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B rccrcg,onarua no ocBorarIrE fisrn D.I.f\yrsror [.2] ercIa-
sar npqAtrora€loro o c!,&cr!o!a8xr nololo ?raa crerFs - Q e n o-
rFlrororrqecrot crrerFr. Horar cxmiprt rytb-
reer xAeD pe!fionpaaxr (prarltlecEir o6rextoB Heroropo8o po.qe no or-
Hooer D r( (Frsxqecr(oiry sar(oHyr Aeficral,DEery AJr arm o6rexroa.I{ay-
qerfie {eHoueHororruecron ert xerpr{ll cocraBrrer npeAreT r3op{ll tpr-
sxqec83rx crP![or/p.

llanur,qno nourre (Frcxcecftofi crpy(rypr [ore? 6*TE o caHo crc-
AJ,lrryx o6p8sor.. hrcrb .qaru nporcroJrhmre rHorecraa flZ n &, u {yrrx-

'4(rl 
aa m / ?21\, r(otopar RqAoF rrspe aneueBroB ( t, q ), r,qe

L evlr 4 €?2 ' Claarr a coor.Eetcmn€ r€qpcrr€[Iloe tacro e(la) €8.
. 0nPP{!:,IEIIIE. ByAer. roBoF{rb, rno t.pof,ra <rrz, ,2, a ) o6p8y-

e? 6xHapIrlm {$itrqecryD crpyxr}ryy pame (r,e) , ectrr AJlr JD6ia
aaerixroa lr,...,!,eXZn c,r...rt elZ asnoan ercs lasstcmo:

o[a(1rcr),...,a(1.,c.),..."a(trcr),...,a(r,,c.)] = o, (1)

rne tZ I 2Z - rotototwtecme xxol'oo6pasrrr pasrep{ocrr GoorBefcr-
aenno!= s-1 x n = r..1, a(lrco) - t(+...,{'{,...,d) -eo -
cTaTou{o rJraAr(ar $fiI(l[rr, cyqacTrelmfl oop&BoL saHcrqlr oT cBor.rx

apr!,xer}roB, r qssa olo. Tourfle {op.yrupolrcr i ,qomsrrerLc*ra
npr8e,lBm, r pa6ore [3]. AHerorxlrro Lo&ro . o[pcAen[Tb {xsrltlecx}D
crpynryqy x Ha ollrox taHorecrae.

Bonpoc o clqpcrroaanru (porrecrm cr?yx"yp tla A!!a lrceer-
sar 6Br norrocrED peoex l. f.lhrannmerro [4]. Iar-re or xccreAo-
Ba.! OErqecryD crp!fiTJrplr Ha oAror rtc€ella pdlla ! = ll"Ilt slotr
crplnrlDi, 6ur HBtrApH norluf, xa6op Aotryc"m[ rrEa€lfl, lh,rlto x

!
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E(1r) = f(tr ,yrrJ,tr ).0r88.[ocb, uro lr.roropue Erperieaxi a(1J)
coBnq,qpr! c rsDecttolor rctrlxra,r[ AFFepro( reoretprfi (rerprrcr npo-
crprrlcrB rrocrottorof, rpt!flsrtrr tl pl!.lllrsnD( rulocrocrei). Itpore roro,
6lur norjrueHc f, HemsrecmrHa pax66 ADlreprfi€ reeprxr. Taxrx o6pa -
go.r leor.erprr lEirspror r6"prqecro( npoerpaflcrB .qae? Har nprrcp
6xnrFtofi (tssrqecxof, crtr[n(Ilrpl H8 o,Erol, LHotecrre p€flrr ! = 4. k-
rectBeHHo rrye.4noaorrrb, rtro lieorerprr. !.{€I)llta erprqeclorx flpo-
erpaHs[! rrrr€acr r(oHBperHofi rarepirperaqren 6nH€proi c8PyrEypr
para roe2 Hl oAror xHof,etllle.

