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Hayuynu npecMmsTanus ¢ TojisiMa pa3MEpHOCT U MapaJieIHA aJITOPUTMH.

UYwcieHn MeTOIM 3a pelllaBaHe Ha YaCTHU TU(EepPSHIMAHN YpaBHEHUs (METOJ] Ha KpaliHUTe
Pa3IUKU U METOJT Ha KPaHUTE SIICMEHTH).

Wzuucnurenna nuHeliHa anreOpa (UTepaTUBHE METOU U AITOPUTMH, TPEOOYCIIaBsIHE, pa3peCHU
MAaTPHIIHA).

Hayuynu npecmsTanus ot rojsmMa pa3MepHOCT 3a €KOJIOTHYHH 3a/1a4k, OMOMEAMIIMHCKY U
WHXXCHEPHU 3aJ1auH.

CynepKOMIOTBPHH TIPUI0KEHHS

YJ1eHCTBO B PE€AKOJIEIrIA HA MEKAYHAPOAHHU HAYYHHU CIIMCAHUA

Numerical Linear Algebra with Applications

Computational Methods in Applied Mathematics

Annals of Data Science

Scalable Computing: Practice and Experience

Cybernetics and Information Technologies

International Journal on Numerical and Analytical Methods in Engineering
International Journal of Numerical Analysis and Modeling, Series B - no 2015

HaquO OpraHu3allMOHHHA IleﬁHOCTH

VYupenurena u ObJITOrOAUIIEH IMpeAceaaTeNl Ha OpraHU3alUOHHMS KOMUTET HA MEKIYHAPOIHHUTE
konpepennuu Large-Scale Scientific Computations (LSSC)
http://parallel.bas.bg/Conferences/SciCom17/index.html

Yupeauren u npeacenaren Ha bearapckara cekius Ha SIAM

PbK0BOACTBO HA HAYYHH ¥ HAYYHO-NIPUJIOKHHM MPOEKTH: U30PAHU MPOEKTH 32
MOCJIeAHUTE S roquHmn

A. JloroBopu, ¢puHAHCUPAHM OT BLHIIHY 32 Bbiarapusi u3rounnum

1.

Joroeop no ITporpama Xopuszont 2020, H2020- GA-2015-664406 MMAC, Centre of Excellence
for Mathematical Modeling and Advanced Computing

b. JloroBopu, puHaHCHPaHH OT OBJATAPCKU U3TOYHUIU

1.

OnepartuBHa nporpama ,,Hayka u o0ia3oBaHue 3a HHTEIMIEHTEH pacTex”, LIeHThp 3a BEPXOBU
noctwkeHus o Mudopmarnka u nHGOPMAIIMOHHN U KOMYHUKAITMOHHN TEXHOJOTHH

®onp ,,HN”, JIH 12/1, Unciienn MeToau 1 allTOPUTMU 32 3a7a49u ¢ [pooHa audysus (ot 2020 T.
PBKOBOAMTEN Ha MpoekTa e goi. CtaHnucnaB XapHu3aHOB)

Harmonanna mpTHA KapTa 32 HayyHa HHPPACTPYKTypa, briarapcku cynepkoMIOTEPEH HEHTHP:
BHCOKOIPOM3BOIUTEIIHA HHPPACTPYKTYpa 3a KOMITIOTHPHO MOJICIUPAHE, CUMYJIAIlUK U
M3CJIeIBaHUS C TIPUJIOKECHUS B IPOMHUIIJICHOCTTA, MEAUILIMHATA, ()apMalleBTHKA, CHEPIeTHKA,
TpaHCIOPT, PUHAHCH U OKOJIHA Cpefia

Harmonasna mbTHa KapTa 3a HayuyHa uH(pacTpykTypa, HarpionaneH neHTsp 3a
BHUCOKOTIPOHU3BOJIUTEITHU U Pa3Npe/IelIeHU IPECMATAHUS


http://parallel.bas.bg/Conferences/SciCom17/index.html

B. PLKOBOJICTBO HA MEKJIYHAPO/JHH JOTOBOPH IO EKBUBAJIEHT

1.

2.

Lorosop no EBP c IGAS, Yexusa, “Microstructure and multiscale modeling of bio- and geo-
environment”
Jorosop no EBP c IGAS, Yexus, “High Performance Computing for Innovations”

N30pann HayYyHH NyOJTUKAIMA OT NMOCJEIHUTE 5 TOINHA

1.

10.

11.

12.

S. Harizanov, R. Lazarov, S. Margenov, A survey on numerical methods for spectral Space-
Fractional diffusion problems, Fractional Calculus and Applied Analysis, Vol. 23 (6) (2021),
1605-1646, IF: 3.170

S. Harizanov, N. Kosturski, S. Margenov, Y. Vutov, Neumann fractional diffusion problems:
BURA solution methods and algorithms, Mathematics and Computers in Simulation (2020),
https://doi.ore/10.1016/j.matcom.2020.07.018, IF: 1.620

S. Harizanov, R. Lazarov, S. Margenov, P. Marinov, Numerical solution of fractional diffusion—
reaction problems based on BURA, Computers & Mathematics with Applications, Vol. 80 (2)
(2020), 316-331, IF: 3.370

S. Harizanov, R. Lazarov, S. Margenov, P. Marinov, J. Pasciak, Analysis of numerical methods for
spectral fractional elliptic equations based on the best uniform rational approximation, Journal of
Computational Physics, Vol. 408 (2020), 109285, https://doi.org/10.1016/j.jcp.2020.109285, IF:
2.985

R. Ciegis, V. Starikovi¢ius, S. Margenov, R. Kriauzien¢, Scalability analysis of different parallel
solvers for 3D fractional power diffusion problems, Concurrency and Computation: Practice and
Experience, Vol. 31 (19) (2020), e5163, https://doi.org/10.1002/cpe.5163, IF: 1.447

S. Harizanov, R. Lazarov, P. Marinov, S. Margenov, Y. Vutov, Optimal solvers for linear systems

with fractional powers of sparse SPD matrices, Numerical Linear Algebra With Applications,
(2018), https://doi.org/10.1002/nla.2167, IF: 1.424

R. Ciegis, V. Starikovi¢ius, S. Margenov, R. Kriauzien¢, Parallel solvers for fractional power
diffusion problems, Concurrency and Computation: Practice and Experience, Vol. 29 (4) (2017),
https://doi.org/10.1002/cpe.4216, IF: 1.133

S. Stoykov, S. Margenov, Numerical methods and parallel algorithms for computation of periodic
responses of plates, Journal of Computational and Applied Mathematics, Vol. 310 (2017), 200-
212, IF: 1.357

S Harizanov, S Margenov, P Marinov, Y Vutov, Volume constrained 2-phase segmentation
method utilizing a linear system solver based on the best uniform polynomial approximation of x—
Y, Journal of Computational and Applied Mathematics, Vol. 310 (2017), 115-128, IF: 1.357

V. Kyovtorov, I. Georgiev, S. Margenov, D. Stoychev, F. Oliveri, D. Tarchi, New antenna design
approach — 3D polymer printing and metallization experimental test at 14-18 GHz, International
Journal of Electronics and Communications (AEU), Vol. 73 (2017) 119-128, IF:1.147

S. Stoykov, E. Manoach, S. Margenov, An efficient 3D numerical beam model based on cross
sectional analysis and Ritz approximations, ZAMM-Journal of Applied Mathematics and
Mechanics/Zeitschrift fiir Angewandte Mathematik und Mechanik, Vol. 96 (7) (2016), 791-812,
IF: 1.332

J. Kraus, R. Lazarov, M. Lymbery, S. Margenov, L. Zikatanov, Preconditioning Heterogeneous
H(div) Problems by Additive Schur Complement Approximation and Applications, SIAM Journal
on Scientific Computing, VVol. 38 (2) (2016), A875-A898, IF: 2.195



https://doi.org/10.1016/j.matcom.2020.07.018
https://doi.org/10.1016/j.jcp.2020.109285
https://doi.org/10.1002/nla.2167
https://doi.org/10.1002/cpe.4216

13. S. Stoykov, S. Margenov, Scalable parallel implementation of shooting method for large-scale
dynamical systems. application to bridge components, Journal of Computational and Applied
Mathematics, Vol. 293 (2016), 223-231, IF: 1.357
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2021

1. S. Margenov, N. Popivanoy, |. Ugrinova, S. Harizanov, T. Hristov, Mathematical and computer
modeling of COVID-19 transmission dynamics in Bulgaria by time-depended inverse SEIR model, AIP
Conference Proceedings, Vol. 2333 (2021), 090024, https://doi.org/10.1063/5.0041868, SJR

2. S. Harizanov, S. Margenov, N. Popivanov, Spectral Fractional Laplacian with Inhomogeneous
Dirichlet Data: Questions, Problems, Solutions, BGSIAM 2018, Springer Nature, SCI 961 (2021), 123—
138, SJR

3. S. Margenov, Supercomputers and Supercomputer Applications: Opportunities and
Challenges, Journal of the Bulgarian Academy of Sciences, Vol. 1 (2021), 19-24 (in Bulgarian)

2020

4, S. Harizanov, R. Lazarov, S. Margenov, A survey on numerical methods for spectral Space-
Fractional diffusion problems, Fractional Calculus and Applied Analysis, Vol. 23 (6) (2021), 1605-1646,
IF

5. D. Slavchev, S. Margenoy, |.G. Georgiev, On the application of recursive bisection and nested
dissection reorderings for solving fractional diffusion problems using HSS compression, AIP
Conference Proceedings, Vol. 2302 (2020), 120008, https://doi.org/10.1063/5.0034506, SJR

