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MYKAJAUMA
MyOpaMuu MaB3yM TaXKHKOT. «Jlap mapoutu pymad OocypbaTh HIM Ba
TEXHOJOTHSIXOM MYOCHp, MachallaxOW HAOPAKyHHHM PaBaHAXOM IWHAMUKHA, KU 00
Myoawiaxou AuddepeHcuanuu TUNepOoail TaBcud KapAaa MemiaBaHA, SKE a3
CaMTXOM MYXHMMH TaxXKUKOTH WIMI Oa XucoO MepaBaHI. A3 dymia, MYyOAHJIau
sK4yeHakau tenerpadi 60 kordpurcuenTn Tariiupédbanaa 6apou TaBcudHu paBaHAX0e
uctudona MemaBaj, KU Jap OHXO MAXHIIABUM MaBYXO, MHTUKOJIU CUTHAIXO Ba
XapakaTy MOJJIax0 Jap MyXUTXOH TYHOTYH Oa amas MeosiHa. MH ryHa paBaHaxo aap
Machalaxou MaxHIIaBUU MABYXOM AJIEKTPOMATHUTH Jap XaTXOW Japo3, JTUHAMUKaH
Xxapakatiu HadT Ba Ta3 gap KyOypXO, WMHUYHUH TaxXJWIM pPaBaHIXOM MaByil Jap
MYXUTXOHM T'€OJIOTH axaMUATH HAa3apusBH Ba aMalld JopaHAa. flke a3 macpanaxou
MYXHUMHU Ha3apysii UIOPAKYHUH CapXaail TaxXusiu YCyJIXOU caMapaHOKU MAOPAKyHUU
YYHUH paBaHAXO 00 Ha3apJOIUTH MaxAyAMSITXOM BakTé MmebOoman. ['apuanne ku
MachallaxOou MAOPaKyHHH capXaiil 0apou MyOJWIIaxoWu THUIEpOOsll nap TaXKUKOTH
cepurymMop Gappacit 1ryaanj, Machajlaxou Bobacta 6a MyailsiH HAaMy/IaHU IIAPTXOU
MaBUyAMAT Ba SITOHATMM XaJUIM Machajlaxou WAOPAKyHUU capXaji 6apou Myojauiau
tenerpadii 60 koddduTcueHTn TariiupéOanma, MaxcycaH nap Qocwian BakTH

XypATapuH, TO X0J Iyppa OMyXTa Hamryaaanm» [5].

MaBuynusati Ko3QPuTCUeHTH Tariupédbanaa qap Myoauian OappacuilaBasia
0a MypakkaOUM COXTOpHU MaTEMaTHKil OBapjaa MepacoHa]l Ba UCTH(OIaU MyCTaKUMU
YCYJIXOU KIJIACCHUKUU TaXKUKW MachalaxOW HIOPAKyYHUPO MaxJya mecosal. A3 HH
XOTUp, TaXWsd YCYJIXOM HaBU TaxJIMJIA Ba TAaKMUIM METOAXOM MaByyJa Oapou
MyailsiH HaMyJlaHd WIAPTXOM 3apypil Ba KUQOSITUM XaJIaBaHJArMM MacbhallaXou
UIOPaKyHHUH CapXail aXaMUsITH MyXHM JTOpaj.

3apypat TaxKMKOTH Ma3Kyp a3 MaBUyAMSITH MachalaXxOM XalHaulyja 1ap
CaMTH Ha3apusid HIOPAKyHUH CHCTEMaxOM TAaKCHMIIYyJa Ba Ha3apusid Machallaxou
noTuI0N-capxanii 6apou myoaunaxou nuddepeHcuanuu runepOotii 0apMeos1, Ku
Machallaxou TapKUOH a3 Yymiau OHXOSIHJ. XaJId Machallaxou Iy30IITallyAa UMKOH
MeanXal, KU acoCXOU Ha3apHsBUM WIOPAKyHUH paBaHAXOM MaB4il TakMHI EQTa,
YCYJIXOHU HaBM TaXKUK Ba UJOPAKyHUH YyHHH CUCTEMAaxo MEIIHUXO ] Kap/a I1aBaH/I.

XaMUH TapuK, TaXKUKH MachalaxOW HIAOPaKyHHH CapXaIuu TapkuOi Oapou
MyoaWwIan sikueHakau Ttenerpadit 60 koddduTcueHTn TardupéObaHIa JOpoU
axaMHATH Ha3zapusiBil Ba amainii Oyna, 6a pymiaun MUHOabJau Ha3apusiu UIAOPAKYHUU
capxaaii, Hazapusau Myoauiaaxou guddepeHcuanii Ba TATOMKM OHXO Jap
aMCHJIaCO3UH PaBaHIXOU BOKEN MyCOHMIaT MEHAMOS/I.

Japayan taxkuku wma3yn wiaMmi. Comu 1988 XKJI. Jluonc wmacwanau
UIOpPaKyHUM CapXaJuM JaluIIXopo Jap IIakid Machajaxom omexta Oapou
MyOJuIal MaB4uid MaBpuAM oMy3uil Kapop noxa. Jap maxkonam y [2] macbanau

OpOMCO3#1 (STbHE OBapJlaHW CHUCTEeMaHu Jianuiil 6a xonatu cudpuu nogaxou Komm) 60
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mapTxou capxaauu Jupuxie Taxkuk mrygaacT. Jlap xamwmH KOop 00 mctudoma as
Hazapusiu pa30xou THiIdepTH ssroHa Ha0yIaH! XaJUTH Machalad XOCHUJIIIYAa XaHTOMHU
T > 21, xu nap oH [ - napo3uu Top Ba T-Jax3au BakT mMebOolaa, 60 MabHOU XaJUIH
yMyMHuIIyaa a3 cuapu L, ucOOT rapauiaacr.

Hap xopxou E. 3yasya [3] Ba [4] rosiu JIuoHc Oapou XonaTu MyoAMIIaH

KBa3WXaTTUM MaB4yil OO0 AaCHUMNTOTUKAW XaTTUW FapuxaTTA yMyMil TapJOoHHIA
I1y13aCT.

Hap xopxou A.I'. byrkoBckuii Ba A.S. Jlepuep [7] Ba [8] ycynxoum Xamuiu
MachajgaxoM HWJIOPAKYHHH ONTHUMAJIMA CHCTEMaxou XaTTd 00 mapameTpxou
TakcuMmiyga 6o ucrudona a3z L-npobieman MoMeHTX0 OacH Iy 1aaH/I.

Hap monorpadusu A.I'. byTkoBckuil [9] Mackanam UIOpakyHHH capxaiad 0o
épun meroau Dypiie Ba METOIM MOMEHTXO TaXKWK Tapauaaact. bap 3ammu wuH,
UJOPAKYHUU CapXaJuW 4YyCcTydyllaBaHAa Jap IIakiau kKaropxou Dypiie coxta
[1y/1aaCT.

Hap xopu A.E. EropoB [12] OGapom xaim KOHCTPYKTUBHHM (CaMapaHOKH)
Machajgal HUIOPAKYHUH capxadil ycyiaud MaBuxoW adTaHga Ba HHBUKOCEOaHHIA
uctudonaa mynaact. ap monorpadusiv y [13] camTxou acocun Hazapusii MyOCUPH
MaTE€MaTUKUU UI0paKyHi Oappaci MeniaBaH/, a3 YyMja: aMCUIaCO3UU MaTEMaTUKHUH
CUCTEMaxOH MA0pallaBaHAa; aCOCXOU Ha3apusiu YCTYBOPUHU CHCTEMaxou FalpuxarTid
Ba UJOpAlllaBaH/a; JAMUIIXOU JABPUHU CUCTEMAXOW FapUXaTTH; aCOCXOU Ha3zapusH
UJopaniaBaHjari; MYyIMIOXUAAliaBii Ba UICHTU(DUKATCUS; YCYJIXOM Hazapusiu
UJIOPAKYHUU OINTHUMAJIl; UHYYHUH YHCYpXOM Ha3apusid CUCTEMAxOM CTOXACTHUKHUH
(axTuUMoNIMM) uIOpamiaBaHaa. Jlap WH KOp cUCTeMaxo XaMm 00 TmapaMeTpxou
MyTamapka3 Ba xaMm 00 mapaMeTpxod TakcuMminyjaa Oappacii merapaania. Kopu
mymrtapaku ¥ 6o JLLH. 3namenckas [14] Hu3 6a XamMuH MaB3yb Oaxiiyja IIyja,
MachallaxOu TYHOTYHU HWJOpaKyHH, MYIIOXMIAKYHI Ba UIAOPAKYHUU ONTHUMAIIAPO
nap 6ap Merupasj.

Hap makonan @.I1. Bacunes [10] tadcupu Hazapusiu qyroHa gap mMachaiaxou
XaTTUU WJIOPAKyHil Ba MYMIOXUJAKYHH NENIHUXOJ IIyJaacT. XaUld Machajaxou
UJOPAKYHUH CapXaJUM PAaBaHIXOHW MaB4il 00 yCynxou (HyHKCHOHAN, MHIYHUH Jap
Kopu MyimTapaku y 60 M.M. Ilotanos, A.B. Pasryimun Ba M.A. Kypxkanckuii [11]
MaBpUU TaXKUK Kapop rvupudraact, Ku Aap OH aJIrOpUTMXOM CaMapaHOKH aaaji
Oapou €dTaHu MIOPaKYHUU CapXaJuH 4yCcTy4yIlaBaHAa coXTa Iryqaanj. ba ycynxou
TaKpuOWW XA/l MachballaxOW HJIOPAKyHUH capXaaid Oapod MyOoAwJiau MaB4i,
nHYyHUH Kopxou M.M. IloranoB Ba morupau y .A. BanoB [25], [26] Ba [15] Hu3
Oaxmua mryaaan/.

Hap xopu B.A. WUnitun [16] 6opu aBBan 6apou xap sk T a3 ¢pocunan 0 < T < [

IAPTXOU 3apypil Ba KU(POATUU MaBUYAMITH Xall MyKappap Kapaa LiyJaa, UHYyHUH
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IIAKJIM OIIKOPU HUIOPAKYHUXOU CapXalid TaBacCyTH YOWMBA3KYHH Jap Ny KaHOP
HUIIOH Aoja myaaact. bapou xomatu T > l (I[aKI/IKTapaIH, 6ap01z1 Xomatu I < T < Zl)
IAKJIM YMYMUH UIOPAKYHUXOU CapXaji oBapja IIy1aacT, KU oy JIOMMHUHU UXTUEPH Ba
qop (yHKcHsH uxTuépupo a3 cuadu W, nap mopua a3 pyiiu Tariiupébanmau t 60
naposun T — | nap 6ap merupaa. VIH npopakyHuxo ry3apuilii paBaHaId MaBYUpoO, KU
00 Myoauian MaBYMH AKYUHCA TaBCcU( MeEOa:

Uee (X, 1) — Uy (x5, 8) = 0, 0<x<l 0<t<T, (*)
a3 xonatu uotugonn uxtuépi {u(x,0) = @(x),u(x,0) = @(x)} 6a xomaTH HUXOHH
nemakid gomamymad {u(x,T) = @,(x),u:(x,T) = Y,(x)} TabMMH MeHAMOSHI.
Jlap MH KOp XaHTOMH OMY3HIIN Machkana Hakmy myxumpo curdu W2[(0 < x < 1) x
X (0 <t <T)] mebo3az, ku 60pu aBBaj Max3 Jap XaMHH Kop a3 youuou B.A Mitnn
BOpH rapammaact. MyaisitH kapaa IrygaacT, kKu xojata T = | OGapoum Mmachanau
UJIOPAKYHUU CapXaaid TaBacCyTH YOMMBA3KYHH Jap Ay KaHOP XOJaTh KPUTHUKM
mebommazn, spHe (ocwnam BaktH 0 < t <[ MuHumanin Oyna, ujopaliaBaHAaruu
nyppau paBaHad OappacuIllaBaHIApO XaHMOMH MaxJIyJIUATXOM MHUHUMAI Oa
mapTxou HOTUION Ba HHMXOM TabMHH MeHamosil. HaTtuyam MoHaHJ a3 YoHHOU
B.A.Wnitun xaMmuyHuH 6apou xojaTe 0a AacT oBapja IIy/1aacT, KU UAOpaKyHH TaHXO
Jap SK capXaau TOp aMall Kapja, capXaau AYIOM MycTaxkam Kapjaa mrygaact [17].
Humon goga mrymaact, Ku 1ap MH MaBpUJ Jax3au KpuTukuu Bakt T = 21 meGomas,.

Hap xopxou B.A. Uniiun [18] Ba [19] machanaxou uaopakyHUH capxaii 00
MabHOM XaUId YMyMuIynaun wmyomwnan (*) a3 cuHdpe TaxKUK IIyJaacT, KH
MaBYYJIUSITH SHEPrUsd HUXOUPO Oa Hazap Merupan. Jlap WMH TaXKUKOT Xamau
Machaigaxoe, Ku KabiaH a3 yoHMOM § 00 MabHOM XaJUIM KJIACCHUKMU Myojunan (*)
Oappacii myga Oynanna, Aap Tapcupu YMYMHIIyJa MaBpPUAM OMY3HUII Kapop
rupudTaaHm.

AzbGacku map XonaTv Jjax3ad BakTH T, KM a3 KUMaTH KPUTHKA 3HUEN acr,
Machallal UIOPAKyHUU capXajid JOpOM LIymMopau OCoXHpH Xanxo meboias, Taduii
acT, Ku Mmachaiaum €PTaHu HAOPAKYHUH ONTUMAIMM capxadail O0a MUEH Meos.
Macanan, macwvananm €EQdTaHM OH HJOPaKyHid a3 OallHM XaMaW WIOPaAKyHUXOU
WMKOHITa3up, K KUMaTH MUHUMAJR KaOysl KapJAaH! UHTETPau dSHEPTUAU CapXaJaUPO
TabMUH MEHaMos7. Max3 0a xamMuH Machasia Kopxou mymrapaku B.A. Wniiua Ba
E.N. Moucees [22] Ba [23] 6aximmaa mrygaaH/I.

Jlap MaB3yW MJIOpPaKyHUM CapXaJuu paBaHIXoe, KU 00 Myoawnaun maByuu (*)
TaBcu(} MellaBaH, 0apou Machajgaxou OMEXTau JIOKAJ Ba FalpUIIOKAd a3 YOHUOU
OJINMOHM 3€pHUH SIK CWJICMJIA KOpPXOM Haszappac Haump rapaupaact: B.A.Mnituw,
E.N.MouceeB, A.B. benukos, JI.LH. 3namenckas, A.A. Kynemos, A.A. Hukutus,
II.LA. PeBo, A.M. PoroxnukoB, B.B. Tuxomupon, A.A. XoiomeeBa Ba



I'.J][.HabGakaypu. PyiixaTu KOpXOW OJMMOHM MAa3Kyp Jap AWCCEPTATCHs OBapia
IIyaacT.

Hap xopu wmymrapaku B.A. Wmitun Ba E.M. Moucee [20] wmacpaiamn
UJOPAKyHUU CcapXaaid TaBacCyTH YOWMMBAa3KyHH Jap capxXaaud sKyMm 00 capxaiu
IYyIOMH MycCTaxkaminyna Oapou paBaHie, ku 00 Myoawnan tenerpadi TaBcud
MeIaBaj, aap jjax3au BakTu kputuki: T = 21 Gappacii mrymgaacr:

U (2, 8) — Uy (6, ) + 2ulx, t)) =0, 0<x<l, 0<t<T,c=const (*%*)

Hap xopu murapu B.A. Wnitun Ba E.MI. MouceeB [21] xamuH machana Oapou
xoJiate Oappaci 1IyAaacT, Kd HI0OPaKyHUXO Jap Xap 1y capxaj amal MEKyHaH]I.

Hap xopxou W.H. CwmupnoB [27]-[29] Macbaian uJI0OpakyHUH capxaii
TaBacCCyTH YOMUBA3KYHH Jlap Ay capxana Oapou myoawnan (**) TaxKuk IIyJaact, aap
xonate ku mopuau [0, [] a3 a1y kucmu anoxuaa nbopat Oyna, paBaH] 1ap OHXO JOPOH
napaMeTpxou (pU3MKuM TyHOTYH MeOomana. Jlap XxamMuH Kopxou § Gapou Myoauiau
(**), uHuyHUH O0ab3e MachallaXxOu OMEXTau UAOPaKyHI OappacH IIyJaaH/I.

Hap kopxowu 3ukpiryaau [20], [21] Ba [27]-[29] Gapou umopakyHuu capxaauu
qycTydyiiaBanjaa udojian aHaTMuTUKUK OIIKOop 0a Bocutau pynkcusixou beccen €dra
[1y/1aaCT.

bab3e mpoOiemaxou Hazapusi MachalaxOM OMEXTa, WHYYHHH Machalaxou
UJIOpAKyHUU capXalid Ba ontumanii gap kopxou B.M. Aromkos, JI.[[. AkyleHko,
A.A. Angpee, A.X. AtraeB, B.P. bapcersn, A.B. boposckux, A.A. BopoHOB,
M.HUcmarn, A.3. Mmmyxameros, E. A. Koznosa, E.K. Kocroycosa, C.B. JlekcuHa,
®.E. JlomoBceB, A. Manu, M.1. Mycradaes, A.W. Ilpunenko, A.B. ®@ypcukos,
O.1O. DOmanyunoB, M.K. IOnycii Ba aurapon Hu3 Oappacii mymaanna. Pyiixatu
KOPXOH OJIMMOHHU 3UKpIIyAa HU3 Jap AUCCEPTATCUs OBap/a IIyaaacrT.

Jlap uH pguccepTarcus MachbalaxOu HWIOPAKYHUU CcapXaauu TapkuOit Oapowu
myoauaau (**) 60 koaddurcuentn taritupéoanaan q(x,t) Ba tapadpu poctu f(x,t)
OMyXTa MEILIaBaH[, SbHE:

Uee (X, 8) = Uper (1, 1) — g (x, ulx, 1) = f(x, 8). (**%)

Xamaun wMmacwanaxo gap Tadcupu ymymuinyga Oappacii MerapaaHji Ba
bynkcusxou q(x, t) Ba f(x,t) Tanxo 6a cuHdu L, Taamayk JOpaH.

Hap xopxou wmyamwmud Oab3e HATUYaXOoM HaAB oW 0a XalllaBaHIATrvH

Machallaxou UJIOPaAKyHUH cCapXaJuu TapkuOit Oapou Myoausian (***) 6a JacT oBapja
nrymaact. n Hatugaxo nap makoaaxou [1-M] - [11-M] 6a Hamip paconuaa mryaaasi.

bosn kaitm kapn, KM MachallaxOoW Ha3IWK, aBBal Oapou KodhduUTCHeHTH
YeHIIIaBaHAa Ba Maxay, cunac 6apon kodhduTcueHTr 3aMinaBadaa 00 KBajapaT aap
kopxou M.®. A6aykapumos [5], [6] Ba JI.B. Kputckos [24] maBpuau oMy3HIll Kapop
rupudTaana. AHMKaII, Jap KOpXou Hampkapaau AOaykapumoB M.®. Ba Kputckos
JI.B. Macbhanaxou HIOpPaKyHUM capXalil TaBacCyTu (YyHKCHUIXOW YOMMBA3KyHiH Ba €
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KyBBau 4YaHaupi omyxrta mynaaHn. Jap kopu B.A.Komophuk [1] macwanaxou
UJ0paKyH# 1ap (ocuiiaxou BaKTH a3 KPUTHKIA KajloH Oapou Mmyoauiiau (**) xanromu
oedocuna Ba raiipumandi oymganu kodpdurcueHtr q(x,t) = q(x) TaxKUK IIyTaaHs.

Taxmunm agabuét HUIIOH MEAMXal, KU MachalaXxOW HAOPAKYHUU capXaii
O6apou wmyomunaum (***) amaman kam omy3um €dTaaH], XycycaH Machallaxou
UJOPaKyHUU CapXaJIuu TapKUON yMyMaH OMyXTa HallyJaaH/I.

A3 WH XOTHp, MaB3yH WHTUXOOrapaujial KOpU TAXKHUKOTHH MAa3Kyp, sbHE
TaXKUKH Machajgaxod HWIOPAKyHUU capXaauu TapkuOi Oapow wmyoauiam (**%*)
MyXHM Ba capuBakTii MeOoman. Hatngaxon OamacroMagan TaXKUKOT Oapou pymian
MUHOABJaN Ha3apysii UIOPAKYHHH CHCTEMAaxOH JIOPOW MapaMeTPXOH TaKCHMIIYA,
TaKMWJIH yCYJIXOW TaXKUKA MachalaXxOW HIOPAKyHHH capXaaid Ba Baceh HaMYJTaHH
3aMHHaW Ha3apUsABUH XAJUTM MAachallaxOu MypakKaOM MaTeMaThKau aMajiil Mycouaatr
MEHaMOSIH]I.

Taxnunm HucOatan Mydaccanu anabuér map 6o0u 1-u XaMHH AUCCEPTATCUS
aH4YOM J10]1a MEIIaBa/I.

PoOuran Ttaxkukor 00 OapHomMaxo (JIOMXax0) Ba MAaB3YbXOM WJIMIl.
TaxKUKOTH WJIMHHA Ma3Kyp Jap 4axopdyOan aMalrCcO3WH HaKIIaW AYPHAMOHU KOPXOU
WIMA-TaXKUKOTUU Kadeapan MaTeMaThukad Xuco0Oapopil Ba MexaHUKau (pakynTeTu
MeXaHuKar MaTeMatukau JloHumroxu mMwuimd TodukucTtoH Oapou comxou 2021-
2025 aHyoM jgojaa mygaact. MaB3yw TaxXKUKOT «TaxXKMKOTH aHAJIMTHKKA, TaXJIWJIW
cudarii Ba XaJuTl aJaJui Machajlaxou MaTeMaTHKaW aMaliil Ba MEXaHHWKa» 0a caMTH
ad3auITHOKM (DabonusaTH uiMuu Kadenpa mMyToOwk Oyaa, Jap Joupad MH CaMT
Machajgaxod MYXUMH HazapusaBid Ba aMalud MapOyT Oa TaxJIMIu paBaHIXOU
MaTeMaTHUKA, TaxXWsaul YCYJXOM TaxXKWUK Ba MapédTh IMIapTXOW XajllaBaHIaruu
Machajgaxou Ty30IITaIlya MaBpUIN OMY3HII Kapop THpU(TaaHT.

Nypon TaxKWKOTH 3UKpIIyJa O0a pyliad MUHOabAau caMTXOM WIMHM Kadenpa,
a3 4Yymjga TaxXKUKA MachajaXxOM MypakkaOM MaTeMaTHKau amallid, Hazapusu
UJIOpaKyHl Ba aMCHUJIACO3WU paBaHIXou (U3HMKA MycouaaTr Hamyjna, 6apou 6a mact
OBap/laHd HATUYAaXOW HABM WJIMI Ba Baceh HaMYJaHU 3aMHHAW HA3apUSIBUU XaJUIA
Machallaxou OappacuiliaBaHjia 3aMmuHa (papoxaM Meopa.

TABCUPU YMYMUU TAXKHUKOT
Makcaau TaXKMKOT. Xanau acocuu TaxKUKOTH JTUCCEPTATCUOHN TaXKUKH
Machagaxou UAOPAKyHUHU CapXaauu TapKuOi meOoIra, KU TaBacCyTH YOWMBA3KyHI
Jap SK capxaj Ba KyBBaWl YaHIUPH JIap capxaiau aurap, € 0apbakc KyBBaW YaHIUP
Jap sIK capxaJa Ba YOWMBA3KyHi Jlap capxaau aurap, 6apou myonumnau (***) amarii
MeEIIaBaH/I.
Basudaxou taxkukor. Bazudaxou acocun TaxKMKOT HOOpaTaH, as:



Taxusi Ba MCOOTH TeopeMaxo ouj Oa sAroHar#n Ba MaBUYAMSITH XaJUIH
MachallaxoM OMEXTaW TapKuOi Oapon Myojuiaau Tejerpadguu skdeHaka 00
kod(puTcueHTn Tarinpédanaa a3 cundu Ly;

Taxys Ba UCOOTH Teopemaxo ouJl 0a STOHATMH XaJUTd Machallal WIOPaKyHUH
capxaauu TapkuO# 6apon Myoausian OappacuIliaBaH/Ia;

€draH Ba aCOCHOKKYHHWH IIAPTXOW 3apypil Ba KuGOATH Oapon MaBUyIUATH
XaJUTM  MachajdaxOW WJOPAKyHUH capXaluu TapkuOi Oapow Myonausau
OappacuiaBaHja,

TaXKUKA Ha3apusIBiA Ba AaCOCHOK KapJaHW YyCTYBOPUMU XalUIM XaMau
MachallaXOu TaXKUKIIIaBaH/Ia;

TaxXJIMJI Ba XaJUTU Machajial ONTUMAJIMU UI0PaAKyHUHU capXauu TapkuoOit 6apou
MYOJIAJIaH JIAMAIIXOW Maqy0ypur TOp aap (Gocuiian BaKTH KaJoOH.

O0bexTH TAXKHKOT. Myoawian JIanuimxon MayoOypuud TOp Ba MYyOJUJIau

tenerpaduu sikueHaka 60 kodpdurcueHTu Tariiupeobana.

M3B3yl/l TaAaXKMKOT. Machamaxom oMeXTa Ba MachalaXxou NAOPAKYHUH

capxaauu TapkuoOi 6apon MyoausIaxou OappacHiliaBaH/a.

HaBronum mniami. XaMaI/I HaTH4axon AJUCCCPTATCHUA HAaAB MG6OIHaHI[.

Hartuyaxou acocupo 6a TaBpu MyxTtacap HOMOap MEKYHEM.

1.

1.

Teopemaxo ouj 6a XxaiiaBaHAarud MachallaXxOu OMEXTau TapKUOUKU MYyBOGUK
O6apou Myoamnaun teynerpadun sikueHaka 60 kodpdutcueHTy Tariupédbanga a3
cuHdu L, ucbot kapaa nrygaanm;

Teopemaxo omm 0Oa sITOHATMM XaJUTH MachajlaXxOW HIOPAKYHHH CapXaIHuH
TapkuOi Oapou Myoauian OappacuiliaBaHlia Jap BakTh Xypna € Oapobapu
KPUTHKI UCOOT Kapja ITy/1aaHI;

Teopemaxo oun 6a MaBUyIUATH XAJUIM Machajaxod HJIOPAKYHHH CapXaJluu
TapkuOn 6apou MyojwmiIan OappacuiliaBaH/a Jap BaKTH KPUTHKA UCOOT Kapaa
ITyTaaH/T;

YceTyBOpUM XauTM XaMad MachallaxOW OMEXTa Ba HIOPAKYHHH CapXaJauH
OappacumaBanaa Hucbar O6a omyou ammutuBuu q(x,t)u(x,t) Ba WHUYHHH
HucOaT 6a QyHKCUSAXOM Jap T'y30pHUIIA Machajda MCTHU(OalIaBaHIa ACOCHOK
Kapja IIyaaacrT;

NnopakyHuxou capxaiuu ONTUMAIMM Tapkubii Oapou paBaHIaXoe, KU 00
MYOJWJIaW JIAMMIIXOM MayOypu TOp TaBcud MemaBaHi, Aap Qocuinaxou
BaKTH KaJOH, KM KUMaTH XYpPATApWUH KaOyJl KapJlaHW WHTErpalid dHEPTUsid
capxaaupo TabMUH MEHAMOSH]I, 0a JaCT OoBap/a IrygaaH .

