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A. Pe3lomeTta Ha nybanMKauunte, eKBUBa/JIeHTHMU Ha XabuanuTaunoHeH Tpya,

Al.

A2.

L. Nedelchev, D. Ivanov, B. Blagoeva, D. Nazarova, “Optical anisotropy induced at
five different wavelengths in azopolymer thin films: Kinetics and spectral
dependence”. Journal of Photochemistry and Photobiology A: Chemistry, volume
376, pp. 1-6, 2019.

Abstract: Azopolymers are highly efficient materials, able to register the polarization state of
light. They have broad range of applications from diffractive optical elements with unique
polarization properties to biophysics.

We present a study of birefringence kinetics, induced with five different pump lasers with
wavelengths 355, 442, 491, 514 and 532 nm in thin films of widely used amorphous azopolymer
PAZO - poly[1-[4-(3-carboxy-4-hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl,
sodium salt]. During the real-time measurement, the value of the photoinduced birefringence
(An) is determined at 635 nm, using a DPSS laser. When saturation is reached, the spectrum of
the birefringence is measured. Our results indicate that the investigated azopolymer can be
used for applications in a wide wavelength range.

Pestome: Asononvmepute ca BUCOKOEDEKTUBHU mMaTepuann, CnocobHM pda perncrpupar
CbCTOAHMETO Ha MOAAPU3aLMA Ha CBET/IMHATA. Te MMaT LUMPOK CMEKTbP OT NMPUIOXKEHUS: OT
ANPPAKUMOHHMN ONTUYHWN €JIEMEHTU C YHUKANHM NONIAPM3aLMOHHN CBOMNCTBA A0 6uodusmkara.
MpeactaBame wu3cnegBaHe Ha KUHETUKUTE Ha ABY/IbYENpedynsaHe, MHAYUMPAHO C neT
Pa3/IMYHN HANOMNMBALLM Nla3epa C Ab/IKMHU Ha BbaHaTa 355, 442, 491, 514 n 532 nm B TbHKU
CNoeBe OT WKWPOKO M3MoJi3BaHMA amopdeH asononmmep PAZO — nonu[l-[4-(3-kapbokcu-4-)
XnapokcudeHmnaso)beHseHcynpoHammaol-1,2-etaHamumnn, Hatpuesa cosn]. Mo Bpeme Ha
N3MepBaHETO B peasiHO BpemMe CTOMHOCTTa Ha GOTOMHAYLUMPAHOTO AByabYenpedynsaHe (An) ce
onpeaensa npu 635 nm, KaTto ce M3N0/3Ba AMOAHO HanomMBaH TBbPAOTENEH Na3ep. Korato ce
AOCTUTHE HacUlliaHe, Ceé M3MepPBa CMEKTbPbT Ha AByabyenpevynsaHe. Hawwute pesyntatu
NMOKas3BaT, Ye M3CneABaHMA a30MOJIMMEP MOXKEe Aa Ce M3M0A3Ba 33 MNPUIOXKEHMA B LUMPOK
AManasoH OT Ab/IKMHU Ha BbJIHATa.

L. Nedelchev, D. lvanov, G. Mateev, B. Blagoeva, D. Kostadinova, N. Berberova, D.
Nazarova, “Multiple cycles of recording/reading/erasing birefringence in
azopolymers”. Bulgarian Chemical Communications, volume 48, Special Issue G,
pp. 33-36, 2016.

Abstract: In this work we investigate the characteristics of reversible polarization recording in
an azopolymer. Polarized light from DPSS laser with wavelength 444 nm is used for recording
photoinduced birefringence. Afterwards, two methods for its erasure are used: heating the
polymer to certain temperature or illumination with circularly polarized light. Multiple cycles of
recording and erasure are successfully realized with both methods, which allows us to compare
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A4.

and outline the advantages of each of them. The photoinduced birefringence is calculated from
the Stocks parameters, monitored in real time, during the entire experiment.

Peslome: M3cneaBaH e npouecbT Ha MHOroKpateH obpaTum nonspusauMOHeH 3anuc B
asonoanmep. 3a 3anuc Ha GOTONHAYLMPAHO ABYIbYENpPeYynBaHe € U3N0A3BaHa NoAspMU3npaHa
CBET/IMHA OT 1a3ep C Ab/MKMHA Ha BbaHaTa 444 nm. 3a nsTpmMBaHe Ha 3anuca ca M3non3BaHu ABa
MeToZa: 3arpsiBaHe Ha NOJIMMEPHUA CNOM AN 06N bUYBAHE C KPbroBO NOJIAPM3MPAHa CBET/IMHA.
YcnewHo ca peasin3npaHn MHOTOKPATHU LMKAW Ha 3anuc 1 U3TpMBaHe M Ypes gBaTa mMeToaa,
KOeTO HM N03BOAABA A M CPaBHMM M MNOCOYMM MNpPeUMMyLLecTBaTa Ha BCEKM OT TAX.
DOTOMHAYUMPAHOTO ABYAbYENPEYYNBAHE € U3YMUCAEHO OT napameTpuTte Ha CTOKC, KOUTO ce
CNeaAT B peanHo Bpeme No Bpeme Ha Lena eKCnepumeHT.

D. Dimov, L. Nedelchev, D. Nazarova, D. Ivanov, G. Mateev, E. Bubev, A. Georgiev,
D. Yancheva, I. Zhivkov, M. Machkova, “Application and spectral characterization
of vapour deposited 4-aminoazobenzene dyes nanosized films”. Bulgarian
Chemical Communications, volume 48, Special Issue G, pp. 204-207, 2016.

Abstract: In this paper two types of 4-aminoazobenzene derivatives were vapour deposited and
investigated as nanosized films. The films were characterized by UV-VIS spectroscopy.
Birefringence was induced in the films by pump lasers with wavelengths of 355 nm and 444 nm
within the absorbance band of the azo chromophores used. Laser light at 635 nm was used to
probe the photoinduced birefringence. The recording dynamics and temperature dependence
of birefringence have been presented. It was found that 4-aminoazobenzene derivative
nanosized films have good photoanisotropic properties for optoelectronic device application.

Pestome: B cTtatmsaTa ca v3csieABaHuW ABa BMAA BAaKYYMHO OT/IOKEHU 4-aMMHOa306eH3eHOBM
NpPoM3BOAHWN KAaToO HaHOpasmepHu cnoese. CnoeseTe ca uscneasaHum ¢ UV-VIS cnektpockonumsa.
ONTUYHO MHAYLMPAHOTO ABYbYENPEYYNBaHE € U3c/eABaHOo Ype3 NpobeH /1a3ep ¢ Ab/KUHA Ha
Bb/AHaTa 635 HM. M3cnenBaHeTo € HanpaBeHO 4Ype3 Bb3OyKaaHe C HanoMMBally nasepu C
ObJIKUHU Ha BbaHUTE 355 HM 1 444 Hm, nonagally B UBMLATA Ha NOTbLLAHE Ha a3obarpunara.
M3cnegBaHW ca 3aBUCUMMOCTUTE OT BpeMeTo M TemrepaTypaTa Ha ABY/ibyYenpeyyrnBaHeTO Ha
asoxpomodopute. YctaHoBeHO €, 4Ye 4-amMMHOa306eH3eHOBUTE MPOU3BOAHM  KaTo
HaHOpa3MepHM cnoeBe npuTerkasat Ao0bpn GOTOAHM3OTPOMNHM CBOMCTBA 33 MPUJIOKEHME B
ONTOENEKTPOHHM YCTPOICTBA.

E. Stoykova, G. Mateev, B. Blagoeva, L. Nedelchev, D. Nazarova, “Monte-Carlo
simulation of the birefringence kinetics in azobenzene-containing materials”.
Journal of Physics: Conference Series, volume 992, art. No. 012020 (6 pp), 2018.

Abstract: The photoinduced optical anisotropy (birefringence and dichroism) in azobenzene
containing materials gives rise to a variety of applications in photonics by way of controlling the
anisotropic properties at a nanoscale level. These applications require modeling the
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photoisomerization process kinetics. This is a complex and stochastic task that depends on many
parameters. The paper presents a computationally effective Monte-Carlo simulation of
recording, relaxation and erasure of the photoinduced anisotropy for a large number of 3D-
oriented molecules at small angular increments between the neighboring orientations. The
modeling is in good agreement with the experiment for measuring the birefringence in the PAZO
polymer.

Pestome: ®doToMHAyUMpPaAHATA ONTUYHA aHM3OTpONMA (ABybYenpeyvynBaHe U AUXPOU3BM) B
MmaTepuanu, cbabpKawm azobeH3eH, AaBa Bb3MOXHOCT 33 Pa3/IMYHN NPUIONKEHUA HA Te3u
MmaTepuann BbB GOTOHMKATA Ype3 KOHTPO/JMPAHE HA AHM3OTPOMHUTE MM CBOMCTBA HAa HAHO
HWBO. Te3n NPUNOXKEHUA M3UCKBAT MOAENMpPaHe Ha KMHEeTMKaTa Ha npoueca Ha ¢oTto
nsomepusauma. ToBa e CNOXKHA 334a4a, KOATO 3aBMUCUM OT MHOro napametpu. Cratmara
npeacrasa M34YncanTenHo edektmBHa MoHTe-Kapno cumynaums Ha 3anuc, penakcauma u
n3TpmMBaHe Ha GOTOMHAYUMpPAHATA aHM30TpPONMA 3a ronam 6poit 3D-opueHTUpPaHU MONEKYIU
NPW MasikKM BINOBM HAPaACTBaHUA MeXAy cbCcegHUTe opueHTauun. MogenupaHeto e B fobpo
CbOTBETCTBME C EeKCMepuMMeHTa/HUuTe AaHHW OT M3MepBaHe Ha ABynbyenpeyynBaHeTo B
nonaunmepa PAZO.

