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MYKAJAUMA

My6Opamuu MaB3yd TaxXKUKOT. VIH pucomam auccepTaTCHOHM 0a TaXKUKH
Machanaaxou WAOPAaKyHUHM capXaauu TapkuOi Oapou paBaHaxoe Oaximaa IIyaaacr,
ku 00 Myonmuiau sikdeHakam Tenerpadit 60 xoddpdurcuentn TaritmpéOanma TaBcud
Meébana. TaBauyyyxu acocii 6a mMachbasiaxoM MaBUyAUST Ba siroHAa OylaHU XaJUlH
Machanaxou OappacuiiaBaHian UIOPaKyHUH capXaii aap Gocuianm XypATapyuHU BaKT
paBOHA Tap/IH1aacT.

UyHHUH MyOoIMIIax0o Ba I'y30pUILIXOU MachalaXxou UJIOPAKyHI XaHTOMH TaBCU(pU
MaTeMaTHKUU SK Karop paBaHIXOW MyXHMH (PU3HKin 06a MUEH MEOSHA, a3 qymiia
XaHTOMH OMY3HINHM TIAXHIIABUM MaBUYXOHM OJJICKTPOMATHUTHA Jap XaTXOH Japos,
TaxJIMJIM AUHAMUKau Xapakatu HadT € ra3 gap KyOypxo, MHUYHUH XaHTOMH TaJIKUKU
MaXHITABUU MaBYXO Jap MYXUTXOHU T'€OJIOTH.

['y3opuiii  MareMaTuKUM Machajdad HWIOPAaKyHUM capxaaid Oa BocCUTau
Machanaxou UOTUAON — capxaiai Oapou Myojuiae, KA paBaHIu OappacuillaBaHIapo
TaBcH(p MeKyHald, uoaa mecoda.

Nu camtu myOpamit Ba Oocyphar pyuia€OaHmad Hazapusid HAOPaKyHil Ba
Hazapusii Machajgaxou capxaaim Oapou Myonuiaxou auddepencuanii  Oyna,
TaBay4qyxu SIK KaTOp MyTaxaCCUCOHH Mabpy(dpo Iap UH coxXaxo 4aid HaMyJaacT.

Japauyan kopkapmuygaum ma3yn TaxKukoT. Comu 1988 K.JI. Jluonc
Machajgan UAOPAKyHUU CapXaJuH JAMHUIIX0opo Jap MIaKiId Machadaxou oMexTa 0apou
MYOJIWJIa MaBY@l MaBpUIM OMY3HWIl Kapop naoa. Jap Maxomam y [4] machanau
OpOMCO3ii (STbHE OBapJlaHM CUCTEMau Jianuiil 0a xoyiatu cudpuu gogaxou Komm) 60
maptxon capxaauu upuxie Taxkuk mymnaact. Jlap xammH kop 00 mctHdona a3
Hazapusau (Ha3oxou ruiIdepTil sroHa HaOyJaH! XaJTM Machallan XOCHIITYyIa XaHTOMH
T > 21, xu nap on [ - mapo3uu Top Ba T-1ax3an BakT MeOoIIaa, 60 MabHOU XaJUIH

ymyMmuiyaa a3z cuagu L, ucOOT rapauiaacr.



Hap wopxou E. 3yaszya [9-10] rosu JIlmonc Oapow XoJlaTH MYOAMJIAH
KBa3MXaTTUM MaBuid OO aCHMNOTOTUKAW XaTTUU FalpuxaTrTd yYMyMid TapJOHUIA
IIy/1aacT.

Hap xopxou A.I. BytkoBckuit Ba A.S. Jlepuep [38], [39] ycynxou xamwiu
Machaldaxou MAOPaKyHHUM OINTHUMAJUU CHCTEeMaxou XarTd 00 mapaMeTpxou
TakcuMmInyaa 6o uctudonaa az L-npodieman MoMeHTX0 0aéH IIyaaH/I.

Hap monorpadusun A.I. bytkoBckuii [40] mMacbanan uaopakyHUH capxaai 00
Epun metogu Dypiie Ba METOIM MOMEHTXO TaxXKUK rapaupaact. bap 3ammu uH,
WJIOPAKYHUHU CapXaJuu YyCTy4dylllaBaHJIa Jaap IHakiau Karopxou Dypiie coxra
Iy/1aaCT.

Hap xopu A.E. EropoB [49] Gapou xamid KOHCTPYKTUBHH (CaMapaHOKH)
Machaldal HJIOPAKYHHHM Ccapxalil yCylIM MaBuXOoM adTaHAa Ba HWHBHUKOCEOAHIA
uctudona mrynaact. Jlap monorpadusu y [50] caMTxou acocuu Hazapusii MyOCHpHU
MaTeMaTUKUU UJIOPAKYHIl Oappacit MellaBaHl, a3 YymJia: aMCUJIACO3UU MaTeMaTUKHUU
CHUCTEMAaXOHu HJOpalllaBaHa; aCOCXOM Ha3apusi YCTYBOPUHU CHUCTEMaxXOu FapuxaTTi
Ba MJOpAIllaBaH/a; JAMUIIXOU AAaBPUU CUCTEMAXOW FAlPUXATTH; acOCXOW Hazapusiu
uJopallaBaHari; MyIIOXMJAIIaBiA Ba WACHTU(UKATCUS, YCYJAXOM Hazapusiu
UJOPAKYHUU ONTHMAali; MHYYHUH YHCYPXOU Ha3apHsid CUCTEMAxOM CTOXACTHUKHU
(3XTHMONIMK) wuAOpaliaBaHga. Jlap WMH KOp CHCTEMaxo XaMm 00 mapaMeTpxou
MyTamapka3 Ba XaMm 00 MapaMeTpxou TakcuMminyna Oappacit merapaani. Kopxowu
myiirapaku y 60 JI.H. 3namenckas [51]-[53] Hu3 0a XxaMuH MaB3yb Oaxinuia IIysa,
MachajlaxOu T'YHOTYHHU UJIOpaKyHi, MyIIOXUAAKyHId Ba UIOPAKyHUH ONITUMAIUPO Jlap
Oap Merupanm.

Hap maxonau @.I1. Bacunes [43] Tadcupu Hazapusu 1yroHa aap Machanaaxou
XaTTUA WUAOPAKYHHA Ba MYLIOXUIAAKYHH IIEIIHUXOJ ILIyAaacT. Xauld Macbhbajlaxou
UJIOPAKyHUU CapXaJuu paBaHIXOW MaByil 00 yCynxou (pyHKCHOHAJN, MHUYYHUH Jap
kopxon mymTapaku y 60 M.M. ITloranos, A.B. Pasrynmun Ba M.A. KypxaHckuii

MaBpHUJIM TaXKUK Kapop TUpUQTaact, Ki JIap OHXO aJrOPUTMXOU CaMapaHOKU ajajii
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Oapoun €pTaHu MAOPAKyHHH CapxXaluH YyCcTydyliaBaHna coxta mymaanng [41], [42],
[44]. ba ycymxom TakpuOWu Xa/UId MachallaxOW WAOPAKyHUH capxamid Oapowu
MYOJIHJIal MaB4il, MHUYHUH KopXxou M.M. IloranoB Ba morupaonu y A.A.JlpsiKEHKOB
Ba JI.A. Banos [123]-[127], [47], [48], [58], [59] Oaxmmma nrymaan.

Hap xopu B.A. MUniiua [62] Oopu aBBanx Oapou  Xap  SK
T a3 ¢pocunan 0 < T < | mapTtxou 3apypit Ba KUGPOSITUA MABUYIUATH XaJI MyKappap
Kapaa IIyda, WHYYHWH [HAKJId OIIKOPHM HAOPAKyHUXOW capXaad TaBacCyTH
YOWMBA3KyHII Jnap Ay KaHOp HHUIIOH jgoda ImymaacT. bapoum xomatm T > [
(makukraparm, 6apou xonatu [ < T < 2l) miakiu yMyMuu HJIOPAKYHHXOHM capXaji
oBap/a IIy/1aacT, KU Iy JOUMHHU UXTUEPH Ba uop QyHKCUAU UXTHEPUPO a3 cuHdu W72
nap mopua a3z pyuu TariiupéOanmau t 00 nmaposuum T — | map Gap merupan. Wu
UJOPAKYHUXO Ty3apuIIM paBaHAM MaBYUpPO, KU OO0 MyoJawial MaBYUU SKYUHCA
TaBcu@ Mecoan:

U (X, £) — Uy (x, 8) = 0, 0<x<l 0<t<T, (1)
a3 xomatu uotumonn uxtuépi {u(x,0) = @(x),u(x,0) = @(x)} 6a xomarn HUXOHH
nemaki gopamygan {u(x, T) = @, (x),u(x,T) = Y, (x)} TabMuH MEHAMOSIH]I.

Jlap WH KOp XaHTOMH OMY3WIIM Machaja HaKIIA MyXUMpPO CUH]H
W20 <x <) x(0<t<T)] mebozan, ku Gopu aBBal Max3 Aap XaMHH KOp a3
youubOu B.A. Wniiun Bopun rapaumaact. MyaiisiH kapaa mrynaact, ku xonata T = [
Oapou Machaan HIOPAKYHHH CapXalil TAaBaCCYTH YOWMMBA3KYHI Jap Ty KaHOP XO0JIaTH
KpUTHKAA  Mmebomran, spHe (Qocumam Baktm 0 <t <! wmuHumanii Oyxa,
ujopaliaBaHarui Iyppal paBaHIu OappacuIlaBaHAApO XAHTOMH MaXIydUsATXOU
MHUHHMaJIA 0a mapTxou MOTHAOW Ba HUXOW TabMUH MeHamosd. Hatmyan MoHaH a3
qouuou B.A. Wmitun xamuyHuH Oapou xosare Oa JacT oBapja IIydaacT, KU
UJ0paKyHA TaHXO Jap SIK capXaau TOp amall Kapja, capXaau JYIOM MycTaxkKam Kapaa
mynaact [64]. HumoHn noma miyaaacT, KM Jap MH MaBpHUJ Jax3al KPUTHKWAUA BaKT

T = 21 mebommay.



Hap xopxou [65], [66] B.A. UniinH machanaxou UIOpPaKyHUH capXaaupo 00
MabHOM XaJUIM yMymulnynaun wmyonuiau (1) a3 cuHde TaxKuK HAMYHaacT, KU
MaBUYIUSATH DHEPrusii HUXouWpo 0Oa Hazap merupaa. [lap HMH TaxKUKOT Xamau
Machajaxoe, K KalllaH a3 yoHMOM y 00 MabHOM XaJlIM KiIacCMKuu myonamsian (1)
Oappacin myna Oymanja, Aap Tadcupy yMyMHUIIyAa MaBpUIUd OMY3UII Kapop
rupudTaaHI.

A3bOacku nmap xojlaTH Jlax3au BakTh T, KM a3 KUMarh KPUTUKA 3UEN acT,
Machallad UJIOPaKyHUU CapXxadil JOpOU IIymMopau OeoXwpH Xaiaxo MeOomiaj, Tadbui
acT, KM Macbaman EPTaHW WIAOPAKyHHUH ONTUMAIMK capxXaaid O0a MHEH MEOs.
Macanan, Macbanan €QpTaHu OH WAOpPaKyHid a3 OallHM XaMau WJIOPaAKyHUXOH
MMKOHMA3Up, KU KAMaTH MUHUMAaIA KaOyl KapJlaHu UHTETPaId SHEPTUSIH CapXaJaupo
TabMUH MeHaMosi1. Max3 6a UH Machaja CUJICHIau Kopxou myimtapaku B.A. Wnitun
Ba E.11. Mowucees [69]-[83] 6axmuaa nrynaacr.

Jlap MaB3yH MIOpaKyHHU CapXaJud paBaHIXoe, Ku 00 myoawinan maByuu (1)
TaBcu(p MelaBaH], 0apod MacbhballaxOM OMEXTaW JIOKalid Ba XaM FaWpHIIOKaJIi,
B.A.Nniinn, E.M1. MouceeB Ba morupaonn ouxo: A.B. benukos, JI.H. 3nameHnckas,
A.A. Kynemos, IL.B. Jlypepenko, A.A. Huxkutun, I1.A. PeBo, A.M. PoroxHukos,
B.B.Tuxomupon, A.A. ®ponoB, A.A. Xonomeea, ['JI. Yabakaypu sik cuicuia
KOpXou Hazappac Hamp Hamymnaann [34], [55]-[57], [62], [84]-[87], [104]-[106],
[112]-[115], [117]-[121], [130]-[134], [139]-[141], [144]-[147].

Hap xopum wmymrtapaku B.A. Hnitun Ba E.W. Mowuceer [67] macpaian
UJIOPAKyHUU CapXaJiil TaBaCCyTH YOMMBA3KYHH Jjap capXaau siKyM 00 capxaiau JyIOMH
MycTaxkamiryza 6apou paBaHjae, ku 00 Myoauian tenerpadit TaBcud memiaBai, aap
Jax3au BakTu kputukit: T = 21 OGappacii mrygaact:

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

Hap [68] xamuH Mmacwana Gapou xosare Oappacil IIymaaacT, KU HUIOPaAKyHHUXO
Jap xap Iy capxaj amaa MEKyHaH]I.

Hap wxopxou MN.H. CmupnoB [136]-[138] machanmam wuaopakyHuUH capXaii

TaBacCyTH YOMMBA3KyHil Jap Ay capxaj Oapou Myoawsiad (2) TaxKHWK IIyAaacT, Jap



xonare ku nopuau [0,1] a3 ny KkucMu anoxuaa ubopar Oyaa, paBaH 1ap OHXO JOPOH
napamMeTpxou (U3NKUU TyHOTYH MeOorman. Jlap XxaMuH kopxow y Oapou Myomwiau
(2), nHuyHMH Oab3e MachalaxOu OMEXTau UIOPAKYHH OappacH IIyJaaH/I.

Hap xopxom [67], [68] Ba [136]-[138] Oapoum wumopaKyHHH CcapXaJauu
qyCTy4ylIaBaHAa MAKJId aHJIMTUKAW OIIKOp, KU a3 (yHKcusxou beccen ucrtudoma
MeKyHaJ, EpTa Iryaaacr.

Jap xopu B.A. Komopnuk [2] Machanmaxou ujopamiaBangara gap ¢Ghocuinaxou
BaKTH a3 KPUTHUKA KajloH Oapou myoxwntan (2) xaHromu Oedocuna Ba rapumandpi
Oymanu ko3pdurcrentu q(x) TaxXKUK IIyTaaHI.

bab3e mpobnemaxon Hazapusd MachalaxOM OMEXTa, WHUYYHUH MachallaxOH
WJIOPAKYHUU capXaand Ba ontuMaii nap kopxou B.M. Aromxkos [25], JI.JI. AKyneHko
[26], A.A. AnngpeeB [27], [28], A.X. ArraeB [29], B. P. bapcersu [30]-[33],
A.B.bopoBckux [36], [37], A.A. BoponoB [46], M. MHcmarm [94]-[97],
A.3.MmmyxameroB [98], [99], E. A. Kosnosa [100], E. K. Koctoycosa [101],
C.B.JIekcuna [108], [109], ®.E. Jlomosces [111], A. Manu [6], M.H. MycTadaes [7],
AN. Tlpunenko [128], [129], A.B. ®ypcukos [143], O. KO. Dmanyunos [148],
M.K.FOnycwu [149], [150] Ba nurapon Hu3 Oappaci mrymaaHi.

Jlap wH amcceprarcus MachallaxoW HAOPAKyHUHU capXaauu Tapkubin Oapou
myoaunan (2) 6o xoaddurcuentu tariupédbanman q(x,t) Ba Tapadu poctu f(x,t)
OMyXTa MEIIaBaH[, SIbHE:

Uee (4, 1) — Uyr (x, 1) — q(x, ulx, 1) = f(x, 8). (2)

Xamaun Macbaaxo mgap Tadcupu ymymwuInyna Oappacii MerapliaHii  Ba
byukcusxon q(x,t) Ba f(x,t) Tanxo 6a cunbu L, Taamnyk gopana. bosa Kaiig kap,
KM Machalaxou Ha3IWK, aBBall Oapou Kod()PUTCHEHTH yeHIIaBaHAa Ba MaxJyld, mac
Oapou Kod(pPUTCHEHTH dYambliaBaHia, aap kopxou [11]-[24] Ba [103] maBpuam
OMY3HII Kapop rupudTaaH.

Taxmumun anabuér HUIMOH Menuxad, KU MachallaxOW HIIOPAKyHHH CapXai
O6apou myonunau (2') amanan kam omy3uin €braann. Taxmunm HucOatan mydaccanu

anabuét nap 606m 1-u XxaMUH AUCCEPTATCHUS aHYOM JI0/1a MEIIaBa.
6



PoOuran Taxkukor 00 OapHOMaxo (JI0MXax0) Ba MaB3ybXOM HJMi. UH
TaIKUKOTH JUCCEPTATCUOHN Jap JoWpau WYpou OapHOMau ITypHAMOHM KOPH HIIMM-
TaXKMKOTHH Kadenpanm MareMaTHkan XucoOOapopit Ba MeEXaHMKauW (aKyJITeTH
MexaHukao Marematukuu Jlorumroxu Mwmmun Touukucton OGapou conxom 2021—
2025 oupn 6a map3ym: «TaXKUKOTH aHAJUTHKHA, TaxX) MW cUdaThA Ba XaJUIH aJaJud
Machajgaxod MaTeMaTHKaW aMmallii Ba MEXaHHMKa» aMaii kapjaa mrymaact (PoxOapwu

uimit: 1.4.¢.-M., norceHT A6aykapumo M.D.).

TABCU®U YMYMHUHU TAXKUKOT

Xagapu Taxkukor. Xagadu acoCUM TaxXKUKOTH AMCCEPTATCUOHN TaXKUKHU
Machalaxou UIOPAKyHUU CapXaJauH TapKuOM MeOoInaj, KM TaBaCCyTH YOWMBa3KyHl
Jap sIK KaHOp Ba KyBBaW YaHIUPH Jap capXaau aurap, € Gapbakc KyBBaW YaHIUP
Jmap SK KaHOp Ba YOMWBA3KyHI Jap capxaau aurap, 6apou myomwrtan (2') amanit
MeIlIaBaHI.

Ba3zudaxou taxkukor. Bazudaxou acocuu TaXxKuKoT nOoparaHj as:

e Taxus Ba HMCOOTM TeOpeMaxo owuJ Oa AroHarid Ba MaBYYAHMSITH XaJJIu
MachajlaxOu OMeXTau TapkuOm Oapou Myonausian Tenerpaduu skdyeHaka 00
K03 PpuTCHEHTH TarinpEOana;

o Taxus Ba UCOOTH Teopemaxo ouj 0a siIrTOHarvMM XaJuld Machallal UAOPaAKyHUU
capxaauu TapkuOi 6apou Myoawian tenerpaduu sikaeHaka 60 kodhGuTcueHTu
TariupéOanma;

o &dranm maprxou 3apypil Ba kudosri 6apon MaBUyIUATH XaJUTH Machaaaxou
UJOPAKyHUU capXaIuu TapKuOi Oapow myonuinam Tenerpaduu skdeHaka 0o
k03 duTCcueHTH TariupEédana;

¢ ACOCHOK KapJaHM YCTYBOPHWH XaJUTH XaMal MachalaxOH TaXKUKIIABAH/IA,

e XaJUIM Machallau ONTUMAJINH UIOPAKyHUHU CapXaauu TapkuOil 6apoun Myonuaan
JAMUIIX0W Mad0ypuu Top aAap Hocuaaxou BaKTH KaJIoOH.
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O0bekTH TaXKHKOT. Myonunan Janmumixod MadOypuu TOp Ba MYOAWJIaH

Tenerpadun sxdaeHaka 060 kodhdurcuenTn Tariinpédana.

MaB3yn TaxKHKOT. Machagaxou oOMexXTa Ba MachajaxOoW HIOPAKyYHUH

capxaauu TapkuOi 6apou MyoauIaxou OappacuiiaBaHa.

Yeynxou TaxkKMKOT. Jlap kopu MasKyp a3 ycyiaxoud (Pu3MKaul MaTeMaTHKi,

TaxJIMJIN (1)YHKCI/IOHaJ'II7I, Ha3apusian MYOIHUIIAXOHW HMHTCTPAJINU XaTTHU YHUHCHU AYIOMH

HaMmyau Bonrepa Ba Hazapusau Machajiau WAOPAKYHUHU capXaai ucTudoa IIyTaan/.

HaBoBapuxonm wWIMMH TaxXKHUKOT. XaMad HaTH4Yaxou JUCCEpPTaTCUs HaB

Meboman. Harnyaxon acocupo 0a TaBpu MyxTacap HOMOap MEKYHEM.

1.

Teopemaxo onj Oa xaiiaBaHAarud Machajlaxou OMEXTau TAPKUOUH MYBO(DUK
Oapon Myomwian Tenerpaduu sKk4eHaka 00 kodpducueHtH Taridupédbanma
ucOOT Kapja IIy/laan;

Teopemaxo owuj 6a AroHarud Xald MachalaxOW HJIOPAKYHHH CapXaJauu
TapkuOii Oapou Myoawsnad Tenerpaduu skueHaka 00 KodDPUTCUEHTH
TariupéObania qap BakTH Xyp/ € 6apoOapu KpUTHKA KCOOT Kap/a IIyaaaH/;
Teopemaxo oun 6a MaBYYIMUSITH XaUIM MacbhallaxOW HJOPAKYHUU CapXaJuu
TapkuOi Oapou BaKTH KPUTHKA UCOOT Kapja IIygaaH;

YeTyBopuM Xayuii XamMaum MachalaxOM OMeEXTa Ba HJIOPAKyHHH CapXaJuu
OappacuinaBanga HucOar 6a omyom agautuBuu q(x,t)u(x,t) Ba HHUYHHH
HucOar 0a (pyHKCHAXOM Jap Ty30pUIIA Machana MCTH(oJanIaBaHAa aCOCHOK
Kapja IIyJaaacr;

NnopakyHuxou capxaJdyd ONTHUMaIUM TapkuOi Oapou paBaHaxoe, Ku 00
MYOJIUJIau JAUIIXoU Ma4Oypuu Top TaBcu( meraBan, nap Gocuiiaxou BakTH
KaJIOH, KM KUMaTH XypATapuH KaOya KapJaHu WHTETPaIN SHEPTHSIN CapXaJaupo
TabMUH MEHaMOSH/I, 0a TacT oBap/a IIyJaaHI.

Ap3uIIX0M Ha3apusiBiA Ba amMajauu TaxXKMKOT. Kop xapakrtepu HazapusBit

nopana. Hatmdyaxom OH MeTaBOHAHJ XAHIOMHM OMY3HIIM KypCXOUM Maxcyc Oapowu



JOHHUITIyEHU KypCXOW OO0JIOR, MarucTpaHtxo Ba moktopanTxon PhD 6Gapowu
UXTHCOCXOM MaTeMaThka Ba (hu3uka uctrudoma maBaH/I.

XaMuyHUH, Haruyaxou OajacToMaja METaBOHAHJI Oapou aMCUIIacO3UU
paBaHIXOW TYHOTYH, K 00 Myoawmyiaxow OappacwiliaBaHma TaBCcH(} MeIIaBaH,
uctudoaa maBaH/I.

Hyxkraxoe, ki 6a XiMosl EIHNUXO0/] MEeIIABAHI:

1. Teopemaxo owna 0a SKKAMaTa XaJIaBaHIATHH MachalaxOW OMEXTal MYBO(DUK,
Oapou Myoauiau Tenaerpadguu sKaeHaka 60 kodppurcueHTH Tariupeobana;

2. Teopemaxo oug 0Oa sAKKMMaTa XaJllaBaHJArdH MachallaxOu HIOPAKYHUHU
capxajil, Ki TaBacCyTH YOWMBa3KyHH (KyBBauW YaHIUpH) Jap AK capxaa Ba
KyBBaW YaHJIUpPH (YOMMBA3KYyHi1) Jap capxaju Jurap amalil MeuiaBaHj, 0apou
Myojauiau Tenerpaduu skueHaka 00 ko3hPUTcueHTn Tarinpedania;

3. Teopemaxo ouj 0a MAOPAKYHUXOU CAPXAJUM ONTUMAIIMUA TapKubin Oapou
paBaHIX0€, KU 00 MyOJIUJIau JAMUIIX0N Ma40ypuu TOp TaBcU( MEIIaBaHI, 1ap
dbocuIaxon BaKTH KaJlOH, KM KAMAaTH XypATapuH KaOya KapaaHU WHTErpaiu
DHEPTUAU CAPXAJAUPO TABMUH MEHAMOSH/I.

Jlapayan YbTHMOTHOKHH HATHYAX0U TAXKHUKOT. DBTUMOTHOKANA HATHYAXOH
pHUCOJial TUCCEPTATCHOHI TaBacCyTH MCOOTXOM KaTbUM MaTeMaTUKi Oapou Xamau
TaCIUKOT TabMHUH Kapja IryaaacT Ba 00 TaXKUKOTH AWrap MyautM(oH Jap XaMHUH
coxa TacIuK MelIaBa/l.

MyTtobukaTu aucceprarcuss 00 HIMHOCHOMAHW  MXTHCOCH  WJIMIL.
Hucceprarcust a3 pyim uxtucocu 01.01.02 — Myonunaxou auddepencuani,
CHUCTEMaxou IWHAMUKA Ba HJIOPAKyHHHM OINTHMAaJId HW4YpPO IIMyJaacT Ba myppa 00
dbopmynan oH (Myonunaxou auddepeHcuanii 60 Xocuiiaxou Xycycit) Ba 00 a1y 6aHau
coxan TaxkukoT: (12. Macbkanaxon HOTHAOA—CapXaad Ba CIEKTpaaid Oapou
MYyOAMJIaX0 Ba cHCTeMaxou Myomwiaxon auddepencuanii; 13. Myoaunaxo Ba
cucTeMaxou Mmyoamiaxou nuddepencuanii gap Machbajiad UAOPAKyHUU ONTHMAITA Ba

XUCOOKYHUU BapHaTCUOHI) MyBO(MUK acT. J[uccepTaTrcuspo METaBOH XaM4yH KUCMHU
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busukan maremaruki (mxtucocu xXamdaBopu 01.01.03 — dusumkam maremarukii)
Oappacii kap/.

CaxMu maxcuu J0BTAJa0u napavyam wiamil. MyHaapuyau aucceprarcusi Ba
HYKTaXOW acocii Oaponm XuUMOsS caxMH Mmaxcuu wmyamumd wmebomana. Xamau
HATUYaxXOM MEIIHUXO/IIY/Ia [IaXCcaH a3 4yoHMOM myamuid Oa TaBpu MyCTaKWJIOHA
rupudra mygaana. Jap kopxou mymrapaku [1-A]-[3-A], [6-A]-[11-A] xammyamind
Jap MyXOKHMau HaTH4axou 0agacToMaia HITHPOK KapaaacT.

Tacud Ba amajauco3um HaTU4axom aucceprarcusi. Harudyaxou
JUCCePTAaTCHsl Tap CEMHUHAp Ba KOH(MEPEHCUSXOW 3CPHH TEIIHUXOJ Ba MyXOKHMa
TITy/TaaH/I;

e ceMHHapu wWIMHM Kadeapaum MaTemMaTHkau XucoOOapopii Ba MeEXaHHKau
dakynTeTH MeXaHWKar MareMaTukan JIoHWImroxu MWwuIMd TOYUKHUCTOH 00
pox6apuu npodeccop Adaykapumo M.®. (2023-2025);

o KoH(epeHCcUsiM OaliHaIMUIAIUM WiIMA-amanii 3epu  yHBOHU «XIII-ymun
Xonumxon JlomoHocoBi» Oaxmuaa ©O0a 115-comarmm akanemMuk boOoyoH
Fadypos ([yman6e, 28-29-ymu anpesu conu 2023);

o KOH(pepeHcHan OalHaIMWIAIUM WIMI Oaxmmaa O6a 75-conmaruu JloHUIITOXu
Mutun TouukuctoH, 20-comaruu pymiau GaHxou JTaKuk, TaOuid Ba puési, 85-
conmarun akagemuku AMUWUT Pagabo H. ([yman6e, 5-ymu oktsaOpu coiu
2023);

o IV-ymun xoHdepeHcusin OallHAIMWIATUW WIMA-aMajil  3epd  YHBOHU
«Macbanaxon MyocHpu MareMmarhka Ba TarOukxou on» ([ymanOe, 1-ymwu
utonu cosm 2024);

o KoH(epeHCUsM OalHAIMWIATNN WIMA-amMaidil 3epu  yHBOHU «XIV-ymun
Xonwumixou Jlomonocosii: Hakmm dunmuanu IJIM 6a nomu M.B. JlomoHocoB
nap maxpu [lymanGe map pymau unm Ba maopud» (dymanbe, 22-23-ymu
HOs10pu comu 2024);
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o KoH(epeHCHsN OalHATMUJIANMKM WIMA-aMalid 3epu YHBOHU «Machanaxou
MyOCHpHY MaTeMaTHKaW aMallid, MeXaHuKa Ba wHpopMaTuka» Oaxmuaa 6a «20-
COJIarMM OMY3MIII Ba pylIau (aHXOou NaKuK, Tabuum Ba puésin» Ba 80-comaruu
npodeccop boiimypon Anmes (dymande, 2-tomu anpenu cosm 2025);

o KoH(epeHCcUsin OalHanIMuUIaNd 3epu YHBOHM «Marematuka Jap 4YaxXOHU
Myocup» Oaxmmaa 0a 85-comaruu MareMaTHKW OapyacTan TOYMK, JAOKTOPH
unmxou (usukaro Maremarnka, nmpodeccop Cobupor T.C. (dymanbde, 28-29 -
ymu HOs10pu comu 2025).

HMuaTumopor a3 pyium ™maB3ym aucceprarcusa. MyHaapudyam acocuu
nucceprarcus aap 11 kopu Mmyamuud Hamip 1IyaaacTt, a3 Yymja 5 Kop J1ap Halllpusxoe,
ku a3 youuOu KOA-u Haznu [lpesunentu Yymxypun TOYMKHUCTOH TaBCUA IIyJaaH.
dexpucTH KOPXOW HAIIpIIyda Jap OXUPH JUCCEPTAaTCHs Ba aBropedepar oBapiaa
IIy/1aaCT.

CoxTop Ba xaumu aucceprarcus. Jucceprarcus a3z mykampauma, Tadcudu
YMyMHUHU TaxKUKOT, ce 000, MyXOKMMau HaTH4axou OajacTomaaa, Xyjloca Ba
dbexpuctu anabuet ndopar act, ku gap on 150 Homryit oBapaa mrygaacr.

Jlap mmccepraTcus pakamIy30puHu aypakama UcTu(Oaa IIyaaacT, KU pakaMu
aBBasl 00 pakamu 000 Ba pakamu AytoM 00 pakamu Tabpu(pXo, TACIAUKOT, JIEMMAXO,
TeopeMaxo, I30XX0 Ba (popMynaxo MyBopHuKaT MeKyHaJ. MaTHH IuccepTaTcHs aap

oapromau Microsoft Word maBumTa nrymaact Ba a3 193 caxuda ubopar acrt.
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BOBU 1. BAPPACUUN HATNYAXO OUJI BA HABAPUSAN MACBAJIAXOU
HUJIOPAKYHUU CAPXAJIM
1.1. MabayMoTu yMyMid

Hazapusm Marematukii ous 6a paBaHAXOM HIOPAKYHH a3 dXTHEYOTH 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 Myonuiaxou auddepeHcuanuu ofi
oBapaa MmemaBaHj. bapou Macwkanaxoe, ku 00 Myonunaxou auddepeHcuanuu ofi
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 OObEKTX0€ 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 poOUTaIoIITapo MeHOMaH . H poburta
acoCaH TaBacCyTHU MyoJuiIaxou nuddepeHcuanii MyaisH Kapa MelIaBa/l.

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

Cucmema 60 napamempxou Mymamapxa3 cuctemMae MeooIias, K1 XojaaTu oH 00
IITyMOpau MmapaMeTpXOr OXUPHOK MyaisiH MeIaBa.

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

mermaBaay [53] .

12



Mag3yn acocur Hazapusau UAOPAKyHH CE€ TYPyXH KallWJIUU Machbalaxopo Aap
Oap merupaja: MyHIOXHUJIAKYHUH CHUCTEMa, UJOPAKyHUU CHCTEMa Ba HUIOPAKYHUHU
ONTUMAJIUU CUCTEMA.

«Macvanau mywoxuoaxynii nOOpaT a3 MyailsiH KapJJaHU XOJIaTU CHCTEMa Jap
Xap Jax3au MyaisHinyaa 00 ucthudoia a3z MabliyMoTe MeOoIaj, KU Jap JaBOMHU
JaBpau MyIioxuaa 6a gact oBapia MeliaBal.

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 sSIK XO0JIaTh MyalsH 0a X0oJlaTh Jurap Aap KyTOXTapuH BaKT 00 3aXHpaxou
MaxJlyJl ”HTUKOJI Jo/1a masa» [S3].

«ap Hazapusu HIOpPaKyHHH ONTUMAI 0apod CHCTEMaxOW YEHAKaIllOH
OXHUPHOK YCYJAXOM TYHOTYHM TaJIKUKOT 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 MeliaBaHiA, Ku 0apou CHCTEeMaXOW 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/I.

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

«Taxusi Ba TaKMHJI JOJJaHU Ha3apus Ba TEXHUKAW CHUCTEMaxou ONTUMAai 00
napaMeTpxou TakcuMIilyga Hucbar O0a cucteMaxo 00 mapamMeTpXxou MyTamapkas
MYIIKWJITAp MeO0oIIaa, 3ep0o XapakaTh YyHHMH CHCTEMaxo 00 Myoausiaxou
dbyHKCMOHAIMM Mypakkad TaBcu( Kapaa MelaBaj], MacajlaH, 00 MYOAHIaXOH
nuddepencuanii 60 Xxocuiaxoum Xycycih 00 IIapTXou capxXaaid Ba UOTUIOUU
Mypakkab. UnoBa 6ap uH, 0apou YyHUH CHCTEMax0 MaXIyIUSATXOW HIIOBAri, ku 6a
TanaboTH aMalit BoOacTaaH 1, Xxejie Mypakkad Memasanay [24], [40].

Hazapusm macbhanaxou UA0paKyHHH CUCTEMax0 0O mapaMeTpXOu TaKCUMITyaa
Jap IrymMopau 3uéau KOpXou WM MaBpHUIU TaXKUK Kapop rupudraact. Macranaxou
0a muéHomana 00 ycyaxow (YHKCHOHAH, YCYIM 4YYyIO KapJaHU TariupEOaHIaxo
(ycynmu ®ypiie), ycyau nmaxamaBud 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

MYOJIMWJIAaN SIKYEHAKau MaB4il TaBcu(] MeEOaH

Myonunan maBuit, ku ngap acpu XVIII kamd mrymaact, sike a3 Myoauiaxou
MyXUM fap (U3MKau MaTeMaTukid MeOoia] Ba 60 HOMH OJMMOHU MAIIXyp, MHUCIH
Hanam6ep, Ditniep, bepaymm Ba Jlarpany anokamanna act. bo €puu onH, nap 6apobapu
JANUIIXON MEXaHWKH, MHYYHUH PAaBaHIXOM IMAXHIIABUU MaBYXOM 3JIECKTPOMArHUTH,
IPaBUTAaTCHOHI Ba MaBYXOHM aKyCTHUKH J1ap ra3xo, MO€bX0 Ba MYXUTXOHU CaxXT TaBCU(
KapJia MelllaBaHI.

«Jlap TaXKUKH XaJdXou KJIACCUKUU Machajlaxou oMexTa 0apou MyoJusiau MaBYi,
KM OHXOPO XaM3aMOH Machajaxou HOTHUIOW-capxadil HU3 HOM MeOapaH]i, OJIUMOHHU
3uéne caxm rysomraann. [lac a3 mampu xopxom H. Bunep, K.O. ®punpuxc, H.M.
I'tonTep Ba kopu OyHEmuu C.JI. CoboneB» [8] «nap HuMaun aBBasn acpu XX TaBaqqyx
0a COXTaHU XajJXou YMyMHIIIy/a Oapou mMachballad MOTHIION-capXajil MIaki TUPUPT.
Hatnyaxon OyHénin oug 0Oa Xamxow YMyMUIIYyJad MachajaxoW oOMeXTa Oapou
Myoauiaxou runepooni a3 tapadpu O.A. Jlagmkenckas» [107] Ba B.A. Wnitun [60]
0a nmact oBapja urygaanj. Macbanaxou MOTHION-capXaai Aap TaXKUKU Macbhallaxou
UJOPAKyHUHU capXaJid HAKIIKM KaluJad JOpaH] Ba IIyMOpad 3UEAM KOPXOM WMIMid Oa
Ha3apusaM WH T'yHa Machaliaxo Oaxmmaa myfnaana. Jlap 3ep TaxJmiau HaTu4axou 0an3e
MyauinoH ousr 6a Machajaau UAOPAKYHUHU capXalid Oapou MyoJusian MaB4il oBapja
MeIlaBa.

«bopu aBBaym Machajad MJAOPAKYHHUM JIAMMIIXOPO Jap IIAKJIM BO3EXH
matemarukii A.I. ByTtkoBckuii comu 1963 Oappacii mamyn» [39]. Hap kopu §
Machajiad Ma3Kyp YyHHH I'y30L1Ta MEIIaBaj.

«bur3op, paBanau uaopaiiaBadaa 60 Myouaan MaByii

Upe (X, 8) = a?u,, (x,t), 0<x<I, t>0, (1.1)
00 mapTxou HOTHIOUH

u(x,0) = px), u(x,0)=¢yYx),0<x<1I (1.2)
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TaBcU( Kapjaa maBaji.

Wnopakynit 60 épun dyukcusxou ((t) Ba v(t) aHqyoM m01a MeIIaBa:

u(0,t) = u(t), u(l,t) =v(t),t = 0. (1.3)

ba upopakyHuxou UMKOHMA3upu U (t) Ba v(t) MaxayausaT 4opi Kap/a IIyaaacT:
lu)IA Ba llv(t)ISA, xu gap ouxo A goummuct. Hopmaum sneMeHTH
UA0paKyHii MyBoGUKH (a3ou (PyHKCHUSIXOM HWIOpaKyHil MyaWsH Kapja MeliaBaj, Ku
DIIEMEHTXOM OH XaJ/UIM KIIACCHKA € YMyMUIIyIaW Machallal CapXaJupo MyausH
MEKyHaHJl Ba OH XaM4yH Katopu Dypiie 060 ¢yHKcHsixon xocu Mmachanau LItypm-
JInyBunn udomna me€dbany [39].

Makcaau Machana UH acT, KU Jap KYTOXTapuH BaKT JAMUIIXOU CUCTEMa Myppa
XOMYIII IIaBaH/, SbHE MIAPTXOU 3€PUH 0a UYPO pacaHI:

u(lx,T) =0, us(x,T) =0, 0<x<L (1.4)

«Yeynu Xalii TenHuxoakapaan § 6a oBapiaHu Machana 0a mpobieman
OeoxHpUyeHaKau MOMEHTXO acoc €dta, OapgaH TatOuku ymymucozuun ycynu H.H.
KpacoBckuiipo 6apou xaum Machaaaxou MOHAHIU CUCTEMaXOU YE€HAKAIIOH OXUPHOK
nap 6ap merupany» [102].

«ba xuco6 rupudTaHu TabuaTH MaBYMM MaXHIIABHUM OMIYOXO Nap YHUCMH
YaHAUPA HWMKOH MEIuxaJ, KU TabCHUPXOM HWJOPAKYHH Jap INAKIA TO aHJ03ae
ralipumykappapin uctudona mapana. Jap aifHM Xxoy, Xa/ud HuUcOAaTaH coaau
Machagaxou 0aco MypakkaOu CHHTE3UH UIOPaAKyHUH ONTHMAJTUH JTAMAIIXOH YaHIUP
(3ynamManuy oNnTHMaii 00 HIOPAKyHUXOM CapXaJud MaxIyd) Mysccap Merapaa.
Tabuat wmaBuyuu paBaHau Jjanum a3 4yoHuOu A.M. EropoB xaHromu Xajiu
Machajgaxou 3e€PHHU XOMYIICO3MH JaMuIIxXo 0a Hazap rupudTa mymaact» [49].

1. Macvanau xomyw xapoanu nanuwixo, Ku 60 Myooulau sK4eHakau mMasyil
mascug mewasarno. PaBang 060 wmacwamam capxanid (1.1)-(1.3) TtaBcud kapna
MmernaBaj, ku gap o (t) Ba v(t) umopakyHuxo MeOorana. Macbanan acocii UH acT,
KM JIAIUIIXO Jap KyToxTapuH BakTh T > 0 myppa XOMyII IaBaH[, SbHE MIAPTXOH

(1.4) nupo mwaBana. McOoT mrygaact, Ki BAKTH KaMTapUHUA UMKOHIIA3Up Oapou XOMYIII
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KapJaH! JIAMUIIXo 0a - Oapobap act. DyHKCUAXOH HIOPAKYHUH TyCTYUyIlIaBaH 1A JIap

IIAKJIA aHATUTUKHAH OIIKOP MYalsiH ITylaaH .

2. Macvanau opomKynuu Jnanuwixo, Ku 60 cucmemau  MyoOUIaxou
ouggepencuanii 60 xocunaxou Xxycycii mascug) mewiasano 6a 60 OH Oucép
MAcvanaxou 2UOPOMEXanurd, a’3pPOMEeXaHuKda, d1eKmpoMexaHuxka 8a paouomexHuxa
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)
UJOPaKyHUX0 MEOOIIaH 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 bapvaxc mavmut wiyoaacm. Papana 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) — dynkcusaxou momamyna Ba y°, yl — nommmxou nopamyna me6GolnaHi, 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. JImonc «60 uctudona a3z Hazapusu Hazoxou rujidepTit (yCyau SroHaruu
['mnbepT) Machanam XOMYUICO3WHU JANIMMIIXOPO, KU 00 Machalan capXalduul sKym
Oapou Mmyonuian MaB4il TaBcu( MemaBaHi, Aap cMHPHU (YHKCUSIXOM aOCTPaKTUU
Oedocmiia TaxkuK Hamymaact» [4]. AHuKail, aap KOpH § Machajgad OpPOMCO3UH
Janmnuixo 00 mapTxou capxaauu Jupuxie oMmyxra mygaact. 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 4ouubu XK.JI. JImonc GaéH kapaa ImygaacT. Y «ycCyilu Xallld
Machanaxopo Oapou xojare MENIHUXO0J HaMyl, KU MyIIoxuaa 00 &puM 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 GpyHkcusu Mymoxuaamasanaan U, (0,t) = y(t) 6apkapop HamMyTaHH
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 CaApXaJUpO HA TAHXO Jap XOJaTu
sKYeHaKa, OaJKU Jap xoJjaTh OucépueHaka HU3 TaxKUK Hamyna. Jlap osHma ycynu
HUM a3 4qouuOu morupaoH Ba madpaBoHH § 0a XOJaTXOM MYOAWJIaW MaBYUU
KBa3UXaTTid, MyoJIuJIan SKYMHCAN HAKJIUET, CUCTEMaXOou TUNepOony FalpraBTOHOMI

Ba Jurap cuHdxou Myoauiaaxo ymymi rapaouuaa mya» [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
MaBUil TaxKUK MIynaact, 00 TaBayqyxud Maxcyc 0a XOoJjaTh XyCyCHUU HJIOPaKyHHH
Hupuxie. Ycynxou anaaul nap UH 40 TaBcu@IIyna a3 MayMyH 3epuH HOOpaTaH:
anmnpokcuMarcus 00 YCyJau 3JIEeMEHTXOM OXMpPHOK Oapou Jauckperusarcusu (aso;
CXEMaxoM OIIKOpH (HAPKXOU OXHPHOK Oapou IUCKPETU3ATCUSU BaKT; aJIrOPUTMU
NEIIaKi MapTTy30pHUIIydal TPaJAUEeHTXOM XaMpoXIIyna 0apou Xajull Machalaxou
JTUCKPETH; yCyaud TMemakid, Ku ©Oa perymsipusarcusiu  (Oaraprubmpapopun)
ourapmonukuu TuxoHoB acoc €praact. CaMapaHOKUU METOJMKau XucoObapopi 00
HATHYaXOoHW TaupuOaxou ajajiid HUIIOH Joja IrygaacTt» [1].