0. S. Harizanov, N. Kosturski, S. Margenov, Y. Vutov, Neumann fractional diffusion problems:
BURA solution methods and algorithms, Mathematics and Computers in Simulation (2020),
https://doi.org/10.1016/[.matcom.2020.07.018, IF

7. S. Harizanov, R. Lazarov, S. Margenov, P. Marinov, Numerical solution of fractional diffusion—
reaction problems based on BURA, Computers & Mathematics with Applications, Vol. 80 (2) (2020),
316-331, IF

8. S. Harizanov, R. Lazarov, S. Margenov, P. Marinov, J. Pasciak, Analysis of numerical methods
for spectral fractional elliptic equations based on the best uniform rational approximation, Journal of
Computational Physics, Vol. 408 (2020), 109285, https://doi.org/10.1016/}.jcp.2020.109285, IF

2019

9. R. Ciegis, V. Starikovi€ius, S. Margenov, R. Kriauziené, Scalability analysis of different parallel
solvers for 3D fractional power diffusion problems, Concurrency and Computation: Practice and
Experience, Vol. 31 (19) (2020), e5163, https://doi.org/10.1002/cpe.5163, IF

10. S. Margenov, T. Rauber, E. Atanassov, F. Almeida, V. Blanco, R. Ciegis, A. Cabrera, N.
Frasheri, S. Harizanov, R. Kriauzien, G. Runger, P. San Segundo, V. Starikovicius, S. Szabo, B.
Zavalnij, In: Applications for ultrascale systems, Ultrascale Computing Systems, IET (2019), 189-244

2018


https://doi.org/10.1063/5.0041868
https://doi.org/10.1063/5.0034506
https://doi.org/10.1016/j.matcom.2020.07.018
https://doi.org/10.1016/j.jcp.2020.109285

11. S. Harizanov, R. Lazarov, P. Marinov, S. Margenov, Y. Vutov, Optimal solvers for linear systems
with fractional powers of sparse SPD matrices, Numerical Linear Algebra With Applications, (2018),
https://doi.org/10.1002/nla.2167, IF

12. D. Slavchey, S. Margenov, Performance Analysis of Intel Xeon Phi MICs and Intel Xeon CPUs
for Solving Dense Systems of Linear Algebraic Equations: Case Study of Boundary Element Method
for Flow Around Airfoils, Advanced Computing in Industrial Mathematics: 12th Annual Meeting of the
Bulgarian Section of SIAM December 20-22, 2017, Studies in Computational Intelligence, Vol. 793
(2018), 369-382, SJR

13. S. Harizanov, S. Margenov, Comparison Analysis on Two Numerical Solvers for Fractional
Laplace Problems, Advanced Computing in Industrial Mathematics: 12th Annual Meeting of the
Bulgarian Section of SIAM December 20-22, 2017, Studies in Computational Intelligence, Vol. 793
(2018),163-176, SJIR

14. N. Kosturski, S. Margenov, Y. Vutov, Performance Analysis of MG Preconditioning on Intel
Xeon Phi: Towards Scalability for Extreme Scale Problems with Fractional Laplacians, Springer LNCS,
Vol. 2017 (2018), 304-312, SJR

15. R. Ciegis, V. Starikovigius, S. Margenov, R. Kriauziené, A Comparison of Accuracy and
Efficiency of Parallel Solvers for Fractional Power Diffusion Problems, Springer LNCS, Vol. 10777
(2018), 79-89, SJR

217
16. R. Ciegis, V. Starikovigius, S. Margenov, R. Kriauzieng, Parallel solvers for fractional power
diffusion problems, Concurrency and Computation: Practice and Experience, Vol. 29 (4) (2017),
https://doi.org/10.1002/cpe.4216, IF
17. S. Stoykov, S. Margenov, Numerical methods and parallel algorithms for computation of
periodic responses of plates, Journal of Computational and Applied Mathematics, Vol. 310 (2017),
200-212, IF
18. S Harizanov, S Margenov, P Marinov, Y Vutov, Volume constrained 2-phase segmentation
method utilizing a linear system solver based on the best uniform polynomial approximation of x— 75,
Journal of Computational and Applied Mathematics, Vol. 310 (2017), 115-128, IF
19. V. Kyovtorov, |. Georgiev, S. Margenov, D. Stoychev, F. Oliveri, D. Tarchi, New antenna design
approach — 3D polymer printing and metallization experimental test at 14-18 GHz, International Jour-
nal of Electronics and Communications (AEU), Vol. 73 (2017) 119-128, IF
20. R. Blaheta, |. Georgiev, K. Georgiev, O. Jakl, R. Kohut, S. Margenov, J. Stary, High
Performance Computing in Micromechanics with an Application, Cybernetics and Information
Technologies, Vol. 17(5) (2017), 5-16, SJR

2016
21. S. Stoykov, E. Manoach, S. Margenov, An efficient 3D numerical beam model based on cross
sectional analysis and Ritz approximations, ZAMM-Journal of Applied Mathematics and
Mechanics/Zeitschrift fir Angewandte Mathematik und Mechanik, Vol. 96 (7) (2016), 791-812, IF
22. J. Kraus, R. Lazarov, M. Lymbery, S. Margenoy, L. Zikatanov, Preconditioning Heterogeneous
H(div) Problems by Additive Schur Complement Approximation and Applications, SIAM Journal on
Scientific Computing, Vol. 38 (2) (2016), A875-A898, IF
23. S. Stoykov, S. Margenov, Scalable parallel implementation of shooting method for large-scale
dynamical systems. application to bridge components, Journal of Computational and Applied
Mathematics, Vol. 293 (2016), 223-231, IF
24, R. Blaheta, I. Georgiev, K. Georgiev, O. Jakl, R. Kohut, S. Margenov, J. Stary, Analysis of fiber-
reinforced concrete: micromechanics, parameter identification, fast solvers, Proceedings of the Third
International Workshop on Sustainable Ultrascale Computing Systems, Universidad Carlos IIl de
Madrid Biblioteca e-Archivivo (2016), 31-36
25. R. Ciegis, V. Staricovicius, S. Margenov, On Parallel Numerical Algorithms for Fractional
Diffusion Problems, Proceedings of the Third International Workshop on Sustainable Ultrascale
Computing Systems, Universidad Carlos Il de Madrid Biblioteca e-Archivivo (2016), 85-90


https://doi.org/10.1002/nla.2167
https://doi.org/10.1002/cpe.4216

2015
26. R.F. Sviercoski, P. Popov, S. Margenov, An analytical coarse grid operator applied to a
multiscale multigrid method, Journal of Computational and Applied Mathematics, Vol. 287 (2015), 207-
219, IF
27. S. Harizanov, S. Margenov, L Zikatanov, Fast constrained image segmentation using optimal
spanning trees, Springer LNCS, Vol. 9374 (2015), 15-29, SJR
28. N. Kosturski, S. Margenov, P. Popov, N. Simeonov, Y. Vutov, Performance Analysis of Block
AMG Preconditioning of Poroelasticity Equations, Springer LNCS, Vol. 9374 (2015), 377-384, SJR
29.  J. Kraus, M. Lymbery, S. Margenov, Auxiliary space multigrid method based on additive Schur
complement approximation, Numerical Linear Algebra With Applications, Vol. 22 (6) (2015), 965-986,
IF

30. I. Georgiev, E. Ivanov, S. Margenov, Y. Vutov, Numerical Homogenization of Epoxy-Clay
Composite Materials, Numerical Methods and Applications, Springer LNCS, Vol. 8962 (2015), 130-137
31. N. Kosturski, I. Lirkov, S. Margenov, Y. Vutov, Thermoelectrical Tick Removal Process

Modeling, Large-Scale Scientific Computing, Springer LNCS, Vol. 9374 (2015), 369-376, SJR

32. S. Stoykov, S. Margenov, Scalability of Shooting Method for Nonlinear Dynamical Systems,
Large-Scale Scientific Computing, Springer LNCS, Vol. 9374 (2015), 401-408, SJR

33. S. Stoykov, C. Hofreither, S. Margenov, Isogeometric Analysis for Nonlinear Dynamics of
Timoshenko Beams, Numerical Methods and Applications, Springer LNCS, Vol. 8962 (2015), 138-146,
SJR

34. S. Stoykov, S. Harizanov, S. Margenov, Space discretization by B-Splines on discontinuous
problems in structural mechanics, Proceedings of the 7th Balkan Conference on Informatics, ACM,
BCI' (2015), 31:1-31:7

2014
35. I. Georgiev, S. Margenov, Semi-coarsening AMLI preconditioning of anisotropic trilinear FEM
systems, Computers and Mathematics with Applications, 68 (12) (2014), 2103-2111, IF
36. J. Kraus, M. Lymbery, S. Margenov, Robust Multilevel Methods for Quadratic Finite Element
Anisotropic Elliptic Problems, Numerical Linear Algebra With Applications, Vol. 21 (3) (2014), 375-398,
IF
37. S. Stoykov, S. Margenov, Numerical computation of periodic responses of nonlinear large-scale
systems by shooting method, Computers and Mathematics with Applications, 67 (2014), 2257-2267, IF
38. S. Stoykov, S. Margenov, Nonlinear vibrations of 3D laminated composite beams,
Mathematical Problems in Engineering, Vol. 2014 (2014), http://dx.doi.org/10.1155/2014/892782, IF
39. N. Kosturski, S. Margenov, and Y. Vutov: Calibration of Parameters for Radio-Frequency
Ablation Simulation, LNCS 8353 (2014), SJR
40. S. Margenov, S. Stoykov, Y. Vutov, Numerical Homogenization of Heterogeneous Anisotropic
Linear Elastic Materials, Springer LNCS 8353 (2014), 347-354, SJR
41. S. Stoykov, S. Margenov, Nonlinear Forced Vibration Analysis of Elastic Structures by Using
Parallel Solvers for Large-Scale Systems, Springer LNCS (2014), 405-412, SJR
42. J. Kraus, R. Lazarov, M. Lymbery, S. Margenov, L. Zikatanov, Robust Preconditioning of Darsy
Problem for Highly Heterogeneous Media, Numerical Methods for Scientific Computations and
Advanced Applications, Bansko, Bulgaris, Proceedings (2014), 65-69
43. R. Sviercoski, S. Margenov, A Multiscale Multigrid Algorithm Applied to Bone Tissue Modelling,
Numerical Methods for Scientific Computations and Advanced Applications, Bansko, Bulgaris,
Proceedings (2014), 107-110
44, K. Georgiev, N. Kosturski, S. Margenov and Y. Vutov: Supercomputing simulation of radio-
frequency hepatic tumor ablation, Proc. of the first VAST — BAS Workshop on Science and
Technology, N. Khoa Son Edt ( 2014), 11-18

