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C.l,l.Qqgeea

. 06cya4aerca e$sexruBHbrfi uicJreHHHfi reToA perrreHlrfi Henl{HefiHu(

KpaeBbr( Bql,aq AJrf, cl4ereMbr o6uruonennrDc AU${epenryarbHEu( J(paBHeHufi.
itpra erou 

'tcfloJrbalrereg 
uero.q, llrprona-itanropoBlqa B.coqeraHltil c na-

paueTp,rcal+lefi ' paaJlutlHHe cryr{a[ np]IueHeHlltfi l(oTopofi paccMoTpeHH Ha

roHKperHH( np}ruepaX iralreuaTnqecroro MoAe,IllpoBallltf, cTaIIroHapHbDC Xu-
rrnqecm{x peaKl+{lt B sepHe r@TaJrxsaropB. Ilponpauraras peaJll{3a4{f, ile-
ro.u,a flosBoJrr{na B paufiax qlcJleHHoro er(cflep]rueHaa yHil{n4{poBsrb }lc-
eJIeAoBaHxe AocTaToqHo [Mpoxoro Elacca HenxHefiHE r xpaeBu( 38,Aatr.

I. Paccuorpur rpaeB),D salaqy Ilnfl ctacreuu I,tB n o6urctoBeHnbr(

lu f Sepeu4la.rbHu( )lpaBHeHxil :

9I = f(*,y, [r), a <x <b,.* (1)
x=a: I(y,p)=o; x=b: g(y,p)=o.

34eel y x f - ssKl'epr pasMepHocrl4 ni P- Bclflop [apaMerpoB sqAa-
qu pasuepHocrlr n; r(rc y,p) - AocraroqHo rnq\xas Bexrop-ft/tln+,Ifi
no coBor$rnHocTr4 aprJrueHroB B l,tsBecTHofi o6Jactu, psaHo I(&K 14 Ber-
rop-ityHn+{t{ r(y,p) u e(y,p) , onpeAeJlr[ouEe n HesaBncrrubD( I(pae-
Bbr( ycnoBxfi. IlpeAuoaaraercs, qro KpaeBa.E sqgaqa (I) uueet eA[Hct-
BeHr.roe pe[reHue, .]cJril u llp}rHaAreluT HeroTopofi orpecTHocTl,l Tov-
ru p0.

l{ax HgaecrHo, Morsrror cpeAcTBoM wcJleHHoro ltccJleAoBanxf, H€JI]I-

HefiHil( npo6leu f,BJraercn uerog HmtoHa-I{aHnopoarqa U]. 0grn re
cnoco6oB ero np[rleHeHns x ( I) coctour B ToM, rITo rlpeABep]rrenbHo

,u,r40{epeHr${arbHas r(peeBafi Bq,qara anflpoxclrfi{pyercs .q}rcrperHofi Mo-

ri7

t-
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AeJrbp B BrAe l(oHeqHouepHofi clrcTeMH u3 N' TpaHcqeHAeHTHbrx ypaBHe-
HI{fi OTHOCI4TENbHO N TOMIIOHEHIIr BEfiTOPA I;

F(y,p) = o. Q)
ilyctr p = ! u Yo - Haqa,IbHoe npu6anxerue x ToqHoMy petueHl4tq

Y Br,qawl (2). Cor.uacxo uero&y Hrprona-I{anropoB}rqa flocJre.qoBarenb-
HHe fipil6nl{xeHl,tf, Ik crporTcfl IIo npaBr{ny

yt+1 - yk+ Ak, A* = -[rr(rk,F) ]-1 r(rk,E ),
k = Or !r2, ..

34ecr BI - MarPltqa.f,fto6lraHa clrcreubl nr{HefiHbrx &lre6pahqeclg,lx ypaB-
HeHrrfi, onpeAe,rr[oqefi nonl]aBfty Ak' Yk+1 - oqepeA]roe Epr46nr{xeHr{e fi
perneHl{p saAaqfi (2). I4repa4aouuufi npoqeec npexparqaeTcfi, ec$u

ll ak il < 6, F,q,e e - aananaoe floJroar{Ta,rbHoe qilcJro. Cxogruocru npo -
qecca x qgcno lITepal*ifi, aa roTopoe AocTr,traeTcfl BbtrlonHeHr4e JrcJroBrrfi

fl akil < e , NaN-[paBr,rro, cyqecrBeHHo aaBr/re]rr or su6opa HairaJlbnoro

npr6;rrrexiaa Io. Boo6qe roBopfl raalrFlue Haqa,rbHoro nlu6lureHra B !rr€-
paqfioHHou npoqecce (3) saasercs rpo6neuofi, Bo ruHorux cnluarrx on-
pe4erfl uqefi e {{e xrraHoer b u en oJr bB oBa}Mf, Mer oAa lirnt ona-iiaHr opoBt4rra .

llpm eloru Mor(er or€Barbea [oJreaHolt napaMerpusa44fi aa.q,arr4 (2) [2i].
BneAeu cHarf,pHull [apaMerp t lt alrecTe c HDIM napaMerpl4qecr]rc

BaBncgruocrb- u = p(t), raxlrro E =p(t-IltHorAar,ocraroqno Bafirb
B lcaqecrBe t oglry r,rs KoMnoHeHr Beroopa p. Ilycru npn t=t,[ = p(t)
,IsBecrHo HaqaJbHoe npudluxenre Yo peuexrn ctacreMbr r(x,[) = Q.
Ilpuuerus ueroE HrproHa-ldarropoBr,rqa, HafiAeM perneHue ? = r(0) e7l

xpoMe roro, Marpr4qy firo6uana

rp( 0) = -1rr(?,i )l-' Fp(t,[)

IUIfi BbrrMCneHXg [por{3B0.q,Hofi

dl .A
aE lt=+ = rp (P

t=t

(3)

,,t =t ' no
t+H r BbI-

F(Y, p)=0,

\

tlp
d.t

Ilpogomuau renepb pelreHre sa,qaqfi (2), Hafi.q,eHnoe np,r
napaMerpy t, ycrpelduB t r E c uaroM H. Ilolaras t =
Sepeu n KaqectBe HaqaJrbHoro npu6ruaxenua petueHuf, crirereubl
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F = p(t) B€rrop

E,

x npoAor3{r .traree srm npoqscc aruorL Ao t = E. (llpr sror,ecrecr-
leBHo, npeAnorana€Tcf,r q"o rarprqB trr ocaaerca reet4lqgexxon.Eo-
,es o6qa8 cxqiatltri 6!Aer llaccr.o"pena a n.3J Eclr E Aocrarot'ro n-
,or ro gro HAqarbHoe nlx6Jrirerotg 6lA6T npqAcra,ltGarb rornoe peoe-
Hxe c florpeoHocrlo o(42).

