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Published articles in specialized scientific journals and reports at conferences / My6ankysaHu ctaTum
B CMeLManmM3MpaHn HayYyHW U3gaHus u nybanMKyBaHM gOKNAAM OT KOHbEpPEeHLMU:

Vitanov H. K., Sakai K., Jordanov |. P., Managi S., Demura K., Analysis of a Japan government
intervention on the domestic agriculture market, Physica A: Statistical Mechanics and its
Applications, Volume 382, Issue 1, 1 August 2007, Pages 330-335,
https://doi.org/10.1016/j.physa.2007.02.025, ISSN: 0378-4371.

Abstract: We investigate an economic system in which one large agent—the Japan government
changes the environment of numerous smaller agents—the Japan agriculture producers by indirect
regulation of prices of agriculture goods. The reason for this intervention was that before the oil
crisis in 1974 Japan agriculture production prices exhibited irregular and large amplitude changes. By
means of analysis of correlations and a combination of singular spectrum analysis (SSA), principal
component analysis (PCA), and time delay phase space construction (TDPSC) we study the influence
of the government measures on the domestic piglet prices and production in Japan. We show that
the government regulation politics was successful and lead: (i) to a decrease of the nonstationarities
and to increase of predictability of the piglet price; (ii) to a coupling of the price and production
cycles; and (iii) to increase of determinism of the dynamics of the fluctuations of piglet price around
the year average price. The investigated case is an example confirming the thesis that a large agent
can change in a significant way the environment of the small agents in complex (economic or
financial) systems which can be crucial for their survival or extinction.

Pestome: WM3cnegsame MKOHOMMYECKA CUCTEMA, MPU KOATO eAMH FONSM areHT - AMNOHCKOTO
NPaBUTENCTBO MPOMEHA cpefaTa Ha MHOXECTBO MO-MaJIKM areHTU - AMNOHCKUTE 3eMenesICKu
NPOU3BOAMTENN YPE3 HEMNPAKO PeryampaHe Ha LeHUTe Ha CesICKOCTONaHCKMTe CTOKU. MpuunHaTa 3a
Ta3sn Hameca e, Yye npegu neTponHata Kpmsa npe3 1974 r. ueHUTe Ha CeICKOCTOMAHCKOTO
Npon3BOACTBO B AMOHMA NMOKA3BaT ronemMm aMnanuTyaHU NpPomeHu. Ypes KopenaunoHeH aHains u
KOMBMHaLMA OT aHa/IM3 Ha CUHTYAAPHUA cnekTbp (SSA), aHanM3 Ha NPUHUUNHUTE KoMNoHeHTU (PCA)
M M3rpakgaHe Ha MpocTpaHCTBEHOTO ¢a3oBo 3abaBAHe (TDPSC) nokasBame BAUAHMETO Ha
ObPXKaBHUTE MEPKU BbPXY BbTPELUHMUTE LLEHW HA MNpaceHuata M NpoOu3BOACTBOTO HA CB. Meco B
AnoHus. NoKasBamMe, Ye NpPaBUTENCTBEHATA NONTMUKA 3a peryanpaHe e 6una ycnewHa v e gosena: (i)
00 HaManABaHE Ha HEeCTaUMOHAPHOCTTa M A0 MNOBMLIABAHE HA MPeACKA3yeMoCTTa Ha LieHaTa Ha
npaceHuara; (ii) 3a cBbp3BaHe Ha LEHOBMA U MPOM3BOACTBEHUA UMKDBA; U (iii) 3a yBennuyasaHe Ha
OeTepMMHU3MA Ha AMHaMMUKaTa Ha KosiebaHuWATa B LieHaTa Ha NpaceHuUaTa OKONo cpefHaTa LieHa 3a
roguHaTa. M3cnegBaHuAT ciyyan e npumep, NOTBbP)KAABAL, Te3aTa, Ye eguH roNfM areHT MOMXKe
3HAUYUTENIHO A3 NPOMEHM cpeaaTa Ha MasIKUTe areHTU B CIOXKHUTE (MKOHOMUYECKU Mau GUHAHCOBM)
CMCTEMM, KOMTO MOraT Aa 6bAaT pelaBallm 3a TAXHOTO OLLeNsABAHE UKW N34Ye3BaHe.



Jordanov I. P., Nonlinear waves caused by diffusion of population members, Comptes rendus de
I’Academie bulgare des Sciences, Vol 62, No1, pp.033-040, 2009, ISSN 1310-1331.

Abstract: On the basis of a general model for spatial-time interaction of populations we investigate
one-dimensional nonlinear density waves caused by the diffusion of members of populations in
space. We assume that the interaction between the members of the population does not depend on
the population density. Two cases are discussed: (i) case of constant growth rate and, (ii) case of
growth rate which depends on the population density. We show that existence of nonlinear kink
wave solutions is possible for both cases. Such waves correspond to a phase space connection of a
saddle point and stable node. We obtain analytical exact expressions for the kink waves for the two
discussed cases.

Pestome: Bb3 0cHOBa Ha 06L, MoAen 3a NPOCTPaHCTBEHO-BPEMEBO B3aMMOENCTBME Ha NonyaauunTe
HWe m3cneABame eAHOMEPHM HeNWHEWHM BbJIHM C MABTHOCT, KOATO Ce M3MeHs B pe3ynTtaT Ha
Andysmata Ha uyneHoBeTe Ha nonynauMmute B NpoOCTpaHCTBoTO. [peanonarame, 4de
B3aMMOEMNCTBMETO MeXay Y/ieHOBeTe Ha nonynaumsaTa He 3aBMCU OT MABTHOCTTA Ha MnonynauuaTa.
O6cbaeHu ca aga cayyasn: (i) cayyalt Ha NOCTOAHEH Temn Ha pacTeX U (ii) chyyait Ha Temn Ha pacTex,
KOMTO 3aBMCKM OT MABTHOCTTA Ha HaceneHueTo. lOKasBame, ye CbLLECTBYBAHETO Ha HeAUHEWHU
pelleHnsa BbB BUA HAa KUHKOBM Bb/IHM € Bb3MOXHO M 3a ABaTa C/y4an. TakMBa Bb/IHM CbOTBETCTBAT Ha
$a30Bo-NpocTpaHCTBEHaTa Bpb3Ka Ha CeA/ioBa TOYKA M YyCTOMYMB Bb3en. [lonydaBame M TOUHM
pelleHna 3a Bb/HWTE U 3a ABaTa 06CbAeHN Cyvasn.

Nikolova E. V., Jordanov, . P., Vitanov N. K., Dynamical features of the quasistationary microRNA-
mediated protein translation process supported by elF4F translation initiation factors, COMPUTERS &
MATHEMATICS WITH APPLICATIONS, Volume: 66, Issue: 9 Pages: 1716-1725, DOL:
10.1016/j.camwa.2013.04.021, ISSN: 0898-1221, eISSN: 1873-7668, Published: NOV 2013.

Abstract: Mathematical modeling of kinetic processes with different time scales allows a reduction of
the governing equations on the basis of quasi-steady-state approximations (QSSA). Below the QSSA
theorem is applied to a modified mathematical model of the microRNA repression on the protein
translation with participation of elF4F translation initiation factors. In accordance with the
terminology of the QSSA theorem two of the protein concentrations are denoted as 'fast varying',
such that the corresponding kinetic equations form a system attached to the system for 'slow'
variables that consists of equations for the other four concentrations. We obtain analytic solutions
related to the steady-state values of the fast varying concentrations and the slow varying ones, and
the interpretation of these solutions are as restrictions on the regulatory role of microRNAs on the
protein translation process.

Peslome: MatemaTnyeckoto mogenvpaHe Ha KUHETMYHW MpOoLEeCcUM C Pas/IMyHU BPEeMEBU CKau
no3BosifABa HamanABaHe Ha YynpasasABalWMTe ypaBHeHMA Ha 6as3ata Ha KBasWCTaLMOHApHWU
npubnukeHuma (QSSA). Tyk npunarame QSSA — TeopemaTa KbM mMoaubUUMpaH MaTemMaTUYecKu
mogen Ha mukpo PHK penpecua Bbpxy TpaHcnauuATa Ha NPOTEMHM C yyacTMeTo Ha ¢aKTopu 3a
MHULUMMPAHe Ha TpaHcnauma Ha elF4F. B cboTBeTCTBME C TepMUHONOrMATa Ha TeopemaTa QSSA ase oT
KOHLEHTpaLuMmMTe Ha MNPOTEMH Cce O3Ha4yaBaT KaTo ,6bp30-Bapupalin®, Taka 4Ye CbOTBETHUTE
KMHETUYHW ypaBHeHWsA o0b6pa3yBaT cucTema, NpuUKpeneHa Kbm cuctemata 3a ,,6aBHU” NpomeHauBY,
KOATO Ce CbCTOM OT ypaBHEHWA 33 OCTaHa/UTE YeTMPU KOHUeHTpauuun. lonyyaBame M TOYHM
peleHns, CBbP3aHM CbC CTALMOHAPHU CTOMHOCTM HA 6BbP30 NPOMEHALWMUTE Ce KOHLEHTpauuu u



6aBHO NpomeHsALwmMTe ce. TbAKyBaHETO Ha Te3M peLleHna KaTo OrpaHMYEHNE HA peryiaTopHaTa pons
Ha MUKpPOPHK Bbpxy npoueca Ha TpaHcnauma Ha NPOTENHUTE.

