K. C. ®ASI30B

XMCOBJIAN MATEMATUKACH
MATEMATHUK ®N3UKA

BA AHAJIN3HUHT HOKOPPEKT
MACAJTAJIAPVHU EYNII

YCYIJINIAPN

)

( Yxys gymmamaa)

rad. . Lsapara@iaapaa L. .
KMHYH T, P OIEPATOP TeHrnamMaiap 0. .

3




PasszosK.C. X mcobiam MaTeMaTHKacH, MaTEMAaTHK bu-
3MKa Ba QaHATU3HUHT HOKOPPEKT MacajaJapuH# eYHuIl YCYJLIADH.
(Viye xymnanva) Tomment. ”Vansepenrer”. 2001 i, 12h Ger.

Ymby KjamamMa MaTeMaTHK QU3NKA, XMCOGIAII MaTeMATHKACH Ba
MaTeMaTUK aHAIN3HUHT HOKOPDEKT KYHWIraH MacalaJapuHI equimra 6a-
FumaHral. KoppekT Ba mApTiim KOPpeKT KyHUIras macamamap opacn-
fary bornanum (MuconIap 6unan), peryiapuIaAsS TYIYHIACH KeITHDIII-
raH. ByHoam Tamxapm KBasHAIMAIITHDHUIN, KBA3METHM yeymnapm épm-
Tunrad. by 7ap mipepeHnnan TeHrIaMaIapra Kyiuaras KyIruHa
MacaIaTapHil, aHATATAK NaBOM TTUDPHII MACATACHHE, 6MOH INADTIAII-
TaH anrebpank TeHrTaMAaTap CHCTeMACH Ba GOIIKa MACATATADHU eTHIIra
KYJIIaHCaH.

Maskyp KynmammMa —yHHBEpPCHTeTIADHHHI MaTeMaTmKa, MeXaHHKa,
AMAIIi MATEMATHKA Ba HHQOPMATHKA, KOMIBIOTEp TEeXHOIOTHATIAPH MY-
TaXaCCHCIUKIAPH Talabalapy XaMa aCHUPaHTIAD Ba TAIKWKOTUIIAD
VIYH MYJKamlaHraH.

YKys-ycmybuit Kymmaama Mupso Yayrbex mommmarn
Yibexucron Mumnmit yausepenrern Mimvmit-MeTommk
Kemramm ToMoHWmaH HAIIPra TAaBCHSA KINTHHIAH.

(2001 fiwn 29 smBaph, 3 - commHm baéHHOMA)

Macesyn mMyxappunp:
m3nKa-MaTeMaTnka panTapu HoMsonn 3akupos O.C.,
Taxpusumimaap:

dusura-MaTeMaTHEa daHaapu jokTopu Bepasimes A.C.
busuka-mMaTeMaTnKa (anmapn Homsonu [Iymaror C.U.

© "VYausepcurer” mampméTn. 2001 fum.




du-

H Ba
a ba-
pacu-
DU T~
épu-
g THa
Jalnr-
THIIT 2

HHKA,

M:V‘_.
TIap

Cy3 6owmn

¢

Maskyp KymraEMa MaTemaTmka (paHmHHT MYXUM UYHATALIADTIAH

BUpH HOKOPPEKT Macasaiap Ha3aPHACUTA GOFHIITARCAL. By mazapusmmar
APATILIIIT BA PHBOAKH 3aMOHABHMH XHUCOBIANl TeXHUKACH Ba, XHCcobIa:

KaPACHIAPUHEHT XaMIa HHGOPMAIIOH TEXHOJIOTUIADHIHT PHBOKIIAHI-
iy Guias y3Bui GOFIUKIID.

Hoxoppext macana me6 ogatma epuirannap YexcHs KWYUK y3rapamn
HATIDKAHUHT KaTTa Y3TapUIIAEE KeTTHPHG YNKapaTuras Macajagap Ty-
urysnrani. Kyn fmianap nasomuna 6y MacaTaIap Ha3apHACH Ma3MyHII
MaTeMaTHK HaTHKa GepMaiinm meb Xucobianapnu, X071 6yku Oy Mmacaga-
ap KyI aMajuii axaMusTra sra 6yiram MyamMmonap buman Gornmk. By-
dapra MHCOJI cupaTuma, Kynrura GU3mK acbobmap KypcaTMasapuHuET,
Pe0(U3NEK, Pe0/JONHK, ACTPOHOMHAK K33 TMANIAPHH TaIKIH 5TUI, 60K apyB
Ba AaCTYPAAPHIT ONTUMAITAINITHPHLL, ABTOMATHE CHCTEMATIADHI CHATE3H
Kabm MyaMMOJIAPHH KelITHPHII MYMKHH,

Hoxopperr Macananap Ha3sapuACATA yTTam acpHEHT 50-60 Annmapna,
Mamxyp MaTteMaTuraap A.H.Tuxomos, M.M.aspertses pa B.K.Unanos-
71ap TOMOHUIAH acoc comuuan. Keituarn funmapna vatemaruxa (aHmHIHT
Oy VHATIIIT Te3 PHBOAKIARNG 6opMox ma. Onmaran HaTIKATAD acocua
Oy HyHAINIIHEAT HA3BAPUI Ba aMaJImi aCOCTAPUHN €pUTHITa Garmmab
ésmnran yméy [9],[15-18],[24] anabuérnapem KYPCATHIIIMUA3 MyMKHH.

Ymby KymnnaEMa Y4 6obman mbopat 6yaub, YEIa Anamap MabHOCHIA
HOKOPPEKT Macaaiap Ha3apUACHHE 0a6H 3THIraH., -

Bupnair 606na xoppexr sa IIAPTIN KOPPEKT MAacalla TYILYyHYaTaApH
bepumnamm. By rymymwanmap opacmmarm $apK Mucomnapma TYmryHTHpH-
mann.  AH.Tuxonos Teopemacu, [- KOPPEXTIINE TALPUDH KelTPIIIaIiL.
Bup #ewa macanamap mapramn KOPPEKTIUKKA TeKIUUPIING TYPEYHIUE Ga-
XOTapu OHHAIHY.

Bupuwan Typ onepatop TEHTTAMATIAD YVIVH PeryasapIallTHPY B ome-
PATOpIIAp OWIACH UKKUHYN GobHUHT 1-§ma Tabpudpnaranm.bup meua mudg-
depernua TeRrIAMamaTApra n;yr{mnraa HOKOPDPEKT YerapaBHi Macaja-
JAPHIHT AHUK eIIMUTa WHTHIYBIH TakpHOHi equMmapy KYPUITaH, aHmK,
eduM Owmal Taxpubuit eqmv opacuiarn apx Moc HopMatapra baxoman-
ran. Keitiarn naparagrapaa GHPHEYH TYD omepaTop TEHITTAMATIADHHI K-

KMHYEI TYD ornepaTop TeHTJIaMaliap bunan AIMAITHPUIL, KeTMa-KeT AKWH-




1, XaMma oupugty
HITaMaIap eqmiran sa TaxpHOmI ey YCyaLmapu aco-

TYP IHTerpas e
CTIaHTaH,

Yaumau 606 I’n.m:6ep’r bazomapunary nudpdepermmay TeHIIaMasapra
Garummanragy. Bupusguan Taparpagna mry 606y 6aén dTUIINA Gofigana-

K ymamma YHHBEDCHUTe TapHmar MATEMATHKA, MexaHHKa, Tan6ux mix
MATCMATHRA Ba mEpopMaTmia, BOMIBIOTep  Texmomormanapy HXTHCOC-
THKTAPUHEET 0KOpH Kype Tanabanapu xamma, MArMCTPAHTIADH yqyi
MY/LKATITIAHTAH,
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I 606. IMMapran KOPpeKT Macaianap

§1. Koppektimk TYUIyHYaACH

Hupdepenmuan TeHIIaMallap y9yH KOPPeKT KyHHIraH Macaita TYyLIyHYa-

curn 20 acp Gommma Mamxyp dpannys MaTemaTnkn Amamap ToMoHmIAH
KEPHTIIILN.

Taspudp 1.1 [16]. Macasa Koppexm xgiiusean detiuaadu, azap KYUU-
dazu wapmaap Gaxncapuaca:

1) macananunz evumu masyeyo;

2) macasanunz evumu gzona;

3) macananune evumu bepuazanaapea yaayrcus boeur,

Bupusvu mapr OepHIraHIADHIHT YeKCH3 Ky 6 IMAcIuriHE Tarab
KHTIaIM.

Uxxnmunm mapr sca Oepmirannap Macaza aHWKTAHAIIT YiyH eTapnu
6y muinunn Tanab Kmrann.

YIHHYH mWapT sca Kyimnarn Xonatr bmiran Gormanran:

Arap wmacama ¢usuK (Momeirnn) AHOKTAI Ounan Gormuk 6yica, y
Xonna GepwiraEmapEn abcoimoT aHuK 1e6 xmcobmait onMaiiMus.
KaHIAHIND MabHOMA TaKpHOHIT KIiMaTIap MabiIyM ne6 omamus.

Yiapra

Olysmait xuamb, arap eymM OOITaHFIY Gepunranmapra ysmyxcms
Borink 6ymvaca, y xomma mMacana eqmmm 3Nk MawnHOmA AHWKTaHMAraH
oy manum.

IOxopuna xerrupuaran KOPPeKTINK IIADTIAPU TYUTyHTUPHIT KAPI-
THIIHI Tal1ab KHmamgm.

Yerapapmit Maca’Iajap Ha3apHuiCHIA eqrnM Ba Gepunrannap 6an3m 6up
PYHKUHOHAI Pa30Iap 31eMeHTIapH cudaTuIa Kapasand. .

Mywruar yays xoppexTmmk WIAPTIIAPH KYUUOATE KYPUHUIILA KeITH-
punagm:

BEs el
6upop énuk

L W,ﬁ,... TISIKI HOPMATAIITHPIIITAE (ha30IapLar

KHUCM (ha30ra TermuinIf UXTHEPHil bepmaranmap yuayr Macana
EUHMII MABAKY I Ba Oy asonaprusr Gupura Termmm;
2) Kypcarmiras dpasomapruEr GupopTacuma Macana ewuMu STOHA,;




l'umepbonuk a napabonk THImarn TEHITIaMaliap yayH 5ca, yMyMar

3) Bepunrannmapausr vexcus KMYUK y3TapUIIUTa,
KapanaéTran gasona)

KapamaéTran dasoma).

Magaxymmu,
bormuKTITH XaKH

(6epunrammap
CUMMHUHT YeKCH3 KHYHK J3TapHIIT MOC Keca, (eam

SATOHAJINK Ba CYIMITAPHUHT 6epunraHﬂapra Y3IyKcy

Hary TeopeMalap Macajla KOpPeKTIurHHY ucborunmp. -
YMywman afiTranma s THK TeHTIaMaJIa;

%
P YIYH 9erapaBmii mapTia,
€IUM aHHKTAaHAIUTaH COXAHUHT OyTyH werapacmma bepmica, Gyrmatt ma
camajap KOppexTaup.

aiitranma, Komn Macamacn pa apaJlalll Macajalap KOppeKTHmp.

KoppexT macana TYILYHIACHHY KHPHTHII OiIag Suprammxn
KOPPEKT 6yaMaran Macasamapra XaM MUCOX KeaTHpran. By JI
riaaMacy yuyn Kommn MacaJIacHgup.

a Anamaj
aIIac Tem

By Macana sa borka HokoppexT MacaanapEs KelinHpox, ypranamnaé
Wsox. Jlamnac tenrmamacn yiyH Komm macamacn pa Bomka 6up Ta-

il HOKOPPEKT Macamajap Kommn-Kosanesckas Te

KaHoaTnanTupanm. By Teopemara MyBodmE Jlam

Kommn macamacuumsr eqmvm AHATUTHK bYHKIHAIT
Ba SACOHALUD.

OpeMacH mapTiapn
71ac TeRTIaMacH yuyH

ap TymiaMuna, MaBKyl

§2. Koppekrmac Macanaiap.

KNoppext xjitunran macama HapTaapunas 6HPOpTacHHN KaHoaT
MallIITaH Macagara HOKOPPEKT KyHUIraH Macata Jefummans.

Onarna HoxoppexT MacaJajgap
bTUbOp KapaTHianm.

JTAHTUD-

Ha3apusicmga Y9uHYn mIapTra acocuii

Hoxoppexr Macanamapra mucon KeJITHpaMIu3.
1. Jlannac Tenrnamacu yuyn Komn macanacn.

* w(z,t) = sh(kt) sin(kz)/(k?)
Oyaxuws Jlannac Terrnamacn

Ou(t, ) = ~af"u(t. z)
B o ning




TaHIap
enca (eqmy

4 Y3ITYKCH!

boTunmp. ‘
i1 rapTiap
DyHma Ma-

!
d, YMyMaH

D.
a2 Anmamap
TAC TeH-

DragaMms.
Ka bup Ta-
PTIAPUHI
acH y<IyH
& MaBXKYII

\TIIAHTUD-

a acocuii

yvayH Ko MacamacHHEEHT

=g =0, wle=0 = (1/k) * sin(kz)

SUMMUALIIP. .
Arap k — +oc 6yica, y xomna (1/k)sin(kz) — 0, ammo Gapua
X jm, gm0, e =y oo 18

dipey .

——— sin(kx) — oo,

'll,k(t,x) = k2 Y

Oynanmn.

Iyrnait ka6, Jammac Terrmamacn yays Koum macanacu KoppeKT-
Mac MacaIaiup. :

2.Yusukau anre6pank TeHrIaMalap CUCTEMACH.

dapas xuIaIIUK :
= f (2543

Tenrnamama A m X n - Marpuua, ¢ Ba f — m Ba n YIYOBIN BEKTOPIAP

Oy IcHH. ‘
m.>n

SATOHA IMAC.
m < n OyIranna equM MaBKy[d 6yIMACHUTd MyMKHH. . i
‘Arap m = n Ba detA # 0 6yica, cucrema nxTuépuil f ydIyH edammra

sra, seEE Teckapn A™! maTpuma MaBXym Ba WUeKIm JIrIoBIH (a’omaru

wu3mKm omeparop cuarmaa Jerapananran. [ysmai xmmmb, Anamap-

6y 1Ca, CHCTeMAHHIHT eNMH MaBKyT, aMMO YMyMaH aliTrana,

HEHET yuTa KOPPEKTIUK MapTiapd 6axapuiiai.
AManméTna YH3UK I anreGpank TEHIIAMAJIa]p CHCTEMACHHURT equMU

MOWMO TAKPHOWI AHEKTAHAIH, Ty HKL XHCOOIAILIAD SXTHTIalIap bunan
omu6 Gopumann. XHCo6- il XaTOMMIHHY YHI TOMOH XaTOMUIH crudaTua
Kabymn KUITHII MYMKIH.

(2.1) cmerema 6miaH GUpraTHKA KYAunarn CHCTeMaHN KapaiMus

Alx+7)=f+n, (2.2)

6y epma ) # 0 -YHT TOMOH XaTOMUTHU (J3TapHuli), ' -€UUM XaTONUTH.

Ar=n, r=A4"",
HrllZ et _ A

‘
Az
el _ 114all

/10 el ™ il =]

flA~ ]
Tl

< [1AINIATY] = 7(4).




4) = ||4])| [A7Y  xarramm A MATPUUARMHT IapTiamram g
YI40BH nettmmamy,
Arap y(A) jruop eTapimya karra 6y.aca, A MaTpuma (( 2.1)cncrema)
TaH, akcuuda y(A) jqos KU9IuK 6yiica, sximy OrapTiam-
TaH medmiamm,
Emon THAPTIIAIITaH cucTeMara Mucosn [6]. (2.1) crcremany

f=(~1,~1,...,~1,1)‘,

1 -1 g =1
0 1 7. = . i
0 T - Al

U R
0 0 . e
(detA:l;éO)

0y nrarma xapaitvrs. KeHrpoxg KYpuHAIIIA, éscax, 6y cucrema Kyiunary
KYPUHIIITa KemTaqm:

Ly g s Tl
e L
L b= ey
i 1
(2.3) cucrema a = (0,...,0,1)! groma €4nMTra 3ra. v
Qapas Kmmaitmk, 7, = | YPHHTa Xuco6mam HaTHKACHIa
T = Dl

XaTOINKra Bym Kyhummmn (6y epma ¢ # 0/1 Fa HucbaTar eTapmmua xi-
9K COH). VY xonma (2.1) cucrema CIVMHHUHT JpHura (2.2) cucremammur
eUuMH § = g + y ‘Tonnnand, 6y epma A MaTpHIA Ba f BexTop 0K 0puIa
KYPCATIITaH KYpUHmmra 9ra Ba = (0,0, . S 2)%:
Xaromuk r = (13, o ™)' Kyitmnarn CHCTeMaHn KaHOATIAHTHPA LI
Ti=fa—rg— .. e sl
T2 = 13~ e

ps e 0,

8




EHIINK

e
Lng— =

By epnan
= (911.~2

R R e
e [|rlf = 27-2e], lIkl[ =1, linll = e, [1f1[ = 1 va

= s el l=l] e
ﬂM—%MWAHZ”wmm 2

XOCIII KIIIaMMU3.

3. AHaJINTHK HAaBOM 3TTHUPHUII MacCaJacH .

Papas xunaitnmk, f(2) aBaTATEK GyHKIMAHEAT KaiMaT D coXamnur
M xumem Tymnamaoa MabayM OyncuH.  f(z) dymxumsemar M rymmaMma-
ru KucMuHE fo(z) 6mmas Genrmmaiivms. Arap M TymiaMm Kammma 6mTTa
AuMUT HyKTara sra 0ymica, ¢yskmmsa 6upman 6up THKIaHAIN, aMMO Oy
vacamana f(z) dyExumsamEr fo(2) GyHEKIEATa y3IyKCcH3 GOFI@KITHTH
HyK. M- = s |de=by0 2k 1),
D={z:|z| <1} 6ymcmm. Bapua 1 > |z| > ¢ yayr fu(2) = (z/c)"
KeTMa-KeTIHE b < ¢ < 1 6ymranma M TymmamsmHT 6apua HyKTacuma

XaxukaTag, Gapa3d KUIawiIuk,

Honra DHTIWIAMN. Bymmai dymxumanap fo(z) ra XaTonuk QYHKIWACH CH-
daruga Kymmica, 60ImmanFny 6epuIragIapEUET KAIUK XaTonuKmapn D
COXAHMHT HIHAard 6ab3W HYKTalapla eINMHUHT KATTA XaTONUEIapUTa
0JTi6 KeMWIITUHE KYPaMH3.

Mamkaap.
[. Kyiinparn MacanaJdapHUHT KOPPEKT SMAaC/IUTHHU HCOOTIaHT !
1) w(z,t) = vupl@ )y 266 R, z>0,
u(0,t) = f(t), u(0,t)=0.
2) ‘l'tl('17~:yw t) = u:z‘(:v!y't) +Uyy(a"1y7t)v Ll,'vyst € Rl’ T Z 0’

u(0,y,t) = f(y.1), us(0,y,t) =0.

3) wlz,t) = —ug el (i X} — (0,7)+ (0,7),
w(z,0) = f(z), =z € [0,n],
(0, ) =wlm =l e [Q,T].

D] g {(,8) =t s (W5 E) (z;t) € Q = (o,7) x (0,am),

o — MycbaT KaTTaluk,
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. sl
'_’__.‘:"“’"“’;*:—:-9-,0‘

wW0,8) = u(mt) =0, t¢ [0, ],
w(x,0) = ¢(z), u(z,am) = ¢(z), ze [0, 7].

5) sign(z)u,(x, t) = —uy, (x, th - e e S L)iwt),
Ll SR it 0, telo, 1, u(=0,¢) = u(+0,t),
Up(—0,¢) = u(+0,t), te [0, 77, u(z,0) = ), re =1, 1.
6) sign(a)uy(x,t) = ~Uze(z,t), (2,8) € = (-1, 1) x (0, I 08
U=-Lt) =u(l,t) =0, telp, Tl uf=0,) = u(+0,¢),
Ya(=0,2) = u,(+0,8), .fe [0, 7], y
-u(x,0) = f(x), w(z,0) =g(z) ze ey

7) Kyitnnarn ®penromsm 1-uy TYP HHTerpan Terrnamacumy Kapaiimuy
b
| [ Eletult)it = fe) (e < 5 < ),
g ' Oy epma K(x,t) - KaMIAHYBYII, 1y

K XaMia Kyfmmary Fnns6epr-
TAPTHHN KaHoa TIAHTHpa M

IIEYicsige

bd
I
YHT ToMon f(2) € Lylc,d
byEEDES. Ymby macamam

K?(.r, t)dedt < 00,

bepmirran dymxmms, u(t) € Ly[a,b]

HOMa’LJIyM
aHD KoppexT SMaCIUrIHN ucborma,

HT.

3. Tnxonos 6yituaa KOppeKkTauk,

Kyfiunarm 1-qu TYP OmepaTop TeHrmamamn Kapanmmns

Az =f,' 2€ X, feF

eprna X, F <« Bagax bazomapn 4
®apa3s xumaiimik.
. ! Mc X.

oy “KOMIIAKT omepaTop. !
X dazocuma M TYIIAM aXKpaTuiran 6yrcum, ‘

Taspugp 3.1 [16]

(3.1) macasa Tuzonos 6%tiuna %o
! detiuaadu, azap wyiiuo

PPERM. K tinnzan |
aew wapmaap Gancapuaca. i
' . !

10




1) bownaneundan MADAYMEY macaaanune eyy
| mezuwau;

T),x+£0, | 2) macananune evumy M mynaamda geona;
- 3) f nume evummny

MU Masoncyd 6a M mynaameq

M mignaamdan Mmawr.apuea wukapmaiduzan wexcys
1 17 | RUNUK y3zapuniuea v ewummune HERCU3 Nuvur Yaeapuwu moc xeaadu,
A

), 0, M, 6unan M TYIUTAMHIHT A omepar

| Taivms: My = AM.

Y xonna 3) WapT KyHAUTary Kypaaumey oamau:

3) M4 Tymmavna Ay onmeparop Y3IyKCcHs.

M Tymmam KOPPeKTIIHK TYIIaME fefina, i,

Kapaiivuy IH3HKIH (azo 6yaMarammurn yaye, - (3:1)
H3UKCH3 Macania 6yam6 KoJamy.

Op opxamn F' ra’axcunm Genrp-

Ymyman aiTramma, M
Macana Oynmail Kypuammga

KYIDIHK TeOPeMacCH McOOTIIaH-
TANK TYIIAMINa TerHILIIary
MACATAHUHT KYHUIHOTNTAH dapas KummHAmY, Arap xapamaérranm ma-
cala QU3NK MacamagmHr MaTeMaTuK uponananumn 6uiag b6ormuxk 6yca,
Y X0i1ma Ky mmaaa ¢k MabHONAH Kesnb uxamm,

Tuxonos ManmOCHIArH KOPPEXT Macajtamap
OMa'bTy M

KOoppexT Macanaﬂapna ATOHATTUKHI ucbormamn:
Iou.

& ATOHATMKHY HCHOT AT
HaH neapnn Gapx Kmmvait-

M xoppexramk TYIIaME cudaTuma ogat
am. By
QUK.

Oa KOMIIaKT T)"II.TIZ:LM Kapaia-

X074 TeCKapH omepaTopHUAT Y3MYKCH3MHIT 2) mapraan kemu6

Teopema 3.1 (A.H.Tnxonon) Papaz wuaatiaux,
Hune ewumu geowh ea M RoMRaxm mynaam 6ijacun
(3.1) mynaamda 41 onepamop ysaykcus 6jaadu,

(3.1) meneaama-
- Y zoada M

Mc6or. Teckapuemnn Papas Kunainuk, spuy TEOPEMAHUAT TaCoUKY
YpuEME 6jaMacuy. Y Xomnma myHnaw wuy; € M pa g0 > 0 MaBxymgxnm,
bapua ¢ > 0 yuyn WyHRad u; € M snementy TOIHIIA TUKH,

[[Aug — Au)]| < §, [lug — wyf] > <
Oymamm.




Dapa3 gumaitmm, {0k} xeTma-
Ba {u} STIEMEHTIIAD KeTwa-

KeTank k — oo ga moira HHTHITyByn
KeTIUrH wynpaicn, yiap YIyE
[Jug — Uil || Ay — Aw]| < 4, w, € M
YPuBmH 6ymcyy.
M Tyumam xommagr Kammarunan {uy} xerma-

KeTIUKHIHT SKAHIIa-~
InyBYn KuCM KeTMa-KeTaury MaBXy/I. By KHCM KeTMm

A-KeTIINK Gommanryy
KeTMa-KeTnux Gumarn YCTMa-ycT Tymanu ne6 hapas KUICax 6yiramqy.
¥Ym6y
lim 2y, = 0
k—oo
VpuHIn 6yncun.
Y xomma A OICPATOPHUHT y3iryKcms SKaHIUTuIan
[|Au® — Al =0; A0 = Aug,  |[u® - | > &,
6Vmamu, 6y sca (3.1)

TeHI'TaMa eqmyy ATOHAJIHTHT s, Sumnup. 3.1 Teopema,
ucboTaammy,

Teopema 3.2 Papas wuaa

dausk, (3.1) MEN2AAMANUNE ewumy goong
6a M xoppexmaus mynaamu

A2ebpaun tdueunduday ubopam Gjacuy:
M =M+ W,

6y epda M, - womnaxm mynaam, V;

dasocu. y T0a9a My minaamudy Al o

3.2 - Teopena ucborurm [9)- man TOMUIMIMAT I3 Mymkws, 3] -

TeopeMa,
Yy maximmmy XaM KeJITHupamus,

Teopema 3.3 Myndaii wou HYKMada

w(e) (w(0) = 0) yaaywcus
bynryug Masaydru, bapua g,

Ty € M yuyn Kytiudazy 660 Jpunay
21 = )] < w(]| Az, - Ausl]),
6y epda ||.|| nopma moc 1‘9aeum()a X 6a F Pazoaapuda.
Taspugp 3.2 [15] Azap noadq Yaayreus wynday w(c), - 20, w(0)=
0 g&yummz Masxucyd sq
Yo, 2 € M — 9 [ley — 29)| < w(||dz, — Axs]|)

6yaca. y zoada Ay — fi AL DTS F, b(4)

€ X macanq Tuzonos
Mavuocuda M C D(A4)

mynaamoa Kopperm detiunadu,
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HTYBYL

KHIIa-
JaHFIY

opema,

KUCM

K yfiunarn KypREAIIIArE 6ab3H HOKOPPEKT Macanasiap yiIyH

SEm R N e, (R D(A) - F

| T eynM XaKua KYIIHMIa mapT bepuiamn. By aca xyingarugan ubopat:

r € D(l), | wmsukym D(l) dasoma Gepmirax pyExumonasn Oy, spum
HOPMa XOCCACHTA 3Ta, SHHH

I(2) 20, 1) = (@), e +y) = 1(z) +1(y).

By epna z,y € D(I). Arap daso D(l) xaxuxmi 6yica, A € R; Arap
D(l) xommnexc daso 6yica, A € C; yHIaH TamKapu DI)NX #0.

Tabpud 3.3 [4] Aeap zap bup § > 0 yuyn c(8) mycbam yazapmac
sasacyd 6yaub, 6apua x € D(A)N D(l) aapda rytiudaeu 6aTo

[|lz]] < 8l(x) + c(o)||Ax]l, (32
Jpunau 6jaca, y toada Ax = f macasa |l -xoppexm macana detiuaadu.

Arap macaia [ - KOppexT 0yica, y Xoiama | - gpynxumonan Ax = f
MACAIAHY TYPFYHIAIITUPYBUH (yHKIHOHAN 11e0 aTanaqn.

By Tabpudra MyBoduK KoppeKT Macaiganap 0 - KOPPEKT Macamamap
6ymmu6, c(6), & ra Gormmg smac. Arap | - xoppext macana D(A)N D(!)
Ia KoppeKT OymMaca, y Xolla '

e

axc Xomnma (3.2) TEHICH3IHKAR J Au HOIra METUATHPUO, KyHnaar: 6axora
KesTaMm3:
c el € ) Aal .

| - KoppeKTmuK Xoccacu (3.1) Macana eqnMUHIHED D(A) N D(l) na sro-
mamurumn Ba uxtmépmit M = {z € D(4)N D(l)|,!(x) < m} xypUHUIITATH
TYIIaMTApTA TYPEYHIUTHHE TabMUHTAN .

3.1 Ba 3.3 - TappuGIAp OPACHIATH OOFIIAHIIIHI Kyfngara TeopeMa
opKaIH KeITHPAMI3. ’_
Teopema 3.4 Ax = f wmacasa daxam ea daram wy saxmda | -
woppenm 6yaady, aeap y usmuépui My = {x € DH|l(x) < s}, s>0
minaamuda Turonos 6Jlune vopperm 6yaca.
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3-4-Teopema ucborn [3]- maw xapanr.
Usox. Mapran KOppek
laBpenTren By B.K.ABamos

PUAHIHD acocnapmm

7], [24] KHTO6Apura
acocIanguy,

§4. Typrymmmx 6axonapu

St

(4.2)
T v(2,T) Bu Tomum Macaita-
TYPFYHIUK 6aXocHEn Tomayms [4]
Tpamsn baxomativms

Bepunrag f(x) dyrkmus Oyimya u(
CUHM KAPaBMU3 Ba, yE@HD yays |-

Iy maxcamna KyHnnarn uare
Vg
e //exp(~—2st) Jve(x,t) + Ul t)sz:L'(lt, S0
00
(4.1) TéHrnaMara MYBOQUK MHTerpas Homra Temr,

Wurerpammn v(a,t) = ey, t) AMMAIITHPHI Epramma KyHugaruga
KypUHHIIIA E3a01003

8
= l=//]wt+sw+wm[2dzdt=
00

3

T m °

. T o =
/f-w¢l2d:1:(lt+// fsw—(»w“[zclwdt-k
0 00

it

5 o
0

14

.o\

m
/(swtw + Ww,,) dadt 5
0




0B, M.M.
THT VK YB-
OCIapIHT
dTapunra

(4.2)

MacaJgia-

[4].

jaruyga

{

jrs (w (JL t)) dmdt—//2wnwldrdt
0 \

Tm T
// sw —w dxdt /(sw
00

0

g 2 nn
(=,t) — wl.(:c,t)) dz|y. (4.3)
By renrcmimmxau XOCIWI Kuanmna | MHTerpaina mKKuTA MaHGui-
Mac KYUIyTyBUMIADHE Tamiad obopamns, KOITaH "Xallapuu ¢ Gyiimga
Oymaxitab nmETerpammaiivms, (4.2)

bup xunCIN IMApTIApIAE BA wy(0.1) =
wy(m, t)

= 0 skammuruman doiinanancax, unTerpannan TalKapu upoma-

Tap Hoira aimadamm. HaTmkana (4.3)-man ym6y rerrcmzmmxan

w(x,T)dx — /wz(x,T)dm =

0
£ Sju.v2(;z,0)clx < /”
# 0

b
Ss/w2
0

Xocun Kmnamms. Ky#inarumapan sciab,

S

Sy

wk(z,0)dx <

(x,0)dz

Wi Bl — exp(—sT)v(x,T) = exp(—sT)u(x),
w(z,0) = v(z,0) = f(z),
TOIIaMm3

exp(—

/"|u )2de <
0

< exp(—2sT) /[u |2dr+s/|f(¢ [d.

Tenrcabimuk mKKkama ToMommHE s exp(—2sT) ra 6y:1u6 pa 2 = 5~ neb

-X1c06:1a0, KBAIPAT MILAN3 ONTaHTaH Keinn

llall 0.y < € 2t o0,y + exp(T
XOCHIT K MIIaMHES3.
I

U laao,m

YHIAI Kunb, okopunary macama, [ KOPPEeKT Macasla 9KaH, 6y epua

) =dlai;

La(0,m) -
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N

2. BaxrT 6yituua Ay HaTMI A HYT y3raprupaguran napaGomk
THIAArA TeHrjlaMara Kyimirasm HOKOppeKT Macaja.,
e SRS T

COXana KYUUNATH TeHITaMAHI Kapaiivmms

signau(z,t) = S (D). (4.4)
By BaKT OyHuva HyHaIMIImIHEL y3raprupanuran IapaboNIuK THm Ten-
TlTaMammp.
(4.4) Tenrnamann Q N {x # 0} coxama KYyWaarn 1

a) bomnaruy

e o) — flz), -1<z =1
6) werapasuit

u(=1,t) = uw(l,t)=0, 0<t¢ S

B) TUKMII

{0, £} = u(+0,1), U (0, t) = (40, t), 0 sisT
IIIa,pT.TIapHHH Ig&HO&T.H&HT)’pyB‘?III €UMMHHA TO!

By macana XaM KOPPeKTMac Macalamu
THHHI HCOOTIAIMMESR.

AT MaCATaCHHY Kapaiimms,
p. YHEHD mapran TYPFYH 3KaHIIH-

Kyfinaru 6earnmanmy KUPHATAME3

1 1
o(t) = — / Ugztdr = / ulde.
-1 -1
o(t)  dyrxumgEn nupdepeHnnaIas TOIAaMI3

4 -

1 1
O(t) = -2 / Uppttydr = 2/u“uxd.17,
o =

s

—_
15N
ot

~

1 1
el = / UpUyda Z/zl,zt(x, t)dz.
. S i
Msox. By epna u(z, t)

GyHKOUIHEED Xucobnautapna xaraamma-
érran Gapua

MOC TapTHOIN XOCHIaTapHE MaBK
7 (t) nponanu 1-wu waTer
hornaranud y3rapTupammns

yi ne6 dapas xuwruaamy,
PAJIMHUHT KY DUHATIIIHT (4.4) TeHrJTaMaia,

e U e ———

B

1 ¥

—2 / Upptggdit =
i

T

i e o es =)



papaboamk

KapaimMu3
(4.4)

MK THI TEH-

i

Kapaimus.
VH SKAaHIIH-

(4.5)

KaTHalla- .

