15. Pe3tomeTa Ha 6bArapcku U aHINMMACKU €3UK

B1. E lordanova, G Yankov, S Karatodorov, L Kovachev, “Exceeding the boundaries of the
paraxial spatio-temporal nonlinear optics and filamentation for ultrashort laser pulses”, ACS
Omega, (2022) IF=4.132, Q1

Abstract: An impressive phenomenon of observed plasma instability and conical emission
under the propagation of ultrashort laser pulses in the air is reported. The discussed novel
findings demonstrating nonlinear effects are incapable to be explained in the standard spatio-
temporal paraxial optics. Three main mechanisms are investigated. The first one is related to
the nonlinear nonparaxial mechanisms for waveguiding of femtosecond pulses, the second one
considers the mechanism of a single filament formation at weak ionization. The third
mechanism demonstrates a new physical effect leading to collision ionization with intensities
in the range of 1010 — 1011 W/cm?2. Furthermore, a new ionization regime of instability is
suggested at intensities below the critical thresholds for multi-photon and tunnel ionization.
The experimental results and findings are supported by performed theoretical analyses and
numerical simulations.

Pe3stome: B HacTosAwaTta paboTa ce AOKNada 3a BrnedyatasBall, deHOMeH Ha HabatoaaBaHa
naasmeHa HeCTabUAHOCT M KOHMYHA EMUCUA NMPU Pa3NPOCTPAaHEHMETO Ha CBPBX KbCU 1a3ePHM
MMNYNCKM BbB Bb3AyX. [lpeacTaBeHMTe M OOCHKAAHM HOBW OTKPUTMA, AEMOHCTPUPALLIM
HeNMHENHU edeKkTn, He moraT ga O6baaT 0b6ACHEeHM CbC CTaHAapTHaATa MPOCTPAHCTBEHO-
BpemeBa NapakchaaHa onTuKa. M3cneaBaHmM ce TpM OCHOBHM MexaHW3Ma. bpBMAT e cBbp3aH
C HEIMHEMHNTE HemnapaKcuasHU MEeXaHU3MM 33 BbHOBOAEHE Ha GEeMTOCEKYHAHU MMMYCH,
BTOPUAT pasrnexaa MmexaHuMama Ha dopmupaHe Ha eamHWYyeH odunameHT npu cnaba
MoHM3aUMA. TPeTMAT MexXaHM3bM JAeMOHCTPMpa HOoB duM3MYeH edeKkT, Bogell A0 yAapHa
MOHM3ALUMA C MHTEH3UTETN B Amana3oH 1010 — 1011 W/cm2. OcBeH ToBa ce npea/sara HoB
NOHM3ALMOHEH PEXMM Ha HEeCTabWAHOCT NPU MHTEH3UTETU NOA KPUTUYHUTE Mparose 3a
MHOTOOTOHHA W TyHEe/NHa MOoHM3aumA. EKcnepumeHTanHUTe pesynTati ca NoAKpeneHu ot
N3BbPLLUEHM TEOPETUYHM aHANN3M U YUCAEHW CUMYIALNM.

B2. lordanova, G.Yankov, S.Karatodorov, L.Kovachev, ,Diffraction-free femtosecond optics”,
Elsevier, Optik, 267 (2022) IF = 2.443, Q2

Abstract: In the present experiment, a diffraction-free propagation regime of 35 fs pulse with
powers significantly lower than the critical self-focusing is observed. This regime is
characterized by preserving the initial Gaussian profile of the pulse at several diffraction
lengths and without Fresnel diffraction. The theoretical investigation shows that such an effect
can be obtained in the frame of nonparaxial evolution equation only and pulses with a light
disk form. The numerical solving of the no paraxial equation confirms the theoretical and
experimental results under investigation.

Pestome: B HacToAlmMA eKkcnepMMeHT e HabnoaaBaH pexMm Ha pasnpocTpaHeHue 6es
anopakuma Ha 35 fs nasepeH MMNyAC C MOWLHOCTM, 3HAYMTENHO MO-HWCKM OT TasWn 3a
KPUTMYHOTO camo ¢oKycupaHe. TO3M peXmMm ce XapaKkTepusmpa CbC 3anas3BaHe Ha
NbPBOHAYANHMA raycCoB NPOPMA Ha UMMyACa NPU HAKONKO ANDPAKLMOHHM Ab/KMHM 1 Be3



®peHenosa Andpakuma. TeOpeTUYHOTO M3CAeABaHe MOKa3Ba, Ye TakbB edeKT MoXKe [a ce
NOY4Yn CaMO B PaMKUTE Ha HemnapaKkCcMa HO €BOIIOLMOHHO YPaBHEHWE 1 UMMNYACK ¢ OopMa Ha
CBET/IMHEH AMCK. YMCNeHOTO pellaBaHe Ha HEenapakCManHOTO ypaBHEHME MNOTBbP)KAaBa
NOYYEHN TEOPETUYHM N eKCNEPUMEHTAIHN PE3YATATY.

B3. G Yankov, E lordanova, L Kovachev, ,Radiation forces and compression of neutral particles
by an optical lens”, Elsevier, Optik, S0030-4026(22)01710-7 (2022) IF = 2.443, Q2

Abstract: The ultra-short optical pulses can be used for the confinement of neutral particles
by an additional optical longitudinal force, connected with the Poynting vector and the
influence of the magnetic field on their polarizability. The Poynting vector is connected also to
the intensity of the electromagnetic field. On other hand, the intensity of a laser pulse can be
manipulated by an optical lens, and thus, indirectly, the optical force can be increased or
decreased or its direction to be changed. This in turn enables a unique possibility for the
compression of neutral atoms, molecules, and particles into the focus of the lens. Here, we
reported on an experimental study of neutral particle confinement in the focus of femtosecond
laser pulses and further confirmed by a theoretical investigation. The findings demonstrate an
innovative approach to the compression and confinement of neutral particles within the focal
plane of a lens and their further manipulation. Feasible applications could be in the field of cold
nuclear fusion and cooling of light-neutral atoms and molecules.

Pestome: CBPbX KbCUTE ONTUYHM MMIMYCK MOTAT [a Ce M3MO0A3BaT 33 3axXBallaHe Ha HeyTpaiHu
4acTMUM Ypes AoNbAHUTENIHA ONTUYHA HAZ/TbKHA CU1a, CBBbP3aHa C BeKTopa Ha MONHTUMHE U
B/MAHMETO HA MArHWUTHOTO MOJie BBbPXY TAXHATA NONAPU3INPYEMOCT. BeKTOpBT Ha MONHTUHS
CbWIO TaKa e CBbP3aH M C MHTEH3MTETA Ha eNeKTpoMarHuTHoTo nose. OT Apyra cTpaHa,
WHTEH3UTETDHT Ha Ia3ePEH MMMY/IC MOXKE [a Ce MaHUMyAMpPa OT ONTUYHA NeLla U NO TO3M HaUMH
KOCBEHO OMTWYHaTa CMAa MOXKe Aa bbae yBenYeHa UaM HaManeHa, UM HelMHaTa NOCOKa Aa
6bae npomeHeHa. ToBa OT CBOA CTPaHa NPeA0CTaBA Bb3MOXKHOCT 3@ YHMKa/IHA Bb3MOXKHOCT 33
KOMNpecupaHe Ha HeyTpa/HWM aTOMM, MOJEKYIM M YacTUuM BBB GOKyca Ha newata. Tyk
[lOKNaABaMe 3a eKCNepuMMeHTaNIHO M3cneABaHe Ha 3axBallaHe Ha HeyTpasHW YacTUMLUM BbB
doKyca Ha GemMTOCeKyHAHN Na3epHU MMMYACKM U NOTBBbPAEHO OT TEOPETUYHO WM3CNenBaHe.
MonyyeHnTe pesynTaTM AEMOHCTPUMPAT MHOBATMBEH MOAXOA KbM KOMMPECUPAHETO M
3axBall@aHETO Ha HeyTpasHW YacTMuM BbB GOKa/NHATa PaBHMHA Ha JlewaTa M TAXHaTa no-
HaTaTblIHA MaHUMNYAAUMA. Bb3MOXKHN NPUNOKEHNA MoraT Aa ObaaT HamepeHu B 0b61acTTa Ha
CTYAEHWA AQPEH CUHTE3 U OXN1aXKAAHETO Ha HeyTpasHM aTOMM U MONIEKY N,

B4. N. Nedyalkov, N. E. Stankova, M. E. Koleva, R. Nikov, L. Alexandrov, R. lordanova, E.
lordanova, G. Yankov, ,laser processing of noble metal doped glasses by femto- and
nanosecond laser pulses, Applied Surface Science, 475 479-486,(2019) IF(2019) = 6.347, Q1

Abstract: This work represents results on the response of noble metal-doped borosilicate glass
to laser radiation with femto- and nanosecond pulse duration. The material under study is
obtained by conventional melt quenching method as samples with noble metal concentration
varied up to 10 wt% are fabricated. Optical and morphology changes of the glass samples
induced by application of laser pulses with a wide range of parameters are studied. Below the
permanent modification threshold, defects associated with formation of color centers in the
material are observed and their properties as a function of the processing conditions are



discussed. It is found that at certain conditions laser irradiation may induce direct formation of
noble metal nanoparticles in the glass. When permanent morphology modifications are
induced, different micro- and nanostructures are observed depending on the laser parameters.
The morphology of the ablated area is studied as function of the laser fluence and number of
the applied pulses. It is found that the presence of noble metal in the glass at concentrations
up to 10 wt% (the maximal used) does not influence the ablation rate at both femto- and
nanosecond ablation. The formation of defects and the composition of the material in the
vicinity of the ablated zone are also discussed.

