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p, 1O 0a3ucy €, €, €3 CUCTeMY TPEeX CKa/NApPHHIX ypasHeHui:
Pu1 == P11 €OS (L, X))~ Py COS (. Xg) - Pgy COS (N, Xy),
Pno== P12 COS (I, X )~ Poy COS (N, Xg)~- Pay COS (N, Xy), (7.48)
Pn3== P13 €08 (1, X) = Pyg COS (1, X} Pas COS (M, X3),

BBIPOKAOIIUX YHOMAHYTHH auHeHHBH oneparop B Gasuce e, e, e,.
Ecay eauMHMYHBH BEXTOp HOpMAlH K MJOLAAKe

n=e,;cos (N, x,)~} e, Cos(n, Xyy—ezcos(n, x;
npeacTaBuTb B BHIe [OPHU3OHTANBHOH MATPHUBI-CTPOKH

n= |jcos(n, x,), cos(n, Xx,), cos(n, xy)|,
TO MOXHO Hamucatb (cM. JlomojneHue x ria. 7)
Pr=n||p;ll (7.49)
rae || p;;|| — maipuua tensopa I1=(p,;), npexcrasasiowas TeH3op Ha-

npaxenuit B nawho#t Touxe. Bmecto TOro uTOGH TOBOPHTH 00 YMHO-
wenun Matpuus [ p;;l| tensopa == (p;;) Ha sextop, rosopar o6 ymHo-

KeHMM TeHsopa (p;;) Ha Bexrtop *). Taxum o6pa3oM, uTOGH MOAYUHMTH

B 1aHHOW Touxe M Hanpsxenue Ha MJIOLALKE ¢ eIHMHUYHOH HOpMaabO n,
HYXXHO YMHOXHTb TeH30p Hanpsakenut H:(sz) B JaHHOH TOYKe Ha
€IMHUYHBI BEKTOpP HOpMaau N CJeBa:

p,—n(p,;)= nil. (7.49")
§ 6. AareGpauueckue omepaluyu Haj TeH3OpaMu

1. CuoxxeHue, BBHIYHTAHHE M YMHOXeHHe TeH30poB. TeH3opnl
OJIMHAKORBOIO papra MO2KHO CYMMHPOBATb M BLIYHMTATbH; HaNpuMmep, Cym-
MOH (pasHOCTbIO) TEH30POB BYOPOrO paHra @;; M b;; Ha3bIBaeTcA TeH-
30p, KOOPAMHATH KOTOPOTO paBHB!

Cij:ai/'+bl'j (cl-/-:ail-—bij), i, jzl. 2, 3.
HEprﬂ.HO Y63,UJ/ITbCﬂ, YTO BeJANYHHBI Cif npyu HU3MeHeHHi: CHCTEMBl KOOp-

IZMHAT NMpeo0pasyoTCcA N0 TeH30pHOMY 3aKOHY. AHajOrnyHo onpexenserca
cyMMa JAByX TeH3opoB Jwboro (oxvHakoBoro) pawra. IlepemMHOMaTh
MOMHO TeH30pH /00X paHros. Hanpumep, npoussezenueM TeH30pa
BTOPOrO panra @;; Ha TeH30p TPEeTbero pawra b Ha3EBAETCA TEH30p

nATOro paHra, KOOPAHHATBHI KOTOPOro paBHbB

mnp

Ciimnp = @;jDmnp i j, m,n, p=1, 2, 3.

HeTpyano 10Oxas3aTh, 4YTO0 BEJIHYHHB ¢ npu Nepexole OT OAHOH.

ijmnp

*) Wau, TouHee, o6 ONEPaTOPHOM YMHOMEHIH TEH30pa Ha BEKTOp.
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CHCTEMBl KOOPANMAT K APYro#h npeofpas3yioTci HO TEH30PHOMY 3aKOHY.
AHAaNOTHUHO ONpepeAeTCR HPOH3BEJeHUE IBYX TEH30POB JIOGLX PaHIOB.

YMHOXKEHHe 1TeH30pa Ha YHCAO MOXKHO DacCMATPUBATL KAK 4aCTHBIA
cayuall Mpou3BeneHMA HIBYX TEH30POB; OHO ONpexenfe’cs Tax: IPOU3-
BE/EHHEM TEH30pa @;;, HA HUMCIO C naspiBaercs TeH30p € KOOpAMHA-
ramu b;;, =Ca;p,. Herpyano nposeputs, uTO BeaMuMHb ;. COCTA-
BJAIOT TEH30p.

