
H-4..- LU ,"n.,onu le. cI,s+",bu~cn 'IncaJrncn'k ." l. Mcc.U:~1 f:::,..na'lU'...al de la. '1"""'" 
H-2..- L... defo"m&clCIne, con f~ot'C,ona.14I'$." Ju .so\IC:atuc:l"", CKt-crIOte.$) peca .. \a. ~rma -alibtl.Ja.. 

M-8. - Las ckG:,..m.o.c:,onl'.s tn01-IV...Ja..s PO" fa.. ten~,onu &'lCI61cs ~ .t;:.a.n8encs\óLla las conm­
de..&N....-- cle$rf'«Aab\c.r. ." 

H-4.- L& Cf!CC.IÓ" « 1.. losa. dQ hOM'I15Ó~, z.a.nca. de la. escale,.., n....· Se,.."",: de ba.re, 
r~'"a. ~m"" .a;u .seccw:m Ylnnll"f')A., COrno S<ecc.¡ón ... n¡torme 1 c:onsianie .:te 1.. mlZWJ.ll.. 

La. \oaa o rla.u h.\u:II!:1,d.1 0tutto de\ c..\e"lo a d.~rrol\ar 1.. cOn&" ....NrMCIl' canc:'1 

t:W!rro I~~ 

La. h,~1.S' uno, .lurmpre. ,u.e. noc S\hl.cmcc en la "elut.eu:bd rrororaol'\aI"de la. '''::# ' 

-de Hbol<'c. '1 cru.e la. seC:C:lC{n tran.NCf'.n.1 sea. recrl.leña. e" NlfC,...nc:,L de la 'o~ ....cl. 

toW el. la. rrusma. l~a !J del r<lld,o ele cur1l'a.lt.tr.a. aet eJe de ...sla... 

El Crf"'O" 't". corrwr1Cf'E'tnOli: 1'\0 lerá ma.y0,. <lile el cru... a c.owne1~ en J6arn.a.r ck ~ CoW'Ib, o 

~ 10$a.$ d. forJados- $In VI~, ~ en el. ~dlo el.. f,e-z.u cur't.a.s:. 


E.t. -eslAnda. hIFtu," n~ lI"erml~\r": ~llc.r el hr:onima. ele. CU'\.5\'&"0, ~a ~ ~ 
la. S\t~os\Cto1i uU:llc&da., la. e(H~''{}Ia. .. del'órmaoó'n ",r... UI'\" t'""c:_ de fóC'3""~O sroido Clan 

ruf4*to a. lu ml,cdudes: . .elC'ter I ores. 

En el c~lclllo d .. la .""1"9"'" d~ &ebrm&t:."""f) pcdretnO$ de$\f~~r c.onS«"f'n+ernc"·il~ lo, ~;..­
mlnOl Cl>r....ro!'dumtu .. la c.omF."e"ha norm¡.\ 'f ta.nge~'aI ,f,c la. rcaul\4f\tc. de las fuerus; 
del .nst.rna. ..a-l4.ltd.. a UI'\ l"do de \u ~c./one.r. . . 

ConreC:lW'1Itemcnie. d\ll'tC"e<"a.rcrn,?" los Incrcme~+o$ bC"l.l$COI.' .:t/f lo," ,"omt'n~ ck II'U!~,.c¡& , •.ur nc:& 

rl"0r-l'ClOnan 'oe fetch~, ',llln en e\ caco ~r.!euente. de horrm90n.a""c'I'4\t\toinC'4í\mf1l1't« a.'~ 
u.nea., con oDJllfb J;e la. sUl'lfh teaclen ciel atl~l..ru: 'J de\ proceso. 

La ....nl1~o\l"Orl& N.a ct" \¡, placa. no.c· pu.. f"'odu..c.tf" sola.menk ",.,.NI "1~renc:1U en ~ 
reNH~ finales, f.'ft C'OM"eICinI'U 1'I0rma.\e/. 

'Para. c.ompr;r"Je... e\ cálcu.lo, eiI prct:.\lO «'1'\ frll'n~ lusar torner -" C\.I.."t'!- Coa form& caCOtrlcb-IC:.a., 
c:ot\rh+uICt... por u.n heh eOlcle ele eJe. ~ flano c:llrec.tot", al erIJA. _1"." rara\el" ",na. $'II'.'I"Uf de. 
~e"'.f'&\ru:., C4tnrt,tuldas ~r red.u: 'ñort&C"i.les I '1.I.e. tl.""n 'Iqmp"' un fUrrh::. .., 'ole uno, 
(.o" d ~ .r!e ,... helu:e dI I"e¿rlz. ~CoftlWl 

j 
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D~TOS DE PARTIDA.­

ConslC:I~"", en Funcr lu~~.. los c:t. c..t..r4cferlilu:,., ~C!!..m;¡rlcas, 'lILe. son 

'fMU ~5u'o ,,,e r-~ en preye<:.c.4ÓÍ1 horl'&onb.l las: ~n~..:trICCl o.6-rel'llu del belacOIde. 

h. clesn._1 ,,,,,e. c:teb. V&ncer la. losa.. 

b a.ncho 

.. '1 

8 

Se,u';.. el 41po de c~, v.:rt"emos <rae. ~ StCJnl~\ca.r.n dJ,cII.U..4f.'$ t"I'Il4'1 d,~creni&ll ~u:n Jotl 
la C&"5" es ",f\,'ormc_imk n!part.d., o sIWlf\ol'm~nk ¡;\métrlca, opoc- ú.\+.mo 1'\ es as-m.:h--tu. 

Ef\ c:.1I.~T"'."'" • \o. tC-Ct; CA"'" la. c.....,a. no fodemos $YI'Otlf.'rla. a.cI'lI.ollldo sobre el r.dIO 
medio, ~"no CDr\ .." cMerto descenframlol'nto e, ql.4.e. a.. C'ont",u&.c:'Ó" c:alcl.tlamos ra,.", e\ cau> 
p1'''''',cu}ta,r de. e .. ..., ... Uon,formemftlie. rera,.hda., ,11... nos cons+.tu,ra. c\ ca$o n"lAS ~Dttu". 