HTHALN.
TJlaMagan

e

1
- 2] sign(x)u(@, t)sign(z ) tpar(x, t)de =2
1

(4.5) sa (4.6) mam TomaMu3

1
=4 [ Wyl 1)de,
<1

¥(t) = In(p(t)) PymEmEACHRE KEpuTHO,
d’”(t) (p(t)‘tg” (t) 3 (‘fgl(t))2

:___’————“_"‘—:

20
|2 (e t)yde _fl w2z, t)do — (} w1, )0l t)dr)

fl u?(w, t)da

EK1
¢r(t) 20
X0CHIT KUTAMH3.
By epna 6m3 Komu-bBys:
(4.7) xermm® IHKANIKN

plt) < St ul0) + 4 TH ()

(4.8) moTEHIAPIIAD, TONAMH3

/11 ittdt<{/llu mOd.c}(T”/T{/

—

T
d'l:} g
(=—1)/T

[0
' 7
H“z(‘"at“Lg(—l,l) - ““w(fao)“[,g(-hu “ul'(x’T)"tl{g(—l,l)'

Mysmaii X

KOPPeKTIHK . Kyimmarnia

TyIaaMu

= {u: H'LL,‘(;L',T)HLZ(_LU < m}.

6y Tamn.

uZ(z,t)dz.

(4.6)

(4.7)

FKOBCKUI TEHICU3ITATHIAH dofimanannuK.

(4.8)

6, I0KOPHAATH Macasa MapTii KOppeKT Macalla 6ymub,
!

o




Mamxnap. Kytmna xenrupunran MacalanapHIHAT mIapTiIin TYDPEYH
SKaHINIHUHE KYPCATHHT Ba MOC S TUMIADH yIyH INAPTITH TYPEYHIIK 6ax0-
JIAPUHT TONUHT.

1. Jlamtac Tenrnamacn yuyr Komm macamacy (uKxw yiraopnn Xo0ima)

2. MaTemaTnx aHammsHmAD KIIaccHK Macanacn-nuddpermmaians ya-
camacu.,

By macamann eqmm KYHIOATH WHTerpas TeHrmaMany CYNIITA YKBUBA~
JTeHTIUp

/(p(a')da' = f(a).

By epnan xypunust TYPUOIIKY, IOKOPHIAIT TeHrTans, AR B o Wi
Ba X0Ka30 xydrT dasomapra mmcGaTam Kapacak xoppexr, (', (, Ly, 'Ly
XKYOT dazomapna sca HoxoppekTmup. By epnam xynoca, IIYKH, COHH mud-
depernmaniam Macanacy Tammg HOKoppexT Macamamup. Illy macarma YIyH
TYPEYHIHK 6aXO0CHHE TONHHT,

8.2 §MHHII&‘ lapuga KeJITUPHAITaH Macananapra TYPEYHIUK 6a)gonapﬂ-
HH TOIIHMHT.




T TYPEYH
HINK 6ax0-

I X0IIa)
ATITIANT Ma-

T SKBUBa-

k. Lo, W21
C, Ly, L,
DHITH Dud-

ana yIyH

Dax 0TapH-

II 606. Perynspn3anus

§5. PeryaspialiTUPyBYd OMJIA TYIIyHYACU Ba
peryisapiamTAPUI HapaMeTpn

Tabspud 5.1 [A.H Tuzonos|. QPapas xuralauk, KiacCux Mavroda
ROPPERTAMAC MACAAa Bepuazarn 6YAcun. by macaagza wucbaman o napa-
sempea 60eAUK, MACAAGAAD OUAACY PECYAAPAGUMUDPYEUU OUAG deb ama-
aadu. aeap KyUudaest usky wapm 6adxapuaca:

1. Xap wandat o > 0 yuyn Macasaaap ousacy KOPperin;

9. Bowaaneuu Macaaanune evumu masicyd 6jazan Gepuizaniapde
MACAAQAEP OUAGCUNUNZ eNuMUNUNE Kemma-Kemauey o — 0 da bourrameuy
(HONOPPENT) MACAAGHUNZ EVUMUZE UNMUACOU.

( mapaMeTp PeryIfpIalliTUPYBIH ITapaMeTp me6 aramamu. babim
Xomapia peryispusalus TapaMeTpr OyTyH COH XaMm OYIMIIN MyMKHH,
¥ Xona MKKHHTE MApT 1 — 00 6a:Kapuinim Tanab KuIIHAL.

DHOu GHPUHYH TYP OHepaTop TeHIjaMara HurcbaTaH peryiipiamlTa-
PYBUH OWNA TYUIyHYaCHHHA apmgnaivms. [lynmai Kb, GupuHIn TYp
orepaTop TeHTIaMa GepuiraH 6y acus

s X fc'k ({5

dapa3 KHIALIIK, (5.1) MacagaHUHD €9UMH ArOHA Ba M X dasocuHUHT
KEICM TYaMH Oy ICHH. j
{B,} 4m3uKTH OnepaTopiap OWIACHHI KapaiMu3

B,:F—X.

Tabspud 5.2. F dan X 20 axcaaumupyeuu {B,} (0 < a < ap) onepa-
mopaap ouaacu (5.1) menzaama yuyn M mynaamoe peeyagpacuimupye
ouaa deb amaaadu. a2ap

1) zap 6up a , 0 < a < ag, da B, onepamop F' da awunaanean 6
UERAPAAANRL AN, ;

2) bapua x € X yuyn (lrigxan,Aa: = 2 (aumum nopma mavnocuda)

fyaca. -




‘Oran Tax pubmit 6eanIraHJ1ap Oyitmua,
namuna (5.1)Terrmavanmar Takpubuil eqn
JTUTUHE KypcaTaMus.

(5.1) Terrmama yuyH B, Perynapramrupysam oma Kypuiran ne6 ga
Pa3 Kunainmx. '

PerylapaamTupysam onma ép
M

UHI KaRIall KYDHII MyMKuE

(5.1) Tenrmavammar VHT TOMOHH & AHUKINTUNA MABITYM, SBHI fe ane
MEHT Ma®bIyM 6ymm6,

f - fell < e

Tas = B, f. Taxpubuit eqmy CHpaTURA omam

TMAMTHPYBYN TTapaMeTPHUHT Gupop KHHMAaTI.
Tyhe Ba
TafMHI3:

3, Oy epma o peryisip

(5.1) Terrnamammmr ¢ AHHK e9UME Opacumary dapxum Gaxo

Il = Zaell = || Buf. - off <
S Balfe = NIl +(1Bo Az — 2| <
< lIBalle + (2, a),

sup||B, | = oc.
(Akc xomma (5.1)

TEHINIAMAaHY eIHII Macagacy KOPPeKT 6y1u6, Iin}) iBt
=

, A™! 6ynanm).
¢ = 0 ga a BEAT UIyHIOAM y3rapum KOHYHIATH 60pKu, yHma Kyinmars
{ AUFHHIT
i 1Balle +v(x,a)
! HO/Il'a HHTUIAIH.
- |

Xaguxaran,

w(2,e) = int{]| Bulle + (2, a)}
ne6 Gearmiab KYpcaTaME3Ke

ilil(l]w(.l,', 4] =13,

Papas xunaimmk, § > () uXTHEDHIT eTapimya Kuramy COH 6yicuH.




W ousia €p-

I MYMKHH-
aH 1eb da-

BHIL f. 2JTe-

@ peryisp-

DEHU 0ax0-

(5.2)

HOKOPPeKT
0 UK

o B, =
a—0

Eyinmaru

lig%) (2, @) = 0 sxammurunas myrnai od) Masxkynkd, 6apya o < a(d)
o .

aapna ymoy y(a,x) < % TEHICHU3INK HaXKapmIa .

p(®) = ind 1Bl

Genrumaimms. £ < O.Sﬁ 6ynranna w(z,c) ¢ysxums w(x,e) < 0 TeHr-
CH3MUKHA KaHOATIAHTHpPAm, 6y sca (5.3)- Hu mcboT Kumanm.

Mysnatt ka6, arapaa (5.1) TeHrTamMara peryiipIaliTAPYBYN ORI
Kypuiras 6yica, y Xoina Takpubuit xuiimaTiap 6yinta 6epuiran anuK-
NHKIA TAKPHOUE eInM KYPHUIT MyMKYHITATH KeJlnb IuKaIu. Bepunranmap
ammsgmrn € > 0 guxcnpnanranma  inf{||Ba|le + (o, z)} spmmamuran o
mapaMeTPBEUHD KHiMaTH (5.2) 6aX0 MapHOCHAA ONTHMAIL OFTaIm.

Perynapiami THpHIT 3dbeK THBINIY Ky MAbHONA PETyIAPU3ALNS [a-
paMeTpHHE TaHIamra Gornmk. PerymipaamTupuim mapaMeTPUHN TaH-
nam yuys ||Ball, {o,) dyExmmsnapHuET aHAK KypUHHLIMHE OUIHII
HExosToa MyXuMmap. ||B,|| karranuruan anuknam Ba GaXoanl KuinH
smac. y(x.n) KaTTamEKHE 6axoialina 5ca KapanaéTrad macanagad Tu-

XOHOB OYifia KOPPeKTINK Tanad KIITHHAIY.

§6. BaxT 6yinda UyHAINIINHYM §3rapTUPAAUTaH napaboJimk
THUIEACE TEHTJaMajap yYyH HOKOPPEKT YerapaBuil MacaJlaHUHT
peryisapu3annsacu

Q={-1<x<1)x(0,T) coxana xy#unara TeHIITaMaHN Kapaimus

sign(z)uy(z, t) = ug(z, t). (6.1)

(6.1) - <t TenrmaMann Q(x # 0) ma Ba KyHmmaru

a) GommaHFIY

(), 1 g‘x =l

6) gerapaBui
) = u(l.t) =0,

i <<l
B) THKHII

u(=0,1) = u(+0,t), u(—0,t) = u,(4+0,¢), 0<t<T

DT R S
TeshDUJ
Mexanika-m,

o

d.Cang. iz

E Guling
falen‘rel

JeUY 2 e




MapTIapuHI KaHOATIaHTUDYBYN €YNMUHN TOIINHT.

4-§nan xenub wMKAOUKY, 6y MACATAHWET €UHMI MOC dasoma srosa Ba,
LWIAPTIN TYPEYHIUD.

Dapa3 g unaiiamk, GounIaHFTY Oepunrannap Uy HIalKku 6y MacalaHmHD
CIMMI MABXKYM, yHH KYRATArd Ky PUHANTAA HDOTATIAILL MYMKWH

tMﬁ=§@MﬁW+§WM%M (6.2)

Oy epma :
uf = exp\E ST, up = exp(Aft) /i,

1
fE = - [ sign(@) ()t (@)de, k=12, ..
£t

Sy shy/Af sin /AF(1 - ), arapma 0 <z < 1 6jmca; (6.3)
& sin \/AFshy/AE(1 +2), arapma —1 < 2 < 0 6yica; 1

AF= gl o= i IR

%)

[t 1ap sca

tgp + thp =0
TeHITIAMaHUET MyCOaT HIITA3IAPH.

1
(v.v) = [ uvdr 6unar Ly(—1,1) marm CKaJlAp KyHanTMasu Genruia-
]

cax, y xonna ||u||* = (u,u). (6.3) xenn6 wuxammxu xoc bynxmanap yays
KYyWHIAry ¥PUHII

(Sig"(ll’)?f,s?j_) =0 Yi.j;
(sign(z)ef, o) = £4;5,

o 1, arap i = j 6ymca;
Y710, arap i # j 6yuca.

P* Gunan KyUgaruda aHuKIAHTaH CIEKTPAJl MIPOeKTOPIapHH bearu-
: JTaMI3

i Poy = ;(sign(:v)%w?)w?

Y xonma

(Pt =P o=y, (signfz)(Pt - P)p,p) = liell3,

22




(6.3)

P yIyH

(sign(z) P*p, ¥) = (sign(z)p, P*y), Vo, € Hy = Ly(—1,1),

ol = i{lmmm o)+ |(sign(z)p, o7 )2},

Kylinarnia asuxnasras

B.f(z) = §, (ut et + g o7). (6.4)

OyTYH COHIN HapaMeTpra GormE Gyiran B, OEPaTOPAp OMIACHHN Ka-
paniMm3. :

Arap u(z,t) Ba f(z) dyExmmanapun Ly(=1,1) Tumsbept dasocu-
HITHT 57I€MEHTIapH CHPaTHaa Kapacak, B, omepaTopnap owmacu 6usHmar
OomrnmaHFIY MacanaMEsra HECOaTaH PeryngpIamTupyBYIE Oua 6yIanm.

Xaxukaras 6y ff EO3OOUUUEHTIAPHIHT B3, YeK/IN HUFAHIN Y3IyK-
cusnurugal B, HEET y3aykcHs sKaHIUTH Kemnt wukann. B, f(z) xerma-
xernmkamnr uix,t) SyEKmmsra sKEANAIIEIT evEMERHED (6.2) xypurmmm-
Zan Ba bepmaran xaropEEEr Hy = I,(—1,1) dasonma AKMHITAIT AT H
KeJTnb 4uKaIn.

Onnu Takpnbmii Gepmaramnap 6yinrua TaKpubuit eIuMHEIET dddex-
THBNMK 6axocuHH Tomamms. Bymna xapamaérran 6omuramemy mMacama Tiu-

XOHOB 6yiinda KOPPeET BVJICHH Ba KOpPeKTinK TYIIaMIEN KYyHHzaraga
AHUK JTaiMU3

M = {u: |Ju(z,T)|lo < M}. (6.5)
Dapas wunabinmg,
1f = fello < ¢ (6.6)
OyIcnH.
Y xonna ||B,|| = exp(Aft) . Dunn 6usra daxar (5.2) Tenrcusmmk yar

TOMOHMIATH MKKHEYH Xammsn Oaxonam Komann. (6.2), (6.4) Ba (6.5)

”B,,f(:l,‘) oo U(x7t)l’g =
= ‘i l(exp(%\,ft)f,f? + exp(2/\,:t)fk_2) =

= ua(t) + dun(2),
> (exp@MT)f" + xp(2A T fi” < M
8
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xenu6 auKanm. ¢,(t) QyHKIHIHE Igl(exp(Q/\ZfT) e
GaxomaiiMms. Arap f,~+ ko> dunuenTiIap Kydngaraya 6yca
fi=0, k#n+1,
S = exp(=MaT)M,

y Xomma ¢,(t) oxuprm mapr OCTHMA J3MHEHT MAKCHMA
spumany. [Mynnait xunub,

d1a(t) < exp(=2(T — )2}, ) M™%

¢an(t) yayH aca
: £ AT = = 9
¢2n(t) = Z (exp(z)‘k t)fk S Z fk =15 (‘
k=-n+1 + k=n+1
6axo ypurmm 6ymanm, 6y epna f yuyH Moc KATODHHHT SKH
N =5 0Oma v = 0 xemn6 wmkamm.  d1,(t) Ba ¢an(t) yuy
xamiab Ba (6.6)-Hu 9bpTEGOpPra 0MM6 TOmAMU3

”'U,(ll:, t) - ans(:c)HO =

< Mz, t) = Bof(@)llo + [1Buf(2) = Buful)llo®

< eMle + Mexp(=AE, (T — 1)) + v(n).

§7. Kpasmreckapm ycyn GuiaH MCCHKJIMK Tap

TeHrJlamacura Kyumiras Teckapm Komm mac:
peryiapu3anuacu :

w(2,t) =~ (2,1), (2, ) € Q = (0,7) x (0, T}
w(z,0) = f(z), =z €0,
u(0,t) = u(m,t) = 0,t € [0, 7).




Bupop ¢uscspmasras ¢ ¢ (0,7) ma u(x,t) ¢

YHKIHUSHN TONHUIN Tamab
K MITHHALE.

[i Ounam flx) @yexunsan Gypre K03 dunnenTHHEN 6enruaimms

1 /=
= —/ sin(kz)f(x)dz, k= 1,2,
Arap f(z) Gyesmmsss Somnanruy MaCaJIaHUHD e9EME MABIK

Kyn 6ynanguran
Enub TaHIatasE. ¥ Xoama :
o0
u(z,t) Z fre® "sin(kz)
KYPHHUINEE Omans.
Epnamus ssacana. Kyitunarn maprnapan
Ova(z, Ova(z.t) 021)& v, _
a 811'2 e aﬁa"ﬁ, (.l,,t) S Q,
Gz 3l
%a(z,0) = f(z), z¢ [0, n],
9%v,(0, 1) ?va(m,t)
Ua(0.8) = w.(x,8) = 0, # i e 0,
tel0,T]

%aHOAT/IAHTHPYSSN ETapINIa CHIITHK, Vo (2,t) GyHKIUSEN TOMMAT.
By macasa soppesT macana 6ynmu6, yaunr eqnvun

va(z,t) = ff fiexp(K2(1 — ak?)t) sin(kz).

KyprHuma nposasasann. By epran KYPUHAIUKE Vo (2, 1) = B, () ¢op-
MyJiTa 6nrxa.H aEExzasras B, onepaTopnap omwracu Komm MacajlaCura Huc-
baTan perynxp:lam'rq)ynqn OUJTa, TAIIKUIT 3TAII.
Perynspramrepysen onnanuar 3PP EeKTUBINK 6aX0CHEN TOMHINTS, KI1-
pumamus. k*(1 — ak?) < - SKaHIMIuman
’ t
1Bl = U?XGXI?(’C?U —ak?)t) < Papie)

kenu6 unmkany. DENE xyERzarn MapT OCTHIA
o ;
el D) = 3 17 exp(2k°T) < &
k=1
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?
i

ymby KaTTaaukHu baxomanMus:
o0
llva(2,t) = u(@, )2 = 3 flexp(k*t) — exp(k(1 — ak?)0)]2.
k=1
apTmm sxcTpemymun Tommm yuays Jlarpasxk ycyamam Kyiuraivms.

Baxonamaérran uonaHuar xuiivMaTu
Frexp(k*T) < c
MAPT OCTHAA Kyilunaru uomamuHr
frlexp(k?t) — exp(k*(1 — ak?)t)]
MaKCHMYMUIAH OMIMANIHA, AHHH
7(k) = cexp(—RX(T — )1 - exp(—ak')]

GYHEOISHIHT MAKCAMYMUDAH OIIMaiId.
v(k) dysxumsmnar sxcrpemymu 7' (k) = 0 TpaEmeHZEHT TeHria
MaHuHT edumura Gormmxamp (k ¢daxar GyTyH smac 6apua XaK K1

kuiiMaTnapan Kabynm kmiramm me6, dapas xunmeamm). By skcTpemywm:
HEHT « Oyitmya TapTmbu ycTMa-ycT TyIamurad GaxOCHHH TOMAMIIX

Ky#uparnam aHUKIaI KUATH SMac, SbHNA
(k) < cktaexp(—k*(T — t)) = B(k).
f(k)— HEHr XOCcMnACHEE HOTTa TeHTIab
B'(k) = ctak®[4 — 2k*(T — t)] exp(—k*(T ~ t)) = 0,
EKH

SKAHIIMTI THI TOH&‘N.II/IS.

Y xomnma
‘ (k) < max B(R) = e~
rnka,k '7( = ITII?J\ ) = mae



§8. Xocmia OJMII MacaJaCHHUHT peryisapusanuica

®apas xurailmik, f(z)  QyHKIHS [a, b] xecMama aHUKIARTAH Ba y3IyKCH3

xocmyiara sra 0yncuH. {B)} opxamn [16] xyinarmaa ndonanaHTaH
: z+h)— f(z
Buf(a) = L+ P = 1)
h > 0 mapaMeTpra OOFINK UH3UKJIA OLMepPaTOPIap OUITACUHM eI uIaiMus3.

B}, pery4pialTHPYBHd ONepaTop SKAHIAIHN X0CHIIa TappUGIIAH Keind

QUEALH. Y HARH TallkapHd

| Do

IBille = 7.
Sumu By f(2) — f'(x) nponann f(2) xyimmara M TymramMra TerAIId 1eb,

HaxomanMus.

M= {f: 1P @) < i
Vpra KEfiMAT XaKHIarH TeopeMara acocas
Buf(z) — fi(z) = f'(e + 61h) = f'(x) = (= + O31)01h,
6ymanm, Oy epaan
IBaf(z) — f'(@)|| < ph (0< 0 <6 <),
Arap ||f — fell £ € 6yaca, y xonna
I1Bufe(@) = F' (@)l < IBafe(z) — Bafll + [1Bifele) = fl@)ll <
< (2h7'e + ph)
6ynama. hpm h = (275)1/ ? KjpuHMITINA TAHIACAK, IOy
1Bafe(e) - ' (@)] < 2(2pe)

1/2

TEeHTCH3THKHE XOCHT KUIaMI3.
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§9. Bupmmrum Typ OepaTop TeHIJIaMaJlADHUHT
peryispusanusicu

a) Mixxuaun TYp ONepaTop TEHIrJIaMaJap OWJIacCH.
Kytinarn
A= P (9.1)
TEeHIIaMaHy Kapativus, 6y epra « Ba f  Moc paBumga X Ba F I'mas6epr

dasomapmunr sremenTapu, 4 Ty7la y3IyKCH3 omepaTop.

i ®apas xunatinxk, A y3-y3ura Kymma Ba mycar onepaTop 6yicun
(6y xomma F = X).

B, opxanu KyHumaru omepaTopiIap OWIACHHU OejIri-
JIAMIMU3.

By'=(aB+ A)3, -a>0.
B, omeparopmap ommacm Ar = [ renriamara mmcGatam peryisp-
JAIITAPYBYIN OMIa OYIMIIHEN KypcaTamus. A OLEPATOPHEUHT TYiIa OPTO-
POHAT QYHKOUSIAD CHCTEMACHHI {9e}22, , ymapra moc A OePaTOPHUHT
XOC coHnmapm cucreMacuBM 5ca {A;}, Genrmmainms, Y XOlla UXTHEPHit
¢ € X Hn Kylmnaru xypusmmna é3a omamms

o
L= ) Beths s X =z, ).
k=1
Bbynnan
o0
Az = Y Ampop
k=1
Ba e
B, Az = > (a+ /\k)_l)\k.’tkpk
k=1

Oynamu. A OEePATO] TYIIa Y3IIyKCu3, y3-y3ura KymMa , Mmycbat ne6 dapa3s
KunneEanTe. Mlysanar yayn { A} kerma-xermHKER KaMaiiumT TapTubuma
)Kofmaﬂi’mpnm MYMKHUH A; > Apyq > 0. A HmEr bapda xoc commapn MycbaT
SKAHJIUTHIAH UXTUépHit o > 0 yuyn B, OIIEPATOP Y3IYKCH3 Ba

1
1Bl = =

«




Syaanu. Kydnparn aftupMany KapaiMus

o0 oo
T — BaAzx = Y [1 = Ne(a+ M) Yeror = a S (o + M) Laerpr.
h=1 k=

—

¥ xomnna

llo = BoAzl]? = o Y- fa + M) %} =
k=1

N =
=a’ Y (a+ M)t +0 Y (a+ M)l <
r=l k=N+1

o? . 0 »
<spllelf+ 55 s (02)
(SN

e %
z Ii KAaTOPHHUHD SIK‘HHJI&[HHH]I/IH&H N HHUHT eTapinda KaTTa KEuuMaTia-
=1

pina (9.2) nponaHUHT JHT TOMOHZATH OXUPTH XAl eTapianda KuIuk 6yiia-
2m Xap 6up duxcupiasras N ga Ba eTapimda KAUUK o A OnpuHYZ Xam
#rapinda xuauk 6ynanu. By epnan kenu6 wmkamuku

lim ||z — ByAz|| = 0.
a—0

Mynnait kw6, B, omepatop Ar = f TeHrmamara PeryaapIanITH-
WEBYH ONepaTop 3KaH.

2°. Ounm Gomuamemy Temrmamana A OIePATOPHUHI MycbaT Ba y3-
JoEra kymva 6yavaran xonna Kapaiivms. JIeKMH GONUTAHFWY TeHTTAMA
UM AroHa O6yIcHE, sbEE Gourkava Kuin6 afiTranma Homs A omepaTop-
SHT CIIeKTPAT TYIUIAMHTa TeTHIIIH 3Mac. A omepaTopra KYIIMa omepa-

pEE A* 6unan Gearmmaivus. DHAM GONLTAHFIY TeHIIaMaHWHI Yall Ba
SEr ToMoHHTA A* omepaTopHY Kyamab Tomamms

A*Ax = f, (9.3)

epma f; = A*f.

~ Arap (9.1) TeHrTAMAaHWHT €9EME ATOHa 6ynca, (9.3) TemrnamanmHT
SSEME XaM froHa 6ymmmmEn ncboTimaiiMus. (9.1) TeHrmaMa eunME Srosa
Vaca, y Xoa4a KyRnars MyHocabaT

Az =10=7v=10

prEnn. Ouon A*Av = 0 6yncns.




Ky#unarn ckanip kynafiTManu Kapaiimk

(Az, Az) = ||Az||® = (A*Az, z).

By epnan 0 = (A*Az,2) = ||Az||* éxm ¢ = 0 xemu6 wuxamm. Ilemax

AA*r = 03Ba 2 =0, 1580 (9.3) TeHrITAMAHEAT €IUME ArOHA. :
Tecxapucn, spu1 (9.3) TeHrIaMaHUAT eYNME STOHA SKAHIATHIAR (9.1

TEeHTTAMAHIHT €9UMUA STOHA SKAH/INTHHYE KyPUIT KHIHE dMAac.

Wlysnait kumw6, 1° uu xonra xemrrupuwiay.
Ky#innarnga 6enruman KupuraMus ‘

B, = (aE+ A*4)™", a>0.

By omeparopnap omnacu sca oxopuma kypcaTuiranumex (9.3) Temrmama
ra HUCOATAH PeryiapIamTHPY Bl OePATOPIAD OMIACHHN TAITKIIT YTAT

Bys=(aB4A4)7 4"

onepaTopiap omtac sca (9.1) TeHrmaMara HuCGaTAH PEryIAPIAIITHDYBY
OIIEPATOPIIAD OUNMACUHHN TAINKIIT 3TAIN.

IOxopuna xenTupuiaran peryrspmangs ycymna OupuHYY TYD oneps
TOp TeHIVIaMara WKKHHYE TYp OHepaTop TeHrJIaMa MOC KyHHIamu, shH

(cE+A)z=f
éxu
(aE+ A*A)x = fy.
By ycyn xaxmna tyma masiymoran [15] onummmsrs mymxum.
Mamk. [y ycyr épnamuna ®penronsum 6upmars Typ HHTETPAIT Te

T/IaMaCHra pPeryaiplallTIPyBYn omepaTopiiap OHIaCHHI KYPHHT.

b). Kerma - xer skuHIAmMAI yCyau

Yuby
Ao — (9.
TeHTJIAMaHH KapaiMmus, 6y epna v Ba f Moc pasmmiga X Ba F' Tumnn6ej

dazomapuHUAT s71eMeHTIApH, A 3ca ¥3-y3ura KymmMa MycGaT omepaTop.
OnepaTop fHA KyIIuMda

4]l < 1
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WapPTHH K@.HO&TII&HTHPC HH.

(9.4) TeHrIaAMAHE Kyhunarn SKBHBATEHT KypPUHHIIIA é3ub omaMu3:

. Jlemak,
x—(E——A)a::f,

srunas (9.1)
Kyiimnars KeTMa - KTk

ek afEHi OIHepaTop.

6y epna E oxopuiar
KeTIUrHHE HoTanaiMus:

opKann TaxpHOMA evIMIap KeTMa -

= A +f, =1

Th+

EK1 -
k
3) TeRrIAMa Ty = kEO(E = A

TR HTALY : 0
HOxopuna Kypuiras TakpubHil eduMIIap épnammna K
ap OMTACHHN KapaiMms:

peryApIalI TAPYBIH onepaTopl

3 Tuma ELHMI(‘JI&HI aH

AT THPY B n :
: B = ZO(E S A)L-

KeTHOuru pery Hﬂl)ﬂalllTHp_VB‘IH Ooula

M TYP Onepa
A omepaTop Xoccamapuian (ofina-

B.} omepaTopiap OHIacH KeTMa-
amu, SBHA { "‘} pATODEND

SKAHAWCHHE KypcaTaMus. X axmxaTal
mapnb KyHumard TeHTTUK/IaPHI

o<

3 Tepks

k=1

Il

x

o
Az = Y Mk
gTerpall TeH Z‘l it

DIHT - Tp = (33,9715)» k= 1,2, 35

#samm3, Oy epaa Pk Ba Ar A omepaTOpHAHL MOC paBHIIza XOC 3IIeMeHTIIapH

52 x0C COHApHAMp. Y XO7Aa

n oo 2
BnA.’L' = Z 2(1 = Ak)JAkm‘k(pk =

(9.4
j=0k=1

F T'unsbe]
ormepaTop.

?P (1= A e

n .
(1 = M) Aekpr =
£

M8

el
Il
-

.

- e Bn_A.’L' = Z(l s Ak)("+l)zvk(,9k,

k=1




W

”'T_ B,,A.”C”2 :Lzl(l = /\k)Z(n-H)‘,L,Z +L Z (1 4 )\k)Z(n-{»l)z% @
b= b=m+1

hi
2(n4+1)1)..112 .
<=2 Nel’+ & 22 (9.5
k=m+1
(9.5) TemrcmaimKEEm yHT ToMmoHmmArM WKKEETH Xal m HUHT eTapin
KaTTa LlnnmaTnapmla €Tapindya Ku4uk KlE[HMaT K‘a.GVJI K‘PIJIaJII'I YYHK

z L AKWTHIAUTYBYH, bupuHYn all 3Ca QUKCHPIIAHTAH ™M Ba eTa DJTHYY
k 1

kaTTa N oa eTapinvya KNMYNK MUK O0D Gynann N Xolima n — oc af

Y(n, M) = mf{(l + Ay ) Mo D pp2 +L %1: 3}, Honra, METIIALL.
By epman
nli_l’lgo Bpdp—i
SKaHJINIY KeNub IuKa .
YHnan ramxapu A onmepatopra muc6aran KYHIITaH MapTiapra My-

Bogux ||E — A|| = 1 6ynann Ba yuman [|Ball = n + 1 sxammurn xemu6
quKAmTT.

OHIM $apas KWIAMIAK, KAPATETIaH MACATAHMELD eqmyi MaBKYI Ba
If = fell < € 6yncun. Y xomna 2, = B, f. 6ynanm.
Kyinnarn aiipmann 6axomaiivus

[|Bnfe — = ”ane —Buf+ B,f —I” <
< ”Bn-(fe 7 f)”+ ”Bﬂf 3 J"“ =

SUBullllf = fell + [1Baf = 2l] < (n +1)e + (M, n).
MMysnait xumu6,

[1Bafe ~ Il < (n+ 1)e +4(n, M).

YMyMIm X0il, IbHI A omeparTop y3-y3mura KyImMa Ba MycOaT aHWK JTaH-
Marau 6ync1m FOxopuna éparanrar Muconmarn ka6 6y xonma B, orme-
PATOPHH KYHUTaruda OTUIl MyMKHIH

n
By =p Y (E - pA*A) A,
k=0
Oy epma p u“A*All < 1 mapran KAHOATIAHTUPYBYM TapaMeTp.
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§10. Ksasmeunm ycymnm

(9.5) Dapas gunaitnvk (5.1) Macara mapTiIn KOPPEeKT KYURIraH OYJICuH, sbHH

{5.1) macama edmMm sroHa Ba MaBXyn 6ymu6, Gepmiram M Tymiamra

T eTapnmyal vermmum xamna My (My A omeparop 6wimas akcaanTEpmiraHmarm M
A/, Y9yHKH TymmaMHEET 06pasu) Tymmampaa Gepmaram f dyHKOUAra TEKUC Y3IYKCH3
2 eTapimaa Bornarran. By epna X Ba F' Banmax gasomapm.

— oo gal Yaspud 10.1 /9] (5.1) macasanune M myanaamdaen xeasuevumu
deb, wyiudazu wapmuu Kanosmaakmupyeuu T 2a alimuiadu:

147 ~ f|| = inf |14z ]I

{Ksasueuny Tynryraacn B.K MBanos ToMommnan KapuTIITAH 5.1) maca-
JAHIHT eIUMH MaBXYy[ Ba AroHa 6yiran (5.1) TeHrmaMaEWET YHT T n

yayn (macaman (5.1) yHT ToMoEW abcomoT aHMK, GepwIral Xom) KBasme-

Jqapra My-

JIUTY Ketub

SHM eynM OmiaH ycTMa-ycT Tymanu. KpasmeumM Tymyrdacn (5.1) maca-
SHIHT VHT TOMOHH TakpuOmil GepuiraHna, SbHH YHI TAMOHWHUEL XaTO-
HTH eYNMHI KOPPEKTINK TYIUTaMHIaH IHKApPAIATaH X0/ulapaa MabHORA

MaBXKYyI Ba

Sra. Arap KOPPeKTIHK TYIIAMM KOMIAKT 6yJica, y X0Iaa JOMMO KBA3H-

M MABAYH, GYHKH KOMIIAKTOA y3IyKCH3 QYHKIWA Y3MHUHT 3HT KK
EHAMATHTA SPHUIIALL.

