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Abstract

This paper studies second order elliptic equations in both divergence and non-
divergence forms with measurable complex valued principle coefficients and
measurable complex valued potentials. The PDE operators can be considered
as generalized Schrédinger operators. Under some sufficient conditions, we
prove existence, uniqueness, and regularity estimates in Sobolev spaces for
solutions to the equations. We particularly show that the non-zero imaginary
parts of the potentials are the main mechanisms that control the solutions.
Our results can be considered as limiting absorption principle for Schrédinger
operators with measurable coefficients and they could be useful in applications.
The approach is based on the perturbation technique that freezes the potentials.
The results of the paper not only generalize known results but also provide a
key ingredient for the study of LP-diffusion phenomena for dissipative wave
equations.

AbcrpakT

TaBI/I CTaTud U3ydaBa €JIMITHYHUA YPpaBHEHUA OT BTOPU pel, KaKTO B AUBEP-
FeHTHU TAaKa U B HEJUBEPTEHTHH (POPMH, ¢ U3MEPUMHU KOMILJIEKCHU Koedu-
OUEeHTN Ha TJIaBHaTa 9aCT U C USMEPUMU KOMIIJIEKCHU IMOTEHIIUAJIN. TaKI/IBa
JacTHU JardepeHInalIHN OIIePATOPH MOTAT J1a ce pas3rjekIaT KaTo obobIe-
Hu oneparopu Ha Schrodinger. Ilpu HgKom mocTaTbIHHM YCIOBHUS, TOKa3Ba-
M€ CbIIECTBYBAaHE W €JMHCTBEHOCT U ChIIO TaKa M3BEZXKJAMe OIEHKH 33 pe-
IMEeHNATa HA ypaBHeHWeTO B mpocrpancTtBara Ha Cobosen. /lokazsame, e
HEHYJEeBUTC KOMIIJICKCHU YaCTHU Ha IMMOTEHIUAJUTE OIpeae/idT ITOBEJICHUETO
Ha pereHnaTa. Hammre pesyararn Morar fa ce pasriexkaar karo "limiting
absorption principle"3a oneparopure Ha IlIpboguHrep ¢ H3MepUME KOeUITH-
€HTH M KaTO TaKUBa UMAT NpuaoxkeHus. [loaxoabT ce ocHOBaBa Ha TeXHUKATA



Ha meprypbanunTte, KosaTo "3aMmpasssa''morenmuannre. PesyaraTture oT cTa-
TUsITa He camMo 06001IaBaT Beue U3BECTHH Pe3yJITaTH, HO ChINO TaKa J100aBsT
KJIIOUOBA C'hCTABKA 3a u3cjieBane Ha LP - mudy3uoHHN SABJICHUS 3a JUCUTIA-
THBHUTE BbJIHOBH YpaBHEHUS.

2. Wakasa, Kyouhei and Borislav Yordanov, On the nonexistence of
global solutions for critical semilinear wave equations with damping
in the scattering case, Nonlinear Analysis 180 (2019): 67-74.

Abstract

We consider the Cauchy problem for semilinear wave equations with variable
coefficients and time-dependent scattering damping in R", where n > 2. It is
expected that the critical exponent will be Strauss’ number py(n), which is
also the one for semilinear wave equations without damping terms. Lai and
Takamura (2018) have obtained the blow-up part, together with the upper
bound of lifespan, in the sub-critical case p < pg(n). In this paper, we extend
their results to the critical case p = po(n). The proof is based on Wakasa
and Yordanov, which concerns the blow-up and upper bound of lifespan for
critical semilinear wave equations with variable coefficients.

AbcrpakT

UzyvyaBame 3agauara na Kol 3a moyTuHeiHE BHIHOBA YPABHEHUS C MIPO-
MEHJIMBU KOeMUIMeHTH 1 3aBUCUMO OT BpeMeTO pa3ceiiBalio 3aTuxBane B R,
KbaeTo n > 2. B To3m ciyuail ce odakBa, Ue KPUTHIHATA CTEINEH € YUCJIO-
to Ha Illpayc po(n). Tasu crenen e cbmiata u 3a MONYJTMHEHHHTE BbHIHOBU
ypaBHeHusi 6e3 3aruxpane. Lai u Takamura (2018) ca mosydunn pesyarar 3a
n30yXBaHe Ha PEIIeHNeTO KAKTO U TOPHATA IPAHUIIA HA BPEMETO Ha HETOBOTO
CHINECTYBaHe B MOAKPUTUIHUSA Ccaydail p < po(n). B Tasu crarus mue 0600-
IMaBaMe Te3d Pe3yJTaTH, KaTo BKJIIYBAMe W KPUTHIHHs CIydail p = po(n).
JlokazaTecTBOTO ce ocHOBaBa Ha mpejuiina pabora na Wakasa u Yordanov,
KOATO Ce 3aHMMaBa ¢ M30YXBaHETO Ha pelIeHHATa W TOPHHUTE TDAHUIU Ha
BPEMeTO Ha CBINECTYBaHe 33 KPUTUYHU TOJYJIHHEHHNA BbJIHOBH YDABHEHUS C
[POMEH/TMBU KOepUIneHTn.

