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[Iyctb V — eBKJAMA0BO NPOCTPAHCTBO.
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Ky B M3yuaemMoi HaMu Teopud. OTMETUM OCHOBHbIE HOBIIECTBA, KOTOPbI-
MU Mbl C€HMYac 3auMeMCH:

— BO-TIEPBbIX,
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[Iyctb V — eBKJAMA0BO NPOCTPAHCTBO.

BBenenue 1ol «6€306MAHON» KOHCTPYKLHH Pe3KO MeHsieT 06CTaHOB-
Ky B M3yuaemMoi HaMu Teopud. OTMETUM OCHOBHbIE HOBIIECTBA, KOTOPbI-
MU Mbl C€HMYac 3auMeMCH:

— BO-TI€PBbIX, MOXKHO €CTECTBEHHLIM 06Pa30M OTOXKIECTBUTb UCXO]1-
HO€ eBKJIMJ0BO MPOCTPAHCTBO C COMNPSI2KEHHBIM;

— BO-BTOPbIX, HCUE3AeT «HENPOXOoJUMasi MPonacTb» MEXKIy KO- U
KOHTpaBapHAHTHLIMH KOOpJAMHATaMH. Terepb Mbl MOXKEM IO CBOEMY
YCMOTPEHHIO MEHSITb CTPYKTYPY T€H30pa paHra r (CM pasjes «»KOHIJIM-
pOBaHHUE UHJEKCAMU ).



I.1. OroxpnectBiaenue V ¢ V"
Mbel ceituac cobupaeMcst KaxKJ10My BEKTOpPY = U3 V' MOCTaBUTb B COOT-
BETCTBHE HEKOTOPBIN JIMHEHHBIH (hyHKIIMOHA f(y).
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fly) = (y, ), (1)

e Yy — NPOU3BOJIbHBIM BEKTOp U3 V',

Hanpumep, 111 €BKJINI0BA TPOCTPAHCTBA FeOMETPHUECKHX BEKTOPOB
o — —
nuneiiHomy dyukunonany f (y') = (y), rae L — HekoTopasi ocb, CO-
o —>
OTBETCTBYeT HaNpaBJsAIoLIMiA OpT X ocH L, Tak Kak

f<y>—L<?>-%_(7,y>.
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f(e) = (e, x), TO ecTb PyHKIHMIO f, ONIpesiesieHHYI0 POpPMYJION

fly) = (y, ), (1)
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JInHeliHocTh PyHKLMH, onpesiesieHHol paBeHcTBOM (1), oOecneunBa-
€TCSI BTOPOM aKCUOMOM CKaJSIPHOTO NPOU3BEIEHMUS.
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I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)

CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.

B camom nene, ecim f(y) = (y,z) u g(y) = (y,2), TO BeKTOpYy
¢- 2+ d -z COOTBETCTBYET (PYHKIIUS

h(y) =



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)

CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.

B camom nene, ecim f(y) = (y,z) u g(y) = (y,2), TO BeKTOpYy
¢- 2+ d -z COOTBETCTBYET (PYHKIIUS

hiy) = (v, ctd-z) =



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)

CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.

B camom nene, ecim f(y) = (y,z) u g(y) = (y,2), TO BeKTOpYy
¢- 2+ d -z COOTBETCTBYET (PYHKIIUS

h(y) = (y, c-a+d-z) = (ca+d-z,y) =



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)

CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.

B camom nene, ecim f(y) = (y,z) u g(y) = (y,2), TO BeKTOpYy
¢- 2+ d -z COOTBETCTBYET (PYHKIIUS

h(y) = (y,cax+d-z) = (c-x+d-z,y) = c(x,y)+d-(z,y) =



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)

CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.

B camom nene, ecim f(y) = (y,z) u g(y) = (y,2), TO BeKTOpYy
¢- 2+ d -z COOTBETCTBYET (PYHKIIUS

hy) = (y,cat+d-z) = (catd-z,y) = c-(x,y)+d(2,y) = e f(y)+d-g(y),



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)
CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.
B camom nene, ecim f(y) = (y,z) u g(y) = (y,2), TO BeKTOpYy
¢- 2+ d -z COOTBETCTBYET (PYHKIIUS

hy) = (y,cat+d-z) = (catd-z,y) = c-(x,y)+d(2,y) = e f(y)+d-g(y),

UTO JIOKA3bIBAET JIMHEHHOCTb 3TOT0 oToOpaxKeHusi. OcTanoch NpOBEPUTh
€ro B3aUMHYIO 0JIHO3HAUHOCTh, TO €CThb CIPABENJIUBOCTb (DOPMYJIbl



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)
CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.
B camom nene, ecim f(y) = (y,z) u g(y) = (y,2), TO BeKTOpYy
¢- 2+ d -z COOTBETCTBYET (PYHKIIUS

hy) = (y,cat+d-z) = (catd-z,y) = c-(x,y)+d(2,y) = e f(y)+d-g(y),

UTO JIOKA3bIBAET JIMHEHHOCTb 3TOT0 oToOpaxKeHusi. OcTanoch NpOBEPUTh
€ro B3aUMHYIO 0JIHO3HAUHOCTh, TO €CThb CIPABENJIUBOCTb (DOPMYJIbl

Yy (y,2) = (y,2) = o = 2.



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)
CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-

cTtBO V™.
OcTaJjioch MPOBEPUTH €r0 B3AHMHYIO OJTHO3HAUHOCTh, TO €CTh CIIpaBe/I-

JIMBOCTb (DOPMY.JIbl
Yy (y,z) = (y,2) = x = 2.

I/ITaK, [TIYCTb f COOTBETCTBYET ABYM BEKTOPAM T U Z.



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)

CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-

cTtBO V™.
OcTaJjioch MPOBEPUTH €r0 B3AHMHYIO OJTHO3HAUHOCTh, TO €CTh CIIpaBe/I-

JIMBOCTb (DOPMY.JIbl

Yy (y,2) = (y,2) = o = 2.

Wrak, nycTh f COOTBETCTBYET JIByM BeKTOpaMm x U z. Toraa, /s Joboro
BEKTOPA Y



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)

CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-

cTtBO V™.
OcTaJjioch MPOBEPUTH €r0 B3AHMHYIO OJTHO3HAUHOCTh, TO €CTh CIIpaBe/I-

JIMBOCTb (DOPMY.JIbl

Yy (y,2) = (y,2) = o = 2.

Mrak, nyctb f COOTBETCTBYET IBYM BeKTOpaM x U z. Torna, njs jao6oro
BekTopa y  (y, ) = (y, 2), OTKy11a



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)

CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-

cTtBO V™.
OcTaJjioch MPOBEPUTH €r0 B3AHMHYIO OJTHO3HAUHOCTh, TO €CTh CIIpaBe/I-

JIMBOCTb (DOPMY.JIbl

Yy (y,2) = (y,2) = o = 2.

I/ITaK, [TYCTb f COOTBETCTBYET ABYM BEKTOPAM I H Z. TOF,ZLa, JJI5 JII0O0TO
BEKTOpa Yy (y,ZU) - (y7 Z), OTKyAa 0= (yax) o (?J,Z) — (yvx - Z) Io-
JOXKUM § = T — 2.



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)
CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.
Ocrasioch NPOBEPUTD €0 B3AUMHYIO OJIHO3HAYHOCTh, TO €CTh CIIPaBe/l-
JIMBOCTb (DOPMY.JIbl

Yy (y,2) = (y,2) = & = 2.

Mrtak, nycTb f COOTBETCTBYET JBYM BeKTOpaMm x U z. Torna, ajs Jito60ro
BEKTOpa y (yax) - (yaz>, OTKyAa 0= (yax) o (y72> = <y,CU - Z) Io-
JIOXKUM ¢y = x — z. [lo akcuome 3 ckajasipHOro npousBeieHus MoJy-
yaeM, yto x — z = 0,
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fly) = (y, ). (1)
CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.
Ocrasioch NPOBEPUTD €0 B3AUMHYIO OJIHO3HAYHOCTh, TO €CTh CIIPaBe/l-
JIMBOCTb (DOPMY.JIbl

Yy (y,2) = (y,2) = & = 2.

