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I. Ten3opbl B €BKJINJOBOM HPOCTPAHCTBE

[Iyctb V — €BKJIMI0BO ITPOCTPAHCTBO.

Beenenne 5Toii «6e30011HOI» KOHCTPYKIMHU PE3KO MEHSIET 00CTaHOBKY
B n3ydaeMoii HaMu Teopun. OTMETHM OCHOBHBIE HOBIIECTBA, KOTOPBIME
MBI cefidac 3aliMeMcsd:

— BO-TIEPBBIX, MOYKHO €CTECTBEHHBIM 00pa30M OTOXKIECTBUTL UCXOTHOE
eBKJIMJIOBO IIPOCTPAHCTBO C COIPSYKEHHBIM;

— BO-BTOPBIX, NCUYE3aeT «HEIPOXOAUMAas IIPOIACcThy MKy KO- U KOH-
TpaBapraHTHBIMI KOOp/IMHATaMU. Ternepb MbI MOYKEM 110 CBOEMY YCMOT-
PEHIIO MEHSATH CTPYKTYPY TeH30pa paHra 1 (CM pasjiest «KOHIJINPOBaH1e
MHIEKCAMEY ).
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BETCTBUE HEKOTOPBIil JinHelinblil dhyaKimonan f(y).
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fleno, 9To IS 3TOM 1e/Id MOYKHO B3SITh CKaJIAPHOE IIPOU3BEICHIE.
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Hanpumep, g eBKIMAOBA MPOCTPAHCTBA I'€OMETPUIECKIX BEKTOPOB
. — —
JmHeitHoMy yHKIMoHATY f ( y) = 1py, ( y), e L — HekoTopas OcCbh,
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f(e) = (e, x), To ecTb byHKIUIO f, OnpeeeHHy 0 GOPMYIION

fly) = (y, ), (1)

rje y — HNPOU3BOJLHBIN BeKTOp u3 V.

CootHortenune (1) 3ajgaer nzomopdusm npocrTpancTsa V Ha mpo-
cTpancTBo V™.
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fly) = (y,z). (1)
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B camom gene, ecom f(y) = (y,x) u g(y) = (y,2), TO BekTOpY
c- 2+ d-z cooTBeTCTBYET PYHKITUS

h(y) = (y,ca+d-z) = (cr+d-z,y) = c(2,y)+d-(2,y) = ¢ f(y)+d-g(y),

qTO JIOKa3bIBaeT JIMHEHHOCTb 3TOro oToOparkenusi. OcTajioch IPOBEPUTH
€ro B3aUMHYIO OJHO3HAYHOCTDH, TO €CTh CIIPABEJINBOCTD (DOPMYJIbI

vy (y,z) = (y,2) = © = .



I.1. OroxnecrBjaenne V c V*

fly) =y, ). (1)
Coornorrrerre (1) 3agaer nzomopdusM mpocTpaHcTBa Vo Ha MPOCTpaH-
ctBo V™.
OcraJjioch IPOBEPUTH €0 B3AMMHYIO OJIHO3HAYHOCTh, TO €CTh CIIPABE/I-
JINBOCTH (POPMYJIbI

Yy (y,z) = (y,2) = © = .

I/ITaK, ITYCTb f COOTBETCTBYET /[IBYM BEKTOPpaM X U Z.



I.1. OroxnecrBjaenne V c V*

fly) = (y, ). (1)

Coornorrrerre (1) 3agaer nzomopdusM mpocTpaHcTBa Vo Ha MPOCTpaH-
ctBo V™.

OcraJjioch IPOBEPUTH €0 B3AMMHYIO OJIHO3HAYHOCTh, TO €CTh CIIPABE/I-
JINBOCTH (POPMYJIbI

Yy (y,z) = (y,2) = © = .

Urax, nmyctb f cooTBeTcTBYET JABYM BeKTOpam x u z. Torja, juis Jod0ro
BEKTOPA ¥



I.1. OroxnecrBjaenne V c V*

fly) = (y, ). (1)

Coornorrrerre (1) 3agaer nzomopdusM mpocTpaHcTBa Vo Ha MPOCTpaH-
ctBo V™.

OcraJjioch IPOBEPUTH €0 B3AMMHYIO OJIHO3HAYHOCTh, TO €CTh CIIPABE/I-
JINBOCTH (POPMYJIbI

Yy (y,z) = (y,2) = © = .

Urax, nmyctb f cooTBeTcTBYET JABYM BeKTOpam x u z. Torja, juis Jod0ro
BekTopa y (Y, ) = (y, 2), OTKy/la



I.1. OroxnecrBjaenne V c V*

fly) =y, ). (1)
Coornorrrerre (1) 3agaer nzomopdusM mpocTpaHcTBa Vo Ha MPOCTpaH-
ctBo V™.
OcraJjioch IPOBEPUTH €0 B3AMMHYIO OJIHO3HAYHOCTh, TO €CTh CIIPABE/I-
JINBOCTH (POPMYJIbI

Yy (y,z) = (y,2) = © = .

Urax, nmycts f cooTBeTcTBYEeT JBYM BeKTOpam x u z. Toraa, jis Jio-

Goro Bexropa y  (y,x) = (y,2), orxyna 0 = (y,z) — (y,2) = (y, 2 — 2).
[Tonoxum y = x — 2.
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fly) = (y, ). (1)

Coornomenne (1) 3agaer nzomopdusmM mpocTpancTBa Vo Ha IPOCTpaH-
ctBo V™.
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JydgaeM, 4yTo * — 2 = 0,



I.1. OroxnecrBjaenne V c V*

fly) = (y, ). (1)

Coornomenne (1) 3agaer nzomopdusmM mpocTpancTBa Vo Ha IPOCTpaH-
ctBo V™.

OcraJjioch IPOBEPUTH €0 B3AMMHYIO OJIHO3HAYHOCTh, TO €CTh CIIPABE/I-
JINBOCTH (POPMYJIbI

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

Nrak, nycrb f cOOTBETCTBYET JIBYM BEKTOpaM & U z. lorja, Juisl Jio-
ooro Bektopa y (y,z) = (y, 2), otkyza 0 = (y,z) — (y, 2) = (y,z — 2).
[Tonoxum y = x — z. Ilo akcuome 3 cKaJISPHOro MPOU3BEAeHUSI I10-
JaydaeM, 4To  — z = 0, 94T0 1 JIOKa3bIBACT B3AUMHYIO OJHO3HAYHOCTD.



I.1. OroxnecrBjaenne V c V*

fy) = (y,x). (1)
Coornomenne (1) 3agaer nzomopdusmM mpocTpancTBa Vo Ha IPOCTpaH-
ctBo V',

Takum obpasoMm, JI/Isl 9BKJIMIOBA [POCTPAHCTBA Mbl HOJIYUIIN eIlle
OJINH CII0CcO0 3ajaHns BEKTOPOB COIPSIXKEHHOI'O IpocTpaHcTBa. VHBIMI
CJIOBAMH, JIJIsT JIIDOOTO JTMHEeHHOTo (DyHKIIMOHAIA f (TO €CTh BEKTOPA MPO-
crpancTBa V™), onpejiesienHoro Ha V', MOXKHO T0/100paTh TaKoil BEKTOD

x, aro f(y) = (y, ).
Paccmorpers npumep?
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I.1. OroxnecrBjaenne V c V*

fly) =y, ). (2)
Coornomienne (1) 3ajaer nsoMmopdusmM mpocTpaHcTBa Vo Ha MPOCTpaH-
ctBo V™.

