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I98I

yln 519.633

rEmI ctutAfr{JoJutot{arlru .[nfl [APAEoJI rtEcrsfi yPABflEHufi

c HEITEHBITHII I PA3[HBrflXI{ tOA00N{I[Et{rArr4

I.f,aruaa, B.lt.Xr1mrqeHno

3saturcmnar qemr In6or [I,2] no xoroAy cnranH-xorrorsqrs
nocBqsBA erto [IxneHeHrD x o6mEoBelors Ar(l6elprn[la.rbtnDa ypaBHe-
raran. ,[ra !E6BHeI B qacrHr r{bf,glo,qmD( oto! r€roA rslrqeR cpaB-
Bcrerbno cra6o. B pa6orex [35] npqAlanaDaci palr.Brq]G.e Baptanrn
xaroAa ctrraftr-Rouora@, Arf, p€[eHnf, napa6oa,rqecioro ypaBHeEm c
oAHoF [pocrpstlcrBBroro [epeMetIron r rpa€Broor llgror!{rxx rEpxrro
poAa ( Ea.lpqs lxtrImle). 06uqlo ,q,rs ralclx ]DaBlt3fiif, cB.ra H-rorrof,a-
qrr xcnolrallgrc, rar c[@o6 Ancrperxoaqm no fipocrlnHcrEerflofi ne-
Fneffiol; llo aPer€rlli! aar npaBrro, nltrraHrerlE paaHocrHaa alllrpor-
crxaqrr. B yrasaHror( pe6otax nsyqalocfi rortno )rpaBHeHrE c FlAgB-
ld p€oeBr6fl (nenpepsmaa.r Koo@B{eHrsror). B*sc.umerunp acner-
!u po8rx38qrf, eroplrroBrl cBrsaruug c Hm.l Bonpocn yeroftfl8ocfl{
He llaccxaT]IaaDrci.

I,tnrx !1.A. [6] rcnoarsyer cuarhFro.[roraqrD B f,an@l'Ba 8[tra-
pera .q,ti noclpoGrtrrr pagr'ocrflIfi cxor, Ba3HBa6xE( cruaftFlsgHoc$Gr-
mr. Ana.ronnurea sroArra npeAranaerca Caytennr g.t(. [81. 0axEr(o

raro[ [oAxqA ocroltrio! r[acloHrryD psa.usaqxD B cq raa, rorna ypeB-
H6rse coAcfEir EoKEei?ram .sea (cranaexoe c nepBon llpotlsDlno
no rpocrlrrcr8€lol()t n6p6remoi). B [?] rccae$recsi cryqai l4)eBHe-
Hrr c ryqotElo-n@roErcafi to!(}rtsUteHraror.

B Hecroqeft pa6o"e ugtqA ctrrqnH-BorroRarsln qxr.eHFolsr ,qrf,
orcaBlpfn pa6 F amehGD( (EBa3x.[f,Hefuu) tratE,6o8{qecrrc ]DaB-
Horsn Di€poro notunf,a c qnaooor ycrloBnrfl o64ono [e. Paccxat-

F8allgs ylr,EHerflt c HGr{rlxBrfiou x pasFEroofi roc$fit4remarm.Me-
toA cllDmcr Ea ocaoBe ry6rqecroc cnIalbroB l;,rac-

roroPro( xcnorsalDtci B 4nranrGr - 6a-

w

A,-,1
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sxcHHe 6yHr4lr c toHel[mt . ots o6ecneru aa€r o{oel(!rlB-
HyD rlrc.leHnyD pea.ugsr@ noclID4rHE cx€{.

@pryrrpya rpaem sqla,lr, rorolra rsyqaDlcf, E

B c4rrrae lrpaBHorcrr c HgnpepuBrroo{ rosrlfir4renranx B Elnrcyrotbnrre
D = (asr<b; O s t < I ) paccnrpnaaerr aqAetB

99 = lq + f(r,t), t>O,at
u(r,o) = u'(r),
r.r(r) = e(t), 1.(u) = (t).

(1)

<2

(3

rra
rer = r(r) of + dr) ao - e(:)u ,

a' ar
I.n = yru(a,t) . p. #-,
t.u = yru(u,t). B" a!}d-,

k(r) > o, q(r) : o np{ r. [a,b],

Y1rY2rPz 10. 9r 3 o, Yi + ei I o, i . f3.

oncqp t(r), n(r), q(x), e{t), {,(t) srul.rulcr HerrpelrrBxuxr.
Iitrnqnoaanaetca, trlo sagaqa (I)-(3] nram q[rxctnaltHoe p€oerore

u( x,t) . rxqea ier tarHnr;nr ABe HerrpeIrHBHHe nllof,gBoAHra no r .
iononrrtolrrne ?pe6oBarfl, E rra,!trocrr peoeHrr 6ylex oFoBeprBarb
oTAerbEo.

Kp6eBl,D sa,aaqr rra yIleBHeHIri c paspHanrofl Eoe@qIleHlaror
:.ra 6yI(eM 3aEicuEarl e srqe r.I)-(3)r Ho nln gror cqrraar. qto oEe-
o6!op L orpe[erefi @prynof,

,u= b (r(r) a.) - q(r)u. (4)
.ia \ dl

iqecb (!nm{o{ k(x) > o. q(r) : o, t(x.t) npq[norrarrrf, He -
i4EpnBHnxx BcDAy Ba [a,b ] , ga ,cEDtalIrer. rouo q, e (a ,t ) ,t.[e
:Htr Moryr xuea6 paspHBH ncpBorro poAa ( rce nocrlnercra r peSyrbraru
leg l,lsrerletorn pacllpoclps$Eica ria crlrqa, ,no6opo xoHet[lopo (Itcra
mlrefr pa3pHBa) .

ts lo.ne 6 sqgaD,lcr lrcroBxfi coIrpfiietott
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[u]l = o'

- u(g - o).