I/ITaK, [TYCTb f COOTBETCTBYET ABYM BEKTOPAM I H Z. TOF,Z[a, JJI5A JII0O0TO
BEKTOpa y (g,ﬂ?) - (yaz>, OTKyAa 0= (yax) o (?J,Z) = <y,fl? - Z) Io-
JOXUM ¥y = T — z. [lo akcuome 3 CKaJsipHOTrO MpOU3BeIeHUS OJY-
yaeM, yTO r — 2 = O, 4YTO U JOKa3bIBA€T BSBAUMHYIO OJJHO3SHAUYHOCTb.



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (1)
CootHouienue (1) 3anaer uzomopduam npoctpaHctsa V' Ha npocTpaH-
cTBO V™.

Takum o6pasom, 1151 IBKJIUI0BA TPOCTPAHCTBA MbI MTOJIYUHJIH €111 OJIUH
croco0 3a7laHusl BEKTOPOB COMPSIKEHHOTO NMpocTpaHcTBa. VMHbiMu ciio-
BaMH, JJ1s1 JiloOOTo JIMHEHHOro (hyHKIMOHAMa f (TO eCThb BeKTopa Mpo-
cTpaHcTBa V™), onpejiesieHHOro Ha V', MOXKHO Moa00paTh TaKOHW BEKTOP

x,uto f(y) = (y, x).
Paccmorperbh npumep?
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fly) = (y, ). (2)
CootHouienue (1) 3anaer udomopduam npoctpaHctTsa V' Ha nmpocTpaH-
cTBO V™.

OTOoXK1eCTBJISAST U3OMOP(HbBIE BEKTOPbI, TO €CTh (DyHKLMOHAJ f U Npe-
CTaBJISIIONINH €ro BEKTOP & (TO eCTh TaKoH BeKTop x, uto f(y) = (y,x)),
MOKHO CUHUTaTh, yTo V = V™.

B uacTtHocTH, B3auMHBbIE 0asuc Temnepb MOXKHO HcKaThb B V. Kak

3710 cnenatb? [lyeth B = {e1,e9,...,€,} — 6asuc npoctpanctea V, u
B = {c'. e ...,e"} — Baaumnblii 6asuc npocrpanctea V. Toraa, 1o
ONpeJIeJIeHHIO B3aUMHOIo 6a3uca oJydyaeM COOTHOLLEHHs
N\ s
(ej,e) = 0;. (2)

st Kaxjoro ¢ cooTHoweHus (2) 3a1at0T CUCTEMY M3 n JIMHEHHbIX
ypaBHEHHUH JIJI51 KOOPAUHAT BEKTOPA €’



I.1. OtoxnecrBiaenue V ¢c V*

fly) = (y, ). (2)
CootHouienue (1) 3anaer udomopduam npoctpaHctTsa V' Ha nmpocTpaH-
cTBO V™.

OTox/1eCTBIISAST U3OMOP(HbIE BEKTOPBI, TO €CTh (DYHKLMOHAJ f U pe-
CTaBJISIIONINH €ro BEKTOP & (TO eCTh TaKoH BeKTop x, uto f(y) = (y,x)),
MOKHO CUHUTaTh, yTo V = V™.

[To onpenenennto B3auMHoro 6asuca rnoJjyyaemMm CoOOTHOLIEHHUS

(ej,ei) = (5; (2)

JInsi KaxKIoro ¢ cooTHowWeHUs: (2) 3a1al0T CHCTEMY M3 7 JIHHEHHbBIX
ypaBHEHUH /151 KOOPAKHAT BEKTOpA €',

Mrak, 111 TOro, uToObl HAHTH B3aUMHBIE 6a3KC, HAJI0 PELUUThL 7 CUCTEM

U3 n JIMHEHHbIX YPaBHEHUH Kaxkjaasl. EcTecTBEHHO, JIEHTSIn-MaTeMaTHKH
HE MOIJIM YIOBJETBOPUTBLCA CTOJIb XJOTOTHOM MTPOLEILYPOH.
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g9ij = (i, €;) (coomsemcemesenno, g = (e',e’)).
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Onpeneaenue 1. [lycmo V. — eskaudoso npocmparcmso. Ko-
BapUaHTHbIM (CcOOMBEMcmeeHHO, KOHTPABAPUAHTHBIM) MeTpuye-
CKUM TEH30pOM Haszvieaemcs (ynkyusi, kaxroomy basucy cmass-
was 6 coomgemcemsue maccus (g;;) (coomsemcmesenno, (g¥)), ede
g9ij = (i, €;) (coomsemcemesenno, g = (e',e’)).

Takum 06pa3om, 1Ba1bl KOBAPUAHTHBIA METPUUECKUNA TEH30P KaXKI10-
My 6a3ucy CTaBUT B COOTBETCTBUE MaTpuily [pama storo 6a3uca, a 1Ba-
JKJIbl KOHTPABAPHUAHTHBIM METPUUECKHUH TEH30P KaxKJI0My 0Aa3UCYy CTABUT
B COOTBeTCTBUE MaTpuly [pama 11 B3aumHoro 60asuca.



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

Onpeneaenue 1. [lycmo V. — eskaudoso npocmparcmso. Ko-
BapUaHTHbIM (CcOOMBEMcmeeHHO, KOHTPABAPUAHTHBIM) MeTpuye-
CKUM TEH30pOM Haszvieaemcs (ynkyusi, kaxroomy basucy cmass-
was 6 coomgemcemsue maccus (g;;) (coomsemcmesenno, (g¥)), ede
g9ij = (i, €;) (coomsemcemesenno, g = (e',e’)).

MHbIMU CJIOBAMU, IBAXK/Ibl KOBAPHAHTHBIA METPHUUECKUH TEH30p 6a3ucy
cornocTtanJsieT matpuily Ipama.
[{esib 3TOro NMyHKTa — BbIBECTH TPU (DOPMY.JIbI:

e =g e (3)

e; = gij - ¢ (4)
(gi) = (g) ™" ()



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e' =g ¢ (3)

e = gij - ¢ (4)

(955) = (9)" (5)

[To kpuTepuio 6a3uca BeKTopa B3auMHOIro 6asuca (1ocJse OTOXKIAeCTB-
JeHus1 V' u V™) MO2KHO pasJsioxKUTh 110 BEKTOpaM UCXOJIHOT0 H6a3uca:



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g" e (3)

e = gij - ¢ (4)

(g:) = (¢”)" (9)

[To KpuTepHio 6asnca BEKTOpa B3aHMHOIo Gasuca (Iocie 0TOMKIeCTB-

Jenust V' u V™) MOXKHO pasJ/ioKUTh 0 BEKTOpPAM MCXOJHOro 6Gasuca:

e' = % - ;. Boluuc/IUM CKasIsipHOE POU3BeJIeHHE ¢ e”,



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g ¢ (3)

e = gij - ¢ (4)

(955) = (9)" (5)

[To kpuTepuio 6a3uca BeKTopa B3auMHOIro 6asuca (1ocJse OTOXKIAeCTB-
Jenust V' u V™) MOXKHO pasJ/ioKUTh 0 BEKTOpPAM MCXOJHOro 6Gasuca:

e' = % - e;. Boiuncium ckasisipHoe npoussejienue ¢ e, Tlosayunm, co-
raacHo (2),



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g ¢ (3)

e = gij - ¢ (4)

(955) = (9)" (5)

[To kpuTepuio 6a3uca BeKTopa B3auMHOIro 6asuca (1ocJse OTOXKIAeCTB-
Jenust V' u V™) MOXKHO pasJ/ioKUTh 0 BEKTOpPAM MCXOJHOro 6Gasuca:

e' = % - e;. Boiuncium ckasisipHoe npoussejienue ¢ e, Tlosayunm, co-
raacHo (2),

g =



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g ¢ (3)

e = gij - ¢ (4)

(955) = (9)" (5)

[To kpuTepuio 6a3uca BeKTopa B3auMHOIro 6asuca (1ocJse OTOXKIAeCTB-
Jenust V' u V™) MOXKHO pasJ/ioKUTh 0 BEKTOpPAM MCXOJHOro 6Gasuca:

e' = % - e;. Boiuncium ckasisipHoe npoussejienue ¢ e, Tlosayunm, co-
raacHo (2),



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g ¢ (3)

e = gij - ¢ (4)