Dushkov I. N., Jordanov I. P., Vitanov, N. K., Numerical modeling of dynamics of a population system
with time delay, MATHEMATICAL METHODS IN THE APPLIED SCIENCES, Volume: 41, Issue: 18, Pages:
8377-8384, DOI: 10.1002/mma.4553, ISSN: 0170-4214, elSSN: 1099-1476, Published: DEC 2018.

Abstract: Mathematical models of interacting populations are often constructed as systems of
differential equations, which describe how populations change with time. Below we study such a
model connected to the nonlinear dynamics of a system of populations in presence of time delay.
The consequence of the presence of the time delay is that the nonlinear dynamics of the studied
system become more rich, eg, new orbits in the phase space of the system arise, which are
dependent on the time-delay parameters. In more detail, we introduce a time delay and generalize
the model system of differential equations for the interaction of 3 populations based on generalized
Volterra equations in which the growth rates and competition coefficients of populations depend on
the number of members of all populations. Then we solve numerically the system with and without
time delay. We use a modification of the method of Adams for the numerical solution of the system
of model equations with time delay. By appropriate selection of the parameters and initial
conditions, we show the impact of the delay time on the dynamics of the studied population system.

Peslome: MaTemaTUMHECKMTE MOAENN Ha B3aMMOIENCTBaLMUTE MOMy/AaLMM Hal-4yecTo ce usrpaskaar
KaTo cuctemu oT AndepeHumanHM ypaBHEHWA, KOUTO OMMCBAT KaK NoMynauuute ce MPOMEHAT C
BpemeTo. Mo-40ny u3yyaBame TaKbB MOJE/, CBbP3aH C He/MHeMHaTa AMHaMMKa Ha cucTema oT
nonyiaummn npu 3akbcHeHne BbB BpemeTo. Nocneamuara ot HaMumeTo Ha 3abaBAHe BbB BPEMETO €,
ye He/MHeWHaTa AMHaMMKa Ha M3cnefBaHaTa cuctema ctasa noborata, HanpUMep Bb3HMKBAT HOBU
0pbuTH BbB Ha30BOTO NPOCTPAHCTBO HA CUCTEMAaTa, KOMTO 3aBUCAT OT NapameTpuTe Ha 3abaBaHe BbB
BpemeTo. Mo-noApo6HO BbBEXKAaMe 3aKbCHEHME BbB BpEMETO M 0606LaBame MmofesnHaTa cuctema
oT andepeHUmnanHu ypaBHEHUA 3a B3aMMOENCTBMETO Ha 3 nonynaumm Bb3 ocHOBa Ha 0606LeHu
ypaBHeHMA Ha BosiTepa, B KOMTO TEMMOBETE Ha PacTes U KoedPUUMEHTUTE Ha KOHKYpPeHUMA Ha
nonyiaumuTe 3aBUCAT OT 6pOsA Ha Y1eHOBETE Ha BCMUKKM nonynaumu. Cnea Tosa pelaBame YUCAEHO
cuctemata cbec M 6e3 3abaBAHe Ha BpemeTo. M3nonssame moamduKauma Ha metoda Ha Agamc 3a
YMCNEHOTO pelleHMe Ha CUCTemMaTta OT MOJE/IHM YPaBHEHMA CbC 3aKbCHEHMEe BbB BpemeTo. Ypes
noaxoAsaiw, Noabop Ha napameTpuTe M HadasjHWUTe YCI0BUA MOKa3BamMe B/IMAHMETO Ha BPEMETO Ha
3abaBAHETO BbPXY AMHAMMKaTa Ha U3caeaBaHaTa nonyaauMoHHa CUcTema.

Jordanov I. P., Vitanov N.K., On the exact traveling wave solutions of a hyperbolic reaction-diffusion
equation, Studies in Computational Intelligence, Volume 793, 2019, Pages 199-210, Springer Nature,
ISSN:1860-949X, EISSN:1860-9503.

Abstract: We discuss a class of hyperbolic reaction-diffusion equations and apply the modified
method of simplest equation in order to obtain an exact solution of an equation of this class (namely
the equation that contains polynomial nonlinearity of fourth order). We use the equation of Bernoulli
as a simplest equation and obtain traveling wave solution of a kink kind for the studied nonlinear
reaction-diffusion equation.

Pestome: ObCbkaame Knac xmnepboanyHN ypaBHEHUA OT peakUuMOoHHO-andy3noHeH Tmn. MNpunarame
MmoandULMpaHMa MeToA Ha Hal-NPOCTOTO YPaBHEHWE, 33 A3 NOJlyYMM TOYHO PeLleHue Ha ypaBHeHue



OT TO3M KNac (@ MMeHHO ypaBHEHWETO, KOETO CbAbpKa MNOAMHOMMANHA HEMHENHOCT OT YeTBbPTH
pea). U3anonssame ypaBHEHMETO Ha BepHY/M KAaTo Hal-MPOCTO ypaBHEHWE U NoJiyyaBame pelleHue
BbB BMJ, Ha NbTyBalLa Bb/IHA 3@ U3C/N1€4BAaHOTO HEIMHENHO PEeaKUMOHHO-ANPY3MOHHO YpaBHEHME.

Jordanov |. P., Nikolova E.V., On the evolution of nonlinear density population waves in the socio-
economic systems, AIP Conference Proceedings, American Institute of Physics, ISSN: 0094-243X, E
ISSN: 1551-7616, Volume 2075, 26 February 2019, Article number 150002.

Abstract: The most systems in our environment contain components that interact through
competition or cooperation, which can lead to system adaptation. Recently, it is especially important
to study the behavior of such systems, and to develop and apply new appropriate mathematical
methods for studying the processes in these systems. Such approaches have many applications in
economy and sociology and are successfully used in mathematics, physics, ecology, biology and
technical sciences. In the last decades non-linear models are intensively used to model economic and
social systems. In many cases the main features of such complex systems can be explained by a
relatively small number of non-linear differential equations. Examples of such systems are some
economic organizations. In this paper we model the behavior of a socio-economic system by partial
differential equations. The model describes dynamics of populations competing for limited
resources. In the model, migration is treated as a advection-diffusion process influenced by changing
of the growth rates and the interactions among population individuals. The model describes several
novel features of the interacting populations compared to the well-known classic models in
population dynamics. Using the modified method of simplest equation and one of its extended
versions, we obtain new wave solutions of the model system.

