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B.ll. Bacmlea

Snatltte.rrxoe recro B cncreraax aBf onrtioBlroaannoro npoexrrpo-
aatoir gar lrsf aqABla r(oHctgyltpo8arou .!rxoi, B noaePmtocrei. {acro
nlll oroL BCxttoE€T galgrla BocnorHeHllt .qpHHir: AgHo rHoleclBo ofiol)-
H!fi roqer (r.,r.,2.), 1 = o,...,r, rpe6y€rcr flpoBecrr qep€o ]fix
Illasnlo xlI{8JD t{!x noBePrctocrb. xopo[o rc8ecrHo, q,ro B 9{or cry -
qa€ Har6oree yAo6r r i8nr€fcr napBr.erprqecfioe sqAafire l4a8HeHt{i,
roaenxpylqrr neoretprrlecro{e o6aeroE. thnl)l ep, nJroc6r rpllBat ro-
Aerrplrercr Eemop{fi E$en

i(t) = [r(t), y(t)], (1)

a npocrlnllcrBetllar rpxBar BerooF{yHE$ef,

i(t) = [r(t),v(t),z(t) ]. Ql
Ilqo.qnar aqagtg Eocnoartanxr AFrorla npeBpalFercf, B sal3qy Be-

xorAetoG f,ol[roxenr BetmopHrr( odErroB ( I) ,(2) . UcJr r(omonetrru
x(t), v(t)' z(t) rugrrcr E BrAe cruartroB, ?o Berropi$Ern$r i(t)
Hasrlaerci napqrerplqecrflr c[rarnor. [t,e]. knaro npx ncnonbao -
BAH]{X nAInt.eTpXqeCgI IOAer6[i E r8ClHOCtr ]IApAretprQecrt[ CrUAtr-
xoE, Ha rplEol roryf norErrrct Hg cBo crDerctrle en oco6srlrocfl I
BrA€ rrepe!f,6o8 r BosBPatoDr net6r5 x r.,q,. Brr oco6eBHocr[ {oprB o-
Aerxpller.ol qfiBoi o6yolorrelot rcnoJl[slreltf reroAora rHTepnoJuqxfi 1l

norory B ,qE rbHelEer xleHllDlcr r rtrIr. B prOme [3] xccJreao8&ru
oco6erfioctr, Bo:troirDqie nFr roaprxporaHfr ttrocxoi rprDof, rEtrarrer-
pxqecrr xldxrpcrrr tonlurur c[lartro[.llFrrrfia refl,erxporaxra !o-
qeuto-ita,Aatotr( @tDl,r B8plletFarlGc I cttlatraatd norassrarqro o(F
6emu, no,q,o6ftF Irccrotpantr. ! [3]' nof Ec"o x r crJ,qa€ roa6-
,xPoEaHxt rprBlra HeroruDrq[ l]{taErg cn af,raf.
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Ue.[b nlrfiot pa6ocs - oqgroml Btperlo rqlErxporasrr n ocrof,
rFBo, IlelEtaslpicecErr ndrracrar tl.Ir rleFdorllt|ocr|r tr-oBer{rItr
cuanflor r nor! Irrb f,orrlleciaetlGp oqgHn s.rrrocrr rla @p.y rgmon
Ifcnpqlpr€mu onop8ill ?uler r rpa€Ecra ycJro8f,l, SqAFBslu a roq-

ir.
I. Iarcrrrrrecrot noc[afloltta aqAFru

$rcrr a rurocroctr .q€raproaoi c erolr roolwrrrer sqABHo ynopr-
Aoqeluog rHCeeBo ro,rr i. = (r.,r.)' 1-or...r!, a E roqxar c
BoEIrI O r I onpqneraHd ll.nprBletq.r [ac*ra,rnra B€rropo! !a -

t6r io ,

rl '' t*.

