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MYKAJAUMA
MyOpaMuu MaB3yM TaXKHKOT. «Jlap mapoutu pymau OocypbaTd 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 kodbduTcuenTy Tariupédanga 6apou TaBcudu 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 Jlap XaTXOW Japo3, JMHAMHKau
Xxapakatu HadT Ba ra3 gap KyOypxOo, MHYYHUH TaxJIWIM PaBaHIXOW MaBUil Jap
MYXUTXOHM T'€OJIOTH axaMUATH HAa3apusBH Ba aMalld JopaHAa. flke a3 macpanaxou
MYXHUMHU Ha3apysii UIOPAKYHUH CapXaail TaxXusiu YCyJIXOU caMapaHOKU MAOPAKyHUU
YYHUH paBaHAX0 00 Ha3apJOIUTH MaxXIyAUATXOU BakTi 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
tenerpabii 60 kodbduTcueHTH TariiupéObanaa, MaxcycaH nap Qocuiaum BaKTU

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 MachalaxoM HJIOPAaKyHHPO Maxayd Mecos3al. 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.

3apypatd TaXKMKOTH Ma3Kyp a3 MaBUyJMITH MachajlaxOou XaJlHAIlyaa aap
CaMTH Ha3apusid HIOPAKyHUH CHCTEMaxOM TAaKCHMIIYyJa Ba Ha3apusid Machallaxou
noTuI0N-capxanii 6apou myoaunaxou nuddepeHcuanuu runepOotii 0apMeos1, Ku
Machallaxou TapKuOi a3 YyMiau OHXOSH[. XaJJId MachallaxOu I'y30LITally/1a UMKOH
MeanXal, KU acoCXOM Ha3zapUsIBUU MJOPAKyHUU paBaHIAXOM MaBuil TakMui EQra,
YCYJIXOHU HaBM TaXKUK Ba UJOPAKyHUH YyHHH CUCTEMAaxo MEIIHUXO ] Kap/a I1aBaH/I.

XaMUH TapuK, TaXKUKH MachalaxOW HIAOPaKyHHH CapXaIuu TapkuOi Oapou
MyoaWIan sikueHakau Ttenerpadit 60 kodbduTCHEeHTH TarhiupébaHga JA0pouU
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
UIOpPaKyHHM CapXaiuM JanuIIXopo Jap IIakid Machajlaxom 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 Jupuxiie Taxkuk mrygaacT. Jlap xammH kKOp 060 mctudoma a3
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 JluoHc Oapou XojaTu MyoauiIau

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 CHCTEMaxOM XaTTd ©00 mnapaMeTpxou
TakcuMmiyga 6o ucrudona a3z L-npobieman MOMeHTX0 OaEH IIy1aaH/I.

Hap monorpadusu A.I'. byTkoBckuil [9] Mackanam UIOpakyHHH capxaiad 0o
épun meroau Dypiie Ba METOIM MOMEHTXO TaXKWK Tapauaaact. bap 3ammu wuH,
UJOpPAKYHUH CapXaJuu 4YycTy4dyyllaBaHAa Jap MLIakiau kKaropxou Pypiie coxTta
[1y/1aaCT.

Hap xopu A.E. EropoB [12] Oapom xamim KOHCTPYKTUBUHM (CaMapaHOKH)
Machajgal HUIOPAKYHUH capxadil ycyiaud MaBuxoW adTaHga Ba HHBUKOCEOaHHIA
uctudonaa mynaact. ap monorpadusiv y [13] camTxou acocun Hazapusii MyOCUPH
MaTeMaTUKUU UI0pPaKyHl Oappacil MemaBaH, a3 yymiia: aMCHUIACO3UH MaTEMaTUKUU
CUCTEMaxOH MA0pallaBaHAa; aCOCXOU Ha3apusiu YCTYBOPUHU CHCTEMaxou FalpuxarTid
Ba UJOpAlllaBaH/a; JAMUIIXOU JABPUHU CUCTEMAXOW FapUXaTTH; aCOCXOU Ha3zapusH
uJopaliaBaHjari; MYyIMIOXUAAllaBi Ba HWIACHTU(MUKATCUS; YCYJIXOM Ha3apusiu
UJIOPAKYHUU ONTHUMAaN; MHYYHUH YHCYPXOU Ha3apusii CHUCTEMaxOU CTOXACTUKUU
(axTuUMoNIMM) uIOpamiaBaHaa. Jlap WH KOp cUCTeMaxo XaMm 00 TmapaMeTpxou
MyTamapka3 Ba xaMm 00 mapaMeTpxod TakcuMminyjaa Oappacii merapaania. Kopu
mymtapaku ¥ 6o JLLH. 3namenckas [14] Hu3 O6a xaMMH MaB3yb Oaximujaa IIyja,
MachallaxOu TYHOTYHU HJIOPaKyHH, MYIIOXHIAAKyHH Ba HUIAOPAKyHUU ONTHUMAIIAPO
nap 6ap Merupasj.

Hap makonan @.I1. Bacunes [10] tadcupu Hazapusiu qyroHa gap mMachaiaxou
XaTTUU WJIOPAKyHil Ba MYMIOXUJAKYHH NENIHUXOJ IIyJaacT. XaUld Machajaxou
UJOPAKYHUH CapXaJUH PaBaHIXOW MaB4il 00 yCynxou (HyHKCHOHAJN, MHYYHUH JIap
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 €draHu MIOPaKyYHUH capXaJuH YyCcTy4ylllaBaHaa coxTa imyaaana. ba ycynxou
TaKpuOWM XA/l MachallaxOW WJIAOPAKyHUU capXaaid Oapou MyOIWiIan MaB4Yi,
nHYyHUH Kopxou M.M. IloranoB Ba morupau y .A. BanoB [25], [26] Ba [15] Hu3
Oaxmua mryaaan/.

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

IAPTXOU 3apypil Ba KU(POATUM MaBUYAMUATH Xall MyKappap Kapia IIyjaa, MHYyHUH
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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 CapXadil oBapja IIyJaacT, KU Ay JOUMUU UXTUEPH Ba
qop (yHKcusn 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)] mebo3an, ku 60pH aBBaJ Max3 Jap XaMHMH Kop a3 4ounou B.A.Mnitnn
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, ujopallaBaHAaruu
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 Kapjaa, capXaau AYIOM MycTaxkam Kapjaa myzgaact [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 SHEPrUsSU HUXOMPO Oa Hazap Merupan. Jlap WH 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 KPUTUKHA 3HEN 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
MMKOHITa3up, KU KAMaTH MUHUMAJR KaOys KapJAaHu WHTETPau dSHEPTUAU CapXaTUPO
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(} MellaBaHa, 0apou Machajgaxou OMEXTau JIOKAJ Ba FAUPUIIOKA 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 OJIMMOHM 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 tenerpadit 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, Ki HAOPAKyHUXO 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
xounate ku mopyau [0, [] a3 ay kucmu anoxuaa nbopat Oyaa, paBaHi 1ap OHXO JOPOH
napaMeTpxou (pU3uKuM ryHOTyH 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.HUcmaru, A.3. Mmmyxameros, E. A. Koznosa, E.K. Koctoycosa, 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/ia IIyAaacT.

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 UJIOPaAKyHUU CapXaJuH TapkuOit bapou Myoamian (***) 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. Kpurckos [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 mynaaHa. Jlap kopu B.A.Komopnuk [1] machanaxowu
UJ0paKyH# nap (Hocuaaxou BaKTH a3 KPUTHKIA KajJoH Oapou myoauiau (**) xanromu
oedocuna Ba raiipumandi oymganu kodpdurcueHtr q(x,t) = q(x) TaxKUK IIyTaaHs.

Taxmunm agabuét HUIIOH MEAMXal, KU MachalaXxOW HAOPAKYHUU capXaii
Oapon myommiaan (***) amaman kaM owmy3umn EpTaaHa, XyCycaH Machalaxou
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 MeOomran. Hatngaxon OGamacroMagan TaXKUKOT Oapou pymian
MUHOABJaN Ha3apysii UIOPAKYHHH CHCTEMAaxOH JIOPOW MapaMeTPXOH TaKCHMIIYA,
TaKMWJIH yCYJIXOW TaXKUKA MachalaXxOW HIOPAKyHHH capXaaid Ba Baceh HaMYJTaHH
3aMHHaW Ha3apUsABUH XAJUTM MAachallaxOu MypakKkaOM MaTeMaThKau aMalliii Mycouaar
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
cudatii Ba XaJuTl aJaJlui Machajlaxou MaTeMaTHKaW aMaliil Ba MEXaHHUKa» 0a camMTH
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 OMY3HIII Kapop THpU(TaaH/.

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 HABW WJIMil Ba Baceh HaMYJaHW 3aMHHAW HA3apUSBUHU XaJUIA
Machallaxou OappacuiliaBaHjia 3aMmuHa (papoxaM Meopa.

TABCUPU YMYMUU TAXKHUKOT
Makcaau TaXKMKOT. Xanau acocuu TaxKUKOTH JTUCCEPTATCUOHN TaXKUKH
Machajgaxou UAOPAKyHUHU CapXaauu TapKuOi mMeOoIral, K TaBacCyTH YOWMBA3KYHI
Jap SK capxaj Ba KyBBaWl YaHIUPH JIap capxaiau aurap, € 0apbakc KyBBaW YaHIUP
Jap sIK capxaJa Ba YOWMBA3KyHi Jap capxaau aurap, 6apou myonumau (***) amarii
MeEIIaBaH/I.
Basudaxou taxkukor. Bazudaxou acocun TaxKMKOT HOOpaTaH, as:



Taxusi Ba MCOOTH TeopeMaxo ouj 0Oa sAroHari# Ba MaBUYAMITH 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 UIOPAKyYHUHU CapXaauu TapKuOi 6apou
MYOJIAJIaH JIAMAIIXOW Maqy0ypur TOp aap (Gocuiian BaKTH KaJoOH.

O0bekTH TAXKHKOT. Myoawinan JNanuiixou MayOypuu TOp Ba MYyOJuiIau

tenerpaduu sikueHaka 60 kodpdurcueHTu Tariiupeobana.

M3B3yl/l TaAaXKMKOT. Machamaxom oMeXTa Ba MachalaXxou NAO0OPAKYHHH

capxaauu TapkuoOi 6apon MyoausIaxou OappacHiliaBaH/a.

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

HaTI/I‘IaXOH aCoCHupo 0a TaBpU MyXTacap HOM6ap MCKYHCM.

1.

1.

Teopemaxo ouj 6a XxaiiaBaHAarud MachallaXxOu OMEXTau TapKUOUKU MYyBOGUK
Oapou Myoamiaun teinerpaduu sikueHaka 60 kodpdurcueHTy Tariupédbanga a3
cuHdu L, ucbot kapaa nrygaanm;

Teopemaxo omm Oa sITOHArMM XaJUTM MachallaXxOW WIOPAKyHUH CapXaJIuu
TapkuOi Oapou Myoauian OappacuiliaBaHlia Jap BakTh Xypna € Oapobapu
KPUTHKI UCOOT Kapja ITy/1aaHI;

Teopemaxo oun 6a MaBYyIUATH XAJTM Machajaxou HUJIOPAKYHHH CapXaauu
TapkuOn 6apou MyojwmiIan OappacuiliaBaH/a Jap BaKTH KPUTHKA UCOOT Kapaa
ITyTaaH/T;

YceTyBOpuM Xa/uld XaMad MachajaXod OMEXTa Ba HUAOPAKyHUU CapXalud
OappacumaBanaa Hucbar O6a omyou ammutuBuu q(x,t)u(x,t) Ba WHUYHHH
HucOaT 0a (QPyHKCUSAXOM Jap T'y30pHIIA Machaja MCTH(OJalIaBaHIa aCOCHOK
Kapja IIyaaacrT;

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

HykTaxou 6a XMMosi NEeMIHUXOAIIABAH/IA

SIkkuMmaTa XaniiIaBaHIardd MachallaxOW OMEXTau MYBO(DHK Oapou MyOuiIau
Tenerpaduu sikuyeHaka 00 korddurcueHTu Tariupédan a ucOOT Kapaa myaa,

TEOpPEMaxoM JaXJA0p Taxys Ba aCOCHOK TapAuIaaHI;
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2. SIkkuMaTta XajlllaBaHJarud MacbhallaxOoM HAOPAKyHHU capxaaid Oapou
Myoausian Tenerpaduu  sKueHaka 00 Kod(phUTCHEHTH TariupéOaHia, Ku
UJIOPaKyHI TaBacCyTH YOWWBAa3KyH@ (KyBBaW YaHIUpH) Jap SK capxaj Ba
KyBBau 4aHAUPHA (QOMMBA3KyHM) Aap capxajd Iurap aMaji merapaas, UcOoT
1ryzia, TeOpeMaxou MyBO(HK Taxusi Ba MEIIHUXO/] TapAuIaaH;

3. Teopemaxo oua 6a sSirOHar#, MaBUyAUAT Ba COXTAaHU HIOPAKYHUXOU CApXaIuu
ONITUMAJINH TapKuOit 6apou paBaHIX0€, KU 00 MyOaAUIau JAMUIIXOH MayOypHH
TOp TaBcu( MemaBaua, 1ap (ocuIaxou BaKTH KaJlOH Taxus Ba UCOOT rapuia,
HUIIIOH JI0Jla IIyaacT, KU UH UIOPAKyHHXO KHUMAaTH XYpITapUHU WHTETPATH
DHEPTHUSU CapXaIupo TABMUH MEHAMOSH]I.

AXaMMAATM Ha3apusiBii Ba aMaJluM TaxXKMKOT. TaxKuUKoTe, KU Jap
ArccepTaTcsi MasKyp ouj 0a XalllaBaHAardd MachalaxOoW WIOPAKyHHH CapXaiaud
TapkuOi Obapou Myouiau tenerpadi 60 kordurcuenTn Tariupedania aHyoM J104a
IIyJaada, XyCyCHSTH HaszapusiBii nopani. Hatwmdaxou wmnmum OGamactomana Gapou
pyuyin MuUHOabIaW Ha3apusii MacbhalaXOd WIOPAKyHHH capxadid, Machajlaxou
oMmexTa 0apou MyoJIUJIaXOU TUIEPOOJi Ba MHUYHUH JIUrap 0axurxou maTeMaTHKau
amMajil axaMMUATA MyXuM jgopania. MnoBa Gap uMH, OHXO METaBOHAH Jap COXaxou
TYHOTYHH HWJIMXOM TaOWUil Ba TEXHUKH, a3 yymia (uU3MKa, MEXaHUKa Ba JUrap
camMTX0€, KM paBaHIAXOM OHXO TaBaCCyTH MYOJMJIAXOM THUIEpPOOT aMCuiIaco3it
Merapaan, MaBpuau uctudoaa Kapop rupana. MaBoau AUCCEPTaATCHSIH Ma3Kyppo
WHYYHWH METABOH JIap YapaéHU TabIMMH KYpPCXOM MaxCycC, CEMHHApXOW WJIMM Ba
MAIIFyJIUATXON Taxaccycit 0apou JOHUIIIYEHH KypCXOW OOJOW, MaruCTpaHTOH Ba
JIOKTOPAHTOH, KU a3 pyWM HMXTUCOCXOM MaTeMaTHKa, MaTeMaTHKah aMmallii Ba
MEXaHHMKa TaxCHUJ MEHaMOsSH/I, 0a TaBpu Myaccup uctudoaa Oyp.

Faiip a3 wuH, Hartuyaxou OajacToMazia METAaBOHAHI XaMUyH 3aMHHAH
HazapusBil 0apou aMCUJIACO3WMU PaBaHIXOW T'YHOTYHHM (PU3UKA Ba TEXHUKH, KU 0O
MyoOJWIaxou Oappacuiilyja TaBcu( MeNIaBaH/, XU3MaT HaMyzda, Jap TaxXKUKOTHU
MUHOabIau WM Ba XaJUTH MachallaxOu aMaJlid TATOMK rapaaH.

Jlapayan JIbTUMOTHOKMH HATHYAX0H AUcCCEpPTATCHS. ODBTUMOIHOKUHU
HATUYaxXxou JHcCCepTaTCMoHM 60 wuctudoma a3 yCcynaxoum Myocupu (Qusukan
MaTeMaTUK#, TaxImiu (YHKCUOHATM, Ha3apusy MYOJWJIAXOW WHTETPAIUUA XATTHH
YUHCU JYIOMHU Hamyau Bonreppa Ba Hazapusii MachalaxoW WAOPAKyHUU capXani
TabMUH TapauaacT. Xamau HATHYaxOW acOCHUU WIMHA Jap IIaKId TeopeMaxo
MeMHUX0 ] Imyjaa, 00 MCOOTXOM KAaThUM MaTEMaTUKA aCOCHOK Kapja IIyaaaH[l.
Hatuyaxom xocuimiyna a3 4yuxaTd MaHTHKA Ba Ha3apusBA acoCHOK Oypa, 00
HATUYaXOW TaXKUKOTH OJJUMOHHW BaTaHW Ba XOPUYM Jap WH CaMTH WJIM MyBO(HUKAT
MekyHaHs. OHXO Jap MakKoJIaxou WIMUW Myajutud Hamp Ba aap KOHPEPEHCHUSIXOU
WIMHH CaTXAIOH T'YHOTYH MaBpuIu O6appacii Kapop TupuQTaaHI.



MyTtoOuKkaT  gucceprarcuss 0a  IIMHOCHOMAM  MXTHCOCH  WIMIl.
Hucceprarcust a3 pyim uxtucocu 6D060100 - Marematuka: 6D060103 -
Myonunaxou nuddepeHcuanii, cCUCTeMaxou IUHAMUKIA Ba HMJIOPAKYHHH ONTHUMAIIA
UYypo IIyjgaact Ba myppa 00 dopmymnam oH (myomunaxou auddepencuanii 60
XOCHJIAXOU XYyCYCil), MHYYHHH 0a C€ CaMTH acCOCHHM COXaW TaXKUKOT MYyTOOHKAT
MekyHaa: 1) Hazapusn ymymun Myoawnaxou nuddepeHcHanin Ba CHCTEMau
Myonunaxon auddepeHcuani; 2) Machallaxom HOTHIOWIO CapXalil Ba CIEKTPaIid
O6apou myommitaxon nuddepeHcuanii Ba cucteman myoamiaxon nuddepencuanii; 3)
Tax i  cudatun  Mmyoawiaxon AuddepeHcuanii Ba CUCTEMad MYOIWIAXOU
muddepencuanii. Camrxon Maszkyp 0Oa Oaxmu «Myoaunaxou auddepeHcuaniig
TaaJulyK JopaHf, Ku aap Oanau 3-tomu Oanau Ill-u mmHOCHOMaM MXTUCOCH WIIMIA
MeOUH 1Ty1aacT.

Caxmu maxcuu A0BTaMa0M Aapavyad uiami. MyHaapudan nucceprarcusi Ba
HYKTaxOM acocii 0apoM XHMMOsS CaxMU IIaxXCUu Myauind wmebOomana. Xamau
HAaTUYaxOMu MEIIHUXO/IIy/1a IIaxcaH a3 4yoHuOM myamud 0a TaBpu MYCTaKWIOHA
rupudTa mynaana. Jlap kopxou mymrapaku [1-A]-[3-A], [6-A]-[11-A] xammyamiud
Jap MyXOKHMau HaTH4axou 0ajactoMaja UIITHPOK KapaacT.

TacBu0 Ba amanuco3um HaTUYaXou aucceprarcusi. Hatnyaxou nucceprarcus
Jap ceMuHap Ba KOH(GEPEHCUIXOU 3epUH MEITHUX0] Ba MyXOKHMa [TyJaaH/I:

e CEMUHAapU uIMHUM Kadenpan MaremMaTUKau XucoOOapopii Ba MeXaHUKau
dakynITeTH MEXaHWKal MareMmaThkaun JlOHWUITOXH MUJUTHH TOYUKUCTOH 0O
pox0apuu npodeccop AdaykapumoB M.®D. (2023-2025);

o KOH(pepeHcHsM OallHaAIMUIANMK WIMA-aManid 3epu  YHBOHM «XIII-ymun
Xonuninxon JlomonocoBm» Oaximmma Oa 115-comarmm akageMuk boOoyoH
Fadypos (lymanbe, 28-29-ymu anpenu comm 2023);

o KoH(pepeHCcHsIN OalHAIMIIIAIMM WIMIA Oaxmuaa 6a 75-comaruu J{oHuUIroxu
muuun ToyukuctoH, 20-conaruu pyuau GaHnxou JaKkuk, Tabuii Ba puésii, 85-
conmaruu akagemMuku AMUT Paya6o H. ([ymanbe, 5-ymu okTsiOpu comnu
2023);

o IV-ymun KoHpepeHcHsM OallHAIMWIAIMKM WIMA-aMallii  3€pyd  YHBOHU
«Macbanaxou Myocupu MaTeMaTuKa Ba TaTOMKXou oH» ([ymanOe, 1-ymwu
utoHu cosia 2024);

o KOH(pepeHCcHsH OalHaIMUIAINA WIMA-amanil 3epu yHBOHH «XIV-ymun
Xonumxou Jlomonocosit: Hakmm ¢unuanu JJIM 6a nomu M.B. JlomoHOCOB
nap maxpu [ymanGe map pymau wiMm Ba maopudy (ymanbe, 22-23-ymwu
HOs10pu conu 2024);
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o KOH(pepeHcHsu OallHaIMUJIANIMK WIMA-aMajiil 3epu YHBOHU «Macbanaxou
MYOCHUpHU MaTeMaTHKau aMallii, MexaHuka Ba nuHpopmaTuka» Oaxmmaa 6a «20-
COJIarMu OMY3UII Ba pymiau (aHxou AakuK, Tabuu Ba puésin» Ba 80-comaruu
npodeccop boitmypon Anues ([yman6e, 2-tomu anpenu conu 2025);

o KoH(epeHcHsH OaifHaTMUIaNil 3epu YHBOHM «Marematuka Jap YaxOHHU
Myocup» Oaxmmga 6a 85-comaruu MaTeMaTHKU OapyacTaul TOYUK, TOKTOPHU
uMxou ¢uszukKar MareMmaruka, npodeccop Cooupos T.C. ([dymranbe, 28-29 -
yMu HOsI0pu cosr 2025).