HykTaxou 6a XMMosi NEeMIHUXOAIIABAH/IA

Teopemaxo oup Oa sKKUMaTa XallIaBaHAArdd MachallaxOW OMEXTau TapKHOn
Oapou Myoaunaun tenerpaduu sikueHaka 60 kodpdurcueHTu TariupEédbanga a3

cuHu pyHKcusaxon 00 KBaapaT 3aMIllaBaH/Ia;
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2. Teopemaxo owmna 0Oa sSKKAMAaTa XajllaBaHAATUd MAacbhallaxOW HIOPAKYHHUH
capxaai Oapou Myojujau OappacHillaBaH/ia, KA TaBaCCyTH YOWMBA3KyH
(KyBBam 4YaHAMPH) Jap SK capxaj Ba KyBBaW 4YaHIUpH (YOWMBA3KyHH) aap
capxaju AUrap amaiii MellaBaHi;

3. Teopemaxo oujg 0a HIOPAKYHHXOM CapXaJud ONTUMAIMHU TapkKubin Oapou
paBaHIX0€, KM 00 MyoaWJiau JIAMMHIIXOW MaqyOypuu TOp TaBcU(] MeliaBaH],
nap (Qocumaxon BaKTH KaJlOH, KM KAMAaTh XypATapuH KaOysn KapaaHu
WHTETPAJI YHEPTUSAN CapXaauPO TAbMUH MEHAMOSH]I.

AXaMHMAATHM Ha3apusiBii Ba aMaJluM TaxXKMKOT. TaxKuUKOTe, KU Jap
JUccepTarcusl Ma3kyp ouj 0a XajliaBaHAarud MachalaXxou HIOPAKyHUH CapXaauu
TapkuOi 6bapou Myouian tenerpadit 60 kordurcuentu Tariupedania aHqyom J104a
IyJaaH, XyCyCHUATH HazapusBil nopann. Hartmyaxom miamum OGagactomana Gapowu
pymau MuHOabIaW Ha3apusSud MachajlaXxOW HIAOPAKYHUH CcapXadid, Machalaxou
oMexTa 06apou MyOJWJIaXOW THIEpOOJIi Ba MHUYYHHH TuTap OaxIIXxoW MaTeMaTHKau
aMaJIil axaMMUATA MyXuM jgopasa. MnoBa Oap wH, OHXO METaBOHAH Jap COXaxou
TYHOTYHU WJIMXOU TaOuiél Ba TEXHUKH, a3 4yymia (uU3MKa, MEXaHMKa Ba Jurap
CaMTX0€, KM paBaHIXOM OHXO TaBaCCyTH MYOJMJIAXOW THUIEepOOIH aMmcuiiaco3i
Merap/iasji, MaBpuau UcTudoaa Kapop rupana. MaBomiu auccepTaTCUsii Ma3Kyppo
WHYYHWH METABOH Jap YapaéHU TabIMMH KYpPCXOM MaxCyC, CEMHHApXOW WIMM Ba
MAILIFyJIUSITXOU Taxaccycii 0apou NOHUIIYYEHU KypCcXOW 00JI0f, MaruCTpaHTOH Ba
JTOKTOPAHTOH, KU a3 PyWH HMXTUCOCXOM MaTeMaTHKa, MaTeMaTHKau aMajiii Ba
MEXaHHMKa TaxCUJ MEHaMOsIH/I, 0a TaBpu Mmyaccup uctudoaa oyp.

Faiip a3 wuH, Hartuyaxoum OagacToMaza METAaBOHAHJ XaMUyH 3aMHHAH
HazapusBil 0apou aMCHJIACO3UU PaBaHAXOM TYHOTYHHM (DM3HMKA Ba TEXHUKH, KU 0O
MyoOJIUiIaxou Oappacuiryja TaBcu( MeIIaBaHi, XU3MaT HaMyjaa, Jap TaXKUKOTU
MHUHOAb/Ian WIIMI Ba XQJJIM MachaJlaXxOu aMallil TaTOWK TrapaHI.

Jlapayan J>BTHMOJHOKHM HATHYAXOM JHMCCEPTATCUSl. ODBTUMOTHOKUHU
HAaTUYaxOM PHUCOJIAaM AUCCEPTATCMOHM TaBAaCCyTH HUCOOTXOU KAaThUUM MaTeMaTUKR
Oapou Xxamau TacIUKOT TAabMHUH KapJa IIyJaacT Ba 00 TaXKUKOTH JuTrap Myayti(oHu
XaMHUH COXa TaCAUK MEIIaBaH/I.

MyTtoOuKkaT  gucceprarcuss 0a  IIMHOCHOMAM  MXTHCOCH  WIMIl.
Hucceprarcust a3 pyim wuxtucocu 6D060100 - Maremaruka: 6D060103 -
Myonunaxou nuddepeHcranii, CMCTeMaxon IUHAMUKA Ba HWIOPAKYHHH ONTHMAJIA
WYpo IIyjmaactT Ba myppa 00 ¢opmynan oH (Myomwrtaxou auddepeHcuanii 060
XOCWJIaXOW XYCYCil), MHYYHUH 0a Ce€ CaMTH aCOCHUU COXah TAaXKUKOT MYTOOHKAT
MeKyHal: 1) Hazapusiu ymymuu wmyoawsiaxon guddepeHcuanii Ba cHCTEMau
Myonunaxou auddepeHcuanii; 2) mMachaiaxom HOTHIOWIO CapXalil Ba CIEKTPaIi
O6apou myommiaxoun nuddepencuanii Ba cucteman myoamiaxon nuddepencuanii; 3)

TaxJIWIM cudpatuu Myoawnaxoum auddepeHcHanii Ba CHCTEMan MYyOJUJIaXOU
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mupdepencuanin. Camtxom Maskyp 0Oa Oaxmm «Myomwraxou mauddepencuaning

TaaJUTyK JTOpaHj, K1 jap Oanaum 3-tomMu OaHaw III-m MMHOCHOMAaMW UXTHCOCH HWJIMM
NenouHM 11y 1aacT.

Caxmu maxcuu A0BTaja0M japayad wimi. MyHaapudan JUCCEpTaTCUsl Ba

HYKTaxou acocii Oapou XHMMOS caxMu MIaxcuu Myammug Mebomann. Xamau

HATUYaXOH TEITHUXOAIIY/Ia MaxcaH a3 YOHHOM Myauiud Oa TaBpH MYCTaKHJIOHA
rupudra mygaana. Jdap kopxou mymrapaku [1-A]-[3-A], [6-A]-[11-A] xammyammd
Jap MyXOKHMau HaTHYaxou 0agacToMajia HINTHPOK KapaaacT.

TacBub Ba amajimco3uu HATHYAX0U AuccepTaTcusi. Hatnyaxou aucceprarcus

Aap CCMHUHAp Ba KOH(i)CpGHCI/IHXOI/I 3CPHH IICIITHUXO/J Ba MYXOKHMA ITyJaaH/:

CeMUHApU WIMHUM Kadeapad MaTeMaThkam XucoOO0apopili Ba MeXaHHKau
dakynTeTu MexaHukar Marematukau Jlonumroxu Muuu ToyukucTtoH 00
pox0apuu npodeccop AdaykapumoB M.®D. (2023-2025);

KoH(epeHcHan OallHaIMUIAIUM UAMA-amanid 3epu  yHBOHU «XIII-ymun
Xonumxon JlomoHocoBi» Oaxmmaa O0a 115-comarum axkagemMuk boOo4doH
Fadypor (yman6e, 28-29-ymu anpenu coiau 2023);

KoH(pepeHcussn OalHAIMITAIMK WM Oaxmuaa 6a 75-conaruu JoHUIroxu
muuun ToyukuctoH, 20-conaruu pyuau panxou Jakuk, Tabuii Ba puésii, 85-
conaruu akageMuku AMUT PavyaboB H. ([ymanOe, 5-ymu OKTs0pu conu
2023);

IV-ymun koHdepeHcusin OalHAIMHUIANMM — WIMA-aMajiidl 3€pU  YHBOHH
«Macbanaxou MyocupH MaTeMaTHka Ba TaTOMkKxou ou» ([ymanOe, 1-ymwu
utonu comu 2024);

KoH(pepeHcHsan OalHAIMIWIAIMK  WIMi-aMallid  3epu  yHBOHM «XIV-ymun
Xonumxou Jlomonocosit: Hakmm ¢unuanu JJIM 6a nomu M.B. JlomoHOCOB
nap maxpu [yman6e map pyman wiMm Ba maopud» (Aymanbe, 22-23-ymu
HOs10pu conu 2024);

KoH(epeHcHusn OaliHAIMIWIATMK WIMIA-aMallii 3epd yYHBOHHM «Macphaiaxou
MYyOCHpHU MaTeMaTHKau amallil, MéXaHruka Ba HHpopMaTukay Oaxmuaa 6a «20-
COJIaTUU OMY3UIN Ba pymiau (HaHxow AaKWK, Tabuu Ba puésin» Ba 80-comaruu
npodeccop boiimypoa Anues ([ymanbe, 2-tomu anpenu cosu 2025);
KoH(epeHcussn OalHaIMWIANd 3epu yHBOHM «MaremaTuka Jap 4YaXOoHU
Myocup» Oaxmmaa 06a 85-comaruu MaTeMaTUKH OapyacTad TOYMK, JOKTOPHU
uimMxon pusnkaro maremaruka, npodeccop Codupon T.C. (dymande, 28-29 -
ymH HOs16pu conn 2025).

HMuarumopor a3 pyiiu maB3ynm aucceprarcusa. MyHaapudyan acocuu

mucceprarcust nap 11 xopum Mmyammd Hamp mIygaact, a3 4ymia 5 KoOp Jap
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Hampusixoe, ku a3 yoHnOu KOA-u Hazmu Ilpesumentn Yymxypunm ToOYuKHCTOH
TaBcus ImymaaHn. DexpucTH KOPXOW HaIIpITyga Jap OXUPH JTUCCEpTaTCHs Ba
aBTopedepar oBap/a IIyaaacT.

CoxTop Ba xaumu aucceprarcusi. J[ucceprarcusi a3 MykKaaguma, TaBCU(DHU
YMYMHHM TaxKUKOT, ce 000, MyXOKMMaW HaTHuyaxou Oagactomaza, XyJoca Ba
bexpuctn agabuét mbopar act, ku Aap oH 150 HOMI{it oBapma mrymaact. Jlap
JMCCEPTATCHs PaKaMTy30pUH JTypakama uctudoja mrymaact, Ki pakaMu aBBajl 0o
pakamu 600 Ba pakaMu JAytoM 00 pakaMu Tabpu(pX0, TAaCIUKOT, JIEMMax0, TEOPEMaxo,
730XX0 Ba (hopmyrnaxo MyBopHUKAT MeKyHaa. MaTHH IuccepTaTcusi aap OapHoMau
Microsoft Word naBuinra mygaact Ba a3 194 caxuda nbopart acr.

MYHIAAPUYAU MYXTACAPU IUCCEPTATCUSA

«lap MmykaaamMan Kopu AUCCEPTATCHOHA MyOpaMUsATH MaB3yd MHTHUXOOIIy/1a
Ba axaMHATH OH OapoW PYUAM Ha3apusid HIOPAKyHUHM capXalil Ba MOJEJICO3UU
MaTE€MaTUKUU PAaBaHIXOU JAMUHAMHUKHA 0a TaBpu Mydaccal aCOCHOK Kap/a MemaBaj,
MHYYHUH ap3ulld WIMI Ba amMajluu OH Tabkuj Merapaan. lllapxu cuctemaHoku
HAaTHUYax0 Ba paBHUIIXOM MaBuyna, Ku OeBocuTa Oa Macbhanaum OappacuiIiaBaHaa
MapOyTaHJl, NEIIHUXOJ Merapaaja, Kd HH HUMKOH MEIWXaJ CaMTXOU KyHYHHUHU
TaXKUKOT MyaWsH Kapja ILIyJa, MachajlaxOM XaJlHallyJa OLIKOp Kapjaa IIaBaH.
XamMuyHUH, MyKaaauma (aporupu 6aéHu 1akuku xagad Ba 0ObEKTH TaXKUKOT, 1yA0
HaMyJlaHU Ba3u(axou acoCHM KOp Ba TaBcudu ycyiaxou uctudoaliaBaiga dapou
XaJii OHXO MeOoman. /lap aHyoMm, COXTOpPH JUCCEPTATCHUSI Ba MYyXTaBOMU OaXIIXou
ajoxyman oH Oa TaBpu MyxTacap ImapX Joja MeIIaBajd, KU maigaprnaiii Ba
MYTTACWJIMM MAHTUKHA Ba KOHCENTYaJIHMH TaMOMHM TaXKUKOTPO TABMHH MEHaMOSI»
[6].

«dlap 000m saxym «lllapxu HaTH4axo oua 0a Ha3apusiM Macbajlaxou
WAOPAKYHMHU capXxaai» TaxIWiM MydaccaiTapy HaTU4axo BoOacta 0a macbhaliau
MJIOPAKYHH Jap TY30pHUILXOU I'YHOTYH IEIIHUXO/ I1yraacT» [S].

Jlap 606u ayom nap poctkyndan Qr = [0 < x <[] X [0 <t < T] 60 mabHOH
XaIId  yMyMHIIyAau MyoJujau sikueHakau Ttenerpagii 060 koadpdurcueHtu
TariupéOdanan HaMmyIu

Lu = ue (X, 6) = wen (%, 1) — q(x, Oulx, t) = f(x, 0) (1)
Machallau WIOPAKyHUU CapXaJud paBaHAxoe, K 00 MH Myoausia udoja MellaBaH/,
TaBaCCyTH YOMMBA3KyHHN Jap capxaau ydan x = 0 Ba KyBBau YaHIUpH Aap capxaiu
poct x = [:

u(0,t) =u(t), u,(,t)=v(t) mpu 0<t<T (2)
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oMmyxTa MemiaBaja. bob a3 yop 6ann ubopar act. Jlap 6anau aBBaj 6aéHu Macbana Ba
tabpudxon 3apypii oBapAa urymaaHna. burzop, xanromu t=0 OymaH mrapTxou

MOTUIIONH
u(x,0) = p(x), u(x,0) =yY(x) 6Gapou 0<x<I (3)
Ba xauromu t=T OynaH MIAPTXOM HUXOUH
u(x,T) = @, (x), u(x,T) =P,(x) 6apou 0<x <1 (4)

nona mynaana. Daps kapma Memasan, kum o u(t) € WA0,T], v(t) € L,[0,T],
p(x), 1 (x) € WL0,1], P(x), 1 (x) € L,[0,1], f(x,t),q(x,t) € L,(Qr) Ba
mapTxou MyBobukatu 3eput nypo Mmemnasana: U(0) = @(0); u(T) = ¢,(0).
«Xamm Machallad UAOpPaKyHUHM capxaauu xocwimynad (1) - (4) 6o mabHOU
yMyMHIIyaa haxMuaa mynaa, nap cuadu Wi (Qr) dycTydy Merapnaz, KM G0pH aBBal
a3 youubu B.A. Wmiinn conu 2000-ym nenrHuxo1 mypaact» [18].
«Tabpupn 1. Xammum ymymumryaan mackanan omextau (1) - (3) a3 cundwu

W1(Qr) rybra, uynun Gysxcusu u(x, t)-po MEHOMEM, KU aHHUATH HHTETPAIIHH
l

L T T
ffu(x, t)LD(x, t)dxdt+j<p(x)<bt(x, O)dx—jlp(x)d)(x, 0)dx —
00 0

0
T T

I T
—j,u(t)cbx(O, t)dt—jv(t)cb(l, t)dt = fff(x, )P (x, t)dxdt (5)
0 0 00
-po Gapom xap ryHa ¢yakcusu o3mounmu ®(x,t) € W2(Qr) (tabpudu un cund
Hu3 gap» [18] oBapma mygaacrt), ku 0a maptxou ®(0,t) = &, (l,t) = 0 xauromu
0<t<TBa dxT)=>,(x,T) =0 xauromu 0 < x <[ uroar MeKyHal, KOHEH
MeTapI0oHa Ba HHUYYHHH IIapTH AYIOMHU capXaaud (2) Ba MApTH TYIOMH HOTHIOMH
(3)-po kapu6 map xama dyoiim [0,l] KOHEh Meco3al, gap XOJi€ KH IIAPTH SKYMH
capxamguu (2) Ba maptd skyma uoOtumoun (3) Oapoum xamaum x € [0,l] wupo
MeTrapaaH/I.

bapou 6a nmact oBapmanu Oapobapuu (5) xap ay kucmu Mmyonuiau (1) Oa
byukcusu o3mouimu P (x,t) 3ap6 kapma memasaz. Cumac 60 uctudoaa a3z ycynu
UHTETPAITUPH a3 pyiU Xuccaxo Xocuiaxoe, ku gap ¢pyHkcusu U(X,t) maByymana, Oa
byuakcusu @(X,t) ryszaponunna MemaBana. AWHUATH (5) Xaid CyCTH YMYMHUIITYapo
udpona mexyHaa. A30acKM YyHHH IIAKIM HABUIIT Oapou HMCOOTH TeopeMaxou
SATOHArfi MyHOCHO acT, MO OHPO Jap XaMHH HaMy]l HUTOX MeopeM, capdu Hazap a3
OH KU XaJUUTH KaBUH YMYMHUIIIYIapO 4yCTY4y MEKYHEM.

Tabpudu 2. Xanmm yMyMuIlnyaan Machbaaan uaopakynuu capxaauu (1)-(4) a3
cuadu W} (Qr) rydra, xanmu macsanan omextau (1)-(3) - po 60 dyHuH GyHKCHUIN
u(t) € WA[0,T], xu toben maprxou wmysoduxatu w(0) = @ (0); u(T) = ¢,(0)
Mmeboman Ba pyukcusu V(t) € L,[0,T] menomeM, Ku OaposII MIAPTH SKYMH HUXOHH
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(4) 6apou xamau x € [0, ] Ba mapTu gyromu HuXxouu (4) Kapub maap xama qoiiu [0, (]
UYPO MEIIABaH/I.

Jlap 6aHau AyHOM Macbhajgad MaBYyIUST Ba SITOHATHH XAJIM Machalad OMEXTau
(1) - (3) map cunadu hyHKCHOHATNU MYBO(GHK OMYXTa IIIy/1aacT.

bo pam3xou u(t) Ba v(t) GyHKCHAXOEPO UIIOPA MEKYHEM, KH MyTaHOCHOaH 00
u(t) Ba v(t) xauromu 0 < t < T myBoukar MekyHaH Ba Xxanromu t < 0 60 cudp
ujaoMa Joja mynaaHa. AéH act, ku gap aitau xon u(t) € Wi[—¢,T] Ve > 0 Ba
v(t) € L,[-6,T] v > 0.

Jlemman 1. buesop, T <1 Ba q(x,t), f(x,t) € L,(Qr) 6owano. On 2ox xaniu

ymymuyoau macvanau omexmau (1)-(3) as cungpu W(Qr) xap eyna gynxcuau oap

Q1 maxoyou u(x,t) mebowao, ku 6apodbapuu 3epuUHpO KOHEb MEHAMOSIO!
t+x—1

I—|x+t-1l-1|
u(x, t) = E(t —x) + j v(t)dt + = ] drjl | [q(&, Du(é, 1) + f(E,1)]dE +
x+t—1 l
3]l + re o, ©

I30xu 1. Arap u(t) € Wi(—e, T] Ve >0, v(t) € Wi(—g,, T] Ve, >0,
koadurcuentn q(x,t) xampox 60 xocumaam q,(x,t) map Qp mMaxmayd OoImaHz Ba
dyskcusu f(x,t) 6a curdu W, (Qp) Taamnyk momra OoOImIan, OH TOX XaJllHd
machanan omextan (1) - (3), ku map nemman 1 6appacii mynaact, 6a cuadu W2 (Qr)
MaHCyO0 xoxaj Oy.

Teopemau 1. Dap3 mexynem, kuT < 1 sa q(x,t), f(x,t) € L,(Qr) 6owano. On
20X myoounau uHmezpanuu (6) xaunu sieomau maxoyo oopao. Faip as uw, azap
wapmu f(x,t) = 0 uypo eapoao, nac oap coxau {(x, t):0<t< %,t <x<l- t} N Qr,
u(x, t) = 0 mewasao.

bapon wucboTm TeopeMan MaBYyIUAT MO COXaW POCTKYHYAIIAKJIpo 00
JMaroHaJIXoW OH 0a Jop CeKyHYa qyno MekyHeM. CHrac jap xap ke a3 3epcoXaxou
XOCWIIITyIa MYOJIWJIal WHTETPATUH MyBO(HK TapTHO H07a, XajllaBaHIATHWA OHPO
ucObotT MeHamoeM. Jlap aHYOM HUIIOH MEAWXEM, KM Xap 9axop XaJUIM COXTalryja
XAHTOMHM TYy3alllITaH a3 capXaau sk coxa 0a coxau aurap Oedocusiaruu xyjapo HUTOX
MeIOpaH/I.

Hatwvan 1. buezop wapmxyou meopemau 1 uypo wasano. On 20X Xaniiu
macwvanau omexmau (1) - (3) 6a baxou 3epun mobev acm:

Sup |u(x, )] < C<t5[l(l)1;]|ﬂ(t)| + Vil 0, + ||f”L2(QT)>:
elo,

(x't)EQT
xu on nucoam 6a q(x,1): |qllL,@n <y myumasam mebowad (unosa Gap um,
C=C(y)>0)
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Kaiin mekyHeM, kv a3 0axoW oBapiamiyja YCTYBOPHHM XaJUTH 0OajlacTomaja
HUCOaT 0a IMapTXOM capXaai Ba KHCMHU POCTH Myo iujia 6apMeosi.

Teopeman 2. Dapz mexynem, xu Ooap myoourau (1) xod¢pdpumcuenmu
masuupébanoau q(X,t) manxo 6a cungu L,(Qr) maannyx oopao. Ou 20x bapou xap
eyna T € (0;1] macvanau omexmau (1) - (3) a3z cungu W3(Qr) a3 ax xan 3uéo
oouma HamemasoHao.

Bbapou ncbotu Teopeman sroHara jmap xoinare, ku q(x,t) = 0 acT, MaBUyIUATH
Iy XaJTM Machaja ¢ap3 Kapjaa MeniaBaja Ba cumac (Gapku oHXO Oappaci merapaj.
Munbaba 60 uctudoa a3 Metoau criekTpanuu B.A. Wnitun HUIIOH oa MeIlIaBaj,
ki Oy Xaummy (dap3kapaamyna 00 XamM MyBopuKar MekyHaHa. Jlap XomnaTe Ku
q(x,t) € L,(Qr) acT, MyoquiIaxou HHTErpaIui MyBO(GUK TapTUO J0/1a MEIIaBaHl Ba
OabpgaH MCOOT Kapaa MemaBaj, ki (apkud TapTuOpomamygaud ay Xaia 0a cudp
OapobOap act. Jlakukrapalll, HHIIOH JIOJa MeEIaBaj, KM MYOJHJIAXOH HWHTErPaJIuu
COXTally/ia SKYMHCA MEOOIIIaH]I.

Jlap Oanam celoM Teopemaxo ouj O0a MaBUyaAMATH Xal XaHromu T = [ Ba
sroHaruu oH Xauromu T < [ OGapou Machanau uaopaKyHuu capxaauu (1) - (4) taxus
Ba ucOOT mymaana. Jlap aBBasl XoaTh XyCyCHHM Machalladl HJIOPAKYHHUU CapXaJIud
OappacuiaBaHia MyoHWHa Inygaact. IH UMKOH MeIuXaJl, KU XYCYCHATXOU acOCHH
yCyJau UCOOT MyalsH Kapja Inyjaa, 3aMHHa Oapou Ty3apuil 0a XoJaTH YMyMHUHU
Machaja OMOoja rapjaa.

Tacauxu 1. @aps mexynem, ku T < 1 6a q(x,t) yncypu cugppuu cungpu L,(Qr)
mebowad. On 2oy, macvanau uoopaxynuu capxaouu I az cungu W3 (Qr) az sax xan
3UE0 dowma HamemasoHao.

AKHYH TacIMK Jap Oopau MaBYYIUSATH Xa/UIH Machajlad UAOPAKYHUU CapXaJIuH
(1) - (4) 6apou xo0y1aTH XyCycHH OappacuIliaBaHia OBap/a MeIaBa/.

Tacauxy 2. bueszop, q(X,t) yucypu cugppuu cungu L,(Q7) 6a T = | 60owao. On

20X manabu 3epun wapmu 3apypi 6a Kugosei 6apou masyyousmu Xauiu seOHau
macvanau uoopaxynuu capxaouu (1)-(4) az cungu W (Qr) mebowao:
! ! [ —"
00 +0) = 9:0) = 9,0 + [ WCdx + [ wi@ax+ [ az [ f@.0dm =0
0 0 o T

Xaneomu uypou un wiapm Xaiiu Macvailau Masxkyp 6o gopmynau 3epun 000a
Meuwasao:

u, (x,t) map A,
u,(x,t) map A,,
uz(x, t) map As,
u,(x,t) pap A,

u(x, t) =

14



KU 0ap uH yo

i (x,6) = —¢<x+t)+<p(x_t>+j w(©d +5 f f(fr)dfdr‘
1 X+t
w000 =5 [p0+ 0+ o=+ D+ 0,0 — 9@ + | w(Eds -

xf+l¢(€)d€+ ﬂf(f 7)dédt — _Uf(f 7)dédT — f f(E, T)dgdfl

'(221 !222 .(224
X+t
251 = 051 (x, t) ={(€.T):OSTST, TSfSX+t—T};

t—x+1
2

x—t+1
2
l—x+t

.(2245024(x,t)={(5,r):éSTSl, |SEST};

+|‘L’—

x+t l
2y, Eﬂzz(x,t)={(5.r):TsTs , x+ |t —t] <§<§—|r——|}

x—t

oG — ) — 9(0) + @1 (1) + @ (x + £ — 1) — j YE)dE +

0

+ fff(f,r)dfdr— fff(f,r)dfdr— ﬂ-f(f,T)dde\;

031 Q33 Q34

1
Us (xy t) = E

l—x+t
lezﬂgl(x,t)z{(f,r):OSTS ,x—t+r§€§l—r};
l X+t x+t
2 2 2
[l—x+t x+t I [
= 0G0 = {0 2 <r< 8 Sl sg<x-le-dl;

1
us(e ) = SlorGe+t =D+ guGe— 4+ D) + f wl(f)df+f f f(EDdedr |,

x+t—-1 l x—t+t
x—t+l t x+t—-1

Ay —cekynyaecm, xku 60 xamxoux —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 60 xamxoux —t =0, x +t — 1 =0, x = [ max0oyo wyodaacm;

A, —cexynyaecm, ku 60 xamxoux —t =0, x +t — 1 =0, t = | max0yo wyoaacm.
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Jap aunu  xon udopakymuxou capxaouu yycmyyyuwaeanoa 60 éEpuu

Gopmynaxou aHaIUMuUKUU 3epur XUcob Kapoa mMeuasano:

t l l T
1
m0=§¢aywmm+f¢QMx+%a—u—wuo+fwuwm~fdrfﬂaﬂ&}
0 -t 0 Tt

l
1
WO=§wﬂ—ﬂ—¢ﬂ—0+%@ﬂ%ﬂﬂ—fﬂHﬁ—nﬂﬁm

AKHYH XOJlaTH YMYMHUH Machajam OappacuIliaBaHJad HIOPAKYHUU CapXaIuu
(1) - (4)-po muma mebapoeM. be Maxay KapJaHu yMYMUSAT, Jap OsHAa Oapou comari
Ba OCOH HaMyJaHU XHCO00apopuxo YyHHUH MemrymopeM, ku (ynkcusiu f(x,t)
yHCYpH cudpun cuapu L, (Qr) mebdomman.

