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[1] Bazhlekova, E., Bazhlekov, I., Viscoelastic flows with fractional derivative models: computational
approach via convolutional calculus of Dimovski. Fract. Calc. Appl. Anal., 17, 4, 2014, ISSN:1311-0454,
DOI:10.2478/s13540-014-0209-x, 954-976.

Abstract: An initial-boundary value problem for the velocity distribution of a viscoelastic flow with
generalized fractional Oldroyd-B constitutive model is studied. The model contains two Riemann-
Liouville fractional derivatives in time. The eigenfunction expansion of the solution is constructed. The
behavior of the time-dependent components of the solution is studied and the results are used to
establish convergence of the series under some conditions. Further, applying the convolutional
calculus approach proposed by Dimovski (I.H. Dimovski, Convolutional Calculus, Kluwer, Dordrecht
(1990)), a Duhamel-type representation of the solution is found, containing two convolution products
of particular solutions and the given initial and source functions. A non-classical convolution with
respect to spatial variable is used. The obtained representation is applied for numerical computation
of the solution in the case of a generalized second grade fluid. Numerical results for several one-
dimensional examples are given and the present technique is compared to a finite difference method
in terms of efficiency, accuracy, and CPU time.

Peslome: M3cneasa ce HayanHa-rpaHWYHa 3ajava 3a pasnpeneneHuMeTto Ha CKOPOCTTa Ha BMCKO30-
e1acTUYHO TeyeHmne ¢ 0606LeHna ApobeH KOHCTUTYTUBEH Moaen Ha Onapoina-B. MoaensT cbabpika
[Be ApobHN NPON3BOAHU Ha PumaHn-/InyBun no spemeTo. MocTpoeHo e pa3sBUTUETO Ha PELLIEHNETO B
pea no cobcteeHn GyHKUMK. M3cnensa ce NoBeAeHNETO Ha 3aBUCUMUTE OT BPEMETO KOMMOHEHTU Ha
Pa3sBUTUETO N pe3yiTaTUTE Ce M3N0/I3BaT 3a YCTaHOBABAHE Ha CXOAMMOCT Ha pefa npu onpeaeneHu
ycnosua. OcBeH ToBa, Npuaaraky noAaxoAda Ha KOHBOJ/IIOUMOHHOTO CMATaHe, MNPeasosKeH OT
Oumosckn (I.H. Dimovski, Convolutional Calculus, Kluwer, Dordrecht (1990)), e HamepeHO
npeActaBAHe Ha peleHneTo oT Tuna Ha [loamen, CbabpKallo ABe KOHBOIIOLMOHHU Npou3BeaeHUs
Ha KOHKPETHW pelleHna C AadeHunTe HadanHa GyHKUMA U AACHA CTpaHa Ha ypaBHeHueTo. M3nonssa ce
HEKNacMyYecka KOHBOMIOLMA MO OTHOLWIEHWE Ha NPOCTpaHCTBEHaTa npomeHauBa. [lonyyeHoTo
npeacraBAHe ce npuaara 3a YMC/NEHO NPecMATaHe Ha pelleHUeTo B C/ydas Ha obobuieH ¢ayma ot
BTOPW Knac. [lageHu ca YMCeHN pe3yTaTi 3a HAKOJIKO eAHOMEPHW MpUMepa 1 NpeACcTaBeHUAT MeTos,
€ CpaBHeH C MEeTO/a Ha KpalHM pas/IMKM Mo OTHOLEHMEe Ha epeKTUBHOCT, TOYHOCT M NPOLLECOPHO
Bpeme.

[2] Bazhlekova, E., Convolutional calculus of Dimovski and QR-regularization of the backward heat
problem. Serdica Math. J., 41, IMI-BAS, 2015, ISSN:1310-6600, 415-430.

Abstract: The final value problem for the heat equation is known to be ill-posed. To deal with this, in
the method of quasi-reversibility (QR), the equation or the final value condition is perturbed to form
an approximate well-posed problem, depending on a small parameter €. In this work, four known
quasi-reversibility techniques for the backward heat problem are considered and the corresponding
regularizing problems are treated using the convolutional calculus approach developed by Dimovski



(I.H. Dimovski, Convolutional Calculus, Kluwer, Dordrecht, 1990). For every regularizing problem,
applying an appropriate bivariate convolutional calculus, a Duhamel-type representation of the
solution is obtained. It is in the form of a convolution product of a special solution of the problem and
the given final value function. A non-classical convolution with respect to the space variable is used.
Based on the obtained representations, numerical experiments are performed for some test problems.

Pestome: M3BecTHO e, ye MHBEPCHaTa 334a4a 3a YpaBHEHMETO Ha TOMNONPOBOAHOCTTA € HEKOPEKTHO
noctaeeHa. 3a fa ce npeogosiee To3n npobnem, Npu metofa Ha Keasu-obpaTumocT (QR meton)
YPaBHEHWETO UK KpailHaTa GyHKUMA ce nepTypbupart (3aBMCeKM OT MasTbK NapameTbp €), Taka Ye ga
ce MNoJlyyn KOPEKTHO rnocTaBeHa 3agaya. B HactoswaTa pabota ce pasrnexaaT YeTupu U3BECTHU
TEXHWKM 33 KBa3M-06paTMMOCT Ha MHBEPCHATa 3aZaya 3a YpPaBHEHMETO Ha TOMJIOMNPOBOAHOCTTA U
CbOTBETHUTE peryaapuMsMpally 3aaum ce pelaBaT C NOMOLLTa Ha NoAXo4a Ha KOHBOJIIOUWMOHHOTO
cmsTaHe, paspaboTteH ot Aumoscku (I.H. Dimovski, Convolutional Calculus, Kluwer, Dordrecht, 1990).
3a BcAKa 3ajava, NpwaaraiMkyv noaxoasalio ABYMEPHO KOHBOJIIOUMOHHO CMATaHe, ce MoJly4YaBa
npeacTaBsHe Ha peLeHNETO OT TuMa Ha [oamen. To e BbB BMA Ha KOHBOIKOLMOHHO NPOM3BEAEHMNE HA
CneunanHo pelleHWe Ha 3agayvata W AafeHaTa KpanHa o¢yHKumA. WM3nonsea ce HeKaacuyecka
KOHBOMIOLMSA MO OTHOLIEHWE Ha NPOCTPaHCTBEHaTa NpomeHAuBa. MonyyeHUTe npencraBsHUA ce
npwnarat 3a U3BbpLUBaAHE HA YNCNIEHWN EKCNEPUMEHTM 32 HAKOWM TECTOBM 3a43a4M.

[3] Bazhlekova, E., Bazhlekov, I., On the Rayleigh-Stokes problem for generalized fractional Oldroyd-B
fluids. AIP Conference Proceedings, 1684, 2015, ISSN:0094-243X (print) 1551-7616 (web),
DOI:10.1063/1.4934312, 080001.

