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Georgiev, I., Harizanov, S., Vutov, Y.. Supervised 2-Phase Segmentation of Porous Media with
Known Porosity. Lecture Notes in Computer Science, 9374, Springer, 2015, ISSN:0302-9743,
DOI:10.1007/978-3-319-26520-9_38, 343-351.

Porous media segmentation is a nontrivial and often quite inaccurate process, due to the highly
irregular structure of the segmentation phases and the huge interaction among them. In this paper
we perform a 2-class segmentation of a gray-scale 3D image under the restriction that the
number of voxels within the phases are a priori fixed. Two parallel algorithms, based on the
graph 2-Laplacian model are proposed, implemented, and numerically tested.

CerMeHTHpaHETO Ha MOPHO3HU CPEIU € HETPUBUAJIEH M YECTO J0CTAa HETOYEH IPOIEC MOopaau
CHJIHO HEpaBHOMEpHATa CTPYKTypa Ha (a3uTe Ha CETMEHTHUpPAHE U TOJSIMOTO B3aMMOJCHCTBHE
Mexay Tax. B Ta3u cratus npencrassiMe aBydazoBa cermenTanus Ha 3D n3o0pakeHue B cuBaTa
CKaJia MpH OrpaHUUYEHHUETO, e OPOSAT HA BOKCEIUTE B paMKUTE Ha (a3uTe € anpuopu (Gpukcupas.
JIBa mapayienHu anroputrbMa, OazupaHu Ha Mojen Ha rpad 2-JlammacuaHu ca TPEIJIOKEHH,
peain3upaHu U TECTBAHU YHCIICHO.

Georgiev, I., lvanov, E., Margenov, S., Vutov, Y.. Numerical Homogenization of Epoxy-Clay
Composite Materials. LNCS, 8962, Springer, 2015, ISSN:0302-9743, DOI:10.1007/978-3-319-
15585-2_15, 130-137

The numerical homogenization of anisotropic linear elastic materials with strongly
heterogeneous microstructure is studied. The developed algorithm is applied to the case of two-
phase composite material: epoxy resin based nanocomposite incorporating nanoclay Cloisite.
The upscaling procedure is described in terms of six auxiliary elastic problems for the reference
volume element. A parallel PCG method is implemented for efficient solution of the arising
large-scale systems with sparse, symmetric, and positive semidefinite matrices. Then, the bulk
modulus tensor is computed from the upscaled stiffness tensor and its eigenvectors are used to
define the transformation matrix. The stiffness tensor of the material is transformed with respect
to the principle directions of anisotropy which gives a canonical (unique) representation of the
material properties. Numerical upscaling results are shown. The voxel microstructure of the two-
phase composite material is extracted from a high resolution computed tomography image.



W3crenBa ce dynciieHaTa XOMOTEHHU3AIUs Ha aHW30TPOITHH JIMHCHHHU €IaCTHYHH MAaTEPUANU ChC
CHJIHO XETepOreHHa MUKPOCTPYKTYpa. Pa3paboTeHUST alropuThM € MPHIOKEH KbM Ciydas Ha
nBy(a3eH KOMIIO3UTEH MaTeprall: HAHOKOMITO3UT HAa OCHOBATa Ha €MOKCHHA CMOJIA, BKIIFOYBAII
nanornuHara Cloisite. TIporienypara 3a brckeinar (upscaling) e omucaHa 1Mo OTHOIICHHE Ha
[IECT CIIOMAaraTeJHH €JIaCTHYHM 3a7a4yd 3a peepeHTHHs 0OeMeH eJeMeHT. IIpHIIoXKeH e
napanenied PCG meron 3a e(eKkTHBHO pellaBaHe Ha BB3HHUKBAIIUTE TOJIEMH CHCTEMH C
paspe/ieHd, CAMETPUYHN W TOJOKUATEIHH Moyonpeaeacan MaTpuin. Ciel ToBa TEH30pHT Ha
obemuus moayn (bulk modulus) ce u3uncisgBa OT TeH30pa Ha KOPaBHHA, & HETOBUTE COOCTBEHH
BEKTOPH C€ H3IOJ3BAaT 3a ONpele/iiHe Ha Marpuiara Ha TpaHchopmanusa. TeH30pbT Ha
KOpaBMHATa Ha Marepuaia ce TpaHc(hOopMHpa IO OTHOIICHHWE HA MPUHIUITHUTE TMOCOKH Ha
AQHU30TPOIHS, KOETO JaBa KAHOHUYHO (YHUKAJIHO) MpPEICTaBsSHE HAa CBOMCTBATa Ha MaTepHuala.
[pesncTaBeHu ca pe3yaTaTd OT YMCIeHA XOMOTCHHU3AIMS, KATO MUKPOCTPYKTYyparta Ha 1By(a3Hus
KOMITO3MTEH MaTepHaj € H3BJICUCHAa OT KOMITIOTbPHA TOMOrpadusi ¢ BHCOKa pasjeiuTesIHa
CIOCOOHOCT.

Blaheta, R., Kolcun, A., Jakl, O., Soucek, K., Stary, J., Georgiev, I.. HPC in Computational
Micromechanics of Composite Materials. Proceedings of the Second International Workshop on
Sustainable Ultrascale Computing Systems (NESUS 2015), 2015, ISBN:978-84-608-2581-4,
143-146.

By micromechanics we understand analysis of the macroscale response of materials through
investigation of processes in their microstructure. Here by the macroscale, we mean the scale of
applications, where we solve engineering problems involving materials. Examples could be
analysis of aircraft constructions with different composite materials and analysis of rock
behaviour and concrete properties in geo- and civil engineering applications.

ITon MukpoMexaHuka pazbupame aHajdM3 Ha MakpoMalllabHaTa peakius Ha MaTepHaJuTe upes3
U3CIeBaHE Ha IPOLIECUTE B TAXHATA MHUKPOCTpyKTypa. Tyk mox Makpomamiald pasdupame
Mainaba Ha MPUIIOKEHUATA, KbAETO pelllaBaMe HHKEHEPHU TPOOJIEMH, CBBP3aHU C MAaTEepUAIIUTE.
[Ipumepu 3a TOoBa Morar jAa ObJaT aHATU3BT Ha KOHCTPYKLIMHUTE HA CaMOJIETU C pa3IU4HU
KOMIIO3UTHU MaTepHalli U aHAJU3bT Ha MOBEJCHHETO Ha CKaJMTe M CBOiicTBaTa Ha OeTOHa B
TE€OMHKEHEPCTBOTO U IPa’kJaHCKOTO CTPOUTENCTBO.

Mirronova, M., lvanova, M., Naidenov, V., Georgiev, I., Stary, J.. Advanced study of fiber-
reinforced self-compacting concrete. AIP Conference Proceedings, 1684, AIP Publishing, 2015,
ISSN: 0094-243X, DOI:10.1063/1.4934293, 030009

Incorporation in concrete composition of steel macro- and micro — fiber reinforcement with
structural function increases the degree of ductility of typically brittle cement-containing
composites, which in some cases can replace completely or partially conventional steel
reinforcement in the form of rods and meshes. Thus, that can reduce manufacturing, detailing
and placement of conventional reinforcement, which enhances productivity and economic



efficiency of the building process. In this paper, six fiber-reinforced with different amounts of
steel fiber cement-containing self-compacting compositions are investigated. The results of some
of their main strength-deformation characteristics are presented. Advance approach for the study
of structural and material properties of these type composites is proposed by using the methods
of industrial computed tomography. The obtained original tomography results about the
microstructure and characteristics of individual structural components make it possible to
analyze the effective macro-characteristics of the studied composites. The resulting analytical
data are relevant for the purposes of multi-dimensional modeling of these systems. Multifactor
structure-mechanical analysis of the obtained with different methods original scientific results is
proposed. It is presented a conclusion of the capabilities and effectiveness of complex analysis in
the studies to characterize the properties of self-compacting fiber-reinforced concrete.

