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I. XapaxkrTepucTuKa Ha HAYYHHMTE TPY/AOBe
3a ydacTue B KOHKypca ca npejacraBeHu 10 HaydyHU MyOJuKaluu, OT KOUTO:
— 1 e mybnukyBaHa B Hay4yHO M31aHue OT KBapTuia Ql;
— 2 ca nmyOJIMKYBaHU B HayYHU M3JaHUs OT KBapTui Q3;
— 7 ca myONIMKyBaHU B Hay4yHU U3JaHusl, pedepupanu U unaekcupanu B Scopus (¢ SJR);
— 1 e camocTosTENHA;
— Ha 2 KaHAUJAThT € IbPBU aBTOD;

— 3 ca 000c00eHN KaTo PaBHOCTOWHU HA MOHOTpaduyeH TPY/I.

OCHOBHHTE HAINpPaBJICHHUS HA M3CJICIBAHE U MaTeMaTHYECKO MOJICITUPAHE Ca B CICIHHUTE
nBe 00JIacTH:

1) HeMMHEHHA OTITHKA;

2) Teopus Ha rpaBUTALMITA U aCTpOPU3UKATA.

Cp3aeHure MaTeMaTUYeCKd MOJIEIN OT HEJMHEHHATa ONTHKA ce M3CJIe/IBaT YHCIECHO
C MOMOIUITa Ha pa3pabOTEeHU aaropuTMH, Oa3upaHd HA cUMETpUYHaTa Gopma Ha MeToda Ha
paznensHe mo ¢usnuHu (daktopu (HapuuaH ome “split-step” dDypue Meroa), KOSTO
MIPUJIO’KEHA BBPXY OCHOBHOTO YpaBHEHHE Ha Pa3NpOCTPaHEHHUE HA BBJIHU B ONTUYHU BJIAKHA
uma rpemka ot pex O(h®). Tlopaau nsnonseanero Ha 6GbP30TO NpeoGpasoBanue Ha Oypue 3a
pelaBaHeTo Ha JUHEiHaTta cThhika Ha ‘“‘split-step” dypue Meroma, Toil e Ha OIM30 1Ba
MopsiIbKa M0-0bp3 OT MHOKECTBO AU(EepeHUHH (MPEKOBH) METOU 3a pellaBaHe Ha ChllaTa
3ajaya.

Cp3mafeHuTe HENMHEWHH MaTeMaTHYeCKH MOJEIH OT TEeOpHsl Ha TpaBUTAlUATA U
acTpodu3uKaTa ce M3CcieIBaT YUCICHO ¢ MIOMOINTa Ha HEMPEKbCHATHUS aHAJIOr Ha METOJa Ha
HioroH, koiiTo € emuH OT Hail-epeKTMBHUTE HWTEPAallMOHHHM METOAM 3a pellaBaHe Ha
€THOMEpHH HeNMuHeWHu 3a1a4n. [Ipu To3u MeTo U3X0AHaTa HENWHEHA 3a/1a4a ce CBEXIa J10
pelIaBaHeTo Ha JBYTOYKOBA JIMHEWHA T'paHWYHA 3aj7aya Ha BcAKa UTepanus. Te3u ITUHEeHHU
3a/lauM c€ JUCKPETU3UpaT C MOMOIITa Ha METOJa Ha KOJOKAIUUTE, IPU KOETO C€ CTHUTa JI0
CUCTeMH JIMHEWHU anreOpUYHHM YpaBHEHHsS C pa3peleHH MaTpulld. HempekbCHATHSAT aHaior



Ha Meroaa Ha HIOTOH € e(eKTHBEH ChII0 Taka M MpU peliaBaHeTo Ha 3aaaud Ha lllypm-

JInyBun ¥ 3a1a4M CbC CBOOOHU IPAHULIN.

Il. Iloxaszatren B — Hayuynn nyOjauMKkanum, paBHOCTOIHM Ha MOHOrpadgu4yeH TPyl Ha
Tema “H3ciaeaBaHe BJIMAHMETO HA HEJMHEHHM IPOLECH IPH €BOJMIOLUHATA U

B3aMMO/IeiCTBHETO HA CBPBX-KbCH JIAa3€PHU I/IMl'[y.]'ICI/I”.

[IpencraBenu ca 3 myOIMKAIMK KaTO PABHOCTOMHU HA MOHOTpa(UICH TPY/.

[B1] L. M. Kovachev, D. A. Georgieva and A. M. Dakova, “Influence of the four-photon
parametric processes and cross-phase modulation on the relative motion of optical filaments”,
Laser Physics 25(10), 105402 (2015), http://dx.doi.org/10.1088/1054-660X/25/10/105402,
IF: 1.05, Q3.

[B2] L. M. Kovachev and D. A. Georgieva, “The long range filament stability: balance
between non-paraxial diffraction and third-order nonlinearity”, Proc. of SPIE, Vol. 8770,
87701G (2013), https://doi.org/10.1117/12.2013663, SIJR: 0.236.

[B3] D. A. Georgieva, "Depolarization of femtosecond pulses in air by nonlinear
mechanisms”, Proc. of SPIE, Vol. 11047, 110471A (2019), doi: 10.1117/12.2519307,
SJR 0.238.

PE3IOME: 1) [B1] ®unameHTuTe ca BUCOKO MHTEH3UBHU (EMTOCEKYHIHHU JIa3epHU
HMITYJICH, KOUTO UMAT YCTOMYUBO PA3NPOCTPAHEHUE HA PA3CTOSHUE OT MOPSAIbKA HA HIKOJIKO
KUJIOMETpa BbB BB3JyX MPU MOIIHOCTH HaJ KpUTHYHATa 3a caMo-(oKycupoBka. OCHOBHaTa
XapaKTepUCTUKa Ha TE€3W HMITYJCH € TsaxHaTa acuMerpuuHa JlopeHuoBa ¢opma U cBpbX-
HIMPOK creKkTbp. M3BecTeH excriepuMeHTaneH (akT e, 4e B ciydas Ha MYyJITH-(puIaMeHTHO
pasnpocTtpaHeHue OposT Ha (puiaMeHTHTE HamalsiBa MpPU OTAAJCYaBaHETO MM OT JIa3epHHs
M3TOYHUK. EKCiepuMeHTHTE MOKa3BaT, Y€ MPHU pa3NpOCTPaHEHUETO OT mopsabka Ha 50 1o
100 ¢punamenTa B pe3ynraT Ha OOMEH Ha €Heprusi U MPUBJIMYAHE MEXK]y OTACTHUTE UMITYJICH
OCTaBaT OKOJO 4-5 MOIIHM €IUHUYHU HMIIyJIca Ha Pa3CTOSHHE OT mopsiabka Ha 1,5 — 2
KWJIOMETpa.

