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PACqHI XAPAICfEP!{CTI,iK IHOMC,XO IOR IUIETOITOR

EXIOEIOR Cf,PYK"trPH

C.H.Qgseg

PaecmrpnaaerlrDro[e[D Erorcrolttol Elcrototol extocfnol
crgfrrypu MmHo npe.qcramrb B il,qc ognqognol cpt&r, c@ro4l rr
fl{eet, rrlrcroe ceqexre roropof, AeHo ria pnc.I [I]. 3gecr noprsor-
Ta.[bHbt ttpfirftp nso6paratl Aroler?pr{qecrle nrenrx c EtaJlrrsrpo-
BeHHofi noEpJCH@rbD xa ognol croporn.Beprxrarbntt olpesrf,-pacnop-
rn recrno crperulemr c n enraroi. Ibr.qan ng nrenof, ,rrce? not€H-
qrer, EHaR Eoooporo ynegHBeeT Ha xapaElep ,fi BsarrHono IIPx?fie-
Hl,rfi: B CJIOeT OPpAm[tIeHHOM nJleHtaMr C n(}!€Hqnerarn OAHOTO Sflaltar
gneKTpocraTHrEctsoe floJre He otsasEBser HrKexono aosgeficlana.Tar rar

Sasoprl re:I.q,y n eHrarr Ecbn
+ MaJrDl, To uu 6yger npcne6penatr

BJMfiileU Ore8TpocTalrrtcroFo
noJIR coceAHrD( fiqeex Ha peccxa.D-

Pnc. I

i pro",.yr.otl o6cloeleJtbctBe no-
sBOrrST CECfl,r npO6lery K Omr-

caHrm caof,crB [p],xt{Hu, nso6pa-
neruofi na pnc.2. Ilpynrna c(ETo-

P

rr us negeipopioeyeMbo( paclropon,

cKpelumu[o( aqefrrn. Hau .qocra-
rowo xailrr Qopuy paEnoBecxa

onHofi us rureHor(, orpanxqnEaDqo(
FqeRKy, Ha Korop)rD, noMt{no

onermp@TaTrqecKono np}lTfieHtlar
gefierayer ngBecrHafi cocpeAoro-
reHHafi crJla Po , o6ycaoaaemraa
anennefi Hanplrgroir, cv pr,le.3.Prc. 2
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r(r)

--A-2(a+0,)

Prc. 3

qna, rx6rono ererrpoAa nycr6 paEH

Ilprrgex {opnyrtpoe-
ry rpaeaof, 3a[aqn, B rs-
PC'IHOI Upn6rmemru om{-
cuBaDqrD clrall{rlecK@ paB-

Homcre rrJIeHK[ (rr6rnfi
arcxrpog) [2].B oray cnu-
u6Ipm MOf,llO Cttl{Tafbr tITo

nrdrnf, grextpoA trputf,rlt-
B8ercfi k rcno[BrmHor{y
eJrertpoly, pac nonofeHHor{y

nocpeA[He firpllBn, np]r Hy-
reBou norerqxaJre. lloren-

Uo. llrna:

-1

Dtrr(r) ' "oui + ros(x-o) ,
2ld+ y'e - r(x) 1

(1)

t(-1)=rt(-1)=r(1)=tt(1)=0, x 6 (-1,1) .

Sgecr D - f,ecrr@tb n:tentrI{, Go - oJler?prtpclcafi n@TorfiIlafi ,EJIfi n}-
ctrotu, G - gterTl)t{rDcnafi nocrorHHaf, ArIf, ArgJleft.rpnrarrofrqpuf, cJler
?o'l4{HOR A nolpEBae" n eEry, (a+a-r ) - sasop rlef.q,y sreKrpo[am B

toqre fi reomrplrteeEne pasnepu d r I rIpI{EAeHH r{8 prc.3.lhloctr
se3opa Aaer BogrfiHoc,rb rcnorbgoBaTb npocTltD Qopryry SaBncnx@,ln'
cnru gJremp@tarrtrecnoro trpltrmerxf, or paccrof,Hrf, uelgf o6rm4ra-
EI III@rono roqqercaTopa.