Pestome: Tasn paboTa npeactaBsa pe3ynTaTi OT peakumaTa Ha fermpaHo ¢ baaropoaeH meTtan
H0OPOCMIMKATHO CTBKIO MPU B3aMMOAENCTBME C N1a3EPHO TbYEHME C GeMTO- M HaHOCEKYH/HA
NPOAB/IKUTENHOCT Ha MMNyAca. M3cneaBaHMAT maTepuan e NoayvyeH Ypes KOHBEHUMOHANEH
MEeTO/, 33 Ox/laXAaHe B CTOMU/IKA, KaTo ca Noay4YeHn Npobu C KOHUEHTPauUmMn Ha baaropoaeH
MmeTan, Bapmpawm ao 10 wt%. M3cneasaHn ca oNTUYHUTE U MOPPONOTUYHUTE MPOMEHN HA
obpasunTe, BCneacTeMe Ha 06NbYBaHE C 1a3epHM MMMYACK B WMPOK AMana3oH OT paboTHM
napameTtpu. HabnogasaHu ca aedekTn, Noa NOCTOAHHWA npar Ha moandUKauma, CBbP3aHU C
0bpa3yBaHETO Ha LBETHWU LLEHTPOBE B MaTepuana W ca ANCKYTUPAHW TEXHUTE CBOMCTBA KaTo
bYyHKUMA OT yCNoBMATA Ha Na3epHaTa moaMduKauma. YCTAHOBEHO e, Ye Mpu onpeaeneHu
YCNOBMA Na3epHOTO 061bYBaHE MOXKe Aa Npean3BMKa AMPEKTHO obpa3yBaHe Ha HAHOYACTULM
oT OnaropofeH MeTan B CTbKAOTO. Korato ce MHAyuMpaT MOCTOAHHM MOPHONOrMYHM
MoamduKaummn, ce HabnoaaBaT Pas3MYHM MMKPO- M HAHO- CTPYKTYpW B 3aBMCMMOCT OT
NPUNOXKeHUTe Na3epHU NnapameTpu. Mopdonormata Ha abampaHaTta 30Ha e M3cnenBaHa, KaTo
bYHKUMA Ha NNBTHOCTTA Ha Na3epHUA NbY M BPoA Ha NPUNOKEHUTE MMMYACK. YCTAHOBEHO €,
4e Ha/M4mMeTo Ha BnaropodeH MeTan B CTbKAOTO B KOHUEHTpaumun Ao 10 wt.% (makcumanHo
M3MON3BaHMTE) He OKa3Ba B/AMSAHME BbPXy CKOPOCTTa Ha abnaumsa Kakto npu ¢emro-, Taka u
NPV HaHO- CcekyHAHa abnauma. ObcbaeHM ce CblLo Taka obpa3yBaHeTO Ha AedeKTu 1 CbCTaBa
Ha M3cneaBaHMA matepuan B 6a1M30CT 40 30HaTa Ha abnaums.

B5. E. lordanova, G. Yankov, N. Stankova, N. Nedyalkov,“Modification and activation of the
surface of medical-grade PDMS after irradiation by ultrashort laser pulses”, Journal of Physics:
Conference Series, IOP Publishing, 2240(1) 012051 (2022) IF(2022) = 0.547, Q4

Abstract: The present research aims to investigate the modification and activation effects on
medical-grade polydimethylsiloxane (PDMS) polymer irradiated by ultrashort laser pulses. The
motivation of the current study is based on the wide use of the PDMS material in medicine
and, more specifically, in implantable neural interface applications. Systematic measurements
are carried out to characterize the effect of the laser beam parameters on the optical
absorption and the surface morphology with respect to the laser-treated zones. The PDMS
polymer is modified by surface tracks after the femtosecond laser processing. The optical
properties of the PDMS are investigated to prove the effective laser activation of the surface,
which ensures further successful metallization of the modified tracks. It is seen that defective
transformations occur in the entire laser-treated area when the number of pulses is increased.
The preliminary observation indicates promising results regarding the implementation of such
a laser-based method for micro- or nano-processing of optically transparent biopolymers for
interface devices in bioengineering technologies, such as neural implants and interface
applications.



Pestome: HacTtosllaTa Hay4YHOMbNeAOBaTENCKa paboTa MMa 3a Len Aa uscneapa ebekTuTe Ha
MOAMOUKALMA W aKTMBMPAHE BbPXY MEAULUMHCKM MOAMMEP Ha MNOAMAMMETUNICUIOKCAH
(PDMS), 0bnbyeH CbC CBPBXKbCWU Na3epHU MMnyncu. MoTuBaumaTa Ha HACTOAWOTO
n3cnenBaHe ce OCHOBaBa Ha LWMPOKOTO M3Noa3BaHe Ha PDMS matepuana B meauumHaTa 1 no-
CNeumanHo B NPUIOKEHMATA 3@ MMMNAAHTMPYEMU HEBPOHHM MHTepdelcu. MNpoBeaeHN ca
CMCTEeMATUYHM U3MEPBAHMA, 33 [a Ce XapaKTepu3npa ePpeKkTbT OT NapaMeTpuTe Ha NasepHus
b4 BBPXY OnNTMYHaTa abcopbuma n mopdonornmata Ha MOBBPXHOCTTA MO OTHOLIEHMEe Ha
TpeTupaHuTe ¢ nasep 30HW. PDMS nonumepbT ce moavduumpa 4pes nosyyaBaHe Ha
NOBBPXHOCTHM KaHanu, BCAeACTBME Ha deMToceKkyHAHaTa nasepHa obpaboTka. ONTUYHMTE
cBoricTBa Ha PDMS ca nacneaBaHu ¢ Len AoKa3BaHe Ha ebeKTUBHOTO 1a3epHO akTUBMpPaHe Ha
MOBBPXHOCTTA, KOETO OCUTYPABA NO-HATAaTbWHO YCNELWHO MeTann3npaHe Ha moanduumpaHnTe
cnean. OnpepeneHo e, 4ye nNpu yBenMyaBaHe Ha 6pos Ha MMMNyAcMTe ce noJsyyasaT
TpaHchopmaumn B LsnaTa TPETUpPaHa ¢ na3ep 30Ha. MpeaBaputenHoTo HabnoaeHne NokasBea
obellaBalluy pe3ynTaTi No OTHOLIEHWEe Ha NpWUAaraHeTo Ha TakbB Nla3epHo 6a3npaH meTos 3a
MWKPO- MAM HaHO- 06paboTKa Ha ONTMYHO MNpo3padvyHu Buononmmepun 3a UHTepPdencHu
YCTPOMCTBA B OUOWMHMKEHEPHUTE TEXHONOMMM, KaTO HEBPOHHWM MMMNAHTM M MHTepdencHM
NPUNOKEHUA.

B6. Georgi Yankov, Nadya Stankova, Ekaterina lordanova, “The effect of femtosecond laser
pulse irradiation on the properties of advanced medical grade PDMS polymer”, Comptes
rendus de I’Académie bulgare des Sciences, Mpueta 3a neyaT C pPerncTpaLMoHeH Homep
Ne 321/2022 r. IF(2021-2022) = 0.378, Q3

Abstract: The study investigates the effect of the femtosecond laser pulse irradiation on the
modification and activation effects of medical-grade polydimethylsiloxane (PDMS) polymer.
The motivation of the research is based on the continuous interest and variety of applications
of the PDMS material in medicine and implantable neural interface devices. The PDMS is the
preferred material due to its exceptional properties such as high biocompatibility and
biostability, mechanical flexibility and stability, optical transparency from UV to near IR spectral
region, and cost-effectiveness. The experimental investigation is performed by a femtosecond
laser system with a pulse duration of 35 fs operating at a repetition rate of 1 kHz. Consistent
sets of measurements are performed to analyze and characterize the effect of the laser beam
parameters on the optical absorption, and surface morphology concerning the laser-treated
zones. The morphology and the optical properties of the PDMS are investigated to activate its
surface for successful metallization of the modified tracks. The reported findings and
observations specify favorable results of the implementation of the ultrafast laser-based
method for micro- or nano-processing of optically transparent biopolymers for interface
devices in bioengineering technologies such as neural implants and interface applications.