lrropor Hac"orqot cratbr 6ur tnspa6orax o6qal
mroA L[r rl.xqad , {Isxc6cE crp! ljD paHla r>d Ba oAHor rro-
rocrrg.aror EroAra {acartocfl ,noalortr aBarg"arllro yrtncfl"b Hr-
roqgo e cqyr"ypia pema r=4 x lxocrr laot relrra ! lonpoc o qlrDr-
crlcrlloctr praU. IU c"Pyrrypd paHFs !'{ notyr€lro lcaro lle
ooptyru, mlollfi orra"rr& lcs I0 peom t,qr, nFBqE$mc r paF
6orc [4]. &l c,lpynyln parns r - 5 rneplta BiiApHb Bco
rx)€DGgolo Faorcrym.

B o6qd cr) raa noreBaBo, ttao rrrAoi (PrsBqecrofi crpllrrype co-
orBergrayer' crcleraa Ar(HcpeHt$arbHrfi ]patHero{tr a qtcrrG8 ng)rcloA-
rffi nalDoro noprl(l{.,, tro{opar r lrgxo4opor cLucr€ macer enllrfgrEeH
Hoe peoeHxG. npt xccnelprrroor afo, cl{cter lrcrolr0 ee coBrect -
Hoctn aogntlteD! erre6pr Jb cootletrcrllqoi peare1rroctr.

orclirrccrt flprrq4er rperxlm flocrexoB-r= 4.

JrI'l'...'r r rfr,xa$t a: Olrnt +\]urogar
r(y slatta{. ,q$lu npoxn Bor$lsc rHor8c,rlo

rre [r|Ao, Bp <$>c ntrnt
rpo6!Er, qro6r E! 6ct!o. llTb oso

0Z c otetanteI, !,
e[e$t" B c0olE€rsl-
qcro a(1J) € 8. Ilo-

EO8OO6Faror
a(li )lrro !. r4 ). forla

: a(ld) . t(t
FlroFrocrn r.2. (llanorm.
6!EC! rlerr

. ElAer !o!opr"b' *i napt (fia, r'trr
e)

,rJ rrJ)
o6pa8y€r {x-

alqecqD G{pytrtyPy p.Hna ! = 4, eil D,sr.[D6Er qs!rQe!( toqef, 1'J'
x. S, e & w** rocro oa! cnoslb:

(a(u) dt) a(rr) a(lt) r(lr),a(rr)1 . 6. Q)

norpc6llcu. q?o6r (bma$r a(lj) ' t(r ,J'r;rj,rt) 6rra lpctarorIlo
rrq,qloi r clqoclri to. o6prsor sltrcgtrr m crom qnS,rgror. lla
Gynnqo a rr.rrsr orp.Eaqlrua: qsil a I o.
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0xaarcaeecr. rro tps6oBetfle clq€etaoarHrt (2) o,q-
xo8rll![ro onpqApri€r nprycltrEf H86op sflpc€rfllt .(1J) r !r{A 6/HE-
s$ O. B rlecrof,pf, pc6ore r, 6ynFr. xcrarE f rrf u|]q, fi/Hrr$, r(r.J )
x Epoc,rq.qto.r xar( EGrr[r.Dt a.une6p & r c"p!firJpe pallr8 != 4.

npoArolepc8$pya. coonHo[€mc (I) no rc* locD$r [rplrsrptr:
tr 

'yr;rj tJ rr 'yr.r, ,tr . [lollnar cnclgry xa locl.aa .g{HEpetqxub-
r fi lDalHerfltr otxocr?etEHo [€g[r qaciru npoialomfl th/ rt$I{ a no
mlnpry cDoery apPyrelrry.