2. YMHOweHne TeH30opa Ha BexkTop. OcraHoBMMCA Tenepb Ha Tak
Ha3EIBAEMOM OMNEpPaTOPHOM YMHOMXEHHH TEH30pa BTOPOrO PaHra Ha BEKTOP.
ME yxe BCTpEYaJqUCh € YACTHBIM CJY4YaeM TaKOrO YMHOMXeHHMA TeH30pa
BTOPOTO paHra Ha BEKTOP INpH PAaCCMOTPEHHHM TeH30pa HamnpsmieHuH (CM.
cootHowende (7.49) npexbinywero naparpaga). PasauyaiT onmepaTopHoe
YMHOXEHHE TeH30pa (L[/-) Ha BEKTOP X CJeBa, x(Ll-/-), 1 CcIpasa,
(L;)x. B obGoux cayuasx mnox NpoudBexenueM TeH30pPA Ha BEKTOP
noHuMaloT HexoTOphIH BexTop. Ilycth Marpuua TeHsopa (L;;) » Gasuce
e, €, e; pasHa

Lll L12 Ll3
ILij| =] Loy Loy Lps (7.50)
Ly Ly Ly

3

W MyCTh B 3TOM 6a3uce X = 3, X;e,. TOria KOOPAHHATE BEKTOPA-TIPOH3-
=i

BeJeHUs
y'=x(L;) (7.51)
onpexeaftoTcA B 3ToM Oasuce ypasHennem (cM. JlomoaHeHue k ria. 7)
Ly Ly Ly
[v Yo el =[x0 %0 %[ L Lae Lam s (7.52)
Ly Ly Ly
a KOOPAMHATH BeKTOPa-NPOH3BeldeHHUA
y=(L;)x (7.53)
onpeneasioTCA B 3TOM ke 0asuce ypaBHeHHeM
| 1 Ly Ly Ly 2
Vol==| Ly Ly Logj+| %o]. (7.54)
| Y3 Ly Lsy Ly X3

Coornoutenua (7.52) u (7.54) MOXHO 3amucatb COOTBETCTBEHHO B OoJee
KommaxTHO# Qopme

y = x| Lyl (7.52)
"

y:”l‘ij”x’ (7.54)
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MHTEPTIPETHPYA B NEPBOM CJYYae BEKTOPH X U y” KaK MaTpullbi-CTPOKH,
a BO BTOPOM CJyuyae — BEKTOPBI X W Y KaK MaTpUUH-CTOAOLH *).

3. Ceeptka. Cienyiollefi onepauvefl, cneuuguyecko#t a1 TeH3OPOB,.
ABJIACTCA ONEPAUUS CBEPMBIBAKILS U CBEPMKU TO Kakoh-nubo mape
uhnekcoB. Tak, Hanpumep, CBePTKOH TeH30pa UETBEPTOrO PaHra ¢;;,,
Ha3BIBAETCA TEH30P BTOPOTrO PaHra, KOOPAMHATH KOTOPOTO ONpele’fiorTcs
paBeHCTBAMH

Mo

a f—

mn ¢

iimn*

i=1

i

HerpynHo 10xasaTh, YTO BEJHUYHHE! @,, 0Opa3yiOT TeH3OP BTOPOrO paHra.
Ecau Ten3op ueTHOrO paHra NMOXBeprHYTb ONEpPalH CBEPTKH MAKCHMAJAbHO
BO3MOMKHOE UMCJAO Pad, TO NOJYUUTCA YHCJIO, T. €. WUHBAPHAHT.

Tak, nanpuMep, eciu NPOU3BELEHHE ABYX TeH30POB MEPBOrO panra @;b;
NOABEPLHYTH CBEPTKE, TO MOJYUHTCHA CKAJAAPHOE NPOU3BedeHHEe BEKTO-
poB a u b:

4, MlepectaHoBKka MHAEKCOB., PaccMOoTpuMM NepeCTAHOBKY MHIEKCOB
I8 BeCbMa BaXHOro caydag — ad@UHHOrO OpPTOrOHanbHOTO TeH30pa BTO-
poro panra (L;;). Tlonoxum B KamioM Oasuce €, €, €3

*
Lij=Lji,
rae L;; —xoopannate Tensopa (L;;) B stom Oasuce. COBOKYNOCTb Be-
*

auyuH L;j, xak HeTpyaHo noxasath, Takxe obpadyeT adduunbid opTo--
FOHaJbHBI TEH30p BTOPOrO paHra. JTOT TEH30p Ha3bIBAETCA CON PAHNCEH-
®

Hotm ¢ mensopom (L;;) n 0603HAYAETCA CHMBOJIOM (L[,-). Ananoruuno
B TeH3ope J/oOOr0 paHra MOXKHO IejaThb NEPeCTaHOBKY MOOHX ABYX
HHIEKCOR, NPH 3TOM CHOBAa MOJYYHTCA TEH30p TOrO e paHra.