Hap xopu JI.JI. Akynenko «hopmysiad OHIKOp 0apou HUIOpAKyHUH CapXaauu
MeMOpaHau pOCTKyHYa 00 MaxIydusiTX0 0a TabCUPHU HAOPAKyHAHNA a3 pYWM KUMaTH
MYTJaK OBapja IIyJaacT. XaM3aMOH, XOJIaTU HUXOW aTpodu XyplIud XOJaTH OpPOMIi
KaOyJ1 kapya meraBaay [26].

Hap xopu AtraeB A.X. «Machajad HAOPAKyHUHM capxaad Oapou Myonusiau
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 «macpaman WIOPAKyHUH
capXaJuu JanuIIxon Ma40ypuu TOpU IKYMHCA Ba Maxay/ 00 uctudomaa a3 XoCHIaxou
SKYMHA MOWJIM FaWpUXapaKTEPUCTUKHA (SIbHE XOCWIaxoe, KM CaMTalloH 0a camTH
XapaKTepUCTUKAXOW MYOAWJIau TOp MyBO(GUK HECT) Ba FaipucrarcuoHapii (00
k02 UTCUEHTX0€, KM a3 BaKT BoOacTaaHa) 00 My MIapTy capxaii Jap HYTXOoW TOP
MaBpUIM OMY3UII Kapop Tupudraact. Mebé€pu MaBUymUATH XaIau akal K gyt
UJOPAaKyHUU capxaai Oapow Janumxon MadOypuud TOPU MaxIyd TaBacCyTH WH
XOCWJIAXOW SKYMH MOWJI Jap Xap Ay HYTW OH Jap MauMyHW XajdXOou KJIACCUKi, ShHE

byHKCHIXO0H oy MapoTHOa Xocuiiau O0edocuiamoira, 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 rapaupmaact, KM MIAPTXOM MAaBYYIUATH YYHUH MJIOPAKYHHMXO 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 makonau @.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 MYyalsH HaMyJaHU WJIOPAKyHHH CapXaJauu
yycTyuymaBanjga coxrta Imynaana. Kopu [41] Oa uctudonmam anmpokCHMaTCUSIU
OXHMpUYCHAKaW Machalad MIOPAKyHHU capXaiai Ba kopm» [42] 6a meromu Dypiie acoc
édraact.

«baw3e Hatnyaxou @.I1. BacuneB Ba morupaoHu y, ku 0a yCyaxou TaKpuOUU
XaJUTH MachajaxOoW WAOPaKyHH Ba MYIIOXMIAKyHH ajloKaMaHIaHmd, 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 MeNHUX0A rapammaaact» [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 HWJIOpaKyHUU capxaauu sikrapada Ba ayTapada HUIIOH J10Aa HIYAAacT.
MeTtoau dapkue, Ku 1ap UH KOPXO COXTa IIy/1aacT, XaHTOMU MaiaKyHUU TypHu (hapKi
0a MIOpaKyHUXOW CapXaJWH JOPOM HOpMau MUHUMaIUU L, 60 MabHOM KaBil Aap
MeTpukau cuHdu L, Ha3IUK MeIaBaHI.

«ba ycynxou TakpuOMU XaJUId MachajlaXOM HIOPAKYHUXOHM capXaii Jap
I'y30PHIIXOU TYHOT'YH XaM4yHHH kKopxou M.M. IToranos Ba morupaonu 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
6oman, gap docunam BakTh T TaxkKuk mnymaact. [llaptxoe Oappacit mMerapiaaHi, Ku
HYTH 4aly CTEP>KeH MaxKaM Kapja IryaaacT, HyTh poCcT 030/ MeOOIIIa ] Ba HIOPAKYH
TaBacCyTu capOopuu OepyHUHU KyHIaJaHT Ba X0JIATH HOTUAON aMallidl Kap/ia MerIaBa/.

«Cuncuinan Oy3ypru Kopxou wiMmue, ku a3 yoHubu B.A. Wnitun Ba
E.M1.MouceeB wypo rapamma, OabgaH a3 YOHUOW IIOTUPIOHU OHXO HIOMa IO/
mynaasa, gap conxou 1999-2013 6a namp pacumaana. H xopxow uiMii 6a Xajiu
Machajgaxou WAOPAKyHHH CapXaaud paBaHAXOM MaBYdl Jap JOUpaul XaJulH
YMYMHIITyZIal MachalaxOM OMEXTaW capxadi-uoTumon Oaxmmma mrygaada. lap oros
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
aBBai a3 yoHmOu B.A. Wit nmap kopxom» [62] Ba [65] dopi Kapnma IrygaaHm.
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)
MeOoIaH, MyalssH Kapja MemaBajg. Xap SKe a3 WH XOCHJIaX0 Ha TaHXo 0a cuH(pu
L,(Qr) Taamnyk mopan, 6anku xamuyHuH Oa cuHdu 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 (Q;) mu3 Taspud noma memasan). Taaalyk JOIITAHM XaluId Machana 0a
WH CUH(XO0 UMKOH MEIMUXaJl, KU Tamabotu 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
IIIOTUPJIOHU § 0a 1acT oBap/a mryJgaaHa, oBap/ia MemaBaH/I.

Hap xopu B.A. Nniiun Ba B.B. TuxomupoB «Macbhaiau 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 UIOPAKyHUU capXaiai €dranu 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 MeHaMOsTHI. Myamindon ucOoT Kapaaana, Ku Gocunan
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 WU(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 uoopaxyHuxou yycmyyyulasanoa Xaueomu 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 IIyIaacT.
bapoun xomatm T > (makukrapam [ < T < 20) maknu 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 TYy3apHIlId paBaHIPO a3 XoJaTh UOTUIONH MXTUEPH O6a X0JIaTH 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. MiniinH Machaiaxou UAOPAKYHHH capXaaupo 00
MabHOW XAJUTH yMyMuirynan myoawnau (1.1), Ku MaBUyIusITH SHEPTUSH OXHUPHOKPO
TabMHUH MEKyHaJI, MAaBpUIM TaXKHK Kapop Jo1. Jlap WH KOpX0o XaMau Machaliaxoe, Ku
KabnaH 00 MabHOM XaJUTu Kiaccukun myoxwnau (1.1) Gappaci myna Oynmann, nap
HIAKJIA YMYMUIIYA TaXJIWIT TapAuIaH].

Ske a3 Teopemaxou acocupo a3 Kopu [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 00paHO» [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]] OylTaHH 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
aurap aap makoian Hukutua A.A. [119] ky4oHuna uryaaas.

Hap xopxom B.B. TuxomupoB [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 LIAPTH 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 HYrd TOp aMaayd MellaBaJ, Machbajlad MIOPAKyYHUH capxain
XaJJld SrOHAa Haaopal, sbHE Xamuiu Oeoxup Aopad. TaOUUCT, KM Jap YyHUH XOJaT
Machaigan 9yCTYyYyu HIOPAKYHHH CapXaauu onTtuMaiii 6a Mu€H meosn. u macwana
0a OH paBOHa ITyAaacT, KM a3 MUEHU XaMaW UAOPAKYHUXO OH HUJOPAKyHH MHTHUXOO

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 aMmalil 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 Machanau
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 capXaauu onTumanii 6a Mu€H Mmeosin. MH Mackana 06a OH paBOHA
myfaact, ki a3 MuSHM Xamanm Qyskcmsxom u(t) € W,'[0,T], xu muaopaxyHuxown
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 JTOMAITyIau 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.

HH uoopaxynuu onmumanii 60 goopmynau 3epun 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] ¢yurcusu 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].

26



Kalng kapgaH mMyxuM acT, KM Jap XaMad KOPXOHU 3HKPIIya MachaIaxOu
ONTUMAJINA HJIOPAKyHHHM CapXaaid Jap acoCH MachajaXOoh OMexTa 00 IIapTXOoH
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 aHAJIUTHKA OapoM XaJIM YMYMHUIIyAau MacajlaxOou OMEeXTa Jap MYyIJIaTH
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 machanaum omexTa 0O MIAPTXOU CapXaJUU SIKYUHCAW HABBU
CEIOM JIap IIAKJIM aHAJTUTUKIA Oapou pocuiian BaKTH IUiaxoxu 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 MCOOT HIygaact, kKM 6apou udogan xami 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] macwkanaxou ujpopakyHuu capxaii 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 CapXaJuH HaBbU CEIOM Jlap HYTH Yaru TOp
XaHTOMH MYyCTaxKkaM OyJlaHH HYTH pocT act, Medorram [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 JIAMTUIIIXOW YaHIUPHH CUCTEMAaX0, KU 00 MyOoanial MaBYHMH 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 06a TaBpu Mydaccan Gappacii mrygaasj.
Xamm ymymumyna a3 ciHOH 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 UIOpPaKyHUU capxalil xaM 0apou XaJUTd KJIAacCHKid Ba XaM O0apou
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 MaxJIyaTap acT, 3epo 6a QyHKcusIxou cuHdH L,
IApTXOW WJIOBAarm Ty30INTa MEIIABaHJ MaXIyOUATXOW 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 IIyaa OymaaH/I.

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)
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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 sk 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 § Machaian ONTUMHU3ATCHS OApOU BAaKTXOHM KaJIOH 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 FapuwioKalid Jap Ty3opulld HuUcOaraH 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 ImrygaaHja, KM Jap OHXO XaJUTM 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. Jlydbepenko «macbanaxou 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 HHUYYHUH MacbhalaxoH
UJIOPAKyHUU capXauy ONTUMAIUPO Jap Xojare TaXKUK Kapj, KU CTepkKEeH a3 sIKYaH]I
KHCMaTXo ubopar acr.

Ax karop xopxou A.M. Eropo Ba JI.LH. 3nameHckas «0a Macbhaliaxou
MYIIOXUJIAKYH Ba HJIOPAKYHWH JIAAIIXOM OOBEKTXOM MaiBacTmiyga 00
napaMeTpXou TaKCHMIIyla 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, sS’bHE cucTema a3 Jay OOBeKT Talkui &draacr.
Jlanumixon sk OOBEKT 0O MyoJujIaW MaByil 00 IIAPTXOU 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. bapceran Ba C.B. Cononyma «Macbanan UIOPaKyHUU 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 KuUMaTxow jgojamryaad (yHKCUSIM TapAull Jap Jiax3axou
dbocunaBuM BaKT TMEMIHWUXOJ IMynaacT. bapou caHUMIM TaxXKUKOT Tadypubaxou
xuco00apopit Ty3apoHua myaa, rpadhukxon MyBoQHUK COXTa ITyIaaH 1, Ku HATHYaxou

OamacToMaaan TaXKUKOTPO TacauK MeKyHaH» [32].
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«Kaiin xapman 6a maBpup act, ku B.P. bapcersa 60 xaMpoxuu morupaoHant sk
KAaTop KOPXOM WJIMI HAIIp HaMylaaHI, K 0a Hazapusiu Machalaxou HIO0PaKyHUU
capxani Oaxmma mygaasnay [30], [31]. Comu 2016 monorpadusu § [33] Hamp mryx,
ku 0a MachalaxoW HJIOPAKyHHMH CHCTEMaxOoW ITWHAMUKUN XaTTUU TapKuOil Ba
cucTeMaxou 00 maptxou (QocuiaaBuM OUCEPHYKTa 00 MaXIyauATX0 O0a KAMAaTXOH
KHUCMXOHM TYHOTYHH KOOPJAMHATXOM BEKTOpH (hazaBil Jap jax3axou (ocuiaBUU BaKT
Oaxmuaa mrygaacT. bapou cuctemaxoum MyIIaxxacu TapKuOi Ba cuUcTeMaxow 00
mapTxou ¢GocuiiaBum OUCEPHYKTA XaJIM OIIKOpP Oapou MachadaxoW HIO0PaKyHH,
UJ0paKyHUHU ONITHMAJIHA Ba YCTYBOPCO3# 6a JacT oBap/a IIyJaacrT.

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

TaBcudmasanga gap coxaum 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 Jlamambep mermHuxon mrygaana» [27]. Tagkukotn awrape, ku 0a
Machajgaxou TYHOTYHH HWIOpPaKyH@ OapoW CUCTEMan MYOAMJIaXOWM 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. igjopakyHuxou capxanai 60 IMapTXou mMachaliad TyIOMH
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capxaaid HaBumTa InygaaHa. Jlap uwH TamkukoT ¢ap3 Kapaa IIymaacT, 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 MachajaXxOM 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
AKyM Ba JYIOMU capXaJil MyailsiH rapiujaanji, KM Makid oHXo 0a TaBpu Myaccup 6a
criektpu matpucau A Bobacra medomamxy [109].

Hap nucceprarcusiu KoznoBa E.A. «wMacbanaxou HIOpaKyHUH capxaai 00
IApTXOM Machajau capXaluu sIKyM 0apou CHUCTEMaxOu MYOAMIIAXOW TUIEpPOOIHH
TapTUOM JyIOM TaxXKWK IIynaaHn. Jlap oH Xalium Machajiad WAOpPaKyHUH 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 Machaylau
UJIOPAaKyHUU capxajil Oapou Myoausiad HaBbU TUNEpOOIWMU TapTUOU IytoM 00 1y
Tariupébangan HoBoOacTa, KW XOCWJIau OMeXTapo Jnaap Oap wmerupaa, Oapou
HAMYJIXOM TYHOT'YHH COXaXOHM XapaKTepUCTHKA Oa mact oBapma mrymaact» [100].
NuuyHuH, XaJIau Machaidad WAOPAKyHHU capxadid O0apoW CUCTeMan MYOIUIaXOH
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, Aap acocu rydTaxou 000, MO METAaBOHEM XyJioca Oapopem, Ku
Machaaaxou aCOCHH Ha3zapusiu UAOPAKyHH, a3 qymia HIOPaKyHUXOHU capxaiai Oapou

MYOJIiJIal MaBYMU SIKI€HAKau IKYMHCa Mydaccaa OMyxTa IIyl1aaH/I.
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1.3. lapxu HaTH4YaX0 o]l 62 MACHAJAX0U HIOPAKYHHU paBaH/IX0e, K1 00

MYOIMJIAM AKYeHaKau Tejerpagn rascug Meédany

Myonunau sikueHakau Teierpadi aMcuiian MaTeMaTHKR Oapou IryMopau 3uéau
paBaHaxou (puU3HKA MeOoIIan, KU aXxaMusATH amMasid AopaHia. Myoaunau Tenerpadi
dbumopu HadT € Tazpo gap KyOypXxo TacBHp MEKyHal, TMHAMHKAW KyBBaW 4apa&HPO
XaHTOMHM TIaXHIIABUM MAaBYXOM OJJIGKTPOMArHUTHA Jlap XaTXOW TYJIOHH TaBcud
MEHaMOSJ], JIAMMHIIXOW O030d MYXUTH TeoJorupo ((UIIopxow TUIACTHKA Ba
YOUMBA3KyHUXOPO) HU3 IIAPX MEIUXA.

Hap xutoou TuxonoB A.H. Ba Camapckuit A.A. «Macwanau Komm OGapou
Myoauiau 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
myonwian (1.7) taBaccytu Qynkcusiu beccenu Taptubu cudpit udona Edraact
[142].

bosin kaiinm kxapm, Ku cucteMaum MyoAwsiaxou Tenerpadi Oapou Xxosare, Kd
CUTHAJI fap xar 60 taxpud uHTUKOI Me€0an, 6a myoamitan (1.7) oBapaa MmepacoHa.

«Harugaxou 4onu6, ku 0a Machajiau UIOPAKYHUU capXadil 0apou Myonusiau
tenerpadin (1.7) maxn mopana, nap kopu B.A. Wmina Ba E.M. MouceeB 6a nmacr
oMagaaH/. AHHMKAII, Jap KOpYW OHXO MachalaW WIOPAKyHHH capXaai Jap fK capxajn
XaHTOMH MycCTaxkam OyJaHu capXaJau TyIoM, KM paBaH]l Jap aBoMU BakTu T cypar
Merupaa Ba 00 Xauim ymymuinygau myonuian tenerpaduu (1.7) a3 cunde, ku
UMKOHUSATH BYYYI JOIITAaHW JHEPTHUSHM capXald I0pajl, TaBCHU( MeIIaBaa, OMyXTa
mynaact. UmopakyHuu capxaauu 9ycTy4yliaBaHaa 00 Tap3u aHAIUTUKHHU OIIKOp 00
uctudonan pynkcusixon beccennu yuHCH SKyM Ba CEIOM COXTa IIy/laacT. XaMYyHUH
ucOOT 1Iynaact, ku Jiax3au Baktu T = 20 kputukin medomany [67].

Hap makonau gurap B.A. Wnitun Ba E.M. MouceeB «machanam UI0paKyHUU
capxajJuu paBaHaepo, ku 60 myoawnau (1.7) TaBcud MemaBan, nap 1y capxaa TaXKUK
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kapmaann. [llaprxom 3apypum By4dyn JOMTAaHW HIOPAKYHHXOH  CapXaauu
qyCcTydyIaBaHa XOCHJ Tapauaa, XaMIYyHHH oHX0 00 épum ¢yHKcusxou beccenmm
YUHCH SKYM Ba CEIOM JIap IIaKJId aHAJUTUKUU omkop €dra mymaaana. MyammdoH
ucOOT KapJaaH/I, KU Jap UH X0JIaT JaXx3au BakTd Kputukin T = [ wmebOomiany» [68].

Hap makonau JI.H. 3namenckas Ba 3.1. [1oranosa [54], xamuyHuH 1ap 606u 6-
u moHorpadusu JI.H. 3HameHckas «Macbhaiad HUAOPAKyHUH pPaBaHIW Ty3apHUIITU
yapa€H Jap HOKWJI, KU 00 KyBBaW yapaéHu { Ba muaaata 9 , Ku GyHKCHUIXOH MaBKEH
HYKTal X Ba BakTW t MeOomIaHj, TaBcU( MemaBaj, Xamum xyapo EéQraact. Un

(GYHKCHUSIXO CHCTeMal MYOJIMJIaX0u Tejerpauu 3epuHpO KOHEh MEKYHAH/;

{19X+Lit+Ri=0,
i, +CO +GO=0,

K1 Jap oH R Ba L — mykoBuMar Ba Kodddurcuentu xyauHaykcus, C Ba G —
K03 (DUTCUEHTXOU UKTUIOpP Ba HUXpod, KU Oapou SK BOXUIU NAapo3it XUCOO Kapaa
mynaaHs. XaulM KIACCHMKMM MachallaxOM TYHOTYHM capxalil Ba Machallaxou
UJ0PaKyHHHU capxazin 600 épun ycymu JlamaMOep nenrHuxo mygaact» [57].

Hap xopxou U.H. CMupHoB «0apou Tope, Ku a3 Ay KUCMATU T'YHOTYH nUOOpar
acT Ba MMIENAHCXOW Oapolap mOpaHj, MIAKIW AHAJIUTUKUU OIIKOPH HIOPAKYHHUH
capxaaii 00 YOWMBa3KyHM Jnap xap Oy KaHop €E¢ra miymaact, K Jap BakKTH
KYTOXTapUHU HMMKOHIIA3Up pPaBaHAPO a3 XOJjaru MOTHIOWHU Jojairyda 0a XoJaTH
HUXOUHU opoM Meopana» [136]-[138].

«Arap 4ONHMBa3KyHHH HYKTaW TOpP X Jap Jlax3au BakTH t 00 u(x,t) wuiopa
KapJa 1aBajl, Mac paBaHAM JIAMUIIN YyHHH TOp, KU Aap AaBoMH BakTH 0 <t < T

amaj MeKyHaJi, 00 MyoAuian tejerpaduu KaHUIIIOPH 3€pUH TaBCU( Kapaa MelllaBa/:

U (x,t) = {

AU, (x,t) + c?ulx,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 —k0>QOUTCUEHTH YaHAUPHA, P =
1 2

const —3uuun xartun kucmatn —l; < x <0, k, = const — xo3dpdurcuentu
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qaHaupi, p, = const — 3uuuu Xartum kKucmatn 0 < x < [,, [l; Bal, —amanxou
MycbOarn uxtuépii mebomana. Pap3 Kapaa MeraBaa, K Aap HyKTau MalBacTIIaBHHA
Iy kucMar x = 0 mapTxou XxaMpoxuryJaa KoHeb Kapa memaBasnay [136]:

u(0—-0,t) =u(0+0,t), kyu,(0—0,t) = k,u,(0+ 0,¢).

Hap xopxon M.H. CMHUPHOB «XaHTOMH TaxJIMJIM Machajlad MEUTHUXOIIIY/A,
Oapobapuy WMITEAHCXO axaMUSATH MYyXHM JOpal, sibHE p,k; = pyk,. ba MoHanam
xopxou B.A. WNnitun Ba E.MI. Moucees, Xa/uln Machajlanl UIOPAKyHUH capXadi, KU
N.H. CmupnoB édtaact, a3 ¢ynkcusixou beccen mctudoma medapan Ba docunan
MUHHAMAJIMA BaKT OapoW OpOM KapAaHW cHUCTeMad OappacWIliaBaH/a JIax3aW BaKTH
T =1 mebomany [137].

N.H. CMupHOB «HHUYHUH (opmynaxon Hamyau JlamamOeppo Oapou TopH
HOMaxXJyd, KM a3 Jy KUCMarh T'YHOTYH 00 3U4il Ba YaHIUPHUHU Xapxeja ubopar acr,
XOCHJI Kap/aacT Ba 7 Machajau OMeXTau HOTHION—capXaaupo Oapou Myojusiau
tenerpadun (1.7) xan xkapnaact. bapou xap ryHa ¢ocwian Baktu T IAKIA OUIKOPU
aHaTUTHKMK Xaum U (X, t) xocun mymaact» [138].

Hap makonau mymrapaku A.A. Kynemos, 1.C. Mokpoycos Ba .H. CmMupHOB
«XaJIIaBaHJarud Machbajiaxou omexra 6apou myoawian tenerpaduu (1.7) nap cundu
Ly, p = 1 mMaBpuau omMy3um Kapop rupudraact. Jlap uH KOp HULIOH J0/a LIyIaacT,
ku gap poctkynyan Qr = {0 < x <[} X {0 <t < T} xamwm sroHau yMyMHIIyIaH
machanan omexra 6apou (1.7) a3 L,(Qr), p =1 nap xonmaru ¢ = 0 60 maprxou
ubtunonn cudppii Ba capxamuu u(0,t) = u(t) € L,[0,T],u(l,t) =0 mapuyn acr.
Xaum Machasia 1ap MIAKIWA OLIKOPY aHAIUTUKHA coxTa mryaaact» [ 106].

Hap wmakonaun E.M. Moucees Ba H.U. IOpuyk «xamnum KiIacCHKid Ba
YMyMUIIIyJad Macbhballaxo Oapoun Myoausaum Tenerpadit 60 mnoreHcuanu Jlupak
MaBpUIM OMY3HII Kapop TUPUQTAACT. AHHUKAII, OHXO XaJUTH KJIACCHUKA Ba XaJUIH
KaBi-yMymuIrynan macbaian Komm Ba Machanan QyIOMH OMEXTa, XaMUYyHUH XaJUIH

KaBi-yMyMHUIIIy/lan (XaJUTd KJIACCHUKH BYYy/ HAJIOpaa) Machaiau sIKyMH oMexTa Oapou
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MyoJuIan Tejaerpadi, Ku y3BH 0301 aap oH 6a makiau Yo (X, Vo)u(x,t) mebdoran,
xocun kapaaana» [116].

bappacuu Macwanaxou HIOpaKyHUM capxaai 6apou Mmyomwian Tenerpadit 00
ko3 purcuentu Tarinpédbanaan 3epuH YOIUOU JUKKAT acT:

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

Hap xopxou Ab6aykapumoB M.®d. Ba Kpurckos JI.B. [11]-[20] 6apou myoaunan
(1.8) Oab3e machanmaxow HJOpPAKyHUU CapXalaid Aap Ty30pUIIXOM T'YHOTYH OMyXTa
IIy/1aaH/I.

Hap puconam Hom3amuu AOaykapuMoB M.D. «aBBaauH MapoTuba Oapou
myonwian (1.8) macbanaxow HIOpaKyHHHM capXaaid Aap xojaTu KodhPUTcueHTH
Maxayld Ba 4YCHIIaBaHAa OMYy3uil édraaHa, Kd OHXO wuOopar Oymang a3 1)
YOWMBAa3KyHHA Jap SK capxaJ XaHMOMH MycCTaxkaMm OyaaHH capXaad IyioMm; 2)
qONMBA3KYHI Jap SK capXaj XaHTOMH 030]] OyJaHH capXaau AyIoM; 3) yOoWHBa3KyH
Iap 1y capxal. XajllaBaHJlarud MachallaxOu HJIOPaKyHUM capxalad aap Jjax3au
KPUTUKHUM BaKT UCOOT Kapaa myaaana. ba Monanau narnyaxou B.A. Wniiun Ba E.A.
Mowucees, 6apou xonarxou 1) Ba 2) max3au kputukin T = 20 Ba Gapom xomatu 3) T =
[ meGoman. XaMuyHUH XaJlllIaBaHIarud XaMan MachajJaXxon OMeXTau MyBO(DHK Oapou
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 nax3au BakTh gunxoxy T > 0 Taxkuk mymaadz. Jdap xomarxou
Oucépkumara MyausH IIyJaHu UIOPAKYHUXOM capXajil, Machajdau ONTUMH3ATCHUS Xall
IIy/1aacT, KA OH Aap OaillHM Xxamau UJOPAaKyHHUXO a3 UHTUXOOU OH HIOpaKyHHe, Ku 0a
WHTETpaId SHEPrusM capxaaid KUMHUTal MUHHMalId Menuxan, moopar act» [21].
babnan, Hatndaxou puconan Hom3zaauu AdoaykapumoB M.®. nap makiau MmoHorpadus
Harp rapauaaact [23].

Iap xopu JI.B. KpurckoB «paBanze, ku aap poctkyndan Qp = {0 < x < [} X
X {0 <t < T} 60 myonunau (1.8) TaBcud mymgaact, 60 maptu u(l,t) = 0 MaBpuan

oMy3uIl Kapop rupudraact, ku kodhdurcuentu q(x,t) tanxo gap Qp 060 KBaapar
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saMinaBaHga Mmebomazn. Y wucOOT KapiaacT, Ku 0apodM HMH paBaHI Machanau
unopakysnu capxami 6o mapta u(0,t) = pu(t) xanromu T = 21 nap cuadn W, (Qr)
00 Tamabotu KamTapuH Oapou cypraruu GyHKCUSIXOU HOTHUION Ba HUXOW Ba WYPOU
mapTxou MyBo(ukar xanromu x = [ xajmiu siroHa gopaa» [103].

Kaiin kapgan 3apyp act, Ku Machallaxou UJIOpaKyHil ap Ghocuiaxou BaKTH a3
KPUTUKA KajoH O0apou kodddurcueHtn Gedocwmna Ba raiipumandpuu q(x,t) = q(x)
nap kopxou B.A. Komopnuk [2] Ba M.M. Iloranos [126] HU3 MaBpuIu OMy3HII Kapop
rupudTaan.

Hap pucoman poxtopuu AOaykapumoB M.D. «bapou myomunaum (1.8) 60
k03ppurcueHTn TariupéOanna a3 cuHpu (yHKCUsAXoM OO0 KBajgparT 3amMuIaBaHia
TeopeMaxo ouja 6a MaBUyAUAT Ba ATOHATHH XaJUTH MachalaXOu UIOPAKyHUH CapXaii
ucOOT Kapjaa IIymaan1, Ki oHX0 00 uCTH(OIan YOHNBa3KyHH € KyBBaW YaHIUPH Jap
X0JIaTXOM 3€pUH aMallil Kapaa MelIaBaH/: aMalld UAOPaKyH# Jap K capxa] XaHTOMH
MycTaxkam OyldaHu capXaju JYIOM; aMalld UOPaKyHH Jap SK capXaJl XaHrOMH 0307
OylmaHu capxajy JYyIOM; aMalld UJOPaKyHl JAap oy capxajJ XaHTOMHU BaKTH KPUTHUKM
[22]. XamuyHHH TeopeMaxo ouja 0a XasllaBaHAardkd MachajaXOM OMEXTau MyBO(HK
ucOoT kapaa mynaana. Hatuyaxou puconaun mokropuu [22] map monorpadusu [24]
HAIIp IIyJaaHI.

Taxaunum Ty3apoHWAANIyAa HUIIOH MEIWxad, Kd MachajaXxou HIO0PaKyHUH
capxaait 6apou myoauinau tenerpadii 60 korddurcuentu qoumuu (1.7) Ba Maxcycan
O0apou myoaunau tenerpadii 60 korhdurcuentu tariupéobangau (1.8) Hucbaran kam
omyxTa ImyaaaHna. Kaiig kapman 3apyp acT, KM CarXu MYWIKWIA Jap OMYy3UIIU
Machaaaxou HIOpPaKyHHH capxaai Oapou myomwnau (1.8) 6a o BoOacta acT, Ku
XaJUTA aHAJTUTUKWAN OIIKOPH OH TEIIONHI HaMeIlIaBa/l.

WH xopu auccepTacroHil XaMuyH U0Mad MAHTHKUAN TaXKUKOTH AOTyKaprMOB
M.®. Ba KpurckoB JI.B. meboman. Jlap oH Machanaxow HAOPaAKyHUH CapXaJaud
TapkuOil Ba Machajaxou oMexTtanm MyBOopHUK Oapom myomwrtan (1.8) Taxkuk Kapaa
MeIIaBaHj, XaMYyHHH Machajlal ONTHUMHU3ATCUS Jap XOJIaTu OucEépkKumara MyausH

IIy/IaHU UJIOPAKYHUXOM capxaiil Oappacit Mmerapaa.
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BOBH 2.
UIOPAKYHUU CAPXAJIUM PABAHJIXOE, KM BO MYOJIUJIAU
TEJETPA®I 5O KOO®®UTCUEHTHU TAFUUPEBAHJIA TABCU®
MEEBAHJI, TABACCYTH YOMUBA3KYHI JAP CAPXAJIH YAII BA
KYBBAU YAHJIUPH JAP CAPXAJIU POCT

Hap un 600 «060 MabHOU XAJUTH YMYMUIITyIau MYOAHJIau Tenerpaduu sxkuyeHaka

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

Machajaan UIOPAKyHUU capXaIud paBaHIX0e, Ki 00 MH Myojuia TaBcU(] MeliaBaHI»
[23], [24], maBpuau TaxKHK Kapop Merupana. MagopakyHit TaBacCyTH YOHMUBA3KyH aap
capxaau yanu X = 0 Ba KyBBau YaHJAMPH Jap capXaJd pOCTH X = | amaii Merapaa.

bo6 a3 4wop Oanm umbOopar act. Jlap OaHau SKyM Ty30pHIIM Machaja Ba
Tabpudxou 3apypit oBapaa MemapaHia. Jlap OaHau nyroM machajad MaBYYAHUST Ba
ATOHATUW XaJUTM MachalaxOu OMeXxTa Oapou Myoawiam OappacuIliaBaHAa TaXKHUK
mynaacT. ba Hatm4yam acocun WH 000 — MCOOTH MaBUYIMITH XalUIM Machaiaau
UIOPAKyHUHU capXaaid xaHroMmu T = [ Ba sroHarum oH XaHromu T < | GaHIU ceroM
Oaxmmaa mrymaact. Jlap OaHam 4YopyM HIOPaKyHHXOHM CapXaJud ONTHUMAJId, KH
TaBaCCyTH YOWMBA3KYyH! Jlap capXaad 4Yall Ba KyBBaW YaHIUPHA Jap capXaad pOCT
amani merapaada, maap (ocwranm mxTuépum 0a Kaapw Ko KaJoHM BakT Oapowu
paBaHIX0e, Ki 00 MyoJWJIaW JIAIUIIXOM MayOypuud TOp TaBCHU(] MeIIaBaH, COXTa
mynaana. MH Myomna Xonatu XyCycuu Myoauiian OappaculiaBaHaa MeOoIa, 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 wuHTerpau

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 memauxon mrynaact [65]. Taspudu un cuadpo meopem.
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Tabpupu 2.1. «Merysua, ku pyHxcusu nyrariinpébanman 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 WMH, 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 rapuaaact, HCTH(OIa MelaBa/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 gorrra 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, KH 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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MeCo3al, 1ap XO0Jie KU MIapTu AKyMH capxaanu (2.2) Ba maptu sskymu uotugonn (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 aiiHusTU (2.7)-po Oapou xap ryHa
dynakcusu  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 AyloMu Huxouu (2.5)-po kapub map xama Joiin [0, ] koHes Meco3as.

Tabpudu 2.5 Xamm ymymumygsa a3 cuadu W, (Qp)-m Machaman
unopakynuu capxaauu |l rydra, xanmm macranau omexrau | - po a3 xamun cuad 060
uyyauH Qynxcusu u(t) € WE[0,T], xu 6apou on maprxou Mysodukar (2.4) Ba (2.6)
napo merapaana Ba (ynkcusiu 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. SIKKNMaTa XaJIaBaHJIarud MachaJaxom oMexTa

Jlap wH GaH7 caBOIM MaBUYAHAT Ba STOHAIMM XaJIM Machajlaxou omexrtau | Ba
Il, ki map 6ann 2.1 ry3omira nrynaan1, MaBpUId TaXKUK Kapop METUPa.

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
W(Qr) az ax xan 3uéd dowma namemagonao.

Mcodot. Hakman ncbotn tacauku 2.1-po 6apou machanan omextau | 6a TaBpu

myxTtacap 6aén Mekynem. dap3 mekyHeM, ku Oapou Machanau omextau | qy Xamiu
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u(x,t) Ba uy(x,t) a3 cundm W, (Qr) maBuymanm. OH TOX (apKM OHXO
u(x, t) = uy(x,t) — uy(x, t) xamam Machaiau 3epuH Merapaa:
U (X, 8) — U (X, 8) =0, 0<x <[, 0<t<T,
u(0,t) =0, u,(Lt) =0 xanweomu 0<t<T,
u(x,0) =0, u(x,0)=0 xaumromun 0<x <L

bo napHazapnomty uH, alHUATA UHTErpaliuu (2.7) MaKIu 3epUHPO METUPAL;:

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

Axuyn Qynakcusu @ (x, t)-po map makiu
O(x,t) = 9(x) - (1)
MeHaBHceM, ki gap OoH f(t) — xap ryHa QyHkcusu ay Mapotuba Oedocuia
muddepencuannazup gap TaMOMH XaTTH POCTH XaKUKid MeOOoInaa, Kd XaHTOMH
t >ty to <l 6acudpp 6apodbap act Ba J(x) — sike a3 PYHKCHIXOH XOCH Machayian

CIIEKTpaJIU
{ﬁ”(x) + A9(x) =0,
9(0) =9, (1) =0
MeOoras, Ki 1ap oH A — KUMaTu Xocu MyBo(HK acT. Humon gogan AymBop HECT, KU

n(2n+1)

I (x) = sin X, n € Z. bapou aH4YOM JnofaHW WCOOTH Tacauku 2.1 J103uM
MEOAJl, KU XamMau Myjoxuzaxou pgap kopu [60] oBapmamygapo Takpop Hamyna,
WHYYHHH a3 Jajieian Mabiymu kopu [135] uctudona Oypaa masa.

be Maxaya kapAaaHu yMyMUST, Jap U0Ma Macbhajgad omextau |-po map xonare
Oappacii MeHamoeM, ki gap oH @(x) = 0 map nopuau [0, 1], Y(x) yacypu 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
mraprxou myBodukar (2.4) Ba (2.6), 6osx maprxou p(0) =0 Ba u(T) =0 wuypo

rapaasz.
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bo pamsxou u(t) Ba v(t) pyHkCHIXOEpO HIIOpa MEKyHEM, Ki MyTaHOCHOaH 00

u(t) Ba v(t) xauromu 0 < t < T myBouKaT MeKyHaH[ Ba XaHromu t < 0 xamMuyH
cup nnoma noaa wynaana. AEH acT, K fap aiinu xon p(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 + = j J f (&, 1)dédr, (2.8)

0 0 x-—t+t

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

Hco6ot. bo uctudona a3 xocusarxou dpyuakcusxou f(x,t), u(t) Ba v(t) 6a oconi
CaHYMIaH MYMKHUH acT, ku xanromu T < | ¢ynkcusu (2.8) O6apou xamau x € [0,]
mraptu capxaanu u(0,t) = u(t) sa mapru udotugonn u(x, 0) = 0-po KOHEH MECo3a,
XaMUYyHUH Imaptu capxamuu U, (l,t) = v(t) Ba maptu nbtrmonn u;(x,0) = 0 -po
Kapub map xama yoiin nmopyau [0, [] kanoar mexynoHazn. ITac, 60KA MEMOHA HUILIOH
UXEeM, KM UH (DyHKCUS allHUATH MHTErpanuu (2.7)-po KOHEb Meco3aj, KU Jap OH
p(x)= 0 Vx €]0,l] Ba Y(x) yucypu cubppun cundu L,[0,l] meborran, spHE
O0apobapuu

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

0
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 ¢pyukcusu P (x, t) a3 rabpudu 2.3.

43



bo uctudona a3z mHTErpanTHpit a3z pyiu xmccaxo 0a KMCMH dHanu OapoOapuu

(2.9) maxkau 3epUHPO METUXEM:
T

T 1
Lyfo = j j[ux(x, D, (x,t) —u(x, )P (x,t)] dxdt — f v(t)P(, t)dt —
0 0

0

T 1
_ f f £, D (x, £)dxdt. (2.10)
00

XaMuH TaBp, 0apon aHYOMH HCOOT KO(PHCT HHUIIOH AMXEM, KM KUCMH POCTH
(2.10) 6a cudp 6apobap acr.
Bo f(x,t) gpyuxcusn ubtuaonu auixoxu dyukensu f (x, t)-po a3 pyiiu x uiopa

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

t+x—1

U(x,t)=—g(t—x)+J v (t)dt +

bJIPA
N| -

t t
ff(x+t—r,r)dr+ J (x —t+1,71)dr.
0 0

Ba oconil caHyua Memasaz, ki dynkcusu U(x,t) 6a curdu W3 (Qr) Taamnyx
nopan Ba 0apou Kapub xamaum HYKTaxoW poCTKyH4Yau Qr Oapobapuxou 3epuH UYPO

MeIIaBaH/I;

Ux(x: t) = ut(xi t), Ut (x, t) - f(xr t) = ux(xr t)

bo napnazapaomu uH 6apodapuxo 1opem:

.[TfUt(x, D, (x, t) dx dt—ff (x, )P, (x,t) dxdt —

T 1
‘ff” (x, )@, (x, t) dxdt—fv(t)cb(z £) dt —
00

0
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T 1

T 1
—J 0ff(x, )P (x, t)dxdt = —OfOJU(x, )P, (x, t)dxdt +

T 1 T T
+ fl, )P (x, )dxdt — | DL OFA ) dt— | D, OU L) dt +
/] | |

T

T 1 T 1
+ U(x, t) D, (x, t)dxdt — | v(t)P(L, t)dt — flx, t)P(x, t)dxdt =
/] / /]

0

T T T
=— j O f(,t)dt — j O, (LU, t)dt — f O v(t) dt =
0 0 0
T T T
= —jcb(z, )f (1, t) dt+fCD(l, U, (1, t)dt—jcb(l, Hv(t)dt =
0 0 0
T T T
— —fcp(z, OF (L t)dt+JCD(l, OU, (L £) dt+jc1>(z, OF (L 6) dt —
0 0 0
T T T
— ] O, t)v(t) dt = f O, t)v(t) dt — j d(1, t)v(t) dt = 0.
0 0 0

Tacauku 2.2 ucO0T mry.

AxHyH Macwkanam omextau l-po 060 maprxom wuOTHmOMHM cudpum (2.3),
60 Qynkcusxou capxaauu uxrtuépun u(t) € WL[0,T] Ba v(t) € L,[0,T], xu
aBBajMHAIIOH 0a 1maptu myBodukaru ((0) = 0 ToOeh acT, UHUYHHUH 00 (PYHKCHUIXOU
uxtuépun f(x,t), q(x,t) € L,(Qr) 6appacii MeHamoeM. TacauKU 3€prH IypyCT acT.

Jlemman 2.1. buesop, T <1 Ba q(x,t), f(x,t) € L,(Qr) 6owano. Ou cox
xannu ymymuwyoau macvanau omexmau | az cungpu W3 (Qr) xap eyna gpyuxcusu oap

Q1 maxoyou u(x,t) mebowao, ku 6apobapuu 3epunpo KoHeb MEHAMOSO:
t+x—1
ulx,t) =ult—x) + f v(t)dr +
0
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t I—|x+t—1—7|

1 d d
+ f . j [q(&, Du(E,©) + f(E D] dE +

|x—t+1|

o

x+t l

f dr f [q(&, DU, 1) + f (£, )] de. 2.11)

2l-x—-t+t

bapou 6a mact oBapmanu Gapobapuu (2.11) xodwuct, ku map dopmyman (2.8)
xocusatxon  (yHkcustm  f(x,t)-u  OepyH a3  Xyayaxod pPOCTKyHYaun Qrp
JaBomomarryaapo 6a Haszap rupudra, mac a3 oH aap myoauaau (2.1) 6a yoiiu f(x,t)
udonau q(x, t)u(x,t) + f(x, t)-po ryzopem.