3. Wakasa, Kyouhei, and Borislav Yordanov, Blow-up of solutions
to critical semilinear wave equations with variable coeflicients, Journal
of Differential Equations 266.9 (2019): 5360-5376.



Abstract

We verify the critical case p = po(n) of Strauss’ conjecture concerning the
blow-up of solutions to semilinear wave equations with variable coefficients
in R", where n > 2. The perturbations of Laplace operator are assumed
to be smooth and decay exponentially fast at infinity. We also obtain a
sharp lifespan upper bound for solutions with compactly supported data
when p = po(n). The unified approach to blow-up problems in all dimensions
combines several classical ideas in order to generalize and simplify the method
of Zhou, Zhou and Han: exponential eigenfunctions of the Laplacian are
used to construct the test function ¢, for linear wave equation with variable
coefficients and John’s method of iterations is augmented with the “slicing
method” of Agemi, Kurokawa and Takamura for lower bounds in the critical
case.

AbcrpakT

YcranoBgBaMe KpUTHYHUS ciaydait Ha xumotezata Ha [lpayc orHocHO m3-
OyXBaHeTO Ha PEeNIeHUudTa Ha [OJIyJIMHEHHU Bb/JIHOBU YpaBHEHUS C IIPOMEH-
JmmBu koedburnmentn B R", kbaero n > 2. llpeamnonarame, de cMymnieHuSITa
Ha omeparopa Ha Jlammac ca raJKM W HAMAJIABAT €KCIHOHEHIINATHO OBbP30
Ha Oe3kpaitHocT. CbIO Taka MoJydaBaMe TOYHA FOPHA TPAHUIA 33 BPEMETO
Ha CBIIECTBYBaHEe Ha PEIICHUSTa NPH JaHHU ¢ KOMIAKTEH HOCUTEJ KOTaTo
p = po(n). Equrnuar moaxoa kbM mpobaeMa 3a m3byXBaHe Ha PElieHusT BbB
BCUYKH W3MEpPeHnsT KOMOMHUPA HSIKOJIKO KJIACHYECKH HJIer 3a j1a 00001 u
ompoctu Metoja Ha Zhou, Zhou n Han: u3non3sar ce eKCIOHEHITUATHU COO-
crBenn dynkinun Ha Jlanmacuana 3a Jga ce KOHCTPyupa TecToBa (DYHKIUA ¢,
3a JIMHEHHOTO BBJHOBO YpPaBHEHHE C IPOMEHJIUBU KOS(PUIMEHTH U METOHT
Ha ureparuuTe Ha J[JKOH ce HombaBa ¢ MeToaa Ha "Hapsaspanero''nHa Agemi,
Kurokawa u Takamura 3a jojinu rpanuium #Ha BpeMeTO Ha CbIIECTBYBaHE B
KPUTAYHUA CAydai.

4. Wakasa, Kyouhei, and Borislav Yordanov, On the energy decay
for dissipative nonlinear wave equations in one space dimension,
Journal of Mathematical Analysis and Applications 455.2 (2017):
1317-1322.

Abstract
The energy decay problem is studied for the nonlinear dissipative wave equation
in one space dimension. It is shown by Mochizuki and Motai that the decay



rate is at least logarithmic when the exponent of the nonlinearity is greater
than one and less than three. In this paper, an improvement is found which
implies a polynomial decay rate for the same range of exponents.

AbcrpakT

B rtasu pabora Hue m3ydaBame 3ajaqdara 3a HaMaJisiBaHE Ha €HEPrHSATA HA
HeJUHEHHOTO AUCHUIIATUBHO BbJ/JIHOBO YpaBHEHHE B PAa3MEPHOCT €1HO. I/I3B6CT-
no e or Mochizuki u Motai, ge ckopocTTa Ha HaMaJsBaHEe € MOHE JIOTAPUT-
MHYHA KOTraTo CTeleHTa Ha HeJWHEeHHOCTTa e MexKJy eJHO W TpHu. B Tasu
CTaTHd HUe MoA00psiBaMe Pe3yJITaThbT UM, KOETO MOoKa3BaMe IIOJTHHOMHA, CKO-
POBCT HA HAMAJISIBAHE 33 CHIUS HHTEPBAJI OT CTEIICHH.