Abstract: We consider the initial-boundary value problem for the velocity distribution of a
unidirectional flow of a generalized Oldroyd-B fluid with fractional derivative model. It involves two
different Riemann-Liouville fractional derivatives in time. The problem is studied in a general abstract
setting, based on a reformulation as a Volterra integral equation with kernel represented in terms of
Mittag-Leffler functions. Special attention is paid to the solution behavior in the scalar case, using some
facts of the theory of the Bernstein functions. Numerical experiments are performed for different
values of the parameters and plots are presented and discussed. The results are compared to those
obtained in the limiting cases of generalized fractional Maxwell and second grade fluids.

Pesiome: Pa3srnexpgame HadvasHa-rpaHWYHa 3ajaya 3a pasnpefeneHUeTo Ha CKopocTTa Ha
e4HOMOCOYHO TeyeHMe oT 0606weH Onapona-B dnymna ¢ mosen cbabprKally ApO6HU NPOU3BOAHM.
MogensbT 3nonsea Ase pPasanMyHu gpobHu NponsBoaHU Ha PumaH-/InyBun no BpemeTo. 3aga4aTa ce
n3y4yaBa B 06La abcTpakTHa GOPMYINPOBKA, KaTo ce M3noa3Ba npedopmMyMpaHe KaTo UHTErpasHo
ypaBHeHWe Ha BonTepa ¢ A4po, npeacraBeHo Ypes GyHKUMM Ha MuTar-Jledpnep. CneymanHo BHUMaHMe
ce obpbla Ha NOBEeAEHNETO Ha PELUEHMETO B CKANAPHMA CAYy4Yal, KaTo ce M3N0A3BaT HAKOMU daKTu oT
TeopuATa Ha ¢yHKUuMMTe Ha bepHwanH. MpoBeaeHM ca YUCNEHUM EKCNEPUMEHTM 33 Pa3/IUNYHM
CTOMHOCTM Ha napameTpuTe M ca npeactaBeHU U obcbaeHM nonyyeHuTe rpaduku. Pesyntatute ca
CpPaBHEHM C Te3M, KOUTO Ce NOJIy4aBaT B FPAaHUYHUTE C/ly4an Ha 0606LeH apobeH payng Ha Makcyen
n obobuieH gpobeH bayma oT BTOpU Kaac.

[4] Bazhlekova, E., Jin, B., Lazarov, R., Zhou, Z., An analysis of the Rayleigh-Stokes problem for a
generalized second-grade fluid. Numerische Mathematik, 131, 1, 2015, ISSN:0029599X, 09453245,
DOI:10.1007/s00211-014-0685-2, 1-31.

Abstract: We study the Rayleigh—Stokes problem for a generalized second-grade fluid which involves
a Riemann-Liouville fractional derivative in time, and present an analysis of the problem in the



continuous, space semidiscrete and fully discrete formulations. We establish the Sobolev regularity of
the homogeneous problem for both smooth and honsmooth initial data v, including v € L%(Q). A space
semidiscrete Galerkin scheme using continuous piecewise linear finite elements is developed, and
optimal with respect to initial data regularity error estimates for the finite element approximations are
derived. Further, two fully discrete schemes based on the backward Euler method and second-order
backward difference method and the related convolution quadrature are developed, and optimal error
estimates are derived for the fully discrete approximations for both smooth and nonsmooth initial
data. Numerical results for one- and two-dimensional examples with smooth and nonsmooth initial
data are presented to illustrate the efficiency of the method, and to verify the convergence theory.

Pe3tome: M3yyaBame 3agayata Ha Penen—Ctokc 3a 0606ueH payua oT BTOpPU Knac, YNMTO moaen
BK/ItoYBa ApobHa npounsBogHa Ha PumaH—/IyBun no BpemeTo, U npeacTaBsme aHan3 Ha npobnema
B HEnpekbCHaTa, MPOCTPAHCTBEHO MONYAUCKPETHA WM HanMb/JHO AUCKPeTHa GOpPMYIMPOBKU.
YcTaHoBsiBamMe perysiapHOCT B NpocTpaHcTBa Ha CoboneB Ha XOMOreHHaTa 3aZa4ya KaKTo 3a [/1adKku,
Taka M 3a HernagKku HauyanHu AaHHM V, BKAouMTenHo v € L%(Q). PaspaboTeHa e NpocTpaHCTBEHa
NonyaAUCKPeTHa cxema Ha [aNbOpPKUH, M3MON3BallLad HEMPEeKbCHATU MO YaCTU JIMHEWHU KpanlHU
eiemMeHTHn, n ca nisegeHn ontTMMmasiHM No OoTHoweHmne Ha Ha4Ya/lHUTe AaHHW OUEeHKW Ha rpellkaTta 3a
anpoKCcUMaumMnTe C KpaHu enemeHTU. OCBEH TOBa Ca pa3paboTeHU ABE HAaNMbAHO AUCKPETHU CXEMU,
OCHOBaBalUY ce Ha HesABHMA MeTog Ha Oinep M HeABHa audepeHYHa cxema OT BTOpPU pes
CbOTBETHaTa KOHBOJIIOLUMOHHA KBagpaTypa, U ca MOJYYEHW ONTUMAJIHA OLLEHKW Ha rpellKkaTta 3a
Hanb/IHO AUCKPETHUTE NPUOAMMKEHUA KaKTO 3a [NagKW, Taka WM 33 Hernafgku HayalHWM [aHHU.
MpeactaBeHM ca YMC/IEHWU PE3YATaTM 33 €AHOMEPHU U ABYMEPHU MPUMEPU C FaKU U HErNadKu
Haya/NHM OaHHW, 3a Ja ce WaCTpupa edeKTUBHOCTTA HAa MeToAa M Aa ce NPoBepu TeopuaTa 3a
CXOAMMOCT.

[5] Vasileva, D., Bazhlekov, I., Bazhlekova, E., Alternating direction implicit schemes for two-dimensional
generalized fractional Oldroyd-B fluids. AIP Conference Proceedings, 1684, AIP Publishing, 2015,
ISSN:0094-243X, DOI:10.1063/1.4934325, 080014.

Abstract: The two-dimensional Rayleigh-Stokes problem for a generalized fractional Oldroyd-B fluid is
considered in the present work. First and second order approximations of the fractional time
derivatives are implemented in the developed alternating direction implicit finite difference schemes.
Second and compact fourth order approximations are used for the space derivatives. Extensive
numerical experiments are performed in order to investigate the stability and accuracy of the proposed
algorithms.

