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MYKAJAUMA

MyoOpamuu MaB3yM TaxXKMKOT. [lap mapoutu pymad OocypbaTd WIM Ba
TEXHOJIOTUSXOM MYOCHp, MachajaxOd HIOPAKyHUH paBaHIAXOM JHWHAMUKH, KU 0O
Myoauiaxou auddepeHcuanuu rurnepooait TaBcud Kapaa MeliaBasj, sike a3 CaMTXOU
MyXUMH TaXKUKOTH HJIMiA 0a XucoO MepaBaHi. A3 yymja, MYyOJIWJiau SIKYCHAKau
tenerpadin 60 korhdurcuenTu Tariupédanma 6apon TaBcudu paBaHIX0€ HUCTUdOOA
MeIIaBaJ, KA Jap OHXO MaxXHIIAaBUM MaBYX0, MHTHUKOJIM CHTHAJIXO0 Ba XapakaTu
MOJJAaX0 Jap MYXUTXOM TyHOryH Oa aman MmeosHa. MH ryHa paBaHiaxo Aap
MachalaxOu MaxXHIIaBUM MaBUXOW DJIEKTPOMArHUT Jap XaTXoW Japo3, NWHAMUKAU
xapakati HadT Ba ra3 gap KyOypxo, WMHUYHUH TaxJIUJIM PaBaHIXOU MaBYid Aap
MYXUTXOHW TEOJIOTH axaMHITH Has3apusaBA Ba aMallii JIopaHi. SIKke a3 machalaxou
MYXUMH Ha3apusii UJIOPAKYHUM CapXalil TaXUsU yCYJIXOH caMapaHOKH UIOPaKyHUU
YYHUH paBaHAX0 00 HAa3apIOIITH MaxAyIUATXOM BakTi mebomaa. [lapuanme ku
Machaaaxou HJOPAKYHUM capXaail O0apou MYyOJMJIaXOW TUIEPOONH Jap TaxXKUKOTH
cepurymop Oappacii Iryjlaanji, Machajgaxou BoOacta 0a MyalssH HaMyJIaHH IIApTXOU
MaBUYyIUAT Ba STOHArMM XaJUTM MachalaXxOu MJOPAKyHUU capxaait 6apou Myoausiau
tenerpadic 60 kodpduTcuenTn TtarkhupéObaHma, MaxcycaH nap Qocwian BaKTH
XypATapuH, TO XOJI ITyppa OMyXTa HalTylaaH.

Maguynustu kosddurcruernTn Tariiupébania nap myoauiaau OappacuilaBaHa
0a MypakkaOWH COXTOPH MaTeMaTHKA OBapjAa MepacoHa] Ba MCTU(Oman MyCTaKUMHU
YCYIIXOU KJIACCUKHHM TaXKWKH MachallaxOd HIOPaKyHHUPO Maxayld Mecos3al. A3 WH
XOTHp, TaXUSAW yCYIXOW HABU TaXJIWINA Ba TAKMUIIU METOIXOU MaByyaa 0apou MyaisiH
HaAMyJIaHU IIAPTXOU 3apypil Ba KU(MOSTHH XalIlaBaHIarud MachalaXxOou UIOPAKyHUU
capxajil axaMHUsITH MyXUM JOpa.

3apypaTé TaxXKUKOTH Ma3Kyp a3 MaBUYyIUATH Machajaxou XaJHalIydaa Jap
CaMTH Ha3apusu HJIOPAKYHHH CHUCTEMaxOM TAaKCHMINyJa Ba Ha3apusy Machajlaxou
noTHAON-capxanin Oapou mMyomwnaxou mauddepeHcuanuu TunepOoii 0apMeos, Ku
Machaaaxou TapKUOW a3 YymJiau OHXOSIHA. XaUId Machalaxou Ty30IITanIya HMKOH
MEINXad, KU acOCXOM Ha3apHUsSBUH HIOPAKyHHH paBaHAXOW MaBuil TakMui €dra,

YCYJXOU HAaBU TaXKHUK Ba UJIOPAKYHUU YYHUH CUCTEMaxo MENTHUXO/ KapAa [IaBaH/.
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XaMHUH TapuK, TaXKUKH MachalaxOu HIAOPAKYHUHU CapXaJuM TapkubOil OGapou
MYyOJuJIau sSKYeHaKau Tenerpadit 60 kodphuTcrueHTH Tariupédania 10pou axaMHUsiTH
HazapusaBil Ba amanil Oyna, 0a pyumiau MUHOabAau Ha3apusu UIOPAKYHHH CapXaji,
Hazapuau Mmyoauiaxod auddepeHcuanii Ba TaTOMKU OHXO Jap aMCHIACO3HH
paBaHIXOU BOKEH MyCOHMIaT MEHAMOSI].

JMapayan taxkukun Mae3yn wuiamid. Comu 1988 JKJI. JImonc wmacwanau
UJOPaKyHUHU CapXaJuH JIAMUIIX0PO Aap HIAKIM MachajdaXxou OMeXTa Oapou Myouian
MaB4il MaBpUIU OMy3ulll Kapop nox. Jlap makonau § [4] machbanau opoMco3il (sSibHE
OBapJaHW cucTeMad janum Oa xonatu cudpuum nomaxou Komm) 00 mapTxou
capxaauu Jlupuxne taxkuk imrynaact. [ap xamun xop 60 uctudona a3 Hazapuau
dazoxou rundeptit AroHa HaOydaHW XaJIM Machaidau Xocwuinyna xauromu T > 21,
ki nmap oH | - maposum Top Ba T-max3am BakT MeOomiaa, 00 MabHOM XaJUIH
ymyMulyaa a3z cuigu L, ucOOT rapauiaacr.

Hap xopxom E. 3yasya [9], [10] rosmu JIlmonc Oapom Xoiath MyoOIHIIan
KBa3MXaTTUM MaByidi OO aCHMNOTOTUKAW XaTTUU FalpuxaTrTéd yMyMid TapJOHUIA
IIy/1aaCT.

Hap xopxoum A.I. byrtkoBckuii Ba A.S. Jlepuep [38], [39] ycynxoum Xamm
Machajgaxou HAOPaKyHUH ONTHMAJIMKM CHUCTEMaxou XarTié 00 mapaMmeTpxou
TakcumiInyna 6o ucrudopa a3 L-mpodieman MOMEHTXO OaéH mryiaas/.

Hap monorpadusiu A.I. bytkoBckuit [40] Machananm UaopakyHUu capxaii 00
épun meronu Dypiie Ba METOAM MOMEHTXO TaxKWUK rapaugaact. bap 3ammu uH,
UJOPAaKyHUU CcapXaJud 4YycTydyllaBaHJa Jap IHakiu Karopxou Dypite coxTa
IIy/1aacT.

Hap xopu A.E. EropoB [49] OGapou xXamium KOHCTPYKTHUBHM (CaMapaHOKH)
Machajlad HJIOpPaKyHUU capxaaid yCyldu MaBYXoW adTaHIa Ba HHBUKOCEOAHIA
uctudona mynaact. lap MmoHorpadusu y [S0] caMTxou acocuu Hazapusiu MyOCHUPH
MaTeMaTUKUU UI0pPaKyHil Oappacii MelllaBaH, a3 YymJia: aMCHUIaCO3UU MaTeMaTUKUHU
CHUCTEMAaXOH HJO0palllaBaHa; aCOCXOM Ha3apusi YCTYBOPUHU CHUCTEMaxXOou FapuxaTTi

Ba MJOpAalllaBaH/a; JAIHUIIXOW JaBPUU CUCTEMAaxXOU FAMPHUXATTH; aCOCXOM HA3apHsIU



ujopaniaBaHiari,; MyUIOXUJalaBid Ba HWIEHTU(UKATCHUS; YCYAXOU Hazapusu
UJIOPAKyHUU OINTHUMAJil; MHYYHUH YHCYpPXOHM Ha3apusid CUCTEMaXOU CTOXACTUKUU
(3XTHMONIMM) uAOpailiaBaHga. Jlap WMH KOp CHCTEMaxo XaMm 00 mapaMeTpxou
MyTamapka3 Ba XaMm 00 MapaMeTpxou TakcuMinynaa Oappacit merapaanji. Kopxowu
mytmrapaku y 6o JI.LH. 3namenckas [51] - [53] Hu3 6a XxamuH MaB3yb Oaxiuja mryza,
Machanaaxou I'YHOTYHU MJIOPaKyHI, MYIIOXHUIaKyHI Ba UOPAKYHUU ONTUMAIUPO Jap
Oap MerupaH/.

Hap maxomau @.I1. Bacunes [43] tadcupu Hazapusi 1yroHa aap Machaaaxou
XaTTUM WJOPAKYHHM Ba MYIIOXHMJAKYHH IEIIHHUXOJ IIyJaacT. XaJUId MAachalaxou
UJOpaKyHUN capXaIud paBaHIXOW MaB4yél 00 yCynXou (yHKCHOHAJTH, MHUYYHUH Jap
KopXou Myirapakud y 60 M.M. Iloranos, A.B. Pasrynmun Ba M.A. Kypsxanckuii [41],
[42], [44] maBpuau TaxKWK Kapop THpU(TAACT, KU Jap OHXO aJTOPUTMXOH
camapaHoku ananin Oapou EhTaHU WAOPAKYHUH CapXaJuM YyCTydyllaBaHIa COXTa
mynaann ba ycynxow TakpuOuuM Xauld MachajlaxOu MJIOPAKYHHH capXaii Oapou
MyOJuJIau MaB4id, ”HUyHUH Kopxou M.M. IloranoB Ba morupaonu y A.A.JlpsikeHKOB
Ba JI.A. UBanos [47], [48], [58], [59], [123]-[127] Oaxmuaa nrygaas/.

Hap xopu B.A. MWnmiiun [62] ©Oopu aBBan Oapom Xap K
T a3 ¢pocunan 0 < T < [ maprtxou 3apypit Ba KUGPOSITUA MaBUYIUSATH XAl MyKappap
KapAaa IIyda, WHYYHWH IIaKJId OIIKOPH HIOPAKyHHUXOH capXaald TaBacCyTH
YOWMBA3KyH! Jap Jay KaHOp HUIIOH Jjona mygaacT. bapom xomaru T > 1
(makukraparmi, 6apou xonatu [ < T < 2l) miaknm yMyMuUW HIOPAKyHHXOHW CapXaii
oBapjia LIyJaacT, KA Iy JOMMHHU UXTUEPH Ba 4op (PYHKCHSAM UXTHEPUPO a3 cuHdu W7
map mopua a3 pyWm TariimpéOanman t 00 mapo3suun T — | map Oap merumpan. Wu
UJOPAKYHUXO Ty3apuIllM paBaHAM MaBYUPO, KU OO0 MyoJawial MaBYUU SKYHMHCA
TaBcud me€dan:

U (2, 1) — Uy (x, t) =0, 0<x<l 0<t<T, (1)
a3 xomatu uotrmonn mxtuepi {u(x,0) = @(x),u(x,0) = @(x)} 6a xonaru HUXOHUH

nemax# gomarrynan {u(x, T) = ¢ (x),u:(x,T) = Y, (x)} TabMUH MEHAMOSIH/I.



Jlap WH KOp XaHrOMM OMY3MIIM Machaja HaKIId MyXUMpPO CHUH)H
sz[(O <x <)X (0<t<T)] mebo3an, kxu 6opu aBBal Max3 Jap XaMUH KOp a3
qounou B.A. Wmitun Bopua rapaumaact. MyalisH kapja mrymaacT, ku xonatu T = [
Oapou Machanau UJIOPAKyHHH capXajil TaBaCCyTH YOMMBA3KYHil Jlap 1y KaHOP XO0JIaTh
KpUTHKAA  MmeOomian, spHe (Qocuman Baktm 0 <t <! wmuHumanii Oyxa,
ujopalniaBaHaruid IMyppad paBaHIu OappaculiaBaHAapO XAHTOMH MaxAyIUSTXOU
MUHUAMAJIA 0a MIapTXOM MOTHIO0M Ba HUXOW TabMHUH MeHamos[. Hatmyam moHaHn a3
qouuOu B.A. Unitna [64] xamuynuH OGapom Xonare 0a JacT oBapia MNIyJaact, KU
UJ0paKyHI TaHXO Jap sIK capXaly TOp amall Kapja, capXxaau JAyIOM MycTaxKam Kapaa
mryaact. Humon nmona mrygaact, KM Jap UH MaBpUJ Jiax3au KpUTUKUM BakT T = 21
mMeboa.

Hap xopxou B.A. Wnitun [65], [66] machanaxou umopakyHuu capxaain 00
MabHOM XaJUIM yMymuinynaun wmyonunaum (1) a3 cuH(pe TaxKuUK IIyaact, KH
MaBUyIUSTH DHEPrusiui HUXOWpo Oa Hazap merupaa. [lap HWH TaxKUKOT Xamau
Machanaxoe, ki KabjgaH a3 yoHuOU § 00 MabHOM XaJUIM KjiacCMKuu Myomwian (1)
Oappacii myga Oymana, Aap Tadcupu ymMymuilyaa MaBpUIUd OMY3HII Kapop
rupudTaaHm.

A3bGacku nmap xojiaTH Jlax3au BakTH T, KM a3 KUMaThu KPUTUKHA 3UEN acT,
Machajlad UIOPaKyHUU capXadil TOpOM IIyMOpau OCOXUpPH Xalxo MmeOolias, Taduit
acT, kM Mmacbanan EPTaHd UIAOPAKYHUU ONTUMAIMU capXaaid 0a MHUEH MeEOs.
Macanan, maceanmau €EQPTaHM OH UAOpPaKyHM a3 OaliHM XaMmaW HWIOPAKyHUXOU
MMKOHMA3Up, KU KAMaTH MUHUMAaA KaOyl KapJaH! UHTETPaIN SHEPTUSIH CapXaJaupo
TabMHH MeHaMOs. Max3 0a MH Machasa CUJICHIau KOpXou mymtapaku B.A. Wmiina
Ba E.l. Moucees [69]-[83] Oaxmmmaa mrygaacr.

Jlap MaB3yu MIOpaKyHHH CapXaluM paBaHIXxoe, KM 00 Myomuiaan MaByuu (1)
TaBcU(p MemaBaHa, 0apou Machajaxoud OMEXTaW JIOKaJil Ba FapUIIOKalIil a3 YOHUOU
OJIMMOHM 3EPHH SIK CHJICHJIAa KOPXOM Hazappac Hamp rapauaaact: B.A.Wminn [62],
[84]-[87], E.M.Mowucees [112]-[118], A.B. benuxos [34], JI.H. 3namenckas [55]-[57],
A.A. Kynemos [104]-[106], A.A. Hukurun [119]-[121], TI.A. Peso [130]-[132],



A.M.Poroxxuukos [133], [134], B.B.Tuxomupos [139]-[141], A.A. Xonomeesa [144],
[145] Ba I JI. Yabakaypu [146], [147].

Hap xopu wmymrtapaku B.A. Wnitun Ba E.M. MouceeB [67] macbhanau
UJIOPAKyHUU CapXa/iid TaBaCCyTH YOMMBA3KyHH Jap capXajau siKyM 00 capxaiu AyIOMH
MycTaxkaminyza 6apou paBaHjae, ku 00 Myoauiau tenerpadit Tapcud memaBai, aap
nax3au Baktu kputukii: T = 21 Gappacii mrygaact:

Uee (X, 1) — Uy (x,8) + cPulx,t) =0, 0<x<I, 0<t<T,c=const. (2)

Hap xopu qurapu B.A. Wnitun Ba E.M. MouceeB [68] xamuH machana Gapou
xoJare Oappacii mryaaact, Ku HA0paKyHUXO0 Jap xap Iy capxaj amana MEKyHaH]I.

Hap xopxou WN.H. CwmupnoB [136]-[138] macbamanm wupopakyHuu capxaii
TaBacCyTH YOMMBA3KyHil Jap Ay capxaj Oapou Myoawsiad (2) TaxKHUK IIyJaacT, Jap
xoise ku mopuaun [0,1] a3 ay xucmu ajgoxumaa ubopar Oyaa, paBaHi Jap OHXO JIOPOH
napamMeTpXxou (U3NKUU TYHOTYH MeOorman. Jlap XxaMuH Kopxow § Oapow Myoawian
(2), nauyHuH 0ab3e MachallaxOW OMEXTau UIOPAKyHI OappacH IIyTaaH/I.

Hap xopxoum 3ukpmygau [67], [68] Ba [136]-[138] Oapou wuaopakyHuu
capxXaauu 4ycTy4ymiaBaHna udonan aHAIUTHUKAU OIIKOp 0a BocUTau (DYHKCUSXOU
beccen édra mrynaact.

bab3e mpobiemaxou Hazapusii MachalaxOM OMEXTa, WHUYYHUH Machallaxou
UJIOPAKYHUU capXaai Ba ontuMaiid gap kopxou B.M. Aromkos [25], JI.JI. AKyneHko
[26], A.A. Anmpee [27], [28], A.X. Arraes [29], B. P. Bapcersu [30]-[33],
A.B.boposckux [36], [37], A.A. Bopono [46], M. HWcmaru [94]-[97],
A.3.MmmyxameroB [98], [99], E. A. Kosnosa [100], E. K. Kocroycosa [101],
C.B.JIekcuna [108], [109], ®.E. JlomoscesB [111], A. Manu [6], M.H. MycTadaes [7],
AUN. Tlpunenko [128], [129], A.B. ®ypcukos [143], O.I0. Dmanyunos [148],
M.K.FOnycu [149], [150] Ba nurapon Hu3 Oappacii IryaaaH.

Jlap wH amWccepTarcus MachallaxOW HAOPAKyHUH capXalud TapKubOi Oapou
myoaunan (2) 60 xosddurcuentu tariupébanman q(x,t) Ba Tapadu poctu f(x,t)

OMYyXTa M€IIaBaH/, SbHE:

Uet (x, t) - uxx(xi t) - CI(X, t)u(x' t) = f(x' t)' (2')



Xamaum wMmachamaxo Jgap Tadcupu yMyMuIIyga Oappacii MerapiaHn Ba
byukcusixon q(x,t) Ba f (x,t) Tanxo 6a curdu L, Taamiyk J0paH.

Hap xopxou Myamnud Oab3e HATUYAXOWM HAB OuJ 0a XalmaBaHAardu
Machagaxou HIOPAKYHHH capXaauu TapkuOi Oapowm myomwmman (2') 6a mact oBappaa
mrypaacT. e HaTrgaxo gap mMakoiaxou [1-M] - [11-M] 6a wamp pacoHua IryaaaHI.

bosin kaiin kapn, KM Machalaxoud Ha3AMK aBBajd Oapou Kodddurcuentu
YeHIIIaBaHAa Ba Maxayad, cumac 6apou kodhdurcueHTr 00 KBajapar 3amIlaBaHia aap
xkopxou AoOmykapumoB M.®. [11]-[24] Ba KpurckoB JI.B. [103] maBpuan omy3uim
Kapop rupudTaaHg. AHHUKaAII, Jap KOpXOoW Hampkapiaau AbmykapumoB M.D. Ba
KpurckoB JI.B. wmachanaxom wuIOpakyHHH capxaiil TaBacCyTH (DYHKCHUAXOU
YOMMBa3KyHN Ba € KyBBaW 4aHAupi omyxta mynaana. ap xopu B.A.KomophHuk [1]
Machaaaxou UIOpaKkyHil nap ¢Ghocuiaaxou BaKTH a3 KPUTHKA KaJlOH Oapou Myojauiau
(2") xanromu Ocdocwia Ba raipuMandi Oymanu kodpdurcueHtn q(x,t) = q(x)
TaxKHK ITyTaaH]T.

Taxaunm agaObWET HUIIOH MEAWXal, KM MachajdaXxod HIOPAKyHHH capXaii
Oapou Myonunau (2') amanaH kKam oMy3uil €QTaaHi, XycycaH Machajaxou
UJOpaKyHUHU CapXaJIuy TapKUOA yMyMaH OMyXTa HalTydaaH.

A3 WH XOTUp, MaB3yH HHTHUXOOTapaujau KOpHU TaXKUKOTHU MasKyp, SbHE
TaXKUKH MachallaxOW HIOPAKyHUH capXaauu Tapkubit 6apou myomwian (2') Myxum
Ba capuBakTéi MmeOomaa. Harumgaxom OamactomMagan TaxKUKOT Oapouw pyIIH
MUHOaBbAaW Ha3apusid WIOPAKYHHU CHCTEMaxOH JOPOM MapaMeTpXOou TaKCUMIIYa,
TaKMWIH YCYIXOU TaXKUKH MacbhallaxOW UJOPAKyHHH capxalil Ba Baceh HAMYIaHU
3aMHHAW HA3apUSIBUU XAJUTH MachalaXxOu MypakkaOW MaTeMaTHKad aMajlil MyCOHuar
MEHaMOSH/]I.

Taxmunu HucOatan mydaccanu agadbuér map 6o6u 1l-u mucceprarcus aHYOM
7101 METIIaBa.

PoOuram TaxKukor 00 OapHoMaxo (JIOMXax0) Ba MAaB3ybXOM WJIMIl.
TaxKUKOTH WIMHH Ma3Kyp Jap 4axopuydan aMaauco3uy HaKIIau JypHAMOH KOPXOH

WIMA-TaXKUKOTHH Kadeapan MaTeMaTUKan XucoO0Oapopit Ba MexaHukau (pakynreru



MexaHukaro Marematukau [onumroxu mwuiuu ToyukuctoH Gapou comxou 2021-
2025 anyom pona urygaact. MaB3yum TaxXKUKOT «TaxKUKOTU aHAJIUTHKHA, TaXJIWIH
cudatii Ba XaJTM a/IaJIii Machalaxou MaTeMaTUKaW aMallii Ba MEXaHUKa» 0a caMTH
ad3anuATHOKM (haboJMATH WIMUU Kadeapa MyTOOWK Oyna, nap JoUpad UH CaMT
MachajlaxoM MYXMMH Ha3apusBil Ba aManuu MapOyT 0a TaxXJWiIM paBaHIXOU
MaTEeMaTUKil, Taxusid YCYIXOM TaXKUK Ba JapéPTH MIApTXOW XalllaBaHIaruu
Machajgaxou T'y30IITalryaa MaBpUIN OMY3HUII Kapop TUpuQTaaHI.

WNypon TaxKUKOTH 3WKpIIyaa 0a pymad MHUHOabIaum CaMTXOW WIMHH Kadenpa,
a3 dYymyia TaxKMKH MachalaxOM MypakkaOM MareMaThKau amajlil, Ha3apusu
UJIOPAKyHN Ba aMCUJIACO3UM paBaHAXOW (DU3UKA Mycouaar Hamyna, Oapou 0a gacT
OBapJlaHW HATHYaxOW HABW WJIMI Ba Baceh HAMYJTaHW 3aMUHAW Ha3apUSIBUU XAJTU
Machanaxou OappacuiiaBaiia 3aMmuHa hapoxaMm Meopaj.

TABCUDOU YMYMUU TAXKUKOT
Maxkcaaum TaxKMKOT. Xajgadu acoCHM TaXKUKOTH JIUCCEPTATCHOHI TaXKUKH
Machalaxou UIOPAKyHUU CapXaJauH TapKuOM MeOoIajl, KM TaBaCCyTH YOWMBa3KyHil
Jap SK KaHOp Ba KyBBaW YaHAUPHA Jap capxaau Aurap, € 6apbakc KyBBau YaHIIUP
map SK KaHOp Ba YOMWBA3KyH# Jap capxaau aurap, 6apou myomwrtan (2') amanit
MEIIaBaH/I.
Ba3zudaxou taxkukor. Bazudaxou acocuu TaXxKuKoT nOoparanj as:

e Taxus Ba HMCOOTH TeEOpeMaxo OwWJ 0a sATOHArdW Ba MaBYYIHATH XaJTU
MachajlaxOu OMeXTau TapkuOm Oapou Myonausiau Tenerpaduu skdyeHaka 00
K03 puTCHEHTH TarinpEOana;

o Taxus Ba UCOOTH Teopemaxo ouj 0a siITOHarvMM XaJuld Machallal UAOPaAKyHUU
capxaauu TapkuOi 6apou Mmyoawmian tenerpaduu sikaeHaka 60 kodhGUTCHeHTH
TariupéOanma;

o &dranm maprxou 3apypil Ba kudosri 6aporn MaBUyIUATH XaJUTH Machaaaxou
UJIOPAaKyHUU capXaJuu TapkuOi Oapou myonwiau Ttenerpaduu sikueHaka 00
ko3 duTcueHTH TariupEédana;

e ACOCHOK KapJlaHU YCTYBOPHH XQJUIM XaMan MachalaXOu TaXKUKIIIaBaH/Ia;



XaJUIM Machajan ONTUMAJIMKA UAOPAKYHUH CapXaJuu TapKubii 6apou Myoauiaun
JAUIIXOW Ma40ypur Top Aap Gocuinaxou BaKTH KaJIOH.

O0bexkTH TAXKHMKOT. Myoawian Janmuiixom MayOypuud TOp Ba MYyoOJuJiau

tenerpaduu sKaeHaka 60 ko3pburcrueHTu Tariupéoana.

MaB3yn TaxKHKOT. Machagaxou oOMeXTa Ba MachajaxOoW HIOPAKyYHUH

capXaJauu Tapkubi 6apou Myonuiiaxou GappacuiliaBaHja.

HaBrouuum wiamii. Xamau HaTU4axou JHUCCEpPTarcusi HaB MeOOIIaH/.

Harngaxou acocupo 6a TaBpu MyxTacap HoMOap MEKYHEM.

1.

Teopemaxo onj Oa xaiiaBaHAarud Machajlaxou OMEXTau TAPKUOUH MYBO(DUK
Oapou myoxwnau tenerpaduu sikueHaka 00 ko3pducueHTH TariupéOaHa
ucOOT Kapja IIy/laan;

Teopemaxo ouj 6a AroHarud Xald MachalaXxOW HJIOPAKYHHH CapXaJauu
TapkuOin Oapou Myoawsnan Tenerpaduu skueHaka 00 KodDPUTCHEHTH
TariupéOania gap BakTH XypJ € 0apodapu KpUTHKI UCOOT Kap/ia IIyIaaH/;
Teopemaxo ouja 6a MaBYYIUSITH XaJUIM MacbhallaxOW HJOPAKYHUU CapXaJuu
TapKuO# Oapou BaKTH KPUTHKIA KCOOT Kapja ITyaaaHI;

YeTyBopuu Xayuii XxamMaum MachallaxOM OMeXTa Ba WIAOPaKyHUH capXajauu
OappacumaBadga HucOar 6a omyom agmutuBum q(x,t)u(x,t) Ba HHUIYHHH
HucOar 0a (pyHKCHAXOM Jap Ty30pUIIA Machana MCTH(oJanIaBaHAa aCOCHOK
Kap/a nIryJaacr;

NnopakyHuxou capxXxaJuyd ONTHUMaJIUM TapkuOm Oapou paBaHAxoe, Ku 00
MYOJHJIau JIAMUIIX0U MaqyOypuu Top TaBcu( MemaBan, 1ap GoCcuiaxou BaKTH
KaJIOH, KM KUMaTHh XypJATapuH KaOya KapJaHu MHTETPal SHEPTHUSIH CapXaJaupo
TabMUH MEHAMOSH]I, 0a JaCT OBapja IIyJgaaHI.

HyxkTaxou 6a XuMosi nenIHMUXO0AIIABAH/IA:

SAxkuMmaTa XanmaBaHIAaruM MachallaxOW OMeXTau MyBOGUK Oapow Myonuan
Tenerpadun sikueHaka 00 k03(pGUTCUEHTH TariupéOanga UCOOT Kapia IIy/a,
TEOpEeMaxou JaxJII0p TaXys Ba aCOCHOK rapAuIaaH,

SIkkpmara XanmaBaHAAardM  MachallaxOW HIOpPaKyHHHM capxaaid Oapou

Myoauwsian Tenerpaduu sikueHaka 00 koa(p(duUTCHeHTH Tardupeédanma, Ku
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UJOpaKyH!l TaBacCyTH YOWMBa3KyHH (KyBBaW YaHAMUPH) Jap SIK capxal Ba
KyBBaW 4YaHAMpH (YOMMBA3KyHi) Jap capXaau Iurap amajii merapiaaj, ucOoT
Iyzia, TEOpeMaxou MyBO(MHK Taxus Ba NMEIIHUXO]I FrapauaaaH;

3. Teopemaxo ouj 6a sirOHari, MaB4YyIUSAT Ba COXTAHU UJIOPAKYHUXOHU CapXaauu

ONTUMAJIUU TApKUOK 6apou paBaHIX0e€, KM 00 MyoJWjIau JanuIIXoun Ma4yOypuun

TOp TaBcu( MemaBaH, 1ap Gpocunaxou BaKTU KaJOH Taxys Ba UCOOT rapauna,

HUIIIOH JT0/Ia ITyAaacT, KU WH WIOPAKyHUXO KUMaTH XypATAPUHH HHTETPaJH

DHEPTUSAH CAPXATUPO TABMHUH MEHAMOSH]I.

AXaMMSITH Ha3apusiBd Ba aMajJuMHd TaXKHMKOT. TaxkWkore, KH Jap
JUCCcepTaTCHsl Ma3Kyp ouJl 0a XaillaBaHAArdu MacbhbalaXOu HIOPAKyHUU CcapXajauu
TapkuOi Oapou Myonuiau tenerpadii 60 kosdurcuenTn Taritnupédanga aHqyoM a0Aa
nIy/laanji, XyCyCcUsiTH HazapusiBii nopania. Hartuyaxom unamum Oamactomana OGapowu
Py MUHOAB/Iau HAa3apusi MachallaxOu UJIOPAKYHHUH capXajil, MachajlaXxou OMEXTa
O0apou MyoJuiIaxou rumnepOoiii Ba MHUYHUH JUrap OaxIIxou MaTeMaTHKau amalii
aXxaMMUSTH MyXUM JopaH. MioBa 6ap uH, OHX0 METaBOHAH/I JIap COXaXOHW T'YHOTYHU
WIMXOW TaOWil Ba TEXHUKH, a3 yymsa (U3MKa, MEXaHWKa Ba JUrap camTxoe, Ku
paBaHIXOM OHXO TaBaCCyTH MYOJWJIaXOW THUNepOoNii amcuiaaco3il MerapiaaHi,
MaBpuau ucTUdOmAa Kapop THpaHA. MaBoaau AWCCEPTATCHUSIN Ma3Kyppo WHYYHUH
METaBOH Jap 4Yapa€HW TabJIUMH KypCXOM MAaxCyC, CEMHUHApXOW WIMA Ba
MAIIFYIUSATXOM Taxaccycil 0apou JOHUIIYYEHH KypCXOW O0JIOi, MaruCTpaHTOH Ba
JIOKTOPAHTOH, KH a3 pPyWM MXTUCOCXOM MaTeMaThkKa, MaTeMaTHKaW amaiid Ba
MeXaHWKa TaXCHJI MEHaMOsIH]I, 0a TaBpu Myaccup uctudomaa Oyp/.

Faiip a3 un, Hatnyaxou 6amacromana METaBOHAHI XaMUyH 3aMUHAW Ha3apHUsBil
0apou aMCHJIaCO3UM PABAHIXOU T'YHOT'YHU (DU3MKI Ba TEXHUKH, KM 00 MYOIHIIaxou
Oappacurrya TaBcud MemiaBaHa, XU3MaT HaMyzda, ap TaXKUKOTH MUHOAbJAaW WM
Ba XQJUTM Machajaaxou aMail TaTOMK rapIaH/.

Jlapayan JIbTHMOJHOKHHM HATHYAXOH HCCEPTATCUSl. OBTHUMOIHOKUHU
HATUYaxOW JHUCCepTaTcuoHil 00 wuctudoma a3z yCyIxom Myocupu (Qusukan
MaTeMaTHKA, TaxJIWIM (PYHKCHOHAJTH, Ha3apwsy MYOAMJIAXOM WHTErPaid XaTTHH

YUHCU AYIOMH Hamyau Boiureppa Ba Hazapusiu Machbanaxou HIAOPAKYHUH capXaau
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TabMUH TapAWIaacT. XaMaW HATHYaxOW AacoCHH WM Jap IMaKJId TeopeMaxo
MENTHUXOA ITymaa, 00 MCOOTXOM KaTrbUM MaTEMaTHKid aCOCHOK Kapja IIyJaaH.
Hatnyaxom xocuiinyna a3 yuxaTd MaHTHKA Ba Ha3apusBil acocHOK Oyna, 00
HAaTUYaxO0W TaXKUKOTH OJIMMOHHW BaTaHW Ba XOpWYM Jap WH CAMTH WM MYBO(DHKAT
MekyHaHJ. OHXO Jap MakKoJIaxou WJIMHM Myauidd Haup Ba Jgap KoH(MEpeHCUIXOU
WJIMHUH CaTXalloOH TYHOTYH MaBpUIH Oappacii Kapop rupudTaan/.

MyTobukaTu aucceprarcusi 0a  IIMHOCHOMAHM  HMXTHCOCH  WJIMId.
Hucceprarcust a3 pyium uxtucocu 01.01.02 — Myomgmnaxou auddepeHcuanii,
CUCTEMaxOu IUHAMUKIA Ba HJIOPAaKyHHHM OINTHUMAaJil MYpO IIygaacT Ba myppa 00
dbopmynau on (myoamnaxou auddepercuanit 00 Xxocuiaxou xycycit) Ba 60 gy 6anau
coxan TaxkukoT: (12. Macbkanaxon HOTHAOA—CcapXalid Ba CIEKTpaaid Oapou
MYyOJHMJIaX0 Ba cHCTeMaxou Myomwiaxon auddepencuanii; 13. Myoaunaxo Ba
cucTeMaxou Myoawmiaxon nuddepeHcuanii qap Machbaiad UAOPAKyHUH ONTHMAITA Ba
XUCOOKYHUU BapUaTCUOHI) MyBOUK acT. [uccepraTrcusipo METaBOH XaMuyH KHUCMH
busukan Mmatemaruki (mxtucocu XamdaBopu 01.01.03 — dusmkam mareMaTvKi)
Oappaci kapj.

CaxMu IaXCHHU J0BTAJA0U aapavad wiMmi. MyHIapu4yau auccepTaTrcus Ba
HYKTaxOHM acocii Oapon XuUMOS CaxMH Iaxcuu Mmyauud wmebOomana. Xamau
HAaTUYaXOM MEIIHUXOAIIY/Ia IIaxcaH a3 YoHUOU Myauind 0a TaBpu MYCTaKWUIIOHA
rupudra mygaana. Jap kopxou mymrapaku [1-A]-[3-A], [6-A]-[11-A] xammyamd
Jap MyXOKHMMau HaTU4axou 0asacToMajia MITHPOK KapaacT.

TacBu0 Ba amaauco3dum HaTM4yaxoum jAucceprarcusa. Harugaxown
JUCCepTaTcusi 1ap CEMUHAp Ba KOH(MEPEHCUSXOU 3€pHUH MEIIHUXO0Jl Ba MYXOKHMa
TITy/TaaH/I;

e ceMuHapu wiMHHM Kadempam MareMaTHKau xucoOOapopii Ba MeEXaHHKau
dakynTeTH MeXaHWKar MareMaTukad JIoHWImroxu MuwuIMd TOYUKHUCTOH 00
poxbapuu npodeccop Adaykapumor M.D. (2023-2025);

o KoH(epeHCcUsin OalHaIMUNAIMKM WiIMA-amanii 3epu  yHBOHU «XIII-ymun
Xouumxon JlomoHocoBi» Oaxmuga O0a 115-comarun akageMuxk boOo4oH

Fadypos ([lymanoe, 28-29-ymu anpenu conu 2023);
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KOH(pEepeH N OalHaIMUIAMu WiMid Oaxmuaga 0a 75-conmarum JIOHUIITOXH
muutun TounkuctoH, 20-conaruu pymau GaHnxou AaKuK, Tabui Ba puésii, 85-
conmarun akagemuku AMUWUT Pagabos H. ([yman6e, 5-ymu oktsa0pu coiu
2023);

IV-ymun  koHdepeHcusin OallHaIMUIIATUKM  WIMA-aMajdil  3e€pd  YHBOHH
«Macpanaxon MyoCHUpHU MareMaTHKa Ba TaTtOukxou oH» (ymanGe, 1-ymwu
uionu coiu 2024);

KoH(epeHCHsIM OallHaNMuUIaIMKM UAMi-amanii 3epu  yHBOHH  «XIV-ymun
Xonwumixou JlomoHocorit: Hakmm dummanu JJIM 6a nomu M.B. JlomoHOoCOB
nap maxpu [yman6Ge map pymam uiaMm Ba maopudy» (dymante, 22-23-ymu
Hos10pu coyn 2024);

KOH(pEepeHCHs i OallHaIMWIAIMKM WIMA-aMaliil 3epu YHBOHH «Macbaiaxou
MyOCHpU MaTeMaThKau amallid, MEXaHHKa Ba HHpopMaTuka» Oaxmuaa 0a «20-
COJIarMK OMY3HIII Ba pymiau (aHXOou JaKuK, Tabuu Ba pué3in» Ba 80-comaruu
npodeccop borimypon Anmes ([ymante, 2-1omu anpenu cosm 2025);
KOH(pepeHcHusin OaillHanMWIanid 3epu YHBOHU «MaremaThka Jap YaxOHH
Myocup» Oaxmmaa 0a 85-conmaruu MareMaTHMKW OapyacTal TOYMK, JAOKTOPH
unmxou (usukaro mMaremaruka, nmpodeccop Cobupor T.C. (Hymanbde, 28-29 -
ymu Hos10pu comu 2025).

HMuaTumopor a3 pyium ™MaB3ym aucceprarcusa. MyHaapudyam acocHuu

nucceprarcus nap 11 xopu Mmyamud Haiip IIyaact, a3 yymiia 5 Kop Jap HalIpusxoe,

ku a3 youuOu KOA-u naznu [lpesunentu Yymxypun TOYMKHUCTOH TaBCHUS IIyJAaH.

dexpucTu KOPXOM HAIIpIIyda Jap OXUPH JHUCCEpTaTcus Ba aBropedepar oBapiaa

IIyJaacT.

CoxTop Ba xaumu aucceprarcus. Jucceprarcus a3z mykamauma, Tadcudu

YMYMHH TaxKUKOT, ce 000, MyXOKMMaW HaTM4axou OagacToMana, Xyjoca Ba

dbexpuctu anadbuet ndopar acrt, ku gap on 150 Homryit oBapaa mrygaacr.

Jlap nucceprarcusi pakamry3opuu Aaypakama uUcTudoaa MmygaacT, KU pakaMu

aBBaJ1 00 pakamu 000 Ba pakaMu IyrOM 00 pakamu Tabpudxo, TaCAUKOT, JIEMMaxo,

TEOpeMaxo, I30XX0 Ba GopMynaxo MyBopHUKAT MeKyHaaA. MaTHU auccepTaTcus nap

oapromau Microsoft Word naBuimTa mymaact Ba a3 194 caxuda ubopar acr.
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BOBU 1. BAPPACUUN HATNYAXO OUJI BA HABAPUSAN MACBAJIAXOU
HUJIOPAKYHUU CAPXAJIM
1.1. MabayMoTu yMyMid

Hazapusn Marematukii onsi 6a paBaHAXOU HIOPAKYHH a3 dXTHUEYOTH HIMXOH
TaTOMKA 0a Byuyn omagaacT. IH caMT XaMuyH II0Xau MYCTAaKWJIM MaTeMaTHKa Jap
MUEHAXOM aCpH T'y3alliTa Ak rupudTraacr.

MaBpuan 3uKp acT, KA «pPYIIM Ha3apwusy HIOPAKyHH a3 paBaHAXOE cap
IIy/1aacT, KH aMCHJIaXOM MaTeMaTUKUU OHXO 0a myonuinaxou nuddepeHcuanuu oni
oBapaa MmemaBaHj. bapou Macwkanaxoe, ku 00 Myonunaxou auddepeHcuanuu omi
TaBcu( MelIaBaH[d, UCTWIOXU «upopakyHin» a3z tapadu JI.C. [lonTpsarun uctudoaa
mrygaac [122].

«Xom0 moupam MachajJaxoW ~HMIOPAKyHH XeJe Baceb IIyJaacT Ba
napOaprupanjian  MachbajlaxOou HJIOpaKyHid Oapon OOBbEKTX0€ MeOomaHa, Ku
aMCUJIaXOM MaTeMaTUKUu OHX0 00 Mmyonunaxou auddepeHcuanin 60 XOCHIAXOU
xycyci taBcud memasanm [40].

Hap mo€n Oab3e Tabpudxo Ba MachajaxOuW acoCél a3 Hazapusii UAOpPaKyHI
oBapja MemiaBasn [53].

«Cucmema rydTa, MayMyn 00bEKTXOM poOUTaIomTapo MeHOMaH . VH poburta
acocaH TaBacCyTHU MyoJuiIaxou nuddepeHcuanii MyaisiH Kapaa MeIIaBa/.

Xonamu cucmema TydpTa, MAaUMyH TIApaMETPXOH OHPO MEHOMaH, KU padropu
CUCTEMapO XaHTOMH OlTyOu OepyHau Joaailyaa sKKuMaTa MyaistH MEKyHaHI.

Cucmema 60 napamempxou Mymamapxas cuctemMae MeooIias, K1 XojaaTu oH 00
IITyMOpau MapaMeTpXOr OXUPHOK MyaisiH MeIaBa.

Cucmema 60 napamempxou maxkcumuiyoa cuctemMae MeOoIIa, KU XojJaTH OH
00 Mauymyu ¢QyHKCUSIXO € MayMyu OCOXHpH MapaMeTpXOou aJaaid MyaulsiH Kapja

mermaBaay [53] .
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Mag3yn acocur Hazapusau UAOPAKYHH CE€ TypyXH KaJuJIuHh Machbalaxopo Aap
Oap merupaja: MyHIOXHUJIAKYHUH CHUCTEMa, UJOPAKyHUU CHCTEMa Ba HUIOPAKYHUHU
ONTUMAJIUU CUCTEMA.

«Macvanau mywoxuoaxynii nOOpaT a3 MyailsiH KapJJaHU XOJIaTU CHCTEMa Jap
Xap Jax3aum MyasHinyga 00 ucthdoja a3 MabliyMoTe MeOoIaj, K Jap JaBOMHU
JaBpau MyIioxuaa 0a AacT oBapja MellaBa/l.

Macvanau uoopaxynii nbopar a3 MyaillsiH KapJaHU TabCUpH OEpyHaecT, KU
CUCTEMAapO a3 XoJlaTh UOTHUI01 0a X0JIaTH HUXO0M Jap BaKTH MyalsHIIy1a Meopa.

Macwvanaxou uoopaxynuu onmumanii TyHOTYH MelllaBaHa. Xanadu acoci a3 oH
nbopar acT, KM YyHUH padTopu cCUCTEMa MyailsiH Kapjaa IIaBaj, TO a3 pyllu SroH
MebEP OH OeXTapuH OoIaI.

Ske a3 aBBanMH Machajiae, KM Jap Ha3apusu WIOPAKyHUU ONTUMAai Oappaci
IIy/1aacT, Machajgau ONTUMAIMM 3ynamanii meboman. OH a3 oH uOopar act, Ku
CUCTEMa a3 SIK XO0JIaTU MyaisiH 0a X0oJlaTH Jurap Jap KyTOXTapuH BaKT 00 3aXUpaxou
MaxJlyJl ”HTUKOJI Jo/1a masa» [S3].

«ap Hazapusu HIOpPaKyHHH ONTUMAI 0apod CHCTEMaxOW YEHAKaIllOH
OXHUPHOK YCYJAXOM TYHOTYHM TaxKUKOT Taxus IIyfaaHja. MamxypTapuHud OHXO
npuHcun Makcumymu [loaTpsruny [122], «npurcunu ontumanuu bemiman» [35] Ba
«ycyau MmomeHTxou Kpacosckuit» [102] meOorran.

XaHroMH Xajull MachallaxOM HJIOPAKyHHHM ONTUMAaJd 0apou CHUCTEMaxou
YCHAKalllOH OXHUPHOK Jy Machallau acocim Oappacii MemaBaHJ: «4yCTy4Yyu
UIOpaKyHHH ONTUMaIuu U = u(t), KM HyKTapo a3 K Xoiar 0a XojaTd Jurap aap
KyTOXTapuH BaKT MeopajJ Ba Macbhbajlal MYTaxXUACO3WU HJIOPAKyHUU ONTUMATUU
u = u(t, x), Ku MaOpaKyHil XaM4yH (PYHKCHSH XOJIaTH CHCTEMA MYyaisiH MeIIaBas.

bapou cucremaxom 00 mapaMeTpXOM TaKCUMINyda ©Oap UIOPAKYHUXO
MaxIyIUATX0 Y0P Kapaa MeNIaBaHa, KU 0apou CHCTEMaxOW YEHAKAIOH OXUPHOK

UMKOHHOMAa3upaH1. MacajaH, 1ap Myoauiau JIAMUIIX0H Mayoypuu Top» [57]:
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0%u azu_
at2 axz_f

byakcusu f xamuyH (yHKCHUAM HWAOpPaKyHH Oappacii memmaBaa. MaxayIusaTxou
DXTHUMOJIA YYHUHAH/:

1) f tanxo a3 t Bobacta act: f = f(t);

2) f a3t Ba x BoOacra acT: f = f(t,x);

3) f a3 dapku x — t Bobacta act: f = f(x — t).

PaBmian act, KM UYyHHH MaxJAyausiTXOM Maxcyc ouja ©Oa BoOacTaruu
UJIOPAKyYHUXOU UMKOHMA3up a3 t Ba X Jap Machajaaxou I'yHOTYH METaBOHaHJ 0a xap
MUKJIOP BY4y/l JOIIITa OOIIIaH/T.

«3UKp KapmaH 3apyp acT, KA MachaldaW HWIOPAKyHHH ONTUMAaid Oapou
crcTeMaxou 00 mapaMeTpXOou TakcuMmInyaa aap kopxom» [38]-[40] MaBpuau TaxKuk
Kapop rupudTaana. lap oHXO ycylnxoe Taxusd IIyldaaHa, KU Xauld K KaTop
Machadaxou aMajil Ba MyIIaxxacpo TAbMUH MEKYHAH]I.

«Taxusi Ba TakKMHJI JOJJaHW Ha3apus Ba TEXHUKAW CHCTEMaxoW OMNTUMAaji 00
napaMeTpxou TakcuMIilyga Hucbar O0a cucteMaxo 00 mapamMeTpXxou MyTamapkas
MYIIKWJITAp MeO0oIIaa, 3ep0o XapakaTh YyHHMH CHCTEMaxo 00 Myoausiaxou
dbyHKCMOHAIMM Mypakkad TaBcu@ Kapaa MelaBaj, MacallaH, 00 MYOAHJIaxoH
nuddepencuanii 60 Xxocuiaxoum Xycycih 00 IIapTXOUW capXaaid Ba UOTUIOUU
Mypakkab. UnoBa 6ap uH, 0apou YyHUH CHCTEMax0 MaXIyIUSATXOW HIIOBAri, ku 6a
TanaboTH aMalit BoOacTaaH 1, Xxejie Mypakkad Memasanay [24], [40].

Hazapusm macbhanaxou UI0opaKyHHH CHCTEMaxXxo 0O mapaMeTpXOu TaKCHMITyaa
Jap IrymMopau 3uéau KOpXou WM MaBpHUIU TaXKUK Kapop rupudraact. Macranaxou
0a muéHomana 00 ycyaxow (YHKCHOHAH, YCYIM 4YYyIO KapJaHU TariupEOaHIaxo
(ycymu ®ypiie), ycyau nmaxamaBui MaByxo (ycynu JlamamOep), Hazapusu AyroHa Ba
WHYYHHUH 0O UTap YCYIXOU aHUK Ba TAKPHUOW TaxJIMJI Kapja IIyJaaH.

Hap Oanau osiHOAQ TaxXJWIW HAaTU4Yaxou Oab3e Kopxoe, KU 0Oa MaB3yu

AUCCCPTATCUA MYCTAKNMAaH BO6aCTaaHI[, MNCITHUXO0J Kapaa MCIIaBal.
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1.2. llapxu HaTH4aX0 ouJ 6a MachaJaxou UIOPAKYHUH PaBaHAX0e, KU 60
MYOIMJIAH AKYEHAKAH MABYi TaBcu( MeéOaH

Myonwnan maBuii, ku gap acpu XVIII kamd mymaact, sike a3 Myoausiaxou
MyXUM fap (U3MKad MaTeMaTuKid MeOoma Ba 00 HOMH OJMMOHHU MAIIXyp, MHUCIH
Hanam6ep, Ditntep, bepaymm Ba Jlarpany anokamanna act. bo €puu oH, nap 6apodapu
JANUIIXOW MEXAaHWKH, UHYYHUH PAaBaHIXOM IMAXHIIABUU MAaBUXOHM DJIEKTPOMArHWTH,
rPaBUTATCHOHI Ba MaBYXOU aKyCTUKH Jap ra3xo, MO€bX0 Ba MYXUTXOHU CaxT TaBCU(}
KapJa MEIlIaBaH/,.