lnp rr,, -olcr.gHtr ntlrtF lr rotoPafi Ilosc

lhtnrrrucryr r.qlgrb rrurr, nporoAr@[ q€IEs roqrr
ril€o$f, B rOBqsBrX roqr6r( io . { sqgarmr Banll8rretlrr racaref,r -
ritr Barropor | 6yAcr xct6rr B rnAs nalrsrXaltrocroFo ctuarrq,qAoe
aE€HO TOTOPOIO nI'qAG[allgHO E lrAB lEarC€lqt no

E-Cn sl[laL !

i.(t) =,io dr+r-Br(t), t€toJl , I = 0r...rf,r (3)

nge l = 2 nf,t r..3 - glgneHb cnraffra.
oyrqm rr(t) [t'2] onpeAetprct no {olryrsr:

n,-r(t) .f ]il .-., "-"', r = 1,..., n+1r (4)

i. lt

l-, I

-2 41

too

-l t-l

t-a o

-ll,
.loo

r!'3.. r r 2i I .

t

I

I

o

l.

bane rqp3r o nocllrocflrr -nrllrtcrolercr ! rilcralrr !.r!opot r6frasclto! tr = (
I[lI CO-

It cp n f..er-

flrr qpomloro ooDqAcrailr ! r r6tur$otrot Brr
ruFllerrl llrd raoara$att r .LrrF

nr . (a.r/. otuaAatrrct ra !at-

6rrcr trqrltr ot
loot mocDclt

ei

t.a.



tolrroFo paBeHct8a

1

(y')'a

yl

{i;G;r
I . coqat,

i x-b = 1b, - rrb, r

(5)

6)

BrfloJrHoqeroct E coorBoTcrSyoqro( onopllr( Toqxar(.
Xrouecrao c: Sr'io'-a) rraaoDer. ofloprror 64,arrcor xpnloi.
0noprrM 6asxc Hasoaer Brnyn n (aoruyru), ecrn Ha ero a)nax

Bt[loJmrof cr HeIBBeEclBa I

r.,r= (i.-i.-n)"(I.*, -i.) > o, 1 = 1'...' r-1'

ro,r= io,(En -io) >o, r ,t . i"'(io -i*-.)
(g.,m norx;mono 6aar@ orar > Eclay sareBaerci Ha <). 3Aech

r AE rbHe Eer xcno,rBgltetct o6oartarlemle

(6)

(?)

u

TAE

BIF
i = (e,.,e/, E = (br,b/,

fur orpnru @pu roAerxpJEro[
psreBre 4)rtrcEtt rpmo

rxBfi 6yAer rcnoJrbsoaarb

ir(t) , i"(t)
1i' l'

(hc,rxrerB E (8) rapaBretrf,lsyer 'rorHrcrocrbi anrru (ee r[opry),
sHareHaretrb - ser qxHy srol rBoJ[mcToctxi. nosrfly Arr oqeHr rDoP
rar rrHru 6yAer rcoleAosaab arlar( Brllate,lfi

r(r) = i,(t)x ii(r). (9)

noAcaasrrr (3) s (9) f, ! trrruBar (4). nocae Dutotrorrfi npeo6peao -
Eal f, NoJIJltla€I

r.(t) = .'lo 
jo(e ,.,.-, d..r-) er,r(t), (10)

nAe or,r(t) = E'(t).Bl(t) - Bl(t)El(t).&t r.2 qlnrqrr.r rr,"(t)
tarrmct soltcralnaSi

to,r- f t.z=-!, 90,"'1. (1:t)

Im n = 3 9. -(t) raarrcr norrorflarir aropon crenenn, ErA ro{o-
p,( npraeg€rl i ?aOarqg. Bce oru axaroonpeteaerur na otpesne [o,1).
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Ta6.rnqa
Brparerua ftnrcfrn e.,* = BIB;* - BlBl f, r,tx orerperyur

1rk Q1, k(t) Y *., *(t) ITIE er, *(t)t

O'1

o12

o13

tr2
113

Zg

-(L-ilQ-il/2
(t-1) 2

t(t-t)/2
-(Btt- 3t +il/2

12

-t(t+t)/2

0

0

-1
0

-1

o

L

!a
-5/8

L

o

l(arexarrqecmr nocraHoBra sqIgtrt cocrollt B orrpeAeJreHrr JrcJroBlfir
rpu roropbr( BrflIyr:loerbn 6asrca (auroanernae HepaBeHcrB (6),(7)) ra-
paHrxpJ€res BD[ryErrocrb r{oAerrpy€uoil lqmsofi , T.e. B[trroJrHeHne Hepa-
BeHcrB rr(t) > o, t e [o,t] (.u,na sonryrono 6asuca rr(t) <o).