BeB [Bl] ce wu3cnenBa aHaIUTUYHO W YMCIEHO B3aUMOJCHCTBUETO HA ONTUYHUTE
UMITYJICH TIPH KOJMHEAPHO pa3NpOCTPaHEHHE M BIMSHHETO Ha (Da3oBara KpOC-MOAyIaIus
(OKM) wu wusponenute uetupu-(oToHHu mnapameTpuyHu mnpouecu (MUDIII) Bvpxy
OTHOCUTEITHOTO UM JBIKEHHE U EHEeprooOMeH, B 3aBUCUMOCT OT HauanHara ¢aza. 3a
00SICHEHHETO Ha TOPE-OMHCAHUTE SIBIICHUS € MPEAJIOKEeH HOB HEJIMHEeH BEKTOPEH MOJET,
BKIrOYBaN] gBara HenuHerHu mporieca (DKM u MUDIIII). Twit kato ¢uimaMeHTHUTE ca
ONTUYHM HMMIYJICH C IIMPOK CIEKThp, TAXHATA AUHAMUKA CE€ H3CJIEABAa B PAMKUTE Ha
HelapakcuaiHata onTuka. lIpennokeHusT Mojen ce H3cielIBa YHUCIEHO ¢ MOMOLITa Ha
anropuThM, 6a3upaH Ha cuMmeTpudHara Gopma Ha “split-step” ypue merona. [Iposenenu ca
YUCJIEHU EKCIIEPUMEHTHU C JiBa, TPU U YETUPH JIa3epHU HMIysica. YHCIEHUTE pe3ylnTaTu
MoKa3BaT, 4e KOraro HadanHaTa (a3oBa pa3iMka MeXAy HMMITYJICHTE € paBHAa Ha HyJja

AOMHUHHPA (I)a30BaTa KpocCc-MoAyJianus u ce Ha6J'IIOI[aBa CJINBAHC HAa UMITYJICUTC U Ch31aBaHC



Ha €IMH eIWHCTBEH cuiieH ¢uiuameHT — Rogue BbiaHa. Koraro Hauamnara ¢azoBa pasznuka
MEXJy HUMIOYICUTE € pa3jiuyHa OT Hyla, JAOMUHHUpPAT W3POJCHUTE YeTUPH-(POTOHHH
[IapaMEeTPUYHU [POLIECH, B CIEACTBME HAa KOETO HAcTblIBAa OOMEH Ha CHEPrusi MExXay
¢miamMeHTuTe, KOETO BOJU 10 TAXHOTO PEAYLHMpAHE — CIUHHAT OT UMITYJICUTE C€ YCHIIBA,
caMo(hOKycHpa ce M MOoJy4aBa JOCTAThYHO MOLIHOCT J1a TPOJBIDKU Pa3lpPOCTPAHEHHUETO CH,
JIOKaTO OCTAHAJIMTE MMIYJICH OT/JAaBAaT €HEpPrus, HABJIU3aT B JIMHEEH PEXHUM MU IOCTEIEHHO
mudpakTHpaT B TPOCTPAHCTBOTO. BnmsHMero Ha (azoBara KpoC-MOAYJIAIMsS BBPXY
OTHOCUTEJIHOTO JIBKEHHE HA MMIIYJICUTE MOXE Jla CE€ M3CJIEBAa AHAJUTHYHO MOCPEICTBOM
MeTo/Jla Ha MOMEHTHTe. B To3u ciydaili € BB3MOXKHO Ja C€ BbBEAE MOTEHIMAl Ha
B3aUMO/ICHICTBUE W CIMBAHETO HA MMIIYJICUTE MOXE Jia C€ MpPEJICTaBU KaTo MOTEHI[MAIHO
B3aUMOJICHCTBUE, IbJKAIIO ce Ha To3u HenuHeeH npouec (PKM). IloreHumansT Ha
B3aMMOJICICTBHE € TMPECMETHAT AaHAIMTHYHO 3a ['aycoBn u JIOpEHIOBH HMITYJICH.
[IpencraBeHusT Mojen moKa3Ba, 4e (a3oBaTa KpOC-MOJAYyJAlMs U HU3POJIEHUTE YETHUPU-
(OTOHHU BBJIHOBU IPOLIECH Ca €IHU OT OCHOBHHMTE MEXaHM3MH 3a peAylupaHe Ha Opos Ha
(¢buIaMeHTHUTe IPU MOIIHOCT MaJIKO HaJl KpUTUYHATa 3a caMO-(POKyCHpOBKa.

2) [B2] Emna oOT Haii-Ba)XHHTE XapaKTEPUCTUKUA 332 HMMIYICH C (EMTOCEKYH/IHA
NPOJBIDKATETHOCT € BB3MOXKHOCTTa 3a Obp3a TpaHchopMalus Ha CHEKTPATHO-TECHH

UMITYJICH (Ak <<k0) B HMMIIYJICH C IOUPOK CIEKTHP (Ak ~k0), CreKTpaHo-IHUPOKUTE

HUMITYJICH, KOUTO Ca CICKTPAJIHO-OIpaHUYCHH, UMAT CaMO HAKOJIKO HHKBJa I0J oOBHUBKaTa
(cy6-heMTOoCeKyHTHU U aTOCeKyHIHU uMnyicHu). CtannapTHUTe GeMTOCEKYHIHUTE UMITYJICH
MoraT Jia TIoJIydaT CBPBX-IIUPOK CHEKTHP upe3 ¢azoBa MOAyJalus (YUpIUpaHe) WA Ype3
HEJIMHEWHN MEXaHU3MHU.

JudpakuusaTta U AUCTIepCUsATa Ha CHEKTPATHO-TECHUTE UMIYJICH C€ OMKCBAa B PAMKUTE
Ha MapakcHallHaTa ONTHKA, JOKATO 3a CIIEKTPATHO-IIMPOKUTE UMITYJIICH TOBA HE € B3MOXKHO.
[Topamgu Ta3u mpuuMHA ce U3CIE/ABa HEMapaKCUaIHOTO AaMIUIUTYJHO YypaBHEHHE, KOETO
OTHCBA €BOJIIOIUATA HE CAMO Ha CIEKTPAIHO-TECHU, HO M Ha CIIEKTPATHO-IIUPOKH JIa3epHU
uMmIyacu. B mporeca Ha u3cienBaHe CHIIO Taka € MOKa3aHO, Y€ BBB (PEMTOCEKyHIHATa
o0Jact He € Bb3MOXKHA PEAYKLHMS Ha HEIMHEHHOCTTa OT TPETH Pell 10 HEJIMHEWHOCT OT THUIa
Ha Kep (T.e. mponopuroHaiHa Ha HHTEH3UTETa Ha UMITYJICa).

JIluHeeH peXxuM Ha pazNpOCTpaHEHHE Ha JIa3epHUTE UMITYNICU: M3cnenBa ce TMHEHHOTO
HEeMapaKkCHallHO aMIUTUTYJHO YpaBHEHHUE M C€ pelllaBa YHCIIEHO M aHAJUTUYHO MPOOIEMBT C
PasnpoCTpaHEeHUETO HA CHEKTPATHO-IIUPOKH JIA3ePHU UMITYJICH. AHATU3UPAHU ca Pa3IHuHU
pexumu  Ha audpakuus. TUOUYHUTE CHEKTPATHO-TECHH (PEMTOCEKYHIHH HUMITYICH
nudpakTupar, cieaaiiku 3akona Ha @penen. CHeKTpaTHO-IUPOKUTE UMITYJICH TIPU HAKOJIKO
TU(PaKIMOHHU JTBJDKUHM TOJTydaBaT napabonnyHa ¢opMa HAa MHTEH3UTETa U JUQPAKIIHS,
M3BECTHA B TUTEpaTypara Kato A® tun T PaKITHSL.