OTozK 1eCTBIIAS N30MOP(MHDBIE BEKTOPLI, TO €CTh PYHKIMOHA [ 1 IPe/i-
CTaBJIAIONIHI ero BeKTop x (To ecTh Takoil BekTop x, uto f(y) = (y,x)),
MOXKHO CUMTaTh, 4To V = V'*,

B wactHocTH, B3amMHBII Oasmc Tenepb MOXKHO nckaTth B V. Kak
sro caenars?! Ilyete B = {ej, ey, ..., e,} — 6asuc npocrpancrsa V., u
B* = {e', €%, ..., €e"} — Bsanmunbii Gasuc npocrpancrsa V. Toraa, mo
OLPEJICJICHIIO B3aUMHOI0 0a31ca, 10J1y4aeM COOTHOIICHUST

Y

(ej€') =07 (2)

Jyist KaxKJI0ro ¢ cooTHomeHnus (2) 3aJal0T CHCTEeMYy U3 1 JIMHEHHBIX
ypaBHEHUIl JIJIst KOOpJAMHAT BEKTOpa €'



I.1. OroxnecrBjaenne V c V*

fly) =y, ). (2)
Coornomienne (1) 3ajaer nsoMmopdusmM mpocTpaHcTBa Vo Ha MPOCTpaH-
ctBo V™.

OToxK1eCTBIsIsE H30MOPQHDIE BEKTOPLI, TO €CTh (DYHKIMOHA f U Hpej-
CTaBJIAIONIHI ero BeKTop x (To ecTh Takoil BekTop x, uto f(y) = (y,x)),
MOXKHO CUMTaTh, 4To V = V'*,

[To onpenenennio B3auMHOTO Dasznca MOJIyIaeM COOTHOIICHUS

() =) 2
Jlnst Kazkjoro ¢ cooTHolnenus (2) 3a1al0T CUCTEMY U3 1 JMHEHHBIX
ypaBHeHNil [ KOOPMHAT BEKTOpa, €'.

Vrak, 11 Toro, 9T00BI HAMTH B3aMMHBIH Oa31c, HaJ0 PEINTb N CUCTEM
3 N JIMHEHHBIX YpaBHEHUN Kaxkjad. EcrecTBeHHO, JEHTIN-MaTeMaTUKN
HEe MOIVIM YJIOBJIETBOPUTHLCA CTOJIb XJIOMOTHOM ITPOIE Ly poil.
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TEH30POM HA3BIGAEMCA PYHKYUA, Kaocdomy 0a3UCYy CMABAUGA 6 CO-
omeemcmeue maccus (gi;) (coomsememeenno, (g*”)), 2de gi; = (i, e;)
(coomeemcemeenno, g = (e',el) ).
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AHTHBIM (Ccoomeemcmeentio, KOHTPABAPUAHTHBIM ) METPUYECKUM
TEH30POM HA3BIGAEMCA PYHKYUA, Kaocdomy 0a3UCYy CMABAUGA 6 CO-
omeemcmeue maccus (gi;) (coomsememeenno, (g*”)), 2de gi; = (i, e;)
(coomeemcemeenno, g = (e',el) ).

Taxkum obpazoM, JIBarkJbl KOBAPUAHTHBI METPHUIECKUII TEH30p KarK-
JoMy Oas3ucy CTaBUT B COOTBeTCTBUEe MaTpuily |'pama sroro 6asuca,
a IBarkKJIbl KOHTPaBapUAHTHBIN METPUUIECKMII TEH30P KaxKJIOMYy 0asucy
CTaBUT B COOTBETCTBHE MATPUILY l'pamMa ajs B3amMHOTO Das3uca.



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

Omupenesienne 1. [Tyemv V. — eskaudoso npocmpancmeo. KoBapu-
AHTHBIM (Ccoomeemcmeentio, KOHTPABAPUAHTHBIM ) METPUYECKUM
TEH30POM HA3BIGAEMCA PYHKYUA, Kaocdomy 0a3UCYy CMABAUGA 6 CO-
omeemcmeue maccus (gi;) (coomsememeenno, (g*”)), 2de gi; = (i, e;)
(coomeemcemeenno, g = (e',el) ).

nbivu ciioBaMu, JIBaKIbl KOBAPUAHTHDBIN METPUYIECKNIT TeH30p Oa3ucy
corocTapjsgeT MaTpuily ['pama.
[esib 9TOro myHKTa — BBIBECTH TPU (DOPMYJIBIL:

¢ =g" e (3)
e = gij - ¢ (4)
(9i5) = ()" (5)



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

i dj
e =g -¢ (3)
e = gij - € (4)
) — (W)L
(9i5) = (9") (5)
[To xpureputo Gasuca BeKTOpa B3aUMHOIO 6a3mca (110CIe OTOKJIECTB-
aeruss Vo u V™) MOXKHO pasjiozKUTh 10 BEKTOPaM HCXOJHOIO Hasuca:



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

= ge, 3)

e =g ¢ (4)

(9:5) = (¢")" (5)

[To xpureputo Gasuca BeKTOpa B3aUMHOIO 6a3mca (110CIe OTOKJIECTB-

naenuss Vou V*) MOXKHO pasjioKUTh 10 BEKTOpPaM HCXOJHOTO Oasmca:

e' = x" - e;. Beraucium ckassipHoe 1ponssesieHne ¢ ek



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

i dj
e =g -¢ (3)
e = gij - € (4)
) — (W)L
(9i5) = (9") (5)
[To xkpurepuio basnca BeKTOpa B3aUMHOTO Oasnca (1ocjie OTOXKeCTB-
naenuss Vou V*) MOXKHO pasjioKUTh 10 BEKTOpPaM HCXOJHOTO Oasmca:

e' = " - e;. BoruncanMm ckajgpHoe IPOU3BEJCHUE C e’. Tlomyunm, co-
ryiacHo (2),



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

i dj
e =g -¢ (3)
e = gij - € (4)
) — (W)L
(9i5) = (9") (5)
[To xkpurepuio basnca BeKTOpa B3aUMHOTO Oasnca (1ocjie OTOXKeCTB-
naenuss Vou V*) MOXKHO pasjioKUTh 10 BEKTOpPaM HCXOJHOTO Oasmca:

e' = " - e;. BoruncanMm ckajgpHoe IPOU3BEJCHUE C e’. Tlomyunm, co-
ryiacHo (2),

g —



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

i dj
e =g -¢ (3)
e = gij - € (4)
) — (W)L
(9i5) = (9") (5)
[To xkpurepuio basnca BeKTOpa B3aUMHOTO Oasnca (1ocjie OTOXKeCTB-
naenuss Vou V*) MOXKHO pasjioKUTh 10 BEKTOpPaM HCXOJHOTO Oasmca:

e' = " - e;. BoruncanMm ckajgpHoe IPOU3BEJCHUE C e’. Tlomyunm, co-
ryiacHo (2),

g = (e, eb) =



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

i dj
e =g -¢ (3)
e = gij - € (4)
) — (W)L
(9i5) = (9") (5)
[To xkpurepuio basnca BeKTOpa B3aUMHOTO Oasnca (1ocjie OTOXKeCTB-
naenuss Vou V*) MOXKHO pasjioKUTh 10 BEKTOpPaM HCXOJHOTO Oasmca:

e' = " - e;. BoruncanMm ckajgpHoe IPOU3BEJCHUE C e’. Tlomyunm, co-
ryiacHo (2),

gk = (ei,ek) _ i (€j7€k) _



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

i dj
e =g -¢ (3)
e = gij - € (4)
) — (W)L
(9i5) = (9") (5)
[To xkpurepuio basnca BeKTOpa B3aUMHOTO Oasnca (1ocjie OTOXKeCTB-
naenuss Vou V*) MOXKHO pasjioKUTh 10 BEKTOpPaM HCXOJHOTO Oasmca:

e' = " - e;. BoruncanMm ckajgpHoe IPOU3BEJCHUE C e’. Tlomyunm, co-
ryiacHo (2),

g% = (e e") =2V - (ej,€") = xijgé? =



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

i dj
e =g -¢ (3)
e = gij - € (4)
) — (W)L
(9i5) = (9") (5)
[To xkpurepuio basnca BeKTOpa B3aUMHOTO Oasnca (1ocjie OTOXKeCTB-
naenuss Vou V*) MOXKHO pasjioKUTh 10 BEKTOpPaM HCXOJHOTO Oasmca:

e' = " - e;. BoruncanMm ckajgpHoe IPOU3BEJCHUE C e’. Tlomyunm, co-
ryiacHo (2),

gk = (ei,ek) _ i (€j7€k) _ xz’jaﬁ; _ ik



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

i dj
e =g -¢ (3)
e = gij - € (4)
) — (W)L
(9i5) = (9") (5)
[To xkpurepuio basnca BeKTOpa B3aUMHOTO Oasnca (1ocjie OTOXKeCTB-
naenuss Vou V*) MOXKHO pasjioKUTh 10 BEKTOpPaM HCXOJHOTO Oasmca:

e' = " - e;. BoruncanMm ckajgpHoe IPOU3BEJCHUE C e’. Tlomyunm, co-
ryiacHo (2),

gk = (ez')ek) _ i (ej,ek) _ xz’jaﬁ; _ ik

Pagencrso (3) jokazamo.