C~a d.,fef'''r'lc...J adu.nta en un dlferenc..¡ de COl'On6. 

(3 ~O ~ eh"". ~ 
Mo", • .J.o ole. dl~hL <:&"5& c;j,fenrnaa! ~$fCcto al fl.tnto o. 

. . . ... (¡fio ~d~. 1s) . 
El mor..nto io1.\, r.eN l~ Sl4ma. ele +odos \.. mOM.rdac­ d, terct1C&al.:.c. 
c:t.. ~a. \o,: dScrCftC,.WI d(' ~ranJ'" lo cruc ",.td....:' I 

RJf~~s ry1. drv =M,T, 
r¡ 

flJ¡s l~O1-, r;,d C"1f = p"
r;: . 

P..,... FU hE-""" la c.."a. total conc«n~"d&. en un f""to "¡stanta e, el. en'Cello ele ".do 
In edlO r. .. l.nd,.. ,,,,,e ..,..,.. te..,. '1\l. t.e.n~...n 19"'''¡ Momeonlo Nepec..n:, ... cu&lcru'." ,unto. 
lo ,,,.. -ra'''a.t. __ Im,.."e,. qu.e el momento "al 'Id se ~n:.w MT ae. .& mIClfto Cf'o"I' el 
,. rae- P"" rur-ch:. a. O, '" fIOC" \0 t.",,"'=o ; 

R ~ 

{ f ,~ 1-src:dr
ft' = (e +C") Jti ~o " r.,dr't 

r.. 

RI-rl' • (e+'; R'! re-' (R~ flt){R +r¡) ­ R'"L( «-r.:} _ (e r) b . 
'3 2. "3 - + ,.. 

ft-rl'=- (R+r.:}CIl-ql .. 2t'b 
lb r+),h 
r... r-"/1 

4~b_b(..~#2.) :: 
'? 

I~r~~-a. e eH" 
1":1 ('" 

e b'Z_s­
r 12.... 
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i'j 

J 
J 
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j 

Goan....\m.n+e, c::lacta lA c,melrla. d_ formo&. de la. esco.\.-r.. 
de ~ ml,,,,a, lo C:14411 ¡:'c;,"I~'C''' <Jd 

'f (-~o. i "o) 
¡, 
t, 
j 

, I 
SISTEMAS oe REFER~c,A ADeCUADO~, V ~A REL.AC.ION o CORRes'PoIIIOENC.IA EXUlTEN,. ¡ 
5NTRE' LeS MI.s~. 1 

TendreMos cr'c an~hz.a'" 1&.5 cond,~IOt)e,¡- de ~,"\orlo ql4e d~ben vet",r"... I~ sclICI+wteS eJerl~ ,1 

4....e s~emos Cf"e $W duco"'r,>nt!n eon d,r~c"ones norma.les '1 "n~cnc:.t.lu a lar secc\o"'rn,n,,"~, ~ 
re.ro '1~e. e ... las e.sc..ale .. .u: ne'"o,d~\e.s, nos ~&rQce la.. d,~,c.... l~.;j. ele CfU& cl,chAS ~~cnu tlllmlrMS' , 

~toNl 5,r..das en el 4!',spoaCIO, ",n&$ COII N'Sredo a \.a.s otn..s, ror lo CfA:e. SI e ... cada.. seOCIOt\' . a~,rnos-¡ 
el s,rlema.. ele refcr"C"'c,.. Af»~aado, nos cncOAf-,...C'Cmos Con la. d,~c:"n.d c:k comparar el~menfb~ C(l&e. ¡ 
los -lenemQ$ ~,~ a .sl'~""" d,s+,n+os r fOr lo qu..e. sa 'rnrone como eI-~ ~Mi.>I'" el Qlc"lu- 1.... ¡ 
forma. de. C~mb\~ Ia.s ComDOne..,~ d.e un ve~+o.. a.nte u., ;::aW\}:.lo de "bue." ! 

'X~ 

" " ... 
" ... 

" ... 

~2 

• I ! 
n )(~Y~~ - Xo\Zo !

2.0 

X'Y'z' ­ X~'t~ Z~ 

--_...... '--' .--'------­



.' 

P.,... ~..... '" w eJU ""'V'Z' , be )C'f'Z. .f"d<.la.re~ el a~I.HTe. ftee:aO 

x.'Y'r - Xo'V~z;, - Xa,'f.z. --'" XVZ 

~on ru.c. "i ira".~o ..",ae.oMJ ha. .:ru.c (pC...,:¡SthnO$,. 'r"e resolv4!'t"eMOC" ~ fr;uea dAd 

'~e.lo m ...t"u:,aI. rar. \u,a m • .y>" o ..de"'¡caón , m"lfor Q!I..nocl,d.d. 


TRANS1"OftMAGI.ÓH X''V'Z' -. X~'1'Z~ 

7:; :; '"t' TensamOS' un '4'c':'+OI" V , ...'1 • .: Componente. 
:r~:: .JO c:c.., ... ;:;-, ..~O( ...s:preto a. 'X''f'ZI So" 

( u~ u~ O;)Jii'~. -1'"1\41{'" ~'ce:.. hu ,V.c tcnd r.¡' resf4'c.io a. Y.'o y~Z! CfIl.C. \u Slm­
bo\' a.are",- rol" <. u1 CJ~ u,j') yend.._ c:La.::Io..c 
'F" el s'5"".~h. rroCllAct-o.al. mat..."g. 

'TI'tANS'FOI'I.MRC.lÓ" Xó'f.'Zo - X'tZ 

El ""e-\.o,- Ü (u: U: U¡) ".1Sfftc;.to a 'J.o'{oZ., t.endrá c.cmo Q!lmfOne.ntcs f"e'pec.to a "X.'1Z. h•• 
tern. (v4 CJ.z u3 ). ,,,,e ca\e"" ....."'OS' rOt" e\ ~ ...,rnte.. ,.,-oc:l",cto ele ",a.tru:a : 

C. :. L.o -
Jo Cd"JoC. - ~ sen.c 
;;: "na( +'1t.ccOG( 

Edo nCliS 11'1 d I ca. , ..... la 

[~ . [: 
,RANS FORMI'tC\ON X'V'Z'- X 1;(, 'IIen..1... dado pe": 

,~ 

; 

¡ 
l· 

j 

u. " O O ~ O 

u" O ~ ·IIInl( • O c;.os4l( 

Us O "'"'41\ co.r'll( O -:o;er,CI( 

[~l~ 
" 

, 1" .. O O ~JI.f U.noc se" 'f -,Qnlf' e 

O co.IGC -ac""" • O ~« SCr\1( 

O "noC cos.c aan't - CGSIf's:."o( C«\f C'O$.. .... 

