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oOHapoBaH B ,,/IbpkaBeH BecTHHUK ’, Op. 8/26.01.2024 r.

OOMHUAT CIUCHK C HAyYHH TPYAOBE Ha KaHAWIaTa BKIOuBa 23 (IBageceT W TPH)
3arnaBus B nepuoja Mexay 2015-2023 roxuHa, BCUYKUTE € JaTa Ha MyOJHMKYBaHH Cle[
npunobuBaHe Ha oOpa3oBaTenHaTa CTENeH A0KTop mnpe3 2013r. u 3aeMaHETO Ha AIBXKHOCT
riaBeH acucteHT B MHcTuTyTa nmo Maremaruka u Mupopmaruka, bearapcka Axagemust Ha
Haykure (UMW BAH) mpe3 2015. Ot T1sAX 3a ydacTue B KOHKypca ca u30Opanu 18
(ocemuameceT) HaydHH paboTH, Kato 2 (1Be) OT TAX ca camocTosTeHU U 16 (1ectHamecer)
ca B ChaBTOPCTBO. B TO3u crnuchk He durypupar u 2 (1Be) HaydyHH pabOTH C KOUTO €
KaHJMJaTCTBAaHO B KOHKYPC 3a 3a€MaHe Ha no3uiuara riiaBeH acucteHT B UMU BAH.

[TompobeH XpOHOJIOTHMYEH CIHUCHK Ha aOCTPAKTHTE HAa BKIIOYEHHUTE B KOHKYypCa
paboTH € KaKTo CJe/Ba:

1. Tchorbadjieff, A., Angelov, C., Arsov, T., Nikolova, N., Kalapov, I., & Boyadjieva, A.
(2015). Sahara dust events over south-western Bulgaria during the late spring of 2013.
Comptes Rendus I’Académie Bulg. Sci, 68, 1229.

EN: The Basic Environmental Observatory (BEO) at Moussala peak is the main site for permanent
uninterrupted in-situ observations of atmospheric aerosol properties in south-eastern Europe. It is a
region, which suffers a very severe impact of Sahara dust storms due to a long-range air mass
transport. Despite the large distance away from the southernmost part of the region, direct Sahara dust
events (SDEs) are common for the BEO site, mainly during late winter and spring. Moreover, in many
cases particles of Saharan origin have been detected over Moussala, mainly after a SDE occurring
over central and south-eastern Europe. This paper reports seven events registered at Moussala BEO by
a 3563 TSI Nephelometer during the period between April 1 and June 30, 2013. The impact is also
estimated quantitatively of the mineral dust particles on the overall optical depth for the period
reported.

BG: bazoBara oOGcepBatopusi Ha okonHara cpena (BEO) ma Bpbx Mycama e Bojemo MsCTO 3a
MOCTOSIHHM HENPEeKbCHATH Ha3eMHU HaOMIOACHUs Ha atMmocdepHHTE aepo3onHu B IOroumsrouna
EBpoma. ToBa e pernon, KOHTO CTpaZa OT MHOTO TE€XKO Bb3/elcTBHE Ha MpamHUTe 0ypn B Caxapa
MOpaZii MacoBUS BB3IyIIEH TPAHCIOPT Ha JajieuHH Pa3CTOSHUSA. BbIpeku romsimaTta OTJAICYSHOCT
OT Hal-I0)KHATa YacT Ha peruoHa, AMPEeKTHUTE MpaxoBu crouTus B Caxapa (SDESs) ca yecto cpemanu
3a mokarusata Ha BEO, rmaBHO npe3 kbcHaTa 3uMa 1 mposerra. OCBeH TOBa B MHOTO CITy4dad YacTUIU
OT caxapcKH IPOW3XOJI ca OTKPUTH Haj Mycamna, TJIaBHO ClEJl MPaxoBW CHOWTHS Bh3HWKHAJIA HaJ



Lentpanna u FOrousrouna EBpona. To3u M0OKyMEHT ChOOIIaBa 3a CceleM ChbOUTHS, PETUCTPUPAHH B
Moussala BEO ot 3563 TSI Nephelometer B mepuoga mexnay 1 ampun u 30 ronm 2013 r.
Bw3aeiicTBHETO € CBHIIO OLEHEHO KOJMYECTBEHO M 32 YaCTUIUTE MHHEpaJeH Mpax CIsIMO olmiara
ONITUYHA JHIOOYHMHA 32 JOKIAABAHAS TIEPHUOI.

2. Angelov, C., Nikolova, N., Arsov, T., Kalapov, I., Tchorbadjieff, A., Penev, 1., & Angelov, I.
(2016). BEO Moussala: complex for environmental studies. Sustainable Development in
Mountain Regions: Southeastern Europe, 349-365.

EN: The main areas of research at the Basic Environmental Observatory (BEO) Moussala, Rila
Mountain, are the aerospace and terrestrial environment. The interactions between cosmic rays and
the Earth’s atmosphere, global change parameters and climate research, and natural hazards and
technological risks are the objectives of the investigations. Real-time measurements of basic
parameters of space and atmosphere are carried out. The information is transmitted via a high-
frequency radio- telecommunication system to the Internet and is stored in a database for further
analysis within GAW, EURDEP, EUSAAR (ACTRIS), RECETOX, and UNBSS international
networks. On-line data and detailed information about BEO Moussala are available at: http://beo-
db.inrne.bas.bg In 2014, the scientific research carried out at peak Moussala celebrated its 55th
anniversary.

BG: OchHoBHuTe oOmactu Ha wu3ciieBaHe B bazoBara obOcepBatopus 3a okonHara cpema (BEO)
Mycana, Puna mnnaHuHa, ca aepoKOCMUYECKaTa M 3€MHATa cpela. BzauMmoneicTBusiTa MEXIy
KOCMHYECKHTE J'bUYM M 3eMHara arMocepa, mapaMeTpuTe Ha TIIIOOATHUTE NPOMEHH Ha U
W3CIIEBaHMATA HA KJIMMATa, NMPUPOJHUTE OMACHOCTH M TEXHOJOTHYHHUTE PUCKOBE Ca LENUTE Ha
n3cieiBaHuATa. 3BbpImIBAT ce H3MepBaHUSA B peaJHO BpeMe Ha OCHOBHM IapaMeTpud Ha
npocTpaHcTBOTO M arMmocepara. Mudopmanusra ce mnpegaBa uYpe3 BHCOKOYECTOTHA Paluo-
TEIEKOMYHHUKAIlMOHHA CHCTEMa KbM HHTEPHET U C€ ChbXpaHsBa B 0a3a JaHHM 3a IO-HATaTbBLICH
aHanu3 B pamkute Ha MexxayHapoaaute mpesxku GAW, EURDEP, EUSAAR (ACTRIS), RECETOX u
UNBSS. Owunaitn nanau u noxapodOna mHdopmamus 3a BEO Moussala Moxkere na Hamepure Ha:
http://beo-db.inrne.bas.bg ITIpe3s 2014 r. HayuyHWTe H3CIEABAHWS, MPOBEAECHH Ha BPBHX Mycaia,
orOesI3axa cBOSITa 55-rouIrHnHa.

