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ABTOp Ha aucepTaumoHHus TpyAa: Pocuya AHOpeesa lNasnosa
Tema: KOMIMIOTBPHO MOLEJIMPAHE HA KATIALUNTUBHU PASPAAU

PeueH3eHT: dou. 0-p [ecucnasa AHmoHosa VMeaHoea - TexHU4Yecku YHusepcumem-
Cogpusi, ®akynmem lNpunoxHa Mamemamuka u IHgbopmamuka

Tasn peueHsnss e HanucaHa M npeacTaBeHa Ha OCHOBaHWE Ha 3anoBef
Ne OX-4.6-02/14.02.2020 Ha Pektopa Ha TexHuyeckn YHuBepcuteT - Codwms.
PeueH3usiTa e nsroteeHa, cbrinacHo 3akoHa 3a pasBuUTUE Ha akageMUYHUS CbCTaB B
Penybnuka bBwvnrapua (3PACPB), [lpaBunHuka 3a HeroBoTto npwunaraHe w
MpaBunHuuMTe 3a ycrnoBudATa W peda 3a npuaobuBaHe Ha HayvyHUM CTeneHu U
3aeMaHe Ha akageMW4HU ONbXHOCTU Ha TexHudeckn YHuBepcuteT - Codmsa wn

dakynteTa no NpunoxHa MatemaTtuka n VIHpopmaTuka.
1. O6wm AaHHWK.

AncepTaunoHHUAT Tpya ce cbeTtom OT 147 cTtpaHuun. OCHOBHUAT TEKCT €
ohopMEH B YeTUpWU rnaBu: nuTepaTypeH 0030p M Tpu [MNaBu C OPUTMHAIHU
pesyntatn. B TekCTbT Ha AucepTaumdata ca nNpeacTaBeHU Cbllo YBOA, OCHOBHMU
NPUHOCK, CNUCBK Ha nybnukaummte N nuTepaTypHU MU3TOYHUUMW. [ucepTaunoHHUAT
Tpya cbabpxa 94 curypu. UMsnonssaHata nutepaTypa e npeactaseHa ot 114

N3TOYHMKA, KOSITO € UMTUPaHa no NoAaxoAsiily HaYMH B TEKCTa Ha gucepTauusTa.