5. PasjoxeHne TeH30pa BTOPOTO paHra HAa CHMMeTpPHYUHBIA u aHTH-
cumMmeTpHuHblA, Tensop srToporo pawra (L;;) HaswiBaeTCA ciMMempud-
Hblm, €Cad ero MartpHua

Ly Ly Ly
ILi; | =1 Lo Ly Ly
Ly Ly Ly

B KaxAOM 0asuce CUMMETPHUHA, T. €. eCJAd B KakAOM 0a3uce BHIMOJHEHB!
coorowrenns L =1L, i, j=1, 2, 3.
Tenaop BTOpPOro pasra (L,-/-) HA3HBACTCA QHMUCHMMEMPULHOLM,

ecau Iif SJeMENTOB ero MaTpuus ||L;;]] B xakiom Gasuce BHINOJHEHDI

*) CooTHomennamn (7.51) u (7.53) (uan, 4TO TO HKE €aMOE, COOTHOIUIEHHAMH.
(7.52') u (7.54')) onpenensioTca 1Ba B3aNMHO COUPAMEHHDIX IMHEHHLIX OnepaTop.a.
Cp. co cHockoii Ha cTp. 271.
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COOTHOUIeHUA
L,——1L

i] Ji*

M3 3THX COOTHOlUIEHMH CJelyeT, UYTO A9 aHTHCHMMETPUUHOIO TeH30pa
Lij=~—1L;;, 1oe. 2L;;=0 n L;=0. Taxum 06pa3om, cumueTpuunbift
TEH30p BTOPOrO pahra onpelejfieTcs UIECTBIO CBOMMH KOOPIMHATAMH,
4 aHTHCHMMETPUUHLIA — TONBKO TPEMA HEXMarOHAJbHBIMM KOOPIMHATAMM.

[lpocTefiuiny  npUMEPOM AHTHCHMMETPHUUHOTO TeH30pa BTOPOrO pawra
ABJAETCA BEKTOPHOE MPOM3BENEHHE ABYX BEeXTOPOB @ u b. JleHcTBuTE.IbHO,
nycTs B 0a3uce e, €y, e,

a=ae;+ aey+ases, b=>0e -+ be, - bae,
Torza BexTOpHOe mpousBepenue [a, b] MOXKHO 3amucaTh Tax:

€ € €
f[a, bl=|a, @ a;|=
by by b4

= (Qghy— agby) e, (ash; — a,b3) ey (a;by — asd) e, (7.55)
YuuTbiBaf, YTO BEKTOPHl @ u b ABIAOTCA TEH30paMd N2pPBOr0O paHra,
noayuum, Yro cucrema HAeBATM Beanund L, —ab;—a;b, obpasyer
TEH30p BTOpOro paHra. QOueBHAIHO, 3TOT TeH30pP AHTHCHMMETPHYEH.
,ZleﬂCTBI/ITeJIbHO, Lji:ajbi _aibj=—(aibj—ajbi)_—‘—Lij- Cae-
I0BaTeJbHO, 3TOT TEH30p ONpelejseTCs TPeMsd CBOHMU KOOPAMHATAMH
(@ohy— agby), (ashy — aybg), (@\by — ayby), BXoAAmuMH B paBeHCTBO (7.55).
Herpyano moxasaTs, 4TO eCad marpuua TeH3opa BTOPOro paura (L;j)
CHMMETpPHYHA (AHTMCHMMETPHYHa) B KaKOM-au0O OXHOM OpPTOrOHaNbLHOM
HOpMHPOBAHHOM 6a3uce, TO OHa TaKXe CHUMMETPUUYHA (AHTHCHMMETPHYHA)
B mobom Apyrom Takom Oasuce.
3ameTum Tenepb, 4TO KamABH Ten3op BTOpOro pamra (L;;) moxer
ObITH NpeiCTaBAeH B BHAe CYMMBl CHMMETPHYHOIO ¥ aHTHCHMMETPHUHOTO
TEH30pOB, YTO BHITEXaeT W3 PaBEeHCTBA

Lijz';—{Lij+Lji}+%'{Lij—l‘]'i}' (7'56)

B caenywowem mnaparpade M pacCMOTPUM BakHblf NpuMmep pasio-
wennd a@duHHOrO OpPTOTrOHANLHOrO TEH30pa BTOPOTO DAHra Ha CHMMe-
TPUUHBIH M AHTUCHMMETPUUHBIA TeH30PHl, 4 HMEHHO, TEH30p OTHOCHTEJbHBIX
cMemeHnit  pa3aokuM Ha TeH3op nedopmalufl M TEH30p OTHOCHTEJNBHOTO
NOBOpOTA.

§ 7. TeH30p OTHOCHTEJBHBIX CMelleHHH

PaccmorpuM, xax u B § 4, nedopmupoBanHOe cocTosHue Tena. I1ycTsb
U=U(r)= e u (x}, Xy X3)+eytin (X, Xg Xg)+e5us (X, Xy, X3) — BEKTOP
CMeULeHHs TOUKH, OnpelenAaeMOl patnycoM-BeKTOPOM I'==X e - Xy~ X3€;.