L. Nedelchev, E. Stoykova, G. Mateev, B. Blagoeva, A. Otsetova, D. Nazarova, K.
Hong, J. Park, “Photoinduced chiral structures in case of polarization holography
with orthogonally linearly polarized beams”. Optics Communications, volume 461,
art. No. 125269 (5 pp), 2020.

Abstract: Polarization holography offers the possibility to register not only the intensity and
phase of light, but also its polarization. When the interfering beams are with orthogonal linear
polarizations, in addition to the photoinduced linear birefringence in the media, chiral structures
are formed. They strongly influence the properties of the recorded polarization diffraction
gratings.

In the present work, we study photoinduced chirality in thin films, based on the azopolymer
poly[1-[4-(3-carboxy-4-hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl, sodium salt],
shortly PAZO. Nanocomposite samples are also studied, prepared from the same azopolymer,
doped with TiO, nanoparticles with size 21 nm. Exciting light from a He-Cd laser (4 = 442 nm)
has been used, with input ellipticity varying from —1 (left circularly polarized light) to +1 (right
circularly polarized light). The dependences of the output ellipticity and the angle of self-
rotation of the polarization azimuth on the input ellipticity are presented. This allows us to
estimate the effective value of the photoinduced circular birefringence and to evaluate the
diffraction efficiency of a polarization holographic grating recorded with two plane waves with
orthogonal linear polarizations.

Pestome: [onapusaumoHHaTa xonorpadma fasa Bb3MOXKHOCT 3a PerucTpmpaHe He camo Ha
WHTEH3UTeTa M ¢as3aTa Ha CBeT/MHATa, HO W Ha HelHata noaapusauua. Korato
NHTepdepMpPaLLUTE NBUM Ca C OPTOTOHANHU JIMHEWHW NOAAPM3AUUKN, B AOMNbBJAHEHME KbM
$GOTOMHAYLMPAHOTO /NIMHEMHO ABYy/AbYenpedynBaHe B cpedaTa ce o06pa3yBaT XuMpaaHu
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CTPYKTYpu. Te BAMAAT 3HAYUTENIHO BbPXY CBOWMCTBATa HA 3anMcaHWUTE NOAAPM3ALMOHHMU
ANOPAKLMOHHM peLLeTKu.

B HacToAwaTa paboTta HMe mnscneaBame GoOTOMHAYUMPAHATA XMPASTHOCT B TbHKWU CNoeBe, Ha
6a3aTta Ha asonoanmepa nonu[1-[4-(3-kapbokcun-4-xnapokcnudeHmnaso)beHseHcyndoHammao]-
1,2-eTaHgunn, HaTpueBa cos], HakpaTko PAZO. U3cneaBaHM ca M HAHOKOMMO3UTHM 0bpasuy,
NPUroTBEHU OT CbLLUA a3ononmmep, nernpar c Ti02 HaHovacTuum ¢ pasamep 21 nm. M3nonssaHa
e Hanomnsaly cHon oT He-Cd nasep (A = 442 nm), KaTo BXoAHATa e/IMNTUYHOCT Bapupa oT —1
(nABa KpbroBo nonApusMpaHa CBeTAMHA) A0 +1 (AACHA KPbroBO MoAApu3MpaHa CBET/IMHA).
MpepcTaBeHM ca 3aBUCMMOCTUTE HA M3XOAHATA E€/IMNTUYHOCT M bIbJla Ha 3aBbpTaHe Ha
NonApU3aLMOHHNSA asMMyT OT BXOAHATa enMnTMYHOCT. ToBa HWM MO3BO/JIABA Aa OUEHMM
edeKTMBHaTa CTOMHOCT Ha GOTOMHAYLUMPAHOTO KPbroBO ABYy/AbYenpeyynBaHe W A3 OUEHUM
ANdpaKLMOHHATA ePEeKTMBHOCT Ha MONAPU3aLMOHHA Xonorpadcka pelleTka, 3anmcaHa ¢ age
NAOCKN BbJIHU C OPTOrOHA/IHU NIMHENHM NOSIAPM3aALUN.

B. Blagoeva, L. Nedelchev, D. Nazarova, E. Stoykova, J. Park, “Reversible
supramolecular chiral structures induced in azopolymers by elliptically polarized
light: Influence of the irradiation wavelength and intensity”. Applied Optics,
volume 61, pp. B147-B155, 2021.

Abstract: Photoinduced supramolecular chiral structures in azo materials have been extensively
studied for the development of all-optical switches and because of their influence on the
properties of certain types of polarization holographic gratings. Here, we investigate chiral
structures induced by irradiation with elliptically polarized light in thin films of four azopolymers
denoted as PAZO, P4, P1, which are amorphous, and P, which is liquid crystalline. Their
formation is characterized in real time by the kinetics of azimuth rotation. The influence of the
irradiation wavelength and intensity is also analyzed. The largest azimuth rotation per unit
thickness is achieved in PAZO (33°/um) and P12 (25°/um). Reversibility of the chiral structures
is demonstrated by a tenfold change in the direction of rotation. Our results also indicate that
chiral structures formation occurs significantly faster than the induction of linear birefringence.

Pestome: PoTOMHAYLMpPAHUTE CYNPAMONEKYNHU XUPASHU CTPYKTYpU B a3omaTtepuanuTe ca
06eKT Ha 3aabnboyeHO M3cneaBaHe BbB BpPb3Ka C pa3paboTBaHETO HA M3LUANO ONTUYHMU
NPEBKAOYBATE/IM U MOPAAN TAXHOTO B/UAHME BBPXY CBOWMCTBATA Ha HAKOM BUAOBE
NONAPM3ALMOHHN Xonorpadpcku pelleTkn. TyK HMe u3cneaBame XUPasHU  CTPYKTYpH,
MHAYLUMPAHU NPy 061bYBaHe C eIMNTUYHO NONAPU3NPAHA CBET/IMHA B TbHKM C/IOEBE OT YETUPU
asononmmepa: PAZO, P1 u Piy, Kouto ca amopdHu, U Py, KOWMTO € TEeYHOKPMUCTANEH.
dopmMpaHeTo MM ce XapaKTepm3npa B peasHO BpemMe C KMHETMKaTa Ha 3aBbpTaHe Ha a3nmyTa
Ha NonApu3aLMOHHaTa enmnca. AHaAM3MPaAHO € CbLLO BANMAHUETO HA Ab/KMHATA Ha Bb/IHATA U
MHTEeH3MTeTa Ha 06/1bYBaHeTo. Han-ronamoTo 3aBbpTaHe Ha a3uMyTa Ha eaAnHULA aebennHa ce
noctura B PAZO (33°/um) w Pi; (25°/um). O6paTMMOCTTa Ha XMPaNHUTE CTPYKTYpu ce
AEMOHCTPMpPa Ype3 AeCceToKpaTHa NPOMsiHa B NOCOKAaTa Ha BbpTeHe. HawuTe pesyntatu cbuo
NMokaseaT, 4ye 0b6pa3yBaHETO Ha XMpaJHU CTPYKTYPU HaACTbMBa 3HAYUTENHO NO-6bp30 OT
WMHAYUMPAHETO HA IMHEWHO ABY/bYenpevynBaHe.



A7. G. Mateev, L. Nedelchev, D. Nazarova, B. Blagoeva, N. Berberova, E. Stoykova,
“Photoinduced chirality in azopolymer based nanocomposites with different TiO;
nanoparticles concentrations”. Journal of Physics: Conference Series, volume
1859, art. No. 012010 (5 pp), 2021.

Abstract: After its discovery, photoinduced chirality in azopolymer materials has been studied
with growing interest because of its potential applications. According to our previous
investigations, it is possible to induce chirality in an amorphous azopolymer with a high linear
photoanisotropy by illumination with elliptically polarized light. In the present work, we studied
the photoinduced chirality in thin nanocomposite films based on the azopolymer poly[1-[4-(3-
carboxy-4-hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl, sodium salt], shortly PAZO,
doped with TiO; nanoparticles with a size of about 20 nm. The thickness of the prepared films
was approximately 550 nm and the concentration of the nanoparticles varied from 0 to 3 wt. %.
A He-Cd laser beam (A = 442 nm) was used, with the input ellipticity varying from —1 (left
circularly polarized) to +1 (right circularly polarized). The ellipticity was set using a quarter-wave
and a half-wave plates. We studied the dependences of the output ellipticity and the angle of
self-rotation of the polarization azimuth on the input ellipticity. Based on the experimental data
obtained, we could analyze the dependence of the self-rotation of the polarization azimuth on
the concentration of the nanoparticles. The results show that small concentrations of
nanoparticles lead to an enhancement of the self-rotation, hence, the chirality.

