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i,rc[0JiL30BAHr,lE qulArttoB ltP}t o{IftEliE 3AtorroB ABlfiEHxfl

E.A.HoBroponqeB, D.M.}lyrtsBcrlrfi

illoekrxpoBaHxe MexaHr43MoB texnoro qecrrx MaIrrH HaqrHaercs c
cllHlega 3aKoHa nBxreHra pa6oqeno opraHar rotopt gaTeM pe8.fr€yea-
cn rouro ( npr noMow ryJraqxoBoro Mexero{gxa) xrlt rlpr6rmeHHo (np{
floxoqx puqairHEo( M€rotnsxoB) [I ]. 3axon ABrfiem{fi F,6or{eno opnsfla
npAcraBJiFer co6ofi gaEflcnrrocfb eno nepeMeqpHxs m EpeMeB[ rrx )m-
Jra rroBopora Bq[J4ero sBaHa.

3arox gsnrerorn a(t) (nne r.qq, tc [o,r] - Bpexf,, r- ne-
proll AEnrBHxr),a raue ero nepaaa b(t) x Btopar c(T) rryoxsBoA-
HUe HasuBeDrcf, coorBetcTB€Hxo R03@tqreHtaMn nJ,rr{, cRopoc{fi x
ycRopeHtaE (cu. [I]). "i!a,qec?Eo" getroHe ABrireBrr onp€Ae,rsetcr xa-
paf,"epor {ynnqnn c(t) . B traclxocm, ot ee noBeAexxa saErcm Ax-
Haurqecrure Hanpysrx x xsHoc rrneMaltrqecrnx nap [2,3].

JaftoH ABr eFEs pa6oqelo oprana, oco6eHHo 6flc4oro.qHofi lieulr-
HB, AoJIxeH 6BTb raEt!,, qm6H rogoq$r4aeHr )rcroperfla 6ux BenpepHBHo

Av44epeHqxpyeMoft WHrffien c r&R rlof,Eo 6oree nraBtlt&{ npalprBou.Kpo-
Me totc, oar(oH tr(BlfteHra .qcrreK o6ec[e,riBarb BunoJrHetr{e pEAa ycJlo-
B}ri Ha ftoHuai( xHTepBara nepeMeqeHxi, EoropHe AJrf, ABrf,eHt{a rl{na BH-
cTof,-noABeM-BrrcTof, xremr Br{L:

a(o) ' o, a(1) ' 1; (1)

b(o) : ar(o) . o, b(1) 3 a'(1) = 0: (2)

c(o) . a'(o) . o, c(1) = a'(1) = o. (3)

do uaorsx cJrlruafi, onrcaHHu€ [I ] aaroau ABnieHrf, He yloa,rer -
Jopmr r(oHcrpyraopar t,t oH aEHyr\qeH cxnrestrporaet tx. C s"ofi qerbn
vo,(Ho }{cnorDsoBarB npeAcraBneHxe Eooo{Hqr.retrla nyrx B Bxlle m(}no -
'{Jrena BEcoroF crenexx [2]. 0AHaRo npr sroM o6uttrto He JtroBJrerBopr-
ercs Tpe6oBarr{e rrraBHocrx rps4ffira ],cropet i, qlo [prBoAlrt r Ao-

w

I

I

I34



l(,Jlr rerHru{ r 6paqx6a pa6oqero opraHa..qpyron floaxql, cocTorT B

rycourot elIrIDrcxxsqrr ttooo{kqxeBl|a JtcrolrHrf,, Ho B 3!or crFlae
lplErro [o6r{!Ecr HeEpepuDHocrr eno r{prs8oAHot. 06e ynorrHyrt* roA-
rola Ecbria 

"p!Eoe[r. 
fiosrony paspa6or[a ]firaepcsrbnor.o n Hel'1ly-

.qoerxroro x€roAa crHregg rD6l[ sarlonoB Am€rfl, aBrrelca amlletrb -
noi sqlaqsf,.

B namol F6ore DDeArara€ ca rlero.q crHreaa sakora nBneHrrr,
ocHoBaHHufi Ha atmPorcrMarlxfi RoooFrqxeHTa JrcroPeHfifi r]r6l1qecrxM
clrlalt|lox. Kogfinl.[r€rltB cropoctx x rryifl rD.r!ruaD{ct coofBoTcrEa,HHo

B Bnq,€ cerahroB qerBeproi x flsmf, creneHefi.
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Brc. i
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I

3

Ibsr$nqrero lrcropeflrs sarona ABtr,ier i, rlrna s&mfi-noAEeu-Bu-
c?ofi rMee" B1lA, rrpeAcraBreHnBn Ha plc.I (ip{Eaf, i), r{ coc8ot{t sa