[~} 
r '" ~ " 

f'~' 
.-nlf senec - toer'! t c...s O( u~ 

- ...."sanli' cosa", + .rcn\(coo't t scn'l.o«(I...QIIJCf} • ,,':L 

c.oSa( CIen" i .. ,,2.ec(I_~\') se"'..... c....1w t",'t uj 
... r ... 

O u'f 
_rMe .~ 

CDS-. o':3 

'E;xfl"••'oÁ m.a.trlc••' CfUI'. I\OS 
rct.k:'on_ lar cO"'fo".~t:4'l: d ... 
un ",.ctof.. scaa¿n a. ~. AII~­
r 'CIo a X'Y'Z' o .a. ~VZ. 

O -,""If'c.ot" 
O :1. O 

"""If' O t::t:7>'P 

• 
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J E'I "E'clor 

fV1
j !v.~ 

J 

J 
) 

j 

\,JJ lIectot' "08ICI0" 

-1 o o 

- o CDS'l. -une( 

o SCn« ('0$ ... 
_•.. ~,_.__ .. ~-

, .~ 

:\' 

- , 

I 
ruecc:ht ... 'I.!..V~ Z~ • 

L'a. Varlac.,o'n de al-tu.r.a.. ele. 14l losa. al. 9',.........:" ~,,,,Io 'f, 
da. la. c:om¡Oflerttc V &«1 '1edor «:, rer (o ~.. : 

ro - UtA' 
"' ­ T

A"ahzanJo ,~ ~"UNL f\A.ec:le \lerft: 

f'C! ': r- r c.os't"'0
't.:: ... sen't 

u~ e.c:dll + u¡ "n~ -"fA' 

-u~ sen. +u'.(d$c( ':'ran'f 

clc\ tJ.nto 'P Qn la. b.ur. )('12 

c.os'\(l o -.xrJV 

o 1 o 

$~'t o cos~p 

-,",,--,0.,-""-_. 
j "'­

1 
Vi 	 ,\1.41 naS rel~{'I.::i..

1 	 1:l.S: CA>r:!e:,... ~a.s ~ 
l, "~)\...i/lll'c P ((J :J, . 

:~.•,- y'v.'::... 



·' -·-6 
S, h\&b.4ZS4!'m- -lrOlnd'o.-mado la. <»rnroru..,,¡'c. de~, pa.."kla..s a.. I.~~e,.cnc,... 

X''l'Z', ,",,,,,,,41''''''''0'' redac'o ernfle'ar dlr~damC'nte eS) f .....~ tr..n~t,r,"'" '11. 
Par. ha<'lli'r 1.. t:"anc~_rn"to'f, )(.~y~~ - 'I.'ylz! tendrlaMQC 'tl.l~ é!'"'f'.&.r 1... rn~t"a.. 

In~e~ <lit la. cerr_,-.duH.'b&:oto X'''·2·-~V~Zlo. rero dado, 1WoC .c",.t.cfo.s;l!2"~ 
4lnlre. bases ortonot'rna.\a. \a "'\,,ef'S~ er \a \:r<l.S"f....st.:, I:eftd .... mo$ ott'" l.t.# c:aampot'eni:u 
de l! <.en r«s'rect• .lit. X'V·zt "e",dr.o\.l\ &.ad.-.s fOr: 

~ 
r;. 
r;. 

IC"t\do 

l' • 
v.. 

~t. 

V. 
~ ... 

~ O O r (t..""S~) r- rClAS'P 

- O co.tIIC. ••","" er,.' IfÁ'ces e( - r """'t .enD( -
- -

O su.( (.Os. '1A'se... + ..S"" ~ ('OSI(.....u..It 

.. 
(5) ~ fnOftl,ft~" .. A = Al ff'oSe/ s =R sene( 1"ft d r""": 

'" CM" '«",'.re.."" -$f'A Pe""" 
J 

-
-¡.1ft .,""1 COI\.! +I6tlí ~" ¡ $c",21C(I.cas\-) 


t'..,tC~, t,....2A(\-cUll'f') se<'l\c. "Cqco.s'f 

.. 

¡" " 

CONDIC\ONES DI! EQuH..1BRIO. 

t' I 

U4 - ,,(I-<oS<e) 
~ 

&frCl..t\on era t ~&'e.,,-\c. 
lJ~ - CfA .... r~senV ,-1.&. (,). 

ti; - \fB - rse,,'tallr<l( ... 

An"'\~"''''' la. FS,l..\é!'$ o::l,'.cu,\ladu " ..... e" el ....f«to ma.t....,..¡¡·hc.o nos rcdemos e"<»f\~ 
...amos'" P"'''''' a. \ ... "",.sd.\&c\oñ del f-btenw. ~,..UU:la.WI e"",tal. 

\leza.mOS' CfIooLCl clependo"c,~ -eXIs:t'C' ~ntre.. lOls alrttl"lta.s comfOl'lcn+... ch. la.. soltc.'\\ld ~lCte- . 
"'OC; cr~c se _""'Ic.lon~ ."h-e,. S\ fa...a.. na.ce,. p~ble.. el Clt('C4,hbl'lo e.s+~hc.o .... c:wa. l..lI'\t> 

c:l~ Sus et.~en1t.s dti-e"'e"cu~\e..c. ' 

.\ 

J 

J 
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L fU COl"ld\CIOt'IiIU de "'101.1 h 10",10 

(o, "P,'"u.,1.,4IC I .. ,r'dfICdIC ) 

soa.llt EL GE X 

«p,..s .. n\:A.clo e" los c 
41\ .",~..,.a xvz. 

