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KODOLU TERMISKA SINTEZE
UN UDENRAZA ENERGETIKA



ITER PROJEKTS: ATTISTIBAS PROBLEMAS UN RISINAJUMI

A.Sternbergs
Latvijas Universitates Cietvielu fizikas institiits

Starptautiskais termiskas kodolsintézes eksperimentalais reaktors (ITER) tiek attistits ka
pasaules lielaka kodoltermiskas sint€zes eksperimentala iekarta, lai patiesi nodemonstrétu
un pieraditu kodolsintézes zinatniskas un tehnologiskas iesp&jas ka ilgtermina lielas
jaudas, drosas atjaunojamas un CO; tiras energijas ieguves avotam.

ITER izbtuve jau uzsakta Cadarache, Francijas atomenergijas centra Valsts dienvidos
gleznainaja Provences apvidi. ITER ir arl pirmais globalas sadarbibas pilotprojekts -
flagmanis. Latvija ir viena no 34 partnervalstim, piedaloties projekta Asociacijas
EURATOM- Latvija Universitate ietvaros, kura, savukart, sadarbiba starp lokalajiem
partneriem miisu valstT ir galvenais spéks un panakumu nodrosinajums.

Referata nosléguma dala - par sadarbibas faktoru misdienu p€tnieciba vispargjos
galvenajos vilcienos. Pirmkart, sadarbiba ka noteicoSais paaugstina pé&tijumu kvalitati,
prevalgjot tadgjadi pat par katra individa vai individu grupas prestizu. Svariga ir ,kritiskas
masas” sasniegSana pétnieciska darba izpildeé un finans€juma koordin€tas sadarbibas
rezultata, savukart sadrumstalotibai un izklied€Sanai ir negativa ietekme. Respektivi - tris
acimredzami zinatnes un tehnologiju vajie punkti SVID analizes kategorijas ir:
nepietieckams finans€jums; neadekvata — nestimul&josa ,,apkartne” pétniecibai un tas
rezultatu ievieSanai; zinatniski pétniecisko aktivitaSu fragmentacija un resursu
sadrumstalotiba. Otrkart, nekad nedrikst pretstatit fundamentalo un pielietojamo
pétniecibu, un neatlaidigi pieprasit talitéju investiciju atgrieSanu. Visa veida pé€tnieciba
tieck izmantotas zinatniskas metodes — izskaidrot efektu, ipaSibu, materialu, talak to
apzinati kontrol&t, parraudzit, un visbeidzot, to kvalitativi un kvantitativi reproducét. Ir
jaiet soli pa solim, un nevis atrak, Iidz pilniba izprotam attiecigo jaunatklato Dabas
paradibu vai objektu

ITER PROJECT: STATUS AND DEVELOPMENT STRATEGY

A.Sternberg
Institute of Solid State Physics, University of Latvia

ITER will be the world's largest experimental fusion facility and is designed to
demonstrate the scientific and technological feasibility of fusion power. Fusion is the
process which powers the sun and the stars. Fusion research is aimed at developing a safe,
limitless and environmentally responsible energy source. The ITER project is sited at
Cadarache in the South of France. ITER is also a first-of-a-kind global collaboration.
Participation of Latvia as one of 34 countries via Association EURATOM-University of
Latvia will be discussed.

Finally, two general conclusions. First, doing research collaborative effect dominates
quality, being an order of magnitude stronger than other factors such as individual calibre
or institutional prestige. Therefore reaching critical mass through coordination and
collaboration in research funding and execution are beneficial, and fragmentation and
dispersal have negative impact on R&D programme performance. Three perceived S&T
weaknesses are: insufficient funding; lack of an environment to stimulate research and
exploit results; and the fragmented nature of activities and dispersal of resources. Second,
it is short sighted to oppose fundamental and applied research and to insist on an
immediate return on investment. All research uses the scientific method - to explain,
control and reproduce - and cannot go faster than our ability to understand our universe,
step by step.



GALLIJA STRUKLAS SILTUMA ABSORBCIJAS SPEJA, SASKAROTIES
AR TOKAMAKA IZLADES PLAZMU

O.Lielausis, A.Klukins, E.Platacis
Latvijas Universitates Fizikas institiits

Skidra gallija striikla ar diametru d = 2,6 mm un atrumu v = 2.5 m/s tika ievadita
tokamaka vakuuma kamera. Izlades procesa laika aptuveni 3 cm gars$ striikklas posms
saskaras ar plazmu. Tam atbilstoSais Ga temperatiiras picaugums tika izméerits un
konstatets, ka striikla bijusi sp&jiga absorbét un iznest no izlades kameras iespaidigu
jaudu — 2,4 kW/cm’. Pie tam mingtie striiklas parametri ir vairak ki méreni. Tas
uzskatams par vienu no interesantakajiem rezultatiem pé&tot Skidra metala
mijiedarbibu ar tokamaka izlades plazmu. Jaatzimé, ka jau paSos sakotn&jos
priekslikumos par termiskas kodolsintézes iekartam Skidra metala strukla ieteikta pret
plazmu veérsto virsmu aizsardzibai .Aprakstitais petijums apstiprina §is prognozes
aktualitati. Jaizv€las gan tads iekartas elements, kur nav sagaidama traucg€josa MHD
mijiedarbe. Ka visinteresantakais te uzskatams divertors.

HEAT ACCUMULATING CAPACITY OF A GA JET AFTER TOUCHING
UPON TOKOMAK DISCHARGE PLASMA

O.Lielausis, A.Klyukin, E.Platacis
Institute of Physics, University of Latvia

A liquid gallium jet (diamater d = 2.6 mm; velocity v = 2.5 m/s) was introduced in the
vacuum chamber of a tokamak. During the discharge an approx. 3 cm long segment of
the jet becomes contacted by plasma. The corresponding increase of the Ga
temperatrure was measured, a high indeed capacity of the jet to absorbe and transport
the heet was stated — 2.4 kW/cm’. And already at such fully moderate parameters of
the jet. It schould be considered as one of the most interesting results gained during
the investigation of the interaction of liquid metals with the tokomak’s discharge
plasmas. Already in the very first descriptions of thermo-fusion facilities liquid metal
jets were proposed for protection of plasma facing components. The considered
results confirm the actuality of these predictions. Only components of the facility
should be chosen where a disturbing MHD interaction could be neglected. The
divertor remains as the most interesting unit.



DEFEKTU SAITES ENERGIJAS APREKINI NO PIRMAJIEM
PRINCIPIEM fcc Fe REZGI

A. Gopejenko', J. Zukovskis', P.V. Vladimirov’, J. Kotomins', A. Méslang®
Latvijas Universitates Cietvielu Fizikas Institiits, Latvija
? Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-1, Vacija

Oksidu stiprinato te€raudu materialu (ODS) attistiba turpmakai izmantoSanai
kodolsintézes reaktoros prasa dzilu izpratni par Y,0; nanodalinu formé&Sanas
mehanismu un kinétiku térauda matrica.

Liela méroga aprékini no pirmajiem principiem tika veikti y-Fe rezgim saturosam
divus Y piemaisijuma atomus, Fe-vakances un Y atomu pari, ka ar1 dazadas tris-
reprezentéta ar skaldncentréto kubisko vy-Fe kristalu. Rezultati skaidri paradija
noteiktu pievilkSanu starp Y aizvietoSanas atomu un Fe-vakanci bet saistibas energija
starp diviem Y aizvietoSanas atomiem netika atrasta. Dazadu Y-O-Y klasteru
konfiguracijas aprékini Fe rezgl paradija ka ne tikai skabekla atoma izvietoSana ir
nepiecieSama lai formét saites energiju starp piemaisijuma atomiem y-Fe rezgi bet ari
palielinata Fe-vakances koncentracija ir vajadziga Y,Oj3; nanodalinu forméSanai dzelza
kristaliska matrica. Fe-vakances ietekme uz saistibas energijam starp defektu atomiem
dzelza rezgi prasa mijiedarbibas aprékinus starp divam Fe-vakancém ieskaitot to
ietekmi uz saistibas energijas starp diviem Y atomiem.

Ab initio CALCULATIONS OF BINDING ENERGIES BETWEEN
DEFECTS IN fecc Fe LATTICE

A. Gopejenko', Yu.F. Zhukovskii', P.V. Vladimirov?,
E.A. Kotomin', A. Miislang2
"Institute of Solid State Physics, University of Latvia, Latvia
’Karlsruhe Institut fiir Technologie, Institut fiir Materialforschung-I, Germany

Development of the oxide dispersion strengthened (ODS) steels for fission and
fusion reactors requires a deep understanding of the mechanism and kinetics of Y,03
nanoparticle precipitation in the steel matrix.

Large-scale first-principles calculations have been performed on the y-Fe lattice
containing pairs of Y impurity atom with either Fe vacancy or Y atom and different
configurations of three-atom clusters Y-O-Y dissolved in the steel matrix [1]. The
latter is represented by a face-centered cubic y-Fe single crystal. The results clearly
demonstrate a certain attraction between the Y substitute and Fe vacancy whereas no
binding has been found between the two Y substitute atoms. Results of calculations
on different Y-O-Y cluster configurations in lattice show that not only a presence of
oxygen atom favors a certain binding between the impurity atoms inside the y-Fe
lattice but also the increased concentration of Fe vacancies is required for the growth
of the Y,0; precipitates within the iron crystalline matrix. The influence of vacancies
on the binding energies between the defect atoms within the iron lattice demands
simulations of the interactions between the two Fe-vacancies including their influence
on binding energy between the two Y atoms.

[1] A. Gopejenko, Yu.F. Zhukovskii, P.V. Vladimirov, E.A. Kotomin, and A.
Moslang, Ab initio simulation of yttrium oxide nanocluster formation on fcc Fe lattice.
- J. Nucl. Mater., 2010, 406, p. 345-350.



ATOMU KONCENTRACIJAS NOVERTESANA PEC PLAZMAS
PARAMETRIEM LOKALAJA TERMODINAMISKAJA LIDZSVARA

J.Butikova, I.Tale
Latvijas Universitates Cietvielu fizikas institiits

Lai novertetu tokamaka Skidra limitera materiala tvaiku kop&jo koncentraciju no
pieejamiem spektroskopiskiem datiem plazma, tika izmantota sekojosa pieeja.

Emisijas intensitate no tilpuma vienibas parejai no stavokla n uz m optiski planaja
plazma ir proporcionala spontanas sabruksanas pakapei, augsgja Iimena apdzivotibas
blivumam un energijas starpibai starp limepiem. Saskana ar stacionara stavokla
nosacijumiem koronas modeli, aug$gja limena apdzivotibas blivums ir proporcionals
pamatstavokla apdzivotibai (N;). Pienemot, ka plazma atrodas lokalaja
termodinamiskaja lidzsvara un izmantojot ierosinaSanas pakapes koeficienta
vienadojumu, var atrast pamatstavokla apdzivotibas blivumu.

Fraskati esosa tokamaka parametriem (elektronu blivumam un temperatiirai), tika
novertéts, ka Ga I, Ga Il un Ga III apdzivotibas blivums Nj ir ar kartu 108 m™.

Apdzivotibas blivuma aprékinam augstakajas jonizacijas pakap@s tika lietota
sakariba, kas apraksta jonizaciju no pamatstavokla, vidéjota pa Maksvela elektronu
sadaltjumu, nemot vera stacionara stavokla nosacijumu augstam elektronu blivumam.

ESTIMATION OF THE CONCENTRATION OF ATOMS USING
PARAMETERS OF PLASMA IN LOCAL THERMODYNAMIC
EQUILIBRIUM

J.Butikova, I.Tale
Institut of Solid State Physics, University of Latvia

To estimate the concentration of a liquid limiter’s vapour with available
spectroscopy data in plasma in a tokamak, the following approach was used.

Intensity emitted per unit volume for the transition # to m in optically thin plasma
is proportional to the spontaneous decay rate, population density of the upper level
and energy difference between the levels. According to the conditions for steady state
in a corona model, population density of the upper level is proportional to the number
density at the ground state (V). Assuming plasma is in the local thermodynamic
equilibrium and using an expression for excitation rate coefficients, the number
density at the ground state can be derived.

For the given values of electron number density and plasma temperature in
Frascati Tokamak Upgrade machine, our estimation shows that for Ga I, Ga II and Ga
III the value of N is in order of 108 m?.

For the population density at higher ionization states, the expression for the
ionization rate from the ground state averaged over Maxwellian electron distribution
was used, taking into account an expression for the steady state at high electron
density.



Merki

GALLIJA TVAIKU KONCENTRACIJAS UN DINAMIKAS
SPEKTROSKOPIJA TOKAMAK PLAZMA
PROJEKTS WPI10-PWI-05-04-01/ULV/PS

I.Tale, A.Voitkans, J.Butikova
Latvijas Universitates Cietvielu fizikas institiits

Ga’, Ga" un Ga®" tvaiku spektralo liniju intensitates mérfjumi kameras
polodialas plaknés vertikala un horizontala virzienos.
Ga tvaiku spektra intensitates attistiba laika plazmas izlades laika lidz 3 s.

Spektroskopijas sistema

Goals

Objektiva l€cu sistéma veic vienlaicigu spektra registraciju Cetras plazms
pozicijas abos vertikala un horizontala tokamaka loga virzienos.

Redzamais plazmas diametrs kamera horizontala un vertikala virzienos:

@40 mm.

Vienlaiciga ar€ji vadita objektiva 1€écu plazmas noveroSanas virziena maina,
kura nodroSina plazmas emisijas noveroSanas pozicijas daudzkarSoSanu no
vienas plazmas izlades uz nakoso.

Ga tvaiku daudzuma attistibas dinamikas meérjjumu viena plazmas izlades
impulsa laika nodroSina optiskas Skiedras kabelis ar spektrografu un ICCD
kameru.

Spektra registracijas atrums: 20 s,

SPECTROSCOPY OF GA VAPOUR CONCENTRATION AND
DYNAMICS IN TOKAMAK PLASMA
PROJECT WP10-PWI-05-04-01/ULV/PS

I.Tale, A.Voitkans, J.Butikova
Institute of Solid State Physics, University of Latvia

Ga’, Ga" and Ga®" vapor line intensity measurements in vertical and horizontal
directions of the polodial plane of vessel.

Time resolved evaluation of the Ga vapor spectra during the plasma event up
to 3sec.

Spectroscopy system

The optical lens system perfoms simultaneous specta acqusition in four
positions of both the vertrical and horizontal tokamak ports.

The observed plasma diameter: @40 mm.

Simultaneous remote shift of the wieving direction enables to multiplicate the
spectra observation positions from plasma pulse to pulse.

The evaluation of Ga vapor content during the plasma pulse is collected using
optical fiber bundle coupled spectrograh equiped with gated ICCD.

Spectra acquisition: up to 20 frames per sec.



TRITIJA IZDALISANAS NO NEITRONOS STAROTAM BERILIJA
LODITEM TEMPERATURAS IEDARBIBA

A. Viti1,1§1’2, G. Kizﬁnel, A. Matissl, E. Pajustel, V. Zubkovs'
! Latvijas Universitates Kimiskas fizikas institiits
? Latvijas Universitates Cietvielu fizikas institiits

Berilija lodites ir paredz&ts izmantot par neitronu pavairotaju tritija atrazoSanai
keramiskaja briderT nakotnes kodolsinteézes reaktora blanketa zona. Helijs un tritijs
berilija rodas neitronu plismas izraisitu kodolreakciju rezultata. Viens no blanketa
zonas konstruéSanas uzdevumiem ir samazinat tritija uzkraSanos berilija loditgs.
Darba pétita tritija izdaliSanas temperatiras iedarbiba no berilija loditem (J=~1 mm),
kas starotas ar neitroniem (fluenss 3-4x10* n/m?, E>0.1 MeV) 523-773 K
temperatira lodiSu slanu modulu eksperimenta (PBA — pebble bed assemblies)
Pettenas reaktora Niderlande 2003.-2004. gada [1,2]. Tritija izdaliSanas pétita, gan
karsgjot lodites ar konstantu temperatiiras celSanas atrumu =2.3-4.8 K/min no istabas
temperatiiras Iidz 1310-1520 K, gan izturot tas 4-23 h konstanta temperatiira 1000-
1180 K. Tritija termodesorbcijas liknés noverotas tritija pakapeniskas un straujas
izdaliSanas stadijas, kas attiecinatas attiecigi uz tritija izdaliSanos atomaras difuzijas
rezultata un tritija izdaliSanos, atveroties gazu ieslégumiem berilija matrica.
Temperatiiras izverses eksperimentos tritija izdaliSanas atruma galvenais maksimums
atradas straujas izdaliSanas apgabala 1178-1309 K (f=2.4 K/min) un 1178-1350 K
(B=4.8 K/min) temperatiiras intervalos. Noteikta kopgja tritija aktivitate berilija
lodites 2-4 GBq/g.

TRITIUM RELEASE FROM NEUTRON-IRRADIATED BERYLLIUM
PEBBLES UNDER ACTION OF TEMPERATURE

A. Vitin§'?, G. Kizane', A. Matiss', E. Pajuste’, V. Zubkovs'
! Institute of Chemical Physics, University of Latvia
? Institute of Solid State Physics, University of Latvia

Beryllium pebbles are foreseen as a neutron multiplier to ensure sufficient
trittum breeding in a ceramic breeder in a blanket of a future fusion power reactor.
Helium and trititum are produced in beryllium as a result of neutron-induced
transmutations. One of tasks of blanket designs is to reduce tritium inventory in the
beryllium pebbles. In this paper, we present results on tritium release from the
beryllium pebbles (J=1 mm) irradiated for 294 full power days from 17 April 2003 to
November 2004 to the neutron fluence of 3-4x10* m™ (E>0.1 MeV) at temperature
523-773 K in the pebble-bed assemblies (PBA) experiment in the high flux reactor at
Petten, the Netherlands [1,2]. This paper is a report on post irradiation tritium release
experiments under action of both temperature ramps of f=2.3-4.8 K/min from room
temperature to 1310-1520 K and anneals at a constant temperature of 1000-1180 K
for 4-23 h on the beryllium pebbles. Stages of gradual and burst release were
observed in the curves of the tritium release rate. These stages may be related to the
trittum release by atomic diffusion and bubble venting respectively. At the
temperature ramps, the main maximum of the tritium release rate of the PBA Be
pebbles was found to be in the stage of burst release, in the temperature ranges of
1178-1309 K (f=2.4 K/min) and 1178-1350 K (B=4.8 K/min). The total trittum

inventory in the PBA Be pebbles was found to be 2-4 GBq/g.
References: [1]J. G. van der Laan et al, Fusion Eng. Des. 61-62 (2002) 383.
[2] A. Ying et al, J. Nucl. Mater. 367-370 (2007) 1281.



UDENRAZA LOMA ENERGETIKA NAKOSAJA DESMITGADE
EKSPERTU VERTEJUMA

J.Dimants’, I. Klepere?, B.Sloka', J. Kleperis®
'Latvijas Universitates Ekonomikas un vadibas fakultate
’Latvijas Universitdtes Biologijas fakultate
I Latvijas Universitdtes Cietvielu fizikas institiits

Ar udenraza, kas iegilits no atjaunojamiem energoresursiem, saistiti petijumi
Latvija un citur pasaulé intensivi tiek veikti jau vismaz pusgadsimtu. SalidzinoSi
peédéjo desmit gadu laika pétijumu rezultati kluvusi efektivaki un aktualizgjies
jautajums par realu no atjaunojamiem energoresursiem razota tdenraza tehnologiju
ieviesanu dazadu valstu ekonomika. Lidz ar to ir svarigi uzzinat Latvijas un pasaules
energétikas ekspertu viedokli par no atjaunojamiem energoresursiem razota tdenraza
iespgjamiem attistibas scenarijiem energetika tuvaka nakotné. Izmantojot ekspertu
intervijas, noskaidrots viedoklis par tGdepraza lomu energétika nakosaja dekadge.
legiito rezultatu analize ir butiska, jo lauj apzinat un izvertét svarigakos turpmako
petijumu virzienus $aja nozarée.

THE ROLE OF HYDROGEN ENERGY IN POWER SECTOR NEXT
DECADE EXPERT EVALUATIONS

J .Dimantsl, I. Kleperez, B.Slokal, J. Kleperis3
"Faculty of economics and management, University of Latvia
’Biology Faculty, University of Latvia
I Institute of Solid State Physics, University of Latvia

Researches and studies about hydrogen produced from renewable resources
are carried out intensively within at least half a century in many countries. Over the
past decade results have become more efficient and raised the issues of genuine, from
renewables produced hydrogen technologies implementation in different national
economies. Consequently, it is important to learn Latvian and world energy expert
opinions for renewable hydrogen energy possible development scenarios in the
nearest future. Expert interviews were done to study the role of the hydrogen energy
in power sector in the next decade. The results are essential because they allow
identifying and assessing the most important future directions for researches in this
area.

10



MIKROORGANISMU BATERIJAS IZVEIDE, IZMANTOJOT VIETEJOS
RESURSUS, UN TAS JAUDAS PARAMETRU ANALIZE

K.Svalbe', N.Elste', A.Gruduls®, J .Kleperis3
1o ‘. - ..
Siguldas Valsts gimnazija
’Latvijas Universitates Biologijas fakultate
I Latvijas Universitdtes Cietvielu fizikas institiits

Mikroorganismu degvielas Stina (MFC) ir ierice, kas sastav no anoda, katoda,
jonu apmainas membranas un argjas elektriskas kedes. Sada ierice parvers biologiski
sadalamos oglhidratos pieejamo kimisko energiju elektriskaja energija. Katalizators
sadai reakcijai ir baktérijas, kas dzivo poraina anoda un parstrada organiskas vielas,
no makromolekulam atSkelot protonus un elektronus. Ja apkartgja vidé nav skabekla,
tad bakt€rijas parsledzas no dabiskda metabolisma uz fermentivo metabolismu. Par
elektronu akceptoru kalpo skabeklis, kas ir pieejams ar selektivu membranu atdalitaja
katodtelpa. Ja ar&ja kéde ir noslégta, tad pa to parvietojas elektroni, bet bakteriju
darbibas rezultata radusies protoni caur membranu tiek parnesti uz katodu.

Mgés esam izveidojusi divu tipu MFC reaktoru prototipus — ar anodu un katodu
divos Itmenos darbibai viena §tina un ar anodu un katodu divas atseviskas Stnas, kas
atdalitas ar jonu tiltinu. Pirmajos eksperimentos parbauditas diinas ar bakterijam no
viet€jiem ezeriem, upe€m un notekiidenu baseiniem, lai salidzinatu to izmantoSanas
iesp€jas elektriskas energijas iegisana.

CONSTRUCTION OF MICROBIAL FUEL CELL USING LOCAL
RESOURCES AND ANALYSIS OF POWER OUTPUT RESULTS

K.Svalbel, N.Elstel, A.Grudulsz, J .Kleperis3
'Sigulda State Gymnasium
*Biology Faculty, University of Latvia
3 Institute of Solid State Physics, University of Latvia

A microbial fuel cell (MFC) is device made from an anode, a cathode, ion
exchange membrane and solution containing microorganisms. This device converts
chemical energy, available in a bio-convertible substrate, directly into electricity. To
achieve this, bacteria are used as a catalyst to convert carbohydrate substrate from
solution into electrons and protons. The bacteria live in the porous anode and convert
carbohydrates (glucose, acetate, organic waste in water) into CO,, protons and
electrons. Under anaerobic conditions, bacteria need to switch from their natural
electron acceptor to an insoluble acceptor, such as the anode in MFC to transfer
electrons. In case of short external circuit the electrons travel through it to the cathode
were discharges protons transferred from anode side to cathode through ion exchange
membrane.

We made MFC two prototypes of MFC — first one with an anode and cathode
in the same cell but in different levels, and another one with anode and cathode in
separate cells connected with ion bridge. Local origin sludge with bacteria from river,
lakes and sewage are collected and compared to electricity generation power.

11



CEOLITA TIPA MATERIALU IPASIBU IZPETE
PIELIETOJUMIEM ENERGETIKA

A. Sivars', L. Grinberga', L. Kulikova’, V. Serga’, J. Fricsons’, J. Kleperis'
Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniskas Universitdtes Neorganiskas kimijas institiits

3 SIA Adviser Union

Pedgja laika aktuali ir p&tijumi saistiba ar dabigo materialu izmantoSanu sadzives
vajadzibam. Viens no popularakajiem materialiem ir dabigas izcelsmes ceolits - péc
struktiiras loti sarezgita, poraina viela. Ta ka ceolita daba ir loti daudz, un tas ir brivi
pieejams, tas jau sekmigi tiek izmantots Tdens attiriSanai zivju akvarijos, medicina,
rupnieciba, lauksaimnieciba. Lai paplasinatu $1 materiala pielietojamibu un izprastu ta
pozitivo Ipasibu darbibas fizikalkimiskos mehanismus, nepiecieSama detaliz€ta materiala
izpéte gan no struktdras, gan sastava, gan adsorbcijas/desorbcijas un aktivacijas tehnologiju
viedok]a.

Misu darba tiek apskatita iesp&ja izmantot dabigos ceolitus energétika, pieméram,
fidenraza vai to saturo$u gazu uzglabasanai. Izejot no silikatgéla molekulara kristalrezga
uzbtives lidzibas ar dabiga ceolita (Na,K),Ca(Als,Si30,07,)-24(H,0) (klinoptilolits) struktiiru
(piem&ram, izteiktajam nanoizmé&ru poram), ir sagaidams, ka noteikta temperatiiru diapazona
arT klinoptiolits absorb&s H, un NHj. [zmantojot materiala ieprieksgju aktivéSanu, piemeéram,
parklasanu ar Pt vai Pd nanodalipam, var gaidit, ka adsorbcijas/desorbcijas temperattiru
intervals tuvinasies istabas temperatiiram, kas biitu loti svarigi praktiskiem pielietojumiem.
legiiti pirmie rezultati par konkréta dabiga ceolita materiala sastavu, strukttru, ka arT pétita ta
poru struktiira un to spgja gazu/idens saistiSana, izmantojot BET un termogravimetrisko
analizi.

Pateiciba: Paldies LZP petijumu projektam 09.1553 par finansialu atbalstu.

RESEARCH OF ZEOLITE TYPE MATERIALS FOR USE IN ENERGETICS

A. Sivarsl, L. Grinberga], L. Kulikovaz, V. Sergaz, J. Fricsons3, J. Kleperis]
Institute of Solid State Physics, University of Latvia

*Institute of Inorganic Chemistry, Riga Technical University
3SIA Adviser Union

Recently a lot of studies have been made about how to use natural resources in our
daily lives. One of the most popular materials is zeolite of natural origin, which is very
complicated in its structure with lots of nanopores. Due to the huge amount of zeolites in the
nature and easy mining, it is already used for water treatment in aquariums, in medicine,
industry, agriculture. To expand the application of this natural material and understand the
physicochemical mechanisms, a detailed examination of material structure, composition, and
adsorption/desorption properties is necessary.

In our work the possibility to use natural zeolites in the energy applications, for
example, to store hydrogen or hydrogen-containing gases is investigated. A natural zeolite —
clinoptilolite - is studied in our work. Clinoptilolite has a nanoporous structures in the
molecular crystal lattice, therefore it have a possibility to absorb hydrogen and/or ammonia in
nanopores at the specific temperatures.

Our aim is to find the activation method of this material (for example, coating with Pt
or Pd nanoparticles) to raise adsorption/desorption temperature interval up to room
temperatures.

Acknowledgements: Thanks to research project 09.1553 of Latvian Council of
Science for financial support.
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PROCESI UZ KATODA UN ANODA UDENS IMPULSU
LIDZSTRAVAS ELEKTROLIZE

M.Vanags, G.Bajars, J.Kleperis, A.Liusis
Latvijas Universitates Cietvielu fizikas institiits

Udens elektrolizes metodes ir zindmas jau sen un tiek izmantotas praksg, tacu
tam piemit dazadi trikumi: elektrolizes laika uz anoda veidojas pasivéjoSa oksida
kartina, bet uz katoda izs€zas dazadi piemaisijumi no elektrolita (metali, sali);
elektrolizes gazu veidotie burbuli ir ar lielu izméru un aizklaj dalu elektroda; pie
lielakiem darba stravas blivumiem paaugstinas elektrolita temperatira. So trikkumu
de] elektrolizes ieric€m ir paaugstinatas kapitalas un lietoSanas izmaksas, tad€] aktuala
ir nepiecieSamiba péc efektivas elektrolizes metodes.