Pestome: MNoBeyeTo cucTemu B HalwaTa cpeAa CbAbprKaT KOMMOHEHTU, KOMTO CU B3aMmoOAeNcTBaT
ype3 KOHKYPEHUMS UAN CbTPYAHMUYECTBO, KOETO MOXe Ja [AoBede A0 aganTaums Ha cucTemarta.
Hanocnenbk e ocobeHo BaXKHO Aa ce M3cnenBa NoBeAeHMETO Ha TakKMBa CUCTEMM M Aa ce paspaboTaTt
W Npuaarat HoBM NOAXOAALM MaTEMATUYECKU MEeTOAM 3a M3ydyaBaHe Ha NPOoLEcUTe B TE3U CUCTEMM.
TakMBa NoaxoAn MMaT MHOTO MPUIOMKEHUA B MKOHOMMKaTa M COLUMONOIMATAE U cCe M3NoN3Bart
yCnewHo B MaTemaTuKaTa, ¢u3MKaTa, eKosorunaTa, buosormata M TexHU4Yeckute Hayku. [pes
nocneaHuTe AeceTuneTva HeNMHEWHUTE MOAEeNUN Ce W3MNO0J3BaT MHTEH3WBHO 3a MOJe/MpaHe Ha
UKOHOMUYECKN U COUUa/IHN CUCTemMmu. B mHoro cnhy4anm OCHOBHUTE XaPaKTePUCTUKU Ha TakuBa
CNOXHM cuUcTeMn MoraT fa 6baat o0b6ACHEHM C  OTHOCUTENHO ManbK Opoit  HelMHeNHU
andepeHumanHn ypaBHeHUA. Mprmepu 3a TaKMBaA CUCTEMM Ca HAKOM MKOHOMMUYECKU opraHusaumn. B
TasW CTaTMA HWEe Mogennpame NOBEAEHMETO Ha COLMANHO-UMKOHOMMYECKATa CUCTEMA YpPes3 YaCTHU
andepeHumManHu ypasHeHua. MogenbsT onuceBa gMHaMUKaTa Ha NonyaaLMnTe, KOUTO ce KOHKypupar
33 orpaHMYeHn pecypcu. B moaena murpaumata ce TpetTMpa Kato agBeKuMoHHoaAMdY3NoHEeH npouec,
NOB/IMAH OT MNPOMAHA Ha TeMnoBeTe Ha pactex u B3aVIMO,CI,EI7ICTBVIFITa mexay wuwHausungute oT
HaceneHneto. MoZenbT ONUCBA HAKOJIKO HOBM XapaKTEPUCTUKM Ha B3aMMOZEeNCTBaLWwMTe Nonyaaumm
B CpaBHeHMe ¢ Aobpe No3HaTUTE KAaCcMUYeCcKn Moaenn B AMHaMUKaTa Ha nonynaumata. Manonssamnku
MoANPULMPAHMA METOL HA Hal-NPOCTOTO ypaBHEHME W efHa OT HeroBuTe Pas’WMPEHU Bepcuw,
noay4yaBamMe HOBW Bb/IHOBU pellieHMA Ha Mode iHaTa cucTema.

Nikolova E. V., Serbezov D. Z., Jordanov, |. P., On the spatio-temporal dynamics of interacting
economic agents: Application of the modified method of simplest equation, AIP Conference



Proceedings, American Institute of Physics, ISSN: 0094-243X, E ISSN: 1551-7616, Volume 2075, 26
February 2019, Article number 150003.

Abstract: In this study we discuss a mathematical model based on an advection-reactiondiffusion
type PDEs. The model describes the spatio-temporal dynamics of populations of interacting
economic agents. We extend the generalized reaction-diffusion model for spatiotemporal population
dynamics proposed [N. K. Vitanov, I. P. Jordanov, Z. I. Dimitrova, Applied Mathematics and
Computation 215, 2950-2964 (2009)] by adding new advection terms to the equations therein. The
new advection terms describe the preferential movement (migration) of agent systems to favorable
regions due to their economic interests. We assume that the speeds of agent migration are density
dependent on specific economic mechanisms. We extract an analytical solution of the proposed
advection-reaction-diffusion model for the case of one population of interacting agents which
migrates in one spatial direction. The numerical tests of the obtained analytical solution demonstrate
propagation of nonlinear density waves of a 'kink' type. We show that the propagation wave front
can change in dependence on assumptions made about migration speeds of the agents.

Pestome: B ToBa M3cnenBaHe HWe obCbXKAame maTeMaTudecku mogen, 6asmpaH Ha YAY ot Tvn
agBekumA-peakumna-gudysma. MogensbT onNucBa NPOCTPAHCTBEHO-BPEMEHHATa AMHaMMKa Ha
nonynaunumnTe Ha B3aMMOLENCTBaLLM MKOHOMMYECKN areHTU. Hue paswupasame ob6obueHma moaen
peakuna-gudysmna 3a npeasokeHata MPOCTPAHCTBEHO-BpeMeBa JAMHAMMKA Ha MOMy/iauumAaTa,
npeanoxeH ot ButaHos, MopaaHos u Aumutposa B Applied Mathematics and Computation 269,
363—-378 (2015) upe3 nobaBsHe Ha HOBM aABEKTUBHW YNeHOBE B ypaBHeHMATa. HoBuTe ycnosus 3a
aABeKLMA onucBaT npedepeHLManHoTo ABUMKEHWE (MUIPaLMATa) Ha areHTHUTE CUCTEMM KbM MO-
61aronpuATHU PErMoHN NOpPagMn TEXHUTE MKOHOMUYECKU MHTepecu. Mpepnonarame, 4e CKOPOCTUTE
Ha MMUrpaLMA HA areHTUTe 3aBMCAT OT MABTHOCTTA OT cheuuMdUYHU MKOHOMMYECKM MEXaHU3MM.
MonydyaBame TOYHO pelleHne Ha NPeasIOKeHUA MOLEN Ha aaBeKUuna-peakuna-gudysna 3a cnydasa Ha
efHa nonynauma OT B3aMMOAENCTBALLM areHTW, KOATO MUrpupa B eA4Ha NPOCTPAHCTBEHA MOCOKA.
YncneHuTte TeCTOBE Ha MOJYYEHOTO AHA/IMTUYHO peLleHMe AEeMOHCTPUPAT Pa3npPOCTpPaHEeHMe Ha
HENIMHENHM BBAHM € nabTHOCT oT Tin ,kink“. Hue nokassame, ye OGPOHTLT Ha BbAHATA Ha
pPa3nNpoCTpaHeHUe MOXKe Aa Ce MPOMEHW B 33aBUCMMOCT OT MPEeANnOJIOKEHUATA 3a CKOPOCTTA Ha
MUTpaUMA Ha areHTuTe.

Nikolova E. V., Serbezov D. Z., Jordanov, |. P., Nonlinear spread waves in population dynamics
including a human-induced Allee effect, AIP Conference Proceedings, American Institute of Physics,
ISSN: 0094-243X, E ISSN: 1551- 7616, Volume 2075, 26 February 2019, Article number 150004.

Abstract: In this study we discuss a reaction—diffusion equation, which describes the spatiotemporal
dynamics of a single low-density population incorporating an Allee effect. In more details the studied
equation represents variations of the population density in the space and in the time due to a slow
random diffusion process and a local growth rate induced by an Allee effect. We obtain an exact
general analytical solution of the considered equation applying the modified method of simplest
equation. The ordinary differential equation of Abel of first kind is used as the simplest equation. The
solution is presented by a special function proposed in [N. K. Vitanov, Z. |. Dimitrova, K. N. Vitanov,
Applied Mathematics and Computation 269, 363-378 (2015)]. A particular case of the general
solution is derived reducing the special function to elementary functions. We simulate numerically



the particular solution and show that the population density wave can vary in its profile depending
on the strength of the Allee effect.

Pestome: B TOBa Mu3cneABaHe o6CbXKAamMe pPeakuUMOoHHO-ANDY3MOHHO YpaBHEHWE, ONWUCBALLO
NPOCTPAHCTBEHO-BPEMEBATa AMHAMMKA Ha edHa NOonyaaumMsa C HUCKa MABbTHOCT, BKAOYBALWLA T. Hap.
edeKT Ha Allee. No-noapobHO U3cneaBaHOTO ypaBHEHWE NpeacTaBa U3MEHEHMETO Ha NABTHOCTTA Ha
nonynaumsta B MPOCTPAHCTBOTO M BbB BPEMETO, Ab/KAWO ce Ha GaBeH MPOW3BONEH MpPouec Ha
Andy3una 1 NoKaneH Temn Ha pacTex, HayumpaH ot Allee-edekTa. MosyyaBame U TOYHO aHAZIUTUYHO
pelleHne Ha pasriexgaHoTo ypaBHEHWe, M3MO0J3Balikn moauduumpaHma MeTod Ha HaM-MpocTo
ypaBHeHne. O6MKHOBEHOTO AudepeHLManHo ypaBHeHMe Ha Aben oT NbpBM BUA Ce U3MN0A3Ba KaTo
HalnNpPocTo ypaBHeHue. PelueHNeTo e npeacrtaBeHo OT cneumanHa GyHKUMA, npeasoxeHa B [H.K.
ButaHos, 3.U. Oumutposa, K.H. ButaHos, MpunoxHa matematmka uM msumncneHma 269, 363-378
(2015)]. Bsemame cnyyal Ha peLIEHMETO, NpPM KOMTO cneumanHaTa QyHKUMA ce cBexga Ao
enemeHTapHn GyHKUMK. CUMyMpame YNCNEeHO KOHKPETHOTO peLleHMe U NoKa3Bame, Ye Bb/iHATa Ha
NABTHOCTTA Ha MHAMBUAMTE HA NONYJALMATA MOXKe Aa M3MeHA npoduna cu B 3aBMCMMOCT OT CM/IaTa
Ha edekTa Ha Allee.