Teopeman 3. buezop, koagppumcuenmu q(x,t) dap myoounau (1) 6a cungu
L,(Qr) maannyx oowma 6owao. Oun 2ox 6apou xap sk T € (0,l] macvanau
uoopaxyruu capxaouu (1)-(4) manxo sax xan a3 cungu W, (Qr) dowma memasonao.

Nimopaxon 3epuHPO JOXUI MEKYHEM:

l l
0(0) + o) + f WEVE = A 01 (0)+r (D) — j 1()dE = By,
0 0

Teopeman 4. buesop, T =1 6a q(x,t) € L,(Qr) 6owao. Ou eox, 6apou
Mmaeyyousmu xainu macvanau uoopaxyuuu capxaouu (1)-(4) az cungu Wot(Qr)
3apyp acm, Ku wapmu 3epur uypo wasao:

l-T l T

5
Ao + j dr j 46, Dy (6, 7)dE = By + [ dr j a(& Dua (€, 1)dE,
0 l-T

T l

2
Ku oap oun ui(x,t) ea uu(x,t) mysopuxu dopmynaxou 3zepun xucod rapoa
MeuasaHo:

w068 = 8060 + ) [64a](x,0),
k=1
x+t

1
000 =5 et 0+ oG-+ [ p©ds |,

x+t—1

1 t
Gl =5 [dr [ a@ouE ok,

xX—t+71
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u,(x,6) =, (x,0) + ) [GE,](x, 0),

x—t+l
1
Uy(x, t) = 5 p1x+t—D+o(x—t+1)— J P1(§)déE |,
l xX—t+T e
N 1 N
Gl =5 [dr [ aouEnds,

Teopemau 5. buezop, T =1 6a q(x,t) € L,(Qr) 60owad. Ou 20x, mynocubamu
oap meopemau 4 osapoautyoa wiapmu Kugosei Huz b6apou Masyyousmu Xauiiu
seonau macvanau uoopaxynuu capxaouu (1) - (4) as cungu W3 (Q,) mebowao.

D30xu 2. bapom xammm wmackanam wuupopakynuu capxamuu (1)-(4) Oaxoum
arpUOPHUH 3€PUH YOU TOPa;

e, Ollwzcon < L@ Nwston + 10 lwiron + 1Wllyt00 + 191 ll0.0),
KM J1ap OH JonMuH L 6a HOpMan QyHKCHIXOH 0a Machaja JOXHIIIIyaa BoOacTa HECT.
NH 6axo HUIIOH MeAuXall, K1 XaJuIu OajgacTomaaa HUcOAT Oa mapTXou UOTHAON Ba
HUXOH YCTYBOpP acT.

Faiip a3 un, arap ||q||, = 0, ou rox ||z — ﬂllwzl[o,ﬂ = 0Ballv—"|,0mn 0,
ku gap ouxo u(t) = 1(0,t), v(t) = 4,(lt).

WH a3 perynspi Oyaanu Xauid Macbhaian uaopakynuu capxaauu (1)-(4) aucoar
06a omyou ammutuBun q(x,t)u(x,t) map (1) 60 kosdhdurcuenTn 00 KBagpar
3amimaBanaan q(x, t) maxoaaT MeIuXal.

Xanromu T>| Oygan Machaiiau UIOPAKyHHH CapXali TOPOU IIyMopau 0eoXupu
Xanxo mMebomaa. A3 WH py, Jap WH MaBPHI Machajad ONTHUMH3ATCUSN UIOPAKYHUN
capxaaii ©6a wMu€éH wmeosin. On  gap €braHu 9YyHUH — (QYHKCHUSIXOU
u(t) € WL0,T],v(t) € L,[0,T] upona meédan, ku 60 Ha3apAOIITH MIAPTXOHU AJIOKA,
KM a3 MYpOM IApTXOU HMOTHION Ba HUXOW OapMmeosHA, 0a WMHTErpalld SHEPTHUIH
capxaJid KHMaT! XypATapHH METUXAH]I.

Banaun 4yopymu 600u aywMm 0a Xamu Machallad Taxusllyna Oaxmmaa
mynaact. Hatuyau acocuu uH 6aHa Teopemaun 6 MeOoIa.

Teopemau 6. bueszop, dap macwvanau uoopaxynuu capxaouu (1)-(4) T = 2ln + 4,
kuoap onn € N, A € [0;2l] sa q(x,t) = 0 60owad. On 2ox uoopaxynuxou capxaouu
seonau  u(0,t) = u(t) € WA0,T], u, (L,t) =v(t) € L,[0,T] eyyy0 oOopano, «xu
cucmemau 1annuwpo az xoramu ubmuoouu (3) 6a xonamu Huxouu (4) meopano ea
Xam3amoH 6a uHmezpaiu SHepeusu capxaouu 3epur KUMamu Xypomapun meouxaHo:

f (W OF + (O]t
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Hn uoopaxynuxou capxaoii 6apou xamau 0 <t < A ea m = 0,n ea bapou
xamau A<t< 2lBam=0,n—1 060 dopmyraxou 3epun myauan Kapoa
Mewasamo:

xaneomu 0 < A < I:
21 t

uim+t) = (0) + mf Fi(n)dn + f Fi(m)dn,
0 0
v(2im +t) = F,(t),
KU 0ap uH yo

(~)met Zi)l + (—1)mHt. rn;(;l(jl)mc +C, te[0;A];
h oo (—1)m+? % + (—1)m*t. 31;102;1)% +Cte[nl);

1 (—1)m+ -Azl(t—_l__ll) + (—1)m+t. ?”_:210(:_11)7716 +C,t € [l;1+A];
(D™ A4(2n 2 + (=)™t Zm= an)mc +C, te[l+n;20;
ELE g_t) +(-D)™- Zm_;" ;11)mc+c, t € [0; Al;

o= O e com BREDE e

(—1)m 27(1—+_1) + (-1 -Z?”;‘;fjl)mc, t € [L;1+ A];
L(—1)"1-#“—1)"1- 3‘;1";;1)"16, € [1+ A; 21;
A (t) = 1[<p1(t—A+l)+<p "=+ t—A+D -yl —1t)—

2in+A

f f(x+2ln+l—rT)dT—Jf(l—t+TT)dT 2

A (1) = —[<P1(A =) =@ =P (A=1) —(t) +

2in+A

J f(x—t—2In, T)dr—jf(t—r T)dt|;

1
As(1) =S [e1(t = 8) = @' () + P2 (t = 2) —9(0) —

18



2In+A l

— J f(t-I-ZZn—T,T)dT—jf(t—T,‘L')dT ;
1 0

1
A4(t)=§[<p1(A—t+l)+<p’(l—t)—¢1(A—t+l)—¢(l—t)+
2in+A l
+ f f(t—ZlTl—t-I—T,T)dT—Jf(l—t-l-T,T)dT ;
l 0
(45 = 2)[1(0) — 9(0)] + J, A3 (D)t s
852] — 8sl + 4sA + [ — A XaHTOMH R = &5 — &,
C =+

(4s + Dg;(0) — 9(0)] + [ A, (£)dlt
\ 4sA + 8s2l + 2sl

XaHTOMH n = 2S;

xaneomu l < A < 21:
21 t

u@lm+t) = 9(0) + m f Fy(n)dn + j F()dn, v(2lm+ ©) = Fy(0),
0

0
KU 0ap uH yo

B, (t n_(=1)™mc
r(—1)"”+1 -%+ (=1)m*t- m‘z‘)fl +; S+ Gyt €[0;A - 1];
B,(t n-l1(_1)m¢C
(=1)m*t % + (=1)m*t- m‘2°fl = i L+, te a1
F3(t) = < (_1)m+1 . M + (_1)m+1 . :ln:O(_l)mcl + C t c [l- A]-
2n + 2 2n + 2 b P
B;(t—1) ro(=1™C
_qym+1 .3 "7, _qym+1,K&m=0 1 .97
( m B2(t) m Zm=0(—1)"Cy _ _
(-1) 2n+2+( 1) 2 te[0;A-1];
B.(t n-1c_1ym¢c
(—1)m-2§(+)1+(—1)m- ’”‘2°7§+i =, te[A-Ll;
F,(t) = o .M+ iy, n_ (=", e € [1A]
2n+2 2n+ 2 ’ T
B,(t—=1) m=o(=1)"C;
_ m,_*~~ @ - _ m., . .

N =

Bi(t) =5 [p1(t —A+2D) — @' () + P2 (t — A+ 21) —(0) —
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2in+A

J f(t+2ln+2l—r, T)d‘[—jf(t—‘[ 7)dt|;

1
Bz(t)=§[<P1(A—l—t)+<P'(l—t)—¢1(A—l—t)—¢(l—t)+
2In+A
f f(T—l—Zln—tT)dT—Jf(l—t-l-T T)dt|;
1
Bg(t)=§[<Pi(t—A+l)+<P'(l—t)+lP1(t—A+l)—l/J(l—t)—

2In+A

j ft+2ln+1-r1, T)dT—Jf(l—t-l—T 7)dt|;

1
By(t) = lp1(A -0 -9’ O = (A=) —9(O) +

2In+A

J f(T—ZlTl—tT)dT—ff(t—T 7)dt|;

A-1
(4s[p1(0) — (0)] + fo B, (t)dt
8s2l + 4sA — 4sl

bapoun = 2s — 1,

(45 + D[g1(0) — p(0)] + [,_, By(t)dt
\ 8s2l + 4sA+ 2sl + A

6apou n = 2s.

bapou wncbotu Teopemam 6 map Oro3 Iy TacAuKyd EpUpPAcoH HMCOOT Kapnaa
MelaBajl, ki 0apou 0a AacT OBapJaHu HIAPTXOM aJloKa MycOMAAaT MeHaMosiHa. Cunac
Oapou &édraHu MAOpaKyHMXOU omnTuManii jemMmau Wniiun - MowuceeB Ba ycyiu
Jlarpany uctudona 6Oypaa MemnraBas.

A3 HyKTau Hazapu TaTOMKOT, MaxCycaH 0apou UCTUCHO HaMyJaHU UMKOHUSITH
BOPHJI IITyJIaHU PaBaHIN UIOPAKYHHUH capXaaid 0a pe30HaHC, MyXUM acT, KU KUMaTu
XYpATApUHU WHTETPAIM DHEPrUsid capXalid, Ku 0a HIOPaKyHUXOU CapXaauu
onTUMalli MyBO(HK acT, XaHTOMH KaJjOH IIyAaHW (OCUIau BAKTH WJOpPaKyHil Oa
cudp Maitsn HamosI .

Arap suppf(x,t) € Qr,T. = const (spHe Tabcupu OepyHau f(x,t) XaHTOMH

T > T, aiinustan 6a cudp O6apodap Oomian), mac KUMaTH XypATAPUHU HHTETPaIH
1
SHEPrusu capxaai taptudbu O (;) nopaa. Jloumue, xku gap 0axow XOCHJIyAa

MIITHPOK MeKyHas, 6a Hopmau (yHkcusxou @(x), @, (x) € WH0,1]; Y (x), ¥, (x) €
L,[0,1]; f(x,t) € L,(Qr) Ba max3au Baktu T Bobacrta MebOomran. MH xomaT a3 oH
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1axo/aT MeAuXajd, Ku KAMaTH XypJATapUHUA WHTETPAIA SHEPTHUSH capXalid XaHTOMH
T — oo Ga cudp maiin MekyHaJ Ba IMKOH MEIUXall, KA a3 BOPHUJ LIyJaHU PaBaHIU
JanmIuIy Top 0a pe30oHaHC NEITHpHA Kapaa maBajl.

Hap 06006m ceom Oapou wmyommiau (1) mackanmam HIOpaKyHHH CapXaauu
paBaHaxo0e, ki 00 WH MyoJuja TaBcH(] MeEIIaBaH], TABACCYTH KyBBaW YaHIUPHA Jap
capxamu 4danu x = 0 Ba yoiMBa3KyH@ Aap capxaau pocTH x = [ TaxKWK Kapnaa
MeIIaBa;

u,(0,t) = u(t), u(ll,t) =v(t) xamromn 0<t<T. (7)
bob6u cerom HuU3 a3 "op Oang mbopart act. ba muciau 606u 2, gap GaHaAM SIKyM
T'Y30PHIIN MachaliaXo Ba TabpU(PXOU 3apypi OBap1a MEIIaBaH/I.

Hap macwanaun unaopakynun capxamuu (1), (3), (4) Ba (7) dap3 xapaa memiaBan,
ku ko3 durcuentu q(x,t) Tauxo 6a cundu L, (Qr) Taamnyk mopan, ¢ (x), ¢@,(x) €
€ WL[0,1], y(x), Y,(x) € L,[0,1], f(x,t) € L,(Q;) Ba maprxou MyBOopHKATHU
v(0) = (), v(T) = ¢, (1) nupo memasan.

Xasm Machanan Xocummyaapo aap cuadu W, (Qr) gyctyay mexynem. bapou
MyalssH HaMyJaHd XaJUId yMYMHIIyJad Machajad WIAOPAKyHHH CapXaJIud
GappacumaBaHia 00 MabHOM AMHUATH WHTETpanid, WHIyHHH a3 cuadm W2 (Qr)
uctudoaa medbapem. Tabpudxon Xaliau Machalaxou OappacuiliaBaHjga 00 Kuéc 0a
tabpudxoe, kKu gap 600M AyrOM OBapja IIyAaaH[, Jap aCOCH AWHWSITH WHTETPATHH
MyBOGUK 0aéH Kapja MeIIaBaHI.

Hap 0anau nyromu 000m 3 xammaBangaruu macbanaun omexrtau (1), (3) Ba (7)
oMmyxTa Memanaj. Jlap uH 4o mapTxoe 6appacii MemaBaH, KU Jap OHXO Machaja 00
MabHOW AWHMATH WHTETpalll Xa/Uld SIrOHAW YMYMHUIIYyJa 0paj, HHYYHUH XOCHSTH
XaJl Ba XYyCYCHATH BoOactarmu OH a3 (YHKCHUAXOM capXaladl TaxXKHK Kapjaa
MerraBana. TacIUKK 3epuH XaHromu cudpi OymaHM IIAPTXOM aBBaja MCOOT Kapia
Iyaacr.

Jlemmanm 2. buezop, T <l 6a q(x,t), f(x,t) € L,(Qr) b6owano. Ou 2ox xaniu
ymymuwyoau macvanau omexmau (1), (3) ea (7) az cungpu W,A(Qr) xap eyma
@yuxcusau u(x, t) mebowao, ku oap Qi maxoyo acm 8a MyHocubamu 3epuHpo KOHeb

Me2apOoHao:
t—x t—x t

1 s
u(x,t) = —j E(T)d‘[ +v(t+x-0D+ EJ dt J [qC¢, Dulé, 1)+ f(&1)]dE +
0

T

’ 0
t I—|t—t—x—1|
+% Of drHH { _t+x|[q(f.r)u(f.r)+ f(&1)]dé. ®

2 2
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Isoxu 3. Arap u(t) € Wi(—&,T] Ve >0, v(t) € Wi(—e,, T] V&, >0,
koapdurcuentn q(x,t) Xampox 00 xocwianm Xyn (,(x,t) map pocTkyH4Yam Qp
Maxmy/ OomaHx, MHYYHWUH GyHKcusu f(x,t) 6a curdu W, (Qr) Taammyk gomTa
Oomaz, oH rox xamum omextan macwanau (1), (3) Ba (7), ku map nmemman 2 Gappaci
mynaact, 6a cuadu W2 (Qr) Taammyk Xoxaj JOIIT.

Harnyaxou acocuu un 6ana Teopemaxou (7) Ba (8) meboran.

Teopemau 7. buesop, T < | bowao sa ¢pynxcusxou q(x,t) ea f(x,t) 6a cungu
L,(Q7) maannyx oowma 6owarnd. On 2ox myoounau unmezpaiuu (8) xaii sieonau
maxoyo oopao. Fatip az un, acap wapmu f(x,t) = 0 uypo wasao, nac dap coxau

{(x,t):O <t Sé,t <x<Il- t}ﬂ Qr, u(x, t) = 0 mewasao.

Haruuam 2. buezop, wapmxou meopemau 7 uypo wiaeano. Ou 20X Xxauiu
macvanau omexmau (1), (3) 6a (7) 6a 6axou 3epun mobev mebowao:

Sup |u(x, t)| < C(Ilu(t)lle or] SUP v + ||f||L2(QT)> (9)

(x,t)€Qr

Hn 6ax0 nucbam o6a q(x,t): |lqll, ) =V C = C(y) > 0 mynmaszam acm.

A3 Oaxoum (9) ycryBopumM Xa/uid Machalian OappacuiraBaHma HucOar Oa
IapTXOM capXaaid Ba KHCMHU POCTH Myoiijia 6apMeosi.

Teopeman 8. Dapz mexynem, xu Oap myoounau (1) xkodpppumcuenmu
magztiupéobandau q(x,t) mawuxo 6a cungu L,(Qr) maannyx oopao. Ou 20x bapou xap
eyna T € (0,1] macvarau omexmau (1), (3) 6a (7) az cungpu W3 (Qr) a3z ax xan 3uéo
oowma HAMemagoHao.

Jlap 6aHau ceroM MaBUYAUSITU XaJUTM Macbhallan uaopakynuu capxaauu (1), (3),
(4) Ba (7) xauromu T = [ Ba siroHaruu oH xauromu T < | oMyXTa mryaaacr.

Hap aBBasi Teopema map 6opau sTOHATUPO MEOPEM.

Teopemau 9. bueszop, q(x,t) oap myoounau (1) 6a cungu L,(Qr) maannyx
oowma 6owao. On 20x 6apou ourxox T € (0,l] macvanrau uoopaxynuu capxaouu
(1), (3), (4) sa (7) a3 cundpu W,* (Qr) manxo sx xan dowma memaginao.

Hap osina 6apou cogarapaornu xucooxo f(x,t) = 0 meryzopem.

Teopeman 10. buezop, T =1 6a q(x,t) € L,(Qr) 60owao. Oun eox, 6apou
mMasyyo b6yoanu xauiu macvaiau uoopaxyrnuu capxaouu (1), (3), (4) ea (7) az cunghu
WA(Qr), 3apyp acm, ku yukcusxou ubmudoi 6a HUXOU MYHOCUOAMU 3€PUHDO
KOHeb HAMOSIHO:

l-T

- j 4(&, Dy (€, 1)dEdr = By +

f 4(&, Dua (€, 1)dEdr,

-7

o\:MN
NlN\N
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Ku oap ou Ay, By — doumuxou oap 6ono osapoauryoa mebowiano. bBysypeuxou uq(x,t)

6a Uy (x,t) az pyuu ghopmynaxou 3epur xucoo kapoa mMeuasamo:
x+t

1
s (6 0) = t)+2 J0, w0 =5leG+0+ea-0+ [ wEd

[Ty210 ) =5 f dr f Q€D EDAE; 1,000 = A, t)+Z[T4u4 o)

x—t+1

1
LD =5 [pGr =D oG-t D— [ w

x+t—1
xX—t+1

[Ty,](x, €) = f dr f 4(&, ) (€, D) dE .

xX+t—1T

Teopeman 11. buesop T =1 6a q(x,t) € L,(Qr) 6owad. Ou 20x myHocubamu
oap meopemau 10 osapoautyoa wapmu Kugoseil HU3 6apou Masyyousmu Xauiiu
seonau macvanau uoopaxyuuu capxaouu (1), (3), (4) ea (7) az cungu Wi(Q))
Mmebouao.

I30xu 4. bapou xamnum Macwanam upopakynuu capxamuu (1), (3), (4) Ba (7)
0axou anpuoOpUM 3€pUH UYPO MEIIABAI:

lu(x, t)”Wzl(Ql) = L(”<P”W21[o,l] + ”<P1||W21[0,1] + ||1/’||L2[0,l] + ”¢1”L2[0,l])»
KM Jap oH jgoumuu L 6a HOopMHM (yHKCHsXoe, ki 0a Machaja JOXHJI MEIIaBaH]I,
BoOacrta HecT. MIH 6axo ganenu yCTyBOpHUM XalUiu Oanactomana HUcOAT 0a mapTxou
nOTUI0N Ba HUXON MeOoIIa.

Wnosa 6ap uH, arap ||qll, = 0, on rox ||z — Zill,j0r — 0 Ba [lv — ﬁ||W21[0‘T] -0,
ku ap ouxo [A(t) = 1,(0,t),V(t) = ti(l,t). Un a3 oH maxoaaT Meauxaj, Ku XajuiH
Macwanau unaopakynuu capxaauu (1), (3), (4) Ba (7) HucOar 6a ouryou aagIuTUBHH
q(x, t)u(x, t) perymspi acr.

I30xm 5. Taxamiam HaTu4axou 000Xou 2 Ba 3 HUIIOH MEAUXAd, KU JIap XOJaTh
T =1 maxmu ymymun xamm u(x,t)-u Machanau HIAOpPaKyHUHU capxXaaid Oapou
myonunau  Tenerpagim 60 koddduTcHMeHTH —TariupéOaHaa, KM - paBaHIU
OappacuIaBaHapo a3 X0JIATH UOTHIOUU UXTUEPHH {fu(x,0) = p(x), u(x,0) =
=YP(x)} 6a xomatu Huxomm wuxtHEpun {u(x,l) = @,(x), u:(x, 1) = P,(x)}
METy3apoHaJl, WHYYHWH IMapTXOW 3apypid Ba KHDOATHM MaBUYIUATH YyHHUH
UI0paKyHii, 6a HaMyau HIOPAKyHHH capXalid BoOacTa HecTaH. SIbHE, MyXUM HECT,
KM WJIOpaKkyHii: 60 YOMMBA3KyH# Jap capxajy 4amn Ba KyBBau YaHAUPH Jap capXaau
poct moma maBam: {u(0,t) = u(t), uy(l,t) =v(t)}, € 60 KyBBaM uaHAMPA Hap
capxaad 4am Ba 4oimBaszkyHil map capxanu poct: {u,(0,t) = u(t), u(l,t) =v(t)}.
bo Byuynu wH, KUMaTX0M XyJIU UIOPAKYHUXOM capXaji a3 skaurap hapk MEeKyHaH].
OHX0 TaBacCyTH XaUIM MYOJWJIAXOW HWHTErpaliui Jy4deHakan HaBbu BombTeppa
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udpoma xapaa wmemaBaHa. WH BOKEWSAT SKEe a3 HATUYaXOM AaCOCHH KOpHU
JTUCCEPTATCHOHM Oa IIyMop MepaBa.

Hap OGangu 4-u 600m 2 kain myna Oyn, ku Xanromu T > | macwanaum
UJOPAaKYHUH CapXajil JOpPOU IIymMopau Oeoxupu xanxo mebomran. A3 uH py, 1ap UH
MaBpHJ Machallal ONTUMHU3ATCHIM HJIOPAKYHHH capxadi 0a MuéH meosna. OH map
éprann uynun Qynkcusaxou u(t) € L,[0,T], v(t) € WL[0,T] upona meéban, ku
00 Ha3apJOIITH INAPTXOM ajoKa, KW a3 HWYPOW IIAPTXOM HOTHAON Ba HUXOMH
OapMeosiHI, 62 MHTETPAJIA YHEPTUSAN CapXalid KHMATH XyPATAPUH MEIUXAH]I.

banau 4 -u 000m 3 max3 0a xaumM XaMHH Machaja Oaxiuja IIyaaact.
Hartuyau acocun un 6ana reopeman 12 meborman.

Teopeman 12. buzzop, oap macvanau uoopaxynuu capxaouu (1), (3), (4) ea (7)
T=2ln+A4, xu oap on n€N, A€[0;2l] sa q(x,t) =0 6owao. On cox
uoopakynuxou capxaouu seonau u,(0,t) = u(t) € L,[0,T], u(l,t) =v(t) € W2[0,T]
Masyyoano, Ku cucmemau 1annuupo a3z xoaramu ubmuoouu (3) 6a xoramu HUxouu
(4) meopano ea xamzamon 6Oa uHmMePAIU DHEPIUSU CAPXAOUU 3ePUH  KUMAMU
XYypOmapur Meouxauo.

