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I'rleklrtlrds.

rtrrtttSt-l-ft

SaJil &arbE aplilIotar l$nnar a dlusssl'lu talp{r kfi

*rf tfdt tolpf letwrtla Yard,otst6rr 5*lren'o Y$r{h$ Fle*

rdnlot lie&nrffidrr rm oslulBtnlilm tfnetrfu un cf,Srl*h{a v**

rlatfittn* Abrsl€tte dlfcr€nEi[1r6$1[tul - p6d6$S tNrlltfi

$a.ndrts akskXlrsfvl llctlt* wtoda a *L$enst$u dtfom*cl.*

filgeomrtrtjfi * 1r gan lrti Etct*mat!"s** xl*[r Jo tto dod

l6f FS Ju s.r *1*s sgktcn paglutan*oe urtal}rt vl'il*t diforon*

el83lnvartantoa* '{'1e tdr tr p*amgl, un nopara*tgl t!*
rtr gaomotrisku efik*rtlu atrqs*nnl, $s ka.trs tr3ellms J6*

*af,tn$ nr va*rilkfos skeltlleer Hs* renrk*rt t'r' atknrfgl

nO krO*S5.nfitu sfi**ul1s lav|lors rm atrastilg E*ka.rfbas

5*p$nv6r$ *tpch*l georttrlstsoc ltalr:mse * Bl lstor?pett*

etJc; kS erf 1e*rlsk!6jil Eoordgn&tu npr6$mnEe,ns' praca

*.{.*agar* S*$es r*t sere?g?taa eper$etJs* * t$r ptom$rent

sem*k mi.nsta$E s{. sr Levl darbf, *tr' ptrdr la$ac puss*

t 116 {}$f i fr veltttes lepr:lek$ilJtaa eprd$tn*amr i:gr ti.*

kal pS* ta.nn eutone Efilr geonetrtagnr tr*.E}"lffitt! p6tl$anlr.

tU kA saftil &sntteE eplf,kst t,trl 5oearwtr!"Ekss lp**

6[bar nn to ta&antbesl 66gtl v[eosur1 |!.et!Jls qe]etoslr

*nal,lal* 6n vlomr gatu, gnn kEpH ar tle$t€s$ $pffitrlt*
ktem el,SdsLenlcwp 6an arf kopfi *r kart$stsk$rn hotrdlnil*
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tfin. tlt*rat$rfi neatradu allas pan oekul€Jo$Fm lodFxrl

kfi erf par ltekumr notelkEanu, $a pana.unotrs 1r' patva-

lfgs. $te rrn da?1 eltl r"esu:.t{tl t€ tad lalksil r.r $au-

nli p6rdJlo mtn6t1 LletEtds netodee fllfistt{tljtl,
Darbu i.astrfidEJot, blalfl.r.s ktg.s lsktem dlf,erenoX.S],-

geor*etniJao kureiem, eslnr isliotgjte !*Sus dar"bust

Ir Vektorr teorlJ6:
{i. souLiganrl, e6onStrte vector'1eJ.}e { Vulber*;

Ltz.lt ).
&. Julia, Int::oduetlon nstbd:aatlqlre aux ttrdorlee

quentiiiies t flah5.ers scl"*:rtlflques XVlr

tis.irtrhler-Villare, lfS$ ).
II. n diuiensiJu teLpas diferenctdlgeon*trlJ$l

C. Jord.ann $u:' 1a tlrdorle d.es eourbes de ltespa*

oe i n dlmi";nsions { CIo:nptes Rendtls f" 7q

l.A?4, ?35. Irpr i.
S. Guiehardr lue-o eourbes de lre$paoe i' n d.lmen-

slons ( &t6norial" des $slt;nces math6na,*

tlq*es, IO(IX, iiagthier-Yi.lLarsr L9?8 ).

K. .froffi*rel"l' Ille Kr{nmnrng d.er saeLd.l$'.rnsionaleu

{}eblld.e in ebenen Raum von 4 OLmensl,e*

nen t Dlssertatl.cn, t&ingenr 189? i.
lJ.E. Lev$"r $a66to gulLa teorla SeLle superf,lcl.e

a. due dlmenslsnL lm*lse i-n un lpenopeeLo

t gnncff del,la X. $o. nor?neLe s$poFr dt

Plsar VoL. Ir 190Sr $rr 2,1 1. * $9r 1.p. )
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Sri. $uhouts u* n.r*r;p3kl, &ar firfung*t**
gweftrftsa alrer u.'6iae**l,wtlu Saup

et#tltidfrltr *la ts *[ntr n*di.wemi.n*

u*Irr rrptL$altiglr*tt n$t b*lta&i.Aler

qsrifrtl'arbffi ilrutbc* tirmng etrgu&tt*

tct lrt t mm$,tsttr del Str*r mG+ el
Fltrarno, lF; XkTI; lfl$gr 1$S* * l-S** Srgr l

F?r KksFFr tur llf&w&e*rl* lg Nr*fa& &&gtri
- tlastaa s*rre { Kitt* &s t*t$* S€ildf*

'serc Clelraap IXr llafbs l$*e i*
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q #lLJq, T#**l,f ,,k.n H S f,, s,-f *, J-st
F*\i:r...Fruilffi

,*sJH darh8 mSE ltetEola $6eus *p*[nv$Jumxl T$ * &

dtmonEiJn variotfitol Hr1 - ltneHra Y* $ob tel-p*1 Sn * E.f6-

r-laka V* !*b t**Ar t,i. kldae l,n+l tO pl:nktu gecmatr!.sk$

nl,ate, i*eE *tredag tal paES ett$lwn*, *6 eaukslxt F&rl f,**

dlJu1 n$ deta xfe i,n*l punkte * *sHtr&. Fektul ke kfide

Vn 1r tatras-ta t-rr* nda latelkar.Sr sr s1*iboX* VpaYrn ip.ni.

Far brfvsnt t5ltn$rs sauksl"m patvallgao Llkn*r, kaa f,etr*r*

tna ti*r pretofa*6 3.?knEra ue llakt'fixl vasl*t*t$nn* *{6s &p'

l"S*sesiap *tl*u* reslae varlet[ln*r t*1. $cJfi ne#n[S refilns

b;'tvas lsknos, 'ttll nfilsalaj[ - ]Iknes nts, r'eH16n Y*' THBat

*ss pl"epssH'[*r, hs l[knec va!. sol*tetatr}e teks*H p:n&ta

ra**$V*k*ore *?taE$.ndjr:stt p6e 5r*r**eb*'e1 3.s4pr pere6!e&-

tr.*.€s, v|*se tss[s ksrtlbfa, ks $64 ]"tst$sfe *pr6slncn;

lr gn&161 { t*9. s.r'gal!g:.r abeOl"s*E ?6rt[b* J un nqpsr*

trauktl,

;prsnf,:-&t &ompsnolrfss*

!,Sa $st6tkt* k&rttlt dstl p vektcrL Xl li= lrfrr."Sir

ts# psr rak**rs Kg n*rcfile kemponeut!. xr6* seuhfilaa S,1 *s

leorryane*tt T1r k49 1r ortogo**le vlEtem loprlekilEtleru lt,
.^a. X. = x. ,

( J=Ir*r *, s 3.*1i.. ST liit-nponeate 1r viasmtwSmf 6i" n*tq:trHtar

!r da Srffis ft* Sl grdfrrlffiAr kad vt'*f f,3 l^:t' nul,tr**r

Vektor!. X1 tr lfnefiri neatUar?gl, .la nolfdsln$J-'nro



tl .19B/1

P

{f t LkgXn=* ,1kl**kalilrnsksnstfi**sfii
t= l

1r cap$1er.ln*t6 ui"anf,g| tsd, knd t[s!" Itn tr null*sr S*e*

*ri*tr!.ekt &as noaf$r$, ka X1 $aV v3"si l*tVory*ml k*dil S,O ar"

r-1<Fr #*a no{:ol,!3ree 1r 1!r{sv$:'t$1o sske$ejset nerr*.s$s BP

X{ ilCI x,gkst b$t nuLle, '?1e*fim" !e k&** H', [r $trt"]"er Xg

z}##*r*sJo ::'5 Lrnedra kox$lsso*$s'tlr, st&g*it plrmlom *.

rrgi*f,*rrJ.c?n pnnt$v t L i tlpa Ea!*at"fbs$ ns qrtrs"E 3)u,sssr ts

tli tr teap$Jaxre, kac vlal kn slss gu.l:.ssr p$s$ia!"6 €sk-'L V&_y"-_*t
t**s g, kS kotlflclents nar nutrlep '!.r'Itasak$:teg ${S l.eprlek*

$€Jo v*k*er* }$nofi:re kocbln$elJa^rrul *S. *std h& **re#l$-

kcu*cnsnte :1"r' ne3'3,eq

#. r:&rr;[b& dEto p vektoru xr. tsre*.&ato fs68r'fl *,sc

ee{'*rks5.m g*x' 6r*ry6}g*tlrtr txg par ilf p*gekt$ra t5.L$rffiU * fs*

lcr"lrsnti. **lfln6to liehrmtr

I L i Tp=T{X1X..'." X,}r=,O-1.lE,rl t

trt ' { ?t; 'i'p = IYJ'Ifti[" lfpl

i*dn s*fisggui.s p*Yaiqtora tl.S.ptxlu 1r td*n&LEks 6.r Panal*

tElstop*" ka,n S$eutnea lr ekrtrpsl'I'snt1;:fyrenn xrr

e*tp,-13mli* t:twtsktsrei ttlpgrne t$aa hils "pStibAIsF F&rnL*

I$lpfirex'r*a X,sulcrrtmal t:Il trtJwkto?Pe btlf,*tlltls - er et'tise!-

$E persll8l,epfpsd* tilp'*:m.i. Fonwr*}6 i Al; r$dnl k* fn tr

I i $}r*t" piam* i'.fLSelr3ryto' s.'ohqrrlm*nstsnel"e tles-
metrle i.elpaifl;-i rL- ;r,rr" l" :;r'ri",l- v*5'
t3.t1. Yr lcr6*6svg-ffe, djn :ritrqla,ieti*n to t'fre €;osffitry- of

"-&![il;iofi"-i-'r"in&or*r 
3.ri', ., SIII' tl ltfi var oagal'ftt

S$ *{.itsr"rn r},otffm g*}"*-formrL*ir 1r citilAe i.eskate bH wa-
nutE*r bst tfis vfei:t$' rs*"i*sjeffiss vlena tls otrtr.'
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ffirl:,s, knd veklort I[g nar Lln**rl n*etharlg3..

ln anr6$lnf,Eanst' {$r*ailn spoelfilu sek*rt*, kasrdl-

nstu slst€anr, knnr x, aae l.ot pa tetenl, ksa nea Tg* $1

sgstBrr€i *ad klss arbagen6lc, ,'*** $a vektone X* ffials pun-

k*s koet:f,:tn$**r t"". xrt I J = Lrf,". r.F l

'ffi tad

ral" erl

lXrl= lxrrf r:n x15 : s $a J > 1,

'l*: /xXgxfi*xf,S. .'Xpp I ,

xr.L

agr,

Xl,g...Ilp

56.2...x€p

=f ll'rr tl

tata

I,- tR^.. r Xpr pz pp

$o vtsL iaeor<1* vlne galreailsEtagon6l.es 1r nirlles. Ja

nr; m$g $e Setsfnilnarttu paeelan kva*rFt81 "r:u;lbiflSjot t1n-

slgefi ar rlndS.S&er u6s dab*Jan

t *o )L11*u r11 , hur Ai{=&{!=XlX.! ,

r_!p

t$l

tr 1. so nbu vektonr ekaxErals relata&Jlas?gr *'I formrls'

aolsredzr,t 1r nelatl;arfga nu iaV6l6t[s koorrilnEtu elstE-

rf#es Je l.Xelux*" 415 l.r lsfiri.ss*kl *atstftL sr voktorletr

Xi. *ak*:"fpa i-:;r knut gan pt*r'fi€{ta tllra1 lfne&nl noat-

kanfglam X1, 1r derf,ga arf vlop$r'{gfi 6ndf Ju**t dstem:l-

nanta s,f ! v6ptSbs 1r nulLer ka$ ln l.es5#$sry eakarfba
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tllr lc trtt p*rtlr tS p*t! t*!r*r,ibn