B HenmHeeH pexxuM Ha pa3NpocTpaHEHHE Ha MMITYJICUTE c€ M3cleABa KyOU4YeH TUM Ha
HeIWHEWHa moysipu3anus (HEIMHEWHOCT), KaTro ce B3eMe B mpeaBuia, ue B [amurneeBa
KOOpJIMHATHA CHCTEMa BMECTO Ha TpeTara XapMOHHYHA C€ TeHepHpa HOBa 4YECTOTa,

MPONOpPIMOHANIHA HAa TPH ITTH OOBHBaIIaTa-HOCEIIa YecToTa (carrier-to-envelope frequency).



B To3u pexxum umnyncurte reHepupar HoBa yectora ¢ GHz-Bo cnekrpanHo oTMecTBaHE BbB
Bb3AyXx U THz-BO orTMecTBane B TBBpAM Tela M CThKJIA. Ta3u reHepanus BOAM IO
aCUMETPUYHO YIIMPEHHE Ha CIEKThpa Ha MMITYJICUTE KbM BHCOKUTE 4ecTOTH (0T HH(pa-
yepBeHaTa 00JIaCT KbM BUMMATA YacT HA CIIEKTHPA), KOETO € TUIMYHO 32 HAYaJHHS IPOIIeC

Ha QHUIaMEeHTAIHS.

3) [B3] Hpyr ekcnepumeHTanieH (akrT, CBbp3aH C Mpoleca Ha (uiameHTalms, e
HEXOMOTEHHOTO BBbpPTEHE Ha BEKTOpa Ha €JIECKTPUYHOTO mosie (aemnosspusanusi). Bes [B3] ca
W3CIICIBAaHN AHAJUTUYHO W YHCIICHO HEIMHCWHUTE TOJIIPU3AIMOHHHA ChCTOSIHUS (BBPTCHETO
Ha BEKTOpa Ha EJEKTPUYHOTO T0Jie) Ha (EeMTOCEKYHJHHU JiazepHU ummyicH. [Ipemnoxen e
HOB MEXaHU3bM C BKIIOYBAHE HA TCHEpAIUs HAa CHTHAJTHA BBJIHA C TEPaXepIOBO CIIEKTPAITHO
oTMecTBaHe. M3BeqieHa € BeKTOpHA cucTteMa oT HenuHernHu YJ[Y, onucaiia eBoronusTa Ha
OCHOBHATA W CUTHAJTHUTE BBJIHU. [IpeIIoKEHUSAT MOJIEN Ce M3CIIeIBa YUCIICHO C TTIOMOIITa Ha
arOpPUTHM, Oa3upaH Ha cuMeTpudHarta Gpopma Ha “split-step” dypue merona. Uscnensanu ca
MOJIAPU3ALMOHHUTE CBOWCTBA M HA JIBETE€ KOMIIOHEHTU. B cilydas Ha HA4aJlHO JIMHEHWHO
MOJISIPU3APAH UMITYJIC ITOCOKaTa Ha BEKTOpa Ha EJEKTPUYHOTO TIOJIe Ce 3ama3Ba, T.e. He Ce
HaOro1aBa Jerosspu3anys. B ciiydanTe Ha HA4aJIHO KPBrOBO M CIUIITHYHO TOJSPH3UPAH
Ja3epeH HMMITYJIC ce HaOJroJaBa BBPTEHE W OCHWJIAIMS HA IOJSIPU3AIMOHHATA EJIHIICA.
HampaBeHuTe 4YHCICHH CHUMYJIAlMH TOTBBPKIABAT EKCIICPUMCEHTAHUTE HAOJIOJICHUS, Ye
BI'BJIBT HA 3aBBPTAHE HA CIEKTPUYHOTO ITOJIE € Pa3IMueH BHB BCAKA TOYKA HA METHOTO Ha

UMITyJICa, KaTO TOM € Hal-TOJISIM B IECHThpPa Ha UMITYJICA.

I11. Iloka3zaren I' — I[pyru HayuyHu TpyaoBe (KOUTO He ca NMPeACTABEHH MO MOKAa3aTeJ
B), KHUI'M ¥ TJIaBH OT KHHUI'H, H300peTeHHUsI, MATEHTH HJIU MOJe3HH MOJIeNIN, 3asiBKH 32

NaTEHTHU WJIN NMOJIE3HHU MOAC/IH

[IpencraBenu ca 7 myOiuKalnuy U3BHH PABHOCTOMHUTE HA MOHOTpadUyeH Tpy/I.

[I'1] P. Fiziev and D. Georgieva, “Inflation and oscillations of the Universe in 4D dilatonic
gravity”, Physical Review D 67, 064016 (2003), DOI: 10.1103/PhysRevD.67.064016,
IF: 4.599, Q1.

PE3IOME: Pasrnenan e moxaen Ha uHduanus Ha Bcenenara B 4D (3+1 mepnHa)
JUJIaATOHHA TPaBUTAIUS C MAacOBO JMJIATOHHO I0JI€, B KOWTO JUJIATOHA M3IIBJIHSBA POJIATA HA
MH()IAHTOHHO TOJE. YCTAaHOBEHO €, Y€ MPOJBDKUTEIHOCTTa Ha WH(DIAIMOHHUS CTaIuil B
TO3U MOJIeN € 00paTHO MPOIOpLMOHAIHA HAa MacaTa Ha AunaToHa. [lokazaHo e, ye TumM4YHaTa
MPOIBIDKUTEIHOCT Ha HMHGIALMOHHMS CTaAuii B HaW-POCTUS MOJEN OT TO3U THUIl €

peanucTuyHa 6e3 He0OXOUMOCT OT (hMHA HACTPOMKA.



[['2] D. A. Georgieva, 1. Zh. Stefanov, M. D. Todorov, and S. S. Yazadjiev, “Charged black
holes with massive scalar field”, AIP CP1186, 166 (2009), https://doi.org/10.1063/1.3265326,
SJR: 0.163.