(955) = (9)" (5)

[To kpuTepuio 6a3uca BeKTopa B3auMHOIro 6asuca (1ocJse OTOXKIAeCTB-
Jenust V' u V™) MOXKHO pasJ/ioKUTh 0 BEKTOpPAM MCXOJHOro 6Gasuca:

e' = % - e;. Boiuncium ckasisipHoe npoussejienue ¢ e, Tlosayunm, co-
raacHo (2),

gz'k: _ (eiyek:) _ i (ej’€k> _



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g ¢ (3)

e = gij - ¢ (4)

(955) = (9)" (5)

[To kpuTepuio 6a3uca BeKTopa B3auMHOIro 6asuca (1ocJse OTOXKIAeCTB-
Jenust V' u V™) MOXKHO pasJ/ioKUTh 0 BEKTOpPAM MCXOJHOro 6Gasuca:

e' = % - e;. Boiuncium ckasisipHoe npoussejienue ¢ e, Tlosayunm, co-
raacHo (2),

gih = (ei,ek) = 2% - (e, e’f) — xij(s;? =



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g ¢ (3)

e = gij - ¢ (4)

(955) = (9)" (5)

[To kpuTepuio 6a3uca BeKTopa B3auMHOIro 6asuca (1ocJse OTOXKIAeCTB-
Jenust V' u V™) MOXKHO pasJ/ioKUTh 0 BEKTOpPAM MCXOJHOro 6Gasuca:

e' = % - e;. Boiuncium ckasisipHoe npoussejienue ¢ e, Tlosayunm, co-
raacHo (2),

gk = (eiyek:) _ i (ej’€k> _ xijé}f _ ik



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g ¢ (3)

e = gij - ¢ (4)

(g:7) = (97)" (5)

[To kpuTepuio 6a3uca BeKTopa B3auMHOIro 6asuca (1ocJse OTOXKIAeCTB-
Jenust V- u V™) MOXKHO pasJ/ioxKUTh [0 BEKTOPAM MCXOJHOro Gasuca:

e' = % - e;. Boiuncium ckasisipHoe npoussejienue ¢ e, Tlosayunm, co-
raacHo (2),

gk = (ei,ek) _ i (ej’€k> _ xijd;f _ ik

PagenctBO (3) 10Ka3aHo.



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g’ e (3)
€ = Gij - e’ (4)
(9i) = (9)" (9)

PaBeHcTBO (4) N0Ka3bIBAeTCsl aHAJOTHUHO (HA0 YMHOXKUTh Ha €}, ).



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g’ e (3)
€ = Gij - e’ (4)
(9i) = (¢")" (9)

Hakonel, ymHOKast paBeHCTBO (3) Ha e}, TOJyUUM



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g" e (3)
e = gij - ¢ (4)
(955) = (g”) " (9)
Hakonel, yMHOKasi paBeHCTBO (3 ) Ha e, TIOJY4UM

5 =



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g" e (3)
e = gij - ¢ (4)
(95j) = (g”) " (9)
Hakonel, yMHOKasi paBeHCTBO (3 ) Ha e, TIOJY4UM

i = (ei,ek) =



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g" e (3)
e = gij - ¢ (4)
(95j) = (g”) " (9)
Hakonel, yMHOKasi paBeHCTBO (3 ) Ha e, TIOJY4UM

5?{ - (eia ek) - gU ) (eja ek) —



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =g" e (3)
e = gij - ¢ (4)
(g:7) = (97)" (9)
Hakonel, yMHOKasi paBeHCTBO (3 ) Ha e, TIOJY4UM
5!2 — (ei’ ek) — gij ' (6]'7 ek) = gij " Giks

UTO 3KBHUBAJIEHTHO ().



[.2. HaxoxXneHue B3aMMHOIro 6a3uca c NOMOlLbIO METPU-
4eCKOro TeH3opa

e =gV e, (3)

e = gij - ¢ (4)

(95j) = (g”) " (5)

C nomouibto hopmyJ (3) 1 (O) HaXoxKAeHHe B3AUMHOT0 6a3uca CBOJUTCS

K CTaHJaPTHLIM MaTPUUHBIM BbIUMCJIEHHSIM.
Paccmorpetbh npumep?



[.3. CBolicTBa MeTpPHUECKOIO TeH30pa
[Tomumo dopmya (3), (4), (5) OTMETHM CJIelyIolMe CBOWCTBA METPH-
yecKoro TeH3opa.



[.3. CBolicTBa MeTpPHUECKOIO TeH30pa

1. gij — IBaxK/bl KOBAPHAHTHBIA TEH30D, g/ — IBaXKbl KOHTPABAPH -
AHTHBIA TEH30D;



[.3. CBolicTBa MeTpPHUECKOIO TeH30pa

1. gij — IBaxK/bl KOBAPHAHTHBIA TEH30D, g/ — IBaXKbl KOHTPABAPH -
AHTHBIM TEH30D;

2. Ecmz=a"-e,y=vy-e 10 (x,9) =2y - g =3 -y, - §;



[.3. CBolicTBa MeTpPHUECKOIO TeH30pa

1. gij — IBaxK/bl KOBAPHAHTHBIA TEH30D, g/ — IBaXKbl KOHTPABAPH -
AHTHBIA TEH30D;

)

2.Ecmz=a'-e,y=y"-e,10(x,y) =2y g;j =z y; - 97,

3. KO- U KOHTpaBapHaHTHbIE METPUUECKHE TEH30PHI SBJISIOTCS CUMMET-
PHYHBIMH TEH30PAMH, TO €CTb g;; = ¢ji, gij — gji;



[.3. CBolicTBa MeTpPHUECKOIO TeH30pa

1. gij — IBaxK/bl KOBAPHAHTHBIA TEH30D, g/ — IBaXKbl KOHTPABAPH -
AHTHBIM TEH30D;

2. Ecmz=a"-e,y=vy-e 10 (x,9) =2y - g =3 -y, - §;

3. KO- U KOHTpaBapHaHTHbIE METPUUECKHE TEH30PHI SBJISIOTCS CUMMET-
PHYHBIMH TEH30PAMH, TO €CTb g;; = ¢ji, gij — gji;

4. det (g;;) # 0, det (g") # 0;



[.3. CBolicTBa MeTpPHUECKOIO TeH30pa

l.

gij — JABaxKJbl KOBapUAHTHbLIH TEH30D, g" — IBaxKIpl KOHTpPaBapHu-
AHTHBIU TEH30D;

Ecmmz=a'-e;,y=vy-e,10 (1,y) =2 -y - gij = ;- yj - g";

. KO- ¥ KOHTpaBapPHUaHTHbIE METPUUECKHE TEH3OPbI ABJIAIOTCH CUMMET -

PHYHBIMH TEH30PAMH, TO €CTb g;; = ¢ji, gij — gji;

. det (g;5) # 0, det (gV) # 0;
. [lyctb B — OHDb npoctpanctea V', A — martpuua nepexoja u3 6a-

auca b B 6asuc B'. Torna merpuueckuii TeH3op g;; B Oasuce B’ MoxxHO
BBIUHCIITE 110 hopmyiie (g);) = A’ - A;



[.3. CBolicTBa MeTpPHUECKOIO TeH30pa

1.

gij — JABaXK/bl KOBaPUAHTHBIA TEH30D, g" — IBaxIbl KOHTPaBapH-
AHTHBIU TEH30D;

.ECJIHQ::a:'i-ei,y:yi-ei,m(x,y):xi.yj.gij:xi.yj.gij;

. KO- 1 KOHTpaBapPHAHTHbIC METPUUECKHE TEH30PbI ABJIAIOTCA CUMMET -

PUUHBIMH TEH30PAMH, TO €CTb g;; = Jii, 47 = ¢'*;

det (g;;) # 0, det (g"7) # 0;
. [lyctb B — OHDB npoctpanctea V', A — martpuua nepexoja u3 6a-

suca b B 6asuc B'. Torna merpuueckuii Tenszop g;; B Oasuce B’ MmoxxHO
BBIUHCIIMTB 110 hopmyiie (g];) = A’ - A;

. Eciu V' — npocTpaHcTBO reoMeTpuuecKux BEKTOPOB, M { €1, €9, €3} —

rnpaBasi TpOFKa, TO ejeze3 = /g, Tlle €je2e3 — CMelIaHHOe MPOK3Be-
nenue, g = det (g;5).