2. AHanus3 Ha Hay4YHO-NMPUNOXHUTE NOCTUXKEHUsI B AUCEePTaLUMOHHUA TPYA.

B yeoda Ha ducepmauyussima ca npencTtaBeHn obekTa W npeaMeTa Ha

Hay4YHOTO Wu3cliegBaHe, ,u,eqaleMpaHM Cca uenTta, 3agavynTte U nepcnektneBmute Ha
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AncepTaumoHHns Tpya. [dageHu ca HSKOM Hacokum M € HanpaBeHa o6OCHOBKa Ha
aKkTyanHocTTa Ha pasrnexpgaHaTta Tema. [lpeacrtaBeHo e onucaHve Ha u3bpaHuTe
cpefAcTBa Ha uscneaBsaHeTo. B nbpea a2saea e HanpaBeHO Npoy4YBaHe U aHanus Ha
CbBPEMEHHOTO CbCTOsAIHME Ha npobnema. PasrmegaHu ca metoga 3a mogenupaHe
,dactvua B kneTtka“, npeacTaBeHn ca OCHOBHWN BBbMPOCK 3a KanauuTuBHUTE paspsam
M HayvHa 3a onpegensdHe Ha QyHKUMATA Ha pasnpegeneHve, Kakto u ca
ANCKYTUPaHN HSKOW CneunduyHM BbNPOCK, CBBbP3aHN C M3MNONM3BaAHUTE anropuTMu,
4YuCNeHN MeToau WM NporpaMHO ocurypsisaHe. Bbe emopa easiaea € npeacraBeH
metoabT ,PIC/MoHTe Kapno“ n HeroBoTo nNpurnoXeHue 3a MogenvpaHe Ha rasoBwu
paspagn. O6bpHaTO € BHMMaHMe Ha HanpaBeHute MoaudumkaummTe Ha
TpaguumoHHuTe anroputmMu. B mpema anaea e npeactaBeH W aHanuavpad
BBMNPOCHT CBbP3aH C MOAENMpaHe Ha KanauuvTUBHM paspsamn C ronsiMo pasCcTosiHue
mexay enektpoaute. [penctaBeHn ca pesyntatute 3a 6eskpaeH paguyc npwu
pasnNUYHO pasCTOAHME MEeXAy enekTpoauTe W pasnuyHo HansraHe. O6sicHeHa e
ponaTa Ha paguyca. HanpaBeHO € U cpaBHEHWE Ha NOSTyYEHUTE eKCnepuMeHTarnHu
pe3yntatu. B yemebpma asaea ca nokasaHu pesyntatuTe OT M3cne[BaHusiTa Ha
€NeKTPOMarHnUTHM TpenTeHnst BbB Bepura ¢ HennHeeH kanauuteT. lNpencraBeHuTe
ca paspaboTeHuTe NporpamMHM CUCTEMW 3a U3CredBaHe Ha TPenTeHus B TpenTsuy,
Kpbr C HEnvMHEerMHU eneMeHTU, KakTo M paspaboTeHaTa nporpamHa cuctema 3a

oby4yeHne no gpusmka 3a nabopaTopHo ynpaxHeHne C eNneKkTpPUYEeCcKn TPenTsLL Kpbr.

3. anHOCVI Ha AnceptTaumMoHHUA TPyAa U 3HAYUMOCT 3a HayKaTa U NpaKTUukKarta.

Pocuua MaBnoBa Ma OTNNMYHU NO3HAHMSA U NPaKTUYeCcKM onuT B obracTTa Ha
pa3paboTBaHUsA aAMcepTauuoHeH NpobnemM. M3BbpLUEHUST aHanu3 Ha uuTupaHuTe
nuTepaTypHM U3TOYHWULUM, CBbP3aHU C AMcepTauMoHHaTa Tema, NnpeacTaBsHeToO U
WHTEeprnpeTMpaHeTo Ha u3cnegBaHust npobnem, npoBedeHata anpobauvs B
ny6rnvkaumMmTe — BCUYKO TOBa NOKasBa U3KIMHOYMTENHO 3a4bfboYeHO No3HaBaHe Ha
pasrnexgaHaTa TeMaTuka, KOeTO OLeHsIBaM BUCOKO.

MNMpuHocuTe B AucepTauMoHHMA Tpya ca B obnactta Ha KOMMIOTbPHOTO
ModenupaHe 3a pellaBaHe Ha dyHOaMeHTanHn npobrnemMu, CcBbp3aHuM C
KanauMtueHu paspsgn. lNMpuHocuTe MoraT Ada ce KnacuduumpaT KaTo Hay4Ho-

NPUNOXHU N NPUNOXHWU, KaKTO creaBa:
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Hayy4Ho-npunoxHu npuHocu:

1. PaspaboteHa e mogudumkaums Ha MoHTe Kapno meTtog u e pfgokasaHa
npUIIoXMMocCTTa M 3a onpejensHe Ha QYHKUMATA Ha pasnpeneneHue B
rasoBu paspsagu.

2. PaspaboteHa e wmogudwmkaumss Ha PIC/MoHTe Kapno wmeToga, KoATO
Nno3BoSisiBa CBEXOAHETO Ha TpMMeEpeH Mofen Ha KanauuvTMBeH paspsi KbM
elHOMepEH.