Savos pétljumos esam pieradijusi, ka impulsu metodes izmantoSana ]auj
palielinat tdens elektrolizes efektivitati, salidzinot ar komerciali izplatitajiem sarma
elektrolizeriem. Izmantojot 1sus liela sprieguma impulsus (1-3 ps, 300-500 V) pétita
strava elektrolizes §ina, mainot jonu disociacijas pakapi tidens elektrolita. Sprieguma
impulsam atbilstoSais stravas maksimums maina polaritati, palielinoties tdens
disociacijas pakapei, kas skaidrots ar elektronu emisiju no katoda elektrolita liela
sprieguma impulsa ietekme un sekojosu elektronu difuziju atpakal, ja disoci€to jonu
koncentracija dubultslant pie katoda ir nepietiekoSa emitéto elektronu izladei.

Pateictba: Autori pateicas Valsts pétijumu programmai energetika par finansialu
atbalstu, MV pateicas ESF par atbalstu promocijas darba izstrade.

CATHODE AND ANODE BEHAVIOUR DURING PULSED DC
ELECTROLYSIS OF WATER

M.Vanags, G.Bajars, J.Kleperis, A.Lusis
Institute of Solid State Physics, University of Latvia

Methods for the electrolysis of water are well known and used in praxis, but
all of them have several disadvantages: anodes can form oxides which can passivate
with some metals; cathodes can deposit contaminants like metals, organic residues
and particulates; the bubble size of evolved gases can block the electrodes;
temperature increase at higher current densities. These effects lead to higher capital
and operating costs due to higher cell voltages, as well as losses in current efficiency.
Accordingly, there is a need for improved methods and apparatus for electrolysis of
water which are capable of enhancing the volumes of hydrogen.

In our studies we have proved that pulse voltage power supply increases the
efficiency of water electrolysis comparing with commercial available alkali
electrolysers. Using short time and high voltage pulses (1-3 us, 300-500 V), the
current behavior is investigated using weak water electrolytes. It is observed that
current pulse changes polarity with increasing water dissociation degree
(concentration of electrolyte). This effect is explained with assumption that electrons
are emitted from cathode to an electrolyte under influence of high voltage pulse.
Emitted electrons can be discharged with ions in an electric double layer, but if the
number of ions is too low, electrons can diffuse back to the cathode.

Acknowledgement: Authors acknowledge the financial support of National Research
Program in Energetics; MV acknowledges ESF for support in elaboration of PhD.
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BIOREAKTORU SISTEMAS PROTOTIPA IZVEIDE UN OPTIMIZACIJA
EKSPERIMENTALU PETIJUMU VEIKSANAI AR UDENRAZA UN
METANA GAZES PRODUCENTIEM

A.Grudulsl, I.Dirnénal, I.Kleperel, I.Muiinieksl, J .Kleperis2
Latvijas Universitates Biologijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Metanveidojosas bakterijas tiek izmantotas, lai fermentacijas procesa razotu
biogazi. Biogaze ir deggaze, kas sastav no 50-70% metana (CHs), 30-40% oglekla
dioksida (CO,) un citiem komponentiem nelielas koncentracijas. CH4 veidosanai tiek
izmantoti dazadi organiskie substrati, galvenokart kiitsmeésli un skabbariba.
Fermentacijas sakumposmos bakterijas spgj sintez€t metanu ari tie$a reakcija,
savienojot CO, un H, molekulas. Pievadot fermentacijas reaktoram papildus tidenradi,
ir iesp&jams palielinat CH4 iznakumu.

Miisu izveidotaja laboratorijas méroga bioreaktoru sist€éma ietilpst atsevisks
reaktors biotidenraza veidoSanai un otrs reaktors biogazes veidoSanai. Testsisteéma ir
modificEjama un pielagojama jebkuru fermentativu procesu detaliz€tai un pilnigai
izptei. Balstoties uz eksperimentu datiem, sistema tiks pilniba automatizéta,
nodroSinot pilnigu kontroli par vides temperatiiru, pH, aeraciju, anaerobitati, substratu
koncentracijam, produktu koncentracijam u.c. parametriem. Ir iesp&jama preciza
,sonline” gazu sastava analize fermentacijas procesa laika, izmantojot
masspektrometru. Biotidenradis tiks razots, izmantojot vietgjos alternativos resursus —
partikas rtpniecibas atkritumus un blakusproduktus. Planots, ka pievadot biogazes
reaktoram neattiritu biotidenradi butu iesp&ams palielinat CH4 iznakumu vismaz par
10%.

BUILDING UP BIOREACTOR PROTOTYPE AND OPTIMISATION FOR
EXPERIMENTS WITH HYDROGEN AND METHANE GAS PRODUCING
MICROORGANISMS

A.Grudulsl, I.Dirnenal, I.Kleperel, I.Muiznieksl, J .Kleperis2
'Biology Faculty, University of Latvia
?Institute of Solid State Physics, University of Latvia

Methanogenic bacteria are being used for biogas production. Biogas is a
combustible gas that contains 50-70% methane (CHy), 30-40% carbon dioxide (CO,)
and other components in small amounts. For CH4 production several organic
substrates are being used, mostly silage and manure. In early stages of fermentation
bacteria can produce methane directly combining CO, and H; molecules. It would be
possible to increase CH4 outcome if extra H is supplied to fermentation tank.

We have built laboratory scale bioreactor system consisting of two separate
reactors, one used for bio-hydrogen production and second - for production of biogas.
Test system can be modified and used to analyze different fermentative processes.
System will be fully automated to provide full control over experimental parameters
like temperature, pH, aeration, substrate and concentration of products etc. It is
possible to monitor gas composition with masspectrometer during fermentation
process. Bio-hydrogen will be produced from alternative local resources — wastes and
byproducts of food industry. We predict that delivering unrefined biohydrogen gas
from first reactor into biogas reactor will result in 10% increase of CH, outcome.
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SALASPILS ZINATNISKA KODOLREAKTORA 37 DARBIBAS GADI

J. Alksnis, V. Gavars, A. Eglitis, D. Kalnins,
Z.V. Mozgirs, E. Tomsons

Referata  apkopoti  Salaspils  zinatniski  p€tnieciska  kodolreaktora
inzenierfizikalo problému tehniskie risinajumi, modernizacijas un ekspluatacijas
pieredze.

Salaspils zinatniskais kodolreaktors tika uzbtveéts un iedarbinats
kodolenergétikas €ras sakuma. Lidz 1961. gadam ASV, Padomju Savieniba, Anglija,
Francija un Vacija tadi jau darbojas, bet elektroenergijas razoSanai bija uzbtvétas
tikai desmit I paaudzes AES.

Salaspils zinatniskais kodolreaktors, kuru iedarbinaja 1961. gada, bija

pirmais Baltija.
Salaspils zinatniska kodolreaktora iedarbinasana bija impulss ar kodolenergiju
saistitas zinatnes un tehnikas attistibai Latvija. Jaunie zinatnieki pieversas
kodolfizikai, radiacijas fizikai un kimijai, ari radiobiologijai. Aizsakas arl
nozimigas izstrades kodolenergétika. Tika sasniegti ievérojami zinatniski panakumi,
kas veiksmigi turpinas, Latvijas zinatniekiem piedaloties IV  paaudzes
atomelektrostaciju projektos. Salaspils reaktora vienlaicigi stradaja 200-250 cilveku.
Kopgjais stradajoSo skaits visa ekspluatacijas perioda ir bijis vairak par 2100.
Pateicoties darba kultiirai un radiacijas kontroles dienesta uzraudzibai, visa darbibas
laika nav notikusi neviena reaktora stradajosa apstaroSanas ar nepielaujami lielu
dozu.

Salaspils zinatnisko kodolreaktoru biivéja, modernizgja un izmantoja
galvenokart Latvijas zinatnieki.

37 YEARS OF THE NUCLEAR RESEARCH REACTOR IN SALASPILS

J. Alksnis, V. Gavars, A. Eglitis, D. Kalnins,
Z.V. Mozgirs, E. Tomsons

In the report are generalized technical decisions of physical engineering problems of
the Salaspils nuclear research reactor, experience of modernization and exploitation.

The Nuclear Research Reactor in Salaspils was built and launched at the beginning
of the nuclear energy era. Until 1961, nuclear research reactors had already been started in
the USA, the Soviet Union, Britain, France and Germany, and only ten first-generation
nuclear power plans had been built.

The Nuclear Research Reactor in Salaspils, which was started in 1961, was the first
nuclear reactor in the Baltic.

The Nuclear Research Reactor in Salaspils made a major contribution to the
development of new scientific disciplines related to nuclear energy, such as nuclear physics,
radiation chemistry and radiobiology, as well as to nuclear technology in Latvia. In the
nuclear reactor significant scientific research was carried out on nuclear energy, and about
200-250 people worked there simultaneously. At present researchers successfully keep on
making significant scientific progress while participating in projects of the fourth-generation
nuclear power stations. The total number of employees during the whole period of operation
exceeds more than 2100. Since the work culture and the radiation control monitoring
service were very high, none of the workers received exceeded dose of radiation.

The Nuclear Research Reactor in Salaspils was constructed, modernized and used
mostly by Latvian national specialists.
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KODOLU STRUKTURAS PETIJUMI SALASPILS REAKTORA

J.Bérzins, M. Balodis, T.Krasta
Latvijas Universitates Cietvielu fizikas institiits

Salaspils pétnieciska kodolreaktora darbiba deva iesp&u Latvijas kodolfizikiem
attistit augstas klases eksperimentalos petijumus kodolspektroskopija un ieklauties ar
tiem starptautiskajos sadarbibas projektos. Ipasa nozime bija Salaspili izveidotajai
unikalajai iekartai — beta spektrografam, kas deva iesp&u merit ieks¢jas konversijas
elektronu spektrus (n,y) reakcija ar siltuma neitroniem. Vélak tika izveidoti ari -
spektrometri  merfjjumiem (n,y), (n,y y) un (n,n'y) reakcijas. Izmantojot Salaspils
mérjjumu rezultatus, ka ar1 citu pétniecibas centru sadarbibas partneru
eksperimentalos datus, tika attistitas zemako ierosinato [imenu shémas vairak neka 50
paru-paru, neparu un neparu-neparu kodoliem, galvenokart deformacijas apgabala
150<A<190. NepiecieSamiba interpretét iegiito eksperimentalo informaciju stimul&ja
ar eksperimentali attistito ITmenu shému pamatoSanu izmantojot teorétiskiem
aprekiniem galvenokart dazadas visparinata modela versijas. Sakot ar 80-to gadu vidu
paraléli izveidojas cieSa sadarbiba ar Lietuvas un Brazilijas kodolteorétikiem par uz
grupu teorijas balstita Stipri lerobezotas Dinamikas modela (SRDM) pielietoSanu
vieglo un smago kodolu struktiiras aprakstam. ST sadarbiba |ava attistit Latvija arf tiri
teorétiskos kodolu pétijumus, ieskaitot tadu paradibu izpéti ka kodolu formas fazu
parejas, ka arf to saistibas ar kvantu haosu.

NUCLEAR STRUCTURE STUDIES AT SALASPILS REACTOR

J.Bérzins, M. Balodis, T.Krasta
Institute of Solid State Physics, University of Latvia

Operation of Salaspils research reactor provided Latvian nuclear physicists with an
opportunity to develop high level experimental nuclear spectroscopy studies and so to
become partners of international collaboration projects. Of especial importance was
the unique experimental set-up created at Salaspils — the beta-spectrograph, allowing
to obtain spectra of internal conversion electrons from thermal neutron capture (n,y)
reactions. Later, the gamma spectrometers for y-spectra measurements from (n,y),
(n,yy) and (n,n'y) reactions has been created as well. The results of measurements
performed at Salaspils, together with experimental data provided by collaboration
partners from other research centers, made it possible to develop low-lying excited
level schemes of more than 50 even-even, odd and odd-odd nuclei, mostly belonging
to the 150<A<190 deformation region. The necessity to provide an interpretation for
obtained experimental data instigated theoretical nuclear structure studies. In the
beginning, these studies were limited to support the experimentally proposed level
schemes by theoretical calculations employing for the most part various versions of
the unified nuclear model. Starting with mid 80-ties, a close collaboration was
established with nuclear theoreticians from Lithuania and Brazil studying the
application of the group theory based Strictly Restricted Dynamics Model (SRDM)
for the description of structure of light and heavy nuclei. This collaboration created a
possibility to develop in Latvia also purely theoretical nuclear studies, including the
study of such phenomena as nuclear shape phase transitions and their relationships
with quantum chaos.
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IESKATS PAREJAS APGABALA A~190
NEPARU-NEPARU KODOLU STRUKTURA

M. Balodis, T.Krasta, J. Bérzins, V. Bondarenko, L.. Simonova
Latvijas Universitates Cietvielu fizikas institiits

Sakot ar 70-to gadu vidu Salaspils reaktora Kodolreakciju laboratorijas fiziki
pievérsas deformacijas parejas apgabala kodolu struktiiras izpetei: sakuma tika pétiti
kodoli pie A~150 (Sm, Eu), bet 80-tajos gados lielaka uzmaniba tika veltita A~190
apgabalam (W, Re, Os, Ir). Apgabalos, kur notiek pareja no stabilas aksiali-
simetriskas formas uz sférisko, kodoliem piemit daudz lielaks ierosinato stavoklu
blivums, ka arf saméra zema kolektivo serdes vibraciju ierosinajumu energija. Parejas
apgabalu pie A~190 (Z=74+77) raksturo iesp&ja noverot ari stabilas triaksialas formas
struktiras. Tomér tika paradits, ka neparu-neparu kodolu **"**"*Ir zemako divu
kvazidalinu stavoklu interpretacijai ir iesp&jams sekmigi izmantot Nilsona potencialu.
Ievérojamas oktupolas deformacijas pazimes ir raksturigas apgabala neparu neitronu
izotopu "*>!*7W, "°0s orbitam ar augstu momenta vértibu j=9/2,11/2,13/2. Ta ka §im
viendalinu orbitam ir ievérojama loma ari apgabala neparu-neparu kodolu zemako
ierosinato Itmenu shéma, tad pie energijam virs 400 keV ir sagaidama dazadas
formas stavoklu lidzaspastavésana: tas pazimes tika novérotas '“Ir gadijuma, ka ar
patreiz pétitaja ‘> Re limenu shéma. Apgabals pie A~190 ir interesants ar ar to, ka
taja tika eksperimentali novérota kodolu stavoklu supersimetrija, kad kodolu kvartetu,
kas sastav no paru-paru, neparu-protonu, neparu-neitronu un neparu-neparu kodoliem,
var aprakstit izmantojot vienotu supersimetriskas shémas U(6n/12v) hamiltonianu.

STRUCTURE STUDIES OF A~190 TRANSITIONAL REGION
ODD-ODD NUCLEI

M. Balodis, T.Krasta, J. Bérzins, V. Bondarenko, L.. Simonova
Institute of Solid State Physics, University of Latvia

In mid 70-ties, physicists of the Salaspils reactor Nuclear Reaction laboratory started
to study structure of nuclei belonging to transitional deformation regions: first, nuclei
with A~150 (Sm, Eu), then, in 80-ties, greater attention has been paid to the A~190
region (W, Re, Os, Ir). Regions where nuclear shape changes from stable axially-
symmetrical form to spherical, are characterized by considerably higher excited level
density, as well as low-lying collective core vibration states. In the A~190 (Z=74+77)
transitional region, there is a possibility to observe states with stable triaxial shape.
However, it has been shown that one can successfully interpret structure of low-lying
two-quasiparticle states in odd-odd '*"**""*Ir nuclei employing Nilsson potential.
Notable indications of octupole deformation have been observed in odd isotopes
185.187W . 1890g for neutron orbits with high momentum values j=9/2,11/2,13/2. Since
these single-particle states are important also for low-lying level schemes of region's
odd-odd nuclei, it means that at energies above 400 keV one can expect coexistence
of states with different shapes: such indications have been found in the case of '*“Ir,
as well as in the case of presently studied '®Re. Region at A~190 is interesting also
because of experimentally observed supersymmetry of nuclear states when one can
describe states of quartet, consisting of even-even, odd-proton, odd-neutron and odd-
odd nuclei, employing one hamiltonian of the U(6x/12v) supersymmetry scheme.
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NEITRONU AKTIVACIJAS ANALIZE SALASPILS KODOLREAKTORA -
ATTISTIBA UN PIELIETOJUMS

D.Riekstina, O.Véveris, I.Taure
Latvijas Universitates Cietvielu fizikas institits

Neitronu aktivacijas analize (NAA) ir kodolfizikala metode vielas elementsastava
noteikSanai, izmantojot maksligo radioaktivitati, kas rodas apstarojot p&tamo vielu ar
neitroniem. Elementu kvantitativa analize notiek, identificgjot radionuklidus péc to
starojuma gamma-spektra., izmantojot standarta materialus. Metodes prieksrocibas ir
augsta noteik3anas robeza (10°-10"'g) lielam skaitam elementu ar saméra lielu
precizitati, vienkarsa parauga sagatavosana analizei, iesp&ja noteikt lielu elementu skaitu
(Itdz 40 elementiem) viena parauga.Rezultatus neietekmé parauga kimiska forma.

NAA attistiba Latvija. sakas 1961. g. lidz ar Salaspils kodolreaktora iedarbinaSanu, kas
deva Sai metodei nepiecieSamo spécigo neitronu avotu. Ludvigs Pelekis (1927.-1987.)
LZA Fizikas institiita uz Kodolspektroskopijas laboratorijas bazes 1963. gada nodibinaja
Neitronu aktivacijas analizes laboratoriju. Sakuma posma darbi galvenokart bija saistiti ar
tehnologiju attistibu (pneimatiska pasta izstrade paraugu apstaro$anai horizontalaja
eksperimentalaja kanala HEK-5, kadmija filtru sist€ma, dzes€sanas sisttma VEK-10 u.c.)
un pétijumiem saistiba ar NAA teorétiskiem aspektiem. Ve€lak tika izstradatas dazadas
NAA metodikas konkrétu elementu analizei plasam materialu klastam. Iegtties rezultati
tika pielietoti problému risinasanai visdazadakajas nozarés: kimija, fizika, geologija,
biologija, medicina, masinbtve, elektronika u.c. No 1980. g. lidz pat Salaspils
kodolreaktora slegSanai 1998.g. galvena téma bija saistita ar apkartejas vides petijumiem.
Petijumu rezultati ir atspoguloti tris laboratorijas rakstu krajumos, 10 disertacijas un
vairakos simtos rakstu.

NEUTRON ACTIVATION ANALYSIS IN SALASPILS NUCLEAR REACTOR
— DEVELOPMENT AND APPLICATION

D.Riekstina, O.Véveris, I.Taure
Institute of Solid State Physics, University of Latvia

Neutron activation analysis (NAA) is a nuclear physical method to determine element
content. The quantitative analysis of elements takes place identifying radionuclides
according to their gamma spectrum radiation.

The NAA development in Latvia began in 1961 with the start of the Salaspils nuclear
reactor that supplied this method with the necessary powerful source of neutrons. Ludvigs
Pelekis (1927 — 1987) in 1963 founded the Neutron activation analysis laboratory on the
basis of the Nuclear spectroscopy laboratory in the Institute of Physics of the Latvian
Academy of Science. Its activities in the beginning were mostly devoted to the
technological development (construction of the pneumo transportation system for sample
irradiation in the horizontal experimental channel, of the cadmium filters system, of the
cooling system in the vertical experimental channel, etc.) and research of the theoretical
aspects of the NAA. Later on there were developed different NAA methodologies for the
analysis of specific elements for the wide range of materials. The results obtained were
applied to problem solving in various realms: chemistry, physics, geology, biology,
medicine, electronics, etc. From 1980 until the shutting down of the Salaspils nuclear
reactor in 1998 the main research theme was related to environment.

19



CIETVIELU RADIACIJAS FIZIKA

N.Mironova -Ulmane, U.Ulmanis
Latvijas Universitates Cietvielu fizikas institiits

Radidacijas procesu peétijumi jonu kristalos.

Izmantojot metodes: optisko spektroskopiju, EPR, elektronu mikroskopiju tika
veikta litija fluorida 1pasibu izp€te pec to apstaroSanas ar lielam gamma un neitronu
dozam un tika radits termoluminiscences dozimetrs ,,TELDE”

Radidacijas procesu petijumi magnétiskos materialos, Spinelos.

Palielinot defektu koncentraciju, t.i. apstarojot ar lielaku fluensu, NiO magnona
satelita maksimuma intensitate samazinas. Lielako vilpu garuma BZC magnonu
absorbcija ir jutiga pret magnétisko sakartotibu, kuru izjauc radiacijas defekti. Tadejadi
noveéroto maksimuma intensitates samazinasanos nosaka spina-spina korelacijas garuma
samazinaSanas un joslas nehomogena paplasinasanas. Izstradata metodika Spinela tipa
ferttu radiaacijas termomagnétiskai apstradei, lai uzlabotu to histerézes cilpas parametrus
un izpétita radiacijas ietekme uz augstfrekvencu feritu pasibam.

Radiacijas defektu un parejas jonu mijiedarbiba.

Izpetita dzelzs grupas elementu (3d joni) loma radiacijas defektu veidoSana un
atbilstoSi optisko 1paSibu izmaina.3d jonu koncentracija mainas no nekontrolgjamu
piemaisijumu Iimena [idz antiferomagnétiskiem oksidiem NiO, CoO un MnO.
ApstaroSana ar atriem neitroniem rada elektronu centrus, kuru mijiedarbiba ar 3d joniem
izmaina interkombinaciju pareju varbttibu un atbilstosi optiskas absorbcijas spektrus.

Elektronu paramagnétisko rezonansi (EPR) izmanto ka radiacijas detektoru
cilveku zobu emaljas individualo dozu retrospekftivai novértesanai. So pétijumu rezultati
apstiprina iesp&ju izmantot EPR metodi dozas rekonstrukcijai lidz pat 30 mGy limenim.

RADIATION-INDUCED PROCESSES IN SOLIDS

N.Mironova -Ulmane, U.Ulmanis
Institute of Solid State Physics, University of Latvia

Radiation-induced processes in the ionic crystals.

Electron paramagnetic resonance (EPR) , optical spectroscopy and electron
microscopy of neutron and gamma radiated LiF crystals were studied and produced a
thermoluminescent dosimeter (TELDE).

Radiation-induced processes in the magnetic materials, spinels.

An increase of the defects concentration at higher fluences results in a lowering of
the NiO magnon satellite peak intensity. The long-wavelength BZC magnon absorption is
sensitive to the long-range magnetic ordering, which becomes destroyed in the presence
of radiation defects. The radiation thermomagnetic treatment (RTMT) of ferrites results
in the appearance of an induced magnetic anisotropy, which improves the magnetic
properties, particularly the remanence, maximal magnetic permeability and hysteresis
loop squareness.

Radiation defects and transition metals ions in oxides.

The exchange interaction between radiation defects and transition metals ions in
the dielectric crystals doped with the transition metals ions results in he enhancement of
the spin forbidden transition intensity of transition metals ions in the optical spectra.

Retrospective assessment of individual dose by Electron Paramagnetic Resonance
(EPR) utilized human teeth enamel as a radiation detector. Results of these studies
confirmed possibility to use EPR method for dose reconstruction done to 30 mGy level.
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KODOLENERGIJA: VESTURE, TAGADNE, NAKOTNES PLANI

O. Dumbrajs
Latvijas Universitates Cietvielu fizikas institiits

1938. gada tika atklata gan kodolskaldiSana, gan kodolsintéze. Kur un kapeéc esam
nonakusi péc 73 gadiem, ejot divus principiali dazadus celus kodolenergijas
apgusana? Referata tiks analiz€ti c€loni, aprakstits pasreiz&jais stavoklis un izteiktas
nakotnes prognozes. Tiks izmantoti materiali, kas autora riciba nonakusi tam 2010.
gada viesojoties vairakos zinatniskos centros ASV, Japana, Vacija.

NUCLEAR POWER: HISTORY, STATUS, PROSPECTS

O. Dumbrajs
Institute of Solid State Physics, University of Latvia

Both the nuclear fission and fusion were discovered in 1938. Why 73 years later the
resulting utilization of nuclear power is so different for these two roads? Attempt will
be made to answer this question on the basis of material collected by the author
during his stay in 2010 at several scientific centers in the USA, Japan and Germany.
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FAZU PAREJAS
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SKABEKILA DIFUZIJAS PROCESI UZ UN (001) VIRSMAS

D. Boéarovs1’2’3, J. Zukovskis® , D. Grjaznovsz, J. Kotomins®
! Latvijas Universitates datorikas fakultate
’Latvijas Universitates Cietvielu fizikas institiits
ILatvijas Universitates fizikas un matematikas fakultate

Urana mononitrids (UN) ir daudzsoloSs materials jaunajiem IV paaudzes
kodolu reaktoriem, kuru plasa izmantoSana tiek prognozéta péc 20-30 gadiem. Urana
nitridam piemit zinamas priekSrocibas salidzinot ar UO,-tipa oksidu degvielam. Tacu
skabekla piemaisijumi, kas vienmér ietilpst UN, noved pie degvielas nevélamas
saindesanas un tas talakas sabruksanas gaisa iedarbiba.

Lai saprastu skabekla iedarbibu uz urana mononitrida tika veikti dazi
eksperimenti un aprékini. Daudzpusiga eksperimentala analize skaidri norada uz to,
ka kontakta ar skabekli uz virsmas veidojas oksida savienojumi, kuri noved pie
talakas oksinitridu formesanas.

Saja darba ar PW DFT metodi tika novértéts absorbéta skabekla kustigums uz
UN (001) virsmas, ka arT apskatita iesp&ja absorb&tajam skabeklim ieklauties uz UN
virsmas jau eksistgjosas slapekla vakances. Mes demonstréjam lielu skabekla
kustigumu gar virsmu, kas ir saistita ar salidzino$i zemam migracijas barjeram (~0.5
eV). legiitie rezultati lauj labak izprast oksidéSanas procesus uz UN virsmas.

OXYGEN DIFFUSION PROCESSES ON UN (001) SURFACE

D. Bocharov'*?, Yu.F. Zhukovskii', D. Gryaznov', E.A. Kotomin'
"Faculty of Computing, University of Latvia
*Institute of Solid State Physics, University of Latvia
SFaculty of Physics and Mathematics, University of Latvia

Uranium mononitride (UN) is considered as a promising fuel for the future
nuclear reactors of 4™ generation to be in operation for the next 20-30 years. It has
several advantages as compared with the oxide nuclear fuels. However, oxygen
impurities (which are always present in UN) lead to unwanted contamination and
further fuel degradation in air.

A number of experiments and calculations were performed, in order to
understand influence of oxygen on properties of UN fuels. Various experimental
analyses clearly showed that oxygen in contact with to the actinide nitrides surfaces
can result in growth of the oxide compound and, at initial stages, leads to the
formation of oxynitrides.

In the present work the adsorbed oxygen mobility on UN (001) surface was
estimated with PW DFT method. We demonstrate quite high mobility of O4s atoms
along the surface, due to relatively low migration barriers (~0.5 eV). We also studied
the possible incorporation of oxygen adatom in pre-existing N vacancy. Obtained
results shed more light on UN surface oxidation processes.
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VAKANCU KLASTERU PASORGANIZACIJA CaF,: EKSPERIMENTALO
DATU ANALIZE UN TEORETISKA MODELESANA

P. Merz!akovsl, G. Zvejnieksl, V.N. Kuzovkovsl, E.A. Kotominsl,
K.D. Li*?, L.M. Wang*®
'Latvijas Universitates Cietvielu fizikas institiits
’Department of Materials Science and Engineering, University of Michigan
’Department of Nuclear Engineering and Radiological Sciences,
University of Michigan

Kalcija fluorids (CaF2) ir plasi izmantojams gan mikrolitografija, gan ka loga
materials UV un dzila UV (DUV) apgabalos. Tapéc ipasiba uzmaniba tiek pieversta
iesp€jai uzlabot §1 materiala ipasSibas. Darba, pirmkart, tiek kvantitativi analizéti
eksperimentalie dati par vakancu klasteru superrezga pasorganizaciju CaF, materiala
elektronu radiacijas ietekme. Otrkart, tiek izvirzita hipotéze, kas lautu izskaidrot
cksperimentali novéroto superrezga veidoSanos. Hipotézes parbaude tiek veikta,
izmantojot detaliz€tu mikroskopisko modeli un kinétisko Monte Karlo 3D
model&Sanu. Pirmaja tuvinajuma modelt tiek aplukots visvienkarsakais (pirmo un otro
kaiminu) defektu mijiedarbibas veids un paradits, ka tas ir nepietickams globala
vakancu klastera superrezga izveidei.