«/lap TaxKHMKHM XaIxXoMu KJIACCUKUHM Machalaxou oMexTa 0apou MyoJIUJial MaBY,
KM OHXOPO XaM3aMOH Machajlaxou HOTHUIOW-capxadil HU3 HOM MeOapaH]l, OJIMMOHHU
3uéne caxm rysomraanj. [lac a3 mampu kopxou H. Bunep, K.O. ®punpuxc, H.M.
I'onTep Ba kopu Oyuénuu C.JI. Cobonen» [8] «aap Human aBBaim acpu XX TaBaqqyx
0a COXTaHU XaJXou YMyMHIIIy/la 0apou mMachballau MOTHIION-capXail MIaki TUPUPT.
Hatnvaxom OyHEAin ouja 06a Xaixoum YMyMUIIyIal Machallaxodm oMexTa Oapou
Myoamiiaxou runep6oni a3 tapadu O.A. Jlagmkenckas» [107] Ba B.A. Wnitua [60]
0a nmact oBapja mrymaana. Macbanaxoum HOTUION-capXaail Jap TaXKUKH Machallaxou
UJIOPAKYHUU capXalil HAKIIM KaluJid JAOpaH]l Ba IIyMOpaud 3UEAM KOPXOU WM Oa
Ha3apusaMd WH I'yHa Machaliaxo Oaxmmaa myfraana. Jlap 3ep TaxJmiau HaTu4axou 0an3e
MyamudoH ous 6a Machadan UIOPAKYHUH capXalid Oapou MyoJuau MaB4il oBapaa
MenIaBas.

«bopn aBBanm wMachanaM HAOPAKYHUH JIAMMIIXOPO Jap IIAKJIM BO3EXH
matemarukii A.I. ByTtkoBckuii comu 1963 Oappacit Hamyn» [39]. Hap kxopu §
Machajiad Ma3Kyp YyHHH T'y30l1Ta MEIIaBa.

«bur3op, paBanau uaopaiiaBanjaa 60 MyouIan MaBYit

Upe (2, 1) = aPu(x,t), 0<x<I, t>0, (1.1)
00 mapTxou UOTUIOUHU
u(x,0) = o), u(x,0)=¢yYx),0<x<I (1.2)

TaBcU( Kap/a masaj.
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Wnopakynit 60 épun byukcusxou ((t) Ba v(t) aHqyoM m01a MEIIaBa:
u(0,t) = u(t), u(l,t) =v(t),t = 0. (1.3)
ba npopakyHnuxou nmkonmnasupu U(t) sa v(t) MaxayausaT 4opi Kap/ia IIyaaacr:
lu)IA Ba llv(t)IA, xu gap omxo A goummuct. Hopmaum sieMeHTH
UA0paKyHii MyBopuKH (a3ou (PyHKCHUSIXOM HWIOpaKyHi MyalssH Kapja MellaBaji, Ku
DIIEMEHTXOM OH XaJUIM KIIACCHKA € YMyMUIIyIaW Machallal CapXaJupo MyausH
MEKyHaHJ] Ba OH XamuyH Karopu Dypiie 60 dyHKcusaxon xocu machanam [ITypm-
JInyBumnn udoma me€dbany [39].

Makcaau Machana UH acT, KU JIap KyTOXTapHH BAaKT JIAIUIIIXOH CHCTEMa Iyppa

XOMYIII IIaBaH/, SbHE MIAPTXOU 3€PUH 0a UYPO pacaHI:
ulx,T)=0, u;(x,T) =0, 0<x<L (1.4)

«Yeynu Xalld NEIIHUXOAKapaan y Oa oBapaaHu Macbasa 0a mpoOrnemaun
OeoxupueHakau MOMEHTXO acoc €¢ra, OabmaH TatOuku ymymucosuu ycynu H.H.
Kpacosckuiipo 6apoun Xaum Machaaaxod MOHAHIU CUCTEMaXOW Y€HAKAIIOH OXHUPHOK
nap 6ap merupany» [102].

«ba xuco6 rupudraHu TaOuWaTH MaBYMU TMaXHIIABHH OMIYOXO Nap YUCMH
YaHAUPHA WMKOH MEAWXaJ, KH TabCHUPXOW HIOPAKyHW [ap IIAKIH TO aHI03ae
rallpumykappapit uctudoma masana. Jlap aitHm xon, xamum HucOaTaH comau
Machagaxou 0aco MypakkaOu CHHTE3MH HIOPAKYHHH ONTHMAJUH JIAAIITXOW YaHUP
(3ymamanuu onTUMaain 00 WAOPAKyHHUXOW CapXaJuH MaxIyld) Mysccap Merapaa.
Tabuatm wmaBuyuu paBaHau Jjanum a3 4voHuOu A.M. EropoB xaHromm Xamiu
Machajgaxou 3ePHHU XOMYIICO3MH JIANUIIX0 0a Hazap rupudTa mymnaact» [49].

1. Macvanau xomyw xapoanu nanuwixo, Ku 60 Myooulau sK4eHakau mMasyil
mascug) mewasano. PaBang 00 wmacwamam capxanid (1.1)-(1.3) TtaBcud kapna
MmernaBaj, ku gap o u(t) Ba v(t) upopakyHuxo MeOoIana. Macbanan acocii UH acT,
KM JIAIUIIXO Jap KyToxTapuH BakTh T > 0 myppa XOMyII IIaBaHd, SbHE MIApPTXOH

(1.4) napo maBana. McOoT mrygaact, K BaKTH KaMTapUHUA UMKOHTIA3Up Oapor XOMYIII
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l _
KapJaH! JIAMUIIXo 0a - Oapobap act. DyHKCUAXOH HIOPAKYHUH TyCTYUyIlIaBaH 1A JIap

IIAKJIA aHATUTUKHAH OIIKOP MYalsiH ITylaaH .

2. Macvanau opomkyHuu aanuwixo, Ku 00 cucmemau  Myoounaxou
ouggepencuanii 60 xocunaxou Xycycii mascugh) mewasano 6a 60 OH OuUcep
MACvaANAXoU 2UOPOMEXAHUKA, AIPOMEXAHUKA, INEeKMPOMEXAHUKA 84 PAOUOMEXHUKA
anoxamano mebouwano. PaBana 60 Myoauiiaxou

—ur=ad,, —9.=au,,, t>0 0<x<lI

00 maprxou uotumon: u(x,0) = @(x), 9(x,0) = P(x), 0 < x <[ Ba 60 maprxou
capxaJ iy TYHOTYH TaBcu( kapaa MenraBaj. MacanaH, arap mapTXou capXaain YyHUH
uatnxo0 mmaeana: u(0,t) = u(t), 9(0,t) =v(t),t =0, ku map ou u(t) Ba v(t)
UJOPaKyHUXO0 MEOOIIIaH I, ITac Machaaa UH acT, KU JIAMKIIXO Jap BaKTH KYyTOXTapHHU
T > 0 nyppa XOMyII IIaBaHi, s’bHE MIAPTXOU 3epuH wmypo miaBana: u(x,T) =0,
I(x,T)=0, 0<x <L

3. Macvanau uoopaxynuu nanuwixou 2az oap Kyoypu 0apos, Ku 60 oacmeoxu
uoopaxymii be pooumau dbapvaxc mavmut wiyoaacm. Papann 60 Mmyoaminaxou

—Tous =9, —Toy9:r =u,, t>0,0<x<],
T,y" +Tyy' +y =—ku(0,t), Tyu'—y =a(t),t >0,
00 MIapTXOoU capxajai Ba UOTUIOUHU
u(0,t) +9(0,t) = u(t), ru(l,t) +9(l,t) =0, t=>0,
u(x,0) = p(x), I(x,0) = Y(x), 0<x<l,
y(0)=y°% ¥y (0)=y'

taBcud kapaa memasan. Jap unvo T;, i = 1,3, y, k, 7 — noumuxou mycoar, ¢ (x) Ba
P(x) — dyHkcusaxou momamyna Ba y°, yl — mommmxou fopamyna me6GolnaHni, aap
xone ku a(t) Ba p(t) xaMuyH HI0OPaKyHUXO Oapoma MEKyHaH/I.

Xanadu HIOpaKyH# Iyppa XOMYIl HaMy[daHH JIAIHUIIXOW CHUCTEMa Jap BaKTH
kyToxrapuau T > 0 meOomiaa, sbHE COXTaHH YYHHH HIOPAKYHUXO, KM OapOsIIIoH

IAPTXOM 3€pUH UYPO MELIABAH/L:
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u(x,T) =0, 9(x,T) =0, y(T)=y'(T)=0, 0<x<1L
«Ycynu moHana nap kopxou JI.M. Bacaurckuit Ba U.B. MuiiocepaoBa xaHromu
COXTaHM XOMYIIKYHAaHJau ONTUMAJIMM JAMHUIIXOM TYIOHUU CTepxkeH uctudoaa
nrygaact» [45].

KJL. JIlmonc «60 uctudona a3z Hazapusu Hazoxou rujidepTit (yCyau sroHaruu
['mnbepT) mMachanam XOMYUICO3WMHU JANMUIIXOPO, KU 00 Machanau capxXaliuul sKym
Oapou Mmyonuian MaB4il TaBcu( MemaBaHi, Aap cMHPHU (YHKCUSIXOM aOCTPaKTUU
Oedocmiia TaxkuK Hamymaact» [4]. AHuKail, aap KOpH § Machajgad OpPOMCO3UH
Janmnuixo 00 mapTxou capxaauu Jupuxie omyxra mrygaact. SiroHa HaOy1aHu Xajuid
Machanan xocwimyaa 6apou T > 21 ucOoT rapauaaact, ki gap uH 4o [ — gapo3uu
TOp MeOoIa.

Macrhanan MymIoXuaamasupur CUCTEMaxXOW JIAMUIITXONW XaTTA Jap IIakim Oa
Taspu koA ymymi a3 qouubu XK.JI. JInonc GaéH kapaa ImygaacT. Y «ycCyilu Xallld
Machanaxopo Oapouw xojare MENIHMXOJ Hamyl, Ki Mymoxuga 00 €puH MmapTxou
capxaJuyd HaBbU AYIOM amaiid merapiaa. PaBanmu OappacuimaBanma 00 MyoAwIau
MaBuii (1.1) Ba mapTxou capxaanu ssKuuHCau

u(0,t) =0, u(l,t) =0
TaBcu(} MeraBa.

A3 pyitn GyHkcusu MymoxuaaiiaBanaan U, (0,t) = y(t) 6apkapop HaMyIaHH
XOmaTd MOTHAOMHM cucTteMa, sibHe (yHkcusaxon u(x,0) Ba u.(x,0) Tamad xapaa
MerraBaay [4].

Yeynu sronarun ['un6epr (HUM), ku a3 qouuoOwm XK. JI. JInoHc Taxus Iymaacr,
«MMKOH JI0J] Machajlal MaBUYIUSATH UIOPAKYHUU CapXaJupO HA TAaHXO Jap XOJaTu
sKYeHaKa, OaJKu Nap xoJjlaTh OucépueHaka HU3 TaxKUK Hamyn. Jlap osHma ycynu
HUM a3 4qouuOu morupaoH Ba madpaBoHH § 0a XOJaTXOM MYOAWJIaW MaBYUU
KBa3UXaTTid, MyoJIuJIan SKYMHCAN HAKJIUET, CUCTEMaXOou TUNepOony FalpraBTOHOMI

Ba Jurap cuHdxou Myoaniaaxo ymymi rapaonuga myn» [2], [3], [5], [9], [10].
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Hap wopu P.A. I'moBunckuii, C.H. Jlu Ba XK.JI. JInonc «machaian TaTOMKU
amaguu yCyld CHCTeMaBil Oapou HIOpaliaBaHAardd aHUKU CapXaJud MYOIuIau
MaBYil TaxKHUK MIynaact, 00 TaBaydyxy Maxcyc 0a XoiaTh XyCyCHH HUIAOpPaKyHUU
Hupuxie. Yeynxou anaaul nap UH 4O TaBcU(IIyna a3 MayMyH 3epuH HOOpaTaHi:
anmnpokcuMarcus 00 YCyJau 3JIEeMEHTXOM OXMpPHOK Oapou Jauckperusarcusu (aso;
CXEMaxoM OIIKOpH (HAPKXOU OXHPHOK Oapou IUCKPETU3ATCUSU BaKT; aJIrOPUTMU
NEIIaKi MapTTy30pHUIIydal TPaJAUEHTXOM XaMpoXIIyna 0apou Xalull Machalaxou
JTUCKPETH; yCyau Temakid, Ku ©Oa peryaspusarcusiu  (Oaraptubmpapopun)
ourapmonukuu TuxoHoB acoc €praact. CaMapaHOKUU METOJMKau XucoObapopi 00
HATHYaXOoHW TaupuOaxou ajajiid HUIIOH Joja IrygaacTt» [1].

Hap xopu JI.JI. Akynenko «hopmysiad OHIKOp 0apou HUIOPAKyHUU CapXajauu
MeMOpaHau pOCTKyHYa 00 MaxIyAusiTX0 0a TabCUPHU WAOPAKyHAHMA a3 pYUM KUMaTu
MYTJaK OBapja IIyJaacT. XaM3aMOH, XOJIaTU HUXOW aTpodu XyplIud XOJaTH OpPOMIi
KaOyJ1 kapya meraBaay [26].

Hap xopu AtraeB A.X. «Machajau HAOPAKyHUH capxaad Oapou MyoJusiau
runepOoiud TapTUOM AYIOMH TaHaszynagbanma omyxrta myngaact. [llapTxou 3apypii Ba
kouu uaopamnraBagaaruyd goaaxou Komm gap gocwiian MUHUMATUK BaKT MyKappap
rapaugaana. MmopakyHUXoW capXaail fap IMIAKJId aHATUTUKUA OIIKOP TMENTHUXOJ
mrygaasgy [29].

Hap wmakonam @.E. JlomoBceB Ba C.II. Xomoc «macwkaman UIOPAKYHUH
capXaJuu JanuIIxon Ma40ypuu TOpU IKYMHCA Ba Maxay/ 00 uctudomaa a3 XoCHIaxou
SKYMHA MOWJIM FaWpUXapaKTEPUCTUKHA (SIbHE XOCWIaxoe, KM CaMTalloH 0a camTH
XapaKTepUCTUKAXOW MYOAWJIan TOp MyBO(GUK HECT) Ba FaipucrarcuoHapii (60
k02 UTCUEHTX0€, KA a3 BaKT BoOacTaaHj) 00 Iy IapTy capxaiil Jap HYTXOoW TOP
MaBpUIM OMY3UII Kapop Tupudraact. Mebé€pu MaBUymUATH XaIau akal K gyt
UJOPAaKyHUU capxaai Oapow Janumxon MadOypuud TOPU MaxIyd TaBacCyTH WH
XOCWJIAXOHW SAKYMH MOWJI Jap Xap Ay HYTH OH Jap MauyMyH XajdXOW KJIACCUKM, SHHE

byHKCHIXO0H oy MapoTHOa Xocuiiau O0edocuianoira, MyalsiH kapaa mrymaact» [111].
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Jlap Taxkuk GopmMynaxou peKyppeHTHH OIIKOP Ba MAPTXOW MABYYIHSITH XAJIH
SATOHAW YCTYBOPH KIIACCUKHA Oapou Machajian oMexTan MyBO(PHUK HCTH(OIA ITyTaaH .
Hcbor rapaumaact, KM MIAPTXOM MAaBYYIUATH YYHUH MJIOPAKYHMXO a3 MIApPTXOU
3apypii Ba kudosruu MyBo(uK ona 0a cydrarii Ba mapTXou uaopamiaBaHaari Hacoat
0a Jgomaxou machballad MAOpPaKyHMl (KHCMH POCTH MYOIWIA, IIAPTXOU MOTHUIION Ba
WHTUXO0M) nbopart meboIa.

Hap makonan ®.I1. Bacunes [43] «radcupu acocxou Hazapusy JyroHari jap
Machagaxou XaTTUU HJIOPAKYHH Ba MYMIOXUAAKyHH NEMIHUXOA IrygaacT. Kopxowu
MyITapaku § 6o morupaonam [41] Ba [42] 6a Xaiu KOHCTPYKTUBUHM Machajlaxou
UJIOPAKYHUU CapXaJuu paBaHIXOM Januil Oaximuaa imynaaHi. Jlap uH Makonaxo
aNTOPUTMXOM CaMapaHOKW aJaJdyd MyalsH HaMyJaHd WIOPaKyHUH CapXaauu
yycTyuymaBanjga coxrta Imynaana. Kopu [41] Oa uctudonmam anmpokCHMaTCUSIU
OXHMpUYCHAKaW Machalad MIOPAKyHHU capXaiai Ba kopm» [42] 6a meromu Dypiie acoc
édraact.

«ban3e Hatmyaxou @.I1. BacuieB Ba morupaonu y, kKu 60a yCylnxoud TaKpuOUu
XaJUTH MachajaxOoW WAOPAaKyHH Ba MYIIOXHMIAKyHH aloKaMaHIaHmd, aap kopu» [44]
WHBUKOC ETaaH]I.

Hap xopu M.M. [loranoB «rapTubu Xxuco006apopuu yCTYBOPU COXTAaHU XaJUTH
TaKpuOWM MachallaxOu WJIOPAKYHI Ba MYIIOXWAAKyH Oapou cuHbU Baceu
CHCTEMaxOoM JMHAMUKHAW XaTTd MeNHUX0oA rapaumaact» [123]. ap xopxowu
MuHOabnaun y [124]-[127] TtarOuku wuH ycynl Oapou Myoawsian MaB4dii 00
k03(QpuUTCUEHTXON Tariupébanna Ba 00 IMIAPTXOM CapXaJWWd HaBbU CEIOM Jap
X0JIaTXOW HJIOpaKyHUU capxaiauu sikrapada Ba ayTapada HUIIOH J0Aa IIYJAacT.
MeTtoau dapkue, Ki 1ap UH KOPXO COXTa IIy1aacT, XaHTOMU MalJaKyHUU TypHu (apKi
0a MIOpaKyHUXOW CapXaJWH JOPOM HOpMau MUHUMaIUU L, 60 MabHOM KaBil Aap
MeTpukau cuHdu L, Ha3IUK MeIaBaHI.

«ba ycynxou TakpuOMU XaJUId MachajlaXOM HIOPAKYHUXOHM capXaai 1ap
I'y30PHIIXOU TYHOT'YH XaM4yHHH kKopxou M. M. [loramnos Ba morupaouu y» [47], [48],
[58], [59] Oaxmmaa mrymaas.
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A3 younbu A.3. UmmyxameroB map xopxou [98], [99] mackanan oBapmanu
CTEp)KEeHU siIkyuHca 0a Xonare, KM TO XaJJau WMKOH 0a XOoJlaTH Jojallymaa Has3IuK
Oomian, nap ¢ocunam BaktTu T Taxkuk 1yaaact. [Ilaptxoe Gappacit Mmerapaani, Ku
HYTH 4aly CTEP>KeH MaxKaM Kapja IryaaacT, HyTh poCcT 030/ MeOOIIIa ] Ba HIOPAKYH
TaBacCcyTH capOopuu OepyHUU KyHJaldaHT Ba X0JaTH UOTHI0N aMmallidi Kapja MellaBajl.

«Cuncuinan Oy3ypru Kopxou wiMmue, ku a3 4Younubu B.A. Wnitun Ba
E.M1.MouceeB wypo rapamma, OabgaH a3 YOHUOW IIOTUPIOHH OHXO HAOMa JI0/a
mynaasa, gap conxou 1999-2013 6a namp pacumaana. H xopxow uiMii 6a Xajiu
Machajgaxou WAOPAKyHHH CapXaaud paBaHAXOM MaBYdl Jap JOUpaul XaJulH
YMYMHIITyZal MachalaxOM OMEXTaW capxaaun-uotumon Oaxmumma mygaada. ap oro3
WH Machamaxo pap cuadm WS (Qp) Ba 6abman map cuadm W,(Qp) Gappacit
rapaugaan, ku gap uH 90 Qr = {(x,t) |0 <x <[, 0 <t < T }. Uu cuadxo 6opu
aBBas a3 youubOu B.A. Uniiun nap kopxom» [62] Ba [65] 4opii kapja urygaaH.
Cundu W,L(Qr) xamuyn maumyn Qyrkcusaxon u(x,t), Ku gap pocTKkyH4Uau Qr
Oedocuna Oyma, map OH JAOPOM Xap Ay XOCHIAW yMyMHInyman U, (x,t) Ba u;(x,t)
MeOoIIaH, MyalssH KapJa MernaBaj. Xap SKe a3 WH XOCHJIaX0 Ha TaHxXo 0a cuHbH
L,(Qr) Taamnyk mopan, 6anku xamayHuH O6a cuHdwu L,[0,[] 6apon xamau t € [0, T]
Ba 0a cundu L,[0,T] 6apou xamau x € [0,l] mancyd meboman (6a XaMUH MOHAH]I
cuadu W2 (Qr) mu3 Taspud noma memasan). Taaalyk JOIITAHM XaJld Mackaia 0a
WH CUH(XO0 UMKOH MEIHNXaJl, KU TaJadoTu cydrari, ki 06a mapTxou HOTUIO0M, HUXON
Ba capXajlii ry30IITa MeniaBaH;, 0a TaBpy JaKWK Ba Bo3eX HQoja rapaaH/I.

Jap mo€n Oab3e a3 HaTUYaXxoM acocue, kKu jgap kopxou B.A. Uniima Ba
IIOTUPJIOHU § 0a 1acT oBap/a mryfgaaH 1, oBap/1a MeIlaBaHI.

Hap xopu B.A. Nniiun Ba B.B. TuxomupoB «Macbhainau UI0paKyHUU capXaJauu
paBanze, ku 00 myomwian MaBuuu (1.1) taBcud mymaact, map moupam cuHpH
W.2(Q7) TaBaccyTH 4oiMBa3KyHHXO Jap [y HYTH Iopya Xan rapauaaact. Jap sepu

Machajgal UIOPAaKyHUU capxaii édranu uyHuH ¢yHkcusxon capxamuu u(0,t) =
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= u(t) Ba u(l,t) = v(t) a3 cundu WE[0,T] dpaxmuaa memasa, KM paBaHApPO Aap
MyJJaTd KamTapunu Bakth T a3 xomatu ubtumomu {u(x,0) = @(x) € W2[0,1],
u(x,0) = Y(x) € WL[0,1]} ©6a xomaru mmxomu {u(x,T) = ¢@,(x) € W2[0,],
u,(x, T) = P, (x) € WL[0,1]} merysaponana Ba XaM3aMOH IIAPTXOM MYBO(QUKATPO
00 dyukcusxoun noTHgon @(x),Y(x) xanromu t = 0 Ba QPyHKCHIXOU HUXOH @4 (X),
Y, (x) xanromu t = | KoHeh MeHaMOsIHI. MyaudoH ucOOT Kapaaan, Ku Gocuian
KaMTapuHU BakT O0apou uH Xonar T = [ meOoman. Jlap WH KOp Ay HaTHYaW acOCHH
HaB 0a gacT omamaanay [62]:

1) IHlapmxou 3apypii éa kugosieii bapou pynxcusxou @ (x), Y(x), @, (x), P, (x),
KU Masyyousmu uoopakynuxou capxaouu yycmyyywaeanoau U(t) ea v(t) -po

MavbMUuH MEeKyHaHO, YYHUHAHO:
PY(0) ="' (0) =9 (D+ 9" (D=0,
YD+ o' (D —91(0) =", (0) =0,

l

l
[ w0+ 0@+ 0@ + [ . @dx -0, - 9,0 =0
0

0

2) Hamyou ananumuxuu uOOpaxKyHuxou yycmyyyuiasanoa XaHeoMu uypou uH

wapmxo 0ap waxkau 3epun épma wyoaacm:

- | |
1
1O =5 |[$EIdx+ 0@ + 0@ + [ $i0dx -0, + 910 -]
0 1=t ]
1 [t l i
V() =5 |[ 11dx+ 0,0 - 0@ + [ peadx+ oW + -0
0 -t

Hap xopu B.A. Wmiiun [63] «6opu aBanm Gapou xap sik T € (0,1) maprtxou
3apypit Ba kudosria 6apou MaBUyAMATH XQJLIH STOHA MyKappap Tapauja, WHIYyHWH
HAMYIH OIIKOPH HJIOPAKYHUXOW capXaad Jap Iy HYTH TOp TENIHUXOJ IIyJaacT.
bapon xomatm T > (makukrapam [ < T < 20) makiu yMyMHH HWIOPaKyHUXOH

capXaauu MMKOHIIa3up OBapja HIyaaacT, Ki Ay JTOUMHUU MXTUEPHA Ba 4op (YHKCHUSU
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uxtuépupo a3 cunpu W7 nmap nopuam t € [0,T —1] map Gap mermpan. Hn
UJOPAKYHUXO TY3apHIlIHA PaBaHIPO a3 XOJATH UOTHIOWH UXTUEPH Oa X0IaTH HUXOUH
NernaKki Joaamnryaa TabMUH MeKyHaH . Harnyaxou mradex 6apou xomare Hu3 0a mact
oBapja NIyJaaH], KU WIOPAKyHA TaHXO Jap SK HyTH TOp aMaji IIyJa, HyTH TyIOM
MycTaxkaM Kapja Irygaact [64].

Hap xopxou [65] Ba [66] B.A. it Machaiaxou UAOPAKYHHH capXaaupo 00
MabHOW XAJUTH yMyMuirynan myoxwnau (1.1), Ku MaBUyIusiTH SHEPTUSH OXHUPHOKPO
TabMHUH MEKyHaJI, MAaBpUIM TaXKHK Kapop Jo1. Jlap WH KOpX0o XaMau Machaliaxoe, Ku
KabrmaH 00 MabHOM Xalmu kiaccukuu myoxwnau (1.1) Gappaciéi myna Oymanna, nap
HIAKJIA YMYMUIIYA TaXJIWIT TapAuIaH].

Slke a3 Teopemaxou acocupo a3 Kkopu [65] meopem.

Teopema (B.A. Waiiun). «bapou xap sx T € (0,1] wapmxou sapypii ea
Kugposicuu masyyousmu xauiu aeona az cungu Wi 6apou macvanau udopaxynuu
capxaouu (1.1), (1.2) sa

ulx,T) = p1(x), u(x,T)=91(x), 0<sx<I (1.5)
0y manabu 3epur mebouiao.
1) p(x), @1(x) € W3[0,1], ¥(x), P1(x) € L,[0,1];
2) 6apou xamau t € [0,1 — T] oy bapobapuu 3epun Konewv 6ouano:
P10 + () —PE+T) — @t +T) =0,
Pt +T) = st +T) = () + 9(t) =0,
ku oap onxo P(x) ea Pi(x) mysopuran @ynrcusyou ubmuoouu P(x) ea P;(x)
mebowano, ku bapou xap sk ty € [0,1 — T wapmu 3epunpo Konewv mekyHano:
1 (to) + @1(to) —P(to + T) — @(ty + T) = 0.

Aeap un manabom uypo waeawo, XailU MAcCbaid 0ap WAKIU 3epuH 000a

Meuasao:
ulx,t) =F(t+x)+G(t—x+1),

Ku oap on oapou 0 < t < [:
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1. . ~
Ft) =5 [P +o®)], FE+T) =50+ o1(D)]

_ N =

GO = [ PU=D +0U=0] GE+T)==[-$U—0O + o (L= D]
2 2

Hap aiinu xon1, uoopaxynuxou capxaouu u(0,t) = u(t) € WL0,T] ea u(l, t) =
= v(t) € W}[0,T], ku pasanopo az xonamu ubmuoouu (1.2) 6a xonamu nuxouu (1.5)

Me2Y3apPOHAHO, WAKIU 3ePUHPO 00OpaHO» [65]:
1, . ~
w) =5 [D(®) + (&) =D (T = t) + 91 (T = 1)],

1 . ~
v(t)=§[¢1(1—T+t)+g01(l—T+t)—1,0(l—t)+(p(l—t).

Hatnuaxon B.A. Wnitun «Oapou XojlaTH WAOPAKyHUHM capXald TaBacCyTH
YOWMBA3KyHH Jap sIK capXaJl XaHToMU 030]1 OydaHu capxaau Jurap jaap Kopxou Peso
[1.A. Ba Yabakaypu I"J[.» [130], [131], uHuyHHH Oapou XoJaTH UAOPAKYHUHU capXaii
TaBaCCyTH KyBBaW YaHJUPHA JHap SK capXaJ XaHTOMU MycTaxkaMm OyIaHW capXaiu
nurap nap Makosiau Hukutua A.A. [119] kyuonuna nrynaas.

Hap xopxom B.B. TuxommpoB [139]-[141] Ba xopu PeBo IIL.A. Ba
B.B.TuxomupoB [132] machanan ujopakyHUU capXaiail 0apou JIAMUIIXOU TOp Jap
XoJlaTe TaXKWK IIy/laacT, KM HYTH POCT 00 KyBBaM YaHIUPA MyCTaxkKaMm Kapja
IIyaacT, sS’bHE Jap HYTH POCTH TOP IIAPTH CapXaJuu SKYUHCAU HABBHU CEIOM J0]a
IIy/1aacT:

u,(,t) + hu(,t) =0, h>1.

«A3 HATUYaXO0W UH KOPXOH TaXKUKOTH Oapmeosia, ki gap xomatu T > 21, BakTe
KM UIOPAKyHI TaHXO Aap SK HYTW TOp amaji MellaBaj Ba Aap xonatu 1 > [, BakTe KU1
UOOpaKyHH Jap Xap Ay HYIr'd TOp aMalyd MeIlaBaJ, Machbajlad WUIOPAKyYHHUHU capxaign
XaJUTM SITOHA HAaAO0pajl, SbHE Xau Oeoxup naopaa. TaOWMUCT, KU Jap YyHUH XOJaT
Machaigan 9yCTYyYyu HIOPAKYHHH CapXaauu onTtuMaiii 6a Mu€H meosn. u macwana
0a OH paBOHa IIyAaacT, KM a3 MUEHU XaMaW UIOPAKYHUXO OH UJOPAKyH! HHTHXOO

KapJa ImaBaj, KA O0a WMHTEIPAJM SHEPTUsSH CapXaaud CHUCTeMa KAMaTH MHUHHMAaJIi
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nuxan. Max3 0a XxaMHMH Machaja K Karop Kopxou mymrtapaku B.A. WimiinH Ba
E.l.MouceeB Oaxmmaa mymaact» [69]-[85].

«'y3opumm machanam HIAOPAKyHHH CapXaadd ONTUMAJIUpPO, KU TaBacCCyTH
qOWWBA3KyH# Jap SIK HYTH TOP XaHTOMH MyCTaxkaM OyJlaHU HYTH JyIOM amalil Kapjaa
MelllaBaj, MHYYHUH HaTu4axou MyBodukpo, ku 6a B.A. Wminn Ba E.M. Moucees
TaaJUTyK JOpaHI, aap moéH meopem» [80].

«bursop, 3apyp act, ku a3 cuabn W,l(Qr) Xammm yMyMHIIyZad Machaaau
MI0paKyHHH capXanil Tapaccyty voitmsaskynuu u(0,t) = u(t) € WA[0, T] xanromu
myctaxkam Oymanm oxupu Top u(l,t) =0, 0 <t <T Oapou paBaHae, Ku 00
myonwian Mapuuu (1.1) TtaBcud memasan, édra masan. ba ubopau nurap, yyHUH
ynxcusu capxaquu u(0,t) = u(t) € WA[0,T] épra masaa, Ku XaHIOMH HYPO
IIyIaHW IIapTH MyCTaxKaMil paBaHOW MaBYMPO a3 XOJAaTH  HOTHUIOWH
{u(x,0) = p(x) € W[0,1], u.(x,0) =y(x) € L,[0,1]} 6a xomaru HuUXOHH
{fu(x,T) = p,(x) € WL[0,1], u(x,T) =,(x) € L,[0,1]} ryzaponan» [80].

Jlap xopu [66] B.A. Uniinn ucOot kapmaact, ki UH Macbhana «bapou T > 21
xamm Oeoxup gopaa. A3 wH py, Oapom T > 21 mMacwanam MyailssH KapJaHU
UJOpPAaKyHUU capxXaauu onTumanii 6a mMu€H Mmeosin. MH mMackana 0a OH paBoHa
myfaact, ki a3 MuSHM Xamanm Qynkcmsxom u(t) € W,'[0,T], xu maopaxkyHuxon
capxaain meboman, oH ¢yHKcusepo €hTaH JT03UM acT, KM 0apou KUMaTu JTOUMUU

p = 1 6a unTEeTrpaTN

T
j W (Ot (1.6)

XaHTOMH MaBYyJl OyJlaHH IMApPTXOH ajoKa, KK a3 HYPOH IIAPTXOH JTOMANTyIau HOTHION
Ba HUXOM OapMeosiHI, KUMaTH MUHUMAJIA Meauxaa» [66].

Teopema (B.A. Wiaiinn, E.A. MouceeB). «@ap3 mexkynem, Ku oap macvaiau
maxusuyoau  uoopaxynuu capxaou T =2In+ A,n € N,A € (0,2l] newbuni
wyoaacm. Ilac 6apou p > 1 wuodopaxynuu capxaouu seonau u(0,t) = u(t) €
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€ %1[0, T] maeyyo acm, xku pasanou nanuwpo az xoramu ubmuooi 6a Xxoramu
HUXot meopaod ea 6a ummeepanu snepeusu capxaouu (1.6) xumamu munumani

Meouxao.

UH uoopaxynuu onmumanii 60 ghopmynau 3epur 000a Meuasao:

u(t) = L(t) + a(t),

ku oap on L(t) dap nopuau [0,2ln + A] ¢pynxcusu xammuu 3epun acm.

1 21
10 =00 - | [ F @]
0

a(t) oap nopuau [0,2ln + A] ¢yuxcusu oaspii 60 oaspu 21 6yoa, bapou xamau
0<x<A4 6a m=0,n, unyynun oapou xamau A <x <2l 6a m=0,n—1 6o

ugooau 3epun Myatisin Mewasao:

X 21 x
a2lm + x) = ﬂf F(&)dé —j F(&) dé.
0 0

Dynrcusu F (x) waxnu 3epunpo oopaoy [66]:

( 1

D@ A+2) — o'W+ -4+ 2D - Pl 0sx <A

F(x) =+

1
Z [ E D= D P =N =PI, Asx <20

Hap xopu [80] xaMuyHHH MCOOT mIynaact, ku Oapou xap ryHa T-u 0a kaupu
k0¥ KaJIOH UJIOPaKyHUU ONTUMAJIUM capXaJlid XaHTOMH p = 1 sKxela acT.

Yabaxkaypu [.JI. «Machanan onTUMHU3aTCUSIU UIOPAKYHUU CapXaUuu paBaHIXOU
JAnUIIpo Jap SK HYTH TOP XaHTOMU MyCTaxkaMm OydaHu HYTU JIyloM Jap cuHOH
xanxou ymymumynan W, (Qr) 6apou xonare TaXKHK KapAaacT, KM MIAPTXOH 3apypil
Ba kuosrum 6amactoBapaan B.A. Wnitnua Gapou dyHKCUSXOM MOTHION Ba HUXOWUH
paBaHIpPO MyalstHKyHaHAa HM4YpO HaMmewmaBaHJ. Myamnud HaMyIu aHAIUTUKUU

OILIKOPH MIOPAaKyHHH ONTHMAIHAPO Oa JacTt oBapaaact» [146].
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Kalng kapgaH mMyxuM acT, KM Jap XaMah KOPXOHU 3HKpIIya Machalaxou
ONTUMAJMU HIOPAKYHUHM Capxadil Jap acocH MachallaxoM omexTa 00 IIapTXou
capXaJuu HaBbXOU SKYM Ba AYIOM Xall TapAuaaaH/l.

«MyHmIKUI0T Aap TaxJIWIW PaBaHIXOW HIOpalllaBaHa 00 MIAPTXOU CaApXaJTHUH
HaBbU CEIOM HHUcOaT 0a madexu ouxo 60 maptxou Jupuxie Ba Heliman 6a HaOymaHu
TACBUPXOM aHAIUTHKA 0apoM XaJUIM YMYMHUIIYIAad MacallaxOu OMeXTa Jap MYyIJaTH
BaKTXOM KajioH MapOyT Oyn. Kamamu ycTyBOp map oMy3uinm Machanaxou HIOPAKYHI
00 maptxou capxaauu HaBbu ceom kopu E.M. Mowucees Ba B.B. Tuxomupos
meOommaa» [112]. Jap o machanau omexTa 0O MIAPTXOU CapXaJUM SIKYUHCAW HABBU
CEIOM JIap IIAKJIM aHAJUTHUKA Oapou pocusianm BaKTH TUiaxoxu T Xai Kapja IIy/1aacr:

Ut (6, 1) — Upye (x, 8) = 0,
u(x,0) =0, u;(x,0)=0,
u(0,t) = u(t), u,(l,t)+ hu(l,t)=0.

Max3 nap uH kop UCOOT HIygaact, ku 6apou udogan xamiv Ma3Kyp Aap MIaKiIu
OIIIKOp 3apyp acT, ku a3 OucépysBaxou Jlarep uctudona masaa. XamMuyHUH gap
Makoja STOHaruM Xajuld Machajal oMexTa Oapou MyoAwsian MaByil 0O HIAPTXOH
capXaJuu HaBbXOHU SIKyM Ba CEIOM UCOOT IIy/1aacT.

Hap xopxou Huxutun A.A. [120]-[121] mackanaxou ujpopakyHuu capxaia 00
IAPTH YUHCHU CEIOM TaxJui Imynaann. «Haruyam acocun Huxkutun A.A. mykappap
HaMyJIaHU MELEPU ONTUMANIA 0apou XayulM Machallad UIOpPaKyHUU capxaiu, ku Oap
acoCH Machallau oMexTa 00 UJOpaKyHHUU CapXaJuM HaBbU CEIOM Jlap HYTH Yaru TOp
XaHTOMH MYyCTaxKkaMm OyJlaHH HyTH pOCT acT, Mebormam [120].

bapou ryszomrann macwanam ontumusarcus HuxutmH A.A. G6apou Oappaci
byukcusu H (t, T)-po BopuI Kapaaact, Ku 00 6apodapuu 3eprH MyaiisH MellaBa;

H(t,©) = {e™" " [Lin-m41(2hT) + L3y (2hD)],

xagromu 2lm <t <2l(m+1), m=0,2n+ 1}.
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Macbana a3 €pranum pgap Oaiimm Xamanm QyHkcusxou u(t) € Ly[0,T], xu

UJIOPAKYHUXOU capXaaid MeOolraHja, oH (yHKcusie, KM 0a WHTErpajud SHEPrusu

capXaJuy 3epUH KUMAaTH MUHUMAJIA MeaUXaz, uoopar acr:
t p

u(t) —h- J H(t,t — h)u(h)dh| dkt.
0

O\\l

Hap aitHu X011 MaByyd OyldaHU IIApPTXOU aJIOKa, KU a3 WYPOU MIAPTXOU UOTUION
Ba HUXOM OapMeosiHa, Taiad Kap/ia MelIaBai.

Hap monorpadusu 3namenckas JI.H. «Harnyam taxkukotu myamuidd oua Oa
UJOpaKyHUH JIAMTUIITIXOW YaHIUPHH CUCTEMAaX0, KU 00 Myoanial MaBYHUH SKUYCHAKA Ba
IAPTXOU CapXaJuu XaTTUW HaBbXOM T'YHOTYH TaBcU( MeEIIaBaHJ, OBapja IIyJaacT»
[57].

«/lap WH KOp paBUIIXOM amaylii OApOW COXTaHU HIOPAKYHHXOHW capxadi 0o
uctudona a3z ycynxou lamambep Ba Dypiie 6a TaBpu Mydaccan Gappacii mrygaaH.
Xamm ymymumyna a3 cuHOH L, 6apor HaMyIXOM T'yHOTYHHM MachaldaxOH CapXajlil
MyaiisitH rapaupaact. bo uctudoma a3 Gaxoxow anpuopii TeopemMaxo ouja 0Oa
MaBUYIUSITH Xajl UCOOT IIyJaaH] Ba IIAKIM OUIKOPHU Xaj MyalsH Kapja LIyJaacT.
Xam Machaaaxou UAOpPaKyHUH capxaiil xaM 0apou XaJUTd KJIAacCHKid Ba XaM 0apou
Xammi ymMyMmumyga a3 cuadu L, 6a mact oeapma mymaact. CHHOE (GyHKCHAXOHU
Ly([0<x<I]x[0<t<T]) a3 yonubu Myammd BOpPHJ Kapia IIyIaacT Ba OH
HIC6aT 6a cHHGN MabMyInn L, KaMe MaxIyaTap acT, 3epo 6a QyHKCHIXor cuHbH L,
IApTXOW WJIOBAar Ty30IITa MEIIABAHJ: MaXIyAUATXOW OHXO XaHTOMH X - H
Kaiiamryna € XxaHromu t - U Kaiamyna Hu3 0a cundu L, taamnyk gopana. Kucme a3
HaTU4axoe, ku 0a [57] moxwun mrymaann, a3 yoHuow 3Hamenckas JI.H. xabman map
Kopxomn» [55]-[56] 0a Harp pacoHuaa Iyna OyaaHI.

Hap [56] Macwanam omexTtau 3€puUH Oappacil IIygaacT: YyHHH (QYHKCHUSU

u(x,t) € L,(Qr) - po é6exn, ku on myonmnan Maauu (1.1), maprxon capxamun (1.3)

29



Ba maprxou Huxouu (1.5) - po kanoar kyHoHan, ku map ouxo u(t),v(t) € L,[0,T],
@1(x) € L[0,1], 1 (x) € HH[0,1].

Teopema (3namenckas JIL.H.). «4eap yanu u(x,t) € L,(Qr) 6apou macvanrau
omexmau myounawasanoa xaneomu 0 < T <1 6yyyo dowma d6owao, nac 6apou ou

oaxou anpuopuu 3epun oypycm acmy [56]:

I Ce, )ll,0n < €T - [tz rom + IV, 10.7]-

Jlap xopu 3Hamenckas JI.H. «6axom ampuopii 6apon xamm cuapu W' map
XOJaTH MIOpaKyH#l nap xy HyTH Top Ba T < [, WHUyHHH 6apou Xammm cuadxon Wi
Ba L, 1Map XomaTH MIOPAaKyHA jgap gk Hyrum Top Ba T < 2] Hu3 6a macT opapia
mrygaasay [56].

B.A. Wnitun «Machamaxou OMeEXTa Ba MachallaxOM HJOPAKYHUH CaAPXAJUPO
Oapou Myoausiau SKYCHAKaW MaBuil 0O IIAPTXOM CapXaguH FaHPHIOKANid TaXKUK
Kapaaact. [lap kopxou § mMachaian ONTUMHU3ATCHS OApOU BaKTXOHM KaJOH XaJUTH XYIPO
épTaacT Ba HMIOPAaKyHUH CaApXaJAUH ONTUMANNA [ap IMIAKIN AHAJIWTUKA TEITHHXOT
mrynaact» [86], [87].

Hap xopxou KymemoB A.A. «machamaxou omexta O6apou myomuiau (1.1) 6o
IapTXOM CapXaJauu FalpuwioKalid Jap Ty3opulld HucOaraH yMyMmil Oappacit
rapaumaangy [104]-[106].

Kopxou E.M. MouceeB Ba A.A. XonomeeBa «HHM3 0a Macbhajiaum HIOPAKYHHH
capxaait 6apou myonuinau (1.1) 60 mapTxou capxaauu FaUpUIIOKalid JAap HIAKIXOU
TYHOTYH Oaxiuja mrygaaHja, KM Jap OHXO XaJUTW Machallaxow OappacuiiiaBaHja 6a
TaBPH OIIKOPH aHAJIMTUKA Taxus 1rynaanay [113]-[115], [144], [145].

Comu 2009 B.A. Unitun «dopmynan Hamynu Jlamambeppo Gapou janumnixou
CTepeHH OeoXup, KU a3 Iy KUCMaTH 3W4il Ba KyBBau YaHAMPHUAIIOH T'YHOTYH HOOopar
acT, Xocus Hamym» [88].

Hap xopu B.A. Wnitun Ba I1.B. Jlydepenko «macbaiaxou omexta Oapou
MYyOIWJa MaBYMHM KaHUIIAOp 00 maptu Oapobapuy UMIENAHCXO TaxXKHUK Kapaa

mynaann. OHXO QopMynaxod aHAIMUTUKUU OIIKOp Oapou MachalaxOu OMEXTau
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MyOMHaIIaBaHaapo 0a npact osapmaana» [89]. «Harowmuyun MoHaHa a3 YOHUOU
B.A.Unitun xaHromu sikxena OyJaHW BaKTH XapakaTH MaBY Jap Xap SK KUCMaTH
cTepkeH 0a aact oapna mygaact» [90]. babnan, ua MaB3ys nap kopxou Wmiina B.A.
[90]-[93], benukoB A.B. [34] Ba PoroxuukoB A.M. [133]-[134] pyuia Ebt. Ca3oBopu
Kaiin act, ku PoroxHukoB A.M. Macbhanaxou OMeXTa Ba WHUYYHHH Machallaxou
UJIOPAKYHUU capXaJuu ONTUMAIUPO Jap Xojare TaXKUK Kapj, KU CTepkKEeH a3 sSIKYaH]I
KHCMaTXo ubopar acr.

Ax karop xopxou A.M. Eropo Ba JI.LH. 3nameHckas «0a Macbhaliaxou
MYIIOXUJIAKYH Ba HJIOPAKYHWH JIAAIIXOM OOBEKTXOM MaiBacTmiyga 00
napaMeTpXod TaKCHMINyla Ba MyTamapkas Oaxmmaa irygaact» [51]-[53], [57].
MacanaH, «OHXO Machajau XOMYII KapJaHU JIAMUIIXOU CHUCTeMapo Oappacii
KapaaaHa, KU a3 SKYOSANIaBUM MYOIMJIaW MaBYél Ba MYOAMIaxow auddepeHCHannu
OJIMU Japayau JyloM HOOpar acT, SbHE cucTemMa a3 Jy OOBeKT Tamkui E¢raact.
Jlanumixon sk OOBEKT 0O MyoJIWjaW MaByil 00 MIAPTXOU CapXaqUU YUHCH SKyM
TaBcu} Kapma mygaaHa. Jlammmxom  oOvekTHm  amrap 00  MyOIMIaXOH
muddepencruanuu onuu gapadad IyroM, Kd (PyHKCHSIH MIIOPAKYHid J1ap OHXO YOUTHUD
act, TaBcu( kapaa meraBanm» [51].

Hap xopu B.P. bapcersn Ba C.B. Cononyma «Macbanan HIOPAKyHUN capXaai
Oapou JIAMUIIIXOU TOPH SIKYUHCA Oappacii IIynaact, Ku gap OH, XamM3aMOH 00 IIapTXou
KJIACCUKUU capXajiii (MOTHUI0N Ba HUXOM), KUMATXOU (DYHKCUSIM Tapull Aap Jax3axou
MHUEHAN BaKT MyaisiH Kapja MemaBan [32].

«Macwbanau u1opakyHii 00 YOMMBA3KyHid J1ap K HYTU TOP XaHTOMH MYCTaXKam
OyIaHu HyTH Aurapaiil 6a Machajiau UJI0paKkyHil 00 mapTxou capxaauu cudpi oBapaa
mrynaact. Tap3um camapaHOKM COXTaHM UOPAKyHUU capXaaid Oapou paBaHIXOH
JAmUIIXon TOp 00 KuUMarxow jgojamryaad (yHKCUSIM TapAull Jap Jiax3axou
dbocunaBuM BaKT TMEIIHWUXOJ IMynaacT. bapou caHUMIM TaxXKUKOT Tadypubaxou
xuco00apopit Ty3apoHua myaa, rpadhukxon MyBoQHUK COXTa ITyIaaH 1, Ku HATHYaxou

OamacToMaaan TaXKUKOTPO TacauK MeKyHaH» [32].
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«Kaiig xapman 6a maBpup act, ku B.P. bapcersa 60 xamMmpoxuu morupaoHant sk
KAaTop KOPXOW WJIMI HaIllp HaMymaaHz, KU 0a Hazapusy Machadaxou HIOPAKYHHH
capxani Oaxmma mygaasnay [30], [31]. Comu 2016 monorpadusu § [33] Hamp mryx,
ku 0a MachalaxoW HJIOPAKyHHMH CHCTEMaxOoW ITWHAMUKUN XaTTUU TapKuOil Ba
cucTeMaxon 00 mapTxou ¢ocuiaaBuM OMCEPHYKTAa 00 MaXIyauATXO 0a KUMaTXOou
KHUCMXOHM TYHOTYHH KOOPJAMHATXOM BEKTOpH (hazaBil Jap jax3axou (ocuiaBUU BaKT
Oaxmuaa mrygaacT. bapou cuctemaxoum MyIIaxxacu TapKuOi Ba cuUcTeMaxow 00
mapTxou ¢GocuiiaBum OUCEPHYKTA XaJIM OIIKOpP Oapou MachajdaxoW HIO0PaKyHH,
UJ0paKyHUH ONITHMAJTA Ba YCTYBOPCO3ii Oa 1acT oBap/ia IIy/1aacr.

Hap xopu A.A. Angpee Ba C.B. Jlekcuna «waptxou 3apypin Oapou
(GYHKCHUSIXOM MOTHION Ba HUXOW XOCHJ Kapja IIyJlaaHja, KM OHXO Xa/UIM Machaylau
UJIOPAKyHUPO O0apou 0O0BEKTXO0U 00 CUCTEMan MYOIUIaX0U MaBYUU

Ure (X, 1) — Aty = 0

TaBcudmasaiga gap coxau Q,r =[0,I] X [0,T], xu map om u = [uy(x,t),
u,(x,t)]"— BexTop-QyHKCHS Ba A-MaTrpuTCam KBaJpaTHH JOMMHU TapTHOM IyIOM
MeOoIa, TabMUH MEHAMOSTHA. Macbhanian WI0paKyHid YyHWH TaXysl IIyaacT: YyHHH
sekTop-dynkcusxou u(0,t) = u(t),u(l,t) = v(t) a3 cundu C?[0,T] épra mapanm,
Ki 0apou XaJTi Machajlad capXaaud SKyM 00 MIapTXOW HOTHIOWH TOMalTyaau
u(x, 0) = @,(x) € C?[0,1],u.(x,0) = ¢P,(x) € C1[0,]] nmap naxzam Baktu T
mwaprxou Huxod wypo masaHm: u(x,T) = @,(x) € C2[0,1] Ba u,(x,T) = P, (x) €
€ C1[0,1]. bapou IOPaKyHUXOU CAPXAJIMHU YyCTYydyIIaBaHaa UPOTAXOH aHATUTUKUH
omkopu HaBbu JlamamOep memHuxoa mymaanm» [27]. TaxkukoTu gurape, ku 0Oa
Machajgaxou TYHOTYHH HIOpPaKyH@ OapoW CHUCTEMan MYOAMIaXOWM MaBYUH Ma3Kyp
Oaxmmaa mygaact, map kopu aurapu AnapeeB A.A. Ba Jlekcuna C.B. oBapaa
urygaact [28].