Pestome: B HactoAwarta paboTta ce pasrnexaa ABymepHaTa 3afgava Ha Peneit-CTokc 3a dayua c
06o6bweHna pgpobeH Ongpoia-B mogen. AnpoKcMmaumn oT NbpPBM WU BTOPWU pen Ha ApobHute
NPOV3BOAHN MO BPEMEeTO Ca peanusnpaHuM B paspaboTeHUTe HeABHU ANdEepeHUYHU CXemu C
aNTepHaTUBHO peayBallM ce HanpasieHMA. 3a NPOCTPAHCTBEHMTE MPOM3BOAHW Ce W3NoA3BaT
anpoKcMmaLMu OT BTOPU pea, U KOMMNAKTHW anpoKcumal MM OT 4eTBbpTU ped. 3a Aa ce uscnensart
YCTOMUYMBOCTTA M TOYHOCTTA Ha NpPeAsIoKEeHUTEe anroputMm ca npoBedeHN OBLIMPHU YUCAEHU
eKCNnepuMeHTH.

[6] Bazhlekova, E., Bazhlekov, |., Peristaltic transport of viscoelastic bio-fluids with fractional derivative
models. Biomath, 5, 1, 2016, ISSN:1314-7218, DOI:10.11145/j.biomath.2016.05.161

Abstract: Peristaltic flow of viscoelastic fluid through a uniform channel is considered under the
assumptions of long wavelength and low Reynolds number. The fractional Oldroyd-B constitutive
viscoelastic law is employed. Based on models for peristaltic viscoelastic flows given in a series of
papers by Tripathi et al. (e.g. Appl Math Comput. 215 (2010) 3645-3654; Math Biosci. 233 (2011) 90—



97) we present a detailed analytical and numerical study of the evolution in time of the pressure
gradient across one wavelength. An analytical expression for the pressure gradient is obtained in terms
of Mittag-Leffler functions and its behavior is analyzed. For numerical computation the fractional
Adams method is used. The influence of the different material parameters is discussed, as well as
constraints on the parameters under which the model is physically meaningful.

Pestome: Pasrnekaa ce nepuctantmyeH NOTOK Ha BUCKO30-e1acTuyeH Gayma npes paBHOMeEpPEH KaHan
npu npeanonoxXeHunAa 3a ronrama Ab/1XKMHa Ha Bb/IHATa U HUCKO YMNCNO Ha PeVIHOﬂp,C. M3nonsea ce
ApobHMAT Ongapona-B KOHCTUTYTMBEH BUCKO30-e/1acTMYeH 3aKOH. Bb3 ocHoBa Ha moaenu 3a
NepucTanTUYHM BUCKO30-e1aCTUUHU TEYEHUS, AAZEHM B CEpUs OT cTaTum Ha Tripathi et al. (Hanp. Appl
Math Comput. 215 (2010) 3645-3654; Math Biosci. 233 (2011) 90-97) Hue npeacTaBame NoapobHO
AHa/IMTUYHO M YMUCNEHO U3CNe[BaHe Ha eBOIOLMATA BbB BPEMETO Ha rpaAMeHTa Ha HanAraHe 3a egHa
OBb/DKMHA Ha Bb/HaTa. [onyyeHO e aHaAUTUYHO MpeAcTaBAHEe 3a rpagueHTa Ha HanAraHeto 4ypes
bYHKLUMM Ha MuTar-Jlebnep v e aHaNM3MPHO NOBEAEHMETO My. 33 YMCEHO NPeCcMATaHE ce M3M0/3Ba
ApobHMAT meToZ Ha Agamc. OBCbXKAa ce BAUSHMETO Ha PasANYHMUTE NapaMeTpu Ha MaTepuana, KakTo
W OrpaHNYeHUs BbPXY NapameTpuTe, NPM KOUTO MOAENBT MMa PUINYECKM CMUCH.

[7] Bazhlekova, E., K. Tsocheva, Fractional Burgers' model: thermodynamic constraints and completely
monotonic relaxation function. C. R. Acad. Bulg. Sci., 69, 7, 2016, ISSN:1310-1331, 825-834.

Abstract: Fractional Burgers’ constitutive equation for viscoelastic fluids is studied. Thermodynamic
constraints on the parameters are discussed as well as conditions for complete monotonicity of the
corresponding relaxation function. The relationship between thermodynamic compatibility of the
model and complete monotonicity of the relaxation function is analyzed.

Pestome: M3cneaBa ce APOBGHOTO KOHCTUTYTMBHO ypaBHeHWe Ha Bloprepc 3a BMCKO30-e1aCTUYHM
bdnynan. ObCbKAAT ce TEPMOAMHAMMUYHU OrPaHMYEHMA BbPXy NapamMeTpuTe, KakTo M YyCNOoBMSA 3a
Hanb/IHa MOHOTOHHOCT Ha CbOTBeTHaTa GYHKLMA Ha penakcauma. AHaaM3npa ce 3aBUCUMOCTTa MEXKAY
TepMoAMHaMMYHATa CbBMECTMMOCT Ha MoZena W Hanb/lHaTa MOHOTOHHOCT Ha QYHKUMATA Ha
penakcauus.

[8] Bazhlekova, E., Bazhlekov, I., Stokes’ first problem for viscoelastic fluids with a fractional Maxwell
model. Fractal and Fractional, 1, 1, MDPI AG, 2017, ISSN:2504-3110, DOI:10.3390/fractalfract1010007, 7

Abstract: Stokes’ first problem for a class of viscoelastic fluids with the generalized fractional Maxwell
constitutive model is considered. The constitutive equation is obtained from the classical Maxwell
stress—strain relation by substituting the first-order derivatives of stress and strain by derivatives of
non-integer orders in the interval (0, 1]. Explicit integral representation of the solution is derived and
some of its characteristics are discussed: non-negativity and monotonicity, asymptotic behavior,
analyticity, finite/infinite propagation speed, and absence of wave front. To illustrate analytical
findings, numerical results for different values of the parameters are presented.

Peslome: Pasrnexpga ce nbpBaTa 3adada Ha CTOKC 3a Kaac BWMCKO30-enacTUuHKM  daymam,
yaoBneTBopsBawyn o606weHnsa gpobeH mozen Ha Makcyen. KOHCTUTYTMBHOTO ypaBHeHWEe ce
noJly4yaBa OT K/acMyeckua mogen Ha Makcyes 3a 3aBUCMMOCTTa MeXAy HanpexkeHue u gedopmaums
ypes 3amecTBaHe Ha NPOM3BOAHMUTE OT MbPBM pes, Ha HanpeXKeHneTo n gepopmaumata c NPOU3BOAHM
oT aApobeH peg, B nHTepsana (0, 1]. MonyyeHo e ABHO MHTErpasHO NPeAcTaBsHE Ha PELUEHWNETO U ce
AUCKYTUPAT HAKOW HEroBW XapaKTEPUCTMKMW: HEOTPULATENHOCT M MOHOTOHHOCT, acMMMTOTMYHO
nosefeHune, aHaIMTUUYHOCT, KpaHa/6e3KpaliHa CKOPOCT Ha Pa3npPOCTPaHeHMe Ha Bb/HATa U INMca Ha
Bb/IHOB PPOHT. U3BOAUTE OT aHA/IMTUYHOTO M3yyaBaHe HA PELIeHMEeTO Ca MACTPUPAHM KaTo ca
npeAcTaBeHn YNCAEHU Pe3yNTaTH 3a PasINYHKN CTOMHOCTM Ha NapameTpuTe.