Isoxu 2.1. Arap u(t) € Wi (=&, T] Ve >0, v(t) EW,(—&,T] Ve >0,
xkoahurcuentu q(x,t) xampox 00 xocuiaan oH G, (x,t) map Qr mMaxmyn OomaHa Ba
byukcusiu f(x,t) 6a cunpu Wzl (Qr) Taamnyk moriTa OoOIaj, OH TOX Xa/lIM Machalan
omextan |, xu map gmemmam 2.1 OGappacéi mygaact, ©0a cuHu
W.2(Qr) mancy6 xoxan Oy,

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

O eox myoounau uumezpanuu (2.11) xannu seonau maxoyo oopao. faip az uwn, 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.

Hcodot. Teopeman oBappaanryna 6apou xap sk kumata T < | 0a Tap3u MOHaH]
ucOOT Kapaa MemaBan. A3 UH py, 0e Maxaya KapaaHu ymymusTt, Xxomata T = [ -po
Oappacin meHamoeM. MyBodUKH Hakiae, Kd gap kKopu [15] memHuxoj Nrygaacrt,

KBajpaTu @Q; -po 60 XaTXOW XapaKTePUCTUKHH X =t Ba x = [ — t 0a 4Op KUCM HyJI0

MekyHeM. Jlap coxaxou XOCHJIIIya: CeKyHYan 4, = {(x, ):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 As_{(x t): 0<t<l— |t——|<x<l} ku 0Oa Tapadxou
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l
naxjayud @Q; yacnupaaHn; cekyH4yaum A, = {(x, t):E <t<|[l-t<x< t}, K1 Oa

acocu Oosnoun Q; uacmmpaact, u;(x, t) = u(x,t) xauromu (x,t) € 4; , j= 1,4
Mery3zopeMm Ba myHocuOaru (2.11)-po mait map maii Oapou HykTaxou (x, t), ku Oa
coxaxou 4, 4,, A; Ba 4, TaajyK IOpaHJ, XaMUyH MYOJWIaX0u UHTETrpani Gapou
épranm u, (x,t), u,(x,t), us(x,t) Ba u,(x,t) 6appacii MEHAMOEM.

Xanromu j = 1 myHocubaru (2.11) makiau 3epuHpo Merupai:

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

kugmapoa D, = {({,1):0<7<t;x—t+1<&<x+t— 1} A, meboma.

Myounau (2.12)-po aap makiu OrepaTopruu 3epHH MCHABUCEM:
1
w o) =5 [[ 6 Ddgdr + N6,
D,
KU JIap OH OIIEPaTopu

1
N0 =5 || ate Dxs dgr

nap dazou L,(A;) mMaxmym amaa MeKyHaJq Ba Oapod gapadaxod OH 0axoH 3epHH

IYpYCT acT:

tk
|[[NEx] (e )] < Sup Ix(x 01 llqll*, .- EN. (213)

, k
(x,t)ed; (ﬁ)km

Hypyctun 6axou (2.13)-po 00 ycynu MHAYKCHSM MaTeMaTHKi HCOOT MEKYHEM.

burzop k = 1 6oman. On rox, myBoduku HoOapobapuu Komu—byHsikoBckuii, mopem:

1
W21 01 = 5 ||| at oxs Ddgr] <
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x+t—1

t

1

<5 sw ol ||| egods |[a [ dss
(x£)ed, Dy 0 x—t+1

t
< Su x, t)| - - =
(x't)epAll)(( M- lallz,ap >

®dap3 MekyHeM, ki XaHToMu k = n 6axou (2.13) aypycr act. Xonatu k = n + 1-

po Oappacit MEKyHEM:

1
e ol <5 [[1a o1 Izl Ddsdr <
Dy

. . t xX+t-T
<5 Sw @Ol lall, ) e |[dr [ laDlde,
2 (x,t)ea, 2(41) (v2) y(2n)! . e ter
WHTerpanu oXvupuH a3
t X+t-T
\/E . tn+1
||Cl||2,A1' jfznd’f J d¢ = ||Q||2,A1'
J@n+1)(2n+2)
0 x—t+1T

KaJIOH HeCT, Ki UH 0axou (2.13)-po ucOot MexyHa.

baxou OamacTomMana HUIIOH Menuxala, Ku wMyomwnaum (2.12) Myomunau
WHTErpaany HaBbu Bosareppan uuHcH ayrom meboman. Arap f(x, t) = 0 6ormram, 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) byHkcusum uUXTUEpA a3
cundu L, (Q7) 6omran, mac xamm Myonuian (2.12)-po MeTaBOH Jap IIAKIA KaTOPH

MYTJIaK Ha3IWKIIaBaHaan HeiiMan HaBUILT:

(e0)

uy (x, ) = (1 + Z N{‘) Fi(x,t), F(xt)= % f j £(&,7)dédr.

k=1

burzop j = 2 Gomaza, oH rox gopem:
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1
w, (o) = (e =) +5 [[ £6ded +
D*

+3 [[ a6 Dus vdear +5 [[aEowEnazar,  @an

D34 D3,
KU J1ap UH 40

D _{( )0 < <t+x t—x+ t—x
21 — S’T' =7T=> 2 ) 2 2

-7 Sfo+t—T}CA1;

x + t|} /
—_— C .
T > 2

D>I< - D21 U Dzz.

t — X+t
D, {(E T): T<T<t |x—t+T|<f<T—

Azbacku coxau D, myppa nap coxau A; orup act, nac gap (2.14) unrerpanu
AyIoM ajutakail (yHkcusm Mabiaymu uq(x,t) -po map Oap merupan. bo Bopwun

HaMyJaHU UIIOPAXOHU

By ) = u(t — x) +5 jf Fe& nagdr+ 3 [ ate 0w e Dager

Djq

Ba

1
N1 0) = 5 || at6 oxs dsar

D3,
(2.14)-po map 1rakiu onepaTopi 603HABUCH MEKYHEM:
Uy (x, t) = Fp(x, t) + [Nauy ] (%, 0).
Bo uctudoma a3 ycynu HHAYKCHSIM MATEMATHKHA HUIIOH MEAMXEM, KU OIEPaTOPH
nap L, (A,) maxayn amankyHnangan N, 6axou 3epHHPO KOHED MECO3a/I:

[e(t —x)]*
< k .

keN. (2.15)

Xanromu k = 1 nopem:
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1
[[Nox](x, t)| < > J f q(n, D x(m, t)dndr| <

D33

2 (x,t)eh,
X—t+T

t T
1
<> Sup lx(o0)l- fj 42 (n, D) dndz - j dr j dn <
A, 0

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

Of(t—x)dr <

1 J(t—x)t
<= Sup [x(x, )" llqllza, v —2x)t < Sup [x(x, 0| lqllzs, - ——

B 2 (x't)eAZ (x,t)eA2 2

dap3 MekyHem, ku XaHromu k =n Oaxom (2.15) nypycr act, sSbHE

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

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

1
2201 < |5 || at DN A odndz] <

D3y

j j lq(n, )Tt = mrdndr <

D35

1 1
< — S )] - n — .

t

T
1
< Swp @Ol 10l gy || e [ G-y <

(x,t)e
2 0 X—t+T

t

< Sup Le(x o) gl ! j o
< Sup WOl ™,y [T s
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tn+1 (t — x)n+1

n+1 n+1

1
< S x,t)| - n+1 . .
oy, FC NN 2, gy \/

1 \/tn+1 . (t — x)”"‘l
< S x,t)| - n+1 . ’ <
(x,tlilgAzl)(( )l “q” 2,4, Pn+l.pl n+1

VIt (=)t
< S K n+1 . 2
(x,ggzlx(x M- Nlall™ =, 4, 271 (n + 1)1

XamMuH Tapuk, aypyctuu Oaxom (2.15) mcOor rapaun. A3 WH py, MyoaHiIau
(2.14) map coxau A, xamm Maxaya Aopaj, KM OHPO METABOH Jap IIAKIU KaTopu

MYTIIaK Ha3JUKIIaBaHIan Heiiman I/I(I)O,Ha HaMyI:

e e}

Uy (x,t) = (1 + 2 N2"> Fy(x,0).

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

+%ﬂ q(f,r)ul(f,r)dfdr+% ﬂ+ ﬂ q(&,Dus (¢, 1)dédr, (2.16)

D3, D33 D3y

KU JIap UH 40

t+x—1

D31={(€,T):OSTS ;2l—x—t+TSfSl—T}CA1;

l+t—x
D32={(E,T):OSTS ;x—t+r$€$l—T}CA1;
3l—x—t x+t—1
D33={(€,T):OSTS1I+X—Z;T+ T—T|Sfﬁl}CA3;
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l+x—t l—x+t
D34={(€,T):OSTSt;T+ T—T|sfg
<l+t+x—T T—t—x+l|} A
— C .
= 2 2 37

D** = D3; U D3, U D33 U Dgy.

Hap myomunam xocwmmygau (2.16) dop wmHTErpanum aBBal a3 (PyHKCHUIXOH
MabIyM rupudTa memasana. Oaxopo 60 F;(x, t) umopa Hamyna, HucOat 6a us(x, t)
MYOJWJIal UHTETPaIny HaBbU Bonbreppan 3epuHpo 0a 1acT MEopeM:

us(x,t) = F3(x,t) + [Nus](x, t),

1
KM JIap OH OIIEpaTopH MHTCIPAINH [Nau; J(x, 1) = E[ ” _” J (& 7)uy (&, r)dédr

map L,(A3) maxmyn amManm MEKyHalI Ba Japadaxonm OH Oa 0Oaxou 3epuH ToOEH

MEeOOIIaH/T:

T
|[N3f‘)(](x,t)| Sup |X(x t)l ”q”k2A _\/[t(X-I-t )]

, keN. (217)
(x,t)eds k!

Bokean, xanromu k = 1 nopem:

[[N3x](x, t)| < % ﬂ+ ﬂ q(n,)x(n, t)dndt| <
D33 Dss

x+t—1

j at f a(n, Dx(,t)dn| <

x+t—7

Sup |x(x,t)|- jf q?*(n, t)dndrt - Jdrj dn <

(x,t)el;

IA

t

< sup 1xCo 0l gl - f(x+t—l>drs

(x,t)els o
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< Sup [x(x, 0] llqllza, -V (x+t=Dt.

(x,t)eh3

dap3 mexyHem, ki xanromu k = n 6axou (2.17) mypycr acr, sibHE

—DIn
IAGOIS S ool lalr, =0

Xanromu k = n + 1 10po MelaBpem:

ol s [[+ [ )amowsem oo i <

X

t
1
< Sup x(x 0l llgl",, ,-jdf
0 l

j 4, O + 7 = DIrdny <

(xt)€A3
1 t X+t—7T
< Sup (e Ol lall",, 5 lallaa, [enar [ r—pran<
X 63 .
0 -7

t
jr”(x +t—[Hntl
d
n+1

IA

n+1 1
< Sup [x(o O llql™,, -
(x,t)eAs Az nl ]

< Sup |x(x, 0" llql™*, ,

(x,t)€ehs TL!

1 |t (x+t—-Dntt -
n+1 n+1 -

1 \/tn+1 c(x +t —ntl
. +1 .
< sup [x( 0l g™, -~ — =

(x,t)EAg

JIt- (x+t =D+t
< Su X, t ”+1 .
(xt)nglX( M- Mlal™ ., T Dl

XaMuH Tapuk, Myoauiaan wHTerpanuu (2.16) 6o mapHasapaorntu Oaxou (2.17)
aap coxad A; Xalad MaxIyn J0pai, Kd OHPO METABOH Jap IMaKId KaTOPH MYTIAK

HasauKimaBanaau Heliman udoga sHamyn:
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0

us(x,t) = (1 + Z N3’<> Fy(x,0).

k=1

HuxosT, Xanromu j = 4 Myonwsian 3€puHpO T0PEM:

1
u(x,t) = F,(x,t) + Eﬂ q(&,tu, (¢, 1)dédr, (2.18)
Dy

KM J1ap OH

t+x—1

Fy(x,t) =u(t—x)+ j v(r)dr+% ﬂf(f,r)dg‘dr+

0

tol [[+ ] )aeoum@nas+3 [[ 4w oazar+

Dy1 Dy Dy3

+ jf +jf a(&, Dus (¢, 7)déde

Dys  Dys

— (yHKCHSIM ailakail MabiayMm MeOo1iaa Ba

t+x—1
D41={(§,r):0§r§—;Zl—x—t+TSESZ—T}CA1;
[l t—x t—x
D42={(E,T):OSTS—; +T——S€Sl—r}cl\1;
2 2 2
D { )t—x< <l—x+t| 41l < <l l|} A
— ; - . |x-= ——|lt==|tc Aa,:
43 =106, T S ST= > Ix T_E_Z T3 2
3l—x—t x+t—1
D44={(€,T):OSTS1I+X—Z;T+ T—T|Sfﬁl}cﬂ3;
D _{( ):0 < <t+x_l_|_| l|< <x+t+l—r |l—x—t+r|}C _
s T \ED0sTs == ot |rog <8< 2 2 3
l l+x—t t—x+1 x+t x+t
S (AL, Gy B S PR, S M

C Ay

D*** - D41 U D42 U D43 U D44 U D45 U D4.
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Myonunau (2.18)-po nap makiu onepaTopi MEHaBUCEM:
uy(x, t) = Fo(x, t) + [Nyuy](x, t).

ba oconin 6oBapit XocuI1 KapAaH MyMKHH acT, KU OllepaTopu

1
Nywi] (v 0) = 5 f j 9 (&, Dug (¢, 1) dédr
Dy

nap L,(A,) maxmyn aman MeKyHaJ Ba Japadaxod OH 0axoW 3epUHpPO KOHED

MCHaMOSH/.

VI@t=Dx+t-DI¥

NExl(x, )| < Su x,t)| - k , keN. (219
|IN§ X1 (x, )| (x’t)&l)(( M-llall®, ,, (Zx/f)k-k! (2.19)
Bokean, ourzop k = 1 6omaa. OH rox gopem:
1
N1 01 < |5 [ aGr o odnde| <
Dy
. r t+x—1
<5 sw kol |[[ ooxmodd |[a [ a<
(x,t)el, 5 / -
y 1 ’

2

t

1
<5 Sup XCoOl-lalloa, - |[ (e +x—Ddr <
(x,t)€A4 ]

2

1 t+x—-0D2t-1)
<z Sup [xCx, O llqllza, - <
2 (x,t)el, 2

- D2t =1
< Sup |x(x,t>|-||q||2,A4-J(t+xm)( )

(x,t)el,

dap3 MmekyHeMm, ku XaHroMmu k =n Oaxoum (2.19) wmypo MmemaBaja, SbHE

n o V@E=DE+E=D]"
NGOl < Sup xGo Ol llgl™,, T
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AxnyH xonatu k = n + 1-po 6appacii MeHaMOeM:

1
[[N; x](x, )] < 5 J f q(n,7) [Ny x1(n, T)dndt| <
Dy

1 1
<z Sup [xC,Ol-llqll",,, ~——F=F7—X
2 (e, 24 (242)" -l

x+t—1

V2t = Dndr f \/(n +7—-D"q(n,t)dn <
-t

X

NhN\___\c$

1
<= Sup [x(x 0l llall",,, - qllz.a, ¥

1
2 (x,t)eh, (Zﬁ)n “n!

t x+t—1
X f(ZT — Dndt j m+t—D"dn <
1 -1

2

t

1 _ f Qr—-D*(x+t— Dt

dt <
n+1 t=

<l S t . n+1
up, (e O - llgll™*,

" 2ne, S 2) |

2

1 j1 (2e— D™ (rte-Dm

<l S RIE n+1
up Lx(x, Ol llqll™*,

= 2 (roen, .A4'(2ﬁ)".n! 2 n+1 n+1
1 V@t =D (x +t — Dt
< Sup [xCx, Ol llql™™*,,, - e T <
(x, )€, ~(2v2) el n+

< Sup IOl -l VLG Dt e DI
(x,£)el, (2v2)" - (n+1)!
Hypyctun 6axou (2.19) uc6ot rapaua. A3 ux qyo 6apmeosi, ku myoawian (2.18)
MyOJIiJIal WHTETPAJIMU HaBbH BonTeppa mebomian Ba nap coxam A, Xaud MaxIyad
Jopaj, KM OHPO METABOH Jap INaKJIM KAaTOpW MYyTJIaK Ha3JuKiIaBaHnan Heliman

MEIIHUXO0]T HAMY/L;
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Uy (x,t) = (1 + Nf) Fy(x,t).
k=1

bapou angom gomanu ucO6otu Teopemam 2.1 cydrarmm Xamumd XOCHIIIYIapo
TaXKUK MeKyHeM. A3 Oapo0Oapuu (2.11) 6apmeosia, ku xamm u(x,t) gap pocTKyHYaH
Qr 6edocuna MeOorma. bur3op, Ulx,t) = f(x,t) +q(x, t)u(x,t)
ooman. ®yukcusu U(x,t)-po Hucbar 6a capxamu x = 0 TOK Ba HucOaT 0a capxaau

x = | aybr naoma meauxem. [lap Hatuya Gapobapum (2.11) 6a GapobGapuu 3epuH

MeTy3apa:
t+x-1 t xX+t—-71

u(x,t) =ult—x)+ j v(t)dt + %j dt J U(¢, 1)dé€.
0 0 xX—t+7T

Nu Gapobapupo a3 pyiim t Ba x auddepeHcupoHuaa, 6apou Kapub Xxamau
(x, ) € Q Gapobapuxou 3epHUHPO XOCHUI MEKYHEM.
u () =pt—x)+vt+x—0+
t
+ f[U(x +t—1,17)+Ux—t+71,1)]dr, (2.20)
0
Ue(x,t) = —p'(t—x) +v(t+x—D+
t
J[U(x +t—1,71)-U(x—-t+r1,1)]dr. (2.21)
0

A3 myHocubarxou (2.20) Ba (2.21) muma memaBan, ku u;(x,t) Ba u,(x,t) 6a

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 myJ.

Haruvau 2.1. buesop, wapmxou meopemau 2.1 uypo wasano. Ou 20x xaniu

macvanau omexmau | 6a 6axou 3epun mobev acm:

Sup |u(x,t)| < C( Sup |u@®| + [vlL,0r + ||f||L2(QT)>; (2.22)
(x,t)EQT telo,T]
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xu on nucoam 6a q(X,1): qllL, o < v mymmasam mebowao (uroea bGap un,
C =C(y) > 0).
Hcoor. ABBan dap3 mekynem, ku (x,t)eA;. Jlap uH xonar, Aap acocu Oaxou

(2.13) Ba HOOapob6apun Komn—byHsKOBCKHIA 1OpeM:
s (e )] < 5 Sup f £, ldndz +
(x,t)eA

(0]

+> |5 sup jf 1 (0, D) ldndz - [lql15,,"

2
k=1 (x t)EAl

tk
(V2)" m‘ }

<2 sup jf £ r,0)ldndr -

xt €A1

> -
1+ ) llqllza, - <
] llza,” (V2)" - J@2h)!

1 t lallza,\ | _ 2 L llgllza,
<Slfllza, 5 l Z - —2 < Il exp (22 ) =

l L lgllza
=C- ||f||2,A1; AapuH4Yyo C; = ZeXP <Tl .

XamuH Tapuk, map xomaru (x,t)eA; aypyctum Oaxou (2.22) acOCHOK Kapia
111318

AxnyH ¢ap3 MmexyHeM, ku (x, t)eA,. Jlap uH xomaT J0pO MeIIaBeM:
l

Py (e, Ol < Sup [u(®)] + = j dr j F(n,o)ldn +

(.x t) EAZ
0

l

2

NI j dr j lq(n, ©ldy <
T

0

l l -7
1
< Sup ()l +5 fdrf F20n,7)dn - fdrf dn +
(x,t)el, : d o

0
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o~

l-T

de dn <
T

O\NIN

2 -1
G flloa, - j dr j ¢?(n,)dn -
NO 0 \

L l
< Su )| +— +C, - o <
(x’t)gzlu()l 2\/_Ilfllz,Alqu 1 W llza, > lqllza,

l
< Sup 1+ (575 + 5 lallas,) I as,or

(x,t)eh,

A3 WH 40 J0peM:

luz(x, )| < Sup |F(x, )] +

(x,t)eAUA,
A E(E— x)E
( ) <

+ Sup |F(x,t)|- ZHCIsz,Al ) 2k . 1 T

(x,t)eAlqu

%) k
1
< sw IREOI|1+) ( “‘”'“2) <
(x,t)eAlqu k=1

[- l-
< Sup |F2(x,t)|exp(M>g Sup |,U(t)|'exp< ||CI||2,A2>+

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

g, (1
eXp< 2 ) (= s, ) s, <

<G < Sup |.u(t)|+“f”2A1UA2>

(x t)EAZ

ap uH yo C, = max1ex M s ex l'||q||z,A2 . : Cl llqll
Ap ‘i 2 p 2 ) p 2 2\/_ q 2,Aq

AxnyH (hap3 mekyHeMm, ku (x, t)€eAs. [lap uH xoJ1at gopem:

t+x—1

1
Reols [ w@ldces [[17e0ldnd+

0 D**

59



1 1
+5 [[1a@owmolnde + 5 || lao Dw e, Dldndr <

D34 D3,

21 l
< |[vlg, - VI s £ ll2.0,,8, +mcl Nflloa, - Nqllzn, a, +

l
3561 1fllza, *1allz,00,

A3 ¥H Y4o:

21 [
Sup. 1Fs (0 < VI Wi, + (7= + 75Cullallas, ng ) Ifllzsy,a,

(x,t)EA?,
- JI(x 4+t = Dt]
us(, 01 < Sup [F3Ce 01+ Sup F3 (e 0] ) llall, ,
(x't)€A3 (x,t)€A3 =1 ’ .
N JIG + e DifF
< Sup IFCe 0|1+ ) llall¥,, 0 <
(x,t)els o~ ’ !
0 k
(Iqlloa, -G+ €= Dt)
< swp IKEOI|1+ ) , <
(x,t)€eAs et k!

< Sup |F3(x, )| - exp(llqllza, - 1) <

(x,t)€A3
2l IC
< [V Wl + (5 2 Nlaning) Wl nc ] X

x exp(llqllzay,) - D) < Ca(IVIiza, + 1fl2a,00,)s
KM J1ap UH YO

V- exp(llqllza, + 1);

21 1C, .
exp(lallzs, ) (5 + 5 Ialza,0 )

Huxosrt, dhap3 mekyrem, ku (x, t)eA,. Jlap uH xomar JopeM:

C3 = max

t+x—1

1
R@ol<kc-0l+ [ v@ld+s |[Ifooldd+

0
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+% ff+ Jf Iq(n,f)ul(n,f)ldndH%f lg(n, Duy(n, 7)ldndr +

Dy1 Dy Dy3

+% ﬂ+ ﬂ lg(m, Dus(n, T)ldndr <

Dys  Dys

!
< Sup Iu(t)|+||V||zA4\/_+ 1fllz0, + 5 Callfllza, llqllza, +

(x,t)el,

l
+—C,-| Su t)| + . +
NG 2 <(x,t)52|li( )] ||f||2,A1uA2> ||Q||2,A1UA2

[
+EC3(W. Ivilza, + ||f”2,A1UA3) Nallza,ua, <

l [
< Sup ()] + V1 vl + Sflizg, + 5 Cillfllzg, - lallze, +

(x,t)eQ;

[ [
+—=0C2 - llqllzq, - Sup |u®|+—=C-lIfllzo, - llgllzg, +

\/E ' (x,t)eQ \/E
W1 l
+og Ca g, + = CallFllzg, Nallag, <
IC, W1 >
<(1+—=- )Su O+ (VI+—=Cs | IVllze, +
(14 lallzg,) Sup 16O ( > Cs ) IVlzg,

[ 1 l l
—+=C, - —C —C5 - .
+ (2 + 5 1 ||CI||2,Q1 + N 2”CI”2,Q1 + NG 3 ||CI||2,Q1) ”f”Z,Ql

A3 WH 40 J0peM:

lus(x, O] < Sup [F,(x, 8)| +

(x t)€A4

[2t—D(x+t— D]

+ Sup |F,(x, t)lzllq”sz4

(x,t)el, (2\/_) - k!
JIQt=D(x +t—D]*
< Sup |F,(x,t)|- 1+Z||q||k2A4 K
(x,t)edy e ’ (2v2) - k!

61



i} <” | _\/(Zt—l)(x+t—l)>k_
q 2,74 2\/7

IA

< Sup |F,(x,t)|- 1+Z

(X,t)EA4_ k=1 k!
JRt=Dx+t=1)
< Sup |F,(x,t)| ex <
(xt)?AJ 2 (x, t)] - p<||Q||2A4 2
Jt=Dx+t—=1)
< Sup |F,(x,t)|-ex <
(xt)£A4| 4 (x, 0)] - p<I|q|I2A4 5

L llgllza ) ( >
< Sup |F,(x,t)| - exp|——===) < C,| Su O+ v + ’
(x’t)ghl 2(x, 0] p( T 4 (x,t)(l_:DQllﬂ( M+ 1vllze, + 11fll20,

KW Jap UH 490

( L-lqll2,a )( G, )
expl———= |1+ —="- );
L lgqllz,a )( V1 >
C, = max+ exp| ——2 ) (VI+—=0C; |; .
! p( 242 2 7
lgll2.a )( (l L
exp (L) (L (Lo Ly LV,

XaMHH  TapwK, JIypycTHH  0Oaxowu (2.22) HUIIIOH  Joja  IIy.

Kaiin MekyHeMm, ku a3 O0axou (2.22) ycTyBOpHM Xa/Ulk OagacTomaaa HucOar 0a
IIAPTXOU capXaJid Ba KUCMU POCTH MYOJIHIa 0apMeosiI.

I3oxm 2.2. dDap3 mexkyHeMm, ku ¢yHkcusn u’(x,t) 00 MabHOM aANWHUATH
uHTerpamuu (2.7) Xauid yMyMHIIygad Mmacbhajgaum omexTan | 00 kosddurcueHTH
cudpin 6oman, ku 60 Gopmymnau (2.8) udoma merapaan Ba u(x,t) — Xalaum Macbhajian
ymymi act. bo uctudoma a3 karopxoe, ki xaumiu myoauinaxou (2.12), (2.14), (2.16),
(2.18)-po mMeauxanm Ba 60 HazapmomTu 6axoxou (2.13), (2.15), (2.17), (2.19) xocun
MEKYHEM:

,t —u* )t SK ’
(xr’rtl)%)éJu(x ) —u(x,t)] ||Q||L2(QT)

62



ki gap oH goumuu K O0a Hopmam ¢yHkcusu q(x,t) BobGacta HecT. A3 uH 4o, 00
uctudoma a3 mynocudarxou (2.20) Ba (2.21) 6a 6axou

It = 'l cory < Cllalliycon
MEOeM, KF OH YCTYBOPHMH XaJITM Machajal oMexTapo HUcOAT 6a onryou aaauTHBUH
q(x,t)u(x,t) map myommnau (2.1) 60 xo3hduTcHeHTH 00 KBajapar 3aMIillaBaHIad
q(x, t) TacaMK MeKyHa.

I30xm 2.3. Kaiim meHamoeM, KU Tacaukxow Oa ysemmau 2.1 Ba Teopemaun 2.1
MOHaHAPO Oapou xamm Machanan omextau |l 60 maprxom Huxouu cudpun (2.5) Ba
YyHHH mAapTXou capxazuu (2.2), ku gap ouxo u(t) € W[0,T], v(t) € L,[0,T] Ba
u(T) = 0 act, Hu3 Oa ;macT oBapAaH MYMKHH acT. TabKuja MeHaMoOeM, KU 0a MUCITU
TeopeMau 2.1 Xamum mMachajau OMeXTaW OappacHilaBaHaa Oapou MyoaujIau SKYMHCA
nap coxau {(x,t)|T —é <ts<T, T—t<x<t+!1—T}NQ aitausaTan 6a cudp
Oapobap melaBaj.

AKHYH Teopemapo Jap 0opau STOHATruU Xajl MEOPEM Ba HCOOT MEHAMOCM.

Teopemau 2.2. @apz mexynem, xu dap myoounau (2.1) xos¢hgpumcuenmu
mazuupéoanoau q(X,t) manxo 6a cungu L,(Qr) maannyx dopao. Ou 2ox bapou xap
eyna T € (0;1] macvanau omexmau | a3 cungu WH(Qr) a3z sax xan 3uéd dowma
HaMemasoHao.

Ucoor. «Pap3 MekyHeM, ku Oapoum Macbkajmam omextau | 1y Xamiu
ymymumyaan rysoryan u® (x,t) Ba u®(x,t), xu 6a cundu W, (Qr) Taamtyk
JOpaHI, MaBYyIaH/I. On roX dbapku OHXO
u(x,t) =u@(x,t) —u®(x,t) xamm ymyMmuIIyzap Machagad OMEXTal SKYMHCA
Oapou Myoauian sikquHcau MyBoduku (2.1) a3 xamoH cuHd meboman. SAvHe, Oapou
xap ryHa ¢yHkcusu osmoutnu P(x,t) € I//I\/Z2 (Qr), xu Oa mapTXOM capxaiuu
®d(0,t) =d,(,t) =0 Vt€[0,T] Ba maprxou nHuxoun D(x,T)= O (x,T)=0

V x € [0, [] uroar MexyHax, 6apobapuu 3epuH napo merapaaay [103]:

63



ﬂ u(x, t) [P (x, t) — Doy (x,t) — q(x, t)DP(x, t)]dxdt = 0. (2.23)
Qr

dap3 mexyneM, ku € € (0,1) Ba pynkcusu q,(x,t) € C*(Qr) YyHUH HHTHXOO
ryfaaact, ku 0aposi ||g — g.l|, < €.

ba yoiin ¢yukcusim P(x,t) Xawm Machalad OMEXTah 3CPUHPO HHTUXOD

MCHAMOCM:
Dy (x,8) = Ppp(x, 1) — g (x, OP(x, 1) = u(x, t), (x,t) € Qr,
d0,6) =D, (Lt)=0 Vte][0l] (2.24)

d(x,T) =P(x,T)=0 Vx€[0,T].
A3 Teopemanm 2.1 Oapmeosin, ku Macbanan omextaum (2.24) a3 cuHdu
Wzl(QT) Xal gopanx Ba as0acku (yHkcusxou q.(x,t) Ba u(x,t) 0a xKagpu Kodi
cydraana, uH xan MyBoduku 330xu 2.1 6a cundu WZZ (Qr) Taamnyk xoxajz JOMIT. A3

uH py, a3 MyHocuOarxou (2.23) Ba (2.24) MyHOcHOaTH 3epuUH XOCHJ Merapaa:

ﬂ u(x, t)[Pe(x,t) — Dy (x, t) — q(x, ) P(x, t)]dxdt +
Qr
+ [ e 010.00 0 - (010G Ddxde = s +
Qr

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

A3 uH 4o 6apmeosia, Ku

llullf < ﬂlu(x, )| - 1ge(x, ) — q(x, )| - [P (x, £)|dxdt.
Qr

bo uctudona a3 Hobapobapun Komm—byHskoBckuit gopem:

(x,t)EQT

lull3 < sup |®(x,t)] ff u?(x, t)dxdt - ff(qg(x, t) —q(x, t))zdxdt =
Qr Qr
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= sup |[®(x, 0 lullz-llge —qll2 < sup [P(x, )] - [[ull; - &.

(xt)EQT (x,t)EQT
Ilac,
lullz < sup |@(x, )] - [lull, - e (2.25)

(x,t)EQT

Hap tapadu poctu HOOGapoOGapum (2.25), 3apOmiaBaHiaum SKyM MYBOGUKH
oaxou (2.22) a3 C||ul|, 3uén mect, 3epo Gapom kodhdurcuentu q,(x,t), Ku gap
Macbanau (2.24) 6appacii memnasaj, 6axou

lgell; <llqllz + & <llqll; + 1]
UYpo Merapaai.

XamuH TaBp, a3 HoOapobapum (2.25) OGapmeosn, ku |[ul|3 < Ciellull3.
A3 uH 4o, 00 mapHazapmomtu uxtuépin Oymanu &€ € (0,1), xyaoca MEKyHEM, Ku
u(x,t) = 0 xkapub map xama 4oitn pocTKyH4an Qr Ba OmHOOap Oedocuna Oyaanu Xya
nap TaMmoMu (r HU3 OH 0a cudp MyOaaIan MenaBai.

«A3 TeopeMau 2.2 OapMmeosis, KM Xaiu gap Jiemmau 2.1 OGappacuiiaBaHja
XaJUIM SArOHAaW Machajlal OMeXTa a3 CHUHOH Wzl (Qr) Oapou myommmau (2.1) 60
mapTxou uotuouu cudpit Ba mapTxou capxaauu (2.2) medomaa. A3 UH 4O METaBOH
XyJloca Kapil, Ku TeopemMan 2.1 Max3 MaBUyIUATH XaMUH XaJpo MyKappap MEHaMOsI.
ba xaMuH Tap3, ATOHaruy XaJTd yMyMUIITyAan Machanan omextau || a3 ncbort kapaa
memmaBam» [103].

I30xm 2.4. «Macbamaxou Ha3guK, KA 0a XajllaBaHJIardd XaJld CYCTH
yMyMuUiyga 6apou Myoausiaxou Turepooit MapOyTana, nHYyHuH Aap kutoou XK. JI.
JInonc [110, cax. 163—-165] Taxkuk mrygaana. ap moHorpadusu O. A. JlagmwkeHckas
[107, cax. 232] Teopemau SITOHArim XaHTOMH HWYPOM IIAPTXOM WJIOBari, ku Oa
cybprarun kosddurcueHT BobOacTaaHa, McOOT Merapaan. Arap Kod(pQGUTCHEHTH
TariupéOaHa TaHXo a3 Tariupébangan X BoOacTa Ooia, 6apou UCOOTH TeopemMau
ATOHAr# METAaBOH a3 YCYJIM CHEKTpaii, ku a3 yoHubu B.A. Wnitun nap xopu [60]

MENTHUXO0/1 IIyaaact, uctudona oypa» [24].
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2.3. SIkkuMaTa XaJJlaBaHIarui Machbajiam WIOPAKyHUH capXaJail XaHTOMHU

BAKTH a3 KPUTHKM XypA € BakTh 0a oH 6apodap

Jlap wH 6ana caBoim MaBYynusaT Xanromu T = [ Ba siroHari Xxaaromu T < [ - u
XaJuiM Machajlaun wujaopakyHuu capxaauu |1l Taxkuk kapaa wmemaBana. ABBajl
TaCIUKXOPO Jap Oopau sSToHarin Ba MaBUYIHMSITH XaJUTM Machajau OappacuIliaBaHIau
UJOpAaKyHUU capxaaid 0apow XonaTth Xycycil, Ku Kod(p(UTCUEeHTH TardupébaHmau
q(x,t) yacypu cudppuu cundu L, (Qr) meboriam, MeopeM Ba HCOOT MEHAMOEM.

bo Takpop Hamymanu Mynoxuzaxoe, KU Jap Kopu [65] oBapma mrymaasnu,
TyPYCTHH TaCAUKH 3€PUHPO UCOOT MEKYHEM.

Tacauku 2.3. Pap3 mexynem, xu T <1 6a q(x,t) yncypu cugpuu cungu
L,(Q71) mebowad. Ou 2o0x, macvanau uoopaxyuuu capxaouu 1 a3 cungu W3 (Qr) az
SK XA 3Ué0 00UIMa HAMemasoHao.

Ucoot. Dap3 MexkyHeM, KU Machallau ujopakyHuu capxanuu |l gy xammm
u, (x,t) Ba u,(x,t) nopaxn, ku 6a cuadpu Wy (Qr) Taamiyk nopasn. OH rox Qapku

ouxo u(x,t) = uy(x,t) —u,(x,t) a3 xaMoH CHH(} Xa/UTM Machallau IKYUHCAW 3CPHH

meboman:
Ure (X, 8) — 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 yancomu 0 < x <1, (2.3%)
u(x, T) =0, us(x,T) =0 yancomu 0 < x < L. (2.5%)

dynkcusan u(x, t), KM Xalau Machaland uaopakynun capxaauu (2.17) — (2.3%) Ba
(2.5)* a3 cundpu W, (Qr) meboman, XaM3aMOH a3 XaMOH CHH( Xalld Machaaau
omextan HaBpu | — (2.1*)-(2.3*) Hu3 xact. MyBodukHu Tacauku 2.2, WH XaJpo
MeTaBoH 00 popmynau (2.8) udona xapa.
Asbacku myBoduku maprxon (2.27) u(0,t) = u(t) =0, u,(Lt) =v(t) =0
Oapou 0 <t < T Ba f(x,t) =0 xapub 6apou xamau (x,t) € Qr, a3 popmymnau (2.8)
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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 Jap Oopau MaBYyIUATH XaJUIM Macbhajad HWIAOPAKyHUH
capxaauu 1l 6apon xamuH XonaTu Xycycii MeopeM Ba HCOOT MEKYHEM.

Tacauxu 2.4. bueszop, q(X,t) yucypu cugppuu cungpu L,(Qr) 6a T = | 60wad. On
20X manadu 3epur wapmu 3apypi 6a Kuosieii 6apou Maeyyousmu Xaiiu sie0HAu

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

l -7

0(0) + o) — 9, (0) — ¢ﬂ0+j¢@ﬂx+fwwwx+fwff@ﬂMn—OQZQ

0

Xaneomu uypou um wiapm Xauiu mMacvaiau mMaskyp 6o gopmynau zepur 000a
Meuasao:
(1 Co ) map A,

_Juy(x,t) map A,,
u(x,t) = {ug(X, £) xap Ay, (2.27)

u,(x,t) map Ay,

KU 0ap uH yo

s (6 0) = 3 @G+ ) + o — 1) + f w(©as +3 [ f F& e |;
0 x—t+t

1
w000 =5 [P0+ 0+ a0 £+ D+ 00 = D + [ (s -

x—t+l1

j w©ds + [[ s oasar— [ £ odsac - ([ e nasar|;

71 237 34
x+t
Oy = Dy (x,£) ={(f,T):0STST, TSESx+t—T};

x—t+1 t—x+1
L T )

2

[
y4 = ,(x,t) = {(fﬂ): 5 <7</,

67



x+t [—x+t
0= 05000 = {60 <t <200 xh el <€<——

x—t

1
s (6 ) = 500 = ) = @(0) + 9D + uGe+ £ =D = [ s +

+ [[ renasae- [[ e odsac [ re6nagar;

31 33 N34
[l—x+t
!231E.Q31(x,t)={(f,T):OSTS—, X—t-l—TSfSl—T};
l x+t x+t
.(234EQ34(X,t)={(E,T):_STSl; l_T<€<__ T— |};
2 2 2
l—x+t x+t |
3335933(X»t)={(5;T)!TSTS > E-i- T——|Sf£x—|r—t|},
1
u4(x,t)=§[<p1(x+t—l)+<p1(x—t+l)+
x+t—1 l x—-t+71
j wl(f)df‘Ff J f(&, v)dédr |,
x—t+1 t x+t-7t

A, —cexynyaecm, ku 6o xamxou x —t =0, x +t — 1 = 0, t = 0 max0yo wyoaacm;
A, —cexynyaecm, ku 60 xamxoux —t =0, x +t —1 =0, x = 0 max0yo wyoaacm,
A5 —cexynyaecm, ku 0o 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.
Jap atinu xon uoopaxyuuxou capxaouu yycmyyyuasanoa 60 épuu gopmynaxou

AHANUMUKUY 3ePUH XUCOO KapOa MeuasaHo:

1
1O =5 [0@ + 9O + [ W@ + =D = 9 () +

l

n fllh(x)dx_de ff(fﬂ)df ,
12 ot

0
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l
1
VO =50/ U= 0 == 0+ 91O+ - [ FU+ £ -0,
0

Hcbdoru 3apypii. «ABBan xojartu Xycycupo Oappacit MeHamoeM. AHuKail, dhap3
MEKyHeM, Ku Jap Machaian uaopakyHuu capxamuu Il ¢(x) =0 gap nopuan [0, (]
Ba Y(x) yucypu cudpun cundu L,[0,[] meboman. Arap xammm u(x,t) a3 cundu
WL(Qr) 6Gapom macwamam |ll Bydqyn momrTa Gomiax, mac OH XaM3aMOH XaJlId
Machaiganm omexTau | a3 xaMoH cuH(}p MeOormram, ku map oH @(x) = 0 Gapou Xamawu
x € [0,l] Ba Y (x) = 0 6apou kapu6 xamau x € [0, ]. Uu xan makmu (2.8)-po mopar,

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

l
Y1(x) —p1(x) =21 —x) + J f(x—1+7,71)dr. (2.28)
0
A3 6apobapuu (2.28) mucoar 6a x a3 0 To | uHTerpas rupudra, 60 Ha3apIOIITH
Oapobapuxou
l
l T 2 -7 l T
[ar [reods=—[ar[ seods+ [ar [ o=
0 -1 0 T l -1

2

-t

l
:—jd?[f@JM& u() = 91 (0)
0 T

XOCHJI MEKYHEM

l l-t

l
fwammexo—%ﬂn+fwff@nwf=a (2.29)
0 T

0

XaMuH TaBp, OapoW XOJaTd XyCyCHH OappacHilyia IIapTH 3apypuu
MyHOcuOaru (2.26) ucOOT Kapaa mIyj.
AKHYH XOJaTh yMyMupo Oappacii MeHamoeM, KM gap oH @(x) QyHKcUsH

uxtuépi a3 cunpu W,[0, 1] Ba Y (x) yncypu uxruépii a3 cunpu L, [0, ] mebomaz. bo
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uH Makcan, QyHkcusxou @ (x) Ba Y (x)-po uucbar 6a nykran x = 0 6a coxau [—I[, 0]
0a TaBpu TOK Ba HucOar 6a Hykrau x = [ 6a coxau [[,2[] 6a TaBpu 4yyhT mmoma
meauxeM. XamuyHuH ¢yHkeusu f(x, t)-po a3 pyiiu Tariiupébangau sikyM HucoOar 6a
nykran x = 0 6a coxau [—[, 0] Ga TaBpu TOK Ba HHCOaT 6a HykTam x = [ 6a coxawu
[[,2l] ©6a TaBpu uybtr wumoma wmemuxeM. DyHkcHsxonm ©O0a XaMHH Tap3
unomanonamynan @(x), P(x) Ba f(x,t) mysoukan 6a cunpxom W.1[—I,21],
L,[—1,2l] BaL,((—l < x < 20) X (0 £t <T)) Taamuyk MErupaH.

bo uynuH pynkcusaxon upomanogamryaau @ (x), Y(x) sa f(x,t) pyakcusm

1 X+t 1 t X+t—71
v(x, t) = 3 px+t)+epx—1t)+ f Y(m)dn| + E,f dt f f(& dé  (2.30)
x—t 0 xX—t+T

-po 6appacii MeHamoeM, ku taptxou v(x, 0) = ¢(x) Vx € [0,!] Ba v;(x,0) = Y (x)
-po 6apou kapub xamau x € [0, [] koHEeh MeTapaOHA.