PE3IOME: Pasrnenanu ca CTaTUYHU U CPEPUYHO-CUMETPUYHU YEPHHU OYNKU C
MarHuTeH 3apsii B CKajJapHO-TeH30pHUTe Teopuu Ha rpasutauusara (CTT) ¢ macuBHO
CKaJIapHO T10JI€ U U3TOYHUK HA €JIEKTPOMAarHUTHO II0JIE, ONMCBAHO OT €JIEKTPOJMHAMMKA Ha
Oiinep-XaiizenOepr (B CTT rpaBUTAalMOHHOTO B3aUMO/ICHCTBHE C€ OTHMCBA Ype3 JBE MOJeTa:
TEH30pHO I0JIE OT BTOPHM paHr, 3aJaJ€HO C METpUKaTa Ha MPOCTPAHCTBO-BPEMETO, U
JOIIBJIHUTENHO cKajapHO nose). HauanHo-rpannyHata 3agada ¢bc cBOOOIHA JIsIBA IPAHULA —
XOPHU30HTHT HA CBOMTHATA HAa YEpHATa JyllKa — Ce CBEXJa 10 0000IeHa HETMHEWHA 3a1a4a ¢
€IUH CHEKTPAJIEH NapaMeThp U Ce U3CJe/[Ba YUCIEHO C IIOMOLITA Ha arOpUTHM, Oa3upaH Ha
HENpeKbCHATUs aHajior Ha Meroaa Ha HioroH. Ha Bcsika uTepanmoHHa cThIIKa ChOTBETHUTE
JUHENHN HayaJdHO-TPAaHWYHM 3aJauyd C€ pellaBaT 4Ype3 MeToJa Ha KOJOKAIMHUTE C
KBaJpaTtnyHu JlarpaHkeBH KpaiHU eleMeHTH. HannuueTo Ha MacoBO CKajlapHO I10JI€ BOJIH JI0
MO-CJI0’KHA MPUYMHHA CTPYKTypa Ha YEpHHUTE JAYNKH B CpaBHEHHE C Oe3MacoBUs Cllydail.
Jlomycka ce ChIIeCTBYBAaHETO Ha BBTPEIIHM XOPU3OHTH M EKCTpEMaJHU pelieHus (T.e.

U3pOJIEH XOPU30HT HA CHOUTHATA).

[T'3] I. Zh. Stefanov, D. Georgieva, S. Yazadjiev and M. Todorov, “Mathematical modeling
of soliton-like solutions in the scalar-tensor theories of gravity”, AIP CP1186, 173 (2009),
https://doi.org/10.1063/1.3265327, SJR: 0.163.

PE3IOME: B pavmkure Ha CKajJapHO-TEH30PHUTE TEOPUM HA TIpaBUTalMsITa ca
MOJIyY€HU YUCIIEHU PEeIICHMs], OMUCBAIIN 3ape/IEHH COJUTOHO-TIOI0OHU 00EKTH — PErYIsIpHU,
ACUMITOTUYECKH IUIOCKH, CTAllMOHAPHM pElIeHHs ¢ KpaiiHa eHeprus. JlarpamxuanbT Ha
€JIEKTPOMAarHUTHOTO TOJie  JIONMYCKa TaKbB TUIl pEIIeHHs W € ChIVIacyBaH C
eJIeKTpOIMHaMUKaTa Ha Makcyen mnpu cinabu enekTpoMarHuTHU mnojeta. [lomydenure
COJIMTOHO-TIOJJOOHU penieHust UMat aHajior u B O01ara Teopusi Ha OTHOCUTEIHOCTTA, KOUTO B
TO3U CIIy4ail ¢ HapacTBaHEe HAa MAarHUTHUA 3apsAl MPEMUHABAT TJIAJAKO B PETYISPHU UYEPHU
IOynkd (ITbPBO C U3POJEH XOPU30HT HA CHOUTHSATA U CJIe/l TOBA C JIBA XOPU30HTA — XOPU30HT
Ha CcHOMTHATA M BBTPELIEH XOpU30HT). B mpencraBeHata pabota € J0Ka3aHO, 4ye MOPaIU
HaJIMYMETO Ha CKaJapHO IoJie, B PaMKHTE Ha CKaJlapHO-TEH30PHUTE HA TpaBUTALUATA HE

ChbIICCTBYBAT PCTYIIAPHU YCPHU OYIIKHU. To3u (baKT € IIOTBBPJACH U YUCJIICHO.

[T'4] D. A. Georgieva, 1. Zh. Stefanov, M. D. Todorov, and S. S. Yazadjiev, “Phases of
soliton-like solutions in the scalar-tensor theories of gravity”, AIP CP1301, 321 (2010),
https://doi.org/10.1063/1.3526628, SJR: 0.166.

PE3IOME: [losyyeHn ca HEeIMHCTBEHM 4YHCICHM pelieHus (¢as3u), omnucBaIiu
COJIMTOHO-TIOZIOOHM OOEKTH C MarHuTeH 3aps] B CKaJapHO-TEH30PHUTE TEOpPHHM Ha
rpaBuTtanuara. Kymmmpamara QyHKIMS MEXAy CKaJapHOTO U eJNeKTPOMAarHUTHOTO TOJE €

1/136paHa TaKa, Y€ TIIOJICBUTC YpPAaBHCHHA J[Ja AOIIYCKAT HCECAWHCTBCHU  PCHICHUS.



CeimectByBaHeTo Ha TioBeue (asw mpedmoiara Haauduero Ha (a3oBH  MPEXOAH
(0ydypkanus). YucneHo ca u3cleABaHH TIOOATHHTE CBOWMCTBA HAa MOJYYECHUTE COJIUTOHO-
MO00HH OOEKTH.

[['S] T. JI. bosmxues, . A. I'eoprueBa u II. II. ®usues, “UucnenHoe wuccienoBaHue
HCEKOTOPBIX peHIeHI/Iﬁ PCIATHUBUCTCKOIO YPaBHCHHA CKAJIAPHBIX YaCTHL B I'PaBUTALITMOHHOM

1oJsie ToueyHoro uctouHuka”’, XypHan BeruncnurensHoit Marematuku u Matemaruueckoit

Dusnku 45(3), 526-535 (2005), ISSN: 0044-4669, SIR: 0.285.

Anrawiicka Bepcus Ha cnoucanuero: 1. L. Boyadzhiev, D. Georgieva and P. P. Fiziev,

“Numerical study of some solutions to the relativistic equation of scalar particles in the
gravitational field of a massive point”, Computational Mathematics and Mathematical Physics
(Zhurnal Vychislitel’'noi Matetematiki i Matematicheskoi Fiziki) 45(3), 507-515 (2005),
ISSN: 0965-5425, SJR: 0.285.