lls onpegeaernn 6-0J6rqxx r criorc?prn cJrel1re?, qlo

o[r"' (+o)-t'' ('o)]=Po=zDrYil (*9) '
lloslory Qopuyarpoary sqAaqr (I) ucno sallncarb xnar{e:

or'v(x)=a*;$rf', x€[0,1), 
] o,

r,(0)=X(t)=tr(1)=0, f", (O) = eo/2O . )
I8lee, BE,q,cr B pacexorpeme 6eapasmepHr€ FmqxHH x r{ y : x = \
1 = (d+Vc) y . Tonga EpaeBafi aaAara oaxocR,rcrbno y(x) 616er rnrr
BnL:

6?

P



vr,(r) =E;fu,
yr(O)=y(1)=y,(1)=O

r e [oJ),

y" (o)=po r

(3)

(4)

F[e

eoufrr
o = 7;i1;7;p ';

= 
Pol'

2D(a + dc)
po

Itra tucreroror.o xcc.[eAoBaH]rfr Her norpe6yerca ltHlerperbHoe
trpeAcreBleHxe sqfl,aqr (3). C stofi qertp xaiAeu Bulnre]rre fl6rqrr
Iprna c(z; e ):

crT(r) = 5(r-o), r,o e [o1),
Gt(O) = c- (O)=c(1)=cr(1)=O.

0rcnAa

(t-e)2(r+ZqA*)/L2, x S 01

G(-re) =
(t-r)r(t+Zr-go2)/L2, I ) e.

f,rr

Itrencpegctrmofr rrpoDpxol renro yde4rmtcr B Tor, qrro strBt{BsDttt!-
H@ aq[,a€ (3) nnrenparbxo npo[creBtrenre sanrcuoe?efi cre.q]rDTrx
dpasas

y(') = o ]o(-,.1 E#;ti. + PoG(-,o), (5)

x

y(r) , r 
{rr-,r.fr1+h€er) ffiir .

o

ffi*1*$rt-*rt(t+2*)'
If

* l(r-e)!(t+2o.3ra)
Jx

Hanoneq, noAc"aHoBfta a (Sl sgperert
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y(r) = z(x) + eoG(x,O) (6)

[pr{BoA}rr K fiHTenpaJlbHorfy ypaBHeHxD T],rna lauuepmteltua orHocureJlbHo

Qynrcrl,rr.r z(x) [ 3]:
I

z(.x) = ofctr,elt;e,z( €) lde, ( ?)

fIe,z(e) ] = 1711-z(e)-poc(e,o) le.
3auernu, qro y(x) a y(o), o s y(o) < 1, npn r>O.Tar narl

c(o'o) = t/t2 , ro r.{rrenr L/ecro ycJroBl{r; L-z(tt)-no/tz, o, poct2.
Hs Qrslt,{ecroro cMEpJIa saAaqx cneA}rer ortr.qarbrr,rTo peueiur ('i1 ,

pAe po < 12, cyqecrByer He trpr Bcex o [2]. AeficranrerrbHo,AJrfi Ao-
craroqHo 6olrrnof, pagH@Tlt nolremrtraroB Uo grerrpocrarxqecrre crJrr{
npHTE[eHxr He ironyr 6urr ypaaHorcureHu yrrpyrrtm{ cl{JraMr, u B gTeM

cJryqae nu6rnfi snefir?o[ 6y4er npm*ryr K HenoAB![rnoriy ener(rpony sa
ftoHeqHe Bpeuf,. fioerony rpe6yerca no6parrrb' saAar{y, rrptrwrcrtrB K