:rlndlgln tel kolena&. t $ l v$l 
"fidan

no EEkto* Il k8rflb*r" &Pr$n6$o*

sp = { ru }#= l/exJ l/

sakarXbs {fi} dES

{'j.}
$

D

-

n--P-1

l\" nBlfikstsm llhl (t) s diaeaa!.Ju ielpf; {L sBs

nct*fi.kslm, €sd,ot tekosd prnkta M r*dltvekbenr X kA lriso

$s $srilffitr* t fwh*l.Ju X(t). iJecliatat t pur kfie& etts

porcmtro u p*tv*|f$i n13kolJur !ilffi r*das besgnLlgl 8aq*

dsae tasptJantbos pareaetrtt iL). ApeIwSelx

0 s9 87 5

etn$l dstsrd.aant*

k* |FU 1r neatka*fgp

*-p-

{k} qk)
dr:dxal
,ff*-p:xrr i

r,ge* slrrwntn dl dgd dg8=xfatgl Ltklfatjs*
- Ta slesffi t-t$ ns*mFur tastE- laflFEtJrmu

($) s(s)=xttct+i*rtr-rc;1i- ,

tke tt) flmkt$ Htti lp analttlska a*tXe6fo[ pret S&r-&t

s*t$r tt td tr viop&r unalftlsks p*nkt* &{r Ja 1r toa6#-

E) t{dsu tarsrotn ka ple rrls*sm *ltl.*rn btrrttomr {s*

ger*ot vSentSl v' rir $r xr apolssJlc lndakt p*tur s&vtl

parastc neafmlo bns v*enf,gi at$$tget vl,enu ne ttm*

*hsslr* lu ,/*u*
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J*ru+ etrest kEdu pargrngtru' a.ttlesfbd pret lruga td Eal

punktd bfitu anallttshe, *etdzstr ;ia s ln M lSkXfni.Jas

abselsa-, }<as m€rfta pa tL), ptrrJrts 3'{ ln regul€ro ltknes

tt ) puntrts, Ja (L) tanf 1r ansl-ttlska. attleotbfi, pr:et e.

Tu:rpn8k nds apl'fiko*lm rienfgl !6clus punktus. ?nd :nt]ms

katrE ateevlsls gadfJr:mfi nebfie Jfinosaka, clk *o radlJ-

vektora atvaela$J:lmlen pde s J6bfit er galigu abssl8to

v6rtTbun ke,e nerad.ftu ne nazsk&e 6rfitI1ras r bet tlkel bea

vaJadafbes pegerlndtu tekstur

0skul6ioEEs telpas un lcceg.

4r I\rrpuskcs paragrafos m$s lal"lotfisJ.rn norm$lfis kc,a**

p*neatet punkta Sl rad.lJvektora X atvss:.n8Junlem p6c a*

Ja nir X tr dots kS, k$de clta parasetra t funkcl$e',

("q] xk=#=x,'[*)u#rtl r

pte kan kooflEleatl a, 1r t-t[s pak8pes pcllrromlr kae

sast$dttl" ar t atvagin[Jr:mlen p6c s lfda k-tal k6ntfb*11

p6i16Je ieskaltot. Js nu lle atvaslnfi$usrt vlEl" 1r gallgl

un #lS, Lfne6rEe varletdtee, ko notolc plrrnle F Yshto*

ri X1 vat X1 lr' *Lenttskas, un td tsd

t?)

$akarfba

(s)
tl

'1l-d't'4 
tt^'

un s Bteaug$ana}' laYsJ.e

,2ldt\
r clsl

1
xi

Y1 = x1:*]'

rr.z tt] do'l t pi.rso atvesln*Jwmr
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p6o loka stt.+1' val '1)t

drL
ds - - "-F-

\,x1

un l-abds pi.lses l"ateiksiltl t$lfik diferencE,lot p6o st nr&e

dabfiJanr t tfi|*,c*o atvaslnsJr:3lr,re psc s ' Ta ka gHdg k*rtfi

legfistaxr rSAlar, 1:*n: eaucsJ$ 1r X, absolfi"tss vsrtfbas pa-

k6pe, u$ sk*i.tftaJ[ vr:rtor:.: x1 ska].dro retatnsJr:llru ta-

veissts pollno*s, red.zams, ks. punkts li 1r lfknes tt) rl€-

gd.srs purrktsn Ja (r,i tant !.r analftlsks attlecfbs pret

t r:n X1# C,

gglgr:r&krrr6sple4erslm,kaslonotelkrm3t.rlzpl}*

sstt. &ezgatfgt naxo llelurnr ksrtfbu mge notelksl$ ettle'

cfb6 pret dt, kao 1r ekvlval"ents ar rlsr Jo # """ ne nulle'

nezda Lr^ bes&Rl"IgL l-1els.

SrVtspHrlg6(t)purrktEelptrurienvektorlXrlr
lfnesrl neatkarfgl, tfi tad lt fpaal neYisns no tlem ns'v

nuLLe. 0aur punktu i{i velkot plrnos p vektol''*s x1r tLe no*

telke, kan$r }r(llr teLpu Rnr ko m6s saukslm Fax, F-to os*

kuLtctpu. ts att6l,oJanp ar paranletrlsko nolldzinajumu

?t = l,{+{ aixl(?i
t:7

kur: s i.r $Is % tekouals punktsr ua s.l rp&tvallgl F&ra*

&etnl. Lal notet'ktu Llknes (t) eaekar$an6s k6rtIbu ar \r
apl"ilkosln lf,Irnes pudrtu ff!', kas atbilst parametra noaf,*

srei t+dt:
P.

nrr = x+Exldtr
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Tf, kA Punkts P

b{3 = M+Zxldtl
r': -t

atrodas for lm voktor"& Mr*tr{il galvend de}a tr Xp+ldtp+l,

vispErfgd gadl$urnfi Hr at*tatr:man oo % galvenF dala tr

EI vektora leprteks dsflnot&E norn1tlEs komponente* &bso*

LfitE v6rtfba, t.1, p+].*ss kilrtfbae bezgalXgl mass J"J'e-

lurnst tt) saekarEanls o Rp 1r p-;gs lrdr:tIbac' Clttem

vgrd.leur, % tst oeur p+l besga}lgl tuvu ( L) puntrtu. T[

k6p+ltelpasfonurrkts(p<n)vlspEn6J6gndrJuuEnotelo
rlenu un blkal J,*ty"*n, 

telpa t9 ) no vlsstn p dtnenalJu

tetpfm tr tgp li*":+Tituv6kl ploglaugas lf1'nel {'L}' fE

tesp6Jams plerddft erI otrEd$ eo|s'1 xnekl6Jot p dlmensi-

JutaLpuarSsdufpa$Su'TataelmredaotJ{tetod'Er}fr
Bes t4n tsl Jfisstur vektorl, kao pana1L€ll x1r xet 't'i

Xp,ftg$Es'I'alpteskardanEgb&tuvtenasotrfigksrtfbarl
s*t telpal J$setur prrnkts 1,111 k[ atstatr.rre no purrkta ?Ji'

1r vtre&a.a eltrds k&:rtfbas; t'l'

*tlf;{,%#'i=o

val1 r"akstot Ot-*t : (H1-g)-(elt-1,1) t

Ltrt
dt+S x1= o/t*.t -u \r-l&- b\dt I

tfitadrtek}6jarafitelpasaturvektoru,kasokvlpol-I.ente
voktoramX,"Lldatgs.k6rtEplarsdlJrxtstrrrplnEasertp&.
r$Jlen vektorleml tm tE k6 vi'sp$rlgE gad1JusE Xp+1 nev
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1*prlek$6Jo X1 lrneg,ra konbltlsalJa' ss.snlestd p*tas kar-

tibae pleskarEands tr vLsaragptgltf;r k$da losp€J*na.

0. Ja plrrnls n Xl nev lInsdrl nes'tkarlgir s.Flfiko*

slm vektorus f1n Xg, j ' . Xo, Xn+lr . r To otarpfi aug*

Et6kals n na.? nuller !o vektonr lndokl lal 1r k1(=L )t

kg, . ' . kq {q..(n). PlrtrLe kp*l 'L vektort Xltad 1r le*

tvortl Rp, ks satelo vektorl X1r **i . . . X6n'$o telpu

m6s atkat. gaukeln pa,r p-to oskultoLpui Lfknss {L} saskar-

$an$s k[rtf,bn *" Rp pr:nktE Ms kF to r6,da loprlekB6Jlem

enalog{. e}6dz1enir 1r kn*1-1'

Ja q<n, Rn ea,tur vlsus X1r un t[ tad s'rf vlsu to

analftlers (L) lolnr, uz kuSe atrodae lil, k8 to r*da la*

vlraf Jwra ( 5 ).

IeprlokH$Jos sl'Edzlanos n$a taXlet$'$fim f,ektur ka

k$dn (t) punktfi starp vektorlen Xl paotfiv Lfnef;raE sak&*

rf?ae. tldzlguo reaultfitr:s dabtJanl Ja pastdv ttkal v16-

na ldda sakarfbar het par to vlsos tt) pusktos. Ja plen.

p(n 1r r!.synasscals skaltlle1 lrara BastFv ssksrlba

P

f rg1=o ,
i:'t

kur f,, 1r ks,ut kf,dee t f,unkcljag, pi"etlokr lca vektort X1r

X&, . . \*f 1:r nop*rtratrktas t firnkc!.Jas, lal vargtu

apgalvot, ka llknE {t} 1r letverta p dLrcnslju teLpf;.

f,s vtevienkdr$sk vsr redzEt, genot ortogon$lu kkarts

koontlnftu slst6$11. RadlJvektora X proJekotJas us astm

Lat !.r r1r tBgr' . . xp+1 .. xn, rm vsktsrnr Xl FroJokol*
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Jac * xr3 tj=1r2, . . n). Apsfmgslm ar.ill Locokla at

gslEtfto mLnonr deternlnantfi

txEl

e1 A,p'.,8p+l
xll- x8l, xp+1r 1

:ru. 
**,u +L'2

*lp xap 8p+1rp

un s,r A{ ltefuma 41 atvaslndJurcu pSo t. Ja lu f1 n6'v

ldenblekl ar nuL11t viegll redaansl ka

ArAi - A{Ar=o t

plegenot, ka &"1 nav ldentlskl nulle, kae vlsnn$r S&$S-

karng ar 5r!.en6rotrr asu lzvtll, Llekot 1=p+l rxr lntcgr$*

Jot p$d$Jo sakarfbu, dabfiJan

(11) }J="JAp+t ,

kur e, 1r ksnstantea. Deterurlns,utf, (10) ltekot a1=r11r

dabSJ*lu A1x11:o ,

kas dod, ievlotoJot A1 v6rtf'lcu, daLot uo Ap*1 un lntegr6-

Jot:

tfel sll(X+egx?+ . . + op%+Ep*l=C

{0 =const. }. xp*l vletf, deteruLna,nta tl$} kol.onnf, genot

xp*g, . . xir m6s d*bf,Jarn g-p eakarfbas anal.ogaa tte;t
h* "p*l 

koeflatents lkrelz 1r vJ.enE ' ( L ) tg tad tlo$fn



*X$-

0,:98/9

*trodae p dLrrenstJu tstpXr kag lotverta Rtt'

7 , relpss R,, p+g prrn!*t vfsnfinIf,@df JumE note!-e

vlenu un tikal vlsnu Cp (pter$dtJuse tfids pats" kt 1o-

dei Cg telp$ Rg). SskuldJoilil Rp+l letllpsto$lo p+8 (t)

bezgalfgl tuvte punktl vtspfirfgil gadtJumfi notelke vlenu

0p, ko m6s eeukslm Fer' p*96 oskullodll plrmF osl<rrLJ.odo

tad bfis oskulrlp$ls. VlspErIgB eavs pulktd M Llkne (t)

pleskayas p-tal oskullodei p+1*r:r6, kdrtfbf,,r un tS 1r vle*

nfgt c* an $fidr"r IpaSIbu. Lal saekar$anf,s kfirtlba bfitu

p+k {k)1}, Sp 1r Jasatur p+k+l Llknes {t) besgaLlgl tuvc

prrnlcts, Sls netolkprns 1r lfdzv€rtfgs ar sekoJo$ol osktt*

tEJoSal ftp+l J$plooka3es (f,) *ertfbf, Lte16kf; vaL vlen*dfi
if,r ,

ar p+k t t.1" pLrmo p+k vektortrf-starp$ eugst$hais p+L nav

nrrllee ) un Cn rad1Je cp plrnlem k-} a.tvastnFjunlem p6e

panauret:ra t Jgbgt au116m.