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

' =g" ¢ (3)
e =g ¢ (4)
(i) = (9)~" (5)

PagernctBo (4) j0Ka3bIBaeTCS aHAJOTUIHO (HAJ0 YMHOKHUTD Ha €f).



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

' =g" ¢ (3)
e =g ¢ (4)
(i) = (9)~" (5)

Hakowrerr, yMHO)Kast paBeHCTBO (3) Ha €y, TTOJIYIIM



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

=gl 3)
e =g ¢ (4)
(9i) = (97)"" (5)
Hakowrerr, yMHO)Kast paBeHCTBO (3) Ha €y, TTOJIYIIM

5 =



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

' =g" ¢ (3)
e =g ¢ (4)
(i) = (9)~" (5)

Hakowrerr, yMHO)Kast paBeHCTBO (3) Ha €y, TTOJIYIIM

5t = (ei,ek) =



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

' =g" ¢ (3)
e =g ¢ (4)
(i) = (9)~" (5)

Hakowrerr, yMHO)Kast paBeHCTBO (3) Ha €y, TTOJIYIIM

5/@ = (Gi, ek) = gij ' (ej, €k) =



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

=gl 3)
e =g ¢ (4)
(9:) = (9)~" (5)
Hakowrerr, yMHO)Kast paBeHCTBO (3) Ha €y, TTOJIYIIM
5]2 — (6i7 ek‘) - ng ’ (eja Gk) - ng “ ik

9TO 9KBUBATECHTHO (D).



1.2. HaxoxxneHne B3anmMHOTO Oa3mca ¢ IIOMOIINLIO MeT-
PUYIECKOT0 TEH30Pa

¢ =g, 3)

e =g ¢ (4)

(9i) = (g”) (5)

C nomornbio dopmyit (3) u (5) HAXOXKIEHIE B3AUMHOTO Oasnca CBOJIUTCS

K CTaHIapTHBIM MaTPUIHBIM BBIYUCICHUSM.
Paccmorpers npumep?



I.3. CBoiicTBa MeTpUYeCKOro TEH30pAa,
[Tomuno opmya (3), (4), (5) oTMeTuM cieyromue CBoficTBa MeTPH-
4ECKOT0 TEH30DA.



I.3. CBoiicTBa MeTpuYecKoro TeH3opa

L. gij — nBaxKabl KOBapUaHTHBINA TeH30p, ¢ — JBaxK/bl KOHTpaBapu-
QHTHBIN TeH30D;



I.3. CBoiicTBa MeTpuYecKoro TeH3opa

L. gij — nBaxKabl KOBapUaHTHBINA TeH30p, ¢ — JBaxK/bl KOHTpaBapu-
QHTHBIN TEH30D;

2. Ecmmx =2 e, y =19"-e;, TO (x,y):xi-yj-gij:xi.yj.gij;



I.3. CBoiicTBa MeTpuYecKoro TeH3opa

L. gij — nBaxKabl KOBapUaHTHBINA TeH30p, ¢ — JBaxK/bl KOHTpaBapu-
QHTHBIN TeH30D;

2. Ecmmx =2 e, y =19"-e;, TO (x,y):xi-yj-gij:xi.yj.gij;

3. KO- I KOHTpaBapuaHTHble METPpUYECKHE TEH30PbI SBJIAIOTCI CUMMET-
PUYHBIMK T€H30PaM#, TO eCTb ¢i; = §ji, 97 = ¢’*;



I.3. CBoiicTBa MeTpuYecKoro TeH3opa

L. gij — nBaxKabl KOBapUaHTHBINA TeH30p, ¢ — JBaxK/bl KOHTpaBapu-
QHTHBIN TeH30D;

2. ECJII/IQ?:ﬂ?i-ei,y:yi'@i, TO ($,y):xi'y‘j'gij:xi'yj'gij'

)

3. KO- I KOHTpaBapuaHTHble METPpUYECKHE TEH30PbI SBJIAIOTCI CUMMET-
PUYHBIMK T€H30PaM#, TO eCTb ¢i; = §ji, 97 = ¢’*;

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



I.3. CBoiicTBa MeTpuYecKoro TeH3opa

L. gij — nBaxKabl KOBapUaHTHBINA TeH30p, ¢ — JBaxK/bl KOHTpaBapu-
AHTHBIN TEeH30D;
) _ Y R _ ij.
2.Bcmx=2a"-e;,y=19"-¢;, TO (x,y)—x Yy gy =xi -y gYs
3. KO- 1 KOHTpaBapuaHTHble METPUYECKHE TE€H30Pbl ABJIAIOTCSA CUMMET-
_ ij _ ji.
PUYHBIMK T€H30PaM#, TO eCTb ¢i; = §ji, 97 = ¢’*;
4. det (g;j) # 0, det (g") # 0;

5. Ilyecrs B — OHB npocrpancrsa V', A — marpuinia mepexojia n3 dasuca
B B 6asuc B'. Tormga merpuueckuii TeH30p 91/']' B 6asuce B’ moxxHO
BBIUYHMCIUTE 110 POpMYJIe (gz’-j) = Al A;



I.3. CBoiicTBa MeTpuYecKoro TeH3opa

L.

gij — JBaXK/Ibl KOBapUAHTHBIA TEeH30D, ¢/ — JiBazK/bl KOHTpaBapy-
AQHTHBII TEeH30D;

Bemz=a"-e,y=y"e, 10 (x,y)=2"y -gi; = -y; - g";

. KO- 1 KOHTpaBapuaHTHbBIEC METPUYICCKHNEC TEH30PbI ABJIAIOTCA CUMMET-

PUYHBIME T€H30paMH, TO €CThb ¢ = Gji, 97 = ¢’";

det (g;5) # 0, det (g"7) # 0;

. ITycts B — OHB npocrpancrsa V', A — marpuiia nepexojia u3 dasuca

/ . /
b B 6asuc B'. Torpa merpuyeckuii TeH30D g,fj B Oasuce b’ moxkHO
BBIUUC/INTE 110 POPMYIIe (g;j) = Al A;

. Eciin V' — npocTpatcTBo reomMeTprutieckux BeKTOPOB, u {ey, €9, e3} —

1paBasd TPONKa, TO e1e2e3 = /g, I/l €1€z€3 — CMEIIAHHOE 1IPON3Be-
nenne, g = det (g;;).



1). gij — ABayK (bl KOBAPUAHTHBIIL TeH30D, ¢/ — JIBAXK/[bl KOHTPaBapN-
AHTHDBIN TEH30DP.
Jloka3zaTejbCTBO:



1). 9ij — JABayKJbl KOBapMaHTHBIH TeH30p, ¢ — JBazKIbl KOHTpaBapy-
AHTHDBIN TEH30DP.

