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4. atskaite par posmu no 11.09.2020. Iidz 13.04.2021

Par Latvijas Universitates projekta “Uz cukstosas galerijas modas mikrorezonatora bazes

veidota optisko frekvenéu Kemmes generatora izstrade wun ta pielietojumi
telekomunikacijas” Nr. 1.1.1.1/18/A/155 norisi

Projekta visparéjais meérkis: Veikt peétniecibu, kas veicina Latvijas viedas specializacijas
stratégijas meérku sasniegSanu, cilvéekkapitala attistibu zinatné un tehnologijas un jaunu
zinasanu radisanu, lai uzlabotu konkurétspéju tautsaimnieciba.

Projekta merkis ir: iegut jaunas zinasanas par ¢ukstoso galeriju modu rezonatoru optiskajam
frekvenéu kemmém (WCOMBs) un izstradat, konstruét un testét kemmes generatora
prototipu telekomunikaciju pielietojumiem.

Prezenteja Janis Alnis LU ASI 2021. g. 13. april.



Projekta darbibas

1. WCOMB izstrade, modelésana, testéSana un optimizésana

1.1.Dazadu CGM rezonatoru izstrade un iegasana

1.2.WCOMB sistémas, kur tiek izmantota prizma, izveide, testéSana un optimizésana

1.3.WCOMB sistemas, kur tiek izmantota izstiepta Skiedra, izveide, testéSana un optimizésana
1.4.CGM rezonatoru efektu un WCOMB sistémas matematiska modelésana

2. Portativa WCOMB izstrade, izveide un testésana pielietojumiem Skiedru optisko sakaru sistémas

2.1. EksistéjoSo WCOMB generatoru veidu, risinajumu un realizaciju izpéte Skiedru optiskajas sakaru
sistemas

2.2. Portativa WCOMB ka daudzvilnu gaismas avota izstrade un izveide pielietojumiem skiedru optisko
sakaru sistéemas

4. Projekta rezultatu izplatisana
4.2. Intelektuala ipasuma tiesibu parvaldisana. Tehnologiju tiesibu - zinatibas apraksts
4.3. Datu parvaldes plans

4.5. Publicitate
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Aktivitate 1.1. Dazadu rezonatoru izgatavosana.

Samontéts stends ar CO, lazeri kvarca rezonatoru kausésanai, LU ASI.

* 40W lazers, jauda lietota 3-6W. ZnSe leca f =5 cm.
* 3D galdins paraugam un otrs 3D galdins mikroskopam 20x NA 0.4.
* Astronomijas webkamera (Levenhuk T130 Plus).
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40OW CO?Z Laser Tube 70cm /s
N Engraver Cutter
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2021.01.30. Ar CO, lazeri uzkausets kvarca
bumbinas rezonators.
Mikrosferas nav apalas !!!
Diametrs 205 mkm, Q = 2ES8.

Nosézas balti iztvaicéta kvarca putekli.
Tests ar 780 nm lazeri, prizmas ievade.

WGMR FWHM =2 MHz, Q = 2E8

https://youtu.be/1d9 53AR200

Rubidija atomu piesatinajuma
spektroskopijas linijas FWHM 10-12 MHz.



https://youtu.be/1d9_53AR2oo

2021.01.30. Ar CO, lazeri izvirpots toroida rezonators no kvarca stienisa.

Toroida
D =1.5mm, Motors
Q = 106°.

CO, lazers

Nosézas kvarca putekli.

Tests ar 780 nm lazeri, prizmas ievade.
P Resonances from CO2 laser

machined microrod Q 106
one limitation could be Si102 dust.

i
L .
Microrod - prism,coupling:
Gap did not imprpve &
“780nm, Q=10 §4&

Feb-14-2021 11:31:



Kvarca mikrosferas rezonatori ar diametru 170 mkm

kemmeém ar attalumu starp linijam 400 GHz.
lzdevas uzmodulét 10 Gbps datus uz kemmes linijam. Nopublicéts Opt. Expr. (Q1).
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Demonstration of a fiber optical
communication system employing a
silica microsphere-based OFC source

Toms Salgals, Janis Alnis, Rihards Murnieks, Inga Brice, Jurgis Porins, Alexey V.
Andrianov, Elena A. Anashkina, Sandis Spolitis, and Vjaceslavs Bobrovs

Optics Express  vol. 29, Issue 7, pp. 10903-10913 (2021
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Kvarca mikrosféras rezonatori ar diametru 330 mkm.
leguta kemme ar attalumu starp linijam 200 GHz.
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Kemmes diemzeél nestabilas laika Briljuéna
efekta dél, jo lielaka rezonatora var cirkulét
vairak telpiskas modas neka iepriekslietotaja
mazaka diametra rezonatora.