= 0,
B

= rtr, a=0,1,...

k il]
ar

(5)

lul,=u(E.o)
llu ipqgnoaomrm , qro dvrlEr[or k, r, q He gastcrr or t , a yt r

0r - roHclgllrH. 3,!o otT6ro[q9t0€

nae

= t <r

rlerl.) JmpoqeHnf, BurIqAoR . Ifuf,6 6yAf o$reqenu te nsreHerc{rr noro-
prt H]rrrc Brleclr B pacrretlGre oopryrrr €cfi yrasanHHe Errt[iHU Ba-
Bxcir or netrrxetIlon t. Eo.ree !oro, ficnorEsya o6HEGrn nlrcr fl-
Heap.rgar$n, rerio rprcnoco6rrb m)capo€r He aJrFolf,rlxu.q,m paEerols
f,BaaxrrHorhGo( ylrBHetotn, !.e. xorAa (hmqru krlrq,t saBllcsr o!
ncEotroFo peo€IIrE u .

$I. Iloctpoerne rflcrdfiono arnolxrflra Arn ypaBt€Hnf,

c nEntEtr)nBHrfr rooo[rqxeHralor

B rpmrolmorume D BEAer cerry a= ar. ai, FAe ar: a=

r cloraHo roJrbro c

PAeHne sq[,alfl ( I) -( 3) q6|l B BxI6 &Jnft$x
E(r, t) , mroper trF raror t iBrf,e"la xldxuecrxr cn aflrox trrac-
ca c' no neporaronl r c trr3larfi Ha cefte Ar .

06osHa.lor h.= -.r, - r.. Ionoorx c€rry + lrsram.r

r-. . -. : \, lf+t = 1+ r\-r, r=133. (6)

B nprn4rue gtn lrcan rcl5n 6H!b trponEBorEnE[r, .D@b 6ir Bilro&uficr
ycroBnf 8_r'< r_2< r-r< ro; # t+, < t r< If+r .Hau ar6op npo-
axrtoBaH grpaara gra r lllpoqerlo BnruIqAor.

qrr8f,H s(rrt) rorer 6nrE upe.AcraBJreH B Br,q,e

f+t
B(r,t) = 

--i c.(t) rr(r). (?)
t=-7'

34eca Br(r) - ildf,ltecr e E<nranlfl [I],gs ro-
f+,r

Topio( cnllaBqIrxDo !6,qeclEo E

r.=o 1611epm.upye! ip12*ryn "t{ii'
' a(r.,0) = uo(r.),

Br(r) e 1, ft,c"b B(x,t) rlpx

BA Csrre At,r.e.
1=o '..., r. (8)

Ilotpe6yrr, Go6u utrra tpc t>O crra&r A(r.t) JtroBrerDpdr nlnrrq-
ru ycrour (3)
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1rs = q(t), 12s = {,(t)

x ypaaueHrm (I) s ysnax cetrtr 6t ( ycroBl.rt rorroraqrx)

( :+ - * - rr,,t) )=,. = o, r=0,...rr. (10)

(e)

( II)

IloAcraaaaa (?) e (8)-(I0), noJrfrae crc?e y o6rrnoBemao( AxHefeH-
qxarBHLD( l4ralBel[{tr o?H@r.k€JrLHo RogQFtrsloHroB cr(t), tr = -1. ...
..., N+1. fui.gcreffiorc peEeHm ct{caeltrr saxcrod s Ret npoxsBo,q, -
HyD no t IngAereHHotr paol()c"rD r paccrcrpaa cx€ray c Becou

sl -t
= o(tg)i + (1 -o)(rs)i-l +?i,

t
I = o,...,I,

(r.s)" = o", (r"a)" . 4," , (L2)

El="| , 1=0,...,r, (13)

rae q € (oll- nepar,retp crenr, { = ot! + (r-o)r!-r rpr q =

= f(rr, (a-1/2)t). Bepnre rE!,ef,cH D,!-1 osHArraDt, qro {ryroqrot
(onepampu ot tylnqrn) Brqxcrflrc6 soorBercrBeifio qx t = tr ,
t: tr-r. Hneui rcU,gnc L osBatrs6r arltorc.raHre B lrare rr.

!'paenexre (II)-(I2) lra a{ Bp*trroL croe rll)eActaBrfi! co-
6oi ctc?euy.nrg JrpeBnem, otHocmG.tHlo ttrs H€lrsBelHu {, ,
.1, ...r{.t. Jrsrrraaaf, cDoicEB B4n arhoB, rfiHo aanxcalb 6a B
sro

dr{,' + (rr- ar- ds)4 + dr4 = er , (14)

a,(o)ol.-. + c.(o){ + b.(o)c(*, = ri, 1d,...,r, (15)

d.oi-, . (r"- a, - ar)* + araf+r = +' , (16)

nAe

d.,. vrD-.(rn) + gpl.(r.)r d. - v.rB.(-.) + g.ni(r.),

a, . v.\..(1) + grBl*r(1) r a. = rr!;r(1) + g. Dl-r (t) ,

ET



a,(,2) =a.-,(r,)[. * -n. +6. - "t' )],
b.(z) = B.*.,(*.)[, * -n. +6n!})] ,

cr(z) = 1 + r!q. - a.(z) - t.(t),

rl = a.(o-l){Ii + c.(o-1){-r + b.(o-1)ci;: -.q.
lila nonroru EpnBeger @prylnrasmm rs [I, c.Itl0]:

B.-,(r.) = #, Bi-.(t., -:1#
B.*r(-.) = #, Bl*r('r, = #.
lls crcrerar (I4l-tI6) aenro norXr6a15 rp€x${anoruuur},D crc?eMy

.qIfi HeltsB@rHro( 4,..., { , racnlDtrnB HersmerHue {r, {*n }rg
ypaarrcrnfi ( I5) c noxoqsn ( I41 x ( 16) . Ha rparr!{Ee ery nporlq[J/py
nponle Bcero BHrto.mrxrb trr,rcJr€Hno. IIH rpraegex anaJllrrrttFcrrfi aun no-
ryrarqefiee crlcreulr irorbro notlomy, qto oHa norpe6yerca .qnf, r{ccJre -
IloBarmf, BorrFrcoB, cBf,s&HHEU( e paepmltl(ocrbD cxcleD{H (141-6 161 u'
exon,HlroclEn cxemr

ru(o)c!+rr(o){ =?i,

a.(o)c!-, + c.(o)c! + i.(o){*, .= ll , i=1 , ... I."1 ,

a-.('-)ai-, +*"(o){ = ifi.
ila*r,
n"fa) = d.co(e) - (yr-dr.d.)ao(r), n (n) - arDo(z) - a.ao(r),

r,.1{z) = d,reo(a;' * {vr-d<..)5(a), ft-r(e} = drar(z)- a;bt(z} '
F = rc(ellrl.1 + nr(o-ikf,t + ao(o-'L)ef*t - "o(o)9" 

* ttrr{ ,

$7)

o;.



ii ='.o-r (q"1 ) 4:l + tr( o{ ) ol,-r+5( oil ) o'-r-1( o) o'+ta rS.