3. Toneva, D., Nikolova, S., Georgiev, |., & Tchorbadjieff, A. (2017). Accuracy of linear
craniometric measurements obtained from laser scanning created 3D models of dry skulls.
In Advanced Computing in Industrial Mathematics: Revised Selected Papers of the 10th
Annual Meeting of the Bulgarian Section of SIAM December 21-22, 2015, Sofia,
Bulgaria (pp. 215-229). Springer International Publishing.

EN: The aim of this study was to establish the reliability of directly taken linear measurements on dry
skulls and corresponding measurements taken on the 3D digital models created by laser scanning as
well as to assess the agreement between both measuring methods. Four skulls were measured in two
competitive methods—a direct measuring, based on the conventional craniometric method, and a
digital measuring, accomplished on 3D models created by laser scanning. Thirteen cranial
measurements were taken on both dry skulls and 3D models. The intraand inter-examiner reliability
was estimated using intraclass correlation coefficient. The agreement between both measuring
methods was assessed applying the Bland-Altman method for replicated measurements. A Bland-
Altman plot was constructed for each of the 13 parameters. The 3D model and directly taken
measurements were assessed as highly reliable and reproducible, excepting the orbital height. Our
results showed that 96% of all digital measurements differ from the directly taken ones with less than



2mm and respectively 67.6% differ with less than 1mm. Based on the results of the Bland-Altman
plots, most of the measurements obtained by both measuring methods could be accepted as
comparable, since the majority of differences were within the constructed limits of agreement.
However, there were digital measurements, particularly these with landmarks situated on bone
margins, which systematically overestimated the directly taken ones.

BG: Llenta Ha TOBa MpOyYBaHE € /1a C€ YCTAHOBU HAICKJHOCTTA Ha JUPEKTHO HANPABEHUTE JINHEHHH
M3MEpBAaHUs HAa CyXH 4Yepenr W CHOTBETHHUTE HM3MEpBaHWS, HampaBeHH Ha 3D mmdpoBm Momenw,
CBH3/a/ICHN 4pe3 JIa3epHO CKaHUpaHe, KaKToO U JIa Ce OLICHU ChOTBETCTBHETO MEX/y ABaTa METOJa Ha
u3MepBaHe. M3MepeHH ca YeTHpH yepena Mo JBa KOHKYPEHTHH METOJa — IMPEKTHO H3MEpBaHE,
0a3upaHo Ha KOHBEHIMOHAJIHHS KPAaHHOMETPUYEH METOX, M HU(POBO M3MEpPBaHE, M3BHPLICHO Ype3
3D mopnenu, ch3IaieHH 4pe3 JIa3epHO CKaHMpaHe. TpHHaIeceT YyepernHu W3MEepBaHUs ca HalPaBEeHU
KakTO Ha Cyxu uepenu, Taka W Ha 3D wMozenu. HazmexaHocTta B paMKHTE Ha U MEXKIY
MPOBEPSABAIUTE € OICHEHAa C IOMOINTa Ha KOS(WIMEHT Ha KOpeJalus B paMKHTE Ha KIiaca.
CBOTBETCTBHETO MEXAy [BaTa METOAA 3a M3MEpBaHe Oelle OIEHEHO, KaTO CE MPHIIOKH METOIBT
Bland-Altman 3a moBTopenu n3mepBanus. 3a Bceku oT 13-Te mapameTspa e moctpoena Bland-Altman
rpaduka. 3D MOAENBT M JUPEKTHO HANPABEHUTE U3MEPBaHHs OsiXa OLCHEHH KaTO BUCOKO HA/ICKIHU
Y BB3IIPOM3BOIMIMH, C M3KIIIOUYEHHE Ha opOUTaHaTa BucounHa. Hammre pesynratu nmokassat, ue 96%
OT BCHUYKH IIM(DPOBH U3MEPBAHUS CE pa3iMyaBaT OT JUPEKTHO HAMPABEHUTE C MO-MAJIKO OT 2 MM U
ChOTBETHO 67,6% ce pa3nu4aBaT ¢ mo-mMajiko oT 1 MM. Bb3 ocHoBa Ha pesynrarute ot Bland-Altman
rpadukuTe, TOBEYETO OT M3MEPBAHMATA, MOJYYCHH 4Ype3 JBaTa METoJa Ha W3MepBaHe, Morar Ja
OblaT TpPUETH KaTO CPaBHUMH, THIl KaTO MMO-TOJSIMAaTa 4YacT OT pPas3iMKATE Ca B paMKUTE Ha
M3rpaJicHUTE TPAHUIIM Ha Chrilacue. Bropeku ToBa, MMalie HU(PPOBU M3MEPBaHHs, OCOOCHO TE3H C
OpPHEHTHUPH, PAa3IOJIOKEHH HAa KOCTHUTE TPAHUIM, KOUTO CHCTEMATHYHO HAaJIIECHSIBAXa THPEKTHO
B3ETHTE.

4. Tchorbadjieff, A. (2017). Using branching processes to simulate cosmic rays
cascades. Pliska Studia Mathematica Bulgarica, 27(1), 103p-114p.

EN: The cosmic rays (CR) cascades are one of the most famous examples of branching processes in
physics. They consist of many different types of secondary high energy particles which are offsprings
of leading primary one, usually high energy nucleon or gamma photon after collision with
atmosphere. The rate of expansion of cascade depends on multiple different conditional probabilities
as the chance of survival in atmosphere without interactions, particle lifetime, the number of daughter
particles, etc. The paper presents quantitative simulated results with a specially written in R software
for parallel simulation of distributions of multiple types of daughter particles. The processes are based
on simplified models of Hadron cascades simulated by age-dependent and imbedded Markov Galton-
Watson branching processes. For the sake of simplicity in modelling the probability dependencies on
particles energy and free path in atmosphere are not always constrained strictly to the available
experimental results. Moreover, the scattering angles also are not considered in this version of
software.