Pesome: Cnen oOTKpuBaHeTo Ha <¢oOToMHAyUMpaHaTa XMPAZHOCT B  a30MNO/IMMEPHUTE
MmaTepuanun, TA ce uscaeaBa c BCe NO-ronsim MHTepec nopaau NoTeHUMANHUTE N NPUIOMKEHUA.
MNpeguWwHUTE HU U3CNeABaHMA MOKAa3BaT, Ye € Bb3MOXHO Aa Ce MHAyUMpa XMPANHOCT B
amopdeH a3ononnmmep C BUCOKA IMHeNHa GpOoTOaHM30TPONMUA Ypes OCBeTABaHE C eINNTUYHO
nonApusnpaHa cBeT/IMHa. B HacToswaTa paboTta nscneasame poToMHAyUMpaHaTa XMpPasHOCT B
TbHKM HAHOKOMMO3WUTHWU cnoeBe Ha 6asata Ha asononumepa nonun[l-[4-(3-kapbokcu-4-
XMApPOoKcndeHnnaso)beHseHcynpoHammaol-1,2-eTaHgmMumn, HaTpueBa Cconl, HakpaTko PAZO,
nernpax c TiO2 HaHoYacTULUM € pasmep okosio 20 nm. JebenvHata Ha NOAroTBEHUTE C/IOEBE €
npubansutenHo 550 nm M KoHUEHTpauuATa Ha HaHovacTuuuTe Bapupa oT 0 ao 3 Ttern. %.
M3nonseaH e cHon ot He-Cd nasep (A = 442 nm), KaTo BXoAHaTa €/MNTUYHOCT Bapupa ot —1
(nABa Kpbroso nonsapusMpaHa) Ao +1 (AAcHa KpbrosBo nonAapusupaHa). EaMntuuHoctTa ce
3aflaBa C MOMOLUTa Ha YeTBbPT-Bb/AHOBA W MONY-Bb/AHOBA NJACTUHKM. M3cneaBaHu ca
3aBUCMMOCTUTE Ha M3XOAHATa E€AUNTMYHOCT M Bbrb/la Ha 3aBbPTAaHE HA NONAPU3ALMOHHUSA
asnMMyT OT BXOAHaTa eNMNTMYHOCT. Bb3 OCHOBA Ha MONyYeHUTE eKCNepUMEeHTaNHU AaHHU
MOXEeM Aa aHanM3Mpame 3aBUCMMOCTTA HA 3aBbPTAHETO Ha MNONAPU3ALMOHHMA a3MMyT OT
KOHLLeHTPAUMATa Ha HaHo4yacTUumuTe. Pe3yntaTMTe NOKa3BaT, Y€ MA/IKM KOHUEHTpauuu Ha
HaHO4YaCTULM BOAAT A0 3aCM/IBaHE HA 3aBbPTAHETO, @ OTTaM U 10 XMPANHOCTTA.



B. PestomeTta Ha ny6auKaumumte n3BbH XabUAnTauMoHHUA TpyAa

B1.

B2.

N. Berberova-Buhova, L. Nedelchev, G. Mateev, E. Stoykova, V. Strijkova, D.
Nazarova, “Influence of the size of Au nanoparticles on the photoinduced
birefringence and diffraction efficiency of polarization holographic gratings in thin
films of azopolymer nanocomposites”. Optical Materials, volume 121, art. No.
111560 (9 pp), 2021.

Abstract: This study is aimed to determine the influence of the size of gold (Au) nanoparticles
(NP) doped in azopolymer PAZO (poly[1-[4-(3-carboxy-4-hydroxyphenylazo)benzene
sulfonamido]-1,2-ethanediyl, sodium salt]) on the photoinduced birefringence of the
nanocomposite thin films as well as on the diffraction efficiency of polarization holographic
gratings recorded in them. For this reason, we used spherical Au NP with five different
dimensions — 10, 20, 30, 40 and 50 nm. Concentrations of the NP in the nanocomposites varied
from 0 a.u. (nondoped samples) to 16 a.u. where 1 a.u. corresponds to 0.015 wt %. Birefringence
was induced with He—Cd laser (A = 442 nm) and measured at 635 nm using DPSS laser. We
observe an enhancement of photoinduced birefringence, which is most pronounced for the Au
NP with size 20 nm. The polarization holographic gratings were inscribed with two orthogonal
circular polarizations (left- and right-handed). AFM measurements were performed to
determine the properties of the resulting surface relief gratings. Our results indicate that both
the diffraction efficiencies and surface relief modulation of the gratings inscribed in the
nanocomposite thin films are higher compared to those in the non-doped samples.

Pe3lome: ToBa M3cneaBaHe MMa 3a Len Aa onpeaenu BIMAHMETO Ha pa3mepa Ha 3natHuTe (Au)
HaHouyactMum  (NP), pgotupaHm B asononmmep PAZO  (nonu[1-[4-(3-kapbokcu-4-
xmapokcudpeHunnaso)  beHseHcyndoHammuaol-1,2-etaHgmMma,  HaTpueBa  COA])  BBbPXY
$GOTOMHAYLUMPAHOTO ABYAbYENpPEeYynBaHE HA HAHOKOMMNO3UTHUTE TbHKU C/I0EBE, KAKTO U BbPXY
AndpakLMoHHaTa ePEKTUBHOCT HA NOAAPU3ALNOHHM X0N0orpadCKM peLleTK, 3anmcaHm B Tax. C
Tasu uen nsnonssame coepmnyHn Au NP c net pasnmyHum pasmepa — 10, 20, 30, 40 u 50 nm.
KoHueHTpauumte Ha NP B HaHOKomno3nTuTe Bapupat ot 0 a.u. (HegoTMpaHn obpasum) go 16
a.u. kbaeTo 1 a.u. cborBeTcTBa Ha 0.015 Tern. %. [iBynbyenpeyynsaHeTo ce nHayumpa c He-Cd
nasep (A = 442 nm) u ce nsmepsa npu 635 nm c nomouita Ha DPSS nasep. Habnwgasame
HapacTBaHe Ha GOTOMHAYLMPAHOTO AByAbYenpeyvyrnBaHe, KOeTO e Hal-u3paseHo 3a Au NP ¢
pasmep 20 nm. MNMonapmsauMoHHUTE XON0TrPAadCKN pPeLIeTKU ca 3anmcaHn C ABe OPTOroHa HU
Kpbrosu nonapusaumnm (nasa un gacHa). M3sbplueHn ca AFM namepBaHua, 3a 4a ce onpeaenart
CBOMCTBATA HA MNOIyYEHUTE NOBBLPXHOCTHO-penedHM pelweTkn. HawnTe pesyntatv NoKkasear, ye
KaKTO AMPpaKUMOHHATA ePEeKTUBHOCT, TaKa M MOAYNAuMATa Ha MOBBPXHOCTHMA pened Ha
peLleTKNTE, 3aNMMCaHN B HAHOKOMMO3UTHUTE TbHKM C/I0EBE, Ca NO-BUCOKM B CPaBHEHME C TE3U B
HefoTUpPaHUTe obpasum.

G. Mateey, A. Stoilova, D. Nazarova, L. Nedelchev, P. Todorov, S. Georgieva, Y.
Trifonova, V. Lilova, “Photoinduced birefringence in PAZO polymer
nanocomposite films with embedded particles of biologically active metal
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complexes”. Journal of Chemical Technology and Metallurgy, volume 54, issue 6,
pp. 1123-1127, 2019.

Abstract: The composite materials based on azo polymers doped with metal particles attract
considerable attention due to their advantageous electrical and optical properties. The present
communication reports results from measuring the photoinduced birefringence in composite
films of the azopolymer (poly[1-[4-(3-carboxy-4-hydroxyphenylazo) benzenesulfonamido]-1,2-
ethanediyl, sodium salt]), shortly PAZO, doped with metal complexes of Cu(ll) 3-amino-5,5'-
dimethylhydantoin (CLP) and Ni(ll) 3-amino-5,5’-dimethylhydantoin (NLP) of different
concentrations. The thin film materials are prepared via spin coating. The thickness of the
samples is in the range between 500 nm and 800 nm. The photoinduced birefringence is
measured by a classical polarimetric setup, where a vertically polarized He-Cd laser emitting at
A =442 nm is used as a pump laser, while a DPSS laser emitting at A = 635 nm is used as a probe
laser. The influence of the dopants concentration on the maximal induced birefringence and the
time of response are discussed.

Pestome: KOMNosuTHUTE MaTepuanuM Ha 6Hasata Ha a3onNoMMeEpM, AOTUPAHU C MeTasHu
4acTMLUM, NPUBANYAT 3HAYUTE/IHO BHUMAHME NOPAAN TEXHUTE eNEKTPUUYHUN U ONTUYHU CBOMCTBA.
B HacToAwma AOKNag ca npeactaBeHW pesynTatM oT M3mepBaHe Ha (GOTOMHAYLMPAHOTO
ABynbyenpeyynsaHe B KOMMO3UTHM cnoeBe OT asonosnvmepa (nonu[l-[4-(3-kapbokcu-4-
xnapokcmdeHunaso)benseHcynpoH ammnaol-1,2-etaHaumn, HaTpuesa conl), HakpaTtko PAZO,
OOTUPaAHW C MeTanHu Komnaekecn Ha Cu(ll) 3-amuHo-5,5"-aumeTtnnxuagantonn (CLP) n Ni(ll) 3-
amMuHO-5,5"-aumeTnnxngantonH (NLP) ¢ pasnnyHM KOHUeHTpauuu. TbHKUTE CcnoesBe ca
OT/IOXEHN UueHTpodyKHO. [ebenuHata Ha cnoeBete e mexgy 500 m 800 nm.
®OoTOMHAYUMPAHOTO AByAbYenpeyynBaHe Cce M3MepBa 4Ype3 KaacMyecka NoNspMMETpUYHA
CXeMa, KbAeTo BepTMKanHo nonspusmpaH He-Cd nasep (A = 442 nm) ce u3non3Ba Kato
Hanomneauw, a DPSS nasep (A = 635 nm) — kKato nNpobeH. AHaNM3MPaHO € BAUAHUETO Ha
KOHLEHTpaumusaTa Ha 4YacTUuMTE BbPXY MAKCMMANHOTO MHAYUMPAHO ABY/NbyenpedyynsaHe M
BPEMETO Ha OTK/IMK.

