CI10co0OO0B:

— UHJYKTHBHO (pacCMOTpPeHHe TPUMEPOB, MOCTPOEHHE MoJIeel );
— JIEAYKTUBHO (aHaJIM3 onpele/ieHus], oJlydeHne CJeCTBUHI ).



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

Onpenenenue 3. Jluneiinoe npocmparncmso V* aunetinolx (PyHK-
yutl, sekmopam npocmparcmsa Vo cmasauiux 8 cOOmsemcmasue
9NeMEeHMbL U3 OCHOBHO20 NoAs K, Ha3bisaemcs conpsaKeHHbIM K V
npOCMPaHCmBoOM.

[IpuBenem npumepbl TaKUX JUHEHHBIX (DYHKLMH, TO €CTh BEKTOPOB U3
COTPSI?KEHHOI0 MPOCTPAHCTRA.

1. a1 npocTpaHcTBa MHOTOUJIEHOB CTEMEHH He Bblllie 7 M JII060ro uucsia
a pyukumns F(f) = f(a) 6yner suHerHON.



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

Onpenenenue 3. Jluneiinoe npocmparncmso V* aunetinolx (PyHK-
yutl, sekmopam npocmparcmsa Vo cmasauiux 8 cOOmsemcmasue
9NeMEeHMbL U3 OCHOBHO20 NoAs K, Ha3bisaemcs conpsaKeHHbIM K V
npOCMPaHCmBoOM.

[IpuBenem npumepbl TaKUX JUHEHHBIX (DYHKLMH, TO €CTh BEKTOPOB U3
COTPSI?KEHHOI0 MPOCTPAHCTRA.

1. a1 npocTpaHcTBa MHOTOUJIEHOB CTEMEHH He Bblllie 7 M JII060ro uucsia
a pyukumns F(f) = f(a) 6yner suHerHON.

B camom nene, 111 JIOOBIX YUCEN A, [t UMEEM:

F(Af +ng) = (Af +pg)(a) = Af(a) + pgla) = AF(f) + uF(g),

4yTO U Tp€60BaJIOCb JOKa34dTb.



IV.3. ConpsixkeHHOe NPOCTPaHCTBO

Onpenenenue 3. Jluneiinoe npocmparncmso V* aunetinolx (PyHK-
yutl, sekmopam npocmparcmsa Vo cmasauiux 8 cOOmsemcmasue
9NeMEeHMbL U3 OCHOBHO20 NoAs K, Ha3bisaemcs conpsaKeHHbIM K V
npOCMPaHCmBoOM.

[IpuBenem npumepbl TaKUX JUHEHHBIX (DYHKLMH, TO €CTh BEKTOPOB U3
COTPSI?KEHHOI0 MPOCTPAHCTRA.

1. a1 npocTpaHcTBa MHOTOUJIEHOB CTEMEHH He Bblllie 7 M JII060ro uucsia
a pyukumns F(f) = f(a) 6yner suHerHON.

2. B npocTpaHcTBe KBaJpaTHbIX n X M-MaTpHLl PAaCCMOTPUM (DYHK-
uuto tr(X). Ona, oueBuHO, OYJET JIMHEHHOH.



1V.4. B3aumnbiin 6a3uc

[TocJie n3yueHust TMHEHHON anreOpbl y Bac noJzkeH Obl1 BHIpaboTaTbCs
OJIUH T0JIe3HBIN pediekc: pu paboTe ¢ JIUHEHHBIM TPOCTPAHCTBOM HAJ0
B [1IEPBYIO 0Uepeib HAUTH



IV.4. B3aumHblit 6a3uc

[TocJie n3yueHust TMHEHHON anreOpbl y Bac noJzkeH Obl1 BHIpaboTaTbCs
OJIUH T0JIe3HBIN pediekc: pu paboTe ¢ JIUHEHHBIM TPOCTPAHCTBOM HAJ0
B MEPBYIO ouepesib HAUTH ero 6asuc. Kak HauTu 6a3uc COMNpsizKeHHOIro
MPOCTPaHCTBA?



IV.4. B3aumHblit 6a3uc

[TocJie n3yueHust TMHEHHON anreOpbl y Bac noJzkeH Obl1 BHIpaboTaTbCs
OJIUH T0JIe3HBIN pediekc: pu paboTe ¢ JIUHEHHBIM TPOCTPAHCTBOM HAJ0
B MEPBYIO ouepesib HAUTH ero 6asuc. Kak HauTu 6a3uc COMNpsizKeHHOIro
MPOCTPaHCTBA?

[Tycts B = {ey, ..., e,} — 6asuc auneitHoro npoctpancta V. O60-
3HAaUMM uepe3 f' PyHKLMIO, CTABSALLYIO KaXKI0MY BEKTOPY B COOTBETCTBHE
ero 1-10 KoopauHaty B 6asuce b.



IV.4. B3aumHblit 6a3uc

[TocJie n3yueHust TMHEHHON anreOpbl y Bac noJzkeH Obl1 BHIpaboTaTbCs
OJIUH T0JIe3HBIN pediekc: pu paboTe ¢ JIUHEHHBIM TPOCTPAHCTBOM HAJ0
B MEPBYIO ouepesib HAUTH ero 6asuc. Kak HauTu 6a3uc COMNpsizKeHHOIro
MPOCTPaHCTBA?

[Tycts B = {ey, ..., e,} — 6asuc auneitHoro npoctpancta V. O60-
3HAaUMM uepe3 f' PyHKLMIO, CTABSALLYIO KaXKI0MY BEKTOPY B COOTBETCTBHE
ero i-10 Koopaunary B 6asuce b. Takum 06pasom, pyHKLuUs f* onpepessi-
eTCsl PaBEHCTBOM

frzter+ .. +ate,) = f' (¢lej) = . (2)



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

JloKa3aTeJbCTBO.



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Jloka3areabcTBo. CHauasa J0KaXKeM JIMHEHHYI0 HE3aBUCHMOCTD CH-
creMbl hyHKIMEH B”.



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Joka3areabcTBo. [1ycTb 11 HEKOTOPBIX Y1, . . . , Y, UMEET MECTO pa-
BEHCTBO:

O=wyi-f'=wm-f'+. 4y "

Bbluucsisi 3HaueHue 3Tol pyHKIMH HA GA3UCHOM BEKTOpE €; [0Jyuaem



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Joka3areabcTBo. [1ycTb 11 HEKOTOPBIX Y1, . . . , Y, UMEET MECTO pa-
BEHCTBO:

O=wyi-f'=wm-f'+. 4y "
Bbluucsisi 3HaueHue 3Tol pyHKIMH HA GA3UCHOM BEKTOpE €; [0Jyuaem
0(e) =y1- frle)+. o +yn- " (ei).

CorJlacHO onpeJie/IeHHI0, TO eCTh PaBeHCTBY (2), JieBast UacTh paBeHCTBA
paBHa 0, a npaBasi — y; (Bce ocTaJjibHble cyaraemble paBHbl ().



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Joka3areabcTBo. [1ycTb 11 HEKOTOPBIX Y1, . . . , Y, UMEET MECTO pa-
BEHCTBO:

O=wyi-f'=wm-f'+. 4y "
Bbluucsisi 3HaueHue 3Tol pyHKIMH HA GA3UCHOM BEKTOpE €; [0Jyuaem
0(e) =y1- frle)+. o +yn- " (ei).

[Tostomy y; = 0 jJist JTOOOro 4, UTO U J0KA3bIBAET JIMHEHHYIO0 He3aBUCH -
MOCTb cucTeMbl B*.



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

ILOKaSaTeJleTBO. OcTaJnoch [IPOBEPHUTb MAKCHUMAJIbHOCTb CHCTEMbI
b".



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

JokasareabctBo. [lycts f — BekTop u3 V*. Hano npoBeputh, 4To



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

JokasareabctBo. [lycth f — Bekrop u3z V*. Hano nposeputn, uto
f=w; - f' A5 NOAXOASALIMX ;.



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Hoka3zareabctBo. Ilyctb f — Bektop u3z V*. B cuiy JuHed-
HOCTH YHKUMH f jjg Jio60ro BeKTopa x'e; MoJydaeM (Tak Kak

fi (27 - ej) = a'), uro



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Hoka3zareabctBo. Ilyctb f — Bektop u3z V*. B cuiy JuHed-
HOCTH YHKUMH f jjg Jio60ro BeKTopa x'e; MoJydaeM (Tak Kak

fi (27 - ej) = a'), uro

f(ﬂf):f@ﬁi'ez’):



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Hoka3zareabctBo. Ilyctb f — Bektop u3z V*. B cuiy JuHed-
HOCTH YHKUMH f jjg Jio60ro BeKTopa x'e; MoJydaeM (Tak Kak

fi (27 - ej) = a'), uro

flo)=f (2" &) =a"-f(e) =



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Hoka3zareabctBo. Ilyctb f — Bektop u3z V*. B cuiy JuHed-
HOCTH YHKUMH f jjg Jio60ro BeKTopa x'e; MoJydaeM (Tak Kak

fi (27 - ej) = a'), uro

f(:v):f<xi-ez-):aji-f(ei):xl-f(el)—i—...—i—x”-f(en):



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Hoka3zareabctBo. Ilyctb f — Bektop u3z V*. B cuiy JuHed-
HOCTH YHKUMH f jjg Jio60ro BeKTopa x'e; MoJydaeM (Tak Kak

fi (27 - ej) = a'), uro
fla)=f (2" e)=a"-fle)=a'fler)+...+a" f(en) =
=z oy . 42"y, =



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Hoka3zareabctBo. Ilyctb f — Bektop u3z V*. B cuiy JuHed-
HOCTH YHKUMH f jjg Jio60ro BeKTopa x'e; MoJydaeM (Tak Kak

fi (27 - ej) = a'), uro
fla)=f(z"-e)=a"fle)=a"fler)+...+a" f(e) =
=z oyt g =S @)+ (@),



I1V.4. B3aumMHbIu 0a3uc

fraler+ ... +a"e,) = [ (ae;) =2 (2)

Teopema 2 (o ssanwnom 6asuce). Cucmema sekmoposBb™ = { f1, f,..., f"}
ede f' onpedenerol pasercmeom (2) asasemcs 6a3UCOM CONPANCEH -
HO20 NPOCMPAHCMBA.