3. lMpunoxeH e meTtoabT PIC/MoHTe Kapno 3a m3cnegBaHe Ha KanauuTUBHM
paspsan C ronamo pasCTosHUME Mexay enekTpoauTe. YCTaHOBEHO e, 4e B
AbNbr KanauuvTMBeH paspsn AeucTtBaT efHOBPEMEHHO [Ba MexaHu3Ma 3a
HarpsiBaHe Ha nrasmaTta: CTOXaCTU4YHO [0 eNekTpoanTe 1 Oxayrnoso B obema.

4. WN3cnegBaHoO € UM3MEHEHMETO Ha JYHKUMATa Ha pasnpegenieHne o

AbIHKMHATa Ha kanauuMTUBEH paspsaa.

[punoxHu npuHocu:
5. Pa3paboTeHn ca KOMMITbPHW CUMyNauunu Ha wu3cneaBaHUTe MeToawu,
BKMIOYMTESTHO C naparnenusauus Ha nNporpaMHus Modern, Kakto U nporpamHa

cucTema C Bb3MOXHOCTM 3a NPUNOXeHNe N B 06y4eHneTo Ha CTyaeHTHU.
4. Ny6nukaumm no TemaTa Ha AUCEpPTALUOHHUA TPYA.

Pocnua Angpeea lNaBnoBa e npeactasuna net nybnukauum no temarta Ha
ancepTaunoHHus TpyAa (OT TAX, eaHa ctatus e nybnukyesaHa B cnucaHme ,Journal of
Plasma Physics”, aBe ctatum ca nybnukysaHu B ,AIP Conference Proceedings” u
oCTaHanuTe ABe CTaTuM ca NpeAacTaBeHUM B pamMKuTe Ha HaydHust opym ,[AHu Ha
dusumkaTta“, TY-Cocpus). Ctatnara B HaydHOTO cnucaHve e ¢ mmnakT cakrtop (IF
2.312). [Bete ctatum nybnukyBaHn B ,AIP Conference Proceedings® ca
WMHOEKCUPaHU B ,Scopus n umat nmnakT paHr (SJR 0.182).

Yetupn oT nybnukauumuTe ca B CbaBTOPCTBO, kaTo B ABe oT Tsax Pocuua
MaBnoBa e nbpBu aBTOp. NpeacraBeHa e n egHa camocToATeNHa Nybnukauus.

My6nukauuute ca nNpeactaBeHW B pamMKuTe Ha PEHOMUPAHU MeXOyHapOLHM
Hay4YHU POPYMMU.

MpaBu BneyaTtneHue, 4e BCUYKMTE NyOnmMkaumm NpeacTaBsaT OTAENHM YacTu OT

AncepTaunMoHHOTO wu3crnegBaHe. To3uM akT M HanpaBeHaTa anpo6au,m-| ca
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nokKasaTtesl 3a Hann4yme Ha OTJIMYHU MO3HaHUA N TpaeH MHTEpPEeC y OOKTOopaHTa Mo

nscnenBaHaTa TemaTtuka.
5. [locTOBEepHOCT Ha Nony4YyeHUTe pesynTaTu.

3a gocToBepHOCTTa Ha AucepTauusTa roBopsT NpeacTtaBeHuTe nybnukauum,
N3HeCceHUTe OoKNaam No TeMaTta Ha gucepTaumsTa, NPSKOTO ydyacTMe Ha AoKTopaHTa

B M3cneaoBaTenckus NpoLec U on1McaHneTo Ha HanpaBeHUTe eKCNepuMeHTH.
6. JInyHo yyacTue Ha JOKTOpaHTa.

3ano3HaBalkn ce C npeacTaBeHaTa 3a peLeH3vpaHe aucepTauusi, KakTo u
npunoxeHuTe nyénukaummTe Ha Pocuua MNaBnoBa, cuntam, Ye npu pa3paboTBaHETO
Ha [OuMCepTauMOHHOTO W3crnedBaHe W MoflyYaBaHETO Ha CbOTBETHUTE Hay4Ho-

MPUITOXKHU N NPUTTOXKHU NMPUHOCH, HEVHUAT NNYEH NPUHOC € pealieH N 3Ha4YnUM.