PE3IOME: IIpoBeneHO € YHCIEHO H3CJEIBAaHE Ha PEIICHHS HAa PEIaTUBHUCTKOTO
BBJIHOBO ypaBHeHHE Ha KnalH-I'OpabH 3a CKajapHU YacCTHULHM B TPABUTALIMOHHOTO TOJIE HA
MacoB TOYKOB HW3TOYHHUK B pamkuTe Ha OOmara Teopusi Ha OTHOCHUTEIHOCTTA. ToBa
YpaBHEHHUE OIMCBA YaCTULIM ChC CIUH HyJa. PenatuBucTtkotro ypaBHeHue Ha KnaiH-['opabH
ce cBexza o ypapHeHueto Ha lllypm-JluyBun u e ¢popMmynupana cbOTBETHATa CIEKTpaliHa
rpaHUYHA 33]la4ya 3a HaMHUpaHe Ha COOCTBEHU (YHKIIMU M COOCTBEHU CTOMHOCTU. HamnuumeTo
Ha KpailHM MOTEHLWAJIHU SIMH BOJU JO0 Bb3HUKBAHETO HA CBBbP3aHU CHCTOSHUS U TUCKPETEH
cnekTbp. OCHOBHOTO M TMO-BUCOKUTE JUCKPETHH CHCTOSHUSI U CHOTBETHUTE UM COOCTBEHH
CTOMHOCTH Ca HW3CJIEIBAHM 32 PA3JIM4YHM CTOMHOCTUM HA BIVIOBHS MOMEHT Ha CKaJapHHUTE
yacTuM. ChIIECTBEHO HOBA 4YepTa Ha IMOJYYEHUTE PEIICHHUS € 3aBUCUMOCTTa Ha TEXHHTE
(bu3MYeCKn XapaKTEpPUCTUKU OT TPaBUTAIMOHHUA AePEKT Ha MacaTa Ha TOYKOBHUS U3TOUYHHUK
Ha IPaBUTALMOHHOTO MOJIE. 3a YMCJIEHOTO M3CJIE[BAaHE Ha ChOTBETHAara 3aaada Ha Lllypm-
JInyBuJ ce M3MOJ3Ba aTOPUTHM Ha 0a3aTra Ha HEMpeKbCHATHS aHAJIOr Ha MeToja Ha HioTol.
Ha Bcska utepanusi CbOTBETHUTE JIMHEHHM T'PaHUYHU 33Ja4d CE€ pellaBaT 4ype3 MeToja Ha
KOJIOKAIIMUTE ChC KyOMYHU €PMUTOBH CIUJIAHU C pell Ha anpoKCUMalus O(h4) Ha ThPCEHOTO

PCILICHUC.

['6] A. Dakova, L. Kovachev, D. Dakova, D. Georgieva and V. Slavchev, “Degenerate four-

photon parametric processes and vector solitons”, Optik 168, 721-727 (2018),
https://doi.org/10.1016/j.ijle0.2018.04.133, IF: 1.914, Q3.

PE3IOME: EpousronmsTa Ha J1a3epeH HMILYJIC, pa3lIpOCTpaHsABAILl CE€ B €IHOMOJOBHU
ONTUYHU BJIAKHA, C€ IMPEIACTaBs B PAMKUTE Ha CHCTEMA OT JBE CBBP3aHU HEIUHEHWHU
YPAaBHEHMS, ONMCBAIM B3aWMOJEHCTBUETO MEXKIY BEKTOPHUTE KOMIIOHEHTH Ha HUMILYJICA.
Tazu HenuHeltHa cuctemMa OT [udEpEeHLIUATHU YpaBHEHUS BKIIOYBA MpOIECUTE Ha
CaMOBB3/ICHCTBHE, KPOC-MOAyNAllUsg M H3POJACHO dYeTHupHUPOTOHHO cMecBaHe. Cucremara
ypaBHEHHUS MMa J[Ba THIA COJIMTOHHU PEIICHHs B OTpUIIaTeIHAaTa 00JIacT Ha AMCIEPCHITa —

JIMHEIHO MNOJIIPU3HUPAHU HU  KPBroBO  IHOJSAPU3UPAHH. HHTEH3UTEeTHT Ha KPBIOBO



MOJISIPU3UPAHUTE COJMTOHM € C 3/2 THhTH TO-BUCOK OT WHTCH3WTETa HA JIMHEWHO
MOJIAPU3UPAHUTE COJIMTOHH. AHanu3bpT Ha HEIWHEHHUTE JAUCTICPCUOHHHU CBHOTHOLICHUA B
HACTOSIII[aTa CTATHUsS MMOKa3Ba, Y€ Ta3W Pa3jiMKa B MHTEH3UTETUTE C€ IBJDKM HA CMsSHATA Ha
3HaKa npe] (aszara, 00ycIOBEHA OT U3POJCHOTO YeTHPU(POTOHHO CMECBAHE.

[Ipy pasnpocTpaHEHHMETO Ha ONTHYHU UMIIYJICU B JIMHEEH PEKHUM CE 3ama3BaTr TPUTE
MMOoJIApU3alluOHHN CbCTOSHHA HA UMITYJICA - JII/IHef/'IHa, KpbroBa M CJIMITUYHA ITOJIApU3aliu.

B HenmHeeH pexuM ce HabI0aBa BEPTEHE Ha MOJIIPU3AIIMOHHATA eJIUIICA B CITy4ail Ha
eNMNTHYHA TMOJIApHU3anyrs. 3aBbPTAHETO Ha TOJSPU3ALMOHHATA €IIUICa B TO3M CIy4al ce
oOsicHsiIBA B JIATEparypara ¢ JACHCTBHETO Ha Kpoc-MoAayjamuara mopamd Qakra, de
YpaBHCHUATA CC€ 3alllCBaT B Oa3uc Ha JIsIBa U JsCHa KPbroBa IOJIApU3alUs. YuciaeHust
aHaJM3 Ha Mpolleca B HacTosmiata paboTa MOKa3Ba, Ye pPOTALMUATA HA IOJISPH3AIMOHHATA
eJIUICa C€ IBJKU Ha U3POJICHUTE YETUPU(POTOHHU IMPOLIECH U CHEPrUilHUs OOMEH MEXITy
CIUIITUYHO HOJAPHUIUPAHUTEC XHnu Y KOMIIOHCHTH Ha JIa3€pHHUA UMITYJIC. Cucremara HETMHENHNA
mdepeHInaiHl ypaBHEHUSI c€ M3CJIe[Ba YHCICHO C MOMOINTA Ha alTOPUTHM, Oa3WpaH Ha
cuMeTpudHara ¢popma Ha “split-step” Oypue metona.

[T'7] A. Dakova, D. Dakova, Z. Andreeva, D. Georgieva, V. Slavchev and L. Kovachev,
“Four-photon parametric mixing in CW and pulse regimes in single mode optical fibers”,
Proc. of SPIE, Vol. 11332, 113320H (2019), doi: 10.1117/12.2553231, SJR: 0.238.

PE3IOME: YerupudoTOoHHUTE IMapaMETPUYHH TMPOIECH ca E€JHU OT Hal-4ecTo
HaOmogaBaHuTe €()eKTH B EKCIEPUMEHTH HPHU Pa3NpOCTPaHEHHE Ha JIa3epHU HMMIIYJICU U
CHOIMOBE B M30TPONHM MaTepuaIv, OCUTypsBalld KyOM4Ha (WM olle )((3)) HEJMHEHHOCT.
[IpouechT Ha ueTUpPUPOTOHHO NAPaMETPUUYHO CMeECBaHE OOMKHOBEHO C€ H3IOoJI3Ba 3a
npeoOpa3yBaHe Ha BXOJHHMS JIa3epe€H HMIIYJIC B ONTHYHU BBJIHU HA HSAKOJKO Pa3IMYHU
yecToTu. B3aumoneicTBueTo U npeoOpa3yBaHETO HA €HEPrusl € Hail-CHJIHO, KOTaTo MEeXIY
BBJIHUTE MMa ycioBUs 3a (a30B CHHXpPOHHU3bM. OCHOBHMTE H3CIIEBAHUS Ca CBBP3aHU C
npoOiemute Ha €pEKTUBHOTO YCHUJIBAHE HA CUTHAIHUTE BBJIHU C MPUIIOKEHUE B ONTUYHU
ycunBarenu. B pexxum Ha ycuiaBaHe OOMKHOBEHO CE€ M3CJIEJBAT Taka HapeUEHUTE ChKpaTEeHU
ypaBHEHHUS B MPUOIMKEHHE HA 3a]1aJICHO 10JIe HA OCHOBHATA (HAIIOMIIBAIlaTa) BbJIHA.

