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M0 KOHKYPC 3a 3aeMaHe Ha akagemMuuHa JabxHoct JOLEHT
o npodecroHanHo HanpasieHue 4.5 Maremaruka, Hayuna
CIELUATTHOCT ,,MaTemMaTH4ecKo MOJIEIMPaHE U MPUIOKEHUE Ha MaTeMaTuKaTa’,

Peuensenrt: npod. nd3u Usan [etpoB Xpucros — CVY ,,Cs. Kii. Oxpuacku, ®uzndecku
dakynTer

1. O0mm noJsioxkenus u GnorpapuyHu JTaHHH

[To o6sBenus B JIbprkaBeH BecTHUK Opoit 93 ot 26 HoemBpu 2019 1., ctp. 114 xoHKYpC
3a 3aeMaHe Ha aKaJeMHUYHA JTBXKHOCT ,,JoreHT B Texnuuecku YHuBepcuteT —Codus nma
earH KaHauaaT — ri1. ac. a1-p Januena Anrenosa ['eoprueBa ot TY-Codus. I'n. ac. Jlanuena
I'eoprueBa 3appmBa mpe3 2001 r. ¢ ycmex MH.I00Bp (5.34) 00pa3oBaHUETO CH BBHB
@akynrera mo Maremaruka u HMuadopmaruka wa CY ,,CB. Kmmment Oxpuucku® cbe
cnenuanyoct “Ilpunokna marematuka”. [Ipe3 2014 r. 3ammraBa JOKTOpCKa gucepTanus 10
npodecuonanHo Hanpasienue 4.5 Maremaruka B TY-Codus. B TY-Codus padoru ot 2011

I'. MIOCJICAOBATCIIHO KaTO ACUCTCHT, CTapIIn aCUCTCHT U I'NIaB€H aCUCTCHT.

2. OOuio onycaHue HA NMPeJACTABEHUTE MaTePHAJIH
ITo koHKypca 3a NOUEHT, KaHAuAAThT ri. ac. A-p [. ['eoprueBa e mpeacTaBuiia BCUUYKH
JNOKYMEHTH cbriacHo IIpaBunHMKa 3a yclaoBMsSTa M peJa 3a 3acMaHE Ha akKaJeMUYHU
mexkHocTd B TY-Codusa. Marepuanure H3ISUI0 MOKPUBAT TeMaTHKaTa Ha KOHKYypca.
IIpencraBeHnTE JOKYMEHTH Ca NMOAPENCHU M3PSNHO, PE3YJNTAaTUTE OT HaydHaTa ACHHOCT ca
IIPEICTaBEHN KOPEKTHO. IIpencraBeHM ca MEAMIIMHCKO CBHJETEIICTBO M CBHMJIETENCTBO 34

CbAUMOCT, KOUTO HC Ca OT KOMIICTCHIIUATA HAa HAYYHOTO XKYpPH.

I'n. ac. n-p [lanuena ['eoprueBa e mpuaoOuia oOpazoBareaHaTa U HaydHa CTETEH “‘IOKTOp”
Mpeau moBede oT 2 ToauHU. Ts ydacTBa B KOHKypca ¢ 10 HaydHu myOauKaiuu, oT KOuTo 3 ca
pedepupanu M MHACKCHpAHU B HayyHaTa 0aza SCOPUS W ca B HAYYHH W3JAHUS C UMIIAKT
¢daxrop. Enna nybnukanus e B u3nanue B Ql-ksaptui, u nse - B Q3-kBaptui. OcraHanure
celeM MyONUKaIMy ca B HAyYHU W3AaHus, pegepupanu B Ckomyc u ca ¢ uMmnakt-panr. O01o
B 3 pabOTH KaHIUAATHT € IBPBH aBTOP, KOETO MMOKa3Ba BOJEIIATA W POJIsi B HANPABEHUTE

pa3paborku. Cnen oOCTOWHO 3al03HAaBaHE C BCHMUKHM MaTEpUalIM MO KOHKYpCa, KakTO U C



AJI0CTHATa HaAy4YHa ,HGfIHOCT Ha KaHAuaara, iMaM ITbJIHOTO OCHOBAHUEC Aa CUUTaM, 4€ TA HMa

ChbIICCTBCH HAYYCH NPUHOC B MIPCACTABCHUTC HYGJII/IKaL[I/II/I.

ITo mokazaren I cmopexn m3nuckBanusta Ha 3PAC, KaHIUAATHT € peCcTaBIIa 2 MyOJIUKaAIAN
B Hay4YHH CIMCAHUS C UMNAKT (pakTop, W 5 myOIuKamuwu B M3JaHUS C UMIAKT paHT. B enHa
Hy6JII/IKaI_[I/I$I C HUMIIAKT paHr KaHOAnuaaTbT € C€AUMHCTBCH aBTOp. I/ISMG)KI[Y CIIMCaHusiTa C€

otkposiBat Phys. Rev. D, Optik, u Laser Physics.

N no npBara mokazarens B u I, cymara oT TOYKHTE Ha KaHAUJaTa YIIOBJIETBOPSBAT
MUHUMATHATE HAIIMOHATHH W3MCKBAaHUS 3a JUTHXKHOCT ,,JIOIEHT, KaKTO W CHEIU(PUIHHUTE
m3uckBanusi B TY-Codus. Crnopen kputepuit B, xpaero e u3bpaH KpUTEepHil cymaTa OT
TOYKWATE Ha TyOnukamuuTe na ca Hajy muHuManHute 100, ce cwOupar 105 Touku, a mo
kputepuii I' cymara e 270 1. mpu muaumanau 200 1. CienBa 1a ce 0TOCNEKH, Ye IPH BCUIKU
myOauKaIuy, ¢ KOuTo TII. ac. ['eoprueBa yuacTBa B KOHKypca, HAMa 3aCThIIBAHE C TE€3H OT
JOKTOpCKaTa W aucepranus. B koHkypca, ['eoprueBa yuacTBa ¢ 8 muTara OT APYrd aBTOPU

(T.e. 64 Touku o mokaszaten J, mpu HeoOxoauMK 50 TOUKH).