B q€ror rncrerrflf, arroptnr p€rlasa sqAaq (I)-(3) EroAor
cnraftl-Borroiarp cocronr B creAywx. Bnarra.rg Baxon&r rog|lErqn -
enru c!, J = {r...I+1 . Cor.ldcro (I3) nrr sroro xyrrd nocr
pon,lb rr6n€crxl cruathl, mrelEo8pyrqlfi Ba ce!f,s + fr,Hrqp
uc(r) (cu.[I]1. 3arer nocregoaaref,Ero, or cror B croD ra cxcr€rru
(I?) gHtBcr-Dtct a:, J = 0,...,x; u = 1p,... . Be.r.rtrou c]i ,

{., aaxoaarca rs ypsBHe [ (I4), 1161. B rror.e Ha f,allor. BIEran-
HOr CrOe t"= o lipt6[oremroe tgrer 6 flpeActaEJtrelct B .qe

f+t
crrlaftra ar(r) . g(r.t.) = ,,"_.{ 

rrttl . gto noasortet BHrucrf,'lE

rI[ 6morrroo lai6r er a ?aE6 epo nporsloAttrlo no r B DdE loraax
npoxerylr(A [a,b] .

3arcttrx, cto
no.rrpSrn Qprqm u'

cl ne o6raarcruo EixoAr"Er trHrsF
yAoOrGa f,ctrolraoBarr @Fryel ,o-(r) . Ilnonm

rarbtro, afltrporcrsqq [9]. C yuelox lcrosrt (6) ner
haa

6
(trt)!.d, - o!+.(oo): .{(o");, ci . u! -

[":
L

:l

"!="!* a
I -h t

,.1,-r&, rrt
J-l

J = 1'...J{.

b, ( I8)

"i = ,i - T-. r""l;, * 
of-',"",;

drr.{+lu-n(uo)i
B cxexe (II)-(I3) sxEcor e ooo He paccxarpraaerca.9ro,l cay-

rra, 
"p66yer 

r{ocioJtbBo xHof, 
"ofixrx 

noctpoeHxa cxaor. llu He 6y.ner
ra! rarb ero tro crqgpqroi qf,r xax. 8o-nepauc, B ot[tll{e or pasao-
cllll cxex, F!6 nI[ q =o noJq^raerct EBBAT cx€rler cE ahloBlE cxoE
ntrIr Bcex q HsrBHue. Bo-rmp*, raf, BE cHxl|tci B trarbHel[er,Hax6o-
Jr6e nomaHm rlo.q^Ercr crcicl flpt o : 1/2.

lloctpocoraa sxala no cyqgcrBy F rpe6yer rrxeHeErn,s.Dt rooQ-
tn$eHtu B j[Eur€nxrr (I) r rpaaac yclonxfi (3) saucm ot noIE -
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alI otr t . ,[ocnamuo crnralb, qro B roFl r&cfi yDaBnorBn ( I4)-
( 16) an 16"66tr*, ltf, t=tr , a B nParl qr

Hetorfi. Il!rcrB. rlatrxropp, B ylr,Brctofl (I) roofitsWsx" t aa cxt O"
xcrmro p€ror r t = t(u) . B s?ox cr]rcrs Elra {olErrHol nocrpo€-

ntxcnoco6f,tb cr6lry nrt IFicrI, rEalr[DrHeftru J'PB -

Hrx l4BBnor i (I5) EosrflBrryr BG[rqn r . ltx umro np6-

t=

t iTrF,i:r.rTjtlTiiTl
!0 roEro

ji-::'{:l-l .h,nclt/2,
Q = "l-'.

116 t:
Bpoclol

Ocxoaru rcrettlor alr
paaHre crclorr ( I4)-( 16).

po&uga@ nocrparrtot qrfr tBraerc8
Brnctmr yc.rorr ad Fsparacm. Oce -

Bi4HO, xoctq4olalb ator Borpoc,qrr cncr*l (I?).
06oouu
n.(o) ' lo^(c)l - 1a.(o)l - il.(c)t, t .1.,...J-1,
a.(o) = lro(o)l - lrr(o)1, n (o) . l1(o)l - l1_,(c)1.

llcnortayr Buroraaq€€ ra rqAoclgr Ar, lauathoB paEancrlo
B.-r(r.) +8.(r.) rl^.r(:.). 1, [€crr

c.(c) = to E - -UJE,-.' (rt ) . *:_( "n 
U, )r..,<'.t ].

+ l.(r,)(1 + Eer), i = o, ... ,1t.

Iioarory o.(o) > o, ec.rlt

b '" 1. . 
Lr-r.r, 

a o. (1g)k. -J1 2 6,

lllblnormmr, rro a.(o)>o, br(o) : o,E BurroJm€i r HopeBgHcrBa
( I9). Torra

B.(o) = (1+toqr) $€r.-,(r.) - ?8..r(rr)l +

,r.'"r+(*.-.B-J* (",.1'-1",;1].

(*,

i:l (r )I I
h l-l

B [I] norasaHo, tllo 1 - 2B.-r(-.) - 2Br+r(r!) > o, i . o,...J,
.:E
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ro(o) =
a-r(r. )

ao(o) - r.(o) - xr(o) =

r. 1.{G
laa --l 4 

-.