[To-o6muar mpoOieM Ha MEePUOJUYHHS OOMEH Ha €HEeprusi Ha TOJIEeMHU Pa3CTOSHHS
MEXJy HaloMIIBalllaTa, CUTHAJlHATA © JONbJIHUTENHATa (AHTUCTOKCOBATa) BBIHH,
pasnpocTpaHsBalll c€ B €IHOMOJOBU BIaKHA, W3MCKBA YHCJICHO pellaBaHe Ha cHCcTeMara
HEIMHEWHU YpaBHEHMs 3a pas3lpOoCTpaHEHHe, BKIIOYBAIIA IbPBU (FPYMOBa pa3CcTpoiika) u
BTOPU pPE€Jl Ha JUCIEPCHITa Ha TPYMNOBUTE CKOPOCTH, CAMOBB3JCHCTBHE, KPOCMOAYIAIUS U
TAXHOTO BIMSHUE BbPXY Mpolieca Ha HEU3POJCHO MapaMeTPUIHO YeTUPU(POTOHHO CMECBAHE.
B macrosmaTta craTus Tasu cHUCTeMa ce peliaBa 4ucieHo upes “split-step” dypue merona.
I'maBHaTta 1en e ga ce m3cneaBa npobiema 3a eeKTHBEH OOMEH Ha €HEeprusi B UMITYJICEH
pexxum. OCHOBHATa Hjes €, 4e 3a CIEKTPAIHO OJTU3KH UMITYJCH € Bh3MOXHO KOMIIEHCHpPaHe
Ha pa3juKara B IPYNOBUTE CKOPOCTH YpE€3 HEIMHEEH MEXaHM3bM Ha caMO3axBalllaHe 4ype3

KpocC-MoayianusTa. HOpa,[[I/I Ta3syu MpPUYNHA, YUCICHUAT CKCIICPUMCHT € IIPOBCACH 3a



4eTUPU(POTOHHO CMECBaHE MEXJYy CIEKTPAIHO OJNM3KM TMHUKOCEKYHJHU HUMITYJICH
AL = Ap — As < 40 nm, kpOETO A, U Ay ca CHOTBETHO [BJDKMHATA HAa BBIHATA HAa
HaloOMIIBaIllaTa W CHUTHAJHATAa BBJHA, C BpeMeBa NpojabkutrenHoct 1 — 10 ps (koeto
CHOTBETCTBA Ha CIIEKTpaJHa INMPHHA HA MMIIyJca OT MOpsiabka Ha Alduvmysca ~ 0,3 — 3 nm).
W3cnenBaHo e pa3npoCTpaHEHHETO Ha MapaMeTPUYHO CBBP3aHU UMITYJICH B OTpHIIATEIIHATA,
HO JIOCTaThYHO OJIM30 70 HyJeBaTa, 00IacT Ha JUCIEPCHs Ha BIAKHOTO. B TO3W cnekTpaneH
JIMaIa3oH U 3a Te3W MAJIKH CHEKTPAIHU OTMECTBAHUS MEXKIY UMITYJICHTE € Bh3MOXKHO Jia ce
Ha0Jr0/1aBa KOMIICHCAIMS HA pa3iIMKaTa B TPYNOBHUTE CKOPOCTHU C HEIMHEHHN MEXaHU3MHU.

C momomTa Ha YHCICHHTE EKCIEPUMEHTH € HaMepeHa CIeKTpajlHa o0iacT u
MaKCHUMAJTHO CIIEKTPATHO OTMECTBaHE MEXIy OCHOBHATa M CHUTHAIHUTE BBJIHH, B KOWUTO €
BB3MOKHO 3aXBalllaHE Ha HAIIOMIIBAIlaTa U CUTHAJHHUTE BBIHH B €IMH OOII BBJIIHOB MaKEeT U

e(beKTI/IBeH KBa3UIICPUOJUYUCH oOMeH Ha CHCPrusda MCXKAY TAX.

Codus, IMonmnuc:
12.03.2020 1. /rn. ac. n-p . I'eopruesa/
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. General description of the scientific works presented:

A total number of 10 publications have been submitted for participation in the
competition, of which:

— 1 was published in Q1 scientific journal,

— 2 were published in Q3 scientific journals;

— 7 were published in scientific journals, referenced and indexed in Scopus (with SJR);
— the applicant is sole author of 1 work;

— the applicant is first author of 2 works;

— 3 of the papers are presented as equivalent to a monograph.

The main areas of scientific research and mathematical modeling are in the following
two fields:

1) nonlinear optics;

2) theory of gravity and astrophysics.

The mathematical models developed in the field of nonlinear optics are numerically
investigated using algorithms based on the symmetric form of the method of separation by
physical factors (also called the "split-step™ Fourier method), which applied to the amplitude
equations describing the propagation of optical pulses in isotropic media is of order of
approximation. Due to the use of the fast Fourier transform algorithm, the split-step Fourier
method can be faster by up to two orders of magnitude compared with most finite-difference
schemes for solving the same problem O(h®). The obtained non-linear mathematical models of
gravity and astrophysics are numerically investigated using the continuous analogue of the
Newtonian method, which is one of the most effective iterative methods for solving one-
dimensional nonlinear problems. In this method, the initial nonlinear problem is reduced to
solving a two-point linear boundary problem at each iteration. These linear problems are
discretized using the collocation method, which leads to systems of linear algebraic equations



with sparse matrices. The continuous analogue of the Newton method is also effective in
solving problems of Sturm-Liouville and free boundary problems.

1. Indicator B - Scientific publications equivalent to a monograph on:
“Investigation of the influence of nonlinear processes on the evolution and
interaction of ultra-short laser pulses”.

3 publications are presented as equivalent to a monograph work:

[B1] L. M. Kovachev, D. A. Georgieva and A. M. Dakova, “Influence of the four-photon
parametric processes and cross-phase modulation on the relative motion of optical filaments”,
Laser Physics 25(10), 105402 (2015), http://dx.doi.org/10.1088/1054-660X/25/10/105402,
IF: 1.05, Q3.

[B2] L. M. Kovachev and D. A. Georgieva, “The long range filament stability: balance
between non-paraxial diffraction and third-order nonlinearity”, Proc. of SPIE, Vol. 8770,
87701G (2013), https://doi.org/10.1117/12.2013663, SIJR: 0.236.

[B3] D. A. Georgieva, "Depolarization of femtosecond pulses in air by nonlinear
mechanisms"”, Proc. of SPIE, Vol. 11047, 110471A (2019), doi: 10.1117/12.2519307,
SJR 0.238.