2013
45, J. Kraus, M. Lymbery, S. Margenov, Robust Algebraic Multilevel Preconditioners for Anisotropic


http://dx.doi.org/10.1155/2014/892782

Elliptic Problems, In: Numerical Solution of Partial Differential Equations: Theory, Algorithms and their
Applications, Springer Proceedings in Mathematics & Statistics (2013), 217-246

46. N. Kosturski, S. Margenov, Y. Vutov, Computer simulation of RF liver ablation on an MRI scan
data, AIP Conf. Proc. 1487 (2013), 120-126, SJR

47. R.F. Sviercoski, S. Margenov, Displacement decomposition ACO based preconditioning of FEM
elasticity systems, AIP Conf. Proc. 1561 (2013), 112-119, SJR

48. S. Stoykov, S. Margenov, Nonlinear Vibrations of Rotating 3D Tapered Beams with Arbitrary
Cross Sections, Proceedings of the 4th ECCOMAS Thematic Conference on Computational Methods
in Structural Dynamics and Earthquake Engineering, M. Papadrakakis, P. Papdopoulos (eds.), Kos,
Greece (2013), Paperid.: 1479, 15p

49. S. Stoykov, S. Margenov, Nonlinear Free Vibrations of 3D Composite Beams, Proceedings of
the 11th International Conference on Vibration Problems, Z. Dimitrovova, J. Almeida, R. Goncalves
(eds.), Lisbon, Portugal (2013), Paper id: 164, 10 p

2012
50. P. Boyanova, |. Georgiev, S. Margenov, and L. Zikatanov, Multilevel preconditioning of graph-
Laplacians: Polynomial approximation of the pivot blocks inverses, Math. Comp. Simulation, Vol. 82
(10) (2012), 1964-1971, IF
51. Y. Efendiev, J. Galvis, R. Lazarov, S. Margenov, J. Ren, Robust Two-level Domain
Decomposition Preconditioners for High-contrast Anisotropic Flows in Multiscale Media, Comput.
Methods Appl. Math, Volume 12, Issue 4 (2012), 415-436 , IF
52. M. Lymbery, S. Margenov, Robust Semi-Coarsening Multilevel Preconditioning of Biquadratic
FEM Systems, Cent. Eur. J. Math. 10(1) (2012), 357-369, IF
53. N. Kosturski, S. Margenov, Y. Vutov, Balancing the Communications and Computations in
Parallel FEM Simulations on Unstructured Grids, PPAM’11, Springer LNCS 7204 (2012), 211-220,
SJR
54. Kraus, J., Lymbery, M., Margenoy, S.: Semi-Coarsening AMLI Preconditioning of Higher Order
Elliptic Problems, AIP Conf. Proc. 1487 (2012), https://doi.org/10.1063/1.4758939, SJR
55. N. Kosturski, S. Margenov, and Y. Vutov, Computer simulation of RF liver ablation on an MRI
scan data, AIP Conf. Proc. 1487 (2012), 120-126, SJR
56. N. Kosturski, S. Margenov, and Y. Vutov, Improving the Efficiency of Parallel FEM Simulations
on Voxel Domains, LNCS 7116 (2012), 574-581, SJR

2011
57. N. Kosturski, S. Margenov, Y. Vutov, Comparison of Two Technigques for Radio-Frequency
Hepatic Tumor Ablation through Numerical Simulation, AIP Conference Proceedings 1404, (2011),
431-437, SJR
58. P. Boyanova, S. Margenov, Robust Multilevel Methods for Elliptic and Parabolic Problems,
invited chapter in: O. Axelsson, J. Karatson, Efficient Preconditioning Methods for Elliptic Partial
Differential Equations, Bentham Science Publishers (2011), 3-22
59. P. Boyanova, S. Margenov, On Optimal AMLI Solvers for Incompressible Navier-Stokes
Problems, AIP Conference Proceedings 1301 (2011), SJR
60. I. Georgiev, J. Kraus, S. Margenov, Two-level Preconditioning for DG Discretizations of Scalar
Elliptic Problems with Discontinuous Coefficients, AIP Conference Proceedings 1404 (2011), 389-396,
SJR
61. N. Kosturski, S. Margenov, Supercomputer Simulation of Radio-Frequency Hepatic Tumor
Ablation, AIP Conference Proceedings, vol. 1301 (2011), 486-493, SJR
62. |. Georgiev, M. Limbery, S. Margenov, Analysis of the CBS Constant for Quadratic Finite
Elements, LNCS 6046, Springer, Heidelberg (2011), 412-419, SJR
63. M. Ganzha, K. Georgiev, |. Lirkov, S. Margenov, M. Paprzycki, Highly Parallel Alternating
Directions Algorithm for Time Dependent Problems, Application of Mathematics in Technical and
Natural Sciences, AIP Conference Proceedings 1404, 210-217, SJR
64. N. Kosturski, S. Margenov, Supercomputer Simulation of Radio-Frequency Hepatic Tumor


https://doi.org/10.1063/1.4758939

Ablation, AIP Conference Proceedings 1301 (2011), 486-493, ISSN 0094-243

65. M. Lymbery, S. Margenov, Robust Balanced Semi-Coarsening AMLI Preconditioning of
Biquadratic FEM Systems, AIP Proceedings, vol. 1404, 438-447, SJR

66. P. Popov, Y. Vutov, S. Margenov, O. lliev, Finite Volume Discretization of Equations Describing
Nonlinear Diffusion in Li-lon Batteries, Numerical Methods and Applications, Springer LNCS 6046
(2011), 338-346, SIR

67. I. Georgiev, J. Kraus, M. Lymbery, S. Margenov, On Two-level Splittings for Quadratic FEM
Anisotropic Elliptic Problems, Proceedings of 5th Annual meeting of the Bulgarian Section of SIAM,
Demetra, Sofia (2011), 35-40

68. S. Margenov, Supercomputing Applications: Efficient Methods, Algorithms and Software Tools,
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KPATKO OMUCAHUE HA HAN-BAXXHU NOCTUXEHUA

wi.-kop. CBero3ap AumurpoB MapreHon

KAHIUIAT B KOHKYpC 3a akajgemunu Ha BAH B o6s1act I[IpuponomaTeMaTu4ecKu HAYKH,
HAY4YHO HanpaBJ/jieHHe MaTeMaTHYeCKH HAYKH

1. Hay4Hu nocTuxeHus
1.1. BwbBeaeHue

YucneHnte mMetoauM M anropuTMM 3a pellaBaHe Ha 3ajadvM Ha u3ducnuTenHata
nuHerHa anrebpa C paspegeHM MaTpuuu  MmaT  onpedenswa pond  3a
edeKTMBHOCTTA Ha nporpamMHUTE CcCpeacTBa 3a KOMMIOTbPHO MoAenvpaHe Ha
npouecu, KOMTo ce onuceaT ¢ AudepeHumnanHn ypaBHeHnsa. ToBa ¢ ocobeHa cuna
ce nposiesiBa npu 3agayv c rondma pasmepHocT. MNoHATNEeTO 2osisiMa pasmepHocm
ce MNpPOMEHA C pasBUTUETO Ha TexXHoMormmTe U Npu MOCTOAHHO pacTdawarta
NPOU3BOAUTENHOCT Ha u34YUCnMTenHata TexHuka. M He3aBMCMMO OT OrpoMHUS
nporpec B TOBa OTHOLWEHWE, pellaBaliy 3a pasBUTMETO HA KOMMIOTbPHOTO
MoZenupaHe ca NnocTwkeHuaTa B obnactra Ha YncrneHuTe MeToam 1 anropuTMuTe 3a
TAXHaTa peanusauus. Ha cnegsawata urypa e nokasaHo CbOTHOLLIEHNETO Mexay
€KCMOHEHLUMarnH1s pbCT Ha KOMMOTbpPHATa NPON3BOAMTENHOCT (3akoH Ha Myp, 1970)
N pbCTa Ha NPOU3BOAUTENHOCTTA Ha YUCNEHUTE MeToaM Ha NUHenHaTa anrebpa 3a
nepuog ot 35 rognHu.

Improvements in Algorithms Relative to Moore's Law
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CbBpeMeHHOTO pa3bupaHe 3a 3aayu C rondama pasmMepHoOCT € CBbp3aHo ¢ Bpon Ha
HensBecTHUTe oT nopsabk 102 - 10'° n gopu 102 TakbB knac 3agaum ca npeameTt
Ha wu3cnegBaHe B HanpasreHMeTo OT Wu3YyMcnuTenHata martemaTtuka, KoeTo
cnefBaniku Bb3npueTata B aHIMMACKMA €3MK TEPMMUHOMOMUS, Hapuyame HayqyHu
npecmsimaHusi 3a 3adadu ¢ eonsima pasamepHocm (Large Scale Scientific Computing).

