Abstracts of publications and other research papers for participation in
competition for the academic position "Associate Professor” of lvan Peychev
Jordanov presented in connection with a competition for the academic position
"Associate Professor" in the professional field 4.5. Mathematics, speciality 01.
01. 13 "Mathematical modeling and application of mathematics", promulgated in
State Gazette, issue 72 from 13.09.2019 / Pesromera Ha myOnMKamuud U Jpyru
Hay4YHU TPYZOBE 3a y4acTHE B KOHKYPC 3a aKaJeMUYHa JUIbKHOCT ,,JIOLIEHT  Ha
NBan Ileituen ﬁopﬂaHOB, MPEACTABEHU BBB BPB3Ka C KOHKYpPC 32 aKaJeMUYHA
JUTBKHOCT ,,JIOIIEHT® B mpodecuoHanHo HampaBieHue 4.5. MaremaTuka,
crietqmanHoct 01. O1. 13 ,,MaremaThuecko MOJEIMpPAHE M MNPUIOKEHHUE Ha
MaremaTukaTa®“, oOHapojBaH B ,,J[bpxaBeH BecTHUK , Opoit 72 ot 13.09.2019 1.

Collective monography / KosiekTuBHa MoHOrpadwusi:

Jordanov Ivan P. et al., Application of (2 + 1) - dimensional dynamical systems in migration
theory, Sofia, UNWE, 2019, 355 p., ISBN 978-619-232-251-9 / Mlopnasos Usan I1. n

cbaBTOpH, [Iprioxxenue Ha (2 + 1) - pa3MepHU TMHAMUYHU CUCTEMH B TEOPUATA HA
murparnusata, Copus, YHCC, 2019, 355 ctp., ISBN 978-619-232-251-9:

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. We
know that the migration is the movement from one place to another. We modeling the behavior of a
socio-economic system by partial differential equations and we describe dynamics of populations
competing for limited resources, as migration is treated as an advection—diffusion process influenced by
changing of the growth rates and the interactions among population individuals. We using the modified
method of simplest equation and one of its extended versions, we obtain new wave solutions of the
model systems.

The monograph is organized as follows. It is structured in an introduction, 5 thematic sections
(chapters 2-5) and a bibliographical reference.

Ivan Yordanov is the author of Chapter 2 (pp. 41-166). In Section 2.1 on the basis of the general
model proposed by Dimitrova and Vitanov we discuss a nonlinear model of the spatial-time interaction
among populations which reproduction and intensity of interaction depend on their spatial density. We
assume that the migration is a diffusion process influenced by the changing values of the growth rates
and coefficients of interaction among the migration groups. We get a general model of partial differential
equations with polynomial nonlinearity and two spatial dimensions for description of the spatio-
temporal dynamics of interacting human populations (The populations can be any social, ethnic,
religious group of people, etc.). The presence of spatial dimensions of our model allows us to explore
and movements of members of populations in space. From a practical point of model can be used for
eventual prognosis and control of the human immigration, for example in the borders of a specific
region. In the section 2.2 and 2.3 we have discus the particular cases of two populations. The fixed points



of the model system of equations correspond to constant densities of populations in the time and in the
space. We investigate deviations from these static densities. The model describes complicated
phenomenon, namely the phenomenon of coupled kink waves and we obtain a system of two coupled
equations. We investigate this particular case and obtain two kinds of solutions: approximate solution
for small value of the ratio between the coefficient of diffusion and the wave velocity and exact solutions
which describe nonlinear kink and solitary waves. In an appropriate phase space, the kinks correspond
to a connection between two states represented by a saddle point and a stable node. Finally, we derive
conditions for the asymptotic stability of the obtained solutions. In section 2.3 we re-consider a well-
known model system of reaction—diffusion equations representing the spatio-temporal dynamics of
interacting populations. For an example this extended model can describe dynamics of human
populations from countries who migrate because of war in their own country. Mostly such migration
waves are preferentially directed to highly developed countries, but migrants can also disperse
accidentally during their spatial transition. From a mathematical point of view, we present new analytical
solutions of the model equations by the modified method of simplest equation. We note that the above
obtained solutions are only a part of possible solutions of the extended model equations. In section 2.4
we derive analytical solutions of the known Fisher equation applying a new version of the modified
method of simplest equation. We propose the and instead of polynomial basis functions we take
functions to be exponential functions, which are also linearly independent.

We know that, there are various analytical methods for obtaining exact solutions of deterministic
systems of PDEs. In population dynamics such analytical solutions describe mainly the traveling—wave
fronts of populations due to their spatial dispersion. However, when the wave amplitudes are large, non-
linearity may become as important as dispersion. Then the population waves are subjected to both non-
linearity and dispersion, i.e. nonlinear dispersive waves hold. In section 2.5 we re-consider a model
system of reaction—diffusion equations representing the spatio-temporal dynamics of interacting
populations. We extend the model with respect to spatial population redistribution assuming that besides
the random diffusion individuals can move in the space by convection (advection) processes. In the
model, migration is treated as an 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. The
extended model system of advection—reaction—diffusion equations could be useful to explain specific
dynamic processes in economy and sociology. For an example this extended model can describe
dynamics of human populations from countries who migrate because of war in their own country or for
state economic or political restrictions. Mostly such migration waves are preferentially directed to highly
developed European countries, but migrants can also disperse accidentally during their spatial transition.
From a mathematical point of view, we present two new analytical solutions of the model equation
derived by modifying a solution obtained in earlier co—authors investigation, and by a generalized of the
modified method of simplest equation. We note that the above obtained solutions are only a part of
possible solutions of the extended model equations. From a practical point of view such analytical
solutions can be useful in prognosis and control of human migration. In this case, the main problem is
to determine the numerical values of model coefficients. In section 2.6 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. It can be related to the nonlinear
reaction-diffusion equation that was used to model systems from population dynamics. We note that,
the influence of the increasing value of the kink profile is: to decrease the amplitude of the kink, and to
make the transition between the areas of lower and higher values of the kink more concentrated (i.e. this
transition happens in the smaller interval of values of solution). The exact solution of the studied



nonlinear partial differential equation was obtained by means of the modified method of simplest
equation. We show that this method is an effective method for obtaining particular exact solutions of
nonlinear partial differential equations that do not belong to the class of integrable equations. In section
2.7 we have derived an evolution equation for propagation of nonlinear waves in an artery. In this
complex medium, we derive a travelling wave solution for the variable coefficients evolution equation.
We make change of the function and the variables in the evolution equation with variable coefficients
as we introduce a new dependent variable and, we introduce the coordinate transformation. Then, the
nonlinear evolution equation for propagation of waves in an artery is reduced to the generalized
Korteweg-deVries-Burgers equation (KdVB) equation. Next, we find an analytical solution of equation
applying the modified method of simplest equation. In section 2.8 we discuss a mathematical model
based on an advection-reaction-diffusion type PDEs, where we describe the spatio-temporal dynamics
of populations of interacting economic agents. We extend the generalized reaction-diffusion model for
spatio-temporal population dynamics 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. Finally, in the section 2.9 we discuss a reaction—
diffusion equation, which describes the spatio—temporal 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.