Ir-. l=r h, 2
(20)

Cregoaaremro, npn. Buno&reHrr HepeBeHcra (I9),($) x a,(o) > o,
b.(o) > o, mreeir Br(o) >0, 1=1,...I-1. Herpynno' npoEepxrD,
qro 3m yrBeFqeHre Bep() x B cnyrr8E(, ror4a a.(o), b,(o) o,lpn -
rIateJIbIIr l,lJI nleD1 pASHHe 3Heth.

Aaree, ) rrluaas (6) , nar<o,qrrlr

(2h.+hl ) t 
.*. [,ro".orr"".tn"(h.*hr)+] -

- 3 pi [ho(h.+hi ) (l.toe. ) . 6tdol 
] 

.

Tar rar y.:o, F.SO n * + Fl f O, ro otcn4a IIpr Buron -
n6Hror JrcroBrrn ('I9) surer€el n (o) > o'. Ilycrr r.,(o): o. Ton.qB

a-r(ro)
(-3 g, [u.lr(l+roe. ) +

+hr)

+ 12*n.l + 6!oyrtko(2b.+h. ) - h.h. ;l).
Ecrr re nn(o) < o, ro

n.(o) = r-r(:.){:[+0r1.(r+toq) * e-r' (" -t!lt .

B o6oror c4nra* n.(o)>o q)x ycJloBlrfi (I9). Analor'nrrro BuBo,Ilr{rcn

t.r HetrEaercrBo ry(o) >0. B rtone noraaaxo ' 
qto np{ BEIoJIHetrr[ or-

pam{qetrrn .(I9), (:0) riarprqa ctrcreuH (I?) rrer nxanogaJlrxoe npe-
o6rqAaHxe x, crqAoBa.BeJIEHo, oHa HeBtrporAeHa.

f,omro lnasam tr apynne aocratoqH]€ ycJtoBlrf, pespeluuocrr.r cn-
crera (I?). tlanprxep, oHa pasp€lnua, ronaa,qJn scer 1= o, ... J
BTIIoJIHeHU HeInEeHC.!EA

qr = Dla t.. -+-+, *..+&-+) > o, (21)

1:-.
6Q.

ia

)Ih
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Aerclu"€rrrro, I olox cr!rua€ ar(o) 3o, br(o) so, c.(o)>o rr

E.(o) =1+ toqr' 1d'...,tr-1. (23)

,[gree, sancmr, tco rs (2I) En6iao! ( I9) .llootorry cnlraeA8rDH tls-
IrrrrorBa Bo(.o) > o, ag(o) > o , roropuo mcte c (23) FaIEr tW-
Dr paspdrtlcrb croru ( [?).

52. Arupor@n ar$i, yc?olluDoclb f, croltoloctb
Ilyclr E(r,t) - ry6rq6crxn cnranx, xHrcprDerpyDqrf IIpr iarn,ox

t p€r€r 6 sqAau (I)-(3) rG c6rEo qn t.e. B(r. ,t) i u(rr..t)
1= 0r..., r. ry16[rsrqr parar r u cruaftlor
g(x.t ), nocrpoeBHHl, no cx€re (II)-(13),
B6!tC!Ea

c Borqlo neIE-

I F(r,t.) - u(r,tn) I s ls(r,r.) - E-(r,t.)l + 16(r,t.) - u(x,t.) l. (24)

tscr safircrporarb rpcrrro lrcro r y cnlafrra E( r,t ) , ro Art
oqeHt Blolpno cra,naaroro r IIIr,ro, qacrx (24) Eflo xctrorbgoEa?b
nrBcltrro pesyrblaor o troFtErnDc f,r$6llorqxn rJdf,qocrtm cnran-

(:,t)

oq6r rb 868{!sory | s(r,t.) -ranr Ul r lanr o6lnsor
- t(r,t.) | .

06osearm

4 - trp'-o', E = (ras-;'- r' .

ft6er romp*lr, rlro cro ( II)-( 13)
(I)-(3) c uorlEurooru o(f, + d), eou

Ie'll = ner(141, l$1, narleil) = o(F + tt).

E=Yhr't=L2,....

€-1 - E!-tc!. -r --r - o(rg)! - (1-o)(r€-)i-' -q,
1= 0....J.

Boarmr rpaam )tcrotri A.ra

= ur(ro,t), E,(rx,t) = u'(Id'it)
urlnaarue no r).

gqEAry

clrlatra S-(x ,t) r Brqe 6r(r6rt) .
( clrlm! n ,' osHarEar Ar(loopoH -
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B slor crJ rae {=-"ho , AJUr Haxo.tAetus oqeHrl 11otpa6oct1t
annpof,cf,xaqrn lle" ll qocrEro*to Hanfi Earle:1.

06osnarl{M crrBoJrox c?r:[a,b] -"."'1yr*qrrn v(r) raxxx, ,rro
v(r)cc'[a,b], v(r)<*][r., r,*r], I = 0,...,r-1.

llpejlnoroanu, uto rrpr.t {nxctrpoBam{E( t Feaexx€ u(r,t) e carj[a,ul
x mree? oDpaflrqelr{He flporgBonHue llo t !o r'pgabefo flop4qra B[Jeqt{-
reluro. Tortra cor,nacxo [I .l crpaaelmeu cqexrr

il{iOr,,.r -u(r,t)}ll-sr,s'-"lltll.., F0,1,2. (2s)

Yrmrysafl (25), aatognu

Ur _ U.-1
sl = :!-:!--- o(r,u)l - (1-o)(r,uri-r - ?i + c(n.).
't

3auexna tenepr 3oruq HH, BHqxcreHHrD Ep{ E =bi, so.lopryr6 Ten -
ropa B tor{xe t 3 E.-1r floJrytlaeM

.! = t [.a la - zo(ru, r]l]' . c{ir? + .ra ).I 2lat Lat rjr
Orcoga

lle'll = o(82 + rr), (26)

nAe L=2, *.mc =L/2 e 1=1 ,qc.nnsll/2 (a emu cayrae
lrofiHo orparfiqrrEca rpe6oBar eY crpaHrqeHHocrr Bropol .lpon3BoAHo'
Ilo t).