HMuaTnmopor a3 pyud MaB3ydm jaucceprarcusi. MyHaapuyan acocuu
nucceprarcust nap 11 xopu myammmd Hamp IIygaacT, a3 4yymjaa S5 Kop Jap
Hampusxoe, ku a3 youuObu KOA-u Hazmgu Ilpesupentn Yymxypuu TOUYMKUCTOH
TaBcus InymaaHna. DexpucTH KOPXOM HaIIpIIyJa Jap OXHUPH JUCCEpTaTCHs Ba
aBTopedepar oBapja 1Iy1aacr.

Coxtop Ba xaumm aucceprarcus. [lucceprarcus a3 Mykajgauma, TaBcU(H
YMYMUH TaxKUKOT, ce 000, MyxXOoKMMaum HaTH4axou Oajacromana, Xyjioca Ba
dexpuctu agabuétr ubopar act, ku Aap oH 150 HOMI§it oBapma mrymaact. ap
JUCCEPTATCUSI PAKAMIy30pUHU JypakaMa HCTH(oOIa IIyAaacT, KA pakamMu aBBall 00
pakamu 000 Ba pakamu J1yroM 00 pakamu Tabpudxo, TaCAUKOT, JIEMMax0, TEOPEMaxo,
730XX0 Ba (hopmynaxo MyBo(hUKAT MeKyHaZ. MaTtHu nucceprarcus aap OapHOMau
Microsoft Word naBuira mynaact Ba a3 194 caxuda nbopar acr.

MYHJIAPUYAU MYXTACAPU ITUCCEPTATCHUSA

«/lap MmykaaamMan Kopu JUCCEPTATCUOHN MyOpaMUSTH MaB3yd WHTUXOOITy1a
Ba axaMHsITH OH 0apoW PYUIAM Ha3apusid HIOPAKyHUH capXalil Ba MOJEJICO3UHU
MaTeMaTUKUU PaBaHIXOU JUHAMHUKH 0a TaBpu Mydaccal aCOCHOK Kap/aa MemiaBaj,
WHYYHUH ap3Wilid WIMIA Ba amMalud OH Tabkun Mmerapaan. lllapxu cuctemanoku
HAaTUYax0 Ba paBUIIXOM MaB4y/a, Ku OeBocuTa 0a Machanau OappacuiliaBaHja
MapOyTaH, TENIHUXOJ Merapaaa, KA WH HWMKOH MEIWXaJ CaMTXOW KyHYHHU
TaxKUKOT MYyailsiH Kapja IIyaa, MachallaxoM XajlHallyJla OUIKOp Kapja IIaBaH].
XamuyHuH, MyKagauma haporupu 0aéuu nakuky xanaad Ba 0ObEKTH TaXKUKOT, Ty/10
HaMyJlaHu Ba3u(axou acocuu KOp Ba TaBcU(U yCynxou UcTH(oaamaBanga Oapou
XaJUIM OHXO MebOoman. Jlap aH4yoM, COXTOpU AMCCEpPTaTCHs Ba MyXTaBOW OaxIIXou
amoxujaan OH 0a TaBpu MyXTacap Imapx JoJa MelaBaj, KU TMaijapraiii Ba
MYTTAaCHJIMM MAaHTHKA Ba KOHCENTYaJlMH TaMOMH TaXxKHKOTPO TabMHH MEHAMOSI
[6].

«lap 000m sxkym «llapxu HaTM4axo oujg 0a Ha3apusim MacbajJaxou
WIOPAKYHMHU capXalil» Taxjauiu mydaccantapy HaTH4axo BoOacta 0a Machanau
UIOPaKyHil Jap Ty30pHUIIXOU I'YHOTYH MEIIHUXO/ ryaact [S].
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Jlap 606m xyrom nap poctkyndyan Qr = [0 < x <[] X [0 <t < T] 60 mabHOH
XaJUIM  YMyMHUINyJad MYOJWIad sKYeHakan teierpadit 00 KoappuTCHEeHTH
TariupéOanIan HaMy I

Lu = e (X, ) = wen (2, 1) — q(x, Hulx, t) = f(x, 1) (1
Machallad UIOPaKyHUU CapXaJud paBaHIxoe, Ku 00 UH Myoquia ndoaa MeuiaBaHi,
TaBaCCyTH YOMMBA3KyH# nap capxaau 4danm x = 0 Ba KyBBaW YaHIUPH Jap capXaiu
poct x = L:

u(0,t) =u(t), u,(,t)=v(t) mpu 0<t<T (2)
omyxTa MemiaBaa. bob a3 wop 6ann ubopar act. Jlap 6anau aBBaj 6aéHu Machana Ba
tabpuxon 3apypit oBapaa mrynaani. burzop, xanromm t=0 Oyman mapTxou
UOTHUIOUU

u(x,0) = p(x), us(x,0) =yv(x) oapou 0=<x<I (3)
Ba XxaHromu t=T OymaH MapTXOU HUXOUHU
ulx, T) = @1(x), ue(x,T) = 1 (x) 6apon 0<x <1 (4)

nona mynaana. Daps kapna Memasan, ku  u(t) € WA0,T], v(t) € L,[0,T],
0(), 91(0) € WO, 1], Y(), ¥, (0) € L,[0,1],  f(x,8),q(x,t) € L,(Qr) ma
mrapTxon MyBoukatu 3epud mypo memasanm: U(0) = @(0); u(T) = ¢,(0).
«XaJmm Machajau MIO0paKyHMH capxaiauu xocumimynau (1) - (4) 6o mMabHOH
yMyMHIIyaa haxMuaa mynaa, nap cuadu Wi (Qr) dycTydy Merapnaz, Ku G0pH aBBal
a3 youuOu B.A. Mmiinn comm 2000-ym nenrHuxo1 mrynaact [18].
«Tabpupu 1. Xamm ymymumyaan macvanan omextau (1) - (3) a3 cundwu

W(Qy) rydra, uyrun Gyskcusy u(x, t)-po MEHOMEM, K aiHUATH HHTETPAITHH
l

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

0
T T L' T

- f w()®,.(0,t)dt — j V()DL t)dt = J J £, £)D(x, t)dxdt (5)

0 0 0
-po 6Gapom xap ryHa ¢yHkcusu o3mounmu ®(x,t) € W2(Qr) (tabpudu wH cuud

Hu3 nap» [18] oBapaa mygaact), ku 0a maprxou P (0,t) = ®,([,t) = 0 xauromu
0<t<TBa ®dxT)=>,(x,T) =0 xauromu 0 < x <[ uroar MeKyHaJa, KOHEH
Merap/IoHa/]l Ba MHYYHUH IIapTH AYIOMHU capXaauu (2) Ba MIApTH JTYIOMH HOTHIOMH
(3)-po kapu6 map xama dyoitn [0,l] KOoHEh Meco3am, gap XOJie€ KH IIAPTH SKYMH
capxaauu (2) Ba mapta skymud wuOtHaoun (3) Gapom xamam x € [0,l] wypo
MeTapaaHI.

bapou 6a mact oBapmanu OGapoOapuu (5) xap a1y kucmu myonwiau (1) Ga
byukcusu o3moutnu P (x,t) 3ap6 kapma memaan. Cumac 60 uctudoaa a3 ycyiu
UHTETPAITUPHA a3 pyHH XHUCcaxo XOCuiaxoe, ki aap pynkcusu U(X,t) MaByyaana, O6a
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dynkcusu O(x,t) ryzaponunna memasana. AWHUATH (5) XU CYCTH YMYMHUIIIY1apo
upona MekyHana. A30acKd YYHHMH IIAKIM HABUINT Oapou HCOOTH TEOopeMaxou
SATOHAT MYHOCHO acT, MO OHPO JIap XaMHWH HaMyJl HUTOX MenopeMm, capdu Hazap a3
OH KU XaJUTH KaBUM YMYMHUIIIYIapPO 4yCTY4y MEKYHEM.

Tabpudu 2. Xammm yMyMunIyaan Machbaian uaopakynuu capxaanu (1)-(4) a3
cuadu W, (Qr) rydra, xammu machanan omextan (1)-(3) - po 60 dyHHH GyHKCHAN
u(t) € WA[0,T], xu To6en maprxou mysoduxatu u(0) = @(0); u(T) = ¢,(0)
meOoman Ba pynkcusiu V(t) € L,[0, T] MeHOMEM, Ku GaposIl MIAPTH SIKYMU HUXOUH
(4) 6apou xamau x € [0, ] Ba mapTu ayromu HuXouH (4) Kapub map xama qoiiu [0, (]
MYPO MEIIaBaH/I.

Jlap 6aHaM AyHOM Macbhajiad MaBYyIUST Ba SITOHATHH XAJIM Machajlad OMEXTau
(1) - (3) map cundu pyHKCHOHATNH MyBO(DUK OMYXTa IIy1aacT.

bo pam3xou u(t) Ba v(t) pyHKCHAXOEPO UIIOPAa MEKYHEM, KW MyTaHOCHOaH 00
u(t) Ba v(t) xanromu 0 < t < T MyBodHuKaT MeKyHaH] Ba XaHromu t < 0 60 cudp
ujoMa aoda Imymaanna. AEH act, KU gap avam Xon u(t) € Wzl[—e, T] Ve > 0 Ba
v(t) € L,[-6,T] vé > 0.

Jlemman 1. buesop, T <1 Ba q(x,t), f(x,t) € L,(Qr) 6owano. On 2ox xaniu
ymymumuyoau macvanau omexmau (1)-(3) az cungu W3 (Qr) xap eyua gynxcusu dap
Q1 maxoyou u(x,t) mebowao, ku bapodbapuu 3epuHpo KOHeb MEHAMOSO:

t+x—1
I—|x+t—-1-1|

ulx,t) = pult—x) + f v(t)dt + = f drjl- | [q(¢, Du(é, 1)+ f(&,1)]dE +
x+t—1 l
3] oy« r o, ©

I30xu 1. Arap u(t) € Wi(—e, T] Ve >0, v(t) € Wi (—g,, T] Ve, >0,
koadurcuentn q(x,t) xampox 60 xocuiaam q,(x,t) map Qp mMaxmayd OoIraHz Ba
dyskcusu f(x,t) 6a curdu W, (Qr) Taamnyk momra Gomaz, OH TOX XAyl
macbanan omextan (1) - (3), ku map nemman 1 Gappacii mynaact, 6a cundu W2 (Qr)
MaHCy0 xoxaj OyI.

Teopemau 1. @ap3 mexynem, kuT <1 sa q(x,t), f(x,t) € L,(Qr) 6owano. On
20x myoounau ummeepanuu (6) xamu seonau maxoyo oopao. Faip a3z un, aecap
wapmu f(x,t) = 0 uypo eapoao, nac oap coxau {(x, t):0<t< é,t <x<l- t} N Qr,
u(x, t) = 0 mewasao.

Bapou wucborm Teopemanm MaBYYAMAT MO COXad POCTKYHYAIIAKIPO 00
JIMaroHaIXoH OH 0a 4op ceKyHdYa 4yao MekyHeMm. Cumac map Xap sKe a3 3epCoXaxou
XOCHJIIIY/Ia MYOJIWal MHTErpaJud MyBO(HMK TapTHO 107a, XajlllaBaHIarMd OHPO
ucboT MeHamoeM. Jlap aHYOM HHIIOH MEAMXEM, KM Xap 4axop XaIkM COXTalllyjaa
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XaHTOMH TY3alllITaH a3 capXaau K coxa 0a coxau aurap Oedocwmiiaruu Xyapo HUTOX
MEIOpaH/I.

Haruvan 1. buesop wapmxou meopemau 1 uypo wasano. Ou 20X xaniu
macvanau omexmau (1) - (3) 6a 6axou 3epun mobev acm:

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

(x't)EQT
ku on nucoam 6a q(x,1): |qllL,@n <y myumasam mebowad (unosa Gap um,
C=C(y)>0).

Kaitm mexkyHem, ku a3 0axou oBapjaiiyJa YCTYBOpHHM Xauid Oamacromana
HucOat 0a mapTXou capxaiil Ba KUICMU POCTH MYyOJilJia OapMeosi.

Teopeman 2. Dap3z mexynem, xku Oap myoounrau (1) xods¢pdpumcuenmu
maguupébanoau (X,t) manxo 6a cungu L,(Qr) maannyx oopao. Ou 20x bapou xap
eyna T € (0;1] macvanau omexmau (1) - (3) a3 cungpu W (Qr) a3 ax xan 3uéd
oowma HAMemagoHao.

bapou ucbotu teopemau siroHari aap xomnate, ku q(x,t) = 0 act, MaBYyIUATH
Iy XaJii Machana ¢ap3 Kapaa MemaBaja Ba cumac (Gapku oHXO0 Oappacit merapiaj.
Mun6aba 60 uctudoaa a3 meroau crnektpanuu B.A. VniinH HUIIOH [0/1a MelIaBas,
KU Oy Xauu (ap3kapaamyna 0o xam MyBodukar mekyHana. Jlap xomnarte Ku
q(x,t) € L,(Qr) acT, MyoauIaxou HHTErpaIii MyBO(GHUK TapTUO J0/a MEIIaBaH Il Ba
O0abaaH MCOOT Kapaa MemaBaj, ku (apku TapTuOponmamyaau Ay xaia 0a cudp
O6apobap act. JlakukTapalil, HUIIOH J0Aa MeEIIaBajJl, KU MYOJMJIAXOW HHTETpaIuu
COXTally/la SKYUHCA MEOOTITaH]I.

Jlap Oanam ceoM TeopeMaxo omja O0a MaBUyAHMATH Xal XaHromu T = [ Ba
AroHaruu oH Xauromu T < | Gapou Machanau uaopaxkynuu capxaauu (1) - (4) taxus
Ba MCOOT mynaann. Jlap aBBayl XoJlaTH XYCYCHHM Machallal WIOPAKYHUU CapXaJauu
OappacumiaBaHja MyouHa Inyjgaact. lH UMKOH Menuxala, K XyCYCHUATXOM acOCHUU
ycyJu UCOOT MyailsiH Kapjaa IIyAa, 3aMuUHa Oapou ry3apuil 0a XoJaTh yMYMHH
Machalia OMOJa rapjaai.

Tacauku 1. @ap3 mexynem, ku T < | 6a q(x,t) yncypu cugppuu cungu L,(Q7)
mebowad. On 2oy, macvanau uoopaxynuu capxaouu I az cungu W3 (Qr) az sx xan
3U€0 douma HamemasoHao.

AKHYH TacaWK Jap Oopan MaBYYIUATH Xa/UTH Machajdad UAOPAKYHUU CapXaJauH
(1) - (4) Gapou xonaTu XyCycHH OappacHIliaBaH/ia oBapja MeIaBa.

Tacauxku 2. Bueszop, q(X,t) yucypu cugppuu cungu L,(Qr) 6a T = | 60owao. On

20X manabu 3epuH wapmu 3apypi 6a Kugosei o6apou mMagyyousmu Xauiu si20Hau

macvanau uoopaxynuu capxaouu (1)-(4) az cungu W (Qr) mebowao:
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l -t

l l
9(0) + () — 9:(0) — @1 (D) + ] W()dx + f P, (0 dx + j dr f £ 1)dn = 0.
0 0 0 T

Xaneomu uypou um wapm Xaiiu Macvaiau Masxkyp 6o gopmynau 3epun 000a

u;(x,t) map Ay,
u(x, t) — uz(x; t) Aap AZ;

Meuasao:

uz(x,t) Aap As,
u,(x,t) map A,
KU 0ap uH yo

1
u;(x, t) = 3

X+t 1 t x+t—t
oG+ 0 + o —0) + j YL + j j f(f,r)dfdr\;

x+t

1
w000 =5 [p0+ O+ o=+ D+ 0,0 — 0@ + | w(E)ds -
l
x—t+l
- | @+ || revdsar— || reodsar - || £ vdsar];
R Ly

x+t
> TSESx+t—T};

0,1 = 2y(x,t) = {(f:T): 0<t<

l x—t+1 t—x+1
9245024(x:t)={(f,T)i—STSl, T— |S€ST}

2 2 2

x+t l—x+t l l
szzﬂzz(x:t)={(f,T)! > <7< ) X+|T—t|SfSE— T—E};

x—t

oG — 1) — 9(0) + 91D + @1 (x + £ — 1) — f YE)dE +

0

1
us(x, t) = 3

+ || reagar— || renasar - || 6 agan

031 Q33 Q34

l—x+t

)

31 = 3,(x,t) = {(f:T)i 0<7<

, x—t+r£€£l—r};

x+t|}
T > ;

l x+t
934E~Q34(x;t)={(E;T)EESTSI' l_Tgng_

l—x+t x+t I
<7t< -+

9335033(95»15):{(5;@: > > 3

l
T—§|S€Sx—lr—t|};
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wCo) = loy Gt =D+ oyt +D+ [ wi©ae+[ [ e nagar

x+t—1 l x—t+t
x—t+1 t x+t-t "
Ay —cexynyaecm, ku 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 maxoyo wyoaacm;
A5 —cexynyaecm, ku 60 xamxoux —t =0, x +t — 1 =0, x = [ max0yo wyoaacm,
A, —cexynyaecm, ku 60 xamxoux —t =0, x +t —1 =0, t = [ max0yo wyoaacm.

Jap ainu  xon udopakyHuxou capxaouu yycmyyyuiaganoa 60 épuu

Gdopmynaxou aHarumukuy 3eput Xucod Kapoa mMeuasano.

1
u(t) = >

t l l T
o(®) + 0(0) + f Y)dx + 9yl — D) — oy (D) + j Y1 (1) dx — j dr f £ r)ds],
0 -t 0 T—t

1
V(t) = E

!
P'(I=t) =y =t) + 91(t) + ¥, (8) — ff(l +t— T,T)dT]-
0

AXHYH XO0JlaTH YMyMHH Machajlad OappacHuIllaBaHiaW HIOPAKyHUU CapXaJuu
(1) - (4)-po muma mebapoeM. be Maxaya KapJaHu YMYMUST, Jap OsHAa Oapou comari
Ba OCOH HaMyJaHH XuCOO00ApOpHUX0 YyHWH MemrymopeMm, ku QyHkcusu f(x,t)
yHCypu cudpuu cundu L, (Qr) mebomrar.

Teopemau 3. buezop, koappumcuenmu q(x,t) oap myoounau (1) 6a cungu
L,(Qr) maannyx oowma 6owao. Ou 2ox 6apou xap sk T € (0,l] macvanau
uoopaxynuu capxaouu (1)-(4) manxo sax xan az cungpu W, (Qr) dowma memasonao.

Wimopaxou 3epuHPO JOXWIT MEKYHEM:

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

Teopemau 4. buezop, T =1 6a q(x,t) € L,(Qr) 6owao. Oun eox, 6apou
Mmaeyyousmu xainu macvanau uoopaxyuuu capxaouu (1)-(4) a3 cungu Wi(Qr)
3apyp acm, Ku wapmu 3epuH uypo uasao.

-7

l
2 l T
Ag+ | dt | g Dw(§,1)dé =By + | dT | q(§ T)uy(§, 1)dE,
o+ forf e -aue o Jacon
2

l-T

Ku oap oun ui(x,t) ea uu(x,t) mysoguxu ¢opmyraxou 3zepun Xucob Kapoa
Meuasano:
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u (x,0) =4, (%, £) + ) [GFa,|(x, 1),

1 x+t
000 =5 oG+ 0+e-0+ [ p©d |,
t X+t—T t
1
Gl =5 [dr [ ateDmeE s
0 xX—t+t

u,(x,6) =, (x,0) + ) [GE,](x, 0),

x—t+l
1
00 =5 oGt e=D+p—c+D— [ w©ds |,
l x—t+1 e
A _1 A
Gl =5 [dr [ aGouE0dE.
t x+t—1

Teopeman 5. buesop, T =1 6a q(x,t) € L,(Qr) 60owad. Ou 20x, mynocubamu
oap meopemau 4 osapoauwryoa wiapmu Kugoseiu Huz O6apou Magyyousmu Xauiiu
seonau macwvanau uoopaxyuuu capxaouu (1) - (4) az cundu Wi (Q,) mebowao.

I30xu 2. bapom Xxamm Mmacwanam wupopakyHun capxamuu (1)-(4) OGaxowu
alpUOPHUHU 3€PUH YOU TOpaL:

luCx, Ollwaoy < L(||§0||W21[o,z] + o1 llwgron + 1l 00 + ||1/J1||L2[0,l])r
KM Jap oH JoumuM L 0a HopMmau (QpyHKcHsIXou 0a Machasa JOXWIIIyAa BoOacTa HecCT.
WNHu 6axo HUIIOH MeauXajl, KM XalIu OamgacToMana HUcOAT O6a mapTXou HOTHION Ba
HUXOHN YCTYBOp acrT.

Faiip a3 un, arap l|qll, = 0, on rox llz— Bllyzpor) = 08 v —Pll,0m = O,
ku gap ouxo z(t) = 1(0,t), v(t) = 1, ¢t).

Wu a3 perynspin OyaaHu Xaud Machaian uaopakyauu capxaauu (1)-(4) aucoar
0a omyom ammutuBum q(x,t)u(x,t) map (1) 60 kosdurcueHTn 060 KBagpar
3amimaBaHaan q(x, t) maxoaaT Meauxal.