Oskull"oEu rarSlJr:s aprEl5lnfislxr v$Ifikr kad b$slm lepa-

si-nuFles ar Llekuurlen un to v6rtfbfin.

furp*fik m€s plegems!.m, ka eplfkoJarus lrkne 1r tle'

SErn teLpes 8r, lIkne, t.1, ka tO nesstur nevlena, l,Inedra

tel"pa er si&efilru, dimonslJu skaltu.

Llekwd..

8, 0sku16Jo$ds nu nunktos ${t} un l,{t(t+d.t} vlspfinI-

SsJg gadtJurafi Slelas Pe Rp-l, Ja dt-ro. Tie$dmr F*to oc-

ku3.telpu punkts Si nstelc vektorl X1r XE, . . Xpr tu! piltl-

kt$ hlt - vektorl Xl+X*dt1 Xg+Xgdte . . Xo+fot'1dt. fdm 1r
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kopgJa ss.ur punktu $r vllktd varLet$to1 ko notelc vok-

tsrl xl+Xgdtr Xa+:['gdtr . . \-1+Xndtr t'lr p-l*s1f; oskul'

telpa punktf lvlt; kas tap P&r Rp-l, kad d't+o' AbaE Eeko-

Jo!fis p-tse oskultelpas tfi tad Y8ldo tr dlvtslpu kaktu rr,

lefi lejSl dvu u6e salJkslm par p-to llokrxra 1e9$!". st le$f;a

nobeEsttleefba prot Loka el.exnentu ds bf,s P-tals llekuns

kp , un tfi roolBrekala llel.ums * P*tal"s ltekrraa rad!'Js rU*

Ls.l notelktu d'vnr apefrgstln ar \-t un nn attleaf-

ges (t) eskultelpas punktE Fsr ar H$*1 wr n$ telpas' kan

c8,ur &{ vttktas paneLLFLl attl.eefgam oskxrlte}pHm prm}rtfl

Hr, un or P respektfvl N punktus ${+X, wt b1+\+fo*tAt'

( I. zIm. )

gnoJoe€stnr punktu N prrnktd A us Rtp-l* prrnktd B

o" Rp. Tc,lsnte4$a tr3-Jstfirf HAB legr$le A 1r dvpr un tE

garvena dala tr iF; ta kE B$ 1r lXp*#t, atllek no-

tetkt .AB. 1r{6s perad1slm, ka AB ga3'ven$ da}a frlxf' Lat'

to pansktu, proJeo6slm P pun-ktE C ur Rp-tl tad PC=l3pl *

attlek plera$lt, ka atstatuml BP un Ag ir vlsn8'a plrrnso

U&r**u bezgalf6l mazl 11el'r:m1. .Ia D 1r B proJekctJa ua

-1Qv' --=o,

fu-t, SP un Ds tr fo+tdt prcJekciJas * %t reepektlvi
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\rs %*l; un tI tef, TlsIleE plrufi! kf,rttlac beseglf&i Eoat'r

Atltak v*X, aotolkt fD llsluutr. Sn tetraT 8p-1r %-t ffi
punktu Bp tH tsd arl tatsaes BA un 8D1 Bts pEdSJ[g tal$S

fin notel€ %*l m {$-l E$6tunan S;-e absol'fiti ertogonf,lo
3
I
,t
1l
1ll\J5..--

plfikont, Ea{ q-e S}o1 grmrtfi s. talsasr Sl 1rn SS tcd

ntg*a er dlaret*vcido trpsl A?p*lr prraktl' BrDr*rS Lr us'

rr B$ $s

t[ tad arf SS

llollrlna * tlds

AD = BSsla( d"p-l )

vlstuz ptrafs hf;:rtXbac

ts lr plcrtdfll p ka lE

bosgalfgl East

tn skrlra}tate
1r

er

arl f/' un til tad rebelgedtful'

I dun I lle+tl
I dt i lfpl

1

'p
-2Hp=

I*xlettJet s*hsffbes (4) un (8) (?* rs 8. 1.P. )r u#r ds'

b*Uann

(rr1 Dp+lb-1
I

blr
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Lat 6f fornlula der6tu arf k., notelk$aaslr J$pj"egea, ka

So: L. tad katram kp m€g varan notelkt absoXfito v6rtfbut

kam6r to zfrnJu nesactlanal b6g vaJadzfga speot$l"e norunfl.

S''srarula ( fA; r$da arf lnteresanto faktu, ka dodot M kar-

tgztskds ontogonslds koordlnfitss ke & t funkoiJAg vle-

nlgt ng tf,lcgu otyo ltakunru var&& lstslkt kE reolonfilu

ksordln$tu atrasLnd$umg frmkotJu, !-*116r vlsos cltos ga'

dljumoe Llokuxnrs tted lrnaetsn$Lag tstel,kgxnes.

$.Kg to forsnrla (?) (9. l.pr ) r6da, talsnes, kao nea

VoktOrue X1r lr neatkarlgas rro p&ra$etra lavSloa. L'eil

tfie orlcnt6tu un tFdeJeat l"S"Tnt$*f ff"j#,YLeu'
aoefmfgl. es,letftu ortogonSlu n;edru t'' varam- rTk-otlee dl-

Ye JAO].:

r) Kgda {t} pr:n}ctl patve}rgl lzv€}alnles aEu vtr-

atenus r:n t$dl dab€to n-edr-u pErvletaJam gar (L), LLe*

kust k1 tad bfie pozltrvl val negfitrvl, atkarfbs no tilt

val X1*1 let sttleefgds ass vlrziens, val prqtg5f;,. $tc

p*ptrnlann bils derfgn ; plem$rarn, p6tot (t) t$du punl<tu

tuvurns, kur vl.enE va1 d'aZi no k1 1r nulLe

3) IsvstaEllas loka pleauglanas vlrzlenu uz (t)

un tad, penot s palr parametru, plrrln$s n*L agls geman at*

ttecfgo f1 v[rzlong, un pEdEJo tE, la1 n-edran bf,tu tE

patl orlentEElJa, kfida 1r kEdam pastavfgam dotam o*€dlf&st*

Tad ko arfte, Lrdargl ka au6,stek, atkaragles vlenf,gl no

n6 t Seryet - Frenet ) n*edrg_ ]:n_E

Tr, * p6*6Jds a*s vl.rzlenu salcrlse$es val neEakri[snau.
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Cttlern v€rdier, k1_1 biis pozlttvs val n€SHtfvsp atkarl*
bfi no tE, val vektoru T, n-ecrs (val erf vektoru Xl

B*sdrg, kas orlent6ts tipat kd leprleklldJalo) ln &T yte*

nddu vat pret$Ju orteatdotJu tzv6L6tan pqrrata [-€dr&slr

${6s 1zv6}.€slnles otro detenmlndclJas veldu. }tro-

skaldrosln JautfiJunnr, krd krr_]_ zlrrre 1r atkarlga no s Fie-

*ug$*aao vtrar.sila rrz tl,lr un kad n6. $ernot t: -s, for-
mula {?) r*d.a, ka X1 ar ner:4rlem lndekle$ rnalna savljt vlr-
zLenu" un ar p$rlen - nomri.n&. I,al ss"ltdalnEtr d.lvu

&-odru srlsat$61Ju, ko lzveldo asls a, un e{r apaftn6Jot

{r:3 s,f,J ssu el un a} oozltfvo vLrsLenu leg$a kcslnur Fte*

ttek aplfikot deterwlnanta ll"fSJf afnf ! Js bS 1r +' ll*edrtl

orientfislJae sskr1t, Ja -, tds 1r pnot6Jas. {plfi}coian$
I

gadfJutltg ui!.= (-1)* un vlsl p6r6Jlo c 1r null'esp tS tad
n( n+l )

deternrLns.nte vsrtfba 1r ( -1 )T . KE lgprlekE redss-

JEn, t1e$l ar Hs slcaltll 1r Jlreizlna krr-l, Ja natndn

paaltXv0 vl.rzlenu ua (1,). lJEs tE tad varam telkt sekoloi

Ja n 1r formr 4k+L va1 4k+2, malnot pozlf,Ivo vlr-
slenu uz (t), kn_l rnalna zf:ntt.

Ja. n 1r forms, 4k+3 va1 4k, krr-I Etw 1r tntrlneekl

ealstfta ar (t) un m6a, ptereEramr var&Bi run6t par ltk*
n€mn kas s&vgrytes pa J,abl va1 pa kreLsl.

Jdpleaf:n$, ka mEsu noruna par krr-, zlnl ln pnet6-

Ja tat, ko LLetd gandrlz vlsl autorl telpal Rgl $r'$lts

(H*rmlte; un SLankf tBlanchl) gan 11sf,6 to paHu kE mds,

un arf l]arbfi tDanboux), kaut gan llet6dams pret6Jo, at-
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10. tal Log€tu Scrr! - F?enF forurlae telpat for
ua L6. l.pr bctgfis ileflnttln esfn poaitfvoe vlretenos

atl"tkcts vtoalbas raktonra tr. Uckl6Jan$s f,erttml,*s doa

tl atvaalnttJuuuo p$o re ko dr apztufalu ar ttt; *il kA

otr-= 1

un t1t3= o ta 1* J r

:* 
( r*1 t1t != o un tttl+fltJ = o .

Beg tem '',r=Efnln (f-skalErae s f,u$kslSao )t

kEs &lfenene$Jot dod (l panrtre to 1r a )

J.'
ti = Zrlxn*5f#u*r '

td tad tJltg = 0r Ja J-:- ), 2. ( 1c I r$dar ka tad enX t1t! = 6

t.[r tlt5:0p Ja lJ*lJ>,2. TI tad

(15) tl : a1t1-1+b1t1+l

r.m atX.lek nEtelkt kooficlcatus a un b' I"fekfgl kil leprtak!

t

xt=Z qhh
^:1

( S * atkel shelf,ras c firnkolJac )' Sf lstetkgnor kopf;

s.r t$s atvaetnilJrxu p5o s un (1s)* dod

31: g1t1 rnr Xt*X= stbrtt*I r

S) Legons sur le thdor. g6n. dos surfaeesrlTr 428 Lp
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KaruSr !. ( n, aau vlrzlena aotslklanas novunss d6l" 81 1r

vlsl poaltfvl, un bl - ar attlealgE kt zfinl. Bet tfi t(S

k, absol€til v6rtfba 1r lFr*fl * lXrl attLeofle, r€dsa&sr ka

bt= kl. Feldsot, atns forrmL$ (f+1 llekot J =1-1r dabf,Ja:s

e1+b1-1: 0 I t.1.. *i: 'k1-] T[ tad

(x6) tl, = -k1-1t!-1 * kitl*l .