[9] Bazhlekova, E., Bazhlekov, I., Application of Dimovski's convolutional calculus to distributed-order
time-fractional diffusion equation on a bounded domain. Journal of Inequalities and Special Functions, 8,
1, 2017, ISSN:2217-4303, 68-83.

Abstract: An initial-boundary value problem for the one-dimensional time-fractional diffusion
equation of distributed order is considered. Applying the convolutional calculus approach proposed by
Dimovski (I.H. Dimovski, Convolutional Calculus, Kluwer, Dordrecht (1990)), a Duhamel-type
representation of the solution is found in the form of a convolution product of a particular solution
and the given initial function. A non-classical convolution with respect to the spatial variable is used.
The particular solution is found by eigenfunction expansion. Special attention is paid to the study of
the time-dependent components in this expansion. It is proven that the obtained solution is a solution
in the classical sense. The Duhamel-type representation is used for numerical computation of the
solution in some numerical examples.

Pestome: PasrnesaHa e HayanHa-rpaHMYHa 3a4a4ya 3a e4HOMEPHOTO ypaBHeHMe Ha andy3ua c gpobHa
NpoM3BOAHa NO BPEMETO OT pasnpesesieH pe. Mpuaarankn noaxoaa Ha KOHBOJIIOLMOHHOTO CMATAHE,
npeanoxeH or Aumoscku (I.H. Dimovski, Convolutional Calculus, Kluwer, Dordrecht (1990)), ce
HamMMpa MpeacTaBsHE Ha peweHWeTo OT Tuna Ha [iamen nog ¢opmaTta Ha KOHBOJIOLMOHHO
npou3BeeHNe Ha eHO YaCTHO pelleHre U JaAeHaTa HavaaHa GyHKUMA. M3non3sa ce HeKnacnyecka
KOHBOJ/IIOLMA MO OTHOLWEHWE Ha NPOCTPaHCTBEHAaTa NPOMEHANBA. YacTHOTO pelleHne ce Hamupa ypes
passuTue B pes no cobcteeHn dyHKUMK. CneunanHo BHUMaHWE e OTAEeNeHO Ha U3CiefBaHeTo Ha
3aBUCMMUTE OT BPEMETO KOMMOHEHTM B TOBa pa3BuTHe. [lOKa3aHo e, Ye NoJyYeHOTO pPas3BUTUE B pes,
€ peleHne B KaacMyeckna cMucbi. MNoslyyeHoTo npeacTaBaHe oT TMna Ha [lloamen ce M3nonsea 3a
YMUCNEHO NPECMATAHE Ha PELIEHMETO B HAKOW YNC/IEHWN MPUMEPMU.

[10] Bazhlekova, E., Bazhlekov, I., Unidirectional flows of fractional Jeffreys' fluids: thermodynamic
constraints and subordination. Computers and Mathematics with Applications, 73, 6, Elsevier, 2017,
ISSN:0898-1221, DOI:10.1016/j.camwa.2016.12.009, 1363-1376.

Abstract: A class of initial-boundary value problems governing the velocity distribution of
unidirectional flows of viscoelastic fluids is studied. The generalized fractional Jeffreys’ constitutive
model is used to describe the viscoelastic properties. Thermodynamic constraints on the parameters
of the model are derived from the monotonicity of the corresponding relaxation function. Based on
these constraints, a subordination principle for the considered class of problems is established. It gives
an integral representation of the solution in terms of a probability density function and the solution of
a related wave equation. Explicit representation of the probability density function is derived from the
solution of the Stokes’ first problem. Numerical verification of the obtained analytical results is
provided.

Peslome: M3cnefdBaH € Knac HayanHO-TPAHUMYHKM 3a4auu 33 pasnpefenieHMeTO Ha CKOpOCTTa Ha
€4HOMOCOYHM TEYEHUSA OT BUCKO30-e1acTUYHKN Gaynan. 3a onMcBaHe Ha BUCKO30-e1aCcTUYHM CBOICTBA
ce uv3nonsea 0606WeHNAT ApobeH KOHCTUTYTMBEH mogen Ha [kedbpu. TepmoguHamuyHuTe
OrpaHWYEHMA BbPXY NapameTpuTe Ha MoAena Ce M3BeXAaT OT MOHOTOHHOCTTa Ha CbOTBETHaTa
bYHKLMA Ha penakcaums. Bb3 0CHOBaA Ha Te3M OrpaHUYeHMA ce YyCTaHOBABA NPUHLMN Ha cybopanHauma
3a pasriexgaHva Knac npobnemu. Toil gaBa WMHTErpasHO NpPeACTaBAHE HA pPeweHMeTo uypes
cneundunyHa GyHKUMA Ha NIBTHOCT Ha BEPOATHOCTTA M PELIEHNETO Ha CbOTBETHO Bb/IHOBO YpaBHEHMe.
ABHOTO NpeAcTaBsHe Ha PyHKLMATA 32 BEPOATHOCTHA MIBTHOCT Ce U3BEXKAa OT peLleHNeTo Ha MbpeaTa
3aga4a Ha CToKc. MpeacTtaBeHUTe Pe3ynTaTh OT YUCIEHU NPEeCMATaHWUA CbOTBETCTBAT HA MOJyYeHuUTe
aHaNMTUYHK pe3ynTaTy.



[11] Bazhlekov, ., Bazhlekova, E., Fractional derivative model for diffusion-controlled adsorption at
liquid/liquid interface. AIP Conference Proceedings, 2048, 2018, ISSN:0094-243X, DOI:10.1063/1.5082111,
050012-1-050012-8.

Abstract: The Ward-Tordai integral equation governs the diffusion-controlled surfactant adsorption at
air/liquid interfaces. In this paper the Ward-Tordai equation is generalized in two directions. First, the
adsorption is assumed to take place at a liquid/liquid interface, where the surfactant is soluble in both
liguid phases. Second, the diffusion in the bulk phases is anomalous and is governed by time-fractional
diffusion equations. For the computation of the change of adsorption with time two numerical
techniques are proposed and compared. Numerical results are presented.