BxOAHhtM napAMefpaM SaAatM zo = z(O), a o cqr{TaTb He]{gBeCTHbm.
i'lcrap,{Hs o rs (7) rTpr noMoqr paeHcrBa

z(o) = oJcto,e)t1e,z(o)lde, (E)

noJIJ rxM cJre*J@ee ft^*noi"r"Hoe JrpaBHeHr{e:
1

/G(x,e)f Ie,z( e) ]ae
z(x) = zo 0

o

(e)
,G(O,e)fIe,z( e) ]ao

OraausSetcR, trro "o6pae€rcrafi" gaAaqa HMeer eArHcrBeHHoe peueH[e
nplt hsMeHeHlru zo ol 0 go t-p./LZ , Koropoe umer 6mr Hailgeno
r/eroAoM npocroft lrrepa[i,ln c Haqa,rbHbrM pacnpeAeneHueu ,o(x) = zo .
3na,remrae o , coorBercrB]rpqee ga4aHHoiiry zo , HaxoAr{Tcfi ,rg (8).
Aalee, saBrclrMocTb o or zo (urru xor ]o = y(o))oAHosHaq1ra u xa-
paftTepr4syeTcf, cJreAlmquu eaoftcneou: npn o, MeHbEfi HeKoTopopo 3Ha-
IEHHfi or 1 CIQBCTByeT IlBa petueHl,rf, saAaqn c pasnr,rqHhrM[ ,(O) ,ot-
Eeqan[u{Mr{ oAHo!,ry H ToMy )f,e o , npr,rqeM o= o, ecrl,t z(o) = o r,r

z(o) = L-po/LZ.llpu o , 6orbmux o., perreHrfi sa,qaqlr (?) He cy-
qecrByer (cu. pr,rc.4).
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lloncuuu .cnaaaHuoe Ha rrpr{Mepe crpJmrypbr, a rotopofi [JreHr(H
ctMTaDTcE HegerlopuupoBafiHLrMlr,a pacnopftr - nplnil,tHu c xecrKocrbb G.
YpasHerre paBHoBecr{.i IIJreHE]i, aHaJror,nqHoe (1), rarraeer sfi.q:

eoufr

ffi+Po=GY'
9to6ur coxparmtt o6ognaqeHngr r,rcrroJlbgoBaHHue n ( j1, IIoJroKHrr G

paBHLIM 24o/t' . Xepefigr r 6eapas,,epHHM BeJrr4qr4HaM, noryquiri o =

= 24(t - vo)'(ro-l o/tz) . Hafi4enHaa saBr,rcuMocrb KarrecrmHlro coBna-
Eaer c uco6paxeuHofi na pr,rc.4. Il .'.aersoctu, MaxcnMa.lbHlr(.r 3Haqerrr4e

o , paBHoe %0-po/t?)3/2? ,Itocrupaercg flpn jc . 1,".i-,.,.18.6o1ee
ToFo, rrlr xauna rqlu6al{freHHoe perrreH}le saqawr (5) c [orpelrHocrbror
y6urranqefi npu 7o - O.

Octagoguucg Ha "TexHoJrorEI,I" qflcreuHoro pe[leHrfa tynutitouaaa-
Horo J4paBnenrar (9). Ilycra xr, . i = !,2 ,... I N, - rorlflt paa6neHue
orpeara [0J], o = *, <x.z <.... tn=t. 06oeHa,"&{&t'tepes z Be(rop
pasMepHocTu N c gner{eHtavrl/, Z 1,Z r,.. . rznlrtarfioqrn,r}rea EptI6JI}t[€HHhr-

MI,r Bnar{eHr,tfiMu z(x) B Toqr(ax x 1,x2,,. . ,fu coornercrBeHHo. Cac*
TeryE HeJrnHefturx ypasHeunfi, onpe.qenflrotqafi z, o6paayerefl nptr sa.ireiie
f [x,z(x) ] rxrepnoa.otr?ol{qlrr yrr{1rrqgg614u cnJlaftHo\4 S(-t) ,qgtreK1a I ,,

HyJreBHMr/t fpaHuqHtmi,t j/cloBrq,,{fi r4HTepnoJlrflri.ru 147:.

:i(x) = 'i ,, n. ,2. ) o. (x) ,
r.-1 r

r,Ile or(x) - ipyq4ar,ren?a:rrHliF rtv6uqecrufi cn.naftn. Ilo onpe:renesnr,

o,(x*) = {l: ltX , *.,*.) 
,. o,(x,u) = o.