7. OueHkKa Ha aBTOpedepara.

ABTOpedepaTbT OTpassiBa 0OGEKTMBHO M MbSIHO OCHOBHOTO CbAbpXXaHWE Ha
avcepTauuaTa. B Hero ca npeacrtaBeHM MbMHOLEHHO MOCTUrHaTUTE pesynTaTu.

ABTOpedepaTbT € 0hopMeEH NPEUU3HO.
8. KpuUTu4HM Genexku, npenopbLKU U KOMEHTapMu.

1. OucepTtaumsata e pgobpe cTpyktypupaHa. lNpaBu BnedatneHve, 4Ye nbpea
rmaBa, CBbp3aHa C NPOYyYBaHETO M aHanmM3a Ha CbBPEMEHHOTO CbCTOSIHME Ha
npobnema e 3HauYuTenHO Mo rofnsgma OT OoCTaHanuTe [MnaBW Ha gucepTauusTa.
lMpernoprvka: Bbu 6uno 0obpe 0Oa uma 6amnaHC Mex0y omdesiHume enasu 8
oucepmauusima.

2. OTNMYHO ca BbBEOEHN MHOXECTBOTO CbKpalleHWsa B guceptaumsita, Kouto
ce M3non3BaT MHOrOKpaTHO B TekcTa. 3abensasBaT ce HAKOU TeXHUYECKN 3abenexkm
no odgopMNEHMETO Ha Auceptauusita, KOUTO MO HUKAKbB HaYMH He HamansT
CTOMHOCTTa Ha NOCTUrHaTUTe pesyntaTtn. ABTopedepaTbT € WU3roTBEH MPeLm3HO.
Bux npenopbyana npunoxHute npuHocuTe pfa 6baat gonbiHeHn (T. 3 OT
peLeH3nsTa), KakTo cnegsa:

v Pa3paboTeHun ca KOMMITbPHU CUMYNaumn Ha u3cneaBaHnTe MeToau;
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v M3BbpweHa e napanenuMsauuMs M napanenHa  nporpamHa
UMNIIEMEHTaUMs 3a LUenuTe Ha nscrnefBaHe Ha KanauuTUBHU paspsagu.
HanpaBeHa e u oueHka Ha napanenHaTa NpoM3BOAUTENTHOCT.

v Cb3gageH e codtyep 3a uenute Ha oby4eHMETO Ha CTydeHTUTe B
obwms kypc no ,Pusmka“ Ha TY-Codus.

3. Bbnpocu: BxogHute napameTpu npu napanenHute cumyrnauuum B3emaTt noj
BHUMaHWe, rMosIoXeHUemo U HadalHume cKopocmu Ha Yacmuuyume.
v' OkasBa v BNUsiHWE TUMNa Ha pasnpeferieHne Ha YacTuuuTe, Hanpumep

paBHOMEPHO pasnpegeneHve Ha yactuuute, [aycoBO pasnpeneneHve u

T.H.?

v' AKO Oka3Ba BNMsiHME TuNa Ha pasnpegenexHve, KakBo 6u 6uno BNUSHMETO

MY BbPXY KparHuUTe pesyntatu?
9. 3aknrueHwue.

MpeacTaBeHUST AncepTaunmoHeH Tpya OTroBapsa HaMmbIHO Ha CbBKYNHOCTTA OT
Kputepum n nokasatenu 3a npuagobmBaHe Ha obpasoBaTenHa M HayvyHa CTeneH
"[lokTop", cbrnacHo 3akoHa 3a pa3BUTUE Ha akageMudHua cbctaB B Penybnuka
Bvnrapua (3PACPB), lMNpaBunHuka 3a HeroBoTto npunaraHe wu [lNMpaBunHuumte 3a
ycrnosudata v pefa 3a npugobvBaHe Ha HayYyHU CTENEeHW U 3aeMaHe Ha akageMn4vHU
ANBXHOCTU Ha TexHudeckn YHuBepcuteT - Codma n dakynteta no [lpunoxHa
Matematnka n UHdbopmatmka. Y6edeHo npenopbyYyeaM Ha Hay4YHOMO Xypu Oa
npucbdu obpa3zoeamenHama u Hay4Ha cmeneH "[Jokmop" Ha Pocuuya
AHOpeesa [Maenoea no npoghecuoHanHo HanpaesieHue 4.6 MHghopmamuka u