SELF-ORGANIZATION OF VACANCY CLUSTERS IN CaF;:
EXPERIMENTAL DATA ANALYSIS AND THEORETICAL MODELING

P. Merzlyakovl, G. Zvejnieksl, V.N. Kuzovkovl, E.A. Kotominl,
K.D. Li*?, L.M. Wang*’

"Institute for Solid State Physics, University of Latvia
’Department of Materials Science and Engineering, University of Michigan,
Department of Nuclear Engineering and Radiological Sciences,
University of Michigan

Calcium fluoride (CaF2) is widely used both in microlitography and as UV and
deep UV (DUV) window material Therefore a particular attention is paid to the
possible improvements of material properties. Firstly, we have performed a
quantitative analysis of experimental data obtained for void superlattice formation in
electron irradiated CaF,. Secondly, a hypothesis is proposed that would allow us to
explain experimentally observed void lattice formation. The test is made exploiting a
detailed microscopic model and kinetic Monte Carlo simulations. It is shown that
within the model the simplest (nearest and next nearest) defect interactions are
insufficient to obtain the long range ordering of void superlattice.
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NiO NANOKRISTALU STRUKTURAS RELAKSACIJAS
PETIJUMI AR EXAFS

A.Anspoks, A.Kuzmins, A.Kalinko
Latvijas Universitates Cietvielu fizikas institiits

Samazinoties dalinu izmériem lidz nanom&rogam notiek to struktiras relaksacija,
kas noveérojama ka dalinu elementarsiinas tilpuma izpleSanas vai saspieSanas. Ta ka vielas
strukttra liela méra nosaka tas fizikalas 1pasibas, tad nanoobjektu strukttiras p&tijumiem ir
butiska nozime jaunu nanomaterialu izstrade.

Saja darba més paradisim uz nikela oksida (NiO) pétfjumu pieméra, ka rentgena
absorbcijas spektrs (EXAFS) lauj iegtit papildus datus par nanoobjektu struktiiru, kas nav
legiistami izmantojot tradicionalas rentgena difrakcijas metodes. Kristaliskais NiO ir
antiferomagnétikis ar Niela temperatiru 523K, kura struktiira ir kubiska (Fm3m)
paramagnétiska fazeé un kura ir loti minimali izkroplota antiferomagnétiska fazeé (R-3m,
rombohedrala).

Izmantojot Ni K-malas EXAFS spektru més noteicam, ka NiO nanokristalos,
salidzinot ar kristaliskiem paraugiem, (i) pieaug elementarsiinas tilpums palielinoties Ni-
Ni attalumam, (ii) samazinas vid€jais Ni-O attalums pirmaja koordinacijas sféra un (iii)
pieaug Ni-O un Ni-Ni Debaja-Vallera (DV) faktori. Salidzinot DV faktoru temperatiiras
atkaribas (T=6-300K) kristaliska un nanokristaliska NiO noteicam to dinamisko un
statisko komponentes. legiita unikala informacija par NiO nanokristalu struktiiru pierada,
ka EXAFS ir lieliska metode nanoobjektu struktiiras p&tijumiem, 1pasi objektiem, kas ir
mazaki par 10 nm.

So darbu atbalsta ESF projekts 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141.

EXAFS STUDY OF STRUCTURE RELAXATION
IN NANOCRYSTALLINE NiO

A.Anspoks, A.Kuzmin, A.Kalinko
Institute of Solid State Physics, University of Latvia

A decrease of particle size down to nanoscale leads to its structure relaxation,
which is often observed as unit cell volume expansion or compression. Since the material
structure determines its physical properties, the studies of nano-objects structure are
essential to the development of new nanomaterials.

In this work, we show on example of nickel oxide (NiO) that X-ray absorption
spectra (EXAFS) allow one to get complementary information on the nano-object
structure that cannot be obtained using conventional X-ray diffraction methods.
Crystalline NiO is antiferromagnetic with the Néel temperature equal to 523K. It has
cubic structure (Fm3m) in the paramagnetic phase, which becomes slightly distorted in
antiferromagnetic phase (R-3m, rhombohedral).

Using Ni K-edge EXAFS spectra we found that in nanocrystalline NiO compared
with crystalline samples (i) the unit cell volume increases due to an increase of the Ni-Ni
distances, (i1) the average Ni-O distance in the first coordination shell is reduced, and (iii)
Ni-O and Ni-Ni Debye-Waller (DW) factors are increased. The dynamic and static
components of the DW factor were determined by comparing its temperature dependence
(T=6-300K) for crystalline and nanocrystalline NiO. The unique information, obtained on
the nanocrystalline NiO structure, shows that the EXAFS technique is a powerful method
for structural studies of nanomaterials, especially, being smaller than 10 nm.

This work was supported by the ESF project
2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141.
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YAG UN ZnO NANOPULVERU/POLIMERU KOMPOZITU
OPTISKAS IPASIBAS

L.Bukonte'?, L.Grigorjeva', V.Tupureinaz, D.Millers', M.Knite
'Latvijas Universitates Cietvielu fizikas institiits
’Rigas Tehniska Universitate

Ar retzemju joniem aktivéti itrija aluminija granata (Y3AlsO;2) un ZnO
nanopulveru/poliméru kompoziti tiek uzskatiti par perspektiviem materialiem
baltajam gaismas diodém.

Tika sagatavoti un pétiti dazadi nanopulveru/poliméru nanokompoziti, kuros
tika nov€rota gan nanopulvera, gan poliméru matricas luminiscence. P&titi So
materialu luminiscences spektri, luminiscences ierosmes spektri un luminiscences
dziSanas kin€tikas. Kompozitu luminiscentas ipasSibas salidzinatas ar nanopulveru
lumisniscentam Tpasibam.

Darba merkis ir iegiit polim&ru/nanopulveru sistému, kuru, ierosinot ar vienu
vilpa garumu zilaja spektralaja apgabala, var iegiit baltu gaismu.

OPTICAL PROPERTIES OFYAG AND ZnO
NANOPOWDER/POLYMER COMPOSITES

L.Bukontel’z, L.Grigorjeval, V.Tupureinaz, D.Millersl, M.Knite?
!Institute of Solid State Physics, University of Latvia
’Riga Technical University

Yttrium Aluminum Garnet activated with rare-earth ions and ZnO
nanopowder/polymer nanocomposites are promising materials for production of white
light emitting diodes.

Nanopowder/polymer composites were prepared and studied. Composite
luminescence spectra shows both nanopowder luminescence as well as polymer
matrix luminescence. Luminiscence emission spectra, luminiscence excitation spectra
and the decay kinteics were analysed. Composite and nanopowder luminiscent
properties were compared.

The aim of the current research is to obtain polymer/nanopowder system,
which under blue light excitation gives white light emission.
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ZnO NANOKRISTALITU IEGUSANA Zn PULVERA OKSIDESANAS CELA

R. Zabelsl, F.Muktepﬁvelal, L.Grigorjeval, K.Kundzins ! y E.Tamanis’
'Latvijas Universitates Cietvielu fizikas institiits
2Daugavpils Universitate

ZnO ka perspektivs pusvaditajs ienem vienu no vadoSajam pozicijam optoelektronika
pateicoties daudzskaitligajam 1D un 3D nanomorfologiskjam formam — nanodiegiem,
nanojostam, nanostiepiem, u.c. Saja darba tika méginats ieglit ZnO nanokristalitu
pulverus ar dazadam morfologiskajam formam, izmantojot tehnologiski vienkarSas
termiskas oksideésanas metodes. Par izejvielu kalpoja metaliska Zn granulas un mehaniska
cela iegiits Zn pulveris. ZnO nanokristalitu augSana notiek tvaika kondensé€Sanas procesa
gan mufela, gan trubveida krasni.

SEM mikroskopija paradija, ka atkariba no temperatiiras gradienta un Zn izejstavokla tika
iegiti dazadu morfologiju pulveri — sakot no adatveida, nanodiegu struktiiras lidz
graudainai (d=100-400 nm). Nanokristalitu dalinu sastava ietilpst ar 3D-tetrapodu un
kemmjveidigas struktiiras. Nanodiegu izmeri ir plasas robezas — diametrs no 10 — 400 nm,
bet garums lidz =20 pm. ZnO pulveros ar domingjosu graudaino strukttru, kas iegtti
mufelkrasni, bija sastopami mikroskopiski metaliska Zn ieslégumi, kas veidojas tvaika
kondensacijas laika.

No dazadu tipu pulveriem pie 1000-1200 °C tika sakepinatas ZnO keramikas, tas
raksturotas ar nanoindentéSanas un luminiscences metodém. Keramikam ir lieli (>10 pm)
graudi, ar $auram, taisnam — izteikti fasetétam graudu robezam. So keramiku ipasibas ir
lidzvertigas tam, kas iegiitas ar karstas preséSanas metodi.

OBTAINING OF ZnO NANOCRYSTALLITES VIA OXIDATION
OF Zn POWDER

R. Zabels', F.Muktepavela], L.Grigorjeval, K.Kundzin§ ', E.Tamanis’
!Institute of Solid State Physics, University of Latvia
University of Daugavpils

Due to its numerous 1D and 3D nanomorfological forms ZnO is a perspective
semiconductor for leading positions in optoelectronics. These nanoforms include
nanowires, nanobelts, nanoribbons, nanorods etc. In this work an attempt to obtain ZnO
nanocrystallite powders with various morfological forms using simplistic thermal
oxidation methods has been conducted. As source material metallic Zn granules and Zn
powder obtained by mechanical means were chosen. Nanocrystallites grow in the process
of the vapour condensation which occurs in both muffle and tube furnaces.

SEM micrographs showed that depending on the temperature gradient and the initial form
of Zn obtained powders had different nanostructures ranging from nanowires and
nanoneedles to grained structure (d=100-400 nm). These powders also contain 3D-
tetrapods and comb-like structures. Dimensions of nanowires are widespread — diameter
is 10-400 nm and length reaches up to 20 um. In ZnO powders with the dominating
grained structure microscopic metallic zinc inclusions which formed during the
condensation of the vapour were present.

From different powders at 1000 — 1200 °C temperatures ZnO ceramics were sintered.
They are characterized by large (>10 um) grains with straight well formed faceting grain
boundaries. Properties of these ceramics are comparable to those obtained by hot
pressing.
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ASM UN NANOINDENTESANAS PETIJUMI AR ATRAJIEM (MeV)
JONIEM APSTAROTOS LiF KRISTALOS

R.Grants, R.Zabels, I.Manika
Latvijas Universitates Cietvielu fizikas institiits

Izmantojot atomspéka mikroskopijas, nanoindentéSanas un optiskas mikroskopijas
metodes, pétita struktiiras un mikromehanisko 1paSibu modifikacija LiF kristalos,
apstarojot ar 130 MeV "®Kr joniem, kuru mijiedarbiba ar vielu domingjoss ir
elektroniskais energijas zudumu mehanisms. Atrasts, ka apstaroSana treku parklasanas
rezima noved pie dislokaciju veidoSanas vakanu un starpmezglu atomu
agregatizacijas cela, ka ar1 apstaroSanas radito mehanisko spriegumu iedarbiba.
Noverota spriegumu lauka vizualizacija apstarotos paraugos fotoelastiska efekta del.
Atrasts, ka augstas apstaroSanas fluences (>10'' joni/em®) izraisa LiF
nanostrukturéSanos, veidojoties kolonveida graudiem ar izméru 50-100.nm.
Nanostrukiiru veidoSanos pavada ievérojams nanocietibas picaugums, kas saistams ar
dislokaciju, defektu agregatu un graudu robezu klatbiitni. Minétas izmainas ir lidzigas
agrak noveérotajam, apstarojot LiF kristalus ar zemakas energijas joniem, kuru
mijiedarbiba butisku ieguldijumu dod elastisko sadursmju mehanisms. Tas liecina, ka
gan elastisko, gan elektronisko zudumu mehanismi nodroSina vienlidz efektivu
nanostrukturé$anos un nanocietibas palielinasanos.

AFM AND NANOINDENTATION STUDY ON LiF CRYSTALS IRRADIATED
WITH SWIFT Kr IONS

R.Grants, R.Zabels, .Manika
Institute of Solid State Physics, University of Latvia

The change of the structure and micromechanical properties in LiF crystals irradiated
with 130 MeV "®K ions has been researched using AFM and nanoindentation
techniques. The interaction of these ions with the matter is dominated by the
mechanism of electronic energy losses. It has been found that the irradiation in the
regime of track overlapping results in the formation of dislocations, which is caused
by the aggregation of vacancies and interstitials as well as generated under ion-
induced mechanical stresses. Due to the photoelastic effect the visualisation of the
stress field in the irradiated samples could be observed. It has been found that the
irradiation with high fluences (>10'" ions/cm?) leads to formation of nanostructures
consisting of columnar grains with dimensions 50-100 nm. The nanostructuring is
accompanied by the noticeable increase of the nanohardness which is related to the
presence of dislocations, defect aggregates and grain boundaries. These changes are
similar to ones observed previously on LiF crystals irradiated with lower energy ions,
where elastic collisions are an important part of the interaction with the matter. This
shows that the nuclear and electronic energy losses provide an equally effective
nanostructuring and hardening.
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MORFOLOGIJAS UN STRUKTURAS PETIJUMI NANOSTRUKTURETAM
TIO, PLANAJAM KARTINAM, KAS IEGUTAS ELEKTROKIMISKAS
ANODESANAS PROCESA

J.Linitis', G.Baj ars’, L.Grinbergaz, J .Kleperis2
"Latvijas Universitates Kimijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Metalu oksidu paSorganiz€joSas nanostruktiiras parklajumu veida ir loti
interesanti pétijumu objekti gan no potencialo pielietojumu viedokla (gazu sensori,
organiskas saules fotovoltaiskas Siinas, tidens fotoelektrolize, CO, katalitiska reducésana,
superkondensatori u.c.), gan no tiri zinatniskam interesem. Pirmie TiO, nanocauruliSu
parklajumi, izmantojot 1&tu un it ka viegli realiz€jamu anodéSanas tehnologiju, tika iegiiti
2001. gada [1]. Pedgja desmitgade paradijusies simtiem pé&tljumu par So t€mu, ka arl
parskats monografijas veida [2]. Miisu uzdevums bija apgiit TiO, nanocaurulisu
parklajuma ieglisanas tehnologiju uz titana folijas un péc tam piemérot to nanocaurulisu
parklajuma iegtiSanai uz caurspidiga ITO elektroda. Veikti pirmie eksperimenti 0,5% HF
tdens $kiduma, anodgjot titana foliju pie 20V. Struktira un morfologija iegttajiem
parklajumiem pétita ar Ramana, rentgendifrakcijas un elektronmikroskopijas metodém
LU CFL

Pateicibas: JL pateicas LU Studentu Padomei un LG ar JK pateicas LZP
pétijumu projektam 09.1553 par finansialu atbalstu.

STRUCTURE AND MORPHOLOGY OF NANOSTRUCTURED TIO; THIN
FILMS OBTAINED BY ELECTROCHEMICAL ANODATION METHOD

J.Linitis', G.Baj ars’, L.Grinbergaz, J .Kleperis2
"Faculty of Chemistry, University of Latvia
?Institute of Solid State Physics, University of Latvia

Nanostructured self-organized structures of oxides on metals are very interesting
research objects due to their potential applications in different fields (gas sensors, dye
sensitized solar cells, water photoelectrolysis, photocatalytic reduction of CO,,
supercapacitors etc.). TiO, nanotube arrays for the first time were obtained in 2001 [1]
using anodization process which is cheap and simple technique. In the past decade
hundreds of research articles and review in book [2] have been published. Our interest at
first is to acquire the technology of TiO, nanotube arrays growth on metallic Ti foil and
then transform this method for growth of nanostructured TiO, layer onto transparent ITO
electrodes. First samples were obtained on Ti foil by anodization in 0.5 wt% HF aqueous
solution at potential 20V. The structure and morphology were investigated using Raman,
XRD and SEM equipments at ISSP UL. Preliminary results showed that very specific
experimental conditions (composition of electrolyte, temperature, pH, voltage) must be
controlled to obtain nanotube array.

Acknowledgements: JL thanks Students Council of University of Latvia and LG
and JG thanks Research Project No. 09.1553 of Latvian Council of Science for financial
support.
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ELEKTROKIMISKAS TPASIBAS, STRUKTURA UN MORFOLOGIJA
PLANAJAM LiFePO, KARTINAM, KRISTALIZETAM AR DAZADAM
METODEM

J Smits, A.garakovskis, G.Kucinskis, G.Bajars, J.Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Litija dzels fosfats ka katodmaterials litija jonu akumulatoros pedgja laika iekaro
arvien lielaku popularitati gan lielisko elektrokimisko 1pasibu, gan lielaka darba resursa dg].
Tas ir pielietojams arT planslanu akumulatoru izveidei. legtstot litija dzelzs fosfatu planas
kartinas veida, nepiecieSams to kristalizet, lai uzlabotu iegtta parklajuma elektrokimiskas
ipaSibas. Misu darba pirmo reizi méginats izmantot intensivu lazera starojumu kartinas
kristalizacijai. Tada tehnologija varétu tikt ievietota vakuumkamera, lai kristaliz€tu kartinu
jau tas augSanas procesa.

Izmantojot mainstravas magnetrona izputinaSanas iekartu, iegiitas Iidz 1
mikrometram biezas litija dzelzs fosfata kartinas. Ka mérkis izmantots komercials preséts
LiFePO, pulveris ar 2,5% ogles piejaukumu vaditsp&jas uzlaboSanai. legttas kartinas tika
kristaliz&tas gan pie 550 °C argona atmosféra, gan ar intensivu lazera starojumu. Struktiira un
morfologija iegiitajiem paraugiem analiz€ta, izmantojot rentgenstaru difrakcijas un skengjosa
elektronu  mikroskopa iekartas. Elektrokimiskajos pétjjumos, kas veikti 1M
LiClOgpropilénkarbonata $kiduma par salidzinoSo un paligelektrodu izmantojot metalisku
litiju, analiz€tas tikko ieglitu un dazadi kristalizétu plano LiFePO, kartinu voltamp&ru un
izlades-uzlades Iiknes.

Pateiciba: Autori pateicas Valsts petijumu programmai materialzinatn€ par finansialu
atbalstu.

ELECTROCHEMICAL PROPERTIES, STRUCTURE AND MORPHOLOGY
OF LiFePO4 THIN FILMS ANNEALED BY DIFFERENT METHODS

J.Smits, A.Sarakovskis, G.Kucinskis, G.Bajars, J.Kleperis
Institute of Solid State Physics, University of Latvia

LiFePO, is becoming an increasingly popular cathode material for rechargeable Li-
ion batteries due to its excellent electrochemical properties. It has also found new applications
in more novel energy systems like thin film batteries. The long life cycle and availability of
resources compensates for the added cost of thin layer technology making this sort battery an
economically viable energy system. However there are many issues that still need to be
resolved, one of them is the crystallization of the obtained thin layer after or during the
sputtering process. In this study laser annealing is proposed as an alternative to thermal
treating in a furnace. Laser annealing offers more control over the crystallization process of
the thin layer and can also be applied during the sputtering process possibly increasing the
density of the layer and making the structure more ordered.

Up to 1 pm thick layers were deposited via AC magnetron sputtering using a LiFePO,
(2.5% carbon additive) target made from commercial bulk material. The thin layers were then
crystallized in a tube furnace in an argon atmosphere at 550 °C and via laser annealing
changing the power energy of the beam. X-ray diffraction and SEM analysis were performed
to determine the impact of the annealing process on the structure of the thin layers.
Electrochemical analysis (voltammetric and charge-discharge curves) were made for LiFePO,
thin layers without treatment, annealed in a tube furnace and annealed using a laser) in a
three-electrode cell with a metallic Li counter and reference electrodes, using 1M LiCIO4
solution in propylene carbonate as electrolyte.

Acknowledgement: Authors acknowledge the financial support of National Research Program
in Materialscience.
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LiFePO, PLANO KARTINU UN TILPUMA MATERIALA MORFOLOGIJAS
UN ELEKTROKIMISKO TPASIBU SALIDZINAJUMS

G.Kudinskis, G.Bajars, J.Smits, J.Kleperis
Latvijas Universitates Cietvielu Fizikas institiits

Darba tika pétitas LiFePO4 pulvera un ta plano kartinu atskiribas, salidzinot
galvenos elektrokimiskos parametrus un materiala virsmas morfologiju.

LiFePOy pulveris (Linyi Gelon New Battery Materials Co., Ltd.) tika uzputinats
plana kartina (400 - 1000 nm) uz neriis€josa térauda pamatnes, izmantojot magnetrona
izputinaSanu RF rezima. Planas kartinas tika kristalizétas 500 °C temperatiira argona
atmosfera. Biezas kartinas tika veidotas tilpuma materiala veida no pulvera, sajaucot
12% C ar 5% PTFE un 83% LiFePO4 un acetona emulsija to presgjot uz nikela sieta,
péc tam laujot acetonam izzut. Elektrokimiskie mérijjumi tika veikti gan planajam
kartipam, gan tilpuma materialam LiClOg4/propilénkarbonata s$kiduma, uznemot
voltampéru raksturliknes un uzlades - izlades Iiknes, nosakot no tam gravimetrisko
ladinietilpibu. P&tot plano un biezo parklajumu morfologiju skengjosaja elektronu
mikroskopa (SEM), atrastas bitiskas atSkiribas dazadi sagatavotajiem materialiem.
Voltamperometriskas un izlades - uzlades Iiknes liecina par iegiita materiala
elektrokimisko stabilitati. legiitie eksperimentu rezultati no uzlades — izlades Itkném
neapliecina, ka plano kartinu gravimetriska ladinietilpiba ir lielaka ka tilpuma
materialam. Tiek mekl&ti uzlabojumi plano kartinu iegiiSanas un sagatavosSanas
tehnologijas, pieméram, kristaliz€Sanas procesu veicot ar koncentrétu lazera staru.
Tiek pilnveidota arm metodologija plano kartinu blivuma noteikSanas precizitates
paaugstinasanai (piem&ram, ar rentgenstaru analizes palidzibu péetot atstarotos
rentgenstarus).

COMPARISON OF LiFePO4 THIN FILM AND BULK MATERIAL
MORPHOLOGY AND ELECTROCHEMICAL PROPERTIES

G.Kucinskis, G.Bajars, J.Smits, J.Kleperis
Institute of Solid State Physics, University of Latvia

In the present work the differences between LiFePOy thin films and LiFePO,
bulk material were studied, comparing main electrochemical properties and surface
morphology.

LiFePOy thin films were acquired using LiFePO4 powder (Linyi Gelon New
Battery Materials Co., Ltd.) via magnetron sputtering in radio frequency mode. Thin
films were annealed at 500°°C in argon atmosphere. LiFePO, bulk material (12% C,
5% PTFE and 83% LiFePO,) was prepared by cold-pressing the acetone and powder
slurry on a nickel grid. The electrochemical properties of both materials were studied
by cyclic voltammetry and chronopotentiometry for charge-discharge cycles. Material
morphology was studied by scanning electron microscopy (SEM). There were
considerable differences observed in SEM images for thin films and bulk material.
Voltammetric and chronopotentiometric curves of both thin films and bulk material
demonstrate electrochemical stability. No improvement in gravimetric charge
capacity was observed for thin films compared to bulk material. Improvements in
preparing LiFePOy thin films are being searched, for instance annealing thin films by
using a focused laser beam. Also the methodology for evaluating thin film density is
being be improved (e.g. by using x-ray reflectivity analysis).
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BERNSA TEMPERATURA — NOTEIKSANA UN INTERPRETACIJA

M.Dunce, A. Fuith, E.Birks, M.Antonova
Latvijas Universitates Cietvielu fizikas institiits

Temperatiiru apgabals, kura segnetoelektriskajos relaksoros notiek pareja no
paraelektriska stavokla uz stavokli ar relaksoru ipasibam, tiek raksturots ar Bérnsa
temperatiiru (Tg). Lai noteiktu Tg, tiek izmantotas gan makrofizikalu ipasibu
temperatiiras atkaribas, gan lokalas struktiiras pétjjumi. Darba analizeéti dazadi
publicétie rezultati un to interpretacija, ka ari autoru jaunakie rezultati par Ty
noteikSanu (1-x-y)Na;»Bi;,TiO3-xSrTiO3-yPbTiO; cietajos Skidumos. Apkopotie
rezultati liecina par paraelektriskajam stavoklim raksturigu uzvedibu pie augstam
temperatiiram, taja paSa laika relaksoru stavokla raksturs pie T<Tp un pasas Tg
noteikSanas ticamiba ir neskaidra.

BURNS TEMPERATURE - DETERMINATIONAND INTERPRETATION

M.Dunce, A. Fuith, E.Birks, M.Antonova
Institute of Solid State Physics, University of Latvia

In relaxor ferroelectrics, the temperature region, where transition between paraelectric
state and the state with relaxor properties occurs, is described by the Burns
temperature (Tg). To deteremine Tg, there are used both temperature dependences of
macrophysical properties, and studies of local structure. In the present work there are
anlyzed the different published results and their interpretation, as well as the latest
results of the authors concerning dtermination of Tg in (1-x-y)Na;,Bi;,TiOs-
xSrTi03-yPbTiO; solid solutions. The summarized results indicate the behaviour,
characteristic for paraelectric state, at high temperatures. At the same time, the
behaviour, characteristic for relaxor state, at T<Tp and certainty of determination of
the Ty is unclear.
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INOVACIJAS: JAUNAS
IEKARTAS UN IZMANTOSANAS
PERSPEKTIVAS SINTEZE
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MIKROKAPILARU UN JONIZACIJAS IEKARTU IZVEIDE DEGOSU GAZU
MAISIJUMU GENERESANAI PATERINAM UZ VIETAS

J.Kleperis', M.Vanagsl, J.Kuznecovs?, P.Liopa3
'Latvijas Universitates Cietvielu fizikas institiits

° A/S “Rigas Elektromasinu ripnica”
’IK ,, Plazma PL”

Augot importetas degvielas un gazes cenam, aktualaks paliek jautajums par vietgjiem
energoresursiem un to izmantoSanas iesp&jam autotransportd. Viena no iespgjam, ka
samazinat degvielas patérinu automasinai, ir izmantot ka piedevu no naftas iegiitajai un
importetajai degvielai kadu vietSjas izcelsmes degmaisijumu. Tads var but gan Gidens, gan
vietgjas izcelsmes ellas, spirti. Lai Sos vietgjas izcelsmes energoresursus parverstu degosu
gazu maisijuma, nepiecieSams reformators. Udenraza energétika dego$a gazu maisijuma
sagatavoSanai izmanto galvenokart reformatorus, kas strada pie augstas temperatiiras.

Miisu darba tiek veidots mikrokapilaru reformators, kur tidens, spirts vai e]la nonak
mikrokapilaros, kur pie pret€jam kapilara sienam izvietots elektrodu paris. Padodot nelielu
[idzspriegumu vai mainspriegumu uz elektrodiem, kapilara neliela tilpuma rodas lielas
intensitates elektriskais lauks, kas sadala Skidro energones€ju gazu maistjuma. Kapilari tiek
veidoti Si tehnologija (1. attéls), bet elektrodi biis no zelta. Izveidots ari cita tipa reformators,
kur augstspriegums jonizg gaisu un izsmidzinato degvielu (idens, spirts) — 2. attels.