Hap xopu Jlekcuna C.B. «dopMynau ymymii 6apou Xajuid MyoauIal MaBYUH

MaTpHcaBil oBapja mrynaact. gopakyHuxou capxanaid 60 IMapTXou mMachaliad TyIOMH
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capxaaid HaBuITa InygaasHa. Jlap WH TaxKukKoT ¢ap3 KapAa MIynaact, Ku A —
MaTpHUTCau KBaJApaTHH TapTHOU M-yM 00 KUMAaTXOU XOCH XaKUKUHU MycOaT MeOotmam
[108].

«Jap oy 600u aBBanu aucceprarcusiu Hom3aguu Jlekcuna C.B. macwpanaxou
TYHOTYHH capXaJil Ba MachajaxOWM HIOpPaKyHHH capxaii Oapou cucTemau
MYyOJIMJIaxXou MaB4il oMyxTa mrynaani. Jap BoOacrarii 6a xocusTXoum Mmarpucan A
XaJId yMyMit 6apor MyoauJiad MaBYMU MaTpucaBii Ba madexu hopmyman Jlamambep
0a mact omamaacT. XaMYyHUH, (PYHKCUSXOH HUIOpPAKyHH OO0 IIAPTXOM Machalaxou
SAKyM Ba JYIOMU capXaJil MyailsiH rapiujaanjl, KM Makid oHXo 0a TaBpu Myaccup 6a
criektpu matpucau A Bobacra medomamxy [109].

Hap nucceprarcusiu KoznoBa E.A. «wMacbanaxou HIOpaKyHUH capxaai 00
IApPTXOM Machajau capXauu sIKyM 0apou CHCTEMaxoW MYOAMIAXOW TUIEpOOTHH
TapTUOM JyIOM TaxXKUK Inynaanja. Jlap oH Xanum macbhballad WAOPAKyHUHU capXaii
Oapou cucTeMau MYOJWJIaXOW TUIEepOOIMU TapTUOM aytoM 00 1y Tardupébanmau
HOBOOAcTa XaHTOMH  IIAKIXOM TYHOTYHH  KOI(P(GUTCHUEHTXOM  MaTpUCaBHUU
KOMMYTaTUBUM 0a Machalia JOXWIIIABAHJA COXTa IIyJaacT. XaUld Machaslau
UJIOPAaKyHUU capxajil Oapou Myoausiad HaBbU TUNEpOOIUMU TapTUOU nytoM 00 1y
Tariupébangan HoBoOacTa, KW XOCWJIau OMeXTapo Jnaap Oap wmerupaa, Oapou
HAMYJIXOM TYHOT'YHH COXaXOHM XapaKTepUCTHKA Oa mact oBapma mrymaact» [100].
NHuyHuH, XaJIaum Machanad HWAOPAKYHUH capxaaid O0apoW CUCTeMan MYOIWJIaxXoH
runepOosIiuy TapTUOuU ayroM 00 Ay TardupédaHman HoBoOacTa, KM XOCHIIal OMEXTApO
nap Oap Merupaja, XaHTOMHU IIMAaKJIXOW TYHOTYHH KO3(P(PHUTCHEHTXOM MaTpUCaBUU
KOMMYTaTUBHUH 0a Machaya JOXuilaBanaa éra mrygaact.

XaMHH TapuK, Jap acocu rydTaxou 00510, MO METaBOHEM Xyroca 0apopem, Ku
Machaaaxou aCOCHH Ha3zapusiu UAOPAKyHH, a3 qymia HIOPaKyHUXOHU capxaiai Oapou

MYOJIMJIal MaBYMU SIKI€HAKau IKYMHCa Mydaccaa OMyxTa IIyl1aan/I.
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1.3. lllapxu HaTH4axo ou/l 62 Machbajaxou HIOPAKYHU paBaHAX0e, KH 00
MYOIMJIaM AKYeHaKau Tejerpagn rascug Meédany

Myonunau sikueHakau Teierpadi aMcuiian MaTeMaTHK Oapou IryMopau 3uéau
paBaHaxou (pU3MKA MeOoIIan, KM aXxaMusATH amManid JopaHia. Myoaunam Tenerpadi
dbumopu HadT € ra3zpo gap KyOypXxo TacBHp MEKyHal, TMHAMHKAW KyBBau 4apa&Hpo
XaHTOMHM TIaXHIIABUM MAaBYXOM OJJICKTPOMArHUTA Jap Xarxou TYJIOHM TaBcud
MEHAMOS, JANUIIXOM O30 MYXUTH TeoNorTHpo ((PUIIOPXOM TUIACTUKA Ba
YOUMBA3KyHUXOPO) HU3 IIAPX MEIUXA.

Hap xurtoou TuxonoB A.H. Ba Camapckuii A.A. «Macwanam Komm Oapou
MyoauiIau Tenerpapuu

Upe (X, 8) — Uy (x, ) + c?u(x, t) = 0,¢c = const (1.7)

00 ycynu Puman xan kapaa mrygaact. Jlap aitHu xon xayum machanau Komu Gapoun
myonmnan (1.7) taBaccytu Qynkcusiu beccenu Taptubu cudpit udona Edraact
[142].

bosin kaiin xapn, KM cuUcTeMaum MYyOAMJIaxouw Tenerpadi Oapou Xosare, Kd
CUTHAJI fap xar 60 taxpud uHTUKOI Me€0an, 6a myoamian (1.7) oBapaa MmepacoHa.

«Harngaxou 4onu6, ku 06a Machajiau UJOPAKYHUU capXaail 0apou Myonusiau
tenerpabin (1.7) maxn mopanna, nap kopu B.A. Wmina Ba E.M. MowuceeB 6a mact
oMajaaH]. AHUKAI, Aap KOPU OHXO Machajlau UIAOPAKYHUU CapXadi Jap K capxaj
XaHTOMH MycTaxkam OyJaHu capXaau TyloM, KM paBaH]l Jap 1aBoMU BakTu T cypar
Merupaa Ba 00 Xauiu ymymuinygau myonuian teierpaduu (1.7) a3 cunde, ku
UMKOHUSTH BYYYI JOIITAaHW DHEPTUSH capXadd I0pajl, TaBCHU( MeIIaBaa, OMyxTa
mynaact. UmopakyHuu capxaauu 9ycTy4yliaBaHaa 00 Tap3u aHAIUTUKHHU OIIKOp 00
uctudonan GpyHkcusxon beccennn 4UHCH SIKyM Ba CEIOM COXTa IIylaacT. XaMUyHHH
ucOOT 1Iynaact, ku Jiax3au Baktu T = 20 kputukin medomany [67].

Hap makonaum gurap B.A. Wnitun Ba E.M. MouceeB «machanam UI0paKyHUU
capxajJuu paBaHaepo, ku 60 myoawiau (1.7) TaBcud MemaBani, nap a1y capxaa TaXKUK

kappaann. [laprxom 3apypum By4yyd JAOWUTAaHW HJIOPAKYHUXOM  CapXaJvu
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qyCTy4ylIaBaHAa XOCWJI Tapaujia, XaMuyHHH OHX0 00 €pum ¢yHkcusixonm beccennu
YUHCH SIKyM Ba CEIOM Jap IMIAKIW aHAIATUKUHU omkop Edra mymaann. Myammndon
UCcOOT KapaaHI, KU Jap UH XO0JIaT Jlax3au BakTd Kputuka T =1 wmeOomamn [68].
Hap makonau JI.H. 3namenckas Ba 3.1. IToranosa [54], xamuyHuH nap 606u 6-
u MoHorpadusu JL.H. 3HaMmeHckas «Machaiad HIOPAKyHUH paBaHIW Ty3apHUIIH
yapa€H Aap HOKWI, Ku 00 KyBBaW 4apa¢Hu i Ba mmagaTd 9 , KU QyHKCHUIXOW MaBKEH
HYKTa X Ba BakTU t MeOOIIaH, TaBCH(] MeImaBaj, Xawiu xyapo édraact. Un

(GYHKCHUSIXO CMCTEMan MYOAHIIaxou Tenerpaduu 3epuHpo KOHEh MEKyHaH/I!

{ﬁx+Lit+Ri:0,
iy +CO, +GI =0,

K1 Jap oH R Ba L — mykoBuMar Ba Kodddurcuentu xyauHaykcus, C Ba G —
K03()(PUTCUEHTXOM HKTUJIOpP Ba UXPOY, KU Oapou SIK BOXHIU Japo3il XucoO Kapjaa
nrygaasa. Xalid KIACCUKHMM MachalaxOW TYHOTYHH CcapXalil Ba MachalaxXoH
UI0paKyHHH capxaai 0o épun ycyau JanamoOep nmemHuxo mymaact» [57].

Hap xopxou U.H. CMupHoB «Oapou Tope, Ku a3 Ay KUCMATU T'YHOTYH HOOpat
acT Ba MMIeNaHCcXoW OapoOap nOopaHj, IIAKIM AHAJIUTUKUU OIIKOPH HJIOPAKYHHH
capxaain 00 4YoOWMBa3KyHM Jap Xap Oy KaHop ¢E¢Ta uIymaacT, KA Jap BakTH
KYTOXTapMHU WMKOHMA3up pPaBaHAPO a3 XOJaTH HOTHIOMH Aodamryaa 0a XosaTH
HUXOMH OpoM Meopan» [136]-[138].

«Arap 4ONHMBa3KyHHH HYKTaW TOpP X Aap Jlax3au BakTH t 00 u(x,t) wumopa
KapJa IIaBajl, ac paBaHAM JAMHUINA YYHUH TOp, KU aap AaBomu Baktd 0 <t < T

amaJl MeKyHaJ1, 60 MyoauiIan Tenerpaguu KaHUIOPpH 3€pUH TaBCU( Kapia MelaBa:

U (x,t) = {

a?u,, (x,t) + c?u(x,t) B [-l; <x<0]x[0<¢t<T],
asu,, (x,t) + c?u(x,t) B [0<x<L]x[0<t<T],

[k [k _
KA Jap OH a;, = p—l, a, = p—z,kl = const —ko3pOUTCUEHTH YaHIUPH, p; =
1 2

const —3uyun  xartum  kucmatu —l; < x <0, k, = const — koaddurcuentTu

YaHJIUPH, P, = const — 3uunmn xartuu Kucmatu 0 < x < [,, l; Bal, —amaaxowu
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Mycbaru uxtuépii medomana. dap3 kapja memaBaj, KU Aap HyKTau MaiBacTIIaBUU
ny kucmar x = ( mapTxou XxaMmpoxiinyaa KOHeb Kapja Memasasay [136]:
u(0—-0,t) =u(0+0,t), kyu,(0—0,t) = k,u,(0+ 0,¢).

Hap xopxou M.H. CMHUpPHOB «XaHTOMHU TaxJUJIM Machajlaud NEHTHUXOJIIY/A,
Oapobapuy MMIIEIAHCXO0 axaMUSITH MyXHM Jopai, sbHe pik; = p,k,. ba moHanau
xopxou B.A. WNnitun Ba E.1I. Moucees, XaJuln Machajlanl UIOPAKyHUH capXadi, KU
N.H. CmupnoB édraact, a3 ¢yHkcusixou beccen uctudona mebapan Ba docunau
MUHUMAJIMM BakT OapoW OpOM KapAaHW cuUcTeMad OappacHiliaBaHlia Jiax3au BaKTH
T =1 meboman» [137].

N.H. CMupHOB «HHUYHUH (opmynaxon Hamyau JlamamOeppo Oapou TopH
HOMAaXJy/d, KM a3 Jy KUCMaTh TyHOTYH 0O 3M4il Ba YaHJIUPUU Xapxeja ubopar acr,
XOCHJI KapAaacT Ba 7 Machajal OMEXTaW HOTHIOW—capXaaupo Oapou Myoausian
tenerpaduu (1.7) xan xapmaact. bapou xap ryna ¢ocunan BakTu T MIAKIU OIIKOPU
aHAMTUKAK Xauid u(x, t) xocun mrygaact» [138].

Hap makonan mymrapaku A.A. Kynemos, 1.C. Mokpoycos Ba I.H. CmMupHOB
«XaJIIaBaHJarud Machajiaxou omexra oapou myoauian tenerpaduu (1.7) nap cundu
Ly, p = 1 mMaBpuau omy3um Kapop rupudraact. Jlap uH KOp HULIOH J0Ja LIyIAacT,
ku gap poctkyHyan Qr = {0 < x <[} X {0 <t < T} xaum AroHau YMyMHIIYIaH
machanan omexra 6apou (1.7) a3 L,(Qr), p =1 nap xonatu ¢ = 0 60 maprxon
notugonn cuppi Ba capxamuum u(0,t) = u(t) € L,[0,T],u(l,t) =0 maB4yn acr.
Xaum Machasia 1ap MIAKIWA OLIKOPY aHAIUTUKHA coxTa mryaaact» [ 106].

Hap wmakonam E.MM. Mowucees Ba H.M. IOpuyk «Xamum KIIacCUKiA Ba
yMyMUIIIyAau Machanaxo Oapou wmyoawrtaum Ttenerpadic 60 mnoreHcuanu Jlupax
MaBpUIM OMY3UII KAapop TUPUQTAACT. AHUKAII, OHXO XAJUTM KIACCHUKA Ba XaJUIH
KaBi-yMymuIrynan macbaian Komm Ba Machanan QyIOMH OMEXTa, XaMUYyHUH XaJUIH
KaBi-yMyMHUIITyIau (XaJJTM KJIACCUKIA BY4y/l HAJ0pal) Machallau SSIKyMU oMeXTa 0apou
MyoJuIan Tejaerpadi, Ku y3BH 0301 aap oH 6a makian Y6 (X, Vo)u(x,t) mebdoran,

xocwui1 kapaaanay» [116].
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bappacun Macwanaxou wIopaKyHUH capxami Oapou Mmyomwian Tenerpadi 00
ko3 purcuentu Tarinpédanaan 3epuH YOIuOU JUKKAT acT:

Ut (X, 1) = Upn (x, 1) — g (x, Oulx, £) = f(x,8). (1.8)

Hap xopxou AbaykapumoB M.®D. Ba Kputckos JI.B. [11]-[20] 6apou myoaunan
(1.8) Gab3e machbaaxoW HUIOPAKYHMHM CapXadid Jap Ty30pUIIXOM TYHOTYH OMyXTa
IIy/1aaH/I.

Hap puconam Hom3amuu AOmykapumMoB M.D. «aBanmH Mapotuba Oapou
myoamian (1.8) macbanaxow HIOpaKyHHHM capXaaid Aap XojaTu KodhpUTcueHTH
MaxJlyl Ba 4YCHIIABaHIa OMYy3uIl EdraaHa, Ku OHXO wuOopar OymaHng a3 1)
YOWMBAa3KyHHA Jap SK capxaJ XaHMOMH MycCTaxkaMm OygaHH capXaad IyioMm; 2)
qONMBA3KYHI Jap K capXaj XaHToMH 0307 OyJaHH capXaau AyIoM; 3) yOoWHBa3KyH
Jap Ay capxan. XajlllaBaHJarud MachajdaxoW HWIAOPaKyHHH capxaiid Jap Jax3au
KPUTUKHUM BakT UCOOT Kapjaa mygaanj. ba Monanau narnyaxou B.A. Wniiun Ba E.U.
Moucees, 6apou xonarxou 1) Ba 2) nax3zau kputukn T = 20 Ba 6apou xonatu 3) T =
[ meOomran. XaMuyHHH XaJllllaBaHAaruu XxaMau Machaaaxou oMexTan MyBo(HK 6apoun
myonuian (1.8) mcOor mymaact» [21]. Mnoa Gap WH, «machagaxoum OMeEXTa Ba
Machajgaxou WIAOPAKyHHHM capxaad OapoW MyoIawiaW JAmUIIXOM MadOypuu TOp
(q(x,t) = 0) 6apou max3am BakTh Auiaxoxu T > 0 Taxkuk mrygaani. Jlap xoaarxou
Oucépkumara MyalsiH ITyJaHu UIO0PAKYHUXOM capXaji, Machaaar ONTHUMH3ATCHUS Xall
IIy/1aacT, KA OH Aap OailHM Xxamau UJOPAKyHHUXO a3 UHTUXOO0M OH HIOpaKyHHe, Kh 0a
WHTETpaJIN SHEPrusd capxaaid KUMHUTad MUHHUMaIi Menuxan, moopar act» [21].
babnaH, HaTM4axou puconan Hom3aauu AdonykapumoB M.@. nap makiau MoHorpadus
Harp rapauaaact [23].

Iap xopu JI.B. KpurckoB «paBanze, ku gap poctkyndan Qr = {0 < x < [} X
X {0 <t < T} 60 myonunau (1.8) TaBcud 1mrymaact, 60 maptu u(l,t) = 0 MaBpuan
oMy3uI Kapop rupudraact, ku kodhdurcuentu q(x,t) tanxo gap Qp 60 KBaapar
saMmiaBaHaa Mmeboman. Y mcOOT KapaaacT, KM 0apoM HH paBaHI Machajlau

nnopaxkynun capxani 6o mapta u(0,t) = u(t) xanromn T = 21 nap curadu W3 (Qr)
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00 Tanabotu KaMmTapuH Oapou cydraruu GyHKCUSIXOU MOTHAOW Ba HUXON Ba WYPOU
mapTxon MyBo(hUKaT xaHromu x = | xamm srora mopan» [103].

Kaiin kapgan 3apyp act, Ku Machallaxou UJIOPaKyHi nap Gocuiaxou BaKTH a3
KPUTUKA KajoH O0apou kodddurcueHtu Oedocwmna Ba raiipumanduu q(x,t) = q(x)
nap kopxou B.A. Komopnuk [2] Ba M.M. Iloranos [126] HU3 MaBpuIy OMy3HII Kapop
rupudTaan.

Hap pucomam mokropun AOmykapumoB M.®D. «Oapoum myomwrtam (1.8) 0o
ko3 durcuentu Tariiupébanga a3z cUHPHM (QPyHKCHUAXOM OO KBagparT 3aMIlaBaHAA
TeopeMaxo ouj 6a MaBUyAUST Ba SITOHATMU XA MachalaxOW UIOPAKYHUU capXaji
ucOOT Kapja Irynaanji, Ki oHXo 00 ucThdoaan YOMMBa3KyHil € KyBBaW YaHIUPH Jap
X0JIaTXOM 3€pUH amMallil Kapaa MelIaBaH/: aMalld UAOPaKyH# Jap K capxa] XaHTOMH
MycTaxkam OydaHu capXaju JYIOM; aMalld UIOPaKyHH Jap SK capXaJl XaHrOMH 0307
OymaHu capxajy JYyIOM; aMalld UJOpaKyHi JAap Oy capxaJ XaHTOMHU BaKTH KPUTHUK
[22]. XamuyHHH Teopemaxo ouj Oa XajlllaBaHIarHd MachallaxOW OMEXTah MYBO(DHK
ucOoT Kapaa mymaana. Hatumuaxou pucosan jgokropuu [22] map MoHorpadusu [24]
HAIIp IIyJaaHI.

Taxmunu Ty3apoHHMJAIIyJa HUIIOH MEIWXaa, KU MachalaxOoW HIOPAKyHHH
capxaai 6apou myoauinau tenerpadii 60 korhdurcuentu qoumuu (1.7) Ba Maxcycan
O0apou myoaunau tenerpadii 60 korhdurcuentu tariupéobangau (1.8) Hucbaran kam
omyxta wmynaaHna. Kaij kapaan 3apyp act, KM Carxd MYWKWIA Jap OMY3HUILIH
Machaaaxou HIOpPaKyHHH capxaai Oapou myomwnau (1.8) 6a o BoOacra acT, Ku
XaJUTM aHAJTUTUKUAN OIIKOPH OH MENIONHI HaMellIaBa/l.

WH xopu auccepTacuoHil XaMuyH UJ0Mad MAHTHKUW TaXKUKOTH AOTyKapruMOB
M.®. Ba KpurckoB JI.B. meGomazn. Jlap oH Machamaxou HAOPAKyHUH CapXaJaud
TapkuOil Ba Machalaxou oMexTau MyBopuK Oapou myonuiau (1.8) Taxkuk kapjaa
MEIIaBaHJl, XaMUyHHH Macbhajal ONTHMHU3ATCHS Jap XOJlaTH OMCEpKHMara MyausiH

IIyaHu UI0PAKYHUXOU capXajiii bappacit merapaa.
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BOBH 2.
UIOPAKYHUU CAPXAJIUM PABAHJIXOE, KM BO MYOJIWJIAU
TEJETPA®I 5O KOO®®UTCUEHTU TAFUUPEBAHJIA TABCU®D
MEEBAHJI, TABACCYTH YOMUBA3KYHI JAP CAPXAJIH YAII BA
KYBBAU YAHJIUPH JAP CAPXAJIU POCT

Jlap wH 600 «60 MabHOM XAJITH YMYMUIITyAal MyOauJian Teierpaduu sKIeHaKa

00 ko3¢ durcuentu raritupédanga a3 cundu L,-u Hamynu
Ure (X, 8) — U (6, 8) — q O, Dulx, t) = f(x,t),0<x<[,0<t<T

Machallal UIOPAKyHHUH CapXaJuH paBaHIX0e, KM 00 WH MyOjuiIa TaBcu(] MeIraBaH
[23], [24], maBpuau TaxKUK Kapop Merupaa. MaopakyHit TaBacCyTH YOHMMBAa3KyHH Jap
capxaau yanmu X = ( Ba KyBBaW YaHIUPHA Jap capXalau pocTH X = | amanit Merapaa.

bo6 a3 dop Oamm wmbopar act. [lap OaHam SKyM Ty30pWIIM Machaja Ba
Tabpudxou 3apypit oBapaa MemapaHia. Jlap OaHau nyroM machajad MaBYYAHUST Ba
ATOHATUW XaJUTM Machalaxou oMexTa Oapow Myoawsad OappacHiliaBaHIa TaXKUK
mynaact. ba Haruyam acocum wH 000 — HMCOOTM MaBUYAUATH XAJIU Machajiau
UIOPAKyHUHU capXaaid xaHroMmu T = [ Ba sroHarum oH XaHromu T < | GaHIU ceroM
Oaxmmga trymaact. Jlap OaHIM YOpyM HIOPaKyHHXOHM CapXaJud ONTHMAJA, KU
TaBaCCyTH YOWMBA3KYyH! Jap capXaad 4Yall Ba KyBBaW YaHIUPHA Jap capXaad pOCT
amani merapaada, maap (ocwranm mxTuépum 0a Kaapw Ko KaJoHM BakT Oapowu
paBaHaXoe, Ku 00 MyoaWsiaud JIAMUIIXOW Mad0ypuu TOp TaBcU( MelnaBaHi, COXTa
mynaana. MH Myomna Xonatu XyCycuu Myoaniian OappaculliaBai a MeOoma, sibHe
on xauromu q(x,t) =0 OymaH Xxocuia MelraBaZ. bapou HIOPaKyHHUXOH Capxainui
ONTUMAJIMH YyCTydyIIaBaHIa M(POIaXou aHAIMTUKAU omkop &pra mymaana. Kaiin
MEHaMOeM, KM Machajdad HJIOPAKyHHH capXalud ONTUMaaid a3 €(QTaHu YyHHH
ynxcusxon u(t) € WL[0,T], v(t) € L,[0,T] ubopar act, xu 6a wuHTErpanu

DHEPIrUsAH capxagd KUMaThU MUHUMAJIA MEAUXAH/I.
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2.1. I'y3opuim Macbhbajiaxo Ba Tabpuxou acoci

Hap poctkynyan mnymugad Qp = [0 < x <[] X [0 <t <T] ce w™acpanau
3epuHpO Oappacit MEHaMOEM:
— Macbajian omexran |:
Lu = uy (x,t) — Uy (x,t) — qlx, ulx, t) = f(x,t), 0<x<Il, 0<t<T, (2.1)
u(0,t) = u(t), u,(l,t) =v(t) xauromu 0<t<T, (2.2)
u(x,0) = p(x), u(x,0) =¢Y(x) xanromu 0<x <], (2.3)
ku gap on u(t) € WF[0,T], v(t) € L,[0,T], o(x) € W;[0,1], ¥(x) € L,[0,1],
f(x,t) € L,(Qr) Ba maptu MyBo(HKAT HYPO METapaa;
1(0) = ¢(0); (2.4)
— Mmacbasau omexrtau |1: myoxunau (2.1) 60 maprxou capxaauu (2.2) XaHroMu
0 <t < T Ba mIapTXOW HUXOUU
ulx,T) = @,(x), us(x,T) =, (x) xaaromn 0<x </, (2.5)
ku map on u(t) € W,[0,T], v(t) € Lo[0,T], o1(x) € W5 [0,1], ¥1(x) € L,[0,1],
f(x,t) € L,(Q7) Ba maptu MyBo(HKAT HYPO MEIIABA:
w(T) = ¢1(0); (2.6)
— Macbajam wuaopakynuu capxaguu lll: myomunam (2.1) 6o maprxou
capxaauu (2.2), maprxou uoTHIOMU (2.3) Ba MAPTXOM HHUXOUHU (2.5), KU Jap OH
u(t) € W0, T], v(t) € Lo[0, T], @(x), 05 (x) € W5[0,1], ¥(x), 11 (x) € L,[0,1],
f(x,t) € L,(Q) Ba maptxou MmyBodukaru (2.4), (2.6) uypo MelaBaHI.
Hap wMacwamaxou |-l dap3 kapga wmemaBan, ku kKodhuUTCHEHTH
tariinpébanmau q(x, t) Tanxo 6a curdu L, (Qr) Taamiyk gopa.
XaJm MachallaXoM Ty3ollnTainryaa 60 MabHOM yMyMHUIIyaa GaxMuaa 1yaa, aap
cuHbu Wzl (Qp) uyctyuy Mmerapaan, ku Oopu aBBan a3 yonuOu B.A. Wnitnu comu

2000-ym nemauxon mrynaact [65]. Tabpudu un cuadpo MeopeMm.
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Tabpupu 2.1. «Merysua, ku pyHkcusu ayrariinpédbanman u(x,t) 6a cundu
WL (Q) Taamnyk mopan, arap oH Jap pocTKyH4an mymmaan Qp 6edocnma Goman Ba
Jap OH Xap Iy XOCWJIau XyCYyCUM YMYMUIIylAau TapTUOU SIKyMpO JoITa OoIlaja, Ku
Xap kajgomu oHX0 O0a cuHdu L,(Q7) MaHcybaHa Ba, MioBa Oap WH, XaHTOMH Xap sK
t €[0,T] 6a cundu L,[0 <x <[] Ba xamromum xap sk x € [0,l] 6a cundu
L,[0 < t < T] Taamnyk gopana» [65].

Bapon Taspud mOTAHM XalaM Mackanaxo mHuyHHMH cuadu W.2(Qr), ku map
KOPH 3UKPIITya BOPU rapJuaaact, UCTH(OIa MelIaBa/l.

Tabpupn 2.2. «Merysaua, ku QyHkcusu ayrtariupéoanma u(x,t) 6a cuapu
W.2(Qr) Taanmmyk nopaj, arap Xymd (pyHKCHS Ba XOCHIAXOU XyCYCHH TapTHOM SIKYMH
OH Jap pocTKyHuau nymmaau Qr Oedocuna OollaH Ba arap Jap UH POCTKyHYA
XaMal XOCHJIAXOW XyCYCHH YMYMHIIYTaW TapTHOW JYIOM MaB4yja OOINaH, KM Xap
KagoMu OHX0 0a cuH(u L,(Qr) MaHCyOaH7 Ba, WijaoBa Oap WH, XaHTOMH Xap SK
t €[0,T] 6a cunpu L,[0 <x <[] Ba xaumromu xap sk x € [0,l] 6a cundu
L,[0 < t < T] Taamnyk mgomira 6omanm [65].

AKHYH Tabpu(hXOU XaJUTH MachaIaxoH Iy30IITallya OBap/ia MeIIaBaH/I.
Tabpudu 2.3. Xanm ymymumynan machanau omextan | a3 cundpu Wi (Qr)

rydra, uynun Gynkcusiv u(x, t)-po MEHOMEM, Ki aifHUSTH UHTETPATHN

l

L T T

jju(x, t)LO(x, t)dxdt+j<p(x)d)t(x, O)dx—ftp(x)dD(x, 0)dx —

00 0 0
T T L T

—ju(t)cbx(o, t)dt—fv(t)cb(l, t)dt = fff(x,t)cb(x,t)dxdt (2.7)
0

0 0 0

-po Gapon xap ryHa Qymkcmsu o3mommmu P(x,t) € WA (Qr), ku 6a mapTxou
®d(0,t) =d,(l,t) =0 xauromu 0<t<T Ba P(x,T) = P, (x,T) =0 xauromu
0 < x < | uroar MeKyHaJ, KOHEh MErapJ0Ha Ba HHUYHHH IIAPTH JTYIOMH CapXaJuu

(2.2) Ba maptu ayromu uotumomu (2.3)-po kapub map xama qoiim [0,l] KoHeb
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MeCc03aj, 1ap X0JIe K MapTh SKyMHU capxaiauu (2.2) Ba mapTH sskyMu notugonu (2.3)
Oapou xamau x € [0, [] mapo merapaanz.

Tabpudu 2.4. Xanm ymymuniynan Machkanan omextan |l a3 cundu W,(Qr)
rydra, uynuH dyHkcusu u(x,t)-po MeHoMeM, KU aiiHusTH (2.7)-po Oapou xap ryHa
dynakensu  osmommmu P (x,t) € W2(Qr) 60 maprxom ®(0,t) = d,(I,t) =0
xauromu 0<t<T Ba ®&(x,0) =P, (x,00=0 xamromu O0<x <[ KOHED
MerapaoHaa. Jlap Hazap nomra MemaBald, Ku 0a 4YOMWM MHTETPAIA JYIOM HHTETpaju
00 ajgoMaTd «MHHYC» THpHUQTAIIyIan fol [0, ()P (x, T) — Y, (x)P(x,T)] dx
meuctan. Faiip a3 wH, Qynkcusu u(x,t) maptu skymu capxaauu (2.2) Ba HmIapTH
sakyMu Huxouu (2.5)-po 6apou xamau x € [0,[] Ba maptu ayromu capxamuu (2.2) Ba
HIapTH AyoMu Huxouu (2.5)-po kapub map xama Joiin [0, ] koHes Meco3a.

Tabpudu 2.5 Xamm ymymumygsa a3 cuadu W, (Qp)-m Machaman
unopakynuu capxaauu |l rydra, xanmm macranau omexrau | - po a3 xamun cuad 060
uyyHauH Qynxcusu u(t) € W[0,T], xu 6apou oH maprxon Mysodukar (2.4) Ba (2.6)
napo Mmerapaana Ba ¢yakcusiu v(t) € L,[0,T] MecHOMEM, KM MIAPTH SIKYMH HHXOM
(2.5) 6apou xamau x € [0,l] Ba maprtu ayromu HEXO0W (2.5) Kapub map xama Yqouu
[0, [] mypo mrynma Gormram.

2.2. sSIkkuMara xaJmaBaHIarud Machajlaxou oMexTa

Hap uH 6aHJ caBOJIM MaBUyAMST Ba TOHATUH XaJUIM Machaiaxow oMmexrau | Ba
I1, ki map 6anx 2.1 ry3omita nymgaan 1, MaBpUId TaXKUK Kapop METUPal.

Tacauxu 2.1. Aeap q(x,t) yucypu cugppuu cunghu L,(Qr) bowao, nac bapou
xap eyna T > 0 xam macvanau omexmau | 6a xam macvanrau omexmau |l az cungpu
WL(Qr) as ax xan 3uéd dowma namemasonao.

Mcodor. Hakman ncbotu tacauku 2.1-po 6apou macbhanan omextau | 6a taBpu
myxTacap 0aén mexkyHem. dap3 MekyHeM, ku Oapou Machayian omexTaw | ay Xammm
u(x,t) Ba u,(x,t) a3 cundum W, (Qr) maBuymanm. OH TOX (ApKU OHXO

u(x,t) = u;(x, t) —u,(x, t) xammm machbaiau 3epHH MerapAa;
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U (X, 8) — U (X, 8) =0, 0<x <[, 0<t<T,
u(0,t) =0, u,(l,t)=0 xaneomu 0<t<T,
u(x,0) =0, u(x,0)=0 xamromu 0<x <L

bo napnazapmomntu vH, alHUATHA UHTETPANUH (2.7) MIaKIA 3epUHPO METUPAL;:

T 1
j J u(x, t)[Pp(x,t) — &, (x, t)]dxdt = 0.
0 0

Axuyn ¢yakcusu @ (x, t)-po map makiu
P(x, t) =9(x) - f()
MeHaBHceM, kv gap oH f(t) — xap ryHa QyHkcusu ay Mapotuba Oedocuia
muddepeHcHanmasup Jap TaMOMH XaTTH POCTH XaKUKA MeOomaa, KU XaHTOMH
t >ty t, <l 6acudp 6apodbap act Ba 9(x) — sike a3 PYHKCHIXOH XOCH Machayan

CIEKTPAJIAH

{ﬁ”(x) +29(x) = 0,
9(0) = 9,(1) = 0

Meboras, K1 1ap oH A — KuMatu xocu MyBo(uK act. Huion gogan aymBop HECT, KU

w(2n+1)

9, (x) = sin X, n € Z. bapou an4yom momanu McOOTH Tacaukd 2.1 I03uM
MEOAJl, KU XaMmMah MyJoxuzaxon pgap kopu [60] oBappamrygapo Takpop Hamyna,
WHYYHHH a3 Jajiefu Mabiiymu kopH [135] uctudona Oypma masa.

Bbe Maxay[ KapJaHd yMyMHUST, Jap WIOMa Machajgad oMmextau |-po map xoiare
Oappacii MmeHamoeM, ki gap oH @(x) = 0 map mopuau [0, 1], Y(x) yucypu cudpun
cundu L, [0, [] meboran Ba kumarxou capxaai ((t) Ba v(t) QyHKCHSIXOH UXTUEPH a3
cunpxon myranocuban Wi[0,T] Ba L,[0,T] xactann. Jap uH Xonar, MyBODHKH
mraprxon myBodukar (2.4) Ba (2.6), 6osx maprxou p(0) =0 Ba u(T) =0 wuypo
rapJaH.

bo pam3xou u(t) Ba v(t) dhyHKCHIXOEPO HIIOpa MEKYHEM, KU MyTaHOCHOaH 00

u(t) Ba v(t) xauromu 0 < t < T myBoduKaT MeKyHaHa Ba XaHromu t < 0 xamMuyH
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cudp umoma jgoaa mynaana. AEH act, ku aap aitau xon u(t) € Wi[—e, T] Ve > 0 Ba
v(t) € L,[-6,T] V& > 0.
Tacauxm 2.2. buesop, T < | sa q(x,t) yncypu cugppuu cunghu L,(Qr) b6owao.

On 20x xannu seonau ymymuuiyoau macvaiau omexmau | az cungu W3 (Qr) 60

bapobapuu 3epun Myatisih Me2apoao:

t+x—1 t t+x-t
u(x,t) = E(t —x)+ J v(t)dt + = f J f (&, )dédr, (2.8)
0 0 x—t+t

ku oap ou gyuxcusiu f(x,t) az @yuxcusiu Kucmu pocmu myoounau (2.1) 60 poxu
uoomaouxuu mox Hucoam 6a Hykmau x =0 ea uoomaouxuu yygm nucbam 6a
Hykmau x = | 6a oacm osapoa wiyoaacm.

Hco6ot. bo uctudona a3 xocusarxou pyukcusixou f(x,t), u(t) Ba v(t) 6a oconi
caHyuaaH MyMKuH actT, ku xauromu T < | ¢ynkcusu (2.8) 6apou xamau x € [0, ]
mraptu capxaanu u(0,t) = p(t) Ba mapru uotugoun u(x, 0) = 0-po KoHEH Meco3al,
XaMUYyHUH Imaptu capxamuu U, (l,t) = v(t) Ba maptu nbtrmonn u;(x,0) = 0 -po
Kapub map xama yoiin nmopyau [0, [] kanoar mexynonazx. ITac, 60KA MEMOHA HUILIOH
nuxXeM, Ki WH (yHKCHS alHUATH WHTerpaymu (2.7)-po KOHEHh Meco3al, KA Jap OH
p(x)= 0 Vx €]0,l] Ba Y(x) yucypu cubppun cundpu L,[0,l] meborran, spHE

O0apobapuu
T

1 T
Ef j u(x, t) [P (x,t) — D, (x, t)]dxdt—j u(t)d,(0,t)dt —
I T

—f v(t)d(l, t)dt—f f flx,t)d(x,t)dxdt = 0 (2.9)

0 0 0
-po G6apou Xap ryHa ¢yukcusin P (x, t) a3 rabpudu 2.3.
bo uctudona a3 uHTErpasiTMpit a3 pyiim xuccaxo 6a KUCMU yanu Oapodapuu

(2.9) maxkau 3epUHPO METUXEM:
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l T

j j [u, (x, )P, (x,t) — us (x, )P, (x,t)] dxdt —jv(t)cb(l, t)dt —
0

5 0
T 1
—fff(x,t)cb(x,t)dxdt. (2.10)
0 0

XaMuH TaBp, 0apon aHYOMH HCOOT KO(PHCT HHUIIOH JAMXEM, KM KUCMH POCTH
(2.10) 6a cudp 6apobdap acr.
Bo f(x,t) dysxcusu ubtunonn munxoxu Gyuxcusu f(x, t)-po a3 pyitu x umopa

MCKYHCM. cI)yHKCI/I}II/I 3CPHUHPO BOpHUI MCHAMOCM!

t+x—1

U(x,t)=—g(t—x)+J v (t)dt +
0

%J (x+t—1,10)dt+= Jf(x—t+rr)dr
0

Ba ocoHil caHyua Memasas, ki dynxcusu U(x,t) 6a cundu Wi (Qr) Taamnyx
nopan Ba 0apou Kapub xamaum HYKTaxoW POCTKyH4Yau Qr Oapobapuxou 3epuH UYPO

MeIIaBaH/I;

Ux(x, t) = ut(xi t); Ut(xr t) - f(xr t) = ux(x! t)'

bo napnazapaomTu uH 6apo6apuxo Iopem:

OijUt(x, )0, (x,t) dx dt—jbf (x, ) D, (x,t) dxdt —

l
JU (x, t)D,(x,t) dxdt —Jv(t)CD(l t)dt —

ok___jﬂ

T 1 T 1
- Oj Of £, D, £)dxdt = — Of Of Ux, £) Do (x, ) dxdt +
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T 1
+ fl, )P (x, )dxdt — | DL OFL ) dt— | (LU L) dt +
/] J f

T 1 T T 1
+ U(x, )P, (x, t)dxdt — | v(t)DP(I, t)dt — flx, )D(x, t)dxdt =
/] | /]
T T
— f OO f (L) dt — f O, (LU, t)dt — J O t)v(t) dt =
0 0 0
T T T
—fcp(z, N dt+jCD(l, t)Ut(l,t)dt—jCD(l,t)v(t) dt =
0 0 0
T T T
= —jCD(l, f(Q, t)dt+fc1>(l, U, (L, t) dt+fc1>(l, f (1, t) dt —
0 0 0
T T T
—fCD(l, tv(t)dt =JCD(I, t)v(t) dt—JCD(l, t)v(t)dt = 0.
0 0 0

Tacnuku 2.2 ucOOT Iy,

AKHYH Macbanmam omextan |-po 0o mmaptxoum uoOTHHOMH cuppun (2.3),
60 (Qynkcusxou capxaguu wuxrtuépun pu(t) € WL[0,T] Ba v(t) € L,[0,T], xu
aBBayMHAIIOH 0a maptu myBodukaru ((0) = 0 To0eb acT, HHUYHUH 00 PYHKCHIXOH
uxtuépui f(x,t), q(x,t) € L,(Qr) 6appacii MecHamoeM. TacauKu 3eprH TypyCT acrT.

Jlemman 2.1. buesop, T <1 Ba q(x,t), f(x,t) € L,(Qr) bowano. Ou 2ox
xannu ymymuwyoau macvanau omexmau | az cungpu W3 (Qr) xap eyna gpyuxcusu oap

Q1 maxoyou u(x,t) mebowao, ku 6apobapuu 3epuHpo KOHeb MEHAMOSO:
t+x-1
ulx,t) =ult—x) + f v(t)dt +
- 0
t I—|x+t—1—7|

j dr j [q(€, DU, ©) + F(E, )] dE +

|[x—t+1|

_l_

N =

o
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x+t l

f dr f [q(&, Du(E, 1) + £(§, 1] dE. 2.11)

2l-x—-t+t

bapou 6a gact oBapmanu GapoGapuu (2.11) xodwuct, ku gap dhopmynau (2.8)
xocusatxon  (yHkcustm  f(x,t)-u  OepyH a3  XyIyaxod pPOCTKyHYaun Qrp
IaBompomarrygapo 6a Haszap rupudra, mac a3 on aap myomrau (2.1) 6a qoiin f(x, t)
uboman q(x, t)u(x,t) + f(x, t)-po ryzopem.

I30xu 2.1. Arap E(t) € Wi (—e, T] Ve >0, v(t) € Wi(—e,, T] Ve, >0,
ko durcuentu q(x,t) xampox 00 xocuiaan oH ¢, (x,t) map Qp Maxayn OolraH[ Ba
byukcusiu f(x,t) 6a cunpu Wzl (Qr) Taamnyk goriTa OOIIaj, OH TOX Xa/IM Machalan
omextan |, xu map memmam 2.1 OGappacéi mygaact, ©0a cuH(uU
W.2(Qr) MaHCy6 X0Xaz Oy

Teopemau 2.1. @aps mexynem, ku T <1 6a q(x,t), f(x,t) € L,(Qr) 6owano.

OHn 2ox myoounau unmeepanuu (2.11) xannu seonau maxoyo oopao. faip az un, azap
wapmu f(x,t) =0 uypo 2apoao, nac oap {(x, t):0<t< é,t <x<Il- t} N Qr,
u(x, t) = 0 mewasao.

Hcoot. Teopeman oBapmamryna 6apon xap sk kumatu T < | 0a Tap3um MOHaH]
ucOoT kapaa memanaa. A3 uH py, 6e Maxayn KaplaHu ymMymust, xonatu T = [ -po
Oappacii meHamoeM. MyBoduku Hakmae, ku gap kKopu [15] memHwmxop ImIymaacr,

KBajgpaTu Q; -po 60 XaTXOW XapaKTePUCTUKHH X =t Ba X = [ — t 6a 4Op KUCM HyJI0
MeKyHeM. Jlap coXaxou XOCWIIIyaa: CeKyH4Yau 4, = {(x, t):0<t< é t<x<l- t},
k1 0a acocu MO€HMH (J; YacTuaaacT; ceKyH4axou A, = {(x, t):0<t<l 0<x<

é— |t——|} Ba A3 = {(x t):0<t< l - |t——| <x< l} ki Oa Tapadxou
naxjaynu (Q; dacnupaaHq; cexkyH4yaum A, = {(x, t):; <t<[l-t<x< t}, K1 Oa

acocu 0OojoumH (J; YaCIHUIAaCT, uj(x, t) = u(x,t) xauromu (x,t) € 4; , j= 1,4

Mery3opeMm Ba MyHocuOaru (2.11)-po mait map maii Oapou HykTaxou (x, t), ku Oa
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coxaxou 4, 4,, A3 Ba A, TaajyK JOpaHI, XaM4yH MYOAWIaXou MHTErpaiii 0apou
épranm u, (x,t), u,(x,t), uz(x,t) Ba u,(x,t) 6appacii MEHAMOEM.

Xanromu j = 1 myHocuOaru (2.11) makiam 3epuHpO METHPAT;

1 1
w00 = [[ FE0dedr+ 5 [[ aowE Dagar, @12)
Dy Dy

kugapoan D; = {(§{,1):0<7<t;x—t+71<&<x+t—1} A, mebomman.

Myonunau (2.12)-po aap makiu ornepaTopuu 3epuH MEHABUCEM:

1
w (o) =5 [[ 6T+ N0,
D,

KU J1Iap OH ONEeparopu

1
Nl 0) = 5 [ at oxs Ddgdr
Dy

nap dazou L,(A;) Maxmaym amana MeKyHaq Ba Oapou gapadaxod OH 0axou 3epHH

JyPYCT acr:
k

[Nx]G o] < Sup xG ol llgl, ., - EN.  (213)

t
K
(xEds (V2)"/2k)!

Hypyctun 6axou (2.13)-po 00 yCy/in WHAYKCHSIE MAaTEMAaTHKA UCOOT MEKYHEM.

burzop k = 1 6oman. On rox, myBoduku HoOapobapuu Kom—byHsSKoBCKHA, TOpeM:

1
2101 = 5 ||| a6 oxs Ddgar] <

1 t X+t—71
<> sup lx(x 0l jf ¢?(&,7)dédr f dr j dE <
2 (el D 0 X—t+T
: )
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t
< Su x,t) - - =,
(x’t)gAll)(( )N - lgllz, 5

dap3 MekyHeM, ki XaHToMu k = n 6axou (2.13) nypycr act. Xomatu k = n + 1-

po Oappacii MeKyHeM:

1
v x]Ge0)] < 5 [ a6 1 1IN e <

t x+t—1

1 1
<5 Su x, )| lqll™ AN jr"dr f T)|dé.
2(x’t)epdll)(( W-llall™, ( Z)n a | " lq(&,7)|déE

WHTerpanu oXupuH a3

t X+t—71 \/E . tn+1
lall,.a, j r2ndy f d& = llqll.a,
) . J@n+1)(2n+2)

KaJIOH HecT, K1 uH 0axou (2.13)-po ucOot MekyHaJ.

baxou OamacTomMama HUIIOH Menuxala, KA Myomunaun (2.12) Myomguinau
UHTErpajiny HaBbu Bosreppan uuHcH aytom meboman. Arap f(x, t) = 0 Oomian, oH
roX MH MYOJIMJIa XaMIyH MYOAWJIad SKYUHCA TAHXO0 XaJUTH CH(PH T0pa, SbHE aap WH
xomar gap coxam A; u;(x,t) =0 memasan. Arap f(x,t) QyHKCHsIM UXTHEPA a3
cuadu L,(Q7) Oomran, mac xamwmm Mmyonuian (2.12)-po METaBOH Jap IIAKINA KaTOpH

MYTJIaK Ha3MKIIaBaHaan HeliMaH HaBUIIIT:

(0]

uy(x, ) = (1 + Z N{‘) F.(x0), Fy(xt) = % f f (&, 1) dédx.

k=1

bur3op j = 2 Gomaza, oH rox gopem:

1
u,(x,t) = u(t — x) +§ff f(&, v)dédr +
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1 1
+ j f (6, s (6, Ddéd + 5 j f 4 Dw @ Ddedr,  (214)

Dy D3,

KU J1ap UH YO

t+x t—x t—x
2 T2 T

D21={(E,T):OSTS —7

Sfo+t—r}cA1;

x + t|} /
—_— C .
T > 2

l)>I< = D21 U D22.

t—x x+t

Azbacku coxau D, myppa nap coxau A; qorup act, nac gap (2.14) unrerpanu
IyIOM aiiakai (yHkcusu Mmabaymu uq(x,t) -po map Oap Merupan. bo Bopun

HaMyJaHU UIIOPAXOHU

1 1
P00 = (e =0+ || fEndsar+5 [[ 0w nasar

D34

Ba

1
N1 0) = 5 || at6 oxs dsar

D3,
(2.14)-po map 1rakiu onepaTopi 603HABUCH MEKYHEM:
u,(x, t) = F,(x, t) + [Nyu,](x, t).
bo uctudoma a3 ycynu HHAYKCHSIM MATEMATHKHA HUIIOH MEAMXEM, KU OIEPaTOPH
nap L, (A,) maxayn amankyHangan N, 6axou 3epHHPO KOHED MECO3a/I;

[e(t — x)]*
N} )< S O gl - ,
|[ ZX](x; )| —= (x,tljlgAle(x )l ”q” 2,7, Zk k!

keN. (2.15)

Xanromu k = 1 nopem:

1
[[N2x](x, 0| < 3 f f q(m, Dx(m, t)dndz| <

D33
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1
<> sup lxCoD)l fj 42 (n, D) dndz - j dr f dn <
Az

(x,t)EAz

1
SE Sup [x(x, )] llqllza, -
(.x,t)EAz

1 J(t—x)t
<z Sup [x(x, )" llqllza, v (E—2x)t < Sup [x(x, Ol lqllzs, - ——

o 2 (X,t)EAZ (x,t)EAz 2

dap3 MekyHem, kKU xaHromu Kk =n Oaxoum (2.15) nypyct act, sbHE

t(t —x) |
I[N x1(x, )| < Sup [x(x, |- llqll™, .. - [(n ) :
(x,t)en, 2 2" - nl

AxnyH xonatu k = n + 1-po 6appacii MeHaMOeM:

1
3201 < |5 || at DN e odnde] <

Dy,
1 n 1
<= sup lxGo )l llql",, = jj lq(n D IWTe@ — MTrdnde <
2 (x,t)eh, Az 2n .l
Dy,
1 t T
. +1 e . —
0 x—t+71

< Sup Le(x o) gl ! j o
< Sup WO,y [T s

1 tn+1 (t — x)n+1
alnFl : -
< Sup |)((x; t)l ”q“ 2,8, 2n+l.pl n+1 n+1 =

(x,t)EAz

tn+1 (t — n+1
V (E—0™ _
n+1

< S x,t)| - n+1 . .
(x,tl)lgAzl)(( )l “q” 2,7, 2n+1.n!
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\/[t . (t _ x)]n+1
< S t n+1 . :
i S(E)Azl)((x )l ||Q|| 2,7, 2n+1(n + 1)!