2. Bqparexur ,unr roei[ip4teHroB crlnefiHa

3a{rxcrptrar a Sopryae (3) .q,al paanr,( ! = o,Lr?r... srarptmf,
naparaerpa t,nprveu AJrf, n=2 uoaolctu t=0,5 [4],a Ars n=3 t=0.
Iloaytenxoe BulnreHtre nplrPalHf,er auaqeHrtn roopAlnar rotnil ir.
3qggua onpeAeneHnr roqffirrperron d, cneAercr r p€[en]tn clrcroxu
J@BHetllrfi:

4 +C ...=2toro, la a+e o u- 
|

Cr-, *.U.--*r* Cr-*. = 6t, i = Or...rn, I $2)
I

{v- *dr- +z = 2in\ ' )

rAe " : 9, E. = S, AJrr n= 2 u t=4, i.= 6ir Arr u = 3.
B L5 J noayreHu rBHEe fiopryJru Arr peNreH[r crrcteru ( I2). 0lrra-

ro oHI{ xller}r .q,oBoJtbHo rpoxoaAtorfi Bt{A. Ho npt tr > 4 rc errx {opryn
;lerxo no,rJ^flTb c,reAJDrS{e npr6rrrenmr BDpatentlr lrr Berlrrrnn 0.1
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(-1)r dt = Ht-., \-ru{+r-"-r - ro;oe'o-'} .

. {- 
{ .=1.,(-,) 

tq'-" i"--r . li];,-r,'u-'u--.-,}'
rAe q . 3-e{2 AJrr B. 2 r q= 2-r[3 &nr t! - 3.

Paccrorlnr c,IqnyllFe npeo6pasoBal e roHetrron cjflxr :

lo + lr! + ... + aorr = (ao-ar) + (1+r)(er-ar) + ... +

+ (1 + r 1... 1 rr)(a" -a...) =

(13)

= ,il +#t',-. -',' =#{*' .ii"", -',-.'} ' (14)

rle #1 n (DFa&[bHo BBeA€Ba aeJrnrflHa an.r = Q Oto gauorlasrcn
I Ertro,rHeHrut Hqa roHeirHol cymrotr flpeo6pasorasnr A6srt x nocreaJD-

F cBePrxe r(oo0its4temoB no 0optyxe clnuE neorsrprlFcro0 npoFpec-
cni. B.qgrbHerlner lpeodpaso8aBre (I4) 6yger rreHoBatlcr lc-npe -
o6pasoganrler. BuroJrHtt HqA xoBetlur.lr cyualol (I3) noc,reAoaarenbHo
lc{peo6pasoBamrr noryqaex

E

if 
= n..ir..-, -rtaoo*t'9" ir--. - ! ozr+14, 

i.-, (15)

nAe t
[. = * {t-rl"-..^ofr {*r'--r - (-1)ti^;roqt--'}, trel

g"ira, i. - reBEe r npaBle t(oHetalp pasrocrr k-ro noprgra a

roure i.; o =911(L+d <1 . flpt BuqrcreH r (oreqm{ pasHoc?e, B

(I5) cq-raen i: . o. ecrr J< o xrx l> r.