CONSTRUCTION OF MICROCAPILLARY AND IONIZATION
DEVICES FOR PRODUCTION OF COMBUSTIBLE GAS MIXTURES TO BE
USED ON SITE

J.Kleperis', M.Vanagsl, Y.Kuznecov?, P.Liopa3
! Institute of Solid state Physics, University of Latvia
?JSC ., Riga Electric Machine Building Works”
SIC ,,Plazma PL”

Nowadays when price of imported fuel and gas is rising, the more pressing question
remains how to use local energy resources as fuel for vehicles. One way to reduce fossil fuel
consumption in car is to use additives of local origin combustibles (water, local oils and
alcohols). To make combustible gas mixture from local resources the reformer is necessary.
Most known are high temperature reformers, but our idea is to design low temperature low
energy consuming reformer. One reformer will be based on micro-capillaries with electrodes,
were capillary is made in classic Si-technology (Figure 1). Another type of reformer is made
from high voltage power supply and ionization camera, were air with sprayed fuel (water,
alcohols) is ionized (Figure 2).

Figure 1. ESM photo from etched channels in  Figure 2. lonization device as reformer of
polycrystalline silicon onto oxidized Si wafer.  fuels before spraying into engine.
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PETIJUMS PAR PARSLEDZAMAS MAGNETISKAS PLUSMAS
ELEKTRISKO MASINU - ANALITISKA, SKAITLISKA UN
EKSPERIMENTALA MODELA REZULTATU ANALIZE

I.Dirba', G.Arents’
"Latvijas Universitates Cietvielu fizikas institiits
’SIA ,,EMU PRIM”

Veikta pastavigo magnétu parslédzamas plismas elektriskas masinas (EM)
optimalas konstrukcijas modeléSana, izmantojot galigo elementu analizi. Misu modeli 3D
probléma reducéta lidz 2D problémai, un tiek uzskatits, ka tas dod pietiekosi
reprezentativus rezultatus, ko var izmantot EM konstruéSanai. Miisu darba ir apskatiti
parslédzamas magnétiskas pliismas elektriskds masSinas analitiskais, skaitliskais un
teorétiskais modeli, ka arT sniegts neliels pétijums par optimalu materialu izveli masinas
konstrukcijai. Divdimensionalaja galigo elementu metodé nemti véra visu elektriskas
masinas komponentu geometriskie parametri un fizikalie raksturlielumi. Magnétiskas
plismas blivums, inducétais elektrodzingjspeks, magnétiskais aksialais speks un griezes
moments elektriskajai masiai rékinati, izmantojot FEMM 4.2 datorprogrammu (1 attéls).
Izveidots art elektriskas maSinas eksperimentals modelis, kas testéts speciala stenda RTU.
Testu rezultati salidzinati ar aprékiniem no analitiska un skaitliska modeliem.

ANALYSIS OF EXPERIMENTAL AND SIMULATED RESULTS OF
SWITCHABLE MAGNETIC FLUX ELECTRICAL MACHINE

I.Dirbal, G.Arents’
"Institute of Solid State Physics, University of Latvia
*EMU PRIM Ltd.

An optimal design for permanent magnet (PM) machine is performed using finite-
element (FE) analysis. This model is based on reduction of 3D problem to 2D problem
which is considered as accurate for design aspects. In our research we describe an
analytical, numerical and theoretical model, as well as preliminary studies on the optimal
choice of materials for switchable magnetic flux electrical machine (motor). Parallel path
motor is modelled with two-dimensional finite-element method which includes all
geometrical and physical characteristics of the components from machine. Magnetic flux
density, back-EMF, magnetic axial force, torque of the motor are simulated using FEMM
4.2 software (Figure 1). An experimental model of switchable magnetic flux electrical
machine is manufactured and tested on test-bench in RTU. Obtained experimental results
are compared with output from analytical and numerical models.

=3
— = 5 — —

=

Figurel. Calculated magnetic field density, fieldlines and vectors for switchable magnetic
flux electrical machine (left) and experimental model (vight).
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AUTONOMA PRIVATMAJA - KONCEPCIJA, MODELIS UN ATSEVISKU
MEZGLU DARBIBAS SIMULACIJA

A.Pakulis', A.Bérzins', M.Vanags®, V.Nemcevs’, J.Kleperis’
'Rigas 25. vidusskola
’Latvijas Universitates Cietvielu fizikas institiits

Laika kad strauji mainigo dabas apstaklu ietekme desmitiem ttikstoSi majsaimniecibu,
pat ciemi un pilsétas paliek bez elektribas vienu vai pat vairakas dienas, arT Latvija rodas
idejas par autonomu energo - neatkarigu majsaimniecibu izveidi. Musu darba diskutets
projekts par tikai elektriskas energijas autonomas apgades iesp&jam privatmajai.

Demonstracijas projekts sevi ietver tidenraza energijas sistémas integréSanu
atjaunojamas energijas sisteémai (Saule, VEj$) privatmajas maketa. UdenraZa sistéma sastav no
elektrolizera, gazes glabatavas un degvielas $iinas. Elektribas parpalikumu brizos elektrolizers
parvers elektrisko energiju Gidenraza gaze, kas tick noglabats lidz bridim, kad ir elektriskas
energijas deficits vai parravums. Taja bridi Gdenradis apgrieztas elektrolizes procesa, kas
norisinas degvielas §uina, tick parversts elektriskaja energija. Atjaunojamas energijas avoti ir
pamata V&ja generators un Saules fotovoltaiskie elementi (vél varétu but ari mikro —
hidroelektriskais generators, biogazes elektrogenerators), kas nodroSina maju ar elektribu,
1slaicigai uzkrasanai izmantojot akumulatorus. Papildus sarazota elektroenergija, kad patérin$
ir nosegts, akumulatori uzladéti un udenraza tvertnes piepilditas, var€tu tikt ievadita
centralizétajos elektrotiklos pardosanai. ST projekta mérkis ir demonstrét un git pieredzi
tdenraZza tehnologiju integré$ana atjaunojamas energijas sistémas un izstradat teorctisku
modeli, kas var€tu palidzet S$adu sisttmu izveidei nakotné jebkuram konkrétam
pielietojumam.

Pateiciba: Autori pateicas Valsts pétijumu programmai energétika par finansialu atbalstu.

AUTONOMOUS PRIVATE HOUSE - CONCEPTION, MODEL AND
SIMULATION OF INDIVIDUAL JUNCTIONS

A.Pakulis', A.Berzins', M.Vanags®, V.Nemcevs’, J.Kleperis
"Riga Secondary School No 25
? Institute of Solid State Physics, University of Latvia

At a time when rapidly changing meteorological conditions causes crushes in district
electric grids, affecting tens of thousands of households, even villages and towns, an ideas are
coming to mind also in Latvia about autonomous energy supply. Our work is discussing only
electrical energy autonomous supply system for private house.

The demonstration project involves the integration of hydrogen energy systems into
renewable energy systems (solar, wind) for private house. The hydrogen system consists of an
electrolyser, gas storage tank and fuel cell. When electricity is produced more than
consumption, an electrolyser is powered to produce hydrogen gas and stored it until the
electrical energy supply to the cottage shortages or break up. At that moment the reverse
process to electrolysis, which takes place in a fuel cell, is converting stored hydrogen gas into
electrical energy. This project aims to demonstrate and gain experience in the integration of
hydrogen technologies into renewable energy systems and to develop a theoretical model that
could help to design such integrated systems in the future for every particular application.

Acknowledgement.: Authors acknowledge the financial support of National Research Program
in Energetics.
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PROGRAMMVADAMA RADIO PIELIETOJUMI
SATELITKOMUNIKACIJAS

M.Krastin$, K.Kondratjevs, J.Trokss, I.Jaunzeme
Ventspils Augstskola, 1ZI VSRC

Programmvadamais radio (SDR) ir radio komunikaciju sist€ma, kura lielaka dala
komponensu, kas tradicionala izpildijuma realizétas aparatiira, SDR ir realizétas
programmatiiras Itmeni [1]. SDR izmantoSanai satelitkomunikacija ir vairakas
prieksrocibas, gan uz satelita, gan zemes stacija. Iesp&ja mainit sist€mas funkcionalas
iesp&jas attalinati ir 1paSi nozimiga satelita gadijuma, jo fiziska piekluve aparatiirai ir
faktiski neiesp&jama. SDR gadijuma - uz satelita, kas jau atrodas orbita, nomainot vai
modificgjot radio programmatiiru, iesp&jams efektivi izmainit vai papildinat
komunikacijas kanala funkcionalitati. Piem., izmainit lietoto modulacijas veidu,
neséjfrekvenci, datu parraides atrumu, protokolu, utt.

Darba demonstréti vairaki praktiski komunikacijas kanalu pieméri, kur,
izmantojot universalo USRP SDR aparattras komplektu un GNU radio atvérta koda
signalapstrades rikkopu, realizeti atSkirigi pielietojumi (AIS zigojumu uztverSana,
NOAA APT meteorologisko satelitattélu iegiiSana), kuriem tradicionalos datu
apmainas risinajumos tiktu izmantoti atseviski specializ&ti aparatiiras risinajumi.

SOFTWARE DEFINED RADIO APPLICATIONS FOR SATELLITE
COMMUNICATION

M.Krastins, K.Kondratjevs, J.Trokss, [.Jaunzeme
Ventspils University College, ERI VIRAC

A software-defined radio system, or SDR, is a radio communication system
where components that have been typically implemented in hardware (e.g. mixers,
filters, amplifiers, modulators/demodulators, detectors, etc.) are instead implemented
by means of software on a personal computer or embedded computing devices [1].

There are some major advantages of the SDR over traditional radio systems for a
satellite communication. The ability to modify the functionality of satellite's radio
system remotely is very important as the satellite is not available for any physical
modifications after it is launched. With a SDR system on board, the functionality of a
satellite's communication channel can be effectively modified and updated (including
changes in modulation, frequency, data rate, protocol, etc.)

Several practical examples are demonstrated where a single Universal Software
Radio Peripheral (USRP) hardware unit and the GNU radio software toolkit are used
for different radio applications (e.g. collecting of AIS data messages, receiving
NOAA APT satellite images).

[1] Software Defined Radio: Architectures, Systems and Functions (Markus Dillinger,
Kambiz Madani, Nancy Alonistioti) Page 33 (Wiley & Sons, 2003, ISBN 0-470-
85164-3)
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SILTUMSUKNU VADIBAS PULTS

I.Gvardina, A.Kristins$, J.Melderis, J.Zvirgzds
Latvijas Universitates Cietvielu fizikas institiits

Paslaik geotermalais siltumsiknis (Geothermal Heat Pump vai GHP sistéma) ir
visefektivaka energotauposa apkures un kondiciong$anas sistéma. Sis sistémas
kontrolei un vadibai tika izstradata vadibas pults uz mikrokontroliera RCM3110
RabbitCore modula bazes (razo amerikanu kompanija Rabbit Inc). Pults lauj vadit
iekS€ja un argja kontiira siiknus, ka ar1 vienu vai divus kompresorus un kontrol&t seSu
temperatiiras devéju radijumus. ST pults ir aprikota ar lielformata displeju, kura lielie,
labi nolasamie simboli Jauj atspogulot sist€mas stavokli (darba rezimi, aktivizétas
ierices, sistéma fiks€tas gaisa un tidens temperatiiras). Pults lauj veikt sistémas miksto
startu un izslégSanu atbilstosi izv€l&tajiem parametriem.

HEAT PUMP CONTROL UNIT

I.Gvardina, A.Kristin$, J.Melderis, J.Zvirgzds
Institute of Solid State Physics, University of Latvia

For today the geothermal heat pump (or the GHP system) is the most effective energy
saving system of heating and air-conditioning. For controlling and managing of such
systems have been developed a control unit on the base of microcontroller module
RCM3110 RabbitCore of American company Rabbit Inc. It allows to carry out
switching of external and internal contour pumps, and also one or two compressors,
and to trace indications of six temperature sensors. The given unit is supplied with the
large display with clear, easily readable symbols for displaying of the current system
state (operating modes, started devices, the fixed values of water and air temperature
in system). The board allows carrying out smooth system starting and stopping
according to the set adjusting parameters.
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AUTOMATISKAS UZSKAITES SISTEMAS IZMANTOSANA PASAZIERU
PLUSMAS NOTEIKSANAI SABIEDRISKAJA TRANSPORTA

D.Gusevs
Latvijas Universitates Cietvielu fizikas institiits

Pasazieru automatiska skaitiSanas sist€ma tiek izmantota sabiedriska transporta
vajadzibam. Automatiska pasazieru skaitiSana sniedz I€tus, uzticamus un pastavigus
datus par sabiedrisko transportlidzeklu (autobusu un vilcienu) noslodzes pakapi.
Vienlaikus sniedzot informaciju par faktisko noslodzi attieciba uz dazadam pozicijam
dazados dienas laikos un dazadas ned€las dienas, sisteéma atvieglo darbibas planosanu
attieciba uz atseviSkam tranzita Inijam un optimalu jaudas izmantoSanu, ka arl
norékinus par tranzita pakalpojumiem. Kop$ devindesmito gadu sakuma, kad pirmas
elektroniskas uzskaites sistémas paradijas tirgii, tris paaudzes jau ir nomainijusas
viena otru:

1) Zemo izmaksu risindjuma izmanto augstas izskirtsp&jas aktivos IS
detektorus ar virziena noteikSanu (ieejosajiem un izejoSajiem pasaZieriem).

2) Otrajai paaudzei ir papildus augstas jutibas un augstas izskirtsp&jas
piroelektriskais detektors, kuru izmanto, lai atklatu siltuma starojumu, kas nak no
pasazieriem.

3) Pédgja paaudze izmanto augstas izSkirtsp&jas IS lazera 3D sensorus, ar
iesp€ju registrét pasazieru grupas (b&rni, picaugusie).

Saja zinojuma tiek apskatits automatiskas pasaZieru skaitiSanas sistémas
lietosanas piemers uz Rigas Satiksmes projekta bazes (30 autobusi aprikoti ar IRMA
bazes sensoriem).

USAGE OF AUTOMATIC PASSENGER COUNTING SYSTEM FOR PUBLIC
TRANSPORT PURPOSES

D.Gusevs
Institute of Solid State Physics, University of Latvia

Usage of automatic passenger counting system for public transport purposes.

Automatic passenger counting provides cheap, reliable and permanent data on
the degree of utilization of vehicles used in public transit systems (busses and trains).
While providing data on the actual usage on various lines at various times of day and
on different days of the week, the system facilitates operational planning with respect
to individual transit lines and optimal use of capacities as well as billing for transit
services rendered. Ever since the early nineties, when the first electronic counting
systems appeared on the market, three generation of it replaced each other:

1) Low cost solution is using high-resolution active IR detector with
recognition of the direction of movement (entering and exiting passengers)

2) Second generation has additional a high-sensitivity and high-resolution
pyroelectric detection chip is used to detect thermal radiation emanating from
persons.

3) Last generation is using high-resolution IR laser 3D sensor, with option to
group passengers (kids, adults)

The example of automatic passenger counting system usage would be shown in
this report, on example of Rigas Satiksme project (30 buses equipped with IRMA
basic sensors).
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APSVERUMI STRAVAS AVOTU IZVELEI BIOIMPEDANCU MERIJUMIEM

P.Annus"?, MLRist'?, J Ojarand"z, R.Land'?, A.Kristins®
"Kompetences centrs ELIKO, Igaunija
*Tallinas Tehnologiskas Universitates Elektronikas Institiits, Igaunija
3Latvijas Universitates Cietvielu fizikas institiits

Klasiski bioimpedances mérijumi tiek veikti, laizot stravu caur pétijamajiem audiem un izejas
dati tiek iegtti, merot atbilstoSo spriegumu. lerosme ar stravu ir optimalaka par sprieguma
izmantoSanu. Mgerot elektrisko pretestibu uz dzivajiem audiem viena no galvenajam
problémam ir droSiba, un tapec ir svariga stravas ierobezoSana. Lai gan ir salidzinosi viegli
piemekl&t optimizetu stravu vienas frekvences vai Sauras frekvencu joslas meérjjumiem, tomer
ir ievérojami sarezgitak, ja nepiecieSami platjoslas spektroskopiskie mérijjumi. Ir daudz
dazadu aktivu stravas avotu variantu, tomer tie visi strada pietiekami labi tikai Iidz daziem
megaherciem, bet diemZgl to parametri butiski pasliktinas pie daudz augstakam frekvencém.
No otras puses, darbibas diapazons pasiviem vai tiri rezistiviem stravas avotiem, lai gan
zemakas frekvences tie nav konkur€tspejigi ar avotiem, kuros izmanto kapacitativo saiti,
potenciali var sasniegt augstakas frekvences. Taja pasa laika tie ir stabilaki, patéré mazak
energijas, ka arT ir mazaki un vienkarsaki. Butiska prieksrociba ir saistiba ar drosibu. Ta ka
pretestiba sliktakaja gadijuma ir savienota ar barosanas avotu, tad stravas lielumam ir stingri
noteikta augseja robeza. Art no frekvences atkarigo stravas ierobezojumu var viegli sasniegt.
Nepilnibas, kas saistitas ar ierobezotu izejas impedanci var kompensét, veicot vienlaicigus
stravas mérfjumus. Tiek paraditi triju izstradnu salidzinajumi, tiek analizéti rezultati un
izstradata aparata testi. Tiek apspriesti divi risinajumi vienlaicigiem reakcijas sprieguma un
pievaditas stravas merjjumiem.

CURRENT SOURCE CONSIDERATIONS FOR BIO-IMPEDANCE
MEASUREMENT

P.Annus"?, MLRist'?, J Ojarand'?, R.Land'?, A Kristips®
'ELIKO Competence Centre in Electronics-,
Info- and Communication Technologies, Estonia
2Tallinn University of Technology, Estonia
3 Institute of Solid State Physics, University of Latvia

Classically bioimpedance measurements are performed by injecting current into the tissue
under investigation, and raw data is acquired as measured response voltage. Excitation with
current is generally preferable over sourcing voltage. One of the main concerns when
measuring electrical impedance of the living tissue is safety, and current limitation is
therefore important. While it is relatively easy to design an optimized current source for
single frequency or narrow bandwidth measurements, things are considerably more difficult
when broadband spectroscopic measurements are required. There are many different active
current source designs; nevertheless they all work reasonably well only up to some
megahertz, but unfortunately their parameters degrade significantly at higher frequencies.
Working range of passive or purely resistive current sources on the other hand, while not
comparable at lower frequencies, when capacitive coupling is used, can reach potentially
higher frequencies. At the same time they are more stable, less energy consuming, smaller
and simpler. One strong benefit is again related to safety. Since the resistor is connected in the
worst case to the supply line, then strong upper limit exists for generated current. Also
frequency dependent current limitation can be easily achieved. Imperfections caused by
limited output impedance can be compensated by performing simultaneous current
measurements. Comparison of three designs is given, results analyzed, and practical circuit
tested. Two solutions for simultaneous response voltage and injected current measurement are
discussed.
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ZnO NANOKRISTALU/SiO; MULTISLANU STRUKTURU VEIDOSANA

V.Pankratovl’;, A.N. Larsenz"", B.B. Nielsen*”?
'Latvijas Universitates Cietvielu fizikas institiits
’Department of Physics and Astronomy, Aarhus University
I Interdisciplinary Nanoscience Center (iNANO), Aarhus University

Dotaja darba tika pétiti ZnO nanokristali iebiivétie Si0, matrica, kas tika veiksmigi
veidoti, izmantojot radio frekvencu magnetrona izputekloSana nogulsnéSanas metodi.
Tika pétitas ZnO fotoluminiscences Tpasibas, izmantojot luminiscences spektroskopiju
ar ierosinajumu zila-ultravioleta spektra diapazona. Tika paradits, ka
fotoluminiscences 1paSibas ir stingri atkarigas no ZnO nanokristalu izmé&riem. Plata
fotoluminiscences josla tika novérota un tiek pielauts, ka ta var bt izskaidrota ar
defektiem, kas ir izvietoti uz nanokristala virsmas vai pievirsmas slani. Relativi
lieliem ZnO nanokristaliem tika nov@rotas asas fotoluminscences linijas ultravioleta
apgabala. So Iiniju iemesls varétu buat eksitonu un donoru akceptoru paru
rekombinacija un Sis linijas ir Iidzigas atbilstoSam linijam noverotam
makroskopijskaja ZnO. Tiek apspriesta nanokristalisko ZnO virsmas defektu loma
fotoluminiscences 1pasibas.

ZnO NANOCRYSTALS/SiO; MULTILAYER STRUCTURES FABRICATED
BY RF-MAGNETRON SPUTTERING

V.Pankratov'2, A.N. Larsen*?, B.B. Nielsen™”
"Institute of Solid State Physics, University of Latvia
’Department of Physics and Astronomy, Aarhus University
3 Interdisciplinary Nanoscience Center (iNANO), Aarhus University

In the present study ZnO nanocrystals embedded in a SiO, matrix were successfully
produced by means of radio frequency magnetron sputtering deposition.
Photoluminescence (PL) properties of the ZnO nanocrystals were studied by means of
steady-state luminescence spectroscopy with excitation in the blue-UV spectral range.
The PL properties of the samples were observed to depend strongly on the ZnO
nanocrystal size. A broad PL band in the visible spectral range is observed and is
tentatively ascribed to defects on or in the vicinity of the nanocrystal surfaces. Sharp
characteristic PL lines in the UV range were detected in relatively large ZnO
nanocrystals. These lines are tentatively attributed to bound exciton and donor
acceptor pair recombinations, and they are similar to the corresponding lines observed
in bulk ZnO. The role of surface defects for the PL properties of nanocrystalline ZnO
is discussed.

42



Si NANOKRISTALI SiO;: OPTISKIE PETIJUMI VAKUUMA
ULTRAVIOLETA SPEKTRA DIAPAZONA

V.Pankratovlé, V. Osinniyz, A.N. Larsen2’3, B.B. Nielsen”
'Latvijas Universitates Cietvielu fizikas institiits
’Department of Physics and Astronomy, Aarhus University
I Interdisciplinary Nanoscience Center (iNANO), Aarhus University

Dotaja darba tika pétiti Si nanokristali ar dazadu diametru, kas ir iebiivéti SiO;
matricas. Tika apskatiti fotoluminiscences ierosinajuma un caurlaidibas spektri plata
vakuuma ultravioleta spektra diapazona, izmantojot sinhrotrona starojumu.
Eksperimentali tika noteikta fotoluminiscences ierosindjuma spektru atkariba no
nanokristalu izmériem. Tika paradits, ka fotoluminiscences ierosindjuma un
absorbcijas spektri manami nobidas uz spektra zilo pusi samazinoties Si nanokristalu
izméram. Tika veikts detaliz€ts fotoluminiscences ierosindjuma un absorbcijas
spektru salidzinajums ar teor€tiskiem datiem. Ir paradits, ka spektru nobide uz zilo
pusi ir lielaka, neka tas tika sagaidits teor&tiski. Tika apspriesta SiO, matricas punktu
defektu ietekme uz iebtivéto Si nanokristalu optiskam un luminiscences 1pasibam. Bez
tam, ir paradits, ka starp SiO, un Si nanokristaliem nav raksturiga energijas parnese,
ja ierosinajuma energija ir lielaka par SiO, aizliegto zonu.

Si NANOCRYSTALS IN SiO;: OPTICAL STUDIES IN THE VACUUM
ULTRAVIOLET RANGE

V.Pankratovlé, V. Osinniyz, A.N. Larsen2’3, B.B. Nielsen”
"Institute of Solid State Physics, University of Latvia
’Department of Physics and Astronomy, Aarhus University
3 Interdisciplinary Nanoscience Center (iNANO), Aarhus University

Photoluminescence excitation and transmission spectra of Si nanocrystals of different
diameters embedded in a SiO, matrix have been investigated in the broad visible-
vacuum ultraviolet spectral range using synchrotron radiation. The dependence of the
photoluminescence excitation spectra on the nanocrystals size was experimentally
established. It is shown that the photoluminescence excitation and absorption spectra
are significantly blueshifted with decreasing Si nanocrystal size. A detailed
comparison of photoluminescence excitation and absorption spectra with data from
theoretical modeling has been done. It is demonstrated that the experimentally
determined blueshift of the photoluminescence excitation and absorption spectra is
larger than the theoretical predictions. The influence of point defects in the SiO,
matrix on the optical and luminescence properties of the embedded Si nanocrystals is
discussed. Moreover, it is demonstrated that no energy transfer takes place between
the SiO; and Si nanocrystals when the excitation energy is higher than the band-to-
band transition energy in SiO;.
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ENERGIJAS PARNESES PROCESU PETIJUMI STARP Ce’* UN Tb**
JONIEM LaPO,:Ce,Tb NANOKRISTALOS, IZMANTOJOT
LUMINISCENCES SPEKTROSKOPIJU AR LAIKA IZSKIRSANU

V. Pankratovl, A.lL Popovl, S.A. Chernovl, C. Feldmann®
'Latvijas Universitates Cietvielu fizikas institiits
? Institute of Inorganic Chemistry, Karlsruhe Institute of Technology (KIT)

Darba tika pétiti energijas parneses procesi starp Ce’” un Tb*" joniem LaPO4:Ce,Tb
nanokristalos, izmantojot luminiscences spektroskopiju ar laika izskirSanu plata
temperatiiras diapazona. Speciala uzmaniba tika veltita detalizétai salidzinajuma
analizei luminiscences pieauguma un dzisanas kinetikam, abiem Ce®” un Tb>* joniem.
Negaiditi, relativi léns picaugums (dazas mikrosekundes) tika novérots Tb*™
luminiscencei, ierosinot ar 266 nm lazeri, kas atbilst 4f-5d Ce*" pargjai LaPO,. Bija
paradits, ka Tb>" kinétikas pieaugums nav radies Ce’" jonu relaksacijas dél, kam
ierosinata stavokla dzives laiks ir ap 20 nm. Bija paradits, ka visparpienemts modelis
par rezonanses energijas parnesi no Ce’” uz Tb>" joniem LaPO, nevar izskaidrot
luminiscences laika raksturojumus, ka ari nov€rotu temperatiras atkaribu. Tadgjadi,
jauns energijas parneses modelis no Ce’" joniem uz Tb®" joniem caur matricas
stavokliem tika piedavats un izskaidrots.

MECHANISM FOR ENRGY TRANSFER PROCESSES BETWEEN Ce’" AND
Tb** IN LaPO,:Ce, Tb NANOCRYSTALS BY TIME-RESOLVED
LUMINISCENCE SPECTROSKOPY

V. Pankratov', A.L. Popov’, S.A. Chernov', C. Feldmann®
"Institute of Solid State Physics, University of Latvia
? Institute of Inorganic Chemistry, Karlsruhe Institute of Technology (KIT)

The energy transfer mechanisms between Ce’ and Tb>* in LaPO,:Ce,Tb nanocrystals
have been studied by means of time-resolved luminescence spectroscopy in a wide
temperature range (10-300K). Special attention was paid to detailed comparative
analysis of both rise and decay emission components of both Ce’* and Tb*"
Surprisingly, a relatively slow rise (several microseconds) of Tb*" emission under
266-nm laser excitation was detected, which corresponds to the 4f—5d transition of
Ce*" in LaPOy. It was shown that this rise of Tb>" emission could not have arisen due
to relaxation of Ce>" ions, whose excited state has a lifetime of about 20 ns. It was
demonstrated that the generally accepted concept of a resonant energy transfer from
Ce’" to Tb* in LaPOs could not explain the time-resolved luminescence
characteristics as well as the observed temperature dependence. Hence, a new concept
of the energy transfer process from Ce’” to Tb’" in LaPOy via host lattice states was
suggested and elucidated by proposing several possible models.
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SINHROTRONA STAROJUMA IEROSINATA LUMINISCENCE NANO- UN
MAKROIZMERU LaPO,:Ce,Th

V. Pankratovl, L. Sirmanel, A.L Popovl, A. Kotlovz, C. Feldmann®
'Latvijas Universitates Cietvielu fizikas institiits
2 HASYLAB at DES Y, Hamburg, Germany
3 Institute of Inorganic Chemistry, Karlsruhe Institute of Technology (KIT)

Darba tika salidzinati nano- un makroskopisko LaPO4:Ce, Tb luminiscences paSibas
plata spektra diapazona, izmantojot sinhrotrona starojumu. LaPO4:Ce,Tb nanopulveri
tika izgatavoti izmantojot microwave-induced synthesis in ionic liquids, savukart
makroskopiskais paraugs ir komercialais razojums. Tika noverots, ka salidzinot nano-
un makro paraugus, ir konstatétas atSkiribas luminiscences un ierosinajuma spektros.
Seviski tika paradits, ka Ce’™ un Tb>" luminiscences sikstruktiras ir vaji izskirtas.
Tiek pienemts, ka nanodalinu virsma spéle galveno lomu retzemju jonu perturbacijas
un maina to luminiscences IpasSibas. Turklat ir paradits, ka nanokristaliskajam
LaPO,:Ce,Tb atlauta f-d pareja Tb** jonos pie lielakam energijam ir manami apspiesta
un energijas parnese ir nepiecieSama, lai ierosinat Tb®" luminiscenci pat vakuuma
ultravioleta spektra diapazona.