Jloka3zaTejbCTBO:
/

9i; =



1). gij — ABayK (bl KOBAPUAHTHBIIL TeH30D, ¢/ — JIBAXK/[bl KOHTPaBapN-
AHTHDBIN TEH30DP.
Jloka3zaTejbCTBO:

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



1). gij — ABayK (bl KOBAPUAHTHBIIL TeH30D, ¢/ — JIBAXK/[bl KOHTPaBapN-
AHTHDBIN TEH30DP.
Jloka3zaTejbCTBO:

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



1). gij — ABayK (bl KOBAPUAHTHBIIL TeH30D, ¢/ — JIBAXK/[bl KOHTPaBapN-
AHTHDBIN TEH30DP.
Jloka3zaTejbCTBO:

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



1). gij — ABayK (bl KOBAPUAHTHBIIL TeH30D, ¢/ — JIBAXK/[bl KOHTPaBapN-
AHTHDBIN TEH30DP.
Jloka3zaTejbCTBO:

bt I — (AP A\ P (e N PG
9ij = (ei> ej) = (ai Ep; aj%) = a;a; (ep; €q) = q; @;9pq;



1). gij — ABayK (bl KOBAPUAHTHBIIL TeH30D, ¢/ — JIBAXK/[bl KOHTPaBapN-
AHTHDBIN TEH30DP.

Jloka3zaTejbCTBO:

I (ol Y — (P 9N — AP ) — 4P
9ij = (62», ej) = (ai Ep; aj%) = a;a; (ep; €g) = @ @ 9pq;
T.e. IOJIYIUJIN TeH30PHBIII 3aKOH.



1). gij — ABaK/{bl KOBAPUAHTHBIIT TEH30D, g” — JBaKJIbl KOHTpaBapU-
AHTHDBIN TEH30DP.

Jloka3zaTejbCTBO:
gi; = (ei: €j) = (afey; ajey) = alal(ey; eq) = ajalgy,
T.e. TIOJIYYUJIN TeH30PHBII 3aKOH.
Jlnsa g% noKazaTeabeTBO aHAJIOTMYHOE, ¢ UCIOIBL30BAHIEM TeOpPeMbl 00
N3MeHeHUN B3anmMHOI'o Oa3mca.



2). Ecmx =2x"-¢;, y=19"-¢,
(w,y)=x" -y - gij =y g".
JloKka3zaTejbCTBO:
(z,y) =

TO



2). Ecmzxr=1a"¢, y=y e,
(w,y)=x" -y - gij =y g".
JloKka3zaTejbCTBO:
(Iay) — <IZ ) e“yl ) €i> —

TO



2). Ecmzx=12"-¢, y=y'-¢, TO
(SU,?J) =z’ -y “Gij = XY - gY.
JloKka3zaTejbCTBO:
(Iay) — <IZ ’ e“yl ) €i> =1z - yj ) (eiaej) -



2). Ecmzx=12"-¢, y=y'-¢, TO
(w,y)=x" -y - gij =y g".
JloKka3zaTejbCTBO:
(Iay) — <IZ ’ e“yl ) €i> =1z - yj ) (eiaej) =T

?

. y.] . g,&]'



2). Ecmzx=12"-¢, y=y'-¢, TO
(z,y) =" -y - gij =i y; - g".

JloKka3zaTejbCTBO:
(z,y) = (2" ey - &) = at -yl (e eg) =2ty g
Dopmyita (x,y) = x; - Y; - g” BBIBOAUTCA AHAJIOTHYHO.



3). Ko- u koHTpaBapuaHTHbIE METPUUIECKIE TEH30PbI SIBJISTIOTCS CHM-
METPUUHBIMU TEH30PAMH, TO €CTh §i; = gji, §” = ¢".
JloKka3aTeabCTBO:
OueBugHOE CJIEJICTBUE IIEPBOII aKCHMOMBI CKAJIIPHOI'O IIPOU3BeJie-
HUS.



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

Jloka3aTeJabCTBO:
Coryacuo dpopmysie (5) merpudeckuii Teazop obparum. OCTanoch mpu-
MEHUTL KPUTEPUii 06paTUMOCTI MATPUIILI.



5). llycrb B — OHB mnpocrpancrea V', A — wmarpuiia nepexojia u3
oasuca B B 6asuc B’. Torna merpuueckuit Tensop 9@/']' B Gaznce B’ mozkHO
BBLIUNC/IATE 110 pOpMYIIe (gz’.j) = Al A.

JloKa3aTeabCTBO:

CoracHo myHKTy 1)



5). llycrb B — OHB mnpocrpancrea V', A — wmarpuiia nepexojia u3
oasuca B B 6asuc B’. Torna merpuueckuit Tensop 9@/']' B Gaznce B’ mozkHO
BBLIUNC/IATE 110 pOpMYIIe (gz’.j) = Al A.

JloKa3aTeabCTBO:

p

Cornacno nyuxry 1) gi; = a; - a;]- * gpq, ITO HA MATPUYHOM sI3bIKE JIaeT



5). llycrb B — OHB mnpocrpancrea V', A — wmarpuiia nepexojia u3
oasuca B B 6asuc B’. Torna merpuueckuit Tensop 9@/']' B Gaznce B’ mozkHO
BBLIUNC/IATE 110 pOpMYIIe (gz’.j) = Al A.

Jloka3aTejbCTBO:

_ D
Cornacno nyukry 1) gi; = a; -

["=A"T-A Hol —

CL;I- * Gpg, 9TO Ha MATPUIHOM ZA3BIKE Ja€T



5). llycrb B — OHB mnpocrpancrea V', A — wmarpuiia nepexojia u3
oasuca B B 6asuc B’. Torna merpuueckuit Tensop 9@/']' B Gaznce B’ mozkHO
BBLIUNC/IATE 110 pOpMYIIe (gz’.j) = Al A.

JloKa3aTeabCTBO:

Coryracto mynxty 1) gi; = aj - @ - gpq, 4TO Ha MATPUIHOM s3BIKE JACT
["=A".-T-A HoI' — equnnynasg MaTpula 10 YCIOBUIO, OTKYIa [OJIY-

qacM Tpe6yeMoe 3aKJIIOYCHUE.



6). Eciim V' — npocTpaHcTBO reOMEeTPUUIECKIX BEKTOPOB, U {€1, €9, €3}
— IpaBasl TPOiiKa, TO €1€2e3 = /¢, Il €1€2€3 — CMeIIaHHOe IPOU3Be/e-
nue, g = det (gi;).

JloKa3aTeabCTBO:

B kadectBe 6Oaszuca B Bozbmem Kakoii-nnOynabr OHB.  ITomoxxmwm

B/ - {617 €2, 63}-



6). Eciim V' — npocTpaHcTBO reOMEeTPUUIECKIX BEKTOPOB, U {€1, €9, €3}
— IpaBag TPOIKa, TO €1€2e3 = /¢, TJIe €1€2€3 — CMEIIAHHOe TPON3Be/le-
nue, g = det (gi;).

JloKa3aTeabCTBO:

B kadectBe 6Oaszuca B Bozbmem Kakoii-nnOynabr OHB.  ITomoxxmwm
B’ = {e1, €9, e3}. Cornacno nmynkry 5) [V = A! - A.



6). Eciim V' — npocTpaHcTBO reOMEeTPUUIECKIX BEKTOPOB, U {€1, €9, €3}
— IpaBasl TPOiiKa, TO €1€2e3 = /¢, Il €1€2€3 — CMeIIaHHOe IPOU3Be/e-
nue, g = det (gi;).

JloKa3aTeabCTBO:

B kadectBe 6Oaszuca B Bozbmem Kakoii-nnOynabr OHB.  ITomoxxmwm

/

B’ = {e1, €9, e3}. Cornacuo mynkry 5) IV = A’ - A. Boruucium onpe/ie-
JINTEJIb OT JieBOi u 1panoit gactu. Ciesa 110J1ydnM



6). Eciim V' — npocTpaHcTBO reOMEeTPUUIECKIX BEKTOPOB, U {€1, €9, €3}
— IpaBasl TPOiiKa, TO €1€2e3 = /¢, Il €1€2€3 — CMeIIaHHOe IPOU3Be/e-
nue, g = det (gi;).