Pa..a.. pasar c:Ie lo¡-~ 
u.., ""'3",10 (p =- d't, 'f 

Ref.""'1!!1I'\OI p..u'n4tr..""ante. 
ftOCloh "","Irna., rcs,..do -a su 

'FUt'RZ'A.S ACTU,....T~. 

~'} ( O, O, N+dNl 
'1' eQ.tdQ. 10, o) 
~, (o, ~+40, , o) 

1-}
%" 

(O.O.-N) 

(-G.. o. o) 
(o -o, o) (0,0.0) 

P"f'lto ele afhc..n 
(-e, o, o) 

Solo t~CIC.rc",o& 
'a. ct.""ba&r, rol' la. ,,«J:l& 

el. lu .cola c,\-u.dft Tue~.. hA" 
....'t)CN: ante",or.u", hu "a~ .. '''''fO"cr .-oDN:. 

'K'V~I Q los '1.'1'2., e.oraplnrcmos:: (5), p~ 
_""log'a.m .. ,,tc., d. 101' X" V" 2- ""..... -d'f 

1_ f.",.,,;Ut.• a.d-u.~nta ..00... c.ad.a. 
rrot"O astema." ~rcnc.a.. 

'Aanto d. aphcacaoh ¡
(0,0,0) -(ti..!!. Xl%. 

'¡ 
i 

¡ 
i 
¡ 

Aa"t. ct. ar)¡ cacnon 	 ¡
X·y·z!' ~ ~ 'iZ 	 ¡ 

1 
l 

. 

..~.h.t.r 41!\ ,rocI"cfo ele. lu comportc.rtu tkJ .,.d-o... 

F,Ia. de la ~tr,a del cam_ ele bauc. 


sendfcosGCCN-tc:fN) ... (QII+d~ OlICd'f .... CQ,+d~}s....,d1"n<I( ... N.se,,(-d.,)cCOClC -Gc.l Ctl)C.tJ'IJ +-C)9$11!nl..Jtl.",,~ 
! 

=0 
-	 2.CoSc(Nd~ +dGt,., ... 2.~senAd"'=o 1~. 'COSe( N-Q, seno( I 

-;>.I...."E'CC.lON Coa.1r ... ..,. V.- E"'flf'.~..mos .hora. la. 2'111 Mla. ele la.. h1A.\-n-a. c:Ie\ c.mblO d. b.uIr. • 

i sctJ~(,-cesdi'l CN+dH) ... eQ, -tdQ)( J. HC"t", C'O$clt) - CQ.. +cf~) SQtlatl'Cnd, - N i.tcn2A(C.- COJ(-J'lJ} .,. 
+ G\c..¡ ••n-c ftnC-d't) - <Pe,) (co.ñc + se,,\e Cc;taJIt) - <l rUltCClflGl( .. O 

dQ'I - 2Q. KtkI(d~ -"r2d'lcosClC =0 I~ = QIiC~f!naC +c¡rCo:!ls'oc, , ' 

(NtdN) (se~.+c:.ÑC::O""") ... (Q. +dca.l «:OSIIC $c"d t + (Glt:t-dG,lt Sf! n2G( (¡-cedlf) - N(sc.ñt+cod.I.c.osC""'tl) ­

- Q"co,¡(c;cn(-J.J -i....,2"'CI-cosC-h']G, - rUW'aenot ... O 


dI\,) ... 2Q.. CDS«ftntÑ -.,,.241'."""'.:110 <IN _ ..._.,__ -i 
, :¡;¡:¡ :a -	 uc.o-- +-9.......1"1..... 


Con lo c".1 he..... r'....-Jeade 'ecl,UlClOtUU' 04.fc,.ftClala: "Uoe "loS rerm..h",¡¡t'l· s'i.\yo ...... c:oNtanie, 
, 'J&21i.conocadas. c:.tcu.la" \u k"c,onCl G .. , Q'I "N, CDrno .,-rtmc:lS MU ~Ia"tc •.~ 

M OM J!N"TOS f\GTU ANT.S.,:," 

XI} ( HI! idM". O • C)) 	 o ) 
, 11 	 K"} (-NCII O

(O. _,...., O)...!l 	 V" '(- (O -M• 01' 

Z· (O. o. -VdM.,.) %,. e O o -M"J 
 l 

IProyec.temoS e~ ,,~ M.re I.r eJe ')('12, ",«d. a,," la.. t"."u·t:."m&clo"'n (5) 	
1 

.- t:'JE X . I 

1M. = (M....dM"l GO'"'' - MM CCN'C.4It) ... CN, -tdN,h..... 4".....,. - -", SCft '-4\')~.. -CMT +dN,.) RnH_~-

J- - -:..~-=4tC1CM~- _ - - - t 	 . • . . 
- 'Xr.I)I.::' dH,. + 2",ftfUl."-"2~,. c:.I'GC.d'l dur-c,.ndo I.s ,,,flmTcllmo&' ""r:erllOrcs--.---_--	......... _-­
J 

http:c:.tcu.la


: EJE Y. 

(]~N~ = -(~ll+dN1C) ,ene I't'ftel't + 'JI...eI..,)(J. +'""~ oasdv) ... (AlT .dNrJi1Cn2«(I-cotk) 

i + Mv.sMat S'cnt-4't) - ""'lf t ­ ñol +.."\'~,,J - MT i .....Lc (I-c." ...rt) 

j 

J 
J 

I!JE :z 
eM....c:....1C'O.s/lC u ..el", - ~lIc:os~&'..(-4,,) ... CAI,+""'~) i SII,,2C1C (1 -COJ' c:f'tl .. ~,i .c&n~(I.ClOIc...clr9 ..... 