LUMINESCENCE OF NANO- AND MACROSIZED LaPO4:Ce,Tb EXCITED
BY SYNCHROTRON RADIATION

V. Pankratovl, L. Shirmanel, AL Popovl, A. Kotlovz, C. Feldmann®
!Institute of Solid State Physics, University of Latvia
2 HASYLAB at DES Y, Hamburg, Germany
3 Institute of Inorganic Chemistry, Karlsruhe Institute of Technology (KIT)

Comparing the luminescence properties of nanosized and macroscopic LaPO4:Ce,Tb
powders are performed in wide spectral range using synchrotron radiation. In the
present study, LaPO4:Ce,Tb nanopowder was produced by means of a microwave-
induced synthesis in ionic liquids, whereas the bulk sample represents a commercial
lamp phosphor. Emission and excitation of both, Ce’" and Tb’" luminescence, is
observed to be different when comparing bulk and nanosized LaPO,4:Ce,Tb. In
particular, it was shown that the fine structure of the Ce’" as well as the Tb>" related
emission is poorly resolved for the nanomaterial. It is suggested that the nanoparticles
surface plays a key role regarding the perturbation of rare-earth ions and changes their
luminescence properties. Furthermore, it is demonstrated that allowed f-d transitions
on Tb’" at high energy are significantly suppressed for nanosized LaPOg4:Ce,Tb.
Energy transfer is required to initiate Tb®" emission even in the vacuum ultraviolet
spectral range.
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VERTIKALA LADINA PARNESE Si NANOKRISTALU/SiO; (MULTISLANU)
STRUKTURAS

V. Osinniyz, V. Pankratov1’3, A.N. Larsen2’3, B.B. Nielsen”
'Latvijas Universitates Cietvielu fizikas institiits
’Department of Physics and Astronomy, Aarhus University
I Interdisciplinary Nanoscience Center (iNANO), Aarhus University

Dotaja darba tika pétita vertikala ladinu parnese Si nanokristalos, kas ir iebuveti SiO,
matrica. Paraugi tika iegiti izmantojot magnetrona izputekloSanas nogulsnéSanas
metodi. Ar caurejosa starojuma elektronmikroskopu un ar fotoluminiscences
mérfjjumiem tika paradits, ka eksist€ divu tipu Si dalinas — ar dazadiem diametriem.
Balstoties uz elektriska lauka un temperatiiras atkaribu no kapacitates un 1patngjas
pretestibas, ir paradits, ka vertikala parnese tiek vislabak aprakstita ar fonona un tieSas
tuneléSanas mehanismu kombinaciju. Nemot véra to, ka refrakcijas raditaja vertibas,
iegiitas izmantojot Poole-Frenkel tuneléSanas mehanismus, ir loti lielas, tad §1 metode
nav piemérota vertikala ladina parneses mehanisma izskaidrosanai. Tiek apspriestas
iespejas, ka efektivak savakt vairak ladinu nes€jus, kas raditi ar gaismu struktiiras ar
dazada izm@ra Si nanokristaliem.

VERTICAL CHARGE-CARRIER TRANSPORT IN Si NANOCRYSTAL/SiO2
MULTILAYER STRUCTURES

V. Osinniyz, V. Pankratov'? , A.N. Larsen2’3, B.B. Nielsen*?
!Institute of Solid State Physics, University of Latvia
’Department of Physics and Astronomy, Aarhus University
3 Interdisciplinary Nanoscience Center (iNANO), Aarhus University

Charge-carrier transport in multilayer structures of Si nanocrystals embedded in a
SiO, matrix grown by magnetron sputtering has been investigated. The presence of
two types of Si NCs with different diameters after post-growth annealing is concluded
from transmission-electron microscopy and photoluminescence measurements. Based
on the electric field and temperature dependences of capacitance and resistivity, it is
established that the carrier transport is best described by a combination of phonon-
assisted and direct tunneling mechanisms. Poole—Frenkel tunneling seems to be a less
suitable mechanism to explain the vertical carrier transport due to the very high values
of refractive indices obtained within this model. The possibility to more effectively
collect charge carriers generated by light in structures having Si nanocrystals of
different size is discussed.
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SINHROTRONA STAROJUMA IEROSINATA LUMINISCENCE YVO4:Eu*
NANOKRISTALOS

L. Sirmanel1 V. Pankratovl, Al Popovl, , A, Kotlovz, C. Feldmann®
Latvijas Universitates Cietvielu fizikas institiits
2 HASYLAB at DES Y, Hamburg, Germany
3 Institute of Inorganic Chemistry, Karlsruhe Institute of Technology (KIT)

Dotaja darba tika salidzinatas luminiscences 1paSibas nanokristaliskam YVO4:Eu un
komercialam makroskopiskam analogam no Philips. Luminiscences mérijumi tika
veikti izmantojot sinhotrona starojumu (3.6 — 40 eV) uz SUPERLUMI stacijas
HASYLAB, DESY (Hamburga). Ipasa uzmaniba tika veltita vakuuma ultravioleta
spektra diapazonam, kas parasti nav sasniedzams, izmantojot lampu vai lazeru
starojumu. leguti rezultati parada skaidri redzamu atSkiribu starp nano un
makrokristalisko paraugu ierosinajuma spektriem, it TpaSi pie energijam, kad
telpiskais attalums starp elektronu-caurumu pari ir salidzinams ar nanodalinu izméru.

LUMINESCNECE PROPERTIES OF YVO,:Eu>* NANOCRYSTALS UNDER
SYNCHROTRON RADIATION

L.§irmane1, V. Pankratovl, A.L Popovl, A. Kotlovz, C. Feldmann®
!Institute of Solid State Physics, University of Latvia
? HASYLAB at DESY, Hamburg, Germany
3 Institute of Inorganic Chemistry, Karlsruhe Institute of Technology (KIT)

Comparative analysis of the luminescent properties of nanocrystalline YVO4:Eu
luminescent materials with macro crystalline analogues, commercially produced by
Philips, has been performed. The luminescence emission and excitation
measurements were carried out under pulsed synchrotron radiation (3.6 — 40 eV)
emitted from DORIS III storage ring on the SUPERLUMI station of HASYLAB at
DESY (Hamburg). Special attention was paid to vacuum ultraviolet spectral range,
which is not reachable with commonly used lamp and laser sources. Our results
clearly show distinct difference in the excitation spectra for nano and macro
crystalline samples, especially at energies, when the spatial separation of electron-
hole pairs is comparable with sizes of nanoparticles.
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YAG:Ce CAURSPIDIGAS NANOKERAMIKAS LUMINISCENCES
IPASIBAS

L.Sirmane', V.Pankratov', W.Strek’, W.Lojkowski’
'Latvijas Universitates Cietvielu fizikas institiits
Institute of Low Temperature and Structure Research, Wroclaw, Poland
*Institute of High Pressure Physics, Warsaw, Poland

Tika pétitas caurspidigo nanoizméru ar ceriju aktivétu Y3AlsO012 (YAG:Ce) keramiku
optikas un luminiscences 1pasibas. YAG:Ce caurspidigas nanokeramikas tika
izgatavotas pie zemam temperatiram un zem augsta spiediena. Nanokeramikas
paraugi tika sintezéti mainot spiedienu no 2 GPa lidz 8 GPa, bet Ce’™ jonu
koncentracija tika mainita no 0.5 Iidz 5 %. Darba tika paradits, ka paraugu
izgatavoSanas laika pieliktais augstais spiediens noved pie butiskiem izmainam
optiskos un luminiscences ipasibas. legiitos spektros, atSkiriba no monokristala,
visiem nanokeramikam tika novérots manams absorbcijas koeficienta pieaugums pie
vilpu garumiem mazakiem par 400 nm. Bez tam, nanokeramiskos paraugos tika
noveérota neraksturiga YAG:Ce monokristalam UV luminiscences josla ar
maksimumu ap 3.1 eV.

PECULIARITIES OF LUMINESCENT PROPERTIES OF CERIUM DOPED
YAG TRANSPARENT NANOCERAMICS

L.Sirmane', V.Pankratov', W.Strek’, W.Lojkowski’
!Institute of Solid State Physics, University of Latvia
’Institute of Low Temperature and Structure Research, Wroclaw, Poland
*Institute of High Pressure Physics, Warsaw, Poland

Optical and luminescence properties of transparent nanosized cerium doped Y3Als01,
(YAG:Ce) ceramics have been studied. YAG:Ce nanoceramics were obtained by
means of low temperature and high pressure (LTHP) sintering method. Nanoceramic
samples were sintered in the 2-8 GPa pressure range, whereas Ce®" concentration
was varied in the 0.5-5 at. % range. It was demonstrated, that high pressure applied
during nanoceramics sintering leads to significant changes in their optical and
luminescence properties. It was shown that, in contrast to the single crystal, a strong
rise of absorption coefficient was detected already at wavelength shorter than 400 nm
in all nanoceramic samples studied. Furthermore, in nanoceramic samples unusual
UV emission band near 3.1 eV was observed, which is not observed in the YAG:Ce
single crystal.
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VIEN-CAULU NEORGANISKO NANOCAURULU SIMETRIJA UN MODELI

R.A. Evarestovl, J. Zukovskisz, S. Piskunovs2’3’4, A.V. Bandura'
'Department of Quantum Chemistry, St. Petersburg State University, Russia
’Latvijas Universitates Cietvielu fizikas institiits
JLatvijas Universitates datorikas fakultdte
‘Latvijas Universitdtes fizikas un matematikas fakultate

Vien-Caulu (SW) BN un TiO; nanocaurules (NTs) ar heksagonalo struktiru
var dabiit izmantojot attiecigo stohiometrisko nanoplak$nu saviSanu kas attiecas uz:
(7) (0001) monoslani izgriezto no BN kristala heksagonala faze vai (ii) trisslanu (111)
plaksni izgriezto no TiO; kristala fluorita faze [1]. Attiecigo plakSnu un nanocaurulu
atomaras un elektroniskas struktiiras parametri tika aprékinati izmantojot Blivuma
Funkcionala Teorijas (DFT) metodi ar PBEO hibrido apmainu-korelacijas funkcionalu
istenotu CRYSTAL programma lokalizeto orbitalu formalisma (LCAQ) ietvaros.

Neorganiskas nanocaurules ar dazado kristalisko morfologiju varétu bt
konstru@tas izmantojot linearo grupu formalismu. Spiralveida simetrijas izmantoSana
nanocaurulu aprékiniem noved lidz krasai skaitloSanas laika samazinasanai. Jauna
pieeja linearo grupu nereduc€jamas reprezentativitates generacijai tiek balstita uz
izomorfismu starp linearam un plakanam grupam. Ar vien-Caulu BN un TiO;
heksagonalo nanocaurulu diametru palielinasanu tas deformacijas energijas
samazinajas un tuvojas energijas minimumam sakot ar Dnr > 2 nm, kaut gan tas
aizliegtas energgtiskas zonas platums tuvojas attiecigo 2D plaksnu lielumiem.

SYMMETRY AND MODELS OF SINGLE-WALL INORGANIC
NANOTUBES

R.A. Evarestovl, Yu.F. Zhukovskiiz, S. Piskunov>>* and A.V. Bandura'
'Department of Quantum Chemistry, St. Petersburg State University, Russia
?Institute of Solid State Physics, University of Latvia
Faculty of Computing, University of Latvia
* Faculty of Physics and Mathematics, University of Latvia

Hexagonal single-wall (SW) BN and TiO, nanotubes (NTs) can be formed by
rolling up the stoichiometric sheets of either (i) (0001) monolayer of BN hexagonal
phase or (ii) three-layer (111) slab of fluorite-type TiO, phase [1]. Parameters of the
atomic and electronic structure of corresponding slabs and nanotubes have been
calculated using the hybrid DFT method with PBEO exchange-correlation functional
as implemented in CRYSTAL code within the localized orbital (LCAQO) formalism.
Inorganic nanotubes of different crystalline morphology can be constructed using the
line group formalism. The exploitation of rotohelical symmetry for NTs permits a
drastic reduction of the computation time. A new approach for the generation of
irreducible representations of the line group is based on isomorphism between the line
and plane groups. The strain energies of SW BN and TiO, hexagonal NTs are reduced
with growth of nanotube diameter approaching to minimum energy for Dyt > 2 nm
while the band gaps approach to those for the corresponding 2D slabs.

[1T R.A. Evarestov, Yu.F. Zhukovskii, A.V. Bandura, and S. Piskunov, Symmetry and models of
single-wall BN and TiO, nanotubes with hexagonal morphology. - J. Phys. Chem. C, 2010, 114, p.
21061-21069.
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POLARU NANOAPGABALU MODELESANA Pb(Mg;3Nb,3)O3 (PMN)

E. Klotins, A.IL. Popovs, V. Pankratovs, L. §irmane, D. Engers
Latvijas Universitates Cietvielu fizikas institiits

Dots polaru nanoapgabalu apraksts PMN relaksora tipa segnetoelektriki, atvasinats no
ab initio modela kimiski sakartotam superStinam ar rezga parametriem un palieko$o
polarizaciju. Modeli ietilpst (i)superSiina ar to raksturojoSo Hamiltonianu un
(ii)nesakartots pamata rezgis, kas mnosaka dipolu-dipolu mijiedarbibu starp
super§inam. Sads tuvinajums lauj izskaidrot energétiski ekvivalentas strukturalas
atSkiribas starp superStinam un to invarianci attieciba pret permutacijam ka faktoru,
kas nodroSina paliekoSo lokalo un nulles makroskopisko polarizaciju. Jautajumi, kuri
nav pilniba izprasti un atbildéti sakartotu superStinu modela ietvaros attiecas uz
paradibam pirms strukturalas parejas zem  kritiskas temperatiiras un aktualizeé
neatrisinatas problémas gan pirmo-principu gan laika atkarigds molekularas
dinamikas tehnikas.

POLAR NANOREGIONS IN Pb(Mg;sNb,3)O03; (PMN)

E. Klotins, A. I. Popov, V. Pankratov, L. Shirmane, D. Engers
Institute of Solid State Physics, University of Latvia

We report construction of a model of polar nanoregions in the PMN relaxor
ferroelectric, assigned to ab initio chemically ordered supercells distinguished by
lattice parameters and residual polarization. Key ingredients of this model include (i)
the bare supercel specified by a coarse-grained Hamiltonian and (ii)the disordered
host lattice factorizing the dipole-dipole interaction between supercells. These
approximations help to explain the role of energetically equivalent structural varieties
of the supercells and their invariance under permutations as a source supporting
residual local and zero macroscopic polarization. Reasonable questions not fully
understood and answered within the chemically ordered supercell picture include the
pre-transitional phenomena below some critical temperature and raise the challenge
both for first-principles and time-dependent molecular dynamics simulations.

Eriks Klotins, Anatoli I. Popov, Vladimir Pankratov, Liana Shirmane, Davis Engers,
Polar nanoregions in Pb(Mg;sNb,3)O3; (PMN): insights from a supercell approach,
Cent. Eur. J. Phys. (in press)
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OKSIDU NANOPULVERU FOTOKATALIZES EFEKTIVITATES PETIJUMI

J.Rikveilis, L.Grigorjeva, D.Millers, K.Smits
Latvijas Universitates Cietvielu fizikas institiits

Dazadu pusvaditaju savienojumu nanoizméru dalinu fotokatalize klist arvien
aktualaka tidens un gaisa attiriSana. Fotokatalizes izmantoSanas priekSrociba tidens
attirisana ir pilniga organisko savienojumu mineralizacija, kas ir efektiva pateicoties
dalinu lielo virsmu/tilpuma attiecibu del. Piem&ram, no
vienadojuma 702" e [TiO, A TiO>" vedzams, ka TiO;
darboties gan ka elektronu donors, gan akceptors.

ST darba ietvaros tika pétita un salidzinata fotokatalizes efektivitate vairakiem
nanokristaliem, pieméram, ZnO, ZrO, un TiO,, kuru aizliegto zonu platumi attiecigi ir
3.37 eV, 5-7 eV un 3.03 — 3.18 eV atkariba no kristaliskas fazes. Fotokatalizes
efektivitates noverté€Sanai izmantots metilenzila skidums destiléta tideni. Fotokatalizes
atrums novertets péc metilénzila attiecigo absorbcijas joslu sagrausanas, apstarojot ar
UV gaismu. P&tijumos izmantots pilns Hg lampas spektrs.

Eksperimentos salidzinata fotokatalizes efektivitate atkariba no nanokristalu
grauda izméra(ZnO), aktivatora(Zn:Al) un fazu sastava(TiO; rutils un anatazs).

nanodalina var

PHOTOCATALYTIC EFFICIENCY STUDIES OF OXIDE NANOPOWDERS

J.Rikveilis, L.Grigorjeva, D.Millers, K.Smits
Institute of Solid State Physics, University of Latvia

Photocatalysis of semiconductor compound nanosized particles is becoming
an increasingly interesting oxidation process for water and air treatment. The
advantage of photocatalysis in water purification is the complete mineralization of
organics caused by the efficient photogeneration of OH radicals in accordance with
the large surface area to volume ratios of nanosized particles. For example
equation 770:| e [TiO, A [TiO,|
either an electron donor or acceptor.

In the present work several nanocrystals are studied and compared - ZnO,
71O, and TiO; - to name a few. Their respective band gaps are 3.37 eV, 5-7 ¢V un
3.03 — 3.18 eV depending on the phase of a particular compound. The activity of
photocatalysis was evaluated by experiments of photocatalytic degradation of
methylene blue aqueous solution. Photocatalytic efficiency was evaluated by
degradation of methylene blue respective absorption bands under UV irradiation. Full
spectrum of an Hg lamp was used as a source for UV light.

Photocatalytic efficiency was evaluated depending on the grain size of
nanocrystals(ZnO), doping(Zn:Al) and cystal phase(TiO; rutile and anatase).

shows TiO, nanoparticle is able to act as
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AUGSUP-PARVEIDOTA LUMINISCENCE NaLaF; MATERIALA AR
DAZADAM Er’* KONCENTRACIJAM

J.Griibe, G.Doke, M.Voss, A.Sarakovskis, M.Springis
Latvijas Universitates Cietvielu fizikas institiits

Kompleksie fluoridi ir labi kandidati materialiem, kuros var norisinaties augsup-
parveidota luminiscence. To ir iesp&jams izskaidrot ar loti labu kimisko stabilitati
fluora materialiem un zemo fononu energiju, kas samazina bezizstarojuma parejas
varbiitibu, tadéjadi palielinot augSup-parveidotas luminiscences efektivitati.

Darba gaita tika sintezéti ar dazadam Er’" jonu koncentrdcijam aktivéti NaLaF,
paraugi. lerosinot visus paraugus ar infrasarkano starojumu, tika novérotas Er’* jona
raksturigas luminiscences joslas ultravioletaja, redzamaja un infrasarkanaja spektra
apgabala ar domingjoso ,,zalo” (540nm) un ,,sarkano” (660nm) luminiscences joslu.
No iegiitajiem eksperimentalajiem rezultatiem tiks spriests par augSup-parveidotas
luminiscences mehanismiem un to saistibu ar Er’" jonu koncentraciju.

UP-CONVERSION LUMINESCENCE IN NaLaF, WITH DIFFERENT Er**
CONCENTRATIONS

J.Grube, G.Doke, M.Voss, A.Sarakovskis, M.Springis
Institute of Solid State Physics, University of Latvia

The complex fluorides are promising materials for the up-conversion luminescence. It
can be explained due to relatively high chemical stability of the fluorides and also
small effective phonon energy of the materials, which suppresses the rate of
nonradiative transitions, enhancing the efficiency of the up-conversion processes.

In this work Er’" doped NaLaF, at different Er’* concentrations was synthesized.
Excitation of the samples in the infrared region led to the appearance of the
characteristic luminescence bands in the ultraviolet, visible and infrared spectral
regions dominated by the “green” (540nm) an the “red” (660nm) bands.

Based on the experimental results peculiarities of up-conversion processes and their
variation at different Er’* content will be discussed.

The financial support of ESF project 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 is
greatly acknowledged.
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AKTIVETI OKSIFLUORIDI REDZAMAS GAISMAS LUMINOFORIEM

I. Brice, U. Rogulis, E. Elsts, A. sarakovskis, G. Doke
Latvijas Universitates Cietvielu fizikas institiits

Baltas gaismas diodes jeb LED lampas, salidzinot ar kv€lspuldzém, ir daudz
energoefektivakas, tajas nav dzivsudraba, ka ari tas kalpo ilgak. Galvenas problémas
ir razoSanas izmaksu samazina$ana un atbilstosa luminofora izvéle, jo tam jabiit ne
tikai ar pietickamu luminiscences emisijas intensitati, bet ar1 ar plaSu redzamas
gaismas izstaroto spektru. Joprojam norisinas jaunu redzamas gaismas luminoforu
pétijumi [1]. Miisu darba izgatavoti paraugi un pétita un salidzinata ar Ce’”, Eu®’, ka
ari Ce’"/Eu”" aktivétu oksifluoridu stiklu un keramikas luminiscence no redzamas
gaismas luminoforu pielietojumu viedokla.

[1] A.A. Setlur, Phosphors for LED-based Solid-State Lighting, The Electrochemical
Society Interface, Winter 2009, 32-36. Ipp.

ACTIVATED OXYFLUORIDES FOR SOLID-STATE LIGHTING

I. Brice, U. Rogulis, E. Elsts, A. Sarakovskis, G. Doke
Institute of Solid State Physics, University of Latvia

Comparing to conventional switch lightbulbs, white LEDs are more energoeffective,
have no mercury fumes and serve longer. Main problems are diminishing of
production costs and choose of appropriate phosphor, because not only the emission
of luminescence has to be efficient but also the spectrum has to be wide enough.
Investigations of new phosphors for solid-state lighting are in progress [1]. In our
work, the luminescence of oxyfluoride samples activated by Ce’” and Eu”" have been
discussed from point of view of solid-state lighting applications.

[1] A.A. Setlur, Phosphors for LED-based Solid-State Lighting, The Electrochemical
Society Interface, Winter 2009, pp 32-36.
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AIN PULVERU LUMINISCENCE ZEMO TEMPERATURU RAJONA

J. Grigorjeva, V.Korsaks, L.Trinklere, B.Bérzina
Latvijas Universitates Cietvielu fizikas institiits

AIN ir viens no perspektiviem platzonu materialiem ar iesp&jamu pielietojumu gan gaismu
emit§josas iekartas, gan arl joniz&josa starojuma un UV gaismas detektéSanai. Bez tam, AIN
paraugu izmérus ir iesp&ams variet no makropasaulei piederoSiem Iidz dazadiem ta
nanostrukturtiem veidiem. Mingtas materiala TpaSibas ir izraisijusas lielu pasaulé stradajoso
fiziku interesi par AIN, jo seviski par ta spektralo raksturojumu.

Jau ilgu laiku AIN keramikas spektralas ipaSibas tiek pétitas Platzonu materialu
laboratorija LU CFL. Ir atrasts, ka spektrala rajona, kas aptver tuvo UV starojumu un redzamo
gaismu, AIN ir divas domingjosas luminiscences joslas pie 400 nm un 600 nm, kas var tikt
ierosinatas gan ar gaismu atbilstoSu attiecigo luminiscences centru absorbcijai, kas atrodas
fundamantalas absorbcijas joslas garo vilpu mala, gan arT ar energijas atdevi eksitonu
procesos. Misu rezultati kopa ar citu autoru datiem zinatniskaja literatiira lauj piedavat
luminiscences mehanismus, ka arT noteikt defektus, kas ir atbildigi par 400 nm luminiscenci
(Oy and vy)).

Esosais zinojums ir veltits AIN pulvera luminiscences pétijjumiem plasa temperatiiru
rajona no 8 K Iidz 300 K. Tika pétiti fotoluminiscences (PL) spektri pie dazadiem ierosinosas
gaismas vilpu garumiem (PLE) un temperatiiram no augstak min&ta intervala. Summaros PL
spektrus registréja CCD kamera. Tika atrasts, ka, paraugu ierosinot ar 250 nm gaismu, kas
atbilst luminiscences centra tieSam ierosinajumam, 400 nm PL intensitate pieaug,
pazeminoties temperattrai. Turpreti, energijas atdeve eksitonu procesos Siem luminiscences
centriem pie zemam temperatiram ir dalgji iesaldéta. Tiek apspriesti noveroto procesu
mehanismi.

LOW TEMPERATURE LUMINESCENCE OF AIN POWDERS

J.Grigorjeva, V.Korsaks, L.Trinkler, B.Berzina
Institute of Solid State Physics, University of Latvia

AIN is one of prospective wide band gap materials with possible application in light
emitting devices
as well as for the detection of ionizing radiation or UV light. Bedsides, AIN can be produced
as a bulk material or in different nanostructured forms. Recently these qualities have evoked
strong interest between the physicists about the properties of AIN with emphasis on spectral
characterization of this material.

Spectral properties of AIN ceramics have been investigated in laboratory of ,,Wide band
gap materials” at ISSP for a long time. It was found that within the spectral range including
visible and near UV light there are two dominant luminescence bands around 400 nm and 600
nm, which can be excited either in their own absorption bands from the long wavelength side
of the material fundamental absorption or due to energy transfer from excitonic processes.
Our results together with those from the scientific literature allowed revealing the
luminescence mechanisms and the defects responsible for the 400 nm luminescence (Oy and
VAI)-

Present investigation is devoted to the study of visible luminescence of AIN powder within
a wide temperature range from 8 K up to 300 K. The photoluminescence (PL) spectra at
different photoexcitations (PLE) and temperatures from the region above were measured
using equipment with CCD camera for registration of the spectra. It was found that under the
250 nm excitation corresponding to the direct excitation of the 400 nm luminescence the
intensity of this PL increases with reducing of the temperature, whereas the energy transfer
from the excitons to luminescence centers is partially frozen at low temperatures. The
mechanism of the processes observed was discussed.
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Al,O; NANOPULVERU LUMINISCENCES ATKARIBA NO GRAUDU
IZMERA UN STRUKTURAS

Z. Jevsjutina, L.Trinklere, B.Bérzina
Latvijas Universitates Cietvielu fizikas institiits

Aluminija oksida (Al,03) nanopulveros tika pétita fotoluminiscence (PL). RTU NKI
ar plazmas metodi tika izgatavoti 6 paraugi no vienas un tas paSas izejvielas pie
dazadam temperatiiram. Sint€zes temperatiirai pieaugot no 800 °C lidz 1400 °C,
aluminija oksida graudu struktiira mainas — ta kliist arvien sakartotaka. Kristaliska
rezga faze mainas no y caur 6 un 0 uz a fazi, vienlaicigi graudu izmérs pieaug no 13
lidz 80 nm. Tika noskaidrots, ka nominali tiru Al,0; nanopulveru luminiscentas
ipaSibas nosaka nekontrol€jamie titana un hroma piemaisijumi. Paraugos ar
nesakartotam parejas fazém fotoluminiscences spektrs satur platu joslu 700-900 nm
rajond, kuru nosaka Ti’" jona starojums. Lidz ar graudu izméra paliclinasanos 3is
joslas intensitate vispirms pieaug, tad samazinas. Paraugos, kuru struktiiras
sakartotiba ir sasniegusi 0 + o fazes, Ti’" luminiscences josla samazinas un izzid,
toties paradas divas Sauras joslas, kas atbilst Cr’” luminiscencei aluminija oksida ar 0
fazi (680 nm) un o fazi (694 nm). Titdna un hroma luminiscences ierosinasanas
spektros tika novérotas joslas, kas atbilst So piemaisiju luminiscences centru
raksturigam absorbcijas paréjam, ka ari kopiga 320 nm josla. Tiek izteikts
pienémums, ka §1 kopiga ierosinasanas josla ir saistita ar eksitona tipa stavokli, kas
atkariba no kristaliska rezga sakartotibas pakapes izraisa titana vai hroma jona
luminiscenci.