Humon menuxem, ki ¢pyHkcusa (2.30) Xammm yMyMHAIITyIan Machajal OMEXTau
| a3 curdu W, (Q,) mMeGoman, ki map oH u(x,t) 60 v(x,t), u(t) 6o v(0,t) Ba v(t)
60 v(l,t) uBas kapaa mrygaact. bapon uH kohUCT HUIIIOH JI0/1a 11aBaI, KU OH alHHUATH
(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 60 v(x,t), v(0,t) Ba v(l, t) usas mrygaanu.

VYeynu unTerpanrupii 60 KHCMXo 6a MO UMKOH MeAuXaa, Kiu MyHocubaru (2.7)-

PO J1ap MIAKJIA 3€pUH HABUCEM:

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

l
= f v:(x,0)D(x, 0)dx. (2.31)

Oynkensn nbtuaonn uxtuépun ¢ynxcusu P(x)-po 60 P(x) Ba dyHKCHSH

uotugoun uxtuépun QyHkcusu f(x,t)-po HucObar Oa TariiupébaHmam aBBan 00

P

f (x,t) umopa mexyneM. Jlap acocu mynocu6aru (2.30) xkucmu vanu (2.31) 6apodap

acTt 0a
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l

1 ~ ~ ~
Ej{[</>(x +D = =D+ P+ D+ Pl = D] Dy, 1) — 2 (x) D (x, 0)}dx —

0

11
j f <p(x +8)—px—t)+P(x+t) +P(x — t)] D, (x,t)dxdt —
00

NI»—\

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

1 ~ ~
~5 [ 9 00 + b0 + 0] @.0,0)de +

0

+

N| =

L1
f f[<P<x +6) = — 1) + P + £) + P — )] Py (x, t)dxdt —
00

t

L1
_%jj{J[f(x+t—r,r)+f(x—t+T,T)]dT}CDxt(x,t)dxdt+
00 0

t

11
+Ojoj{!f(x'7)df} @, (x, )dxdt +

L 1(t
1 A A
+ - [f(x+t—r,r) +f(x—t+r,r)]dr} D, (x, t)dxdt —

l 1 l
jjf(x t) ®(x, t)dxdt = j (x) D, (x,0)dx =

l

= fz/;(x) d(x,0)dx = fvt(x, 0)P(x, 0)dx,
0

0

KU Aypyctuu aiausaty (2.31)-po ncbot MekyHa.
XaMHH TapvK, MO HHUIIOH AoAeM, ki ¢yHkcusiu (2.30) Xaimum ymyMuinrygau

machanau omextau HasbH | a3 cundu W3 (Q;) meboman. A3 un 6apmeosn, ku Gapku
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[u(x,t) — v(x,t)] a3 xamon cund xamwm Machagan oMexTad | MemaBam, Ku gap OH
f(x,t) =0 6apou xkapub xamaum (x,t) € Qr Ba maprxou UOTHAONA XaHromu t = 0
YyHUHAH/I: [IApTU aBBaJl aifHUATaH cudp MeOoma Ba MAPTH AYIOM YHCYpU CUPpHH
cuadu L, [0, [] acT.

bo HazapmomTu XonaTu xycycue, kK aap 0oio 6appaci rapaun, 6apou uH Gapk

MyHOcCHOaTH HaBbH (2.29) nypycT MeboIai, sbHe
l

l
jl/)l(x)dx —p;() —.(0)+v(0,D) +v(,]) — f ve(x,Ddx =0. (2.32)
0

0

A3 dopmyman (2.30) 60 HazapmomTH XocuaTxon ¢yHkcusxon @(x), P(x) Ba

f(x,t) nopem:

-7

1 l l
v(0.0 =5 |e@+ o0+ [wodn+ [ ar [ fa.od| =0,
-1 0 T-1

2l-1

1 21l l
vl D =5 |e@D + ) + [ pandn+ [dr [ fa,0dn| =
0 0 T

= ¢(0) +f¢(n)dn +fdrff(n,r)dn;
0 0 T

l l

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

0 0

N =

1
+ Jj[f(x+l—r,r)+f(x—l+r,r)]drdx=

1 1 1 1 1 Zl 1 ‘
20D =500 ~ 59O + 59D +5 [ w@dr +5 [ p@dr +
l =1

_|_

N =

11
fff(x‘H—T,T)+f(x—l+T,T)]dex=
0 0
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l 2l-1

= oW+ f £, D)dndr + > f f £, D)dndr =

0
l

=—p) + J f f(m, D)dndz.

0 l—-1

Ndomaxou Edramrymapo 6a (2.32) ry3omra, XOCHI MEKYHEM:

l l
j Y1 dx — o1 (D) — 91(0) + @(0) + f Y()dx + f dr j Fn0)dn +
0 0 0 T

I 1

+o@ ~ | [ f&r.dndr = 0;

0 l-t

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

0

+fdrff(n,r)dn fdr ff(n,r)dn = 0;
0 T -

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

l
l-t l

+deJ f(n,t)dn — fdr ff(n,r)dn = 0;
o 1=t

l l —
0(0) + o(1) — 91(0) — oy (D) + j Y()dx + j 1 (0 dx + j dr j £, D)dn.

bo xamuH, 3apyp Oymanu maptu (2.26) 06apoum MaBUyIUsITH XaJId STOHAH
Machajiau OappacuiiaBaHiad UAOPAKYHUU capXalil myppa ucOOT rapui.
Ucoorn kudosirii. ba oconin meraBoH OoBapit XOCWJI KapJ, KU (PYHKCHSH

(2.27) 6a cundu W, (Q,) Taamnyk nopax. Bokean, nH a3 oH GapMeos, KM Bail Jap
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Xap sike a3 coxaxou A;,i = 1,4 cymman anreGpaBui QyHKCHIXO a3 apryMEHTXOH X +
t € x —t -po TamKWI MeauXaa, KM XOCHJIaW yMyMHINyIau OO KBajapar 3aMIIaBaHia
JopaH] Ba MyBo(HKH mapTH (2.26) XaHTOMHU T'y3alllTaH a3 capXaJd YMyMHHU Ty COXaH
JIMITXOXU COXaXOH 3UKPIIyaa Oeocrinarui Xyapo HUTOX MEIOpaH]I.

Canuupman gymBop Hect, ku Oapom xamam Xx € [0,l] ©Oapobapuxown
u(x,0) = p(x),ulx,l) = p,(x) Ba 6apou kapub xamau x € [0,l] Gapobapuxou
us(x,0) =Y (x), us(x, 1) = Y, (x) nypyct medomman.

Hcbotu nypycruu aiinusita (2.7) 6apon xap sk ¢pynkcusu @ (x,t) a3 rappudu

2.3 6okt MeMoHaa. bo Hazapmomty myHocubatH (2.31) KoGUCT HUIIOH T07a MIaBaI,

KU
11

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

0 0

l
= f Y(x)P(x,0)dx. (2.33)
0
bapou 6appacin pyHKCHSU 3epUHPO BOPHT MEHAMOEM:
1 ~
SlmeG =+ PG —0) +1(x ) + L (%, 1)] nap Ay,
1 -
E[—(pl(x—t+ D+ (x—t+1D)—
l
—j fx—t+t,7)dr+1(x,t) + 1 (xt) fap A,,
0

U(x,t) =1

l
% llj(x—t)—go(x—t)—ff(x+t—T,T)dT+
0

+1(x,t) + Ki(x,t)] nap As,
1 -
E[—gol(x—t+ D+y(x—t+1)—
\ —K(x,t) + Ky (x,t) + I(x,1)] nap Ay,

KM J1ap OH
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I(x,t)=jf(x+t—r,r)dT+Jf(x—t+r,r)dr,
0 0

L(x,t) =@ +t) +P(x +1t),

!
K(x,t)zff(x+t—r,r)dt+ff(x—t+r,r)dr,
0 0

Ki(t,t) =, (x +t =D + Py (x +t = D),
P(x), P1(x) Ba f(x,t) MmyranocuGan GyHKcHsIxoM HOTHIOMH (yHKCHIXOH (X)),
Y, (x) Ba f(x,t) HucOaT Oa TariupéOanaan X MeOOIIAHI.
bo oconi Mymoxuia KapJaH MyMKHH acT, KA
U,(x,t) =u,(x,t), U(x,t)—flx,t) = u,(x,t).
bo napuazapaomti ©H MyHOCHOATX0 Ba 00 ucTH(OIa a3 yCyIM UHTErpaIrupi

00 KHCMXO0 XOCHJI MEKYHEM:
L (T T (1
j fUt(x,t)CDx(x,t)dt dx—j j fl, ), (x, t)dx pdt —
o \o o \o
l
of

T l T
—j j Uy,(x, )P (x, t)dx p dt — f fx, )®(x, t)dxdt =
o \o 0

l l L T

=j U(x,T)(I)x(x,T)dx—j U(x,O)CI)x(x,O)dx—f f U(x, t)d,(x, t)dxdt —
0 0 0 0
T T I T

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

0

j FLODA, t)dt+j £(0,0)d(0, t)dt+f J Fx, D (x, )dxdt —
l

I T
—j f f(x, t)P(x, t)dxdt = —f U(x,0)P,(x,0)dx =
00

0
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l l

=fut(x,0)®(x,0)dx= f Y(x)P(x,0)dx.
0

0

XaMuH TapuK, Tacauku 2.4 myppa ucOoT rapau.

AKHYH X0JIaTU YMyMUHU Machajau OappacHulilaBaHaan uaopakynuu capxaauu I1-
po nuna mebapoeM. be Maxayn kapaaHu yMyMusT, nap ostHIa 0apou cojarii Ba OCOH
HAMyIaHd XUCOO0Oapopux0 YyHHMH MemrymopeM, ku QyHkcusiu f(x,t) yHCypH
cupuu cuadu L, (Qr) mebdoma.

ABBan 6a 0aéH Ba ucOOTH TeopeMa Jap Oopau STOHATMM XA YMYMUIIyJIau
Machallau OMyXTaiiaBaHjau uaopakynuu capxaauu Il meryzapem.

Teopemau 2.3. buzzop, koagpgpumcuenmu q(x,t) oap myoounau (2.1) 6a cungu
L,(Qr) maannyx oowma 6owad. Ou 2ox 6apou xap sk T € (0,1] macvanau
uoopaxynuu capyaouu W1l manxo ax xan az cungpu Wyt (Qr) oowma memagonao.

Hcoot. Mcbotu Teopeman 2.3 6apou xap sk kumatu T < | 6a Tap3u sikxena
ry3apoHHJa MeImaBaa. A3 WH py, MO MCOOTpo TaHxo Oapou xonmatu T = | aHYOM
menuxeM. ba mucin xopu [15] dap3 mexyrem, ki macbanan |l gy xamm u® (x, t)
Ba u@(x,t)-po a3 cundu W, (Q;) mopan. Jlap uH cypar, (GapKu OHXO
u(x,t) = u@(x, t) —u®(x,t) xawm macvanan Il a3 xamon cuud 60 maprxon
nOTUI01 Ba HUXOUU cudpii MedoIa.

Merysopem: u(t) = u(0,t),v(t) = u,(l,t). A3z Taspudu cuadu W,'(Q))
Gapmeosin, ku u(t) € W;[0,1],v(t) € L,[0,1] Ba maprxou u(0) = 0, u(l) = 0 uypo
MEIIaBaH/I.

XamuH TaBp, Gyakcusu u(x,t) a3 cuadu W, (Q;) Xammm Machanaxou OMeXTae
MebOoman, ki gap Oanmu 2.2 Oappach mymaana. A3 gymia, ¢yHkcusu u(x,t) map

O_{(xi)' — == 4 2 2 — —2 2

6a cudp 6apodap acr.
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bursop, akHyH t; Ba t, Ay Hykrau uxtuépunm mopuaud [0, ] 6omansm.
Xapaktepuctukan t —x = t;, ku a3 nykran (0,t;) Merysapaa Ba XapaKTepPHUCTHKAN

t+x—1=t,, xu a3 nykrau (I, t,) merysapan, capxaau coxau Ay-po aap HyKTaxou

l-t; I+t I+t, 1+t
( 1, 1) Ba ( 2 2
2 2

2 ' 2
py, a3 popmymnan (2.8) XOCHI MEKYHEM:

) meOypana. [lap wa HykTaxo u(x,t) = 0 meboman. A3 uH

1
pe) =5 || atou s,
Dg(t1)

t2

JV(T)dT = —1 Jf q(&, Dus (¢, 1)dédr (2.34)
2 ’ 3% ’ '

0 Dy (t3)
KU J1ap OHXO
/ tl l+t1 l
Do(t1)={(f;T):—STS , lt—t| <é<=— ——T},
2 2 2
17 tZ l+t2 l l
Do(t2)={(E;T):?STS > §+ T——|S€Sl—|r—t2|}_

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

JopeMm:
1
uGe,0) = u(t) + 5 [[ a6 ucE Dagar,
Do
KM J1ap OH
t—Xx X+t X+t
Do(x,t)={(f,f) > <t<tl|t+x—tf sng— T |}

bo ©6a »pTHOOp ruUpudTaHm  OGapobGapuu  aBBanum  (2.34)  Oapowu

t; =t — x, 6a myHocubaru

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

D{(t—x)\Dg (x,t)

MepaceM, Ky Jap OH
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t—x+1

=
2T.

Mynocubaru (2.35) Myonuiian MHTETpauU SKYMHCAW HaBbU BonTeppau quHCH

D(’)(t—x)\DO(x,t)={(§,T):xT+tSTS , x+|t—r|$f$é—|

IyIoM Meboman, 3epo orneparopu Ny—u KucMu poctd oH aap dazom L, (A,) maxmyn

amaj MEKyHaJl Ba Japa4axoH OH 0a YyHUH 0axo UTOAT MEHAMOSIH/ !

k
Villqllap,VI—t —x\ 1
> E, k € N.

IINEX]| G ) < Sup |x(x, £)]

(x,t)eN,
A3 WH Py, UH MyOoJWiIa TaHXO Xawu cudpit mopan Ba myBoduku (2.34) 6apoun

xap sk t; € [0,1] u(t;) = 0 merraBan,.
ba xamuH MoHanj, Oapou Hykraum uxtuépuu (x,t) € A; a3 dopmynau (2.8)

J0peM:
2
1
u(x, ) = j v@dr+3 jf 4(&, Du(E, 1)dédr,
0 Do

t+x—1 x+t
Do(x,t)={(g,r): o <rst rHx—tlsgs -

x+t|}
T— .

2
bo 6a Hazap rupudranu Gapobapuu ayromu (2.34) 60 t, =t + x — [, uyHUH

MyHOCHOAT XOCHII Merapaj;:

1 1
ud=-5 || a€ouEddr+s [[ aouedsr
Dy

DY (t2)

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

KU J1ap OH
Dy (t+x —D\Dy(x,t) =

_{( ).l+t—x< <t+x l+ l|< - | t|}

- f,T . 2 =7T= 2 ) 2 T | = f S X T .
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Mynocubaru (2.36) Myoauiian WHTETPAJIUU SKYUHCAW HaBbU BonTeppau quHCH
IytoM MeOoma, 3epo omneparopu N;—u KUCMHU pocTu oH map dazou L,(Az) maxmyn

amaJjl MeKyHa/Jl Ba Jlapayaxou OH 0aX0u 36pUHPO KOHEb MECO3aH]I;

k € N.

k
Viligllza,VE +x = l> 1

[[Nfx]|(x,©) < Sup |x(x, )I( z L

(x,t)EA3

bunoGap uH, nH MyoauiIa TaHXO XAy cudpit Jopaja Ba myBoduku (2.34) xocum
MekyHeM, ku V(t,) = 0 6apou xap sk t, € [0,]. Teopeman 2.3 myppa uco60oT Kapaa
TITY]I.

A3 xopu [65] Gapmeosi, ki QyHKCUSU

i(x,t) =

r x+t

oG+ 0 + o — o) + j WE)dE ap Ay,

xX—
X+t

0(0) + p(x + ) + f YEE + 1 — ¢ + Degpy (D) + f D1 (©)dE nap Ay,

_'E< x+t—1

o=+ + j YEE + @y (x +£— D=y (0) + ] 1 (©)d¢ aap s,
x—t+l1

oGt t—D+ o x—t+0D)— f D1 (©)dE aap A,

k x+t—-1

XaJJId ATOHaW Mackajaum uaopakyHuu capxaauu |ll Gapon myonunam maByum
skquaca (f(x,t) =0, g(x,t) = 0) wmebomran, arap goumuxou A, Ba B, Ku
TaBaCCyTH IIAPTXOW MOTHUION Ba HUXOM MyaiisiH Kapja MmeliaBaHg, 00 xaM OapobOap

OolIaHI, SHHE

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

ba xamun Mmomans, a3 Tacnuku 2.4 6apmeosn, ku pyHKCHSH
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u(x, t) = a(x,t) +
( t x+t—7

[ | rendar mapa,

0 x—t+71

|| revasac— || revdsac- || £ agar aav s,
Oy, Qo4

1
oA 21 (2.39)
|| re vasac— || rmasar- [[ recodedr napas,
'Q31 933 934—
I x—-t+7T
[ | renas mpa,
\ t x+t-t
XaJUTM STOHaW Machajau WaopakyHuu capxamuu |l Gapowm myonmuiam Janmumixow
Mayoypuu Top (60 maptu q(x,t) = 0) meboman, arap
l
2 -t l T
ao+ [ ar [ fEods =po+ [ ar [ re 0z, (2:40)
0 T 1 -1
2

KM J1ap OH A, Ba B, - TOUMUXOH KUCMH Yar Ba pocTH 6apodapun (2.38) meborman .
Coxaxou wuHTerpanrupii, ku aap Gopmymnan (2.39) UIITUPOK MEKyHAH, Jap
TacIuKH 2.4 MyalisiH IITy1aan/I.
bapou MaB4ynusaTu Xaui machaiau uaopakynuu capxaauu Il 6apou myogunan
Tenerpadii 60 xo>hdHUTCHEeHTH Tarinpébanna a3 cundu W, (Qr) maptu 3apypi
xocuit MekyHeM. [lap ossHma 6apou cogarapaonnn xucooxo f(x,t) = 0 mery3opem.
Teopemau 2.4. buezop, T =1 6a q(x,t) € L,(Qr) 60owao. Oun eox, b6apou
Magyyousmu xannu macvaniau uoopaxyuuu capxaouu W az cungu W(Qr) sapyp

acm, Ku wapmu 3epul uypo uasao:

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 A,y 6a By - doumuxo az bapobapuu (2.38) mebowano. byzypeuxou 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, 0OHXOpO KOHEH Meco3an. bo 1l (x,t) Xammm Machagan OMeXTanu
| - 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
oedocmra 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 ~ (L1 L1 L1
SCpO AO == 2u1 (E,E) ) BO - 2u4 (E,E) Ba A1= Ql (E,E) ,A4= Q4 (5,5)
bapou 6a 6apobapun (2.46) oBapiaHH IIAKIM HUXOUM OH, s’bHE makiu (2.41),
bynkcusau u(x, t)-po TaBaccyT Uy (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 xucmxou 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- | [[ oo 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,
myHocuOarxou (2.41) - (2.43)-po xocuia menamoeM. Teopeman 2.4 myppa ucOOT MIyjI.

AKHYH UcOOT MeHamMoeM, 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 eox,
mynocubamu (2.41) wapmu xugoseii HU3 Oapou Mmaeyyousmu Xaiiu sA20HAU
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 cexkyHyau A, XaM4yH XaJUTM MyOAwiIan uHTerpamuu (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 XaJixo nap A; Ba A, Oedocuna mebomanm, a3 6epocunaru KUCMXOU POCTH
myonuiaxou (2.44) Ba (2.45) Gapmeosin. 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) — xanmmu mackanan unopakyauu capxaauu 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 HABHINTA MEIIABaI;
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 oH 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 myomuiau (2.52) map coxam A, Xauivd MaxJy/
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 Oapou xomatu 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
MaBYMM SIKYMHCA Jap CeKyHyan 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 l 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, O0apobapuu (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
(65016.0) = 5 [[ a6, 0xc6 Dagar,
0

F3(x,t) = 15(x,t) +% ﬂ - ﬂ ‘q(f, 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

bur3op xanromu k = n 6ygan 0axou (2.58) nypycT acr, sibHe

(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
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”q“2,A nH 1 g+l (¢ — x)nHl
< swp GOl (—=) - _ .
(x,t)els n S ——

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 Myonusaxou uHrerpanmuu (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
rupudTa, 6a OCOHI HUIIOH TOJAaH MYMKHUH acT, ku (yHkcusum 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
060 ko3 duTcuentu Taritupédbanna medoman. 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:

luCe, Ollwzap < L@ Iwion + 19alwgion + Wl + 1l 00)
KU JIap OH «JouMun L 6a HopMan (QyHKCHSIXOM 06a Machana TOXUIIITYAa BoOacTa HECT.
NH 6axo HUIIOH Meauxaj, KU Xauid 0amactomana HucOar 0a mapTxou MOTHAON Ba

HUXOH YCTYBOP acCT.
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Nnoa Gap wH, a3 Oaxoxom (2.49), (2.50), (2.53), (2.58) Ba TacBupxoH
UHTETpaIid 0apor XOCHWIIaXOW XyCYyCHUU TapTHOW sKyMu xamnu u(x,t) Gapmeos, 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. CoxTaHM HIOPAKYHHUXO0M CAPXAJUU ONITUMAJIM Jap (pOoCHIau BaKTH
uxTuépuu 6a Kaapu kodi KaJoH 0apou paBaHaXx0e, KM 00 MyOIWJIau JIANTMIIXOH

Ma4yO0ypuu Top ndoaa MemaBaHj

Jlap xopu [65] Gapou nanmuiixow 0307 Ba Jap Kopu [23] Oapou Januiixou
MayOypuu TOp HHMILIOH JOjAa IIyJaacT, Ku xaHromu T > | macbanan HJIOpAKyHUH
capxaai JOpoW IyMopan OCOXHpH Xanxo meboman. A3 WH Py, Jap UH MaBpHU
Machangan ONTHMH3ATCUSN HIOPAKyHHH capxaii O0a mu€H meosn. OH mgap €dranu
uynuH Qynkcusaxon u(t) € W3[0,T], v(t) € L,[0,T] wudona meéban, ku 60
Ha3apOIITH IIAPTXON aJ0Ka, KU a3 WYPOU IIAPTXOW MOTHION Ba HUXON OApMEOSH]I,
0a MHTEerpalii YHEPTUsiU capXaail KUMaTu XypATapuH meauxan. Jap ua 6ang mo 6a
XaJUId XaMUH Machajla MAIlFyJll MeEIIaBeM. AHHKTapall, WIO0PAaKyHUXOHW CapXaJauH
ONTUMAJIA Jap AKX aHAJUTUKWAW OINKOp TMEIIHWUXOJ Kapjaa MerlaBaHi, Ku 00
MabHOM Machallau Ty30INTallyla MyalsH rapauaaanj. VH unopakyHUXo nap HYTH
ganu Top X = 0 TaBacCyTHM YOWMBA3KyH#l Ba Jap HYTW POCTH TOp X = | TaBaccyTH
KyBBaW YaHIWPA amaiii Merapaada Ba Oapou (ocwiian BakTH UXTUEPUHU Oa Kaapu
ko kxamonu [0,T] paBaHAXOH JIANMIIXOW MAayOypHH TOPPO a3 XOJATH HOTHIOMH
uxTuépit 6a X0JIaTH HUXOWH TIEIIaKi JOalTy1a MEOpaHI.

Harnyau acocun uH 6ang Teopeman 2.6 mebora.
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Teopemau 2.6. buesop, oap macvanau uoopaxyrnuu capxaouu |\l T = 2In + A,
ku dap onn € N, A € [0; 21] 6a q(x,t) = 0 60owao. Ou cox uoopaxynuxou capxaouu
seonau  u(0,t) = u(t) € WA[0,T],u,(L,t) = v(t) € L,[0,T] eyyy0 oOopano, «xu
cucmemau aannuwpo az xoramu uomuoouu (2.3) o6a xonamu Huxouu (2.5) meopano
64 XAM3AMOH 0a UHMeSPAnU SHepeusu Ccapxaouu 3epuH KumMamu Xypomapum

MeOUxaHo:
T

[t @ + o (259)
0
Hn uoopaxynuxou capxaoii 6apou xamau 0 <t < A eéa m =0,n ea bapou

xamau A<t< 2lBam=0n—1 060 d¢opuyraxou 3epun myaiisn Kapoa
Meuasamo:

xaneomu 0 < A < [

21 t

pu2im+1t) = ¢(0) + mJ Fy(m)dn + J Fy(mdn, (2.60)
0

v(2lm + t) = F,(t), (2.61)

KU 0ap uH yo:.

( min . A2(®) mi1 Zmzo(=D™C s
(—1)m+1 2n_|_1+(—1) 1 o T 1 +C, te[0;4];
n-1,/_1\ym
(—1)m+1-A;—§lt)+(—1)m+1- m=°;n1) C+C,tE[A;l];
F,(t) = ¢ B n-1r. 1vm (2.62)
(—1)m+1-’421(t—_|_1l)+(—1)m+1- m;‘;l(_l_ll) C+C,tE [1;1+ A];
n-1,/_1\ym
k(—l)m+1 4( o ) + (—=1)m+t. m=°;n1) C+C,t€ [l + 4;21];
( m A0 m Zm=o(=1D™C .
A A mr1 ¢ teloak
b (=)™ - 4(t) + (=)™ m=0;;1) C, te ] .
t) =< .
i n Ast i) n Zao(-1)mC L
(—nm- o T 1 + (=)™ - om 1 t €1+ A4];
n-1,/_1\ym
(D™ ——— 3( ) + (—D)™ - m=°;n1) C, t €[+ 4;21];
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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 1 < 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 HucoOar 6a Hykrau x = [ 6a coxau [[; 21] qybT ngoma
MeauxeM. Jlap  HaTM4YaWm ~ 9yHMH ~ JaBOMIOMXA  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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yMyMHUIITyAau 00 KBaJpaT 3aMIllaBaH/a JIOPAH] Ba XaHTOMH Ty3apHIIl a3 capXaad Iy
coxau JMIXOX, a3 4YOp COoXau 3UKpiryaa 6epocruiaruu Xyapo HUTOX MEIOPaHI.

ba oconii canuupma memaBaa, ku (QyHkcusu (2.78) mapTxou HOTHIOW Ba
capXaJaupo KOHEb Merap/IoHaI.

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 ycynu uHTErpaarupii 60 KUCMX0 UCOOTH AypyCTUU

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
o|-oa -0+ [ v +

l

j (x—t+rt,7)dt +],(x,t) +],(x,t)| BA,,
0

% —p(0) + jf(‘r, )dt + J;(x,t) + J,(x,t) | BA,,
U(x,t) =4 ’

x—t

1
~|moa-n+ f s +

!
f fFlx —t+1,0)dt + J,(x,t) + J3(x, t) | BA;,
0

% —p(0) +ff(r,r)dr +/200t) +J5(x, )| BA,
\ 0
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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 Me6GomIaHj, 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 cuadn W3 (Qr) Taamnyk mopan. Kaiinm MeHamoeM, kKu 6apor 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)
nypyctuu 6apobdapuu (2.81) ncoot kapaa memasana. Jlemman 2.1 uc6ot rapaus.

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) Oomaa, K¥ ONTHMHU3ATCHS Max3 0Oapou 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 IIApTXOW ajoKa, KM a3 WYPOU 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 Meulasao:

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,l(Qr) Taamnyk moparn,
3ep0 OH CyMMau aJreOpaBuM IIyMOpan OXUPHOKH (DYHKCHUSXO a3 apryMEHTXOH X + t
¢ x — t meboman, Ku Xap KaJoMH OHXO 0a cuHbH Wzl(—e, T] Ve > 0 mancyban.
XaMHH TapuK, UCOOTH OH OOKI MeMOHaJ, Ki UH (pyHKCHsa 6apou xap ryHa (GyHKCHUSIH
®(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 acocu (2.81) nucbotu aypyctun 6apodapuu 3epuH KOs MeOOIIaI:

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 rapmonmaHu Xxucobxow MHHOabAAa (QYHKCHUSH 3E€pUHPO BOPHUI

MCHaMOCM:

n+1

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

t+x—2kl—1 n+1 t—x—2kl+1

+ Z(—l)k Oj v(t)dr — ;(—1)k b]. v(r)dt —
I x+t—-1 l x—t+1

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 MerapaaH;

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 GapoGapum (2.82) 6a MyalissH HaMymaHW IIApPTXOW ajoKa, KA 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,
A
) l Li-1
Co=3|f@+f@+ [wds + [ [ reeagar
0 07
) T
i (x,T) = Ef[f(x +T—-1,0)+f(x—T+7,1)]dr
0
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Ba (ynkcusu u(x,t) maprxon Huxouu (2.5)-po KoHEb MerapaoHaa, mac GyHKCHUSIH

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

) 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
amamu uxtuépi a3 mopuau [0; 21] mebomaza, rysomra, XaM4yHHH 00 mcTHdoma a3

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

101



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 ajoxuja bappacit HamoeMm:
N0<A<IlBa2)l<AL2L
A3 Oappacum  xonmatu  sky™m, sSpHe 0<A<I[, 0oF03 MeKyHeM.

bo nHazapmomrtu oH ku fI' Ba ¥V xanromu t < 0 6a cudpp OGapobap MemiaBaHj 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 METaApAA/I;
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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 ngap 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, UHUYYHUH m =n —k —1 pap cymman nyiomu ¢opmynau (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 6a 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 MyHocu6arxou (2.64) — (2.67) myaiisiH kapaa
MEIIIaBaH/I.

ba  xamMumH  Tap3um  KOMWIAaH  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)kﬁ’[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 nonmanu uBaskynuu 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 — [] ay 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 XaHromu t € [A — [, [] my maptu 3epuHu anokapo 6a 1actT 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 xojaTtu AywoM, sbHe [ < A < 21, mapTxou 3epuHHM ajoKapo 0a aacT

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)

k¥ f1ap ouxo B;(t),i = 1,4 60 popmynaxon (2.73)-(2.76) MyaiisH kapia MenIaBaHI.
AxkHyH Oa é&ébpraHu wuAOpaKyHUXOU capxaauu ontumanuu pu(t) Ba Vv(t)
mery3apem. bapou xomaru sikym, ssbHe 0 < A <[, macpkanau ontumuszarcus 0a
EpTaHn MUHUMYMH HHTETPai dSHEPTHsy capxanaun (2.59) oBapaa memiaBaj, Ki OHPO

METaBOH Jap AKX 3epuH O03HABUCH Kapy:

A 2n

[t + @ = [ 3w @m+ oF + m+ o1 +

# [ DT+ o + vam + oy, (2108)

A m=0
00 mraptxou anokau (2.96), (2.97) Ba maptu MyBo(hHUKaTH

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 mAyioMm, spHe | < A < 2l, macpanan
onTUMU3arcus 0a épraHn MUHUMYMHU UHTETpau dHEpPrusu capxaauu (2.59) oBapna

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 ajokau Tariupédra, ku a3 myHocubarxou (2.96) Ba (2.97) 6apmeosH 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,.
Macwanau xocuimynapo 6o ycynu Jlarpany xan xapaa, 6a xynoca MeoeM, KH

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 OGapou m =n, t € [0; A] 60 Oapobapuxou (2.60) — (2.63)
MyaisH KapJa MelaBaHi, Ku jJap oHXo (ynkcusxou 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. [lap uH Xonar Machajgau
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), myBoduku nemman Wniiun — Mowucee, 0a macbanan €praHu MHGUMYMHU

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), By(t), B5(t), B4(t) Ba mommuu C; 060 myHocubarxou (2.73)-(2.77) myaiisH
MeTapIaH/I.

SlroHaruu UAOPAKYHUXOU CapXaauH ONTUMAIHK XOCHIIIIY/Ia a3 OH 0apMeosi, K1
UMHTErpajiu sHeprusiv capxaauu (2.59) dynkcuonanu Oapyacra mebomaz. Teopeman

2.6 ucOoT rapau.
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A3 HyKTau Hazapu TaTOMKOT, MaxcycaH 0apoW MCTUCHO HaMyTaHW WMKOHHSTU
BOpUJ ITylaHW paBaHAMd HIOPAKyHUH capXaii 0a pe30HaHC MyXHM acT, KU 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 HINTHPOK 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
XypATapuHU UHTETPAIN SHEPTUSH capXadi XanroMu T — oo Oa 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 yarmu X = ( Ba qOHMBa3KyH# nap capxaau pocTd x = [ amamin merapaa.

bo6u 3 Hu3 a3 yop Oannx ubopar act. ba muciaum 606u 2, map OaHau SIKym
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 — wucOOTH
MaBYYIUATH XAJUTH MachajaW HIOPAKyHUHU capxaaid 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
YOWMBA3KyHI Jlap capXaly POCT aMajil Merapaan, nap ¢pocuian uxtuépuu 6a Kaapu
KO KaJOHU BaKT OapoW paBaHIXO0€, KM 00 MyoAWIad JAIUIIXOu Mad0ypuu TOp
TaBcu( MemaBaHA, coxTa InygaaHa. MH Myoamna  XOnaTd XyCyCHMH MYOJWJIau
OappacuinaBaiga MeOomia, sbHe a3 OH XaHroMu q(x,t) = 0 OymaH XOCHI MeIIaBaj,.
bapou wumopakyHMXOW ~capXaadd ~ONTUMAaIMM  YycTydylIaBaHma HuOIaXxou
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 MHTErpaIM SHEPTUAH capXalid KHMaTH MUHUMAaJIA 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 capxaauu (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 notuouu (3.3) Ba maprxou Huxou (3.5), ku gap on @ (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 Taritupédbanman q(x,t) Tauxo 6a cuadu L, (Qr) Taamryk gopa.
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 curd nap Oanmu sikymu 000u 2 oBapna mygaacT. bapou wmyailisH

HaAMyJaHU XaJUTM YMyMHIIIyJlad Machajaxou OappacuiiaBaHaa 00 MabHOU aWHUATH
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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, KOHEb Tap/JOHA]l Ba MHYYHUH IIAPTH SIKYMHU CapXajJuu
(3.2) Ba maptu ayromu ubtumonu (3.3)-po kapuO map xama yoiuu [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, ki 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 Ak dyHkcmsu canyunmu 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) Tydra, Xxamm machanan omextau | - po a3 XaMuH cuH( 60 YyHHH
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(ynkcusu pu(t) € L,[0,T] Ba dyukcusu v(t) € WL[0,T], xu Gapou oH maprxou
myBodukaru (3.4) Ba (3.6) w4ypo merapjaHa, MCHOMEM, JapXo0Jie KU MIapTH SIKyMH
auxonn (3.5) 6apou xamau x € [0, [] Ba maptu agyromu Huxouu (3.5) Kapub map xama

yoiiu [0, [] uapo 1ryma Goran.

3.2. SIKKnMaTa XaJIAaBAHAATHA MachaJIaX0d OMEXTAa

Hap wH O6aHI MaBUyAWST Ba STOHATMHM XaUM Macbhaiaxou omextau | Ba Il, xu
nap 6anau 3.1 ry3omiTa nrygaaH;, MaBpHIA TaXKUK Kapop METUPaH/I.

Tacaukm 3.1. Buesop, q(x,t) yucypu cugpuu cungu L,(Qr) 6Gowao. Ilac
oapou xap eyna T > 0 xam macvanau omexmau | éa xam macvanau omexmau ll a3z
cungu W (Qr) as ax xan 3uéo dowma namemagonao.

Hcoot. Hakman nco6otu tacauku 3.1-po 6apom macbanam omextau | 6a TaBpu
myxTtacap 0aén MekyHeMm. dap3 mekyHeM, k1 Oapou mMachanan oMmextau | qy Xamim
u,(x,t) Ba uy(x,t) a3 cuadm W,(Qp) maBuymann. OH roxX (apKH OHXO
u(x,t) = uy(x, t) — u,(x, t) Xammm Machaiau 3¢puH Merapaa:

Ut (X, 1) — Uy (,8) = 0 9ap Qr,
u,(0,t) =0, u(,t) =0 xameomu 0<t<T,
u(x,0)=0, u(x,00=0 xanecomu 0<x<1L.

bo HazapaomTH UH, alHUATH UHTEerpainy (3.7) MIaKkiIv 3epuHPO METUPa:

T 1
f f u(x, t)[Psr(x,t) — &, (x, t)]dxdt = 0.
00

AxnyH ¢ynkcusu @ (x, t)-po nap makiu 3epruH MEHABUCEM:

P(x, ) =9(x) - f(¢),
ku gap oH f(t) — xap ryna ¢yHkcusu 1y mMaporuba 6edocuiaa auddepeHcrannazup
Jap TaMOMH XaTTH POCTH XaKUKid MeOomraa, KM XaHromu t = t,, t, <l 6a cudp

Oapobap act Ba U(x) — sKe a3 (QYHKCHSIXOM XOCH MachajaW CIEKTPaInu
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{ﬁ”(x) +19(x) =0,
9,(0)=0,9) =0
MeGoIIam, KM gap oH A — KMMarhd XOCH MYBO(HKH Machajad XOCHIIIyaa MeOoIa.

m(2n+1)
21

Humon moman aymBop Hect, ku 9,(x) = cos X, n € Z. bapou 06a aH4yoMm

pacoHuaaHu UcOOTH TacauKu 3.1 Takpop KapJaHu XaMau MYJIOXU3axoe, KH Jlap KOpH
[60] oBapaa nrygaaHi, 103UM MEOSII.

be mMaxaya KapJaaHd yMyMHUST, Jap WIoMa Macbhajgad oMmextau |-po map xosare
Oappacii MeHamoeM, ku map oH @(x) = 0 map nopuau [0, 1], P(x) yHcypu cudpun
cundpu L,[0,l] meboman Ba kumarxom capxamuu u(t) Ba Vv(t) MyBodukan
ynxcusxon uxtuépi asz cunpxou L,[0,T] Ba W,[0,T] xacrana. Jlap un Xomnar,
MyBOGUKH mapTxou MyBodukaru (2.4) Ba (2.6) maptxou v(0) = 0 Ba v(T) = 0 Gosix
UYPO rapaHi.

Bo pamsxou p(t) Ba v(t) QpyHKCHIX0€PO HIIOPA MEKYHEM, KU MyTaHOCHOaH 6o
u(t) Ba v(t) xauromu 0 < t < T myBouKaT MeKyHaH] Ba xaHromu t < 0 60 cudp
yuaoMa jgoma mymaadHa. AEH acT, Ku Jap aHH XOi E(t) € L,[—&,T]Ve>0 Ba
v(t) € WE[—6,T] V& > 0.

Tacauxku 3.2. buezop, T < | s6a q(x,t) yncypu cugppuu cungpu L,(Qr) 60uao.

On 2o0x xannu seonau ymymuuiyoau macvaiau omexmau | az cungpu W5 (Qr) 60

bapobapuu 3epun MyatisiH Me2apoao:
t—x t t+x-T

1
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 gynxcusiu f(x,t) az @yuxcusu Kucmu pocmu myoounau (2.1) 60 poxu
uoomaouxuu yygm unucoam 6a nykmau x =0 ea udomaduxuu mox Hucbam 6a
Hykmau x = | yocun wyoaacm.

HUcoot. 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 udtumonn u(x, 0) = 0-po KOHEh Meco3af,

XaM4yHUH maptu capxamuu U, (0,t) = wu(t) Ba maptu nbtugoun u,(x,0) = 0 -po
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Kapub map xama yoiiu nopyau [0, ] kanoat mexyHoHan. Ilac, O0KA MeMOHa HHUIIIOH
JMXEeM, KA UH (QYHKCUS alHUSATH WHTErpanuu (2.7)-po KOHE» Meco3al, KK Jap OH
p(x)= 0 Vx €]0,l] Ba Y(x) yucypu cubpuu cunpu L,[0,l] mebOorran, spHE
0apobapun

I T
o= j f (e, [y (x, £) — D (x, )] dedt +
0 0

l T

+ j[go(x)cbt(x, 0) —yY(x)P(x,0)]dx + f u(t)®(0,t)dt +

0 0
T L' T

+J v(t)D, (I, t)dt—J j flx,t)®d(x,t)dxdt =0 (3.9
0 00
-po Gapou dynkcusau aunxoxu P (x, t) a3 Taspudu 3.1.

bo uctudoaa a3 unTerpanrupin a3 pyiu KMcMxo 60a KUCMHU Yanmu MyHOCHOATu

(2.9) maxau 3epUHPO METUXEM:
T 1 T

Lyfo = j j [u, (x, ) D, (x,t) — us(x, )P, (x, t)] dxdt + j u(t)®d(0,t)dt —
0 0

0

T I
—jff(x,t)cb(x,t)dxdt. (3.10)

[1ac, 6apou Mo kKoucT cOOT HamoeM, Ku KucMu poctu udonau (3.10) 6a cudp
Gapobap act. Bo f(x,t) dynxcusn n6runonn gumxoxu dyukeusu f(x,t)-po a3 pyiiu

X nmopa MekyHeM. OyHKCHUSIU 3epuHpO Oapou Oappacii BOpHI MEHAMOEM:
t—x
U(x,t) = f E(T)d‘[ +v(t+x—-0D+
0

Nlb—\
N| -

t t
J +t—1,7)dT + J (x —t+1,1)dr.
0 0
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Ba ocownil canquaa memasan, ku ynkcusu U(x, t) 6a cuadpu W,1(Qr) Taanmyx
nopajn Ba 6apon Kapub xamaum HYKTaxoW POCTKyH4Yau Qr OapoOapuxou 3epuH UYPO
MEIIaBaH/I;

Up(6,8) = ue (), Up(x,8) = f(x,8) = upe (%, ).

bo Hazapaomtu uH 6apodbapuxo 1opem:

T 1
OfojUt(x, )P, (x,t)dx dt—ofof flx, D, (x,t) dxdt —

T 1

—jfU (x, ) D (x, t)dxdt+j,u(t)CD(O t)dt —
00 0

T 1

flx, )D(x, t)dxdt = — j J U(x, t)®D,(x, t)dxdt +

O\N

!

T 1 T T
+jjf(x ) d(x, t)dxdt+f<b(l,t)f(l,t) dt—jCDt(l,t)U(l,t) dt +
T 1 T T 1
+jfU(x t) D, (x, t)dxdt + j/,t(t)CD(O t)dt—]jf(x t)D(x, t)dxdt =
T T
= —jCD(l, f (1, t) dt—fd)t(l, U, t) dt+JCD(O,t),u(t) dt =
- j o0 OF L) dt + j O, U, (1, )dt + f O £) u(t) dt =
0 0 0
—jCD(l, f(Q, t)dt+j<b(l, U, t) dt+Jd>(l, f (1, t)dt —
—fcp(o, tu(t) dt =fCD(l, t)v(t)dt —f O, t)v(t)dt = 0.
0 0 0
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Tacnuku 3.2 uc6oT Kapaa mrys.