BxitouBaneTo B chCTaBa Ha O€TOHA HAa CTOMaHEHAa MaKpO- M MHKpPO-(puObpHA apMUPOBKA ChC
CTPYKTYpHa ()YHKIMS NOBHUINABA CTENEHTA Ha IYKTHIIHOCT Ha OOMKHOBEHO KPEXKHUTE IIMMEHT-
ChAbpiKalllkd KOMIIO3UTH, KOHUTO B HAKOM CJIy4daud MOrar Ja 3aMCHAT M3LAJI0 WM 4YaCTHUYHO
KOHBEHIIMOHAJHATa CTOMAaHEHAa apMHPOBKa 1oj (opMaTa Ha NMPBTH U Mpexu. ToBa MoOxke na
HaMaJid MpoOru3BOACTBOTO, I[eTaﬁanpaHeTo M IIOCTAaBsAHCTO HAa KOHBCHIIMOHAJIHATA apMHUPOBKa,
KOETO TIIOBHIIABA IPOM3BOJUTEIHOCTTa W HKOHOMHUYECKaTa e(EKTHBHOCT Ha CTPOUTEIHUS
npouec. B Tasum cratus ca u3cienBaHM LIECT CAaMOYIUTBTHSBAIM CE€ CHCTaBa, apMHPaHU C
pa3IuYHu KonndecTBa ctoManeHu Gpuopu. [IpeacraBenu ca pe3ynratute 3a HIKOU OT OCHOBHHUTE
UM  SIKOCTHO-Z€(OPMALIMOHHU XapaKTepUCTUKU. llpeasmokeH € aBaHTapAeH NOIXOA 3a
U3ClIeIBAaHE HAa CTPYKTYpHHTE W MaTepUAHUTE CBOMCTBA HAa TO3M THIl KOMIIO3HTH 4pE3
U3MOJI3BaHE HAa METOJUTE Ha UHAYCTpUadHaTa KommioTbpHa Tomorpadus. [lomydenuTte
OPHUTHHAIHU TOMOTPadCKU pe3yaTaT! 3a MUKPOCTPYKTYpaTa M XapaKTePUCTHKUTE HAa OTIACITHHUTE
CTPYKTYpHU KOMIIOHCHTHU JgaBatr BB3MOXHOCT Ja ce aHajIm3upar e(bCKTI/IBHI/ITe
MaKpOXapaKTEepUCTUKH Ha H3CJeBaHUTE KOMMO3UTU. [lomydeHHnTe aHATIUTHYHM JTAaHHU ca OT
3HAUYEHHE 3a IEIUTe Ha MHOrOMam@aOHOTO MOJEIMpaHe Ha Te3W CcHcTeMH. lIpemioxken e
MHOTO()aKTOpEeH CTPYKTYpPHO-MEXaHWYEH aHaJIW3 Ha [OJyYeHUTE C pPA3JIUYHU METOAM
OpUTMHAJIHU Hay4yHM pe3ynTtaTu. [IpeacTtaBeH e M3BOJ 32 Bb3MOXKHOCTUTE U €(PEKTUBHOCTTA Ha
KOMIUIEKCHUSI ~aHalM3 B U3CJIEJIBAaHMUATA 3a XapakTepu3MpaHe Ha CBoilcTBara Ha
caMOYIUTbTHSBaUIMs ce pudpoapmupaH OETOH.

Ivanova, Y., Partalin, T., Georgiev, I.. Comparison of NDT Techniques for Elastic Modulus
Determination of Laminated Composites. Studies in Computational Intelligence, 728, Springer,
2018, ISSN:1860-949X, DOI:10.1007/978-3-319-65530-7_8, 79-89

The study of dependence of elasticity modulus on the type, shape and structure of the fillers in
the composites is an important task. By theoretical point of view, different models are developed
to describe the relation between geometrical, mechanical and physical parameters of the fillers
and matrix with the macroscopic effective properties of composites. It is reasonably the Young’s
modulus of the composites to be determined both experimentally and theoretically. In the present
study non-destructive techniques are used for characterization of elastic modulus. NDT methods,
static and dynamic ultrasonic and vibration methods are applied to find the relations between
internal structure of composites and their elastic properties. For investigating of the elastic



properties in different directions of composites are used a methodology based on combination of
different kind of vibrations. The bar shaped specimens are examined by free longitudinal,
flexural and torsional vibrations.

W3ciieBaHeTo Ha 3aBUCUMOCTTA HA MOJyJIa Ha €JIaCTUYHOCT OT BHJA, (hopMara U CTPYKTypara
Ha I'bJIHUTEINTE B KOMIIO3UTUTE € BaXkHa 3a1a4a. OT TeopeTUYHa IJIeJJHa TOYKa ca pa3paboTeHH
pa3MYHU MOJENU 32 ONMHMCAaHHE Ha BpPB3KaTa MEXIY T'€OMETPHUYHUTE, MEXaHHUYHH U (PU3HYHU
apaMeTpd Ha NIBJIHUTEIMTE UM MaTpULaTa C MAaKpOCKOIMYHUTE e(QEKTHUBHM CBOMCTBA Ha
komno3utute. OCHOBaTeNHO € MOAYAbT Ha HOHr Ha KOMIIO3UTHTE [a CE€ OIpeless KakTo
eKCIIEpUMEHTAIHO, Taka U TEOPEeTHUYHO. B TOBa M3cienBaHe ca U3MOI3BaHU Oe3pa3pyLIUTEIHH
TEXHUKU 33 XapaKkTepuU3MpaHe Ha MoOJyJa Ha eJacTHU4YHOCT. Meroaurte 3a Oe3pa3pylIMTeNeH
KOHTPOJI, CTATUYHUTE M JAWHAMHYHHUTE YJITPa3BYKOBU W BUOPALMOHHU METOAM c€ IpuiaraT 3a
YCTaHOBSIBAHE HAa BPB3KUTE MEXAY BBTPELIHATa CTPYKTypa Ha KOMIIO3UTUTE M TEXHUTE
€JIACTUYHM CBOMCTBa. 3a M3Cie/BaHE HA €JAaCTUYHUTE CBOMCTBA B pa3jIMYHM HalpaBiICHUS Ha
KOMITO3UTHUTE C€ U3I10JI3Ba METOAMKA, OCHOBaHA Ha KOMOMHALIMS OT pa3jIM4HU BUJOBE BUOpaIUHU.

Blaheta, R., Georgiev, I., Georgiev, K., Jakl, O., Kohut, R., Margenov, S., Stary, J.. High,
Performance Computing in micromechanics with an application. Cybernetics and Information
Technologies, Volume 17, No 5, 2017, ISSN:1314-4081, DOI:10.1515/cait-2017-0050, 5-16.

High Performance Computing (HPC) is required for many important applications in chemistry,
computational fluid dynamics, etc.. In this paper we shortly describe an application (a multiscale
material design problem) that requires HPC for several reasons. The problem of interest is
analysis of the fiber-reinforced concrete and we focus on modelling of stiffness through
numerical homogenization and computing local material properties by inverse analysis. Both
problems require a repeated solution of large-scale finite element problems up to 200 million
degrees of freedom and therefore the importance of HPC computing is evident.

Bucokonpoussogutennute uzuucinenus (HPC) ca HeoOXxoaumu 3a MHOTO BaKHU MPUIIOKEHHS B
O6J'IaCTTa Ha XUMUATA, U3YUCIIUTEIIHATA JTUHAMHWKA Ha (1)J'Iy1/IJII/ITe 158 )Ip. B Ta3u CTAaTUS OIIMCBAMEC
HaKpaTKO €IHO MPHJIOKEHHEe (3a7adya 3a MHOTOMAIla0HO MPOEKTHpaHE HAa MaTepuaiu), KOETO
n3uckBa HPC no Hsaxonko nmpuunHu. [IpoOrembT, KONTO HU MHTEpECYBa, € aHaJIU3 Ha OETOH,
apmupal ¢ ¢ubpu, u Hue ce GoKycupame BbPXY MOJCIUPAHETO HA KOpaBUHATA upe3 YHcleHa
XOMOTCHH3AIMSI U M3YMCISIBAHETO HA JIOKAJTHUTE CBOMCTBA HA MaTepHala upe3 oOpaTeH aHaJIN3.
W nBata npoGiema U3UCKBAT MHOTOKPATHO PelllaBaHE Ha TOJIeMU KpailHOEJIEMEHTHHU 3a/1a4yH C JI0
200 MunoHa cTeneHd Ha ¢cBo0o1a U 3aToBa 3HaueHneTo Ha HPC uzunciaennsara € O4eBUIHO.

lankov, R., Georgiev, I., Kolosova, E., Chalakova, G., Datcheva, M., Evaluation of the Effective
Material Properties of Media with Voids Based on Numerical Homogenization and
Microstructure Data, Lecture Notes in Computer Science, 13858, Springer, 2023, ISSN:0302-
9743 https://doi.org/10.1007/978-3-031-32412-3 16, 181-187



This work is devoted to a 3D hybrid numerical-experimental homogenization strategy for
determination of elastic characteristics of materials with closed voids. The performed
homogenization procedure employs micro-computed tomography (micro—CT) and instrumented
indentation testing data (11T). Based on the micro-CT data a 3D geometrical model of a cubic
representative elementary volume (RVE) is created assuming periodic microstructure of the
material with closed voids. Creating the RVE respects the following principle of equivalence: the
porosity assigned to the RVE is the same as the porosity calculated based on the micro-CT
images. Next, this geometrical model is used to generate the respective finite element model
where, for simplicity, the voids are considered to have a spherical form. The numerical
homogenization technique includes proper periodic boundary conditions with unit force applied
in normal and shear directions. The employed constitutive model for the solid phase is the linear
elastic model whose parameters are determined based on IIT data. It is performed a validation
and verification study using simplified geometries for the RVE and under different assumptions
for modelling the voids.

