CnpaBKa 3a HayuuTe NpUMHOCKU Ha A-p Po3aHakena ge ®atuma CBUEPKOCKU

HayuHu TpyaoBe (MoHorpadumm u ctatum): 22 (BKAOUUTENHO e4uH yH4eOHUK U eanH NaTeHT).

YuacTtue B KoHdepeHUUM C f0KNaA,;
mexayHapogHu: 7 —(3,7,15,17,18,19,21)
HauuoHanHu: 3 —(8,10,16)

Yyactue B NPOEKTU (HALMOHANHN N MeXAYHAPOAHM):
MexayHapoaHu: 1

10/2009 - 05/2014 - Marie Curie International Fellow — FP7- EU Project Ne: 236913.
Title: “Fast Semi-Analytic Multiscale Methods for Multiscale Elliptic Problems” — Inst. For
Information and Communication Technologies -Bulgarian Academy of Science — Bulgaria.
PrvkoBoauten.

HaynoHanHu: 4

09/2009 - 09/2012 — National Science Foundation (NSF-USA) Award Ne: 0934837. CMG
RESEARCH: “Predictive Modeling of thermally Driven Hydrologic Fluxes for Land and
Atmosphere Interactions Across Space and Time Scale”. Partners — Binayak Mohanty and
Yalchin Efendiev — Texas A&M University (TAMU) — Texas — USA. Co-PI as 3™ investigator.

08/2002 — 12/2004 : Conselho Nacional de Desenvolvimento Cientifico e Tecnologico (CNPq) —
Brazil. Title: “Mathematical Models for Prediction of Soil Moisture from Local to Global Scales,
using Radar Images.” PbroBoauTen.

02/1996 — 02/1998 - Research Fellowship — Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldégico CNPq — Brazil.

Title: Mathematical Approach for Agricultural Problems in Cerrados. PproBogurer.

03/1996 — 02/1998 — Researcher — CAPES — Brazil — Title: “Improving the Teaching Quality in
Agricultural Engineering Science”. Associated with Agricultural School — UFG. Unen Ha
KOJIEKTUB OT 10 yyacTHUIH.

DOpyrn aeHocTu:

MNatent US 8,204,690 B2 (2 B cnncbKa)

BoaeHun nekunmn n ceMmHapu 3a CTyAeHTU:

Department of Mathematics — Texas A&M.
Department of Mathematics — University of Arizona.
Department of Mathematics — University Federal de Goias - Brazil.



Cneumanusaumm:

5/2002 - 8/2002

Los Alamos National Laboratory — LANL — Los Alamos — NM - USA

Tema: Simulations of Subsurface Flow Models, based on Finite Elements — FEHM
Applied Mathematics Division (T7) — PvkoBoguten: Larry Winter/Prof. Mac Hyman

5/2003 - 8/2003

National Center for Atmospheric Research — NCAR — Boulder — CO — USA

Tema: Simulations of Subsurface Flow Models, based on Finite Elements — FEHM
Scientific Computing Division — PbkoBoguten: Larry Winter / Rich Loft

5/2004 - 8/2004

National Center for Atmospheric Research - NCAR - Boulder — CO - USA

Tema: Simulations of Subsurface Flow Models & Coupling with Atmosphere, based on Finite Elements
Geophysics Statistics Division — Pukosogutenu - Larry Winter / Doug Nychka.

PBKOBOACTBO Ha AMNIOMHM paboTu (MarncTbpcka CTeneH)
Tema: URBAN RACIAL SEGREGATION MEASURES COMPARISON
Crynent: JAMIL DJONIE —Texas A&M — Master in Urban Planning — December 2009.