Tarru o6paeou, cxeua (II)-(I3) xMeer Bropoi rropS[,or 4nnpor -
crrMaqxx no x Ha JD6on HepasHoMepHon celEe Ar .0lor pesy,nsra* no-
nyqen 6eg npeanonor(eHrf, Henp€pr{Brrocrx fipoxsBoArcn a\/arl , rar
aaft B coorBercTBxx c oflpetrenenren r.nacca c'r! oria rotrer trrerb
paspirBu nepBono Foa8. I y3Jlax !r.

Pea.flaaqra cxeror (II)-(I3) caoAxrcs B rox6*rlu cqsFe r peue-
HxD ctrcrexu (I7), Eoropaf, f,BJrf,elcr lBsflocluon sxeroi ornocrreJrlHo
re.nn,rx { . I(opAa rootlnqxenttr !4natrenrrr ( I) mcroanu x cerna

+ pa8[rorep€r, anaJ[ls ee Jlerolw8ocrx lrlo *norlfirb c rroxolE)
cnexlparbrtol'o qnsrtara. B lesyrltare rD{^a6rcr, qro cx€n, a,6co-
.D!ro lrcfolr[EA ! cemtllon rlolrr 12 Eo Dtarrr|E lamarr ac8
o > 1-/2 . 0lo ra orprenrs Drriaal !F-F. flrua,ra Ba-
6cnro r lcmfirqa [I0], u4lf fa*r!e.r traao r1arq. OrcqAa,
lrcflotrayi orrs ( 26) , -rpyllo jicrero 

"b

6
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{r
ti a psrorm mraporr4ornoro curatr s-(r,t, ) =

f+i
I ?pr(r).

,{prarer oAra loayrrlar o cmltrloclr s IBmrolIDl trapla.

o(tr'+ tr) ! L BopF

r.(r)

a.

1E0PEIA. nyc ! 6 o-4 r Bnrr o IH
(eI), (22).E c rr peueHre u(r,t)
Ixs xa'lAoro t nPrHanI
ct![a 'u1 r ryeer orpaHrrr
raBo,qHHe m t no BIOPOP
B B n D q r{ T e .r b lt o, ?o c:aera
HouepHo yctofiqnBa rro
!aHHL'u r npaeof qactr. C

0lleHEA
li s(r,tr) - u{r,tn) llc = 6(re+t).

eHE yc
genaqf,
eIn? r
eHxue
o tro
( II) -( 13)

Haqa
npaBeA

I O BI 
'( r)-( 3)

naccy
npo-

pr,qEa
pa8-

IDHUM
JI!l BA

.t

12?')

A0IO3A1E[ICT&. .Prqngsa rrpBoe r mcreAxee ypem€rrrn B (I?)
cootBarcrBet rc na d.t u CI oa[m6ta lloqnarGJ,r] crc!6tgr B raqf,q-
II)r B[ne

e(i)c"=r(o.'l)d-i+gl, a=73,... t (2A)

rle

d,
rn(i)
c,

cr(r)

t-r(3)

r(r).
ar(r) rr(r)

1-n(:)

t-'(nl
d, t

d -'(ri,...,4)t. c - (ca,t'q,...,t-rd)t,
r-4.(c) f

\.n(r)
ra(r)

o4) 0' (o) *',\,4=

n

(r{)f-
ei=

rdr

IIgr yc.loaua ( 2I) , ( 22) rc.;ptltD rDranrrb, 160

st

tl,



Ro(o)/rt, > 1 +!qqo, L(d/dr>1,+roa. (29)

&rpegeJnu EoFOr rraqxqx c=[crr] @pryrol ll" ll . T E lo' I .ToF-

,qa xo HepaBeHcra (23), (29) conracHo leoper6 o HoIr6 i{artrxqg, 06-
pafion f, uarpxqe c AxaronaJttmmr rpeo6rqqaruex [I, c.334], nrean

llf r(o) 
ll s t. (30)

.!pree, xerpgno [poBeprrb, ,r,ro n.(o) > o, no(o) = dr - rr(o) > O.
lioorony lro(o)l+ l*r(o)l = ar . Axarornno l,r1(o)1+ lr1-r(o)1 =

= 4, . Tenepr, fE{rHBa, r uro ar(o) = B._.(r.),b.(o) = 8...(r.),
o^(o) = a.( r. ), rroalnraeu

ll^(o) ll '1. (31)

Ilolanaa g (28) q.1 x ncnorlsyfi (30), (3I), npnoAror r HollaBetrr-
By

lle'll < lao *. i lldtl (32)
t=t

ue llall = ner lc. | . 9ro osHaqaer, rrro cxem (I?) npxa s=1 **
os <I

Houepro ycronrnlBa no naqaJIbHHM AagHblM u [paBofi qactrr.
06osHarMM r: =q-c!, r = -1,o,...,x+1.Bcrcltr{tlan onpe.qe-

JIeHre Betnqt{H ei', ns'(28) 
-rueeu 

.1.(1)zn = A(o)a'-r+ren, E!,2,....
Tar rar !i = o, r,o, rrtrxorexf,s r€paBencrBo (32) x ywruBa, oqenry
(26), naxonrn llz'll =.o(xr+r). Tenepa re (I4), (16) HerplaEo no-
nyqrrb lslrl = o(na+t), lzfi*rl = o(tt'+r) .

I+r
E ,l{ - c] lnr(r) <

=,:' ,u: - 41 ,I: B,(r) = ner la: - d:l = o(s'arr),

tr ]mBepiAem{e reopeMu Blaeraar r.rs (24), (25).