Hoka3zareabctBo. Ilyctb f — Bektop u3z V*. B cuiy JuHed-
HOCTH YHKUMH f jjg Jio60ro BeKTopa x'e; MoJydaeM (Tak Kak

fi (27 - ej) = a'), uro
fla)=f(z"-e)=a"fle)=a"fler)+...+a" f(e) =
=z oyt g =S @)+ (@),

rne y; = f (e;), uTo U TpeboBaNoOCh J0Ka3aTh. 3HauuT, B* — 6asuc npo-
cTpaHcTtBa V'*.



I1V.4. B3aumMHbIu 0a3uc

f! (513161 +...+2",) = f! (a:jej) =3 (2)
Onpenenenue 4. /{aa 6asuca b = {ey,... ,e,} cucmema ¢yukyuii
B = {f f% ..., "}, ede f  onpedersiomcs coomnowenuamu (2),

Ha3bleaemcs B3auMHubIiM K b 6asucon.

1, ecau 1 # 7,

B uactHocTH, f' (¢;) = &) = { 0. ccmt i=j



I1V.4. B3aumMHbIu 0a3uc

f! (513161 +...+2",) = f! (:r;jej) =3 (2)
Onpenenenue 4. /{aa 6asuca b = {ey,... ,e,} cucmema ¢yukyuii
B = {f f% ..., "}, ede f  onpedersiomcs coomnowenuamu (2),

Ha3bleaemcs B3auMHubIiM K b 6asucon.

B yacTHOCTH, pa3MEpPHOCTH HCXOJIHOTO U CONPSI2KEHHOTO MPOCTPAHCTBA
paBHbI, CJE0BaTEJIbHO, OHU H30MOP(HBI. boJsiee Toro, Kak Mbl Mo3jHee
YBUJIUM (CM. pasie «oToxjaecTBjaeHue V' u V*») B eBKJIUIOBOM MPO-
CTPAHCTBE MOXKHO OTOXKJECTBUTb UCXOJHOE MPOCTPAHCTBO C COMPSIKEH-
HbIM C TIOMOLIbIO BECbMa €CTECTBEHHOIO MPaBHUJIa.



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6;1} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, , ,f”} — coomsemcmasy-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
fr="0;f7, e0e (b;) = (ai;)

ILO Ka3aTE€JdbCTBO.



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6;1} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, , ,f”} — coomsemcmasy-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
fr="0;f7, e0e (b;) = (ai;)

JlokasareabcrBo. [Tycts f' = ¢ - f7. Torna



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6;1} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, , ,f”} — coomsemcmasy-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
fr="0;f7, e0e (b;) = (ai;)

JlokasareabcrBo. [Tycts f' = ¢ - f7. Torna

6 = (e =



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6;1} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, , ,f”} — coomsemcmasy-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
fr="0;f7, e0e (b;) = (ai;)

JlokasareabcrBo. [Tycts f' = ¢ - f7. Torna

0 =fr(ef) =cf fl(e)) =



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6;1} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, , ,f”} — coomsemcmasy-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
fr="0;f7, e0e (b;) = (ai;)

JlokasareabcrBo. [Tycts f' = ¢ - f7. Torna

5= FE) =g fe) = r(de) =



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6%} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, . ,f”} — coomeemcmeay-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
=1, e (b)) = (a))

Jlokasateabcrso. [Iyctb fi = ¢; - f1. Torna

5f=f5(6§):Cf'ft(eé)ZCf'ft(af'€j> =c}-al - fl(e) =



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6%} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, . ,f”} — coomeemcmeay-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
=1, e (b)) = (a))

Jlokasateabcrso. [Iyctb fi = ¢; - f1. Torna

5f=f5(62):cf-ft(eé)ZCf-ft(a?-€j> =c-al- f'(ej) = ¢ -al - 5.



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6%} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, . ,f”} — coomeemcmeay-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
=1, e (b)) = (a))

Jlokasateabcrso. [Iyctb fi = ¢; - f1. Torna

5f=f5(62):cf-ft(eé)ZCf-ft(a?-€j> =c-al- f'(ej) = ¢ -al - 5.

3aMeTHM, uTo



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6%} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, . ,f”} — coomeemcmeay-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
=1, e (b)) = (a))

Jlokasateabcrso. [Iyctb fi = ¢; - f1. Torna

=fe)=c fe)=c-f (ai-ej) =c-al- f'(ej) = ¢ -al - 5.
3aMeTHUM, UTO

a8 =al-0+...+a-1+...+a' 0=



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6%} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, . ,f”} — coomeemcmeay-
jouwjue szaumnole 6asucel. Toeda e, = ale;, ecau u MoAbKO ecau
=1, e (b)) = (a))

Jlokasateabcrso. [Iyctb fi = ¢; - f1. Torna

=fe)=c fe)=c-f (ai-ej) =c-al- f'(ej) = ¢ -al - 5.
3aMeTHUM, UTO

a‘g-éj-:a%-O+...+a§~1+...+a?-02a§.



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6a3uca). Hycmb b = {61, ceey en} u
B'={e),...,e,} — 0dsa 6asuca auneiinoco npocmparcmsa V,

B ={fLf%....f"} u B" = {fl,fQ, . ,f”} — coomeemcmeay-

J

roiue ssaumHble basucel. Toeda 6; = aq;€5, ecad U MmoabKo ecau

i i £j i i\l
f' =051, 20e (by;) = (as;) -
Jlokasateqbcrso. [Iycts fi = ¢’ - f7. Torna

5f:f5(6§):Cf'ft(eé)ZCf'ft(af'€j> =c-al- f'(ej)=c] al -5
3aMeTHM, uTo
ag-(Sj-:all-O—i—...—i—aﬁ-l—l—...—l—a?-():aﬁ.

CaieloBaTesibho, 0F = ¢ - at. Ho 370 o3nauaer, uro ¢ = b7 (B cHJ1y 0J1HO-
3HAYHOCTH 0OpaTHOW MaTpullbl). Teopema nokasaHa.



IV.5. Teopema 06 u13MeHeHUHU B3aMMHOro 6a3uca

Teopema 3 (06 M3MeHeHMH B3aMMHOro 6asuca). Hycmb b = {61, Ceey en} u
b = {6/1, cee 6%} — dsa 6as3uca AUHEUHOeO npocmpaHcmsa V,

B = {f./%....f"} u B" = {fl,fQ, . ,f”} — coomeemcmeay-
oujue saaumHole dasucel. Toeda e, = a{ej, ecal U MmMoAbKO ecau
=1, e (b)) = (a))

Takum oOpasom, npu nepexojie B Apyrok 6a3uc npocTpancTea vV coort-
BETCTBYIOIIME BEKTOPbI B3AUMHOI0 0a3uca MeHSIIOTCS 10 MpaBUJly, aHa-

JIOTHYHOMY TE€H30PHOMY 34dKOHY JIJIs1 KOHTPABAPHAHTHOI'O TEH30p4a, I10-
9TOMY MHIAEKChI Y BEKTOPOB B3AUMHOI'O 0asuca Mbl [TUILIEM CBEpXY.



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JloKa3aTeJbCTBO.



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

Jloka3areabcTBO. JI0CTaTOUHO MPOBEPUTDH BHIMTOJHEHUE TEH3O0PHOTO
3aKOHa.



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JHokasareabctBo. Ilycte B = {e1,...,e,} u B'={el,..., e} —
nBa Oasuca JuHeHHoro mnpoctpaHctBa V, b = {fl, 2., f”} 1
B" = {fl, 2., f”} — COOTBETCTBYIOILKE B3aUMHble 6a3UChI, TPHUEM



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JlokasarenbctBo. [lomyctum, uto f =y; - f* = y; - f/. Ilo Teopeme
06 M3MeHeHUHU B3aUMHOro Gasuca noaydaem f* = b’ - f7.



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JlokasarenbctBo. [lomyctum, uto f =y; - f* = y; - f/. Ilo Teopeme
006 M3MeHeHuM B3aMMHOTro 6Gaszuca moayuaem f' =0’ - f/. YMHOXHM
3TO PAaBEHCTBO Ha a$ W IPOCYMMUpPYeM 110 4. [Tosyunm



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JlokasarenbctBo. [lomyctum, uto f =y; - f* = y; - f/. Ilo Teopeme
006 M3MeHeHuM B3aMMHOTro 6Gaszuca moayuaem f' =0’ - f/. YMHOXHM
3TO PAaBEHCTBO Ha a$ W IPOCYMMUpPYeM 110 4. [Tosyunm

/.

wf =



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JlokasarenbctBo. [lomyctum, uto f =y; - f* = y; - f/. Ilo Teopeme
006 M3MeHeHuM B3aMMHOTro 6Gaszuca moayuaem f' =0’ - f/. YMHOXHM
3TO PAaBEHCTBO Ha a$ W IPOCYMMUpPYeM 110 4. [Tosyunm

]



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JlokasarenbctBo. [lomyctum, uto f =y; - f* = y; - f/. Ilo Teopeme
006 M3MeHeHuM B3aMMHOTro 6Gaszuca moayuaem f' =0’ - f/. YMHOXHM
3TO PAaBEHCTBO Ha a$ W IPOCYMMUpPYeM 110 4. [Tosyunm

af-fi:af-bé.-fj:éj-fj:fs,



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JlokasarenbctBo. [lomyctum, uto f =y; - f* = y; - f/. Ilo Teopeme
006 M3MeHeHuM B3aMMHOTro 6Gaszuca moayuaem f' =0’ - f/. YMHOXHM
3TO PAaBEHCTBO Ha a$ W IPOCYMMUpPYeM 110 4. [Tosyunm

af-fi:af-bé.-fj:éj-fj:fs,

Wrak, ntokasano f* = a$ - f', oTkyna



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JokasareabctBo. Mtak, nokasauno f° = a; - f/'i, OTKYyJla
f:y}‘fj:y@"fi:yi'a;'fj-

CJieoBaTebLHO,



IV.6. Teopema 0 KOBapuUaHTHbIX KOOpPAUHATAX

Teopema 4 (o kosapuantnbix koopaunarax). [lycmo V. — auneinoe npo-
cmpancmso, [ — sekmop conpaxcennoco KV npocmparncmsa V¥,
Toeda pynkyusa, kandomy b6asucy b npocmparncmsa V.emasawas 8
coomsemcmaue cmoabey kKoopournam sekmopa f 8 6asuce b*, 83a-
umrom K 6asucy b, ssaaemcs KosapuaHmHolm MEeH30POM NepB020
panea.