JloKa3aTeabCTBO:

B kadectBe 6Oaszuca B Bozbmem Kakoii-nnOynabr OHB.  ITomoxxmwm
B’ = {e1, 2, e3}. Cormacno mynkry 5) IV = A'- A. Bouucium onpe-
Je/InTeIb OT JieBoit u npapoit yactu. Cjesa IOJyYUM ¢, a clpaBa —
det (A" - A) = det (A?) - det(A) = det(A)? = (ereqes)”, uto BiIeder TPely-

eMOoe PaBeHCTBO.



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

s eBKIMJIOBa IPOCTPAHCTBA MOYKHO cuuTaTth V = V™  orTKy-
na, Hampumep, V @ V* =V ® V. Bekropy m3 V ® V* coorBercTBy-
eT Tenzop-maccus 1! ;, KOMIIOHEHTBI KOTOPOTO OIIpejieseHbl (hopMyJIoit

.]7
— ) .
T:T]?-ei@)ej.



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

s eBKIMIOBa IPOCTpaHCTBA MOYKHO cuuTarth V = V™  or-
Kyjaa, wHampumep, V@V =V ®V. Bektopy uz V ®V* coor-
BETCTBYeT TEH30P-MAaCCUB Tfj, KOMIIOHEHTBI  KOTOPOI'O  OIIPE]Ie-
aeHbl  hopMyJIoii T — Tj-e;®e¢/. Orciona IOMydaeM  DPaBeHCTBO
T}-ei@)ej =T ¢;®e;.



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

s eBKIMIOBa IPOCTpaHCTBA MOYKHO cuuTarth V = V™  or-
Kyjaa, wHampumep, V@V =V ®V. Bektopy uz V ®V* coor-
BETCTBYET TEH30P-MAaCCHB Tfj, KOMIIOHEHTBI ~ KOTOPOTO  OIIPeJIe-
aeHbl  hopMyJIoii T — Tj-e;®e¢/. Orciona IOMydaeM  DPaBeHCTBO
T;-e;@e! =T" e ®ej. Ho Tensop-pekTopy B HpaBoil 4acTu COOT-
BETCTBYET TEH30P-(DYHKINA (T ) ) [Tosyuaercst, 9T0 JBe CYLIIECTBEHHO
Pa3IMIHBIX TeH30P-(DYHKIINN OIIPeIe/IsIIOT OQIH U TOT YKe TeH30P-BEKTOP.

B sToM cMBbIC/ie MOXKHO CKa3aTh, YTO 9TU TEH30PHI PABHBI.



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

s eBKIMIOBa IPOCTpaHCTBA MOYKHO cuuTarth V = V™  or-
Kyjaa, wHampumep, V@V =V ®V. Bektopy uz V ®V* coor-
BETCTBYET TEH30P-MAaCCHB Tfj, KOMIIOHEHTBI ~ KOTOPOTO  OIIPeJIe-
aeHbl  hopMyJIoii T — Tj-e;®e¢/. Orciona IOMydaeM  DPaBeHCTBO
T; e, el =TV . ¢; ® €. Ho tenzop-BekTOpy B mpapoil 9acTu COOT-
BETCTBYET TEH30P-(DYHKINA (T ) ) [Tosyuaercst, 9T0 JBe CYLIIECTBEHHO
Pa3IMIHBIX TeH30P-(DYHKIINN OIIPeIe/IsIIOT OQIH U TOT YKe TeH30P-BEKTOP.
B aToM cMbIciie MOXKHO CKa3aTh, 9TO 9TU T€H30PbI PABHBI.

Cire1oBaTe/IbHO, Tellephb Mbl MOYKEM CAMI MEHSATH CTPYKTYPY paccMar-
PUBAEMOI'0 TEH30PA, «IOJHIUMATELY U «OIMYCKATLY WHIEKCHI, NN, KaK Io-
BOPSIT, «»KOHIJINPOBaThy UMK, OCTAJIOCh MOHATD, KAK IIPH 9TOM MEHSIIOT-
Cs1 KOOP/IMHATEL.



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

J1---JEU J1-- ]k J1---Jruq
]—;1 AmU _T mup g j—;l Am

" Gug-



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

T]l Jku TJl ]kvp g T]l ]k q qu‘ (6)

11---Imv 11---Um

Wrak, ato obrmero y Terzopos 1"(B) = (T‘“ jku) uT"(B) = (TJ1 jkuq)?



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

T]l ‘ZE_TJI ]kvp g TJl Z}I; q qu‘ (6)

/ J1---JkU 7 _ (Ir-drug
Wrak, aro obrero y Tenzopos 1" (B) = (T ) T"B) = (Tuzm )?
TJINYAETCS U CTPYKT TUX TEH30POB, DOJIee TOr0, MACCUBBI UX KOM-
O aeTcst 1 ¢ a s 6300,60 ee TOro, Macc 0
IIOHEHT B OJHOM U TOM ke Oasuce, Kaxk npasusio, paziudnb! Ho Mol

roBoOpuM, 49T0 9TO «KaK OBl OIMH 1N TOT 2KE TEH30P», IIOCKOJIbKY



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

T]l ‘ZE_TJI ]kvp g TJl Z}I; q qu‘ (6)

Wrak, ato obrmero y Terzopos 1"(B) = (T‘“ jku) T"B) = (ﬂﬁ%xﬁuq)?
Oriaercest U CTPYKTYPa 9TUX TEH30POB, O0JI€e TOTO, MACCHBBI HX KOM-
OHEHT B OJIHOM U TOM »Ke Gasuce, Kak mpaBmio, pasinanbl! Ho Mol
FOBOPHM, 9TO 9TO «KaK Obl OJIMH U TOT YK€ TEH30D», MOCKOJIBKY MMEeT

MECTO coenadenue coomeemcmeyruwur UM TMMeH30P-6ERTNOPOE6.



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

T]l JkU_TJI jkvp g TJl ]k q qu‘ (6)

nero nokasareberBa GopMydbl (6) MPOJEMOHCTPUPYEM Ha IPUMEpEe
TEeH30pa T}'km, B KOTOPOM Ha/[0 «OIIYCTUTL», Hanpumep, nujaexc k. Co-
riaacto hopmysie (4) mnosydaem



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

T]l JkU_TJI jkvp g TJl ]k q qu‘ (6)

nero nokasareberBa GopMydbl (6) MPOJEMOHCTPUPYEM Ha IPUMEpEe
TEeH30pa T}'km, B KOTOPOM Ha/[0 «OIIYCTUTL», Hanpumep, nujaexc k. Co-
riaacto hopmysie (4) mnosydaem

T;'km-@@ej@ek@em:ﬁ.km'ez'@ej@gks@@em:



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

T]l JkU_TJI jkvp g TJl ]k q qu‘ (6)

nero nokasareberBa GopMydbl (6) MPOJEMOHCTPUPYEM Ha IPUMEpEe
TEeH30pa T}'km, B KOTOPOM Ha/[0 «OIIYCTUTL», Hanpumep, nujaexc k. Co-
riaacto hopmysie (4) mnosydaem

T;'km-@@ej@ek@em:ﬁ.km'ez'@ej@gks@@em:
:T}?.km-gks'ei@@j@es@@m:



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

T]l JkU_TJI jkvp g TJl Jruq qu‘ (6)

21...0m0 11U
nero nokasareberBa GopMydbl (6) MPOJEMOHCTPUPYEM Ha IPUMEpEe
TEeH30pa T}'km, B KOTOPOM Ha/[0 «OIIYCTUTL», Hanpumep, nujaexc k. Co-
riaacto hopmysie (4) mnosydaem
T]@'km-ei(@ej®ek®em:T?'km-@@ej@gkses@em:
:Ty?.km'gks-e@-@ej@eS@em Tf;s"” e Qe Qe ep.

Orcrozia 1oiydaeMm TpedyemMoe paBeHCTBO T}km “ ks = T;;”



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

T]l Jku TJl ]kvp g T]l ]k q qu‘ (6)

MozxHo dopmyity (6) cdhopMynpoBaTh B Bujie CJICIYIONIEr0 MpaBa.



