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ocAM. YKaweM B KaueCTBe TNpHMepa, UTO IR TEH30pa HPOBOAMMOCTH
B AHM3OTPOIHOM Te/le — «MOHOKPHCTANIe» — [ABHBIMM OCAMH ABAAIOTCA
Kpucraanorpapuueckue ocu. ITo TOBOLY TaaBHHX Ocell TeH30pa HHEp-
uuM, Tenzopa gedopMauMM H TEeH30Pa HaNpPDKEHHH Mbl OTCHIIAEM K KYp-
€aM MeXaHMKH M MeXaHMKM CIUIOUIHBIX Cpel.

§ 10. O6mee onpepeneHHe TeH30pa

Tonatne adduHHOrO OPTOroHAaNBHOrO TEH30pa, paccMaTpHBaBlleecs
B NpeplAyIMX naparpadax, cBa3aHO ¢ npeoGpasOBaHueM OpPTOTOHA/b-
HBIX AEKApTOBBIX CHUCTEM KOOPIMHAT ¥ COOTBETCTBYIOUIMX WM OpPTOIOHA/b-
HbBiX HOPMMPOBaHHBIX 0a3uCOB.

B nacrommeMm mnaparpade, paccMaTpuBad BCEBO3MOMHHE KOCOYTOJb-
Hbi€ ﬂeKﬂpTéBbl CUCTEMBl KOOpAMHAT W COOTBETCTBEHHO N POM3BOJbHBIE
Oasucel, Mbl gaguM ofuee oOnpenefneHue TeHsopa.

1. Bsaumune GasHCH BeXTOpoB. IlycTs BekTOpH

‘e, €, e; Wi, Kopoue, e; . (7.80)

obpasyior Oasuc. OO003HauUMM uepe3
V=(e1, €9, 63) (781)
o6beM napannenennneﬂa MOCTPOCHIOTO HA THX BEKTOpAX, Kak Ha pe6-

pax. Bekrtopsi e®

fes, es] [e» les e __ lei e
2 3 3 €1 3 V2 (782)

=, = e
00pasyioT TaK Ha3biBaeMHH «83auMHuli» Ga3uc 114 0asuca e;.
Jlerko mnpoBeputk, uro u, obpatHo, Ga3uC e; ABAAETCA B3AHMHBIM
nas Gasuca e, IcHicTBuTenbHO, 00BeM Napaiesenuneia, AOCTPOEHHOTO
na peyTopax ef, kak ma pe6pax, pase

14 ’ v
— g (ley, &), [leg, el [eg. egl])=

V/= (el’ e2’ e3)= ([e2r eé] [ear el] , [e!"/eﬂ ) [

1 V2 1
= pr ([ey e {e;(ese,e)) —ey(eee9)}) = R I (7.83)

Taxum o0paaow,
VWWi=1. (7.84)
Tlosrtomy

3 2
[e';,/le Iy L el]{H[e" ell -——-val =e; (7.85)
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aHaaor vUHO noayuaeM

3 1 1 2
ET’,‘f—]—=e2, —[E—V#-]—=e3. (7.86)

U3 coornourennt (7.85) n (7.86) BmiTekaer, uto
0 npu ik,
By __ sF
(e:r e )=" { 1 npu (=k.

CrenyeT 3aMeTHTh, uTO ecan 06a3uc e, €, e, OpTOHOPpMHpPOBaH, TO
B3auUMHBIH 6asic ¢ HUM COBNAanAaer.

2. KosapHaHTHHIE W KOHTpaBapHaHTHbIE KOOPAWHATHI BEKTOPOB.
PaccMoTpuM pasnoxeHHe BeKTOpPa X NO B3aWMHBIM GasucaM:

3
Xx= X xe 2 xle;. (7.88)
i=1

(7.87)

Honmpasapuanmrs iy xKoopounamamu BeKTOpa X B JaHHOM 6a-
31Ce Ha3blBATCA KOI(PDMLHEHTH Pa3NOKEHUS 3TOCO BEKTOPA 1O HAHHOMY

Gasucy;, Taxk, uncna X' M x; ABASIOTCH KOHTPABAPMAHTHBIMM KOOPAMHA-
TaMy BekTOpa X B Gasucax ey, e, e, u el, e?, e3 cooTBeTCTBEHHO.
Kosapuanmnusamu xkoopolunamanuuy BeKTOpa X B AaHHOM 0asuce Ha3bi-
BAOTCA CKaAApPHBIE NPOU3BEAEHHSA 3TOrO BEKTOpA Ha BEKTODbl B3AWMHOTO
Gasuca. YMHOKaa ckaasapno (7.88) na e, uan na ef u ucnomssys (7. 87)
NOJYYMM, uTO KOBapHaHTHple KOOpAMHATHI BekTOpa X B 0a3ucax el, e?,
€ u e, e, e; pPaBHH, COOTBETCTBEHHO,
3

3
(X, )= D x; (), ep)= i}] 0% = xp» (7.89)
i=1

“‘k-

ll

3 3
(x, efH)= ,2;1 xi(e, efH)= g, . (7.90)

TakuM 00pa3oM, KOBAPHAHTHBIMH KOOPAMHATAMM BeKTOPa B JAHHOM
Gasuce ABAAOTCA €ro KOHTpaBapMaAHTHLIE KOOpAWHATBl BO B3aMMHOM
6asuce.