JlokasaTeabcTBoO. Mrak, nokasano f* = af - f', oTkyna
) i — e f— el
f_yj'f =yi-f _yz'aj'f-
CJieioBatesibHO, 1I0 TeopeMe 00 OJHO3HAYHOCTHU Pa3J0XKEHUS BeK-

Topa 1o 6asucy y. = aj - y;, 4To U TPe6OBAIOCH J10KA3aTb.
PaccmoTperb npumep?



IV.7. Onpenesenve TeH30p-BeKTOpa

Onpeneaenue 5. [lycmo V. — auneiinoe npocmparncmso. Beakull
gekmop aureino2o npocmparcmsea Vi@ Vo ® ... QV,, ede posHo
k npocmpancmes V; coenadaem ¢ V, a ocmaavHole m umyx npo-
cmpancms V; cosnadarom ¢ V* (3deco m+ k =r), Ha3vieaemcsa
MeH30P-8EeKMOPOM PaAH2A T, M PA3 KOBAPUAHMHbIM U Kk pA3 KOH-
mpasapuaHniHolLM.



IV.7. Onpenesenve TeH30p-BeKTOpa

Onpeneaenue 5. [lycmo V. — auneiinoe npocmparncmso. Beakull
gekmop aureino2o npocmparcmsea Vi@ Vo ® ... QV,, ede posHo
k npocmpancmes V; coenadaem ¢ V, a ocmaavHole m umyx npo-
cmpancms V; cosnadarom ¢ V* (3deco m+ k =r), Ha3vieaemcsa
MeH30P-8EeKMOPOM PaAH2A T, M PA3 KOBAPUAHMHbIM U Kk pA3 KOH-
mpasapuaHniHolLM.

Hanpumep, o060l U3 BeKTOpoB npocTpanctBa V @ V @ V@ V' aB-
JISIETCSl TPUK/Ibl KOHTPaBAPUAHTHBIM M OJIMH Pa3 KOBAPUAHTHBIM TEH30-
pOM UETBEPTOr0 paHra.



V. CBsi3b TeH30p-BeKTOpa ¢ TeH30p-(PyHKLHUEH U
TEH30p-MaCCUBOM

[IycTh nana TeH30p-yHKIMS paHra r, m pa3 KoBapuaHTHasi U k pas
KOHTpaBapuaHTHad. [l ynpoluieHus JaabHeHIIero H3aoKeHus, yrnops-
JOUYUM MACCHUB €ro KOOpAHHAT TaK, yToObl CHauyaJia [epeyuc/IsdJInCb BCE
BEPXHHE, 4 TOTOM — HHU2KHHWE HHACKCHI.



V. CBsi3b TeH30p-BeKTOpa ¢ TeH30p-(PyHKLHUEH U
TEH30p-MaCCUBOM

[IycTh nana TeH30p-yHKIMS paHra r, m pa3 KoBapuaHTHasi U k pas
KOHTpaBapuaHTHad. [l ynpoluieHus JaabHeHIIero H3aoKeHus, yrnops-
JOUYUM MACCHUB €ro KOOpAHHAT TaK, yToObl CHauyaJia [epeyuc/IsdJInCb BCE
BEPXHHE, 4 TOTOM — HHU2KHHWE HHACKCHI.

Wrak, BosbMeM Gasuc B = {ey, es,..., e, }, n nycTh (T?l“'.Jk) — Mac-

CUB €ro KOOPJIMHAT B 3TOM 0asuce. DTOMY T€H30Py [MOCTaBUM B COOTBET-
_>
ctBue BekTop T U3



V. CBsi3b TeH30p-BeKTOpa ¢ TeH30p-(PyHKLHUEH U
TEH30p-MaCCUBOM

[IycTh nana TeH30p-yHKIMS paHra r, m pa3 KoBapuaHTHasi U k pas
KOHTpaBapuaHTHad. [l ynpoluieHus JaabHeHIIero H3aoKeHus, yrnops-
JOUYUM MACCHUB €ro KOOpAHHAT TaK, yToObl CHauyaJia [epeyuc/IsdJInCb BCE
BEPXHHE, 4 TOTOM — HHU2KHHWE HHACKCHI.

Wrak, BosbMeM Gasuc B = {ey, es,..., e, }, n nycTh (T?l“'.Jk) — Mac-

CUB €ro KOOPJIMHAT B 3TOM 0asuce. DTOMY T€H30Py [MOCTaBUM B COOTBET-
_>
ctBue BekTop T U3

W=VyvVe..egVeV ' a...o V",
k wtyK m HITyK

OHpGﬂGJIHGMbeI COOTHOLIEHHEM:



V. CBsi3b TeH30p-BeKTOpa ¢ TeH30p-(PyHKLHUEH U
TEH30p-MaCCUBOM

[IycTh nana TeH30p-yHKIMS paHra r, m pa3 KoBapuaHTHasi U k pas
KOHTpaBapuaHTHad. [l ynpoluieHus JaabHeHIIero H3aoKeHus, yrnops-
JOUYUM MACCHUB €ro KOOpAHHAT TaK, yToObl CHauyaJia [epeyuc/IsdJInCb BCE

BEpXHHUE, a OTOM — HUKHHE MHJIEKCHI.
_ J1-Jk )
Hrak, Bosbmem 6asuc b = {ey, ey, ..., €,}, u nycThb (T“Zm) Mac-

CUB €ro KOOPJIMHAT B 3TOM 0asuce. DTOMY T€H30Py [MOCTaBUM B COOTBET-
_>
ctBue BekTop T U3

W=VvVe..eVeV ' a...o V",

k wtyk m HITyK
OHpQILQJIHGMbHU/I COOTHOLIeHHUueM.
m J1--Jk i1 i
— . . . m
T — Tllzm ° 6]1 ® 6]2 ® . .. ® 6]]6 ® f ® . .. ® f 9 (3)

rne ' — BEKTOPbI B3aUMHOT0 Oa3uca.



V. CBsi3b TeH30p-BeKTOpa ¢ TeH30p-(PyHKLHUEH U
TEH30p-MaCCUBOM

H . . . .
_ mJi---Jk ) ) ) 11 7
T =T 7 € ®ep®. . 0¢gafla.afm (3)
riae f' — BEKTOpPbl B3aMMHOIo 6asuca.

Hrak, BCsIKO# TeH30p-(YHKIMK COOTBETCTBYET OJHO3HAUHO OMNpejie-
JIEHHBIH T€H30p-BEKTOP. DTO COOTBETCTBHE 06paTUMO. JleHCTBHTEIbHO,

NyCTh



V. CBsi3b TeH30p-BeKTOpa ¢ TeH30p-(PyHKLHUEH U
TEH30p-MaCCUBOM

_ o | .
T=T]" ¢ ®e®. 0gaf1e...0fm (3)
riae f' — BEKTOpPbl B3aMMHOIo 6asuca.

HMrak, Besikoi TeH30p-(yHKIMH COOTBETCTBYET OJHO3HAUHO OTpejie-
JIEHHbIH TEH30P-BEKTOP. DTO COOTBETCTBHE oOpaTuMmo. JleldcTBUTENb-
HO, MYCTb JaH TEeH30p-BeKTOp W3 mnpoctpaHcTBa W (onpeneseHHO-
ro HeCKOJbKHMH CTpPOKaMH paHee). BosbMeMm Npou3BoJibHBIN 0asuc
b = {ey,e9,...,e,} npoctpancrBa V. EMy moctaBuM B COOTBETCTBUE Ha-

3UC
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riae f' — BEKTOpPbl B3aMMHOIo 6asuca.

WTak, Besikol TeH30p-(PyHKIMH COOTBETCTBYET OJHO3HAUHO OTpejie-
JIEHHbIH TEH30P-BEKTOP. DTO COOTBETCTBHE oOpaTuMmo. JleldcTBUTENb-
HO, MYCTb JaH TEeH30p-BeKTOp W3 mnpoctpaHcTBa W (onpeneseHHO-
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npocrpanctsa W, rae f! — BeKTOpbl B3aUMHOIO 6asuca.
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H . . . .

_ J1---Jk ) ) ) 11 7
T=T 75 €1©e®. . 0cgafile..afm, (3)
rae f' — BeKTOpbl B3auMHOro Gasuca. Bo3bMeM MPOU3BOJILHBIH Gas3uc
b = {e,e9,...,¢e,} npoctpancrsa V. EMy noctaBuM B COOTBETCTBUE Oa-

3UC
— ) ) ) 11 1
B={...,6,0€e,®...0¢;, @ f1@...fm" ...}
npocrpanctsa W, rie f' — BeKTOpbl B3aUMHOI0 6asuca.
dyukuus, Kaxaomy 6asucy b npoctpanctsa V' crapsiiasi B COOTBET-

CTBUE MACCHUB €r0 KOOPJIMHAT B COOTBETCTBYIOLIEM Oasuce B, OUeBUIHO,
Oy/1eT HCKOMOMH TeH30p-(hyHKIUHEH.
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T=T7"€®e®. . Qeaf1®. .. ®fm (3)
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Hrak, cooTHoweHue (3) ycTaHaBJMBaeT B3AUMHO-0JIHO3HAYHOE CO-
OTBETCTBHE MKy TEH30P-(YHKUHSMU H TEH30P-BEKTOPAMH.