+ (N, +d~h·)(ccJ.c+cJ"" c.rd.,) ­ MT( ...ñc +c:oIw e.sC..c:f'tl) 

..........,~....o.S crc-c. cale",I... J... mo", .. nW '!.te 110' ~d'W._¡n las h..e .. zu ~Af1ht. ~ "''' 
4e \L Seccl~. p .. r .. 1.0 ~ 1\01' ,"'hu-v,e"e. e4. f'",rrl-o de árl,e.c:"~ ele. 1 
n~,,~ .. calc",lar hu eoo.-detla.d.aJI ..t.. ' ­ CA!"tf'QS d. l•• ca... O'., o" 
lo c.u.al 4r'vnplu .... rno. 1, t:.~f-mac:'~ ('l. 

o' (0.0.01 rafect... ~1'i'Z'. l!!..~"z 

[~ ]-:: (:~~ :.~ _::~.] .[O""A' J'\ tc.J&I( .NH .t:IIMC carl( c.ld., , J~ r SCftd.., 

2+rJ.1 

0 3 = - ttfA'"" 01 - ,. C'llIWIII(, co.d.f SlInd., 

03 o;;. -d'tr( ~..f.,.c,."tC +COS'tI(\::; -d"r. ceñc+coh =-d't-no'J woc 

[O' (O, O ,40~d")l 
El ele (JI, "r~ c::t....&. 1....'M...tr.a. o" (O, O I +-O.d't) 

E'" cllcho.$ r u.n~o~ e.s\ .. r.", ar.'IlC.da.c las h...erea.. N. Qy 'f 0:11. 
~rec.l......emo¡; JOU$ lnc".."."b- ~,geC'C"CI6~ pu.es no" ,rod.""cnr.n 
PN'iihemosLo~ '1 'feamo: \o.r e;res cr....~ le no.r f!.te.", proc:lu.e,'" 

X -Ñ COSe<~" G" cosd., G, S2tI« ¡eradY' 
N co~~(-d,) -<0'1& _s"",, -Qy sen.c. a"C-ál'l 

A # I 6 

y N 'i scI\2c(I-c.sA.,) -Q...I'IC(SC~ Q,,(~+~co.rc:f.f} 

z 
.. '" i ft..,2P(.( I-COJ(..dtl} . (ik ""'" se.¡C-d.f) -Gr(cos~ ... .xn\(.cos&.4f') 

Ñ (S1eII~ +ceJA CD'4.e) 
-N (s.~.. +Wá CDS{.dV}) 

Cz) Q'1I) 
e,1 <Py 
(':1-) N:r. 

Gk e,oSe( seftd'f 

-G)" cos-. .R"(""~ 
t Q., "Ct:l~(l-CDSd"'}

-1 G, $e,.Zo.(I-~ft)) 

/wo 

..... rnlol'mas', lo t". nOS' 

.....,.e+. .. "t.V'Z., f."'.... 

de I~ <tu.& "ah..N\metai.. del­
n,hnd,"'.,",o.t ......reten ~et'ter 

=vnr1eu.d.o (S) , 



i 
'\: +N. 2.0. l.o$ .a'ca"OS' lea ~• .J'M'a, :: -Q(¡Q 2~ j 

coLoc..,. 0\.)0 el Cl"\kno c:I.e."\ • +0. 202,a 
 Mi = - N. 2.02. ,.,.• .A ~o 1'0\"""';' c¡cJ,c:.. 

dC" '.2,'1,. 0,_ "IC.'1."&' 
rcw'r.... t\f'$..... a. 1...rck-I 

I\"''''~ .lC' .~D~lCC" u\du~.a.d.a.. sCftI. ~ 4e 'tu.e el.s-afJO ea ~~""'f.D., ., lit p~c~... fU­
m .. h,t.,~ .1 $13ftO .., ".,....\YO. .o A\ $." O.. oC 01.;0 .01. +••u:lr&""o.c a, rnoMe"to.t ... 

1 

I 
 &as\.ht.,."ct. .,...10"". 

14;"" '.:2 G>, 2. Di M;~: -Qw21>.d., M;.• .0~ Me... : o 1\4-,,) =o "';' o o 
L.. ca....,... ad-",..,,~ $o\.re 1.. lo.t&. -la••,.:' rro.oca1"~ rnoN""+oa. 

'-l'"M2 :. "1}. e" • -"seo" :. ~ 1,"2d't.H,ui'.e :. "") 


'-', =-C~~~.e1 · +,. -e'f 1:1 , .. 2dlf cÑC!l.e e M; 

SUMA OE' I\IIOfAaNTOI:. se....N CACA ...,15 1"" CDtU>\CION6$ De 1i!QU1 U8A'O '1 I!!CUJllc.aottlU 1)\­

FE AeNC.,"L,.1!!S.­

dM)( +~., se.,a{,N'-~"'T'CQSc(d.p +G>y 2l>.d't. o 

[~; -= MTCOS'..c-M)scnClt -Q, Q:, 

-2M.. MncC dtp +<1..., -C)" 2.~d., - ,r2.J~.sen .·e:. O 

l~ ::. .&fa ""ti( +o Q.Do ... "I"e sen.e( 


EJE Z 
... 


2.N.c:o.sold't .aMT +- O '1-0 +1"U'cos.le .0 

~ =-~..Co.t4IC - 9'" e ces-C( ] 

El C\.Ladn:> de. CCI.A&c!,OIW. dl~eren~l&le.r. 

dQ(oO =COoI4 N - c::>, ••,,0( 

&I.f 

dQ~ l1li. ~ "tIMe( + c¡r e«r.c. 

ci~ . 


2J:!. = - a>a ce.rc( ... ,,. ....,,
J.'f' ~ 

~ = M_ ..."., • Che D... "\ ........u(
dff 

d.~h :. -M"eo.to( qreac-. 

.1:>0" r,4ICO(
" 

~'!l. ".n... G),,""" +,I"~","n.. 

dN. c.s..c 1:. -G" e.,\¡. ... 1"'CeIoIC~c4 
dY 

j 


:.1 

http:1"U'cos.le


'PoJ.~f'IIO" -.d.-F." 

Q_ -= t (v, WIt ~ ... V1. Cotf) 


eVl\r\t'~"Jo \. ~"&CI':f\'1l'C 
~ =-t( 'Í,sa,,'+y:.c:.arft)CCIiS'" .... 9 rS...,.._. ,,,"'esl""~o: 

yN:::. -ce;'" (.. '(,~'f +"~s.,,'tJ +- senGo!' r J1-
., 

el ' +'f; 

" 

N= rSeA<llCJ;d1+ ~.en~ -7l'<.t.s... 'f'-y,cos-e) 

'4 

Qy -:. ,. ~os t( J; el" + ~ I00I0(' coro( + s~nc:t (Y,. $&111'1 - Y, c.os't) 
O 

J 

¡J 


J 


J 


f?G?.so\v~ a.ho~ la" 'Ir. 'JI: c, 1lC'" 

dMT cos« =- - ~~ coil_ _ qr. ~o( 
t:ilt 

~ ce" el( =. A4 ... sdat +~;0""0( + '1 re se"t.,("
& 'ti p 

ti t ~,..W\(:,a..: 
!i!.!il: cos« - dl!L n" el = -,.x -1 re. - q" r +~C14 
"'f J.'f . 


