


o a r 3 o B Kr. c. {uco6narrr MareMarrrKacn, MareMarur $u-
3yKa Ba aHaJru3HrlHr HoKoppeKT MacaJrafiaprlHrl equur ycynJrapil.
()'r!)'s rti''inanua) Tourr<eur. "Ynnnepcnrer". 2001 rtr,r.n. 1l$ 6er.

)"ur61' rlynnaul,ra MareMarllr< Qrasnrra, 4nco6narrr NrareMarr,ri(ac?r tsa
IvIaTeM aT?II( aIraJrI4 3II?IHI Hol(opper(T 4yfiu.uran Macafi arrapfi Hrd e.rfi rur a 6 a-
FmrrrrraHralr. I(oppercr Ba ruaprirr{ KoppeKT rq.yftntran Nraca.ta.[ap opacn-
Aars bor,rraHrnru (uraconnap 6ranan), peryrrfiprr3aqfi{ TyruynFacu Ke.Trrr,rpr,rrr-
raH' 6.]'Hlau rarut\apn l(Ba3l,ralrMarrrrrirpr{ur, r(Ba3ueyuM ycyn.tapr,r 6pu-
Tr4.rrraH. By .ycy.nnap nurpeepeHrllralr rerrrJrarvranapra 4ifiunran rtynrr,rHa
NlacaranapHn, aHaJrriITL{I( AaBoM grrl,IpElrr MacaJracriHE, €vron ruapr.[alu-
raH anre6pal4li relrJlal\faJrap cucre\4acl4 aa 6onr4a Maca.[a.fiapgl,r equ11pa
rqinnanraH.

N'{a:nyp rlvn.uaHnaa y*?rBepclarerrrapHprm MareMarur(a) rvrexa'[rr{a,
alvranr'Ili NrareMarl4l(a Ba uirQopuarl,IKar l(oMrrbtorep Te.xrroirornflJrapr,r a{y-
Taxaccac.tl,rfinapu rana6anapr {aMAa acuupanTJrap Ba raAr{urqorqr,rfiap
y.r.l'H trtj'nxran.uaHr aH.
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trt[:r,:n.f ir qinua,ulta lvlareldaruna QaunHrdHr M.y\r.rvt r,iynanr,r11rrraprr.uii]r
6r'rpu Hor\oppeKT MacaJra.riap lra3aprrrcrma Ooruurnanrau. B.y Ha3aprrfiHr,r'r
tIl)itrII'rIIU-III Ba PilBoil{u 3alloHaBrIit -1ltco6.narrl Texutrl{acil Ba 4nco6naur
itiapadrr'uapi4HlrHr {alvrga unQoprvraqrlou Texruonorraruapurr}rf prrBo)r(nag?r-
uru 6r,r.nan yrsnrl bornurqAup.

Hottopperr MacaJIa.ue6 o4s,14a 6epianragrrap qeKcr43 Kprrrrrn y:rairlrurri
Har?IiI(aHnHr riaTra irrapuurnrl4 I(eJITI,Ipn6 uu4apagr{fag Nracafiafiap .r-]-
rul'Hll.ila.ull. I(1n riu.unaP AaBor{uAa 6y rilacaLfiaJrap Ha3apnrcrr Ma3]vryg.rrlr
rvrir,TelvraTrrr( HaTr{ina 6eprvrafinn te6 ,Y.rco6JraHapAr,r, 

ryon 6yXU 6y .Macana-

rap rtvn at'/.anptit a,laMrrrrma 3fa 
'ynraw 

Mya^4MoJrap 6vnau 60rnprr<. Ey_
Jrirpra \'IlircoJr cuQartl4a, Kinruira Qrz:ur< ac6cl6nap xypcaruaJrapr4.Hrrrrrl
reo$tril3lm, reo.r-roruK, ac r porloMlrn xy raruarapgrd rarl\r,rg 3TI{r[. 6oruri apva
llir ntt('T'.-\'P.xaPHII O[Trrt,IiuI.r-IarrITI,rp[U! aB.roNIaTI4r{ r,rrcTeNraJlapHn crIHTe3iI
r aE n tf.]'a.[,rrvo.[ ap Hlr rie wr Mprlw My Nrrirrl .

Horoppen'r turaca'afiap Hasapilficrrrayrrau acp'r.rHr s0-60 rtunna,p.ua
lvra,ur\yp \,rare\,rarrrr(,jrap A.H.Tnxonon, IVI.vI.rltrapeug€rB Ba B.I{.?Inanon_
fiap'ro&roEil,r,aH acoc coilr,rH4n. I{.eitnnrufttm,aapftaMATeMATrrna 

Qanuuunr6r' r1r''Ha.rrrurlr .fej pr,rBoiK.rra'u6 6opl,rolrta. OnnnraH Ha.r.o,)Kanap acocrr[a
6.r' liyua.nr{rrrHrrHr Ha:apr,rrr Ba arvrarrnli acocnapuHu dpuruifira 6aruurna6
ri:n'urau )''''oy [g],[15-1s] ,[24] aaalradrnapuu ,.yp.ut"* rrMvr3rd]Mr{r4H.

)"ru6.''; tltinranua.y.r 6o6Az.n r;r6opar OvnlrOf v"Aa AAautr,p Mab'ocutra
Hol{op p er{ T ivrac aJra.tap Ir a3 api,r f cprHtr 6 a6u o ru nr.au.

BrrprrH.rrr 606qa rioppelrr Ba rrr.pr.[r{ r(opper(T ]\,raca[a Tyru]r'qaJraprrbepltlaxu. 5y r-\'irrJ*Hrralrap opacirAarrr qaprt MrrcoJrJrapAa ryrrry'Trrllu-
,irirArr. A.H.TuxoHoB Teope\,rac[. 1- rioppenrirr{K rarpu$i,r r(e.nrprrra,uu.
Bup Heva, rvra(:ar-rairap uaprJrrr Kopper(Tjrl,r[Ka rer(ruupu.tru6 rypr.1r11.nnx 6a_
x o.Ilrtpn o JII,r]raA]I.

Eltlxulrn r\rp oreparop rerrr.nar,ra.rrap.lr.I.yg per.y.rrf,prIirIrITI4pl,.3rrl4 o,,e_
p zlTop Jrap o?r;racrr fiKr(rdgr{u 6o6nnnr 1 _ $na r ir,tpue.nauanr,r. B up Her{a Alre_
Qeirenquan rerrr.[aN,ra.na,jrapra rlyfiunran Hor{opperT rrerapas}rri a,raca.ilal-
rrrurHrrHr aHrrri eqrrMrrr a rrHT rrJr.yBtrn raripubnft evuvrnapu rqyprrJrraH ) aHEri
equxr 6r,rner,n riuipnGuft errnrvr opacrrlarrr eap4 Moc Eopilra.rap.ua 6a4o.uau_
rarr. Iier'llrHrr{ naparaenapI* onpr,rxvu ryp orreparop TeHrrrar,rail*pHr,r rrK_
IiilHtltr'r'r.)rP o[epaToP TeHriIaIr{aJIap 6r,r'nan aJrMarrrrnp"-. Ker\,ra-r(er .rilrr,rg-



+

.tauruur, [Brl3r4eqtrrM, sap\, ynryMnaruraH 
Qaprl ycyfifiapr4 6unaa rarlplrouil* qu'rrapa ii'ypu'''ra' B a ,'y ycy'rlJrap'uHr seeer(TrfBrrr4r( 6a4o.uapu Ton?r;].r_ra'' III'1' 6o64a peryfitpu3arlltfi ycyJr?r 6r,rnau drvrou *uo"ouffi aa 6y-3rr'aa'qura* qu3fi\'nu anre 6par4r( Te'rrraMaJrap crlcTe&Iacu,, 

{aruraa 
'zplrH.rlr;J"lt#trptt'Il 

re'r,ra'Ianap eqr,rrrra.H Ba raqpn6nri eqrm 1.,c.),.rr.rra'n aco_
)"q trr''rr. 60 6 rn.ur 6 epr Qa:o"Tap{.qarr4 auQQ ep euiluafi r"o. 

"u,n 
u.rrap ra6arraru.nauran. B"prr"or, 

".p*p.OAa ru.y OoOor, 6a6u sruruaa eoriaaua_;:ilH ;;1,,".-'ff;ffil;'ffi,j*;;;." r(eriuuru,,upu"on-
rl{arr Ter{r.rraMarrapr a 4.yft unrau K orur,r on."*u.o* 

Ququeu r'nu quQ e ep e u-
TeKrulrplrnu6, 6oruourr""r 6a4onap (ip^arurn4a 

""1 

*uo"rlt4 l(opper(Trrlr(r(a

F.yn,rlrdr( TeopeMaJrapu lrc6ornaH
e e @pr qu e H 

" 
on, u o 6.y: u n a4'"." ffi ;*ffijr:}ff dffi :lT#"

vpraHt'rnran.I(ourr,r 
r{a,cA.-TTAnr,r .r":::::'cnrrrlilJl 

re'rtraMa'ilap yrryH ,\alvr

@uqaenrn"".#:""Tilil::'"f#I#rJl#fiffi 
:iHfl, jT.XlrT.

Marapra,\aM rnaprrr?r Kopper(Trrr4r(r(a rerrrmpnnAtr. Ey uacanajrapnrrur:raiqp u6r,rii eqlrM.[ap uHtr {.ypr,rurra Mrrcorlap KerrrrnPaQaa oreparop rrrn riosseu4r,r
re'r.rrar,ra .\,.ny* I(ourn r'aca.racn 

e'rrrr{ xvcacut -i:ff# 
^ffi[:"T:;

",*YJ:1,#:*ap;:nrz*oo",Iilill,ffi 

-J#;:ff 
:T:':;:",-

60p 6epr,r'rra'. 'H:xffi|.|:ffi;:-";;''#*a {aM Karra 3br?r-

asa6r'r6rnap.(a* Ba Nryarr.rrueuuHr v:6er<r.rcr"" J:" 
[4]'.fg]' [ls], t24]

r\rcxdrrtrrri.-r\r.rclritTr.rria Ba r{or\,rnrcTep rexrorrorur"#ffi:*y"#T._.ffffi:;lrc.in r,-luunap.qaBoNrrrAa Maxcyc Kypc cnsaraaa ,,Hor<oppe*T 
turaca.Eanarp'rr:rarqpr6rrfi eqrrur .yc.yJrJrapu,, lraa:.1rcnaa .y4uelrrag IPprAaH @oliaanaururAl,r. . 

i ---41! '/r\'vrr''n M&bP.Y3a Marepza.lfia-
Ilv'nauua .y'rrBepcuTer,l,,pfrr,r*r Ma.rer\{aTprKa, Mexa'lrna, ra'6r'tprr,irrarotrI.Trrriil Ba rrnsolrntarlrrra, rio\{fibloTep Tex''dT.rrJr.[apu LIXTUcoc_,-rn'',riapr4'ur{r }o\optr r(ypc rana6a.uarrr, \;;-^;r,vr.y.n>na.unagraH. ----!!w'Lvl/* '\cr'1vr'u'tl n{afrrcrpalrr.[apu yqyH
I{vnauua^arrd r{a&rrr}rJrr,r*napHr,r 6trprapae orarura Ba y'r,r.fixuruflaurra

:Tffi [T,,:Xxi;:';ffiX3:1ff '1"'jff "o;;'4T',.n"ooaprauvann,re
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I 6o6. Illaprnra Kopperr Macanafiap

$ 1. Koppexr.rrrrK Tyruynrracn

.[nQsepeHur'raJr reHrjrar,ra.{ap ycy' Kopper{T riyftfi.[ra' MacaJra r]ruyi*1'-
crr*trr 20 acp 6ouuA;r, Nrar[xyp Opanqy: vra'ervrarr{rclr Agatrap rorvroH,ona'
KrlprrTI,I.rIAlI.

T a r p u s t,l [16J. Macaaa xoppe?cm. n;3jtiun",eau derjuttadu, aau.t rcgilu,-
0 aeu utnprrunap 6 atrc apunc a :
1 ) maco,,rtnvutd? eatlr*ru uaexyd :
2) no,cctnatrune eq,u*tu freoH,o,;

3 ) m, o,c a"o aur.me eq,?rlu,u, 6 epune aHnap e a y J lrllt{crrj 6 o e nu,n,.

EupltHvlt iuaPT 6epnnranJlapn[rir qeKcll3 r<yn ovnruracJrr4rlrgrr rana6
KI,IIIAAI{.

Izlnnunqn ruapr sca 6epunranfiap Nracalra aHrrr[Jranlrrulr yrlyn erap,rrn
6ti.uiulr,rHu ra-'ra6 rlrl.rra.qu.

)'.rr,rn.ur ruapr sca qvrinAarrr {o,r-rar 6nnan bornanraH:
Arap \Iaca,ra $r,rrr,rii (rvroAenuu) anuiln,,ru 6n.uas 6or.nuri 6v.nca, y

xoJrla oeprrnranirapHfi a6conror aHr44 ne6 4nco6narTr onuaftrvru:. vnapra
\annau.qr,rp r.rabrro.ua ra{.pu6ur,1 4r,rfimarirap r\4abJry[,r .Ue6 offavrn3.

III.1'H4arl rirr'ru6. arap equNr 6ourna'rnv 6epunra'.[ai)ra y3,rryr(crl3
6ornlrx 6i.rrl,raca. l' xo.rrAa MacaJra eqr{rvrlr {xr.rnr furatHo.ua ag?I4naH\{afaH
6y;ra4u.

Iorlopr'i4a Kexrr.rpr.urraH r(opper(T'rr4r( rfiap:rJrapu ryruyrrr]rpu,o Kr,rprr_
Tr4rrrnr,r ra.ua6 qrrnanr{.

9erapannft l,raca^,ranap Ha3aprr s.crlr.a e.rl,rrvr ua Oepltnran.rrap 6al:n 6np
Q.\rnr ur,ron an @ a:o;rap 3 rretre H TJrapu cue arr,rAa rqap it^rraAr4

' IIIyuuHr .)/qyg KoppexT.tnK uraprrrapu riyfti,rAarn rypuHnruAa r(e,Trrr{_
pr.r.{agE:

l) 5'(A'), L,,, :fl':,,... rrlr3lrr{Jrrr HopNra[aurrrprrJraH ea:o.napAarlr
6r,rpop 6nltr qr,rcM Qarora Terr,rurfiE uxrl,r6pr,rfi oepr,rnrerHflap 1/q.yg iuacaJrir
er.rrrtrrrr \rtrBlr{.}'A ra 6y earonapuuur 6r,rplrra rerr,rrufiu;

2) Iiypcar,rJrfa' @aronapnr,rar 6r,rpoirracrrAa lracaJr. e{ntr,r}r firo'a;



3) Eepnnranfiap'r'Hr qe*cr,r3 r.,rrruK ysrapu'rura ('epnnra'irapta1:a.na6rrau Qaso4a) evraunnnr qercr{3 r<lrqftK.frrapraruu Moc Ke.rrca (evnlrlapa.ua6rraH earo.ua) .

Nlanxy'unurc, firo'arrr4K Ba eqr,rMnap'r{Er 6eplrnrauJrapra y3n}/Kcr.r:6or'nl'qnrafrl \aI{ullartr reopervra.[ap Mi],cafia r(oppexTxr{rlr',r nc6orr,rAlrp.
)rlurylran aft 

' 
a'.u a 3 Jrrrrrrrrtr{I( Te HrnaMaJrap yc}.H qerap aBl4fi ruaprnale.IuM aHfiIi.naHaArran co4aHurrr 65rryn 

"arupu*ou 6epunca, 6yoaun 1,r^ca.[afiap KOPpeKTAIrp.

funep60n?rK Ba uapa60nnK Trrn,*aru Te'fJraMaJrap yqy* 3Ca, yMyMaIa'rlrra'Aa, I(ouru ruacaJracu Ba apaJrau Macana-Tap ropperirfilrp.
K op pe x r trac ana ryrrrynrracuglr rfirprrrrrr[ 6uaas 6upr.a.uurln a A4ayn1r(.pper(T 6ynivrarau iuacaJrafiapra {arvr ,r"?5r, f,e.-rTqpra'. Ey rlannac TeH.rrraMacrr y.ryn l(ouur rvracaJracu.u?rp.
Ey uacana na .ourrqa HoKoppeKT MacaJra-:rap'rr rerir,rnporq ypranaunr,?Iso4' ilaunac re'rna'racu.yrry' Iiorulr Maca-ra,cu aa 60rurqa 6up ra.-nafr noropper(T lvracaJrafiap Korulr-iioBaireBcKa-f, TeopeMacn mapr.rraprrHuria'oarJraHT'paAr[. By eeopeMara lryaoQrx .irau.rrac re'rrra]vracu yyy'Iiourr,r rvracanacrrHr,rHr eq?IMrI arraJrrrrlrr( eynxrrnqfiap rynnaturr4.qa MaB:(.y,qBa froHaAup.

$ 2. KoppextMac Maczur€uap.

Iiopi;enr qir,',rnraH r,racalra ,'aprrrap'naH 6upopTacrrHr4 ria'oarrra'Tr{p_
I r auiA lrr aH lvrzlc aJrar a Hoi{opp eri r rlyrha.nr a.H Mac aJra .ueft u.naAu.

Onar^ua rroKopperT rvlacaJraJrap Ha3ap rrfr.cnIra ysuuqu urapma acoclrllartrldop r{aparrr Jra4r{.

Horcoppexr uacananapra Mr,rco Jr r(eil:rr4paMa3.
l_. Ilan.rrac TerrJraMac!( yqyn Koruu MacaJracn.

, ur(

@yHriulr.a,{annac reurrraMacr{

{rt,.') _ 02tt(t. t:}
i)tz 0t:2

-



;:t lli;

aHrrap

a (evnru

y3nyr(cn:

u.uup.

IlrapTriap

HAat: Ma-

yMyMarr

A.ual,rap

.[ac TeII-

AMIT3.

a 6up ra-
.napuHr,r

Y'IYH
MaB:K.y.U

a acocuft

J-.r)'H Iioruu l'I&calracunltHr

u.l1=s:0, ?,rlr=o - Qlk) * sirr(ftr)

erluMl{.(I4p

Arap ft + +oo 6ynca, y 4orltra (Ilk) sin(I;ru) * 0, aMMo 6apva

t f ir^ J :0.1,..., -!vYu 'fri -+ oo ua
t.'

up(r, e) :'n::' rin(ir) -+ (x,,
f!

6y.ua,uu.

ffi1rs4afr rqlrnr,r6, ilaunac rerrr.rraMacr yqyi{ Kourpr MacaJlacu KoppeI(T-

Mac MacanagllP.
2. 9u ruq.nu arrre 6parK TerrrJraMaJrap crrcreMacu.

Oapa: rquuartnux

T6)HrrlaMa.(a

61;rcru.
lli > 7r

f,roHa 9M.ac.

A:t : .f (2.1)

A nL x n - Marpllqa, :u Ba f - 'm na n fn.roBirlr BeI{ToPJIaP

6l'ec'a, clrcrer{?rHlrHr eqrrr{I'I r{aB)Iil,[, a\4lvlo ]:il,I.]/rraH allTraH4a,

rn <'n 6j'nranua etrnlvl MaB)I(yA 6ynuac.nr'rrr4 vr1rp1111411'

Arap r1^t : n sa d.etA I 0 6!'uca) cl'IcreMa nxtn6plul "f y'rytt equi\'Ifa

?fa, qbHI{ tecr<aplr A-l NIaTpI,IUa MaB)Kytr Ba qeK.ltil yn'rosnn Qa:oqaru
qr43rrr\Jrr/r oneparop craQarra4a serapa.fianfan. IIIynUaft 4nnn6, Anavrap-

Hr,rur yqr a l(opp eKT.truK lrra,pr rlapn 6 urcap?InaAlr.

Anranra6r.ua qra3r4lqrru anrebpaul( Tenr.[aMalrap crlcre]vlacunlarlr eqr,IMu

.uold11[o rarqpr,r6nri a.Hr/rriJrauaru, qynrrr 4r,rco6.uarultap fix.[HT.TIaruJIap 6ranan

onra6 6opu.naAu, {nco6- fiarrr xaroJllltrunl{.inr tor,ros xaro.fiI{fu cnQatu.ua

l.a6y.q \rrm{ru MyrrKrrrr.

( 2. 1 ) cuclerura 6ulan 6r'rpranurAa rq5rfi sAaru clrcreMagu rqapaft vrur

A(r:fr) -/*17,
(, )\

61. epna \ + 0 -fnr rouon xarorr(rn (y:rapuuru), t' -equNl xarorrurll'
,4t' :'tl, r' : 'A-ltl. i

ll,ll/ll,'ll : l.l4.l .llll - 11,1,;Ji . ll.1-llll < 1A11A-'1 -r(A)ll;tlfil/i] - lFn ^ llryll - ll.'ll ll'/ll j ,.'





r2.3)

Bt'epAan
, : (?"-'E, ... ,2e , €. €),

6rirr ll"ll - e''*2ltl, llfi'll :1, ll,lll - Irl, ll/ll == 1sa

r(A) : 14114-'11 2 $.liill{l\ -r^-'" - ll"ll/ll/ll
\oci,r[ r{r4rra\,rr43.

3. AnalrrruK AaBoM srrrrpllru MacaJracr[ .

Oapa: rlnnarTrnurr. ., f (r) anaJrr,rrtrr( Qynxqnxunnr riniirivrarl,r D co\aurrur
xt[ rqvrcvr rynnauga \dabnyM 6yucun. .f (e) $yHxrdr4flr{r,rnr A,t rj'nnalrna-
f?r rir4ciurrHi,r fi1(;) 6una.u 6errnna,rtNrrs. Arap M ryunatur r(aMrrra 6uma
.TUNII{T HyliTara :ra 6inca, Synrunr 6upgan 6rap :rurnaua.qr4, avrl,ro 6y

r.raca.na4a ./(:) QyilnulrsrIlIrrr /o(r) Svxnulrrra v3rryKcrr: 6orni,linuru
ttyq. {ar1r,rr1aran, Qapa: rqranaftnrarc, A,I : {z:lzl: b, 0 < b < 1},
D-{z:lzl <1} 6incnH. Bapva 1>lrl >c yrryu f"(r)-Qlr)',
I{err{a-IierJrrlr 6 < c < 1 6}nrair.qa IVI rin.ualrunnr 6ap.ra Hyr{Tacr'rfia

Ho.rrzr rrnTrrJranrr. Eynuaft $ynr<qnr.nap /o(;) ra xarolrrrx $yurqlrfrcrr cnr-

Qaruga ri.1 urnnca. 6ournanruv 6epu.nrannapurrrrr KrquK xaro.wrKrrapfi D
co\aHI,IHr nqfiraru 6ar:r,r E)rl\Ta.[ap.qa eqttMnrlur r(arrt] xaroJrlrlina]lrdra
o.nr,r6 Keni.{[rr,rgr,r nipaurl:.

Manr4nap.
L li.l'itl,uarrr Macal IaJrapHIrHr I(oppeI(T givracJrrrrrrnn rac6or.uanr :

1) t4(r;' t) : ur'(x,t), r,t e Rt, r ) 0,

u(0, t) - f (t), rrx(0, t; : g.

2) tty(t:.'\t) :tt',*(t,y.t) + u,rr(r,y,t), :t:,,p,t € Fl, .tr ) 0,

u(0, lJ,t): f (y,t), u,(0,9,f) :0.

3) u1(:u, t): -tt*r(:u,t). (:r,l) € 0: (0,r) * (0,?),
'rr,(:r:,0) - /(:i'), :u € [0,n],
ti,(0,f) :u,(IT,f) :0, t€[0,2].

,1) [1] tr11(rr',t) : u,.r(,u,f) (c,f) e Q: (o,n) x (0,azr),

ft - ,l,ryc6ar KaTTa.rI?II(1



?(0, t) = u(lr) f) :0, t e [g,,ar],
tr(r:,0) : 6(r), u(r:, aa.) = {(.r), ,u € [0, zr].

5) sign.(r)r1(r,f) : -,*r(:r,f), (r,t) ef) = (*1,1) x (0,?), :t: f 0^tl(_1.f):tl(1,f)-0''e[0,4,z(_0,,):.,(*o,,),
u"(-0,f) : u.,,(+0,t), , e [0,?], tt(r,0): 1l,r), ,r € [_1, lJ. r6) sign(r)u11(:t:,f) : -rr,, k,t), (r_,4 ee _ (_1, 1) x (0,7),r *0,u(-i, f) = 'u(1,, t) : g, f € [0, T],, 

' 
u(_o, ri :'r(*0, f),tr"(-0, f) : rr,(+0, t;, t e [0,7], .

tr(:u,0) - .f (rr), ttt(:r,0) = g(x:) o € [_1, 1j.
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D
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if
{f t;.(r,t) rl;t rtt ( )o,
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u AtI - da llt'' * 'r'zll S "t(!lAt1 * A:r:2!l)6'ti,rtcct, y r:,o"n)a.'1,*./, A: D(a) .. ,,- it&); ;;'"')'ono ,uroroo Tuannoc:uda jl,[ C D@) m{nnaur)a Nopperim, deilunadu. ,\..;

l2

\_



I.:I.)/ lr t iJ l

--itt'J.fXii -

_ - iIH .t'UrI

: -r.

Ir.l,iiliU;rt'ri NipIIHIIIU.lIilrIi 6ttb3lI HoI(Opl)eIi'I' \,la(larlilJli),p \-rllrl{

'{.r': l, .': € /l(,t) c 'Y, -1 :D1.-l) -+ F'

rr11j\,1 \iui.rr.(a ii\-rrirg\{arir 11riri)T' fiepLrnagr,r. BJ' ,ara I!\'r1l,i.qaru4trn lt6olliL'r:

e t(l), 1 .It,t:tttiritt D(l) $tuona 6epr,urrall Ql'nnurtouii'u ill-'nl'16, fipl4i\'I

:' )i)ii,Iil XOCCaCI{I'a :}I.iI. tIbllII

l(.r ) Z 0. 1(.\r:) : i)il(rr), 1(r; * il) : l(;r) -f l(;rl)'

:r-t1rsa, r:,lJ € D(i Ai'a1r rpa:o D(/) xar.lrili,rii 6irica.   e ,R; Arap

,'il) rir;l,runeiic Qar;o 6i,rta. ) € C': -YHr{a,H'farll{.api'i I)(l) n 'Y f tl)

f irr, p r{ 6p ?r.3 [4i ,1;:r4t .r'.up 6up ri > fJ y1u;yw r:(t\i 
'wyt:6tt,rrt 

'ys,:a'p,ttul'

't'(trlc'Ll()|tjnti5^(t't1iu''treD(--t)nt(l)nu4t0an:ytnLr)ueu6rt':ro

i'll < d'l(.r:) -F r'(d)ll,'l.ril.

',:)1tIt,,/t,1, 6itu:tt. y :r.rt.trltt -{.t' : f *t'CtC:Ct',T U, i -t;,o\t1ter:Tri' Jvt'(t'cu"n'A t)eiitt'nf:'dtt"

Ar;.rlr rlrlt:i1Ja I - i;ri1.,peri'r 6yirca, )r xo;IAa I ' S]"tttul{oHtr'lr '4t : I
ii(:ii.rtil,iul 1-|'1)F\ HiaIL.i'IIi)\:B{il'r {t.1'uriutlouiin AeG af itil;uf,rl'

{i1 .l iir,1;lttl)l-ti I,I','u,,.,cpirri rioplreliT IUa{iii,rlil.llili) 0 - rioilpt:IiT I'Iit'''zUIiIJltl']-)

-i.,n1r6,, ..(d), ri ra 6or ri{ri. 3\,rac. Alap I - xo1l1>ext;nar:tt;rTtt l)(,',|)n r(l)

-l.l! h()irl)()tt1' f i;1:i;rt-'iI. \' \.oJIgtL

jin;c(a) : ix'1

ii( x(),ru{it (3.2) r,l^, :13.irrri/ta .i urr r{o,liril IIH'ftr.]l'l-tilrnO. rlf iilinartr 6a1oi'a

-':i,.iiit \,IlI3 ;

. llr:ll -< c(ti)liArrli.

I - xoPpcrnr,.riiii \o(.'('rr.('!r (i3.1) rrar:a.rl& (lrllrx,IrlHlli{r I)(,'t) aDQ) na qro-

itrlrrmln{rrrarrsrrrillrrrri.ll =-- {:r € D(,'t) n D(/)l.l(r:) 5 tn} rivl;rtHl'turiI?Irl{

1 1ril.rl irirl.il ilp,4 il T \' 1) F \- H,TI I r IIHII'ra'h I4I'IH JIiiI;IJ'ilI'

l}.i it;r 3.3 - rall.rtirprall oPa('ll.Ual'll 6oFnanltutHll I\\'iiuili{l'I1 T('tl1)('l\tii

'f 
e o l) e-:i\4 a 3.4 --l.r' : ./ i4,(LCariu, rf)tm:atn, att, ()u'r,:,tt'rn 'ui'u 8a;,':Tn'd(L

,,,)'i)l)(i'^:'ili. (i'tirtttdu. (t;i(Ii) y tt't:rrnt(1nL(r' '1'[' 
: {'r: € D(l)11('r) < 't}' s > L}

ir i'i'r t, ii ( L,ri,'tt, () ri,' [''t t t: tt'rt' t; a 6 y tttt,o t t t' N O p p (hiitl' 6 t1 l' t' a

lii

(3:l)
,lr e \,1i:1.

'{,:0H,ti

iL.'

:,.'ii,(..:"ii,

)(r l\.I ?l

:t(l'lL;]

)) '-

) t1,i.) 6



3.4-reopeMa vc6orw. 
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$ 4. Typrynnnx daqonapu
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*rrlqrrrrr'-r .r.eurJraMac[ra 

{ffiu.nraH rroKoppeKT Ma_
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u(:c,o) = l(z), .u € [0, zr],
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?r_fl(.2 ,\ f r ,,- t J \s?r- - w",),d,ndt: I lsuf(r,t) _ w\@,tl) a*l|. (4.3)oo o
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auaJrr,r3u?rrrr K[accr4rK Macaracu_gr,t$$pe"q"uooorr, *._

6y l'rac*na'n eql',' r{yriraaarra I[HTerpa.[ Te*r.,,aMa'r,r eqr4rrrra 
'trBr,rB*_

JIEHT.UI,IP

i
I v@)da _ /(:u).

By epaau rypra'n6 ryppr6annr4, roi{oprd{arr' TerrrrraMa C,, 5,1, Lz, W,}Ba {ora3o >ny$r Qa:onapra nuc6aran r{apacax riopperr, Cl, Ci. Lz, LzxyQr $aro'nap.ua 3ca Hor(opper(Taup. Ey eplau x.yfioca ruyKrrl co'Irr,r Ar4Q_@epenqraa.E,Taru rvracaJracrr rr4rrr,rr HoKopper(T rdacaJra,qrap. IIIy Macafla y.rygTJ/pFJ'HJrlrx 6a4ocuutr rofiuur.

"r, 
."'o:r;U#:*q 

.rapa.qa Ken'rrprdlrrarr turacanarapra rypFy'.rux 6a4o.napra_

>

I
I

:
I

I

I
I

t:
:



III,I TYPF]IH

rrK 6a\o-

r4 \o.rlAa)
II.IIaru Ma-

il 3hBlIBit-

', L2, v!r;

Cl, Lz, Lz

JII,I .UI,I+-

alra yqyH

o.rapu-

II 6o6. PerY.nePrr3allr4f,

.$ 5. PerynapJrarurrrpyBrrrl orrJra ryrrryurlacr{ Ba

peryn.f, pJralrlTlrpuru u apaMerpn

T a r p u O 5.L IA.H.TuronoaJ. Qaprts n,unail,nurc, Knacc'tttt ,naunoda

Eoppevm,Jvtac J|{,acaha 

'epunzau, 
6ytcux. Ey nacanaea uuc6amar+ a napa'

*tempea 6oenux *tacanarrap outlucu, peeynfrplrau,nxupylltu oulra de6 ama'

:ta,du. oeap xyttu,daat, uu'tru luapTrr 6a'trcoput'ca:

1, X,ap rcandail o > 0 yq,yH, ilac1'rt&ll&p o'trll'acu Koppe'r;rn;

g. Boutnaueu\ .,tacatruv,un? eq,u&t"u rwaeucyd 6yt'eau, fepuneawna|tdrt'

ilA,cAltAJL&p Oltnacutruvz eullJyltlttutlz Kerntutt-Kenxnuev d -) 0 dA 6OUn'AHeuq

I x, o r,: o 7t p e r,:rn, ) n a c o' tt auu?12 e \,u Muz a u+'m'u n a d u'

cr ilapar{eTp peryJlfipflaruTr,rpyBrrr{ [apaMeTp Ae6 atanaAu. Ba.brt't

\.o.rJrapAa pery.rltpu3aUl{t [apa,MeTpI'I 6yTyII coH {aM 6y'nlturia Nlytr4tluttt,

y xo.lrl{a 'rrr(K?Il{trr,{ mapT tl -+ oo $ax<apnrinUru rana6 4IInItEa'4I4'

Sngpr 6r,rpranvu T]? ouepaTop TeHrrIAMara nnc6araH pel.yJltpraluT?I-

p!.Br{u or,IJIa TyIuyHIIacI{Htr ag1l{naritults. Illynnafr 4!IJI?I6, 6upttu'rn typ

orcpil,Top TenrrraMa 6epunraH 6ynclttl

,4.tr : ;, r; € -\, I g F. (5 1)

Oaprrr rir,rilar1nr,rri, (5.1) rr&C&JI&IItr{Hf eYI,IMI'I flfoHa ?,a. A{ X Qtr:ocraHI'IHI.

K.II('\,I t.1 n;tatvtit 6vncun.

{ 8,, } aru3r,IK jrlt otreparopnap ounacl{Hl'I {apaftvflar

r ar p u e r., ., dan x rl;'r)";)or"ou{8*} (0 < * < cv.) orlepa-

Tn,op trw ou,fi,acu ( 5 . 1 ) men? n o,Ma yuyu NI m,ynn a nd c p eeu rt frp tt'oulrn'LLpy 61.t'1t'

ouna l)r:6 am'an,adu. aeaP

1) :r,ap 6ttp tt , 0 ( o { ns, da Bo on'eparnop F da aH'uN{aH?aH' Bo

\,ee0pa,naH?(nr; ;

2) 6aPo1a '1' € X YuYn |rg1B"A:u
5y,rtco.. .

: :u (ttu,num, Ho[)frt,& tu,atwoat'da)

l9



3tr'qn' ra4pu6afi 
'epmrannap 

6vrfuiqa peryfirpfiar'T[p.yBrrr4 0una 6p

ff ffi J;Jlffi llnu"""" 
t ar1 p r,rdr,r ft e srilr rr H'i ur.q,.,r rlyp rr,,, ru.\, Mr*rH

,., lt;llril;:*-" 
vv')'H 'Bo per.vngpJrarrrrr,rprrBrrn 

orrrra \yp?r'rra'.ue6 @a

(5.1) reHr.rraa,ranrrur ynr touour,I I aurlriJrrm?IAa ivrabrr.y*tur1 rbHr,I ,f, znelvIeHT Nrabrr)/vr 6i nu6,

Ilf-f,ll su
63;.rclrH.

il?.1- : Buf, tarlpu6rri e.ruM cnear:r,r4a o.rrarvru3, 6y epaa cy pery.[fi.,Til rurtrpt'B r.r u flap ature rp Hrdrrr 6up op q ufi u aru.
r:d. Ba (5.1) renuTaMarrurr r

narlur,r:: 
rllrrdrorvrcr,fr/r$r. lr a,HIr{ eq}IMfi opac?rAaru 

@apiqHr,r 6a.1r

f l:u - ,u*,f f : llB*f, _,r,ll <
S llB" (.f, - /)ll+ llB,,,4,t: - r,ll <

S llg"lle * 1,(;r, a), (5.2
6y .pau 

llg6 r{r', a) : 0. (5.1) renrrraMannnr esuru
3r(ArrJrr{rilrta.T{ nr-rrTrrrnqFrr '_^r- ^-,-- -^ 

"rctrveqnrrtr' uYlrfu r.acanacnn Hol(oppe(:3 r( arr Jrr{r ua au 4yulrA ar E m apTHrr 6 axt apunra -r, uo.uorr;;; ;;;rrffi?
a

supllB"fl :o".
(Arcc xo.nna (5.1) renrnaivragr,r erru
A_t 6ynaan) 

\*r nrcurvrdnr4 elrlrflr Macafiacr4 I(oppeI(T 6ynn6, jrgb B"

s -+ 0 ,(a a Hrrur ru)rnaart yrrapuu qonynlrrrn 6opnn, ynna r{yrlr,iurun.ur,r

t ll8" ll. * 7(.r:, r-r)

HO.ryIA IIHT?I.IIAIII.

.{a4r,rr1araH,'

o(u, e) : inf{ llB*lle * 1e, a)}
rye6 6erruna6 nvpcarir[,rl,r3r{[r 

ct>0'"

lim r.,.,(:r, a) : 0..r-+0 
-- \'" t */ - w. (5.

@apa: riunarTl.nr'rr, d > 0 raxrn*prfi erapnuqa Knrrrrr( co' 6yncn'.



Id OI,IJIa ep-

NI\/fuII(lIH-

aH Ae6 Qa-

./, lne-

a pery.rlfp-

Hr,r 6a\o-

(s.2)

EOr(OppeKT

qflrlaAu:

lirr B^
o-+0

\yurr.uar?I

*-i--l

I

i

I

Iirrl 'y(:u,, a) : 0 er<aunmltuaH IIIyHAaIi a(d) r"raexyAlil'I' 6ap'ra cv S a(d)
o -+u

rrapla yru6y 'r(cv, r) ( $ teHrclr3.trul( 6ax<apuna.ult.

p(d) : 
.-llfrr llB"ll

6enrlr.narirnt:. e S 0.Sfi OVrrru"nu ,1t,u) Qynr<ulrr u,'(c,e) ( d renr-

c?r3nfir(Hl,I IqaHoa.TJIaHTI'rpa.(u, 6v :ca (5 3)- Hu nc6or Kn.rlarI,t.