Xanromu T>| Oyaan Machaian UIOPAKyHHH CapXaid JOPOU IMIyMOpau OeoXupu
Xanxo mebormaa. A3 WH py, Jap WH MaBPHUJ Machajal ONTUMU3ATCUSU UIOPAKYHUU
capxani O6a wmu€H wmeosn. On  gap EbraHm UyHWMH — (PYHKCHSIXOU
u(t) € WA[0,T],v(t) € L,[0,T] upona meédan, ku 60 Ha3apAOIITH MIAPTXOU aIOKA,
KM a3 MYPOM IIApTXOU HMOTHION Ba HUXOW OapmeosiHA, 0a MHTErpalid SHEPTUAU
capxaai KUMaTH XypATapuH MEIUXaHI.

17



banau dYopymu 000 ayrom 0Oa xXamnud Machalad Taxuslyaa Oaximia
mrympaact. Hatugan acocuu uH 6aHz TeopeMan 6 MeOoma.

Teopemau 6. buezop, dap macwvarau uoopaxynuu capxaouu (1)-(4) T = 2ln + 4,
kuoap onn € N, A € [0;2l] sa q(x,t) = 0 60owad. On cox uoopaxynuxou capxaouu
seonau  u(0,t) = u(t) € WA0,T], u, (L,t) =v(t) € L,[0,T] eyyy0 oOopano, xu
cucmemau 1annuwpo a3 xoramu ubmuoouu (3) 6a xonamu nuxouu (4) meopano ea
Xam3amon 6a uHmezpaiu dHepeUusu capxaouu 3epur KUMamu Xypomapun Meouxao:

f (' OF + O]},

Hn uoopaxynuxou capxaoii 6apou xamau 0 <t < A eéa m =0,n sa bapou
xamau A<t< 2lBam=0,n—1 060 d@opmyraxou 3epun Mmyauan Kapoa
Mewmasano.

xaneomu 0 < A < I:
21 t

uim+t) = ¢(0) + mj F,(n)dn + j Fy(n)dn,
0 0
v(2Im +t) = F,(¢t),
KU 0ap uH yo

m+ Ay (1) m+ Tr;lzo(_l)mc ey
(—1)m+1. o +1+( 1)m+l. 5 1 +C, t €[0;A];
n—-1,_14\ym
(—1)m+1 £ + (=1)m+1 . 2m=0 i + C,t € [A;1];
Fl(t) = 1 A (t Z_nl) n—1 27_11)mc
(—1)m+1 -21—+1+ (—1)m+1- m;" ——+CteLl+4]
m+ 4-( ) m+ )m . .
(~D™ S (R ST (e (L4 Ay 21);
(o A . Zah(=1)"C .
(-1) 1 +( 1) T 1 +C, te]0;A];
n-1,/_14\ym
=nm- A+{t) ) + (D™ m=o{~1) C, t € [A;1];
FZ(t) = 1 ( 2 ) n %nl)mc
m A0 o Zm=o( . .
(D™ S+ (1) e telLi+A);
— n-1,/_14\ym
( Hm- ( o D —+ (=)™ m=o(~1D)"C €[l +A; 21];

2n ’

A0 = Z [0t~ B4 D+ /(L= 1) + (= B+ D)~ (U~ ) —
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2ln+A
J fx+2ln+1—r1, T)dT—Jf(l—t-I—T T)dT]

1
A0 =5lp1(A =) =@’ () (A ) —yp (O +
2ln+A
j f(t—t—2In, T)dr—jf(t—r T)drl
1
As(t) =5 e1(t =) =@’ (O) + 91 (t = ) —9(O) —

2in+A
J f(t+2ln—r1, T)dr—ff(t—r T)drl
A4(t>=%[¢1(A—t+o+go'<1—t)—¢1<A—t+z)—¢<z—t>+
2In+A
j ft—=2ln—-t+r, T)dT—Jf(l—t-l—T T)dlw

((4s — 2)[91(0) — @(0)] + fA Az(t)dt
852l —8sl+4sA+1—A

XaHroMun = 2s — 1,

(4s + Dp1(0) — 9(0)] + [ A, (£)dlt
\ 4sA + 8s2] + 2sl

XaHTOMH n = 2S;

xaneomu l < A < 21:
21 t

uQ2im + 6) = p(0) + m f Fy(n)dn + j F(m)dn, v(2lm+6) = Fy(0),

0
KU 0ap uH yo

(—1ym+t. > 1Er)2 + (—1)m*1L. &:207(;1;’”61 +C,,te0;A—1];
(=)™t Ba(t) + (—m*t. mzo(Z DGy +C,tE[A-L1];

(0 =1 Bt D S e
(-D™ = S (D) S Gt € [L A,
(D™ -% + (—pmtt. %;;Oifimcl + Cy,t € [4;21);
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B, (D) m=0(=1)"C;

(— )m —— +(— P S € [0; A —1];
n-1__ m
(1" ()+( gy Zm0 DTGy,
E,(t) =« El_t 0 Znn +(1 H™¢
m, 21\ e aym, &m=0L 1 AT
=1 2n + 2 + (=1 2n + 2 ’ telbal;
B(t—1D) Y o(-1)mC
(D™ St GO T € 14;21;

N =

Bi(t) = S lp1(t =A+20) — " () + 1 (t = A+ 2D) = (0) -

2in+A

f ft+2in+20—r, r)dT—ff(t—TT)dT ?

1
Bz(t)=5[<pi(A—l—t)+<p’(l—t)—wl(A—l—t)—lp(l—t)+

2In+A

j f(r—l—Zln—tT)dr—ff(l—t+ff)dr ;

1
Bs(t)=5[<p1(t—A+l)+<p’(l—t)+¢1(t—A+l)—¢(l—t)—

2In+A

j f+2n+1-r, T)d‘[—]f(l—t+‘[ T)drt|;

1
By() =7 lp1(A -0 -9’ O =1 (A —8) —(O) +

2in+A

f f(r—2ln—tr)dr—ff(t—r 7)dt|;

(4s[p1(0) — (0)] + fo B1(t)dt
852l + 4sA — 4sl

bapoun = 2s — 1,

l
(45 + D[4 (0) — @(0)] + [;_, Bo(t)dt
\ 8s52] + 4sA + 2sl + A

6apou n = 2s.

bapou ucbotu Teopemam 6 map oF03 Iy TacauKu EpUpacoH MCOOT Kapjaa
MelaBaj, ki 6apou 0a JacT OBapJaHu MIAPTXOH aJIoKa MycouaaT MeHaMostHI. Cunac
Oapou &édtaHu HAOpPAKYHMXOU ONTUMaNId jemMan WniinHn - MowuceeB Ba ycyiu
Jlarpany uctudomaa 6ypaa MemiaBasi.
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A3 HyKTau Ha3apu TaTOMKOT, MaxCycaH 0apou MCTHCHO HaAMyIaHW WMKOHHUSATH
BOPHI IIIy/IaHU paBaHIN MIOPAKyHHU CapXaji Oa pe3oHaHC, MyXHM acT, KU KUMaTh
XypATapUHU HMHTETpAId JHEPTUsAU CcapXali, KU 0a HIOPAKYHUXOU CapXaiauu
ONTUMANIi MYBOGHUK acCT, XaHFOMH KaJIOH IIyJaHW (hOCHiIau BaKTH HIOpaKkyH# Oa
cudp Mait HaMOsI.

Arap suppf(x,t) € Qr,T. = const (apHe Tabcupu OepyHau f(x,t) XaHTOMH
T > T, aitnustan 6a cudp Oapobap Oomiarn), mac KUMaTH XypATapUHU WHTETpaIu

1

T
MIITHPOK MeKyHaj, 6a Hopmau (yHkcusaxon @(x), @, (x) € WH0,1]; Y (x), P, (x) €
L,[0,1]; f(x,t) € L,(Qr) Ba max3au BakTu 1 BobOacrta mecbOomaa. MH xonar a3 oH

DHEPrusii capxaiid TapTUOU 0( ) nopan. Joumue, ku gap 0axom XOCHJIIIyJa

1axo/aT MeAnXad, Ku KAMaTH XypATapuHU WHTETPAIA YHEPTHSH capXalil XaHTOMH
T — oo 6a cudp mailn MeKkyHaJ Ba IMKOH MEIUXaJl, KA a3 BOPHUJ IIyJaHU PaBaHIU
JANMUIIM TOp 62 pe30HaHC NEMTupi Kapaa 1maBa/.

Hap ©000m cerom Oapou wmyonunau (1) machanam HIOpPaKyHHH capXaauu
paBaHax0€, KM 00 WH MyoJuja TaBCH(]) MeEIIaBaH], TABACCYTH KyBBaW YaHIUPHA Jap
capxaau 4danu x = 0 Ba yoimMBa3KyHH Aap capxaau pocTH x = [ TaxKWK Kapnaa
MelIaBaj;

u,(0,t) = u(t), u(ll,t) =v(t) xamromn 0<t<T. (7)
bo6u cerom HU3 a3 yop Oang mbopatr act. ba muciau 600u 2, nap OaHau AKyM
T'Y30pHIIIN Machaliaxo Ba Tabpu(XoH 3apypit oBap/ia MEIIaBaHI.

Jlap mMacbanau unopakynun capxaauu (1), (3), (4) Ba (7) dap3 kapaa meriaBas,
ku kodhdurcuentu q(x,t) Tauxo 6a cundu L, (Qr) Taamnyk mgopan, @(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 mermraBanz.

Xamm Machkalial XOCHIITyapo aap cuadu Wi (Qr) aycrydy Mekyrem. bapon
MyaissH HaMyJaHM XaJTd YMyMUIIyJad Machajdal HIOPAKyHHH CapXaJuu
GappacumaBasia 00 MAabHOM AMHUATH WHTETpanid, WHIyHHH a3 cuabu W2 (Qr)
uctudona mebapem. Tabpudxon Xalaum mMachaliaxow OappacuiaBanna 60 kuéc 6a
Taspudxoe, Ku gap 600u ayroM oBapaa NIyJaaHd, dap acoCU alWHUATH UHTETPAIHH
MyBOGUK 0aéH Kapja MeIIaBaHI.

Hap 6anau ayromm 600m 3 xanmmaBaHaaruu machanau omextau (1), (3) Ba (7)
oMyxTa memiaBaj. [lap uH 4o mapTxoe Oappacii MeliaBaHjI, K4 Jlap OHXO Machaja 00
MabHOM aWHMSITH WHTETPAd XaJTU SITOHAW YMYMUIITyaa AOpaj, HHIYYHHH XOCHSITH
XaJl Ba XYCYCHSTH BoOacTtarmi OH a3 (YHKCHUSIXOM capxaail TaxXKUK Kapna
MemmaBaH. TacAuKy 3epuH XaHToMu cudpii OynaHu MmapTXOoW aBBaja MCOOT Kapja
IyaacT.

Jlemmanu 2. buezop, T <l 6a q(x,t), f(x,t) € L,(Qr) bowano. Ou 2ox xaniu

ymymuwyoau macvanau omexmau (1), (3) ea (7) az cungpu W, (Qr) xap eyma
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@yuxcusau u(x, t) mebowao, ku oap Qi maxoyo acm 8a MyHocubamu 3epuHpo KOHeb

Me2apOoHao:
t—x t—x t

1 r
u(x,t) = —f E(r)dr +v(t+x—-10+ Ef dt f [q& Dulé, )+ f(&1)]dE +

T

0 0
1 t I-|t—t—x-1|
+ Eof “ T—t+x {T‘t+x|[q (E' T)u(f' T) ' f(f' T)]dfl (8)

2 2

Isoxu 3. Arap u(t) € Wi(—&, Tl Ve >0, v(t) € Wi(—e,, T] Ve, >0,
kodpdurcuentu q(x,t) xampox 00 xocwnam xyn q.(x,t) map poctkyH4aum Qr
Maxys OoIaHx, MHYyHHMH QyHKcHsu f(x,t) 6a cuadu W} (Qr) Taammyk pomra
Oomaj, oH rox xamum omextau macwanau (1), (3) Ba (7), ku nap nemmau 2 Gappacii
mynaact, 6a cuadu W2 (Qr) Taamyk XoXaj JOIIT.

Harngaxoun acocuu uH 6aH Teopemaxou (7) Ba (8) mebora.

Teopemau 7. buezop, T < | 6owao sa ¢pyuxcuaxou q(x,t) ea f(x,t) 6a cungu
L,(Qr) maannyx oowma 6owand. OH 2ox myoounau unmezpaiuu (8) xaunu seoHau
maxoyo oopaod. Fatip az un, acap wapmu f(x,t) = 0 uypo wasao, nac oap coxau

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

Haruuam 2. buezop, wapmxou meopemau 7 uypo wasand. Ou 20X Xaiiu
macvanau omexmau (1), (3) ea (7) ba 6axou 3epun modbev mebowao:

Sup [u(x, )] < C (uu(t)an[o,ﬂ + Sup [v(e)| + ||f||L2(QT)). 9)
(x,t)EQT telo,T]

Hn 6axo nucbam 6a q(x,t): |lqll, o) =¥, C = C(y) > 0 mynmasam acm.

A3 Oaxou (9) ycTyBOpuM Xalli Machallau OappacuinaBaHga Hucbar 0Oa
IIAPTXOM capXaJi Ba KUCMU POCTH MyOIujia OapMeosi.

Teopeman 8. Dapz mexynem, xu Ooap myoounau (1) xrod3pdpumcuenmu
magzuupéobanoau q(x,t) mauxo 6a cungu L,(Qr) maannyx oopao. Ou 20x bapou xap
eyna T € (0,1] macvanau omexmau (1), (3) 6éa (7) az cungpu W3 (Qr) a3z ax xan 3uéo
oouma HAMemagoHao.

Jap 6aHau ceroM MaBUyAUSATU XaJUIM Machallan uaopakynuu capxaauu (1), (3),
(4) Ba (7) xauromu T = [ Ba siroHaruu o xauromu T < [ oMyXTa mryaaacr.

Jlap aBBan Teopema gap Oopau SrOHarupoO MEOpEM.

Teopemau 9. buezop, q(x,t) oap myoounau (1) 6a cungu L,(Qr) maannyx
oowma 6owad. On 20x 6apou ourxox T € (0,l] macvanrau uoopaxynuu capxaouu
(1), (3), (4) 6a (7) a3 cungu W, (Qr) manxo ax yan dowma memasinao.

Hap osiHna 6apou comarapaoHuu xucooxo f(x,t) = 0 meryszopem.
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Teopeman 10. buezop, T =1 6a q(x,t) € L,(Qr) 60owao. Oun eox, 6apou
Masyyo 6yoanu xaiiu macvaiau uoopaxyrnuu capxaouu (1), (3), (4) ea (7) a3 cungu
WA(Qr), 3apyp acm, ku @yuxcusxou ubmudoi 6a HUXOU MYHOCUOAMU 3€PUHDO
KOHEb HAMOSIHO:

l-T

l T
j 4(&, Dy (6, )dEdT = By + f j a(&, Dy (6, D) dédx,
T l I-1

2
Ku oap ou Ay, By — doumuxou oap 6ono osapoautyoa mebowiano. bysypeuxou uy(x,t)

_l_

O

6a Uy (x,t) az pyuu chopmynaxou 3epur xucodo Kapda Meuasano.
x+t

w0 6) = & (x t>+z J@D, B0 =3 e+0+et-0+ [ wed |,

x—t
xX+t—-T e’
(7,410 0) = f dr [ aEOnE D W) =0 + ) [TE)D),
x—t+T k=1

x—t+1

1
ﬁ4(x,t)=§ p(x+t—D+o(x—t+1)— f 1/J1(€)df].

x+t—1

l x—t+7

1
Tl =5 [dr | aoueE .
t

xX+t—1

Teopemau 11. buezop, T =1 6a q(x,t) € L,(Qr) 60owao. On 2cox mynocubamu
oap meopemau 10 osapoautyoa wapmu Kugosieii HU3 6apou Masyyousmu Xauiiu
seonau macvanau uoopaxyuuu capxaouu (1), (3), (4) ea (7) az cungu Wi (Q))
Mebowao.

I30xm 4. bapou xamnu Macbanan uaopakynuu capxaauu (1), (3), (4) Ba (7)
0axou anpHOPHUH 3€PUH UYPO MECIIIABAI:

|l (x, t)”W lop S L(”‘P”W2 g T ”‘P1”W2 o] Tt ||7~.[’||L2 0,l] ||¢1”L2[0,l]),
KU Jap oH aoumuu L 6a HOpMH (yHKcHsXoe, ku 0a Machala JOXUJI MEIIaBaH]I,
BoOacta HecT. MH 6axo manenu yCcTyBOpHM XaJuld OajacTomaza HHUCOAT 0a mapTxou
UOTHIOM Ba HUXON MeOoIIaI.

Wnoga Gap uH, arap ||q|[, = 0, on rox ||z — Zll,,jor — 0Ba|lv - Vlwgor =0,
ku fap ouxo [(t) = 1,(0,t),V(t) = t(l, t). Un a3 oH maxogaT Meauxaj, Ku Xajuid
Macbhajgan uaopakynuu capxaauu (1), (3), (4) Ba (7) uucbar 0a omyou aaIuTHBUH
q(x, t)u(x, t) peryuspi acr.

I30xm 5. Taxauiam HaTu4axou 000Xou 2 Ba 3 HUIIOH MEAUXald, KU J1ap XOJaTu
T =1 maxmu ymymun xamwm u(x,t)-u Macwhanam HWIOpPaKyHUW capxXaaid Oapou
myonwian  tenerpadgii 60 kodpdurcueHTH — TariiupébaHaa, KA  paBaHIU
OappacuIlaBaHaIapo a3 X0JIaTH HOTHIOUN UXTHEPHH {fu(x,0) = p(x), u(x,0) =
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=1(x)} 6a xomatm wHuxomum wuxtuépun {u(x,l) = @;(x), u(x, ) =YP(x)}
Mery3apoHaJl, WHUYYHWH IIapTXOW 3apypidn Ba KUDOATUU MaBUYIUATH YYHUH
UJ0paKyHii, 6a HaMyJu HIOPAaKyHUH capXaai BoOacTa HeCTaH. SIbHE, MyXyUM HECT,
KM UJIOpaKyHii: 00 YOMMBA3KyH# Iap capxaad 4yal Ba KyBBaW YaHAUPH Jap capXaau
poct moma maBam: {u(0,t) = u(t), uy(l,t) =v(t)}, € 60 KyBBaM UaHAWPA HaAp
capxaay 4am Ba qouWmBasKyHi map capxaau poct: {u,(0,t) = u(t), u(l,t) =v(t)}
bo Byuynm wH, KUMaTX0M XyJIU UIOPAKYHUXOH capXasi a3 skaurap Ghapk MEKyHaH].
OHX0 TaBacCyTH XaUTM MYOJWJIAXOW HWHTErpaliii JydeHakan HaBbu BombTeppa
ndoma xapaa wmemaBaHA. MH BOKEHAT SKEe a3 HATUYaXOM AaCOCHH KOPH
JUCCEPTATCUOHT Oa IIyMop MepaBa.

Hap OGamgm 4-u 606m 2 kaij myma Oyn, ku Xanromu T > | machanau
HUIOPAaKYHUH CapXajil JOPOH IIymMopan Oeoxupu xanxo mebomraa. A3 uH py, J1ap UH
MaBpHJl MachajaW ONTHMHU3ATCUSH WAOPAKyHUHU capxamid O0a mueéH meosa. OH map
édrann yynun Qynxcuaxou u(t) € L,[0,T], v(t) € WL[0,T] upona meéban, ku
00 Ha3apJOIITH WIAPTXOM ajoKa, KU a3 HWYPOU IIAPTXOU HOTHAON Ba HUXON
OapMeosiH/l, 62 UHTErpalid SHEPTUAU CapXa/lid KUMATH XypATaAPUH METUXAH/I.

Banau 4 -u 000m 3 max3 0a xa/ud XaMUH Machana Oaxiiujaa IIyaaact.
Hartuyau acocun uH 6ana teopeman 12 meborman.

Teopemaun 12. buzzop, dap macvanau uoopaxynuu capxaouu (1), (3), (4) éa (7)
T=2ln+A4, xu dap on n€N, A€[0;2l] 6a q(x,t) =0 6owao. Oun eox
uoopaxynuxou capxaouu seonau u,(0,t) = u(t) € L,[0,T], u(l,t) =v(t) € W2[0,T]
Masyyoaro, Ku cucmemau 1annuwpo a3z xoaamu ubmuoouu (3) 6a xonamu HUXouu
(4) meopano e6a xamzamon 6Oa uHmezpaIU IHEPIUAU CAPXAOUU 3ePUuH KUMamu
XYypoOmapur Meouxauo.

T
j (@O + V' ©12)de.