Oel",.".."d.Ir obt."clrfm". a+a. m,'rn.a. A,~~re"C,a, lO. 'l'~ nos pU'ml-ht. s"s........... ,.! 


~ = _M)C. _qre - <:2",.. t&.f)'" -10~ ...c.. 1f>o.:Q~mo.s .s:~Ih.aI" b. 4:lCC"I'Iec:b. Aa 0,. f>Or .r't 
&I#"::L 'f 0:t",,,..t"t\+- JI~"':" X.(0$'0( 

~~ t-Mll -:: -c¡rC -Q..,.~_ - Q1( rt~o( -'1,." = -2.Ghc rt~ot -",,..eNe.) 

~~ .... M.,. = - '2.7",_ (VI toen'l ...Y,a. CoS'e) -<fI"Cr+e.) 

Ecu..e..on .J1~N'''QiJ 'fIA.C tlt'ne. ~o ~ohc.c::'o'" : . \ 

MC'.J() =-~« ),(Y.$eM\'t-'i&.COI~) + "'.. sel\" ... '(,CO.1l'f t' f(~ 

MT • lo obt,,,cl,..e,,,- ,n~~r~"do 1ll:"" 

AI\ T ... - a»S o( J~."., - l"c,t.o¡"'4'S\J.~ .... yL 
• 6 

S"leli\&o: f" Cf . 

J~xdf: - 'f..CD.I't +'fr",ea," -t...,oe [-'fc:os'f \ +,,.,,-t -1f$4~'t.Y,.'" Y, ""'el'" J;,('tldf 
o 6 

~ . ,
fM"J.'t = -'i4 c.tIS\f ...'ltSU\ 'f +~G( t Ya.'tC.O$<f +y. 't 'CIl f -Va,s...'t +'(I~] ..f('fl-rCrK)f~f 
o o 



-n-e 

Po.- lo cru.&.. 
,V ' 


MT =COScICI f'(ct) ","11-cl1 tV4c.os""V.rs.n'f'1-S'et1a(I't\cOtl'f+Y/t$c."'t-Ys.sen'+V,co.I~J +'(1 

, 

____--.-___ 't 5', el~C'mo" '(~:: _v, c:o.soet>eru(, fe....::lre-.s: 

MT ~ ""'''1 f'(Id ..' [,df • \1 ..., -v....., - Y¡, , ••~ - ......['t~",.1'+'1\ ~...v-\...Ft'I,~~J 

Ar\~hcPWloS "",,.ra. el ~e:""""o .ndefe",d,4!'t'lte. d~ M., 11.1.4!' 1t tlo.f: .nJ,u ~u... e~.a.. ~J,t~ 
.... IClIr ¡nterlon!'.s:. ' 

:. -setlo( [ f'(t) +raI1-d't + V. toSIf - Y~$."'f -t,.,ar (1h'..COS't "'lV,s",")] + cos.ctY¡$M.,~" "'IV):":', 
" o"" , 

-V -\{ ces\( . -= No 

a,.:. ~ (V. so."., 1''1, c.asCf) 


N:::. riera .. r1-4 ., + "3 sc,,~ -~ (Ya.S: h " - '1, cos't)

• r r 

q:lil rCD.l'o( {;d't + .YfJIot'\II(Co$Al +~('l:a.St'tlt-V,('o,$Y') 
Mll ... -t~ te. ~ tY..$~.. "-"¡,CoJtt) + 'i+ se", ~+ Y,r c.o.s't +H't) 

MT ::. CDt:IIIt rf'(If) ...r'.[;.df +V..<iJS't-'Ir Sta,, 't -V,,,c.n.] -senoC ['t'itce¡''P .... V,., senf- \,,(e • ., *'f, C.GI\f] 

M,::: - S;tl\olI ft,,) +-'--{"4tt- '4co$'P-Y.rSt.. f-~,,(VV,cesY.. 't\i.cc,,\'J] -Y3 -Y,co¡l-cl +­
• 

.¡.. ~e"\'.V¡,-V. cosceJc.QSd ; '~ , 

S',.w:lo f(~1 la.. colu.c\on 'Je le. ecUolCIO' 

c:l, f.ec-eIACI.l1 : ' • 
filete) + tC,): -c¡rCr..el. ", 

http:f.ec-eIACI.l1
http:r'.[;.df


-12-"-t' , . 

COWDlCIOWS'ti: PAR" taL CI\'LCU\.O DfE LAs CON.STANTES H\PEfitESTÁ.,.lc:.A-S.­

h:&tldAtI&onol' en e\ hecho k fuc, l.i\$ ~ler..... hehcolctates- Q4t"cl'lllllm_tc.. .ce. 
.e~du.tI CDf\ ~I.e. .mrtr..ml4!'ni-o I ~odr4!'mQf r'ir.n},¿r­ ,~ 'Q,S' .de..yla• ."......for 
E., los m""Mel "an c:t• .r:er nulc..t, 'lA. .~.. '8\""" • +r-.afda.c,ena, 

E\ teorem.a... de C.a.st'5hano no.r Ind". qu. el ~Slilo ele eu''O <f"'• .M ~n:::d~ 
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Y"= _ ¡ot, ~i5 - ios t." YS= _ ~01 "-5 - ~O~ ~ GI!)IO;7,.ftNTtA +C \ptit.JlltiiS"lW"MCI'IS 

~iSJ - i";- Sss'" - ~i f'v,,", c..,,~ Il\r'lI.rtnc.a.­
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-i ft	 -~ t 

o 

i.~fi '(~+ I~~~"'Z-t.- ~eosz.':J '" ~J(se"l.,¡coI'f+ 2#J...urI.,(~COJ't.J'tllf +~nn'v) d'l r 

-~ 
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S4t = t,'oI. 1í '~-ely: .... i e '(,lI., .,,~v.... :iC2.-k-.zQ,,) (.can 2.~-.z.y.c.."Z"'.)1.... 4(2c-, ....a.J • 

• (21( +U'_2.t,.) 