IarprF ftootlfttgemoB cxc?Gry ,resr Br,q,:

a!(U) iar(t) d(il)
Etrt-laGi- ?i[It o

o

o

o

o

3l

!at(r)
lail-
l"
I
lo

at(u)
oy(1)

at($ )
a(J)
a($)
ar(r)

o

a(11)tIr
o

o

o

d(rr)
a(J)
d(JL);iil

&(J

o

o

o1)
, (3)

o

o

o

o

a(lL)
ar(k)

ar(JI)
E (l)

(I1)
tEi-o o

c(!r)
a(1)
d(11)
6il1)

u)
3

d(rr) -(tsl)qr{l) ar( 1)
Tar xax q!!d tl O, ro crcrera rreet HeiF!f,!.rurce perene. Crqgp-
aarorbxor D6otr onpelp.Errerb DcroFo nopruBe rs nrpg (2) p.!er
rrym. Peccxoapu o[parplr?orb rl*Tono nopiqra, o[rcqerrrr rr!,Hrox -
por. loano noxaaatbr iIto oH He pelcH rryD.

lle acex onpegerrerei Eecroro nop{nFa, parl,[ rryD. ,qpglaroq-
BO plsCnotpefb mlEro lter Io'loFt€ oxrlr!fit Hg pl[r rryD onpe -
.qe[r€rr n*aoro nop p. Tera
pasrarer no mplory 6or6$t: "F. E,

{# ^I.o1.^o(ur) 
. ffi r!(r}r).ro(rrr) +

FI)



. *ulrif rflru) 
^o(14) 

. #+* ^IrE) ^o(r1) 
- o. (4)

FAe F = I,2,3i rf, llt - onpeAerxrerr rprbero nopr{lo'

d r)
d,
a(Jr)
a'(=)-

llolllo nottaaatbr qlo Farr cficlm (4) paren rper. Pas.IpEor
yprrr€lcrr (4) rre ro(tl) . lo(Jrr) s s&Fucrpysr xr{pics t,l. IIL
n! ofl flcr€lry rs rllx HaoasxcrE yp$Hsrui orBocrterbHo Slrln$i
l(lJ) = f(rr rrr i!, ,rJ):

#{l r;tr.r , #iif r$rr . #i*-rfro . 49 e!(r) . o(6)

p,qp F = I,2,3. rltr) . r$r.,r.)I rflf) ' rltx, rr) r a.a.
tloryq€HxF cxc[€ua rlrrGlct norHol. .qprctlxlorbHor xsol'

ypalHorqe cos..qrHoc$r c EoroSD [p,vl-cro6or.IIr .060, nrF
pr lrPsEHeHX, f, nprcoasHtr €tro tl crlct0a ( 4) rEory^LNa qsltrPc yPr,r
H.lorr o[Hocric,&lro rrr"r|I)6 Hoxa!o(}!|u - qrcllIfi rrpoxsloArr[ (hfir-
uu l(rr,tr{J,r,) no crm q)rpGnu.i xx o,sr. &r rolo1rfi Ha
p3aBa ByrD. (xrpeAprxrGrD 

"at(!i 
crc{atrl flcnFdEiqp p.a€H HyDrr.c.

Irprurclfle co aslrocrr rsrrelcr itolGtnlot ro$rullreto, yp.lIrsrlal
(4), rro r ecrD nFrsHrs florrolc c slaor (4). Ipeurerur co!,.€crHo-
cfl rrGot rtrA, all.roraEod ypalrl3rflrr ocrtoBBoi crtctry (4):
a!{lr}trr * lEllPsSrl +*ii.2.aitr) +##-rtrr) - o,tz)

nro ur 13,3i af(r) . rf(r.;r)r rl(f) r ilrr 'r'r) r r.,1.

li norlr3flo r [6], iqicoo ypalmsHre coriosnrocrrr I (?) r!-
rre"cr .BHsixol ror6mq[sfl c nocrorr{r io!i[D!$€|lr.!r rc ypas-
H6rst ocHoarmf, crcrs (6). B onepalopIo, |!oFe lfllo artflcarll!

tl?(lJ) . o - crc{era (6)} tl,lult(rJ) ' o - crc*ca (7)i

1r*rJ . ofrtrt ol, = -h
tt$,trv,rJl + [rr.trrr.Jl + [r.,[r*lJl . o' (s)

nIF p.v.r. 1PB.