AxkHyH wMachamam omextanm l-po 060 mmaprtxom wubtumomm cudpun (3.3),
ynkcusxon capxaauu uxtuépun w(t) € L,[0,T], v(t) € W, [0, T], xu ayroMu 0HXO
mapti  myBodpukatd Vv(0) = 0-po KOHEb MerapAoHaj, HWHYYHUH (PYHKCHUAXOU
uxtuépun f(x,t) Ba q(x,t), xu 6a cudu L,(Qr) Taamryk mopana, Oappaci
MeKyHeM. [lap uH XoJar 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) mebowao, xku oap Qr maxoyo acm 6a MyHOcubamu 3epuHpo KOHeb

Me2apooHao.
t—x
u(x, t) = — j E(r)dr +v(t+x—-0D+
0

1t—x t—x—7T
= j dr f [q(&, Du(E,7) + £(§,7)]dE +
" I—|r—t—x—1|
1
+zoj T Jr—ux|[q(€' g EE
2 T 2

bapon ucbotn wH nemma koduct, ku xocusaTxou ¢yHkcusu f(x,t), ku gap
tacnuku 3.2 TaBcu( mymaana, 6a >bTuOOp rupudTa IMABaHI Ba YaMbllIaBaHIAU
q(x,t) u(x, t) 6a Tapadu poctu myoaunau (3.1) ryzaponua masa.

soxu  3.1.  «Arap pu(t) €W, (=&, T] Ve >0, v(t) € Wi(—e,T]
YV &, > 0, xoapdurcuentu q(x,t) xampox 60 xocwian Xy g, (x,t) map pocTkyHYau
Q; Maxuayn Gomann, nHuyHHH QyHKcHsH f(x,t) 6a curndu W, (Qr) Taamiyk momra
Oolmaja, OH TOX XaJUTM oMexTau Machainau |, ku gap nemmau 3.1 Gappacii nrynaact, 0a

cuadu W2 (Qr) taamnyk xoxan gomr [24].
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Teopeman 3.1. bucsop, T <1 6owao sa ¢yuxcusxou q(x,t) ea f(x,t) 6a
cunu L, (Qr) maannyx oowma d6owand. On 2ox myoounrau unmeepanuu (3.11) yaniu

seonau max0yo oopad. Faup az un, 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.

Hcoor. Teopeman 3.1 Gapon xap ax kumatu T <[ 6a TaBpu MOHaHJ UCOOT
Kapjaa MemiaBaj. A3 UH py, 0e MaxJiy[l KaplaHu yMmyMusrt, xonatu T = [-po Oappacii
MekyHem. ba wwucium Oangu 2.2-u 000m 2, «kBagpatu (Q;-po 00 Xarxou

XapaKTepUCTUKUK X =t Ba X = [ —t 0a 4op KuUCM 4ymno MeHamoeM. Jlap coxaxowu
XOCHJIIIya: CeKyH4an A; = {(x, t):0<t< é, t<x<l- t}, K1 0a acocH MOEHUU
Q; maiiBact acTt; CcekyHuaxou A4, = {(x, t):0<t<[,0<x< é — |t — é|} Ba
A; = {(x, t):0<t< l,é + |t — é| <x< l}, ki 0Oa maxjayxoum (; dYacmuaaaHn,
cekyH4au A4, = {(x, t):é <t<[l—-t<x< t}, ki 0a acocu Oosionu @Q; maiBacT
act, (ynxcusapo 6a 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 A;,A,,A; Ba A, Taamnyk AOpaH]l, XaMUyH MYOJMJIAXOU MHTErpayiii 0apou
Eprann GyHkcusaxon U, (x,t), u,(x,t), usz(x,t) Ba u,(x,t) Oappacii MeHAMOEM»
[23].

Xanromu j = 1 myHocuOartu (3.11) 4yHUH IaKIPO METUPAT;

1 1
w0 = [[ FE0dsdr+ 5 [ a@owE Ddgar,  312)

kumgapon D, ={(§{,1):0<t<t;x—t+1<é<x+t—1}CA.

Myonunau (3.12)-po aap makiu 3epuHU ONepaTOpin MEHABUCEM:
1
w o) =5 [[ 6 Ddgdr + N6,
D,
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Omneparopu

[Nixl(x,6) = f j a(&, Dx(E D dede

0a taBpu Maxayn gap dazou L,(A;) amanm meHamMos1 Ba Oapou Aapadyaxow OH Oaxowu

3€pHH JIYPYCT acT:

tk
[Nx] G ] < Sup 1xGe O] - llgli, ;- , kKEN. (3.13)

(x,t)Ed; (ﬁ)km
Hypyctan 6axou (3.13) 6anam 2.2-u 600u 2 ucOOT kKapaa mrygaact (HUT. HCOOTH
(2.13)).

A3 uH Oapmeosi, ku wmyonwnan (3.12) Myonusnad UWHTErpajvud HaBbHU
Bonreppaun wuncu nytom meboman. Arap f(x,t) =0 Ooman, mac OH XaMyyH
MyOIuJan SIKYMHCA TaHXO Xaud cudpi aopan, sbHE Jap WH XOdar Jap coxaum g
U, (x,t) = 0 memanan. Arap f(x,t) dyHkcusu uxtuépi a3 cuadu L,(Qr) Oomas,
nac xawwu myoxwnau (3.12)-po mertaBoH 0a makiu kKaropu Heiiman, ku MyTiak
Ha3IMKIIaBaH A acT, udoaa Kap/:

(0]

1
uy (%, 1) = (1 + Z N{‘) RGO RGED =5 J £(&,7)d€dx.
Dy

k=1

bursop j = 2 6oman, oH roxX J0peMm:

t—x

1
u,(x,t) = —j u(t)dr +§j f(& t)dédt +
i

0

+% ﬂ Q(f,f)ul(f,T)dde+% ﬂ+ffq(f,r)u2(€,r)d€dr , (3.14)

Di1uD12 D31 Dy

KM J1ap UH YO

t+x
D115D11(x,t)={(€,r):OSTS ;rSfoH—T}cAl;
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t—x
DlZEDlz(x,t)={(€,T):OSTS ;TSESt—X—T}Cﬂl;

x—t+1

Dy =Dy (6 t) ={(E D)0 < T< 6+

xX—t+7T
2

<< |-
_5_2 T

DzzEDzz(x:t)={(E,T):OSTSt—X;OS§St_Tx— T—%

D* = D11 U D12 U D21 U D22.
Azbacku coxau D;; U D;, myppa map moxwiu coxau A; 4OWrup acT, mac aap
myHocubOaru (3.14) yamplliaBaHgan cCOM ajulakail (YHKCHSH MablyMH U, (X, t)-po

nap 6ap merupa. bo qyopi kapiaHu HIIOPaxou
t—x
Fy(ot) = — j w()d + j j F&TdEdr +3 f j 4(&, Dy (€, ) dédr
0 D11UD12

Ba

o =5 [[+[[ ]a€oxenase

Dy1 Dz
myonuian (3.14)-po map makiu orneparopin MCHaBUCEM:
Uz (X, t) = FZ (x' t) + [NzUz](x, t)

bo uctudona a3z ycynm WHIYKCUSH MaTeMaTHKA HUIIIOH MEIUXEM, KU ONIEPaTOpH
N,, k1 xaM4yH orepatopu Maxayn aap ¢azou L, (A,) aman MekyHas, 6axou 3epUHPO
KOHEH MECO3a/;
[e(t — x)]*

[N x]Ge ] < Sup [xCeO)l-llgll*, 5, - ~—F7——, kE€N. (3.15)
(x,t)eh, :

Xanromu k = 1 mopem:

N1, )] < j j a(n, D x(n,Ddnde| <

Dy,

< Sup |yx(x,t)|- jf q?*(n, t)dndrt - Jdr jdn<

(x,t)eh,
xX—t+7T
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< Sup |x(x, )" llqllza,

(x,t)eh,

< Sup |x(, )] llgllza, v (E—x)t < Sup [x(x,0)]-llqllza, -+ (& —x)t.

(x,t)eh, (x,t)eh,

Oj.(t—x)dr <

bury3zop xauromu k = n 6axowu (3.15) gypyct 6oman, ssbHE

NGOl < Sup [x 0l llgl, - L

(x,t)el, n!

Xomatu k = n + 1-po Gappacii MEeKyHEM:

I[N x](x, £)] < f f q(m, D[N x](m, Ddndr| <

D3,
1
< Sup @Ol lally,, -+ [[1a NG = pTdnde <
(x,t)eh, : 5
22
1 t T
< Sup @Ol llall,, - | [ e [ @-myrdn <
(xt)ehs " 0 x—t+t

drt

IA

t
1 T‘n(t - x)n+1
< S t n+1 .. .[

wp 1xCe Ol llall™,, o [[F2

(x,t)€eh, o

1 tn+1 (t—X)n+1
< Sup |x(xt e : <
Sup IxCo 0l gl -+ Jn+1 ——

tn+1 (t — n+1
V1 (£ —x) B
n+1

< Sup |xCo0)l-llgl™?,,, =

(x,t)€eh,

\/[t . (t _ x)]n+1
< Su X, t AR .
Sup 1x Ol i, o
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XamuH Tapuk, gypyctun 6axou (3.15) ucbot kapaa mrya. A3 uH 0apMmeosis, Ku
myonuian (3.14) nap coxaum A, Xamm Maxayl J0pajl, Ki OHPO METAaBOH Jap IIAKIH

KaTopu MyTJaK HazaukinaBanaau Heviman ndoga namy:

[00]

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

k=1

XaHromu j = 3 mopem:

1 1
us(x,t) =v(it+x—-10+ 5 ﬂ f(& t)dédr + > ﬂ q(&,Duy (& 1)dédT +

D31UD3, D31
1
+55U q (&, tusz(¢, t)dédr, (3.16)

KM J1ap UH YO

D3y = D3y (x,t) =

t—x+1 3l—x—t |x+t—1
={(€,r):0§r§ i x—t+1<¢&< —| —r|}cA1,
2 2 2
D3y = D3y (x,t) =
t+x—1 l+x—t t—x+1
={(f,T)iTSTSt;T+ T——|S€Sl—|l—x—t+r|}cd3.

Hap myomunaun xocunmrynau (3.16) dop uHTerpanu aBBasl a3 (YHKCHUSXOU
MabIyM Tupudra memabanja. OHXOPO XaMpOXy 4YambllliaBaHnau skyM 00 Fs(x,t)
UIIopa MeKyHeM Ba HucbOar 0a usz(x,t) Myoaunam wHTErpaiuud HaBbU Bonreppan
3€pUHPO XOCUJI MEHAMOEM:

uz(x,t) = F3(x, t) + [N3uz](x, t),

KU J1Iap OH ONEPaTOpPu UHTETPATUU

1
(Nous] o) = 5 [[ a6, 06 Ddgn

D3;
nap dazou L,(Az) Oa TaBpu Maxayn amaa MEKyHaJ Ba Aapadyaxou OH 6aX0W 3epUHPO

KOHEH METapJIOHAHI;
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k
<\/7-||q||m3> .\/("”_Dk, keN. (3.17)

[[N¥x](x, )] < Sup Ix(x, )" ; o

(x,t)€A3

Bokean, xanromu k = 1 mopem:

1
W21 01 < |7 ] at oxs Ddgr] <

D3,
1 t X+t—7T
<l|5 f dt f qm,)x(m, )dn| <
0 l-1
t X+t—7T
< sw ol |[[ oodde |[dar [ dns
(xt)ehs A 0 -t
. ’

< Sup |x(x, )" llqllza,

t
J(x+t—l)dr$
0

(X,t)EAg
< Sup |[x(x, 0] llqllza, -V (x+t=DL
(x,t)€A3

dap3 MeKyHeM, Ki XaHToMHu k = n 6axou (3.17) nypycrt acTt, sbHe

(ﬁ- ||q||2,A3>” Ja+e-Dr

[INsx](x, O] < Sup [x(x,0)]-

(x,t)€A3

Xanromu k =n + 1 nopo Memasem:

2 n!

1
3201 < |5 || a6 D N 010, dnde| <

D3,
n t X+t—1
1 Vi-llgllza,) 1
<7 Sup Ix(x,t)l-<T3 -—,-fdr f q(n, DV [t(n + 7 —D]"dn <
(x,t)ehs n.
0 -t
n t X+t—7T
1 Vi-llglliza 1
<5 Sup |x(x,t>|-<Tg o llalla, - [ edr [ Gr—ndn <
(x,t)ehs n. ] 2
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t

n
(\/7. IIQ||2,A3> 1l 1 frn(x+t—l)n+1
L0280 ) gl —

dt

IA

1
=37 Sup |x(x,t)]-

(x,t)eAs n!

2 n! n+1
0

n
1 Vi-lqlloa 1 [t (x+t— D!
<-— S D) - _ - 473 . . . <
Z(x,gggl)((x )] < > lqll2a, myRll e ——
n
1 Vi qllza 1 Jt™ - (x +t — Dt
<— S K _ 73] . e <
_z(x’ggglx(x )] ( > lall2a, o ——

n+1
ﬁ-||q||z,A3> VGt e-pr

< Sup |X(X,t)|'< 2 (n+1)!

(x,t)€A3
[Tac, myonunau unrterpanuu (3.16) myBoduku O6axou (3.17) map dazou A,
XaJUTAd MaxIyd A0paja, Kd OHPO METABOH JIap MIAKIW KaTOpH MYTJIaK Ha3dUKIIaBaHIAu

Heiiman udoma Hamysn:

0]

Uz (%, £) = (1 + Z N§<> Fy(x, ).

k=1

Huxost, xanromu j = 4 myoauian 3€puHpPO JOPEM:

1
uy(x, t) = F(x, t) + Eﬂ q(&,u,(é 1)dédr, (3.18)
Dy
KU JIap OH
t—x 1
F,(x, t) = — j pu(tydr +v(t+x—1)+ > j f(&, )dédr +
0 D*

3 || aeouEnasay [ a@ouenas

Da1up,, D43upys

1
+5 || a6 Du e Dgan

Dys

127



— ¢yHKCHAU ajlakail MabliyM MeOoI1aj Ba
t—x
Dyy = Dyy (x, ) ={(§,r):o ST rsgs t—x—r}cdl;

!

(& 1): OSTSE;
Dz = Dyp(x, 1) = 3l—t—x t+x—1 < 4y
<&< I P
t—x+1
(f,T):OSTST;
Dis =Dzt =93 _t47 \x—t+7 l [ (€42
| S€S——T——|
2 2 2 2
t—x t—x
Duy =D =fED0sTs-nosgs =2 r-Hllca,
x+t—1 t+x
(f,r):TSTS B
D4-5 = D45(X, t) = ) I - A3;
E+|§—T S€Sl—|x+t—l—r|
[
(ﬂﬂ:ESTSE
Dy = Da(x8) = x—t+l t—x+l|< _xtt t+x| <Ay
2 t | SES TP T

D** = D4_1 U D4_2 U D43 U D4_4_ U D4_5 U D4.
Myonunau (3.18)-po gap makiu ornepaTopit MEHaBUCEM:
us(x,t) = F(x, t) + [Nowy](x, ).

ba oconin MmeTaBoH O0Bapi XOCHII KapA, KU OlepaTopu

1
o 0) = [[ a6 a6 ndsdr

nap dazou L,(A,) 6a TaBpu Maxayn amall MEKyHaJl Ba Japadyaxou oH 0a 6axou 3epuH

TOOEh XaCTaH/I;

keN. (3.19)

(ﬁ- ||q||2,A4>" Vot DF

[INEX1 G, O] < Sup [x(x, )] - > rR—

(x,t)ehy
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Hap xakukart, ouryzop k = 1 6omaza. OH rox

1
N1 01 < |5 [ aGr o dnde| <
Dy

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 Sup GOl lalloa, - | [ €+ x = Ddr <
0

(X,t)€A4_

1
<5 S8 GO I4lls, -V +x =Dt <

X,t)€A4_
(t+x—-DI
< Sup [xCe D1 Ngllpa, -0
(X,t)€A4_

bury3op xauromu k = n 6axowu (3.19) mupo rapmas, SpHE

VI-llglls,) G- DF
2 k! '

[INFx1(x, )| < Sup |x(x,t)]-

(x,t)el,

AxnyH xonatu k = n + 1-po 6appacii MeHaMoeM:
n+1 1 n
N 21 e O < |7 [ a(n,0) [Nx](n, )| <
Dy

1
<5 Sup |x(x 0l llqll™,,, Nqll2,a, X

2 (x,t)en, 2n - n!

X+t—T

t
X fl"dr f m+t—-D"%dn <
0 -7

t
Jl"(x +t—[nt

dr <
n+1 t=

1
< — S ,t . n+1 .
_Z(x’g&lx(x - Mlal™ =, 4, TR

0
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<L Sup IxG Ol llgl™,, -
2(x t)el, 24

1 1 ™1 (x+t— Dt
2n-n!l (2 n+1 n+1

1 \/2n+1 . (x 4+t — l)”+1 -

< S x, t n+1 .
(xg&lx( - Mal™ 5, S n+1

VI G+t =D+
< Sup [xGOl- g™, 0 :
(r0)eA, Ay 2 . (Tl + 1)!

Hypyctun 6axou (3.19) uc6ot rapaua. A3 ux 4o 6apmeosi, ku myoawian (3.18)
MyOJIJIan MHTETPaluu HaBbH BonTteppa mebomman Ba nap A, Xamum Maxayn aopai,
KM OHPO METABOH Jap IIAKJIM KAaTopyu MyDIaK HazaukiaBaHjgaun Heiiman udona

HaMY/I:

0

uy(x, t) = (1 + 2 Nf) F,(x,t).

k=1

Bapou anyom nomanu uc6otu teopeMau 3.1 cydrarum xamm OGagacTomManapo
TaxKuK MeHamoeM. A3 (3.11) Oapmeosin, ku Xammum u(x,t) map pocTkyH4aum Qr
oedocuna medorran. Umopau U(x,t) = f(x,t) + q(x, t)u(x, t) -po BOpua MEKYHEM.
®dynkcusin U(x, 1) -po HucoOar 0a capxaau x = 0 qydrt Ba HucOar O6a capxaam x = [

TOK ujoMa Menuxem. [lap Haruya 6apobapun (3.11) 6a 6apobapuu 3epuH MyOamgan

MeTrapaa:
t—x t x+t—t
u(x,t) = — f u(r)dr +v(t+x—-0D+= J J U(&,1)dédr.
0 X—t+T

A3 uH Oapobapii HucOar 0a t Ba X xocwia rupudTa, O0apou Kapub xamau
(x,t) € Qr GapobapuxoH 3epHHPO XOCHUI MEKYHEM:

ut(x,t)=—E(t—x)+v_’(t+x—l)+

N| =

+ J[U(x-l—t—’[,’[)+U(x—t+’[,’[)]d’[, (3.20)

Uy(x,0) = pt—x) + v +x -0+
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-I-%f[U(X+t—T,T)—U(x—t-I-T,T)]dT. (3.21)
0

A3 myHocubarxou (3.20) Ba (3.21) 6apmeosia, ku xocuaaxon U, (x,t) Ba u, (x,t)
6a dazou L,(0 < x <) 6apou xamau t € [0,T] Taamiyk mopaHj Ba WHUYYHHH Oa
dazou L,(0<t<T) OGapom xamau x € [0,l] Taammyxk mopaHa. XaMuH TaBp,
TeopeMau 3.1 myppa ucOoT rapaui.

Haruvau 3.1. buesop, wapmxou meopemau 3.1 uypo wasand. On 20X xauiu
macvanau omexmau | 6a 6axou 3epun mobev mebowao:

(xil)ngTlu(x, ) <C <I|#(t)||L2[o,T] + tg;(l)g]lV(t)l + ||f”L2(QT)>- (3.22)

Hn 6axo nucbam 6a q(x,t): |qll, o < v, € = C(y) > 0 mynmaszam acm.

HUcoot. dypyctun 6axou (3.22) 6apou xomaru (x,t) € A; nap 6anau 2.2 -u 606u
2 ucoOor mrynaact (Hur. 6a HaThyau 2.1).

®dap3 mekyHeM, ku (x,t) € A,. Jlap un xXonar gopem:

t—x l l-t
1
R0l < |- [ w@add +5 [ de [ 1ra0ldn+
0 0 0

L
2 l-t

+C1 - Ifllaa, f dr f lq(n,)ldn <
T

0

t—x 1 l l-T l l-T
< —j u(t)dr +§ jdrf f2(n,t)dn - fdrj dn +
0 0 0 0o 0

l-1
drf q*(m,T)dn -
0 \

+Co - If ll2a, -

O\NI“‘
(o
ﬂ
— T
I
N}
A

ORNIN

\
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[
: <
=21 1U =21
< llullza 2\/—Ilflle 2, T €1 fllza, -5 lallza, <

LGl
< Wi, + (575 + 5 Nallas, ) 1/l

A3 MH 40 XOCHUJI MEKYHEM:

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

(x,t)eA UA,
Vit —Xx k
( ) <

k! a

[’} 1 .
Zk— lallza,)

< Sup R0 t)lexp(l-liqllzn,) < IuIl-exp(l-llqliza,) +

(x,t)eA1UA2

£ Sup RGOl anukul

(x,t)€A1UA2

<

< Sup [|R(x0)]- |1
(x,t)€A1UA2

¢l
el lalles,) (575 + 5 Nalaa, ) Iz ue, <

< G (Il + 1 l2.8,08,),

KM J1ap UH YO

C: = maxfexp(1- lallas,) i exp(t- Nalas,) 5 =+ 2l }

AxnyH (ap3 mexyHem, ku (x,t) € Az. lap uH xonat gopem:

1
RGOl < v+ =D+ 5 [[1F0oldnde +

1 1
+5 [[1at 0w oldnde +5 [[ 1260w, oldndr <

D34 D3,

[
< Sup |v(t)] \/_+T £ 1l2,8,00, +2\/§ 1 f Nz, - lallza,0a, +

te[0,T]

f Cr - fllza, - Nlallza, -

A3 ¥H 40 JOpO MENIABEM:
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l
sup 1Fs e 01 < VT Sup O+ (o4 7= Gl ) s,

(x,t)ehs te[o0,T]
lus(x,t)| < Sup |F3(x, t)| +
xt €A3
Vi x+t— Dk
+ Sup |Fy(x b)) ( IIQI|2A3> _\/( ) <
(x,t)eAs k!

k=1

oo k
VI x+t—0DFk
S ( ||q||2,A3> N )
k=1

(x,t)eAs - 2 k! -
k_
} (ﬁ-nquz,Ag-x/xH—l)
2
< Sup |F(x, 0)]|1+ , <
(x,t)ehs £ k!

[
< sup 1B 01 exp(llallos, -5) <
(x,t)EA3

X

2l IC,
[\/_ Sup |v(t)| + (\/_ \/— llqll, A1UA3) N ll2008,

te[o,T]

[
x exp (I1allaay - 5) < Ca(IVllaa, + 1fl2a,00,)

KW J1ap UH YO:

[
\/T'eXp<||Q||2,A3 E)'

exp(lallzs, - 0) (5 + 2 lallzss, )|

C3; = max

Huxosrt, pap3 mexynem, ku (x, t) € A,. lap uH xonat gopem:

t—x
1
FGOI< |- | u@dd]+ e+ x =Dl +5 || 1foDldnde +
0 D**

1 1
+5 [ la@omemoldndc+5 || lao e oldnde +

Ds1upy, D43upys
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1
+5 |[ 12t w6 Dldndr <

Dys

!
< llpllza,VI+ Sup IV(t)|+ 5 Ifllz0, + 5 Callfllza, llqllz, +

(x,t)eh,

[
+ \/_ECZ (VU pllzay + 1 2.a,0a,) - 1 llza,0n, +

[
+—Cg< Sup |v(D)] + |If||zA1UA3>'IIqIIz,A1UA3 =<

V2 T \xben,
[
= ||.U||2A Vi + Sup [v(D)|+ 5 “f”ZQl +5 Cl“f”ZQl ||Cl||2Ql
(Xt)€A4_

[ [
+EC2 Nlallzg, VI el 2a, +\/_§C2 “Wfllzo, - lallzq, +

+MC Sup |v(t)| + ¢ £ ll2,0, " llqll
—_— u v _—— <
7 -3 (xt)E:)Az \/E 3 2,0, " 19112,
IC, Wl >
<(1+—=- )Su v+ (VIi+—=C |
(147 lallzg,) Sup v ( > Cs ) lullza,

[ 1 l l
—+=C, - —C —C5 - .
+ (2 + 5 1 ||CI||2,Q1 + N 2”CI”2,Q1 + NG 3 ||CI||2,Q1) ”f”Z,Ql

A3 ¥H 40 J0pem:

lus(x, )| < Sup |Fu(x,t)| +

(x,t)el,

1%} k
+ Sup |F4(x,t)|z<‘ﬁ"'2q”2'“> _J(x+t_z)kS

(x!t)€A4 k=1 k'

o k
< Sup [F(x,t)] 1+z<%> A+t = DF

(x,t)eA4 k=1 k!

k_
x+t—1
o (ﬁ-uqnm-T>
< Sup |F,(x )| 1+z -

JE)eA
(x,t)ed, k=1

IA
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l(x+t—1)
< Sup |F(x,t)| exp| llqllza, 5 <
(x,t)ed,

l .
< Sup |E,(x,t)|-exp (%) <

(x,t)el,

< G, <||.U||2,Ql + Sup |v(t)| + ”f“Z,Ql):

(x,t)eQ

KM J1ap MH YO:

( L-lqllza, LG,
271 4+ == .

- Wi
C, = max-< exp (%) <\/7 + 7C3>;

U llgllan,\ L /1 l L
Xp (T 3+ 56+ 56+ 756 ko),

XaMmuH TaBp, Aypyctuu 6axowu (3.22) ucbot kapja ury.

~"

Kaiin wMenamoeMm, ku a3 Oaxou (3.22) ycTyBOpUM XaJUld Machajau
OappacuiiaBanga HucOat O6a MAPTXOU capXaiil Ba KUCMHU POCTH MYyOauIa OapMeosil.

I30xu 3.2. «Dap3 mekyHeM, ku (yHkcusau u*(x,t) xamwmm ymymuiiyaa 00
MabHOM alHUATH UHTEerpanuu (3.7)-u Mmacwhaian omextan | 60 koahdurcuenTu cudpii
Mebomman, ku gap makim (3.8) udoma merapaan Ba u(x,t) — XaJuid Machajau YMyMid
acT. bo nctudona a3 karopxoe, ku xamwiu myoaunaxou (3.12), (3.14), (3.16), (3.18)-po
Meauxana Ba 00 HasappomTu 6axoxou (3.13), (3.15), (3.17), (3.19) xocun MeKyHeEM,
KA

O —u(x,t)| <K )
(xr’rtl)%%Ju(x ) —u*(x,t)| ||CI||L2(QT)

ku gap oH goummu K Oa Hopmam dynkcusiu q(x,t) BoOacta HecT. A3 WH YO,
myBopuku myHocubarxou (3.20) Ba (3.21) 6a 6axou

llu — u*“WZl(QT) = C”Q”LZ(QT)
MeoeM, KH OH YCTYBOPUHU XaJUTH Machallal OMEXTapo HucOar 6a omyou aaiuTUBUH

q(x,t)u(x,t) nap myommram (3.1) 60 kodpduTcHeHTH 00 KBajpaT 3aMIllaBaHad

q(x, t) HumoH menuxan» [23].
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I30xm 3.3. «Kaiig MexyHeM, KM TacaIuKOoTH MOHaHja Oa jemman 3.1 Ba
TeopeMan 3.1-po MHUYHUH Oapou XaJiu Machbayian oMmexTau |l 60 mapTxom HUXOUU
cuppun (3.5) Ba UyHHH maApTXou capxaauu (3.2), KU Jap  OHXO
u(t) € L,[0,T],v(t) € WA[0,T] Ba v(T) =0 actmeboman, 6a pacT oBapaaH
MyMKUH acT. Tabkua MeHamoeM, ku 0a muciau teopeman 3.1 xamim Machbaiau
oMexTan  OappacuimaBaHjga  Oapou  MyoJauiaum  AKYMHCA  Jlap  CcoXad
{(x, ) max{T = ,0} <t <T,T—t<x<I1}NQ; aitHuaran 6a cudpp Oapobdap
act» [24].

Komwuiian 6a teopeman 2.2 a3 G6annu 2.2-u 600u 2 MOHaH, TEOpEMau 3€pUH
ucOOT Kap/aa MeraBa.

Teopeman 3.2. Dapz mexynem, ku oap myoounau (3.1) xosgpgpumcuenmu
magzuupébanoau q(x,t) manxo 6a cungu L,(Qr) maannyx dopao. Ou 2ox bapou xap
eyna T € (0,1] xam macvanau omexmau | 6a xam macvanau omexmau |l a3 cungu
W(Qr) az ax xan 3uéd dowma namemasonao.

A3 teopeman 3.2 Gapmeosis, KU Xaluki Oappacuinyia nap jJemman 3.1 Xaumu
srona a3 cuadu W, (Qr)-n Mackanam omexra Gapon Myoxmnad (3.1) 60 maprTxou
noTuaoun cudpi Ba mapTxou capxaauu (3.2) medoman. A3 uH py, METaBOH XyJlOca
Kapl, KU Teopeman 3.1 MaBUyausITH Max3 XaMHUH XaJUld Machallapo MyKappap

MCHaMOA .

3.3. SIkkumara XaJiaBaHJAaruu Machajau HA0OPAKYHUM capXaJail XaHTOMHU

BAKTH a3 KPUTHKII Xypa € BakTH 0a oH 6apodap

Jap wH 6ana caBoin MaBYynusT Xauromu I = [ Ba siroHarit xanromu T < [ - u
XaJum Macbasian upopakynuu capxaauu |l taxxkuk kapna memaan. Jlap aBan
TACIUKXOpO Aap Oopau sITOHAril Ba MaBYYAUSATH Xa/UIM Machajdau OappaculllaBaHau
UJIOPAKyHUHU capxaaid Oapou XoJjaTH XyCycH, Ku Kod(pdUTCHUEHTH Tariupédbangan

q(x,t) yacypu cudppuu cundu L, (Qr) meboriam, MeopeM Ba HCOOT MEHAMOEM.
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Mynoxuzaxoe, ki fap kopu [65] oBapma mrymaaHj, Takpop Hamyzaa, 6a OCOHIA
JOYPYCTUU TACIAWKH 3CPUHPO HHIIOH JIOJaH MyMKHH acT (HHT. 0a paBaHId HCOOTH
Tacauku 2.4).

Tacauxku 3.3. @ap3 mexynem, ku T <l 6a q(x,t) yncypu cugppuu cunghu L,(Qr)
medowad. Ou 2ox bapou macwvanau uoopaxynuu capxaouu |l mauxo sax xan az cungu
W3(Qr) yyyo oowma memasonao.

AKHYH TacouK ouj 6a MaBYyIUATH XaJUTH Machaiad uaopakyHuu capxaauu l1-
po Gapou XonaT Xycycuu OappacuiliaBaHia MeopeM Ba HICOOT MEHaMOEM.

Tacauku 3.4. @ap3 mexynem, xku q(x,t) yucypu cugppuu cungu L,(Qr) 6a T =1
mebowao. On 20x, bapou ox Ku xaniu aeonau macvanau uoopaxyuuu capxaouu Il az
cungu W3 (Qr) masyyo 6owad, 3apyp ea Kugos acm, ku MyHOCUBAMNOU 3ePUH UYPO

2apoano:

l
$10) + 9:(0) — PO — p(D) — j Fl -7 Ddr =0, (323)
0

l
B0 — 91 (1) — H(0) + 9(0) — j FaDde =0, (3.24)
0

Kku dap omxo Y(x), P1(x) sa f(x,t) mysopuran ynkcusyou ubmudouu gyHkcusxou
Y(x), Y1(x) 6a f(x,t) Hucoam 6a masiupédbanoau x mMedOUAHO.
Xaneomu uypo wyoanu uH wapmxo Xaiiu mMacvaiau 3uKkpuyoa 6o gopmynau

3epun 000a Mewmasao:

uy (x,t) Aap 4y,
uZ(x't) AaI)AZ'

u(x, t) = 13(x, ) pap Ay, (3.25)
u,(x,t) map A,,
KU 0ap uH yo
X+t t x+t—t1
1 1
WO =5lpar0+o-0+ | v +5 [ [ reodsl,
x—t 0 x—t+7
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x+t

1
w0 =5 |0G+ D+ o=+ D+ o) = o® + | Y -
l

fl v@ae - [[ revaar— ([ e vaga - [ e T)dde]

Q21 Q32 Qo4
[ x4+t x+t
921—921(Xt)—{(fT)0<T<§ T+ T |Sf£l—r},
x+t t+1l—x
ﬂzzzﬂzz(x,t)={(f,r): <T<———, x+|T—t|<E<—— T——|}

l+t—x
2

0y = 00y (5,0 = {(€,0)

<t<|, l—TS€Sx—t+T};

x—t
1

s (6) = 5 00— ) = 0(0) + 9, D + aGe+ £ = = [ (s -

0
- || remagar— || e agac- | f(sf,r)dde‘,
Q31 Q33 Q34
Q315Q31(x,t)={(f,r):0£r§%, l+;_t— r—l_x+t|sgsr},
Qggsagg(x,t)={(g,r):l_;+t3rsx;t,é+ r——|<5<x—|r—t|}

Q34 = Q34(x, t) = {(f:T): Xt

<1</ x+t—r$€£r};

1
u,(x,t) =§[<p1(x+t—l)+<p1(x—t+l)+

w | wod-| [ reodr

x+t-—1 I x+t—-1
x—t+1 t x—t+71

A, — cexynyaecm, ku 60 xamxou x —t =0, x +t—1=0, t = 0 maxoyo wyoaacm,

A, —cexynyaecm, ku 60 xamxou x —t =0, x +t — 1 =0, x = 0 max0yo wyoaacm;

138



A5 —cexynyaecm, ku 60 xamxou x —t =0, x +t — 1 =0, x =l maxoyo wyoaacm,
A, —cexynyaecm, ku 60 xamxyou x —t =0, x +t —1 =0, t = l maxoyo wyoaacm.
Jap aiinu 3amoH, UOOpaKyHuxou capxaouu yycmyyyuasanoa 6o ucmugooa az

Gopmynaxou aHanumukuu 3epun Xucob Kapoa mMeumasano.

l
1
RO =5 [0/ © = (=0 + G0 -0+ $© + [ fe -0z,
0

l
1 ~ ~ A
V() = 5|00 =0 = A= 0+ 0, O +$:0) - [ fe+1-r,0dr|
0

HcooTu 3apypii. ABBaj X0JIaTU XyCycUpo Oappacit MeHamoeM. AHuKaii, gap3
MEKyHeM, KM Jap Machaiau unopakynuu capxaanu Il ¢ (x) = 0 gap mopuau [0, [] Ba
Y(x) yacypu cuppun cunbu L,[0,l] meboman. Arap xammum u(x,t) a3 cuHdwu
Wzl (Qr) 6apou wmacwamau Ill Byqyn pomira Oomiag, mac OH XaM3aMOH XaJlid
macbhanan omextan | a3 xamoH cuH( meOomaa, ku map oH @(x) = 0 Gapou xaman
x € [0,l] BayY(x) = 0 6apou kapud xamau x € [0, []. MyBoduku Tacauku 3.2 UH Xaj

nap makiu (3.8) udonaa merapaaa, KM a3 OH MyHOCHOATH 3€pHHPO 0a 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,

6apobapuxon v(0) = @ (1) Ba v(l) = ¢, (1)-po 6a Hazap rupudTa, XOCHUI MEKyHEM:

l l
51D — 91 (D) — j F,D)dr = $1(0) + 91 (0) — f f-tode (327)
0 0

A3 myHocuGati (3.27) Gapmeosn, kum arap Mo 00 Pi(x) Ba f(x,t) oH
bynkcusaxou ubtunonn pynkcusixou P, (x) Ba f(x,t)-po Hucbar 6a Tariinpédbannan

X WIIOpa HAMOEeM, KU 0a IapTu

l
1/31(0) + ¢,(0) — ff(l —7,7)dt =0 (3.28)
0
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tToOeaH 1, OH Tox, 6apobapuu 3eprH AypycT MeOoIIam:

l
(D) — o (D) — f f(z,7)dr = 0. (3.29)
0

XamuH TaBp, 0apou XoJaTu xycycue, ku aap o @(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.

AKHYH XoJatd yMmMyMupo Oappacii MeHamoeM, KU Jap oH @(x) (yHKCHUAH
uxtuépii a3 cunpu  L,[0,1] Gyma, Y(x) ¢ynxcusu uxrtuépun cundu W,[0,1]
mebomian. bo un makcan, ynkcusixou @(x) Ba P (x)-po Hucobar 6a Hykraxou x = 0
Ba X = | O6a TaBpu 4yydT 6a mopuaxou [—[, 0] Ba [[, 2]] umoma menauxem. UHuyHHH,
dbynkcusiu f(x, t)-po a3 pyitn Tariiupédbangan aBBai 6a TaBpu yypt HucOar 6a x = 0
0a [—1, 0] Ba 06a TaBpu TOK HuCOAT 6a x = [ 0a [[, 2]] umoma menuxeM.

Oynkcusixou 00 UH Tap3 uaoManonamynau @ (x), Y(x) sa f(x,t), myBodhuxkan
6a curpxom L,[—1,21], Wr[—L2l] Ba L,(—l<x<2D)Xx(0<t<T) Taamnyk
JIOpaH/I.

bo uynmH ¢yHKcHsIXxon maomamomamyman @(x), P(x) Ba f(x,t) dyakcusu

3epUHPO Auja Mebapoem:

v(x,t) =%[<p(x+t) +o(x—t)+Px+0)—Plx -]+
+%J[f(x+t—r,r)—f(x—t+r,r)dr], (3.30)
0

ku maptu v(x, 0) = ¢(x) -po 6apou xamau x € [0, [] Ba maptu v,(x,0) = P (x) - po
Gapou Kapub xamam x € [0,1] kaHOaT MekyHOHax Ba nap OH Y(x) QyHKCHSH
noTHmonn uxtHépun Qynkcusn PY(x), f(x,t) QyHKCHAM HOTHIOMM HXTHEPHH
¢byukcusu f(x, t) aucOat Oa TariinpéOangan aBBasl MeOOIIAI.

ba monanmu Oangu 2.3 - u 000u 2, 0a OCOHHM METABOH HUIIOH OO, KH

dynxcnsm (3.30) xammu ymymmmyna a3 cuadu W3 (Qr)-m Mackamam omextam |
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MeOoman, ku gap oH u(x,t) 6a v(x,t), u(t) 6a v,(0,t) Ba v(t) 6a v(l,t) uBas kapaa
urygaang. As uH py, dapku [u(x, t) — v(x, t)] xamwm mackazan omextau | a3 XxaMoH
cuH 00 maprtxom mOTHIONM XaHromu t = (0 acT, KM MAPTH aBBajaml alHUATaH Oa
cudp 6apobap Oyna, maptu xyromail yHeypu cudpun cuadu L, [0, [] mebomman.
MyBoduku xojaTu Xycycue, KM jgap Oono Oappaci 1y, 6apon uUH (apk
MyHocuOarxoun Hamyu (3.28) Ba (3.29) uupo merapaan, sbHeE
$1(0) + 91(0) = 9,(0,) —v(0,1) =0, (3.31)
THORAORI A ESTNEI (3.32)
KH Jap oHXo pam3u Dy (x,t) yHkcusu ndbtnnonn GyHkcusu vq(x,t) -po Hucbar 6a

Tariupébanau X udoaa MmeHamosia. A3 6apodapuu (3.30) 6apmeos, ku

v(0,1) = o) + ¥;; v(L, D) = ¢(0) —(0), (3.33)

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)
oapobapuxon (3.31) Ba (3.32) 6a 6apobapuxou (3.23) Ba (3.24) mery3apana. XaMHUH
TaBp, 3apypatu maptxou (3.23) Ba (3.24) nyppa ucOot rapau.

HUcoorn xudosirin. ba oconit metaBoH O0Bapil XOCWJI Kapll, KH (YHKCHUSH

(3.25) 6a curdu W, (Q,) Taamnyk nopan. BokeaH, HH a3 oH 6apMeosi 1, KM OH Jap Xap

sike a3 coxaxod A;,i = 1,4 cymman anre6paBun QyHKCHSIXO a3 apryMEHTXOH X + t &
(x —t) -po Tamkun MeAuXaj, KU XOCWIaW YMyMHUIIylaun 00 KBajapar 3amIlaBaHaa
nopann Ba MyBoduku maptxou (3.23) Ba (3.24) xaHromu ry3aiiTaH a3 capxaiu
YMYMHH JIy COXaW JUJIXOXH COXaXOW 3HKpIIyga Ochocuiarud  Xyapo HHUTOX
MenopaHI.

ba oconin camumma Memaman, ku Oapom xamaum 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) = P, (x) napo merapaan.
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Ncbotn nypyctum aitausta (3.8) OGapom Xap ryHa ¢ynkcusu P(x,t) a3
tarpudu 3.1 G6okid Memonan. bo mH Makcanm, GyHKCUsSH 3epuHpO Oapoum Oappaci

BOpHUA MCHAMOCM:

1 ~
( > [—o(x — ) + P(x — ) + M(x,t)] 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)| nap Az,
0
\ %[—(pl(x—t+l)+1/3(x—t+l)—K(X,t)+N(X,t)] Aap A,

KM JIap WH Y0.

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)=ff(x+t—r,r)dr+ff(x—t+r,r)dr +o,(x+t=D+Plx+t-1D;
0 0

K(x,t)=jf(x+t—r,r)dr+ff(x—t+T,T)dT.
0 0

ba monanmu ¢ynkcusu u(x,t) ucbor kapma memanan, ku U(x,t) HU3 Oa
cuadu W3 (Q,) Taamnyk nopan. VHYyHMH METAaBOH HHIIOH 1OJ, KA GapoM Kapwo
XaMad HyKTaxou pocTKyH4Yau ; 6apobapuxou 3epuH AypycT MeOOIIaH/I;

Ur(x, t) = ue(x,0), Up(x, t) — f(x, 1) = uy(x, £).

bapou anyom nomanu ucO6oTH TacAuku 3.4 XaMaW aMaixoepo, KU XAHTOMH
ucbotu tacauku 2.4 nap Oanau 2.3-u 600 2 wypo rapauaa OymaHg, TaKpop KapaaH
JIO3UM acT.

AKHYH XO0JIaTH YMYMHUH Machallad UJIOPAKYHUH capXauu OappacuiaBaHIapo

nuna mebapoeM. be Maxayn kapaaHu yMyMusT, Aap uaoma 00 Makcaau cofarapioHit
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Ba OCOH HaMyzaHu Xuco0xo dap3 mekyHeM, ku f (x, t) yHcypu cudpuu cundu L, (Q;)
MeOoIa.

ABBai TeopemMapo ouj 0a TOHArUU Xajl MEOPEM Ba HCOOT MEHAMOCM.

Teopeman 3.3. bueszop, q(x,t) oap myoounau (3.1) 6a cungu L,(Q) maannyx
oouwma 6ouwad. On 20x bapou ounxox T € (0, 1] macvanrau uoopaxynuu capxaouu 1l
a3 cungpu W, (Qr) manxo sx xan dowma memasonao.