Ot cniuchblMTe B JOKYMEHTAIMATA MO0 KOHKYpca ce BUXKJa, ye 1. ac. ['eopruesa uma TpyaoB
CTaX MO CIIEIIUATTHOCTTA MmoBede OT 14 r, u 0611 6poit xopapuym ot nekiuu B TY-Codus mpe3
nociaeaHuTe Tpu roauHu ot 420 yaca, ©Ma €IWH MATEHT W JBE HArpaay 3a MOCJIECIHUTE 3
ronuan. OCBEH TOBa € YydYacTBaJla B €IUH BBTpEIIeH W 4 HAIMOHAIHM HAy4HO-
M3CIIEI0BATEICKU TIPOEKTH U uMa 11 ydacTusi ¢ JOKIaau Ha MEXIyHApOIHU KOH(EPECHIIHH.
[lo oTHOmIEHWE HA TE3W CHOHCHLIM, KAKTO M Ha BCHUYKH OCTAHAIM, Ca NPEICTaBEHU

HEOOXOIMMHUTE TOKA3aTEICTBA.

3. O0ma xapakTepucTHKAa Ha HAYYHATAa W HAYYHO-TIPWJIOKHATA [eHHOCT Ha
KaHIU/AaTa

PaGoture, ¢ xouto ri. ac. ['eoprueBa ydacTBa B KOHKypca ca C TEOPETHYEH XapakTep.

[TocTwxkeHusiTa Ha KaHAMJATa ca MPEAUMHO B pe3ysTaT Ha paborata u B bbiarapus, KoeTo

OyaronpusTCTBa pa3BUTHETO HAa HAyyHATa MHCTUTYLHUA, B KOsATO T4 padotu — TY-Codus.

OCHOBHHUTE HaIllpaBJICHUS Ha H3CJICABAHUA Ha KaHAWJaTa Ca CBBP3aHU C MATCMATUYCCKO

MoOJIeJIMpaHe B HEJIMHEWHA ONTHKA U B TEOPUSATA HA IPaBUTAlMATA U acTpo(HU3UKaTa.



e ce cnpa Ha HAKOM KOHKPETHU pE3yJITaTu OT pabOTUTE HA KaHAMJIaTa, KOUTO CIOpPEa MEH

ca Hal-CBIIECTBEHU,

3.1. IlppBara rpyma paboTH CBHABpPXKA S CTAaTHW TIO PA3MPOCTPAHCHHE HA ONTHYHHU
CHOIOBE/MMITYJICH B JIMHEHHW W HEIWHEWHU Cpeld. 3HAuMTeNICeH HWHTEPEC IMPEICTaBIIsBAT
Ch3JaJICHUTE MaTEeMaTHYeCKd MOJCIM M aIrOpuTMH, OasupaHu Ha u3BecTHus Split-step
dypuie METO, KOUTO MO3BOJISIBAT J1a C€ PEIIaBaT YMCICHO ypaBHEHUATA HA PA3MpPOCTpaHEHUE
Ha €JCKTPOMAarHUTHU BBJIHH B CBOOOJHO IMPOCTPAHCTBO M B HEIMHEWHW cpenu (Hamp. B

ONTHYHU BJIAKHA).

B pabota [B1] ce u3cnenBa aHaTUTHYHO W YUCICHO B3aUMOACHCTBUETO HA ONTUYHHU UMITYJICH
NPy KOJMHEApPHO PAa3MpOCTpaHEHWE W BIUSHUETO Ha (a3oBaTa KpoC-MOAYJIAIus U
M3POJICHUTE YeTUPHU-(HOTOHHH IMapaMETPUIHHU TPOIECH BHPXY OTHOCHUTEITHOTO UM JBHIKEHUE
U eHeprooOMeH, B 3aBUCHMOCT OT HadaiHaTa (a3a, B paMKUTE Ha HOB HEJIMHECH BEKTOPEH
Mozen. Pesynrarute mokasBar, uye KoraTo HadaiHara (a3oBa paziinka MEXIy UMIYICUTE €
paBHa Ha Hysa, (azoBara KpPOC-MOAYJAIUs BOIW 10 TMOsSBa HA €IWH €IWHCTBEH CHJICH
¢unament. [ToTeHIManTBT HA B3aUMOJICHCTBHE HA UMITYJICUTE € TIPECMETHAT aHAJTUTHYHO 3a

I"aycoBa u JlopenoBa ¢opma.

B pabora [B2] e pasriieqano pasmiMpsBaHETO Ha CIIEKThpa Ha HAYalCH MMITYJIC, ChIbPIKAIIl
HSIKOJIKO TIEpHOo/ia Ha Hocenlara, upe3 Ga3oBa MOAyalus B HEJMHEWHa cpena. M3cienBana e
CBOJIIOLIMATA HAa HMMITYJICM C HIMPOK CICKTHp C MOMOINTAa HAa HEMAapaKCHUAIIHO aMIUNIMTYIHO

ypaBHEHHE, KaKTO B JIMHEEH (Audpaxiys), Taka U B HETMHEECH PEKUMHU.