Pesrome: IloBedeTo cucTteMu B HallaTa Cpela CU B3aWUMOICHCTBAT 4pe3 KOHKYPEHLHS WIH
CBbTPYAHUYECTBO (Koonepaum{), KOETO MOKE Ja JOBeJe 10 ajanTalus Ha cucreMara. Hamocinennk e
0c00€EHO BAKHO Ja C€ u3y4daBa IMOBCJACHUETO HAa TaKMBa CUCTEMHU H J1a CC pa3pa60T;1T 1 npujiaraT HOBA
noaxoasaniu MareMaTU4CCKUu METOAW 34 HU3YyUYaBAHC Ha IMPOLHCCUTE B TE3W CHCTCMHU. HO,I[OGHI/I
H3CJICABAHUA UMAT MHOT'O NPUJIOKCHUA B UKOHOMHKATA U COUOJIOIUATa U YCIICHIHO CC M3II0JI3BAT B
MaT€MaTuKarta, (1)I/ISI/IKaTa, CKOJIOT'HUsATA, OMoJIOTHsATa U TEXHUYECKUTE HAyKH. Hpe3 IHOCIICIHUTE
JCCECTUIICTUA HEJIMHEHHUTE MOJACIIN CE U3IT0JI3BAT MHTCH3MBHO 1 3a MOACIMPAHEC HA MKOHOMHWYECKUTE U
COIIMaJIHU CHUCTEMMU. B mHOrO CJIydyal OCHOBHHUTC XapaKTCPUCTUKH Ha TaKHMBa CJIIOXKHU CUCTCMU MOTaT
na ObIaT 0OSICHEHU ChC CPABHHUTEITHO MAITBK Opoil HEMMHEWHN qudepeHnanHu ypapHenus. [Ipumepu
3a TaKMBa CUCTEMH Ca HAKOW MKOHOMHYCCKH OpraHu3alvu. 3HaeM, 4uc MurpanudaTa € IBUKCHUCTO OT
CHO MACTO Ha ApYTO. Hopazu/l TOBA MOJCIIMPAME ITOBCACHHUECTO HA COLITUNATTHO-UKOHOMHUYECKATA CUCTEMA
qpe3 4aCTHU ,I[I/I(I)epeHLII/IaJ'IHI/I YpaBHCHUA U OIMUCBAMC JUHAMHKATA Ha MMOMYJIallUUTEC, KOUTO CE 60p${T
3a OrpaHMYCHH PECYpCH, Thil KaTo 3HaeM, Y€ MHIpalHATa € Nporec Ha Iudy3us, MOBIUSHA OT
npoMsAHATa Ha TCMIIOBETC Ha PaCTCXK H B3aI/IMO,Z[GI>'ICTBI/I$ITa MCKAY HWHIAUBUAUTC. U3znon3Baiiku
MoAuGUITIPaHUs METO Ha HaW-TIPOCTO YpaBHEHUE W €IHO HETOBO PAa3IINpEHHE, MOTydaBaMe U HOBU
BBJHOBHU PCHICHUA HA MOJACIIHUTC CUCTCMHU YPABHCHUS.

MoHorpadusita e opraHu3upaHa Mo CIEJHUS Ha4uH. TS ce chbCTOM OT yBOI (TIPearoBop), 5
TeMaTHYHU paszzena (TiaBu 2-5) u oubmmorpadceka crpaBka.

Wpau Mopnanos e aBrop Ha raga 2 (ctp. 41-166). B pasnen 2.1 Bb3 0cHOBA Ha OGS MOJEI,
npemioked oT JJumutpoBa 1 ButaHo, 00ckxkaamMe HETMHEEH MOIEN HA MPOCTPAHCTBEHO-BPEMEBOTO
BBaHMOﬂeﬁCTBHe MCXKAY HNOIMyJIallUUTE, YUHUTO BBIIMPOU3BOJACTBO U B3aPIMOlleI>'ICTBPIe 3aBUCIAT U OT
TAXHATa NPOCTPAHCTBCHA IIBTHOCT. HpHeMaMe, 4c MurpamnusaTa € nporuec Ha ,Z[I/I(l)y3I/I$I, IIOBJIHUAH OT