N. Berberova-Buhova, P. Sharlandjiev, G. Mateev, L. Nedelchev, B. Blagoeva, E.
Stoykova, D. Nazarova. “Composite thin films of azopolymer and embedded gold
nanosized particles: evaluation of the effective complex refractive index”. Journal
of Chemical Technology and Metallurgy, volume 57, pp. 241-246, 2022. ISSN:1314-
7471. SJR (Scopus): 0.253

Abstract: Azobenzene and azobenzene-containing polymers are intensively studied because of
their high potential for many novel applications in polarization holography, design of optical
polarization-sensitive elements, optical storage, all-optical switching, diffractive optical
elements, etc. We study in the paper a thin hybrid layer composed of a polymer matrix and
embedded gold nanoparticles. For a polymer matrix we used polymer poly[1-[4-(3-carboxy-4-
hydroxyphenylazo)benzenesulfonamido]-1,2-ethan-ediyl, sodium salt], denoted shortly as
PAZO. Film reflectance and transmittance strongly depend on the morphology of nanoparticles
and the composite film filling factor. Herein, we present essential details concerning the
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estimation of the film complex refractive index. The embedded particles are considered as
ensemble of non-aggregated spheres with no multiple scattering by individual particles. The
complex refractive index of the composite film is evaluated from the volume scattering
efficiency of the Au particles, the PAZO matrix complex refractive index and the filling factor.
Embedded Au spheres with ensemble mean diameters of 20, 60 and 100 nm are considered as
well as filling factors of 0.008, 0.010 and 0.030.

Pe3lome: A30b6eH3eHUTe U a300eH3eH-CbAbpKAWMTE NMOAMMEPU Ce U3CNeABaT MHTEH3MBHO
nopagn TeXHUA BMCOK MOTEHUMAN 33 MHOIO HOBM MPUIOXKEHUA B MOAAPU3ALLMOHHATA
xonorpadusa, 3a Cb3gaBaHe HA ONTUYHU NONAPU3ALMOHHO-YYBCTBUTENIHU €IeMEHTU, ONTUYEH
3anuc Ha MHPOPMALUA, U3LANO ONTUYHO NPEBKIOYBAHE, AMPAKLUNOHHM ONTUYHU ENEMEHTU U
Ap. B Tasun paboTa HMe n3cneaBame TbHBK XMOPUAEH CNOM, CbCTOALL, CE OT NOAMMEpPHa MaTpULa
W BrpageHu 371aTHM HaHo4YacTULM. 3a NOIMMEPHaA MaTpuLa € M3Moa3BaH noanmepa nonu[l-[4-
(3-kapbokcu-4-xuapokenderHnnaso)beHseHcynpoHamngol-1,2-etaHaumn,  HaTpuesa  conl,
03Ha4YeH HakpaTKo KaTto PAZO. KoeduumeHTUTE Ha OTpaKeHUe M NPonyckaHe Ha CNOoA CUAHO
3aBMCAT OT MOpPdONOrMATa HA HAHOYACTMLUTE U KoePULMEeHTa Ha 3anNbaBaHE HA KOMMNO3UTHUA
cnon. TyK npeacraBame AeTal/iHA OLEHKA HA KOMNAEKCHMA NOKa3aTen Ha NpevynsaHe Ha CNoA.
BrpageHuTe yactTuuM ce pasrnexaaT KaTo aHcambba oT Hearpermpanu chepm 6e3 aa ce oTuuTa
MHOTOKPaTHOTO pa3celBaHe OT OTAEeNHM HaHoyacTMuW. KOMMNEeKCHMAT noKasaTen Ha
npeyynBaHe HAa KOMMO3UTHMA C/NIOW ce npecMATa Ha 6as3ata Ha edpeKTUBHOCTTA HAa 06eMHOo
pa3ceiBaHe Ha Au YacTULMTE, KOMNAEKCHMA NOKa3aTen Ha npevynsaHe Ha matpuuaTta PAZO u
¢daKTopa Ha 3anbnBaHe. Pasrnexkgat ce BrpageHu Au chepm cbe cpeaeH gnametsbp 20, 60 1 100
nm npu KkoedmumeHTH Ha 3anbasaHe 0,008, 0,010 n 0,030.

L. Nedelchev, D. Nazarova, N. Berberova, G. Mateev, D. Kostadinova, R. Marifio-
Fernandez, V. Salgueirifio, D. Schmool, “Enhanced photoanisotropic response in
azopolymer doped with elongated goethite nanoparticles”. Journal of Physics:
Conference Series (JPCS), volume 700, art. No. 012031 (5 pp), 2016.

Abstract: We present a study of the photoinduced birefringence in nanocomposite films of an
azopolymer (PAZO) doped with goethite (a-FeOOH, a characteristic antiferromagnetic material)
nanoparticles (NPs). The NPs had an elongated shape with a size 15x150 nm, i.e., a ratio of 1:10.
Samples were prepared with different concentrations of the NPs in the azopolymer varying from
0% (undoped azopolymer film) to 15 wt %. An unusual dependence of the birefringence on the
concentration was observed —two peaks of enhancement at 1 % and at 10 % concentration. Our
previous studies on ZnO and SiO, NP have indicated only one peak of increase at low
concentrations — 0.5 wt % and 2 wt %, respectively. This effect could be related to the elongated
shape of the nanoparticles and the presence of two characteristic NPs sizes — 15 and 150 nm.
Moreover, the birefringence increase for the samples with 10 wt % NPs concentration
(compared with the non-doped samples) was rather significant — nearly 70%.

Pestome: [lpeactaBAme wu3cnegBaHe Ha GOTOMHAYUMPAHOTO AByabyenpedvynsaHe B
HAHOKOMMNO3UTHU cnioeBe oT aszonoanmep (PAZO), nernpaH ¢ HaHodacTnum (HY) ot rbotuT (a-
FeOOH, TunuyeH aHTUdepomarHuteH matepuan). H4 ca c yabaxkeHa dopma c paamepm 15 x 150
nm, T.e. cboTHoweHue 1:10. bAxa npurotTBeHn obpasum c pas/IM4HN KOHLUEHTpaumMmn Ha HY B
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asonosanmepa, Bapupawm ot 0% (HegoTMpaH asonoanmepeH cnom) go 15 tern. %. Habnoaasa
ce HeobMyanmHa 3aBMCMMOCT Ha ABYyNbYENpeyynBaHETO OT KOHLEHTpaumaATa — ABa NuKa npun 1%
n npn 10% KoHueHTpauua. MNpeauwHmuTe HMU nscneasaHma sbpxy ZnO um SiO HY nokaseaT camo
eINH MUK Ha HapacTBaHe MNpPU HUCKMU KOHUeHTpauun — cbotBeTHOo 0,5 Tern. % un 2 Tern. %.
HabnioaaBaHuAaT cera epeKT moxKe Aa ce Ab/XKM Ha yab/rkeHata ¢opma Ha HaHoYacTuumTe u
HA/IMYMETO Ha ABa XapaKTepHu pasmepa — 15 n 150 nm. Tpabsa ga ce otbenexu cobwo, Ye
yBe/MYEHNETO Ha AByabyenpedvynsaHeTo 3a cnoesete ¢ 10 Tern. % KoHuUeHTpauua Ha HY B
CpaBHEHME C HEAOTUPAHUTE C/I0EBE € A0CTa 3HauynTesnHo — 61130 70%.

A. Stoilova, D. Dimov, Y. Trifonova, V. Lilova, B. Blagoeva, D. Nazarova, L.
Nedelchev, “Preparation, structural investigation and optical properties
determination of composite films based on PAZO polymer doped with GeTe4-Cu
chalcogenide particles”. The European Physical Journal Applied Physics (EPJ AP),
volume 95, art. No. 30301 (7 pp), 2021.

Abstract: The work presents preparation, structural investigation and optical properties
determination of composite films based on the azopolymer (poly[1-[4-(3-carboxy-4-
hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl, sodium salt]), shortly PAZO, doped
with 1 wt.% particles of the previously synthesized by us new tellurium containing chalcogenide
system (GeTes)100-xCux, where x=5, 10, 15 and 20 mol.%. X-Ray diffraction (XRD) was applied to
analyze the structure of the chalcogenide bulk material. Transmission electron microscopy
(TEM) has been used to study the particles and the composite films morphology. The
transmittance coefficient (T), the reflectance coefficient (R), the refractive index (n), the
extinction coefficient (k), the optical absorption coefficient (a) and the optical band gap (Eg°")
of the composite films were determined. Birefringence was induced by a He-Cd laser with a
wavelength 442nm and measured with probe Diode Pumped Solid State (DPSS) laser at 635 nm.
The influence of the dopant’s concentration on the optical performance of the composite films
has been discussed.