5. Wakasa, Kyouhei, and Borislav Yordanov, Global regularity for
supercritical nonlinear dissipative wave equations in 3D, Nonlinear
Analysis: Theory, Methods and Applications 152 (2017): 183-195.

Abstract

The nonlinear wave equation uy; — Au+ |ut|p_1ut = 0 is shown to be globally
well-posed in the Sobolev spaces of radially symmetric functions HE ;,(R?) x
HFHR?) for all p > 3 and k > 3. Moreover, global O™ solutions are obtained
when the initial data are C§° and exponent p is an odd integer.

The radial symmetry allows a reduction to the one-dimensional case where
an important observation of Haraux (2009) can be applied, i.e., dissipative
nonlinear wave equations contract initial data in W*4(R) x Wk=14(R) for

all k € [1,2] and ¢ € [1, 00].

AbcTpakT

JlokasBame, 4e HEJMHEHHOTO BLIHOBO ypaBHeHHE Uy — Au + |u|P~ 1y = 0
UMa eJIMHCTBEHO ri1obasno pertenue B CoboJieBU IPOCTPAHCTBA OT PaIAATHO
cumerprann dyakman HE (R?) x HE-H(R®) 3a Bewuxkm p > 3 and k > 3.
[nobamam C'°° pemreHust ce mojydaBaT, KOraTo HadaiaHuTe gaHHH ca Cf° o
CTEIEeHTa P € HeYeTHO HSJI0 TUCIIO.

Pannannarara cHMeTpUs NO3BOJABA PEAyIHUpPaHe 10 eJHOMEPHHS CIydai,
K'bJIETO eJIH BarkeH pesyartar Ha Haraux (2009) moxke na Obje M3MOJI3BaH,
a IMMEHO IUCHIATHBHHUTE BLJIHOBH yPABHEHHS HAMAJSBAT HOPMHUTE Ha Ha-
wasaure ganan B WHI(R) x WH14(R) 3a Beako k € [1,2] u g € [1, o).



6. Radu, Petronela, Grozdena Todorova, and Borislav Yordanov,
The generalized diffusion phenomenon and applications, STAM Journal
on Mathematical Analysis 48.1 (2016): 174-203.

Abstract

We study the asymptotic behavior of solutions to dissipative wave equations
involving two noncommuting self-adjoint operators in a Hilbert space. The
main result is that the abstract diffusion phenomenon takes place. Thus
solutions of such equations approach solutions of diffusion equations at large
times. When the diffusion semigroup has the Markov property and satisfies a
Nash-type inequality, we obtain precise estimates for the consecutive diffusion
approximations and remainders. We present several important applications
including sharp decay estimates for dissipative hyperbolic equations with
variable coefficients on an exterior domain. In the nonlocal case we obtain
the first decay estimates for nonlocal wave equations with damping; the decay
rates are sharp.

AbcTpakT

VzyyaBaMe acHMIOTOTHYHOTO MOBeJIEHIIE HA PEIeHNATA HA JUCUTTATHBHU BbJI-
HOBU YpaBHEHUs BKJIOUYBAIIY JTBa HEKOMMYTHUPAIU CAMOCIPErHATH ONepa-
Topa B Xmi16epToBo mpocTpancTBO. OCHOBHUAT pe3y/aTaT €, ue ce HabJI01a-
Ba sgBjeHneTo abcrpakria audysud. [lo To3u Hayun perieHusaTa HA TAKUBA
yPaBHEHHS Ce TMPUO/INKABAT K'bM DEIIeHNATa Ha Au(Y3NOHHUTE YPABHEHUSI
3a rosemu BpeMeHa. Koraro nudysnorHaTa MOJYyrpymna UMa CBOWCTBOTO Ha
MapkoB 1 yJI0BJIeTBOpsIBa HepaBeHCTBO OT Tuna Ha Hamr, monyvyaBame Tod-
HU OTEHKH 33 MOCJeOBATETHUTE TUPYIUOHHN TTPUOTUKEHUS U OCTATHIHUTE
wieHoBe. lIpejcraBsye HIKOKO BaXKHU TPUJIOYKEHHS, BKIIOUATETHO TOYHI
ONIEHKH HA HAMAJIIBAHETO HA PEIIeHWATa HA JUCUIATHBHU XUIEPOOTUIHU
yPaBHEHHS ¢ MPOMEHINBY KoeUITNEHTH BbB BbHIIHA 001acT. B HesTokamHus
caydail, morydaBaMe HOBU OIEHKH 33 HAMAJIABAHETO Ha PellleHUusdTa Ha HeJo-
KaJIHA BLJIHOBU YPABHEHUs ChC 3aTUXBaHe. 1e3n CKOpPOCTH HA HaMaJsiBaHe
HA €HEPIUsATa Ce OKa3BAT TOYHHU.