Heka pasrnegame enuntuyHa rpaHMyHa 3ajada U Heka 3a HEeWHOTO YMCIEHO
peluaBaHe e NPUIoXeH MeTon Ha KpanHUTE eneMeHTU Unu Opyr NoAXOAsIL, MPEXOoB
yucneH metod. Mpyu MHOro obwwm npegnonoxeHus, gudepeHunanHaTa 3agada ce



cBexga A0 cuctemMa OT JIMHENHW anrebpuyHM ypaBHEHUS CbC CUMETPUYHA,
NOMNOXWTENHO onpeferneHa n paspegeHa matpuua A, KOATO B METo4a Ha KpamHuTe
enemMeHTN ce Hapwuya mampuuya Ha KopasuHa. Te3n CBOWCTBa Ca B OCHOBaTa Ha
eeKkTUBHMTE UTEPALMOHHM METOAM 3a pellaBaHe Ha cuctemu OT Buga A u = b.
CbBpeMeHHUTEe UTepauuoHHM MeToauM ce dopmynmpar B TEPMUHUTE Ha
npoctpaHcTBa Ha Kpunos, nopogeHn ot maTpuuata A. MeToabT Ha cnperHatus
rpagueHT ¢ npeobycnaesiHe (PCG) e Han-gobpuaT uamexay msBecTtHuTe 6as3oswu
MeToaM 3a pasrnexgaHus Knac 3agadu.

lMpeactaBeHUTe Martepuany Mo KOHKYpCa, KakTO UM OCHOBHUTE Hay4YHW U Hay4HO-
NPUNOXHW MPUMHOCKM Ha KaHAuAaTa ca CBbp3aHW C KOHCTpyupaHe, uscnegsaHe wu
npunaraHe Ha BWCOKO €EKTMBHM MEeTOoAM W anropuTMmn 3a npeobycnaBsiHe Ha
paspefeHn MaTpuum, Kakto u TexHn oboOLieHns 3a HemnokanHu 3agayu, KoraTo
CbOTBETHUTE MaTpuum ca NnbTHU. CTpaTernara 3a npeobycnassaHe ce hopmynmpa c
noMmowitTa Ha crnegHuTe ycnoBust 3a npeobycnaeswara MaTtpuua C: a)
OTHOCUTENHOTO (CMEKTparHo) YMcrno Ha obyCcrnoBeHOCT € CbLEeCTBEHO NO-Marnko OT
UMCNIOTO Ha OBOYCNOBEHOCT Ha u3xoaHaTa matpuua, T.e. K(C'A) << k(A); 6)
cblyecTByBa epeKTUBEH anropuTbM 3a pellaBaHe Ha cuctemu ¢ npeobycnaeswaTta
mMaTtpuua (npeobycnosutens) C.

OTnpaBHa To4ka Mpu usrpaxagaHe Ha MeTOOOoNorMsTa Ha M3cnegBaHe € MOHSATUETO
n3yncnuTenHa croxHocT. [peactaBeHuTe pe3ynTatM  MMaT  KOHCTPYKTMBEH
XapakTep, Kato NpeariokeHnuTe U uU3cneaBaHn MeToan ca C sicHa anropuTMuUyHa
CTpyKkTypa. ToBa [daBa Bb3MOXHOCT 3a OLeHka Ha 6pos Ha apuTMeTU4HWUTE
onepauuun. Hait-Bucoka CTOMHOCT MMaT MeToauTe 3a KOMTO ca JoKasaHu ONTUMarHu
OLIEHKM 3a CKOPOCTTa Ha CXOAMMOCT, MPU KOETO U3YUCIIUTENHATa CIMOXHOCT € CbLUO
onTumanHa, T.e. uma acumntotuka O(N), kbaeto N e pa3amMepHOCTTa Ha AUCKpeTHaTa
3agaya. B pokasaTencreata ce npunarat pasHoobpasHM MaTeMaTU4YeCKU TEXHUKM,
KaTo rofisima 4acTt OT NOJTyYEHUTE OLEHKWN Ca TOYHM.

Ot 176 paboTtu B 06LMA CNUCHK, 3a y4acTMe B KOHKypca ca npeactaBeHn 62 paboTu,
B ToBa 4yucrio 2 moHorpaduun. OT Tax, B u3gaHua ¢ Impact Factor (IF) ca 42
nyénukauum, kato apyrm 8 ca B cnucaHua unu nopeavum ¢ SJIR Index (SJR). Ot
Te3un 62 paboTu, npes nocnegHute 5 rognnHn (Bkn. 2021 r.) ca nybnukysaHu 13.

PesyntatuTe ca npeactaBeHu No HanpaereHus B crieaBalunte 6 cekuum.

1.2.  OnTMManHU MHOrOHMBOBU MeTOAM 32 KOH(POPMHU KPaHU eNneMeHTH

B ToBa HanpasneHue ca pabotu [14,15,17,18,21,25,28,32,34,43,50,54,58,60,61,62].
B Tax ca uacnegBaHu anrebpuyHmM mMHoroHmsoBu metoam ot Tun AMLI (Algebraic
MultiLevel Iteration) U TexHW CbBPEMEHHM pPa3BUTUS B KOHTEKCTa Ha MeToau B
crnomaraTtenHu nognpocTpaHcTBa. Te npeactaBnsBaT pPekypcvMBHO 0606LieHne Ha
MYNTUNAVKATUBHA U adUTUBHW  anrebpuyHn  OBYHMBOBM  MeTOOM, KbOEeTo
ponbrHeHveto Ha LWyp ce anpokcumupa ¢ nokanHo pAeduHupaHa paspeneHa
MaTpuua, KOATO B criydasi Ha nepapxumyeH 6asuc e (Mnu moxe fga ce uHTepnpeTtupa
Kato) maTpuuaTa Ha KopaBMHa, CbOTBETCTBAWlA Ha MPeaxogHOTO HMBO Ha
anckpetnsaums. 3a NocTuraHe Ha onTMMarnHa CKOpPOCT Ha CXOAMMOCT Ce M3MNorn3Bsa
cTabvnusnpall NosIMHOM, BKMOYEH B anpoKkcumauuaTa Ha gonbiiHeHneTo Ha Lyp.
KoHcTtaHTata y € [0,1) B ycuneHoTo HepaBeHcTBO Ha Kowwu-bByHakoscku-LBapy,
(KBW) ce pedwumHMpa B pamkuTe Ha PEKYPCUMBHO BbBEAEHUTE [OBYHMBOBU
pasgenaHua. Ta wurpae dyHOaMeHTanHa pons B aHanmMsa Ha CKopocTTa Ha



CXOOMMOCT W NpW [OOKas3BaHe Ha TBbPAEHUS 3a ONTMMAriHOCT Ha u3yucnutenHarta
cnoxHoct. [Npn AMLI meTtoguTe 3a NMbpBM NbT Ca [JOKa3aHW OLEHKM 3a onTumarHa
CXOOMMOCT, KOUTO He W3UCKBaT YCroBus 3a (OOMbIHUTENHA) perynspHoOCT Ha
pelleHMeTo Ha rpaHMyHaTa 3agada. TakbB TN pe3yntaty ca NybnukysaHu 3a MbpBu
nbT B [62], kbOeTo e npeanoXeH MHOrOHMBOB MeToa 6e3 ctabunuanpall, MaTpuyeH
NOSIMHOM C MOYTM ONTMMarHa oueHka 3a 6post Ha utepaummte ot Buga O(log N). B
cratum [17,23,25,28,32,50,55,61] ca [okasaHW HOBM paBHOMEPHW OLEHKM 3a
KOHCTaHTaTa B ycuneHoto HepaBeHcTBO Ha KBLLU. Taka Hanpumep B [50] e gokasaHo,
Ye 3a NWHeHW KpaiHu enemeHTM Ha KypaHT y®> < 0.75 npu Han-o6wm
npeanonoXeHUs 3a koeduuueHTHa U MpexoBa aHM3oTponud, kato B [60] 3a nNpbB
MbT ca NONy4YeHN ONTUMarnHu pesynTtaTtu 3a 3aayun ¢ NPOMEHNNBO HanpasfeHne Ha
AOMUHMpaLla opToTponusa. B ctatma [61] e gokasaHa OueHKa 3a KOHCTaHTaTa Ha
KBLL 3a cuctemata OT ypaBHeHUs Ha Jlame (nuMHenHa Teopusi Ha enacTU4HOCTTa),
KOATO € paBHOMepHa OTHOCHO KoeduumeHTa Ha [loacoH B Mo4yTM HecBMBaeMus
cnyyan. Ctatumn [60,61] noctaBAT Ha4yanoTo Ha uM3cnenBaHusitTa B obnacrtra Ha
pobacTHUTE MHOrOHMBOBM METOAW, Ha KOUTO ca MNOCBETEHU 0630pHMTE paboTu
[21,43] u MoHorpadusaTa [34]. B [25,55] e nonydeHa  xapakrepusauusi Ha
MHOroHmsosu Metogum oT Tun SC AMLI (Semicoarsening AMLI) 3a GunuHenHu,
OvkBagpaTU4HM U BUKYOUYHM KparHU eneMeHTu, KaTo ca onpedeneHn napamMmeTpu,
ocurypsisal ontTuManHocT. 3a nbpBuM NbT ontumaneH SC AMLI 3a TpumepHu
enunTnYHM 3agauun e npegcraseH B [17]. MNonydeHusaTt B [55] SC AMLI meToq 3a
ypaBHeHuATa Ha Jlame npogbimkaBa Oa € eOVMHCTBEHUAT WU3BECTEeH pesyntaTr C
onTUMarsiHa U34yncrnmTenHa CrnoXHOCT U paBHOMEPHU OLLEHKU, OTHOCHO KoeduLmeHTa
Ha [oacoH B NOYTM HECBMBAEMUA Ciyyan, Npu QUCKpeTMsaumns ¢ KOH(OOPMHUN KpanHu
enemeHTn. B pabotu [28,32] ca nscnegsaHm AMLI meToam 3a NMHENHa KOMBUHaUNS
Ha MaTpuuaTa Ha mMaca M maTpuuata Ha kKopasuHa. [lonyvyeHuTe paBHOMEPHMU
OLEeHKM AaBaT Bb3MOXHOCT B YaCTHOCT 3a KOHCTpyMpaHe Ha onTuMasiHM MeToau 3a
pellaBaHe Ha CUCTEMW, Bb3HMKBALLM MPU HESBHA OUCKpeTu3auus no BpeMeTo Ha
napabonuyHn 3agayn. Pesyntatm OT MNo-pasnuyeH TUN ca nNpeactaBeHu B CTaTus
[58], kboeTo NpeamMeT Ha uacnenBaHe € GUXapMOHMYHOTO ypaBHEHMeE. [lonyveHnTe
MeTOAMN He ca ONTUMAariHW, HO NpUTeXaBaT BUCOKa ePeKTUBHOCT B TO3M Krac 3agauyu,
CBBbP3aHN C YNCNEHOTO peLLaBaHe Ha cTauMoHapHu ypaBHeHus Ha HaBue-CTokc npu
ronemun yucna Ha PenHongc. We otbenexum cblio Taka ctatms [54], kboeto ca
nonyyeHn pesynrtaTtu 3a YACIEHO pellaBaHe Ha ypaBHeHUsATa Ha Jlame, B cny4das Ha
KoepuumeHTHa HENUHEeWHOCT, KbAeTo YCnewHo ca KOMOMHMpaHu MeToda Ha
pasgensHe no npemecTtBaHus (Ha 6asata Ha BTOPOTO HepaBeHCTBO Ha KoOpH) ¢
edekTuBeH AMLI meTof 3a nonyyeHaTta 6novHoO-AnaroHanHa matpuua.