lar(t) d(rI) |

^o(m) 
. Hll, Ill,l' ao(rn) .
mj- iln-l

d(Jl) |a{l) l. (5)
ar(Jr) I

d-lj-l
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Taxm o6pi,gor, c{.pFrype pama r ' 4 cooaB€rcrBlllr rpsxnrpr-
rerprqacrl{e eJre6pc Jk, a l($) mm{o pacct ttprBrlb x.lt llyrro -
qeqHlrfi rHEeprsHT coolrBelclryn{er rpgrfllpJ.grlNrroctto, fpylrru Jh.

- B coocxorerrrrt (8) 6ylBr lrasrInarr IFa crryaf,: 1c[r1 I oi
Flrl = o. Peoenre orcreru (6), r.e. rrru, lnA lryxrrgx rfiJ)r 6Y-

Apr cyrcctBeBHo pas.ltno*oa B o6oxr cIycifi.
Prccrorprr c.[]^trfi lohl I O . qparucl x Aplrorry 6.srcy ti .

. a'fv r rgp apy - Haoco6eHHat xrtrpitl.r xoelo nq)€fl$l r [orry -
rall{olluL coolHouel[{fr B rltlp:

[tr,r.!'rrtr.i [r,Ir] . krtri [r.Ir] . tA, (9)

rno rr- rf{: bo *, - AercfBmerbr$e tucra. 'Fe[an crclany (6) c

]ltl€ror coorHo[sHr, (9), noryiro. t(1d) = {(1J)1, lAe r- npor:r-
sooHar rhrxr4lt'a (1J) - rxtenpaa cnctanr:

r(q ) . (ir+ s, ) cm rn(i.d, )+(il+ o.) cr[-rr(i.{, ) ]{irir,(1o)
rlp 6rr6j - rofictaHld. ltHfelpe,I t oelo npGo6p&or$E r BxAtrr:

(rl) . (i.-fr)l+-0fi + o.t.. (11)
s.4

rlp y' i cxl(*f) i i = e*p(*ri). 3lrerrr, rro (II) o6naro ,p8-
ti!€Tcr rex roAsrb Kref,Ha ruoctroclrl Jlo6aqelcrolo (tlp{ 6ra5l > o),
1r{60 AFln eFrolo oAxonorosrHoFo rurcp6oror,Ai IIIf, 6r=6r< 0 (er.[4]).

0ro aelxo qr ,qercf,Br{reJH{or . tr. Ho nFr Ir€ O [oJryrflr
Brparerfler xorog)e Hasorer xo,qgrbD lhef,Ha nlr ctelll.

,{pimarremuo. Ele.refit{e (I0) roro npso6lr6oBarD .!rx, qro
[oJl! [rx rpap{qroHrrl A relpfi( npoc?prHctr rlocforofiic, KIf,rrdBH:

r(rJ) . stfi'y,at(r, ontQ(-.-rr) - .bq r. ooQ,rr, (U)

rAp ao ,bo - ,qplclul8c,rr[le !$cra. B saDrcrmglr or sHam ao , Do

flo{ma€u rcq)rtot pa6rrllrfi [tympIfl tp{)srptrlgBD nocronflo, rpr -
BB3Itrf.

Ec.ur a (11) 6r=6,=0r!0:

. ,'/.'(Ll], I r1v1 : t1J1r G3)
rA. t =E-r/t: vf,r/: Brcerflc (I3) ; r€rprry crrtrrerflnte -
cro, flrocl(ocfir.
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llcmr a roMUJmaI1lroHHrDC coonnouexrm< (9)
MOilHO norJrqlTb:

Y(iJ)l*.=o = (x.-xr)2 t (r.-xr)a, (1,4)

rge '+' cooraercriayer eBxnuAoBofi naocrocrx, a I-r - nceBAoeBKnr4-
goaofi. Apynrx peueHr.rfi B cryqae 1c[u| I o He,r.