Taxpubmit Gepunranmap 6yimaa Taxpubuit equm KYPHII MacaJTaCUHN
Sypub wmravms. Papas xumaimuk, 6usra { f;; Ay} Mabiaym 6y mcnn:

If = fell<e, JlA-Aul|<h ((D(A4)=D(4y) =D)

fi Ap} 6epmiraninap yayr M xommaktaa (5.1) TeAriaMaHIHD TaKpubuit

MU cndaTHla KBAa3HEUYNMHE 0aMU3, SBHU Th, KYARTATH 3KCTPeMAall
MACAIAHUHT eYUMHU

inf{||Apz — fe|| : 2 € M} (10.1)
yacun. S opxanm {A, : [|[A - Apl| < A, 0 < h < hy} TymmamEm
TUTAAMHI3.

AHWK JTaH-

B,, ome-

Teopema 10.1 [9]. Aeap A, Ay onepamopaap ysayrcus, M womnaxm
Sgaca, 6apua A, € S ea f. € F yuyn (10.1) sxcmpeman macana xp,
AGPU KEMMA-KEMAULY T GHUK, EUUMAE UNTNUAGOU.
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Wic6oT. HOxopuna afirrammapuvuspan ||Az — f|| dysxumoHamsmsr
Y3IyKCH3MUTHIAH YHEAED M KOMIAKT/A SHT KUYAK KuiMaTHrn Gepamaran
The MEMEHT MABXYIIATH Kelmb umkamn. OHIM SKUBIAMHIIAHE 7c6o-

TIIAMI3
[|Azpe — Azl| <

< || Azne = Anzhell + | Anzne — fell + 1f = Fell <
< hf|zpell + [|Anzhe — fell+¢
YHman Tamxapn
HApepe — fell = inf{||4px = fell : 2 € M} £
< ||Apz — Az|| + |If = fell < hllel] + .

M KoMIAKT GyIITaHH YIyH T 9eTapaaHraH, y X07ia I0KopufaruIapIan
(h,e) = 0 6yaranna ||Azp, — Az|| — 0 xemm6 wmxamm. Twmxomos Teope-

MacHTa MyBoGuUK, 3ca, (Ilil)n : l|zhe — 2|| = 0 nurn xemub gmKaxm.
1,6 =

By aca Teopeman: HCOOTIAMN.
®apa3 KMIaWIAK ¥ 37eMEHT Ba Q@ tymnam U dasora Termmiiu Oy ICHH.

Tawspud 10.2. Azap KYyliudaey meHaAuK Jpurau bgjaca,
lly = allv = lly = Qlle = jnf lly - Al

q € Q oaemeNM Y DAEMENTIUNUNE NPOEKYUACY de6 amaaadu, ea ¢ = Py
rabu é3uaadu.

Teopema 10.2. Aeap Az = f menesama M KOMNAKMOG A20HA UUM-
_ ea sea 6Yaub 6a rap 6up f € F ssemenmnune npoexyuacy N (N = AM)
{ | da geowna 6aca, y zoada (5.1) menesamanune Keasuewumu geona 6a f 2a

yaayxcua boesur, 6yaadu.

Wc6or. Dapas KWIAHIMK T KBa3ueduM Ba f = Az 6ymcmn. Ksa-
smeunM TabpubUAaH T & HEET N TymIaMra NpOeKNuICH SKaHTUI K Kennb
ankamn. Teopema mapTura Kypa y Gupras 6mp aHWKTaHAIM. By epnan
sca M rynnamunEr N TYIIaMTa y3apo omp KEAMAaTIA aKCTaHUIIIAAH i

KBa3HEeYNMHIHT STOHAIHUTT xennb UUKaIA.
!



i=A"'f=A"'P f sxarmurunan A.H.TuxoHoB Teopemacura MyBo-
dux, A~! muEr N na ysnyxcusmurn kenn6 wnkagm. X TYILIaMIa 5ca Ipoek-
npsant onepaTopu yymyxcus. yrnai kuau6, A~'P ysnykcus omepatop
Ba I KBa3MEUHM YHI TOMOHTA y3iykcus 6oluuk 6ymamm.

KpasmeynM Kypum macaiacuHE Kypub 4nkamus. By MacadaHm 6u3
MaxcyC TaHaab OJIHHTaH KOPPEKTIINK TYINIAMU YUyH 6aKapaMus.

®apas xuaitmak M KoppeKTINK TYIUIAMI KyHNIaruda aHukTaHCHH:

ceM={z=By, |yl|<c}

Oy epma y € Y, Y sca I'mnsbepT dasocn, B — 9msukim Tyma y3myk-
cu3 ouepatop (6y epna X sa F 'misbepr dasomapu). Ilynmait K0,
M tynnam B omepaTop OpKaam aKCIaHTHPHITAH Iap obpasd, yHOAH
ranmapn || - fil] <e.

By xonnma xBasueynMHE aHUKJIAII MacalacH KyHumara:
(Av~ f;, Av— f.) dyrKumonanra MuanMyM Gepysan Ba (B~'z, B~1z) < C?
TYTIJIAMIa, TET UM 3FeMeHTHY TOINII Macalacura KeTaIi.
G = AB amvamrupum Gaxapub (Gy — f.,Gy — f.) oynxnmonamnra
suHEMyM GepyBun Ba (y,y) < C? TymmaMra Termuuin 3ieMeHTHH TOIUII
cepax. Dy MHHEMyM 3pHINHIAIUraH 3IeMeHTHH ¥, 6unan Genrmiafivms.
. SJIeMEHTHY TONHUII yIyH 3ca JIarpamk yCynuaa Kymmaivus.

Ky#ugarn GyHKIMOHATIHN KHPATAMIE3

F(\y) =(Gy - fe,Gy - f:) + My, y),

)y epra A — KaEmainup mapamerp. F(Ay + h) F()\,y) aliupmanu xu-
obnaiiMus, 6y epma h — 3i1eMeHT.

F\y+h)—FAy)=(Gly+h) - f.Gly+h) - f)+
My +hy+h) = (Gy = fe. Gy = fo) = Aly,y) =
= (2h,G*(Gy = £.)) +2\(h,y) + (Gh, Gh) + A(h, h).
ra HEcOaTaH YM3HKJIN KHCMUHE HOJICa TeHrIah
(G*Gy — G fe + Ay, h) =0
onamm3 . ByEmaE 7, 7eMeHT KyHHmary TeHITIaMaHUHET
(G*Gy+ AE)y =G f.
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eYUMK OYINIIHN Kepak 3KaH.
fe = G* f, benrmnam xupuTH6 TomaMu3

(G*Gy 4+ A\E)y = f..
G*G - omeparop MycbaT, y3-y3ura Kymma omepaTop GyIraHUNAH yHUH

XOC d7EeMEHT/Iap Ba XOC KHHMATIIAD CHCTeMACHHM MocC pasminna {3

Ba { AL, me6 Genrmimaiivms. OanmHrEm MaB3yIapHa TabKHLIATAHAMIS
mex f.  Ba ¥, dleMEHTIAPHH yImby

= o0 _

fe e Z fke‘f"lw
k=1
00

Ye kE:l YikePhs

KypUHHIIOa €3amus3, 6y epma fke = (fe,p;,) T e e R R G
Xocnm 6y nras TR THKIAPDHY TEHIIAMATa 0IHb 6opub xyitnbd Tomamu

Ype = k=1,2,.

_/\k+)\

Kypcatammsku, Mapguit A na J, 3meMeHT GOIMIAHFTY (yHKIHOHAITA Mt
HUMYM OepMainw, aHMKPOK KWiub aiTramna, QYHKIHOHAI A MaHpuI
6ynragna MUHUMYMIa SPUIIMARIH,

(GY. — [, GY: ~ fo) =
= (G¥, G¥.) — (2GY,, fe) + (fer fo) =
= (fe, o) + ((G*G + AE)"\G*Gf., (G*G + AE)"'G*Gf.) —
~2((G*G + AE)"'G*Gf., f.) =

Z zz:()\ +/\) fks 2.4 fke—

(/\L+)\)
e _ 5 2
=3 (1 /\k+)\)2fl?e Z(/\H_/\) o

K1

165, = £lP = £ (- e

e T —
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i YHIHTD

{or}i
AHNMU3-

MaHOI

Oxuprn TeHrMuKIaH A MAaHQHH 6§IMACTUTY Ky pPHHAIIL.
Myrnai xaoub, A > 0 skaanurugan

(G*G + AE)
OIepaTOPMHUHT TeCKAPUCH MaBXKYyIIUIH Keaub IuKamy Ba
Y. = (G*G + AE)~'G* f. ra sra 6jmammus.
Kunupmraérran kxBasmednm sca B(G*G + AE)~!G* f. ra renr.
Arap f. € N 6ymca, y xonna T, = A7'f. Ba A = 0 6ymamn. Dumn

fe & M4 6yncun, 6y xonma A Hu annkaivns. Kypmm xuitms smackn, 6y
Xonma KBa3mednM M TYIIIaMEUHT derapacuna éTamd, SHHI

(ye’ ye) T

#(A) opkanm KyiEgaru GyHKIUSHY 6eSIrmaiMms
w(A) = (GG + /\E)_IG'*fE, (G*G + /\E')“IG*fE).
() dysxmusEn quddepernuamiab, ymby
(A= =2((G*G + )\E)_2G'*f5, (G*G+AE)7'G*f.) <0

TeHICI3IMKHA Tomamms. YEmam tamxapd p(0) > ¢? (axc Xomma f, sie-

MeHTH M4 Tynnamra Termmimm 6yiras 6yaap onm) Ba A — 00 na u(A) — 0
6ymann. Byrmas p()) MoHOTOH KamaoBunm dyHKIES 6YIH6,

p(A) = ¢
Terriama (0 < A < 0o ApEM yKa 6u3 M3TASTTaH ArOHA CUHMIA T4 SKAH-
JUTT Kb YAKANN. A HU TONMOI yUyH KyANAary KeTMa-KeT SKWHITAIIHII
YCYIIHM Ky TUTalMHs3.

xtnépmit Ao Bm Tammab, u(\) Hm xmcobmativus. Arap pu(Xg) < c?
6ymaca, A = Xo/2 - Hum omamms. Axc Xonma seHm p(Xg) > ¢ 6yica,
Ay = 2o 6ynmamu Ba Xaxoso. Iy mpomeccrn masoM STTUPUG, A HE Tax-
pubU TomaMms.

Vizox. DbBupunum Typ omepaTop TeHIIAMAIADHE WKKWHIH TYP OIe-
PaTop TeHIJTaMa OuTaH amMAIITHPHUIL, KeTMa-KeT SKWHIAITHAII YCyILIapi
SiIaH TaKpHONA eTHMIApUHI Kypunl Ba acociam M.M.JIaBperTheBra Te-
ramum [15].




'y

DR
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R

Ksasweunm ycynm B.J.VBaHOB TaMOHMIAH KUPHTHITAH Ba GUpHHIN
TYP OLIEPATOp TeHIIaMallap YIyH acocianrad. bus 6y MaB3yHu éparnuiga
[9], [16], [24],[25]-napran dolfinanannux.

§11. ®apk ycymn

FOxopuna kenrupuiras 6upnHEIn TYp oneparop TeHriaama (5.1) yays dapk
(pyc THIEDA HeBA3KA) YCYNUHN KeITUPAMUS.

®apa3 xmnaimnk A — 0 ma Honra mHTHILYBYH 6Epop MycbaT QyHKIES
o(A) yiyH Kyfiugara TyIaM

Op ={z :2 € D(A) = D{A), J|Anz = fel” < o?(D)}

nxTtrépuit A > 0 (spHE mxtuwepuit h > 0,& > 0) y4uyn 6ym Tymiam
OymMmacuH. bommnanrmy 6epmiararitapial KyHumara mapriap 6axapuim-
IIHA Tajlabd KumaMus3

A=Al <h, (D(4)=D(4w), IIf=Fll<e. (11.1)

®apas xunaix A, Aj oneparopmap 6mnan 6upramukma D(L) C X nan
B - da3zo V ra axcmamTmpuim 6axxapysuu L omepatop Gepmiaras 6ymno,
6an3u 6up K > 0 Ba 6apua ¢ € D(A) N D(L) nap y9yH KyHugarys TeHr-
CHU3IIHK

Kllz|| < || L]| (11.2)
ypurnan 6yncur. Papk ycynuna TakpuOuil eduM KyHunaru sKcTpeMal Ma-
CAllaHUHT €InME CHGbATUIA AHNKTaHAIH:

inf{||Lz||! :z € Qa N D(L)} =d. (11.3)

Teopema 11.1'. Q@apas wuaataux A, Ay, L wusuxau énux, one-
pamopaap 6yaub, X, F pefaercus Pazoaap, V sca E - Pazo 6jaub,
(11.1),(11.2) wapmaap Gaxcapuacun. Yudaw mawsapu 6apua A > 0 da
zg € Qa N D(L) macasanune anus, evumy 6yacun. Y zoada (11.8) ma-
CUAG A2OHG EUUMRG 920 60 IKCTPEMAL IACMEHMALD KEMMA-KEMAU2U T
Nzlh = ll2]]| + [|L|| + ||Az|| mopma 6fiuva xg = A~ fo 20 unmuaadu.



Wic6or. Maprra mydodux, Qa TYIIaME OYII SMAC, TyHKH L € Qn -
Yanan Tamkaps O Kabapuk Ba émukaup. XaKukTas, o(z) = ||Apz—fll
(yHKIMOHAT A SH3HKTH onepaTop yuyH kabapukaup, y X0uIa OyTyH
p > 1 yayr vlz) = 97(2) QyEKIHOHAT XaM Kabapux Oyanm. Oumu Qa
érruK TUr HHE TERIIIPaMus.

Arap T, —* T, n € (p 6yuca, y Xouna F —tazonnar pedrexcu-
BITEIHTAH CYCT SKHEIANIYBYM Tn, KECM KeTMa-KeTIMKHMHD MaB Ky LA
xeym6 wnKamH, 5EE k — 0o ma ApZn, — fe = f - fo 6ynmamm.

Enuk omepaToOPENHT CeKBEHIHAI CYCT 1K SKAETUTULAH T € D(Ap),
A AT = f Ba

”Ahf = fs“’S Egl‘Ah_fnk o= fe“p < EI‘AI:TM = fe“p <o’

6y manu, SPHE T € 0, xenub YUKaIHA.
TymIaMm Papas xumaiamk {2;} KeTMa-KeTIIK (11.3) macamara MEHEMYM Ge-
Hapuim- DyBUH KeTMa-KeTaEE OyicuH, y Xoi1a dp = ||z}l = d
(PasorapHEET PeQIPKCUBIATHIAH Ba MOC TYIUVIAMIADHUHE Herapailat-
raH SKAHMATHIAE {25 } KeTMa-KeTIMK ydyH TONaMu
. e L S50y
OGyHIaH 3Ca
2 €QunD(D), d<||Lall < Jim [|Laj, ]I = d,
gpam ¢* (11.3) Macana eduMy SKaH. Vau z 6unas GenrmnaiMus.
®apas guraitank ||za — || /2 0 6ywcus, AbREA XAD oup 0 > 0 Ba 2,
KeTMa-KeTIHK YIVE KyHHAary TeHICU3ITHK
‘ lza, — 2oll > (k=1,2,..) (11.4)
Bamapmicus. o € Qa0 D(L) nam ||Lza, || < || Lwol|? xemmub wukamm. By
Ba (11.2) TeHTCH3THKAAH SKCTPEMAl SIeMeHTIAPHAHT derapajlaHraHIura
ke mxama: ||za,]] < [ Loll/K. Y xomna naneKCIAPHHIHET 6upop KeTMa-

xeryarn yayE {Am} C {A4}
Lzp, w0 Ta, T (11.5)

ux, one-

) 61jaub,

oynanu. I{‘yfmna.rn TEeHTCH3INKIap KeTMa-KeTIUT NHA XOCHUJI KHJTaMu3:
”A.’l.‘Am g Ail'o” S
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W

< |Aza,, = Anytan,ll + 1A, 280 = feull + | fen = foll <
< hm“xllm“ + U(Am) +ém <
< hpl||Laol|[/ K + 0(Am) +&m =0, m — 0. (11.6)
OX¥pru TeHrcU3NNKHY OJOWHTT MyHocabaTiap 6muan 6upnamTupub To-
navMus T € D(A)N D(L), AT = Azxy, svan T =12y, - v'= Lxg .
X0cun KMTHHTaH TeHICH3INKIAPIaH KyHUIarl TeHTCU3TAKHY XOCHIT
KITIaMU3 ?

Il < H1Zoll. (11.7)

m—o0 T =00, UL

[|ILxo]| < lim ||Lza, |l < lim ||Lza

E - ¢aso V —dasona cycr sxmunammmuas ((11.5) dopmynamap) Ba Hop-
MaJlapHUET sKuHTamanmnad ((11.7) dopMynamap) KyuiIn Sk MEIAITHII Ke-
b yuKaam )
Jim [|Lza,, ~ Laol| = 0.

Bymnan, (11.6) Ba (11.2) myBocabarnapmas ||za,, — Zo|l; = 0  Tomamms,
6y epma {A,} C {Ar}. By sca (11.4) TeHrcmsmukra KapaMa-Kaprrmup.

[|Lu||! dysxnnonamnmer KaThuit KabapHKITE SKCTPeMan 3/IeMeHT-
HUHI STOHAJUTTHE TabMUHIARIT.

§12. Ymymramras gapk ycyan

Kyitmnarn
Az =f, Sl

OupHHYE TYp OmepaTop TeHIJIaMaHH Kapaimms, 6y epma ¢ € X, f € F;
X FE - daso, F - bamax dazocu, A X ¢asonn F ¢asorara j3apo 6up
KUAMATIN aKCIAaRTUPYBUN ONEPaTop. I, OWmaH f, YHI TOMOHTa MoOC Ke-
JyBYN aHUK €YMMAHHI OenrunaiMus.

®apa3 KWIAWIHIK, &, AHUK €9uM MaBxkyn 6ymau6, yET TomoH f Ba
A omepaTop ypHHIa yIapHHUHT TakpHOMI KuiAMarTiapu f., A, MabiIyMm

6y cum:
Hf'—fE”SE’ ”A‘—'Ah”Sh, E>O7h>07

yEnan Tamkapn || f|| > e+ ||eo||h,  h < ||A4]| 6FacHE.
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Macasa: Bepmaras Ay, a f. 6yinya (12.1) MacalaHn perysplamiT-
pyBum Takpubmit exmmiap {za} omracuEm KypuHT.
Taxpubuit eduM yMyMIamran Gapy, ycyIuia Kyinnara

inf{l[=]l: |45z — Il < < + llallh} (122)

BapHalyoH MacaJaBEWHD eIAMHA CH@)&TI’[IL& OJIHA K.

Teopema 12.1 . Papas xuaciauk, wy Mas3yea me2uwat maiabiap
bancapusean 6jaub. yndaxw mawmepu Ap OnepamMopHuHZ KULMAMAGD
cozacu F Pazoda suu bjacun, y zoada (12.2) sapuayuon mecans kytudazu
Macanaza IKBUSLAEHM

inf{]|z]|* : [|4nz — fe|| < e+ Th}, (12.3)
6y epdazu T ywby MeH2AaMA0aH AHUKAGHAOU!

llzall = T, (12.4)

2} aca (12.3) macasanunz A = (h,€) 6a T napamempaap Ouaan evumu.

Wc6or. ®apas xmwmaimix, 0 < 7 < (||f]| — €)/h 6yncun. o(r) =
T — ||leh|| dyExmmssn xapainms, 6y epma xj (12.3) MacamaHHEr Quk-
cupamras A , 7 Ba o(r) - mapamerpmu ewmmu. KypmHuG Typuo-
nukn o(7) OyEEHESCE MOHOTOH ycyBum 6ymmb xyiumaru (0) < 0 Ba
(|| f:|l = €)/R) > 0 serapasmit WADPTNAPHA KaHOATIAHTHPAIL.

o(T) GYBKUHSCHEN Y3IYKCH3IUIHHE TeKkumpamu3. Bupmman na-
B6aTHA JHDOAH Y3IyECHIIHCHEN KypcaTamn3. Papa3 KUJIaiInK, YHD TO-
MOHWIAH Y3 IyKCH3IHE HyE Oyacun. Y xonma 7, — 7 Ba T, > T IMapTIapHN

KAHOATTAHTHDPYBYH {7, } KeTMa-KeTJINI'H TONMIANNKH, YHUHT yIyH
y l2R — zall 2d >0

Tenrcu3uK baxapmmanm. i (12.3) BapHanEOH MacalaHEHD eYHMU B2
T, > T sKaRTMTEAaE ExTHépHE n yuyH |[Apza, — fel| < € + Tah ypuam.
[ynnail Kxuaat,

lleZ 1] < [zl (12.5)

Tn

6ymamn, (12.5) TeEICH3IAKOAH {z%} xerMa-xeTIHKHN HOpMa Gyiinda de-
rapaJAHTaHTHIE Keqnd SuKamy. Y MyMUIINTEra 3apap eTkasMacnan

ef =3 (12.6)
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Ied XuCobIamuMI3 My MKHH.

xruépuit n yuayn ||Ap2A™ ~ f|| < € +Th Ba 7, — T sSKARTHrEER
Kypamus. ¥ xomnna A ONEPATOPHUHT CYCT y3myKCH3IATHIAH, (12.5) Tenr-
CH3JIIK[IQH B CYCT JIMMUT HOPMA XOCCACHTa MYBO(IK

[|[And — fe|| < e+ Th (12.7)

ora 6ymamms. Illysnait xunub6 ,

1211 = [lzall. (12.8)
Wxxumam ToMoRmaH, CycT TUMETHUET HOPDMa XOCCACHTA MyBOGUK Ba
(12.5),(12.6) - mapra acocan Tomamms .

N2l < ll2ll- (12.9)
(12.8) Ba (12.9) mam ywb6y

111 = llall (12.10)
TeHTIUKHI omamms. X $a3so KaThmil Kabapuy sKaHIATHTAH (12:7): Ba
(12.10) nponanapnan & = zj, xemu6 gmkamm . By xyaocanu , (12.5) Tenr-
cusnuk Ba (12.6) nponarnm >sTubOpHEra 01U6 XOCHII KHIaMu3

221l = |zl (12.11)
(12.6) sa (12.11) ngonanapnam E ¢asoma xywmm AKMHITAINAI  Kean6
THKATH
TR = TH,

6y aca ||e} — wp|| > d > 0 maprra Kapmmmnp.

OHIH Jall TOMOHMNAH Y3TyKCHIIHKHE ncGoTmaivms. Yam ToMoHman
Y3IYKCA3MUK WYK nel, Gapas KWIalank. Y Xonma MyHmail keTMa-KeT/IaK
TONUTIAMNKY, YHUHT YIYH Ty — T Ba T < T , yHIAH TalKapy

llzZ — =3l 2 d >0

YPUHTIH. Y XO0Oa EXTHEPHR N yIVH
yp

el < [lzll (12.12)

TERICH3IUKHE XOoCHn Kumamus. (12.12) Temrcmsmaxnman {z7} xeTma-

KeTJIHK HOpPMa OyHnda derapaaHTaHIUry Kesiub YUKAOW. Y MyMARIHKHI
qerapajaMaciaH

T =l (12.13)
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1e6 é3a omamms. ( 12.13) nanm cycr muvmrammr HOp

Ma Xoccacura MyBopux,
Kydunarn TeHICU3IIUKIIapTa 5T, 6ymamms

12 < Jim (|27, |,

Am (12.14)
042 - £.]] < ¢ + 7h. (12.15)

(12.15) Terremsmaxan 3bTH6OPra oicax f
21 > (j=3]| (12.16)

Keub auKamm.

Ap omeparop KHiIMaTIap coxacu F'
UWyHRal T € X smement TOUUNanuKY, yHUHT yuyg ||4nz - fll < €+ Th
6ymamm. {7,} xerma-keTimrny Kapaiimus, T, = q,7 4
Qn KyHunars mapram KaHOATIaHTHpa LT

Pasoma Tyma sma sxammurmman
(1-ay)z}, 6y epna

44Zs ~ £.I| = & + 7, e
(12.17) Tenrmuxnan YOy TeHTCH3IUKHN

IZall > (17| (12.18)

é3a omanms. Tn = T HaH 0, — () xemu6 HHKAIW Ba IIyHIA KHIu6

TA“)-'L'Z

(12.19)
6ynanm. (12.18) sa (12.19) sca KyHumarn }mekam KeJTaMms3
dim [l < [la )
Y xomnza ( 12.14) sa (12.16) TeHrCU3NuKIapaan yméy
[12]] = |3l (12.20)

TeHITINK Keqtub 9uKamm. X dazocmHIHT

KATBHH Kabapukmurnman (12.1 5),
(12.20) napau 9BTHOOpra 0516 :

Ta = 2}, (12.21)
Tomamms. Ammo [[27

Zl - [l23lf, mysmar yay (12.13) sa (12.21) XOCHT
. KImamms. ‘

n

TR,
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By sca ||z — aA]| > d > 0 ra xapmunnp.

Duan ¢(T) GyHKIUS MOHOTOH JCyBHH, y3IyKCH3 Ba YeK/H derapanapia
xap xun KuiiMar KaGysl KIIPawi yUyH IIyHHail STOHA Tp TONMIAINKH,
yHUHT yuyH (1) = 0 6ymanm. _

Mysnait xumu6, (12.3), (12.4) macana 6upaan 6up edumra sra. Ma-

caia eunMuEn x 6wtan Genrmmaiivms Ba zpx (12.2) MacamaHUHT ATOHA

eYUMU SKaHINTUHEI KypcaTaMus. Bynuar Y4IYH ;L'To 12.2) macana mapTiaa-
) A 2
puHH" K;aHoa,TJ'[a/HTT(IpHmHI/I KY‘ pcaramus, SbHHI

[|AnzR = fell = € + ||zR]R.

®dapas xwraitnuxk z (12.2) MacanasmaT equmu 6yaIMacuH. Y Xo0Ji1a HIyH-
mait & € X sneMeRT TONWIANUKE, YHHAT yIyH ymby

14nz — fell < € + [[&][R.

2]l < ll=All - d

TeHrcHm3NuKIap ypunia 6ymnanu, 6y epma d > 0

14nz — fell < & +[[zR]]R-
Y xonpma T 3IeMeHT

1457 = Foll < € + [10RIR.
TeHICH3IIUKHY KaHOATTAHTUPAIL.

Sumn |23 = inf{{|2||? : ||ArE — fell < € + |[2R]|h} mR >pTHOOpPraA

omu6 ||Z|| > ||=3|| Eu Tomamms. By sca [|Z]| < [|zR|| — d Temrcmsmmkra
KapIIMIuD.

SroHANIMKHN TEeKIIEPUIT YIyH sHa 6uTTa (12.2) MacaTaHEHET TR €qH-
MEHE KapaiiMus. T S7eMeHTH KyHuJary MapTIapHA KaHOATIAH TP

: lzall = llzall,
ll4x7a — Il < & + ll<allh.
11455 — £:II < < + [[ERlIR. (12.22)

Ammo X garsuit Kabapuk 6yarasn y9yB Ty = T TEHIIIHK Keand TuKam

lyrnait xumub, TeopeMa TYiia UCOOTIAHALM.
4
(12.1)-macana Taxpubmit equvumy ((12.2) Macama e<HMIHI) OFIMATHK
yuyH T buman GenramaiMms.




Teopema 12.2. A = 0 6jacanda TA KeMMA-KEMAUR  To 2a UH-

muaadu, 2o8u {Ta} - PERYALPAGUNUPY UL maxpubuli evuMaap KEMMa-
Kemauzuoup.

SBHE IIyHIAd Tp, KeTMa-

Wc6or. Teckapucuuu papas KUK,
—xol| 2d >0

cermuK Tommamukd, k — oo ma Ay — 0 6ymca xam ||za,

HT ATOHA 5 B

e 6ynmamm. MxTEEpHi K yIyH el < ||zo|| sxamAUrEOAE B X daso pe-
(IeKCUBITUTTIAH {xp,} KeTMa-KeTIMKHE CYCT KOMITAKT SKAHJATH Keind
YEK AT

-

Tlymnaft KEIHG, yMyMUIHITIKKS 3uéH eTKa3MacHas k — 00 Ia LA,

1e6 xuCcoBmAIIIMH3 MyMKIH.
MxxuwEYE TOMOHJIAH 3Ca

|z a, — foll < 2(ex + llollFi)-

Mlysnsr yayE k — 00 12 Axp, — fo 6ymanmm. A OmepaTOpPHUHT GH3UK TN

Ba Y3TyKCH3 SKaHIUruiaH F = xo HU XOCHI KHITamus. Axruwépuit k na

Headl £ llzol| Ba X E dazo SKAHTHTHIAH Ta, — £o Kenud TuKai, oy
sca ||za, — ol| = d > 0 Ta smaaup. [y 6uwras Teopema HCOOTAAHL.
Msox,. Papk ycynu ( pyc TmmAOIA HeBS3Ka) OU3HEHT A OMPUIHIL 6op

Qe ToMOHEAAH [35] afTHITaH SMH. Yumywmstamras Gapy ycyma 3ca

[8] mmmma KeTHPHATAH B2 ACOCTAHTaH.

sTHOOPTA
ot §13. Emoxn mapTiamras Ba 6ysmaajuras IusuK
TeHraaMajiap CHECTeMach

nu anrebpamnk

TR edn-

P2 Ky#innars
A1, (13.1)

II3VK I a..ure6 alKk TEHITIaMaJld cucTeMaCcuHNA Ka alrMu3, by epoa T =
N ; :
m,n

. (-'Blax?»“";vn)t = Rn? f = (fl-: f?v'-'afm)t = Rm BeTOPnapv A = [aijll,l
maTpuna 6ymub, n Ba m COHIAP §3apo TeHr G6yyuinm mapT IMAC.

Tabuiiku 0y cuCTeMa pxTHépUi 6ymHEb, y AroHa egqmMra 5ra 0yIIuInm,

&xu Oy3mIaluran (Ba wexcus KyI €9UMI2 ara), KU edmIMaliIiral XaM

6y i MyMKHH.

;
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TaH Oyacun, snay

6y epna

W

Taspn R o b e
bapx; (nesgang Jea 6y
muaady.

(13.1) cucmemanuns nceedo evumu Jef 14z — f])
myrn R" $azodq MUurumym bepyeuy 3 sexmopea qri-

HceBnoemenap T
DPUGHI Kupnranmms,

Tabnpn PEg0DT Murnumym Hopmaza sza 6jazan ncesdoevymny HOpMan
2° ewum deb AMaUMu3, guvny

WIaMuHu Fy 6umay benruma6 KYAUInara sury tag.-

12l = inf o,

6y epda

TPUK MaTprma 6y ey

» YHH OpTOoronasr a-
MaIITHpPHIT

OPKaJIM nuaronasr KypuHm
Gaxaprammag KeWHH CHCTeMa ymby

COHMADH HOMra Tenr 6ynanu.
Dapasz RUTARINK, { = 19 i 18D yamm e o 0 6ynu6, 6apyga
i=r+1r+ 2,...,n map YIyE A =0 6§cug .

Ta Xoc

Pa3 Kmicax Tabmiixy bapua § =
r+1,..,n nap YIYH f* = 0 6§ mmmmy Kepaxk.

Dunon dapas KUmainnk, 4 MaTpuna Ba f YHI ToMmon Taxpubnii Gepua-

”A’l‘A”Sh7 ”f‘fe”Sfa

14]? = Laj, |IflIF=x g2 (13.2)
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Papa3 xuIalamk A; 3ap A, MATPHIAHTHT X0C CORTApH 6yicun. Masmym-

ku, ynap A mMarpmmara (13.2) HopMa 6yitmya y3myxcus 6ormux,. Bynnman

5‘r+lv 5\1'+21 ey S‘m
XOC COHVIADHHUET ETADINIH KWYUK MHUKIOP 6y IUl MyMKHHINTH Kejnb gu-
KamIIKH. Arap yaap HojgaH dapkm 6ymnca, y xonzna
= {1/\}fs i=1,2,..n

O6ynmamm.

bysnas sypmsammss, A Mmarpmma Ba f yEC TOMOHEUET Taxpuodui
KuiiMaT/Iapl H9EAa MIyEAall KUEMATHE TONUIN MYyMKHHKI, ynap ydayH
bapsu T; Nap mXTEEpuE Gepuwiran KuiiMaTHE, Kabyn Kuiamu. By sca
CHCTeMAHUHL HODMAT eSEMUHY TONMII MacallaCl HOKODPEKT SKAHIINTHHM
KypcaTall. :

OH[IU Iy HOPMAT eSHMEHE TaK PUOUIT TONMIIHAHT PerynapH3anus ycy-
7nHE Kypub wmxasms. ByEn mkkw xonra 6yin6 yprazamms:

1) A maTpuma asnx Gepuiran 671u6, yur ToMon ymby ||f — fll < e
XaToNUK buaaE Gepmaras;

2) A MaTpEma Ba ¥ET TOMOH yIby

A - Al <h, |If-fll<e
XaTo/UK/Iap OHaa= Gepmaran.
1. ®apas smasasmuk, (13.1) cucremana A marpmua anuk, bepuiraH

6ymm6, f yEr Tossos ¥pEura f. Gepmiran 6yncun. (13.1) cucremanmar 2°
HOpMaJl eUHMEER TaxpPHOHH TOmmI Tanab KuInHaIY.

Oxopnzna Tasmniab yrraHmMusneK, yMyMmMaH aiTraHma, (13.1) cu-
CTeMa eYHMIa 3ra O¥AMACTuIrd XaM MyMKHH, Y X0Ia Tabuiiky

inf |4z — f]] = >0

Oy manu.
Y1nby onAmEE TeErCH3INKIAPHIAH

a4z — fell < Az — flI +11f ~ fell,
4z — | < |4z — foll + 11f = fell
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KYHUOArN TeHTCUSIUKIADHY [i < Bte, p< pteéru|fi—pl <e
Tomamms, 6y epra fi = inf ||Az — £.||.