Paccmorperbh npumep?
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B repmunax Ten3op-yHKUMH: CyMMO# m pa3 KOBCLpLLCleHbe ik
pas Kowmpasapuanmnsix mensopos T u R naseisaemes ¢ynryus,
kancdomy b6asucy b npocmpancmesaV ecmasauas 8 coomeemcmaue

naccus (szll M R ‘7’“), ede T)"F u R)'"* — gomnonenmol, co-
omesemcmeseHHo, men3opos T u R 8 6basuce b.
MoxKHO cKazaTb U Tak: cyMMo# TeH30poB 1" U R HazbiBaeTcsi PyHK-

g T+ R, xkaxiaomy 0Oasucy b crapsiliag B COOTBETCTBUE MaCCHB
(T'+ R)(b) =T(b) + R(B).
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VI.4. TlepecTtaHoBKa OJHOTUNHBIX HHAEKCOB (TpaHCIO-
HUPOBaHHE)

B tepmunax maccuBoB: nycmo 3adan maccus T = (1}, ;). Toeda
maccuBom, TPAHCNOHUPOBAHHBIM K maccugy I’ no p-my u q-my uH-
deKCaM, HassvleaermcAa maccus

Tlra — (TZ
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Cs TOT WJM MHOH MHJEKC (3TO BaXKHO TOJIBKO JI/I1 TEH30PHOI'O 3aKOHA),
MOSTOMY Mbl BC€ HHJIEKCHI ITHCAJIK BHUSY.
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B sTom onpejiesieHnun HaC He HHTEPECOBAJIO, Ha KAKOH BbICOTE HAXOJIUT-
Csl TOT MJIM MHOHU MHJEKC (3TO BaXKHO TOJIbKO JIJIi TEH30PHOTO 3aKOHa),
MO3TOMY Mbl BCE€ UHJIEKChI TUCAJIH BHU3Y.
B Tepmunax tenzop-gyukiuu: TpancnonupoBanuem menzopa 1’ no
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B TepMHHAX TeH30p-BEKTOPA TPAHCIIOHUPOBAHHUIO COOTBETCTBYET CHM-
METPUUHOE OTpaKeHHe OTHOCUTEJbHO HEKOTOPOH THUIEePNJIOCKOCTH. Bo
BCAKOM CJIyuae, MoJiydyaeTcst BeKTOP TOTO Ke MPOCTPAHCTBA.



VI.5. TeH3zopHoe (BHellHee ) Npou3BeAeHHE TEH30POB
B repmunax maccusos: [Tycmo T = (T}, ;) u R = (Rj,. ;) — 0sa

naccusa’. Toeda TeH30pHBbIM NpousBeaeHuem maccusos T u R Ha-
36L8aeMcs MACCUB

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

2Cefiyac HaC He MHTEpeCyeT, Ha KaKOH BbICOTE HAXOJIUTCS TOT WJIM UHOW MHJIEKC (3TO BarKHO TOJBKO
U1l TEH30PHOTO 3aKOHA ), TO3TOMY, (hOPMYJIUPYS OMpeiesieHre TONbKO sl MAaCCHBOB, Mbl BCE HHJIEKCHI
MHULLEM BHH3Y.



VI.5. TeH3zopHoe (BHellHee ) Npou3BeAeHHE TEH30POB

B repmunax maccusos: [Tycmo T = (T}, ;) u R = (Rj,. ;) — 0sa
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B TEPMHUHAX TeHSOp—(bYHKLLHHI TEH3OPHbLIM NIPOU3BECAECHUEM rMeH30pAa

e
T na mensop R nasoieaemcesa pyukuyus T @ R, kamdomy 6asucy b
npocmparncmsa V cmasawas 8 coomsemcemaesue maccus

('@ R)(B) = (Qrinr) = (Tt Ry

2de (Tﬁ“?k) — T(B) u (Rsl"'SQ) — R(B).
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Teopema 10 (0 TEH30pPHOM NNPOU3BEJEHUU TEH30POB). T@HSOPHO@ npouseede—
HUe mMeH3opos ABAAencs MmeH30POM.

ILOKaSaTeJleTBO O4YE€BUIHO, ITPOBEIUTE €0 CaMOCTOSITEJ/IbHO.

B TepMHUHaX TEH30P-BEKTOPA: TEH30PHbIM MPOU3BEAEHUEM TEH30pa
— —
T u3 npocrpanctBa U Ha tensop R u3 npoctpaHcetBa V' HasbiBaercs

BekTOp T'® R w3 npoctpaHctBa U @ V.
OueBHJHO, UTO PAHT TEH30PHOIO MPOU3BEJIEHUSI TEH30POB PaBEH CyMMe

PAaHrOB COMHOXKHTEJIEN"

3eCJIM Mbl TPUHUMaeM rpammaTideckoe mpapwio (U@ V)W =U (VeoW)=UV e W.



VI1.6. CBepTbiBaHue
OnpenesneHre NpUBEIEM TOJbKO B TePMUHAX T€H30p-(YHKIMH U Mac-
CHUBaA.
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B repmunax maccusa: [Tycmo T' = (15, ;) — maccus. Toeda cBepT-
Ko maccusa T no p-my u q-my unoexcam, eoe p < ¢, Ha3blB8ACMCS
maccus

n
(Ril...ip_li ledgo1i +1...im) = Loy iy 1 kipgoiy1 Kigst.im
P q q P p q
k=1
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B repmunax maccusa: [Tycmo T' = (15, ;) — maccus. Toeda cBepT-
Ko maccusa T no p-my u q-my unoexcam, eoe p < ¢, Ha3blB8ACMCS
maccus
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(Rz‘l...z'p_lz'pﬂ...z‘q_l@'qﬂ.‘.z'm) = E Tz'l...z'p_l Kipi1ig1kigit.im
k=1
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B repmunax maccusa: [Tycmo T' = (15, ;) — maccus. Toeda cBepT-
Ko maccusa T no p-my u q-my unoexcam, eoe p < ¢, Ha3blB8ACMCS
maccus

n
(Rz‘l...z'p_lz'pﬂ...z‘q_l@'qﬂ.‘.z'm) = E Tz'l...z'p_l Kipi1ig1kigit.im
k=1

B Tepmunax tenzop-dyukuuu: [lycmo dan mensop T. Pynkyus,
Kaxcdomy 6aszucy b npocmparncmesa U cmasawaa 8 coomsemcemaue
MACCUB (T;Jl .]q 1%lq+1Jg+2---Jk
UHOCKCAM Ty, Jq-

Takum oOpa3om, cBepTKa TeH30pa COIMOCTABJSAET KaKaoMy Oasucy
CBEPTKY 3HAUEHUST 3TOr0 TeH30Pa Ha 3TOM Oa3uce Mo COOTBETCTBYIOIIUM
unaekcam. [Ipu 3ToM HHAEKCHI, O KOTOPbIM MPOBOJUTCS CBEPThIBAHHE

TEH30pa, 10JI2KHbl HAXOAUTbLCS HA paSHOfI BbICOTE.

), Ha3vleaemcs cBepTKoi menszopa T no
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Teopema 11 (o ceeprke rensopos). C8epmra meH30po8 (N0 pa3rLossvLco-
Kum urndexkcam!) asasemcsa men30pon.

JloKasaTeJ bCTBO CTaHIaPTHOE, MbI TPOUJITIOCTPHPYEM €ro Ha MPHUMe-
pe Tensopa T}, rjie cBepTKa BeJleTcst o uuaekcam p, k. Mrak,

RL=TM =a'-a)-a? Wb - Ti, =al al b 6" T

1)p ] p uvw uvw —



VI1.6. CBepTbiBaHue

Teopema 11 (o ceeprke rensopos). C8epmra meH30po8 (N0 pa3rLossvLco-
Kum urndexkcam!) asasemcsa men30pon.

JloKasaTeJ bCTBO CTaHIaPTHOE, MbI TPOUJITIOCTPHPYEM €ro Ha MPHUMe-
pe Tensopa T}, rjie cBepTKa BeJleTcst o uuaekcam p, k. Mrak,

RL=TM =a'-a)-a? Wb - Ti, =al al b 6" T

1)p ] p uvw uvw —
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VI1.6. CBepTbiBaHue

Teopema 11 (o ceeprke rensopos). C8epmra meH30po8 (N0 pa3rLossvLco-
Kum urndexkcam!) asasemcsa men30pon.

JloKasaTeJ bCTBO CTaHIaPTHOE, MbI TPOUJITIOCTPHPYEM €ro Ha MPHUMe-
pe Tensopa T}, rjie cBepTKa BeJleTcst o uuaekcam p, k. Mrak,

RL=TM =a'-a)-a? Wb - Ti, =al al b 6" T

1)p ] p uvw uvw —

= a/aib{T,,, = ajaibjR,

uvs uv?



VI1.6. CBepTbiBaHue

Teopema 11 (o ceeprke rensopos). C8epmra meH30po8 (N0 pa3rLossvLco-
Kum urndexkcam!) asasemcsa men30pon.

JloKasaTeJ bCTBO CTaHIaPTHOE, MbI TPOUJITIOCTPHPYEM €ro Ha MPHUMe-
pe Tensopa T}, rjie cBepTKa BeJleTcst o uuaekcam p, k. Mrak,

RL=TM =a'-a)-a? Wb - Ti, =al al b 6" T

1)p ] p uvw uvw —

= a/aib{T,,, = ajaibjR,

uvs uv?

uTO U TPeOOBAJIOCH 10KA3aTh.



VI1.6. CBepTbiBaHue

Teopema 11 (o ceeprke rensopos). C8epmra meH30po8 (N0 pa3rLossvLco-
Kum urndexkcam!) asasemcsa men30pon.

3aMeTuM, uTo, BO-TEPBbIX, CBEPTKA MPOBOJUTCS MO PA3HOBBICOKUM
MHJEKCaM, MHaue He MoJyduscst Obl TEH30P, U BO-BTOPbIX, paHT CBEPTKU
paBeH r — 2, TJie 7 — PaHr UCXOJIHOTO TeH30Pa.



VI1.6. CBepTbiBaHue

Teopema 11 (o ceeprke rensopos). C8epmra meH30po8 (N0 pa3rLossvLco-
Kum urndexkcam!) asasemcsa men30pon.

3aMeTHM, UTO, BO-TIEPBbIX, CBEPTKA MPOBOJUTCS IO Pa3HOBLICOKUM
MHJEKCaM, MHaue He MoJyduscst Obl TEH30P, U BO-BTOPbIX, paHT CBEPTKU
paBeH r — 2, TJie 7 — PpaHr UCXOJIHOTO TEeH30pa.