Hcoot. NcObotn Teopeman 3.3 Gapom xap sk kumatu T < | Oa TaBpu skxena
aHYOM J10]1a MeIaBaj. A3 HH py, MO UCOOTpo Tauxo Oapou xonaru T = [ MeopeM.

dap3 MekyHeM, Ku Macbhaimaum wupopakyHuu capxammm Il oy xam mopan:
u®(x,t) Bau®(x,t), xu 6a cuadu W, (Q;) Taamnyk mopaux. OH rox (GpapKH OHXO
u(x,t) = u(z)(x, t) — u@® (x,t) xammu macwanau |l a3 xamon cund Mmebomasn, Ku
JOpoW TapTxoW HOTHAOM Ba HuxowHu cudpi act. Meryzopem: u(t) = u,(0,t),
v(t) = u(l,t). A3 Taspudm cunbu W,'(Q,) Gapmeosn, xm u(t) € L,(0,T),
v(t) € W,1(0,T) Ba mauyHuH maprxou 3epun nypo Memasauy: v(0) = 0,v(l) = 0.

XamuH Tapuk, GpyHKcHan u(x,t) Xamm Machagaxou oMexra a3 cuadu W, (Q))

mebomian, ku gap Oanmu 3.2 Gappacéi mymaana. ap xonatu Xycycit, QyHKcUSH
u(x,t) map coxam Ay= {(x, t):0<t<|, é— |é— t| <x< é + |§— t|}6a cudp

Oapobap acT. AKHYH Oury3op t; Ba t, ay Hykram uxtuépuu nopdau [0, ] 6orram.

Xarxou XapakTepucTukun t —x = t; Bat + x — [ = t,, Ku MyBOPUKaH a3 HyKTaxoH

I-t; 1
(0,t;) Ba (I, t,) Mery3zapana, capxaad coxau Ay-po Jap HYKTaxou ( ztl' +2t1) sa

L+t, I+t
( +22 ) +22) Mebypana. Jlap uH Hykraxo Gomrazx, maptd u(x,t) = 0 uupo MeliaBas.

A3 uH py, a3 popmynau (3.8) XOCHUIT MEKYHEM:

t1
1

| k@ar=5 || aow Dagar,

0 D'y (t1)
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1
V() = — fj a(&, Dy (€, ) dédr, (335)

D" o(t2)

KM J1ap UH Y0

t, I+t Y
! = =< T < - <f<__|Z_—
D'o(ty) {(f,r)-z_r_ 5 T t1|_€_2 |2 r},
2 l+t2 l l
H — _4 T < _ __| < <] _ _
D"y (t;) = {(fr) S STS——,  St[r 2|_E_l T t2|}.

AkHyH HyKTau uxtuépuu (x,t) € A, — po OGappacit MmeHamoeM. A3 dhopmynan
(3.8) mopewm:
t—x

1
u(x, t) = —j E(T)dl’ +§ qu(f,r)u(f,r)dg‘dr,

0
x+t

x+t
-[e-=}

t —
Do) = {6, ;

bo napnazapnomtu 6apobapuu sxkymu (3.35) xanromu t; =t — x Oyagan Oa

<t<tl|lt+x—t|<&<

MYHOCHOATH 36pUH MEOEM:

u(x,t) = —% q (&, u(é,1)dédt = [Nyu](x, t), (3.36)
D' (t—x)\Dg(x,t)
KU J1ap UH Y40
D"y (t — x)\Do(x,t) =
={(fr):x+t<r<t_—x+l x+|t—r|<§<£— i—r}.
’ 2 2 ’ A V

Mynocubatu (3.36) Myoauian HHTETpaINK SIKYMHCAW HaBbU BonTeppan ynHcu
nyroM Mmeborman, 3epo omneparopu Ny-u KucMu poctu oH aap daszou L,(A,) 6a TaBpu
MaxJayl amall MEKyHaJ Ba Jlapa4axod HWH oreparop 0axou 3epuHpPO KOHED

MerapaoHaH

k € N.

[[No*x]|(x, 0) < Sup lx(x, 0)l

(x,t)EA,

k
(ﬁuquz,sz't—x) 1
2 k!’
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A3 uH py, UH MyoauiIa TaHXO XaJIu cudpi gopajg Ba MyBopuku O6apodapuun
(3.35) xocwmi mekyHeM, ku U(t;) = 0 Gapou xap sk t; € [0, ].
ba xamuH MoHaHz, Oapom Hykram mxtuépum (x,t) € A; a3 dopmymnan (3.8)

XOCHJI MEKYHEM

1
ul,t) =v(it+x—-10+ 3 jf q(&, u(é, 1)dédr,
Dy

t+x—1 x+t
Do(x,t)={(E,T):TSTSt,|T+x—tISES

X+t
r— |}

2
bo mapuazapgomtu 6apobapuu myromu (3.35) xanromu t, = t + x — [ Oynan Oa

MYHOCHOATH 36pUH MEOEM:

ue=—3 | ! EE D, 0ddr+ 5 [ a6 ute asa,
D'y (t, Dy

Ba €

u(x, t) = —% Jf q(&, u(é, 1)dédt = [Nyu](x, t), (3.37)
D" (t+x—1)\Dg(x,t)
KM J1ap UH YO
D"o(t +x — D\Dy(x,t) =
B { [+t—x t+x 1

— < T < —
¢ 1) S, ST=—— ot

Mynocubatu (3.37) Mmyonuiau UHTErpajuu sSIKUMHCau HaBbU BonTeppan yuHcu

T3 SESx—lr—tl}.

IyroM MeOoraa, 3epo onepatopu N;-u KUICMHU pOoCTH OH map ¢azou L,(A3;) 6a TaBpu
MaxJIyJl amajd MEKyHaJl Ba JlapayaxOu HH ONeparop KOHEbKyHaHJauW 0axou 3epHH

MeOOIIaH T:

K
Viligllpa, Ve +¢ =1\ 1
> —, k€EN.

[INFxT| e, t) < Sup |x(x, t)l( L

(x,t)eN;
A3 UH Py, UH MyoJujia TaHXO XAy cudpi Aopaj Ba MyBOOUKU MyHOCHUOATH
(3.35) xocmn mekyHeM, ku V(t,) = 0 6apou muixox t, € [0,l]. Teopeman 3.3 myppa

ucOOT Kapja Iy,
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Uu taBpe ku Aap kopu [65] mykappap rapauaaact, pyHkcusu

i(x, t) =
.

\

x+t

0(0) + p(x + ) + j YEOE + @r(x — £+ Dy (D) +

0

l
oG- 1) + o) + ] WEVE + 0y (x+ ¢ — D=y (0) +
x—t

x+t

px+t)+elx—t)+ | P(&)dé mapA,,

X

x—t+l1
x+t—1

x—t+l

o t—D+ G-t +1D) - j V1(©)dE map A,

x+t—1

l
P1(§)dS pap Ay,

(3.38)

f 1 (©)dE aap s,
0

XM SiTOHaW Machajaum wujaopakyHuu capxaauu Ill Gapou myommnanm maB4uu

skquaca (f(x,t) =0, g(x,t) = 0) wmebomran, arap goumuxou A, Ba B, Ku

TaBaCCyTH IIAPTXOM MOTHUION Ba HUXOM MyaiisiH Kapja memniaBaHj, 00 xaM Oapobap

OommaH, SIbHE

l l
Aozﬂ@+¢®+j¢@ﬂf=%mwwao—j%@wfE%.
0 0

AiiHaH 6a XaMHH MOHAH/I, a3 TaCAUKHU 3.4 6apMeosi, Ku PyHKCHSIN

1
ulx, t) =i(x,t) + E<

(

\

t x+t—-1

[ | reoas moa,

0 x—-t+71
t x+t—71 t T

[ | reoasar - [ [ reodar mapa,

0 x—-t+71 0 x—-t+71
t x+t-t1 l x+t—1

[ | renda-| [ reodsa mva,
-7

0 x-t+71 0
I x—t+1

[ | reoasa mva,

0 x+t—71

(3.39)

(3.40)

XaJUTM SroHau Machajaum uaopakyHuu capxanuu |l Gapou Myomunau nanmunixou

MaqOypuu Top (60 maptu q(x,t) = 0) mebomaz, arap
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T

f( )dédr =0, (3.41)

V— T

l
_B0+-].
0

KU Jap oH A, Ba B, - JoMMHX0U KUCMU Yarl Ba poctu 6apodapun (3.39) meboman.
Hlap macpaman wmpopakyauu capxamuu |l 6apom myommmam tenerpadi 60
k03D QUTCHEHTH TaFiupébanaa Gapon MaBUyIMATH Xaaau oH a3 curdu Wi (Qr)
mIapT 3apypin xocun MekyHeM. [lap osHma Oapou comarapOHUM XUCOOXO
f(x,t) = 0 mery3opem.
Teopemau 3.4. buesop, T =1 6a q(x,t) € L,(Qr) 60owao. Ou 2ox, 6apou
Maeyyo 6ydanu xannu macvarau uoopaxynuu capxaouu W as cungu Wt (Qr) 3apyp

acm, Ku QoyHKCusxou ubmuooil 8a HUX0i MyHOCUOAMU 3ePUHPO KOHEL HAMOSHO!

l-T

ot f 4(&, Dy (6, D) dédr = By +

f & Dus(€, DdEdr,  (341)

l-T

o‘"“‘ﬁtuh~
N~

Ku oap ou Agy, By — ooumuxo az oapobapuu (3.39) mebowano. bysypauxou u,(x,t) éa

u,(x, t) as pyiu gpopmynaxou 3epur xucob kapoa meuasaro:

[00]

uy (x,t) = i, (%, £) + Z [T}, Cx, ©),
k=1
x+t

1
00 =5 e+ D+o-0+ [ v |,

x+t—1

T8, 6) = = j dr j 4(&, 7)1 (€, 1) dE |

xX—t+71T

Uy (x, t) =, (x, t) + [T4 1’14](x, t),

x—t+l1

1
800 =5 oGt e =Dt oG-t 40— [ (O

x+t—1
147



l x—t+1

1
o =3[ dr | a@ounds.

t x+t—1

Teopeman 3.4 6a moHanau teopeMau 2.4-u Oanmu 2.3-u 606m 2 nucOOT Kapaa
MeIIaBa/l.

Teopeman 3.5. buezop, T =1 6a q(x,t) € L,(Q1) 6owao. On 2cox mynocubamu
(3.41) wapmu xugosieii Hu3 bapou Masyyousmu Xauiu 120HAU MACvAIAU UOOPAKYHUU
capxaouu Nl a3 cungpu W (Q,) mebowao.

Hcbotu teopeman 3.5 myppa ucbotu teopemau 2.5-u 6anmu 2.3-u 600u 2-po
TaKpop MEKyHa. A3 UH Py, OHPO HAMEOPEM.

I30xu 3.4. «A3 paBanau ucOOTH Teopemau 3.5 OGapmeosn, KU Oapou Xajuiu

Machaiau uapopakyHuu capxaauu |1l 6axou anpuopun 3epuH HYpoO MEIIaBaI:

lulx, Ol < L(”‘P”wzl[o,l] + loallwgon + 1Pl 00 + ||1P1||L2[o,l])»
KU gap oH gouMmuu L Oa HOopMau (yHKCHUAXOe, KM 0a machana JOXWUJ MeEIlaBaH]I,
BoOacTa HecT. IH 6axo manenu yctyBopuu xamid OagactoMaja HUCOAT 0a MIapTXou
HOTHI0M Ba HUXON MeOoIIa.

Unosa 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
MenuxaZ, KU XalUlM Machbajau ujaopakyHuu capxaauu |l HucOGar 06a omyou
ammutuBun  q(x, t)u(x,t)-u  omepatopu Mapuir gap wmyommmam (3.1) 6o
ko3¢ duTcreHTr 00 KBaapar 3amiinaBanaau q(x, t) perymsapi act» [24].

30xm 3.5. Taxyauau HaTnyaxou 000X0ou 2 Ba 3 HUIIIOH MEIUXal, KU Jap X0JaTh
T =1 makmm ymymun Xamnu u(x,t)-u Machajgam HWIOPAKyHUU capxaiaim Oapou
Myonuiau  tenerpadgii 60  kondduTcHeHTH — TardupéObaHIa, KA  paBaHIU
OappacummaBanmapo a3 xomarn  uOotmmomnm — mxtuépum  {u(x,0) = @(x),
u;(x,0) = P(x)} 6a xomaru wuxoun uxtuépun {u(x,l) = @,(x), u:(x, 1) = P,(x)}
Mery3apoHaJi, WHYYHHH IIapTXOM 3apypit Ba KU(DOATUU MaBUyAUSATH YyHHUH

UJIOpaKyH#, 0a HaMyJIU WJIOPAKyHUM capXajlil BoOacTa HecTaHa. SIbHE, MyXuUM HECT,
148



KM UJIOpaKyHii: 00 4YOWMBAa3KyH Aap capxaJd 4Yall Ba KyBBaW YaHIHUPHA Jap capXaau
poct moma mmaBam: {u(0,t) = u(t), u,(l,t) =v(t)}, € 60 KyBBam waHaAmMpA aAP
capxaau dar Ba 4oWuBa3KyH# nap capxamau pocT: {u,(0,t) = u(t), u(l,t) =v(t)}.
bo Byuyam wH, KUMaTXoW Xy[Iud UAOPAKYHUXOU capXaji a3 skaurap (Gpapk MEKyHaHI.
OHX0 TaBacCyTH XaJTd MyOJIUJIaX0M UHTETpallui JydyeHakau HaBbU Bonrteppa ndona
Kapna memaBaHa. H BOKEHAT sike a3 HaTWYaXxOW acOCHH KOPH JUCCEpTaTCHOH#N 0a

LIyMOp MepaBa.

3.4. CoxTaHM UIOPAKYHHUXO0M CAPXAJAUU ONITUMAJIA Jap (POCWIAU BAKTH
uxTuépun 6a Kaapu kodi KajoH 0apou paBaHaxoe, KH 00 MyoIHJIau

JJalIIuIrxon Maqﬁypnn TOP ml)ona MemaBaHA

Hap OGammm 2.4-u 600m 2 xaing mymsa Oy, ku Xanromw T > | Macwanaum
UJOPAaKyHUU capXalil JOpOW IIyMopan OeoXupH Xajixo meOoman. A3 UH py, Jap UH
MaBpHUJ] Machajau ONTHUMH3ATCUSU UJIOPAKyHUH capxanin 6a mu€H meosa. OH map
éprann uyHuH Qynkcuaxou pu(t) € L,[0,T],v(t) € W0, T] udona meédan, ku 60
HA3apOIITH IIAPTXOU aJ0Ka, KU a3 WYPOU IIAPTXOU MOTHION Ba HUXON OAPMEOSH]I,
0a MHTErpajiv SHEPrusiv capxaaid KMMaTu XypATapuH mMeauxaa. Jlap un 6ang mo 0a
XaJJId XaMUH Machaja MAIlFyl MeIIaBeM. AHMKTapall, WJOPAKyHUXOU CapXaJuu
ONTUMAJIA Jap IUAKIM aHAJIUTUKUAK OIIKOp MEIIHUXOJ Kapjaa MenaBaHA, KU 00
MabHOM Machallau Iy30IITallyl1a MyalisiH rapauaaan. MIH uiopakyHuxo aap capxaiu
yanu Top x = 0 TaBaccyTM KyBBaW YaHAUPA Ba Jap capxaad poctu Top x = [
TaBacCyTH YOMMBA3KyHil aMalil merapjanj Ba Oapou ¢docuiaum BakTH UXTUEpUU Oa
Kaapu kob# kamonu [0,T] paBaHIXOH JANNUIIXOW MaqyOypuUH TOPPO a3 XOJaTH
nOTUIOMHU UXTUEPH 0a X0JIaTH HUXOUH TEIIaKi ToAally1a MEOPaH/I.

Haruyau acocun uH 6ana Teopeman 3.6 medoras.
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Teopemau 3.6. buesop, oap macvarau uoopaxynuu capxaouu |l T = 2In + A,
ku dap onn € N, A € [0; 21] 6a q(x,t) = 0 60owao. Ou cox uoopaxyunuxou capxaouu
seonau U, (0,t) = u(t) € L,[0,T], u(l,t) =v(t) € WL[0,T] masyyoano, xu
cucmemau aannuwpo az xoramu uobmuoouu (3.3) 6a xonamu Huxouu (3.5) meopano
84 XAM3AMOH 0a UHMeSPAIU dHepeUsU Ccapxaouu 3epuHr KumMamu Xypomapum

MeOUxaHo:
T

[ t@r + v @Pd. (341)
0
Hn udopaxynuxou capxaoii 6apou xamau 0<t< A ea m =0,n s6a bapou

xamau A<t< 2lBam=0n—1 060 d¢opuyraxou 3epun myaiisn Kapoa
Meuasamo:

oapou 0 <A < L

ulm + t) = F,(t), (3.42)
2l t
v2Im+t) = () + mf F,()dn + j F,(n)dn, (3.43)
ki 0ap uH 4o 0
(o 2O g EnbCDTC g,
.. (—m - 3( A0 | (Cqyme %;1";;1)%,1: € [4;1]; )
(—1)m+ ;(—H) +(—1)m- ?”;‘;l(;ll)mc,t € [I;1 + Al;
(G hkiass 4( —D oy %_:1027_11)mc,t € [+ A;21);
s ani)l + (—1)m*t - m;(;l(jl)mc +C, tel[0;Al]
] Gom ;;) + (=)™t m_:l";l)mc +C,  te[nl;
O (=)™ %+ (-1)™- ?”;;L‘;l;ll)mc +C te[l;l+A] .
(-D™ -‘% + (-1 %_:1";;1)1%6 +C,t € [L+a;20];
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1
A; (1) =§[qoi(t—A+l) - U=+ P, t—-A+D+ypU—1t) -
2ln+A

l
— f f(t+Zln-l-l—T,T)dT+ff(l—t+T,T)dT]; (3.46)
l 0

1
A, =5lp1(A-) +¢'(O) —h (A - +y (O +

2in+t

l
+ f f(T—t—2ln,r)dt+ff(l—t+r,r)dr]; (3.47)
l 0

1
As(t) =5 lea(t =) + @' (O) + s (t = B) +¥(O) —

2In+A

l
- f f(t+21n—r,r)df+ff(t—T,T)dT
0

l

; (3.48)

1
A0 =3 [piE+A=D =9 (=) YL+ A =D + P 0) +
2In+A

l
+f f(l—Zln—t+r,r)dT+jf(l—t+r,r)dr‘; (3.49)
0

l

(45 = D[ (D) — (D] — [, Ay(B)dt
852l —8sl+4sA— A +1

b6apoun = 2s — 1,

C = A (3.50)
(4s + D[p:(D) — o(D] — [, A1 (®)dt o
852A + 4sA + 25l bapoun = Zs;
oapoul < A < 21:
u2lm +t) = F5(t), (3.51)
21 t
v2im+t) = (1) + mJ E,(n)dn + j E,(n)dn, (3.52)
0 0

KU 0ap uH yo
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(/ ym+1 B, (t) _aNm, m=o(—1)"Cy AT
(-1 2n+2+( D ot 2 ,t €[0;A—1];
(=1™mC
(cpymen. B gy 2o CEDTG g,
Fy(6) = | nt1 et (3.53)
(—1)m+1 _Bz(t o)) + (=)™ m=o(=1)™C; t €[ Al
2n + 2 2n+2 Y
o Bs(t—1  2m=0(—1D™C
( B, (t) m=o(—1)™C
(- (C)M R4 G, te[0A -1
B;(t n_o(=1)™C
(-nm* Bl + (=)™t Zon=ol1VPCy +Cte[A-L];
Fy(t) = 4 2n + 1 2n+1 (3.54)
m Bl(t_ l) m+1 m:O(_l)mcl
=nm- o 2 + (=™t mty  TCtE [L; Al;
B,(t —1 nL(=1mc
| (D™ g( n 1) + (=)™ _207(1 +i Ly cy,t e A2
1
B.(t) = [%(t A+2D)+ @' () + P (t—A+ 2D +yP(t) —
Zln+A

(3.55)

j f(t+2ln+2l—r1, T)dT-l—Jf(t—T 7)dt|;

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

Zln+A

j f(t—=1-2ln—t, T)dr—‘[f(l—t+rr)dr‘ (3.56)

1
Biy(t) =2 [t =2+ D+ ' U=+t A+ D -l -O) -

Zln+A

j f+2ln+1-r1, T)dr—‘[f(l—t+rr)dr‘ (3.57)

1
B() =5lo1(A =)+ ¢’ (0) =1 (A - +P(O) +
Zln+A

f f(rt—t—2n, T)dr+ff(t—r T)drt|; (3.58)
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(4slps(1) — o] — ;" B, ()dt
C, = { 852l + 4sA — 4sl
(4s + Dlps () — (D] — [,_, Bs(D)de
852l + 4sA + 2sl + 2A — 21

Hcoot. Oynakcusu f(x,t)-po HucOar Oa TarimpéOaHgan SKyM O0a TaBpH qyPT

bapoun = 2s — 1,
(3.59)

6apou n = 2s.

HucOar 0a nykran x = 0 6a mopuau [—[, 0] Ba O0a TaBpu TOK HHUCOAT Oa HyKTam X = [
06a mopuau [[;2l] wugoma wmemuxem. Jlap HaTM4Ya XOCHJI Merapiaaa, Ko
f,)EL,((-l=<x<2D)x(0t<T)).

AxknyH Oapou xap ryHa T >l dyskcusiu (2.78)-po a3 6anmu 2.4-u 606u 2
Oappacii MeHamoeM. Jlap upoma 6a MO JJleMMan 3epHH JIO3UM MEIIaBa/l.

Jlemman 3.2. bapou xap eyna T > | ¢ynxcuau (2.78) xannu seonau macvanau
omexma oapou myoounau masyuu 2avipuskyuncau Uy (x,t) — Uy (x,t) = f(x, t) a3

cungu W2 (Qr) 60 wapmxou ubmudouu

l x+1

1
ﬁ(x, 0) = QD(X) Y f(gr T)dgdl',
2y

l

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

0
6a 60 wapmxou capxaouu i, (0,t) = [i(t), (L, t) = V(t), xu oap oHxo

(

l
() = é <p'(t)+l/J(t)+jf(t—T,T)dT ,  0=st<l| (3.60)
0, 0 I<St<T;
(1 l I l-T
Z[eW+el—t)+ ft/)(f)df +f f f(f,r)dfdr‘,o <t<l|,
7(t) = 1 . O (3.61)
% @) + ¢(0) +f¢(f)df +ff f(f,r)dfdr‘, I<t<T

Mmebowao.
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Jlemman 3.2 xomuman 6a muciu iemMman 2.2-u 6auau 2.4-u 606u 2 ucoot Kapaa
MEIIaBaj.

bury3op u(x,t) xamwm yMymuIIygadn Machballad OMEXTah acocii a3 cuHpwH
W.L(Qr) 6apon myomumau (3.1) xanromu q(x,t) = 0 60 maprxon u6THIONH (3.3) Ba
mraprxou capxaauu (3.2) Oomran, Ku ONTUMH3ATCHs Max3 0apou OH Ty3apoHHUa
mernraBan Ba fi(x,t) dyakcusu (2.78) act. On rox U(x,t) = u(x,t) — ti(x, t) xamm
YMYMHUIITyTal ATOHAHM Machaian oMexTa a3 cuadn W, (Qr) 6apon Myommian MaBquu
SKYUHCAU

Upe (X, 8) = Uyn (x,8) = 0

00 mapTxXou HOTHIONHU

l x+71 l

a( 0)—1fj (& 1)dédr, o>——lj[< F10) 4 (-0l
u(x, —Zox_rff,r &dr,1:(x,0) = > fx+t,t)+ f(x—1,1)|dt

0
Ba 00 maptxou capxamuu f(t) = u(t) — [(t), v(t) = v(t) — ¥(t) meboman. Kaiin
MeHamoeM, ku nap aiiau xoin V(0) = 0.

bapou myaiissH HaMmyJgaHW TIAPTXOM ajoKa, KU a3 WYPOM IIAPTXOU HOTHUIOUHU
nonamrynau (3.3) Ba mapTxou HUXoWW nonamrynau (3.5) GapmeosiHa, 6a MO JemMMmau
3.3 103uM MeIIaBa.

Jlemmau 3.3. bapou xap eyna T < 2l(n+ 1),n € N, ¢yuxcuau i(x,t) 6o

bapobapuu 3epun Myatisin Kapoa Meuasao.
t—x—-2kl n+1 t+x—2kl

alx,t) = — zn:(—l)k j fi(z)dr - Z(—l)k f f(o)dr +
k=0 k=1

0 0
n+1

+ > DM +x—-2kl-0D)— ) (DIt —x—2kl+1) —

I x+t-t
1
5| | renas, (362)
0 x—-t+t
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Ku 0ap on pamsxou [l ea V gyukcusxoepo ugooa menamoano, ku 6o fi ea V bapou

t = 0 mysogpuxam mexynano eéa 6apou t < 0 6a cugpp 6apodbapano.

bapou ncb6otu nemman 3.3 XxaMau MyXOKUMaxoepo, K XaHTOMU UCOOTH JIeMMau
2.3 oBapia mygaaH/, TAKpop KapAaH JIO3UM acT.

bo Taks 6a 6apobapuu (3.62), akHyH 0a MyalsiH HAaMyJaHU IIAPTXOM aJloKa, KU
a3 MYPOM MAPTXOU HOTHIONH Jtomantyaau (3.3) Ba mapTXon HUXOUH jgoxantynau (3.5)
0apMeosiHI, METy3apeM.

Azbacku dyakcusiu i(x, t) mapTXou HUIXOUH

T x+T-71

1
i(x, T) = C, +§j j f(&, v)dédr,
0

x—T+T
ll-1

l
1
Co=3|F@+F@+ [ W + [ | fesDdgar |
0 0T

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 MerapmoHas, mac (yHKCHSH

1i(x, t) mapTXOu HUXOWUHU 3epUHPO KOHEh MEHAMOS/;

) 1 T x+T-t
2T =0 ~Co—5 [ | &g,
0 x-T+t
) T
a,(x, T) =Y, (x) — Ef[f(x +T—-1,71)+ f(x—T+1,71)]dr. (3.63)

0

A3 Oapobapuu (3.62) mucOar 0a x Ba HucOaT Oa t xocwia rupudra,

0apobapuxou 3ePUHPO XOCHUIT MEKYHEM:

n+1

.00 t) = > (DAt —x — 2k — Y (=1D*a(t + x — 2kl) +
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n+1

+Z( DR (¢ + x — 2Kkl — 1)+Z( DR (t — x — 2kl + 1) —

l
1

_Ef[f(x b t—1,10) - f(x —t +7,7)]dr, (3.64)

0
n+1

f.(x,t) = Z( DAt — x — 2kl - Z( DAt +x — 2kl +

n n+1
(D' (t+x—2kl—=D— ) (D' (t—x—2kl+1) —
"), 2,
) l
—Ef[f(x+t—r,r)+f(x—t+r,r)]dr. (3.65)
0

Hucdu xocunu yamb Ba HUChU Xocuiu papku myHocubarxou (3.64) Ba (3.65)-
po rupudta, 6a mynocudarxou xocunmyna t =T = 2Iln+ A, xu nap oun € N Ba A
amamy uxtuépi a3 mopuad [0; 2[] mebomiazn, rysomra, XaMuyHHH 00 uctHdoma a3

maptxou Huxou (3.63), Mo 6a ay mapTH aloKau 3epuH MEOEM:

n+1

Z( 1*A21(n — k) + A + 2] +Z( DRV [20(n —k) + A+ x — 1] =

2in+A

=% p1(x) + P (%) — j fx+2ln+A-1,1)dr|, (3.66)

n+1

Z( D*a[2U(n — k) + A — x] + Z( DRV [20n — k) + A —x + 1] =

2in+A

=% p1(x) =P (x) + f flx—=2ln—A+1,1)dT|, (3.67)

KH OHX0 Oapobapuu yHCypxou cuHbu L, [0, ] meborman.
babgan 6a MO J103UM MeOosiT, KH Jy X0JIaTh 3epUHPO aJloXuaa Oappacii HaMOeM:
N0<A<IlBa2)l<AL2L
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A3 Oappacuum xomatu sikyM, sabHe 0<A<[] wmypyp MeKyHEM.

Bo wasapmomta oH ku fI Ba V' xanromu t < 0 6a cudp Gapobap MmemiaBaHn Ba

xaHromu t = 0 myranocuban 00 (I’ Ba V MyBouKaT MeKkyHaH I, a3 ¢popmynan (3.66)

Ty HIapTH 3€pUHPO 0a 1acT MEOpEM:

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

2Iin+A

=% p1(x) + P, (x) — f fx+2ln+A—-1,7)dt|, x€[l—-A]l]; (3.68)
l

n n

Z(—l)kﬁ[ZI(n k) +A+x]+ z(—l)k[ﬁ’(ZI(n K +A+x—D]=
k=1 k=0
2in+A

=% p1(x) + P (x) — j f(x+2ln+A—-r1,1)dr|, x€[0,l—A] (3.69)
l

Ba a3 (3.67) Oomian, Ay mapTy 3epUH XOCHIJI MEIIIaBa/I;

n+1

- Z(—nkmzz(n ) +A—x]+ Z(—nkﬁ'[zz(n ) +A—x+1] =
k=0 k=1

2in+A

:% o1 (x) — P, (x) + j f(x—=2ln—A+rt,1)dt|, x€[0,A]; (3.70)
l

- Z(—l)"ﬁ[zl(n k) +A—x]+ Z(—nkv'[zz(n ) 4+A—x+1] =
k=0 k=1

2in+A

=% o1 (x) — P, (x) + f f(x—=2In—A+1,1)dt|, x€[AILl]. (3.71)
1

Arap nap (3.68) ryzopuniu t = x + A — [, m = n — k Ba nap (3.70) ryzopuiiu
t=A—x,m=n-—k - po ugpo KyHem, O6apou t € [A,l] 1y mapTu amokau 3epUHPO

0a 1actT MeopeM:
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n—1

(—D™all2m+ 1) +t] + (—D)™V'QIm+1t) =
m=0 z
1 2Iln+A
=3 (pi(t—A+l)+l/)1(t—A+l)—J ft+2ln+1—-r1,1)dt|, (3.72)

n

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

2in+A

=% p1(A—t)—yY,(A—t)+ j f(t—t—2In,7t)dt|. (3.73)
l

ba TaBpu monaunn, arap nap (3.69) ryzopumu t = x + A Bam =n — k - po nap
cyMMan aBBal Ba m=n—k —1 - po map cymman myioM, uHdyHuH nap (3.71)
ryzopuniii t =l +A—x, m=(n—k—1) - po gap cymMau aBBajl Ba M = N - po

Iap cyMMau JyloM 4opit Hamoem, Oapou t € [A, [] ny mapTu 3epuHU anoKapo XOCHI

MGKYHCM:
n-—1 n-—1
(—1)™a(2lm + t) + z (D)™ [I[2m + 1) + t] =
m=0 m=0
2In+A
=% p1(t—A)+yY,(t—A) — j f(t+2ln—1,1)dt|, (3.74)

Z( DMA[l2m + 1) + ] +Z( DMy (20m + t) =

2in+A

=%g01(l+A—t)—1/J1(l+A—t)+f f(l—=2ln—t+r1,1)dtr|. (3.75)

Mynocubarxou (3.72) — (3.75) maprxou anokapo O6a Bocurau fi(t) Ba V'(t)
udoaa MekyHana. bapou o ku mapTxou ajgokapo 6a Bocutam p(t) Ba v'(t) udona

HamoeM, a3 MyHocubarxou f'(t) = u'(t) — @' (t), v(t) = v(t) — V(t), uHuyHUH a3
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makiau omkopu (ynkcusxou fi(t),V(t), ku 60 dopmynaxon (3.60), (3.61) nona
mynaasa, uctudona medapeM. Jlap Hatuya, Oapou xomaru sikyM, ssbHe 0 < A< [,

apTXoHn 3CPpUHHU aJIOKApPO XOCHUJI MCKYHCM!

n-—1 n
_ Z (—D)™u[l(2m + 1) + t] + Z (=)™ (2lm +t) = A, (D),
m=0 m=0

_ Z (—1)™u(2lm +t) + z (—D)™/[I2m + 1) + t] = 4,(t)
m=0 m=0

6apou t € [0,A], (3.76)

n—-1 n-—1
Z (—1)™u(2lm + t) + z (D)™ [I2m + 1) + t] = A5(D),
m=0 m=0

1

_ Z (—D)™u[l(2m + 1) + t] + z (=)™ (2lm +t) = A,(t)
m=0

m=0

6apou t € [A,l], (3.77)

ku 1ap ouxo A4;(t),i = 1,4 6a Bocutan myHocubarxou (3.46) — (3.49) myaiisH kapaa
MEIIIaBaH/I.

ba xamun Tap3, xonaru nytom | < A < 21 uu3 6appacit memasa. Jlap uH xonar

a3 (3.66) ny maptu 3epuH 0a JaCT MEOSH/I;

n+1

_ Z(—l)kﬁ[ZI(n S A+ (D2 —k) + A+ x—1] =
k=1 k=0

2In+A

p1(x) + ¢ (x) — f fx+2ln+A—r1, T)drl 6apou x € [21 — A, 1], (3.78)
l

2

—Z(—nkﬁ[zzm I+ A+ + Z(—l)"ﬁ’[Zl(n ) 4A+x—1] =
k=1 k=0

2In+A

1 (x) + P (x) — f f(x+2in+A-r, T)dT\ 6apou x € [0,2] — A] (3.79)
l

2
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Ba a3 (3.67) Oomran, Ay mapTy 3epUH XOCUIJI METIIaBa/I:

- Z(—nkn[zz(n ) +A—x]+ Z(—l)"ﬁ’[Zl(n ) 4+A—x+1] =
k=0 k=1

2In+A

= % p1(x) =Y, (x) + J f(x—=2n—A+1,1)dt|,x €[0,A—1],(3.80)
1
_ Z(—l)kﬁ[ZI(n ) +A—x]+ Z(—ukﬁ'[zz(n )4+ A—x+1] =
k=0 k=1
2in+A

=% p1(x) =P (x) + j f(x—=2In—A+rt,1)dtr|, x €[l—AI1].(3.81)
l

bo anyom momanm mBaskyHuu t =x +A—2l, m=n—k+1 gap cymman
AKyM Ba m =n—k pgap cymmau nyiomu Qopmynau (3.78), uHUyHUH 0O aHYOM
nofanu uBa3kyHuu t = A — 1l —x, m=n —k nmap cymman skym Bam=n—k + 1
nap cymman ayromu Gopmynaun (3.80), mo xarromu t € [0, A — [] ny maptu 3epuHH

AJIOKapo XO0CHII MCKYHCM:

- Z (—1)™A(2lm + ) + 2 (=)™ [I(2m + 1) + t] =
2In+A

1
=3 p1(t—A+2D)+ Y, (t —A+20) — j f(t+2ln+ 2l —1,7)dt|, (3.82)
1

- Z (—D)™A[l(2m + 1) + t] + Z (=)™’ (2Im + t) =
m=0 m=0
2In+A

=% p1(A=1l—-t)—yYP;(A—=1—-1t)+ f f(e—=1-2In-t1)dr|.(3.83)
l

ba xamun monana, 00 uBa3kyHun t = x + A — 1, m =n —k nap popmynau
(3.79) Ba wmBaskyuuun t=A—x, m=n—k gap ¢opmymau (3.81),

Mo Oapou t € [A — [, [] oy mapTu 3epuHH ajgokapo 0a 1acT MEopeMm:
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Z( DMA[l2m + 1) + t] +Z( 1My (2im + £) =

2In+A

=%<p1(t—A+l)+l/)1(t—A+l)—J ft+2ln+1—-r1,1)dr|, (3.84)

n

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

2iln+A

=% p1(A—t)—yP;(A—1t) + j f(r —t—2In,1)dr|. (3.85)

Hap Gapobapuxou (3.82)-(3.85) mac a3 ryszapumr a3 fi(t) Ba V'(t) 0a u(t) Ba

v'(t), 6apou xomaru ayiom | < A < 21 mapTxou 3epHHHU aIOKapO XOCHI MEKYHEM:

_ z (—1)™u(2lm + ) + z (—1)™/'[I(2m + 1) + t] = B,(£),
m=0 m=0

_ z (—D)mu[l2m + 1) + t] + z (—1)™v'(2lm + t) = B, (1)

xanromu t € [0,A — 1], (3.86)

-1

S

1

(—D)mul2m + 1) + t] + z (=)™ (2lm + t) = B4 (t),
m=0

n-—1

|
NgE

(—D)™u[2lm + t] +
0 m=0

M

(—D)™V'[I(2m + 1) + t] = B,(t)

3
I

xaaromu t € [A—1,1], (3.87)

ku ap oHxo B;(t),i = 1,4 60 dopmynaxon (3.55)-(3.58) myaiisn kapaa memapas.
AxkHyH Oa é&ébdraHm wuAOpakyHUXOW capxaauu ontuManuun u(t) Ba Vv(t)
Mmery3apeMm. bapou xomatu sxym, spHe 0 < A <[, macpamau omtuMmuzarcus 0Oa
¢bTaHn MUHUMYMH WHTETpau dHeprusiu capxaauu (3.41) oBapma memiaBaj, Ku OHPO

Jdap makKkJix 3¢puH HaBUIIITaH MYMKHUH acCT:
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T AZn

[ @@ + @ Pde= [ lutm + 0 + [v'@m + 0])de +
0 0 m=0
L2n-1

+ {[u(lm + )]? + [v'(Im + t)]?}dt (3.88)
[2

00 maptxou anokau (3.76), (3.77) Ba maptu MyBopHUKaTH

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) 6apmeosi.

ba xammr wmonaHm, Oapou xomatu aytoMm, sbHe | < A < 2l, macpaman
onTHUMH3aTCUsA O0a EPTaHM MUHUMYMHU HUHTErpaiiv sHeprusu capxaauu (3.41) oBapaa

MclIaBaJ, Khu aap MH X0JaT OHPO Aap MIaKJIN 3€PHUH MCHABHUCEM!

A-l2n+1

T
j (U@ + [v'(©]2)de = f > ([ + 62 + v/ (im + O]}t +
0 o m=0

l 2n
4 j Z ([u(lm + O] + [v' (Im + £)]2}dt (3.90)
A= m=0
00 maptxou anokau (3.86), (3.87) Ba 60 maptu MmyBoduKaTH
T A-l2n+1 L 2n
fv'(t)dt - f Z V' (Im + 0)dt + j z V' (lm + t)dt = (1) — (D). (3.91)
0 0 m=0 A—1m=0

Kaiig mexyneMm, ku xaHromu maptxou uotugounu (3.3), maptxou Huxouu (3.5)
Ba jgouMuu uxtuépuu C - U Kalamryna, WHIYYHUH XAHTOMH MaBUYIUSTH IIAPTH
myBodukaru (3.89), myBopuku MmyHocubaru
T

f (@O + v'(©) - C12}dt = f (O + ' (O]}t — 2¢ f V'(©)dt + C2T =
0 0

0
T

g f (k@O + V' (©12}dt — 2C[p, (D) — (D] + C2T
0
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MUHUMYMHU 4yCTy4yIIaBaH/a XaM3aMOH 00 MHHMMYMH WHTETPaIN 3€pUH MyBO(HKAT
MEKYHAJ:

A 2n

T
[ @@ + @ - cPde= [ lutom + 0F + 't + 0 - e +
0 o0 m=0

+ {[lulm + )]?> + [v'(Im + t) — C)*}dt (3.92)
[2

00 mapTxou anokau Tariupédra, ku a3 MmyHocubarxou (3.76) Ba (3.77) 6bapmeosH1 Ba
HIAKIIU 3€PUHPO JOPaH/T;:

a) xaaromu t € [0; 4]:

n—1 n
_ Z (D)™ u[lZm +1) + t] + Z (—D)™{' 2lm + t) — C} =
m=0 m=0
= 4® - ) (D",
m=0

n n—1
_ z (=)™ [u(2lm + O)] + z (D)™ [I(2m + 1) + t] — C} =
m=0 m=0
n-—1

=4, - ) D" (3.93)

m=0

0) xauromu t € [A;l]:

_ z (=)™ {u(2lm + £)} + z (—D)™O I2m+1) +t] = €} =

= A;(t) - ’i =D™C,

( D™ u[l2m + 1) + t] +Z( DM (2Im + t) — C] =
m=0 m=0
= A, (t) — (—1)m C. (3.94)

163



Edranu muaumymun naterpanu (3.92) 6o maprxou anokau (3.93) Ba (3.94), nap

acocu nemmau Wmitun — MouceeB 0a Machanan €pranu MHPUMYMH HYKTaBUU

cyMMau
[ 2n
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; ]

060 xamoH maptxou anokau (3.93) Ba (3.94) oBapaa memaBaj.