1). g;; — MBaXKbl KOBAPHAHTHBIHA TEH30D, ¢/ — ABaXK /bl KOHTPABAPH-
gij g

AHTHBIA TEH30D.
JloKa3aTeJbCTBO:



1). g;j — ABaXJbl KOBaPHAHTHBII TEH30p, g/ — JBaK /bl KOHTPABaPH-
AHTHBIA TEH30D.

JloKa3aTeJbCTBO:
/

9i; =



1). g;; — MBaXKbl KOBAPHAHTHBIHA TEH30D, ¢/ — ABaXK /bl KOHTPABAPH-
gij g

AHTHBIA TEH30D.
JloKa3aTeJbCTBO:

! /. / _
9ij = (e ej) =



1). g;; — MBaXKbl KOBAPHAHTHBIHA TEH30D, ¢/ — ABaXK /bl KOHTPABAPH-
gij g

AHTHBIA TEH30D.
JloKa3aTeJbCTBO:

/I /. I\ __ p_ . q _
9ij = (ew ej) = (“z‘ Cp; aj€q> =



1). g;j — ABaXJbl KOBaPHAHTHBII TEH30p, g/ — JBaK /bl KOHTPABaPH-
AHTHBIA TEH30D.

JloKa3aTeJbCTBO:

/I . 1\ __ p_ . 4 _ b4 . _
9ij = (ei? ej) = (ai €p; aj6f1> = a;a; (ep; €q) =



1). g;j — ABaXJbl KOBaPHAHTHBII TEH30p, g/ — JBaK /bl KOHTPABaPH-
AHTHBIA TEH30D.

Jloka3aTreabCTBO:

bt N (AP A Pl o\ D
9ij = (€i7 ej) - (ai Cp; aj%) = a;a; (ep; €q) = q; @ ;9pqs



1). g;j — ABaXJbl KOBaPHAHTHBII TEH30p, g/ — JBaK /bl KOHTPABaPH-
AHTHBIU TEH30P.
Jloka3aTreabCTBO:
b (ol oY — (AP - 9 N — Pal (o o) — AP
9ij = (ei, ej) = (ai p; aj%) = a,aj (ep; €g) = a;a;gpq,
T.€. MOJYUYHUJIU TEH30PHBIN 3aAKOH.,



1). g;; — ABaXKbl KOBAPHAHTHLIH TEH30P, ¢/ — JABaXK/bl KOHTPABAPH-
J » g
AHTHBIU TEH30P.

Jloka3aTreabCTBO:
P ot — (P s — AP (e b\ P
9ij = (ew ej) = (ai Cps aj6Q) = a;a; (ep; €q) = q; @;9pq>
T.€. MOJYUYHUJIU TEH30PHBIN 3aAKOH.,
Jlns g% nokasaTesbCTBO aHaAJIOMMUHOE, C UCII0JIb30BAHUEM TeopeMbl 00

M3MEeHEeHWHU B3aUMMHOro 0asuca.



2).Ecmmz=2"-¢;, y=19"-e,
(;C’y) = 7t .y] $0ij = X Yj .gw.
JloKa3aTeJbCTBO:
(2,y) =

TO



2).Ecmmz=2"-¢;, y=19"-e,
(;C’y) = 7t .y] $0ij = X Yj .gw.
JloKa3aTeJbCTBO:
(#0)= (2 oy ) =

TO



2).Ecmx=2a"-¢;, y=vy'-e, T0O
(w,y) ="y - gij =i y; - g”.
JloKa3aTeJbCTBO:
(Iay) — <IZ ’ e“yl ) €i> =X

?

-y (€i,€5) =



2).Ecmx=2a"-¢;, y=vy'-e, T0O
(w,y) ="y - gij =i y; - g”.
JloKa3aTeJbCTBO:
(Iay) — <IZ ’ e“yl ) €i> =X

Lyl (e e) =2ty - gy



2).Ecmx=2a"-¢;, y=vy'-e, T0O
(;C’y) = 7t .y] $0ij = X Yj .gw.

Jloka3aTeabCcTBO:
(2, y) = (2" ey &) = at oyl (e eg) =2ty gy
dopmyna (x,y) = ; - y; - g BbIBOIUTCS aHAJOTHUHO.



3). Ko- u KoHTpaBapHaHTHble METPHUECKHE TEH30PbI ABJSAIOTCS CHM-
METPHUHBIMH TEH30PAMH, TO €CTb g;; = Jji, §7 = ¢'°.

Jloka3aTeJbCTBO:
OueBHIHOE CJICACTBHE MEPBOH AKCMOMbI CKAJISIPHOTO NPOU3BEAEHHUS.



4). det (gij) # 0, det (g) # 0.
JloKa3aTeJbCTBO:
CoryiacHo hopmydie (5) MmeTpudeckuil TeH30p obpatum. OcTanoch Npu-

MEHUTb KPUTEPUH 0OPaTUMOCTHU MATPHULLbI.



5). [lyetb b — OHDB npocrpancrsa V', A — maTpuua nepexoja u3
6asuca b B 6asuc B'. Torna metpuueckuii Tenszop g;; B Oasuce B’ MmoxxHO
BbIUMCJIUTD 110 hopMyJie (ggj) = A" A,

JloKa3aTeJjbCTBO:

CorsiacHo NyHKTy 1)



5). [lyetb b — OHDB npocrpancrsa V', A — maTpuua nepexoja u3
6asuca b B 6asuc B'. Torna metpuueckuii Tenszop g;; B Oasuce B’ MmoxxHO
BbIUMCJIUTD 110 hopMyJie (ggj) = A" A,

Joka3areabCTBO:

I D
CorniacHo myHkry 1)  g;; = a;

]

. CL? * Jpg, YTO HA MATPHUYHOM $3bIKE JAE€T



5). [lyetb b — OHDB npocrpancrsa V', A — maTpuua nepexoja u3
6asuca b B 6asuc B'. Torna metpuueckuii Tenszop g;; B Oasuce B’ MmoxxHO
BbIUMCJIUTD 110 hopMyJie (ggj) = A" A,

JloKa3aTeJjbCTBO:

Cornacuo nynkry 1) gi; = al

q
i * @ gpg, UTO HA MATPUUHOM fI3BIKE JlaeT
["=A"T-A Hol'—



5). [lyetb b — OHDB npocrpancrsa V', A — maTpuua nepexoja u3
6asuca b B 6asuc B'. Torna metpuueckuii Tenszop g;; B Oasuce B’ MmoxxHO
BbIUMCJIUTD 110 hopMyJie (ggj) = A" A,

JloKa3aTeJjbCTBO:

Corniacto nynkty 1) gi; = aj - aj * Jpg, UTO HA MATPHUHOM $I3bIKE JaeT
["=A"-T-A. HoT — exunuynast MaTpHLA 110 YCJIOBHIO, OTKYA MOJIY-
yaeM TpebyeMoe 3aKJUYeHHE.



6). Ecain V' — npocTpaHCcTBO reoMeTpuueCcKUX BEKTOPOB, U {e1, €9, €3}
— IIpaBasi TpOfIKa, TO €1€9€3 = \/g, A€ €1€2€3 — CMELIaHHOE IMPOU3BeE-
neHue, g = det (g;5).

Jloka3aTeJbCTBO:

B kauectBe Oasuca b Bosbmem kKakoi-uuOyas OHDB. Ilosoxum

B, - {617 €2, 63}-



6). Ecaiu V' — mpocTpaHCcTBO reoMeTpuueCcKUX BEKTOPOB, U {€e1, €9, €3}
— MpaBast TpOiKa, TO ejesez = /g, Tle ejeae3 — CMeLIaHHOe NTPOU3Be-
neHue, g = det (g;5).