B kauecTBe npumepa CBEPTKH MOXKHO MPUBECTH CJIEJl IMHEHHOTO Olle-
patopa, paBHbId CJIey ero MaTpullbl B KakKoM JIMOO Oasuce: tr L = L.
ITO, OUEBUJIHO, CBEPTKA. PaHr HCXO0JHOrO TeH3opa OblJ paBeH 2, cJe-
JIOBaTeJIbHO, paHr ero ceepTku paBeH 0. B wacTHocTH, cJjen onepaTopa
BO Bcex 6asucax oJMHaKkoBbId. /lokazaTe/ibcTBO 3TOT0 PakTa B IMHEHHON
aJirebpe NPOBOJIMJIOCH TOUHO TaK 2Ke (C TOUHOCTbIO 10 0003HAUeHUH ), KaK
M JI0Ka3aTeJbCTBO MPEbIIYyIIEH TEOPEMBI.



VI.7. BHyTpeHHee npou3BeieHUE TEH30POB

ITO Cyneprno3nulius TEH30PHOTO MPOU3BEJIEHHS U CBEPTKH. To eCTh CHa-
HaJla BbIYHUCJIAETCHA TEH30PHOE IPOU3BEACHHE, a TTOTOM IMPOU3BOIAHUTCSH
CBEpPTKa 10 pa3HOBbBICOKHM HHJIEKCAM, B3ATbIM U3 PA3HbIX COMHOXKHUTE-
Jied. [TosTomy npu BHYTpeHHEM MPOU3BEJECHUU HAJI0 YKA3bIBATh, MO Ka-
KUM MHJAEKCAM IMPOBOANUTCH CBEPThIBAHHUE.



VI.7. BHyTpeHHee npou3BeieHUE TEH30POB
[ IpuMepbl NPUMEHEHUS BHYTPEHHErO MPOU3BEICHUS.

1. 3acdukcupyem BekTop x W JuHelHbIH onepaTop L. Kaxknomy 6asucy
MOCTABHM B COOTBETCTBHE CTOJIGEL KOOPAMHAT BekTopa L(x) B 3TOM
Gasuce. DTOT TEH30P MOYKHO 3alUCATh B BUIE BHYTPEHHETO MTPOU3Be-
nenusi TeH3opoB. [1yete b = {ey, €9, ..., e,} — Gasuc npoctpaHcTaa
Uyx=2x"¢,Lx)=y=1y"-e. Torna

RN T (o i i
y ej=y=Lx)=L(z"-¢)=2a"L(e)=a"-L e,
rie (LZ) — maTpuua oneparopa L B 6asuce B. [Tostomy ¢/ = L! - 2,
4TO M TPeGOBaJOCh 10KA3AaTh.



VI.7. BHyTpeHHee npou3BeieHUE TEH30POB
[ IpuMepbl NPUMEHEHUS BHYTPEHHErO MPOU3BEICHUS.

1. 3acdukcupyem BekTop x W JMHekHbIH onepaTop L. Kaknomy 6asucy
MOCTaBUM B COOTBETCTBHE CTOJIOEIL KOOPAUHAT BeKTopa L(x) B 3TOM
6asuce. DTOT TEH30P MOYKHO 3aIUCaTh B BUJI€ BHYTPEHHETO MPOU3BE-
nenusi TeH3opoB. [1ycts B = {eq, €9, ..., €,} — 6asuc npocrpancTea
Uyx=2x"¢,Lx)=y=1y"-e¢. Torna

RN T (o i i T
y ej=y=Lx)=L(z"-e)=a"L(e)=a"-L e,
rie (Lf) — marpuiia oneparopa L B 6asuce B. [Tostomy 3/ = L7 - 2,
uTO U TPeOOBAJIOCH I0KA3AaTh.

2. 3Hauenue OWIMHERHON (OpMbl Ha (PUKCHPOBAHHBIX BEKTOpax x, .
JlelicTBUTENBHO,

Flz,y)=F (2" e,y ;) =a' -y - Fleiej) =a' -y - Fy,

4TO U TPeOOBAJIOCh 10KA3aTh.



VI.8. O0paTHbIA TEH30PHbIA NPU3HAK (MPaBUJI0 YACTHO-
ro)

Teopema 12 (06paTHbu7l TEH30PHbIA NPU3HAK, NIPABUJ0 YACTHOIO). HyCIﬁb (pnyC-

yusa T nepesodum mHOMecmBO 06A3UCO8 8 MHOMCECMBO MACCU-

808 (T(i1,. - ylm,J1s- s Tk Ply--->Ds,q15---,G)) (30eco uHdekcol

thy Jh, Phy Qn BpODE2aOm 3Ha4eHUs om [l do n). Ecau T makosa,
P1---Pshi...

4mo 048 1106020 menzopa REL-Ps't m v hyHKyus, Kaxroomy oasucy

b cmasawaa 8 coomsemcemeaue maccus 3nemennos suda

J1egphihy (4)

. . . . hi..h
— T(Zh ceestmy J1s -5 IR Py - - -5 Psy 41 - - 7Qt) Rpl gtsrll Tuv
ABAAemcA mQHBOpOM, mo 1" maxkxce asiaemcs MeH30POM CMPYK-

mypol T‘71 f’ﬁgi o (8 pasencmese (4) 6 npasoii uacmu cmosm sxaue-

HUS qbymmuu T u Rsb6asuceb).

ILO Ka3aTEJdbCTBO.



VI.8. O0paTHbIA TEH30PHbIA NPU3HAK (MPaBUJI0 YACTHO-
ro)

ILOKaSaTe.HbCTBO. B O6LU£M CJlydae Oo4€eHb IrpoMo3aKoe, IMo3TOMY MbI
[IPOUJIJIIOCTPUPYEM €0 OCHOBHYIO UACI0 B HaCTHOM CJlydae, KOTrJa paBEH-
CTBO (4) UMeeT BUJI;

Q"' =T(i,j k) Rj.



VI.8. O0paTHbIA TEH30PHbIA NPU3HAK (MPaBUJI0 YACTHO-
ro)
Hokasareabctso pasenctsa Q' = T'(i, j, k) - Ry, B
[Tepeiinem B apyroii 6asuc B'. meem: Q7! = T'(4, 5, k) - RL.



VI.8. O6paTHbIA TEH30PHbIK NPU3HAK (MPaBUJI0 YACTHO-
ro)
HokasareabcTso pasenctsa Q' = T'(i, j, k) - Ry B
[Tepeiinem B apyroii 6asuc B'. Mmeem: Q' = T'(i,j,k) - RY. B cuny
TeH30PHOT0 3aK0Ha (110 YCI0BUIO QQ U R — TeH30pbl ), 10J1y4aeM:



VI.8. O6paTHbIA TEH30PHbIK NPU3HAK (MPaBUJI0 YACTHO-
ro)
HokasareabcTso pasenctsa Q' = T'(i, j, k) - Ry B
[Tepeiinem B apyroii 6asuc B'. Mmeem: Q' = T'(i,j,k) - RY. B cuny
TeH30PHOT0 3aK0Ha (110 YCI0BUIO QQ U R — TeH30pbl ), 10J1y4aeM:

T/(i7j7 k) ’ RM — Qﬂ -



VI.8. O6paTHbIA TEH30PHbIK NPU3HAK (MPaBUJI0 YACTHO-
ro)
HokasareabcTso pasenctsa Q' = T'(i, j, k) - Ry B
[Tepeiinem B apyroii 6asuc B'. Mmeem: Q' = T'(i,j,k) - RY. B cuny
TeH30PHOT0 3aK0Ha (110 YCI0BUIO QQ U R — TeH30pbl ), 10J1y4aeM:

Tl(i,j, k) . RM = Qﬂ — b; ) bi . Qst _



VI.8. O6paTHbIA TEH30PHbIK NPU3HAK (MPaBUJI0 YACTHO-
ro)
HokasareabcTso pasenctsa Q' = T'(i, j, k) - Ry B
[Tepeiinem B apyroii 6asuc B'. Mmeem: Q' = T'(i,j,k) - RY. B cuny
TeH30pHOr0 3akoHa (110 yea0BHI0 Q U R — TeH30pr), MoJlyuaeM:

T'(i,j,k) - B = Q" = b8 Q" = b]- B} - T(u,s,0) - R =



VI.8. O6paTHbIA TEH30PHbIK NPU3HAK (MPaBUJI0 YACTHO-
ro)
HokasareabcTso pasenctsa Q' = T'(i, j, k) - Ry B
[Tepeiinem B apyroii 6asuc B'. Mmeem: Q' = T'(i,j,k) - RY. B cuny
TeH30pHOr0 3akoHa (110 yea0BHI0 Q U R — TeH30pr), MoJlyuaeM:

T/, juk) - B = Q' = b b Q" = bl b - T{u, 5,0) - R =
= b b -T(u,s,v)-b-al -ajf-Rgr:

v q



VI.8. O6paTHbIA TEH30PHbIK NPU3HAK (MPaBUJI0 YACTHO-
ro)
HokasareabcTso pasenctsa Q' = T'(i, j, k) - Ry B
[Tepeiinem B apyroii 6asuc B'. Mmeem: Q' = T'(i,j,k) - RY. B cuny
TeH30pHOr0 3akoHa (110 yea0BHI0 Q U R — TeH30pr), MoJlyuaeM:

/(6,4 k) B = Q' = b b~ Q" = b - b} - T(u, 5,0) - R =
:bg‘bé'T(U,S,U>'bp°a 'QU'Rqr:bj'bp'au.T(U’?S?v).RZZ9T7

v q r D 5 v T



VI.8. O6paTHbIA TEH30PHbIK NPU3HAK (MPaBUJI0 YACTHO-
ro)
HokasareabcTso pasenctsa Q' = T'(i, j, k) - Ry B
[Tepeiinem B apyroii 6asuc B'. Mmeem: Q' = T'(i,j,k) - RY. B cuny
TeH30PHOT0 3aK0Ha (110 YCI0BUIO QQ U R — TeH30pbl ), 10J1y4aeM:

T/(7’7]7k)RZZ:le:bgbiQSt:bgbiT(uv‘S)U)Rf)u:
:bg-bé-T(u,s,v)-bp-at-a?-Rgr:bj-bp-au-T(u,s,v)-Rg,

v q 5 v T
t

n6o b - al, = &, (Kpome TOro, Mbl 3aIKcald TEH30PHBI 3aKOH «HA060-
poT», 1uis nepexoza us b s B').