B pa6ora [B3] ca u3cimenBaHdW aHAJIMTHYHO W YHCICHO HEJIMHEHHHTE IOJISPHU3AMOHHH
CbCTOSAHHSA Ha (beMTOCGKyH,Z[HI/I ONTUYHU HUMITYJICH, KaTO € TMPCAJIOKCH HOB MCXAaHU3bBM 3a
TeHepalusi Ha CHTHaJHA BBJIHA C TEPAaxeploBO CHEKTPAIIHO OTMecTBaHe. UuclieHuTe
pe3yaTaTd MOTBBPKIABAT EKCIIEPHMEHTAHUTE HAONIONEHUS, Y€ BI'BIBT Ha 3aBbpTaHE Ha
EIIEKTPUYHOTO TOJIE € Pa3JIM4eH BHB BCSKA TOYKA HA METHOTO HA MMITyJIca, KaTO TOW € Haii-

rOJIsIM B LIGHTHPA MY.

B pabota [I'6] e ananu3upaHa €BOJIONUATA HA JIa3€pEeH HMMIYJC, pa3lMpoCTpaHsBall ce B
€IHOMOJIOBM ONTHYHM BJIAKHA B PAaMKUTE Ha HEJIMHEHHa cucTeMa OT Au(epeHLHaTHu

ypaBHEHUs, BKJIIOYBAIIA IMPOIECUTE HA CAMOBB3JCHCTBHE, KPOC-MOIYJALMUS U H3POACHO



4eTupu(OTOHHO cMecBaHe. B  HenuHeeH pexxum ce HaOdoJaBa BbpPTEHE Ha
MOJIIPU3AIMOHHATA €JIUICA B CIlydail Ha eJIUNTHYHA MOJSPHU3aIMs, KOETO ce O00sCHSBA upe3
W3POJICHUTE UYETUPHU(POTOHHH TPOLECH U CHEPTHMHUS OOMEH MEXAYy eIUNTUIHO

MOJIAPU3UPAHUTE X U ) KOMIIOHEHTH Ha JIa3epHUs UMITYJIC.

B pabota [I'7] ¢ momomira Ha YUCIEHO pelllaBaHe Ha CHCTEMaTa HEIMHEHHHU ypaBHEHUS 3a
pa3npoCTpaHeHUe, BKIKOYBAIlA I'PYNOBAa PAa3CTPOMKA, IUCIEPCUs Ha T'PYNOBUTE CKOPOCTH,
CaMOBB3JICHICTBHE U KPOCMOAYJIALKA, C€ pa3IVIekJa MpoLeca Ha HEU3POAEHO MapaMEeTPUYHO
4eTUPU(POTOHHO CMECBaHE B UMIylIceH pexuM. [lokazaHo e, ye 3a CHEKTpaJHO OJIM3KH
VMITYJICU € Bb3MOXXHO KOMIICHCHpAHE Ha Pa3jIMKaTa B I'PYIOBUTE CKOPOCTH 4YPE3 HEIUHEEH

MCXAaHU3bM Ha CaMO3axBalllaHC YPE3 KPOC-MOAYyJIaln.

3.2. BB BTOpa rpymna BiIM3ar net padboTu Mo U3CIeBaHe Ha IPaBUTAIMS U acTpodU3HKa.
Ta3u rpyma paboTH, KakTO W TMpEAHATa, BKIIOYBA HEIMHEWHM MAaTEMaTHYECKH MOJENH OT
TEOpHs Ha TpaBUTAIUATA M acTpOPHU3MKaATa, KHJAETO C IMOMOINTAa HA HUTEpAllMUd H3XO/JHATA
HEJIMHEHA 3a/ladya ce CBEXJa 10 pEelIaBaHeTO Ha JIMHEWHa TrpaHuvHa 3anada. [lonsBa ce
METOJla Ha KOJIOKAIMUTE, KOMTO BOOU 1O pellaBaHe Ha CUCTEMH JIMHCWHH alreOpuvHU

YPaBHEHUs C pa3peAcHU MaTPULIU.

B pa6ora [I'1] e peanusupan mozaen Ha uH(uanus Ha Beenenara B 4D (3+1 MepHa) quiaToHHA
rpaBUTalMsl C MacoBO JWIATOHHO TIOJNIe. YCTAaHOBEHO €, Y€ TNPOJB/DKUTEIIHOCTTa Ha

MHQIAMOHHNS CTaIUi B TO3H MOJIEN € 0OpaTHO MPONOPIMOHATHA HA MacaTa Ha JiIaToHa.

B pa6ota [I'2] ca pa3rienanu ctaTUYHU U CHEPUIHO-CUMETPUYHU YEPHHU JTYIIKH C MAarHUTEH
3apsia. HawanHo-rpaHmyHara 3agada CbhC CBOOOJHA JiABa TpaHUIlA — XOPU3OHTHT Ha
chOMTHATA HA YepHATa IylmKa — CE CBEeXJa J0 00oOIIeHa HENMWHEHHa 3ajada ¢ eauH
CIIEKTpPAJIEH MapaMeThp M C€ M3CIEIBAa YHCIEHO C MOMOIITa Ha alropuThbM, OazupaH Ha

ropeCrioM€HaTusa METO.