Scientific Contributions

|. MpunoxeHune Ha MaTeMaTukaTa B arpapHoTo uHxeHepcTso / Applied Mathematics to Models in - Agricultural Engineering.
OpurHanHoTO u3cnensaHe 3anoysa npes 1996 B pamk1Te Ha U3Cre[oBaTENCKM NPOEKT. ViaesTa e Aa ce AEMOHCTpMpa Ha
CTYZEHTM (B HA4anoTo Ce malle NpeaBua CTYAEHTW arpapHO MHXEHEPCTBO) Kak [a M3non3saT MatemaTtikaTa 3a obpaboTka Ha
AaHHW, Tabnuum 1 rpaduku OT eKCnepUMEHTM U U3MepBaHns Ha TepeH. Cb3aaaeHuaT Ha BasaTta Ha NPOBEAEHOTO u3creaBaHe
y4eBHUK CbabpXa ymbTBaHE N METOAOMOMMS 3a U3BMNMYAHE HA MHAOPMALMS OT rpadhikn 1 hOpMynMpaHe Ha NHXEHEPHU
3agaun. YyeOHMKBT NOHACTOSLLEM Ce U3MON3Ba B peauua yHusepcutetn B bpasunus (1)

This original work initiated in 1996 with a funded project. The idea is to demonstrate do students, initially at agriculture
engineering, how to use mathematics models based on given data, tables from experiments and graphs.

What information can be drawn by reading graphs and also descriptive (word) problems. This text-book is used in many
universities in Brazil (1)

Il. MpunoxHa matematka /Applied Mathematics
lpeanoxeHa e MeTOAONOMS 3a anpOKCUMAaLMA Ha peLleHneTo Ha Aobpe NO3HAToTO ypaBHeHuWe Ha Jlannac B cnyyas Ha
NPUMOXKEHNETO MY 33 MOAENMPAHE Ha MHAUATPaLUMS Ha XeTeporeHHa nopecTa cpeda CbC CUMHU npekbeBaHus. .(14,19,20).

These contribution shows how a solution of a well known Laplace’s Equation can be approximated, in flow through porous
media that are heterogeneous with rough discontinuity. (14,19,20).

I1l. MaTemaTunyecko MogenupaHe v NPUNOXEHWe Ha MaTeMaTukaTa B XMAPONor1sTa 1 HaykuTe 3a 3eMsaTa (3afadun 3a TeYeHue B
iepapxuyHK cpeam ¢ MUKpo- e me3o-cTpykTypa) /Applied Mathematics to Models in Geosciencies/Hydrology — Flow Problems
into Media with Multiple Scales.

1) Mony4eHo e aHanNUTUYHa anpoKCUMALMs Ha MaTepuanHus TEH30p ONMCBALL XeTEPOreHHOCTTa Ha CpeAaTa No OTHOLLEHNE Ha



BOAOMPONYCKNBOCTTA Ha CKanHMs MacvB. MpeanoxeH e XOMoreHaupaH MoAeN Ha Takuea cpefa, KOeTo NPaBy OCHLLECTBUMM
YMCTIEHUTE CUMYNaLMM Ha CTIOXHUTE NMPOLIECH B XETEPOreHH Cpean 3anasBaiiki aAekBaTHOCTTa Ha MOfIeNa 1 TOYHOCTTa Ha
PELLEHMETO HA CbOTBETHATA MaTeMaTh4ecka 3afiaya. TOYHOCTTa Ha MeToaa e AoKa3aHa CpaBHABaliKI PeLLeHIsITa NoMyYeH
Ype3 CKbMa Ha Pecypc KOMMIOTbPHa CUMYMaLMs 1 Ype3 onpocTeHaTa npoLeaypa basupaHa Ha NpeanoxeHaTa XOMoreHm3aLms.
(2,8,9,16,18,19,20,21).

1) These contributions show analytical means of approximating the tensor that mathematically describes heterogeneity of the
medium, by the rock’s permeability. A homogenized form of this medium is proposed that allow to make numerical calculations
of flow more feasible (and still accurate). The accuracy is shown by the many comparisons between the computationally
expensive numerical calculation and the simplified computation using the homogenized medium, which is called homogenized
approximation (2, 8, 9,16,18,19,20,21).