Un uoopaxynuxou capxaoi 6apou xamau 0 <t < A eéa m =0,n ea 6apou
xamau A<t< 2lBam=0,n—1 060 d¢opmyraxou 3epun myatian Kapoa
Mewasano.

oapou 0 <A < [
21 t

u@im+6) = F(), v@Im+)= o) +m f Fy(n)dn + j Fy(n)dn,
0

0
KU 0ap uH yo
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ma1 . A2(t) m Zm=o(=1D™C o
(=1 1 D onr1 o LELBAL
nl(-1)mc

. (=™ 3() + (- = € [4;1];
1) =
m+1 , 1(t D m . nm:O(_l)mC . .
(—1) 1 27’l—+1+(_1) o+ 1 ,tE[l,l+A],
mer, Ast =D m Zmmo(—D™C -
k(—1) 1 T+(—1) o ,t €[l + A;21];
( (_1)m_2‘11_5_t)1+(_1)m+1_ %;(;f:_ll)mc+6’, t € [0; A];
n-1,_1\ym
(—1)m-‘4;;t)+(—1)m+1- m:"gnl) C+c, t € [A;1];
RO=V - Se—Dme o
=™ 1 + (D™ T 1 4+ C, t €[l;1+A];
— n-1,_1\ym
( Hm- 3( )+(—1)m+1' m_oznl) C+C,t€[l+A;21];
1(t)——[<P1(t—A+l) P'l=-)+P,Et—-A+D+yPl-1t)—
2In+A
— j f(t+2ln+l—T,T)dT-I—ff(l—t-l—T,T)dT‘;
1 0
1
Ay () == [<P1(A—t)+<P(t) Y1 (A-0)+y() +

2In+t ‘

+ f f(T—t—Zln,T)dT-I-Jf(l—t+T,T)dT ;

l

1
As(t) =5 le1(t —2) + ¢’ (O) + i (t - B) +9(O) —

2In+A ]

— f f(t+2[n—T,T)dT+jf(t—T,T)dT ;
0

l

A =S4+ A= 1) = /(L= )~ Py + A=) + (L —1) +
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2in+A

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

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

XaHroMu n = 2s — 1,

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

XaHTOMU N = 2S;

oapou 1 < A < 21:

21 t

u@im+0) = B8, v2im+6) = () +m f Fy(n)dn + j Fy(mdn,
0

20e
t n_o(=1)™C
r(_1)m+1 5 15_)2 + (=)™ m_zor(l _l_; L te[0;a—1;
t Tl—_l _1 mC
(—1)m+1 . 21145_)1 +(-D)™- m_Zor(l = i Ltela-11;
(=1) 2n + 2 2n+2 ' T
B;(t—1) n_o(=1)™C
| GO g T O T re (2
t n_o(=1)™C
(_ )ym . - g_)z (_1)m+1 . m_ZOTE m ; 1 +C;, te[0;A-1];
n_o(=1)™C
(—1)m+1 £ + (—=1)m*1. m=o(=1"C + C.,t € [A—1;1];
F(t) = 1 2nt 1 .
! (_1)m . M + (_1)m+1 . 31=0(_1)mcl +C, t€E [l' A]'
2n+ 2 2n +2 e
B,(t —1 m=o(=1)™C

Bi(6) = 5 [pf (¢~ A+ 20)+ @'(6) 4 1 (¢ — A+ 20) +(0) -

2in+A

j ft+2ln+2l—r, T)dr+jf(t—r T)dT|,
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N =

B,(t) =5 [p1(A-1-+¢'(U-)—9p(A-1-0)—yp(I—-1t) +

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-
(4501 () — (V] - | leor)dt
852l + 4sA — 4sl

XaHroMHu n = 2s — 1,

l
(4s + Do (D) — (D] — [,_, Bs(t)dt
\ 8s2l + 4sA + 2sl + 2A — 21

XaHIOMU N = 28.

Arap suppf (x,t) € Qr, T. = const (apHe Tabcupu OepyHuu f(x,t) XaHrOMH
T > T, aitnusn 6a cudp Oapobap Oomam), mac KMMaTH MUHUMAIUU HHTETpald

_ 1
SHEPrusiu capxaiai Taptuom O (;) - po nmopan. Hdoumue, ku gap 6axou XOCHIIITYIa

MIITHPOK MeKyHas, 6a HopMmau pyHkcusaxou @(x), @, (x) € WA0,1]; Y (x), P, (x) €
L,[0,1]; f(x,t) € L,(Q7) Ba max3am Baktu T BoOacta meboman. MH Xxoaar a3 oH
[IaxoJaT MeAuXaji, KM KMMaTH MHUHHMAJIMKA WHTErPAad SHEPIUsSH capXald XaHTOMH
T — oo 6a cudp Maill MeKyHaJ Ba MMKOH MEIMXaJl, KM a3 BOPHUJI IIyJaHH paBaHIH
JanuIny Top 0a pe30HaHC MEMTHPHA Kapaa masaj.

Iap Oaxmm «MyXOKMMaW HATHYaXoM XOCHJIINYyAa» 0a TaBpud MyxTacap
TaX MM HaTHYaxoe, KU Jap KOPH JAUCCEPTATCHOHA 6a JacT oBap/a IyJaaH, aHqoM
710/1a MellIaBajl Ba OHX0 00 HATHYaXOW MyaUTH()OHU IUTrap MyKOMca MeTapIaH/.
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XYJIOCAXO

HaTuyaxou acocum WIMHM TUCCEPTATCHSA

XaMuH TaBp, MO XamMaW MachajaxoHW Ty3olTalryaapo 0a TaBpu Mydaccal
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
noxa myx [1-A], [3-A], [4-A], [7-A], [11-A];

2. Macrwanaun uiopakyHUU capXajiid, Ki TaBaCCyTH KyBBaW YaHAMPH Jlap capXajau yaim
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 6opau SIrOHaruy XaJljll Machajau OappacuiliaBaHAan UI0PAKyHUU
capxaai 6apou BakTXou Xyp/l € 6apobapy KpUTHKI UCOOT Kapaa 1y

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

e (0axou ampuopit 6apou Xayui Machaiaw UAOPAKYHUU cCapXadil XOCHUJ Tapiu/l,
KU YCTYBOpUHU Xajuti OajmacTomMaaapo HucOaT 6a mapTxou UOTUIOW 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
3aMIlIaBaHa aCOCHOK Kapa Iy,

NnoBa OGap wH, SKKMMara XallllaBaH/IardUd MachajlaXxOM OMEXTah MYBO(DUK

Oapou myoaunan tenerpadun 6appacunriaBasaa KCOOT Kapjaa mry1. AHUKAIIL:

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

" TeOpEeMaxou MaBUYAMSITH XAJIJIM MachajlaXxou oMeXTau MyBO(HK UCOOT IIyIaHI;

" 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 HaMmyna, KM XallaBaHJATHM XaMad Machallaxow Oappacuinyna aap
Mapxuiau aBBaj 0apou MyOJujIau JAIMHUIIXOW MadOypuu TOpP, KU XOJaTH XyCYCHUH
MYyOJWIau TaxXKHKIIaBaHaa XaHromu ¢(x,t) = 0 meOoImaa, HUIIOH J0Ja IIyAaacT.
bapou wuH XomaTm Xycycih XaMaW TacJAUMKOTH MYBO(DHMK Taxus IIyaa, HCOOT
rapauaaaH.

3. MnmopakyHuXou capXxaaud ONTHUMAaJi, KA TaBacCCyTH YOMMBA3KyHH Jap capXaau
Janm Ba KyBBaW YaHIHUPA Jap capXaad POCT aMallii MerapaaHn, aap (ocuman
uxTuépun 0a Kaapu Kol KaJoHM BakKT Oapou paBaHIXoe, KU 00 Myoauiau
JIATIIUAIIIXO0M MayOypUu TOp TaBCU(] MelIaBaH, COXTa Inyaaans [6-A];

4. VimopakyHUXOHU capXaJud ONTUMAJIi, KH TaBaCCYTH KyBBaW YaHIUPHA Aap capXaau
Janm Ba YOWMBA3KyHH Jap capxaad pOCT aMmaiid MerapaaHna, gap (ocuman
uxTuépun O0a Kaapu Kol KaJOHM BaKT Oapou paBaHIXoe, KU 00 Myoauiau

JANMUIIX0M Ma4yOypHuH TOp TaBCcU( MeIaBaHl, COXTa Iryaaany [6-A].
Tascusixo oujg 60a ucrudoaam aMmaanu 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 OJIMU KacOii;

s OapoM aMCHJIaCO3MM  PaBaHAXOW 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 Ilpesuoenmu
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
YIPYTO# CHJIOH Ha JPYroM Juis OAHOMEPHOTO TelerpadHOro YpaBHEHHUS C IEPEMEHHBIM
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 pa3peUIMMOCTH 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. Jlymran6e. Cepust 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 Tamkukucrana. — 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 HalMOHAIBHOrO YHHBepcutetra. 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 ¢uamara MI'Y umenn M.B.JlomonocoBa 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 «/|BalIaTUIIETHIO W3Yy4eHUsT M Pa3BUTUS €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/a4ydl TPAaHUYHOTO
ypaBHEHMs JJs YpaBHEHHs BBIHY)KJICHHbIX KOJEOaHUH CTPyHbl 33 MHHHUMAJbHBINA
npoMexxyTok Bpemenu [Tekcr] / M.®. Aoaykapumos, ®.P. UcmartoB // Matepuaisl
MEXIyHApOAHON Hay4yHO-TpakTHueckoi koHpepeHuun XIV JloMOHOCOBCKHE YTEHHS
«Ponmp  ®ummana MOCKOBCKOIO TOCYyIAapCTBEHHOIO  yHHUBEpcuTeTa uMeHu 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.®. Ao6aykapumor, ®.P. HcmaroB // Marepuansl |V MexayHapoaHOW Hay4dHO-
npakTuueckor KoHdpepeHuu «CoBpeMeHHbIE TPOOIEMbl MATEMAaTHKU U €€ MPUIOKECHHI.
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[10-A] AG6aykapumoB M.®. O 3agaue rpaHMYHOIO YIIPABICHHS, TPOU3BOJAUMOrO YIIPYrol CHIIOH
Ha OJHOM KOHIIE M CMELEHHWEM Ha JIPYyroM Ipolecca BHIHYXKIACHHBIX KOJIeOAaHUN CTPYHBI
[Tekcr] / M.®. Abaykapumos, ®.P. MemaToB // Matepuaibl MeKAyHAPOJAHOW HAYYHOM
koH(pepeHMH, mocBAMEHHOW 75- seruto THY, 20-netwro pa3BUTHUS  TOYHBIX,
€CTECTBEHHBIX M MaTeMaTH4ecKMX Hayk, 85-metuto axkagemuka HAH Tamxukucrana
Pamxabora H. — [lyman6e, 2023. — C. 12-14.
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CWJIOM Ha JPYroM Mpollecca BBIHYKICHHBIX KOJI€OaHUW CTPYHBI 32 KPUTHUYECKOE BPEMS
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akagemuka boGomxona ['apyposa. Hacts 3. EcrecTBennsie Hayku. — Jlymano6e, 2023. — C.
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BBEJIEHUE

AKTYaJIbHOCTh TeMbl HCCJIed0BaHUsl. «B yCIOBHSIX CTPEMUTEIHHOTO
Pa3BUTHS COBPEMEHHOM HAYKH M TEXHOJIOTHI BOMPOCHI YIIPABICHUS TUHAMUYECKUMHU
pOLIeCCaMH, ONKICHIBAEMBIMU TUNepO0INYECKUMHU b depeHnanTbHBIMU
YpPaBHEHUSIMH, SIBISIIOTCS OAHUM M3 BaXXHEHIIUX  HAMpPaBICHUM  HAyYHBIX
uccienoBanuii. B yactHOCTH, OJJHOMEpHOE TenerpagHoe 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 3HAYEHUE MPU KCCIEAOBAHUM PACIPOCTPAHEHUS AIEKTPOMATrHUTHBIX
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 YIPABICHUS SBISCTCS
pa3zpabdoTka 3PPEeKTUBHBIX METOJIOB yNPABICHUS OJOOHBIMU MIPOIIECCAMU C YYETOM
BPEMEHHBIX orpaHndeHuid. HecMoTps Ha TO 4TO 3a1auu TPAHUYHOTO YIIPABICHUS J1JIsI
runepOoIMUYEeCKMX YpPaBHEHHM pacCMaTpUBAINCh BO MHOTHUX HCCIEIOBAHUSX,
BOIIPOCHI, CBSI3aHHBIE C YCTAHOBJICHUEM YCIIOBUI CYIIECTBOBAHUS U €JUHCTBEHHOCTH
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 ko3dgduireHta B paccMaTpUBA€MOM YpaBHEHUU
CYIIECTBEHHO YCJIOXHSET €ro MaTeMaTH4eCKyl0 CTPYKTYpy U OrpaHU4YMBaET
BO3MOXHOCTh ~ HEMOCPEACTBEHHOIO  MPHUMEHEHUS]  KJIACCUYECKUX  METOJOB
UCCIIEOBaHMs 3a7a4  ymopaBieHus. B cBs3sm ¢  93TuM  pa3paboTka HOBBIX
AHAJIMTUYECKUX TOJIXOJ0B M COBEPIICHCTBOBAHHE CYIIECTBYIOIIUX METOHOB JIS
YCTAHOBJICHUS] HEOOXOJMMBIX U JOCTATOYHBIX YCIOBUW pa3pelIiuMOCTH 3ajad
IPAaHUYHOTO YNPABJIEHUS MPUOOPETAIOT OCOOYIO aKTYaIbHOCTb.

HeoOxoaumocTh  mpoBelE€HHMsS  JAHHOTO  HCCIAEAOBaHUS  00yCIOBJIEHA
CYIIECTBOBAHMEM HEPEIICHHBIX TMpoOJsieM B 00JacTH TEOPUM  YIPaBICHUS
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 MPOLECCAMU, a TaK¥KE MPEAJIOKUTh
HOBBIE€ METO/IbI UCCJICIOBAHUS U YIIPaBJICHUS MOJJOOHBIMU CUCTEMAMU.

Takum oOpa3omMm, ucCCIeIOBaHHE KOMOWHUPOBAHHBIX 3aJad TPAHUYHOIO
yopaBlieHUs JUIsi  OJHOMEPHOTO Tejierpad)HOro ypaBHEHUS C  TEPEMEHHBIM
KOO PUITMEHTOM HMEEeT KaK TEOPeTHYEeCKOe, 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,
MOHMMaeMasi KaK MPUBEJICHUE KOJeOaTeIbHON CUCTEMbl K COCTOSIHUIO C HYJIEBBIMHU
HayaJabHbIMU (JaHHBIMH KoIlm) XapakTepuCTUKAaMU, MPU HAIOXKEHUHM TPAHUYHBIX
ycnoBuid  upuxne. C  HCHOAB30BAHMEM  aliapaTta TEOPUU TUIHLOEPTOBBIX
IPOCTPAHCTB aBTOPOM YCTAHOBJIEHO CBOWCTBO HEEIWHCTBEHHOCTH PELICHUS
chopMynMpoBaHHON 3amaud 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 pacupocTpaHeHa
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 TMpUMEHEHUU 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 uccnenoBannu A.E. Eroposa [12] misi KOHCTpYKTHMBHOIO pPELICHUS 3aladd
IPAHUYHOTO YIPaBJICHUS] TPUMEHEH METOJ| MaJA0NUX U OTPaXEHHBIX BOJH. B ero
MoHorpaduu  [13] cHCTEeMaTHMUeCKH  M3JIOKEHBI  KJIIOYEBBIC  HaIpaBIICHHS
COBPEMEHHOW MAaTEeMaTUYECKOW TEOpUU YNPABJIECHUS, BKJIOYAs MATEMaTUYECKOE
MOJIETUPOBAHUE YIIPABISIEMBIX CUCTEM; OCHOBBI TEOPUH YCTOMYMBOCTU HEJTUHEHHBIX
W YNOPaBIAEMBIX CHCTEM; TEPUOJAMYECCKUE KOJIeOaHUS HETUHEHHBIX CHCTEM;
(byHIaMEHTAIBHBIE TOJIOKEHUST TEOPUU  YNPABISIEMOCTH, HAOJIIOaeMOCTH U
UJICHTUPUIIUPYEMOCTH; METOJbI TEOPUHM ONTUMAJILHOTO YIPABJICHUS; DSJIEMEHTHI
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 MpoOJIeMAaTUKE ¥ OXBATHIBACT PA3IMYHBIC IOCTAHOBKU 33124 YIIPABJICHHUS,
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 YOPABJICHHUS  KOJEOATENbHBIMU  MPOLECCAMU  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 pEIICHHs 3aJad TPaAaHUYHOIO
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 HEOOXOAMMBIEC U IOCTATOYHBIE YCIOBUS CYIIECTBOBAHUS U HalJIEH
SBHBIA BHJI TPAHUYHBIX YMPABJICHUNA CMEIICHUSMU Ha JABYX KOHIAX, a IS CIydas
T > 1 (tounee, mmsa caydas [ < T < 2l) mpencraBieH OOmMMA BHUJ BO3MOXKHBIX
IPaHUYHBIX YNPABICHUHN, BKIIOYAIOIINUX JIBE MPOW3BOJIbHBIE MMOCTOSHHBIE 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, (%)
W3 TPOM3BOJIBHOTO HadasibHOTO coctosHUs {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 SIBJISIETCSI KPUTUYECKUM, T.€. MPOMEXKYTOK BpeMenu 0 < t < [ aBnsgercs
MUHUMAJIGHBIM JIJIS TIOJTHOM YMPaBIIIEMOCTH paccMaTpUBaeMOro mpolecca Mpu
MUHHUMAJIBHBIX OTPAaHUYCHUSAX HA HadaJbHbIC U (MHATIBHBIC YCIOBUS. AHAJIOTHIHBINA
pesyiabrar B.A.MnbpunabiM [17] Obul monydeH W B ciydae, KOraa yIpaBJICHHUE
JIEHCTBYET Ha OJHOM KOHIIE CTPYHBI MPH 3aKpPEIUICHHOM BTOpoM. JlokaszaHo, 49TO
KPUTUYECKUM B 3TOM CITy4ae SIBJISIETCS MOMEHT Bpemenu T = 21.

B pabGorax B.A. Wnbuna [18] u [19] wucciemoBaHbl 3agayd TPaHUYHOTO
VOpaBJICHUS B TEpPMUHAX 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 cllydae, KOT1a MOMEHT BpeMeHHU T OOoJbIlle KPUTHIECKOTO, 3a/1a49a
TPAaHUYHOTO YIPABIECHUS HUMEET OECKOHEUYHO MHOTO pPEHICHUH, TO MPUXOIUTCA
pemarTh 3a7a4y 0 HaXO0XJICHUHM ONTHMAJILHOTO TPAaHWYHOTO YIPABIICHUS, HAIIPUMED,

OTBICKaHHC CpCAN BCCX ynpaBneHHﬁ TOr'0, KOTOPOC AOCTABIIAACT MUHUMYM HHTCTPAITY
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IPaHUYHOMN PHEPTrUu. DTOM BAXKHOM MPaKTUUECKOW 3a7aue MOCBSIIEHbI COBMECTHBIE
pabotel B.A.Wnpuna n E.M.Mowuceesa [22] u [23].

Hano otMmeTuTh, YTO 0O TEME€ TPAHUYHOTO YIPABICHHUS MPOLIECCOM,
OMKCHIBAEMBIM BOJIHOBBIM ypaBHEHHUEM (*), KaK JUIs JTOKAJIbHBIX, 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 padoT yHOMSHYTHIX YIEHBIX IPUBEACH B TUCCEPTAIIUU.

B coBmectHoll pabote B.A. Mnbuna u E.M. Mouceea [20] Obuia 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, (**%)
pu BPEMEHU, paBHOM KpuTHueckomy, 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
VIOpPaBJICHUS CMELIEHUSIMU Ha ABYX KOHIAX IJis ypaBHeHus (**) B ciywae, koraa
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 YIPABJICHHS HAWIEHO SIBHOE AHAJIUTUYECKOE BBIPAXKEHHUE IMPHU MOMOIIU
¢bynkuumii beccens.

Cnenyer OTMETUTb, YTO HEKOTOPHIE BOIMPOCHI TEOPUH CMEIIAHHBIX 3a/ad, a
TaKXe 3a/lad TPAHUYHOTO M ONTHUMAJIbHOIO YIPABICHHS C PAa3HBIX TOYEK 3PEHUS
uccienoBansl B paborax B.M. Aromkora, JI.JI. Axynenko, A.A. AHjapeeBa,
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.JlomoBrnieBa, A. Manya, M.1. MycradaeBa, A.W. [Ipunenko, A.B. @ypcukosna,
O.1O. DmanyunoBa, M.K. FOnycu wu gap. Ilepederr paboT ymOMSHYTBHIX yUEHBIX
TaKXe MPECTABIICH B IUCCEPTALINHU.

B mactosmedt muccepranuu OyAayT ucclieoBaHbI KOMOMHHMPOBAHHBIE 3aadyd
IPAaHUYHOTO YIpaBJICHMS g ypaBHeHUs (**) ¢ mepeMeHHbIM Kod(ppuiueHTom
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 OJM3KHE BOMPOCHI, CHayaida Ml H3MEPUMOro H
OTpaHUYEHHOTO KOd(PGUIMEHTa, 3aTeM JUIi 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.
3aJa4yl TPAHUYHOTO YIMPABICHHS 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 MOKA3bIBAET, YTO 33Jaud I'PAHUYHOIO YIIPABJICHUS IS
ypaBHeHus  (***)  mpakThuecku — Majlo  M3Yy4YeHBbl, OCOOCHHO  3ajauu
KOMOMHHPOBAHHOI'O IPAaHUYHOIO YIPaBIEHUS BOOOIE HE pacCCMaTPUBAIIUCH.

B cBsi3u ¢ 3TM BbIOpaHHasi TeMa JaHHOIO HAYYHOT'O MCCIIEOBAHUSA - U3yUEHHUE
3a7a4 KOMOMHUPOBAHHOTO TPAHUYHOTO YIIPABJICHUS ISl ypaBHEHUs (***) sBisercs
aKTyaJJbHOW W  CBOeBpeMeHHOMW. [lomydeHHblE  pe3ynbTarbl  MCCIEAOBAHUS
CHOCOOCTBYIOT JalbHEHIIEMY pa3BUTHIO TEOPUU YIIPABICHUS CUCTEMaMH C
pacnpeeIiEHHBIMA [TapaMeTpaMy, COBEPLICHCTBOBAHUIO METOJIOB HCCIEIOBaHMUS
3aJa4 TPaHUYHOTO YIPABJICHHUS U PACIIUPEHHUIO TEOPETHUYECKON Oa3bl pelieHus
CJIOKHBIX 3a/1a4 MPUKJIAJHON MaTEeMaTUKH.