B pa6ora [I'3] ca monay4eHW YUCICHM PELICHUS, ONMKCBAIIM 3apEiCHH COIUTOHO-NIOO0HH
O0EKTH — peryJisipHH, aCUMITOTHUYECKHU IUIOCKH, CTAllMOHAPHU PEIEHHs C KpaiHa eHeprus,

KOUTO mMar aHajor W B OOmiarta Teopusi Ha OTHOCHUTENHOCTTAa. JloKa3aHO e, ue Mopaju



HAJINYHUECTO HA CKAJIAPHO I10JIC, B paMKUTE Ha CKAJIaPHO-TCH30PHUTC MOJCJIN Ha I'paBUTaAllUATA

HE CBIIECCTBYBAT PEryJIIPHUA YEPHU NYIIKH, KOETO € IIOTBBPJAEHO U YUCIICHO.

B pabora [I'4] ca mony4eHH YHMCIACHH PEIICHMS, OMMCBAIIM COJUTOHO-ITOJTO0OHU OOEKTH C
MarHUTEH 3apsill B CKATAPHO-TEH30PHUTE MOJIENIM Ha rpaBUTAIMITA. YHNCIEHO ca M3CIeBaHH

r71I00aTHUTE CBOIMCTBA HA MOJyYEHUTE COJTUTOHO-TIOA00HN OOEKTH.

B pab6ora [I'5] e HanpaBeHO YKCIEHO U3CIICABAHE HA PEUICHUATA HAa PEIIATUBUCTKOTO BHJIHOBO
ypaBHeHue Ha KiaiiH-I'opabH 3a CKaJlapHM YacTHUIM B TPABUTAlMOHHOTO IOJIE HA MAacoB
TOYKOB M3TOYHMK B paMKuTe Ha OOmiara Teopus Ha OTHOCUTeNHOCTTa. Hannunero Ha KpailHu
MNOTCHIUAIIHU MU BOAU OO BB3HHUKBAHCTO HAa CBBP3dHU CHCTOAHUSA U JUCKPCTCH CIICKTHDP.
OCHOBHOTO U MO-BUCOKUTE JAUCKPETHU CHCTOSHUS U CHOTBETHUTE UM COOCTBEHHM CTOMHOCTH
ca M3CJIEIBAaHU 3a Pa3jIMYHU CTOWHOCTH Ha BIJIOBHS MOMEHT Ha CKanapHuTe yacTuiu. Hosa
OCOOCHOCT Ha TMOJYYCHHTE pEIICHHS € 3aBHUCHMOCTTa Ha TEXHHUTE (PU3NISCKU

XapPaKTCPUCTHUKU OT I'PaBUTAIITUOHHUA Heq)eKT Ha MacaTa Ha TOYKOBHA U3TOYHHK.

4, OueHkKa HA MeAaroruyecKarTa JeHOCT HA KaHauaaTa
OT Hpe,Z[CTaBeHI/ITe ,Z[OKYMGHTI/I CC€ BMXKa, Y€ I'Jl. acC. FeoereBa € UMaJjia 3Ha4YUTCIHA yqeGHa
3a€TOCT Hpe3 ITOCJICOHUTEC TpI/I TOOUHU. Te A 4ejla JICKIIUU 110 OCHOBHU MaTEéMaTu YHU
IUCHUIUIMHY KaTo MareMaTtnyeH aHann3 M Bucma maremarnka 1 w 2 yact. OOmwmar
XOopapuyM 1o Te3u aucuruinHu € 420 yaca, koeto Boau 10 420 Touku no kputepuit K, naned

Hax uzucksanure 30 T.

5. OCHOBHHU HAYYHU ¥ HAYYHO-NPUJIOKHH NPUHOCH HA KAHIU/AATa
[Tonexxe nH(poOpManuUATa 32 MPUHOCUTE HE € SICHO MpPEACTaBeHa B aBTOpPCKATa CIPaBKa, T
TpsiOBa J1a ce M3BIMYA OT pe3loMeTara Ha MyONMKAlMUTE W OT CaMHUTE IyOIMKalWd, KaKTo

cienna.

I[To pasnpocTpaHeHne Ha ONTUYHU CHOIIOBE/MMITYJICH B JINHEWHU W HEIMHEWHU Cpely MPUHOC
MpeJcTaBiIsBaT HaONI0aBaHETO 3a TMPbB MbT Ha HOBU €(EeKTH, CHIPOBOXKIAIIN
pa3NpOCTPAaHEHUETO Ha IIUPOKO-CIEKThPHU HMITYJIICH B JMHEHHU U HEIMHEWHU CpPEIu B

HCMapaKCHUaJIIHO HpI/I6JII/I)KeHI/Ie, KOETO oborarsisa ChbIICCTBYBAIIUTC TCOPHU.



-3a TIPBB BT € MOKAa3HO, Y€ KOraTo HavuajgHaTa (a3oBa pa3iinKka Mexay UMIYJICUTE € paBHa Ha
Hyna, JoMHUHHpa (pa3oBara KpOC-MOAyJalus U ce HabmogaBa MPHUBIMYAHE W CIUBaHE Ha
UMIIYJICUTE 4Ype3 IMOTEHLMaleH TUN B3aumojeiictBue. Korato ¢QasoBara paznmuka MexIy
UMITYJICUTE € paszu4yHa OT Hy/la, BOJEHla pOJs HMaT H3POACHHUTE YETUPU-(HOTOHHU
MapaMeTpUYHU MPOILIECH, B CIEACTBHE HAa KOETO HAcThlIBAa OOMEH Ha EHEprusi Mexay
¢bunamenture, [B1].

- 32 IPBB BT € MOKA3aHO, Y€ MPU CHEKTPATHO-IIUPOKUTE (PEeMTOCEKYHIHU UMITyJcH ¢ 3-4
OCLIMJIAIMK T0J1 0OBHBAIlaTa Ha 3 U MoBeve AU(PPaKIMOHHU JBJIKHUHU 3aMI04YBa J1a JOMUHHUPA
A® tun mudpaknusTa (mapadoanyHa ¢opMa Ha UHTCH3UTETA).