Cregoaarearno,

is(x,t.) - a(x,t") | =

88



$3. tfucaernrrE aJrrropr.ruH .qag ]ryagHen[fi
c paspuBnbur rooiffiaprermaror

PaccuoTpru saf,aqy (I)-(3), (5) c onepa'ropoM IJ, onpenerleEHm{

@pryroft (4). Arr ee qrrereHHono pfleHrfi B g,aHHoM naparpa$e npe,q -
nanaDlce .q,Be cxeuH. B nepaofi r,rs Hr,D( cJqecrBemto ,{cnorbsye[cfi pas-
rxrnrxfi Bs.q ypaBr{eHrs (I) oleaa r cnpaga or roqrrr pasp[rBa E. [lo-
oTOti(y 9|ty CxeMy uOtrll0 rICnOIbSOBa'rb TOJTbBO TOItq,Ar rOffl,a B ![oqre E

roe@rqrenru ylnutgrua.geilclanrearno nu€Dr paBpHBu. Bcopaa cxeua
flocspoeHa rar, qlfo B c[yqae o[cyrrrc,!Br{8 paspmoa oni neperq$|" B

cxeMy rs $I ms ypaBneHns c HenpeprBnuror rosi$mlrenramr.
I. Beegeu cerry ar! 8 = ro a -, "i.o( 

rtr = b taffrqro6n troq-
rapa,sptrBa [oIIqAaJra B o,q,rn rs eeysJroB. Ilycrr E= X., O<n<tr.
Ilpn6urermoe perrenxe sagaqr xqetr B Btq,e erualfrra.

S(x,t) =

r.;tl
I

,---1
cr(t)rr(r), re [air.], a

(33)

l!n-.or,"rrr,'r, x e [r.,bl.

J[eficrayr tar re, nar s $I, rorpe6yan, rr.ro6x crua]H s(xrt) yloB -
rerBopf,n coomrotexumr (8)-(I0). IIpr erou JrcroBri.cf, cturarE, qm B

ysne !r J4)aBHeHrre (I0) sam{cuBasncfi [Ba[An - cootBstcrBeHHo npn
x.-Or x.+o. ltpoue ?oro, qpenfloJrarragx, trro s(rrt) Jr4,oBtre[Bopf,er
JrcJroBlrfiu corq)EieH[fi (5). B pesyrbrare trlro(o[liu r cxeue

Bi - sl-'
t = o(rs)l + (1-E)( rs)l-t * 4 ,

L = OJ'.r...,!{, @, n+O, n+1loiolf, ;

(lr8)' = 9o, (1rS)" = gn,

(34)

(36)[so]r = o, L, 60
a ]_,

= O,

(35)

go
I i = 0r..., [.

a
ui
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3gecr ealIrcr i=o+o, I : u{ oslra{aet, qro olnrrqnn k, tr ,
q.f BHrlxetr-mmcf, COOTaeTCTBeHHO nprl r = x_+ O , I = !- - O.B ,qar6-
HerEox 6yle o6osBarrarb L(r.{) = L;, k(ir+o) = tl, c(rro) = qr-

r t.g. llogctaaaar (33) a 1341-136r, rorl rs€r Ha Kartro cros t=t"
c!c?e y (x+6) ypaBHarl{n c (I+6) nanssecrnroor cl, , ... ,c1., ,
q-r r . . . r5., X npaBExx qaC?AMX r SaBl{Cqt{Mn Or nX SHatreBr, HA

npqArpJAaM eJroe. l{aR o6u.nro c.! , { naxonarcr ns ycroE(f, (3?).Bce

lDaBllet,rf, erofi c]lc?em,r, 3a rcftJrrrrollre rex, roropn€ nonyqaDrca rg
(li4) (Ipr r. rtotr yctoBf,n conp, eIr{E (36), norxocru comqAeD!
c coo,lBeqcrBJnqrMx )paBretrf,nfl crcleru (14)-(16), ecrx norosrb
ti 'tj '

Iloryuerorax crcrcma rey1o6xa,qJlf, rltcteHnoro peueHrs, Tar rar
ylBDtletc{r, $moftatrqxe rs (36), cogepml no 6 xe[gsecric&.Hr:e odr-
cHBaDrca gPeo6P&ioBaH[a, roroule noSBoJttu! c]@crBeHHo ynpoclr"b
Brn ct{c?er{ . lls ].paBH6r f, conpricxxE (36) He"pJBro Harlrl

d., = or.l-' + o.al + aril + e$i.r'
(38)

al-, = nnot-. * r"ol .lici + n.{*, ,

k+-k-
.. = a= B._.8,1_r, er =3-(kF.B:_r - Lt:Br-r),

k+'"'
o, = f (B._iB,:-B.B r-r) , er . -Ii(B.-iBi:+ r-B.+ rB:-r ) ,

k- k-
n, = -5f(n.-rr:*r-a..rB,l-.) , rt. = i(D.B:+r-8.+rB,:),

,,, =+.(+.+rB:-k:B.B:+r), q. =Sr..,r,1., ,

a. = k}._rBj., - r}.*rB,l_r,

an = Bn(r,), Bi = B;(r.), p = o-1, u, r+1.

nAe
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Xpeaxenra (3?) rltrI.r 1 = nto Mo Ho sanrcaab B Bt{Ae

al(o)ci-, + c-(o)cj + b-(o)cl*. = (l:)-' l- l (3 s)

a](o){-. * "'(o)t + ul(o){.. = (r:)'. J

Cnnao:ru a] , c] ,.. . tal ,cl , .. ) osna!.larr, mo B (bpMynax AJIn err.tx
no3tQnfl €moB ( cu. crcreuy ( 14) -( 16)) cJIeAlEr xcfloJlbsoBarb oAttocro-
poBHre sHaqeHr{, rl,{,r: (kl, {, fl). ltpoue roro, euecro r(x)
HJDiHo nocraBrab pi(r) r a BtrpareHxr (Rn)+ Eear.uxu c]-' sauet[{rr
xa -'.