1.4. «2KoHryimpoBaHue» uHJIEKcaMu

T]l JkU_TJI jkvp g TJl ]k q qu‘ (6)

Am? tm

Moo dopmyity (6) copMyTHPOBATL B BUJIE CJIEIYIONIErO MPABUIA.

Jlas mozo, wmobv, <onycmumovs (CoomeememeeHHo,
<NOOHAMD» ) UHOEKC, HAD0 BUYUCAUMD BHYMPEHHEE NPO-
ussederue UcrodHo20 menaopa ¢ 08axcovl KO8APUAHM-
HoLM (coomeememaeenho, 06aHcAvl KOHMPABAPUGHMHHIM, )
MEH30POM, NPUUEM CEEPMEKA DEPEMCA MO ONYCKAELMOMIY
(nodrumaemomy) undercy.

Paccmorpers npumep?




I1. IlceBpoTen3opnl

Omnpepnenenne 2. [lycmo V. — aunelinoe npocmparcmeo pasmepHo-
cmu n Had nosem K. IlceBmoreH30poM panea r Beca «, 20
r=k+m, m pas xosapuarnmmoim, k pas xKonmpasapuAHmMMbLM, HA3bl-
saemcsa pynrxuyus T, kaorcdomy oasucy B npocmparncmea V- cmasawan

6 coomeemcmeue maccus T (B) = (ﬂ‘jllz‘zr]j anemenmos u3 K, npuvem

/
oaa mobvix deyx basucos B u B npocmparncmea V- anemenmol maccusos
T (B) = (Tlr“”'.]’f) u T (B) = (T :71"';7k> C6A3aMHY, TICEBIOTEH30PHBIM
1-im 11---tm
3aKOHOM .

T 9% = (det A)” - O bR T ()

pP1---Pm’

Zm

ede A = ( ,j) — MAMPUUQ nepexoda us B 6 B, (bﬁj) — mampuuya 00-
PAMHO20 Nepexoda.



I1. IlceBpoTen3opnl
Taxum oOpa3oM, MCeBAOTEH30PHBIN 3aKOH OTJIMYAETCA OT TeH30P-
HOro ToJibKO MHOKHTEsIeM (det A).



I1. IlceBpoTen3opnl

TakumM 06pazoM, TICEBIOTEH30PHBIN 3aKOH OTINYAeTCs OT TeH30P-
1oro tojibko Muoxkutesnem (det A)Y. B wactHOCTH, TICeBIOTEH30D Beca ()
— 9T0 TeH30p. B 3aBHCHMOCTH OT paHTa HCHOJIB3YIOTCS elle CJIe/ Ty oNe
TepMUHBIL: 1iceBocKaisip (ipu 7 = 0), u 1cepoBexTop (mpu r = 1).



I11.1. IIpuMepnbl IceBIOTEH30POB

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



I11.1. IIpuMepnbl IceBIOTEH30POB

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

2. Jlng mobbix mensopos ;; u RY dynkium, conocrassione 6asu-
cy uncna det (T};) = det (T(B)) u det (RY) = det (R(B)) siBistorcs

1IceBJIOCKaIsIpaMu Beca 2 U -2 COOTBETCTBEHHO.



I11.1. IIpuMepnbl IceBIOTEH30POB

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

2. Jlng mobbix mensopos ;; u RY dynkium, conocrassione 6asu-
cy uncna det (T};) = det (T(B)) u det (RY) = det (R(B)) siBistorcs

1IceBJIOCKaIsIpaMu Beca 2 U -2 COOTBETCTBEHHO.

3. v/ g(B) — ncesnockassp Beca 1. 3nech g(B) — gerepMunant 3Have-
HIS JIBAZK/IbI KOBAPUAHTHOIO METPHYECKOTro Ter3opa Ha basnce B, To
ectb g(B) — gerepmunant marpunnt ['pava 6aszuca B.

Jloka3zaTebCTBO.



I11.1. IIpuMepnbl IceBIOTEH30POB

g = det (g;;) — nceBockasp Beca 2.

p

JlokazaTeabCcTBO. I3BecTHOE paBeHCTBO gl’-j =a; - a? * Gpg B MaTpHUY-

HOM BUJIC 3all1IIETCA TaK:



I11.1. IIpuMepnbl IceBIOTEH30POB

g = det (g;;) — nceBockasp Beca 2.

p

JlokazaTeabCcTBO. I3BecTHOE paBeHCTBO gl’-j =a; - a? * Gpg B MaTpHUY-

HOM BHJie 3ammmiercs Tak: ['gr = ATy - A



I11.1. IIpuMepnbl IceBIOTEH30POB

g = det (g;;) — nceBockasp Beca 2.

JokazaTesabeTso. UspecTHOE PABEHCTRO gj; = @3 -+ @] * Gpq B MATPU-
HOM BHJIC 3AIllUIICTCS Tak: FB' = A'. I'g - A. Ilo cpoiicrBam jgeTepmu-

HaHTa II0JIYyHaeM:

/

g:



I11.1. IIpuMepnbl IceBIOTEH30POB

g = det (g;;) — nceBockasp Beca 2.

JokazaTesabeTso. UspecTHOE PABEHCTRO gj; = @3 -+ @] * Gpq B MATPU-
HOM BHJIC 3AIllUIICTCS Tak: FB' = A'. I'g - A. Ilo cpoiicrBam jgeTepmu-

HaHTa II0JIYyHaeM:

/_ _
g =detl'y =



I11.1. IIpuMepnbl IceBIOTEH30POB

g = det (g;;) — nceBockasp Beca 2.

JokazaTesabeTso. UspecTHOE PABEHCTRO gj; = @3 -+ @] * Gpq B MATPU-
HOM BHJIC 3AIllUIICTCS Tak: FB' = A'. I'g - A. Ilo cpoiicrBam jgeTepmu-

HaHTa II0JIYyHaeM:

g =detT'y =det (A" -Tg - A) =



I11.1. IIpuMepnbl IceBIOTEH30POB

g = det (g;;) — nceBockasp Beca 2.

JokazaTesabeTso. UspecTHOE PABEHCTRO gj; = @3 -+ @] * Gpq B MATPU-
HOM BHJIC 3AIllUIICTCS Tak: FB' = A'. I'g - A. Ilo cpoiicrBam jgeTepmu-

HAHTA T10JIyYaeM:
g = det I'gr = det (A" Tg-A)=detA’ g-det A= (det A)* - g,

YTO W TPeOOBAJIOCH JI0KA3ATD.



I11.1. IIpuMepnbl IceBIOTEH30POB

JT1s1 oGBIX TeH30poB ;; 1 RY dynkuuy, conocrasisionue 6asucy uc-
na det (T;;) = det (T(B)) u det (RY) = det (R(B)) siBisioTest 1CeBIOCKa-
JisipaMi Beca 2 U -2 COOTBETCTBEHHO.

JloKa3aTejibcTBO



I11.1. IIpuMepnbl IceBIOTEH30POB

JT1s1 oGBIX TeH30poB ;; 1 RY dynkuuy, conocrasisionue 6asucy uc-
na det (T;;) = det (T(B)) u det (RY) = det (R(B)) siBisioTest 1CeBIOCKa-
JisipaMi Beca 2 U -2 COOTBETCTBEHHO.

Jloka3aTeabCTBO IEPEHOCUTCsI C IIEPBOIO IIPUMepa IIOYTH JOCIOBHO.



I11.1. IIpuMepnbl IceBIOTEH30POB
g(B) — ncesnockassap Beca 1. 3jech g(B) — gerepMunant 3nadenus
JIBaXKJIbl KOBapUaHTHOI'O METPUUYECKOI0 TeH30pa Ha Oaszuce B, To ecTh
g(B) — nerepmunant marpuisl ['pama basuca B.
JloKka3aTebCTBO.