04ra rc cnoco6oa flogrpoelur ,0rtcr(p6fho0 ro.q,ear &!i sqAArlr (I)
caolurcr r creAlDupry [2]. Baeler c€rxy no x c Jarem rr:

a = :r<xa< ...<r[ = b, hr = ta*, -ra
r o6o3Hlra a rrepe3 yr grlaq6nre! rrlrrHxreroe peoe8rer (I) a f -r yo-
Jrer yt = y(x.,d. OrasrAro, rps€Byr a$aqy (I) rcno npeActa-
ErTb a Bx,qe I

l(yr,r, ) =0, s(l,u) =o,

dY

at t=e=I+IO

r t
yttl = yr + f [r,y(x,p) , p ]itr , (4)

,a
1= 1,...I-1 .

,lcronr orcr€re rpaxcqeHAer[HE( ypeBueHm ctqAlcr rc (4) noole
npr6rrrerrron SareHu nBterFlr mqApatJPtlofi {op.yron. Bocnotrbgller-
cs fiopryror Crmcore, roropar rorrra Ha Etororueuaix rPsrbea crene-
xr. Ilpr aror s (4) anocrrca aosrtrrupxxe nopEAra hr, h = nar h..
coxparflB ga aHaqemttrr oarot rol frntn$x odosna$rge y'rnorlria""

r(yt,u) =o, s(yr,p) =o,
pr = vr - r'*t .6\tt(rr,vt, r) + 4rp-l rE1, 

!t, p) +

+ f(x..r,1,r+r, u)] = o, (5)

I = 1,...,I-1i
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r.e. e[creMy rpaHcqeHLeHsHbDC JmaBHeHI,rfi BI{Aa (2)' s roropoft F =

= [1,p1, ..., pM-t,6]T, r = [y1 lr...,yM]t - coersBHHE Bexropbr

paSMepHocrH N = lh,3,U,eCb

yr = 
yr t yt+l *| [rt*.,yr,g) - f(*.*r,yi+1 ,rr)].

Brpa,rerme ?r sqgaercfi BHaqeHI{eM qduuecrofi napadolu B roqxe

!/xr**a*o) , roe(srqrenrbr l(otopofi oflpeAeJlrflorcfi no sHar{eHr,trM y vt

ay/e Ha r(oHqd( orpesra [*.,*.*r1 (apmuroaa ry6ruecxag l4Hrep -
norm4ar [I7 ]) .

Baaro oruerrTb, trro uarprqa F, cl{creubr (5) tueet 6.uovxtrrto

ABJnlAI,IaroHa.,rbHJ,o crpyr$ypy c, roo6qe roB opn, sanoJIHeHHbrMr 6noxauu

I
v

P1 P.,
v

I

,1

0
tv

t
;!I-1 DM-1'#-1 'l

6y
v

3gecr 6.uoror P]. , P|.*, lllreror pa.?uepHocrb Dx n xa4ufii

6aorm L ril 8u taMenrpaaMepHocrb kxn u (a-k)xn coorBercr -yy
BeHHO, rAe .k- BncJrO KpaeBbn( ycnoBflfi B saAaue (I) npn ra, o <k o.
llcnoJraosarure Mero,[a rlttra trporontot trp{ peueHur,r cncreMbr JrtrHef,rHbrx

a.rrre6pauuecrf,,rx J4)aBHexr,rfi, J^r{ruBanqeFo erpyroypy Marpxrlbr c}rcreMbr

By , flooBoJrfier Rrj[oAr,rrb Bexrop [onpa.Bor aJ (3) ua xar(Aoii ure -
palpM ll Bemop-croJr6eq uatpnqu Iu Ba tnlcno apil.pMerl,Iqecls,tX oII€ -
patprfi uopsgrca N.

Ilptaegeu {opuyru BHrr[erIeHI{s oJIeMeHroB uarp}Iq Pr. u Pl
y- yl+l '

Lna corpauprufi gartlaclt o6oornrrru

0

i
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u = yi , v = yl+1, w = ?1, h = hrr

p = pr = u-v "31t1u) + 4f(w) + f(v)l = o,

* = 1(r-,,,) * |trt"l - r(v) l

6es neperrrcJreHnf, B rpyrn6p( cxo6xa:t Bcex apryuexroa nemop-fimrupu
f . B pesyabrare rrpoxsBoAHHe Pu r Pv nMepr cJre.U,ypu+{e BEpareHxE:

Po = r "Uh[rr{..) 
+2fr(w) +}tr(w)tr(u)1, ej

Pr, = -r + ftrrt"l + 2rr(w) -f tr(w)rr(v)1,
pAe fv ,- Marp4qa axo6uaHai I - e4l,tHflr&tafl Marpxqa.

t{y"r" q - oA}rH uo oJreueHToB Ber$opa P .CoorgerctByouptil cron-
6eq uatpuqu 8* xMeer BxL:

ro = [r*,r{, ..., {-t,BqJr,

rAe c lrueroM [p]tHfiTbrx o6oguaqennfi

r,., ={[ro(u) +  r*(w) + 4fr(w)ro + fa(v)],.a 6_,

,.=$[r*1") -t*(v)J.
lipauuuaa Bo BHr4MaHue cnoco6 aflnpoxcltMarl{la garaw ( I), cJIe-

Ayer oxr{.q,arb, qro npeAJlaraeMbrfi uetog 6yget eflerrl{BeH fipu nocrpoe-
Hr,l4 AocTaroqHo FnaAKI4x, 6eB cuarulo( ocrfiJlnf,Illtfi peuenltft l(paeBofi 3a-
Aar{ur) .

2. ilpoqe.qJpa flpoAonileHl4a peureHilfi no napauerpy 6rsta xcnouu-
soBalra npu paeqere erarllroHapHru( pem{MoB MHoroxounoHeHtnolt ${$y -
3Xr{ B sepHe KaTaJrxBaTopa B ycnoBxf,x IIOcTof,HeTBa Teu[epaTJ(pH 14 AAB-
,eHl,!f,. I{paenaa 38t[aqar MoAeJlxpyloulps npoqeccr uMeer B]lA E2-ra]:

x)

(6)

t

-t

orueruu xopouro ugEecrHbrfi ow€xTI{BHEfi IIoAxoA, ocHoBaHHHil Ha
rBasr{nuHeap}t3ar#r (I) c nocreAJ[0]${M IIpf,MeHeHxeM Mero.qg oproro -
HanbHoll nporonrru n,;[fl peEeHrf, nI{HefiHbD( I!I)AeBLD( saAaq Ha l(ol(Aofi
urepaqi,iu tg-II]. llau iru6op flpoArlfloBaH *enanueu pacnpoerpaHxrb
flpoerm,r cn0c000M Mero.q, flpoAoJnreHxf, peueHxfl-[o napaMerpy Ha cny--
qafir Korla BoSMoxrHo BerBJreHle petreHt,tfi (I) Iro napaMerpy tr
( cr,r.n. 3).
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tu(rh
ra dr ,)=F.=

!o

,3r'rrf,' 
o<r <ro' L = 1;"'1roI

d.c t_
ar

to

l=1
t*t

1

E ,(".*r-crt{r)'
(8)

t,

r=O: Nt=O; !=fo, "a="!,
IAe r - n}IHeilHar roopAr{HaTai ro - pq,q,}rye sepHai Do - KoJr[rr€cTBo
rol,rroHeHTi mo - rrtcJro pearaprfi; crrcol - uoJrbHaf g,oJta i-ro Beqe-
ctBa coorBercrBeHHo B BepHe l,l Ha noBelxtocrr,r sepHai Nr - A}r{ol/tsx-
oHHIItr IIoroI(i vtJ - Cr€t0tor€rpuqeclolfi rooaHt{ql|eHr 1-ro seqecrAa s
j-il pearcpl; Wr - ct(opocrb PeaIE+rI{i DtJ- napalierp, Ilpofloplplo -
Ha,nbHEfi roJrerq/nfprouy xoefi{rrryenry Anrffinuu.