Pestome: MpoyyBaHeTo n3cnensa epekta Ha GeMTOCEKYHAHO MMMYNCHO Na3epHO obabYBaHE
BbPXY ePeKTUTE Ha MOAMDUKAUMS U aKTUBMPAHE Ha NOAMMEP NOANAUMETUACUNOKCAH (PDMS).
MoTuBaumaTa Ha M3cneaBaHeTo ce OCHOBaBa Ha HEMPEKbCHATMA MHTEPEC U pa3HoobpasmeTo
OT NpuaoXKeHua Ha PDMS matepumana B MeAWUMHATA U UMNAAHTUPYEMUTE HEBPOHHMU
nHTepdencHn yctponctea. PDMS e npeanoynTaHUAT MaTepuan nopaam U3KAKUYUTENHUTE CH
CBOMCTBA KaTO BMCOKA OWMOCHBMECTMMOCT W OMOCTAabUAHOCT, MexaHW4Ha bBKABOCT MU
CTabMAHOCT, ONTMYHA NPO3PAYHOCT OT YyNTpaBuMoneToBaTa A0 6OAM3KaTa MHDpayepBeHa



cneKkTpanHa obnact, M cBOATa pPeHTabuAHOCT. EKCNepuMMeHTanHOTO M3cnedBaHe e
OCbLLECTBEHO C MomowTa Ha GemToCeKyHAHa Na3epHa CUCTeMa C MPOABIKMTENHOCT Ha
nmnynca 35 fs, pabotella npm YyectoTa Ha NnosTopeHMe 1 kHz. N3BbpLIEeHM ce nocea0BaTENHM
M3MepBaHMA, 3a [1a Ce aHaM3MpPa U XapakTepnsnpa edekTbT OT NapaMeTpUTe Ha J1a3epHUA by
BbpXy ONTM4YHaTa abcopbuma mn mopdonorvata Ha NOBBPXHOCTTA MO OTHOLWEHWE Ha
TpeTupaHuTe ¢ nasep 30HK. Mopdonormata n onTMYHUTE cBoicTBa Ha PDMS ca n3cnensaHm,
32 [a Ce OCuUrypu aKTMBMpaHe Ha MOBBbPXHOCTTAa My 3a YychnewHa MeTanmsaums Ha
MoanduuUMpaHnTe 30HK. JoknaaBaHUTe KOHCTaTaUMK U HabAtoAeHWA NoKa3BaT 6AaronpUATHN
YCNOBMA NPU NPUAAraHeTO Ha la3epeH METOZ, CbC CBPBXKbCU MMMYACK 38 MUKPO- UM HAHO-
0bpaboTKka Ha ONTMYHO MPO3PayYHM OMoNoAMMEPU 33 MHTEPPENCHM YCTPOMCTBA, KaTo
HEBPOHHM UMNAAHTU U Pa3HOOOPa3HM MHTEPDENCHN NPUNOKEHNS.

B7. Stankova, N.; Nikolov, A.; lordanova, E.; Yankov, G.; Nedyalkov, N.; Atanasov, P.; Tatchey,
D.; Valova, E.; Kolev, K.; Armyanov, S.; et al. “New Approach toward Laser-Assisted Approach
toward Laser-AssistedModification of Biocompatible Polymers Relevant to Neural Interfacing
Technologies” Polymers, 13 3004 (2021) IF(2021) =4.967, Q1

Abstract: We report on a new approach toward a laser-assisted modification of biocompatible
polydimethylsiloxane (PDMS) elastomers relevant to the fabrication of stretchable
multielectrode arrays (MEAs) devices for neural interfacing technologies. These applications
require high-density electrode packaging to provide a high-resolution integrating system for
neural stimulation and/or recording. Medical grade PDMS elastomers are highly flexible with
low Young’s modulus < 1 MPa, which are similar to soft tissue (nerve, brain, muscles) among
the other known biopolymers, and can easily adjust to the soft tissue curvatures. This property
ensures tight contact between the electrodes and tissue and promotes intensive development
of PDMS-based MEAs interfacing devices in the basic neuroscience, neural prosthetics, and
hybrid bionic systems, connecting the human nervous system with electronic or robotic
prostheses for restoring and treating neurological diseases. By using the UV harmonics 266 and
355 nm of Nd:YAG laser medical grade PDMS elastomer is modified by ns-laser ablation in
water. A new approach of processing is proposed to (i) activate the surface and to obtain tracks
with (i) symmetric U-shaped profiles and (iii) homogeneous microstructure This technology
provides miniaturization of the device and successful functionalization by electroless
metallization of the tracks with platinum (Pt) without preliminary sensitization by tin (Sn) and
chemical activation by palladium (Pd). As a result, platinum black layers with a cauliflower-like
structure with low values of sheet resistance between 1 and 8 Q/sq are obtained.

Pestome: [loknazBamMe 3a HOB MOAXOZ KbM /a3epHO-NOAMNOMOrHaTa MoaudMKauma Ha
ONOCHBMECTUMM  MOAUAMMETUICUIOKCAHOBU (PDMS)  enactomepu,  CBbp3aHM  C
NPOM3BOACTBOTO Ha ycTporcTea (MEA) npu TeXHONOMMK 33 HEBPOHHO B3amMmogeincTamne. Tesu
NPUNOKEHUA M3UCKBAT E1EKTPOAM C BUCOKA MABTHOCT M NoaxoAALLa 06B1BKa, 3a Aa Ce OCUrypu
WHTErpnpalla cMcTeMa C BUCOKa pPasaenTenHa cCnocobHOCT 3a HEBPOHHA CTUMYAALMA U/ Mnu
3anuc. MeanmumHcKmMAaT knac PDMS enacTomepm ca MHOTO MbBKaBM C HUCBK moayn Ha Young's
< 1 MPa, KouTO ca NOAOOHM Ha MeKMTe TbKaHW (HEePBM, MO3bK, MYCKy/aW) cpesd Apyrute
M3BECTHM BMOMONMMEPU M MOraT NIECHO Aa Ce NPUCNOCODAT KbM MbBKABOCTTA Ha MeKuTe
TbKaHW. ToBa CBOWCTBO OCUIypABa MABTEH KOHTAKT MeXAy eNekTpoaMTe W TbKaHTa WM
HacbpyaBa WHTEH3MBHOTO pasBMTMe Ha ©Oa3smpaHn Ha PDMS MEA ycTpolictBa 3a
B3aMMOAENCTBME B OCHOBHUTE HEBPONOIMYHM HAyKM, HEBPOHHW MNpPOTE3N WU XUOPUAHM



OMOHMYHM  CUCTEMM, CBBP3BALUM 4YOBELUKATA HEpPBHA CUCTEMA C  ENeKTPOHHU  WUAU
pPobHOTU3MpPaAHM NPOTE3N 33 Bb3CTAHOBABAHE W leYeHNe Ha HEBPONOrMYHM 3abonaBaHmA. Ypes
n3nonssaHeTto Ha UV xapmoHuyHn 266 1 355 nm Ha Nd:YAG nasep, PDMS enactomepu ca
MoaMdULMpPaHn Ypes ns-nasepHa abnauma Bbe BoAa. [peanoxeH e HoB NoAxo/ Ha 06paboTka
3a (i) akTMBMpaHe Ha NOBBPXHOCTTA M 3a NoaydYaBaHe Ha cnean/kaHanm c (ii) cumeTpuuHm U-
obpasHn npodmam m (i) XOMOreHHa MUKPOCTPYKTYpa. Tasm TEeXHONOrMAa OCUrypsaBa
MWHNATIOPU3ALMA Ha YCTPOMCTBOTO M ycnelwHa GyHKUMOHanM3auma ype3 6e3 enekTpuyHa
MeTann3aums Ha cneaute ¢ nnatuHa (Pt) 6e3 npeasapuTenHa ceHcMbunmsaumsa ¢ kanan (Sn) um
XMMWYECKO aKkTMBMpPaHe ¢ nanaami (Pd). B pe3ynTaT Ha TOBa ca NoOAyYeHW NAATUHEHO YepHM
CloeBe CbC CTPYKTYpa, NoAobHa Ha Kapdunos, C HUCKM CTOMHOCTM Ha CbMNpoTMBAEHWE Mexay 1
n 8 0/sq.

1. E lordanova, G Yankov, A Daskalova, A Dikovska, L Angelova, D Aceti, E Filipov, G Stanev, B
Calin, M Zamfirescu, “Ultra-short laser modification of chitosan/silver nanoparticles (AgNPs)
thin films for potential antimicrobial applications”, Journal of Physics: Conference Series
Materials Science and Engineering 1056 012002 (2021) SJR (2019): 0.198

Abstract: The last several years witnessed increasingly rapid advances in applying biopolymers
in tissue engineering for the purposes of regenerative medicine. The growing demand for
preparing materials with desired physical, biological and mechanical properties requires active
investigations in the field of tissue engineering. Among the wide variety of biopolymers,
chitosan proved to be an outstanding material due to its properties, such as biocompatibility,
biodegradability and a wide range of available fabrication technologies. The present work is a
case study of an extensive research on the functionalization of thin biopolymer films via laser
patterning. The aim of the current study is to investigate the optical properties of biopolymer
films on the example of chitosan and chitosan with silver nanoparticles additives. As laser
sources are used a nano- and a femto-second laser system emitting the wavelengths of 355
nm and 800 nm, respectively. The compositions produced are investigated by spectral analyses
using spectrometers and an optical microscope. Furthermore, the morphology of the samples
is monitored by SEM analyses. The results obtained demonstrate the potential of the method
employed for obtaining diverse porous modifications depending on the laser parameters.
Adding silver nanoparticles will drastically increase the thin chitosan films’ antimicrobial
properties, thus enhancing the biocompatibility properties of the 2D matrices created.