T
jﬁmoF+wxm%m.
0

HUn uoopaxynuxou capxaoii 6apou xamau 0<t< A éa m =0,n ea bapou
yavau A<t< 2lBam=0,n—1 60 ¢opmyraxou 3epun Mmyaiian Kapoa
MeuasaHo:

bapou 0 <A < I:

21 t
u@im+0) =F@), v@2im+t)= @) +mj F,(m)dn + f F,(n)dn,
0

0
KU 0ap uH yo

Ay (t) r(=nmc
_1ym+1, 2 7 | ¢ qym A &m=0 AT
(D e (- SR e [0;4]
A (t n-l1(_1)m¢
(=)™ - 3(t) + (—1)m*1. m=0(~1) ,t € [A;l];
Fl(t) — < 2n " 2n .
(—1)mtt -A—l(t — + (—1)™- m=o(=D"C tel[l;l+A];
2n+ 1 2n+1 '’ ’ ’
At —1 n-1(_1)ym¢c
k(—1)"‘+1 -4—) + (—1)™- m=o(=1) ,t €[l + A;21];
2n 2n

24



( A, () m=o(=1)™C
_1\ym ., "+t 7 1 \ym+1 . . .
(- TS (B e, e [0l
A, (t n-l(—1)m¢
(=1)m- 4()+(—1)m+1' m=o(~1) +C, te[Al];
_ 2n 2n
F,(t) =+ n-1 m
(—ym - 227D gy ZmeoCDTE g,
2n+1 2n+1 ’ ’ ’
As;(t—1) %_:10 —1)™C
_1\m . _1\m+1 ., . .
k( 1) 7 + (-1 7 + C,t €[l +A;21];
1
A1(t)=§[<Pi(t—A+l)—<P'(l—t)+l/J1(t—A+l)+l/J(l—t)—

2In+A

l
— j f(t-l—Zln-l—l—T,T)dT-l-Jf(l—t-l—T,T)dT‘;
0

l

1
A0 =5le1 A -+’ (O - (A-D) +¥P(O) +

2In+t

!
+ f f(T—t—Zln,T)dT-l-!f(l—t+T,T)dT‘}

l

1
As(t) =@t —2) + 9" (O) + s (t - 2) +¥(O) —

2In+A

l
- J f(t+21n—r,r)dr+jf(t—T,T)dT‘;
0

l

A0 = Z[QA(E A= D —@'U =)~ Yy U+ A= D + P~ +

2in+A

l
+ f f(l—Zln—t+T,T)dT+ff(l—t+T,T)dT];
0

l

(45 = D[1(D — (D] — [} A (D)dt
8s2] —8sl+ 4sA — A +1

XaHroMu n = 2s — 1,

(4s + Doy () — oD] = [ 4, (©)dlt
\ 8s2A + 4sA + 2sl

XaHIOMU N = 25S;
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oapou | < A < 21:

21 t

pim+t) =F;(t), vQ2im+t)=¢)+ mj Fy(m)dn + f F,(n)dn,
0 0

2oe
(/i \m+1 . B, (t) Nm . m=o(—=1)™C, AT
-1 2n+2+( 1) T2 ,tE[0;A—-1];
B,(t n—1l(_1)ym¢c
(-m* -24—i)1+ CELE m‘;( +i S e A=
F3(t) =4 n -1 o
(_1)m+1 .BZ(t - +(-Dm- m=0(=D"C t € [L;A];
2n + 2 2n+ 2 ’ T
B;(t—1) m=0(=1)™C;
_ m., _ m., . .
( B,(t) m=o(=1)™C;
_1\ym. _1ym+1., AT
B, (t n_(=1)™mc
(—1)"““-%+(—1)mﬂ- ’”‘2"( +i “+ Gt e [A- LU
F,(t) = 4 n AT
(—pym-BLETD gy ZmeoTDTG g,
2n + 2 2n + 2 b P
B,(t—=1) rE=nme
_1ym. _1\ym+1., 971

Bi(6) = 3 [ph (¢ — A+ 20) + @'(6) 4 3 (¢ — A+ 20) +(0) -

2Iln+A

!
— j f(t+2ln+21—T,T)dr+ff(t—r,r)drl,
0

l

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

2in+A

l
+ f f(T—l—Zln—t,‘[)d‘[—off(l—t+T,T)dT];

l

Bs(t) =S [p1(t A+ D+ o"(U-)+yt —A+ D) -y —-1t) -

N =
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2In+A l

- j f(t+21n+l—r,r)dT—Jf(l—t+r,r)dr ;
1 0
1
B,(t) = E[QDQ(A —)+¢' () - A-)+ () +
2In+A l

+ fr—t—=2In,t)dt+ | f(t —1,1)dT]|,
/ |

(4s[p1 () — (D] — [, By(e)dt

=2s—1,
852l + 4sA — 4sl XAHTOMH Tt S

l
(45 + Dlgy (D — o] — [ Bs(B)dlt
\ 8s2l + 4sA + 2sl + 2A — 21

XaHIOMH n = 2s.

Arap suppf (x,t) € Qr, T. = const (apHe Tabcupu OepyHuu f(x,t) XaHroMu
T > T, aitnusa 6a cudp Oapobap Oomam), mac KUMATH MUHHUMAIUU HHTETPaIA
1
T
MIITHPOK MeKyHas, 6a Hopmau dpynkcusaxou @(x), @, (x) € WH0,1]; Y (x), P, (x) €
L,[0,1]; f(x,t) € L,(Qr) Ba max3au BakTu T Bobacrta mecbOomaa. MH xonar a3 oH

SHEPrusiv capxajid TapTUOU 0( ) - po nopan. Joumue, ku gap 6axoum XOCHIIIYya

maxofaT MeAuxall, Ku KMMaThd MUHUMaJIMH UHTETPad HEPrUsU capXalil XaHTOMU
T — oo 6a cudp Maiin MeKyHaJ Ba UMKOH MEAMXaJ, KM a3 BOPUJ LIyJaHU paBaHId
Januiy Top 0a pe3oHaHC NEIrupi Kapaa maBaj,.

Hap Oaxmn «MyXoKMMaM HATH4YaXOM XOCWJIIIyJAa» O0a TaBpH MyxTacap
TaxJIMIM HATUYaxoe, KU J1ap KOpU IUCCEPTATCUOHM 0a TacT oBapJa LIyAaaH]l, aHqOM

J04a MC11aBaJl Ba OHXO 00 HaTn4axou MyaJ'IJII/I(l)OHI/I aurap MyKouca MCerapJaaHmu.
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XYJIOCAXO

HaTnyaxou acocum WIMHM AUCCEPTATCUSA

XaMuH TaBp, MO XamMaW MachajaxoHW Ty3omTamrygapo 0a TaBpu Mydaccart
TaxKuK Hamyzaem. Jlap mo€H HaTtmyaxow OamactoMana 0a TaBpu MyxTacap oBapiaa
MeIIaBaH/I.

bapou myommnau Tenerpaduu sikueHaka 00 kod(pUTCUEHTH Tarinpébanman
HaMYT!

U (0, ) — Uy (6, £) — q(x, Dulx, t) = f(x,t), 0<x<I[, 0<t<T
00 MabHOM YMYMHUIIIY/IA:

1. Macbanau uopakyHuu capxaji, Ki TaBaCCyTU YOMMBA3KyHH Jlap capXa/y 4yarl Ba
KyBBaWl YaHAMPA Jap capXaaud POCT aMallid Merapiaj, MaBpUIU OMY3HII Kapop
nonma myn [1-A], [3-A], [4-A], [7-A], [11-A];

2. Macwanaun uopakyHUU capxajiid, K TaBaCCyTH KyBBau YaHJUPI Jap capXaau yarl
Ba YOMMBA3KyHN Jap capXalud pOCT amMajil Merapjaj, MaBpUId OMY3HUII Kapop
nona myn [2-A], [5-A], [8-A], [9-A], [10-A].

Hap xap ay xonar:

e Teopema jaap 6opam sIrOHaruu XayjIk Machaian OappacuIiliaBaHian UIAOPaKyHHH
capxaai 6apou BaKTXoM XypJl € 6apobapu KpUTHUKA UCOOT Kapja Iy,

® [IApPTXOM 3apypil Ba KUDPOATUM MaBUYIUSATH HIOPAKYHUXOM CapXajauu
qycTy4yIIaBaH/ia 1ap BaKTH KpUTHUKI 0a AacT oBapja MIyJdaH/;

e (0axou ampuopit 6apou Xayui Machaiau UAOPAKYHUU CapXaail XOCHUJ TapIu/l,
KU YCTYBOpUHU XaJuth OajacTomMaaapo HucOaT O6a mapTxou UOTUIO0N Ba HUXOM
TaCAUK MEHAMOSI;

e peryisipit OyfaHu XaJlId Machajad UIAOPAKyHUHU capXalid Hucbat O6a ouryou
anauTHBHK omeparopu MaBuid q(x,t)u(x,t) 60 xoaddurcueHtn 60 KBagpar
3aMIlIaBaH a aCOCHOK Kapa IIy.

NnoBa OGap wH, SKKMMara XallllaBaHJarMUd MachajdaXOd OMEXTah MYBO(DUK

Oapou myoaunan tenerpadun 6appacunriaBasaa KCOOT Kapjaa mry1. AHUKAIIL:

" TEOpEMaxoH SITOHATUU XAJUTH Machalaxou OMeXTau MyBO(MUK UCOOT rapIuaaH/;

" TeOpEeMaxou MaBUYAMSITH XAJIJIM Machalaxon OMeXTau MyBO(PHK UCOOT IIyIaHT;

" ACOCHOK Kapja IIyl, KU XaJUIM Machallaxom omexTa HucOaT 0a omyou

anautuBun q(x, t)u(x,t), nHYyHUH HECOAT 0a (yHKCcHAXOe, Ku 0a Ty30pHIlNd

Machaliaxo JOXHJI MEIIaBaH I, yCTyBOp MeOomIal.
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Bosin Tabkua Hamynd, KM XalllIaBaHJArMU XaMad MachallaxoW Oappacuinya aap
Mapxuiau aBBaja 0apou MyOJuJIau JIAMMHUIIXOW MadOypuu TOp, KU XOJaTH XyCYCHUH
MYyOJWIau TaxXKHKIIaBaHaa XaHromu ¢(x,t) = 0 meOoImaa, HUIIOH J0Ja IIyAaacT.
bapou wuH XomaTm Xycycih XaMaW TacJAUMKOTH MYBO(DHMK Taxus IIyaa, HCOOT
rapauiaaHi.

3. UnmopakyHuxou capxaaud ONTHUMAaJi, KA TaBacCCYyTH YOWWBA3KyHH Hap capxaau
Janm Ba KyBBaW YaHIHUPA Jap capXaad POCT aMallii MerapaaHn, aap (ocuman
uxTuépun 0a Kaapu Kol KaJoHM BakKT Oapou paBaHIXoe, KU 00 Myoauiau
JIATIIUAIIXO0M MayOypUH TOp TaBCU(] MelIaBaH/, CoXTa Inyaaans [6-Al;

4. VnopakyHUXOM capXaJuH ONTUMAaJ, KU TaBacCyTHU KyBBaW YaHAUPH Aap capxaau
yan Ba YOWMBA3KyHH Jap capXaad pOCT aMaliii Merapjasji, aap docunaun
uxTuépun O0a Kaapu Kol KaJOHM BaKT Oapou paBaHIXoe, KU 00 Myoauiau

JANMUIIX0M Ma4yOypHuH TOp TaBCcU( MellaBaHl, COXTa Iryaaasy [6-A].
Tascusixo oujg 0a ucrudoaam aMajanu HATUYAXO

Kopu namcceprarcnonn AopoW axaMusITH Ha3apusaBid Oyna, HaTUYaXxOd OH
METaBOHAH/I Iap CAMTXOH 3eprH UCTH(O/a MaBaH]T;:

¢ XaHTOMH TaxKWKH MHUHOabJaW MachallaxOW MOHAHAW HIOPAKYHHUU CapXaan
Oapou cuHGXOM TYHOTYHH MyOIwiIaxou auddepeHcuami 00 XOCHIaxXou
XyCyCil Ba Machajlaxon 62 OHXO0 aJlOKaMaHId MaTeMaTHKau aMallii;

¢ 5ap paBaHIW TabUMU (AHXOM TaxacCcycit OapoW JOHUIIYYEHH KYpPCXOH
Oosoit, MarucTpanToH Ba noktopantonu (PhD) - m mxTucocxom mareMaTHka
Ba (hU3MKaN MyacCHUCaXxOU TaxCUJIOTH OJIUU KacOii;

s OapoM aMCHJIacO3MM  paBaHAXOM TYHOTYHH (H3UKHA, TEXHUKA Ba
TaOMATIIMHOCH, KM TaBaCCyTH MYOJIMJIAXOW Jlap JUCCEpTaTcusi Oappacuinyaa

TaBCU(] Kap/aa MEIIaBaH/I.
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PyiixaTu MHTHMIIOPOTH 10BTAJA0U Japavyau UMl

Maxonaxoe, ku oap mayannaxou makpusuiaeanoau a3 youuou KOA-u nazou Ilpesudenmu
Yymxypuu Toyuxkucmon éa é KOA-u nazou Bazopamu uam éa maxcunomu oauu Pedepamcuau

[1-A]

[2-A]

[3-Al

[4-A]

[5-Al

[6-A]

[7-Al

[8-A]

Pycua maecusawyoa nawip uiyoaano:

AbnykapumoB M.®. O 3amaue rpaHUYHOTO YIPABICHHS CMEIICHHEM Ha OJHOM KOHIE M
YIPYTOi CHJION Ha JAPYroM Juis OZHOMEPHOTO TeJerpaHOro ypaBHEHHS C MEPEMEHHBIM
koddurmentom [Tekcr] / M.®. Abnykapumon, ®.P. UcmartoB // Becthuk boxTapckoro
roCyJapCTBEHHOTO yHHBepcuTera uMeHn Hocupa Xycpasa. CepHst €CTECTBEHHBIX HAYK. —
2025. - 2/3 (138). —C. 5-21.

Ab6nykapumoB M.®. OO0 0AHO3HAYHOW pa3pEeUIMMOCTH JIBYX KOMOMHHPOBAaHHBIX
CMEIIaHHBIX 337a4 JJIs TeJerpagHoro ypaBHEHHUs ¢ IepeMEeHHbIM Kod(urrenTom [ TekcT]
| M.®. A6aykapumos, ®@.P. Ucmatos // Bectauk punrara MI'Y umenn M.B.JlomoHocoBa
B I. [lyman6e. Cepus ecrectBeHHbIX Hayk. — 2024. — T.1. — Ne3(41). — C. 5-31.
AbnykapumoB M.®. O pa3pemmMoCTH OJHOW CMEIIaHHOW 3ajgad Ui Tenerpaduoro
yYpaBHEHHsI C TMEPEMEHHBIM Kod(uIMeHTOM U3 Kiacca CyMMHPYEMMBIX C KBaJpaToM
¢ynkuuit [Texcr] / M.®. Abaykapumon, ®.P. McmartoB // Jlokimaasl HalMOHAIBHOW
Axanemun Hayk Tamxukucrana. — 2022. — T.65. — Ne9-10. — C. 586-592.

HcmatoB @.P. OnHO3HaYHAs pa3pemrMoCcTh IByX KOMOMHUPOBAHHBIX CMELIAHHBIX 3a/ad
i TenerpaHOro ypaBHEHHS ¢ NepeMeHHbIM Koddduuumentom u3 kimacca Lz [Teker] /
®.P. UcmaroB // BectHuk Ta/KHKCKOro HalMOHANBHOrO YyHHBepcutetra. Cepus
ecTecTBeHHBIX HayK. — 2024. — Ne4, — C. 15-34.

HNcmatoB @.P. O6 opHO3HAUHOM pa3peliuMocTd OJHOW KOMOMHHMPOBAHHOM 3aJayu
TPAaHUYHOTO YIPAaBHEHUS JJIS Telerpad)HOro ypaBHEHHs ¢ TEepeMEeHHBIM Kod(ddunmenTam
[Texkcr] / ®.P. UcmatoB // Becthuk ¢uamana MI'Y umenn M.B.JlomoHOCOBa B T.
Hyman6e. Cepus ecrecTBeHHbIX HaykK. — 2025. — T.1. — Nel1(45). — C. 5-28.

Maeo0ou konghepencunaxo ea huwiypoau mavpyzaxo:

Hcemato @.P. O6 oaHoM 3aa4e ONTUMAIBHOIO TPAHUYHOTO YIIPaBJICHUS JUIsl YpaBHEHUS
BBIHY)KJICHHBIX KoyieOanuii crpynsl [Tekcr] / M.®. A6mykapumos, ®.P. UcmatoB //
Marepuansl MEXIYyHApOAHOW KOH(DEPEHIIUH, TOCBAIIEHHON 85-JI€TUIO CO JHS POXKICHHS
BBIJIAIOIIETOCS  TAJPKUKCKOTO MaTeMaTHKa JOKTopa (DU3MKO-MaTeMaTHMYeCKUX Hayk,
npodeccopa Cobupona Temypa Cadaposuua. — [[ymanode, 28-29 nosiops 2025. — C. 29-32.
AbnykapumoB M.®. OpHO3HayHas pa3pelIMMOCTb OJHOW KOMOMHHMPOBAHHOW 3a/lauu
IPAaHUYHOTO yIpaBiieHUs 3a Kputuueckoe Bpems [Tekcr] / M.®. AbGnykapumos, @.P.
HcematoB //  Marepuansl  MEXKAYHAPOJAHOW  HAYYHO-NPAKTHUECKOH KOH(EpEHIINH,
MOCBSIIEHHON  «/IBallIaTUIIETHIO U3YYEHUs M pPa3BUTUS €CTECTBEHHBIX, TOYHBIX U
MaTeMaTUYeCKUX HayK B cdepe HaykKd W oOpa3zoBaHus» W 80-JETHIO CO JTHA POKIACHUS
npodeccopa borimypona Anuesa. — J{yman6e, 2025. — C. §8-11.

AOGnykapumoB M.®. O pa3pemumMocTH OJHOW KOMOWHUPOBAHHOW 3a/ladyd TPaAaHUIHOTO
ypaBHEHMs JJIs YpaBHEHHMs BBIHYKICHHBIX KoOJeOaHUH CTpyHbl 32 MHMHHUMAJIbHBINA
npoMexxyTok Bpemenu [Tekcr] / M.®. Aoaykapumos, ®.P. UcmartoB // Matepuaisl
MEXIyHApOAHOH Hay4yHo-mpakTHueckoil KoHpepenuun XIV JIoMOHOCOBCKHE YTEHHS
«Pomp  ®ummana MOCKOBCKOIO TOCYyIapCTBEHHOIO YHHUBepcuTera wumeHu M.B.
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JlomoHocoBa B ropoze lymanOe B pa3BUTHU HayKH U oOpa3zoBaHus». — Jymanoe, 2024. —
C.3-1.

[9-A] Ao6aykapumo M.®. O 3aaue rpaHUYHOTO YIPABJICHUS YIIPYrOd CHIION Ha OJJHOM KOHIIE U
CMEILICHHEM Ha JPYroM Ipolecca, OMUChIBaeMOro tenerpadHsiM ypaBHeHHeM [Tekct] /
M.®. Ao6aykapumoB, ®.P. HcmaroB // Marepuansl |V MexayHapoaHOW Hay4dHO-
npakTuueckor KoHdpepeHuu «CoBpeMeHHbIE TPOOIEMbl MATEMAaTHKU U €€ MPUIOKECHHI.
— Jyman6e, 2024. — C. 16-19.

[10-A] AG6aykapumoB M.®. O 3agade rpaHMYHOIO YIIPABICHHS, TPOU3BOJAUMOrO YIIPYrol CHIION
Ha OJHOM KOHIIE M CMELEHHEM Ha JPYroM Ipolecca BHIHYXACHHBIX KOJeOaHUIN CTPYHBI
[Tekcr] / M.®. Abaykapumos, ®.P. MemaToB // Matepuaibl MeKAyHAPOJAHOW HAYYHOM
koH(pepeHMH, mocBAMEHHOW 75- seruto THY, 20-netwro pa3BUTHUS  TOYHBIX,
€CTECTBEHHbIX M MaTeMaTH4eCcKMX Hayk, 85-metuto akagemuka HAH Tamxuxucrana
Pamxabora H. — [lyman6e, 2023. — C. 12-14.

[11-A] Ab6aykapumor M.®. O rpaHMYHOM YIPaBICHUU CMEIICHHEM HA OJHOM KOHIIE M YIPYToif
CWJION Ha JPYroM Mpollecca BBIHYKICHHBIX KOJIEOAaHUW CTPYHBI 32 KPUTHUYECKOE BPEMs
[Tekcr] / M.®. A6aykapumos, ®.P. McmaroB // Matepuasibl MeXIyHApOIHOH HaydHO-
npaktudeckoil koHdpepeHun «XIII JlomoHOoCOBKHME uTeHHs», MOCBSAMIEHHOW 115-meTuro

akagemuka boGomxona ['apyposa. Hacts 3. EcrecTBennsie Hayku. — Jlymano6e, 2023. — C.
3-6.
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BBEJIEHUE

AKTYaJIbHOCTh TeMbl HCCJIed0BaHUsl. «B yCIOBHSIX CTPEMUTEIBHOTO
Pa3BUTHS COBPEMEHHOM HAYKH M TEXHOJIOTHI BOMPOCHI YIIPABICHUS TUHAMUYECKUMHU
pOLIeCCaMH, ONKICHIBAEMBIMU TUNepO0INYECKUMHU b depeHnanTbHBIMU
YpPaBHEHUSIMH, SIBISIIOTCS OAHUM M3 BaXXHEHIIUX  HAMpPaBICHUM  HAyYHBIX
uccienoBanuii. B yactHoCTH, 0OJHOMEpHOE TeerpadHOe ypaBHEHUE C TIEPEMEHHBIM
KOd(PUITMEHTOM HCTONB3YeTCS I  OMHCAHWS TPOIECCOB, CBSI3aHHBIX C
pacrpocTpaHEHUEM BOJH, IMepeladyeid CUTHAJIOB U JIBUKEHHUEM BEIIeCTBAa B
pasNMYHBIX cpeAax. Takue TMpolecchl HMEIOT BaXKHOE TEOPETHYECKOe W
NPaKTUYECKOE 3HAYCHUE MPU UCCIEAOBAHUHM PACIPOCTPAHEHUS AJIEKTPOMATHUTHBIX
BOJH B JUIMHHBIX JIMHUSX CBSI3M, JAWHAMUKHA JBW)XKEHHS HepTH U rasza 1o
TpyOONpoOBOJaM, a TaKXKE IPU aHAIW3€ BOJHOBBIX IPOIIECCOB B TEOJOTMYECKUX
cpenax. OnHOM M3 BaXHBIX 3a/lad TEOPUU TPAHUYHOTO YMPABICHUS SIBISETCA
pa3zpaboTka 3(PGEeKTUBHBIX METOJIOB yIpPaBICHUS MOAOOHBIMU MPOIIECCAMU C YUYETOM
BPEMEHHBIX orpaHndeHuid. HecMoTps Ha TO 4TO 3a1auu TPAHUYHOTO YIIPABICHUS J1JIsI
runepOoIMUYEeCKMX YpPaBHEHHM pacCMaTpUBAINCh BO MHOTHUX HCCIEIOBAHUSX,
BOIIPOCHI, CBSI3aHHBIE C YCTAHOBJICHUEM YCIIOBUI CYNIECTBOBAHUSA U €IUHCTBEHHOCTHU
pEelICHUI 3aJady TPaHUYHOIO YINpaBlIeHUA g TenerpadHOTO YpaBHEHUS C
MEPEMEHHBIM KO3 (UIIMEHTOM, 0COOCHHO Ha MUHUMAaJIbHOM BPEMEHHOM HHTEpPBAJIE,
710 HACTOSIIIIETO BPEMEHH M3YYEHBI HEJOCTATOYHO MOJTHOY [5].

Hanmuune mnepemenHoro ko3dduirieHTa B paccMaTpUBAaeMOM YpaBHEHUU
CYIIECTBEHHO YCJIOXHSET €ro MaTeMaTH4eCKyl0 CTPYKTYpy U OrpaHU4YMBaET
BO3MOXHOCTh ~ HEMOCPEACTBEHHOIO  MPHUMEHEHUS]  KJIACCUYECKUX  METOJOB
UCCIIEOBaHMs 3a7a4  ymopaBieHus. B cBs3sm ¢  93TuM  pa3paboTka HOBBIX
AHAJIMTUYECKUX TMOJXOJ0B M COBEPIICHCTBOBAHHE CYIIECTBYIOIIUX METOJOB IS
YCTAHOBJICHUS] HEOOXOJMMBIX U JOCTATOYHBIX YCIOBUW pa3pelIiuMOCTH 3ajad
IPAaHUYHOTO YNPABJIEHUS MPUOOPETAIOT OCOOYIO aKTYaIbHOCTb.

HeoOxoaumocTh  mpoBelE€HHMsS  JAHHOTO  HCCIAEAOBaHUS  00yCIOBJIEHA
CYIIECTBOBAHMEM HEPEIICHHBIX TMpoOJieM B 00JacCTH TEOPUM  YIIPaABICHUS
pacrpeneyeHHbIMA  CUCTEeMaMd W TEOPUM  HAudallbHO-KpAaeBbIX  3adad ISl
rUNepOOTMIECKUX nudepeHanTbHbIX YpaBHEHH, B TOM qucie
KOMOWHUPOBAHHBIX 3adad. PelmieHrne MOCTaBIEHHBIX 3a/Jad IO3BOJUT Pa3BUThH
TEOPETUYECKUE OCHOBBI YIIPABJICHUS! BOJIHOBBIMH MPOIIECCAMH, & TAKKE MPEJIOKUTD
HOBBIE€ METO/IbI UCCJICIOBAHUS U YIIPaBJICHUS MOJJOOHBIMU CUCTEMAMU.

Takum oOpa3omMm, ucCCIeIOBaHHE KOMOWHUPOBAHHBIX 3aJad TPAHUYHOIO
yopaBlieHUs JUIsi  OJHOMEPHOTO Tejierpad)HOro ypaBHEHUS C  TEPEMEHHBIM
KOd(DPUITMEHTOM HMEEeT KaK TEOpPeTHYEeCKOe, TaK M TMPAKTHYECKOE 3HAYCHHE,
CIIOCOOCTBYET MaJbHEHIIIEMY Pa3BUTHIO TEOPUH TPAHUYHOTO YIPABIICHUS, TECOPUU
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muddepeHnranbHbIX YpaBHEHUH W PACHIMPEHHUIO BO3MOXXHOCTEW WX MPUMEHCHUS
IPU MAaTEMATUYECKOM MOJIETMPOBAHUHU PEATBHBIX MPOLIECCOB.

Crenennb paszpaGoranHocTu Hay4Hoil Ttembl. B 1988 roay JXX.JIL.JImoncom
OBLITM TOJTy4eHbl (PyHIaMEHTaIbHbIE PE3YIbTaThl B 00JACTH TPAHUYHOTO YIIPABICHUS
KoJie0aTeIbHBIMU MPOLIECCAMU, PACCMATPUBAEMbIMU B (hOpME CMEIIAHHBIX 3a7a4 JJIsI
BOJJHOBOTO YypaBHeHUsA. B ero cratbe [2] wucciemyercss 3ajiadya YCIOKOCHWUS,
MOHMMaeMasl KaKk MpUBEICHNE KOIeOaTeIbHON CUCTEMBI K COCTOSHUIO C HYJICBBIMH
HayaJabHbIMU (JaHHBIMH KoIlm) XapakTepuCTUKAaMU, MPU HAIOXKEHUHM TPAHUYHBIX
ycnoBuid  upuxne. C  HCHOAB30BAHMEM  aliapaTta TEOPUU TUIHLOEPTOBBIX
IPOCTPAHCTB aBTOPOM YCTAHOBJIEHO CBOWCTBO HEEIWHCTBEHHOCTH PELICHUS
chopMynupoBaHHON 3amaund B ciydae, korma T > 21, rae | oOGo3HadaeT HJIMHY
CTpyHbl, a T (UKCUPOBAHHBIH MOMEHT BpEMEHU. YKa3aHHBIN pe3yibTaT JOKa3aH B
paMKax 000OIIEHHBIX PEIIEHUH, TPUHAJIEKAIINUX KIacCy L.