B panxa:r xarexarr/rqecrofi HoAe.lrx (8) paccrorprx [poqece rony -
lreH}lf, yrJreBoAopoAoB l,tg cIHT&3-ra8a, rrpoTeKaDqplro no cxeue

Co+2H" 3 cHroH+Qr,

COr+H.I CO+H.O-Q,

CH'OH + yrneBoAopoAgl H.0 i Qe r

rAe Qrrd = 1,23 (oo = 3) - reruroBofi e(Sext j-l pearrflr,r. Tanau
o6pason, crecb pearrpJ,DryIx BeqecrB cocroltr rdg rlecrlt KorrloHeHT
(no = 61 . CoorsercrB},Drry{e ctopocrx pearapta onpeAel@rca no ifopxy-
Jrar. E5l :

r, = r.,[c.ft) ,/u - r,(!z),/u7,

^2 
(9)

w. = Kr(c.c, - Kncrcu), ff, = tr5c5+ *. 
+ 

.

3gecr c., 1= 1r...rao r - roH{e}rrpallprr{ Ber{ectB: cl - olgtcx yrne-
POABr cz - Bo,!,oPonpr c, - ADYOIOICII JruteBolg, c4 - BoAbt, c5 - [le-
TUJIOBOFO CIIrpTA, c5 - yDIeBOAOpOAOB, Ilpl,lqeu a1+cz+cr+cq+cr+c. =1;
f., i = 1...r5, - I(oHCTaHTH Cttopocrefi peatc+{fi.

t
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Cprxapnrre cropocrr,r o6pasoeanus (flcqeoHoaeHnr) aeqeers mreDr

c.[eAJ'Du$e BEpafeH}lA :

F1 = -IVl + SI2, F' = -W' - N't, F, = -11.r

Fo =w. +!,Irr Eu =w. -wr,, E6=wz/6. 
(I0)

Ilocromry r, = 8u-rr-12E.r ,. = -rn-r*u4 1.,F3 = -F++ 6F. , ro
B exny (8) ranau re paBeHcrBa[ yAoBJrerBopilr A]r(&]anoHHue nororol

N,t = Nn-ltr-L*r, N. = -No - il, -6F5 ,
(11)

Nt=-Nn+ 6F..
5

C yuercu (9)-(II), a rsxfie paBeHcrBa o. = 1- 
.I.r". 

q)aeBaf, sa-
gaua {cpuylr{pyerefi E B[Ae:

alc
1

dr

O(r(ro, t=415,6;

(crN: - c.Nr), 1 =1,...,5 i
(L2)6

E

3t
1
t

1
D.

r = O: No = s: = N.. = O; j" = "o; ". = "!, 1= 7,...r5.
06osnaurry qepea S uasuta6'Ar{hExoHHED( IloroxoBrrrepeo K - uac-

ura6 roncra,nr cr(opocreu peaxq{fi r{ nepeitAer s ( 12) r 6eapasueplrnr
Ben}l!U,!HaM

!=rox, K.=Kkrr Wr=KBr, Nr=SXr, D.J =roSdtJ, q=ro[/S, (13)

npuAaB r(paeBofi BaAarre tetan,qaprnufi Bl{A" (I):

d.c

1

I

6

E

#
- tl -

1

Er("rr, -crx.), o(x(1, i =1,...,5i

)

I
dx

*= t, = -?".+ e(ee+er); * = t, = -1"r+ e(er-sr) ; (14)

dy5

E f 1
b

+ QA,?_"
8

x=o: Ya=Ys=Xu=o; x=1:
I08
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3gecr

t

/r = x+ - xs .' 121a, Jz = -x+ - ZYu - 6Yr,

i y3 =-y4 + 6{e, ." = L - (cr* cr* ar+ cn +cu) ,

8.,(c) = -, 
[ ",(]J',- - *,L? ',- 

f,
s.(c) = kr(c.c, - kucrcn) ,

sr(c)=kr"u*or+,

FAe c - BeKTop pa3xeplocTl{ no c rou[IoHeHTararl c.. Pacxpua oco6eu-
HocTlI trprr ;s= O r nonJrErra,UIt fa, f tt f 

" 
clleAJmu$e BtpareHrtr:

x = or r. =*(s, + sr) , f , = *,*r-8r), f8'= 
lrur.

Barxofi :(aparfrepxcrrIxoil nporefiaHr{fr J-fi pearu+{[,BmDrcJrreMofi Ha
pe[rcHl{ril( (8), ralaercr @xrop e@rtuanocrr }rcnoJrbooBaHur rop}rc -
Tono Bepxa raraJll{garopa I.r paBHHfi orHoueHr{D Tar HanuBaeuofi Ha6-
m.qgeuoft cropocrr pean$fi ri wr(".) :

.il=3 rrJ -+* i rewr[c(x)]ax, i = 1,"'rn o, (I5)
f,r(c") J '

rge "o - Benrop oHaqeHr,rfi io"u""r*onfi Ha roBetrxHocr'r{ oepHa, x =

= r/Eo. 06palgrcl r paccilarpnBa€Mo[ npo6aeue, gaxerr{u, qro cor -
nacHo onpeAeleHrm IJ n a cnry (I4)

,|

xu(1) = c J x2[s.(c(x)) + sr(c(x))]ax =-9;s.(co)n.+sr(c0)rrl,

1

yr(1) = c J-x2[s.,(c(x)) - sr(c(x))]* = ]iBr(co)r,,- 
sr(co)qr3,

o

,|

r.(1) = * I *'ur,",x))dx = $sr("oh r.

,t
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0rco;to c lnrerou (I5) nolyurr Anr Burflcf,egrrt
npocrlle {opryrE ,

rr(1) + 6Y.(1) 3y. (1)

Qs"( co )

?,r rlla, tlr crSAyDlsle

'!
_ 18y"(1) 

. ( 16)

Qar(co)
!, = 3

Qar(co)

B ra'recrae napat erpa xpaeBotr 3q,qar$ (I4) ar6eper Q. orBtta-
xo, npr Q = 0 roqxoe peueue (I4) ,r€er Era

Y! = o' cr = c:' 1= 1""'6'
np.r arox 4r = I. J. I'2'3. HA prc.I IlplBeaeHu oaBncltnocrll tli'

o.a

o

o.a

n

rl

,|

\2

o.6 'I'o Q

i" x !r

Pr.rc. I

or Q , ,tocTporHHrp lra P€treHnf,x (I4) npt oIeglm4lX Sxa-

qeHxi:( nrpareTPoB:

c9 = o.@: cl = O.zo; cl = o.I2: cl = o.oo; ": ' O'03; c!' o'Ot;
kl = 0.3.'r,= 2.uog, k,= 16, k+ = I4'ii5, k: - 4.8r k6' 44.79i
d,, = g.a8, -d . 0.?56: a1n = 0.I2I. ttrr.0.7E,.<1." = 0.375:

d:,', = 2.*, dr; = 4.I3, dz: = 2.E9, t1""= I.trI.- --drf i.92.
ai] = o.oas, 'd.r".2.9t3,--a": = 0.I00, i1...0.4ti?, d:c= 0.3Id.
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lAe drJ, i, i = 1,..., no, i I j- qreuentu cltMlrerpllqecfiofi MaTIMLIH

p$uepHocrr,t n#n or,Onpeaor [0,1] tro flepeueffiroil x 6EEI pa36[r Ha

I0 cacreft (M= II)./lIpra etou Ha l(efi,qoM rlare ro Q penanacr cucreua
rpaHcqenAeHrHD8 JParEHeHfiil (5) paEuepHocrlr N = 88.