Pestome: Npe3 nocneaHUTe HAKOAKO FOAMHM CTaHaxme CBUAETENM Ha BCe No-Obp3 HanpeabK
B PasBUTUETO U M3MOA3BAHETO HA OMOMOMMMEPU B TbKAHHOTO MHMKEHEPCTBO 33 LEenuTe Ha
pereHepaTMBHATa MeanLMHA. HapacTBalLOTO ThbPCEHE 3@ MO/ly4aBaHe Ha MAaTEPMA/IM C XKeNaHu
dM3NYHU, BUONOTMYHM N MEXAHWUYHM CBOMCTBA M3MCKBA aKTUBHU M3cneaBaHMs B 061acTTa Ha
TbKaHHOTO MH}KeHepcTBo. Cpes, ronsmMoTo pasHoobpasme oT BMOoNoNMMEPU, XUTO3aHDBT ce
OKa3Ba M3KJOUYMTENEH MaTepuan nopagu CBOMTE CBOMCTBA, KaTo OWMOCHBMECTMMOCT,
610pPa3rpaMMOCT M LLIMPOKA rama OT Ha/IMYHW TEXHONOrMKM 3a NPOM3BOACTBO. HacTosulaTa
paboTa e Kasyc Ha oOWWPHO u3cneaBaHe BbPXY OYHKUMOHANM3NMPAHETO HA TbHKMK
BronoanmepHn UMM Ypes nasepHo moaenmpare. Lenta Ha HacToAWOTO n3caensaHe e aa
ce n3cneaBaT ONTUYHUTE CBOMCTBA Ha BMONONMMEPHN GUAMM Ha XMTO3aH M XMTO3aH C 106aBKK
OT CcpebbpHM HaHo4YacTUUM. KaTo /la3epHM M3TOYHULM Ca M3MOA3BAHM HAHO- U PemTo-
CeKyHAHa /la3epHUN CUCTEMM, U3NBUYBALLM ABbKMHM HA Bb/IHUTE CbOoTBETHO 355 nm 1 800 nm.
N3non3saHuTe 06pasuM ca M3C/Ae[BaHM 4Ype3 CrhekTpasHM aHaaAM3M C MNomMoLiTa Ha



CNEKTPOMETbP M onTuyeH MuKpockon. OcsBeH ToBa MopdOSOrMATa Ha MOAE/MPAHUTE
obpasumte e HabntogaBaHa 4Ype3 aHaAM3M Ha 6asa CKaHMpall, eneKTPOHEeH MWMKPOCKOM.
MonyyeHnTe pesynTatM A4eMOHCTPMpPAT NOTEHLMANA HA M3MOA3BaAHMA METO/, 3a MO/y4YaBaHe Ha
Pas3InNYHM nopectn moambuKaumm B 3aBMCMMOCT OT Na3epHMTe napameTpu. [lobaBaHeTo Ha
CpebBPHM HAHOYACTMLM 3HAYUTENHO LIe MNOBULLM aHTUMUKPOOHUTE CBOMCTBA Ha TbHKUTE
XMTO3aHOBW OUAMM, KaTO MO TO3M HauMH We Hbae nogobpeHa HGUOCHBMECTMMOCTTA Ha
Ccb3gagenuTte 2D matpuupm.

2. Albena Daskalova, Liliya Angelova, Radostin Stefanov, Dragomir Tatchev, Georgi Avdeev,
Lamborghini Sotelo, Silke Christiansen, Gerd Leuchs, Ekaterina lordanova, Ivan Buchvarov
,Ultra-short Laser Surface Properties Optimization of Biocompatibility Characteristics of 3D
PCL and Hydroxyapatite Composite Scaffolds” Materials, 14 7513 (2021) IF(2021) = 2.79, Q2

Abstract: The use of laser processing for the creation of diverse morphological patterns onto
the surface of polymer scaffolds represents a method for overcoming bacterial biofilm
formation and inducing enhanced cellular dynamics. We have investigated the influence of
ultra-short laser parameters on 3D-printed poly-e-caprolactone (PCL) and poly-e-
caprolactone/hydroxyapatite (PCL/HA) scaffolds with the aim of creating submicron
geometrical features to improve the matrix biocompatibility properties. Specifically, the
present research was focused on monitoring the effect of the laser fluence (F) and the number
of applied pulses (N) on the morphological, chemical and mechanical properties of the
scaffolds. SEM analysis revealed that the femtosecond laser treatment of the scaffolds led to
the formation of two distinct surface geometrical patterns, microchannels and single
microprotrusions, without triggering collateral damage to the surrounding zones. We found
that the microchannel structures favor the hydrophilicity properties. As demonstrated by the
computer tomography results, surface roughness of the modified zones increases compared
to the non-modified surface, without influencing the mechanical stability of the 3D matrices.
The X-ray diffraction analysis confirmed that the laser structuring of the matrices did not lead
to a change in the semi-crystalline phase of the PCL. The combinations of two types of
geometrical designs—wood pile and snowflake —with laser-induced morphologies in the form
of channels and columns are considered for optimizing the conditions for establishing an ideal
scaffold, namely, precise dimensional form, mechanical stability, improved cytocompatibility
and antibacterial behavior.

Pestome: N13non3BaHeTo Ha nasepHa o6paboTKa 3a cb3gaBaHe Ha PasIMYHU MOPDONOTUYHM
MOZENIN BbPXY NOBBPXHOCTTA HA MNOJIMMEPHM CKeneTa NPeAcTaBAaABa MeTOA 33 NPeooNABaHe
Ha 06pa3yBaHeTo Ha HakTepunaneH bUoduAM 1 cb3faBaHe Ha NoA0OPeHa KNeTbyHa AMHAMMKA.
N3cnenBaHoO e BANMAHMETO Ha YATPa-KbCK Na3€PHM MapamMeTpu Bbpxy 3D-oTneyaTaHW Noaun-g-
KanponaktoH (PCL) » nonu-ge-KanponakToH/xuapokcnanatut (PCL/HA) ckeneta ¢ uen
Cb3JaBaHe Ha CYOMMWKPOHHM TEOMETPUYHM  XapPaKTEPUCTMKM 33 noaobpsaBaHe Ha
HMOCHBMECTMMOCTTA Ha MaTpuLaTa. [o-KOHKPETHO, HAaCTOALLOTO n3cneasaHe b6e GoKycMpaHo
BbpXY HabtoAeHMEeTO Ha epeKTa OT lazepHaTta NABLTHOCT (F) n 6posa Ha NPUAOKEHUTE UMMYCK
(N) Bbpxy MOpPGONOTMYHUTE, XMMWYHUTE WU MEXAHUYHMUTE CBOMCTBA Ha cKesneTaTa. SEM
aHaAM3bT pas3KkpuBa, 4Ye GemMTOCEeKYHAHOTO /la3epHO TPeTMpaHe Ha CKenetata BoAM A0
obpa3yBaHeTo Ha [Ba BMAA NMOBbPXHOCTHM FEOMETPUYHMN WAPKM, MUKPOKAHaNW U eaMHNYHM
MWKPOU3AaTMHKN, Be3 Aa Npean3BMKBA CbMbTCTBALLO YBPEXKAAHE HA OKOAHMTE 30HM. Hue
OTKPUXME, Ye MWKPOKAHANHMTE CTPYKTYypW HAaronpuATcTBaT CBOMCTBATA Ha XMAPOGUAHOCT.



KaKTo ce BMx4a OT pe3ynTaTnte oT KOMNIOTbPHaTa TOMorpadus, rpanaBocTTa Ha MOBBPXHOCTTA
Ha MoANOUUMPAHMTE 30HU Ce YBENIMYABA B CPAaBHEHME C HeMoAMbMLIMpPaHaTa MOBBPXHOCT, be3
[ ce BAnae BbpXy MexaHWYHaTa CTabunHocT Ha 3D matpuumnTe. PeHTreHoBMAT AndpaKkLMOHEH
aHa/IM3 MOTBbLPMKAABA, Ye 1a3epPHOTO CTPYKTYPUPaHe Ha MaTpULUTE He BOAM [0 NPOMAHA B
nonykpuctanHata ¢as3a Ha PCL. Pa3rnegaHn ca KombuHaumMmMTe OT [iBa BMAA reomMeTpua -
AbPBEHA KYNUYMHA U CHEXMHKA - C 1a3epHO MHAYyLMpPaHu mopdonornmn nog dopmata Ha KaHa
M KONOHM 33 ONTUMWU3MPAHE Ha YCAOBMATA 3a Cb3LaBaHe Ha WAEANHO CKene, a MMEHHO
npeunsHa pasmepHa Gopma, MexaHWyHa CTabuaHOCT, noaobpeHa UMTOCHBMECTMMOCT U
aHTMbakTepnanHo noseaeHue.

3. A Daskalova, | Bliznakova, E lordanova, G Yankov, M Grozeva and B Ostrowska, Preliminary
study of surface modification of 3D Poly (€ - caprolactone) scaffolds by ultrashort laser
irradiation Journal of Physics: Conference series 682 (2016) IF(2016) = 0.5, Q4

Abstract: Three — dimensional poly (e- caprolactone) (PCL) scaffolds as suitable biocompatible
material for manufacturing tissue replacements are utilized for tissue engineering purposes.
The porous structures are fabricated by rapid prototyping method (Bioscaffolder) based on
hypodermic dispensing process. The consecution of experiments demonstrated the possibility
on creation of surface micro formations, applying different laser fluences, at 1 kHz repetition
rate for fixed time of exposure 1 sec at 800 nm central wavelength. The combination of both
methods offers possibilities for successful production of 3D matrices with modified surfaces.
The obtained results of laser —induced surface modifications of PCL demonstrate the potential
of the method to microprocess this kind of material for possible applications in regenerative
medicine.