I&rleranore lrAarmor. tDopryru ( 13) cnpaae,+ltru rorbxo .q,ri 1 =. -u + 2,...,!-q IIpr 1 = ..[, -r+1; 1{-n+1, tr-o+2 E (I3) coq)afltDr-
cr ,t@b crLra€tGt, cqleFrqle loio,l trr-J . @rerur roo(txlltreH-

roa E-, d,.. , t=.r,4r-.., xrrxo Hanrf, rc neplrr A!),r rfl
nocf,eArm AFla yFDBel n qclen ( 12) .
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3arerrr, ttro npt x-D ,l r 1> o aerxralrol f,r B Elparemr
(I5) rorno nlEHe6peqb. l(pore aono, lnrf,riaar, rrao r < 7/4inu Bb
rttc,IeHrr cj,rx B nIEDon qacrr (I5) rcro orlraHrrurbct He6orb[Eta
rDrc,ror crara€l.cx, lfueer r.ecro cJle4lmqaf, npt6Jrrr6ro[, iDopalEta:

3=t.--.- | ,*tr1 eti.--". o"i.-) , (tt){i_ r.rr_1 rEo

J = Eln(1, tr-l) ,
rotopar nosBorre! c BtIcoroI tortrocrL! BHrorcJtrb roo{{rryteHrH 0r
npr O< 1 <N -{.

3. QBrn @pGl nprDofi

Lm r<prson, roAerxpyexor roqAparrratr cnnatrtoxr Br[f,reHre
(I0) a crry (II) ne aasrcrr ot nrparerpa tr xreer BxAs

rar ",*ns ** *,ol::^;*t;;lj; ",,*,,,lT]EcreAc{'are toa,qperxrrrocr'r g rrr(t), HJtr$o pe![rb ABe gagern:

I) onpeg,earlr ycroBnr. flpr roropror Buryroocrb roAerxpjrerof,
xpraofi I ro IeBEr roqrora ,[Jm[ *.., 6ya"" onpq,qprrrbcf, ee 6a -
sxcox:

2) onpe,qearrr ycroans, nIM xmoptlf, Bnlapr Ayrx He noalf,rct
,orlue ocqxrrrqxx.

,l[r nepBo, sq,qalo{ xo (I0), ncrorbsln ra6anrry 6nrngn or,r(t),
BerpyAHo nalar

r.."(0) = r,.r(1) = (6.-8.-r),.(Er.r-Ar). (19)

Tar rar npaare qacfl (I8) n (I9) cornqpam r ro apJlLnerirre trEccyr-
Aerflr 6yN,T npoBe[erN Torbro LJrr xll6r{ecElx c arHos. Peuexre gro-
po SqAAq cEoAt{"cr r rccreaoBaHr! Byrel mqAlElxirHoro fperur€rla
na olpesre [o,I].

Ilpr peumr nelrao, saAgut rr crrargra pacqo?pm. ac c€rrrcr+ru
roAe[rpylcLofi rFrDon, He ftoropr4 8rr/trr€r !pr[rD|r4 ycJoBxi m]ro
npeHe6peqb, r.s. roFng nlxrerIo.a {opyra (I?). 3trer ,I,,Ir l(panrru
Ntf rpllsor r rlp BJrXrfie npeHrr[ ra )rcrotrn rarcxMSltor P8la€rct
BonPoc o AonJrcflEr arla{€Hrlrr l(oooFqxeHroB lo,l! .
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Ilo4craeaar Br[rreHf,r Arr r(ooqprrpemroa d. ra (I?) g (I9) n
olpalIltarBarcb .lmenHurx rltenal[{ oTHocl{lenbHo q r nor] raar

(Ar -c-r-r) , (4.., -4.) o Ai..r, Ai.r" -

- q(ai. x ar-..") - q(ai.., r ai..r).
orcrg! acao, qro npn aurorxeloct xellaEeHcrg

lairx air+r I > q( la i.'Ai.*.l+ ldr-ix Ai..rl) (2o)

llopra roAernplEro, (prBof, B orpecrHocrll onolxrr( roqer 6yner onSr-
AorarDcf, ee 6aarcor.

.{4; onpqp,eaerur Aonycrrrrr( AJrrH EexaopoE ftacargrbr&f r{,rxo
npoaecrn rccneAplaHxr Bmarerflr (I9) xa nepoon f, nocne.u,Hefi Aylax
r(plBon. fla atxr A!rd( Brlrfi,le otto( dAnropoB E (Dopy rffiBo, Han-
6orLEee.

llo nepaolo yporHeur crcrerr (I2) rreer

J[alee, rcnomayr Bropoe r rperbe ]EaBHeHrr oao, c[cterrr

(21)

rlaxoArl

i-" - d-, = 2l ot-o - (e-. - d-r) .