MPOMEHSIINTE CE CTOMHOCTH Ha TEMITOBETE HAa PACTEK U KOSHUIIMEHTUTE HA B3aUMOJICHCTBHE MEKTY
MurpanuonauTe Tpynu. llomydaBame oOm Momen OT 4YacTHH JU(EPEHIMANHA YPaBHEHHS C
MOJIMHOMHUAJIHA HETTMHEHHOCT U JIBE€ MPOCTPAHCTBEHU MU3MEPEHUS 3a OMUCAHWE Ha MPOCTPAHCTBEHO-
BpeMeBaTa JUHAMHKA Ha B3aUMOJIEHCTBAIINTE CH YOBEIIKH ITOMYJIalny (IOMyIaluyd MoraT aa Obaat
HarpuMep BCAKa COIMalIHA, ETHUYECKA, PEIUTHO3HA TpyIia Xopa u Ap.). Hanudunero Ha mpocTpaHCTBEHU
M3MEPEHMsI Ha HAaIllMsi MOJEJ HU IO3BOJISIBA Ja H3CIeIBaMe M ABMKCHHUETO HA  UJICHOBETE Ha
MOTYJIAIIMUTE B TIPOCTPAaHCTBOTO. OT MpakTHYECKa TIIEAHA TOYKA MOIETHT MOXKE /1a Ce M3IOJI3Ba 3a
EBCHTyaJIHa MPOTHO3a M KOHTPOJ Ha YOBEUIKATa MUTpalUs, HaAIpUMep B U Npe3 TIpaHULIUTE Ha
KOHKpeTeH pernoH. B paszmemn 2.2 u 2.3 cMe oOCHIWIM KOHKPETHHTE CIy4daW Ha JIBE MOITYNalliu.
Hemoapwxkaute TOUkK (MOJOXKEHUETO HA pABHOBECHE) Ha MOJEIHATA CHCTEMa YpPaBHCHHUS
CHOTBETCTBAT HA MOCTOSHHATA ITBTHOCT Ha MOIMYJIAUUTE BbB BPEMETO U B MPOCTPAHCTBOTO. MoxeM
Jla U3ClIeIBaM€ OTKJIOHEHUSTa OT TE€3U ILTBbTHOCTU. MOAENBT OMKCBA CIOXHOTO SIBJICHHE, 3 UMEHHO
SIBJICHHETO Ha ChCIUHEHU BBJIHU OT TUI KHUHK, IIPU KOETO C€ IMOJIy4yaBa CHUCTeMa OT JIBE CBBP3aHU
ypaBaeHus1. Koraro nscnensamMe To31 KOHKPETEH CITydaid ITOTydYaBaMe J1Ba BH/Ia PEIICHUS: TPHOIIHKEHO
pEIICHUE 32 MAJIKH CTOMHOCTH Ha ChOTHOILICHUETO MEXy KOC(HUIIMCHTA Ha TU(Y3HUS U CKOPOCTTA Ha
BbJIHATA ¥ TOYHH PEIICHUS, KOUTO ONKMCBAT HEJIMHEHHN KMHK U CAMOTHH BhJIHU. B moaxosio ¢a3oso
MPOCTPAHCTBO KUHK-OBETE ChOTBETCTBAT HA BPbh3KaTa MEKIY ABE ChbCTOSIHUSA, IPEICTABEHU OT CEAJIOBA
TOYKAa M yCTOH4MB Bb3el. Hakpas usBexxgamMe M YCIOBUS 3a aCUMIITOTMYHA YCTOWYMBOCT Ha
nosyueHuTe pemienus. B pasmen 2.3 pasriexaaMe mosHarata (OT MpeIHUTE pa3/ein) MOJIEIHA CUCTEMA
YpaBHEHHUSI OT peaKkIHOHHO-IU(Y3eH BUJ, MPEACTaBAIla MPOCTPAHCTBEHO-BpeMeBaTa IMHAMHKA Ha
B3aUMO/ICCTBALIMTE CHU nomynanuu. HanmpumMep To3u pa3mupeH MoJea MOXKE Aa ONUIIE AUHAMUKaTa
Ha YOBEIIIKOTO HAaCEJICHHEe OT CTPaHU, KOUTO MUTPHUPAT 3apajik BOWHA B COOCTBEHATa CH cTpaHa. TaknBa
MUTPAIIIOHHU BBJIHU Ca HACOUCHU 3a MPEIUMHO KbM CUITHO Pa3BUTUTE CTPAaHU, HO MUTPAHTUTE MOTAT
Jla ce pa3npbCHAT U CIy4YallHO IO BPEME Ha CBOSI MPOCTPAHCTBEH Ipexon. OT MaTeMaTH4ecKa IJieIHa
TOYKA MPEACTaBIME M HOBU AaHAJUTUYHHM PELICHUS Ha MOJEIHUTE YpaBHEHUS, H3IO0J3BalKu
Moau(HUIMpPaHUs METO]] Ha Hall-POCTO yYpaBHEHHUE. J]a 0TOene)UM, Ye MOTYUCHUTE PEIICHUS Ca CaMO
,»MaJKa“) 9acT OT Bb3MOXHHUTE (0OIINTE) peHICHUs Ha YPABHCHUATA HA pasIIupeHus Moael. B pasmen
2.4 u3BekKJAaMe aHAIMTUYHM PEIICHUS Ha J00pe MO3HATOTO ypaBHeHHE Ha Dwuiiep, KaTo mpujarame
HOBa (M3MEHEHA) BEpCHs Ha MOAMGDHUIMPAHUS METO Ha Hal-IPOCTO ypaBHeHue. IIpengaraMme BMeCTO
MTOJIMHOMHATHH 0a3MCHU (YHKIHUU Ja B3€MEM EKCIOHEHIMAIHN (YHKIIMH, KOUTO CHINO Ca JTUHEHHO
HE3aBUCUMHU.

3HaeM, 4e ChLIECTBYBAT PAa3IMYHU aHAJTUTUYHA METOAM 32 MOJIy4aBaHE HA TOUHU PEIICHUS Ha
JleTepMUHUCTUYHU cuctemMu oT YJ{Y. B aunaMukaTa Ha momyJsanusaTa TaKMBa aHAIUTUYHU PELIEHUS
OIKCBAT IIABHO (DPOHTOBETE HA IBTYBAILUTE BhJIHH OT ITOMYJIANKATA TOPAJIH TAXHATA IPOCTPAHCTBEHA
mucniepcusi. Korato obaye aMiiuTyata Ha BblIHATa € rojisiMa, HeIMHEHHOCTTa MOXKEe J1a CTaHEe MHOTO
Ba)XHA U Jla € CpaBHHUMA C Aucrepcuara. Torasa MomyJallHOHHUTE BBJIHM Ca IMOJJIOKEHH KaKTO Ha
HEJIMHEHHOCT, TaKa U Ha AUCIEPCHUs, T.€. UMaMe HEJIMHEHHU NUCTIEpCUOHHM BBJIHU. B pazaen 2.5 Hue
OTHOBO pasriieXk/JaMe MOJIeIHa CUCTeMa OT YpaBHEHHS Ha peakius-Tudys3us, TIpeacTaBsia
MPOCTPAHCTBEHO-BpEMEBATA JJMHAMUKA HAa B3aMMOJICMCTBAIIMTE MOMyIaluu. Pa3mupsBaMe Mojiena mno
OTHOUICHUE Ha MPOCTPAHCTBEHOTO pA3MpeleiCHUE Ha MOMyJalusaTa, KaTo MpUEeMaMe, Y€ OCBEH
ciyvaiHuTe Mudy3ud UHAVMBUAATE MOraT Ja C€ JIBMXKAT B MPOCTPAHCTBOTO YPE3 KOHBEKIIMOHHH
(amBeKIMOHHM) TIpoIiecH. B To31 Mo/1e) MUTpanusATa ce pa3riekia KaTo Mporec Ha afaBeKusa-nudy3us,
MOBJUSH OT NPOMSHATAa Ha TEMIIOBETE Ha PACTek M B3aUMOJCHUCTBUATA MEXKIYy HHAUBUAUTE OT
MOy anusaTa. MoJeIbT ONMMCBA U HAKOJIKO HOBU XapaKTEPUCTHKU HA B3aMMO/ISHCTBAIITUTE MOITYyJIAIlAN
B CpaBHEHHUE C JOOpe MO3HATUTE KJIIACHYECKH MOJICIH B JMHAMUKATA Ha Momynanusarta. Pasmmpenara
MOJIeJIHa CHCTeMa Ha YpaBHCHMSATA Ha aJBEKIMs - peakuus - audy3us Moxe ga Objae MoJie3Ha 3a
obsicHeHHE Ha crienuUIHN THHAMHYHU TIPOIECH B MKOHOMMKATA M coItmosiorusTa. Hampumep, To3u
pa3lIUpeH MOJIET MOXKE Ja OMUIIe IMHAMUKATa Ha YOBEIIKOTO HACEJICHHUE OT CTPaHU, KOUTO MUTPUPAT