Pesiome: TpunamepHu nonum (e-kanponaktoH) (PCL) ckeneta ca noaxoasAll, 6GUOCHBMECTUM
MaTepman 3a Cb3daBaHe Ha TbKaHHM 3aMEeCTUTENN, KOUTO Ce M3MNOoA3BaT 3a LenuTe Ha
TbKAaHHOTO WHXXeHepcTBO. [lopecTuTe CTPYKTYpM ca NOAyYeHM 4pe3 meToda 3a 6bp3o
npototunupaHe (Bioscaffolder), 6asupaH Ha npoueca Ha XMNOAEPMANHO [03MpaHe.
MocnenoBaTeNHOCTTa OT EKCMEPMMEHTM [AEMOHCTPMpPA Bb3MOMKHOCTTA 33 Cb3JaBaHe Ha
NOBBPXHOCTHN MUKPOdOPMALIMK, NPUAATanNKkM Pa3INYHM Na3ePHN NABTHOCTM, MPU YeCcToTa Ha
nostopeHune 1 kHz 3a dukcrpaHo Bpeme Ha ekcnosmuma oT 1 cekyHaa npu 800 nm Ab/iXKMHa
Ha Bb/iHaTa. KombuHaumaATa oT ABaTa METOAA JaBa Bb3MOMKHOCT 3@ YCMELIHO NPOM3BOACTBO Ha
3D maTpuum ¢ MoandULUMpPaHN NOBBPXHOCTU. [ToNy4yeHUTe pe3ynTaTh OT Na3epPHO MHAYUMPAHM
NOBBbPXHOCTHM MmoauduKaumm Ha PCL aemoHcTpupaT noTeHuMana Ha MeToJa 3a
MWKpoobpaboTKka Ha TO3M BWA MaTepuan W HEroBUTE BbB3MOXKHM MPUNOKEHNA B
pereHepaTMBHATa MeAMLIMHA.

4. G. Yankov, S. Karatodorov, V. Mihailov, V. Tankova, N. Nedyalkov, E. lordanova, ,Damage
threshold in ablation regime induced by femtosecond laser irradiation on transparent media“,
Comptes Rendus de I’ Academie Bulgare des Sciences (2022)

MpueTa 3a neyat ¢ perncrpaumoHeH Homep Ne 321/2022 r. IF(2022) = 0.378, Q3

Abstract: The current work is a case study of ongoing in-depth extensive fundamental research
on the plasma formation and relaxation dynamics in transparent media induced by mid- and
short-wavelength infrared laser pulses. The experimental investigation is performed on a 35
fs-laser system setup. The working parameters such as laser energy and the number of pulses



are varied. The experimental measurements are applied on borosilicate glass samples doped
with gold nanoparticles. The effects of the applied laser pulses and their consequence on laser-
induced ablation damage thresholds are investigated and discussed. The results from this case
study provide valuable information and a deeper understanding of the research on plasma
formation and dynamics induced by femtosecond infrared laser pulses in solid transparent
glass media.

Pesiome: Hactoduarta pabota e 4acT OT Tekyllo 3aaba604eHo 1 0bWNPHO PyHOAMEHTAHO
nscnensaHe Ha GOPMMPAHETO Ha Naasma M AMHaMMKAaTa Ha penakcauma B Npo3padHn cpeau,
npean3BMKaHW OT MHPPAYEPBEHM TA3EPHU MMIY/ICK CbC CPEAHA M KbCa Ab/IXKMHA Ha Bb/IHATA.
EKCNepuMMeHTanHOTO M3cae[BaHe e U3BbpLEeHO Ype3 35 pemToceKkyHAHa Na3epHa cucTema.
PaboTHUTE NapameTpu, KaTo nas3epHa eHeprnus u 6por MMMOYACM Cca  TMPOMEHSAHU.
EKCnepuMeHTanHUTE M3MEPBAHMUA Ca MPUNOKEHN BbPXY 06pasuUm OT BOPOCUAMKATHO CTHKO,
NErnpaHn CbC 31aTHM HaHOYaCTULM. EDEKTUTE OT NPUNOKEHUTE NA3EPHN UMMYACK U TAXHOTO
BAMAHME BbPXY NParoBeTe Ha pa3pylueHne OT fa3epHOo MHAyLMpaHa abnauma ca nscnensaHmu
M obCbaeHW. Pe3yntaTTe OT TOBa EKCMEpPUMMEHTaZIHO MNpoydyBaHe npeaoCTaBaT UeHHa
nHGopMaLMsa M No-3aabnboyeHo pasbupaHe Ha M3cieaBaHMATa BbPXY GOpPMMPAHETO Ha
nnasma M AMHaMuKaTa, Npeam3BMKaHa oT emMTOCEKYHAHW MHPPaAYePBEHM Na3epPHU MMMYICK
B TBBP/AM NPO3PaYHM CTbKAEHM Cpeau.

5. G. Yankov, E. lordanova, N. Nedyalkov, M. Zamfirescu, “Preliminary results on non-linear
effects in Au-ion-doped glass materials irradiated by femtosecond laser pulses” Journal of
Physics: Conference Series, 1492(1) 012060 (2020) IF(2020) = 0.55, Q4

Abstract: Our research was motivated by the specific properties of noble-metal nanoparticles
and their wide applications. The resonance frequency for noble-metal nanostructures is in the
near-UV and visible spectral ranges, where most of the commercially-available lasers oscillate.
This makes these materials attractive candidates for studying their properties in view of
efficient applications. We investigated filaments formation in Au-ion-doped glass materials,
transparent in the visible range, during irradiation by femtosecond laser pulses. Second
harmonic generation in the media was observed as well. This proved the formation of
polycrystalline structures inside the media after femtosecond laser radiation. Further, self-
phase modulation and continuum were observed. Thus, the nonlinearity of the media is higher
than that of glass not doped with noble-metal particles. The nonlinear effects in the samples
were investigated in terms of the laser beam parameters. The laser energy applied was
between 10 — 40 pl. The wavelengths used were in the range 240 — 2600 nm, as generated by
an optical parametric amplifier system (TOPAS). The regenerative Ti:Sapphire amplified laser
system emits at a central wavelength of 800 nm with a pulse duration of 35 fs and 1-kHz
repetition rate.

Pestome: M3cneaBaHeTo € MOTUMBMPAHO OT cneunMdUYHMUTE CBOMCTBA HA HaHOYacTUUMTE OT
6naropodHN MeTannM W TAXHOTO LWWPOKO MpPUONKEHWe. Pe3oHaHcHaTa 4ecToTa 3a
HaHOCTPYKTYpM OT BaaropoaHn metann e B 6amn3kma UV 1 BUAMMUA CNEKTPANEH AMana3oH,
KbAETO MOBEYETO OT Ha/IMYHUTE B TbProBCKAaTa MPEeXKa /Ja3epu M3abyBaT. ToBa npasu Tesu
MaTepuanu npmeaeKaTeneH n3bop 3a nuscnenBaHe Ha CBOMCTBATA MM C orne Ha edeKTUBHM
npunoxenua. iscneasaHo e opmmpaHeTo Ha G1NaMeHTH B lermpanu ¢ Au-MoHn matepuanm,
Npo3payHy BbB BUAMMMA AMANa3oH, Mo Bpeme Ha obnbyBaHe ¢ GEMTOCEKYHAHU Na3epHK



nmnyncu. HabntogasaHo e 1 reHepupaHe Ha BTOpPa XapMOHMYHa B cpeaaTa. ToBa NOTBbPKAABA
0bpa3yBaHeTO Ha NONMKPUCTANHM CTPYKTYPU BbTpe B cpeaaTa cnes, GeMTOCEKYHAHO Na3epHO
obnbuBaHe. OcBeH TOBa ce HabtoaaBa M camodazoBa MoOAyNALMA N KOHTUHYYM. [OTBBbPAEHO
e, Ye He/IMHEMHOCTTa Ha cpedaTta e No-BMCOKa OT Ta3M Ha M3caeaBaHMTE CTbKAA, KOMTO He ca
NlerMpaHmn ¢ Yyactuum Ha bnaropoaeH metan. HennmHenHute edekTn B Npobute ca nacnensaHm
NO OTHOWEHWE Ha NapameTpuTe Ha NasepHMA aby. [IpuaoKeHaTa fnasepHa eHeprma e
npomeHaHa B Anana3oHa ot 10 — 40 w. N3non3BaHUTE ObXKMHM HA BbAHUTE Ca B AMANa30Ha
240 — 2600 nm, reHepupaHW OT CUCTemMa C onTMdeH napameTpuyeH ycunsaTten (TOPAS).
PereHepaTtmsHaTa Ti:Sapphire ycuaeHa nasepHa cuctema n3abysa Npu LEHTPAHA Ab/XKUHA Ha
Bb/iHaTa 0T 800 NmM ¢ NPoABLAKMTENHOCT Ha umnynca oT 35 fs n 1-kHz yecToTa Ha NnoBTOpEHMe.

6. N. Nedyalkov, M. E. Koleva, R. Nikov, N. E. Stankova, E. lordanova, G. Yankov, L. Alexandrov,
R. lordanova, “Tuning optical properties of noble metal nanoparticle-composed glasses by laser
radiation”, Applied Surface Science, 463 968-975 (2019) IF(2019) = 6.347, Q1

Abstract: Noble metal nanoparticle composed glasses attract significant attention due to the
unique optical properties that they express in the near UV and visible spectral range. These are
related to the high values of the extinction cross section and nonlinear optical characteristics.
In this work we study the ability of laser irradiation to induce modification of the optical
properties of borosilicate glasses that contain gold nanoparticles. The process is investigated
by application of laser pulses of nanosecond Nd:YAG system on glasses that consist of
nanoparticles with different size and shape. The results show that at certain conditions the
glass optical properties can be modified as a change of the nanoparticles plasmon resonance
wavelength is observed. The influence of the laser fluence and pulse number on this effect is
studied. Two fluence regimes are defined: (i) at low fluences, close to the optical properties
modification threshold the increase of the laser fluence results in a blue shift of the resonance
wavelength; (ii) further increase of the laser fluences induces a red shift. Similar behavior is
observed by changing the number of the applied pulses. Here after application of several
thousand laser pulses additional, third regime of blue shift is realized. Theoretical models
based on multiparticle Mie scattering theory and heat conduction equation are applied to
explain the observed modifications. On their basis and performed analyses can be concluded
that the induced optical properties variations are related to modification of the nanoparticles
size and shape by melting, and fragmentation. The obtained results indicate an ability of nano-
particle size and shape modifications with a high spatial resolution in 3D and can be used for
fabrication of

integrated optical systems.