B uccnenosanusix E.3ya3ya [3] u [4] konuenuus JInoHca Obu1a pacnpocTpaHeHa
Ha KBa3WJIMHEHHBIEC BOJTHOBBIE YPABHEHHUS C ACUMIITOTUYECKH JIMHEMHBIM XapaKTEPOM
HEJIMHEMHOCTH.

B pa6otax A.I'. BytkoBckoro u A. . JlepHepa [7] u [8] npencTaBiaeHbl METOIbI
pelieHuss  3aJad  ONTUMAJBHOTO  YOpPaBJICHUS  JUHEUHBIMH  CHUCTEMaMU  C
pacnpenenéHHbBIMU  TTapaMeTpaMH, OCHOBaHHbIE Ha TMpPUMEHEHUU L-mpobiiembl
MOMEHTOB.

B wmonorpapuun A.I'. ByrkoBckoro [9] 3amaya TpaHUYHOTO YHPABICHUS
uccnenyercs nocpeactsom meroaa dypbe M meroga MOMEHTOB. B pesynbrare
HMCKOMOE€ T'paHUYHOE yMpaBjeHUE MoIyueHo B popme psaga Dypbe.

B uccnenoannn A.E. Eroposa [12] ansi KOHCTPYKTHMBHOIO pELICHMS 3aa4d
IPAHUYHOTO YIPaBJICHUS] TPUMEHEH METOJ| MaJA0NUX U OTPaXEHHBIX BOJH. B ero
MoHorpaduu  [13] cHCTEeMaTHMUeCKH  M3JIOKEHBI  KJIIOYEBBIC  HaIpaBIICHHS
COBPEMEHHOW MAaTeMaTUYECKOW TEOpUU YHOPaBJICHUSA, BKJIOYas MaTEMaTUYECKOE
MOJIEJTUPOBAHUE YIPABISIEMBIX CUCTEM; OCHOBBI TEOPUH YCTONYMBOCTH HEIMHEHWHBIX
W YNOPaBIAEMBIX CHCTEM; TEPUOJAMYECCKUE KOJIeOaHUS HETUHEHHBIX CHCTEM;
(byHIaMEHTAIBHBIE TOJIOKEHUST TEOPUU  YNPABISIEMOCTH, HAOJIIOaeMOCTH U
UJICHTUPUIIUPYEMOCTH; METOJbl TEOPUHM ONTHUMAJILHOTO YIIPaBICHUS; DJIEMEHTHI
TEOPUHU CTOXACTUYECKUX YMPABISIEMBIX CUCTEM. PaccMoTpeHne nmpoBOaUTCS Kak st
CUCTEM C COCpPEIOTOYEHHBIMU, TaK U C pacnpeAciCHHBIMU IapaMeTpaMHu.
CoBmectnas pabora A.E. Eroposa c JI.LH. 3namenckoii [14] Takxke mocBsiieHa
yKa3aHHOW MpOOJIEeMAaTUKE M OXBATHIBACT Pa3IMYHBIC MIOCTAHOBKH 337a4 YIIPaBJICHUS,
HaOIIOCHUS ¥ ONITUMAJILHOTO YIIPABIICHHUS.

B pa6ore @.I1.BacunseBa [10] mpemnokeHa WHTEpHpETAIUS TEOPHUH
JIBOMCTBEHHOCTH MPUMEHUTENIBHO K JIMHEWHBIM 3a/1a4yaM YIPABJICHUs U HAOJII0ICHHUS.
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[IpoOnemMaTuka TpPaHUYHOTO YOpPABJICHHUS  KOJEOATENbHBIMU  TPOLECCAMU  C
WCITOJTh30BaHUEM (PYHKITMOHATBHBIX METOJIOB IMOJTYYHIa Pa3BUTHE B €M0 COBMECTHOM
uccienopannn ¢ M.M.ITotanoseiM, A.B.Pasrymuusiv u M.A . Kypkanckum [11], rae
pa3pabotanbl 3(PGEKTUBHBIC YHCICHHBIE AJTOPUTMBI JJISi BBIYMCICHHUS HCKOMOTO
rpaHUyHOTO ympasieHus. [IpuOmmkEHHbIE METOAbl pEHIeHHS 3aJad TPAaHUYHOTO
VOpPABJICHHUS IS BOJHOBOTO YpaBHEHUS pACcCMaTpPUBAIOTCS Takxke B paboTax
M.M.ITotanoBa u ero yuenuka J[.A. IBanosa [25], [26] u [15].

B pa6ote B.A. Unwuna [16] Buepeie mist moboro T w3 mHTepBana 0 < T < [
chopMyIUPOBaHbl HEOOXOJUMBIEC U IOCTATOUHBIE YCIOBHUS CYIIECTBOBAHUS U HAMJIEH
SBHBIA BHJI TPAHUYHBIX YMPABJICHUNA CMEIICHUSMU Ha JABYX KOHIAX, a IS CIydas
T > 1 (tounee, mmsa caydas [ < T < 2l) mpencraBieH OOmMMA BHUJ BO3MOXKHBIX
IPaHUYHBIX YNPABIECHUHN, BKIIOYAIOIINX JIBE MPOU3BOJIbHBIE IMOCTOSHHBIE U YETHIPE
Npou3BoJIbHbIE (YHKIUHU U3 K1acca W2 Ha cerMenTe no nepeMeHHoit t amunsl T — [,
KOTOpbIE TEPEeBOJAT KOJIEOATENbHBI MPOIECC, OIMUCHIBAEMbIH  OJHOPOIHBIM
BOJTHOBBIM YPaBHEHUEM

U (1) — U (x,t) =0, 0<x <[, 0<t<T, (%)
U3 TPOUW3BOJIBHOTO HadaybHOTO coctosHuUs {u(x,0) = ¢ (x), u:(x,0) =P (x)} B
nanepen 3amanHoe ¢uuansHoe cocrosaue {u(x,T) = @, (x),u(x,T) = Y;(x)}. B
3Toif paboTe NIpH M3YYEHHN 3a/aud KIIOUYeByl0 poib urpaer kimacc WA[(0 < x <
<1)x(0<t<T)], BuepBelc BBencHHbI B.A.WMibuHbiM B JaHHOH paborTe.
Hoxkazano, uto ciayyait T = | ang 3amayu rpaHUYHOTO YMPABICHUS CMEIICHUEM Ha
JIBYX KOHIIaX SIBJISIETCS] KPUTUYECKUM, T.€. TPOMEXyTOoK BpeMenu 0 < t < [ aBnsgercs
MUHUMAJIBHBIM JIJIS TIOJIHOM YMPaBIIIEMOCTH paccMaTpUBAeMOro Mpolecca MpH
MUHHUMAJIBHBIX OTPAaHUYCHUSAX HA HadaJbHbIC U (MHATIBHBIC YCIOBUS. AHAJIOTHIHBINA
pesyabrar B.A.MnbpunabiM [17] Obul modydeH W B ciydae, KOTJa yIpaBJICHHUE
JIEHCTBYET Ha OJHOM KOHIIE CTPYHBI MPH 3aKpPEIUICHHOM BTOpoM. JlokaszaHo, 49TO
KPUTUYECKUM B 3TOM CITy4ae SIBJISIETCS MOMEHT BpemMenu T = 21.

B pabGorax B.A. Wnbuna [18] u [19] wucciemoBaHbl 3agayd TPaHUYHOTO
VOpaBJICHUS B TEepPMUHAX O0O0OOIIEHHOTO perieHus ypaBHeHus (*) w3 Kiacca,
JIOITYCKAFOIIETO CYIIECTBOBAaHUE KOHEUHOW »Hepruu. B »Tmx paborax Bce 3amauw,
pPacCMOTPEHHBIE UM PaHbIlle B TEPMHUHAX KJIACCUUYECKOTO pemieHus (*), u3ydyaauch B
00001IIeHHO TTOCTaHOBKE.

[TockonbKy B citydae, KOT/la MOMEHT BpeMeHH T OOoJIbIlle KPUTHIECKOTO, 3a1a4a
TPAaHUYHOTO YIPABIECHUS HUMEET OECKOHEUYHO MHOTO pPEHICHUH, TO MPUXOIUTCA
pemarTh 3a7a4y 0 HaXO0XJICHUHM ONTHMAJILHOTO TPAaHWYHOTO YIPABIICHUS, HAIIPUMED,

OTBICKaHHC CpCAN BCCX ynpaBHeHHﬁ TOr'0, KOTOPOC A0CTABJKICT MUHUMYM HHTCTPATTy
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IPAaHUYHOMN PHEPTrUU. DTOM BAXKHOM MPAKTUYECKOM 3a/iaue MOCBSIIEHBI COBMECTHBIC
pabotel B.A.Wnpuna n E.M.Mowuceesa [22] u [23].

Hano otMmeTuTh, YTO 0O TEME€ TPAHUYHOTO YIPABICHHUS MPOLIECCOM,
OMKCHIBAEMBIM BOJIHOBBIM ypaBHEHHUEM (*), KaK JUIsl JOKAIbHBIX, TAK U HEJIOKAJIbHBIX
cMmemandeix 3amady, B.A. Uneun, E.M. MouceeB, A.B. benukos, JI.H.3namenckas,
A.A. Kynemos, A.A. Hukutun, I1.A.PeBo, A.M.PoroxuukoB, B.B. Tuxomupos,
A.A. Xonomeera, ['.JI.Habakaypu, omyOJWKOBAIM 3HAYUTEIBHBIN OOJBIION ITHKI
pabot. Cicok paboT yIOMSHYTHIX YIEHBIX IPUBEAEH B IUCCEPTAIIUN.

B coBmectHo#l padore B.A. Unbuna u E.M. Mouceea [20] Obuta u3ydeHa
3a/la4a TPAHUYHOTO YTMPABJICHUS CMEIICHUEM Ha OJHOM KOHIIE MPH 3aKPEIICHHOM
BTOPOM JIJIs1 TeJIerpa)HOTO YpaBHEHUS

Upe (2, 1) — Uy, (3, 8) + c?u(x,t) =0, 0<x<I, 0<t<T, c=const, (**%)
Ipu BPEMEHHU, paBHOM KpuTtuueckomy, T.e. T = 21. B apyroii pabote B.A. Unbuna u
E.N. Mouceesa [21] aHanmornuHas 3agava UCCIEI0BaHA B CIy4yae, KOTJa YIpPaBICHUS
JEHUCTBYIOT HA 00OMX KOHIIAX.

B pa6orax W.H. CwmumpnoBa [27]-[29] wuccnemoBana 3agada TpaHUIHOTO
VIOPABJICHUS] CMELIEHUSIMA Ha JBYX KOHIAX I ypaBHeHUs (**) B ciywae, kKornaa
otpe3ok [0,!] cocTouT u3 IByX y4acTKOB, HAa KOTOPBIX pPacCMaTpHBAEMbIN MPOIIECC
MMeeT pasHble (pu3nveckue napamerpel. B aTux xe pabdorax mns ypaBHeHus (**) on
TaKXe U3y4yaja HEKOTOPhIE CMEIIaHHbIE 3a/1auHu.

OtMetuM, 4TO B yKazaHHbIX paborax [20], [21] u [27]-[29] ans uckomoro
IPAaHUYHOTO YIIPABIICHHS HAWIEHO SIBHOE AHAJIMTUYECKOE BBIPAXKEHHUE IMPU MOMOIIU
¢bynkuumii beccens.

Cnenyer OTMETUTb, YTO HEKOTOPHIE BOIMPOCHI TEOPUH CMEIIAHHBIX 3a/ad, a
TaKXe 3aJlad TPAHUYHOTO M ONTHUMAJIbHOTO YIPAaBJIEHUS C Pa3HBIX TOYEK 3PEHUS
uccinenoBanbl B paborax B.M. Aromkona, JI.J[. Axkynenko, A.A. Anjapeesa,
A.X.AtraeBa, B.P. bapcersna, A.B. boposckux, A.A. Boponoa, M. Hcmaru,
A.3.NmmyxameroBa, E.A. Koznosoi, E.K. Kocroycosoi, C.B. Jlekcunoi,
®.E.JlomoBrieBa, A. Manva, M.U. Mycradaesa, A.U. [Ipunenko, A.B. ®ypcukosa,
O.1O. DmanyunoBa, M.K. FOnycu wu gap. Ilepedernr paboT ymOMSHYTBHIX y4YEHBIX
TaKXe MPECTABIICH B IUCCEPTALINHU.

B mactosmedt muccepranuu OyAayT ucclieoBaHbI KOMOMHHMPOBAHHBIE 3aadyd
IPAaHUYHOTO YMpaBICHUS A ypaBHeHUs (**) ¢ mepeMeHHbIM Kod(hduirieHToM
q(x,t) u mpaBoii gacTeio f (X, t), TO ecTh

utt(x' t) — Uy (X, t) - CI(X, t)'LL(X, t) = f(x' t)' (***)

Bce 3amaunm OymyT paccMoTpeHbl B O0O0OOIIEHHOM IOCTaHOBKE M OyayT

NPENoJI0KeHbl, 4To GyHKInu q(x, t) u f(x, t) npuHAAISHKAT TOIBKO Kiaaccy L.
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B pabotax aBTOpa mosyueHbl HEKOTOPbIE HOBBIE PE3YJILTATHI MO PA3PEIIUMOCTH
3a/lay  KOMOMHUPOBAHHOTO TPAHUYHOTO YIpaBJICHUS s ypaBHeHUs (***). DOTu
pe3ybTaThl OMYOIMKOBAHbI B CTaThax [1-M] - [11-M].

Cnenyer OTMETUTH, 4YTO OJIM3KHE BOIPOCHI, CHayaiga HJjisi HU3MEPUMOro H
OTpaHUYEHHOTO KOd(PUIMEHTa, 3aTeM JUIsi CYMMHPYEMOTO C  KBaJApaToM
kodddummenta Obutm w3ydeHel B paborax M.D. AOmaykapumoBa [5], [6] wm
JI.B.KpurkoBa [24]. Tounee, B paborax AoOmykapumoBa M.D. m Kpunkosa JI.B.
3aJayd TPAHUYHOTO YIMPABJICHHS MCCIEIOBAHBI MOCPEACTBOM CMEIIECHUN WM
ynpyrux cuia. B padore B.A. Komopuuka [1] mpoOsembl ympaBiseMOCTH Ha
CBEPXKPUTHUECKUX MPOMEKYTKAaX BPEeMEHH JJIsl ypaBHeHUs (**) mccinepoBaiuch AJis
HEIPEPHIBHOTO U HEOTpUIIaTeNIbHOTO KoddduiieHTa q(x,t) = q(x)

AHanu3 JIUTepaTypbl MOKa3bIBA€T, YTO 3aJaud I'PAHUYHOIO YNPABICHUS IS
ypaBHeHus  (***)  mpakThuecku — Majlo  M3Yy4YeHBbl, OCOOCHHO  3ajauu
KOMOMHHPOBAHHOI'O IPAaHUYHOIO YIPaBIEHUS BOOOIE HE pacCCMaTPUBAIIUCH.

B cBsi3u ¢ 3TM BbIOpaHHasi TeMa JaHHOIO HAYYHOT'O MCCIIEOBAaHUS - U3yUyEHUE
3a7a4 KOMOMHUPOBAHHOTO TPAHUYHOTO YIIPABJICHUS ISl ypaBHEHUs (***) sBisercs
aKTyaJJbHOW W  CBOeBpeMeHHOMW. [lomydeHHblE  pe3ynbTarbl  MCCIEAOBAHUS
CHOCOOCTBYIOT JalbHEHIIEMY pa3BUTHIO TEOPUU YIIPABICHUS CUCTEMaMH C
pacnpeei€HHBIMA [1apaMeTpaMHi, COBEPLUICHCTBOBAHUIO METOJOB HCCIIEAOBAaHUS
3aJa4 TPaHUYHOTO YIPaBJICHHUS U PACIIUPEHHIO TEOPETHUECKON Oa3bl pelieHus
CJIOKHBIX 3a/1a4 MPUKJIAJHON MaTEeMaTUKH.

B rnaBe 1 amccepranmoHHOW paboThl OyneT mpoBenéH Oosiee MOAPOOHBIM
aHaJIU3 JUTEePaTypBhI.

Cesa3b padoTbl ¢ mporpaMmMaMu (IPOEKTAaMHM) M HAYYHBIMM TEMaMM.
Hacrosimiee HayyHO€ UCCIEIOBAaHHME BBINOJIHEHO B paMKax peaau3aluu
MEePCIEKTUBHOTO niaHa HAy4YHO-UCCIIEI0BATEIbCKUX pabor Kadeapsl
BBIUUCIUTEILHOM  MaTeMaTMKW M MEXaHUKH  MEXaHUKO-MaTeMaTU4YeCKOTro
¢dakynbTeTa TamKUKCKOTO HAIIMOHATLHOTO yHHBepcuTeTa Ha 2021-2025 roasl. Tema
HCCIIEIOBaHUS «AHATUTUUECKHUE UCCIEA0BaHNUs, KAUECTBEHHBI aHAIN3 U YHCIIEHHOE
pelieHrne 3aJad  MPUKIAJHOM MaTeMaTHKH W MEXaHUKW» COOTBETCTBYET
MPUOPUTETHOMY HAIIPABIICHUIO HAYYHOU NIEeATENHHOCTH Kadeaprl. B paMkax qaHHOTO
HANPaBIICHUS M3yYEHbl BAXKHBIE TEOPETUYECKHE W MPAKTHYECKHE BOIPOCHI,
CBA3aHHBIE C AHAJIW30M MaTeMaTHYECKUX MPOLECCOB, pa3pabOTKOM METOA0B
HCCJIEIOBaHMsI U YCTAHOBJICHUEM YCIIOBUH pa3pelIMMOCTH MOCTaBICHHBIX 3a/1a4.

BoimonHeHne  yka3aHHOTO — HCCJEIOBaHUS  CHOCOOCTBYET — JajbHeHIeMy
pPa3BUTHIO HAYYHBIX HaNpaBlIeHUN Kadenpsl, BKJIIOYAs HCCIEIOBAaHHE CIIOKHBIX
3a]1a4 MPUKJIAHON MaTeMaTUKH, TECOPUH YIIPABJICHUS U MOJEITHPOBAHUS (PU3NIECKIX
IPOLIECCOB, a TaK)Ke CO3AAET OCHOBY JIS MOJYUYEHUSI HOBBIX HAYUHBIX PE3yJIbTaTOB U

pacHIMpeHUst TEOPETHUECKOM 0a3bl pellleHrs paccMaTpPUBAEMbIX 3a/1ay.
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OBIIASA XAPAKTEPUCTUKA NCCJIEJOBAHUSA

Heab wuccaenoBanusi. OcHOBHAsE 1e€Jb  JIAaHHOTO  JIUCCEPTAIMOHHOTO
UCCJICIOBAHUST  3aKIIOYaeTCs B MPOBEJCHUUM  TEOPETUYECKOrO  aHajau3a
KOMOMHHMPOBAHHBIX 3a7a4 TPAHUYHOIO YIIPaBJICHUS JJIsI ypaBHEHUA (***), B KOTOPBIX
YIOpaBISIONIEe BO3ACHCTBUE peEaTU3yeTCs MOCPEACTBOM 3aJaHusl CMEIICHHS Ha
OJIHOM KOHIIE pacCMaTpUBaeMOil 00JacTH W yHpyroil CWibl Ha JPYroMm, a TakkKe B
00paTHOI NMOCTAHOBKE, MPEAYCMATPUBAOIIECH MPUIIOKEHHUE YIIPYTOM CHUJIbI HA OJTHOM
KOHIIE Y 3aJJaHUE CMEIICHUS Ha IPYTOM.

3agaunm  wucciaenoBanusa. K yuciIy OCHOBHBIX 3aJlay, pelIaeMbIX B
JUCCEPTAIIMOHHON paboTe, OTHOCSTCS:

* GopMyIMpOBaHHE U CTPOroe JOKa3aTelIbCTBO TEOPEM, OOECIEeUMBAIOIINX
CYIIECTBOBAHUE W E€IMHCTBEHHOCTh PEIICHUS KOMOWMHHUPOBAHHBIX CMEIIAHHBIX
3aja4 A1l TenerpaHOro ypaBHEHHUS C MEPEMEHHBIM KO3(P(UIIMEHTOM M3 Kjacca
L,;

" JUISI YKAa3aHHOTO ypPaBHEHMSI YCTAHOBIEHHE W  JIOKA3aTEIIbCTBO TEOPEM
€IMHCTBEHHOCTH PEIICHUS] KOMOMHUPOBAHHBIX 3a7a4 TPAHUYHOTO YIIPaBJICHUS;

" Ui pacCMaTpUBAEMOI0 YpPaBHEHHUs BBIBOJ, M MaTEMaTHYECKOE OOOCHOBAHHUE
HEOOXOJIUMBIX M JIOCTAaTOYHBIX  YCJIOBUWA  CYIIECTBOBAHUS  PEIICHUS
KOMOWHUPOBAHHBIX 33]1a4 TPAHUYHOTO YIIPABJICHHUS,

" TEOPETUYECKOE HCCIIECIOBAaHNEe U OOOCHOBAaHUE YCTOWYMBOCTH PEHICHUS BCEX
aHaIM3UPYEMbIX  TMOCTAHOBOK  3a/lad, CBA3AaHHBIX C  PacCMaTpUBAEMbIM
YpaBHEHHEM;

" aHaJIM3 U pEHICHUE KOMOWHUPOBAHHBIX ONTHUMAJIBHBIX 3aJa4 TPAHUYHOTO
yIOpaBleHUs] JJisl ypaBHEHUsI BBIHY)KJICHHBIX KOJICOAHMII CTPYHBI 3a OOJIBIION
HMHTEpPBaJl BPEMEHHU.

O0bexkT wucciaenoBanmus. OOBEKTOM HCCIEAOBaHUS JaHHOW JuccepTaluu
SBJISIIOTCSL YPABHEHHE BBIHY)KJICHHBIX KOJICOAHUN CTPYHBI, a TaKXe OJHOMEpPHOE
TenerpadHoe ypaBHEHHE C MEPEMEHHBIM KOA(hDUITHEHTOM.

Tema HCCJIeJOBAHUS. K peameTy HCCJIEIOBAHUSA OTHOCSTCS
KOMOMHUPOBAHHBIE CMEIIaHHBIE 33/Jlaud M KOMOWHUPOBAHHBIE 3a7a4d T'PAHUYHOTO
yIpaBJIeHUs 1JI1 paccMaTpUBAEMbIX YPaBHEHUM.

Hayuynasi HoBu3Ha. Bce nonydeHHbIe B IUCCEPTAMOHHON paboTe pe3yIbTaThl
00slajaloT HayyHOM HOBHU3HOU. K OCHOBHBIM U3 HHUX OTHOCSTCS CJICAYIOIIHE
MTOJIOKEHHSI:

1. lns  tenmerpadHOrOo  ypaBHEHHS C  TEpPEMEHHBIM KO3 UIIMEHTOM,
MpUHAIEKAIUM  Kilaccy L,  yCTaHOBJIEHbBI UM  JOKa3aHbl  TEOPEMBI,
YCTaHABIMBAIOIINE  PA3PEIIUMOCTh  COOTBETCTBYIOIIUX  KOMOWHHUPOBAHHBIX
CMEIIIaHHbIX 33/1a4;
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2. Jlnsg yKa3aHHOTO YpaBHEHHMs] IpPU 3HAUYCHUAX BPEMEHH, HE MPEBBIIIAIOIINX
KPUTHYECKOTO, JOKa3aHbl TEOPEMbl, YCTAHABIWBAIOIINE CIUHCTBEHHOCTH
pelIeHrss KOMOMHUPOBAHHBIX 3a/1a4 TPAHUYHOTO YIIPABJICHUS;

3. JlokazaHbl TEOpEeMBbI CYIISCTBOBAHHS PpEIICHUS KOMOWHHMPOBAHHBIX 3ajad
TPaHUYHOTO YTpPAaBICHHS ISl YKAa3aHHOTO YpPaBHEHUS B KPUTUYECKUH MOMEHT
BpPEMEHH;

4. YCTOMUMBOCTh pEIICHHS BCEX AaHATU3UPYEMBIX CMEIIaHHBIX 3a7a4 W 3ajad
IPAaHUYHOTO YIpPAaBICHHMS JOKa3aHa Kak oTHocuTenbHO q(x,t)u(x,t), Tak u
OTHOCHUTENBHO (PYHKIINI, yJaCTBYIOIIUX B (POPMYITUPOBKE 33/1a4;

5. Jlig mporeccoB, BhIpaXKaeMbIX YPaBHEHHEM BBIHYXICHHBIX KOJIEOaHHM CTPYHBI,
Ha  OONBIIMX  BPEMEHHBIX  HHTEpBaJNaX,  MOJYyYEHbl  ONTHUMAJIbHbBIE
KOMOWHHUPOBAHHBIE TPAHUYHBIC YIPABICHUS, KOTOPbIC MUHUMU3UPYIOT HHTETPAl
IPaHUYHOMN YHEPTUHU.

Ilos10:keHNs, BBIHOCMMbIE HA 3aIIUTY:

1. Teopembl 00 0JJTHO3HAUYHOHN pPa3pEIIMMOCTH COOTBETCTBYIOLIMX CMEIIAHHBIX 3a/1a4
JUTsL OTHOMEPHOT'O TelerpadHOro ypaBHEHUs ¢ NIEPEMEHHBIM KO3(PPUIIUEHTOM;

2. Teopembl, ycTaHABIMBAIOUINE OJHO3HAYHYIO Pa3peIIMMOCTh 3a7a4d TPAaHUIHOTO
YIIPaBJICHUS, PEATHU3yeMOTro TIOCPEICTBOM 3aIaHus CMEIeHHs (YIPYyroi CHiIbl) Ha
OJIHOM KOHIIE U yNPYroil Cuiibl (CMEIEHUs) Ha IPYrOM KOHIE paccMaTpUBacMon
o0nacTy;

3. ®opMynUpOBKAa TEOpPEM, YCTAHABIMBAIOIIMX CYIECTBOBAHME OMNTHUMAJIbHBIX
KOMOWHHUPOBAHHBIX TPAaHWYHBIX YIPABICHUH JUIS TPOIECCOB, BBIPAKACMBIX
YpaBHEHHUEM BBIHYXICHHBIX KOJICOAHUN CTPyHBI, Ha OOJBIIUX BPEMEHHBIX
WHTEpBaJlaX, KOTOPhIE MUHUMHU3HUPYIOT HHTETpajl TPaHUYHON YHEPTHH.

Teopernueckass M  NpaKkTHYecKass  3HAYMMOCTHL  HCCJEeJOBAHMS.