3.t1ecr yutexo, qro f{[x, z(x)] = o npra x=o u x=1 . l4a uurerparr,-
HOrO JpABHemA {o1, B rOTqpOM x=xl , Cne.q]lrer:

-5

,. = ofct*., e)s(e)ae = o*!,,o.,*f*(z)
o

= jn,*.,e)on(e)ae, rkQ) = f(x* , Z").

Fqe

A i rk

-+
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Koerfllnqraeurbt Ar. .o Bbrr.McJIaDTcf, ?orrHo, ecJII{ ugBecrHo flBHoe
npegcraBJler{ue crurafiHa'o*(x) [4]: x = xt+ h.t, h.=*r.*.,-r. r oSt4r

s(x) = on(x) = s.(1-t)+s.*1t - hi[(t'-3tz+zt)M.+(t-t3)u.* 
1.j r r.[e

s. = s(x.), a roa$(pwlneHrbt Mr ygoBJlerBoptror cl,rcteMe'N auHefiurx
anre6panuecrnx ypaanennft :

i=1 , 2h1[i1+h1M2 = (sr-sr)/h,r,
i=2,3r...J-1 ,

h r- rM.- r+2( h._ r+h. )Ma+hrM.* r= 
( 
" r*,,-s. )A.-( s.-s.-,, ),/h.- r,

i=N, \-.h-, * zhq{ = (s*-r-s^)/\o-, .

orflerrrrHrnr cnocodoM peilelrlrff rarofi cncreMEr ffB,IrreTcfi MeroA rrporoH-
nn [5]. I{ueer,,r:

xt
o. ,* =r!, [tr-"rl' J (r.rz*.-lee) o*( e)ao +

1 (1-x.)2 r-r* Jtr-ele(r+ze+xl)ok(e)del =# E'[(1+2xr€=i)pr,,-
*t

- 3(2x1pr,, * pr,r) ) . #-\'1{r-*r)2'(1+2xrr3ri)rr,,, -

- 6(1-xr)(xr-xl)rr,r-3(1-2xr+xi)"r,, + 2Pr,u1,

-a

ri((}

P

r

P

h. h2
= +[", * "r+,- ] t,t, + r:''r*r) ] ,

=*1",.r"* ., -*('&, *e,o,)] ,

,,, =*1", + 3s,*,,-P,o*, * ou,*r)],

l._

"lI



h4. h
Pr,n =+[", +  a,,r*r - z]<sx, + a'u.,*.)].

ilycrr f(z) - Errop pasr{epnocrn c eJrerieHraM[ f .(z) , A -
MaTpnIa pssr€pH@rx l{rF c gJrertmau[ Ar,r, A1 - i -a reKTop4rpo-
Ka MarpfiIbl I . IIpx srou cr{crera xemuelhrix lryaenexufi, nopor.qexHaf,
nHTenpaJrbHttM ]ryeBHexnei{ (71 , sanrmercf, cJreAyDq.ru o6pasou:

z = ott(z). (10)

n06parne" saAarry (I01 , noayruu:

z = 'o ,, t;:(z). (11)
(tr,t(z))

Ilpr6anremroe gHatenfle o , coorBe?crB]rDree 3aAaHHoMy zo , ro,top@
rH o,6osHaqru €pes 6 , onpegelnrcn no Qopnyne:

6 = zo/(tr,r(z)). (L2)

MorHo yraepr.q,arb, rmo ffirarrn 7(x) ,

?(x) = oJc(x,e)s(e)ae,

arrrlpoxexMxpyer z(r) 
" 

nl*rro"rbD nopEAKa ht , Fge h - uar -
crualbxufi rs rr&roB pas6remrn otpecra [0,I].