- 32 MIPBB BT € MOKA3aHO, Y€ B HEIMHEH PEXHM, BMECTO TpeTa XapMOHHYHA MOXE Ja ce
reHepupa HOBa 4eCTOTa, MPONOPLUOHAIIHA HAa TPU IBTH HOcella dyectora (carrier-to-envelope
frequency). B To3u pexxum ummyncute reHepupar HoBa dectora ¢ GHz-Bo cmektpamHO
OTMECTBaHE BbB Bb31yx U THz-Bo oT™MecTBaHe B TBBpaU Tena, [B2].

- MpeNIoKEH € HOB MEXaHH3bM 3a 3aBbpTaHEe Ha BEKTOpa Ha EJIEKTPUYHOTO IMOJe C
BKJIIOYBAHE Ha T€HEpalusi Ha CUTHAJHA BBJIHA C TEPaxeploBO CIIEKTPAIIHO OTMECTBaHE. 3a
IBPBM BT C€ HaONIOJAaBa HEXOMOTEHHO BBPTEHE (Iemoysipu3alids) Ha BEKTOpa Ha
€JEeKTPUYHOTO Toe, [B3].

- 33 IPBHB I'BT Ca CPAaBHEHU HEIMHEHHHUTE TUCIIEPCUOHHUM CHOTHOILICHHS HAa CONUTOHHHTE
peLIeHUs B CIIyYaWTe Ha JIMHEWHA U Kpbrosa nojsipusanusi, [['6].

- 32 IPBB BT € NOKA3aHO, Y€ 3a CIIEKTPAIHO OJM3KU UMITYJICH € Bb3MOXHO KOMIIEHCUPAaHE Ha
pasznuKaTta B TPYHOBHUTE CKOPOCTHM Upe3 HEJIMHEeEeH MEXaHW3bM Ha camMo3axBaT dpe3
CHBMECTHOTO JIEHCTBHME HA KpPOC-MOAYJNALUATA U YETHPU-(DOTOHHUTE TMapaMETPUIHU
nporecu. 3a NpbB MBT € HAOMOAaBaH €(PEKTHUBEH KBAa3UIEPHOIAMUYEH OOMEH Ha EHEeprHs

MEKy OCHOBHATA M CUTHAJIHHUTE BBJIHH [[7].

[To Teopus Ha rpaBUTALUATa TMPUHOC MPEACTABISIBA KOMOWHUPAHETO Ha Ppa3IMYHU
B3alMO/JICICTBUS U M0JIETA IPH Pa3IMYHU IPaHUYHU yciioBus B pamkute Ha OTO, koero Boau

110 HaOJII0/1TaBaHe Ha HOBU €(DEeKTH:

-3a MPBB BT Ca U3CJIECABAHU YHCIEHO CTATHYHU U CHEPUUYHO-CUMETPUYHU YEPHH IYIKH C
MarHuTEH 3apsi/i B CKaJJapHO-TEH30PHUTE TEOPUU HA TPAaBUTALIUITA C MACUBHO CKAJIApHO T10JIE
M M3TOYHHUK HA EJEKTPOMArHUTHO II0J€, ONHUCBAaHO OT eNeKTpoAuHamuka Ha Oiinep-

Xaitzenoepr, [['2].



-3a MPBB BT Ca MOJYYCHU PETYJISIPHU PEIICHUS B PAMKUTE Ha CKaJIapHO-TCH30PHUTE TCOPUU
Ha TrpaBUTallUATa U 3a MPBB IOBT Ca MOJTYYCHU YHUCICHU PCIICHHA, OIMMUCBAIIM 3apCACHU
COJIMTOHO-TI0A00HM 00ekTH, [[3].

- 33 MPBB IBT Ca MOJYICHN HECAWHCTBEHH YMCIICHH perneHust (pas3u), OMUCBAIH COTUTOHO-
10JJ00HM 00EKTH ¢ MarHUTEH 3apsil B CKaTapHO-TCH30PHUTE TCOPUH Ha rpaBuTaiusTa, [['4].

- 33 IPBB BT € MOKA3aHO ¢ CHIIECCTBYBAHETO HA CBBP3aHU CHCTOSHUS C TUCKPETEH CICKTH.
HOHY‘-IGHI/I Ca YHUCJICHO OCHOBHOTO U IMO-BUCOKUTC JUCKPCTHHU CHCTOSAHUA U CbOTBCTHUTC UM

COOCTBEHH CTOMHOCTH B 3aBUCHMOCT OT BIVIOBHSI MOMEHT Ha CKaJlapHHUTE YacTHiH, [['5].

Ot HampaBeHUs IperJie]] MOXKe Jla ce 3aKJII04M, Ye HaydHHUTe MPUHOCH Ha TII. ac. ['eopruesa
Ce ChCTOAT HAKPATKO B ,,00KA36AHE C HOBU CPeOCmBa HA CbUjeCmeeHU HO8U CMPAHU HA 8eye

cvuecmsysawju HayuHu ooaacmu, npooIemu, meopuu, xunomesu’ .