(e . - 6-r) + 4(d-, -6-.) + (c-o - d-r) = 6a io ,

rtro B coqeraHlor c (2I) .[ael

d-r-d-" = 2a;o - 2l.o;o/g - (do - i-,)/3. (n)
Tenepl rs ( I9). ytartoar (2I) ,(22), rroJrl laer

ro(o) = (d-. -d-r) x (d-, -6-.) - 2^Fo r (d-r -e-?) =

. 2rFo x [2Go- (60 -a-r)/3],
ro(1) . (d-r-d-.)r (do-d-r) = 2ar-ox (do -d-r) -

- 2r.oi o 
x (ao -d-r)/3 .

Qpanrwsarct claFaaluaf, nepBoro nopf,q,la orHocf,reJrlno
( I3) ruxolnr

a"-6-, -+F ...tE (ai, - eaio - roi.) .

(8,

(241

q, rs

8I



lloncraeam aro E$EreHre a (23), (24), nreer

2r-
r"(o) =]f io x [(4-q)a io - ain + qaF"J,

ro(1) =It-(3ar-o - loTo ) x [(1-q)a i - earFrJ.

B nToFe! .Urr rono qro6u Euryf,roerb xFr8on D6rrcrl rcpBofi n

BTopol onoFop( foqer onpeAerrttacb 6sarcor, E JlxlEf,irotl npr6rrrer n
Heo6ro.oIxo BmoJrHeEte ycroBrf, ;

(r-s)lrl"aiol> lioxairl + qlioxai";, (25)

3laiox(air - qa 
"E) 

Ilo I (26)

(30)

1?ox (ar-r- oa.i) |

npo.qpnaD rarol le aHa.Bs &,lr lloctg.0,l6fi &!E|l fitr)ltDo r nptxoa]rtl
i ycroBrfl:

({-o)lt-"xei'l > lt-ox vi1-rl+ qli"x via-"1, (n)

, - 3lv-r1 x(v rt-, + q 9';o-r);

It-px (v1-, . qv"*-r) I 
(28)

Ecrx BefiTop t-o ro,unxeapem E6roopy Air-ea"irpo ! BEXrare-

rrn g..rr do - d-. creltrrer ! recrr crara€np !u@rx rIoprArtoa o"Ho-
ctlleJrbHo q. nqAo6Hoe aarleraflre rmro cAetratb r E otHoEexrx aer-
roSa io .

Ucrr Itil.lt-Jl .1 , "o &rr 6orbref, papaHrxlr lrolHo rroJr0-
Strb

. - 3laiox (ai, - q a.ir)l
Ao > 

-. 

(29)

la ;r - sar;r I

lr 5
3lv+r (vir-r + qv!ir-r) |

lvir-' . q9 8ir-rl

0opyau (20), (25)-(30) onpeneror peuerote nelrBof, aqlgtrt.
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PeuE e iropoi aqAgrrt cBoArrcr x rcc.reAoEarrD Hyref, gBqAps -
Trrdoro rperqreHa Ha orpeare [o.1] . B gaBrrcrtocrrl or gHaqerfl[
r.(t) r rparururr foqrar( orpeam Eosraorru eneal,Drye orryar[ :

I) rr(o) rr(1) < o; rpexuen r^(t) rreer Ha orpes(e
to,1J oAnH HyJrb r fioropory coorgercrayer ae crBxleJrlxar loqra
nep€rr6a;

- 2) rr(o) ft(1) I o a rperruex rr(t) rcaer xrerb Ba orpesr€
[o,1J AB8 Hyrf,, coorEgrcrBJmqrs ,6tu!r roqrar flepem6a Ba roAelr-
pyerot rqrlloi.

lhr roro qro6u Ha 1{ cetreHre He 6Brro norHrq nepefr6oBrBe-
o6roAxro rr[IotHerfle oAHoFo ra yc,roBxtr i

o' ' ..S1.r rr(t): o' fr' = n.1;,ft(t) s o'