Ilpraegenmre peueHrf, (II)-(14) no.ntrnrarercfi lrs o6qero peueHr{.f,
(I0) npr psllrttrr$x sxarrextrp(. DrqoAf,qrlx B Hero xoxcraHr.

- Paccuorpxil erl rafi ;o[rl = 0 . Anaronurmo coorHourexuf, (ti), te-
p€xoAt s nop(oAtgeuy 6asrcyrro:ino flprBecrlr K..BrAy:

[rrra.] = brx.+xr;. [xtIrl=bnx.; [x.,*rj = o, (15)

rge b, rba - .qenelBrreJlbHHe u{cJla
Peuea cucremy (6) c Jruerou coorHonexrfi ( I5) npr br ,b2 l, o ,

y(rJ) = r.u((ir-ir)2 - t/a(ir-ir)l') -$o*rn $=-, frutyA VA.(yr_yt,
rAe A = b!+ 4br. Ilpr a>O rs (16) uomo noJl]rtrrrb:

(rl) = 1i.-fir)"(i-Yr)", (t'?)

nA€ !r It I o - AeficrBrse,tbr&re $rcre. flpr a =o BupareHxe ( 16) npr-
Bo.4,rrer x !xAy:

- rr{r?-.
rt{J

Ecrr a coosrouermn (Ib) br = 0, ro xxrerpar (16) npraogrt-
cfi r BrAy:

r(rJ)' (r.-rr)+( o.-or)u(y.-yr),

rfe 6r;6, = oogt.
ll na.roneq, npr br = 0 us (16) MotHo noryr{xrb:

v(rJ) - (or-6r)(ir-i t) -+(i.-ir)e.

Apyrnx HeBrypotrAeH,srx ,,erpu* , 
"*ou'"rrruae 

Her.

ka = 0, ro H3 (i0)

a

-a

r(rJ) = b(x.*r) (1s)

(19

(2o)
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Taloil, o6pa8or ' AEe |lowyer (I0) r (16) lrsDqaf ! c€6r lce
Ic neorerpr!, nprleneflBs a [4]. Crpyrrype plnm r . 4 paccrotp-
Ha orl{ocabD.

l srqecrat PaHfA ! = 5. flocrrxoarr sqlflfl arnrorf,q-
Ha ar.qaqe o crpl4cype parra r = 4.

oliPlrlulBlrlE. l,a.p (t?2, a ) o6pasyc,
Fa n ! 5, ecJrr Arr r!6!fi n rn roqer L'tl.l,l a rlt,
SABrCrrOCtb:

E!l{l ai(r) . E$J.Lrl{r) .
ggga|{l) 

+

crprrqyPy pelt.
fle6t roglo

alt) +

l?ts,

€(a(lJ),!(lk) r(u) €(r!) a(Jr) dJr) e(Jr) e(rr) p(u).
a(t'r)l ' 6' (2t

rne zE- tono,loruqecxoe sronoodpasne pa:'reproc tt = 3r a(lJ) =

= f(xr,yt,zr r(J,yr,z.) - Icctarouno pnqAnrr tpxro$r. cllqpc*renrnar
o6pasou aaeucrrqlr of cBoxx aprl €H?oE, n Srsit tl o.

iie&IloM, sHarorxqHt'r cnFaD ! = 4r na (2I) roalo &tBteqb cr-
crery rl3 Eecrn yprDrd l orBocrrerbHo fi,Hr4ir f($):

-il!li)-rfr) . e(1!.1-r!(r) . -4{lr!(r) . d,({lr[r) +

. #iil r!(r) . ffirflr) " o, (n)

rae F1 ,...,6, r i\ r)=rl(r, ,r.,rrl , rl(J)=rltt, ur,rr) r r'1'
Parl crcrels palax trrtr. lbta x ! ctlruac a = 4. relro ,qort -

3&rbi qro ,p6a, noAcrcrera rc lrIlr Jpa8rlexx, 6yAe{ norxon. ypas -
HeHltt cOBrecTHOCfr rBeOA BrA:

