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§ 74. Ynpyrue HanpsiKeHHst

1. PasinuHple yacTH JeOpPMHDPOBAHHOTO Tesa B3aHMOAEHCTBYIOT
MexXJly co00H Ha NOBEPXHOCTAX pa3jiesa, BIOJAb KOTOPHIX OHH TpaHHYar
IpyT ¢ ApyroM. Paccmorpum Ipou3BosibHOe IedopMHpOBaHHOE TeNo
HJIH cpefly. MpIc/leHHO pasfienuMm ero Ha jpe uactd: teso [ W Teno I1,
rpaHu4aiine Mexjay coboli Biodb mosepxnHoctd AB (puc. 197). Tak
Kak Teso [ neopMHpOBaHO, TO OHO AelcTByer Ha Tesio [ ¢ HeKoTopoi
cuiofi. Tlo Toit xke npuunne teso /1 pefictByer Ha Teso I ¢ Takol e,
HO HpPOTHBONOJIOXHO HanpaBJ/eHHOH cuiofi. OnHako Jis onpepejeHus
BOSHHKAIOIMX JeopMalHii HeJOCTATOYHO 3HATH CYMMAapHbE CHJIHI,
JedcTBylomue B cedeHHn AB. Hajo eme ykaszath, KaK 3TH CHJIBI pac-
TpefieieHbl 10 3TOMY cedeHHo. BosbmeM Ha noBepxuoctH AB Gecko-
HeuHo Masyio miaowaixky dS. Ilyere dF — cuna, ¢ KoTopo#i Ha 3TOH
niowaake teqao Il peiictByer Ha tesno I. Cuaa,

omrecenHas K edunuue naouwjadu, T. e. Hasobl-

das’
enemca Hanpssceruem, JeHCTBYIOIHM B COOTBET-
cTByMoIEH Touke Ha rpanunie AB Ttena /. Hanps-
JKeHHe, JeHCTBYIOLlee B TOH K€ TOUKE Ha IpaHHIe
teqa I, Gyner TakuM Ke, HO €Tr0 HalpaBJeHHe
TIPOTHBOIOJIOXKHO.

2, OpHeHTaN}0O IJOWAJAKH dS MOXHO 3a1aTh,
yKa3aB HallpaBJeHHe HOpMaJH K HeH. YcaoBHMCA
3Ty HOpMaJlb NPOBOIMTb HAPYIHY OT IOBEPXHOCTH
Tesa, Ha Kotopoe aefictByer cusaa dF. O6o3HauuM n
elHHHYHBIA BEKTOp Tako# HopMmaJu, a 6, — COOT-
BEeTCTBYylOlllee Hanpskenne. Toraa o_, OyleT o3Ha-
yaTh HanpsixKeHHe Ha noBepxHoctH AB tena /1, ¢ KOTOPBIM I'DaHHYHT
teno /. B cuny papeHcTBa JeHCTBUA U IPOTUBOJACHCTRBUA O, = — O_,.
BeKTOp 6, MOXHO pasjoXKHThb HA COCTAaBJSIOILYIO BJOJb HOPMAJH 72
H COCTaBJSAIOLLYIO, JIEXAUIYIO B KacaTelbHOH IIJIOCKOCTH K IJIoajke dS.
TlepBasi cocraB/siiolWasi HA3bIBAETCS HOPMAAbHLIM, A BTOpas — Ma-
CEHULANbHBIM HATIPSIAEHUSIMH, AeHCTBYIOLIUMH Ha miowmanke dS. Kak u
BCSIKUEI BEKTOp, HalpsIKEHHE O, MOXHO XapaKTepH30BaTb TPeMsl COCTaB-
JISTIOLIIMMH €ro BJIOJb KOOpAUMHATHEIX ocefl X, Y, Z IpAMOYTOJbHOM cucTe-
MBI KOOPJMHAT. DTH cocTaBJsoLive GyaeM 0603HA4aTh COOTBETCTBEHHO
Gnxs Onys Onz. 11epBBHIfl HHAEKC YKa3biBaeT HalpaBJeHHe BHEIHeH Hop-
MaJIu K [IOBEpXHOCTH Tej1a, Ha KOTOpOH JIeXHUT IIolmajnka dS, a BTopoit —
HanpaBJIeHHe OCH, Ha KOTOPYIO IPOEKTHPYETCs HaNpsiKeHHe o,. B dacr-
HOCTH, O, O3HayaeT HaNpsDKEHHe Ha IJIOLLajJKe, BHEIIHAS HOPMalb K
KOTOpOii NapaJjesbHa NMOJOXKHTEIbHOMY HanpabiaeHHio ocu X. Benu-
YHHBE Oxy, Oyy, Oy, O3HAYAIOT TNPOEKIUMH BeKTOpa G Ha KOOPAHHAT-
HHiE OCH.