MOpaay BOIHA B COOCTBEHATa CH JbprKaBa WM MOPAIN AbPXKABHU MKOHOMHYECKH WM MOJUTHYCCKH
orpaHnueHus. IIpenuMHO TakMBa MHUIPAllMIOHHM BBJIHHM Ca HACOYEHM 3a MPENNOYUTAHE KbM CHUIIHO
pPa3BUTH CTpaHH, HO MUTPAHTUTE CBIIO MOTaT Ja CE paslpbCcHAT CIy4YallHO IO BpEME Ha CBOS
npoctpadcTBeH npexold. OT maremaTrnyecka IJVIeAHA TOYKA IPEACTaBsIME JABE HOBH aHAJIUTUYHU
pelIeHns Ha MOJISTHOTO YpaBHEHHE, OJTy4YeHH upe3 MoAuduIupaHe Ha pelieHne, MoIyueHo MpH Io-
paHHO H3CJeBaHe Ha CHhaBTOPHUTE, U 4pe3 000OLIeHne Ha MOAWGHUIMPAHUS METOJ Ha Hal-IPOCTO
ypaBHeHue. OT0esns3BamMe, 4e MoIy4YeHUTE 0-TOPE PELICHHUS Ca CaMOo 4acT OT Bb3MOXKHUTE PEIICHHSI Ha
ypaBHEHUSITa Ha pa3mupenus mojen. OT mpakThyecka rieHa TOUKa MoJo0OHH aHATUTHYHHN PELICHUS
Morar na ObIaT MOJE3HHW IPH MPOTHO3WpAHE M KOHTPOJ Ha MHUTpaIusaTa Ha xopara. B pasmenr 2.6
o0chxkAaMe Kilac 0T XUIepOOIMYHN YpaBHEHUS Ha peakuus-audys3us U nmpuiarame MoIuQUIupaHus
METOJ Ha Hal-TIpOCTO ypaBHEHHE, 3a Aa MOJIYYMM TOYHO pelicHHE Ha ypaBHEHHE OT TO3M Kiac (a
HMMEHHO YPaBHEHHETO, KOETO ChIbprKa IIOJINHOMHUAIIHA HEIMHEWHOCT OT YEeTBBPTH pex). M3mon3same
ypaBHeHHeTO Ha bepHynu kaTo Hail-lIpocTO ypaBHEHUE U MOJydaBaMe PelIeHue - MbTyBalla BbIHA OT
TUI KUHK 33 M3CIEIBAaHOTO ypaBHeHue. Ts Moxe na Oble CBbp3aHa C HEIMHEHMHOTO ypaBHEHHE Ha
peaknusa-nudy3us, KOETO ce U3IM0J3Ba 32 MOJISIMPaHe HAa CUCTEMH OT JTUHAMHUKATA Ha romynanusra. a
0TOETIeKUM, Ue BIMSHUETO Ha YBEJINYaBallaTa ce CTOMHOCT 3a poduiia Ha U3BUBAHETO €: J]a ce HaMalll
aMIUIMTyaTa Ha U3BUBAHETO U Ja CE HalpaBH MO-KOHLEHTPHUPAH MPEXOAbT MEXIY 00IacTUTE HA MO-
HUCKH ¥ TI0-BHCOKH CTOMHOCTH Ha KHMHKa (T.€. TO3M IPEXOJ Ce CIy4Ba B MO-MAJIKUTE MHTEPBal OT
CTOWHOCTH Ha BpemeTo). TOYHOTO pelieHHe Ha HW3CIEABAHOTO HENWHEHHO YacTHO TU(EPEHITHATHO
YpaBHEHHE € MOJIyYCHO aK Ype3 MoAu(uIupaHus METO Ha Hali-IpocTo ypaBHeHue. [loka3Bame, de
TO3HU METOH € e(i)eKTI/IBeH " 3a MOJydYaBaHC HAa KOHKPETHH TOYHHU PCIICHHA Ha HEJIMHEWHU YaCTHU
nudepeHnuanH ypaBHEHHs, KOUTO HE MpPHHAAJEKAaT KbM Kjaca Ha HMHTEIpPyeMHUTE ypaBHEHus. B
pasmen 2.7 monydaBame EBOJIOIMOHHO YpaBHEHHE 32 pa3NpOCTpaHEHHE Ha HENWHEHHW BBIHH B
aprepusi. B Tasu cnoxHa cpeia moigydaBaMe pelIEHHE 3a IbTyBallla BBJIHA 3a YPAaBHEHHETO Ha
€BOJIIOLIMATA, TO3M IBT C NPOMEHIMBU KoeduiuueHTH. lIpaBum cMmsHa Ha ThpceHata (QyHKUOMSA U
MMPOMCHJIUBUTE B YPABHCHHUETO HA CBOJIONUATA C IPOMCHIIMBH KOC(l)I/IHI/ICHTI/I, KaTO BBBCXKJaME€ HOBa
3aBHCHMa NPOMEHJINBA, KAaKTOCMsSHA Ha KOOpAMHATHaTa cuctema. 1lo TO3M HauumH pasriiexJaHoTo
HEJINHEWHO EBOJIIOIMOHHO ypaBHEHHE 3a DPAa3NPOCTPAHEHWE HA BBIHU B apTepusi Ce CBEXAa 10
0606mieHoTo ypaBaenue Ha Korteweg-deVries-Burgers (KdVB). ITo-Hatarbk HaMupamMe aHAIUTUIHO
peleHre Ha ypaBHEHHETO, IpMiIaraiku MogJuQUIUpaHus METO Ha Hal-IpocTo ypaBHeHHUe. B pasmen
2.8 obcwkxkIaMe MaTeMaTHIeCKu Mojiel, 6asupad Ha YIY oT T anBeKius-peakuus-qudysus, KaTo ¢
HET0 ONMCBaMe NMPOCTPAaHCTBEHO-BpEMEBaTa JUHAMHUKA Ha B3aUMOAEHCTBALIN HKOHOMHUYECKH areHTH.
PasmmpsiBame 00001IeHNSI MOJIEN Ha Peakus-TU(y3us 3a IPOCTPAHCTBEHO-BpEMEHHATA TUHAMUKA Ha
TnomyJjagusara, KaTo IIO6aB$IMe HOBH YCJIOBHA Ha a/IBEKIHA KbM YPABHCHHATA B TAAX. Hosute yCJI0BUs 3a
NPUBIMYAHE OIHUCBAT NpeepeHLUATHOTO MABMXECHUE (MHUrpanus) Ha areHTHUTE CHUCTEMH KbM
,,OJIATONIPUATHHU* PETHOHH MTOPAIU TEXHUTE NKOHOMUYECKH nHTepecH. [Ipeanomnarame, ue ckopocTTa Ha
MUTpalysi Ha areHTUTE 3aBUCH M OT IUTBTHOCTTa Ha CHEU()UIHUTE HKOHOMHYECKH MEXaHH3MH.
[Tony4yaBaMe aHAIMTHYHO PELIEHNE HA MIPEJIOKEHNS MOJIEN Ha aJIBEKLUsI-Peakunsi-quQy3us 3a ciryyast
Ha €IHa IoIyJIallrsd, KOSATO MUI'pHpa B €AHO ITPOCTPAHCTBEHO HAIIPABJICHUC. Yucnenure CUMYyJIallun Ha
MOJIYYEHOTO aHAJIMTHYHO pEIleHHe MOKa3BaT pa3NpOCTpaHEHHE Ha BBJIHU C HEJIMHEHHA IUIBTHOCT OT
thn ,,kuHK®. [loka3zBame, ye QpOHTHT Ha BBIHATA HA PA3NpPOCTPAHEHHE MOXKE Jia Ce NMPOMEHS U B
3aBHCHUMOCT OT CKOPOCTTa Ha MUrpauusi Ha arenture. Hakpas, B pa3gen 2.9 oOckxname ypaBHEHHE
peakuusa-n1udy3us, KOeTo OMUCBa MPOCTPAHCTBEHO-BpeMeBaTa AMHAMKKA Ha €HA MOIyJalus ¢ HUCKa
IUTBTHOCT, BKITFOYBamia T. Hap. epekt Ha Allee. ITo-moapobHO HM3CIEIBAHOTO ypaBHEHHE MPEACTaBs
BapHalM Ha IUTBTHOCTTA HA IOMYJAlUATa B IPOCTPAHCTBOTO M BbB BPEMETO, AbJDKAILM ce Ha OaBeH
MIPOM3BOJICH Ipoliec Ha Jrdy3us ¥ IOKaJIeH TEMI Ha pacTex, naayiupan ot Allee epexra. [TonmyyaBame
U TOYHO aHAJIMTUYHO PCHICHUE HAa Pa3rJICKIAaHOTO YPaBHCHHUC, HM3II0JI3BAKN MO)II/I(i)I/IHI/IpaHI/ISI METO