Bnecto torlrono Bxrorc,renrr srar€nr, ua,fra norro rcnotbgoaarb
cnqA!,Drl|], nF)cTo0 np{ex t ocHoDaHHffi Ha cBof,grBe gHaronoc"otHcTBa

{Dyan[ifi 9r.r(t) r noaBoJrraultf, oqerorll urrf. coorBctcrreHHo cHr-
synrcEeifiy.llroer

lt:EEu "1,*r,.,, 
.'., i. =.i..!."i,'i,," ";r,q

nAe
".t, " 

= (d,.r-r, E..r-r)r

r€ o ,11
9!, k(t) , ecJm

e., 
"(t) 

, eou

or,r(t} 6cJlr

o, ,"(t) , eon

t't
t

t

Jt, t Edt
t<[o, r]

[lr
t<[o,r]

ata
te[o,r]

at t o:

trt, 
" 

( o i

ttr, 
'oi

il < o.! rt
i.,.

Hso6xoAkrGp snaueHri rxctper)floB er.*(t) npraegexx E Tadn qe
gTxx th,Hng . ororr.qno, ecrr .!t Z O, jro Ur > Oiecrr It S O,
To Ur<0.

Tetcl o6paaou. liccrenoBaHne B@ro&toctei norl 6nltr ron&8
ocqm,rrr$l HA roAerxpjrorof, ttlrBon cDo,[t{rcr f, nlx)BePmg srlara oAHo

,ra Berr x a. i,i. (a aaBxcfiroclr{ or axa[e rgnrn4rr r.(t) aa ron-
rsx orpes&e fo,I'l). Ecrr rr(o) : o, tr(1)>1 r cr :o &rr
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Er(o) < o, rt(1)s o x t. I q ro rra paccnr1nlaaror cerreroe
xprBof, ro&n4 nepelrdo! Her.

Otlorxr, qro B ctr: !e norur€firt tta tptBofi ,omc8 rtlrrer ne-
pem6a Heo6roArro rrlrofinrb Dap6rtpoEaHre rourarr i. a cooDaslcr-
am c yclosrnn (20).

4. thc.roare Ircnetrxrelnx
llu npoaear ceplo urcroaia orcneplorenloB no xoaernipolan@

rpIBr,t naparctplqecmrx cma Hasl BToIx)n x Tpefbefi cTeflehei - Fe-
ayrEtaru Heroropi[ ss rofi nI BelpHE ra prc.I,2. tta prc.I nofilsaHu
rprBrle i roAprrpJl€nle Edrqecflsr cmaffiagrl PacnpeAereMe onopHlr(
loqer ( orreqeru snAftor "x') I .q.nrxr rompi-ux ncare,rbHlr( Ha nep -
Eofi rp{Bo, ( cmorqr aruun) ynoaae*aopr0r ycJloBrnr (e0), (26) u
(28). Itpraar norlnt{racb E[rypror, Ba Bef, orc)EcTBJDT Toqroi nepe -

Prc. I

Erc.2

FI'I



m6a. lla lropot ngtlo, (mpcorar .mrrr) ramo 6orre onoprfi ro-
qat(r tr6r Be nslEolr ra o He yAoaaelropr! yctrour/r ($).]la q-
!o, nod.lrcB loqrf, r.!ryrr neperrdoE.

Pesyruarr rrcnolf,r€rrloB, ronrarros ra pc.2,or;nnor aarr
lfle Br {op.y lFaDoi AIrH rorqels fiactrerbru,ectr
Ho rrpeaocroA,ir Aon!rclrng arl.rrerar, onpqAdr6lra no 6opryru (26)
r (28). tlc r1nagr norlrrxcb nernr ( clrrarr Eropof, crsneru - mpr -
roBar rto r) r Eosalrru ( Er6f,qecta, cnlaf,H - cru@rar rffifi).

FIJI]4IIIITil (20),(26).(28) acnorbaoaaau c comactrr aD-
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