Mynnait xum6, Gomnanrmy macana @, = {z]|dz — )| < + 2}
rymnamnoa Qfz] = ||z]|? pysxumonammmar MUHAMYMUIHE TOMHII MACAa-
CHTA KeJTafm.

®apas xunatinux, z, (z, € Q:) BexTOpIA [l2]|? dyrxnmoman Y3uHTHD

MHHUMYMITa SPUMICHH. Xe = R(fe, ) ne6 Gemrmmasivus.

Teopema 13.1. Ry(f.,¢) Kytudaeu roccasapea sea:
1) Ri(fe.€) zap 6up f. € R™ 6V & > 0 yuyn anuraanzan;

2)e = 0 da 2, = Ri(feye) = 20 gomu Az = fmenzaama yuyn peeyagp-
AGumupyeun evum 6jaadu.

WUcbor. Qz] = ||2||* mandminac yBEUMOHAT Gyiramaarn yuyn
YHEHT KY#n gerapacn ) = 1&5 Q2] Ba mynmait {3} (i ¢ Q:) BexToOp-
2€Q, |

7ap KeTMa-KeTIINTH MaBXYIKH, I ~ 0o Gyaramma Q2" = ||Z.]]2 > 9°
6ymanu. Ymymuiiiakra suéa eTKasMaciaH, Xap Kannai n > 1 yayn

2all* < lEnaall” < .. < 1), 71 0

XHUCOOTAIINME3 MyMKZH.

Mynnait xummb, {7,} xeTma-KeTimK Q. Tymmamra pa pammycn
r = ||%|| ra rerr D, mapra termman. ¥ xonna Bonsuano-Beitprrpace
TeOpeMacura MyBOQUK, YHIAH AKUHIALLYBYN KHCMUH KeTMa-KeT K 553
AKPATHIT MYMKHH.,

Dapa3 Kuraiiiux, n}‘igllw Ty, = T 6FICHH.

Fre={z: 2]’ < = [leal?, 2 €@y}

TYOIAMHUHT 61K SKaHTArIRasH ( {2n} xeTma-xeTmnK 6y TymTamra Tern-
LITIN) &, BEKTOD xaM Oy TYmiamMra Termmmim Ba yRmai Kumb, . € Q..
Qo = Lm_[|2a]* = ||2]|? 6yarammranan 1) xoccammET BCGoTH Kenuoc
YA,

Omrnu 2) xoccanu nc6oTmaiivms. x, BexTop ||v||? dynxumonanamEr G:
TYITAMTA MEREMYME GF IPAHIUNE yeay s [|l2l] < {|2°]. By aca . BEKTOPHI
"UerapamanMaran éunk tymwiam F0 = {g': zl] < |lzol], =z € Q) Ta
TETHIIIN SKAHUTHEA KypcaTamn. By sca 6apwa € > 0 yayu ypuHT,
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fex BexTOpIAp Bepurran 656, Gymap yuys ||for — f|| = 4 Gazxapmn-
cuH, Oy epaa k — oo ma g — 0 nu. Xap 6up ¢ YUIYH ), aHUKITaHTAH.
Ucbormanran 1) xoccara mysogmx, xap 6up Q., Tymmamma Qfz] = {||)?
dyHKIIORATTa MEHEMYM Oepysn v, € F' = {x : ||2|| < ||2°||} maBaxyx.
yrnait xuw6, {f., } BexTopnap xerma-xerurara Fy Tymmamra Termmmm
{2., } BexTOpIAp KeTMa-KeTHrU MOC KesTa L. Bomsmaszo-Beitpmrrpace Teo-
pemacura MyBoQHK {Ze, } KeTMa-KeTIMKIAH SKURTAIIYBIH KMCMUH KeTMa-
KeTynK {2, } aXKpaTHI MyMKHH.
$apa3 KHIaHIHK,

m z, =2
ke—00 Eks

6yncun. zy, € Q, dxammuruman ||Av., — fall < fu, + 2¢;, 6apua s,
YIyH baxapummm kequb guxann. OXEPIH TeHTCH3IHKIAH k, — 0o oa
TUMHATTa YTHO ymby
Az - £l < u
TEHICH3/INKHA Tomamus. Xap 6up ¢ yuym |[Az — f|| < u 6yarammrn
vaye ||A% — f|| = p 6ymamm xenu6 wnkamu. By XylocaapoaH Ba HOPMA
eYnM AroHa SKaHAMruAaH & = 20 6ymmmuman xypamms. Bynnam sca {x, }
KeTMa-KeTIHKHHHET £° HOpMaJl eYMMIa WHTHIMIN Kelnb JuKam.
[y 6mmax 13.1-Teopema mcboTmanmm.

Qfz] = ||x||? dyrxmmonan CTabWITAIITHDPYBIH B KBASMMOHOTORIHTH-
HaH HOPMAJ eIHMIAa AKHHITAITYBYN TAKpPUOHIl eIMMHE TONHIN MACATACKH
‘KyHumars Macajiara Kemam:

142 = £ill =+ 20
MIapTHH KAHOATIAHTUDYBYH T JIap OPaCHIa MEHEMAT HOPMATa 3Ta, 6yara-
HOHU TOINHT.

Oxupru macanarn Jlarpasx ycynnan Kymnab eqamms, spHE 2, cuga-
THIA

Mz, f] = |42 ~ £ + olle|l’, o >0,
GYHKINOHANTa MEHEMYM GepyBun £° BeKTODHHE OaMm3. o mapaMeTp 3¢a
[[42* = fe|| = fi + 2¢ maprnam 6up xuitvaTn AHUKJTAHAII.
. M?[x, f.] ~byHEKNMOHRATHUAT MUHMMYMIHI TOTHII MIAPTHIAH

oMz, f] :
—_— = =l e
a.’l"? 2 ] b 2 m




Ke/mb YnKanm

n
azh + 3 ar =by, k=12,.,n,
=1

m M
Oy @} 1ap BeKTOPHUHT KOMIOHEHTIIADH, Uj = 3. G Mk =000 for s
J : e 1=

By MacamaBUHT £ emME perypIalITHPyBIE €9 cudaTna Kbyt
KIIHIIEMI3 MYMKUH, SHHH

=R )

IOxopunarn xynocanapmar R(f.,«) 6apua o > 0 yuyn ammktanras-
IUrH Keaunb IuKanm .

Peryrspnamrupysun omepatopiap OMIACHHWET HKKPHYE XOCCACHHIT
ucboTIaIMn3.

Teopema 13.2. Papas wuaatiaux x° Ar = f cucmemanune nopmaa
ewumu 6Jaub, ||f — fel| < € OFacun. Yudan mawxapu fi(e) ea Py(e)

‘pymwyugaap (0,85 da ysaywcus, mycbam ea ¢ — 0 da monomon woaza
urmuayeuy Pynxyudiap 6yaub,

ﬂ_;(?) = 132((:‘), ﬁz(o) 2540

6Yacun. Y zonda urmuéput [0,s9] mycbam ea am S ale) < Bye)

wapmuu Karoamaanwmupyeuu bapua o = afe) yuyn 2 = R( fe,ale))

sexmopaap ¢ — 0 da 2° 2a unmuaadu, gvoHu

lim ||2*© — 20|] = 0.
e—0
Mc6or. Ar = f Ba Ax = f. cucreMamap KIaccuK edmMra sra

6y IMacIuri MyMKWH, ITYHUHT YIyH

ey el ) s |
p=jof |Az - f|| >0, = inf |lAz—f||>0.

x€h M°[z, f.] dynxumoRanra MuHEMYM GepyBum BekTop GymcmH. Y
xomnma

EQ i 0'“41"0”2 < Ma[maaffl < ]V[a{""ovff] =23
= ||A2° — fo|I? + of|2%|* <
< (I142° = £l + 1 = £1D? + |22 <
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LCacnHI

< (I14e° = £l + )2 + alla®|f? = (u + €)2 + af|o|?
6y1anm.
Mlysnaii xnnu6, Yo > (

A+ alla®|[ < (1 +€)? + af 22

€KH ;
11 < 4(7+ €)e /o + [|2°) 2

¢/a < Bi(e) mapruman Gotinamann6, ym6y

111" < 461(e) (7 + €) + |[29)2 <

< Bule)4(p + 2¢) + |20
TEHICU3JIUKHY onlaMm3. By epram aca
2l < () + 11217 < (ez) + 292,

Oymanu. Bymna ¢ — 0 na o) = 4+ 2e)01(e) - 0 mm. k — oo

Aa HOMra WHTHAYBIE Or = ||fi — fi|| keTMa-xeTHKEE Onamms. di o

moc xenajmuras pa D = {z : [|2]? < o(sy) + |[2°)[2} émuK, coxara Teru-

o 2% (ap = ag(c)) xeTMa-KeTIUKHT Kapanvus. By xerma-xeriukman
AK MHITAITYBYH KHCMEE {2 } KeTMa-KeTinx AKPATHII MyMEKIH.

Dapa3 xmraiuk, Llim % = ¥ 6yncnE. Y xonna
Vs —>00

0< 40 — £l - < 12 — foll+c1  n <
SV Moz, fi] -ty <
S VMo fio] — ptey, =
: = VIIA2% — f [P+ oy, []2%]F — p £ &, <
< VlI42% = 711+ ¢, 7 + o, [0 = s+ e, =
=v{ete) a2 - p+e,
ypurmm 6ymamm. ay, = a(e,) < Blex,) mapran >bTHbOpra omxubd
0 < | Az — fl] - p <
SVl e’ + B )P -+, = V(e ),

- Tomamm3, Oy epma £ — 0 ma () = 0 mu. Hemax, Vk, YIyH

0 < [lAz™ — fl] - p < y(ex,)
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IKaH. OXH])I‘I/I TeHICU3IUKIA Ky — OO0 JIUMUTTa yTI/I6,TOIIaMIrIB

|4z = f]| = p.

Byspman sca & HHHT TICEBO-€YUM SKAHININ Kelub UmKamu. YHUHT HOp-

MaCH MUHIMAJ SKAHIUTHIaH Ba HOpMaJ €YUMHUHD ArOHAMNTUIAH 2= .’L‘O

ypurmn 6ymamm. By xomaT sca 6aptua HXTHEPHH SKWHIIALLYBIH KYCMUH

KeTMa-KeTIHKIap ydIyH Gaxapwiummumas {t™} HUET HODMAl eduMra
SKPHTAMANN Kenub wnkagu. bBympmam aca ¢ — 0 ma 2% germa-

L An = f MacCaJIaHIHT HOPMAaJl e4YUMUTa MHTHITHIIII Keandh

KeTIIUKHIHT &
gukany. Teopema mcGoTnannm.
2. OHzu KapaéTrad TeHNIAMAMI3HUHT YHT TOMOHN Ba MATPUIACH TaK-

pubmit 6epriaran XouHI Kapab dnKamMm3, SpHE Ar = f TeHrmama ypHHUTA

Al fo o BIERE; sfehiE]

&

TeHrTaMaHu Kapaiumk, 6y epma ||f — fe|| <&, ,

[|An — Al| = sup ||Anz — Az|| < h.
lzll=1

e L
lm e, ~ 2 =0

IAPTHE KaHOATNAHTHUDYBUH Ty (y = (&,h)) BeKTOPHHHT TomumI Taab

0

KuiuHAnH. DyHnmail BexTopiap Az — f TeHITAMAHHEHI & HOPMAT €du-

MHUTa AKUHIIAOIYBYN TakK pubuit HopMaJyl edynM Oeb aTalianm. BVHI/I
o . . )

MOz, fo, An] = || Ane — fel* + ol
bYHEINOHAIHE MUHEMYMIATITHPUIN yiu 6UIas ToIaMms.

Teopema 13.3. Xap nandati f. € R™, Ay 6a a > 0 aap yuyn
Mz, fo, Ap] Pynnyuonaaea munumym Gepysuu x* sexmop MasHCyo.

13.3-Teopema ury maparpadmaru M[z, f] y4yH KAIuEraH MyJoXasa-
map xabu ncboTmanamm.

A—Ap|| < h 6Yaub,

° Av = [ meneaamanune nopmaa evumy 6yacun. Yndan mawrapu $a-

Teopema 13.4. apas nuaaiaux, ||f — fo|| < &,

paz xuaatiaux 6epusean oy > 0 conu yuyn Bi(0), Ba(o) Pywwyugaap [0, 0]




xecmada ysayxcus ea mycbam 69au6, 0 — 0 da noaza monomon uNmuAuU
sa o/31(0) < 35(0), B(0)=0.y roada uzmuépui (0,0,

7/51(0) < «(0)3,(0), o € [0,04]
lapmuu. xanoamaanmupyeuu a = ofd) mycbam Pymryug yuyn 2D =
I}(f2,Ah,a(A)) (6y epda A = hq+¢ < gy ) sexmopaap v = (8§,h) = 0 da

T° - nopmaa evumza uwmuaudy, guwu

limy [[2*(®) — 27| = 0.

by epda q urmuépuil guxcupaanzan con 6yaub, g > ||z

Hc6or. Papas xmnaiinnk, ¢ BekTOp M°(2, f., Ap] byEKIHORATA R”

Ia MUHEMYM OepcHE Ba ji = infg [|dpz — f.|| 6ymcun. Y xomna UXTHEpuit
IE n g
a > 0 yuyu

MO, o, Ay) < MP[2°, £., Ay).
llysnar yays
i + a2 < M2, £., 44) < M°[2°, f., Ay) =
= [1402” = LI+ a2l < ([|4s2° — A2%)] + || 420 — F:ID? + a2 <
< (4 = Al + [142° — £I[ + 117 = £1D? + af|=°)

6ynamm. Teopema maprumm abTHOOpra onub, xamma |[Az’ — sy
SEaHIATHLAH ymoy

i+ allz®l? < (Bllal] + € + 1) + o[22
TeHICH3ITHK KeJHb YuKaIm.

Kyltunarn resrcusmaknapnan sca bapua @ € R" gap yuyn
4z — £l < ||Az — Awz|| + [|Anz — £l + |If - £|| <
< bl + [|Anz ~ fel| + e,
14hz = fell < | Anz — Az|] + || Az — f|| + |
< hllz]| + || Az - fl| +<

fc’“f”g

L+ h'”rOH +e,
i< pt 20+,
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Keyh YHKAaOH. By HKKaJa OXUPI'u TeHrchmxnapnaH 3Ca

i+ all2°|P < {2(hlJa) + ) + 12 + af %]

hlja®]| + &
o

ll=11* < 4 (Rll2ll + & + &) + (|21 <

% 4h_”£c‘i”“€(hu:v°ll e+ p) + |20

% < B(A) maprurn xamoaTmaHTHPYBUM o = (D) (A = hg+e¢) nap
yIyH

2712 < 46:(A) (24 + ) + || 2
éKm

[12911* < 2(8) + [12°]2 < o(o1) + |2

Xocun xunamms, 6y epma o(A) = 46,(A)(2A + ). Teopema IADTHTS
MyBoQux v = (,h) = 0 ma ¢(A) — 0 . Oxupre TerrcusmmK IXTHépmi
(0,01] yayr o(A) > #A) MAPTHH KAHOATIAHTHPYBYHM MycbaT oA
bysxuumanap yays ypunnm. Bysman Oyén o = a(A) caparnma Iy Hzal
PyHKUUAHE Tymysamis. {fi} BeKTOpIAp KeTMa-KeTiIrH Ba {4,} maTpu
Ha/iap KeTMa-KeT/IUTHHN KyHUIarmaa TaHmab omaMms:

Wfeo = fll =€, ||An— Al = hy,
Oy epna k — oo ma ey — 0, s — 00 3ca hs = 0 on . By xerma
xermxka D = {x;]|z]® < ¢(01) + [|2°]]2} émmx coxara TermmuTm 1.

(ars = a(Ay ) = a(h]|2%] + &) BEKTOPJIAP KeTMAa-KeTIIUTH MOC Kea i
By {2} xerma-xermukmam aca AKUHTAIIYBIN KueMmii {a®r«} keTma
KeTMHK axparmin mymxns. Papas Kuiaiimr,

lim 2% =3
Ky, se—0

Oyncun. Kymafinuk yuym x®%r« — Tt Qs = o™ 1e6 Genrmmaiivu
- UxTuépuif k,, s, yays ym6y TEeHICH3ITHKIIa]p
0< llAwni— fll - p <
2 “(Ah)S.‘vr,t s fek,” ok ”(Ah)szl'f,t P A"Uf.t” t ”fel-‘r 55 f” =l
S AR st = Fe || + bl + € — p <
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< V lwalr'![-'tr.la f&k,v (Ah.)st] i hs,“l'r,t” SEEr e
S v MQJW'[:L.O, fakrv (Ah)s,] + h’s,”‘tr,t” + EL’,I' o Iu' S

S VIR 2 = o TP+ PR + Byl f 4 4, 1 <
< Va0 = AT A = T IE, = s s
Fhallon]| + ei, - p <

< Vs, [|ol] + e, + p)2 + a{[20]]2 4+ 4

RETMa-KeTITHKHN XOCHT KHIaMus3, Kyitunary

sillna]] + Chp — [

SRS, = oDy, ) < Gi(A,

HapTOoaH Gpoinamasnb Tomamms

St

HIapTura,

HXTUEPHIL

0 <Az~ f|| - u <

SV(Ak s, +p)? + ﬂ2(Akr.$t)”1:0“2 + hsland] + Skor
Oy epria Ay, 5 = by, ||2%] + &4,
Mlynnai xmau6, HXTHEepHH £
TeHICH3/IHK YVDHHEIR

b
vs St COHTIAp XKydTamru yuyn KyHunmarn

Weeall < [o(Av, ) + |22,

By epna k, Ba St =% 20 Ha JMMHTra yTU6 TOTaMU3

142 — f|| = 4.

By sca = mm Ar — f Tenrmama YUYH NCeBNOSYUM 3KaHTUrHHR 611-

fupanu. By eums sca mmmmvay HOpMara sra. Ar = f Temrmamamwmr

SOPMAJ eSHME STOHA SKaBMHrunan i = 0 remrumg kenu6 wnkamm. By
PUKPHE Xap Kaumait {27} kerma-
Teopema mcbormanmmn.
Onnn ° Ropaazx ewmra SKIHTAITYBIH Taxk
CajlacHra KapaiiMms.
Ymby

DY KeTMa-

Keaamm.

KeTIIuK Yuyn TaKpopIauImMms3 MYMKHH.

pubmit egmvan K YDHIIT Ma-

Q= {2+ ll4z ~ ]| < 2(hlja}| + <) 4 2
TVIJIaMra TerumniE Ba Q] = |||

byuxnumonaira MHUHAMYM GepyBunm
BEKTOPHH TONHHT.




' M®[z, fe, An) = |[(An)x — fel|” + a|2||?
4 (YHKIHOHATTA MIHEMYM KHAMAT GepyBunm i -BeKTOpHHE Tomamm3, 6y
F |r' epﬂa. « napaMeTp

Hemma 13.1.Q, mynaamda Qz] = ||2||* Pyrnxyuonasza munumym Ge-
PYSUU T, BEKMOP

||(An)zy — fell = 2(hl|z,|| +€) + it
WAPMHU K AHOAMAAGHMPGOU.
Mynmait 5uaub, OKOPHAATT Macajla MEHAMAJ HopMara 5Ta 6yiras Ba
l[(Ap)x — f-|| = 2(R||z||+¢) + fi mAPTHEA KaHOATIAHTHDPYBYH ¥, BEKTOPHHM

TOMAIIT'A KeJIaIu.
Arap € Ba h MabayM 6yica, Oy Macamanu JlarpaHiKHUET aHUKMAC KY-

mafTyBumTap ycynu Guinax edamus, spHU (6yTyH R" dazocuma)

E' 1(An)e = foll = 2(R||=%]) + ) + f

apTOaH TOMUIaIH.
W3ox,.Emon mapriamran Ba Gy3unanurai (BEpPOKAAIOIIIECS -PyC TH-

) unsuKIm anrebpank Tenrmamanap cucremacu A.H.Taxonos Tomonu-
IAaH KHPUTHITAH PeryJiapyu3alyd yCyan OMilal HOPMAI €IUMUHN TOMHIITHI
[24]-ra MyBoduE, €30HK.

§14. Ymsukau GUPUHYM TYP MHTErpajl TeHrjaMaJlapHu
TuxosoB ycynu GyfAnyua perynsapu3anusiiai

K ytfimmaru .

b

/KWQﬂQ@:fm,tekﬂ, (14.1)

a
i

!

[ K(t.s)e(s)ds = f(t), t€ [e.d] (14.2)

HETerpall TeHTTaMaiapHu Kapainnk. By epna K(t,s) sa f(t) -Gepuiran
yanykems byHKnusaap, ¢(t) sca Homasaym dysxnus. (14.1) sa (14.2) ten-
riaMajia KaTHamaeTras K (¢, s) GYHKIHS HETErPAil TeHI TaMaHIHT SIPOCH
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KMac Ky-

OIMHIITHI

meftmmamn.  (14.1) Terrmama PpenroisM [ Typ mHTerpail TeHIIAMACH,

(14.2) sca BomsTeppa I Typ HHTErpai TeHIIaMaCH ne6 pHTHIaTN.

Dunn (14.1) Tenrnamann f(t) QyHKIEATa gucHaTaH TYPEYH dMaciIu-
FHHE KypcaTaMu3. BYHIHT yIyH I0KODH TacTOTAH HeKIH AMIUIUTY AN
dx(s) = expliws) edIuM y3rapUIIEHN OTAMIU3. Yara f(t) GyBKIESHIHET

VHI TOMOHEHHIHT KyUHAATH

b b ;
f(t) = / K(t,s)dz(s)ds = /K(t, s) exp(iws)ds

y3rapmmmi Moc kKeTamn. OXupriu TeHIAKHN 6ymaxiab HETerpaiaivMus Ba

oy
D= ;Eexp(iws)ﬁ'(t, )| - % af a—I%g’i)ea:p(iws) dsi— O(%)
adomaHl TOTAMHS.

ByHIas eTapaHEya KaTTa w IacTOTAnap yIyH l16f]lc = 0(1/w) xaTra-
THKHEAT eTAPINYA KITHK y3rapuIllu MOC KeiIl KypAHAIM, SHHI, (14.1)
rerriamMana f(f) YET TOMOHHUHT eTapiida KIIuK jarapuimura (s) ewnmM-
HEHT eTApIHYa KATTa y3rapuilura MoC KeJlalu.

Iemax. {14.1) @penromsm I Typ HETErpail TeHrTaMacH f(t) oymEk-
[Ara HECOATAH HOKOPPEKT Macaia skaH. Xy myHmail MyIoXa3anap
(14.2) BoasTeppa THIHAATH [ Typ mHETErpaj TeHrIaMa yIyH XaM VPUHIL.

Cornn auddepeHITaIIIAIl Macalach Kydnmaria

t

[ w(s)ds = £(2)

a
BomsTeppa TEmEZarm | Typ mATerpaj TeHrjaMara SKBUBAJICHT JKaHIIH-
CUHE KypCATHIN KHEHH 3Mac.

1. PeryjispE3amasjamITUPYBYIA TaK pubull eInM K YPUILIHUHT
BapuanMOH yCYJIH.

(14.1) ®penroaby GHpHEIE TYp HHTEIPAdl TeHrIaMACHHH KapaiiMms. By

renrnama sapoca K (f,s) y3iykchs Ba yar Tomon f(t) = 0 bymranna
yumar equmu z(t) = 0 6yncun. Bynnmau arap (14.1) TeHITaMAHMHT eIUMIL
MaBKyZI 6yaca, y SrOHAIUP, IerTaH Xynocara Keuil MyMEKUH, SHHU UHTE-
Tpajl omepaTop

Alt,2(s))] :/tK(t, s)a(s)ds (14.3)
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W < -

4

X dasorn F ¢dazora y3apo 6up KHAMATIIH aKCIaHTUPAIL.
Bommarrmd MacalaHy KyHumara Ky pUEAITIA 630 MyMKIH

/d {A[t,z(s)] = f(t)}dt = min, (14.4)

6y epma A omeparop (14.3) dopMyna buman aHHMKJaHraH. JHIHN Oy
macanauar A H. TuxoHOB KypcaTrasmek y3rapTHPUIraH MAKIHHEE Kell-
THpaMu3:

d
Mo, f(t),2(s)] = [{Alt.2(5)] - F()}dt + aQe(t)] = min,  (145)

6y epaa ) 6upuruan Tapruban Tuxoros cTabuimusaTopu 6ymub,
b

Qfa(t)] = [{a(s)2*(s) + p(s)('(s))*}ds, (14.6)

a

q(s), p(s) 6epmuras [a, b] na y3mykcus GyHKNIAIap ymoy TeHTCH3THKIapPHA
q(s) > 0, p(s) > po > 0 Kamoarmantupanu. X ¢asocmma ||z|[% = Q[z]
KypUHNITAATE HOpMa KupuTamms; xocwi 6yaran X dasomn omatma Co-
6omes dazocu W, ne6, F - daszosn sca ['misbepr dasocn me6 omamms.
dyuxnnoran arann3 ycyaaap éprammma (14.5) macama eumvnm (14.4) ma-
cajla yuyH peryIaplallTUPYBYN OMIa XOCHII KIINIIHA Ky PCaTaMus3.

Teopema 14.1 . Xap xandad f(z) € F ea o > 0 yuyn (14.5) ma-
cana  To(8) evumea sea.

Wc6or. o > 0 6ymranga M|a, f,r] GyHKIHOHATHIHr KyHUIAH Jera-
pafIaHTaH SKaHIUIHEY BcboTnam Kuiny sMac. lynmai xumwu6, 6epunran
a Ba f(t) yuyH y Ky#u agmK derapara ara.

Iy hyHEKIHORATHE MUEAMYMIATHPYBaM 2 (s), k = 0,1,2, ..., xeTMa-
KeTIHK Ty3aMu3. ¥ KyHmnaru

All)rrclc My =M, My = Mo, f,z]), M = xng‘ Mia, f, ).

{M} B ymby My > My > My > ... > M} > ... xypuHumza TapTudra
comaMm3 Y Xomma

Qlag] < (1/a) My S[(l/a)Mo = const.
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By epma= {z,(s)} xerma-xermux mynnai 2(s) GyHKOUATAD TyILIAMI-
ra Termmamsm. yaap yuyH Qfz] < const 6ymmmu xenutd quxagu. Tabu-
ks 6y Tymaas X @asona komnakT 6ymamu. lysuar YIyHE 2i(S) KeTMa-
EETamERas sopaa Oyia Gupop T, (s) ¢pymKumAra SKURNAmaTATAH 2, (5)
KHCMER SeTus-serans axpatmm Mymkne. Mo, f, 2] dyExumonan Y3IyK-
I3 SEAESNSmEasE my 1, IeMeHT/A J3UHEHT Kyin KAHMATHra pHIIaIm.
Bymnas sca z.(s) dymxmns (14.5) Macamammar evmmMn SKaHIUTY Kesub
[Ty 6mma= Teopema mcboTnanmu.

Teopema 142  (145) macara evumu (14.4) macaaa yuyn peeyasp-
2qumupysws exus 6§aadu.

Wcbor. T Gmaam (144) macamammnr 6epuiran f() Lard equMu
OFacms: 508 s (145) MacanaHuur TaKpuGmin 6epuiran f(z) yur To-
MONTS 380C SESSmmEaE €9HME, YHIAH Tamkapu fo, = A[t, v,(s)] 6§mncun.

Mia.f.1] SN ESumosad VIHHURT MEHAMYMVHU &, 04 3PALIAIIHIAR
Mia.f. 5.0 € Mla 7] a2 xocun kwiamms. By epran sa M [a, f, 2] dyrx-
NHOSATENET AEWS SAEENTHIAH yGy

ez ] < Mo, f,3,] < Mo, f,7] =
o d
= Ji8e s A0t + o0fz) = [{F(1) - f(t)}%dt + offz] =
= |[F(t) - f(o)l

Edoma=m Temssess. Papas KHIAMIAK, YHT TOMOHHWHT TaKpubmii KuitMaTy
EyENzars Sayoew EaE0aTIAHTHPCHH

S i - f(t)”L2 < CVa, C = const. (14.8)
- ¥ xoama (147) mdomanan

7, +afz]. (14.7)

e <C*+ 0 =const, O=0z] (14.9)
EeTED SERaam

i -
By=sa= a2 z. esmwrapEmar X - kommaxr TYITAMIa TerHiILIn
O amme seamt Smsanw AENKTHK KHPHTAMU3KH T xaM X9 C X ra Te-
TEOLTE.




W

fa(¥) dysxmmamap tymaamum Fy A omeparop opkamu axcrmarrad X
TYNIaMHUET o0pasHmup. A HWHTerpail omepaTop y3IyKCH3 Ba IIapTra
MyBoGUE, Teckaph akcaapTupHin srosanup. lyamsr yayn A~! perynapn-
3anud KAIEHMAaral onepaTop 6miman F Br X KOMIAKT TymIaMra TecKapn
axcaapTopui || - ||x HopMana ysmykcusmup. Ilympait xumub Gepumran
€ >0 6yimvya mysmait f(e) rommmammkm, arap ||f — f,]] < B(e) 6yaca
|2 — z|| € ¢ Gymanm.

Taxunnaitvmmsku

d d

If = fal = [(F = fa)'dt = [(Alt.#] - f)tdt <

< Mo, f, 2] < o(C? +10).
By epman (14.8) - Hu spTHGOpPra 016
o = Tl < 1o = AT - £l € Va(C+V(C2+0).  (14.10)
TONAMH3. « HY KYAUZarW MIapTHA KAHOAWIAHTHPANATAH KUIub TaHTal-
MH3
IB(E) ]2
C+VCT+ Q'

Y xonna (14.10) - murr yHr ToMoHK (&) nam xmumk 6ymamm, GyEman sca

a < O.'()(E), 010(5) = [

llge — 7l < ¢
Kenub YMKAIm.

[Mynnait xumu6, 6epuran € 6yinda mysnai ag(c) sa é(a) = C'Va
tommnamuku, arap o < agple) Ba  ||[f=F|| < 8(a) 6yuca, y xomma
||Za — Z|| < € 6ymann. Teopema ucGoTnanmm.

Haruxa 14.1 (14.5) macasa zap 6up o > 0 yuyn xoppexm xijiuazan
Macaradup.

Xaxukaras, (14.2) Teopemana Gapua xkoiima A ypmura (14.5) pery-

NAPIAIITAPYBYH AJrOPHTMHE Kyin6 umkamms. Hatmxana ||, — #|| mx

- KH9UKJIATH T, HUHT f Ta y3mykcn3 GOFNUK, SKaHIUTHHE OHTTHpAITL.

Diinep Tenrnamacu. A ouneparoprusr (14.3) xypurmmunan doiigasa-
uub, (14.5) Macanasn Kylnnarmds ndosaraiMus
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d

b 2
[at { [ Kt s)u(s)ds = f(t)} %

(4

b

3 2 ;

+a/ {q(s):x:g(s) +p(s)(2' ()} ds = min
a

yayE Oisep TeHTIAMACHHI 63aMHI3. Bynuar

Sumu Oy BapHAIMOH Macala
6yiimaa GUPUHEYN BapUALTACHHI HOJITA TeH-

yayE 9an TOMOHHHHT x(s)
r*1am1"ﬂpamm

/dt {]l\(t n)z(n)dn — f( t)}/[x (t,s)dz(s)ds +

+af(q(s):b (s)82(s) + p(s)a(5)8'(s)) ds =0 (14.11)

Oxmpru xaniapra 6y axTab EEHTErpaall yCyHT Kyminad, XHCOOTARMMI3:

/p(s (s)dz'(s)d

= sx(s)p(s)='(5)]a — /5r )(p(s)'(5))sds

Xocun 6yaras udonasl (14.11) ra Kyimb, KUIIHraH GaB3u y3rapTUPHIIT-

mapnaH EellfH TOHaMW3

/dt/I\ (t,m)z(n)dn — f K (t,s)0z(s)ds+

+a'/ ql(s)z(s)dx(s)ds—

e / = [p(s 61:(5)d5+ p(s) a;(:)

) BapHALMACH ne6 dapas Kuncax, ¥

$)la

By TemruaMana § oysxomaan 6x(s
xomna 31mep TeHrIaMacHHI
o {ue(e) - SO+
b
+/7’\7(s,n)m(n)d17 =g(s),a <s<b, (14.12)
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o p—————

Py

XocHun Kumamn3, 6y epma

d
K(s,n) = [ K(t,5) K (t,n)ds,

d
9(s) = [ K(t,5) 7 (t)dt,

YHIaH Tamkapn 9erapBUH IapTaap

N}

z(a) = z(b) = 0. (14.13)
K (s,n) spo a < s, n < b xBagparma AHUKJIAHTAH, CAMMETDHK Ba, y3IIyK-
cm3 6yau6, yEr ToMon g(s) aca Y3IYKCH3 GyHKOUSIup.
Teopema 14.3. Xgp Kandal a > 0 yuyn (14.12)-(14.13) macaaa
Koppermaup.

Mc6or. p(s) = 0,9(s) = 1 6ymran XONHU Kapaimms. Yama (14.13)
TeHrama PpenronsM HKKwEYE Typ HMHTErPal TeATIaMAaCH

b
az(s) +/F(s,77)w(7;)d17 = g(s) (14.14)
Ky PUHIIINHE 0J1a,TH.