Ha Hak-IpoCTO ypaBHEHME. TyK H3Mo3BaMe OOMKHOBEHOTO MuepeHITnaIHo ypaBHeHHe Ha AbGern oT
II'BPBU BHJ] KATO HAH-TTPOCTO YpaBHEHHE, CAMOTO PEIICHUETO € MPEJICTABS ChC CHICNUATHA (DYHKITHS.

Published articles in specialized scientific journals and reports at conferences / Ily6auxkyBanu
CTATHH B CTIEUATN3MPAHN HAYYHU W3JAHUSA U MMyOJINKYBaHH JTOKJIAIM OT KOH(epeHINH

Jordanov Ivan, Nikolova Elena, On nonlinear waves in the spatiotemporal dynamics of
interacting populations. Zbl 1330.92111, Journal of Theoretical and Applied Mechanics, ISSN
0861 - 6663, Sofia 43, No. 2, 69-76 (2013), MSC: 92D25 35Q92 35C07 35G20, DOI:
https://doi.org/10.2478/jtam-20130015.

Abstract: In this paper the spatial-temporal dynamics of the members of interacting populations
is described by means of nonlinear partial differential equations. We consider the migration as a diffusion
process influenced by the changing values of the birth rates and the coefficients of interaction between
the populations. The general model is reduced to analytically tractable partial differential equations
(PDE) with polynomial nonlinearity up to third order for the particular case of one population and one
spatial dimension. We obtain an analytical solution which describes nonlinear kink and solitary waves
in the population dynamics by applying the modified method of simplest equation to the described
model.

Pestome: B Tazm cratus e omnMcaHa IPOCTPaHCTBEHO-BpeMeBaTa JWHAMHKAa Ha
B3aMMOJICHCTBAINN CH TIOMYJIAIMK C TIOMONITA Ha HENIMHEWHU YaCTHU MU(PEPCHIMAIHU YPAaBHCHUS.
Cunrame, ye METpAIUATa € AU(Y3HOHEH MPOIEC, KOMTO Ce BIUSIE KAKTO OT MPOMEHSIIUTE CE CTOMHOCTH
Ha PaXKIaeMOCT, Taka ¥ OT KOC(PHUIIMESHTUTE HA B3aUMOICHCTBUE MEX Ty Hommyanuure. OOIUsIT Moaes
Ce CBEXJa JI0 aHAJIMTUYHO PEeIMMH YacTHU audepeHnmanau ypasHenus (YY) ¢ monmHOMHANTHA
HEJIMHEWHOCT O TPEeTW pel 3a ciydas Ha €[Ha MOMyJalus U €JHO MPOCTPAHCTBEHO H3MEpeHHe.
[Nony4yaBaMe M aHATUTUYHO PEIICHHE, KOSTO OMMCBA HETMHEHHN KHHK U CAMOTHH BBJTHU B THHAMUKATA
Ha TIOMyJAINHUATA, KaTo MpuiaraMe MoIU(pHUIMPaHUs METOJI Ha HAH-TPOCTO ypaBHEHUE KbM ONUCAHUS
MOJIEII.

Damov, K. S.; Jordanov, I. P.; Antonov, A. S.; lliev, M. T.; Characterization of aerodispersed
systems with increased concentration according to the kinematic viscosity and mass density of
their aerosol phase, Bulgarian Chemical Communications, ISSN: 0324-1130, VVolume 49, Issue
3, Pages: 589-594 (2017).

Abstract: Aerodispersed systems, hereinafter referred to as aerosols are an integral part of the
natural environment of man. Such are the condensation clouds and fogs, dust clouds in deserts and those
caused by volcanic activity. Aerosols are widely used in industry, agriculture, medicine, military
science. Therefore, the study of their properties is an essential necessity. If the concentration of their
aerosol phase is increased, they possess certain physical properties similar to those of liquids, for
example the ability to flow. The current work offers a laboratory method for the determination of the
kinematic viscosity and mass density of concentrated aero dispersed systems formed in a limited
volume. This method is based on measuring the time required for a certain amount of aerosol to flow
out through a calibrated outlet pipe under the influence of its own hydrostatic pressure. This method
uses the Poiseuille’s law and the equation of continuity. The time needed for the aerosol to flow out is
determined by monitoring its upper borderline "aerosol-air" using a laser system and photoelectric
sensors and is based on the scattering of laser light by the aerosol.

Pesrome: AGPO,I[I/ICHepCHI/ITe CHUCTCMU, HAPUYIAHU 3a KPATKOCT a€pO30JIM Ca HEPA3ACTIHA YaCT OT
€CTECTBCHATA CpC€ia Ha YOBCKA. TakuBa ca HanmpuMep KOHACH3AIIMOHHUTE 06.1]3111/1 n MbIJIa, 06naume



Mpax B MyCTUHHUTE U TE€3U, TPUIMHEHH OT BYJIKAHUYHA aKTUBHOCT. A€pPO30IIUTE Ca IUPOKO H3IOJI3BAHU
B MPOMUIIUICHOCTTA, CEJICKOTO CTONAHCTBO, MEAWIMHATA, BOeHHHUTe Hayku. ClieoBaTeIHo
M3y4aBaHETO Ha TEXHUTE CBOMCTBA € CHIIECTBEHA HEOOXOAMMOCT. AKO KOHIICHTpAIMATA B TAXHATA
aepo3oniHa (haza ce yBeNnW4H, T€ MPUTEKaBaT omnpezeNieHN (GU3NIHH CBOWCTBA, MOAOOHN Ha TE3W Ha
TEYHOCTHUTE, HAPUMEp CIOCOOHOCTTA J1a TekaT. Hactosmara paboTa npeiara 1abopaTopeH METOJ 3a
Onpe/ieNiTHE HAa KUHEMATHUYHUS BHUCKO3UTET W MacaTa Ha IUTBTHOCTTa HAa KOHIICHTPUPAHU aepo-
JICTIEPCHU CHUCTEMH, oOpa3yBaHH B orpaHuueH obeMm. To3M METOJ ce OCHOBaBa Ha WU3MepBaHE Ha
BpPEMETO, HEOOXOIUMO 32 M3THYaHE Ha OIpEeeSICHO KOJIUUECTBO acpo30y Npe3 KanuOpupaHa n3XoaHa
TpBH0a Mo Bh3ACHCTBUETO HA COOCTBEHOTO XMPOCTATHYHO HANsATaHe. T03M MeTo] M3M0JI3Ba 3aKOHa Ha
[loa3poil W ypaBHEHHETO 3a HENMPEeKbCHATOCT. BpemeTo, HE0OX0AMMO 3a M3THYaHE Ha aepo3oja, ce
orpeens upe3 HabIoCHUE Ha TOpHATA My TPaHUYHA JTUHMS "'aepo301-Bh3yX " C TOMOIITA Ha JIa3epHa
cucreMa B (HOTOCNEKTPUIECKH CEH30PH M CE OCHOBaBa Ha pa3ceBaHETO HA Jia3epHATa CBETJIIMHA OT
aepo3oia.