$f forxnrta 1r mekl6to serr6 - Frent fonmu.lrl vtspdr6JE

tzteS.ksrre. La!. tE b€tu d.erfga arf gedlJutnLon 1:1r un

t -- rr, J$nseaka, ka

ko= k"= O

Fornnrles ( 1O I protame nav Jaunas, bet tada ll.ekss

gsn EEsm to pierild.fllanas retodc. LIdz llrn tae !r tlolc
d.arfte gafufffiroJot t1 vlr:zlenu koslnu d.eternl.nantu un

nssakot t6 arotilsLjeen4), gaa anf er teRssnr r$$lniutF).

Je muns tr dotl kl kI s analftiekas l\rnkcljas, for*

nmlas (fe} Inrn6 &od legp6Ju notel* visus Xf tt =1e8p..

rc;!1prl*11..* ) k6 tl (I =112r..,nl l,fne$res kosbtnf,olja6r

*) $katr plsffir E.Cesiro, To:rl,eaungen {ben nat{r*
Ltehe &eonetrle, 16. nod., val arf

}r!*q. Gulqhard, Les courbes dq lt ospaee b n d$.i
menslons (mdmortal dei gslences rnath6rn. I{XIJ(), 14*1"6 X.rp.

5) Skatr Fls&. A.Duschek * W'!!eFrr tehrbuch der
DifferentLalgoornetrle, II ,74. l*pr, Yai

L.P. Slsenharts Rlenannl"an Seoastry 3.o3*1S6 1.po

Kd plrmals lfs forrmrlas lallam 1r devLs (gan bez
plerEdf Jur?a ) C. Jordan ( Sur 1a th5orle. . . )
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ple kam koefteleatl 1r pollnoul, kas ssstEdltl ar kl *

to atvaslndJumien. i'rie-s t6 tad vara.! leg€t (5) (?. 1.p')

tlpa lzvlrzrJr:rotr radlJvektoram. Pl.e}enot, ke 31e luvlr-

afJr:ms tr savtrzgnrsr $?ul:l!e 1r SSds rezultats:

Divas lfknee, kam tr tte pall k1r 1r kongruentasl

tfis pdrlet Tlgna etrfi ar te BgBu pdrvletoJumu, kas psrr.

vtsto ytenu otrf; vektonr t1 n*ed"ua *.lvss saderrgoet bet

cttddl Patva|f,gos Punlctos.

LL. Serr6 - Fnen6 fort*uJ.ae 1r tt fpogl lad-evfgas

Jautfl Jgmter*, kur lzlletaJarna valr"SlEkEntfga atvasin$H&net

val arI 1gff *fis Lnteres€ k[<1a vektora proJokelJaa t1a

$err6 - $,:ren€ Tr*Sdra asrm, ple tan katra etsevlsBl. CL'

tos J*utsJuroa t6ui tom6r 1r vl,spar6Jals koordlndtu meto-

du trfiSnrns: katr* geometrlskl lpaEfi:rr latelcas valrEkds

sakarf4ofi.s, Tl$p6c ttega Seonetriskd netode bLeEi Lr lsd'e-

vf,gfike. Ka tllfistrficiJu vlslem llem gadfjurnLern ru6s ap]"O-

koslmr eugsrnln6td X lzvlrzfJr:ua p5'r'mos locek$us1 oslru]"-

leEu radlJu nEtelksenu un evolfites. Par parametru n#s

vlee*ur gen*slm e un ar akcentiem apalm6g1m atvasinilJu-

rnnre p6o s.

X llYirzf Jume."

1l.Pa.k*peniskt.dlferenc6Jot,dabsJauBltdus4plrums

X etvasln6Jum:sr

xr. = tl

Xn= kltg

tJCIxf=L)
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Xg= -k1t'+klte+ktket'

x4 = - Fklk lt r+ 
( rci-t f-r<rt! ) t r* t 2k ik, +krki )t s+hkekst *

un vlspf,r ned.sa,mer ka Xttt = klk?ko. , k1-1. Senot

M- r.{(s}

I(t1= xt

x{o}= o un Ilekot

ruSs dabsJan lrvlnaf,Jusnr loksru. g atbtLgto$fi teko$d pun-

kta ortogonsl$m koordlnEtdn atttcafb$ pret Serr$ - Fren6

rl*6dFL1

xl:sr#.;-ffrrl'
-2,-3^4Bzxr= $r, . i;u1 * +4(ki-k;-k1k;) + , . .

,1

-€*t
4

* +{(sk{kr+krki} * . .

L
ll r, :- r^v[nar*,."'". . .

x$=

x4=

x1 = 4fororo6...k1*1 + r . .

$fe lstslksess dod leeptJu notetkt Salveno dalu

deEEEtEx. hoagalfgl saslen llelnnLen1 kf, arft plemtrantp

dst cltu lnter.pretdclJu lleictrlrlen uxl noteltrrt {L} projek*

clJu leekat$ pirnkt6 I'1' Ja (r,) projes6jan us k$du ts*r kne

1et eaur id (r*n ib fpalt tddu, ko notelc daHl no t1). TS

redaam, k* beagaLfgi "aszs Loks un attloclgE alrorda 1r

ekvlvaLentl Ltelr,unlg to etarpfbas galvend da]'a r" 4$Xf.
Llskurtem rnr&t lrt
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kr-r.li8+ft
,.i3ti*'dabfiJans, punkten l[ bezgalrgl tuvo l!]mee (t]

prmktu prcieo6Jot punktg Hr uz t1-1 u:, t1 notolkto R2r

un genot L neiz roboEu hfslt * tt-1 Leifa attleelbal pret

attt96Ego (r,) l.oku e c

(

,o.+.1+*}' *l*r,q$l 13.!,

I3. Senn€ * *en6 asrm 1r aoSmnedaarra geometnlska

lnterpretdolJar trneso![ ass 1r' arient€'tE tangente; urt

t1 $ess$E - l*tH oskultelpE ea'rr I{ vllktd normdle 1*f'*si&1

seku:.telpaL. $o vtedok$ n€e zenifik var$eln laLletfit.

Ap3"fikostm p-to oskullodi ar centru \i tfi atrodas

oshrltel.p$ I{p+', Punkte An 1r vlenEdf, att&Lun€ no p+8

bergal"fgl tuvtem ( t ) punlctlem, lces vlsr" letvort!. osklr.l'S-

Je$& Rp*x. Ja mr ra6s proJec€Jaxr An uunktfi fo*t * oslru-

l.EJoto Rpr ta,tsrre Ap-tAp bris para1l6La tp*rw punkts Ap-L

b*s lr1enEd.d att$LumE ao p+3. bezgallSL tuvl,em iti punktlen,

kas letventl cs}ruSFJoEE Rpr cltlen v$rdLem tas Lr eslnrL-

lsdes tp*L eentre. YA tad,' Ja

f, 7

A*= *i + f d.ot'
v.-!J
' t't

it

on*L = lu +,4 ottr. t

p1e kaxo abos gadfJr:nos d1 ln tle pa$l r.lt} LrCglnsJes

dr = {fo i'i}ti = {Ar-t - xt}tf , t i-< n)

un gemot Ap*l urt,t. dabfi'Jaur:

" 
tad



Ho otrde

'*6s1m ar

(rt1

un St sa$arfba

par konstant6m.

{ r*;

*2$-

Plr*i6 atvasin€ilene doGl

{ A-iri)tr= O

tlrgbd9

dr= (Ao-1 - vltl a

puses, Lal debfitu Arr-1, ko m6g fsusa' p6a aprf'

A, Enr.llis J6raksta

c)z
( a-il i"= cn-1-

a roi56$ Jddl"fere$c6, uzEkatot A un en-L

kgs latelc, ka A atrodas (t) gaLvenf; norm6ltel"p* punkt$

hi, t,il. telp[ R*-r, kag let eaur lll '-'n tr nsrrrf;l* ta"ngea*

tel. rd kd tXS) JEdlfereno6 v61 e-l relzlr A atredas n

beasplfgl tnvile norrsEl'te]-pds '
slferenoslianal tevdroslm sekolo: Ja Bu&l 1r nsl"f-

drtnf,Juxnr slstsrna FL= o, F2= c, ' ' F1= o; Fi+L= ot kur

katrs noLfd.al$ilJ*:ns dabfits leprlekEgJo atvaslnot p6a lcfi-

dapara*rotra,laltegEtuekvlvalentusletd*xu'$r6eYsrstp

Fl vletd atvagtnf,t tE r:n lcprlek$€Jo FJ lrnef,ru kggrblnfi-

clJu O1r kr:r F3 koefi-elentl 1r galfge's par:ametva funkcl-

Jas *n gal"fglem p1r*rlen at'vasln6Jumnes' un F1 koeftcLents

nav l&entlsicl sr:1-1e. So pagSnlenu tzltetHlot red'aamt ka

nar $, ver&$ 4omb ta-m)tr * tE dabdJan:

ta-t:)bL= o:d1

t a-tu )t.? = t1= dg

(a-u)ta . "i*r- d$
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furprnsk!.em d lztelksmes top dtrl EarslgfteE r t6.p6c n6o

notelksln dlvas forsn*as, kas salsta dl un Sepntek$EJoa

d, r r€$p. k un c.

Ja n6s osa;ltl natel!ruEl

{A-S)tJ= dJte} (J=1r?r...11}

tad, difareno6Jot gakarfbu, ka.m 5 = Ir vlonlgi A tr JSus-

ekata Bara kosstantlr kae dod

(A-$llt-k1_1t1_1 + kttt+l) =di ; trl.

tXcl d1+1= r1(ai + k1-1d1-1) ,

Mda tad Eu vera,sn nekurnentE kErtf, aprEblnlt vlsus dl E
tad

': +1

"3 = {.8 ( protlns p -( n-3. ).'' i: .1

*trc eugstdk r'la6to forutrlu n5s notelkslm vlsp&rf*

gam gadfJumam, had pararnetrs t 1r patva$gs. IatelksLr*t

ka Ar-r atrodas I bezga],lgl tuvila norn6.ltelpfisl
t- I

( A1-t - S )X1= O

D

t eo I { Ar-r - u )rz = xf un visPfir

(A1-! - x)X5 -f1 (J=lr?r...1)

VleglL reda6t, ka f5 var attMot etn$ollskd formf;

a d.IJ-l_Yrf ,: XXr(fr I d.t , .--J ,

ple kam lekavu plrwals loeekLls attlesLn6ns uE prlek5f;
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atdro$o X1 un otrs - uz X1. KE redaas, fJ catur vlenlgl

$*I plrnos X6r bet negatu.n X3.

Oznakstot slst6rdr (20) punhan A1-- dt*1t1*1+41_1 ,
un ao otrEE prure$ atvaslnot p6d6Jo ao nolfdzlnlJnnS.eu

(20)r r6daas?r ka

Al-1X1 : d1a1t1+:.X1+1

AtvaElnot pl,r'nes l*1 noltdalafiJr:mrrs {40} redsarnl, ka Otr_,

tr ortogo*HlE vektorLeu X1r X?, . . X1-1 , t[ tad

Al*1x1 = Ai-lxl= A|-t lXrltr ( I .< n*11.