Pestome: CTbKnaTa, NoAyveHW ¢ 40HaBKM OT HAaHOYACTULUM OT BaropoaeH meTan, NpuBaAMYaT
3HAYMTE/IHO BHUMAHME NOPaAM YHUKANHWUTE ONTUYHW CBOMCTBA, KOMTO NPOABABAT B 61M3KUA
UV 1 Bnamm cnekTpaneH amanasoH. B Tasm paboTa e n3cnensaHa Bb3MOXKHOCTTA Ha /1a3ePHOTO
obnbyBaHe Aa MHAyLUMpPa MOAMOUKALMA HA ONTUYHUTE CBOMCTBA Ha HOPOCUAMKATHU CTHKAA,
KOUTO CbAbPMHKAT 31aTHU HaHOYacTULUM. MpoLECHT e n3caensaH 4Ypes npuiaraHe Ha NasepHu
MMNYACK Ha HaHOCeKyHAHa cuctema Nd:YAG BBbpXy CTbKAA, KOUTO Ce CbCTOAT OT HAHOYACTMLM
C pa3nnyeH pasmep 1 dopma. Pesyntatnte nokasear, Ye Npu onpeseneHu yCnoBma onTuyHmTe
CBOMCTBA Ha CTBbKAOTO MoraTt Aa 6bAaT moaMPUUMPaHn, TbiA KaTo ce HabatoaaBa NPOMAHa B
Ob/KMHATA HA BbAHATA HA NAA3MOHHMA PEe30HaHC Ha HaHoyacTuumTe. M3cnenBaHo e
BAMAHMETO Ha NABTHOCTTA Ha /Ia3ePHOTO NbYeHMe 1 Bpoa Ha MMNYACUTE BBPXY TO3N edeKT.



[eduHnpaHM ca ABa peXkmma Ha NABTHOCT: (i) NpWM HUCKM NAbTHOCTM, 61130 A0 npara Ha
MoaMdUKaLMa Ha ONTUYHUTE CBOMCTBA, YBENIMYABAHETO Ha NIbTHOCTTA Ha /1a3ePHOTO NbYeHue
BOAM [0 CMHbO M3MECTBaHe Ha pe30HaHCHaTa Ab/XMHA Ha BbaHaTa; (i) No-HaTaTbWHOTO
yBeNMYaBaHe Ha MAbTHOCTTA NpeAn3BMKBA YepBeHO M3mecTBaHe. [ogobHO nosedeHue ce
Hab/ogaBa Npyv NpPomMsHa Ha 6pos Ha MPUAONKEHUTE MMNYACU. TyK cnen npuinaraHe Ha
HAKONKO XWAAAM Na3epHU MMMyNca ce peanmsmpa AONbAHMTENEH, TPETU PEXMM Ha CUHbO
namectBaHe. 3a obAacHeHMe Ha HabaoAaBaHUTE MOAMPUKALMM Ca MPUIOKEHN TEOPETUYHM
mozaenn, 6asnpaHn Ha MHOro4acTMYHaTa Teopus Ha pascernBaHeTo Ha Mie U ypaBHEHMETO 3a
TONNONPOBOAMMOCT. Ha TAxHa 6a3a M HanpaBeHW aHaNM3M MOXKe Jia Ce 3aK/uu, 4ye
NMHAOYUMPAHUTE BapMaLIMM Ha ONTUYHUTE CBOMCTBA Ca CBbP3aHM C MoAMPUKALMA Ha pa3mepa M
bopmaTa Ha HaHoYacTMLMTE Ypes ToneHe U dparmeHTaums. NoaydyeHnTe pesynTaTi NokaseaT
Bb3MOXKHOCTTA 33 MoaMdMKauMm Ha pasmepa M dopmata Ha HaHOYaCTMUMTE C BMCOKA
NpoCTpaHCTBEHA pa3aennTenHa cnocobHocT B 3D M moraT Aa ce M3noa3BaT 3a NPOM3BOACTBO
Ha MHTErpMpPaHn ONTUYHN CUCTEMMN.

7. N. Nedyalkov, N. E. Stankova, M. E. Koleva, R. Nikov, M. Grozeva, E. lordanova, G. Yankov,
L. Aleksandrov, R. lordanova, D. Karashanova, "Optical properties modification of gold doped
glass induced by nanosecond laser radiation and annealing", Optical Materials, 75 646-653
(2018) IF(2018) = 2.779, Q1

Abstract: In this work the effects of laser radiation and annealing process on the change of the
optical properties of gold doped borosilicate glass are presented. The glass is fabricated by
conventional melt quenching method as samples with three different concentrations of gold
are produced. The laser irradiation is performed by a Nd:YAG system that generates
nanosecond pulses at wavelengths of 1064, 532, 355, and 266 nm. The optical properties of
the glass samples are studied on the basis of their transmission spectra in the UV- near IR
spectral range. The results indicate that irradiation at wavelength of 266 nm induces color
changes assigned to formation of defects (color centers). Annealing of the samples results in
formation of red colored zones which positions correspond to the irradiated ones. The optical
properties and TEM observation indicate that this effect is related to formation of gold
nanoparticles. The optical spectra of the areas irradiated by laser pulses and annealed are
studied for different processing parameters e pulse number, laser fluence, annealing
temperature, annealing time, and the gold concentration in the glass. Processing parameters
that ensure efficient tuning of the optical spectra are defined. The presented study can be a
basis for a method for surface modification of glass samples that can lead to formation of
nanoparticle composed layer with tunable optical properties for applications as novel optical
elements.

Pestome: B Ta3sn paboTa ca npeactaBeHn edeKkTUTe OT J1A3€pPHOTO SbYeHMe U npoueca Ha
OTrpABaHe BbpXy MNPOMAHATA Ha ONTUYHUTE CBOMCTBA Ha ODOPOCMIMKATHO CTbKAO, NerMpaHo
CbC 3nato. CTbKNaTa Ca NOJly4eHU Ype3 KOHBEHLMOHAIEH METO/, 33 OX/1aXK4aHe Ha CTONM/IKATa,
KaTo ce n3paboTteHn 0bpasLUmM C TPM Pa3AMUYHM KOHLEHTPAUMM Ha 3/1aTo. /lazepHOTO 061bYBaHeE
e n3BbplleHo Yype3 nomouita Ha Nd:YAG nasepHa cuctema, KOATO reHepupa HaHOCEKYHAHM
UMMYACK NPU AbAKUHM Ha BbAHMTe 1064, 532, 355 n 266 nm. ONTU4YHMUTE CBOMCTBA Ha
CTbKNeHUTe 0bpasum ca u3cneaBaHM Bb3 OCHOBA Ha CMEKTPUTE MM Ha nponyckaHe B UV-
6a13kMA IR cnekTpaneH Anana3oH. PesyntaTtnuTe NnokaseaT, Ye 061bYBAHETO NPU Ab/KMHA HA
Bb/IHaTa 266 nmM npeamn3BMKBa NPOMEHW B LIBETA, CBbP3aHM C 0bpa3yBaHeToO Ha AedpekTu



(uBeTHM ueHTpoBe). OTrpsBaHETO Ha Npobute BoaM A0 0Hpa3yBaHe Ha YEPBEHO OLBETEHM
30HW, YMMTO MNO3UUMM CbOTBETCTBAT Ha 0b6aAbYeHUTe. ONTUYHUTE cBoMCTBA M TEM
Habnto4eHMETO NOKA3BaT, Ye TO3M ePeKT e CBbP3aH C 06pa3yBaHETO Ha 3/1aTHM HAHOYACTULM.
ONTUYHUTE CNEKTPU Ha 30HUTE, OOBYEHU C 1A3EPHM MMMYICK U OTIPEeTH, Ca U3CNeBaHMU 3a
Pa3/IMYHM NapameTpu Ha obpaboTka, Hanpumep BPOM MMNYACK, NABTHOCT Ha NA3epPHUA by,
TemnepaTtypa Ha OTrpABaHe, BPemMe Ha OTrpABaHe M KOHLUEHTPaUMA Ha 3/71aTO B CTbKAOTO.
DednHnpaHn ca napameTpuTe 3a 06paboTKa, KOMTO ocuUrypsBaT ePeKkTMBHA HACTPOMKa Ha
onTUYHMTe cnekTpu. [peacTaBeHOTO M3cnedBaHe Moxe fa ObAe OCHOBa 3a MeToZ 3a
NOBBPXHOCTHA MOANDUKALMA HA CTbKNEHN NPobU, KOMTO MOXKe Aa AoBee A0 0bpa3yBaHe Ha
C/IOM, CbCTaBEH OT HAHOYACTULM, C PETYIMPYEMM ONTUYHM CBOMCTBA 33 NPUIOKEHMA KaTO HOBM
ONTUYHM eIEMEHTMU.