Nikolova Elena, Jordanov lvan, Vitanov Nikolay, Dynamical analysis of the MicroRNA-
mediated protein translation process. Zbl 1368.92055, Biomath 2, No. 1, 1210071, 6 p. (2013),
MSC: 92C40, ISSN: 1314684X (print), 1314-7218 (online).

Abstract: Mathematical modeling of kinetic processes with different time scales allows a
reduction of the governing equations using quasi-steady-state approximations (QSSA). A QSSA
theorem is applied to a modified mathematical model of the microRNA-mediated protein translation
process. By an appropriate normalized procedure the system of seven nonlinear ordinary differential
equations is rewritten in a form suitable for model reduction. In accordance with the terminology of the
QSSA theorem, it is established that two of the protein concentrations are “fast varying”, such that the
corresponding kinetic equations form an attached system. The other four concentrations are “slow
varying”, and form a degenerate system. Another variable appears to be a constant. Analytical
relationships between the steady-state values of the fast varying concentrations and the slow varying
ones, are derived and interpreted as restrictions on the regulatory role of microRNAs on the protein
translation process.

Pesrome: MaTeMaTHYeCKOTO MOACIIMPAaHEC Ha KUHCTHYHHUTC NPOLECHU C PA3JIMYHU BPEMCBU
MaH_Ia6I/I HHU II0O3BOJIsIBA 1da HaMaJIuM 6p0$[ Ha YyIpaBJIdBAlIUTE YpaBHCHUA C TIIOMOLITa Ha
kBasuctanuoHapuu npuommkenns (QSSA). QSSA rteopemara ce mpwiara KbM MOIU(BUIIUPAH
MaTeMaTU4YCCKHU MOJCII, OIICBAIIl IPOIeCa Ha TpaHCIalrd Ha IIPOTEUH, MCANUPAH OT MI/IKPO-PHK 11pe3
MOIXOJIAIIIa HOPMaJIM3UpaHa PoIeypa CUCTEMAaTa OT CEJIeM HeJIMHEHHN OOMKHOBEHHU JU(EPEHITUATHI
YpaBHCHUS CC€ TIPUBCIKIAA BBB CI)OpMa, moaxoJsaiaa 3a HaMaJIsBaHE Ha MOJECJIA. B cnotBeTcTBHE C
TCPMUHOJIOTUATA Ha QSSA TeOpEMaTa yCTaHOBABaAMC, Y€ JABC OT NPOTCHUHOBUTC KOHLCHTpALIWU Ca
"Obp30 Bapupamu', Taka 4e CHhOTBETHUTE KHHETUYHHM ypaBHEHHs 00Opa3yBarT T. Hap. NpUKpereHa
cucrema. OcTaHanuTe YeTUPU KOHLEHTpaluu ca "0aBHO Bapupauu" u oOpas3yBaT AereHepaTHBHATa
cucrema. Jlpyrata mnpomMeHIMBa € KOHCTaHTAa. AHAIWTUYHHUTE BPB3KM MEXKIy CTalMOHApHUTE
CTOMHOCTH Ha 6’bp30 MIPOMCHANIUTE CC€ KOHLCHTpAUWUU H 0aBHO MNPOMCHANIUTE CE€ CC U3BCIKAAT U
HMHTEPIIPETHPAT KAaTO OIpaHUYEHUs BBPXY peryiaropHara possd Ha mMukpo-PHK BBpxy mpomeca Ha
IIPEHOC Ha IPOTEUH.

Nikolova E. V., Jordanov I. P., Dimitrova Z. I., Vitanov N. K., Nonlinear Evolution Equation
for Propagation of Waves in an Artery with an Aneurysm: An Exact Solution Obtained by the
Modified Method of Simplest Equation, Studies in Computational Intelligence, Springer
Nature, ISSN:1860-949X, EISSN:1860-9503, Volume 728, (2018) pages 131-144.



Abstract: We study propagation of traveling waves in a blood filled elastic artery with an axially
symmetric dilatation (an idealized aneurysm) in long-wave approximation. The processes in the injured
artery are modelled by equations for the motion of the wall of the artery and by equation for the motion
of the fluid (the blood). For the case when balance of nonlinearity, dispersion and dissipation in such a
medium holds the model equations are reduced to a version of the Korteweg-deVries-Burgers equation
with variable coefficients. Exact travelling-wave solution of this equation is obtained by the modified
method of simplest equation where the differential equation of Riccati is used as a simplest equation.
Effects of the dilatation geometry on the travelling-wave profile are studied.

Pesiome: W3cnenpame pasnpoCTpaHEHUETO Ha ,,IbTYBAlld BBIHU B €IaCTUYHA KpbBHA
apTepus ¢ aKCHaJTHO-CUMETpUYHa Auatanus (T. Hap. Waealu3upaHa aHeBpHU3Ma) MPU ABITOBBIHOBO
npubnmkenue. [Ipouecure B yBpeaeHara apTepust ce MOACIMPAT Ype3 ypaBHEHUs 3a JABWKCHUETO Ha
CTeHATa Ha apTepusITa U Ype3 ypaBHEHHE 3a IBMKCHUETO Ha TEYHOCTTA (KPBBTA). 3a CiTy4as Ha O6ajaHC
Ha HEJIMHEWHOCTTa, TUCTIEpPCUsATa U Pa3cedBaHeTO B TakaBa Cpeia MOJACITHUTE YPaBHEHHsI Ce CBEXKAAT
70 enHa Bepcust Ha ypaBHenuero Ha Korteweg-de Vries-Burgers ¢ mpomennuBu koedurmeHTd. TOYHO
pelieHue 3a ,,IbTyBaIlaTa BbJIHA HA TOBAa YpaBHEHHUE CE MONy4yaBa 4pe3 MOAU(DUIMPAHUS METO] Ha
Hal-poCTO ypaBHEHUE, MPH KOETO AH(EepeHIINATHOTO ypaBHEHHE Ha PUKaTH ce M3MoN3Ba KaTo Haii-
npocTo ypaBHeHue. M3cnenBar ce U eekTUTe Ha AWIATAIIMOHHATA TEOMETpHS BBbpPXY Mpoduia Ha
MbTyBalIaTa BbIHA.