8et ct-tci-l= A{-1(At-1 * &t}

-- dlAl*Irl

Iev6roJot v$l. t*1 ka

=otl#{

sn1su pLegomt$a k1 alnes nornrnas d6l,

er-rc,{-r = dldl+turi#l 'n

dr+t = 
p'-JL,I4,L.iq(t 

''&1 d1 iasl

alar$dlJ6n, ka d.odot l.tskumrs kf, Lska s

p13.nfg1 notelkta lIknec forma ( Ja tlkal
p$o r augolEa pakEp6n tr gavlrafi$s ). .Te

tte nstalc r, absol$t$e v$rtlbss, tE tad

( sl)

&{6s Jau

funkolJas, 1r

:t lavlrzfJuna

ttek dott clr
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ptrmts n-2 kl 1r vlennozfnfgl aotelsl, kam6r kn-l v*r

b8t pozltlvs val negdtlvs. X lzvlrzfJrunI ncdcams, ke rn

1" ko-L nopEra firnkelJa, bet vlsl oltl 15 tn p[raa

fi:nkclJae. Slvae lfknes, karn kade punktfi 1r koplgs $err6-

Fren6 a*€drel urr kas atBlSlSae tlkal ar kn-1 ztnlr 1r glm-

metrlsbas sttteEfbfi pnet to kopfgo n-l-mo oelrultelpu.
t@lpas Rn

TE tad dlv[rr]1f,!cn6-n, kam 1r tto pa$t *1r Yar llkt kon-

gr.66t nr p$rvletoJung, kam eventuell Jf,,plogleao slrmet-

rl je.

PolErE lIhre.
14. Punkta *n-1, ko ds turpnlk apu:n6s!.m eF lr

geometrlgko vl.etu (L1) var deteil lnterpretst.l{o rlsnag

puses tf, 1r setgtrta ar (1,) no:ail1teLpf,n1 kas laveldo

(t'.l 3*I-&o oskultolpu oalnl. Pe:n !o sal$l n$s rdn6sin

daEus tsrdxrs nfikol$ ParagrafE,,

l{o $trHc pxrses ( h } var 6rt!. atrast da!*e lcrtsre-

sents,s fpasfresr no kuSE:n mEs aplfikooln ttkal $eg6 -

FrEn$ n*edru r:n X.iekurmre, Uetljot t$e teko!il punkta A

lztelkenl

( ee;

?o etvas1:tot P6s s'

SI sekarfba r6da" ka

talerrL Arn-IArn-gr kae

\
A:H+)-att1

r -'4

dabf,Jan

At= ({ + d,,*1ky1*1)tn

( t1) tangente Punlrtil

tE tad red& sttlnaml

A sakrft an

Vpp Funktart
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p{rrletoJotles pa (L).

Ja pozltfvle vlrzlenl uz (r,) un (tX) rr!.ans otran

atbllst, ( tf ) loka s, atvastnEJms p6r o tr
d.8"f,{s}={}-= l{ + dn-tka-r.J

Lfknes t 11 ) onlent6ts,c t*ngontoo vlentbas vektors

T1 tr

(€s) T1: elta

ple keu le, --X, rm e1 fo 4 * do-tko-1 Efus.

&pafm$Jot er Kt lt'lrnes (L1) llekurus, ar S1 t$s

$ErpS * Sen6 n-Qdrs vlentbae vektonus rrn llekot

kr-I=sikn-l i , Ko-r--n/Kn-rI ,

pakspontska ( 8$ ] dtforene6laaa pto c d.od, eakarfloas

fts)lKli : rk,,-1r

f1: €tto+l-l

Ataoyl6$or si, sElrst ar ep, notele aakarfbas

1-1
s1: t-1) ele (9.<1-dn-l)r

n-1onr(-l) eroE r

f$e dod leep6Ju notelkt vler:s el, lcgenot er,r Js pgd$Je

tetttr-pat aealnfinl.s E un eo. E 1r nosakfins nr nEtelkumrt

ka a-sdram T1 J$bet er to pagu srlentilnljur kfida 1r n-



rrl$npJ€4tqq r
16. Let etrastu llhres (tf )r fagr (f,) lr tangentu

ortogonEla traJektorlJel t.1. lIknes (L) flXgrerolfiteat

J$notelE tL] nonlrlsles (T), kas rada atttnauu ?gr Je to

ll4e3.prmkte !r8 ar (l) parvletoJas pa (L). N 1&1 1r notsfi*

les (f] oharakterlstlskals punkts, t.L. ttt ) toko$els

pr:nkte, U vton{bas vektors uz (r) un a o"lsnt$t*le atts*

Xuns !{-St

(a+1 N=M + aU

YZ, lr aepleeLe[aml' un

tangeatl punlrtf; Hp t.1.

tL * atU + e.Ul= hU t

kur b 1r pagafdsm nenotelkta s skalfira funkclJa. Relainot

ar II, dabfiJan

al: h

kaa aotole h Ltksslbfl ro &1 un tad paltek pfirl nstelktuts

-28-
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odna.ue t1r tas 1r 1?. 1.p. atnSte koglnu d.oternlnanta

v$rtfbal Jfbtt +1. AplfikoJanfi SedIJuEE Ef deter'trlnenta

otrEe dlagonEles Loeek]l 1r e1r karn6r vlel pEr6Jle ln

nuLles r tE ke gal$ dabfi,Ja:n

s = t-r lrs$s.f*"-t un tE tad

n( n-l- ) -
€r= (-t)--f-et-t"tt

?,at norusle d3) radftu attinesu

pee*ieko$lp tca (f ) sakrlt a:P ([)

(ss) Itl+aU:O
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Bls noltdzlnEJurns rCda sekolor Ja u rn W 1r dlnr

neklEto nortilu vlenflras vektorl, !o norrnf]u pozlttvo

virzlenu legkls 1r konetants. f1e!En, tE koslnus 1r SL{

un (25) dgl IJl'?t= TJS!= Or tH tad UII 1r" konstanrts. MEa v6-

lEk redaFsln, ka ir tesp$Janrs atrast n-l nornEll (fl)

an Lfnefirl asatkanf,gtam U1' Katr* t[lfikf nornE].e (f ) taa

paturds neraaintgn et[vo]cll attlsalbfi pret ( ff ) tzveldoto

II-1*Edt4tlr

$clfdrlnsJr:rr* (25) a-trlsingJr:rtro vs'lP notelktr Ln*

sekot $ kA vektertr t1 (t. ?t1trrlIlI) Lfne[ru ]rondolnficlJu.

Sabfit$ dtferenqL6lnelfdzlnEJruu slstGua rf,,da, ka vlspil-

rfgals lntegr$le Lr atkarfgs 11o D-2 parametrlem, tE tad,

plednam, pur*t$ vsx nortEltelp[ geut patvalfgu U, Lldz

ar ko tlek noteLkts a un attteolgala U lklratrfi eitfi tt)
6)

punktfi. -ffi6g 
tarndn lletdslrn tlelflku Seouetrlslcu nmtndL.g

kaE mrlns ben, p{16s doc a:rf sttas (Lt ) Ipa$ltaa.

Lflgres (f,) no:rdltelpas Rn-f * d-f dlvos beegalI*

gi tuvas punktoe ffi un Urlye1as pa go-gr ko m6e Eanks1m

pa,r ( t ) pol$ro telpg pr:nktd H. fd tn ebsolstl ortogonfi.*

le oekuldJoilal 8g u !}el !o pEdEJo punktil 41. fle!&,
nelerdroJot otr6r r:n augst[hr kfirttlou beagalfgt m*,au{t

lleluuusr ftn*L regpektfvl ni-f !&el Sg Pa t*lsn6u, kae

1r dlvae beagalfg! tuvas nomrflles (t) prcjekclJal teLpd

6) 3o pagFntonu lzlletE G.Gulobard (apr6$inot gan
tl.kal f<6ntrgio-gadlJuau, kad. n= $) un atrod-qrf-augstilk
rrln6to norurElu (T) Ipallbu (1oo. oltr_2C.- 2?. 1.p. Jr

fEl6k 6fn6t[ evl1ttu fpasfba b$t po].[r6s Vo-1 S8-
eddtlekf;rn lIntJSn E$let esam Jauna.
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Rg" r.rn tI tad !$olas prnktl A1. TE k[ Bo-1 * 4-f valdo

te palu Leg$l dv: dvlr kd tlea ortogoaElEs tangentcs

prrrrktos F{ ,u1htt, red.zanE, ka {-r dabfi,Jrrn, pagrleZot

En-l ap polErtelpu &_p pan 3.eg$1 dv pozlttvaJl rlrzlenEt

t.1. vtrzlon$, ku{8 grleEot p*o ' f,, t1 FE:rlet t2 stE-

vokll Velkot carrn At veletsrus, kee ekvlpollenti punk-

tlon S rrn b{r atbllstoELem vektorien tI r:a U+dU, (25) dod

{s6} a.d.U: -t1dE r

t0 tad rekfore dII 1r ortogonEls polE::te1pat. TS kS U

nemal.na sg$a 6afumu, reCgegs, ka S+dB 1r dab$Js$sr }Ls-

kot O sskot nupat aphlkotat rotdclJal. Bst tad

dU: -(Ut2)'ttdv '

$elfsslnot Se sakar:fbu er arrglEJo, redzam, ka

(,27 I aIIt2 : rt

kas latel"an ka pr:nitte S: M+aU atrodas po]"6r$ teLpd. Sttu

lsrabe?etfiJu notolkum1r pqnktan H nav qn ss,tderfbae { 96 }

ua (g?) dod, lespdJu pa prmktlem konstru6t (tt ), kao a.t*

bllst patvallgam polHrtelpas lzeJas pr-mlctan fi.

Intarpret€Jot leprlekEgJEs fErffiulasr val erf tfo*

51 lzlletsJst ta faktu, ka punkts s atredas sttlecrg$

tf,) punkta polf,rtoLp$, dabfiJanra v6l $*d.a tfrL geoxetn!.s*

ka (tt ) konstnrkotJa pa tEs elementlen: us (L) tsr6la-

mleg vLenu otran sekoJolgs gn beaga}ISt tuvrx puuktus

Hr \, Hg, . . . To poldrtelpas Lal i'r P3 P1r ?2, ' ' '
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ilsskatot (L) aorudltolpas kE pollrla lIknes (q.) n-3.-ilXs

sskultelp&B r red.zqll'r ka punkt" f $f norm!1teLpas S$e*

]as pa ,r.t ) P',*Ltt td nordltelpa tC tad gatur P un P1r

* sl nerm![1te3.p* * P:. w P1*]-.

ttt ) konstr*slanel patrallgl tzv61emles punktu

$ ( 9. *alsne !€fr 6$e| P1 *unk*d t1r talsae \Nf !|e] Pt

punktil $g urt.t. Sozg*lfgl rmale nogrleE$l ilX1r NlF2rrrr

tr (Lt ) sekelesl olerentl. $I konstrc*{elJa rdda, ka (tl )

oskulplEksne punlct$ N, kaa 1r pl6ksnes Sffi}{1 robelstEvok-

].ic, setur tL) tangeatl punktg Hr un tS tad 1r ortogoaE-

ta (t) aomnd,Lt*LPa,lr

Ja m6s aptfikoJan UknEs (L) aormdl'teLpu eatmll

tnd rud,aan, ka tf,s tetin pol$ro telpu lstreldotu Vo*It

pto kam katra norrrfiltelpa tal pleEkafa$ rlsas *tttestg$s

pol[n6s teLpas punlctos. 5f Vn-l, ko sr$s oaul{alm par (t)

pol$re vnrl.otdtl, tr atttne.$8,, t.1.. ten! tr spskf; sik*

Llds retr:lkg. Pt}nfgl ana}ogl, kS tee 1r ar atttnanf;nt

Tg ( RgrrpotEr6 rarletEte 1r p6rvetdoJama lb-l (vat UEdas

telpaa dalslr grtepot katru tfie fpl.aa6rat' elemontul t.1.
A<41n{;a- h*vi-* t

starp afvgulp6t6rtefpgn atnodolto* fu-L dalur aF Fol61'*

tol.pu, kas tan kopsja a:r tepnleks$Jo elenentu, lldE abt

!1o el.enent!" non$k vlen6' kop€Je \:-fn katrs $aYfi pus$

? ) SStetanA pretr.gna ar gl6d.zlonion, kas ranx* d'ev*
(ra; .-1ei-)l 1r ptinfgl dablger starpQe otrf,s klStttas
bezgalrgl mezaJoa lleh:nos, fotelcot- 4-r-t*1?^p-lm:
k€!.[fba; starpfbu F]5€lun'ra te3.pu noe&kst. IeprlelrgsJl?.
rigduru"l-lI ip"igkiu d6] prota.ma nev JaSI.o?"' Jo rotEr
cl.las pan to p"go l6egf 6v- ap P val Pr 

-atg$13as.aqgstE-

t;i;-pir otr6i *d,ntlliis Oea6lllgl uisalem lleLun1ea.