B kpas Ha To3u pasgen we pasrnegame rnosiyyeHuTe NpUHUMNHO HOBWM pesynTaTtu 3a
3ajla4n CbC CWUNHO HeeaHOPOAHU KOoeUUMEHTH, CKOKOBEeTe Ha KOUTO He ca
cbrnacyBaHu C MHTepdencute Ha HayanHata Mpexa Ha auckpetmsaums. B Toau
crny4an He e NPUNOXUM Noaxoda Ha rnepapxmyHn 6asmcu (nognpocTpaHcTea). B [14]
e u3crnedBaH MynNTUrpug MeTon C aHanuTUYHO MpefcTaBsiHe Ha orepartopa BbpXy
OKpynHeHaTa mpaxa. B [16,17] ca nony4yeHn Ka4yeCTBEHO HOBW pe3ynTaTtu, KOUTO ce
OCHOBaBaT Ha foKanHu anpokcuMmauuu Ha gonbrHeHuweTo Ha Lyp, kaTo B [16] e
nybrvkysaHa obLia Teopus Ha TO3M Krac MeToaun. TakbB TUM pe3ynTaTy B 3aBbpLUeH
BuO ca npeactaseHun B [12]. Te Bknwo4yBaT pobacTHa OueHKa Ha rpelukaTa npu
ANCKpeTU3aunss CbC CMeCeH MeTod Ha KpanHuTe enemeHTu. KOHCTpyupaHuat
agnTMBEH npeobycnoBuTen 3a cuctemMara CbC cearnoBa Toyka € Ha 6asarta Ha AMLI
METOZ C NoKarnHa anpokcuMmaumnsa Ha gonbrHeHneTo Ha Lyp B npocTtpaHcTea H(div).



1.3. OnTMManHW MHOrOHMBOBU MeTOAM 3a HEeKOH(OPMHU KpanhHU
eneMeHTH

KbMm TOBa HanpaBneHue ce oTHacaT nybnukauum [21,23,24,28,29,30,32,34,38,39,41,
45,47,48,52]. IHTepeCbT KbM HEKOH(POPMHUTE KparvHW efneMeHTU ce onpenens oT
TEXHUTE [MpeuMMyLllecTBa, KaTo CpeACTBO 3a YMCMEHO pellaBaHe Ha oo
obycnoBeHn 3agayn, 3aBuceLln OT MasbK napamemnp. Taka HanpuMmep, U3BECTHO €
Yye CTaHOapTHUTE KOH(OPMHW eneMeHTM He ca NoAXOAsWM 3a anpokcMMaumsa Ha
peLeHneTo Npu CUITHO HeeaHOPOAHW Cpean C rofieMu CKOKOBE Ha KoeduUMeHTUTE.
Tyk ponsTta Ha HekoH(popMHUTE enemeHTU Ha Kpose-Pasua ce onpenens ot dakTta,
4ye Te Ca eKBMBASIEHTHM Ha CMeCeH MeTO[ Ha KpauvHWUTe eneMeHTu Npu ycTomnymea
(nokanHo koHcepBaTMBHA) anpokcumMauusi B npocTpaHcTBo Ha Pasuna-Toma. B
CbLOTO BpeEME, KOHCTPyMpaHeTO Ha MHOrOHMBOBM npeobycrnoButenn B
HEKOH(OPMHUA criydanm e 3aTpyaHeHO OT dhakTa, 4Ye KpanHOeNnemMeHTHUTe
NPOCTPaHCTBA, CbOTBETCTBALM Ha  BMNOXEHUW Mpexu (TpuaHrynauum), He ca
BfIOXeHW. B 3HauuTenHa crteneH, Teopudata Ha AMLI metoguTte 3a nUHENHU
HEKOHPOPMHU eneMeHTu e uarpageHa B pabotu [41,47,48]. [JokasaHn ca oUeHKM 3a
KOHCTaHTaTa B ycureHoTo HepaBeHcTBO Ha KBLLU, oueHKkM 3a nokanHO KOHCTpyMpaHu
anpokcumauMm Ha Bogewmsa OnoK B PEKYPCUBHO AedUHUMPaHUTE KepapXmyHu
ABYHMBOBW MaTpuLN, KaKTO U Xapaktepusaumsa (Hapeaba) Ha knacoBe OT METOAM 3a
arpervpaHe. Kakto B criydass Ha KOH(OPMHM KpanHU erieMeHTH, OUEeHKUTe ca
paBHOMEPHN OTHOCHO MpexoBaTa u/unu koeduumeHTHa aHusoTponus. Crneasawa
CTbMKa B TOBa HarnpasreHuve ca nonyyeHute B [38,39] onTumanHu pesyntatu 3a
HEKOH(OPMHWN KpanHn enemeHTn Ha PaHaxep-Typek. Tbi Kato Te3n enemMeHTu ca
3aBbpTEHN OUNUHENHW/TPUNUHENHW, NMPU KOHCTPYMPaAHETO Ha nepapxmyeH 6asnc ca
npeogosieHn HoB Tun npobnemu, KaTo ca HaMepeHu YCrnoBuS 3a ydacTBawuTe
napameTpu, NpuM KOUTO BB3HWKBALUUTE HEMNWHENWHW YpaBHEHUS MmaT pelleHue. B
ctatum [28,32] ca nscnegBaHn AMLI meTtoau 3a napabonuyHu 3agaydn. NonyyeHun
ca HoBM pobacTHM pe3ynTaTu 3a CUMHO aHW3OTPOMNHU 3aJadn, KaTto ca [OoKasaHu
npevmyLlecTBa Ha HeKOH(opMHUTe enemeHTn Ha Kpose-Pasua. Teaun pesyntatu, B
KoMbuHauusa c npegnoxedute B [45] AMLI metoau 3a rpadp-Jlannacuann ca
n3nonseaHu B [23,29], KbAeTO ca MOfy4YeHN OnTMMarHM MHOFOHMBOBM METOAM 3a
HecTaunoHapHOTO ypaBHeHue Ha Hasue-Ctokc. NMpunbnmxkaBaHeTo Ha CKOpoCTUTE C
HEKOH(POPMHU  NIMHEWHW  eNeMeHTM  OCUrypsBa  JlOKanHO  KOHCepBaTUBHA
anpokcumauMa Ha [OUCKpeTu3auusi, KoeTo B KomMOuHauusi ¢ ontumanHute AMLI
MEeTOoAM BOAM A0 ONTUMAsHOCT U pobacTHOCT Npu rofieMu Ynucna Ha PenHonac, KakTto
Ha MeToda Ha KpanHUTEe efeMEeHTN, Taka N Ha UTepaUNOHHUTE MeToAM 3a peluaBaHe
Ha Bb3HMKBALLMTE CUCTEMM OT NIMHENHU anrebpudHn ypaBHeHus. B cblums ayx e m
pabota [52], kbaeTo pobacTHaTa anpokcumaumsa ¢ enemeHTn Ha Kpose-Pasua Ha
ypaBHeHuATa Ha Jlame npu rpaHudHM ycnosus Ha [Oupuxrne ce cb4yeTaBa C
onTumarneH ABYHMBOB npeobycnosuten. Tyk pobacTHOCT 03HavaBa, Ye OLeHKUTEe ca
paBHOMEPHN OTHOCHO KoeduumeHTa Ha [loaCcoH B KPUTUYHUSA, KaKTO 3a TeopusTa,
Taka W 3a u34yucnuTenHaTta npakTuka rnodyTnm HecsmBaem cnydan. B kpass Ha To3m
naparpag we otbenexumm pabota [30], KboeTO ca NOMy4YeHM 3a NbpBUM MNbT
NPUHLMMHO HOBW pe3ynTaTh 3a 3a4ayn B €KCTPEMHO XEeTepOreHHU cpeam C ronemu
CKOKOBE Ha koeduumeHTUTe (8UCOKAa 4Yecmoma U 20/715M KOHmMpacm) npwu
ANCKpeTM3aLumMsa C NOMOLLTa Ha NpeKkbCcHaT MeTo Ha ManbOopKuH.



lonama 4yacTt OoT pes3yntatmte B MbpBUTE [OBE HampaBfeHUs ca CUCTEMaTUYHO
npencraBeHn B MoHorpadum [34,42], koeTo B 0cO6EHO BMCOKa CTENEH Ce OTHacA 3a
nbpBaTa OT TSX, KakTo 1 B 0630pHUTE cTaTum [18,43].