Nikolova E. V., Jordanov I. P., Dimitrova Z. I., Vitanov, N. K., Evolution of nonlinear waves
in a blood-filled artery with an aneurysm, AIP Conference Proceedings, American Institute of
Physics, ISSN:0094-243X, E-ISSN:1551-7616, Volume 1895, 12 October 2017, Article
number 070002.

Abstract: We discuss propagation of traveling waves in a blood-filled hyper—elastic artery with
a local dilatation (an aneurysm). The processes in the injured artery are modeled by an equation of the
motion of the arterial wall and by equations of the motion of the fluid (the blood). Taking into account
the specific arterial geometry and applying the reductive perturbation method in long wave
approximation we reduce the model equations to a version of the perturbed Korteweg-de Vries kind
equation with variable coefficients. Exact traveling-wave solutions of this equation are obtained by the
modified method of simplest equation where the differential equation of Abel is used as a simplest
equation. A particular case of the obtained exact solution is numerically simulated and discussed from
the point of view of arterial disease mechanics.

Pesiome: O6C”L>K,I[aMe PasupoCTPaHCHUECTO Ha IpTyBallN BBJIHU B KPbBOHOCHA
XUTEpeNacTUIHa apTepusl C JIOKalHa mwiatanus (T. Hap. aHeBpu3Ma). [Iporecute B yBpemeHata
apTepusd c€ MoAepaT 4Ype3 YpaBHCHUEC HA ABMXKCHUCTO Ha apTEpraiHaATa CTCHA U YPE3 YpaBHCHUA HA
JBIDKEHHETO Ha TeYHOCTTA (KpbBTa). OTUMTaliKK crieunryHaTa apTepuaiHa FeOMEeTpHs U IpUIIaraiiku
METO/la Ha PECAYKIIMOHHUTEC CMYULICHUA IIPU C6J'H/I)KaBaHe C OBJITU BBJIHU, peAynrupamMe MOACIHHUTE
ypaBHEHHs 0 BEpCHs Ha CMyIIaBalioTo ypaBHeHue Ha Tun Korteweg-de Vries ¢ mpomeHIMBU
KO@(l)I/ILII/ICHTI/I. Tounure peuIiCeHuA Ha IIbTyBalllaTa BbJIHA HA TOBA YPABHCHUC CC IIOJyYaBaT YpeE3
Moan(UIMpaHua METO Ha HAal-TIPOCTO ypaBHEHUE, IPH KOETO T EepeHIINATHOTO YpaBHEeHNE Ha AGen
C€ M3II0JI3Ba KaTO Haﬁ-HpOCTO YpaBHCHHUC. Yacren cnyqaﬁ Ha MOJIYUYCHOTO TOYHO PCIICHUE CC CUMYJIUpaA
YHCJICHO U CE 0601>>1<11a OT I'ICAHA TOYKa Ha MEXaHUKaTa Ha apTCPpHUATTHUTE 3a00JISIBaHUS.

Nikolova E. V., Serbezov D. Z., Jordanov, I. 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 spatio-
temporal 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. I. 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.

Pesiome: B ToBa m3cnenBane oOCHKIaMe peaKIHOHHO-TU(Y3UOHHO YpaBHEHHE, OIKCBAIIO
MMPOCTPAHCTBCHO-BPECMEBATA NUHAMUKA Ha €HA IOIyJlallid C HUCKA IIJIBTHOCT, BKJIKOYBAIIla T. HAp.
edekr Ha Allee. TTo-moapoOHO U3CICIBAHOTO YpaBHEHHUE MPEICTABS W3MEHEHHUETO Ha IUTHTHOCTTA Ha
MOMyJalUsATa B MPOCTPAHCTBOTO M BBHB BPEMETO, ABDKAIIO ce Ha OaBeH NMPOM3BOJICH MpOIEC Ha
ndy3us v JOKalIeH TeMIT Ha pacTek, nHaynupan ot Allee-edexra. [lonmyuaBame v TOYHO aHATUTHYHO
pelieHre Ha pa3TIeXAaHOTO ypaBHEHHWE, H3MON3BaliKM MOAW(MUIMPAaHUS METOJ Ha Hai-TIPOCTO
ypaBHeHue. OOMKHOBEHOTO MU(EPSHIIMAIHO YpaBHEHHE Ha AOEN OT IbPBH BUJI CE M3M0JI3Ba KaTO Hali-
MPOCTO ypaBHeHHE. PeneHneTo e mpencTaBeHo oT crernuainia GyHKIws, npempioxkera B [H.K. Butanos,
3.1. Humurpora, K.H. Buranos, Ilpunoxna matemarnka u wu3uucienus 269, 363-378 (2015)].
Bsemame ciyuail Ha pemieHHeTo, MpH KOWTO crenuaiHata (YHKIUS ce CBEXIa J0 CIEMEHTapHU
¢yaxmun. CuMynupaMe 9uCciIeH0 KOHKPETHOTO PeIlieHHe U MMOKa3BaMe, Y€ BhJIHATA Ha TUIBTHOCTTA Ha
VHIUBUOUTE Ha ITOMyJIalMsATa MOXE Ja U3MEHS Hpoq)lzma CH B 3aBUCHUMOCT OT CujiaTa Ha eq)eKTa Ha
Allee.

Nikolova Elena, Jordanov Ivan, Vitanov Nikolay, On nonlinear dynamics of the STAT5a
signaling protein. Zbl 1368.92060, Biomath 3, No. 1, 1404131, 11 p. (2014). MSC: 92C40
92C42, ISSN: 1314-684X (print), 1314-7218 (online).

Abstract: In this paper we model dynamics of cross talk between MEK/ERK and JAK/STAT
signaling pathways by means of nonlinear ordinary differential equations. The considered system of four
ordinary differential equations is reduced to one ordinary differential equation, representing dynamics
of the phosphorylated STATS5a signaling protein. We show that the diffusion together with the
corresponding biochemical reactions is likely to play a critical role in governing the dynamical behavior
of the considered signaling protein. By the modified method of simplest equation to the described
reaction-diffusion equation we obtain an analytical solution which explains drop and jump propagation
of the STATS5a protein concentration.

Pesiome: B Tasm craths Mojenupame IUHAMUKATa HA KPBCTOCAHA TPAHCIALMUS MEXTY
curnasiaure metuiia MEK / ERK u JAK / STAT ¢ noMoinra Ha HEJIWHEMHH OOUKHOBEHU
nudepeHIMaTHl ypaBHeHus. PasrienaHara cucTeMa € OT YeTHPH OOMKHOBEHH Ju(EpeHIMATHU
yYpaBHEHUS U CE CBEXk/1a 10 €HO OOMKHOBEHO JU(EePEHLIUATHO ypaBHEHUE, IPEICTABIISBAILO IHHAMUKA
Ha pochopenupanust STATSa curnanesn npoteuH. [Tokaspame, ue qudy3usTa, 3a¢IHO ChC CHOTBETHUTE
OMOXMMHYHH PEAKIIMU BEPOSITHO LIe UMa KPUTHUYHA POJIS 32 YIPABJICHUE Ha JMHAMUYHOTO MOBEJCHNE
Ha pasriexaaHus curHaieH mnporerH. C momolnra Ha MOIUGUIMPAaHUS METOJ] Ha HaH-IIPOCTO
ypaBHEHHE KbM OIHMCAHOTO YpaBHEHHE HA peakIysira IMojydyaBame aHAJUTHYHO pelleHHe, KOETO
00sICHSIBa pa3MPOCTPAHEHUETO U CKOKA Ha IPOTEHHOBAaTa KoHIeHTparus Ha STAT5a.