3. /1151 TOro uTOOK! O pEe/HThL Hall ps2KeHHE B CPelie Ha IIPOM3BOIBHO
OpHEHTHPOBAaHHOH IMJIOLIAJKe B KakOH-IHOO TOuKe ee, JAOCTATOUHO

Puc. 197.
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3aJlaTh HaNpsiKeHHe Ha TpeX B3aHMHO NEPIeHANKY/IAPHBIX NIOMAfKaX,
TPOXOAAIMX uepe3 3Ty ToUKy. D10 CrpaBeiIuBO KaK A/1f NMOkoslleiica
cpenpl, TaK U IJ51 CPellpl, ABHXKYUIEHCH C NMPOM3BOJBLHBEIM YCKODPEHHEM.
Jl1s noKasaTesbCTBa NMOMECTHM Hayaslo KOOPAHHAT B PacCMaTPHBAEMYIo
TOUKY Cpelbl ¥ BBIAGJIHM H3 Hee GeCKOHEUHO MaJiblil 3/eMEHT ofbema
OABC, orpaHdueHHBI! KOODAHHATHBIMH IJIOCKOCTSIMU H Tlepecekarmliei
ux naockocsbio ABC (puc. 198). Tlycte # — BHewHAs HOpMasab K
niiockoctH Tpeyroiiviaka ABC. Torpa cuaa, aeficTByiomasi Ha rpaHH
ABC Ha BHIIeJeHHEIH 3/eMEeHT CO CTOPOHBI OKpyaKaiollel cpefivl, 6yaeT
0,S, rae S — nuolans 3Tofl rpaHd. AHAJIOrHUHO, CUJIH, JeHCTBYIONIHE Ha
Tpex GOKOBBIX rpansix, 6yayrt 6_.S, 0_,S,, 6.5, roe S,, S,, S; —
P mromany stux rpaned. Ilomumo stHX
CUJT Ha BBIEJICHHBIH 3/1eMEHT MOTYT Jiefi-
CTBOBATb MACCOBbIE WIIH 00BeMHbe CHIIbI,
Hanpumep, cuna Tsaxectd. OGo3HauuM
paBHOZEHCTBYIOLYIO TaKHX CHJI HOCpel-
crBoM f. Cuna f mnponopuHoHanbHa
o0BeMy BbleJEHHOrO 3jeMeHTa. Ecau
y Macca sJementa 1, a yCKOpeHue @, TO

ma=f+0,S+o0_.S.+0_,S,+

4 +0_,S,.
X BLITIOJIHUM B 3TOM COOTHOLIEHHH IIpe-
Puc. 198, JeNbHBIA IlepeXxof, CTATHBasg 3JeMEHT

. OABC B Touxy. Ilpu TakoM npepeib-
HOM Nepexojie 4eHsl ma U f MOxHO 0TOpocHTb. OHH PONOPUHOHA/bHDI
obvemy snementa OABC M, cieloBare/ipHo, ABJAAITCH OGECKOHEYHO
MaJIBIMH 8biCUie20 nopsOKa TIO CPaBHEHHUIO C OCTAJbHBIMH YJ€HaMH, NpO-
NOPIHOHATBLHLIMH TIOBEPXHOCTH 3j1eMeHTa. Kak M3BEeCTHO M3 reomer-

pHH, NPpOEKUHUH IJIOaLH S Ha KOOpDAHHATHLIE NIJOCKOCTH BblpaxKarTcs
COOTHOLIEHUSIMH

S¢=Sn, S,=Sn, S,=S8n,.

Yurem nanee, 4to 6, = —0Oy, 0_, = —C,, 0 , = —0C,. Torga B pe-
3yJbTare NpeleJbHOr0 Mepexofa MoJyuHTCs
6, =0.n,+0o,n,+0,n, (74.1)

Tax xax xoopaunartHble ocH X, Y, Z MOXHO BHIGpaTh IPOU3BOJBLHO,
TO 3TO COOTHOIUEHHE H JOKa3bIBA€T TEOpeMmy.