DEPENDENCE OF Al,O; POWDER LUMINESCENCE ON GRAIN SIZE
AND STRUCTURE

Zh. Jevsjutina, L. Trinklere, B.Berzina
University of Solid State physics, University of Latvia

Photoluminescence (PL) has been studied in the alumina (Al,03) nanosize powders. 6
samples were produced from the same initial material by plasma method at different
temperatures. Rise of sintering temperature (from 800 to 1400 °C) causes changes in
alumina structure, which becomes more ordered, transforming from y via d and 6 to a
phase, in the same time grain size increases from 13 to 80 nm. It was found out that
luminescence properties of nominally pure alumina powders are determined by
uncontrolled impurities of titanium and chromium. Luminescence spectra of the
samples with poorly ordered structure have a broad band in the 700-900 nm region
ascribed to emission from Ti'" ions. In the samples with 6 + o phases Ti’"
luminescence band diminishes and disappears, instead there emerges two narrow
bands corresponding to Cr’" emission in alumina with 6 phase (680 nm) and a phase
(694 nm). Excitation spectra of Ti*" and Cr’* jons contain bands inherent for
absorption transitions of these ions, besides there is a common band at 320 nm. It is
assumed that 320 nm excitation band is connected with an exciton type state, which
depending on lattice phase causes either titanium or chromium emission.
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LUMINISCENTO IPASIBU ATKARIBA NO AKTIVETA STRONCIJA
ALUMINATA SINTEZES UN PECAPSTRADES

V.Liepina, Dz.Jankovica, K.Smits, D.Millers
Latviajas Universitates Cietvielu fizikas institits

Materialiem ar ilgu pecspidéSanu (izstaro gaismu p&c ierosmes gaismas izslégSanas) ir
pieversta liela uzmaniba to plasas pielietojamibas d€] (apgaismojums, norazu zimes, optiskas
atminas), Sobrid galvenais mérkis ilgi spidoSu materialu izp&t€ ir atrast pec iesp&jas ilgak un
intenstvak spidosus fosforus, kas pavertu vel plasakas to izmantoS$anas iesp&jas. Neseni petijumi ir
paradijusi, ka ar eiropiju un disproziju aktivéti sarmzemju metalu aluminati ir vieni no labakajiem
fosforiem ar ilgu un intensivu pecspidesanu[1].

Ar eiropiju un disproziju aktivéts stroncija aluminats — intensivi zalas gaismas rajona
spidoss fosfors ar ilgu dziSanu, tika sintez&ts dazadas atmosferas, pec sintézes termiski apstradats.
Dazados apstaklos iegiitajiem paraugiem meritas optiskas 1past bas — spektralais sastavs, dziSanas
laiks, luminiscences atkariba no temperatiiras. P&tjjuma merkis bija noteikt optimalo atmosferu
Sr4Al114025:Eu,Dy sintézei. Materialu sagatavosanas process biitiski ietekmE& materiala
luminiscentas Tpasibas, tad€l paraugiem tika novérotas atSkirtbas gan p&cspidésanas intensitate,
gan dziSanas atruma. Tas ir izskaidrojams ar to, ka reakcijas procesa tika iegiitas vismaz divas
dazadas stroncija aluminatu fazes, no kuram, péc literatiiras datiem, Sr4A114025 ir optimalaka ar
lielako kvantu iznakumu. Tika veikta materialu struktiiras un kimiska sastava noteikSana, lai
noteiktu §Ts atSkiribas, ka arT luminiscences pétijumi atkariba no temperatiiras, lai noteiktu
procesus, kas atbildigi par ilgo p&cspidéSanu. Tiks diskutSts, ka sint€zes apstakli un termiska
pecapstrade ietekme materiala luminiscentas Tpasibas.

Petijumi veikti, izmantojot fotoluminiscenci ar laika izSkirSanu, ka arT katodluminiscenci.
Paraugu parbaudei tika izmantoti rentgenstuktiiranalize (XRD), ka arT rentgenfluorescences
(EDAX) metodes.

THE DEPENDANCE OF THE OPTICAL PROPERTIES OF A EU, DY DOPED
STRONTIUM ALUMINATE DUE TO ITS SYNTHESIS AND AFTER TREATMENT

V.Liepina, Dz.Jankovica, K.Smits, D.Millers
University of Solid State physics, University of Latvia

Materials with a long afterglow (continue emitting light after the interruption of
excitation) have attracted a wide attention due to their vast utilization possibilities (lighting,
optical memories, indication signs etc.). Now the main goal in the research of long afterglow
materials is to find materials with even better optical properties. Recent study has proved that Eu
and Dy doped alkaline earth metal aluminates are one of the best phosphors yielding an intensive
and long-lasting afterglow [1].

Eu, Dy doped strontium aluminate — a phosphor, which glows intensively at the green
light region, was synthesized in different atmospheres and synthesis was followed by heat
treatment. In different circumstances acquired materials were studied for their optical properties —
luminescence spectra and the time and temperature dependence. The goal of this research was to
find the optimal circumstances for Sr4Al114025 synthesis. The process in which the materials are
prepared strongly affects the luminescent properties, so the samples were noticed to differ as in the
intensity of the afterglow, as the decay time of the luminescence,. The possible explanation is that
during the reaction at least two different phases of the strontium aluminate were created, of which,
as different research has proved, Sr4Al14025 has the highest quantum efficiency. The structural
analysis and the analysis of the luminescence temperature dependence of the samples were carried
out to determine the processes responsible for the long afterglow. It will be discussed, how the
circumstances of the synthesis and the after treatment affect the optical properties of the material.

The research was done, using time resolved luminescence spectroscopy and cathode-
luminescence. XRD and EDAX methods were used for the analysis of the samples structure and
chemical composition.

[1] Changliang Zhao, Donghua Chen, Yuhong Yuan, Ming Wu. Materials Science and
Engineering B 133 (2006) 200-204
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POLIURETANU UN AZO-SAVIENOJUMU POLIMERU SINTEZE
OPTISKAM IERAKSTAM

A. Gerbreders
Latvijas Universitates Cietvielu fizikas institiits

Paradita jauna azo-poliméra sintézes pakapeniska metode wuz glicerina,
toluilendiizocianata un Disperse Red 1 bazes. Saja polimera, atskiriba no tiem, kuri
agrak bija aprakstiti literatira, Disperse Red 1 molekulas bija piestiprinatas pie
poliuretana molekularas k&des ar toluilendiizocianata palidzibu. Polimérs no skiduma
bija uzlikt uz stikla substratu ar slapa biezumu 3.7 — 4.0 um. Tika pétiti pléves
transmisijas spektri. Tika salidzinatas dazadu poliuretana un akrila nelinearu poliméru
optisko azo-savienojumu optikas 1pasibas.

THE SYNTHESIS OF POLYURETHANE AND AZO-COMPOUND
POLYMER FOR OPTICAL RECORD

A. Gerbreders
Institute of Solid State Physics, University of Latvia

The new polyurethane azo-polimers on glycerine, TDI and Disperse Red 1 base
was synthesized by step-by-step method. The difference of the polymer from early
described NLO azo-polymers is addition of Disperse Red 1 molecules through TDI to
main polyurethane chain. Film of the polymer was obtained from solutions in organic
solvents on glass substrate. The dry film thickness was in the range of 3,7 — 4.0 pm.
The absorption spectrum of the film was studied. Optical properties of different NLO
azo-polymers on polyurethane and acrylic base were compared.
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OPTISKAIS IERAKSTS NANODALINU SUSPENSIJAS

E.Paléevskis"?, M.Reinfelde™, J. Teteris>*
'RTU Neorganiskas kimijas institiits, SIA PKT
I Latvijas Universitdtes Cietvielu fizikas institits,’SIA Hologramma

Apskatiti petijumu rezultati par optisko ierakstu nanodalinu suspensijas, kas tika
veikti programmas “Uznéméjdarbiba un inovacijas” 2.1.2.2.1 aktivitates “Jaunu
produktu un tehnologiju izstrade” ietvaros.

Tika pétitas SIA “PKT” ar plazmas metodi sintezétas TiN nanodalinas un SIA
Hologramma ar kimisko metodi iegiitas Au un Ag nanodalinas. Nanodalinas tika
dispergétas organiskos $kidinatajos un UV fotopoliméros ar stabilizatoru klatbatni.
P&tfjumiem tika izmantoti suspensijas slanis ar biezumu 50 — 100 pum starp kvarca
plaksniteém.

Darba tika pétitas nanodalinu suspensiju optiskas ipaSibas un to izmainas 532 nm
lazera starojuma iespaida. Paradits, ka sp@ciga gaismas intensitates gradienta
iedarbibas rezultata notiek nanodalinu parvietoSanas, kas dod iesp&ju ierakstit
optiskos difraktivos elementus.

OPTICAL RECORDING IN NANOPARTICLE SUSPENSIONS

E.Paléevskisl’z, M.Reinfelde3’4, J.Teteris™
!Institute of Inorganic Chemistry, Riga Technical University, "PKT Ltd,
I Institute of Solid State Physics, University of Latvia, *Hologramma Ltd.

The research on optical recording in nanoparticle suspension systems was performed
in the frame of the activity 2.1.2.2.1 “Novel products and technologies” in the
programme “Business and innovation”.

The TiN nanoparticles synthesized by plasma method (PKT Ltd.), and Au and Ag
nanoparticles synthesized by chemical method (Hologramma Ltd) were studied. The
nanoparticles were dispersed in organic solvents and UV photopolymers in the
present of surfactants. The suspension layers between two quartz plates with a
distance of 50 — 100 um were used for the studies.

The optical properties and their changes under 532 nm laser illumination were
studied. The lateral transfer of the nanoparticles was observed under influence of the
strong optical intensity gradient, enabling the recording of optical diffractive
elements.
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HOLOGRAFISKA IERAKSTA ATKARIBA NO 632.8 nm
LAZERA STARU POLARIZACIJAS

M.Reinfelde
Latvijas Universitates Cietvielu Fizikas Institiits

Dotaja darba turpinata HG virsmas reljefa IpaSibu pétiSana As-S-Se Kkartipas,
izmantojot He-Ne lazeru ar vilpa garumu A,=0,632um. Aplikoti rezultati, kas iegiiti
ieraksta ar savstarpgji perpendikulari orient€tiem s un p virziena polarizétiem stariem,
atkariba no ierakstoSo staru intensitates, ka art papildus A,=0,640 um apgaismojuma
intensitates un polarizacijas.

Paradits, ka reljefa dzilums, ko As-S-Se kartinas var iegiit pie ieraksta ar vilpa garumu
A1=0,632um, ir atkarigs no starojuma dozas. leraksta ar + 45° virzienos polariz€tiem
stariem iesp€jams iegiit reljefu pat Iidz 0,9um. Tacu, reljefa dzilums, pie kura
sasniegta difrakcijas maksimala efektivitate (DEmax =~ 7 %) rezgim, nolasot ar
A=0,632pum ir = 0,25 pm. Tas nozimé, ka, kontrolgjot reljefa dzilumu, ir iesp&jams
ieglt virsmas reljefu ar optimalu difrakcijas efektivitati ar1 spektra garako vilgu
diapazona.

DEPENDENCE OF HOLOGRAPHIC RECORDING ON POLARISATION
OF 632.8 nm WAVE BEAM

M.Reinfelde
Institute of Solid State Physics, University of Latvia

Holographic surface reliefs of As-S-Se films under He-Ne laser wave length
A1=0,632 um were studied. Results for recording by mutually polarised s-p light
beams in dependence of recording light intensity as well of intensity and polarization
direction of supplemental A,=0,640 um illumination will be presented.

Some results on studies of radiation influence dose on surface relief depth will be
shown. For + 45° polarized recoding light beams relief could achieve 0, 9 um depth.
Although such a depth is not optimal for observing maximum diffraction efficiencies
at A=0,632um (for DEmax = 7 % relief depth is = 0,25 um) but it gives a possibility
of achieving high surface reliefs by recording at A=0,632um with optimum diffraction
efficiencies for longer wave lengths.
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KARBOKSILGRUPU SATUROSU AZOBENZOLU OPTISKIE PETIJUMI
PLANAS POLIMERA KARTINAS

E.Laizﬁnel, D.Gustil,laz, I.Muzikantel, A.Vembris'
'Latvijas Universitates Cietvielu fizikas institiits
zOrganiskds sintezes institiits

Jaunu azobenzolu molekulu veidosana ir nepiecieSams izpétit dazadu grupu
ietekmi uz atgriezenisko cis/trans fotoizomerizaciju un, lai palielinatu optiskos
procesus, ka arT aptvertu plasaku spektralo diapazonu.

Petfjumi ir saistiti ar to, ka més izmantojam azobenzola molekulas ar dazadam
aizvietotajgrupam: telpiskie cikloheksani, fenil un butil grupas. Darba apskatita So
grupu ietekme uz fotoizomerizacijas procesu. Paraugi ar azobenzolu molekulu
koncentraciju no 1 Iidz 10 svara procenti poliméra tiek pagatavoti ar ,,spin coating”
metodi. So grupu ietekme uz fotoizomerizacijas procesu tiek noteikta no atbildes laika
un optiska absorbcijas izmainam apgaismojot paraugu ar dazadiem vilpu garumiem.

OPTICAL STUDY OF THIN SOLID FILMS WITH AZOBENZENE
MOLECULES CONTAINING CARBOXYL GROUPS

E.Laizanel, D.Gustinaz, I.Muzikantel, A.Vembris'
"Institute of Solid State Physics, University of Latvia
?Latvian Institute of Organic Synthesis

In the design of a new molecular structure of the azobenzene derivatives we
have developed our investigations in the field of modified azobenzene derivatives
showing high reversible cis/trans photoisomerization. We have focused our attention
on the dependence of the photosensitivity of azobenzene carboxylic acids to
variations of the substituents in the sulfonamide moiety.

Several azobenzene derivatives with bulky cyclohexyl, phenyl and butyl groups
were chosen to investigate its influence on photoisomerization process. The samples
with 1 to 10 wt% azobenzene molecules in polymer matrix were made by spin —
coating technique. The group efficiency of photoizomerisation process was studied by
the response time and changes of optical absorption of trans band due to the
irradiation of different wavelengths.
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KORONAS TRIODES KA NLO POLIMERU ORIENTESANAS IEKARTAS
VOLTAMPERU RAKSTURLIKNES

E. Nitiss, E. Titavs, M. Rutkis, O. Vilitis
Latvijas Universitates Cietvielu fizikas institiits

LU CFI Organisko materialu laboratorija viens no pétjjumu virzieniem ir
jaunu, augsti efektivu poliméru materialu radiSana, kurus var€tu izmantot nelineari
optiskas (NLO) iericés. Lai Sadiem poliméru materialiem piemistu NLO 1paSibas
hromoforus tajos nepiecieSsams orientét elektriska lauka. Viena no popularakajam
NLO poliméru orientéSanas metodém ir orientéSana koronas izlades radita lauka. Tika
izstradata koronas triodes iekarta, ar kuru ir iesp&ams nodroSinat konstantas
orient€Sanas spriegumus un stravas parauga.

Izstradajot So iekartu par prioritati tika izvirzita stabilu un atkartojamu
orient€Sanas apstaklu nodroSinasana. Nozimiga loma sist€émas darbiba ir videi, kura
notiek koronas izlade. Ja koronas izlade notiek gaisa, mainoties temperatiirai un gaisa
mitrumam, mainas pretestiba starp tiklinu un paraugu un lidz ar to orient&josa lauka
intensitate. Koronas izlade gaisa jonizé€ skabekli un veidojas ozons, kur§ reagéjot ar
poliméru materialu var to degradét. Sos trikumus var novérst veicot orientéSanu
inertas gazes plisma. M&s izmantojam slapekli. Lai novertetu koronas triodes iekartas
parametrus un optimiz€tu orient€Sanas procesu tika pétitas iekartas voltampéru
raksturliknes atkariba no vides (gaiss, N, pliisma), tiklina — parauga attaluma, tiklina
kedes slodzes pretestibas un parauga vadamibas.

CURRENT - VOLTAGE CHARACTERISTICS OF CORONA TRIODE
SETUP FOR NLO POLYMER POLING

E. Nitiss, E. Titavs, M. Rutkis, O. Vilitis
Institute of Solid State Physics, University of Latvia

One of the investigation tasks LU ISSP is creation of highly effective polymer
materials for non-linear optic (NLO) devices. For creating optical nonlinearities in the
polymer material corona discharge poling technique can be applied. For polymer
poling purposes we have built a corona triode device which operates in constant grid
voltage or current modes. For evaluation and optimization of corona triode
parameters, current — voltage characteristics were captured.

One of the most important parameters for the device is the environment in
which corona triode operates. We demonstrated that if corona discharge is performed
in air the humidity of air changes along with the temperature which causes change in
electric resistance between the grid and sample. Moreover, oxygen molecules are
ionized thus creating molecules of ozone which can react with the sample by
degrading it. To avoid this, a constant flow of nitrogen is applied. Full grid voltage
control can be achieved if the grid charging from the corona is prevented. This can be
achieved via grounding grid by additional extra load resistance. For further analysis of
system performance the I-U characteristics as a function of environment (air, N)
parameters, grid — sample distance, grid resistance values and sample conductivity
were obtained.
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MATRICU FORMALISMA PIELIETOSANA NOSAKOT PLANU
ORGANISKU KARTINU EO KOEFICIENTU AR MAHA ZENDERA
INTERFEROMETRU

E. NitiSs, M. Rutkis, M.Svilans
Latvijas Universitates Cietvielu fizikas institits

LU CFI Organisko materialu laboratorija tiek izmantota Maha — Zendera
interferometriska (MZI) metode, ar kuru iesp&jams noteikt planas organiskas kartinas
EO koeficientus un novertet ta piemérotibu izmantosanai EO modulatoros.

Neskatoties uz to, ka ir zinamas ar1 citas EO koeficientu noteikSanas metodes,
MZI metode izv€l&ta, jo ar to iesp&jams neatkarigi novertet EO koeficientus r;; un 133,
ka ari tai ir liela jutiba pret gaismas fazes izmainam parauga pleca. Realizjot So
metodi Organisko materialu laboratorija radam apstiprinajumu vairakiem zinamiem
§is metodes trukumiem [1], ka arT nov€rojam gaismas daudzkartgjas ieksgjas
atstaroSanas un elektrostrikcijas efektus parauga, kuri apgritina korektu EO
koeficientu noteiksanu. Sie efekti ir Joti nozimigi modulacijas dzilumu interpretacija.
Tos iesp&jams nemt vera pielietojot Abes matricu formalismu skaitliski simul&jot
gaismas intensitates un fazes modulacijas dzilumu parauga atkariba no gaismas
kriSanas lenka un lidz ar to korektak novertét materiala EO koeficientus. Referata
demonstréts Sadas aproksimacijas pielietojums PMMA+DMABI 5wt% parauga EO
koeficientu noteikSanai.

APPLICATION OF ABES MATRIX FORMALISM FOR DETERMINATION
OF THIN ORGANIC FILM EO COEFFICIENTS BY MACH - ZEHNDER
INTERFEROMETER

E. Nitiss, M. Rutkis, M.Svilans
Institute of Solid State Physics, University of Latvia

At the Laboratory of organic materials of the ISSP we have implemented the
Mach — Zehnder interferometric (MZI) method for determination of EO coefficients
of thin organic films.

Despite the fact that there are known multiple other optical methods for
determination of thin film EO coefficients, MZI method is chosen because that
technique has high sensitivity to phase and intensity modulations in the sample arm
and allows to determine independently both EO coefficients - rj3 un r3;. After
realization of this method at the Laboratory of Organic materials we have found
several drawbacks described earlier in literature [1]. In addition to those we
demonstrate that some other effects like electrostriction and multiple internal
reflections in the sample have huge influence on modulation depth values. Taking into
account these effects we have performed numerical simulations of the EO modulation
depth at different incidence angles using Abes matrix formalism and thus determining
EO coefficients of PMMA+DMABI 5wt%.

1. M. Aillerie, N. Theofanous, Measurement of the electro-optic coefficients: description and
comparison of the experimental techniques, Appl. Phys. B 70, (2000), p. 317.-334.
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FIZIKALKIMISKO IPASIBU UN STRUKTURAS PETIJUMI UDENIM
KELVINA ELEKTROSTATISKAJA GENERATORA

A.Krimina', G.Cikvaidze?, J. Kleperis’
Latvijas Universitates Fizikas un matematikas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Lords Kelvins 1867.g. izveidoja Gdens struklas generatoru, lai demonstrétu
Voltas teoriju (kontaktpotencialu starpibas rasanos); bet neizslédza iesp&ju, ka ierice
var kalpot arT ka stravas avots, ja uzkraj spriegumu, ko dod ladini ar dazadam zimeém.
Kelvins arT mil&ja stastit, ka negativi ladéts tidens palénina novecosanos, ir specigs
anti-oksidants, nonem apkalkojumu (plaque) no zobiem un iev€rojami veicina augu
augSanu. Kopuma tidens ir neitrals, bet ta sastava ir gan pozitivie, gan negativie joni.
Kelvina generatora tdens no augs§jas tilpnes tiek novadits uz diviem vienadiem
nopliudes kanaliem un tek caur metala induktoriem (gredzeniem) lidz metala traukiem
apaksa. Induktori savienoti katrs ar pret€jo metala trauku zem tidens striiklam. Nav
vel izskaidrots, ka atdalas pozitivie 1adini iiden1 no negativajiem, bet tikko noplides
krans ir atgriezts, viens no apaks€jiem metala traukiem uzladgjas pozitivs, bet otrs —
negativs. Izlaizot noteiktu tidens daudzumu no generatora, inducétais ladins mérits,
skaitot dzirkstelizlades starp 1 mm attaluma novietotiem elektrodiem, kuri pieslégti
uzladétajiem traukiem. Musu pétijuma meérkis bija noskaidrot, kadas ipasibas piemit
tdenim, kur$ uzladéts ar elektrisko ladinu Kelvina generatora. Veikti mérijumi ar
dejonizétu, krana un paskabinatu tideni. Noveérots, ka uzladétiem tdens pilieniem
piemit izteikti spéciga kodinataja ietekme uz POM (poliacetals) poliméru, no kura bija
izveidotas generatora dielektriskas detalas. Uzladéta tidens elektrokimiskas ipasibas
test€tas ar potenciostatu VoltaLab 40, bet struktiiras izmainas — ar Ramana
spektrometru Advantage 785.

RESEARCH OF STRUCTURE AND PHYSICOCHEMICAL
PROPERTIES OF WATER SPLIT BY KELVIN ELECTROSTATIC
GENERATOR

A.Krumina', G.Chikvaidze’, J.Kleperis
"Faculty of Physics, University of Latvia
*Institute of Solid State Physics, University of Latvia

Water droplet electrostatic generator was made firstly by Lord Kelvin in 1867
to demonstrate Volta's theory on the contact potential difference. He believed the
generator can be used to harvest electricity from atmosphere. Kelvin also told that
negatively charged water reduces aging, cleans plaque from teeth and promotes plant
growth. We made Kelvin electrostatic generator from POM plastics. Specified amount
of water was run through metallic inductors and collected in metallic canisters.
Induced charge was measured after the number of discharges between electrodes
placed in distance 1 mm. During operation of generator it was observed expressed
etching properties or charged water droplets onto POM plastics. Our aim was to find
the difference between both waters collected in metallic canisters. Electrochemical
properties were tested with potentiostat VoltaLab 40 and structure was investigated
with Raman spectrometer Advantage 785.
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NANOSTRUKTURETU PLANO TiO; KARTINU FOTOVADITSPEJAS UN
FOTOKATALITISKAS AKTIVITATES PETIJUMI UDENRAZA
IZDALISANAI

J.Linitis', L.Grinbergaz, J .Kleperis2
Latvijas Universitates Kimijas fakultate
’Latvijas Universitates Cietvielu fizikas institiits

Viendimensionalas TiO, struktiiras (nanovadi, nanocaurulites, nanoskiedras)
piesaista arvien lielaku zinatnieku uzmanibu, jo §adam nanostruktiiram ir liels virsmas
laukums un augsts ladinu parneses atrums, salidzinot ar sfériskam dalinam.
Ladinnes€ji var brivi parvietoties, kas samazina elektronu un caurumu
rekombinésanas iesp€ju, palielinot fotokatalitiska tidenraza izdaliSanas efektivitati.

Vel nav atrisinats jautajums, ka strukturétus TiO, parklajumus iegiit uz optiski
caurspidigas un elektrovadoSas pamatnes. Misu darba nanostrukturéti TiO,
parklajumi tiek iegiiti, elektrokimiski anod€ot metaliska titana pamatni. P&c
iegiiSanas TiO, parklajumi tiek izkarséti skabekli saturosa atmosféra pieskirot tiem
kristalisku struktiiru. Tiek veikti eksperimenti planu titana parklajumu iegtiSanai uz
stikla pamatnes, kas parklata ar vadoSu caurspidigu ITO kartigu, lai péc tam ar
anod€Sanas metodi titana parklajumu parveérstu strukturéta TiO, kartipa. Izmantojot
magnetrona izputinaSanas metodi lidzstravas rezima, iegiti pirmie TiOx parklajumi.
Veikti iegtito parklajumi fotovaditsp&jas merijumi.

Pateicibas: JL pateicas LU Studentu Padomei un LG ar JK pateicas LZP
petijumu projektam 09.1553 par finansialu atbalstu.

RESEARCH OF PHOTOCONDUCTIVITY AND PHOTOCATALYTIC
ACTIVITY OF HYDROGEN EVOLUTION ON NANOSTRUCTURED THIN
TiO; FILMS

J.Linitis', L.Grinbergaz, J .Kleperis2
"Faculty of Chemistry, University of Latvia
? Institute of Solid State Physics, University of Latvia

One-dimensional TiO, structures (nanowires, nanotubes, nanofibres) are
attracting more and more attention of scientists, due to the high specific surface and
high charge transfer rate if comparing with spherical particles of TiO,. The charge
carriers can freely move between these nanostructures that are reducing probability of
hole and electron recombination but increasing the efficiency of photocatalytic
hydrogen production.

A technology to prepare nanostructured TiO, layer onto transparent and
conductive substrate is not solved yet. In our work nanostructured TiO, coatings are
prepared by electrochemical anodation method on titanium foil. The obtained coating
is amorphous and further annealing is required to crystallize it. Experiments are done
to obtain thin metallic titanium layer onto glass substrate coated with conductive
transparent ITO layer with subsequent transformation of metallic Ti into
nanostructured TiO,. Photoconductivity of nanostructured TiO, coatings is measured
and preliminary results are discussed.

Acknowledgements: JL thanks Students Council of University of Latvia and
LG and JG thanks Research Project No. 09.1553 of Latvian Council of Science for
financial support.
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PEROVSKITU OKSIDU SINTEZES METODIKA
FOTOKATALIZATORA IZVEIDEI

L. Grinberga
Latvijas Universitates Cietvielu Fizikas institiits

Udenraza iegiiSana fotokatalitiska cela ir daudzsolo$s, tomér vél joprojam
mazattistits cel§ tdenraza ekonomika. Vissvarigakais nosacijums efektivai procesa
norisei ir pareiza fotokatalizatoru materialu izvéle un sint€ze. Tiem ir jabut
nekorod€josiem, kimiski stabiliem, reag€josiem redzamaja starojuma apgabala.

Nanozinatne un nanotehnologijas paver dazadas iespEjas sintezet
nanostrukturétus fotokatalizatorus, kuri ir pietiekosi aktivi, ar lielu virsmas laukumu
un citam pozitivam 1IpaSibam. Daudzkomponensu perovskitu tipa oksidiem, ka
pieméram ATaOs (A=Li, Na, K), Sr;M,07 (M=Nb, Ta), A;,BnO3m2 (m=4, 5; A=Ca,
Sr, La; B=Nb, Ti), RbLnTa,0; (Ln=La, Pr, Nb, Sm) ir piemérota zonu struktura
tidens sadaliSanai redzamas gaismas diapazona, jo vadamibas vai valences zonu
veidoSana piedalas vairaki elementi.

Darba apskatitas vairakas perovskitu sint€zes metodes, salidzinot gan procesa
gaitu, gan sarezgitibu, gan ekonomiskos aspektus.

Pateiciba: Paldies Eiropas sociala fonda projektam Nr.
2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 par finansialu atbalstu.