Vitanov N. K., Dimitrova Z. I., Jordanov I. P., Application of physics methods to social
phenomena. Zbl 1342.91029, Bulgarian Journal of Physics 33, No. S3, 123-128 (2006), print:
1310-0157, online: 1314-2666, MSC: 91B80.

Abstract: Many social problems can be studied by means of the methods of nonlinear dynamics,
time series analysis and statistical physics. Here we discuss adaptation of populations with and without
extinction as well as connection of the corresponding simple models to the election preferences of voters
and to competition of different producers of similar products, evaluated by the customers. In addition,
by means of time series analysis of time series for piglet prices and production in Japan we show the
success of the regulation politics of the Japanese government in the agricultural sector after the oil crisis
in 1974.

Pestome: MHOro conuaiHu mpoOJieMH MoraT Ja ce HA3y4YaBaT C IIOMOITa Ha METOAUTE Ha
HeTMHEHHATa NTWHAMHKA, aHaJu3 Ha BPEMEBH PEIOBE M CTATHCTHYECKAa (DH3HMKA. Tyxk o0CBXIame
aIalTUPaHCTO Ha MOIMyJIallUUTE ChbC U 0e3 H34YC3BAHC, KAKTO U CBBP3BAHETO HAa CbOTBCTHUTEC IIPOCTHU
MOACIN KbM I/I360pHI/ITe MIpeAIIOYUTaHNUs Ha I/136I/IpaTeJ'II/ITC, KaKTO WM KOHKYPCHIUATA Ha Pa3JIMYHUTC
IMPOU3BOJUTCIIN Ha HO}IO6HI/I MMPOAYKTH, OLUCHABAHU OT KJIIMCHTHUTC. B JOMNbJIHCHUEC, YPE€3 aHaJIu3 Ha
BPEMEBUTE PEIOBE OT BPEMEBU CEPUU 3a LICHUTE HA MPACEHLATa U HNPOU3BOJACTBOTO B SMOHUS, HUE
IOKa3BaM€ yCIi€Xa Ha IMOJIMTHUKaTa Ha PEryjarpaHe Ha AIIOHCKOTO IMPaBUTECICTBO B CEJICKOCTOIIAHCKHUA
CEKTOp clie/] MeTpoiHaTa Kpusa mpe3 1974 r.

Application for registration of utility model / 3asiBka 3a perucrpauus Ha nojie3eH MojeI:

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. / Mapuo
T. Wnumes, Llseromup W. [dumutpos, Hsan. Il ﬁopnaHOB, ,», Y CTPOMCTBO 3a CTYyZACHa
kanuOpoBka Ha QuiamenTH 3a 3D mpunrtep®, [latenTHo BenmomcTBo Ha Pemybnuka boiarapus,
BXx. N0 4410/25.07. 2019 .

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.

YCeTpoiicTBOTO 3a CTyAeHa KaauOpoBka Ha ¢urameHntn 3a 3J] mpuHTHpaHe, BKIIOYBA
OPpUCTBPTBAL] MHCTPYMCHT 3a KaJ'II/I6pI/IpaHeTO UM U CC XapaKTepu3npa C ToBa, 4€ CC CbCTOU OT JBa
MaTPOHHUKA, PA3II0JIOKEHU CbOCHO HA PA3CTOSIHUE €IUH CPEILLy APYT U JIarepyBally €IUH CIPsMO JIPYT.
E):[I/IHI/ISIT OT T4X B 3aJHUA CHU Kpaﬁ € CHa6,Z[eH C MIPY?KNHCH MCXAaHU3BM, KOWTO € aKCHAJHO PAa3MI0JIOKEH
MCXKAY NaTPpOHHUKA U 3a/IBUKBAIllATa I'o 3’L6H0-peM’b‘lHa ImpcaaBKa. Ot BBHIIIHATA 3a1Ha 4aCT Ha BCCKU
€IWH OT MAaTPOHHUIIUTC UMa 3L6H0-peML‘-IHa npe€aaBKa, KOJATO € CBbp3aHa KbM AOI'BJIHUTCIICH Ball ,



KOWTO TIPEJCTaBIIsBa JIarepyBalia OC, CBbp3aHa B JBaTa CH Kpag KbM 3bOHO-pEMBUHHUTE Ha
MATPOHHUIINTE U € YCIOPEIHO PA3IONIOKEeH KbM OCTa Ha JBaTa MaTPOHHHUKA . MeXay AOMbITHUTEITHUSL
BaJl U CHOCHO PA3MOJIOKEHUTE MaTPOHHUIIM € MIPUKPENeHa KapeTKa ¢ HOXKOIbPXKATel W HOX B Hed,
KaTo JeTaiiuTe: IUIAHKH, MPUKPEISIIA TIAaBHUTE OCH C KapeTka, KakTO W IAaTPOHHUIINTE |
JOTTBJIHUTETHUS BaJI Ca 3aKPETeHH KbM OCHOBATA.

YceTpolcTBOTO 3a CTylaeHa KanuOpoBka Ha (uiaameHTdH 3a 3] HMpUHTHUpaHe, ChIVIACHO
MIPETEHINSATA Ce XapaKTepU3Npa C TOBA, Y€ KapeTKaTa € pa3IoIoKeHa IMOCPEICTBOM BTYIKOBUTE JIarepr
Ha JIBETE TTaJKH OCH, , KOUTO Ca HETIOABM)KHO CBbP3aHH KbM INIAHKUTE U MOXKE J1a CE ABUKH yCIIOPETHO
B Omm3ocT Ha ¢mnaMmeHTa. BepXy kapeTkara € MOocTaBeH HOX 1O TaKbB Ha4WH, Y€ Ja OTCTpaH;IBa
HEPAaBHOCTHUTE TI0 MOBBPXHOCTTA Ha (huiieMeHTa. B mpeiHara yacT Ha KapeTkara MMa MPUTHUCKATCITHU
pPOJIKHM, KOUTO ca C BAIbOHATa pabOTHA TMOBBPXHOCT M Ca NpPEJHA3HAYCHU 3a MPHUTUCKAHETO HA
(mamMenTa KbM OCTPHETO Ha HOXAa, KOWTO OT CBOS CTpaHa € CHaOJeH C MHUKPOMETPUYECH BHHTOB
MEXaHU3bM 3a PEryJIUpaHe Ha TMOJOKEHUETO MY.