Ta3u pabGora e mnocBereHa Ha 3D xuOpuIHa 4YHCICHO-EKCIEPUMEHTAlHAa CTpaTerus 3a
XOMOT'€HU3alMsl 32 ONPENETHE Ha €JaCTUYHUTE XapaKTEepUCTUKU Ha MaTepUalld CbC 3aTBOPEHU
KyxuHu. M3BBppieHara npouenypa 3a XOMOr€HU3UpaHe U3M0JI3Ba JaHHU OT MUKPOKOMIIIOThPHA
tomorpadust (micro-CT) u mHCcTpyMeHTanHo m3nuTBaHe ¢ uaeHtamus (IIT). B3 ocHoBa Ha
micro-CT pannute ce cwp3gaBa 3D reoMerpudyeH Mojen Ha KyOWYeH IPEJCTaBHUTEICH
eneMmeHnTapeH obem (RVE), kato ce mpuema nepuoiudHa MUKPOCTPYKTypa Ha MaTepuaia ChC
3arBopeHM KyxuHH. IIpum cb3naBaHeto Ha RVE ce cmasBa cinefiHuAT NOpUHLUI Ha
€KBUBAJIEHTHOCT: IIOPbO3HOCTTA, onpezeneHa 3a RVE, e cbliata kaTto NOpbO3HOCTTA, U3YUCIEHA
Bb3 ocHOBa Ha MICro-CT u3oOpaxkenusita. Ciiel TOBa TO3U F€OMETPHYCH MOJEIN CE U3I0JI3BA 3a
reHepUpaHe Ha CbOTBETHUS MOJIEN Ha KpailHUTE €J1EMEHTH, B KOMTO 3a ONPOCTSBAaHE CE CUUTA, Ue
KyXHHUTE UMaT cepuuna Gpopma. TexHuKaTa 3a yMCICHa XOMOT€HU3AIMsI BKJIIOYBA MOAXOISAIIN
MEePUOJNYHN T'PAaHUYHU YCIIOBUS C €AMHUYHA CUJia, IPUJIO’KEHA B HOPMaJIHA IIOCOKA U B MOCOKA
Ha cps3BaHe. M3MoN3BaHUAT KOHCTUTYTUBEH MOJEN 3a TBbpJaTa (aza e JIMHEHHUAT elacTUYeH
MOJIeJI, YAHUTO IIapaMeTpU ca OIpeAelieHH Bb3 OCHOBa Ha naHHM or IIT. M3BwpmieHo e
u3cie/BaHe 3a BaIMIUpaHEe U BepuUIUpaHe, KaTo ca MU3MOJI3BaHU ONPOCTEHH I'€OMETPHUU 32
RVE u npu paznuyHu 10nyCKaHus 3a MOJEIMpPaHe Ha KyXUHHTE.

Raykovska, M, Georgiev, I. A new surface treatment method for simplifying and enhancing the
segmentation of open space pore object. e-Journal of Nondestructive Testing Vol. 28(3),
NDT.net, 2023, ISSN:1435-4934, DOI:https://doi.org/10.58286/27713

This paper aims to present a new method for surface treatment of open pore materials and
specimens to aid and fasten the segmentation process. The study is divided into two parts. In the
first part of the investigation, three materials were tested on a plastic surface under laboratory
conditions: X-ray contrast dental adhesive, wax, and zinc spray. After careful observation of the
results, the zinc spray was selected for the purposes of the study. In the second part, the
experiment was repeated with zinc contrast layers on a single-rooted tooth in two and three
layers, zinc spray on sintered glass and a multirooted tooth in three layers. Region growing
method was selected for the segmentation. The selected specimens were covered with a contrast



layer, scanned, and images were reconstructed and analysed. After both the scanning and
reconstruction stages, success was achieved in the samples with three layers. As a next step, the
volumes of the root canal and the sintered glass were calculated successfully. In conclusion,
using zinc spray as an X-ray contrast coating may be a successful approach in micro-computed
tomography.

Ilenta Ha HacToOsAIIaTa CTaTHsl € Ja MPEJACTaBM HOB METOJl 3a MOBBPXHOCTHa 00OpaboTka Ha
MaTepualid U O0pa3lli C OTBOPEHH NOPH, 3a Ja C€ IMOAIMOMOTHE M YCKOPH IPOLECHT HA
cermMeHTHpane. M3cnenBanero e pasaeneHo Ha JABe YacTH. B mbpBara yacT Ha U3CIIEBAHETO TPU
MaTepHualia ca TeCTBaHH BBbPXY IJIACTMACOBA MOBBPXHOCT B JIAOOPATOPHU YCIIOBHS: PEHTICHOBO
KOHTPAaCTHO CTOMATOJIOTHYHO JICTTMJIO, BOCBK M LMHKOB cripeid. Ciies; BHUMATETHO HAOIOICHHIE
Ha pe3yJTaTUTEe 3a IEJUTE Ha M3CICABAHETO € M30paH IMHKOBHAT cnped. BB BropaTta wact
CKCIICPUMCHTBT 661].[6 IMMOBTOPCH C KOHTPACTHU HUHKOBU CJIOCBC BBPXY CJTHOKOPCHOB 3’b6 B IBa U
TPHU CJIOS, IUHKOB CIPEHl BBPXY CHHTEPOBAHO CTHKIO M MHOTOKOPEHOB 30 B TpH ClOs. 3a
CEerMEHTHpPaHeTO Oemie M30paH METOABT 32 M3PAcTBaHE HA pernoHH. M30panuTe 00Opasim Osxa
MOKPUTH C KOHTPACTCH CIIOW, CKaHHpaHH U U300paKeHHsTa Osxa PEKOHCTPYHpPaHH U
aHanmm3upanu. Kakro cien erama Ha CKaHUpaHe, Taka W CJeJl eTama Ha PEeKOHCTPYKIHs Oerie
MOCTUTHAT yCIeX MpH 00pa3iuTe ¢ Tpu cios. KaTo cienpaina CThIKA YCIEUTHO 051Xa U3YHCICHA
o0eMHTe HAa KOPEHOBHS KaHAJl M CHHTEPOBAHOTO CTHKIIO. B 3akiroueHue, M3MOI3BAHETO HA
[IUHKOB CHpEH KaTo PEHTTEHOBO KOHTPACTHO IMOKPUTHE MOXE Ja ObJie YCICHICH MOIXOJ B
MHUKPOKOMITFOTBpHATa TOMOTrpadusi.

Harizanov, S., Georgiev, I.. Fast Algorithm for Optimal Graph-Laplacian Based 3D Image
Segmentation. AIP Conference Proceedings, 1773, 2016, ISSN:0094-243X,
DOI:10.1063/1.4965010, 110006

In this paper we propose an iterative steepest-descent-type algorithm that is observed to converge
towards the exact solution of the I° discrete optimization problem, related to graph-Laplacian
based image segmentation. Such an algorithm allows for significant additional improvements on
the segmentation quality once the minimizer of the associated relaxed I' continuous optimization
problem is computed, unlike the standard strategy of simply hard-thresholding the latter.
Convergence analysis of the algorithm is not a subject of this work. Instead, various numerical
experiments, confirming the practical value of the algorithm, are documented.