Illyugafi rqu.nn6' arapAa ( 5. 1 ) renrllaMara peryntprlaruTi4pyBtlrl or,Iila

4ypr,rnrau 6ynca, y ,\o.rAa ta4pu6uft rqnfiuat.nap Oyrirava bepunraH al{flI!-

nur1qa rarqpil6llft eqllM \yprur MyMKyHJIIITTa rcenra6 qullaAu. Bepnnrannap

anr{\.rrrrrr s > 0 QruicupnanranAa itfillB"llu *.y(a,r)} epninaAr,Iran o

rrapaMeTpuunr 4ufiuatn (5.2) 6a4o MabHocI4Aa otrTlllvlan 6ynaglt.

Per1,.i1 spraruTgfrum :QQenruurflfu r<]n uasno.Ua per)rfltpu3aqlrt Ea-

paNrerpr,rHfi Tarrlamra 6ornuri. PerynrpJlelrrri{pu[r napaMerpllnl4 TaH-

raru yaryn llB"ll, 'y(a.:u) OynitqnrnapHrrur aHI4I! nyprauuurrann 6unuru

H?r,\ofiTAa My\nMJIrrp. llB"ll KaTTaTII{rI,IHI{ aHIII{Iraru Ba 6axolaur iiuiruu

eMac. 1(;r;. n.) KarraJrr{Knra 6a4onarrlAa 3ca llapa"ra6tran MacaJIaAaH Tu-

xonoB 6i.liti.rtr KopPei\Tirnn rara6 rIIrtIlHaAlI.

5 6. Baq:r 6ffiuva fifuanr,rurnrut fsraprl{pa,ql4raH napa6onur

TuIrAarI{ TeErJraMaJIap yqyn HoKoppeKT qerapannfi vracaJlarlurlr
peryJr{pu3arlu.scu

Q : (_.1 < :u ( 1) 
" 

(0,?) co4ana rlyftuuarlt TeHrrIaMaIIrI tlapaftun:

sign(t)'u1(e, t) - 'u',(r:, f ).

(6 1) - .iu renrnaltanll Qlt 7 0) na na riJ'rin.ua,rrt

tr) 6oru.rrarrrurr

(6.1)

6) 'reraPasui'I

a) rmuut

u(r,O) :.f (r) ,, 1 5 r. 5 1;\,

u(-1,t) :'u(1,il) : g, 0 <t 3T;

u(-0, t) - tr(+0, t), 'u,(-0, i) - 0_<r<r

21
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IIIAPT II APIIHII I{ aHo aT.IIaHTIItpyB .III eqI4ivII,IHtr rouuHr .

4-$aaH rr.enu6 yrrqaAlrrir4, 6y lraca.naurdur erruMrr vroc ea:o4a {roga Ba
rrrapTnr{ TypFyE.urp.

(D apar q nnalinrax, 6 otunauruv 6 ep unranrrap ury n4afi rcu 6y lrac anagurrf
eqprMrll MaBX(yA, ynn rqyfi uAarlr r<ypunnur.ua raQoaaJrarrr MyMr(r{H

u(:u,r) : ,i. ut(t)e[@) + i t6Q),p;(r) (6.2)l-1 &=l
6v ep.qa

uf - exp(,\f t)/rl , 'Lti - exp(U t) f ; ,,

I

ff : - | sis'n(*) f (*)pf (r)ctr, k - r,2,...,
-l

.,r*: { th\rfuin,/,f11 -r), arapAa0( ru ( 16inca;Yk :1 
si',Af tnr,Eil +ri ,."r.,',,, -, . "..-":,::^:. (6'3)

+^f - p?, i: L,2,...,
p rrap 3ca

tgP+thP:o
Terrr.rraMaHraRr uyc6ar IrnAIl3JrapE.

I

('rr. rr) - f . u.'ud,:t: 6r,rnan Lz(-r,1) uarzr cKa.rf,p xyuairrl"raslr 6enrrana__I
car(, y .\olrna ll"ll' - (u,u,). (O.J) r<enr6 qur{aAuKn xoc gynrcqrrnnap y.ryn
r{yrlnnarn vpun.nu

(sign(r)g|, rr ) - 0, Vi, j;
(sisn(r)ef ,*f): *6ij,

i

d,' : { 1' araP f :7 6Ynca;
"t'r - t 0, arap z I j 6ynca.

_ 
P+ 6r'lnan 4yirnarlrrra aHu\JIaHraH crrer(TpaJr fipoer(Topnapgrr 6e.uru-

JIaIdMr43 
(x)

. p*p:f(siVn(c)e,p!)9rf

\r' -^--o 
tl=l

; u .toJrAa

i ( pn . p-)e : p, (sisn(r)(p* _ p-)p,p) : llell3,

22
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(6.2)

(sign(r)P**,.,,) - rsigrri.r)p, P*.V,), yg,rl, € H0 - L2(_7,I),

llel16 - I{lt -"isntr)?,,,rf )1, + l(sren(; r)sr,p; )lz).i=i
I\yr,laaruva aH rrr\.-raxraE

B" ! l,r'j - f ("f ef + uo 9;1.
,t=l

6yryH coH.r-rn flapa]rerpra 6or.u4 6ynrau ,Br, oueparopnap or4Jracr{Hrr 4a_
pafil,run.

Arap z(r:,1) na /ir; Qr-rxuurnap'r4 fr?I, 1) ln.nr6epr Sa:oc'_
H?rHr 3.rreNIeHTJrapir c:rQarrr-la T.:apa(;ai{, 8,, onepatopnap ou.ilacr,I 6l{:Hnur
6our.nanEr,rq N{AcA:ra\(tr3ra srlcdaraH per..y'rfip.[aurrl4p.yBrrr{ olr,,,a 6.inir,nra.

{arlurlaran 6r- /1- xoeee'qneHT.rrap'r4'r Ba rre*,rr{ lilrrnngu y3.,,yi(_
cl'I3.flufu.uaH .B,, HIrEr \'j--r)-xcrr3 fnaHJrrfftrr rcenn6 qu\a,qr,r. Brf (r) r(errvra-
\er)tltl(11r4r1r u,(r.t) $vuxrnrra trKuu.riaruuurrr eqr,rr\4ur,rur (6.2) i<j.puHtr{Lgr_
.uan Rir Oepunran r\aropEEnr Ho - [,2(-1, j) $asora {r{r4n.[a[[]rrurrAag
treriu6 qu[a.qu.

Snnr rax.pn6rfr 6epxrraanap 6yrir,rr{a rar{pubrnrl e.rffrur'rr'r eeeer<-
TtrrB.Irr'Ifi Oaxocrnn rotrL\rx3. Ey".qu rlapa.nailrran 6orunagFur{ uacana Tn-
xouog Gyr,liava KoppeKT Oi;rcnH Ba r(oppeKTnlrK rjrnnaunnrz r{yirprgartrrqa
aHr{I1.nar,iUn:

-1.{ : {r, llu(r;,I)llo S,Uf}. (6.i)

(6.6)

Qapa: ri.un'.rirnui.

ll/-/'lloSs
OYTCI,IH.

)t xo.nAa llB,,ll - exp()f,f) . Snan Gn:ra garlar (5.2) rexrcra:.ar,ut irr
Tor\{oHrr.aarr,r rfKr(rrHrrrr xAJrr{En 6a40naru {OrraAa. (6.2), (6.a) aa (6.5)

llB"f (") - u,(r,r)ll3 _
x

' , I . 
(exp(2)f t) f ir' * exp(2.\[ t) f ;') _

a=n- 1

_ 6n(t) * $2,ft),

i (expiz.\ t\ f ! * exp(2)[ r) f ;' < M2
t.- i

(6.4 )

6.3)

-l-sirr

a.J



Ke.rn6 qrrrlaAr,r. dr.(f) Synr<qnrnr €,1.*p(2^t?.)ff' t OO'

6a4onarlun:. Arap fi+ r<oaQQrrrrrreuTnap 4yftruarnua 6y

"fa+=0, k'ln*1,
,f|+t: exP(-'\f* rT)M,

y \ortra dn(t) oxuprn ruapr octraga yruxuur Mar(crr

epr{ruailr4. Illyunari rqunr,r6,

dn(t) S exp(-2(" - t).U+ )M'.
Qz"$) yqyu sca

OO ^ Oct

O2u(t)- t (exp(2)[t)/;'< t f;'-r'()
*:-n*l &=rr*1

6a4o fprannr,r 6ynagu, 6y epaa / y.ry" Moc rqaropurarrr rq
N -+ 0 .ua v -+ 0 r<enpr6 qrr{agr.r. dr"(t) m Q2"(t) y

x<auna6 oa (6.6)-nn errra6opra onr6 TonaMrr3

llu,(:u, t) - B"f ,(r)llo S

< llu(', t) - B"f (")llo + llB"f (*) - B"/'(')llo

< 
"^I'e* 

Mexp(-Af*, g - t)) + u(n).

$ 7. Knasurecxapn ycyrr 6unas nccrr{Jrr[K
TerrJraMacura r{Jfiunran TecKapu Koruu

peryJrflprl3aqrrrcE

Macanra:

u,1(n,t) * -uxt(*,t),(c,f) e O : (0,n) x (0,

u(r,0) - /(r) t 'r € [0, r],

u(0, t) : u,(r,t) : 0, t € [0, ?J.



Enpop Qxxcprarran f € (0, r) na u(;r:, f) eynr'qnxrur rorruur rana6
4r,IJrr4Ha4n_

fi' 6r'rax .f ir; etumrnn @ypre xos(rer,rqr{egTr,r'rr 6e.nrlruarirru:

-ltrlr:;/ sin(ftr) f(r)d,r, k_1,2,....
Arap ./('r) Q-r-*'*r 6om-:anruq Macarra'"o" ..rrnr" NiaB)r(yA oynaruran
I1nnu6 Tag.lixar- )- ro-rla

u(2, f) * f rrr" sin(A:r)

n.fpt,tutarrrrs G]i\Ir-
Epa"-*. x:rc:ua. hbrlrzuarra uraprrapHr.r

&r.1r. t1 0'ro 04u^--dt- = U* - tt7;7' ('r:, t) € f),

a)0,
t;(r,0) _ /(r), r e [0,zr],

lo(0. t: : r'c{r. f) - 6, )zuo(0,t) 
- 

}2ug(r:f ) * .,--a,J-:;,7.-.:u,
t e [0.,7]

rlanoarrrairrrpl Blrx erap.-rEqa cn.ttmr{ uo(r;, t) eyununrrrr{ TorrrHr.
Et, ltaca-ra Eopp(rr xaraJra 6!nn6,.}fur,ruf eqrrM?r

' r.r) : i /6exp(frz( t * ak2)t)sin(&r).
A=l

ttypr,rnraruua uQola:aa^'ro. By epAan itypunagr,rrru uo.(;1, t:) _ B*y1;Lr) eop_M.yJIa oprnau aErrf,-f:rEraE Bo ouepatopnap oufiacrl Kornn Macalacr4ra Hr,rc_
oaTaH p ef yrr{p;raeTf,p}Bqs olIIIa TarrrK?rJr 3Ta.U[.

Perynxp;lalrrrEp-rrYtr onJranrrrr e$Qercrr,ranr,rx 6a4ocr{Er.r rorirdrura r(u-
prlrrraM?r3. lrt(t - ol:) < nf rxannurr4Aag

iiB" : - maxexp(fr2(l _ ritiltl < exp(+)
i 

., . \'- *'" t"/ - .^1.\4{1 /
r'enn6 r.IuI{aAI{. 3a-rsr x-rfu.{aru mapr ocrll.ua

if ut'. r)ll' : i fl exp(2k27) < c2
A=l

@I
t=l



I
t
II

l
eI
!

l
f
I
i

yur6y r(arra,rr4r(Hrr ba{o.Traft vrur :

lf uo(.r:,t) - u(;u,t)11' : i fit."p (k't) -exp(/t2(i - a*2)t112.
rt= I

Illapr.uu 3l(crpeMyMlrrr ronru y.ryn Jlarpaux vcyrrrrrrrur 4f.unaftruras
E a4onara,6Tr aH nQ ogaulrnr rlrai,ivrarr,r

/i. exp(k2?) < c

Irrapr ocrrrAa {yftu.uaru nQoganunr

ffiexp(k2t) - exp(ftz(i - aft2)r)l
'

f

f
t

MaI(CI{rvIyMII[aH OIIIMaI,IJIU, fi bIIu

"y(k) : cexp(-k2(7 - t))tl - exp(-aftar)l

Qyur.qfisHlrnr MaKcr[MyMlrAaH orurvraftAa.

'y(k) $yurcunrnurr or(crpeMyMrr ?'(k) _ 0 TpagqenAerrr renr
Marrrarrr ecrrMnra 6oruu4.uup (k Qaqarn 6yryu sMac 6apva 4ar{uq
qufruar.uapnu qabv.u rqunann 4e6, Qapar rqlrnnuanu). Ey
Hr,rHr a 6yfiuua r:apru6u ycrMa-ycr ryrfla.qrlran 6a4ocnnlr ronaft"q
Ityliraa aruulr &.Hr,rr{raaru 4rartran 3rvrac, fr,bnvr

t,(tr') < ckataexp(*/c2(?-f)) : i\(k).

13(k)- Hr,rnf 4ocrrlrac?rrrr4 rronra reurna6

{J'(k) - ctl*3[4 - zk2(T - r)] exp( -k'(T - r)) : 0,

eKlI

3KAHTIUTUIII4 TOIIAMII3.

)/ 4onaa

kr: T\-t

mp,x/t(k) :ffiou-2m*ax 7(k) (

6t'.uanr.r.
I



;IAI,TMI43,

TCI{TJIA-

r_a4I,rr1rl1

peMyM-

IIAIITIIK.

$ 8. X.ocuna oJrlrru MacaJracI[H[Hr peryJlffpr[3aquJrclr

@apa: ilunalini,rrt, /(,r) QynriUlrr [4, b] r<ecr',la.qa aHrIIinaHfaH Ba y3IIyKcI'I3

r.ocr{Irafa sra 6}ncran' {Br,} opIiaIII4 [16] riyirnaruqa ra+oAananran

B6f (:t) - f ('r + h)- 'f (r)

h > 0 fiapaMeTpra oornuq qI[3uI!JIU OnePaTopilap o?IJIaCIIHU 6enrlrnailltn:'

86 perlnfi p JrarrrTr,rpyBw{ OIIep aTop 3I(aHJII,lrt{ 4ocI{JIa :ralpraQunan rce'nr'r6

qrrr\aAfi. )'g,4aH Tarul\apl',I
)

llBi'llc: ['
3nAuBy,.f(.u)-/'(.r)nQorault/(r)\yfrIdflarlr'42/rynnarrararefrrilrnuse6'
6a4orairuu:'

tI:{f,l/"(r)l <p}.

Vpra rinfirucar xar{uAaru TeopeMara acocan

Bnf @) - /'(") : f'(* + f'th) - /'(t) : f" (r a 02h)0ft'

6y.uanr'r. 6v ePnan

1lBr,/('r') - /'(')ll S pl' (0 S 0z < 9r < 1)'

Arap ll/ - .f'tl ( e 6Vnca' Y {orlAa

llBnf ,(r') - /'(.')11 < llBr,/,(") - Rnfll+ llBn/,(:t) - /'(t)ll S

< (2h-te * Ph)

6ynaai,r. /t..nra h - (T)tl'i<ypunuurAer ran'racan' yru6y

llB,r/,(') - /'(") ll < 2(2Pe)uz

r 

Te HICI'I'1.[III{HII X o('ll'r I I{I'I'[ANII'I3'



-

$ 9. Eupunvra Typ onepaTop TenrJraMaJrapnrrnr
pe ryJrrp H 3 arltr.fi c r,r

a) ?Ixrnnqra Typ oueparop TerrnaMaJrap orrJracu.

Iiylisarn
An. - fr',., 

- J 1 r (9.1)
TeHfrlaa,raHu 4apafrru'r:, 6y epAa :t: Ba ,f Moc paBr4rrrAa X sa F funroepr
Qaro.nerpuHrrnr 3,[e\,renT.[apu, -4 ri.aa y3.[yrcr,r3 oleparop.

10. Qapa: riunarinnn, A y:-yrnra rlyrurrna na ltycOar oneparop 6yncnu
(61' 4o.nna F - -Y). 8., oprqalru rilrflqgarr,r oreparop.rap o*'acuHlr 6e.uru_
nafiura:.

Bn:(*E+,4)-t, a)0.
Bo ofleparopfiap or,rJraci,t Ar; : / reurnaMafa nr,rc6atan per.yrrflp_

'rarrrrr4p)/Bsr'r ollra 6inurirranu r]pcaraum:. A oneparopurrrrr ryna opro_fo'a.r syunq'rsnilp cr.rcreMacunrr {toin, , yrrup.o uoc A oneparopnrr'r
xoc coH.[apn cr{crervrac4Hr,r aca {)a,ip, 6e.rrrnnaftlru:. y ,\ongar,rxrudprara
:r € -tr nu rl.yftanaru rripanrru.qa 6ra onalrue

:r : I ftkgk, r;{, : (r, gra.).
&=l

B)'lrAan

BA

Ar rp*

BnAr- i (cr * )p)- t )o*rsrr

6ynanr,i. ,-l oneptrror] ryna ur"ri.lrr, v:-y:rara r1y'rrr.ta , uycoar qe6 eapa:(rI'[r'IHIiI{IITm' l[1's1'1Hr ytIYH {A1} xerrvra-r(er.[r,rr(Hr,i r<auartnru rap.rn6lrAa
*or'1.ua'*r'rplr[r rvryrvrr(r{H )r ) }i.+r > 0. A HrHf 6apva xoc coH.[apu uvc6ar
3I\aHIIuruAaH lIXTII6pnr.t a > 0 )'.r.)rg ,Bo onepa,Top y3.[yKcr.r3 Ba

llB-ll - 
1

,:n
:l ,r, - \-'"'- /-

,r
A',= I



6yncuu

6enrpr-

.ra.ur{. Irryriu4aru ar,lnprvranu 4apaft ur,n

oo

.u - BoA:r - t [1 - )1,(a + )1)-1]c kp* :" i (o * )1.)-rr1.,rr1.
t=l l'-r

\orlta

llx - B*Arull2 - ", ,i.@ * )6)-2,rf :
,i= r

^ /v rY): o' t (a + l*)-2*2r + o2 i (a +.\1.)-2cf 5l=l A=,V+l

a2

= mll'll'+ oS*,,,i.
(e.2)

=.);, ti. IiaropHlirir t4prxJraltrulur4Aan N nunr erapfifiqa r(arra 4urhuarna-
P{:a (9.2) u@o.uanrrur yur rouon4arr oxrrprr 4anu erapruqa Kr{rrr{K 6}.na-
g.\ap 6u1r QnrcilpJranran ff n. Ba erapJrlrrra K[rruK cv .Ua 6upra6r{il 4a.u
rrap.-r[qa Krrrrur( 6ylaau. By eptan reuu6 quqatrzKr4

i':lbll,t - BoA*ll :0.
Illynaair rixan6. Bo onepatop A:r - / renrnaMerra peryrfipflarurrr-

P'.-rsn ofiepaTop 3xaE.
20. 9n,qu 6oru;rauruq renfflaMa.qa .4 oneparopHrdlrr uycbar na y:-

Jrrra \)",rurra 6iarraran xojr.[a rqaparlvru:. Ilerun 6ournaxrlrq rer{r.rraMa
cqlrrlll troHa 6i"ncun, tbErr 6oruriava Iqnnno airrranAa rro.rrb A oneparop-
ErrEf cflelirpaJr r]'unarrlma rerfirrrJrr,r 3Mac. A oneparopra riyruivra o[epa-
:opFlr A* 6ra.uan 6emunafivrur. i)uan 6ournaHrur{ TeHfJraMaHr{Hr qafi Ba

-izr rouonura r{* oueparopnn 4ynna6 To[aMa3

A*Ar: ft, (e 3)

f.r-ep.ua f t:,4*f .

-{rap (9.1) rcir.rraManr.rnr ernrMtrr morra 6inca, (9.3) reirrJraiuanrauf
rcE\rr,r \aM firoHa 6inrnunrnu uc6or.irairuur. (g.1) renrnaMa eail{Mtrr .rrrona
6i rca, y \orrAel rlyir4aru uyuo<;a6ar

At:,0=*:u:0
lpnnnlr. 3H.un A* Ar: 0 6yncun.



Ilvriunaru criarup ninalirrtann qapaft nur

(Ar, Ar) - llAcl12 - (4- At:,r).

By ep.uan S : (A*,4:u,c) - ll,4cfl2 Exw x: 0 renpr6 vr,rrqa4u. .IIe
AA* r : 0 sa J : 0r fr\."rl (9.3) reurrraMarrngr errr{M}r firoga.

Tecrapucn, flls:rtvI (9.3) tenrJlaMaHr4rrr eqrrMur moHa sr(anirrdra.qan (g.1
TeHrnaMaHuHr er{Evrr{ rroHa 3r(arr.rrurllnu r<]pznr 4uirnn 3Mac.

Illystaft rqraru6, 10 qu {olra KenruprlJraArr.

I{yft lrtaruqa 6enrunau r(r{pr,rrarvrtr3

- (aE +,.1*A)-1, a ) o.

liv oneparoprrap ou.racu eca ror{opr,rua rcypcarrrlrraxr4ner< (9.3) TeHr
r a Hrdc o araH p e ryfi tp Jr aIuTLrpyB qn onep arop.[ap olrlracrrHlr rarrrKtr rr 3 T

Bo : (aE + A* ayr a*

oreparopJrap ounacvr 3ca ( 9. 1 ) renrJraMara nuc6atan peryJrfi prrarurr4py
o[epaTopJrap or4nacuEm TaruKr4Ir 3Ta,4r{.

IO 4opu4 a r(e rrrr,rprcJran pe ry,itrpu 3 au]r fl ycyrrrdA a 6upunvu ryp oilep
TOp rerrr.[aMara r,rKKr4rrqll ryp oueparop reErnaMa Moc rqyriunagu, fsrr

(aE+A)x-f
6nu

(aE+.4.A)r:fr.
By ycyn {a\rrAa ryna ivrabnyMorura [15] orrrrurrrHrr43 MyMr(r,rH.

Maurq. IIIy ycyn ilpaarr,rnaa @pegronru 6uprauvn ryp r{HTerpajr
r.laivracr,ma pery.fifipJlarnrr,rpyBrru o[eparopJrap orrJracrrHlr \.ypr{Hr.

b). Kervra - KeT rqrrnnaruuru ycyJrrr

)rru6Y ' Ar:f,
TeHrnaturaxra rial>airuu:, 6y ep,ua ;u na / Moc paBr4rrrAa X sa

Qa:onapunr,rnr sfleturenTJrapw,, A oca y:-y:una 4yrurvra lryc6ar
ofieparop txa iqiruuuva

llAll < 1

B*

(e

F llrn
o[epaTop.

L



. .[,evrar'

ranan (9.1)

TCHTIIT\,NIA

TYp onep

ur fbHtr'I

(e.

F flrnl6e
onepaTop.

Itr aprHrl rqa,Ho AT'Ir AHTI{pcrlH'

(9. 4) tenr;laMaull i1yfiunana 3KBI4Ba'reI{T

r-(E--'4)t-

r<vpunumua 6ru6 o[aM!r3:

t,

eKu

6vepnl-Blo4opntrartr[eKafinnitofiepaTop.I(yftrnaruI(eTMa-I(eT.IIuK
opqanr'r rarqpu6uft ealnMrlap KerMa - KeT'rlfirrtwr u$o'uanafrur'r::

nk+r: (E *A)r1 * /' ro: f '

:uu=f@-A)ol'
&=0

IO4opura ltyprlmau ta4pr6uft errnMrap,:l:iT:1:, IlYfiuAa anlilr\'raur aH

perY.flfip.flafirrupYBsrr ouepaToprlap ord'rlacr4rrr[ Iiapau]vlr'I3 :

Bn=t(E-A)o'
k=0

{B"ioflepa,TopflapoEIIacr-I(eTMa-I(eTIII,I|I,IPery.xg',.'aruTuPyBtluoI,I.[a
?KaIIilarI4""*yp.o'aMq3.{ar<lrr<atarrAoneparopxoccafiapl{[aHsoirna-
rann6 riyiinnaru TeErrII[Krrapr{I4

,: i x;kpa'
&=l

Ar = | ,\u,,oru,
l'= I

s;:(r,96),' A-_1'2""'

6rawrur,6yepna.y'1na)p;|oueparopHl{IlrMocpaBI4IiIA,axocsJIeMeIITJIapI[
Ba xoc corrJraPutrsP' Y 4onna

'il @ -:-

BnAt:: L t(1 - '\1)r'\Prrfl :
j-0 k=l

= i it, -,\e)i.\6rp'p*: i[t - (t - ]r)"+tltrer
ft=l i=0

"b t-
r - B,,Ar= i(1 - '\01("+1)'uPtPt'

*=l

eKU



llr - B,,,Arll': If t - );;z("+r)r,i + i (1 -,1*.;zru+t)rzt* Sl.=l it=rrr*l

S (1 _.\,,,;2(n+r)1l,ull2 + i x,I. (9.
A=rn*l

p

(9.5) Tenfctr3Jrr,rrr.un fur roMonuAarrr rrr{r(an.ru {a.u m H}rHr erapJrr{
Karra rqafrrurarnapr4na erapfilnqa Kr,rrruK 4lrfirvrar rqa6yn {r,rfia.4rr, tryH
P!,
,!r,,,ff 

flI{rlH.rau.yBsu, 6upnuva 4aA aca Srarcupna'ra* rn Ba erapflrr
r(aTTa n na eTap.rrr4rra rinsuK rVrr[4AOp 6!nanu. y \onAa rz + x,
1fu , X[) - ilf,{ (1 + ),n 12(n+r) 142 4 = ' \,rilb t't -1- 

^n ) 'tvt - o_--'*, 
r[]' Horrra lrHTlrjra'qu.

B.y ep4an

jlg BnA,u - 3

3Kagrrrrrla renrn6 sur(a u4.
)'nAan rafir\apu ,4 oneparopra uuc6ara' qyrannran ruaprrrapra Nr.),

eoQu4 UE - All : 1 6y.uanra Ba yHAaH llB"ll _ D * 1 ariannrarra nenu{
qu\a.ur4.

3"4" eapa: rlunarrnr.rr<, 4apa.nilrrau MacaJrarrr,rur etrnr{u MaBr(y.u

llf - frll S u 6yncun. )/ \onna rne = Bnfu 6yxasn.
Iiyft n.uarz aripruraHra 6 a4 ouariur,r:

llB"f, - ,rll : llB,f, _ B,f * Bnl _ rll S

S llB,,(/, - /)ll+ llB"f - nll <

S llB,llll/ - /.ll + IlB"f _ ,ll < (n + 1)e * 7(M,n).
Illytr.uarl riu.irr,r6,

llB"f, -,rll < (n+1)e *1Qt,A[).
Yuy'ruft \o'', rb'rr ,4 0neparop y:-yrr,'a rlyru^'ra na vrycbar aHr{r{ra'-

MaraH 6jncrau. Ior{opr,r.qa dpnrnnraH MrcorrAarra xa6ra 6y 4onna 8,, one-
p aropnr{ r{}'rtr,r.u arra .r a o.rrprru Myr\{r{rrg

Bn: ttiO - 7rA*A)kA*,
('=0

6y epga p pt'llA. All < 1 urapr'r4 r{a'oarrra'TrrpyBrrrr rrapaMerp.



D

(e.5)

erapJrr{qa

r,I, qyHlfi4

eTaPnrrqa

-+ x n"zt

Ilai)fa IvI.)/-

aHrrr{rraH-

g 10. Ksalne.rrrM ycynn

oapas rqunalinurr (5.1) uacara mapr.ru KoppeKT 4yfinnran 6jncr,rrr, f,brlr,r

(5.1) Macafia errlncu rfoHa Ba MaBXyA 6v.nu6, 6epunrax .44 rvunarrara
Tefr,rru.fi?r 4at$na Ma (Me A oneparop 6unan ar(cJraHTrrpr4.[faHAarw M
ti'nnaulrltrrr o6paru) ryn.uauga Oeplrnraa / eyrlr<qrarraltertn. y3.rryKcr,r3

Sornanrau. By epaa X na F Banax Qa:o.napu.

T a r p u Q lo.t [9]. (5.1) nacana?run? A4 m,ynnnaudaeu, rclarrreuu,tvrr.L

ie6, r;gttudazu u,aprnvlr KprroarnnaTtnxupyauu t ea atimunadu:

llAr- /ll : ,':tfolla, - /ll
, 'iisa:ue.rmvr ryrrr.yurracu B.K.IzIsaHoB ToMoHrrAaH Kr(prrrulrlgg.lf5.1) lraca-
; -rannnr evrdl,rr{ MaB)K.y.u Ba rrorla 6y.nran (5.1) renrlraMarrr,rnr yHi}umerira
, l=.t'o (uacanan (5.1) .!'nr roMonr4 a6conror aHnq 6epunran .1on) raa:ne-

ff,f fienf{O
i Ev eqtlivl 6nnan ycrMa-ycr ryrrraArr. I(ua:ue.ruM Tyrryrrracn (5.1) Maca-

MaBII()'.u Ba

:raHr,rxf ynr rovronn rarqplr6uri 6epn.nrag.ua, rbHI4 Vnr tauonr,rni,rur xaro-
:nrrrr errr{Mnr4 r{op p e I(T.rir,rn rvn.n aMr{A aH qr,r4ap aArrr aH )io.rr Jrap.4a MabHoF a
a:a. Ararl> Kopper{Trrr.rrt rinnaIrd?r r(oMfiarcr 6;'nca, y )qo,rrAa Aor{Mo r(Ba3rr-
esnlu MaBi.I{yA, rrytll(H I(oMnaI(T.qa y3lryl(cfir Qynr<qras y:uulrxr DHr r(uqilK
\rfrvrarrara spmruaAn.

Tarlpr,r6nra 6ei:u.uraunap 6yr;rntla rariprd6ufi e.rrara 4ypuur r\tacaracrrglr

rr-pu6 qur{aMfi3. Oapa: qi,r.nafinrarc, 6u3ra {f ,; An} Mablrylr 6yncran:

.B,, orle-

llf -f,ll (r, llA-AnllSh ((D(A)-D(An)-D)

{f ,: An} 6epunrannap y.ryg M rounar<r,qa (5.1) TenrrraMaHr{Hr ralqpu6rafi
ecr,IU Cn$arr4,ua KBa3I4errurvrHI,I oJIaMI,I3, tbHI{ rh€ r\yfyt[.afI,I 9I(CTpeMa.[
}IACAJIAHIIHI CqI,IMI,I

inf{llA1,r-/,ll :t€A[] (10.1)

6!-.rcun. S op{anu {A,,,llA- AnllSh, 0 < h < /ro}r}unaunra
6e-rru.narlui,l:.

TeopeMa to.L [9J. Azap A, Al, onepamopno,p y3tl,ulicus, x[ T;oril,n,agn7

6gacu,,6a,pu,r1 ,4,, € S ect f, € F yuyn (10.1) oNcnrperil,at, Maca,tt,a t:11s

eluu, a, ap ?.t, K, em. Jil a - N ewlflu?u :t: av,lt N, earu &t ?, a wt munadtt,.

JJ

a



:

I4c6or. K)rlopuaa aftrrannapuMlr3.[au llA* - /ll Svnrur{oHalllrrrHr

y3nyricr43.r-rrrr[raH yHr,rnr M rcounarcrga our KnqrdK rirarfvtarilnu 6epagraran

:l)1,. 3.rI€MeH'r MaB)I(y.U.riI4f?I r<enlr6 quqa.qn. 3ngu t\I{HJraffirrurI'IHI'r uc6o-

n.narlutu:

llA"n' - A*ll S

SllA"n, - Anxn,ll* ll.4616 - i'll + ll/ - /'ll 5
< hll'n,ll * llA6x6, - /,ll + e

)'-nAaH TaruIlaPu

11"L1;r:1,, - /'ll : inf{ll' i,r: - /.ll :r: € il'f} (

SllAnr - Arll + ll/ - /.ll S hll'll +'.
M rconrnar<r 6ynraun yqyx :ll1s eerapaJlaHran, y {on4a IoqopIlAaI'II.uaPAaH

(h, e) -+ 0 6!.r-lpauga llArn, - Arll + 0 rcenn6 quI[aAIr. Tiaxouos Teope-

r{acr{fa r,ryao0uri t""' 
,,,1i110llrtor 

- ell = 0 nnru renr'r6 tII4IqaArI'

Ey eca reopeManu Prc6ol.uafrflu.

Oapa: rqu.narlnrari.y sneMeHT na Q rynnaurU Qarora refnrurlr4 6fncuH-

T ar p u Q LO.Z . Aeap rcgil'udaeu merd?truv fipun'tr'u 6y"'tca,

llv - qlk,: lW - all,' : iPLllY - hll'

q € Q onehteH,m, y gtteJvteltn'tuTlLn4e npoerUuficu de6 ama'nadu, e'a q - 
py

n:a,6u, €ettrta,dtt.

TeopeMa LO,z . Aeap Ar: f meuenamaAi[ Kown(lwrndaseox,aeq,ulvt-

ea oea 6ynu,6 ea r,&p 6up .f € F o.ne,ntev,m,H,uH? npoeuUu.Ecu I{ (N : ,4A/I)

da seoua 6!,nca, y rpttda (5.1) mex'enatuIaTruIra Kea3ue''ruJvru fleova ea f ea'

yi.rtyl{cu3 6 oe nurc, 6Y n'adu.

Irlc6ot. Oap'ar rqnrartnrar< :r rga:ueqllM Ba i - Af 6yncnn. Ksa-

3r{eqr{rvl rarpuQraAaE T r Hr{Hf l{ tynnavrra [poel(urlfrcvt 3I(aH.[I{fu rcenu6

qr{qa11u. Teopeua UapTllra rcypa V 6upnalr 6r'rp anr'rtl,IlaHa.4l{. Ev epnair

>cl.a A,I rynnauur,rrir lf rjrnnaura y:apo 6up rqr,Ifil,rar.rn aI(cJIaHI'IIxIuaH l-:

r{Ba3IrequMHIlHr xroHa.[urll xenu6 quliaAtr'



,i - .tl-I,f - ,4-rPf ?Kannuru.qan A.H.TprxoHoB TeopeNra,cufa, rvryBo-

Qrarq A-l HuHr lf .ua y3Jryr(cu3nurn renra6 ylr4aArr. X rynnanrAa eca rrpoer-

ur,rflrraru oneparoplr v3Jryr(c[r. Illynnaft t7vrnw6, A-L P y3JryKctr3 oneparop
sa i nsa:r4eq?rM lrr touonra y3rryr(cus 6oinlrrq 6yna.qu.

Knasfie-ruM \ypuu Macalracrrnu rypiab quqaMrl3. By uracanauu 6u:
Maxcyc ranna6 oirrrnrau r{opperTnrr rynnaMlr ysyn 6axapaun:.

@apas rqr,rnarinur< &/ r<oppercrlrrlK rynnaruu 4yftwxarvtcra anr{r{fia,Hcr,rn:

r e A/I - {r: By, llyll S.},
6y epaa y € Y, Y rca ftanr6epr Qarocu, B - cwsuiqnu ryna y3lryr(-

cr,r3 orreparop (6y epAa X sa F funr6epr earonapu). Illyugar,i riunra6,

],f ryu.nanr B oreparop opr{a;rr,r ar(clragTrrptr.[ran urap o6pa:lr. )'H.uaH
rarrr\ap?r ll/ - /.ll S e .

E.y 4onna r(Ba3v errnMr{rr aurar{flaur Macanacu rqyriuAaru:

(.4r;- fu,'4:t-lr) Qv"KqI,IorraJIraMlrlrr{M.yrur6epvn.runa (B-lr, B-rt) < C:2

rlnnanrr a rerl4lrrfiu g JreMeI{THIl Tonnrrr MacaJrac l4ra I(e JIaAII.

G : AB alrMarrrrr4praru 6ax<apu6 (Gy - fu,G,y - fr) eyHrtquoHanra
M?rrrlrM.yM 6epyavu Ba (?l,y) < C'rlnnaura rerrrufilr sneMenTnlr rorrrrru
repaK. Ey rvrraxuMylvl 3pl{ur(Jra.uuran srreMeHTrrvt lu 6u.naR 6enrnnar}uns.
. 3JreMeHTHlr rorrr[rrr y.ryH eca llarpaux( ycyJrlrtu qynnaftrurus.

I\yft nnarr Qynr<unoHarlnrl KlIplITaMr,r3

fiariuus,

epna ) -

F(\,y +h) - F(\,y)-(G('y+h) - fu,G(y+h) -/,)+
)(s + h,,y * h) - (Cy - f,,Gy - f,) - )(y,y) -

- (zh,G.(Gy - f ,)) + z.l1n, y) + (Gh,Gh) + 
^(h,h).rer nr,rc6 arau r{r,r3l4ri JIII l(rrcMrlnrr rro,ltr a reHrnab

(G.Gy - G* f, * )y,h,) :,0

ar4r,r3 . Byn.uan /, srevrenr 4yftu4arpr renrnaMan[Hr

(GlGy + AE)y - G*.f ,

F(),y) - (Gy - f,,G?J - f,)* )(y,y),

qau.uafisrap napaMetp. F(),y + h) - F(,\, y) afiiapuaHra 4n-
6yepnah*gner\aent.