3. ilpnuenenlte flapauerl,[Bar+{l flpeArlonaraer .cyqecrBoBaHrer
e.UIHCTBeHHOCTb lI HenpepbrBHlm 38BI{C.}tUoCTb pellleH]r,I HpaeBofi sqAa-.
qlt or cra,rf,plroro flapaueT.Pa t , flpl.rHq&rlefau{ero HeroropoMy orp$I(y
ltort1]. 0ggaro rl{nurtrrofi f,BJlrercfr cl{ryal+rf,r rorAg }IH6opMaq}rt ra -

roro poA& oTclrfcrByeTr a I{ccJIeAOBaHUe HeJr}rHefiHofi IIpo6neMII Hoc]Ir

xapar8ep rficJreHHoro orcnepuMeHTa. B oTrdx ycnoBlir$c qrcneHHHfi MeroA

IlpoAonteHllfi pelreHrls no [apaMeTpy Aonf,eH Jr{tTHBaTb BoguomHocTb BeT-

BrIeHrr peuemfi (I) no t [2-B].
Iiyctr cncteua

o(r,t) = o, o( r,t) = F(t ,p (t) ) , ( I?)

cocroaqBf, ug N TIrancqeHAeHTHbn( $)aBHeHI4il' f,BJlaetct AlrcKperHofi M0-

AenbD sa,Aawt (I). Eygeu llpeAlloJlararbr tlro (I7) oupe.qeJlter Ha or-
pesre [to ;b1] Bexrop-{;trrrsprs y = 1(t) ' xoropaf, saAa,er B nepa-

MeTp,rqecrou BlAe IulaflI$m [pocrpaHcTBeHH]m xp]rB],D. TorAe EeTBJIeHI/re

per[eHl.rfi (I7), eorn oHo 1,lueeT Mecro, np4 HeKoropoM t =t. osHaqaer

HeoAHo3HarrHoctu aentofiynn+{}.t Y(t) . C npu6mxepreu t K trnAe
oAHa BerBb Y(t) nepexoArlt B Apyrlto' Marpxqa rxo6il8l{a craHoB}lrcfl
ruoxo o6ycaoBJleHHofir a Hopua nextop-ifurr.uapr\ dl/df HeorpaHHqeH-

Ho pacrer. IIpn etou rpol.offieHue peueHn.fi (I7) no rapauerpy t cra-
HOBUTCT Oarpyp[ relbHHta' Tar I(aI( HAPylla.DrCA yC,IOBllt npllueH,tuocT]t

rero.qs llmrona-I{axropoBuqa. Ogparo ecJl}r npeEnoJro[eHle o rnq,u,l(o-

crrd t(t) ar,rro.nnrercr, ro npo6leua uorer 6brtb paspellteHa nJrreu npo-
crofi saueHH [apaMeTpa c}lcreuH (17). AenctBl{reJlbHor rlocKonbl(y IIpc-
crpaHcrBeHHat r(p}lDafi He l{Heer oco6rp< Toiler, To paHr uaTpultEt [. =

=[81, o1J paeuepxocrr Nx(N+l) panen N,qrfl Bcex t e[tort, I
Ilo reopere o HerBHofi Syxnpu B [eqecrBe flapauerpa clcrer.H Molf,Ho

yr(asarb tar;p j+t rourloHeHry Beloopa x r qro l(BaAparHar uarpllqa'
nonJrrreHHar B peoynbrare Buqepr4Barus J-ro ctott6qa Mq'TpI'tqbI a' 6Y-

AeT HeBHpo[Ae]r{ofi. CJleAoaarellxorpefreH}le crlcreuu ( I7) B ol(pecrHo-

Ct[t tr IIPeACTaa[r.o B B4Ae

rr=ri(l), t=t(1.), I =r,r
L = 1r...,ili i I J.

!r
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i/tnrun caonarnrr ,qJts fiocrpoema t(t) B orpecrHocr]r tr qerecoo6pa-
Ho nln/rueHeHue UeTo.q,a npoAonteHllf, peEeHI{E no napaueTpy l.

IIpr peryn;pxou o6paqeruar K nporpAype ardopa 'rex1rupro" napa-
Merpa I cucreug ( I?) ueron npo.q,onreHr{r peuenr{f, ,rro napauerpy cra-
HoBlttcfl yr{I{BepcaJrb}Go, I,r off€xrt{B}llo, cpeAcrBox trtcneHHoro flocrpoe-
HHfi Y(t) , ne rpe6lmul{M npeADap{renbHofi xHoopm4{rl o uHorecrBeH-
Hocrlr pelteH]ril tro t . ilo cyqecrEy, Bb6op flapauerpa fiBraercr Buritnc -
Jrure[bHoil npo6.zexotr o[peAeJreHus N nxHefiHo - HeBaBuenMrDC Berrop-
cron6qon uarplrI1rr A, flpuqeu B KaqecrBe nr{HefiHo-BaBrircnr.oro }trcJre-

AoBare,IbHo, "BHrleplorBaexo-rotr geroop-cto.n6rp ilaTplt$r A rof,eT ora -
sarbcff rar( j-fi cto.r6eq lLtprqx ov , rar x o-! Tonpg a poart

napauerpa .et/rcreuu (I7) 6yget arcryniru coorBercr#HHo .nn6o j-E
r(oMnoHeHra Beroopa r , nx6o t . Ec.nn lrp]r Heroropfu t e [to, t., 1

peueHlre (I7) pe lrsBecrHc, paBHo rGax rr reryuurfi flapauerp Ar [Ix{
tFuRcr4poBaHHou gHaqeH[]r roroporo peueHxe Hail,qeHo, To oJIeueHTapHHfi

. uar qr{cJren}roro nocrpoeHxff Y(t) cocrolrr a nu6ope HoBoro retq[qpro
napauerpa Ir u fipoAonteHr,rfi pemen]rfi c]rcrerx Ha o.rrl{H llar flo Ir
u rar garde.-

OruerNu, qro onpeAeJrenue reryqero napauerpa cr{cre}ru [p]r tro-
Mouryr uero.qa faycca c au6opou FJIaBHoro oJleueHra IIo Bcefi uarplrqe
Iufl 6oJbEI,rx N fiBrseteR rpyAoerrofi onepal$efi. Iloetouyrnpltur.as Bo