BG: Kackamure Ha kocmmyeckute Jbud (CR) ca emuH orT Hail-u3BECTHHTE MNpUMEpH 32
Pa3KJIOHSBALM c€ MpolecH BbB ¢u3ukara. Te ce cbCTOSIT OT MHOTO Pa3iIMYHU BHJIOBE BTOPHUYHH
BUCOKOCHEPTMIHM YaCTHIIM, KOWUTO ca TMOTOMIM Ha JHUIUPANIATe ThPBUYHHU, OOHKHOBEHO
BHCOKOCHEPTUHHU HYKJIOHM WM rama (OTOHH, ciel cOmbchk ¢ armocepara. CkopocTra Ha
pasmmpsiBaHe Ha KackajaTa 3aBUCH OT MHOXECTBO Pa3IMYHM YCJIOBHU BEPOSTHOCTH KaTo MIAHC 3a
ouensBaHe B aTMocdepara 6e3 B3aMMOICHCTBHS, )KUBOT HA YaCTHLUTE, OpOH Ha JABIICPHUTE YACTULH
n T.H. CraTusra mpeacTaBsd KOJUYECTBEHO CHMYJIHMPAHH PE3YNTaTH ChC CIENHAIHO HamucaH B R
codTyep 3a mapajneiHa CHUMyJalMsg Ha pa3lpeAeicHUs Ha MHOXKECTBO BUAOBE JIBILEPHU YACTUIIH.
[Iponiecute ce oOcCHOBaBAaT Ha ONPOCTEHH MOJENN HA AAPOHHH KacKaJlu, CAMYJIUPAaHH OT 3aBUCHMHU OT
BB3pacTTa W BrpaZicHu [anTbH-YOTCHH MAapKOBCKH Pa3KJIOHSBAIIM CE€ TPOIECH. 3a MOo-ToIsIMa
MIPOCTOTA MPH MOJICIIMPAHETO BEPOSATHOCTHUTE 3aBUCUMOCTH OT YACTHIIM, €HEPTUsi U CBOOOJECH BT B



atMoc(epara He BHHArM Ca OIPAaHUYECHHW CTPUKTHO 1O HAIWYHHUTE EKCIEPUMEHTAHU PpEe3yNTaTH.
OcBeH TOBa, BITIMTE HA Pa3ceiiBaHE CHIIO HE CE PA3TIISKIAT B Ta3H BEpcus Ha copTyepa.

5. Tchorbadjieff, A. (2018). An Automatic Tracking System for Natural Hazard Events
with Satellite Remote Sensing. In ICT Innovations 2016: Cognitive Functions and Next
Generation ICT Systems (pp. 240-249). Springer International Publishing.

EN: The atmosphere satellite data for atmosphere parameters are the most important source of
information for monitoring of areas without or with very rare environment research facilities. With
growing dynamic of Climate change, the detailed observation, research and risk management is with a
vital importance for nations in regions as the South-East Europe. Due to insufficient ground based
research infrastructure and qualified personal, the satellites are main source of reliable data of
atmosphere process. The presented paper describes the basic available functionalities of a system for
automatic atmosphere events location and transport prediction based on available open data form
NASA satellites.

BG: ArmochepHuTe caTeNUTHH JaHHHU 3a MapaMeTpuTe Ha aTMocdepara ca Hal-BaKHUAT M3TOYHHK
Ha rHpOpMaLuUs 3a HaOMIOJCHUE Ha paiioHn 0e3 WM ¢ MHOTO PEAKH ChOPBHKEHUS 3a M3cielBaHe Ha
okomHata cperma. C HapacTBamaTa JUHAMHKAa Ha W3MEHEHHETO HA KiIWMara, IoIpoOHOTO
HaOoZieHNe, M3CIeIBaHe M YNPaBJICHUE HA PUCKA € OT XKM3HCHOBWKHO 3HAYCHHE 33 HAIMUTE B
pernonn kato lOromsrouna Eppoma. Ilopaam HemocTaThbuHa Ha3eMHA Hay4YHOM3CIIEIOBATEIICKA
HHPACTPYKTypa U KBaTH(PUIIpaH MEPCOHAN, CATEIIUTUTE Ca OCHOBEH M3TOYHHK HA HAJCKIHU JaHHH
3a atMocepHus mporec. [IpencraBenaTa craTus ONMMCBa OCHOBHUTE HATMYHU (DYHKIIHOHATHOCTH Ha
crcTeMa 3a aBTOMAaTHUYHO MPOTHO3MpaHE HAa MECTOIOJIOKECHHUETO W TPaHCIOpTa Ha aTMochepHHTe
CHOWTHUS B3 OCHOBA HAa HATMYHUTE OTBOPEHH JaHHU oT carenutute Ha HACA.

6. Tchorbadjieff, A., & Angelov, 1. (2019). Change point analysis as a tool to detect abrupt
cosmic ray muons variations. In Advanced Computing in Industrial Mathematics: 12th
Annual Meeting of the Bulgarian Section of SIAM December 20-22, 2017, Sofia, Bulgaria
Revised Selected Papers (pp. 395-406). Springer International Publishing.

EN: Recently, there have been an increasing number of studies using Big Data. They rely on large
data sets of time series to detect artificial or natural patterns in processes of natural sciences and
economy. The most possible outcome due to lack of rigid data processing is data contamination with
abrupt drifts and regime shifts. They yield either inclusion of undetected errors or missed detection of
important observations and events. Possible automatic tools for detection of regime shifts could be
delivered from change point statistical methods. However, a major drawback for the most of the
currently available change point (CP) methods is the challenge of complex temporal variations in non-
stationary natural processes like cosmic rays observed at Earth. This kind of data analysis is applied to
experimentally acquired time series from cosmic ray measurements. The observed parameters are
muons produced in cosmic ray cascades in atmosphere and acquired in parallel with atmospheric and
other meta-data. In this study, we test different approaches for change point detection in compound
particle counting process.

BG: Hanocneapk ¥Ma Bce MO-ToyisiM Opoil mpoydBaHusi Oe3upanu Ha orpoMHu obemu manuu (Big
Data). Te pa3uuTar Ha roJeMd MacHBH OT JaHHH OT BPEMEBH PEIOBE 32 OTKPHBAaHE Ha M3KYCTBEHH
WIH €CTECTBEHH MOJICIIH B TMPOIECHTE Ha NPUPOJHHUTE HAYKW W WKOHOMHKATa. Hail-BH3MOXHHAT
pe3yaTaT mopajau JMIcaTa Ha MmojuioOHa o0paboTKa Ha AaHHHM € 3aMbpcsBaHE Ha AAHHUTE C PE3KU
OTKJIOHEHHS M CMEHHU Ha pekuMa. Te gaBaT WM BKIIOYBAHE Ha HEOTKPUTH TPELIKH, WIH IIPOIYCHATO
OTKpHBaHE Ha BOXHU HAONIOJCHUS U CHOUTHS. Bh3MOXHHM aBTOMAaTHYHI HHCTPYMEHTH 33 OTKPUBaHE
Ha CMEHHM Ha peXHMa MoOraT Ja ObJaT JIOCTaBEHH OT CTATHCTHYECKUTE METOJU 3a TpOMsHA Ha
HUBOTO. BBIpeku ToBa, OCHOBEH HENOCTaTHK 3a IOBEYETO OT HAJIMYHUTE B MOMEHTAa METOAM 3a
change point (CP) e mpean3BHKaTEICTBOTO Ha CJIOKHUTE BPEMEBH BapHAllMK B HECTAIHOHAPHH
€CTEeCTBEHHU MPOIIECH KATO KOCMUYECKUTE JTh4YH HaOIoaBaH Ha 3eMsita. TO3M BUI aHAIN3 HA JIaHHU
€ MPWIOXKEH 3a eKCIEPUMEHTAIHO MOJYyYEHN BPEMEBH PEIOBE OT M3MEPBAHUS HA KOCMHYECKH JIBYH.