Nikolova E.V., Serbezov D.Z., Jordanov I.P., Vitanov N.K., Non-linear Waves of Interacting Populations
with Density-Dependent Diffusion, Studies in Computational Intelligence, Springer, Cham, 2021, 961
SCl, pp. 324-332, https://doi.org/10.1007/978-3-030-71616-5_29, Print ISBN 978-3-030-71615-8,
Online ISBN 978-3-030-71616-5.

Abstract: In this study we consider a mathematical model based on diffusion-reaction type PDEs to
describe the spatio—temporal behaviour of interacting populations. We extend the generalized
reaction—diffusion model for spatio—temporal dynamics of interacting (competing) populations,
proposed in [N. K. Vitanov, I. P. Jordanov, Z. . Dimitrova, Applied Mathematics and Computation 215,
2950-2964 (2009)], by adding density—dependent diffusive terms to the equations therein. The new
density—dependent terms describe the intra— and inter—specific spatial interactions among
individuals leading to formation of aggregation structures or individual repulsion. We are interested
in the particular case of one population migrating in one spatial direction. Then the generalized
model is reduced to one PDE of diffusion—reaction kind. We extract a general analytical solution of
the considered equation applying the modified method of simplest equation. The ordinary
differential equation of Bernoulli is used as simplest equation. Numerical study of the obtained
analytical solution is made. We show that the population density wave can vary in its profile
depending on assumptions made about density— depending diffusion coefficients.

Pestome: B ToBa npoy4yBaHe HWe pasriexgame matemaTuyecku mogen, 6asmvpaH Ha YAY oT Tun
ANdy3nMoHHa  peaKkuua, 33 Ja  ONMWEM  NPOCTPAHCTBEHO-BPEMEBOTO  MOBeAeHME  Ha
B3aMMOAeNCTBaWMTe cu nonynaumn. Paswupasame o606uWeHua mopen peakuma-gudysms 3a
NPOCTPAaHCTBEHO-BPEMEBA AMHAMMKa Ha B3aMMoZencTBalmTe (KOHKypupalm ce) nonyaaumm,
npeanoxeH ot N. K. ButaHos, W. M. Mopgaros u 3. U. Aumutposa B MpuaoxHa maTemaTuKa M
usumncneHma 215, 2950-2964 (2009), upe3 pobaBsiHe Ha 3aBUMCMMM OT NABTHOCTTA AMDY3NOHHMU
YJieHOBe KbM ypaBHeHMATa B TAX. HoBUTe uneHoBe, 3aBUCMMM OT MTbTHOCTTA, ONUCBAT BLTPELLIHOTO U
MeXaycneundnuyHoOTo MNPOCTPAHCTBEHW B3aMMOLEWCTBMA MeXAy WHAMBUAMTE, BOAeWwM A0
0bpasyBaHe Ha T. HAp. arpPeraunmoHHN CTPYKTYPU UK MHAMBUAYANHO OTBNbCKBaHe. IHTepecyBame ce
OT KOHKPETHMA CyYal Ha eAHO HaceNeHne, MUrpMUpaLLO B eiHa NPOCTPaAHCTBEHA Nocoka. Cnep ToBa



06006LeHNAT moaen ce ceexaa Ao eamH mogen ot YAY ot Bna andysua-peakumna. Hammpame TouHo
pelleHne Ha pasriexaaHoTo ypaBHeHWe, npunaraiku moguduumpaHus meTog, Ha Hal-npocToTo
ypasHeHune. ObMKHOBEHOTO AndepeHUnanHo ypaBHeHne Ha bepHyan ce nsnonssa Kato Han-npocTo
ypaBHeHue. M3BbpliBame M YMCAeHO NpoyyYBaHe Ha NOJy4eHOTO pelwleHue. [okaszsame, Ye Bb/IHATA
Ha MNABTHOCTTAa HA HaACe/NeHMeTo MOoXKe Ja Bapupa B CBOA Npodua B 3aBUCMMOCT OT
npeAnosoXeHMATa 3a KoePpUuMeHTUTE Ha ANdY3na B 3aBUCUMOCT OT NABTHOCTTA.

Jordanov I. P., Vitanov N. K., Nikolova E.V., Nonlinear travelling waves in a generalized model of
interacting dense populations, AIP Conference Proceedings, Volume 2321, 24 February 2021, Article
number 030016, American Institute of Physics, DOI: 10.1063/5.0040129, ISSN: 0094243X, ISBN: 978-
073544065-4.

Abstract: In this study we extend the generalized reaction-diffiusion model, which describes spatio-
temporal dynamics of interacting populations. In more detail, we generalize the model system of
differential equations for the interaction of three populations in which the growth rates and
competition coefficients of populations depend on the number of members of all populations. The
model describes several novel features of the interacting agents compared to the well-known classic
models in population dynamics. Using particular case of the recently developed SEsM (Simple
Equations Method) namely the Modified method of Simplest Equation and one of its extended
versions, we obtain a new traveling wave solution of the model system. We assume that nonlinearity
in growth rates and interaction coefficients in the generalized model exist according to high density
of their individuals. An analytical solution of the extended model is derived. Traveling wave solutions
of these equations are of special interest as they describe the motion of wave fronts or the motion of
boundary between two different states existing in this system. Numerical simulations of this solution
demonstrate propagation of nonlinear waves in the considered extended model. The characteristics
of the the obtained traveling wave solution are visualized and discussed.

B TOoBa u3cneaBaHe Hue paswmpaBame 0606WeHUs moaen peakuua-gudysma, KOWTO OnucBa
NPOCTPaHCTBEHO-BPEMEBATA [AMHAMMKA Ha B3auMmogencTBawmTe nonynauuu. [o-noapobHo
obobwaBame mogenHata cuctema oT AndepeHunasHM ypaBHEHUS 3a B3aMMOLENCTBMETO Ha Tpu
nonynaumu, Npm KOMTO TEMMNOBETE Ha PaCTeX U KOePULMEHTUTE HA KOHKYpeHLUMA Ha nonynauuute
3aBUCAT OT 6poA Ha uNeHoBeTe Ha BCUMYKKM nonynauuMuv. MoaenbT OnuMcBa HAKOJKO HOBMU
XapaKTEPUCTUKN Ha B3aMMOZEMNCTBALLMTE areHTU B CpaBHeHMe C Aobpe Mo3HaTUTE KNacUYecKM
MOJenu B AMHaMWKaTa Ha nonysauuata. M3nonssaiiky YacTeH c/yyalh Ha Hackopo paspaboTeHus
SEsM (meToA, Ha NpOCTOTO ypaBHEHME), @ MMEHHO MoAMOULMPAHUA MEeToh, Ha Hali-npocToTo
YpaBHEHUWe U efiHa OT HEroBMTE pPaslLMpPEHN BEpCUM, NolyyaBame HOBO pelleHue 3a NbTyBala Bb/Ha
Ha mogenHata cuctema . [lpeanonarame, 4Ye HeNMHEMHOCTTa B TeMMNOBETE Ha pacTex MU
KoedMUMEHTUTE Ha B3aMmoelcTBMe B 0606LLEeHNSA MOLEN CbLLEeCTBYBAT Cropes, BUCOKATa NABbTHOCT
Ha TexHWUTe MHAMBMAN. M3BeAEeHO e aHa/IMTUYHO PeLleHWe Ha pasluMpeHus mogen. PeweHuATa 3a
NbTyBallM BbAHW Ha Te3N ypaBHEHWA nNpeacTaBnABaT ocobeH MHTepec, Tbi KaTo onuceat
OBUMKEHMETO Ha PPOHTOBETE Ha BbJAHUTE WAWU OBUKEHWETO HA rpaHMuaTa MeXay ABe PasiMyHM
CbCTOAHMA, CbLLECTBYBALLM B Tasn cucTema. YucneHnTe cumynaumm Ha TOBa peLleHne 4eMOHCTpUpaT
pa3npocTpaHeHMe Ha HeIMHEWHWN Bb/HM B pasrnexaaHus paswmpeH moaen. Busyanmsmpar ce u ce
06CHKAAT XapaKTEPUCTUKUTE Ha NOJIYYEHOTO pelleHne 3a NbTyBalliaTa Bb/Ha.



Jordanov I. P., Nonlinear travelling waves in a generalized model of interacting dense populations,
AIP Conference Proceedings, Volume 24595, April 2022, Article number 03001, ISSN; 0094243X,
ISBN: 978-073544186-6, DOI: 10.1063/5.0084340.