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

Cesa3b padoTbl ¢ mporpaMmMaMu (IPOEKTAMHM) M HAYYHBIMHM TEMaMM.
Hacrosimiee HayyHO€ UCClEIOBaHHWE BBIOJIHEHO B  paMKax peajau3aluu
MEePCIEKTUBHOTO niaHa HAy4YHO-UCCIIEI0BATEIbCKUX pabor Kadeapsl
BBIUUCIUTEILHOM  MaTeMaTMKW M MEXaHUKH  MEXaHUKO-MaTeMaTU4YeCKOTro
¢dakynbTeTa TamKUKCKOTO HaIIMOHATLHOTO yHHBepcuTeTa Ha 2021-2025 roasl. Tema
UCCIIEIOBaHMS «AHATUTHUYECKUE UCCIIEI0BaHNUs, KAUECTBEHHBIN aHAIN3 U YHCIEHHOE
pelieHrne 3aJad  MPUKIAJHOM MaTeMaTHKH W MEXaHUKW» COOTBETCTBYET
MPUOPUTETHOMY HAIIPABIICHUIO HAYYHOU NIEeATENHHOCTH Kadeaprl. B paMkax qaHHOTO
HANPaBIICHUS M3YyYEHbl BAXXHBIE TEOPETUYECKHUE M TPAKTUYECKHUE BOIPOCHI,
CBA3aHHBIE C AHAJIW30M MaTeMaTHYECKUX MPOLECCOB, pa3pabOTKOM METOA0B
HCCJIEIOBaHMsI U YCTAHOBJICHUEM YCIIOBUH pa3pelIMMOCTH MOCTaBICHHBIX 3a/1a4.

BoimonHeHne  yka3aHHOTO — HCCJEIOBaHUS  CHOCOOCTBYET — JajbHeHIeMy
pPa3BUTHIO HAyYHBIX HaIMpaBlIeHUN Kadeaphl, BKIOYAs HCCIEIOBAHHE CIIOXKHBIX
3a]1a4 MPUKJIAHON MaTeMaTUKH, TECOPUH YIIPABJICHUS U MOJEITHPOBAHUS (PU3NIECKIX
IPOLIECCOB, a TaK)Ke CO3AAET OCHOBY JIS MOJYUYEHUSI HOBBIX HAYUHBIX PE3yJIbTaTOB U

pacHIMpeHUs TEOPETUUECKOM 0a3bl PelIeHHs pacCMaTpUBAaEMBbIX 3a/1a4.
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OBIIASA XAPAKTEPUCTUKA NCCIEJOBAHUSA

Heab wuccaenoBanusi. OcHOBHAsE 1e€Jb  JIAaHHOTO  JIUCCEPTAIMOHHOTO
UCCJICIOBAHUST  3aKIIOYaeTCs B MPOBEJCHUUM  TEOPETUYECKOrO  aHajau3a
KOMOMHHMPOBAHHBIX 3a7a4 TPAHUYHOIO YIIPaBJICHUS JJIsI ypaBHEHUA (***), B KOTOPBIX
YIOpaBISIONIEE BO3JCHCTBUE peEaTu3yeTcsl MOCPEACTBOM 3aJaHUs CMEIICHHUS 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, peIIaeMbIX B
JUCCEPTALIMOHHOMN paboTe, OTHOCSTCS:

* GopMyIMpOBaHHE U CTPOroe JOKa3aTelIbCTBO TEOPEM, OOECIEeUMBAIOIINX
CYIIECTBOBAHUE W E€IMHCTBEHHOCTh PEIICHUS KOMOWMHHUPOBAHHBIX CMEIIAHHBIX
3a7a4 AJisl TenerpaHoro ypaBHEHUs 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 U JIOCTaTOYHBIX  YCIOBUM  CYILIECTBOBAHHUS  PEUICHUS
KOMOMHUPOBAHHBIX 33]]a4 TPAHUYHOTO YIIPABJICHHUS,

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

" aHaJIM3 U pEHICHUE KOMOWHUPOBAHHBIX ONTHUMAJIBHBIX 3aJa4 TPAHUYHOTO
yIpaBlieHUs] JJisl YpaBHEHUS BBIHYKJICHHBIX KoOJICOAaHMM CTPYHBI 3a OOJIbIION
HMHTEpPBaJl BPEMEHHU.

O0bexkT wucciaenoBanmus. OOBEKTOM HCCIEAOBaHUS JaHHOW JuccepTaluu
SBJISIIOTCSL YPABHEHHE BBIHY)KJICHHBIX KOJICOAHUN CTPYHBI, a TaKXe OJHOMEpPHOE
TenerpadHoe ypaBHEHHUE C IEPEMEHHBIM KOA(D(PUITUEHTOM.

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
o0yaaloT HayyHOM HOBU3HOM. K OCHOBHBIM W3 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. Jlns yKa3aHHOTO YpaBHEHUS TPU 3HAYCHUSX BPEMEHH, HE MPEBBIMIAOIINX
KPUTHYECKOTO, JOKa3aHbl TEOPEMBI, YCTAHABIMBAIOIIUME EIUHCTBEHHOCTh
penieHns: KOMOMHUPOBAHHBIX 3a]a4 TPAHUYHOIO YIIPABJICHHUS;

3. Jokazanbl TeopeMbl CYIIECTBOBAHMS pEIICHHS KOMOWHUPOBAHHBIX 3ajay
TPAaHUYHOTO YMOPABJICHUSA JJIi YKa3aHHOTO YPaBHEHUSI B KPUTHYECKU MOMEHT
BPEMEHU;

4. YCTOMYMBOCTh pEIICHUS BCEX aHAIM3UPYEMbIX CMEIIAHHBIX 3aJad M 3a]a4
IPAaHUYHOTO YIpPAaBICHHMS JOKa3aHa Kak oTHocuTenbHO q(x,t)u(x,t), Tak u
OTHOCUTEIHHO (PYHKITUH, YI4aCTBYIONUX B (POPMYITHPOBKE 3a71a4;

5. Jlms mporeccoB, BhIpaKaeMbIX YPAaBHEHHEM BBIHYKICHHBIX KOJICOAHUN CTPYHBI,
Ha  OOJBIIMX  BPEMEHHBIX  HWHTEpPBaJiax,  IMOJYYEHbl  ONTUMAJIbHbBIC
KOMOMHUPOBaHHBIC TPAHUYHBIE YIIPABJICHUS, KOTOPbIE MUHUMHU3UPYIOT UHTETpaj
TPaHUYHOU SHEPTUU.

IHos10’keHus1, BLIHOCHUMbIE HA 3ALIUTY:

1. Jloka3zaHa oJfHO3HAYHAs Pa3pEeIIMMOCTh COOTBETCTBYIOIIMX CMEIIAHHBIX 3a/1a4 JIJIs
OJIHOMEPHOT0 TeJerpaHOro ypaBHEHHUS C MEPEMEHHBIM KO3(POUITMEHTOM,
pa3paboTaHbl 1 000CHOBAHBI COOTBETCTBYIOIIUE TEOPEMBI;

2. JlokazaHa OJHO3HAYHAS Pa3PEIIMMOCTh 3a7ad TPAHUYHOTO YIPABICHHUS IS
OJIHOMEPHOT0 TejerpadHOro ypaBHEHHs C MEPEeMEHHBbIM KO3 UIIMEHTOM, B
KOTOPBIX yMPAaBJICHUE OCYIIECTBISETCS TOCPEACTBOM CMeIIeHus (ypyron CHIIbI)
HA OJHOW TpaHWIle M YNPYyrod Cuibl (CMEHIEHUs) Ha JApYyrod TrpaHuIle.
Pa3zpaboTanbl U IpeACTaBICHBI COOTBETCTBYIOIINE TEOPEMBI.

3. Jloxazanel TeopemMbl O €IWHCTBEHHOCTH, CYIICCTBOBAaHMM ¥ TOCTPOCHHUH
KOMOMHUPOBAHHBIX ONTUMAJIBHBIX TPAHUYHBIX YIPABJICHUN IS MPOIECCOB,
OTNHUCBHIBAEMbBIX YpPaBHEHHUEM BBIHYXKJICHHBIX KOJEOAHWUW CTPYHBI, Ha OOJIBIINUX
BPEMEHHBIX MHTEpBajax M I[I0Ka3aHO, YTO OTH YyOpaBJIEHUS OOECIEYUBAIOT
MUHHMAaJIbHOE 3HAYCHHE UHTErpajia TPAaHUYHON SHEPTHH.

Teopernueckasi ¥ NpPakTHYeCKassh  3HAYMMOCTbL  HMCCJIEIOBAHHUA.
Uccnenosanusi, IpoBeAEHHBIE B TAHHOW JHMCCEPTAIMU 10 BOIPOCAM Pa3peIIUMOCTH
3a/1a4 KOMOMHUPOBAHHOTO TPAHUYHOIO YIPABJICHUS JJI TEIerpaHOTO YPAaBHEHUS C
MEepEeMEHHBIM  KOA(DPUIIUEHTOM, HOCIT TeopeTudyeckuii xapaktep. IllomydeHHbie
Hay4YHbIC Pe3yJbTaThl UMEIOT BAXKHOE 3HAUCHUE JJIS1 JATBHEHIIIErO pa3BUTHUSI TEOPUH
3aJlad TPAHWUYHOTO YMPABJICHUS, CMEMIAHHBIX 3aJa4 Il TUIEepOOJIUYeCKUX
YpaBHEHUH, a TaKXKe JIPYTUX pa3leioB MPUKIAIHON MareMaTuku. OHU MOTYT OBITh
WCIIOJIb30BAaHbl B PA3JIMYHBIX OOJACTAX ECTECTBEHHBIX M TEXHHUYECKUX HAyK, B
4acTHOCTU B (PU3MKE, MEXaHWKE U JPYrHMX HAMpaBlICHUAX, TJE HCCICIyeMbIC
MIPOIIECCHI OMUCHIBAIOTCS TUNEPOOTNYECKUMHU YPABHEHHUSIMU.

Marepuanbl HacToOAIEH AUCCEPTALUUA MOTYT ObITh 3(PPEKTUBHO MCIIOIb30BAHBI

Ip  4YTCHHM CICHOHUAJIIBHBIX KYpCOB, IIPOBCACHHMKM HAyY4YHbIX CCMHHApOB H
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CHEIUATN3UPOBAHHBIX 3aHATUHN ISl CTYJEHTOB CTapIIMX KYpCOB, MarvuCTPaHTOB U
JOKTOPAHTOB, OOYYalOIIMXCS 1O HaNpaBJICHUSIM MATEMAaTUKH, MPUKIATHOU
MaTE€MaTUKU U MEXaHUKH.

Kpome Toro, nosrydeHHbIe pe3yJIbTaTbl MOTYT CIIYKUTh TEOPETHUECKOM OCHOBOI
JUTSI MaTeMaTHYEeCKOTO MOJICTUPOBAHUS PA3INYHBIX (U3MYECKUX U TEXHHUYECCKUX
MIPOIIECCOB, OIMMCHIBAEMBIX PACCMATPUBAEMBIMH YpPaBHEHUSMHU, a TaK)Ke HAWTH
MPUMEHEHNE B ATBLHEHIIINX HAYYHBIX UCCIIEIOBAHUSX U MPU PEIICHUH MPUKIIATHBIX
3a/ay.

CreneHb  JOCTOBEPHOCTH  Pe3yJbTATOB  HCCEPTAIHUM. CrermneHb
JIOCTOBEPHOCTH  pEe3yJbTaTOB JHUCCEpPTAlMU OOECIEYMBACTCA HCIOIb30BAHUEM
COBPEMEHHBIX METOJI0OB MaTeMmaThuuecko (u3uku, GyHKIMOHATIBLHOTO aHau3a,
TEOPHH JTUHEHHBIX WHTETPATbHBIX ypaBHEHHH BoJIbTepphl BTOPOTO POJa M TCOPHH
3aJlad  TPAHUYHOrO  ymOpaBieHUA. Bce  OCHOBHbIE  Hay4yHbIE  PE3YJIbTaThI
chopMynupoBaHbl B BHUJE TEOPEM U OOOCHOBAHBI CTPOTUMU MATEMATHUYECKUMHU
nokazaTeabcTBamMu. [loydeHHbIE pe3ysbTaThl SBJISIIOTCS JJOTUUECKU M TEOPETUUYECKHU
000CHOBaHHBIMH, COTJIACYIOTCA C PE3yJIbTaTaMH MCCIETOBAHUN OTEUYECTBEHHBIX H
3apyOEKHBIX YUEHBIX B JAaHHOW oOnacTv Hayku. OHHM OMyOJIMKOBaHbI B HAyUYHBIX
CTaThsIX aBTOpA U apOOMPOBaHBI HA HAYYHBIX KOH(PEPEHIIUAX PA3TUYHOTO YPOBHSI.

CooTBercTBHE  JUCCEPTALNMH  MACHOPTY HAYYHOH  CHENHAJBHOCTH.
JuccepranmonHas paboTa BeITIOIHEHA 10 cneruanbHocT 6D060100 - Maremaruka:
60060103 - Huddepennmanpable  ypaBHCHHUS, TUHAMUYECKHE CHUCTEMBI U
ONTHUMAJIbHOE  YIpaBJIECHUE M  TOJHOCTBIO  COOTBETCTBYeT €€  (opmyie
(muddepeHnmanbHble  YPaBHEHHUS C YacCTHBIMH TMPOU3BOJAHBIMH), a TaKXKe TPEM
OCHOBHBIM  HANpaBJICHHSIM  00JIacTU  HWCclenoBaHus: 1)  oOmias  Teopus
muddepeHnnanbHbIX YpaBHEHHM W cucTeM Jaud(epeHInanbHbIX ypaBHEHHM; 2)
Ha4yaJIbHO-KPaeBble M CIEKTpaJIbHBIC 3a1a4M i TudPepeHInanbHbIX YpaBHEHUNH U
CHUCTEM muddepeHanbHbIX YpaBHECHUN; 3) Ka4eCTBEHHAs TEOpHUs
muddepeHunanbHbIX ypaBHEHUHM U cucTeM Au(depeHIUanbHbIX YpaBHEHUH.
VYkazaHHble HampaBJIeHUs] OTHOCATCA K pazaeny «duddepeHimanbabie ypaBHEHUNY,
npeaycMoTpeHHoMy B naparpade 3 nynkTta |1l macnopra HaydHO# CHieIMaTbHOCTH.

JInuHbIil BKJIAJA conckareys y4éHou creneHu. ConepKaHue QUCCEpTalUH U
OCHOBHBIC  TIOJIO)KCHHS, BBIHOCHMBIE Ha 3alIUTy, TOJHOCTHIO  OTPAXaloT
MEPCOHANIbHBIN BKJIAJ aBTOpa B OMyOJIMKOBaHHBIE paboThl. Bce mpencraBieHHBIC B
JTUCCepTAlUK PE3YIbTaThl MOJYYeHBI JUYHO aBTOpOM. B coBMecTHBIX paboTax [1-A]
- [3-A], [6-A] - [11-A] coaBTOp mNpUHUMAJI y4YacTHE TOJBKO B OOCYKICHUHU
MOJTYYEHHBIX PE3YJIbTaTOB.

AnpoGanus u peanu3anus pe3yJbTaroB Auccepranmu. [lomydeHHblE B
JUCCEPTAIMH PE3yJIbTaThl JOJOKEHBI U OOCYXICHBI HA CICIYIONINX CEMHUHApax U

KOH(EpEeHIIMSIX:
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® HayYHOM ceMuHape Kadeapsl BBIUYUCIUTEIPHOM MATEMAaTUKH W MEXaHUKU
MEXaHUKO-MaTeMaTuyeckoro  Qaxkynprera  TaKUKCKOTO  HAIlMOHAJIBLHOTO
YHUBEpPCHUTETa I0J] PYKOBOJACTBOM Iipodeccopa AOmykapumoBa M.dD. (2023-
2025);

® MEXIYyHapoAHON Hay4yHO-TIpakTHueckol koH(epenuuu «XIII JlomoHOCOBKHE
YTEHUS», MOCBAMEHHOH 115-netnro akagemuka bodomkona I"adypona ([lymranbe,
28-29 anpens 2023 rona);

e MEXIyHapOAHON HayuHOW KoH(pepeHImH, mocBsméHHON 75- metutro THY, 20-
JIETUIO Pa3BUTUSA TOYHBIX, €CTECTBEHHBIX M MATEMaTUYECKUX HAYyK, 85-JETHIO
akanemuka HAH Tamxukucrana Pamxabosa H. (ymanGe, 5 oktsaops 2023
roja);

e IV MexayHapogHOW Hay4dyHO-TIpAKTH4YEeCKOM KoH(pepeHunun «CoBpeMEHHbIE
poOJIeMbl MaTeMAaTHKU U €€ npuioxkennin» (Jymanode, 1 utons 2024 roxa);

® MEXIyHApOJHOUW Hay4yHO-mpakTHueckol koHpepenimn XIV JloMoHOCOBCKHE
yreHus «Poap @unmana MI'Y umenun M.B. JlomoHocoBa B ropoae [lymanOe B
pPa3BUTHH HAYKH U 00pazoBaHus» ([ymanoe, 22-23 Hos6ps 2024 roga);

® MEXAYHAPOIHON HAay4YHO-TIPAKTUYECKOU KOH(hepeHuH, MTOCBSIIEHHON
«/IBaguaTUIeTUI0  U3YYEHHUS] W Pa3BUTUS  E€CTECTBEHHBIX, TOYHBIX U
MaTEeMaTUYECKUX HayK B cdepe Hayku W oOpaszoBaHus» u 80-1eTHIO €O JHS
poxknenus npodeccopa borimypona Anuesa (ymran6e, 2 anpens 2025 roaa).

® MCXKIYHAPOIHON KOH(MEPEHIIMH, ITOCBAIICHHON 85-JeTHI0 CO AHS POXKICHUS
BBIIAIOIIETOCS TaPKMKCKOTO MaTeMaThKa JOKTopa (PU3MKO-MaTEeMaTUYECKUX
Hayk, npodeccopa Cobuposa T.C. (dymanoe, 28-29 noa0ps 2025 rona).

Iyosnkamuu nmo teme auccepranmu. OCHOBHOE COJEp)KAHHME IUCCEPTALIUU
omyOnukoBaHo B 11 paborax aBTopa, S5 W3 KOTOPHIX — B H3JAHUSX,
pexomennoBanHbix BAK mpu Ilpesupente PecnyOmuxku Tamxukucran. Crucok

OIMyOJIMKOBAaHHBIX PabOT MPEICTABIICH B KOHIIE TUCCEpTAIMK U aBTopedepara.

Crpykrypa m o0bem aucceprauum. Jluccepranusi COCTOMT W3 BBEICHHS,
oO1el XapakKTePUCTUKU pabOThl, TPEX I1aB, 00CYKACHUS TTOJIYYEHHBIX PE3YJIbTATOB,

3aKJIIOYEHHS] WU CIIMCKAa JIMTEpaTyphl, BKiItouvaromero 150 HaumeHoBaHuil. B

JIYccepTaluy UCIOIb30BaHa JBOMHAsI Hymepalus, NepBas U3 KOTOPHIX COBIAJIAET C

HOMEPOM TIJ1aBbl, @ BTOpPasi — C HOMEPOM OIPEICTICHUM, YTBEPKICHH, JIEMM, TEOPEM,

3amedanuii U Gpopmyi. TekcT auccepTaruu uznoxeH Ha 194 crpanunax, HaOpaHHbBIX

B TEKCTOBOM Iporieccope Microsoft Word.

KPATKOE COJAEP) KAHUE JUCCEPTALIUU
«Bo BBegeHUM JHUCCEPTAIMOHHONW pabOThl MOJAPOOHO OOOCHOBBIBACTCS
aKTyaJIbHOCTh BBIOPAHHOUM TEMBI M €€ 3HAUMMOCTb JJISl PA3BUTHS TCOPUU TPAHHUYHOTO
VOPaBJICHUS W MaTEeMaTHYECKOTO MOJCTUPOBAHUS JHHAMHYECKUX MPOIIECCOB,
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nogu€pkuBaeTcss €€ HayyHas M [pakTuyeckas  1eHHocT.  [IpuBomurtcs
CUCTEMATU3UPOBAHHBI  0030p  CYIIECTBYIOLIUMX  pE3YyJIbTaTOB M  IOJXOJIOB,
HEMOCPEJICTBEHHO OTHOCSIIMXCS K paccMaTpuBaeMoi npoOiieMaTUKe, 4TO MO3BOJISET
ONPENEIIUTh TEKYIINE HAMPABICHUS UCCIECAOBAHUN U BBIIBUTh HEPEIIEHHBIE 3aa4H.
Beengenme Taxke BrmodaeT 4ETKYH0  (QOPMYITHMPOBKY I W TpPEaAMeETa
WCCJICIOBAHMS, BBIJICJICHUE OCHOBHBIX 3a7a4 padOTHl W OIMKCAHHUE WCIOJIb3YEMbIX
METOJIOB WX pemieHus. HakoHel, KpaTko H31araercsi CTPyKTypa AHCCEpTaIluu U
cojiepkaHue e€ OTACNIbHBIX Pa3/iesioB, 00ECIeUrBas JOTMUECKYIO U KOHIETTYaIbHYIO
MIPEEMCTBEHHOCTh BCETO UCCIIeNOBaHUs» [6].