Jloka3aTeJbCTBO:

B kauectBe Oasuca b Bosbmem kKakoi-uuOyas OHDB. Ilosoxum
B’ = {e}, e, e3}. Cormacno nynkry 5) IV = A' - A,



6). Ecaiu V' — mpocTpaHCcTBO reoMeTpuueCcKUX BEKTOPOB, U {€e1, €9, €3}
— MpaBast TpOiKa, TO ejesez = /g, Tle ejeae3 — CMeLIaHHOe NTPOU3Be-
neHue, g = det (g;5).

Jloka3aTeJbCTBO:

B kauectBe Oasuca b Bosbmem kKakoi-uuOyas OHDB. Ilosoxum
B’ = {e1, 3, e3}. Cormacno nyukry 5) I' = A’ - A. Bbiuucsium onpeje-
JIUTEJIb OT JIeBOW U npaBoi yactu. CJjeBa noJyuum



6). Ecaiu V' — mpocTpaHCcTBO reoMeTpuueCcKUX BEKTOPOB, U {€e1, €9, €3}
— MpaBast TpOiKa, TO ejesez = /g, Tle ejeae3 — CMeLIaHHOe NTPOU3Be-
neHue, g = det (g;5).

Jloka3aTeJbCTBO:

B kauectBe Oasuca b Bosbmem kKakoi-uuOyas OHDB. Ilosoxum
B’ = {e}, e, e3}. Cornacno nynkry 5) I" = A'- A. Boluncaum onpe-
JeJNUTe b OT JIeBOH M mpaBoi yactd. CJjeBa MmoJyuum g, a cripaBa —
det (A" - A) = det (A?) - det(A) = det(A)? = (ejeqe3)”, uTo BiICUET TPEOy-
eMO€e PaBEHCTBRO.



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

Ilns eBKAMIOBA TMPOCTPAHCTBA MOXKHO cuutath V = V*  oTKyja,
Hanpumep, V@V =V ® V. Bekropy u3z V ® V* coorBercTByer
T€H30p-MaccuB 7!, KOMIOHEHTbI KOTOPOIO OINpeneseHbl (hopMyJIoi

YR
H ]

T:Tj-ei@)ej.



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

1 eBKJAMIOBA TMPOCTPAHCTBA MOXKHO cuuTath V =V*  or-
Kyna, Hanpumep, V@ V* =V V. Bekropy uz V&®V* coor-
BETCTBYET TEH30pP-MACCHB Tfj, KOMIIOHEHTbl KOTOPOTO  omnpeje-
JieHbl  (POpMYJIOH T = T; ce; ®el. Orciofa 1oJydyaeM paBeHCTBO
T}-e@@)e] =T - e;®e;.



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

1 eBKJAMIOBA TMPOCTPAHCTBA MOXKHO cuuTath V =V*  or-
Kyna, Hanpumep, V@ V* =V V. Bekropy uz V&®V* coor-
BETCTBYET TEH30pP-MacCCHB Tfj, KOMITOHEHTbl KOTOPOTO  orpeje-
JieHbl  (POpMYJIOH T = T}Z ce; ®el. Orciofa 1oJydyaeM paBeHCTBO
T;-e;@e =T" e ®ej. Ho TeH30p-BeKTOPY B MPaBOH YacTH COOT-
BeTCTBYeT TeH30p-dynkuwst (T77). Tlosyuaercs, 4To [Be CyLIECTBEHHO
pa3JIMYHbIX TEH30P-(PYHKIHUH ONIPENEJISIIOT OJIUH U TOT K€ TeH30P-BEKTOP.

B 3ToM cMmblcjie MOXKHO CKa3aTb, UTO 9TH TEH30PbI PABHHLI.



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

1 eBKJAMIOBA TMPOCTPAHCTBA MOXKHO cuuTath V =V*  or-
Kyna, Hanpumep, V@ V* =V V. Bekropy uz V&®V* coor-
BETCTBYET TEH30pP-MacCCHB Tfj, KOMITOHEHTbl KOTOPOTO  orpeje-
JieHbl  (POpMYJIOH T = T}Z ce; ®el. Orciofa 1oJydyaeM paBeHCTBO
T;-e;@e =T" e ®ej. Ho TeH30p-BeKTOPY B MPaBOH YacTH COOT-
BeTCTBYeT TeH30p-dynkuwst (T77). Tlosyuaercs, 4To [Be CyLIECTBEHHO
pa3JIMYHbIX TEH30P-(PYHKIHUH ONIPENEJISIIOT OJIUH U TOT K€ TeH30P-BEKTOP.
B 3TOM cMbICJ/Ie MOXKHO CKa3aTh, UTO 3TH TEH30PbI PABHbI.

CyieoBaTe/IbHO, TeMePb Mbl MOXKEM CaAMU MEHSITh CTPYKTYpPy paccMar-
pHBAeMOro TeH30pa, «MOJHUMATb» U «OMYyCKaTh» UHJEKCHI, HJIH, KaK ro-
BOPSIT, <XKOHTJIMPOBaTh» UMH. OCTa0Ch MOHSATh, KaK MIPU 9TOM MEHSIIOT-

Csl KOOPJAUHATHI.



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

J1--JkU% il ]k J1---J kg
7—;1 va T mUp g CZ—"Z]_ Zm

* Gug-

(6)



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU
J1-- ]ku J1-- ]k J1---Jruq
7—;1 AmU T mUp g 1—;1 Am qu- (6)

Mrak, uTo 06111ero y TEH30pOB T’(B) (T‘“ J’“”) T"(B) = (T” j’““q)?

11.--1m



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

TJI ]k q

im  Yvg- (6)
Mrak, uTo 06111ero y TEH30pOB T’(B) (Tj1 J’“”) T"(B) = (T” j’““q)?

J1-- ]ku J1-- ]k
17 =15 - g'P

Im
OTJIaneTCH H CprKTypa 9THUX TeHSOpOB, GOJIQQ TOTI'O, MACCHUBbI UX KOM-
ITOHEHT B OJHOM H TOM 2K€ 683HC€, KadK HpaBHJIO, paSJH/ILIHbI! HO MBI TOBO-
pI/IM, UTO 39TO KKdK 6bl OJIMH U TOT 2K€ T€H30p>>, HOCKOJIbe



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

TJI ]k q

im  Yvg- (6)
Mrak, uTo 06111ero y TEH30pOB T’(B) (Tj1 J’“”) T"(B) = (T” j’““q)?

J1-- ]ku J1-- ]k
17 =15 - g'P

Im
OTJIaneTCH H CprKTypa 9THUX TeHSOpOB, GOJIQQ TOTI'O, MACCHUBbI UX KOM-
ITOHEHT B OJHOM H TOM 2K€ 683HC€, KadK HpaBHJIO, paSJH/ILIHbI! HO MBI TOBO-
pI/IM, YUTO 9TO KKdK 6bI OJIMH U TOT 2K€ TeH30p>>, HOCKO.Hbe HUMeeT MeCTO

cosnaoderue coomeemcemsyrOwWux Um meH30p-6eKmopos.



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

T]l Jru TJI jkvp g TJI Jruq qu_ (6)

11.. va .. Zm
Mneto nokaszaresnbctBa GhopmyJbl (6) TPoaeMOHCTPUPYEM Ha TIPUMeEPE
TeH30pa T}"‘“m, B KOTOPOM HaJI0 «OMYCTUTb», Hanpumep, uujaekc k. Co-
rjaacHo opmyae (4) noayuaem

Ty?.km'ez'®63®€k®€m:



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

T]l Jru TJI jkvp g TJI Jruq qu_ (6)

11.. va .. Zm
Mneto nokaszaresnbctBa GhopmyJbl (6) TPoaeMOHCTPUPYEM Ha TIPUMeEPE
TeH30pa T}"‘“m, B KOTOPOM HaJI0 «OMYCTUTb», Hanpumep, uujaekc k. Co-
rjaacHo opmyae (4) noayuaem

ﬂ.km'ez‘@ej@ek@em:ﬁ.km'€z®€j®9kses®€m:



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

T]l Jru TJI jkvp g TJI Jruq qu_ (6)

11.. va .. Zm
Mneto nokaszaresnbctBa GhopmyJbl (6) TPoaeMOHCTPUPYEM Ha TIPUMeEPE
TeH30pa T}"‘“m, B KOTOPOM HaJI0 «OMYCTUTb», Hanpumep, uujaekc k. Co-
rjaacHo opmyae (4) noayuaem

ﬂ.km'ez‘@ej@ek@em:ﬁ.km'€z®€j®9kses®€m:
:ﬁ'km-gks.ei@)ej@es(@em:



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

T]l Jru TJI jkvp g TJI Jruq qu_ (6)

1140 11---Im
Mneto nokaszaresnbctBa GhopmyJbl (6) TPoaeMOHCTPUPYEM Ha TIPUMeEPE
TeH30pa T}"‘“m, B KOTOPOM HaJI0 «OMYCTUTb», Hanpumep, uujaekc k. Co-
rjaacHo opmyae (4) noayuaem
Tf.km'ei(g)ej X e & en :T?.km'ei@)ej ®gkses®€m —
:T;°km.gk5.ei®ef®es®em Tf;;m e Qe Ve’ R ep,.