2021 03 15. 200 GHz FSR comb. Laser set to 560 nm.

comb linked to
2nd Brillouin peak
at 192.277 THz

comb originates from Brillouin effect, not from the pump.
this could explain why the comb had so low intensity.

\pump at

192.299 THz
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Kvarca stienisu torodalie rezonatori izvirpoti ar CO, lazeri ar
diametru 660 mkm kemmem ar attalumu starp linijam 100 GHz.

Izvirpojas nedaudz resnaks ka planots un attalums
starp iegutas kemmes linijam ir 89.5 GHz, kas ir
10% tolerances robezas. Problema, ka kemme
nestabila laika, pagaidam nevaram pielietot
telekomunikacijam. Méginam iegut solitonus .

Rezonanses
platums 10 MHz,
Q= 2E7




Aktivitate 1.3. WCOMB sistemas, kur tiek izmantota izstiepta
Skiedra, izveide, testésana un optimizéesana.
Apméram 1 mikrometru diametra tievas kvarca Skiedras izvilksana

no 125 mkm diametra skiedras, karséjot ar udenraza degliem.
NepiecieSama gaismas ievadei WGMR.

Tirs udenradis, 8 adatas

Tira Gdenraza deglis rinda — gara Saura liesma.
1 caurums 0.8 mm.

Oxy-hydrogen burner,
izgatavoja V. Ignatans
Liesma rada stipru véju.




Liesmas tievas skiedras stiepsanai:
udenradis un saskidrinata gaze.
2020.g. pavasari nocinijamies 2 nedélas, kameér sapratam, ka, lai saglabatu labu tapered fiber
Transmisiju, ir jaizmanto stipraku tdenraza liesmu, kas karse plataku Skiedras apgabalu,
lai netiktu parsniegts adiabatiskais sasaurinasanas lenkis.
Udenraza elektrolizators parkarst. Tapéc gribam paméginat izmantot propana liesmu,
kas ir daudz pieejamaka. E. Anaskinas grupa izmanto saskidrinatas gazes lodlampu.
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Attéla redzama miniatura propana liesma nenodrosinaja pietiekami garu
Skiedras apgabala sildiSanu, lai stipri nesamazinatos transmisija caur Skiedru.



Tapered fiber izgatavoSanai nepiecieSama liesma, kas kausé vienmerigi.

Not good - through the middle Torch with a mesh
Lodlampa of the flame. Fiber melts only added good
no Depo veikala. at two places which glow. '
| and is too cold in the middle to
soften and strech.

fiber softens uniformly.




Tapered fiber kausésanai lzgatavots propana-butana deglis

ar platu vienmerigu liesmu.
Liesmu stabilize sietins (Meker-Fischer burner).
Termoparis rada 1250°C. Kvarca pavediens paliek miksts un sakust,
kad saskaras ar citu pavedienu.




Tievas skiedras stiepsana ar jaunizgatavoto
propana degli un nofiksésana péc stiepsanas, lai
varéetu nocelt no motorizéeta stiepsanas stenda.
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Rezultats: izstiepjot tapered fiber ar tievu propana liesmu iegust ~40 %
transmisijas saglabasanas. Ar plataku propana liesmu transmisija
saglabajas 70% no sakotnéjas. Dazas grupas iegust lidz pat 99%.

Tieva izstiepta skiedra izturéja transportu uz RTU 3km ar automasinu.

i E|
P taper monitor.vi Front Panel ! =00
F ste Tooks Window Help f - Lig T
. [y PO . ‘{ { -IE.I

. S / export | Export data to Excel o -f\
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Tine, seconds




2.2. Portativa WCOMB ka daudzvilnu gaismas avota izstrade

un izveide pielietojumiem skiedru optisko sakaru sistémas.
Novembri iepakots rezonators kopa ar tapered fiber saglabajas [idz Sim bridim.
Negeneré kemmi, jo lodite nobidijas pret kemmi. Pabidit nevar, jo viss saliméts.
NakoSajiem nepiecieSama regulésanas iespé€ja.

lespéja «<nonemt» tapered fiber no motorizéeta galdina pieliméjot pie
orgstikla U - formas plaksnites un ielikt kastite.