HaGnronaBanure mnapaMeTpu ca MIOOHHM, IPOM3BEJEHM B Kackagd OT KOCMUYECKHU JIbYU B
aTMocdepara ¥ MPUIOOMTH MapajeHO C aTMOCQEepHH W JApPYr'd MeTaigaHHH. B ToBa mpoyuBaHe
TEeCTBaME€ pa3IMYHH TMOAXOIW 32 OTKpHMBAaHE Ha TOYKaTa Ha TpOMsHA B Ipoleca Ha OpoeHe Ha
CbCTaBHM YaCTHLIH.

7. Mayster, P., & Tchorbadjieff, A. (2019). Supercritical Markov branching process with
random initial condition. Compt. Rend. Acad. Bulg. Sci, 72, 21-28.

EN: The supercritical Markov branching process X(t) starting with one particle as initial condition
has an extinction probability 0 <= q < 1. We study the influence of the random initial number of
particles Xo on the extinction probability, the survival probability by the time t > 0 and on the general
behaviour of the number of particles Y (t) = Y= o Xi(t), where Xi(t), i = 1, 2,... are independent
copies of X(t). We consider the cases when the nonnegative integer-valued random variable XO is
geometrically shifted (or non-shifted), Negative-Binomial or P olya-Aeppli distributed. The branching
mechanism in consideration is defined by a quadratic function. We prove that in these cases the
random number of particles Y (t) alive at time t > 0 follows the same probability law as the initial
condition, with different parameters depending on time t.

BG: Hanmkputnunustr MapkoB paskioHsBail ce mporec X(t), 3amouBall ¢ eJHa yacTUla KaTo
HAYalHO CBHCTOSIHUE, MMa BeposTHOCT 3a m3paxkaaHe 0 <= q < 1. UscnenBame BIUSIHHETO Ha
cilyyaiiHusT HauyasieH Opoll dacTuuu Xo BBPXY BEPOSTHOCTTA 3a H3paXIaHE, BEPOSTHOCTTAa 3a
ollensABaHe BbB BpeMeTo t > 0 u BbpXy 0061I0TO NoBeaeHNe Ha Opos Ha yactunute Y (t) = Y1 X0 Xi(t),
kpaero Xi(t), i = 1, 2,.., ca He3aBucumu Komus Ha X(t). Pasrimexxmame ciydawTe, KOraro
HEOTpULATEIHaTa LEeJIOYUCIeHa ClOy4yailHa NpOMeHnInBa Xo € HM3MECTEHO TI'€OMETPHYHO (WU
HEM3MeCTeHa), opuuaTenHo 6uHomHa win [lons-Aemm pasnpezneneHa. PasrnexxaaHusaT MexaHU3bM
Ha Pa3KIIOHsABaHE Ce Ompezesst OT KBajapaTruuHa QyHKOus. [loka3BaMe, 4e B T€3U CIIydau CIyYaHUST
Opoit xuBHM yacTuiu Y (t) B MOMeHT t > ( clie[iBa ChIIMS 3aKOH Ha BEPOSTHOCTUTE KATO HAYAITHOTO
YCIIOBHE, C PA3IMYHH [TApaMETPH B 3aBUCHMOCT OT BPEMETO t.

8. Tchorbadjieff, A., Kotsev, T., Stoyanova, V., & Tcherkezova, E. (2019). K-means clustering
of a soil sampling scheme with data on the morphography of the Ogosta Valley
Northwestern Bulgaria. European Journal of Geography, 10(2).

EN: The spatial distribution of 665 soil sampling sites in the arsenic contaminated floodplain of the
Ogosta River in the Northwest of Bulgaria is analysed against geomorphological parameters
computed from a precise digital terrain model. The study aims at partitioning and classifications of
hidden patterns of the morphographic features of the river floodplain, which to be used for the
explanation of the arsenic dispersal in the polluted soils at a further stage. The field sites are split into
4 clusters using K-means algorithm with the following variables: elevation, distance to the river,
vertical distance to channel network, multiresolution index of valley bottom flatness and a modified
topographic SAGA wetness index. It is found that each cluster is related to a distinct area in the valley
and is in good agreement with the distribution of the previously determined geomorphological units,
as well as with the extent of a simulated historic flood.

BG: IlpocTtpaHCTBEHOTO pasmpejeicHue Ha 665 MyHKTa 3a B3eMaHe Ha MPOOM OT IoYBara B
3aMbpceHaTa C apceH 3alrMBHA paBHMHA Ha peka Orocra B CeBeposzamagna benrapus ce aHammsmpa
cpsMO TeoMOpP(OJOTMYHM TNapaMeTpPH, H3YMCICHH OT Npeuu3eH LUPpPOB MOJEN Ha TepeHa.
Uzcnensanero nma 3a 1ien Aa paslieNid ¥ Kiacu(uKaluu Ha CKPUTHTE MOjeIH Ha Mopdorpadckute
0cOOEHOCTH Ha pevHaTa 3ajMBHAa paBHUHA, KOWTO Ja C€ U3MO0N3BaT 3a OOJCHEHHE Ha
Pa3npoCTpaHEHUETO Ha apceH B 3aMbPCEHHUTE MOYBM Ha MO-HATAThILIEH eTan. TepeHHuTe 00eKTH ca
pasneneHn Ha 4 KIBCTEpa C TIOMONITA Ha aMropuThM K-means cbc cieTHHTE MPOMCHIIMBH:
Ha/IMOPCKa BUCOYMHA, PA3CTOsIHUE JI0 PeKaTa, BEPTHKAIHO Pa3CTOSIHUE JIO KaHAJTHATa MPEXa, HHJEKC
Ha MYJTHPE30JIIOUHXS HA IUIOCKOCTTa Ha IbHOTO Ha JONMHATa U MOAUGUIHMPAH TONOrpapCKu MHIEKC



Ha BrnaxxHocTTa Ha SAGA. YCTaHOBEHO €, Y€ BCEKHM KIBCTEp € CBBpP3aH ¢ 000coOcHa IUTONI B
JOJNMHATa M € B J00po chrilacMe ¢ pasnpeieieHUeTo Ha NpPEeJBApUTEIHO OIpeesiCHUTE
reoMOP(HOJIOKKH STUHHIIN, KAKTO U ChC CTENICHTa Ha CUMYJTUPAHO UCTOPUICCKO HABOHCHHE.

9. Tchorbadjieff, A., & Angelov, 1. (2019, February). Space weather study using change point
analysis for in situ observations of cosmic rays muons. In AIP Conference
Proceedings (Vol. 2075, No. 1). AIP Publishing.