Abstract: In this study we apply the Simple Equations Method (SEsM) to obtain exact solution of
equations which are connected to the nonlinear Equation of Schrédinger. We use specific case of
SEsM which is based on the use of 2 simple equations. By means of the first simple equation we
construct the envelope of the solution of the nonlinear Equation of Schrodinger. The second simple
equation is connecet to the relationship for the oscillating part of the solution. B ToBa nscneagaHe
npunarame meToga Ha NpPocTuTe ypaBHeHus (SEsM), 3a ga Noay4ynMm TOUYHO pelleHne Ha ypaBHeHus,
KOMTO Ca CBbP3aHM C HEIMHEMHOTO ypaBHeHMe Ha LWpboauHrep. M3anonssame KOHKpETEH Cy4Yait Ha
SEsM, KOW1TO ce 0cHOBaBa Ha M3N0/I3BAHETO Ha 2 NPOCTM ypaBHeHMA. C NOMOLLTA HAa MbPBOTO MNPOCTO
YpaBHeHMe NocTposBame 06BMBKaTa Ha PELUEHWETO Ha HeNMHEeWHOTO ypaBHeHWe Ha LUpboanHrep.
BTOpOTO NPOCTO YpaBHEHME € CBBP3AHO C BPb3KaTa 33 OCLMAMPALLATA YaCT Ha PELLUEHMETO.

Damov K., Angelov |., Bardarov I,llieva M., Boutchaktchiev Vilislav, Jordanov Ivan P, lliev M.T.,
Relative distribution of mass density in AsLV and liquids - A comparison between experimental and
literature data, AIP Conference Proceedings, Volume 2459, 2022, Article number 030004, American
Institute of Physics, DOI: 10.1063/5.0084217, ISSN: 0094243X, ISBN: 978-073544186-6.

Abstract: A comparison between the relative distribution of the mass density aerosol phase of
aerodispersed systems of limited volume (aerosols of high concentration) and the relative
distribution of the densities of some liquids was made in this work. The array of data used for the
aerosols, was obtained in an experimental setup based on laser light scattering. The data used for the
liguids was taken from the reference literature. The collected data for the aerosols are approximated
with Gaussian distributions and presented graphically. The applied statistical analysis showed good
similarity between the relative distribution of mass densities of the studied aerodispersed systems
and that of the taken liquids.

B Tasu paboTa e HanpaBeHO CPaBHEHME MeXKAy OTHOCUTE/NIHOTO pasnpedesieHMe Ha aepo30/HaTa
dasa Ha NABTHOCTTa Ha MacaTa Ha aepoAMCNEPCHM CUCTEMM C OrpaHnYeH obem (aepo30/M C BUCOKa
KOHLI,eHTpaLI,VIFI) N OTHOCUTENIHOTO pasnpepesieHne Ha NAbTHOCTUTE Ha HAKOU TEYHOCTU. MacuBbT OT
[aHHW, W3MON3BaHW 3a aepo30/IUTe, € MOJIyYeH B eKCNepuMeHTaNHa HacTpolka, 6asupaHa Ha
pasceiiBaHe Ha sla3epHa cBeTAMHA. [aHHUTe, M3M0/I3BaHM 338 TEYHOCTUTE, Ca B3eTM OT pedepeHTHaTa
nutepatypa. CbbpaHuTe AaHHM 3a aepo30/IMTe Ca anpPOKCMMMPaHKW C pasnpegeneHuns Ha fayc u ca
npeacraseHn rpaduuHo. MPUNONKEHUAT CTaTUCTUYECKM aHanM3 Mokasa A06po CXOACTBO Meay
OTHOCWUTENHOTO pasnpesesieHMe Ha MacoBUTE NABTHOCTU Ha M3C/eABaHMTE aePOAMCMNEPCHU CUCTEMM
1 TOBa Ha B3ETMTE TEYHOCTM.

Jordanov I. P., An Application of Simplest Equations Method to Nonlinear Equations of Schrédinger
Kind, Springer Proceedings in Mathematics and StatisticsVolume 412, Pages 187 — 197, 2023, ISSN:
21941009, ISBN: 978- 303121483-7, DOI: 10.1007/978-3-031-21484-4_18.

Abstract: In this study we extend the generalized reaction-diffiusion model, which describes spatio-
temporal dynamics of interacting populations. In more detail, we generalize the model system of
differential equations for the interaction of three populations in which the growth rates and
competition coefficients of populations depend on the number of members of all populations. The



model describes several novel features of the interacting agents compared to the well-known classic
models in population dynamics. Using particular case of the recently developed SEsM (Simple
Equations Method) namely the Modified method of Simplest Equation and one of its extended
versions, we obtain a new traveling wave solution of the model system. We assume that nonlinearity
in growth rates and interaction coefficients in the generalized model exist according to high density
of their individuals. An analytical solution of the extended model is derived. Traveling wave solutions
of these equations are of special interest as they describe the motion of wave fronts or the motion of
boundary between two different states existing in this system. Numerical simulations of this solution
demonstrate propagation of nonlinear waves in the considered extended model. The characteristics
of the the obtained traveling wave solution are visualized and discussed.

B ToBa M3cneaBaHe Hue paswupsBame obobuieHMA Moden Ha peakuusa-amodysusa, KOUTo onucea
NpPOCTPaHCTBEHO-BpemMeBaTa [AMHAMMKa Ha B3aMmogdencTsawute nonynaumn. [o-nogpo6bHo
obobuiaBame mogenHata cuctema oT AudepeHUManHU ypaBHEHUA 3a B3aMMOAENCTBUETO Ha Tpu
nonynauuu, B KOUTO TEMMOBETE Ha pacTeX M KoedbUUMEeHTUTE Ha KOHKypeHUMA Ha nonynauuute
3aBMCAT OT 6poA Ha uneHoBeTe Ha BCUMYKM nonynaumMu. MogenbT oOnMcBa HAKOAKO HOBMU
XapaKTePUCTMKN Ha B3aMMOZEMNCTBALLMTE areHTU B CpaBHeHMe C Aobpe Mo3HaTUTE KNacUYecKM
MoZenu B AMHaMMKaTa Ha nonynaumaTta. M3non3sanku KOHKpeTeH C/y4aii Ha HacKopo pa3paboTeHus
SEsM (meToA, Ha NpoCTUTE ypaBHEHUA), a MMEHHO MoAUbULMPaHUA MEeTod, Ha Hal-NnpocToTo
YypaBHEHWe U egHa OT HEroBUTE PasLWMPEHU BEPCUN, HMUE MNoJlyYaBaMe HOBO pelleHMe Ha ModeHaTa
cucTema 3a NbTyBalla BbaHa. Mpeanonarame, Ye CbllecTBYBa HEAMHEMHOCT B TEMMNOBETE Ha pacTex
N KoeduuMeHTUTE Ha B3anmogelicTene B 0606LWeHNAa Moaen cnopes BUCOKaTa NAbTHOCT Ha TeXHUTe
MHAMBUAM. M3BeAeHO e aHa/MTUYHO pelleHWe Ha paswupeHuna mogen. PeweHuATa Ha Te3n
YPaBHEHMA Ha NbTyBallM BbAHM Ca OT 0ocobeH MHTepec, Tbil KaTo Te ONUCBaT ABMMEHWETO Ha
Bb/HOBUTE (GPOHTOBE WM [BUMKEHMETO Ha rpaHuuata Mexay [ABe PasndYHU CbCTOSHUA,
CblLEeCTBYBAWM B TasuM cuctema. YucneHute cuMynauuMuM Ha TOBa peleHue LeMOHCTpupaT
pa3npocTpaHeHWe Ha HeNMHEeMHU BbAHU B pasriexgaHua paswmnpeH mogden. Busyanusmpanu u
06CbAeHN ca XapaKTEPUCTUKUTE Ha MNOYYEHOTO pelleHne Ha barala BbiHa.

Jordanov, I. P. (2023). An Application of the simplest equations method to logarithmic Schrodinger
Equation. pp. 169-178, Cham: Springer Nature Switzerland.

In this paper we apply the Simple Equations Method (SEsM) to obtain exact solution of equations
which are connected to the nonlinear logarithmic Equation of Schrédinger. The used simple
equations are more simple than the solved nonlinear partial differential equation but these simple
equations in fact can be quite complicated. We consider the specific case of SEsM for obtaining exact
solution of one nonlinear partial differential equation. We use specific case of SEsM which is based
on the use of 2 simple equations.