HccnenoBanusi, mpoBeAEHHBIE B JaHHOM IMCCEPTALMU MO BOIPOCAM Pa3pelnMOCTH

3aJ1ay KOMOMHUPOBAHHOTO TPAHUYHOTO YIPABJICHUS I TeNerpadHOTO YpaBHEHUS C

NEPEMEHHBIM KO3(pPUIIMEHTOM, HOCAT TeopeTrnyeckuil xapakrtep. IlomyueHHble

Hay4YHbBIE Pe3yJbTaThl UMEIOT BAXKHOE 3HAUCHUE JJIS JATBHEUINEr0 Pa3BUTUS TEOPUU

3aJa4 TPAaHWUYHOTO YIIPABJICHHSA, CMEIIAHHBIX 3adad JUid TUIEPOOTUIECKUX

YpaBHEHHH, a Tak)Ke APYTUX Pa3AeNOB MPUKIATHOW MateMaTHKH. OHU MOTYT OBIThH

WCTIONIb30BaHbl B PA3IMUHBIX OOJIACTSAX ECTECTBEHHBIX M TEXHUYECKHX HayK, B

YaCTHOCTH B (U3MKE, MEXaHWKEe W JPYTHX HANpaBICHUSX, TAC HCCICAyeMbIe

MIPOLIECCHI OMUCHIBAIOTCS TUINEPOOTNUYECKUMH YPAaBHEHUSMHU.

Martepuanibl HaCTOSAIIEH AUCCEPTAIUUA MOTYT OBITh Y()PPEKTUBHO MUCIIOIH30BAHBI

OpH  YTCHHHM CHEIHUAIBHBIX KypCOB, TIPOBEJACHWM HAYYHBIX CEMHHApOB W

CTCIIMATU3UPOBAHHBIX 3aHATHH N7 CTYJCHTOB CTapIIUX KypCOB, MarucCTPaHTOB U

JOKTOPAHTOB, OOYYalOIIUXCS 10 HANpaBICHUSAM MAaTEMAaTHKH, MPUKIATHOU

MAaTCMAaTHKHU U MCXaHHUKH.
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Kpome Toro, nosry4eHHbIE PE3yabTaThl MOTYT CIIYKUTh TEOPETUYECKOU OCHOBOU
IUIE MaTEeMaTHYECKOI0 MOJECIHMPOBAHMS PA3IMUHBIX (PU3NYECKUX U TEXHUYECKHUX
IIPOLIECCOB, OIMCBIBAEMBIX PACCMATPUBACMBIMM YpPAaBHEHUSIMH, a TaKXe HAWTH
IPUMEHEHUE B JAJIBHEUIINX HAYYHBIX UCCIEIOBAHUAX U IIPU PELICHUH NPUKIIAHBIX

3a/ay.
CreneHb [J0CTOBEPHOCTH Pe3yJabTATOB Jauccepranuu. JlOCTOBEpPHOCTH
pEe3yJIbTATOB JTACCEPTALUOHHOMN paboTHI obecrieunBaeTcs CTPOTHMU

MaTE€MaTUYECKUMH JOKa3aTeIbCTBAMHM BCEX IPUBEAEHHBIX B HEH YTBEPKICHHI.
Kpome Toro, momydeHHble pe3ysbTaThl MOATBEPKIAIOTCS HCCICIOBAHUSMU JPYTUX
aBTOPOB B COOTBETCTBYIOIIEH 00JacTH.
CooTBercTBHE  JUCCEPTALNMH  NACHOPTY HAYYHOH  CHEHHAJBHOCTH.
HuccepramnuonHas paboTa BeIoiaHeHa 1o cienuansHocti 60060100 - Matemaruka:
60060103 - Huddepennmanpable  ypaBHEHUS, TUHAMHYECKHE CHUCTEMBI U
ONTHUMAJIbHOE  YIpaBICHUWE H  IOJHOCTBIO  COOTBETCTBYEeT €€  (opmyie
(nnddepenmanbHble  YpaBHEHHUS C YacTHBIMH IPOU3BOAHBIMM), a TaKXKE TPEM
OCHOBHBIM  HampaBJeHHsM oOjacTu  HccieioBaHus: 1) oOmas  Teopus
muddepeHManbHbIX YpaBHEHUM W CcHCTeM JudPepeHIHMAbHBIX ypaBHEHU; 2)
HAYyaJIbHO-KPAeBbIE M CHEKTpajbHbIC 3aa4uu s AUPPepeHInanbHbIX YPaBHEHUHN U
CUCTEM nudpepeHImanTbHbIX YpPaBHECHUN; 3) Ka4eCTBEHHAs TEOpHUs
muddepeHunanbHbIX ypaBHEHUH U cUCTeM Au(depeHIUanbHbIX YpPaBHEHHM.
VYkazaHHbIe HaNpaBJICHHUs] OTHOCATCA K pazaeny «JduddepeHinmanbabie ypaBHEHUSN»,
npeaycMoTpeHHoMy B naparpade 3 nyskra |1l macnopra HaydyHOH crielIManbHOCTH.
JIMYHBIA BKJIAJ coMCKaTeysi y4éHOM cTeneHu. CojepkaHue auccepTalud U
OCHOBHBIE  IIOJIOXKEHMS, BBIHOCUMBIE Ha 3allUTy, [OJHOCTBIO  OTPAXaroT
NepPCOHANBHBIN BKJIAJl aBTOpa B ONyOJMKOBaHHBIE paboThl. Bece mpencraBieHHbIE B
JTUCCePTAlUK PE3YIbTAThl MOJYYeHBI JUIHO aBTOpoM. B coBMecTHBIX paborax [1-A]
- [3-A], [6-A] - [11-A] coaBTOp NpUHUMAJI y4YacCTHE TOJBKO B OOCYKICHUHU
MOJIyYEHHBIX PE3yJIbTATOB.
Anpobauus M peaju3anus pe3yJbTaTOB aucceprauum. llomyuyeHHble B
JUCCEepTAIlMN Pe3ybTaThl JOJO0XKEHBI U OOCYXJIEHbI Ha CIEAYIOLIUX CEeMHHapax U
KoH(epeHusx:
® HAyyHOM ceMHHape Kadeapbl BbIUHUCIUTEILHOM MaTEeMaTUKHM U MEXaHUKHU
MEXaHUKO-MaTeMaTuyeckoro  (axynbrera  TamKMKCKOTO  HAIMOHAJIBHOTO
YHUBEpPCUTETa TMOJA PYKOBOACTBOM Tmpodeccopa AOaykapumoBa M.D. (2023-
2025);

® MEXKIyHApOAHOW HaydHO-TipakTuyeckor KoHpepenimn «XIII JlomoHnocoBkue
YTEHUs», TOCBIMIEHHOM 115-neTuto akagemuka bo6omxkona 'adypona ([ymanoe,
28-29 anpens 2023 rona);
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e MEXIYyHapOAHON HayuyHON KoH(pepeHIMH, mocBsméHHON 75- metuiro THY, 20-
JIETUIO Pa3BUTHUSL TOYHBIX, €CTECTBEHHBIX M MaTEeMaTHYECKUX HAYyK, 85-JETHIO
akanemuka HAH Tamxukucrana Pamxabosa H. (ymanGe, 5 oktsaops 2023
roaa);

e |V wmexnyHaponHoil Hay4dHO-TIpakTHueckod KoHpepeHnn «CoBpeMEHHBIC
mpoOJieMbl MaTeMaTUKH U e€ nprtoxxenuin» (ymanbe, 1 urons 2024 roga);

® MEXIyHApOAHOW Hay4yHO-mpakTHueckol koHpepenuuun XIV JloMoHOCOBCKHE
yteHus «Ponp @unmana MI'Y umenu M.B. JlomoHocoBa B ropoae [lyman6e B
pa3BUTUU Hayku U oOpa3oBanus» (ymande, 22-23 Hos6ps 2024 roga);

® MEXAYHAPOIHOMN HAay4YHO-TIPAKTUYECKOU KOH(EpEHIINH, MTOCBSIIEHHON
«/lBanmaruneTuro  M3ydyeHHs WM Pa3BUTUS  €CTECTBEHHBIX, TOYHBIX U
MaTeMaTHUYeCKUX HayK B cdepe Hayku U oOpa3oBaHus» U 80-J€THIO CO JHS
poxknenus rnpodeccopa borimypona Anuesa ([ymanbe, 2 anpens 2025 rona).

® MEXIYHApOAHOW KOH(EpPEHUMHU, MOCBIIICHHOW 85-JI€THI0 CO JHS POKICHUS
BBIJIAIOLIETOCA TA/UKUKCKOTO MaTeMaTHKa JOKTopa (PU3MKO-MaTeMaTHUYECKHX
Hayk, npodeccopa Cobupona T.C. ([dymande, 28-29 nosopst 2025 rona).

Iyosmkamuu nmo teme auccepranmu. OCHOBHOE COJEp)KAHHME IUCCEPTALIUU
onyosukoBaHo B 11 paborax aBTOpa, 5 U3 KOTOpPBIX — B H3JaHUSX,
pexomennoBanHbix BAK mnpu I[lpesunentre Pecny6muku Tamxukucrad. Crnucok

OMyOJIMKOBAaHHBIX PabOT MPEICTABIICH B KOHIIE UCCEpTAIMU U aBTopedepara.

Crpykrypa m o0bem aucceprauum. Jluccepranusi COCTOMT W3 BBEICHHS,
oO1Iel XapaKTEePUCTUKN paboThl, TPEX riaB, 00CYKACHUS MOJYYEHHBIX PE3YJIbTATOB,

3aKJIFOYEHHS] W CIIMCKAa JIMTEpaTyphl, BKiItouvaromero 150 HaummeHoBaHuil. B

JUCCEPTALMM MCIOJb30BaHa JABOMHAS HyMepalus, epBas U3 KOTOPBIX COBMANAET C

HOMEPOM TIJ1aBbl, a BTOPas — C HOMEPOM OIIPEIEIICHN, YTBEPKIACHUH, JIEMM, TEOPEM,

3ameuanuii U Gopmyi. TekcT auccepTarnuu uzinoxeH Ha 194 crpanunax, HaOpaHHbBIX

B TEKCTOBOM Iporeccope Microsoft Word.

KPATKOE COJAEP) KAHUE IUCCEPTALIUU

«Bo BBegeHUM JHUCCEPTAIMOHHONW pabOThl MOJAPOOHO OOOCHOBBIBACTCS
aKTyaJIbHOCTh BBHIOPAHHOUM TEMBI M €€ 3HAUMMOCTb JJISl PA3BUTUS TEOPUU TPAHUYHOTO
VOPaBJICHUS W MaTEeMaTHYECKOTO MOJCTUPOBAHUS JTUHAMHYECKUX MPOIIECCOB,
nomuépkuBaeTcss €€ HaydHas W T[pakThueckas 1eHHocT. [IpuBomutcs
CUCTEMATHU3UPOBAHHBI  0030p  CYIIECTBYIOIIUX  PE3yJIbTaTOB M  IOAXOJOB,
HEITOCPEJICTBEHHO OTHOCSIINXCS K pacCMaTpUBaeMOl MPOOJIEMAaTHKE, YTO TIO3BOJISICT
OTIPENIENTh TeKYIUE HANPABJICHHUS UCCICAOBAHUI U BBIIBUTH HEPCIICHHBIC 3a1a4H.
BBeaenue Takke BKIOYaeT UETKYI0  (QOPMYJIUPOBKY IIENM M MpeaMeTa
MCCJICIOBAHMSI, BBIJICJICHUE OCHOBHBIX 3a7a4 pa0OTHI M OINHMCAHHWE HCIOIb3YEMbIX
METOJOB WX pemieHus. HakoHer, KpaTko u3Jaraercsi CTPYKTypa IUCCEpTalluu U
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coJiep;KaHue €€ OTACNbHBIX Pa3/IesioB, 00ECIeUrBasi JOTMUYECKYIO U KOHIENTYaIbHYIO
MIPEEMCTBEHHOCTh BCETO UCCIIENOBaHU [6].

«B mnepBoi riaBe «O030p pe3yJbTATOB IO TEOPHH 32424 TPAHUYHOIO
yIpaBJIleHUs» OCYLIECTBIEH CHUCTEMATU3UPOBAHHBIA aHAJIW3 HAy4YHbIX paboT, B
KOTOPBIX M3YUCHBI 33/1a4M YIIPABIICHUS B Pa3HBIX TOCTAHOBKaxX» [5].

Bo BToOpoii riaBe B npsmoyronbHoi oomact Qr = [0 < x <[ X [0 <t < T]
B paMKax 00OOOIIIEHHOTO peIIeHUs UCCIIEIyeTCs 3a/1aua TPAaHUYHOrO YIPaBIICHUS IS
aHAIN3UPYEMOr0 YpaBHEHUS

Lu = utt(xJ t) - uxx(xJ t) - q(x, t)u(x' t) = f(x' t)' (1)

byner wusywarhcsi ympaBieHHE MPOLECCOM, MOJETUPYEMbIM YKa3aHHBIM

YPaBHEHHEM, KOTOPOE OCYIIECTBIIAETCS MOCPEICTBOM 33/IaHHsI CMELIEHUS Ha JIEBOM

KoHIle obnactu x = 0 U MPUIIOKEHUS YIPYTOW CHUIIBI HA MPABOM KOHIE 00JIacTH
x =1

u(0,t) =u(t), u,(,t)=v(t) mpu 0<t<T. (2)

['maBa BkirOYeaT yeThipe nmaparpada, B KOTOPBIX MMOCIEI0BATEIBLHO U3JIaraloTCs
MMOCTAHOBKA 33JIa4H, UCMOJIb3yeMbI€ ONpEACICHUS U UCCIIeIOBaHME 3a7a4. B nmepBom
naparpade GOpMyJIUPYIOTCS paccMaTpUBaeMble 3aJadyd U BBOJSTCS OCHOBHBIC
OTpENICNICHHs, HEOOXOJIMMbIC IS JalbHEHIIEro W3JIOKEHUS U O0O0OCHOBAHUS
MOJIYYeHHBIX pe3ynbTatoB. [lycTh mpu HayaabHOM MOMEHTE BpeMeHu =0 3amaHbl

yCIIOBUS
u(x,0) =), us(x,0) =yvY(x) nmpu 0<x<|, 3)

a npu pruHAIBHOM MOMEHTE BpemeHu t=T —ycnoBus
ulx,T) = @,(x), us(x,T) =¢;(x) mpu 0<x <L (4)

Jlanee, Mbl Oynem mpemnonarate, urto u(t) € W[0,T], v(t) € L,[0,T],
(), p1(x) € WR[0,1], Y(x), P1(x) € L,[0,1],  f(x,),q(x,t) EL,(Qr) m
BbIOaHEHBI yeaoBus cornacoBanus U(0) = @(0); u(T) = ¢,(0).

«MBbl OynieM paccMaTpuBaTh pelIeHHEe 3aaul TpaHuyHoro ynpasieHus (1)-(4) B
0600IMEHHOM cMBICIE M ero OymeM uckaTh B kiacce W, (Qr), KOTOpBIA OBLI
npeyiokeH B.A. Mibunbivmy» [18].

«Onpenenenne 1. O606mEHHEIM pemenneM 3anaqn (1)-(3) u3 kmacca W3 (Qr)
OymeMm HaswpiBaTh GyHKIuo0 u(X,t), TpUHAIISHKAINIYI0 yKa3aHHOMY Kiaccy, IS

KOTOpOI\/’I BBIITOJIHACTCA MHTCTPAJIbHOC TOKIACCTBO
l

1T T
ffu(x, t)LD(x, t)dxdt+f<p(x)d>t(x, O)dx—flp(x)cb(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)d(x, t)dxdt (5)
0

0 0 0
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s mo6oit mpobHoit dymrkmmu P (x,t) € W2(Qr) (ompeneneHwe 3TOro Kiacca
Takxe maHo B pabore» [18]), ymosaerBopsromeii yeiaoBusam P (0,t) = O, ([,t) =0
npu 0 <t <T u ycmoBusim ®(x,T) = ®,(x,T) =0 npu 0 < x < l. Kpome Toro,
st dyukimr U(x, t) TOKHBI OBITH BBIMOJIHEHBI BTOPOE TPaHHYHOE YCIIOBHE (2) H
BTOpOE HavaibHOE ycioBue (3) moutu Bcroay Ha [0, [], a mepBoe rpaHMYHOE yCIIOBHE
(2) 1 mepBoe HavyanbHOE ycnoBue (3) — st Beex x € [0, 1].

Jlns monmydeHus: paBeHcTBa (5) 00e yactu ypaBHeHus (1) yMHOXarTcs Ha
npobHyto  ¢pynkiuio  P(x,t), mocime YEro ¢  HCHOJb30BaHHEM  METoJa
HHTETPUPOBAHKs 10 YacTsAM MPOM3BOJAHBIC, coaepkamecs B (ynkmuoo u(x,t),
neperocstes Ha yHkiuio P(x, t). ToxnectBo (5) BepaxkaeT ciaboe 0000ImEHHOE
pemrenue. [lockonpky Takas (opma 3amucw ymaoOHa IS JTOKa3aTelbCTBA TEOPEM
¢IMHCTBEHHOCTH, MbI COXpaHUM €€ B 3TOM BHJIC, HECMOTPS Ha TO, YTO HIIEM CHIBHOE
00001IEHHOE PEIICHUE.

Omnpenesienue 2. OOOOIIEHHBIM PEIICHUEM 33Jla4yd TPAHUYHOTO YIPABICHUS
(1)-(4) u3 xmacca Wl (Qr) HazoBéM dyrKmIO U(X, t), IPHHALISKAIIYIO YKA3aHHOMY
KJIacCy, KOTopas SBIIIETCS pelnieHneM cMemandor 3amaun (1)-(3) ¢ dynkmuei
u(t) € WA[0,T], ynosnerBopsiomeii ycnosusm cornacoBanus u(0) = ¢(0);
u(T) = ¢,(0) u dbyukuueitr v(t) € L,[0,T], ams KOTOpO# HMeET MECTO IEPBOE
dbunansHoe ycnosue (4) st Bcex x € [0, 1], a Bropoe punansHOE yciaoBue (4) Oymer
BBIMOJIHATHCS MOYTH BCroay Ha [0, [].

Bo BrTopom maparpade wuccieayroTCs  yCIOBUA ~ CYILIECTBOBAHUS U
€MHCTBEHHOCTH O00O0OIIEHHOrO perieHus cMmemanHod 3amaun (1) — (3) B
COOTBETCTBYIOIIEM (DYHKIITMOHAJILHOM KJIacce.

O6o3HaunMm yepe3 u(t) u v(t) ¢yakuum, copmagatomme ¢ u(t) u v(t) npu
0 <t < T u nponomkennsie HyJEM 1ipu t < 0. O4eBUIHO, UTO

u(t) € Wi[—e T Ve > 0uv(t) € Ly[—¢,T] Ve > 0.

Jlemma 1. [lpeononosxcum evinonnenue cireoyiowux ycrosuu: T <1,
q(x,t), f(x,t) € L,(Qr), o(x)=0 npu xe[0, 11, w(x)=0 012 noumu eécex xe[o,I1].
Tozcoa ob6obwWénHoe pewenue paccmampusaemol cmewanunou szaoauu (1)-(3) u3z
xnacca Wi (Qr) npu ewinonnenuu npusedéHuux Yciouii ecmov io6as yHKYus

u(x,t), oepanuuennas 6 obnacmu Qp u yooeremeopsowas  Cleoyruemy
UHMEZSPAIbHOM) COOMHOULEHUIO:

t+x—1
pa I—|x+t-1l-T1|

u(lx, t) = E(t —x) + f v(t)dt + = f drfl [q(&, Du(é, 1)+ f(E,1)]dE +

x—t+1
o I
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1 x+t—1 l
i1 f dr f [q(&, Du(E 7 + F(E DdE. 6)
0 2

2 l—x—t+1

3ameuanne 1. IIpeAmnonoxuM, 4YTO BBINOJHEHBI CJIEAYIOIIUE YCIOBUSA:
u(t) E Wi (=g, T] Ve >0, v(t) EWy (=6, T] Ve, >0, qxt) u qy(xt)
orpanndeHs B obnactn Qp u f(x,t) € WL (Qr). Toraa pemenue cMeIanHoN 3a1aun
(1)-(3), xoTopoe paccmaTpuBaeTcs B 1emMMe 1, Oyner npunamiexats kiaccy W.2 (Qr).
Teopema 1.  [lpednonoosxcum  @vinonmHenue  CreOVIOWUXx  VCIOBULL:

T <luq(xt), f(x,t) € L,(Qr). Tocoa unmeepanvroe ypasuenue (6) umeem
eduncmeennoe ozpanuvennoe peuwenue U(X,t), npuuém ecau f(x,t) =0, mo

u(x,t) = 0 6 obracmu {(x,t):OStSé,thSl—t}nQT.

JIJist mokazaTenbCTBa TEOPEMBI CYIIECTBOBAHUSI Mbl pa30MBAEM MPSMOYTOIBHYIO
00J1acTh €€ nMaroHajsiIMM Ha YE€ThIpE TPEYTOJIbHUKA. 3aTEM B KaXKJI0W U3 TOJTYYEHHBIX
nojo0IacTeil  COCTaBIsieM  COOTBETCTBYIOIIEE HHTETPAIbHOE YpaBHEHHE U
JOKa3bIBAEM €T0 pPa3pelIMMOCTb. B 3aKIOYEHHE NOKa3bIBa€M, YTO BCE YETHIPE
MOCTPOCHHBIX PEIICHUS COXPAHSIOT CBOK HENPEPBIBHOCTH MPU MEPEXOJAE HEpPE3
IpaHUIly OJTHOM O0JIACTH K JPYTOH.

CaencrBue 1. Ilpeononoscum ewvinonnenue ycaosuti meopemuvl 1. Tozoa
CNpaseonusa oyeHKa

+|
L,[0, T]

sup |u(x ,t)|£ C ( sup |y(t)| + ||v
\ tero, 7]

(x.0)eQ; Lz(QT))

Kkomopas saeusiemcss pasHomeprou no ecem  q(X,t): HQHLZ(QT) <y (mem camoim,

C=C(y)>0).

YCToiiunBOCTh TIOCTPOSHHOTO PEIICHUS 110 OTHOIICHWIO K TPaHWUYHBIM
YCIIOBHSIM M TIPAaBOM YaCTH ypaBHEHHUS HEIMOCPEICTBEHHO CJIEAYET W3 TOJyYCeHHOMN
aIpUOPHON OLICHKHU.

Teopema 2. [lpeononosxcum evinonnenue ciedyViowux YcioGuil: nepemeHHblll
koogpPpuyuenm Q(X,t) npunaonescum xnaccy L,(Qp) u T € (0;1]. Toeoa cmewannas
sadaua (1)-(3) 6 knacce W (Qr) o6radaem ne 6onee uem 0OnbiM peuenuem.

Jl5is mokazarenbCTBa TEOPEeMbl €AMHCTBEHHOCTH TipH q(x,t) = 0 mpeamnoaoKum
CYIIECTBOBAHKWE JIBYX PEHICHUH W 3aTeéM pPacCMOTPUM HX pa3HoCcTh. Jlanee,
UCIIONB3ys CHeKTpainbHbld Meron B.A. WnpnHa, mongydaem COBHAIEHHE JBYX
MepPBOHAYAIBHO MPEIMOJIOKEHHBIX pernieHnid. B ciaydae, korna q(x,t) € L,(Qr), MBI
COCTaBIISIEM COOTBETCTBYIOIINE MHTETPAIbHBIC YPAaBHECHHS, MOCIIC YE€TO JTOKa3bIBEM,
YTO COCTaBJICHHAS Pa3HOCTH JABYX PEIICHHWH paBHA HYIO. TodYHee, OKa3bIBaeM, YTO
IIOCTPOCHHBIC MHTETPAJIbHBIC YPABHEHHUSI SIBJISIFOTCS OJTHOPOIHBIMHU.
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B Tperbem maparpade npuBeAcHbl M JOKa3aHbl TEOPEMBI, KOTOPBIE
yCTaHABIUBAIOT CIMHCTBEHHOCTh MPH T < | W CYIIECTBOBAHHWE MPH T = | PCHICHHUSI
uccnenyemoit 3amauun (1) — (4). M3nokeHne HaYMHACTCS C aHAJIM3a YACTHOT'O CIIydast
paccMaTpuBaeMoOW 3a7add TPAaHWUYHOTO YIIPABJICHHWS, YTO IMIO3BOJISIET BBISIBHUTH
OCHOBHBIE OCOOCHHOCTH METOJa J0Ka3aTelbCTBA U MOATOTOBUTH MEpPeXoi K oOIen
MOCTaHOBKE.

Yr1Bep:knenue 1. [Ipeononoosicum evinonnenue cireoyiowux ycaosuti: T <1 u
q(x,t) = 0. B smom cayuae 3adaua (1)-(4) oonyckaem cywecmeosarue mobKO
00H020 pewenus uz kiacca Wi (Qr).

Yr1Bep:kaenue 2. [Ipeononoocum evinoanenue ycinosuii q(x,t) =0 u T = L.
Ilpu evinoanenuu smux ycaosuil Ons cywecmeosanus peuwtenus 3aoauu (1)-(4),
xomopoe npunadnexcum xiaccy Wi (Qr), neobxooumo u Odocmamouno, umobul

6bINOJIHAIOCH
l l-T

9(0) + 9(1) — 91(0) — g (D) + j Y()dx + j Y1 (D) dx + j dr f @1, 0)dn = 0.

0
Illpu ewvinonnenuu smoco yciosus peuieHue YKaA3aHHOU 3adaqu oaemcs
Gopmynoi
u,(x,t) BA,,
u,(x,t) BA,,
us;(x,t) BA;,
u,(x,t) BA,,

u(x,t) =

e0e
x+t t x+t-7

wi(n0) = 2 |@G 40 + o —1) + f YE)E +2 f f £ Ddedz |,

x—t 0 x—-t+1

x+t

1
W00 =5 [P0+ 0+ 1Ge= £+ D+ 00 = 9D + [ wEE -
l

x—t+l

- j P(OdE + ij £(§, D)dgdr - ij £(¢,)dédr - Qf £(6,Ddgdr

x+t
9215921(x,t)={(E,T):OSTST, TS{Sx+t—T},

[ x—t+1 t—x+1
9245924(x,t)={(f,r):ESTSl, T_i_ T—T|SEST};

x+t [—x+t
szEsz(x,t)={(f,T):TSTST, x+|r—t|<€<—— T——|}
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x—t

1
uz(x,t) =3 <p(x—t)—<p(0)+<p1(l)+<p1(x+t—l)—f Y(&)dé +
0

+ fff(f,f)dfd‘r— fff(f,f)dfdt— f £(¢,T)dédr),

Q31 Q33 Q34
l—x+t
leEle(x,t):‘(E,T):OSTST, x_t+TS€Sl_T},
[ x+t x+t
Q34 = Q34(x,t) = (f,T):ESTSl, l—TSEST—T— > |},

l—x+t x4+t | l
0 = 055000 = {0 — < T, §+|T—§|S€Sx—lr—t|},
1 x+t—1 I x—-t+71
u,(x, t) =E[<p1(x+t— D+o,(x—t+1D+ f lpl(f)d€+f f f(&, t)dédr |,
x—t+l t x+t-t

A, ecmb mpey2onbHUK, KOMOpbld o2panuder aunusmu x —t =0, x +t—1=0, t =0,
A, paccmampusaemcsi KaKk mpeyeoibHUK, KOMOPbll 02paHuder auHuimu x —t =0,
x+t—1=0 x=0, Ay - mpeyeorvHux, KOmMopwvil ocpanuyer AUHusMU x —t =0,
x+t—1=0, x=1 A, npedcmasgnsem cobou mpey2oibHUK, KOMOPbIL O02PAHUYEH
AuHUAMU x —t =0, x+t—-1=0, t =L

B smom cryuae uckomvle epaHuyHvle YRPAGLEHUs HAXOOAMCA NpU NOMOUU
CeOYIOWUX AHATUMUYECKUX POPMYIL:

1 t l l T
1 =3[0 + 9@ + [ pedx+ =0 - 00+ [ [ dr [ 60|
0 -t 0 -t

l
WO = 5[0 U-D - 9= 0+ ol + 1 © - [ fU+t -z 0],
0

Janee, paccMOTpuM OOIIy 0 MTOCTAHOBKY 3a/1auyd TPaHUYHOTO yrpasieHus (1)-
(4). Ans ynpaimeHusi BBIKJIAJIOK W pajad SICHOCTH, CYMTAeM, 4TO (YHKUHUS MPaBOU
vyactu ypaBHenus (1): f(x,t) sBasieTcst HyIeBbIM dIeMeHTOM 13 Kitacca L, (Qr).