KOMMIOMbPHU HayKu, O0Kmopcka npozpama "Hgpopmamuka" .

[ata: 27.10.2020 r. Moanuc:
rp. Cochus /pou. a-p decucnasa MeaHoBa/
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of doctoral thesis for the acquisition of educational and scientific degree
"DOCTOR" in higher education: 4. "Natural sciences, mathematics and
informatics”, professional field: 4.6 "Informatics and computer sciences",

doctoral program "Informatics”

Author of the thesis: Rositsa Andreeva Pavlova

Topic: COMPUTER MODELLING OF CAPACITIVE DISCHARGES

Reviewer: Assoc. Prof. Dr. Desislava Antonova Ivanova, Technical University of

Sofia, Faculty of Applied Mathematics and Informatics

This review has been written and submitted on the basis of order No. O>K-4.6-
02/14.02.2020 of the Rector of the Technical University - Sofia. The review was
prepared in accordance with the Law on the Development of the Academic Staff in
the Republic of Bulgaria (ZRASRB), the Regulations for its implementation and the
Rules for the conditions and procedures for acquiring scientific degrees and
occupying academic positions at the Technical University - Sofia and the Faculty of

Applied Mathematics and Informatics.

1. General information.

The dissertation consists of 147 pages. The main text is divided into four
chapters: a literary review and three chapters with original results. The text of the
dissertation also presents an introduction, key contributions, a list of publications and
sources of literature. The dissertation contains 94 figures. The literature used is

presented from 114 sources, which are appropriately cited in the dissertation.

2. Analysis of the applied scientific achievements in the dissertation.

In the introduction of the dissertation the object and the subject of the
scientific research are presented, the purpose, tasks and perspectives of the
dissertation work are defined. Some guidance is given and justification is given for
the relevance of the topic under consideration. A description of the selected research
tools is provided. The first chapter deals with the study and analysis of the current
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state of the problem. The particle-to-cell modeling method is discussed, basic
guestions about capacitive discharges and how to determine the distribution function
are presented, and some specific issues related to the algorithms, numerical
methods and software are discussed. The second chapter introduces the PIC /
Monte Carlo method and its application for gas discharge modeling. Attention is paid
to the proposed modifications of the traditional algorithms. Chapter 3 presents and
analyzes the issue related to the modeling of capacitive discharges over a large
distance between electrodes. The results for infinite radius at different distance
between electrodes and different pressure are presented. The role of the radius is
explained. A comparison of the experimental results obtained was also made.
Chapter 4 shows the results of electromagnetic oscillation studies in a non-linear
capacitance circuit. The developed software systems for the study of oscillations in
the oscillating circle with nonlinear elements are presented, as well as the developed
software system for training in physics for laboratory exercise with an electric
oscillating circuit is figured out.

3. Contributions to the dissertation and relevance to science and practice.

Rositsa Pavlova has excellent knowledge and practical experience in the field
of the dissertation. The analysis of the cited references, related to the dissertation
topic, presentation and interpretation of the research problem, approbation in the
publications index in Scopus - all this shows a very thorough knowledge of the topic
and awareness of its relevance and perspective, which | appreciate.

The contributions to the dissertation are in the field of computer modeling to
solve fundamental problems related to capacitive discharges. The contributions can

be classified as scientifically applied and applied as follows:

Scientifically applied contributions:

1. A modification of the Monte Carlo method is developed and its applicability for
determining the distribution function in gas discharges is proved.