BHlIMaHr4e cneq{aJrbHyro, 6rqqHo-AslfiA}raroHaJlbH},ro crpyrfrypy uarpl,rl4u
ay , uu 6ygeu flonbooBarbca npaB]rJroM, coruracHo roroporry nepaxe!-

poM cucreMH o6tgsrgercR xau6o.zee Suerpo MeHsDrqafle.E r(orrnoHeHTa

cocraBHoro Berropa [Y, t]T.
(hoaxau{u qepes x Beroop pasuepHocr[ N c rounoneHrau]I x. =

= Yr, 1= 1,...,N, eg,u4 I=t. BnporunHoucnJrqae napauerpou
c}lcreurr c.,I)nur j-f, rounoHcHTa Bergopa y: I= I, r a Beroop xco-
craBJraercfl I,t8 xoilnoHeH, x, = Yr, i< ii xr = I.+1, i >Ji tv = t.
OuenugHo, Ber$op X uorxo flpeAcraBr{Tb ral( pellenue cncreMH

o(x,l)=0, detox(x,l)lo, (IB)

0npe4e;rua Bercrop nporu)BoAHro( peuleHltf, ( I8) no rer(yqeuy rlapailerpy

# = -tr*(x,r ) l-, or (x,r) ,

au6eper,r a xaqectBe rt
raBHoFo Bersopa [x 'l ]

nar6oree 6uctpo ileHf,rqyrcs KorfiIoH€trr3l coc-
t , T.e.

*
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ll=
x* r €cJrlt ldxk/d I l> 1;

I , ecru ldxk/d Il < 1 t

(

t
( re)

ti

rAe k oflpeAeJrf,eTcfl ycJroBleM

ldx I lil( t

hii=':" l*1, 1= 1,""N'

Iiocue ourreprorBaHxg coorBercrBypqero B€reop-cron6qa rerpr{+r .e' cr,r-
cteua ( I7) onmr npnBo.u,urcf, r nra.qy ( I8) corJracno oupegeaeHun x .
IIpa erou xoulroHeHTbr BeftTopa

(20)
,J 1l

no a6co.rptnofi BenxqrHe ,{e nperrbglanr eAxHr4llbr.

lua npoAorxr€Hxa peueHHn no napaMeTpy I, Ha Ear H, sHar ro-
Toporo AomeH 6mu connacoBaH c rlpeAHcropr4efi ,rsueHexuf, lr, s4q,a-
.q,ltuc.a Har{arunru npn6.ruxeHreM peueHxfl cr4creuu o(xrl) =0, A =l | +H
e J {Brou (20). lialee o6mruur,l odpeoola npxueHrercs MeroA lltnroHa-
Haatopoauua. Moxno JruBepf,Aari,, rrro npr{ Aocrarortrto xopoueil annpoft-
cnuat{'tn prs{epenryalbHofi ltpaeBoii saAarrfi g.lcreMofi ( Ig) uarprryl nro_
Ouana c"(x, r) 6yger aeauponAeHqori B ctany Henpepbranott BsBltcltuo-

crr{ ftpaeBofi sq[awr or rratr)aMerpoB.

3auetuLl, qTo rorAa t ne anagercn TeKyuI4M napauerpou, cltcr€-
ua (I8) cJryxlrr Ar4cq)ernofi MoAeJrbp r(paeBofi aqAaqx (I), p = p (t),
r,u,e t noJulelu4T onpeAeJreHuro. llycru A = Tr, i = 1 1...,N1 x J eo-
o't'nerctayet k-a I(oMnoHeHTA BeKTOpa xt, k = 1r...,ni i =1 ,..rM,
cocraBuoro Ber$otrlt y (b). Torp,a or peureHlra aqAalu (I) rpe6yetca,
qro6u k-s KounoHeHra Berflop-*yHKr+.ru y(x) [p]rHxMaJra saJr,aHHoe
SHaqeHr,re I nplr x = xr , rJIe xl - JReJI CeTl(I4 nO x.

Crpyxtypa MgrplrrlH o x BaBuexr or au6opa rexyqero flapa,Merpa
cucreuH. bcar xi t, no a-cu.ny (I7) & = Ft ,r, cJreAoBtr€JrbHor
ox - 6no*ro-ABJD(AI4aroHaJrbHas Marpuqa, paccuorpexHaf, paHee s n. I.
Ecnu l - J-" ror,noHeHra Beftropa I, ro oX = lirrolJ rrAe tI-
Marpxqa pasMepHocrlr t'tx(r-1), o6trnaJnoqrscs nocJre BHqepKilBalrus
j-no Berrop-cro.n6qa rrarpx$r Fy ra N -l,l croa6qor I sBJrf,€rcn ot .

dt /**
d,L / dI

dr dr /ax
dN - dx/ dl

rt
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Teu He uenee oro He cJrl6tur npenaTerBtaeil AJra opnalrr4sal1{u uero,u,a
TlltIIa IlporoHlot, JrqlitrHBaDqero cTpyruy?V OX r{ nogBoJrmqero Ha)(o -
At{Tb pe[reHl4e cr{creu JrxHefiruo( ame6panuecn{x ypaBHeH[fi, I(oropHe
BoBH}lre$T Ha Kail.q,ofi r{Teparptx, sa wrcJro apr{ueruvecrax onepaq{f,
rop8l,ra N.

ftlyruu BaJTHDlrI (pmopou, onpeAenfiDrpru e{iperunnocrb napaMer-

Pr{3arl[]r, fiBJl8ercfi sqAgHue HaqaJrbHoro npu6.nurenna.i nycru i - paue-
Hue (I8) npu I = f, u rpe6yerca rpoAonxrrrb peuedre no tr na Ear
fr'. Bc.nu BeJrilqrHa uara E AocraroqHo MaJrar To BeBtop

dx
Xo=i+-l - EdA' A=I'

llpe.q,crtaabEaer perrreHr{e er{creuH o(x ,tr +D =o co Bropbru ropaAroM
rotrHocrr{. Boo6up noBopfl, ueu ueHme lE[ ' reu MeHbltle rpe6yetcx
urcJro l{Tepars,tfi, ueo6xoArubr( AJI8 tono, uro6u Hopua Bexropa [oIIpaB-
xr 6rua reHbrrre gqAaHlroro e. Eto oocroaTerbcrBo l{cltoJlbgyerc.E AJI8

aflartra,t1rx Eara no rexyqery mpar.e?py npl npogonf,eHut{ peuenus.Ec.ult

A He f,BJlsetca craproBuu sHaqeHvex ttapauerpa trtrl,l nocrpoeHl{u y(t),
To, flplrBJrer(an x tt dx/d.l rtplr l=f,'- f, , r.q,e ii- flpe.$IecrB)mup{ft

uar IIo l, uotnHo B3fiTb B ftaqectBe xo nutepnols4{o}IHElfi MHoroqIIeH

3-fi cteueau, noBucltB [opEAoI( Tor{HocTr npeAcraaaxl{g Ao lletBeyroro.
llnonqg ygo6uo nocle nu6opa rel$flqero naParrerpa cilcreMu I rte-

pefirll x ylMBepcaJlbHouy flapaluerpy - AJIIHe .qyrtr I npocrpaHcTBeHHoft

rqnrBoil, orpeAenfleuofi cucteroil (I8) :