EN: Coronal mass ejections (CMESs) are non-regular solar events, frequently connected with Space
Weather disturbances, some of them with severe magnetic storms. The significant releases of plasma
with CMEs impact modulations of Galactic Cosmic Rays (GCR) causing sudden and casual decrease
of Cosmic Rays (CR), known as Forbush Decrease. For detection of such kind effects, uninterrupted
in situ measurements of secondary CR muons may be used. To deal with the very fast growing data,
an application based on Change Point (CP) analysis is used. It is an automatic statistical tool for
sequential test analysis of abrupt regime changes in CR time series. For the study, results are reported
with in-situ measured data at Moussala peak (2925 m.a.s.l.) for the period of 4 years - from 2014 to
end of 2017 year and confirmed with satellite data for geoeffective solar activity connected with
detected FD events.

BG: Koponamuute m3xBrpisaus Ha Maca (CMEs) ca HepeZJOBHH CTbHYEBH CHOUTHS, Y€CTO CBBP3aHU
C HapyIICHHS HAa KOCMHYECKOTO BpeMe, HIKOW OT TAX C TEKKH MAarHUTHU OypH. 3HAYHTEITHHTE
ocBobokaaBanus Ha wiazMa ¢ CME monynanum Ha Bb3IEHCTBHETO Ha TaaKTHYECKUTE KOCMHYECKH
mpun (GCR), mpuunHsABa BHE3AIMHO W CIyYaifHO HamallsiBaHe Ha kocMudeckute mpun (CR), m3BecTHO
karo Forbush Decrease. 3a oTkpuBaHe Ha TakwBa €(PEKTH MOTaT Ja C€ W3IOJI3BAT HEMPEKbCHATH
Ha3¢MHHU MU3MCPBaHWA HAa MIOOHHM Ha BTOPUYHOTO KOCMHWYHO JIBUCHHEC. 3a CIIpaBsdHE€ C MHOI'O 6T>p30
pacTAIMTe JaHHW, C€ W3MOJ3Ba NpuioxeHnue, 6asupano Ha Change Point (CP) anamu3. Tosa e
aBTOMATHYEH CTATHCTHYECKHM MHCTPYMEHT 32 IOCIEIOBATEICH TECTOB aHAIN3 HAa PE3KH IMPOMEHHU B
pexxuma B CR BpeMeBH pepoBe. 3a HM3CIeBAHETO PE3yITaTUTE CE OTYUTAT C HA3EMHO H3MEPEHH
JaHHU Ha BpBX Mycana (2925 m.a.s.l.) 3a mepuon ot 4 rogunu - ot 2014 r. go kpast na 2017 1. u
MOTBBPJICHN ChC CATEIIUTHU JaHHU 3a Te0e(eKTHBHA CI'bHYEBA aKTUBHOCT, CBBbp3aHa ¢ OTKpuTH FD
crOuTHSI.

10. Mayster, P., & Tchorbadjieff, A. (2019). Logarithmic Lévy process directed by Poisson
subordinator. Modern Stochastics: Theory and Applications, 6(4), 419-441.

EN: Let {L(t), t > 0} be a Lévy process with representative random variable L(1) defined by the
infinitely divisible logarithmic series distribution. We study here the transition probability and Lévy
measure of this process. We also define two subordinated processes. The first one, Y(t), is a Negative-
Binomial process X(t) directed by Gamma process. The second process, Z(t), is a Logarithmic Lévy
process L(t) directed by Poisson process. For them, we prove that the Bernstein functions of the
processes L(t) and Y(t) contain the iterated logarithmic function. In addition, the Lévy measure of the
subordinated process Z(t) is a shifted Lévy measure of the Negative-Binomial process X(t).We
compare the properties of these processes, knowing that the total masses of corresponding Lévy
measures are equal.

BG: Heka {L(t), t > 0} e JleBu mporiec ¢ npeacraBuTeNiHa ciydaina npomeriusa L(1), nehunupana
oT Oe3KpaifHO AETMMOTO JOrapUTMHUYHO pasmperneneHre. Tyk u3ydaBaMe BEPOSTHOCTTA 3a MPEXOa
Mspkata Ha JleBu 3a To3u nporec. Jledunupame u nBa nogumHeHu mnpoueca. [Ivpeusr, Y(t), €
oTpurateTHo-OMHOMeH Tiporec X(t), ympaBisBaH oT l'ama mporec. Btopust mporec, Z(t), e
noraputMudeH Jlesu npouec L(t), ppKoBOZIeH OT MOAcOHOB Mmpoliec. 3a TIX J0Ka3Bame, 4e GyHKLIUUTE
Ha bepHmaitn Ha npouecure L(t) m Y(t) cbappkaT uTepupaHara joraputMuuHa ¢(ynkousa. B
JIombiIHeHUE, JIeBH MsIpkaTa Ha MOAYMHEHUs mporiec Z(t) € u3Mectena JIeBu MsapKa Ha OTPHUIIATEITHO-



ouHomHMs TIporiec X(t). CpaBHsIBaMe CBOMCTBAaTa Ha TE3HW IMPOICCH, 3HACHKH, Y€ OOIIMTE Mach Ha
ChOTBETHHUTE MepKH Ha JIeBU ca paBHU.

11. Tchorbadjieff, A., & Mayster, P. (2020). Geometric branching reproduction Markov
processes. Modern Stochastics: Theory and Applications, 7(4), 357-378., DOI:
10.15559/20-VMSTA163

EN: We present a model of a continuous-time Markov branching process with the infinitesimal
generating function defined by the geometric probability distribution. It is proved that the solution of
the backward Kolmogorov equation is expressed by the composition of special functions — Wright
function in the subcritical case and Lambert-W function in the critical case. We found the explicit
form of conditional limit distribution in the subcritical branching reproduction. In the critical case, the
extinction probability and probability mass function are expressed as a series containing Bell
polynomial, Stirling numbers, and Lah numbers.

BG: IlpencraBsme Monen Ha HENMPEKbCHAT MAapKOBCKH PAIKIOHSBALl Ce TMpolec ¢ Oe3KpaitHO
MaJjikaTa reHepupama (GyHKIMs, ONpeieieHa OT I'€OMETPHYHOTO BEPOSTHOCTHO paslpeleeHue.
JlokazaHo e, ue peliaBaHeTO Ha OOpaTHOTO ypaBHeHHMEe Ha KoiMoropoB ce wu3passiBa upes
W3I0I3BAaHETO Ha crenuanHu GyHKuuu — QyHKOUS Ha PailT B moaKpUTHYHUS ciiydadl U QyHKIUS Ha
JlamOepT-W B KpuTHUHHS ciydaid. OTKpuxMe IbiiHaTa opma Ha YCIOBHO TPAHUYHO paslpeeicHue
B JOKPUTUYHOTO Pa3KIOHsBaHE. B KpUTHUHUSA ciydaidl BEpOSTHOCTTA 3a M34e3BaHE M (QyHKUUATA HA
pasIpeneneHre ce n3pasaBar KaTo pell, cbabpxail ben monmmHoM, unciaa Ha CThpiuHT 1 Ha Jlax.