Macwpanan xocuimrygapo 0o ycynu Jlarpany xan kapnaa, 6a xyjgoca MeoeM, Ku
Oapou xomnaru OappacumaBangan 0 < A < | uIOpakyHUXOM CapXaaud ONTHUMAJIUU
u(t) Ba v(t) map mopuau [0,T]=[0; 2In + A] Gapou xamau m=0,n—1, t €
[0; 21], uauynun 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 Machanan
ONTUMU3ATCUS Oapou JoMMHM Juiaxoxu C; 0a éhraHn MUHUMYMH WHTErPaId 3€PHH

oBapjia MeIIaBa/l;

j (u@® 2 + V() — C]2)de =
0

A-lon+1
= j z {[lulm+ )]> + [v'(Um + t) — C{]*}dt +
l _Zn
j z u(m + O + [V (Im + £) — C, ]2}t (3.95)
A-lm=

00 mapTxou anokau Tariupédra, ku a3 myHocubarxou (3.86) Ba (3.87) 6bapmeosHa Ba
IIAKJIU 3€PUHPO JOPaH/T;

B) xauromu t € [0; A — []:
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_ 2 (=)™ [u(2lm + 0)] + z (—D)™ W [I2m + 1) + t] — C;} =
m=0 m=0
=B(0- ) (-D"G,
m=0
_ 2 (—D)™ {u[l2m+ 1) + ]} + Z (—D)™[v' 2lm +t) — C,] =
m=0 m=0

= B,®) - ) (~D" Gy (3.96)
m=0

r) xauromu t € [A — [;1]:

_ z (=)™ (u[l2m + 1) + t]} + z (D)™ 2Im + t) — C,] =
m=0 m=0
=By - ) (~D™G,
m=0
_ z (=)™ {u(2lm + £)} + z (DM [I2m+ 1) + t] — C,} =
m=0 m=0

= B,(t) — z (=)™ C,. (3.97)
m=0

E¢ranu muaumymu unterpamu (3.95) 6o maprxou anokau (3.96) Ba (3.97),
MyBopukH emman Wnitnn — MouceeB, 6a macbanan €praHn UHPUMYMH HYKTaBUU

cyMMau
r27’l+ 1

Z ([u(lm + O] + [v'(Im + t) — C,]2}dt xauromu t € [0; A — 1],
S (t) = ™0

z ([u(lm + ]2 + [v'(Im + t) — C,]2}dt xauromut € [A — L; ]
\ m=0

00 xaMoH mapTXxou ajgokau (3.96) Ba (3.97) oBapna MepacoHa.
Macswanan xocwiygapo 60 ycynu Jlarpanq xanm kapja, XOCHJII MEKyHEM, KH

O6apou xomatu OappacumaBanigau | < A < 2] uaopakyHUXOHW capXajud ONTUMAIIAN
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u(t) Ba v(t) map mopuau [0,T] = [0; 2In+ A] Gapou xamau m = 0,n—1,
t € [0;2l], uouynun OGapom m =n,t € [0; A], 60 Oapobapuxou (3.51)—(3.54)
MyausH Kapaa MEIIaBaH/I. Hap WH 6apobapuxo byHKCHUIXOU
B, (t),B,(t), B5(t), B4(t) Ba moumuu C; 060 MmyHocubarxom (3.55)-(3.59) myaiisu
MeTapaaH/.
SlroHaruu UAOPAKyHUXOU CapXaJuy ONTHMAJIUU XOCWUJIIIyJa a3 OH OapMeosi,
Kd uHTerpamu oHeprusiu capxaauu (3.41) dynkcuonanun Oapyacta wmebOomIan.
Teopemau 3.6 uc60T rapaui.
A3 tacBupxou (3.42) - (3.59) Oapmeosn, ku arap suppf(x,t) € Qr,
T, = const (sapHe Tabcupu OepyHau f(x,t) xauromu T > T, aiiHustan 6a cudp
O0apobap Oommag), mac KAMaTH MUHUMAJIMM WHTErpalid 3Heprusiu capxaauu (3.41)
1
T
Hopman  ynkensxon @ (x), 1 (x) € W3 [0,1]; ¥(x), 1 (x) € L,[0,1];  f(x,t) €

L,(Q) Ba max3au Baktu T BoOacTta meboman. MH XomaT a3 OH IIaxomaT MEIuXa, Ku

TapTUOHn 0( ) nopan. Jloumue, ku nap 6axow XOCHWIIIyJla MIITUPOK MEKyHal, Oa

KMMaTH MHUHUMAJIMA WHTETPaIM dHEPIrusu capxXaaid xaHromu T — oo 0a cudp main
MEKyHa/I Ba MMKOH MEIMXaJ, KM a3 BOPHJ INydaHW pPaBaHI{ JANIUIIA TOop Oa

PE30HAHC MENITrupi Kap/a masaJl.
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MYXOKUMAHN HATUYAXOU BAJACTOMAJIA

Hap wH Oaxm O0a TaBpu MyxTacap TaxJIWJIM HaTUYaxoe, KU Jap KOpH
JTUCCEPTATCHOHM 0a 1acT oBap/a IyIaan I, aHqoM J0jla MEIIIaBa/l.

bobu sikymMu KOpH IUCCEPTATCHOHM 0a TaxIuiu Mydaccain agaduéTu WM Ouj
0a Hazapusu Machaaaxou HIOPAKyHUH capXaai OaxImuaa Iryaaacr.

Jlap 600m myromu amcceprarcus Oapow Myoawiaw Tenerpaduu sikaeHaka 00
ko3 urcuentu Tariupédbannan 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 capXaaid 0a BOCHMTaW YOWMBA3KyHM Jap capxajd dYam Ba
KyBBaW YaHJIUPil 1ap Tapadu pocT MaBPUIM TaXKUK Kapop J10/1a II1y/1aacT.
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)
dhaxMu1a MeIIaBaj, Ki paBaHId OappacHuIllaBaHIapo a3 X0JIaTH HOTHUIOMH UXTHEPHUH
{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 Kapnaa memaBan. MH cund Oopu asBan comu 2000 - ym a3 4qoHUOHU
B. A. Wniiun qopii rapaumaact [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 Machajdau UAOPAKYHHH capXalid 00 MaxXIyausTXOU KamMTapuH 0a (PyHKCUSIXOHU
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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+1

Ba sapou K(&,7) TtaBaccytm (dynkcusu  q(&,T) xXuco0 Kapaa  MemiaBaj.
Hap Teopemau 2.5 ucOOT IIynaact, Kd MIAPTXOM 3apypuu nap Teopemau 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, yCTyBOpii Ba peryisipii 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 IIyaaacT.

XaHromu UcOOTU TEOPEMaxoM MaBUYAMST a3 HaTu4yaxou Kopxou [23], [24] Ba
O0apou UcOOTH TeopeMaxou sroHarii mMerogukau nemnuxonHamynau JI.B. Kputckos
nap maxkoinau [103] uctudona mrygaact.

Hap 600m 2 XaMYyHWUH HIOPAKyYHUXOHM CapXaJUd 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 Xomatd XyCyCHMH Myoauiau OappacwinaBaHman 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) € WH0,T], v(t) € L,[0,T] ubopar act, ki 6a MHTErpaay SHEPTUAH 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.W. Mowucees [ /1] Taxkuk rapauaa Oy.

Harnyaxoun 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 aMali Merapjaj, OMyXTa MIyJaacT. 3€pu 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,) TabMuH MeHamMosiHI. ba Muciu 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
OappacuimaBaHaan WAOPAKyHUH capXaaid dap Jax3au KpUTUKUH BakTH 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
nOTUI01 Ba HUXON OaéH Kapaa mymaania. Jlap teopeman 3.5 ucOOT mIymaact, Ku UH
[IAPTXOU 3apypi XaM3aMOH MIapTXOoH KU(osArit Hu3 6apou MaBUYAHUATH XAJIU STOHAU
Machaja Meboran (MyBohuku Teopeman 3.3).

Slkkumara XammaBaHIarud MachallaxOM OMEXTah MYBODHK HHU3 HCOOT
rapaunaact (Teopemaxou 3.1 Ba 3.2). ba monanau 600u 2, yCTyBOpil Ba peryispi
OymaHu XaJId MachajdaXxOd OMEXTa Ba Machallal HAOPAKyHHHM capxadil Hucbar Oa
byHkcusixon 0a Machasiax0 BOPHJIIABaHIA Ba HUcOAT Oa OMIYOM aqAUTHBUU
q(x,)u(x,t) nap myomunaum (A;) 60 kospduTCHEHTH 3aMinaBaHAa OO0 KBaapar

ACOCHOK Kapaa mryaaacT.
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Hap 600u 3 WHYYHMH WIOPAKYHUXOHM CapXaJud ONTHMAA, KA TaBaCCyTH
KyBBall YaHIMpA Jap capxaJd Yal Ba YOWMBA3KyHH Jap capxaaud pPOCT amalii
Merapaana, 6apou docusian UXTUEPUU 0a Kaapu Kodii KaJOHH BaKT 0apOu paBaHIXOU
00 MyouIan JIAMUAIITXOW Madq0ypuu Top TaBcudImaBanaa coxra mygaany (Teopeman
3.6). MmopakyHuxou capXaauyd 4ycTyqyllaBaHIa Jap MAKIA aHATUTUKHHA OIIKOP
NENTHUXO/ rapIuJaaHl.

Kaiin MekyHeM, Ku MH Machajaul ONTUMHU3ATCUS Oapou MyOJWJIau JAMUIIXOU
ozoxu Top (q(x,t) =0, f(x,t) = 0) xkabmau gap kopu B.A. Wiiun Ba E.1. Moucees
[71] Taxkuk rapauma Oy.

Harngaxou 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
Machanaxou UIOPaKyHUU capXaauu TapKUON TaXKWK 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 OuHOOAp HAOyJaHU Xalld AHAIUTUKUM OIIKOp 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 MHTETpajIuu JyuyeHakaun HaBbu Bonrteppa udoma kapaa
MeIIaBaHI.

XaMHH TapuK, 1ap acocH Ty(Taxou 0OJI0 METaBOH XyJloca Hamyld, KM Xamau
HaTUyaxou Oanactomana HaB Oyna, HATMYaxou MyauUTMGOHU TUrappo xam Oapou
MachallaxOM OMEXTa Ba XaM 0apou MachallaxOoW HWIOPAKyHHH capxaaid Oapou
myonwian Tenerpadin 60 kodpdurcuentu rtariiupébanman  (A;) yMyMUAT
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 Hatugaxou aucceprarcus 060

HaTU4axou OamacroBapaau B.A. VnitnH Ba mOTUpI0HN ¥ MyBOPUKAT MEKYHAH]T.

170



XVJIIOCA
XaMuH TaBp, MO XaMaW MachallaxOu Try3omiTanryaapo 0a TaBpu mydaccan
TaxKuK HamyzneM. [lap mo€H Harmgaxow OamacToMaza Oa TaBpW MyxTacap OBapjaa
MeIIaBaHI.
bapou myomunaum tenerpadum sxueHaka 60 kodhdUTCHEHTH TariupédaHgan
HAMYIH
U (X, ) — Usr (x, 8) — q(x, Du(x, t) = f(x,t), 0<x <, 0<t<T

00 MabHOU YMYMHIITY/IA:

1. Macphanan uaopaKyHUU capXaii, KU TaBaCCYTH YOWMBA3KyHH JIap capxaid dam Ba
KyBBaW YaHAWPH Jap capXaad POCT aMajiii MerapjaaJl, MaBpPHIA OMYy3HII Kapop
nona myn [1-A], [3-A], [4-A], [7-A], [11-A];

2. Macwanau uI0paKyHUH CapXaai, KM TaBacCyTH KyBBaW YaHIUPH Jap capXaad dar
Ba YOMMBA3KyH# Jap capXxaau poCT amallid Merap/iajl, MaBpUau OMY3HUII Kapop 02
myn [2-A], [5-A], [8-A], [9-A], [10-A].

Hap xap ny Xxonar Tteopema mgap Oopau sSroHarud Xajuld Macbhallau
OappacuIiaBaHan UIOPaAKyHUH capXajail 60apou BakTXou xypa € 6apodapu KpUTHKR
UcOOT Kapaa IIy[; IIApTXOW 3apypi Ba KHQPOATUH MaBUYIAUATH HIAOPAKYHHUXOH
capxaauu 4YycTy4dyliaBaHja Jap BaKTH KPUTUKA Oa JacT oBapja IIylaHm; Oaxou
anpuUoOpUM XaJUIM Machballad HAOPAKyHUHM capXalid XOCWJI rapaujl, KU YCTYBOPUHU
Xau OamacToMagapo HucOar 0a mapTxou MOTHUI0M Ba HUXON TACIAUK MEHAMOSI;
perynsapii OylaHu XaJld Machajdau HIOPaKyHHHM capxaaid Hucbar 0a omyowu
anauTuBuK omeparopu MaBuii q(x,t)u(x,t) 00 koahdurcHeHTH 00 KBagpar
3aMIllaBaH/ia aCOCHOK Kap7a Iy,

Nnoa Oap uH, SKKUMaTa XaJllaBaHAarui Machalaxou oMexTau MyBoGUK Oapou
Myonuiau tenerpaduu OappacuiliaBaHaa UCOOT Kapja Hryd. AHMKAII, TEOpEeMaxou
ATOHATUW XaJUTM MachallaxOM OMEXTau MYBO(HK MCOOT TapAWAAHI; TEOPEMaxOH
MaBYYIUATH XAJIJIM MachajlaXxOu OMeXTau MyBO(HK 0a JacT oBap/a UIyJaH; aCOCHOK

KapJa IIyd, K XaJUId Machballaxod oOmexTa Hucbar 0Oa omyou agguTUBHUU
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q(x, t)u(x, t), nnayaud Hucoar 6a GyHKCHIX0€e, KM 0a I'y30pHIIN MachalaXxo JOXHII

MeIaBaH/l, YCTyBOp MeOoma.
bosin Tavkug Hamyn, KM XaldllaBaHIardk XamMau Machajaxou Oappacuinyna aap

MapXujad aBBajl 0apowW MYOMJIaW JAMIHUIIXOHM MadO0ypuu TOpP, KA XOJaTH XyCYCHH

MyOAWJIal TaxXKuKIIaBaHga xaHromu ¢(x,t) = 0 meOomian, HUMIOH A0Ja ITymaacT.

bapou wuH xonmarm XycCycih XamMaW TacIWKOTH MYyBOQHUK Taxus IIyaa, HCOOT

rapauaaaH.

3. WnopakyHuxon capxaJuH ONTHUMANd, KA TaBACCYTH YOWHMBA3KyHH Jap capXaau
yarm Ba KyBBaM YaHAWPH Jap capXaad pPOCT amali MmerapiaHia, aap docuian
uxTuépun 0a Kaapu Kodi KaJoHHM BaKT OapoW paBaHaXoe, KU 00 Myoaujiau
JAMUIIX0W Ma40ypuu TOp TaBcu( MeIlaBaH/, COXTa mryaaan [6-A];

4. VImopakyHMXOHW CapXaJWH ONTHMAJIA, KM TaBaCCyTH KyBBaW YaHIAUPH Jap capXajau
yanm Ba YOWMBA3KyHH Jap capXaad pOCT amaiil merapiania, nap docuiaun
uxTuépun O0a Kaapu kKopi KaJloOHW BaKT Oapou paBaHAXO0e, KM 00 Myonusiau
JANIUIIX0W Mad0ypuu TOp TaBCcH( MeIIaBaH I, CoXTa mygaany [6-A].

TaBcusxo oua 6a ucTudogau aMaJIuv HATHYAXO
Kopu nmcceprarcuoni yanOau HazapwsiBid IOpaa. YCYIXOHW Jap OH TaxXysAIIyda

UMKOHHUST MEIUXAHJ, KU XallllaBaHJIaTuUd MachajaXxOM MOHAHIIUA WJIOPAKYHHUH

capxaai 0apou paBaHIXOM TYHOTYH TaxXKHK Kapja maBanja. Harugaxou 6amacromana

METaBOHAH/] XaHTOMH XOHJIaHW KYPCXOHU MaxCyc 0apou TOHUIIYYEHN KypCXOU OO0,

MarucTpaHToH Ba aokTopanTtoHu (PhD) mxTHcocxom Marematvka Ba (u3uka map

MyacCHCaxou TaxCUJIOTH OJIMK KacOi uctudoma rapJaaH/.

NnoBa Oap wH, O6a Hazap rupudTa MemaBaja, KU HATUYAXOW XOCHIIITyAa

MEeTaBOHaHJ 0apoW aMCHJIACO3UM PABaHAXOM TYHOTYH, KH 00 MYyOIMIaxou

Oappacuirya TaBcud Mme€oana, uctudoa maBaHi.

172



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

PYUXATU ATABUET
1. Pyiixatu agabuétu ucrudonanryia

Glowinski R. A numerical approach to the exact boundary controllability of the
wave equation (I). Dirichlet controls: Description of the numerical methods
[Text] / R.Glowinski, C.H. Li, J.L. Lions // Japan J. Appl. Math. —1990. - V. 7. —
Nel. —P. 1-76.

Komornik V. Exact controllability and stabilization. The multiplier method
[Text] / V. Komornik. — Paris, Chichester, 1994. — 166 p.

Li Tatsien. A Note On The Exact Controllability For Nonautonomous Hyperbolic
Systems [Text] / Li Tatsien and Wang Zhigiand // Communications an Pure and
Applied Analysis. — 2007. — Vol. 6. — No 1. — PP. 229-235.

Lions J.L. Exact Controllability, Stabilization and Perturbations for Distributed
Systems [Text] / J.L. Lions // SIAM Review. — 1988. — Vol. 30. —-Ne 1. — PP. 1-68.
Michaev V. Klibanov. Exact Controllability for the Non Stationary Transport
Equation [Text] / Michaev V/ Klibanov and Masahiro Yamamoto // SIAM
Journal on Control and Optimiziation. — Vol. 46. — Issue 6. —PP. 2071-2195.
Munch A. A uniformly controllable and implicit scheme for the 1-d wave
equation [Text] / A. Munch // Mathematical Modeling and Numerical Analysis. —
2005. — V. 39. — No 2. — P. 377-418.

Mustafayev M.l. On boundary control problem of distributed parameter systems
[Text] / M.I. Mustafayev, M. Ekici, M. Mirzazadeh // International Journal of
Applied and Computational Mathematics. — 2017. — T. 3. — Ne 2. — C. 961-969.
Soboleff S. Methode nouvelle a resoudre le probleme de Cauchy pour les
equations lineaires hyperboliques normales [Text] / S. Soboleff /l
Maremarnueckuii coopauk. —1936. — 1(43):1. — C. 39-72.

Zuazua E. Exact controllability of distributed systems for arbitrary small time
[Text] / E. Zuazua // C. R. Acad. Sci. Paris, Ser. I. — 1987. — V. 804. — Ne 7. — P.
173-176.

[10] Zuazua E. Exact Controllability for the Semilinear Wave Equation [Text] /

E.Zuazua // J. Math. pures et appl. — 1990. — Ne69. — PP. 1-31.

173



[11] AbnykapumoB M.D. VYCTOWYMBOCTH peIIEHHUs OXHOH KOMOWHUPOBAHHOM
cMelIaHHoOW 3agauu st ypaBHeHusi Kneina-Iopmnona-®oka ¢ mnepeMeHHBIM
kodddurmentom [Tekct] / M.®. AbGnykapumoB // BecTHuk MOCKOBCKOTO
yauBepcuteta. Cepust 1. Maremaruka. Mexanuka. — 2021. — Ne2. — C. 3-10
(Aurmmiickas Bepewnst: Stability of a Solution to One Combined Mixed Problem
for the Klein-Gordon-Fock equation with a Variable Coefficient // Moscow
University Mathematics Bulletin. — 2021. — \Vol. 76. — Ne2. — PP. 45-52. DOI: 10.
3103/S0027132221020029).

[12] A6nykapumoB M.®D. 3aymada rpaHUYHOTO YIIPABICHUS YIIPYTOM CHIION Ha OTHOM
KOHIIC TIPH 3aKPEIJICHHOM BTOPOM JIs TeNerpadHOTO YPAaBHEHHS C TIEPEMEHHBIM
kodddurmentom [Texer] / M.®. AGaykapumoB // JluddepeHnuaibHbie
ypaBHeHus. — 2020. — T. 56. — No2. — C. 226-242 (Aunuiickas Bepcus: Problem
of Boundary Control by an Elastic Force on One End with the Other End Fixed
for the Telegraph Equation with a Variable Coefficient // Differential Equations.
—2020. —Vol. 56. — Ne2. — PP. 221-237. DOI:10.1134/50012266120020081).

[13] AOaykapumor M.®. OO0 onTHMajabHOM TPAaHHMYHOM YIPABICHUHU Ipolecca
BBIHY)KJICHHBIX KOJICOAHWI CMEIEHHEM Ha OJHOM KOHIIE CTPYHBI TIpH
3akpemieHHoM BTopoMm [Tekcr] / M.®. AbaykapumoB // Juddepenmmanabie
ypaBHeHus. — 2014, — T. 50. — Ne5. — C. 680-691 (Annmiickas Bepcus: Optimal
Boundary Control of Forced Vibrations by the Displacement at One End of the
String with the Other End Fixed // Differential Equations. — 2014. — Vol. 50. —
Ne5. — PP. 640-651. DOI: 10.1134 / S0012266114050103).

[14] AOaykapumoB M.®. 3amgaya TpaHUYHOTO YMPABICHUS ISl OJIHOMEPHOTO
ypaBHeHusi Knelina-I'opaona ®@oka c¢ nepemeHHbIM Kod(pduuuentom. Ciydait
YIPaBJICHHUS CMEIICHUEM Ha OJHOM KOHIIC MPH 3aKperuieHHoM BTopoM [Tekct] /
M.®. A6aykapumos, JI.B. Kpunikos // Iuddepennmansusie ypaBaenus. — 2013.
— T. 49. — Ne6. — C. 759-771 (Aurnuiickas Bepcusi: Boundary Control Problem
for the One-Dimensional Klein—Gordon—-Fock Equation with a Variable
Coefficient. The Case of Control by Displacement at One Endpoint with the
Other Endpoint Being Fixed // Differential Equations. — 2013. — Vol. 49. — Ne6. —
PP. 731-743. DOI: 10.1134/ S0012266113060074).

174



[15] AGnykapumoB M.®. 3amaya TPaHUYHOTO YIPABICHUS [UISI OJHOMEPHOTO
ypaBHeHust Kieiina-I'opgona-®oka ¢ nepemeHHbIM Koddduimentom. Ciyydait
yIOpaBIICHUs] CMEIIeHHWeM Ha JByX KoHmax [Tekct] / M.D.AOGmykapuMos,
JI.B.Kpunikos // [Iluddepennunanpasie ypaBaenus. — 2013. — T. 49. — Ne§. — C.
1036-1046 (Awnrmmiickast Bepcusi: Boundary Control Problem for the One-
Dimensional Klein—-Gordon—Fock Equation with a Variable Coefficient: the Case
of Control by Displacements at Two Endpoints // Differential Equations. — 2013.
\ol. 49. — Ne8. — PP. 1006-1017. DOI: 10.1134/ S0012266113080090).

[16] Kpurmkos JI.B. I'pannuHoOe yripaBiieHue Ha OJHOM KOHIIE TIPU CBOOOIHOM BTOPOM
JUIs. TIpOllecca, OMUCHIBAEMOro TeJerpaHbIM YpaBHEHHUEM C IEPEMEHHBIM
kodpdunmentom [Tekcr] / JL.B. Kpunkos, M.®.A6aykapumoB // Jloknambl
Axkanemun Hayk. — 2013. — T. 450. — Ne 6. — C. 640-643 (AHmuiickas BEpCHS:
Boundary Control of the Displacement at One End with the Other End Free for a
Process Described by the Telegraph Equation with a Variable Coefficient //
Doklady Mathematics. — 2013. — Vol. 87. — Ne3. —PP. 1006-1017. DOI: 10.1134/
S1064562413030319).

[17] Kritskov L.V. Boundary control by the displacement for the telegraph equation
with a variable coefficient and the Neumann boundary condition [Text] / L.V.
Kritskov, M.F. Abdukarimov // Caspian J. Appl. Math., Economics and Ecology.
—2013. —\Vol. 1. — Nel. — PP. 51-69.

[18] AoaykapumoB M.®. O rpaHMYHOM YIPABICHUU CMEIICHUEM Ha OJHOM KOHIIE
Ipy  3aKpPEIJICHHOM BTOPOM TMPOIECcCa BBIHYKJIEHHBIX KOJICOAHUN CTPYHBI
[Texct] / M.®. AbnykapumoB // COOpHUK CTaTeil MOJIOABIX YUEHBIX (haKylIbTeTa
BMK MI'V. — 2013. — Ne10. — C. 7-33.

[19] Abdukarimov M.F. On a boundary control problem for forced string oscillations
[Text] / M. F. Abdukarimov // Azerbaijan Journal of Mathematics. — 2012. —
\Vol.2. — Ne 2. — PP. 105-116.

[20] AOaykapumoB M.®. IpaHudHOe ympaBIeHHWE MPOLECCOM  KOJIeOaHHMH,
ONHUCHIBAEMBIM HEOJHOPOAHBIM BOJHOBBIM ypaBHEHUEM, 32 MUHHMAJIbHbII
npoMexxyTok Bpemenu [Tekct] / M.®. Ab6aykapumoB // COOpHHMK cTarei
MonoabIX Yu€HbIX PakynbreTa BMK MI'Y. — 2011, — Ne8. — C. 5-18.

175



[21] A6nykapumoB M.D. [paHn4HOE YympaBlIeHHWE MPOIECCOM, OMUCHIBAEMBIM
ypaBHeHueM Kuneitna-lTopnona-doka ¢  nepeMeHHbIM KO3 (UIIMEHTOM:
JUccepTalsi Ha  COMCKaHMe  Y4YEHOM  CTENEeHM  KaHaujara  (PU3HKO-
MareMmatudeckux Hayk [Tekcr] / M.®. AoaykapumoB.—Mocksa, 2013.—118 c.

[22] AOaykapumoB M.®. HMccnenoBanrne HEKOTOPBIX 3a/1ad TPAHUYHOTO YIIPABICHHUS
JUTsL TeJierpaHOTO ypaBHEHUS € IEPEMEHHBIM KO PUITMEHTOM: TMccepTalus Ha
COMCKaHHWE YYEHOM CTENeHH JIOKTOpa (pusmko-maremarnueckux Hayk [Tekct] /
M.®. A6aykapumoB. — Jlyman6be, 2022. —308 c.

[23] AOaykapumoB M.®. Hekoropsie 3a/1auu IpaHUYHOTO YIPABICHUS CMEIICHUEM
JUTS TeJerpaHOro ypaBHEHHUsS ¢ TepeMeHHbIM Kodddunuentom [Tekcr] / M.D.
Abnykapumos. — Jlyman6e: «9P-rpady», 2018. — 240 c.

[24] AOaykapumoB M.®. MccnenoBaHre HEKOTOPBIX 3a/1ad TPAHUYHOTO YIIPABICHHS
MPOILIECCOM, OMHUCHIBAEMBbIM TeJerpadHbIM ypaBHEHHEM C TEPEeMEHHBIM
ko3 dummentom [Tekct] / M.®D. AGnykapumoB. — Jlymante: «Cap6o3y», 2023. —
284 c.

[25] AromkoB B.M. MeToabl ONTUMAIbHOTO YIPABACHHS W COMPSHKEHHBIX
ypaBHeHU# B 3ajauax maremarudeckoit gusuku [Tekct] / B.U. AromkoB. — M.,
2003. — 256 c.

[26] Akynenko JIJI. TlpuBemeHue ympyrod CHCTEMbl B 3aJaHHOE COCTOSHHUEC
MOCPEACTBOM CHJIOBOTO TpaHu4HOro BoszzaeicTBus [Tekcr] / JIJI. Axymenko //
[Tpuki. marem. u mexanuka. — 1981. — T. 45. — Ne6. — C. 1095-1103.

[27] AunpeeB A.A. Cuctema BOJHOBBIX YpaBHEHHH ¢ TpaHMYHBIM YIIPABJICHHEM Ha
nByx koHnax [Tekct] / A.A. Aunpees, C.B. Jlekcuna // Bectauk Camapckoro
rocynapcTBeHHOro ynusepcurera. EctectBenHoHayuyHas cepust. — 2008, — Ne8/1.
—C. 21-34.

[28] AnapeeB A.A. 3agaya rpaHUYHOTO YIPABICHHS B YCIOBHSX MEPBOH KPaeBOii
314 JUIS CUCTEMBI THUIIEPOOIMUSCKOro Tuma BToporo mopsaka [Texer] / A.A.
Anpnpees, C.B. Jlekcuna // Iuddepenunansusie ypasuenus. — 2011. — T. 47. —
Ne6. — C. 843-849.

[29] AtTaee A.X. 3ajgaya rpaHUYHOTO YIPABICHHS JUIS OJHOTO BBIPOXKIAFOIIETOCS
ypaBHeHus runepoonmyeckoro tuna [Texcr] / A.X.Arraes // Becthuk KPAYHII,

®dusuko-maremaruueckue Hayku. — 2019.-T.29.— Ne 4. — C. 19-27.
176



[30] Bapcersa B.P. OntumansHOe yrpaBieHUe KOJIEOaHUSIMU CTPYHBI C 3alaHHBIMU
COCTOSIHUAMH B MPOMEXyTouHble MOMeHThI BpemeHHu [Tekcr] / B.P. Bapcersn,
M.A. Caaksn // U3Bectust HanmonansHo#t Axkanemuu Hayk PA. — 2008. — T. 61. —
Ne2. — C. 52-60.

[31] Bapcersa B.P. K ontumanbsHOMY yrpaBIeHUIO KOJICOAHHWEM YIPYTUX CHCTEM
[Texct] / B.P. bapcersan, JI.A. Moscucsn // Ilpuknagnas mexanuka. — 2012, —
T.48. — Ne2 (58). — C. 137-142.

[32] Bapcersu B.P. 3amadya rpaHWYHOTO yIpaBieHHS KOJCOAHUSAMH CTPYHBI
CMELICHUEM JIEBOIO KOHLA MPHU 3aKPEIUIEHHOM IPaBOM KOHLE C 3aJaHHBIMU
3HAYEHUSAMU (QYHKIUU NMPOruda B MPOMEKYTOUHbIE MOMEHTHI BpeMeHH [Tekcr] /
B.P. bapcersn, C.B. Cononyma // BectHuk Poccuiickux yHUBEpPCUTETOB.
Maremaruka. — 2020. — T. 25. — Ne 130. — C. 131-146.

[33] bapcersu B.P. VYmpaBneHue cOCTaBHBIX JUHAMUYECKUX CHUCTEM U CHCTEM C
MHOTOTOYEYHBIMH MpoMexyTouHbIMU ycioBusmu [Tekcr| / B.P. bapcersn. —
Mocksa, 2016. — 230 c.

[34] benukoB A.B. I'paHuvHOE yrpaBlieHHE YNPYTUMH CHJIAMU Ha JBYX KOHIIAX
HEOJTHOPOJHOIO CTEP>KHSI 332 KPUTUYECKHI NPOMEXYTOK BPEMEHH B Cllydae
COBMAJICHUS BPEMEHU NPOXOXKACHHUS BOJHBI IO KaXIOMYy M3 YYacTKOB
HeonHopoaHocth [Tekct] / A.B. benukos // luddepenunansupie ypaBHEHUS. —
2013. - T. 49. — Ne6. — C. 772-779.

[35] Benniman P. Jlunamuueckoe nporpammupoBanue [Texcr] / P. Bemnman. —
Mocxkaa, 1960. — 400 c.

[36] Boposckux A.B. ®opMysibl rpaHUYHOTO YIIPABICHUS HEOTHOPOIHOM CTPYHOH. |
[Texcr] / A.B. boposckux // Jubdepenunansasie ypaHerus. — 2007. — T.43. —
Ne 1. - C. 64-89.

[37] Boposckux A.B. ®opmMysbl TpaHUYHOTO YIIPABICHHS HEOXHOPOIHON CTPYHOM.
Il [Texct] / A.B. boposckux // udpdepenunanbusie ypapaenus. — 2007. — T. 43.
— Ne 5. — C. 640-649.

[38] BytkoBckuit AL OO0  onTUMalbHOM  YOPaBICHHH  CHUCTEMaMH  C
pacnpenenéunbiMu napamerpamu [Texcr] /' A.I. byrkoBckuii, A.S. Jlepuep //
Hoxnanet AH CCCP, Kubepueruka u teopus perynupoanus. — 1960. — T.134. —

Ne4d, — C. 778-781.
177



[39] ByTtkoBckuit A.I. Metog MOMEHTOB B TEOPHH OINTHMAIBHOTO YIIPABICHHUS
cUcTeMaMu ¢ pacrpeneiaéHapiMu napamerpamu [Tekcer] /AL Byrkoeckuii //
Apromaruka u tenemexanuka. — 1963. — T. XXIV. —=Ne9. — C. 1217-1225.

[40] BytkoBckuit  A.I.  Teopuss ONTUMAIBLHOTO YOPABICHHS CHCTEMaMH C
pacnpeneneHabiMu mapamerpamu [Tekcr] /  A.I. byrtkoBckuit. — M.: Hayka,
1965. — 480 c.

[41] Bacunees @.I1. Merox npsMbIX B 3aJa4aX I'PAHUYHOIO YIPABICHHUS U
HaOMroneHus 11l ypaBHeHUH konebanuit ctpyHsl [ Tekcr] / ®.I1. Bacunbes, M.A.
Kypxanckuii, M.M. Ilotanos // Bectauk MI'Y. Cepus 15. Boruncn. marem. u
k0. — 1993. — Ne3. — C. 8-15.

[42] Bacunser ®.I1. O merone dypbe i pelICHUs OMHOM 3aJaudl yIPABICHUS
konebanrem ctpyHbl [Tekct] / @.I1. BacunbeB, M.A. Kypxkanckuii, A.B.
Pasrynun // Bectnuk MI'Y. Cepus 15: BprumcinurenbHas MareMaTuka |
kubepuetuka. — 1993. — Ne2. — C. 3-8.

[43] Bacunber @.I1. O ABOWCTBEHHOCTH B JMHEWHBIX 3a/adax YIpPaBICHUS U
Habmonenus [Tekct] / @.I1. BacunbeB // JluddepeHunanbabie ypaBHCHUS. —
1995. — T. 31. — Nell. — C.1893-1900.

[44] Bacunber @.I1. [IpubirmkeHHOE pelieHne ABONCTBEHHBIX 3a/1a4 YIPaBICHUS U
Ha0monenus [Texct] / @.I1. BacunbeB, M.A. Kypxanckuii, M.M. Ilotanos, A.B.
Pasrymun. — M.: MAKC IlIpecc, 2010. — 382 c.

[45] Bacuuiikuii JI.M. OntumanbHblii TaCHTENb MPOIOIBHBIX KOJICOAHUN CTEPIKHS
[Texct] / JI.W. Bacuunxkuii, 1.B. Munocepnosa // [lpuknagHas maremMatuka u
mexanuka. — 1997. — T.61. — Ne3. — C.537-540.

[46] BopoHoB A.A. YCTOWYMBOCTH, YNPaBISIEMOCThb, HaOomaeMocTh [Tekcr] /
A.A.Boponos. — M.: Hayka, 1979. — 336 c.

[47] HpsxenkoB A.A. HepaBeHCTBO HaOMIOIAEMOCTH IS BOJIHOBOTO YpPaBHEHUS C
YCIIOBUEM YIIPYToro 3aKperieHus B CIy4ae KpUTUYECKOTO MHTEpBajia BPEMEHU
[Texct] / A.A. [IpsoxenkoB // Bectauk MockoBckoro ynuBepcutera. Cepust 15:
Breruncnurensnas marematuka u kudepaetuka. — 2014, — T.38. — Ne 3. —C. 18-22.

[48] dpsokenkoB A.A. UYWCICHHBI METOI YCHOKOCHHS KOJICOAHMH CTPYHBI C

HEU3BECTHBIM HayaJbHBIM COCTOSIHUEM B KJIacce CIa0bIX 0OOOUIEHHBIX PEIICHUIA

178



[Texct] / A.A. lpsoxkenkoB, M.M. Ilotanos // Jluddepennuanpapsie ypaBHEHUS.
—2018. —T. 54. — Nel11. — C. 1451-1469.

[49] Eropos A.M. Yupaenenue ynpyrumu konebanusimu [Texcr] / A.W. Eropos //
JAH YCCP. Cepus gus-mar. u Text. Hayk. — 1986. — No5. — C. 60-63.

[50] EropoB A.M. OcHoBel Teopum ympamienusi [Texct] / A.M. EropoB. — M.:
dusmariut, 2004. — 504 c.

[51] Eropo A.M. VmpamneHuss KoleOaHHUSIMHU  CBSI3aHHBIX  OOBEKTOB  C
pacnpeneaHHbIME U COCPEIOTOYCHHBIMU TTapameTpamu | Texct] / A.W. Eropos,
JLLH. 3unamenckas // )KypHan BbIYMCIUTEILHOM MaTeMaTUKH M MaTeMaTUYeCKOM
¢busuku. — 2005. — T. 45. — Ne10. — C. 1766-1784.

[52] Eropor A.M. HabmomaeMOCTh MO COCTOSHHUIO YNPYIHX KOJCOAHHWH CHCTEM C
pacnpenenéHHbIMUA U cocpeioToueHHbIMU nlapaMmerpamiu [ Texcr] / A.W. Eropos,
JL.H. 3namenckas // XXypHan BbIYMCIUTEILHON MAaTeMAaTUKW U MaTeMaTH4eCcKOil
busuku. — 2009. — T.49. — Nel10. — C. 1779-1784.

[53] Eropor A.W. Beenenue B TEOpUIO YIIPaBICHUSI CHCTEMAMHU C PACIIPEICIIEHHBIMU
napametpamu [Tekcr] / A.W. Eropos, JI.H. 3namenckas. — Caukr-IlerepOypr,
2017. - 288 c.

[54] 3namenckas JI.H. 3amaun rpaHuyHON HAOIIOMAEMOCTH YIPYTHX KOJICOaHWH,
OMHChIBaeMbIX cucTemoi Teierpadubix ypaBuenuit [Tekcr] / JI.H. 3namenckas,
3.E. [loramosa // ABromaruka u tenemexanuka. — 2007.—T.68.—Ne2.—C. 103-112.

[55] 3namenckas JI.H. I'panuyHoe ympaBieHWe Ha JBYX KOHI[AX BOJIHOBBIM
ypaBHEHHEM B Kjiacce 0000IIeHHbIX pemeHuit u3 L, [Tekcr] / JI.H.3nameHcKast
/I Noxkmanbl Akanemun Hayk. — 2001, — T. 380. — Ne6. — C. 746-748.

[56] 3namenckas JIL.LH. AnpuopHbIe OICHKH OOOOIIEHHBIX PEIICHHH BOJIHOBOTO
ypaBHeHust [Tekct] / JI.LH. 3namenckas // uddepenuuanbHbie ypaBHEHUS. —
2001. — T. 37. — Ne8. — C. 1062-1069.

[57] 3namenckas JI.LH. VYmpanenue ynpyrumu — kojeOanusmu  [Teker] /
JI.H.3namenckas. — M.: ®usmammt, 2004. — 176 c.

[58] WBanos JI.A. HenpepsiBHAs 00paTUMOCTh OIEpaTopa TPAHUYHOTO YIPABICHUS
JUTSL BOJTHOBOTO YPaBHEHHsI HA TOKPUTUYECKUX MPOMEKYTKAX B Kaccax ClIa0dbIX

0000mEénnbix pemenuit [Texcr] / JI.A. MBanoB, M.M.IloramoB // BectHuk

179



MockoBckoro ynuBepcurera. Cepust 15: BpluncinurtenbHass MareMarvka u
kubepHeTuka. — 2014.-T.38.—Ne 4. — C.5-12.

[59] UBanos JI.A. IlpuOmmkeHHOEe pelICHHE 3aadd  OBICTPOACHCTBUS IS
BOJIHOBOTO YpPaBHCHHS C TpaHWYHbIMU yrpapieHusmu [Tekct] / JI.A. BaHoB,
M.M. Iloranos // Tpyast Marematnueckoro uHcTuTyTa UMeHU B.A.CreknoBa. —
2015. —T. 291. Nel. — C. 112-129.

[60] Unpur B.A. O pa3pemmmMoCTH CMEUIAHHBIX 3aJiad JUIS THIEPOOITMYCCKOTO M
napabonuueckoro ypaBHenuid [Tekcr] / B.A. Wnbun // Yenexu mMareM. Hayk. —
1960. — T.15. — Ne2(92). — C. 97-154.

[61] Unbur B.A. Jlekumn mno teopum psmoB Dypee [Texcr] / B.A. Wnbus,
E.1.Moucees. — M., 2005. — 52 c.

[62] Unbur B.A. BomHoBoe ypaBHeHHME ¢ KpaeBbiM ympaBieHuem [Tekcr] / B.A.
Wnbun, B.B. Tuxomupos // Juddepenunansusie ypaBuenus. — 1999. — T. 35. —
Nel. - C. 137-146.

[63] Unbuu B.A. BomHOBOE ypaBHEHUE C TPAHUYHBIM YIIPABICHHEM Ha JIBYX KOHIIAX
32 TPOM3BOJBHBIN TpoMekyTok Bpemenu [Tekcr] / B.A. Wnpun //
Huddepennnansupie ypaBuenus — 1999. — T. 35. — Nell. — C. 1517-1534.

[64] Unbur B. A. BonHOBOe ypaBHEHHE C T'pDaHUYHBIM YIPABICHHEM Ha OTHOM
KOHIIE TMpU 3aKperuieHHoM BropoMm KkoHue [Tekcr] / B.A. Winbun //
Huddepennnansasie ypaBaenus. — 1999. — T. 35. — Ne12. — C. 1640-1659.

[65] WUnbun B. A. I'panruHoe ynpaBieHHE MPOIECCOM KoJeOaHUi Ha IBYX KOHIIAX B
TEPMHUHAX 000OILEHHOTO PEIIEHUs] BOJHOBOTO YPaBHEHUSI C KOHEUHOM dHepruei
[Texct] / B.A. Unvun // Jubdepenumansubie ypaBuenus. — 2000. — T. 36. —
Nell. - C. 1513-1528.

[66] Minbuu B.A. I'pannuHOe ympaBieHHE IPOIECCOM KojeOaHWH Ha OJHOM KOHIIC
OpU 3aKPEIUIEHHOM BTOPOM KOHIIE B TEpMHUHAX OOOOIIEHHOTO pEeIIeHUs
BOJIHOBOTO YypaBHEHMsI C KoHeuHOW »HHepruen [Texct]| / B.A. Wmbunr //
Hudbdepennnansubie ypaBuenus. — 2000. — T. 36. — Ne12. — C. 1670-1686.

[67] Unbur B.A. O rpaHUMYHOM YIpaBICHHH HA OJHOM KOHIIE TPOIIECCOM,
onucbiBaeMbIM TenerpapueiM ypaBHeHueM [Tekcr] / B.A. Unbun, E.M.Moucees
// Hoxnanpt Akamemun Hayk. — 2002. — T. 387. — Ne 5. — C. 600-603.

180



[68] Unbur B.A. IpanuuHoe ympaBieHHWE Ha JBYX KOHI[AX IIPOIIECCOM,
onuckiBaeMbIM TenerpadgusiM ypaBueHueM [Tekct] / B.A. Unbun, E.M1.Moucees
/I Nokmanbl Akagemuu Hayk Poccun. — 2004, — T. 394. — No2. — C. 154-158.

[69] Unprr B.A. OntumaiibHO€ TpaHUYHOE YIPABICHUE IPOIECCOM KOJIeOaHUH
CTPYHBI Ha OJTHOM KOHII€ Mpu cBOOOIHOM Apyrom korie [Tekcr] / B.A.Wnpun,
E.W. Moucees // Henuuetinas nunamuka u ynpasienue. —2004.—Ne4. — C. 25-38.

[70] Unpuua B.A. OntumanbHOE TpaHUYHOE YIIPaBICHHE YIPYrod CHUJIONH Ha OIHOM
KOHIIE CTPYHBI Mpu cBoOogHOM BTOpoM ¢€ koHme [Tekcr] / B.A. Unbsun, E.N.
Moucees // Auddepenunansasie ypaBuenus. — 2005. — T. 41. —Nel.—C. 105-115.

[71] Unpur B.A. Ontummusanus KOMOWHHPOBAHHOTO TPAHUYHOTO YIIPABICHUS
KOJICOAHUSIMU CTPYHBI — YNPYroll CHIION HAa OJHOM KOHIIE W CMEIICHHUEM Ha
npyrom koniie [Texcr] / B.A. Unbun, E.J. Moucees // Jloknaasl AxagemMun
Hayk. — 2005. — T. 402. — Ne5. — C. 590-595.