1(



\

errl4rvrrr Oynnmu l(epar gKa,rr.

f, : G* fu 6enrnnaur rrapurr,r6 Toltanvru3

(G.Gy +)&')y * f..
G.G - o[eparop rvryc6ar, ir-]'rzra 4yrur'ra o[eparop Oy.nrauugan yH

xoc sJrer\4eHTirap Ba xoc riuftuauap cucreMacprHtr lvroc paBuruaa {,pr}E
ntr {la}f,r Ae6 6enrnnafiuus. Onsunrlr MaB3yrrapAa r-abr(agrrar
nen I na Ie 3Jre\,reHTJrapnrl yur6y

_oo
/. : I fr,rpr,,

ft=l
oo

Tr: L,l*r?*,
&=1

xypunr,rruAa 6ravrr,rs, 6y ep.ua jrr: (ir,pt), Tkr: (au,pr.), ft : I.2,..-.
{ocra.n 6ynran renfnuKrrapHr,r regr.rraMara onn6 6opra6 4vftn6 Tonarvr

ir, 1

91,' : \:-' a : 1' 2' ""A&fA

Itypcararr,rr,r3r(1r, vrauQnfi ) na p, o.[ervregT 6orunannrav eynrunoHarra
HnMyrvr 6eprrrali4ra, arrlr4por{ 4unr,r6 afirranra, {lynrcur,roHaJr ,\ vraHQn

6y nr an4a ivrrrnrrMyMra spr4ruM ainam.

(Gr,-fr,Gg,-fr):

: (GT,,Ggr) - (2GT, f ,) + (f ,, f ,) :
: (f ,, f,) + ((GnG +,\r;-t6,rGfu,(G-G + )E)-lG.Gf ) _

-z((G-G + 
^q-|G*G.f 

u,,/.) :

:ir?+$ ^1 -fl"-zi f s2

a=,'o' - kt (.\a + )f / ke - L -: (r.n + )) 'tke 
:

: i1r-- r-)'f'0,:it-f 
f .r1,.*=l ,rt't^ rd' 

t?r')r'*)
6nlr 

t

llGv-,- f,ll' - ir-] *l'ri,
t?r'()t*);r "t'e'



yflllI{r

tp*)E'

1,2, ....

TONAIVI1I3

raan$ur,1

Oxupru renr.[lrr(AaH,\ rvranQulr 6ynrvracJruru xypunagu.
Illynnarl rqu.nlr6' .\ > 0 sr(anJrrrrr4Aax

(G.G + ,\E)

olteparopr4nr4ur recr(aprrcu MaBXyAJrI,rrn xeru6 qnr{agr.{ Ba

y" - (G*G + lE)-lc*.f. 
"a 

ara 6fnar"rNr.

Iiuar,rpunadrras KBa3EerruM Dca B(G-G +,\E;-t6*.f, ra renf .

Arap.f, g /( 6ynca, y 4orr.ua T€ - A-,f, sa ) :0 6ynalu. DH.qu

f , / tr/Ia 6y'ncun, 6y 4onna ) nn auurinariuu:. Itypuur 4nrluu llvracru, 6y

-\o[.ua riBa3r,Iequvr /]1 tj'nnaMn]rnr qerapacl,rAa 6ra4z, fl:s:nvr

(T,,T) : c2.

p( )) opqanu 4yfiu.uarn Qynrculr{Hlr 6enrnnaftuu:

p()) : ((G,G + )E)-IGr f,,(G*G + )E)-lG-l,).
p( ) ) QyHr<qrrrnrr .un$Qepeaua.rrna6, ym6y

/,'()) : -2((G.G+)E)-'G*f,,,(GrG +^E)-rG..f,) < 0

TeHrclr3Jrur(rru rorrar{tr3. vnnari rarrr4apu p(0) > .2 (ar<c 4onna /, ane-

\,reHTpr /121a 
T ynnarrara rerrrur.nra 6ynrau 6ynap e.Ua) ra ,\ -+ oo .qa /r(A) + 0

6t-'.;raAn. By"uu" p.0) Morrororr r(aMaroBrrfi eynrcunr 6ynw6,

tt ()) - ,,

TeHrJraMa 0 < ) ( oc xpnnr y4aa 6ur u:nadTraH firoHa equMra 3ra sr(aH-

--rErr{ rcenr,r6 qr4qaAr4. ,\ nu ronuru ytryu 4yrira4arr,r r(erMa-Ker r4r{HJrarIIr{Iu

.\'cyJrr,rHlr 4f n nariivru : .

Izlxrradprar;r .tr0 rnr rau.na6, p(Ao) uu 4nco6narturg. Arap p()o) < c2

6i'nca, \ : )ol2 - Hrr orraMrr3. Axc .1on.ua nbur{ p(}o) > "2 6}nca,
lr : 2)o 6inauu Ba {ar(o3o. III.y rpoqeccHrr AaBoM ar:rnprrd, A nu ralri-
pn6uft TonaMr,r3.

lleo1. Bupuuvlt ryp ofleparop TeHriraNraJrapn]r rrr(Kr,rurrlr ryp o[e-
paTop TeHr.rlalvra olrnan aJrMaluTlrpnlul I(eTMa-KeT fir{lrHJrarIInIII ycyirJrapu

5n.rax rariitu6utl esulvlfiapnu]I I{ypfiru Ba acocrraur M.M.IlaBperrrbeBra re-
r-,rmru [15].



I(sarr,re.ruM ).cy.[H B.I(.IzlsauoB TaMoHr.r.uan r(rrplrrr,rnfan Ba Onpnnur,r

T)/p oneparop renrrraMa.fiap y.ryn acocJranran. Bnr 6y uan:ynra 6pntnurla

[9], [16], [24],[25]-.uapnan Softsa.uau4nr<.

911. Oap{ ycywr

IOqopnla r(enrr4pr{man 6upnuqn ryp oreparop reurlraMa (5.1jy.ryu Qap4

( pyc runuAa r{eB fi 3r(a) y cynr.,Iru{ r(e Jrrrdp aMrr3.

Oapar 4nnafinzr A + 0 Aa nonra r4nTr4rlynuu 6upop rrtyc6at Qynrqus
d(A) y.ryn rqyftlruarr,r ryrnavr

Oa - {r: r: € D(A) - D(Ail, ll,4Lrr - f'll'S "o(A)}
uxruilpr,ul A
6ynruacnH. Borunanruv OepnnrauJrapAari rqyft r,rnarr{ rraprnap baxcapuln-

rutlu?r tana6 Kr4JraM[3

ll,q - A,,ll s h, (D(A) - D(An)), ll/ * f,ll I e. (l 1 .1)

@apar rlunaftnun A, 47, orepa:noplrap 6unan 6raprannxna D(L) e X gau

B - Qaro l'' ra aKCnaHTI4puur 6axapyBllfi .L oneparop 6epunran 6y.ult6,

nffi.*t 
/( > 0 aa 6apva r e D(A) n D(L) rap yqyn 4yirnnaru relrr-

I{ll:ull 3 llr,,u;1 (11.2)

ypr,rnnrl 6yncnH. Oaprq ycy.rlr4Aa:rarqpu6nft esI,IM rqyftu,uaru 3l(crpeMarr Ma-

c aJranrdnr e r{rlMrr c uQ arlrA a axraq JraHaAI4 :

inf{lllrllq : :u € Cla n D(L)} - d. (11.3)

TeopeMa 1L.1'. Qu,pasxp,,nailttuw A, An, L q,usur;ttt'tt F-nun,one-

parnoplxap 6ynu6, X, F pefinerccue Sasonap, V sca E - gfaeo 6ytu6,
(11.1),(11.2) ruaprnnap 6aucapuncuu. Vu,dan nx&?rndpplr, 6ap,10' A ) 0 da

luo € f)a fl D(L) M(tcatavuHn av?r,lc. equrvru 6ytcttu. Y r,onda (11.3) na-
cUn(I .fre1H,& e'vuJvLe& }eA 6A SNCn'L'peMAn, 3fie.ld'ewm'&Ap Kernb4,A'Kemfl'Ueu J:L

lle:ll1 - llr:ll+ llh;ll+ ll,a:ull uopna 6ytr,tLu,a,:Ds - l-rfo ea trum,unadu.

i
I
I
t

\\



'

6rnprurrn
Tr{ur,(a

Qap4

Qyuruur

ryn.nalr
apnIIrr-

(11.1)

X gan

6y.ur6,
!I TCIIT-

(11.2)

(11 3)

one-

6yau,6,

)0da
1.3) na-

zU Ia
dzt.

?Ic6ol. Illaprra rrnysoQr,r4 f}6 tiunarrar,r 6!'ul sNfac' qyEIfl,I .r € f}6 .

)rnnan Tarrr\apir Qa X.a6apuri Ba 6nu4Urp. X,arin4rau, ,,r(r:) : lI46:u -.ftll

Qynnuraona-: -{ qn3rr{.rrr onepaTop y.IyH qa6apurqnrp' y {o&ua 6ytyn

/,, > 1);.ryn L't1r; : it'(,,,) Qyununonan 4aM rqa6apu4 6ina'qu' Snna On

anult.nnruHg lsxrrnrpaMl,I3.

Arap rn -+ t. o,, € fl6 6!'rca' y 4orl[a F -Qaro$nur peQneKcr(-

BIII,{rEAaIIc.YcTIIi.IIHjIa[IyBtII4lunAI{iIcMI(eTMa-I(€T.[[KIIuHr\,IaB)I(y.qJII{ru

xen1r6 qrrqa,u,E. rb*n [' -+ oo .qa Ahrno - f , ^T - f t 6i'nauu'

Eorrq ouepaTopErHr ceKBeIIUEarI cycT 6nuq 3I(aIIIII[rIl'qaH A e D(Ah)'

A6T --f na

llAr,r - f,t''.So\tlla,'znr- f,llt <EillArtr"o - f'llu 3o'

6i.uanlr, sbEtr f € Ql xenr'r6 arl'I4a,qrl'

@apa: qu.rai.mi {ri} r<eflrla-I(eTrlplK (11.3) Maca.raf& unnnr'rvu 6e-

pyBrrr{ r(eTMa-rier.-rrx 6j--rcuir' y 4onAa tl,: llfrill -+ d

oaronaprm pe$.rexcnBIIUrUAaH Ba MOC tyunaunapHldHr rlerapalaH-

faH 3l(alrfiru'qnaE {ti-} LerMa-r(erIrI'IK yr{yH TOtr&Mtt3

r! -+ r*, Anriu - .f 
*., L:rlo ^ u*,

6ynAan eca

z* €Qr- ..D(L), d<llLn-lln < JTllllrl,^llo:d'
fr1,;1vrr- (11.3) ldaca-Ia eqItMI4 3I(aH' Ynn c6 6r'rnau 6enrr'r'uafrivrlrs'

@apas \'a.ra['Ini !i'n -,0|l # 0 6.!.rcurr, frbtIv 4ap 6up i' > 0 Ba 
'A!

Ke r M a- I(e r ri EK vq^\E x-rfu 'u arlt reuf c?I 3'rIuK

llta. - toll > e (fr - 1,2,"') (11.4)

6aarapn.ncr{H. .c-s € Qa n D(L) rar lltrtaullo S ll'"ollo xenu6 vr'rrqaau' Ey

ea (11.2) renrcn3JELJIaE sKCTpeMaJI gJIeMeIITIiapHI4Hr rlerapafiaHraI{fftrrn

renr,r6 qnrqa.qu: l lra- ll S l lr*oll/.[t. Y 4onua I'tH.ueI(cIIapHI'IHr 6rpop I(eTMa-

r(errll{rl{ y'{YH {A-} c {A*i
Lr 6,, t' O, ,0A,, - 7 (11.5 )

61',nanrn. Ilyftularu TeErcn3JIIII(JIap I(eTNIa-KeTnI'IIIIEI{ {ocIIJI IqI4IIaMI{3:

l14:r'6", - 4r:6ll <



I

5 llAra,,, - Ah,,ry,ll+ llAh,,r1,. - fr^ll+ ll/.- -.foll <
< h',,lltl,"ll + 41A,"; r e* 1

( /z*llLqlllK * a(A,,,) * e,,, -+ 0, ,rn -+ 0. (11.6)

Oxraprlt reurcu3nlrr(rllI oJI,qI{HrIr Mynoca6arrap 6ranan 6rapnaunr,rpr,r6 ro-
rarvrrr3 T € D(A)nD(L), AT: Axs, xrnw f;:r0,, T: Lro.

{,ocrn {u.rruHrau TeHrcI,r3JrI{K.[apAaH rqyrinaaru reHrcr,r3.rmKrr?r {ocu.rr
I(.I,IJIAMI{3

llI.'oll S,Jgfl lL*o,,ll S ;ryg llr,ua,,,ll < lll,rsll.

,E - Qaro V -Qa:o.ua cycr rrr{rrHrrailr{ruAan ((11.5) Soprravnanap) na Hop-

MaJrapHlIHr f,qunlraruuuul.uan ((11.7) Qoprvrynanap) ryvnlr ri\rrn.rraurnru r(e-

nr,r6 .rnriaAr,I

,IgU I lL, x* - L*oll : o,

Bynuan, (11.6) na (11.2) vrynoca6arrrapnan ll"a,, - rollt --y O roraMr{3,
6y epna {A",} e {Al}. By sca (11.4) Terrrcu3.rrnrra r{apaMa-4aprunrrp.

llrullo $yru<uraona.rrHlaur rqarrnft 4a6apu4.urrrrr 3ricrpervra.r srrer,reHT-

Hrrgr moHa[r,rrl{Hlr rabMl[unafi"upl.

$ 12. Yvryrvrnauran Qap{ ycynu

Iiyftranarn

Ar: f , (12.1)

6upuHvu ryp o[eparop reHrrraManr4 rqapaftrrrr,rs, 6y epaa t e X, f e f ;

X E - Qaro, F - BaHax Sa:oclr. A X Qatonra F Sa:orara y:apo 6r,rp

tiuriuarnn aKcnaHTl{pyBqr4 oneparop. ro 1vrnan /o ynr roMoHfa l\{oc r(e-

flyBrul autlr{ eqrdMrnrd 6e.urra.narTilru:.

@airar 4unali.rurr, ro aHr,rq eg?rM MaB)r(y.u 6ynra6, yxr rovou / na

, 'onepatop fpnrra ynapuuHr ra\pu6nrt 4rariiraa::napn /u, 46 MabirlM
6)''.ncr'rn:

ll/-/,ll <r, llA- A,1,llSh, € )0,h>0,
yHAaHrarrrqapr,r ll,f,ll >e *llrsllh, h < l146ll 6i'.ncnn.

(11.7)



11.7)

Eop-

Ke-

2.r)

F;

Macana: Bepn;ran A1 Ba /, 6Vllrava (12.1) Macarlanlr peryrlfiP.raluTll-

pyBrru ra4pu6nfi eqnMirap {tto} orracfirra qypunr.

T arqpuduri eqtrM yr{ylvrJlarrr aH Sap4 v cy.rl'rna rqyfi ugar u

inf{l[rllq : lltro - /,ll ( E * llrlll,i (r2.2)

Baprraur{on Mac&'raHEEf eqntx crQatraga onlauagra.

TeopeMa I2.I . @opas r:u,nailnurc, ury u,assyea rneeLlrutu mana6nap

6atrcaputzrm 6!tuL6. yxdax Inoturcapu An onepamnpttlr?I? rc7t'tiuam'na'p

cor,pcu F fiaeoda tuu 6yacux, y r,oada (12.2) 6o,puaUuorl, rvlac(rna r;giludazu

*{acatrue u, SllBu'a alexm

inf{f l-rllq : llA6r - f ,ll S e + rlr),

6y epdazu r yu6y mev?rt{Lxodar+ axun,',tauadu:

ll"lll : ',
.xr6 eca (12 3) il.ocounrure A: (h, e) ea r napail'em,ptap 6unau eq,uturu.

Vlc6or. Oapa: \u;rafirwr, 0 S r < (ll/'ll - e)f h 6yncun. p(r) :
r - ll"lll Oy"xrrrrfgr x.apai:wrr, 6y epua :uft (12'3) Macalrarrnnr Qur-

cupnanran A r na .;(r) - rapaMeTpnn eqtrMrr. I{ypunu6 rypu6-

trIII(I4p(r)Ql'miqE{cEMoEoToHycynvrr6y.nra64yi,ruaaru.,:(0)<
yrill.frll _ r)/h) ) 0 serapasufi uraprlrapHrr r{aHoarJrarrTlrpaArr.

p(r) QynruucrrFlr \3;rJr-ectI3JrI4rI,IHI{ Tel{rui4paMl[3. ErapuHvu xa-

s6arga ynr,Uan ]3--I)-Lctr3.-IEInuu rypcaTaMl,I3. @apar ilunairnult, .fnr ro-

MoHuTAaH y3nyxcu3rltrri {i'r1 6i'ncran. Y 4ou.Ua rn I T Ba Tn ) r uraprJrapnrl

\agoaT rr aIITIIpF tIE { rr, } xetlta- I(eT JInr u To1111.11a.q11KI{, YH1IFT y'IyH

. llti-,xlll >d>0
TeHrc?r3J-rr46 fiartapu;ra.lu. 't'6 (i2.3) Bapl{a'ul4oH Maca^flarrnHr erruMn Ba

rn ) r aKagirrrflutax mrtuEprft n yuyn llA1,16, - /rll S e * r,D ypun'nn'

IIIysnaIi qunr6.

ll.,t ll S ll.,lll ( 12.5 )

6ina.ura, (12.5) TeErcE3.rEKrIaH {rk) r(erMa-I{erIrIrI(HI,I Hopl\la dyrfuqa're-

r apaJraur aE nrrrs xe-rx6 rrrqa.Uu. ]/ rvryrrnuft nl{ruf a 3 apa,p eT I( a3MaCAaH

r:f,*i
4l

(12.3)

(r2.4)

6rap

Ke-

Jna
yM

(12.6)

I



--

ae 6 4uco6[a[rI,IMI,I3 rvryrvrl(r,rH.

Izlxrn6pr,rfi 11 .yr{v' llAl,rL'" - irll ( e * rh sa rn -) r 3r(aHrrrrrrd'rr
riypauu:' Y -\onaa A1, oneparopHrlur cycr y3rryxcr,r3,[rr[aan, (12.5) reHr-
cr{3irrrr{Aan Ba c)/cr Jrrnv{r,IT HopMa xoccacura uynoenrq

llAni'-.f,llKe*rh
ara 6!naiuu:. Illyn.uarl rEuuu6 ,

lltll > ll'l ll.

Izlnxr,rn.rrd roMot.uau, cycr .[r{Mrdrur4Hr Hoprvla xoccacrdra
(12.5),(12.6) - rapra acocan ronaMra3

lltll < ll''lll

llill - ll,,lll

(r2.7)

(12.8)

rvrys6surl na

(12.e)

( 12.10)

(12.8) na (12.9) 4anyru6v

TeEr.Trtr{r(Hr'r o.rar,rr.r3. x Qa:o rqaTbrri rqa6apnri, 3r(aH.rrlFr{uau (12.7) aa
(12.10) uQoranap.qan f - r'6 r<enra6 qrr{aln . By xynocanr{ , (rz.b) reur_
cr,r3JrrrK na (12.6) raSo4aHu arru6opara onu6 {ocr4Jr r{r4rraMr,r3

ll"kll -+ ll''ill (12.11)

(12.6) Ba (12.1i) utpoaanapnau E earoga Kyqrrlurqr4rrrranltu rce.nn6q?rria'I4 
ef; -+ cir,

6y eca ll.'i *,,'lll > d > 0 rraprra \aprrrn.qup.
SHlu rrarl ToMoHAalr y3.rryr(crr3Jrr{r(Hrr uc6ornafiuur. Hau rouon.rlag

.l/3.rr.yrcrr3Jllur iryrl ne6, Qapa: rqunalinrari. )/ 4on.qa ur.ygaaft r(erMa_r(errrrrK
TonuJra.ql4lir,r, ynanr y.ryn Tn ) T Ba r { r , yngau rarrrqapr4

ll'i-rlll >ri>0
I-rp,I,rHJrrr. )t 4on4a r.rxria6puri ,z yrryH

ll'l ll < ll"l ll
TEHTCIT3.IINI(H?I {OCtrII IEI4IIA!II{3. (T2.L2) TCHICII3JIIII(AAH

I(erJr?rr( HopMa byftuqa qerapa.taHraH.nr4r?r tcenuS qru(anrr,
qerapa.rlaMacAaH

r:fi -:u ;

42

(r2.r2)

{"t} KerMa-

Yrur.yuurlnr4r(Hr,r

( 12.13)



Ae6 6:a orraMrr3. (12.13) .qarr cycr rrrzMrrruunr Hoprra
4.yrtugarn rearcu3rrrK[apra sra 6.]nauur

xoccacura iuyno@rarq

(12.15)
llA,,t -,tll S

TeHrcE3;rtrKEE 3bru6opra o.r:rcart

E t Tlt.

(12.r4)

(12.15)

(12.16)lltll > ll'ill

''{" onepaTop {a.aMaTrrap co4aca .F Qa:o4a ryna 3qrr s6aHfir,rrura'rr)'nAariT€Xg
6yna4u 1,-" 1 *,lJlffifiil, ffi]fi :'j"" 1#,lit _; s]L: :r ;,,1a,, t7y ftugara ruaprFq 6 agoarJrarrrr4parrl

trenlr6 III1Ir[aAI{.

f llar-,, - f,ll: e * r,h.
(I2. 17 ) TenrJrrr(.rTan yur6.y Tenrcrr3rrlrKur{

llr"ll > ll"ill
tisa onavrr3. Tn ) T r^.H an 10 rena6 .rlrr{aArr Ba rxyu.qart 4lrnu6

ra _+ ri
6v.naau. (12.18) aa (12.19) eca 4yriragafr rrarr)Kara KerraMrr3

(12.17)

(12.18)

(r2.te)

Jrel['ill < ll"ill
Y 4onaa (I2.14) na (12.16) renrcvr3rrr4r(rrapAan 

.yru6.y

?elrrnu^ xe nu6 rr'{l.ua. t *rr:.1;[1f "", ri a6apr,rrl.nr*rr^arr.'' rti ]ir)(12.20) rapurr earuOopra onu6

.Ta _ zi
rouaNrrzr3. Auno lfrill _+ ff:rilJ, uy'rr'r y.{y' (12.13) aaXu.rraMpl3.

rf, -+ :ri,

4:l

(r2.21)

(12.21) 4ocrrn
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By aca llrk - ttll > d > 0 ra qaplrr.qnp.

Snnlt p(r) $yHr<U?Ifl MoEoTon ycVnvn, y3JIyKcI{3 Ba rIeKIiu qerapanapAa

-\ap xun rluftuar lqa6yn I{IIIITaHLI y.lyn ruyxnaia f,roHa 7g ToTILIflaAI'tKI{'

yu?rHr y.ryu g?o) - 0 6ynaara.

Illyutair 4unu6, (12.3), (12.4) Macara 6uplan 6up evratvrra 3ra. Ma-

ca.ra eqnMrnr{ r;f, 6nnan 6enrnnaliNrrr3 Ba zft (I2.2) NIacarIaHI4Hr' flfona

eqtrrMrr sKaHnI{flIHu t<ypcara\{I{3. Byuunr y'ryu .r:f, (12.2) Ivracja.ra uapr.rla-

prrHr,r ri aHo aT.rIaHTup I{rnHIa ryp c alaMu 3, fi bEI{

ll.anrl - /'ll - € * ll"Illn.
Oapar 4nnali.nr,rn r[ (i2.2) MacarlaHr(Hr erI?IlvIII 6]nrnracuu. Y 4on.Ua uryn-

nart f € X aueuenT Torrl4.rlaArlrfl'I' yHlIHr yqyn ylu6y

llAnn - /,ll ( e * llt'lll,
BA

lltll <ll"xll-a
Terrcrr3,rrurJrap ypunnn 6yna.uu, 6y ep,ua d > 0

)/ 4onsa i. enervrenr 
llAo'l - 'f'll s s * llrfllh'

ll.ai,i - fll ( e * llr8lln.

TeHf CII3 III,II(HII I\aHo aT IIaHTI{pa.U i4.

Snnu ll:uHl+ - inf{ll:ullq : llAn;'- f,ll ( e + llr,[l[h] nu ertra6opra

onra6 lltll > ll"ill Hr{ rorraMr,r3. By eca lttll < tlrill - d renrcr3Jrl4Kfa

I(aplutlArIp.

flroHanlrr<Htrr rei(rrrrrpuru yrryr sua 6firta (I2'2) Ivlacallanrnr rf, evll-

t1{fi rr?r r1apafi raur. Tl enervrenT?r tqyft uUaria maprlrapHr{ IqauoarJraHTrrpa,4l'I:

llrlll - ll'lll'
llAr,rl - /.ll S r * ll.,llll "

llAr,:rl - fll ( E * llrllln,. | 1, )r\

Auuo X rqa'rsnft qa6apr,rrl 6ynrann y.IyH Tk = zf, tenrrizr< r<enra6 qI{IqaAI,I'

IIIyHnara 4I,rnn6, TeopeMa lyna lrc6ornana.ult.

(i2.1)-rrracarra rartpr{6uri e.rnunura ((12.2) vracalla eqrrMtlHu) on.urari

y-{yH r;4 6.unan 6enrunarhurra:.

\\
\---:--



aJrapAa

Ira.u,ur(u,

3ra. Ma-

ruapT.[a-

tu6opra
II3JII'IKIA

ff, evu-

(r2.22)

qlrrqaAl,r'

TeopeMa L2'2 '

mttna/u, -fI'blru {t'a}
xemt'uzuduP.

?lc6ot.TecnapracrauuQapa:rqunaftnlrK'sbHr'rurynnaiaz;6uI(€T

r(errrrr< Tonrrra.qunu, & -+ oo ua Al -l 0 6!nca 4ar't l1lu6* - toll > d > 0
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tin'rraur'*r tt Fe 6wna' 6enrnna6 qyftaaarrz rr*rr .rab-

T a rs p n S lB.2_. Mtmuuyu u,oprvtaea sea 6lneau r't:o eq,urvt, c)ed amatilvtlls, fiLlt?r 
twueu 3?a oytt'eau ncettdoeq,uJvtnu rroprvtalt

lf,rofl -_,fill,rll,
6y epda

ff:uff _ {L,,,r}t/,.
)/pr.yrtan ariuanAa HopMaJr eqr4Mr{u Torruru rca.[a 3r(arrrll,Ifr4rrn rtypcaral,rr,r:. 

--4"'r{ rL''t.,4ll[ Maca.[acu HoI(oppeKT Ma_
@apa: rlra,uartnrai<, ,4 cuMMerrielrrrrrll,r,r[r 
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, -_ I,.':u*, f :\,f_op{arrr4 .UlraroHaJr rypanzrura x
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MyMr(I4H' Ey anvra'rrr4pr{ur'?r

A;ri - fi, '* r,2,....rt
r{}-;pllHrliuHr,r orraArr. By epaa )r A rurarpuuan}rHr xc)c .n'n-)'nAau Talr,iiapu, arap "4 uarpnqa Nraxc.yc ,rur*o" 

corrnaprrAnp.
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6.i'.nivraca (6
c'oHrrar)n Horfa renr 6.inaAu. 
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oapar rcnnafr-rmr l; .rap A1 MarpruruaHr{Hr xoc coHnapu 6yncun. Nl[arnyrra-

Krr, vnap A uarpruara (13.2) EopMa Oyftuva y3lryricr{3 6ornnrq. B}ruAuu

i"+r, i"+.r. ..., in ,

xoc coH.flaplrrrFr erap.frrrE KErrI4r( Mi.rriAop 6y.uuru MyMnrlHfir,pfi re.uu6 .{lI-
rialrrrrr. Arap ]-;rap Eofftarr Qaprl.ur,r 6ynca, y \orrla

112, "',n
oy.IIa.ql4.

Bynnan xjpmarmin. A rurarpfirla Ba / yH" ToMoHHrrHr ra4pn6nr,1
tiurlir,rarnaptr r-lr;Ia q\:Enau 4uliuagru rofir4ru MyMr(u6ria, yflap y.r)r6
6tr,rsr,r Ti aap xrru€pxi 6epunraH rlnriwrarnr, rqa6.y.n \lrrrarfi. E), ,.u
cI4CTeMaHtrEr Eq)ItiL-I eqEMFI{rr rofiaur MacaJlacu HOI{OppeKT SKaHrrr4r?rHr{
I(ipcaraAr.

Ssnra ql- BoPLa;I eqEMEETI tarqpr,r6uft Torr4rrrnr{Hr pery.[.f,pr{3aq1rf,.ycy-

.[nHr4 xypr6 qxf,iNdE]- Ey* EKr(r{ xofira 6y.rrn6 ipranarvffr::
1) ,4 rr,rarpFqa aqrr: 6epunraH 6ynra6, fnr tol,tor yru6y ll/ _ /rll < e

xaro.rrr4ri 6ruras 6epn-uan :

2) A varp ;a sa .izr ToMorr ymly

ll-{ -.{oll < fr, ll/ - /,ll < u

xarorrurrrap 6n.raa 6epnrran.
1. oapa: lnrai.ux. (13.1) cprcreMala A vrarpuua ar'rar{ 6epunraH

6vnn6,.f )-m r6rca r.pmra /r 6epranran 6yncux. (13.1) cncreuasnnr c0
Hoprvra.[ eqIIvI|'rrF raxpnoui Torruur rana6 \nIr,rHaAr,r.

Iorlopuaa rau.;r.:a5 yrranruu3ler(, .yMyMaH afttranAtl, (13.1) cu-
CTelvIa etltrLtla era 6i-.UraC.{AIIlt X&M lrlry1;l,rg, y {OnUa ra6uftr<r,r

,t:'f,, llA'- /ll : rr > o

6ina.ur,r.

)''ru6y ea rrs-i TeErcE3.'rtrr(JrapugaH

!fr" - /,ll S llA* - /ll+ ll/ -.f,ll,
ll-4'- /ll < llA, * /,ll + ll/ -./,ll

i,: : { tl\n}fi,, .i -
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nyfrr,r.qarn Terrrcr43Jrrdr(Jrapuu it 1 p, * e ,
rorrar{n3, 6v ep.ua tri _ inf ll,q* _ .fJl.

p < p, * s 6ni,r llt - t4 ( e

Illyu,uafr rimuu6,6our.nanrprq Macara e,: {r:: f lA* _/rll < 1t +Ze}
rvunavr4a f)[r:] - ll"ll' ov"Kql{o'a'rrrl4lrr MtrrrrdMyMu'r{ Tornur Macajra-cflra r(eJla.uu.

Oapa: rqr'lnaft.urar<, t, (r, € Q) BeKTopAa ll"llt Oy"Krrrrouarr yrr,rHr.rar
r\,rrr'lrM.vrurrra 3pirurcr,rH. :t:. - fi1 (.fr, r) .ue6 6e.nrnnaftv','.

TeopeMa fg.1 . Rr("f., s) rcgriuda?u roccano,peaoea:
1) R't(./r,e) r.,ap 6up .f, € R"' aay e > 0 yq,yH anunctta?{e(m;
2)e -+ 0 dct r, * ft1(fr,e) ) r0, .t.t?tu Ar: f m,eueaauo, yrry?t pe?lJrrnp_
,rlLul,milpy B'.1 ?r eL.l,I-t tvt, 6y AA)U.

?fc6or. fl["] _ 
f f,rlf2 rurangrar,luac eynr<quonan 6]nranrrr4rr4 y.ryg

Yrrrrnr r1yfiu qerapactr f,)o : 
,.,:rd. 

trl,rJ ua ru.yuraft {i"} (i" e er) nercrop_
.lrap r(erMa-r(erJrnru MaBx(yur(nt TL 4 oo 6ynraHna 0[i"] _ 

f lr,ll, _ CIo6yuaara. )ruymraft,rnrr<ra sw6n err(a3Macgarr, 4ap rqaugafi n ) I yqyu

lli"ll' < ll*,-,ll' s ... < llr,llr, rr * a

4r,rco 6.naurLIMrI 3 M.yMI(rdrI.

Ill)'nuair 4unn6, {i,,} r<errvra_rernun e. r}uuavma Ba paArycrr
," : ll.rtlf f ra renr -D,, mapra Teruur,ru. )/ -1on4a EonrrlaHo_Befipu'pacc
Teopeluacnra MyBoSuI{ yHAaH fiIitrgrlauryBtru 4ucunri r(erMa-r(ernr.rr< {f,,u }a)KpaTmrrl MyMrfi,rH.

@apa: rqranarinun, 
,,lt$L i)rr : r. 65incvn.

F,,u: {r;: llrll, <,., _ lle;1112, r €e,}
llnnaunnur 6nnrq or(arrJrnrrraan ( {f"} rcerr,,ra-Kernr4* 6y rynnavrra refu_
runra) r€ Ber(Top 4avi 6y rfnnaura TerurrrJrr,r Ba myn4art rqrann6, re € Qe.
Qo : ,,lglllt'"^ll' - ll,r,rll2 6y.rrraunr{rnqa' 1) xoccanunr prc1orr' nenr,r6qar{a.4rr.

D".q" 2) xoccanra uc6ornartMr,r3. r€ 
ler(Top f f,uf 12 qyur(quouarrn mur eur\in.narr,qa Mr,r'r,rMyN*r 6"1-,s1n"orrr?r.yrry'_ll,lrll S il,rbll. S, eca .r€ BeKTopHr4qeraparranr\{arau 6nnrq rynnanr 4 _ {r', ll*ll S llrollr lr: e er} "*Terulrrlrrr sKaurruruur.r rypcaragu. By sca 6apva e > 0 y.ry6 ipuunn.
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AaH HopNtalr errrrMra f,KrrlrflaruyRql'I rarlpuOllft egIrIvIHI,I ToEuIlr a,racaracfi
' t1yft lt.uaru x,IacaJara Kerrarl,r :

llA, - /'ll : F*2e
IrraPTHrI l{aHoaTJranTupyBrryi 1; Jr&p opacr{Aa Mr{HrrMarr HopMara era 6V.nra_
HIIIII.I TONI/IHT.

oxuprr,r MacaJranu Jlarpanx ycylrrHr4 rry.n.na6 eqaMr,r3, fibnr,r :r:, cuea_
TIT.UA

M"fr,ful_llA, * f,ll, +cf lr:112, a ) 0,

Q1'nnunonaJrra M[Hr{Myr\,r 6epyrvn x;o Berirop'r{ oJraMr43. a [apaMerp 3ca
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rie,fluo ql,Ilia.uu

{a;r[ + a*it? : ba,

6r, r:i fiap BeI(T'opBrrEr.KoMrronerrr.rrapfi, A*j : f,rct.,i1rai1, bo : ,i ait,fer.

By uacanantllr :ro e-rtIMI,r peryJr{pJraurrrpyBqld er{rrrM cr,rQanaga lia6yn
KI{.[[UII4IUI,I3 M.yMI{I,IH, fGHI{

ro : R,(fr,a).

Ioiloprgarrr xynoca.rapgau R(f ,,a) 6apva cv ) 0 y.ryu anrarinanrag-
ffnrn rcenpr6 qfirqaAu .

PerynspilarrrrllpyBrru ofleparoprrap or,rJracprn?rrrr tr{Kr(lrurrr4 xoccacugrr
prc6ornarfvrras.

TeopeMa t3.2 . @apas rcpnadnu,n;vo Ar - f cucmeil,aHu,H?, Hopwart

e'qrttvnt. 6!nu,6, ll.f - /rll
(x1u.rcu1tan"ap [A.e2] da y3nyritcu,s, uyc6am, ea € -) 0 da uou,om.oH, rrott?o
u,H,m,un ysq,u gSyunqu.snap 6ynu6,

* l tjzG), oz(o) : o
Pr\e )

6yn,atrt,. Y r.,on,da ur.m,u,6pu{t [0, rr] myc6am, aa f6 S ,r(E) S l3zG)
ulapm,Hu K.avnun'Ltavnxupysltu 6apua a - a(E) yuyx sqG) _ R(,fr,a(E))
settm,opn,ap 6 -+ 0 da r0 ea urdm,u,ttadu, tauu

]\r3 llr,"(') -''oll : o.

I4c6or. A:r : f sa ,4:r : /, cvrc'rervrarap r(Jraccr{r( eqtrrvrra 3ra
6ynuac.nr.rru MyMr(I4H, Irrynr{Hr y.Iytt

/,:.j:$, llA:r - /ll > 0, F: #f,, llAr; - /.ll > 0.

:r:a(s)' A'["f:v,f] QvnrrurroHarrra MrrgrrrvryM 6epynvlr Ber(Top 6y.ncun. )r
x.orr.4a

p2 + .nll,r" ll' I AtI"lr" ,, .f ,l < A["[xo , ,f ,J :
: ll.A:uo - f ,ll, + cr,llrol[2 <

< (11.4'u - /ll+ ll/, - /ll)'+ allr0ll2 s

n\-L2
i=l



f*.
t{a6.yn

Hoplvta,4,

13z(s)

r{,o.Q?(r

13zG)

'a(E))

< (ll-4r:0 - /ll + e)2 + all,u'l l, _ (p * u)t + allr:0112
5't'-ta,{r.

Illynsarl rquuu6, Va > 0

F2 + *1z"11, < (p + e)2 + oll,,-olf 2

exrr

llr"ll' S q(F * e)eIa+ lf,uoll2.
: /a { ?ili) ruapr?rqau eofiuanauu6, yur6y

ll,r"ll' 1 a:.{e)(r+ u; + ll"oll, <

S ,itr(e)a(lt, * Ze) + ll,ro112
TeIrrc;?I3JIlrI(HII Orr&rvru:. Ey ep4aH 3Ca

ll.,"ll' < p(e) + ll:u0l l' < p(rr)+ ll,r0ll2,
5y-na.un. E;'u.ua r -t -0 ,ua p(e) : 4(t, + Zr)lJr(u) _+ 0 ar. k _r oo
.ua HoJIra firrrlrrr.yBgrl dl : llf o, - /6ll rerrraa-r(errr]rnurr ofia]vrrr3. "fl, ,ur,roc KenaAr,rraH na D: {,r: , ll"ll, < p(ez) + llr0ll2} 6nr,ri1 .o.1u",.""u.rr_
rufiu oo^' (o* - ctt(E)) r(erMa-I(erJrl{K'pr 4apaftrvrrar. By xer:rr.ra-rierJrpri(aa*
fI{I,IHJIAruYBI{I,I rqrrCItr,rft {r:''r.1 I{CTMA-KCTJIITI( AITPATI4IU MYMIfiIII.