B Ta3u cratus mpennaraMme uTepaTUBEH alTOPUTHM OT TUIA HA Hail-OBP30TO CIyCKaHe, 32 KOWTO
ce HalroaBa CXOMMOCT KbM TOYHOTO pELIEHHE Ha JAMCKpeTHaTa I° onrummsanmonHa 3anaua,
CBBbp3aHa ChC CETMEHTHUpPAaHE Ha M300pakeHHs C u3Mmoi3BaHe Ha rpad-Jlarmmacuanu. TakbB
AJITOPUTBM  TIO3BOJIsIBA 3HAYUTCIHHU  OOIBJIHHUTCIHU n0)106peH1/1$1 Ha Ka4dyeCTBOTO Ha
CErMEHTAIMATA, 34 pa3jIMKa OT CTAaHJApTHATA CTPATErvs Ha IMPOCTO MPAroBO CETMEHTUPAHE.
AHanu3bT Ha CXOAMMOCTTAa Ha ajlropuThMa HE € MpeaMeT Ha Ta3u paborta. BmecTto ToBa ca
JOKYMEHTUPaHU pPa3JIMYHU YHUCJIEHU EKCIIEPUMEHTH, KOWUTO IIOTBBPKJIAaBaT IPAKTHYECKATA
CTOMHOCT Ha aJlTOpPUTHMA.



Liolios, K., Tsihrintzis, V., Georgiev, K., Georgiev, .. A computational investigation of the
optimal reaction type concerning BOD removal in horizontal subsurface flow constructed
wetlands, Studies in Computational Intelligence, 648, Springer Verlag, 2016, ISSN:1860949X,
DOI:http://dx.doi.org/10.1007/978-3-319-32207-0_3, 29-45

A numerical simulation of Biochemical Oxygen Demand (BOD) removal in Horizontal
Subsurface Flow Constructed Wetlands (HSF CW) is presented. Emphasis is given to select the
optimal type of the reaction concerning the BOD removal. For this purpose, a computational
investigation is realized by comparing the most usual reaction type, the first-order one, and the
recently proposed Monod type, with simulated experimental data obtained from five pilot-scale
HSF CW units. These units were operated for 2 years in the facilities of the Laboratory of
Ecological Engineering and Technology (LEET), Democritus University of Thrace (DUTh),
Xanthi, Greece. For the numerical simulation the Visual MODFLOW family computer code is
used, and especially the RT3D code.

[IpencraBena e 4ucieHa cuUMyJalMs Ha peaykuusta Ha buoxuMuyHOTO nOTpedieHHE Ha
kucnopos (BOD) B u3KycTBeHU BJIa)KHU 30HU C XOPU3OHTAJICH MOj3eMeH nmoTok. Habmnsra ce Ha
n300pa Ha ONTHUMAJIEH THII PEAaKIHUs MO0 OTHOIIeHWE Ha npemaxBanero Ha BOD. 3a Ta3u men e
U3BBPIICHO YHCIICHO M3CJE/IBaHE Ype3 CpaBHSABAaHE Ha Hal-OOMYANHUS TUIl PEaKIus, Tasu OT
I'BPBU PEJl, U HACKOPO IMPEJIOKEHUS TUIl HA MOHO, ChC CUMYJIMpPAaHU €KCIIEpUMEHTAJIHN JaHHH,
MOJIy4YEHHU OT IMeT MWJIOTHH MHCTaJdaluu. Te3u MHCTAlalluu ca eKCIUIOATUPAaHU B MPOABIDKEHUE
Ha 2 roJIMHU B ChOpBKEHHUATA Ha JlabopaTopusiTa 3a €KOJIOIMUYHO MHXKEHEPCTBO U TEXHOJIOTUU
kbM Tpakuiicku ynuBepcutet "/lemokput" B rp. Kcantu, ['bpuus. 3a uncneHure cuMmynamnuu €
M3MOI3BaH KOMIIOTHPHUAT koA Visual MODFLOW, u no-cniermaiao koabsT RT3D.

Liolios, K., Tsihrintzis, V., Angelidis, P., Georgiev, K., Georgiev, .. Total phosphorus removal in
horizontal subsurface flow constructed wetlands: A computational investigation for the optimal
adsorption model. Studies in Computational Intelligence, 728, Springer, 2018, ISSN:1860-949X,
DOI:10.1007/978-3-319-65530-7_11, 109-121

A numerical simulation concerning Total Phosphorus (TP) removal in Horizontal Subsurface
Flow Constructed Wetlands (HSF CWs) is presented. For the phenomenon of absorption, a
comparison between the results of a linear and a non-linear model is realized. The purpose is to
investigate which one of these two adsorption models is the optimal one for the computational
simulation of TP removal. The simulations concern five pilot-scale HSF CWs units, which were
constructed and operated in the facilities of the Laboratory of Ecological Engineering and
Technology (LEET), Department of Environmental Engineering, Democritus University of
Thrace (DUTh), Xanthi, Greece. Concerning the numerical simulation, the Visual MODFLOW
computer code is used, which is based on the finite difference method. Finally, a comparison
between computational and available experimental results is given.

[IpencraBeHa e 4yuciIeHa CHUMYJIAlMs 3a OTCTpPaHsSBaHE HAa TOTaIHUA (Hochop B M3KYCTBEHH
BJIQXXHU 30HM C XOPU30HTAJICH TOJ3aMEH IOTOK. 3a SBJICHHUETO a0copOIus € HampaBeHO
CpaBHEHHE MEXAY pe3ylTaTUTe OT JTUHEeH M HeluHeeH mojen. llenTa e ma ce mpoydu Koif OT



TE3W JIBa MOJIeTia Ha aJIcOpOIUs € ONTUMAJCH 3a KOMIIOTHPHO MOJECIMPAHe Ha OTCTPAHSBAHETO
Ha ToTanHus ¢pocdop. CumynanuuTe ce OTHACSIT JI0 MeT MUIOTHU EIUHUIIN, KOUTO ca U3rPaleHH
U eKCIJIOATUPAaHH B ChOpBXKEHHATa Ha Jlaboparopusara 3a EKOJOTUYHO HWHKCHEPCTBO H
TexHojoruu kbM Karenpara mo eKOJOrMYHO HMHXKEHEPCTBO Ha TpakuiCKU YHHBEPCUTET
"Nemokput" B rp. Kcantu, I'sprust. [lo oTHOlIeHHE HaA yuciieHaTa CUMYyJalUs € H3MOJI3BaH
koMmiOTHPHUAT Ko Visual MODFLOW, koiiTo ce ocHOBaBa Ha METOJla Ha KPAWHHUTE Pa3IUKH.
Hakpast e nHampaBeHO CpaBHEHHE MEXAY IMOJIYYECHUTE YHCICHH pE3yJATaTH U HaTUYHUTE
€KCIIEPUMEHTAIHH JIaHHHU.

Fenz, W., Dirnberger, J., Georgiev, I.. Blood flow simulations with application to cerebral
aneurysms. Simulation Series, 48, 6, The Society for Modeling and Simulation International,
2016, ISSN:07359276, 12-19

Cerebral aneurysms are dilations of arterial walls that can grow and rupture. We present a novel
simulation system of the blood flow through intracranial aneurysms including its interaction with
the surrounding vessel. It enables physicians to estimate rupture risks by calculating the
distribution of blood pressure, velocity and wall stresses, in order to support the planning of
clinical interventions. For the numerical simulation, the computational domain is extracted from
medical image data of the patient’s cerebrovascular system. The blood is modeled as an
incompressible Newtonian fluid, and the surrounding vessel wall as an isotropic linear elastic
material. Both the Navier-Stokes equations for the fluid domain and the Lam e equations for the
solid domain are handled with a finite element method, and the resulting linear equation systems
are solved via an algebraic multigrid algorithm. Implicit coupling between blood flow and wall
elasticity is achieved using an iterative fluidstructure interaction technique deforming the fluid
mesh according to the wall displacement in each step. Boundary conditions are applied by
prescribing measured waveforms of blood velocity and pressure at inlet and outlet areas. Due to
the time-critical nature of the application, we exploit state-of-the-art numerical methods on
heterogeneous CPUGPU extremely parallel architectures.