METHODOLOGY OF SYNTHESIS FOR DEVELOPMENT OF
PEROVSKITE OXIDE PHOTOCATALYSTS

L. Grinberga
Institute of Solid State Physics, University of Latvia

Photocatalytic hydrogen production is a promising but still challenging way to
the hydrogen economics. The choice and synthesis of a photocatalyst material plays a
key role in the effective photocatalytic H, production. It should be corrosion resistant,
chemically stable, visible light harvesting.

Nanoscience and nanotechnology opens different opportunities in the
development of highly active, nanostructured photocatalysts with large surface areas
and other positive properties. Multi-component metal oxides with perovskite
structures like ATaO; (A=Li, Na, K), Sr;M,0; (M=Nb, Ta), ApBnOsm (m=4, 5;
A=Ca, Sr, La; B=Nb, Ti), RbLnTa,0; (Ln=La, Pr, Nb, Sm) have suitable band
structures for visible light water splitting, since more metal elements can contribute to
the construction of valence and/or conduction band.

Different additives and synthesis methods allow adjusting bandgap and band
positions. There are several ways of band engineering where the most common ones
are: cation doping, valence band modification and solid solution formation.

In this work different methodologies and economical aspects of various
synthesis methods for perovskite structures are reviewed.

Acknowledgement: Thanks to FEuropean Social Fund project Nr.
2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 for financial support.
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PROTONUS UN ELEKTRONUS VADOSO POLIMERU
KOMPOZITMEMBRANAS VADITSPEJAS MERIJUMI

J.Hodakovska, G.Ku¢inskis, G.Bajars, J.Kleperis
Latvijas Universitates Cietvielu fizikas institiits

Degvielas Stinas piesaista petnieku uzmanibu jau ilgu laiku, jo lauj atrisinat vairakas
problémas, kas ir raksturigas misdienas energijas izmantoSanas iericém, pieméram, kaitigo
izmeSu jautagjumu. Attistot degvielas $tinu tehnologijas, ir nepiecieS§amiba nodro§inat labu
kontaktu starp degvielas Siinas dalam, taja skaita membranu un elektrodiem. Tagad ka
membranas materialu izmanto poliméru, bet elektrodu pamatmaterials ir oglekla audums,
piesticinats ar Kkatalizatora tinti, kas p€c savas struktiiras un fizikalkimiskajam un
mehaniskajam 1pasibam ir izteikti dazadi materiali. Izmantojot membranas materialu ka
pamatu elektrodu materialam, tas ir, veidojot to uz poliméra bazes, ir iespgjams izveidot
degvielas §inas membranas-elektrodu sistému no lidzigiem materialiem.

Darba prezenteti rezultati divu polim€ru kompozitmaterialam: protonus vadoSam
poli(eter-eter-keton)-am un elektronus vadoSam polianilinam (PANI). Polianilins nevadosa
forma tika parveidots elektronus vadosa forma ar oksidétaju, péc tam savienots ar SPEEK
poliméru, lai izveidotu elektronus un protonus vado$u membranu. Vaditsp&ja noteikta
speciala §tina, izmantojot 4 platina elektrodus. Membranai ar 10 w% PANI vadamiba bija 3-5
reizes mazaka, salidzinot ar tira poliméra SPEEK membranu. Impedances spektros
konstatetas divu tipu liknes atkariba no temperatiiras. Pie augstakam temperatiiram spektra
novero divus procesus, kas abi saistami ar jonu parnesi, bet zemakas temperatiiras novérojami
pat tris procesi, viens no kuriem ir saistits arT ar elektronu parnesi.

Pateiciba: JH pateicas Eiropas socialajam fondam par finansialu atbalstu p&tijumu veikSana.

RESEARCH ON PROTON AND ELECTRON CONDUCTING MEMBRANE
CONDUCTIVITY

J.Hodakovska, G.Kucinskis, G.Bajars, J.Kleperis
Institute of Solid State Physics, University of Latvia

Fuel cells are of an interest for scientists for quite a long time, because this
technology allows avoid several problems, which are typical for energy producing devices
today, e.g. environmental unfriendly emission. Developing fuel cell technologies it is
necessity to secure good contacts between parts of a membrane-electrode system. Currently
proton conductive polymer and carbon cloth are used accordingly as membrane and electrode
materials, having quite different structures. To solve this problem, we introduced new
electrode material developed on the base of polymer material.

Results are presented for composite membrane made from proton conductive
sulfonated poly(ether-ether-ketone) (SPEEK) and electron conductive polyaniline (PANI).
PANI from nonconductive form was changed to conductive with oxidizing material and
conjugated to SPEEK polymer. Conductivity was measured using special cell with four Pt
electrodes. Composite membrane with 10% PANI has 3-5 times lower conductivity as
SPEEK membrane. An impedance spectrum at higher temperatures reveals two charge
transfer processes, both ionic. Nevertheless at lower temperatures third charge transfer
process connected with electrons are observed.

Acknowledgement: JH acknowledge European Social Fund for financial support.
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UDENRAZA GAZES PRODUCESANA EKSPERIMENTALAS TEST-
SISTEMAS, IZMANTOJOT NOSACITI ANAEROBAS BAKTERIJAS UN
DAZADUS SUBSTRATUS

I.Klepere', A.Gruduls', V.Nikolajeva', I.MuiZnieks', J.Kleperis
'Latvijas Universitates Biologijas fakultate
? Latvijas Universitates Cietvielu fizikas institiits

Udenraza gazi var iegit fermentacijas procesa, baktérijam sadalot organiskas
vielas anaerobos apstaklos. Lai atrastu piemérotako un efektivako baktériju kulttiru,
kuru var@tu izmantot laboratorijas méroga bioreaktoru sistéma tdenraza razoSanai,
nepiecieSams veikt dazadu tidenraza producentu, ka ari substratu analizi. Pétnieciskaja
darba tika izmantotas divas eksperimentalas sistemas (Skidras un gazes fazes
mérjjumiem, ka ar1 kvantitativa daudzuma noteikSanas meérijjumiem). Izmantojot
tumsas fermentacijas reZimus, tikai veiktas parbaudes ar nosaciti anaerobiem
mikroorganismiem — dazadu sugu un celmu bakterijam - lai noskaidrotu tidenraza
veidoSanas daudzumu un atrumu, izméginot dazadus substratus un varigjot ar to
koncentracijam. Lai noteiktu kada ir Gdenraza parciala spiediena (pH;) ietekme uz
fidenraza gazes veidoSanas procesu, veiktas parbaudes ar dazadam skidruma un gazes
attiecibam.

BIOLOGICAL HYDROGEN PRODUCTION BY DIFFERENT
FACULTATIVELY ANAEROBIC BACTERIA USING VARIOUS
SUBSTRATES IN EXPERIMENTAL TEST-SYSTEMS

I.Klepere', A.Gruduls', V.Nikolajeva', .MuiZnieks', J.Kleperis
"University of Latvia, Biology Faculty
*Institute of Solid State Physics, University of Latvia

Hydrogen gas is produced during the fermentation process of bacteria in
anaerobic conditions. It is necessary to analyze various hydrogen producers and
substrates in order to find the most effective and suitable bacterial culture for usage in
laboratory scale bioreactor system. Two systems were used in the experimental work
(for dissolved and gaseous hydrogen measurements, as well as for quantitative
measurements of hydrogen yield). Analyses with facultatively anaerobic
microorganisms — different species and strains of bacteria — were done by using dark
fermentation conditions with various substrates and different substrate concentrations
in order to observe hydrogen gas production rate and yield. Influence of partial
pressure of hydrogen (pH,) was investigated by cultivating the strains in experimental
bottles with various liquid to gas ratios.
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METANA GAZES IEGUSANA EKSPERIMENTALAJAS SISTEMAS AR
METANOGENAJAM BAKTERIJAM, VEICOT GAZES IZNAKUMA
PALIELINASANU AR UDENRAZA PRODUCENTU SARAZOTAS GAZES
PIEVADISANU

I.Dirnena’, A.Gruduls', L.Klepere', .MuiZnieks', J.Kleperis’
!Latvijas Universitates Biologijas fakultate
? Latvijas Universitates Cietvielu fizikas institiits

Daba organisko vielu anaerobas noardiSanas laika acetatu oksidéjosas
un Udenradi producgjosas bakterijas veido sintrofas attiecibas ar udenradi
izmantojosajam metanogénajam bakterijam. Anaeroba vidé, kas satur sulfatus,
metanogeénas bakterijas konkuré ar sulfatreducétajam, kas ar1 izmanto tdenradi. Lai
palielinatu metana iznakumu, ir jaoptimiz€ vides apstakli, jo tie ietekmé
mikroorganismu populaciju dinamiku.

Petijuma mérkis ir pieradit, ka, metana gazi veidojosajam bakterijam papildus
pievadot Gidenraza producentu sarazoto gazi, sarazotais metana gazes daudzums
palielinas. Galvenais uzdevums ir izveidot efektivu metana gazes iegliSanas un
savakSanas metodi, kuru varétu izmantot fermentacijas bioreaktora, veicot dazadu
substratu, vides apstaklu (temperatiira, pH), gazu (CO,, H,S, CHy4, H,) daudzuma un
tehnologisko raditaju ietekmes izpeti, ka arT izveidot fermentacijas bioreaktora
prototipu metana gazes razoSanai, kura laiz cauri idenraza bakteriju sarazoto gazi, lai
palielinatu sarazotas metana gazes daudzumu.

METHANE GAS PRODUCTION INCREASMENT IN EXPERIMENTAL
TEST SYSTEMS WITH METHANOGENIC BACTERIA BY ADDING
HYDROGEN BACTERIA PRODUCED GAS

I.Dirnénal, A.Grudulsl, I.Kleperel, I.Muiinieksl, J .Kleperis2
"University of Latvia, Biology Faculty
*Institute of Solid State Physics, University of Latvia

In nature, anaerobic degradation of organic matter during acetate oxidation
and hydrogen-producing bacteria form sintrofas ratio of hydrogen are spent
methanogenic bacteria. Anaerobic environment containing sulphate, methanogenic
bacteria compete with sulphatreduced as well as hydrogen. To increase the outcome
of methane, the optimization of environmental conditions as they affect the population
dynamics of microorganisms.

The study aims to demonstrate that the methane gas forming bacteria in
addition to leading the production of hydrogen gas production, the production of
methane gas amount increases. The main challenge is to establish an effective
methane gas extraction and collection methods that could be used in the fermentation
bioreactor, the various substrates, environmental conditions (temperature, pH), gases
(CO,, HaS, CH4, Hy) and quantitative indicators of technological impact studies, as
well as the construction of fermentation bioreactor prototype for production of
increased amount of methane gas passing through the hydrogen produced by bacteria.
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ANOLITA UN KATOLITA UDENS ATSKIRIBU MEKLEJUMI
FIZIKALKIMISKAJAS UN STRUKTURAS IPASIBAS

T.Liepins', L.LaZe', A.Reinholde', S.Vinogradovs', J.Kleperis
'Rigas valsts 1. gimnazija
’Latvijas Universitates Cietvielu fizikas institiits

Udens vai tidens $kidumu elektrolizé attiecigi pie anoda un katoda rodas anolits
(anoda Skidums) un katolits (katoda skidums), kurus var atdalit, ja anods un katods
elektrolizes S$tina ir atdaliti ar jonu apmainas membranu. Ar hlora joniem bagatinatu
anolitu izmanto dezinfekcijai, bet vaju katolitu sauc par ,,dzivo Gideni” un izmanto gan
medicina, gan lauksaimnieciba. Miis ieinteres€ja anolits un katolits, ko var iegiit no
parasta dzerama tidens vai ar1 dejonizeta tidens. Zinatniskaja literattra Sadiem pétijumiem
veltits daudz diskusiju, un izteikti atSkirigi viedokli par anolita, katolita un parasta tidens
struktiiras un sastava Tpatnibam.

Anolita un katolita iegiiSanai més izveidojam vairakas ierices. Lielaka daudzuma
aktivéta tidens iegtiSanai plastikata trauks tika sadalits divos tilpumos ar membranu MK-
40 un spriegums (iztaisnots 220V tikla spriegums) pievadits ar diviem nertis€josa te€rauda
elektrodiem paral€lu plakspu veida 5 cm attaluma no membranas. Otra Stna tika veidota
ar apaliem terauda elektrodiem, kuri novietoti 1-2 mm attaluma no MK-40 membranas.
Ar 3o Stinu tika pétits Uidens aktivacijai optimalais spriegums, ka arT anoda un katoda telpu
Skidumu 1pasibu izmainas veidoSanas procesa. Ramana un infrasarkanas spektroskopijas
metodes tika izmantotas, lai analizétu anoltta un katolita struktiiru.

SEARCH FOR DIFERENCE IN PHYSICOCHEMICAL AND
STRUCTURAL PROPERTIES OF CATHOLYTE AND ANOLYTE WATER

T.Liepins', L.Laze', A.Reinholde’, S.Vinogradovs', J.Kleperis
'Riga State Gymnasium No. 1
?Institute of Solid State Physics, University of Latvia

In the process of water or aqueous solution electrolysis the two different solutions
are formed — accordingly anolyte (anode solution) and catholyte (cathode solution), which
may be separated if the anode and cathode compartments in the electrolysis cell are
separated by ion-exchange membrane. Anolyte solution enriched with chlorine ions is
used as sterilizer in medicine, but a weak catholyte solution is called the "living water"
and is used in both medicine and agriculture. In this work we tried to understand the
difference between the anolyte and catholyte obtained from the normal drinking water or
deionized water. There are lot of discussions different interpretations on the anolyte and
catholyte structure and composition in scientific literature.

We made two different devices to produce structured water or anolyte and
catholyte. To synthesize larger amount of activated water the cell with two compartments
was made, separated with ion exchange membrane MK-40 and powered with rectified
220 V DC using two steel plates (5 cm apart from membrane). Second cell was made
with two round steel electrode plates close to membrane (distance 1-2 mm) and separate
vessels to collect anolyte and catholyte solutions. Threshold potential was determined
from volt-amperic curves and the change of potential was measured during water
structuring process. Raman and infrared spectroscopic methods were used to investigate
the difference between anolyte, catholyyte and normal water structures.
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KONCEPCIJA VERTIKALAS ASS VEJA TURBINAI KAS RAZO SILTUMU

M. Meiers', R.Rozenvalds', B.Dage', LI.Dirba’
!Jelgavas Valsts gimnazija
’Latvijas Universitates Cietvielu fizikas institiits

Vgja turbinas nereti tiek uzstaditas tiesi ar merki iegiit papildus siltumu, tacu esosie
risindgjumi nepiedava tieSu v&ja mehaniskas energijas parveidosanu siltuma energija. Tipisks
risingjums ir tads, ka vEja energijas mehaniska energija tiek pievadita mainstravas
elektrogeneratora varpstai, kur ta tiek parveidota elektroenergija. Tad sarazota elektroenergija
no mainigas frekvences un sprieguma tiek parveidota saimnieciski izmantojama, piemé&ram,
220V 50HZ elektriba, izmantojot invertoru. Tad ar So 220V 50HZ elektroenergiju tiek
darbinats silditajs, boilers u.c. ierices siltuma energijas ieguSanai. Katrs no ieprieks
minétajiem posmiem, protams, ir saistits ar energijas zudumiem, ka ari atbilsto$o iericu
izgatavoSanas izmaksam. Tadgjadi ir redzams, ka tie$a v&a energijas parvérSana siltuma
energija bez ieprieks uzskaititajiem starpposmiem teorétiski lautu sasniegt augstaku iekartas
lietderibas koeficientu, ka arT samazinatu iegiita siltuma izmaksas.

Darba tiek pétiti divi tieSas v&ja mehaniskas energijas parveides siltuma energija
mehanismi, izmantojot ellas siltummaini un mainigu magn&tisko lauku (attiecigi siltums tiek
iegiits frikcijas cela, un atbilstoSi Dzoula — Lenca likumam). Tiek veidots prototips Fuko
stravu siltuma generatoram, t.i., ja mainigd magnétiska lauka, ko $aja gadijuma radis
pastavigie magnéti, kas pievienoti v&ja turbinas rotoram, ievieto vadosu kermeni, tad kermenit
inducesies virpulaina rakstura elektriskais lauks, kas izraisis sekundaras stravas, kuram
atbilstoSie elektriskas stravas tilpuma blivuma vektori j ar biis ar virpulainu raksturu, un
atbilsto§as stravas linijas biis noslégtas vadosa kermena iek$pusé. Sis Fuko stravas tad ari
paaugstinas vadosa kermena temperatiiru.

CONCEPTION OF VERTICAL AXIS WIND TURBINE WHICH
PRODUCES HEAT

M.Meiersl, R.Rozenvaldsl, B.Dagel, I.Dirba’
IJelgava State Gymnasium
? Institute of Solid State Physics, University of Latvia

Wind turbines are often used to obtain the additional heat, but the existing solutions
do not offer direct wind mechanical energy transformation into heat energy. Typical
application is nexta;

the wind mechanical energy is supplied to an AC electric generator shaft, where it is
converted into electricity. Then the electricity produced (variable frequency and voltage) is
converted into commercially usable, for example, 220V 50Hz electricity by using the
inverter. Next, with this 220V 50Hz electricity the heater, boiler, etc. heating device is
powered. Each of the steps above, of course, causes power losses, as well as extra
manufacturing costs. Thus, it appears that the direct wind mechanical energy transformation
into heat energy without the steps listed above would theoretically result in higher plant
efficiency and reduced costs.

In our research we analyses two mechanisms of direct wind energy conversion into
heat energy: the oil based heat exchanger (basically heat is produced through friction
process), and using alternating magnetic field (heat is produced in accordance with the Joule -
Lenz's Law). Prototype device is built up to use Foucault currents for heat generation. That is,
if in a variable magnetic field, which in this case will be caused by permanent magnets, a
conducting body is placed, in the volume of it an electric field will be induced, thus causing
the vortices currents, with the electric current density vectors j. These Foucault currents will
increase the temperature of conductive body.
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REZERVES AKUMULATORU KONTROLES UN UZLADES IERICE

A.Kristins, J.Melderis
Latvijas Universitates Cietvielu fizikas institiits

ST ierice ir paredzéta rezerves baro$anas akumulatoru kontrolei un uzladei un var
tikt izmantota dazados pielietojumos, pieméram, ilgsto$i neizmantotas automasinas
akumulatora uzturéSanai darba kartiba.

lerice ir konstruéta uz misdienu elektronikas elementu bazes, kas lava to
izveidot kompaktaku par pieejamam lidziga profila iekartam. Impulsu regulators
LM2576T lauj nodro$inat nepiecieSamo uzlades stravu pie jaudas mazas izkliedes uz
regulatora, ka ari nelielu energijas patérinu gaidiSanas rezima. Uzlades
ieslégsanas/izslégianas histerézi var regulét ar diviem Smita trigeriem integrala
izpildijuma. Par uzlades rezima ieslégsanu informé gaismas indikacija.

Izgatavotas ierices Sobrid ir pielietotas CFI liftu rezerves baroSanas akumulatoru
kontrolei un uzladei.

DEVICE FOR MONITORING AND CHARGING OF RESERVE
ACCUMULATORS

A.Kristins, J.Melderis
Institute of Solid State Physics, University of Latvia

This device is provided for monitoring and charging of reserve accumulators and
can be used for different applications, for example for optimal standby mode of
accumulator if car is not used for long time period.

The device is designed on base of modern electronic elements, therefore this
device is more compact than most similar devices. Switch mode regulator LM2576T
ensures necessary charge current with low power dissipation on regulator and with
low power consumption in standby mode. Charging on/off hysteresis can be adjusted
by two Schmitt triggers. Charging mode has light indication.

Produced devices are used for monitoring and charging of ISSP lifts reserve
accumulators.
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JUVELIERU IZSTRADAJUMU VITRINU VADIBAS IEKARTA

I.Gvardina, A.Kristin$, J.Melderis
Latvijas Universitates Cietvielu fizikas institiits

Iekarta paredzgeta juvelierizstradajumu vitrinu vadibai (atvérSanai un aizverSanai)
ar argji neredzamiem vadibas lidzekliem. Speciali izgatavotas stravu nevadosa
materiala vitrinas aprikotas ar pneimatisku piedzinu, kuru vada procesors. Tikai
pardevéjiem zinamas vietas aiz vitrinas sienas izvietoti Proxy karSu lasitaji. Pietuvojot
tadai vietai Proximity karti lasitajs caur vitrinas sienu nolasa kartes kodu, nostta to
procesoram un, ja kods ir pareizs, tad procesors dod pneimatiskajai piedzipai
komandu atvert vitrinu. Vitrinas aizverSanai karte japietuvina lasitajam vélreiz. Karte
izgatavota breloka veida.

Vairakas tadas iekartas izgatavotas un uzstaditas objektos péc Ansona mébelu
fabrikas pastitijuma.

CONTROLLING DEVICE FOR JEWELRY SHOWCASE

I.Gvardina, A.Kristin§, J.Melderis
Institute of Solid State Physics, University of Latvia

The device is intended for opening and closing of jewelry showcases with
managing units invisible from the outside. Specially made showcases are from a
material not conducting a current. This showcases equip with a pneumatic drives
operated by processor. Proxy card readers are placed behind a showcase wall in
places, known only to sellers. Proxy cards have the form of a pendant. They are read
through a showcase wall.

Many such devices are made and established on objects by the order of Anson’a
furniture factory.

72



ZERNIKES KOEFICIENTU ATKARIBA NO DAZADOS SPEKTRALOS
APGABALOS IZRAUDZITIEM ATSKAITES STAVOKLIEM

V. Karitans', M. Ozolins'?, S. Fomins'
!Latvijas Universitates Cietvielu Fizikas institiits
’Latvijas Universitdtes Fizikas un Matematikas fakultate

Aberaciju korekcijai ar adaptivas optikas palidzibu nepiecieSams atskaites stavoklis.
Ideala gadijuma ka atskaites stavoklis tiek izraudzita punktu kopa, ko veido vilna
fronte, kuras sakums ir vienas modas Skiedras gals un kas p&c luSanas asferiska 1&ca
veido kolim&tu kiili. Ta ka Saka-Hartmana sensora optikai ir iesp&jama hromatiska
dispersija, tad, neraugoties uz to, ka kilis ir kolimé&ts, pastav iespg&ja, ka dazada vilpa
garuma starojums rada atSkirigu atskaites stavokli.

Atskaites stavokli tika ieguti, asferiskas Iecas vieta izmantojot sferisku 1&€cu. Atskaites
stavokli tika iegiiti vilpa garumiem 473 nm, 532 nm un 670 nm. Aberacijas tika
meritas gan -3,25 D sferiskai 1&cai, gan arT AsSeS plana kartina, kam izveidots
noteikts aberaciju profils. Pirms aberaciju mériSanas tika kompens€tas optiskas
sistémas aberacijas, izmantojot deform&jamu spoguli.

legiitajos rezultatos redzamas minimalas vilpa frontes vidgjas kvadratiskas kluidas
(RMS) svarstibas atkariba no izveleta atskaites stavokla. Minimala RMS vértiba tika
iegiita centralajam vilpa garumam (532 nm), bet virziena uz jebkuru spektra galu
picauga. Rezultati varétu bt skaidrojami ar konvergences/divergences pakapi vilpa
frontei, kas krit uz mikrolécinu matricu Saka-Hartmana vilpa frontes sensora.

DEPENDENCE OF MEASURED ZERNIKE TERMS ON THE REFERENT
STATE TAKEN AT DIFFERENT REGIONS OF SPECTRUM

V. Karitansl, M. Ozolinshl’z, S. Fomins'
"Institute of Solid State Physics, University of Latvia
Faculty of Physics and Mathematics, University of Latvia

For correction of optical aberrations with adaptive optics a referent state must be
defined. Ideally, the referent state is a pattern of points formed by a wavefront
originating from an end of a single-mode fibre and being refracted in an aspheric lens
so that a collimated beam is formed. Optical components of a Shack-Hartmann
wavefront sensor have some degree of chromatic dispersion. Thus even a collimated
beam may give rise to different referent states.

The referent states were obtained by using a spherical lens instead of an aspherical
lens. The referent states were obtained at 473 nm, 532 nm and 670 nm. The
aberrations were measured both for a -3,25 D spherical lens and for an AsSeS thin
film with a certain aberration profile. Before measuring the aberrations of the lens and
the thin film the inherent aberrations of the optical system were corrected with a
deformable mirror.

Minimal fluctuations of the root-mean-square value of the wavefront depending on
the referent state were observed. The minimal RMS value was obtained when
measuring aberrations at the wavelength 532 nm and increased when moving towards
to either end of the spectrum. The results could be explained by
convergence/divergence of the wavefront falling on the microlens array of the Shack-
Hartmann wavefront sensor.
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BERILIJA LODISU STRUKTURU RAKSTUROJUMS

| Viti[lal, G. I,(izz‘mez, V. Belmane'
! Rigas Tehniskas universitites Neorganiskas kimijas institiits
? Latvijas Universitates Kimiskas fizikas institits

Beriliju izmanto par neitronu paléninataju kodolu daliSanas reaktoros un ir
paredz€ts to lietot nakotnes kodolsinté€zes reaktoros par plazmas saskares materialu
vakuuma kameras pirmajai sienai un blanketa zona par neitronu pavairotaju, lai
atrazotu pietieckosa daudzuma tritiju. Reaktora darbibas apstaklos rodas un uzkrajas
gan tritijs, gan hélijs. Abu gazu izdaliSanas ir apgritinata un lielaka dala tritija
uzkrajas berilija materialos. Kodolsintézes reaktoru blanketa zona beriliju izmantos
lodisu forma. LodiSu lielumam, grauda izm@ram, mikrostruktiirai, piemaisijumu
veidam un daudzumam ir liela ietekme uz tritija izdaliSanos, ta aizturi, ka art uz lodisu
uzbrieSanu apstaroSanas procesa [1,2]. Dotaja darba pétitas 2 veidu lodites, no kuram
viena veida lodites ir ar 1 un 2 mm diametru, otra veida lodites ar 1 mm diametru.
Katras atseviskas pétitas lodites pul€tos skersgriezumos nosaka berilija un ieslegumu
graudus, poras un plaisas. Specialus kodinatajus izmanto ieslégumu graudu
raksturoSanai. LodiSu pétiSanai izmanto mikroskopiju, rentengendifraktometriju un
rentgenfluorescento analizes metodi. Berilija lodisu struktiiru fiksé uz augstas jutibas
filmas. legiitie rezultati parada, ka visas tris veidu lodites ir loti atSkirigas. Darba
noteikts, ka lodites satur gan dendritu, gan adatveida, gan sferiskus ieslégumus, kuri ir
iesakums plaisam. leslégumi ir nitridi, gan siliciju, aluminiju, dzelzi un molibdénu
saturoSi savienojumi. Berilija graudi ir dazadi orientéti, to izmers robezas 20-200 pum.
Atsauces: [1] F. Scaffidi-Argentina, H. Werle, Fusion Technology 1996, 1431-1434 (1997).

[2] A. Vitins, V. Zubkovs,G. Kizane et al, Fusion Sci. Technol. In press (2011).

CHARACTERIZATION OF STRUCTURE OF BERYLLIUM PEBBLES

L Vitil,lal, G. I,(izz'lnez, V. Belmane'
! Institute of Inorganic Chemistry, Riga Technical University
? Institute of Chemical Physics, University of Latvia

Beryllium is used as a neutron moderator in some fission reactors and is
foreseen both as a plasma facing material of a first wall for a vacuum vessel and as a
neutron multiplier to ensure sufficient tritium breeding of a future fusion reactor.
Tritium and helium are produced in beryllium materials under exploitation conditions
of the reactors. Releases of both gases are difficult and a large part of tritium is
retained in the beryllium. Beryllium in a form of pebbles will be used in a blanket
zone of a fusion reactor. Size of pebbles, grain size, porosity, impurities and
microstructure have important role on tritium release, retention and swelling of the
pebbles [1, 2]. In this study we report on microstructure of two grades of unirradiated
beryllium pebbles, two batches with diameter 1| mm and one batch with diameter 2
mm produced by Nippon Gaishi Co. A separate pebble was polished and etched for
analysis of microstructure. The beryllium pebbles had been investigated by means of
metallographic microscopy and by fixing a structure by high sensitivity 30 Megapixel
film, X-ray diffraction and fluorescence methods. This work showed that all three
batches of the pebbles are uniform, the pebbles differ each from other in impurity
inclusion level. It has been determined that inclusions have dendrite, needle shape and
spherical forms; have sites containing elemental nitrides, silicon, iron, molybdenum,
aluminium. The grain size of beryllium is 20-200 um and they are oriented different.
References: [1] F. Scaffidi-Argentina, H. Werle, Fusion Technology 1996, 1431-1434 (1997).