@apar qunar,iur,rn, 
olTL.uo!. : :l 6yncuH. V 4on.ua

0 S llAroo" _ fll _ 
tL <ll,4r:.0, _ fo,ll +.u, _ /r <

S /Mel;A;l _ tL+6r" (
s /d;[ffi _ tL+€,(,:

' 
: 

-lt'*54"(
< - Lt+t&' :

(p * sl.")t + or" llrollt - /r * Er..

ypr'ru.nu 6v'.nanpr. cra.. : a(sr.") { \te r") ruaprnu errn6opra onr,r6

,0<lfAr:"A.-"fll-p<
< \ff,- +;Fl7r-nlFIP - tr +€r, : ?(,rr. ),

Torlalvlll3, 6.y epaa e -+ 0 na f(e) -+ 0 .qrr. ,I[evrar., Vl:, yuyn

0 < llA:roo, - /ll - p ( 7(e1")
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3i{au. Oxl.rprlr reHrcu3nuliAa I(s -+ oo .rIlIMtITra }ru6,rouaultr

llAt'-/ll -p.
6yn.qau sca ?l Htrpr rrceBro-eqr4rvr 3r(aHJrurlr nenu6 q[{a.qrl. }rHuHr uop-

IvIaCU IVMH?IMa.II SIiiIHnIIfUAaH Ba IIOpNIaJI eq?INIEI'IHr flIOHa.III4II{,Uan li; : :U0

Vpr,rHnn 6ynanu. BV 4onat aca 6apva uxrr6puft fiIlr,runaruyBtlu r,ltcuufr

r(eTMa-r(eTJrtr6rrap y-{yg 6ax<apranluull.Uag {""0} HuIIr HopNIaJI erluMfa

rrr{rrH.rra[rr,rrur,r re.rlu6 quI\aAI,I. Eyiuau 3ca E -+ 0 Aa t:a(e) IierMa-

Iier.rItIIiHI,IHt .u0 A;r; : / l,racananllnf Holllvlan eqrllvrrlra IaHTTIJTTIIIrII ne.nlr6

qurlaAu. Teopelra uc6or.nau.qr,r.

2. Enuu 4apa6tran TeHfralvraMu3nr,rHr !m rorroul,I Ba lvlarpiluacl,I TaI{-

pu6nft 6epr,r.nrair \o.rIHI,I r1apa6 rIIdIqaNIu3, tbHI,L4t : / renr.nelIuta ypHr,rra

,41.,e: - f ., lr € R",, "fu € R"',

TeHrlrarvrann iqapaft.uur.6y epAa ll,f - f tll S u, 
'

llAn - All : suP llAn, - Arll < h"
llcll=l

]1X ll..'' - '1011 - s

ruapTHI,I IiaHoaTJIaHTI{pyBqI,I \ ("y : (t, h.)) ReI(TopH?IHr TorIlIu ra.uar6

r{lrJrI,IHa.{8. Eyn.uaft BeI(TopJIap Ax - / teHrnalvlanflHr ,r"0 noplta.rl eqI'I-

Nllrra s1il,r1r;1a111yBq?I rttri.plt6nri HoP]vIa.[ eqfi\'I Ae6 arana4u. Eyur'I

i1y'o[:r', f ,,An]: 11,46:u - f ,ll'+ o11"11'

Synriur,rouanHu MpIEr,IMyM garurl,Ip?Iru r,iy nu 6lrnau ronaMll3 .

TeopeMa 13.3. Xpp x,au,dad, fu e R"', ,{1' a(t a ) 0 nalt y"1'yv

.l'f'[.r:, .fr, .4r,] fiyur44u,ouanea,Mu?rrltvtlJ*r 1eytye'ru r:o leNrnop uaeuc'gd.

13.3-reopeMa rrry naparpa$.qaru Atl"f:t,/r] y*y* qrr.rrrnrar Myrro\a3a-

.uap r<a6u nc6otnana.ur,r.

TeopeMa L3.4. Qupasn;ptail'nu,r,, ll/-/'ll < E,ll.A-Ar,ll< ir 6ynu6,

.r/t l.u : f rneuen,qeravu,He HopJnan e'Lttt,tur'I1, 6yncun. Vndan rnarun,apu fia-

pas t:tt,n,arirrux 6eptttt?aH, o1 ) A couu y'ryn lJt(o), gz(o) Syunqunn'ay l0,o1l
J
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\ecilada y3tyECuJ 6a ilyc6am 6ynu,6, o _+

e,' of tJt(0) < ,J2(,0). 0(0) _0. y r,o"nda

o/31Q) < o(0)/J2(0),

uaptnflu E.aHoamlaxmupysltu e _ a(d)
Ft\fr,Ar,, tr( q) Fy epda A : hq* e { ot
i'o - uopuotl equil,aa uxmuludu. .E-brru

0 da uonea Mo?l,ornou uumlr,rtudu
urmu4puti (0, o,]

a e [0, o1]

.rrtyc5am $ynnr4un !,a!u :yQ(A) -
) eercmopnap ? - (d, h) -+ 0 da

,,1S ll'"'o1 * 'oll 
: o.

5y epda q urmu1_puil Surcupnottzo,?r con 6ynu6, r/ > llr0ll.
lfc6or. @apar \u;rafr.-rux' oo BeKTop A["[r, f ,, An]Qynrur.rolranra Ii,,

.fa r{rlrrr{rvr..i-rr 6epcun Ba p -,r:r;|,, llA,r, _.fuf l 6inclrH. y xo.nsa uxru6pull

.r > 0 )'-{)-H
l/"[:". f ,, An] I A["[zo, f ,, An].

IIIvnunr )'cl.n

/,2 + allr" ll2 < lt"lr" , f u,,Atl s lly'"[:u0, f ,, An] :
- ll.{1,.r0 - f,!l' + ollr0ll, S (llAnr} - Ar:0ll+ llA,uo _ f,llf+crllr:0112 <

S fll-rn --+llll.'oll+ llAc0 - fll+ ll/ - f,ll)r+allr0ll2
6t'.ra.uu. Teopeva ruaprauu ssru6opra onr46, ,\aMAa llA*u _ fll : p
f f, arr.[]rr rrlau 1-u6.r-

p2 + o!l.u"ll, S (Allrrll + e * p)2+ r:vll,u0l12

TCIIICPI3JIUK EC;-IE6 WEA.qU.

Iivftuaaru renrctr3Jrr{Kxap4arr aca 6apva :D € fi'r rap yqyn

ll, ;u -/ll S ll.a, - An4l*llA6t: _ f,ll+ ll/ _ f,ll <
S r,ll'll+llAnn - f,ll+r,

llA6:u - f,ll ! llA,'. - Arll + ll.ae - /ll + ll.f, _ /ll S
S hll"li + ll.4:r - /ll + s

Lr < ir+ ni1101l + .,

itl p+hll:uoll +s,

I



-

f
t

I(eJIr.{6 qu*a^,'. By ranr<ana oxfiprfi Terrrc'3Jrr,rKrrap.qa* sca

i,2 + ryllr"ll' < {2(hllroll + r) + p}r+ allr0ll2

ll,"ll, 5 allJdJE:(hllroll + s + p) + ll.,oll, <

5 allJdll r:(hll,u'll 
+ e + u) + 1l,roll,.

3 s Bta) urapruur,r qar{oarrra'rupyBrrr4 rr - a(A) (A - hq* e) nap
Y'IYH

ll""ll, < 40t(A)(2A + p) + ll.,ull,

llr"'ll' S e(a)+ ll'oll' { e@r) + llrll,

er(u

xocur r{rrrrarvrrd3l 6y epaa p(A) - 4pr(A)(2A + p).Teopeua ruapr?rf
ruynoQuq I : (d-, h) -+ 0 na tp(A) _+ 0 au. Oxrapfpr reHrcusnnrr. uxrueipu
(0, orj .y.ryn *(A)
SyHriuusuap .yrryn ipnH.irn. Eyraut, 6.y6n a - a(A) cusarn4a rrry'.uara
QynrcqrasHrr rvrrryHarurns. {/3} Ber(Toprrap r(erMa-r(errrrirrrur na {,4"},L"po,
uaJr ap I.e rNr a- Ire r,rTr,rruEr,r 4yring arrarra ra' rra6 onauu s :

ll"f'- - f ll: uo, llAo - All = h",

6y ep.qa l: -+ oo .[a dr J 0, r -+ -* aca /2, j 0 ao, . B), r{era,ra
r(errr,rKr(a D - {r;; llrllt < p(or) + llr0ll2} 6nnn co{ara rerurrnrr;Dcyr,

!or''-: o(Ar,') : a(hllroll + e6)) rercroprrap r(errvra-Ker'rr,rrr4 Lroc Kerra.uB;' {.t:or'"} rerrvra-rierntrr(.uan 3ca fir{rr6.taruygrru 4ncur,rft {t)o..",",} xerll
I(er Jrrar( ilKp aTlrrrr r4.],-r,rr(?rn. Oapa: rqunart.ulrn,

n"1i3o'-aA"'"t - i'
6y.ncr,ur. I\vnaiinrifi yrlyH .uo']",.t : tl)r,t , (llr,,"r: 11,',r ue6 6enrun
Izlxru6pllli ft,., s1 y.r1'H yru6y Tenrc?r3nrrxnap

0 S llA*,,, - /ll - /, S
( ll(,4,,),,ttJr. - /"*"ll + ll(.4r,)","',t*.4:u,.,111+ lll.*,. - fll- tt. <

< ll('4n),,'trr,t -''f..r,ll t h",llr",,ll* 8r.,,. - p <



S 1f 
A,I"''' 7:t,,t, f e*,, (An) r,l * lt',,117,l11 + e*,,. - 1t {

S y'M""'1ra, fru,, (,4r,)*] * i.",f f:r,.,111 + u*.,. * p (

s

*ft.,,f fc,.,1f f * €k,, * 1t, {s *;;11,,,,il*rr,"*/,
f, e rMa_I(e T Jruri Err x ocuil r; rr jraMrr 3. I{.yrin.q aru

(tr.r : Gt..", : a(Ar.,.,r,) S fz(A1,,",
Ilrapr.qau eofiga-fartr6 ronaltrs

0< ff,4r,.,,- fll- t,<

- lt,51' epaa Ar.,.", - i", lf rof f + e*,.
Ill.ynaatr 4n;ur6. nxrueprd

T e E rcrl 3 rr rlk- .t-prrq.E

lfr'..,fl < [p(Ar",",) r ll:tollzlt/t
)c ra ,TrrtrllTra yrra6 To[axdl43

fAi -fll:p,.
E.y rca i rrn -{r : / rexrnaMa yqyn lceB,uoevr{r{ 3r(a,H.tr,rrnara 6nn_Trpa.4rr. E' emr fca IfEErrMan HOpMAfa 3ra. At: : / r.enrnarvrarrr'HrEop].raJr e-'o.rtr {ro'a ff,a'.1gp144aH f _ ,ro 

'.*"orr r<enn6 qa{a.qu. ByQnrpnu {ap {a*nai {r"r''1 r(en4a-KerrruK.yrry' Tar(popfiar[?rMr43 MyMr(rdr.Teopeva uc6or.:as.q[.
3s.qn.r'0 noprra-r eq'Mra r{rr'Jra,'.yBcia rarlpn.iaft eqrrM'n rd.,pu,' M._CiL-IaCIfa n apaiirg3.
Ym6.1'

e-, : {x : llAx _ f,ll S z(hll"ll+ €) + [t]

;JJr"il;l;;T* aa o[rJ = ll''ll2 +.r''r,.uno'arra r\4r.r*r4r,{.}']vr 6er:yaqn

ft,,,,e1 coH.rrap xcyernnru y.ryn r{yfiu.qarn

j
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I
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6'r- ep.ua 4,. ra s1 -+

i

ttl

rrlapftrlfa

uxru6pufi

r r-r(A)

rrr/Htapi

) rurarpu-

.); I{eTA,Ia-

JIII:L'o!,.

riefia"uu.

unaliivru:.



Ilevrvta 13.1 . Q,. m,yn.natudaQll- llr;ll2 fiyurnqt'oHanea *tu,wtt*tym 6e-

p"rJ611,11 ft:1 IeKrnOp

ll(.47,):u, - /'ll : z(h,ll"rll + e) + !
ul 0,p m,H,1t, N,0,11. o &m, n 0 x,m1l a du.

Ilh'nuaft rqnnr,r6, roriopu.uaru Nlacafia M?IH?IMa.rI HopNlara era 6inrau ea

II(Ar,).'- f II - 2(h||*||+t)+/r uraprnlr l{anoarrlanrllp\rBtrlt r1 BeI(ropr'IHI{

Tonl4rufa l(ella.ull.

Arap g sa it. MaT,nyI,( 6ynca, 6y uacananu IIarpaHiI(H?IHr aulrrlrr,rac x1--

uaftrys.{1rl.[ap ycyJrlr 6r,rnan eqaivlr,r3, fr'bnvr (6y:ryu "R" Qa:ocnua)

Atl"ft,f,,Anl: ll(A1)r - full' +allrll2

QynxulroHa.rlra [,IpIHr.rIvIy\,i iiuftvrar 6epynvu :u" Bel(Toplrnm rona\'Ifl3, 6y

ep,ua cv rapa\,terp

ll(.46)r: - .f,ll - z(hll:r"ll + c) + i
rrrapTAaH ToIIrrIIa.qu.

IzI so4. ErtroH rrrapT Jraurf aH n a 6y srna.ul4raH ( nupoxnaloruuecfi - pyc r!I-

.un.qa) rrlr3rrrlJrrr a.nre6paur( TegrrraManap ctrcreMacr{ A.H.TrnxolroB ToMoHrI-

.uag Kr,rprr.rrrrrraH pery.rrfiprr3alr?It ycy.flu Ounaii HopNla.rr eqI,II{I,IHu ronlllr]Hrl

[2a]-ra ravnoQurq 6:Artit.

$ 14. t{r,rru4.nra 6nprauvu ryp lruTerpaJr rerrrJraMaJrapHrl

TuxoHoB ycyJrr{ 6}finva peryntpr{3auutnaru

h.1,'itr,t.uaru .

0

I rt(t,s)r,(s)r/s - l(t), t e[r,d].
&

lrt\,s)r(s)rls-f(r), t€[c',d], (11.2)
t-

rrxTerpa.n renflral,rarapnl,I \apaurlrr. By ep.4a /i(f,s) na/(t) -Oepunran

y3rrJ*r(cr,r3 QyHrqrar.uap, r;(t) oca HoMar,nvvr QyurUnx. (1'1.1) aa (1'1'2) reu-

rflarvrilga rlaruarrradrrau /i(t. s) QyHItuun ?rnTefpaJr reHrJraNIaHI4Hr trrpocrr

(14.1)

\



D

lnyM, 6e-

oyirraH Ba

i(Topr{Hr,r

r,relc r{i'-

u3, 6\

-Pyc rLI-

TOIvIOHi,I-

:ONI,IU]HII

( 14.1)

(14 2)

PI,IJITAH

)) -r.prr-

[AI)OCTI

(11.1) QPe.uro*u

TeHrJraI{a s.upocil

YHTIHT eallll\Irr .r:(t)

\,raB)I(\rA 6irca- r-

fpzl.ri OilepaT0p

.irefin.ra.uu. (11.1) TeHr.rIaN'Ia Qpeuronru I ryp rIHTerPar regl"Tra\{acrr

(11.2) 3ca BorbTeppa I ryp lIHTerpaJI TeHrIIaIvIaci'I Ae6 lopllTl',ulaAi{'

3HUlr (14.1) Terrrra\{anu f (t) Qynr<unara ur'rc6araE lypFyH 3IvIaciI?I-

|IlHllxypcaravtlr:.ByrrraHfyI{yIIloilopuqi\cToTaJIIIIIeKIIIIa}IIIJIIITyAaJII4

d.r'(s) .= exp(i.,-s) e.ilrtut yrrapuurngll oJIaIvIlI3' )tnra ./(f) {ryntcUt4rnurr

j'Hr ror,roHIIHIrIlr riYftunaru

D0
,t/(t) - { 

t;{t-s)dz(s)ds - | ti1t,s) exp(zc'''s)r/s

irrapr.rum \roc r\eJa.dn. Orltpru TqHTJII4I{gu 6ylarcna6 izn1erpannaliMlr: ea

1
df(f) : -exp(i*s)Ii(r,s)li - 

I i'J+Pe:r:p(ius)ds - oi!;
li lr\'*')/' rr\u'd/'14 ir! 0S 

- r \ ' 'U'

irQogatnri Totra\Itr3.

Bvsnas erap.Trrrra KaTra ai rrAcToTanap yqyH lla.f llc * 0(Ilu) I(arTa-

Jrrr(Hrrgr eTap.-ffiqa Ktrq1IK yrrapuuru Moc I(errlrulu r<ypuuagu) fibutl' (14'1)

T('HrJIaI\ta,ua f it) j-ui rorronEllHr erapiu4qa I(I4rII{I( yrrapuurltra r(s) eq?rM-

Hrrnr erapJlrqa Karra lrrapuunfa Moc Ke'rraAr'I'

.[erlar. i1{.11 @pe.urorlbrur I typ ?IIITeIPa.TI TeHr.IiaNlaclr /(f) (F)'nr-

urlrfa rnc6atas EoKopperiT NIaCAI& 3I(aH. Xy.ugn ruynAafr N'IyJIO\a3aJitli)

(11.2) Bo.rrreppa TIItrIIAarlr I ryp I'IHTerpaJI TeHrJIaIdi.l' y'IyH 4arr'l yill'tH'nu'

C on au,r nQQ e p e uurar.[ailr Mac aJI ac r qy frir l'ar w

- /(r)

Bo.rtrepita TrlrrirJaru I r1'p lII{TeI'paJI TeHrJIaMafa SKRI',IBaJIeHT 3I(a}IJIi't-

TITHII xi'ilcarrrm x.nuxn 3ltac'

1. perygspE3ar{EsJrerrrTrrpyBtru Ta4pII6I[fi e'rr,rrvr {fpurunnnr
Bapuarlnon ycynH.

6npnnun ryp lluTerpan relrrflalvracrrnll rlapar'lun:' By

Ii(t, s) y3rryxcll3 na yur toluroH f (t) - 0 6j'nraH'ut\

: 0 6j'ncuir. Byir[ax arap (14.1) tenrnartaHrrr equMr'I

f,roHaAl{p, ,u',efaH XyIIOCara KeII?IilI MyMr(I{H' s'h-trvL LII{Te-

t

/ r(s) rls
Q

,1.[t,:u(s)] -
t

It;lt.s)r'(s)dst\/
a

(14.3)

t



-

X Qa:onn F Sa:ora y:apo 6up rqlrfiuarJrr,I ar(cJranTrrpagtr.

B our.n anrrrrr ru ac a.[anu r1yf1s,u ar ta nipllnuug a 6 rnru NIyNII(I,IH

6y ep.ua A ouepatop (1a.3) Qopvryna 6unaH anrlllrrauraH. 3nur,r 65'

N,Iaca"rranunr A.H. Tuxonoe nipcarran.qer yrraprldptl.[ran Irrar(JII,rHI4 I{eJr-

TI,IpaMII3:

q

A[[a..f (t), c(s)] = J {,+lt,'(")l - f (qf (It + ac)[r(r)i : mi,n,
c

6y epna CI 6lrpran.ru rapru6nra Tuxonos cra6prnr[3aropr,r 6yttr6,

d

| {.qlr,:r(s)l - f (il}2 dt - rnin,

o[z(r)] - | {u{')*'(') +p(s)(r'(s))'},1u,

(i4.4)

(14.5)

(14.6)

q(s), p(s) depnnran [a, b] .ua y:nyrccur $ynr<qrtlrap ym6y relrrc?r3rlfir(Jrapnra

q(s) ) 0, p(r) ) po > 0 rqaNoatrlaurr4paAl,I. X $arocraua llrllzt - fl[r]
xipnnurnAarr4 HopMa KprprrraM?r3; IocIrJI 6j'nraH X Qarouu onar.ua Co-

6onea Sarocu W] rc6, F - Qa:onu oca fr,rnt6epr Qa:ocra Ae6 o.uanrur.

QyuriunoHa.rr aHa-rII{3 ycyirrlap dpaavruaa (14.5) Macarla eql4Mu (1'1.4) ua-

c ana y.ryH pery.flrrp Jraturnp yB IIu ofrIra 40 cI{ Jr lquJll{rrrHn nyp c ataura: .

TeopeMa L4.L. Xp1: xpx,daa f (x) e F eo, cv > 0 yuyn (1/.5) ua-

cal,a c"(s) euu*rea eea.

?Ic6or. a > 0 6ynran.qa L4la,/,;u] Synrcullonarlr{r4nr riyirnnan rrera-

pa,qarran sr(aErJrr,rfunra uc6ornau rquftuu sMac. IIIyHgari rira.nra6, 6epranran

o Ba, /(t) yuytt y iqyrtn anr.rq rrerapara ara.

IIIy Qynr<qr{oHalrHr,r M?rtr,rMyMnarurrdpyB.lu rp(s), ft : 0, I,2, ..., r(ervla-

r(er.rruK TV3apIIr3. V rqvftra.uaru

.lirn A,11, -M, M* - At[fa, f .rrf , M - inf A[la,./,,u.|.
tJi'--^ t 'd ")' r€x L 't )

{L'In} Hn yru6y Mo 2 A/h 2 Mz 2 ... 2 A[r ) ... r<ypnH?Iru.ua raptr'r6ra

coJraI\dI,I3 )/ \onna 
I

ft[:u1] ! (Ila)Mp S {Ila)Mo: const.



(r4.4)

3n4ra fii,

N KETI-

( 14.5)

(14.6)

= fi[r]
aa Co-

.l) rvra-

5) ua-

E.r' ep:ax {t. (.t) } xerua-xer.rrur( uyn,qaft :u(s) evnr<urn.rrap r}unaun-
ra rerrrrn--rrFr )-Jap l.-q\E Q[rJ S const 6ynurun r<enpr6 qurlaAn. Ta6ra-
rr*rrr 6,v aia:arr -\ @:o.ua KoM[ar{T 6yna.qu. IIIyHuHT y.ryn .ur(s) r(erMa_
f,er.frrf,JaE Eexa 6-ifusa 6apop r"(s) eyrrr<quxra {r{?rnJraruaArrr.au :u1,(s)
rncrrx-i rery6r-rer.-rxx aeiparrrru Mvr,rxnv.. IV[[a,/,:r:J e.yurqrrouarr )/3nyn_
(tr3 )f,a-EErrf,iraE rrrr- ro 3.felfeHTAa ysunnHr 4yrln iqzfivratura 3pfirxarn.
6ra;ag ra t"Js, Q.rrounr (14.5) MacaJrauprrrr etrr4rvrr,r gxag;rrrru rcenu6
EL.a;r[_

IIIv Snar reopera nc6ornau.ura.

Teope.a l4-2 . | 11.5) tocuta eq,Mr.r (14 4) ,rvr,acana y\,y* peeyt,tp-
Aautmug;sc €!r.r 6itan-

Yrfu'- F 6r:as ir{.r) Macarra'r,rnr bepunran /(e-) Aarr{ err}rM1r
6-i-;rcrx: i,,r. xa iI{-5) uacaira*aHr raripr,r6uft 6epn.nran 71r; io. ,o_
Iroffia rrtr rnr:srr-rr eqnru,Jr{Aan rarxqapr{ f n: , [t,r"(s)] 6yncuu.

, -U_ia- f - { fer.rnma-: lrrnrnr MrrurrMyMrrnpr ir* .ua 3prirrur4urunau
-l/re- f -i"] < -r{o-f-d oxocrrrrqr4rrarvrrr3. Byepnau aa Mla,/,r:] evnr<-
Irrlo'a-1rrEr rFrtrrFrrrrr.r{an 

.ym6J

of{i,r < JI[a,/,;'*] <. AI[a,/,rJ -3.a

- /i-{f-r,- iiri}2dr+ao[r] - l{TVl - ittl}rat+ao[r] :
c

- llf(r) - iAll?.+acr[r] e4:)
nQo:em :GrE:L oapar \n;rainar, f nr ronrorrulrHr rarlpuourir 4r,utvrarn
t-r-fu:arr 6- xj-r rl.EoariragTapcuH

l- r.a::e ,,*r, j; 
i@ll" < c \/d' c : cctrt'st' (14.8)

(14.e)t{i"j <C2 +O- const,

ne-:ad curlt
O: 0[r]

E1Zrea ra r. emr;rapirmrr X9 - KOMnar(r tfnntr,rlrfa rerr,rruflrr
6i--uun rc_d rr&r-u- -{sn\:ruK rfi,rpr,rrarvlrrlrin T rianr .\6 c .Y ra re_
rilulltr-

59

t
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/.,(.u) Syunuurnap tinnavru Fo A oneparop opr{antr{ ar(crrauran .Ks

rlnnaununr o6pa:ranrap. A lurrerpall oneparop y3nyr(cr,r3 Ba rrraprra
uyroQnrq recr(apn aKcnauTlrprru sroHa.uup. Illyuuur y.ryn .4-1 perynxpu-
3aqus rqnrrlrHvraraH orreparop 6u.nan Fg HE Xg r(orufiar<r r]unaMra recr(ap?r

ar{crlar{T}rpr,rur ll ' ll" HoplvlaAa y3rIyI(clI3AtIp. IIIyirUafi rqltnu6 6epr.r.uran

E > 0 6!'ftuqa ruynaafi p(e) ronr{.rragar(r4, arap llf - f "ll S rg(e) bj.nca

llt"-"ll <e 6fnasz.
Tartu.unai,irurl3rfi4

{ Mla,.f ,i,) < o(Cz + R).

By epnan (14.8) - Hlr sbrrr6opra onn6

ll.,t - 7ll s ll/. - ill + ll7- ill s,/aG+ /rc'' +nll (14.10)

TOtraMI.I3. cV HI/t {}'ftr,rAarn IIIapTHA 4arroarrJralrTnpaAr{ran qunu6 raHnaft-
MI,I3

cv ( cr6(e), as(e): t--l%l'.
' -'c + t/cTa6t '

)r 4onaa (14.10) - Hrrur frr rouonw 0G) [aH Kr,rquli 6!"nanlr. 6]'nAaH :ca

lli--rll SE

rienra6 quI{aAI{.

Illynuara rira.nra6,6epnnran e 6yr,ira.ra urynnafi *o(r) ra d(a) - C'r,6

rorrr,rrraAr{r(r{, arap a ( as(e) Ba lli -7ll S d(r-o) 6y.nca, y {o.nra

llt, - rll < e 6y.nanu. Teopeiua uc6ornan4r,r.

H a r !r )K a L4.1 (14.5) u,acana rpp 6u,p a > 0 yq,y% ?{oppercm x,!ilu.,reau

.u,n,co,tta.du1t.
I

{arliarqaraH, (L4.2) reopeMara 6apua >rortna A ypriura (14.5) pery-

rrfp.rarrrrrrpyBarr,r a.[roprlTMHr,r rqyftu6 qnrqaM]r3. Haru;r<a[* llt" - ull nu

Kr,Iqrdr(Jrr,rrlr ;i:o Huur .i au vtoyncra: 6orn?rl! 3r(aHrIrarlIHI,I 6r,rngnpagu.
l3r,t.nep r€Hrlr?1.\{&cn. A oreparopuranr ( 14.3) rypr,rnuururan $ofi.qana-

nr,r6, ( 1 4, 5 ) r"racarlan?I rqyfi n4arr,ru4 usonanarTrvur

d

lll-.f"ll'- lti - f;)(tt - l'l.tlt,i.,l - .f)2dt t

i
r
I:;

lr



t14.10)

,t (q )'
i rr I i xp,s)u(s)rrs - .rlt) I +
1 r,r )

**i{a('),.'2(') + p(')("'('))i' cts - ntin

Jnrn 6y rapUaUrorion""u.ra yrryE Srirnep TeHrnaMacuHI{ 6:aur',rl' Eynunr

j-q}'EqaIITotuollrrnur:u(s)6}fruua6lrpurrvllBa,pl{alli{flc?IEllHoJIraTeil-
r:IaffTI'IpaMr{3:

4 ( b I q

i "li 
xtt,n)x(\)dq - /(t) 

\ ! ""'s)dc(s)ds 
*

'. |.a 
b

*- i(q(s):'-(s)d'r(s) 
* p(s)r'(s)6r:'(s)) ds : 0 (14'11)

c)xnprn \.arrapra|i-n*-^o uI{TerpaIIaIu ycyill{nr riy'u'na6' 4ncoonaliullr:

br ' ''(s)dr'(s)ds-
lr\sP

- iJ.r(s)p(rtr"tril: - / ",',(p(s)r'(s))'"rlsa

\.oclr6j-.uanu(polag-rr(14.11)rarqyftra6,4I,IIlmIraH6atrny:raprupuur-
:raPJ.aE f,ei-rre, Torlaf{rr3

dbb
i o, i/i(t,4)r(rt)clq 

* | ttlt's)dr(s)ds*
lJl

E' re**';,'-t*:'"fTi:l'#5::'i:,- rqn,rcar(' v

ro-t-r,a 3i.reP Teff Ja-\lacEEtI

o

+" I q(s)ru(s)drr:(s)ds-

t
i

I
I
I
I( d " td"''l

c i a(s)r(s) - ;r;tu(s )*rl
t

6

+/ b, (14.i2)

tJt

)

i

-l



{ocu.[ riu.rravrm3, 6y ep.qa

d

d

s(s) - !ut(r,s)f 
(t)d,t,

)"H.qan rarur{apu verapnuft ruaprrrap

p(a)r'(a) - p(b)d (fi : 0

6itn

r(u) =,:r(6) _ g. (14.13)
F(t' r/) rapo e S s, n < b KBagparAa a*prr{Jra'fan, crrMMerp'r* Ba y3'ry,.-
cur 6fnz6, ynr roMon g(s) eca y3lryxcr3 Synxqusgup.
TeopeMa 14.9. X,a,p,n,audari q > 0 y,uyn (I4.lZ)_(14.15) twacana
noppenrndu,p.

Izfc6or. p(s) * 0, q(r) : 1 6ynran {orrnr{ 4apaftuur. )ro.uo (14.13)
TEETJIAMA OP'ArOOrM UKKAHIII4 TYP UIITCTPAJI TEIITTIAMACU

b

a:u(s) + | K1s,dx(ildn _ sG)

I(ypIlrHI{IUuIrU orraJl}r.

Iiyfiraaarra 6enrr.r.uaur'r,r r,,dpurar\^r,r3 Lx : lu G, rr)x(?ildrr, 6y ouepa-
TopHI,IHr xoc coHnapn );, xoc eynrcufisuaprr aca r;6jrncua. v Xon,qa

bd
r:;(s) - \n l r,h)an I r1t,s)ri(t,q)dt

.Qc

Terrr.[al{aHrrHr rrKr(a.[a TOr\4OH?rHtrr :r:1(s) ra rwnar,irrapno nnrerpafij_rarll.uarr
r<efrnn ronalrus

b4b
o < | (,u (s) )2rls - \ I dn { i ri (lr,s).r:;(s)rls}2.

aca
E.y epaan r<ypananur<u A1 nap'rlr*r oapvacu u.yc6ar4np.
)'- 4on4a @pearonuvr rr'Terpa.[ Te'rrraMacr4'tr'r l{a3ap}rrc?Ira rvr.yBo-

Quq '1ap \aunaft cr ) 0 y'IyH (14.13) TenrrraMa rroga etrrrMra sra na yur

(14.r4)

I

ef
?I
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( 14.13)

3a y3Jryr(-

i.; 
tvt0,ce,.rt,n

( 14.13)

(i1.14)

iv onepa-

.lAa

f.lalutraH

a lvIl'BO-

rt Ba )'IIf

::-:_-;
--- ; ---.--.' . _--:.f1!-.' 

E-,-=: =':-::--ai. : t : 0. g(s) - 1 6imanAa (14.12) uacana Ba yufa
--:-B73-..;:=:'-+ : l.{a'la;d 5oppel(TtrI,rp.

-: j - -:.
t-.---'-- :.=:--:.,1---:t::.::i-lalrrr3. (14.12) NracarraHrrHf yHr Tor\,ioHr,r.uafrr

:r:-:,:-n: '-= '.-- - --.:-':,F;rET cerapaBl,Iil uraprnapnl,I llaHoar.lralrrr,rpyBrrl,I

:. '. - l;r= --.:i':z-=z r.i'pa\{rr3. I4uTerpanJrrr {agrapurr guqr$epeH-

------ :;= -':-...:-= :-rir,qn .1e6 xfico6na6, yuunf erlilMr.{Hu lpr,rH Qynr-

I :-::o.rrll ur(I(rdHrrfl Typ I4nTerpail TeHr Jra,l,Iacr.rHI,I

:y31.-rtu\raHr{Hr rApocu aca sa{ar lrycoar xoc qralr-

xtr-?-ra 6y {o.,rua xaM r(opper(TAr4p.

Teop€xe 1{.{ I;p,;s r;;u,tr,urittun A[s,r] : f 6yrr"cu"n. y r,onda

,t'_ :,-. 1....: : '-:,-,'r'.:'.;rr o nap yltyt+ (14.12)-(11r.13) M,ecu.4(r:u,,(s)

:'-.,.r., , ..-r -r-: ?.. x.-. --.., atlr*tlt .r; (s) aa Trt.e?;I.tc uu,rn,u,nu,r)tt.

Il[cfc; -= -- -:.1.3'i \racaJra,Hlriir r:o(s) equMl,r ltxrurlpni,i yirr
r--:.= :-- - -.-.= v:- ^: j'3.r)-KcI,I3 AiaQQepenullaJlaHyBvr,t Qynitullflnl{P.
:- ,--z - r-='r a !z; -:-cr3.rr,r:ff"""Trt4a.uanlr6, TorirMrr3

; { I ' u\ /'
b-r ') d

< 6 | lr:i(r)1" rlr I :0[r,"1. (14,15)
J

,a'Po
: ) .- 1:.1 r)t-:-- =;-j- rd!, Xilr qlttluar.rlaPlrl.a ea 6l,Irra ,f ra l",roc I(eJra-

--'^ r-5 . 1{- - -: :-:.:.i-\,ri]i{tr li.al)arilrur. (14.i) T('IlrcII3.'IItuan / Hll 7
--- -- ----:

(14.16)

(11.17)

I



>

I{e.,TrrO .ru\a.u,r. Oxupru reHrcr[3.rrur( 9ca
Tenuc AApa)Ka.rru .y3nyKcr43 3r(aHrruruHtr

Qyntcqraonannlrnr rarpuerara vrynoeu4

r"(s) Qyurqrarnap rynuaMrrHuur
6ranArnpaAu. )rtrAau rarurlapn O

1""(')l s

B.y aca :t:o eynrqr,rflrrapur{Hr rer(r4c qerapa.[anranrlr,Irunu 6unAn paatn.oapa: rqr'rnarinzr<, cu -) 0 4a r.r(s) ey'xrrfisrrapu z(s) Ter(rc s4u'-
rlaruMacaH. fir'rrr,r 4ap 6up e > 0 y.ryn rrryn.uar,i rv __| 0 KerMa_r(ernr4r( Tonu_
naAI'II(r,yrrapy.rynll"-."(r)-r(")ll) u 6ynaau. a ( s ( bopannq.uarrKril4
Mapra r{vro{fiaruyBr{u Hy4TAnap r(erMa.-r(errrurlrHr4 nipauus. By rypar,Ilrr
Hlr\TaJrap co'?r ca'orin?rAprp. )/napun 1 - pacrur4afr,r4eK uovrepnarlrrn:.

0

I

4

Y 4onaa ly' ra r.yfyn H.yr{rarr?r -\or yrryn riyruun Tyfy' Hyr{Tanap
)'.I.)'H yrap opacu.qarll tvracoQa 6 : 2(b - ct) lN .UaH orrrM aftAv. :l;or rre_raparla'fa' $yHnqrrf,irap ryunarvrug&H 51 Tyr.y* rryr{TaAa -f,r{rr'JrauyBqr,r
Q1'nrqrxnap Kerrra-r(errr,nru'r{ ilKparauvr:. By Kerlvra- KerJrrrr(.ua' oca s2Aa fir\r'rHrrauryBrrr,r 4racnruri KerMa-r(ernur( ax(paraMlr3 Ba 40r(a30. Harn_
)IiaAa 1ap 6np si Tt'rvH nyr{TaAa f (s1) ra trr{trgJraruyBrrn 4ucurari rierMa_
Kerrrr{KJrapra gfa 6y.navrus.

<Dapa: 4uuafinux, N = lg(b _ a) x 01e-2 6yncrau, 6y ep.qa E > 0
eraPnuqa Klr.Iur(MtIIiAop. aO(e) Hr,r ruyu,qari Kz.rr4r( rqnwg- Tagfiaftuusr'u,
o < ao(s) 6j'.nranaa 6apva f ( ry' nor'repAarfi s; Tlr/H Hyr(Tanap.qa
l:i:.r^.(s;) - :l(s;)l < ; Tenrcr,r3rrrrri 6az<apr,urcr,ru. Iiirunr,r ryr.],H Hyr[Tarap
opacr'rAaru uacoQtr rryHyarrrrK rflrrrr4rilrn (1a.L7) ra uyno$urr, ioo(s;) nr,rHr
tiyrurur ryf.yH H)/r{Ti}rapAarrr $apr1r'l s/3 aan Krrr{uK 6yna,qu. }/ xo.lrAa

,5

/ ll:"(s)ldr <
a
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tr $' i ETtr fi-'"r' 4r-ryE E)'4ra4asap.uaru rqnrtvraru riavr r ( .v norr,rep..rap
fsl-E : rif, EnrrEra @'pq \r{nanfi.