7. Todorova, Grozdena, and Borislav Yordanov, On the regularizing
effect of nonlinear damping in hyperbolic equations, Transactions
of the American Mathematical Society 367.7 (2015): 5043-5058.



Abstract

Global well-posedness in H%(R3)x H'(R?) is shown for nonlinear wave equations
of the form uy; —Au+ f(u)+g(u;) = 0, where t € R,. The main assumption is
that the nonlinear damping g(u;) behaves like |u;|™ 'u; with m > 2 and the
defocusing nonlinearity f(u) is like |u[P~ u with p > 2. The result also applies
to certain exponential functions, such as f(u) = sinhw. It is observed that
the nonlinear damping gives rise to a new monotone quantity involving the
second-order derivatives of u and leading to a priori estimates for initial data
of any size. Global well-posedness in H'(R?) x L*(R?) is shown for the same
equation in the critical case f(u) = u® and g(u;) = |u¢|?/3u,. The main tool is
a new estimate for the solution of the nonlinear equation in L*(R,, L'?(R3)).

AbcTpakT

Jlokazame Tyio6ajHo chlnecTByBane u eauucrsenoct B H2(R3) x H'(R3) za
pEllleHUATa HA HEeJMHEHHN BbJIHOBM YpPaBHEHUs OT BUAA Uy — Au + f(u) +
g(uy) = 0, kpmero t € Ry. OCHOBHOTO TIPEJIOIOKEHUE €, 1Ue HeTUHEeHHO-
1o 3aruxsane g(ug) ce abpxKu Karo |u:|™ tu; ¢ m > 2 a orbabckBamara
nesunefinocr f(u) manomobsasa |ulP~'u ¢ p > 2. Pesyararute ce mpujarar
U K'bM ONpeJesieHn eKcroHeHmatun dyukiun kKaro f(u) = sinhu. 3abe-
JA3BaMe, 9e HeJUHeHHOTO 3aTHXBAHE Ch3JaBa HOB MOHOTOHEH (byHKIHOHA,
KOHTO BKJIIOYBA BTOPHTE IIPOU3BOIHU HA U M BOJIY 10 APHOPHH ONECHKH IPH
HAYATHA JAHHU C MPOM3BOJICH pasMmep. JokazBaMe TIOGATHO CHIICCTBYBAHE
u equucrsenoct B H'(R3) x L?(R?) 3a ¢bioTo ypaBHeHue B KpUTUYHUS CJLy-
qait f(u) = v and g(u;) = |uy|*3u,. OcroBHOTO HE CpeCTBO € egHA HOBA
OllHKA Ha peNIeHudATa Ha HesuHeiinoro ypasuenune B L* (R, , L'2(R?)).

8. Ikehata, Ryo, Grozdena Todorova, and Borislav Yordanov, Wave
equations with strong damping in Hilbert spaces, Journal of Differential
Equations 254.8 (2013): 3352-3368.

Abstract

We study the Cauchy problem for abstract dissipative equations in Hilbert
spaces generalizing wave equations with strong damping terms in RY or
exterior domains. Our main result is a generalized diffusion phenomenon: the
long time asymptotics of strongly damped wave equations is a combination
of solutions of diffusion and wave equations. In particular, we obtain sharp
decay estimates. The proofs rely on the energy method in the Fourier space
and its generalization based on the spectral theorem for self-adjoint operator.



AbcTpakT

NzyuaBame 3amadara na Komum 3a abcTpakTHH JUCUNATUBHU YPaBHEHUS B
Xu16epToBH MPOCTPAHCTBA, KOUTO 000OIABAT BbJIHOBH YPABHEHUA C'hC CHJI-
Ha aucunanud B RY wim pbB BbHIIHK 061acTu. Hammar ocHOBeH pesyi-
TaT YCTaHOBsIBA 0000IIEeHA aOCTpaKTHA AUpy3usl: aCHMIITOTAKATA 32 TOJEMH
BpeMe€Ha Ha BbJ/JIHOBH YpaBHEHHA CbC CHJIHA AUCHIIAIUA € KOM6I/IHa]_[I/IH oT
perenus Ha Judy3HUOHHE W BbJAHOBH ypasHenus. [lo-cueruanano, mojayda-
BaMe€ TOYHH OIIEHKH 3a HaMAJABAHETO Ha €HEPTHUATa Ha PEIIeHUuATA. ,Z[()Ka—
3aTesiCTBATa W3MOI3BAT €HEePIUifHUs MeTOoJ| B MPOCTPAHCTBOTO Ha Pypue u
HETOBOTO 0DOOIIEHNe, OCHOBAHO HA CIHEKTPATHATA TeopeMa 3a CaMOCIperHa-
TH OIIEPATOPH.