.,

d.s = tdr 1+ E
1=1

(axr/ar) 2 (2r)

rge sr6op snaxa connacyetcs c ycloBlaeu rroflorsilTa,IbHocrta tlg. C yqe-
rou (2I) B reqecaBe HarnJrbHoro npl6.rnreruts xo uorno pacclrarplr

Barb pe3yJrbrar rflc,reHtloro l{Hrelrp,rpoBaHxs rlo s sqAaq[ Itoua AJIf,

e}lcreilH N+1 py{fiepeH+taJlbH[0( ypaBHerolfi c np8Bofi r{acrbD - Bemop-

{vHn+{efi l(axlar )(alt /as), dvds]t na orpesxe [E,3 + 6], coot -
BercrBJrDqBu orpeolry [i,i +s], 14 HatEJIbH[trt ycJloBt{rr: 1=i, }' = i
npr s =E.

PaccratpuaaeilHfi rero,u, uqer 6rrrr lrcno.lbsoBaH ,qJIs t[tc[enHoro
lcc.[eAoBaHl{s sqAatu (I) a unrepec},Dupfi o6nacr[ rrcxeHeH]tf, flaparer-
p8 p IIJrIerl npoAolreHxf, pe[IeHnf, EAonb t€IAOfi }l3 Hexoropof, cep{}r

i/.
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r(pl{Brrr sq4aBaeuu( Ha6opou WHqrn rr(t) . C,regyet roAqeplfiJmb'wo
B,q,ecb He sarparuBaercx upo6aeua BerBJIeHrs peneH[fi, o6ycaonnermaa
cy[ectBoBaHr{eu oco6ur rouer upottpaHcrBeHHofi rqntrofi ,a raroie npo6-
Jrelra uHotecTaeHlrocrlr npocTpaHcTBeHHbr( Kp{BbD(, onpeAeJrf,eMt0( coot -
xonerursma ( I7).

4. Bersrerue peuem[fi xapar(Tepno ,rr.,rff HeJr[rHefiHED( rpaeBbD( Ban8trr

xoAeJrr{pJ,rcuprx Heltg ouerp]rr{ecme ycraHoBr{Buuecf, npoqeccu. B fiaqectae
flpluepa [pr{MeHeH[8 MeTo.qg [apaxerpBar+{n paccroTp}ru Ha,rr{HeilH},D

r(paeBlm 3a.qaqy, orxcHBaDqJ,D erclorepurqecrlm peaxqrn c appeHrycoB-
cr(ofi saBr4cnMocTbD cropocTlr pe8npfi oT TeMnepaEJmEr B sepHe KaTSJII|-
saropa. C uenonrsonanneu 6eslnauepHbD( BeJr[tr]rH r{reeu [7r16 ]:

d.2[ or at|[
---- = -i- + Bqek exp[1(t-1)] = o, O<x <1 ;dx' x ctx T

d2c

d*"
- eck exp[y(r - 1)J 

= o;
T (22)

x=o:9=1!=oi
dx dx

x=1: 9=rn(r*), * =sn(x-c).
d:L

34ect x - HoprmpoBaHHaa JrnuefiHa.fl r(oopnr,lHarai q = 0r1r2 Ius aepHa
IUIocKofi, rS{n}rr1q,p}I'recroft x c(Fpfiqecrofi (Fopil cogrBeTcrBeHHoi 1[,c -
6espasueprue reufleparypH ]r r(oHqeHrpaf,pr.r; Fry,Q;flurSh - napaMer -
pbr, )(aparoeplrs}aouue r€nJro- r uaccoo6ueH npoqecca }I cropocrb pear-
Wni k- noPflAol( pean$fi. Baegr o6oaaauemas

Y.=Y(r-1), {"=!-c,
rpeAcraBrau (22) s srge:

dX.,

dJE

+ od"
x elr

-?

+

=l?,

P= "n '
dY. - Yt
ar== - tr, - FvQ(1-Y.)k ""r(r;rrh) ,
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u'u= 
- ayn - Q(1 - ,.;r. u*p1-J1-; ,dx a L*yr/T

x=o: yr=y4=0,
x = 1: Nuyl + Il = O, ShI. + Yn = O.

IIa prc.2 rplrBeAeHu peBynbraru Brrtfic,reHtlfi (uonropmrye p$ynb-
rarH rs' [2,I0]) 4amopa esiprmunxocrr

n = (*+1) tlu Yr(1)
prc

nplto.=0rlr2;k=I, F=U3, T=27, Nu=I0r Sh =@. C

log 
r o 

t')

4

1.o

o

0.1 o.2 o.3 0.4 o.5 0,6

ftrc. 2

Jrueroil [poAoJIreIIxt npa{nron upl logroll> 2 sq4e.lexu o6aactr rsxe-
nenns Q, xppaDrqpro ponb rapompat crcrerol (I7), c nf,rbn peue-
Hrtsroa nlm s= O r o=1. [p,l a,= 2 wreto peueHrtfi xe 6oaee rpe:r.

llpuuep nlilr,eHeHtaf, fieparerplnrarpr]r AJrfi rsJ renrrs rroBeAeurrs IlBc-
cnarpraaenofi sqlgu.r B Heroropofi o(pecrHocrx r{sr.eHeHxs napauerpoB

Q u tu npeAcraBJreH na pnc.3. EAom rqrraofi, o6pffiJ,DIFl r ruocro-
crn (Q,, m.) [er.m ttpfixoJrorbHofi {opnu, Burucrsercf, {enrop ot[.

a=2cr= O a=L

I16



mr
lo

e
0

0

nu( ri)

t5 0.2

c(r )

o,2 0

3

o.6 1o8, o 'j

Brc

rlertflDHocrr o. C 3noror HsnplaJreHxr o6roAar yra3aHHono Ha pocyr-
re c"pen n {. nsurr sqggBarracb roqfiarr: (0,8) - (Q0,8)- (qIO) -
.(qi,I0) - (QrrB), FAo q,o = 0.2?9, Qr = 0.23. tlpu aror Ha

l(asAor n3 nprtaomHenHlrr orpearoB ngrltl 3a napsrerp cncreru 6par-
ci xl reH-qric, napererp (Q x,rr nu). lla prcyflr€ AaHr saBxcnro-
crr q(tl ) tr [u(r).

5. lbroraaxqecroe roAprxposanre clarproxaprg tr*rrrol pa6orr
pearoopa rAearbnoro BrlrocHeHnr fltrxBoArr r flpo6rerc coarecrHoro pe-
as a q)i€Bo sslFor (I) r sqA8lai l(mr:

9+ = e1y, p), t> o, p(o) . po , (81
at

rrAe Aocra"ordo lJrqAnai BamoF{fin$i I onlrqActoHA E ieI(oropof,
oryecrHosm po rla paerne: ( I). Ilpr6.rrraxno,earema ( I) ,$crper-
Hol rqAprDn (2L 6ylpr nlrqAnorararbr rtro nlx t.O rsloc$ro na-
ranrnoe nlf,6rtc€rore pa!€rotn (2), ncnoamya roropoc rcro xagm
r(uo) r, crqAorarotrbHor nIraBlD racm crrcrertr o6urdose rra Arr0E

{pp€rqra,rbrG4 ltFrHers, (23) npr t= o.

tt?