Pestome: MHTerpanHoTo ypaBHeHWe Ha Ward-Tordai onmcea Andy3snoHHO-KOHTpOIMpPaHa aacopbums
Ha NOBbPXHOCTHO-AaKTUBHO BELLLECTBO Ha rpaHuLIaTa Bb3ayx/Te4HOoCT. B Ta3u ctatma ypaBHEHUETO Ha
Ward-Tordai e 0606ueHO B ABe HanpassaeHus. MbpBo, NpMema ce, Ye agcopbumaTa ce U3BbPLUBA Ha
rpaHULaTa TEYHOCT/TEYHOCT, MPU KOETO NOBBbPXHOCTHO-aKTUBHOTO BELLECTBO € Pa3TBOPUMO U B ABeTe
TeyHu dasu. Btopo, andysmsaTta B obemHuTe pasm e aHoMasIHa M ce ONMcBa Ypes APOobHM No BpeMeTo
ypaBHeHUs. 3a M3uUnCNABaHEe HAa NPOMAHaTa Ha aacopbumaTa c BpeMeTo ca NpeasoKeHn U CpaBHEHU
OB YMCNEHUN TEXHUKU. [peacTaBeHM ca YNC/IEHM pe3yTaTu.

[12] Bazhlekova, E., Bazhlekov, I., Analyticity of solution operators to space-time fractional evolution
equations. AIP Conference Proceedings, 2172, 2019, ISSN:0094-243X E-ISSN:1551-7616,
DOI:10.1063/1.5133523, 050004-1-050004-7.

Abstract: The abstract Cauchy problem for the space-time fractional evolution equation is considered,
which contains the Caputo time-derivative of order § € (0, 1) and the operator -A*, a € (0, 1), where
-A generates a strongly continuous one-parameter semigroup on a Banach space. The analyticity of
the solution operator is studied by applying subordination principles for spaceand time-fractional
evolution equations and taking into account the asymptotic behavior of the subordination kernels,
expressed in terms of Levy extremal stable densities and Mainardi function.

Pe3stome: PasrnegaHa e abctpakTHaTa 3agadva Ha Koww 3a ApoHHOTO NO NPOCTPAHCTBOTO M BPEMETO
€BOJIIOLMOHHO YpaBHEHME, KOETO CbAbpyKa NponsBogHaTa Ha KanyTto ot pea B € (0, 1) no BpemeTo u
onepatopa -A% a € (0, 1), KbaeTo —A nopaxaa CMAHO HenpeKkbCcHaTa eAHONAPaMeTpMYHa Noayrpyna
B baHaxoBO NPOCTPaHCTBO. M3yyaBa ce aHa/IMTUYHOCTTA Ha OnepaTopa Ha peLleHneTo Ypes npuiaraHe
Ha NPUMHUMNUTE Ha CybopAMHALMA 33 €BOIIOLMOHHN YPAaBHEHUSA MO NPOCTPAHCTBOTO M NO BPEMETO U
KaTo ce B3eme MnpeaBwUs acMMMTOTMYHOTO MOBEeAEHME Ha agpaTa Ha cybopauHaums, M3paseHu
CbOTBETHO Ype3 eKCTPeMasIHU CTabUAHN NABTHOCTU Ha JleBu 1 GyHKLMATa Ha MaltHapgw.

[13] Bazhlekova, E., Bazhlekov, I., Fundamental solution of a three-dimensional fractional Jeffreys-type
heat equation. AIP Conference Proceedings, 2333, 1, 2021, ISSN:0094-243X, 1551-7616,
DOI:10.1063/5.0041618, 060002-1-060002-8.

Abstract: The three-dimensional Cauchy problem for the heat conduction equation with a fractional
Jeffreys-type constitutive law is studied. Two different cases are distinguished: diffusion and
propagation regimes. In the diffusion regime the three-dimensional fundamental solution is shown to
be a spatial probability density function evolving in time. In the propagation regime the solution can
have negative values, and therefore, does not allow a probabilistic interpretation. Explicit integral
representation for the threedimensional fundamental solution is derived and used for numerical
experiments.

Pesiome: M3cnensa ce TpMmepHaTa 3adada Ha Kolu 3a ypaBHEHMETO Ha TOM/IOMPOBOAMMOCTTA C
Apo6eH KOHCTUTYTUBEH 3aKOH OT TMNa Ha [dkedpu. PasrpaHnyaBar ce ABa CAy4as: PemMm Ha andysus



M PEXMM Ha PasnpPOCTPaHEHME Ha BbAHW. B AMDY3MOHHMA peKMM e MOKasaHo, ye TPUMEPHOTO
byHAameHTaNHO pelweHMe e ¢yHKUMA Ha NABTHOCT Ha BEPOATHOCTTa MO MPOCTPAHCTBEHMUTE
NMPOMEH/IBK, €BO/IIOMNPALLA BbB BPEMETO. B perKMM Ha pa3npoCcTpaHeHMeE Ha Bb/HW PeLLEHUETO MOXKe
[a MMa oTpuUATeNIHU CTOMHOCTM W CNefoBaTe/IHO He MO3BOJIABA BEPOATHOCTHA MHTepnpeTaums.
M3Bexkaa ce ABHO MHTErpasHo NpeAcTaBaHe 3a TPMMepPHOTO GyHAAMEHTAIHO PeLleHne 1 ce 3no3Ba
33 UNCNEHU EKCMIEPUMEHTH.

[14] Bazhlekov, ., Bazhlekova, E., Fractional derivative modeling of bioreaction-diffusion processes. AIP
Conference Proceedings, 2333, 1, 2021, ISSN:0094-243X, 1551-7616, DOI:10.1063/5.0041611, 060006-1-
060006-13.

Abstract: The aim of this work is to analyze the application of fractional derivatives in time for the
mathematical modeling of complex processes. As an example, a bioprocess is considered and the
related distribution of nutrients, bacteria and bioproduct in multiphase fluid systems. The
mathematical model under investigation includes convection, diffusion, bioreaction and boundary
conditions at the interfaces: interface mass-transfer and adsorption. Different approaches of time-
fractional modeling of a bioprocess are discussed. To evaluate the ability of a fractional order model
to correctly reproduce the behavior that the underlying process must exhibit, numerical procedures
are developed and computer simulations are performed.