XaMuH Tapuk, aypyctuu Oaxou (2.15) mcOGor rapama. A3 MH Py, MyOAMIAd
(2.14) map coxau A, xamm MaxAya AOpaj, KM OHPO METABOH Jap IIAKIU KaTopu

MyTJaK Ha3IuKIaBanaan Heviman udoaa Hamyn:

U, (x,t) = (1 + Z N2k> F,(x,t).

k=1

Xanromu j = 3 nopem:

t+x—1
1 1
us(x, t) = f v(r)dr+§ﬂf(€,r)d€dr+§jf q(&, Duy (&, 1)dédt +
0 D** D31

1 1
+§Dﬂ q(f,r)ul(f,r)dédr+z DH+DH q(&,Dus(§,7)dédT, (2.16)
KM Jap UH 40

x—1

t+
D31={(§,r):O§r§T; Zl—x—t+TSESZ—T}CA1;

l+t—x
D32—{(€;T):OSTST;X—t-I-TSESl—T}CAl;
3l—x—t x+t—1
={(f,T):OSTSt+X—l;T+T—T|SESI}CA3;
l+x—t l—x+t
{(f,‘[):OSTSt;T+ T—T|ng
<l+t+x—r T—t—x+l|} A
_ c Ao
< > 3 3;

D™ = D31 U D35 U D33 U D3,

Hap myomunam xocwmmygau (2.16) dop wmHTErpanum aBBa a3 (PyHKCHUIXOHU
MabyM rupudTa memabana. Oaxopo 600 F;(x, t) umopa Hamyna, HucOat 6a uz(x, t)
MYOJIMJIal MHTETpalini HaBbU Bonbreppan 3epuHpo 0a JacT MeopeM:

us(x,t) = F3(x,t) + [Nsus](x, t),
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(x,t) ——( J'J. ” ) q(&,7)u, (&, 7)dédr

KU JJap OH ONEpaTOpu MHTETPATIUU [N,u,] L J

map L,(A3) maxmyn aman MEKyHaJ Ba jJapadaxonm OH 0Oa 0Oaxou 3epuH ToOeh

MeOOIIIaH/T:

MAED < Sup LGl gl - PO ken. @)

(x,t)el;

Bokean, xanromu k = 1 nopewm:

ool <z [[+ [[ et oxt v <

D33 D34

x+t—1

de j q(m, Dx(m, Ddn| <

x+t—1

< Sup |x(x,t)|- ﬂ q*(n, t)dndt - Jdrj dn <

(x,t)EAg

(x,t)€ehs

< Sup [x(x, 0] llqllza, - v (x +t=Dt.

B (x,t)€eh3
dap3 MekyHeM, ki XxaHromu k = n 6axou (2.17) nypycr act, sibHE

_l n
VA0l < Sup kGOl gl =D

(x,t)els

< sup Ol g, j(x+t—l>drs

Xanromu k = n + 1 10po MemaBem:

1
ol [+ ][ |ao oW ol o <

D33 D34
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x+t—1

< sup Lol lall,,, o [ar [ a0 G- D <
0

(x,t)el; 2
1 t X+t—1

< Suwp Ol lally, - Malls, - |[ Tde [ o= Ddy <
(xt)EAg n. o 124

T<

t
1 ™(x +t— D"t
< S t Tl+1 - . j. d
up [xCe0)l- g™, - ——

(x,t)els
0

< Sup |x(x,t)l-llgl™*,,

(x,t)ehs

1 et (x+t—-DnH
' (yn+1 n+1

n+1 . _ n+1
Jt (x+t—1) -

< Su x,t)| - LA — <
(x’t)g?’b(( ) - lqll 285 " 771 1

_\/[t-(x+t— NEE
(n+1)! '

|n+1

< Sup [x(x, 0 llql

(x,t)e;
XaMUH Tapuk, Myoawian wHTerpamuu (2.16) 6o mapuazapaomtu 6axou (2.17)

Jdap coxan A3 XaJUIM Maxayda aopaga, Kh OHPO MCTABOH Jap IMAKJIM KaTOPH MYTIAK

HazauKaBanaan Heliman udoaa nHamy:

0

us(x,t) = (1 + Z N??) Fs(x,£).

k=1

Huxosdr, xanuromu j = 4 Mmyoausnau 3€puHpO JOPEM:

1
uL(x,t) = Fu(x, t) + Eﬂ q(&, tu, (&, 1)dédr, (2.18)
Dy
KU JIap OH
t+x—1
1
Fy(x,t) =u(t—x)+ j v(t)dt + > f f(& v)dédr +
o e
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wol [+ ][ )aeoueodarss ([ acowEnas+

Dy1 Dy Dy3

+% UJF U q (&, Dus (8, 1)dédr

Dys  Dys
— ()YyHKCHSAHM aJuIakail MabliyM MeGoIas Ba

t+x—1

D41:{(§,T):0§T§ ;2l—x—t+TSfSl—T}CA1;

[ t—x t—x
D42={(€,r):OSTS—; +r——§f§l—r}c4\1;
2 2 2
D { )t—x< <l—x+t| 41l < <l l|} A
= . RE—— — ——|lt—=|tCc A,
3l—x—t x+t—1
t+x 1 l x+t+l—7 |l—x—-t+T7T
D45={(5,T):OSTS ;§+ T—§|SES 5 _| 5 }CA3J
D _{( )_l< <t_l+x—t+ t—x+l|< <x+t x+t|}
4 — EJTZ—T— ) 2 T 2 _f_ 2 T 2

< Ay
D™ =Dy UDyy UDy3 UDyy UDys U D,.
Myonunau (2.18)-po gap makiu onepaTopit MEHaBUCEM:
Uy (x, 1) = F(x, t) + [Nyuy](x, 0).

ba oconn 60Bapit XOCHII KapAaH MyMKHH acT, KU OIepaTopu

1
o 0) = [[ a6 a6 ndsdr

nap L,(A,) maxmyn aman MeKyHaJ Ba JapadaXxoM OH 0axou 3€puHpPO KOHED

MEHaMOSH/I.

2t —1 —D]*
NG D] < Sup lxGe o)l ik, L DEHEZDI oy 1)

(x,t)ed, (Zﬁ)k - k!
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Bokean, 6urzop k = 1 6omazn. OH rox gopem:

1
Nl 01 < 5 f j o0 O Tdndz| <
Dy

t+x—1

t
1
<> sup lxCoD)l jj 4%(, D)y (n,7)dndz f dz j dn <
Dy 1 l-t
2

(x,t)el,

1
<z Sup [x(x, )] llqllza, -

t
< j (t+x—Ddr <
2 (x,t)el, /

2

\/(t+x—l)(2t—l) <

1
< - Sup |x(xt)|- ||Q||2,A4 .

2 (x,t)eh, 2
JE+x-DRt-1)
< Su x, t)|- . .
(x’t)&l)(( ) llgllza, Wi

dap3 MekyHeMm, KW xaHroMu k =n Oaxou (2.19) wmypo MermraBaj, SbHE
JIQt=D(x +t—D]"
[INEx1(x, ) < Sup |x(Cx, O] - llgll™,,, - :
4 2,A4_ (Zﬁ)n_n!

(x,t)el,

AxnyH xonatu k = n + 1-po 6appacii MeHaMoeM:

1
2201 < | [ atr o N1 odnde] <
Dy

1
<= Sup [x(x, )] llqll",, '——F—X
2 (x,0)ed, 284 (Zx/f)n n!

X+t—1

J@ —Drdr f Ja+ 1= DrgQn 1)dn <
l-1

X

Nh\g-—_ﬁr*

1
<= Sup |[x(x, ) llqll™,, *——=5—"llqllza, X
2 24 (2v2)" -l *

(x,t)€A4
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X+t—7
J(ZT — Dndr f (m+t—D"dn <

2

t
1 1 (21 — D"(x + t — D+
<3 Sw G0l gl ——- | dr <
(x,t)ed, Aa (2\/7) -nl [y n+1
z
1 1 1 (Zt — Dt (x+t— D!
<5 Sup [xCe 0l llgl™,, <
(x,0)€eh, As (2\/_) n+1 n+1
1 \/(Zt — DL (x +t — DNt
< Sup |[x(x 0l llql™™,, T <
()l M2V n+1

< sup L0l g, , MG CH e DI
(x,t)ed, As (2v2)" - (n+1)!
Hypyctun 6axou (2.19) uc6ot rapaua. A3 ux qyo 6apmeosii, ku myoamiau (2.18)
MyOJIMJIad UHTETpaiui HaBbU Bonreppa meboman Ba gap coxau A, Xami Maxayad
JIopaZ, KA OHPO METaBOH Jap IIAKIM KAaTOpu MYTIAK Ha3AukinaBaHaau Heliman

INCITHUXOd HAMY/I:

o0

ua(x,t) = (1 + Z Nf) F,(x, ).

k=1

bapou andom momanm uc6otu Teopeman 2.1 cydrarum Xaimm XOCHIIIYAapo
TaXKHK MeKyHeM. A3 Oapobapuu (2.11) 6apmeosia, ku xamm u(x, t) gap pocTKyHYaH
Qr oedocuna MeOoIa. bursop, Ulx,t) = f(x,t) +q(x, t)u(x,t)
ooman. Oynkcusu U(x,t)-po Hucbar 6a capxamu x = 0 ToK Ba HHcOaT 0a capxaau

x = | aybt unoma meguxem. lap Hatuya OGapodOapum (2.11) 6a Gapobapuu 3epuH

Mery3apa:
t+x-1 t X+t—71

u(x,t) =u(t—x) + f v(t)dt + %j dt f U(¢, 1)dé.
0 0 x—t+T
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Nu Gapobapupo a3 pyim t Ba x auddepeHcupoHuaa, 6apou Kapubd Xamau
(x, t) € Qr 6apobapuxou 3EPUHPO XOCHI MEKYHEM:
u (e t) =pt—x)+vt+x—10+
t
+ J[U(x +t—1,17)+UMx—t+71,1)]dr, (2.20)
0
Ue(, ) = —p't—x) +v(t+x—D+
t
J[U(x +t—1,1)-Ulx—-t+r1,1)|dr. (2.21)
0

A3 myHocubarxou (2.20) Ba (2.21) muna mernaBan, ku u;(x,t) Ba u,(x,t) Oa
L,(0 < x <) 6apou xamau t € [0,T] Ba 6a L,(0 <t < T) Gapou xamau x € [0,T]
TaaJTyK JopaHa. XaMuH TaBp, TeopeMau 2.1 myppa ucOoT miyJ.
Haruvan 2.1. Buesop, wapmxou meopemau 2.1 uypo wasano. On 20x xauiu
macvanau omexmau | 6a 6axou 3epun mobev acm:

Swp lu(x 0] < (é‘ép IO+ VIl + ||f||L2(QT)> (222)
xu on nucoam 6a qX,1): qllL, o < v mymmasam mebowao (uroea 6ap um,
C=C(y)>0).

Hcoot. ABBan (dap3 mekyHem, ku (x,t)eA;. Jap uH xomar, map acocu Oaxou

(2.13) Ba HOOapoOapuun Komn—byHsiKOBCKHIA JOpeM:

e ) < 5 Sup f \f(n0)ldnde +

xt€1

+Z - sup f £ Dldndz - lqllys,*

2 (x,t)ed,

tk
(2)' m] ]

k

1+Z|Iq|I2A1 '(\/_) m
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1 o1 (gl l L 1lqllza
< _ _ | —_— - &M =
<2 Wfllos, 5 § - ( ) [S3Iaes(—2

l L-lqllza
=C; - lIfllza,, mapundo C; = 7 6XP <Tl :

XamuH Tapuk, map xomaru (x,t)eA; nypyctum Oaxou (2.22) acOCHOK Kapja
LTI

AxnyH ¢ap3 MmexkyHeM, ku (x, t)eA,. Jlap uH xonat J0po MeLIaBeM:
l

Fy(e, Ol < Sup [u(®)] + = j dr j \f(n,©)ldn +

(x t) EAZ

0
L
2 l-T
Co 1f N, - f dr f lq(n, ©)ldn <
0 T

l - l -7
1
< Sup ()l +5 jdrj 200, 7)dy - jdrf dn +
0 0 0

(x,t)el,
0

o~

l-T

13 !
2 l-T 2
NI j dr j a?(n,D)dn - f dr f dn <
\‘0 0 \10 T
l
< Su t)| + + C; - <
Sup (O] + fuanwAz L Ufl, 5 gl <

l
< Su t +<—+— )
Sup KO+ S+ 5 alloa, ) 1F T,

A3 WH 40 JopeM:

lu(x, )| < Sup |F(x,t)| +

(x,t)eAUA,
A E(E— x)F
( ) <

2k k! T

(x,t)eA,uA,

+osup 1RC001 Y llglt,,,
k=1
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0o k
1
< sw B Zk_ < |IqI|zA2> <
(x,t)EA]_UAz k=1

< sup |F2(x,t)|exp(%>s Sup |,u(t)|-exp< ||q||2,A2>+

(x,t)eA UA, (x,t)el, 2

gl (L
eXp< 2 ) (= gl ) s, <

< C2< Sup |u(t)| + ”f”z,Alqu)'

(X,t)EAZ

l'”Q“z,AZ l'”Q”z,AZ [ Cil
Jlap uH 40 C, = max i exp —— )iexp > -2\/_ ||q||2A1 :

AxHyH (ap3 mekyHeM, ku (x, t)€A5. [lap uH xoJ1at 1opem:

t+x—1

1
Reols [ @l [[17e0ldnd+

0

1 1
+7 qu(n,r)ul(n,r)ldndr +3 ﬂlq(n,r)ul(n,f)ldndr <

D3, D3,
21 [
< |[vllza, -V + \/_7 Wfll2a,,0; + EQ “Wfllza, - Nqllza,,a, +

2\/—61 ||f||2A1 ||Q||2A1UA3

A3 uH 4O0:

21 1
Sup |F:(x,t)| <Vl |lv ( +—C ) :
(xt)?ASI 3(x, )] vil2a, + NN lallza,on, ) 1f 128,00,

N JIG+t = De]*
lus(x, )l < Sup |Fs(x,0)| + Sup |F3(x, 1)l E lqll*, , , <
(x,t)els (x,t)el; =3 k!

< Sup |F3(xl t)l
(x,t)€A3

1+ leqll"mg Vibe+e - l)t]k‘ <
k=1

k!
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< Sup |F;

<
(X,t)€A3 k!

(e 0] ] _ k
ol Z(||q||2,A3 Je+t-Dr)
k=1

< Sup [F3(x,0)| - exp(ligllza, - 1) <
(x,t)els

= Vv .+ +
2,A5 —\/E \/E q 2,A1u43

x exp(llqllz,ap) - 1) < Cs(IIVllza, + 1 l2.85005)s

) 1 2,00, ]

KM J1ap UH 40
Vi- exp(l1qllza, - 1);

21 Ic, .
exp(lallzs, ) (5 + 5 Nallas,a,)

Huxosrt, dhap3 mekyHem, ku (x, t)eA,. Jlap un xonar gopem:

C3 = max

t+x—1

1
RGOl kE-01+ [ v@lde+s [[If0lddr+

0

ol [+ [ )latomemolandz+3 [[1a@ 0w oldnar +

Dy1 Dy Dy3

+% .U+ .U lg(n, Dus;(m, 7)|dndt <

Dys  Dysg

[ [
< Sup @]+ Vlloa, VT + 5 Iflg, + 5 Cillfllza, Iglloa, +

(x,t)el,

[
+—C, - Sup |u(®)|+ : +

[
+EC3(\/Z' Ivllza, + ||f”2,A1UA3) Nallza,ua, <

l [
< Sup w1+ VI Vllye, + Ellfllz,ql + §C1||f||z,Ql “llgllz, +
(x,t)eQ;
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[ [
+—C, - - Su O +—=0C - |If]l gl +
N 2 ||Q||2,Ql xtgl“i( )| NG > If 2,0; " 11qll2,0,

Wi l
+TC3 ) ”VHZ,Ql + \/_§C3||f||2,Ql ' ||Q||2,Ql <
IC, W1
14+ 2. )Su t +\/_+—C>v
<(1+ 75 lallg,) Sup luce) ( s | IVl +

[ 1 l [
Lle “c (- ) .
+<2+2C1 ||Q||2,Qz+\/§ 2||Q||2,Ql 2 3 ||Q||2,Qz ”f”Z.Qz

A3 WH 40 J0peM:

lus(x, )] < Sup |F,(x, t)] +

(x,t)eN,

C (2t — 1 iy
b sup G OIY llglle,, LD+ =D

(x,t)el, (2\/_) - k!
- JI@t = D(x +t — DI¥|
< Sup R0 |1+ ZIIqII"m . <
(x,t)els =] (2v2) - k!
k_
<” | \/(Zt—l)(x+t—l)>
2,A
s 22
< Sup |E,(x,t)|" 1+z ' V2 <
(x,t)el, k!

< Sup |F,(x,t)| exp<I|q|I2A4 \/(Zt_l)(x”_l))s

(x,t)ed, 22
JRt=D(x+t-1)
< Sup |E,(x,t)|-ex <
(xt)&l ACAIIE I)<||CI||2A4 W

L lqllza ) (
< Sup |Fy(x,t)|-exp| ——=—| < C,| Su Ol +1vilzo, + Ifllzg, )
(x’t)EAJ 4-( )l p( 2\/5 4 (x,t)EQlllu( ) 2,Q; f 2,Q;

KW J1ap UH YO
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( exp<M>(1 2 al ) \
2z )\ ke

L-1lgllza )( Wi >
C, = max< exp | ———= \/7+—C ;
' p( 22 2 3

oo () 5+ (56 + 756 + 354l

XaMuH TapuK, TypyCTUU Oaxou (2.22) HHUIIIOH nonaa TIy]I.

~"

Kaiin MekyHem, ku a3 O0axon (2.22) ycTyBOpHH Xa/uTk OamacTomaaa HucOar 0a
IIAPTXOU capXaJaid Ba KUCMU POCTH MYOJIHIa OapMeOsiI.

I30xu 2.2. dap3 mekyHeM, ku ¢yHKcusiu u(x,t) 00 MabHOU AWHUITH
uHTerpaanu (2.7) Xamd yMyMHIIyIad Macbhajganm omexTan | 00 kosddurcueHTH
cudpi Oomran, ku 60 dpopmynan (2.8) udoma merapman Ba u(x, t) — XaJId Machaian
ymyMma act. bo uctudoma a3 karopxoe, ki xammm myoawiaxou (2.12), (2.14), (2.16),
(2.18)-po mMeauxann Ba 60 HazapmomTu 6axoxou (2.13), (2.15), (2.17), (2.19) xocun
MEKYHEM:

max luCx, t) —u*(x, )| < KllqllL, o)

ku nap on mommmu K 6a Hopmam ¢ynkcusu q(x,t) Bobacta HecT. A3 WH 4o, 00

uctudosa a3 mynocuodarxou (2.20) Ba (2.21) 6a 6axou

lu = llwpon < CllgllL,ep
MEOeM, KM OH YCTYBOPHUM XaJ/UITM Machajdau OMeXTapo HucOar O6a omryou aJauTUBUU
q(x,t)u(x,t) map myommmau (2.1) 60 xkoddduTcHeHTH 00 KBaapar 3aMIilaBaHIan
q(x, t) TacaMK MeKyHa.

I30xu 2.3. Kaiing menamoem, ku Tacnukxou Oa memmanm 2.1 Ba Teopemaun 2.1
MOHaHJIpo Oapou Xaymu Machajau omextau |l 60 maprxou nHuxouu cudpuu (2.5) Ba
YYHUH IIapTXou capxaauu (2.2), ku gap ouxo u(t) € W[0,T], v(t) € L,[0,T] Ba
u(T) = 0 act, HU3 6a macT oBapjJaH MyMKHH acT. Tabkux MeHamoeM, Ku 0a MUCIH

Teopeman 2.1 Xamam Machajgau oMexTau OappacuiiaBaHia 0apou MyoAWJIau SKYUHCA
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nap coxau {(x,t)|T —é St<T,T—-t<x<t+1—T}NQr aitausaran 6a cudp
Oapobap MmeraBa.

AxHYH Teopemapo aap Oopau siIrOHAruy Xaji MeopeM Ba HCOOT MEHAMOECM.

Teopemau 2.2. Dapz mexynem, xku oap myoounau (2.1) xosghgumcuenmu
maztupéoandau (X,t) manxo 6a cungu L,(Qr) maaninyx oopad. On 2ox 6apou xap
eyna T € (0;1] macvanau omexmau | a3 cungu W (Qr) a3z ax xan 3uéd oowma
HaMemagoHao.

Hcoor. «Dap3 wmekyHem, ku Oapow Machkanmam omextanm | 1y xamwmm
ymymumyaan ryHoryan u® (x,t) Ba u®(x,t), xu 6a cundu W, (Qr) Taamiyx
JOpaHI, MaBYyJIaHI. On roX dapku OHXO
u(x,t) =u@(x,t) —u®(x,t) xamwm ymMyMmuIIyIan Machadad OMEXTad SIKYHHCA
Oapou Myoaunan sikqyuHcau MyBoduku (2.1) a3 xaMoH cuHd meboman. AvHe, Oapoun
xap TyHa ¢yHkcusn osmommmn P(x,t) € W2(Qr), ku 6a IIapTXOM capXajuu
®(0,t) =d,(,t) =0 Vt€[0,T] Ba maprxou nuxoun D(x,T)= & (x,T)=0

V x € [0, ] utoar mekyHax, 6apobapuu 3epuH uypo Merapaam [103]:

]f ulx, t) [P, t) — Py (x, t) — qlx, )P (x, t)]dxdt = 0. (2.23)
Qr

®ap3 mexyneM, ku € € (0,1) Ba dpynkcusiu q.(x,t) € C*(Q) YyHUH UHTUXOO
ryfaact, ku 0aposii ||g — ggll, < €.

ba w4oitn ¢yHkcusu P(x,t) Xamd Machalad OMEXTaW 3EPHHPO HHTHUXO0

MCHaMOE€M.:
DPpe (X, 1) = Pux (%, 1) — ¢ (x, ) P(x, 8) = u(x, 1), (x,t) € r,
®(0,t) =D, (l,t)=0 Vte][0l], (2.24)

d(x,T) = D(x,T) =0 Vx €[0,T].
A3 Teopemanm 2.1 Oapmeosin, ku wMacbaman omextaum (2.24) a3 cuHdu

W(Qr) xan mopam Ba a3backu ¢yHkcmsxou q.(x,t) Ba u(x,t) 6a kagpu xodi
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cyraana, uH xan MmyBoduku 330xu 2.1 6a cundu I/T/ZZ (Qp) Taammyk xoxaz HOIIT. A3

uH py, a3 MyHocubarxou (2.23) Ba (2.24) myHOcHOaTH 3€puWH XOCHJ Merapaa:

ff u(x, ) [ @ (x, 1) — Doy (x, 1) — q.(x, ) P(x, t)]dxdt +
Qr
+ ﬂ ux, t)[qe(x, t) — q(x, ] P (x, t)dxdt = |Jull5 +
Qr

+ ﬂ u(x, t)[q:(x, t) — q(x,t)]P(x, t)dxdt = 0.
Qr

A3 uH 4o 6apmeosis, Ku

il < [[1uGe 01 9.6 0 = o 01 100 )l dxde
Qr
bo uctudona a3 nobapobapuun Komm—byHsKoBckuil gopem:

(x,t)EQT

lull3 < sup |P(x,t)] Jf u2(x, t)dxdt - ﬂ(qg(x, t) —q(x, t))zdxdt =
Qr Qr

= sup |[®(x, )] lullz-llge —qll2 < sup [®(x, )] - [[ull; - &.

(x!t)EQT (x,t)EQT
Ilac,
lull < sup [@(x, )] lull; - e. (2.25)

(x.t)eQr
Hap Tapadu poctu HoOGapoOapuu (2.25), 3apOiaBaHgan sIKyM MYBO(PHUKH
Oaxou (2.22) a3 C||ul|, 3uén Hect, 3epo Gapou kodhdurcuentu q.(x,t), ku aap
Machanau (2.24) 6appacit menraBa, 6axou
laellz < llgllz + & <llqll; + 1]
UYPO Merapal.
XamuH TaBp, a3 HobGapobapum (2.25) OGapmeosm, ku ||ul|3 < Ciellull3.

A3 uH 4o, 060 mapHazappomTh uxtuépi Oymanu € € (0,1), xyaoca MEKyHeM, Kd
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u(x,t) = 0 xkapub map xama 4oitn pocTkyH4an Qr Ba OmHOOap Oedocuia OyaaHu Xy
nap TaMmoMu (Qr HU3 OH 0a cudp MyOaaIan Merasai.

«A3 TeopeMan 2.2 OGapmeosis, KU XalTu gap jemmau 2.1 OappacuimaBanma
XA ATOHaW Machamanm omexTta a3 cuHu W3 (Qp) 6Gapom myommmanm (2.1) 60
mapTxou uOTuouu cudpit Ba mapTXou capxaauu (2.2) medomaa. A3 UH 40 METaBOH
XyJoca KapJ, K Teopeman 2.1 Max3 MaBYyIUSITH XaMUH XaJIpo MyKappap MEHaMOsI.
ba xaMuH Tap3, ATOHaruy XaJuTu yMyMUIyaan Machanan omexrau || a3 ncbort kapaa
MmeraBaa» [103].

I30xu 2.4. «Macwanaxod Ha3IWK, KU Oa XalllaBaHAaruk XaJlId CYCTH
yMyMuUlllyga 0apou MyoJIuJIaxou runepoonan MapOyTana, nHuYyHuH aap kutoou XK. JI.
JInonc [110, cax. 163—165] taxkuk mynaass. Jlap mororpadusu O. A. JlagmkeHCKas
[107, cax. 232] Teopemau SITOHarM XaHrOMH HWYPOM IIAPTXOM WJIOBarid, Ku Oa
cybrarun xodddurcueHT BoOacTaaHa, MCOOT Merapaan. Arap Kod3(pQhUTCHEHTH
TariiupéOaHaa TaHXo a3 TariupéOangan X BoOacTa Oormraj, 6apou UCOOTH TeopemMau
ATOHAr#l METAaBOH a3 YCYyJIM CHEKTpaiil, ku a3 yonuOu B.A. Wnmitun nap xopu [60]
MEITHUXO0/I IyAaact, uctudoaa oypa» [24].

2.3. SIkkuMaTa XaJJlaBaHIarui Machajian WIOPAKyHUH capXajail XaHTOMHU
BAKTH a3 KPUTHKI Xypa € BakTu 0a oH 6apodap

Hap uH 6ana caBonu MaBYynusT Xauromu T = [ Ba siroHarin xanromu T < [ - u
XaJull Machajlan wujuopakyHuu capxaaum |l Taxkuk kapma wmemiaBana. ABBaj
TaCIUKXOPO Jap Oopan sATOHArin Ba MaBUYIAHMSITH XaJUTM Machajau OappacHuIllaBaHIau
UJIOpPAKyHUU capxaaid Oapou xojiaTh Xycycil, ku kodddurcueHTn Tariiupédbangan
q(x,t) yacypu cudppuu cundu L, (Qr) meboriam, MmeopeM Ba HCOOT MEHAMOEM.

bo Takpop HamMymaHu MyJiOXH3axoe€, KU Jap Kopu [65] oBapaa urygaasmu,
JTyPYCTHH TaCAUKHU 3€PUHPO UCOOT MEKYHEM.

Tacauxku 2.3. Dap3 mexynem, ku T <1 6a q(x,t) yncypu cugpuu cungu
L,(Qr) mebowad. Ou zox, macvanau udopaxynuu capxaouu W\l az cungu Wt (Qr) asz

SK XAl 3Ué0 00UIma HamemasoHao.
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Hcoor. Dap3 mexkyHem, KM Macbasian uaopakyHuu capxaauu |l ny xammm
u,(x,t) Ba u,(x,t) nopan, xu 6a cundu W,(Qr) Taamnyk mopasa. OH ToX (hapKu

ouxo u(x,t) = uy(x,t) —u,(x, t) a3 xaMoH cuH(} XA Macbhajgand SKYUHCAU 3EPHH

MeOora;
Ue (X, 1) — Uy (X, 8) =0 pap Qr, (2.1%)
u(0,t) =0, u,(l,t) =0 xaneomu 0 <t <T, (2.2%)
u(x,0) =0, u(x,0) =0 yarncomu 0 < x </, (2.3%)
u(x,T) =0, us(x,T)=0 xancomu 0 < x < L. (2.5%)

dynkcusan u(x, t), KM XalIu Machalan uaopakynun capxaauu (2.17) — (2.3%) Ba
(2.5)* a3 cuadpu W, (Qr) meboman, XaM3aMOH a3 XaMOH CHH( Xalod Machadan
oMmextan HaBpu | — (2.1*)-(2.3*) mu3 xact. MyBoduku Tacauku 2.2, MH XaJIpo
MeTaBoH 00 popmynau (2.8) udoaa xkap.

Asbacku mysoduku maprxon (2.27) u(0,t) = u(t) =0, u,(Lt) =v(t) =0
Oapou 0 <t < T Ba f(x,t) =0 xapub O6apou xamau (x,t) € Qr, a3 popmymnau (2.8)
oapmeosin, ku u(x,t) =0 V (x,t) € Q Ba 6uHOOap uH U, (x,t) = u,(x,t). Tacauku
2.3 ucOoT mIyjI.

AKHYH TacaMkpo 1ap Oopan MaBYyIUATH XaUIM Macbhajad HIOPAKyHHH
capxaauu |l 6apon xamuH X0aTu Xycycii MeopeM Ba UCOOT MEKYHEM.

Tacauxku 2.4. bueszop, q(X.t) yucypu cugppuu cungu L,(Qr) 6a T = | 6bowao. On
20X manadu 3epuH wapmu 3apypi 8a Kugoseii 6apou Magyyousmu Xaiiu s2oHAu

macvanau uoopaxynuu capxaouu W az cungu Wt (Q) mebowao:

l -t

l l
9(0) + 9(1) — 91(0) — 1 (D + f W) dx + f P, (O dx + f dr ] @1, 1)dn = 0.(2.26)
0 0 0 T

Xaneomu uypou uH wapm Xaiiu mMacvaiau mMasxkyp 6o gopmynau sepur 000a

Mewasao:
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(ul (xr t) ﬂap Al'

_ Uz (x' t) Aap AZ)

ux 1) = {ug(x, t) nap A,
u,(x,t) map A,,

(2.27)
KU 0ap uH yo

1
ul(x; t) = E

x+t 1 t x+t-7
oG+ +ot-0+ | v©d 5[ | f(f,r)dfdr‘;
x—t 0 x—t+t

x+t

1
u(x,t) = > px+ )+ (x—t+1D+ @00 —)+ f Y(&)dé —
l
x—t+l1
- Y(dé+ || f& Ddédr— || f(§dédr — || f(§ 1)dédT];
[ vt e [ o [ o

Q31 = 51(x, 1) ={(§, 1) 0<T<

+t
, TS{Sx+t—T};

054 = 054 (x,8) = {( E x_2t+l+ T—t_x+l|SEST}
Ny, = 05,(x,t) = {(f T): s < l—x+t' x+|r—t|<5<—— r——|}
1 x—t
us (6 ) =5 <p<x—t>—<p<0)+<o1<l)+<o1<x+t—l)—j YO +
0

+ [ revaza - ([ reoagac- | f(&r)dfdr‘:

234 33 34

l—x+t

.lez.()gl(x,t)z{(f,T):OSTS , x—t+r$f$l—r};

[ x+t x4+t
~Q345934(x;t)={(5,T):ESTSl, [—1<¢< ol |},

l—x+t x+t 1 [
Q335~Q33(X;t)={(€,f): > ST > E+ T—§|Sfﬁx—|r—t|};
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1
Uy (x, t) =§[<p1(x+t—l)+<p1(x—t+l)+

+ xf_lllll(f)d€+f x_fﬂf(f,f)dfdf ,
x—t+l t x+t-t

A, —cexynyaecm, ku 60 xamxoux —t =0, x +t —1 =0, t = 0 maxoyo wyoaacm;
A, —cexynyaecm, ku 60 xamxoux —t =0, x +t —1 =0, x = 0 max0yo wyoaacm,
A5 —cexynyaecm, ku 60 xamxyou x —t =0, x +t —1 =0, x = [ max0yo wyoaacm;
A, —cexynyaecm, ku 60 xamxoux —t =0, x +t —1 =0, t = | maxoyo wyoaacm.
ap atinu xon uoopaxyuuxou capxaouu yycmyyyuasanoa 60 épuu gopmynaxou

AHATUMUKUY 3ePUH XUCOO KapOa Meuasano:

t
1
1O =5 [0@ + 9O + [ W@ + 9.0 - 9, () +
0

l

+ fll)l(X)dX—de ff(f»f)df )
12 Tt

0

l
1
V(O =3[0 A=0 =P =0 + GO + 91O - [ FU+ £ -0z
0

HcboTu 3apypii. «ABBas1 XoJlaTu Xycycupo Oappacii MeHamoeM. AHuKai, $ap3
MEKyHeM, KH Jap Machanan uaopakyauu capxamuu Il ¢(x) =0 gap nopuan [0, (]
Ba P(x) yHcypu cubpun cundu L,[0,l] meboman. Arap xamm u(x,t) a3 cuHdpwu
W21 (Qr) 6Gapou wmacwamau Ill Byqyn momira Oomiaz, mac OH XaM3aMOH XaJlld
Machanan omextau | a3 xamoH cuH(}p MeOoman, ku gap oH @(x) = 0 Gapou xamau
x € [0,1] Ba P (x) = 0 6apou xapub xamau x € [0, !]. Mu xan makmu (2.8)-po mopar,

KM a3 OH MyHOCHOATH 3epUH XOCUJT Merapaany [24]:

l
P,(x) —pi(x) = 2p'(l—x) + J f(x =1+ r1,1)dr. (2.28)

0
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A3 0apobapuu (2.28) nucbdar 0a x a3 0 To | uaTerpan rupudra, 00 Ha3apAOIITH

Oapobapuxou
l

2 -1 l

f dr f fe0ds == [ dr [ rnds+ [ ar j £ (& T)dE =
0 l l-T

-1 0 T

l
——j-dr
0

2
T

fG&0ds;  ul) = ¢1(0)

N— T

XOCHJI MEKYHEM.

-t

f Y1 dx — @1 (1) — 91(0) + j dr j £ (& 0)dE = 0. (2.29)

XaMHH TaBp, Oapou XoJaThd XyCycuH Oappacuilyda IIApTH 3apypHH
MyHOcuOaru (2.26) ucOOT Kapaa mryj.

AKHYH XOJaTh yMyMUpO Oappacit MeHamoeM, KH Aap OH @(x) QyHKcusu
uxtuépi a3 cunpu W, [0, 1] Ba Y (x) yncypu uxruépii a3z cunpu L, [0, ] mebomaz. bo
uH Makcan, Gynkcusixon @ (x) Ba Y (x)-po nucbar 6a Hykran x = 0 6a coxau [—[, 0]
0a TaBpu TOK Ba HucOar 0a Hykram x = [ 6a coxau [[,2l] 6a TaBpu 4ydt nmoma
mMeauxeM. XamuyHuH ¢yHkeusu f(x, t)-po a3 pyiiu Tariiupébangau sikyM HuUcOar 6a
aykran x = 0 6a coxau [—[, 0] Ga TaBpu TOK Ba HucOaT 6a HyKram x = [ 6a coxau
[[,2l] 6a TaBpu uwybr wumoma wmemuxeM. DyHKcHsxonm ©Oa XaMuH Tap3
unomanonamynan @(x), P(x) Ba f(x,t) mysodukan 6a cunpxom Wi[—I,21],
Ly[=12l] BaL,((—l < x < 20) X (0 £t <T)) Taauryk Merupas.

bo uynun gynkcusixou unomaaonamynau @ (x), Y(x) Ba f(x,t) dyHkcusau

x+t

oG o +oe-n+ f W(dy

xX+t—1

+= fdr f fEDdE  (2.30)

x—t+1

v(x,t) ==

-po 6appacit MeHamoeM, ku tmaptxon v(x,0) = ¢(x) Vx € [0,(] Ba v;(x,0) = Y (x)

-po 6apou kapub xamau x € [0, [] koHes MerapmoHa.
70



Humon meauxem, ku ¢pyakcusa (2.30) Xanmm yMyMHITyIan Machajal OMEXTau
| a3 curdu W, (Q,) meGoman, ku map oH u(x,t) 60 v(x,t), u(t) 6o v(0,t) Ba v(t)
60 v(l,t) uas kapaa myaaact. bapou uH kohUCT HUIIIOH JI0/1a 11aBal, KU OH alHUATH
(2.7)-po Gapou xap sk ¢pynkcusu P (x,t)a3 Tabpudu 2.3 KOHEHh Meco3aj, KU J1ap OH
u(x, t), u(t) Ba v(t) myranocuban 6o v(x,t), v(0,t) Ba v(l, t) ua3s nmymaanm.

Ycynu unterpanrupii 00 KUCMX0 0a MO UMKOH MeINXaJl, Ku MyHocubatu (2.7)-

PO J1ap LIAKJIHA 3€pUH HAaBUCEM:

11
f j [v,(x, )P, (x,t) — v (x, ) D (x, t) — f(x, )P (x,t)]|dxdt =
0 0

l
= j v (x, 0)P(x,0)dx. (2.31)
0
Oynkensy nbtuaonn uxTHépun QGyHxcusu P (x)-po 6o P(x) Ba dyHKCHSIH
notuaonn uxtuépun ¢yHkcusu f(x,t)-po HucOatr 6a Tariiupébanman aBBan 00
f(x,t) umopa mexynem. Jlap acocu myHocubaru (2.30) kuemu uanu (2.31) Gapobap

acTt 0a

l
1 ~ ~ ~
Ef{[fp(x +D = =D+ P+ D + Pl = D] Dy, 1) — 20 (x) D (x, 0)}dx —

0

1
f f[<ﬂ(x +0)—px—t) +P(x+ ) + Plx — t)] Dy (x, t)dxdt —
00

N =

l

1 - -
—Ef{[go(l +0) —pU—t)+PpU+ )+ P — )] D, t)}dt —

0
l

1 - ~
-5 [0 00 + (0 + H-0] @00 +

0

+

N =

L1
f f[w(x +0) = @ =0 + D0+ ) + P — )] Py (x, Ddxdt —
00
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t

11
—%jj J[f(x+t—r,r)+f(x—t+r,r)]dr D, (x, t)dxdt +
o0 \o

t

+ff Jf(x,r)dt D, (x,t)dxdt +
00 \0

_l_

N =

L 1(t
jj j[f(x-l-t—r,r)+f(x—t+r,r)]dr D, (x, t)dxdt —
00 \o
11 l
—jjf(x, t) d(x, t)dxdt = —jt/j(x) D, (x,0)dx =
00 0
l

l
= jt/)(x) ®d(x,0)dx = fvt(x, 0)P(x, 0)dx,
0

0

Ky aypyctuu aitausaty (2.31)-po ucOoT MekyHa.

XaMHH TapuK, MO HUIIOH jaoaeM, ku ¢yHkcusu (2.30) Xamwim ymyMuUlIyaau
Machanan oMmextan HaBbH | a3 cuadu W, (Q,) meboman. A3 uH 6apmeost, Ku hapKu
[u(x,t) — v(x,t)] a3 xamoH cuH(} XaIM Machajad oMexTau | MemaBan, Ku gap OH
f(x,t) =0 0apou xapub xamau (x,t) € Qr Ba maprxou UOTHUAON XaHromu t = 0
YYHUHAH]I; IApTH aBBaJl aifHUsATaH cudp mMeboIaa Ba MapTy AYIOM YHCYpU CUDPHUH
cuau L,[0,[] acT.

bo nazapgomtu xonaru xycycue, ku gap 0oyo 6appacit rapaua, 6apou uH hapk

MyHocu0atu HaBbH (2.29) nypyct mebora, sibHe
l

l
jl/)l(x)dx —:(D)—¢@,(0)+v(0,D)+v(,1)— f ve(x,Ddx =0. (2.32)
0 0

A3 dopmyman (2.30) 60 HazapmomTH XocuaTxoun (GyHKcusxou @(x), Y(x) Ba

f(x,t) mopem:
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l

l l-1
o)+ (=D + fl/)(n)dn+JdT J f(n,r)dn‘ = 0;
-1 T—1

0

1
U(O, l) = E

1
U(l, l) = E

21 l 2l-1
<p(21)+<p(0)+f l/)(n)dn+fdrj f(n,r)dn‘ =

0 0 T

= ¢(0) +f¢(n)dn +fldrff(n.r)dn;
0 0 T

l l

f ve(x, Ddx = %J[(p’(x +D)—-'(x-D+yYx+D+yYx—-D]dx+

0

N =

0
L1
+ fj[f(X‘H—T,T)+f(x—l+T,T)]drdx=
00
21 0
1 1 1 1 1 1
=50 - 500 ~ 50O +59(-D +5 [ w@dr +5 [ p@dr +
l -1

11
+ jjf(x+l—r,r)+f(x—l+r,r)]drdx=
00

N =

l 2l-7 l

=~ +3[ [ foodmacss| j fn, T)dndz =

0 l-7 0 -1

=—o)+ f f f(m, D)dnd.

0 l-t
Ndonaxou Edramrynapo 0a (2.32) rysoiira, X0CHI MEKYHEM:
l

l l l
f P10 dx — 91 1) — 91(0) + 9(0) + f Y()dx + f dr j F(n,D)dn +

0
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L 1

+o - [ [ raodndr =0

0 Il-t

l l
j 01 (0 dx + f Y@)dx + 9(0) — 91(0) + 9(1) — o1 (D) +

0

+fdrff(7],T)d77 fdr ff(n’f)dnz 0;
0 T J

l l
0(0) + 9(1) — 91(0) — (D) + j Y()dx + j 1 () dx +
0 0

l
l-T

+fdrf f(n,r)dn—fdr ff(n,f)dn =0;
0 T 1 I-T

2
l l-T

0(0) + o) — 91(0) — g (D) + j Y()dx + j Y1 (D) dx + j dr j @, v)dn.

0

bo xamuH, 3apyp Oymanu mmaptu (2.26) 6apoum MaBUyAUSITH XaJUId STOHAH
Machanaan OappacHIliaBaHiad UIOPAKYHUN capXalid myppa UCOOT rapaul.

HUcooru xudosiri. ba oconit metaBoH OoOBapil XOCWI Kapi, KU (YyHKCHUSU
(2.27) 6a cundn W} (Q,) Taamnyk nopan. BokeaH, nH a3 oH GapMmeos], KU Baif jxap
xap sike a3 coxaxou 4;,i = 1,4 cymman anre6paBun GyHKCHIXO a3 apryMEHTXOH X +
t € x —t -po Tamkui1 MeaWxaj, KH XOCHJaW yMyMHIIyaan 00 KBajapar 3aMIilaBaH/Ia
JopaH/ Ba MyBo(HKH mapTH (2.26) XaHrOMHU I'y3alllTaH a3 capXaJad YMyMHH Iy COXaH
JAITXOXHM COXaXO0M 3UKpIIyaa 0eocuiarui XyAapo HUTOX MEIOpaH.

Canyupman aymBOp HecT, ku Oapoum xamau Xx € [0,l] ©OapobGapuxon
u(x,0) = p(x),ulx,l) = @,(x) Ba 6apou kapub xamau x € [0,l] Gapobapuxou
ur(x,0) = Y (x), us(x, 1) = Y1 (x) nypyct mebomman,.
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Hcbotn aypyctun avinusatu (2.7) 6apou xap sk ¢pynkcusu @ (x,t) a3 tappudu

2.3 6okt MeMoHan. bo Hazapnomtu myHocubatu (2.31) kKoUCT HUIIOH 107a MIaBaI,

KU

11
f j [u, (2, )P, (x, t) —up(x, )P, (x, t) — f(x, ) P(x, t)]dxdt =
0 0

l
= J Y(x)P(x,0)dx. (2.33)
0
Bapou Gappacit pyHKCUSAH 3€pPHUHPO BOPUI MEHAMOEM:
(1 ~
SlmeGe— O+ PG —0) +1(x ) + L (%, 1) pap A,

1 ~
E[—gol(x—t+l)+z,b1(x—t+l)—

l
—j f(x—t+r,r)dr+1(x,t)+11(x,t) aap A,,
Ux,t) =1 ° l
% z/?(x—t)—q)(x—t)—f fix+t—1,1)dt +
+I(x,t) + K;(x,t)] : rap As,
%[—(pl(x—t+l)+1/71(x—t+l)—
\ —K(x,t) + K1 (x,t) + 1(x, t)] ap Ay,
KU Jap OH

I(x,t)=]f(x+t—r,r)dT+Jf(x—t+r,r)dr,
L, t) =@ +t)+P(x+1),
l l
K(x,t)=.[f(x+t—r,r)dr+ff(x—t+r,r)dr,

Kie,) = (x+t =D+ P, (x+t—=1),
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P(x), P1(x) Ba f(x,t) myranocuban QyHkcusxon uéTHIONH (yHKCHIXOM (X)),
Y, (x) Ba f(x,t) Hucbar Oa Tariupébanaan X MeOOIIAHI.
bo oconit Mymoxuia kKapJjaH MyMKHH acT, KA
Ue(x,8) = up(x,8), Up(x,t) = f(x,8) = u(x, ).
bo napuazapnomtu uH MyHocu0aTxo Ba 60 uctudoaa a3 ycyiau MHTErpaIrupi

00 KUCMXO0 XOCHJI MEKYHEM:

T

l T (1
j fUt(x,t)¢x(x,t)dt dx—f ff(x,t)cbx(x,t)dx dt —
o \o o \o

T l I T
—Of 0JUx(x,t)CIDt(x,t)alx dt—oJojf(x,t)CD(x,t)dxdt=

l l 1 T
=j U(x,T)CDx(x,T)dx—j U(x,O)CDx(x,O)dx—f j U(x, t) D, (x, t)dxdt —
0 0 0 0
T T 1 T

f UL, (1, t)dt+j U0, ), (0, t)dt+J j U(x, ), (x, t)dxdt —

0

j lt)cb(l,t)dt+j f(O,t)dD(O,t)dt+j f f(x, £)D(x, t)dxdt —
0 0 0 0
l

I T
—f j f(x, )P(x, t)dxdt = —J U(x,0)P,(x,0)dx =
0 0

0

j U (x,0)d(x,0)dx = f Y(x)P(x,0)dx.

XaMHH TapuK, Tacauku 2.4 myppa ucOOT rapau.
AKHYH X0JIaTd yMyMUHU Machajan OappacuiiaBasgan uaopakyauu capxaauu I1-

po nunma mebapoeM. be Maxyn kapaaHu YMyMUST, J1ap OsiHAa 0apou cojarit Ba OCOH
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HaAMyIaHd XUCO00apopux0 YyHHH MelrymopeM, ku ¢yHkcusu f(x,t) yHCYpH
cupuu cuadu L, (Qr) mebdoma.

ABBan 0a 0aéH Ba ucOOTH Teopema Jap Oopau STOHArMU Xauld YMyMHIITylTau
Machaliau OMyXTaliaBaHjau uaopakynuu capxaauu Il meryzapem.

Teopemau 2.3. buezop, koaghgpumcuenmu q(x,t) oap myoounau (2.1) 6a cunghu
L,(Qr) maannyx oowma 6owad. Ou 2o0x 6apou xap sk T € (0,1] macvanau
uoopaxynuu capyaouu W1l manxo ax xan az cungpu W,y (Qr) oowma memagonao.

Hcoot. Vcootu Teopeman 2.3 G6apoun xap sk kumatu T < [ 6a Tap3u skxena
ry3apoHHa MelmaBaa. A3 WH py, MO MCOOTpo TaHxo Oapou xonmatu T = | aHYOM
menuxeM. ba muciu xopu [15] dap3 mexyrem, ki macbaan Il gy xamm u® (x, t)
Ba u@(x,t)-po a3 cundu W, (Q;) mopam. Jlap uH cypar, (GapKH OHXO
u(x,t) = u(z)(x, t) —u® (x,t) xamm macwanau I a3 xamon cund 60 maprxou
MOTUI01 Ba HUXOMU cUdpit MedoIa.

Merysopem: u(t) = u(0,t),v(t) = u,(l,t). A3z Taspudu cundu W,'(Q))
6apmeosn, ku u(t) € W[0,1],v(t) € L,[0,1] Ba maprxon w(0) = 0,u(l) = 0 uypo
MeIIaBaHI.

Xamus TaBp, Qyrkcusn u(x,t) a3 cuadn W,'(Q,) Xaumm Machalaxou OMexTae
MebOoman, ki gap Oanmu 2.2 Oappach mymaana. A3 gymna, ¢yHkcusu u(x,t) map

coxau
A= {(X;t)!o <t<| - |£—t| <x S£+ |£—t|}
2 |2 2 12
0a cugp Oapobap acr.
bursop, akayn t; Ba t, Ay HykTaum wuxtuépuu mopuau [0, l] Ooman.