&,*eoa a (39) asuqrru a]*r,clliia,l-i Rli rx Duparelora.x

( ll8) r rcro.us rs cic!.rr B€trs*crxue .1,., ,d-r,,t$., fi*ll c no-
voqEo rparrqHn( ycnoBrf, (35), [oJryqaeu cncrerry

no(o)c{ + r.(o){ = r", (40,a)

a.(o)c!-, + c.(o){ + b.(o)cl*. = ri, 1=1,..., -1 , (40,6)

i.t"l4-..ito)4.iton1.i.rota1*.,.iI , (40,8)

i.t")4_r.6.to)4"d.tonf i,<ati., = il, (40,r)

ar(o)Q-, + c.(o)ti + b.(o){*, = F", 1=rrtr,...,[-1 , (4u,[)

rr,-.(offi_,, + rr(o)fr = r$, (4u,e)

rge a.(o) ,1.(o) , c.(o),r1, n.(o)
ri{,rb D(r) = kr(r) x B @Fryra:(

Tat(le r€r rax B (I7) ( ecrr no:ro-
rl . i > Lrl' , sar'lerrrr c!-r xa

{-' )' '
i.(o)=al(o)+e.b-(q),

[.(o) = ert](o) ,

6.(o) = 1.al(o),

E.(o).cl(o)+e.u](o)

i.(o) . e.u](o) ,

6.(o) = r"al(o) ,

9I



6.t"1 = oltol + lral(o), i.(o) = tl( o) + 1.al(c),

i" = i.<'al";:i . d.(e,l){-' , i.to.,r){-' . i.r"+n1;; .
. <Fl; ,

F = 6.t"+l{Ii . i.{o+)q-'* 6.{oa){-. + i.(d)q;l +

+ dF)l.

Tarru o6pesor, trrc.reHHafi lEa.Elaaum cxalH (34)-(S/) csqleHa
n nocteAoBaterbroi{y p€Eenrn crctn (rl0), rg rotopfi Brrficf,nD'rci
r,i'...'cii.ii,...' q . nocre orono rooffiqrenu {,r, t$r, roxo-
qircf, ns yl,aBr€Hrn (I4), (16), a o[.,,t]-., ns (38).

Ecnr a gonornenre f, lrclolxnr (2I1, (2) npqanoroixrt, tno

6dl
1 + tso+ -- Il+ +I h hl'

h -h \1.f-, /l=o'

1 + tq

(k, )

2k:

b,-.,(k'): 
-?*'

+

({,1)

6idf/
r-o*.['-kl(

h

h
S o.

-

ro crcrexa (4o) 6ylsr c ,qramnarE8rrr rpao6rqAamd.
B cryuaa, rorrnp He rr6D,[ recla paBelrcratr

(k'): = (k')- = o, (42)

cf,cleira (zlo) ,rsFro nFDIIIrct r tpe:(JFarllrarbno.lr aq4y. ,{ocrarou-
Ho Er,ecro ypaBHsHxf, (tlo,a) rr (,lo,r) Esrrb E rxHelfixe ror6xHaluu:
E oAHo', c,rlrqar " "ec"ro, 

l.{o), -tr {o), 
".lpysox 

c i.{o), -6.{o).
Eur ycaoann (rl2) auronlenn, to ollxcarlloe npao6pasoBaHno nlfrBonflr
R qerr rxn! l()rAa, rorrAa u.la.-, xar r.-al h.+r . 3ro .qoJ[Ho

! ,rlttBaltci rrp( BH6oF cetrx 6t .
Hecroarco rsr€loB no cpadcfim c S2 lp€doBatflr f, lrqAEocrx

pa€lora u(r,t) no nspeir€rrlofi r, raerEyn,l() nepdrec"x non! reHHHe

?ar peayrbre$r Ha cxery (34)-(38). tlar4nxap, acm npqa,Eormrrrn
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u(r,t) c c'arJa,r.1, u(r,t) e c'rJ:.,bl. (43)

ro cxe e (34)-(38) srrrporcnimplrer oal8ry (I)-(3)'(5) c rourocrtm
o(82 + rr), rge L=2 nlx eL/2 nl=1 npr o l1/2. Aalee,.qo6ar-
,raa E ycJroBlrr!,r leop6xu ns g2 rpe6osarra (4I), (43), nenio [oryqe-
ex oqeury (i7).

2. Ilepeilor E nocrpooHrD Bf,opon cxe H. lbx r a u.I' peoerue
Bqeu B EnAe cruarhra (33), Ho B orJrrqxe or nepBof, cxeMu B toqEe
paBpHBa x. alrecro,nByx ypaBxenln (39) gosrxelr rx cpeAHee apr6Me-
rlrqecnoe. 0cra.rrntc n)aBHcnxs ocraBru 6es trsreHeruf,. B pesyrrrare
B cxcreue (,10) roflqeclBo lDaBaerorf, WeHbotlrcs Ha eAnxrqy trplr co-
xparrenrx trrclta HerrsaecrHbD(. {ro6u rounexcrpoBaat Hq[ocraror ypaB-
Henr{n, nonoxxu

":=q. @4)

Ocxosanreu nrf, rarono npeAnonfien {s cnyiar @pqtrH, cBfisu8arque
nporlsBoAHtF ry6xqectrolo cluraltria c Bosfiriqficm8rfi elo pa3JroreHrlf,

no B-cn raFHar. [91. H3 srrx oopryr cneAyer ,rame, qro H$oreEHrar
[orp€ntrocTb IItrfi otolr Bo3HlRaeT, eclx

h.-r = h. (45)

C lrqeror (,14) [esrngaqtra rro.lyqerorcfi cxanu cBoflr{rca r pencHxn
c]lcretrEr, cocfaBJrem(of, r.rs J4)aBHet[rfi (,klra,6rnre) r

|ti.ta.6.<al"'-, ,11E.<a.ito) .0"{o) * 6.{o)1,. I *

.|ti.t'l * i.{o)q.. =}ri1 - i1r .

ara crcreua rr{egr rp€r ,[,xaroHarbHHf, BrA, x, EaK H€oI{yAHo Br{qerb, B

crytrae orcyrcrBxf, paspHBoB B lDaBHeHx, (I) ona coanqqaer c crcre-
yof, (I4)-(16). IIpr auroaxerur ycroBx, (2I), (22), (45) r

h.-r = h.+, (46)

cxcroxa 6yAer c g{aroHalbH[li{ npeo6rag,aHxeu.