-82-

u,1 gb98

kopsJal pollrtelpalo KI tar alzrddlts leprleLlgJEs 1ap-

pust€c plozfd, rotl1clJa, kas vektonr iIlgveldoJa vektorE

{I+dU, tuggtEkale pan otrfls kErtfbas bezgallgl nazlen

llelr:mlen atBltlrtles no roteelJas lnversag tal1 kas llek

nonEkt ylen6 Rn-L punktu M rJn H1 normgltelpEs esogeB

Vn-tr elermnt&r6m d*[fin. I]ztl.not tg ted polEso Yo-1 us

fin-l, Lfknes tl'r ) traneforrngtal Lfhet (Lu ) tangentoe

nlenfbas vektori. d.lvos bezgallgL tuvos punlctos atp$lr-

eLes augstfikele par otr$g ksrttla,s bezgalfsl l*eslem lle-

lundom. Katrs {tu } punkts tad btrs lnflekslJas punktol

has var b$t tlkal tadr t<ail ([,H ) 1r talsne. LIds er to

$6e esam ptergd"f$ug1" ka regularl qn pletlekoll naail po*

Lfir6e vartetnte* apgabala, lflmes (tt) dod lg6ko eelu

starp di"vLe$ to punlttiem, kas let pa Vo-I'

!Igk6B6 noda|f m€s nossukslm pa kadas vartetiltes v

geod$tlekfin lSnlJEu tis ltknes, kam oslmlp}Skene lr on'

togonal.a V t*ngenttelpal. Lllcoes (tt ) t6 ta* ln polarfis

varlst$tcs gocdstlakfs lInlJas. Boz tap n$s rsdg$Jilsb ka

t6m plenrlt fsfl(a eola IpaSIba ( lzltetsJot par plerfidftu

ptrepemto falctu, ka telod R, rsEika oela fp*stba plemxt

tlkel talsnsn]1 vlsparlga gadrJ1Elg turpnottn *&$sods*

tlsko LInlJu tpallbas pterddlEaaal lr nepS"ect"e$ant Y&ft*

dclJu r6$1n1.
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].6.Lrdafatk$teprleks'ep}fikoJas'onrd.lmenslJu
yarlot€tl v* n dlmenglJu telp{ $6s noteLkalm, dodot tEs

tekoFg prmkta 1"{ radlJrektOru X ke nn bf,t!.sku Bananetl!|

1*l funlcelJu. taL ul bttu bfi,tlskl, 1r nep!'eele$alrl un

plottelrosl, ka vektora x plraie parolslle atvasinalultl

P6au*ne1rvlsosY*PunktoslIne[rlatkarIgl'J&!eus!$
Bgdil velda dots vnr m6s dabtrJam bezgallgl dauds altu Yo,

para:notrlsirtr att€Lu, alzvletoJot katnr ul a3 patv*lfgu

r*gltuparanotnrvlfunkolJurvlenrgalsnotelku$g'kes
SIm funkslj6fi 1r Jf,pll.da, 1r tas, ka to funkelon61d'e-

terrnlnants nedrlkst bfit nuLle'

Llknl tt) uu V, n6s notelkslm' lzsekst ketrtr u1

k6vlenapararrrctratskalEnrfrmkelJurl.fdz&rto'X
topparrtYeictorlil-ufurrkclJuX(t}.VektorlXlPaturgs

Jau 1e5:r1ek! lletato nozfmlS ar al,coentlam mgs aprfnsslm

skal6rofunkctJuetvastnBjurmrsp6otrkan6rvektorlYit

Y-o.l , Yf J apzilm6s X parclElos atvaslnsJuxres: plrmc p$e

BJ-, etro pFc u1r iGEl otro p6o u1 trlr uJ1 U't't' Lltrtrtogt kO

dabsJarr,Javlsluslizgemotulllrkoastan.tes,m6sgsuk:-
slm Par l-lfkn6ra'

Vlscaurm6splegemslm,kaaevlen$nelkrelr].1et5-

Jas*em atvaelnaJunr vektorlelo t1s'v ar beagallgu abselfito
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v63tlbu, kd arf, ka vektorl Y1 aplfikoJrnf Vo" Ounktfl H

lr: lfneEni aeatkarfgl.

Tanaenttelpa un Lleku&u teLpas.

L?. Lnmes (I,) tangente purrktE si 1r talsne, kes

nea voktorq

(e?)
\

IXt = | ftYt
i\l

u1: f1(t) ,

ytsf;ril !* ltknsm, kas let car:r M, tangentea ta tad atro*

d*s vektoru 11 notelktd caur lii eJo![ Epr ko u$s saukst"m

per tang€nttelpu. VdLrela atvaslnot (2"1) p6e t, mrn6 ltr

\ n -l t r-Xi:=f frft +.r- f1f .1ft.1i:7 ,1.'-'.t

Ja

teal

vetrstort x3. w xg kopd notele oskulEJo$o R2r k6 arf k1*

vies' kao attleees ua plrmo (t) llekr:nrt kd redzams no-

rS.BXnas Tlektoru Yl m Y1X notelktE telpg ' kc r*6u t$p$c

eauksl$ per plr$o llekuma teLpu.T ) qa kE X1J = XStr vsk*
1

toru X15 ekalte fr #m+l)m, vlpdrtg5kaJd Sadf Jumf;t kd,

( t8 i labfiE llus&s cekberl vlgl 1r Lrnes::J. nEatkarfgtr

plrrnat l.lekrrms telP*l 1r n + dlm*nsi.$as. Sf,df;

k6,rt$ turplnotr redas^n, ka vlsp€rfg&aJ6 gadlJuad k1 no'

telks vektorl." kas atrodas t-te llekgma telpfi an dlmen-

siJu ekalfi"r

? ) J.Ar$Gbout6n un D.J.$trvutk $o tg$tu sauo par3
ltekusta' apvldu { Ar&mrrragsgeblet )r par til}$}<Le$ Lt eku-
mlom nelnter"es6darnl.es[ fod. olt.-].?1,. - ]?S. lrP.).
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$ts gkaltlls 1r aug!6JE l-tEs llekrrna telpaa dlmsnolJu

roboZa. Otne robE?a 1r n, te kA ple deta n, sEkot ar kl[*

du llekrrna taLpu, vlsf,sr turpnfikfim llekuma telpEn 1r tas

Bats dlnenstJu ekaltsp gaur kc attleefgo llekustu 1lku*

mfba taps vtsnk$r$flra, Tdn plem6nanrr Ja apl$coJen Vg( RSr

t$e slp$na lndlkatrLse sastlv #";|*&f, 
saLstlt6m ksnl*

- -- -Y- - "f,E" paisltpes lf,'lrrrs.kA&, ksn€r VA c Rn *t n >,5 tE Lr' 'oetur'

llar protarns arf notlkt, ka apl,ilkoJante vektort S

nav visS lfnesri neatkarfgl, kaut gan n 1r pietteke$i

ltel"e. 1lg' plen6rsm, van btrt punktl, kun plrmal llekuna

telpat Ln $ val 4 dlnenslJas (akslEll nesp. planEri

punktl). *€eus punktus tuvEk apl,iilco E.E.tevl 3o L.pr $1.*

n$td d.arb6. &t6s tur*pretlp turpm5k piegenslm, ka aptr'tiko-

Janle vektonl Y tr lfnedrl neatkarfgl.

Ivien16 { }reusnlen } teon6r"s.

LS. Iulekot u1= t, r:n plegen:otr-fa)vl'Eu pfir5Jo u1

plrmle p etvaslndJuarl p5o t 1r nul.lesn un p+L-luats tr

It, nt$s d.ab$Jeat Lfk4u salml, kur vls6m lfkn$n 1r kopfgt

vsktarl X1r Xf,, . . Xp, tE tad arf $err6 * Fren6 plrotE

p vektorl tt un F-l plrnle Liekuml nl oekulLo?u radLJl

1r kopfgl" Ikkat,r'Sn dtvlp salries l"flcnsm 1r vlsnas p*t$s

kFrbfbas saskar$a:l5s Punlctd :{.

OtrddL, dsdot lfklu salnl ar $ddu fpaEfbu kEdE Vsr

pexrot vLenu ne tEnr par l-lfi<nl un llekgt t: u1r redzan,

ka pdngJo u p pi-rnlem atvasln6Jumlom puakt* H 1r JEbttt
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nul-lSm.

Tektonr t1r te, . . tn neonleatEto asu k*pf,bu m€s

sauksln par p-vlrzlenu. i'E red.zams, aug$d ap}fikotfi lfk-
gu salme not*1o ts.I salstrtu p-vlrzlenu. Arf otracl, p-

vlrzlens noteLs il&du saLnl, vlenfgt vektonrs t, mds ne-

varas! 4er:rt pil.nfgt patvalfprs, Ja 1r tlota V-. t1 1r Jd-

lzv$J,ae tangentteLpt, lrda ar ka 1r notelt<tl f{ vsrtf-

bfin $el punkt$ g:noporelonfiLl llelunrL. La3. f{ noteiktu

nlennsafmfgl, rcss varen uzLikt k$du ao*otkurtu pa:anet*

ram t, pleusr*x prasot, lal tas biitu lo16 vlenal no Aok*

l-€,{s$g* saLmes 3"i3qnEn. 5-E io rdda { PS ir tn ass 'tad 1r

J$lzv$l"ae fe1,5r$ fim+', ko notelc ta'gentteLpa un vektors

A:f r{rjrr, ,
,, t'--' :'-tl

lrae dod f; t:rtrt'r tE ka beldzot 1r notelktl $181 f,t a't*

varLn6$urnl, X"fds p-tai k|rtfoal, loskaLtot. p*viralerl&z{t

atbtl.stog6ln lflqrxdm tE ta,i 1r vlsr.az p-tfis kfig*fbas s&s-

karHefl.Ssr t$g 4eniot Pa divl.
19. AtgrS"e?ctles pie ieprleks6J6 paraSr*fa sskumE

nln$t$ ps.rarsst3r&f apafn€slxl ar Z veittara X p+3.-!!1o p&,lt*

el$lo atvasln*Juma Pde ur. Tad.