VI.8. O0paTHbIA TEH30PHbIA NPU3HAK (MPaBUJI0 YACTHO-
ro)
JlokasareabcTBo pasenctBa Q7! = T(i, j, k) - RY.

T'(i,4,k)- R =0 - WP - a"-T(u,s,v) - RZ.

r

3adukcHpyeM MPOU3BOJIbHYIO TPOHMKY HATYPaJIbHBIX YHCEJI, He TPEBOC-
xomsuwx n:  (f, g, h).



VI.8. O0paTHbIA TEH30PHbIA NPU3HAK (MPaBUJI0 YACTHO-
ro)
JlokasareabcTBo pasenctBa Q7! = T(i, j, k) - RY.

T'(i,4,k)- R =0 - WP - a"-T(u,s,v) - Rzlf.

.
3adukcupyem NporU3BOJbLHYIO TPOUKY HATYPaJIbHBIX UMCEJI, He TIPEBOC-
xopauwwx n:  (f, g, h). Onpenennm B 6asuce B’ renzop-maccus R]lf npa-

BUJIOM: BCE €r0 KOMITOHEHThI paBHbI 0, KpoMe OJIHOH, a UMEHHO, R,{g =1
(MO>KHO ObIJIO 3aMuUcaTh KOPOUe:



VI.8. O0paTHbIA TEH30PHbIA NPU3HAK (MPaBUJI0 YACTHO-
ro)
JlokasareabcTBo pasenctBa Q7! = T(i, j, k) - RY.

T'(i,4,k)- R =0 - WP - a"-T(u,s,v) - Rzlf.

.
3adukcupyem NporU3BOJbLHYIO TPOUKY HATYPaJIbHBIX UMCEJI, He TIPEBOC-
xopauwwx n:  (f, g, h). Onpenennm B 6asuce B’ renzop-maccus R]lf npa-

BUJIOM: BCE €10 KOMIIOHeHTEI paBHbl 0, KpOMe OJIHOH, a uMeHHo, RIY = 1
(MO2KHO ObLIO 3amucath Kopoue: R = &) - &, - 0). Torna

T'(i,j,k)- RY =T'(g,5,h) =



VI.8. O0paTHbIA TEH30PHbIA NPU3HAK (MPaBUJI0 YACTHO-
ro)
JlokasareabcTBo pasenctBa Q7! = T(i, j, k) - RY.

T'(i,4,k)- R =0 - WP - a"-T(u,s,v) - Rzlf.

.
3adukcupyem NporU3BOJbLHYIO TPOUKY HATYPaJIbHBIX UMCEJI, He TIPEBOC-
xopauwwx n:  (f, g, h). Onpenennm B 6asuce B’ renzop-maccus R]lf npa-

BUJIOM: BCE €10 KOMIIOHeHTEI paBHbl 0, KpOMe OJIHOH, a uMeHHo, RIY = 1
(MO2KHO ObLIO 3amucath Kopoue: R = &) - &, - 0). Torna

T'(i,j,k) - R =T'(g.5,h) = b - b - a" - T(u, s,0).



VI.8. O0paTHbIA TEH30PHbIA NPU3HAK (MPaBUJI0 YACTHO-
ro)
JlokasareabcTBo pasenctBa Q7! = T(i, j, k) - RY.

T'(i,4,k)- R =0 - WP - a"-T(u,s,v) - Rzlf.

.
3adukcupyem NporU3BOJbLHYIO TPOUKY HATYPaJIbHBIX UMCEJI, He TIPEBOC-
xopauwwx n:  (f, g, h). Onpenennm B 6asuce B’ renzop-maccus R]lf npa-

BUJIOM: BCE €10 KOMIIOHeHTEI paBHbl 0, KpOMe OJIHOH, a uMeHHo, RIY = 1
(MO2KHO ObLIO 3amucath Kopoue: R = &) - &, - 0). Torna

T'(i,j,k) - R =T'(g.5,h) = b - b - a" - T(u, s,0).

Takum oOpasom, asist Takoro Bbi6opa TeH30pa R iMeeM BbINOJHEHUE TeH-
30pHOTO 3aKOHa Jyist KoMoHeHT T'(g, j, h) 0 BCeM j.



VI.8. O0paTHbIA TEH30PHbIA NPU3HAK (MPaBUJI0 YACTHO-
ro)
JlokasareabcTBo pasenctBa Q7! = T(i, j, k) - RY.

T'(i,5,k)- R =0 - - a" - T(u, s,v) - RZ.

r

3aduKcHpyeM MPOU3BOJILHYIO TPOHKY HaTypaJibHbIX YMCEJI, He TPEBOC -
xopawwx n:  (f, g, h). Onpenenum B 6asuce B’ Tensop-maccus Rﬁf npa-
BHJIOM: BCE €r0 KOMIOHEHTHI paBHbI 0, KpOMe OJIHOH, a HMEHHO, R,{g =1
(MO3KHO GbLI0 3anucaTh Kopoue: R = &% - 6, - o). Torna

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

Takum o6pasom, /151 TaKoro Bbi6opa TeH3opa & uMeeM BbINOJHEHHE TEH-
30pHOTO 3aKoHa jJist KomnoHeHt 1'(g, 7, h) no Bcem j. Ho Ha6op (f, g, h)
BbIOUpAJICST TPOU3BOJIbHO. [103TOMY TeH30pHBINH 3aKOH MPH MepPexojie B
6asuc B’ st hynkumu T BoinmosiHsieTes 1151 BeeX ee KoMIoHeHT. Teopema
JI0Ka3aHa.



VII. HekoTopble BUabl TEH30POB BTOPOro paHra



VII.1. CMemiaHHbIe TEH30PbI

1. ®ynkuust W (B) = (1I7}), crapsiiiast KaxoMy 6asucy NpocTpaHCTBa
U B cooTBeTCTBHE MaccHB A (0}), sIBJISIETCS, KAK HETPYIHO MPOBe-
PHTb, TEH30POM. DTOT TEH30P HA3bIBACTCS IWAPOBLIM TEH30POM.



VII.1. CMemiaHHbIe TEH30PbI

1. ®ynkuust W (B) = (1I7}), crapsiiiast KaxoMy 6asucy NpocTpaHCTBa
U B cooTBeTCTBHE MaccHB A (0}), sIBJISIETCS, KAK HETPYIHO MPOBe-
PHTb, TEH30POM. DTOT TEH30P HA3bIBACTCS IWAPOBLIM TEH30POM.

2. CMelIaHHbI TEH30p BTOPOro panra’ D Ha3blBaeTcsl 1€ BUATOPOM TO-
14 U TOJIbKO TOTJA, KOTJla ero cBepTka pasHa 0.

4TO €CTb OJIMH PAa3 KOBAPUAHTHLIN, OJIMH Pa3 KOHTPABAPUAHTBIH



VII.1. CMemiaHHbIe TEH30PbI

1. ®ynkuust W (B) = (1I7}), crapsiiiast KaxoMy 6asucy NpocTpaHCTBa
U B cooTBeTCTBHE MaccHB A (0}), sIBJISIETCS, KAK HETPYIHO MPOBe-
PHTb, TEH30POM. DTOT TEH30P HA3bIBACTCS IWAPOBLIM TEH30POM.

2. CMellaHHbIH TeH30P BTOPOTo paHra DD Ha3bIBaeTcsl 1€ BUATOPOM TO-
714 U TOJIbKO TOTJA, KOTJla ero ¢cBepTka pasHa 0.

CBepTKa TeH30pa BTOPOr0 paHra — 3TO TEH30p HYJIEBOI'O PaHra, TO eCTh
KOHCTaHTa. DTa KOHCTAHTA He 3aBUCHUT OT Oasuca (M0CKOJbKY TEH30PHbIH
3aKOH JJis Hee Bbipoxkaaercsi). CjienoBaTesibHO, /151 TOro, YTOObl cMe-
LLIAHHBIK TEH30P ObLI JIEBUATOPOM HEOOXOAUMO U JOCTATOUYHO, UTOOBI XO-
T51 Obl B OJIHOM U3 6A3UCOB MIPOCTPAHCTBA V' CJie]l MATPHULLbI, ABJAIOLLICHCS
3HaYeHHWEeM TeH30pa B 3TOM 6asuce, OblJ HYJIeBbIM. B 3TOM cayudae cien
JIIOO0Or0 U3 3HAUEHUH TOr0 TEH30pa — HYJIEBOM.



VII.2. OngHopoaHbie TeH30Pbl (ABaXK1bl KO- UJH JIBaX/bl
KOHTpaBapUaHTHbIE )

1. Tenszop® S” (COOTBETCTBEHHO, S;; ) HA3BIBAETCS CAMMETPHUYHbIM, €C-
JI1 B HEKOTOPOM 6asuce B ero KoMnoHeHThl CBsA3aHbl COOTHOLLEHHSIMH
S = §7" (COOTBETCTBEHHO, S;; = ;i) /s BCeX 1, J.

shmeetcst B Buy dyrkumst S () = (S9).



VII.2. OngHopoaHbie TeH30Pbl (ABaXK1bl KO- UJH JIBaX/bl
KOHTpaBapUaHTHbIE )

1. Tensop S (cOOTBETCTBEHHO, S;;) HA3BIBAETCS] CAMMETPUYHBIM, €C-
JI1 B HeKOoTOpoM Hazuce b ero KOMMoHeHThI CBsI3aHbl COOTHOLLIEHUSIMU
S = §7" (COOTBETCTBEHHO, S;; = ;i) /15 BCeX 7, J.

2. Tenzop AY (cooTBeTCTBEHHO, A;;) Ha3bIBAeTCsi aHTUCHUMMETPHUY-
HbIM, €CJIM MaTpHla ero KOOpAuHAT B HeKoTopoM Gasuce b — ko-
coCUMMETpHUHast, TO ecTb A = — A" (cooTBeTcTBEHHO, A;j = —Aj;)
JUIS BCEX 2, J.