Ilycru g,,un petueHlrfl oqAarrr ttour (23) ttpt,txeHfierca raxofi-m6o sa-
. HHfi rrero.q, qllcJreHHoro I{HTerIMpoBarug. PaccroTp{x peaJI}IgaISrD gJIereH-

TapHoro tuara sroro uero.qpr^ oru{can npaBxJro BHqloreHrr ap /at rIlrr
t = 6 r ecau r(po) u e(uo) yxe r{sBecrHH. Iio,naras p= po+g(po)i,

. o6panrxca r( J(paBHeHr,rn f(y, p) = O , Ha peueHr{x roroporo x oflpeAe-
.rrercs ap/at = q(p) . Haqa.uuoe npr6,rmeme peureHt.ts ro 6ygeu
crpolrrb c yqerou trH{opilaqffi npr t =o. JIIg ororo Hap4q,y c x(po)
n ,p(rr9) npu t{ rpe6yerca Hafirt{ Matp}rqy sro6rarla

r* (uo) = -[&(r(po),po1-1ru(x(po), po) .

B peay.nrrare craHoBr,lrcs lrsBecrHofi rrpolrsBoAHaf, peuent,tf, rro rnparrer-
py

# lr=o = rp(po) i#lr=o = ru(po) q( po) ,

a Brecre c otr{u rr HaqarbHoe npr6.rnrercre

ro = r(lro) + r,,(po) e(po)0.
/F

Ecar 16 | gocraroqHo uaJro, ro ro 6yger .qocrarowro xopouo flpegcxar
orEarb penenlre crlcreubr r(Irp)= o t,t, c,reAoaareJrbHo, notpe6yercx
ne6oauuoe u{oro }rrelErl}lfi no u€ro.qy Hrrroxa-ItamopoBxrra flpt o[pe-
AeJreHI{x tG ) . Taruy o6pasor, Bqflaqa ltour{ (23) sqAeer rrpaBr{Jro tta-
pailerprcar$u cumemr (2).

Mareuartqecr€E Mo.u,erb crarfloHapHu( pemrroB padoru peaxropB
ltAeaJrbHono BHTecHeHHf, B Btr4e (I), (23) orparaer Bsal{ro.qeficrBxe
npoqeccoB B notoxe raga t{ sepHe ltaraJrr{aaropa.Eorn B ycnoBl{m( }rao-
repmrqecrofi Ar{0$Jl3}r}I B sepne ftaraJr]rsaTopa ,s{u{qecr€f, peal(Fs flB-
Jlaercfl uau6oaee 6ucrpofi crqgr,refi, To ] rer HeoAHopoAHocrefi B pacnpe-
AeneHxr{ roHrleHrpatpfi no ceqeH}rD BepHa cra}roBr,rrea c;r4ecrne*uu.Xa-
patereplcrxrofi Heo,qHopoAlrocrtr G,rJmm {axrop oi[i[exrxBHocrl{ rl .

Paccuorplr npocrefu],D r.oAerrb qgnadarnuecrono pearlotrE fl,qeaJrb-
Holto BrflecHeHlrf, c oAnoil peam+refi rnna l, - B . tlac 6yger lrETepeco-
Barb pacnpeAe,relile rexfleparypu f ]r roilIeHrpar+{I{ Bcqecraa A B IIo-
ror(e rasa no Arrrrxe pearrope. IIpl {opry;ulpoBfte sXAau{ Bocro,rbaJreh
ca 6espaeretrxroor BenxqxHaru.

l(paeaar BA,q,aqa, omflcrpaDulafi ]rsoreprfiqecrryr ,qrr{Oyo}rD B sepHe
SATaJIrSaTOpA, l,treeT BI,IA

E

f
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ttty
^ *?_9 = Qf(y), o<x<1,

alxz x d: (24)

,x=o: *=ot 
x=1' Y=v'

3gecl x - HopMxpoEaHHas nfiHefiHar roopg]rHarai y - 6espaauepnaa xon-
I{eHTparus, peBHaE v Ha noBeplQ{ocrr4 sepHa;

f(y) = yk, Q = gu(o) = pe*p(;$)r, = 1,t+il t . 
Rso

,\.

rAe k - floxasareJrb nopgrlra pearrpu; B - napexerp, npo[opllr4oHaJrb -
Hbrfi orHorueHuD reruroBoro 0(D6€Kra xxulrqeerofi pee.Kt+{x r roe(['rprqueHty

Arr(!{ys}tlt; o - 6espaauepnafi reMnepar}rpa; llo - reMneparypa Ha BxoAe

peaxropa; E - oHeprr}{s aKrxBar+rn; R - rasoBas flocro*rHa.E. Teunepa-
rypa 0 cBasaHa c O coorHoueHueu n = To(1 + O/,f ) .

ComacHo oflpeAeneHfln, @xrop e(f$extraHocru BbrrrrcJrflercfl no

{opry.re

lx2dx= 1.d'Yl
' Qf(v) a:r l;=1 '

Pacnpegeaenue reuneparypH r{ KoHqenrpargs rro &rrxHe peaxropa
onrcrBaeTcfl oa,q,aqefi Koux :

dv - -u(o)f(v)!,ffi-
1 de - ^-,/a\+/..\- ! .

Ydf,=c"u(e)t(v)n, t>o; (25)

t=O: V=yor0=Or O<vo<1.
3Aecs t - 6espaBueproe teryqde aper,la npe6rri'axus pea${p},Dqrero B€ -
qecTBe B pearTope, flpo[opq[oHeJrbHoe oTHorueHur) nt4HefiHofi I(oopAlHaTH
r nocTo8HHofi Cxopocrx noToKa, c'- xooiH[.rl+reHT, [po[opl+roHaIbHHrl
Te[noBouy o{Set$y xrtuxr{ecxofi pean+{[. 3a.ueruu, BoaBpertlBlMcb ' x
(23), qro Benrop lr B AaHHoM cnyqae cocrolrr tto AB)ff t(olrnoHeHr: p =
= [v, e ]T." Jhs roro qro6H orurcaHr{e enoco6a peuenua ypaaHeHxf, (23) 6uro
6onee uar.rql,ntrr Ha paccilarplraaelrou flp]rxepe,Bocnonrcyeucfi npx {op-
rynxpoBlre Aficrpemofi uoAe,I,! (24) uerogoM crurafiH-r(onnoxaq{x UZ1
(trro ue flpuru+rruraJrbHo).Bne4eu cerrry tto r, paa6na orpesor [or 1]
Hs f p8nHto( qacrefi: xr. = h(1-1), h = 7,/il,, i = 1r...r l[+1ru 6ygeu
lrcr€rb y(r) (24) a auge qdruecroro curaf,Ha c Jtsraltrr r(oDror(a,