Xapakrepuctukan t — x = t;, ku a3 Hykraun (0,t;) Mery3apaa Ba XapaKTepPHCTHKaH

t+x—1=t,, xu a3 Hykrau (l,t,) mMery3apan, capxaau coxau Ay-po Jdap HyKTaxou

(l_ztl,“;tl) Ba (Hztz , l+2t2) meOypana. Jlap un HyKraxo u(x,t) = 0 meboman. A3 un
py, a3 hopmynau (2.8) XOCUI MEKYHEM:
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1
pe) =5 [ a 0w ndsr,
Dq(t1)

sz(r)dr = —l Jf (&, usz (¢, 1)dédt (2.34)
=73 q\s, 3(S, ’ .
0 Dy (t2)

KM J1ap OHXO

, ty [+t [ l

Dyt ={E i 2sr=s =2, je-nlseso-|-1l

, t, [+t, [ !
Do(tz)={(6,r):75rs > ot T—§|S€Sl—lr—t2|}.

AxHyH HyKTan uxtuépun (x,t) € A,-po Oappacit MmekyHeM. A3 popmymnan (2.8)

JOpeM:
1
ux,6) = u(tr) +5 j j a(&, Du(€, 1) dedx,
Dy
KH Jap OH
t—Xx x+t x+t
Do) ={E 0| s e tlrrx-t<e< -T2

bo ©6a 9spTHOOp ruUpudTaHu  Oapobapum  aBBaiu  (2.34) OGapou

t; = t — x, 6a MmyHocubaru

u(x, t) = % ﬂ q (&, u(é,1)dédt = [Nyu](x, t) (2.35)

D (t=x)\Do (x,t)
MepaceM, KU ap OH

t—x+1

x+t l l
D{(t — x)\Dy(x, t) = {(E,T): 5 <7t< , x+|t—1|<é< 5~ |§—r|}.
Mynocubaru (2.35) Myoauiian MHTETpAJIMYU SIKYMHCAU HaBbU Bonreppan yuHCH
IyIOM MeOoran, 3epo oreparopu Ny—u KHUCMH pocTd oH aap dazom L, (A,) maxmyn

amajl MeKyHaJl Ba lapayaxou oH 0a 4yHUH 0ax0 UTOAT MEHAMOSIH]I!
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[[NEx]| (e 0) < Sup |x(x,b) keN.

(x,t)EAz

<ﬂ||q||2,AZM>" 1
2 k!’
A3 WH py, UH MyoaWiia TaHXO XaJuIu cudpit gopan Ba myBoduku (2.34) Gapou
xap sk t; € [0,1] u(t;) = 0 memasap.
ba xamuH MoHaHz, Oapou Hykram mxtuépum (x,t) € A; a3 dopmymnan (2.8)

JIOpEM:
to

1
uGo0) = [ v@dr +5 || a6 ue Ddgr,

0

t+x—1 x+t
Do(x,t)={(§,r): <t hx-t<Es -

x+t|}
T 5 .

bo 6a Hazap rupudranu Gapobapuu ayromu (2.34) 60 t, =t + x — [, gyHUH

MYHOCH6aT XOCHII MCrapaan:

1 1
ud=-5 || a€ouE s+ [[ aoue dsar

Dy’ (t2)

s
1
u(x,t) = —3 ﬂ q (&, u(é, 1)dédt = [Nyu](x, t), (2.36)
DY (t+x—1)\Dg(x,t)

KU JIap OH
Dy (t +x —D\Dy(x,t) =

_{( )_l+t—x< <t+x l+ l|< < | tl}

- S,T . 2 =T 2 7 9 T 7| = f S X T .

Mynocubaru (2.36) Myoauian HHTETPAIMU SIKYMHCAW HaBbU Bonreppan qyuHCcH
IyIoM Meborag, 3epo orneparopu N;—u KucMu poctu oH aap dazou L, (A;) maxmyn

amall MeKyHaJI Ba JIapaqyaxoH oH 0aX0oH 3epUHPO KOHEHh MECO3aH/I:
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[[Nfx]|(x,t) < Sup |x(x, )l k € N.

(.x,t)EA3

k
VUiqlloa,VE+x =T\ 1
2 k!’
bunoGap wH, MH MyouIa TaHXO XU cudpi gopasa Ba myBoduku (2.34) xocui

MekyHeM, ku V(t,) = 0 6apou xap sk t, € [0,!]. Teopeman 2.3 myppa ucobot kapaa

Iy,
A3 xopu [65] Gapmeosia, ki QyHKCHSIH

i(x,t) =

( x+t

oG+ 0 + o — o) + j WE)dE ap Ay,

x—t
x+t l

0(0) + p(x + ) + j YEE + 1 — ¢+ D—gpy (D) + f D1 (©)dE nap Ay,
0 x—t+l (2.37)

x+t-1

l
o=+ o) + j YEE + @y (x +E— D=y (0) + ] $1(©)dE aap bs,

N =

x—t+l1

oGt t—D+ o x—t+0D)— f D1 (©)dE aap A,

& x+t—-1

XaJUIM SITOHaW Machanaum ujaopakyHuu capxamuu |l 6apou myonwian maByuu
skquaca (f(x,t) =0, g(x,t) = 0) wmebomran, arap goumuxou A, Ba B, Ku
TaBaCCyTH IIAPTXOM MOTHUION Ba HUXOM MyaiisiH Kapja memniaBaHg, 00 xaM OapobOap

OomaH, SIbHE

l l
Ao = 0(0) + o) + j YEE = 91 (0)+; (1) — f Y (E)dE = By, (238)

ba xamun Mmoman, a3 Tacnuku 2.4 6apmeosin, kKu pyHKCHSH

u(x, t) = ta(x,t) +
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( t x+t—7

[ | rendar mapa,

0 x—t+71

|| revasac— || revdsac— || 6 agar aav s,
Qyy Qo4

1
oA 21 (2.39)
|| re v~ ([ renasar- [[ s odear napas,
Q34 Q33 Q34
l x—t+t
[ | reoas mpa,
\ t x+t—T
XaJJIN sIroHan wmacbajian H,Z[OpaKYHI/II/I capxaﬂml ||| 6ap01/1 MYOI[I/IJIaI/I JIAIIUIIXO0H
MaqOypun Top (60 maptu q(x,t) = 0) mebomaz, arap
l
2 -1 l T
ao+ [ ar [ fEods =po+ [ ar [ re 0z, (2.40)
0 T 1 -1
2

KU J1ap oH A, Ba B - TOMMUXOH KUCMU Yarl Ba pocTu 6apobdapuu (2.38) meborman.
Coxaxou wHTerpanrupii, ku aap Gopmymnau (2.39) UIITUPOK MEKyHAH, Jap
TacIUKHU 2.4 MyalsiH IIIy/1aanI.
bapou MaBYynuaTH Xa Machaiau uaopakynuu capxaauu |l 6apon myoaunan
Tenerpadit 60 ko3hduTCHeHTH Tariupé6anna a3 cundu W, (Qr) mapru 3apypit
xocuit MekyHeM. [lap ossHma 6apou cogarapaonnu xucooxo f(x,t) = 0 mery3opem.
Teopemau 2.4. buczop, T =1 6a q(x,t) € L,(Qr) 60owao. Oun 2ox, b6apou
Magyyousimu xaniu macvaniau uoopaxyuuu capxaouu W az cungu W(Qr) sapyp

acm, Ku wapmu 3epuH uypo wasao:

l-t

dr j 4(&, Dy (€, 1)dE = By +

T

T

dr j 4E DU, DdE,  (241)

l-T

Ay +

S
N~ —
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Ku oap ou Ay 6a By - doumuxo az bapobapuu (2.38) mebouwano. bByzypeuxou u,(x,t)

6a Uy (x, t) mysoguku chopmynaxou 3epun xucob kapoa mMeumasato.

u(x, t) =1,(x,t) + z[G{‘ﬁl](x, t), (2.42)
k=1

1
000 =5 et 0+o-0+ | p©d |,
x—t

Gadeen =3[ [ a@omEna
0 xX—t+7T
wa (%, 8) = 11, (x, ) + z [GEa,](x,0), (2.43)
e x—t+l1
B0 =5|oG Do G—c+D - [y,
l x—t+71 e
Gadeen =3 [ar [ a@oa o

Hcoor. Dap3 mexyHeMm, ku PyHkcusu u(x,t) Xamwim Machajal HAOPAKyHUU
capxamuu |1l a3 cundu Wj}(Q,) meboman. Jlap MH cypaT, OH XaM3aMOH XaJUTH
Machanan omextau | map cexkyH4an A; Ba Xaymau macbhanau omextau |l gap cexynyan
A, xoxan 6yn. MyHocuOaTxou MHTETpaInepo TapTud Meauxem, ku GyHkcusu u(x,t)
nap coxaxou A; Ba A, OHXOpO KOHEH Meco3al. bo 1l (x,t) Xammm Machagan OMeXTau
| - po Gapou MyoauiIan MaBUMHU SKYMHCA Jap A; uimopa Hamyna, a3 popmynian (2.39)

MyHOCHUOATH 3epUHPO 0a JaCT MEOpeEM:

u(x, t) =ty (x,t) +%.U q(&, Du(é, 1)dédr, (x,t) € Ay, (2.44)
Qq

KH Jap OH
Q=Q(xt)={¢1):0<7t<t x—t+1<é<x+t—71}EA,.
ba xamun MoHaHg, arap TaBaccyTH U, (x,t) Xammum macbaman omextau Il - po

Oapou MyoJuJiad MaBYUH SIKYMHCA Aap CEKyHYau A, UIIOpa HAMOEM, OH TOX JIOpPEM:
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u(x, t) =t,(x,t) +%_U q(&, u(é, 1)dédr, (x,t) € A,, (2.45)
o

KU Jap OH
Q= t)={¢ED|t<t<Lx+t—-T1<E<x—t+71 } EA,
Azbackn dynkcusm u(x,t), xamuyH xan a3z cuabu W, (Q,) map coxam O,

L1
oedocwmra mebomIam, mac KUMaTH U (E’E)’ ku 00 uctudoaa a3 mynocubarxou (2.34)

Ba (2.35) xucob kapja memaBaj, 0osa skxena Oomaa. A3 uH py, 6apobapuu 3epuH

XOCHII ME€rapaan.

Ay + || q(& u(é, t)dédt = By + || q(&, t)u(é, 1)dédr, (2.46)
41 |

~ (L1 ~ (11 L1 L1
sepo Ao = 201 (5.3) Bo = 204 (5.3) 3a 8= (5.3) 4= 5.3)
bapou 6a 6apobapun (2.46) oBapiaHH IIAKIM HUXOUM OH, s’bHE makiu (2.41),
dbynakcusu u(x, t)-po TaBaccyTH U4 (x,t) a3 (2.34) Ba TaBaccytH U, (X, t) a3 (2.35) 60

uctudonaa a3 karopxou myBopuku Heiiman udoaa mexkynem. Meryzopem:

1
[Gju](x, t) = Eﬂ q(&, u(é, v)dédr, j =1Baj = 4.
Qj

OH rox, 6apou (x,t) € Ay

ulx, t) = o, (x, £) + E[Gfﬁl](x, £ (2.47)
k=1
Ba Oapou (x,t) € A,
u(x, t) = f,(x, ) + 2[G§a4](x, £ (2.48)
k=1

0a 1acT MEOosI.
Karopxo map xkucmxou poctu (2.47) Ba (2.48) MyTnak Ha3aMKIIIaBaHIAaH]I, 3€PO

oneparopxou G; Ba G, MyTaHOCMOAH YyHUH 0aX0XOPO KOHEb MErap/lOHaH/!
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lqlloa, )t
[Gix1(x, )] < Sup Ix(x,t)l< =) —,  keN;
(x,t)€l, 2 k!

||q||2,A4>" V-0 —x-DJF

[[GXx1(x,t)| < Sup |X(X,t)|'< 5 k!

(x,t) EA4_

(2.49)

, keN. (2.50)

bo uctudona a3z ycynmu uHAyKCHSIM MareMaTukil aypyctuu Oaxou (2.50)-po

ncOoT MeHamoeM. XaHuromMu k = 1 gopem:

1
601G, 01 = |5 || atn. x0 dnde| <
Q4

l -1

1

<3 sw k@ ol- | [ eaoxm o |[a | ans<
(x,E)ehs Q t x—t+1

) i

l

1

<5 Swp Ol lalloa, - |[ €= x =D dr <
(x,t)el, /

1
<5 Sup Iyl llqllza, JE—x—=D-1—1).
(x,t)el,

dap3 Mekynem, ku Oapom k =n Oaxou (2.50) nypycr acr,

(||Q||2,A4>n VU= —x-D]"

(x,t)el, 2 n!

Xomaru k = n + 1-po Gappacit MEHAMOEM:

1
651001 = |5 [ a0 (62x1n )| <
O

1 lgllos, )" 1
SE Sup |x(x,t)|- 'E'”CI”z,A‘LX

(x,t)el, 2
l —l+7

X j(l—r)"dr f (t—n—-D"dn <
t x—t+1
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<||Q||2,A4>n+1 _ JA =)t —x — Dl

< .
< Sup [x(x, )| > D!

(x,t)€ely
XamuH TaBp, 6axou (2.50) 6apou xamau k € N uc6ot kapza mryJ.
bapobapuxon (2.47) Ba (2.48) - po Oa Oapobapum (2.46) ry3omrTa,
myHocubarxou (2.41) - (2.43)-po xocuia menamoeM. Teopeman 2.4 myppa ucOOT MIyjI.

AKHYH UcOOT MeHamoeM, KU maptu 3apypuu (2.41), ku nap teopemau 2.4 6a
JacT OMajaacT, XaM3aMOH MapTu KudoArin 6apoum MaBUyIMATH XaJUld Machajau
unopakynuu capxaauu |l au3 meborman.

Teopemau 2.5. buesop, T =1 6a q(x,t) € L,(Qr) 6owao. Ou e2ox,
mynocubamu (2.41) wapmu xugoseii HU3 Oapou Maeyyousmu Xaiiu sA2oHAU
Mmacvanau uoopaxynuu capyaouu W az cungu W (Q,) mebowao.

Ucoot. Oyakcusu u(x,t)-po gap cekyH4yam A; XaMuyH XaJUTd MYOJHJIaH
uHTerpanuu (2.44) Ba nap cexkyHuau A, XxaM4yH XaJUTd Myojuian uHTerpaiuu (2.45)
MyaiissH MeHamoeM. MH Myoawmnaxo map acocu Oaxoxou (2.49) Ba (2.50) xammm
Maxyd AOpaHl, KM TaBaccyTu Katopxou (2.47) Ba (2.48) nona memaBauy. [anenu on
KM UH Xaixo nap A; Ba A, Oedocuna mebomanm, a3 6epocunaru KUCMXOU POCTH
myonuiaxou (2.44) Ba (2.45) 6apmeosin. Arap maptu (2.41) udpo rapaaja, OH rox,
YyHOHE KU Jap ucOoTu Teopemau 2.4 HHUIIOH aoAa urygaact, O0apobapuu (2.46)
oypycT acT. A3 uH py, GyHKCUsU uU(x,t) Aap SKYOSAIMIABHH CEKyHYaxou A; Ba A,
o6edocmna meboman. Xanxou 00 uH Tap3 aap A; Ba A, coxramrynapo MyBoduKaH 00
uq(x, t) Ba uy(x, t) umopa MEKyHeM.

bapowu (x,t) € A, mynocubaru 3epuHpO 6appacit MeHaMOEM:

u(x, t) = t,(x, t)+% ﬂ— U—ﬂ ‘q(f,r)u(f,r)d{dr, (2.51)
Q)  Q

Q
K Jap oH 1, (x,t) — xammu mackanau unopakyauu capxamauu Il 6apou myomunan
MaBYMM SKYMHCA MeOoImiaa, Ku gap cekyHuan A, 60 OapoGapuu (2.37) myaiissH

Merapaaa. Coxaxou uHTerpairupii 60 Hooapodbapuxou 3epuH J107a MEIlIaBaH/I;
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’ / x+t
QZEQZ(x;t)={(f»T)|OSTST, TSfSX-Ft—T},

y y [ x—t+1 t—x+1
Q, z%(x,t):{(s,rnzsfsz, . T—T|s5sf}

t+1—x
2 ' _|}

Azbacku Q, c A, Ba ) € A, ™meOomana, mac an30d SKyM Ba IyIOMH

, x+|r—t|<$<——

Q, =Q,(x,t) = {(E,T)Ix-zl_t <t<

WHTETpAIMA KUCMH POCTH MyHocuOaru (2.51) ammakaii Mabiymann. A3 wH py,
MyHocubaru (2.51) myoaunaun uaTerpaizi 6apou épranu dyHkcusu u(x,t) gap coxau

A, Oyna, YyHHH HABHIITA MEIABa,I;
u(x,t) = F,(x,t) — [G,u](x, t), (2.52)

KW Oap OH

(G,ul(x,6) = j j 4(&, Du(E, D deds,

F,(x,t) =t,(x,t) + = jf jf ‘q(f, Tu(é, t)dédr.
Q)

Omneparopu G, nap ¢daszou L,(A,) mMaxayn amana MEKyHaJ Ba Japayaxod OoH 0a

63XOI/I 3CPHUH UTOAT MCHAMOSHI !

<||q||2,A2>" Jt(l—x — )

> ] , k€N. (2,53)

[GXx](x, )| < Sup lx(x,0)I

(x,t)EA,

Jlap xakukat, Xxanromu k = 1 mopem:

1
16216001 = |3 | at6, DxC6 Ddgr] <
Q

1
<2 Sup lx(o0)l- jf 42 (n, ¥)dndz - j dr j dn <
2 (xE)ehs x+t—1
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t

1

<5 Sw @Ol lall, - |[Q -2 0dr <
(x,t)eh, o

< Sup |x(x,t)|- ”qu’Az Jt(l—x —1t).

(.x,t)EAz

AkHyH (hap3 MekyHeM, k1 6apou k = n 6axou (2.53) aypycT acT, sbHE

(Ilqllz,A2>n NIt =x-nI

[GFx1(x, O < Sup [x(x,t)]-

(.x,t)EAZ 2 n!

bapou xonartu k = n + 1 nopewm:

1
6501001 < |5 || a@r 016310 dnde| <
Q,

1 lallza,\" 1

<> Sup Ix(x,t)l-( ) - || lao DTG = D dnde <
2 (x,t)eh, 2 n! 2
2

l-t

t
lglla, )" 1
< Sup |x(xt)|- i Tdt (l—1—n)"dn <

(x,t)el, 2

0 X+t—T

lqlloa \" 1 | f2r( = x — 4t
2A - -
< Su x,t)| - - — J dt <
(x’t)gzl)(( )l < 2 ) n! n+1

0

||Q||2,A2)n+1 1 \/ tn+l (1 —x — )+ -

< Sup |)((x,t)|'( 5 nl qn+1 n+1

(x,t)EAz

lgllon,\"T 1t T (1= x — )n*T
< Sup Ix(x,t)l-<—2 = <
(x,t)el, 2 n! n+1
lgllon, \*T VIt (= x — )1
< Sup I)((x,t)l'( - ' , :
(x,t)e, 2 (n+1)!
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A3 Oaxowu (2.53) 6apmeosin, ku Mmyonaunau (2.52) gap coxau A, Xauid MaxJIy/
nopan. Mu xanpo 60 u,(x,t) umopa mekyHeM. A3 myHocuOatu (2.51) Gapmeosia, Ku

bynkcusu u, (x, t) gap A, 6edocuna medormam.
l
Hap capxamu A, Ba A,, spHe Oapoum xonatu x =t, 0 <t < 3 MyHOCHOaTu

(2.51) 6a 6apobapuu 3epuH TadmUI Me€dan:

A 1
u,(t,t) =u,(t,t) + > Jf q(&,Duy (& 1)dédr. (2.54)

Q5 (L)
Asbacku 1, (t,t) = U, (t,t) Ba Q,(t, t) = Q,(t,t), a3 6apobapuxou (2.44) Ba
(2.54) 6apmeosia, ku u,(t, t) = uq(t,t).

l
Hap capxamu A, Ba A,, spHE Oapou Xonatu x = [ — ¢, 5 < t < [, myHOCHbOaTH

(2.51) 6a 6apobapuu

A 1
u,(l—t,t)=1,(l—t,t)+ Eﬂ q(&, u (€, 1)dédT —
Ay

1
-5 || a@ouE i (2.55)
Q5 (1-t,t)

Ba MyHocuOaru (2.45) 6a 6apobapuu

R 1
u,(l—tt) =10, —t,t) + 5 H q(& u(é, 1)dédr

Q,(1=t,t)
Tabau1 Me€ba.
ba ocon#t 6oBapit kapman MyMKHH acT, ku U, (L —t,t) = U, (l —t,t) + Ay — By
Ba Q) (I —t,t) UQ,u(l—t,t) = A, Iac, map acocu 6apobapuu (2.46), ku 60 mapTu
(2.41) 6apobapkyBBa act, XocHI MeKyHeM: U, (I — t,t) = u,(l —t, t).

ba taBpu Mmonanz, 6apou (x,t) € A; MyHOCHOATH 3EpUHPO THIA MeOapOeM:
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wwn-neosdlf[ <[ -f ‘q@,m@,ﬂdwr, 256)

ki gap oH Uz(x,t) Xammm machanan waopakyHuu capxamamu |l 6apom myomuman
MaBYUM SIKYMHCA Jap CeKyHyam A; wmeOoman (awmrapen 0a (20)) Ba coxaxowm

UHTETpanrupii 60 Ho6apoOapuxou 3epruH MyalsiH MEIIaBaHI:

l—x+t

Qgzsz'g(x,t)={(5,r)|03rsT x—t+r<€<l—r}

iy iy [ x+t

Q3EQ3(x,t)={(§,T)|§Srsl,l—rst y |}
l—x+t x+t [ [

Q3EQ3(x,t)={(f,T)|TSTS S+ T—E|S5Sx—|t—rl}.

Asbacku 0 C A; Ba Q3 C A,, mac aBBajJMH Ba JYIOMHH abh30U HHTETPAIA 1ap
KHUCMH poctu (2.56) amnakail MabiaymMana. A3 uH py, Gapobapuu (2.56) myonunau
UHTETPAINN HaMYIH

u(x, t) = F5(x, t) — [Gsu](x, t) (2.57)

O6apou €dranu xanmu on u(x, t) nap coxau Az medomaz. Jap un 4o:

1
(601,90 = 5 [[ a6, 0xc6 Dagar,
0

F3(x,t) = 15(x,t) +% ﬂ - H ‘q({, Tu(é, r)dédr.
Q3 QF

Omneparopu G; nmap ¢azou L,(Az) 6a TaBpu mMaxaya amand MEKyHaa Ba Oapou
Japadaxou OH 0axou 3epuH AYPYCT acT:

lgllzn, \* VIt — )]
2 k! ’

[[GEx](x, )| < Sup |x(x,0)l keN. (2.58)

(x,t)EA3

Hap Bokesb, 6apou k = 1 nopem:
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1
[[Gzx](x,t)| = Ejf q(& )x(& 1)dédr| <
Q3

t T

1
<l|5 f dt J g, Dx(@m t)dn| <

0 x—t+7T

1
<2 Sup Ix(o0)l- fj 4% (n, T)dndr j dr f dn <
2(x,t)€A3 T

X—

lqll2,a
S Sup |X(xl t)l ’ 2 2 '
(x,t)els

t
j(t—x)dr <
0

b LGl IlqlleB_ =2,

(X t)EA3

burzop xanromu k = n 6ynan 6axou (2.58) 1ypycT acT, sbHe

(IIQIIz,A3>n Nt ="

I[GFx]1(x, )] < Sup |x(x,0)]-

(x,t)els 2 n!

bapou k = n + 1 nopem:

63+ 2] x, £)] = jj a(&,0) [62x (0, )] (n, D dndr| <

1 2,
<> Sup Ix(x0)l- (”q” AB) f dr j 4, OVTe —m)dn <

T 2 (xt)ehs
x—t+71

t

T
| lallza,\" 1
< Sup Ix(x,t)l-( )l || Tde [ -y <

(x,t)€A3

0 x—t+71
t
lgllon,\" 1 | [Tt — x)ntt
< Su x,t)|- = P— f dr <
Sup Ix( )l( 2 nl n+1

0

90



lglloa,\"T 1 [t (¢ —x)nHt
< sup [yl (=) : <
(x,t)€ls n (n+1 n+1

n+1
1 L/t (t —x)nt!
(x,t)eAs 2 nl 1
lqll2,a nH \/tn+1 (t — x)"*1
< Sup |x(x,0)] ( s) . 2l
(x,t)eAs 2 (Tl n 1).

A3 UH 40 OGapMeosl, Ki MyOoJIuiIan UHTerpaiuu (2.57) nopou Xauau Maxayn Ba
oedocmma map A; mebomram, ku oHpO 00 U(x,t) = us(x,t) umopa MEKyHEM.

ba monanmu (2.54) Ba (2.55) xynoca GapoBapiaH MyMKUH acT, KA Jlap capxaiau
cekyHuXou A; Ba Ayl uz(l —t,t) = uy; (I — ¢, t) Ba map acocu (2.51) map capxanu A
Ba Ayl us(t, t) = uy(t, t).

XaMHH TaBp, XaJUll Myoawsaxou uHterpanuu (2.44), (2.45), (2.52) Ba (2.57)
(ynkcusu Gedocunapo map Q; MyailsH mexyHaun, ku O6apou oH u(x,t) = u;(x,t),
(x,t) €EA;, j=1,4.

A3 xap Ay Tapadu WH MyOIMJaXOW HHTErpaidil HucOar O6a Xx Ba t Xocuia
rupu¢Ta, 6a OCOHI HUIIOH TOJaH MYMKHUH acT, ku QyHkcusu u(x,t) 6a curdwu
W.(Q,) Taamnyk mopan. Mmosa Gap wH, a3 Tacmuku 2.4 Gapmeosn, ku u(x,t) a3
XaMuH cMH(} XaJTu Machasian uaopakynu capxanuu |l 6apou myonunaum tenerpadin
60 ko3 durcuentu Taritupédbanna medomas. Teopeman 2.5 myppa ucOOT mrys.

I30xu 2.5. A3 6axoxou (2.49), (2.50), (2.53), (2.58) Ba popMynaxoe, K1 Xaiu
u;(x,t)-po Oaponm MyOnWIaXOM HMHTErpanid 00 makmu kKaropxou Heiiman myalisn
MeKyHaH (HUrapen, mMacaiaH, 6a 6apodapuxou (2.47), (2.48) 6apou j = 1 Ba j = 4),

Oaxou anpuopit Oapou xau Machaiau uaopakyHuuu capxaauu |1 6apmeosi:

luCx, Ollggop < LU@Nwaion + lo1llwion + 1Wl,00 + 11 lli,00),
KM J1ap OH «JiouMuu L 6a HopMan pyHKCHIXOHU Oa Machaia JOXHJIIIIYyIa BOOACTa HECT.
NH 6axo HUIIOH Meauxaj, KU Xauid 0amactomana HucOar 0a mapTxou MOTHAON Ba

HUXOH YCTYBOp acT.
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Nnoa Gap wH, a3 Oaxoxom (2.49), (2.50), (2.53), (2.58) Ba TacBupxoH
UHTETpaIid 0apou XOCHWIIaXOW XyCYyCHU TapTHOW sKyMu xamnu u(x,t) Gapmeosi, Ku
arap |lqll; >0, mac Ilu—fallyioer= 0, Iv—"7l,0r>0 xu nap onxo
act) = 4(0,t), v(t) =u,(¢).

WH a3 perynsapii Oynanu Xauid Machaian uaopakynuu capxaauu |l aucoar 6a
omryou ammutuBuu q(x, t)u(x,t) nap oneparopu MmaBuuu (2.1) 60 koapdurcueHTn 60
KBaJpaT 3aMInaBaniau q(x, t) maxomar menuxamn [24].

2.4. CoxTaHu UAOPAKYHUXOHU CAPXaJUN ONTUMAJM Jap (ocuiau BaKTH
uxTuépun 6a Kaapu kodi KajoH 0apou paBaHaX0e, KU 00 MyOAHJIAH JANHUIIX0H
Ma4yO0ypuu Top ndoaa MemaBaHj

Jlap xopu [65] Gapou nanmuiixow 0307 Ba Jap Kopu [23] Oapou Januiixou
MaqOypuH TOp HHWIIOH JOAa IIyJaacT, K xaHromu T > | machanam HIOPAKyHHH
capxaail JOpoW IIymMopaun OEoXHUpU Xanxo meboman. A3 WUH Py, Jap UH MaBpH]
Machajgan ONTHUMH3ATCUSIM UJIOPAKyHHH capXaaid 6a mMu€H meosan. O nap Edranu
uynuH Qynkcusaxon (t) € W3[0,T], v(t) € L,[0,T] wudona meéban, ku 60
HA3apOIITH IIAPTXOU aJ0Ka, KU a3 WYPOU IIAPTXOU MOTHION Ba HUXON OAPMEOSH]I,
0a MHTErpaJii YHEPTUSAN capXaai KMMaTu XypATapuH Meauxana. Jlap wa 6ang Mo 6a
XaJUId XaMUH Machajia MaIllFyll MeIlaBeM. AHMKTapall, WIOPAKyHUXOU CapXaJuu
ONTUMAJIA Jap INAKIW aHAJIUTUKUAK OIIKOp TMEIIHUXOJ Kapjaa MeriaBaHi, Ku 00
MabHOHW Machallad Ty30IITallyla MyalsH rapaunaasj. VH uIopakyHHXO Jap HyTH
garn Top x = 0 TaBacCyTH YOWMBA3KyH@ Ba Jap HYTU POCTU TOp X = | TaBaccyTH
KyBBaW YaHIWpA amallii MerapjaHj Ba Oapou (docuian BaKTH UXTUEpUU Oa Kaapu
ko kamonu [0,T] paBaHAXOH JIANMIIXOW MAayOypHH TOPPO a3 XOJATH HOTHIOMH
uxTuépit 6a X0JIaTH HUXOWH TIENIaKi JOaITy/ia MEOpaH/I.

Haruyau acocun uH 6ang Teopeman 2.6 meboran.

Teopemau 2.6. buesop, oap macvanau uoopaxyrnuu capxaouu |\l T = 2In + A,

ku oap oun € N, A € [0; 21] sa q(x,t) = 0 60wad. Ou 20x uoopaxynuxou capxaouu
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Ku

u(®) € WA, T], u (I, t) = v(t) € L,[0, T]

cucmemau 1annuwpo az xoramu uomuoouu (2.3) o6a xonamu Huxouu (2.5) meopano

seonau u(0,t) = 8yyy0 0opamo,

6a XaM3aMOH 0a UHmMezspaIu OSHepeUuaAU Ccapxaouu 3epuH KumMamu Xypomapum

MeOUXaHo:
T
[t r + mora. (2.59)
0
Hn udopaxynuxou capxaoii 6apou xamau 0 <t < A éa m = 0,n ea 6apou
xamau A<t< 2lBam=0,n—1 060 d¢opuynaxou 3epun myatian Kapoa
Meuasano.
xaneomu 0 < A < [:
21 t
pC2im + 0 = p(0) +m | FGdn + [ F(dn, (2:60)
0
v(2lm + t) = F,(t), (2.61)
KU 0ap uH yo:.
( _ m+1 AZ(t) _ m+1 %=0(_1)mc . .
(~)m S (DTS2 e [0, 4]
(—1)m+t §cl0) + (—1)m*t. mo (D™ + C,t € [4;1];
2n 2n ’ T
F () =4 . (2.62)
A (k=D nL=1nme
_1ym+1, 1 _1)ym+1 ,&m=0 . .
(-1) o T 1 + (—1) o 1 +C,t € [L;1 + 4];
—1 nh(E=nme
\(—1)’”+1 4( ) + (—1)™m*t. m=o(=1) +C,te[l+4;21];
2n 2n
( m A1) m 2meo(=1)"C
(-1) il (1) omr1 10 tE [0; 4];
(_1)m 4( ) A ( 1)m %;lo;;l)mc, te [A; l];
At - o I (=DmC
O S POV T o el
t—1 nh(=nme
(D™ ———— At 1) + (=)™ mo(~1) , te[l+4;20;
2n 2n
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1
A =Zlpt -2+ D+ -+t -2+ D -yl —-0) -

2In+A l
— f f(x+21n+l—T,T)dT—Jf(l—t-I-T,T)dT ; (2.64)
1 0
1
4,0 =5 [95(A =1 = @' ()~ P (B — ) = h(O) +
2ln+A l
+ J f(r—t—2In,t)dt — ff(t -1, T)dT] ; (2.65)
1 0
1
A3(0) = S [95( = 8) = @' () + Py (6 — 1) = (6) -
2In+A l
— j f(t+2ln—r1,1)dt — ff(t —1,7)d7|; (2.66)
l 0

1
A,(0) =§[<P1(A—t+l) +o'l-)—Pp,A—t+D)—-yPIl-t)+
2In+A

l
+ f f(t—Zln—t+T,r)dT—jf(l—t+r,r)dr‘; (2.67)
0

l

(45 = 2)[91(0) — p(0)] + [, As(t)dt
852l —8sl+4sA+1—A

6apoun = 2s — 1,

C = ! (2.68)
(4s + D[1(0) — 0(0)] + [, Ax(D)dt p e
4sA + 852 + 2sl apoun = 25;
xaneomu | < A < 21:
21 t
pC2im + ) = 90 +m | FyGdn + [ Fyedn, (2.69)
0 0
v(2lm +t) = E,(t), (2.70)

KU 0ap uH yo:.
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B, (t) +(=1)mH. m=0(—1)™C;
2n+ 2 2n+ 2

B,(t) N CN Lo
7 4 (—1)mtL. C,,tela-1L1];
2n+1 +(=1) 2n+1 th [ ]

(_1)m+1 . BZ(t — l) + (_1)m+1 . ;ln=0(_1)mC1
2n+2 2n + 2

-1
(_1)m+1 . B3 (t - l) + (_1)m+1 . %=0(—1)mC1
\ 2n+1 2n+1

( m.BZ_(t) _1\ym. m=0(=1)"C, AT
(-1 2n+2+(1) ot te[0;4-1];
B.(t n-1(_1)ymc
om0y BTG e gy
F,(t) = 4 " n . (2.72)
(—1)m - Bi(t—1D + (D™ m=o(—1D™C, t e[l Al
2n+ 2 2n+ 2 ’ T
B4_(t - l) m :Ln:()(_l)mcl
2n + 1 +(=D m+1 . L€ [4; 21);

1
Bi(t) = 5[0i(t = A+20) = ¢ (8) + 1 (6 — A+ 20) —9(®)

((_1)m+1 .

+Cy,t €[0;4—1];

(_1)m+1 .

F5(t) = 5 (2.71)

+ Cy, t € [4; 21];

k(_1)m .

2In+A

!
— j f(t+2ln+Zl—r,r)dr—ff(t—T»T)dT
0

l

; (2.73)

1
B,(O) =zlp1(A-1-)+ o' (- = (A-I-D—Pp(-O+
2in+A

l
+ j f(r—l—Zln—t,T)dr—Jf(l—t+r,r)dr

l

; (2.74)

1
Bi(t) =Zlpi(t —A+ D+ o' U -O+ Yt -2+ ) -9 —-8) -
2In+A l
— j f(t+2ln+l—T,T)dT—ff(l—t-l—T,T)dT]; (2.75)
l 0
1
By(t) =2 lp1(A -0 -9’ O =1 (A —0) —p(O) +

2In+A l
+ f f(t—2In—t,t)dt — ff(t — T, T)dT] ; (2.76)
l 0
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‘ _ A=l
! 4s[g1(0) — (O] + [, Bi()dt Gapoun =2s—1,
C =

852l + 4sA — 4sl
l
L(4s + D[1(0) — (0] + [,_,Bs(D)dt
8s2l+4sA+2sl+ A

Hcoor. Oynkcusiu f(x,t)-po a3 pyitn tariiupéOangan sikyM HucOaT 0a HyKTau

(2.77)

6apou n = 2s.

x = 0 6a coxau [—[; 0] Tok Ba HucOar 6a Hykrau x = [ 6a coxau [[; 21] qybT ngoma
MeauxeM. Jlap  HaTM4YaMm ~— YyHMH ~ JaBOMIMXA ~ XOCHJI  MEKyHEM,  KH
fx,t) EL,((ml<x<2)x (05t <T)).

AxnyH 6apou xap ryHa T > | ¢pyHKcusiz 3epuHpO 6appacii MeKyHEM:

( x+t

1
S|+ o+rea-0+ [ v +

x—t
l x+t—1 t x+t—-t

+| | rendar+| [ peodsa | s,

0 x—t+7 0 x—t+t
x+t

1
S|eG+0+o@+ [ p©ds +
0

l x+t-t t x+t-1
+j j f(&,)dédr +f f f(&, )dédr | pap A,,
de =1 0 0 x—t+t z (2.78)
2o +oG-0+ [w©ad +
- t x+ti—t
+j f f(& 1)dédT +J J f (&, t)dédr | map As,
0 x—t+r 0 x-t+t

l
1
>|0@ + o + [ wrds +

T t x+t—7

f&Ddédr + f f £(&,)dédr | aap As,

x—t+71

N— T

l
+|
\ 0
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A; — cexyH4ae act, ku 00 mopuaxou xarxou poctu X —t =0,x+t—-1=0,t =0
Maxayn Imymaact; A,— cekyH4ae webommaa, kKu 00 TOpYaxoum XaTXou pPOCTH
x—t=0,x+t—1=0,x=0 maxayn myngaact, A; — ceKyH4ae MeOomaa, ku 00
nmopuaxon xarxou pocth x—t=0,x+t—01=0,x—101=0 wmaxayn nurymaact;
A, — manykyH4ae mebormaa, ki 00 mopyaxou xarxou poctu x —t =0, x +t — [ =0,
x=0,x—1=0,t —T = 0 Mmaxayn rapauaaacr.

Jap unoma 6a MO TaCIMKHU 3€pUH JIO3UM MEIIaBa/l.

Jlemman 2.2. bapou xap eyna T >1 ¢yukcuau (2.78) xanwu seonau
ymymuwyoau macvanrau omexma az cungu Wi (Qp) 6apou myoounau masyuu
2atipuakyuncau U (X, t) — Uyr (X, t) = f(x,t) 60 wapmxou ubmuoouu

I x+7

1
1,0 =e@ -5 [ &0,

0
l

1:(x,0) =yY(x) + %j[f(x +1,7)+ f(x—1,7)]dr
0

sa wapmxou capxaouu (0,t) = [i(t), i, (l,t) = V(t), xu oap un yo

( 1 t lt-7
S|e@+ 0@+ [w©ds + [ | rendar | 0sest,
) =14 . S O (2.79)
é _w(l) +¢(0) +0f¢(6)d€ +Off f¢,Ddédr |, I<t<T;
(1 L
Jt) =12 <P'(l—t)—l/J(l—t)—ff(l—t+T,T)dT ) 0<t<], (2.80)
) : ISt<T

Mmebowao.

Hc6orn Jemman 2.2. Mancy6 6ynann ¢pynkcusu (2.78) 6a cundu W, (Qr) a3
oH GapMmeoss, KM Bail jap xap ske a3 coxaxou A;,i = 1,4 cymmau anreGpaBuu

(GyHKCUSIXOM a3 apryMeHTXoun X +t € Xx —t BoOacta meOomiaa, Kd XOCHJIaH
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yMyMUIIIygau 00 KBaJIpar 3amillaBaHia JOpaH] Ba XaHTOMHU Ty3apHIll a3 capXaiud Iy
coxaM JIMJIXOX, a3 90p COXau 3UKpIIyna 6eocuiaruu Xyapo HATOX METOPaHI.

ba oconii canuupma MmemaBaa, kKu (yHkcusu (2.78) mapTxou HOTHIOW Ba
capxaJupo KOHEHh MeTapIoHa/I.

Hcbotn oH Ookim MmemoHanm, ku xanromu u(x,t) =1i(x,t), u(t) = ji(t),
v(t) = V(t) Ba Gapom xap ryHa ¢yHkcusu P(x,t) a3 tabpudu 2.3 ainHuaru (2.7)
nqpo merapaaa. bo uctudona a3 ycynmm uHTErpanrupii 60 KUCMX0 UCOOTH AypyCTUH

O6apobapuu 3epuH kudost Mmedora:

j j[ﬁx(x, P, (x,t) — U (x, )P, (x, t) — f(x, ) DP(x,t)]|dxdt =
00

1
= JIIJ(X)CD(X, 0)dx. (2.81)

Bo f(x,t) oyakcusun wubTHmonn wuxtuépunm f(x,t) - po Huchar 6a

TariupéOanian X MIIopa MeHamoeM Ba (YHKCHSU 3epuHpo Oapou Oappacii BOpHU

MEKYHEM:
( x—t
1
oG-+ j PO +
!
] fx—t+1,7)dt + ], (x,t) + J,(x,t)| map A,
0
1
~ o+ j F@,Ddr + /2000 + )2 () | aap g
U(x,t) =4

x—t
1
~|moa-n+ f s +

l
f Flx —t+1,0)dt +J,(x,t) + J3(x,t) | map As,
0

1
> —p(0) +ff(r,r)dr + 1200 t) +J5(x, t) | map Ay,
\
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KH Jap UH 40
x+t l

KGO =eG+0+ [ $©ds + [ for+ -,
0 0
]Z(x,t)=ff(x+t—r,r)dT+Jf(x—t+r,r)dr,
0 0

l l
L6 = o) + j YE)dE + j Fl -7, D)d
0 0

Ba A;,i = 1,4 XaMOH coxaxoe Me0GoIIaH/, KU XaHroMu Tabpudu dynkcusu (2.78)
MyalsiH rapauaa OyaaH.

ba Monanmm dyrkcusu i(x,t) uc6oT kapna Memapan, ku Qyrkcusu U(x, t)
Hm3 6a cuadu W3 (Qp) taamnyk nopax. Kaiin meHamoem, ku Gapon Kapub xaman
HYKTaXxOH POCTKyHYau Qr 6apobapuu 3epuH HYpO Merapaai:

Ue(x,0) = (6 0),  U,(xt) = (6, £) = Ty (%, 0).

bo 6a wmazap rupudrtanu wuH Oapobapuxo, 0a mucinu Oapobapum (2.33)
nypyctun 6apobapuu (2.81) nucoor kapaa memasan. Jlemman 2.1 uc6ot rapaua.

AxkHyH Oury3op u(x,t) XaJau yMyMHIIyJad Macbhballad OMEXTaW acocil a3
cuadu W, (Qr) 6apon myomunan (2.1) xarTomn q(x,t) = 0 60 MAPTXOH HOTHIONH
(2.3) Ba maprxou capxaguu (2.2) Oomiaa, KM ONTHMHU3ATCHS Max3 0apou OH
ry3aponuga wmemanan Ba U(x,t) dyakcusu (2.78) act. OH 10X (QyHKCHUSIH
i(x,t) = u(x,t) — ti(x,t) Xamwm yMyMUIIIyIan SITOHAW Machajdal OMeXTa a3 CHH(H
W} (Qr) 6apor MyonuIan MaBYUM AKIHUHCAH

U (X, ) = Uye (x,8) = 0

00 mapTxou UOTUIOUHU

l x+71

l
1 1
1(x,0) = E_[ J f(&, t)dédr, 1, (x,0) = —Ef[f(x +17,7)+ f(x —1,7)]dT
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Ba 00 maptxou capxamuu [I(t) = u(t) — f(t),v(t) = v(t) — V(t) meboman. Kaiin
MeHaMmoeM, ku jap aiam xoin f(0) = 0.
bapon myalisH HaMmygaHW IIApTXOH aJloOKa, KW a3 WYPOW MIAPTXOW HOTHUIOWHU
nonamntynan (2.3) Ba mapTxon HUXOWHW momamtymau (2.5) 6apmeosiHa, 6a Mo JieMMan
2.3 J103UM MelIaBa.
Jlemman 2.3. bapou xap eyna T < 2l(n+ 1),n € N, ¢gynxcusu i(x,t) 60

bapobapuu 3epun Myatisin Kapoa Meuasao.

n+1

8066 = ) (DMt —x = 2kD = ) (=Dt +x — 2kD) +
k=0 k=1

n t+x—2kl—1 n+1 t—x—2kl+1
+ ) (=1D* v(@)dr+ ) (—1)F v(r)dt —
2o | iyt |
1 Il x+t-7
-5 f j (&, 1)dédx, (2.82)
0 x-t+t

Ku 0ap oH pamsxou fl éa V ¢hyHkcuaxoe medbowano, ku 60 fI eéa V xaneomu t = 0

mysogpuxam mexyHano ea xaneomu t < 0 6a cugp 6apobapano.

Hc6orn aemman 2.3. ®ynxcusu (2.82) 6a cundu W, (Qr) Taamnyk moparn,
3ep0 OH CyMMau aJreOpaBUM IMIyMOpPan OXUPHOKH (DYHKCUSXO a3 apryMEHTXOH X + t
¢ x — t meboman, Ku Xap KaJoMH OHXO 0a cuHbH Wzl(—e, T] Ve > 0 mancyban.
XaMHH TapuK, UCOOTH OH OOKI MeMOHa, K UH (pyHKcHs 6apou Xxap ryHa GpyHKcuau
®(x,t) a3 tappudu 2.3 aiinustu (2.7)-po KOHEb MerapaoHai, ku gap oH u(x,t),
u(t), v(t), o(x),Y(x) myBobukan 6o t(x,t), fa(t), v(t), i(x,0), 4,(x,0) usas
kapaa memiaBana Ba f(x,t) = 0 act.

Hap acocwu (2.81) ucbotu nypycruu 6apodbapuu 3epruH kudost MeOoma;:

T 1
f j[ﬁx(x, D, (x,t) — U (x, )P (x,t) — fx, )P (x, t)]dxdt =
0 0

l
= jﬁt(x, 0)d(x, 0)dx. (2.81%)
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bapou conma rapgonmaHum xucoOxou MHHOABAAa (QYHKCHSH 3E€pHUHPO BOPHUL

MCHaMOCM:

n+1

0 t) == ) (DAt —x = 2kD) = ) (~D¥A(e +x = 24D +
k=0 k=1

n t+x—2kl—1 n+1l t—x—2kl+1
£ [ s@a- Y et [ -
k=0 0 k=1 0
l x+t—71 l x—-t+t

5| [ reva-5[ [ reoda
0 0 0 0

Taannyx pomTasu uH GyHkcus 6a cuabu W3 (Qr) 6a MoHaHAM (yHKCHSIH
fi(x,t) mykappap kapma wmemraBan. Kaiig MeHamoem, ku Oapou Kapub Xamau
HYKTaXO0u POCTKyHYau Q@ Oapobapuxou 3epuH HYpo MerapAaaHl;:

U.(x,t) = ii,(x,t), 1,(xt)=Uc(x0).

Hypyctun mynocubaru (2.81%) 0a mucim ncooru mynocudaru (2.10) Humox
nona mermraBaz. Jlemman 2.3 ucOOT rapau.

bo Taks 6a GapoGapuu (2.82) 6a MyailssH HaMylaHW IIapTXOU ajoKa, KU a3
UYPOU MIApTXOoHW HOTHIOMH nojamrynan (2.3) Ba MApTXOW HUXOMH nojammynau (2.5)
OapMeOsIH I, METy3apeM.