Vélams, lai polimeérs netiktu notirits tur kur UV lime, tad praktiski nevar skiedru salauzt
to lokot. Ja pielimé tur kur polimérs ir notirits, tad jauzmanas, lai lokot nesalauztu.
Tapered fiber iespéjams stiept sametinot divus parrautus Skiedu galus, un metinajuma
vietu izmantot ka jauna taper vietu (varbut ne gluzi pasu vidu). Tas ekonomeé Skiedru.



Rezonatora - taper modula izgatavosanas soli:

1. Pielimeé rezonatoru pie orgstikla U. Rezonatora pacelts par 0.5 mm ar plaksniti.
2. Ar 3D galdinu piebrauc U ar rezonatoru pie taper, atrod reonanses, (kemmi)

3. Pielimeé ar UV limes pilieniem taper pie U veida stiprinajuma.

4. Pielimeé ar UV limi WGMR pie U veida stiprinajuma.

5. leliek kastite ar silikagelu (mitrumam) un aktivo ogli (GOS smakam).

’:_'}/‘_7 s '\ 2
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lepakota rezonatora Q faktora meérijumi vairaku ménesu garuma.

Vel jaapkopo jaunakie dati. Novérojam, ka Q faktors
degradéjas, kaut ari silikagela mitruma savacéjs. Kastite nav
hermeétiska.

Varbut jataisa krasninu pie 60-80C ar Peltje, lai zavejas. Tad
parasta lime nederés. High temp epoxy Torrseal?

9. febr. 2021




Aktivitate 4.2. Patents?
Rezonatora - taper modula izgatavosana frekvencu kemmeéem.

Fikseta konstrukcija rezonators — tapered fiber neder kemmei,
jo rezonators kemmeém ik pa laikam japabida pret taper.
Dazreiz pieskarSanas vieta nedaudz nobidas ,uzsitot vai
izmainoties temperaturai.

Kemme pazuda un nebija atjaunojama, kad, uzsitot, nobidijas rezonatora
pieskarSanas vieta. Var redzét, ka nepieskaras pa vidu. Atpakal nevaréja
atbidit, jo rezonators pieliméts. Rezonatora diametrs 166 mikroni ~ 400 GHz
FSR.

Kemmes fotodiode

Nov-03-2020




Rezonatora - taper modulis ar 3D pozicionéSanu — vél neiztestéts.
Varetu patentet ???

Fiksets rezonators — tapered fiber neder kemmei, jo rezonators kemmeém reiz pa reizei
japabida pret taper. Dazreiz pieskarSanas vieta nobidas,uzsitot vai no temperaturas
un ir javar atgriezties.

Uzkonstruéjam bidamu konstrukciju.

Tapered fiber pieliméts pie 3D printétas U daksSinas. Pieliméjam, nesaplésam.

Varbut vajadzéetu no metala, bet sakuma varam parbaudit ari plastmasas konstrukciju.

~r




Daramais talak.

Ap rezonatoru un tievo skiedru vajadzéetu noslegtu metala kastiti, lai var
sildit ar Peltjé elementu. Vislabak hermétisku. Skiedras porti kaut ka
jahermetizeé. Vai etika tvaiki silikonam zustot, degradésies Q?

Japameégina uztaisit krasninu pie 60-80°C ar silditaju vai Peltje, lai
rezonators zavéjas un nenoveco. Tadas krasninas lieto higroskopiskiem
BBO lazeru kristaliem.

Pie 60-80 °C parasta lime nederés. Japameégina High temperature epoxy
Torrseal vai auto Metal Epoxy.



Aktivitate 4. Publicitate 6 ménesu perioda

RAKSTI

Salgals, T., Alnis, J., Murnieks, R., Brice, I., Porins, J.,
Andrianoy, A., Anashkina, E., Spolitis, S., Bobrovs, V.
Demonstration of a Fiber Optical Communication
System Employing a Silica Microsphere-Based OFC
Source.