Pe3lome: PaboTaTa npeactaBsa nonyyYaBaHeToO, CTPYKTYPHOTO M3cneaBaHe M onpeaensHeTo Ha
ONTMYHUTE CBOMCTBA Ha KOMMO3UTHM csioeBe Ha 6asaTta Ha asononumep (nonu[l-[4-(3-
Kapbokcu-4-xnapokendpeHmnnaso)beHseHcyndoHammaol-1,2-etaHammn, HaTpueBa conl),
HakpaTKko PAZO, nermnpaH ¢ 1 tern. % 4yactmum ot npeaBapuUTesIHO CMHTE3MpPaHaTa OT Hac HOBa
TEeNyp-CbAbpiKaLLa XankoreHMAHa cuctema (GeTes)100xCux, Kbgeto x=5, 10, 15 n 20 mon.%.
CTpyKTypaTa Ha XaZIKOreHUAHWA MaTepmnan e aHanm3MpaHa Ypes peHTreHosa gudpakuma (XRD).
MocpeactBOM  TPaHCMUCMOHHATA  e/IeKTPOHHA  MUuKpockonua (TEM) e wu3cnepBaHa
mopdonorvata Ha 4YacTMUMTE M KOMMNO3UTHUTE coese. OnpeaeneHn ca KoePUUMEHTHLT Ha
nponyckaHe (T), KoeduuMeHTBT Ha oTpaxkeHue (R), nokasatenaT Ha npedynsaHe (n),
KoebMUMEHTBLT Ha eKcTUHKUMA (k), KoeduumeHTbT Ha abcopbuma (o) n onTUYHaTa WKMPUHA Ha
3abpaHeHaTa 30Ha (Eg°P) Ha KOMNO3UTHUTE coeBe. [lByabyenpedynBaHe ce MHAyLMpa oT He-
Cd nasep ¢ AbmKuHA Ha BbAHATa 442 nm 1 ce M3MepBa C AMOAHO U3NOMMBAH TBbPAOTENEH
nasep (DPSS) npn 635 nm. O6CbAEHO € BIMAHMETO Ha KOHLLEHTPaUMUATa Ha AOTUPAHUTE YacTMLM
BbPXY ONTUYHUTE XapPaKTEPMUCTMKU Ha KOMMNO3UTHUTE C/I0EBE.
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L. Nedelchev, G. Mateev, V. Strijkova, V. Salgueirifio, D. Schmool, N. Berberova-
Buhova, E. Stoykova, D. Nazarova, “Tunable Polarization and Surface Relief
Holographic Gratings in Azopolymer Nanocomposites with Incorporated Goethite
(a-FeOOH) Nanorods”. Photonics, volume 8, art. No. 306 (12 pp), 2021.

Abstract: We employ two approaches to tune the properties of concurrently inscribed volume
polarization and surface relief gratings in nanocomposite thin films containing the azopolymer
PAZO (poly[1-4-(3-carboxy-4-hydrophenylazo)benzensulfonamido]-1,2-ethanediyl, sodium
salt]) and goethite (a-FeOOH) nanorods. The first one is applied on the stage of sample
preparation by varying the concentration of the goethite nanorods from 0% to 15%. Then,
different angles between the recording beams are set in the holographic scheme, which allow
us to obtain gratings with spatial periods in the range from 0.86 to 2.51 um. Surface relief
modulation close to 300 nm is achieved as well as total diffraction efficiency in the +1 diffracted
orders of more than 50%. The influence of the incorporated goethite nanorods on the properties
of both volume birefringence and the surface relief grating are discussed.

Peslome: M3nonssaHM ca gBa noaxoda 3a HAcTpOMKa Ha CBOMCTBaTa Ha eAHOBPEMEHHO
3anuncaHuTe obemHa NnoNApU3aLMOoHHa U NOBBbPXHOCTHO-penedHa peweTkn B HAHOKOMMNO3UTHU
cnoese, CbAbpKaLM asonosiMmepa PAZO (nonn[1-4-(3-kKapboKcn-4-
xmapodeHnnaso)beHseHcyndoHammnaol-1,2-eTaHgmMma, HaTpueBa coA]) M HaHOMPBYMUM OT
rboTuT (a-FeOOH). MbpBUAT ce Npuaara Ha eTana Ha NOAroToBKa Ha 0bpasyuMTe Ypes NpomsHa
Ha KOHLEHTpauusaTa Ha rbOTUTHUTE HaHonpbuMum oT 0% o 15%. Cnep ToBa, B XonorpadckaTa
cXema ce 3a4aBaT Pas3/IMYHK BIIM MeXKAy 3anucBaliuTe CHOMOBE, KOETO HM MO3BONSABA A3
NoOsIy4MM peLleTkn ¢ nepuog B gmanasoHa ot 0,86 go 2,51 um. lMocturHata e moaynauma Ha
NoBbpXHOCTHUA pened 6an30 300 nm, KakTo U obwa AndpPaKUMOHHA edPeKTUBHOCT B *1
ANOpPaKUMOHHM nopsaabum oT Hag 50%. O6CbaeHO e BAUAHMETO Ha TbOTUTHUTE HAHOMPBYULM
BbPXY NapameTpuUTe KaKTo Ha 0bemHaTa NoNAPMU3aLMOHHA, TaKa U Ha MOBbPXHOCTHATA penedHa
peleTka.

A. Stoilova, G. Mateev, D. Nazarova, L. Nedelchev, E. Stoykova, B. Blagoeva, N.
Berberova, S. Georgieva, P. Todorov, “Polarization holographic gratings in PAZO
polymer films doped with particles of biometals”. Journal of Photochemistry and
Photobiology A: Chemistry, volume 411, arto. No. 113196 (6 pp), 2021.

Abstract: The paper presents a study of the diffraction efficiency of polarization holographic
gratings recorded in thin films of the azopolymer PAZO (poly[1-[4-(3-carboxy-4-
hydroxyphenylazo) benzenesulfonamido]-1,2-ethanediyl, sodium salt]) doped with Cu(ll) 3-
amino-5,5’ -dimethylhydantoin (CLP) and Ni(ll) 3-amino-5,5' -dimethylhydantoin (NLP) at three
different concentrations, namely 1, 2 and 5 wt. %. The influence of the dopant’s composition
and concentration on the parameters of the polarization holographic gratings recorded in the
thin composite films has been discussed. The gratings are recorded with a He-Cd gas laser with
wavelength 442 nm. The polarization of the recording beams was left and right circular and the
recording angle was 20°. Along with the anisotropic grating in the volume of the media, surface
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relief is also formed. The diffraction efficiency kinetics is probed at 635 nm and the height of the
relief gratings is determined by AFM. Diffraction efficiency (n) higher than 30% was achieved for
the hybrid samples, as well as 585 nm surface relief height.

Pesome: CratvATa npeacraBa u3cnegBaHe Ha  AWPpPaKuMOHHATa e(deKTMBHOCT Ha
NonApU3aLMOHHN X00rpadcKM peLleTkn, 3anmcaHn B TbHKKU c/ioeBe oT aszononmmepa PAZO
(nonun [1-[4-(3-kapboKcK-4-xnapokcudeHmnnaso) 6eH3eHcyndoHamunaol-1,2-etaHgmumn,
HaTpuesa con) ), aotmpanu ¢ Cu(ll) 3-amunHo-5,5-gumetnnxmaavtonn (CLP) n Ni(ll) 3-amuHo-
5,5-anmetnnxmaaHTonH (NLP) ¢ Tpu pasnvMyHM KOHUEHTpaLMK, a UMeHHo 1, 2 n 5 tern. %.
O6cbaeHo e BNMAHMETO Ha CbCTaBa M KOHUEHTPaLMATA Ha AOMNAHTA BbPXy MapameTpute Ha
NoNAPU3aALMOHHUTE XON0rPadCKM peLlleTKn, 3anMcaHn B KOMMNO3UTHUTE cnoeBe. PeleTkuTe ce
3anuceat ¢ He-Cd nasep ¢ Ab/KMHA Ha BbaHaTa 442 nm. MonapusaumaTa Ha 3anuceawmTe
CHOMOBE € /IABa M ASICHA KPBbroBa, a brb/ibT MexXay Tax e 20°. Hapen ¢ aHM30TponHaTa peLleTKa,
KoATo ce popmupa B obema Ha csios, ce obpasyBa M NoBbpxHocTeH pened. KuHeTukuTe Ha
AndpaKLMOHHATa epeKTUBHOCT Ce M3MepBaT C NPO6eH Nasep ¢ Ab/XKMHA Ha Bb/IHATa 635 nm, a
BMCOYMHATA Ha penedHUTe pelleTkn ce onpegens ypes AFM. 3a Komno3nTHUTe obpasum bele
nocturHata AudpakumoHHa edekTmBHOCT Hag 30%, Kakto m 585 nm  BucouMHa Ha
NOBbPXHOCTHUA pened.

D. Nazarova, G. Mateey, L. Nedelchev, E. Stoykova, B. Blagoeva, N. Berberova, K.
Hong, J. Park, “Polarization holographic gratings with enhanced parameters
recorded in azopolymer based nanocomposite materials”. Optik - International
Journal for Light and Electron Optics, volume 226, art.no. 165882 (11 pp), 2021.

Abstract: We present study of the parameters of polarization holographic gratings recorded in
thin films of the azopolymer PAZO (Poly[1-[4-(3-carboxy-4-
hydroxyphenylazo)benzenesulfonamido]-1,2-ethanediyl, sodium salt]) and in a composite
PAZO-based organic/inorganic material with incorporated TiO2 nanoparticles with size 21 nm
and different concentrations. The gratings are inscribed by two plane waves with left and right
circular polarization from a He-Cd gas laser (442 nm) at recording angle 20°. Along with the
anisotropic grating in the volume of the media, surface relief is also formed. Gratings with
different spatial frequencies are obtained by varying the recording angle. The diffraction
efficiency kinetics is probed at 635 nm and the height of the relief gratings is determined by
AFM. Our results indicate that the diffraction efficiency for the hybrid samples is enhanced with
respect to the pure azopolymer films. Comparison is also made between polarization response
of samples deposited from water and from methanol solution.