Orcrona nosyyaem TpebyemMoe paBeHCTBO Tjkm “ Jrs = T]T



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

T]l Jru TJI jkvp g TJI Jruq qu_ (6)

11.. va .. Zm

MoxxHo dhopmyaty (6) cchopmyinpoBaTh B BUJIE CJEYIONLIETO TPaBHJIA.



[.4. «x)KoHrJIMpoOBaHMe» HHAEKCAMU

T]l Jk:u TJI jkvp g TJI ]k q qu_ (6)

im
MoxHo dopmyJty (6) chopMyﬂHpOBaTb B BHJIe CJIe/lyIOIIIero npaBuJa.
[aa moeo, umoboL «onycmumoy (coOoOmsemcmaeH-
HO, «MNOOHAMbY) UHOEKC, HA00 BbLYUUCAUML SHYM-
peHHee npoussedeHue Ucxo0Ho2o menaopa ¢ 08a-
bl KOBAPUAHMHBIM (COOMBENnCcma8eHHO, 08ax bl
KOHMpPaBapuaHmHolm) MeH30P0M, NPUYEM CBEPIMN-

Ka bepemcsa no onyckaemomy (NOOHUMAEMOMY ) UH-
dexcy.
Paccmorperb npumep?




1. [IceBpoTeH30pbI

Onpenenenue 2. [[lycmo V. — aunelinoe npocmparcmso pasmep-
Hocmu n Hao noaem K. IlceBpoTeH3opom paxea T Beca o, ede
r =k 4+ m, m pa3 KosapuaHmmuoim, k pa3 KOHMPABAPUAHIMHOIM, Ha-
soigaemcsa pynxyua T, kancdomy 6asucy b npocmparncmsa V cma-

sawas 6 coomsemcmsue maccus’l (b) = (ﬂjlll‘ir’j) anemenmos u3 K,
npuuen 045 aoboix 08yx 6asucos b ub’ npocmparncmea V aremen-
moL maccusos T (B) = (1}““1”“> uT (B) = (T.Jl"ijk) CBA3AHbL TICEB-
JIOT€H30PHbIM 3aKOHOM:

T = (det A -l .- abn BB BT (7)

tm q1 q2 qk Pp1---Pm
ede A = (aij) — mampuya nepexoda us B s B, (b;) — mampuya
obpammno2o nepexoda.



II. [IceBmpoTeH30pbI
Takum o6pa3om, NceBAOTEH30PHbIM 3aKOH OTJIHUYAETCS OT TEH30P-
HOTO TOJIbKO MHOXKHTesieM (det A)“.



II. [IceBmpoTeH30pbI
Takum O6p830M, ﬂCeBIlOTeHSOprlﬁ 3dKOH OTJIMYA€eTCsA OT TEH30P~=

HOTO TOJbLKO MHOXKHUTeJieM (det A)®. B uactHocTH, niceBoTeH30p Beca ()
— 3TO TEH30p. B 3aBUCUMOCTH OT paHra UCMOJIb3YIOTCA eUle CACAYIOLIHEe
TEPMHUHbIL: TIceBROCKAJSAP (pu 7 = (), U 1ceBAOBEKTOP (Npu 7 = 1).



II.1. [Ipumepbl NCceBAOTEH30POB

1. g = det (g;j) — nceBnockasnsip Beca 2.



II.1. [Ipumepbl NCceBAOTEH30POB

1. g = det (g;j) — nceBnockasnsip Beca 2.

2. Jlast mo6bIX TEH30pOB ;; U RY (yHKIMH, COMOCTaBJSIIOLINE Ga3u-
cy uncia det (T};) = det (T'(B)) u det (RY) = det (R(B)) siBastiotest
rceBAOCKaIsipaMu Beca 2 U -2 COOTBETCTBEHHO.



II.1. [Ipumepbl NCceBAOTEH30POB

1. g = det (g;j) — nceBnockasnsip Beca 2.

2. Jlast mo6bIX TEH30pOB ;; U RY (yHKIMH, COMOCTaBJSIIOLINE Ga3u-
cy uncia det (T};) = det (T'(B)) u det (RY) = det (R(B)) siBastiotest
rceBAOCKaIsipaMu Beca 2 U -2 COOTBETCTBEHHO.

3. v/ g(B) — nceBnockassip Beca 1. 3neck g(b) — nerepMuHaHT 3HAUe-
HUS JIBA2KJIbl KOBAPDUAHTHOTO METPUUECKOro TeH3opa Ha 6asuce b, To
ectb g(B) — nerepmunant matpuibl [pama 6asuca b.

JloKa3aTeJbCTBO.



II.1. [Ipumepbl NCceBAOTEH30POB
g = det (g;;) — nceBgockaJsp Beca 2.
JlokasaTesbcTBo. K3pecTHoe paBeHcTBo gi; = ay
HOM BHJIe 3aMMIIETCS TaK:

@+ Gpq B MATPHU-



II.1. [Ipumepbl NCceBAOTEH30POB
g = det (g;;) — nceBgockaJsp Beca 2.
JlokasaTesbcTBo. K3pecTHoe paBeHcTBo gi; = ay
HoM BuJie 3anuuietcs Tak: [pr = A"~ I'g - A.

@+ Gpq B MATPHU-



II.1. [Ipumepbl NCceBAOTEH30POB

g = det (g;;) — nceBgockaJsp Beca 2.

JlokasatenbcTBo. HspecTHoe paBeHcTBO g); = a; - aj - gy, B MaTpuu-
HOM BHJe 3anuuiercs Tak: I'gr = A'-T'g - A. Tlo cBoficTBam jeTepmu-
HaHTa MoJIyyaeM:

/

g:



II.1. [Ipumepbl NCceBAOTEH30POB

g = det (g;;) — nceBgockaJsp Beca 2.

JlokasatenbcTBo. HspecTHoe paBeHcTBO g); = a; - aj - gy, B MaTpuu-
HOM BHJe 3anuuiercs Tak: I'gr = A'-T'g - A. Tlo cBoficTBam jeTepmu-
HaHTa MoJIyyaeM:

I __ i



II.1. [Ipumepbl NCceBAOTEH30POB

g = det (g;;) — nceBgockaJsp Beca 2.

JlokasatenbcTBo. HspecTHoe paBeHcTBO g); = a; - aj - gy, B MaTpuu-
HOM BHJe 3anuuiercs Tak: I'gr = A'-T'g - A. Tlo cBoficTBam jeTepmu-
HaHTa MoJIyyaeM:

g = detFB/ = det (At Tg - A) _



II.1. [Ipumepbl NCceBAOTEH30POB

g = det (g;;) — nceBgockaJsp Beca 2.

JlokasatenbcTBo. HspecTHoe paBeHcTBO g); = a; - aj - gy, B MaTpuu-
HOM BHJe 3anuuiercs Tak: I'gr = A'-T'g - A. Tlo cBoficTBam jeTepmu-
HaHTa MoJIyyaeM:

g':detFB/ =det (A" Tg-A) =det A"~ g-det A = (det A)* - g,

uTO U TPeOOBAJIOCH J10KA3aTh.