B Tasu ctatus npunarame Metoza Ha npoctute ypaBHeHus (SEsM), 3a 4@ NoNyuyMm TOYHO pelueHue
Ha YpPaBHEHUs,, KOMTO Ca CBbP3aHM C HESIMHEMHOTO JIOrapUTMWUYHO ypaBHeHMe Ha LUpboauHrep.
M3non3saHUTe NPOCTM YpPaBHEHMA ca MO-MPOCTM OT PEeLEeHOTO HeuHelHo AudbepeHumanHo
YPaBHEHWE C YAaCTHU MPOU3BOAHWM, HO BCBLIHOCT T€3WM MPOCTM YpPaBHEHUA moraT ga 6baaTt gocTa
CNOXKHW. Pasrnexkgame cneumouyHua caydaii Ha SEsM 3a nosyyaBaHe Ha TOYHO pelleHue Ha egHo
HennHelHo andepeHLManHoO ypaBHEHWE C YaCcTHM NPOU3BOAHWN. M3nonssame cneumduyHms caydait
Ha SEsM, KoiTo ce ocHOBaBa Ha M3MOA3BAHETO Ha 2 NPOCTU YPaBHEHMUA.



V Kotev, R Rusinov, M Rimeh, G Ivanov, M lvanova, | Jordanov. A Didactic Approach to Study Mass—
Inertial Characteristics of Bodies in Plane Motion, Springer Proceedings in Mathematics and
StatisticsOpen source preview, 2024, 449, pp. 189-196

Abstract: The STEM (Science, Technology, Engineering, Math) education employs a hands-on learning
approach that integrates various subjects to foster a thorough grasp of concepts and their real-world
applications. In the present paper, an experimental set up to study mass-inertial characteristics of
different shape cylindrical bodies in plane motion is presented. The aim of the experimental set up is
to show students visually the influence of mass distribution of circle shape bodies with different cross
sections on their planar motion. Moreover, the meaning of each term of differential equations of
motions as well as their initial conditions are explained and shown. We have designed and developed
an experimental set up utilizing a 3D printer and plastic materials, as well as time measure sensors
and display in order to give some examples. Also, we have designed and printed 2 cylinders with
different cross sections with different diameters with the same mass. Moment of inertia of these two
bodies are calculated. We plug into the differential equations the calculated mass—characteristics of
these three bodies. Also, we discussed the behavior of the system with different initial conditions.
The obtained result shows If two cylinders with equal mass but different diameters and shapes of its
cross sections are move in the same plane the cylinder with small diameter moves faster.

Pestome: ObpasoBaHuneTo B obnactta Ha STEM (HayKa, TEXHONOIMWU, UHXKEHEPCTBO, MaTemMaTuKa)
M3M0N3Ba MPAKTUYECKM MOAX0h, KOWTO WHTErpupa pasivyHM npegmeTd, 33 Aa  Hacbpuwu
3a4b1604eHOTO pas3brpaHe Ha KOHLENLMUTE U TEXHUTE MPUIOKEHUA B peasiHua ceaT. B HacTosAwaTa
cTatTMA e MNpeAcCTaBeHa EeKCNepMMEHTa/IHa YCTAHOBKA 33 M3y4YaBaHe Ha MacOBO-WUHEPUMOHHUTE
XapaKTEPUCTUKM HAa UMAMHAPUYHM Tena c pasnvyHa Gopma B PaBHMHHO ABuKeHue. Llenta Ha
eKCMepMMeHTaIHaTa YCTaHOBKA € Ja TOKaXe Ha y4yeHuuuTe BM3yasiHO BJ/IMAHMETO Ha
pasnpeaeneHMeTo Ha macaTa Ha KpbliM Tena C Pas/IMYHU HanpeyHu ceyeHus BbpXy TAXHOTO
paBHUHHO ABuKeHMe. OcBeH ToBa € O0OACHEHO W MOKa3aHO 3HAYEHWEeTO Ha BCEeKM YNeH OoT
AndepeHumanHmTe ypaBHEHUS Ha ABUKEHMETO, KAaKTO U TEXHUTE HaYaNHW ycnoBuA. MpoeKkTupaxme u
pa3paboTnxme eKcnepuMeHTaHa YCTaHOBKa, M3Noi3Baiku 3D NpuHTEP M NAacTMacoBM maTepuani,
KaKTO U CEH30pM M AWCM/IelN 3a M3MepBaHE Ha Bpeme, 33 43 A3aLeM HAKoM npumepw. CbLio TaKa
NPOEKTUPaAxXMe N oTnevaTaxme 2 UMIMHABPA C Pa3INYHU HAMPEYHN CeYEeHUN N Pa3IUYHN ANaMeTPU C
efHaKBa Maca. M3umcnsBa ce MOMEHTbLT Ha MHepuMa Ha Te3nm [aBe Tena. BbBexgame B
andepeHLManHUTe ypaBHEHUS U3YUCIEHUTE MACOBM XapaKTEPUCTUKMN Ha Te3u Tpu Tena. Obcbamxme
W NoBeLEHUETO HA CUCTEMATA C PA3/IMYHM HAYalHU ycnoBuA. MonyyeHUAT pesyaTaT NOKas3Ba, Ye ako
[Ba UMAMHABbPA C e4HAaKBa Maca, HO C PasNNYHK AMamMeTpu 1 GOPMM Ha HamNPeYHUTE UM CeYEHMS, Ce
[ABWMKAT B €4Ha M CbLLa PaBHMUHA, UMAVHABPDBT C MabK AMAMETBP ce ABUXKM No-6Bp30.

R Nikolov, | Jordanov, E Nikolova, V Boutchaktchiev, An application of the method of simplest
equation for real solutions for advection-diffusion interaction, Series on BiomechanicsOpen source
preview, 2024, 38(4), pp. 151-156

Abstract: Objectivite: The objective of this research is to derive a novel solution for a model system
described by the advection-diffusion equation using a specific instance of the Simple Equations
Method (SEsM), particularly the Modified Method of Simplest Equation and its extended versions.
The study aims to investigate the propagation of nonlinear waves in tissue biomechanics and analyze
their features through numerical simulations. Materials and Methods: This study employs the



Modified Method of Simplest Equation, a recent advancement in the Simple Equations Method
(SEsM), to derive solutions for the advection-diffusion equation. Numerical simulations are
conducted to illustrate and analyze the characteristics of traveling wave solutions. Mathematical
modeling focuses on advection (transport driven by bulk movement) and diffusion (transport due to
concentration gradients) within the context of tissue biorheology. Results: The study derives a new
traveling wave solution for the model system, showcasing the propagation of nonlinear waves within
the tissue environment. Numerical simulations highlight the spatial and temporal behavior of these
waves, demonstrating the advection and diffusion processes in the model. Discussion: The findings
provide insights into the dynamics of nonlinear wave propagation in biological tissues, emphasizing
the role of the advection-diffusion equation in modeling transport phenomena. This approach
enhances understanding of how substances such as nutrients, oxygen, and signaling molecules
navigate through the extracellular matrix, facilitating cellular communication. Conclusion: The study
analyzed a new traveling wave solution for the advection-diffusion equation using the Simple
Equations Method (SEsM). The results underline the importance of nonlinear PDEs in modeling tissue
biomechanics and offer a valuable framework for studying the transport of substances in biological
systems.