Peslome: [lpeactaBame uM3cnepBaHe Ha MapameTpuTe Ha NOAAPM3ALMOHHWU XonorpadCckm
pelleTkn, 3anucaHuM B TbHKKM csoeBe oT asononumepa PAZO (Monu[1-[4-(3-kapboKkcn-4-
xnapokcmdeHunnaso)benseHcynpoHamuao]-1,2-eTaHanma, HaTpmuesBa CO/]) U B KOMMO3UTEH
opraHu4yeH/HeopraHMYyeH maTepuan Ha ocHoBaTta Ha PAZO, agotupaH ¢ HaHodacTuum ot TiO; ¢
pasmep 21 nm 1 Pa3IMYHU KOHLLEHTPAUUK. PelieTkMTe ca 3anMcaHu ¢ ABe NIOCKM BbJIHU C 1ABa
N AscHa Kpbrosa nonapusaumsa ot He-Cd nasep (442 nm) npu brba Ha 3anuc 20°. Hapeg ¢
aHM30TpOMHaTa peleTka B obema Ha cpeaaTa, ce obpasyBa M MoBbpxHOCTeH pened. Ypes
NPOMsIHa Ha brb/la Ha 3anuC Ce NOoJyYaBaT PELETKM C Pa3/IMYHU NPOCTPAHCTBEHU YECTOTW.
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KnHeTnkute Ha gudpakunmoHHaTa ePpeKTMBHOCT ce u3mepBaT ¢ npobeH nasep npu 635 nm, a
BUCOYMHATA Ha penedHUTE pelleTKn ce onpeaens 4pes aToOMHO-CMA0BA MMKPOCKOMNMA.
Pesyntatute nokassaT, ye agudpakuMoHHaTa eHEKTUBHOCT 33 XMbpMaHUTE 0b6pasuUm e No-BMCOKa
OT Tasn Ha HeAoTUpaHMUTE a3onoJMMepHU cnoeBe. HanpaBeHO € W CpaBHEHME Mexay
NoNApM3aLMOHHUTE CBOMCTBA HA C/I0EBE, OT/IOXKEHWN OT BOAEH M METAaHOI0B Pa3TBOP.

L. Nedelchev, D. Ivanov, N. Berberova, V. Strijkova, D. Nazarova, “Polarization
holographic gratings with high diffraction efficiency recorded in azopolymer
PAZO”. Optical and Quantum Electronics, volume 50, art. No. 212 (9 pp), 2018.

Abstract: Azopolymers are one of the most efficient materials able to record the polarization
state of light. They have numerous applications, such as data storage and diffractive optical
elements with unique polarization properties. An essential parameter for each diffractive
element is its diffraction efficiency n. In order to optimize the recording conditions and obtain
high-efficient polarization holographic gratings, in the present work we study the dependence
of the diffraction efficiency on the recording angle and thickness of a series of azopolymer
layers. Three recording angles are used — 10°, 20° and 30° and three series of thin films with
thicknesses 470, 850 and 2400 nm from the water-soluble azopolymer PAZO. The gratings are
inscribed by two plain waves with left and right circular polarization from a He-Cd gas laser (442
nm). The diffraction efficiency of the gratings is probed with a right hand circularly polarized
beam from a probe laser with wavelength 635 nm. The kinetics of diffraction efficiency n(t) in
the +1 diffraction order are presented and compared. Our experimental results indicate that
highest diffraction efficiency (more than 40%) is obtained for the sample with thickness 2400
nm and for recording angle 10°. As the holographic recording in azopolymers is usually
accompanied by formation of surface relief gratings, the surface topography of the recorded
samples is also investigated by atomic force microscopy.

Pe3tome: Asononmmepute ca e4HU OT Hali-epeKTUBHUTE Cpeam, KOMTO MOraT Aa peructpmpar
CbCTOAHMETO Ha NONAPU3aLMA Ha CBETIMHATA. Te MMAT MHOXECTBO NPU/IOKEHUA, KaTO ONTUYEH
3anMc Ha MHbopMaUMA U AUPPAKUMOHHU ONTUYHU €IEMEHTU C YHUKANHU NOAAPU3ALNOHHM
ceoicTBa. CbllecTBEH MapameTbp 3a BCEKUM AUMODPAKUMOHEH efleMeHT e HerosaTa
andpakuMoHHa edpeKTUBHOCT . 3a ga ONTUMM3MPaAMe YC/0BMATA Ha 3alMC M ga NOAyYMMm
BUCOKOEdEKTUBHM MONSPU3ALUMOHHM  XonorpadCckm peweTkM, B HacToswarta paboTa
nscneaBame 3aBUCMMOCTTA Ha AN PAKLMOHHATA ePEKTUBHOCT OT brb/ia Ha 3anuc u gebenmHaTta
3a nopeauLa oT a3onoaMMepHK cnoese. M3noa3BaHK ca Tpu brrbsa Ha 3anmc — 10°, 20° n 30° u
TPU rpynu TbHKK cnoese ¢ aebenunHa 470, 850 1 2400 nm OT BOAOPA3TBOPMMUSA a30MNOJIUMER
PAZO. PeweTKMTE Ca 3aNMCaHKN Ype3 ABE NNOCKU BbJIHW C NABA U AACHA KPbroBa Nnosiapmsaumns
oT He-Cd rasos nasep (442 nm). AndpakuymoHHaTa ePpeKTUBHOCT Ha peLUETKUTE ce M3mepBa C
OACHO KPbroBO MNOASIPM3MPaAH CHOM OT npobeH fnasep C Ab/XKMHA Ha BbAHATa 635 nm.
MpeactaBeHM ca WM CPaBHEHW KUHETUKUTE Ha AndpakuMOHHA edeKTMBHOCT n(t) B +1
AMdpaKkLMoHeH nopAaabK. Hawute ekcnepMMeHTanHM pes3yntaTu NOKa3BaT, Ye HaM-BMCOKA
andpakumoHHa edpekTnBHocT (Hag 40%) ce nocTura 3a obpasel, c AgebenmHa 2400 nm v Npu brba
Ha 3anuc 10°. Tvl KaTo Xon0rpadCKUAT 3anmc B a3onoiMmepy 0OMKHOBEHO ce CbMbTCTBA OT
obpasyBaHe Ha MOBbLPXHOCTHO- penedHa peleTKa, 4Ype3 aTOMHO-CMI0BA MUKPOCKONUA e
n3cnenBaHa M NOBBbPXHOCTHATA Tonorpadma Ha 3aNUCaAHUTE PELLETKM.
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E. Stoykova, D. Nazarova, L. Nedelchev, B. Blagoeva, N. Berberova, K. Hong, J. Park,
“Quantization of dynamic speckle patterns with spatially varying statistics”.
Applied Optics, volume 60, pp. A155-A165, 2021.

Abstract: Raw data compression is mandatory for monitoring of processes by dynamic speckle
analysis when two-dimensional activity maps are built by pointwise statistical processing of
correlated speckle patterns formed on the surface of diffusely reflecting objects under laser
illumination. Coarse quantization of speckle patterns enables storage and transfer of a huge
number of images, but it may be inefficient at spatially varying speckle statistics, such as for
patterns recorded at non-uniform illumination or reflectivity. We prove efficacy of coarse
guantization of the raw speckle data with varying statistics for a normalized algorithm by
simulation and a polymer drop drying experiment. Both uniform and non-uniform quantization
are proposed for treating such data. Decreasing the bit depth from 8 to 3 is possible without
worsening the quality of the activity map.

Pestome: Komnpecnsta Ha HeobpaboTeHUTe AaHHM € 3aAb/IKUTENHa NpU HabawgeHne Ha
NPOLecH 4Ypes AMHAMMYEH CMEKb/ aHaNW3, KoraTo ABYMEPHUTE KapTW Ha aKTMBHOCTTA ce
M3rpaxkgaT 4ypes TOYKOBA CTaTUCTMYecKa 06paboTKa Ha KOpenupaHu CheKb/l KapTUHM,
06pa3yBaHM BbPXy NOBBLPXHOCTTA Ha AUdY3HO OTpa3ABalLM 06eKTU NpuU Na3epHO OCBET/IEHME.
lpyboTO KBaHTyBaHe Ha Crnekba n3obpaykeHnaTa NO3BOABA CbXpPaHABAHE U MPEXBbP/AHE Ha
OorpomeH 6poii n306parkeHUs, HO MoXe Aa € HeedeKTUBHO NpPU NPOCTPAHCTBEHO BapupaLLn
CNEeKb/l CTaTUCTUKWU, KaTo Hanpumep npu wunsobpakeHua, 3anMcaHn Npu HepaBHOMEPHO
ocBeTABaHE UAWN NPOMEHIMB KoedUUMEHT Ha oTpaxkeHue. Hue aokassame epeKTMBHOCTTA Ha
rpyboTo KBaHTyBaHe Ha HeobpaboTeHMTe CMneKkb/sl [AaHHM C Pas3INYHU  CTAaTUCTUMKKU 33
HOPMaNN3NpPaH aNropmMTbm Ype3 CUMyNaLMa U eKCNEPUMEHT 3a CbXHEHE Ha Karnka OT pa3TBop
Ha nonumep. 3a ob6paboTKa Ha TakMBa AaHHW ce npeasiara KakTo PaBHOMEPHO, TaKa M
HepaBHOMEPHO KBaHTyBaHe. HamanaBaHeTo Ha 6uTOBaTa Abnb6OYMHA OT 8 Ha 3 6uTa e
Bb3MOKHO 6€3 B/IOLlaBaHe Ha Ka4eCcTBOTO Ha KapTaTa Ha akKTUBHOCTTA.

E. Stoykova, D. Nazarova, L. Nedelchev, B. Ivanov, B. Blagoeva, K. Oh, J. Park,
“Dynamic speckle analysis with coarse quantization of the raw data”. Applied
Optics, volume 59, pp. 2810-2819, 2020.

Abstract: Analysis of dynamic speckle formed on the surface of diffusely reflecting objects under
laser illumination is a non-contact method for inspection of speed of processes. The paper deals
with intensity-based implementation of the method that relies on statistical processing of
correlated in time sequences of speckle images. A two-dimensional activity map is built for each
sequence to visualize regions of different speed on the object surface at a given instant. A great
number of images is required to track a process in time. We propose data compression by coarse
guantization of the raw speckle data. Efficacy of quantization is analyzed by simulation and
experiment for low- and high-contrast speckle patterns with bell-shaped and long-tailed
distributions of intensity, respectively. Non-uniform quantization is proposed for long-tailed
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speckle intensity distributions. Decreasing the bit depth from8 to 4 causes no change in the
probability density function of the activity estimate.