"12 :: O : ¡La 


b11:: tG. [ c.ocIIC ....Y. + canel( 1:..,41( ('fo ~ 'f. - een 't.lJ ':1. ~ 3. 

b~ '::: ~."", '" [ C. (.4kt 2". -2'1. u>s 2\f.) - 'l.(I .c:-4.l (2~"'Sc.t.'l2.Cfol] -= $ .. , 

SIr" .:: o \:. i,. 

bl' =u>Sa( [(ZC-It.loo){2 ".nl(. -Yo e • .sll.) .... <:~o co,lfo] _ $". 

f 13 = O - $u. 

t2,.f::: O" S..,. 

fu :=0 D l,2.

"1Il :: 2", 'to 

{Ji ': l2.G. S&nQ( s.,,'t. .. b.t3 

(¡so ::: o =)52 


¡3- :; 2a. cos~ Cf. _ S,¡ 

.t..",::: '2-<:')«0 -i c. .s:el'l2t\ 

'+S" :; O =- c;.S4 


~~6:: -seno( coal"(l-6.l'.,,'to 


'¡-6 = O =~Gr 

~"'.= corw (.2e-..... ¡.,J 't. 


Ca.\c.I.I.I-.du liU ~ fUoIU'la.m os ir). r:e"oIl1'er al S\si-em... cAe.. eCol4.c.\oMI '!""....ndlco c9f\ h... 
ri.fj,n~.l4- f&.r. D'b+ene,- la... censh."hu h'fU'QSt'~hCA.s Ae.\ s\.Stem&.. 
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Cl\RG.-A ON' ADA M EM ¡¡¡NTe:. ftEf'AR"l"lC.A , ­

Conrl.hc.~4. un ea,ro lP~hc.",Ia.C'" de. 1.. co\.i'c\a. s,W\';frlc.&. 

el va.!.... e s.~ &nrlan'fe. éL \.0 Io\.~o 'ele! h.heD\de . 

...... soluelón cae la. 4IIlC...&CI0¡' d.fe ... nc.l4u : 
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A\ $er ~ Co4n yalo," "o defevd,cnh::. de. ce. "'~uJ¡'~ e.1I,de,,~e. ~"'.. : 

H<el:. -q r(r¡.el -= -9 ''2.''&tR~ =- f(ft) le f'(le).:~"
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L.u ~O2. 't ~o.$" , .... ~oto fi'uA'trlo$ 0.fre.a.r- er\ n"o;" A"f(~), "Ü\O"¿' poclf'CmD.t
,h.....lu .... fo..ma. to-\a.lme.>lte. ..-.e.su.U...... J;:t'\ ef.ec.-to: 

~ Ifo
Se" ':1 Eo r1.~ fctS&,,'t lA., .... t~cc '1 r(r+eJ fteIeM't'd't' - Fr'2.f 

¡'Oce4.coS 'fd't .. 

-~ .. ~-~ 
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:: 2.r~ .¡.~ ... [('C~l(o-'tp(áS~)( CO¡~t-41 .... , .. ~ .,.ct-I- C4-11c.so.. +4.+1)-((T1-('i'ecJ.t "'~iI1 'ftl*~J:. 

2r2*+..~.{(se..f... -,.c.s y.)( fc.o.i'~ CL~} -3 ...34. +1-4. +~)-(1-(1-4.) +t~fw.{I"~~~~"~ ::. 
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'~ -~ 	 t+ wr~to,..." 'fa. se .. o'bte",.Ao 
A\c"''' "u~.ad). . 
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'f..,I.)I en radlan"_ 
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r'f..... 

1(j¿ Ca.\c.u.lo el. la.. &,.,tAle"iet ."fre.tIOM.c l:-rI9onometMc,U': 

<.t:J Conoclt'"do 4:o.:;)C, se .."e,.I'........." lo. v~\o,..& ele : 


""ne( 
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bL~<IIIl-
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tenV. 
(O,Y.
".n2". 
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'fo2 

·Calc.u.lo de \& ¿."Sa. ul'I,h.r,a. lIneal 

Q. -= \2 ",2. .b Q 
T 	 11.~... .1t'a...,.8 

v.L.\.oto unlta.rlo ,..e$peeh~ tr.\ radio .elG\ cl~.sGf' ...h-l.mler\to ele b. a.~.&. I,ne.! 
su. f""'+a. _ V . • 

Obte.nclón el. l~ • .I, ,)C 

"¡\o,.. ... loe ,~"''''&~t'o~: 

a. ... Iv.
J;, '1 

Calc.""lo d4 \u cle\tK: 
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http:Calc.u.lo
http:Ca.\c.u.lo
http:o'bte",.Ao


~os = 2~r2.1 (J-()'toc.o.s"'-(l-c+:~)Se""'ol 

~'D =t..,'tó ri ('1-c.)v:-i ce( ,....2'4 -*(z..~(se"2cc.-2.'oC::OS2'f.l +~ lZ(.-I"'3A.)(2.'4-$...2~) 

~~ = tta, = -t ~otIZ(2'to-Sel\2.fo){I-C-,l+ c(.1\2."'-2" COS'ZV'O)l 
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Y, =+ 

'02. 'ss - tofo ',2­
'a:¡ ,'S" ':s 
'65 ~2.2. - ~Q1 Su

'ss ':n-~~ 
.!Q=t Calculo de tU' ecuac\ones ~.se"h.+'>las. de \u $ohc.iucles: 

Q)&= ~(~Vacos~) 
t-I e rS.t\4.~~ ... ~ - co;.cI, tlz. ,en'"~ 
G~":I. r~~¡"",,, ~ .... se;«, (Y'l..elfl'f-~ 
M.,.:& - t .. ~oc . ~ ( Y2. se." 't -~+~ ... 'eS" co.t't - , r (r. e.) 