«B mnepBoi riaBe «O030p pe3yJbTATOB MO TEOPHUH 3324 TI'PAHUYHOIO
yIpaBJIeHUs» OCYIIECTBIEH CHUCTEMATU3UPOBAHHBIA aHAJIU3 HAy4YHBIX paboT, B
KOTOPBIX M3YUYEHBI 33/1a4M YIPABJICHUS B PA3HBIX TOCTAHOBKAaxX» [5].

Bo BTOpoii riaBe B mpsMoyronbHoi oomact Qr = [0 < x <[ X [0 <t < T]
B paMKax 000OIIEHHOTO PEIICHUs UCCIIeAYETCs 3a7a4ya TPAHUYHOTO YIPABJICHUS IS
aHaJIM3UPYEMOT0 YPAaBHEHUS

Lu = utt(xJ t) - uxx(x; t) - CI(X, t)U(x, t) = f(x' t) (1)

Byner wu3ydaTbcs yNpaBieHUE MPOLECCOM, MOJEIUPYEMBIM  YKAa3aHHBIM
YPaBHEHHEM, KOTOPOE OCYLIECTBIIAETCS OCPEICTBOM 3a/IaHUSI 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 Bkiro4eaT yeThipe maparpada, B KOTOPBIX MMOCIEI0BATEILHO U3JIaraloTCs
MOCTAHOBKA 3aJIa4H, UCTOJIb3yeMbI€ OIMpEACICHUs U UCCIIeIoBaHuE 3a71a4. B nmepBom
naparpade GoOpMyJIUPYIOTCS paccMaTpUBaeMble 3aJadyd M BBOJSTCS OCHOBHBIC
OTpENENICHNs, HEOOXOJIWMbIC IS JaJbHEHIIEro W3JI0KEHUS U O0OOCHOBAHUS
MOJYYEHHBIX pe3yabTaroB. IlycTh npu HavaibHOM MOMeEHTe BpeMeHu t=(0 3amaHbl

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

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

Jlanee, Mbl Oynem mnpexnonarate, urto u(t) € WH[0,T], v(t) € L,[0,T],
(), p1(x) € WR[O,1], Y(x), P1(x) € L,[0,1],  f(x,0),q(x,t) €L(Qr) m
BhIMosHEHbI yeaoBus coracoBanus U(0) = @(0); u(T) = ¢,(0).

«MBpbl Oyniem paccMaTpuBaTh pelIeHHe 3aa4u rpaHuYHoro ynpasieHus (1)-(4) B
0600IMEHHOM cMBICe M ero OymeM uckaTh B kiacce W, (Qp), KOTOpBIA ObLI
npeiokeH B.A. Mibunbivmy» [18].
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«Onpenenenne 1. O600meEHHEIM pernenneM 3anaun (1)-(3) u3 kmacca W3 (Qr)
OymeM HaspiBaTh (yHKIMI0 uU(x,t), MpPUHAIISKAIIYIO YKa3aHHOMY KJaccCy, IS

KOTOpOfI BBIIIOJIHACTCA MHTCTPAJIBHOC TOKIACCTBO
l

I T T
ffu(x, t)LD(x, t)dxdt+J<p(x)CDt(x, O)dx—ft,l)(x)cb(x, 0)dx —
00 0

0
T T L T

—ju(t)CI)x(O, t)dt—fv(t)@(l, t)dt = jjf(x, t)d(x, t)dxdt (5)
0

0 0 0
s mo6oit mpobHoit pyrkmmu P (x,t) € W2(Qr) (ompeneneHwe 3TOro Kiacca

Takke aaHo B pabore» [18]), ymosaerBopsromeit yciaoBusm P (0,t) = O, ([, t) =0
npu 0 <t <T wu yciosusim ®(x,T) = ®,(x,T) =0 mpu 0 < x < [. Kpome Toro,
s GyHkimEa U(x, t) A0DKHBI OBITH BBIMOJIHEHBI BTOPOE MPAHUYHOE YCIIOBUE (2) U
BTOpOE HaualbHOe ycioBue (3) moutu Bcroay Ha [0, ], a mepBoe rpaHUYHOE YCIOBHUE
(2) u mepBoe HavagbHOE yciaoBue (3) — st Beex x € [0, [].

st monydenus: paBeHctBa (5) obOe uactu ypaBHeHus (1) yMHOXkaroTcs Ha
npoOHyro  gynkuuio  P(x,t), mocie Yero C  KCHOJb30BAaHMEM  METOja
UHTETPUPOBAHUS [0 YaCTAM IPOM3BOMAHBIE, coaepskamuecs B (QyHkmio u(x,t),
neperocsites Ha yHkiuio P(x, t). ToxaectBo (5) BepaxkaeT ciaboe 0000ImEHHOE
pemrenue. IlockonbKy Takas (opma 3amucu yaoOHa IS JI0Ka3aTelbCTBA TEOPEM
CIMHCTBEHHOCTH, MbI COXPaHUM €€ B 3TOM BH/JIC, HECMOTPSI Ha TO, YTO HIIEM CHUIIBHOE
000011IEHHOE pellIeHNUE.

Omnpenesienune 2. OOOOIIEHHBIM PEIICHUEM 33Jla4yd TPAHUYHOIO YIPABICHUS
(1)-(4) u3 knacca W, (Qr) HazoBéM dyrKIHIO U (X, t), TIPHHATIEKALIYIO YKa3aHHOMY
KJIacCy, KOTOpasl sIBJIIETCSl pelieHueMm cMmemanHon 3amauu (1)-(3) ¢ dynkiuein
u(t) € WA[0,T], ynosnerBopsiomeii ycnosusm cornacoBanus  u(0) = ¢(0);
u(T) = ¢,(0) u dbynkuueitr v(t) € L,[0,T], ams KOTOpOH HMMeEET MECTO IEPBOE
¢bunansHOe yciaosue (4) s Bcex x € [0, 1], a Bropoe punampHOE yciosue (4) Oymer
BBITTOJIHATHCS TTOYTH Beroy Ha [0, [].

Bo Bropom maparpage wucciaenyroTcs yCIOBUSL  CYIIECTBOBAaHUS U
SIMHCTBEHHOCTH O0000OMmMEHHOr0 pemieHus cMmemanHod 3amaun (1) — (3) B
COOTBETCTBYIOIIEM (DYHKITMOHAILHOM KJIacce.

O6o3naunm yepe3 u(t) u v(t) ¢dynkuum, copmagatomme ¢ u(t) u v(t) npu
0 <t < T u nponomkenHsie HyJIEM nipu t < 0. O4eBUIHO, YTO

u(t) € Wi[—e T]1Ve > 0uv(t) € Ly[—¢,T] Ve > 0.

Jlemma 1. [lpeononooxcum evinonunenue creoyiowux yerosuu: T <1,

q(x.,t), f(x,t) € L,(Qr), o(x)=0 npu xe[0, 11, w(x)=0 012 noumu ecex xelo,I1].

Tocoa o0600weénHOEe peuieHue paccmampusaemou cmewannou 3aoauu (1)-(3) u3
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knacca W} (Qp) npu evinoamenuu npuéedénnvix yciosuii ecmv 1106as (yHKyus
u(x,t), oepanuuennas 6 obnacmu Qp u yooeremeopsiowas  Cledyruemy
UHME2PANIbHOMY COOMHOULEHUIO.

t+x—1

I—|x+t-1l-1|
u(e, t) = ult — ) + j y(@)dr + = j dr fl T DNED + 014 +
1 x+t—1 l
vl e la@mue o+ e e ©)

3ameuanme 1. [Ipenmosio’kuMm, YTO BBITOJHEHBI CJICAYIONIUE YCIOBHUS:
u(t) e Wi(—e, TI Ve >0, v(t) EWE(—&,,T] Ve, >0, q(x,t) u q.(xt)
orpaHmdeHsl B o6mactu Qr u f(x,t) € W3 (Qr). Toraa pemenne cMeIIaHHOHN 3a1a4u
(1)-(3), koTopoe paccMaTpuBaeTcs B TeMMe 1, 6yner npuramnexats knaccy W2 (Qr).

Teopema 1.  [lpeononoscum  6blnonHeHue  CIEOYIOWUX — YCIOBUIL:
T <luq(xt), f(x,t) € L,(Qr). Tocoa unmecpanvhoe ypasuenue (6) umeem
eouncmeennoe oepanuyennoe peuenue UX.t), npuuém ecmu f(x,t) =0, mo

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

JIns moka3aTenbCcTBa TEOPEMBI CYIIIECTBOBAHUSI Mbl pa30MBaeM MPSMOYTOJbHYIO
o0J1acTh €€ nUaroHajs MM Ha Y€ThIpE TPEYTOJAbHUKA. 3aTEM B KaXKJAOW U3 MOTYUYEHHBIX
nojo0iacTeid  COCTaBisieM  COOTBETCTBYIOIIEE WHTETPATIbHOE ypaBHEHHE U
JIOKa3bIBAEM €r0 pa3pelIuMOCTh. B 3aK/I0YeHHE MOKa3blBa€M, YTO BCE YETHIPE
MIOCTPOCHHBIX PEUICHUS COXPAaHSIOT CBOK HEMPEPHIBHOCTH MpHU MEPEXOJE uepes3
IpaHUILy OJTHOM 00JIACTH K JPYTOH.

CaencrBue 1. [Ilpeononooscum evinonnenue ycrosuii meopemvl 1. Tocoa
CHpaeeoIusa oyeHKa

!

Lz(QT))

s Ju(x,t)<cC r sup |u(t)] +[v
\ tero, 7]

L,[0, T +
(x,1)eQ; (071

Komopas sensiemcss pasHomeprou no ecem  Q(X,t): HqHLZ(QT) <y (mem camoim,

C=C(y)>0).

YCTOMYUBOCTh TIOCTPOEHHOIO PELICHHUS [0 OTHOLICHUIO K TPaHUYHBIM
YCJIOBUSIM M TIPaBOM 4YacTW YpPaBHEHHSI HEMOCPEJICTBEHHO CJIEAYET U3 MOTYYEHHOU
AlPUOPHOU OLICHKH.

45



Teopema 2. [Ipeononosxcum e6vinonrnenue caredyrowux YCi08Uil: NepemeHHblll
koa¢puyuenm q(X,t) npunaonescum xaaccy L,(Qr) u T € (0;1]. To2oa cmewannas
3adaua (1)-(3) 6 xnacce W(Qr) ob6radaem ne 6onee uem 0OHbIM peueHuem.

Jl7ia moka3aTrenbCTBa TEOPEMbl €AMHCTBEHHOCTH TipH q (X, t) = 0 mpeamnoaoxkum
CYLIECTBOBAaHHME JIByX pEIICHHA M 3aTeéM pacCMOTPUM UX pa3HOCTh. Jlanee,
UCIIONIBb3Yysl CIEeKTpaybHbIA MeTon B.A. WnbuHa, mnonyyaeM COBHAJACHHE [BYX
MepBOHAYAIILHO MPEATOIOKECHHBIX pemeHnid. B ciydae, korna q(x,t) € L,(Qr), MBI
COCTaBJISIEM COOTBETCTBYIOIINE WHTETPAIbHBIC YPAaBHEHHUS, MOCIE YEro JOKAa3bIBEM,
YTO COCTaBJICHHAs Pa3HOCTh ABYX pEIICHUN paBHA HyI0. TouHee, MOKa3bIBae€M, UTO
MMOCTPOEHHBIC HHTETPAIBHBIC YPABHEHUS SBJISIOTCS] OJJHOPOHBIMH.

B Tperbem mnaparpade mpuBeneHBI H JIOKa3aHBI TEOPEMBI, KOTOPHIE
YCTaHABJIMBAIOT €IMHCTBEHHOCTh MPU T <| M CYIIECTBOBAHUE MPU T = | PEIICHUS
uccineayemoii 3anaun (1) — (4). 3noxkeHne HAYMHACTCS C aHAJIM3a YACTHOTO CiIydast
paccMaTpyBaeMOM 3a/Jaud TPaHUYHOIO YINPABIEHHWSA, YTO TO3BOJSET BBISIBUTH
OCHOBHBIE OCOOEHHOCTH METOJa J0Ka3aTeNbCTBA U MOATOTOBUTH MEpPEXoi K oOIein
MOCTaHOBKE.

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

Yr1Bep:knenue 2. Ilpeononoscum ewvinoanenue ycinosui q(x,t) =0 u T = L.
Ilpu evinoanenuu smux ycaosuil 0ns cywecmeosanusi peuternus saoauu (1)-(4),
xomopoe npunadnexcum xuaccy Wi (Qr), meobxooumo u docmamourno, umobul

BblNOJIHAIOCH
l

l l
9(0) + () — 91 (0) — 91 (1) + j Y()dx + f 1 (D)dx + j dr f £ 1)dn = 0.
0 0 T

0
Ilpu evinonnenuu >3moco YCi08uUsl peuwieHue YKA3AHHOU 3adauu 0aemcs

Gopmynoi

l-T

u(x,t) BA,,
_Juya(x,t) BA,,
u(x,t) = ui(x, t) BA;
u,(x,t) BA,,
20e
1 X+t 1 t x+t—1
WD =5 |eG+0+ou-0+ [ p©Od +3[ | rends|,
x—t 0 x—-t+t

x+t

1
W00 =5 (90 0+ o= 4D+ 9,0 = D + [ pEddg -
l
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x—t+l

- f P(E)dE + fo f(§, D)dgdr - fo £, D)dgdr - Qf £(§,Ddzdr|,

X+t
9215921(X,t)=‘(f,T):OSTST, TSESx-&-t—T}.
l x—t+1 t—x+1
9245924(x,t):‘(E,T):ESTSZ, T+|T_T|SEST}'
x+t l—x+t
Q22 = Qpp(x, 1) =1(&,7): > STST,JC+|T—L“|<E<——|T——|}

1
us( ) = 5|90 = ) = 9(0) + 93 (D) + gy (x4 £ = D) f PEE +
0

+ J]if(f,r)dfdr-— l]if(f,T)dde-— J‘ F(¢,T)dédt),

Q34 Q33 Q34

l—x+t

l x+t x+t
05,2 050 = {60 55t 1-rsgs - -]
2 2 2
Qo = 0 N - _l—x+t< <x+t l+| l|< < | t@
33 = Q33(x, 0) =4(§,7): 2 =T 2 7 T Z—f—x T )
1 x+t—1 I x—-t+71
WD =5lott-D+oG-t+D+ [ p@ae+[ [ reoaar|
x—t+l1 t x+t—-t

A, ecmb mpey2oNbHUK, KOMOpPblU 02panuder aunusmu x —t =0, x +t—1=0, t =0,
A, paccmampuseaemcsi KaKk mpeyeoibHUK, KOMOPbIl 02PAHU4eH JuHusmu x —t =0,
x+t—1=0, x=0, A; - mpey2onbHux, KOmopwli o0cpaHudeH AuHusmMu x —t =70,
x+t—1=0, x=1, A, npedcmasnsiem cobOU MmMpeyeoJbHUK, KOMOPbIL O02PAHUYEH
aunuamMu x —t =0, x+t—-1=0, t =1L

B smom cayuae uckomvie epanuunvie YNpasieHus HAX0O0SAMCA NPU HNOMOWU
CeOVIOWUX AHATUMUYECKUX POPMYIL:

1 t l l T
1 =5 [0@ + 9 + [ pedx+ =0 - 00+ [ [ ar [ 60|
0 -t 0 -
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l
YO = 5[0 U-D - 9= 0+ ol + 1 ® - [ fU+ e -z 0],
0

Jlanmee, paccMOTpUM OOIIYIO0 TTOCTAHOBKY 3a/laydl TpaHWUYHOTO yrpasieHus (1)-
(4). [dns ymparneHusi BBIKJIAJOK U paad SCHOCTH, CUYUTAeM, UYTO (YHKIIHS TpPaBO
vyactu ypaBHenus (1): f(x,t) sBaseTcst HyJIeBbIM dJIeMeHTOM 13 Kiacca L, (Qr).

Teopema 3. [Ipeononooicum svinonnenue creoyrouux yeaosuti: q(x,t) € L,(Qr)
u T € (0,1l]. Tocoa y 3a0auu epanuunozo ynpaenrenus (1)-(4) ne moocem
cywecmsosams 6onee 00Ho20 pewenus 6 knacce W3 (Qr).

Bynem ucmonb30Bath clieayronme 0003HaYCHHMS:

l
0(0) + o) + j YO = Ay 010401 (D) — j $.(E)dé = B,.

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

npunaonexcawee knaccy Wi (Qr), Heobxooumo evinonnenue ycioeus
!

2 l T
A, +jdrf q(,t)u,(¢é,1)dé = B, +fdr fq(f,r)w(f,r)df,
0 T l -7

20e senuuunbl Uy (X, t), u.(x,t) evruucisiomes no popmynam

[00]

u (6, t) = 4, (x, £) + Z (G2, Cx, ©),

k=1
200 =3|oG 0 +e-0+ [ p©a
xX+t—1 -t
[6,1,]x, ) = j dr f 9(&, 0 (6, 1)dé
wa (%, 8) = 11, (x, ) + Z [GFa,Cx, ©),
. x—t+l
00 =5|eG =D+ o G—e+D - [ g
e x+t—1
[64,]x, 1) = f dr f 906, D6, 1)dE .
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Teopema 5. IIpeononoscum evinonnenue ycarosuii T =1 u q(x,t) € L,(Qr).
Toeoa npugedénnoe 8 meopeme 4 coomuouleHue A6AAeMcA U OOCMAMOUYHBIM OJisl
CYUecmeo8anus eOUHCMEEHHO20 peueHUs 3a0aqu epanuyno2o ynpaenenus (1)-(4) usz
xnacca W3 (Q)).

3ameuanue 2. ViMeeT MecTo cremyromiasi anmpuopHasi OIEHKA JUIS PeIIeHUs
3aja4yM rpaHnyHoro ymnpasicHus (1)-(4):

||u(x, t)”vT/Zl(Ql) < L(”(P”Wzl[o,z] + ||<P1||w21[o,l] + 1Yl 0,0 + ||l/J1||L2[0,l]),
B KOTOPOM MOCTOSIHHAS L HE 3aBUCUT OT HOPM (PYHKIIHH, BXOJIAIINX B 3a/1a4y.

OTO OLEHKAa JAEMOHCTPUPYET YCTOMYMBOCTH IIOJIYYEHHOTO PEIICHHs 110
OTHOILIEHUIO HAaYaJIbHBIX U (PUHAJIBHBIX YCIOBHII.

Bonee Toro, ecnim umeer wmecro |lqll; >0, To |lu—Zllyier 20 m

v = 9lluy0m = 0t 2(E) = @(0,6), $(0) = &L, D).

[TosrydeHHBIH pe3yNIbTaT YCTAaHABIMBACT CBOMCTBO PETYJIAPHOCTH PEIICHUS
uccneayemoii 3aaauu (1)-(4) otaocurensHo q(x, t)u(x,t) B (1) c q(x,t) € L,(Q7).

B cnyuae, korna T > | 3amaya rpaHWYHOTO YIpPABIICHUS TepecTaéT 001alaTh
CBOWCTBOM €IUCTBEHHOCTH U JIOIyCKaeT OECKOHEUHOE MHOXKECTBO pelicHuid. B 3Toi
CUTyaIldd €CTECTBEHHBIM 00pa30M BO3HMKACT 3ajavya ONTHMHU3AIHMHA TPAHUIHOTO
YIIpaBIIeHHs, cOCTosAIas B Beioope Takux Qpynkumii u(t) € W, [0,T],v(t) € L,[0,T],
KOTOpPBbIE MUHUMU3HUPYIOT UHTETPa TPAHUIHONW SHEPTHH MPH COOJIIOJICHUN YCIIOBUM
CBSI31, BBITCKAIOIIMX M3 BBHIIOIHEHUS HAYAIbHBIX M KOHCUHBIX YCIOBUIA.

YerBépThIil naparpad 1(50):10)7 [J1aBBI MOCBSALLEH PELIEHUIO
copMyIHpoBaHHOM 3a7aun. [JIaBHBIM pe3yJIbTaTOM JaHHOTO Taparpada sBiIsSeTCs
Teopema 6.