Pe3lome: AHaM3bT Ha AMHAMUYEH CMeKb/, GopmMuMpaH BbPXy MOBLPXHOCTTA Ha AUPY3HO
oTpasaBalwM OOeKTU Npu nasepHo ocseTABaHe, e HGe3KOHTAaKTEH MEeToZ 3a onpegensHe Ha
CKOpOCTTa Ha npouecu. CtaTuaTa pasrnexkga NpuioKeHNe Ha UHTEH3UTETHO-6asnpaH meTtoa,
KOMTO M3M0/13Ba CTAaTUCTUYECKA 06paboTKa Ha KOpesMpaHU BbB BPEMETO NOC/IEA0BATENHOCTU
OT Cnekba M306parkeHMA. 3a BCAKA MOC/NeA0BAaTENIHOCT Ce M3rpakaa ABYMEepHa KapTa Ha
aKTMBHOCTTa, 33 [la Ce BM3yanM3MpaT PEerMoHM C pas/IMyHa CKOPOCT Ha MPOMEHUTE BbPXY
NOBbPXHOCTTA Ha obekta. Heobxogmm e ronam 6poit M3obparkeHua 3a npocsieasBaHe Ha
npoueca BbB BpemeTo. Hue npeanarame KomnpecupaHe Ha AaHHUTe Ype3 rpybo KBaHTyBaHE Ha
HeobpaboTeHUTe cnekbn MsobpakeHua. EGMKAcHOCTTa Ha KBAHTYBaHETO Ce aHa/nu3Mpa ypes
CUMyNaumMsa U EeKCNepuMEHT 3a CrNeKkbn W306parKeHMs C HUCbK M BUCOK KOHTpAcT C
pasnpeaeneHne Ha UHTeH3MTeTa BbB GopmMaTta Ha KambaHa M CbOTBETHO C ,AbJra onawiKka“.
Mpeanara ce HEPAaBHOMEPHO KBaHTyBaHe MpuW pasnpenefieHnsa Ha MHTEH3MUTEeTa Ha Cnekb/a C
»AbATM onawkKn“. HamanssaHeTo Ha 6BuToBaTa AbA6OYMHA OT 8 Ha 4 He BOAM A0 NPOMAHA BbB
dYHKUMATA Ha NABTHOCTTA Ha BEPOATHOCTTA Ha OLLEHKaTa Ha aKTUBHOCTTA.

E. Stoykova, B. Blagoeva, L. Nedelchev, D. Nazarova, “Temperature dependence
of the drying process in polymer solutions observed by dynamic speckle
detection”. Proceedings of SPIE, volume 11207, art. No. 112071S (6 pp), 2019.

Abstract: Dynamic speckle metrology is a means for evaluating the speed of various processes
in industrial or biological samples. The method indicates regions of lower or higher activity on
the sample surface through statistical processing of speckle patterns formed on this surface
under laser illumination. In this paper, we applied the method to study the influence of the
substrate temperature on the drying process in azopolymer solutions leading to formation of
thin photo birefringent polymer films. This would give the optimal temperature for obtaining
smooth and uniform thin films for the shortest possible time. We recorded several sets of
correlated in time speckle patterns of a transparent drop of azopolymer solution in two different
solvents (water and methanol) on a glass plate illuminated by laser light. The temperature of
the plate and respectively of the polymer solution was controlled by high-precision thermal
stage. We built two-dimensional maps of activity at different moments and estimated the speed
of drying of the polymer solution depending of the substrate temperature. This data were
further correlated with the optical quality of the dry polymer thin films.

Pe3stome: lMHamMyHaTa CNnekba MeTPOIornA e TeXHUKA 3a OLUEeHKa Ha CKOPOCTTA Ha pPas/iInyHu
npouecun 8 UHAYCTPUaAHN naun 61MoN0ornYHU O6pa3LI,VI. MeToabT NOKasBa obnactuTe ¢ No-HUCKA
MIN NMNO-BNCOKA aKTUBHOCT BbpPXY NOBBbPXHOCTTA Ha o6pa3eu,a ype3s CTaTUCTn4ecCKa o6pa60TKa Ha
CMeKb/1 KAPTUHMU, o6pa3yBaHM BbPXY Ta3n NOBBPXHOCT NPU Na3epHO ocBeTABaHe. B Ta3u ctatuAa
HUe npunarame metoaa 3a nacnegBaHe Ha B/IMAHUMETO Ha TeEMNEpPaTypaTa Ha NOA4J/10XKKAaTa BbPXY
npoueca Ha CbXHEHE Ha asonoanmepHu pasTBopu, Bodew, A0 o6pa3yBaHe Ha TbHKHU
d)OToaHM3OTpOI'IHVI noanmepHu cnoese. ToBa AaBa Bb3MOXHOCT Aia ce onpeaeny onTMmasiHata
TEMNEPATYPa 3a NoJslyd4aBaHe Ha rMagkm h paBHOMEPHU TbHKKU CN10€EBE 3 Bb3MOXKHO HaVI-KpaTKO
Bpeme. 3anucaHKn ca HAKOJIKO Ha6opa OT KOpesiMpaHn BbB BPpEMETO CNEKDB M306pa)KeHI/1ﬂ Ha
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npo3payHa Kamnka a3onosiMmMepeH pas3TBOp B ABa Pas3/NMYHM pa3TBOpUTENA (BoAa U MeTaHon)
BbPXY CTbK/IEHA NOA/NOXKA, OCBETEHA OT /1Ia3epHa CBET/IMHA. TemnepaTypaTta Ha NoaJ/1oXKKaTa u
CbOTBETHO Ha MOJIMMEPHUA Pa3TBOP Ce€ KOHTPOAMpPA OT BMCOKO NpeuusHa TePpMO-MacuyKa.
Mony4yeHu ca ABYMEPHU KapTu Ha aKTUBHOCTTA B Pa3/IN4HM MOMEHTU U e onpeaeneHa CKopocTTa
Ha M3CbXBaHE Ha NONMMEPHUA Pa3TBOP B 3aBMCMMOCT OT TemnepaTypaTa Ha NOAJIOMKKaTa.
[laHHUTE ca CbNOCTaBEHM M C ONTUYHOTO KauyeCTBO Ha CyXMTe NOJIMMEPHM CoeBe.

E. Stoykova, B. Blagoeva, T. Nikova, D. Nazarova, L. Nedelchev, “Monitoring of a
drying process in polymer water and methanol solutions by dynamic speckle
metrology”. Proceedings of SPIE, volume 11047, art. No. 110470W (7 pp), 2019.

Abstract: Observation of speed of processes by dynamic speckle metrology has been applied to
different samples of industrial or biological nature. The method allows for detecting regions of
lower or higher activity on the sample surface through statistical processing of the speckle
patterns formed on this surface under laser illumination. The aim of the paper is to check
applicability of this dynamic speckle technique for monitoring of the drying process in polymer
water and methanol solutions. For the purpose, we recorded several sets of 256 correlated in
time speckle patterns of a transparent drop of PAZO water solution and PAZO methanol solution
on a glass plate illuminated by a He-Ne laser. The sets were separated by intervals of several
minutes, and the last set was recorded 100 minutes after the start of the experiment. For
statistical description of activity on the observed sample we applied pointwise correlation-based
algorithms to binary patterns formed by comparison of intensities at each point to a sign
threshold. The obtained two-dimensional maps of the used statistical estimator at different time
lags clearly indicated the difference between water and methanol solutions and proved
efficiency of dynamic speckle analysis for monitoring of drying processes in polymer solutions.

Pe3tome: OnpeaensHeTo Ha CKOPOCTTA Ha NPoLECUTE Ype3 AMHAMMYHA CNEeKb/T METPOAOIMA ce
npuaara npu pasanyHu obpasuy OT MHAYCTPUANEH UAM BuonornmyeH xapaktep. MetoabT
No3BoABA OTKPMBaAHE Ha 06/1aCTU C NO-HMUCKA UM NO-BUCOKA aKTUBHOCT BbPXY NOBBPXHOCTTA
Ha obpaseua 4pe3 cTaTUCTUYEeCKa 06paboTKa Ha CMEKbA KapTUHWU Ha TasM MOBBLPXHOCT Npwu
NasepHo ocBeTsABaHe. Llenta Ha ctatmATa e Aa ce NpoBepu NPUNOKMMOCTTA Ha TEXHMKATA Ha
OMHAaMWYEH CreKbn 3a npocnegAaBaHe Ha MNpoueca Ha CbXHEHE HAa BOAHW WU METAHO/I0BM
pa3TBOPM Ha NOAMMEpPU. 3anMcaHM ca HAKOAKO nopeanum ot 256 KopenmpaHu BbB BPEMETO
CMeKbN KAapPTMHM Ha NPO3paYvHa Kanka BoaeH pa3tesop PAZO n metaHonoB pasteop PAZO Bbpxy
CTbK/IEHA NOAJ/0XKa, ocBeTeHa oT He-Ne nasep. MopeanumTte ca 3aCHeTM nNpe3 MHTEPBaAAU OT
HAKOJIKO MUHYTW, a nocaegHata nopegmuya e 3anmcaHa 100 mMuMHYTM cneg HA4yanoTo Ha
eKcnepumeHTa. 3a CTaTUCTMYECKO OMNMCaHWEe Ha aKTMBHOCTTA BbpPXy HabnioaaBaHuA obpasel,
NPUNOXKUXME anroputMmu, 6asvMpaHM Ha TOYKOBA KOpenaumsa, KbM [ABOWYHM KAPTUHM,
GOpMUpPaHM Ype3 CpaBHEHWE HA WMHTEH3UTETUTE BbB BCAKA TOYKA C OnpenesieHa Mnparosa
CTOMHOCT. [MonyyeHUTe ABYMEPHW KapTWU Ha M3MNON3BAHWUA CTATUCTUUYECKU KPUTEPUIA NpU
Pa3/INYHU BPEMEBM SIarOBE ACHO MOKA3BaAT Pa3/IMKaTa MeXAy BOAHU U METaHOJI0BM Pa3TBOPU U
AO0Ka3BaT epeKTUBHOCTTA Ha AMHAMMUYHMA CNEeKbA aHanu3 3a HabngeHWe Ha npouecuTe Ha
CbXHEHe Ha NOJIMMEPHU PA3TBOPMU.
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B14. R. Harizanova, V. Gaydarov, G. Zamfirova, E. Stoykova, D. Nazarova, B. Blagoeva,
L. Nedelchev, “Probing of the mechanical properties and monitoring of the drying
process of azopolymer thin films for optical recording”. Thin Solid Films, volume
687, art. No. 137441 (8 pp), 2019.

