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MO CPaBHEHHIO C HX MEPBEIMH CTeNeHAMHM, TO MaTpUUa STOrO TEH30Pa.
NpenCTaBUTCA B BHIE
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§ 5. Tensop HampsxeHwui

1. Onpepenenne TteH3opa Hampsxenuit. Ilycts ynpyroe rteno
xedopmuposado. TlpoBeieM MbicAeHHO ueped 1ouxky M sToro Tena aae-
MEHTApHYIO TJIOCKYI0 ILIOWAAKY ¢ M BOCCTABMM K Kakoi-HuOYab M3 1BYX
CTOPOH 3ToH mnJoWAAKK HOpPMaJbHBLIM exnHUUYHBIH BexTOp N (puc. 7.2).
Ecaun pasnozeficteyomyio F,; Bcex ynpyrux CHJ, NPHIOKEHHBIX K Bbl-
OpaHHON CTOPONHE MJAOIAAKM, PA3ALJUTh Ha IJIOLAAL O 3TOH MJIOLAAKH,

TO TO ONpEReJeHuo MOJYYUTCA Cpeluee HanpsikeHue (P,)ep, = O"G Ha

MnJIoWaaKke o, MNpoXoasdwed uyepes
touky M ¢ wuopmanvio n. Ilepe-
XOXA K Npepeny MNpH CTATHBAHUH O
x M, moayuuMm HCTHHHOe Hanps-
xeHne B Touke M ua saemenrap-
HOH nJowaaxe € HopMaJabw 1:

F
p,= lim =%, (7.42)

o>M

Meusasa Hanpassetive Hopmanu n,
% T. €. TMNOBOpauMBag INIOWAAKY O,
Puc. 7.2, NpOXoaAWyo uepe3 Touxky M, MH
NOJYYHM PA3JUyHBE 3HAYEHHA BeK-
Topa p, B ogHOH u TO#l we Touke M. Taxuy oOpazom, HanpaxeHHoe
COCTORHME YNPYrOoro Tela B AAHHOH ero Touxe M He MONeT BHTh
omucaHo oxuuM BekTopoM. Ho oxasniaercd, 4TO A0CTATOYHO 3HATH Ha-
npsxende Ha TPEX B3AMMHO NePHeHIMKYJAPHHX IVIOWLAAKAX, TMPOXOXALMX
yepe3d Touxky M, H TOrza Moxer ObITb BRIMUCJACHO HanMpaxeHue B Touke M
Ha nuowaike Jw000# opuenrtauuu, nmpoxonswed uepes M.
Hoxaxem 310, O003HAUNM yepes P, P, 1D, HANPAKEHHA B TOUKE M

Ha 3/eMEeHTAPHHKX N/IOLULAAKAX, HOPMald K KOTODHM COBMAfgawT MO Ha-
npasnennio ¢ ocamu xoopaudat Ox;, Ox, Ox; HnbMo caosami,
P,, O3HAU3ET HAMPIKEHHE HA IIOWARKE C EAMHHUHOH HOPMALIO €
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rie €; — exauHuunbifl Bextop Bpoab ocu Ox; (puc. 7.3). Paccmorpum
terpasap ¢ BepuimnHofi B Touxe M u pebpamm MA, MB, MC, napaa-
aenpHeMu ocamn Ox,, Ox,, Ox, Buemnas nopmanb n, x rpans MAC
Hampas/eHa  HPOTHBOINOJNOXKHO
BEKTOPY €y, 3HAUMT, HaNpAKeHHE
Ha 9To# miowaaxe OyxeT pasHO
— P, AHanoruuHO Hampmxenue
na rpain BMC. coorsercTBYIO-
el BHewHeH Hopwmaau n,=

— A

=—e,, Symer pasio —p_,
a4 HanpsXeHHe Ha NUIOLIALKE
MAB, cootBeTcTBYWOLIE! BHell-
He#l Hopmaau n,==—e,, Oyner
pasHo —p, . O6o3snauum ue-
pes p, HanmpsKeHne Ha mo- Puc. 7.3.
wanxe ABC, coorBercTByOIEH

BHeUIHe# HOPMaJu N, M COCTaBMM ypamHeHue, BHIPaxawlliee BTOpPOH 3a-
kon HswoTona naa terpasppa MABC:

1 d
p_goh_d‘tizopn—ocos(n, x,)p,, — O cos(n, x,)p, —

—Gcos(n, x;)p,, 45 ohpl.  (7.43)

(3zeck 0 — maoWwanb rpany ABC, h — sricOTA TeTpasapa, €CaH 3a OCHO-
BaHue npuHara rpaip ABC, p— oGbeMHas MIOTHOCTH Macch, f — o0beM-
Hafd cuja, NMPUXOAALAACA Ha eqMHUUY MAacCH (HanpuMep, Cuaa TAXKECTH).)