Pestome: Uen: Uenta Ha ToBa u3cneaBaHe e Aa ce M3BeAe HOBO pelleHWe 3a MoJesiHa CUCTeEMa,
OMMCaHa OT ypaBHEHWETO Ha afBeKuuA-andysuna, nsnonssanku cneymduyeH npumep Ha Metoga Ha
npoctute ypasHeHus (SEsM), no-cneunanHo MogudbuumpaHna MeTos Ha Han-NPOCTOTO YpaBHEHME U
HerosuTe paswupeHn Bepcuu. M3cnegsaHeTo UMa 3a uen aa wuscnenBa pasnpocTpaHeHWeTo Ha
HENIMHENHM BbBAHWM B TbKaHHATa OMOMEXaHWMKA WM Aa aHanU3Upa TeXHUTE XapaKTePUCTUKU uYpes
yncneHun cumynaumu. Matepuanm u metogm: Toa uscneaBaHe usnonssa MoaudbuumpaHusa metog,
Ha HaW-MPOCTOTO ypaBHEHWEe, CKOPOLIHO YCbBbpLIEHCTBAHe Ha MeToga Ha NpoOCTUTE ypaBHEHWA
(SEsM), 3a pa v3Beae pelleHWs 3a yYpaBHEHMETO Ha aasekumsa-amdysuna. MNpoBegeHn ca YUCIEeHU
CMMynaunmM, 3a ga ce UACTPMPAT U aHAAU3MNPAT XapaKTEPUCTUKUTE Ha pelueHMATa C NbTyBalun
Bb/IHWU. MaTemaTUYeCKOTO MoaenupaHe ce GOKyCcMpa BbPXy afBeKUMATA (TPAHCNOPT, 3a4BUMKBaH OT
ABUXKEHMETO Ha obema) u gudysunaTa (TpPaHCNOPT, AbAXKall Ce Ha KOHUEHTPALMOHHU rpaanueHTn) B
KOHTEKCTa Ha TbKaHHaTa 6uopeonorusa. Pesyntatu: M3cneaBaHeTo M3BEXKAa HOBO pelleHue C
NbTyBalLM BbJHM 33 MOAE/HATA CUCTEMA, MOKA3BaLLO Pa3npPOCTPAaHEHMETO Ha HEIMHEWHWU BbJIHU B
TbKaHHaTa cpefa. YncneHute cumynaumm nogyeptasaT NPOCTPAHCTBEHOTO U BpeMeBO NoBedeHne Ha
Te3M BbBAHW, AEMOHCTPUPAMKM npouecuTe Ha agBekuma u audysma B mogena. [uckycus:
Pesyntatute npepoctaBAT npeacTaBa 3a AWMHAMMKATa Ha HeE/IMHEMHOTO pPa3npoCTpaHeHue Ha
Bb/IHUTE B BMONOTMYHUTE TbKaHM, NOAYEPTaBaMKN PONATA HA ypaBHEHMETO 3a aAaBekuna-gudy3uns B
MOAENMPAHETO Ha TPaAHCMOPTHWUTE ABAeHWUA. To3m noaxon nomsobpasa pasbupaHeTo 3a ToBa Kak
BellecTBa KaTo XpaHUTENHW BellecTBa, KUCNOPOA, U CUTHANHW MONEKYNIU ce NpUABUXKBAT npes
W3BBHKNETbYHATA MaTpuLa, YNECHABANKM KNeTbYyHaTa KOMyHWKauua. 3akatoyeHue: M3cnepsaHeTo
aHa/M3Mpa HOBO peLlleHWe Ha YypaBHEHMETO 3a aABekuuAa-gudy3usa ¢ NOMoLWTa Ha MeToAa Ha
npoctute ypasHeHus (SEsM). Pesyntatmute nogyepTaBaT 3HAYEHMETO Ha  HEJIUHEWHUTe
AndepeHumantHn ypaBHEHUA B YaCTHU NPOM3BOAHN B MOAENMPAHETO Ha TbKaHHATa BromexaHMKa u
npeanaraTt UeHHa pamKa 3a M3y4yaBaHe Ha TPaHCMopTa Ha BELLECTBA B OBUOIOTMYHUTE CUCTEMM.

Jordanov, I. P. (2024). An Application of the Method of Simplest Equation for Exact Real Solutions of
the Model for Spatial—Time Interaction of Populations. pp. 109-118, Cham: Springer Nature
Switzerland.



Abstract: Over the past few decades, there has been a significant and rapid expansion in research
related to nonlinear phenomena. The application of advanced methods for obtaining exact real
solutions to partial differential equations (PDEs) and systems of such equations has become a focal
point of active investigation in both mathematics and the applied sciences. These methods are
specifically designed to deliver precise solutions to PDEs, which are essential for understanding a
wide range of complex phenomena and addressing various scientific problems. However, despite the
progress in nonlinear dynamics, there is still no universal method available for solving all types of
nonlinear PDEs. This means that finding nonlinear wave solutions often requires tailored approaches,
addressing each specific equation individually. In this study, we investigate a generalized reaction-
diffusion model, which describes the spatiotemporal dynamics of interacting agents. This model
incorporates several novel features when compared to classical models in population dynamics,
offering new insights into the interactions between agents in the system. Various analytical
techniques have been developed to find wave solutions to PDEs. In this research, we apply a
particular variant of the recently developed Simple Equations Method (SEsM), specifically the
Modified Simplest Equation Method, along with one of its extended versions. By using this approach,
we are able to obtain a new traveling wave solution for the system under consideration. Numerical
simulations of this solution reveal the propagation of nonlinear waves within the model. The
characteristics of the traveling wave solution are then visualized, and their implications are discussed
in detail, providing a deeper understanding of the dynamics within the system.

Pestome: MNpe3 nocnegHnTe HAKONKO AeceTuneTna ce HabatogaBa 3HaUYMTENHO M 6bP30 paswmpaBaHe
Ha M3CNeaBaHUATA, CBbP3aHN C HEeIMHEWHUTE ABAeHUA. [1punaraHeTo Ha YyCbBbPLUEHCTBAHM METoAM
33 MoJly4aBaHe HA TOYHW peanHu peleHus Ha andepeHuUManHU ypaBHEHMUA B YAaCTHM MPOU3BOLAHM
(AYN) n cuctemn OT TaKMBa ypaBHEHUS ce NPeBbpHa BbB GOKYCHA TOUYKA HA aKTUBHW M3CneaBaHMUA
KaKTO B MAaTEMATUKATa, Taka M B NPUIOKHUTE HayKK. Tean MeToam ca cneumanHo paspaboTeHu, 3a aa
NpeAoCcTaBaAT TOYHU pelleHns Ha YT, KoUTo ca OT CbLLECTBEHO 3HAYEHMe 3a pa3bupaHeTo Ha LWNPOK
CMEKTbP OT C/IOXKHMU ABIEHUA U 33 CNpaBAHe C Pa3IMYHM HAay4YHU Npobaemun. Bbrnpekn Hanpeabka B
He/MHeNHaTa AMHAMMKa, BCe OLLe HAMA YHMBEPCANeH MeTOo, 3a pellaBaHe Ha BCUMYKM BMAOBE
HennHenHn Y. ToBa 03Ha4YaBa, Y& HAMMPAHETO Ha HEJIMHEWHN Bb/JIHOBM peLleHMA YecTo M3MCKBaA
cneundmyHM NoAxonM, KaTo BCAKO KOHKPETHO ypaBHEHMEe ce pasriexja nootaenHo. B ToBsa
nuscnenBaHe mscnegBame obobueH mogen Ha peakumsa-gudysms, KOWTO onmMcBa MPOCTPAHCTBEHO-
BpemMeBaTa AMHaMWKa Ha B3aMMOAENCTBALLMTE areHTU. To3M MOLEN BKAOYBA HAKOJKO HOBM
XapaKTEePUCTUKU B CPAaBHEHME C KNaCMYECKUTE MOAENM B AMHAaMMKATa Ha NonyaaumMnTe, npeanaraiku
HOBW NpPO3pPEeHMsA 3a B3aMMOAENCTBUATA MEXAY areHTuTe B cucTemata. PaspaboTeHun ca pasamyHu
QHANUTUYHKU TEXHUKKN 33 HamMMpaHe Ha BbAHOBU peweHuna Ha AYI. B ToBa uscneasaHe npuaarame
cneumduyeH BapMaHT Ha HAcKopo paspaboTeHns MeTtog Ha npoctute ypasHeHua (SEsM), no-
cneunanHo MoauduumpaHMa MeTon Ha Hal-NpocTUTe ypaBHEHMA, 3ae4HO C e4Ha OT Herosute
paswmnpeHn Bepcun. Ypes To3M Noaxon CMe B CbCTOAHME 4@ NOAYYMM HOBO pelleHue 3a barawa
BbJIHA 3a pa3riegaHata cucTema. YucneHuTe cumynaumm Ha TOBa pelleHue paskpueaTt
pa3npocTpaHEHNETO HA HENIMHENHU Bb/IHM B Moaena. Cnefs ToBa XapaKTEPUCTUKUTE Ha peLLueHNeTo
3a 6Arawa Bb/IHA Ce BU3Yann3MpaT u TeXHUTe nocneguum ce obcbaaT nogpobHo, ocurypasamkmu no-
3a4bn604eHOo pa3bupaHe Ha AMHAMMKaTA B cUCTemaTa

Ignat Ignatov, Yordan G Marinov, Paunka Vassileva, Georgi Gluhchev, Ludmila A Pesotskaya, Ivan P
Jordanov, Mario T lliev, Nonlinear Hydrogen Bond Network in Small Water Clusters: Combining NMR,
DFT, FT-IR, and EIS Research, Symmetry, 17(7), 1062.