6. 3HAYMMOCT HA MPUHOCHUTE 32 HAYKATA M MPAKTHKATA
HampaBux cnpaBka Ha NHUTUpaHUSATa Ha T ac. leoprueBa, KOATO IIOKa3a CICIHUTE
pesyararu. Cropen SCOpUS Haii-nmtupaHata padorta ¢ "Electromagnetic shock wave in
nonlinear vacuum: Exact solution” - 2012 r (uurupana 7 nbtu). OcraHamure pabOTH UMaT
nutupyemoct — cpenno 1-3. Crmopen SCOpPUS KaHAMAATHT € IUTUpaH obuio 14 mptu (mpu
U3KJIFOUCHH CAaMOIMTHPAHUsI Ha BCHYKU ChaBTOPH). XUPII-GaKTOPHT 3a IJ1. ac. ['eopruesa B

Scopus e h=3.

7. KpuTHYHH 0es1e:KKH M NPeNnopbKH
Hsmam 3a0enexku KbM HayyHaTa [EHHOCT Ha KaHAWJIATa WJIM KbM 3HAYUMOCTTa Ha
npeacraBeHuTe pesynaratu. Kato 3abenexka KbM NPEACTaBEHUTE MaTepUalld MO KOHKypca
UCKaM Ja oTOenexa, 4e 1oJji HaydyH! IPUHOCH ce pa30upa KakBO KaHAMJATHT € HalpaBuia 3a
OBPBU IIBT, KOETO € ONpaBlalo NyOJMKyBaHETO Ha JajneHara pabora. BmecTto ToBa,
KaHIUIAThT € INpEeACTaBUIa pe3loMeTa Ha CTaTHUUTE CH, KOETO J0 H3BECTHA CTEINEH

3aTpyaHSBA U3BJIMYAHETO Ha Moje3HaTa HH(OopMalus, peieBaHTHA KbM pELEeH3UATA.

8. JIuyHM BneyaT/ieHUsl HA PelleH3€eHTAa 32 KaHAU/1aTa
Kakto ce Bmxkaa oT mnpencTaBeHUTe JOKYMEHTH, I ac. leoprueBa e pabotuia ¢
n3cnegoarenu oT @usnuecku Pakynrer Ha CY u ot UHctuTyTa mo Enektponnka Ha BAH.

Bwnpeku, ye HIMaM JIMYHH BIEYaTICHHs OT padoTaTa U, B pa3roBOPH, HEMHU ChaBTOPH ca ce



Hn3Ka3BaJd MHOI'O ITIO3UTHUBHO, 0co0eHO 3a YMCHUATA U B 00J1acTTa HA YHCIEHOTO MOACIUpaHEe

Ha (PU3UYHU MPOLIECH.

9. 3axJjioueHue:
Cnopen MeH KaHAMAaTypaTa Ha TJI. ac. ['eoprueBa € MOAXOAAIIA 32 aKaJeMHUYHA JUTHKHOCT
“ImoreHT”, MpeAcTaBeHUTEe JO0Ka3aTeNcTBa (IMyOJIMKAIMK, [UTATH, U T.H.) yIOBJIETBOPSIBAT
M3HMCKBaHUATA HA 3aKOHA 3a Pa3BUTHE HA aKaJIeMUYHHUS ChCTaB Ha PemyOmwmka beiarapus u
[IpaBunHMKa 3a HETOBOTO MpUJIAaraHe, a ChIO Taka Ha [IpaBriIHMKA 3a yCIIOBHsTA M pefa 3a
3aeMaHe Ha akaJAeMUYHH IakkHOCTH B TY-Codus u T Moxke na Ob1e n3dpaHa 3a JOIEHT B

Texuuueckust Yuusepcutetr-Codusi.

C ornen Ha TrOpHOTO, ¢ I'bJIHA YOEJEHOCT MpEnopbyYBaM Ha YBa)KaeMUTE UJICHOBE Ha
Hay4YHOTO JKypH Ja TjacyBaT IOJOXHUTEIHO 3a NPUCHKIAHE HA aKaJeMHUYHATa JUTbXKHOCT
»IOIEHT Ha Ti. ac. A-p Jlanumena AmnrenoBa I'eoprueBa 1o HaydyHaTa CHELUAIHOCT

“MaremMaTndecko MOZAEINpaHe U MPUIIOKEHNE HAa MaTeMaTHKaTa‘.

Codwus, 26 pepyapu 2020 r. Penenszenr:

/mpod. nd3u Usan I1. Xpuctos/



REVIEW

on competition for acquisition of academic position Associate Professor (Docent) in the
professional field 4.5 Mathematics, Scientific specialty "Mathematical modeling and

application of mathematics"

Reviewer: Prof. lvan P. Christov - Sofia University “St. KI. Okhridski”, Physics Department

1. Biographical data
According to the announcement in the State Gazette No. 93 of November 26, 2019, page 114
for a competition for open academic position “Associate Professor” at the Technical
University — Sofia, there is one candidate - Chief Assistant Dr. Daniel Angelova Georgieva
from TU-Sofia. Ch. As. Daniela Georgieva successfully graduated (very good 5.34) in 2001
from the Faculty of Mathematics and Informatics, Sofia University “St. Kliment Ohridski",
with specialty “Applied mathematics”. In 2014 she defended her doctoral thesis in the
professional field 4.5 Mathematics at TU-Sofia. She has been working at TU-Sofia since

2011, consequently as an Assistant, Senior Assistant and Chief Assistant.

2. General description of the materials presented
In the competition for Associate Professor, the candidate Ch. As. Georgieva presented all
documents in accordance with The Rules for the terms and the conditions for occupation of
academic positions at TU-Sofia. All the materials cover the subject of the competition. The
submitted documents are arranged neatly, the results of the scientific activities are presented
correctly. A medical certificate and a criminal record are presented, which are not within the

competence of the scientific jury.