Teopema 3. [Ipeononooicum svinonenue credyrouux ycaosuti. q(x,t) € L,(Qr)
u T € (0,l]. Toeoa y 3aoauu epanuunoco ynpasienus (1)-(4) mne moowcem
cywecmeoeamn 6onee 00Ho20 pewienus 6 kiacce Wi (Qr).

Bbynem ucnonb3oBaTh ciieyrone 0003HaYeHUs:
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l l
0(0) + o) + j YEOE = Ay, 920+, (D f Y1(©)dE = B,

Teopema 4. [Ipeononoscum svinoanenue credyiowux yerosui: T =l u q(x,t) €
€ L,(Qr). Tocoa, onss moco umobwi cywecmeosanro peutenue 3adauu (1)-(4),

npunaonexcawee knaccy W3 (Qr), Heobxooumo évinonnenue ycioeus
l

2 - l T
Ao+ [ dr [ aG o 0ds =Bo+ [ dr [ ateDu s,
0 T ! -t
2
20e genuuunvl Uy (x,t), u,(x,t) sviuucasiomes no popmynam

w (o 0) = 0060 + ) [6F, ]G,
k=1
x+t

1
(0 0) =5 | PG+ 0+ o -0 + f Pt

xX+t—1

(G12,](0 ) = = j dr f 4(&, ) (€, 0)dE

X— t+‘L'

uy(x,€) = By, 0) + Z [6ka,] 0,
k=1
x—t+l

1
800 =5 oGt =D oG-t + D= [ w(d

x+t—-1
l xX—t+1

1
Gl =5 [dr [ aGouE0dE.

t  x+t-t
Teopema 5. IIpeononoowcum evinoanenue ycrosut T =1 u q(x,t) € L,(Qr).

Toeoa npusedénnoe 6 meopeme 4 coomuouleHue A6AAeMCA U OOCMAMOYHLIM OJisl
CYWecmeo8anusi eOUHCMBEHHO20 peulenus 3a0ayu epanuynozo ynpasienus (1)-(4) uz
xnacca W2 (Q)).

3ameuanne 2. Mmeer MecTo creayromas anpuopHas OLEHKA ISl PEIICHHS
3a7a4u TpaHugHOro yrpasieHus (1)-(4):

G Ollwacen < LUGMwzon + 101 lwion + 1l + 1¥1ll,00),
B KOTOPOU MOCTOSTHHAS L HE 3aBUCHUT OT HOPM (DYHKIIHM, BXOASIINX B 3a/1a4y.

OTO OlEHKAa JAEMOHCTPUPYET YCTOMYMBOCTh MOJYYEHHOIO PpEIICHUs IO
OTHOUIEHUIO HaYaIbHBIX U (PMHATIBHBIX YCIOBUM.
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bonee Toro, ecnm umeer wmecto ||q|l, = 0, To ”ﬂ‘ﬁ”wzl[o,r] -0 wu

v =9l = 0, tae () = 2(0,0), $(8) = & (L.

[TommydeHHBI pe3yNbTaT YCTAaHABIMBACT CBOWCTBO PETYISPHOCTH PEIICHUS
uccneayemoii 3aaaun (1)-(4) otnocurenso q(x, t)u(x,t) B (1) cq(x, t) € L,(Q7).

B cnyuae, xorna T > | 3amaya rpaHUYHOTO YIpaBIICHUS TepecTaéT o0anaTh
CBOMCTBOM €UCTBEHHOCTH U JOMYCKaeT OECKOHEUHOE MHOXECTBO perieHuid. B atoi
CUTyaIldd €CTECTBEHHBIM 00pa30M BO3HMKACT 3ajavya ONTHMHU3AIHMHA TPAHUIHOTO
yIpaBleHus, cocTosmas B Beioope Takux pyukimii u(t) € WA [0,T],v(t) € L,[0,T],
KOTOpBIC MUHUMHU3UPYIOT UHTETpaJl TPAHUYHON SHEPTUU TIPHU COOIOACHUH YCIOBUH
CBSI3H, BEITCKAIONINX U3 BHITIOJHEHHSI HAYAIBHBIX U KOHEUHBIX yCIOBHM.

YerBépThiii naparpag IIEPBOM IJ1aBbl IIOCBALIEH PELICHUIO
chopMynupoBaHHOM 3a1auyu. [JIaBHBIM pe3ysbTaTOM JaHHOTO maparpada sBiseTcs
Teopema 6.

Teopema 6. IIpeononooswcum evinonnenue ycioguti T = 2In+ A,e0e n € N,
A€[0;2l]] u q(x,t) =0 6 3adaue (1)-(4). B paccmampusaemom ciyuae
cywecmsylom — eouncmeennvie  epanuunvie  ynpaeienusi  u(0,t) = u(t) €
€ W0, TI nu,(l,t) =v(t) € L,[0,T], ¢ nomowpwio xomopwix modxcHo nepegecmu
cucmemy KoaebaHulli U3 HA4daibHO20 COCMosHUs (3) 8 KoHeunoe cocmosinue (4) u
obecneuums MUHUMATbHOE 3HAYEHUEe UHMe2pald

T
j (& OF + (O]t

Omu epanuunvie ynpasnenus ona écex 0 <t< A u m=0,n u ona écex
A<t< 2lum = 0,n— 1 onpedersromecs credyrowumu Gopmyramu.
npu0 <A< I
21 t
pG2tm +0) = p(0) +m [ AGdn+ [ BGdn,  vam+ 0 = B,
0

0

20e
( A, (t n_(—1)mC
(—=1)m+1 2712—5—)1 + (—=1)™m*1L. m;;l(_l_ 1) + C, t €[0;A];
A (t n-1(_1)mcC
(—1)m+1 -%+ (—=1)m+t. m“’g ) +C te Nl

2n+ 1 2n+1 ’ ’ ’
ALt =1 nl(—1)mc

k(—1)’”“-%+(—1)"‘“- m“’g ) + C,t €[l +A;21];
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( A (8) Ymdo(=1mC

(—1)m'm + (D™ o +C, te[0;A];

Fi6) = | (- 1): ) ‘*_(Z + (= 1)’"-2?"%}32, t € [A;1];
(D™= T (D=, te (LAl
(D™ 3( 2 + (=™ m-;o;:)mc’ t € [L+A;21];

1
A1(t)=§[¢i(t—A+l)+<p -+t -D+D—p(I—-t) -

2in+A l
— f f(x+Zl’l’l-l-l—T,T)dT—ff(l—t+T,T)dT‘;
0

l

1
A0 =5l A - -’ (O - (A-) —P(O) +

2ln+A l
+ f(r—t—=2In,t)dt— | f(t —1,7)dt|;
[ -

l

1
As(t) =5 e1(t =) =@’ (O) + 1 (t = 2) —y(O) —

2In+A
j f(t+2ln—rm, T)dr—jf(t—r T)drl;

A4(t)Z%[¢1(A—t+l)+g0’(l—t)—lpl(A_t+l)_lp(l_t)+
2In+A
f f(t—21n—t+rr)dr—ff(l—t+r T)dT];

(45 = 2)[1(0) — ()] + f, A3(D)dt
852l —8sl+4sA+1—A

npun = 2s —1,

(4s + D[p1(0) — p(0)] + [ Ap(£)dt

\ 4sA + 8s2] + 2sl
50
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npul < A < 2L:
21 t

u@im+t) = 9(0) +m j Fy(n)dn + f F()dn, v(2lm+ ©) = Fy(0),
0 0

20e
( —_1ym+1, Bl(t) _1ym+1, 21:0(_1)1”61 A —1T1-
B,(t n-1(_1)m¢C
(—1)m+ B0 (—1)m+t- mool D76 Ct €A=L 1;
Fy(t) = 4 2n+1 2131+1 "
(—pym+t B2 TD gy ZmeoTDTG g,
2n + 2 2n + 2 b S
B;(t—1) e NC DL
_ m+1,6,_°2~ 7 _ m+1 ., . .
(=1 o + (1) 1 + Cy, t € [A; 21];
( m B2(t) m m=0(—1)"Cy _ _
SR T R 2n+2 teloa-1]
B, (t n-l1(_1)mC
(_1)m, 3( ) +(_1)m_2m—0( ) 1 te [A—l; l];
F4_(t)=< 27’l+1 27’l+1
Bi(t—-1) Ym=o(—=1)™C,
_ m., _ m., . .
=D 2n + 2 + (1) 2n+ 2 telhA]
B,(t—=1) Ym=o(=1)™C,
_ m., _ m., . .
(=1 T 1 +(-1) o 1 t € [A;21];

1
Bi() =5 le1(t—A+2D) — @' (O + ¢ (t —A+2D) —y(0) -

2in+A

l
— J f(t+21n+2l—’[,’[)d’[—jf(t—’[,’[)d’[‘;

l

1
B(0) =Zlp1(d—1-)+ o' U-O-pA-1-O) —Pp(U -+
2ln+A

l
+ f f(T—l—Zln—t,‘[)d‘[—off(l—t+T,T)dT];

l
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B3(t) =5 [p1(t A+ D+ o'(U-D+Pt—A+ D) -y —-1t) -

N =

2in+A l

— f f(t+21n+l—T,T)dT—Jf(l—t-l-T,T)dT ;
1 0

1
B() =5lo1(A =) -9’ () =1 (A - =P +

2In+A l

+ f(r=2In—-t,v)dt— | f(t —1,7)dt|;
| |

A-1
(45[p1(0) — @(0)] + [ By (t)dt
852l + 4sA — 4sl

npun = 2s —1,

(45 + D[e1(0) — 9(0)] + [,_, By(t)dt
\ 8s2l + 4sA + 2sl + A

npun = 2s.

Jlyis mokasareabCcTBa TEOPEMBbI 6 BHAYaJe JOKA3bIBAIOTCS JBa BCIIOMOTATEIBLHBIX
YTBEPXKJICHUSI, KOTOPBIE CIOCOOCTBYIOT MOJIYYEHHIO YCIOBUW CBSI3U. 3aTeM IS
HAXOXKJICHHS ONTUMAIILHBIX YIPABJICHUH MPUMEHSIOTCS Jemma MneuHa-MowuceeBa u
Meton Jlarpanxa.

C npuKIaaHON TOYKM 3pEHHsI, OCOOCHHO MPH aHajJIH3€e 3a/1ad MPeIOTBPAIICHUS
PC30HAHCHBIX SBJICHUH B CHCTEMax C TPAaHUYHBIM YIPABICHHEM, CYIIECTBCHHOC
3HAYCHWE WMeeT TOT (aKT, 4YTO MHUHUMAJIBHOC 3HAa4YeHHWE (PYHKIMOHANA,
COOTBETCTBYIOIIETO  ONTHMAJbHBIM  TIPAaHUYHBIM  YIPABJICHUSIM,  JIOJDKHO
YMEHBIIATHCS 110 MEPEe YBEIMUCHUSI BPEMEHHOTO HHTEPBaJIa YIPABJICHHUS.

Ilyct suppf(x,t) comepxurca B obmactu Qr,rae T, = const, To ecT mpu
T > T, sBuemnee BozaeiictBue f(x,t) TOXKISCTBEHHO paBHO Hy/0. Toraa
MUHHMAJIbHOE 3HAYCHHE WHTErpalia TPAaHUYHOW SHEPTUU OIICHUBACTCS BEIMYHHOM

1 . .
nopsiaka O (;) [Ipu 3TOM KOHCTaHTa B TAaHHOW OIIEHKE 3aBUCHUT OT HOPM (DYHKIIUH,

BXOJSIIMX B 3aJlady, a Takke MoMeHTa BpemeHu T. CnemgoBarenbHo, npu T — oo
MHUHUMAJbHOE 3HAa4Y€HUE JAaHHOTO HHTErpaja CTPEeMHTCS K HYyJI, 4YTO JejaeT
BO3MOKHBIM TPEJOTBPAILEHUE PE30HAHCHOTO peXHMa B Ipoliecce KojaeOaHuit
CTPYHBL.
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B Tperbeii riaBe paccmaTpuBaeTcs 3ajada TPAHUYHOTO  YIIPABIICHUS
NpOIECCOM, OMHMCHhIBaeMbIM  ypaBHeHueM (1). VYmparmsromee Bo3aelCTBHE
pean3yeTcsl MOCPEACTBOM YIPYTOW CHIIBI, MPUJIOKCHHON Ha JIEBOM KOHIIE CTPYHBI
npu x = 0 1 3aaHUs CMEIICHUS Ha TIPaBOM KOHIIE MpH X = [:

u,(0,t) = u(t), u(lLt) =v() nmpu 0<t<T. (7)

CTpyKTypHO TpEThS TjlaBa TaKKe BKIIOYAeT 4eThipe maparpada. [lo anamorum
CO BTOpOW TwaBoi, B e mepBoM maparpade GOpMyIHpPYETCS MMOCTAHOBKA
paccMaTpuBaeMbIX 3aJad W BBOJIATCS OCHOBHBIC TIIOHSATHS W  OIPEICICHHS,
HEOOXOMMBIC ISl JATLHEHIIIETO aHaIi3a.

B 3amaue rpanmynoro ympasienus (1), (3), (4) u (7) npenmojaraercs, 4TO
nepeMeHHbI ko3 duiment q(x,t) TPUHAMISKUAT JUb kiaccy L,(Qr), @(x),
@1(x) € WH0,1], ¥ (x), P,(x) € L,[0,1], f(x,t) € L,(Qr). IIpennonaraercs Takxke
BhInoaHeHHe yemoBuii cormacoBanus v(0) = (1), v(T) = @ (D).

MckoMoe pelieRre IpeonaraeTcs HaxoquTh B knacce W, (Qr). Jlns BBeneHns
0000IIEHHOTO PENICHHs 3a7a4i TPAHNYHOTO YIPABICHHUS B (OpME WHTETPATLHOTO
TOXIECTBA JOMOIHUTENBHO UcTonb3yercs Kimace W2 (Qr). OnpeneneHus penieHuit
paccMaTtpuBaeMbIX 3amad  (GOPMYIUPYIOTCS [0 aHAJOTHH C  OINpEAeICHUSIMH,
MPUBEICHHBIME BO BTOPOW TJIaBe, Ha OCHOBE COOTBETCTBYIOIIETO HHTETPaIHHOTO
TOXJIECTBA.

Bo BropoMm maparpade Tperbell IJIaBbl AHAIM3HUPYETCA  BOIPOC
paspemmmMocTy cMetandon 3aaauu (1), (3) u (7). 3aeck paccMaTpuBarOTCs yCJIOBUS,
NPy KOTOPBIX 3a/Ja4ya HMEET E€IWHCTBEHHOE OOOOIIEHHOE pEIIEHHE B CMBICIE
WHTETPAJIBHOTO TOXKJECTBA, a TakKe HCCICAYIOTCS CBOWCTBO pCIICHUS U
O0COOCHHOCTH €TI0 3aBHUCHMOCTH OT T'paHWYHBIX (QyHKIWH. [Ipyn HyIeBBIX HaYaJIHBIX
YCJIOBHUM JOKa3aHa CJIEeAYIoLas

Jlemma 2. IIpeononoscum 8bINOIHEHUE CRe0yIowWuUx  YClO8UlL:
T <lu q(xt), f(x,t) €€ L,(Qr). IIpu smom 0606wénnoe pewenue u3 Kiacca
WL (Qr) usyuaemoii 3a0auu (1), (3) u (7) ecmo nobas oepanuyvennas ¢ Qr ynxyus
u(x,t), ons komopoi umeem mecmo

t—x t—x t

1 T
w0 = - [ p@dr+ve+x-D+3 [ dr [ laouE D + 0l +
0

T

0 0
t I-|T—t—x-1|
1
+ E Of “ T—t+x -{;_t+x| [q (5’ T)u@, T) ' f@, T)]dg- (8)
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3ameuanne 3. FEcium mnpennonarate  BbIOJHEHWE — ycioBud  u(t) €
€ Wi (—&, TIVe >0, v(t) € Wi(—e,, T] V & >0, orpanmuennocts q(x,t),
g,(x,t) B obmactu Qr, a Tarxke npmHamIeKHOCTh f(X,t) Kmaccy W3(Qr), TO
paccMaTpuBaeMoe B jemMMe 2 peireHue cmemanHoi 3amauu (1), (3) u (7) Oyner
npuHagIexath k1accy W2 (Qr).

['maBHBIM pe3ynbTaToOM 3TOT0 maparpada sSBISIOTCS TEOPEMBI 7 U 8.

Teopema 7.  [Ipeononosicum BbINONHEHUEe — CAeOYIOWUX — YCIAO0BUIL:
T <luq(xt), f(x,t) € L,(Qr). Tocoa y unmezparvno2o ypaenenus (8)
cywecmeyem eouHcmeenHoe oepanuientoe pewenue U(X,Y), npuuém npu evinoanenuu
yenosus f(x,t) = 0, u(x, t) = 0 6 credyroweii obracmu:

l
{(x,t):OStsz,thSl—t}nQT.

CaencrBue 2. Ecnu evinonmenvt ycnogus meopemvl 7, Mo 04 peuleHus
cmewannou 3aoaqu (1), (3) u (7) cnpaseonrusa oyenka

Sup |u(x, )| <C <||M(t)||L2[o,T] + tS[l(l)I;]IV(t)I + ||f”L2(QT)>' (9)
€lo,

(x,t)EQT

xomopas siensemcs pasromeproti no écem q(x,t): |lqll, oy < v, € =C(y) > 0.

YCeTOiYMBOCTh MTONYYCHHOTO PEIICHHS OTHOCHTEIBHO TPAHMYHBIX YCIOBHU U
MpaBOil YacTH ypaBHEHUS BBITEKAET U3 OIEHKH (9).

Teopema 8. [lpeononoscum evinoanenue ycnosut T < luq(x,t), f(x,t) €
€ L,(Qp). Toeoa y cmewannou 3aoauu (1), (3) u (7) ne moocem cywecmesosamo
6onee 00no2o pewenus uz W (Qr).

B Tperbem maparpade aHamIu3HpyeTCs BONPOC CYIIECTBOBAHUS PELICHHS MPH
T =l u emuHcTBeHHOCTH pemienus npu T < | 3amaun rpaHuyHoro ympasienus (1),
(3), (4) u (7).

Hauném ¢ dopMynupoBKH TEOpeMbl, YyTBEpKAAIOlIed €IMHCTBEHHOCTD
pEIIEHHS.

Teopema 9.  [lpeononosicum  6vlnoaHenue  CACOVIOWUX — YCIOBULL:
T <luq(x,t), f(x,t) € L,(Qr). Toeoa y 3a0auu epanuunozo ynpaerenus (1), (3),
(4) u (7) mooicem cywecmeosamv He 0Oolee 00HO20 0000WEHHO2O 8 CMbICIe
unmezpanLHo2o mocoecmsa pewenus uz knacca Wy (Qr).

Jlanee paau IpocTaThl BRIKIAA0K momoxkuM f(x,t) = 0.

Teopema 10. [Ipeononoosxcum evinonnenue creoyiowux ycnosuti. T =1 u
q(x,t) € L,(Qr). Cneoosamenvro, 0nsi mo2o umobwvl 3a0a4a 2paHUYHO20 YNPAGIeHUs
(1), ), &) u (7) umena pewenue uz xnacca Wi(Qr), neobxooumo, umobsi

HA4ajlbHble U KOHEYHblEe d)yHKl/ﬂ{M ydoeﬂemeopﬂﬂu COONMHOUIEHUIO
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l-T

l T
ot f 4(&, Dy (6, 7)dédT = By + f f 96, Dy (¢, D) dedr,
T 1l i-T
2

O

20e Ay, By— evluenpuseoénnvie  koncmanmol, eeauuunol Uy (X, t), us(x,t)

BLIYUCTIAIIOMCSA NO CLEOVIOWUM POPMYNAM.
x+t

s (5 0) = 0, t)+2 G0, Wt =3 |00+ 0 + (-0 + j YOt |,

[Ty210 ) =5 f dr f Q€D EDAE; 1,000 = 2, t)+Z[T4a4 (6,0,

x—t+T
x—t+l1

1
LD =5 [pGr =D oG-t D— [ w
x+t-1
l x—t+t

1
a0 =5 [d [ a@ouEnd.

t xX+t—1T
Teopema 11. [Ipeononooicum evinoanenue ciredyiowux yciosuti: T =1 u

q(x,t) € L,(Qr). Creoosamenvro, coomHnowenue, cqhopmyiuposaHnoe 6 meopeme
(10), okaszvigaemcsi He MOALKO HEOOXOOUMbBIM, HO U OOCMAMOYHLIM YCI08UEM Ol
CYWeCmeo8anusi eOUHCMeeHH020 peutetus 3adaqu epanuunoco ynpaenenus (1), (3),
(4) u (7) uz knacca Wi (Q,).

3ameuanme 4. V3 npouecca qoka3arenbcTBa TeopeMbl 11 BbITEKaeT anpropHas
OIIEHKA pellleHUs 3ajjauu rpanudHoro ynpasienus (1), (3), (4) u (7)

luCx, Ollwaoy < L(||§0||W21[o,z] + o1 llwgrog + 1l 00 + 1¥11l1,00,1),

B KOTOPOU MOCTOSIHHAS L HE 3aBUCUT OT HOPM (DYHKITMH, BXOIAIIUX B 3a/Ja4y. ITO
OLICHKA JIECMOHCTPHUPYET YCTOMYHMBOCTH IMOJYYCHHOIO PEIICHUS MO OTHOIICHUIO K
HaYaJbHBIM U (DUHAIILHBIM YCIOBHUSIM.

Kpome Toro, ecnu mpenmosiarath BbIMoHeHHE ycioBus ||qll, = 0, To OyayT
cnpasenmuBbl ||z — Al o 20 u v — 19||W21[0’T] — 0, rme 7(t) = 1,(0,t),
v(t) = t(l,t). TlomyuyeHHBIH pe3ybTAT YCTAHABIMBAET CBOWCTBO PETyJSPHOCTH
peteHust ucciemyemoit 3amaun (1), (3), (4) u (7) ornocutensho q(x, t)u(x,t) B (1) c
q(x,t) € Ly(Qr).

3ameuanue 5. AHain3 pe3ysbTaTOB, U3JI0KEHHBIX B IJaBax 2 U 3, TOBOPAT O
TOM, 4ro B ciaydae 1T =[] oOmmuii Bujg pemenus u(x,t) 3amadyd TPaHUIHOTO
yIpaBieHHUsS IS PAacCMaTPUBACMOTO YPaBHEHHsI, IEPEBOMIAIICIO CHCTEMY U3
POM3BOJILHOTO HadanbHOoro cocrostaus  {u(x,0) = @(x), u:(x,0) =yY(x)} B
npou3BosibHOe KoHeuHoe coctosaue {u(x,l) = ¢1(x), u:(x, 1) = yP;(x)}, a Taxxe
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HEOOXOUMbIE M JIOCTATOYHBIE YCJIOBHS CYIIECTBOBAHHS TaKOIO YIPABJICHUS HE
3aBUCAT OT KOHKPETHETO THIA TPAaHUYHOTO yMPABIICHUS, TO €CTh OT TOTO, YIIPABIIIEM
JU Mbl CMEIICHHEM Ha JIEBOM KOHIIE W YNPYrod CUJIOM Ha MpaBOM KOHIIE:
{u(0,t) = u(t), u,(l,t) =v(t)} wam ymnpyroii cuiIoii Ha JEBOM KOHIE U
cmemeareM Ha mpaBoMm koHme: {u,(0,t) = u(t), u(l,t) =v(t)}. Ilpu sToM
KOHKPETHBIC 3HAYE€HMsI TPAHUYHBIX YINPABICHUN pa3IUyalOTCs U ONPENENsIoTCs
4yepe3 PpeIICHHWe JIBYMEPHBIX HWHTETPaIbHBIX ypaBHEHUW Tuma BombTeppbl. OTOT
PE3YNbTAT SBJISIETCS OJTHUM U3 TJIaBHBIX PE3YJIbTATOB IUCCEPTAIMOHHON PaOOTHI.

B maparpade 4 BTOpoO# IaBel OTMEYAIOCh, 4TO Tipu T > | 3amaya TpaHUIHOTO
yOpaBieHus TepecTaéT o00JagaTh CBOWCTBOM EIMHCTBEHHOCTH | JOIYCKAeT
0ECKOHEYHOE MHOXECTBO PEIICHU. B CBS3M C 3TUM BO3HUKAET €CTECTBEHHAs 3a/a4a
ONTHMM3aLMA TPAaHUYHOIO  YIpPABIEHUSA: HEOOXOAMMO BbIOpAaTh  (YHKUUHU
u(t) € L,[0,T], v(t) € WL[0,T], 4To6BI ¢ HOMOIIBIO KOTOPBIX ObLIa BO3MOKHOCTD
MUHAMH3UPOBAT UHTETPA] TPAHUYHOW DHEPTUU C YUETOM YCIOBUN CBSI3HU, KOTOPHIC
CJIEIYIOT U3 BBIIOJIHEHUS HAYaJIbHBIX U KOHEUHBIX COCTOSIHUM CUCTEMBI.

Yereéprolii maparpag tperbeil IIaBbl COASPKUT PELICHHE MOCTABIECHHON
3a/lauu, TpUu€éM B KayeCTBE OCHOBHOTO pPe3yJibTaTa JIAHHOTO Maparpada BCTymaer
Teopema 12.