Abstract: Azopolymers prepared in the form of thin films are promising candidates as media for
optical recording due to their photo-anisotropic properties. The thermo-physical and
mechanical properties of the prepared films, as well as the uniformity of their thickness and
smoothness of the formed layers are important characteristics for application of these
materials. In the present study, thin films of two amorphous and one liquid crystalline
azopolymers were characterized and, in the experiment, a commercially available amorphous
azopolymer was included as a base for comparison. Atomic force microscopy was applied for
surface topography determination for thin film samples of all four azopolymers and roughness
parameters as the average roughness and root mean square values are estimated. These values
show that amorphous azopolymers are characterized by a high smoothness and a flatter surface
while the thin film from the liquid crystalline polymer shows a structure with pronounced
topographic features and thus exhibits much higher surface roughness. The conducted depth-
sensing indentation of non-exposed thin films prepared by spin-coating on glass substrates
allowed to determine mechanical properties such as universal and indentation hardness, elastic
modulus and elastic part of indentation work. The creep behavior of the tested materials was
also analyzed and the elastic-plastic behavior for all azopolymers was established. The most
pronounced plastic behavior was observed for the liquid crystalline one. We obtained different
temporal scales of the drying process of solutions of the tested materials in a polymer casting
experiment by a quantitative dynamic speckle analysis. Analysis involved statistical processing
of correlated sequences of laser speckle patterns, reflected the properties of the respective
materials and was supported by the reported mechanical characteristics.

Pe3tome: A3ononMmepHUTE TbHKKM CnoeBe ca 0belaBalm KaHAMAATU KaTo cpeam 3a OnTUYeH
3anuc Ha WHpopmauma nopagu TexHuTe GOTOAHM3OTPOMHWU CBOMCTBA. TepMODUINYHUTE U
MeXaHWYHMUTE CBOMCTBA HAa CNOEBETE, KAKTO M TAXHATa rMafKOCT M PAaBHOMEPHOCT Ca BaXKHM
XapaKTEPUCTMKKU, CBBP3aHM C MPUIOKEHMATAa WM. B  HacToAWOTO Wu3cnesBaHe ca
XapaKTepM3npaHM TbHKM Cll0eBe OT ABa aMOPOHM M eAuH TEeYHOKPUCTANeH asononmmep
CMHTE3MpPaHM OT HallaTa rpyna, KaTo CBOWMCTBaTa MM Ca CPaBHEHW C Ha/M4YeH B TbProscKaTa
Mperka amopdeH asononumep. M3nonseaHa 6e aTOMHO-CM/I0BA MUKPOCKOMMA 33 aHa/iM3 Ha
MOBBPXHOCTTA HA TbHKWU C/I0EBE OT YETUPUTE a30MOMMEpPA U ONpesensHe Ha NapameTpu Ha
rpanaBoCTTa KaTo cpeAHaTa rpanaBoCcT U CpegHUTE KBaZPATUYHU CTOMHOCTU. Te3n CTOMHOCTU
NOKa3BaT, Ye cnoeBeTe OT aMOPGHUTE a30MONMMEPU Ce XapaKTepPMU3MpPaT C BUCOKA MNafKoCT U
no-paBHa NOBbBPXHOCT, LOKATO C/10A OT TEYHOKPUCTANIHUA NONMMEP MOKa3Ba CTPYKTYpa C ACHO
n3paseHn TonorpadCckn XapakTEPUCTUKM M MHOFO NO-BMCOKA rpanaBoOCT HA MOBbPXHOCTTA.
MpoBeseHOTO MHAEHTAUMOHHO M3CNefBaHe HAa HEEKCNOHWPaAHW TbHKU Cl0eBe, OT/NOXEHU
LEHTPODYKHO BbPXY CTbKAEHM MOAJIOXKKM, NMO3BOAM [a Ce OnpeaensT MeXaHUYHW CBOMCTBA
KaTo YHMBEpCasHa TBbPAOCT U TBbPAOCT Ha MHAEHTALMA, MOAYN Ha €1aCTUYHOCT U eNacTUYHa
KOMNOHeHTa Ha aedopmaumata. bewe aHANU3NPAHO M NOBEAEHMETO NPU NPUNAb3BaHE HA
TECTBaHUTE MaTepuanu U 6sxa YCTaHOBEHW eNacTUYHO-MIACTUYHUTE CBOWMCTBA 33 BCUYKM
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asononumepu. Hali-cunHoO  uM3paseHM NNacTMYHM  CcBOWMCTBA ce  HabnwaasaT  npwu
TEYHOKPUCTANHUA noanumep. Ypes KoaMyecTBeH AMHAMUYEH CMNeKbA aHaiu3 OLeHUXme
BPEMETO Ha CbXHEHe Ha pPa3TBOPW Ha wu3cnedBaHMTe noaMmepu. AHaNAU3bBT BKKOYBA
cTaTUcTMYecKa 0b6paboTka Ha KopenMpaHu NoCaAeA0BaTENIHOCTM OT CNEKbA KapTUHK, OTpassBa
CBOMCTBaTa Ha CbOTBETHUTE MaTepMann U A0NbABA NONYYEHUTE MEXaHUUYHU XapPaKTEPUCTUKM.

C. PestomeTa Ha u3obpeteHus, NaTeHTU U NOJIE3HU MOAENU

C1.

Moneszen mopen: CUCTEMA 3A MNOAOBPABAHE HA TMONAPU3SAUNOHHU
MAPAMETPN HA XOJNOTPA®CKM OUNDPPAKLUMOHEH ONTUYEH EJIEMEHT,
MNPEACTABNABALL, KPBIOBOMONAPU3SALMOHEH CBETOAEAUTEN; 3awmTeH
Homep: 4004 / 15.03.2021; U3o6peTaTenu: Jinan Heaenues, mmaHa Ha3bposa,
HeaH Oumos, bnara bnaroesa, lNeopru MateeB, Hatanna bepbeposa-byxosa,
Enena CrorkoBa

Abstract: The utility model relates to a system for improving the polarization parameters of a
holographic diffraction optical element, which acts as a circular polarization beam splitter. The
system essentially consists of a glass substrate on which an azopolymer layer is deposited, on
which an optically transparent adhesive layer is coated. It is also possible to place a cover glass
over the last layer. In this way, the formation of a surface relief grating is prevented and/or its
influence is compensated, thereby reducing the dependence of the diffraction efficiency of the
element on the azimuth of linearly polarized light. This is one of the main criteria that prove the
improved polarization parameters of the new optical element. Thus, the proposed system with
improved polarization parameters can be used to make a spectral polarimeter that allows the
determination of all light polarization parameters in a wide spectral range and in real time.

Pe3tome: Mone3HMAT Mogen ce OTHaAcA A0 cUCTeEMA 3a NogobpsasBaHe Ha MOAAPU3ALMOHHUTE
napameTpuM Ha xonorpadckM AMPPaKUMOHEH OMTMYEH E€NeMeHT, NpeacTaBAsABall
KPbroBOMoONspu3aUMOHeH ceeTogenuTen. CuctemaTta Mo CbLLECTBO CE CbCTOM OT CTbK/EHA
NOAJ/I0}KKa, BbPXY KOATO € HaHeceH a30MO/IMMEpPEH CNOM, BbPXy KOMTO € HaHEeCeH C/oh oT
ONTMYHO NpO3payveH aaxe3nB. [onycka ce M NOCTAaBAHETO Ha MOKPUBHO CTbKAO BbpPXY
nocnegHua cnoii. Mo To3n HaumH ce NpeaoTBPaTABa POPMUPAHETO HA NMOBBPXHOCTHO penedHa
pelweTka M/WaM ce KOMMEHCMpa HEWHOTO B/MAHME, KaTo MO TO3M HauyMH Ce Hamannasa
3aBUCUMMOCTTA Ha AudpakuMoHHaTa epeKTUBHOCT Ha eNeMeHTa OT asumyTa Ha JIMHEWHO
nofApusnpaHa CBeTAMHA. ToBa € eAWH OT OCHOBHUTE KPUTEPWUM, KOUTO CBUAETENCTBAT 3a
noaobpeHnTe NOAAPU3ALMOHHM MNAPAMETPU Ha HOBUA OMNTUYEH efleMeHT. Taka npeaoXKeHaTa
cucTema ¢ nogobpeHn NoNAPMU3aLMOHHM NAapamMeTpm MoKe aa 6bae M3noa3BaHa 3a HanpasaTa
Ha CheKkTpaseH MNONAPUMETBP, KOMTO MO3BO/IABA ONPEeAEeNAHETO HAa BCMYKM MapaMeTpu Ha
NoNAPMU3aLMATa HA CBET/IMHATA B LUMPOK CNEKTPASIEH ANAMNA30H M B PeasHO BpeME.
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