fur mcrpoeroro cxeuu norHo.f,turyqxr6 Taxre ,(e pesyJrbraru 06

arrnpottcrxsqxn I cxoAr{Mocrlrr EaE Ars cxeMu rs n.I. Tpa6oEaflf,r r
rurqArocl]r peuenna u(:t,t) ocrar}rcf, np€crHxMx, Ho Ha ce[Ey { npr-
xoanrcs Haulgn,uEa"b 6olee rectrr{e ontr[Hl{qeHxfli a xMeHHo: cxcMa
xMeer afinpoftcnMallrD o(n2 +tr) i ecJrr{ aEnoJrHeHu ycroBrs (45),(46)
la h.=c(h]+,, ) . Eor, rpo e roror [orpe6oBarb BbnorHeHxe i.cJroBfiF
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( 2I) r (22), ro H€trpyAtro noiytlltl oqeuty (27). Or.paruteue u 
=

= o(hj+r) re f,Brre?;; neo6ronrnar grr *igtrro"t* otertr.0gtlato,';
notaaa8&! tcc,r€trflD gronelf,nHiu, ero Erto[leHf,e o6ecrEruBaof cy-
qecsBatBoe yDearqgnre lor oclr trtrf,6uerIlolo. pdelItt B orpoctHo-
cr{ lotrlc IraSIIrEa.

. 54. (hcremore rpancp
Prccmrpr Bcrorato trrc!6xm[ rrFnpos pcoerua mpa6on,re-

cErx lpaBrlerrtr FroAor cn ahr-rorrora4or. .[re cpe*orrn rrp8eAsr
raEe pegJrrbtafir, noqnDlIue c nolaqu rore,8pBe!trNDn paoloooroi
cxelc{ [ II; lr.JIIi SI].

ft6er o6osnauarr rDIEs u(r,t) n s(r,t) cootBercrBeHHo roq-
to€ I{ naqleroloe no Etq[y ctr.rafrl-rorroraqlr [arcIcr. Ecrr pacan
BrrtrotrnrGaci Ba paElor.splon cerGo, ro os Ea! o6ogHa@rcr 6yr8ol
h . CpaBHelole cruallHoBGE r tEsrlocltron cxer nlDraDntlcr ]ra oAElar
xoBr[ cgtiar r nt,t onEo( r taf, re aEaqerlrfi EaPeErya s . B rac-
ctBe xapaRrelxc!f,Ior rortroctr gF6arrenlono paa t Erdpatia Eorn-
rflHa E = uar lu(x.t) - S(x.t) I,aflrcraeEfi Ha onlor f,! Bpoaa6n-

" *.{
rm croeB. lftq,erc ! yta$rBa€! Ha rcnorutyarqD cxa{r! D=o - cr6ra
L.[r ypa,BHeHxr c. HeflpollrBnfli rog( .q[a$a,E ($t)i r=1 n n=2 -
coo"BemtBet[lo nePBar r mol}af, cnerll A.rt ypeBHo nt c F8F8IiIll
Ko600n$eHrar.l ($3). Ana.rorruraa raDrrtrla .!tra pasrocfilot cx€E
o6osBaqeHa ER .

Tar rac a Ierqlb cnrelhr-ror^rorqlr p€!l6 e rbr! ra6{!cr B Enqe

cnralt{ar !o orxr rGer 6u"L rcno$sosrHo .qrfi EF6Dtfarnloro corrccra-
Hne q)orsaqlpo( m r or u(r,t) . C qe.ru Aeroncrpaqn ,q,ocrrtrae -
rcl ntn slor lorEl9clr El nlf,Enm allarat a EattrtH

h, = max la, - 
'61. 

E"= r"* la'! -4t.
' r<atl6 axl' ' -a\ , -' a.' I

, IIHAIEP I L4 J.

ar aeu , o(x(1, t>oi u(r,o) = loal!sr.
at d2

?accrar;xnamcr KIIaG$€ !rcJroBlfi AByx rxrros:

u(o,tl=u(1,t)=o,
arl = 1or ea(-rat). al . -iton c=r(-r2t).
tts lr=o ila lFt

(4?)

(48)



B o6oux a'yqafi 
u(x,t) = 1o sln nr erll(-net).

B ta6a.tr nptBqganlr qroleHnne peoyrblaru Ari t = 0.I, nory -
€mltc npl o = 0.5, 3 = 0.00I.

Ta6anqa I

h
Itpeeure Jprosa (4?) KpaearCI ]EJIoBt{s (48)

looh looEo looh 1ooEo 100E;

3.
0.?5

3.
0.76 ?. 0.9.3

0.24

2.5
0.64
0.160.48

1oEI

0.r
0.05
0.025

2.3
0.58
0.I5

.[.ra rpeasru ]rerogl nopBoro poga (az) o6a uetoga .q,aD! olEna-
RoE1D lorooorb. Illwr o"o B peBHoR rcpo ctrIEBAJITBo t.t B o!Hot[6-
rilr nI(uollruoft m6n, Bo$oIE [ocsrnaalcs B cepelrHe otpe3f,a

[0rI], n D ormo[er[n mn6or B raqlor t{9 JEroB. B errytrae rpa€N
ycronnfi Brolpno poAa (48) re"ol c[rahr-Ko.[rof,aqru soqHee IEsHoc[-
nono. 0co6emrc sarottro olltrwe s6rnsr rpeJflrl orpesra [0rI ], rAe
noPtEmHoc"b lrasHoclrroFo [erol,a Aoc!fina€a EBcllvlllarB !o EpexE rar
trIa cnlaftrmro norpeEnocra a6rrran npsrrq cyqecrBerlrrc ueHHtI6, qel(

B cepa${$e o?IDsra. 9ror effirr odracunercr roErofi affIporclrxa -
qreil nparnuut lrqroBnn E rGroge cruaf,n-roaaoraqffi.

lls gplBegerrrrfi rucDtrlDm pesyrbtatoB srgnor qro ,loqnocrb npr-
6.urerss IntreHrfi u(r,t) rr ero npor'sBo[Hrr B retog,e cnrtatfu-Rortro-
raqrf, InBna o(u2) .

IIPTflTEF 21'.71.

#="*, *.(-tr,L)' t>o.

a=
{

fr2, x S o,
1, x ) O,

u(x,o) =
cosx, rSO,
cosltrrx>0.

lol*=o = ['*]*=. = o
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