B
Kyitnnaru 6erranaman kupuramus La = [ K (s,n)z(n)dy , Oy omepa-
a
TOPHHHL X0C CORVIADE A;, XOC byHKOmATADH 9ca, 1; Oymncun. Y xomma

b d
vi(s) = N [ a(n)dy [ Bt s)K(t,n)dt

.
TEHIVIAMAHHHT HKKaJla TOMOHHEHE &;(s)

ra KynalTupub HHTerpaiairan
KeHIH TomaMu3

b
0< /(:L',-(s))zds = /\.,-/ddn{f K(n, s)ai(s)ds}?.

a

By epman xypumanuxm ), JapHuHEr 6apyacu MmycbaTmmp.
Y xomna ®penroxsm HHTErpasl TeHITIAMACHHUAT HA3aPHACUTA MYBO-
$uK xap Kammait a > 0 yuyn (14.13) Tenrmama sroma ewmvra sra sa VHT
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(14.13)

TOMOH
9(s) ra yzaysces Goraug.

Ily=zas suawb. pls) =0, ¢(s) = 1 6yaranna (14.12) macana Ba yura
sxBmBaze=T |145) Macana KOPPeKTIHD.

gls) > 0 pls) > py > 0 Gymranm xonma (14.12) macamanm un-
Terpan Tesrmasara seaTEpamms. (14.12) MacalaHMHD FHT TOMOHHIATH
AuddepeEnEaAT ONEPATODENET JeTapaBuil IIapTIapHy KaHoaTIaHTHPYBYN
Gls.7) I'pe= @y=snmscuss Kypamus. laTerpanmm x;annaplm nuddepen-
mman TeErmasa vEr ToMoEH ne® xmcobnab, yEHuHr eunMuan ['pww QyHK- .
IHSCH SPEAMERA $3aME3:

i 5 b
azis) + [ =ln)dy [ G(s, ") K (r,)dr = [ G(s,7)g(r)dr.

Hlyssas smant. & s DpenroasM UKKUHIE TYP HHTETPAJl TeHIIaMaCHHH
sasoaraasTEpens By TeETIAMAHWHT AIPOCH 3ca paxaT MycbaT Xoc Kumi-
saTaapra s0a (1412) macana 6y xo0ina XaM KOPPEKTIHAD.

Teopema 144 Dapas suaatiaux Als,z] = [ 6facun. Y zoada
sycham mosse swmmeyswu o aap yuyn (14.12)-(14.13) macaaa z4(s)
cunmn Domasnews Mocaaa evumu £(S) 20 MEKUC UNMUAGIU.

HcSor. (1812)-(1413) MacallaHWHT 2,(s) euuMm HXTHEpUHE FHT

TOMOE yU = ENAE MapTa y3uykcus AuddepeHNNanaHyBYH QYHKIUALUD.
Koms - By =ssiesss TeErcH3Iarniag Ghoinaragnd, TonaMus

=1
(f ii)ar) <

544 s+

/d‘r / |.1:;(T)|2d7') <

< aj 2t (r) [P dr < ;—OQ[%]. (14.15)

.

a > 0 DapassTpEEsT Xap XHI KudMaTiapura Ba 6uTTa f ra Moc xema-

SNTaE i, mapEmer TVIUIAMEHE Kapaiivuws. (14.7) Tesrcmsmmkma f T
6A1aH aTMANTEDED

Qz.] <N, 0= (14.16)
Tomaymrs. (1415 sa (14.16) TeHrem3nTuUKIApIAH
54-0
Els+8)—7,(s)| < / [z}, (r)|dT <\ ]iﬁ. (14.17)
s o
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W

keand nxamn. OXAPru TeHrcusimL aca To($) dyHEIUITAD TYIIAMIETHT
TEKHC MapaXaild y37IyKCH3 3KAHIHIIHE bunmupanu. Yuman Tamkapuy )
GyHKIIMOHATHIHD TabpuuUra MYBODUEK,

s
lza(8)] < [ lat(s)lds < sl

a Po

By sca x, ¢pyrxmmsmapmunr texuc erapalaHraHIuTuHY GHImupa Ty,
Qapas gumaitmuk, o — 0 1a To(s) dyuxmmATApH z(s) Texmc aKmH-

MAIIMACHH, SBHI Xap bup € > 0 yayr myngait o« — 0 KeTMa-KeTIINK TOIHU-
TALUKH, yIap YIVH |[To(s) —Z(s)|| > & 6ynamm. a < s < b opanmxna uxku
MapTa K YIOK JTaIlyBYN HYKTAlap KeTMa-KeTIHCHHIT Kypavu3s. By Typuuar
HYRTANap COHM CAHOKIMAUD. YnapHu 1 - pacMmarumex HOMepJIaifMu3.

Y xomna N Ta Tyrym HYKTAIH X071 Y4YH KYIIHE TYLyH HykTadap
YYIYH ymap opacumarn macoda § = 2(bh — a)/N nam ommatimm. Zo, de-
TAPAJAHTal QYHKIHAIAD TYIIAMHLAH §; TYTYH HYKTalIa SKUHITAIIYBIH
QYyHKUEAIAD KeTMa-KeTTurusg axpaTamms. By xeTMa- keTauknan sca s,
Ad ARMHIAIIYBIN KUCMUI KeTMa-KeTIIMK aXkKpPATaMu3 Ba xokazo. Hargp-
Kala xap 6Hp s; TyTyH HykTana &(s;) ra AKUETAIIY BN KUCMU KeTMa-
KeTIUKIapra sra 6ymamMms.

Papas xunaitnnk, N = 18(b — a) x Q1e7? 6yncun, By epma ¢ > 0
€Tapmia KUK MEKIOP. ag(€) HU MyHOafh Kmamk KNG TaHmaiMusKy,
@ < ags) 6ymramna Gapua i < N moMepmarm s, TYTYH HyKTajlapua
[Tar(8:) — 2(s)] < § TeHrCH3NHK GakapmICHE. Kymmnan tyryn HYKTamap

opacupara Macoa OIyHIAINK KAINKKE (14.17) ra MyBoQuUK T, (s;) HuHD

KVIIHE TYIYH HyKTaaapHaru bapku ¢/3 mam xwumk 6ynamm Y Xonna

!
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Z(s;) Emer simmw S¥TYE HyKTalanapnaru xuiiMarn
FIVE £ 5aE SN9EEEa @apx Kumanm.

by epza= Sspm=wanan, I(s) dysxnusnm o < s < b 6apya HyKTamapu-
Ta MyEZal Kimesaa SHUKTAMIMA3 MyMKUHKH, HATHXKALA by dysxnns
Gapua epmz yxaymews Oy THmm Kenu6 YHKAIH.
I, (s) sacazamwnr esmvmnup. by ¢oyaxnusan (14.5) ra xy#u6 o — 0
Eypasanms Fs) Oy Mmacamamuar o — 0 marm eummm, spmm (14.5)
MeacamaEmss esmeamp. Bomutasrmy macana ewmvm sroma SKAHIIMTIIAH
Z(s) = r{s) == xocua Smaavus.By sca nc6or maspuna xummaran dapasra
Lapmuamp. By sapasa xapummi TeopeMaHu uc6oTIa .

Teopewma 145 (14.5) anzopumm KYUAU PELYATPUIAYUAHY TMa D MUN-
sa80u.

Hcbor. Hxrmepmi €Tapamya Ku9vk € > () tarmaivus.14.4 TeopeMa
- HaE weamd SEEANNEE. myHDai ay(€) MaBxynkm o < ap(e) 6ymranma
)| < </2 65mamm. 141 Teopemara MyBodux, (14.5)

xaM ¢ < N somepmap

HIMK TOITH-

K 1a UKKI

MacaJia KOppexT,
S HESD ySyE EXTsepEE 6epuirag o > () YIyH myHnai §(a) maBxymxu,
..T_ f" S“‘) ‘jlﬁl!lla ”fa = i’a” o1 5/2 65’-713’:11“-

Miyesad seawb . arap o < a() Ba ||f - f|| < 8() 6yuca,

BEe=3le < |12, - Tullc + [|ta - Tllc <
viane. Teopesaa mcSoraanny,
ABEpManu cxemanap.

{14.5) wacamara soc ESIVBYN MUCKPeT MaCalaHd 63MIIra ypunaMu3. By-
HHT VIVE OLSEE aBWDMaTH cXeMa, TYSUII yCYNUHA KYtaiMms.

k<t<da<s < b tyrpu TYPTOYpYakHm Typ coxa b} 4y =

€ ix=d ss=a sy=0b1t, = c+nhy, s, =a+mh;, n= Uy opents i
“IaH amemTEpasans.  Onminax yuayn p(t) = q(t) = 1, ymnam
TamKaps' 6y aEEmmaap 6up xm. By werapanammmnap ocruna (14.5) ma-

fa7a ymOy SypEEEmAa é3mma0:

d(s : b
/{/I\'(l.s).r(s)ds - f(t)} dt + a/ [2%(s) + (2'(s))?] ds = min .

By Macanasm afiwpsais cxevacumn ésum yuyn kBampaTyp bopmynamap-
Zad QoHNaTaEAMES B2 OYHKIHIHIHT TYTYH HYK TQIapUHH KAHAMATHHE &3a-
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b
3. J (x'(s))2(ls HHTerPATHE yPTa KUAMAT XaKanari TeopeMamaH Hou
a

pamanub, ymoy
S g du e el nan
[ontas= "% [ (@ (6)ds = X (& (oD enurelomas = om)

o =0 553

m=0 hs m=0

KypHHMIIIR é3aMu3. Komnras MHTerpajllapHE Tpalenui hopMynachIaE

doitananub, e3aMus

b M
/xQ(s)ds 2 cm:c,zn, Dy =0 (Sm ) s

a m=0

m=0

b M
/A"(t,s)x(s)ds =il Z Cn K nmTm, Kym = I((tm Sm)y

N

E d (b 6 M 2
f {/ I{(t, S).’L‘(S)ds e f(t)} dt =~ ht Z bn {hs Z CmI{n.m-‘l:m V3 fn:\ ?
b ¢ la n=0 m=0

6y epma Cn =1, Gapua L <m < M — 1 nap y4yH, ¢ = CM = 1/2, by =

papua 1 < n < N — 1 map y4yH, by = by = 1/2.
Ajtmpmai Macaia eTAMEHE Y (Taxpubmi eqmM) Omiman Genruial

e M - o
A GoNITANFIY HETer PO-Tu(pepeHran BapHMAIMOH Macalla yPHUTa KyHALAT

anre6pam< MacajlaHi XOCHII KAIaMuI3

N M
hy Z bn[hs Z emEKnm¥ym — fn]2+
m=0

n=0

M-1 9 :
Y (Ym41 — Ym)* = min. (14.18

s m=0
q)OpMa.HI/I MHIHAMYMAHKA TOIINIITAH n6opa

ATl TOMOHUIAH Y, OF U

M o,

(Y S cmyfn + —
m=0 h

‘ Macasa [y OXHPTH KBapaTHK
f By MacajaHm equil yIyH OXHPTH TEHTIHKHA I

N 3 }QO('I’I]I&CI/IHI’I HOJTa TeHrIallTIpaMmn3:

: oL M
{ am ™ (ym‘) S hs Z len‘llyl = q)ma 0 S m _<_ Mv

Cm 1=0
6y epoa
| -2 Ym
L(ym) = gf}il——%"—t;i'ﬂ papual <m < M — Lmap yiyH,
s
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Y- YM-1—yu
B =S5 L) = e,

N N
Qﬂ =h Z an{nmI-’nl; e o Z bnl(mnfn-
n=(

Oxmprz xocza 6¥araE cuerenma MaTpHUIACHH
$apEaw 65arass ¥ayE layce YCYTUHY K y11ab equnmmms MYMKHH,

1. (14.19) admpuany cxema (14.5) macamamn UKKIHYIA TapTub 6mian
SHEPOSCEMSES ERANITHEN 1C60Tan

2.{14.12) sacamany ABADMAITH cXeMach Xaum (14.19) xypunmmma 6y -
IHEE SFPCRTEEr Ba yHR (14.19) 6unan TaKKOCIIaHT.
3.p xappaxs Zaddepernnaan MacallaCHHy KapaiiMus:

n=0

HT 3J’IeMeHT.TI3,pH HO/IgaH

u(z) = f¥(2)
B3 yEE ymby E=Terpan EVDHHUIIIA 83aMu3

1 z
11/ (&= 8)P lu(s)ds = Ji ey
o-11/
Oy oxmpra seacazapsy; PELYIIPIAMIran TaKpu6uit eqnmuny Tommmr

MacamanmapHu perynspusanmsams A.H.Twuxon0B TO-
MOSHA2S SEpEYEIran Oymut | 6y YCYNHUHT OHpuHTH TYP mHTEerpaj Ten-
Tiawaiapra ma Somxa HOKODPEKT Macaama,

Pra Kyutanmmm [24] -ga xesr-
TEpEras B 6y yoynmEn [10] 6yitma épuTHITHEY MaBKYJI TOLMHK.




S —

W

E 2) (z,y) = (y,2);
3 3) (1422, y) = (21,9) + (22, );

ITI 606. Omneparop Tun KoadpunmenTim Audpdepenmuan
TeHIJIamMasap

bu3 6y 606ma nuddepennua-onepaTop TeHIIaMaapra KyHmIras Maca-

MTAJapHA MAPTIN KOPPEKTIIUKTa, TEKIIIPAMU3 Ba ylIapHI Taxpubui eynm-
JapuEn Kypamus. [lyrmar YayH 6y 606HH Gaén STHIINA (olmanana-
Iuram 6assm 6up Tymyrua Ba TeopeMalapH UMKOHE 6opmua mc6oTCH3

C.I" Kpeitn [12] Ba M.M.JTaspertres, JI.9.Capensen (18] acapmapura aco-
CIIAaHHDO KenTpaMus.

§15. Yerapamammaran omepaTopiap

» T'uns6epr dasonmapu. H I'mmbepr dasocu zned, mopma ||z||)? =

¢ CKaIIp KynmaiTMma OGuman aHwWKIaHTan Bamax Gaszocura afiTun
Cxansp xymaitruma Aerafnfa KyHunars xoccamap

(2,y € H) dpyaxmmonan Ty HEITA

1) (z,y) >0, arapma x #0; (2,2) =0 2= 0;

(z,2)
anm. :
rasra (z,y)

; 4) (Az,y) = Az, y).
: Ymby Komu-Bysskopckmit TeHICU3JIUTY ¥ PAHIN

(2, 9)I < Mlzlllly]l.

Arap (z,2) = 0 6ynca, r Ba z aneMenTap (

%,z € H) oproroman
Oelunanm. z

dneMenT H) KueM dasora oproroman meitmnanu, arap y H,
KHCM Ga3oHWHT Xap 6up >ieMenTIra OPTOTOHAT 6YiIca.

Papas xunatimax, H; H munr KueM dasocu 6yucnn, y xonna H mmsr
Xap bup z smemenTUHRN 6upnan-6up EMKOHIST GHnan T = Y + 2 KypuHuII-
Ha uponanam mymxus, 6y epna Y€ Hy
HpoeKunIcy yie6 aTamamm: y = B

Byrys paso nxxura ¥3apo oproronasn KuCM hazonap HuFmnmICHra (
TOTOHAJ WNFWHAUTA) éfimmanm: H = H 16OM, 6y epna M H
OPTOTOHAM 3IEMEHT/IAD TYILIAMH.

Prccrmar Mums6epr $azocnna wmsnkIn dyHKIHORA T HIHT
PUHUINT XAKUOATT TEOPEMACH ¥ PHHIIH:

Y sca x SJIeMEeHTUHUHT H] narm

op-
1 KHCM ¢haszora,

YMymui ky-




DU €YIIM-
DimanaHa-
ncboTcus
pUTa aco-

JPpTOrOHAJI

scura (op-

H Teasbept dasocunarn f(x) uxTuépmit UN3UKIN QYHKIUOHAT Gup-
_Bas-fup ymby EVpHHHIAA HQONATAHAIIM:

f(z) = (2,u), 6yepmaueH. (15.1)
Ba recsapmen. (15.1) xypunmmra sra 6yiran Xap Kannail Gpyrkumonan H
Sasomars =mmsaw dymxmmonan 6ynamm sa ||f|| = |[u|].

By fmma= simea H* daso Ba 6epwirar H daso opacina 60F MUK, THK
Sp=aTmsams. By Gormugaux f ¢— u 5ca m3oMopdusM 6ymMaiinm, qyHKE

(Af)(z) = Af(2) = Mz, u) = (2, M),
summ Af «— Au
Miyswsr y=y= 6y KaMUWINKEY HYKOTHII MaKCATIIA, xymma H* da-
FOSa CEASSPES SFHANTHDHII KyHUIAry KjPUHAIIAA AHUK TAHAIN:
(Af)() = Af(2).
¥ xoama B symwa daso H ra wsoMeTpuk Gymanm.
/

~ Opsmr 5a smopmain oneparopnap. ®apas Kurafimug, A qusukin

cnepaTop H @asosw j3uaw-jsura AKCIQHTHUPICHH. Y X0NIa yHra KyuiMa
Gyaras A" emeparop xam H mu H ra axcmanTupanm Ba Kyfnmarmaa
25V TaHaNN

(Az, y) = (z, A'Y).

FOsopmnars csansprEnm QyHKIEOHAITA KyIal THPUII KOUTACUNAH Ke-
B0 SEESAS Xoana TaBKHUIAlMU3KH, KYIIMa ONEPATOPHUHL CHEKTPU
SOmSAESES SREPATODHEEET CIeKTPHra Kapab XaKHKmit JKTa HucGaTas cuM-
METDHEE ZNESANIA TN x

Arap 4 = 4% 6¥aca, A y3-ysura KjumMa omepaTop mefimmamm. Y3
§3NIIa SIS GNEDATODHHEHT CIeKTPU XaKUKHHA COHIap VEHUOa KolJamran
éums; coxammp. ¥3-i3mra KYIIMa olepaTopra Moc KeiryBun (Aw, z) kampa-
THE SOpME SANAT XaREKHH KHiMaT Kabyl Kumamm.

A OEEpaTOPEEET HOpMacH ymby
Ax.x
Bl = s Az
vell a0 (2,2)
Sopuyna Gmman aEwKaHANN.
(Arz)

.. SOOSS sWiMATHHUHD aHUK KY#n Ba oKopH derapacu A omepaTop
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CHCKTPUHUHT aHUK KYHH Ba I0Kopu lerapacu bmiaaH ycTMa-ycT Tymamm.
Xap xaunmait 4 : H — H omepatopra ¢(z) = (Az, ) dyHKIHOHAIHEE Moc
KYHUIT MyMKHH.

Arap p(z) = (Az,z) > 0 6apua 2 # 0 6ymca, y3-ysura KymMa A
OLEPATOp Mycbatr neftunamm, arap o(z) = (Az,z) > k(z,z) (k > 0)
6yica, mycbar AHUKJIaHTaH nefmnag“nw.m i :

Py, 6unan oxopunarmmex x‘ap“6np SMIEMEHTTa YHUHT GePUIraH KucM
dazo H), marw mpoexmmscunm mMoc KYIOYBYH ODTOTOHAT IIPOeKIHUSIALT OTle-
paTopuHmI 6enaruiaivus. Py, y3-¥3ura KYIIMa OmEPATOPra MICOT 6yma
omanmu. Oprorosam mpoexmmsman onepaTopiapu ymby XycycmsTaapra
oray Pli=.Pga Ptz

Arapna H, C H, 6yaca, y xomma Ry — o iy, -

Yerapamanran TUSHKJIN omepaTop A : H — H U30MEeTPUK ITeRrIami,
arap y ckansp Kyna#TMaHI cakjaca, SbHI

(dz, Ay) = (z, y) (x,y € H).
Cranap xymafitmann caxmams ypunra |[Az|| = || (x € H) HOpMAaHH
CAKJIAITHE Tatab KUINIT MyMKIH, :

Xaxukaran, 6y TanabllapHY YKBUBAJICHT IATH KYHUNATH TeHIIHKIap-
naH
Re(Az, dy) = 47 (|| A(@ + 9)II? - |4l — »)|?) =

=47 (I +9)IP = i@ - )l
Ba Xynnm myHnail TeHrInkmap MaBXyM KUCM yUyH JPUHIHN SKAHIATHIAHR
( y HE 7y 6unan ATIMAIITHPCAK ) KeTn6 YUKAIH.

Arap msomerpux OLIEPATOPHUHT TecKapmenw A~! MaBxyn 6yica, A
YHUTAp OmepaTop medummamm. YHnrap oneparop yuyr A* = A~ ypurmm.

YHATap omepaTopHEET CHEKTpH bupnuk aitmamama &ramm. Y HUTap
ONE€paTOpTIap KymaiiTMara HuCOATAR TPYNNa TAIIKET TAMM.

Oumm A wmsukmm (6upsxmuciu Ba ANNUTHB, NEKUH YerapaiaHMaraH

Oymumm Mymxme) omepartop 6ymu6 yEumET aHEKMaHNm coxacu D(A) H

- Ha 3mY oKofimawmraw, seEn  D(A) = H (6y epma ycrmmarm amsux, H

MeTpuxacu 6yiinaa énukmuxan Gunpupanu).
A omeparopra xjmma omepaTOpHN ymby bopmynanan anugmativms

(ACC, y) = (IL‘, A*y),
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Oy epma y 37MeMeHT IIyHIAWKN, YHRHT YIyH
|(Az, )| < c||z||* 6apuaz € D(A)ypunmm.

Bynna#t GopMana aHUKTAHTAH KYIIMa ONEPATOP STOHAINP.

Arap A omepatop énuk 6yica, y xonna A* onepaTOPHEHT aHHKJIAHIII
coxacu D(A4*) H ¢dasona 3ma xofinamras 6ynann. By 6umag A** oneparop
ompmaE 6up aEMKIAHADYM Ba Yy A OHepAaTOPHWHT énuru OmiaH yCTMa-yCT
TYHIQIH:

Aoy

A EOMIUIEKC TEeKECIATH HyKTacn A OmepaTOPHHHD Derynsp Typ

HyKTACH HeHHIani, arap

(A= AD)z]| > al|lz]] (z € D(A), a > 0)

oyca.

A peryisp Typ HykTa 6ynub Ba A omeparop émmx 6yica, y Xomma
A~—M\] omepaTOpHEEHT KHIMATIAp COXACH KICM (a30 TAIIKMII 3Ta[M. Y HIa
OPTOrOHAN TYIAEDPYBYH NedekT KucMdaso neb aTanamy, yHIHET JIY90BH Ca
A HyKTara MoC KedyBdu A OHepaTOPHUHT HedeKTINK HHAEKCH meb aTa-
Tanm.

Arap nedexTaNK HHIEKCH HOJIra TeHT 6yIIca, y Xonma A perynip HyKTa
Oynamm.

H na 3ue moEmamrad aHUKJAHUII COXACHra sra 6ynrad A qmsm/in
| omepaTop CHMMETPEE medmianu, arap 6apua z,y € D(A) ydys ymby TeH-
ITIHK YPHEEIE 6§aca:

(Az, y) = (z, Ay).

Mucon 1. H = L,(Q) na ymby mHTerpa olepaTopHH KapaiMu3

Nu— /K(ac,y)u(y)dy. (15:2)
Q

Kyfinmara 2m §a€08am HETerpal

//I\'Z(;L‘,y)u(y)d:z:dy
aa
wen ae6 dapas xmaasms. Bymnail onepatop 6yTyH Gasona aHNKIAHTaH.

!

Arap
K(z,y) = K(y,z)

1
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"-_':"

-

g e

6ymca, (
KyIaiTMaHI TY3aMu3

(Ku, v) = / v(x) { / [\'(a;,y)u(y)dy} du.
Q

15.2) omeparop CUMMETDHK 3KaHIUTUHE HCOOTIARMES. Cramsp

Q

@y6urn Teopemacura acocan VHTETPalINap yPHUHE aIMAII THPAMI3

(R = /u(y) {/ I\'(;L‘,y)'u(m)dm} dy.
Q Q

Moc pasumina v #n y ra, Y HE 2 ra OenruamrapHn AIMAIITHPHU6 TomaMn3

(e = /ll(’l)) {/ Ii:(y,w)v(y)dy} =
Q Q

= / u(x) {/ K(:L‘,y)'v(y)dy} dz = (Kv, u) = (u, Kv),
4 ,

Q

IYHKH pasona ckasiip KymaiTma KyTIauTy
dasona ysraprupum mymkuH.

Mucon 2. H = L,(0,1)

PYBIMIAPA TaPTHOUHY X AK UK I

dasocuna ymby ONEPATOPHHU KapailMu3

Au = ~@.
da?
A omepaToprmED D(A) anuxnagnm COXACHHN KYWHIArWda aHWKIaiMIs:
u € C*0,1], u(0) = b =0k

Bynnait AHUKJIAHTAH ONePATOp YM3MKIN 63716, YHEHD CHMMETPHK
OKaHINIUHE HCHoTIaiiMus3.

KOxopuna amuxmanran C?[0,1] mam ommmran D(A4) tymmam Ly(0,1)
basona 3my xofmamrag ¢uHUT GYHEIMAIAD Ty ImaMms V3 muaura onanu.
YHman Tamkapu D(A) y3u Ly(0,1) ma 3mq JKOMITATIIT AH AT,

Onnm A Ol'Iep‘aTOpHI'I CHEMMETDHK SKAHTUTUHI HCOOTIANT KOIanm. By-
HOHT y4yH ymby (Au, v) CKaJIAp KynalT™MaHN Kapaiivus, Oy epma
u, v € D(A), svrm u, v € C?[0,1], w(0) = u(1) =0, v(0) = gl = 0.
Bynaxmna6 UHTeTPaUIafiMB3 Ba 4yera

PaBU#l MIAPTIapHN 3bTubOpra omub,
YOy TeHrIuKHN

-

(A vy=T /lv(.t')u”(x)da; = /Iu'(x)v'(w)d:c =
0 0




1
= —/u(r)v”(x)dm = (u, Av)
0

Toramu3. CHMMETDHE OnepaToplaH JOMMO éNUK OmepaTop XOCHIT KJTHIIT
vymknH. CHMMETPEE omepatopra KyIiMa omepaTop YHUHT J3MHUHT KeH-
rafiTupuiarassasp. TexucIuEsNET XaKuKUi 63 TMaral HyKTaJapi CHMMe-
TPHUK ONEPATOP ¥=¥E PEryasp Ty¥p HyKTanapmap. TexumcimkHuUHED 1oKopn
Ba Ky¥H KHCMIADETa am0Xuia -aloXuaa Jedek TIVK HHOEKCIapPH MOC Ke-
nanu. By HMEXasa com CEMMETDEHE OMepaTODHUET HedeKTNK WHICKCIAPH
neb aranans. Arap 6y EEsescaapias 6upy HOII a TeHT 6yica, CHMMeTPUK
OIlepaTOp MAKCHMAT 2ed avasazs. MakcuMall c:IMMeTDHK OHepaTop TpH-
B Oy/IMaras sesrafimmna sra smac. Arapna ¢ IMMETDUK OHepaTOPHIHT
UHIEKCH HOATa Te=Er OFaca ¥y Xoaga v ¥3- y3mra KyInMa omepaTopup:

A= A*. Tynapox pasmmna 6y KySHIATUHY OWIL MDA
D(A)=D(A)ma (Az, y) = (z, Ay) =,y € D(A).

CrMMeTDHE omepaTop §3- ¥3@ra KyInsa onepaTop 6yammu YUIyH Xeq 6y-

MaraH[a GHTTa XaEEEEE peryasp HyKTara sra 6y.munm eTapimmup.
Covuerps oneparopsssr H dasocnna j3- j-ura KjmMa onepaTop-

rava KeHMAHHIIE FSys yEmsr Tesr 3e@eKTIINK COHLe Pra 3ra, 6§ mmim 3apyp

Ba eTAPIHAED.
Arap D(4) = H 6§aca . 5> j3ura gymma omedatop A : D(A) — H

Opmut onepatops ==6 avamamm. Iynnait kw6, Taspudra MyBODHK,
ODMHT ONEPaTOPE SIy=Sal CEMMETDHE ONEPATOPKI, YHHUHT yays A : H —
H 6ynu6, EyEnnars
x5 =(r. 4y) (z,ycH).
TeHIJINK YPHETE.
Mucon ySyE XaSSssSs ¥oc COHIAPra 5ra QHATOBAIH MATPHALA- OIe-

paTop DPMET cEEpaTOPREND.
Arap A onepazop Sums sa ymby AA* = A*A renrmux ypuEnn 6yica,
y Xoia A onepaTop sopaas emepatop Ieiimnany .5y Tanpuduan
sl = 2=l (z € D(44") = D(44"))
TeHIJIHK keaub susane B:-H — H S: H — H Dpuur onepaTopiapusu

Ba A= R +i5. 4" = R — iS == xapaiumx.
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Arap RS = SR 6ynca, AA* = A*A Tenriuxmn KyPCaTHII Kwmitny
IMac.

Mynpait w6, OI€PaT OPHUHT XaKUKWiH Ba MaBXYM KHCMIapHHT
YPHH alMaIITUPYBYAH 5KaH 1Urm OUEPATOp HOPMaml 6y MMImHEHT KpuTe-
PHACHIHAD.

Arap
1) ) ) 6yiinua vanman K 9710 y3IIyKCHs;

2) E\E, = B, B=db) #5\Te # Oynranma;
3) BEL =i il =0 uma Biw= lim E) = s

A= —c0 A=b+00
0y epha muMET Kywim YPHONA TYNIYHUNAIM, YPUHIIH bynca, F)
(mo0 < A < +00) opTor( 1 :am mpoexmusIAm OmepaTopyIap omasacu Gup-
HIHT COeKTpas éHuIMacy | refimman,

Xap 6up (—oo, 400) YEHa Gepmiran werapamanram y3nykcms F())
¢yrkuns yays CTanreec OHEPATOPIIN WHTETDATHHI AHHK TAIT MYMKHIH

: b
/ F(\)dE,. (15.3)

N
Arap [a,b] weximm 6yic, 6y HHTErpaJ kZI F(M)(By,,, — Ey,) HHTErpaJ
HUFUHIANAD THMATH ¢ pdaTuma AHUKTIAHANY BA arap @ = —oo  &xm

b = 400 6ymca, xocmac. HHTErpall cupaTuna Tabpudaanamy. (15.3) dop-
My7la OUTaH aHHKTAHT \H onepaTop HerapalaiTaf ONepaTopAnp, TyHKY

b
| [ FOVBy| < sup |F(A)]

a<A<b
6y manm.

Arap F()) dakar xaxmgui KHiiMaT Kabyn Kuica, (15.3) y3- j3mra
KyIIMa OepPaTOPHE aHUKTaiN.

Arap F()) xaknxmii Ba UerapamaEMaras 6ymca, Masiym KepaKiIm
MabHO bepumiIranman Keiuy (15.3) UHTErpal j3-y3ura K ymmma, YMyMaH afir-
raHa, JerapajaHMaran OePaTOPHY Gepamy. YHUHAT AHUKJIAHUNI COXaCcH
Gdaxar Ba daxar uryHmail T lapnax ubopaTku, Yirap yaym ymty

oo

[ IFO)Pd(Esz,2) < 0o

-0
5

TeHTJINK YPWHII.
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Xap Kammair A ¥3-¥38ra KymuMa ouepatopra E) kanmatimpp 1-mmer
CHEKTPaT EHEIMACH MOC Kemazm Ba X € D(A) na

Axr = 7 /\dE,\.l

E) oneparopaap A OUEPATOp OwiTaH KOMMyTanma Kuiamguran (axottas-
MallaNras) onepaTopIap Gmaas KOMMYTallis KuiIai. .

Arap A omeparop Serapanasran 6y1u6, m sa M YHUHT CHeKTPUHIHT
KyHH Ba OEODE S€rapanaps 6yuca, y xonna F) = 0,arap A <m 6ymca,
Ba E) =48 arap A > M 6yaca.

[llynna suamb,

: M40
Az = [ ME.

m

Arap 4 omeparop MycBar aEEKIaHTaH Ba (Az,z) > a(z,z) 6ymca, y
X0ima

-
Ax — / ME)z

O6ynamm.

§16. Bupmmum Taprubam onmepatop Tun Ko3hdnumenTau
Auddepennran TeHIJIamanap

Papa3 xuzaEwEs uit) $yExums ¢ CKaIIp apryMeHTUHWHD GyHKIIUSICH

6y1u6, xminarsapmss U T HAs6epT azomam Kabyn Kuncns, f(t) xam t

CKAIIdp APIyMESTEENET GYEENRICH 6ynub, KuidMaTnapuan F I'mas6epr

dasocunan xabys smsces

A Unan Fra AKCTAHTUPYBYN IHU3WEK L OITe-
paTop. ¥mby

du
. d—t—Au-l-f (16.1)

- KypUHHIIZArS TEErIamanapra omepaTop Tun K03¢dunumenTTn nuddepen-
QUAT TeHTIaManap meb aTaingmgs,

Tabrpud 16.1. {10.16] (16.1) menzaamarnus evumu
Kyuau o Yosu . zap bup t > 0 yuyn A onepamopnune
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ANUKAGHULUL COTACURA MEUULAL 60 (16.1) MENH2AAMANY KAKOUMAARITIUPYS

wu PYHKYUILQ AMUALIU.

Tawpud 16.2 (16.1) menztamaze wgtiuacan Kowu macaracu deb,
(16.1) meneaamany 66 u(0) = up, up € D wapmuu N‘anoamnaumupysuu‘

PynRyUIHL MONUUL nacaaacuzs aimuaaou.

Onnuary 6eprad Tabpud (xOppPexTINK XaKuaa) SHIn Kyfnnaru Kypu-
pamma monanany [18]: (16.1) Tenryiama yuyH Komm Macamacu KOPPeKT
mefmian, arap KyWuaaru mapTiap Hakapuica:

1) mxTuépuit ug € D(A) yays Macaila eIuMHI MaBXKyll;
2) Macajla ednmME ATOHA;
3) Macana equMH GomUTaHFNd OepuiraEapra y3ayKcus GOFINK, ABHU

Jim ua(0) = 0,1 (0) € D(A) mam lim un(t) = 0 xermb wnKand.