Azbacku ¢ynkcusiu ti(x, t) mapTxom HUIXOUHU
T x+T-t
1
i(x,T) =Cy+ = f (&, 1)dédr,
] .
) l Li-1
Co=3|f@+f@+ [wds + [ [ reeagar
0 07
T

. (x, T) =%f[f(x+T—T,T) +f(x—T+1,71)]dt
0

101



Ba (ynkcusu u(x,t) maprxon Huxouu (2.5)-po KoHEb MerapaoHaa, mac GyHKCHUSIH

1i(x, t) mapTXoM HUXOMH 3€PHHPO KOHED MECHAMOSIJI:

) 1 T x+T-7
W =0 =G5 [ [ rEndsr,
0 x-T+7
1 T
U:(x,T) =Y, (x) — Ej.[f(x +T—-1,1)+ f(x—T+1,71)]dr. (2.83)

0

A3 Oapobapuu (2.82) Hucbar 6a x Ba HucOaT 0Oa t xocuina rupudTa,

0apobapuxou 3epUHPO XOCHII MEKYHEM:

n+1

0,(x0) = — Z( 1)/ (t — x — 2kD) — Z( 1A/ (E + x — 2kD) +

n+1

Z( DRIt + x — 2kl — 1) — Z( DRIt — x — 2kl + 1) —

l
_%j[f(x tt-1,1) - flx—t +7,0)]dr, (2.84)
0

n+1

2, (x, t)—Z( /(6 — x — 2kD) — Z( 1A/ (t + x — 2kD) +

n+1

+Z( "9 (t + x — 2k — 1)+2( D*9(t — x — 2kl + 1) —

l
—%f[f(x+t—‘t,f)+f(x—t+T;T)]dT- (2.85)
0

Hucdu xocmnmm yamsb Ba Huchu xocmmm dhapku myHocubarxoun (2.84) Ba (2.85)-
po rupudTa, 6a mynocudarxou xocunmyna t =T = 2In+ A, xu gap o n € N Ba A
amagu uxtuépi a3 mopuau [0; 2[] mebomraz, rysoimra, XaM4yHHH 00 mcTrdoma a3

mapTxou HuXouu (2.83), Mo 6a ay mapTy ajaokKau 3epuH MEOEM:
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n+1

_ Z(—nkg'[zz(n R A+l + Y (DRI — k) +A+x— D] =
k=1 k=0

2In+A
=% 01(x) + P, (x) — f flx+2In+A—1,7)dT|, (2.86)
l
n n+1
_ Z(—l)kﬁ’[ZZ(n k) +A—x]— Z(—nkg[zz(n ) +A—x+1] =
k=0 B k=1
1 2In+A

:E i (x) =P (x) — f f(x=2ln—A+r7,1)dt|, (2.87)

l
KH OHXO0 Oapobapuu yHCypxou cuHdu L, [0, ] meborman.
babnan 6a Mo J103uM MeosilI, KU [Ty X0JIaTpo ajoxXuja bappacit HamoeMm:
N0<A<IlBa2)l<AL2L
A3 Oappacum  xonmatu  sky™m, sSpHe 0<A<I[, 0oF03 MeKyHeM.

bo nHazapmomrtu on ku fI' Ba ¥ xanromu t < 0 6a cudp OGapobap MemiaBaHI Ba

xaHromu t = 0 myraHocuban 0o fI' Ba V MyBO(HKAT MEKyHaHI, MO a3 (opMmysau

(2.86) my maptu 3epuHpO Oa 1acT MeopeM:
n n
- Z(—Dkn'[zz(n S A+ A+ Y (DRI — k) + A+ x—1] =
k=1 k=0
2in+A

= ; p1(x) + Y (x) — f fx+2ln+A—r1, T)drl Gapou x € [l —A,l]; (2.88)
1

_ Z(—l)kﬁ’[ZZ(n ) +A+x]— z(—nw[zz(n I
k=1 k=0

2In+A

! 1)+ (x) — f fx+2ln+A—T1, T)drl Gapou x € [0,l —A] (2.89)
1

2

Ba a3 (2.87) Oomran, Ay mapTu 36pUH XOCUIT METapAal;
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- Z(—l)"ﬁ’[zl(n k) +A—x]+ Z(—l)"[ﬁ(Zl(n C)+A—x+D] =
k=0 k=1

2Iin+A

= % o1(x) =P, (x) + J f(x—2In— A+ 1,7)dt| 6apou x € [0,A]; (2.90)

n-—1 n
- Z(—ukn'[zz(n )+ A—x]+ z(—l)kﬁ[ZI(n ) +A—x+1] =
k=0 k=1

2In+A

= % p1(x) —P,(x) + j f(x—2ln—A+1,7)dt| 6apou x € [A,l]. (2.91)

bo anvom momanm wBaskynmu t = x + 4 — [, m = n — k gap dbopmynan (2.88)
Ba MBa3kyHuu t = A — x, m = n — k gap dopmynau (2.90), mo xanromu t € [4, [] ny

IapTH 3CpUHU AJIOKAPO Oa HacT MCOPCM:

n-1

(—D)™A'[I(2m + 1) + ] +z( M9 (2Im + £) =

m=0 m=0

2In+A

=%<p1(t—A+l)+lp1(t—A+l)—f ft+2ln+1—1,1)dr|, (2.92)

n

_ z (=)™ (2lm + ) + Z (—1)™[I(2m + 1) + t] =
m=0 m=0

2In+A

=% p1(A—t) -y, (A—1t) + j f(rt —t—2In,1)dr|. (2.93)

ba xamuun MoHaHj, 60 aHYOM J0J]aHU WBa3KyHuu t = x + A4 Ba m =n — k nap
CyMMau $IKyM, UHYYHUH m =n —k —1 pap cymman nyitomu ¢dopmymnaun (2.89),
XaMYyHUH 00 aHYOM JofaHu WBa3kyHnu t = [+ A —x, m = n — k — 1 gap cymman
AKYM Ba m=n-—k nap cCyMMaun TYIOMH dbopmynau (2.91),

MO xaHToMmu t € [4, l] ny mapTu 3epuHU aIoKapo 6a JaCT MEOPEM:
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-1

n-—1
_ 2 (=)™’ 2lm + t) — Z (—D)mP[I(2m + 1) + ] =
m=0

m=0
1 2In+A
= |01t - + (- ) - f £(t +2In — 1, D)dr|, (2.94)
l
- z (—D)™A'[I(2m + 1) + t] + z (—1)™9(2lm + t) =
m=0 m=0

2in+A

=%<p1(l+A—t)—1,lJ1(l+A—t)+f fU—=2In—t+1,1)dt|. (2.95)
l

Mynocubarxou (2.92) — (2.95) maprxou anokapo 6a Bocutau fi'(t) Ba V(t)
ndona Mexynanza. bapou oH ku maprxou amokapo 6a Bocurau u'(t) Ba v(t) udona
HamoeM, Mo a3 myHocubarxou ' (t) = u'(t) — f'(t), v(t) = v(t) — ¥(t), uHIyHUH
a3 makiau omkopu Gyakcusxou [i(t),V(t), ku 60 dopmymaxou (2.79), (2.80) moma
nryfaaan, uctudoaa medapem. Jlap HaTH4ya, MO HUXOSTaH 0ApOW XOJaTh SIKYM, S’bHE

0 < A< [, mapTXou 3epuHH ajI0Kapo O6a 1acT MEopeM:

- z (—D)™/ [I(2m + 1) + t] + Z (—1)™v(2lm + t) = A, (£),
m=0 m=0

n n-—1
_ z (=)™’ 2lm + t) + z (—D)™y[I(2m + 1) + t] = A,(t)
m=0 m=0
6apou t € [0,A], (2.96)
n—1 n-1
_ Z (=)™ (2Im + ) + Z (—)™[I2m + 1) + t] = A3(0),
m=0 m=0
n-1 n—1

N (D)™ Im+ 1) + 6] + z (=)™ (2lm + t) = A,(t)

=0

3

bapou t € [A,l], (2.97)
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k1 fap oHxo A;(t),i = 1,4, TaBaccyTu MyHocu6aTxou (2.64) — (2.67) MyaiisiH kapaa
MEIIIaBaH/I.

ba xamMuH  Tap3um  KOMWIaH  MOHaHJ,  XOJlaTH  JyIOM,  S’bHE
| <A<?2l, Oappaci kapma wmemaBaa. Jlap wuH xoiar, a3 dopmynau (2.86)

Jy IApTH 3€PUHM aJIOKapo 0a JacT MEopeM:

n+1

—Z(—l)"ﬁ’[Zl(n —K) + A+ + Z(—l)"ﬁ[ZZ(n —K) +A+x—1]=
k=1 k=0

2In+A

= % p1(x) + Y (x) — j f(x+2In+ A—1,7)dt| 6apou x € [21l — A, 1], (2.98)
1

_ Z(—l)"ﬁ’[Zl(n k) +A+x]+ Z(—l)kﬁ[Zl(n _K)+A+x—1] =
k=1 k=0

2in+A
1
ak 1) + P, (x) — j f(x+2ln+A—rt,7)dt| 6apou x € [0,2] —A] (2.99)
1
Ba a3 popmynau (2.87) my mapTu 3epuH XOCUIT Merapaa;

n+1

_ Z(—l)"ﬁ’[Zl(n ) +A—x] + Z(—l)"ﬁ[Zl(n —)+A—x+1] =
k=0 k=1

2in+A
= % p1(x) =y (x) + f f(x —2ln—A+1,7)dt| 6apou x € [0,A —1], (2.100)
l
_ Z(—Dkn'[zz(n ) +A—x] + Z(—l)kﬁ[Zl(n Ty vy
k=0 k=1
1 2in+A
=3 p1(x) — ¢ (x) + f f(x—2ln—A+1,7)dt| 6apou x € [l — A,l]. (2.101)
1

bo anvom nonmanum wBaskyHuu t =x+A—2l, m=n—k+ 1 gap cymman
AKyM Ba m =n — k pap cymmau aytomu ¢dopmyinau (2.98), uHuyHHH 00 aHYOM

nofaHu uBa3kyHun t = A — 1l —x, m=n —k nap cymman skym Bam=n—k + 1
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nap cymman ayromu dopmynan (2.100), mo xanromu t € [0, A — [] oy maptu 3epuHH

aJIOKapo 63 AacCT MCOPECM:
n n
_ 2 (=)™ (2lm + £) + Z (—1)™[I(2m + 1) + t] =
m=0 m=0
2In+A

1
=§ (p{(t—A+21)+l/)1(t—A+2l)—f f(t+2ln+2l—1,7)dr|, (2.102)
l

_ z (—D)™A'[I(2m + 1) + t] + z (—1)™D(2lm + t) =
m=0 m=0
2In+A

=% p(A—1—-t)—yP;(A—-1—-1t)+ j f(r—1—2In—¢,1)dr|.(2.103)
l

ba xamuH monana, 60 aH4YOM JOoMaHW MBa3KyHUM t =x+A—[, m=n—k
nap popmymnan (2.99) Ba uBaskynuu t = A —x, m =n —k nmap dopmynau (2.101),

MO XaHroMmu t € [A — [, [] my mapTu 3epuHu anokapo 6a 1acT MEopeM:

- z (—D)™A'[I(2m + 1) + t] + 2 (—1)™D(2lm + t) =
m=0 m=0

2In+A

1
=3 <p1(t—A+l)+1p1(t—A+l)—j ft+2ln+1—-r1,1)dr|, (2.104)
l

n n-—1
_ z (—1)™A' (2lm + ©) + Z (—D)™P[I(2m + 1) + t] =
1 " T;l;l(-)l-A
=3 p1(A—t)—yY,(A—t) + f f(t—t—2In,1)dr]|. (2.105)
l

bo ry3apun nap gopmynaxou (51) — (54) a3 (' (t) Ba v(t) 6a p'(t) Ba v(t), Mo
HUXO0AT Oapou xojiaTu AywoM, spHe | < A < 21, mapTxou 3epuHH ajokapo 0a gact

MeopeM:
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_ Z (=)™ (2lm + £) + z (—D)™[l2m + 1) + t] = B, (1),

||M3

DM [I2m + 1) + t] + Z( D)™y(2lm + t) = By(t)

bapou t € [0,A—1], (2.106)

n-1
Z( DM [I2m + 1) + t] +Z( D™y(2lm + t) = By(£),
mjf o =0

(=)™’ [2lm + t] + z( D™y[I(2m + 1) + t] = B,(t)
m=0 =0

Gapou t € [A—1[1], (2.107)

Ku 1ap ouxo B;(t),i = 1,4 60 dopmynaxon (2.73)-(2.76) MyaiisH Kapaa MelIaBaH/I.
AxkHyH Oa é&ébpraHu wuAOpaKyHUXOU capxaauu ontumanuu pu(t) Ba Vv(t)
mery3apem. bapou xomaru sikym, ssbHe 0 < A <[, macpkanau ontumuszarcus 0a
¢pTaHn MUHUMYMH MHTETpad dHEPTrHsiy capxaaun (2.59) oBapaa memiaBaj, Ki OHPO

METaBOH Jap IAaKIW 36puH O03HABUCH Kap/:

A 2n

[t + @ = [ 3w @m+ oF + m+ o1 +

# [ DT+ o + vam + oy, (2108)

A m=0
0o maprxou anokawu (2.96), (2.97) Ba maptu MyBopHUKaTH

T A 2n l2n-1

ju’(t)dt = j Z ' (Im + tdt +f z u'(m + 0)dt = ¢,(0) — 0(0), (2.109)
0 m=0 A m=0

0

Ku a3 MmyHocuOarxou (2.4) Ba (2.6) 6apmeosia.
ba xammr wmonannm, Oapou xomatu aytoMm, sbHe | < A < 2l, macpanan
onTUMU3arcus 0a épraHn MUHUMYMHU WHTETpaIu dHEprusu capxaauu (2.59) oapna

MelIaBajl, K Jap UH MaBpU OHPO Jap IIAKIU 3€pUH 003HABUCH MEKYHEM:
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T A-l2n+41

f{[u’(t)]z (O}t = j Z{uam+t> + Qm + O}t +

0

l 2n
+ j Z ([ (Im + D] + [v(Im + D)2}, (2.110)
A-1m=0
00 maptxou anokau (2.106) Ba (2.107), uHuyHuH 60 mapTH MyBODUKATH
T A-12n+1 L 2n
j,u’(t)dt _f z ' (Im + t)dt + 12 W' (m + 0)dt = 9,(0) — (0).  (2.111)
0 A=1 m=0

Kaiig MekyHeMm, K XaHroMH IapTxou uotumaouu (2.3), maprxou Huxouu (2.5)
Ba jgouMun wuxTu€puu C - W COOUT, WHUYYHWH XAHTOMH MAaBUYAUATH IIAPTH

myBodukaru (2.109), myBoduku myHocubaru
T

f (' (®) = CT2 + v(©O)]2}dt = j (' OF + [v(©)]2de — 2C f W (Odt +
0 0 0
T

reeT f (& OF + (O]t — 2C[01(0) — 9(0)] + C2T
0

MUHAMYMHU YyCTy4yIlIaBaHIa XamM3aMOH 00 MHUHUMYMM WHTErpajlu 3epuH Oa JacT

oBapjia MeIIaBa/;

A 2n

T
f {[w@®) = CI*+ [v(®)]*}dt = f Z {[Wm+1t) = CI* + [v(lm + t)]*}dt +

lo2n-1

+ j D A Um+ 0 = CP + [v(im + D) }de (2112)
A m=0

00 mapTxou anokau TariupédTa, Ku a3 MyHocubarxou (2.96) Ba (2.97) 6apmeosiHz Ba
IIAKJIU 3€PUHPO JOPaH/T;

a) xauromu t € [0; 4]:

n-1

Z( D™ (W [12m +1) +t] = C) + z( D™y(2lm + t) =

m=0
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n—-1
=A )+ ) (-D"C
_ z (=)™ (' 2lm + ©) — C} + 2 (D)™ [I(2m + 1) + t] =
m=0 m=0

= A,(t) + 2 (-1)™C;  (2.113)
m=0

0) xauromu t € [A;1]:

_ z (=)™ (' 2lm + t) — C} + z (D)™ [I(2m + 1) + t] =
m=0 m=0

n—-1
= 4,0+ ) (-D"mC
n-1 n—1 m=0
(—D)™ (W' [l2m + 1) + t] - C} + Z( D™y(2im + t) =
m=0 =0

= A,(t) + z (—1D)™C. (2.114)
m=0

Macwanau édpranu Mmuaumymu wHTerpanu (2.112) 6o maptxou amokau (2.113)
Ba (2.114), Tubxu nemmaun Mnitun — Mowucees [80], 6a machanan épranu nHPUMyMHU

HYKTaBUU CyMMau

Z{,u(lm+t)— CT? + [v(Im + £)]2}dt xauromu t € [0; A],
S)y=<™"

Z {[W{m+1t)—C)* + [v(lm + t)]?}dt xanromut € [A;l]

00 xamoH maptxou anokau (2.113) Ba (2.114) oBapna memaBas,.
Macwanan xocumynapo 6o ycynu Jlarpany xan kapaa, 6a xynoca MeoeM, KU

O0apou xonatu Oappacumabangan 0 < A < | uaopakyHUXOU CapXaauy ONTHUMAJIUN
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u(t) Ba v(t) map mopuau [0,T] = [0; 2In+ A] Gapou xamau m = 0,n—1,
€ [0; 2l], unuynun Oapou m =n, t € [0; A] 60 Oapobapuxou (2.60) — (2.63)
MyaisH KapJa MelaBaHj, Ku Jap oHXO0 (pyHkcusxou A;(t),A,(t),As(t),A.(t) Ba
noumun C myBodukan 60 myHocubarxou (2.64) — (2.68) myaiisiH merapaas.
AxnyH 0a 6appacun xonatu [ < A < 21 6apmerapaem. Jlap uH xomaT Machajaau
onTuMH3aTcusl Oapou JouMHUM JIXoxu C; 06a €pTaHW MUHHUMYMHU WHTETPAIH 3€PHUH

oBap/ia MeIIaBa/;
T

j (W' = 12 + WO}t =
0
A-l2n+1

= f Z {[t'(m+t) — C]* + [v(lm + ©)]*}dt +
0

=0

3

l 2n

+ j D U m+ 0 = G + [v(im + O)dt, (2.115)

A=1m=0

00 maptxou anokau Tarinpédra, ku a3 mynocudarxou (2.106) Ba (2.107) 6apmeosiHa
Ba IIAKJIU 3€PUHPO JOPaH/:

B) Gapou t € [0; A — I]:
_ zn: D™ W QRIm+t)—C ]+ zn: (—D)™[I2m+1) +t] =
= B, (t) + Zn: (-D™c,,
— zn: D™ [I2m+ 1) +t] — Ci} + z": —D™vQ2Im+1t) =
m=0 m=0

= B,(t) + z (-D)™C,; (2.116)
m=0
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r) 6apout € [A —[;1]:

_ z D)™ (W [I2m+ 1) +t] - C,} + z (—D)™v[2lm + t] =
m=0 m=0
n-—1
=B+ ) (-D"C,
m=0
_ 2 (—D)™ (' lm + ) — C,} + Z (—D)™[l2m + 1) + t] =
m=0 m=0

= B,(t) + 2 (—D)mc,. (2.117)
m=0

«Edrann MunuMmymu uHTerpanu (2.115) 6o maprxou anokau (2.116) Ba
(2.117), myBodpuku nemman Mimiina — MowuceeB, 0a machasiaun €pranun HHOUMYMHU

HYKTaBUH CYMMau
(ZTI. -1

Z (i (m + ) — €% + [v(im + ©)]2}dt nput € [0;A— 1],
S ()y=4m70

z ([ (Im + £) — C,J2 + [v(Im + £)]2}dt nput € [A— L 1]
Lm=0

00 xamoH maptxou anokau (2.116) Ba (2.117) oBapna memasaay [80].

Macwpanan xocwimygapo 6o ycynu Jlarpanq xan kapmaa, 6a qacT mMeopem, Ku
Oapou xonaru OappacumaBanian | < A < 21 upopakyHUXOU capXaaud ONTHUMAJIUU
u(t) Ba v(t) map mnopuau [0,T] = [0; 2In+ A] Gapou xamam m =0,n—1,
t € [0;2l], wouynun OGapom m =n,t € [0; A], 60 Oapobapuxou (2.69)—(2.72)
MyausiH Kapja MeIIIaBaH/I. Hap YH OGapobapuxo byHKCUSIXOU
B, (t),B,(t), B3(t), B4(t) Ba noummm C; 60 myHocuOarxou (2.73)-(2.77) wmyaiisH
MerapaaH/.

SAroHaruu MIOPaKyHUXOW CapXaJuH ONTUMAIUU XOCHIIIITYyIa a3 OH OapMeosi1, K1
UMHTErpajiu sHeprusiv capxaauu (2.59) dynkcuonanu Oapyacra mebomaz. Teopeman

2.6 ucOoT rapau.
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A3 HyKTau Hazapu TaTOMKOT, MaxcycaH 0apou MCTHUCHO HaMylaHU UMKOHUSATH
BOpU/ IITylaHW paBaHAW HIOPAKyHUH capXaii 0a pe30HaHC MYyXHUM acT, KH KHMaTh
XypATapuHu uHTerpanu (2.59), ku 6a UAOPaKyHUXOU CapXaauHl ONTHMAIA MyBO(HK
acT, XaHTOMH KaJIOH Imy/laHu (oCHIad BaKTH UIOPaKyHil 6a cudp mMaiin HaMos .

A3 TtacBupxou (2.60) — (2.77) Oapmeosin, ku arap suppf(x,t) € Qr,
T, = const (apHe Tabcupu OepyHam f(x,t) xanromu T > T, aitHmsATAaH Oa cudp
Oapobap Oormajg), rmac KMMaTH XypJATapuHM HMHTETpald YHEprusiu capxaauu (2.59)
taptudu O (%) nopaa. Jloumue, ku map 0axou XOCHIIIyJa WIITHPOK MEKyHal, 0a
HopMman QyHKcusxon @ (x), @,(x) € W0,1]; ¥(x),p,(x) € L,[0,1]; f(x,t) € L,(Qr)
Ba Jlax3au BakTu 1T BoOacTa mMeOomaza. MH Xoar a3 oH maxogaT MeIuxajl, Ki KUMaTu
XypATapyuHU UHTETPAIN SHEPTUSH capXadi XaHromu T — oo 6a cudp Mailn MeKyHa
Ba MMKOH MEIWXaJd, KM a3 BOPHUJ IIyJaHW pPaBaHIW JANIHIIA TOp 0a pPEe30HAHC

NenTrupi Kapja maaj.
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BOBH 3.

UIOPAKYHUU CAPXAJIUM PABAHJXOE, KM BO MYOJIUJIAU
TEJETPA®I 5O KOO®®UTCUEHTHU TAFUUPEBAHJIA TABCU®D
MEEBAH/JI, TABACCYTH KYBBAU YAHIMPH JIAP CAPXAJIM YAII BA
YOWUBA3KYHI JAP CAPXAJU POCT

Jlap nH 600 60 MabHOM XaJUTM YMYMUIITYTaW MyOJuiau Teierpadun sKIeHaKa

00 ko3¢ durcuentu Taritupédanga a3 cundu L,-u Hamynu
Ure (X, 8) — U (6, 8) — q O, Dulx, t) = f(x,t),0<x<[,0<t<T

Machanaan UJIOPAKYHUH CapXaJud paBaHAXoe, KU 00 MH MyoJusa TaBCcU( MelIaBaH/I,
MaBpUIM TaxKWK Kapop Merupaa. MmopakyHi TaBacCyTH KyBBaW YaHAWUPHA Jap
capxaau yamu X = ( Ba OHMBa3KyH# nap capxaau pocTu x = [ amamin merapaa.

bo6u 3 Hu3z a3 yop Oann ubopar act. ba mucaum 606u 2, map OaHau SIKyMm
TY30pHIIM Machallax0 Ba TabpU(PXOW 3apypil oBapaa MemaBaHn. Jlap Oanam myrom
Machallal MaBUyAHMST Ba STOHATMM XaUId MachajaXxOM OMexTa Oapou MyoJuiau
OappacuiaBaHja TaxXKuK InygaaHa. ba Harmdam acocum uWH 000 — ucOOTH
MaBYYIUATH XQJUTH Machajal WIOPAKyHUU capxaai xaHromu T = | Ba sSTOHaruv OH
xaaromu T < | G6anmu cerom Oaxmmaa mrygaact. Jlap 6aHau 4opyMm HMIOpPaKyHHXOH
capxaJiuM ONTUMAaNid, KU TaBacCyTH KyBBaW 4YaHAWPA Jap capxaad dYam Ba
YOWMBA3KyHIl JIap capXaly POCT aMajil Merapaan, nap ¢ocuian uxtuépun 0a Kaapu
KO KaJOHU BaKT OapoW paBaHIXO0€, KM 00 MyoAWIad JAIUIIXOu Mad0ypuu TOp
TaBcu( MemaBaHA, coxTa InygaaHa. MH Myoamna  XOnaTd XyCyCHMH MYOJWJIau
OappacuinaBaiaa MeOomia, sbHe a3 OH XaHroMu q(x,t) = 0 OymaH XOCHI MeIIaBaj,.
bapou wumopakyHMXOM ~capXaaud ~ONTHMAIUU  4YyCcTydylnaBaHma udomaxou
aHanmuTUKAKA omkop &pra mymaana. Kaiin mMeHamoem, KM Machajall HIOPaKyHUHU
capXaJuM oNTUMai a3 épranu uynuH pynkcusxon u(t) € L,[0,T], v(t) € W3[0, T]

n0opar actT, K OHXO 0a MHTErpay YHEPTUIH capXalid KUMaTH MHHUMAJIA MEIUXaHI.
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3.1. I'y3opumm macbanaxo Ba Tabpudxon acocit

Hap poctkynyan mnymugad Qp = [0 < x <[] X [0 <t <T] ce w™acpanau
3epuHpO Oappacit MEHaMOEM:
— Macbajian omexran |:
Lu = ugy (2, t) — Uy (x,t) — qlx, ulx, t) = f(x,t), 0<x <[, 0<t<T, (3.1)
u,(0,t) = u(t), u(ll,t) =v(t) xauromu 0<t<T, (3.2)
u(x,0) = p(x), u(x,0) =¢Y(x) xanromu 0<x <], (3.3)
ku gap oH u(t) € L,[0,T],v(t) € WL[0,T], (x) € W}[0,1],¥(x) € L,[0,1],
f(x,t) € L,(Qr) Ba mapTu MyBo(pHKaT HIPO METAPAAL:
v(0) = ¢(D); (3.4)
— macbajau omextam |l: myonunau (3.1) 60 maprxou capxanuu (3.2) XaHroMu
0 <t < T Ba mIapTXOW HUXOUHU
ulx,T) = @,(x),u;(x,T) = P,(x) xauromun 0 < x < [, (3.5)
ku gmap o u(t) € Ly[0,T],v(t) € W3[0, T], @1 (x) € W3 [0,1], 91 (x) € L,[0,1],
f(x,t) € L,(Qr) Ba mapTu MyBo(pHKaT HIPO METaAPAAI:
v(T) = ¢1(1); (3.6)
— macbajnau uaopaxkyHum capxaauu lll: myomunam (3.1) 60 maprxou
capxaauu (3.2), maprxon notugouu (3.3) Ba maprxon Huxouw (3.5), ku gap ox @ (x),
01 (x) € WH0,1], Y(x), Y, € L,[0,1], f(x,t) € L,(Q7) Ba mwaprxou MyBoduKaTH
(3.4), (3.6) mupo merapman.
Hap wmacwamaxom |-1ll, 6a mucom 600m 2, dap3 kapga MemaBaja, Ku
ko3 durcueHTr Taritupédbannan q(x,t) Tauxo 6a cuadu L, (Qr) Taamryk qopa.
Xamm Machanaxou 3ukpiynapo map cuadu W,(Qp), ku Gopu aBBanm a3
qounou B.A. Wmitun comu 2000-yM Bopua Kapja IIyoaact, YyCTy4y MEKYHEM.
Tabvpudu wn cund nap Oanmum sikymu 000u 2 oBapna mymaacT. bapou wmyaiisH

HaAMyJaHU XaJUTM YMyMUIIyJlad Machajaxou OappacuiiaBaHia 00 MabHOU alHUATU
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WHTerpani, naayHuH a3 cuadu W2 (Qr) uctudona medapem, ki Tabpudu OH HA3 JaAP
0600u 2 gona nryaacr.

Tabpudn 3.1. Xamm ymymumynan machanan omextau | a3 cundu Wi (Qr)
rydpra, uyHuH ¢yakcusu u(x,t)-po a3 XamMHH CcHH} MCEHOMEM, KU alHHATH

HHTCTpAJINU
l

I T l
ffu(x, t)LD(x, t)dxdt+Jgo(x)CDt(x, O)dx—fl,/)(x)cb(x, 0)dx +
00 0

0
T T L T

+fu(t)cl>(0, t)dt+jv(t)<l>x(l, t)dt = j!f(x, ) P(x, t)dxdt (3.7)

0 0 0

-po Gapom xap sk ¢yHkcusm capgummn P(x,t) € WA (Qrp), ku 6a mapTxou
®,(0,t) =P(l,t) =0 xauromun 0<t<T Ba P(x,T) =P, (x,T) =0 xauromu
0 < x <l uroar MeKyHaJ, KOHEbh TapJOHAJ][ Ba WHYYHHH INAPTU SKYMH CapXaJIuu
(3.2) Ba maptu ayromu uotumonu (3.3)-po kapuO map xama yoiu [0,l] xoHeb
Meco3aj, Aap XoJIe KU IIapTh JyIoMH capxXaaud (3.2) Ba mapTH SKYMHU HUOTHAOUU
(3.3) 6apon xamau x € [0, [] mypo mMerapman.

Tabpudn 3.2. Xamm ymymumyna a3 cuadu W, (Qr)-u Machanan omexran |
rydra, uynuH gyakcusu u(x, t)-po a3 XaMuH cuH(p MeHoMeM, ku aitausat (3.7)-po
KOHEHh MCHaAMOs, KA Jap OH 0a YoM WHTErpajd AyIOM HHTErpal 00 ajomard
«MEHYC» THpHQTamynan | Ol [01(x) Pr(x,T) —P1(x) P(x,T)] dx meuctax Ba uH
aifauAT Gaponm xap sk Qymkcmsu cangummn P(x,t) € W2(Qr), xn 6a mapTxou
®,(0,t) =P(l,t) =0 xauromun 0<t <T Ba P(x,0) = P,(x,0) =0 xanromu
0 < x <l wroar MekyHaxm, u4po rapaan. Faiip a3 wmH, Qynkcusu u(x,t) maptu
nytomu capxaauu (3.2) Ba maptu skymu Huxouu (3.5)-po 6apou xamau x € [0,[] Ba
mapTy SKymu capxaauu (3.2) Ba maptu ayromu Huxoumu (3.5)-po kapu0d map xama
yoiin [0, [] xoHes Meco3as,.

Taspudn 3.3. Xaum ymymumynan macweanau upopaxkynuun capxaauu Il a3

cuadu W, (Qr) rydra, Xxamm machanan omextau | - po a3 XxaMuH cuH( 60 YyHHH
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(ynkcusu pu(t) € L,[0,T] Ba dyukcusu v(t) € WL[0,T], xu Gapou oH maprxou
myBoukaru (3.4) Ba (3.6) uupo MerapaaHja, MEHOMEM, AApX0jie KU MIApPTU SKyMH
auxonn (3.5) 6apou xamau x € [0, [] Ba maptu agyromu Huxouu (3.5) Kapub map xama
yoiiu [0, [] uapo 1ryma Goran.

3.2. SIkkumara xaJaBaHIarid MachajJIaxou OMexXTa

Hap wH O6aHI MaBUyAUST Ba STOHATMH XaUM Macbhaiaxou omextau | Ba Il, xu
nap Oanmu 3.1 Ty3ommTa mrygaaH, MaBpUIA TaXKUK Kapop METHPAH]I.

Tacauxm 3.1. Buesop, q(x,t) yucypu cugpuu cungu L,(Qr) 6owao. Ilac
oapou xap eyna T > 0 xam macvanau omexmau | 6a xam macvanau omexmau ll a3
cungu W (Qr) as ax xan 3uéo dowma namemagonao.

HMcoot. Hakmau nco6otu tacauku 3.1-po 6Gapom macbanam omextau | 6a TaBpu
myxTacap 0a€n mexkyHem. dap3 MekyHeM, ki Oapou Machayian omexTaw | ay Xammm
u(x,t) Ba u,(x,t) a3 cundm W, (Qr) maBuymanm. OH TOX (apKU OHXO
u(x,t) = uy(x,t) — uy(x, t) xamim Machaiau 3¢pUH Merapaa:

Ut (X, 1) — Uy (,8) = 0 9ap Qr,
u,(0,t) =0, u(l,t) =0 xameomu 0<t<T,
u(x,0)=0, u(x,00=0 xanecomu 0<x<1.

Bo Ha3apioITH WH, alHUATH HHTErpasiny (3.7) MaKIu 3ePUHPO METUPA/L;

T 1
j j u(x, t) [P (x,t) — d, (x, t)]dxdt = 0.
0 0

AxnyH pynkcusu P (x, t)-po map makiau 3epuH MCHaABUCEM:
O(x,t) =9(x) - f(0),
ku aap oH f(t) — xap ryHa GyHkcusiu 1y Mapotuba 6edocuia auddepeHcrannasup
Jap TaMOMH XaTTH POCTH XaKHWKHA MeOoImaa, KU XaHromu t = t,, t, <l 6a cudp

O0apobap act Ba U(x) — sKe a3 QYHKCHSIXOM XOCH MachajaW CIIEKTPaInd
{19”(x) +A9(x) =0,
9,(0) =0,9() =0

Meboma, Ku 1ap oH A — KUMaTu XOCH MYBO(MHMKH Machajau XOCHWJIITyna MeOorai.
117



t(2n+1)

Humon poman aymBop Hect, ku U,(x) = cos X, n € Z. bapou 6a aHyoM

pacoHuIaHu UCOOTH TacauKku 3.1 Takpop KaplIaHh XaMau MYJIOXH3axoe, K Jap KOpH
[60] oBapaa nrygaaHi, J103UM MEOSII.

be Maxjyn kapJaHu YMyMHUST, 1ap HJIOMa Machajan oMextau |-po map xonare
Oappacii MeHamoeM, ku gap oH @(x) = 0 map nopuau [0, 1], P(x) yHcypu cudpun
cunpu L,[0,l] mebomam Ba kumarxom capxamuu u(t) Ba Vv(t) MyBoduKaH
ynkcusxon mxtuépi asz cunpxou L,[0,T] Ba W,[0,T] xacrana. Jlap un Xonar,
MyBOUKH mapTxou MmyBodukaru (2.4) Ba (2.6) maprtxou v(0) = 0 Ba v(T) = 0 Gosx
UYpO rapaHi.

Bo pamsxou p(t) Ba v(t) dpyHKCHIX0€PO HIIOPA MEKYHEM, KU MyTaHOCHOaH 6o
u(t) Ba v(t) xauromu 0 < t < T myBoduKaT MeKyHaH Ba xaHromu t < 0 60 cudp
uaoMa Joaa InygaaHja. AEH acT, KM Jap alHu XOoJi E(t) €L,[—¢T]Ve>0 Ba
v(t) € Wi[-6,T] V6 > 0.

Tacauxu 3.2. buesop, T <1 sa q(x,t) yncypu cugppuu cungu L,(Qr) 60wao.

On 2o0x xannu seonau ymymuuiyoau macvaiau omexmau | az cungpu W5 (Qr) 60

bapobapuu 3epun Myatisn me2apoao:

t—x 1 t t+x-t
u(x,t) = — j E(T)d‘[ +v(t+x—-0D+ E_[ J f (&, )dédr, (3.8)
0 0 x-t+t

ku oap on gynxcusu f(x,t) az @yuxcusiu Kucmu pocmu myoounau (2.1) 60 poxu
uoomaouxuu yygm unucoam 6a mykmau x =0 ea udomaduxuu mox Hucbam 6a
Hykmau X = | xocun wyoaacm.

Hcoot. bo nctudomaa a3 xocusrxon pyukcusxou f(x,t), u(t) sa v(t) 6a oconi
CaHYWIaH MYMKHUH acT, ki xanromu T < | ¢ynkcusu (3.8) 6apou xamau x € [0, ]
maptu capxaauu u(l,t) = v(t) Ba maptu udtrmonn u(x, 0) = 0-po KoHEs Meco3al,
XaM4yHUH maptd capxamnu U, (0,t) = wu(t) Ba maptu nbtugoun u,(x,0) = 0 -po
Kapu0 map xama 4oitn mopyau [0, [] kanoar mekyHoHas. Ilac, OOKA MEMOHA] HUIIOH

UXeM, Ki UH (DyHKCUS alHUATH UHTerpaiuu (2.7)-po KOHEb Meco3al, KU Jap OH
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p(x)= 0 Vx €]0,l] Ba Y(x) yucypu cubpuu cunpu L,[0,l] meborran, spHE
O6apobapuu

I T
EJ f u(x, t) [P (x,t) — O, (x, t)]dxdt +
0 0

l T

+ j[(p(x)CDt(x, 0) —yY(x)P(x,0)]dx + f u(t)®d(0,t)dt +

0 0
T L T

+Of v(t) D, (I, t)dt—of Oj fx, t)®(x, t)dxdt = 0 (3.9)

-po 6apou ¢yHkcusin nuixoxu P (x, t) a3z tabpudu 3.1.
bo uctudona a3 unaTerpanrupii a3 pyiu KucMxo 0a KUCMH Yarmy MyHOCHOAaTH

(2.9) makau 3epuHPO METUXEM:
T

Lyfo = j j[ux(x, D, (x, t) — us(x, )P (x, t)] dxdt +j,u(t)cb(0, t)dt —
0

T 1
- j j £ 06, D, £)dxdt. (3.10)
00

[Tac, 6apou Mo koduct uc6otT Hamoem, ku Kucmu poctu udoman (3.10) 6a cudp
Gapobap act. Bo f(x,t) dyuxcusn nbrugonn gumxoxu dbyukensu f(x,t)-po a3 pyiin

X umopa MekyHeM. OyHKCHUSIU 3epuHpO Oapou Oappacii BOpHI MEHAMOEM:

t—x

U(x,t) = f E(T)d‘[ +v(t+x—-10+

0

t
j +t—1,7)dT +
0

Ba ocomii caHyuaa Memanaj, ku (ynkcusu U(x, t) 6a cuadu W, (Qr) Taammyk

Nlb—\

t
J (x —t+1,1)dr.
0

N| -

nopaa Ba 0apou Kapub xamaud HYKTaxou POCTKyH4Yau (Qr Oapobapuxou 3epUH UYPO

MeEIIaBaH/;
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U, t) = u(x,t), Ups(x,t) — Fx,t) = u,(x,t).

bo Hazapaoimtu uH 6apobapuxo 1opem:

T 1
OfojUt(x, ) D, (x,t) dx dt—OfOf f(x, )P, (x,t) dxdt —
T 1
—OfojU (x, ) D¢ (x, t) dxdt+fu(t)cp(o t) dt —

T 1 T 1
—j jf(x, t)O(x, t)dxdt = —jfU(x )P, (x, t)dxdt +
00 00

T 1 T T
+ fl, )P (x, dxdt + | DL OFL ) dt— | DL OU L) dt +
/] | |
T 1 T T 1
+ U, t)Dp, (x, t)dxdt + | u(t)®(0,t)dt — fx, t)D(x, t)dxdt =
/] | /]
T T T
—jCD(l, f (L, t) dt—J@t(l, U, t) dt+fCD(0, Ou(t) dt =
0 0 0
T T T
—jCD(l, f (1, t) dt+fd>(l, U, (1, t)dt+jd>(l, ) u(t) dt =
0 0 0
T T T
= —jCD(l, tf(, t)dt+fc1>(l, U, t) dt+JCD(l, f (1, t) dt —
0 0 0
T T T
—fcp(o, tu(t) dt =fCD(l, t)v(t) dt —f (L, t)v(t) dt = 0.
0 0 0

Tacauku 3.2 ucOOT Kap/a mys.
AxkHyH wMachamanm omextan |-po 60 maprtxom wubtumonun cudpun (3.3),
(yHkcusxou capxanuu uxtuépun u(t) € L,[0,T], v(t) € WL[0,T], ku nyromu oHXO

mapti myBodukat v(0) = 0-po KOHEb MerapAoHaj, WHYYHUH (PYHKCHUIXOU
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uxtuépun f(x,t) Ba q(x,t), xu 6a cuadu L,(Qr) Taamryk mopana, Oappaci
MeKyHeM. [lap uH XoJaT HaTu4au 3epHH JAypycT MeOoIas.

Jlemman 3.1. buezop, T <1 sa q(x,t), f(x,t) € L,(Qr) 6owarno. Ou eox
xanuu ymymuuyoau macvanau omexmau | az cungu W, (Qr) xap eyna ¢ynxcusu
u(x,t) medbowao, xu oap Qp maxoyo acm 6a MyHOCUbOAmu 3epuHpo KOHEb

Me2apooHao.
t—x
u(x, t) = — f E(T)d‘[ +v(t+x—-0D+

0

t T

1t—x —-X—
= Oj dr Of [q(, DU, ©) + £(€,D)]1dE +
t I—|t—t—x—-1|
1
+zof o J|r—ux|[q(§' TR e
2 ' 2

bapon ucboru uH nemma koduct, ku xocustxou ¢yHkcusu f(x,t), ku gap
tacnuku 3.2 TaBcu( mymaana, 6a 3bTHOOp rupudTa IABaHJ Ba YaMbllIaBaHIAU
q(x,t) u(x, t) 6a Tapadu poctu myoaunau (3.1) ryzaponuaa masaj.
Jsoxu  3.1.  «Arap pu(t) E W, (=&, T] Ve >0, v(t) € Wi(—e,T]
VY &, > 0, xoadpdurcuentu q(x,t) xampox 60 xocwian Xy g, (x,t) map pocTKkyHYau
Qr Maxayn Gomany, nHuyHHH QyHKcHsH f(x,t) 6a curndu W, (Qr) Taamiyk momra
Oolmaja, OH TOX XaJUITM oMexTau Machainau |, ku gap nemmau 3.1 Gappacii nrynaact, 0a
cuadu W2 (Qr) Taamnyk xoxan gommr [24].
Teopeman 3.1. buesop, T <1 6owao ea ¢ynxcusxou q(x,t) ea f(x,t) 6a
cunghu L, (Qr) maannyx oowma 6owand. On 2ox myoounrau unmezpanuu (3.11) xaniu

seonau max0yo oopad. Faup az uu, acap wapmu f(x,t) = 0 uypo wasao, nac oap

coxau {(x, t):0<t< é,t <x<lIl—- t} N Qr, u(x,t) = 0 mewasao.
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Hcoor. Teopeman 3.1 Gapom xap sk kumaru T <[ O6a TaBpu MOHaHJ UCOOT
Kapjaa MemiaBaja. A3 UH py, 6e MaxJiy[ Kaplanu ymMmyMusr, xonatu T = [-po Oappacii
MekyHemM. ba wwucium Oangu 2.2-u 000m 2, «kBajgpatu (Q;-po 00 Xarxou

XapaKTepUCTUKUU X =t Ba x = | —t 6a yop KucM yyno MeHamoeM. [lap coxaxou

l ;
XOCHJIIIya: cekyH4an A; = {(x, t):0<t< Y t<x<l- t}, K1 0a acocH MOEHUU
. l l
Q; maiiBacT acT, CexkyH4yaxoum A, = {(x, t):0<t<[,0<x< 5= |t — §|} Ba
l l
A; = {(x, t):0<t< Z’E + |t — E| <x< l}, ki 0Oa maxjayxoum (; dYacmnuaaHm,

l .
cekyH4au A4, = {(x, t):E <t<[l—-t<x< t}, ki 0a acocu Oosionu @Q; maiBacT
act, (ynxcusapo Oa TaBpu 3epMH MyalisH MekyHem: u;(x,t) = u(x,t),(x,t) € 4;,

j = 1,4. Cunac, mynocu6aru (3.11)-po maiimapmaii 6apon Hykraxom (X,t), Ku 0Oa
coxaxou Aq,A,,A; Ba A, Taayulyk JOpaH], XaMuyH MYOJWJIaXOW HHTErpaiil Oapou
Eprann dynkcusaxou uq(x,t), u,(x,t), us(x, t)Ba uyu(x,t) OGappacii MeHaMOEM»
[23].

Xanromu j = 1 myHocuOartu (3.11) 4yHUH MIaKIPO METUPAT;

1 1
w0 = [[ FEdsdr+ 5 [ a@owE Ddgar,  312)

kugapon D, ={(§,1):0<1t<t;)x—t+1<é<x+t—1}CA.

Myonunau (3.12)-po aap makiau 3epuHU ONEepaTOpid MEHABUCEM:

1
w (o) =5 [[ 6 Ddgdr + N6,

Omneparopu

1
N6 =5 || ate xcs dgar
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6a TaBpu Maxayn nap ¢aszou L,(A;) aman MmeHaMmosin Ba 6apou Japaqaxou oH O6axou

3€pHH JIYPYCT acT:

tk
[[INEx] G )] < Sup x(x, 0 - llqli*, 5 - , kEN. (3.13)

(x,t)€d; (ﬁ)km

Hypyctuu 6axou (3.13) 6anau 2.2-u 600u 2 ucOOT Kapaa nrygaact (HUT. HCOOTH
(2.13)).

A3 uH Oapmeosi, ku wmyonwnan (3.12) Myonusnad UWHTErpalvud HaBbU
Bonreppan wuncun nytom meboman. Arap f(x,t) =0 Ooman, mac OH XaM4yH
MYyOAWJIad SIKYMHCA TaHXO XU cudpié jgopaj, sbHE Jap MH XojdarT jaap coxau A
U, (x,t) =0 memanan. Arap f(x,t) pyukcusu uxtuépi a3 cuadu L,(Qr) Oomas,
nac xauu myoawnau (3.12)-po meraBoH Oa makiau Karopu Heliman, ku MyTiak

Ha3IMKIIaBaH 1A acT, uoaa Kap/i:

k=1

uy (x,t) = (1 + z Nf) F,(x,0), Fy (x,t) = % j £(&,7)dédr.

burzop j = 2 6oman, oH rox gopem:

t—x

u,(x,t) = —j u(t)dr +%.U f(& t)dédr +
D

0

+% ﬂ q(€,r)ul(€,r)d§dr+% ﬂ+ﬂq(€,r)u2(€,r)d€dr , (3.14)

Di1uD12 D31 Dy

KM J1ap UH YO

t+x
D11 = Dy1(x,8) ={(§,1):0 <7<

;TSESx+t—T}CA1;
x

x—t+71
2

X—t+7T

Dy1 =Dy, t) =1(§1): 0t <85 +

t—x
D12_D12(xt) {(f,T)OSTS 2 ,TS&St_x_T CAl,
- = 2 2 2y

D22:D22(xt)_ (€T)0<T<t_x0<€<__'[_%
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l)>|< == D11 U D12 U D21 U D22.
Asbacku coxau Dy, U D, myppa map AOXWIU coxaw A, 4OHUTHp acT, mac aap
myHocubaru (3.14) qyamplmaBanman ceoM ajulakaid yHKCHSH MablIyMHu U, (X, t)-po

nap Oap merupaj. bo opit kKapaaHu UIIOpaxou

Fy(x,t) = —].xu(r)dr+ ﬂ f(, T)dEdT+— Jf q(&,Duy (€, 1)dédr
0 D1;UD;,

Ba

Ao =5 [+ ][ )aeoxenase

Dz1 D3z
myouiiau (3.14)-po nap IIakiu onepaTopin MCHaBHCEM:
uy (x, t) = F,(x, t) + [Nyuy] (%, ©).

bo uctudona a3z ycynm WHIYKCHSH MaTEMaTHKA HUIIOH MEIUXEM, KU OIepaTopu
N,, K1 XxaM4yH orepaTopu Maxayn aap ¢aszou L,(A,) aman MmekyHas, 6axou 3epHHPO
KOHEb MECO3a/l:

— k
|[N2k)(](x, t)| Sup |x(x,t)]|- ”q”k2 N [t(t — x)]

(x,t)eh, k! '

keN. (3.15)

Xanromu k = 1 mopem:

[Nox ], )] < f j a(n, Dx (1 dndz| <

D33

< Sup lx(x D" fj 42 (n, T)dndz - f dr f dn <
(x.t)ehs X—t+T

t

f(t—x)dr <

0

< Sup |[x(x, 0] llqllza, V(& =x)t < Sup [x(x, O] llgllza, - v (& —x)t.

(x,t)EAz (x,t)EAz
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buryzop xauromu k = n 6axowu (3.15) nypyct 6oman, ssbHE

IINZx1(e, )] < Sup [x(x, ) - llqll™,,, - [t(tn—! I

(.x t) EAZ

Xomnatu k = n + 1-po Gappacii MEeKyHeM:

N+ (x, 0] < fj a0, O INPx] (7, D dndr| <

D3,

< sup kGOl lall",y, - [[latr NG —mTandr <

(x,t)eh,
D3,

t

1
< swp @Ol lall,, - | [ e [ @-myrdn <

(x,t)eA
2 0 x—t+7T

t
1 j Tn(t — x)n+1

< S x, t n+1 — d <
(xggzl)(( - lall oy n+1 t
0
1 tn+1 (t_x)n+1
< S ¢ n+1 . . . <
Sup [xGe 0l i, o jn+1 —
1 \/tn+1 . (t — x)n+1
) n+1 L.
< Sup lx(x Ol llgl™,,, - n+1 =

(x,t)EAZ

\/[t . (t _ x)]n+1
< Su X, t ”+1 . .
Sup GOl Nl s,

XaMuH Tapuk, aypyctuu 6axou (3.15) ucbot kapaa mya. A3 uH 0apMeosis, Ku
myonunau (3.14) nap coxau A, Xaunu Maxayd AOpaj, KU OHPO METABOH JAap IIAKIU

KaTopu MyTJaK Ha3aukiaBangan Heitman ndona namys:

[ee)

u,(x,t) = (1 + Z N§> F,(x,t).

k=1

XaHromu j = 3 nopem:
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1 1
us(x,t) =v(it+x—-10+ > ﬂ f(& t)dédtr + > ﬂ q(&,Duy (& 1)dédT +

D31UD3, D31
1
+Elﬂ q(&,Dus (¢, t)dédr, (3.16)

KM J1ap UH 40

D3y = D3q(x,t) =

t—x+1 3l—x—t |x+t—1
={(f,‘c):0§‘c§—;x—t+‘r§§§ —| —THCAl,
2 2 2
D3y = D3y (x,t) =
t+x—1 l+x—t t—x+1
={(51T)iTSTSt;T+ T——|S€Sl—|l—x—t+r|}cd3.

Hap myomwnaun xocummrynau (3.16) 4op uHTerpajid aBBall a3 (PYHKCHUIXOHU
MabiIyM Tupudra memabana. OHXOPO XaMpOXW 4YamblllaBaHaau skyM 00 Fs(x,t)
UIIopa MeKyHeMm Ba HucOar 0a usz(x,t) Myoaunam wWHTErpanuud HaBbu Bonreppan
3€pUHPO XOCUJI MEHAMOEM:

uz(x,t) = F3(x, t) + [N3uz](x, t),

KU J1ap OH ONEPaTOPU UHTETPAIUH

1
(Nyus] o) = 5 [[ a6, 06 Ddgn

D3,
nap ¢dazou L,(Az) Oa TaBpu Maxayn amaa MEKyHaJ Ba Aapaqyaxou OH 6aX0u 3epUHPO

KOHEHh METapJIOHAH/I;

[[N¥x](x, )| < Sup |x(x, )| , keN. (3.17)

(x,t)el;

VI-llgllzs,\ VGt DF
2 k!