{a 2 r:e$p* Tt fr attlecigo vektoru konrponentesp

kas cntogonslae vehtoru t1r tE, . . tn notelktat telpal

Rp, rm trtas nrleu norunas dgljg3vi nevlctne,--1nu11e un 1r lf-

nolrll neetkarfgallr tad

\
xp*r=z+fr.rrtt
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.'.t rrt

Bf s*i(anfra lztel.o, ka voktoo* Ip*l gaLn prrnkts

var gekrlst an vlsleur gallgE attitlurn56eo5Lem punktlen
J

( Jo sl lr Batralfel, bet ar galfgu nozfsl. ), kae atrEd,as

telpd %*1r kury* Let oaur purktu x+Z un satur yekterm

31 Farall€l"es. Sf te1pa aclnredzot lr neatkarfga no

vektoru ftr reep. attlecfgo lfkgu. 1zv6l"es. Ja nu S Lr hi

proJekclJa $al te1p6,

t s-l')r1 ' g

xp*r( tr-t: ) : ( it-:',t )2

u,1 9905

un

hi un Xp+l poattfvlem Ytr-
un

Apzfn$Jot sr g leg$l starp

alent"ern" nedas,u?s, ka O.( 7 .
x-
t':

/ %*r/cos { : q}T-ii \

Ja {Ls} Lr sar.ffis l-Ibrel kcn Xp+l-- }$-ld , ur} kfidd eltal
lflmet Sls vektoxns 1r kaut k6d,s, f bfis So abu tfkgu p+X.*

no osl:ultelpu leg$ls. Ho otras puses, katrai sal.meg lfk*
nel p-taie llekrsns 1r proporclonfls{Xe+rl n SolXpt vlssm

1r tae pate, TA tad., apztndJot ar Fn * Fp F*to Llekumr

rr* llekunna nadtJu lfknel (to), katral cltai satmrs l{k*
nel tle bfis

k^
kp=so$z

)

rn : rncOs



kas tr
ko$s:
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lfenJg teor6ngs vlspdnlnd5ums.E) sd rnrns r6d.a se-

Ja ar ketru saires lthl ealatgn' prmktus

K.-- M + tp+lkp

P : St + tp+lrp ,

K geonotr!.skfi vLeta 1r m*l dlmenslJu te}pa, kas bormt6-

tlska ar \+1 ga}& ptmlrta SPss$trlsko rletu, un P vlata

tr K vi6tes lnverst lode attleefbfi pset Oentru St un pa*

kdpl +1.

$eurslm taged p: 1r r:n par6J6s peremstxtl Lfknes Ls,*

r
v€lgstmiu*lta, lal Y1 lzYelCotu ortogonalu p-sCru' Tad'

J

rtr:S1 un Tt=Xt (1:tr$p.'$)'

Lfkne ttul a1t vl$uassko plrmo }lek'.mu te bris t$r kan t,

ir pernendtkul$rs pret vlslern Y1r td tad pe:rpendlkulfirs

pret t*.ngentte1pu. vo, lrh,reel karn ldda rpa3fba pteaft

katr6 pr:nkt€, s&nc par Sood$tlsk8m. Ar ve.::L$elJu r6$1nu

palfdxfbu v&1. pier:[dft, ka ar zln$mLex! lerobeEoJe$leu

notelkumlem geodftlskss llnlJas lr.Ts$ffis V* l'I!ryu star*
$)

F![, kas seylsns dLvu* to punktus. AttlnamHm V*( ]k+t

turprotf, paplldlnot *fi.su sprtedprnrs pa!' fll$revslfitgnr

Eo geod€ttsko tfatJu fpa$tbu var pler$dft arl eler$entd-

rs klrfiI, sao poetulgJot lsakds LlntJae lpa$fbu telp*x

& n{ ta1sn6*:'

s) Bo Labt paufste$e sakarfbu pler6da plom'
s*H*Levi' s;agglo iulle lfecrla ... 38. t 55' lop'

9) Ske_t. plern. f.Levl-C{v1!41_}er *bsoLu*e Qlff,e-
renttai.tiuri.tr'(5;;ils;"1-irizei es {so. 6L' 1''p' )
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$enot t = ul ua lssakot, ka vektor* & 1r ortogo-

rr&le pr:et 11 (1= tr,]n..m], nr$s dabtJam ul*], otttfie kflrtf-
bae dlfereaolslnalldrslnfiJurnr ftrrkotJfim f1. To vlsp$r*6-

Jale tntegr8ls s&tur$s S{m-l) fc&tantes. Vlspfirfgfi 6*rlf-

Ju;l?A gead$ttokds }fntJas kf;dg v*rletdt$ Lr notets&xta.st

llekot tar. let cagr d$.vtem dotler* prinktlen' val. g,nf, d"c-

tE prmkt$ let dctfr virsienE.

Punktfi l,{ dotd vlralens oJolae geodgttsk€s Lf,}snee

Llekurmr, ml.Es sauftsl$ par V* good6tlskc Llei*x** dotll

vlralenil, Ff Lteki;ma atkarfbu nCI 
"lrsj"ene 

:l?Ss aplfikoelnn

ned&uds v$L$lc.

Varlet6tes p*vlrzlgrts sgku.3"l"eds.

*or K6 m6e iau atarf,,:lfJHm, rrtsam P*rrtrralena pinrktH

H nstellrtlle $*lr.le$ Lfknsrr tt) prr:tn$s p-l oskuLlodes !'n

tFspatae.!&*klsgtmp.tlsee}nrl].odgeeentraAgeretrlsk€

r!.etu. t4. Lrpr fsrsrdl$ tg$] llskot 1-- J =p+1, eEbfiSan

(sei

Pis tam vleam

Xi, !ca* 1(P.

t A-al1 )Xp+l = f p*1

A =&p*t + dtn+l

tr,l fp+l ir tes pats,

fpsfut6Sot' dp+I arn d"t

Jo tanf ielet tlkal
alzvleto$ot * ar

I

Xp*l ar td nosfm$ un

t'ad tp+lxp*l : lxp+lin

(s0)

Lev6roJot v$l. tor ka p+I<nr un tE

{sil) dod

f arbr
i. r-

a1

+f
t'r t

dlz, a1E1j ' b +



**d]*

ln$l b=fp+!t(*p-1*Mig

bX=- (fu*f - iF)Xt

Fsrumr}e ( $$ i dod d kt p*r*xetrcr a

rtsl$ tagsd inrersfju hr oEr*nr fu*1 un

"ere*l.t 
pr#rt* *t lr

Af = fu*t *

u&ufn*" kte stbtlat e.1= 6r
a

{ er ( bTr - ulPiA'=Ao*ffi)

rr r9g0O

iS

a

f,r:nkof$ur Is&**

p*lrf;pt +1-. A tn*

Ja A, Ln At

At til tad atrsdoa tolpf; &o,1r k*E cslrp &o f!,lkt& p*lrtL*

!.61i vsktsrlEm bYl * bl?, un A ntr*das F?s tolpaE lnN"

vsrsfi lsds flru,,I, kaa let saur A*-1" $a A* fr $f dt*'

rwir*I,l pfEtslnta puaktr tm (Lrl nalxros lflmap k*m

t = *s rs til t*d d, *H= (6." * fu-r)tngk*t*lfi'dtrln.e l&rlat

d : dncos f

ktxr f tr }o4Sla, ko rsldE stttoafsfic lf,h** tp*t atr tals*

nl fo*14n, #ttlEE! vfitrdlam, A l"r *t' prcJekstJe un t*L*nt'

persXltllr tp*l saur fu*l. '?* *rr * lr kgess satms lfk*

ns$ {t} p*tra}f,ss B*til* sskul}odoe prrrkte r ts kfi taLunB

*S* l,r: artagmilln pret *tfloefgo p+}*eo oshrltolpur

i.utbr.
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(s - An)?= (g - b-r)8* tfo*l* *)?+ (A - an)z

= cn-12+ d"3

V!.gl F-to oskil.oEu prmkti tf; tad atrodae w e**prl.%*p,
ks noteie oa'*r m eJoFte vektorl x1 t t = lrpr..F )r E rm
YX {$= ?r61.nl'}r *rf strfidl, [o todL [go[ot ar kfidag (fi]
p+}-$s oalnrltelpu, rase ctabilJ*n attLoofgs p-ts sslflrllodlr
Ff leueele d6$ in d,ab?gl nosairkt lodt ***-, par varlet**
teE V, p-vlnatena mkullsdL.

Seod6tlakle llckuml_.

, 21. K[ sr6e rod^a6Jsm $6. L.prr &r d.l.fereno$sennr un

lfnofiru noudstaEJura ntrtclnf;sanu ir' lospsJ*ms atraEt
dotan- verlet*tog F-vlra!.ensm getstfto lfk{nr sadrnlr

Ssod8ttsko llekumr notelkBanat bfis tadevfgl XSde

?*vlnzlenu sl,sts$e; tang*atteLp8 geualn p oavotarryrgJl

ontogontlue vektortrs tu, un psr tg senstlr attLastgas
noruill"Ea pr*t tangenttolptr. Katrsn g-vtrzlcnqm atbllgto-
!E oats6 tavsl,sslsies pa llknet (r,1)l Efg rr l.fkrnes Bgs

gensLn per pa,ranstnr 1th6n, rm par parar€tnlem - to
Lokus. S*dfi k$nt6 u6e iegflstam punktE t[ ortogonElu ].oks*

Ll geodEtteku panemetru llnlJu s1at6mr.

Ja nu (I,) !.r patvalfga llkae oaur !fin un t tfis l.oko,

ettlecrgle fl bfie t8g tangonteo vr.netena koelnr c, attle-
EIb6 uz m-sd.ru t,,. Lal debfitu (t) vtrstena (o1) notetk-
to geoddtlsko llekunr, {28} fsnnulas dttau vektoran rgr
kas Lr ortogonElg pret x1r Jabat arf ortogonilLarn pnet



* 42*

(r,rYgU8

rarlstf,tss tan&enttclpu, kas rdda, ks ryLst fn = O. Soo-

d6tlckals Llal*rre, kae s*lstftr ar. 
"iraleau 

(c1)r b€s

tl tad wktore

( 51)

abgqL$t$ v6r*fra. Puskte H + g goonetrtsko vletu (6) da-

lfdLou e uB tl l.r aplfikoJu$t vatrf;kt ao iovad6 urla6tt es
10)

pttnleklean. filpEc m$g arl er So Jaut*Jume vlsp&rfgaJf,
ggdXjunfl turfik nenodarbostmlos r

3A6s rlenfgt lsurr& aplf,kootn speotf,,to ga,&IJr$u rE= I
tn> ei), }rrrr noEkaldroaln lIdE Slnr, kE lt*kaa, v6l neat-

rtsiaf;tu J*utf;Jumtrt notelkt dtvur dlnenolJu van!.etf,t6u

noil1o lXbu gead$t!.uka llekrllsrr ekEtrdrm, skaltur
fa n= 8r ur, ,f t? Lfkp {tg} r:n (L} pegltfva vlr*

alcnu lery$le,

c1r ses / On : sl,ny

un forsruls ( sl ) tsp

ts8)

tlokEt I1l_ = Ir+$r I1g=Q r "h,e= P-Sr

forrmrLa ( Se I pf,rr8rlac aokolaJll

19I Skat. lt fpaFt J.A.Sshouton u. D.S.$tru,lkg
htn _Krfrrsrungsolgenssheften. . . , pEdE Jos paragraf,us, k*
atrodani arl nonildfJuml uz ( C) aakariem ar o{t*n kinflgu-
rf;cfjfimr ko var la1tctlt geodEtloko ltokunu p$t!ilanal.