Teopema 6. IIpeononooswcum evinoanenue ycinoguti T = 2In+ A,20e n € N,
A€[0;2]] u q(x,t)=0 6 3aoaue (1)-(4). B paccmampusaemom ciayuae
cywecmeyiom — eourcmeennvle  epanuunvie  ynpaenenus — u(0,t) = u(t) €
€ W0, T] nu,(l,t) =v(t) € L,[0,T], ¢ nomowpwlo xomopwix moxcHo nepegecmu
cucmemy KoaeOaHuti U3 HA4aibHO20 COCMOsHUA (3) 8 KOHeuHoe cocmosnue (4) u
obecneuums MUHUMAIbHOE 3HAYEeHUe UHme2pala

f (& OF + (O],
0

Omu zpanuynvie ynpaenenus ona ecex 0 <t< A u m=0,n u ona ecex
A<t< 2lum = 0,n— 1 onpedensromest cnedyrouumu hopmyramu.
npu0 <A< L

21 t

uim + ) = 9(0) +m f Fu(n)dn + j FGpdn,  v(2im+©) = B0,

0
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20e

( (=pm+t AZ—(t) + (—1)m+1 _Z%=0(_1)mc
2n+1 2n+1

(—1)m+1 As(t) + (=1)m+1. Zm=o(—D"C +C, t €[A];

+C, t€[0;A];

F (t) =4 in n—-1 211 m
(—1)m+1-'421(t—_|_1l) (—1)m+1-zm;‘;l(+11) C+C,t€[l;l+A];
n-1,/_1\ym
k(—1)m+1 4( 2 (—1)’“*1-2"‘:0( L C+C,te[l+A;Zl];
2n 2n
( m . Ay (t) m_Z%;lo(_l)mC A
(-1) m + (-1 o T 1 +C, teo;A];
) O L0 4 ECDTE e
2 t) =A<
_o(—=1)™C
—om- ;fl+1)+(—1)m- ol DT et al
— n-1,/_1\ym
L(—1)m-A3(t l)+(—1)m- m=o(~1) ¢ ten+aa
2n 2n

1(t)——[¢1(t—A+l)+<P(l—t)+l/)1(t—A+l) Yl-0) -
2In+A
jf(x+2ln+l—rT)dr—ff(l—t+rr)drl;

Az(t)——[%(A—t) o' () - (A—0) —y(t) +

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

l

A3(t) =5 [¢1(t —D) = () + (= D) —y(t) -

2In+A l
- J f(t+ 2ln—r,r)dr—jf(t—r,r)dr\;

l

A0 = S04 A~ 4+ D+ /(L= Py (A=t 4 D —p(l— ) +
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2In+A

f ft—-2n—t+r, T)dT—Jf(l—t-I—T T)dt|;

(45 = 2)[91(0) — ()] + [, A3(D)dt
852l —8sl+4sA+1—A

npun = 2s — 1,

(4s + D[p1(0) — p(0)] + [ Ap(6)dt
\ 4sA + 8s2l + 2sl

npun = 2s;

npul < A < 2L:
21 t

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

20e
(e, B BTG -
Gy T + (-1 2 ~+C,tE[0;A-1];
t _o(—=1D)™C
(=1)m+1. Bu(1) + (—=1)m+1 mzo(~1) L4, te a1
B,(t—1) yn _o(=1mc
_qym+1 .22\ 7 4ym+1, &2m=0 1 AT
Gy S + (-1 2 + Cy, t € [L;A];
Bs(t—1 nl(=1)m™mcC
L(—1)*"“-237i—+1)+<—1)m+1- ;’Li S+ 0yt € [A20];
( m  Ba(t) m 2m=0(=1)"Cy _ _
Gy 2n+2+( 1) 2 R € [0;A—1];
(—1)m-B3—(t)+(—1)m Zmoo(—D"G, te[a—11];
F4_(t)=< 2n+1 2n+1 ’ T
(_1)m w + (_1)m . %=0(_1)mcl t e [l'A]'
2n+ 2 2n+2 ' T
B,(t—1) n_o(=1)™C
K e e kL

1
Bi() =5 lei(t—A+2D) — 'O+ (t —A+2D) —y(0) -
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2in+A

J f(t+2ln+2l—r, T)d‘[—jf(t—‘[ 7)dt|;

B,(t) =5 [p1(A=1-D+¢'(I-8)—p(A-1-O) =yl -1) +

N =

2In+A

f f(T—l—Zln—tT)dT—Jf(l—t-l-T T)dt|;

1
Bs() =5 [0 (t—A+ D+ =D+ (t—A+D—p(l—0) -

2In+A

j f+2ln+1-r7, T)dT—ff(l—’H‘TT)dT 2

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

2in+A

f f(r—2ln—tr)dr—ff(t—r 7)dT|;

A_
(45[p1(0) — (O] + [ By (D)dt
8s2] + 4sA — 4sl

npun = 2s —1,

l
(45 + D[g1(0) — @(0)] + [;_, Ba(t)dt
\ 8s52] 4+ 4sA + 2sl + A

npun = 2s.

JInst nokaszaTenbCcTBa TEOPEMBI 6 BHAUYale TOKA3bIBAKOTCS JBA BCIOMOTaTEIbHBIX
YTBEPXKIEHUSI, KOTOPbIE CIOCOOCTBYIOT TOJIYYEHHIO YCJIOBUM CBSI3M. 3aTeM IS
HAXOX/JICHUSI ONTUMAJIbHBIX YIPABJICHUN NMpUMEHSIOTCA Jemma Mneuna-MouceeBa u
meron Jlarpanxa.

C npukiaagHON TOYKH 3pEHUs, OCOOCHHO MPH aHAIU3€ 3a7ay MpeAoTBpaIlCHuUs
PE30HAHCHBIX SIBJICHHH B CHUCTEMAaX C TPAHUYHBIM YNPABICHUEM, CYIIECTBEHHOE
3HaUY€HHEe HMeeT TOT (akT, YTO MHHUMaIbHOE 3HadeHue (yHKIMOHAJA,

52



COOTBETCTBYIOIIETO  ONTUMAJIbHBIM  TPAHUYHBIM  YNPABICHUSIM,  JOJIKHO
YMEHBIIAThCS TI0 MEpPEe YBEJIMUEHUSI BPEMEHHOTO MHTEPBaJia YIPaBICHUS.
[yct suppf(x,t) cogepxurcsa B obmactu Qr,rae T, = const, To ecT mpH

T > T, BHemnee Bo3aciictBue f(x,t) TOXKAECTBEHHO paBHO Hya0. Tormaa
MUHUMQJIBHOE 3HAYEHUE WHTETpajla TPAaHWYHOW SHEPTUM OILICHWBACTCS BEIWYMHOU

1 o o
ImopsaaxKa 0 (;) HpI/I 9TOM KOHCTAHTa B JAHHOMW OICHKC 3aBUCHUT OT HOPM (1)YHKHI/II/I,

BXOJAIIMX B 3ajauy, a Takke MoMeHTa BpemeHu T. CiemgoBaTenbHO, mnpu T — 00
MHUHUMAJbHOE 3HA4Y€HUE JTAHHOTO MHTErpaja CTPEMHUTCS K HYJI0, 4YTO JeIaeT
BO3MOXXHBIM TPEIOTBPALIEHUE PE30HAHCHOTO peXUMa B TMpolecce KoJieOaHuit
CTPYHBL.

B Tperbeii riaBe paccMarpuBaeTCs 3ajaya TPAHUYHOTO  yIIPaBJICHUS
MpoIleCCOM, OMNHUChIBaeMbIM  ypaBHeHueM (1). VYmpapmsitomiee BO3JEHCTBHE
peanu3yeTcsl MOCPEACTBOM YNPYTrol CUJIbI, MIPUIOKEHHON Ha JIEBOM KOHIIE CTPYHBI
npu x = 0 u 3a7aHUSA CMEIICHHUS Ha MPaBOM KOHIIE ITpU X = [:

u,(0,t) = u(t), ull,t) =v(t) mpu 0<t<T. (7)

CTpyKTYpHO TpEThsl TJIaBa TaKXKe BKJIIOYAET yeThipe naparpada. I[lo anamoruu
CO BTOpOM TyaBoil, B e mepBoM maparpade GOpMyIHpyeTCs MOCTAaHOBKA
paccMaTpyBaeMbIX 3aJlad M BBOJSATCA OCHOBHBbIC TIOHSTHSI U  OINPEICICHUS,
HEO0OXOAMMBIE JIs TabHEHIIIEro aHaIn3a.

B 3agaue rpanuunoro ynpasnenus (1), (3), (4) u (7) nmpeamonaraercsi, 4To
nepeMeHHbI Kodhduiment q(x,t) TpHHAMICKUT Jub kiaccy L,(Qr), @(x),
@, (x) € WH0,1], ¥ (x), P,(x) € L,[0,1], f(x,t) € L,(Qr). IIpennonaraercs Takxke
BeInoaHeHKe ycmoBuii cormacoBanus v(0) = (1), v(T) = @ (D).

HckoMoe pelienne Tpenonaraercs HaxoauTh B kaacce Wl (Qr). Jns BBeneHus
0000IIEHHOTO pEIIeHHs 3a7]a4d TPAHUYHOTO YMPaBJICHUS B (OpME WHTErPabHOTO
TOXIECTBA JOMOIHHUTENBHO UcTonb3yercs kimace W2 (Qr). OnpeneneHus peleHuit
paccMaTpuBaeMbIX 3a7ad  (OPMYNHUPYIOTCS 1O aHAJOTMM C OMNpEIeNICHUsIMH,
MPUBEIEHHBIMU BO BTOPOM TJIaBe, Ha OCHOBE COOTBETCTBYIOLIETO HHTEIPAIbHOTO
TOXJIECTBA.

Bo Bropom maparpade Tperbed IJIaBbl  AHAIU3UPYETCS  BOIIPOC
paspemmmocT cMmenanHou 3amauu (1), (3) u (7). 3necs paccMaTpUBalOTCS YCIOBUS,
MpU KOTOPBIX 3ajJadya HMEET EIWHCTBEHHOE OOOOMIEHHOE pEIICHHE B CMBICIE
WHTETPAIbHOTO TOXJECTBA, a TaKXKe MCCIEAYIOTCS CBOMCTBO peIICHUS W
O0COOEHHOCTh €r0 3aBUCUMOCTH OT TPaHWYHBIX (YHKIUU. [Ipy HynIeBBIX HaYaIHBIX
YCJIOBUH JOKAa3aHa CIIEAYIOIIas

Jlemma 2. IIpeononoscum 8bINONHEHUE credyrowux  YCioGull:
T<lu q(xt), f(x,t) €€ L,(Qr). IIpu smom 0606wénnoe peuienue uz Kiacca
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W(Qr) usyuaemoii 3a0auu (1), (3) u (7) ecmo n06as ozpanuuennas 6 Qr Gyuryus
u(x,t), ons komopou umeem mecmo

t—x t—x t

1 ra
u(x,t) = —f E(‘L’)d‘[ +v(t+x-10) +§j dt j [q(&,Dulé, 1) + f(E,1)]dE +
0

T

0 0
t I-|t—t—x—1|
1
+ E Of v T—t+x {;_t+x| [q (f, T)u(f’ T) ' f(g’ T)]df. (8)
—z =2

3ameuanne 3. Ecaum mnpeamomarate  BIMONHEHHE — ycrmoBuit  u(t) €
€ Wi(—&,TIVe >0, v(t) € Wi(—&,, T] V & >0, orpanmuennocts q(x,t),
g,(x,t) B obmactu Qr, a Tarke mpmHamIeKHOCTh f(X,t) Kmaccy W3(Qr), TO
paccMaTpuBaeMoe B JieMMe 2 perreHue cMmermnanHoi 3amauu (1), (3) u (7) Oynmer
npuHamexarts knaccy W2 (Qr).

['1aBHBIM pe3ynbTaTOM 3TOr0 naparpada sBIstoTCsS TEOpEMBI 7 U 8.

Teopema 7.  [lpeononoosxcum  @vinonHeHue  CleOVIOWUX  VCIOBULL:
T<luq(xt), f(x,t) € L,(Qr). Tocoa y ummecparonoco ypaeuerus (8)
cywecmeyem eouncmeennoe oepanudennoe pewenue U(X,t), npuuém npu evinoanenuu
yenosus f(x,t) = 0, u(x, t) = 0 6 credyrowei obracmu:

z
{(x,t):OStsz,thSl—t}nQT.

CaencrBue 2. Eciu 6blnonHeHvl yclosusi meopemvl 7, mo O peuleHus
cmewannou 3aoaqu (1), (3) u (7) cnpaseonrusa oyenka

Sup |u(x, t)| < C(”:u(t)”LZ[O,T] + Sup [v(®)| + IIfIILZ(QT>>, 9
(x,t)EQT te[o,T]

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

YCTOMYMBOCTH MOJYYEHHOIO PELIEHUs] OTHOCUTENHHO I'PAHMYHBIX YCIOBUN U
NPaBOii YaCTH ypaBHEHUS BHITEKAET U3 OLIEHKH (9).

Teopema 8. IIpeononosicum evinonnenue yciosuti T < lu q(x,t), f(x,t) €
€ L,(Qp). Tocoa y cmewannou 3aoauu (1), (3) u (7) ne moocem cywecmesosamo
6onee 0onozo pewenus uz W (Qr).

B Tperbem maparpadge ananusupyeTcs BOIPOC CYLIECTBOBAHUS PELICHUS ITPU
T = | u emuHcTBeHHOCTH pemienus npu T < | 3amaun rpanuyHoro ympasienus (1),
(3), @ u (7).
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Hauném ¢ GOpMyIMpOBKH TEOpPEMBI, YTBEPIKIAIONIEH €IMHCTBEHHOCTD
peIICHHUS.

Teopema 9.  [Ipeononosicum  GvinoamneHue  CICOVIOWUX — YCIOBULL:
T <luq(x,t), f(x,t) € L,(Qr). Tocoa y 3a0auu epanuunozo ynpaerenus (1), (3),
(4) u (7) mooicem cywecmsosamv He 0OoNlee 00HO20 0000WEHHO2O 8 CMbICIe
unmezpanbHo20 moicoecmsa peurenus uz knacca Wy (Qr).

Jlasiee paau mpocTaThl BHIKIAI0K mojaoxuM f (x,t) = 0.

Teopema 10. [Ilpeononooxcum evinonnenue caedyiowux ycaosuti. T =1 u
q(x,t) € L,(Qr). Cnredosamenvho, 05t mo2o umobwl 3a0a4a 2paHUYHO20 YNPAGIEeHUS
(1), 3), (4 u (7) umena pewenue uz xnacca W}(Qr), Heobxooumo, umobbvi
HauaIbHble U KOHEeUHbLE YHKYUU YOOBIeMBOPSIU COOMHOULCHUIO

2 — I T
j j q(&,Dwy (¢, 1) dédr = By + j j 96, Dy (¢, D) dedr,
0T l 1-1

2

20e Ay, By— eviuenpuseoéunvie  koncmanmol, eenuuunvt Uy (X, t), uy(x,t)

BLIYUCTIAIOMCS NO CAEOVIOWUM (DOPMYNAM.
x+t

w0, 6) = t>+z 160, MG =5 |oG+0 +ol—0)+ f WO |,

x—
xX+t—1

1
[T,2100 ) = f dr [ aEDnEDE; WD =0 v S e,

X—t+T
x—t+1

1
oD =5 oGt t= D+t +D = [ i)
x+t—1
l x—t+7T

1
Tl =5 [dr | a@oueE .

t X+t—T
Teopema 11. Illpeononooicum ewvinoanenue creoyiowux ycaoeuti: T =1 u

q(x,t) € L,(Qr). Creoosamenvro, coomHnowenue, cqhopmyiuposaHnoe 6 meopeme
(10), okasvieaemcst He MOAbKO HEOOXOOUMbBIM, HO U OOCMAMOYHBIM YCI0GUEM OJisl
CYUWecmeosanusi eOUHCMEEHH020 pewenus 3a0ayu epanudnoo ynpasienus (1), (3),
(4) u (7) uz knacca W3(Q,).

3ameuanme 4. V3 npouecca nokasarenbcTBa TeopeMbl 11 BbITEKaeT anpuopHas
OIIEHKA pellleHus 3aauu rpanndHoro ynpasiuenus (1), (3), (4) u (7)

(e, Ollwgen < LUOlwpon + leallwgion + 1Wll,00 + 11llL00).

B KOTOPOU MOCTOSIHHAS L HE 3aBUCUT OT HOPM (DYHKITUH, BXOIAIIUX B 33/Ja4y. ITO
OLICHKA JEMOHCTPUPYET YCTOMYMUBOCTH IIOJYYEHHOI'O PELICHUS MO OTHOLICHUIO K

Ha4dYaJIbHBIM 1 (I)I/IHaJIbHI)IM YCIIOBUSAM.
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Kpome Toro, ecnu mpenmosiarate BbimosHeHHe ycioBus ||qll, = 0, To OyayT
cnpaseuBbl  ||4— Zll,0r 20w v —=llyapr = 0, tre At) = 6,(0, ),
v(t) = t(l,t). TlomyuyeHHBI pe3yabTAaT YCTAHABIMBACT CBOWCTBO PEryJSPHOCTH
pemenus uccieayemoit 3amaun (1), (3), (4) u (7) ornocurensho q(x, t)u(x,t) B (1) c
q(x,t) € L,(Qr).

3ameuanue 5. AHanu3 pe3ynbTaTOB, U3JIOKEHHBIX B TJIABaX 2 U 3, TOBOPAT O
ToM, 4T0 B ciaydae T =1 oOmwuii Bum pemeHus u(x,t) 3agaud TPAHUIHOTO
YIOpaBICHUS I paccMaTpUBAEMOTO YpaBHCHHS, IIEPEBOJAIICTO CHCTEMY W3
pOU3BOJILHOrO HadanbHoro cocrostaust {u(x,0) = @(x), u:(x,0) =yP(x)} B
pou3BoibHOe KoHeyHoe cocrosame {u(x,l) = @, (x), u.(x,1) = P;(x)}, a Taxxke
HEOOXOUMBIC M JOCTATOYHBIC YCIOBHUS CYIIECTBOBAHUS TAKOTO YIPABICHUS HE
3aBHCSIT OT KOHKPETHETO THITA TPAHHYHOTO YIIPABJICHHUS, TO €CTh OT TOTO, YIIPABIIIEM
JM MBI CMEIICHHEM Ha JICBOM KOHIIE W YIPYrod CWJIOH Ha MpaBOM KOHIIE:
{u(0,t) = u(t), u,(l,t) =v(t)} wam ympyroii cuiIoii Ha JEBOM KOHIE U
cmemeareM Ha mpaBoMm koHme: {u,(0,t) = u(t), u(l,t) =v(t)}. Ilpu sToMm
KOHKPETHBIC 3HAYCHWS TPAHWYHBIX YIPABICHUN Pa3IMYalOTCAd M ONPEACIIIOTCS
4yepe3 pELICHHE ABYMEPHBIX HMHTErPAIBHBIX YpaBHEHHMU Tuna Bosbreppbl. OTOT
pE3yNbTaT SIBISICTCS OJHUM U3 TJIABHBIX PE3YJIbTATOB IUCCEPTAIIMOHHON PaOOTHI.

B naparpade 4 BTOpO# ri1aBbl OTMEYaNoCh, 4To npu T > | 3aja4a rpaHUYHOTO
yhpaBieHUsT TepecTaéT 00JaaaTh CBOWCTBOM EAWHCTBEHHOCTH M JIONYCKaeT
OECKOHEYHOE MHOXKECTBO PEIICHUH. B CBSA3M ¢ 3TUM BO3HUKAET €CTCCTBCHHAS 3a/1a4a
ONTUMH3ALMA TPAHUYHOTO  YIPABIEHUS: HEOOXOAUMO BbIOpaTh  (GYHKIUU
u(t) € L,[0,T], v(t) € WL[0,T], 4To6BI ¢ HOMOIIBIO KOTOPBIX ObLIa BO3MOKHOCTb
MUHUMHU3HAPOBAT MHTETPAJl TPAHUIHON YHEPTUU C yUETOM YCIOBHMA CBSI3U, KOTOPHIC
CJICTYIOT U3 BBIITOJIHCHUS HAYaIbHBIX M KOHCYHBIX COCTOSTHUN CUCTEMBI.

Yereéprolii maparpag tperbeil IJIaBbl COIAEPKUT PELICHHE MOCTABICHHON
3aJ1a4yM, NMPUUEM B KauyeCcTBE OCHOBHOI'O pe3yibTaTa JaHHOTO maparpada BCTymaer
Teopema 12.

Teopema 12. [lpeononoosxcum  evinojaHeHue  CleOVIOWUX  YCI08UU 8
paccmampueaemott 3a0ave (1), (3), (4) u (7): T =2In+ A,20e n € N, 4 € [0; 2]] u
q(x,t) = 0. [lpu e6vinorHeHuu >mMux YCI08UUl CYWECMEYIOM eOUHCHEEHHbIe
epanuunvie ynpasnenus U, (0,t) = u(t) € L,[0, Tl uu(l,t) = v(t) € WL[0,T], ¢
HOMOWBIO KOMOPBLIX MONCHO Nepegecmu CUcmemy KoNeOaHutl u3 HaA4aibHO20
cocmosinus (3) 6 3a0anHoe KoHeuHoe cocmosiHue (4) u 00Ho8peMeHHO obecneuusamo
MUHUMATIbHOE 3HAYEHUEe UHMeSPand SPAHUYHOU SHepeul

j (WO + [v' ©12)de.
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3nauenus smux epanuynblx ynpaenenuii ons écex 0 <t < Aum=0,n u ona
scex A <t < 2lum = 0,n — 1 onpedensromes credyrowumu gopmyiamu:
npu0 <A< I
21 t
p@im+ ) = RO, v@im+0 = ¢ +m [ R+ [ Fodn,
0

20e
maq A2() m . meo(=1)™C o
(_) 1. 2 +1 ( 1) n+1 ) tE[O'A]'
n-1,/_14\ym
aym A0 Cqymen ZmoCDTC ),
Fl(t)=< (Tl ) n ?nl)mc
m+ .1— _qym .&m=0%" : .
(—1)mtl o+ 1 + (-1) T JtE [+ Al
n—-1,_14\ym
(D)™t 4(n 2 +(-1)™- m:"gnl) C,te[l+A;Zl];
( m A1) me1 2m=0(=1)"C e
(-1 2n+1+(—1) 1 o1 +C, te€|[0;A]
n-1,/_1\m
(—1)m-A§;t)+(—1)m+1- m=°gn1) C+C, t € [A;l];
FZ(t) :< 1 mAz(t_l) 1 m.zrn—:lo —1)mC C ll A .
(-1 ErYEE + (1) ot 1 +C,t€[l;1+A];
— n-1,/_1\ym
(D™ 3(n )+(—1)m+1- ‘Oznl) C+C,t€[l+A;2l];
A (8) =5 [<P1(t—A+l)—<P(l—t)+l/)1(t—A+l)+¢(l—t)—

2in+A

j f+2ln+1-rm, T)d‘[+]f(l—t+‘[ T)dt|;
1
A0 =5lp1(A-) +¢'(O) (A - +y (O +
2ln+t

J f(t—t—2In, T)dT+Jf(l—t+T 7)dT|;

1
As(t) =5 le1(t =) + @' (O) + i (t = 2) +9(O) —

2in+A

f f(t+2in—-r7, T)d‘[-l—jf(t—‘[ T)dt|;
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1
L e O e R

2ln+A
j f(l—ZlTl—t-l-TT)dT-l—Jf(l—t-l—T T)drl

(45 = 2)[p; (D — (D] — [, Ay (D)dt
8521l — 8sl + 4sA — A+ 1

npun = 2s —1,

(4s + Doy () — o] = [, A, (B)dlt
\ 8s2A + 4sA + 2sl

npun = 2s;

npul < A < 2L:
21 t

u@im+6) = B0, v2im+6) = ) +m j Fy(n)dn + f Fu(mdn,
0

20e
t n_(-1)mcC
(et 280y gy ZneoCDTG ¢ jgsa g
t n—1c_1\ym¢c
(—1)m+t eri)l + (=™ m‘z"i — i - te[A-L1];
(0 =1 B,(t—=1) m=o(=1)™C,
N T B T LA L
B3(t — 1) n_o(—1D™Cy
— m,_>~ 7 _ m ., . .
t n__(=1)mcC
(— )me > Er)2+( 1m+t. m‘2°7(l+; L+, te[0;A—1];
n_.(=1)mcC
(=1)m+t. Bs(t) — 4 (=)™ m-o(~ 1)y +C,t€[A—L1;
Fy() = 4 2n+1 2n+1
* _ By(t-1D en Zmoo(-D™C
(-1 'm"‘ (-1) : T + Cy,t € [[;A];
B,(t—1) (=)™,
_ m, _*~ 7 _ m+1 . . .
| D™=+ (5D > tCut e a2l

Bi(6) = 3 [ph (¢~ A+ 20)+ @'(6) 4 5 (¢ — A+ 20) +)(0) -
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2Iin+A

f f(t+2ln+2l—r1, T)dr+ff(t—r 7)dt]|,

Bz(t>=%[¢1(A—z—t)+<p'(l—t)—¢1<A—1—t>—¢<z—t)+
271+Af(‘[—l—2[n—tT)dT—Jf(l—t-l—T 7)dT|;
Bg(t)=%[(pi(t—A+l)+(p'(l—t)+l/)1(t—A+l)—l/J(l—t)—
27+Af(t+21n+l—r T)dT—Jf(l—t+T Ddr|;
By(t) == [@i(A— ) + @' () — Y (A— 1) +(t) +
27+Af(r—t—21n T)dr+ff(t—r T)dt]|,
(45[p1 (D) — (D] — f(f 'B,(6)dt
8521 + 4sA — 4sl o mpun=2s—1,
¢ =

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

npun = 2s.