3. Onepauss cyMMHpOBaHMA B TeH30pHolt cuMBoauxe. B rensop-
HOM MCUNCIEHMM ANA 3aMMCH ONepalku CYMMUDOBAHMA NPHHATO CAELYO-
1Hie€ NpaBuaO: €CAM B HEKOTOPOM BbIpaXeluu BCTPEUAOTCA OLMHAKOBbDIE
HHIEKChl, W3 KOTOPbIX OAWH BEepPXHHH, a APYroH HWXKHUH, TO 3TO O3HA-
yaeT, 4TO NO JAHHOMY MHIAEKCY TpPOBENeHO cyMMuposanue or 1 no 3.
Hanpumep, cymMbr (7.87) u (7.88) B COOTBETCTBMM € 3THM HPaBH/IOM
3ANKCHIBAIOTCA B BUIe

x=uxe,, x=x'e; (7.91)
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3
6ununefinag ¢gopma x aikx‘x” 3anMChiBACTCA B BHAE
i, k=1

a;px' X (7.92)
uT. I .
4, llpeoGpa3oBanre G(asHCHHX BexTOopoB. PaccMorpum npeo6-
pasoBanue craporo 6Gasuca e; B HOBuifi Gasuc e; . IlpuMenas TeHsopHYIO
3anucb CYMMMpOBaHus, OYAEM HMeTb

e, =ake, iI'=1, 2, 3. (7.93)

12

Koadduunentst ai, obpasyior Marpuuy nepexoza or craporo Gasuca e;
K HOBOMYy Oasucy e;, T. €.

of, o o
lol | =] o3 o o |, (7.94)
‘aé, ol, ol,

Ecan Mbl paccMoTpuM oOpaTHOe npeo6GpasoBanne HOBOro 6asuca e
B craphbifi Oasuc e;:
(7.95)

TO MaTpuua “ai \\, oueBMAHO, Oyler oOpaTHOH Anad MAaTpUUbL “ai,” Jeit-
CTBATENbHO, NOMCTABAAA B PABEHCTBO

— ol
e, =oq, e, (7.96)
BbIpAXEHHE €;, == al e, NOoayduM
— il
e, =a;ale, (7.97)

B cuay enmHCTBEHHOCTH pAa3/OKEHHA BEKTOpa €, MO 0a3MCHBIM BEKTO-
paM e;, ey, e;, 13 (7.97) nonyuaem
0 npn ik,

Ve — 8§ —
¢ ai'_ak_{l npH i ==k,

i (7.98)

HO 9TO M O3HAuaer, YTO MATpPHIIbI "af” " “a",“ B3AUMHO OGpaTHSL.

5. IlpeoGpasoBaniie KOBApPHAHTHHIX ¥ KOHTpaBapHaHTHLIX KOOp-
AMHaTt Bekrtopa. PaccMoTpuM chauana, xak npeo6pasyoTcd KOHTPasa-
PpHaHTHblE KOOPAMHATHL BeKTOpa:

x = xie;=x'e;. (7.99)
Noacrasaaa e, =al'e;, B (7.99), noayunm, uro
— yigi'e. — i’
x=xlal'e, = x'e;.
B cuay eIMHCTBEHHOCTH pa3nOMkeHHs X NO 6a3ucy e/, @y, €y, HAXOLUM
I — gl i
Xt =0t xt, (7.100)
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TakuM 06pa3oM, «HOBbiE» KOHTPABADHAHTHbiE KOOpAMHATH X! BHIpa-
AIOTCA UEPE3 «CTApbie» KOHTPABAPMAHTHBIE KOOPAMHATH X' ¢ NOMOLWBIO
Marpuup |af’ | o6partroro mepexona OT HOBOro Gasica e; K CTAapoMy
Gasucy. e; *). OTcoond 1 HPOMCXOINT HA3BAHME KKOHTPABAPUAHTHHIE KOOP-
AMHATB> (T. €. NPOTHBONPEOGPA3YIOLLHECH).