Teopema 12. [lpeononoosxcum  evinojiHeHue  CleOyIOWUX  YCI08Ull 8
pacemampusaemoii 3adaue (1), (3), (4) u (7): T =2ln+ A,20e n € N, A € [0;21] u
q(x,t) =0. [lpu ewvinonHeHuu SMuUx YCIOBUL CYWECMBYIOM eOUHCMBEHHbIE
epanuunvie ynpasnenus U, (0,t) = u(t) € L,[0, Tl uu(l,t) = v(t) € WL[0,T], ¢
HOMOWBIO KOMOPBIX MONCHO Nepesecmu CUcmemy KONeOaHuu U3 HAYaIbHO20
cocmosinus (3) 8 3a0anHoe KoHeuHoe cocmosiHue (4) u 00Ho8peMeHHO obecneuusamo
MUHUMANbHOE 3HAYEeHUe UHMe2Pala SPAHUYHOU SHEPeUU

j (WO + ' (O]},
0

3nauenus smux epanuyHbix ynpaenenuii ons écex 0 <t < Aum =0,n u onsa
gcex A <t < 2lum = 0,n — 1 onpedensromes credyiowumu Gopmyramu.
npu0 <A< L
21 t
p@im+ 0 = B©, vem+o= o0+m [ R+ [ Fmd,
0

0
20e
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n—-1,_1\m
(=™ 3 Zi)1+( - ;(;1(+11) C'
n—-1,/_1\m
(—1)m - 3( ) b~y m:ognl) C,t
Fi(t) =+ n o ¢_q\m
(=D 2151t+ 1) DT m;(;z(:l) -
et _A4(t o)) m . m=o(=1)™C
(D T T
[y 28O gy Zne DT
-1/_1\m
(—1)™ .A;S) +(=1)mHL. =ogn1) C ‘C
FZ(t) = < (_1)m . Az(t _ l) N (_1)m . Z;ln_:lo —1)mC
2n+1 2n+1
AV NCES) ma1 2m=o(—D™
(D™ 2n D™ 2n

€ [0; A];
€ [A;1];
€ [[; 1+ A];

€ [l + A; 21];

t € [0;A];

€ [A;1];

+ C,t e[l;1+ A];

+C,te[l+4;21];

1(t)——[¢1(t—A+l) U=+t =A+D+yp(-1t) -

Ay (t) =

A3(t) =

Ay(t) =

1
§[¢1(t+A—

2In+A

l

1
Sl -+ (O - (A-) +Y(O) +

2ln+t

l

1
Fle1t =) + @' () + a6 —2) +9(0) —

2In+A

l
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— j f(t+2ln+l—T,T)dT-I—ff(l—t-l—T,T)dT‘;

l
+j f(r—t—Zln,T)dT+Jf(l—t+T'T)dT‘;

l
— J f(t+2ln—’[,’[)d’[+jf(t—T,T)dT‘;

H—'(l—t)— Y, l+A—-t)+yY(l—1t)+



2in+A

J f-2ln—-t+r, T)dT-l-Jf(l—t-I—T 7)dt|;

(45 = D[ (D — 9(D] = [, Ay (D)dt
852l — 8sl+4sA—A+1

npun =2s—1,

(4s + Doy () — o(D] — [ 4, (©)dlt
\ 8s2A + 4sA + 2sl

npun = 2s;

npul < A < 2L:
21 t

u@im+0) = F(8),  v2im+6) = () +m f Fy(n)dn + j Fy(mdn,
0

20e
B, n_(=1)mc
((—1)’"“ 7 Er)z + (D™ m‘;§+; L te[0;A—1];
t n-1l_1ym¢c
(—1)m+t. 2:5_)1 +(=1)™- m_zorg+i Ltela—-L1;
Fi(t) = <
3(0) e+l B,(t—1) m m=0(=1)"C;
R e T T
B3(t —1) m=o(—1)™C,
t n_(-1)mc
(— ). o g—)Z (—1)m+1 .Zm_zor(l +; L C, te[0;A-1];
n_(-1)mc
(—1)m+! Bs(®) + (=1)m+1 Zm=o("D7G, +C, te[A—L1;
* B,(t—1) m=0(=1)™C4
=™ AT + (=)™t 2 + Cy, t € [L;A];
B4(t - l) n_=10(—1)mC1
—_1\ym._= _q1\ym+1 ,&m . .
(D g v 1 T Cevtelazl;

Bi(6) = 7 [pf(t — A+ 20) + /(1) + (£ — A+ 20) + () -

2in+A

j ft+2ln+2l—r, T)dr+jf(t—r T)dT|,
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B,(t) =5 [p1(A-1-+¢'(U-)—9p(A-1-0)—yp(I—-1t) +

N =

2In+A

j f(T—l—Zln—tT)dT—Jf(l—t-l-T 7)dt|;

1
By(t) =2 lp1(t =2+ D+ o' (U= +h(t A+ D) -l -1) -

2Iin+A

f f+2ln+1-7, T)dT—ff(l—’H‘TT)dT 2

1
By(t) =7 lp1(A -0+ 9’ - (A — ) +¥(O) +

2In+A

j f(rt—t—2In, T)dr+ff(t—r T)dr|,

A
(4slp: () — (D] = [, B (D)dt
852l + 4sA — 4sl ’

npun =2s —1,

Ay
Il

(4s + Do) — (] - J,_, Bs(D)dt
\ 8s2l + 4sA + 2sl + 2A — 21 ’

npun = 2s.

Ilycr suppf(x,t) comepxurca B obmactu Qr,rne T, = const, TO ecT IpH

T > T, BHemnee Bo3zeiicTBue [ (X,t) TOKISCCTBEHHO paBHO Hym0. Ilpu 3TOoM
NPEANOI0KEHNH MHHHMAaJIbHOC 3HAUYECHHE HMHTErpajia TPaHWYHOW  DHEPIUu

o 1
OOCHUBACTCS BCIIMYMHOM ITOPAOOKA 0 (;) HpI/I 9TOM KOHCTAaHTa, MPUCYTCTBYIOIIAA B

MPUBEAEHHON OIIGHKE 3aBUCUT OT HOpM (QYHKIHNA, KOTOPbIE BXOISIT B
aHaIM3upyeMmble 3agauu, a Ttakxe T. CimemoBarenbHO, Tpu T — 00 MUHUMAIBHOE
3HAYCHHE YKA3aHHOTO MHTErpaja CTPEMHUTCS K HYJI0, YTO JEJIaeT BO3MOXHBIM
MPEIOTBpAIICHUE PE30HAHCHOTO PEXXMMa B TIpOIlecce KoJIeOaHuii CTPYHBI.

B pazgene «O0cykaeHne moJiy4eHHbIX Pe3yJbTaTOB)» MPEACTABICH KpPaTKUU
aHaJu3 pe3yJIbTaTOB, MOJYYEHHBIX B JIUCCEPTALIMOHHON paboTe, a TakKe MPOBEICHO
MX CPABHEHHE C PE3YJbTaTaMH, JOCTUTHYTHIMU JIPYTUMH UCCIEAOBATENSIMH B JAHHOU
obJacTu.
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BbIBO/IbI
OcHOBHBbIe HAYYHbI€ Pe3YJbTAThI JUCCEPTALMHU
HUrtak, B pabore moJapoOHO pacCMOTPEHBI BCE IIOCTABJICHHBIC 3aJlaud M

MOJIYYCHBI COOTBETCTBYIOIIME pe3yJabTaThl. KpaTko OHUM MOTYT OBITh H3JI0KEHBI

CJIEIYIONUM 00pa30M: JJII OJJHOMEPHOTO TeJerpaHOro ypaBHEHHUS C MEPEMEHHBIM

KOA(PPUIIMEHTOM M3 KJIacca CYMMHUPYEMBIX ¢ KBajpaToM (YyHKIIUN BHUJIa

U (0, ) — Uy (6, £) — q(x, Dulx, t) = f(x,t), 0<x<I[, 0<t<T

B 0000IIEHHON ITOCTAHOBKE:

1.Ilpu T <! npoaHanu3upoBaHa 3ajlaya T'PaAaHUYHOTO YIpPaBJIEHHUS, B KOTOPOU
BO3JICHCTBUE OCYIIECTBISJIOCh CMEIEHHEM Ha JIEBOM KOHIIE 00JlacTh U
MPUJIOKEHUEM YIIPYToM cujioil Ha mpaBoM koHue [1-A], [3-A], [4-A], [7-A], [11-
Al;

2. Ima T <1 w3ydanmach 3ajada TPAHWUYHOTO YIpaBICHUS C OOpaTHOM CcXeMmou
BO3JICUCTBHS: yIpyTas CHJIa Ha JICBOM KOHIIE U CMEIICHUE Ha TPAaBOM KOHIIE [2-
Al, [5-A], [8-A], [9-A], [10-A].

Bo obeux cutyanusx:

® YCTAHOBJICHA TeOpeMa, YyTBEpKAalolias €IMHCTBEHHOCTh pelIeHUs 3aJadu
TPAaHUYHOTO YIIPABJICHUS TIPH BPEMEHU, HE IMPEBBINIAIOIIEM KPUTHYECKOTO
3HAYCHUS,

® BBIBCJICHBI  YCJIOBHS, KOTOpBIE IIPEACTABISAIOT COOOM HEOOXOJAMMBIE |
JOCTaTOYHBIC  YCIIOBWS, TapaHTUPYIOIIHE  CYIIECTBOBAHHE  HMCKOMOTO
TPAaHUYHOTO YIPABIICHUS B KPUTHYECKOE BpEMSI;

e chopmynupoBaHa arpuopHas OTICHKA MTOCTPOSHHOTO pernieHus,
JEMOHTPHUPYIOIIAs YCTOMUYUBOCTD IMOJYYCHHOTO PEIICHHS IO OTHOIICHHIO K
HavyaJbHbIM U KOHCUHBIM YCIIOBUSIM;

e 00OOCHOBaHA PETYJISIPHOCTH PEIICHUS pacCMaTpUBaeMOM 3aauyd OTHOCHUTEIBHO
q(x, t)u(x, t), B kotopoMm q(x, t) € L,(Q7).

Kpome Toro, ycraHOBIIeHa pa3pemiMOCTh COOTBETCTBYIOIIMX CMEIIAHHBIX
3a/1a4 I UCCIEAyeMOoro TejerpadHoro ypaBHEHUs, a HIMEHHO:

" JOKa3aHbl  TEOPEMBbI,  OOECICUMBAIOXHE  CIAMHCTBCHHOCTh  PCIICHHS
COOTBETCTBYIOIIUX CMEIIAaHHBIX 3a]1a4;

" JIOKa3aHbl  TCOPEMBI, rapaHTHPYOIIHEC CYIIECTBOBAHHWE  PCIICHUS

COOTBCTCTBYIOIIMX CMCIIAHHBIX 3a/1a4;
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" yCTaHOBJICHA YCTOﬁqHBOCTB pCUICHUA YKAa3aHHBIX 3aJdad OTHOCHUTCIIbHO

q(x,t)u(x,t), B xotopom q(x,t) € L,(Qr), a TakKe MO OTHONIICHHIO K

q)YHKHI/I}IM, KOTOPBIC BXOJAT B IIOCTAHOBKY 3a14a4.

HOI[‘ICpKHéM, YTO IICPBOHAYAJIbHO Pa3pCIIMMOCTb BCCX PpPACCMATPUBACMBIX

3aaad

ObUla TPOJEMOHCTPUPOBAHA HA TPUMEPE YPaBHEHUS BBIHYXJICHHBIX

KoJe0aHuM CTPYHBI, KOTOPOE MPEACTaBIseT cOOON YaCTHBIN Ciydail UCCIeTyeMOro

ypaBHeHus nipu q(x,t) = 0. [{nsg gaHHOTO YacCTHOTO CIydasi BCE COOTBETCTBYIOITUE

YTBEPKACHUS YETKO CPOPMYTUPOBAHBI U CTPOTO JIOKA3AHBI.

3. Haﬁ,Z[CHBI SABHBIC aHAJIMTHUYCCKHC (I)OpMYJII)I L OIITUMAJIBHBIX T'PAHUYHBIX

YIOPaBJIEHUN, PEaTu3yeMbIX CMEIICHUEM Ha JIEBOM KOHIE M yIOPYroil CUJION Ha

IMpaBOM KOHIIC, IJIA ITPOU3BOJIBHOI'O JOCTATOYHO MIMHHOI'O MHTCpPBAJla BPCMCHU,

OIIMCBIBAIOMICTO ITPOLECCCHI, HOI[‘-II/IHéHHBIe YPAaBHCHHUIO BBIHYKJICHHBIX KoaeOaHuit

CTpYHBI [6-A];

4, Haﬁ,Z[GHBI SABHBIC aAHAJIMTHYCCKHC (bOpMy.TII)I M1 OIITUMAJIBHBIX T'PAHUYHBIX

YIOPaBJIEHUW, PEaTU3yeMbIX YIPYroil CUJION Ha JIEBOM KOHIIE M CMELICHHUEM Ha

IMpaBOM KOHIIC, IJIA ITPOU3BOJILHOI'O JOCTATOYHO IJIMHHOI'O MHTCPBAJIa BPCMCHHU,

OIIMCBIBAIOMICTO ITPOLCCCHI, HOI[‘-II/IHéHHBIe YPAaBHCHHUIO BbIHYKJICHHBIX KoaeOaHuit

CTpYHBI [6-A].

PexoMeHaanum 1Mo NPaAaKTHYECKOMY MCIOJIb30BAHUI0 PE3YJIbTATOB

JluccepranimoHHas paboTa MMEET TEOPETHYECKOe 3HaueHHe, a € pe3yibTaThl

MOI'YT OBITH MCITOJIb30BaHbBI B CICAYIOIINX HAIIPABJICHUAX:

K/
0‘0

NP JajJbHEHIIEM HCCIIEIOBAHUH 3a]lay, aHAJIOTUYHBIX 3a/layaM TPaHUYHOTO
yIpaBiIeHUs, IS Pa3lUYHBIX KJIAcCOB AU(PepeHIInanbHbIX YpaBHCHUN B
YACTHBIX MPOU3BOJHBIX, a TAKXK€ CBSA3aHHBIX C HUMH 3a7ay NPUKIATHOU
MaTeMaTHKU;

B yuyeOHOM IIpollecce€ TpU MPENnoAaBaHUM CIEUUATbHBIX JUCHUIUINH
CTYJ€HTaM CTapliuX KypcoB, Maructpantam u nokropantam (PhD) mno
cnenuanbHOCTAM «MaTtematukay U «Pu3nuKay B YUYPEXKACHHUSIX BBICIIETO
poheCCHOHAIIBHOTO 00pa30BaHus;

JUIS  MaTeMaTHMYeCKOr0  MOJENMPOBAHUSA  PA3IMYHBIX  (PU3UYECKHUX,
TEXHUYECKUX U  €CTECTBEHHO-HAYYHBIX  IPOLECCOB,  OMHUCHIBAEMBIX

YpaBHCHUAMHA, paCCMOTPCHHBIMHA B IUCCCPTALIUUA.
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Cnucoxk my0JuKanuii couckaresist y4€Ho# cTeneHu
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AHHOTATCHUA

ba asmopeghepamu ouccepmamcuau Paxmamynnoxzooa @aiizynnox Paxmamynio oap mag3yu
«Taxxuxu macvanaxou u0oOpaxyHuu capxaouu mapxkuoi 6apou pasanoxoe, ku 60 mMyoounau

menezpaghii 60 Ko3ppumcuenmu maguupébarnda mascugh meébanoy bapou oapégpmu oapayau
unmuu ooxmopu ¢ancagha (PhD) — doxkmop a3 pyiu uxmucocu 6D060100 — Mamemamuxa

(6D060103 — Myoounaxou oughghepencuanii, cucmemaxou OUHAMUKE 64 UOOPAKVHUU ONMUMAITTL)

KanuaBo:xkaxo: HIOpakyHUU capxalil, Machallam OMEXTa, MyoJujau Ttenerpadi, Xamiu
YMYMHUIITyJIa, MyOJUJIall HHTETPaJiA, KaTopu HeliMaH, 1ax3au KPUTHKUH BAKT.

Xagapu kop. Xanahpu acocuM TaxXKUKOTH JUCCEPTATCHOHHA TAaXKUKH Machallaxou
UJOPaKyHUH capXaIuu TapkuOi MeOolaa, KM TaBacCyTH YOMMBA3KyHil Jlap sIK capxaj Ba KyBBau
YaHJIMPH Jap capxaau aurap, € Oapbakc KyBBau YaHIUPH Jap sIK capxajJ Ba YOMHMBAa3KyHH aap
capxaau nurap, O6apom Myomwiam Tteierpadim 60 kodpduUTCHEHTH TarimpéOaHma amanid Kapaa
MEIIaBaH/I.

Yeyaxou TaxkukoT. Jlap kopu Ma3Kyp a3 ycynxou (GuU3MKaM MaTeMaTHKH, TaXJIHId
(GyHKCHOHAJ, Ha3apusy MYOJWIaXOW WHTETrpaliuu XaTTHH YMHCH AYyIOMU Hamyau Bonrepa Ba
Ha3apusad Machallau UIOPAKyHUHU capXali UCTH(OAA IIyaaaH .

HaBoBapuxou WJIMHMH TaxXKHKOT. XaMauW HaTHYaXxOH [JUCCEPTATCHs HaB MeOOIIaH.
Hatuvaxou acocupo 0a TaBpu MyxTacap HoMOap MEKyHEM.

1. Teopemaxo omn Oa XallIaBaHJAardd MacbhbajaXOM OMEXTaW TapKuOHMH MyBOQHUK Oapou
Myouiiau Tenerpaduu sxkdeHaka 6o kodducruenty Tariinpédana ucoOT Kap/a IryaaH/;

2. Teopemaxo owmjg 0a STOHATMM XAJUTH MachajlaxOW HIOPAKYHHH CapXaauu TapKkuOm Oapowu
Myoauiau Tenerpaguu sikdeHaka 00 koaddurcueHTH Tariiupébanaa map BakTH Xypa €
O6apobapy KpUTHKI UCOOT KapAa IyJaaHT;

3. Teopemaxo oma 6a MaBUyIUATH XA MachallaxOM HIOPAaKyHHH CapXaluu TapkuOit Oapou
BAaKTH KPUTHKH UCOOT Kapja MIyaaaHs,

4. VYcryBopuu XalUTM XamMal MachajlaXxOM OMEXTa Ba HIAOPaKyHHH capXaauu OappacuiliaBaHa
HucOar 6a omyoum ammutuBud q(x,t)u(x,t) Ba WHYYHHH HHCOAT Oa (YHKCHUSIXOU dap
T'y30pHIII Machalia HcTU(OalIaBaHa aCOCHOK Kap/ia IIyaaacT;

5. MnopakyHHXOHW capXaJuy ONTHUMAIHH TapKkuOil 6apou paBaHIX0€, KM 00 MyOJUIau JIAMMUIIXOH
MayOypuu TOp TaBcU( MeraBaH, nap (Gocuaaxou BaKTH KaJIOH, KU KUMAaTH XypATapUH KaOyi
KapJaHU UHTETPAIA SHEPTUSU CapXaJAupo TAbMUH MEHAMOSIH/I, 6a JacT oBap/aa IIyJaaH]I.

Ap3ulIX0M Ha3apusABA Ba aMajJuud TaxKUMKOT. Kop xapaktepu HazapusiBii Jopaj.
HaTtnyaxom OH MeTaBOHaHJ XaHTOMH OMY3HIIN KYpPCXOM Maxcyc 0apou MOHWUIIYYEHU KYypCXOU
001011, MarucTpanTxo Ba JokTopanTXon PhD Gapou nxtucocxoun marematuka Ba husmka uctudoaa
maBaHA. XaM4yHWH, HaTH4axou OajacromMaza METaBOHAHI 0apoW aMCHIIACO3UU DPABAHIIXOU

T'YHOT'YH, KM 00 MyoaniIaxou OappacuiliaBaHia TaBcU(] MelIaBaH, HCTHU(OAA IIaBaH/I.
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AHHOTANUA

Ha asmopeghepam ouccepmayuu Paxmamynnoxszooa @auzyinox Paxmamynno na memy
«Hccnedosanue KOMOUHUPOBAHHBIX 3a0AY SPAHUYHO20 YNPABIEHUS NPOYECCOM, ONUCHIBAEMbIM
menezpagHbIM ypasHenuem ¢ nepemMeHHbIM KOIDGuyueHmom», npedcmagieHHol Ha COUCKaHUe
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ONMUMAnbHOE YNPasiIeHUe)

KiroueBble c10Ba: rpaHMYHOE YIpaBJeHHE, CMEIIaHHAs 3ajada, TelerpagHoe ypaBHEHHE,
00001mEHHOE pelIeHne, UHTEeTpajJIbHOe YpaBHEeHUE, psin HeliMana, KpUTHUECKUIT MOMEHT BPEMEHH.

Leas padorbl. OCHOBHOW IENBI0 HMCCIENOBAHHUS HCCEPTAMOHHONW pPabOTHI SBISETCS
n3yuyeHrne KOMOMHHMPOBAHHBIX 3aad TPAHWYHBIX YIPABICHUH, MPOM3BOJIMMBIX CMEIICHHEM Ha
OJIHOM KOHIIE U YIIPYTOM CHJION Ha APYroM, WM YIPYrOW CHUJIOW Ha OJHOM KOHIIE M CMEIEHUEM Ha
ApyroM Juisl TeJaerpadHoro ypaBHEHHUsl ¢ NEPEMEHHBIM KO3 (UIIMEHTOM NPH BPEMEHH, MEHBIIEM
WJIM PAaBHOM KPUTHYECKOMY.

Metoabl uccienoBaHusi. B paboTe uCHOIB3YIOTCS METOJbl MareMaTH4yeckod (pu3MKH,
(YHKIMOHATIBPHOTO aHaN3a, TEOPUW JIMHEHHBIX MHTETPAJbHBIX YpaBHEHUH THma BonbTepsl
BTOPOT'0O pO/ia U TEOPHUH 3a/1a4 TPAHUYHOTO YIIPABIICHUS.

Hayuynast HoBM3HA. Bce pe3ynbTaThl AUCCEPTALMU SIBISAIOTCS HOBBIMU. BKpaTie nepeuncinm
OCHOBHBIE PE3YJIbTATHI:

1. JlokazaHbl TEOpeMbl O Pa3pPEIIUMOCTH COOTBETCTBYIOIIMX KOMOMHHUPOBAaHHBIX CMEIIAHHBIX
3aJa4 JAJ1sl OAHOMEPHOTO TeslerpaHOro ypaBHEHUs C epeMEHHbIM K03(h(HULIMEHTOM;

2. Jloka3aHbl TEOpeMbl O E€AMHCTBEHHOCTH pEIICHUs KOMOMHMPOBAHHBIX 3aJlad T'PAHUYHOTO
yIIpaBJIEHUs JJIs1 OTHOMEPHOTO Telerpa(Horo ypaBHeHuUs ¢ NEPEMEHHbBIM K03 (HUIIUEHTOM PU
BPEMEHM, MEHBIIEM UJIM PABHOM KPUTHUECKOMY;

3. JlokazaHbl TeOopeMBbl O CYIIECTBOBAaHHHM pEIICHUS KOMOWHHPOBAHHBIX 337a4 TPAHUIHOTO
yHpaBiaeHus i OJHOMEPHOTo TeaerpagHOro ypaBHEHHS ¢ NEPEMEHHBIM KO (UILIMEHTOM NPU
BPEMEHH, PABHOM KPUTHYECKOMY;

4. OO0ocHOBaHa yCTOMYMBOCTb PELLIEHUS BCEX M3Y4YaeMbIX CMEIIAHHBIX 3a/1a4 U 33]1a4 TPaHUYHOTO
VIIPaBICHHS TI0 OTHOIIEHHIO K aJIMTHBHOMY Bo3myineHuo q(x, t)u(x,t), a Ttakke
OTHOCHUTEJIBHO (DYHKIIMI, BXOASIIMX B TOCTAHOBKY 3a]1a4;

5. ITlomydyeHsl onTuManbHble KOMOMHUPOBAaHHbIE TpAaHUYHBIE YIOpPABIEHUS JJs IPOILECCOB,
ONMCHIBAEMBIX YpPaBHEHHEM BBIHY)KJIEHHBIX KoJIeOaHMIl CTpyHbI, 3a OoJsbllIM€ BpEMEHa,
JOCTaBJISIOUIME MUHUMYM UHTETpally TPaHUYHON SHEPTHH.

Teoperuyeckasi 1 mpakTHu4Yeckasi HeHHOCTh. PaboTra HOCUT TeopeTnueckuii xapakrtep. E€
pE3yJIbTAaThl MOYKHO MCIOJIb30BaTh MPU YTEHUHU CIIELIKYPCOB /ISl CTapIIEKYPCHUKOB, MaruCTpaHTOB
u aokropantoB PhD crenmanbHOCTe# MaTtemaTHku u (Qu3uku. Kpome TOro, y4uTHIBaeTCS, YTO
MOJTyYeHHbIE PEe3yNAbTaThl TaKXe MOTYT OBITh MCIOJNB30BaHbI JJII MOJICIMPOBAHUS Pa3IUYHBIX
IIPOLIECCOB, OMMCBHIBAEMBIX PACCMOTPEHHBIMH YPaBHEHUSIMH.
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Boundary Control Problems for a Process Described by a Telegraph Equation with a Variable
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Mathematics (60060103 — Differential Equations, Dynamic Systems, and Optimal Control)

Keywords: boundary control, mixed problem, telegraph equation, generalized solution,
integral equation, Neumann series, critical time.

Purpose of the work. The main objective of this dissertation is to study combined boundary
control problems generated by a displacement at one end and an elastic force at the other, or an
elastic force at one end and a displacement at the other, for a telegraph equation with a variable
coefficient at a time less than or equal to the critical time.

Research Methods. This paper utilizes methods from mathematical physics, functional
analysis, the theory of linear integral Voltaire equations of the second kind, and the theory of
boundary control problems.

Scientific Novelty. All results of this dissertation are new. The main results are summarized
below:

1. Theorems on the solvability of the corresponding combined mixed problems for a one-
dimensional telegraph equation with a variable coefficient are proved;

2. Theorems on the uniqueness of the solution of combined boundary control problems for a one-
dimensional telegraph equation with a variable coefficient for a time less than or equal to the
critical value are proved;

3. Theorems on the existence of a solution to combined boundary control problems for a one-
dimensional telegraph equation with a variable coefficient for a time equal to the critical value
are proved;

4. The stability of the solutions of all studied mixed and boundary control problems with respect to
an additive perturbation g(x,t)u(x,t), as well as with respect to the functions included in the
problem formulation, is substantiated.

5. Optimal combined boundary controls for processes described by the equation of forced string
oscillations are obtained over long time scales, minimizing the boundary energy integral.

Theoretical and practical value. This work is theoretical in nature. Its results can be used in
specialized courses for senior, master's, and PhD students in mathematics and physics. Furthermore,
it is noted that the obtained results can also be used to model various processes described by the
equations considered.
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