Bokean, xanromu k = 1 nopem:

1
2101 < |7 | ate oxe g <

D3;
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t x+t—1

1
<l f dt f g, Dx(m,t)dn| <

0 -t

xX+t—7

t
< Sup lx(x D" fj 4> (n, ¥)dndz - j dr ] dn <
A3 0 l-T

(x,t)€A3

t

< sup 1xCo Ol gl - f (x +t - Ddr <
(x,t)els o

< Sup [xCo ) llgllza, v+t =DL
(x,t)els
dap3 MeKyHeM, Ki XaHToMHu k = n 6axou (3.17) aypycr acT, sbHe

(ﬁ- ||q||2,A3>” NCETEDE
. .

n!

HPL?X](th)lsg SUP |X(X,t)y

(x,t)els

Xanromu k =n + 1 nopo Memasem:

1
32601 < |7 || a6 D N, 010 dnde| <

D3,
n t X+t—1
1 Vi lqllza 1
<5 Sup [x(x, t)I-<—3 -—,-de f q(n, D[t + 7 - D]"dn <
2 (x’t)eA?) 2 n.
0 -t
n t X+t—7T
1 Vi llqllza 1
<3 Sup Ix(x,t)l-<—3 = llqllza, - ff”dr J m+7-D"dn <
2 (x’t)eA?) 2 n. S '
-T

t

n
1 Vi lqll, A ) 1 ™ (x +t — )"+l
<= Su X0 — = - TR f dr <
Z(x,t)epAg,l)(( )] ( 5 lallza, = J 1

1
<= Sup Ix(x,t)l-<

o2 (x,t)els

VI llgliza, ) 1 [en+1 (x4t —DnHt
) gl = : <
2 n+1 n+1
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1
=3 Sup |x(x,t)|"
(X,t)EAg

VI llgllza,\ 1 Je T (x + £ = Dtl
———— | llqllza, - =" <
2 nl n+1

n+1
ﬁ-||q||z,A3> Ve

< Sup Ix(x,t)|-< > T D!

(x,t)els
ITac, myonunau unrterpamuu (3.16) myBobuku Oaxou (3.17) map dazou A,
XaJTM Max Ayl 10paji, Ki OHPO METABOH JIap IIaKIM KaTOpU MYTJIaK Ha3AUKIIaBaHAau

Heitman udona namyn:

[00]

us(x,t) = (1 + 2 Né‘) F5(x,t).

k=1

Huxost, xanromu j = 4 Mmyoausian 3€puHpO TOPEM:

1
u(x,t) = F(x, t) + Eﬂ q(&,u,(é, 1)dédr, (3.18)
Dy
KH Jap OH
t—x
E,(x,t) = — j um)dr+v(t+x—1) +% jf f(&, t)dédr +
o Die

1 1
5 | acouEodsr sy || a6 ou D+

Ds1uDy, D43upyy

1
+5 || a6 ous € 0dsar

Dys

— (yHKCHSIM alakaii MabiayMm MeOo1ia Ba
t—x
D4y = Dyq(x,t) :{(f,r):O STST; T<EL t—x—T}CAl;

l

(&, 1): OSTSE;
Diz = Dy (x,8) = 3l—t—x t+x—1 < 4y
T<¢EL > — [t — > |




t—x+1
(f,r):OSTS++;

Dis =Dzt =93 _t4y7 \x—t+7 l [ (€42
| SfS——T——|
2 2 2 2
t—x t—x
D44ED44(x,t)={(f,T):0STSt—X;OS€S —|T — 2 |}CA2,
x+t—1 t+x
(f,r):TSTS R
D45 = D45(X, t) = l l c A3;
— —_—— Tl &< ] — —] —
2+|2 T|<éE<I—|x+t—-1—1]
[
& 1): ESTSt;
Dy = Dy(x,t) = x—t+l+ t—x+l|< <x+t t+x| < dy;
2 ' A

D*,|< - D41 U D42 U D43 U D44 U D45 U D4.
Myonaunau (3.18)-po nap makiu oneparopii MEHaBUCEM:
u4(x, t) = F4- (x' t) + [N4u4] (x: t)

ba oconin MmeTaBoH O0Bapi XOCHII KapA, KU OllepaTopu

1
o 0) = [[ a6 (s mdsr

nap dazou L,(A,) 6a TaBpu Maxaym amall MEKyHAI Ba Aapavyaxou OoH 0a 0axou 3epHH
TOOEH XaCTaHI:

N CETEDL

- ., keN. (3.19)

VI 2
IINfx1Ge, )] < Sup [x(x, 0)] ( ||§|| ,A4>

(x,t)eA4

Hap xakukart, ouryzop k = 1 6omaza. OH rox

1
N1 01 < |5 [ aGr o dnde| <
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t+x—1

t
1
SE Sup |x(x,t)|- ﬂ q*(m, t)x(n, t)dndr - f dr j dn <
D, 0 -7

(x,t)el,

t

1

<5 Suwp @Ol lall, - |[ (642 - Ddr <
(x,t)el, o

1
<z Sup [x(, O llqllza, - vE+x =Dt <

2 (xt)en,
(t+x— Dl
< Sup [xCx, O llqllza, - 2 '
(X,t)€A4

bury3op xauromu k = n 6axou (3.19) uupo rapuaj, spHe

(ﬁ - ||q||2,A4>" VOt DF

[INZx1(x, )| < Sup |x(x,t)]-

(x,t)el,

AxnyH xonatu k = n + 1-po 6appacii MeHaMoeM:

2 k!

1
2201 < | [ atr o) N1 Grodnde] <
Dy

1
<3 sup [xGo Ol llall",, -5 14llaa, X

2 (e,
t X+t—1
X fl"dr f m+7—-D"dn <
0 1=t

t

. 1 "(x + t — [)n+!
1 _ n+1 :
< > Sup |X(x; t)l ||CI|| 240, 2n.pl f n+1

(x,t)eA
4 0

dr <

1 1 1 ln+1 (x +t— l)n+1
<= Sup |X(x,t)|-IquI"+12,A4'zn.nljz'n+1' n+1 =

(x,t)€A4

n+1. — Nn+1
.\/2 (x+t—10 -

< S ,t . n+1 . —
= (x,tl)lgAJX(x )l ||CI|| 2,04 Pn+1.pl n+1
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\/[l (x+t=D]H1
< g - n+1 :
< (x,tl)lg4|X(x - ligll 2,A, 27+ . (n 4 1)!

Hypyctuu 6axou (3.19) ucbot rapaua. A3 ue 4o 6apmeosia, ku myoauiau (3.18)
MyOJIiJIau MHTETpaluu HaBbH BonTteppa meboman Ba nap A, Xaum MaxAyn Jopai,
KM OHPO METABOH Jap IMAKIM KAaTOpW MYDIAK Ha3auWKiaBaHaaun Heiiman udona

HaMy/I:

[00]

u,(x,t) = (1 + Z fo) E,(x,t).

k=1

bapou anvom momanu mcbotu Teopeman 3.1 cydprarum xamm OagacTomanapo
TaxKuK MeHamoeM. A3 (3.11) Oapmeosin, ku Xammum u(x,t) map pocTkyH4yaum Qr
oedocmia medorran. Mmopaun U(x,t) = f(x,t) + q(x, t)u(x, t) -po Bopua MEKyHEM.
®dyukcusn U (x, t) -po HucOar 6a capxaau x = 0 qydrt Ba Hucbar O6a capxamm x = [

TOK ujnoma MenuxeM. Jlap Hatuda 6apobapuu (3.11) 6a 6apobapuu 3epun myOaaaan

Merapaa;
t—x t x+t—t

u(x,t) = — f E(T)d‘[ +v(t+x—-0D+ %J J U(&,1)dédr.
0 0 x—t+T

A3 uH Oapobapit HucOaT O0a t Ba x xocuia rupudra, 6apou Kapubd Xxamau
(x,t) € Qr 0apobapuxoH 3epPUHPO XOCHUIT MEKYHEM:

u(x,t) = —ut—x)+vE+x—-0+

N =

+ J[U(X-Ft—‘[,‘[)+U(x—t+‘[,‘[)]d‘[, (3.20)
0

u, (x, t) =E(t—x) +v'(t+x—-0D+
) t
+E.[[U(x+t—’[,’[)—U(x—t+’[,’[)]d’[. (3.21)

A3 myHocubarxou (3.20) Ba (3.21) 6apmeosin, ku xocuiaaxon Uy (x,t) Ba u, (x,t)

6a dazon L,(0 < x <) 6apou xamau t € [0,T] Taamuryk AopaHn Ba MHYYHUH Oa
131



dazon L,(0 <t <T) OGapou xamam x € [0,l] Taamnyk nmopana. XamuH TaBp,
TeopeMau 3.1 myppa ucOoT rapaui.

Haruvau 3.1. buesop, wapmxou meopemau 3.1 uypo wasano. On 20x xaniiu
macwvanau omexmau | 6a 6axou zepun modev mebowao:

(x’Stl)lepQTlu(x, )l <C <I|#(t)||L2[o,T] + tg[l(l)g]IV(t)l + ||f”L2(QT)>- (3.22)

Hn 6axo nucbam 6a q(x,t): |qll, o) < v, C = C(y) > 0 myumaszam acm.

Hcoort. [lypyctun 6axou (3.22) 6apou xonaru (x,t) € A, nap 6anau 2.2 -u 606m
2 ucOor mrynaact (Hur. 6a HaThyau 2.1).

®ap3 mexyHeMm, ku (x,t) € A,. [lap uH Xonat 1opem:

t—x l -t
1
R0l < |- | w@dd +5 [ de [ 1Fa ol +
0 0 0

L
2 -1

G M fllaa, - f dr f lq(n, ©)ldn <
T

0

t—x 1 l -7 l l-7T
< —j u(r)dr +§ jdrj f2(m,t)dn- jdrj dn +
0 o 0 0o 0

o~

l-T

drf dn <
T

2 -1
+Cr - Ifllaa, j dr j a2(n,D)dn -
NO 0 \

[ l
< llullza, + ﬁ”f”z,AwAz + g1 Ifllza, -5 llqllzn, <

I Gl
< Nulloa, + (575+ 5 Nalles, ) I N2

OS«NIN

A3 MH 40 XOCHUJI MEKYHEM:
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lu(x, )| < Sup |F(x,t)| +

(x t)eA1UA2
Jt(t —x)k
+ Sup |F(x0)l- anukul L

(x,t)€A1UA2 k! -
oo 1 .
< Sup [|R(x0)]-|1 = (U llaliza,) " | <
(x,t)eA]_UAz

< Sup [|F(xt)exp(l- ||Q||2,A2) < lu@®Il - exp(l- liqllza,) +
(x,t)EA1UA2

rexp(i- lallas,) (575 + 5 Nallas, ) 1 as,un, <

< G (Il + 1 l2.8,08,),

KM J1ap UH YO

G = maxfexp(L- lallas,) i exp(t- Nalas,) 5 =+ -l }

AxnyH (ap3 mexyHem, ku (x,t) € Az. lap uH xosat gopem:

1
|F3(x,t)]| <v(x+t—1) +§ ﬂlf(n,r)ldndr+

1 1
+5 [[1at 0w, oldnde +5 [[ 1960w, oldndr <

D31 D32
u v ' .
tES[Op] + oA fll2a08, T 5 ,—2 fll2a, *11qll2a,,8, T

zf 1 f Nz, - lallza,a,-

A3 MH 40 JOpO MENIaBEM:

Sup |F5(x, )| <VI1- Sup |v(t +( +—C ) ;
(xt)53| 3(x, )] te[ogl ® NN 1”q”2,A1UA3 ||f”2,A1UA3
lus(x,t)| < Sup |F5(x,t)| +
(x,t)€A3
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+ Sup |F3(xr t)l

(f ||q||2A3> NGFEDF

('xlt)EA?) k=1 k!
0] k
l- +t—DFk
< sup IR0l |1+ V- llallzs, | V& | _
p 3 2 k'
(x,t)eAs =1 :

2
k!

k_
(\/7' lqllza, - VX + t—l>

< Sup |F3(x,t)||1+

(x,t)els

IA

k=1

[
< sup 1B 01 exp(llallos, -5) <
(x,t)EA3

2l 1C
[\/_ Sup |v(t)| + <\/_ \/— ||CI||2A1UA3) . ||f”2,A1uA3 X

te[o,T]

[
x exp (I1allaay - 5) < Ca(IVllaa, + 1 l2a,0,)

KU J1ap UH YO:

[
\/T'eXp<||Q||2,A3 E)'

exp(lalls, - 0) (5 + 2 lallzs,a, )|

C3; = max

Huxosrt, pap3 mexynewm, ku (x,t) € A,. ap un xonar gopem:

t—x )
|Fo(x, )| < —J udr|+ [v(t +x — D] +§ ﬂlf(n,r)ldndr+
o 8

1 1
+5 [ la@omemoldndc+5 || lao e 0ldnde +

Ds1upy, D43upys

1
+§J lq(n, Duz(m, 7)|dndt <

Dys
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[
< llllza,VI+ Sup [v(e)] + I|f||le+ Cillfllza,llqllza, +

(x,t)el,

[
+ \/_ECZ (VU llz.ay + 1 2.a,08,) - 1 llz0,0n, +

[
+—Cg< Sup |v(D)] + IIfllz,A1UA3>'IIqIIz,A1UA3 =<

V2 T \@ben,
l
< llulloa I+ Sup [v(D)] 4~ 1Lz, + 5 CullFllzg,  Nallzg, +
(x,t)el,
l \/_ l
+EC2 Nallzg, " VI llpllza, +\/_§C2 “Wfllzo, - lallzq, +
Y sup WOl -Gl Tl
e u vV — <
IC, Wl
1+—=- )Su v| + \/_+—C>
<(1+ 5 allzo,) Sup v ( = Cs ) lullz, +

[ 1 [ [
—=Cy —¢C —C,- .
+(2+2 1 ||CI||2,Q1+\/§ 2||CI||2,QZ+\/§ 3 ||CI||2,Q1) £ 1l2,0,

A3 ¥H 40 Jopem:

lus(x, O] < Sup [F,(x, )| +

(x,t)€A4

1%} k
+ Sup |F4(x,t)|z<‘ﬁ"'2q”2'“> _J(x+t_z)kS

(x!t)€A4 k=1 k'

had k
< Sup [|F(x,t)] 1+Z(%) N+t = DF

(X,t)€A4_ k=1 k!

k_
x+t—1
o (ﬁ-uqnm-T>
< sup R0l [1+) -

IA

(x,t)€A4 k=1
l(x+t—1)
< Sup |[F(x, )] eXp(”QHzA4 2 >S
(.x t)€A4

-
< Sup |F,(x,t)|-exp (M> <
(x,t)el, 2
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< Cy <||Ii||2 o, t Sup [v(O| +IIfll; Ql>;

(x,t)eQ;

KM JIap WH YO:

( L-1lqllza, IC, )
exp (—2 (14 Nallag,);
- Wl

~"

2

eXp(%)(éJ’(lC N \/_ )”‘7”2‘91>J

XaMmuH TaBp, Aypyctuu 6axou (3.22) ucOoT kapaa mIyJ.

Kaiin wMenamoeMm, ku a3 Oaxou (3.22) ycTyBOpMM XaJUId Machajau
OappacuiaBanaa HucOaT Oa MAPTXOU capXajil Ba KUCMHU POCTH MYOJiujia GapMeosij.

I30xu 3.2. «Dap3 mekyHeM, ku (yHkcusu u*(x,t) Xamwmm ymymuiiyma 00
MabHOM alHUATH UHTErpaiuu (3.7)-u Machanan omextau | 60 korddurcuenTu cudpii
MmebOoman, ku gap makid (3.8) udoma merapaan Ba u(x, t) — XaJuid Machajau YMyMid
acT. bo uctudona a3 karopxoe, ku xajmwu myoamiaxou (3.12), (3.14), (3.16), (3.18)-po
MenuxaHa Ba 60 HazapaomTu 6axoxou (3.13), (3.15), (3.17), (3.19) xocun MexyHeM,
KA

— * <K
(xgl)aE%TIu(x,t) u*(x, )| < KllqllL,cop)»

ku gap oH goumun K Oa Hopmau dynkcusiu q(x,t) BoOacta HecT. A3 WH YO,
myBodukn myHocubarxou (3.20) Ba (3.21) 6a 6axoun

It = g copy < Cllallyom
MeoeM, KH OH YCTYBOPUHU XaJUTH Machallal OMEXTapo HucOar 6a omyou aaiuTUBUH
q(x,t)u(x,t) map myommwrau (3.1) 60 xodpduTcueHTn 00 KBaapaT 3aMIillaBaH]Iavd
q(x, t) aumon meauxam [23].

I3oxu 3.3. «Kaitm mexyHeM, KM TacaIuKOoTH MoHaHn Oa nemman 3.1 Ba
Teopeman 3.1-po mHUyHUH Oapou Xawmm Machaidau omextau |l 60 maprxou HUXOUH
cubppun  (3.5) Ba uYyHuH TmapTXou capxamauu (3.2), KU Jap  OHXO
u(t) € L,[0,T],v(t) € WL[0,T] Ba v(T) =0 acrmeboman, 6a JacT oBapAaH
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MyMKHH acT. Tabkuj MeHamoeM, Ku 0a Muciu Teopeman 3.1 Xammm machajiau
oMexTtan  OappacwmaBaHga  Oapoum  Myoawsgam  SKYMHCA  Jap  coXad
{(x, ) max{T = [,0} <t <T,T—t<x<I1}NQ; aitHuaTan 6a cudpp Oapodap
act» [24].

Komunan 6a teopeman 2.2 a3 6anau 2.2-u 6001 2 MOHaH]I, TEOpEeMaHu 3epUH
ucOOT Kap/aa MemaBaj.

Teopemaun 3.2. Dapz mexynem, ku oap myoounau (3.1) xosgpgpumcuenmu
maguupéoanoau q(x,t) manxo 6a cungu L,(Qr) maannyx oopaod. Ou 2ox bapou xap
eyna T € (0,1] xam macvanau omexmau | ea xam macvanau omexmau |l a3z cungu
W(Qr) az ax xan 3uéd dowma namemasonao.

A3 teopeman 3.2 GapMmeosis, KU Xaui Oappacuinyia aap jdemmau 3.1 xamium
srona a3 cuadu W, (Qr)-n Mackanam omexra Gapon Myoxunad (3.1) 60 mapTxou
noTaouu cudpi Ba mapTXou capxaauu (3.2) medoman. A3 UH py, METABOH XyJoca
Kapa, Ku Teopeman 3.1 MaBUyausITH Max3 XaMHUH XaJUId Machallapo MyKappap
MEHaMOSI]I.

3.3. AAkKumara xaJaBaHAarui Macbajiau UA0OPAKYHUH capXalAil XaHTOMH
BAaKTH a3 KPUTHKIM XypA € BakTu 0a oH 0apodap

Jlap wH 6anpa caBoM MaBYynusT XaHromu T = [ Ba siroHarsn xauromu T < [ - u
XaJum Macbhballan ujopakyHuu capxamuu |l Ttaxxkuk kapma memaan. Jlap aBan
TAaCIUKXOPO Jap Oopau sSroHarin Ba MaBYYAMSITH XaJUIM Machallau OappacuiiaBaHiau
UJIOPAKYHUU capxaaid Oapou XoJjlaTH XycCyci, Ku Kod(pUTCHEHTH TariupéOaHan
q(x, t) yacypu cudpuu cuapu L, (Qr) Mebolam, MeopeM Ba HCOOT MEHAMOECM.

Mynoxuzaxoe, ki fap kopu [65] oBapaa mrymaasj, Takpop Hamyza, 6a OCOHIA
OYypYyCTHHM TacCAUKUA 3€PUHPO HUIIOH JI0JaH MYMKHH acT (HuT. 0a paBaHIu uCOOTU
Tacauku 2.4).

Tacauxku 3.3. @ap3z mexynem, ku T <l 6a q(x,t) yncypu cugppuu cunghu L,(Qr)
medbowad. Ou 2ox b6apou macwvanau uoopaxynuu capxaouu |l mawuxo sax xan az cungu

W(Qr) 6yyyo dowma memasonao.
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AKHYH TacouK ouj 6a MaBUYIUATH XaJUTH Machanad unopakynuu capxaauu I1-
po Gapou XonaT Xycycuu OappacuiiiaBaHia MeopeM Ba HICOOT MEHAMOEM.

Tacnouku 3.4. @ap3 mexynem, xku q(x,t) yucypu cugppuu cungu L,(Qr) 6a T =1
medowad. On 20X, bapou OH Ku Xaiiu aeonau macvanau uoopaxkynuu capxaouu Il az
cungu W3 (Qr) masyyo 6owad, 3apyp ea Kugos acm, Ku MyHOCUBAMNOU 3ePUH UYPO

2apoano:

l
$1(0) + 9:(0) — PO — o (D) — j Fl—7,Ddr =0, (323)
0

l
51(D) — 01 (D) — $(0) + 9 (0) — j F,Ddr =0, (3.24)
0

ku dap onxo P(x), Py (x) ea f(x,t) mysodukan gyuxcusyou ubmudouu gynxcusyou
Y(x), Y1(x) 6a f(x,t) Hucoam 6a masiupédbanoau x mMedOUAHO.

Xaneomu uypo wyoanu uH wapmxyo Xaiiu Macvaiau sukpuyoa 60 gopmyiau
3epuH 000a Mewasao:

u, (x,t) map A4,
uZ (x' t) Aap AZ;

u(x,t) = 15(x, ) aap Ay, (3.25)
U,4_(.'X,', t) Aap A4'
KU 0ap uH yo
x+t t x+t—-7
1 1
WO =5leer0+ea-0+ | O +5 [ [ rEodsr],
x—t 0 x—t+t
1 x+t
w000 =5 [P0+ 0+ a0 £+ D+ 00 = D + [ (s -
l

x—t+1

- Of W(E)ds - fo £(§,D)dgdr - ij f(§,D)dgdr fo f(§,Ddedz ),

[ x+t
2" 2
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x+t

Q1 = Qpy(x, 8) = {(fﬁf)i 0<t<

|S€Sl—r},

+|T—



x+t t+1—x
Qs = Qo (%, t)—{(fr) i x+|r—t|<€<——

4

<t<| l—TSESx—t+T};

[
Qa4 = Qpu(x, t) = {(f, T): i

1
s () = 590 = ) = @(0) + 9uD + aGe+ £ =D = [ s -
0

_ ﬂf(f,r)dfdr— ﬂf(f,f)dfdr— J £(& 1)dédr|,

Q31 Q33 Q34
I +x—t [—x+t
9315Q31(x,t)={(§,T):OSTS§, e |<5ST},
[—x+t x+t ! l
33 5933(X»t)={(f;f)!TSTS ,§+ T_§| Sfo—|T—t|},

x+t
9345034(x,t)={(f,r):TSTSl, x+t—r£€£r};

1
u,(x,t) =E[<p1(x+t—l)+<p1(x—t+l)+

)7 l¢1(€)d€ f XT Tf(f T)ddt
x—t+l x—t+t

Ay — cexynyaecm, ku 60 xamxou x —t =0, x +t — 1 =0, t = 0 max0yo wyodaacm;
A, —cexynyaecm, ku 60 xamxou x —t =0, x +t —1 =0, x = 0 maxoyo wyoaacm;
A5 —cexynyaecm, ku 60 xamxou x —t =0, x +t — 1 =0, x = [ maxoyo wyoaacm,
A, —cexynyaecm, xu 60 xamxoux —t =0, x +t —1 =0, t = [ max0yo wyoaacm.

lap aiinu 3aMoH, UOOPAKYHUXOU capxaduu yycmyyyuasanoa 6o ucmugooa az
Gopmynaxou aHanuMmuKuu 3eput Xucob Kapoa Meumasano.

l
1
HO =3[0’ © = A= 0 + ol =0 + (O + [ £ -0,
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l
1 ~ ~ A
V(O =500 = 0= A= 0+ 0 O +$2(0) - [ fe+1 -z 0dr|
0

HcooTn 3apypii. ABBai XoJiaTH Xycycupo Oappaci MeHaMoeM. AHuMKarl, (hap3
MEKyHEeM, KM Jap Machanau uaopakynuu capxaanu Il ¢ (x) = 0 gap mopuau [0, [] Ba
Y(x) yucypu cuppun cunpu L,[0,l] meboman. Arap xammum u(x,t) a3 cuHdwu
WL(Qr) 6Gapom macwamam |l Bydqyn momra Gomax, mac OH XaM3aMOH XaJlId
macbhanaun omextan | a3 xamon cuH( meOomazn, ku nap oH @(x) = 0 6apou xamau
x € [0,1] BayY(x) = 0 6apon kapub xamau x € [0, []. MyBoduku Tacauky 3.2 MH XaJ

nap makiu (3.8) udomga merapaaa, KM a3 OH MyHOCHOATH 3epHHPO O6a TaCT MEOpeM:

!
Y1) + o' (x) =2v"(x) + jf(x + 1 —1,7)dr. (3.26)
0

A3 Oapobapum (3.26) HmcOar 6a x a3 cudp 1o | wmHTerpanm rupudra,

6apobapuxou v(0) = @ (1) Bav(l) = ¢4 (1)-po 6a Hazap rupudTa, XOCHUI MEKYHEM:

l l
¢MO—¢&D—}ﬂuﬂﬁ=¢&®+¢&®—ffa—tﬂm- (327)
0 0

A3 wmyHocubaru (3.27) Gapmeosin, ku arap Mo 60 ;(x) Ba f(x,t) oH
byakcusxon notTuaonn Gyakcusxon P, (x) Ba f(x,t)-po Hucdbar O6a Tariupédbanman

X WLIOpa HAaMOeM, Ku 0a IapTu

l
ﬁﬂ@+¢ﬂ®—]fﬂ—aﬂﬁ=0 (3.28)
0

ToO€aH 1, OH roX 6apoOapuu 3epuH AYPyCT MeOOIIaI:

l
$AD—¢AD—ff&JMT=0 (3.29)

XamuH TaBp, 6apoH XolaTu Xycycue, ki aap oH @(x) = 0 map nopyau [0, [] Ba
Y (x) yacypu cudpun daszou L, [0, l] mebomran, 3apyp Oynanu myHocubarxou (3.23)
Ba (3.24) myKappap kapja IIyJ.
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AKHYH Xoiatd ymMyMupo Oappacit MeHamoeM, KU Jap oH @(x) (yHKCHUAH
uxtuépii a3 cundu  L,[0,1] Oyma, Y(x) ¢ynxcusu uxrtuépum cundu WLL0,1]
mebOoman. bo un mMakcan, Gyakcusxon @ (x) Ba P (x)-po HucOar 6a HykTaxou x = 0
Ba X = | Oa TaBpu yydT 0a mopuaxou [—I[, 0] Ba [[, 2l] umoma menuxem. UHuyHHH,
bynakcusu f(x, t)-po a3 pyitu tariinpédbannan aBBaa 6a TaBpu wypT HucoOar 6a x = 0
0a [—[, 0] Ba O6a TaBpu TOK HuCOAT 6a x = [ 0a [[, 2]] umoma menuxeM.

Oynkcusixou 00 WH Tap3 uaoMagonamymnan @ (x), Y(x) Ba f(x,t), myBodhuxkan
6a cunpxon L,[—1,21], WA[—12l] Ba L,(—l<x<2D) X (0<t<T) Taamnyk
JIOpaH/I.

bo uynmna ¢yHKcHsIxon maomamomamryman @(x), P(x) Ba f(x,t) dyakcusm

3epUHPO Auja Mebapoem:

1 R R
v(x,t) =§[g0(x+t)+g0(x—t)+¢(x+t)—1,b(x—t)]+

_|_

N =

[lfa+e-nn = fe—c+ o, (3.30)
0

xu maptu v(x,0) = ¢(x) -po 6apou xamau x € [0, !] Ba maptu v,(x,0) = P(x) - po
Gapon Kapub xamanm x € [0,1] kaHoaT MekyHOHax Ba nap OH YP(x) (yHKCHSH
noTHmonn uxtHépun Qynkcusu PY(x), f(x,t) (GyHKCHAM HOTHIOMH HXTHEPHH
¢byHnkcusau f(x, t) HucOat Oa TariinpéOangan aBBasl MeOOIIAI.
ba monanmu Oangu 2.3 - u 600u 2, Oa OCOHI METAaBOH HUIIOH OO, KH

dyrxensm (3.30) xamm ymymmmyna a3 cuabn Wi (Qr)-m Mackamam omexram |
MebOomman, ku gap oH u(x,t) 6a v(x,t), u(t) 6a v,(0,t) Ba v(t) 6a v(l,t) uas kapaa
mrymaana. As uH py, Gapku [u(x,t) — v(x, t)] xammm mackanan omextau | a3 xamoH
cuH(d 0o maprtxou uOTUION XaHromMu t = 0 acT, KU MIAPTU aBBajall aifHUATaH Oa
cudp 6apobdap Oyna, mapTu xyromail yHeypu cudpun cuadu L, [0, [] mebomay.

MyBoduku xojaTu Xycycue, Ku gap Oosno Oappacit miyn, O6apou uH dapk
myHocubarxoun Hamynu (3.28) Ba (3.29) uupo merapaan, sbHE
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¥1(0) + ¢,(0) — 9,(0,1) —v(0,1) = 0, (3.31)
D) — o (D) =9, D +v(, D) =0, (3.32)

KH J1ap oHXo pams3u U (x,t) pyakcusu notumonn dyHkcusu v;(x,t) -po HucOar O6a

tariupébanaau X udoaa MeHamosia. A3 6apodapuu (3.30) 6apmeosi, Ku

l l
7:(0,1) = jf(l —1,7)dt; U.(,, 1) = ff(r,r)dr. (3.34)
0 0

ba oconii nupma wmemaBan, ku MyBoguku OapoOapuxou (3.33) Ba (3.34)
6apobapuxou (3.31) Ba (3.32) 6a 6apobapuxou (3.23) Ba (3.24) mery3apani. XamMuH
TaBp, 3apypatu maptxou (3.23) Ba (3.24) myppa uc6ot rapau.

HUcoorn kuosirii. ba oconii metaBoH OOBapil XOCWI Kapll, KU (YHKCHUSIU

(3.25) 6a curdu W, (Q,) Taamnyk nopan. BokeaH, HH a3 oH GapMeosi 1, KM OH Jap Xap

sike a3 coxaxod A;,i = 1,4 cymman anre6paBun QyHKCHSIXO a3 apryMEHTXOH X + t &
(x —t) -po TamKkuna MeANXal, KU XOCWIau YMyMHIIynau 00 KBajpar 3amIlaBaHia
nopann Ba MyBoduku maptxou (3.23) Ba (3.24) xaHromu rys3amiTaH a3 capxaiu
YMYMHH DIy COXaW JUJIXOXHM COXAaXOW 3HKpIIyga Oedocuinarud  Xyapo HHUTOX
MeIOpaH/I.

ba oconin camumpma Memamana, ku Oapom xamam Xx € [0,l] OGapoGapuxowu
u(x,0) = p(x), ulx,l) =¢.(x) Ba 60 MabHOM MYBOPHUKATH YHCYpXoH (azou
L,[0, l] 6apobapuxon u;(x, 0) = P(x), us(x,l) =, (x) napo merapaan.

Hcbotn nypyctuu aiinusata (3.8) Oapou xap ryHa ¢yHkcusu P(x,t) a3
tabpudu 3.1 O6okin memMoHan. bo wH makcan, QpyHkcusu 3epuHpo OGapou Oappacit

BOPHJ MEHAMOEM:
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1 R
( 5[=9Gc =) + B~ 0 + M, )] map A,
l

% —<P1(x—t+l)+lﬁ(x—t+l)—ff(x—t+r,f)dr + M(x, t)] nap A,,

U(x,t) =< l ’
% l/j(x_t)—(p(x—t)—ff(x+t—r,r)dr + N(x,t)| map 4z,
0
\ %[—gol(x—t+l)+1ﬁ(x—t+l)—K(x,t)+N(X,t)] Aap Ay,

KM JIap WH YO.

t t
M(x,t) =ff(x+t—r,r)dr+jf(x—t+r,r)dr +o(x+t)+P(x +t);

0 0
N(x,t)=Jf(x+t—r,r)dr+jf(x—t+1',r)dr +o,(x+t=D+Px+t—1D);

K(x,t)=jf(x+t—r,r)dT+Jf(x—t+r,r)dr.
0 0

ba monanmu ¢ynkcusn u(x,t) ucbor xapma memanan, ku U(x,t) HU3 Oa
cuadu W, (Q,) taamnyk mopax. VHUYHMH MeTaBOH HHIIOH O, KM 0aponm Kapub
Xamau HyKTaxou POCTKyHUYau @Q; 6apobapuxou 3epuH AypyCcT MeOOIIaH/T;

Uec(x,t) = us(x, t), Us(x, t) — f(x,t) = u,(x, t).

bapou anyom nomanu ucOGotu Tacauku 3.4 xaMam aMalixoepo, KU XAHTOMH
ncootu Tacauku 2.4 nap 6anam 2.3-u 600u 2 w4po rapauaa OymaH, TakKpop KapaaH
JIO3UM acT.

AKHYH X0JIaTH YMYMHH Machallad MJIOPAKYHUH capXauu OappacuilaBaHIapo
nuaa MmedapoeM. be mMaxayn kapmaHu yMyMusT, nap ujaoma 00 Makcaaud cojarapoHit
Ba OCOH HamyzaHu Xucooxo (ap3 MekyHeM, Ku f (x,t) yHcypu cudpuu cuadu L, (Q;)
MeOoram.

ABBaJs1 TeopemMapo ouJi 6a ITOHATHH XaJl MEOPEM Ba NCOOT MEHAMOEM.
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Teopemau 3.3. bueszop, q(x,t) oap myoounau (3.1) 6a cunghu L,(Q) maannyx
oowma 6owad. Oun 20x 6apou ounxox T € (0,l] macvanrau uoopaxynuu capxaouu 1l
a3z cungu W, (Qr) manxo ax yan dowma memasonao.

Hcoot. Ncbotn Teopeman 3.3 Gapom xap sk kumatu T < | O6a TaBpu skxena
aHYOM J10]1a MeIaBaj. A3 HH py, MO UCOOTpo Tauxo Oapou xonaru T = [ MeopeM.

dap3 MekyHeM, KH Machalaum wupopakyHuu capxaamm Il oy xam nopan:
uD(x,t) Bau® (x,t), ku 6a curndu W,'(Qr) Taannyk mopang. OH roxX (Gapku OHXO
u(x,t) =u®(x, t) —u®(x,t) xamm macvanaun 11l a3 xamon cuud Meboman, Ku
nopou mmaptxou uOTHIOM Ba Huxouu cudpi act. Meryzopem: u(t) = u,(0,t),
v(t) =u(l,t). A3 rtaspudm cuadu W, (Q,) 6Gapmeosn, ku u(t) € L,(0,T),
v(t) € W,1(0,T) Ba mauynun maprxou 3epun nypo memasau: v(0) = 0,v(l) = 0.

XaMmuH Tapuk, GpyHKcHaH u(x, t) XamIm Machkaaaxou oMexra a3 cuadu W, (Q))

mebomian, ku gap Oannu 3.2 Gappacéi mymaana. lap xonatu Xycycit, QyHKcUSH
u(x,t) map coxam Ay= {(x, t):0<t<|, é— |é— t| <x < é + |é— t|}6a cudp

Oapobap acT. AKHYH OMry30p t; Ba t, ay Hykram uxTuépuu nopdau [0, ] 6orram.

Xarxou XapakTepucTukuu t —x = t; Bat + x — [ = t,, Ku MyBopHUKaH a3 HyKTaxOH

I—t, 1+t
Ly 1) Ba
2 ' 2

(0,t;) Ba (I, t,) Meryszapanm, capxaad coxam Ay-po Jap HYKTaxou (

(l+t2 l+t,

> ) MeOypana. Jlap wH HykKTaxo Ooman, mapta u(x,t) = 0 uypo MemaBa.

A3 uH py, a3 popmynan (3.8) XOCHI MEKyHEM:

51

[swar=3 || aou

0 D'o(t1)

1
V() = - fj 4(&, D (€, 1)dEdr, (335)

D' (t2)

KM Jap UH 40
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t
D'y(t,) = {(fT)iflﬁTS > |T—t1|<f<——|——‘[}
D" (£ = .t2< <l+t2 l+ l< <l—jr—t)
0(2)—{(51’5)-3_‘[_ 5 5 T §|_€_ T 2}.

AxnyH HyKTau uxtuépun (x,t) € A, — po Oappacit MmeHamoeM. A3 Gopmynau
(3.8) mopewm:
t—x

1
u(x,t) = —f E(T)d‘[ +§ qu(f,r)u(f,r)dg‘dr,

0

X x+t
STSt,|r+x—t|s§gT—

x+t
-

t —
Do) = {6, ;

bo napnazapnomtu 6apobapun sxkymu (3.35) xanromu t; =t — x Oyagan Oa

MYHOCHOATH 36pUH MEOEM:

1
u(x,t) = —3 ﬂ q (&, u(é,1)dédt = [Nyu](x, t), (3.36)
D’ o(t—x)\Do(x,t)

KU J1ap UH Y40
D'o(t —x)\Do(x,t) =

!
=—T

=)

Mynocubaru (3.36) Myoauian MHTETpaIMK SIKYMHCAU HaBbU BonTeppan ynHcu

x+t t—x+1 l
={(g,r): —<rs— T, x+lt-tséss-

nyroM Meboran, 3epo oneparopu Ny-u KHCMU pocTd oH aap ¢aszou L,(A,) 6a TaBpu
MaxJydl amal MEKyHaJ Ba Japaqyaxod UWH omeparop 0axou 3epHHpPO KOHEH

MeTrap/IOHaH;

[[No*x]|(x, 0) < Sup lx(x, )|

xth

—,k €N.
2

(\/Tllqllz,AZ\/t - x) 1
k!’

A3 uH py, UH MyoauiIa TaHXO XA cudpit gopag Ba myBoduku O6apodapuun

(3.35) xocun mekynem, ku u(t;) = 0 6apowu xap sk t; € [0,1].
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ba xamuH MoHaHza, Oapom Hykram mxTuépuum (x,t) € A; a3 dopmynan (3.8)

XOCHJI MEKYHEM

1
ul,t) =v(t+x—-10+ 3 Jf q(&, u(é, 1)dédr,
Dy

t+x—1 x+t
Do(x,t):{(E,T):TSTSt,|T+x—tISfST—

x+t|}
T— .

2
bo mapuazapgomtu 6apobapuu mytomu (3.35) xanromu t, = t + x — [ Oynan 6a

MYHOCHOATH 3€pUH MEOEM:

uet)=—3 | ! o Ddgdr + l [ e oute s,
D" o(t2 0

Ba €

u(x, t) = —% Jf q(&, u(é, 1)dédt = [Nyu](x, t), (3.37)
D' o (t+x—1)\Do(x,t)
KU Jap MH Y90
D"o(t +x — D\Dy(x,t) =
:{(f T)-l-l_t—_x<1-<t+x £_|_ T——
T 2 - "2 2

Mynocubatu (3.37) myonuiiau UHTErpaiuu IKYMHCAW HaBbU BonTeppan yuHCcH

sgsx—n—u}

IytoM meborman, 3epo onepatopu N;-u KUCMH pocTu OH nap daszou L,(A3) 6a TaBpu
MaxJyJl amaj MEeKyHaJ Ba JlapayaxoM HH OIleparop KOHEbKyHaHIau 0axou 3epuH

MeOOIIaH/T:

K
Viligllpa, Ve +¢ =1\ 1
> —, k€EN.

|V G0 < Sup x(x o)l L

X,t)€As
A3 uH py, UH MyoAWiIa TaHXO Xau cudpi 1opan Ba MyBOPUKH MyHOCHOATH
(3.35) xocun mexyHeM, ku V(t,) = 0 6apou munxox t, € [0,[]. Teopeman 3.3 myppa
ucOOT Kapja Iy,
Yu TaBpe kU aap kopu [65] myKappap rapaunaact, GyHKCUsA
i(x, t) =
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r x+t

oG+ )+ o — )+ f YEE ap Ay,

x—t
x+t

(0)+<p(x+t)+j YO + 91 G — ¢ + Dy (D) + j ¥1(©)d¢ gap A,
) x—t+l (3.38)

x+t—-1

oG =) + () + j WEE + @1 (e + ¢ — Doy (0) + j ¥1(©)dé gap A,

N =

x—t+l1
px+t=-D+o(x—t+1— f Y1(§)dE nap A,
\ x+t—1
XalIM SroHaW Machalau uaopakyHuu capxaauu |l Gapom Mmyommmam MaB4yun

skquaca (f(x,t) =0, q(x,t) = 0) wmebomran, arap goumuxou A, Ba B, Ku
TaBaCCyTH IIAPTXOWM MOTHUION Ba HUXOM MyaiisiH Kapja memniaBaHj, 00 xaM Oapobap

OommaH, SIbHE

l l
4o = 9(0) + o(D) + j YEE = 91 (0)+0: (D) — j Y1(©)dE = By (339)
0 0

AiiHaH 0a XaMHH MOHaH/I, a3 TaCAUKHU 3.4 6apMeosi, Ku PyHKCHSIH

( t x+t—t

f f f(& t)dédt pap A4,
0 x—t+1
t x+t-t t T
[ | reoda-| | reods s,
1
ule, ) = a0 ) +54° ik L arios (3.40)
[ | reoaa-| f F(& D)dEdr aap A,
0 x—t+1 0
I x-t+T
[ | reoasa mva,
k 0 x+t—1
XaJUTM SroHau machajaum uaopakyHuu capxaauu |l Gapou Myomunau ianmunixou

MayOypuu Top (60 maptu q(x,t) = 0) mebomaz, arap

l
'_.Bo'+.f
0

T

f( )dédr =0, (3.41)
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KM J1ap OH A, Ba B - TouMHUX0u KMCMU Yar Ba pocTH 6apodapuu (3.39) medorran.
Hap macpaman wmpopakynmu capxamuu |l 6apom myommmam tenerpadit 60
k03(OUTCHEHTH TaFiupé6anna 6apou MaBUymMATH Xammm oH a3 cuadu W, (Qr)
mIapT 3apypin xocws MekyHeM. J[lap osHma Oapow comarapfOHHU XHCOOXO
f(x,t) = 0 mery3opem.
Teopemau 3.4. buesop, T =1 6a q(x,t) € L,(Qr) 60owao. On 2o0x, 6apou
Maeyyo 6ydanu xannu macvarau uoopaxynuu capxaouu W az cungpu W, (Qr) 3apyp

acm, Ku QoyHKCusxou ubmuooil 6a HUX0i MyHOCUOAMU 3ePUHPO KOHEL HAMOSHO!

T

j 4(& Dua(€ 1)dEdT, (3.41)

-1

AO + q(f; T)ul(fi T)dfdl' = BO +

o i
Se— T
N~ —

Ku oap ox Ay, By — doumuxo az bapodapuu (3.39) mebowarno. bysypeuxou u,(x,t) 6a

u,(x, t) as pyiu gpopmynaxou 3epur xucob kapoa mMeuasaro:

u e t) = 4, (x,£) + Z [T/,] (0,
k=1

x+t

1
00 =5 e+ D+o-0+ [ p©d |,
x—t

1 t X+t—T
Mo =5 [dr [ atouEod;
0 x—t+7T

u,(x, t) =1t,(x,t) + [T4 ﬁ4](x, t),

x—t+l
1
00 =5 oGt D+pG—c+D— [ wi©ds |,
x+t-1
l x—t+7T
A 1 A~
Tl =5 [dr [ a e
t X+t—-t
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Teopeman 3.4 6a moHanau Teopeman 2.4-u O6anmm 2.3-u 600u 2 ucOOT Kapaa
MeIIaBa/l.

Teopemau 3.5. buezop, T =1 6a q(x,t) € L,(Qr) 60owao. On 2cox myHocubamu
(3.41) wapmu xugoseii Hu3 6apou Masyyousmu Xauiu s20Hau MAcvbaiau UOOPAKyHUU
capyaouu W1 az cungu W3 (Q,) mebowao.

Hcbotu teopeman 3.5 myppa ucbotu teopemaun 2.5-u 6annu 2.3-u 600u 2-po
TaKpop MEKyHall. A3 UH Py, OHPO HAMEOPEM.

I30xu 3.4. «A3 paBanam ucOOTH Teopeman 3.5 OGapmeosn, KU Oapow Xautd

Machanan unopakyHun capxaauu |1 6axou anpuopun 3epuH HYpo MeIIaBa/:

llu(x, t)”VT/'Zl(Ql) = L(||‘P||W21[o,z] + ||<P1||W21[0,l] + ||1/J||L2[0,l] + ||1P1||L2[0,l]),
KU gap oH gouMmuu L Oa HopMau ¢yHKCHUAXOe, KM 0a machaia JOXWUJ MEIlaBaH]I,
BoOacrta HecT. MIH 6axo nanenu yCTyBOpHUM XaJliu OajacToMana HUcOAT 0a mapTxou
UOTHION Ba HUXOW MeOOIIa/I.

Wnosa Gap wmH, arap |lqll; >0, om rox |lu—7Zllor; >0 Ba
v — 1?||W21[0’T] — 0, xu map onxo f(t) = 1,(0,t),v(t) = t(l,t). u a3 on maxoaar
Menuxaa, KU XalUli Machbadau ujaopakyHun capxaauu |l HucOGar 6a omyom
anmutuBun  q(x, t)u(x,t)-u omnepatopu Mapuid jgap wmyomwianm (3.1) 60
ko3 duTcreHTr 00 KBaapar 3amiinaBanaau q(x, t) perymsapi act» [24].

30xm 3.5. Taxyauau HaTnyaxou 000Xou 2 Ba 3 HUIIIOH MEIUXal, KU Jap X0oJaTh
T =1 makmm ymymun Xammu u(x,t)-u Machajgad HIOPaKyHUM capxaiaid Oapowu
myonwiian — tenerpadit 60  koddhdurcuentn - TariupébaHma, KU paBaHAH
OappacumiaBanmapo a3 xomaru  ubOtmmoun — uxtuépum  {u(x,0) = ¢(x),
u;(x,0) = YP(x)} 6a xomarn auxonn uxtuépun {u(x,l) = @,(x), u:(x,1) = P,(x)}
Mery3apoHaJi, WHYYHHUH IIapTXOM 3apypil Ba KU(DOATUU MaBUyAUSATH YyHHUH
UJ0paKkyHil, Oa HaMyIW HJIOPAKyHHH capxali BoOacTa HecTaHa. SIbHE, MyXuUM HECT,
KA UJIOPaKyHH: 00 YOMMBA3KyHH J1ap capXaJu Yall Ba KyBBaW YaHIAWPH Jap capXaau
poct moma maBax: {u(0,t) = u(t), u(l,t) =v(t)}, € 60 KyBBam 4HaHIUpH gap
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capxaJM Yam Ba yoWmBasKyHi map capxaau poct: {u,(0,t) = u(t), u(l,t) =v(t)}.
bo Byuyam wH, KUMaTXoW Xy[Iud UAOPAKyHUXOU capXai a3 skaurap (Gpapk MEKyHaHI.
OHXO0 TaBacCyTH XaJUIM MYOJIMJIaXOU MHTETpaInK Ay4YeHakau HaBbu Bonreppa udona
Kapaa MemaBaH. VH BOKEUAT SKe a3 HATMYAXOW ACOCUU KOPH JUCCEPTATCHOHN 0Oa
IITyMOP MEpaBa.

3.4. CoxTaHM HIOPAKYHHUXO0M CAPXAJUU ONITUMAJIM Jap (pOoCWIau BaKTH
uxTuépun 6a Kaapu Kodii KaJaoH 6apou paBaHaxoe, Ku 00 MyoauIan
JANMUIIX0U MaY0ypuu Top udoaa MemaBaH

Hap Oanmu 2.4-u 600u 2 kaiig myna Oyn, ku Xanromu T > | machanam
UJOpaKyHUU CapXalil JOPOH IIyMopaw OSOXHpH Xauxo MmeOomran. A3 WH py, nap WH
MaBpHJ] Machajdau ONTHUMH3ATCUSIU UJOPAaKyHUU capxanit 6a muéH meosn. OH map
éprann uyHuH Qynkcuaxou p(t) € L,[0,T],v(t) € WA[0,T] udona meédan, ku 60
Ha3apOIITH IIAPTXON aJ0Ka, KU a3 WYPOM IIAPTXOU MOTHION Ba HUXON OAPMEOSHI,
0a MHTErpaii YHEPTUSAN capXaai KMMaTu XypATapuH Meauxania. Jap wa 6ang Mo 6a
XaJUId XaMUH Machajla MaIlFyll MeIllaBeM. AHMKTapall, UJOPAaKyHUXOU CapXaauu
ONTUMAJIA Jap MMAKId aHAJTUTHUKWAW OINKOp TIEIMIHUXOJ Kapjaa MemaBaHi, Ku 00
MabHOM Machaliav Ty30IITallyla MyaisiH rapauaaan. MIH uiopakyHuxo aap capxaiu
gan Top X = 0 TaBacCyTM KyBBaW YaHAWPHA Ba Jap capxaid POCTH TOp X = [
TaBacCyTH YOMMBA3KyHil aMaliii MerapjaHj Ba Oapou (ocuiian BaKTH UXTHEpUU Oa
Kaapu kod# kamonu [0,T] paBaHAXOM JANMHMIIXOM Mad4OypHH TOPPO a3 XOJaTH
nOTU 0NN UXTUEPH 0a X0JIaTH HUXOUH TIEIIaKil ToAally1a MEOPaH/I.

Harnyaun acocnn uH 6ana TeopeMan 3.6 meboras.