Ilyctr U - BeKTop c greMetmamfi U.,U.,...,Un, U, = zor EBIfi-
srfiea npu6ttmerl{eu z . IlprrcureJlbHo K sqqaqe (II; usls^ npocnofi
nrepauxx cocror{T B rou, trro BHqI(cJIaercr Errop V no {opryle:

v = 'o Af(u) . (13)
(a. ,t(u) )

Ipn erom v1 = zo. Aalee norana€uU paBHmr vi floBropneu [poqccc.
ilo neroAy Hrorona [6] peueme trnBrcs B Brne: z = t!+L?. W-

AeM CrflTaTb. rmo Hqpua ERTQa 62 .q,ocraTottHo MaJra. 06osHau{u qe-
,eg f r(u)az BeKTop c gneirpHrarr f,}(xr,U')azk, k = !,21...1[ .
ilocle lruteapnsaqrn npaaoil qactr ( II) 6ygcu ntterb c.leAyqlrD cile?e-
uy .nnneftru< arr.e6paurccKnc JpaBlrHxfir onpe.qerilq/D . az:

nolf,(u)az - (A.,f '(u) ,g')v-67" = (e.,t(u))(u-v) . (14)

iirrrrmen j-€ ypaBHeHr,re cge?emr: L = ! ,21. .. 1 lI I

.',,



rr
jr("o^.,r-yrAr,*)f,6(=.,u.)az"-az. = (u.-y.) E.ar,rf(r.,u.) .

Tar rar ,Y. = U,,= zo, To M, = o . Ilocle H&rm.qemlr NL2, NLrr...
...,Ah Beftrop u+afi npHHnMaeM ga soauil Errop U fi TaR AsJIee.

0meruu, rrro peuem{e sqAaqfl (II1 o{0epuBno crpor{Tcf, MeroAou

npr,ctofi urepaqt,tn. l(ar norasuaaer tMcJIeHHuil srcnepnneHt r .Rorrtrecr-
ao npr6lrxeHnfi, neo6xoqlruoe Anf, 1ocrrrerna sa4aHnofi roqnocru, no
Metony npocrofl [Tepaur,rx ta tro Merogy HrnroHa trpaxttrqecrlr oAHo x ,no

tie, Ho fipocTas nrepauHfi rpe6pt r,eHEoero o6reua BHrflcreE{fi.
Prc. 4-6 coAep[ar B Br,tAe rpaQrroa pesyJlbraru anulcrernfi. Ha

puc.4 npneegeHa gaBnclrM@Tb o or yonpr pagJlhqlft,x po (aoele ran -
goil rpraofl [pocraBJreHo coorBercrB1mqee sHaqeH[e po ) . llapqy c
perrreHe{eM sqAaqr{ HaxoA}rIca napaMerp coi

1r7;r
rcar ipSnrrrlnr o trpx pBJmqHbD( no (pnc.5)..llpr erox eurcocrb fiqenxlr

co i dxt

o

Pnc

.4

4

o =o(yo;po)

'13

0.5 o.E



co=co( oipo)

-t

co

, t

Prc. 5. 3amcn-
n@'rb oo @ a

npr poalrtcclr Po.

Pnc. 6. 3aarcn-
r{@,!B po oT yo

IIp}l paSI]IIIHED( o .

a

Po=Po(xo io)

1

2

0.2

o.a

z

lo

6

4

2

?4



orl!(}AerrDacs no oopMyne:

c= "o1 "^. 
i

d.+de u

Apynar aaBrcrr{ocrb! po 'no(roi o) AaHa Ha pnc.6 (aosle Eetqofi
rpnaofi npocraBleHo coorrcTcrByDFe sHarpnre o ). hr pssJi,Ibraru
noJrH@'[En omrcEBaDT ocnoBHue e.[eElpo(gxaHrqecrne caoftcraa pac-
cra1prBacrof, uogem cpeAu [7].

t=tl+a.t(O)

llycrs snanr noreHrlna-
JIOB T€HOrcA O'T IlJlEHTl,l It
mexne. 3qgata onrcaHllfi'
cTpym]rpu BHoBb cBoAr?cfi
E onpe.q,eJrenrm t(r) - cra-
Tl,r(FcKono paBHomcl.lfi rureH-
nr, oFpaHr{qrBaDpf, f,cefry
(cr.prc.?). Ogxaro pac -
npeAeJrem{e areftrp@,lafx-
rrcroil Harpl/srx tr Errx-
qxra cocpe.qorowmroil cuau