Pesiome: Llenta Ha Tasu paboTa e Aa ce aHanM3Mpa MPUIOXKEHUETO Ha APOBHM MPOU3BOAHM NO
BPEMETO 33 MaTeMaTMUYeCcKO MOJEe/IMpaHe Ha KOMMJIEKCHW npouecn. Kato npumep ce pasrnexaa
B6MOMNPOLLEC U CBBP3aHOTO C HErO pasnpeesieHNe Ha XpaHUTeHM BellecTsa, bakTepum n 6MoONpPoayKTU
B MHOrogasHu GAYMAHU cucTeMU. M3ciedBaHUAT maTemaTMyeckM MOJeN BK/UYBA KOHBEKUMSA,
andysmna, Gopeakumsa M rpaHUYHM YCNOBMA: MaconpeHoc U aacopbuma. O6CbKaaT ce pas/iMyHm
noAaxoAm 3a mogenvpaHe Ha Buonpouec, U3noa3Bankn NpoussoaHn ot apobeH peg no spemero. 3a
[la ce oueHM CrnocobHOCTTa Ha Mogena oT ApobeH pea Aa Bb3Npou3BeXKaa NpasuaHO NoBeAeHUETO,
KOEeToO MoJenvpaHuAT npouec Tpabsa Aa npossABa, ce pa3paboTBaT YMCIEHW NPOLEeaypu U ce
N3BbPLLIBAT KOMMIOTbPHU CUMYAALNN.

[15] Bazhlekova, E., Bazhlekov, I., Identification of a space-dependent source term in a nonlocal problem
for the general time-fractional diffusion equation. Journal of Computational and Applied Mathematics,
386, Elsevier, 2021, ISSN:0377-0427, DOI:10.1016/j.cam.2020.113213, 113213.

Abstract: The diffusion equation with a general convolutional derivative in time is considered on a
bounded domain, as one of the boundary conditions is nonlocal. We are concerned with the inverse
source problem of recovery of a space-dependent source term from given final time data. To find the
source term and the solution, we resort to generalized eigenfunction expansion, using a bi-orthogonal
pair of bases. Estimates for the time-dependent components in the spectral expansions are established
and applied to prove uniqueness and existence in the classical sense. Analytical and numerical
examples are provided.

Pesiome: Pasrnexga ce AndY3MOHHOTO ypaBHeHMETO C oblia KOHBOMOUMOHHA NPoOM3BOAHA NO
BPEMETO B orpaHMyeHa 06,1acT, Npn KOETO e4HO OT rpaHMYHUTE YCI0BUA € HenoKanHo. M3cnegsame
WHBEPCHATA 3aJaYya 3a Bb3CTAHOBABAHE HA 3aBMCMMA OT MPOCTPAHCTBEHATa MPOMEH/IMBA AACHA
CTpaHa No AafeHo pelleHne B KpaiHO Bpeme. 3a Aa HaMepum M3TOYHMKA U pelleHneTo, npubarsame
00 pa3BuTMe No 0606weHn cobcTBeHM GyHKUMM, M3N0A3BaKM GUMOpPTOroHasHa ABoOMKa 6asucu.
HamepeHn ca OUEHKM 33 3aBUCMMWUTE OT BPEMETO KOMMOHEHTWM B CMEKTPAJIHOTO pPasBUTME Ha
peLleHMNeTo 1 ca NPUIOKEHM 33 A0Ka3BaHE Ha eANHCTBEHOCT U CbLLECTBYBaHE B KNAaCUYECKUA CMUCH.
MpeacTaBeHN ca aHA/IMTUYHW U YNCSIEHU NPUMEPU.



[16] Bazhlekova, E., An inverse source problem for the generalized subdiffusion equation with
nonclassical boundary conditions. Fractal and Fractional, 5, 3, MDPI, 2021, ISSN:2504-3110,
DOI:10.3390/fractalfract5030063, 63.

Abstract: An initial-boundary-value problem is considered for the one-dimensional diffusion equation
with a general convolutional derivative in time and nonclassical boundary conditions. We are
concerned with the inverse source problem of recovery of a space-dependent source term from given
final time data. Generalized eigenfunction expansions are used with respect to a biorthogonal pair of
bases. Existence, uniqueness and stability estimates in Sobolev spaces are established.

Pe3slome: PasrnenaHa e Ha4yanHa-rpaHMYHa 3a434a 32 e4HOMEPHOTO ypaBHEHUeE Ha gudy3ma ¢ obwa
KOHBO/IIOLMOHHA MPOM3BOAHA MO BPEMETO W HEK/ACUYECKM TPaHUYHU YyCNoBMA. 3aHMMaBame ce ¢
WHBEpPCHaTa 3aJa4a 3a Bb3CTaHOBABAHE HA 3aBMCMM OT NPOCTPAHCTBEHATa NPOMEH/IMBA U3TOYHMK MO
03a[eHo pelleHne B KpaiiHO Bpeme. M3nonsBa ce pasBuTHE Mo 0606ueHn cobcTBeHU GyHKLUKU NO
OTHOLLIEHME Ha 6UOpTOroHanHa ABOMKa 6a3Mcu. YCTaHOBEHWM Ca CbLUECTBYBaHE, eAUHCTBEHOCT U
OLLEHKM 33 YCTOMUYMBOCT B NPOCTpaHcTBa Ha Cobones.

[17] Bazhlekov, ., Bazhlekova, E., A predictor-corrector numerical approach to equations with general
fractional derivative. International Journal of Applied Mathematics, 35, 5, Academic Publications, 2022,
ISSN:1311-1728, DOI:10.12732/ijam.v35i5.5, 693-709.

Abstract: The Adams-type predictor-corrector method for the numerical solution of fractional
differential equations proposed by K. Diethelm et al. (Nonlinear Dynam. 29 (2002), 3-22) is extended
in this work to equations with general fractional derivative. The method may be used both for linear
and nonlinear problems. Numerical examples are given for the particular cases of multi-term and
distributed-order fractional differential operators, which demonstrate the viability of the developed
numerical algorithm.

Pe3stome: B Ta3n paboTa npegmKTOpP-KOPEKTOP METOABLT OT TMNa Ha AZaMc 33 YMC/IEHO peLlaBaHe Ha
APOobHU AndepeHUnanHm ypasHeHus, npeanoxkeH ot K. Diethelm et al. (Nonlinear Dynam. 29 (2002),
3-22), ce 0606LaBa 3a ypaBHeHUA c 0bua ApobHa NponsBogHa. MeToabT MOMKe Aa Ce U3MO0N3BA KaKTo
33 /IMHENHW, TaKa U 3@ HeIMHEWHW 3adauu. JafleHn ca YUCNEeHU NPUMEPMU B YACTHWUTE C/y4Yau Ha
MHOFOYNEHHN APO6HM audepeHUManHM onepaTopu M TaKMBa OT pasnpedeneH peg, KoOuTo
[EeMOHCTPUPAT No/13aTa OT Pa3paboTeHUsA YUC/IEH aNTOPUTBM.

[18] Bazhlekov, ., Bazhlekova, E., Mathematical modeling of the effect of viscoelasticity on the film
drainage between interacting drops. Journal of Theoretical and Applied Mechanics, 53, 4, Walter de
Gruyter, 2023, ISSN:0861-6663 (online ISSN: 1314-8710), DOI:10.55787/jtams.23.53.4.348, 348-365.