VIL.3. Kpurepuit CMMMETPUUHOCTH T€H30pa

Jlemma 1 (Kpmepuﬁ CUMMETPUYHOCTHU TeH30pa). TQHSOpr P(B) = (PZ) U
P(B) = (QU) ABAAIOMCA CUMMEMPUUYHbIMU moeda u MmoAabKo Mmo-
80&, Koeda maccusel ux Koopduﬂam ABAAIOMCA CUMMEMPUUHbIMU B8

At0bom basuce.



VIl.4. Kputepuit aHTUCUMMETPHUUHOCTHU TEH30pa

Jlemma 2 (Kpmepuﬁ AHTUCMMMETPUUYHOCTU TEH30pa). TQHSOpbl P(B) = (R) U
P(B) = (QU) ABAAIOMCA AHMUCUMMENPUUYHbBIMU moeda u moabKo
77108(9&, Koeda maccusol ux I{OOpaLLHCLm ABAAIOMCA AHMUCUMMETrT-
puuHbIMU 8 AH0OOM Dasuce.



CJiefloBaTesibHO, MPUBEJIEHHbIE Bblllle MOHSATHS 00JIaJaloT OJHUM BaK-
HbIM Kaue€CTBOM — HaJIMUHUE WJIM OTCYTCTBHE Y TE€H30Pa JHOOOro U3 ITUX
CBOMCTB MOKHO YCTAHOBHTb 10 KOHKPETHOMY TE€H30p-MacCHBYy. B yacTt-
HOCTH, €CJIM B KAKOM-TO 6a3UCce MaCCHUB KOOPJIMHAT TEH30PA HE SBJSETCS
CHUMMETPHUUHbBIM UM AHTUCHUMMETPUUHBIM, TO HET HEOOXOJIMMOCTH NPOBE-
PATb CHMMETPUUHOCTb HJIH, COOTBETCTBEHHO, aHTHCUMMETPHUUYHOCTh 3TO-
ro TeH30pa HU B KAKOM JIpyrom 6asuce.



OnpenesieHUsT CUMMETPUUHOTO U AHTUCUMMETPUUHOIO TEH30pa MOXK-
HO 0000LMTH JJIsT TeH3opa JioOoro panra. Hanpumep, maccus

_ ij
T()= <quﬁ) IBJISICTC CUMMETPUUYHBIM MO HMHAEKCAM p,r TOrJa W

ij i
TOJIbKO TOra, Koraa 1., = 1. .



OnpenesieHUsT CUMMETPUUHOTO U AHTUCUMMETPUUHOIO TEH30pa MOXK-
HO 0000LMTH JJIsT TeH3opa JioOoro panra. Hanpumep, maccus

_ ij
T()= <quﬁ) IBJISICTC CUMMETPUUYHBIM MO HMHAEKCAM p,r TOrJa W

TOJIbKO TOTAa, Korna 1,7 . =T

pqrt — “rqpt
Takoit maccuB sBJIIETCA AHTUCMMMETPUYHBIM MO MHAEKCAM P, t TO-
i ij
rja ¥ ToJbKo Toraa, koraa 1., = =1



OnpenesieHUsT CUMMETPUUHOTO U AHTUCUMMETPUUHOIO TEH30pa MOXK-
HO 0000LMTH JJIsT TeH3opa JioOoro panra. Hanpumep, maccus

_ ij
T()= <quﬁ) IBJISICTC CUMMETPUUYHBIM MO HMHAEKCAM p,r TOrJa W

TOJILKO TOTna, Korna 1.7, = T

pgrt — Trqpt:
Takoit maccuB sBJIIETCA AHTUCMMMETPUYHBIM MO MHAEKCAM P, t TO-
i ij
rja ¥ ToJbKo Toraa, koraa 1., = =1

Tensop siBJIsSIeTCS CUMMETPUYHbIM (COOTBETCTBEHHO, AHTUCUMMET-
PUUYHBIM) MO JAHHOW Nape MHAEKCOB TOTJA U TOJbKO TOTAA, KOTJAa B
HEKOTOPOM 6a3uce MacCoB €ro KOMIIOHEHT CUMMETPHUUEH (COOTBETCTBEH -
HO, aHTUCUMMETPHUEH ) 10 3TOH nape uHjaeKkcoB. OueBUIHO, YTO CHMMET-
PUYHOCTb TEH30pa MO JAHHOK Mape HHAEKCOB 03HAUAEeT CUMMETPUUHOCTh
MaccHBa ero KOMIOHEHT 110 3TOH nape WHIeKCOB 8 Arobom Hasnce. Cu-
Tyalusi C aHTHCUMMETPUUHBIM TEH30POM aHaJIOTHYHAS.



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 13 (0 Pa3Ji0KEeHUH CMELIAHHOTO TEH30pa). Beakuil CMEULaHHbLL
MeH30p B8rmMmopoco paHea ﬂp@dCﬂlCZBLLM 8 sude CYMMbL WLaposoeco
medHsopa u deeuamopa.

JloKa3aTeJbCTBO.
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ceb.



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 13 (0 Pa3Ji0KEeHUH CMELIAHHOTO TEH30pa). Beakuil CMEULaHHbLL
MeH30p B8rmMmopoco paHea ﬂp@dCﬂlCZBLLM 8 sude CYMMbL WLaposoeco
medHsopa u deeuamopa.

Joka3areabcTBo. [IycTh 3aan TeH30p ' ¢ KOMITOHEHTaAMU T; B 6a3u-
ce B. Mbl hakTruecku naaum popmyJty /151 BIUMCJIEHHST COOTBETCTBYIO-
LLIer0 [APOBOro TEH30Pa U IeBUATOPA.



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 13 (0 Pa3Ji0KEeHUH CMELIAHHOTO TEH30pa). Beakuil CMEULaHHbLL
MeH30p B8rmMmopoco paHea ﬂp@dCﬂlCZBLLM 8 sude CYMMbL WLaposoeco
medHsopa u deeuamopa.

Joka3areabcTBo. [IycTh 3aan TeH30p ' ¢ KOMITOHEHTaAMU T; B 6a3u-
ce b. [Monoxum [l = X - 85, rne A = T} /n, D = T — I,



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 13 (0 Pa3Ji0KEeHUH CMELIAHHOTO TEH30pa). Beakuil CMEULaHHbLL
MeH30p B8rmMmopoco paHea ﬂp@dCﬂlCZBLLM 8 sude CYMMbL WLaposoeco
medHsopa u deeuamopa.

Joka3areabcTBo. [IycTh 3aan TeH30p ' ¢ KOMITOHEHTaAMU T; B 6a3u-
ce B. [onoxkum I, = X - 6!, rne A =T} /n, D\ = T! — III.

Ocranoch Julllb TPOBEPUTh, UTO D} — nesuatop. Ilist sToro Haiziem
ero cBepTKy (3necb n = dim U):



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 13 (0 Pa3Ji0KEeHUH CMELIAHHOTO TEH30pa). Beakuil CMEULaHHbLL
MeH30p B8rmMmopoco paHea ﬂp@dCﬂlCZBLLM 8 sude CYMMbL WLaposoeco
medHsopa u deeuamopa.

Joka3areabcTBo. [IycTh 3aan TeH30p ' ¢ KOMITOHEHTaAMU T; B 6a3u-
ce B. [onoxkum I, = X - 6!, rne A =T} /n, D\ = T! — III.

Ocranoch Julllb TPOBEPUTh, UTO D} — nesuatop. Ilist sToro Haiziem
ero cBepTKy (3necb n = dim U):

Dt =

]



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 13 (0 Pa3Ji0KEeHUH CMELIAHHOTO TEH30pa). Beakuil CMEULaHHbLL
MeH30p B8rmMmopoco paHea ﬂp@dCﬂlCZBLLM 8 sude CYMMbL WLaposoeco
medHsopa u deeuamopa.

Joka3areabcTBo. [IycTh 3aan TeH30p ' ¢ KOMITOHEHTaAMU T; B 6a3u-
ce B. [onoxkum I, = X - 6!, rne A =T} /n, D\ = T! — III.

Ocranoch Julllb TPOBEPUTh, UTO D} — nesuatop. Ilist sToro Haiziem
ero cBepTKy (3necb n = dim U):

Di =T — 1t -



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 13 (0 Pa3Ji0KEeHUH CMELIAHHOTO TEH30pa). Beakuil CMEULaHHbLL
MeH30p B8rmMmopoco paHea ﬂp@dCﬂlCZBLLM 8 sude CYMMbL WLaposoeco
medHsopa u deeuamopa.

Joka3areabcTBo. [IycTh 3aan TeH30p ' ¢ KOMITOHEHTaAMU T; B 6a3u-
ce B. [onoxkum I, = X - 6!, rne A =T} /n, D\ = T! — III.

Ocranoch Julllb TPOBEPUTh, UTO D} — nesuatop. Ilist sToro Haiziem
ero cBepTKy (3necb n = dim U):

D= T/~ Ul =T/~ -5 =



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 13 (0 Pa3Ji0KEeHUH CMELIAHHOTO TEH30pa). Beakuil CMEULaHHbLL
MeH30p B8rmMmopoco paHea ﬂp@dCﬂlCZBLLM 8 sude CYMMbL WLaposoeco
medHsopa u deeuamopa.

Joka3areabcTBo. [IycTh 3aan TeH30p ' ¢ KOMITOHEHTaAMU T; B 6a3u-
ce B. [onoxkum I, = X - 6!, rne A =T} /n, D\ = T! — III.

Ocranoch Julllb TPOBEPUTh, UTO D} — nesuatop. Ilist sToro Haiziem
ero cBepTKy (3necb n = dim U):

Di=T ~ U =T ~\-6=T ~Xn=



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 13 (0 Pa3Ji0KEeHUH CMELIAHHOTO TEH30pa). Beakuil CMEULaHHbLL
MeH30p B8rmMmopoco paHea ﬂp@dCﬂlCZBLLM 8 sude CYMMbL WLaposoeco
medHsopa u deeuamopa.