[72] Nnenr B.A. OntuManbHOE€ TPaHUYHOE YIPABICHUE CMEIICHHUEM Ha OIHOM
KOHIIE TMPU CBOOOJHOM BTOPOM KOHIIE M OTBEYAIOLIEE €My paclpe/esieHUe
nojHoi sHeprun cTpyHbl [Tekcr] / B.A. Unbun, E.M. Moucees // Jloxknambl
Axanemuu Hayk. — 2005. — T. 400. — Ne5. — C. 587-591.

[73] Unbun B.A. OntumanbHOE TpaHUYHOE YIIPaBICHHE YIPYrold CHUJIONH Ha OIHOM
KOHIIE MPU 3aKPETUIEHHOM BTOPOM KOHIIE M OTBEYAIOIIEE €My paclpe/esieHHue
nojiHoM sHepruu cTpyHbl [Tekct] / B.A. Mnbun // lokinaasl AkageMun HayK. —
2005. — T. 400. — Ne6. — C. 731-735.

[74] Unbur B.A. OnTuMu3anus TpaHUYHOTO YIPaBICHHUS YIPYrodl CHIION Ha JIBYX
xonmax crpyubl [Tekcr] / B.A. Unbun, E.M. Moucees // Joxkmaasl AxkageMuu
Hayk. — 2005. —T. 402. — Ne2. — C. 163-1609.

[75] Unpur B.A. OnTtuMmu3anus KOMOWHMPOBAHHOTO TPAHUYHOTO YIIPABICHUS
KOJICOAHUSIMUA CTPYHBI - YIPYTOW CHUJIOM Ha OAHOM KOHIIE M CMEIICHHEM Ha
apyrom koniie [Texcr] / B.A. Unbun, E.M. Mowucees // Jlokiaasl AxkameMuu
Hayk. — 2005. —T. 402. — Ne5. — C. 590-595.

[76] Mnbur B.A. OnTumuzaiius T'paHUYHBIX YIPABIACHUH KOJICOAHHSIMH CTPYHBI
[Texcr] / B.A. Unbun, E.. Moucees // Ycnexu marematudeckux Hayk. — 2005,
—T. 60. — Ne6 (366). — C. 89-114.

181



[77] Unpur B.A. OnTtumu3anus rpaHUYHOTO YIPABICHUS HA OJHOM KOHIIE CTPYHBI
yIPYroi CUJIOH MpH YCIOBHH, 4TO BTOpOi koHen 3akpermiéH [Tekcr] / B.A.
Wnbun // Tpynbel Maremarndeckoro nactutyta umenun B.A. CrexnoBa PAH. —
2005. - T. 248. - C. 117-123.

[78] Unbur B.A. MuHMMU3anusi MHTErpaia OT MOIYIIS MPOU3BOJHON TPAHHUYHOTO
yIpaBJICHUs,, BO3BEACHHOTO B NMPOU3BONIbHYIO crenieHb p > 1 [Tekcr] / B.A.
Wineun, E.W. Moucee // Becthuk MockoBckoro ynuepcutera. Cepus 15:
BoruncnurensHas marematuka u kudepaeruka. — 2006. — Ne 3. — C. 6-18.

[79] Mmbmr  B.A. Ontumusanus 3a  NPOU3BOJBHBIA  JOCTATOYHO — OOJIBIIOH
MPOMEXYTOK BPEMEHU IPAaHUYHOTO YIPABICHUS KOJCOAHUSIMHU CTPYHBI yIpPyrou
cuioii [Tekct] / B.A. Unbun, E.W. Mowucees // luddepeHnmanbapie ypaBHEHUS.
—2006. —T. 42. — Ne12. — C. 1699-1712.

[80] Unbur B.A. MunuMasaiuss 3a TPOM3BOJBHBIA  JOCTATOUYHO  OOJIBIION
IIPOMEKYTOK BPEMEHHM 1 HHTETpaja OT MOIAYJ HNPOU3BOAHOW MPOU3BOAMMOIO
CMEILEHUEM TPAaHUYHOIO YIIPABICHHUSI, BO3BEICHHOTO B MPOU3BOJIBHYIO CTEIICHb
p = 1 [Tekcr] / B.A. Unbun, E.M. Moucees // luddepennrianbabie ypaBHEHUS
—2006. — T. 42. — Nel1. — C. 1558-1570.

[81] Unbur B.A. Onrumuzanuss 3a NPOU3BOJBHBIA  JOCTATOYHO  OOJIBIION
MPOMEXKYTOK BPEMEHU T'PAHUYHBIX YIMPABICHUN CMELICHUSIMHU Ha JBYX KOHIAX
ctpynsl [Tekcr] / B.A. Wnbun, E.M. MouceeB // duddepenuunanbHbie
ypaBHeHus. — 2007. — T. 43. — Nell. — C. 1528-1544.

[82] Nnbuu B.A. I'panndHoe yrnpaBieHHE KOJICOAHUSIMHU CTPYHBI, MUHUMHU3HPYIOIIEE
UHTErpajl OT CTENEHH p > | MOAy/s yIpaBIeHHUS WK ero npousBoaHoi [Tekcr] /
B.A. Uneun, E.M. Moucees // ABromarnka u teaeMexannka. — 2007, — Ne2. — C.
113-119.

[83] Mnmbur B.A. Ontumusanus 3a NPOM3BOJBHBIA  JOCTATOYHO  OOJIBIION
MPOMEXXYTOK BpEMEHU | yIpaBieHUs YNPYTMMHU FPAaHUYHBIMU CHJIaMH Ha JIByX
koHiax crpynsl [Texcr] / B.A. Wnbun, E.M. Moucees // Jloknaapl Akagemun
HayK. — 2007. — T. 417. — Ned. — C. 456-463.

[84] Unbur B.A. AHamuTuuecKuid BUJ ONTUMAJIBHOTO TPAHUYHOTO YIIPABICHUS

CMCIICHUEM Ha OJHOM KOHIE CTPYHBI ¢ MOACIBbHBIM HCJIOKAJIbHBIM I'PAHUYHBIM

182



yclioBueM onHoro w3 4etbipéx TtumnoB [Texct] / B.A. Wneun /I Joxmansr
Axanemuu Hayk. — 2008. — T. 420. — Ne3. — C. 309-313.

[85] Unbur B.A. OntuMmu3saiust yrnpaBieHUs Ha JIBYX KOHIIAX CTPYHBI YIPYTHMH
TPaHUYHBIMU CHJIAMH 32 JIOOOW JOCTaTOYHO OOJBIION MPOMEXKYTOK BPEMEHU
[Texkcr] / B.A. WUnbun, E.M. Moucees // Iuddepenimaibabie ypaBHCHHS. —
2008. —T. 44. — Nel. — C. 89-110.

[86] Unbuu B.A. I'pannuHOe yrnpaBieHne CMEIICHUEM Ha OJTHOM KOHIIC CTPYHBI IIPH
HAJMYMKM HEJIOKAJIbHOTO TPAHUYHOTO YCJIOBUSI OJTHOTO U3 YETHIPEX TUIIOB U €r0
ontumuzanus [Tekcr] / B.A. WUnweun // Inddepennmansubie ypasaenus. — 2008.
—T. 44. — Nell. - C. 1487-1498.

[87] Unbun B.A. OnTummu3anus rpaHUYHOTO YIPABICHUS Ha OJHOM KOHIIE CTPYHBI
IpU HAJIWYUU MOJEJIbHOTO HenokanbHoro yciosusi [Tekcr] / B.A. Wnbun
//ABTomatuka u Tenemexanuka. — 2009. — T.70. — Ne 4. — C. 6-17.

[88] Unbur B.A. dopmyma Tuma J[lamamGepa [Uisi TPOAOJIBHBIX KOJICOAHUH
OECKOHEYHOTO CTEP)KHSA, COCTOAIIETO0 M3 JBYX YYacCTKOB pPa3HOM IUIOTHOCTU U
pasznoit ynpyroctu [Tekcr] / B.A. Unbun //loknansl Akagemun Hayk. — 2009, —
T. 427. — Ned. — C. 466-468.

[89] Unbur B.A. AHaiuTHYeCKHi BHJ ONTHUMAJIbHBIX TI'PAHUYHBIX YIPaBICHUN
MPOAOTLHBIMU  KOJICOAHUSIMH  CTEPXKHS, COCTOSIIETO W3 JBYX YYacTKOB,
UMEIOIINX Pa3HbIC TUIOTHOCTH M YIIPYTOCTH, HO OJMHAKOBBIC HMIICTAHCHI [ TeKcT]
/ B.A. Unbun, I1.B. Jlydepenko //[loknanst Akanemun Hayk. — 2009. — T. 429. —
Ne 4. — C. 455-458.

[90] Unbur B.A.O npomoibHBIX KOJICOAHHMSIX CTEP)KHS, COCTOSIIET0 U3 JIBYX
YYacTKOB Pa3HOW TUIOTHOCTH M YIPYTOCTH, B Cllydae COBIMAJCHUS BpPEMEHU
MPOXOXJCHUS BOJHBI MO KaxkjaoMy U3 3Tux ydactkoB [Tekcr] / B.A. Wnbun
// Noxnanel Akanemuu Hayk. — 2009. — T. 429. — No6. — C. 742-745.

[91] Wnbun B.A. I'paHnvHOE ynpaBieHUE YIPYroOil CHIION HA OIHOM KOHIIE CTPYHBI
Py HaJUYUM MOJEITHLHOTO HEJOKAJIhHOTO TPAHWUYHOTO YCIIOBUS OHOTO U3
4yeThlpéX TUNOB U ero ontumusauus [Texcr] / B.A. HWapun //
Huddepennmansusie ypaBaenus. — 2009. — T. 45. — Ned. — C. 586-596.

[92] Unbur B.A. OntuMusanus NPOU3BOAMMOTO YIPYTOW CHIIOW TPAHUYHOTO
yIOpPaBICHUST KOJICOAHUSMHU COCTOAIIETO W3 JIBYX Pa3HOPOAHBIX YYacCTKOB

183



crepxkus [Texct] / B.A. Unbun // Jloknaner Akanemun Hayk. — 2011, — T. 440. —
Ne 6. — C. 731-735.

[93] Unbuu B.A. O MONMHOM YCIOKOCHHH C MOMOIIBIO TPAHUYHOTO YIPABJICHUS Ha
OHOM KOHIIE KoJieOaHWil HeomHopomHoro ctepkHs [Tekcr] / B.A. Wnpun
//Tpyael mHCTUTYTa MaTeMaTuku 1 Mmexanuku YpO PAH. — 2011. -T. 17. — Ne2. —
C. 88-96.

[94] Ucmatu M. OO omHOW MHOTOMEpPHOM HECaMOCOIPSDKEHHOW 3ajaue TEOpUH
tertonpoBogHocTH [Tekct] / M. Ucmaru // Joknansr Akaaemun Hayk. — 2004. —
T. 395. — No5. — C. 586-589.

[95] Ucmarn M. O paspemmmocTr 3amaun trma Kommwm s omeparopa Jlamambepa
npou3BojbHON crenieHu [Tekcr] / M. Mcmarm // W3Bectuss AkaaeMuud Hayk
Pecnyonuku Tamkukuctad. Otaenenue GU3nKo-MaTeMaTHYeCKUX, XUMUYECKHUX,
reoJIOrHYeCcKUX U TexHuueckux Hayk. — 2011. — Ned, — C. 62-68.

[96] HMcmarn M. O kinaccuueckoM W 00OOIIEHHOM pEIICHUH 3aJ1aud THITa KOIIH IS
oneparopa Jlanambepa npousBosibHOM crenieHu [Tekct] / M. Ucmaru // I3BecTus
Axkanemun  Hayk PecmyOonmuku — Tamxukuctan.  OtneneHue  (QUBHKO-
MaTeMaTHYeCKUX, XUMUYECKUX, TCOJIOTUYECKUX U TeXHWYeckux Hayk. — 2013. —
Ne4 (153). — C. 57-68.

[97] Ucmatn M. OG aOcoJIIOTHOM W pPaBHOMEPHOM CXOAMMOCTH OO0OOMIEHHBIX
uHTerpaioB Dypbe MO COOCTBEHHBIM BEKTOP-(QYHKITUSAM OIEpaTopa TEOPHUH
ynpyroctu B HeorpanudeHHou obnactu [Tekcr] / M. Ucmaru, H.M. Ucmaros //
HNuddepennmansubie ypaBuenus. — 2015. — T. 51. — Nel. — C. 127-131.

[98] NmmyxameToB A.3. OnTuMalibHOE YIpaBICHUE MOMEPEUHBIMU KOJCOAHUSIMH
crepxHs [Teker] / A.3. MmmyxametoB // BecTHuk MOCKOBCKOTO YHUBEPCUTETA.
Cepus 15: BeruncnurenpHas MaTrematuka u kuoepHetnka. — 1981, — Ned, — C.
46-50.

[99] UmmyxameToB A.3. Bompockl yCTOWYHMBOCTH MW amMpOKCHMAIMK  3a]a4
ONTUMAJILHOTO YTMPAaBIEHUS CHUCTEMaMH C pachpenelEéHHBIMH TMapaMeTpaMu
[Texcr] / A.3. UmmyxameToB. — M.: U3n-Bo BII PAH, 2001. — 118 c.

[100] Koznoa E. A. 3afgaun rpaHUYHOTO YIPABICHHUS B YCIOBHUSAX TEPBOM KpaeBO

3aa4d )i CUCTEM TUINepOONMYEeCKUX ypaBHEHUIl BTOPOro MOpsaKa:

184



AUccepTalsi Ha COMCKaHME Y4Y€HOW CTeleHM KaHauaarta  (U3UKo-
maremarnueckux Hayk [Tekcr] / E.A. Koznosa. — Camapa, 2013. — 120 c.

[101] KocroycoBa E.K. O cBoiictBe ciaboii HaOMIOAaeMOCTH U OJHOMEPHOTO
BOJIHOBOTO  YpaBHEHHS TMpPH TOYEYHOM HECTALMOHAPHOM  OIEparope
nao6monenus [Texct] / E.K. Kocroycosa // luddepenimanbupie ypaBHeHHS. —
1991. - T. 27. — Ne 8. — C. 1318-1325.

[102] Kpacorckuit H.H. Teopus ynpasnenus nsuxenuem [Tekcr] / H.H.Kpacosckwuii.
— Mocksa, 1968. — 476 c.

[103] Kpunkor JI.B. O 3amauax rpaHHYHOrO yrpaBlieHHsS JUis ypaBHeHus KieliHa-
Topnona-®oka ¢ cymmupyeMbiM koddduiuentom [Tekct] / JI.B. Kpurkos //
Huddepennmansubie ypaBuenus. — 2015.—T.51.-Ne5.—C.688-701.

[104] Kynemo A.A. O dYeThipex CMEIIAHHBIX 3aJa4ax JJIs ypaBHCHHs KoJeOaHWit
CTPYHBI C TPAaHUYHBIMU U HEJIOKATBHBIMH YCIIOBHSIMH TIEPBOTO W BTOPOTO POIOB
[Texcr] / A.A. Kynemos // [loknansr Akagemun Hayk. — 2009. — T.426. — Ne3. —
C. 307-309.

[105] KynemoB A.A. CmemaHHble 3agaudl JJi1 ypaBHEHHUS KOJCOAHHH CTPYHBI C
OHOPOJHBIMUA TPAHWYHBIMH W HEOTHOPOIHBIMH HEJIOKAJIBbHBIMU YCIOBHIMHU
[Texct] / A.A. Kynemos // lnddepentmansusie ypapaenus. — 2010. — T. 46. —
Nel. - C. 98-104.

[106] KynemoB A.A. O pa3pemmMOCTH CMEIIaHHBIX 3aa4 Uil ypaBHeHus KieiiHa-
lopnona-®oka B kmacce L, mpu p>1 [Tekcr] / A.A. Kynemos, U.C.
Mokpoycos, L.H. CmupnoB // Iuddepenumansusie ypaBaenus. — 2018. —
T. 54. — Ne3. — C. 336-340.

[107] Jlageikenckas O. A. KpaeBble 3amaum Matematuueckod ¢usuku / O. A.
Jlagpixenckas. — M.: Hayka, 1973. — 407 c.

[108] Jlexcuna C.B. 3amaua rpaHUYHOTO YIpaBICHUS B YCIOBHSIX BTOPO# KpaeBOu
3ajauu Uit MaTpu4yHoro BoJiHOBoro ypaBHeHusi [Texkct] / C.B.Jlekcuna //
Bectauk Camapckoro rocyapcTBEHHOTO YHUBEpcHTETa. ECTeCTBeHHOHAYYIHAS
cepus. — 2009. — Ne4 (70). — C. 20-29.

[109] Jlekcuna C.B. 3amgaun TpaHUYHOrO YOPABICHHS JJIS THUIIEPOOINIECKOM

CUCTCMBI BTOPOI'O IIOpAAKA: AUCCEPTALlMd Ha COHCKAHHUC y‘IGHOfI CTCIICHHU

185


https://istina.msu.ru/workers/2120314/
https://istina.msu.ru/publications/article/2164031/
https://istina.msu.ru/publications/article/2164031/
https://istina.msu.ru/journals/94835/
https://istina.msu.ru/workers/2120314/
https://istina.msu.ru/publications/article/102222106/
https://istina.msu.ru/publications/article/102222106/
https://istina.msu.ru/workers/31971764/
https://istina.msu.ru/workers/492527/
https://istina.msu.ru/journals/94835/

kaHnuaata ¢usnko-maremarndeckux Hayk [Tekcr] / C.B. Jlekcuna. — Camapa,
2009. — 148c.

[110] JIuonc K. JI. VYmpaBieHue CHHTYISIPHBIMH pPACHpECIEHHBIMU CHCTEMaMH
[Texct] / XK. JI. JImonc. — M.: Hayka, 1987. — 368 c.

[111] JlomoBuer @.E. Kpurepuii cymecTBOBaHWS TPaHUYHBIX  YIIPABICHHIA
BBIHYXKJICHHBIMH KOJICOAHUSIMU CTPYHBI HECTAlIMOHAPHBIMU MEPBBIMU KOCHIMU
IPOM3BOAHBIME 3a Tipou3BosibHOE BpeMms [Tekct] / @.E. Jlomosues, C.I1. Xomoc
//" BectHuk ['pOAHEHCKOrO TOCYIapCTBEHHOTO YHHUBEPCUTETa UMEHU SIHKU
Kynansl. Cepuss 2. Maremaruka. ®@usuka. MHpopmaruka, BBIYHCIUTENIbHAS
TexHuka u ynpasienue. — 2018. — T. 8. — Ne 1. — C. 37-50.

[112] MowuceeB E.1. O BomHOBOM mpoliecce ¢ KOHCUHOW DHEpPruei mpu 3aaHHOM
TPAaHUYHOM PEKHME Ha OAHOM KOHIIE M YIOPYIOM 3aKpEIUIEHUU Ha JIPYyroM
xoH1e [Tekcr] / E.M. Moucees, B.B. TuxomupoB // HenuHeliHas 1ruHaMuKa u
ynpasienne. — 2007. — Ne 5. — C. 42-49.

[113] Moucees E.M. OntumanbHOEe TpaHUYHOE  YIPABICHHE  CMEHICHHEM
KOJICOAHUSIMU CTPYHBI C HEJIOKAJbHBIM YCIIOBUEM HEYETHOCTH IEPBOTO poja
[Texct] / E.11. Moucees, A.A. Xonomeesa // JluddepennuaabHbie ypaBHEHUS —
2010. — T. 46. — Nell. - C. 1623-1630.

[114] Moucee E.N. OnTumalibHOE TPaHUYHOE YNPABICHUE CHUJIOW HAa OJHOM KOHIIC
CTPYHBI MpPU 33J]AHHOM pPEeXHME cMmelleHust Ha apyroM koHue [Tekcr] / E.A.
Moumucees, A.A. Xonomeena // Iuddepentmansusie ypaBuenus. — 2011, — T. 47.
— Ne7. — C. 1018-1023.

[115] Moucees E.M. OntumanbHOe TpaHUYHOE  YIPABICHUE  CMEIICHUEM
KOJICOAHUSIMU CTPYHBI C HEJIOKAJIbHBIM YCIOBUEM YETHOCTH BTOPOIO poja
[Texct] / E.1. Mowucees, A.A. Xonomeesa // ludpdepenuuanbHbie ypaBHEHUS —
2011. - T. 47. — Nel. - C. 127-134.

[116] Moucees E.M. Knaccuueckue u  OOOOIIEHHBIC pEIIEHHS 3afad IS
tenerpadHbix ypaBHeHu# ¢ moreHnuanoMm Jlupaka [Texct] / E.M. Mowucees,
H.N. Opuyk // Judbdepenunansubie ypaBHenusa. — 2015. — T. 51.— Nel0. — C.
1338-1346.

[117] Moucees E.U. I'panndHOEe yIpaBicHHE CMEIIEHHEM IPOIECCOM KojieOaHMi
[IPY TPAHUYHOM YCJIOBUU TUIIA TOPMOXKEHUS 32 BPEMSI, MEHBIIIEE KPUTHUYECKOTO

186



[Texct] / E.M. Moucees, A.A. XonomeeBa, A.A. ®@ponos // toru Hayku u
TexHuKu. CoBpeMeHHas MaTeMaThka 1 e€ mpuiiokeHus. Temaruueckue 0030pHhl.
—2019. - T. 160. - C. 74-84.

[118] Mowuceer E.U. I'pannvHOE ympaBieHHE MPOIECCOM KoJeOaHW CTPYHBI MpH
YCIIOBUU COMPOTUBIICHUS CpeObl HAa MPAaBOM KOHIE 3a BpeMs, MeEHbIIIee
kputnueckoro [Tekct] / E.M. MouceeB, A.A. ®ponos // luddepeHunanbHbie
ypaBHeHusi. — 2019. — T. 55. — Ne 4. — C. 555-566.

[119] Hukutur A.A. I'paHudHOe yIpaBlIeHHE YIPYrod CHIION Ha OJHOM KOHIIE
ctpynsl [Tekct] / A.A. Hukutus // Jloknags Akanemun Hayk Poccuu. — 2006.
—T. 406. — Ned. — C. 458-461.

[120] Hukutua A.A. ['paHndHOE yrpaBiIeHUE TPETbUM KpaeBbIM yciioBueM [Tekct] /
A.A. Huxutus // ABromatuka u tenemexanuka. — 2007. — Ne2. — C. 120-126.

[121] Hukutue A.A. ONTUMaIbHOE TPAHUYHOE YIPABICHUE KOJICOAHUSMH CTPYHBI,
MPOU3BOAUMOE CUJION Tipu ympyroM 3akpemienuu [Texkct] / A.A.Huxkutun //
Huddepenunansasie ypaBaenus — 2011, — T. 46. — Nel2. — C. 1773-1782.

[122] TTouTpsirun JI.C. Maremarudeckast TCOpHs ONTUMAIbHBIX TporieccoB [Tekcr] /
JI.C. Ilontpsrun, B.I. bontsauckuii, P.B. I'amkpenunze, E.®@. MuineHko. —
Mocksa, 1961. — 384 c.

[123] [ToramoB M.M. VYCTOHYMBBIA METOA pEIICHHUS JUHCHHBIX YpaBHCHHH C
HEpaBHOMEPHO BO3MYIIEHHBIM oneparopoM [Tekcr] / M.M. Iloranos //
Hoxnanel Akagemun Hayk. — 1999. — T. 365. — Nob. — C. 596-598.

[124] TlotatoB M.M. IlpubnuxeHHOE pelICHHE 3a7a4 T'PAaHHMYHOTO YIPAaBICHUS H
HaAOIOACHUS VISl ypaBHEHUS MOTEepeuHbIX Kojebanuii ctepxkus [Teker] / M.M.
[Totanos // XKypHan BEIYUCIUTEIHHON MaTEMaTUKU U MaTeMaTU4YEeCKON (DU3UKHU.
—2005. — T. 45. — Ne6. — C. 1015-1032.

[125] TTotamoB M.M. PasHocTHas anmpokcumarius 3agad Jlupuxiie-HaOIomIeHHS
cmalObIX pelIeHUN BOJHOBOTO YpaBHEHHUS C KPAaeBBIMH YCJIOBHUSIMU 3-TO poja
[Texkct] / M.M. TloranoB // JKypHanm BBIYHCIUTENHLHON MaTeMaTUKUd U
maremarnuecko ¢pusuku. — 2007. — T. 47. — Ne8. — C. 1323-1339.

[126] TToramoB M.M. HepaBeHnctBa HabIr0maeMoCTH B ipoctpancTBax CobosieBa s

BOJIHOBOTO YpaBHEHHUS C mepeMeHHbIMU Kodddurmentamu [Tekcr] / M.M.

187



[Toranos, JI.A. UanoB // loknanbt Akanemun Hayk. — 2012, — T. 447. — No5. —
C. 493-497.

[127] TlotamoB M.M. 3ajmaud JBYCTOPOHHETO T'PAaHUYHOTO YIPABICHHS IS
BOJIHOBOTO YPaBHEHHS Ha JOKPUTHUYECKHX MPOMEKYTKaX B KJIACCaX CHIIBHBIX
0000ménnprx pemennii [Tekcr] / M.M. Ilotamos, JI.A. WBanoB // Tpymsl
UHCTUTYTa MaremMatuku U mexanuku YpO PAH. — 2013. — T. 19. — Ne4. — C.
192-202.

[128] Ilpunenko A.M. VYmpapnsieMocThb Y ONTHMAajbHAs YIPABISEMOCTh IS
OTEpaTOpHBIX ypaBHEHUU mepBoro poxaa B (B)-mpoctpanctBax. [Ipumepst pis
OLY B R" [Texct] / A.N. Tlpunenko // Jloxmansl Akagemun Hayk. — 2019. — T.
485. — Ne2. — C. 153-157.

[129] Ilpunenko A.M. 3amaun ympaBieHHs | HAOMIOACHHS B OaHAXOBBIX
npoctpancTBax. OnTuManbHOE  yIpaBlieHWEe W MPUHIUI  MaKCUMyMa.
[Ipumenenne g1 YM® u OJY B R" [Tekct] / AWM. Ilpumenko //
Huddepenunanbasie ypaBaenus — 1.55. — Nel2. — C. 1683-1692.

[130] Pero I1.A. BosiHOBOE ypaBHEHHE C TPAHUYHBIM yIPABICHUEM Ha JICBOM KOHIIC
npu CcBOOOIHOM TIpaBOM KOHIIE M 3a7ada O TIOJHOM YCIIOKOECHUU
konebarenpbHoro mpomecca [Tekcr] / IILA. Peso, I'JI. Yabakaypu //
Huddepennnansasie ypasaenus — 2000. — T. 36. — Ne 6. — C. 806-815.

[131] Peo I1.A. I'panmuHOe ympaBieHUE TPOIECCOM KOJICOAHWH HA OJHOM KOHIIE
Ipy CBOOOTHOM BTOPOM KOHIIE B TEPMHHAX 00OOIIEHHOTO PEIICHUS BOJTHOBOTO
ypaBHeHHs ¢ KoHeuHol 3Hepruert [Tekcr] / IILA. Pepo, I'.J[.YabGakaypu //
Huddepentmansubie ypaBuenus — 2001. — T. 37. — Ne8. — C. 1082-1095.

[132] PeBo II.A. I'pann4HOE yImpaBICHHWE BOJHOBBIM MPOIECCOM IIPH YIPYroM
3akperienun [Tekct] / I1LA. Peso, B.B. TuxomupoB // Henuneitnas quHamMuka
u yrnpasinenue. — 2002. — Boim. 2. — C. 147-162.

[133] PoroxuukoB A.M. MccrenoBanue cMEIIaHHON 3a7a49H, OMMCHIBAIOIICH MPOIECC
KOJIGOAHUN CTEP)KHS, COCTOSAIIECTO W3 HECKOJIbKUX Y4YacCTKOB, MPU YCIOBUU
COBIAJCHUS BPEMEHHU TPOXOXKIACHHUS BOJHBI 1O KaXKIOMY M3 3THX y4acTKOB
[Texct] / A.M. Poroxuukos // Jloknaael Akamemuun Hayk. — 2011, —T. 441, —
Ne4, — C. 449-451.

188


https://istina.msu.ru/workers/2969989/
https://istina.msu.ru/publications/article/2970445/
https://istina.msu.ru/publications/article/2970445/
https://istina.msu.ru/publications/article/2970445/
https://istina.msu.ru/workers/2969989/
https://istina.msu.ru/journals/94839/

[134] PoroxxuukoB A.M. OntuMaibHOE yIpaBICHUE MPOMOJIBLHBIMU KOJCOAHUSMU
COCTaBHBIX CTEpPHEH C paBHBIM BPEMEHEM IMPOXOXKIACHHS BOJIHBI MO KaXKIOMY
u3 ygactkoB [Tekct] / A.M. Poroxxuukos // [luddepeniinaibHple ypaBHEHHS. —
2013. - T. 49. — Ne5. — C. 633-642.

[135] CmuproB B.U. Kypc Breicuield marematuky, T.5 [Tekcr] / B.M. CmupHOB. — M.,
1959. — 656 c.

[136] CmupnoB W.H. Cmemianubie 3amauu i TenerpadHOro ypaBHEHUs, B Clydae
CUCTEMBI, COCTOAIIEH M3 JABYX YYAacCTKOB, MUMEIOIIUX pa3Hble IUIOTHOCTH H
pasHble YIPyrocTH, HO OJMHAKOBBIE UMIMENAaHChl. OTHOCTOPOHHEE YIIpaBICHHUE
[Texct] / U.H. CmupnoB // oknanb Akagemun Hayk. — 2010. — T.435. — Nel. —
C. 22-25.

[137] CmuproB M.H. PemieHue cMelIaHHBIX 3a7ad C TPaAHUYHBIM YyIPaBICHUEM
ynpyroit cuiou musi tenerpaduoro ypaBuenus [Tekcr] / M.H. Cmupnos //
Huddepennnansasie ypaBaenus. — 2011, — T.47. — Ne 3. — C. 433-441.

[138] CmuproB WM.H. VYmpapimeHue mporeccoM, OINMCBIBAEMBIM —TelerpadHbIM
ypaBHEHHUEM: JIMCCEPTAIMsl HA COUCKAaHUE YUEHOM CTENEeHH KaHauaaTra GUu3HKo-
Mmaremarnieckux Hayk [Tekcr] / H.H. CmupHoB. — Mocksa, 2011. — 76 c.

[139] TuxomupoB B.B. O rpaHuYHOM YIpaBiICHHH BOJHOBBIM YpaBHEHHEM IIPH
ynpyrom 3akpermienuu [Teker]| / B.B. Tuxomupos // Henunelinas quHamuka u
ynpagienue. — 2001. — Beim. 1. — C. 155-162.

[140] TuxomupoB B.B. BomHoBoe ypaBHEHHE C TpaHMYHBIM YIPABICHUEM MPU
ynpyrom 3akpemienud. | [Texct] / B.B. Tuxomupos // Juddepennnanbupie
ypaBHeHusi. —2002. — T. 38. — Ne 3. — C. 393-403.

[141] TuxomupoB B.B. BomHoBOe ypaBHEHHE C TpPaHHYHBIM YIPABICHUEM MPU
ynpyrom 3akperenun. |l [Teker] / Juddepennmansusie ypaBaenus. — 2002,
—T. 38. — Ne 4, — C. 529-537.

[142] TuxonoB A.H. YpaBHenus maremarndeckoil ¢pusuku [Texcr] / A.H. TuxoHos,
A.A. Camapckuii. — Mocksa, 1977. — 742 c.

[143] dypcukoB A.B. OntumanbHOE yNpaBlICHUE DPACHPEACIEHHBIMU CHUCTEMaMHU.
Teopuss u npunoxenus [Texct] / A.B. @ypcukoB. — HoBocubupck: Hayunas

kaura, 1999. —352 c.

189


https://istina.msu.ru/workers/2969989/
https://istina.msu.ru/publications/article/3676614/
https://istina.msu.ru/publications/article/3676614/
https://istina.msu.ru/publications/article/3676614/
https://istina.msu.ru/workers/2969989/
https://istina.msu.ru/journals/94835/

[144] XonomeeBa A.A. Onrumuzanys HEJIOKAILHOTO TPAHUYHOTO —YIIPABICHHS
KOJIeOaHUSMU CTPYHBI C 3aKPETIJICHHBIM KOHIIOM 3a TIPOM3BOJIbHBIN KpaTHbIN 21
npoMexxyTok BpemMenu [Tekct] / A.A. Xonomeea // JluddepeHiuanpHbie
ypaBHeHus. — 2008. — T. 44. — Ne5. — C. 696-700.

[145] Xonomeera A.A. OnTUMaNbHOE IPAaHUYHOE YIIPABICHUE KOJICOAHUSIMU CTPYHBI
C MOJACIHHBIMH HEJIOKAJIFHBIMH YCIOBUSMHU OJHOTO M3 AByX TUMOB [Tekct] /
A.A. Xonomeena // Jlokmamer Axkamemun Hayk. — 2011, — T. 437. — Ne2. — C.
164-167.

[146] Yabakaypu T.JI. OnrtuMmusanuss TpPaHHYHOTO YIPABICHUS  IPOIECCOM
KoJeOaHul Ha OIHOM KOHIIE TPU 3aKPEIUIEHHOM BTOPOM KOHIIE B Cllydae
orpanndyeHHou sHepruu [Tekcr] / T.J. Yabaxaypu // HuddepenuuanpHbie
ypaBHeHus. — 2002, — T. 38. — Ne 2. — C. 277-284.

[147] Yabakaypu I.JI. O mpouecce KoyieOaHWH CTPYHBI CO CBOOOTHBIM TPaBBIM
KOHIIOM M MaJIbIM TI0 MOAYJI0 TPAaHUYHBIM YIpPaBICHHEM Ha JIEBOM KOHIIE
[Texct] / I.JI. Yabakaypu // {uddepennmansubie ypaBaerns. — 2003. — T. 39. —
Ne6. — C. 820-828.

[148] OmanywnoB  O.}O. I'paHnyHas  ynmpaBisieMOCTh  THUIEPOOIMYCCKUMHU
ypaBHeHusmMu [Teker] / O.}O. DmanyunoB // Cubupckuii MaTeM. >KypHaid. —
2000. —T. 41. — No 4. — C. 944-959.

[149] IOnycor M.K. O penrenun ogHoi ontuMainbHoU 3anaun [Texcet] / M.K.IOnycos
// N3Bectust AH Tamx. CCP. Ota. ¢pus.-mat. Hayk. — 1982. — Ne4. — C. 106-108.

[150] FOnycu M.K. OnTtumanbHOE yrpaBieHHE B 3ajadax 3allMThl IJIAHHPYEMOTO

Ypoxas, OXpaHACMbIMHU OMOJIOTNYECKUMHU nonysiguiaMu MU UX TIPHUITOKCHHA

[Texct] / M.K. FOnycu. — Jlyman6e, 2018. — 288 c.

190



2. PyiixaT HHTUIIOPOTH J0BTAJIA0M Aapavau WMl

Makxkonaxoe, ku oap mayannaxou az youuou KOA-u nazou Ilpezuoenmu ymxypuu

[1-A]

[2-A]

[3-Al

[4-A]

[5-Al

Toyuxucmon eéa é KOA-u nazou Bazopamu uam ea maxcuiomu onuu

Deoepamcuau Pycus nawp wyoaano:

AbaykaprumoB M.®. O 3agade rpaHUYHOTO YIPABIECHUS CMEIICHHEM Ha OJJHOM
KOHIIE U YHOPYyroil CuiIod Ha JpyroM s OJHOMEPHOro TeserpadHOro
ypaBHeHUsI ¢ nepeMeHHbIM Kodddurmentom [Tekcr] / M.®. AGaykapumos,
®.P. UcmatoB // BectHuk bBoxTapckoro rocyiapCTBEHHOTO YHHBEPCUTETA
umenn Hocupa Xycpasa. Cepus ectectBeHHbIX Hayk. — 2025. — 2/3 (138). — C.
5-21.

AOyKapuMOB M.O. 06 OJIHO3HAYHOM pa3pemmnuMoCcT JBYX
KOMOMHUPOBAHHBIX CMEIIAHHBIX 3aja4 JJis TeJerpad)HOro ypaBHEHUS C
nepeMeHHbIM Kodddunmentom [Tekct] / M.®. Adaykapumos, @.P. UcmaToB
/I Becthuk ¢umuana MI'Y umenn M.B.JlomonocoBa B r. Jlymanoe. Cepus
ectecTBeHHBIX HayK. — 2024. — T.1. — Ne3(41). — C. 5-31.

Ab0nykapumop M.®. O pa3pemmMOoCTH OJHOW CMEIIAHHOW 3ajadd s
Tenerpa)Horo ypaBHEHHMS C TIEPEMEHHBIM KO3(ppuImeHToM M3 Kjacca
cymMmupyeMMmbiX ¢ kBaaparoMm ¢yHkuuit [Tekct] / M.®D. Abnykapumos, D.P.
HcmaroB // Jloknansl HanlMoOHAIbHOM Akanemuu Hayk TamkukucTtana. — 2022.
— T.65. — Ne9-10. — C. 586-592.

HUcmatop @.P. Opno3HauHasi pa3peliMMOCTh JBYX KOMOWHUPOBAHHBIX
CMEIIAHHBIX 3a7ad sl TejerpadHOro  ypaBHEHUS C  TEPEMEHHBIM
koddpdunmentom wu3 kmacca L, [Tekcr] / @®.P. HcmaroB // BectHuk
TamKMKCKOTO HAIIMOHANBHOTO yHUBepcuTeTa. Cepusi €CTECTBEHHBIX HayK. —
2024, — Ne4, — C. 15-34.

Hcmatop @.P. O6 omHO3HAYHOW pPa3pelIMMOCTH OHON KOMOMHHMPOBAHHOM
3aladyd  TPAHUYHOTO YNpaBHEHUS Ui TejerpadHOro  ypaBHEHUS C

191



[6-A]

[7-Al

[8-A]

[9-Al

nepeMeHHbIM Kodpdunmentam [Tekcr]| / @.P. UcmatoB // BectHuk dunmana

MI'Y umenun M.B.JlomonocoBa B 1. [lyman6e. Cepusi €CTECTBEHHBIX HayK. —

2025. — T.1. — Nel(45). — C. 5-28.

Maeooou Konghepencusaxo ea puwiypoau mavpy3zaxo

Hcmarto @.P. O6 omgHOM 3a7aue ONTHMAIBHOTO TPAHUYHOTO YIPABICHUS IS
YpaBHEHUS BBIHYXKJEHHBIX KosieOanuii ctpyHsl [Tekct] / M.®. AGaykapuMoB,
@®.P. UcmaroB // Marepuasibl MEXIyHAPOIHON KOH(PEPEHINH, TOCBALIEHHOM
85-JIeTUIO CO JHS POXKJIEHUS BBIJAIOLIETOCS T KUKCKOIO MaTreMaTHKa JI0KTopa
¢u3nKo-mMaTeMaTuyecKux Hayk, npodeccopa Cobuposa Temypa CacdapoBuua.
— Jllymanb6e, 28-29 nos6pst 2025. — C. 29-32.

AbaykapumoB M.®. OnHo3HayHasi pa3pelIuMOCTh OJTHONM KOMOMHUPOBAHHOMN
3a/ladyd TPAHUYHOTO YIpaBieHUs 3a Kputudyeckoe Bpems [Texcr] / M.O.
Abnykapumon, @.P. HcmaroB // Marepuaibl MEXIyHApOIHOW HAyIHO-
MPaKTUYECKOM KOH(epeHInH, MOCBIIMEHHON «/[BaanaTiiieTuio M3yd4eHHus U
Pa3BUTHUSl €CTECTBEHHBIX, TOUHBIX U MAaT€MaTUYECKUX HAayK B cpepe HAyKH U
oOpazoBanus» u 80-meTuro co AHS poxiaeHuss npodeccopa boiimypona
Anuesa. — [lyman6e, 2025. — C. 8-11.

AbnykapumoB M.®. O pa3pemiMMOCTH OIHONM KOMOMHUPOBAHHOM 3a7ayu
IPaHUYHOTO YPAaBHEHHUS I YpaBHEHUS BBIHYKICHHBIX KOJICOAHUN CTPYHBI 3a
MUHHUMAaJIbHBIN TpoMexyTok BpeMenu [Tekct] / M.®. Abnykapumon, D.P.
UcmaroB //  Marepuanbl  MEXIYHApOJAHOW  HAyYHO-TIPAKTHYECKOM
koHpepernuu XIV JlomonocoBckue uteHusi «Ponp ®dunmana MoCKOBCKOTO
roCylapCcTBEHHOIo yHuBepcurera uMmeHu M.B. JlomonocoBa B ropoxe
Jyman0e B pa3BUTUU HAyKH U 0OpazoBaHus». — [yman6e, 2024. — C. 3-7.
Abnykapumo M.®. O 3ajade TpaHUYHOrO YMPABJICHUS YIPYTroW CUJIOW Ha

OJHOM KOHIOEC HW CMCHICHHCM Ha [JpyroMm I1mponccca, OIIMCbhIBACMOI0

192



tenerpadubiM ypaBaeHueM [Tekcr] / M.®. A6aykapumon, ®.P. UcmatoB //
Marepuansr |V MexayHapogHOW  Hay4YHO-TIPAKTHUECKOM  KOH(EpEeHIUU
«CoBpemMeHHbIE TPOOIeMbl MaTeMaTHKU M €€ MNpuioxkeHui». — [lymanoe,
2024. - C. 16-19.

[10-A] AGnykapumoB M.®. O 3amaye TPaHWUYHOTO YIPABICHUS, MPOU3BOAMMOTO
YOPYroM CHJIOH Ha OZHOM KOHILIE M CMELEHHEM Ha JpyroMm Ipouecca
BBEIHY)KJEHHBIX KoyieOanui cTpyHbl [Tekcr] / M.®. AGmykapumon, D.P.
HUcmaroB // Marepuansl MEXIyHApOIHON  HAaydyHOH  KOH(EPECHIIHH,
nocBAmERHON 75- neturo THY, 20-1etnio pa3BUTHS TOUYHBIX, €CTECTBEHHBIX U
MaTeMaTU4YeCcKuX Hayk, 85-netuto akagemuka HAH Tamxkukucrana Pagpxadbosa
H. — OQyman6e, 2023. — C. 12-14.

[11-A] AGnykapumoB M.®D. O rpaHUYHOM YIIpaBICHUH CMEIICHUEM Ha OIHOM KOHIIE
U YIPYro CUJION Ha JPYroM MpoIlecca BHIHYXKJICHHBIX KOJeOaHUI CTPYHBI 3a
kputndeckoe Bpems [Tekcr] / M.®. AOaykapumor, ®D.P. Hcmarto //
Martepuansl MeXIyHApOIHON HayyHO-TIpakTHdecko KoHpepenuuu «XIII
JIoMOHOCOBKHE YTEeHHS», MOCBAMIEHHON 115-1meTuro akamemuka boOomkona

I'adypoBa. Yacte 3. EctecTBennsie Hayku. — ymanbe, 2023. — C. 3-6.

193