9. Ikehata, Ryo, Grozdena Todorova, and Borislav Yordanov, Optimal
decay rate of the energy for wave equations with critical potential,
Journal of the Mathematical Society of Japan 65.1 (2013): 183-236.

Abstract

We study the long time behavior of solutions of the wave equation with a
variable damping term V' (z)u; in the case of critical decay V(z) > V(1 +
|z|?)~/2. The solutions manifest a new threshold effect with respect to the
size of the coefficient Vj: for 1 < Vy < N the energy decay rate is exactly
t=Vo while for Vi > N the energy decay rate coincides with the decay rate
of the corresponding parabolic problem.

AbcrpakT

MzygaBaMe acCHMITOTUYHOTO TOBEJIEHNE HA PEIIeHUsITa HA BhJIHOBOTO yPaB-
HeHue ¢ IIpOMEHJINB JUCHUIIATHUBEH YJICH V(.Z')Ut B CJly4dad Ha KPpUTHYIHO Ha-
vamssane V(r) > Vo(1 + |2[?)7Y/2. PemenusTa mokassar HOBO TOBeJeHHE
3aBUCEIO OT pa3Mmepa Ha kKoedwuruenta Vy: 3a 1 < Vj < N ckopocrTa Ha
HaMaJIgBaHe Ha eHeprusaTa e TouHo {0, mokaro 3a Vp > N cKOpocTTa Ha
HaMaJIsIBaHe Ha €eHEePrUsTa ChBIAIA ¢ XapaKTepHATa CKOPOCT Ha ChOTBETHATA
napabosimaHa 3a/1a4a.

10. Radu, Petronela, Grozdena Todorova, and Borislav Yordanov,
Diffusion phenomenon in Hilbert spaces and applications, Journal
of Differential Equations 250.11 (2011): 4200-4218



Abstract

We prove an abstract version of the striking diffusion phenomenon that offers
a strong connection between the asymptotic behavior of abstract parabolic
and dissipative hyperbolic equations. An important aspect of our approach is
that we use in a natural way spectral analysis without involving complicated
resolvent estimates. Our proof of the diffusion phenomenon does not use the
individual behavior of solutions; instead we show that only their difference
matters. We estimate the Hilbert norm of the difference in terms of the
Hilbert norm of solutions to the parabolic problems, which allows us to
transfer the decay from the parabolic to the hyperbolic problem. The application
of these estimates to operators with Markov property combined with a weighted
Nash inequality yields explicit and sharp decay rates for hyperbolic problems
with variable (x-dependent) coefficients in exterior domains. Our method
provides new insight in this area of extensive research which was not well
understood until now.

AbcTpakT

JToka3zBame abCTpaKTHA BEPCUs HA HHTEPECHOTO JU(Y3UOHHO ABJICHUE, KOATO
IIOKa3Ba CHUJIHATa BPb3Ka MEKAY aCUMITOTUYIHOTO ITOBEJCHHUEC Ha a6CTpaKT—
HUTe MapaboOIuYHU U JUCUIATHBHU XHUIepOOJWYHH ypaBHeHUs. Baxken ac-
MeKT Ha HaIlWs MOAXOJ €, Ye HUe U3MOJ3BaMe MO eCTeCTBeH HAUWH CITeK-
TpaTHUs aHaJu3, 0e3 Ja BKIYBAME CJIOKHU PEe30JBEHTHH oneHku. Harrero
JTOKA3aTe/ICTBO 33 Aupy3nOHHO sIBJEHNE He W3MO0/13Ba WHIUBUIYAJTHOTO IMO-
BeJIeHIE HA perreHnsiTa. BMecTo ToBa Hue MOKa3BaMe, e UMa 3HAYEHNEe CaMO
TaxHaTa pasauka. OneHgBaMe XuadepToBaTa HOpMa Ha Pa3JnuKaTa OT TJIe/I-
Ha TOYKa Ha XWiIbepToBaTa HOpMa Ha pelleHHeTo Ha MapaboInTHaTa 33/1a9a,
KOeTO HU TIO3BOJISBA /I TIPEHeceM OIeHKATA 33 HaMaJIsBaHe Ha PEIIeHUeTO OT
napabosimyHaTa KbM xunepbosmunara 3ajada. llpuiaranero na Te3u OIeH-
KI K'bM OIEePaTOpPh C¢'bC CBOWCTBOTO Ha MapkoB, KOMOMHHPAHO C TETJIOBOTO
HepaBeHCTBO Ha Hern, maBa SBHH W TOYHM CKOPOCTH Ha 3aTUXBaHe 3a XU-
mepOOIMIHI 3a1a9H ¢ TIPOMEHJIUBY (-3aBUCUMH) KOeDUIIUEHTH BbB BHHIITHA
obsractu. Hamusar meTon gaBa HOBa IpecTaBa 3a Ta3u o0JIacT Ha OOIIMPHU
U3CJIe/IBAHUS, KOATO Jlocera He berie Jo0pe pasdpaHa.