Teopemau 3.6. buesop, oap macvarau uoopaxynuu capxaouu |l T = 2In + A,
ku oap oun € N, A € [0; 21] sa q(x,t) = 0 60wao. Ou 2ox uoopaxynuxou capxaouu
seonau U, (0,t) = u(t) € L,[0,T], u(l,t) =v(t) € WL[0,T] masyyoano, xu
cucmemau iannuwpo az xoramu uomuoouu (3.3) 6a xonamu Huxouu (3.5) meopano

6a XamM3amoH 6a uHmezspaIu IHepeusu Ccapxaouu 3epuH KuUMamu XypoOmapuH

MeOUXAHO:
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T

j (L®P + V' (O]2)dt. (341)
0

Hn uoopaxynuxou capxaoi 6apou xamau 0<t< A ea m=0,n sa 6apou
xamau A<t< 2lBam=0,n—1 060 d¢opuynaxou 3epun myatian xKapoa
Meuasano.

oapou 0 <A < L

u2lm +t) = F,(t), (3.42)
21 t
vRIim+t)= o) +mj F,(n)dn +jF2(17)dn, (3.43)
0
KU 0ap uH yo
n—_l —1 mC
(e o gy BT
n—-1,/_1\ym
Fy(t) = < D™ 3() DT m:();nl) el (3.44)
(t) = )
it 1( D im Zm=o(=D™MC _ _
(-1 1 + (—1) o+ 1 ,tEe [l 1+ A];
((—1)m+ At =D + (=)™ m=o(~1) ¢ ten+aan;
2n 2n
Ay n_o(—1)™C
( (—1)’”-2n Ef) (=1p)m*t. 2‘;(“) +C, tel[0;A];
© (—)m- A;;) + (=1)m*L. m=0;;1)m(f + C, t € [A;l];
Fy(t) = 4 o (3.45)
Ayt —1 n-1(-1)"C
(—1)m-%+1)+ (=)™ 2‘;l(+1) +C, te[l;l+A];
((=D™ -A3(;n_ 2 + (—1)m+. ;;1;0;1)’”0 +C tEe[l+A;21;

(O =S (03— A4 D =g U= D+ Pyt~ A+ D +p(L—1) -
2In+A

f ft+2ln+1-r1, T)dt+ff(l—t+rr)dr ; (3.46)

1
A, =5lp1(A-) +¢'(O) (A - +y (O +
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2ln+t
f f(rt—t—2In, T)dT-I__].f(l_t_l_TT)dT‘ (3.47)
1
As(O) =S le1(t =)+ ¢'(O) + P2 (6 = 8) +9(0) —
2in+A
j ft+2n—r, T)dr+ff(t—r T)drl (3.48)

1
Au(t) == [901(t+A_t) p'l-t)—-yP,(l+A—-t)+yYU—-1t)+
2Iln+A

J f(l—2ln—t+rr)dr+jf(l—t+rr)dr‘ (3.49)

((4s = 2)[o:(D) — (D] - fA A, (t)dt
852l —8sl+4sA—A+1

bapoun = 2s — 1,

C = A (3.50)
|5+ Do —p 01—y by S
852A + 4sA + 25l APORTL = 25
oapoul < A < 21:
u2lm +t) = F5(t), (3.51)
21 t
vRIim+1t) =) + mf E,(n)dn + f E,(n)dn, (3.52)
0
KU 0ap uH yo
( m+ (t) m., =0(_1)m61 . .
(D™ 2n+2+(_) gz LElA=L;
n-1,/_1\ym
(—1ym+. By (6) L m Zm=o(=1) C1’t € [A— 11
Fy(t) = an+1 n+l (3.53)
(—1)m+1 _Bz(t — 1) + (=)™ .Zm=0(_1) Cy t €[ Al
2n+ 2 2n+2 '’ T
m . B;(t—1) m _erln=0(_1)mcl U
| D" D mv1 telal
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( m B,(t) m+1 m=o(=1)"™C, . .
(-1) 2n+2+(—1) T2 +C;, te[0;A—1];
B5(t n_(=1)™C
(e 22 qyman Zmeo DTG e,
_ 2n+1 2n+1
F,(t) =< n m (3.54)
(—pym BT gy ZmoTDTE g,
2n+ 2 2n+2 v P
m B4(t — l) m+1 %—:10(_1)”16'1 . .
1
B,(t) = [‘P1(t —A+2D)+@'(t) + P (t— A+ 20) + (L) —
Zln+A
j ft+2ln+2l—rm, T)dT-l—Jf(t—T 7)dt|; (3.55)

1
B,(O) =zlp1(A-1-)+ o' (- = (A-I-DO—p(-O+
Zln+A l

+ j f(T—l—Zln—t,T)dT—jf(l—t-l—T,T)dT ; (3.56)

l 0

1
By(t) =2 [t —A+ D+ o' U=+t -A+ D) -l -O) -

Zln+A

j f+2ln+1-r1, T)dr—jf(l—t+rr)dr ; (3.57)
1
B() =5lo1(A =+ ¢’ () =1 (A - +P(O) +
Zln+A
j f(t—t—2In, T)dr+Jf(t—T T)dt|; (3.58)

15[, (D) — (D] - [ By (D)dt

bapoun = 2s —1
2 _ )
C, = 8s%l + 4sA — 4sl (3.59)

!
(4s + Do (D) — o(D] — [,_, Bs(t)dt
852l + 4sA + 2sl + 2A — 21

Ucoor. Oynkcusu f(x,t)-po HucOar 6a tariiupéOanaan sskym 0a TaBpu 4ypT

6apou n = 2s.

Hucbar 6a nyktan X = 0 6a mopuau [—[, 0] Ba 6a TaBpu TOK HuCOAT Oa HyKTam X = [
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0a mopuau [[;2l] wuagoma wmemuxem. Jlap HaTMya XOCHJI Merapaaa, Ko
fx,t) EL,((ml<x<2D)x (05t <T)).

AxnyH Oapou xap ryHa T > ¢ynkcusu (2.78)-po a3 Oanau 2.4-u 606m 2
Oappacii MeHaMmoeM. Jlap ugoma 6a Mo JieMMau 3epUH JIO3UM MEIIaBa/Il.

Jlemman 3.2. bapou xap eyna T > | ¢ynxcuau (2.78) xannu seonau macvanau
omexma oapou myoounau masyuu 2avpuskyuncau Uy (X, t) — Uy (x,t) = f(x, t) a3

cungu W (Qr) 60 wapmxou ubmudouu

l x+71

1
1,0 = 9@ -5 [ [ &g
0 x-t1
l

1
T (x,0) =yY(x) + Ej[f(x +7,7)+ f(x —1,7)]dr
0
6a 60 wapmxou capxaouu i, (0,t) = fi(t), (L, t) = V(t), xu oap oHxo
(1 , L
i) =42 (p(t)+l/)(t)+jf(t—r,r)dr , 0<st<l|, (3.60)
0

\0, I<St<T;

-7

l l -
(D +oel-t)+ [ Y()d¢E + f&,dédr [,0<t <],
[wou+] [ o]

0 l-t+71

1
2

7(t)

A

L (3.61)

!
% cp(l)+<p(0)+f1/’(f)df +]f f(f;T)dde\» lst=<T

\
mebowao.
Jlemman 3.2 xommitan 6a MuciH JemMan 2.2-u 6anau 2.4-u 6o00u 2 ucOoT kapaa
MeIaBaj.
buryzop u(x,t) xamiu ymMyMuIIynad Machajdal OMEXTau acocit a3 CUHHU
W (Qr) 6apou Myonunan (3.1) xaaromu q(x,t) = 0 60 maprxou uéTuIoNH (3.3) Ba
mapTxon capxamuu (3.2) Oomaa, KM ONTHMH3ATCHS Max3 0apoW OH Ty3apoHH]a

memasaj Ba #i(x,t) ¢pyakcusu (2.78) act. OH rox #(x,t) = u(x,t) — ti(x,t) xamwm
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YMyMHIIyJIau STOHAaW Machanan oMmexTa a3 cuadu W, (Qr) Gapon Myomuian MaB4un
SKYUHCAU
Uee (%, 8) — Upre(x, ) =0

00 mapTXou UOTUIOUHU

l x+71 l

1 1
20 =5 [ [ FE0dsdn a0 = -3 [fG+ 00 + £ - 5ol
xX—T 0

0
Ba 00 maptxou capxamuu f(t) = u(t) — [(t), v(t) = v(t) — ¥(t) mebomran. Kaiin
MeHamoeM, ku nap aiiau xon V(0) = 0.
bapou myaiissH HaMmyJgaHW MIAPTXOM ajoKa, KU a3 WYPOM IIAPTXOH HOTHIOUH
nonamrynau (3.3) Ba mapTxou HUXouu aoxpamrynau (3.5) GapmeosiHa, 6a MO JeMMau
3.3 103uM MeIIaBa.
Jlemmau 3.3. bapou xap eyna T < 2l(n+1),n € N, ¢yuxcuau i(x,t) 6o

bapobapuu 3epun Myatisii Kapoa Meuasao.

n t—x—-2kl n+1 t+x—2kl
a0x,t) = — Z(—mk j A)dr - Z(—nk J A()dr +
k=0 0 k=1 0
n n+1
+ > DM +x—-2kl-0D— ) (DIt —x—2kl+1) —
1 l x+t-1
-5 j j f(&,7)dédr, (3.62)
0 x—t+71

Ku 0ap ou pamsxou [l ea V gyuxcusxoepo ugooa menamoano, ku 6o fi éa V bapou

t = 0 mysogpuxam mexynano éa bapou t < 0 6a cugp 6apobapano.

bapou ncbotu nemman 3.3 xamau MyXOKHMaxoepo, KU XaHTOMH UCOOTH JIeMMau
2.3 oBappa 1IyiaaHa, TAKpop KapJaH JO03UM acT.

bo taks 6a 6apobapuu (3.62), akHyH O6a MyaiisiH HAMyZaHH IAPTXOU aJl0Ka, KU
a3 UYPOM MAPTXOU HOTHIOMH Jojarnyaau (3.3) Ba apTXou HUXOUH aonantyaau (3.5)

OapMeosTH I, MEeTy3apeM.
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Azbacku ¢yHkcusu t(x, t) mapTxou HUIXOUHU

T x+T-71

i(x,T)=Cy+ f f f(& v)dédr,
0 x-T+t
li-7

Sro+rw+ j P(E)E + f j £(€ n)dédr |

T

T, (x,T) =%j[f(x+T—r,r) + f(x—T+1,71)]dt

0

Ba (yHkcusu u(x,t) maprxou Huxouu (3.5)-po KOHEh MerapmoHaj, mac (yHKCHSIH

1i(x, t) mapTXOM HUXOUHU 3€pPUHPO KOHEh MEHAMOSIT;

T x+T-t
26, T) = () = Co =5 j | renar,
x-T+t
) T
U (x,T) =Y, (x) — Ej[f(x +T—-1,70)+ f(x—T+7,71)]dr. (3.63)

0

A3 OapoOapum (3.62) HucOar 0a x Ba HucOaT Oa t xocwia rupudra,

O0apobapuxou 3epUHPO XOCHII MEKYHEM:

n+1

0,.(x, 1) = Z( DAt — x — 2kD) — Z( DAt + x — 2kD) +

n+1

Z( D)k (¢ + x — 2kl — z)+2( DK (¢ — x — 2kl + 1) —

l
1

_Ef[f(x+t—r,r)—f(x—t+T,T)]dT, (3.64)

0
n+1

0,(x, 1) = Z( 1)kt - x — 2k1) — Z( KAt + x — 2k1) +
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n+1

+Z( 1*9" (¢ + x — 2kl — ) — Z( DR (t — x — 2kl + 1) —

l

——J[f(x+t—r,r)+f(x—t+T,T)]dT- (3.65)
0

N =

Hucdu xocmmm yamsb Ba Huchu xocwm dapku myHocubarxoun (3.64) Ba (3.65)-
po rupudta, 6a mynocudarxou xocunmyna t =T = 2In+ A, xu gap o n € N Ba A
amagu uxtuépn a3z mopuau [0; 21] meboiaza, rysomra, XaMuyHHH 00 ucTHdoma a3

maptxou Huxouu (3.63), Mo 6a Ay mapTH aloKau 3€puH MEOEM:

n+1

Z( 1DA21(n — k) + A + ] +z( DRV [20(n —k) + A+ x — 1] =

2In+A

=% p1(x) +(x) — j flx+2ln+A—1,7)dt|, (3.66)

n+1

Z( D*A[2U(n — k) + A — ] Z( DRV 20— k) + A —x + 1] =

2in+A

=% p1(x) — P, (x) + f flx—=2ln—A+1,1)dT|, (3.67)

KM OHXO Oapobapuu yHCYypxou cuH(H L, [0, ] Mmebomans.

babnan 6a MO J103UM MeosiI, KU Iy XOJIaTh 3€pUHPO aloXuaa bappacii HaMoeM:
1)0<A<lB2)l<A<L2L

A3 Oappacun xomatu sikyM, sapHe 0<A<[] mypyp MeEKyHEM.

Bo wHazapmomtu oH ku [l Ba V' xaumromu t < 0 6a cudp Gapobap MernaBaHa Ba

xaHromu t = 0 myranocuban 60 (I’ Ba V MmyBoduKar MekyHaHI, a3 ¢opmynau (3.66)

Iy IIapTy 3€pUHPO 0a JaCT MEopeM:

- Z(—l)kﬂ[Zl(n ) +A+x]+ Z(—l)k[ﬁ’(ZI(n K +A+x—D] =
k=1 k=0
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2in+A

=% p1(x) + Y, (x) — f f(x+2In+A—1,1)dt|, x€[l—-AI]; (3.68)

Z(—l)kﬁ[ZI(n I +A+x]+ Z(—l)k[ﬁ’(ZI(n ) 4+A+x—D] =
k=1 k=0

2In+A

=% p1(x) + Y, (x) — f f(x+2In+A—1,1)dt|, x€[0,l—A] (3.69)
l

Ba a3 (3.67) Oomax, 1y mapTH 3€pUH XOCUI MEIIaBaI;

n+1

Z( D*A[21n — k) + A — x] +z( DR 20U — k) + A —x +1] =

2In+A

=% o1 (x) — P, (x) + j f(x—=2ln—A+1,1)dt|, x€[0,4]; (3.70)

n—1 n
_ Z(—nkmzzm S Z(—l)"ﬁ’[Zl('n ) +A—x+1] =
k=0 k=1

2In+A

=% @1(x) —P;(x) + f flx—2ln—A+1,7)dt|, x€[Al]l. (3.71)

Arap nap (3.68) ryzopumu t = x + A — [, m = n — k Ba gap (3.70) ry3opumu
t=A—x,m=n—k - po uapo kyHem, 6apou t € [A,l] ny mapTu aJokau 3epuHPO

0a macT Meopem:

n-—1

(—D)™a[l(2m + 1) + t] +Z( 1M’ (2lm + ) =

2in+A

=%<pi(t—A+l)+lp1(t—A+l)—J f+2in+1—-r1,1)dr|, (3.72)
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n—1

_ Z (—1)™A(2lm + ) + z (—1)™0'[I2m + 1) + t] =
m=0 m=0

2In+A

=% p1(A—t) - (A—-t) + f f(r—t—2In,1)dr|. (3.73)
l

ba TaBpu monann, arap gap (3.69) ryzopumu t = x + A Bam =n — k - po nap
cymMMau aBBal Ba m=n—k—1 - po gap cymman ayioMm, uHuyHUH nap (3.71)
ryzopum t =l +A—x, m=(n—k—1) - po nap cymmMan aBBall BA M = n - po
Iap cymMMau JyloM 4opit Hamoem, Oapou t € [A,[] ny mapTu 3epuHN anoKapo XOCHI

MEKYHEM!
-1 n-1

D™a2lm+1t) + D)™V [IC2m+ 1) +t] =
0 m=0

S

3
I

2In+A

=% oLt —A) + P (t—A) — j f(t+2ln—1,1)d7]|, (3.74)
z

1 n-—1

_ Z (—D)ma[l(2m + 1) + t] + Z (=)™’ (2lm + t) =

2in+A

=%<p1(l+A—t)—¢1(l+A—t)+J f=2In—t+7,71)dr|. (3.75)
l

Mynocubarxou (3.72) — (3.75) maprxou amokapo O6a Bocurtau fi(t) Ba V'(t)
udoaa MekyHana. bapou o ku mapTxou ajgokapo 6a Bocutam p(t) Ba v'(t) udona
HamoeM, a3 MyHocubarxou ' (t) = u'(t) — @' (t), v(t) = v(t) — ¥(t), uHuyHuH a3
makiau omkopu (ynkcusxou f[i(t),V(t), ku 60 dopmynaxou (3.60), (3.61) moma
mynaanj, uctudona medapeM. Jlap Hatuya, Oapou xonatu sikyM, sibHe 0 < A< [,

HIAPTXOU 3EPUHH AJIOKAPO XOCUI MEKYHEM:

- Z (—D)™u[l(2m + 1) + t] + z (=)™ (2Im +t) = A, (D),
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n n-—1
_ Z (—1)™u(2lm + ) + z (=)™ [I2m + 1) + t] = A4, ()
m=0 m=0

6apou t € [0,A], (3.76)

(—1)™u(2lm + ) + z (—1)™'[I(2m + 1) + t] = A5(0),
m=0 m=0
n-1 n—-1
Y (CD)muli2m+ 1) +t] + Z (=)™ (2lm +t) = A,(t)
m=0 m=0

Gapou t € [A,l], (3.77)
k1 nap ouxo 4;(t),i = 1,4 6a Bocutau myHocubarxou (3.46) — (3.49) myaiisu kapna
MEIIIaBaH/I.

ba xamun Tap3, xonaru aytom | < A < 20 au3 6appacii memasan. Jlap uH xonar

a3 (3.66) my maptu 3epuH 0a JaCT MEOSH]I;
n+1

_ Z(—l)"ﬁ[Zl(n CR) A a4+ DRI —K) +A+x—1] =
k=1 k=0

2In+A

= % @10(0) + 1 (x) — j fx+2ln+A—-r1, T)d‘[\ 6apou x € [21 — A, 1], (3.78)
1

—Z(—l)kﬁ[ZZ(n )+ A+ + Z(—nw'[zz(n S 4A+x—1] =
k=1 k=0

2in+A
1
=3 @) + Y (x) — j fx+2ln+A-r1, T)d‘[\ 6apou x € [0,21 — A] (3.79)
l
Ba a3 (3.67) Ooman, 1y MapTH 3€pUH XOCUIJI MEIIaBa;
n n+1
_ Z(—nkﬁ[zzm ) +A—x]+ Z(—l)"ﬁ’[Zl(n —l)4A—x+1] =
k=0 k=1

2in+A

=~ |oio w0+ f f(x—2In—A+1,0)dr|,x € [0,A— ], (3.80)
l
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- Z(—nka[zz(n ) +A—x]+ Z(—l)kﬁ’[ZZ(n ) 4A—x+1] =
k=0 k=1
2in+A

=% p1(x) =P (x) + f f(x=2In—A+r1,7)dr|, x €[l —AI1].(3.81)

bo anyom nmomanum uBaskyHuu t =x +A—2l, m=n—k+1 gap cymman
AKyM Ba m =n — k map cymmau ayiomMu dopmynau (3.78), nuHUyHUH 00 aHYOM
nofanu uBa3kyHun t = A — 1l —x, m=n —k nmap cymman skym Bam=n—k + 1
nap cymman nayromu Gopmynaun (3.80), mo xarromu t € [0, A — [] ny maptu 3epuHH

AJIOKapo XOCHUJI MCKYHCM:

_ Z (—1)™A(2lm + ) + z (=)™ [I(2m + 1) + t] =
2In+A

1
=37 p1(t—A+2D)+ Y, (t —A+20) — j f(t+2ln+ 2l —1,7)dt|,(3.82)

Z( DMA[l2m + 1) + ] +Z( DMy (20m + t) =
Zln+A

=% p1(A=1l-t)—Pp;,(A=1—-t)+ j f(zr—=1-=2In-tt)dr|.(3.83)

ba xamua mMoHaHa, 60 wBazkyHuu t =x + A —1[, m =n — k nmap dbopmynan
(3.79) Ba wmBaskynuun t=A—x, m=n—k gap ¢opmymau (3.81),

Mo Oapou t € [A — [, l] ny mapTu 3epuHH aoKapo 0a JacT MeopeMm:

n-—1

(—D)™A[l2m + 1) + ] +Z( 1M (2lm + t) =

2in+A

:%<p1(t—A+l)+1/J1(t—A+l)—f f(t+2ln+1—r1,7)dr|, (3.84)

161



n n—1
- Z (—1)™A(2lm + ) + z (—1)™0'[I2m + 1) + t] =
m=0 m=0

2In+A

—lee-o-wma-o+ [ fe-t-amoe|  @es

Jlap Gapobapuxou (3.82)-(3.85) mac a3 rysapuir a3 fi(t) Ba V'(t) 0a u(t) Ba

v'(t), 6apou xonaru ayrom | < A < 2] miapTxou 3epHHHU AJIOKApO XOCHI MEKYHEM:

n

_ z (—1)™u(2lm + ) + z (—1)™/'[I(2m + 1) + t] = B,(¢),

M=i

(—D)™u[l(2m + 1) + ] +Z( 1™y (2lm + t) = B, (t)

0 m=0

3
I

xanromu t € [0,A — 1], (3.86)

n—1 n
_ Z (—D)mul2m + 1) + t] + z (—1)™v'(2lm + t) = B3 (t),
m= m=0

0
Z — D) u[20m + t] +Z( DMy [I(2m + 1) + t] = B, (6)
m=0

xauromu t € [A— L 1], (3.87)

k1 fap ouxo B;(t),i = 1,4 60 dopmynaxou (3.55)-(3.58) myaiisn kapna MemaBaHI.
AxkHyH Oa é&ébdraHum wuAOpakyHUXou capxaauu ontumanuun u(t) Ba Vv(t)
mery3apeM. bapom xomatu sikym, spHe 0 < A <[, macpamam ontumusarcus 6a
¢dTaHn MUHUMYMH UHTETpaju sHeprusiv capxaauu (3.41) oBapna memiaBaj, Kd OHPO

Jdap makKJix 3¢pUH HaBUIITaH MYMKHUH acCT:

A 2n

[P + v @Pde = [ 3 utm+ o7 + vam + ode +

lon-1

+ [ DT ttutm + o + v Gm o+ Ot (3.88)

A m=0
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60 maptxou anokau (3.76), (3.77) Ba maptu MmyBodUKaTH

T A 2n l 2n-1

jv’(t)dt - Ofmzzov'(lm +£)dt +1 mZO V' (lm + t)dt = o, (1) — o(D), (3.89)

0
ku a3 (3.4) Ba (3.6) Gapmeosin.

ba xammr wmonannm, Oapou xomatu aytoMm, sbHe | < A < 2l, macpaman
ontuMuzarcusi 6a épraHn MUHUMYMH WHTErpaju sHeprusu capxaauu (3.41) oBapna

McHIaBa/Jl, K1 aAap MH XO0JaT OHPO Aap MIaKJIW 3€PUH MCHABHUCCM!

A-l2n+1

T
j (U@ + [v'(©]2)de = f > ([uim + 62 + v/ (im + 0]}t +
0 o m=0

l 2n

+ f D {lulim + OF + v (im + O))dt (3.90)

A-1m=0

0o mraprxowu anokau (3.86), (3.87) Ba 60 maptu MmyBodHUKaTH

T A-12n+1 l 2n
jv’(t)dt - j Z V' (Im + t)dt + j 2 V' (lm + t)dt = (1) — (D). (3.91)
0 0 m=0 A—1m=0

Kaiig mexyneM, ku xaHromu maptxou uotugounu (3.3), maptxou Huxouu (3.5)
Ba JoMMHHU uXTHEpuUU C - W Kalamyga, MHYYHHH XAHTOMH MaBYYOUATH IIApTH

myBodukaru (3.89), myBopuku myHocubaru
T

j (O + ' (©) - 1P}t = j (P + ' (O]}t - 2¢ f V'(£)dt + C2T =
0 0

0
T
= [ W@ + v ©)de - 2610, - 0] + €T

MUHUMYMH 4yCTYy4YyIIaBaH/1a XaM3aMOH 00 MUHUMYMHU HHTETpaid 36pUH MyBO(]UKAT
MEKYHa/I;

A 2n

[P + @ - crde= [ dutom + 0F + v m+ 0 - e +
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l2n-1
# [ D tnm + 01 + v m+ 0 - c1e (3.92)

A m=0

00 mapTxou amokau Tariupédra, Ku a3 myHocudarxou (3.76) Ba (3.77) GapmeosHT Ba
HIAKJIA 3€pPUHPO TOPAH/I;:

a) xaaromu t € [0; 4]:

_ z (D)™ u[l2m + 1) + t] + 2 (=)™ 2lm +t) — C} =
m=0 m=0
= L= ) (D",
m=0
_ z (=)™ [u(2lm + )] + z (—D)m W [I2m+ 1) + t] — C} =
m=0 m=0

= 4,0 = Y (~D™C; (393
m=0

0) xauromu t € [A;l]:

_ z (=)™ {(u(2lm + £)} + z (D)™ I2m+1) +t] — C) =
= 435 - ) (-D",
m=0
- z (—D)™ u[l2m + 1) + ] + z (—D)™[v' 2lm +t) — €] =
m=0 m=0

= A,(t) — z (—1)™C. (3.94)

Edranu muaumymun naTterpanu (3.92) 6o maprxou anokau (3.93) Ba (3.94), nap
acocu nemmau Wnitun — MowuceeB 0a macbanam €praHu MHOUMYMH HYKTaBUU

CyMMau
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Z{ [u(lm + t)]?> + [v'(Im + t) — C]?}dt xanromut € [0;A],
S =175 2n— 1
Z ([e(lm + O]2 + [v'(Im + t) — C]2}dt xauromu t € [A; ]

00 xaMoH maptxou ajgokau (3.93) Ba (3.94) oBapna mermaBa.

Macwpanan xocuimryaapo 0o ycynmu Jlarpanyq xan kapnaa, 6a xyjgoca MeoeM, K1
O0apou xomatu Oappacumabangan 0 < A < | uaopakyHUXOH capXaJud ONTHMAIIUH
u(t) Ba v(t) map mopuau [0,T]=[0; 2In + A] Gapou xamau m=0,n—1, t €
[0; 21], urauynun Gapou m =n, t € [0; A] 60 Gapobapuxou (3.42)—(3.45) myaiisH
Kapaa MeIaBaH, Ku aap oHxo (pyHkcusxou A; (t), A,(t), As(t), A,(t) Ba nommum C
MyBo(duKaH 60 myHocubarxou (3.46)—(3.50) myaiissH merapmas.

AxnyH 0a 6appacuu xonatu | < A < 21 6apmerapaem. [lap uH xonar Macbanau
ONTUMH3ATCUs Oapor JomMHuH MIxoxu C; 06a €pTaHW MUHHUMYMHU WHTETPAIH 3EPHUH

oBap/ia MeIIaBa/;

j (u@® 12 + V'(0) — C]2)de =
0

A-lon+1
= j z {[um + O]* + v'(Um +t) — C,]*}dt +
l 2n
j z [u(m + O + [V (Im + £) — C,]2}dt (3.95)
A-lMm=

00 mapTxou anokau Tariupédra, ku a3 myHocubarxou (3.86) Ba (3.87) 6bapmeosHa Ba
IIAKIIU 3€PUHPO JOPaH/T;

B) xauromu t € [0; A — []:

_ z (=)™ [u(2im + £)] + z (D)™ I2m+ 1) + t] — C,} =
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=B~ ) (-D"G,
m=0
_ z (=)™ (u[l2m + 1) + t]} + 2 (=)™’ 2lm + ) — C,] =
m=0 m=0

= B,®) - ) (~D" Gy (3.96)
m=0

r) xaaromu t € [A — [;1]:

_ z (=)™ (u[l2m + 1) + ]} + z (—D)™[V' 2Im + t) — C,] =
m=0 m=0
=B, - ) (-D"C,,
m=0
_ z (=)™ {u(2lm + £)} + z (DM [I2m+ 1) + t] — C,} =
m=0 m=0

n-—1
— B,(t) — 2 (=)™ C,. (3.97)
m=0

E¢ranu muaumymu unterpamu (3.95) 6o maprxou anokau (3.96) Ba (3.97),
MyBopukH emman Wnitnn — MouceeB, 6a mMacbanan €praHn UHPUMYMH HYKTaBUU

CyMMau
r2n+ 1

Z {[lullm + ©)]* + [v'(Im + t) — C;]*}dt xauromut € [0;A —1],
S1(®) ="

z ([u(lm + O]2 + [v'(Im + t) — C,]2}dt xauromut € [A — L; ]
\ m=0

00 xaMoH MmapTxou ajgokau (3.96) Ba (3.97) oBapma MepacoHa.

Macwanan xocuiiryaapo 00 ycynu Jlarpany xan kapja, XOCHJI MEKyHEM, KU
O0apou xomartu OappacumaBaHgau [ < A < 2] umopakyHUXOW capXaaud ONTHUMAJHH
u(t) Ba v(t) map mopuau [0,T] = [0; 2In+ A] 6Gapou xamam m = 0,n—1,
t € [0;2l], wauynun OGapom m = n,t € [0; A], 60 6Gapobapuxou (3.51)-(3.54)
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MyaisiH Kapaa MeIaBaHI. Hap WH O6apobapuxo byHKCUSIXOU
B, (t), B,(t), B5(t), B4(t) Ba moumuu C; 060 MmyHocubarxoum (3.55)-(3.59) myaiisu
MeTapaaH/.
Sronarnu MAOPAKyHUXOU CapXaJud ONTHUMAIMH XOCHIIIylIa a3 OH O0apMeosi,
KM UWHTerpaiau oHHeprusu capxaauud (3.41) ¢yHkcuoHanum Oapdacta MeOoras.
Teopemau 3.6 uc60T rapaui.
A3 TacBupxou (3.42) - (3.59) Oapmeosn, xu arap suppf(x,t) € Qr,
T, = const (apHEe Tabcupu OcpyHau f(x,t) xamromu T > T, aliHusTan 0a cudp
O0apobap Oomaa), mac KMMaTH MHUHUMAJIMM WHTErpalid 3Heprusiu capxaauu (3.41)
1
T
nopman  Qynkensxon @ (x), 1 (x) € W3 [0,1]; ¥(x), 1 (x) € L,[0,1];  f(x,t) €

L,(Qr) Ba max3au Baktu T BoOacTta meOomaa. MH xoiar a3 oH IIaxoaar Meauxa, Ku

TapTUOHn 0( ) nopan. Jloumue, ki nap 0axow XOCHWIIIyJla MIITUPOK MEKyHal, Oa

KMMaTl MUHUMAJIUU WHTETPAId DHEPTUsid capxaiil xaHromu T — oo 6a cudp maiin
MEKyHaJ] Ba MMKOH MEIMXaJ, KU a3 BOpHUJ IIyJaHU paBaH]M JANIUIIK Top Oa

PE30HAHC MENITupi Kap/a masaJl.
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MYXOKUMAHN HATUYAXOU BAJACTOMAJIA

Hap wH Oaxm O0a TaBpu MyxXTacap TaxXJWIM HaTH4axoe, KA Jap KOpH
JTUCCEPTATCHOHM 0a MacT oBap/a IIyIaaH I, aHIoM J0ja MEIIaBa/.

bobu sikymMu KOpH IUCCEPTATCHOHM 0a TaxIuiu Mydaccain agaduéTu WM Ouj
0a Hazapusu Machaaaxou HIOPAKyHUH capXaai OaxImuaa Iryaaacr.

Jlap 600m myromMu aucceprarcus Oapou MyoAwsian Teierpadum skdeHaka 00
ko3 urcuentu Tariiupédbannan q(x,t) € L, -u Hamyau

U (0, ) — Uy (X, £) — q O, Dulx, t) = f(x,t), 0<x<I[ 0<t<T (A7)
Machaigal UJIOPAKyHUM capXajaid 0a BOCHMTaW 4YOWMBA3KyHM Nap capxaid dYaml Ba
KyBBaW YaHJIUPi 1ap Tapau poCcT MaBpUIU TaXKUK Kapop J10/1a [Iy1aacT.
3epu  Madxymm Machalad HAOPAKYHHUH capXaad MaBUYIUATH YyHHH
(bYHKCHUSIXOU capXaJuu
u(0,t) = u(t) € W5 [0,T], u(l,t) =v(t) € L,[0,T] (42)
dhaxMuia MeIIaBaj, Ki paBaHId OappacHuIllaBaHIapo a3 X0JIaTh HOTHIOMH UXTHEPUH
{u(x, 0) = p(x) € W;[0,1], u,(x,0) =p(x) € L,[0,1]} (43)
0a XoaTh HUXOUH TEIIaKi JoIalryaan
{ux,T) = 9 (x) € W, [0,1], uc(x,T) =1;1(x) € L,[0,1]} (Aq)
MEOpaH]I.

Xan 00 MabHOM yMyMulyda (aHuKami, 00 MabHOM AMHUSATH WHTErpai)
daxmmuma memasan Ba map cuabu Wi (Qr), Qr=(0<x<DX((0<t<T)
qycTydy kKapaa memaBan. MH cund Oopu asBan comu 2000 - ym a3 4qoHUOHU
B. A. Wniinn qopii rapauaaact [65].

Haruyam acocunm wuH 000 wncOOTM SIKKAMAra XajillaBaHJaruyd Machajlau
OappacuiaBaHg ad HWIOPAKyHHH CapXaaid Hap Jax3aWh KPUTUKUH BakTd T = [
mebomaz (Teopemaxoun 2.3-2.5). lap Teopeman 2.4 1mapTXOu 3apypud MaBUYIUSITH

XaJUTM Machajgau UAOPAKYHUH capXalid 00 MaxXIyIusITXOU KaMTapuH 0a (QyHKCUIXOHU
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nOTHION Ba HMXOM OaéH Kapma mymaanna. MH mapTtxouw 3apypit a3 W4ypo INIyIaHU

MyHOcHOaTH (PyHKCHOHATINH
ll-t

B(5:9)+ [ [ KEnBEDEE=0 (4)

07

nbopat MeOoIan I, Ki 1ap UH Y0

x+t

Biut) = o(x — ) + o(x + ) + f Y(E)dE

x+t—1

o (=t D) — g (x =) — j P (E)dé

x—t+l
Ba sapou K(&,7) TtaBaccytm (dynkcusu  q(&,T) xXuco0 Kapaa  MemiaBaj.
Hap Teopemaun 2.5 ucOOT mIymaact, KU MIAPTXOW 3apypuu nap Teopeman 2.4 6aéH
rapauaa xaMm3aMoH IIapTXou KuQosirit 0apou MaBUyIUATH XaJUIM siTOHau (Jap acocu
Teopemaun 2.3) Machaiau UIOPAKyHUH capXadil HU3 MEOOIIaH]T.

NHuyHWH sSKKEMaTa XalllaBaHAarWd MachallaxOM OMEXTah MYBOGHUK HCOOT
rapaunaact (Teopemaxou 2.1 Ba 2.2). UnoBa 6ap uH, yCTyBOpil Ba peryispii OynaHu
XaJUTM Xap 1y Macbhaia HucOar 0a ¢yHKcHIXxoun 0a Machanaxo BOpHIIABAHJA,
XaM4yHUH HucOatr Oa omyom ammutusuu q(x,t)u(x,t) map myomwiau (A4;) 6o
k02 UTCHEHTH 3aMIliaBaH1a 00 KBaJpaT aCOCHOK Kap/a IIy/1aacT.

XaHromu UcOOTU TEOpEMaxou MaBYYAMSAT a3 HaTU4Yaxou kopxou [23], [24] Ba
O0apou UcOOTH TeopeMaxou sroHarii mMerogukau nemnuxonHamynau JI.B. Kputckos
nap maxkoinau [103] uctudona mrygaact.

Hap 600 2 XaMYyHWUH HIOPAKyYHUXOHM CapXaJUu ONTHMAJIA, KM TaBaCCyTH
YOMMBA3KyHH Jap capxalyd Yall Ba KyBBaW YaHIAWPW Jap capxaad pPOCT amali
Mmerapaang, Oapou docunman uxtuépuu 0a Kaapu Ko KaJoHHM BakT Oapou
paBaHIX0e, KU 00 MyOAWJiaud JANMHUIIXONM MaqyOypuu TOP TaBCH( MENIaBaH, COXTa
mynaana. MH Myonuia Xomath XyCyCHH MYyOAWiIaW OappacwilaBaHaad A; XaHTOMH

q(x,t) =0 wmeboman (Teopeman 2.6). bapom wumOpaKyHUXOM capXaauu
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qycTydyiaBanaa ndomaaxon aHATUTUKUU OmKop €dTa mrymaann. Kaiin MekyHeM, Ku
Machaidal WIOPAKYHHHM CapXaJud ONTUMalid a3 &EQPTaHu YyHUH (YHKCUSXOU
u(t) € WA[0,T], v(t) € L,[0,T] uGopar act, Ku 6a MHTErpaan SHEPIUSU capXasii
KMMaTl MAHUMAJTA MEIUXAH]I.

bosin kaiig kapa, ku Machanau mabexu OnTUMU3arcus Oapoud Myoausiau
panmuixon o3onu Top (q(x,t) =0, f(x,t) = 0) xkabnan gap xopu B. A. Wniinn Ba
E.1. Mowucees [ /1] Taxkuk rapauaa Oy.

Harnyaxou 606u 2 nap kopxou [1-A], [3-A], [4-A], [6-A], [7-A], [11-A] Hamp
TTy/TaaH/I.

Jlap 600u cetomu aucceprarcusi 6apou myoauiau (A;) Machaaad UIOPAKYHUU
capxali, KA TaBacCyTH KyBBaW YaHIAWPH Jap capXalu 4Yall Ba YOMMBA3KyHH Jap
capxaayd pOCT aMaylil Merapjaj, OMyXTa MIyIaacT. 3€pH Machbajlau HIOPAKyHUU
capxaad MaBUyIMATH 4YyHHH (yHKcHsxon capxamuud U, (0,t) = u(t) € L,[0,T],
u(l,t) = v(t) € WL[0,T] paxmuma Memasaj, KA Ty3apHIld PaBaHAPO a3 XOJaTH
noTuaouu (A;) 6a xonatu Huxouu (4,) TabMuUH MeHamMosaHI. ba Mucinu 600u 2, xan
60 MapHOM yMymMuInyna haxmuna nryaa, nap cuadu Wi (Qr), Qr = (0 < x < 1) x X
(0 <t <T) uycryuy Kapaa MeIaBaj.

Harvyan wmapkasum 600u 3 ucOOTHM sIKKMMara XallaBaHAaruu mMachajiau
OappacuimaBaHgan WAOPAKyHHUU capXaaid nmap Jjax3al KpUTUKUM Baktd T = [
mebommana (Teopemaxou 3.3, 3.4 Ba 3.5). Jlap Teopemau 3.4 mapTxou 3apypun HaBbU
As OGapon MaBYyIMSATH Xall Jap XOJaTh MaxJAyIusTXOU KaMmTapuH 0a (yHKCUIXOHU
nOTUI0M Ba HUXON OaéH Kapaa mymaani. Jlap Teopeman 3.5 ucOOT 1Iygaact, Ku UH
IAPTXOU 3apypil XaM3aMOH IMAPTXO0W KU(POATH HU3 Oapou MaBUYIUSATH XaJUIA STOHAH
Machaja Meboran (MyBohuku Teopeman 3.3).

Slkkumara XammaBaHIarud MachallaxOM OMEXTah MYBODHK HHU3 HCOOT
rapaunaact (Teopemaxou 3.1 Ba 3.2). ba monanau 600U 2, yCTyBOpid Ba peryisipi
OylaHd XaJTd MachajdaxOW OMEXTa Ba Machajlal UIOPAKYHUHM capxaiaid HucOar Oa
byHkcusixon 0a Machasiax0 BOPHJIIABaHIA Ba HUcOAT Oa OMIYOM aqAUTHBUU
q(x,)u(x,t) nap myomunaum (A;) 60 kospduTCHEHTH 3aMinaBaHAa OO0 KBaapar

ACOCHOK KapJa myaaacT.
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Jap 600u 3 WHYYHMH WIOPAKYHUXOHM CapXaJWH ONTHUMAali, KA TaBacCyTH
KyBBall YaHJIMpA Jap capxaJd Yan Ba YOWMBA3KyHH Jap capxaaud pOCT amali
Merapaana, 6apou docusian UXTUEPUU 0a Kaapu Kodii KaJOHH BaKT 0apOu paBaHIXOU
00 MyouIan JIAMMUAIITXOU Maq0ypuu Top TaBcuduraBanma coxra myngaasa (Teopeman
3.6). UnopakyHuxou capxaiud 4YyCTy4ylllaBaHIa Jap IIaKJId AHAIUTUKUHA OIIKOP
NENTHUXO/ rapIuJaaHl.

Kaiin MekyHeM, Ku MH Machajaul ONTUMHU3ATCUS Oapou MyOJWJIau JAMUIIXOU
ozoxu Top (q(x,t) =0, f(x,t) = 0) kabmau gap xopu B.A. Uitun Ba E.J. Moucees
[71] Taxkuk rapauma Oy.

Hatngaxou 606m 3 map xopxom [2-A], [5-A], [8-A], [9-A], [10-A] mamp
TITy/TaaH/I.

Kobunm kaiig act, ku 0Oab3e MachballaxOM HWIOPAKyHHHM capXaaid Oapou
myonusian A; nap monorpadusaxou [23] Ba [24] Gappacii mrygaaHa, aMMo Jap OHXO
Machaaaxou UAOPAKyHUU CapXaauu TapKUON TaXKUK HAIIyJaaH]I.

Hap acocu TeopeMaxoW MaBUYOUSAT Ba STOHArMM Xaj, WHYYHUH 00
JapHa3apAoITH 0aXx0XOou ampuopit, METAaBOH XyJlOoca Kapl, KU XaMauh Machallaxou
Oappacuiirysia 6a TaBpu 1ypycT (KOPpEKTH) T'y301Ta IIyJaaH/I.

bosin 3ukp Hamyn, ku OMHOOAp HAOyJaHU Xallld AHAIUTUKUM OUIKOp Oapou
myonuian (A;), nap 606xom 2 Ba 3 Xa/uM Machajgaxo Jap IMaKiId KaTOpu MYTIIaK
Ha3nuKmaBaHaan Heliman coxrta mymaact. Jlap allHM XOJ HIOPaKyHUXOM capxaii
TaBaCcCyTH XaJUIM MYOJAWJIad MHTETpajIuM JydyeHakaun HaBbu Bonreppa udona xapna
MeIIaBaHI.

XaMHH TapuK, dap acocH rydTaxou 00JI0 METaBOH XyJioca Hamyld, KM XaMau
HaTUyaxou Oanactomana HaB Oyna, HATMYaxou MyauUTMGOHU TUrappo xam Oapou
MachallaxOM OMEXTa Ba XaM 0apou MachallaxOoW HWIOPAKyHHH capxaaid Oapou
myonwian Tenerpadin 60 koddhdurcuentu Ttariupédbanmanm  (A;) yYMyMHUST
mebaxmiana. Jap xomatu q(x,t) =0, f(x,t) =0 naruyaxom Oamactomama Oa
HATUYaXxOHW MabJIyM TaOaui Me€0aH 1, KU WH YbTUMOTHOKAN OHXOPO TaCIUK MEKYHa].
bo ubopau aurap, nap xomaru q(x,t) = 0, f(x,t) = 0 Hatu4axou aucceprarcus 060

HaTU4axou OamacroBapaau B.A. Unitnn Ba morupoHu y MyBoGUKaT MEKyHaH]T.
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XYJIOCAXO

Haanaxon 4COCHMHU WJIMMH JUCCEPpTATCHUA

XaMHH TaBp, MO XamMau MachallaxoW Try3ollTamygapo 0a TaBpu Mydaccan
TaxKUK Hamyznem. [lap mo€H Hatuyaxou Oajgactomana 0a TaBpu MyxTacap oBapja
MeIlIaBaHI.

bapou myomumnau tenerpaduun sikueHaka 00 kodpdurcueHtn Tariimpébanmau
HaMyIU
U (X, 8) — Uy (x5, 8) — q(x, Dulx, t) = f(x,t), 0<x <, 0<t<T

00 MabHOM YMYMHUILIY/IA:

1. Macphanan UIopakyHUU capXajil, Ki TaBaCCyTH YOWMBA3KyHH Jap capxaju yam Ba
KyBBaW YaHAMpH Jap capXaaud pOCT aMaliil Merapjaajl, MaBpHUIU OMY3HII Kapop
noxa wyn [1-A], [3-A], [4-A], [7-A], [11-A];

2. Macbanau uJI0paKyHUM capXajil, Ki TaBacCyTH KyBBau YaHIUPH Jap capXaau yar
Ba YOMMBA3KyH# Jap capxaau poCT aMalil Merap/aa, MaBpUIA OMY3HUII Kapop 1072
mryn [2-A], [5-A], [8-A], [9-A], [10-A].

Hap xap ny xomar:

e Teopema Aap Oopau ArOHArMW XaJuTH Machaiau OappacuiliaBaHIau UIOPAKYHUH
capxaai 6apou BaKTXoM XypA € 6apoOapu KpUTHKIA UCOOT KapAa LIy;

e MapTXOW 3apypin Ba KAPOATUHM MaBUYAUATH HUIOPAKYHUXOH CapXaJHH
qyCcTy4dyIIaBaHa Aap BaKTU KPUTHKHA Oa 1acT oBap/a IIyIaH/T;

e Oaxom ampuopii 6apou XalulM Machallau UIOPAKyHHH CapXalil XOCHJ rapiauf,
KM YCTYBOPHMH XaJUTd OamacTtoMamapo HUcOAT 6a mapTXou MOTHION Ba HUXON
TaCIUK MEHAMOSI/T;

e perymsipii OynaHu Xasid Machallal UAOpPaKyHHU capXaaim Hucbar 6a omyou
anauTuBHK oneparopu MaByd q(x,t)u(x,t) 60 xosdhdurcuentH 060 KBampar
3aMIlIaBaH/Ia aCOCHOK Kap/a Iy,

WnoBa Oap uH, SKKUMaTa XajllaBaHIarui MachajlaxOu OMeXTau MyBOGHUK Oapou

MyouiIau Tenerpadguu 6appacuiiiaBasga ucOOT Kapaa mya. AHUKAII:

" TEOPEMaxOH SITOHATUU XAJUTH MachajaXou OMeXTau MyBO(PHUK NCOOT rapauaaHs;
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" TEOPEMaxOH MABYYIUATH XaJUIH MachajlaXxOu OMEXTau MyBO(PHUK UCOOT IIydaH T,

" ACOCHOK Kapja IIyJ, KU XaJIJTM Machaaaxou oMexTa HucOar 6a ouryou ajauTUBUN
q(x,t)u(x,t), uauynuH HucOar 06a (QyHKCHAXOe, KM 0a T'y30pHIINA Machalaxo
JIOXWJI MEILIaBaH/l, YCTyBOp MeOOIa/.
bosin Tapku HamMyd, KU XalllaBaHAaruk XaMad Machajdaxou Oappacuinyna aap

MapXujian aBBaj 0apow MYOMJIaW JIAMMHIIXOW MayOypHH TOp, KM XOJATH XyCYCHU

MyOAWJIad TaxXKuKIIaBaHga xaHromMu ¢(x,t) = 0 meOomian, HUMIOH A0Ja IIymTaacT.

bapon wH xomatm XycCycih XaMaW TAacCAMKOTH MYBOPHUK Taxus Imyaa, HCOOT

rapauaaaH.

3. UnopakyHuxou capxaauu ONTUMAJIA, KU TaBaCCYTH YOWUBA3KyHiHl Jap capXajau
yarn Ba KyBBaW YaHIUPA Jap capXaaud POCT amaiil merapiaHia, nap docuiau
uxTuépun O0a Kaapu Kopi KaJloOHUM BaKT Oapou paBaHAXoe, KU 00 Myoausiau
JANMHUIIX0N Mad0ypuu TOp TaBCU( MeIaBaH/I, COXTa mrynaans [6-A];

4. VInopakyHUXOHW capXaJvH ONTUMAJINA, KU TaBaCCyTH KyBBaW YaHAUPH Jlap capXaju
yanm Ba YOWMBA3KyHH Jap capXaad pOCT amaiil merapiania, nap docuiaun
uxTuépun 0a Kaapu kKol KaJlOHM BakKT OapoW paBaHAXoe, KM 00 Myoausiau
JANMUIIX0W Ma4yOypHuH TOp TaBCU( MeIIaBaH I, COXTa IIyaaans [6-A].

TaBcusixo oux 6a ucTtudogau aMmaJiuM HATUYAXO
Kopu nmcceprarcuoHin opou axaMHsITH HazapusBil Oyna, HATUYaxou OH
METaBOHAH]I JIap CAMTXOU 3epUH UCTU(]OA IIaBaH]I;

% XaHTOMHM TaxXKUKH MHUHOabJal MachajlaXOM MOHAHIW HWIOPAKyHHUU CapXain
Oapon cuH(XOM TYHOTYHH Myonujaxou auddepercuanii 00 XOCHIAXOH
XyCycit Ba Machajgaxou 0a OHXO aJOKaMaHIId MaTeMaTHKau amalli;

% Jap paBaHIW TabIMMH (AHXOM TaxacCych Oapou TOHHMIIYYEHH KYypCXOH
Oosof, MarucTpanToH Ba gokTopanToHu (PhD) - u UXTHCOCXOM MaTeMaTHKa Ba
dbu3nKan Myaccucaxou TaXCHJIOTH OJTUU KacOii;

% 0apoM aMCHJIaCO3WHM  pPAaBaHIXOW TyHOTYHH (U3MKA, TEXHUKA  Ba
TaOMATIIMHOCH, KM TaBacCCyTH MYOJWJIAXOW Jap AMCCepTarcus Oappacuiryia

TaBCU(] Kap/a MeIlaBaH/I.
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