Abstract: Mathematical model of the deformation and drainage of film between interacting drops is
presented in the case when dispersed or continuous phases are viscoelastic fluids. The model is based
on the assumptions of a gentle collision at small Reynolds numbers and small deformation at small
capillary numbers. It consists of lubrication approximation in the film and creeping flow equation in
the dispersed phase. The equations in the continuous and dispersed phases are coupled by continuity
of the velocity and stress boundary conditions at the interface. Generalizations of the Maxwell-type
rheological constitutive relation are used to model the viscoelastic effects: upperconvected Maxwell
model in the drop and fractional Maxwell model in the film phase. Predictions of the effect of the extra
elastic stresses on the film drainage are given.

Pe3slome: I'Ipe,u,CTaBeH € MmaTeMmaTtnyeCkm moaen Ha ,Cl,ed)OpMaLl,MﬂTa N N3TUYAHETO Ha d)I/I}'IM mexagy ase
B3aMMOAEI7ICTBaLLI,VI Kankn B CNny4aAa KOrato HenpeKbCHaTaTa cba3a UIN Ta3n Ha KanKuUTe Ca BUCKO30-
€1aCTN4YHU d)nymp,m. MogaensbT ce OoCHOBaBa Ha NpeAanonOXeHUATa 3a cnabum B3aVIMOLI,El71CTBMFI npu



MaJIKM Yncna Ha PelHonac 1 manka gebopmaumsa npyv Manku KanuaspHU YMCAa, KaTo ce CbCToM OT
YypaBHeHWe Ha CMa3KaTa BbB GpMAMa M ypaBHEHeHUATA Ha CTOKC B Kankute. YpaBHeHUATa B ABeTe $pasu
Ca CBbp3aHM 4pe3 yC/0BUA 33 HEMPEKbCHATOCT Ha CKOPOCTTA M HAaMpeXKeHMeTo Ha rpaHuuata. 3a
MOJENMpPaHe Ha BMCKO30-e1acTUYHUTE edeKTn ce n3nonseaT obobueHna Ha mogena Ha Makcyen:
upperconvected mopen Ha Makcyen B Kanka u gpobeH mogen Ha MaKcyen BbB ¢asata Ha duama.
JaneHn ca nporHo3sum 3a edpeKkTa Ha AONBAHUTENHUTE €NACTUYHM HAMNPEXKEHMA BbPXY M3TUYAHETO Ha
dnnma.

[19] Bazhlekova, E., Bazhlekov, I., Subordination principle for generalized fractional Zener models. Fractal
and Fractional, 7, 4, MDPI, 2023, ISSN:2504-3110, DOI:10.3390/fractalfract7040298, 298.

Abstract: The fractional Zener constitutive law is frequently used as a model of solid-like viscoelastic
behavior. In this work, a class of linear viscoelastic models of Zener type, which generalize the
fractional Zener model, is studied by the use of Bernstein functions technique. We prove that the
corresponding relaxation moduli are completely monotone functions under appropriate
thermodynamic restrictions on the parameters. Based on this property, we study the propagation
function and establish the subordination principle for the corresponding Zener-type wave equation,
which provides an integral representation of the solution in terms of the propagation function and the
solution of a related classical wave equation. The analytical findings are supported by numerical
examples.

Pe3stome: [pOBHUAT KOHCTUTYTUBEH 3aKOH Ha 3eHep YecTo ce M3MO0A3Ba KaTo MOAeN Ha BUCKO30-
eNacTMYHO noBsefeHMe Ha Aedopmupyemn TBbpAau Tena. MN3nonssaku anapaTta Ha GYHKUUWUTE Ha
bepHuWaliH, B Ta3n paboTa ce M3yyaBa eauH KAac MMHENHN BUCKO30-eNacTUYHK Moaenn OT TuMna Ha
3eHep, Kouto obobuwasat ApobHMA moaen Ha 3eHep. [lJokasBame, Ye CbOTBETHUTE MOAY/N Ha
penakcauusa ca Hanb/AHO MOHOTOHHM (GYHKUMU MPU NOAXOAALM TePMOAUHAMUYHN OrpaHUYeHMUs
BbPXy NapameTpuTe. Bb3 OCHOBa Ha TOBA CBOWMCTBO M3yyaBame PyHKUMATA Ha PasnpoCTpaHeHue u
yCTaHoBABamMe MNpWHUMNA Ha CcybopauHauMa 3a CbOTBETHOTO Bb/JHOBO YypaBHEHME, KOWTO AaBa
WHTerpanaHo npeactaBaHe Ha pelleHMeTo Ype3 GYHKUMATA Ha pa3npocTpaHeHWe U pelleHUeTo Ha
CbOTBETHOTO K/NACMYECKO BbJIHOBO YpaBHEHUE. AHA/IUTUYHUTE Pe3ynTaTu ca NOAKPENEeHU C YUCIEHU
npumepu.

[20] Bazhlekova, E., Pshenichnov, S.G., Two integral representations for the relaxation modulus of the
generalized fractional Zener model. Fractal and Fractional, 7, 8, MDPI, 2023, ISSN:2504-3110,
DOI:10.3390/fractalfract7080636, 636.

Abstract: A class of generalized fractional Zener-type viscoelastic models with general fractional
derivatives is considered. Two integral representations are derived for the corresponding relaxation
modulus. The first representation is established by applying the Laplace transform to the constitutive
equation and using the Bernstein functions technique to justify the change of integration contour in
the complex Laplace inversion formula. The second integral representation for the relaxation modulus
is obtained by applying the subordination principle for the relaxation equation with generalized
fractional derivatives. Two particular examples of the considered class of models are discussed in more
detail: a model with fractional derivatives of uniformly distributed order and a model with general
fractional derivatives, the kernel of which is a multinomial Mittag-Leffler-type function. To illustrate
the analytical results, some numerical examples are presented.

Pe3tome: PasrnefaH e Knac ot 0606ueHn ApobHM BUCKO30-e1aCTUYHM MOLENN OT TUM 3eHep C
0606wWweHn apobHM Npon3BoAHN. M3BEAEHW Ca ABe MHTErpasHM NpeacTaBAHMA 3a CbOTBETHUS MOAY
Ha penakcauws. [bpBOTO NpeacTaBAHE Ce YCTaHOBABA Ypes NpuaaraHe Ha TpaHcpopmauma Ha Jlannac
KbM KOHCTUTYTMBHOTO YypaBHEHWE M W3MN0J3BaHe HA TexXHMKAaTa Ha ¢yHKUMMTe Ha bBepHLLanH 3a



060cHOBaBaHe Ha MPOMAHaTa Ha KOHTypa Ha MHTerpupaHe B KOMMEKCHaTa paBHWHa BbB popmynata
3a obpaTHaTa JflannacoBa TpaHchopmaumsa. BTOpoTo MHTErpanHo npeacTaBsHe 33 mogy/ia Ha
pefakcauma ce mnonyvyasa ypes mpunaraHe Ha npuHUMna Ha cybopauHauuMsa 3a ypaBHEHWETO Ha
penakcauma ¢ obobuweHn apobHM npousBogHKU. Mo-nogpobHO ca pasrnefaHn ABa KOHKPETHU
npuMmMmepa OT pasrfieX4aHua Kaac MoAenn: mogen ¢ ApobHM Npov3BOAHM OT pPaBHOMEPHO
pasnpegeneH peg v moden ¢ 06wy Apo6HU NPOU3BOAHM, YNETO AAPO € MHOroYNeHHA GYHKUMA OT
™MNa Ha MwurTar-flepnep. 3a maCTpUpaHe Ha aHANUTUYHWUTE Pe3yaTaTM ca NPeAcTaBeHW HAKOM
YMCAEHU NPUMEPH.