Optics Express, 2021, Vol. 29, No. 7, pp.10903-
10913. doi:10.1364/0E.419546

Anshkina, E., Bobrovs, V., Salgals, T., Brice, I., Alnis, J.,
Andrianov, A.

Kerr Optical Frequency Combs with Multi-FSR Mode
Spacing in Silica Microspheres.

IEEE Photonics Technology Letters, 2021, Vol. 33, No.

9, pp.453-456. d0i:10.1109/LPT.2021.3068373
Nav atsauce uz So projektu.

Brice, I., Grundsteins, K., Sedulis, A., Salgals, T,,
Spolitis, S., Bobrovs, V., Alnis, J.

Frequency Comb Generation in Whispering Gallery
Mode Silica Microsphere Resonators.

In: Proceedings of SPIE. Vol.11672: Laser Resonators,
Microresonators, and Beam Control XXIII, United
States of America, Washington, 6-11 March, 2021.
ASV Online: SPIE Proceedings, 2021, Article number
1167213. doi:10.1117/12.2577148

PREZENTACIJAS KONFERENCES

I. Brice, K. Grundsteins, T. Salgals, J. Alnis

OFC generated inside silica microsphere for WDM
data transmission system,

Photonics online meetup #POM21ja, January 13-14,
2021.

K.Draguns

«CGM mikrorezonatora uzpumpésanas par
frekvenc¢u kemmi modelésana»

(mutisks) LU 79.konference ASI sekcija (12.02.21.)

A.Sedulis
« Influence of WGM resonator polishing techniques
in frequency comb generation»

(mutisks) LU 79.konference ASI sekcija (12.02.21.)

R.Veilande, |.Bérsons, O.M.Eberlins
«Divi saistitie nelinearie Srédingera vienadojumi»
(mutisks) LU 79.konference ASI sekcija (12.02.21.)

K.Draguns, |.Brice, T.Salgals, J.Alnis

«Dispersion Engineering of Whispering Gallery
Mode Resonators for Frequency Comb Generation
and Telecommunication Applications» (mutisks)
OPEN READINGS 21 (16.-19.03.21.)



ERAF projekts «Uz Cukstosas galerijas modas mikrorezonatora bazes
veidota optisko frekvencu kemmes generatora izstrade un ta
pielietojumi telekomunikacijas»

1.4. CGM rezanatoru efektu un
WCOMB sistemas matematiska
modelésana

Darbinieki: Rita Veilande (LU), Kristians Draguns (Affoc), Arttrs Cinins, (Affoc)
(Aigars Atvars)

13.04.2021, ERAF projekta padomes séde



Darbibas 1.4. aktivitate

Veiksmiga sadarbiba ari modelésanas joma ar E.Anaskinas
grupu (Pielietojamas fizikas instituts, Niznij Novgorad), kas
ir vainagojusies ar kopigam publikacijam.

Modelésana COMSOL programma (Kristians)

Frekvencu kemmes modelésana, izmantojot Lugiato-
Lefevera vienadojumu (visi):

— Ar pyLLE programmaturu

— Ar citu brivpieejas programmaturu

Papildus téma: Fotona matematiskie modeli (Rita) — wwvir
nelinearais Srédingera vienadojums, tada pasa tipa vienadojumu més apliikojam ari iespéjama fotona-
solitona modeli. Fundamentalaka fotona matematiska izpratne var palidzét ari labak izprast fizikalos
procesus par gaismas izplatiSanos mikrorezanatoros.



Sadarbiba ar E.Anaskinas grupu

Optics EXPRESS
Research Article Vol. 29, No. 7/29 March 2021/ Optics Express 10903
Optics EXPRESS
s 2.5 Gbps NRZ carrier (+1) 2.5 Ghps NRZ carrier (-1)

Demonstration of a fiber optical communication
system employing a silica microsphere-based
OFC source

Toms SALGALS,"2" ® JaNIs ALNIS,3 RIHARDS MURNIEKS, ! INGA
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Simulative eye diagrams of the received signal after 20 km transmission over SMF fiber at a
data rate of 2.5 Gbps for (c) carrier “+1" and (d) carrier “-1, and data rate of 10 Gbps for

(e) carrier “+17 and (f) carrier *-1".
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https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=68
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=9386190

Publikacijas:

Rezultati, kas saistiti tikai ar
modelésanas dalu

«Mathematical models of photons» I.Bersons, R.Veilande, O.Balcers, iesniegts Journal of
Mathematical Physics

Konferences:

LU 79.konference ASI sekcija (12.02.21.)
 K.Draguns «CGM mikrorezonatora uzpumpésanas par frekvenéu kemmi modelé$ana» (mutisks)
« R.\eilande, I.Bérsons, O.M.Eberlin§ «Divi saistitie nelinearie Srédingera vienadojumi» (mutisks)
OPEN READINGS 21 (16.-19.03.21.)