M3ox, . (18] A omepaTOpHIHT ¢ ra Gormmx sMacimrugan Komn Ma-
camacn 6upop [O,T] xecMana KOPpeKT 6ynca, YHHHT uX THEPII [0,T1]
(T, > 0) xecMama KOPpeKT 6y mumm, ke KA, SHHE 6yryr (0,00)
gpmM VKO KOPPEKTIITH.

Bysra HIIoHY XOCHIT KIIUIN yIyH [0, 2T KecMaHm Kapan eTapiiu. Pa-

pa3 KITAiIuK, u(t) dynxuus [0,T] xecmanma Komn MacaJacHHH e9nME

6yscus. EauMHETHT w(T) KuiMaTuIaH doiinamann6, w(t) MKKIHIH CIIM-

HII AHUKJIaAMI3
w(t) = u(t), te0,T)
w(t) =v(t = T); +E .00
6y epna v(t) QyHKIAL (16.1) TenriaMaHUHD v(0) = u(T) MApTHA KaHOoAT-
NAHTUPYBYH eduMI. JHIHI ONUITWHA KYPHII MyMEAHKH W (t) ¢ymKung
(16.1) TepraaMaHUHT [0,2T] xecmana w(0) = o MapTHA KaHOATTAHTI-
pyBun eumMu Oy Tanm.
/ Dupm ymoy GUp KUHCIH TeHITAMaHHI KapaiiMus.

B st ' (16.2)
—_— Al ‘
dt

By Tenrnamara, yMyMaH afiTranma, Koumm Macanacin KOPpeKT éKu HO-
KOpPeKT XaMm Oy muma MyMKHH. Kommn macanacaanar (16.2) Tenriamara




MApPTIE EOPPeSTaNETa TeRmupHum oupnHun MapTa [12] nmna jrrasunran
ST

Qapas xmsaiass (16.2 | TeErdamManary A omepaTop y3-y3mra Kymma
Ba HyKTams coestpra sra 6yacms. Bomkaga xunub afiTranna, A omepatop
OPTOHOPMATSAINTEPraE Xoc 3MeMeHTIAp {(;}™, CHCTeMACH Ba yHTa MOC
xoc xmiiMaraap {A: )= cmcresachra sra (6y epma A yomm taprubuna
JKOHTAIITEPEATaS 20 $apas KmIHHAIN).

Y xonma ymby EypEEEm ¥DHEHIH

x

ulf) = 2 =lBles e = (u(t), 91), k= —x, ...,0,...,00.
=

By xypusmm épmasm=a (16 2] vearaava onauil quddeperman TeHrIaMa-
Jap CHCTEMACHTS AMPamams
‘l§

? = &lg‘\ﬂ. = =00, ..,,0, e el (163)

Bomnanras mapraas aca u{l) = j ur(0)or, ur(0) = (u(0), ), 6ymna-
—00 -
nu. Hare=asa Gysapmas welf) 88 ui(t) = u(0) exp Ak, xypuEmmna
TolmaMHu3. Dy epmas= sipm=ammsm Ar < ¢ (A IOKOpHOAH YerapaaHraH)
6yiica, Kol Maramacs soppesT Oynanm.
X axAEaTa= 6y xoama
B0l < e|lu(0)]]
6ymanm.
Arap {A:} seTaa seTamrs oxopHAaH YerapantaEMaras 6yica, y xonna
KapalaéTras Komms sacasacs =oxoppexT 6ynanu.
X agmxaras 8y xemma mxrweépmit £ > 0, ¢ > 0, p > 0 yuys mysnai
u(0) masaymsm el < = 6¥aca, ||u(t)|| > p 6ymany. |
Teopema 16.1 [162) mencaancda U sa F zaxurui ['uavbepm da-
3oqapu 69aub. A §5-§owse xgwsae onepamop Ojacun. Y zoada wyliudeeu
MEN2CUSAUE JPunss
(o] < Hu(T) 1|77 | u(0)} 7. (16.4)
WcGor [18]. @apas xwmaitmx, 6apwa t € [0,7] map yuym

u(t) # 0 oyamb, =if) @yEEmEs HEKT MapTa yyrykcn3 naddepeHtmania-
HyBYH OymcEE.

e




y

A
B -y

Ymby

) =[O = (uu), e

QJyHKnnmaprm Kapanimus,

TeHIIaMaHy 9 TUbopra o6

TTaMu3

©(t) dynxmIIHY mrq)tpepemmaimaﬁ, (
Oynaxma6 HHTerpaJmamnapna.H ket

) =Inp(t)

o'(t) = 2(u,w) = 2(u, Au),

(1) = 2(uy, W) + 2(u, Ay) = 4(Au, 4u).

‘(fl”(t) = (,J(t)(p”(t) 5 (P,(t))2 >0

Oxumpru TeRrcmsuK 1) (t)

WYHEHT yqyy

OHIm u(t)

¢
U et
YD) < Z9(0) +
YPERIE 6§ mamy. Byunan sca (16.4

dyHKOMS UKKUHIT Tap
Kapab wmkamms, f, TlapameTpra 6or

1+ cos 2t
Gli=nmas S
9n(t) 5

Kapaiivms. By bynxnms €Tapnu cummyy

©*(t)

HKOUSICUHUHET 607y JUTAHY Ky peatany
yp )

Tt

7 U(T)

nt

6yi1u6,

) Tenrcusmux enu6 KA.
TubIT Xocumara ara 6y

UK, ymiby byEkmmsmng

Maran xomman

h
I(=h) = gn(h), [ gn(t)dt = 1
=4

DYHEIMAHE Ty3apms.
YMyMan OJIralna sca

WapTiapEn KaHoaTIaH TPy By

WS BKKI MapTa, y3my ks
HERL (A, T — p]

t-+h

up(t) = /gh(r)dr
t=h

9n(t) @
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Bus 6y €PAa KoHKper g,
YHKIHS eTapimy
DYHKIHS 67 rHmmy

(t) dysxmmsay O IuK,
& CHMEK  joKopmmarg

16.2):
HUH To-

allmaiMu3 B, Komu-Bygg-
» XOCHII Kimamys




IOxcpamars sySoxasasapnas uxTrepuit t),%,t (h<t; <t <t <

T —h, & <& 323p eulf) = Inj|u,(t)|| dysxous yays ¢",4(t) > 0 éxu

KyHpJars TESICESOSSEWET ¥ DRI

el < s () 7= [ ) 57 )

6ynume seamt =msaxs  Oxmprs tearcmsimkna h — 0 muMutra yTobd
(16.2) m & monma xaw u(t) dyaxuudgra YpUHIE SKaHINTTHE
ucboTIaraE Gy e

Arap »if Sy=sums Smpop f; € [0, 7] yuys HONra TeHT 6yica, y X0ma
nxTuépmE &y € LT yyE @i} = 0 6yaumm (16.4) TeHrcu3IMKRAH Keub
quKaH. 1eopesa mboTIaEns.

Haruxa 161 08 mescaauna yuyn Kowu Macaaacumure evumu
g2onadup.
Teopema 162 U8 [162) menzaama yuyn Kowu macasacu wop-
pexm Ofswsss wsam & oncpamopnune 10K0pudaN APUM UE2APAAGHRAN
6wy 3GPYP S8 CMEpEniup.

WcBor. Tapas smsaiams 4 onepaTopra MoC KeJlaJHTaH MPOeKIHOH
onepaTopaap cmzacs {E; } Giacus:

o
A= | ME,.
/
Arap A onepaTen SSopmsas spEM Yerapajasras 6yica, y xonna

A= | ME,.
/

(16.2) ve=rsasears siEnaras Komm Macanacy equMu ymby Ky puHuLI-
HU OJajl

=ft) =( / exp(At)dEy)ug, ¢ (0) = ug.

By xasmsasmas xass mysnai, 9yHKHE I0KOpHAa Oy Macaga equMu Aro-
HAJITE BCO0TIa=as =a Oy OyEENNS TeHTIaMaHU Ba OOINTAHFMY IIapTHII
KaHoATHaETEpans Esmusmsr Oepmiraniapra y3iIykcus GOFIMK >KaHIH-
T'UHE KyPHEE ENEES 3Mac.

e e
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i g
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Danu A omepaTop IOKOPUIAH APHM qerapalaHTaH 0y IMacHH. Y xomnna
mxruépuit ¢ > 0 yIyH yEfail b > a TOmHIaluKn Uy = (Ea — Ep)U x1CM

¢dazo Oy 3MAC.
dapas KUIARIIK, g € U,y 6Facu
HuHr BopMach (g Mo¢ KelIyBun) yuuby TeHrCH3IMKHI KAHOATTAaHTHPAIU

. Y xonna Komn Macamacy €M

: |
@)l = 1| [ e dBuoll 2 e lluoll (16.6)

(16.6)-man KypUHAITAKE HopMa Oyiiuda eTapinia xmunk Kommu Oe-

PUITAHTAPUTa HOPMA 6yitma eTapiH KaTTa edm MoC KeNUIA MyMKIH,
TLHI eTIMHTHT 6epHIraBnapra y3ayKens GOFIIKJIATH Y.

Teopema uCOOTITAHIH.
Mucon 3. Q = (0,1) * (0,T) coxana ymify TeHTIaMaHIHE

ut(x, t) = "wa(xa t)

qerapaBuit
u(0,t) =0, u(l,t) = 0(0<t<T)

Ba OOILTAHFIIT
u(z,0) = f(z), (02 <1
[IApTIADHA KAHOATIAHTHPYBUH Ba cac 12(Q) cmEdra TeruILIN

w(z,t) yHKIUSIHNA TOMIHT .

A omepaTtop cudaThiA Ly(—1,1) dasona aHWKIAHraH ymoy nudde-
peHIman Hhona
*u

R

_, = 0 werapapmii mapTIap GunaH MhOomaTaHyBIN Olepa-

g8 Ut = Me
wirag C.I'.Kpeiia TeopeMacura

TOpHH KapaiMu3. Y X0ilia PKOpu/a KeJITp
MyBodUK, Oy MacaJaHUHI MapTIH KOPPEKT SKaHTUIH Kequb YuKand.
I1. KoMIleKC COHIAp MAfNOHH YCTHAA aHnKapran [mibdepT da-

somapuma (16.2) TeHTIaMaHl omepTOpP-K0>(QHUNMeHTH HOPMAT 0mepaTop
6yaraE XOMHN KapafiMus. Myrpait Kuiub, (16.2) TeHrmaMana U xoM-
[IIIeKC COHIIAp MAIIOHU yCTHAArH Tunsbept dasock, A HOpMAT OTEpaTop

OFIICHH. _
Teopema 16.3. [18]. Papas wuaGlAUE u(t) (16.2) meneaamarune

(0,T) dazu evumu ijacun. Y goade (16.4) menecuzaur JPUHAU.
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16.1-TeopeMaz[arH Kabu w(t) .4 ¢ 4 el
(bd)epenmrannaﬁ H. © Ba g

7] Ba u(t) HAKKR
YBYH 67 53¢ 11
K aHWK 1ativgs,

q)yHKumnaanK
XaMm IOKopunaryge

By tpymamsmaprm nnq»@epeHuHannaﬁ, TOTaMu3

7(t) = (u, (44 4

©(t) = (Au, (4 + A%)u) + (u, (4 +4%)4u) =
= ((4+ ddu. (41 A*) ),

v () = LOL"() - (¢'(1)):

Yr(t) = ‘-\992(5)\ >0

Kemu6 wuya g, Hopmag OIlepaTopHy
Y6y Ky PRI, €3ury MyMKRH

A:X—i—z’Y,

oY epra X 5y v V3- y3mra Kymiva py ypuE amy

€Opema 16,4 [18]. (16.2) MENAAMA2a Kgiy 400, Kowy Macanacy
L0ada (4 HOpMan onepamop) kopperm Kyt

244 6Yayuyy Yuyn

al IyBupy omeparopap,
oy X one-
Damopy

UKS 080puday Apum “e2apananazqgy a7 3apyp aq emap.ay,

Uy
By Teopema nchor
YH yHR YKyBumpg

IIT1. Y6y

u 16.2 TeopeMamyyr

ucborurs,
XaBoura, Kuitamms,

Tyia YXtuamg 6y nramy

ﬂmp@epemman TeHrIaMamy Kapazivms




W

o

L

Nc6or. Ymby GYHKIUAHE I § M3
g(t) = (Au(t), u(t))
Ba YHHHT MOC XOCHJIAIapu it xucobmaimms
¢ () = 2(Aw (), u(t)),
o™ (t) = 2( dus(t), w(t)) + 2(Auy (), u(t)) =
= 4(Aut(t), ui).
By epmas 3ca (16.8)  :eHICH3/IHK Kenuo UMKAIH.

Harmxka 16.2 (16.:) meneaamaza wjiuaean Kowu macasacunune
evumu geona 6a u € M = {u: (Au(T),w(T)) £ m} mynaamda mypeym-
dup.
Mncon 2. Q= (-1<z<1)X (0,T) (= # 0) coxanma ymdy TeHIIIa-
MaHK
sign(2)u (@, t) = =t (2,1),

pa 6y TeHIIamara Ky wiirag 4- maparpa@mars HOKOPPEKT MacaslaHl Ka-

paiMus3.
A onepatop cudpa maa Ls(—1,1) na aHUKIQHTaH yuby nuddepeHmal

udona
o*u

Ou?
(1 qerapaBmil WAPTIAp GITAH AMONATAHYBTIL ONepa-

Au=—

B2 Ulpee1 = Uloa=1 =
TOPHE KapaiMus3.
B onepatop cuba “uaa 3ca sign(z) QyHKOEATa KyIARTUPYBTIH OHEpa-

TOPHA omanm3.16.5 -Te opeMara MyBOQHE 6y Macaila XaM mIapTiIn KOPPex-

TOUP.

§17. YarapyBum JIepaTop THI KO3 PUUMEHTIHN , 6upuHIM
TapTubnu auddeperunal TeHrsaManap

Y16y omeparop KoddduuueHTIn TeHrJaMaHN KapaiMus

!

B(t)—'}? = A(t)u(t) + f(t,u), (17.1)
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6y epma f : [0.T) * D — H 6ymu6, HKkanta apryMeHT 6yiinva y3IIyKCu3 Ba
u(t),v(t) € C'([0,T); D) nap yuyn

: t
[|F(t,w) — ft.v)]| < a(t,w) = ki|(w, Bw)| + k‘g/[(’d’,B’LU)'dS (17.2)
0

MIapTHE KasoaTiasTHpand, k),k; MycbaT xaTranukmap, w = u—v. (-,-)
sca Ioxopumarunex ['misbepr dasocm H (Xakuxuili €KH KOMIJIEKC)-ITari
ckasAp Kymaiiraa, ||-|| yEra moc sopma. B(t), A(t) qusuknn omeparopiap
6apua t € [0.7] mapaa H ma 3w xotinamran D (D C H) na asukaHran
me6 Gapas xmmmmamm. u(t),w(t) dymxkumamap D-maH xuiiMaT Kafyi
xunub [0, T] za asmgnasras. u(0) Komu 6epuirasuman 6unmupaim.

Ocnarammsgn, arap L (D-ma apngnanran, D C H) caMMerpHk 9u-
3UKJIH omepaTop Xammabapua z € D yuym (z,Lzx) > 0 6yica, y xomnma
bapua z,y € D-ma

|Re(z, Ly)|* < (2, Lz)(y, Ly)

TeHICH3IHEKa 3ra Oymamms. Arap L'(t)z = ’1113}) ﬂw;—ﬂ”—"‘ xap
bup t € [T.0)sa * € D; yuyH Kyunm MabHOma MaBXyHn 6yica, y
xonna 6ms Oy Gmma= L) wmsukiuu oneparopmap ownacuum [0,7) ma
aHHKJaiMEs. ¥ Emas vamkapwm, arap L(.)u(.) Ba L(.)v(.) map u Ba
v € CY[0.T); Dy) @éy=xumsaap yuyH Ky9In MabHOIA y3mykcus 6yica, y
xonga 6u3 KyEmmarmra sra 6ymamus.

AL _ (o, B(O)u(0) + (0, BE)u () + (B (O(0).

Arap ¢ yarapra=sa Dg(f) Ba L(t) xam ysrapca, y xonna 6us

L(t+ h)x — L(t)x
h
HQONAHH AENEIAN OMMAHMN3, UYHKH U eTapinda KHYWK h YIyH Xam

L(t)z = lim

Di(t+h)D D,_(t)‘ra TersnuIy OYIMACIUT Y MyMKHH.
by gmimssmamssn sernab yTHI yuyyH Kyfdumarmda uin oaub 6Gopa-
MH3. %, U, % Ba ¥ |Byaap KEpMariappHn D kabynr Kmaanu neb gapas
KUINHAAE) Jap YEVE yIIOyEHR aHUKIIaliMu3
__d{u,B(t)v

Qu(u,v)= 72 - (,u,,B(t)v) — (u, B(t)w).
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FPP

B

wimp

R n o L s L.

= (u, B'(t)v)).
Teopema 17.1. [31]. Papas wuaaiaus, bapua t € [0,T) yuyn B(t)

A(t) cummempur wusuxau onepamopaap (A(t) cuaaux, onepamop)
6gaub, moc A >0, k>0 ea k' > 0 xammarursapu 6uaan ywby mene-
CUBAUKAGPHU

(z, B(t)z) > Mz, x) ea |(z, B'(t)r)| < k(x, B(t)z), :
(5, A()2) > ~K[l(z, A®)a] + (&, BO)2)]l,  (173)

(Arap Dy(t) t ra 6ormuk 6yamaca, y xomma Q(u,v)

i; (t,‘u.) (17.2) wapmuu xanoamaanmupcun. Yudan mawrapu u(t) (17.1)-

nu xanoamaanmupady, v € C'([0,T); D) sca wyndatiu ynume yuyn
Lv = By, — Av — f(t,v) (17.4)

anumaanean. Papas wuaatisuk w = u —v 6a T < 0o 6jacun. Y zoada

wyndad o; > 0(i = 1,2,3,4) nammaauraap monuaaduru

¢
/ w, Bw)dr + (T — t)(w, Bw)y + a1 (w, Bw)o +
0

7
+a|(w, Aw)lo + a3 [sup [ Lo||? + oy / NEv|fdr, t€0.T) (175)
0.T) 5

Pynxyug opraau udodasanzan

P(t) = In (1)

Pynnyug ki ea ky mandui byamazan Kammaaur buaan ywby menecus-
AUKNU K,AROQMAGKIUP GO

W t) + k' (8) + R 2 0. (17.6)

Wc6or. Onnnﬁnm{ yuayH ¢(t) OyEKIuIIHE ymly Mmakiga e3amms

¢
/ w, Bw)dr + (T — t)(w, Bw)y + P* =
0

¢
= /(w, Buw)dr + Q?,
0

’




6y epoa P? Ba Q? GommagFuY GepuiTanIap OpKaiId ndonaIaHyBId KaT-

ranukaap. (t) BN nuddepeHnuaIad, TOmaMms

t p
2(t) = (w, Bu) - (w, Bu)o= [ w -
0 arT

t

t
:2/ (w, Bw;) dr+/ w, B'w)dr. ()
0 0

(17.1) Ba (17.4)-5m >pTHOOPra omub, f* = f(t,u)— f(t,v) bunan 6emrniab

TolaMmn3

Bw;, = Aw + f* — Lv.
Mysnat KaaEb,

¢(t) =2 [(w, Aw )dr+f w, B'w dT+2/Re w, f*) = (w, Lv)dr.

o\._

©" (t) MaBKYH SEAEANTHAAH

i i
=2 [ Re(w,, Aw)dr + 2{ [ (w, Aw)dr + (w, Aw)o} +
0 0
+(w, B'w) + 2Re[(w, f*) — (w,Lv)], (17.8)

qyHKH

d(w, Aw)

(. Aw) = (w, Aw 0+/ dr.

(17.1) nas Aw == Tonmbd (17 .8)ra xyiu6 Tomammus

i
= 4 [ (wr, Buy)dr + Q' (1),
0

6y epma .

Q) = 2/(tv.A'w)dT + (w, B'w) + 2[Re(w, f*) - Re(w, Lv)}+

H/Re[(u.r, Lv) — (w,,f )dr. + 2(w, Aw)o.

I S

——————— S ——————




W

.

FOxopunaruinapHu spTH6Opra 0nub ymoy
()" (1) — (P(1)* =

t
= 452 + 4Q” [ (wy, Bw,)dr +Q"¢(t) -
0

—{4}Re(w,BwT)dT;(w, w)dr + /t (w, B'w =
0 0 0

= 4s? +4Q? [ (w,, Bw,)dT + Q*p(t) — R, (17.9)

c'\ﬁ_

TeHTJIMKHE TomaMus, 0y epaa
t ' ¢
= /(wT,BwT d'r/ w, Bw)dt — /Re(w,BwT)dT)'2 =0
0 0 0

Kefimurn 6ax0aMNapIME3aa Ky HUIary SeMeHTap TEeHTCU3IHKIIAPIAH

dolimamanamMus, yIapHil nc6oTIAIl KUIHEH 3Mac:

/

p(t) > ft(w,Bw)d’r;
0
|’ ()] < (w, Bw) + (w, Bw)o < @' (t) + 2(w, Bw)o;

t 1
{/(wv BW)dT /('LUT, BwT)dT}(l/Q) S

0 0
< kys + kap(t) + ko' (1) + Ra(w, Aw)o — ks Q.

By epna k; MandmiiMac KaTTATUKIAD. By TeHrcm3sIMKIapHI 3B THOOPTa

omub, ymoy
|R*| < kup(t)s + ka® () + Fad! () (8) + Rl Aw)op(t) — ksQ o (1)
TeHTCH3IAKHN X,0CHII KAIaMI3.

Drnn (* Hu 6ax,0maiMu3, OyHUHT yIyH TabuIi TeopeMa
Hlysnait k; > 0 xaTTanukIapn MABIKYIOKH, KyHugari

HMIAPTIAPHIAH

(o TaITaHaMU3.

VPHHIN

¢
/ w, Aw)dr < ky /(w Buw dT_/(w,.,Bw,)dT)l/2
0

i




’ t t
+k?/|(u:. Lv)|dr + ks /(w, Buw)dr + k4'/ [(w, f*)|dr.
0
[f*] € oft,w) Ba |ab| < a? + b2 TEeHICH3NIAKIAPHE 3bTHO0pTa 016

uryEfail k; > 0 KaTTaTHKIAPHA TOMHII MyMKHHKY, yaapna ymby TeHrcus-
TIUKTIAD §PUHIIM:

t
[(w, B'w)| < ky(w, Bw) + ky((w, Bw)/(w, Buw)dr)'/? <

0

t
< ky(w, Bw) + k) /(w, Bw)dr;
0
i
|Re(w, £*)| < ks(w, Bw) + ke / (w, Bw)dr+

t ¢
+k7(/(w,Bw dT/ (w,, Bw,)dr) e
0 0
Xyoou myRuHIe
¢ t
| [(wr, £)dria [ |(w, £7)]dr
0 0

Tap XaM baxonasann. Mardmitmac k; map 6uman yuify TeHrCH3IIuK yprHIm

3
max{|2Re(w, Lv)|, /I(w,Lv)ldT} =
0

G
< ki(w, Bw) + ky /(w, Bw)dr + kg sup [|Lv||* + k4/ [|Lv||%dr.
0 (0.7) 0

By xocun xnimaTran 6apga TEHrCU3IUKIapaas Goitnananub, Q* yayn Man-
duiivac k; mapaa ymby TeHrCH3IMKHN XOCHIT KMIIaMH3

—Q" < ks + kap(t) + ko' () + ka(w, Buw)o+ ks|(w, Aw)o|+
T ¢
+kg sup || Lv||* + k7/||LvH2d7' ~ kg@? + 4/Re(wr, Lv)dr.
[0.7) 0 0

Xocun 6yiaras Tesrcmsmukiap 6apacuun (17.9) kyin6 (17.9)-mam Toma-
vu3 (6y epma k; > 0 xarTanmkmap)

o(t)e"(t)

o b

————— e sk o 0.0

—— e ..
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¢ ¢

> 4s? + 4Q? /(wr, Bw,)dr — 4¢(t) /Re(w,, Lv)dr +
0 0

+£1[Q? ~ ka(w, Bw)o — ks|(w, Aw)o| —

Z
—kgsup || Loll* — ks [ ||LollPdr]e(t) -
[0,7) 0

—kgo(t)s — krp(t)¢'(t) — kgo?(t). (17.10)
P? xarramurman myEfai rapmaivmkn, QF = P? 4 (T — t)(w, Bw)o
udona

: T
Falw, Bl + bl Aw)o| + kysup 1ol + s [ | Lo
0,T) 0

-mam xarTa 6yacmE. Bymusr yuys (17.5)-ma a; JTapHE @ > s =
1,2,3,4) Kuamb TaHIANME3. OcoHrMHA KyPUI MyMKIHKH, IIIyHIad i
Jap MaBXKYIKA

3
/”LUH2dT < kp(t), (w,Bw)y < kK'o(t).
0

Bymapnas Qoiinamanid KyHuIoarm TeHrCH3INKIapHI uCOOTIAIIAMI3
mymgns (k; MycbaT yarapmaciap)
¢ t 2
(/(w,Bw)dr/(w,,Bw,)dr)l/2 < kplt) + kas + ks (). (17.11)
0 0
Xynmum myHUHCIeK mryRfai ki y3rapmac MaBxy ki,
it

o(t) ft Re(w,, Lv)dr — sz(w,-, Buw,)dr <
0 0

¢ R
< ki (p(t) — @*)( ] (wr, Buy)dr [ ||Lv|fdr)!*+
0 0
t

5 Cis 58 i
+Q[ky ([ (wr, Bur)dr [ | Lo|dr)!/? — [ (ws, Buwr)dr].
0 0 0
- |ab] € aa?/2 + v?/(2a)(« > 0) TeRrcH3THKHY KYITA0 TONAMII3

t i
o(t) / Re(w,, Loydr — Q* [ (wy, Bwy)dr <
0 0
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[(/(w Bw dT/t wrstT dT 1/2 /t w B'w)dT/THL’U”QdT)l/Q]—[»
0 0 0 i

+/€2Q2/”L"’”247-
)

T
(17.11), ({”L’U”2d7' < k() BaQ? < o(t) Temrcmmakmapnam

o(t) / Re(w,, Lv)dr — Q2/t(wr, Bw,)dr <
0 0
< kip(t)s + ko () + kso(t) ¢ (2) (17.12)

ysrapmac k; < 0 7apu 6unan xocumin KmaMus. (17.12) spTHbOpra omub,

3
P? = ay(w, Bw)y + as|(w, Bw)o| + ag sup || Lv||* + ay / [|Lv||2dr
[0.7) i
udonana a; JapEE TaHIaIT XHCOGHra

PO (1) = (F(8)* 2 45” — kip(t)s + kao(8) (8) — kaio?(t) >
—kp(t)¢'(t) — *(t)

TEHICH3IMETa 3ra 6ynamus. OXHPru TeRrCH3IMKHEAT MKKATA TOMOHMHN
©*(t) - ra 6ymm6

() + K1y () + iy > 0
TeHTCU3IHETa 3ra Oyimamus. 17.1-TeopeMa ucboTIIaHIH.

Harmuxa 17.1 . (17.1) meneaamaza Kyluazan bowsaneuy macana-
nune (Kown macasacu) evumu gzonadup.

Mcbor. Rapas xanaiimnx u sa v (17.1) renrnamanu KaHOATIIaHTHPA-
mu. u(0) = v(0), w=u— v 6yacun, Lv =0 sa w(0) = 0 6ymcnn.
Y xonna p(t) (17.5) nam Kyiinnaruraua o= ft (w, Bw)dr xucxapanu sa
YHHET Y9yE 2

POLE) = (£'(0)° 2 ~k1p(t)' (1) — ko (0).

Y xomna o(0) = 0 marmnas o(t) = 0 kemub YMKAIA.




Harmxa 17.2. Qapas xuaaliauk vy 66 V3 € CY([0,T); D) 6yacun.
Y zoada 17.1-meopema wapmuda wyndad oy, Qg, 03, Qa, ki ea ki
, 32apMACAap MABHCYORY, YAD YUYH

E 4 i T

J(w, Bw)dr < BQUO(f (w, Bw)dr + QYH“®, (17.13)
0 0

by epdaw =i — vy, w(t) = [1 — exp(—kut)]/[1 - exp(=ki T,
Q? = ay(w, Bw)y + ag|(w, Aw)o| + azsup ||Lvy — Luo| >+
[0,T)

7
+a4f ||Lvy — Lvs||*dr.
0

§ Mlyrra yXmam HaTHKAIAPHE GOMIKA XapaKTepIari OnepaTopiap ou-

B mach yayH [31] -mam TonmmEHrE3 MyMKnH. By THIIarm macamanapHd

TaKpubWil eI yCyIIapHHL 3Ca 2], (4], [11], [7], [33] ma yuparamms.
Mainkap.

1. ®apas xmmaiiuk (17.1) TerrnaMana ftu,u) =0,B(t) =1,
i A(t) = A + Ai(t), 6y epma Ay y3- y3ura KYIIMa y3rapMac orepa-
Top 6ymmb, Ai(t) ysmykcms Al(t) xocmmara sra 0yanb, Xamna Iy AR
a,b > 0 j3rapMaciap MaBXKyIKH, AXTHEPHE © yIyH KYHIIary TeHICH3IIIK
- ‘ VPUHIHIID
(Agu, Aju) — (Aou, Aju) > —a(u, Au) — bo(u,u).
Y xonna (17.1) TeHrnaMaHIHT UXTHEPHUH eIHME yuyH ymby TeHICH3-
K GaKapuiHIIHEY HCOOTIAHT !
lu(®)l] < (@O @)= Oe(t),
6y epma w = (1 — exp(—at))/(1 — exp(—aT)),
g b(1 — exp(—at))T + (1 — exp(—aT))t
o a(l — exp(—aT)
b = 2by + 4a? + 2ay, a; = max |[A1(t)][, ag = max [[A5(¢)]]. (18]-ra KapasT.
2. (17.1) remrmamana f(t,u, wm) =0, A(t), B(t) cuMMeTpuK qU3HK/IH
oneparopstap 6ymm6, k > 0, k' > 0 xarranakiapn Gunan ymoy TeHTCH3-

JTUKTIAP

=

3

(z, B'(t)z) < k(Z, B(t)2)],
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o,y € D, |(z, A(t)y)* < K'(z, A(t)z)(y, Alt)y)

baxapuacud.

Iy mapTaap ocruma (17.1) Terrmamara kyimaras Komm macanmacu

€M STOHA Ba IMAPTAN TYPEYH dSKaHIururn ncbormant [31].
3. (17.1) renrmamana f(t,u, w) = 0,A(t), B(t) cammerpux YI3HK T
oteparopiap 6ynub, 6apua z # 0 yayn
(z,B(t)z) > 03k > 0 € |(z, B'(t)z)| < k(x, B(t)x),
3K > 0 € (2, A'(t)x) > —k[|(z, A'(t)2)] + (z, B'(t)2)]
- ¥ xonnma (17.1) TenrnaMara Kyiunran Gomaanemy Macana (Komm Maca-
TACH) €THMI STOHA BA UIADPTIMA TYDEYH SKAHITHITHE HCHOTITANT.

4. (17.1) remrmamana B(t) = I, A(t) UMUK omepaTop 6ymmb, t
ra Gormx, 6ymMaran H na swa xoiinamran D ammgranmms COXaCHra ora.
Yunan Tamkapu papas xmiaitmmx A*) [4*, A]l, ReA = (A + A*)/2 onepa-
TOPTIApHUHT aHWKJTAHUMI coXadapu D mm j3 wamra oncma. ReA D pa

[4%, A] 6unan 4* Ba A OEPaTOPIIAp KOMMYTATOPHHE Genruimaivus. Ya-

nan Tamxapu Red D ga cycr ysmyxeus nuddepeHInaNIAHyBIH OIePATOD
Oy mcu.

L Dy C D pa acocan rumosopmai ne6 aTajlaly, arap myHnxai o, o, €
C[0, T], &/(t) > 0 dymkmmanap 6apua t € [0, T] yayr mamxyn 6ymus,
Gapua A € R, t € [0,7], v € Dy -nap yayn < Lv, v >> 0 6yca, 6y epma

L =[A", A], +(2ReA — ))* + 2d/{(ReA)1 - o (o/)*(ReA + ;) + Pul.
Arap A omepatop t ra boruux 6ymmaca, Ba ay = @, = 0 6yunca, y xomana
L =[A%, A], +(2ReA-))*, sa 6ynnan L onepatopansr ([A*, A] > 0) ReA
onepaTopHUEr Dy ra Termmim xoc BeKTOpIapHma CUHOHOPMAJI SKAHJIALH
xennd YuKand.

®Papas kmnaimux u(t),u € C'([ty, T);, H) (17.1) Terrmamara Kyiu-
rag u(0) = wg, ug € D, ty € [0,T) Komm macamacaumar eqmvu 6yncus.
Teopema 17.2. [5] Hemuepui ty, t, t, € [0, Tb<l<t<cli<T
up € Dy ea bapua € > 0 Jju(t)| < cllu(ts)]| + ¢ e u(0)]| 6azo
gpunan. Gjavun yuyn, 6y epda v = ((a(t) — alto)) * (a(tr) — alty))~Y,
¢ = 1) expyp(t1) + p(to) — 78 D(t), § = Y1+ )Y, Dy da 4 one-
PAMOpHY acocam 2unonopman bfauw 3apyp 6a emapau.