Taxkum obpasoM, Hanpssicerue 6 Kancooil mouke ynpyeo Oedopmupo-
BAHHO20 MeAQ MONCHO XApaKMepusoseams mpems 6eKmopamu Gy, G4, O
uAu 0esamvio UxX APOEKyUAMU

Oxxr Ouyy Oy

Gysr  Oyyr Oy (74.2)
Ozxs Ozyy Oz
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COBOKYNHOCTb 3THX JIBATH BEJHUHH HA3BLIBAETCH MEH30POM Ynpyaux
Hanpaocerull.

BooGuie rosopsl, 3TH BeNHUHHBI MEHFIOTCS OT TOUKH K TOUKE
cpefpl, T. . ABAAIOTCA (QYHKUUAMH Koopaunat. TonbKo B cCTaThHke
B OTCYTCTBHE MACCOBLIX CHJI TEH30p YNPYrHX HaANDPSAKEHHH octaercs ofi-
HHUM H TEM K€ BO BCeX TOYKaxX CpeAbl.

4. Tensop ynpyeux HANPAKCeHUL SBASCMCS CUMMEMPULHBIM MEH~
30pom, T. e.

6i;=0; (i, j=x, 4, 2). (74.3)

g pokasartenbCTBa PaCCMOTPHM 3JIEMEHTAapHBIH Mapasiieienumnel Be-
leCTBA CO CTOPOHAMHU dx, dy, dz (puc. 199). Moment cun M, otHocHu-
TeJLHO OCH Z, JNeHCTBYIOUIHH Ha 3TOY ma-
paJJiellenunes, paBeH

M.= (0., dyd2) dx — (0, dx d2) dy = s /,-.iw e
= (O'xy-—-O'yx) dV, S B alnts o
L
rae dV — ofpeM paccMaTpHBAaeMOro 3Je- /| 5—#7/)" —————
MeHTapHoro mnapasnenenunefa. Ilo ypas- S | /Y

HEHHIO MOMEHTOB g 7

Oy —0y) AV =1, 22 Puc. 199,
rie /., ¥ ®, — MOMEHT HHEepUMH H YIJIOBasd CKOPOCTb OTHOCHTEJBLHO
ocu Z. o MoMeHT uHepuHH [, IpoNOpuUHOHANEH TPOU3BEICHHIO MacChl
a KBajpar JHHEHHBIX pPa3MepPoB paccMaTpHBAEMOro NapaJiesnenuie]a,
T. e. siBJsiercs GeCKOHEUHO MaJsiol BeNHUMHOH 6o.ee 6biC0K020 nopadka,
yem oGbeM mapaisenenunena dV. TlostoMy NpH CTATHBAHHH MapaJie-
JlelluIela B TOUKY TNpapasl d4acTb 12% Oyner Ovlctpee ofpaiiarbes
B HyJb, dYeM JeBasa. B npeiese Mbl noayuuMm o, = 0, AHalo-
FHYHO JIOKA3BIBAIOTCA H OCTA/JbHBIC [IBA COOTHOIUCHHAA: Oy, = O H
Ozx = Oxz-

5. MOXHO J0Ka3aTh, 4TO KoopOuramuyio cucmemy X, Y, Z moocro
sbibpams max, 4mobsy 6 3motl cucmeme 06pAMuUnts 8 HYAb 6ce HEOUASOHAAL-
Hble NeMermbL men3opa ynpyaux Hanpasxcerud, m. e. o; = 0 OpH i == j.
He ocranaBiuBasick Ha JOKa3aTe/NbCTBE, 3aMeTHM TOJBKO, 4TO 5TO
MOKHO CII€J1aTh HOTOMY, YTO TEH30D YIPYTUX HANpsKeHUH 0;; ABJIAeTcA
cHMMeTpuuHbIM. Takum o6pa3oM, B 3TOH CHCTeMe KOOpAHMHAT YIpyrHe
HanpsDKeHHs B KaXKIOH TOUKe Tela XapaKTepH3YIOTCA TONbKO TpeMs
BEJIMYHHAMH Oy, Oyy H 0. B 1e1AX KPaTKOCTH MX MOXHO 0003HAuaTh
¢ TIOMOUIBIO OHOTO HHJEKCa, T. €. Oy, 0, U 0,. CooTBeTCTBYIOLIHE KOOP-
IHHATHBIE OCH HA3LIBAIOT 2AQBHbIMU OCAMU TEH30pa YNpPYLHX Hanps-
JKEHHUH.