I11.1. IIpuMepnbl IceBIOTEH30POB
g(B) — ncesnockassap Beca 1. 3jech g(B) — gerepMunant 3nadenus
JIBaXKJIbl KOBapUaHTHOI'O METPUUYECKOI0 TeH30pa Ha Oaszuce B, To ecTh
g(B) — nerepmunant marpuisl ['pama basuca B.
JokazaTeabcTBO. DTO 0UEBUJHOE CJICJICTBIE IEPBOTO IIPUMEDA.



I11.2. CumBoJg Jlesu-Husura

Omnpenenenne 3. [Tycmo dan maccus wucen (€;51,) = (5”’“), 2de undexrcol
1, 7, k uamenaromes om 1 do 3, npuuem

® £103 = €931 = €319 = 1;
® £913 = €132 = €391 = —1;

o ¢, = 0 60 6ceT OCMANLHILT CAYAAT (MO ecb ecau Kakue-aub0 064
undexca cosnadarom,).

0603nauenusn €1 U 9% anemenmos 9moz0 Maccuea Ha3vearomes CUM-
17k
BoJsiamu JleBu-HuBura.



I11.2. CumBoJg Jlesu-Husura

Mcronb3ys Ten30pHbIe 0603HAUCHH ', TMeeM

(0 00
0 01
0 —10
00 —1
(€iji) = (e77) = 00 0
10 0
010
~100
\ 000,/ )

loguepHeM, 9TO 0 TeH30pax 3/eCh [T0Ka PEeYN He MJIET, UCIOJIb3YIOTCA TOJIHKO TeH30PHbIe 0003HAa-
qyeHus!



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiit = —Tjir = —Tiny = —Thji, 2de {i,5,k} C{1,2,3}.

Toeda T‘ijk: = &ijk - T123.
JloKa3aTeabCTBO.



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiit = —Tjir = —Tiny = —Thji, 2de {i,5,k} C{1,2,3}.

Toeda T%jk: = &ijk - T123.

HokazarenbcrBo. Bosbmem suavenne (1) dyuxnun 7' B KakoM-
HUOYIb Oasuce. 1s1 Toro, 4TodBI JJOKa3aTh 9TO PABEHCTBO, BBHIYHCIUM
ero JIEBYIO U IPaBYIO YacTH, 1 CPABHUM UX.



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiit = —Tjir = —Tiny = —Thji, 2de {i,5,k} C{1,2,3}.

Toeda T‘ijk: = &ijk - T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:

Ti30 = =193 =



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiit = —Tjir = —Tiny = —Thji, 2de {i,5,k} C{1,2,3}.

Toeda T‘ijk: = &ijk - T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:

Ti30 = —T193 = €132 T3,
|



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiit = —Tjir = —Tiny = —Thji, 2de {i,5,k} C{1,2,3}.

Toeda T‘ijk: = &ijk - T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:

T130 = =193 = €1321 193,

T231 — T123 -



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiit = —Tjir = —Tiny = —Thji, 2de {i,5,k} C{1,2,3}.

Toeda T‘ijk: = &ijk - T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:

T130 = =193 = €1321 193,

T231 = T123 = 52?;1 T123>



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiit = —Tjir = —Tiny = —Thji, 2de {i,5,k} C{1,2,3}.

Toeda T‘ijk: = &ijk - T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:

T130 = =193 = €1321 193,

T231 = T123 = 8231T123,
To13 = —T193 =



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiit = —Tjir = —Tiny = —Thji, 2de {i,5,k} C{1,2,3}.

Toeda T‘ijk: = &ijk - T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:

T130 = =193 = €1321 193,

T231 = T123 = 8231T123,

T513 = =193 = €913 Tho3,
|



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiit = —Tjir = —Tiny = —Thji, 2de {i,5,k} C{1,2,3}.

Toeda T‘ijk: = &ijk - T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:

T130 = =193 = €1321 193,

T231 = T123 = 8231T123,
T513 = =193 = €9131 193,
T5190 = T103 =



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiji = —Tjir. = =Tigj = —Tiji, ede  {i,j,k} € {1,2,3}.
Toeda T‘ijk: = &ijk - T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:

T130 = =193 = €1321 193,

T231 = T123 = 8231T123,
T513 = =193 = €9131 193,

T510 = T193 = 83112 1103,



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tiji = —Tjir. = =Tigj = —Tiji, ede  {i,j,k} € {1,2,3}.
Toeda T‘ijk: = &ijk - T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:

T130 = =193 = €1321 193,

Tr31 = T123 = €2311 123,
TIo13 = —T123 = €21317123,
T312 = T123 = €3121 123,

T391 = =193 =



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo

Tijr = =Ty = =Tiy = =Ty, 20e {i,5,k} € {1,2,3}.
Tozda T‘ijk: = 5ijk . T123.
HokaszaresbeTBo. o onpegenenuio 1" u €;; HOTydaeM:
1130 = —T93 = 1321193,
T531 = Ti93 = 9311123,
I913 = —T193 = £2131 193,
T310 = T123 = €3121 7123,

T501 = —Tho3 = €301 1193,
7



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo
Tiji = —Tjir. = =Tigj = —Tiji, ede  {i,j,k} € {1,2,3}.
Toeda T‘ijk: = &ijk - T123.

JokazareabcTBO. [lepecraBiisis MecTaMu IIepBbIC IBa NHICKCA B dJIe-
MeHnTax 1y, nonydaeM 1 = —15;, OTKyIa



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo
Tiji = —Tjix = =Ty = —Tiji, 2de  {i,j,k} C{1,2,3}.
Toeda T%jk: = &ijk - T123.

JokazareabcTBO. [lepecraBiisis MecTaMu IIepBbIC IBa NHICKCA B dJIe-
MeHnTax 1j;; moaydaeM 1j = —1y, orkyna 1y, = 0.



I1.3. CBoiicTBa cumBoJjioB JleBu-UuBura
Csoiictso 1. [lycmv maccue (1) ERC{12g) — OHIMUCUMMEmpUte-
cxuti no 20001 nape urdexcos, mo ecmo
Tiji = —Tjix = =Ty = —Tiji, 2de  {i,j,k} C{1,2,3}.
Toeda T%jk: = &ijk - T123.

JokazareabcTBO. [lepecraBiisis MecTaMu IIepBbIC IBa NHICKCA B dJIe-
MeHnTax 1j;; moaydaeM 1j = —1y, orkyna 1y, = 0.
Anasnornuno nosyvaem 1j;; = 0 u Ty = 0.



I1.3. CBoiicrBa cuMBoJIOB JleBu-HUuBura
ap az as

CaoiictBo 2. [Tycmv M = | by by by | Toedadet M = . q; - b; - c
C1 Co C3
(nanommum, wmo g, = %),
Joka3zaTenbcTBO. Ha 1o MpocTO BHIYUCINTD NIPABYIO U JIEBYIO YacTH
9TOI0 paBeHCTBa, U CPaBHUTHL ux. IIpojesaiiTe 9170 caMOCTOATEILHO.



I1.3. CBoiicTBa cumBoJIOB JleBu-HYusBura

CsoiictBo 3. Qynxuua, xasxcdomy 0a3ucy cmasAWGA 6 COOMBEM-
cmeue maccus (€i5,) (coomsememeenno, (€9)), asanemes ncesdomen-
zopom parea 3 éeca —1 (coomeememesenno, eeca 1).

JTokazaTeabcTBO. BosbMmeM 1Ba 6asuca B u B'. Hajo nokaszars, 4To

-1 .. . )
giji = (det A)™" - af - af - a - €pyr, £k — det A - bl - b - bl . ghar



I1.3. CBoiicTBa cumBoJIOB JleBu-HYusBura

CsoiictBo 3. Qynxuua, xasxcdomy 0a3ucy cmasAWGA 6 COOMBEM-
cmeue maccus (€i5,) (coomsememeenno, (€9)), asanemes ncesdomen-
zopom parea 3 éeca —1 (coomeememesenno, eeca 1).