Abstract: Water’s unique physicochemical properties arise from its dynamic hydrogen-bonding
network, yet the precise molecular threshold at which these cooperative behaviors emerge remains
a key question. This study employed nuclear magnetic resonance (NMR) spectroscopy and density
functional theory (DFT) calculations to investigate the evolution of hydrogen bonding strength in
small water clusters, ranging from dimers to pentamers. The observed exponential increase in NMR
chemical shift up to the pentamer reflects growing hydrogen bond cooperativity, identifying the
(H20)5 cluster as a critical structural and energetic threshold. At this size, the network achieves
sufficient connectivity to support key bulk-like phenomena such as proton transfer and dielectric
relaxation. These conclusions were corroborated by complementary FT-IR and electrochemical
impedance spectroscopy (EIS) measurements of bulk water. Our results position the water pentamer
as the molecular onset of emergent solvent behavior, effectively bridging the divide between
discrete clusters and the macroscopic properties of liquid water.

Pestome: YHUKanHUTE GUIMKOXMMMYHM CBOMCTBA Ha BogaTa NPOM3TUYAT OT HelHaTa AMHaMWYHA
MpeXKa OT BOAOPOAHWM BPB3KM, HO TOYHMAT MOJIEKY/NAPEH npar, Npu KOWTO ce MnoABsABaT Tesu
KoonepaTMBHM NOBEAEHMUA, OCTaBa K/OYOB BbMNpoc. ToBa M3caeaBaHe M3M0A3Ba AAPEHO-MarHUTeH
pe3oHaHc (AMP) cneKTpocKonua U U3YNCNeHUs Ha TeopuATa Ha GyHKUMOHana Ha nabTHocTTa (DFT),
3a [a u3cnefBa eBOMIOLMATA HAa cuMnaTa Ha BOAOPOOHWUTE BPB3KM B MaJKM BOOHW KAbCTEPW,
Bapupawy OT gumepu [0 neHTamepu. HabnoaaBaHOTO €eKCMOHEHUMANHO YBe/IMYeHWe Ha
XMMMYHOTO OTmecTBaHe Ha AMP [o neHTamepa oOTpasfaBa HapacTBawaTa KOONEPaTMBHOCT Ha
BOAOPOAHNTE BPB3KU, UAEHTUOUUMPANKKM KnbcTepa (H20)5 KaTo KPUTUYEH CTPYKTYPEH U eHeprueH
npar. MNpu To3n pasmep mperkaTa NOCTUra AOCTaTbyHAa CBbBP3AHOCT, 33 43 NOAAbPIKA K/OYOBU
ABAeHUA, NodobHM Ha obema, KaTo MPEHOC Ha MPOTOHW U AUENeKTpUYHa penakcauua. Tesu
3aKno4YeHusa 6saxa NOTBbPAEHM OT AONbAHWUTENHW W3MepBaHMA Ha obemHaTa Boga ¢ FT-IR wu
€/IeKTPOXMMMYHA MMMedaHcHa crnekTpockonua (EIS). HawwuTe pesyntaTv nosvumMoHMpaT BoOAHWA
NneHTamep KaTo MOJIEKY/IAIPHO Hayasio Ha Bb3HMKBALLOTO MOBEAEHME Ha pa3TBopuUTeNs, epeKTUBHO
NpeogoNABaiknM pPasAeNeHMeTo MeXAy AMCKPETHUTE KAbCTEPU M MaAKPOCKOMCKUTE CBOMCTBA Ha
TeyHaTa BoAa.

Registration of utility model / Pernctpauus Ha noneseH mogen:

Mario T. lliev, Tsvetomir I. Dimitrov, Ivan. P. Yordanov, "Cold Filament Calibration Device for 3D
Printer", Patent Office of the Republic of Bulgaria, ent. Ne 4410 / 25. 07. 2019, registration Ne 3379
U1/ 29. 01. 2020. / Mapwuo T. Nanes, Lisetomnp U. Anumutpos, UeaH. M. Vlopp,aHOB, ,»YCTPOICTBO 33
CTyAeHa KannbpoBKa Ha punameHTn 3a 3D npuHTep”, MNaTeHTHO BeAOMCTBO Ha Penybaunka bbarapus,
BX. N2 4410 / 25. 07. 2019 r., per. Ne 3379 U1/ 29. 01. 2020 .

The 3D Filament Cold Calibration Device includes a clamping calibration tool located. It is consists of
two cartridges located axially against each other and bearing against each other. One of them at its
rear end is provided with a spring mechanism which is axially arranged between the chuck and the
gear train. From the outer rear of each cartridge there is a gear belt which is connected to an
additional shaft, which is a bearing axis, connected at both ends to the gear belt of the cartridges and
is parallel to the axis of the two cartridges. A carriage with a knife holder and a knife are attached
between the auxiliary shaft and the axially arranged chambers, with the details: laths securing the
main axes with the carriage, and the chambers and the auxiliary shaft are secured to the base. The



3D filament cold calibration device according to the claim is characterized in that the carriage is
disposed by means of the sleeve bearings of the two smooth axes, which are fixedly connected to the
plates and can move parallel to the filament. A knife is placed on the carriage in such a way that it
eliminates irregularities in the surface of the filament. In the front of the carriage there are press
rollers which have a recessed working surface, and are intended for pressing the filament to the
blade edge, which in turn is provided with a micrometric screw mechanism for adjusting its position.

YCTPOMCTBOTO 3a CTyAeHa KainbpoBKa Ha dwunameHTM 3a 3[ NpUHTMPaAHe, BK/OYBA NPecTbpraaly,
WMHCTPYMEHT 33 Ka/IMbpMpPaHETO MM M Ce XapaKTepusumpa C TOBa, Ye Ce CbCTOM OT ABa NATPOHHMKA,
pPa3no/IoXKeHU CbOCHO Ha Pa3CTOAHWE eauH CpeLly APYr U narepyBaliy eamH cnpsmo apyr. EguHmat
OT TAX B 3aZlHUA CU Kpai e cHabaeH C NPYKUHEH MEeXaHM3bM, KOMTO € aKCUaIHO Pa3MO/IOKEH MeXay
NaTPOHHMKa U 3aZBUKBalLlaTa ro 3bOHO-peMbyHa npegaska. OT BbHLWHATA 3a/Ha YacT Ha BCEKU eauH
OT NaTPOHHULMTE MMa 3bOHO-pPEMDBYHA NpesaBKa, KOATO e CBbp3aHa KbM AOMb/JHUTENEH Basl , KOMTO
npeAcTaB/iABa AarepyBsallia oc, CBbp3aHa B ABaTa CU Kpas KbM 3bOHO-pPEMBUYHMTE Ha NAaTPOHHMUUTE U
€ YCrnopeaHo pasnosioKeH KbM OCTa Ha ABaTa MaTPOHHMKA . MeXay AONbAHUTENHMA Ba/l U CbOCHO
pa3nosoXKeHUTe NATPOHHULUM € MPUKPEeneHa KapeTKa C HOMoAbpiKaTe/Nl W HOX B Hed, KaTo
AeTalunTe: NNaHKK, NPUKPENSALLU F1aBHUTE OCU C KAPETKA, KaKTO M NaTPOHHULMUTE U AOMbJAHUTENHUA
Ba/l Ca 3aKpeneHM KbM OCHOBaTa. YCTPOMCTBOTO 3a CTyAeHa KanuvbpoBKa Ha ¢unameHTn 3a 3[
NPUHTUPAHE, CbIAaCHO MpeTeHUMATa Ce XapaKTepusupa C TOBa, Ye KapeTKaTa e pas3no/oXKeHa
nocpeacTBOM BTY/IKOBMTE Narepu Ha ABeTe [1agKM OCKU, KOUTO Ca HenoABMMHO CBbP3aHM KbM
NAaHKUTE N MOXKe Aa ce ABMXKM ycnopeaHo B 61n3ocT Ha dpunameHTa. Bbpxy KapeTKaTta e NnocTaBeH
HOXX NO TaKbB HauYMH, Ye [a OTCTPaHABa HEPABHOCTMTE MO MNOBbLPXHOCTTA Ha dMnemeHTa. B npeaHaTa
YacT Ha KapeTKkaTa MMa NPUTUCKATENHU POJIKM, KOUTO ca ¢ BAbOHATa paboTHa MOBBLPXHOCT M Ca
npegHasHayeHM 3a NPUTUCKAHETO Ha GUNAaMEHTA KbM OCTPMETO Ha HOMKa, KOMTO OT CBOA CTPaHa e
CHabAeH C MUKPOMETPUYEH BUHTOB MEXAHU3BbM 3a Pery/inpaHe Ha NoIoXKeHUETO My