2) KombuHvpaiku aHanutuuHuTe pesyntati ot (ll) ¢ nogxopa paspaboteH B (Ill) e nonyyeHa no-gobpa anpokcuMaLyms Ha
PELLEHMETO Ha 3afadaTa 3a TeyeHme (M NPEHOC) B XETEPOrEHHM Cpeay ¢ nepapxiyHa CTpykTypa. MeToabT € NpunoXeH KoM
3afjauv 3a cpeay ¢ nepapxuyHa (MHOroH1BOBa MUKPO- U Me30-) CTPYKTypa 1 € NoKa3aHo, Ye € NoCTUrHaTa No-B1coka TOYHOCT
Ha peLLEeHNETO KaTo npoLeaypaTa € BCe Taka MKOHOMWUYHA MO OTHOLLEHWE Ha U3YMCTIUTENEH PECYPC B CPABHEHME C TO3M,
Heobxoaum 3a HeonpocTeHus mogen. (8, 11, 12,13,15)

These contributions are a follow up from the ones described in 1), because it combines the analytical results described in (Il) to
Produce a more accurate approximation to the flow results. The results are applied to problems that comprises multiple scales
across the New results, even more accurate, are still very computationally inexpensive

compared with the full computational model. (8, 11, 12,13,15)

3) Peayntatute ot 1) 1 2) ca npunoxenn kbm Linear System solver — Multigrid, koito € 4obpe no3Hat, yCTOMYMB 1 LLIMPOKO
13non3BaH anropuTbM. MPUNOXEHNETO My KbM epapXmyHi KOMMIOTLPHI Mogeni obaye e npean3BuKaTencTBo 3a Teau, KOUTo
pabotaT B 0bnactra. CneaoBatenHo, NpuMHOCHT TyK € B oborataBaHeTo Ha Multigrid n paspabotkara Ha Multiscale Multigrid
anropuTbM 3a epapx4HN MOAENN, KOUTO € aTpaKTUBEH KaTo CNeCTABALL, U3YUCTIUTENHU PECYPCU U OCUrypsBaLL, HAAEKOHOCT
Ha uucnenute pesynratu. (4,10)

The results described in 1) and 2) are applied to a Linear System solver called Multigrid. The reason is that this algorithm is very
well known, Popular and robust. However, its use in multiscale problems was a big challenge in the community. The results we
proposed, show how the solutions Presented before can be applied to make a Multiscale Multigrid algorithm that is
computationally attractive, and reliable. (4,10).

IV — MMpunoxeHue Ha MaTemaTukaTa 3a MaTeMaT4ecko MOJeNMpaHe Ha KOCTHa ThKaH — 3aayn 3a MoJenupaHe Ha TeveHue B
aedopmupyema cpefa ¢ epapxuyHa ctpyktypa / Applied Mathematics to Bone Tissue Modeling — Problems modeling flow with
deformation into Media with Multiple Scales.

4) Pa3paboteHunTe nogxoau 1 anroputmu B 3) ca NpuoKeHNe KbM 3a4aum, B KOUTO CE MOAENMPA He CamMo TEYEHMETO Ha
tnynz B nopecTa cpeaa, Ho 1 AehopMmpaHeTo Ha Tasu cpeaa. MogensbT e onucaH KaTo SIMHENHO-enacTyHa cuctema.
KOHKpETHOTO NpunoXxeHue B NpeacTaBeHnTe nybnmkalum e KbM MOAENMpaHe Ha KOCTHa TbkaH, HO NOA0BHM ypaBHEHNS 1
3a[a4v Bb3HUKBAT U Ce U3MON3BaT U B HaykuTe 3a 3emsTa, reodmuankara n reomexanukara. (4,6,7).

4) The algorithms presented in 3) are applied to problems that not only have flow, but also have mechanical deformations,
described by linear elastic systems. Even though the particular applications are targeted to bone tissue modeling, similar
equations appear in Geosciences and Geophysics (4,6,7).