1.4. MeToau wm3nons3BawM HenbfHa (pakTOpU3auMA UNM  TOYHA
dakTopU3auma Ha cneymnanHu KrnacoBe MaTpuUm

lMpeknTe mMeToan 3a pellaBaHe Ha CUCTEMU OT JIMHEWMHM anrebpuyHn ypaBHEHUSN
(skntounTenHo metoda Ha ayc) ce ceexaat o LU cdakTtopusauma Ha maTpuuaTa Ha
cuctemaTta. B obwma cnyyan, paspedeHoOCTTa Ha maTtpuuarta He ce 3anasBa B
npoueca Ha aktopusauusa. KWpedara Ha MeToauTe, M3NON3BALLM HeENbMHA
dakTopmsaums, ce ceexaa A0 HamupaHe Ha NpubnmxeHna Ha MHoxuTenute L n U,
KOWUTO CbLLO ca pa3pefeHun. Taka nonyyeHata maTtpuua ce M3non3ea B Ka4ecTBOTO
Ha npeobycnosuten. KbMm TO3M Knac npuduicnssame pesynratute nybnukysBaHu B
[35,37,42,44,51,55]. Knacnyecknte metoam 3a HenbnHa hakropmsaumnsa ce npunarar
ycnewHo B cnyvast Ha M-maTtpuun. TakmBa Matpuum ce nonyyaBaT Hanpumep npu
ANCKPEeTU3aUnNs Ha M3OTPOMNHWU ENIMNTUYHU TPaHUYHU 3a4a4yu C JIMHENHN TPUBIbIHU
KpaHM eneMeHTU BbPXYy TpuaHrynaumm, B KOUTO HsaMa Tbnu bran. EgHa
Bb3MOXHOCT 3a TAXHOTO M3MNon3BaHe nNpu No-obLum NpeanonoXeHns e ¢ noMmoLyTa Ha
cnomaratenHa M-maTtpuua, KOATO € CnekTpanHoO eKkBMBarneHTHa Ha gageHata. Tosm
nogxon e wuacnegBaH B [35,37,42,44,51]. B [35] ca nonyy4yeHM TOYHM NOKasfHO
ONTUMAarHM OLEHKM 3a crny4dast Ha HEKOH(POPMHKN enemeHTn Ha PaHaxep-Typek, kaTto
B [41] HenbnHaTa hakTopm3aumns 3a ypaBHeHuATa Jlame e koMbuHMpaHa ¢ meToA Ha
Aekomnosnums no npemecTteaHus. e otbenexum cblio Taka pabota [44], KbaeTo e
n3crnedBaHa enunTUYHa rpaHMyHa  3ajada, AuckpeTmsmpaHa C  JIMHEWHW
HEKOH(OPMHM enemeHTU. MPUHUMNHO pasnnyeH NoaXo4 Ha KOHCTPYKUMS U aHanms e
npunoxeH B [56], kbaeTo e mnacnegsaH metog oT Tun BSR BILU. Tyk HenbnHata
dakTopmsaumss e 0OnodHa, Kato npubnmxkeHnss Ha obpaTHuTe MaTpuum Ha
CbOTBETHUTE AonbiHeHUs Ha LWyp ce nonyyaBaT, Kato ce pellaBaT CUCTEMM,
CbOTBETCTBALLM Ha MpPEXU CbC CbLECTBEHO Mo-Manka pasmepHocT (Block Size
Reduction).

B pabotu [42,57,59] ce npunara anTepHaTMBEH NOAXOA4, KbAETO 3a npeobycrnosuten
Ce u3nons3BaT crnomaraTteniHM mMaTpuuuM, 3a KOUTO CbLUeCTByBa NoaxoAslia TOYHa
dakTopmsaums. lNpeonoxeH e M e uacneaBaH METOA4 Ha UMpPKynaHTHa ©OnoyHa
dakTopusaumsa. CneunanHo BHMMaHME 3acryxaBa KOHCTPyMpaHuaT B [55] noutwm
onTMmManeH wMeTond, NpuM KOWTO Ce W3Mon3Ba MNepuoavvyHO NpPOAbIIKEHWE Ha
n3xogHaTta rpaHvyHa 3agada Ha OQupwuxne.

B Hakom oT nocnegHute pabotm [16,28], nocBeTeHM HA MHOrOHMBOBMU
npeobycnoBuTENU, KIYOBO MSCTO UrpasT KOHCTPYUPAHUTE U U3CneaBaHu NoKasrHu
HenbHM dhakTopM3aumn Ha BogeLwmTe anaroHanHu 6nokose B AMLI meTtoaa.

1.5. Metoau n anroputMum C ONTUMArIHa U3YUCNUTEsIHA CIIOXHOCT 3a
eNnUNTUYHU 3a4a4m ¢ ApobHa cTeneH Ha AUdY3NOHHMUA onepaTop

B ToBa HanpaBneHue ca nybnukauum [1,2,3,4,5,6,7,9]. N3BecTHn ca Oenexku
NOCBETEHM Ha MpecMsTaHe Ha D1’2u(x) owle 4ye B KopecnoHaeHuus Ha JlanbHuy go
BepHynu n Jlonutan ot 1695 r. Pa3ButrneTo Ha Teopusita Ha pO6HUTE NPOU3BOOHM
€ CBbp3aHO CblLO Taka c MmeHaTa Ha Ownep, JlnyBun n PumaH. B Hawm gHw,
WHTEpeCcbT KbM 3agdaynm c gpobHa cTeneH Ha Audy3noHHMA onepaTtop (ApobHa



Andysunsi) e cBbp3aH C n3cnegBaHUs Ha HerlokanHu MatemaTuyecku mogenu. Taka
Hanpumep, ApobHuaT JlannacmaH Ha cteneH 0<a<l onucBa npouec Ha cynep-

andysusi.

lMpeoctaBeHnTe B TOoBa HanpaeBneHne paboTMm ca MnoCBETEHM Ha MeToau 3a
pewaBsaHe Ha MHOromepHu 3agaumn (d>1) npu Han-obwm nNpeanonoXxeHnsa 3a
reometTpuaTa Ha obnactta. NbpBK pedynTtatn OT TO3M Knac ca nybnukyBaHu cnepg
2014 r. WsBeCTHM ca Tpu pasnuMyHU nogxoda, MpyU MpunaraHeTo Ha KOUTO
HernokanHata d-mepHa 3ajaya ce cBeXAa OO0 €EKBMBANeHTHa nokanHa 3agada
(kboeTo cTeneHTa Ha gudepeHunanHus onepatop e a=1) B d+1-mepHo
npocTpaHcTBO. B [6] e npeanoxeH antepHaTMBEH METOA, OCHOBaBall Cce Ha Hawn-
aobpa paBHOMepHa pauuoHanHa anpokcumaumsa (Best  Uniform  Rational
Approximation — BURA) Ha cdyHkumsita t7® B nHTepsana [0,1], kbaeTo B e manko
LUAno nonoxutenHo uucrno. W3cneoBaHn ca anpokcMMauuoHHUTE CBOWCTBA W
MatpuyHata peanusauma Ha BURA — cyHkuusaTa. [JokasaHo e, ye 103n knac BURA
— anropuTMM MMaT U3YUCIIUTESTHA CIOXHOCT, KOATO MNPeBb3XOXAda CIOXHOCTTa Ha
N3BECTHMUTE OO MOMEHTa MeToAM 3a BaXKHW Knacose 3ajadn.

CblLEeCTBEHN HOBM pe3ynTaTu, CBbpP3aHN C pasBUTUE Ha MAOEATA 3a KOHCTpyMpaHe Ha
MeToau wu3nonseBawiM Han-gobpa paBHOMEpPHa pauMoHanHa anpokcumMaumsa ca
nyénukyeaHu B ctatum [1,2,3,4]. Taka Hanpumep, B [4] e aHanu3mpaH BURA — meTog
Ha Gasarta Ha anpokcuMauusa Ha dyHkuuaTa t® B uHtepsana [0,1], koinTo e pobacTeH
OTHOCHO 4MCNOTO Ha OOYCNOBEHOCT Ha [AOUCKPETHWUA enunTuyeH onepatop A.
[okasaHa e nogobpeHa oueHka 3a m3uucnutenHarta crioxHocT BbB Buaa O(N(log
N)?). B [1] e nokasaHo, 4e BURA — meToauTe uMaT no-aobpa CKopoCT Ha CXOAUMOCT
N MU3YMCNUTENHA CMOXHOCT OT OCTaHanuTe YuUCreHn MeToau 3a pellaBaHe Ha
pasrnexgaHus knac 3agayn. B ctatum [2,3] ca HanpaBeHu cbLLecTBEHN 0606LeHns
Ha BURA — meToguTe ca 3agayvM ¢ HommaHOBM rpaHW4yHM YCrOBUS, KakTo U 3a
ypaBHeHUs oT Tun gpobHa andysnsa ¢ peakums.