8. Ro Nikov, N Nedyalkov, M Koleva, N Stankova, E lordanova, G Yankov, L Aleksandrov and R
lordanova, “Femtosecond laser modification of the optical properties of glass containing noble-
metal nanoparticles”, Journal of Physics: Conference Series, 1492(1) 012058 (2020) IF(2020) =
0.55, Q4

Abstract: The paper presents results on femtosecond laser irradiation-induced modification of
the optical properties of a composite material — gold nanoparticles embedded into a
borosilicate glass host. The process is initiated by laser pulses delivered by a Ti:sapphire laser
system with pulse duration of 35 fs. The glass samples are prepared by melt quenching with
gold added as hydrogen tetrachloroaurate (lll) hydrate to the initial composition. Post-
fabrication annealing leads to a homogeneous formation of nanoparticles in the glass; varying
the annealing parameters results in producing nanoparticles with different sizes and shapes.
The laser irradiation of the samples induces significant modification of the optical spectra of
the glass through changes of the nanoparticles characteristics. The effects are studied of the
laser fluence, laser wavelength and laser pulses number. The heat diffusion equation is applied
to estimate the temperature evolution and explain the modifications observed. The results
demonstrate this technique’s efficiency in modifying the nanoparticles properties with a high
3D spatial resolution, which can be useful in fabrication of integrated optical systems.

Pesiome: CratMaTa npeactaBa pesyntatv oT MoAMduuUMpaHe Ha ONTMYHMTE CBOMCTBA Ha
KOMMNO3MTEH MaTepuan, npeamsBmMKaHo OT  GEeMTOCeKyHAHO na3epHo obabyBaHe.
KoMMNo3nTHMAT maTepunan e 6OpOCUAMKATHO CTbKAO AO0TMPAHO C HaHOYaCTUUM 3N1aTo.
MpouechkT ce MHUUMWMPA OT ANasepHu wmmnyacu, 4dpes Ti:sapphire nasepHa cuctema c
NPOABMIKUTENHOCT Ha umnyaca 35 fs. CTbkaeHUTe Npobu ca NonydYeHu Ypes oxnaxaaHe Ha
CTONM/AKaTa CbC 3/1aTo, AobHaBeHO KaTo BoAopodeH TeTpaxnopoaypat () xmapat Kbm
NbpBOHaYaNHMUA cbeTas. OTrpaBaHeTo, cies NPOM3BOACTBOTO BOAM [0 XOMOreHHO obpasyBaHe
Ha HAHOYaCTMLM B CTbKAOTO; MPOMAHATa Ha NapaMeTpuUTe Ha OTrpABaHe BOAM A0 NoJslyYaBaHe
Ha HaHO4YacCTUUM C Pas3/IMyYHM pasmepn KU Gopmu. JlazepHoTo 0bOAbYBAHE Ha npobute
npeamn3BMKBa 3HaUYMTENHA MOAMDUKAUMA HA ONTUYHMUTE CNEKTPM HA CTBKAOTO Ype3 NPOMEHM B
XapaKTePUCTMKNTE Ha HaHo4dacTnumTe. N3cneansaHn ca edbekTUTe Ha NABTHOCTTA HA /1a3ePHMS
NbY, AbMXKMHATA Ha BbAHATa M B6poa Ha NasepHUTe MMNyNcK. YpaBHEHMETO 3a Andy3na Ha
TONAMHA € MNPWIOXKEHO 3a OLEHKa Ha TemnepaTypHUTE NpomMeHu U obscHeHMe Ha
HabntoaaBaHMTe MoaudUKaLMK. Pe3yntatute AeMOHCTPMPAT eHeKTUBHOCTTA Ha Ta3n TEXHMKA
npn moambuUMpaHe Ha CBOMCTBATA Ha HaHo4acTMuUMTE C BMcOKa 3D npocTpaHcTBeHa



pasaenntenHa CI'IOCO6HOCT, KOATO MOXe [Ada 6'b,£|,e M3Mnoa3BaHa MNpun npom3sBoAcCcTBOTO Ha
MHTErpmpaHn oNnTn4yHM CUMCTeEMN.

9. N Nedyalkov, N E Stankova, M E Koleva, R Nikov, P. Atanasov, M Grozeva, E lordanova, G
Yankov, L Aleksandrov, R lordanova, D Karashanova, “Optical properties modification induced

by laser radiation in noble metal doped glasses”, Journal of Physics: Conference Series 992
012047 (2018) IF(2018) = 0.64, Q4

Abstract: We present results on laser-induced color changes in gold- and silver-doped glass.
The doped borosilicate glass was prepared by conventional melt quenching. The study was
focused on the change of the optical properties after irradiation of the glass by femtosecond
laser pulses. Under certain conditions, the laser radiation induces defects associated with
formation of color centers in the material. We studied this process in a broad range of laser
radiation wavelengths — from UV to IR, and observed changes in the color of the irradiated
areas after annealing of the processed glass samples, the color being red for the gold-doped
glass red and yellow for the silver-doped glass. The structural and morphological analyses
performed indicated that this effect is related to formation of metal nanoparticles inside the
material. The results obtained show that femtosecond laser processing of noble-metal-doped
glasses can be used for fabrication of 3D-nanoparticles systems in transparent materials with
application as novel optical components.

Pestome: MpeacTaBeHW ca pe3yaTaTi OT Na3epHO MHAYLUMPAHW MPOMEHN B LiBETA Ha IeTMpPaHo
CbC 3N1aTO U cpebpo CTbKNO. JlerMpaHoTo HOPOCMAMKATHO CTBKAO Ce MNoayvaBa 4pes
KOHBEHLIMOHAHO OXNaXAaHe Ha cTonuakaTta. M3cneasaHeTo e dOKyCMpPaHo BbPXY NPOMAHATA
Ha ONTUYHWUTE CBOWCTBA caen 0ONbYBAHE HA CTHKIOTO C GEMTOCEKYHAHM Na3epHM MMMYCH.
Mpu onpeaeneHn ycnoBWMA NA3epPHOTO AbYeHWe npean3BuMKBa AedeKTH, CBbp3aHM C
obpa3yBaHETO Ha UBETHW LEHTPOBE B MaTepuana. To3M Mpouec e M3cnedBaH B LUMPOK
Mana3oH OT Ab/IKMHW Ha Bb/IHUTE Ha 1a3epHoTOo AbyeHme — oT UV no IR 1 ca HabaoaasaHu
NPOMEHW B UBETA Ha 0DNbYEHUTE 30HM Cleq OTrpsBaHe Ha obpaboTeHUTe CTbKAEHW Npobu,
KaTO LBETHT € YepBeH 3a IeTMPaHOTO CbC 3/1aTO CTBbK/IO — YEPBEHO M XbATO 33 IeTMPaHO CbC
cpebpo CTBKNO. M3BBbPLIEHUTE CTPYKTYPHU M MOPGONOTMYHM aHaNM3K NMOKA3BaT, Ye To3n edeKT
e CBbp3aH C 06pa3yBaHETO Ha MeTa/IHW HaHOYaCTMUM BBTPE B maTepuana. llonyyeHuTe
pe3ynTaTh NoKaseaT, Ye demToceKyHAHaTa nasepHa 06paboTKka Ha nervpaHu ¢ 6aaroposeH
MeTaN CTbKJAa MOXe Aa Ce M3MOA3Ba 3a MPOM3BOACTBO Ha cuctemu oT 3D-HaHo4acTMuM B
NPO3payYHM MaTeEPUANN C NPUNONKEHNE KAaTO HOBM OMTUYHM KOMMOHEHTH.

10. E.A.D. Carbone,1 J.M. Palomares, S. H" ubner, E. lordanova J.J.A.M. van der Mullen
Erratum: revision of the criterion for avoiding. electron heating during Laser Aided Plasma
Diagnostics (LAPD), Journal of Instrumentation, JINST 8 E05001 (2013) IF(2013) = 1.86, Q1

r11. E lordanova, S Hibner, E A D Carbone, J M Palomares and J J A M van der Mullen, “Central
axial profiles of main gas density and temperature determined with Rayleigh scattering”
Journal of Instrumentation, 7 C02032 (2012) IF(2013) = 1.86, Q2



Abstract: A method is presented to determine local values of the heavy particle density and
temperature, na and Ta. The method, based on Rayleigh Scattering, is applied to a Surfatron
induced plasma in argon operating at a fixed frequency of 2.45 GHz. Apart from the standard
pressure of 20 mbar we also studied two lower pressures cases of 10 and 6 mbar. New plasma
locations are studied by shifting the plasma setup such that the central axis remains coincident
with the laser beam. The challenge of this technique lies in the treatment of false stray light,
that is scattered light of the laser side-beams on the quarts surrounding the plasma. To handle
this, we used a method based on image inspection that is possible due to the application of a
2D iCCD array as detector. The uncertainty in the determination of na for the 20 mbar case is
brought down to 12%.