II.1. [Ipumepbl NCceBAOTEH30POB

JLJ1st J0OBIX TEH30POB ;; U RY (hyHKIIMH, COMOCTABJISIIONIME GA3UCY UHC-
na det (T};) = det (T(B)) n det (RY) = det (R(B)) siBastioTcst nceBocKa-
JisipaMu Beca 2 U -2 COOTBETCTBEHHO.

Jloka3aTeJbCTBO



II.1. [Ipumepbl NCceBAOTEH30POB

JLJ1st J0OBIX TEH30POB ;; U RY (hyHKIIMH, COMOCTABJISIIONIME GA3UCY UHC-
na det (T};) = det (T(B)) n det (RY) = det (R(B)) siBastioTcst nceBocKa-
JisipaMu Beca 2 U -2 COOTBETCTBEHHO.

JLoKa3aTeJ bCTBO EPEHOCUTCSI C MIEPBOro MPUMeEpPa MOUYTH JOCJOBHO.



II.1. [Ipumepbl NCceBAOTEH30POB
g(B) — nceBnockansp Beca 1. 3nech g(B) — nerepMuHaHT 3HAUe-
HUS$1 IBAK/Ibl KOBAPUAHTHOIO METPUUECKOT0 TeH3opa Ha 6asuce b, To ecTh
g(B) — nerepmunaHT MmaTpuiibl [pama 6asuca b.
JloKa3aTeJbCTBO.



II.1. [Ipumepbl NCceBAOTEH30POB
g(B) — nceBnockansp Beca 1. 3nech g(B) — nerepMuHaHT 3HAUe-
HUSI IBAXKJ/Ibl KOBAPHAHTHOTO METPUUECKOTO TeH30pa Ha 6asuce b, To ecTh
g(B) — nerepmunaHT MmaTpuiibl [pama 6asuca b.
JloKa3aTeqabCcTBO. DTO OUEBUHOE CJIE/ICTBHE MTEPBOTO NPUMeEPA.



I1.2. CumBoJa JleBu-UuBura

Onpeneaenne 3. [Iycmo dan maccus uucen (g;) = (¢¥%), ede un-
oekcol 1, 7, k usmensromess om 1 0o 3, npuuem

® £193 = €231 = €312 = 1,
® £913 = €132 = €391 = —1;

o cii1 = 080 8cex ocmanvrolx cayuax (mo ecmo ecau Kakue-aubo
dsa undexca cognadarom).

Ob6o3HaueHus Eijk U Uk 90emenmos 3moeo maccusa Ha3ol8aI0OMCs
cumBoJamu Jlepu-HYupura.



I1.2. CumBoJ Jlesu-HUuBura
Hcnosib3yst TeH30pHble 0603HAUeHHs |, HMeeM

( 0 00Y )
0 01
0 —10
00 —1
(eik) = (%) 00 0
10 0
010
~100
\\ 000/

'TToguepHeM, UTO O TeH30paXx 3/7eCh MOKA Peur He HJIET, HCTIOJIL3YIOTCS TOJLKO TeH30pHbIE 0003HAUEe-
Hus!



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i,j,k}g{l,zi%} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
Jloka3aTeJbCTBO.



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.

Jloka3aTeabcTBo. BosbMem 3Hauenue (75;;) pyHKuMM T B KakoM-
HuOyab Oasuce. Jlys Toro, uToObl I0Ka3aTh 3TO PABEHCTBO, BBIYMCJHUM
€ro JIEBYIO U MPaBYIO0 YaCTH, U CPABHUM HX.



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
ILOKaSaTe.HbCTBO. [To OITpeeJIEHHUIO Tu Eijk OJyHaEM:

Ti30 = —T193 =



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
ILOKaSaTe.HbCTBO. [To OITpeeJIEHHUIO Tu Eijk OJyHaEM:

Ti30 = —T193 = 513f 1103,



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
ILOKaSaTe.HbCTBO. [To OITpeeJIEHHUIO Tu Eijk OJyHaEM:

Ti30 = —T193 = €1321 793,

Tos1 = T193 =



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
ILOKaSaTe.HbCTBO. [To OITpeeJIEHHUIO Tu Eijk OJyHaEM:

Ti30 = —T193 = €1321 793,

To31 = T193 = 52?;1 1103,



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
ILOKaSaTe.HbCTBO. [To OITpeeJIEHHUIO Tu Eijk OJyHaEM:

Ti30 = —T193 = €1321 793,

To31 = T193 = €931 103,
T513 = —T193 =



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
ILOKaSaTe.HbCTBO. [To OITpeeJIEHHUIO Tu Eijk OJyHaEM:

Ti30 = —T193 = €1321 793,

To31 = T193 = €931 103,

T513 = =193 = €913 T3,
|



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
ILOKaSaTe.HbCTBO. [To OITpeeJIEHHUIO Tu Eijk OJyHaEM:

Ti30 = —T193 = €1321 793,

To31 = T193 = €931 103,
T513 = —T193 = €9131 793,
T510 = Tho3 =



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.
Toeoa T%jk = &ijk ° T123.
Jloka3areabcro. [1o onpenesennio T' 1 g NOJyUaeM:
Th32 = —Th93 = 1321793,
To31 = T193 = 9311193,
1513 = —T193 = 91317193,

T510 = Tho3 = 63112 123,



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.
Toeoa T%jk = &ijk ° T123.
Jloka3areabcro. [1o onpenesennio T' 1 g NOJyUaeM:
Th32 = —Th93 = 1321793,
To31 = T193 = 9311193,
1513 = —T193 = 91317193,

T510 = Tho3 = €3121123,
T = —Tho3 =



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.
Toeoa T%jk = &ijk ° T123.
Jloka3areabcro. [1o onpenesennio T' 1 g NOJyUaeM:
Th32 = —Th93 = 1321793,
To31 = T193 = 9311193,
1513 = —T193 = 91317193,
T3192 = Tio3 = €3121193,

T321 = —T123 = £321 T123>
-1



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
Joka3areabcTBO. [IepecTapiisisi MecTaMu NepBble IBA HHJEKCA B 3J1€-
mMeHTax 1j;; nonyuyaem T = —1T;k, OTKy1a



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.
Joka3areabcTBO. [IepecTapiisisi MecTaMu NepBble IBA HHJEKCA B 3J1€-
MeHTax 1;;; noaydaem 1. = —Tix, otkyna 1y, = 0.



I1.3. CBoncrBa cumBoJgos Jlesu-Husura
CgoiictBo 1. [Tycmo maccus (ﬂjk){i7j>k}g{1,273} — QHMuUCUMMempPU-
weckuil no 1000l nape uLdekcos, mo ecto

Tijk = —Tjir = =T = —Tiji, e0de {i,7,k} €{1,2,3}.

Toeoa T%jk = &ijk ° T123.

Joka3areabcTBO. [IepecTapiisisi MecTaMu NepBble IBA HHJEKCA B 3J1€-
MeHTax 1;;; noaydaem 1. = —Tix, otkyna 1y, = 0.

Anagnornuno nosayuaem 155, = 0 u 135 = 0.



I1.3. CBoucrBa cumBoJaoB Jlepu-Uusura
aip as das

CsoiictBo 2. [Tycmo M = | by by by | Toedadet M = &% - qa; - b; - c
C1 Cy Cj
(Hanomuum, umo e;j, = %),
Jloka3aTebcTBO. Hajno nmpocTo BLIUKMCIMTL MPABYIO H JIEBYIO YACTH
3TOTO PaBEHCTBA, M CPaBHUTH UX. [IpojesaiiTe 3T0 CaMOCTOSATEJBHO.



[1.3. CBoiicTBa cumBoJoB JleBu-Yusura
CBoiicTBO 3. PynKkyus, Kaxdomy 6asucy cmasaw,as 8 COOMBeMm-
cmesue maccus (;;) (coomsememesenno, (€7*)), asanemes ncesdo-
meH30pom parea 3 seca —1 (coomsemcmsenHo, seca ).
Jloka3aTeabcTBO. BosbMeMm a 6a3uca b u b’. Hano nokasatb, uto

eijr = (det A) "' al - al - aj - gpg, €75 =det A1), -b) - b))

1



[1.3. CBoiicTBa cumBoJoB JleBu-Yusura
CBoiicTBO 3. PynKkyus, Kaxdomy 6asucy cmasaw,as 8 COOMBeMm-
cmesue maccus (;;) (coomsememesenno, (€7*)), asanemes ncesdo-
meH30pom parea 3 seca —1 (coomsemcmsenHo, seca ).
Jloka3aTeabcTBO. BosbMeMm a 6a3uca b u b’. Hano nokasatb, uto

eijr = (det A) "' al - al - aj - gpg, €75 =det A1), -b) - b))

1

Ho 370 paBeHCTBO cJie/lyeT HEMoCPeICTBEHHO U3 CBOMCTBRA 2.