Pnc. ? P 6yrun 1r;e l16utr. B

,qecrb npf,lrneHxe r coce,,aefi rrne*re " ,Jmilt, *ffii*:f
ropotr r r(r) cnwerpr*fit o[H@rreJrbHo JrltxDttl r = r(O).d:.a. Vpaa-
HeHre ITaBHOECBA rruee[ Br,I[:

DlrY(r)-toulJ r -- n =I*Z [ [a+a/+:(r)]'z [<t+Ver(o)+r(r)]r J

+ po(x-o), r(-1) = vr(-l) = r(r) = 1t(l) = o. (15)

CocpegorowHriafi clr.re P fiErf,ercr anre6parecrofi cl4otoR AByx cra-

I

il+A)

FaaurD( P = Po + Pl, nAe Po o6lrcaouena sHeuHefi narpysrofi, a

atlP, = eollf
td.t-raor+rEF

Bocnoarglorcf, BmAelr{Elrx panee doanarpr}troot f, ttpeAcraBm sqAary
(I5) B Bnge [HreFpa[bnono ]fpaBrsHra:

r(r)

7!t



o

o = o(yo;po)

o.2 o.4 6 o.t I

Prc. 8. 3aarcnuocm o * xo rlpr pasJluqHb{r( po.

Pr.tc. 9. 3aerc[Mocm "o @ o qpn pagtnrrntr po

?6

4

1

co=co( o rpo )



1

y(r) = oJA(",elr1yte)lae + (qp. + po)c(r,o) ,

o

Fqe

r(v)=#-GF,n.="f ae

[1-v +v(o

OlcpAa cJleAyer Qopuynupoena "o6paqBroroil" oqga{tt raHaJlorxtnrar ( i 1 ) :

lf(z) + p.c

' (lr,t(z)) + prG,
(16)

3gect G - N-MepHhrfi mxrop c oJreMeHaaMil G., paanma,r e(r., o) ;
ocraJlbHre o6ogHaqeHnr trpernxe.

9ncaeunoe peureHre JpaBHeHHfi (16) Mq6s1 6urr naf,leno reMr{ re
cnoco6aur, qro H ypaBHernn (II1. B qacraocrr,eiplprrrmH r€roA tro-
cJreq,oBa,rerrburx npudnuxenufi. Peeyarra,ru Bhrqr.rcJremrfi npegcraBJleHu Ha

pnc. 8-I0. ConocraaleHre c npe.qbq]rq{M BapnaHTor{ noragHaaoT, tmo

flpr,r qepeAoBarMr gHeftoB noreHqnaJloB o[ nJreHK[ E nrleHre BogpacTaeT

Puc. I0

Po=po(Jo;o)

o.t

o.t

\
-t

T1
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?. AflTn0B B.JI.,liLflHItOB n.A., XOP0LlEItt0 A.A. Il.reHoqlbp MHono-

3e3frfli,dfgH6f . 
Cinrtrvpu c rsrieHreuofi recn*oetbn' - tlactoaqril

r{yBc,rB[,rerrbHocrb erp]rKTyphl K BHeEHefi narpysre. Haroneq, cryqafi
rou6rHaqnn AByx Bapr{aHToB, oqeBlAHo, ne rpe6yer cnelrnaJlbHoFo l,lc-
cJreAoBaHHfi.

Bce peeyartann pa6mu Aera,rbHo o6cy:r.aannca c B.il.AnraoshrM,

roropufi npeAnor[rr paccMotpeH]I]4o sAecb crpyt(r]?y. Astop, nonbsyrlcb

caydaeu, Brpaxaer euy 6raro4apHocrb.

Iloctynnla B pe.q,.-[!n,.orA.
29 centa6pn 1982 roga
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