II9

' = 

=,S-jr[Y(*)



tprlr, coBnq[aDrryrro{ c =r3
il+8

y(x) = r b,B,(x)
j=o J J

rAe b, - roe([FtryIeHrH IBItJIoreHlrE qdnuecrono ctrrefiHa tro 6asucy
I,Is HopiraJrxsoBsxlrrr( rgduueclox B-cruraflHoB. IIpl arou c,rel,yer of,la -
lgrb nor'lnntxocrb anttporcruraqm y(r) nopa,qra h2. Conaacuo orpe -
AeneHrm a.(x) a JBJrax cerrr rrxeer3

x=*r.: y=-!u.-r*4u

(26)

r + br+r)'

) F, = ,1* 
o._r- 2b, + I br+r - a.Qf(yr), xr =

Edy

dx

b -b1+t t-t ttty ba-r-2ba*b.*,) '--- =
2h dxa he

llo-e.le nogcraHoBror grxx Bupaf,erun a (24) ryrxo.u,tr r ctrcrere ua t[+1
TpaHcqeHAeHrHE ( ypaBHeHr{fi

f(b; Q, v) = O, (nl
IA" 5 = [b.r, ... , ou*rl'-. He[IoBecrHEfi Bexrop paarepgoerx l[+l;Q r
Y - repauerpH cucrerH (tl), a rouroHeHrLt nermop-rftrnrrcyu f(U;Q,v)
ollpeAeJrflrcs ro {opuynar:

Fr = -b, *b, - I'a- r1y.,) , r,t ='"' :"" ,

b.-.,+ 4b + b
l,+1

i = 2r3,...rll,

&*.,= -f,o, - 2(1'+2 Y'ou*r- azQt(v) - t F"'
Itrapauerpu bo f, bu*. xctsrDqeHH nIM flouoIry{ fipaeBu( ycroa}rfi sqAarfl
Q$:

3anerun, trto (2?) BHro.uHo olrJrltnercg or o6rngofi trEgHocaHofi
cxerabt no pqgy o6croaTeJlbcrB, oAnxr, r{B roropt0( ggngercR 6oree BH-
comaa (e florpslHocrbn rropflE,ris hn ) crenenb arrlporc]rxaq[]r nepBofi
Ilpol,lSBonHofi B rpa,eBp( ycJroBlrd(, rrTo noJloflTe,IbHo craSmaercf, Ha

6

?

I20



ror&rocrr{ rtrrcJreHHoro p€tneHfiar ilp.r k=1 rq)aeBaf, seAaqa (24) ]rueer
TOtrrOe p€[eHr{e

ilx) =, sh(r[d) , , =9 trocth({-fl'11,rsu(ffl a

opl{eHtxpyscb Ha r(oropoeruolino nogo6parr neo6xo.upruoe wruo pas6re-
uufi l[ .

0uenxp6o, P5 f,BnseTcfl Tpe{4}ranoHaJrbHofi MaTplqeil c rounoHeH-
TAUT:

\
+= -1 -+r,(yl) + =1-r'e-r,1y,),

oF. 
= L-2- htQ r,(y.). u',

0b._, 1-1 6 -r ob.*, = 
t 

-h'qi-1 5
f ,(yr),

oF.
= -2 -?hzqob. o

ft(yr), i=2,3,...r1[,

u'**,,
(1+z u+1) 

,
M

2

u

{

abu ah*,

rAe 3r(y) =kyk-1. Ilocxolury rarptrqa trb :rapaxreprayercs cBoficr -
Boil Ar,rapoHa,rtxoro npeo6Jrqlpltua, To AJrf, peueHxf, cncrerx 'JrxHellHDo(

ar re6pauuec rm( JrpaBHeHufi

FbAb =-F I
ortp€Aellilupfi BerTop rrolrpa,B6r Ab aa fiatgofi 1lrepa1p{n 11o r6roAy
Htnroaa-lfanropoBlrqa, rp]rHeHrH ooatsmrBHErfi reroA nporoHto.| [ra]. to
le caxoe oTHocntca }t r c}tcTeral,

r"* =-Ee, ru*=-r"
orHocrrreJrbno Bercroln rrporsBoAHt ( pelreHxs crrcrexu (27) no naperer-
py Q tl rtap&terllf v. SAOcr l* r Fv - Berropu c rolnoHonraxr:

+=-$tr,r, #=o,
T2T



9i.= -;-" t (vt) 
'

8t 
= o, 1= 2,3,..., r,

araQ

t;Ir*, 
= -o".(") , F-= -r.cr,t") '#

Paccraa"prla, t fiar cttarstrrtHf, naparerp, B (2?) aseAev o6osHa -
qEHTE

o(b,t) = r[b,e(t), v(t)] = o. (28)

Ilycrr n1x Heftoropox t [sBec!]r]r v(t)' o(t) x, cneAoBare,rbxor
o(t) =Fu[s(t)] . flocae roro, rar HaaAeHE Eernop bxs (28),a rar-
re Beroopu aVaQ, ab/ar n 6arrop o(nemt.tBHocrx

3 h.t-hn=-' qf(v) 2h
B$[.rcrrrmca npeaue rncr]r (2b), dv/dt x ao /at r a aarex Eeroop

db _ab dQ d6. abdv
dt aQ dO at atr att '

dQ=atu
de ito

/.

unn

9! = q u(e)r(v)[*p ae 9-! - ail
dt I do aQ avl

Tenepr,couacao au6paxxory rcfoAlf p€oenlrn oqAaru tio&r (rcrog Pyr-
rc-[pta). r{rprcs peEetotr clcr.elru o (b't + at) . o c Eer opor.

u(t) + fr At s raqecrge HaqarbHono npn6arrreHnf, rr naparerpstfl cn-

creru Yr Qi sHeqeBx, l(oropir( InBHH v(t) +$at, q1t;.99at-dtdt
cooTSercTBeHHor x ?ar Aeroe.

Pcayarraru toc[exnoro pereflr stAtrrr (24),(2b) np{ a = 2,9=
= 0.I, y = 20, To = 0.5 npeAcrasrcnu xa prc.A. 31ecr npoeA€Hrr
ga!,lctlrocr]r |!Ao or t r v E c[! na pggrclNt ngpEoro, BToporo n

rpetero nopaA,ra (lr . Ir2.3). lbr c.[€A]€r ra (2b), r rsrsf,Ho s&
Ercnr or rr. C pocror t (r.c. c lnsrxtFircr Agrrc poaxroF nFr
oAlron x roi ra cropoc$r norora) v gllEf,lct r HyD. a[ - r rar-
cxrarbnotay smaqgr ! !.. !o(l + cvo).

6. fiapsrcsp€!4rrr o[ncarfi3a a n.3, nooao.rrer ffl{n$poBarl
urcreH8oe P€$eifla AocttTorGro r4rlrof,olo nacca Heaffi3trtt ( rllEeBlo(
sqltq, npeAcraareHxrc B arAp (I). C sron roqr( sFrfii pacqer rra-
Terrllrqsctcrx roAere0 cr$$oHalfir4 pflro8 I aolDla raraflBaaopa rB-

r22
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