PaboTta [9] e nocBeTeHa Ha cermMeHTauusi Ha ABYda3HU BOKCENHU N300paxeHus,
yAOBMneTBOpsBaLLM yCrnoBMe 3a 3anasBaHe Ha obema Ha TBbpAata asa.
MpeanoxeHUsT MeTOA BKIOYBa pellaBaHe Ha cucTema ¢ maTtpuua oT Buga A2
kbaeTo A e rpad-flannacuaH cbC cneumanHm CBOMCTBA. 3a YMCNEHO peluaBaHe Ha
TasnM cuctema € paspaboreB MeToA4 M3nonssaw, Han-gobpo paBHOMEPHO
NOSIMHOMUANHO NPUBNMXKEHNE Ha PYHKUMATA tY2 B uHTepBana [6,1], kbaeTo 8>0.

N3uncnutenHata edekTMBHOCT Ha NpeacTaBeHMTe MeToaum 3a 3agjadn c¢ gpobHa
Andysnst ce ocHoBaBa Ha W3MNOM3BaHE Ha ONTUMAaNHW WUTepauMOHHM MeTod 3a
CUCTEMM C paspedeHn, CUMETPUYHN U MONOXUTENHO onpedeneHn maTpmumn ot Tuna
pasrneganu B Pasgenu 1.2 n 1.3.

1.6. [MMapanenHu mMeTOoAM N anNropuTMmn

B cratum [26,40,46,49,53] ca npeactaBeHM MeToaM U anroputMn, 3a KOUTO €
n3cnegBaHa napanernHata eeKkTMBHOCT M ca MPOBEAEHN YUCIEHN eKCrepUMEHTU
BbPXY pasfiMyHu Kriacose napanesiHyn KOMMITbPHU apxuTekTypu. MsxoaHuTte 3agayn
ca CWINHO CBbp3aHK, KOETO O03Ha4yaBa, Yye 3a edpeKTUBHA napaneriHa peanusauus ca
HeobxooMmn cneumanHo paspaboTeHu cpeacTBa. TeopeTuyHuTe pesynTtaTu
BKMOYBAT aCUMNTOTUYHM OLEHKM Ha YCKOpeHneTo u edekTmBHocTTa. 3a
nporpaMHaTta peanusauus ca U3non3eaHu cpeau 3a napanenHo nporpamupaHe MPI
n Open MP. TllpeactaBeHn ca pesyntatv Bbpxy napanenHu cuctemm c



pasnpeaeneHa n obwa namet. B no-paHHua nepuop oT pabortata B Tasu obnacr,
CblLUeCTBEHa 4YacT OT eKCnepuMeHTUTe ca NpoBeXAaHN B paMKNUTE Ha NapTHbOPCTBO
c Bogewm ueHTpoBe B EBpona u CALL. B npeacraBeHUTe HayyHW pesyntatu OT
nocregHuTe 13 roavHM akTUBHO Ca M3NOon3BaHuW U Gbrrapcku cynepkomnioTpu. OT
2015 r. ToBa e cynepkommnioTbp ABUTOXON (4acT OT HauumoHanHua UeHTbp 3a
BUCOKOMPOM3BOAUTENHN W pasnpegeneHn  usuuncnenuns, WWKT-BAH), Bux
[5,6,7,8,13]. Taka Hanpumep, B [43] e nacnegBaHa napanenHata peanusauus Ha
ONOYHO-UMPKYNaHTHX MeToan 3a TpuMepHu 3agadv. B ocHoBaTta Ha TO3M Knac
anropuTMKM € npunaraHeTo Ha npaBo M obpaTHo npeobpasoBaHve Ha PDypue. B
pes3yntaT ce noriyyaBa (pakTopu3vpaHo npeacTaBaHe CbC cneuynanHa 6ro4Ha
CTPYKTYpa, [aBalla Bb3MOXHOCT 3@ HamansBaHe Ha KOoMyHukauuuTe. [MpuHUMNHO
pasnuyeH nogxon e npunoxeH B [40,46,49]. 3a opurMHanHaTta Matpuua Ha KopaBuHa
ce MnoCTposiBa fOKanHO MoguduuupaHa anpokCcMMauusi, KOATO uma CTPYKTypa,
AaBalla Bb3MOXHOCT 3a edeKkTMBHa napanefnHa HenbiiHa dakTopusaums oT Tun
MIC(0). dokasaHo e, 4ye cnomaraTtesiHata maTpuvua yaoBneTBopsiBa yCrnoBusiTa 3a
yctonumBa MIC(0) dpakTopudaumsi. 3HAYEHMETO Ha TO3M TuN pes3yntatv 3a
pasBMTMETO Ha NapanenHM 4uUCcreHn MeToau 3a pellaBaHe Ha  4YacTHU
AndepeHumManHn ypaBHeHNsI ce onpeaensa oT: a) nsbsareaHe Ha HeobxoanmmocTTa OT
BMNOXEH WTEepauMOHEH MpoLEeC, KOeTO € TUMMYHO 3a MeToauTe, W3MNOoM3Baliu
pasgensiHe Ha obnacTtTa Ha nogobnacTtu; 6) Bb3MOXHOCT 3a ecTecTBeHO 0606LeHne
B TpumepHust cnyydyan. W3scnepBaHuATa ca HacoyYeHM kbM OGanaHcupaHe Ha
napanenHuTe M3YUCNEHUSs U KOMYHWKaummte u 6GanaHcupaHe Ha noKanHuTe U
rnobanHn komyHukauuun [26]. MNonyyeHn ca pesyntatu C BUCOKa €PEeKTUBHOCT Mpu
MHOro o6l NPeanonoXeHNd, BKIHOYBALLM HECTPYKTYPUPaHU TeTpaeapanHu Mpexu
C nokanHo crbctaBaHe. CneuunaneH OKyC Ha m3crefBaHuATa npes3 nocrnegHuTe
roguMHu ca enunTUYHM ypaBHeHuATa ¢ gpobHa cteneH Ha audysus [1,2,3,4,5,6,7,9].
To3n knac HenokanHu 3agavv MMa M34YUCIUTESNHA CINOXHOCT, KOATO MO eCTeCTBEH
HauyMH BOAM [0 HeobxoguMmocTTa OT CynepKOMMNiTbpHa NPOU3BOAUTENHOCT. B
YacTHOCT, ToBa e 0e3 anTtepHaTvMBa NpU TPUMEPHM 3adayn Mo NMPOCTPaHCTBOTO B
n3umcnutenHa obnact cbC crnoxHa reometpusi. Cb3gageHn ca HOBU  anropuTmMun €
onTumanHa napanenHa eeKkTMBHOCT.

1.7. MaremaTtu4yecko mogenupaHe

B pab6otu [8,10,11,13,15,19,20,22,26,27,31,33,36,54] ca npeactaBeHn peayntaTy,
KOUTO uM3non3eBaT W pasBuMBaT aBaHrapgHW 4YUCNEHW MeTOAW W anropuTMn 3a
pelwaBaHe Ha BaXHU MNPUNOXHU 3aJavyM Ha MaTeMaTUyYecKoTo U KOMMIOTBbPHO
MogenupaHe. Taka Hanpumep, paboTta [54] e nocBeTeHa Ha MoaenupaHe Ha
NUOTHM PYHOAAMEHTU B HENMHENHA MHOroCcrnonHa cpeaa. 3a edpekTUBHO peLlaBaHe
Ha 3agayata B TpuMMepHa [MOCTaHOBKA € MPUIOXEHO MHOMOHMBOBO JIOKasrHo
CrbCTsABaHe B 30HaTa nog 4enoto Ha nunota. B cratus [36] e paspaboteH
WHTErpMpaH KOMMIOTbPEH MOAEeN Ha npouecute Ha BaKyyMHO-3aMpPb3UTESNTHO
cyweHe. 3a Bb3HMKBALlATa CUITHO HENWHEWHa napabonvyHa 3agjaya € npunoxeHa
HesABHa [AWUCKpeTM3auuMsi Mo BpPeMeTo C afanTMBHM CTbMKM MO BPEMETO W
ntepaunoHeH metog ¢ MIC(0) npeobycnaesHe. B [33] e peanusnpaH meTon 3a
4yucrneHa XxoMoreHm3aums Ha MUKPOCTPYKTypaTa Ha TpabekynapHa KOCTHa TbkaH. 3a
uenTta e M3nonsBaHa BOKCenHa WHgopmauusa 3a reomeTpusita Ha TBbpaaTta dasa.
Llen Ha nacnegBaHeTo e xapakrtepmsauus Ha GuoMexaHUYHUTE CBOMCTBA HA KOCTHMU
TbKaHW NpU n3paseH NpoLec Ha pasBUTUE Ha ocTeonoposa. B cratum [22,26,27,31]
ca wu3crnegBaHM npouecu Ha paanmodecToTHa 4YepHoapobHa TymopHa abnauus.