Ch. As. Daniela Georgieva has held her Ph.D. degree for more than 2 years. She participates
in the competition with 10 scientific publications, 3 of which were referenced and indexed in
scientific database Scopus and are in scientific journals with an Impact Factor. One
publication is in Q1- quartile, and two in Q3 quartile. The other seven publications are
referenced in Scopus and are with Impact Rank. In 3 papers the candidate is the first author

which shows her leading role. After a thorough acquaintance with all the materials in the



competition, as well as with the whole scientific activity of the candidate, | have every reason

to believe that she has a significant scientific contribution to the presented publications.

According to indicator G of the requirements of ZRAS, the applicant has submitted 2
publications in scientific journals with impact factor, and 5 publications with impact rank. In
one publication with impact rank she is sole author. Among the journals stand out Phys. Rev.
D, Optik, and Laser Physics.

In both indicators B and G, the sum of the candidate's points satisfies the national minimum
requirements for the position of Associate Professor, as well as the specific requirements at
TU-Sofia. According to criterion B, where the criterion is that the sum of the points of
publications to be above the minimum 100, 105 points are collected, and according to
criterion G the sum is 270 points with a minimum of 200 points. It should be noted that in all
publications with which Ch. As. Georgieva participates in the competition, there is no
overlap with those of her doctoral thesis. In the competition, Georgieva participates with 8

quotes from other authors (i.e. 64 points on indicator E, with 50 points needed).

The lists in the documentation show that Ch. As. Georgieva has a length of service in the
specialty more than 14 years, and the total number of lecture hours at TU-Sofia in the last
three years is 420 hours, she has one patent and two awards for the last 3 years. She has also
participated in one domestic and 4 national research projects and has 11 presentations at
international conferences. Regarding these lists, as well as all the others, there have been

provided necessary evidences.

3. General characteristics of the applicant’s research activities
The works with which Ch. As. Georgieva participates in the competition are of theoretical
character. The candidate's achievements are mainly a result of her work in Bulgaria, which

favors the development of her scientific institution, TU-Sofia.
The main areas of applicant’s research are related to mathematical modeling in nonlinear

optics and in the theory of gravity and astrophysics. | will focus on some specific results of

the applicant's work, which I think are most significant:
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3.1 The first group of papers contains 5 articles on the propagation of optical beams/pulses in
linear and nonlinear media. Of great interest are the built mathematical models and
algorithms, based on the known split-step Fourier method, which allows one to solve
numerically the equations of propagation of electromagnetic waves in free space and in

nonlinear media (e.g. in optical fibers).

In [B1], the interaction of optical pulses at collinear propagation is analytically and
numerically investigated under the influence of phase cross-modulation and degenerate four-
photon parametric parameters processes, together with their relative motion and energy
exchange, depending on the initial phase, within a new nonlinear vector model. The results
show that when the initial phase difference between the pulses is equal to zero, phase cross-
modulation results in a single strong filament. The potential of pulse interaction is calculated

analytically for the Gaussian and Lorentz form.

In [B2], the broadening of the initial pulse spectrum containing several periods of the carrier,
by phase modulation in a nonlinear medium, is considered. The evolution of broad-spectrum
pulses in a non-paraxial amplitude equation, both in linear (diffraction) and non-linear modes

is investigated.

In [B3], the nonlinear polarization states of femtosecond optical pulses are studied, while
proposing a new mechanism for signal wave generation with a terahertz spectral shift. The
numerical results confirm the experimental observations that the angle of rotation of the
electric field is different at each point of the pulse spot, being the largest at its center.

In [G6], the evolution of a laser pulse propagating in single-mode optical fibers is analyzed
through solving a nonlinear system of differential equations which involves the processes of
self-interaction, cross-modulation and degenerate four-photon mixing. In non-linear mode it is
observed a rotation of the polarization ellipse in the case of elliptical polarization, which is
explained by degenerated four-photon processes and energy exchange between elliptically

polarized x and y components of laser pulse.

In [G7], by numerically solving the system of nonlinear propagation equations, involving
group mismatch, group velocity dispersion, self-interaction and cross-modulation the process

of degenerate parametric four-photon mixing in pulse mode are examined. It is shown that for

11



spectrally close pulses it is possible to compensate for the difference in group velocities by

nonlinear self-locking mechanism through cross-modulation.

3.2. The second group includes five works on the study of gravity and astrophysics. This
group of works, like the previous one, includes non-linear mathematical models of gravity
theory and astrophysics where, by means of iterations, the initial nonlinear problem is reduced
to solving linear boundary value problem. The collocation method is used which leads to the

solution of linear systems algebraic equations with sparse matrices.

In [G1], a model for the inflation of the Universe in 4D (3+1 dimensional) dilaton gravity
with mass dilaton field is proposed. The duration of the inflationary stage in this model has

been found to be inversely proportional on the dilaton mass.

In [G2], static and spherically symmetric black holes with magnetic charge are considered.
The initial-boundary problem with free-boundary - black hole event horizon - boils down to
generalized nonlinear problem with one spectral parameter and is numerically investigated

using an algorithm, based on the above method.

In [G3], numerical solutions were obtained describing charged soliton-like objects - regular,
asymptotically flat, stationary solutions with finite energy, which have analog to the General
theory of relativity. It is proved that due to the presence of a scalar field, within the scalar-

tensor gravity models regular black holes do not exist, which is confirmed also numerically.

In [G4], numerical solutions were obtained describing soliton-like objects with magnetic
charge in scalar-tensor models of gravity. The global properties of these soliton-like objects

are numerically investigated.