5-r eprer Crymuaan. i(s) eynr<unxu a ct, {
ra nlzrei $ rva aEEK.JamtrMr{3 MyruK}rnr(u,
6apsa e?jrr _rar-rrn 6j,.mra xenu6 qm{a.qu.

ioirl e:rrr."rn.. eqnm'qrp. E.y Qyurqr4fiHrr (14.5) ra rqyiilr6 cv -+ 0
-la r-iprxrrr iisj 61- IracaJra.Elrrr a : 0 Aaru eqrrivrr4, fi.bnvr (14.5)xilcarir'rrr mf'-Ep- EournanFnrr Macafla eqr4M' {ro'a ,r(a*rruruna'i, i i : r{s i u {acEl xn.rar,u:.By eca prc6or AaBprrAa rilrJrrtnraH eaparra
+ap rr-E- Er Ill--"-\aprrr'rr'r( TeopeMa'n rac60rn afinu.
Teopera l{5 . (U.S) on?opum,,ht Kyr4nu peeyn-xpuoar.1u'?tu rna.b"rvdurr_st,Edz-

lrc6c- nrrftpd erapri'qa KnstrK e > 0 rannaftnrn vll.4TeopeMa- 'f,a' rc-':t' qrrrFr' m'uAafi ao(e) MaB)r(.yAr{rr a ( ag(e) 6vnraH.qalit -lo! < =,? 6irau- r-r.1 reopeMara nayuo@u4 (14.b) Macara Kopper(T,
rnruro- -rrr.E urrepu 6epunrax a..> 0 y.ryH ruyri,qari d(a) rvranx y,,,,w,j
17 - t!l S dici Efuanna'llr" -i* il < rjZ"6r;;;.

Itr-rz.rei S - arap * < o6(uj lu' llf _ ill < d(a) 6yrrca,

llr. - rllc < flr_ * r,llc+ llf,* _ rllc S e
6_r-.taJg- Teqcrre xe6o.r.r.a qn11.

Aiuprrranu cxeMaJrap.

s ( 66apvaHyr{Tariapr-
Harrr)Ka,qa 6y $yHr<i1r,ra

i l{'5i uac:d''far' ry re-r}tsqu Ar.rc(per N,racaJra'u ilrnrura },,p?r'arur,rr. Ei.-ro-'r- -\qlE rrr'rri airpxa:n cxeMa Ty3rrru ycyJrrr'rr riyunarirraur.
i. S t L d-a < s S 6l r.irpuripr6vpvaxHr{ripco\a {(t,,,r^) tts-r- lr-:d- s>:!r- $,, --b.tn:c* nll1, s,rr:a* mhr, n:0, l,2r...rMj6s-ras aEraETrparar. Or.twfi.rrw( yrryn p(t) : q(t) _ 1, y'.qa'Tarrrf,aptr'6j'-rctap 6up xan. Sy o""uporrur**rra,p ocrr,rra (14.5) ua_cr .ta 

.ttr5-r- ry.prrrnt_ra Frananu :

fti-- )2 r,

| | I xft.-s,1ris)ds - f(t)l dt + a | [rr@+ (c,(s))2] r/s = pi1i.? [; ) a

61- vara'rarr rirpr.a-f' cxeMaclr'n €lruru ysy' KBa^par,)rp Qopnrynafiap-'lax Qor'u€L-Iaqavrf sa Qyffiquf,Hurlr r.yryu H.yr{Tarrap""" an rt*"""" 6ru-



Jr .-

Mr,r3. i1.r'1s;;'ds
a

[r1.[aHrl6) )'u6y
U

f , ,' rr? r
/ {:u'(s ))-rts :,\

a

r,rrrTerpaJrHr'r yIlT a rli'Ift MaT \arlr'IAaf !I TeopeMaAan Qofr-

I4-l 5","+r 
^ 

irf-l n.'i' i (.r'(r))'d.s = 
"f^1r'(s))21,,,,*,/,(5,,,+t - s,n) =

'7'='J sl,, Itt={.J

r1:r . f [.r(s,,,+r)-:u(s,u)]l'_ ^$I [e(s,,,+r)
x \- h. ll-]r:r:_ '-:-l - L 

-

-,?,=O "l /lr J rrr=0

- lr (.s,rr )]2

h,

rypnnfiur.ua 6:ar'rn:' I1o'nrau rrHTerpaJrnapnla Tpafieur'Ifl

$oiuananr'r6, d:anu:
b

[ ,i'( u\,tt
J
u

b

146
E h, )] c,r-,:t:",,r,

rn=0

14

Qoptvty

:un? = :u(s-),

Ii,-: I((t,', s,r,),
I l;tt.s)r(s)ds = h" t c,,Ii,,^tr''',
J rn=0

a.[re 6p auii l\'{ac aJraHlI \ o c r4'n r{rd JraMu 3

NNI
lr, i b,[h, i c,,1i,,,,,9,,- l,]'+

n=0 tn=0

A4 ^ o.M-r
*crit" i ,,,Y',,+ ; t^ (.un'+t - u''\' - tnin '

ti'=O lcs 171=Q

X'Iaca.na [r); oxuprr4 I(Ba'parl'In Qopruanfl i\{lrHlIIvIyM}1Hr{ TorrflrrrAag

E),uacanaHl'IetlllllrY.])'ttoxuprrrreHrnl'IIiHIlrranro\4oH!I'4&rI9rn
X O (' I,I fi aC I,IHI'I HO.ilr a TeHr ;IaIII TI'Ip A\'II{3 :

(14.18

116oPar

6j"au

r1!nt -I!QP+ h'S ctQu'tur: o"" 0 < m ! M; (14'1

6y epna

L(y,,) -V:tL-2'l; ?':t: 6ap'ra1 3 'n S 14 - l'nap Y'rYH'

!

,l

.->-_--.



aAaH Qofr-

- $rrr) 3

ynacr{A

12
- f',1 ;

rfz,b,,*1

\Yfrnnar

(14.18

g"r 6yirm

( 14.1e

YH'

L{ys) - 9t - Yo , L(y pr)
n'"s

,\'
Q,r. : A, E bnlir,rl{n1, O,, _ lr, i b,rlin,nfn.

oxrpru rEEr ol.-* 
t'creMa 

Marpr{rrac.#T- 3JreMeHTrrapr4 HOJTAaHtDapx"u 6i'ranr -FnE fay'cc .ycynu'pr ri.inna6 esr{u&rr\4pr3 r.ryMrir{H.Mrtrtt-F
i' 'i{-!g afupua-u cxeMa (14.b) MacairA'}r ur(Krr'Vrd rapru6 6rrnaHaa4)cxrqallfr f-L_rtrrrrgEu nc6oruanr.
2.i 1{-i2 trarram afinprwanu cxeMacr4 4ar,r (14.19) rcypnnuruAa 6.1is11_'rrrgr r+fcaru Ba -lEE (14.1g) 6nnau Tar{Kocfiaur.
3'p rappru u@epeqnarrrrar[ MacaJracnnr.r rqaparluus :

u(:u) = 1(ilQ:)
Da -rE -rzfr rttrpar r1:ourzurm4a ti:atvrras

r f,^.
b-: lX l@ - s)P-lu(s)ds * /(:r).

III-v orrprr r.r(r
rirq #fi l"#T:#;.-"'T"H:1il;"ffi:: 

" "
!rclurar Enf,TrrraF 6i;m6 , 6y ycynnr,rnr 6rapra'.,,n ryp r.r'Terpan TeH_r'f..arryrrr' .. -r-rrs-a EoKoppeKT Macanafiapra 4ynna'nruu [24] _m rrur_rxPrFea- En 6 t-q:rrrr [10] 6fftuvo 6p"""*rrr *"rr.ur lrorr4]rr.

_ 'Aur-t * llu .

h!1



\

III 6o6. Oueparop Trrr roseeuqr{enTJrrr Aueeepenrluan
TeIrrJraMaJIap

Bu: 6y 6o6la auQ0epeurl'arr-oneparop TerrrJraMaJrapra il.yriranra' r\,raca-
'[aJrapH?I rllapr'i-Iu l(opper(Trll4r{ra rer(uupalvlr,r3 Ba.yJrapurd rarqpra6uri equ'r-IIaprrHlI \ypa^4rr3. IIIyHurr y.ryH 6y 6o6uu 6a6u aruru.qa eoirgarraga_Aura' 6ar:ra 6np ryrny'qa Ba TeopeMaJrap'i,r r{Mr(o'r,r ooprri *.uo".*.c'l-KperiH [12] aa M.M.rIaBpeHTbea, rl.fl.carerrbeB [18] acapnaprdra aco_cnaxub r(errrpaMr{3.

$ 1b. r{eraparrarrMaran ouepaTopnap

.|ulrrbepr Sasonapu. H lwnsfuepr earocu se6,HopMa llrll, _ (r,r)cI, anrp n]-'n alirlra 6nnan aHr{rq Jrarrr an E anax s a: ocrara arltnna.4r,r
cr<anxp riynarirvra AerarrAa qyriu.qarpr xoccanapra 3ra (,r, y)

(:u, ! € 11) Q.yur<ur{orra.r r.yrrryurrrraAr4:
1) (,r, g) > 0, arap.(a :a f 0; (r, z) _ Q s=s :D __ fl.2) (*,r1 -(y,fi;tl (,rt * itrz; y) : (rt,a) + (*z,y);
4) ()c, y) - )(:u, y).

)/ru6y I( orun-Byrrfl KoBcrfi{pl renrcusfifirrr ypaurra

l(,,y)l < ll'llllsll.
Arap (",, 

") 
: 0 6ync a) r Ba z orreMenTnap (:u, z € ff) oproroHarr.Ueillr.na4lr. z e.retureuT ,[f1 ri?rctur earora opToroua.[ gelinna.{n, arap y Htitrrcr\,r Qa:oHuHr 4ap 6np arreMenTrrra oprorouau 6ynca.

Oapa: rqunarlnur<' ,I{1 f/ lrurrr {rcrr{ earocn 6vncnn, } {on.qa.F/ Hunr
4ap 6up r gJrervreuTuuu 6wpnau-6np uMr(ouprrr Ounalr t; : ,!J * z rcvpuuulr_
aa uoonaJraru NryMrun, 6y epAa a € Ht. a eca :l) eJreMerrrr4rHr{Hr /1r rarunpoerrrr,rgcff ge6 arana.qu: U : pHrr.

E1'ryn ea:o r,mrcr,na i:apo oproronaJr r{r,rcM Saronap rtnruu.qncrara (op_Toro*ar rirrrnH,ur'rra) 6fiu.naan: H - Ht@ a[,6y epna AI fI1 r{?rcrvr saroraollTorona.Ir O.rreMenTnap rinnaulr.
Plrccnranr ft,rnr6epr ea:oclrAa rrr43rdr{,,u eynxquonaJrHu'r yryryivrr,rrl rl,._pfiIrr,rlru \a\r,iAaru TeopeMacu ypnn.nu:

I
t

I|.
I
f
Ir
t
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trc6oTcr'r3

- (", 
")

pvflr

F/ Hr,rnr

f,yprrHr.rru-

r/t .uaru

ra (op-

Qa:ora

MIII,I Ky-

^EI fr-n5epr Sa-socularn /(:u) uxrra6pnfi .rr3uqrr,l eyirxuuoHan 6r,rp-
-aairp rrn61- ti-pnlrrnn,ua nQonairana,ur,r :

f (r) : (", ,), 6y epna ?r € 11. (15.1)

Ba recrepncr- .15.1) xipuaurura 3ra 6inran \ap rian4afi eyHKrlnonan 11

gax,:arr qrirr-rf, Qr-sxrrRonan $ynasu Ba ll/ll : ll"ll. 
'

Er 6rres r-imra fr. earo na 6epu.urau r/ ea:o opacr,rAa 6ornuq;rnx
jprarrrau- 5-r 6or.rnri;rur / H u, eca u3oMopQnsrrr 6y.urrnafiau, qyHr(trr

i)/)(t') - )/(c) : tr(c,u) - (r,I-u),

nbEtr l-f *----r fu-
IIIyrc -ErE 61- xa-rrvnrrr{r(H?r r,iyriorunr \{arcaArrAa, rlyruvra I/* So-

Bjur cr.rqra qi.uaurrpum 4yft unarr ryplruurrrAa aHr,lriJraHaAr4 :

()/)(:u) - f,/(r).
l- x-qr.le trl' 5r.urra ea:o 11 ra rr3oMerpnr 6ynann.- Srar E EopM:ur ouepaTopnap. oapar rira.nar,i.nrax, ,4 .rur1rrqnrr

,:Eep.rop f, F-*g !:mu-yrura ar(cJraHTr{pJrcr{H. Y {onna yHra riymua
5-i-.:raa -{' qarop \a\{ H vtr ff ra aKc.rranTr,rpaAr/r na iqyftunarurra
aqr\--ElEltrI

(.4r, y) : (r, A-y).

IOrqllen s&Glrp EE Q y u nur,r onanr a rln ai,i r rap raur q or{A ac r,rA aH r{e -

-ff qll I-o.TIa TarKaArlattu[lnu, rqyrurvra orrepaTopnrlnr crrer(Tpr{
EmrerrqcFTopFrrET c[eKTpara rqapa6 4a4ur1trfi y4ra suc6aran cr,ru-
}teTpfr xrirr'rterx-

-L*ap -{ : -{' 6i-.rca. A yr-irr"a 4vnrrvra oreparop nerlnna[n. V.r-

!-rua r-inre aFpaToprrnnr c[er(Tpr{ 4arqr4uft (;orrJrap yrin.Ua xoi,inaruran
FuE. co+rry- i-r-j:ma qirnrua ofieparopra Moc r(erryBrrr,r (At:, r) KBaApa-
rn Qqte frar 4a{Equi 4nltrvrar rqa6yn rirdrraA?r.

-{ cprrqm EopMacrl }'m6}.

ll.{ll : sup l(4'r'' ''- )l
re H ,llrlll0 \r, r )

@rr:e furaa aq-r\raha,Un.

*1 r+cila rirfrrraranr'r a'rrr{ rqyrilr Ba ro\opu qerapacfi A oneparop

69
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crrer{Tpr'r'}r'f a*'rri riyrtrr Ba ro4'pu qerapacu 6unan ycrr\.{a,_ycr TyrrraArr.
{ap rqaunafi ,4 : H _+ ff oneparopra .p(e) _ (Ar,ru) Synr<qr4onarrHrr Mocriyrtrtru Mylvrr(trH.

Arap <p(r) - (Ar:,e) ) 0 6apva n + 0 6-inca, ys_irura 4vrurvra Aoneparop lvryc6ar .qeriuna.qu, afap p(o) : (Ar,r) ) fr(a:,r) (fr > 0)6ynca, rrayc6ar anrrr\Jranran lefiprna;1pr. ;
P11, ltrna' ro\oppr,qarrrAe* 4ap 6up s.reMe'Tra y'rd'r oepunran qucivr

saro f/r Aaru [poeKrlurcr,rHtr{ uoc \yroyBrru oproroHaJr fipoeKqusnar[ one_paroprr*rr 6enrr'r.naftr'rur. pg, y:-ysura 4f'rrvra oleparoprd lrucon 6inaoJraArr. oprorouair rrpoeKrl?rrJraur ofieparopnapu yru6y xycycr4frrraprasra:P2-p rlap*-p.
Arap.qa Hr C Hz 6ynca, y {on46 parpu, = pHrpnr: pH".
r{erapananrau trrr3rlr{flE orreparop A: H I H r,r3oMerpuri .qefiranaAu,arap )r cKaJr{p nynaftruaHfi car{Jraca, f,bu}r

(.4:r,,4y): (,rr, y) (r, y e H).
Cranrp nynaftriuanu car{Iraru ypnura llarll : [fr:f l (r € ]1) nopruranr,r
cariJraruuu ra.na6 r{r4nr{E rvryMre{H.

{ar1ur1alan, 6y rana6.nap*lr gr(Br'BaJre*TrrtrFrr r{yriu.qaru Te*rrrur(Jrap-
AAII

Re(Ar, .4y) : d-rfllA(u + illl2 _ llA(,u _ y)llr) _
-- 4-r(ll(" + y)l12 - ll(r - y)ll,)

Ba xy,4,ur4 urynAaft TenfJrr4r(Jrap MaB{yM r{rfcM y.ryg yprannu sKarrJr?rf]rAag
( y nu iy 6wnau arrlrarurtrpcarc) xenra6 qur{a4r,r.

Arap ?r3orvrerp?rr oneparoprrrrur Tecxapncu A-l Mas)Kya 6.fuc6,, 4yHrrrap oreparop Aeliuna'u. yuatap oneparop yrry* Ar :,4_, y.p"rro".
)/nurap oueparopnurr ctrer(Tpr{ 6upnur< arinana.ua 6ra.qn. Vnrrrapofier)aTopUap ninarfrviara Huc6aran rpyuua TarrrKun 3TaAr,r.l)*an' '4 vurnrq'nu (6rapxn*cru Ba aAAr,Tr4B, .rre*rr* qerapafiar{Mararr

6\"'.n'uru rr,r.],l,rrcnn) oneparop 6ynr,r6 y'rr'r arrr4r{fla'r{,,, co{acr' D(A) H
4a 3r4t{ xor'i.naruraH, rbnrr D(4 : H $v epla ycr?rtraru .ru:ur( .F{
Lrerpr{Kacu 6yfiu"ra 6nu4nurnn 6unqupa4?r).

A oueparopra rlyruvra onepar'opnr ynr6y eopvryua^a' aHur{narrlvrna

(Ar,y): (e., ArA),
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0Y epAa y 3iIeIvIeHT IIIYHAaI,IKI,{, JrHlIHr y'IyH

l(A:r, y)l < .ll"ll' 6apva r e D(.4)vprtuuu.

B)'s,qal,i Q opuana aHrrri,rraHraH qyruua oleparop troHanllp.

Arap -4 oneparop 6nrar1 6fnca, y'{orr.qa A* oneparopn}IHr aHrI{rIaHuIIr

co\acrI D(-{-) II Qa:oga 3r,Iq >rortnauran 6ynaln. By 6nnau A** ofiepaTop

bupgau 6np anltrlJrauaAr4 na. y A ofieparopnnnr 6urarra 6nnas ycrMa-\rcr'
Tyrrra.4I,I:

.4*r -/.
) holitr.-Iel{c reKr{cfiI,IfI,I H}'Iqracr A oleparopnl{Hr per)/rlflp ryp

Hyliracrr .aeiu.ranr,t, arap

ll(A-.\I)zll ) oll"ll (:r € D(A), n >0)

6ylca.
) pervrrp r)-p Hyr{Ta 6y.uu6 sa .4 oreparop 6nur1 6v.nca, v xonna

A- xI oneparopnunr 4nfiuarJrap co4acu qrrcM $aao raurlil.{Jl 3Ta.q,rl. Yura
oproronal rr'.-r:np1-nvr 4eQenr riucuQaro .ue6 arana4tr, )/HI{Hr yn.ronm :ca

) nl,iirara $c'c f,e;rvBrru A oneparopnrrnr .ueQerlrnuK LrI{AeI(cI{ 4e6 ara-
JraA!I.

Arap leQex:.rn' rxrer(crd HoJrra reir 6jnca) y xonAa ,\ perynxp HyrlTa

6y.naqpi.

H na:rrc xcu.raruraH aHrlrirraullru co\acllra 3ra 6inrau A vuruq.ru

o[eparop (rl\i:.(rl;'rri :eiuratrrr? ar&p 6apva r,y e D(,4) )'.IyH yru6y reu-
f.rnr ypnn.u 6i'.:ca:

(Ar, A): @, Ay).

Mracorr l. H : I:iQ) na vu6y plHTerpar oreparopnrl rlapaIh,rr'rr

f.lirr : J Ii@,'y)u(y)tly.
C,

1i1,1:1I,r4arn ? ni i'.-:qog-:l rrFTerpaJr

t f.-,),
I J Ii'1',Y)u'(Y)thdY
QA

qer(rtr{ ne6 6aca: i-Z.:d,-\Gi. E1'utali oreparop 6yr1'n

Arap !

Ii(.r,. y) - /i(y, c)

( 15.2 )

Qa: ona anl,rri.rr aHran.
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i
a

I
i
i

-j

Ctia.nxp

oy6uur,r reopeluacrrrtl acocilrl rJ'Terpail.rrap fpuuHr,r a.rrMarrrrrrpa'rrr3

(/irr, u) : {r,fu){l ,rrr,y)u(,r)tlrl dy.ato)
NIoc panraru.qa r HI'I y ra, y Hlr x: ra 6enrunarrrJrap'lr a.rrMarurrrpu6 r:onavru:

tr.-. r / ,'[r--, )(.{ru, u) : I u(r) ll ttfu,t)u(y)dy 
f d,, :r)(0)

t' (,. l- | uQ) ll t;1r,y)u(y)ttyl d* _ (rtu, u,) _ (,,, Iir,),n(0)
rry'r(u Qasoua c*a.rfip r<ynaftrua xynarirupyBq'flap,, rapru6ra'u 4arqr,rrlnli
Q alo.ua y:raprr,rpurrr M.yrvrrir,rit.

Mnco.rr 2. H : Lz(A,l) Sarocraua yru6v ore'aropnu rSapar,ir,rr,r:

'4u: -42udx2'
,4 oneparopgr{Hr D("4) antrr{Jrarruru co{acunn {yftlrgarn.ra anlrrqnariur,rc:
u € C2[0, 1], r(0) - tr,(1) : 0.

E.yHnari il,Hr,riirraurau orreparop 9r{3r44nra 6ynn6, yHuur curvra4e.fpur
3i(ar{Jrurrrun uc6ornaft ntrar.

K)4opra4a a'r{\iraHraw c'2f0,1] ra' orrr'raH D(A) ryn.narr L2(0,r)
@arora .'u'r xor'inalrfa' slrnur e.vHxqr,rxnap :rynna\,rr,rHrr y: r,rvarar ora"uu.
)''n.{zua raruiiapu.r(,rt) yzw L2(0,1) aa r".r rrrori.oaruranAr4p.

3t'qot A oneparopHr'r cprlvrMerprrr( sr(anJrl,ruuu r,rc:6orJrarn liofit\.un. 61,-
Hr'rHr yyyi{ y''oy (Au, u) c*a.rrfip r}naftrnaaHu rlapalin',r:. 6y epAa
ut'ue D(A),n'HM u,uf C2[0,U, u(0) _u(1) :g, u(0) _u(1) _g.
Bi.narina6 lrHTerpafij]ar,irvrlr: B?r rrerapanr,rli ruapr.tapurd :srn6'pra o.nr,r6,
)-ur65' Teur.urrriHlr 

r

6y'nca' (15.2) oneParop crrMNrerpur( sr(a*rrrir?rH?r r,rc6or.nairrr,r:.
nvnaliruaHrr ry3a\,rpl 3

(1iu, r,) - | u(,u) 
{ 1 ,r 1r,, u),,(u)ayl d,r.a tn -l

r1
I A.. . r / / \ t1 / \, | ,.\A?r.U) : - J u(.r,)U"(:c)h _ | t(r),u,(c;dr- :

,,J(r0
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: - [uir)r:" (x)d,r - (,,r, Au)
i-

TonaMrI3. C'n.rxelprK- oreparopxag Aorlvro 6nui1 ofieparop {oc?rJr rqr{.fimil

i\,Il/a,IIiIrH. Cu-rrxe:ptrr of,eparopra \.1'nrMa ofieparop y*u'r f:unu'r rres-

rar,lrnpurraEnrr;'. Te.-xc.uxrimr xaqlt4uft 6j nuaran Hyr(TaJraprr crrlrrvle-

npur( onepa;oi iEE p€- r.-rfp 11? E)'\TaJrapA ,rp. Texracnurirrr4Hr ro4op?r

aa i{yfrtr r.:n('}r--raf,Ea al.tr-F-ra -tu-rox.ula treQellTIMr( IrHAeKCrIappI MOC I(e-

Jra.qr,r. Et' rrrria.:a con c;nrveTptrr- otreparoprrnr:r .qe4erTrrnK r4rrner(cfiapu
.qe6 ara-raJtr. -\-rap 5-r" sx=xcJap.ran 6apv Horrr a reiir 6ynca, ctrrMtvrerpr,rfi

oneparop \{a5cll}k-l :e6 a:ana:s. llartclur,raJr c.{MMerpr{r( oneparop rp}r-
Br,ra,[ 6].rrrara.e i;sg'.:.ft-r:--:a ]la 3]rac. Arapna c ?IMMerprlr( oneparopnfiHr
LIH/IeKCII Eo.Ta lter 5i-.:r-a :r ro-lJa .v y3- f:ul.a r1yruua oneparop.uup:
A : A*. Ti-.rapus. paa'r:r-a 5-; r-rfuaarEGEEFaau:

D -l : D _1. Ba ,-{r.y): (r, Ay) :r,,! € D(A).

Cul,ruerpul o:epa:r? j-r- y-:a-a E-i:nrra oneparop 6iriunru y.ryu 4e.r 6y.n-

a.raragAa 6n;;a rar;rs.z-i -:-r.-!fp E\-(.Tara ara fiy,qnrirpl erapJrr4ni.Ip.

CulnlerP:'." ':'=:Fa:
raqa KeHranilil -.EE tEzg :eu :eQexrrrEl( coHJrspfa 3ra oynruru 3apyp
Ba e'lfapllrf;TI.'p.

Arap D'-{ - .F 6j--:ra . !:- j-rnra qyurvra ore )arop A : D(A) + H
Splrnr oflepa:,-rz ::i a:---:a:x. Ill.r.nuafi rcrnra6, rarpu$ra rvrvaoer,rri

Spiultr otrepa;'--?t :,:ii coorerpnx oneparopr(lr, yHr{Hr y.ryg ,4: H -+
H 6ynw6. at-rrv-;-a

-{r- r _ r- .7y) (r,y e H).

TeurJrr{r\ j-l>m=.
N,{uco.: -\E E -t"1z.r:F-t rrrc c€-lapra 3ra ArraroH.rrJr.rrr.r MarptI[a- one-

parop 3prrzr,rtr+artpz :rl'r.
Arap -{ o-e:a:,:p €:---. sa -r:n61' --l-{* : A*A relunnic ypuxnu 6}.uca,

)r {oJr.(a --{ ,rnepa:€F 
=rprr^a: oceparop Aeriuna.ulr .8"t, rarplre.qaH

. -{: : -{': i;r € D(-1,4.) _ D(.lA-))

TeHrJrr.rK xe.:a6 ='v-r'_i-7. R: H + fl- S : /1 -+ H Spruu,rr olleparopJrapilHr,r

sa A- ft - r:-. -{' - R -rS s r:apai;ran.

r!

ti
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,.ro.l"r,t, 
frS : 5'11 6"1"'.rc6 , ,|rrl* - ,4* A r€rHf,,-Ir,rr(Hr,i rtypcarr,rur riiuiirH

Oi)HIlHf Xarlrrr,rrri Ba I,f :t,B\.)rl,i {IICt{jIal )tIHr.I
rr{frr onel)arop Hopa,ran 6i;rrurrrn.r.rrl. riprr.fe_

lLIynaal,i 4lr.nrr6. onepil.r

!1>lrH a.ur\{arrrrupt'Brrau 3r{aH
plrf,crrI{trl).

Ai'a1r

f ) Er ) 6.yr1l.r-la. qAnAaH r(-rrrnrr lr3.rryr(crr3;
2) E_s4,, == E,,Es * Es ) < /, 6i,.uruuna;
3) /t-,-. : litrt .F)1 : fl Ba .L'... : ,lir' Es: I,,\ +-:r. " -1 x 

^_T,\61' ep4ir .[I,I]\,'I4T r{},.{rlr r,r,r,bHOA€r r,.y[i.]r'?InitIlI, .ipr{H.;rn 6*n.a, Es(*o:, < ) < +*) opror,r I il.lr [po€)r{u?rfiJ]affr one'a.ropra' oaa;rirt;r,r 6m1t*lItIHr crler{Tp a.[ 6rinnl,ra,t rrr . {r,-l]rr,t.n ar n.

{:rp 6u1-r (-xr, *oo) yrlna 6epnnrau rrcrriipa.rranr.irg 
tr3.ntrr(cr{3 /,,())

QYnr'ul'rr J"l]'H crrr.nrrec oncpa'forl,rri,I r,rg'refr)iLlrrrar,r aHr,rri.[aur x,r1,trrrir,rH

(15.3)

,u\rap fri,6] .16'1tnr,r 6.\i.nc r, 6y r,rHTer,pa,r ,D f,1)o)(Eru*, __ _Elu) n'rc.pan
rir,*lrHrnn.Lp ,trrr4i,rrr.r ( fiila,T,r,i^a rrHrri!.r,{r=,,lor. uo 

'oaou 
u : _oc, (inn

0 : *:<., 6inca, Xocr\ril(. r{HTer.J)irn r:i,rrfiar.i,ina Ta.bJ)r,rdt.nauaglr. (i5.3) Soil_\{,\IJIA 6r'T.NirH AHIIIiJIAHI IH OIICPA:I'OJJ T]CTAPA,NAHTAH OIIEPATO])IIIIJ), TIYHKtr,I

0

J t, ts)dE>,.
a

b

llf'())dE,l <ql'J 'r J 'll)
o u{A{b

'l!

1l

lt

'l

I
I

-x,

Ilt(,\)l
()1'.1anrr.

Arap F()) Qarra'r \ilr\r'rr!lrr,1 rturtuar ri'6.ya r{rr.rca) (i5.3) y:l_ l,:ur.r1.iur ua orreparopnr,r a rl,rri,uarigrr.

Arap F()) \a\r,irilui na rJera.pa[aHMarau 6rrng1, tura'.nyM i{ep:rr("[r,r
IvIa'6HO 6cpuuraHAan ncl.ilrH (1S.3) i{HTefpi}r lis_y:r,rra qyn6ra, ytryuau arlr_
.aH/-I:'r.' .'irapanaH\,Iar':rH OneparoPlJn 6cp.4r,r. )/nu.,r. irHr,rrlJrirHr,r'r coxac'rla4a:r na {rari:i'r .')'H.qali .l: .nnpn',r, lr60p.rrn, .yJrirp y.{y' ),iu6.1'

I F-(,\) 
12 

rl ( E.1:r.;r:) < oc

TeHr.[trK ]/J)uH,rrl,r.



Xap \aa:ax A .r-:*i3trra r,.imrura oueparopra ,E; 4anAafi4p1p l_HuHr
c[er{Tpa_t €s-r.-:}raca urJq ss;1a:rr sa X € D(A) ga

.{r -- i 
^or^r.-t

E1 on€)ar$F.l+ -{ caeparop 6nran i(oMM.yraq rlfr. \wna1?rraH (:,xoftan_
MarrraArriag ffiepare.:ap dn:aa xoMlvryrarlufl qtrJra.q?r.

Arap -'1, ,-,ueparcp aerarxr-ranraa 6tinu6, nz Ba AtI ywmnrc[er(T.ptr6rrgf
iqyrfl'r 63 IC-;,-iz qr:ala-:aca 6j-.rca. ). 1on4a E;_ 0, arap A { rn 6ynca,Ba Et : I. ar+ ,\ > _lf 6-i-.x3-

IIIyn:ai r-&z,'i.

-r- - "fo 

^or^*.h
Arar _f .:.a*;rar,.e- !r-.tfar a'rrl._ra'ra' Ba (Atc,,:t:) ) c(;1.,:u) 6ynca, yxo.TrAa

,{r:

du

dt:qu*f

x

I san^,

6l-rnaAr.

s 16' Erpuu raprrr':rr otrepaTop Trrrr xosQQuqlre'TJrrr
.rrQeepearlt€ur TenrJraMaJrap

Oapa: K.tr;dr-E- ,- : ,i..=u;er t cra,.rrrp apryMerrrr{Hr{Hr eyHnur.rcu6.im'I.6, \ra'ra:.:apErr ,r- farrdepr easolau rqa6yn {Hrrctrg, /(f) 4arvr tcoafi'f,p apr-l*es:.*- Qr m:unrcn 61'nn6, 4zftrrarnap nnw F fll.nr.epr
Qa:ocmrar'a r'a5r-; LE--r'-:-e- -{ [- ra' -F ra a*cJra'Tr{p.yBaru rrr43r,rr{r[ o'e-parop. )-nf-.-

(16.1)
rryp ia6u m-- aru re F.ta.rdarapra otrep arop r rn ro s Senrlrde HT.rr?r araes ep e n_uualr rerrr.-ra-xa-iap :e6 arairg:.
TarpEo 16'l . ;;t'-tci iIo-1)tne*?nerr,(nrut'el4urvtu,de6 

'r,?c^?.t, 
l4a,m,a\:y't1t,u 6y!"j=7*,rtiu.ilrcH!,r ru . r..ap 6up t ) 0 yrtUn A onepam,OpH,u,?
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4:

it

(ilru,N/tanuLu cox'Pcu?a rne?u'tirnrl sa (L6'1) meu&n'aturavu Kp)+oarn"naHrnupLF'

uu $yu,nttr;fr?0, lm'ut'adu'

TatpIIo16.2(16,1)rrle?le,Ilafutaeaxgtluneau.KoulufiIacT,t[bcudc6,.
(16.1) m,ek?tr(Lrvtauu sa U(0) - tls, llg € D waprrnilL Np'H'oam'lluwmxl'pu6\t'1t'

{ryx,t t4u'nutl m,o nultl tvt' a c an a cuz o ailm'un a' d u'

O.ntrranru Oepran taspuQ (r<oppercrnl{K 4al1r'tna) auuu qYfintraru tcypu-

Hr{rula raQonanaur'r [18]: (16'1) TeHrrraMa y'{yn Kouua Macaracld Koppeltr

teliu.nagu, ar ap 4yft r'rnaru mapT iI ap 6 a;napr'rnc a :

1) uxrlr6puft tts € D(A) yqyn Macara e:r?IMrr \{aB)I(y[;

2) vracana eql'rMra f,rona;

3) luacana eqilMu dorunarrrwv 6epunraufiapra y3JIyKcII3 6onnr,rIq, flT,HI,I

,lrylu,(0) 
.- 0,'rr,,,(0) € D(A) AaIr ?,148 

u"(t) - 0 r<enra6 tMlqalrl'

Izlso4.[18]Aonepa.'ropHl(Hrtra6ornul{3Mac[fi|?I'uaHKorrrnua-

caflir,ctr 6upop lO,T) Kecr\daAa I(oppeI(T 6y'uca, yHlIHr r4tlrbpuli [0' ?i]

(Tr > 0) recrurana r(oppeltT 6f.nr'ri'raircenn6 qI'I*aAI'I' fr,ol.:lr 6)'ryu (0'o<-')

fi pI{\,I !'r1ua KoPper(T'TII'Iru'

Bynra uluonq '\ocr'r \rr'fiuilr yc]'H [0' 27] KecMaHI'I4aparu erapnr'r' oa.

pa3 l!i{[zl,llnur, ru(t) $ynr<urar [0'?] KecMa'4a l(oilrr'r MacalracrrHr{ er{u\'Ill

6inclru. B.ruununr 1r,(T) rlr,llnrvratltnair softnananfi6, 'u(t) r'rr*ranql'I eq?I]vl-

Hil al{llr{Jralil'rn:
tu(t) *u(t), t€lo'fl

ru(f) :'u(t-T), te lT,2T),

6y epna u(t) Qyurunr (16.1) TeIIrIIaMaHr'rnlu(0) = u(T) ruaprnpl lianoar-

Jra'TprpyBr{u eqr,rMr,r, 3n'fi oAAnftruga rypuru l"'ryrvrir'ilnxu 'u(f) QyurUur

(i6.1) Te$firaMaHrrHr [0,2r] KecMaAa rir(0) * ?.t9 IIIap',lrHlI IEaIIoaTIIa'HTI',I-

p\:BaII'I erlu\'Ir{ 6Y'naglt'
'' /5nlr, yilr6y 6up xtuucrll TeHr'[aMaHI{ riapafir'tlt:'

cht

*-Au"
6y :reurna\{arar yMvNIaH aitrranrr'a' Kourlr Mac&nacl4

r(oppelir >iar,t 6fnr'uul'I MyMI(ran' Iiorur4 MacaJracrrHrrHr

(16.2)

i(oppel(T 6r<u no-

(16.2) relrrraNlara

\-



irrapr.Ttr xc,lf,ea:-:sa rerrrrlrpirm 6npr,rHr{u rvrapra [12] ranrna Vrxer:unraH
3.III{.

(Dapa: rEraiur ri6.2 ' Teur;rai4a.qarr,r A oneparop y:-v:i,rra rqyrurrna

Ba HyT\Ta-Tr cnerr^pra era 6i---rcns. Eonrqava rlnnra6 arirrantra, A oneparop

oprouop!{;-:;a.E:Epr"!r rc( rJe\reETJap {pr}T* cr{crervracr{ Ba ynfa x,roc

xoc 4nirra:.:a! .lt.i]- fac:e\racnfa 3fa (6y epua ) ycnru raprra6uga

)KoI"I..ri aII : E;'E.T aE :e5 Q.fal x..s.Tlfiialu ) .

Y ro.::a rdr siPnrn'r tPre.lrr

I
S-t.iUr

3=-I

l;. : iir(t)..p1), k : -€,, ...,0, ..., oo.

$1' sypwz:- t:p-rrr-; 1.5-?. :esr.-iaila oAgufi nu$$epenqlraJl Teur"qaMa-

fl ap cIICTe}I6fE-o a.rl8Ja.3
.J..a aC

t:

Boruna-urne =riprrrs a-e L r-' - ,+ ul(0)pt, ufr(0) - (u(0) ,gr),6yra-
ilu. fl31nr-aia 6r;ql'r:= L. I li-- u^.(t) :'uft(0)exp)pf, nypranraurta

TorraN,ln3. 6i- ep-a= ri7e€.:rex Ar. ( c (,\r roi{opuAaH qeFapa.uaiilau)

6ynca. Iiorny rrer..arar--? L;g>:.; 6i'.ralrl.
X,ax.rrx.arae 6'r r,:.:=a

.-,ft rS."llru(0)ll

6y.nanu.