c= LoroJt5
t,J.. I

6 -- Y11ooaft1 **Xrnaeays*xy + 4rstn\



*45*

1i ^,gg0g

(ss) o(y)=P * SeoaEy + Ostn?y'

punHs !f+0 tE tsd atrodas pl[ksnar kaE eaur punktu u+l

rllkta BaralLsS.l vshtorlom s u$ Qr ulr tu3 ellrsksta el-

upst {e} ar Bentmr sI+P. Dtylea ortogonelien vlrgt"enlem

yn tangentpL&ans atbtlst &famstnillt pretsJl tg) puttktt'

ffi6e tf; tad v*ra'ut 1sv6l6tlea t h. ) un t LP l tA' lal tdm at*

bl.I*tu (S) vlanas acs gaLe punktL' Sfi kd forxrrXeE (5S)

f,otrlna,pallokt6p*tf,rrektenr$rrnSvlrglenlrrnabeg}fi*
t6s v$rtlbas b$e {X} seu vtraleal un puss'su gaprnl a' un

b.saparp*natavlrglenlensemgmloprloks6Jobleektrl*
s&s!(&1}un{x,g)atbt}*totrsg(ts}asaga3.epunktl,t"
i" $ un I qpnslnEs vlatfis'

s absotfit[ vsrtrbs tr ekstremslar kad o let p*

rrlenuno"lsnkilr!$xrt}gfl0s].Sm,kaonosvllktasus(s}.
fo psdas ur tsi 1r arf tg nornrf;]u p6d*e, kao no punkta

$tr * S prs5eka1!*e (E) pfglrsn6 * 1r vl'Lktss pret (E)'

Meklstal.e n*dlo 1fk9u SOodsttnke }let{ul1u ekstrEnu skel"ts

b$s tfi tad 4, Ja &' lr tEl evelf,tas leklpusEe t'1' Jt
tL{

tuxf + tuyls -(at -b*)t<otl*1

ue2,JakretssEpuse'lstelksmelrpozltlvavalnu].le.
x 1rs y te 1r lf;r ortEsosfilEe koordlnatasl nsrltes Fa (E)

asla, kam atbllst pusacls a rrn b' Mfisn gad1Jr:nf; ar=P$r

by = FQ, tE ted astelhrng ( 34 ) toP

tg{
(Ps)T + (Pa)' - 1s{-8r)t<o '
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Kil tna blJa aagaldEnrs, krcl,oEs puses tateLkens 1r slur.

$!6tnlske attl.sofbf; pret $ r.rn Q, t6 tad neatksr:Ege no ( g)

ass lzv6lesn kas notoloa (t1) r:n (Lg). VtenfgaLo Lzg6unr-

ua 6adIJuna ln tad, kad, (S) 1r r14$1s un w atrsdee us

tf, see. Tad lcl tr neatka,nfge ao Y, SEdue punktua var

saukt par n*baa pr:nkt,ton (omblllc, $*betpunkt), Jo oaur

ttem eJoBfu lllm$s vtsdnr tr tds pa$aa geod6tlskf; ltektnsa

IpaEfbag.

f:f,. Fqmnrl*s {$a1 un (sg) vlegll dod da}Edaa g6e-

d6ttek6 llekrrss vektera S fpa$tbao ' tS ples6rem, Llekst

$t= o({1, {L =CIpl1trs}" ct 1r (E} vtr.aotgu radtJvektonl

ua katrs clts * 1r laEek&nt clrgnptr^iskfl votdE

(ssi
3

ct y ) = fo1[* ur'ly -Li t -ls '
' t=c

tA kE Gt nar lfnaf,rt uoatkarrfgtr vLanu no tlen rer

latellrt ar per6Jlem, bet tad sfid forrnulas { $5 ) e$.uffist*

rlJa. $$tetr ka fsrnnrta tg$) drfs$lc uaskgt$m& p*:l Ellera

teor6snE vtap$rtnf,Jumun kfi forrrula

L slnrg, -+- + cstdy, sLiy" ,Tr= 4- '-q'- ? vilr'r

11)
ko dsd Frffsne:rers. leJf, pEdFJ[ lndeki 1 un ? attlaoar

affno r

va &lp$na indl.katrtase r-did v!.rslgnloxl nf;ko$E paragraffl

urr$s rarta$stmr ka vtepfir6J& gadlJum$ 1r' dlvl EEdu aau pS-

f,l {aksl[}!en punkttem tE lr pat beagalfgl deuda}r ko

aalsta earsEglta sakarfbar tS kf,, F.KereI€t*, f,orfftrlec kon*

tL) F.K$miargrr 3ur SL$Ehenthealll@..*1 lg. 1.p.
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stent$w rnr b{t dttjs t vtt beag*lfg!, Sx$dses ] *aEfider

v$r*fbu slst6rrl*s r F*rrsult t $$ ] tlrnp*utl'nr Leap0J*rn tl'
Ir*t Sg pcnrucltil*ljn* lar aksl"f;lLss punkt!.amr lnrr SN"tf, ne

S1 cukrtt as F1 ett sl€ffinta$u traaeforc*ol$u tfi [r SSr-

v$riil*m k}*el*kslf; ffl}ssa f,srxnr1d*

Fssmrl"* t S$ t st*rp cltr* t{*Si rildar k* r*sskntot ?

g16r lfs*&mr [*tke *g3k*t"$u' pmktc S*G tdtlptas tfir tt kf,
lel

{ m } esntra t* pterllk&rr *r hvasl*el*sti*}rtr *p6ku*

frlo$na lndlkstrlss.
*$. ssriatf,tac v* tri.piln* lnr$.thatrta!. tD) puaut* H

yr:Sa d*bfi$nm* rrs k4tr* viraisn* t*n6*nt*olp$ punktf; S et*

trtek*t attte*fgf; good&ttale{ ttakmss re$l$* kv*dr$ts*knlL*

.Ia r ln {$i t*gsil& p*nk}e ra&tJ*ektsmr { n} se[fdain6Jumr

p*I.Hn*s kcstt&l*f;tfis b*s

*4str = 3,

{ ao;

1g ) $kei. FrKlanerent
f*kta plerEdflenal lletltl,

/ 1^ .t
O r1r5q5) =r. .
\.,F7 t

lrur S r€rttbu Sd' ( sl" l* $enwt tg ;la:@ksrts k*ax'd!'cdtu sl

astm, fs1= xf r un t S'i rlotldrlnt$ums BaJfig kcqlrdlsgt$s 1n

t F) l"r dabfiJ*ma *rf sttsd* oe$fi* noaeka gemtr{'ako

vletu tleru Y* Fxnktism S tr:vrrr$r ku$r atttlus no S tan'

goattalpes n" f, to srsiso6 terlgtnttelpr, lgdare hottot{f*

etfu ar septru l{ cbtn**3bf; i un llek t tlektlss us !rr*Il'
f*s vlaglt tsd*lt*w, gorxot ksoFdlnltu asls tlr 88r 'rlss

loc. elt' !?8* 3*Srr trcur *f
kaut ant felr aPr$$ttrt r
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tan6entb*tpil {pl.arr. p* tt}r S*r6$$s t*!" Psr.psndlkullt{

telsd $n hel.de*t x1 (l: Irtsr*;t$) Pnr p*nfir$$trl.elt u'' Ft€-

grrl$rfi Q, punktfi b9 nnn*Str I nsatur$m bfis aB&lsfi tsvfralJur

rr=/r1t11r,.frr!i + 6J { J = m+Xfad"firrrpfi}1

kur f 5 tr str** Pir**Ws kwagtn*$ f,erffiafi r l,llt #$ ' Y&ss*

lss rla*46, kn6 s$k*e ar trolf;s pakilpos Locek},lom* Ssd*,*

rst ei:s$f, n:ta$tfi* eser*tiJasr dcb$$au (*) ne]'fdrf;.af;Jtmr

t&v 3 in3 ='
i:t+'t

s$t tS kfi xgxgkosftaL*nt* fortnH { t* X1g }eouponente pe

fis aot, nEltd.atns$ums t.*r; tr tas p{tts {$$}r tiket p$r*
Iit

r*ks??*s ekslilril f,*m*t"

*bi t P) nsl,3dat"nfi$wnt Yteglt dtod d*!sa tt6 fpt[!*
bcsn Yt*pl.rsn ts) 1r aetr:rtf;n pakspa* fo-1* koa !,etvert*

tangnutt€lFfi* ls h**r H Lr siffitrlJ*a *aa&xt" K*tF* tan-

g*nttttpaa tst*n* s*!ilF e s*El" { n} ffirrw rc*trEe pu'l*ctoa*

{ s} rtfi}fi 6*l.sr kss etbllEt reXliltrt ff&m$*e $a pat*s'ta V6r

t*igt**** \*rrkeo *affir ns rlsr#r tr h*nvakEa, * tlr Ja

n= Sr t*) rnr a**ttv$* ae dlv*m eat.sttt*ut htpcrtolln.

V*3kst ( p) se&*n*s* p,erallsl* kfi*sst peatf,vfgen vlr'
alaanm" AStfit *&c}ilsnfis prrnkta *ilfigpgg soatrt goonretrl,il*

kf; vlat* l"r rs$Is %*f ce*sr M* tn) tlpr venlrtft€n; Lf.'

&a?gL k[ qtr*s pe,k$p*e vnrt*tt?6na, ver6tu lastrt*f;]{'dL**

mtsnf r,rnsdtaw*tr$la *etrBrru teorllu. SEdu un lfdaf{n'trr"ut

tsfr:nnr le$trsililrn* toruFr nel.atllpst !f d*rba *p$M;
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scrrtaffixstspl&stsvslvlen$lluts$umlllnrrdl-
*!. Sowrotr!"lm atsd.Eltnt at|*uJ tsvalrf,tl'aE n* s*flen a$'

r8$txt,tlur sretl {n} sfte* ofwstrlf** *ara |letslffi*sut *rd

s = fir ts$S $ndfjsd t ss ) sa$r Llskgt r = t1r Y =&f

t$s) tfuns**ltsty*k**)9=1 t

n?a f,' -rn V, t* efh* k{}nrdfufittl I uu 1 6str {J} ll;t t 1} n'e'

Eftfto virei*n*r lq$f* *tF f; aEl posf,tf,t* ti'rrl'omr;

*= Juw 
rl, 4" Ie;w 

Lh

f = J*La'1, 
+ 1sl'n f. *

*lss***e!*t x te g ar Ffm v6r*fb$wl *ak*rfbe tSS) tru

(sf * sBtt + e ,e;s= r
g= o(f1 ) r *=vlf,.tr l

* : qless f,essyr* \at &s*y,*Lfryz+ nxny*olx) + x*geilry51nY,'

&ar t f i ugt** strfs* srxsftstvt l*r **s rtrai-an*m t1 ]r tr no'
/

pt*el*scpi- rm ptre ttoka[i' ba *cwules ( mr I l*eLaf; pu$a

pse*S ls*sk$ t'1 *t Jt kooflelantr* t"tknstt p**alot lsr'td'

r*t** tng *rf t1) t8* elm?r1$*c **e rtrsicmn tJlt t'1'

t I l u* {1 } bfi* eal*tttE *f,gxri rt-@trtri*e *rrr pfulrr lDa

kasf!,s*.*atatgal$aJsfi$nEhol-}*:mnsEt:dto'keBlrpcr'
practkulf,rtprat*tra$*trt'*prFttoplsksnl'Jov1a$-
*Ig* ggdf J',d I netn:r b€* snlle '

Je E1r dr kEngtru6Jan k6mr (K) ar rlrsotal l{ ua Tt*

dftf;lu (Ell rn veI?ortrs lr B un C $tlktltr qaur ?$t A u*

tra pa (r) ralcotttls (r) uB (clr bet B - ptl A un C ncn

r k$f
ts*1
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trtsbf;s ptk*ffi* pol*rt *.ttl'ss$f; $r*t {K}" Ste$fsr ta

ar F(Vl spsIg*$*n vahtsre S ptrrsre stmst'ilf;Jwnr Ws y'at-
I

*i,asf#p* * rra F tf;rss*s. k€r#tns,et, ds *ebs$*$ vleu$ ?Fk*

- t#t:tts; h*s *txqd*s {K} t*m$*at'Blficra$ Btf set"dstilJu t&}'

f* ks
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