Mo3byHHTE aHEBPU3MU Ca pa3lIMPEHUs Ha apTEepUATHUTE CTEHH, KOUTO MOTaT Jla HapacHar U Jia
ce cmykat. [IpeacraBsimMe HOBa cHUCTeMa 3a CHMYJAlUs Ha KPHBOTOKA IPE3 BBHTPEUEPEITHH
aHEBPU3MH, BKJIIOUHUTEIHO B3aUMOJEHCTBUETO MYy CbC 3a00MKaIsAMUs IO ChA. 15 daBa
BB3MOKHOCT Ha JIEKapUTE Ja OIICHSBAT PUCKOBETE OT pPa3KbCBAaHE Ype3 HW3UYHCISBAHE Ha
pasnpeeNeHeT0 Ha KPbBHOTO HAlIATaHE, CKOPOCTTa M HANpeKEHUsATa Ha CTEHWTE, 3a Jla ce
MOJIMOMOTHE TIAHWPAHETO HA KIWHUYHU MHTEPBEHIMHU. 3a LENUTE Ha YMCICHATa CUMYJIalus
M3YMCIUTENHaTa 00JacT ce M3BIMYa OT JAHHU OT MEJUIMHCKU M300pa’keHHs Ha MO3buHaTa
KPBHBOHOCHA CHCTeMa Ha manueHTa. KpbhBTa ce Mozmenupa KaTo HECBUBaeM HIOTOHOB (piywm, a
3a00MKaJsIIaTa S CTEHa Ha ChJa - KaTo U30TPOIIEH JIMHEEH eacTHUeH MaTepual. Y paBHEHHTA
Ha HaBue-Croxkc 3a ¢haynnnara ooiact u ypaBHeHusTa Ha Jlame 3a TBbpaTa 00JacT ce permaBar
C METO0/1a Ha KpalHUTE eJIEMEHTH, a MOJIyYeHUTE CUCTEeMU JIMHEWHU ypaBHEHHUs Ce pellaBar 4pes3
anreOpuYeH MYJITHTPHIT alTOPUTHM. VIMIUIMIIUTHOTO CBBpP3BaHE MEXAY KPBBHUS TIOTOK W
€JIACTUYHOCTTAa Ha CTEHATa Ce€ MOCTUIa Ype3 UTEpaTUBHA TEXHUKA 32 B3aHMMOJACHUCTBUE MEXIY
Gbayua v TBBPAO TAI0, KOSITO Aepopmupa (iaynaHaTa Mpexa B 3aBUCUMOCT OT IPEMECTBAHETO
Ha CTeHaTa Ha BcAKa cThIKa. [Ipunarar ce rpaHUYHU YCIIOBUS, KaTO C€ MPEANHUCBAT U3MEPEHUTE
(¢bopMH Ha BBJIHATA Ha CKOPOCTTA M HAJSITAHETO HAa KPHBTA B 30HUTE HAa BXojAa U u3xoxa. [lopanu



KPUTHYHUSA XaPAKTCP HA MMPUITIOKCHUCTO BbB BPCMCTO, HUC U3IMOJI3BAMEC CbBPEMCHHUTC YUCJICHU
MCTOOH BHPXY XETCPOIrCHHU MapaJICIIHU U3YNCIUTCIIHN apXUTCKTYPHU.

Toneva D., Nikolova S., Georgiev I., Tchorbadjieff A.. Accuracy of linear craniometric
measurements obtained from laser scanning created 3D models of dry skulls. Studies in
Computational Intelligence, 681, Springer, 2017, ISSN:1860949X, DOI:10.1007/978-3-319-
49544-6, 215-229

The aim of this study was to establish the reliability of directly taken linear measurements on dry
skulls and corresponding measurements taken on the 3D digital models created by laser scanning
as well as to assess the agreement between both measuring methods. Four skulls were measured
in two competitive methods—a direct measuring, based on the conventional craniometric
method, and a digital measuring, accomplished on 3D models created by laser scanning. Thirteen
cranial measurements were taken on both dry skulls and 3D models. The intraand inter-examiner
reliability was estimated using intraclass correlation coefficient. The agreement between both
measuring methods was assessed applying the Bland-Altman method for replicated
measurements. A Bland-Altman plot was constructed for each of the 13 parameters. The 3D
model and directly taken measurements were assessed as highly reliable and reproducible,
excepting the orbital height. Our results showed that 96% of all digital measurements differ from
the directly taken ones with less than 2mm and respectively 67.6% differ with less than 1mm.
Based on the results of the Bland-Altman plots, most of the measurements obtained by both
measuring methods could be accepted as comparable, since the majority of differences were
within the constructed limits of agreement. However, there were digital measurements,
particularly these with landmarks situated on bone margins, which systematically overestimated
the directly taken ones.

Ilenta Ha ToBa MpOyYBaHE € Ja C€ YCTAaHOBU HAJEKIHOCTTA HAa JUPEKTHO HAIIPaBEHUTE JIMHEWHN
M3MEpBaHUs BbpPXY CyXU YEpenu U ChbOTBETHUTE M3MEpBaHMs, HampaBeHU BbpXy 3D mudposu
MOJIENH, CB3/IaJl€HU 4Ype3 Ja3epHO CKAHMpAaHE, KAKTO M Jla CE OLIEHU CHOTBETCTBHETO MEXIY
JBaTa MeToJla Ha m3MepBaHe. UeTupu ueperna Osixa U3MEPEHU IO JBa KOHKYPEHTHH METoJa -
NpSKO H3MEpBaHe, OCHOBAHO HAa KOHBEHIMOHAIHHUS KPAaHHOMETPUYEH MeETOJ, M IU(PPOBO
U3MEpBaHe, M3BBPLIEHO BBPXY 3D Mozgenu, cbh3gaseHu upe3 JIa3epHO CKaHMpaHe. bsxa
HanpaBeHW 13 KpaHMAJHU W3MEpPBaHUSA KAKTO HA CyXM uepenu, Taka U Ha 3D moxenwm.
CbOTBETCTBHETO MEXYy /IBaTa METO/Ia HAa U3MEpPBaHe Oelle OLEHEHO Ype3 IpUlarane Ha MeToAa
Ha brmana-Antman. 3a Bceku oT 13-Te mapamerspa € mocTpoeHa nuarpama Ha bimana-AntmaH.
3D MoneabT UM ITUPEKTHO HaNpaBEHUTE U3MEPBAHUS OsiXa OLIEHEHU KaTO BUCOKO HAACKIHU U
BB3IPOU3BOIMMH, C U3KIIIOYEHNE HAa opOMTaNHaTa BHUcounHa. Pe3ynraTure HU mokasaxa, ye 96
% OT BCHYKHU AUTUTAIHUA U3MEPBAHUs CE pa3indyaBar OT JUPEKTHO HAIIPABEHUTE C TIO-MaJIKO OT 2
MM U CBOTBETHO 67,6 % ce pa3nuuaBaTr ¢ o-Majko oT 1 MM. Bb3 ocHOBa Ha pe3ynraTtute OT
rpadukute Ha brana-AnTMaH MOBEYETO OT M3MEpPBAHHUATA, MOJYYEHH Upe3 JBaTa METOAa Ha
U3MEpBaHe, Morar Jia ce IpUeMaT 3a CPaBHUMH, ThH KaTo IOBEUETO Pa3IMKU ca B PaMKHUTE Ha
IpaHUIUTE Ha ChOTBETCTBHE. BbhIIpeku TOBa, MMallle TUTMTAIHU U3MEPBAHUS, KOUTO CHUCTEMHO
HAJXBbpJISIXa JUPEKTHO HAIIPABEHUTE U3MEPBAHUS.



Kyovtorov, V., Georgiev, I., Margenov, S., Stoychev, D., Oliveri, F., Tarchi, D.. New antenna
design approach — 3D polymer printing and metallization. experimental test at 14-18 GHz. AEU
- International Journal of Electronics and Communications, 73, Elsevier, 2017, ISSN:1434-
8411, DOI:https://doi.org/10.1016/j.aeue.2016.12.017, 119-128

This paper proves a new approach for rapid prototyping of radio antennas through 3D printing
and chemical metallization. For this purpose, a standard metal pyramidal horn prototype is
compared with its 3D printed replica. Three different 3D polymer printers are tested. The printed
samples are assessed nondestructively by an X-ray Industrial Computed Tomography (CT)
scanner, and then metalized via chemical deposition and chemical-electrochemical deposition.
Copper with two different layer thicknesses and nickel materials are deployed and verified as a
metallization opportunity. Again the CT scanner, X-ray fluorescent analysis and nanoindentation
technique were used to perform the metallization quality estimation. As a result, a qualitative
polymer prototype was produced having weight of 13 g — ten times lighter than the original. The
prototype was successfully metalized and was able to be soldered. The radiomeasurement
comparison with the metal original for frequencies 14-18 GHz showed no significant
differences. Finally, a simple dynamometric test confirmed the bonding between the metal and
the polymer. To the best of our knowledge this is the first known comprehensive analysis of the
possibility to print 3D lightweight wideband polymer antenna prototypes with a stable chemical
metallization and radio properties very close to the original at 14-18 GHz.