Torna %oh—o6'beM tetpasnpa MABC, ocos(n, x,), ocos(n, x),

gcos(n, x,) — muowanu rpanet MBC, MAC, MAB. Ecau paszenutsb
paserctBo (7.43) Ha o, a 3areM nepefiTH K npeapeay npu £—0 npu

dv
yCAOBHH, UTO YCKOpeHHe —- M 0GbemHas cuia f ocraworca orpanuuen--

HBIMH, TO TOJAYYHTCA PaBEHCTBO
0=p, =Py, OS(1 %) — P, COS (1 £y) — Py, COS (W, xy).
CiaenosaTebHo,
P, =P, cos(n, x,)-+p, cos(n, Xp)~-p, cos(n, xg). (749

Tak onpegenseTcAd HanpsKeHHe P, Ha NMJOWAAKE C HOPMAJBIO N yYepes
HanpsOKeHua Ha IJoanxKax, HopMajad K KOTOPBIM COBNAAAOT IO Hampa-
BJIEHUIO € OCAMU KOOpIHUHAT.



9278 TEH30PEH! {rJ. 7

Pasnoxuy BeKTOPH P, P, P, TO Oa3UCHBIM BEKTOpAM €, €, e,:

P, = Pyt + P+ pige,
P, = P2i® 1 Doy Doty (7.45)
P, = P3€ T Pys€y+ Py

Ecau marpuua

Pun P Pis
I Dij|=| Pa Py DPo (7.46)
P31 P DPxy

1ag pagHod Toukn M u3secTua, TO B TOuKe M MOMHO ONpenendThb
HanpskeHye Ha J1o60H maowanke O, Npoxoaswe# uyeped Touky M, Kak
TONbKO OyneT 3amaHo Hampas/eHue HopMain N K 3TOH MJoWanKe, 3TO
obecneurpaerca coortHollenuamu (7.44) u (7.45). Taxkum oOpasow, Ha-
NpAKEHHOe COCTOAHME TeJa B TOUKE XapakTepudyeTcd MaTpuued (7.46).

PaccvoTpum npoekumio BexTOpa HampsKenus P, Ha MJOLAAKE C HOp-
MaJIbl0 N Ha Hanpasdenue 3ToH Hopmaau. Ilo camomy cBoemy cMEICAY
5Ta BEJMYMHA HE 3aBUCHT 01 BHOOpPA CHCTEMH KOODAMHAT. YMHOXag
o0e, vactu pasexctsa (7.44) ckaidpuo Ha n v ucnoansya (7.45), mouay-
UUM, YTO 3T4 BEJMYHHA BBIPAXKAeTCA KBaxpaTHuHOH (opmoft

®, n)% 2 1 P;jcos(n, x;)cos(n, X (7.47)

L j=

onpexejeHHON Ha exuHuuHOH cdepe.

Taxkum oOpa3om, ksaaparuudas dopma (7.47) unsapuanTHa Ha enu-
nuuno#t cepe. CrexopaTenbo, COBOKYNMHOCTb ee KOIPOHUUEHTOB P, ;
obpa3yer adduHHBIH OPTOrOHANBHBIA TEH30p BTOPOrO padra H:(pij)
(cM. 3amevanue 2 § 3).

10T TEH30p HA3EIBACTCA MEH3OPOM HANPANCEHUIL.

2, TeHnsop HampmkeHuii Kak JuHeiiHuii onepatop. Tensop nanps-
AeHufl yro6HO paccMaTpHBaTh Kak auHeHHBIH onepaTop, NpeobGpasyiouui
eIMHUYHYI0 HOPMAnb M K NJIOWLAZKe B BeKTOP HanpmKeHus P, Ha 3TOH
nJolanKe.

TloxcTtasuM B /eBYI0 uacTh paseHctsa (7.44) pasnoxeHue sexTopa
HanpskeHus No 0asucy e, e, ey

pn = pn‘el + pllge2 + pn,e3‘

a B NPaBYl0 4aCTb — pA3NOKEHHd P, . P,. P, TO ITOMY He 6a3ncy (cm.
-cootHowenua (7.45)). TloayuuM, B CHay €XHMHCTBEHHOCTH pPa3/oXKeHUA
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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.