AByx yqacrnoB ycropetI{r: norornleJrErono I.l orprqaferbHono. l\4ae -
urcb Brnotr rpa&na n BH6paB xa orpesre [0r1] N + 1 (lt : ?) ysroa
xH'lepnonal1{r, armlxlrcxlo{llferl 6I'0 ry6xrDcro{M cBJrellloxr rr[r{HsE B ra-
qecrBe rpe€EtD( JcroBni HJrreBEr oHaqelrra nopBol npoxgBo.qrof, rux lrc-
lonnr mrm IV[4]:

s(r) . i ai(. - t.)c, te[r,,t,rr], i= o,...Jr+1. (4)

B rnc.ao yaroa n$epnorfiflr o6rsar€rtHo .q,orrna ,E(oAttb !oq[a rr ,
paeger@es noldrmer6HyD x orlf,qarerbHJ,D qactli lTar t8 (c(3.).9).
o,qEAro cErarhl (4) RsrDsi nI HirL I raqecrBe Ro6{4xqreHra llcBope -
HXA, ralt raE, BOO6qe roDopi, He 6]u,T Brfilorfir?Ecr o6iSaforbrre !rc-
.roara (I),(2).
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Vcros}{e (2) paBHocxrEHo rpe6oEarfln paBeHcrBa ruoqaAefi noro -
rxa€JlbnoFo ]r oTp{rlarorbnoro ! r8c,!roB Fl)841tra Eoo(txqxeHaa }IcttoPe-
.Hrn [I ] 0ro ycroBne Moruo BuronHnrb, He nsueHir xapaft.Igpa rpa4r-
ra, ecrr, HanprMep, r{3MeHrab Macuta6 nororrreJlbHoro lrqacma npa-
Ofia cllnanHa, T.e. Ilocrlx)rrD HoBri cllnattr:

sr(t) .,=iouf,(r-t.)! . retr.,r..rl, r = 0...r-1, (5)

rAe ,t
- Js,<aaVJsr(t)ilt ntrrr tcu,
TOul = r.ra|;

tloalruaer,rui E pesynbrare npa@m s.,(t) xa orpesre [0, r.] 6yaer
xMerb BrrA Kpr{Botr 2 (prc.I), a Ha orpesr(e [t ,1] 6ylet eoBnqqarb
c npaorEoM s(r).

l,lnrerpupya (5), noryqaeM crraf,H qerBepEf, creneHx, ynoMerBo-
pf,oo$, ycnoBlrrM (2) r (3):

1 flpu i,:u.

rr,, = 1/Sr(1).

s,( r) = dii 
lbl(t-,r^)a + u. , 'c<[tr,tr*rJ, i =0r... A-1, (6)

rAe uo= O r u.= S.(t.-o) , 1= 1 ,. .. Jt-1 .
llpolHrenprpo BaB (6), nory'.rxM cnreBH nsrofi crenotg{

sr(t) = i. 
"foj- 

bf,(c-t.)a + ur(t-r.) + a. ,

<'1)

te[r.,t..r], i = o,... A-1r

FAe do= O, !r d.= Sr(t.-O), 1=1,...4-1. CruIalhr Sr(r) eqe

Benb3s nIMHarb 3a aooftofirfleRa nyrfi, taK l(ar Ha BMIoJIH.aerce BioPoe
,{B ycnoBfln ( I). 3ro ycroBxe 6lEer ltrOBreoBoprrbca, ecJrr B raq€ct-
Be ko3illrqt{eHla nJlTn np{Hf,aE

a(r) = p.sr(.r), (8)

TAE
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Tenepr g:ra (8) ynoBrerBopfircs Ece lrc.roBxf, (I)-(3), rpa&rk xoa+-
rhrsreHra lrcftop€Hlrfi noAo6eH FpeftiEyr sqAe8ae!.ory l(oRcrp)raropoi,r
( rprssf, 3 Ha p{c.I), a xoaoFrqxeHrH cropoc?n x lrcropeBxf, Brrpalia-
DlEr cn ralhlaMr

5(a) = prS.(r), c(r) - r.s.(r) . (10)

larx o6paoou, aJrrop{ru crHresa 3aloxa ABrreB{i Ars cJrJnrafi

s&mn-nog*u-a(croi 6yAer cretrlmqrM:
I. lbncrpyrropor,r saflaercr npa4nr noa6{xr{eHre !rcroperure c(t).
2. tla rparfure BbdrpaDrcf, yaru rtrreptroltsq[x, o6ec[ewBarup{e

s4qaHHlrt {opry c(t) nPn annpoxcr{Marlm €ro i)dnqecxru cmallHou
( o,qnnu rs ysroB.[oJrfrHa 6Hrb roqRa t. paqleJra rlorfir?erbHon r or-
p{qarerLnon o6Jlacref, c(t ) = o) , x crpotrrcr cmafiH s(c) (4).