Ta3u cratus n1oka3Ba HOB IOJXOJ 3a ObP30 Ch3/1aBaHE Ha NPOTOTHIM HA paauoaHTeHu ype3 3D
reyar U XMMUYECKO METalu3UpaHe. 3a Ta3u LIeJl Ce CpaBHsIBAa IPOTOTHUII HAa CTaHJapTHA METalHa
nupamMyiajHa aHTteHa ¢ HeiiHo 3D orneuataHo komnue. TecTBaHuM ca Tpu pazauuHu 3D
noiuMepHu npuHTepa. OrtneyaraHutre oOpa3Uu Cce OLEHSABAaT HEJIECTPYKTUBHO upe3
MHAYCTpHAJHA PEHTI€HOBA KOMIIOTBPHAa ToMorpadus, clie KOeTO Cc€ MeTaJu3upar upes3
XUMHUYECKO U €JEeKTPOXMMHMYHO oTiaraHe. Karo BB3MOXKHM MaTepHalld 3a MeTajlu3alus ca
U3CeBaHU MeJ C JIBE Pa3jIMYHM AeOeNMHHM Ha CJIOS U HHMKeN. 3a Ja ce M3BBPIIU OIIEHKa Ha
KauecTBOTO Ha MeETallM3alluiTa ca M3MOJI3BaHU: MUKPO-KOMIIOTbpPHA TOMOTpagusi, peHTT€HOB
¢iyopeclieHTeH aHaiu3 M HaHOMHJCHTalus. B pe3yirar Ha ToBa € NPOM3BENEH KauecCTBEH
MOJINMEPEH MPOTOTUN C Teryo 13 g - meceT MbTU MO-JIeK OT opuruHaina. [IporotunsT Oere
YCIIEIIHO METAJIM3UpPaH U Mokeule na ce 3anosBa. CpaBHEHHMETO Ha paJUOM3MEpBaHUATA C
METaJIHUS OpUTHHAN 3a 4ecToTH B MHTepBaia 14 - 18 GHz He mokasza 3HAUMTENHU pa3IUKU.
Hakpas, npocT AMHAMOMETPHUYEH TECT MOTBBPAU CBBP3BAHETO MEXIY METala U IOJUMEDA.
JIOKOJIKOTO HHM € M3BECTHO, TOBA € I'bPBUAT M3BECTEH ISUIOCTEH aHAJIW3 Ha BB3MOYKHOCTTA 3a
ornedaTBaHe Ha 3D 1€KW HIMPOKOJIEHTOBM IOJMMEPHU AHTEHHH NPOTOTUIIM ChC CTaOMIIHA
XUMHYECKa METaIM3alusl U paJloCBOMCTBA, MHOTO OJIM3KHU /10 T€3U Ha OpUTHHAJIa MPU YECTOTU

14 - 18 GHz.

Spassov, N., Hristova, L., Ivanova, S., Georgiev, I.. First record of the “small cave bear” in
Bulgaria and the taxonomic status of bears of the Ursus savini ANDREWS — Ursus rossicus
BORISSIAK group. Fossil Imprint, 73, 3-4, De Greuter, 2017, ISSN:2533-4050, DOI:10.1515/if-
2017-0015, 275-291.



The discovery of rich, well preserved skull material in the latest Middle Pleistocene deposits of
Mishin Kamik cave (N-W Bulgaria) presents an opportunity for a new analysis of the taxonomy
and the phylogeny of the so called “small cave bears”. Not all the small cave bears known would
have necessarily had a common origin, the size decrease could be related in a number of cases to
a parallelism. The bear from Mishin Kamik is identical with “Ursus rossicus” Borissiak from
Krasnodar (S. Russia). Both these samples must be referred to U. savini Andrews from Bacton
near Cromer (England). The specimens from Krasnodar and Mishin Kamik could be classified as
U. sa. rossicus, a late form of the species. This species may have affinities with some Middle
Pleistocene Siberian forms. U. savini is a small but very robust spelaeoid bear which is more
advanced in a number of features than U. deningeri. In several aspects it attained the evolutional
adaptations of the cave bears of the U. spelaeus- U. ingressus group and represents an
independent lineage of spelaeoid bears. The Mishin Kamik population was adapted to a mosaic
landscape of forests and open areas in hilly terrain. This bear had well developed grazing
adaptations but had weak motor abilities.

OtkpuBaneTro Ha Oorar, [o0Ope 3ama3eH dYeperneH MaTepual B Ha-KbCHUTE
CPEIHOIICHCTOLIGHCKH OTJIOXKEeHHUs Ha memiepata MumuH kamuk (CeBeposzanagHa bwiarapust)
JlaBa Bb3MOXKHOCT 332 HOB aHaJIM3 HAa TAKCOHOMHUATA U (PUIIOTEHUATA HA TaKa HapeYEHUTE "MajKu
nerepHu Medku'". He e 3a1bKUTETHO BCHUYKU M3BECTHU MAJIKH TMEUIEPHA MEYKH J1a ca UMAajH
0011 IPOM3X0/1, KaTO HAMAISBAHETO HAa pa3MEpUTE B PEAMIIa Clydan OM MOTJIO J1a C€ CBBPXKE C
napanenn3bM. Meukara oT MummMH KaMHK € macHThyHa ¢ "Ursus rossicus" na bopucsk ot
Kpacnonap (C. Pycus). 1 nata obpasena tpsiOBa ga 6p1at otHeceHH KbM U. savini Andrews oT
Bacton kpait Cromer (Aurmms). Exzemmuisipure ot KpacHogap 1 MummH KaMUK Morar ia Obaat
kiaacudunupanu karo U. sa. rossicus, kbcHa gopma Ha Buaa. To3u BUI MOXKE J1a ©Ma POJICTBO C
HSIKOU CPEeIHOIUICHCTONeHCKH crbupcku opmu. U. savini e Manmka, HO MHOTO 3/ipaBa HelIepHa
MeuKa, KOSITO € TI0-pa3BUTa B peauiia xapakrepuctuku ot U. deningeri. B Hskonko acriekra T €
JIOCTUTHAJa CBOJIOLUOHHUTE aJalTallid Ha MemepHuTe Meukd ot rpymara U. spelaeus- U.
INgressus u mpejacTaBlsiBA CaMOCTOSTEIHA JIMHHUS Ha crelieouaHuTe mMeuku. [lomynanusta ot
MHUIIMH KaMUK € aJanThpaHa KbM MO3aeueH JaHAma(T oT TOpU M OTKPUTH IUIOMIU B XBJIMHUCT
TEpEH.

Zolotarev, S., Vengrinovich, V., Mirzavand, M., Mukhtar, M., Georgiev, |.. Bayesian
reconstruction of images of objects with high-density inclusions with suppression of artifacts.
MATEC Web of Conferences, 145, EDP Sciences, 2018, ISSN:2261-236X,
DOI:10.1051/matecconf/201814505017, 05017

The technology of three-dimensional Bayesian tomographic reconstruction of homogeneous
objects with high-density inclusions is developed. The approach is based on preliminary
correction of projections by extracting the data corresponding to X-rays passing through a high-
density region, and replacing it with synthesized data obtained by two-dimensional interpolation.
An original method for selecting interpolation points is proposed and a mathematical algorithm
is described that ensures the implementation of two-dimensional interpolation correction of
projections.



Pazpabotena e Texnosorus 3a TpuMepHa beiicoBa Tomorpad)cka peKOHCTPYKITYUSI HA XOMOT€HHH
O00EKTH C BHMCOKAa IUIBTHOCT Ha BKIIOUBaHUATA. [loaxoabT ce ocHOBaBa Ha IpeBapUTENIHA
KOpPCKIMUA Ha MMPOCKUUUTC YPEC3 U3BJINYAHC HA JAHHUTC, CbOTBCTCTBAIIA HA PCHTICHOBUTC JIbYHU,
IIPEMUHABaIlM Tpe3 00JacT ¢ BHCOKA IUIBTHOCT, W 3aMsHATa UM CbC CHHTE3UPAaHU JaHHHU,
IOJy4eHU upe3 ABYU3MepHa MHTepnojanus. lIpennoxen € opuruHaleH MeToi 3a U300p Ha
TOUYKHU 32 UHTEPIOJIALMUS U € ONMCAaH MAaTEMaTUYECKH aJITOPUTHM, KOMTO OCUTypsiBa IPUIJIAraHETO
Ha IBYU3MCpPHA HMHTCPIIOIAlIMOHHA KOPCKIHA Ha IIPOCKIUUTE.