MaTtemaTnyeckmaT Moden ce OonucBa CbC CBbp3aHa HenvHerHa HecTauuoHapHa
cMcTeMa OT YacCTHM gudepeHuManHn ypaBHeHnsa. 3a ANCKpeTusaumnsa no BpeEMeTo e
n3non3BaH HesiBEH METO[, KaTo 3a Bb3HUKBALUUTE CUCTEMU OT NIMHENHU YpaBHEHUS
e npunoxeH anrebpuyeH wmynturpng metog. B [8,11,13] ca paspaboTteHu
cneuvanumsavpaHM YMCNeHn MeTOAM 3a HenMHEeWHUM 3adavM OT [MHaMuKa Ha
KOHCTpykuunte. Te BKNOYBAT KaKTO poBACTHOCT Ha AuUcKpeTusaumsita wu
OMdypKaunMoHEH aHanNu3, Taka 1 aHanua Ha U3dncnmMTenHaTa CnoXHOCT U edheKTMBHA
anroputTMMyHa W nporpamMHa peanu3auus. B pabotn [11,12,22,26,27,31,33] ce
nonyyaBaT AOUCKPETHW 3agayn, KOMTO AOCTUraT CTOTMUM MUIMOHM CTENneHn Ha
cBoboga (HEN3BECTHM) NO NPOCTPAHCTBEHUTE NPOMEHNNBU. PellaBaHeTo Ha TakmBa
3aZa4un € Bb3MOXHO C MOMOLLTA HA BUCOKONPOU3BOAUTENHN U3YUCTIUTESNTHU CUCTEMU
C NnapanenHa apxuTekTypa.

2. MocTmxeHun CBbp3aHnNn C pa60Ta no HAay4YHU N HaY4HO-
NMPUNTOXHUN NMNPOEKTHU

B TO3n pasgen ca npeactaBeHV AeNMHOCTU UM pesynTaTu, CBbp3aHu ¢ paboTa no
Hay4YHM N HaY4YHO-MPUITOXKHM NPOEKTU.

Mpe3 nocregHUTe rOAMHW OCOBEHO BaXkKHa pPOMns 3a pasBUTME Ha MPUOPUTETHU
Hay4YHM o06GracTu 1 ykpenBaHe Ha Hay4yHUsl NoTeHuMan umaTt LeHTpoBeTE 3a BbpPXOBU
nocTukeHms. To3n TUN MPOEKTU ca onpedensiy 3a uarpaxkgaHe U passBuTMe Ha
CbBpeMEHHa HayyHa WHGPACTPYKTypa, KaTto B CbLWOTO BpemMe CTUMynupat
bopMUMpaHETO Ha Hay4YHU MPEXM U HOBWU Hay4YHWU HanpaBneHus.

Tyk Wwe oTbenexa cneunanHo ABa TakMBa NpoekTa, Ha KOUTO CbM PbKOBOAUTEN.

MbpBUAT € puHaHcnpaHuaT ot PoHg ,HaydHu nscnegsanua“ npoekt ALBIM 02/1 3a
cb3fjaBaHe UM pasBuTMe Ha LleHTbp 3a BbPXOBM HaAy4yHUM MOCTUKEHUS MO
“CynepKoMnoTbpHN NPUNOXeHNs". KonektnesbT BKJTHOYBA MaTemaTuum,
MHOpMaTULM, MEXaHULM, PU3NLU, XUMULU, UHXEHePU N dbapmaueBTu. MNposexaat
Ce CbBMECTHU u3cnegBaHuss Ha ekunu oT WMHcTuTyta no UHGOPMALMOHHU U
KOMYHWUKaUNOHHU TexHonorum — BAH, NHctutyTa no mexaHnka — BAH, HaunoHanHus
WHCTUTYT No reouauka, reonorna n reorpadus — bAH, dakynteta no matemaTtmka n
nHopmatuka — CY, dakynteta no ¢dpusmnka — CY, dakyntera N0 KOMMIOTbPHU
cuctemn n ynpasneHne — TY Codumsa n dakynteta no dapmauus — MY Codms.
N3cnepBaHnaTa  BKMNOYBAT:  CYMEPKOMMIOTbPHU  apXUTEKTYpu;  KOMMIOTbPHO
MoAenupaHe Ha MUKPOCTPYKTypaTa Ha XeTeporeHHu cpeau; aHanuv3  Ha
YyBCTBUTENHOCTTA Ha CMOXHW MaTtemMaTU4ecku MoLenu; OueHKa Ha noTeHumana Ha
Bb30OHOBAEMM U3TOYHMLM Ha €HEepPrus U KayecTBOTO Ha Bb3gyxa; U34McnuTernHa
AVNHaMMKa Ha nynamte; KOMNITbPHO MoAenvpaHe Ha 6uonorMyHu Mosnekynn m
CUCTEMW; KBAHTOBM CUMYyIaumu; in silico NpoekTnpaHe Ha nekapcTea.

Mpe3 2018 r. ctapTtupa gorosop BGO5M20P001-1.001-0003: ,LleHTbp 3a BbpXOBU
noctmxeHunsa no MHpopmaTtmka n MHPOPMALNOHHU U KOMYHUKALMOHHU TEXHOSormm',
uHaHcupa no OnepatmBHa nporpama ,Hayka u obpasoBaHue 3a MHTENUreHTeH
pactex“ 2014-2020. LleHTbpbT ce marpaxaa oT KoHcopuuym, BkroyBaw: HCTUTYT
Nno MHPOPMAaLIMOHHN N KOMYHUKAUMOHHM TexHonorun — BAH (Bogela opraHmsaums);
WMHCcTUTYT no matemaTtuka n nHgopmaTtuka — BAH; UHctntyT no mexaHuka — BAH;
HauuoHaneH MHCTUTYT no reodusunka, reogesvsa u reorpadpua — BAH; lNnosgueckn
yHuepcuteT llamcun XuneHgapckn®; MepguumHckn  yHuBepcuteT — Codums;
YHuBepcuteT no 6ubnmnmoTekosHaHne u MHGOPMaUMOHHM TexHonoruu. Llenute Ha



npoekta BkM4YBaT: WM3rpaxagaHe Ha MopepHa €enekTpoHHa WHGPAacCTpykTypa:
KOMMIOTbPHM CUCTEMW, PECYPCU 3a CbXpPaHEHWe Ha [aHHM W YCryrMu C OTBOpPEH
AOCTbN 3a uscnegosatenute B bwnrapus; MHTerpupaHe Ha oTaenHuTe cnoeee Ha e-
NH(PACTPYKTYpa CbC CTaHZapTU3MpaHu W cneunduyHn 3a OTAENHUTE Hay4vHU
obLHOCTM ycnyrM, C Len cb3gaBaHe Ha BupTyanHa u3cnegoBaTernicka cpeaa;
OcurypsiBaHe Ha «YHKUMKW, MO3BOMSABALLM YyNpaBfieHWe Ha [OaHHU 3a HaydHuTe
obuwHocT; OcurypsiBaHe Ha Mporpamu 3a noanomaraHe W 00ydeHMe 3a
notpebutenute B Bbnrapus; Cb3gaBaHe Ha ycrnoBusi 3a MPOBEXAAHE Ha Hay4vHU
uscrnegBaHMs B CbOTBETCTBME C Hal-gobpuTe CBETOBHW CTaHOapTU  npu
CTUMynupaHe paboTaTta B MHTEPAUCLMMITMHAPHN EKUMMW.

BaxeH pes3yntat OT CbBMECTHaTa pa60Ta no Te3n TMpPOeKTn € Cb3OdaBaHEeTO Ha
KPpUTM4Ha mMaca OT Miiaan y4eHn C BB3IMOXHOCTU 3a TEXHOJNONM4YHU I'IpO6VIBVI Ha
basara Halz-C'beeMeHHl/l Hay4YHU NMNOCTUXEHNA.

B npeacraBeHuTe OOKYMEHTM MO KOHKypCa € BKMIOYEH CMMCBHK HA PbKOBOAEHUTE OT
MEeH npe3 nocrnegHute 5 rogn 9 npoekTa, Kakto crnegpa: A. PuHaHcupaHu oOT
BbHLUHM 3a bbnrapma natodnnum - 3; b. PuHaHcMpaHn oT 6bArapckn U3TOYHUUM — 4;
B. MexxgyHapoaHu gorosopu no ekBusaneHT — 2. [1puBneyeHnTe No Te3n 4oroBopu
oMHaHCOBW cpeAcTBa Bb3NM3aTt Ha Hag 31 MunnoHa nesa, kato Hag 95% oT Tax ca
3a BAH.

Pabotata Mu, KaTo PbKOBOAMUTEN HA HAY4YHM U HAYYHO-MPUIIOXKHM MPOEKTU MPSIKO
AonpuHacsa 3a yTBbpxgaBaHe Ha nuaepckata nosuumss BAH v Ha bBbnrapus B
KOronstouHa EBpona B ob6nacTtta Ha BUCOKONPOU3BOANTESNTHUTE NPECMATaHUS.

Bogeuw, NPUOPUTET B TE3N AEenHOCTHU npes3 nocneaHnTe roanHn € CUHeprmudaTa Mexay
CynepKkoMniTbpHN METOON, alTTOPUTMU N NMPUNOXKEHNA B Cpeda Ha rofiemMmn aaHHW.

[MocTuwxeHnaTa, cBbp3aHn ¢ paboTa MU NO HAYYHU U HAYYHO-MPUMOXHU MPOEKTU ca
OoTpaseHn B ronaMm 6pon mMeaunHu n nyénuyHuM m3seu. Te mmaT NpsKk NpUMHOC 3a
nonynsipusnpaHe Ha ponsta Ha BAH B pa3BuTneTo Ha TakmBa O6LLECTBEHO-3HAYNMMU
obnacTtu, KaTo Hay4YHa noakpena 3a uudpoBaTa TpaHcdopMauusa 1 HeMHaTa pons 3a
nognomMmaraHe uarpaxgaHeTo Ha no-edekTMBHa N No-3efieHa MKOHOMUKA.

Codoms, toHu 2021 .
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