12. Tchorbadjieff, A., & Mayster, P. (2020). Models induced from critical birth—death process
with random initial conditions. Journal of Applied Statistics, 47(13-15), 2862-2878.
DOI: 10.1080/02664763.2020.1732309

EN: In this work, we study a linear birth—death process starting from random initial conditions. First,
we consider these initial conditions as a random number of particles following different standard
probabilistic distributions — Negative-Binomial and its closest Geometric, Poisson or Polya—Aeppli
distributions. It is proved analytically and numerically that in these cases the random number of
particles alive at any positive time follows the same probability law like the initial condition, but with
different parameters depending on time. The random initial conditions cannot change the critical
parameter of branching mechanism, but they impact the extinction probability. Finally, the numerical
model is extended to an application for studying branching processes with more complex initial
conditions. This is demonstrated with a linear birth—death process initialised with Polya urn sampling
scheme. The obtained preliminary results for particle distribution show close relation to Polya—Aeppli
distribution.

BG: B Tta3u pabora mzyuaBame 3amoyBall OT CIyYaiiHH HAa4YallHH YCJIOBHS JIMHEEH pakiaaHe-rhOern
mpouec. IIppBO, pasrnexnaMe Te3W Ha4yallHM YCIOBHS KaTo CllydyaeH Opoil 4YacTHIM, CJIeIBaIld
Pa3IUYHU CTaHJAPTHU BEPOSTHOCTHHU PasIpeNeeHus — OTPHUIATETHO-ONHOMHO W Hal-OJM3KOTO MY
reOMEeTPHYHO, ToacoHHO Wi [loms-Aenmm pa3npeneneHue. AHATUTHYHO W YUCIEHO € JIOKa3aHo, Ye
B T€3U CIIy4au CIIy4alHUAT OpOU )KMBH YACTHIIA BbB BCAKO TOJ0KHUTEIHO BPEME CIIe/IBA CHIIUS 3aKOH
Ha BEPOSTHOCTUTE KATO HAYAIHOTO YCJIOBHE, HO C Pa3MYHU IapaMeTpy B 3aBUCUMOCT OT BPEMETO.
CrnyyailHTE HAa4YallHU YCJIOBHS HE MOTaT Ja MPOMEHAT KPUTHUYHHUS MapaMeThp Ha MEXaHHM3Ma Ha
pa3KJIOHSBaHE, HO OKa3BaT BIMSHHIE BHPXY BEPOSITHOCTTA 3a M3ue3BaHe. M Hakpas, YUCICHUAT MOJICT
ce pa3mmpsiBa 0 NPUIOKEHNE 32 U3yYaBaHe Ha MPOIECUTE HA PA3KIIOHIBAHE C MO-CIOHH HaYaIHH
ycnoBus. ToBa ce IeMOHCTpHpa C JIMHECH MPOIeC Ha paxIaHe ¥ TH0el, HHUITHATM3UPAaH ChC CXeMa
ot [lons ypna. Ilomy4yennTe nmpenBapuTEeTHN PE3YNITATH 32 pasNpeeIeHNETO Ha YaCTUIINTE TTOKa3BaT
TacHa Bpb3Ka ¢ [long-Aenmiu pasnpeneneHneTo.


https://doi.org/10.1080/02664763.2020.1732309

13. Tchorbadjieff, A., & Mayster, P. (2022). Factorial moments of the critical Markov
branching process with geometric reproduction of particles. Modern Stochastics: Theory
and Applications, 9(2), 229-244. DOI: 10.15559/22-VMSTA201

EN: The factorial moments of any Markov branching process describe the behaviour of its probability
generating function F(t, s) in the neighbourhood of the point s = 1. They are applied to solve the
forward Kolmogorov equation for the critical Markov branching process with geometric reproduction
of particles. The solution includes quickly convergent recurrent iterations of polynomials. The
obtained results on factorial moments enable computation of statistical measures as shape and
skewness. They are also applicable to the comparison between critical geometric branching and linear
birth-death processes.

BG: ®akropuanHuTe MOMEHTH Ha BCEKM MapKOBCKH Pa3KJIOHSBAII CE TPOIIEC OMUCBAT MOBEICHUETO
Ha HeroBarta (hYHKIMS 3a reHepupaHe Ha BeposTtHOCT F(t, s) B checencTBo Ha Toukute s = 1. Te ce
mpuWiarat 3a peliaBaHe Ha ypaBHeHHeTo Ha KomMOropoB Hampes 3a KPUTHYHHS MapKOBCKU
Pa3KIIOHSBALL CE MPOLEC ¢ TEOMETPUYHO BH3NPOM3BEkKAaHE HA YACTHLU. PemeHneTo BKIO4YBa OBP30
CXOISIIM TOBTApsIIM Ce WTepallMd Ha MONMHOMH. l[lomydeHuTe pesyntatd 3a (aKkTOPHATHUTE
MOMEHTH J1aBaT Bb3MOXKHOCT 33 M3UUCIISBAHE HA CTATUCTHYCCKUTE MEPKU KaTO aCHMETPHS U eKCIleC.
Te ca IMPUWJIIOKMUMHU U 3a CPABHCHUETO MEKAY KPUTHUYHOTO '€COMCTPUYHO PAa3KIIOHABAHEC U JIMHEHHUTE
MPOLIECHU paKIaHe-THOECI

14. Marcheva, Z., Kotsev, T., Tchorbadjieff, A., & Stoyanova, V. (2023). Modeling of arsenic
dynamics in groundwater of a river floodplain contaminated with mine tailings: Ogosta
River case, NW Bulgaria. Journal of the Bulgarian Geographical Society, 48, 3-14.

EN: This study aims to reveal the arsenic dynamics in groundwater of a river floodplain contaminated
with mine tailings under temperate climate conditions and natural river hydrodynamics. Arsenic
concentrations were monitored in the primary morphological units of the floodplain in the upper
stretch of the Ogosta River in NW Bulgaria. Iron, lead-silver, and gold mining heavily affected the
river valley in the second half of the 20" century. We used groundwater monitoring data from 21
piezometers for the period 2016-2020. Based on the geochemical and geomorphological conditions in
the valley, the piezometers were grouped into three clusters. Regression models were developed for
each cluster and representative piezometers to predict arsenic concentrations. In the active floodplain,
seasonal fluctuations in arsenic concentrations followed the river and groundwater regime. In this part
of the valley floor, we determined two periods of elevated arsenic concentrations during the spring
and autumn/winter seasons that coincide with high river water stages. Arsenic content in the
groundwater of the higher floodplain was less dependent on the water level fluctuations but followed
changes in redox potential, electrical conductivity, and water temperature. The obtained results
showed the elaborated models as valuable tools for studying arsenic dynamics in alluvial aquifers of
contaminated river floodplains. The suggested models could be coupled with groundwater monitoring
systems to monitor arsenic concentrations and identify periods of the year with levels below and
above threshold values.