3. Cruraix s(t) no @pryre (5) npeo6paE}r€lc8 a cruafix sr(t).
4. no {opryra}, (?). (9) cr[nr.rrca cu.nalH Sr(t) n onpeAerfier-

cs roao&xqxem pr.
5. fiosrf{x(rexru cfiHrestrpoealrHoro saxoua A8ftfieHtrr Bupaf,orrcs

no (npryrax (ii), (I0) qepes pr x cruafilcr S,(t), S"(r), Sr(.r).

,2 /,
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t
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Hecxoauo oarlttxrol or xglror(eHHor.o 6JrAer nocrpoeHle gaxoxa

,qBro[enra rrna a&rot-nogtex-on]rcraxre-a{crofi ' ,q,rtr Kolopono rpa6nr
ttoe(b"nqueara l.cr(opeHra cocfolrr r,rs ABJrx floJlmnrenbrftD( x oAHono or-
p{rlarelbxoro J {acrroB ( xprsas I, prc.2).
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!4r larono garoHe AomHu yAoBreaBoptrDct rtrEeEbp ]tcxoBxf, (2,,
(3), a yclonne (I) ear.rexaetce lrcroBrer paEeHc"Ba HyrD Roe{r{xqxsn-
Ta rrepe[eqeHra E Kor{l€ neplo'qa .q,Biaerfir

a(o) = a(1) = o. (11)

l{poue rono, Beo6ronrro, rr'!o6H B Herompol roqre
noHrIoM qxrra no.qre[a, rEpeMeqerse pa6oqero opralla
Aalfiotiy, T.6.

a(rn) ' r'

b'6ro
,Broqeltef,
PaBr() 3a-

(L2)

ArIr op,nr cxHrega ?aroro rrna garonoB Adfiennr crqgJmq.tf,:
I. 3cAeeacr rpa&rr ra3@qneH.ra !,cnopeHrr c(t) ( rprs8q I,

plc.2).
2. &l6xpsDrcr ygJrH nrrepnorf,rllrx, B tlicJro rto?oprfi aoJDiHr Bxo-

[]rrb torlltx r. f, n ItgAerra JnracrroB norolxtorbHro( x otlrrqarerD-
r*or 1,crcperui (c(r.) =9r "(rr) =o ), n mura_ t, lasAerm-
qar neproAu nqAaexa r oqrcralo{i pe6oqeFo opnans. tl,o N+1 ysJlax

c,rtx)xrcr cnralir E(t) (4).
3. CntrarlH s(t) c qeml lEoBJrerBoperu, ]rclo u (2) npeo6pa -

slre"cr E crualx 8.(t) no {o1rryle

sr(r) . iruf,(et.)d, tett.,tr*.1, l=0,...N+, (13)

p.a,e ul . u.af,,

t
,,(t)atlJ sr(r)ar

t"
-f.
t

i

_r "J-
C.

.(r)ay'

l.

i
o

sr(r)it.r npr 1(r,

1 nplr E=1<k,

flpr i>k.

I

ii$':ariH (I3) mieer rpa+fift T na liprBon z ua prc. 2.
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4. Ib {opryrax (6) r (?) cr?omcfi c sfru sz(r) r Br(r) .
yAoBrgrDopeHre ycaoora (II) ,tlocarraalcr sa cqe! sanglIl rDpeuer[lofl
x BBqlerfl€i. fuiqa Boofi!@enroa. JLu amm xs porcrrr ylEarlelrrrg

Er(5).d'(1-5) I = [er(tr)-sr(l)]O-$)'.d

onpqAerretcfi li , BBC[rtcr HoBrE ctrralhnr

si(r) = ar(r')' <r4)

s:(r) . rac; +l|(t - t.)a + u., (15)

s;(d = F: j" #ot " -'.)'' rz.ur.(d-1){dt, (16)

ra€ r'" = VS'
f u-t nurts$,4=.t '- t r_(1_c)/rra rrpr r>{.

!

5. llcnorr ralnnrelf,clrm sar@r,a .qme r E{f.-.ntct trgFg
cnlaftlr ( I4)-( 16) r roa&{trE€H" ynoBretEoptb

lrcrom ( I2): a(r) rrrs!(r), rrrs!(r) ; c(t)= u.B!(r)rrge

ng)xrrrreHHoc'l:rl

Pr'
b(t) =

r€roanEa rD3rolrrg! ne torEtto cxHtggrlpEatb aa-
xorH ,qBrfieHrf, c rioraaxol oblrloI rTaitsro8 JcroIEr t' Ho Eot 6tttb
xcrrotbaoBalra ll Ept cufes !--tr-IiI:I,il:I

pr = 1/s'(6).
upe[rarceuat
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t
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