MT • Cb$t(l r\C, +~~S'sen«t-~ -.se"CIlr't'lac..os4f+~-Yzse.n'f+~ 

M~= -an-er ..z,.'t ~-~I'RI\.,-~~..\tYl.se.,'t)~ 
. ' , + [j0\~'Í~~c.QSD( 

~"!l lr.......ad-... la.¡ '9t"":~I"." corrcaspand,.n\u a. l." , h,., ele sol,c.~Clde.t. 

1'1l!l l>,,,,e.n.,ontAo 

11~1 CoM,robaclo;" a la. ~or""O"I'I, Se r\lede ~r.c.h.a&t' mcdl&n\e. \a. f..r""",la.' 

~.,. .. {411\ ­ "'J b ­ ... J M-r 
J2.hz+ I..':a. h&.b 

l. Ct.AaJ nOl' ,,..d,,.ra tri ft e'rec"'. ar"'ft'lad\lr.. cree," • 1')0. 
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gil,35{1 1;;)lAal ~u.••" e\ c.aco cta. ~'""3a u.n,'or",c",."ie. ~aA,d•. ..n ~lu.elon &e l .. e-cua.clón &,fe,.~nC4&\ f'l/(\.e) +- f(CC}:. -c¡rCr+e.) 
~ Ca'(I.L\o de \u ~C\~6.1 • . 

~a.r.áYn&\-rosfrcIlWtl : 

¡2.S: ¡Sa. I ~U " ~55 "u..' ,.... e" al c~o ~e \.. c~..., .. "nih:,rm e. • 

Resolu.Clon elel S\ste",. de los C()nd-.~~s n'pe.r-es-\-~heas I +~ corno ce ''''''lCO e.t1 

&1 « 1a.f&r1aJo rJ ct~ la ca"'5. unlfo..,.", con lo Ttle ÓbNrwlre_s ".... 'ls 

Cilc:ulo el. lu CCuactonC'1 ~freN",t.'h.,.s .te las sot,c.&'~\A.d.es". 

Qx ="(~"'{a.(DSce) , 

Na runGt ¡;J'f ~ ~-~~-l.(Vlserl'f~ 
Q~ =rcASCIC.!:d'f+ ~ + sep.« ('~z.$"e~'f:"~ 
N~ =-~"'~('(z.,e"'t~+~+YrCX\SCf +-~ri 
Mr=c.osc(. rf'(r) i" ra[~d'f' ..~- '/.rsen't~':'$e"r'fV2.c,c¡~-~u'tt~ ! 

MlJ= -""litrc,,} "~L.,.,clr ..~-'lrse"''t'_t--a~~+'tV~se..'t)]-~ 
... [s~-<.Vz.-Y~~~. ' 

t'l.l Tra.-a.ad.o..le \la.s ~,.&hcu con-esrond1e",+es & loS b +'rcs de .col;cli-w:l.es •.rL, 't:Hyne",sIort. 

.c1-~ - .ll-;!J -.ál -,ij-.l!J -,.il-~ 

JQl f\dem¡s ~"1 1". calcuJar \~t &emu t, medla,,'ht. l." .~re.),Of'Id: 


S" : t.,'Id, ri (2.-') 'f: +t c\~se"'2." ...~ C~-'k-Z4(~2tp.-'2."c.os2.'eD)1 ~~ C'2.C.-I~:k) ('2.'tot'se ..'z~) 


h'1: 0 =~11 

~13 :: 2A.tceaot SIe"'e t' "rI-t ~",(f.c.o.slt. -~" ~)J =' S:S\ 

~"": *t~.c re Ca..2.\-2't, c-s2'to1-2(~-c-~lCl'e +SCb\2.'fo)] z:o~, 
~\$"': ~SI::O r 

~u. : ~c4 t{1c.-I+~l('2.se,,'C,-'toCAS't'o) t'c.~·<,oS'e.] =~" 

S2J::O;~11 ,·u= '24'to ~l' ':2.c&..cos~ 'ro':. ~1 
S2./t:: o:: s..-z. """ -::. '2o.~"'serl" = ~4S ,~:; (l.-c.) 'e -1 G",-2.'"( o a ~ 

'L 
 <)~= O: ~61. ¡sr =o a ¡n '~r ::- 0= Si. 
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S46 -= - $e.. ti( C!e$'2o( (I.-.o.).sen'fo 

bf'á -:. o :. 'Eor 
S'" ':::It o:iI. (U.-1.-3G1.)'e. 

.:1:!j O'o+e.,c..oñ 4le 
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.. lit 

M~O=-sen~ rf.'(f)t-\,"a.I~d't] 
M~.. :& ~~ 'tc.u't M~.. ::. +~oe. $Onllt'f$'etl't-Cot.c c.o8tt 
M"'3" 0 1A'1...---::I.. 

H1I4 .. ""''' 

M"6::' O 

~'«4 '1: 

M% '= 

- '''''G(·c.o.slf 
- a:>r-ol 

Jl.4T =ccs;( [f/Cf) + ra.l~dt]o 

MT.. =-.U"~ [coS\f+IfSf',,"l 

~T3:= O 

M-r.... co.sa( Gel c.p 
MT.. =~-( ce.... "" 

1'2.01 ~ctsoh\.C.,~ de\ S'\.s1ema.. Sl'3l.uen-t. ~ 

$;01 + ¡ot.f ~I + .+ .t¡.'l3 ... 141 '14 + ... ~'l '{, :: O 

SOl.... ... "'1.'l.. + + ~52. 'tr+ =O 

'01 + f l, 'f. + . ... fa" Y, + ~11 'Y4 + .... ~,,¡ Y,;. o 
~M ... $'..V. ... ... í:14 '1'3 r ~"'+ " .. '" .. ~6" 't",:.., . 
"os + ~, V2. ... S.s-,'tS' = O 

¡o¡ ... ~'" 'VI + .... ~ V3 .... '4'V'f ... .. bu Y, ::. o 
Obte4l\Qo~ ..... 1""" ..Ioh c,.-\-u.<le..J ext-e... lO,.,u meJ,.",* /;.t.S eCu..c:.¡OI\G InJlc.au:t~ e., 
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