Arap { I. i r.r-cr-rt:.-z lo\:oplrnan rrerapa.[aur,Iarau 6inca, t' \o.ui.r
qapa;ratitla-s K,:E rtr,-:--:ar: ll toxoppel\T 6ynanlr.

|.3x.rrr,aias 6y rL-a nr-neprn i ) 0, f ) 0, p ) 0 y'ryn ruyuaarl

ru,(0) rvranx.r':r-rr .B it S:6-i-.:ca. irr(t)ll 2 p 6ynauUJ

Teopeva f6.l i6.!; ncxznauada U eaF tr,ar"pn;,r1il funufeltm,(fa-

3ollopu 5!.'.t-.i. -\ f-*fut-'; r-lirrua onepa.m.op 6yncun,. V r,on)a u-,,71it,u0a,eu,

m.e\ecu3.rlix gprjlr
E:r'ii S jir,(r)11t/rllu(0)n(r-t)tr. (16.4)

I4c6or :181. Oapar r.n.raft:rnrc, 6apua t € [0,f] rrap yrryu

,(t) + 0 6i.uf. u ti $rxxrnit rrKI{Il NIaPTa Y3nyKq'tt= anQ$epeurryIa.n.rla-

HvBaIrr 6i-.:ie.

(16.3)



\/J'III(n,

fJffi#::. ::F l!,: 
u 

" |' ; ff |,,"1,: :il fl :lqraann a6 ( 1 6 2 )riaMrr3 
rrr.r,r6opra oru6, 6y.nar<na6 or*rr*"f,orrfiarrrJra,pAan 

r<cpiran ro_
p'(t) - 2(zt,tt1) = 2er. Ar),

o'A'n/(')a"';,{;:ifi 
il;Ji";fi #i;"lr,#naK.'r'.Byur.xon c ruli Teurcl43,rll{rrrnr,r, 

u rrr6op"a o nu 6, { o ciln \r{.rrajvr}r3

(,"(t) = !_QP'li);(eIU, 
o

Oxuprlr relircrzcnr t. .t,tt\ 
?'(t)

irr.y*rr'r y.r.y' 
*cr43nu', '/(f) Qyurturrficr{Hr,r'r oorrartnrnranra ic;ipcaTA.qr,

t/'(t\<!,;.,n, , T--t
i'uH.nra 6.i.uaar,r. r.u"o;t r:.:, il:.r,[_T# :3'r" u,(t) gyarcqar rr*r(r.""" ;,;;;:-::::'n'6 vuqa yri
llii'1-rao o"ri**r..' /r napar,reTpra u; 

oottuti' {ocn'''ara 3fa Oynr,rarau xo,rr'r4,F,rIz{ 
.YUr6y S.yHr<r]usrIII 

i

t/h(t) _ 1-F .9. 
f,.

2ltitaparinrlr:. Ey Svur<rlrdr erap.rrr cr4rr.tn{ 6ynn6.

urapTirapHr,r

gh(-h) := r,, ( A\ 'i ,.,'lth\tt), 
Jut,(t)dt_l

"-h
Iranoar'rra'Tr'rpa/Ir'r' Er' 4iyunur4f,.*a' Qor-raa.ua*r.r6, ulililr'arr,r

t+h
uh(t) _ f snft)d,

t -lt

.rJffff"::Jil:-" Brar 6.v .,1:1 K<'Hr<per f1,(/) oyirirrrr.rsntrr orrAr.r*,
ruapr.rapo",,u*ol;;:,JJJ:i,,ffiil" 

;H*'1 
o" o o"o ro. o' rrn a,rr

'",1TJ'i;i?Til1[J,fi ffi ttT,ff 'Hffi a'yBqu'#ilffi ,;1?":#::



IOx.+:.c.--z {;.7,rara-:ap.f,'an nxruiipufi tt,t2,t (h < tr ( t { t2 {
T -h. i- ( r; .=e r,. f ,: in:lu6(f)ll 4ynnur,rry{yu rl.)'n(t) ) 0 iir<ra

I\. \;Illl,x,aiz -=:1: zI:-;'--F-/r -,pm.rn

Lr i, S iuirtz)ll-=?'llul,(tt)llffi (16.5)

6inl,rrrrrr rt-d :iaa.=. Oqrru reurcrr3J[4r<4a h -+ 0 .uurvrurfa yu,r6

(16.2) Te=.Et=n.oE fr- t,-'::a \.arr u(f ) Qvnxuurra ipr,rHJrr,r sr(an.rrr4rfrrur.{

uc6or.-rai e= 5 ji.:ixr_
Araa '- : fr:r 6c.cr :: € [0. T] yvyn Ho.rra renr 6ynca, y {o.rrga

nxru6prE;1 € iil_r=1- : i :0 6j';rurun (16.4) Teurcr.r3rrrrKAaH ri.e.nra6

rrr4ria.utr. T::gr*ra lr6:':;:E:2.

H a r x ,r a f 6-l -:r--! Tri\.?.rtLt1rr yuylt Koulu tut&calracuHulre eet"uJtu,

szouadur

T e o p e r a 16-2 ': i- :i.i' qftH?ua,tura yuyu, Kout'u, Macan&cu Kop-

peKnx 6i.tv's lTF -{ t-et-yroFtruHa nrc,opudan flputvt q,e?apanaH,ea?I

6lnutLru 3.Fl; :'t .,r-4.r:r--rc

Vlcfur- 9lges r.t-i-rr -{ ouepatopra Moc I(enaAI4raH flpoeKul,{oH

onepaTop.-Iar .!Err i E .': 6i-.rru:

T
_-l - I 

^d8,.,--

Arap --{ .:.-::=:co rfrl iErt:a:t rpxx rrerapa.[aHran 6ynca, y \o.riAa

a

.{ - [ ArtE,.
tn

t

(16.2 :€F.Elrr-r r_i?x-uas Kouru MacaJracu e.rrlMr4 yrn6y rypranraur-

HIiI OII4,-J
1

r r : 
_l 

erp()f )dE1)us, ru(0) :110.

B1' x.ar.a-a:.r,:,8 r-alr qr-E+ai. .ryHrcu pqopr,rAa 6y uacana etrnMrr flfo-
Ha.[!rrE il':5-.::"-:a=:t ra 6j- $.rxxUrt reHrrraMaHI,I Ba 6orunaHruq [raprHrr
ilauoar-:ar:Ef,aa- EcEffiEr bepn;rraH.rrapra y3.rryrcr,r3 6or.unn 3r{an.rrrr-

|LIHI'I KiPq= r.ri'rs 91ref-



SrrnuAoneparoplo\opilAaHflpllivlqerapajlaHraH6lnuacnu.).,1on,ua

uxru6piul u>AyqyH III.yHAaI,l b> a ToI)fifiailI4rcwLIot'= (Eo* Eb)[-l \w^'r

Qaro 6frir slrac:'

Oapa: rlu.naitnltri' ug € Unl 6vncltti'

Irr,rTrf lropMacl'r (ilg l''Ioc r<enys'Ilr) yuroy

a

lltr(t)ll : ll I e^'rtE'"'sll ) t"'ll"oll'

(16.6)-aauriyplruriitui(I{HopMa6yftr,rvaeTap.[I4IIilI(I4.quKKoruu6e-
pI,IJIraH.IIapI4raI{op]VIa6yliu.iaeTapnuI(aTTaeIIIIMMocI(enuIIIIIIVIYMI{I,IH,
fr',;urrerrllMrr?rHr6epr'Inranfiapray3rryl(cr'I36ornr'rrlnrruitytq'

TeoPeua rac6or'nan'uu'

Mracon 3. Q - (0,1) x (0,?) co4aua yur6y TeHrIIaMaIlIrHr

'u1(r,t) -- -u*,(r:'f)

u(0,t) :0,tr(1 ',t):0 (0 S t 3T);

'u(c,O) -/('), (0S'!1)
uaprlrapur,r rlanoaTnanTr,rpyBartrr Ba c(Q) n ct''(Q) cuHQra Terr{rrrlud

'u(r:, t) QYnrtur'lrHt'r Toflr'rnr'

Aonepatopcr,rQarwaaL,l?1'1)$a:oAaaHI4I(jI&HraHy[I6ynlr$$e-
pe'Ur,rar uQoua 

A,tt: _*
oit:"

ra,tt|.,_-t : ?[l.u=l :0 veralrasfiI,i ulapTnap 6ianarr usouanarryBllll onepa-

TopHr'r riapainalr:. Y 4onua io\opllAa I(eIITpI{rran c'f 'Itpeftn reopeMacilf a

rr,lynoQux.6YuacanaHl,IHrIIIapTJIlIKoPpeI(T3KaHnI{|urtenlr6aIuIlaAlI.
II.IioruinJlel{ccoHIIaplrairAoHllyCTI{AaaHl[Iljlallrau|ltnloeptQa-

3o.rapidAa (16.2) Ter{r.naMaHI'I orepTop-rcoeQ$1U1d:i{Tl'I HopMa'II onepaToP

6y.nran \orlHrl ila-r,palitvtlt:' Illyrnnat q*"u6' (16'2) TeHrrIaMaAa [/ rou-

firre(c coHJlap ivrai.rtronlr ycTi[Itarl4 funl6epr Qa:ocn' A nopvran onepaTop

. FSl. Qapas rcpn'at7t'ux'u'(t) ( 16'2) m'ewzrram'urrrlH'e

6yncun' V r'pnda (16'/) n'LeH'ecu3tlux yput+ttu'

Y 4onua l(orun N'I&caJrac[ earr'rNlr'I-

TeHf cI4 3 TMKITI',I llaHo t1T'lr aH T np aLlI

(16.6)

uerapanuft

ga 6our.[auru't

i
t
L

t
II
I
t!

t

6i.ncun.

TeoPeMa 16'3

(0,?) dclzu eo&tt'tn



I4c6or. 16.1

.110'.r.or,,,"J,ffiiltrfi1##* rt(t) .,4 s t ,

4ot *4op;o;;r;^ 
anr,r4naduu:. 

rvBy?r oioinru , f^Y;[1fi#?.ffi';
By Synr<qnaJTaprrr4 aneseperfldzanna6, 

Tor raM]r3

eopeMa 16.5 . (16.7) meH,eltalil,a e,quhtu yolyu gut6y 6ar,o fpuuau,(.{u(t),u(t)) 
S @.ue),u(O))(r,t/r)(Att(I),u(r11trc. 

(16.8)

j*' "



klc6or. l''ru61' Qt'Hriur'unll I i paI'IMr'I3

e r(t) - (Au(t)'u(,))

Ba yl{rrur Moc \ocl{na'iIapul ;n lnco6narllalr:

e /(t) :2('4ut(t), rr,(t)),

er" (t) - 2l \n1(t), ud(t)) * 2(A'u1/ t)' u(t)) :
'- 4(Au1(t)"")'

Ev epgan aca (i6'8) '''eHrcl43'rrar< xeur't6 qul!a'4pl'

H a l I{ ]K a |6.2 (16 l) m,ev?lluJvlaza x,iltnLn,ean Kout,u JfiucalL0cu?1"1.1112

eur,td,I.t, fleo?7(L art, n' € il'I '- {u : (At(T)'u(T)) S rrt) m'yn'n"ut+d(l' rTLApelJ?l-

dup.

Mncon 2.

MAIII{
sign(r)tl1(1, t) : -ttr,r(r;, f ),

sa 6v TeHfnaNrara, r1y innrar,u 4- uaparpaQAaru Hol(oI)PeI(T \'IaCaJIZIHI{ Ita-

par,ilrlr:.
A ouepa'rop cll$a' :vAa Lz(*l, 1) na aHI4Ii'rIaHras yrr6Y nll$Qepeuullail

uQoua ^qd" tt
-{u : -;-:jo:t:'

aa,u,l"=_t :,u,|,r,=l - {lalerapae[fi 
'''apTna]) 

6ltnau raQoga'nau-yBrlfi O'.ePa-

T'')HI'I qapanuur 

'(e;) QyHicuusfa rynar'irrapyB{ru orepa-
B oneParoP clttPa lI'{Aa 3ca slg

Top,,I'I olz.tr"rn:.16'5 -T t oPe14a'fa rurvnoQlul 6)' vaca'ua \alvl Jraprirl'1 IioppeK-

TAI{P.

$ 17. glrapynrrlr frrepatop rrdn rosSQuquenTJrlt ' 6npuuvu

Taprra6n u auQQ epeulrrran rerrJraMaJrap

)r ru6v one p aT op ro a Q sra ur,reH TJr I{ Tellr JraNIar'HU rqall airrt',flt:

B\il'#: A(t)u(t) r /(t, u). (17.1)

Q: (-L < e ( 1) t (0,7) (t l0) co4asa yru6v rcHrrla-



6y epna .f r [0,7) * D -+ H 6ynr,r6, rrKl(aJra apryMerrr 6yranua y3uyligpr. 
"u

u(t), u(f) € C4(0,f);D) nap y.ryn

ll/(t, tt) - f (t.t')ll < a(t.u.') - krl (tu,Bu)l + k, il@,Bw)lcts (17.2)
b

ruaprHl,r K.anoarJarlTtrpaAr{) kt,kz uyc6ar r(arraJrr4Knap) 'ar., :'Lt, - u. (., .)

3ca ro\oprrJarn;ref, fu"rs6epr Qa:ocra 1/ (4arqurqurt tir<u I(oMrrJIeKc)-.qaru

cKanrp rJ-uainra, ll.ll y*" Moc EopMa. B(f), A(t) 'trnzwr{irrr oneparoprrap

6apva t € i0. f] .rapea H Ea ru.r xcofinarman D (D g H) [a aurrrirrauran

ne6 Qapa3 L.tr.rrrrra.f,.n. t(t), u;(f) {rynxuusnap D -aala rqurirvrar rqa6yn

rqnnraO [0.f] ra axrrx';raqran. rt(Q) Korura 6epunra1vr1vr 6vtngwpagw..

Scrara-rtrnr.:r. arap L (D -.Ua a6il{,rlaHra', D g H) cr'rMMeTprK qu-

3r{rilrrroreparopx.arr.xa6apvar € D y.ryn (r,Zc) ) 0 6y.nca, y\o.ua
6apua r.y € D-ta

ifie(r. Ls)l'( (:r, Lr)(y,Ly)

Tenfcrl3ilrrLxa ?ra 5i'.rar,rs:. Arap L'(t\x = 1irr, '(tlj)r-'(t)c_r _ \ -,/.- lr;0 h

6np t e. [r.i]:sa r € D1 y.ryH Kyr{rr4 MaBHoAa MaBx(yA 6}nca, y

4o.una 6ur 61' 6nrax l'(.) qu3trqrrr{ oreparoprap orracrrnr,r [0,7) Aa

aHurqnaftrur:. )-r:an rarrrriapl4, arap l,(.)"(.) Ba l,(.)r(.) nap 'tI, Ba

u € Ct ([0-fl:D; Qlzrrrn{.-Iap y.ryu Kyrrrr,I NIabHoAa y3rryl{c?I3 6vnca, y
,\oJrAa 6sr x-rfu:arxra rra 6irauu:.

d(a(f l' Btt'rir'' : (ur.B(r)u(r)) * (u, B(t)u1(r)) + (u,B'(t)u(t)).
,tt

Arap f 1-:rapras-a Dtrf ) sa ,L(t) 4arvl y:rapca, v 4on4a 6u:

,,_- L(t * lr.)r - L(t)r
llm-
h-+0 h

i.rQonanu aaui..:ai o.lrafoiu:. .rJ__rrKlr t: erapirtrqa Kr,rr{EK h yuyn 4airn

D Lft + h ) n D;i t,i ra rerrmJr{ 6ynrr,racnr,rrr,{ MyMr(rrH.

By qrmu-rnu ser.ra6 yraru y-ryg \yirug.aruqa r4ur onu6 6opa-

Mr/r3. t/..t. t1 Nt rt1 Syzap x.uauarnapttnz D1 4a6yn 4nila,4u ne6 Qapas

r( r{Ir?rxa.dtr ) .rap }-slE 1ru61:ro anuqnarluur

e:, ,r.,_ , : diu- B-,(t)r) 
- t ,r, B(t)u) _ (u, B(t)u).

1//

L'ttlt --

L



t

: Itu,ffvt)dr+Q2.0/

t

(Arap Dr.(t) t ra bornnrl 6ynrrraca, y \orI.ua Q1ftr,'u) - ('u, B'(t)t')).

TeopeMa t7.l , {311. Aapas xp,natr,nurc,6apua f € [0,7) yuyn B(t)

A(t) curnMem,puK qrliuv{u onepurnopnap (A(t) cll,nlrlrv( on,epam,op)

6ynnl6.,uoc ) > 0,, k > 0 aa,k' )-A rcamm'unu+trapu 6un,auyu6y m'eH,e'

c1-t3lLUKnA,pH,U

(r, B(t)r) ) ,\(e, r) eo,l(r,B'(t)t)l < k'(r, B(t)ru),

(r;, A'(t)r) ) -ft'fi(r, A(t)r,l * (r;, B(t)r;)1, ( 1i.3)

.f (t,'u) (17 2) uropnlril-t, Kpruoam,nu,H,rnupcu?r. Yndan rnaulvpplr u(t) (17.1)-

H,r..t, K{rvoam.na?unupadu, u € CI([0, f);D) sca wywdail'xu yHwre y'qyH

L'u:Bt4-Au-f(t,u)

aHulr',tJt,uvitu?l. Qa,Ttas n4tnailtux 1l) =: 'tt - u 6a 7 < oc 6!a,cutt'. V r,o.t'da

uryru)ail, cr; > 0(l : L,2,3,4) xo"mrn&nu?;trap m,onuna)unu

I

p(f) : / (u,, Bw)clr + (7 - t)(r, Btu)g f nr1(ur, Bur)6 *
7'

*cv2l(ttr, '4t')lo + a3:lP lll,'ll' + u+ ! llLttllzrlr, f € [0, ?) (17'5)
[o,r) o

Synnu,ua opupnu uSo d at auean

r/r(t) - ln p(t)

$yurtntu.r k1 rta k2 ,nuuduil 6fln,naert'u r;aTnn'Lzttur; 6unax, yu6y TneH,ecu3-

rtuvl ru, N p11, 0 u.m^n urtm,up a 0 tt,

(r7.4)

(17.6),1," (t) + k:rlt' (t) + kz > 0.

Izlc6or. O.Ugullnr,rK yr{yg p(t) QVHTIII4fiHI{ Yru61r rIaI(JIAa ii:alvtlt:l

I,

p(f) : | @',fiyr)rlr + (T -f)(u,,Btu)s * P2 :
0



6y epUa P2 sa Q2 6ournallFnq 6epianranllap opllartu uQona'na'yBrlu KaT-

Ta.rllll(irap. e(t) Hu .uuQSepeHuI'raJIrIa6' :ronaMut

' 
" 

cl(u'''Bu)
rt'(t) - (to' Btt') - (t', Bu)o: 

I * -

-2 jRe(ur, Bw,)dr + ilrr,B'w)ctr'
b0

(r7.7)

(17.1) aa (1i.4)-nn :r'rrr6opra onn6, fr : f (t,tr') - f {t'u) 6ranar 6euruna6

TOIIAIvIII3
But=Aut4f.-L''

Illynnair r.ir-rn6.

^i 
1 t

p'(f ) : t J ,u .-{u'ldr * ltu',8'ut)clr *' {Re[(ur' 'f-) - (ut'Lu)]clr'

30o

,rr" ( f ) \'IaB;ftJ'-f,. r5an;rrrrnjraE

rt
t" (t) : t i Rt,,u .. .lu')dr + 2{ | @', A'w)dr + (u" '4 tu)si +

i0
*(lu, B'w) +ZRel(w, fr) - (u'',lu)]' (17'8)

.I),'HfiI4

(17.1) aaa

', d(w.Atr') ',ri. -{u': : (ur, Au')o + I O;rLr'
U

--lu' rs rom6 (17.8)ra 4ffttl6 TorIaMlI3

;-(t) - + | (w,, Bw,)dr + Q- (r),
0

6y epna '
t

8-(r) --'t jtu'.-{'u'ldr* (ur, B'w) +2lRe(ut''l-) - Relu'Lu)]+

I

*1 ! Re[i u,, 7u) -,(w,, f 
.)]dr. + 2{w , Aut)s'

I
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r

Iorqopuuarunapul'I ertra6opra onn6 yil6y

. ?(t)P"(t) - (v:'(t))' :
a

: 4s2 + 4Q2 I l*,,9w,)dr + Q. Pft) -
0

-{^ j Re(w,Bw,\d,r !r*,8'w)rlr+ {i t'' B'w\clr)2} -
obo

t

- 4s2 + 4Qz l@,,9w,)d'r + Q.p(t) - Rr, (17'9)

0

TeHrJrIdI(Hll Torralvlllr, 6y epAa

,' - j{*,,nw,)dr 
!r*.Bw)ctr - ti 

n"1*'Bu')rtr)2 > 0'

sbo
Iiefiunila oa4onaurnapllMll3Aa rqyviluaru sIIeMeIITap TeHrcI{3III4I(IIap'qaH

S olin an analvllr3' vriaPnll uc6ot naut 4ufi rau 3Mac :

t

p(t) ) I@,But)dr;
0

lp'(t)l S (u', B'u) + (ur, Btu)o S p'(t) f 2('ttr' Bw)o;

{i t*,n'w)rtr i ,*,,8w,)clr}(rtz) 1
bo

S krs + k29(t)+ krp'(') + lsi'w'A')o - ksQz'

By epna /c; rvranQUirViac I(aTTaIIUKIIap. Ey lenrc?I3JIIII(JIapnlr astnoopra

o.uu6, Yur6)'

ln-l s 4,19(t)s + k2,P2|j)+ &:3'l',(t)P(f) + A'a(ur 
'A'w)s4$) - 

ksQ'p(t)

TeHrcr43nnl(Hr4 4OC?IJI \r4JraMu3'

3n:rra Q* rrr,r6a4onaiiMlrl, 6yuraur y-IyH:ra6urafi TeopeNla uIapTJIapu,[&H

eoirUauanaryIl,I3. IIIynAail All ) 0 r<arraJMI(JIaPu NIaBiI{yAIir'r' riyliuAaru

VPuHnu
tt-t,

- f @, , A'w)d,r S t t(i @, Bu)clr I l*" Bw')clr)t12+
Jb,bo



ttt
+A,2 !l(u,.Ir,)ld, + fu lQu, B11t)ctr * fn lf (r,. /-)lr1r.oo0

ll/-ll 1 a(t,'w) Ba lobl s a2 + b2 renrcu3rrr4r(rapxlr errnoopra onra6
uryn4aft h 2 0 KarraJrrrKJrapnr{ Tofiulu MyMrfirnrfif, yirapAa yru6y regrcr{3-
nrdii.rap fprannra:

l(ur, B'u,)l (

t

< fti(r, Bw) + k', | fu,, Bw)dr;
0

7

lRe(u,,/-)l < I,s(u, Bu) + k6 f @,, But)clr!
0

+*t1j 6,, Bw)dr j ,*,, Bw,)rtr)t/2 .

00
Xynun urrrnnnlref, 

t 1

I ltu,,, f-)drlna I l@, f.)|,r,
0O

.rap \aM 6axoeana.un. I{anQrfiuac ft; nap 6unan ylu6y reHrcr{3rrr4r ypnnnu

t

nrax{f 2.Re (w, Lu)|, I l@, Lu)lclr] <
b

t'T( ft1(u,, Bu,) * r, I@,Bw)ctr + i,r plp llLrll, * rn i llLullzcrr.b [o,z) o
B.y \ocun qununrrad 6apva rerrrcrr3rrur(Jraptran Sofrga^fiaH 116, er yrryg MaH_

sufrrvrac a; napla Fn6-r' T"eErcrt3Jrnr(Hr4 )iocr4Jr r[]rJraMr,r3

-Q' { krs * k.zp(t) + fug,(t) * ka(w, B*)o* k5[(ur, Aw)al+
Tl

+t-o sup lll,'ll' * r, IllLull2dr 
* kae2 * n I Re(w,, La)rtr.[o,r] o 6

{ocun 61i;rrau reHFcE3.(EKnap 6apvacrrutr (12.g) rqyrin6 (17.9)_AaH rora_
rurnr (6y epna l'; ) 0 rarranmnap)

e\)p" {t) - (p'(t))' >_

A,,1(u, Bw) + k2(fut, nr4 
J 6, Bw)dr)r/2 <
0
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I

t\

2 4r' + 4Q2 [@,,9w,)tlr - ap(t) J Relw',L'Lt)rlr *
"00

+kiQ2 - &'z('r, U'u')o-- krl(', '4ur)61 
*

!

-ka sup llrrll' - t u I llLttll2dr]tp(r) -
[0,7) b

-kop(r) s - k7e(t)e'$) - k8'p2 (t)' (17'10)

p2 rcarra.rrrarrnu ruyuuaft rannaftrtnzxw, Q2 : P2 + (" - t)('' B*)o

n$o.ua 
T

kz(w.Btt,)o + krl(u, A'u;)01 + k+ ltP ll"ll' * ru I llLull2dr
[0,?) i)

-AaH r(aTTa 6Vncrs. Eynuur y.IyH (17.5)-na &; II&pHlI a; ) k;a1 (' :

I,2r3,4) rqunn6 ran.nafttugt:. Oconrr4na rcypnur MyMr(I{HIiu' ruyn'{ar7r k' k'

Jrap lIaB)I(yAr(H

T

J ilrrYar S ks:(t), (r, Bu')o 1 k'P(t)'
0

Bynapnan Qofi4a.uanra6 rqyfiuuarl,I TgIITCII3JIIII(JIaPRU nC6Or'[aruIINII43

My\II(I,IH ( k; rrlyc6ar y:raplvracnap)

It
(/{u,, Bw)clr | @,,Bw,)drJtl2 < k*r(t) +'kzs + I'rp'(f) (i7.11)

00
xyanr,r rxyHuHrAei( mylrAafi i'1 y:rapMac MaBXyAr(lI')

1t
pft) [ Re(w,,Ltt)clr - Q' l@,,Uw,)clr I

b0
. 'r. 

T

s ftr(p(r) - Q')(lt*,,Brt,)clr ! ttrrtlt,trl't'n
0.0

tTt
+ e'lt*r(i (*,, Bw,)ctr I llrrll2ctrlltz - | @,,8u,)dr].

6bo
lolrl S aa2 f 2 + b2lQa)(" > 0) rerrrcl'r3ni4nnn rqynnao rouaMu:

1t
eU) | Re(u,,Lu)elr - Q' l^@,,Vw,)dr 

1
0u



s *rtf I @ , Bw)dr 
1 ,*,, Bw,)crr)r,, tl fu, , But)crr f ilr,r12 drlt/21+os66

(1211), 
{lltullro, s

t
f

+kzQ' I lltu11,'tr.
U

kp(t) 
"uQ, S e(t) reHrcu3rrtrKrrapAan

eG) i Re(ut,, Lu)clr * Q2 lr*,, Bw,)ctr 1o6
< fup(t)s + k2e21t) + fue(t)e,ft) (17.12)

y-:raprrac l'; ( 0 rrapn 6unan,\ocr,rlr r{}rrraMr,r3. (rT.rz) amuOopra ofir,r6.

T'
P') :'1(ur. Bu')o a orl(ur, Bu)sf -; or 

f^.H llLull, * *n i llLull2r/r[0,r) 0

uQona.Ua a; JapFn TaHJarn 4uco6nra

v(r);-(r) - (;,(r)), > 4s2 _ k1p(t)s+k2,,t(t)e,(f) _ h,ir2(il >

) -kr p(t)p,(t) - ,,rr(t)

Terilcrr3Jlrh-ra ?ra 6!-'rarrur. Oxnpru TeHrctr3JrrTI(HtrHr I{r(I(aJIa roluonvrnr,I
p"l,t) - ra 6i'.u6

u"'(i) + kfll (t) * k2 ) 0

Teufcu3.tulra jra 6j;rauur. 17.l_reopeua lrc6ornanAlr.

H a r f, )K a 17 'l ' ( 17.1) nle?,enarvlaea r;,!{tu,eau 6outnaueuot, tt(rcatta-
u,uue (Koutu Haccutaal euuuu neouadup.

IzIc60r. (Qapa: \.trilafrJ-urK u. Ba u (17.1) TeHrnaMaHll riaHoarnaHTlrpa_
Arr. z(0j :1'19). ur_ u-u6incnH, Lu =0na u(0) _06y.uclru.
)' {o*. t(f ) (17.J) ean *Jdnaarurava ,p(t) _ I@,Bw)dr qrrci{apar?r BayHr,rHr.\.q18 0

;(r);'(r) _ (p,(t))r 7 _fr,\2(t),,r,(t) * k2prQ).

Y xo;ua ;{0) - 0 .rsrsran,,r(f) = 0 r<enlr6 rrnriaArr.



H a r rd )K a 1'7.2 . @apas npnailttun a1 6a 'uz € Cr ([0' 7); D) 6!t'cun'

v r'ott'da 17'1-meopet'ta uapmu\a wyndarl ",rt 
o,2' cv3: o,4t fu aa k!'

ysea.p macnap Jvras),cy drcu, a fi,&p yuyll'

T

jr*,Bw)clr l-k'rQ$-'trrrli ('u, Bw)clr* Q21"(tt, (17'13)

b0
6y ep\aur _ ur -'t)2, u(t) - [1 - exp(-ktt)llll - exp(-k1?)]'

e' :n1(ur, B*)o* a2l(ur, Ar)ol * "r ir:ri llLrt - Lu2ll2+

T

*"0 lllrr, - La2ll2dr-

IIIynra yxuaur HaTu)r(alrapnra 6our4a XapaK:f epAartr o[epaTopflap oI4-

Jracil y-ryH [31] -nau Tonr{rutrHr[3 NIylvII(lIH. By tunnarll MacaJiaJIapHI'I

raqpr,r6uft eqr{ru ycyr.raprurl 3ca [2], [4J, [11], [7]' [33] ua yqparaMn3'

MaurqnaP.

1. Qapae rqunaftnr,rr< (17.1) TeHr.rIaIvIana f (t,u,'LI1) - 0' B(t) - /'

--t(f) : ,40 * Ar(f), 6\' ePAa A0 y:- j':r'rra rlyufivra yTaprvrac orepa-

rop 6y.uu6, Ar(f) y3rryKcrr3 Ai(t) {ocunara ara 6ynra6' {aM,4a ruvu.uafi

n,,b 20 y:rapvracJrap MaB)KyAI(Lr, uxtui;pufi u. yqyn 4yriularu TeIIrcu3III'lK

jrpuHnunnp

(Asu.,.aiu) - (Ao,,Aru) ) -a(n',A'u')- li6(u''u)'

)i 4onna (17.1) TeHrJraivraHr{Hr rxTl4tipnir eqaMl4 y-IyH yili6y TeHrclI3-

nr,rr 6axcapllJrrrurunu uc6otnasr :

ll"(t)ll < ll"(T)11"tttllu(0)ll'-"(').(t),

6y epaa , : (1 - exp( -nt)) l(1 - exp(-aT))'

c(t) -.oO o(r - ""p!o?') 
')

b - Zbo + aal*2ct2, ot : rnax llAt(r)ll, o, - max llAlr(t)lf ' [18]-ra 4apaur'

2. (17.1) Terrr.rarvra[a,f(t,&,il1) = 0, A(t),B(t) cIrIvIMeTpI'II( q?I3III(.]Itr{

oilepaTopnap 6ynu6, k > 0, k' > 0 raltannl{rlapl4 6unau yIII6y TeI{fc?I3-

.UI,iKIIAP
(r, B'(t)e') S k(l,B(l)r)1,



V'r,,y € D, l(c, A,{t\y)I, ( &/(c, A(t)r)(y,A(t)a)
buxapuncr,rn.

IIIy IuapuraP ocrl,raa (17.1) Teur.ra\{ara rqyftranran Iiorun Macarracr4r
eqr,rivru f,foHa Ba rrraprJrr,r rypPyH sKaHJrrdrlrxrn ucoornanr [31].3. (17.1) re'rrraMa4a f (t,u,,ur) - 0,4(t), B(t) cnrcrrru"p"r, rru3ar(rrr
oneparopnap 6ynn6,6apva x +0 y.ryH

(n,B(t)r) > 01ft > 0€ l(r,8,(t)r)f ( /c(r, B(t)r),
f ft' > 0 € (c, A,(t)x) > _fr,fi (r, At(t)r)l + (r, B,(r):r)J

' Y 4onga (17.1) TeHrJraMara rqyftunrau borunannuq Macalra (Korun Maca-
.nacn) esr{Mn sroHa Ba rrraprnrt rypryH 3r(aHJrarr4nn ncootnanr.

4. (17.r) re'rrraMata B(t) i I, A(t) unsw{rrrr oreparop 6ynn6, t
ra 6ornn4 6fnrraaran H na su'r )Kolinarurau D anu4nanr{ru co{acara 3ra.
YnAan rarrr4apn sapar qnnartnur< A*.,f,4*, Al, ReA - (A+ A.)lz orepa-
rop.[apHlrHr arru4Jrarrrtm co{aJrapr4 D sn }s u.rura oficr{H. ReA D ra
[A-, A] 6nnarr A* sa A oueparoprap r(oMMyraroprr'r{ 6eurunaftlrrs. yH-
,eaH Tarrr{apn ReA D nu cycr y3rlyrccr,rs uuQQepegrlrrarrlraHyBq}r otreparop
6y.ucnu.

L Da C D gu acocag rutrouoprvrarr .qe6 aralra.Er4, arap ruygAarl rp, a, €
ClA,Tl,,a'(t) ) 0 QysKquf,nap 6apua t € [0, ?] ywn MaBx(yA 6ynu6,
6apua,\ € r?, t€ [0,T1,, € Do -rapyqy' 1Lu, u >> 0 6ynca,6yep.ua
L:fA*, Al, +(zReA- ))r+ 2a,{(ReA)l _ a,,(a,)21neA+pt) +pu}.

Arap A oueparop f ra 6ornz4 6ynrr,taca, Ba ett : ptt :0 6ynca, ), 4onaa
L : fAr, Al, +(2ReA-\)2,,na 6ynsau,L oneparopEr4nr (-.A., Al > 0) ReA
oneparopHlrl{r D9 ra rerl,tlufiI,t XOC Ber(Top[apr4Aa rnnoHopMarr 3l(aHJrr{ru
rcemr6 tmqaArr.

Oapa: rqunaftuur u(t), zr e C', (lts, Tl; , H) (12.1) regrrraMara rqyftun_
rau u(0) : u0, tlq € D' fo € [0, ?) Iioruu Mac&rracfiHrrrrr eqnMrr 6yncun.
TeopeMa L7.2 . [i] Ilxmuepud ts,t,tr e [O,Tl,0 ( ts <t <h ST,'us € Dsea6apuae ) 0ll"(r)ll
ypuutru 6ynuwu ljq1u, 6y ep\a 7 _ ((o(rr) - *(to)) *,(a(/1) _ c(to)1(-r),
c - p{fiexpTcp(t1) + p(ro) - TpGtteU), tJ - rir i t;i-t) ,"D0 d; ,i'onr-
pam,opHu acocaH, a.movoptvntn, 6ynuruu 3apytr) 6a, ernapnu.

IIII' reoper,ranr,r rac6ornaur.

9t



5 18. v*apyaqrr ofleparop r!r,, roseenuuerrTJrrr 6ysn.rragura'
6upunvu rapurOnu aueeepe'rrlraJr re'UraMaJrap

onnr,uinrm y.{),H 6v naparpaSaa r/ 4arqu4uft lrns6epr Sasocrr, yHAaiE
crcaiirp r<yualtrua Ba HopMarru Moc paBrrrrrga (.,.) 

"u f l . ll xfprnuur4a
6enrnnaftNrus. fI Qaroua su.r x(ofiraruran qrr3nrtfiu riunau ilKparrrjpag
4eb $apa3 r{rlnaMl4z na D co{aAaru cr(arrfip rrfnafirrvrana [.,.] KrrprrraMtr3.
Vuyuan afttran.Ea D coxa 6y cranxp rluafttrurara nnc6arau tinarq oynraurz
IIIapT 3M&c. A(t) : D -+ H, D co4aAa aIIaI{JIaHraII Ba cI{MMeTpI{K.

Yrvryrvrrfi nprKK a 3apap err(a3Macgan 6y epAa uraeeepeuulralr renr JraMa
ipunra ynra Moc r(elryBvu yur6y uueeeperutrralr renrcu3JrrrKrrranr

lltp ul + A(t)ull' < bt o-' 
lu, ul * brszo*zJ 

l 
u l f 

2 + / (r) (18.1)

(0 < p ( 1, 0 < t < ?) na / - 0 Aa Kouru bepnnraHrrapr4 byfiuva errriMrrnn
Totrr{ru MacaJracr4nu 4apafinaus.

A o[eparopAau rqiruzruva yru6y fopaunr ryp.4ar[ Teurcrr3lrr{K'r

{arroarrrarrrlrpuurr4rn rana6 qr[[a,Ivrr{3 :

(*A(t)u,,u) ) a1[u,u] - orll"ll, (ue D, a1 ) 0, o2 ) 0),

6y ep.ua a6&2 - ysrapvrac KarranurJrap. Yu.qau rarrrqaprt,4(t) oneparop

4ap 6up t € (0, Tl aa D co,1a4a r(yrrrrrr araeeeperfiIrrarrnarryBqr.r, ,bn?r (0, f]
ga rrrynAair Alt) oueparop MaB)KlrAKV, y D co{aAa aurrr{Jraararr Ba 6apva
u€Drapycyu

_ a,rrl"ll : o

Ar(t) oreparoptrAarl rqlrunruva rqylinuaru urapr 6axapznramurrr4 raua6
IEr4.rralrrr3

l(A1(t)u,,?r)l < a3t-r[u,u] (u e D, o3 ) 0, a3 - yrrapruac).