V - lNpunoxeHue Ha MaTemMaTukaTa (MaTeMaTU4ECKO MOLENMPAHE M CUMYyMMpaHe) KbM KMMaTiyHu npobnemu ¢ u3nonasaqe
Ha nepapxuyeH nogxog / Applied Mathematics to Climate Modeling Problems using Multiscale approach
1) W3cnepBaHeTo npeacTaBnssa aHanua, uanonssaiku MoHTe Kapno metoam, Ha ronsm obem aaHHn (MpuHagnexaiuy Ha



BpasunckaTa gbpxasa) 3a Bogocbopa B 6aceiHa Ha peka AmMasoHka. [JaHHuTe ca cbbupanu ot 1950 1 ca cbxpaHsiBaHmM no
HauuH, KOTO He AaBa Bb3MOXHOCT 3a edhekTUBHa paboTa C TAX Ha Tean, KOUTO Ce 3aHMMaBaT C MOAENMPaHe Ha KNUMaTUYHUTE
npouecy. ToBa onpegens BaxHOCTTa Ha HanpaBeHUTe U3CNeaBaHUs 1 NONyYeHNUTe pesynTatu. Pesyntatute oT aHanu3a Ha
TE3M JaHHM 3a cera ca npegcTtaBeHn camo npeg American Geophysical Union (AGU). MyGrnukauusita Ha pe3yntatute u
OKOHYaTenHaTa UM peanuaauns 04aksa yTBbPXAEHUETO Ha Bpasunckute AbpxaBHW opraHu. (17).

1) This work is the reanalysis, using Monte Carlo Methods, of a huge data set owned by the Brazilian Government, regarding
measurements of river discharge in the Amazon’s River Basin. Since the data base is old, since 1950’, the way it was stored
was not very usable to the climate modeling community. The data reanalysis was performed and until now, it has only been
allowed into a poster presentation at American Geophysical Union (AGU). Its manuscript version and the final release of the
data is in course and going through the approval by the Brazilian Government (17).

2) Tosa uscneggaHe e npunoxenue Ha pesynratute ot (Il) and (lll) kbm npoLecy B NPUNOBBPXHOCTHUTE 3EMHI CMOEBE, KOUTO
BKIl0OYBAT TONMOOMEH BCNEACTBUE HA Bb3AEMCTBIE OT CITbHLETO M ApYrit aTMOCHEPHM (aKTOPU KaTo BATLP U Banexu.
Pesynratute 0T YncCneHuTe cuMynaLmm ca B Jobpo cbriacue ¢ NoNeBUTe M3MEPBAHMS Ha TemnepaTypara u
BOAOHACWTEHOCTTa Ha noygara. (3)

2) This work is the beginning of application of the works described in (II) and (Ill) to flow problems in the subsurface, that include
heat transfer from the surface through the sun and other atmospheric variables (like wind and precipitation). The simulated
results are well compared with the field data for subsurface measurement of the soil moisture and temperature (3).

VI - MpunoxeHne Ha maTemaTukaTa B keaHToBaTa MexaHuka / Applied Mathematics to Quantum Mechanics.

Ta3u paboTa pasrnexga HaunHW 3a ONUCBaHE Ha CPeaa, B KOSTO Ca BIOXEHN KBAHTOBW YacTuLmM (METOA Ha
ncesgonoTeHumana). Tasu cpefa ChLLO MOXe [a Ce pasrfexaa kato nepapxmyHa Cpeaa, KOeTo e BaXHO 3a MOBEAEHNETO Ha
yactuyute. MpUHOCHT TyK € NPUNOXEHMETO Ha KOHLeNUMATa 3a iepapxuyHa cpefa KbM (hopMynMpoBKa BKOYBALLA
ypaBHEHWETO Ha BurHep, koeto e 0606LieHVe Ha ypaBHeHeTo Ha LLpboauHrep. (5).

This work complies ways of describing the medium where the quantum particles are embedded, called Pseudopotential. This
medium has also Multiple scales which influences the behavior of the particles. The new contribution is the application of this
description into the formulation described by the Wigner's Equation, which is a generalization of the Schrédinger's Equation (5).