11. Radu, Petronela, Grozdena Todorova, and Borislav Yordanov,
Decay estimates for wave equations with variable coefficients, Transactions
of the American Mathematical Society 362.5 (2010): 2279-2299.



Abstract

We establish weighted L? estimates for dissipative wave equations with variable
coefficients that exhibit a dissipative term with a space dependent potential.
These results yield decay estimates for the energy and the L? norm of solutions.
The proof is based on the multiplier method where multipliers are specially
engineered from asymptotic profiles of related parabolic equations.

AbcTpakT

yCTaHOBHBaMe TETJI0BU L2 OLEHKU 3a JUCUNTIAaTUBHU BHJIHOBU YDAaBHEHUA C
IIPOMEHTUBH KOSMPUIIMEHTH, KOUTO BKJIOUBAT JIUCUIATHBEH YJICH C TTOTEHITH-
aJ1 3aBUCEI OT MPOCTPAHCTBOTO. Te3u pe3yaTaTu JaBaT ONEHKHU 33 HaMAJIsI-
BaHe Ha eHeprusra u L? HopMara Ha penenusTa. J[oKazaTeacTBOTO Ce OCHO-
BaBa HA METO/a Ha MHOXKHTEJIUTE, KOUTO Ca CICMUATHO n30paHu OT acHMII-
TOTUYHU TTPOhU/IN Ha CHOTBETHUTE MAPAOOTUIHNA YPABHEHUS.

12. Todorova, Grozdena, and Borislav Yordanov, Weighted L?-estimates
for dissipative wave equations with variable coefficients, Journal of
Differential Equations 246.12 (2009): 4497-4518.

Abstract

We establish weighted L2 estimates for the wave equation with variable
damping uy — Au+au; = 0 in R", where a(x) > ao(1+|z|)~ with a > 0 and
a in [0,1). In particular, we show that the energy of solutions decays at a
polynomial rate ¢~("=)/C==1if q(z) ~ ag|x|~ for large |z|. We derive these
results by strengthening significantly the multiplier method. This approach
can be adapted to other hyperbolic equations with damping.

AbcTpakT

YeTanoBsgBaMe TErJIOBU OIEHKH 34 BBJIHOBOTO YPABHEHUE ¢ MPOMEHIHBO 3a-
tuxBane uy — Au+auy = 0 B R™ xkpaero a(z) > ap(l1+|z]) ™ cag >0ua B
0,1). TTo-cnenma/no, HAE MOKA3BAME, Ye eHEPIUATA Ha PEIIeHUTa HAMAJIs-
Ba ¢ nojmHoMuasna ckopocr ¢~ (Mm/2=)=1 arg q(x) ~ agla|™® 3a rosemu
|z|. Hue uzBauvame Te3u pesy/iTaTu upe3 3HAYMTEHO YCUJIBAHE HA METOJa
Ha MHOKHTeUTe. 103U MOAXO0J MOXKe Jla O'bjie aJanTupal U KbM JIPYTU XH-
1epOOIMYHN yPABHEHHSA C'bC 3ATHXBAHE.

13. Todorova, Grozdena, Davut Ugurlu, and Borislav Yordanov,



Regularity and scattering for the wave equation with a critical
nonlinear damping, Journal of the Mathematical Society of Japan
61.2 (2009): 625-649.

Abstract

We show that the nonlinear wave equation uy; — Au + u} = 0 is globally
well-posed in radially symmetric Sobolev spaces H ,(R*) x H*~!(R?) for
all integers k > 2. This partially extends the well-posedness in H*(R3) x
HE1(R3) for all k € [1,2], established by Lions and Strauss. As a consequence
we obtain the global existence of € solutions with radial C§° data. The
regularity problem requires smoothing and non-concentration estimates in
addition to standard energy estimates, since the cubic damping is critical
when k = 2. We also establish scattering results for initial data (u,u;);—o in
radially symmetric Sobolev spaces.