» K.Draguns, I.Brice, T.Selgals, J.Alnis «Dispersion Engineering of Whispering Gallery Mode
Resonators for Frequency Comb Generation and Telecommunication Applications» (mutisks)

VIiCPEAC (21.g. julijs), iesniegts abstrakts «Three mathematical models of photons» I.Bersons,
R.Veilande, O.Balcers

EGAS52 (21.g. junijs), sagatavots abstrakts iesniegdanai tuvaka laika «The new mathematical model
of photons» |.Bersons, R.Veilande, O.Balcers



COMSOL Multiphysics lietojums disperisjas aprekinasana

Rezonatora materiala uzdosana

* Uzdod materialas
dispersijas datu tabulu

* |zveido interpulacijas
funkciju n=n(A)
* Uzdod materiala apgabala

gaismas lausanas
koeficientu ka funkciju n

- Rékinot pie dazadam
frekvencém tiek nemtas
dazadas n vértibas

ZnO1(t) (1)

4

1.9+
1.85f
1.8f
1.75F
1.7
1.65r
1.6f
1.55F

Property

Zno1(t) (1) o

¥ Variables

]

Name
n
Zn011
Zn022

Expression
Sio2(ewfd.lambda0)

Zn0O1(ewfd.lambda0)
Zn02(ewfd.lambda0)

15]
107

-107

-15]

1
t (um)

[V Refractive index, real part
[¥] | Refractive index, imaginary part

pim|

310

Variable | Value Unit
n_iso ;.. |ZnO11 1
ki_iso ;... |0 1

320

Property group

330

Refractive index

Refractive index

340

350



Dispersijas aprekins

COMSOL Multiphysics
apréekina ng¢ izmantojot Mode
Analysis
Péc formulas 2mRn = mA
aprekinam
MATLAB no tabulas uzdod w =
w(m) [rad/s]

dw
Aprékina FSR = % [Hz]
0w
om?2

Dispersija D, = [rad/s]

Sweep type:

44

All combinations

Parameter name

Parameter value list

Study 1

£2E Parametric Sweep

I8 step 1: Mode Analysis
"™ Solver Configurations
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Nulles dispersijas vilna garums
dazadu izmeéru SiO2 sféeram
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Lugiato-Lefevéra vienadojuma modelésana

* Ar brivpieejas programmaturu pyLLE (Python>3.4, Julia 0.6.4)

. [Moille G, Li Q, Lu X, Srinivasan K (2019) pyLLE: A Fast and User Friendly Lugiato-Lefever Equation Solver. J
Res Natl Inst Stan 124:124012. https://doi.org/10.6028/jres.124.012.]

a b‘—/
!
I aEgr T (% - fﬁo) E+i FI™! [~trDin (@) FT[E(1,7)]| + YLIEPE + VOEi,

. kur integrala dispersija ir
Diyy = 0y — (@ + D)


https://doi.org/10.6028/jres.124.012

yLLE

Z Desktop/Rita/example/ X ¥ NotebookExample - Jupyter Not X <+
C O localhost:8888/notebooks/Desktop/Rita/example/NotebookExample.ipynb
Translate Publications WGM ERAF ERAF-2 ERAF-3 Journals ERAF-4 ERA-LV Teaming Reading Lzp Science News (@ Grammarly
: Jupyter NotebookExample Last Checkpoint: 20.11.2020. (unsaved changes) A Lot
File Edt Viewv Inset Cell  Kemel Widgets  Help Trle | Python 3 ®
B 4| @A B 4 ¥ NRn B C M| coe v =

In [42]:

In [44]:

Please note that If you are using this notebook, you need 1o make sure that you "trust” it to ensure the dispiay of the figure. To do so, in the jupyter notebook,
go to File — Trust this notebook. It should reload the notebook and the plotly figure will be able to be displayed now