Iy Teopemanm mcboTmanr.
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§18. S’srapyntm onepaTop THI KO3DOUUUEHTIN Gy3mnanuran
6upunum TapTubiu guddepennuan TEeHrJamaaap

Onmuitnux yayn 6y naparpabma H xaxukmit ['misbepr daszocn, yumarn
_CKaJTAp Kyma#T™Ma Ba HODMAHH MOC PABHIIIA (-,+) Ba || - || xypuEHmAEA
bemrmnaiivus. H dasona 3wa xoiftmamran H3AKIIE TYIIAM aXXKPATUIITaH

neb papas Kumamus Ba D coxanaru cxamgp KymaiTMann [, -] xapuramms.
YMywmar afitranga D coxa 6y ckassp KynaidTMara HUCOATaH énuK 63 Tumm
mapt smac. A(t) : D — H, D coxala aHUKJIAHTAaH Ba CHMMETDUK.

Y MyMAAIAKKa 3apap eTxasMacnan Oy epma nudoepeRnuan TeHrIaMa
YPHUTa yHra MOC KeiTyBun ymby muddepeHIna TeRrcu3InKHTET

7w + A(t)ul® < 01t [u, u] + 02|l + F(8)  (18.1)

0<p<1l,0<¢t<T)Bat=0naKommn Gepunrannapu 6yinda equMuHE
TONWII MaCATACHHE KapaiiMus.

& A omeparopnad Kymmvda ymby I['OpowHr Typmarm TeHrcmsimxHEE i/
KaHOATIAHTUPUIIHA Tajab KuIaMms:

(~A()u,0) > arfu,u] - aollul® (ue D, ay >0, ay > 0),

6y epma aj,ay - y3rapMac xaTTamuknap. YHnan Tamkapu A(t) omepatop

xap 6up ¢ € (0,7] ma D coxana Kywm ouddepesnmaianyBum, sbHi (0,7]

ma mynpail Ay(t) oneparop Masxynkm, y D coxa/a aHUKIaHraH Ba Gapua

u € D map yuyn

At + At) — A(t)
At

Ay(t) omepaTopusaH KymmMTa K yAuaary mapT GaxkapuInmuHn Tazab
KHTIaMu3

lim

At—0 &= At(t) %

=0.

[(Adt)u,u)| < agt™[u,u] (we D, a3>0, a3 — y3rapmac).

o .
FOxopunarn maparpagmapna xaM TabKuITAraHIMELEK, nuddepen-
nuajl TeHramManapia KaTHAITaH Xocunanap H ¢a3’oHUHET HopMacHmarm

TUMHTHA fe6 TymyHAnand. DHIN TeHICH3THKHEAT eMUME TYIIYHYACTHE
KHPUTaMIU3.




EERS —

Taspud 18.1u(t) : [0,T) - H dywwyus (18.1) menecusaurnune
evumu 0e6 amaaadu, a2ap:

1) u(t) t€[0,T) da yaayrcus ea u(t) € D;

2) u(t) t€[0,T] da H nopmacu mavrocuda dudPepenyuanianyeuu;

3) u(t) t€[0,T] da (18.1) menecusaurnu KAHOAMAGHPAU.

Memma 18.1 . @apas wuaaiaux, Y(t) ysayxcus 6Yaud, yt) > 0

bup mapma, k(t) ukku mapma Jup@epenyuaiianyeut crap Pynxyugaap

6yacun. u(t) Pywsyus mavpufnune OUPUNUU UKKUMA WAPTRUNY KaH0-

amaanmupadu, p sca uzmuépui. Y zoada
Je |t + Al >
= [(’)'t”), + 271/)} (= Au, u) — ytPe* (A, u) +
s, + bt = il +

-}-{7#’67'c {(Au, u) - t”n,||uH2]} (18.2)
t
MENSCUBAUK YPUHAL.

Wc6oT. v = eu me6, Kyiimmarura sra 0ymamMms
St + Al = 211w — rav) + Aol =
£ 7{|1Av _ sy -+ v — Dl 2+ 2|2 + 2t (Av — e, vt)] o
= 'y[HAv — tPRv + |2 + |[p]]? — 2(Av — tPRw + Yo, gv) +
2|0 |2 + 2t7(Av, vy) — 20 vy, 1')} > 7[ — 2y(Av,v) +
209 Av, ) — 20 (v,0) — WP + 20 llvI) (183)

(18.2) TeHrCHITHKHUHT YHI TOMOHUIATH MKKUHTH Ba, yIHH I udonanapHu
Kylnparada y3rapTapaMus;

2’7t”(A‘v,vt) = 'yt”%(Av,v) — 7t (A, v) =

— (1), (Au,v) = 1 (Aw,) + [ (40, 0)] 5

Il

; ; d 5
— Wt k(v 1) = —rytz”m%(v,v) = (Wtz”/c,)t [|o]f? - ('yt2/’r€,)||v{|2>
It t

!
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Xocun xunuarad nponanapau (18.3) TEHICH3INKHE JHT TOMOHHTA Kyinb
TOAMHE3

7ot + A 2 ~{(01) + 2791 Av,0) 2t (Auw,0) +
[0, + 2000 = ol + (o (Av,0) = ) ol

OXHpru TeHrcu3TUKHIHT YHI TOMOHIIA ¥ GYHKIUATAH 1 QYHKIUITA KafT-
cax JIeMMATAry TeHrcu3nuk xenmb uukann. Jlemma mcboTnannum.

Teopema 18.1 . Azap f(t) dywryug sa evum u(t)
(o), ) < 1, el

S0 f(0)| <24 (5> 0
€
wapmaapry Kanoamaanmupca, y zoada ¢ > 0, T' < T < 1 aap yuyn

xytiudacu 6azo Ypuman:

T/
(1= )¢ [ eatua +50-9) v - 30 - 1) x
0

1, It
P~ u||?pdt < c- —=1 c—=2r]. (18.
X7~ [ul| } = exp( BT i (18.4)

Byepda 0< p<l, 0<E<], w—1(1-p)(1=¢) >0 6Jaus, as, by, by
aap ((18.1) - nune yue momonudazy fazapmacaap) wyndatt ManiaH2AHKYL

(= plar —qs— 0] >0,

1
(A== o= 30=P0-] ~b>0
MEH2CUIAURAGD YPUHALU.

Hc6or. (18.2) - TeRrcusmmKKa

1
i —wlnt+)\lnlnz (A>0),

! 1
p=t3% sn sl g,
nhOonaNapPHM KYIMU3.
Y xonma
Ky = —t_IZ, Ky = t_22(1 = 0—1)7
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Oy epna

1
z=w+Aln™! %, Oa1=0 <1n~1 z) ;

Oprubop HepaMusKu
(7t)e + 299 = (L = p)&t™* > 0.
Bynapsn, A(t) Ba A'(t) onepaTopnapra KyHunran mapTiapHl apTUHOpPra
omras xonna (18.2) TenrcusmuknaH
224 2 |, + A(t)ul]” >
e %{[(1 —p)€a; — agllu,u] +
+#1(1 = p)(1 =€) (z - (1= A1 = ) +20-1 =
_(o {)aQt‘P“]Hqu} + +{t“2“’ In? L [11-¢(Au, u) + 2||u1|2]}
t

XOCHIT KHIIaMH3.
By TeHrcE3IMKHEHT Yall TOMOHATa HICOATaH (18.1) Terrcm3mUKHE K120,

(1= p)(1 - Eagt'~* = 20y

SKAHJUCHER 35THO0OPTa ONUHCA, KyHHOArl TeHI CH3IIHK Kemu6 IHKaIn:
gFh-py, > —1—{[(1 — p)€ay — az — bi][u, u] +
1)1 -8 (- 41 -1 - ) +20:-1 - b} <
< {t'?'“ n* % [~ (Au,u) — z1|u||2]}t b 4Bt il %f(t).
as, by. by mapameTpiapra Kyuras IapTIaprMU3IaH dorinanasn6 IryHIail

0 < ¢ <1 TaETaRME3KA

(1—p)€a; — a3 — by =&(1 — p)ar(;
(1-p-Ow-31-p1-8]-b=
=(1-p)(1 - 8w — ;1 -p)(A-8K

baKapHIICHH.
Bymaai ( Ba eTapiada KIIAK T nappa Tolamus:

- ’ —2w—p 1,22 i 1
(1- p)g!t In ?{alﬁ[u, u] + é(l - £) X

;
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d—t -

xlo = 10— p)(1 = € fule} e <

1 [_tl-—p(Au, u) b 2“u”2]}t s t~20-2p+1 In2A _i_f(t)

<

o Teopemana u Ba f oyskmmanapra KYHMIITaH MIapTiapoaH doimaranut
; Ba IOKOpUIAry TeHICH3INKHA HHTeIDaiab, ymoy TEHTCU3INKIIAPTa 3Ta

6ymamms:

7 1
e p)CO/t_zw—P In2/\;{a1§[u,u] +

r
+ / $~20—2p+1 In2A %f(t)dt <
0

H -0~ 4= A1 - - uli)ae <

1
. —2w 12X Trul-p 2
;- gx_r)%{t In t[t (Au, u) + 2|[uf| ]} +

< g 0 L ] + alfl?) + 2 ) +

e
+{t—2w o™ (¢ agu,u] - 2||U||2)}t

T 1
+e [ 2 <
r t

2 1
ki an S T[u, u] + 56_2’\_1F(2)\ +1) <

< a3T‘?“’””+1 o 51; +e672IP(2) + 1).

XOCI/IJI KUJIWHTAQH TeHTCU3JIMKHIHT qall TOMOHUJAru UHTEeTrDAJTHUHT Yera-

pacuu [0, T'](T" < T) rava xuckaprupub, wam sa yHr ToMornan (In' T')?

ra b6ymncax Ba \ =

JIAMH3.

— w7 Aeb olicak, TeopeMalaru TEHTCH3IHKTa Ke-
4Inln(1/e) Eics

By rTeopemaman ¢ — 0 ma Moc paBmmma sromammk TeopeMacH XOCHIT
, KITHHAIYL.

Mucon 1. (18.1) - TeHrcmsmukka Moc Keammram ymby TeHrInKHA

KApHATaMHU3

1
Py + wpy =0,

ol
18]

By



6y epna H = Lyfc,d], D = C?c,d)NCole,d], [w,u] = (uq, s). :
FOxopunarn HaTImKanTapias 6y TeRrIaMara Kyiumran Moc Komm MacaTa-
CHHHEHT MIAPTIH KOPPEKT SKAHINATH KeJInb JuKamHu.

Mucon 2. CuMMeTprK Ky4IH JIIUNTHK OlepaTopra sra 6ymran 6y-
3uIanuraH napabonuk cucTeMa yIyH KYHHATAH apajlall Macamna.

®apas xumaimax ) -~ RY dasomarn werapananran coxa 6ymu6, we-
rapacu C! curdra Termuumm 6yicun, H = L%,(Q) - yugoBma N ra TeHr
6ysiran BekTOp - (yHKnuATap dasocm 6ymmb, yHma ckamip KynmafiTMa
KyHuaarnia aHuKJIaHTaH

(u, ) =/ < wjul>dz
Q

6yncun (6y epma < -,- > RY ¢asonarnu ckamnsp xymaiit™a, |||+ ||| yara moc
HopMa). A(t) HKKMHYIA TapTHOIM Ky<Ii 3IINNITHK CAMMETPHK OIePaTop:

ABu= ¥ (=1)™1D°A%P(t,x)DPu,
jal,[8l=m
6y epma
o — (0!1,&2,..,,0!,,), ﬂ ! (ﬂ},ﬂz,...,ﬂn), IO(I =Hai g Sa e
18| = Bi Aila e B IF — DD Do PR opiopl s
Dgis 3—%, AR, wR = {a?j’ﬁ(t,x)}l_vo_ - N x N ym4oBuu CHMMeTPUK
MaTpuIa, yHIAH TallKapi 2

A%t 2) = AYP(t,2)

By marpumamap saementn 0 < ¢t < T gapma C™(Q) cuadra Termmum.
A(t) omepaTOPHUHT KyWIH 3/VIMOTHK SKaHINTY YOy KBaADATHK Gop-
MAHHHD

> e T O
. |, |Bl=m

MycbaT aHuKIaHraHuHE 6wiamupanm.  A(t) omeparopmm ymby D =

C?™(Q) N CY(N) ma xapaiivus Ba D a KyHHIAIH CKaIap KyTafTMaHT
N
[u, ] =/Z Yo D*u; D%vidz
Q =1 al<m

xupuTamus. A(t) omeparopm D ma cmMMeTpHK.
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K yiiran mapriaapumMusaa 6y omepaTop Teopema MapTIapHH KaHOAT-
magTHpanu. A(t) omepaTOPHE aHWKIIAIN yIyH A®# marpuna sneMeHTIA-
pura KyImuMJa MapTiap KyIMu3, S5HA

a,p
& G (D ket 15 g%t—’ﬂ Koot s

8a%’(t, )

Y xomma Ai(t)u = ). (=1)" DAy i (t,x)Dﬂu 6ynub, yHra Kyiuiras
la,|Bl=m
mrapT xaM 6axapmiand. (18.1) TeRrcmsmmruMus ymby KypUHNIIAA 6yitamu

2
/ P+ T (=1)" D% AA(t,2)DFul || dw <
Q o, |Bl=m
o _
<hitr™ [ % (Dowi)de +bpt™ [ Jul [Pz + f(2). (185)
q i=1]al<m Q

W - MACAJAHIHT KJIACCHK eIuMH 6ymub uerapasuii mapTaap 0 ma Holra
rerr, spum 0 < t < T napmau € D sa z € Q ma u € C([0,7]). Bynnan
cumM, TAGHUIAKN, IOKOPHAATH Tabpudaarn ednm xam Oy raid.

f(t) = 0 6yaramma 18.1 - TeopeMamaH Macajia eIHMUHUHI TPHUBHAI
SKAHIMTH Keanbd IuKaim.

YarapMac KaTTaqukIap ¢, by, by JapHN eTapimya KIMYUK OJIHII XHCO-
pura 18.1 - Teopema IIAPTIAPUEN OaXKapUIIra SPUIIAMES.

Teopema 18.2. Qapas wusatauk,6apua 0 <t < T aapda u € D,

z €% da u(t) € CH0,T], u(0) =0 6gacun ea u(t) (18.5)-nu emapauua
wunuk ¢, by, by yizeapmacaap busan xanoamaanmupadu. Y roada

0.

Il

: u(t)

Xaxugaran Gapua r € § mapma u(0) = 0 Ba u(t) € c*o,T]
6y MraHUNAH, eTapiImda KUIHK ¢ 1apna

llu(@)I? < ct?.
Y xomma (18.5) uuar eumvn yuyn (6yepaa f(t) =0 ) moc k 6uman

v(t) = ku(t)




Ba 18.1 - Teopemara Kylimiras mapTiaap € =0 Baw =1 — & /2 (6 mycbaT
KUK MEKJ0P) DapaMeTpuap 6unas Gaxapumanm. 18.1 -reopema mIapTia-
PUra acocaH § HU IMyHIAH TaHTaAWNMHA3KH,

w=(1/4)(1-B)(1 - =1-6/2— (/)L - p)(1—€) > 0

6yscun. Y xomna a3 (c ra mponopuuonan), by, by JIADHUHT eTapianda KUdn-
KIHK MapTIapy ymby TeHrcu3mmkiap 6uman 6epumanm:

a3 +by < ai(l - pg,
by < (1 —p)(L -1 - 6/2 - (1/4)(1 ~ p)(1 - £)],

Oy epma a;  A(t) onepaTopruar [OPIMAT TERTCH3IHTIIATT ACOCHI yarap-
Mac KaTTaTuKIAp.

§19. OmnepaTop Tun K03)QUUUEHTIN UKKWHIH TapTN6IN
auddepennman TeHrIamManap

By naparpadparn wsnasumnapam xam sur oxmmit KYPUHUIIIATY TEHITa-
Manan Gomutaivus. By epma H (xaxmxmit éxn xommekc) Fuasbepr da-
socn, u(t) my dasoman KmiMaT Kabyn KmiIyBaH ¢ CKaJIap HapaMeTPHUHD
QyHKIMACH, A IU3MKIM oepaTop 67mub, YVHEHT' aHUKJIaHWUIN coXacu D mry
Funsbepr Qasocuma 3md HxKoiIamras.

[Xagukmit comnap maitmomn yermma H I'mnpbepr dasocurm oma-
MH3, A omepaTop y3-y3ura KymiMa omepaTop 6yncun. Ymby TeHTIaMaHn
KapaiMu3

d*u

By Tenrmamammer equmm Ba 6y Temrmamara moc Komm Mmacamacm
€IHMH I0KOPUIArd GHPUHYM TapTHOITH TeHITaMalaruiex TabpQIanaIi.

Teopema 19.1. (19.1) meneaamanune uzmuéputl ewumu Yyuyn yuiby
MEH2CUBAUK YPUHAY

OIP < eft) (I + lal)F (@) + Je)~F = fal,
6y epda
o(t) = e2T-0)
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P

,”

0 = L[(4u(0),u(0)) - ((0), ()]

Hcbor. Ymby q)ymcummn- KHpHTAMI3
p(t) = (u, u).
YEn muddepernnaniab Tomamus
o't =2(u, u), @'(t) =2, v') + 2(u, Au).

¢ (t) OYHKNHAHUHT HKKEHYH Xa[0HE nubdepeHIaLIab TOTaMA3:

d i AR - d A
E(Au, u) = 2(Au, v') = 2(u", v') = %(u, u').
Myrnait Kumu6
P"(t) = 4(«, o) + 4a.
Qunu ymby GpyHKUUIHE KHPATAME3:
P(t) = In((t) + [a]).
YHu nubdepernuamnab Tonamms: :
" " (0)(e(t) + lal) ~ (¢'(2))?
t) = ==
o (o0 + o)
210 0) + allfu, ) +Ja) ~ (u, )2
(u, u) + |a])? &

éxu ¢"(t) +4 > 0. By TeHrcusmmkman sca

—4

t T—t
P(t) < 79T + —7 ¥(0) +24(T - ¢)
TEHrCU3THK Kenb unkanu. Bynnas sca Teopema mc6oru xemud YUK,

Teopema 19.2. (19.1)-meneaama yuyn xyliuszan Kowu macanacu

Koppexm Ojauwu yuyn A onepamopnune 10K0PUIGH APUM Ue2aPaiaH2an

byauwu 3apyp 6a emapa.

Uc6or. {E)} omepaTop A ra moc kemyswn IIPOEKIIOH OLEePATOPIIAD
OHTIACH DYIICUH:

Al _70 AdE}.

Afj




Arap 4 OIEPATOpD APUM YerapaJaHram Gymca, y X0Jga

a
A=[" \iB,.
Dapas KWITARIAK, aHIKITHK Yaya a >0 6
CHHUHET €INMH ymby KypHHRIITa 5ra 6ymann

0 a
)= (/ cos(\/jt)dE‘,\) ug + (/ch(\//{t)dE‘,\) Uy +

00 0

O
¥ (—0/0 Smf}é?”dE,\) o (/Oa shi/\/XXt)dE,\) 8

up = u(0), w = u'(0).
By epnan TeopeMa ucboTH onAuiiruHa, Kot 9uKaIm.
Arap A IOKOPUNaH SPUM derapajiamran 6
kaTTaa > 0Ba b > a mapna w e E,—F,
J1apH eTapiamya Kk 6yiaca xam Ko
CTapiria KaTTa Oymumn MyMkns.

yiMaca, y XOInna eTapiimga,
» ¥ = 0 6mnan Komm 6epunran-
Macallacu eInMu HopMma Oytimga

A omeparop HOpMas oneparop 6yiaram XO0llma Xam (19.1) TeHIIaMa
yuyn Komu macanacuamar €YNMH STrOoHa
- I'a Kapamr).

Mucon 1. D coxa R" ma werapananran 6ymu6, yauar Jerapacu - S

cug, 6yncur. D coxana ¥3 - y3ura xymva SIIHUOTHK nudbepenmmas
oneparopan Hupnxie 9erapaBuil mMapTu 6usan Kapaimus:

Ba WAPTIN Typryn Gymamm ([1 0]

Au:—i 0 Ou

5 i — + cu,
jk=1 0 Oy

s =0,

n

3 okl olEl? 5> 0, ayj=uau, Vjk,
Jik=l i

Qj — Y3OYKCH3 nnq)@epenunannaﬂynqn, =
Yby apanam macamanm Kapanmms:
*u

T Au,  uli—p = u, Uglimg = u;.

Y3Iykcus pyHKmus.

IOI\}OPI/II[&I‘I/I HaTH}I(aH&pI/IMI/IBII&H 6y MacaJjia HOK

- TeopeMamaH YHHHT eYUMHE SIroHa Ba
'
IUKaOA.

OppekT 6ynu6, 19.1
WAPTIA TYDPFYH 3KAHIATH KeauG

yiacus. Yana Komm macana-




I. A Ba B oneparopiapn H - Xaxukmit I'nas6epr dasocmma 3w wxoii-
mamras D coxana aHUKTAHTaH YM3HKIH §3 - y3ura Kymmva omepaTopiap
6yacuE. Ymby mKKuHIM TapTHOIN THbbepeHINa TeHTTAMAHIT KapaiMu3

B% = Au. (19.2)
Teopema 19.3 . Azap bapua u € D(A) aap yuym (Au,u) > Mu,u)

(A > 0) 6gaca 6a B~ masorcyd 6yaca, y zoada (19.2) meneaamanune

euuMu YUy KYUudaey menecuzauy YpurAu:

(A, w) < CO)((Au(T), u(T)) + o) 7((4u(0), w(0)) + Jaf) ™~/ ~ o],

' 6y epda
. C(t) i e2t(T—t)’

a = = [(Au(0), B~ 4u(0)) — (Au’(b),u'( )]

Uc6or. ¢(t) = (Au,u) dysknmsan Kapaivus Ba XOCHITAJIAPHHA X1 CO6-
TalM73:
9’9,(t) = Q(Au',u),
9" (t) = 2(Ad ') + 2(Au", u) = 2(Au,u') + 2(Au, B~ Au)
(Av', v') mbonanmur xocumacH Xucobmaimms:
%(Au’, W) = (A’ ) + 2(4d,u") =
(B™'Au, Au') + (A, B~ Au) = %(Au, B Au).

Mysmait Kxumu6
(Au', u') = (Au, B~ Au) — 4o
EKH
@"(t) = 4(Ad o) + 4o

By epmam 19.3 - TeopemaHanr ucboTH Kemub JuKamLy.

Mucos. Vkkundn TapTRGIH apagall Typ TeHraaMara KyHAnIrayg ye-
rapapmii Macama. Q = (-1 < v < 1) x (0,T) (x # 0) coxanma ymby
TEHIJIAMAHH KapaiMus. ; :

SN g (t, ) + gy (b, 2) = 0. (19:3)
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Macana. Ky#funarn mapTiapHU KaHOATIAHTHPYBIH (19.3) Tenria-
MAHHUHT eUUMUHE TOIMHT:

u(0,2) o0 —gle)s f L <=1

Il

w(t,=1) = ull, [)=10, it < 1%
u(t,—0) = u(t,+0), uy(t,—0) = uy(t,40).
o%u
A - omeparop La(—1,1) dasona mycbar amukmamran Au = ~ a2 nucg-
depermuan uhoma Ba Ul,—_1 = u|,=; = 0 verapaBmil wWapTIap OmIAH

aFuKTanand. B omeparop cupaTmaa sgny ra KyIaHTHPHIIHN Kapaimias.
Y xonma 19.3 - TeopeMa HaTWXAcCUI'a MyBOQUK YHUHT eYAME ATOHA Ba
MapTId TYPEYHIUD.

§20 Mxxuaun TapTHOIN y3rapyBdnm Ko3(ppuuueHTIN
nuddepernmall TeHrjaMaiap

®apas xumaitnmk, u(t) ¢pysxnus [0,T) - na anmkmanran, u(t), wy(t)
pa amuKn A(t), B(t) onepaTopnapruar asuktarmm coxacu D (D C H)
6yncma ( H - xaxuxuit éxn kommexe Iminepr daszocn). u(t) dymKmus
yui6y nubdepeHIEal onepaTop TeHT TAMAHUHT €IUMH

BO)SE = A(tu(® + £(tu,u) (201)

Oy ICHH.

Y6y maparpadma acocas (20.1) remrmamara kyfimnran Komm Macama-
CHHY YpraHaMm3.

Teopema 20.4 [32]. Papas wusatiaux u(t) dywsyur (20.1) menaaa-
manune evumy, v(t) aca ywby upoda busan anurxaanzan Gyacum:

Lv= tht — Av — f(t,v,vt).
B(t) cummempur wusuxu, mycbam anuraanear onepamop 6yaub, ynume
zocuaacu B'(t) = }15)% h=Y[B(t + h)z — B(t)z] xyuau mavroda masdcyd
1
6yacun. Ywndan mawxapu wyndad N > 0 gszapmac masxncyowu, bapua
L,y €D yuyn

[y, B'(t)2)| < N /(w, B(t)z) (y, B(t)y)

.




ypuraL bijacun. ;
A(t) - cummempur “usuR AU onepamop 6yaub, ynume tocuaacu A'(t (t) mas-
Hcyd, yn&au mawrapu wyndad 6,y (y > 0) Yseapmacaap monuaaduxuy,
bapua x € D YUYH

(2, A'(t)z) > (=, A(t)z) — (m,B(t)x)

ypunav 6yacun. _ :
Y zoada wyndaii o, =11 Yszapmacaap mascydwu, ywoby dynryug

= /t(w, B(t)w)dr + (T - t)(w, B@)o + a.l(w, Buw)y +
0

i
+ aa(w, B + ag|Aw|[3 + oy [ ]| Lu]ar (20.2)
0 :

wyludaeu menzcusaunny KAHOamAGHmUpadu.:

29" (8) = (¢(£)* > a1’ — aye?, (20.3)

6y epda ay, a9 T 2a bozaux, manduinac yszapmacaap, w =y — y.

Mc6or. o(t) byrxmmscunn KHCKA KYyDUHAUITA 6316 0aMms:

w(t) /t(w, Bw)dr + (T - t)(w, Bw)y + P? =
0

t

/(w, Bw)dr + Q*.
0
By ¢yuxnngruar XOCHIAIADHA XucobIaiiMus:
i d
&'(t) (w, Bw) = (w, Bw)y = / l—(w,Bw)dr =
2 [ Re(w,, Buw)dr + / , B'()w)dr

2 [(wr, Bw,)dr + Q/Re('w,BwTT)dT +
0

2 | Re(w, B'w,)dr + (w, B"?u).
0 2




0" — (¢')? npomanu yaraprupu6 ésamms

"

PP (¢')2 =452 4 4Q? /(wr, Bw,)dr +
0
i
+ 20(t) [[Re(w, Bu,,) - (w,, Bu,)|dr +
: t
4+ [p(i){?/Re(w,B’wT)dT + (w,B'w)} -
0

& {40]Re(w,,Bw)dTO/t(waB’w)dT+ (Oj(w,B’w)(ls)2}]a

Oy epma

it i t 2
2= /(w‘Bw)dr/(wT,Bwr)dT - (/ Re(w,Bw)dT) > 0.
0 0 0

OnemenTap TeHrcm3mukiap, Komm-ByrskoBckmit Terrcmsmuru sa B(t)
OMEPATOPHUHT X0CCanapuas hoinaaHuimG, Kyinmara TEHICU3NUKTaPHI
KeJITHPHO THKADHMIT MyMKHH;

. : 1/2
[/(w, Bw)dr - /(w,, Bw,)dr| < s+ ¢ + (w, Bw)y - kQ? + ke;
0 0

¢
2/Re(‘w,B'w)dT+(w,B’w)

< Frs+kap+kyo'+hg(w, Bw)g-kgQ?;
0

t t

65 2
4/Re(wr,Bw)dr . /(w,B'w)dT-i— (/(w,B/w)dT)
0 0 0

< kups + kao® + ksoy' + ky(w, Bw)gp — ksQ°.

Bynaprm spTu6opra omm6 Tomamms:

<

. t
#9" = () 2 45* +4Q [(w,, Bw,)dr +
i 0

-+

2¢(t) /[Re(w,Bw,r) ~ (1w Bw, Jidr =
0

= k1ps — kao® — ks + k5(Q7 — ko(w, Muw)o)p. (20.5)
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H(t) 6uran ymby ndonanu HenruIaimMms

H(H) = [[(w,Aw) = (wr, Bur)ldr + [ Rel(w, f*) = (- Lulldr =
0 0

Il

g(t) + [ Rel(w, f*) = (w, Le)}dr, (20.6)
0

6y epma  f* = f(t,u,m) — f(t,v,v).
Dupn ymby nbonasn

g(t) = /[(w,Aw) — (wy, Bw,)dr
0

Kyfnoas 6axomaimms.
TerrnaMafal KyHuIarnHu Kypurl KAHAH 5Mac:

t
(1) = 2f(t — T)Re(wr, Bwyr — Aw — f* + Lv)dr.
0

By mbonasn 6ymakiab maTerpamnab, A, B, f, Lv napra KyEmaras mapT-
TaplaH, XaMIa deMeHTap TeHTCH3IAKIIApIaH doinaranud, ymby Haxora

sra 6ymaMm3:
g(t) > ~kis — kayp' — ks + kaQ® —
7
— Vks(w, Bw)g + kg(wy, Bwe)o + k|| Awl|3 + ks / ||Lv||’dr] {20.7)
0

FOxopunaru 6axomapEn sbTEbOpTa 01IHb, o(t) GyHKIHACH YI¥E MOC ay, 09

MaH®p@iMac y3rapMaciap bunas (20.3) TeHrCH3IUKHY XOCHT KEIaMU3.
Teopema mCOOTIAHIM.

Haruxa 20.1: 20.4-meopema WapmAaPL bancapusca, y 0400

(20.1) menaaama yuyn moc Kouwn MacGAGCY eutml T20HA0up.
20.1-HaTIOKAHUET UCOOTH ONIMHIHA 17.1-HaTIKAHEAT HCOOTHTA YX-
LIAIIIHAD.

Haruxa 20.2. 20.4-meopema wgpmaapu badcapuaub. az2ap vy 64 U2
aap wyndatl 6Jaunca moc pasuwda Lvy 6a Lvy aap anurAGH2aH. Y zoada

6y

2)
3)




L —

wyndat ki(i = 1,2) ea oi(i = 1,2,3,4) yaeapmacaapt masacyoxu, 6apue

t €[0,T) yuyw Ywby MeHeCu3AUK JPURAL:
t t (1)
/ (w, Bw)dr < k QXD ( / (w, Bw)dr + Qz) ;
0 0
ko]
6y epda w = v — V2, (t) = o

t
Q? = ay(w, Bw)o + ag(wr, Bwr)o + as||Aw|lo + oz,;/HLvl - ngﬂzds.
0

Dy HaTIKAHAHD mne6oTH 17.2-HaTrKaHIHT HCO0TH Kabu KeJITHPUIIAIL.

§21. Yarapysuu oneparop THI ko3 PunueHTIN Gy3maafuras
pKkKpH9E TapTuban xaddepeHnna TeHrjaMaliap

By naparpadua XaM onmmituk yuys H Xaxuxui TunsbepT dpazocuna ome-
PATODHHET aCOCHHE KHCMH ymby ndoranas

tPuy + A(t)u

ubopaT HuddepeHIHal TeHTCH3INKHE KapaiiMu3.
By3mnmm TapTubu p < 2 Gyaranna Moc Macaja M3TaHmmy 6upuHIn
TapTHOIH TeHITaMaHIHE yCynura yXimant GynTaH yIyHE P 2 2 XO0IHHI

KapajiMmus. YO0y EKKHUHIA Ta yTu6nn guddepernuall TeHTCU3THKHA Ka-
Kap J I

panMu3:

|62 + A(t)u|l® < l-n‘Q% (bgt2||u,{|2 + bo[u, u] + ba||ull?) - {2113

Taspud 21.1. u(l): [0,T) = H gynryuicu (21.1) menzcu3aURNUNE

evumu 6jaadu, azap:’

1) u(t), wm(t) 0<t< T da yaaykcus 6a u, Uy € D

(D - A onepamopnune GHUKAGHKUMUL cozacu);

2)0Lt<T da uy Masmncyd;

3)0<t<T dauft) (21.1) menzcu3aurnL K, AHOGTAGHMAUPGOU.

;




Nemma 21.1 . Papas xuaatiaux u(t) mavpudrune 1), 2) wapmaapunu
xanoamaanmupcun, y(t),¥(t) ea k(t) dynsyugaap moc pasuwda C el

sa C* napea meeuwau 6gaub, y(t) > 0 6gacun. Y roada ywby menzcusaur
YPUHAU!