BG: Hacrosmoro n3cienBane numa 3a Iief Jia pasKkpue JMHaMHUKaTa Ha apceHa B MOA3EMHHUTE BOAU Ha
peYHa 3aJMBHA paBHUHA, 3aMbpPCEHa C MUHHH XBOCTOXPAHWIUIIA TPH YMEPEHU KIMMATUYHH YCIOBUS
W ecTecTBEHa peyHa XuApoauHamuKa. HaOmogaBaHu ca KOHIEHTpAlMHUTE Ha apCceH B IIbPBHYHHTE
MOp(GOJIOrMYHM €ANHUIIM Ha 3AJIMBHATA PaBHWHA B TOPHMS yyacThK Ha peka Orocra B ceBepo3anaaHa
Benrapus. JIo6uBBT Ha XKeJs30, OJIOBO U CPeOpPO U 371aTO CUIHO 3acerHa JOJIMHAaTa Ha peKaTa Ipes3
BTOpaTa nojoBuHa Ha 20-TH Bek. M3mon3Baxme NaHHM OT MOHMTOPUHI Ha MOA3EMHMTE BOAM OT 21
nue3oMeTbpa 3a neproaa 2016-2020 r. Be3 ocHOBa Ha FTEOXMMUYHUTE U TEOMOP(OIOKKHUTE YCIOBUS
B JIOJIMHATA, IIM€30METPUTE ca I'PYIUpPaHU B TpU KiIbcTepa. PazpaboTeHu ca perpecCMOHHM MOJENH 3a
BCEKH KJIBCTEP M MPEACTABUTEIIHN MUE30METPH 3a MPOTHO3MpaHe Ha KOHIEHTpAMWTE Ha apceH. B
aKTHBHATA 3JIMBHA PaBHUHA CE30HHUTE KOJICOaHUs B KOHLEHTPALMUTE HA apCeH cleBaT peXuMa Ha


https://doi.org/10.15559/22-VMSTA201

peKHUTEe W MOI3eMHHUTE BOIW. B Ta3m WacT Ha IHHOTO Ha JIOJIMHATA OMPEICIMXME JBa IEpHUoaa Ha
MOBUINICHN KOHIICHTPALMK Ha apCeH Mpe3 MPOJICTHUS M €CEHHO-3MMHUS CE30H, KOUTO ChBIANAT C
BHUCOKHUTE €Tany Ha pedHuTe Boau. ChIbPKAHUETO Ha apCceH B TOJ3EMHUTE BOJIM HA IMO-BHCOKAaTa
3aJINBHA paBHHUHA € TT0-MaJIKO 3aBHICHMO OT KOJIeOaHUATa HA HUBOTO Ha BOJIATa, HO CJIEABA IIPOMEHUTE
B PEOyKIMOHHHS MOTEHIHAN, eJeKTprdecKkaTa MpPOBOAMMOCT ¥ TeMIepaTypara Ha BoJaTa.
[MomyuenuTe pe3ynraTu Mmokaszaxa pa3pabOTCHHTE MOJICNIM KaTO IIEHHU MHCTPYMEHTH 3a M3CIICABaHE
Ha JUHAMHKAaTa HA apceHa B allyBHATHUTE BOJOHOCHW XOPH30HTH HA 3aMBPCEHH PEUHHU 3aIMBHH
paBHMHH. lIpemmokeHWTEe MOIEIM MOTaT Ja ObIaT ChUETAaHH ChC CHUCTEMH 33 MOHHTOPHHI Ha
MOJ3EMHUTE BOJM, 3a Ja C€ HAOII0/JaBaT KOHICHTPAIMUTE HAa apceH M Ja C€ HICHTH(UIMpAT
MEPUOANTE OT TOAMHATA C HUBA TIOJ] ¥ HaJ| ParoBUTE CTOWHOCTH.

15. Tchorbadjieff, A., Tomov, L. P., Velev, V., Dezhov, G., Manev, V., & Mayster, P. (2023).
On regime changes of COVID-19 outbreak. Journal of Applied Statistics, 50(11-12), 2343-
2359. DOI: 10.1080/02664763.2023.2177625

EN: The COVID-19 pandemic has had a very serious impact on societies and caused large-scale
economic changes and death toll worldwide.The first cases were detected in China, but soon the virus
spread quickly worldwide and the intensity of newly reported infections grew high during this initial
period almost everywhere. Later, despite all imposed measures, the intensity shifted abruptly multiple
times during the two-year period between 2020 and 2022 causing waves of too high infection rates in
almost every part of the world. To target this problem, we assume the data heterogeneity as multiple
consecutive regime changes. The research study includes the development of a model based on
automatic regime change detection and their combination with the linear birth-death process for long-
run data fits. The results are empirically verified on data for 38 countries and US states for the period
from February 2020 to April 2022. Finally, the initial phase (conditions) properties of infection
development are studied.

BG: Ilangemusita or COVID-19 okaza MHOro CcepHO3HO BB3JCHCTBHE BBpPXY OOIIECTBaTa M
Mpeau3BUKa MallaOHU WKOHOMHYECKH MPOMEHHM U CMBPTHOCT B cBeTOBeH Mamiad. [IepBute ciryuan
Osixa otkputd B Kutail, HO CKOpO BHPYCHT CE€ pas3NpOCTpaHH OBP30 B CBETOBEH Mamiad U IMOYTH
HaBCSKbBJE MHTEH3MBHOCTTA HA HOBOPETUCTPHpPAHWTE HWHGEKIMM HapacHa CHJIHO Ipe3 TO3U
I'bpBOHAYaJieH mepuoj. 110-KbCHO, BBIPEKH BCUYKM HAIOKEHH MEPKH, MHTEH3WBHOCTTA PS3KO Ce
M3MECTH MHOTOKPATHO Ipe3 NAByroguHus nepuon mexay 2020 u 2022 r., npuyuHIBaHKYU BbIHU OT
TBBbpPAE BHUCOKHM HUBA Ha 3apa3sBaHe B IIOYTH BCSAKa YacT Ha CBETa. 3a J1a CE HACOYMM KbM TO3H
npobieM, puemMaMe XETePOreHHOCTTa Ha JIAHHHTE KaTo MHOMKECTBO ITOCIIEIOBATENHH MPOMEHH B
pexxuma. M3ciienBaneTo BKIIIOUBA pa3pabOTBaHETO Ha MOJieN, 6a3upaH Ha aBTOMAaTHYHO OTKPHUBaHE Ha
MPOMsIHA Ha PeKUMa U TSAXHAaTa KOMOMHALMS C JIMHEHHNS IPOLIeC Ha paXkaaHe-THOeI 3a AbITOCPOUYHU
JAHHM 32 MpUJISTaHe Ha JaHHU. Pe3ynTaTuTe ca eMIMPUYHO NMPOBEPEHU Ha JaHHM 3a 38 AbpKaBU U
aMepHKaHCKH maTH 3a mnepuoga ot ¢espyapu 2020 t. mo ampun 2022 r. Hakpas ce wm3cnensat
HayvaJHUTE CBOWCTBaTa B HaYaiuHata (asa (yclioBHs) Ha pa3BUTHETO Ha MHEKLIMATA.