In [G5], a numerical study of the solutions of the Klein-Gordon relativistic wave equation

for scalar particles in the gravitational field of a mass point source within the Common theory
of relativity is conducted. The presence of finite potential wells leads to the occurrence of
associated states with discrete spectrum. The ground and the higher discrete states and their
corresponding eigenvalues are investigated for different angular momentum values of the
scalar particles. New feature of the obtained solutions is the dependence of their physical

characteristics on the gravitational mass-defect of the point source.
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4. Assessment of the candidate's pedagogical activity
The documents presented show that Ch. As. Georgieva has had a significant pedagogical
activity during the the last three years. She had lectures on basic mathematical disciplines
such as Mathematics Analysis and Higher Mathematics 1 and 2. The total hours in these
disciplines is 420 hours, leading to 420 points under criterion J, well above the required 30
points.

5. Major scientific and applied contributions of the applicant
Since the contribution information is not clearly presented in the Contribution report, it has to
be extracted from the abstracts of the publications and from the publications themselves, as

follows:

On the propagation of optical beams/pulses in linear and nonlinear media, a contribution is the
observation for the first time of new effects accompanying the spread of broadband pulses in

linear and nonlinear media in a non-paraxial approximation, that enriches existing theories.

- it is shown for the first time that when the initial phase difference between the pulses is zero,
the phase cross-modulation dominates and pulse attraction and fusion through a potential type
interaction is observed. When the phase difference between the pulses is different from zero,
degenerate four-photon parametric processes play a leading role, which results in an energy
exchange between filaments, [B1].

- it is shown for the first time that for spectrally-broad femtosecond pulses with 3-4
oscillations under the envelope, after 3 and more diffraction lengths A type of diffraction
(parabolic form of intensity) begins to dominate.

- it is shown for the first time that in a nonlinear regime, a new frequency proportional to three
times the carrier-to-carrier frequency can be generated instead of the third harmonic (carrier-
to-envelope frequency). In that mode, the pulses generate a new frequency with a GHz
spectral shift in air and THz shift in solids, [B2].
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- a new mechanism for rotating the vector electric field is proposed, including the generation
of signal wave with terahertz spectral shift. For the first time a non-homogeneous rotation of
the total vector of the electric field is observed, [B3].

- for the first time, the nonlinear dispersion ratios of the soliton solutions in the cases of linear

and circular polarization are compared, [G6].

- it is shown for the first time that for spectrally close pulses it is possible to compensate for
the difference in group velocities through a non-linear self-locking mechanism through the
joint action of cross-modulation and four-photon parametric processes. For the first time, an
effective quasi-periodic exchange of energy between ground and signal waves is observed,
[GT].

In the gravity theory, a contribution is the combination of different interactions and fields at
different boundary conditions within the General theory of gravity, leading to the observation

of new effects:

-for the first time numerically static and spherically symmetrical black holes with magnetic
charge in scalar-tensor theories of gravity with a massive scalar field and a source of

electromagnetic field, described by Euler-Heisenberg electrodynamics are investigated, [G2].

-for the first time regular solutions have been obtained within the framework of scalar-tensor
gravity theories, and for the first time numerical solutions were obtained describing charged
soliton-like objects, [G3].

- for the first time, non-unique numerical solutions (phases) describing soliton-like objects
with magnetic charge in scalar-tensor gravity theories are obtained, [G4].

- the existence of bound states and with discrete spectrum is shown for the first time. They

were obtained numerically. The ground and the excited discrete states and their corresponding

eigenvalues depending on angular momentum of scalar particles are obtained, [G5].
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From the above, it can be concluded that the scientific contributions of Ch. As. Georgieva
briefly consist of "Demonstrating, with new tools, significant new sides of existing scientific
fields, problems, theories, hypotheses".

6. Significance of contributions to science and practice
I made references to the citations of Ch. As. Georgieva, which showed the following results.
According to Scopus, the most cited work is "Electromagnetic shock wave in nonlinear
vacuum: Exact solution™ - 2012 (cited 7 times). Other papers have citations 1-3 on average.
According to Scopus, the candidate was quoted a total of 14 times (at self-citations of all co-

authors excluded). The Hirsch factor for Ch. As. Georgieva in Scopus is h = 3.

7. Critical notes and recommendations
I have no comment on the applicant's scientific work or on the significance of the results
presented. Like a note to the documents supplied | would like to point out that the Scientific
contributions are usually understood as what the applicant has done for the first time, that in
fact justified the publication of his/her work. Instead of that, the candidate has provided the
abstracts of her articles, which to some extent makes it difficult to extract useful information

relevant to the review.

8. Personal impressions
As can be seen from the documents presented, Ch. As. Georgieva has worked with
researchers from the Physics Department of Sofia University and from the Institute of
Electronics -BAS. Although I have no personal impressions of her work, in conversations, her
co-authors spoke very positively, especially about her skills in numerical modeling of

physical processes.

9. Conclusion:
In my opinion, the application of Ch. As. Georgieva is suitable for the academic position of
"Assistant Professor”, the evidences presented (publications, citations, etc.) satisfy the
requirements of the Law on development the academic staff of the Republic of Bulgaria and
the Regulations for its implementation, as well as the Regulations on the terms and conditions
for occupying academic positions at TU-Sofia, and therefore she may be elected an Associate

Professor at the Technical University of Sofia.
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In view of the above, | strongly recommend that the Honorable Members of the Scientific
Jury vote positive for awarding the academic position of “Associate Professor” to Chief
Assistant Dr. Daniela Angelova Georgieva in the scientific specialty “Mathematical Modeling

and Application of Mathematics”.

Sofia, February 26, 2020 Reviewer:

[Prof. lvan P. Christov, D.Sci./
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