AbcrpakT

[Tokazsame, 4e HEJIMHEHHOTO BbJAHOBO ypaBHenue uy — Au + up = 0 uma
eIMHCTBEHO IJIODATHO DelleHrne B PAJUAJIHO CHMETPHIHHATE ITPOCTPAHCTBA
na Cobones HE ,(R3) x HY '(R®) 3a scwuku nemm wncra k > 2. Tosa wa-
CTUYHO DA3IIHpsABA pe3ysTarta 3a [Io0aTHA Pa3peluMOCT U eIHHCTBEHOCT
B H*(R®) x H*'(R?) 3a Benuku k € [1,2], koiito e ycranosen ot Lions
u Strauss. Karo ciegcreue or ToBa mosydaBaMe TII0O6AJTHOTO CbIIECTBYBAHE
Ha O pemtennsd c paguanaaun CJ° gaHHHu. 3aJadaTa 38 PEryjspHOCT U3UCKBA
n3rjiazKaaHe 1 HEKOHIIEHTPpallud Ha pelIieHuATa B JOIMI'bJIHCHNE K'bM CTaHIapPT-
HUTE eHePTUIHHE OIEeHKH, Thil KATO KYOMIHOTO 3aTUXBAHE € KPUTUIHO, KOIaTO
k = 2. Cbiio Taka moyiygapamMe pe3yJITaTh 3a pa3ceiBaHOTO HA HAYATHE JaH-
HU (U, Uy)i—¢ B PAJUATHO CUMETPUIHUTE TpocTpancTBa Ha CoboIeB.

14. Tkehata, Ryo, Grozdena Todorova, and Borislav Yordanov, Critical
exponent for semilinear wave equations with space-dependent potential,
Funkcialaj Ekvacioj 52.3 (2009): 411-435.

Abstract

We study the balance between the effect of spatial inhomogeneity of the
potential in the dissipative term and the focusing nonlinearity. Sharp critical
exponent results will be presented in the case of slow decaying potential.

AbcTpakT
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Hue msyuaBame Ganamca Mexkay edeKkTa Ha TpOCTPAHCTBEHATA HEXOMOIEH-
HOCT Ha IOTEHIHAJIa B AUCHIATHBHUS WIeH H (DOKYCHPAIIATa HEIUHEHHOCT.
B cayyas va 6aBHO HaMaJIsIBAIll MOTEHITNAJ, YCTAHOBABAME TOUYHN PE3YJITATH
3a KPUTUIHHUTE CTENEHH.

15. Kirova, R., Georgiev, V., Rubino, B., Sampalmieri, R., and
Yordanov, B. (2008), Asymptotic behavior for linear and nonlinear
elastic waves in materials with memory. Journal of non-crystalline
solids, 354(35-39), 4126-4137.

Abstract

In this review, we study the Cauchy problem associated to the equation of
linear and nonlinear viscoelasticity with memory. Our first point is the study
of dispersive properties of the solution to the linear equation of viscoelasticity
with memory. The decay estimates obtained in this first part are important
to treat the corresponding nonlinear Cauchy problem. The key novelty is the
fact that we admit algebraic singularities and decay at infinity for the time
dependent functions in the memory kernel. This fact enables one to include
models different from the classical viscoelasticity problem, where this kernel
is smooth and exponentially decaying in time.

AbcrpakT

B To3u ob630pHa crarus nydapame 3asadara Ha Kommm, cBbp3aHa ¢ ypaBHe-
HUETO Ha JINHEHHA U HeJIMHEHHA BUCKOEIaCTUIHOCT ¢ mameT. [IbpBaTa Hu TOY-
Ka € M3CJIe/[BAHETO Ha JIMCIIEPCHOHHUTE CBOMCTBA HA pEINIeHUATa Ha JUHEHHO-
TO YpaBHEHHE Ha BUCKOEJACTUIHOCTTA ¢ mameT. OIeHKUTe 3a HaMaJlsBaHe,
MOJIyYeHH B Ta3W IIbpBa YacT, Ca BaKHU 3a U3J€IBAHETO Ha CHOTBETHATA
HesimHeliHa 3a/1a4a Ha Komu. KoodoBara HOBoCT € paKThT, Ue J0IyCKaMe
aJireOpUYHu OCOOEHOCTH W HaMaJisiBaHe Ha 0e3KpalHOCT 3a 3aBHCENaTa OT
BpemMeTo (DYHKIUU B gIpOTO Ha maMmeTTa. 1o3u pakT jJaBa Bb3MOKHOCT JIa
ce BKJIIOYAT MOJIE/IN, PA3IUYHN OT KJacHUIecKaTa 3a/a9a Ha BECKOCIACTUIHO-
CTTa, KbJETO TOBA AP0 € IVIAIKO U eKCIIOHEHIINAIHO HaMaJ/IsiBa BbB BPEMETO.