Liolios, K., Skodras, G., Georgiev, K., Georgiev, I.. Analysis of Contaminant Removal in a
Constructed Wetland Operating Under Step-Feeding: A Monte Carlo Based Stochastic
Treatment Accounting for Uncertainty,. Studies in Computational Intelligence, 1111, Springer,
Cham., 2023, ISSN:1860-949X, DOI:10.1007/978-3-031-42010-8_11, 103-111

The ability of a ConstructedWetland (CW) to remove effectively pollutants, while operating
under the alternative feeding technique of step-feeding, is investigated in a stochastic way. The
procedure is analyzed by taking into account uncertainty for input parameters, by using the
Monte Carlo method. Available experimental data are taking into account during the numerical
simulation. As the relevant results show, step-feeding seems not to improve the performance of
CWs to remove pollutants, in comparison with the corresponding results when the tank is
operating without this feeding technique.

CrnocobHocTTa Ha M3rpageHara BiaaxHa 30Ha (CW) ma orctpaHsiBa eEeKTHBHO 3aMBbPCHTEINH,
JI0KaTo pabOTH C aJTepHATHBHATa TEXHUKA HA 3aXpaHBaHE - CTHIAJIOBUIHO 3aXpaHBaHE, Ce
u3cieABa MO cToxacTWdeH HauuH. [Ipomemyparta ce aHamm3upa, KaTo ce B3eMa IPEABUI
HEOIpEeIeICHOCTTa Ha BXOJHUTE MapaMeTpH, KaTo ce u3noisBa meroabT Monrte Kapio.
HannyanTe eKcliepiMeHTaIHU TaHHHU c€ B3€MaT IMPEIBU] 110 BpeMe Ha YHCIeHAaTa CHUMYJIAIHsL.
KakTo noka3Bar cbOTBETHUTE PE3YJITAaTH, CTHIIAJOBUIHOTO 3aXpaHBaHe U3IJIEkKAa He 0J00psBa
paborara Ha KC 3a oTcTpaHsBaHE Ha 3aMBPCUTENN B CPaBHEHHE ChC CHOTBETHHUTE PE3YJITATH,
KOTaTo pe3epBoapbT paboTH 0e3 Ta3u TEXHUKA Ha 3aXpaHBaHE.

Liolios, K., Skodras, G., Georgiev, K., Georgiev, I.. Effluent Recirculation for Contaminant
Removal in Constructed Wetlands Under Uncertainty: A Stochastic Numerical Approach Based
on Monte Carlo Methodology, Lecture Notes in Computer Science, 13127, Springer, Cham,
2022, ISSN:0302-9743, 148-155

The problem of the alternative operational technique concerning effluent re-circulation in
Horizontal Subsurface Flow Constructed Wetlands (HSF CW), and the possibility of this
technique to remove efficiently pollutants under uncertainty, is investigated numerically in a
stochastic way. Uncertain-but-bounded input-parameters are considered as interval parameters
with known upper and lower bounds. This uncertainty is treated by using the Monte Carlo
method. A typical pilot case of an HSF CW concerning Biochemical Oxygen Demand (BOD)
removal is presented and numerically investigated. The purpose of the present study is to



compare the relevant numerical results obtained under parameter uncertainty and concerning
HSF CW operation with and without the effluent recirculation technique.

[IpoGneMbT ¢ anTepHaTUBHATA ONEpaTUBHA TEXHUKA 33 PELUPKYJIALUs HA OTHAAbYHUTE BOIU B
M3KYCTBEHUTE BJIAXKHU 30HHU C XOPU30HTAJIIEH NOA3EMEH NIOTOK U Bb3MOYKHOCTTA Ta3U TEXHHUKA J1a
oTcTpaHsiBa €(QEKTUBHO 3aMbPCUTEIM NpU HATUYHHE Ha HEOMNPEICIIEHOCTH € H3CleIBaH
yucaeHo. Heonpenenenu, HO OrpaHUYEeHU BXOJIHU MAPAMETPHU CE PA3MIICKAAT KaTO UHTEPBAIHU
rapaMeTpy C U3BECTHU TOPHU U JOJHU IpaHULM. Ta3u HEONmpeneaeHOCT ce TPETUpa Ype3 MeToaa
Mownre Kapio. [IpeacraBeH u u3cieiBaH YHUCICHO € TUIWYEH MUJIOTEH ClIy4yald Ha W3KYCTBEHA
BJI&)KHA 30Ha C XOPU3OHTAJIEH IMOA3€MEH IOTOK 3a OTCTpaHsBaHe HAa OHOXUMHUYHOTO
norpediieHne Ha Kuciopon. Llenta Ha HACTOSAMIOTO W3CIEABAHE € Ja C€ CPaBHAT CHOTBETHHTE
YUCJIEHU PE3YNTATH, IMOJYYEHU IPU HEONPENEICHOCT Ha IapaMETpUTE M OTHACALLU CE [0
paboTaTa Ha BIakHaTa 30HA ¢ U 0€3 TEXHUKA 32 e()EKTUBHA PEIIUPKYITAIIHS.

Jordanov, N., Georgiev, I., Karamanov, A.. Sintered Glass-Ceramics, Self-Glazed Materials and
Foams from Metallurgical Waste Slag, Materials, 14,(9), Multidisciplinary Digital Publishing
Institute (MDPI), 2021, ISSN:1996-1944, DOI:10.3390/mal14092263, 2263

The materials used for the synthesis of parent glass are 70% wt. metallurgical slag and 30% wt.
industrial quartz sand. The initial batch is melted at and then quenched in water. The resulting
glass frit is milled bellow 75 microns and pressed 1400 °C into “green” samples. In a next stage,
they are heat treated at different temperatures with various heating rates and holding times. As a
result, it is demonstrated the possibility for production variations, allowing the manufacture of
three types of new materials by using the same pressed glass powders. We highlight the
flexibility of the synthesis obtaining namely well densified glass-ceramics at about 950 °C, self-
glazed glass-ceramics at about 1000 °C or glass-ceramic foams at approximately 1100 °C. The
first set of materials is characterized by very well sintered structure combined with reasonable
crystallinity; the second one—by smooth self-glazed surface with an attractive appearance and
good properties and the third one—by 80 - 90% closed porosity and very good thermal stability
above 1000 °C.

Matepuanure, U3M0JI3BaHU 3a CHHTE3a Ha U3XO/IHO CTBKIIO, ca 70% metanypruuna nuiaka u 30%
IIPOMUIIUIEH KBaplOB ISIChK. [IbpBOHaYamHaTa mapTHia ce pa3TomsiBa U Cle/l TOBA ce OXJaxkIa
BBB Boja. [lomydenara cTokieHa pura ce cmmia g0 75 Mukpona u ce npecoa Ha 1400°C B
"3enenu" obpasuu. Ha cienpaius eran Te ce mojuiaraT Ha TepMUYHA 00pabOTKa MU pa3IUuyHU
TEeMIIepaTypy C pa3INdYHU CKOPOCTH Ha HarpsBaHE M BpeMe Ha 3aJbpkaHe. B pesynraTr Ha ToBa
ce JIEMOHCTpPHUpa BH3MOXXHOCTTA 3a TPOM3BOJICTBEHN BapHAaIlMH, TIO3BOJISIBAIIM ITPOU3BOACTBOTO
Ha TPU BHJA HOBU MaTe€pHaJM 4pe3 M3MOJI3BAHETO HA €IHU M ChIIM IPECOBAHU CTHKICHH
npaxoBe. [lomuepraBamMe T'BBKAaBOCTTa Ha CHHTE3a, KaTo TIOJydaBaMe J00pe VYILTbTHEHa
CTBKJIOKepamuKa 1pu okoio 950 °C, camo3zarnaneHa crpkiaokepamuka mpu okoso 1000 °C wim
cThKIOKepamMudHa TisiHa 1pu okosio 1100 °C. IIspBusT HaOOp OT MaTEpHAIIN CE€ XapaKTEPU3Hpa C
MHOI0 J00pe creueHa CTpyKTypa, ChUeTaHa C pa3yMHa KPHUCTAJIHOCT, BTOPUAT - C TJIajKa



camoria3ipaHna MOBbPXHOCT C MPUBJIEKATENICH BHHIICH BUI U JOOPH CBOWCTBA, a TPETHAT - ¢ 80-
90% 3aTBOpEeHa MOPHO3HOCT U MHOTO J10Opa TepmuyHa ctadbunHoct Hazg 1000 °C.