Amnanornuno (7.100) noayuaem, 4to

xt=alx?, (7.101)

PaccmorpuM  rtemeph, Kak npeofpasyioTcd KOBAPMAHTHbIE KOOPAM-
HaThi Xx; BekTopa X. Tak Kak
X, =X e;), xpy=(x, e;), (7.102)
TO
— —(xal —al
X, =(x e, )=(x0,e)=0alx,. (7.103)

Takum o06pazoM, npaMoe npeoOGpa30OBaHMe KOBAPHAHTHBIX KOOPAMHAT
BLiIONIHAETCA € NMOMOLLBIO TOH e MaTpuubl, 4TO M NpAMOE npeodpaso-
Banue Oa3UCHBIX BEKTOPOB (€; B €;r); OTCIOJA M HA3BAHME KKOBADHAHTHbIE
KOOpAuHaThi» (T. €. conpeobpasyiownecd). Ananoruuno (7.103) noayuaem

— qi’
x,=0al'x,. (7.104)

6. OGwee onpegencHHe TeHsopa. Byaem no-npexnemy 0603HayaTh
uepes "aﬁ“ MaTpuuy Tepexoga OT CTaporo Gasuca e; K HOBOMY ey,
a uepes ||a!'| — Matpuuy o0GpaTHOrO nepexoza OT HOBOro 6asuca e
K CTapoMy e;.

Onpedenerue I. Beauyuna A, onpeaemzewza;z 8 Kadcdom 6asuce

. Jg oun J
e, (=1, 2, 3) 3" wucaranu Al‘ P8 ede undexcw i, s=1,
2, cevy Pyl Ju t=1, 2, ..., q, He3asucumo opyz om opyza npo-
b6ezaom 3navenun 1, 2, 3, Hasusaemen meH3opom (P~ q)-20 panza,
P PA3 KOBAPUQGHMABM U § PA3 KOHMPOBAPUAHMHHNM, €cau npu

nepexode om 2106020 6a3uca €; Kk 21060my Opyzomy Gasucy e;
amu wucaa npeoépaayiomc;z no 3aroHy

iy - i iy i, i1 Iy Jg e d
B i,:ai,air oo fee o e A 0 (7.105)
fplg e By 1 b p 71 M2 Jg fipee i,
20e |af,|— mampuya nepexoda om Gasuca e, e, e, K 6asucy
i s
e, €, e, a mampuya |o)'|— o6pamuas ei.
NI
Yucaa Ail‘,;m ip” Ha3bIBAXOTCA KOOpAMHartamu TeHzopa A B (a3uce e;.
Bepxuue unmexcwt ji, ..., f, Ha3bBAIOTCA KOHTPABAPHAUTHBIMU HHACK-
camu TeH3Opa, a HWXKHME Iy, ..., [, — KOBapHAHTHBIMH.

*) TouHee, ¢ HOMOLIBIO MATPHUBL, NOAYUAKOMIEHCa TPaUCHOHUPOBAHUEM 3ITOIL
0o 6paruoit marpuupl
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Mroraa noap3yorcs Ciedyoled SKBHBANEHTHOR GOpMON onpeneneHuns
TEH30pa.
Hycmb 8 Kaxcdom Ga3uce e, e, e, 3adana cucmema 37

yucen Ai ‘2 ]" 20e undexcuis=1,2, ..., puj, t=12,...,q,
He3aBucUMO dpyz om dpyza npobezawom 3nHaverus 1, 2, 3.

Ecau npu nepexode & awbomy dpyeomy 6asucy €., &y, €, Imu
qucaa npeobpasyomes no 3aKOHy

N I r

iy L 1g iy Iy J N7

A ﬂ:a_ra,,...af'a a2 .. qA” e (7.105)

il 9 » i iy Ip J1®Jg ]q ,ip
20e "a",“—.uampuua nepexoda om Gasuca e, e, e, K 0a3ucy
e, e, &, a mampuya "aﬁ'“—oépamuaﬂ eli, mo 2080pam, wmo

3a0aHd mex3op (p-+q)-20 paHza, p pa3 KOBAPUAHMALIE U4 § pa3
KORmpasapuarLmuoli.