16. Todorova, Grozdena, Yordanov, Borislav, The energy decay
problem for wave equations with nonlinear dissipative terms in
Rn. Indiana Univ. Math. J. 56 (2007), no. 1, 389—416.

Abstract
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We study the asymptotic behavior of energy for wave equations with nonlinear
damping g(u;) = |u,|™ 'u; in R™ (n > 3) as time ¢ — oo. The main result
shows a polynomial decay rate of energy under the condition 1 < m <
(n+2)/(n + 1). Previously, only logarithmic decay rates were found.

AbcrpakT

M3CﬂeﬂBaMe ACUMIITOTHYIHOTO IIOBE/JICHUE Ha €HEPIrudTa 3a BbJIHOBU ypaBHE-
Hus ¢ HesuHeitno saruxsane g(u;) = |us|™ tuy in R (n > 3) xoraro BpemeTo
t — 00. OCHOBHUAT PE3y/ITAT TMOKA3BA MOJMHOMHA CKOPOCT HA HAMAJSIBAHE
Ha eHeprusTa npu ycaosue, de 1 < m < (n+2)/(n+ 1). Ilpeau To3u pesyi-
TaT Os1Xa YCTAHOBEHH CaMO JIOTADUTMHYHU CKOPOCTH HA HAMAJISBAHE.

17. Yordanov, Borislav T., Zhang, Qi S., Finite time blow up for
critical wave equations in high dimensions. J. Funct. Anal. 231
(2006), no. 2, 361-374.

Abstract

We prove that solutions to the critical wave equation in higher dimensions
can not be global if the initial values are positive somewhere and nonnegative.
This completes the solution to the famous Strauss conjecture about semilinear
wave equations of the form Au — 92u + |ul? = 0. The rest of the cases, the
lower-dimensional case , and the sub or super critical cases were settled many
years earlier by the work of several authors.

AbcTpakT

Jloka3zBamMe, de pelleHHsITa Ha KPUTHIHOTO BBHJIHOBO ypaBHEHHE BbB BHCOKHU
Pa3sMepHOCTH He MoraT jaa ObJar II00AJHH, AKO HAYATHATE TaHHH Ca HAK DI
IOJIOZKHUTEJIHU 1 HaBCAK'bJAC HEOTPHUIATC/IHU. TOBa 3aBbpHIBa pelieHueTo Ha
n3BecTHaTa xumoresa Ha 1llpayc 3a mosyauHeHITE BHIHOBH YPaBHEHHS OT
Bua Au — 0?u+ |ulP = 0. OcTanamuTe cydam, KaTo I0-HUCKH Pa3MEPHOCTH
WA CBPBXKPUTUYHH ¥ IOAKPUTHYHH CTEIleHH, OsXa pelleHH MHOTO TOINHU
I0-paHO B PAOOTHTE Ha HAKOJKO aBTOPH.

18. Yordanov, Borislav, Zhang, Qi S., Finite-time blowup for wave
equations with a potential. STAM J. Math. Anal. 36 (2005), no. 5,
1426-1433.

Abstract
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First we give a truly short proof of the major blowup result [T. C. Sideris, J.
Differential Equations, 52 (1984), pp. 378-406] on higher-dimensional semilinear
wave equations. Using this new method, we also establish blowup phenomenon
for wave equations with a potential. This complements the recent interesting
existence result by [V. Georgiev, C. Heiming, and H. Kubo, Comm. Partial
Differential Equations, 26 (2001), pp. 2267—-2303|, where the blowup problem
was left open.

AbcTpakT

[I'bpBO, MaBaMe HAMCTHHA KPATKO JIOKA3aTEJICTBO HA BAaKHUs PE3YJITAT 3a
u3byxsane Ha permenugra |T.C. Sideris, Differential Equations, 52 (1984),
pp. 378-406|. V3noa3Baiiku TO31 HOB METOJ, HHE CbHINO TAKA YCTAHOBSIBA-
Me M30yXBaHETO Ha PEIEeHUATa Ha BbJHOBH ypaBHEHUS C MOTEHIUA. 1ToBa
JIOT'bJIBA, CKOPOTITHUTE WHTEPECHN PE3Y/ITATH 33 ChIECTBYBAHE Ha TJI00ATHU
pemrenus [V. Georgiev, C. Heiming, and H. Kubo, Comm. Partial Differential
Equations, 26 (2001), pp. 2267-2303| kbaeTo T03u BbIpoc Gelie ocTaBeH 6e3
OTTOBOP.
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