SUMMARY: 1) [B1] Filaments are high-intensity femtosecond laser pulses that have a
stable propagation of several kilometers in air at powers above the critical self-focusing
power. The main characteristics of these pulses is their asymmetric Lorentz shape and ultra-
wide spectrum. It is a known experimental fact that in the case of multi-filament propagation,
the number of filaments decreases as propagate away from the laser source. Experiments
show that for an initial number of 50 to 100 filaments, as a result of energy exchange and
attraction between the individual impulses, at a distance of 1.5 - 2 kilometers only about 4-5
powerful single impulses remain.

[B1] investigates analytically and numerically the interaction of optical pulses in
collinear propagation and the influence of phase cross-modulation (FCM) and degenerate
four-photon parametric processes (DFPPP) on their relative motion and energy exchange,
depending on the initial phase. To explain the phenomena described above, a new nonlinear
vector model is proposed, incorporating the two nonlinear processes (FCM and DFPPP).
Because the filaments are broad-spectrum optical pulses, their dynamics is investigated within
the frame of non-paraxial optics. The proposed model is numerically investigated using an
algorithm based on the symmetric split-step Fourier method. Numerical experiments with
two, three and four laser pulses were performed. The numerical results show that when the
initial phase difference between the pulses is zero, the phase cross-modulation dominates and
the pulses merge and create a single strong filament - Rogue wave. When the initial phase
difference between the impulses is non-zero, the degenerate four-photon parametric processes
dominate, resulting in an exchange of energy between the filaments, leading to their reduction
- one of the impulses is amplified, self-focused and enough power is given to continue its



propagation, while the other impulses give off energy, enter linear mode and gradually
diffract into space. The effect of phase cross-modulation on the relative motion of impulses
can be investigated analytically using the moment method. In this case, it is possible to
introduce an interaction potential and the impulse merger can be represented as a potential
interaction due to this nonlinear process (FCM). The interaction potential was calculated
analytically for Gaussian and Lorentz impulses. The model presented here shows that the
phase cross-modulation and the degenerate four-photon wave processes are among the main
mechanisms for reducing the number of filaments at power slightly above the critical self-
focusing power.

2) [B2] One of the most important characteristics of pulses with a femtosecond duration
is the ability to rapidly transform spectrally narrow pulses (Ak <<k0) into broad-spectrum

pulses (Ak ~k, ). Spectrally-wide pulses, which are spectrally-limited, have only a few cycles

under the envelope (sub-femtosecond and atosecond pulses). Standard femtosecond pulses
can be obtained over a wide region by phase modulation (chirping) or by nonlinear
mechanisms.

The diffraction and dispersion of the spectrally-narrow pulses is described within the
framework of paraxial optics, while this is not possible for the spectrally-wide pulses. For this
reason, the non-paraxial amplitude equation is investigated, which describes the evolution of
not only spectrally narrow but also spectrally wide laser pulses. The study also showed that in
the femtosecond region it is not possible to reduce the third-order nonlinearity to a Kerr-type
nonlinearity (i.e., proportional to the pulse intensity).

Linear mode of laser pulse propagation: The linear non -axial amplitude equation is
investigated and the problem of the propagation of spectrally-wide laser pulses is solved
numerically and analytically. Different diffraction modes are analyzed. Typical spectrally-
narrow femtosecond pulses diffract, following the Fresnel law. Spectrally-wide pulses at
several diffraction lengths become with parabolic intensity and diffraction known in the
literature as A®) type diffraction.

In the nonlinear pulse propagation mode, a cubic type of nonlinear polarization
(nonlinearity) is investigated, taking into account that a new frequency proportional to three
times the carrier-to-carrier frequency is generated in the Galilee coordinate system (instead of
the third harmonic). In this mode, the pulses generate a new frequency with GHz spectral shift
in air and THz shift in solids and glasses. This generation results in an asymmetric broadening
of the pulse spectrum towards higher frequencies (from the infrared region to the visible part
of the spectrum), which is typical for the initial filamentation process.

3) [B3] Another experimental fact related to the filamentation process is the non-
homogeneous rotation of the electric field vector (depolarization). In [B3], the nonlinear
polarization states (rotation of the electric field vector) of femtosecond laser pulses were
analyzed analytically and numerically. A new mechanism has been proposed to include signal
wave generation with terahertz spectral shift. A vector system of nonlinear NCs is presented
to describe the evolution of the fundamental and signal waves. The proposed model is



numerically investigated using an algorithm based on the symmetric split-step Fourier
method. The polarization properties of both components were investigated. In the case of an
initially linearly polarized pulse, the direction of the electric field vector is maintained, i.e. no
depolarization was observed. In the case of an initially circular and elliptically polarized laser
pulse, rotation and oscillation of the polarization ellipse are observed. The numerical
simulations made confirm the experimental observations that the angle of rotation of the
electric field is different at each point in the spot of the pulse, being the largest at the center of
the pulse.

I11. Indicator G - Other scientific papers (not presented under Indicator B), books and
book chapters, inventions, patents or utility models, applications for patents or utility
models.

7 publications are presented outside those equivalent of monograph work.

[G1] P. Fiziev and D. Georgieva, “Inflation and oscillations of the Universe in 4D dilatonic
gravity”, Physical Review D 67, 064016 (2003), DOI: 10.1103/PhysRevD.67.064016,
IF: 4.599, Q1.

SUMMARY: A model of inflation of the Universe in the frames of four-dimensional
dilatonic gravity with a massive dilaton field is considered. The dilaton plays the role of an
inflanton field. The time duration of the inflation in this model is reciprocal to the mass of the
dilaton. The typical number of e-folds in the simplest model of this type is shown to be
realistic without fine-tuning.

[G2] D. A. Georgieva, 1. Zh. Stefanov, M. D. Todorov, and S. S. Yazadjiev, “Charged black
holes with massive scalar field”, AIP CP1186, 166 (2009), https://doi.org/10.1063/1.3265326,
SJR: 0.163.

SUMMARY: Static and spherically symmetric magnetically charged black holes
coupled to Euler-Heisenberg type non-linear electrodynamics in the scalar-tensor theories of
gravity with massive scalar field are considered. The boundary-value problem with free left-
hand boundary — the event horizon — is reduced to a generalized nonlinear problem with one
spectral parameter and is investigated numerically by means of an algorithm based on the
continuous analogue of Newton method. At each iteration step for solving the corresponding
linear boundary-value problems a collocation scheme with quadratic Lagrangian finite
elements is used. The presence of a massive scalar field leads to a different causal structure of
the black hole solutions in comparison to the massless case. The massive scalar field admits
the existence of inner horizons and extremal solutions (i.e degenerated event horizon).



[G3] I. Zh. Stefanov, D. Georgieva, S. Yazadjiev and M. Todorov, “Mathematical modeling
of soliton-like solutions in the scalar-tensor theories of gravity”, AIP CP1186, 173 (2009),
https://doi.org/10.1063/1.3265327, SJR: 0.163.