16. Mayster, P., & Tchorbadjieff, A. (2023, April). Extended Sibuya Distribution in Subcritical
Markov Branching Processes. In Proceedings of the Bulgarian Academy of Sciences (Vol.
76, No. 4, pp. 517-524).

EN: The subcritical Markov branching process X(t) starting with one particle as the initial condition
has the ultimate extinction probability q = 1. The branching mechanism in consideration is defined by
the mixture of logarithmic distributions on the nonnegative integers. The purpose of the present paper
is to prove that in this case the random number of particles X(t) alive at time t > 0 follows the shifted
extended Sibuya distribution, with parameters depending on the time t > 0. The conditional limit
probability is the logarithmic series distribution supported by the positive integers.



BG: JlokputuuHuar MapKOBCKM paskiIoHsBail ce mporec X(t), 3amodBaiy ¢ eIHa 4YacTHUIA KaTo
HaYaJTHO YCJOBHE, MMa KpaifHaTa BEPOSITHOCT 3a M34e3BaHe = l. PasriexnaHusT MeXaHW3bM Ha
Pa3KIIOHSBAHE C€ OMPENEys OT CMEC OT JIOTAPUTMUYHU PA3NPEACIICHUS BbPXY HEOTPULIATSITHUTE IISITU
gmcna. LlenTa Ha HacTosAIIaTa CTaTHA € Ja JOKaXKe, 4e B TO3M Cydail ciydaitHusT Opoit gactumm X(t),
KHUBH B MOMEHT t > 0, cieaBa M3MECTEHOTO pa3umiMpeHo pasmpenencuue Ha Cubys (Sibuya), c
nmapameTpH B 3aBUCHMOCT OT BpeMeTo t > (. BeposiTHOCTTa 32 yCIIOBHA TpaHUIA € pa3lpeaeiIeHUueTo
Ha JIOTAPUTMUYHUTE CEPUH, TIOJIBPKAHO OT MOJOKHUTEITHUTE TSN YKCIIA.

17. Tchorbadjieff, A., & Mayster, P. (2023). Wright function in the solution to the
Kolmogorov equation of the Markov branching process with geometric reproduction of
particles. Lithuanian Mathematical Journal, 63(2), 223-240. DOI: 10.1007/s10986-023-
09591-2

EN: The topic of this work is the supercritical geometric reproduction of particles in the model of a
Markov branching process. The solution to the Kolmogorov equation is expressed by the Wright
function. The series expansion of this representation is obtained by the Lagrange inversion method.
The asymptotic behavior is described by using two different equivalent forms for the Laplace
transform. They include the computation of the limit distribution and its moments. The exact formula
for the asymptotic density is written in terms of the reduced Wright function. In particular, when the
ultimate extinction probability g = 1/2, the density of the limit random variable is given by the
incomplete gamma function.

BG: Temara Ha Tasu paboTa € HAJKPUTUYHOTO T'COMETPHUYHO BBH3NPOM3BEKIAHE Ha YaCTHIU B
MoO/ieNia Ha PpasKJIOHsBAIl Ce MapKoB mporec. PerieHnero Ha ypaBHeHHero Ha Konmoropos ce
uspasssa upe3 Pait ¢pyukims (Wright function). Passutrero B pest Ha TOBa MPEICTaBsAHE CE MOTyYaBa
upe3 uHBepcus Ha Jlarpamk. ACHMITOTHYHOTO TOBEACHHUE CE OMKCBA C MOMOIITA HA B Pa3IuYHU
eKBHUBAJICHTHH (GopMmu 3a mpeoOpasyBanuero Ha Jlammac. Te BKIIOYBAT HM3YHUCISBAHETO Ha
IPaHUYHOTO pasnpe/eieHie U HeroBuTe MoMeHTH. TodyHara (opMmyrna 3a aCHMITOTHYHATA IUTBTHOCT
€ HamkcaHa IIOCPEACTBOM peayuupanara Padt ¢yaknus. [lo-cnenuanHo, korato KpaiHaTa
BEPOSTHOCT 3a U3paXKIaHe ¢ = 1/2, IIBTHOCTTAa HA TPAHUYHATA ClTyJaifHa POMEHJIMBA CE U3pa3siBa
HOCpeCTBOM HembiHata ['ama GyHKIHs.

18. Tchorbadjieff, A., Tomov, L., & Mayster, P. (2023, June). Branching Process Simulator in
R. In International Conference on Computer Science and Education in Computer
Science (pp. 73-86). Cham: Springer Nature Switzerland.

EN: We developed a set of software functionalities in R for simulation of branching processes.
Originally it was designed for simulating the branching mechanism of a cosmic ray atmosphere
cascade, beginning with electron-photon cascade. Further this simulator was adapted for applications
epidemiology with extended set of probability distributions such as Poisson, Negative Binomial,
shifted Geometric and Polya-Aepply used either for modeling the initial conditions for linear birth-
death processes or branching process mechanism following predefined probabilistic distribution. The
simulator is applied mostly when analytical solutions give convergent infinite series. It uses the
capability of R for parallel computation and applies the Object-Oriented Programming paradigm (a
secure type encapsulation).

BG: Paszpabortrxme Ha0Op OT codTyepHH (YHKIHMOHATHOCTH B R 3a cuMmymainus Ha mpoliecH Ha
paskioHsBane. [TbpBOHAYAIHO TS € MPOSKTHPaHa 3a CUMYJIMPaHe Ha MeXaHH3Ma Ha pa3KJIOHsSBaHE HA
KackaJa OT KOCMHYECKHU JTb4YM B atMocdepaTa, 3amouBaiiku ¢ eIeKTPOHHO-(OTOHHA Kackana. OCBeH
TOBa TO3M CHMYJIaTOp € aJalnTHpaH 3a HPWIOKEHUs ENHAEMHOJOTHs C paslMpeH Habop oT
BEPOSITHOCTHH PAa3MpE/e/ICHUs] KaTo MOAaCOHOBO, OTPHIIOTEITHO OMHOMHO, M3MECTEH T€OMETPUYHO M
[Mons-Aenun, W3NOJN3BaHM WM 3a MOJCIMpAHE HAa HA4YaJHUTE YCJIOBHS 3a JIMHEWHH MPOLECH
paxkiaHe-THOENl WIM MEXaHWU3bM 3a PA3KIOHSBAHE Ha Ipolleca CJe] NPEIBapUTEIHO OINPECTICHO



BEPOATHOCTHO pa3mpeneneHue. CUMynaTOpbT ce Mpuiiara Haif-Bede, KOTaTo aHATUTHYHUTE PEIICHUS
JaBaT CXOJAIIM Oe3kpaiiHu pefose. Tol u3Moi3Ba Bb3MOXKHOCTUTE Ha R 3a mapasieiHu n34uciieHus u
mpuiiara rnapajgurmMara Ha 00€KTHO-OPUEHTHUPAHOTO MPOrpaMupane (KancyaupaHe Ha 3al[UTCH THII).