3o 1 + AP > 264 | (1), i+ 217 (ki) [+
+[—« (30)0 b 7 (= 0)] (— Ay ) + 722 Ay ) +
+[27t”k,2(t"kt, — ) = £ (vt R e A gyt —
— () ke~ = 0} +
+2{e2"[——'yt2”fc,||ut||2 + Py (A, ) — P (2tP k2 + ) (ug,u) +

. Ky 14
= (""")’tzp/gt (2[4;3 —_ —;i . 2Rtt) + ('Ytzl’)t/{,? 4 Lz_g)i) ”u”2]}t. (212)
Hc6or. v = efu 6yacur. Y Xomna

e ei (Uu — 2K + (“12 = Hu)”]

v ||tPuy + A(t)ul|? =
= ||tPvy + A(t)v + tP(K2 = Ku)v — 20 Kpuy||® =
= |[tPvy + A(t)o + (k] — K)o + v — Po] | +

+4t2plf.t2”'llt”2 = 4’)’th€¢ (tp’U“ - Av a5 tp(l‘il? o IC“)’U, ’Ut) <

" By epnan
o yel||tPuy + A(t)ul)? >
> —2vy (t"vt; + A(t)v + tP(K2 — nt,)v,v) =
—4ytP Ky (t”vn + Av + t”(n? — I\,”“)’U,‘Ut) +

k2ol [P = ol = 1% s + 53— 2 [0l




—""d’

By epna

o = Dytpllull+ 2= Av0) + 2] = )+ ()] Il +

+ [ovr i) + el

§9 = 2(’)’t2p:‘€t)t“’vt”2 2 2(’)’tpl€t)t(—A’U,’U) S
=5 ﬁt‘Z'yt”(At'u, U) -+ 2{’ﬁ2plﬁt(ﬁlt2 == h'vn)]t”'()“‘z +

+ [—2'yt2”l<.t||vi||2 + 29t Ky (— Av, v) — Wyt ¥ ey (k) — m,)“v“ﬂ :
t

v 2
o > [ et B (o)

A

IO xopumaru HaTRKAJapHA OMpIainTa 10 TomaMu3:
s

yetlu + Al 2 24l + G 1l +

+ [—(tPKe) + 7Y)(—Av,v) + P Ri(Aw, ) +
(e, , 10
t 2

2 )
T e B A T

+ [’Yt2pf€t('€t2 — Ky)t —

| + o atllulf+ v Av) = () +

o [amtnd = o= m) + 500 1P}

t.
Dupm w(t) dyHKIEIra KaiTaMus3. ||ve||* Em §3 mwamra onrad mdpomamap
Kyfmpmarmda y3rapain:
Pllod? = @ llew + metull® =
el 4 e ordlull? ~ (exp 2mgno)dlul [ +

+ (e full?), =

P

i

: : )
pllul? — ¢ (s + sl + g ollull +
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+ (exp Qmprctnu]l?)t :
(I 61/11)311}11( omeparop). Ilynusr yuyn u(t) dyHKOMACHTa KaETrasmumsaa

[|ve||?(xymmm mysusr pex (—Av, v) Ba (4,v, v)) onnunara xosddummenT da-
xaT €2 ra xymarupuiana. Yena ||u||* onnunarn xospdummesT xyimna-
rura TeHr Oynanu:

eﬂx{ht?ﬂm(ﬂt?) i Im‘u)]t el ( t2p,€t)t fe 0_57t2p—2“2_
—tP(K2 — Kyt) — 0.579% — (ytP))y —
- [is 4 st + ] ), el
2¢?

¥ KynaiTMa aEEKARTANA

IuBepresT xan olnumary KO3PPUIHEHT 3ca
- " ~ ymby KypuHmITa 3Ta 6ynanm:

—t2 k|| |2+ Y be (— Au, ) — 4P (2°K2 + ) (ugo ) +
+ [ ke (267 = 17 6 — 260) + (V) o] + 0.5(y¢*¢)e] [hull.
Bynapnas sca nemMa uc6oTn Keub IMKaiH.

Oumm p = 2 6Gymraama y(t),¥)(t), x(t) mapHur KaEmal TaEmam Kepak-
JUTHHA aHUKJIAAMUIS.

Temma 21.2 @apaz xuaatiaux u(t) fynwnyug 21.1-maspudusune Ou-
PUHNY UKKUTNG WEDMUNKY Kanoamaawmupcur , A > 1, m > 0 6yaub,
c1, ¢y Yazapmacaap buaar yuiby

X t < min (e‘”‘, e'cz"‘)

wapm. baxcapuacun. Y .z;.onda yuby
t~2041) 1n=2mA -1 |£2y, + A(t)ul]? >
> AGt~204) [y =24 DA 1102 |4y, ||2 + 0.5m(— Au, 1) —
k —(1 = 2mIn~Y(1/8))tIn2(1/t) (A, u) + 0.5mA?||u|f?] +

—+—{9t’2("+1) n~20mA =1 ABO (1) | +

At (=1 +2m In=' 1) (- Au u) + A0(1 ||u||2}
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menzcuzaux jpunau,6y epda 6 = exp(2m | s 2

Mc6or. (21.2) TeRrcu3uKIard TapaMeTPIIApHI Kyhnparuia TaHTaiMIs:

pii= 2
o —A(lnt—?mlnlnt"l),
A= t—ze,

P =A< 2t min B ),

Y xonna

Ky = —MY(=1+2mln7'¢7"),
Ky = M1 —2min! 1 aminTHY),
(vt (yt*)™t = 2mt 7Pt
Ba (21.2) TeHICH3IUKHUHT K03(QAIUeHTIADH yIyH TOMAMUS3:
(48") ke + (V) ('R + ¥) =

= 'yt”{[pt”_1 + () ()7 ke + R + 1/)} =

1 . i
=\ (m In72= + 4m?In73 —) > Mmin?-;
i t t
—()ike + v~ kn +Y) =
1 it
=A% (m e -~ —4min® l) < —mAf Ainad 1
t t ) t
[|u||? onmmnarn xosddummeRTRAPHE faxomaimMus3:

VPRI (P — ) = 2mA3t 2 In 2t (-1 + 2mIn~! t”l)2 =

v

§m/\‘°’6‘t”2 I iehs
3
YHIaH TamKapun
—l[t (veewd),| = (rtP4p) me > () =
t L)y S M) i
il 1
= 4m2)\* (1 +mln™! . 8m?In2 % —daln ?> Wi % -
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: ‘~21n)\29 (2m et %) (l —2mln? %) A td % o

+mAd [—Zm +14(Tm—3)In™" % +2m(2m — 1) In~? %—

1
—2m?In~? -] o ne 1 > -—lm)\?’(%‘2 ™’ l,
t t S t

Ba OXHMpHUIA
—1—’)’752’7_215',2 = 17¢2 = l,y(t‘2p~2n2 TR ,¢)2) e
2 2 2 : -
1
3 Lo Tl =
3 ?
IMlysnail Kumwb6, v, ¥, & GyHKIMIap GyHnall TaHIAHCA, [|ul|? onpunarn
K03(hGUnReHT Kyfinnan yu0y KaTTamuk futas baxoTaHALIM:
i 1 1
-mX*0—In7% -
i e
Jlemma rcboTITAHIN.
Teopema 21.1. Hrmuépui by, b, by Guaan Gepuazan (21.1) memne-
cusaurnnune evumu u(t) yuyn uzmuépud A >0 aapda
@), T llu@®ll =0 (E=0)
gpunau 6jacun. Y roada u(t) = 0.

Wc6or. IOxopuma Xocuil KWIMHTAH TeHTCU3IHKIAPHI s>pTH6Opra oyub
TOIAMH3:

gp-20+1) [~ 2Am+DA 41 [(m)\ - bl)t2||ut||2 +

+ (—;—)\mal — by — a;:,)\) [u,u] + (ém)\?’ — b3 — agm)\) Hullz] =

% {0t'2("“) -2 %[At?’O(l)Hu,H? i
cae o PR 3,1\ 112
+At{1—2mln : (—Au, u) + XtO)]|u||*| ¢ -
2 (2
Bymmarm . Ba A TapameTpllapHH uryEgafi TaHTaAMU3KH, KyAumgard

TeHrCH3IHKIap yPHHEIM Oy IcHH:

mi—b >0, é—mal)\—bg——ag)\ >0 %m)\at_—b;;—ag)\ > %m/\3 A=1)
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Y xomnna 21.2-meMMapary IIADTHE KaHOATIaHTHPYBIHN t map ydyH ymoy
TEeHTCH3INK YPUHIIN SKAHIUIHHE KYPHII KARHH 5Mac:

1 i
ng’\‘lt—z(l\ﬂ) 1n—-2(m+1)A Z“u”2 g
1
< {m—?(*“) 200 E[E‘O(l)[[utm 3

it (1 iR %) )+ A2t0(1)||uu2] }t.

By epnan 3ca TeopeMaHH HCOOTH OCOHTMHA KeIu0 UK AL,

WM3ox. Bupmaum TapTnbiam omepartop TYp Kod(OUIUEHTIN TeHITIa-
Maap yIyH Kyimnran KoM MacalaCHHUHTD MIADTIA KOPPEKTIATH (ome-
paTop ¥3-y3ura KyuMa Ba HOpMall Oyiran xonnap) C.I'Kpe#n Tomonm-
OaH TeKmupuiraH. by 600HMHr Oommuma KenTUPWITAH IOy XOJUIapHE
Gaéu srypun Teopemanap C.I'Kpeisra [11], [12] Termmun 6ymmb, 6u3
ynapan M.M.JlaspenTseBrmHr xuTobu [16] Gyinua épnramk. Tenrmama-
napia KaTHAIIraH QYHKITIHEHT XOCHIACH ONIUAAry KO>pQumuerT ome-
paTop 6ynran xomnsan 3ca acocaH H.A.Levine mmimapn 6yinda keI THPIUK
[31], 6y coxara Termmumm Gomxa HaTmKamapHu anabuérmapman [2], (3],
[21], [22], [26], [27], [29], [30], [34] TommmmETE3 MyMKHH.

Wxkueam TapTHGIH TeHrIaManap ydyH acocuii mHatmxanmap C. I
Kpeita, H. A. Levine Ba Gomxamnapra Termmmu. bus 6y epma mry coxara
TeruIId 3HT onmuit HaTmkanapand [12], [18], [32] nap 6yina épuTamK
( [34] ra xam Kapamr).

Bupuaan Ba RKKUEYN TAPTHONH, 6y3unanural K03GOUIHeHTIapH Olle-
paTop Typha 6yiraE TeHriamanapra Kyfuaran Komm macanacu equMu-
HUHT STOHAJIATE Ba Typrymmury xakumarn reopemanap C.ILIMmmarckmi-

ra [28] Teruuuim.




§22. Omneparop Tun kosddpunuesTIn Auddepesnman .
TEHrJIaMaNap y4yH peryiiapu3anus yCyiam

I. ®apas xwmaitnux (16.7)-ma B y3-ysura xymma onepa'rop oymm6, H ta-
30HE / ra m30Mop@ ACKIAHTADCHE, YEAAH TAITEADH,
Et+E =1
6yncum, 6y epna BT, E™ map B omepaTop clekTpHHEWHT MycbHaT Ba MaH @It
KHECMITAPUTa MOC KeJIyBUH CIEKTPAJI IPOeKTOPIIap.

A — sca y3-y3ura K‘ymMé MychaT aHUKJAHTAH omepaTop 6ymub,
apmgmagnm coxack D(A) H ma 3ud KoilamraH. [OKOPHOATH Kabu
(+,-) Hoazomarm cxangp KymaiTMamup. i :

®apas xwnainuk, 0 € ps, , pa — A ONEPATOPHHET PE30TBBEHT
rymmama Ba A~' B omepatop H nam H ra Tyna ysmyxcuws. H? (H? ymby
[lull%2 = (Au, Au) BopMaim I'mapbept dasocn) H ma KOMOAKT AO#mamm-

rad 6yIcuH.

Xaxmguit maTepronamus ycym 6uman H® = (H?, H);_ $/2,2 (pa?.oma
kypamm3. Masaymxu, H®° A° omepaTOpHUHI aHEKJIAHWII COXacH bmmaH
YCTMa-yCT TYIIaIH.

L(N,M) (N, M -Tunsbepr dasomapu) N mam M ra akcIaHTHPYBIH
UMUK y3IyKen3 omepatopiap dasocu 6yiacun. U = EtY — E~ neb Gex-

rEIaiiMu3. 7, @7 map sca Kyhmmaru
Av = ABv y (22.1)

_ cmexTpan MacaTaHEHT A], Aj Myc6aT Ba MaHQU XOC COHITAPUTa MOC
KeJIyBYH XOC Q)yHKnnana.pnlmp Xoc GyHKIESTADHE HOPMATATITHPAMIAS3:

(U, o) = £y
(;,; — Kponexep 6enrncn) ;
Omnm s > 0 wysmail 6yucHHKY, U L HES ) SN o (23]

xypca- TuiraHkd, (22.1) MacanmaEmHEr Xoc dyHKnmsiaapu H dasoma Puce
6a3MCUHY TAIKEI dTand. byHnan

o0 o0 +
v= 3 urpr + 0 ek,
o=t ’-k=1
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6ymanm, 6y epma vi = £(Uv, p¥), k=1,2,..,,
o0
ol = E(I(Uv,w§)|2+ |(Uv, i )P)-

OXI/IpI‘I/I KAPUTHWITaH HOPMa OJIOUHTH HopM'ara. SKBUBAJICHTIUD.

Tawpud 22.1 Aeap v(t) € Ly([0,T); H?), v € Ly([0,T]; H), v(T) ::'0
Yuyn 5
/0 (u, Bu + Av)dt = —(f, Bu(0))

6jjaca, y woada u(t) € C([0,T]; H) (16.7) menzaamaza xjiuaecan Kowu
MACAAGCUHUNE YMYMAGULAK EUNUMY 0etuiadu.

Papa3 xUIAMINK, KapajlaéTral Macajla eIuMI MaBXKyHl Ba
w€ {u:[|Pru(T)|lo < M} |If - fll <€

6yncum, 6y epma Pfu =+ '§1(Uu, oF Yo, N> L.
=
KapaimaéTran Macala eduMu MaBxKyq 6yica, y KyHmmarn KypUHHIIra
sra 6ymamu

u(t) = ?:1 (w(£)at + g (E)7),

+
Y= e’\ktf,f, k=ali2 e

MacaTaERHT Taxpuoui (peryuspiamITHpyBtTI) e9UME cadaTuna yIIby

un(t) = é(zti(t)wi + ug; (t)er)

(OYHKIUSIHY KapaiMus3.
Anuk euuM Ba Taxpubuit Gepmnarannap Oyiwda TY3HITaH TaKpubmi
eqmM opacugara GapkHH ymby KypuHHIITA GaxomanMus

[lee(#) — e (O)llo < Hu(t) = uw ()0 + lluw(t) = wwe(B)llos
by epna
up(t) = expONEO) 5, fit = (U fe %), k=12,

Y6y udonanu 0KopuIaH 6axomaimMim3
:

llun (t) — une(t)llo <
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s e =¥
ol Tt = B el G 5

< 62'\’“ kz:{lfl:“ o f}:';l? B lfl: ok fk-el?} < g2 e’Xp(_?./\?\’,t).
e :

Onnnm ||u(t) — uN(t)||0 HboNaHN GaxoTaiMms

la(t) — (@ = 55 (177 + 1A

= ®yn(t) + Pan(t)

00 o
()= 3 ¥REP
k=N+1

vty = Y SWFPL X P =),
E=N+1 k=N+1
N — 0o ma y(N) — 0, aysxm f ra Moc KelyBud KaTOp SKUHIIAIIYBIH.
®in(t) mm u € {u: ||Pru(t)|lo < M} 6yiranna, el
5% TP < a2
k=1
HIapT OCTHIa 6axomaiMus.
Arap fif =0, k # N+ 3|ff] = Mexp(=2(T — t)\},,) 6ymnca, y
xonna @y (t) MakcuMan KUAMATTa SPUITATA.
Myrmait Kxummb,

@un(t) < MPexp(=2(T = )A%41)-

IOxopunarn 6axonapan 6upramTapuos,

”u‘(t) 5% uNs“O = et)va + Me(t—T)X;‘-I+1 4 ’Y(N)

romamms. Oxuprm 6axoHmHr yHr TomommEEHT N > 1 6yfiuda 5HI Kn-
quK KUAMATHHY aHUKJIAN éPIAMINa PeryJispusanus napmeTpu N HuAT
KuiMaTH TONHIAnH.
I1. Iy maprpadunur I myskTna A Ba B onepaTopiapura Kyamiram
mapTaap GaKAPUICHH. :
(19.2) Tenrnamara Kyimnran Komn Macanacuan Taxpubmi (perysmsap-

!

JAIITHPYBYM) eUUMUHA KYypPaMu3.




Taspud 22.2 Aeap
v(t) € Ly([0,T], H), v, vy € Lo([0,T), H), v(T) = v(T) =0

YUYH
[ (e, Buy — Av)dt = (f, Bu(0)) - (g, Bu(0)),

6yaca, u(t) € C([0,T),H) dymryua (19.2) meneaamaza xijiuazan Kown
MACAAACUNUNE Ymymaawear, ewumu Odeluaadu, 6y epda f, g Gepusean
Pynxyuiaap.

dapaz xmnainnk Komn MacanacuHuAr equMy MaBAKyI Ba

u€ {u:||Prullo < M}, |If - fel| <& |lg— gl <€

Oy IcuA.
Y X0mma XKypCaTHIl MyMKWHKH, YIIby Takpubni eqnM

N

un(t) = kZI(UM + ug 9 )

OOMUTAHFUY MACAJIAHWHT AHUE, €IUMUTa HHTUITAII.

Bysm mc6oTw 10K0pUIAIM IYEKTIATHTA FXIIAIN 6y Irans y4ayH 6yEra
TYyXTanmd yTupMmaniMums.

Wsox Oneparop Tun kosddunumenTan gubdepermma TeHIJIaMajapra
KYHUATaH HOKODPeKT MacajajapHi Taxpubmii eYHinra KynruaHa HIIap

barmmanran, ymapra mucon cupatuna (2], [3], [11], [21], [26], [30], [33]
TTADHEE KYPCATHIINIMA3 MyMKHH.

Bus 6y epna xucka maxmna [26] - HEET HATHKACHEY KeTHPILK.

§23. Omneparop THO KO3hdUUERTIH XyCycHil X OCHIIAJIH
audpdepennnan TeHrJIaMajiap

®apas xumaitnmnk, G 6yIakIn y3mykcus derapara ara OyiraH R? Texu-
CIIMKIAry Jerapaianrag coxa 6ymcus. u(x,y) aca (z,y) ((v,y) € G) murr
Qyrxnmacy 6y1ub xuitvatnapuan H I'ansbept dasocnnan xabyn xumcms.

B ausuxnmm oneparop 6ymub, yHuHr anuktanmm coxacn D(B) H nma sug
JKOUTIAINTaH 6y ICHH. 0

1LY




Yuby
Au(z,y) = Bu(z, y) (a, y) €EG (23.1)
TeHTJIaMaHI IqapaﬁMns, 6y epna A = 3 z? o= ay2 -Jlanac omeparopm.
Yapmar ramkapn 0G =T, UTy, T1NTy =@ 6ymm6,

o
“I.Fl = f, 'a_nil"l =0y (n 253 HOPMaH) (232)

6epunramap, 6y epna f € CH(I'y; H),g € C(Ty; H).

(23.1) remrmama eumMmu neb, MKKH MapTa y3mykcums auddepeHmmai-
TaHyBYnm (WKKala apryMeHT Oyiimua Xam) Ba xap 6up (z,y) € G yaym
B omepaTOpHEHr aHHKJTAHWII COXACHUra Termuuix Ba (23.1) Tenrmamanu
KaHOAT- :
TAHTUPYBYIX QYHKIUS TYILYHIIAIIL.

(23.1) renriamara xy#nnaran Komn macanacu ne6, (23.2) maprnaprn
KaHoaTIaHTEPyBun (23.1) TeHrmama edumura aitwianu, 6y epoa f,g €
D(B).

YMyMmaH afiTragzna, 6y Macasga HOKOppekToup. Y mby maparpadma ao-
rapudMukK KabapuKIuK ycyannaH doinanannb, 6y Macaga e IMMUHUAT ST0-
HaJIATMHE Ba IMAPTIIE TYPEYH SKaHITUTHHA UCOOTIaiMT3.

1. Epmamun macama. ®apas Kwraitmak, Qr C R? werapamamras 6mp
formamin coxa 6yiambd, KyHunarmda aguKJIaHrag 6yIcuH:

Qr = {(5,8) : 0 < to <t < T, 1(t) <5 < a(t), p1(to) = wa(to) },
6y epma p;(t) € Cl(t # to)(i = 1,2), yEnas Tamxapu
loi(t)|( — to)7 < p (i=1,2), u ~ ysrapmac,
=T UT,, T'NTy=0,
Iy ={(s,t) 1 t =T, 01(t) < s < n(t)},

,, = {(s,8) 5= pit)(i=1,2),t <t < T}. |
®apas gunainuk, U(s,t) dyrknus Qr coxana ymby nuddepeBnnan TeH-
riaMagu 5 :

CAU(s,t) —a(s,t)U(s,t) =0, a=a+ib (23.3)
KaHOATIAHTHPCHH, (a,b ; XKaMiTaHyBYH derapajiaHraH qyqummap) 1'"
na sca Kourm 6epunranmapi MasiyM j

aU(s t)

U(s, )|, = F, b = (23.4)




e T

Teopema 23.1. ®apas xuaatiaux, U(s,t) (23.3) menzaamanune ewu-

wu 6jau6, Ul = 0 6yacun. Y zoada wyndai © > 0 gazapmac MaABHCYIKU,
o(t) = In([ [ |UPdsdr+7)
Qr

(v = ©@max(|U:[* + |Us|)ry)

Pynryus p, ¢ mycbam yaeapmac Kos@Puyuenmaap buaan ywoby menecus-
AUKHU K GHOAMAGHTIUPAdU

Y (t) +pY' () +¢ 2 0.

Uc6or. baxonmaganuras QyBEKIAIHY o(t) Ommam GenrmnanmMms:

.

|Udsdr.

i pa(7)
to

olt) = [ [|UPdsdr =
&

p1(T)

@(t) QYHKIMIHN UKKHM MapTa mubdepenmmannab a U(s,t)|r; = 0 mapramn
»pTHOOpra 01ub, TOIaMu3

2
o'(t) =/f§gir|—dsdr,
O

O
- 2/Q/{lU,|2 + U }dsdr — 2 /Q/{vvss + WW,,}dsdr =

)= [ BLE [ JUU + VVir + WWo }dsdr =
Q 9%

=2 Q/ (U + a|UPYdsdr +2 | Q/ (U, [Fdsdr, (23.5)

6y epua V = RelU, W = ImU. Myspai xuiub, ymby adHIATHA X0CHT
KYITAMIE3

2 [ [{{U? +1UrYdsdr = 7 () - 2 [ [alUPdsr
Q Q

pa 6y epHag OLINN MAKIT alMallTUPAIIApHAaH KefiH KyAumgarn TeHICh3-
JINKHI TONAMU3

2] [te= i+ |U2)dsdr <
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(&) +2 [ [(t = 7)lal|Udsdr <
Q i

< ¢@(t) + ko(t)-

Dupp ym6y GyHKIHIEE KHPATAMI3

pa(t)
pt)= [ |U.fds
et

Ba YHH muddepeHIEaTTaIMA3

pa(t) 2
s = | A%y 4 31O, O

wu(t)

p'(t) mbonany TeHrTaMataH (olimanatud, y3rapTupamMus

palt) 2 ;
P =2 [ [ViVau+ Wl ds + (-1 elOIU(A, O =
P1(t) e ;

= S AN + s, O

+2((Ve, Vi) + (W, W1)) Yomgut) —
d pa(t) pa(t) Al
=% / |U3|2ds + +2 / [b(VtW VW) — “5 |at| } 5.
P1(t) et
Oxupru mponarm t 6yitmaa ty maH t rada WHTErpaiad, TomaMus

- aall e

p(t) = f |U,|2ds+ / f [b(vw VW,) -
ei(t)

] dr +b(t),

6y epna
() =2 (-1 / {4() [Vl = Val?] + 2 (VVa + WaW},_ AT
p(t) yuyH XOCHI KUIMHIAH udonann ommb Gopub ¢’ ;( ) YHKIUSHA MOC

'

ypHUTa KyAnd Xocuin Kunamu3

g it) =4[ [ U dsdr +
Q




"‘“

+4//(t—r [ (V.W — VW,) — ;agj_'?]dd s
t
+2 [ [ alUdsdr +2 [ b(r)dr. (23.7)
Q to

OXupru EETETPaHU COX,A YeTaPACHHIHT X0CCACHHH 3bTHO0PTa 0IIH0, 10K 0~
punas 6axomaiMu3

2| / b(r)dr| <

<3 /(vm )]+ )(|Us(8, ) + U (5, D))t = T)ompuryd <

=14,
e ellwc(wtﬁ + U5 = 4. (23.8)
1
" i(t) mu (23.6),(23.8) 6axomap Ba Kylhunaru

2 b2
b<——
L

TeHICH3IIKIAH hoinananmd Kyhnnan 6axomaiMns

(8>0)

ph(t) = 4/ / |Udsdr — a1 (t) — ap(t) — 7, (23.9)
Q

6y epma oy, ag T Ba (23.3) Temrnamamum xosp¢puumeHTIapHra GOFINK,
X1cob-
JAHANWATAH y3rapMaciap .

P(t) = In(e(t) + 7) GYEKUMAHE UKKHHYA TapTUOIN XOCHIACHHY

Kynugas 6axomnab, ymoby

(p(®) +7)¢"(t) — (¢'(1)* v
(p(t) +7) =

e ( (t {4//|U|2dsd7ff|U [2dsdr — /S{ aig;P

_avp( Je(t) 012(90( )2 ) i
(e(t)+7) (p)+7) o)+
> —pyY'(t) -

;

Y (t) =
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TeHrCHm3KKa 5T 6ymamms, 6y epaa p, ¢ T Ba (23.3) TeHrnaMaHHHT K03d-
¢punmenTIapura 60FIHK K03QPUIIEHTIAD. Teopema ucboTIaBIH.

Harumxa 23.1 {23.3) menzaama yuyn Kyiuazan Kowu macasacunune
u € CHQr) N CAQr) evumu gzonadup.

Wc6or. Onarnarunex, dapas xumainak V; sa Vo (23.3) Termrmamara
xyimras Komm Macanacy e4uMu 6y IICHH. Y xonmaV =V, -V, dysKnus

6up xuuacan Komm Gepuirannapn Guman (23.3) macama eunMu GyIalnm.
FOxopunarn Teopema ucbormnan U = 0 sxanIurn Kemud ImKanm. By »ca
HATHKAHIHT HCOOTHIUD.

Haruxa 23.2. @apas xuaaiaux Uy ea Uy (23.3) menaaamanu %ano-
amaanmupcun 6a 23.1-meopemanune Wapmaapl HAHAPUACUN. Y zoada

wyndati © > 0 yazapmac masacyoxu, yuby menzcusaux Jpunau 6Gaaou:
[ [10(s,r)fdsdr < ety O(f [1U(s,7)Pdsdr +2)°Y =,
Qt QT

6y epda
[] = lfl T3 LI27 = @n}g,x“Usl? + It]tP}’
1

c(t) = expl (/)W) (T — o) + (o = 1)]},

N exp(—pto) — exp(=pt)
exp(—pto) — exp(—pT)
93.2-HaTHXAHART BCOOTH ONOWHCHU maparpadiapiarid MOC HaTHXKAHWHT
nc6orrra yxmanmup. By maTmxamam (23.3), (23.4) MacalaHEET eTUMH
WAPTIIN TYPEYH SKAHIUTH Kelnb InKa.

II. Acocumit Mmacana. Dumu (23.1), (23.2) Macamara Kaiitavus. B Ba
G coxara KyfWuIaqurag mapTiapHl KeNTHPARITIK.

1) ®apas xmwraiimmk B omepaTop HOPMAN ONEPaTOp 6yncuH, SBHR
BB* = B*B, B* B ra xjymuma ouepartop. H)xopuna TabKumiaraHu-
vmmsgek B = By + iBy, BiBy = ByBy, Bi = Bi, By = Bj;. ®apas
KIAfIK B) OmepaTOPHUHT TJ71a OPTOTOHAN HOPMAJIAIITHPHIIaH X0C diTe-

MeRTHap cucTeMacH {@i}is;, k = 1,2,... Ba yHIa MOC XOC COHIap CH-
cremacn {M\ )}, k = 1,2,.. MaBxyn GyicuH. Bynra moc xeaysun By
OIIepATOPHUHT XOC COHIIADH CHCTeMACHHU {1}z, k = 1,2,... bunan ber-
ronaiivms. Kyiugary TeHrCH3InKiiap

0<nl<lel<ihsl <. 5’ ) < ..
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ypumnn 6yacuH, 6y epra
M= )\k +"/J/k7 k= 1123 ety
Y xonma

00
'LL(.’L‘,y) = Z uk("”*) y)‘Pk,
k=1

o0

Bu(z,y) = > (A + i) uk (25 Y) P

6y epma ux(z,y) = (u, @r), k =1,2,.... By xypuHUIIapaat doinanarud
(23.1), (23.2) MacasaaH TOMAMU3

=
—

Aul,y) — meuk(z,9) =0, (2,9) €6, (23.10)
Oug

we(2,9)Ir, = frr —a%klrl = Gk, (23.11)

F=19 . (23.12)

6y epaa up(2,y) = (u, i), fr = (f, o) @k = (@ 21) B = 1,250
o0
(@, Yl cm = 2 Hual@ )i,
=1

2) ®apa3 KEIAMLIHK, ®(z) = s(z,y) +it(2,y) (0<e < ®(2)| <ca)
oyrxnus G COXaHN Q) coxara XOHGOPM AKCTAHTHPCHH Ba 6yrma 'y G
coxXa YerapacHHUHT OWp KUCMH )y coxa gerapacWHUET MOC KHCMH e,
T, ra sca I} ra yrcuH. YHIaH TallKapu 6y axcramTEpEIIA (20, Yo) € I

ra (pi(to, ) to) MOC TYIICHH.
By akcialTHPHII HATHKACKIA (23.10), (23.11) macamna ymby

AU(s,t) — nUi(s,t) =0, (s,t) € Qr, (23.13)
Uslr, = Fi %l:—l’ilr; QR (23.14)
KypuHinHL oTand, Oy epra
U(s, t) = ue(x(s, 1), 4(s, 1)), ar(s,t) = @' (2)] 72
LU = ||U (s, Ollzo@r:nB) 1ie6 GenrnIan KEPHTaMu3.
Teopema 23.2. QPapas wuaataue 1), 2) wapmasp bancapuaub,

ulpy, = 0 6gacun. Y zoada CHG; H) N C*(G: H) 0 Ly(G; D(B)) cungea

mezuwau (23.1) menaaaMARUNE ENUMU YUYH YuLby MEH2CUBAUK JPUHAL:

(e YLyt & el (U) lyw| ™ + den(®), (23.15)
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by epdd 0 = ~l-wlt) {”U(s, t)”%Z(nT;H) + ’y}wm, €1 ~ Yseapmac,
7= OGP+ 0, €30 - gocapaae,
en(t) = exp{kn (w(t)(T - to) + (to — 2))/ky},

ky > 06gau6 N 24 bozaur, Y3eapmac, ky sca T zq 6oeamc‘ Mmycbam xam-
maaus,

Hc6or. (23.1) renrmama CIMMUET 6axomativus

14 Mty = 3 [ [ Vun(e, ) Pty
=il va
= 3 [ 100 s, )10 2) 2 <
n= Qt
< cf2,,>:,:1 / Q/ [Un(s, 7)) 2dsdr +

55 g / [Un(s, 7) 2|9/ (2)|2dsdr (23.16)
n=N+41 Q

n=]

5 [ [0, 7)Pdsar <
Q,

w(t)

N

sz J [ { [ 10, T)[2dsdr+7n} ealt) <
T Q&

CN(t)’Y(l—w(t)){”U(s’ t)”%(nq-;ﬂ) g 7}«:(t) = Jc,v(,).

(23.16) TEeHICH3NIKAY T TOMORUmarn 2-uy XaIHE Gaxomaiivms, Oynma
6u3s u € D(B) rerummy SKAHIUrunaE Qoiinanamayns

o

2 Vo) < o001

By TeHICU3NMuKIapman 23,2 TeOpeMaHuHT Hc6oTy kenn6 gukam.
(23.15) 6axoman (23.1), (23.2) macamammar ! - xoppexraury Kerm6
Tukanu. (I - xoppexr Macala Tabpudumn 3-§- ra Kapamr)
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Teopema 23.3. (23.1), (23.2) macasanune evumu
u(z,y) € CH(G; H) N C*(G; H) N Ly(G; D(B))
geonadup ea aeap ulp, = 0, l(u) £ m 63aca, y zoada ynume Yuyn ywoy
6azo Ypurau
”“(’«',y)”iz(c,,,;H) < wm(9),
6y epda § — 0 da wip(0) ~ iim{cy/ In(1/8)}/2.
Vic6or. (23.15) - maH ToOmAMM3.
[u(e, vl

ay, o MaHGEIMAc y3rapMacap 6ymuo, Qr ra Gornukyap. € = |yn|~! me6
" Genrmnab, OXUPTH TeHICH3IMKHN YHI TOMOHINAH € > 0 na inf BA TomaMu3.

2 Gt S Il b explasfyn ],

Y xonma
wm(d) = gg(smcl_l + ayd explage2)) ~ mey {an/ In(1/8)}2.

Teopema HCOOTIAHAN.
W3ox. HoxapaxTepucTuk IM3NKIA Gepuiraniap OuTas aHUKTaHAAL-

ran KoMIE MACATACUHEED eSWMH SrOHATHTHHE OFMDTHK QYHKIUALa ora
omumanFm 6axo 6man ncboTmam roscn KaprmemaHra [31] Termmmm. By
coxara TeCHILTE yMyMHil XapaKTepra sra 6ysran marmxamap A. Kaib-
nepos, JI. Xepmanmep, 1. Hupen6epr Ba Gomrganapra TeTHILIHE, KepaKilil
amabuéTmapay >ca [31, 32] mapmas TOMMII MyMKHH.

Y6y maparpadpa acocaH M.M. Jlaspertses, K.C. Pas30BTapHuHD
1y MaB3yra TerHIm 6up [25,28] HATIIKANAPUHE KeITHPIAK.

HaTmxkanap épUTHILIA ACOCAH IOTapupMUIK KabapuKJIIK yCyIHIaH
doitnanannuk. By ycymHn ym6y [13], [14], [31], [34] mmmapnan Ba ynapna
KypeaTuiras afabuéTIapaaH Ty TONNIIMHITS MyMKIH.
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