SUMMARY: In the scalar-tensor theories of gravity are obtained numerical solutions
describing charged soliton-like objects — regular, asymptotically flat, stationary solutions
having finite energy. The lagrangian of the electromagnetic field allows solutions of this type
and in the weak-field regime its leading terms restore the Maxwell lagrangian. The obtained
soliton-like solutions have also an analogue in the General relativity. In the latter case with
the increase of magnetic charge the solutions smoothly pass into regular black holes (first
with degenerated event horizon and then with two horizons — an event horizon and an inner
horizon). It has been also proved that the presence of the scalar field does not allow the
existence of regular black holes in the scalar-tensor theories of gravity. This fact is confirmed
also numerically.

[G4] D. A. Georgieva, I. Zh. Stefanov, M. D. Todorov, and S. S. Yazadjiev, “Phases of
soliton-like solutions in the scalar-tensor theories of gravity”, AIP CP1301, 321 (2010),
https://doi.org/10.1063/1.3526628, SJR: 0.166.

SUMMARY: Multiple-phase numerical solutions describing magnetically charged
soliton-like objects coupled to non-linear electrodynamics in scalar-tensor theories of gravity
are obtained. The specific choice of the coupling function between the scalar field and the
electromagnetic field allows the existence of non-unique solutions (phases) of the field
equations. The non-uniqueness of the solutions implies the presence of phase transitions
(bifurcation). The general properties of the obtained soliton-like objects are also investigated
numerically.

[G5] T. JI. Bosmkues, /1. A. I'eoprueBa u Il. I1. ®usues, “UnciaeHHOE HCCIIEIOBaHUE
HEKOTOPBIX PEUICHUN PEISITUBUCTCKOTO YPAaBHEHHUS CKAJISAPHBIX YACTHI[ B TPaBUTAIMOHHOM
1oJie ToueyHoro ucrounuka”, JKypHan BeruucnurenbHot MaremaTtuku u MaremaTtuueckon
®dusuku 45(3), 526-535 (2005), ISSN: 0044-4669, SIR: 0.285.

English version of the journal: T. L. Boyadzhiev, D. Georgieva and P. P. Fiziev, “Numerical
study of some solutions to the relativistic equation of scalar particles in the gravitational field
of a massive point”, Computational Mathematics and Mathematical Physics (Zhurnal
Vychislitel’noi Matetematiki i Matematicheskoi Fiziki) 45(3), 507-515 (2005), ISSN: 0965-
5425, SJR: 0.285.

SUMMARY: Some solutions to the relativistic Klein-Gordon wave equation of scalar
particles in the gravitational field of a massive point source in General relativity are
investigated numerically. This equation describes particles of zero spin. The relativistic Klein-
Gordon equation is reduced to the Sturm-Liouville equation. The corresponding spectral
boundary problem of finding eigenfunctions and eigenvalues is formulated. The presence of
finite potential wells leads to existence of bounded states and discrete spectrum. The discrete




states and the corresponding eigenvalues are investigated for different values of the angular
momentum of the scalar particles. A novel feature of the solutions under consideration is the
essential dependence of their physical properties on the gravitational mass defect of the point
source. For the numerical study of the solutions of the Sturm-Liouville problem the
continuous analogue of Newton method is used. The corresponding linear boundary problems
at each iteration step are solved by means of cubic hermite spline collocation scheme of fourth
order of approximation.

[G6] A. Dakova, L. Kovachev, D. Dakova, D. Georgieva and V. Slavchev, ,,Degenerate four-
photon parametric processes and vector solitons”, Optik 168, 721-727 (2018),
https://doi.org/10.1016/}.ijle0.2018.04.133, IF: 1.191, Q3.

SUMMARY: The evolution of a laser pulse propagating in single-mode optical fibers is
presented within a system of two coupled nonlinear equations describing the interaction
between the vector components of the pulse. This nonlinear system of differential equations
involves the processes of self-action, cross-modulation, and degenerate four-photon mixing.
The system of equations has two types of soliton solutions in the negative domain of
dispersion - linearly polarized and circularly polarized. The intensities of circularly polarized
solitons are 3/2 times higher than the intensities of linearly polarized solitons. The analysis of
the nonlinear dispersion ratios in this article shows that this difference in intensities is due to
the phase sign change caused by the degenerate four-photon mixing.

In the propagation of optical pulses in a linear mode, the three polarization states of the
pulse are preserved - linear, circular and elliptical polarizations.

In non-linear mode, rotation of the polarization ellipse is observed in the case of
elliptical polarization. In this case, the rotation of the polarization ellipse is explained in the
literature by the action of cross-modulation due to the fact that the equations are written in the
basis of left and right circular polarization. The numerical analysis of the process in the
present work shows that the rotation of the polarization ellipse is due to the degenerate four-
photon processes and the energy exchange between the elliptically polarized x and y
components of the laser pulse. The system of nonlinear differential equations is numerically
investigated using an algorithm based on the symmetric form of the split-step Fourier method.

[G7] A. Dakova, D. Dakova, Z. Andreeva, D. Georgieva, V. Slavchev and L. Kovachev,
“Four-photon parametric mixing in CW and pulse regimes in single mode optical fibers”,
Proc. of SPIE, Vol. 11332, 113320H (2019), doi: 10.1117/12.2553231, SJR: 0.238.

SUMMARY: The four-photon parametric processes are among the most commonly
observed effects in experiments on the propagation of laser pulses and beams in isotropic
materials providing cubic (or ¥®) nonlinearity. The four-photon parametric mixing process is
typically used to convert the laser input pulse into optical waves at several different
frequencies. The interaction and conversion of energy is strongest when there are conditions
for phase synchronism between the waves. The main research is related to the problems of the



effective amplification of signal waves with application in optical amplifiers. In gain mode,
the so-called truncated equations are usually investigated in the approximation of a given field
of the main (pumping) wave.

The more general problem of the periodic exchange of energy over long distances
between the pumping, signaling and auxiliary (anti-Stokes) waves propagating in single-mode
fibers requires a numerical solution of the system of nonlinear propagation equations
including first (group disorder) and second-order variance of group velocities, self-action,
cross-modulation and their influence on the process of degenerate parametric four-photon
mixing. In this article, this system is solved numerically by the split-step Fourier method. The
main objective is to investigate the problem of efficient energy exchange in pulse mode. The
main idea is that for spectrally close impulses it is possible to compensate for the difference in
the group velocities by a nonlinear self-trapping mechanism involving cross-modulation. For
this reason, the numerical experiment was performed for four-photon mixing between
spectrally close picosecond pulses A4 = 4, - As <40 nm, where A, and A, are the pump and
signal wavelengths, respectively, with a time duration of 1 - 10 ps (corresponding to a pulse
width of the order of = 0.3 - 3 nm ). The propagation of parametrically coupled pulses in the
negative, but close enough to zero, dispersion region of the fiber was investigated. In this
spectral range and for these small spectral shifts between the pulses, it is possible to observe
the compensation of the difference in group velocities by nonlinear mechanisms.

By means of numerical experiments, we have found the spectral region and the
maximum spectral displacement between the main and the signal waves, where it is possible
to capture the pump and signal waves in a single wave packet, with an effective quasi-
periodic energy exchange between them.

Sofia, Signature:
12.03.2020 /Assist. Prof. D. Georgieva, PhD/