K) rqopunarr rapirpaQnapua {aM Ta'r(lr.qrraraHrrMr*IleK, uneeepen-
rlr4alr reHTnaruarrap.4a riarrrauraH 4ocrJrafiap f/ sasonnHr HopMacr4AarE
JII{MrrrA& ne6 rynryHuJla.qu. En.ura TeIrcI,I3Jrur(HrlHr eqr,rMil Tyurygtlacl,rgu
KI,IpI,ITaMlI3.

,,* ll A(t + Lt) - A(t)
At-+0ll At



Ta,5puQ 18.1 u(t) : [0,?] -+ H fiynxtaur {18.1) meuecu3ltuwll,ull,?

eq,uMu de6 amaa,adu, aeaP:

1) u(t) t € [0, Tl da y3nArccu3 ea u(t) e D;

2) u(t) f € [0, T] da H uopnacu *tQ;blrpcuda dufi$epe4utuanltaqysq'u;

i1 
"1t1 

t € [0, T] 0a (18.1) n.,e*?cusllu'ltu K*H'oanxn'aumpadu'

I[euua18.1.Qapaexp,nail,n,urc,4,(t).wnyKcu36yau6,7(t)>
6up uapm.a, n(t) u,rifi,tr rnclpm,a dus$epeuquan4aH,y6'ttu cr,&ilsp fiyu,rcttuanap

6yncuu. u,(t) synrcqufi nxa,Tpufixux,e 6upunuu unfrunta uapnxwu rcpH'o'

arnnavn'Lupalu, p 3c0' urn'Lu|puil. V r'pttda

ryzolltour+ A(r)ull2 2

, lh'ro), + zlv'\e2*7-A't,n') - 1tte2n(41u,'u) *- ['' J

+l(ttt o n'r), + z1',1,t0 o, - i,l''fe2' | | 
u I 12 +

+{.ttoe2.[(rr, ,) - to nlll"lli ], (18.2)

rn eH,? crrS nure ! P utt' tt'u.

Vlcflor. n: eK'u, ne6,4yIin[arl{ra sra 6}nauua

)-e2*lltr'u1 1 .a(t)tll' - rl lto(r, - rqu) * A(t)ull2 -
t-

- tll lAu - tprc1u * 4', - rl,rll' +t'o1lu,ll2 + 2st(Au - tpnp",',)] :

: ^y[' lA, - tpnlu + rl'u['+ l[/rl 12 - 2(Au - tPntt-t + du,'{') +

+t2pll,,,11'+ tte(-\r,,,,) - 2t2P(t:,,,')l > -r[-,4'1r?r' r') +
IL

*Ztp(Au,ur) - 2t2pnt(u.,rr) - ,1,'llrll' * 2'{'sto,lli l11. (1S'3)

(18.2) Teurcrr3Jrnr(Hr{Hr ynr rouoru.tAarl,I urr<ltflrru Ba yrrfiHrrr'I E$onauapnn

rqyftngaruva YrraPrupaMu3:

21tp(Ait,u) = *'{rl'+r,u) - ^ftp (A1u,u) -
_ -(tto)r(Aa,,u) -fiP(A1a,?/) + 

[rt'{ar,11],;

-21t2p x1(u.tr,) : -'ytz'xtftO,Q - (ttzp^,), llrl12 - (tt'" nr)ll'll'),

I



1

:

i

{ocun r{utrrrnran r,rQouanapnra ( 1 8.3 ) Teurcl,I3rrr,rrulr ynr roMonrirf a rqyr.ru6

TOIIA\,II,I3

tr2* lltp zr4 + A(t)u,ll' > -[Oto), * 211\(Au , u) - 1tp (Aru , u) +

+10t" o,), + z7,1,to o, - rL,'fl l, I l' + 
{tto l(Ar, u) - tp x ll l, I l' i,

Oxr,rprn reufclt3,rlrrKlr![Hr ynr rovronllAa t,r $ynruraruan z Synr<ulilflra {ai,ir-
car( JreMMaAarr{ Tetrcr43n?Ir rce.nn6 rrlar{aApl Jlevrlta uc6ornan.ura.

T e o p e M a 18.1, Aeap f(t) $ynrcuun sa euuu u(t)

[r,(t), u(i)] S 1, llu(t)ll', Ls's-o1l/(t)l < fu+6 (d > 0)
c

wapn'rltapu,u Kpuoo,rnnavm,upca, U rpnda ( > 0, T' < f < 1 nap yq,yvt,

rcpilu)aeu, 6arp ypuurtru:

T'. r ^ ( I I I .l
(t - p)( I t*t"-v\€a1[u,u] +;(1 - {) l, -;(t - p)(t - €).| '

0

xtp-t ll,ll,) dt 1 c..*p (-1 
'" 
Fl i+) . ir8.4)rr*rr 

J 
'-' 

\ r rrl? lnh jl ' \'

Eyepda 01 pl-1,0<€< 1, u-l(t-p)(1-{)> 0 6ynu6,a3,b1,b2
nap ((18.I) - u,une yne mou,ouudaeu yszap'wacnap) uynda'(t ntaH,tra?t?&xt{u

(I-p)€ot-aB-b1)0,

(t-p)(1 -{) i"-1,1 -p)(r-{)] -bz)0
m,e\e CU3 A,ut\lt, ap YPuutt'u.

Izlc6or. (18.2) - TeHrcI{3.ruKI(a

K, - -(tlnr*.lrnln | () > 0),

neoaanapo" uy",,Jn :.'r-'o' 
4) - -ltt - p)(r - €)to-'

)r 4onga
K,t : -t-r z, Ktt : t-2 z(I * O -r),

t

{



6vePna ,1 /.,1\
z : u) * Iln-r i, O-t: O (ln-' ,, '

Srtu6op 6epavrurrn

htP\, +2t4'- (1 - d€t-P > a'

By.napuu. A(f) aa At(t) ouepaToplrapra 4yftunran ua,prnapHu erru6opra

o.rral{ {olrla ( 18.2) TeHrcrl3rI}IK.uaE

7-2u-2p*L tn2l f 11rru t + A(t)ullz >

Z l-2,-r,rtD |{i1r -. p)€or - o3l[u, u] +

+p-t[Q - p)(1 * il Q - itr - p)(1- {)) * zo-r -
-(1 - pX1 - €)a2t-t'+tlllrll') + +{t-'1"^ i ftt-e (Au,u) +2ll"ll']}

)t

{ocEJI lFrra},IE3.

Bv renrcrenrrwrr qarr roMoHnra nuc6atan (18.1) Telrrclr3JMxrur rqynna6,

(r - p)(1 - {)rr,2tt-P - zO-t

3riaHJrErqEF rrtu6opra oJrtrrHca, 4yftuuarn TeHrclI3JIlIr< renn6 q \aLu:

t-b-prn'^ 1{[(1 -_ pXnr - t.s - b1][u,u] +
, [..

-t . / 1,, rr\ 1 ^)

+p-t ltr -pxl -c) ('- ltt -p)(1 - {)) + zo=-r - brjllull'} 5

S {ruht, + [-tt-o1nu,u) -"ll,rll'l] * ,-'"-2r+r 1n2r lf Vl- t. 2t - \----'-f ,, ,")t

fi3. b1. b2 napaxetpnapra 4!'ftran uapTnapEMtI3AaH QOfiUa.uanu6 uryn.uaf

0<((lla.nrrafirrruu
(1 -p)€or -at- b1 -{(1 - P)a{;

(r - pxr - €)t" - ltr - p;)$ - {)l - l,z :
: (1 - p\(r - {)[" - lrt - p)(1 - {)l(

6urr."Ptrr.*-
Byuaafi ( ua elapJruqa KutInK ? napua rorraMll3:

T t( 1

(r - pX I t-w-c h2^ 
i{c,r{ltr,, 

td + ;(1 - {) x
0

1



-,-

x[,,, - ifr - p)(t - €)]to-r1lu1f] at 3

= {r'" 
tn'^ i [-tt-o1tt ,u) - 2llr4lr]],* r-r,-2p+, 1,,2] ltAl

Teopervra4a u Ba / eynr<uuf,rrapra 4yftranran uraprrrapuau eoft4a.nanu6
Ba ro{opuAarfi Terfc?r3JIrIr(ErI trnTerpanna6, yur6y Tel{rcr,r3rruKflapra ara
6!.navrr,rs:

T
(r - p1C I t-2,-or"zl|{r,6[2,,] +

0

+i(r - {)[" - itr - dG- €)] to-,1utl,]ar <

s lg{r-rr.,1,,2) !V-rtor,u) +rllrllrl} +

*{r-r" tnD }1-rt -p(Au,, tl - zllrllrll -Lt" "' 
,r' 

" \/ rtlt (&/ - tllull 
) 
I ,=r-

+ | t-2,-2p+t tn2'.|tOlo, s
0

s m{r-r,ln2r !V-rt-"{u,ul + a2llullr) + ,ltrllrl} +

*{r'" lnzr llrr- pu3lu,ul - ,llr4lr)},=, + e f r+r,r,r^ } _.

1; c4T-z'-e+r ln2'\ 
f,fu, 

,l * ,5-D,-Lf (2) + 1) <

S ntT-z' e+t 1r2A | * ,o-r^-rl1z) + t).

{ocran l{I4rrtr'ra' Ter*cu3Jrr4I(HI,rHr qafi ToMoru.qaru uHTerpaJrHrlHr rrera-
pacrrgrr [0, r'j (T' < T) rava r[rdcr{aprrrpra6, vau aa yur Tovrourarru (lrt, T)2

ra 6yncar< sa .\ = 
1 ln(l/e)

rraMv3. 
= afi lrr(vu) Aeo oJIcaK, TeopeMa4arrf TeHrcn3JrrrKra Ke_

E.y reopeMa.qan e -+ 0 Aa Moc paBlrrura firogaJrrrK TeopeMacu \ocu;1
rinJlurra4r,r.

Mucon l_. (18.1) - TeHrcu3rr[Kr(a Moc r(efia.qrdrag yrn6y renrJrrrrinrr
Kr4puTaruil, 

,

tQtt"1q u", - 0,



6y epua H - Lzfc,d\, D: C'zlc,dlnCslc,d1,, [tr,t] : (tl',tr')
IO4opunarrl rrar?DriaJrapAau 6y reurnaMara rqlrinnrau uoc Koruu Macalra-

crrnrrnr rrlapr.[u Kopper{T ?I(aH.rItIrE tcenra6 r{IdIqaEI,L

Mucon 2. CraivrrurerpuK Kyqflu sJrlrurrrru( ofleparopra ofa 6ynran 6y-

3rd.rraIrrran napa6onul( crrcreMa yqyH rqfftunrau apaflam Maca.[a'

Oapar rqrnafinur< O - ,RN Qasouaru qeraparauraH co4a 6!'nn6,, 'Ie-

rapacn Cl cnnsr& Terrrlrrru 6yncnn, H : L2x(O) - i'nvonnu ly' ra relrf
6ynran Ber(Top - $yulcqutJlap Qarocra 6ynu6, yn.qa cKaIIf,p rcynafttua
rlyliugarnqa aHulqJI aHr aH

tt.,u > dn

6incun (6v epua ( .,. ) RN 6aso4arr1 cKalrf,p rtfnaritvru, lll'lllynra iuoc

uoprura) . A(t) uKr(lrHrrE raptra6nu Kyrurn 3Jrrrr4rrrnK cnMMeTpIlK orrepaTop:

A(t)u - t (-1;'"-t D"A",p(t,r)DBu,,
ial,lBl=rn

6y epta
cy - (ar,a2,...,o,), 13 - (13r,02,...,Fn), l"l - &1* az^+ ... * Qn,

llSl: h*02*..,.*9n,, Do: Dl'D,ff'...D"", pg - of'nf'...off,
Dt : *, a',e(t,r)- {oiiu(t,r)}l=, - N x l{ }nvonnrr c*MMerpprK

MaTprrla, yHAaH TaJUIqap?r

A",o(t,0) : Ao,p(t,,u)

Ey uarpr,rrlairap srreMellTr{ 0 < t ( ? napua C-(0') cunQra rerulurlll.
A(t) oueparoprrl{Hr Kyqru srIJI}ItrTtII( sralrrlfirl'I yrn6y loaApartrK Qop-

IvIaHI{Hf

I .A"'o(t,rX"€BC,e>
. lal,lPl=nr

rvryc6ar anrrrqnafirarfiHrr 6ranunpann. A(t) orleparoplrlr yru6y D _

C''"'(O) n Cf'-1(O) ua 4apalivrn: sa D ga 4yl;Isnaru cr(arlnp liyuafirMaHtl

At

pr,ul- [i I D"tt;Do'u;d,r
fi i=r lallrp

r(r{p!rraivrr{:. A(t) oreparopu D na cEMMerpIaK.

(u, u') -1.
o



Iiiftran ruapTrIap?II\4?B.Ua 6y oneparop Teopel{a ltrapTnaplru}I 4aHoaT-

JraHTr,rpagvr. ,4t(t) oneparoprl[ arrlrlqJram yrryn Ao'0 vrarpffrta 3.rIeMeHTJIa-

pl4ra IqyuI,IMqa IiIapTJIap rqyrur'I3, flbHII

NfL.) € c,,(o) (0 <, < r), lo*i;Pu\t,') I s .,-'.0t Lv \--,' \- ' l At l-
Y 4o.nra A1(t)u, - I ?l)u'D"Al'0(t,x)Dpu 6ynra6, y*ra rq!'riranran

lol,lPl=nr

111apr 4avl 6ax<apu.rraAr{. (18.1) Teurctr3lrl{rrrMtrr3 ym6y r<}'pranrarrrga Oynagu

ilt lll2
lllltr", + I (-1)--'D" Ao,0(t,r)DPulll ," <

6 ll I lal,lPl=rn I ll

Sbrlo-t tf, L (D"uo)'d,* +b2fe-z/ tt trt llzax + 7(t). (18.5)

fr r=t la1sm n

ru, -. vracafli\Hr{Hr r{raccrfi eqr{Mlr 6i'nu6 qerapaBrrr,l ruaptnap AC]

Terrr, nbnr{ 0 < t S I napua tt, € D sar € O ua tr' e C([O'T])'
etll{r( ! r a6Uui.rr<r,r, IOEopI,IAar I,I T aBpI{Qn arra etMM 4 arvr 6ynaUU.

f (t) = 0 6ynran,ua 18.1 - TeopeMalau MacaIIa eqIIMltHpIHr

3r(aH.[rtri,I r<enra6 qulqaAll.

Y:rapvrac r(aTTaJItIKIrap c, h, bz JrapHI,I eTapiluqa KI4qnK orll{ur \I4co-

6ura 18.1 - TeopeMa rrrapTJrapnnn 6an<apurura spI4TTIaMI{3.

TeopeMa L8.2. QapaexTttailaurc,6apua 0 < t !T nap)au' e D,

r efr da z(f) € CL\},T|, u(0) - 0 1ytcuu eau(t) (15.5)-xu emaptu,a

iij1r.4-t,trr C, bl, b2 yeeapnacno,p 6utau rcp\o&rnn0,um'upadu. Y t',onda

Aa irofira
Bynnau

TpI4BI{aJI

{a4rarlatan 6aP'ra r €

6ynrania.uaH, eraPnr4rra KlIquK

u(t) = 0.

0 napna tr(0) _ 0 na u(t) € C'L]1,T]

f .napAa

llu(t)ll' < ,t'.

)r 4o.n4a (18.5) H!IHr equMl4 y'ryH (6y;ep.qa f (t) = 0 ) ruroc k 6mnan

u(t) : ku(t)

98



Ba 18.1 - reoperurara 4yftrarrau rrraprnap e :0 Ba c{r_ L - 612 (d- uyc6ar
riuqr4n urarlnoir) napaLrerpnap 6u.nau 6ax<apu.tanu. 1g.1 -TeopeMa rxaprJra-
prrra acocag ( nu ruyH.qa,ir rannaftuusru,

u - (rl4)(r_ B)(1 _{) - 1_ 612_(rl4)(t _ p)(1 _{) > 0
6yncun. )t {ottou n,3 (c ra [ponopqvonan), b1, b2 JrapHnrf eraplrr{rra Kurrr-
r{.rr?rK rrr apr,rr ap n yu6}' Te Hrcrr3.rruK.rrap 6n.nan 6 ep u.na.un :

0s*br<n,(1-p)€,
b2 < (L - p)(I- {)[l - 612 - (Ll4)(t - p)(1 _ {)1,

6y epua o1 ,4(l) oneparopnrrur foparanr renrcu3lrr{rr{Aarra acocuri yrrap_
NI aC r(aTTa.TrI4I(4I4p .

$ 19. oneparop rrrrr roas$uqr[e*TJr' lrKKrrrrqa rapru6.nn
auSQ epeurltraJr r€HrJraMarrap

Bv naparpa$.uarr;r u3Jrarrr4lrrJrapnlr 4aM 3Hl ogAurt r<yprnnuurAarr{ Ter{rJra-
rvra"{an 6orunariuu:. Ey epna I{ (4a4nrqvft. ern i(oMtrIrer(c) fzns6epr Oa_
30ctr{' u(l) ury $a:onan 4rafivrar 4a6yn {r/rfiyBrrr,r / cxanrp napaMerpHfirrr
Q;'nrurxcw, A uutwrtnr4 ofieparop 6y.uu6, yHrlHr aHrr4rraHrru co{acr{ D wy
f nnr,6epr Qa:oclrna rnq x(orinaurraH.

I.{arlnrirnr,i courrap uaftAonu ycrr4Aa H lunr6epr Qa:ocnuu ona_
ura:, A oreparop yr-yrura {yurrua ofieparop 6]ncnu. yiu6y reHr.[aMar{}r
qapartrurur

d2u

i,sz 
: Au' (1e.1 )

Ey teurnaadaHl,rHr eqI4MI[ na 6y TeufrraMara Moc I(orur,r Macafiacri
eau4rvrfi ro4opr4Aaria 6r.rpranvu raptnonrr reHrrraMaAarrlAer< rarpn$naHa,uff.

TeopeMa 19.1 . (19.1) rnevelralrratfltrre ?mTnu\puti eq.ulvtu yuyn yu6y
rn eH 2 c?.1 3 tl,Un y p u,n,n u

llr(t)ll' S '(*)
(llu(r)ll'+ 1n1;+ (ll"(o)ll'+ Inl)'-i - lol,

c(t) : e2t(1:-t)

6y epda

I



1a: 
,U.Au(o), 

u(o)) - (r'(o),"'(o))1.

VLclor. Vur6y Q.l,nr.uuxru4 r(r{pr{TaMu3

1t(t) * ("t,, u).

ynrt .quQQeperrrlr,raJrna6 rouanarar

p'(t) * 2(u' , u,), ,p" (t) : 2(u, , tl) + Z(r, Au).

,t" (t) QyxnqurHrrnr rrrrirdurru {aAlrgn au$eepenqraanna6 TotraMrr3:

d, ' \ ^, , (l

frtau, u) : Z(Atr, ,t/) :2(u,, , u,) : 
ftfu, , 

,u,).

IIIyHuafi i1r,rnu6

,,t" (t) - 4(rr,', il) + lrt,.

3ngr,r yru6y Qyur<qelsurr Kr{puraMr43 :

,!U):ln(p(t)+lol).

)'-nlr nlrQQepeuurranna6 rouaura: :

:n
(u, u) + lol),

6rr,r v,'1(t) + 4 > 0. By renfcr3rrr{r(.uan aca

t T_t,/,ft) < *lt(r) q |4,(0) + 2t(T - t)t 1' ''
Ter{rcl,I3rrl,rn r<enr6 rmliaAll. By".4Ut' 3ca reopeiraa r,rc6otr,r rcenu$ qurtaAr{.

TeopeMa L9,2. (19.1)-m,e1n/rawa yuyu x,!il,un?an Kouu ril,acarracu

Koppe?im dlttutuu yuyn A on,e.pam,opH,u\e n\ppudau ,flputvt, q,eeapanaH,eart,

fynu,tttu aapyp Ba ernapnu.

Izlc6or. {El} <ineparop A ra Moc r(elryBrrr,r npoeKrlrroH orreparoplrap
ofinacu 6ynclru:

T
A : J \d,Es.

>-1
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Arap ,,{ oueparop flpr4M qerapalanran 6ynca, y {on4a

A : I",n)d,Et.
<Dapa: 4ranari.urar, arra4rrr,rr y.ryH a ) 0 6jncnH. Voqo l(omn Maca.ra_crrnr,Inr etrlrMtrr yrrr6y riyprHuurra 3ra 6yna4n:

tt(t) - [i .",, ,/Jtlan^) ,,0 * (i ,or,/it1an^) ,,0 *
. U-Po'^)''*["*P,h,,,

r.tg: u(0), tt1 - t1t19).
By epaarr reopeMa zc6orn og,qurirraHa rcenra6 sur{aAr,r.

Arap ,4 rorqopnAau fipltM qerapafiaurau 6ynrr,raca, y 4onla eraplr4rrar(arra o ) 0 sa b > a rap.ua 14 € Et- Eo,,r - 0 6unau l(ouru 6epnnraa_[aprr erapnr4qa Ku'r{u* 6y.rrca 4au Koru* toaunu.rr etrprrvrr' rropMa 6yltzr.raerapJrr{rra r(arra 6i.uuiur.r MyMr(rrfi .

A oneparop HopMarr otrepaTop 6inraH {o.nqa 4arur (1g.1) reHrnanaay.ryu l(ouru MacaJracuur{Hr eqlrM
- ra rqapanr). 

vaJrclv'ral,ln| eY{MIr 'f,roHa Ba uraprJrr4 TypryH 6ynagr.r ([10]

Mnco'rr 1' D co4a R" Eaqerapafia'ra' 6ynw6,y'r4r{r verapacu - ,5crrfifir{ri 6ynczH. D co4alia ys _ yuma rqyrurvra srrwrfiTrrK ur,r0@epenrlaa.irorreparopnr'r .Ilnpaxire qerapanrari ruapr u 6unas 4apartuus:

Au:-i a 0u

'r;,r::r,i 
a;r* cu'

il

,prooi€i{r ) dl{1,2, d > o, aki = aikt vj,k,
Qrj " yznyrcra: 4ras0epenqnarfia'yBrrr,r, c - y3Jr.yr<cra: Qynxqras.)/ur6y apararfi Macarraur{ rqaparavrur :

d2tt

,f 
: Au, ufr-g : rr.9, Lttl,:o * Lt,r.

Ioriopr'i^au4 Harr'r(arraprrMr43,qaa 6.y Macafia HOr(oppeKT 6ynu6, 1 g.1- TeopeMa.qaH .yHIrHr eqtrrM?I .,rroHarrrdr(a.{n. 'rrr L-1-vrrvrrli xr'oHa Ba ruaprJrrr rypryH gKaHJIrIrr4 xenrro

I



II. A sa B oueparoprrapn Il - 4a^4urquft luns6epr easocu,ua :u.r xofi_ |

fiamrarr D co4a.ua anr.rq.rranraH qu3u{nu ys - frura 4yunvra oueparoprrap I t
6yncun. Yru6y ar(Klrrrqu raprr6nlr zneeepenqrraJr rerrrJraManu qaparirrrur I

It#: : Au. (1e.2) 
|

TeopeMa 19.3. Aeap6apuaue D(A)napyq,yn,(A,u,,u) ))(u,u) | O() > 0) 6ynca ea B-r naecrcyd 6!nca, y rpnda (jg,g) m,eue.na,aauuue
eq,u.&tr.t, yuyu rcgiludaeu m.eue cui ttuv fpuunu:

(Au,tt) <C(t)((Au,(T),"(T))+laff/r1(Au(0),"(0))+lal)r-tt, _lol, I v
6y ep)a 

I

C(t) - ezt(r-tl, 
I1. I

r4c.6or,(,;::;"':',:, :Iijl:-l#:l *|]]:o*0""" 4uc.6. Inariuur: I

p'(t) - 2(Au' ,u), I u

,p" (t) - Z(Ad ,zl) + 2(Au" ,u) : Z(Ar/,tr,) * Z(Aa, B-t Au) | 
y

(Au,t,u') raQogaru,rxr {ocr4lracra 4raco6narilrr,rs: 
I

n 
111 ,,,tt^,t1 rtr/A^.t^.n\ | O:

fi.(Ad,d) _ (Au" ,u') + 2(Ad ,z/') : | ),

_ (B-t Au, Ad ) + (Au' , B-t Au1 - ft{er,, B-r Au).

T
Illynaafi 4unu6 | *

(A,r' ,,u') : (Au, B-LAu) - 4a. 
I

6rir,r 
I

p" (t) - 4(At/ ,u,) + 4a. I B
a

Fy epuan 19.3 - TeopeManprnr rac6oru xenu6 quqa.uu.

Mucou. llxrun-ru raprra6nn apalraur ryp reurrraMara {ifiranrar ve-

tI,

rapaarafirvracalra. Q:(-i<r<1) x(0,f) @#0) co4agaym6y | .r,
Terrrlraa4aau 4apa?rMr[3 .

sgnr uu(t,r) * tr"(f , tr) : 0.' (1g.3)
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N{acana. IlyfiraUaru IuapTnapnl't IqaHoaTIIaIITIlpyBvn (19.3) TeHrIIa-

MaHUHT O{I,IMI'IHU TOnI{Hr:

u,(0,r) _ f(,t),u,1(0,e) :9(r:), -1 <c(1;
u(t,-1) _ u(t,1; :9, 0<t<T;
u(t, *o) : u(t, +o) , u,(t,-o) : u'(t' +o)'

' 02u
,4 - onepatop tr2(-1,1) Qasoaa uyc6ar anlrqrralrran Au, : - A,, ArrQ-

SepeuUua^u uQona ua tllr--r : ttlc=t : 0 'rerapannfi uIapTrIaP 6ranaH

anr4riiraHa3iw. B onepaTop cn@arn4a sgnx: ra r<fuafirrapllltrHl{ 4apaftuu:.

)/ 4onna 19.3 - TeopeMa Harr,rx(acrdra uyao$ul{ yEI{Hr eqfiMu fifoHa Ba

ruaPTJr?r TypryHAl,rp.

!i 20. kkrnH.rra rapur6.rru israpyauu roeQQuuuenrnu
rnQ@epenqlraJr rerrJraManaP

@apas rqranarinrar<, u,(t) Qynrqux [0,T) - [a anrrl{rrarrrau, u1(t), ,trr(t)

Ba qr,r3ur{rv A(t),, B(t) onepaTopnaputlHr aHtrI{raHtIIr co{acll D (D g H)

6y.ncran ( H - 4aqlqrft ,6xn rouunercc ftans6epr Sa:ocu). u(t) Qvuruur
y ur6y gnQQepeurlrdafi otreparop renrnaMal{Irnf eqr(Mlr

B@# - A$)u(t) + f (t,u,ut) (20.1)

6yncutt.
)'ru6r' naparpaQ.ua acocan (20.1) Tegfnallara ri,yirra.uraH Iioruu \{acafia-

crrHm ypranaun:.

TeopeMa 2O.4 [32]. Qapaa rcp,t'adt'un u(t) fiynrcqut (20.1) meuena-

Matruqe ee,u,Jrtu,,'u(t) sca yur6y uSoda 6unau, aqurc{aHeau' 6!ncuu:

Lu : Butt - Au - f (t,u,u1).

B(tJ cuuuem,pur{ rtuiurclru, uyc1am aH,uN/,a'HeaH, oneparnop 6!t'u,6, Yv,utl,?

rpcurto,cu B'(t) i 
l,rjb 

h-tlB(t + h)x - B(t)r] Kya4,tlu uauuoda naemvd

6y,ncutt,. Vndan m,o,ut'Kp,pu u.lyudad,\/ > 0 gszapnac *taatrcydrcu, 6apua

.u,A € D y'+Yn

l(y,,8'(t)r)l S )' {6r,(t6 ,t6,BU)y)

)Dt

I



ypuutr,u 6ytcuu.
A(t) - cuJvt*renlpurc r4u3u*&u onep&nxop 6!au6, y?rur4e tpcu'acu A,(t) uae_

:::* .r:r:^m,ar.utppu 
tuyudad 6,1 (r > O) lseapuacttap rnonunadux;u,

oap\,a:r e. D yotytt

(n , A' (t)x) ) d(o, A(t)u) - "y(n, B (t)u)
ypuutr,u 6yncuu.
Y x'tda uyudail *n, (i _ 1,,4) leeapuactap ,t,6ncydrcu, yw6, fiynrctrya

t
/.\ f ,e\t) = !(r, B(t)w)dr + e _ t)(r, B*)o * a1(w,Br)o +

0

t az(wt, Bw)o 1 orl le*ili * 
"n I lllull2dr

0

r g du d ae u m, e H ? cua au,lcHru n prl o arn neumup a d u :

,p1t" (t) - (p,(t)), ) -argg, _ orpr,
6y epda &r',&2 T ea 1oeaurc, uausutiaac yaeapuacnap, ,u) : s, - ,t).

?Ic6or' rp ( f ) synr< r\ux.vr*r4 4r.cr{a rypnrrrurga 6sr6 orraMrd3 :

t (t) : jr*,Bw)dr + (T - t)(*,,8.)o + P2 -
0

t* 
1fu,, Bw)dr + e2.
0

E y $y nr<urr fi Erarrr { o cunaJrap nr,r 4uc o 6 n ariivru s :

(20.2)

(20.3)

(20.4)

e'ft) _ (w, Bu4 - (*, B,*)o : i *rr, Bu)dr _

t ' ,6o''
= z I ne@,, Bw)rtr + i t*, B, (t)w)dr;

0b
t1

,p"(t) : 2 | fu,,,?w,)dr *2 i Re(w,Bw,,)d,r I0b
t

| 2 I Re(w, B'w,)d,r * (r, B|*).

r04



(,)rp" - (rpl)2 uQonanra yrraprrapn6 Esair,rrs

,n..^tt / ^l 
t

?p (p )2 : 4s2 + ,le2 
[@,,,, Bw,)clr I

6

ze(t) l[Arg,Bw,,) - (r,, Bw,)lctr *
0

t(t"
[r{tl{z I nr6,Btut,)clr* (,ru, u,O}

(,i^r ^ 'r. /1 r2r',
l+ | nrp,,Bw)dr 

l@,,n,w)ctr * (iw,a,r)ar)')1,o b \6 / )J
6y epua

,' - j{u,,Bw)dr 
lr*,,Btu,)d.r - (i Re(w,ar)ar\' , o.oo\6 I

Sneueurap TeErcIr3nLKJrap, Koruu-Bynsxoscxnft Terrrctr3Jrr4rrr Ba B(t)
oueparopullHr xoccarrapaAan eofraananunu6, {yftu.qarn regrcr43JrlrKrrapntr
rceurupraO su\apuru MyMri?rH :

I t, t 1t/2

lJ t*,But)rlr. l@,,B*,)drl = 
s * ?, * (.,8r)o_ ke, * kp;L6dl

l, 
j *rU,,, B'.w)clry@, n, *11S k1s*k2<,c*t4r,t,*ka1w, B,ut)s-koer;16 t-

I t t /, \21
I+ | nr!r,, Bw)dr . 

[@, 
B,,.,t)ctr + 

[ 
j w, B,qd,l I <lb b \d' ll-

{ klps + kzp2 * hpg, * ka(w, Bw)op _ kuj,er.

BynapHu erru6opra onu6 TorraMrr3:

rt
p'rt" - (p')2

b,

+ ze4) If*rrr,Bwrr) - (,*,,nw,1]dr -6 L '',)

ktgs - kzgz - ftt??' + ks(ez - lra(w,Mr)o)p. (20.b)
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^f/(f) 6unan yur6y uQo.uanu 6enrunaftNrras

i., r \ / n 
t

H\t) = / [(r, A*) - {w,,Bw,)]dr + | n',11*, fr) - (t'rt)F -
o0

= e(t) + in"11r,/-) - (w,Lu)Jdr',
0

6yepaa f. = f(t,u,r;1)- f (t,u,ut)'

3lr.qu yur6y nQogann

(20.6)

s(t) = - (.r- Bwr)]dr

rqyfiu.uan 6a4onauuus.

Tenrnauauau 4yftnAarr{Hl{ rypraur 4wftnn 3Mac:

o : 2 i V - T)Re(w,,Bw,' - Aw - f- + La)ihr'

0

Ey u$ouauu 6fnarcna6 unlerpanna6, A,B, f ,Lu rrapra qtiu'e rrrapr-

napAag, {aM,qa 3 JIeMeHTap TeIIIcI'13nI4I(lIap[au Qofinanarr6' tfrt 6a4ora

sra 6inaMl'rr:

9(t) > *krs - kzq' - k# + kqQz -
l- \ . r tt,r-..112 

T 1

- lk5(u,, Bur)s f k6(tu1,, Bwt)0.. kzllarllS * tt, ! llf4rdtl -(20j)
I 

i.-*/u ' w\ 
6 J

L

IO4opuuarra 6a4onapnr,r grru6opra onu6, rp(t) qynrqllf,cu yTrE lrac 0'1, o'2

rraan$raftuac frraprvracrap 6lt.nan (20.3) TeHrcrrsrMKlru {ocf,Jr lFrTertrll3'

Teopeua uc6ornantrr4'

Harrr)Ka 20.L r 20.1-m,eopervla waprn^apu 6amapt'ao, y tpnda

(20.1) rneuenahra yq'ytt Moc Kowu Macanacu eu.rtrttru *zordq'

20.1-natr4)Kanrrgr rac6oru olrArarrru 17'l-nalm(anum rcfornra ix-

ruaru.uup.

H ar fi x( a 2O.2 . 20-l-meopeil,a uf'prnnapu 6atrapun6' eap u1 60' u2

nap tttgudail oflnu,uca iltoc paeuutda Lu1 aa Lu2 n'ap au,uYluInzou' v rpnda

fft*, a*1
0

T

1)

(D

2)
s)



Lup1'da11 A;(i -
t € [0, T) YuYn

1.2\ eaor(i : 1.,2,3, 4) yseapnacnapl'L naexydxnt" 6apua

ytu6y rneH"cu3ltuts fiPuuttu:

T

[ 1'r11^ fi'vt\dr
t\

0

! - e-k'l
6g1 e1t0a ur _ ur - uzt l(t) :;;:w'

t..

e, :or(u.r, B,ur)0 * az(w",B\u.)s + e3llAttrlls * 
"n I ll-Lt'' - Lu2ll'tds'

By rrari,rxaHllHr nc6o:ua !7.2-garut}I(aIII[Hr uc6olu rca6u r<enr:!1pl['IaAl4.

$ 21. fsrapynqlr oneparop Tlrn rcoeQsuuuerrrrrrr 6ysunaAuran

rKKlrrrqu raplu6lrlr AIIQQ e pe Hullan Telrr JraMaJrap

By naparpaQna \aM oA.ul{ftrllrrc yqyE I/ 4arqrn4rail fnnr6epr (pa:oclrAa oIIe-

paropurrnr acocuft \ucMI{ yur6y raQoAa[au

tPtrtt * A(t)u'

ra6 opar gu Q Q ep e trutra';T TeHrctr3nI{KHtI qap afr vur:'

Byrnnuiurapru6rap<26inrauuaMocMi|caJIaI(3IIaHI[uu6upurrvn
rapr:lr6.un TeEfrraNIaHrIHI ycyJlllra yxurafir 6fnranu y'IyE p 2 2 {o'rIHII

riapailrutnr. )rm6v aKI(UHqr[ raptnonr'r gnQQepeHUI(aJI TeIITCI3JI?II(HId I{a-

paftlrus:

t(t)ul 7z s tn-21turt'tl',ll'+ b2[u' tr] + b3llu[12) ' (2i'i)

TaspuQzl^'L'u(t):[0'?l-+Hfiyunu'u"xcu(21'1)meuzcustt'uwlLuwe
e'Ltu*tu 6gnadu, uzaq :'
1) u(t), o,(t) 0 < i ST da y3&yticu3 6a u')w e D

(n - a oneparnop*u*e a,utc/t'Q'11'uur corpcu);

2) 0 S t ST da u11 u'aewY);

3) 0 < t S7' ao'""(q @'i) nleH'?cu3tl'1ni'1ul Nptl'o&tnn'aumupadu'

I

I t .1r(t)

S krertr-",1ri) [ [ \*, n*yar + Q2l
\6t

ln7

I



$1t ep4au

JI e u r'r a zt.L . @apas rcp,nailnurc u(t) maapufixuu,e 1), 2) unpmoo'puttu

rc pvo am,n avrnup cuH,, "y (t), $ (t) a a k (t\ $ynrcItu.nn ap ruto c p asuud o Cr, C2

aaCx nap?am,eeuurrtu 6!nu6, ?(f) > 0 6yncuu. V rpn)ayu6y ffLeflecusttuw

ypuuttu:

'ye2kllru11 +A(t)u'l lt > ,r'o{[(r&), kt * 'vtp (t'k r+ ,/')] llr,ll' +
tl

+l- ote)t h * t ?toku + rl,)l(-Att',u) + ynk,(A1u,u) *

+pttrtrT(tpktt - ,,1,) - t-'[t(tt'rk?),], + L;vtzr-zk! -
- ?,rtrrli,k, - itrh' - iOtrrli,,]llrlt') *

+z{e2^1-1t2prcr;lu,ll2 * 1,lrpnt(Au,tt) - 1f (ztpK? + {)(u1,,u) +
t

//
+ (-*'o *, (zo7 - + - z**) * (tt'o),o? * ry) tuttt), pr z)

Itrcfior. u -- e*11,6j'ncun. )/ 4onua

rltt -- ,-^ fuu - 2rc1'u1+ (ol * r'.t11)u]

"yt'^llt,nr, + A(t)ull2 -
: llltpuu + A(t)u + tp (n! - x,tt)a * 2tp npllz -
- 1lltpu11* A(t)t' + tp(n! - orr), *,ltu - ,l,oll' +

+4*pK?llorll' - 41tp n1(roru * Au + tp(n! - *ujr,,ur)-

' '..e2^lltcu1l + A(f)Ul12 >

-41t0 rc1(rorr, * Au + tP(n! - xtt)a,r,) *

*11t2cx!1lr,ll'- t'{'llrll' : tr t t, + ss - "t{.zllrll'.