Mpumepn. 1. a) CucreMa KO3PPUUMENTOB @;;, MHBAPHAHTHON
OnNMHENHON (Op MBI

F(X y)=aixt 'y’z—ai' 'yt (7.106)
fy
ABJAETCA KOBAPHAHTHHIM TEH30POM BTOPOrO paHra.
Heticturensno, noacrasiass B (7.106) Bripamenus

b ioh By iy i
X o=ayx Moy i=ay", (7.107)
1 2

NMOJAyuMM, B CUJIYy NPOM3BOJBHOCTH BEKTOPOB X W Yy, 4UTO

Q. = aiaq, .. (7.108)

6) B uwactHocTH, ecanm f (X, y)=(X, y)— cKaiqpHOe NpOM3BeICHuE ~
JABYX BEKTOPOB X, Y, TO COBOKYNHOCTb KO(MGMUUMEHTOB &, OuMHEl-
HO# (OpMb

(X, ¥)=giax"y"
HA3BIBACTCA MEMPUdeCKUM MeK30pOM WUIH, TOUHEE, KOBAPUAHMHHLM
Mmempudeckum menzopom. Ecam B kawaoMm Gasuce e; 3aeMeHTH ofpar-
HOH Marpuubl A48 | gi,,] 0003Haumth uepes ghis, TO OHM 0GpasyioT
TaK Ha3BiBAEMbI KOHMPABAPUAHMHLLE MemputecKuii mer3op.

B cuny cummerpun cxaaspuoro npousseienus, (X, y)=/(y, X), Ten-
30pbl g M g CUMMETPHUHB, T. €. B KaKAOM Gasuce

i
gi=g» g'=g"
2. Cosoxynnocts koopamnat L! nunenoro onepatopa L

L(e)=1Lle;, i=1, 2, 3, (7.109)
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o0pasyeT TEH30p BTOpPOro paHra, OIWH pa3 KOBAPHAHTHBIK M OAMH pa3s
KOHTpaBapuaH1Hbifl. JLeACTBHTENBHO, B3AB HOBHI{l Ga3suc e;r, uMeeM

L(e;)=Lie;. (7.110)
C 1npyro#i CTOpPOHH,

L(es)=L(ck, e)=aiL(e)=alLic)e;. (7.111)

CpaBuuBas (7.110) ¢ (7.111), B chay emMHCTBEHHOCTH pa3NOMKEHHA BEK-
tTopa L(e;) no Gasucy e;r, noiayuaem

it

L{r’=(lf"(1§' L{- (7-112)

3. COBOKYNHOCTb KOBapHAaHTHBLIX KOOPAMHAT X; BekTOopa X oOpasyer
KOBAPHAHTHHIHl TEH30p NEpBOTr0 panra;, COBOKYNHOCTb KOHTPaBapHAHTHBIX
KOOpAMHAT BeKTOpa X OOpasyeT KOHTPABADMAHTHBLIH TEH30pP NEpPBOro
panra.

7. Onepauuu Hag TeH3opamu, Onepauu¥ Hal TeH30paMu B OGileM
clyuae OnpelenfioTcs TaK e, Kak B cayuae ap@UHHBIX OPTOrOHAMbHBIX
TEH30pOB, ¢ TOH AMIIb pasHuUeH, 4TO OnepauMu CAOMEHHMA M BHIUNTAHHA
onpelenmoTcs AJAA TEH30POB OIMHAKOBOIO paHra, MMeMmUX OLMHAKOBOE,
CTPOEHWE, T. € TaKHX, Y KOTOPBHIX UYHCIO p HIKHHX HHIEKCOB
ONMHAKOBO M YHCIO g BEPXHMX MHIAEKCOB TaKKe OJMHAKOBO, a CBEPTKa
JeNaeTcAd TOABKO TO BEPXHEMY M HMIKHEMY HHIEKCaM.

JL06aBas0TCA HEKOTODBIE HOBBIE ONMEPAUMM, HampuMep ONepauuy omy-
CKaHMA M TIOLHATHR MHIEKCOB, OCYIWLECTBAAEMbE COOTBETCTBEHHO NYTEM
CBEPTKM € KOBAPWAHTHBIM MAM KOHTPABAPMAHTHBIM METPHUYECKMM TeH-
30pOM.

8. JaabHeillmue oGoOmeHHda. JlanbHefiiiye o06GOOIMEHHA CBA3AHBL
¢ BBelEHMEM KDUBOJAMHEHHBIX KOOpAKMHar. BoanukawT nounartus mapad-
JAEABHOTO IepeHeceHua, KOBaphanTHOro auddepenunpoBanusa, o6BEKTA
cBa3nocTH. [10 nosoay oOwed TeOpHM TEH30POB Mbl OTCHAAEM K Che-
uManabHeiM pyxoBoactaM [1], [2], [3].

JNOIOJIHEHUE K I, 7
Ob YMHOXXEHHWW MATPHI

HanomuuM, uto npousseneHyueM F - Q IBYyX HNPAMOYTrOALHBIX MaTpHIL
(rZe uMcno CTONGLOB B NEpBOM MHOXHMTENE [LOMKHO DaBHATHCA 4MCIY
CTPOK BO BTOPOM)

Pu P2 -+ Pin du 912 + -+ qus
pP—|Pan P --- Pu n Q= o1 Qo + - Gy

Pm1i Pm2 +++ Pmn 91 Gn2 + v« Gus