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

T > T, Buemnee Bo3zeiicTBue [ (X,t) TOXKISCCTBEHHO paBHO Hym0. Ilpu sTOoM
OPENOI0KEHHH MHHHMAjdbHOC 3HAUYEHHE MHTErpaja TPaHMYHONW  DHEPIUu

. 1
OLIEHMBAETCS BENMYUHON nopsanoka O (;) [Ipn 5TOM KOHCTaHTa, MPUCYTCTBYIOIIAs B

NPUBEAEHHON OILIGHKE 3aBUCUT OT HOpPM (YHKLUMHA, KOTOpbIE BXOJAT B
aHaIM3upyeMmble 3agauu, a takxe T. CimemoBaTenbHO, Tpu T — 00 MUHUMAIBHOE
3HAQYEHUE YKA3aHHOIO HMHTErpajia CTPEMHUTCA K HYIIO, YTO JENacT BO3MOKHBIM
MpeA0TBPAIEHUE PE30HAHCHOTO PEXXUMa B Ipoliecce KOJIeOaHU CTPYHBI.

B paznene «OQ0cyxaenne moJay4eHHbIX pPe3yJbTaTOB» IPEACTABICH KPAaTKUI
aHaJIN3 Pe3yJIbTaTOB, MOJYUYEHHBIX B IUCCEPTAMOHHONW paboTe, a TakKe MPOBEICHO
UX CPaBHEHME C pPe3yJIbTaTaMU, JOCTUTHYTBIMU IPYTUMU UCCIEA0BATEISAMU B JAHHON
oOracTu.
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BbIBO/IbI
OcHOBHBbIe HAYYHbI€ Pe3YJbTAThI JUCCEPTALMHU
HNrtak, B pabore moapoOHO pacCMOTPEHBI BCE IIOCTABJICHHBIC 3aJlaud M

MOJIYYCHBI COOTBETCTBYIOIIME pe3yabTaThl. KpaTko OHM MOTYT OBITh H3JIOKCHBI

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 cujioi Ha mpaBoM KoHie [1-A], [3-A], [4-A], [7-A], [11-
Al;

2. ma T <1 w3ydanmach 3ajada TPAHWUYHOTO YIPaBJICHUS C OOpaTHOM CXemou
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, YyTBEPXKIalolias EIMHCTBEHHOCTh pEIICHUs 3aJa4yu
TPAaHUYHOTO YIIPABJCHUS TPU BPEMEHHU, HE IPEBBIMIAIONIEM KPUTHYECKOTO
3HAYCHUS,

® BBIBCJICHBI  YCJIOBHS, KOTOpBIE IIPEACTABISAIOT COOOM HEOOXOJAMMBIE |
JOCTaTOYHBIC  YCIIOBWS, TapaHTUPYIOIIHE  CYIIECTBOBAHHE  HMCKOMOTO
TPAaHUYHOTO YIPABJICHUS B KPUTHIECKOE BPEMSI;

e chopmynupoBaHa arpuopHas OTICHKA MOCTPOEHHOTO perieHuS,
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, ycTaHOBIIEHa pa3pelIiMOCTh COOTBETCTBYIOIIMX CMEIIIAHHBIX
3a/1a4 I UCCIEAyeMOoro TejerpadHoro ypaBHEHUs, a HIMEHHO:

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

" JIOKa3aHbl  TCOPEMBI, rapaHTHPYOIIHC CYIIECTBOBAHHWE  PCIICHUS

COOTBCTCTBYIOIIMX CMCIIAHHBIX 3aa4;
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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 3a141.

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. s gaHHOTO YacTHOTO Clydasi BCE COOTBETCTBYIOIIHE

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 JJIMHHOI'O MHTCPBAJIa BPCMCHHU,

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

I[IpaBOM KOHIIC, IJIA ITPOU3BOJIBHOI'O JOCTATOYHO MIMHHOI'O MHTCPBAJIAa BPCMCHH,

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

CTpYHBI [6-A].

PexoMeHaanum 1Mo NPaAaKTHYECKOMY MCIOJIb30BAHUI0 PE3YJIbTATOB

JluccepranimoHHass padoTa MUMEET TEOPETHYECKOe 3HAUCHHE, a €€ Pe3ybTaThl

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 TAK)KE CBSA3aHHBIX C HUMH 3a7a4 NPUKIAJHOM
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;

JUIE  MATeMaTHYeCKOTO  MOJCIMPOBAHUA  PA3IUYHBIX  (DU3HUECKHUX,
TEXHUYECKUX U  €CTECTBEHHO-HAYYHBIX  IPOLECCOB,  OMHUCHIBAEMBIX

YpaBHCHUAMHA, paCCMOTPCHHBIMHA B IUCCCPTALIUUA.

61



CmcoK HCNOJIb30BAHHBIX HCTOUHHKOB

[1] Komornik V. Exact controllability and stabilization. The multiplier method [Text] / V.
Komornik. — Paris, Chichester, 1994. — 166 p.

[2] Lions J.L. Exact Controllability, Stabilization and Perturbations for Distributed Systems
[Text] / J.L. Lions // SIAM Review. — 1988. — Vol. 30. — Ne 1. — PP. 1-68.

[3] Zuazua E. Exact controllability of distributed systems for arbitrary small time [Text] / E.
Zuazua/l C. R. Acad. Sci. Paris, Ser. |. — 1987. — V. 804. — Ne 7. — P. 173-176.

[4] Zuazua E. Exact Controllability for the Semilinear Wave Equation [Text] / E.Zuazua // J.
Math. pures et appl. — 1990. — Ne69. — PP. 1-31.

[5] AOnmykapumoB M.®D. HcciemnoBaHue HEKOTOPBIX 3ajad TPAaHUYHOTO YIPABICHUS JUIS
TenerpaHOro ypaBHEHHSI C MEPEeMEHHBIM KOX((HUIIMEHTOM: IuccepTaius Ha COUCKAHUE
yu€HOU cTeneHu JOKTopa (u3nko-maremarndeckux Hayk [Tekcr] / M.®d. AGaykapumoB. —
Hyman6e, 2022. — 308 c.

[6] AOnmykapumoB M.dD. Hekoropble 3ajadud TPAaHUYHOIO YIPABICHUS CMELICHHEM LIS
TenerpadHoOro ypaBHeHus ¢ nepeMeHHbiM Kodddurmentom [Teker] / M.®. AGaykapumoB. —
Hyman6e, 2018. — 240 c.

[7] ByrkoBckuii A.I'. OO0 oONTHMaTbHOM YIpPaBICHUM CUCTEMaMU C paclpeaeICHHBIMU
napamerpamu [Tekcr] / A.I'. byrkosckuii, A.S. Jlepuep // Hoxmamet AH CCCP,
KubGepnernka u Teopus perymuposanus. — 1960. — T.134. — Ned. — C. 778-781.

[8] Byrkosckuit A.I'. MeTox MOMEHTOB B TEOPUH ONTHMAJIBHOTO YIPABICHHS CHUCTEMaMH C
pactpenenéHHbiMd  mapamerpamu [ Tekcr] / A.I'. byrkoBckuii // ABTOMaTHKa U
tenemexanuka. — 1963. — T. XXIV. -Ne9. — C. 1217-1225.

[9] Byrkosckuit A.I'. Teopusi ONTHMAIbHOTO YIIPABICHHS CHCTEMaMH C PAaclpeeieHHBIMU
napamerpamu [Tekcr] / A.I'. ByrkoBckuii. — M.: Hayka, 1965. — 480 c.

[10] BacunbeB @.I1. O 1BOMCTBEHHOCTH B IMHEHHBIX 3a/1a4ax yrpaBicHus U HaOmoaeHus [Tekcr]
| ®.I1. Bacunwer // Juddepennmansupie ypaBHenus. — 1995, — T. 31. — Nell. — C.1893-
1900.

[11] Bacumbser @.I1. [IpubnmxeHHOE pellICHUE TBOMCTBEHHBIX 3a/1a4 YIPABJICHHUS M HAOIIOICHHSI
[Texct] / ®@.I1. BacunseB, M.A. Kypxanckuii, M.M. IToranos, A.B. Pasryaun. — M.: MAKC
IIpecc, 2010. — 382 c.

[12] EropoB A.U. Ympasienue ynpyrumu konedanusmu [Tekcr] / A.W. Eropos // JAH YCCP.
Cepus ¢uz-mar. u Texs. Hayk. — 1986. — Ne5. — C. 60-63.

[13] Eropos A.U. OcuoBbl Teopuu ympasienus [Tekcr] / A.W. Eropos. — M.: ®usmariur, 2004.
- 504 c.

[14] Eropor A.M. BBeneHue B TEOpPHIO YHpABICHHS CHCTEMaMH C paclpeAeIEHHBIMH
napamerpamu [ Texcr] / A.U. Eropos, JI.H. 3namenckas.—Cankt-IlerepOypr, 2017.—288

[15] UBanoB JI.A. [IpubnmkeHHOE pelicHUE 3a1aui OBICTPOACHCTBHS I BOJHOBOTO YPABHCHHS
c rpannuyHbiMH ynpaBineHusmu [Texcr] / J[.A. WBanoB, M.M. IloramoB // Tpynsl
MaremaTrnueckoro nHctutyta iMeHu B.A.CreknoBa. — 2015. — T. 291. Nel. — C. 112-1209.

[16] Uneur B.A. BonHOBOE ypaBHEHWE C TpaHMYHBIM YIpPaBICHUEM Ha IBYX KOHIAX 3a
MPOU3BOJILHBIA TpoMexyTok BpemeHu [Tekct] / B.A. Wabun // [duddepenunanshbie
ypaBaeHus — 1999. — T. 35. — Nel1. - C. 1517-1534.

62



[17] Wnbun B. A. BoiHOBOe ypaBHEHHE C TpaHUYHBIM YIPaBICHHEM Ha OIHOM KOHIIE IPH
3akperuieHHOM BTopoM KoHie [Tekct] / B.A. Unbun / uddepenunansupie ypaBHEHUS. —
1999. — T. 35. — Nel2. — C. 1640-1659.

[18] Wnbun B. A. I'panuuHOe yrpaBiieHHE MPOLIECCOM KojicOaHH HAa JBYX KOHIIAX B TEPMHUHAX
0000IIEHHOTO PelIeHUs] BOTHOBOTO ypaBHEHUs ¢ KoHewHOU 3Heprueit [Tekcr] / B.A. Unbun
/I Muddepennmansubie ypaBaenus. — 2000. — T. 36. — Nel 1. — C. 1513-1528.

[19] Unbur B.A. T'panudnHoe ympaBieHHE TIPOLECCOM KojeOaHWii Ha OJHOM KOHIE MpU
3aKpEIUIEHHOM BTOPOM KOHIIE B TEPMHHAX OOOOIIEHHOTO pPEIICHUs] BOJTHOBOTO YpaBHEHHS C
koHeuHoi >Heprueit [Tekcr]| / B.A. Uneun // Auddepenunansusie ypaaenus. — 2000. — T.
36. — Nel2. - C. 1670-1686.

[20] Unbur B.A. O rpaHM4YHOM YIpaBJICHHM HA OJHOM KOHIIC IPOIIECCOM, OIHCHIBAEMBIM
tenerpagusiM ypaBHeHueMm [Tekcr] / B.A. Wnweun, E.M.Mowucees // Jloknanel AkagemMun
Hayk. — 2002, — T. 387. — Ne 5. — C. 600-603.

[21] Wnbun B.A. I'paHudHOe ympaBieHHWE Ha JBYX KOHIAX IPOIECCOM, OIHMCHIBAEMbBIM
tenerpadusiM ypaBaeHueM [Tekct] / B.A. Wneun, E.M.Moucees // Jloknansl AkageMun HayK
Poccun. —2004. — T. 394. — Ne2. — C. 154-158.

[22] Wnbun B.A. OnrumanbHOE TPaHUYHOE YIPABICHUE MPOLIECCOM KoOJcOAHMW CTPYHBI Ha
OJHOM KOHIIe mpu cBoOogHOM npyrom konme [Tekcr] / B.A.Wnbun, E.M. Mowucees //
Henuneitnas nuaamuka u ynpasnenue. — 2004, — Ne4. — C. 25-38.

[23] Wnabun B.A. OntumanbHOE TPaHUYHOE YIIPABJICHUE YIIPYTOil CHIION HA OJIHOM KOHIIE CTPYHBI
npu cBobomHoM BTOpoM e€ koune |[Texcr] / B.A. Wmeun, E.JM. Moucee //
Huddepennmanpabie ypasaerus. — 2005. — T. 41. — Nel. — C. 105-115.

[24] Kpunxos JI.B. O 3agayax rpaHu4HOrO yrpasieHus ais ypaBHenus Kierina-I'opaona-®oka ¢
cymmupyeMbiM kodddurmentom [Teker] / JI.B. Kpunikos // Auddepennnansubie ypaBHEHHUS.
—2015.—T.51.-Ne5.—C.688-701.

[25] TToTamoB M.M. VYcCTOHUYUBBIA METOJ| PEIICHUS JIMHEWHBIX YpPaBHEHUH C HEPaBHOMEPHO
BO3MyIIEHHBIM oniepaTopoM [Tekcr] / M.M. Ilortanos // Joknaner Akagemun Hayk. — 1999. —
T. 365. — Ne5. — C. 596-598.

[26] TloranoB M.M. HepaBencTBa HabmomaeMocti B nipoctpancTBax Co0OolieBa /sl BOJHOBOTO
ypaBHeHUs ¢ nepemMeHHbIMH Kodddummentamu [Texcr] / M.M. Iloranos, [.A. WBanoB //
Hoxmaner Akagemun Hayk. — 2012. — T. 447. — NoS. — C. 493-497.

[27] CmuproB U.H. Cwmernannbie 3amaud Juis TeserpadHOro ypaBHEHHs, B Clydae CHCTEMBI,
cocTosield M3 JBYX Y4YacTKOB, MMEIOLIUX pa3Hble IJIOTHOCTH M pa3HblEe YNPYrocTH, HO
oMHAaKOBBIe nMIienancbl. OnHoctoponnee ynpasnenue [Tekct] / U.H. CmupnoB // Jlokmambt
Axanemun Hayk. — 2010. — T.435. — Nel. — C. 22-25.

[28] Cmupuos U.H. Pemenre cMemaHHbIX 3a7a4 C TPaHUYHBIM YIIPABICHUEM YIIPYTOW CHIION TSt
tenerpadgHoro ypaBHeHus [Tekcr] / M.H. Cmupnon // Juddepennuansupie ypaBHEHHs. —
2011. —T.47.— Ne 3. — C. 433-441.

[29] CmuproB WM.H. VYmpasneHnue mpoIeccoMm, OMUCHIBACMBIM TellerpapHbIM YpaBHECHHEM:
JFiCCepTalisl Ha COWCKAHWE YU€HOW CTeNeHHM KaHAuJaTra (QHU3MKO-MaTeMaTHYEeCKHX HayK
[Tekcr] / H.H. CmuproB. — Mocksa, 2011. — 76 c.

63



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 myoounau

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 YOWMBA3KyHi Jap 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 Maskyp a3 ycynaxou GuU3MKauM MaTeMaTHKH, TaxJIHiIu
(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 omja 0a STOHATMM XAJUTH MachalaxOW HWIOPAKYHHH capXaaud TapkuOn Oapown
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. VYcryBopuM XalUIM XamMaW MachalaxOM OMEXTa Ba WAOPAKyHMH capXaluu OappaculliaBaH[ia
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 ONTHUMAIHHM TapkuOil 6apou paBaHIXO0€, KM 00 MyOJIUJIau JIAMUAIIXOH
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 aMaJuu TaxKMKOT. Kop xapaktepu HazapusiBii 1opaj.
HaTtnyaxom OH MeTaBOHAH/ XaHTOMH OMY3HIIN KYpCXOM Maxcyc 0apou MOHWIIYYEHU KYpCXOH
001011, MarucTpanTxo Ba JokTopanTXon PhD Gapou nxtucocxoun marematuka Ba husmka uctudoaa
maBaHA. XaM4yHWH, HaTH4axou OajacromMaza METaBOHAHI 0apoW aMCHIIACO3UU DPABAHIIXOU

T'YHOT'YH, KM 00 Myoauaxou OappacuiliaBaHia TaBCH(] MeIIaBaH, HCTH(OAA [IaBaH].
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AHHOTANUA

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

yuénou cmenenu 0okmopa ¢punocogpuu (PhD) - ooxmopa no cneyuarvnocmu 60060100 —
Mamemamuxa (6D060103 — Jugppepenyuanvrvle ypasnenus, Ounamuyeckue Cucmemol u
ONMUMAnbHOE YNPasiIeHUe)

KiroueBble c10Ba: rpaHMYHOE YIpaBJICHHE, CMEIIaHHAs 3ajada, TesierpadHoe ypaBHEHUE,
00001mEHHOE pelIeHne, UHTEeTpajJIbHOe YpaBHEeHUE, psin HeliMana, KpUTHUECKUIT MOMEHT BPEMEHH.

Leas padorbl. OCHOBHOW IENBI0 HMCCIENOBAHHUS HCCEPTAMOHHONW pPabOTHI SBISETCS
u3yuyeHrne KOMOMHHMPOBAHHBIX 3aJad TPAaHUYHBIX YIPABICHUH, MPOU3BOJMMBIX 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 pabore uCHOIB3YIOTCS METOJbl MareMaTHyecKod (pu3MKH,
(YHKIMOHATIBPHOTO aHaN3a, TEOPUW JIMHEHHBIX MHTETPAJbHBIX YpaBHEHUH THma BonbTepsl
BTOPOT'0O pO/ia U TEOPHUH 3a/1a4 TPAHUYHOTO YIIPABIICHUS.

Hayuynast HoBM3HA. Bce pe3ynbTaThl AMCCEPTALMU SBIISAIOTCS HOBBIMU. BKpaTie nepedncinm
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 OMHOMEPHOTO TeJerpa(Horo ypaBHeHuUs ¢ NEPEMEHHbBIM K03 (HULIUEHTOM pU
BPEMEHM, MEHBIIEM UJIM PABHOM KPUTHUECKOMY;

3. JlokazaHbl TeOopeMBbl O CYIIECTBOBAaHHHM pEIICHUS KOMOWHHPOBAHHBIX 337a4 TPAHUIHOTO
yIpaBiaeHus Ui OJHOMEPHOTo TeaerpagHOro ypaBHEHHS ¢ NEPEMEHHBIM KOA((ULIMEHTOM 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
OTHOCHUTEJIHO (DYHKIIMI, BXOAAILIMX B IIOCTAHOBKY 3ajiay;

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

Teoperuyeckasi 1 mpakTHu4eckasi 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 MCIIOJNB30BaHbI JJIi MOJIEIMPOBAHUS Pa3IUYHBIX
IIPOLIECCOB, OMMCBHIBAEMBIX PACCMOTPEHHBIMH YPaBHEHUSIMH.
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ANNOTATION

of the dissertation of Rakhmatullokhzoda Fayzulloh Rakhmatullo on the topic "Study of Combined
Boundary Control Problems for a Process Described by a Telegraph Equation with a Variable
Coefficient," submitted for the degree of Doctor of Philosophy (PhD) in the specialty 6D060100 —
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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