) 1) +t ,

#{lryrr - o,

n4e v - I,...,I0.
i(ar I I cn]'qae r = 4, ucxo Aorasatbr tllo JD6oe ypaBHe]oe

coBuecrHoc?n r.|3 clcre,ru (E! rrrse?c, flBerEol nox6lfiatlBefi c m -
crorr{Hio/r, xoofffiI1{emanr rc ypaBHeHxf, oorolron ctrsrem (22).B one-
pa"opHolt Br.qB xoDro sanrcaSr:

IJi(1J) " a - cxc"exa (22).

[rp, IJ'(lJ)'o - crctora (23).

[rF, rr] = ox;x, (24t
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FAe $ru' n = Ir...16; o[, - reuiecrBeHHble qficJra, 
"X, = -"X* u

fru,lrrtr*l] + [xr,E*,xnll + 1x*,[x,,'xrJl = o - ]r3 cBoilclB ypaq-
Hetl,rfi coBxeerHocrt{.

Tamru o6paaou. lptaruecrofi crpyr$ype paura n = 5 cootnercrBy-
D'r ntecttrrepHue ame6pl Jh.

flrrufi arg ft/HnrSrx f(x.,J.,zs#;iltr,2r) Ha;xoAt{u }r3 ct4cr€-
rx (22), trerroJrbsyg coolrnooem[a (24). lte npraBoAf, nonnrix BurulqAori,
Burrruter pelneHrrf,, yAoBJrerBopdoury.re cucreue (22): f(lj) = X[v(ii)] ,
rAe x - npotrsBoJrbxas {yr{Krys ognoro aprpreHra, a v(rJ) - uHrenp&r
clrcaeilH (22). ltrnerpqJr crcrer.H Y(ri) Moter ruerb B!r.u,:

Er(rJ) = cos(QE.)oos(Qzr) lcoe(Q ir)cos(Q}r)cos[Q(ir-

-ir)l + sh(qir)srntVullr)) + sh(Qz,)sin(Qzr), (zs)

nAe br&arbr - BeqBcrBexHbre qrcJla, r(oropue uoryt 6trt )1(1 = !ty-
.m.

llpn peaencrBe HyJm oAnofi rrs BeJInrr[H brrba,b, Hueeil:

Y.(lJ) = (ir#r)'a + (fl.-ir)'z+ b(fl.-ir)z , (26)

rge blor
f,r Ha'roH€q' yr(lJ) = rrxJ - rJx. + zfzJ. e?)

Apynrx rHrerpaJroa y cxcreuu (2) uer.
Oopxy.lra (25) gper xErprry apexuepHux npocrpancrB nocrof,Hnoil

xpraorsrnr; (26) naer uetrprry rpexuepHoro eEI(JMAoBa lipocrpaHcrBa
nprr b>o r nceBAoeBr(nrAoBa npta b < o, n \2?l ,qaer aHrxct{MMerputt -
H],D lrerprry B rpemepHoil npocTpaHcrBe.

lloryreanxe BHpereHtrs AJrt reo[erpl,tfi uor]n npeActaBrfrb Hi--

ToJrbro reoperrqecr:lfrrno n npefitxqecftrf,l [Hrepec. lioaeaaetcg nptaH-

qtrnraJrbHet Bosriotxocrb.paspa,6otart uerogr nogBorf,oql,tn n,itf, l(oHriret-
Htrx orc[IepmreHaaJrbHbD( AEttrl[D( onpe.q,en[Tbrraxaf, }t3 reoMerpl4il r'tM co-
orBefcTByg[.

B aaunqerue eBtop Bupataer 6naroggpnoetr K1'aarony il.l'l. u lttt-
xafiflrleHro l.I. ga [oJIesHHe gaueqaHrts n o6c1mgexuf,1 I Taftxe gor-
ropy rexxtlqectorx Hayr ltocapeay S.l. sa nouotqb lt no.qAepi(y n pa6o-
Te.
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