Karamanov, A., Georgiev, I, Relationship among structure, properties and appearance of
sintered glass-ceramics and composites from hazardous industrial wastes, International
Multidisciplinary Scientific GeoConference Surveying Geology and Mining Ecology
Management, SGEM, 2021, ISSN: 1314-2704, Vol: 21, Issue: 4.1, Page: 165-174,
https://doi.org/10.5593/sgem2021/4.1/s18.31

The largest manufactures of glass-ceramics in the last decades are related to the luxurious
Japanese tiling material “Neoparies" and its replicas, developed in China. These marble-like
materials are produced by sintering and surface crystallization of glass grains (frit) with original
composition, placed in large refractory moulds (up to 1-2 m?) and the subsequent grinding and
polishing of final panels in use. Since these products are manufactured in high volumes, the
technology seems to be very appropriate for synthesis of tiling materials using frits from
different vitrified industrial wastes. In addition, due to the immobilization of heavy metals from
the waste into the stable glass structure, this approach is also very suitable for the inertization of
harmful industrial wastes. Here are presented some examples, studied by the authors, about
sintered glass-ceramics with an attractive appearance obtained by glass frits, based on fly ashes
from municipal incinerator, blast furnace slag and residues from Zn and Cu productions. The
possibility to produce composites with addition of crushed ceramics rejects in the main frit is
also demonstrated and discussed. The sintering and the crystallization are elucidated by DTA and
XRD, while the structure of specimens is observed with optical microscopy. Special attention is
paid on the distribution of residual porosity and the pore size and shape; these results are
obtained by detailed scanning with X-Ray Micro Computed Tomography. Then the effect of
particles size or the simultaneous usage of various fractions on the appearance of final materials
and on their mechanical and thermal properties are discussed in details. The studied samples are
characterized with both high chemical durability and mechanical properties, which significantly
surpasses the characteristics of natural stones and traditional tiling ceramics.

Haii-roneMunre npon3BOoACTBa Ha CTHKIOKEPAMHUKA MPE3 MOCIETHUTE IECETHIIETUS Ca CBBP3AaHHU C
JYKCO3HMSI SIMOHCKM Marepuan 3a Iulouku "Neoparies" W HEroBUTE PEIUIMKH, pa3paboOTEeHH B
Kuraii. Te3n marepuanu, HamogoOsSBaIld MpPaMop, C€ IPOU3BEXKJAT 4Ype3 CHHTEPOBAHE H
MOBBPXHOCTHA KPUCTAIM3AIMs Ha CThKJIEHHU 3bpHa ((ppuTa) C OpUrHHAJIEH ChCTaB, IOCTABEHH B
rojieMu orueynopHu ¢opmu (J1o 1-2 m? ), ¥ MOCIIeBALIO Mg oBaHe U MOJUpPaHEe HA KpalHUTe
naHenu npu ynorpeba. TwH Karo Te3u NPOAYKTH C€ MPOM3BEXKAAT B TojemMu o0OeMmu,
TEXHOJIOTHATA M3IJIEKAa MHOTO NOAXOJANIAa 3a CHHTE3 HAa MaTepHald 3a IUIOYKH, KaTo ce
U3MOI3BaT GPUTH OT Pa3IMYHU CTHKIOKEPAMUYHU IPOMUIILIEHH oTnaablu. OCBeH ToBa, Mopaau
MMOOWIIN3UPAHETO HA TEXKKHUTE METaIM OT OTHAIbIMTE B CTaOMIHATA CTPYKTYypa Ha CTBKJIIOTO,
TO3U MOJAXO0Jl € MHOTO MOJXOJSII M 32 HHEPTHOCT Ha BPEIHU MPOMHUIUIEHH OoTHaabuu. Tyk ca
IIPEICTAaBEHN HSKOM TNPUMEPH, H3CIEIBAHM OT aBTOPHUTE, 3@ CIIEYEHA CTHKIOKEpaMHKa C
aTpaKTUBEH BBHILIEH BUJ, MOJy4Y€Ha OT CThbKJIEHHW (pUTH, Ha Oa3zaTa Ha JeTAIIa Meneia OT
OOIIMHCKM HMHCUHEpaTop, JOMEHHa IIaka W OCTaThIM OT mpou3BojacTBa Ha Zn u Cu.
JleMoHCTpHUpaHa U 00CB/I€HA € U Bb3MOXKHOCTTA 3a IOJy4aBaHE Ha KOMIIO3UTH ¢ JoOaBsiHE Ha
HATPOLICHU KepaMUYHU OTNaablu B ocHOBHUS pput. C momorura Ha DTA u XRD ca uzsicHenu
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CHHTEPOBAHETO W KPUCTAIHM3AIMATA, a CTPYKTypaTa Ha oOpasuuTe € HabJIoJaBaHa C ONTHYHA
Mukpockonus. CrenuagsHo BHMMAaHHME € OTJEICHO Ha pa3NpelesieHHeTO Ha OcTaThb4yHaTa
MOPHO3HOCT, KaKTO W Ha pa3Mepa W ¢opmara Ha MOPUTE; TE3U PE3yATaTH ca MOIYyYCHH 4Ype3
oIPpoOHO CKaHUPAHE C PEHTT€HOBAa MUKPOKOMIIOThpHA ToMorpadusa. Cien ToBa ce pa3riex/a
1101Ipo0OHO BJIMSHUETO HA pa3Mepa Ha YaCTULIMTE WIM €JHOBPEMEHHOTO U3I10JI3BaHE HA Pa3INYHU
bpakuuu BbpXY BBHIIHUSA BUJ Ha KpallHUTE MaTepuald U BbPXY TEXHUTE MEXaHUYHU U
TEPMUYHU CBOWCTBa. M3cienBanure oOpasly ce XapakTepus3uparT KakTO ¢ BHCOKAa XMMHYECKa
TPaHOCT, TaKa U ¢ MEXaHUYHU CBOWCTBA, KOUTO 3HAYUTEIIHO MPEBB3X0KIAT XapaKTEPUCTUKUTE
Ha €CTECTBEHUTE KAMBHU U TPAJUIIMOHHATA KEPAMHKa 32 OOJIHIIOBKH.

Koprinkova-Hristova, P., Georgiev, I., Raykovska, M, Echo State Network for Features
Extraction and Segmentation of Tomography Images, Computer Science and Information
Systems, , 2024, 21(1), 379-393, ISSN: 2683-3867, https://doi.org/10.2298/CS1S230128045K

The paper proposes a novel approach for gray scale images segmentation. It is based on multiple
features extraction from a single feature per image pixel, namely its intensity value, via a
recurrent neural network from the reservoir computing family - Echo state network. The
preliminary tests on the benchmark gray scale image Lena demonstrated that the newly extracted
features - reservoir equilibrium states - reveal hidden image characteristics. In present work the
developed approach was applied to a real life task for segmentation of a 3D tomography image
of a bone whose aim was to explore the object’s internal structure. The achieved results
demonstrated the novel approach allows for clearer revealing the details of the bone internal
structure thus supporting further tomography image analyses.

B crarusra ce npezayara HOB MOJIXOJ 32 CETMEHTUpPaHe Ha M300paKeHHs B CHBa ckaja. Tou ce
OCHOBAaBa Ha M3BJIMYAHCTO Ha MHOKCCTBO IpU3HAIX OT CAUH-CAUHCTBCH IMPU3HAK 3a IMUKCCII Ha
M300paKEHUETO, @ UMCHHO CTOMHOCTTAa Ha MHTEH3UTETa MY, Ype3 PEeKYpeHTHA HEBPOHHA MpExka
OT CEMEHCTBOTO Ha pe3epBoapHuTe u3uucienus - Echo state network. Ipensapurenuute
TECTOBE BBPXY E€TAIOHHO CHBO CKaJdHO H300pakeHHMe Lena moka3axa, 4e HOBOU3BICUCHHTE
XapPaKTCPUCTHKHU - PE3CPBOAPHU PABHOBECHHU CHCTOAHHUA - Pa3KpUBAT CKPUTHU XAPAKTCPUCTUKU HA
n3o0paxxeHuero. B HacTosmara pabora pa3pabOTEHHUAT MOAXO0]] € MPHIIOKEH KbM pealiHa 3a1a4a
3a cermeHTupane Ha 3D TomMorpadcko m300pakeHHe Ha KOCT, YHATO IIET € J1a Ce U3CIeaBa
BBTpEIIHATA CTPYKTypa Ha oOekTa. [locTHrHaTuTe pe3yinTaTH Moka3axa, 4e HOBHST MOIXO]
II03BOJISIBA MO-SICHO PA3KpUBAHE HA JIETAWJIMTE HA BBTPEIIHATA CTPYKTypa Ha KOCTTa, KaTo IO
TO3M HAYMH TOJIIOMAara mo-HaTaThITHUTE aHAJTH3U Ha TOMOTPadCKU N300pasKeHHMSI.
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