[1.3. CBouicTBa cumBoJOB JleBu-YuBura

CBoiicTBO 3. PynKkyus, Kaxdomy 6asucy cmasaw,as 8 COOMBeMm-
cmesue maccus (;;) (coomsememesenno, (€7*)), asanemes ncesdo-
meH30pom parea 3 seca —1 (coomsemcmsenHo, seca ).

CBOUCTBO 4. €11, - Ejmn = Eifn, - E = & g =

— 81 O — O = Oy = 0L - O — O - 6L =67 - 6% — 6 - 6.



[1.3. CBouicTBa cumBoJOB JleBu-YuBura

CBoiicTBO 3. PynKkyus, Kaxdomy 6asucy cmasaw,as 8 COOMBeMm-
cmesue maccus (;;) (coomsememesenno, (€7*)), asanemes ncesdo-
meH30pom parea 3 seca —1 (coomsemcmsenHo, seca ).

CBOUCTBO 4. €11, - Ejmn = Eifn, - E = & g =

— 81 O — O = Oy = 0L - O — O - 6L =67 - 6% — 6 - 6.

- _ mn __ amn _ J 1
CBOMCTBO D. iy, * Ejmn = Eimn - €/ =" - Cjn =207 =2 (5j.



[1.3. CBouicTBa cumBoJOB JleBu-YuBura

CBoiicTBO 3. PynKkyus, Kaxdomy 6asucy cmasaw,as 8 COOMBeMm-
cmesue maccus (;;) (coomsememesenno, (€7*)), asanemes ncesdo-
meH30pom parea 3 seca —1 (coomsemcmsenHo, seca ).

CBOUCTBO 4. €11, - Ejmn = Eifn, - E = & g =

— 81 O — O = Oy = 0L - O — O - 6L =67 - 6% — 6 - 6.

CBOMCTBO D. €y, * Ejmn = Eimn .-’63’“" = M i =207 =2 5;.
CBo#CTBO 6. €51, - €iji = E€iji; - gidh — giik . Eijk = 0.



[1.3. CBouicTBa cumBoJOB JleBu-YuBura
CBoiicTBO 3. PynKkyus, Kaxdomy 6asucy cmasaw,as 8 COOMBeMm-
cmesue maccus (;;) (coomsememesenno, (€7*)), asanemes ncesdo-
meH30pom parea 3 seca —1 (coomsemcmsenHo, seca ).
CBOUCTBO 4. €11, - € = Ejen, - € = £'Fn

=& *Elmn =
— 831 Oy — O - Ot = OL- 1" — 6 gL = 61§k gl gk,

CBOICTBO 5. Ejpy + € jn = Ejgn - €™ = €7 - £y = 26 =2 o’

CBOWCTBO 6. &), - €, = €ij1, - €7F = €V . g, = 6.

CaorictBa 4, b, 6 10Ka3bIBAlOTCSl HENOCPEJACTBEHHBIM BbIUHMCJEHHEM
JIEBOH U NTPAaBOM YAaCTH PABEHCTB.



I1.4. Tensop JleBu-Yusura

Onpeaenenue 4. [Tycmo V. —  eskaudoso mpexmeproe npo-
cmpancmso. Dyukyus, Kaxcdomy 06asucy Ccmasawas 6 Co-
omsemcmsue maccus (ejn) = (/9 €ijx) (coomsememsenno,
(e"F) = (/g ' -€UF)), ede g=det(gy), Haswisaemcs TeH30pOM
Jlesu-Yusura.

31ech ey v €9F — cumeoa JleBu-Yupura.



I1.4. Tensop JleBu-Yusura

Onpegnenenune 4. [lycmo V. — e8Kkaudos0 mpexmeproe npo-
cmpancmso. Pyukyua, Kawcdomy 6asucy cmasawas 8 CO-
omsemcmsue maccus (ejn) = (/9 €ijx) (coomsememsenno,
(eF) = (/g ' -€UF)), ede g=det(g;j), Hasvisaemcs men3opoM
Jlesu-Husuma.

To, uto Tensop JleBu-HUuBnra — AEUCTBUTEJNBHO TEH30P, CJAECAYyET U3
TOr0, UTO g — TICEBJIOTEH30P Beca —2, CBOUCTBA 3) U 0OPATHOTO MCEBJI0-
TEH30PHOTO NpHU3HakKa. Mbl He 6yjieM PUBOJUTH (DOPMYJIHPOBKY MpaBH-
Jla 4aCTHOTIO JIJIs ICEBJIOTEH30POB, MOCKOJIbKY OHA MOUTH JIOCJOBHO M0~
BTOPSIET 0OpaTHbIM TEH30PHBIN NPU3HAK, 32 UCKJIIOUEHUEM TOTO, UTO R
— JI0JI2KEH OBbITb NICEBJ0TEH30POM Beca «, () — MCeBJ0TEH30pOM Beca 3,
v Torna 1' 6yner umeTh Bec 3 — a.



[1.5. Teomerpuueckue npumeHeHUs TeH3opa JleBu-
Yusura

[lycte V' — JiMHelHOe MpPOCTPAHCTBO TFEOMETPUUECKHUX BEKTOPOB,
b = {v1,v5,v3} — mpaBas Tpoiika. B uactHocTH, IO CBOHCTBY 6) MeT-
PHUYECKOT0 TEH30pa v1v2U3 = 4/g. ONUChIBaeMble HHXKe METO/Ibl CBSA3aHbI
C BbIUMUCJIEHUEM BEKTOPHOI'O U CMELIAHHOTO HpOI/ISBeILeHI/IIU/I B ITPOHU3BOJIb -
HOM, He 00513aTeJIbHO OPTOHOPMHPOBAHHOM Ga3uce.



[1.5. Teomerpuueckue npumeHeHUs TeH3opa JleBu-
YuButa

Boiuncienne BeKTOpHOro mpousseaeHus. Ilycth x = x'v; = a0,
y = y'v; = y;v'. Torna

i k 17k

Zvi=zov' =yl =egrc oy 0t = eV gy,

TO €CTh
k ijk

o
2r=e"xi ey, oz =ep Ty (8)



[1.5. Teomerpuueckue npumeHeHUs TeH3opa JleBu-
YuButa

Boiuncienne BeKTOpHOro mpousseaeHus. Ilycth x = x'v; = a0,
y = y'v; = y;v'. Torna

Z.UZ:zZ.fU :[x7y]:67,]k.aj-yj.v :ej -xz.y]./vk’
TO €CTb
k ik

o
2r=e"xi ey, oz =ep Ty (8)

Boluvcienne cmewlaHHoro npousseaeHus. Ilycth x = x'v; = v,
y = y'v; = yv', z = z'v; = zv'. Torna

TYz = e T -y -2t = e iy 2 (9)

Jokazameaobcmaso 3TUX yTBEPKIEHUH Mbl IPUBOJUTH He OyIeM.



[1.5. Teomerpuueckue npumeHeHUs TeH3opa JleBu-
YuButa

Boiuncienne BeKTOpHOro mpousseaeHus. Ilycth x = x'v; = a0,
y = y'v; = y;v'. Torna

Z.’UZ:ZZ.U :[$Jy]:6Z]k.x-yj.v :ej -xl.yj./vkj
TO €CTb
k ijk

o
2r=e"xi ey, oz =ep Ty (8)

Boluvcienne cmewlaHHoro npousseaeHus. Ilycth x = x'v; = v,
y = y'v; = yv', z = z'v; = zv'. Torna

TYz = e T -y -2t = e iy 2 (9)

PaccmoTperb npumep?



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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