Import and Setup
In a python shell, spyder, a script, or in jupyter notebook, start by importing the package.
import pyLLE

We now define the resonator parameters. Here we will use a file TestDispersion.csv which is made of two columns: the first one is the azimuthal mode order
(integer), the second s their coresponding frequency of resonance in Hz

1 res = {'R': 327e-6, # ring radius in meter
'Qi‘: 1e7, # Intrinsic Q factor
‘Qc’: 17, # Coupled Q factor
'y 5 # Non-Linear coefficient at the pump frequency
‘o "TestDispersion.csv’, # frequency and corresponding azymuthal mode simulated previously
) ¥

We now define the simulation parameters. Here we precise a linear detuning ramp of the pump from &tw_init to 5w_end relative to the pump mode angular
frequency, mode closest to the defined pump frequency f_pmp. The simulation length Tscan is in unit of round trip, as it is more convenient in the Lugiato-

Lefever formalism. It is important to notice that two parameters for the mode bandwidth have to be defined, p_fit which determined the fit window of the raw
data found in dispfile, and u_sim which is the number of mode simulated in the LLE. hence could be larger than the fit mode through extrapolation

import numpy as np

sim = {'Pin": 15@e-3, # Input power in Q
‘Tscan': 1e7, # Length of the simulation in unit of round trip

193479318217425, # Pump Frequency

269%2%np.pi, # Initial detuning of the pump in r

10e9*2*np.pi, # End detunin of the pump in rad/s

,60], # azimuthal mode to simulate on the Left and right side of the pump

,60], # azimuthal mode to fit the dispersion on the Left and right side of the pump

In both the resonator and simulation dictionaries, the parameters can be called through their greek letters or through their equivalent latin names (e g. p — mu
or Bw — deltaomega). A translator dictionnary is implemented to translates every greek entries (see. self_greek)

ax @6 N

Simulation Parameters:
R=327.00 um
Qi=10.00M
Qc=10.00M

y=1.55

Pin = 150.00 mW

Tscan = 10.00 x1e6 Round Trip
f pmp=193.48 THz

Sw_init =2.00 x2nt GHz
Sw_end =-10.00 x21t GHz
M_sim = [-40.00,40.00]

p_fit = [-40.00,40.00]



pyLLE

* Programma tiek ielikts ieprieks, citur aprékinats atbilstosa rezonatora modu un
frekvencu lielumus, pieméram ar Sellmeiera vienadojumi:

A~ 2mRn,
" L 2 A X
m+1.856m° +| —— — n“(A) =1+ g
2 \/nf—l Bt

* Tiek apréekinata integrala dispersija

® FEM Simulation
LLE simulation
— = Fit

I:)inL (GHZ)

180 190 200 210

Frequency (THz)



PYLLE — rezultata ieglstam mikrokemmes uzvedibu ka spektru, frekvencu kemmes jaudu rezonatora
pie dazadiem LLE soliem, ka ari pie noteiktiem soliem redzam rezonatora elektriska lauka spektru un

sadalijjumu laika.
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Fast Time
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pYLLE

* Prieksrocibas:
— Gatava lietoSanai, kompakta programma;
— Pietiekami skaidrs, publicéts manuals;
e Trukumi:
— Nav iespéjams mainit programmu;
— Rezultati loti jutigi no mainamajiem parametriem;

— Salidzinosi ilgstoSi rékina, sarékina pie visiem LLE soliem, gan tur kur vél nav
iestajies solitonu rezims, gan tur kur ir.



Cita Python rakstita programma
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Cita Python rakstita programma

* Prieksrocibas:
— Gatava lietoSanai, vienkarsaka programma, uzrakstita tikai Python;
— lespéjams programmu mainit, uzlabot, pielagot savam vajadzibam;
— Aprékinailgums ir atraks par iepriekséjo programmu.

e Trakumi:
— nav skaidrs, publicéts manuals;
— Disperijas aprekini ir |oti vienkarsoti.

» Turpmakas tuvakas darbibas:

» lzveidot savu programmu balstoties uz ieprieks minétajam brivpieejas
programmam;

» Salidzinat modelésanas rezultatus pie noteiktiem parametriem ar E.Anaskinas
grupas iegutajiem, t.sk. bezdimensionalam Lugiato-Lefevéra vienadojumam.