Pestome: lNpeactaBeH e meTos 3a onpeaenaHe Ha IOKa/IHW CTOMHOCTM Ha KOHLEHTpaumATa u
TemnepaTtypaTa Ha TeXKUTe Yyactmum, na n Ta. MeTtoawT, 6a3npaH Ha PeneeBo pasceliBaHe, e
NPUIOXKEH KbM MHAYLMPaHa cbpdaTpoH Nniasma B aproH, paborella npm puKcMpaHa YyecToTta
oT 2,45 GHz. OcBeH cTaHaapTHOTO HanaraHe oT 20 mbar, ca uscieasaHu 1 ABa c/iydana npu no-
HMUCKO HanaraHe Ha 10 u 6 mbar. Bcako nonoxkeHwe Ha njiasmaTta € M3cAeaBaHO 4ypes
M3mecTBaHe Ha Maa3meHaTa Tpbba, Taka Ye LeHTpanHaTa OC Aa CbBMaja C Na3epHMA Nbu.
Mpean3BMKATENCTBOTO Ha Ta3m TEXHMKA ce Kpue B 0bpaboTBaHETO Ha CBET/IMHA, pa3cedHa OT
Na3epHUTE CTPaAHWYHM NbYM BBPXY KBapLoBaTa Tpbba, 3a0bMKanAula nnasmata. 3a Aa ce
npeogonee T03n nNpobnem e nM3nNon3BaH metos, HasmMpaH Ha NPOBEPKA Ha M300parkeHneTo,
KOMTO e Bb3MOXKeH bnarogapeHue Ha M3nonseaHeTo Ha 2D iCCD kaTo geTekTop. HeToyHoCTTa
npu onpeAenaHeTo Ha na 3a cayyan npu 20 mbar e HamaneHa 40 12%.

r12. J.M. Palomares, E. lordanova, A. Gamero, A. Sola, J.J.A.M. van der Mullen, “Atmospheric
microwave-induced plasmas in Ar/H2 mixtures studied with a combination of passive and
active spectroscopic methods”, Journal of Physics D: Applied Physics, 43(10) 395202 (2010)
IF=2.72,Q1

Abstract: Several active and passive diagnostic methods have been used to study atmospheric
microwave-induced plasmas created by a surfatron operating at a frequency of 2.45 GHz and
with power values between 57 and 88 W. By comparing the results with each other, insight is
obtained into essential plasma quantities, their radial distributions and the reliability of the
diagnostic methods. Two laser technigues have been used, namely Thomson scattering for the
determination of the electron density, ne, and temperature, Te, and Rayleigh scattering for the
determination of the heavy particle temperature, Tg. In combination, three passive
spectroscopic techniques are applied, the line broadening of the HP line to determine ne, and
two methods of absolute intensity measurements to obtain ne and Te. The active techniques
provide spatial resolution in small plasmas with sizes in the order of 0.5 mm. The results of ne
measured with three different methods show good agreement, independent of the plasma
settings. The Te values obtained with two techniques are in good agreement for the condition
of a pure argon plasma, but they show deviations when H2 is introduced. The introduction of
a small amount (0.3%) of H2 into an argon plasma induces contraction, reduces ne, increases
Te, enhances the departure from equilibrium and leads to conditions that are close to those
found in cool atmospheric plasmas.

Pestome: HAKONKO aKTUBHM M NAaCMBHM AMATHOCTUYHM METOAa Ca M3MOA3BaHN 3a M3C/eaBaHe
Ha aTMmochepHa MUKPOBBAHOBO MHAYLIMPaHa Naa3ma, reHeprpaHa oT CbpdpaTpoH, paboTell, Ha



yecToTa OT 2,45 GHz 1 CbC CTOMHOCTM Ha MOLWHOCT mexay 57 n 88 W. Ypes cpaBHABaHe Ha
pesyaTaTuTe e NoJlydeHa NpecTaBa 33 CbLLECTBEHUTE NNA3MEHUTE XapaKTEPUCTUKM, TEXHUTE
pagnanHn pasnpeneneHma N HageXKAHOCTTa Ha AMArHOCTUYHUTE MeToau. MI3non3saHu ca ase
NasepHU TeXHUKW, @ MMEHHO pascerBaHe Ha TOMCbH 33 OnpeaenAHe Ha eNeKTPOHHaTa
KOHUEHTpaumMa, ne, M TemnepaTtypa, Te, nm Peneeso pascerBaHe 3a onpeaensHe Ha
TemnepaTtypaTa Ha TeXKuTe 4Yactuum, Tg. B KOMOWMHAUMA ca MPUAONKEHM TPU MNACUBHMU
CNEeKTPOCKOMNCKM TEXHWUKM, ylWwmpeHme Ha HP nvHuATa 3a onpeaensHe Ha ne M ABa MeToAa 33
n3mepBaHe Ha abCoONOTEHMA MHTEH3UTET 3a onpedensHe Ha ne U Te. AKTUBHUTE TEXHWKMK
OCUrypABaT NPOCTPAHCTBEHA pPasAennTenHa CnocobHOCT B MajsKM MAasmu C pasmepu oOT
nopaabKa Ha 0,5 mm. Pe3yntatuTe 3a ne, U3MepPEHM C TPW Pa3IMYHU MeToAa, NoKa3BaT A0Opo
CbOTBETCTBME, HE3ABMCMMO OT HAaCTPOMKUTE Ha NAasmeHnTe napameTpu. CTOMHOCTUTE Ha Te,
NONyYeHU C ABe TEXHWMKM, Cca B AOOPO CbOTBETCTBME 3a C/ly4aMUTe HA YMCTA aproHOBA M1a3Ma,
HO MOKa3BaT OTK/JOHEHMA, KoraTo ce gobasm H2. JobaBaHeTo Ha maako KoanyecTtso (0,3%) H2
B aproHoBa Naasma Npeam3BMKBA CBMBAHE, HAMaAABaHE Ha ne, yBeaMYaBaHe Ha Te, 3acK/iBa
OTK/IOHEHMETO OT PaBHOBeCMEe M BOAWM OO YCNOBWMA, KOUTO ca BNM3KM A0 Te3u, OTKPUTK B
cTyaeHa atmocdepHa naasma.

13. J.M. Palomares, E. lordanova, E.M. van Veldhuizen, L. Baede, A. Gamero, A. Sola, J.J.A.M.
van der Mullen, “Thomson scattering on argon surfatron plasmas at intermediate pressures:
Axial profiles of the electron temperature and electron density” Spectrochimica Acta Part B:
Atomic Spectroscopy, 65(3) 225-233 (2010) IF =3.18, Q1

Abstract: The axial profiles of the electron density ne and electron temperature Te of argon
surfatron plasmas in the pressure range of 6-20 mbar and microwave power between 32 and
82 W have been determined using Thomson Scattering of laser irradiation at 532 nm. For the
electron density and temperature, we found values in the ranges 5 x 1018 < ne < 8x1019 m-3
and 1.1 < Te < 2.0 eV. Due to several improvements of the setup, we could reduce the errors
of ne and Te down to 8% and 3%, respectively. It is found that ne decreases in the direction of
the wave propagation with a slope that is nearly constant. The slope depends on the pressure
but not on the power. Just as predicted by theories we see that increasing the power leads to
longer plasma columns. However, the plasmas are shorter than what is predicted by theories
based on the assumption that for the plasma-wave interaction electron—atom collisions are of
minor importance (the so-called collisionless regime). The plasma vanishes long before the
critical value of the electron density is reached. In contrast to what is predicted by the positive
column model it is found that Te does not stay constant along the column, but monotonically
increases with the distance from the microwave launcher. Increases of more than 50% over 30
cm were found.

PeslomeTa: AKcManHMTe NPOPUAM Ha e/IeKTPOHHATa KOHLEHTpauua ne M eneKkTpoHHaTa
TemnepaTypa Te Ha aproHoBa cbpdaTpPoHHa Naa3ma B AmManasoHa Ha HanaraHe oT 6—20 mbar
N MoLHOCT mexay 32 n 82 W ca onpeaeneHn ¢ nomoluta Ha TOMCbHOBO pa3celiBaHe Ha
NaszepHo obnbuBaHe nNpu 532 nm. 3a enNeKkTpoHHaTa KOHUEeHTpauus W TemnepaTypa ca
onpeaeneHn CTOMHOCTM B AManaszoHmnte 5 x 1018 < ne < 8 x 1019 m-3 1 1.1 < Te < 2.0 eV.
Bcneacreme Ha HAKOIKO NOA0OPEHMA Ha eKCNepMMEHTaHaTa YCTaHOBKA, rpellknTe 3ane n Te
MoraT Aa 6baaT HamasieHW A0 CTOMHOCTU, CbOTBETHO OT 8 % M 3 %. YCTaHOBEHO €, Yye ne
HamasfBa B MOCOKATa Ha Pa3NpPOCTPaHeHWe Ha Bb/IHATa C HAK/0H, KOMTO € NOYTK MOCTOAHEH.
HaKNOHBT 3aBUCK OT HANATAHETO, HO HE M OT MOLLHOCTTA. TOYHO KaKTo NpeasuKaaT TeopunTe,



e Hab/aaBaHo, Ye YBEMYABAHETO Ha MOLLIHOCTTA BOAM A0 NO-AbATU NaasmeHu CTbabose.
Bbnpeku ToBa, HabatoaaBaHUTe Naa3MeHM CTbAOOBE ca NO-KbCK OT TOBA, KOETO Ce NpeaBmMKaa
OoT Teopuun, 6a3mpaHM Ha NPEAnoNOKEHUETO, Ye 33 B3aMMOAENCTBMETO MN/1a3Ma-Bb/Ha,
e/1eKTPOH-aTOM yJapuTe ca OT BTOPOCTEMNEHHO 3HayeHKWe. [11a3maTta nm34e3Ba MHOro npeam
[OCTUTAaHETO Ha KPUTWMYHATA CTOMHOCT Ha efieKTpoHHAaTa KOoHUEeHTpaumsa. 3a pasnuMka oT
NpeanoNoXKeHOTO OT MoJena 3a MNOJIOKUTENHUA CTbAD, e yCcTaHOBeHO, Ye Te He OcCTaBa
NOCTOAHHA MO Ab/AXMHA Ha CTbnba, a MOHOTOHHO Ce YyBenW4YaBa C Pa3CTOAHMETO OT
MMUKPOBBIHOBMA N3TOYHWNK. YCTAHOBEHMW Ca yBeanyeHusa c noseve ot 50 % Hag 30 cm.