[21] Bazhlekova, E., Subordination results for a class of multi-term fractional Jeffreys-type equations.
Fract. Calc. Appl. Anal., 27, 3, Springer, 2024, ISSN:1311-0454 E-ISSN:1314-2224, DOI:10.1007/s13540-024-
00275-3, 1048-1072.

Abstract: Jeffreys equation and its fractional generalizations provide extensions of the classical
diffusive laws of Fourier and Fick for heat and particle transport. In this work, a class of multi-term
time-fractional generalizations of the classical Jeffreys equation is studied. Restrictions on the
parameters are derived, which ensure that the fundamental solution to the one-dimensional Cauchy
problem is a spatial probability density function evolving in time. The studied equations are recast as
Volterra integral equations with kernels represented in terms of multinomial Mittag-Leffler functions.
Applying operator-theoretic approach, we establish subordination results with respect to appropriate
evolution equations of integer order, depending on the considered range of parameters. Analyticity of
the corresponding solution operator is also discussed. The main tools in the proofs are Laplace
transform and the Bernstein functions’ technique, especially, some properties of the sets of real
powers of complete Bernstein functions.

Pe3tome: YpaBHeHMeTO Ha [xedpu u HeroBuTe ApobHM 0606LIeHUA NpeacTaBAABaAT PaslWMpPEHMA Ha
Knacuuyeckute andysmoHHM 3aKoHM Ha Oypure n UK 3a NpeHoC Ha TONAKHA U YacTMuM. B Ta3u paboTa
Ce U3y4yaBa K/lac OT MHOFOY/IeHHU APOobHM No BpemeTo 0606LLEHMA Ha KNAaCMYECKOTO ypaBHEHME Ha
Oxkedpu. M3BeseHn ca orpaHMYEHUs BbPXy NapaMeTpuTe, KOUTO rapaHTuparT, ye ¢yHAaMeHTaHOTo
peleHne Ha efHOMepHaTa 33agayva Ha Kowu e ¢PyHKUMA Ha NABTHOCT Ha BEPOSATHOCTTA Mo
NPOCTPaHCTBEHaTa MNPOMEH/MBA, €BOJOMpalla BbB BpemeTo. M3cnepBaHUTe ypaBHEHWMA ca
npepaboTeHM KaTo MHTerpanaHu ypaBHeHUA Ha Bontepa c sapa, NpeacTaBeHW ypes MyATUHOMHU
byHKUMM  Ha  Mutar-flednep. [Mpunarailkm onepaTOpHO-TEOPETUYEH NOAXOA, YCTaHOBsiBaMe
cybopamMHauma No OTHOLWEHUE Ha NOAXOAALLM €BOJIIOLMOHHM YPaBHEHUS OT UAA pes, B 3aBUCMMOCT OT
pasrnexgaHua guanasoH ot napameTpu. O6CbXKAa Ce M aHAIMTUYHOCTTA Ha CbOTBETHMA OnNepaTop Ha
peweHne. OCHOBHUTE MHCTPYMEHTM B A0OKA3aTeNCcTBaTa ca npeobpasyBaHeTo Ha Jlannac u TexHMKaTa
Ha ¢yHKLUMUTE Ha BepHwaliH, ocobeHO HAKOM CBOMCTBA HAa MHOMKECTBaTa OT pPeasiHU CTeneHW Ha
HanbAHO bepHLWaliHoBM GYHKLUMN.

[22] Bazhlekova, E., Application of subordination principle to coefficient inverse problem for multi-term time-
fractional wave equation. Fract. Calc. Appl. Anal., Springer, 2024, ISSN:1311-0454 E-ISSN:1314-2224,
DOI:10.1007/s13540-024-00284-2

Abstract: An initial-boundary value problem for the multi-term time-fractional wave equation on a
bounded domain is considered. For the largest and smallest orders of the involved Caputo fractional
time-derivatives, a and am, it is assumed 1<a<2 and a—-am < 1. Subordination principle with respect to
the corresponding single-term time-fractional wave equation of order a is deduced. Injectivity of the
integral transform, defined by the subordination relation, is established. The subordination identity is
used to prove uniqueness for a coefficient inverse problem for the multi-term equation, based on an



analogous property for the related single-term one. In addition, the subordination relation is applied
for deriving a regularity estimate.

Pestome: PasrnenaHa e HayanHa-rpaHWYHa 3a4aya 3a MHOFOY/IEHHOTO APOHHO NO BPEMETO Bb/IHOBO
ypaBHEHWe B orpaHuyeHa obnacT. 3a HaW-ronemms U Hal-ManKkua pef Ha BKAKOYEHUTE APOOHU
npomsBogHW Ha KanyTto, a v am, ce npeagnonara, 4ye 1<a<2 n a-om < 1. N3sexga ce npuHUMN 3a
cybopanHauma no oTHOLEHWE HA CbOTBETHOTO BbJIHOBO YPaBHEHME C eaHa ApobHa npon3BogHa No
BPEMETO OT pej o. YCTAaHOBEHa € MHEKTUBHOCT Ha MHTerpasiHata TpaHchopmaumsa, aeduHmMpaHa ypes
npuHumMna 3a cybopauHauma. To3m pesyntaT ce M3NOA3Ba 33 AOKa3BaHe Ha e4MHCTBEHOCT Ha
MHBEpPCHaTa 3a4a4a 33 onpegensHe Ha MNOTEHLMANa B Pa3r/ieXA4aHOTO MHOIOY/IEHHOTO ypPaBHEHME,
M3XOXKAANKN OT aHaNOrMYHO CBOWMCTBO 3@ CbOTBETHOTO €AHOY/IEHHO ypaBHeHWe. B gonbsHeHwue,
WMHTEerpasHoTo npeAcTaBsaHe OoT NpMHUMNa 3a cybopamHauma ce npuaara 3a U3BeXKAaHe Ha OLEeHKa 3a
perynapHocT.