JTokazaTeabcTBO. BosbMmeM 1Ba 6asuca B u B'. Hajo nokaszars, 4To

-1 .. . )
giji = (det A)™" - af - af - a - €pyr, £k — det A - bl - b - bl . ghar

Ho 310 paBeHcTBO cjiejlyeT HeloCpeacTBEHHO U3 CBOHCTBaA 2.



I1.3. CBoiicTBa cumBoJIOB JleBu-HYusBura

CsoiictBo 3. Qynxuua, xasxcdomy 0a3ucy cmasAWGA 6 COOMBEM-
cmeue maccus (€i5,) (coomsememeenno, (€9)), asanemes ncesdomen-
zopom parea 3 éeca —1 (coomeememesenno, eeca 1).

CBOMCTBO 4. €i1py - Eln = Eifn + M = R gy =

= 851+ O — O - O = 6L 61 — 5 - 5L = 81 5k — 5t . gF.



I1.3. CBoiicTBa cumBoJIOB JleBu-HYusBura

CsoiictBo 3. Qynxuua, xasxcdomy 0a3ucy cmasAWGA 6 COOMBEM-
cmeue maccus (€i5,) (coomsememeenno, (€9)), asanemes ncesdomen-
zopom parea 3 éeca —1 (coomeememesenno, eeca 1).

CBOMCTBO 4. €i1py - Eln = Eifn + M = R gy =

= 851+ O — O - O = 6L 61 — 5 - 5L = 81 5k — 5t . gF.

CBOWCTBO 5. €jpp * Ejmn = Eimn - € = €™ - i =2+ 0] =2 8.



I1.3. CBoiicTBa cumBoJIOB JleBu-HYusBura

CsoiictBo 3. Qynxuua, xasxcdomy 0a3ucy cmasAWGA 6 COOMBEM-
cmeue maccus (€i5,) (coomsememeenno, (€9)), asanemes ncesdomen-
zopom parea 3 éeca —1 (coomeememesenno, eeca 1).

CBOMCTBO 4. €i1py - Eln = Eifn + M = R gy =

= 851+ O — O - O = 6L 61 — 5 - 5L = 81 5k — 5t . gF.

CBOWCTBO 5. €jpp * Ejmn = Eimn - € = €™ - i =2+ 0] =2 8.

CBOWCTBO 6. &1, - €51 = €41 - €7F = 08 . g5 = 6.



I1.3. CBoiicTBa cumBoJIOB JleBu-HYusBura

CsoiictBo 3. Qynxuua, xasxcdomy 0a3ucy cmasAWGA 6 COOMBEM-
cmeue maccus (€i5,) (coomsememeenno, (€9)), asanemes ncesdomen-
zopom parea 3 éeca —1 (coomeememesenno, eeca 1).

CBOMCTBO 4. €i1py - Eln = Eifn + M = R gy =

= 851+ O — O - O = 6L 61 — 5 - 5L = 81 5k — 5t . gF.

CBOWCTBO 5. €jpp * Ejmn = Eimn - € = €™ - i =2+ 0] =2 8.
ik _ _ijk -
J N Eijk = 0.

CsoiicrBa 4, 5, 6 JOKa3bIBAIOTCsI HEIIOCPEICTBEHHBIM BBIYUCIEHIEM JIe-

CBoiicTBO 6. €1, - €1 = €iji, - €7 = €

BOI M IIpaBOil YaCTU PaBEeHCTB.



I1.4. Tenzop JleBu-UmBura

Omnpenenenune 4. [lycemv V. — eskaudoso mpexmeproe npocmpar-
cmeo. Dynxyua, waxcdomy 0a3ucy CMABAUWGA 6 COOMBEMCMBUE MAC-

cus (e;5) = (/9 - i) (coomeememeenmo, (%) = (\f_ k) ), ede

g = det (gi;), nasveaemca rersopom Jlesu-Husura.

3Jech €, 1 e’k — cumBos JleBu-YuBura.



I1.4. Tenzop JleBu-UmBura

Omnpenenenune 4. [lycemv V. — eskaudoso mpexmeproe npocmpar-
cmeo. Dynxyua, waxcdomy 0a3ucy CMABAUWGA 6 COOMBEMCMBUE MAC-

cus (e;5) = (/9 - i) (coomeememeenmo, (%) = (\/__ k) ), ede

g = det (gi;), nasweaemca mensopom Jlesu- Husuma.

To, uto Tenzop Jlesu-Hupura — JeliCTBUTEIHLHO TEH30D, CJIEIYET W3
TOrO, 9TO § — ICEBJOTEH30D Beca —2; CBOCTBA 3) 1 0OPATHOIO ICEBJI0-
TEeH30pHOIo IpusHaka. Mbl He OyjieM IpuBOIUTH (POPMYINPOBKY IIpaBIIa
JaCTHOI'O JIJIS IICEBJIOTEH30POB, IIOCKOJIbKY OHA IIOYTHU JIOCJIOBHO IIOBTO-
psieT 0OpAaTHBIN TEH30PHLIN IPU3HAK, 38 UCK/II0YeHneM Toro, 4ro R
— JIOJIZKEH OBbITH IICEBJIOTEH30POM Beca v, () — IICeBIOTEeH30POM Beca, (3,
u Torya 1’ Oyner umerb Bec 3 — .



I1.5. T'eomeTpuyeckue npumeHeHusi TeH3o0pa JleBu-
HuBura

[Iyctb V' — smHeliHOE HPOCTPAHCTBO T'€OMETPUYECKUX BEKTOPOB,
B = {vy,v9,v3} — mpasas tpoiika. B wactHoCTH, TIO cBOficTBY 6) Met-
PUYECKOTO TEH30pa V1UaU3 = 1/g. ONHChIBaeMbIe HIZKE METOJbI CBA3AHEI
C BBIYKCICHIEM BEKTOPHOIO U CMEIIAHHOIO IIPOU3BEIEHI B IIPOU3BOJIb-
HOM, He 00s13aTe/IbHO OPTOHOPMUPOBAHHOM Dasuce.



I1.5. T'eomeTpuyeckue npumeHeHusi TeH3o0pa JleBu-
YHupura

Borauciienne BekTOopHOTO mpousBejienus. llycrs z = x'v;, = z,0°,
y = y'v;, = y;v'. Torna

Z.’UZ:ZZ.’U :[x,y]zeljk.x.y].fv :ej .xz.y].ka’

TO €CTh
k ijk

o
=" x oy, oz =egrxt- (8)



I1.5. T'eomeTpuyeckue npumeHeHusi TeH3o0pa JleBu-
YHupura

Borauciienne BekTOopHOTO mpousBejienus. llycrs z = x'v;, = z,0°,
y = y'v;, = y;v'. Torna

Z.’UZ:ZZ.’U :[x,y]zeljk.x.y].fv :ej .xz.y].ka’
TO €CTb
k ijk

o
=" x oy, oz =egrxt- (8)

Borauciienune cmermmansoro npousBeaenud. Ilycts © = x'v; = z,0°,
y =y'v, = yv', z = 2'v; = zv'. Torna

ryz = ey -y -2 =€ x Yy, 2 (9)

Jloxazamenvbcmeo 3TUX YTBEP:KJICHUI Mbl IIPUBOJNTDL He OyIeM.



I1.5. T'eomeTpuyeckue npumeHeHusi TeH3o0pa JleBu-
YHupura

Borauciienne BekTOopHOTO mpousBejienus. llycrs z = x'v;, = z,0°,
y = y'v;, = y;v'. Torna

Z.’UZ:ZZ.’U :[x,y]zeljk.x.y].v :ej .xZ.yj.vkj
TO €CTb
k ijk

o
=" x oy, oz =egrxt- (8)

Borauciienune cmermmansoro npousBeaenud. Ilycts © = x'v; = z,0°,
y =y'v, = yv', z = 2'v; = zv'. Torna

ryz = ey -y -2 =€ x Yy, 2 (9)

Paccmorpers npumep?



Cracu6o

3a
BHUMaHUue!

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

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

BepuyThca K cnucKy npe3eHTanmii?
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