Joka3areabcTBo. [IycTh 3aan TeH30p ' ¢ KOMITOHEHTaAMU T; B 6a3u-
ce b. [Monoxum [l = X - 85, rne A = T} /n, D = T — I,
Ocranoch Julllb TPOBEPUTh, UTO D} — nesuatop. Ilist sToro Haiziem
ero cBepTKy (3necb n = dim U):
i i i i i
Di=T-U; =T, —X-6; =T, —A-n=T —n-T//n=0,

uTO U TPeOOBAJIOCH 10KA3aTh.



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 14 (0 pPa3J0KEeHUH OJJTHOPOAHOr0 TEH30pa). Beakuil 0dsascoor Kosa-
puarmmnoltl (coomsemcmserHo, 08axdbl KOHMPABAPUAHMIHbLL)
MeH30p Pas34aeaemcs 8 CYMMy CUMMEMPUUHO20 U AHIMUCUMMEN -
PUUHO20 MEH30PO8.

Jloka3aTeJibCTBO.



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 14 (0 pPa3J0KEeHUH OJJTHOPOAHOr0 TEH30pa). Beakuil 0dsascoor Kosa-
puarmmnoltl (coomsemcmserHo, 08axdbl KOHMPABAPUAHMIHbLL)
MeH30p Pas34aeaemcs 8 CYMMy CUMMEMPUUHO20 U AHIMUCUMMEN -
PUUHO20 MEH30PO8.

ILOKaSaTe.HbCTBO. ﬂOKaSaTeJIbCTBO [mpoBeAEM JIs1 ABa>KAbl KOBAPH -
dHTHOT'O TEH30pPa, IJis1 BTOPOI'o CJjaydasi OHO aHaJIOTHUHOCE.



VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 14 (0 pPa3J0KEeHUH OJJTHOPOAHOr0 TEH30pa). Beakuil 0dsascoor Kosa-
puarmmnoltl (coomsemcmserHo, 08axdbl KOHMPABAPUAHMIHbLL)
MeH30p Pas34aeaemcs 8 CYMMy CUMMEMPUUHO20 U AHIMUCUMMEN -
PUUHO20 MEH30PO8.

JlokasateabcTBo. [Tosnoxum A;; = % (Ti; — T5i),
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VIL.5. Teopembl 0 pa3j0KeHUSX

Teopema 14 (0 pPa3J0KEeHUH OJJTHOPOAHOr0 TEH30pa). Beakuil 0dsascoor Kosa-
puarmmnoltl (coomsemcmserHo, 08axdbl KOHMPABAPUAHMIHbLL)
MeH30p Pas34aeaemcs 8 CYMMy CUMMEMPUUHO20 U AHIMUCUMMEN -
PUUHO20 MEH30PO8.

JlokasateabcTBo. [Tosnoxum A;; = %(TZ —Tji), Sij= %(Tw +T5i).

OueBuaHoO, 4T0 A;; — AHTUCUMMETPHUYHBIH TEH30p, a S;j — CHUMMeT-
PUYHBIN, U TeH30p T’ ABJI€TCA UX CYMMOH. Teopema l0Ka3aHa.



VIL.6. CummeTpupoBaHue U albT€ePHUPOBAHUE

Onpeneaenne 6. Pynryus, cmasauas mensopy 1;; 8 coomsem-

cmeue mensop A;j = % (Ti; — Tji) (anaaoeuuro u 045 08axHCObL KOH-

mpasapuaHriHoeco meHSOpCl) HazoleaemcAa albTEPHUPOBAHUEM.



VIL.7. CummeTpupoBaHue U albT€PHUPOBAHUE

Onpeneaenne 6. Pynryus, cmasauas mensopy 1;; 8 coomsem-
cmeue mensop A;j = % (Ti; — Tji) (anaaoeuuro u 045 08axHCObL KOH-

mpasapuaHriHoeco meiwopa) HazoleaemcAa albTEPHUPOBAHUEM.

Onpenenenue 7. Pynxyus, cmassauas mensopy 1Ti; 6 coomsem-
cmesue mensop Sij =+ (T;; + Tj;) (aHaroeuuro u 04 08ancObl KOH-
Mpasapuarmno20 Mmexn3o0pa) Ha3ovleaerncss CAMMETPMPOBAHUEM.



VIII. UuBapuaHTbl TeH30pa. TeH30PHbIN 3JJUNICOU],

Onpepneaenue 8. [Iycmo dan mensop T. Pynkyud, Kandomy mac-
cuBYy KOOPOUHAM 3IM0Oe0 MeH30pa CMmasAuas 8 COOMBEeMmcmasue
NeMeHm OCHOBHO20 noas K (3asucsawuii, 60obue e080ps, om mac-
cusa), Ha3vl8aemcsa UHBaAPUAHTOM NeH30pa moeda U moabKO Mmo-
eda, koeda 3HaueHue IMotLl GYHKYUU He 3a8UCUM OM Mo2o, 8 Ka-
KoM basuce 8blUUCACH MACCUB KOOPOUHAM MEeH30pA.



VIII. UuBapuaHTbl TeH30pa. TeH30PHbIN 3JJUNICOU],

Onpepneaenue 8. [Iycmo dan mensop T. Pynkyud, Kandomy mac-
cuBYy KOOPOUHAM 3IM0Oe0 MeH30pa CMmasAuas 8 COOMBEeMmcmasue
NeMeHm OCHOBHO20 noas K (3asucsawuii, 60obue e080ps, om mac-
cusa), Ha3vl8aemcsa UHBaAPUAHTOM NeH30pa moeda U moabKO Mmo-
eda, koeda 3HaueHue IMotLl GYHKYUU He 3a8UCUM OM Mo2o, 8 Ka-
KoM basuce 8blUUCACH MACCUB KOOPOUHAM MEeH30pA.

WMubiMu cioBamu, cpeu Bcex (PyHKLMHA, MHOXKECTBO 3HAUEHUH KOTO-
pbIX — OCHOBHOE noJie K, a 06J1aCTb ONPEeNeJeHUsT — MHOKECTBO 3Ha-
ueHUH TeH30P-(pYHKLMHU T', Mbl BbljieJisieM PYHKUMH-KOHCTAHThI, HA BCEX
apryMeHTax NpuHUMalOLLKe OJIHO U TO XKe 3HaueHHE.



VIII. UuBapuaHTbl TeH30pa. TeH30PHbIA 3JJIUNICOUTL,

BaxHocTb MHBAPHUAHTOB ONPEACTsIeTCA TEM, UTO OHHU XAPaAKTEPUIY-
IOT 0COOEHHOCTH TeHSOp—(bYHKU,HH, d HEe KOHKPETHOI'O TEH30p-MaCCHBa.
KaK [IpaBHJIO, MHBAPHAHTbLI — 9TO KAKHE€-TO XdPAKTEPHUCTHKH UCXOAHOTO
00'bEKTa, 10 KOTOPOMY MbI ITOCTPOUJIH TEH30P.



VIII. UuBapuaHTbl TeH30pa. TeH30PHbIA 3JJIUNICOUTL,

BaxHocTb MHBAPHUAHTOB OIPEAELJIACTCHA TEM, UTO OHHU XaPaAKTEPUIYIOT
0COOEHHOCTH TeHSOp—d)YHKLH/II/I, d HE KOHKPETHOI'O TEH30P-MdCCHBaA. Ha-
npuMep, CBEpPTKa CMEIIaHHOTO TeH30pa BTOPOT0O paHra — 3TO HHBAPUAHT.
Ec/i1 3TOT TEH30p COOTBETCTBOBAJI JIHHEHHOMY OIlepaTopy, TO /IS BIIOJIHE
[IPUBOJIUMOTI'O JIMHEHNHOTO orepaTtopa rnoJiyuyaemM Ba>KHY1O XapakKTE€PUCTHUKY
— 3TO CyMMa BCeX ero COOCTBEHHbIX 3HAUeHUH (C yueToOM pa3aMepHOCTH
MOJANPOCTPAHCTB COOCTBEHHBIX BEKTOPOB ).



VIII. UuBapuaHTbl TeH30pa. TeH30PHbIA 3JJIUNICOUTL,

BaxHocTb MHBAPHUAHTOB OIPEAELJIACTCHA TEM, UTO OHHU XaPaAKTEPUIYIOT
0COOEHHOCTH TeHSOp—d)YHKLLHH, d HE KOHKPETHOI'O TEH30P-MdCCHBaA. Ha-
MpUMEpP, CBEPTKA CMELIAHHOTO TEH30pa BTOPOTO paHra — 3TO HHBAPHAHT.
Ec/i1 3TOT TEH30p COOTBETCTBOBAJI JIHHEHHOMY OIlepaTopy, TO /IS BIIOJIHE
[IPUBOJIUMOTI'O JIMHEHNHOTO orepaTtopa rnoJiyuyaemM Ba>KHY1O XapakKTE€PUCTHUKY
— 3TO CyMMa BCeX ero COOCTBEHHbIX 3HAUeHUH (C yueToOM pa3aMepHOCTH
MOJANPOCTPAHCTB COOCTBEHHBIX BEKTOPOB ).

ﬂeTepMHHaHT TaKOI'o TEH30Ppa — TO2KE MHBAPHAHT. B CJyuae, Koraa
TEH30p COMNoCTaBJsieT 6a3UCy MATPHLLy JJAHHOTO JIMHEHWHOTIO oneparopa B
[IPOCTPAHCTBE I'€COMETPUUYECKHUX BEKTOPOB, 9TOT HHBAPUAHT HUMEET I1PO-
CTOH FGOMeTqueCKHﬁ CMbICJI — OH XapaKTepUu3yeT YMEHbLIEHHE HJIU
yBeJInueHue oObeMa Mpu JICUCTBUH OMepaTopa.



VIII. UuBapuaHTbl TeH30pa. TeH30PHbIN 3JJUNICOU],

Onpeneaenne 9. Ecau S;; — cummempuunblil meH30p, mo nosepx-
Hocmeo, sadasaemas ypasrnenuen x' -z’ - S;; = 0, Hasbieaemcs TeH-
30PHbIM 3JJUNCOUIOM.



Cnacub6o

3a
BHUMAaHUue!

e-mail: melnikov@k66.ru, melnikov@r66.ru
cauthbl: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepHyTbcCsl K CIUCKY Npe3eHTauun?
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