,
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3v.b

fri

By epga

$ 1 _ 21t o$llu lll' + zt,!, (- Au , u) + 
l-21t"1' 

@? -

* l*r'rr' * (r,, u) + (1tP {'1, I l' | 11, ;

s2 _ z(1t2p n)tl lr' ll' - 2(1tp n),(- Au , u) *
* xfl1tp(Afl,u) +2l1tzt xr(*? - x'11)l1llul12 +

+ l-ztt" orllrr)12 + zltr ut( Au , u) - 21tzc n,(o'? - o") ll'tl1 ,'

53

K) rqopunarr{ H arlr)KalrapHl'l bupnarutnpu6 ton auur :

1e2*1lter,,, + A(t)ull' > ,{ btorb * (1*n x',),] ll',ll' +

I l-(1tpxt)t+ltl?Au,u) + Ttps(A1u,u) +

+ ltt', *,(o? - *u), - WP *fi2e-2 
x? -

L'

tto,t @? - ntt\ - ry - wyl tt,tt') *

+ z{-$2'o,ilr,ll' + $p nt(-Au,u) - 1tp('(u1,') +

+ 
l-$'oo,(^? , 'r-,-xrr) * f;t^,u't'l,l ll'll'),'

Snnlr tl(t) $ynrurtra rqarirar"rur' ll'tll' nn ia uall{ra oIIraH ra$onanap

rqyftunaruva YsraPaAu:

,l,llurll' : glle*rt1* nleort'llz -
_ e2"pllr,ll' + "'"po?ll"llt - (exp 2r"orc')tll"ll' +

+ (e2"pn|l"ll'), :

= ,"rrllurll' - f'. ft^? 
* n11)r * .*)rll'll'+

o,,) * {tt'rh)u\llrll' +
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* (exp 2nsn1ll,,ll'),,

(1 6upnun oneparop). Illynunr yqyn u(t) Qynrquscura qiitnrnor,ua
llr,ll'("yu.urlruyn?Irrrneri (-.4u, u) oa (Atu,u)) on.unuarurooQ{rrqreanga-
rlar e2' ra rcynarlrupurlann. Ynna llull' oIIAIrAaru r<oeQ0rrrl !rr'ryfuua-
rrrra nenr 6!na.qra:

,r,{[1t o*,(o?) - o,,)], - t-t (1tzen?), + 0.51t2e-z;tr -Ir'

-ytt!(n! - ou) - o.Strbz - (ttorliu -

f 
,"l * nu)I* ",*] l6*e K?)t + itoi,ll,

.flranepreur {an oJr.ql{Aaru rioeSQuuuegT sca 2e2n rclnafutut arrl/rrr.EAa
yru6y nypunranrra ora 6inaau:

-.yt2pntllu,ll2 * gpnl(-Au,,u) - ye(2ton? + ,1,)0tr,"l +

* [-7t2n n, (zo! - t-t o, - 2ntt) + (1tzl),nl + o.s(rtt.')'] llullt.

Bynapnan sca .reMMa rac6oru renu6 qnr{a4u.

9n,qu p :2 6ynranga 'l(t),4r)(f), n(t) irapxlr rqauna.fi Tiruraru repar-

nurr,Iurl anurqnarlntt r .

Jleurvra 2L.2 Qapas x3m,ail,tun u(t) Synryus 21.1-motp$tllrluxz 6u-

puv,ttultriwum,autapnxuHu?epvoenxnavnxupcuu,, ) ) 1, m >0 6yau6,

cL, c2 leeupuacnap 6utau yu6y

t ( min (t-t', e-c2m)

?.tnpm, 1acna4tunctru. V r,on\a yut6y

gyz(x+r) 1n-2mr rtlltzu11+ A(t)ullz >

2 )1t-ztt+r) 1o-2(m+t)x x-r1rrl{ll",ll, * 0.brn(-Au,u) -

-(1 - 2mln-t (Llt))tln2(tlt)(A1u,.n) + 0.5nr,\2tloll'l +

+{Ar-rt^*i) 1n-2(rn)A rtl^f O(r) | lull l2 +

+), (*1 * 2mln-t r-t) (-Azr,i,) + lr3o(r)llrll'),,
.,

ll0



Y 4on.ua

m,e'Hecu3rnt'n ypuuttu,dy epda 0 - exp(2mln-t t-l)'

Izlc6or. (21.2\ TeHrcIr3III4I(AarI{ rapaMeTpIIapHI{ rqyfiranarnqa rag.uaftMrs:

p:2,,
ri, : -,\(ln t - 2mln ln t-l),

7 : r20',

a : )(1 - 2mln-r t-r + mln-2 t-r).

K1 = -,\t-l(-1 + 2rn ln-l t-l),

Ktt : ,\t-2(1 *2mln-1r-1 *2mln-2t-1),

Qto)r(1tP)-L _ 2mt r ln-2 t-r

na ( 2 I . 2 ) TeHrcrr3rrr,rnH?rHr r<oaQQltUneIITIIapu y.IyH ToraMlI3 :

llt')rn,r * (ttP) (to nr, + $) -

- -yl {lpf-' + tP(ltp)t('yt')-') nt * tp ntt* r/} :, IL'

-(1tq)*t * 1(tP nu * rl') :

: \t-20 (*,'-.", - n*"^-' ;) s rr,nA,_zt'-'l

| | u | | 
2 onauAaru rcoes$nuaenTrlaPHll 6a4onariunl :

27ton!(ttnrr,- 4,) _ 2m\30t-2ln-2 t-r (-r + Zmln-t r-t)' 2

Yn,qan Taruqaplr

-|P 11t'on?),1,- (ttP'h)tx, -

: 4nt2Azo(t * - lr-t l - Bmz tn-, | - a

: \o(rrr ln-' 
17 

+ +rr""-t l)

f;?,to'l'),, -
*3ln-3 l) r'u'-t | -
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-2nt\20(2,,, - L - mt'-';) (t -2n""-'l) '-'6-r |+

*m\01-r*+ 1 + (7* -3) ln-l ! + z"1z* - r)t"-' l-
^ "1l o- of 1 t

_zm2 t"-t ;l ,-2 rn-3 t, -i*^\ot-z u'-'i,
Ba oxnpl[Aa

f;it'o-'o? -'rrrl' 
: 

f;iu'o-'*? - 4'\ >

, Illynnad rqunu6, i, 4), K (pyuxUr'rrnap 6ynnaft TaEIIaHca, ll"ll'orlu[arr
rcoes(puuraenr rqyft u.uan yur6y I(aTTaIII4I( 6Unau 6a4onanaAlr :

rU*x'ejt"-'|.

Ilelrua rac6 otnanAr'r.

TeopeMa z:-..L . I[rmutipuri br bz, bs 6unau ,epuneuu (21.1) TneH'e'

cuauurcHuv? e'ul'Ltd,u u(t) yuytt" utmu6'putt' I > 0 n'apda

t-rllult;l[, t-^llur(t)l[ -+ 0 (t -r 0)

fipuutt'tt, 6!ncun. V r,onda u(t) = 0'

Irlc6or.}o4opnaa{ocEJIqIIJII[HraHTeII|clI3JItr[I(JIapHI(stna6opraonu6
TOIIAMU3:

0r2(^+t)6-2(rn+r)) r-r [1-) - by)t2llu,,ll, +
L

(1 \ /1 .n t 
trl .+ (|l-, t -bz- ot^) [,,{ + (r-^t - b3 - aznr)')ll'1, 

J -

< {er-r,^*l) 
1,r-2(ra).\ } [,lfo111l lrr,l l' +

*,1, (r - 2- ln-r l) ,-o,,, *) + )3to(1)ll',ll']),'

EyH'arlr rn Ba I napaMerprrapnr4 uryngarlr tanuaftupr:ru, rqylira'4arpl

TeHrcr{3Jri4K[aP YPlrnnu 6]ncuu :

m\-br 2 0, lr*nrx-b2-a'3'\ 
2 0, L*^t -.b3-o2) 

'i*^' 
() > 1)'

ll2

v

v

[3

12

I(

(

H

ra



)/ 4onla Z7.2-neuxnanarm fiIapT:an l{anoaT.rrarTnpyBqn t nap Y'IyH yn6y

TeHrcr{3.lruK ypl4Hrlu 3I(aIIIIUTUHU KypUru 4rrftUII sMaC:

L*g Sz;z(t'+
4

. {rr-zi.r+r) 1,,-t

+r (r - 2m'"-' ;)

r) 1n_2(rn+u^ |llrll, <

-2(rn)A 
| [r'otrl It4l l2 +

(- Ar,, u) + \2 tO(r ) | lul 11 i,
By epaan oca reopeMarru nc6oru oconrldrra renlr6 rrI44aAI'I.

Izlso4. Eupunuu raptubnu orepa'rop rVp rcosQSuqr,reHrnl{ Teufna-

\,ra.rap y.ryn rqyftlr.nran Korun MacaJracnHrrnr uraprJlrr KopPeI(TIutru (one-

paTop y:-yrr,lra rq.yurrvra Ba HopMan 6ynran xonnap) C,f.KpelrH ToMoHI4-

Aarr Ter(Et?IpltJrrarl. Ey 6o6nltnr 6orura.4a KenTl4p?r[ran ruy {oJIrIapHn

6a6n eryBtru TeopeNlarlap C.l.I(peftnra [11], [12] rerrarunu 6j'nu6,, 6ws

ynapnrr M.lvl.JlanpelrrbeBnnxr xnro6u [16] 6yfiuva tiprarnur<. TeHrnaua-

Irap.Ua I{aTHeIIIrau QyurcUtItHI{Hr {ocl{Jlacu on,Uu.qaln xorQQuUraeHT otre-

ptrrop 6y.uran {olrrrfi eca acocau H.A.Leviue nrunapr 6yriuua KenrI{pAI{I(

[3t], Oy co{ara Ternrrrlrr{ 6ounqa IraTr{)Ka.rlapnu a4a6z6rnap.uan [2], [3],

l2ll, 1221,126).,1271,, [29], [30], [34] rcunmriurrI3 MyMI(IIH.

I4rcrunqn tapru6nu renrJraMaJlap yr{yn acocufi narux<a'uap C' f.
Iipefin, H. A. Levine na 6our4arlapra Terurunu. Eu: 61' epga Iry co{ara

Terururrir snr o.qguli Harr'r)r(arapun [12],, [18], [32] uap 6vftr'rva dpurlwn
( [34] ra \aM riapanr).

E uplrnvn Ba rrnKtrrnrru raprnbnra, 6y:nnaAuran xosSQuuilenTJrap[ one-

parop rypga 6ynran reurrraMaJrapra qyfiuJrran Kourn NIacaJIacI{ equMtr{-

Hrrgr firouaJrrdrrd Ba rypFyrrirr{rfi IaqI{AarIr reopeMaJlap C.fi.fiInruatcr<uft-

ra [28] Terl,rrurIrl.
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922. Oueparop rru roeQQuqnenrulr guoQepedar
TerrrnaMaJrap y.ryE peryJrrprrsarlf,x yqr;'lr

I. @apas rqunafinur< (16.'7)-aa B. j'r-yrma rqfiurvra oreparop 6ird., H eu-
3ouz ,t ra zso*ropQ acnnavTzpcnE, yEZaE Tamqapu,

E++E-:I
6incnn, 6y epna E+, E- uap B o[eparop ctrer(Tpnrrranr uyc6ar aa uanQuft
ritrcM Jrapur a Moc Ke[yBtII,r c[el(Tpan fipoeKTopflap.

A eca j'r-!':ura 4j'mrraa uyc6at anrirrqnanran otreparop 6fnr6,

aulrrq.rrautrru co{,acr D(A) H Aa 3r,rq xcofinaurrau. roqopq.uaru ra6u

(., .) I/S*oAaru cr(arrf,p rfnaftrua[r4p,
<Dapas rqunafinru, 0 € gA, , pA- A oueparopn?Iurpe3oJrbBeET

rlunavrr sa A-tB oreparop ff gan H ra rlna ysrryrcrr3. gz (fi2 ym6y

llull'r, . (Au,,Au) noprua,.rrra franrbepr Qalocu) H ta KoMtra,rr xofinaur-
ran 6y.ncuH.

{,a,quqnft Errreptrorltqutr ycyrrrr 6nna,n H' -- (H', H)r-s/z,z $a3onn
rtj'parrtzr. Marnyuxx, Ht .4" oueparopulanr a,uT,rriJrarrr{Irr colaca 6nnan
ycTMa-ycT TyIuaAIr.

L(N,M\ (N,, M -lnna6epr $a:onapu) N uau M ra aKcrlalrrlrpyBtlr
s!r3ur{Jrr4 y3IryKcLI3 oneparopJrap Qarocu 6}'ncun. U : E+ - E- ue6 6en-

runaftNrus. g{,, pr rap sca 4yfinuaru

Au : ),Bu (22.1)

. c[er(Tpan MacaJrafirrnr ,\f , .\1'vryc6ar na rvra.nsraft xoc conJlapura Moc

KenyBqr,r xoc Qynrcunc.rrapuAfi p. Xoc Qyurunrnaprru EopMarlaruTtlpaMn3 :

(upf,pf)-L6;i
([ti - Kponexep 6eurucu).

ennra so ) 0 uryngafi 6incunrcn, Ll e L(H',, H'o). Y 4onua [23J

r<!'pca- Trarrraur(w, (22.I) Macalranrrnr xoc Qynr<qurnapu H Qa:oua Pucc

iazmcunvt raruKurr gTaAr[. Byn4an

,:iuipi+iutvi,
/t=1 &=l

il4



6ynaura, 6y ep.ua uf = *([iu, ,,rt), k : I,2,.'.,

llrllS : i (l(u,,,pt)12 * l(Ju, p;)l').
&=l

OxUprn KIIpI,ITI{nraE lropMa SJIAUHTII noprrn'ara gIGIIBaJIeHt,qnP.

TarpnS 22.L Aeap u(t) € Iz([0,7);H'),,ut e Iz([0,7];H), u(?) - g

YuYtt rT

Jo^ Q,, Bu,4 Au)dt * -(1, Bu(o))

6!nca, y ronda u(t) e C([0.,?.];H) (16.7) n\e4,enail,aea rcfiilun'eau Kowu

*I a c A n 0, c 1t lluve y *Iy rvt l, aun aH, e't Iu tv|u d edu t' a d u.

oapar *"T 
;Jffi; ff ;:;;"::^ 

"
6fncun, 6y ep.ua P*u: t g.(U,r, et)pt, N ) 1.

Ilapanadrrau Macanu.L1i*t MaB)I(yE 6ynca, y 4yftutarr,r rcypunurrra

ara 6fnanu
oo

u(t) - I ("f (t)ef + u1 (t)tpf),
&=l

,uf, : u^t' ff , k : L,2,....

Macanarutllr Talipu6nll (peryrlfpllalnTl{pynvu) equMu cra$aruga yur6y

N
urv(t) - I (t,f (t)pil + u[(t)rp;)

Synr<Uuxnu 4aPaft rvrur.

Aru.rrq eqI4M Ba Talqpll6lrfi 6epr,rnraullap 6j'ranva Ty3EJIraH tarqpr'r6nft

equM op&cuAaru Qaprinn yur6y rypuulrur4a 6a4onaftrvrul

ll"(*) -,u,v,(t)llo s ll"(t) - uru(r)llo + lluiylt) - u1,.(t)110,

6y ep.ua

"f,(t) - exp(lft)/*, /# = *(LI f ,,,pf ), k = 1,2,....

Yur6y usogaHu roqopugalr 6a4onairvln:

ll"ro(t) - ur,r'(t)llo <



s i kzsltllf - f[,]' + "z^t'lf * - f "'l\ s&=1

S sz\'i,,t S ttff - /*-*,lt + l/; - f ,-l'1 ( e2 exp(2)ir).
A=l

9n.qr llu(t) * uy(t)ll0 uQolauu 6a^4onafiunr

llr(t) - uiv(r)l13 - i k'^i lffl' + "2^tl/tl')&=lV+1

- Our(r) * iD2ry(t),

6y epna

ouy(t) : 
n$*, 

,'^['lf[l',

e2vQ)- i ,'^;'lffl's i ll;l'-7(N),
k=N+L k=N+l

l[ -+ oo ta 7(lf) 4 0 , qynKn / ra r"roc KerIyBrIu lqaTop f,4llllnaluyBrlu.

Orru(t) uu u, e t" , llP+u(t)llo S M) 6ynranua' f,bna

i ,'^f'l# l' < M'
fr=l

ruapr ocruAa 6a4ona.rfivrur.

Arap.f*+ :0' k + N + 1;l/fr+rl: It'texp(-2(" - t))i*t) 6fnca,'r

4orrAa Orru (t) Mar(cI{MaJr 4uftuatra eprrtra4r{.

Illynnafi 4ra.nu6,

@rry(t) S M2 exp(-2(T - r)ri*t).

Iorqopugarn 6a4onapnn 6rapraunnpra6,

ll"(t) - uivello S ,t^i * Me\-r))i+' '; ?(/f)

TorraMtr3. Oxnprz 6a4ouurr inr tououullunr l/ > L 6j'ftu'ra anr Ku-

.lnr< rlraftuarr(Hrr arllll{flam df.uauraua peryntpu3aqut napMerpn N surr
rcufiuaru rorlffflanu.

II. Itry naprpa(pnunr I ryHKT11a A sa B onepatopraprra qfftnnralt

ilapTJlap 6axapltncun.
( 1 9. 2) TeHrIIaMara rqi'ftranran Koruu MacaIIacIIHI{ Tal{pu6ufi (perynrp-

narxrl{pysvu) evuur,rnu r<}'pavrrar. i
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TarpuQ 22.2 Aeap

u(f ) € trz([0, 7], H), rt1 , 't)y € tr2([0, 7], H), u(T) : ur (7) : 0

yory|4

[^' 0,. But, - Au)ctt - (J,,Bu1(0)) - (g,Bu(O)),/0

6y",tca, u(t) e C([0,T],,H) $yunr4ua (19.2) rne*ena,Ma,ea rcfiduneau Kowu,
M,AC0,,LACU,H,U?|? yJil,lJtvt,ttA,lUeU?t, e!,uM\r defi,u.nadu, 6y epda,. .f , g 6epuneau

fiyx,rantnnayt.

Oapa: tqi,r.uafi.uur< Kouru Macattacrrnunr e'tuMr[ MaB)r(yA Ba

u€{u:llP+ulloSlll}, llf -frfl (r, llg-.q,ll Se
6yncr,ru.

Y 4onga ripcarrau MyMr(rrnrfir, yru6y raqpr,r6r,rft eqtrtlr

1{

uN(t) * I ("te[ +uipi)
,h=l

6 ournaurprq rvr ac ail aEIdHr anuri e gr4Mrrr a lrn T Lr Jra.u[.

Byun rac6otlr rcIqopl,rAal'Ir nygr(TAarrdra yxnralr 6i.nralln y.r),H 6)'nra
ryxrann6 yrraplrar,itrlr:.

IzI so{ Onep arop run rcosQQrrrJr{euTJrrr nrass ep enqr4arr rerrrrraMalrap ra
riltZunran rroKopperir Macailarrapuv ra4pn6uin esailffa xj,nrnua rrrnrap
6aru'unanrag, ylrapra Nrucon cuearu,qa [2], [g], [11], [21], [26], [30], [33]
.rrapnn r(ipcarnmlrM?I3 MyMrfl[rr.

Bi'r: 6y epAa rqnc\a [rar(JrAa [26] - Hr,rgr Harn)Kacun?r r(enrr{p.qr4K.

$ 23. Oueparop rutr ros$QuqerrrJrrr xycycufi {ocunanu
auQQepenrlrraJr renrJraMaJrap

a

@apa: riu.uaftnrar<, G 6ynarrrr4 y3nyr(cr43 rrerapara Dra 6inrari R2 rerin-
cirrrK"qaru qerapairaHrax co4a 6yncrau. u(r,y) sca (r,y) ((",y) € G) uunr

Qynrcun rcu 6v ni,l6 rt upiltar.napr,rH?r f/ f n.ur6epr Sasoclr.uau qa6yn r{r4 Jrcidn .

B un:lt4.ur{ orreparop 6inu6, ygr.rHr arrlrrqnanr{m co{acr{ D{B) f/ ,ua:u-r
xroirnaruran 6incuH. i



Vnr6Y

Au(r,y)-Bu(x,y), (x,y)eG (23.1)

Tenr:ratura.En 4apatiuruz, 6y epua A : # + # -Jlannac oneparopu.

Ynnan rarrrqapu 0G - fr U Fz, 11 fi f2 :0 6yn:ti1,

ulr, :.f, frlr, - rt,, (n - nopvran) (2g.2) 
r

bepunrannap, 6Y epga f e C'(fr;I/), 9 e C(T; H). 
I

(23.1) TegrrraNra eqnMn Ae6, urrru Mapra y3rryrc?r3 nnQQepenquar-
rrarryBetr (ur<rana apryMenT 6yftnva 4aru) aa 4ap 6up (*,y) € G yuyu,

B oneparopul,rur aur{qnanlrru colacrara reruurrrrr Ba (23.1) TeurrraMau?r

, 4arroaT-
IrauTrapyBvra Qyurcufi r rymyfiulraArr.

(23.1) TenrrraMara 4j'ftunran Koruu MacaJracu ae6, (23.2) maprnapnu

IianoarJranTupyBrru (23.1) TeHrJraMa eqrrMtrra aftruna4n, 6y epAa f ,g €
D(B),

Yvryvran aftrran.qa, 6y uacana Hor(opper(TArrp. Ym6y naparpaQAa rro-

raplt$rvrun qa6apu4nl4K ycyirrl,uau $oftaanaRu6,6y ivracana equlduuuur firo-
HaJrldrr{Hrl Ba rrraprJrlr ryppyu graunlrrl{nn uc6ornafivrn:.

1. Epuu*=* Macarla. Oapar 4unaftnnr, Or C R2 verapananrau 6up

6ornavrnu co{a 6}'ura6, 4yfinuarnqa anuqfianran 6]'ucrn: I

Or: {(r,t) :0 ( ts 1t 1T,pr(f) <.s < p2(t),pr(to) - pz(to)},

6y epaa pi(t) € c''(t * t6)(f - t,2), ynaa,rr rarrntapr

letTlft - tilL . p g:1,2), p' - fsrapvac,
aQr-F',uF!, {nl'r-6,

t'r: {(r,r) :t:T,pJt) <s< pz\)},,
l', - {(s,t) : s : pt(t)(i, : 1,2),ts 1 t< 

"}.@apal 4unaftnnrc, U(t,t) Qyruunr Or co\a.ua yur6y au<pQepenq?raJr ren-
rnaMaHI{ t

Ati(s,t) - ci(s, t)LI(s,f) :0, d.: a * ib (23.3)

r{anoarJrarrrr{pcr,ru, (orb ; )r(aMnauyBrru qeraparranraH Qyrr<rulrnap) fi
Aa aca Kouru 6epunramffapr4 MabJryM

r/(s, r)lri : F, rylrPV\ - e. (2r.4)

n8



TeopeMa 23.L. @apasrcp,nailaun u(s,t) (23.3) nleHeta,MaH'ul4? euu-

nu6yrru6,tilri:06atr'cun'Vr,ottdaw'yudafr'O>0yseapua'cnaoucydrcu'

,!(t):tr( I lttl2asclr +t) ,

Qr

(ry - O*r*(lt/,12 + lU'12)q)

Syu,rcqua p, q r,tyc6am, lseapnac nos$Su?4uevm'4o'p 6unau yu6y m'evecus-

tt uvlru E p?4 o an'L n aumup a d u

,1," ft) + pll (t)+ q > 0.

Irlc6or. Ba4o.nanaAlmag $ynrqmn M P (t) 6nuan benrunaftNrlrs:

t pz(r)

p(t) : I I lufa'a, : I I lulzdsttr
Or to 

'Pr(r)

p(t) 6ynr<UrrnHr{ rdr{r(rt MapTa UrQQepenultanna6 na U(s, f)lri : 0 uraplnu

srru6opra onn6, TonaMIr3

+,,(t)- I{,rydsdr,

, , a2ffll2 r
p"(r) - | !,ffir'or:21 I,ilr,Y +vv,,+ww,,\dsdr -

: 2 I | {lu"f+ altrlz}asdr - z | | {vv', *ww,'}dsdr -
"o, Qt

- 2 | | {tu,f + aluf}asrlr *' ! I lu,l2dsclr'(23'5)-d, ot

6y epna v : ReLI, W : IrnLI. Illynnau rqnnn6, yur6y afiHustnu \ocllrl
qr{rraMu3

z I f 11u,1'+lU,l'ld,sitr:e"ft) -z l lalUl2c1srlr-..i1 ,/ tr-ot ' r-'r' 
n,ar'

na 6y ep[aH on.uuft urar(Jr a.rIMAIIITIlpUrunapgan r<eftnH 4yrfranarn TeHrcI'I3*

JII{KIIU TO[aI\{I'I3

, | | V- r)(lrr'12 + lt/,12)dsdr !
Or

I
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*n | |,ft -,tlut ,n -

ZI"
< I l(21,p't?)l+,=tlo

vw.)-;Yfo,a,*

*2 | | a,lLrlzctsctr *2lr'1r1,tr. (23.7)
Qt ta

Oxuprra r,rHTerpanHI,I co\a aIeIapaCnHIlHf xoccacfiIr:rzt smu6opra onn6, !o\o-

paAan 6a4onainvrur

1)(lU,(", ,)12 + lLr,(t,r)l')(t - r),_-p,{idr I

S Or *r?*(lU,)' + l[i,12) - ^/. (23.8)

p"r(f) nu (23.6).(23.8) 6a-4onap na rqylii'Isaru

)n h2| 'r - a-P
labl 37*n (p>0)

TeHrcIa 3.rr II(AaH S orin a.uau r,16 4yriltnau 6 a4 o.nafi ur:

,p";(t) > 4l llu,yatar - dp'(t) - *zp(t) - t,, (23.9)
Q,

6v ep.ua otr, oiz T sa (23.3) TerrfrraManu ros$Qlallrrerrr.rapzra 6ornnq

1uco6-
riaHaAlilran y:raplvracJlap .

l)(t) - ln(tp(t) + 7) Qynrqr,rruru nKI(I,IHrru taprraOrrr \ocll.rlacuull
rqyfir,rnan 6a4ona6, yru6y

1'! ' ,\ (p(t) + r)p" (r) - (p'(t))' -1p\u) :6-

I . I f ,--.q, , r f rttr), , ,,n "nltrl')
- (rp(t) * i2 o, e, d, dr '

_atp' (t),,t(t) _ or(p(t))' _ rp(t)) r,
(./(r) + r) (p(t) +'v) e(t) + 'v' -

> -pt'(t) - q,

t2l

t

zl | ry1arl g
t 0.'



Tegrcr,r3rrrffir(a 3ra 6\inattlt:, 6v epga P., QT ua (23.3) Texr.rralvlaHlri{f I{o3ql-

Qr,rUueur napllla 6ornr4 riooQSnUlrenT JIap. Teop elta nc6or'nanln'

H a r II )I( a 23.| (23.,9) mr:xenafua y1.t,aH rcgilun,eau Kouu h|,acutlac?"L11/ttlI3

ir € C'r(Or) n C''(ft") equrv't'u rcouadup.

?Ic6or. onarlaru.qer, Qapa: rlllnaftnnit l',l la I/2 (23.3) Teur.ril,Nltr,rtl

rqti-fru.nran Kouru Macaflacfi erII4MI{ 6yncnu. }t 4o.nna \i : \\-VZ QYnitilIlx

61rp t;nnc:",rra l{<;uru 6epunraH.ra,ptr 6r.rnaH (23.3) lvlacaJra eqtr{Mlr Gynagu'

K)liopltnaffl reopeNla lrc6orngari ['t : 0 st au;uur icenu6 qI{I\.aAIl' By aca

HartrIiiaHr,rnr l'I c 6ouaAI{P'

H a r: u )K a 23.2 . @apae xunati,ntt; flt ao, Lt2 (23.,?) m,eu,etr'rt,Mz,11'71 NTrt'o-

am,naH,m,upcul1 sa 23.l-rneopenavuHe utapm'txapu 6axapu"rlc'tnt. V r,o"i'da

uLyu,dati O > 0 Eseayta.uc ,uaaxcydxu, yut6y nLeHec"LL3tLux fiptt'n,tr,u 6ytt'adu:

[ [lt'(t.r)l2d,srt,r < c(t)71-'(')(f llti(t, r)l2rtsttr +f).'(r) - ],
-Q, Q7

6y e"pr)a

Lt - Lrt * L|z,f : O mtr,x{1[,',12 + lttrl'],

:(r) - exp{(p/q) lu(t)(T - to) * (to - t)l},

,,\ exlr(-pto) - exP(-Pf)
a\t) - ."tr(-1,fo) - *p(-t r)

23.2-VarWx(aHI,IHf uc6orn 6JIAI4HTII naparpaQJlap.Uarl1 MOC HaTpI)I(aHlIHI

nc6orr,rra y-xrralguup. Ey nauuua.[a,H (23.3), (23.4) lvlacar]alrrrllr eqIINdI'I

uftrpT J-rI',I Tl/pFyH 3IiaHrI?IrU Xenrab qllllaAu'

II. Acocufi pracasa. Sri.ull (23.1) ^ (23.2) r,{aca,rafa r<afiraupr:. B ea

G c olara rqyrtn.uagnrau rtrapr,TapH?r xe nrnp airnr'uc'

1) Our,pa: rqnnaftnnrc B oneparop HoilN{aJT orepaT6p fij'.ncrau, flbgl4

BB* == B*8, B* B ra 4iulr,ra orepaTop. IOrqopuAa Tabr(r{AIIaraHI'I-

rurusgel( B: h*iB2,p1B2: B2B1',81 : Bi,Br: B;' Oapt-r:

r$a.rrafinuri B1 orrepaTopHr{Hr :rina oploroHa.rr HOpr,IaJraflrrltpl{rrraH xoc 3.[e-

rvreHTnap crrcTeN,racr4 {pn}Er,k: !,2,.... Ba yHra Moc xoc coHIIap c1I-

cTervracr.r {)t}L,, A: : I,2,... r,rrrB)r(yA 6y.uci,rH, Bynra Moc r(enyn'ua 82

oreparopHl{Hr xoc co'.raPrl clrcreMacrlHl{ {/'r,}Pt, k : L',2,"'6unan 6e;r-

fnnal:tttn:. Iil'llnaarl'I TeHrcll3jllll(Irap 
!

o<!t',1 Sltzl Slt".tl <.'.Si^,'rl s..

a

c

r
I

r

I

1

I

I

{



ipunnu 6Yncran, 6Y ePna

J* : )1 * il-ttr, k : 1,2,...,

Y rqonna 
oo

u'(r,Y) - t uP(r,'g)Pr'
&=1

B'n(r,y) : i (lt +'iP'6)uP(r,'Y)P*,
&=1.

6y epna u1(:u,y) - (u, 9k), k:1,2''"" By rr'ypunu[urapAaH $ofrnanann6

(23. 1 ), (23 -2) Nracana.uan ronaIvII'I3

A'rr,1(:u' il * 'Y*ur(n,Y) :0' 
^ 
(t' 'Y) e G'

u*(r, y)lr, : .fr., #lr, : gk,

, k : 1,2r..',

(23.10)

(23.11)

(23.r2)

6v epsa 'ttp(r,r) - (U, p*), f *- (/' qil' Qr': (Q' Qk)''k: r''2' "''

llu(", illl2r,tc'ut- i ll'"(", v)lu,i,.t'
&=l

2) tDapa:4n.rairnur<, A(r) _ s(o, y)+it(r,y) (0 < tt < O'(")l< t')

eyrucUur G co4alrn f)a co{ara rouQoprvr aKcIIaHTInpcI4H na 6ynUa fz G

co\aqerapacr4Hr4Hr6uprqracrvrraQrco{aqerapacltHl4HrMocIilICMuftra'

11 ra:ca f', ra ytcuu. Vn.Uas TauIia'I4 6y axcna:r'I{pfiIllAa (cg' yg) € 11

ra (.Pi(to, ) ts) uoc ryrrrcl4H'

E], axcnarlTr,Ipuil HaTrrx(acrrla (23'10), (23'11) ruracana yur6y

AU6(s, t) - 16L11,(s, f ) - 0, (s, t) € 0'1' (23'13)

urlri : Ft', #rr: Qr' k : L'2'' "'' (23'14)

riypunruuu onaAil' 6Y ePna

[4(r, t) - ue(r(s, t)' y(s, t))' o'1(s' t) : "Yt'lO'(")l-''

l(U) - lf tr(s, t)lft.,tstr';o141; ne6 6enrnnaur K?Ipr4raMrr3'

TeopeMa23,2'Qrlpasrc,unat7n'rtrc1)'2)utapmnap6acrcapunu6'
.rr,lri : a 6y,rr,cuu. V r,ottda Ct(G;H) n C'(G;r{) n Lz(G;D(B)) cungfea

*u,rurun, ( 23. 1 ) rne?lerraw'ailu?re e\'&rJvtu lg't'Ytt Au'L6y m'e\?cu3trurc ypuuttu:

llu(", y)llL^c,,0,n, ,S c1l([i)h"l-t + dc'v(t)' (23'15)
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6y epda 6 =, 7t_,1q {1rc,6,t)ll?.,n ,,, n r},,r, , cr _ fiaeapuac,
? : o {llu,lP + llLUlr}rt, o > o _ 

fieea,paac,

cu(t) = exp{&1,,(u(t)(T _ ,o) * (to _ t))/k},
yt';-:uu"u6 N ea 60enurc, feeapuac, k1 eca, T ea 60eaurc, uyc6am ,carn-

?rc60r' (23.1) TerrrrraMa erruMr4'u 6a40uafiuras

l!u'(x, v)ll?,xc,,,n) : i f I tu^1*, y)l2dxdy =n=l _ 
G,rc

=,,i I l,lr,(r, r)l2le, (z)l-2asdr <

s rfr$ | | rcr^o,r)l2rtsd,r +n-1" d,

*^$*, | t',tu,(r,r)l2la,e)!-zdsdr (m.16)
(23.16) Teurcu3rrzr(nra ;igr rona
6,rs 23 1 re opeMa rrarr'K ac*.J:Tfi :"1.;" JHff#;ffi"1: #,T:

N

F. l llu,{r,r)l2d,sdr<n_r u 
dl,,

Nr,(
s I I !,4'-"t',, 

* 
I 
I l,lu^{r, r)l2dsdr * r,}'" c,,(t) {

cy (t)y1-u{,))11;cr1s, t)ll?,,*,,,, * 7},(t) : 6cuu).(23.16) Terrcrr3rraxua. 
;7nr ToMor

6trs tr e D{B) rerurrrlrrr,..""""#:ffi;;*# 6a4onarr'nrr, 6vu4a

"$., 
llLt,lll,xa,r < l.y"l-, l\ll?,xn,,oruy.

By renrcn3Jrrarn

(2B I b ) u,n"lll' o?;i,i;::;fffiffi:" ienz6 
su{a^u

#:i*rrruru 
renra' 

,

124

-.:



TeopeMa 23,3 . (23.1), (23'2) Macart'a'Huv? eu'uwu

u(r,s) e Ct (Girl) n C' (c;H) n Lz(G;D(B))

-reonadup 60, aeap tllli :0' l(.u) S m 6yn'ca' y t'onda Y?luve yuyt+ yw6y

6ar,o fiputtlt'u

ll,,(", y)j;1,1,^c,u,m S cu,"(d)'

larr Ton&MR3.

6y epda d -+ 0 da

llc6or. (23'15) -

I l'u, (ru, u)ll'rr1c,"tr1 S cil lr" | 
- t * a r d exp[cv2 l'yry | 

2]'

cr1, cr2 rurauQuiruac farapvracrap 6i'nu6, Cl7 ra 6ornra4nap' 6 : ltrul-1 'Ue6

6enrr,rna6, oxr4pru TeIIrcI[3JItIxrr ]nr ToMoHI4[aE e > 0 na inf HIr ToIIaMIt3'

)f 4onua

0u,,,(d) - inf(srnc1 I + cvld expla2e-2]) - -'it {a2lln(tld)}ti''

Teopevra rac6ornau.4ra.

?1 eo4. H oxap arctepr{cTrrr( rryI3ul{.qa 6epranr axnap 6unan aHIII{IaIIaAII-

ran Korurr Maca.riac?rEl{Hr eqIIMI4 f,TOHaJMTIIEII OF[Ip[rar Qyntruntl.a 3ra

6ournanrq.r 6a4o 6ranan rac6ornaru rorcn l(apneruranra [31] lernurnu' Ey

co{ara TerurrrJrrr yrvryrr,ruft xapal(Tepfa 3fa 6yrran HaTII)KaJIap A' Kanl-

[epoH' JI. XepruranAeP, [. Huperr6epr na 6ourqafiapra TeruIuJII,I' KepaI(JIII

aga6uijt.naputl eca [31, 32] naplan rorfim MyMKIIH'

)rru6y naparpa$[& acocan M-M. Ilanpenllen, K'C' Oar:onnapHuHr

rrry MaB3yra Terr'rrlnu 6up [25'28] EaTE]KanapI{HII I(erITI4PAnx.

Hatraxanap ilprarnluAa acoca,E llorapuQuur< rqa6apuIqnlIK ycyrll'[an

QoftAanairArax. By ycyrrHlr yIIIoy [13], [14], 131], [34] uIuIIapAaH Ba y'rapAa

rypc arn nr an aAa6ntlt.n apA arr tyna Tonl{rrMuru3 NIyMKI{H.
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