2. A modification of the PIC / Monte Carlo method has been developed that
allows the reduction of a three-dimensional capacitive discharge model to a

one-dimensional one.
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3. The PIC / Monte Carlo method for the study of capacitive discharges over a
large distance between electrodes is applied. It has been found that in a long
capacitive discharge two plasma heating mechanisms operate simultaneously:
stochastic to the electrodes and joule to volume.

4. The variation of the distribution function along the capacitive discharge length

is investigated.

Applied contributions:

5. Computer simulations of the studied methods have been developed, including
parallelization of the program model, as well as software with possibilities for
application in the education of students.

4. Publications on the topic of the dissertation.

Rositsa Andreeva Pavlova presented five publications on the topic of
dissertation (one of them was published in the Journal of Plasma Physics, two
articles were published in AIP Conference Proceedings and the other two articles
were presented in the scientific forum “Physics Days”, TU-Sofia). The article in the
scientific journal has an impact factor (IF 2.312). The two articles published in AIP
Conference Proceedings are indexed in Scopus and have an impact rank (SJR
0.182).

Four of the publications are co-authored, in two of them Rosica Pavlova is
being the first author. An separate publication was also presented.

The publications have been presented in reputable international scientific
forums.

It is noteworthy that all publications present separate sections of the
dissertation research. This fact and the approbation made are an indicator of the
presence of excellent knowledge and lasting interest in the doctoral student on the

studied subject.

5. Reliability of the obtained results.
The credibility of the dissertation is presented by the submitted publications,
the presented reports on the topic of the dissertation, the direct participation of the
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doctoral student in the research process and the description of the experiments

made.

6. Doctoral student's personal participation.

Considering the dissertation thesis submitted for review, as well as the
annexed publications of Rositsa Pavlova, | believe that in the development of the
dissertation research and the receipt of the relevant scientific and applied

contributions, its personal contribution is real and significant.

7. Evaluation of the abstract.
The abstract reflects objectively and completely the main content of the

dissertation. It presents fully the results achieved. The abstract is precisely crafted.

8. Critical notes and recommendations.

1. The thesis is well structured. It is noteworthy that the first chapter related to
the state of the art and analysis of the current state of the problem is
significantly larger than the other chapters of the thesis. Recommendation: It
would be good to have a balance between the different chapters in the thesis.

2. There are a lot of abbreviations in the thesis, which are used repeatedly in the
text. All of them are perfectly introduced in the dissertation text. There are
some technical notes on the dissertation layout which in no way diminish the
value of the results achieved. The abstract is prepared with precision. | would
recommend supplementing the applied contributions (section 3 of the review)

as follows:

» Computer simulations of the studied methods have been developed;

» Parallelization and parallel program implementation were performed for
the purpose of capacitive discharge studies. Parallel productivity was
also evaluated.

» Training software has been created for the purpose of teaching

students in the general course in Physics of TU-Sofia.
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3. Questions: The input parameters for parallel simulations take into account the
position and initial velocities of the particles.

a. Does the type of particle distribution, such as uniform particle
distribution, Gaussian distribution, etc., effect on the experimental
results?

b. If the type of distribution has effect, what would be its impact on the

final results?

9. Conclusion.

The presented dissertation thesis fully corresponds to the set of criteria and
indicators for the acquisition of educational and scientific degree "Doctor", according
to the Law for the Development of Academic Staff in the Republic of Bulgaria, Rules
for its implementation and Rules for the conditions and procedure for acquiring
academic degrees and occupying academic positions at Technical University of Sofia
and Faculty of Applied Mathematics and Informatics.

| strongly recommend the scientific jury to award educational and
scientific degree "Doctor" of Rositsa Andreeva Pavlova in professional field 4.6

“Informatics and Computer Sciences”, Doctoral Program in Informatics.

Date: 27.10.2020 Signature:
Sofia /Desislava lvanova/
( )
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