[2] A. Vitins, V. Zubkovs,G. Kizane et al, Fusion Sci. Technol. In press (2011).
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TRITIJA SADALIJUMA SALIDZINAJUMS DAZADAS NEITRONOS
STAROTAS BERILIJA LODITES

V. Zubkovs, A. Vitins, G. Kizane, E. Pajuste, A. Matiss
Latvijas Universitates Kimiskas fizikas institits

Beriliju lodiSu forma paredzets izmantot ka neitronu pavairotaju kodolsintézes
reaktora ar h€liju dzeséta blanketa modulu dizaina HCPB (European Helium-Cooled
Pebble Bed). Kodolreakcijas ar neitroniem berilija rodas tidenraza radioaktivais
izotops tritijs. Tritija veidoSanas un uzkraSanas berilija ir nevélama blanketa modulu
darbibas laika drosibas un tehnologijas apsveérumu del.
Darba veiktie pétijumi sniedz iesp&ju labak saprast un izskaidrot tritija uzvedibu
neitronos starotas berilija lodit€s. Petijuma meérkis ir izprast un prognozét gazveida
tritija kustibu un sadalijumu lodites tilpuma kodolsintézes reaktora ekspluatacijas
laika.

Darba ir salidzinatas berilija lodites starotas neitronu plisma eksperimenta
BERYLLIUM un PBA (Pebble Bed Assembly) Augstas Plismas Reaktora Pettena,
Niderland€. Pétitajas loditeés ir noteikti apgabali, kuros tritija uzkrasanas ir stipri
lielaka salidzinot ar vid&jo tritija sadalfjumu lodites tilpuma. PBA eksperimenta
starotas lodités tritijs ir koncentr&jies tehnologiskaja dobuma, kur§ atrodas lodites
centra vai tuvu tam, savukart pareja lodites dala tritijs ir sadalits vienmeérigi.
BERYLLIUM eksperimenta starotajam lodit€m tritija koncentracija pakapeniski
samazinas virziena no centra uz virsmu.

COMPARISON OF TRITIUM DISTRIBUTION IN THE DIFFERENT
NEUTRON IRRADIATED BERYLLIUM PEBBLES

V. Zubkovs, A. Vitins, G. Kizane, E. Pajuste, A. Matiss
Institute of Chemical Physics, University of Latvia

In the design of the European Helium-Cooled Pebble Bed (HCPB) Blanket,
beryllium in the form of pebble is foreseen as a solid neutron multiplier. Tritium
inventory in the beryllium as a result of neutron-induced transmutations is a
significant safety and technological issue for the operation of the breeding blanket.
Study for a better understanding and characterisation of the behaviour of tritium in
irradiated beryllium pebbles is being carried out in this research, with the aim to
enable a prediction of gas motion and distribution in the bulk of pebble in the
operating of a Fusion Power Reactor.

In this study, beryllium pebbles from neutron irradiation experiments:
BERYLLIUM and PBA (Pebble Bed Assembly) have been compared. The sectors
with huge amount of tritium in comparison with the average tritium distribution in the
bulk of pebble have been determined. In the PBA specimens large fraction of tritium
is accumulated in the technological hole located in the center part of the pebbles.
Therewith, tritium distribution in other parts of pebble is more even, in contrary with
analyzed specimens from the BERYLLUIM irradiation experiment where tritium
concentration is decreasing gradually in the direction from the center of pebble to the
surface.
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LITIJA ORTOSILIKATA NANOPULVERU IZMAINAS
MITRUMA IETEKME

A. Zaril,lél, G. Kizﬁnel, B. Leééinskisl, L. Avotil,lal, A. Bérzi1,1§2, I. Steins®
"Latvijas Universitates Kimiskas fizikas institiits
’Latvijas Universitates Kimijas fakultate
’Rigas Tehniskas universitdtes Neorganiskas kimijas institiits

Li4Si04 nanopulveris ir materials ar plasam perspektivam, gan ka CO, sorbents, gan
ka tritiju gener&josa keramika kodolsintézes reaktoros. P&tnieciska darba meérkis ir
noteikt plazma sintez€tu stehiometrisko un nestehiometrisko LisSi04 nanopulveru
sastava izmainas atkariba no termiskas apstrades un gaisa mitruma, pamatojoties uz
termogravimetrijas un rentgendifraktometrijas metozu rezultatiem. Ilgstosi uzglabajot
Li4Si04 sintez€tos nanopulveru paraugus istabas temperatira eksikatora ar 10-12%
mitrumu, tie satur 1idz 7% gan H,O, gan CO,. Nanopulveru rentgendifraktogrammas
redzami LisSiO4, LiOH, Li,SiOs; un Li,CO; refleksi. Abus nanopulverus izkarsé
600°C

2 h un sados termiski apstradatos paraugos CO, un H,O (<1%) daudzums ir
nebiitisks. Rentgendifraktogrammas novero tikai LisSiOs un Li;SiO; refleksus.
Nanopulveru sastava izmainas pétija pec paraugu izturéSanas istabas temperatiira 258
h 10,5% mitruma atmosfera. Stehiometriskaja nanopulveri sorbgas 15% un
nestehiometriskaja tikai 11% gan CO,, gan H,O kopa, savukart 77,6 % mitruma
klatien€ sorb&jas 32 un 28% H,O un CO,. Adsorbcijas gaita palielinas Li,Si03;, LiOH
un Li,COs, bet samazinas LisSiO4 koncentracija.

CHANGES OF NANOPOWDERS OF LITHIUM ORTHOSILICATE UNDER
ACTION OF MOISTURE

A. Zarinsl, G. Kizanel, B. Lescinskisl, L. Avotinal, A. Berzinsz, I. Steins®
"Institute of Chemical Physics, University of Latvia
’Department of Chemistry, University of Latvia
J Institute oflinorganic chemistry, Riga Technical University

Nanopowders of Li4Si0y4 are very perspective materials as well sorbent of CO, as well
as fusion reactors tritium breeding material. Aim of the research was to determine
changes of composition of stehiometric and nonstehiometric nanopowders of lithium
orthosilicate under heat treatment and action of moisture on the ground of thermal
gravimetric and x-ray diffraction analysis. Nanopowders of Li4SiO4 synthesized by
plasma technology and protractedly holded at room temperature with moisture 10—
12% contained 7% of H,O and CO,. Reflexes of Li4Si04, LiOH, Li,Si03 and Li,CO;
were observed in x-ray diffractogramms of the nanopowders. Both nanopowders of
lithium orthosilicate were heated 2 h at 600°C temperature and after thermal treatment
of the nanopowders concentration of CO, and H,O decreased up to 1%. Only reflexes
of LisSiO4 and Li;SiO; were observed in the x-ray difractogramms. Changes of
structure of nanopowders were investigated after 258 h action of 10.5 and 77.6 % of
moisture at room temperature. At 10.5 % of moisture stehiometric nanopowders
adsorbed 15% and nonstehiometric 11% of CO, and H,O both together. While at
77.6% moisture nanopowders absorbed 32 and 28% of H,O and CO,. Increasing of
moisture increases concentration of Li,SiO;, LiOH and Li,COs;, but reduces
concentration of LisSiOa.
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POLOIDALAIS UN TOROIDALAIS TRITIJA SADALIJUMS
MKII-SRP DIVERTORA KIEGELOS

M. Halitovs, G. Kizane, E. Pajuste, L. Avotina
Latvijas Universitates Kimiskas fizikas institiits

Dazados kodolsintézes reaktoros, tostarp ari JET (Apvienotais Eiropas tors), izmanto
dazadus divertorus, kuri kalpo vakuumkameras un dazadu konstrukcijas elementu
kompleksai aizsardzibai. PEtijuma izmantots JET kodolsintézes reaktora MKII-SRP (SRP
- starpsienu aizvietojosa platne) tipa divertora kiegelis. Divertors veidots no oglekla
kompozitu materiala ar augstu termisko un mehanisko izturibu. Ta ka divertors atrodas
tiesi reakcijas vakuumkamera, tas ir paklauts ne tikai termiskajai iedarbibai,
magnétiskajam laukam un augstas jaudas energijas plismam, bet arf tieSi kodolsaplisanas
reakcijas komponentu — kodoldegvielas deiterija un tritija — iedarbibai. Tadgjadi kiegelos
nonak kodoldegvielas komponenti, bet uz to virsmas nogulsn€jas divertora erozijas
materiali.

Divertora kiegelis 14BWG4B analizéts péc realiem D + D plazmas ar nelielu T piedevu
eksperimentiem. Ar pilnas oksidéSanas un Skidro scintilatoru metodi noteikts tritija
sadalfjums kiegela poloidalaja un toroidalaja virziena. Ieprieksgjie pétijumi liecina par
nevienmérigu sadalfjumu atseviskas kiegela dalas, tapéc veikti padzilinati pétijumi, lai
precizétu kiegell akumuléta tritija sadalijumu. Izteikti lielakais akumuléta tritija
daudzums atrodas kiegela virsgja slani, kura tas nonak ne tikai tieSi no reakcijas vides, bet
arl difuzijas procesa no uzkratajiem erozijas materialiem. Nov&rots arl palielinats
akumuléta tritija daudzums kiegela apakséja dala. Tas saistits ar mehaniskam un
ekspluatacijas procesa raditam oglekla Skiedru izméru izmainam kompozitmateriala.

DISTRIBUTION OF TRITIUM IN POLOIDAL AND TOROIDAL
DIRRECTION OF TILES OF THE MKII-SRP DIVERTOR

M. Halitovs, G. Kizane, E. Pajuste, L. Avotina
Institute of Chemical Physics, University of Latvia

Different fusion devices along with JET fusion reactor use various divertors that are made
to protect vacuum camera and structural elements. Studies were made with divertor tile of
JET fusion reactor MKII-SRP tipe divertor. Tiles are made from carbon fiber composites
that are both thermally and mechanically resistant. As divertor is located directly in
vacuum vessel it is not only under thermal, magnetic and high energy flow impact but
also interacts directly with components of fusion reaction — nuclear fuel deuterium and
tritium. Therefore components of nuclear fuel get into divertor tiles and also divertor
erosion materials deposit on the surface of the tile.

Divertor tile 14 BWG 4B was analyzed after real D +D with a little additive of T
experiments. The distribution of accumulated tritium in Poloidal and Toroidal directions
was determined with the method of full oxidation and liquid scintillation. As previous
researches have shown that distribution of accumulated tritium is uneven in the bulk of
the tile, further investigation was needed to specify the distribution. Highest amount of
accumulated tritium is located in the top layer of the tile where it comes both directly
from reaction mixture and also by diffusion from the erosion materials on the tile. Higher
amount of tritium is determined also in the bottom layer of the tile. It is due to changes in
composite fiber size because of mechanical and exploitation treatment of divertor
materials.

77



SIGNALU UN ATTELU SVD APSTRADES IPATNIBAS

J.R. Kalnins§, I. Pakalnite
Ventspils Augstskolas InZenierzinatnu institits
,, Ventspils Starptautiskais Radioastronomijas centrs”

Pedgjos gados singularo veértibu dekompozicijas (SVD) metode plasi tiek
pielietota signalu apstrade, att€lu kompresija, objektu atpaziSana, informacijas
skiro$ana un citu dazadas sarezgitibas pakapes uzdevumu risinasana.

Darba SVD metode tiek izmantota vienkarSako attelu elementu analizei,
paradot diagonalo un paralélo elementu neekvivalenci. Izteiktas SVD singularo
vertibu klasterizacijas gadijuma atteéla raksturoSanai tiek izmantots ,,diagonala
nesakartotiba” lielums. Par diagonalas nesakartotibas méru tiek nemts attéla pikselu
paru korelacijas koeficients r (r = 1 — diagonala Iinija, r = 0 — diagonalais haoss).
Diagonalu efekts tiek apliikots arT signalu apstrade.

Diagonalas nesakartotibas gadijuma att€la troksSpa atdaliSana pilnam att€lam
diagonales ietvaros, izmantojot SVD metodi nav iesp&jama. TrokSna atdaliSanai Saja
gadijuma tiek piedavata attéla sadaliSana mazakos blokos, kur katram attéla blokam
tiek pielietota SVD metode un veikta korelaciju analize.

SIGNAL AND IMAGE PROCESSING PECULIARITIES USING SVD

J.R. Kalnins, 1. Pakalnite
Engineering Research Institute ,, Ventspils International Radio Astronomy Centre”
of Ventspils University College

The singular value decomposition (SVD) is used widely in the recent years for
signal processing, image compression, object recognition, data sorting, and other tasks
of variable difficulty.

The SVD method is used for an analysis of the simplest image elements in this
paper, demonstrating the non-equivalence of the diagonal and parallel elements. In the
case of pronounced clusters among the SVD singular values a quantity “diagonal
disorder” is used to describe the image. Image pixel pair correlation coefficient r is
used as the measure of the diagonal disorder (=1 — a diagonal line, =0 — diagonal
chaos). The diagonal effect is examined also for image processing.

Image noise separation by the SVD method in the case of diagonal disorder is
impossible for the complete image. Division of the image into smaller blocks is
proposed for noise separation in this case, with the SVD and correlation analysis
applied for each block.
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LOKALIZETIE STAVOKLI STIKLVEIDIGAJA SILICIJA DIOKSIDA.
ISS PARSKATS

A.Truhins
Latvijas Universitates Cietvielu fizikas institiits

Apkopotas zinas par lokalizéto stavoklu Tpasibam stiklveida silicija dioksida. Novérots, ka
lazera gaismas mijiedarbiba ar lokalizEtajiem stavokliem kvarca stikla noved pie
luminiscences centru rasanas. Ar lazera fotoniem ierosinati induc@tie luminiscences centru
luminiscence atbilst tai, kas noverota ar skabekla deficitu saistitiem centriem (saisinati
ODC). Lazera fotonu iedarbiba Iidztekus iekScentru procesiem izraisa ari ladinu parnesi
materiala un tada veida raditie elektroni umn caurumi ir ilgstosas, salidzinajuma ar atriem
iekScentru procesiem, rekombinativas luminiscences cé€lonis.  Izpétits, ka ODC ir
rekombinacijas centrs, kur§ saker elektronus, caurumu centrs ir autolokalizats caurums.
Rekombinacijas rezultata izzoid induc€tie luminiscences centri un atjaunojas sakuma
stavoklis. Rekombinacijas luminiscences intensitates un dziSanas kin€tiku temperatiiras
atkaribas pétjjumi rada, ka pie temperatiiras, kas atbilst autolokalizéta cauruma atbrivoSanai
notiek luminiscences procesu aprakstoSo parametru izmainas — luminiscences dziSanas
paatrinasanai neseko luminiscences intensitates samazinasanas. Dazos gadijumos pat
novérots, ka  atrakai luminiscences dziSanai atbilst lielaka luminiscences intensitate.
Rekombinativas luminiscences kin&tikas nav aprakstamas ar vienkarSu eksponenti, tacu tas
var aprakstit ar stieptu (streched) eksponenti kas atblst fraktalai monomolekularai kingtikai.
Atrastie lokalizetie stavok]i abilst tadai stikveidiga silicija dioksida atomarajai struktiirai, kas
nav tetraedriska. Bliva silicija dioksida kristala, kuram ir rutila struktiira, ODC uzrada kvarca
stiklam I1dzigu luminiscenci.

LOCALIZED STATES IN SILICA. A SHORT REVIEW

A.Trukhin
Institute of Solid State Physics, University of Latvia

The target is description of the properties of localized states in silica glass. It has been observed
that laser light interaction with localized states of silica glass leads to creation of luminescence
centers. Created luminescence centers, excited with laser light, provide intra-center luminescence
of oxygen deficient centers (ODC). Beside these processes laser light can give rise to charge
separation. Recombination of created electrons and holes leads to recombination luminescence, a
cause of the prolongation of some fast in intra-center process luminescence. Evidence has been
given that center of recombination at ODC sites involves an electron trap at the defect, whereas
the hole is created as a self-trapped hole center. Recombination results in the localized state
recovering its initial state with disappearance of the transiently created luminescence center.
Such recombination is of luminescence of long duration in contrast with intra-center processes
which are limited in time and we observe a shortened duration of such luminescence. Studies of
temperature dependences of recombination luminescence intensity and decay show that intensive
changes in these parameters take place in the known range of temperatures of self-trapped hole
liberation. Decrease of measured recombination luminescence duration is followed with less
rapid decrease of recombination luminescence intensity. In some times the luminescence
intensity even grows with heating, when decay kinetics is accelerated. As a rule, luminescence
decay curves are non-exponential well described with stretched exponential function, showing
first order fractal-kinetics.

It is argued that discovered localized states of silica glass are connected with structure other than
tetrahedrons. In dense silicon dioxide crystal with rutile structure (stishovite) luminescence
similar to ODC luminescence of silica glass has been found.
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AUGSUP-PARVEIDOTA LUMINISCENCE AR ERBIJA UN ITERBIJA
JONIEM AKTIVETA NaLaF; MATERIALA

G.Doke, M.Voss, J.Griibe, A.Sarakovskis, M.Springis
Latvijas Universitates Cietvielu fizikas institiits

Augsup-parveidotas (AP) luminiscences procesi ar augstu efektivitati novérojami
dazados ar retzemju (RE) elementiem aktivétos materialos. Ir zinams, ka lielaka dala
fluoridu kristalu var tikt veiksmigi izmantota ka pamatviela ar RE elementiem
aktiveétu materialu sinteze.

Darba gaita sintezéti NaLaF4:Er’",Yb®" paraugi ar Er’" koncentraciju 0.5 mol% un
Yb*" koncentracijam: 0.0 mol%, 0.5 mol% un 2.0 mol%.

Paraugiem, tos ierosinot ar starojumu infrasarkanaja spektra apgabala, tika izmériti
AP luminiscences spektri un luminiscences kinétikas. AP luminiscences spektros ir
redzamas tipiskas Er’" luminiscences joslas. Ir konstatdts, ka, pieaugot Yb’'
koncentracijai parauga, butiski pieaug AP luminiscences intensitate, savukart no
kingtiku pétfjumiem kluva skaidrs, ka, pieaugot Yb’" daudzumam paraugos, AP
luminiscences mehanismi mainas no ierosinata stavokla absorbcijas un energijas
parneses starp Er’” joniem uz energijas parnesi starp Yb*-Er’" joniem.

Apkopojot rezultatus, tika izdariti secinajumi par Yb>" koncentracijas ietekmi uz ar
Er'" un Yb’" aktivéta NaLaF, materiala optiskajam ipagibam.

UP-CONVERSION LUMINESCENCE OF ERBIUM AND YTTERBIUM
DOPED NaLaF4s MATERIAL

G.Doke, M.Voss, J.Grube, A.Sarakovskis, M.Springis
Institute of Solid State Physics, University of Latvia

With high efficiency up-conversion (UC) processes are observed in several rare-earth
(RE) doped materials. It is known that most of fluoride crystals are suitable matrixes
for synthesis of RE doped materials.

In this work NaLaF4;Er'",Yb’" samples with 0.5 mol% Er’" and different Yb*"
concentrations: 0.0 mol%, 0.5 mol% and 2.0 mol%.

UC luminescence and luminescence kinetics excited in the infrared spectral region
were measured. The UC spectra showed presence of luminescence bands typical for
Er’”. The measured intensity of the UC luminescence was considerably higher for the
samples with higher Yb’" content. The studies on the decay kinetics of the UC
luminescence for the samples at higher Yb’" concentration showed pronounced
dominance of energy transfer mechanism between Yb*™-Er’* ions over excited state
absorption and energy transfer mechanism between Er’" ions.

Based on the experimental results the impact of Yb*" concentration on the optical
properties of NaLaF,:Er’", Yb*" is discussed.

The financial support of ESF project 2009/0202/1DP/1.1.1.2.0/09/APIA/VIAA/141 is
greatly acknowledged.
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RADIACIJAS DEFEKTA EPR HIPERSIKSTRUKTURA OKSIFLUORIDU
STIKLA KERAMIKA

Dz.Bérzins, A.Fedotovs, U.Rogulis, A.Sarakovskis
Latvijas Universitates Cietvielu fizikas institiits

Uz fluoridu komponentém bazetas keramikas ir perspektivi materiali dazadu optisko
virzienu pielietojumos. To 1paSibas liela meéra nosaka materiala esoSie
piejaukumdefekti, ka art defekti, kuri var izveidoties materialam atrodoties radiacijas
ietekme.

P&c termiski apstradatu oksifluoridu stiklu keramiku paraugu apstaroSanas ar rentgena
stariem to elektronu paramagnétiskas rezonanses (EPR) spektros tiek novérota
hipersikstrukttras ainas veidoSanas, kas ir raksturiga F-tipa centriem dazados fluoridu
kristalos. Miisu pétijuma, pamatojoties uz paraugu EPR mérfjjumiem zemas
temperatiras, tiks analizéta radiacijas cela izveidota F-centra struktiira LiF, YF;,
LiYF,4 fluoridu kristalitus saturosas stikla keramikas.

EPR HYPERFINE STRUCTURE OF RADIATION DEFECT IN
OXYFLUORIDE GLASS CERAMICS

Dz.Berzins, A.Fedotovs, U.Rogulis, A.Sarakovskis
Institute of Solid State Physics, University of Latvia

Ceramic materials based on fluoride components are perspective materials for various
optical applications. Properties of these materials depend on the impurity defects and
defects created by irradiation.

We investigated samples of thermally treated oxyfluoride glass ceramics by means of
electron paramagnetic resonance (EPR) techniques. After irradiation of samples with
X-rays hyperfine structure characteristic to F-centers in various fluoride crystals could
be observed in the EPR spectra. In our report, the structure of the F-center in the
oxyfluoride glass ceramics containing LiF, YF; and LiYF4 will be discussed.
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PARAMAGNETISKIE PIEJAUKUMU OKSIFLUORIDU STIKLA
KERAMIKU PETIJUMIEM

A.Fedotovs, Dz.Bérzins, O.Kiselova, A.Sarakovskis
Latvijas Universitates Cietvielu fizikas institiits

Oksifluoridu stikli un stikla keramikas ir materiali, kuri satur kristaliskas fazes
un kuru Ipasibas ir atkarigas no fazu kristaliskas struktiiras. Viena no efektivakajam
kristalisko fazu struktiiras izp€tes metodém ir elektronu paramagnétiskas rezonanses
(EPR) spektroskopija. Lai iegttu informaciju par stikla keramiku kristaliskajam
fazém, ir nepiecieSams tajas ievadit jonus, kuriem ir izteiktas paramagnétiskas
pasibas.

Saja darba ar EPR metodi tika veikti eksperimentalie kristalisko fazu struktiiras
petijumi CaF; BaF, LaF; un LiYF, saturoSos stikla keramiku paraugos, ka ari
teoretisko spektru modelésana. Ka paramagnétiskie piejaukumi tika izmantoti parejas
elementi (Mn’", Fe’”, Cu’"), ka ari retzemju elementi (Gd°', Eu’"). Pamatojoties uz
to, ka katrai kristaliskai struktiirai ir savas Ipatnibas, t. i., cik labi piejaukumi spgj
iebiivéties kristaliskaja strukttira un cik labi tie mijiedarbojas ar apkartesoSiem
elementiem, tika noskaidrots, ka binaros fluoridos (CaF, BaF, SrF;), ka
piemérotakas zondes ir Mn’", savukart sarezgitakos fluoridos (LiYF,) vispiemérotakie
ir trisvértigie parejas elementu joni (Fe’ ), ka arT retzemju elementi (Gd**, Eu’").

Referata tiks aplukota CaF,, BaF,, LaF; un LiYF, iesp&jamo kristalisko fazu
izpete oksifluoridu stikla keramika, veicot EPR spektru teorétiskos aprékinus, ka
zondes izmantojot mingtos parejas elementus.

PARAMAGNETIC IMPURITIES FOR OXYFLUORIDE GLASS CERAMICS
STRUCTURE STUDIES

A.Fedotovs, Dz.Berzins, O.Kiselova, A.Sarakovskis
Institute of Solid State Physics, University of Latvia

Oxyfluoride glasses and glass ceramics are crystalline phases containing
materials and their properties depend on crystalline structure. Electron paramagnetic
resonance (EPR) spectroscopy is one of most efficient methods for crystalline phases’
structure research. In order to obtain information about crystalline phases, ions with
explicit paramagnetic properties shall be entered into the glass ceramics.

In this work, structures of the CaF,, BaF,, LaF3 and LiYF}4 crystalline phases of
glass ceramics were experimentally studied by means of EPR and theoretical EPR’s
spectrum modeling. For paramagnetic probing transition elements Mn”", Fe’", Cu*"
and rare-earth elements Gd°*, Eu’" were used as paramagnetic impurities. It is shown
that the most suitable impurity of binary fluorides (CaF,, BaFs) is Mn*", while
trivalent transition element ions (Fe’") and rare-earth elements (Gd°", Eu’") are
suitable for complex fluorides (LiYF,), because of each of the crystalline structures
has its own characteristics — ability of impurities to built into crystalline structure and
to interact with surrounding elements.

In this report, experimental and theoretical EPR studies of the CafF,, BaF,, LaF;
and LiYF, crystalline phases in the oxyfluoride glass ceramics doped with
paramagnetic impurities will be discussed.
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HROMA UN DZELZS JONU LUMINISCENCE MAGNIJA
OKSIDA KRISTALOS

V. Skvorcova
Latvijas Universitates Cietvielu fizikas institiits

Parejas metalu joni magnija oksidos ir plasi izpétiti, to optisko spektru
infrasarkana un redzama spektra ir labi zinama. Tomer, jautajums par radiacijas
ietekmi uz piemaisijumu Tpasibam nav gluzi skaidrs. Darba tika p&titi hroma un dzelzs
jonu luminiscences un absorbcijas spektri neitronu apstarotos magnija oksida
kristalos.

Daudzos pétitos kristalos konstatéti tris luminiscences apgabali: 380-460 nm,
650- 850 nm un 850-1050 nm. Analize rada, ka luminiscences joslu intensitate katra
rajona ir atkariga no pareju metala jonu koncentracijas, atkvélinasanas temperatiiras
un apstaroianas apstakliem. Sis luminiscences joslas ir saistitas ar Fe*" un Fe’'
joniem. Parejas metalu jonu piemaisijumi divvértiga ladina stavokli aizvieto Mg”".
Dzelzs joni MgO matrica galvenokart pastav Fe** vai Fe’” forma. Oktaedriskie centri
atbilst izolétiem Fe’™ vai Cr’ joniem ar se§iem O joniem apkartne. Tetragonalais un
rombiskais centri ir saistiti ar katjonu vakanci tuvakaja apkartne. Tetragonalaja
simetrija katjonu vakance atrodas [100] virziena, un rombiskaja simetrija - [110]
virziena attieciba pret Fe’* vai Cr’"joniem. Novérota ari hroma jona dazadas
simetrijas luminiscence.

LININESCENCE OF CHROMIUM AND IRON IONS IN
MAGNESIUM OXIDE CRYSTALS

V. Skvortsova
Institute of Solid State Physics, University of Latvia

Transition metal ions in magnesium oxide nave been studied extensively, and
their optical spectra in the infrared and visible part of the spectra are satisfactorily
understood. Nevertheless, there is little information about the influence of radiation
on impurities behavior. The paper presents a study of iron and chromium ions
luminescence and absorption spectra in neutron irradiated magnesium oxide

In the most part of the investigated samples three ranges of luminescence are
established: 380-460 nm, 650-850 nm and 850-1050 nm. Analysis shows that the
intensity of emission in each of these regions is strongly dependent on concentration
of transition metal ions, temperature of annealing and irradiation conditions. These
luminescence bands are attributed to presence of Fe’"and Fe". Transition metal ion
impurities in the divalent charge state substitute for Mg”". Iron ions in MgO exist
mainly as Fe* and Fe’*. An octahedral centre complies with an “isolated” Fe’" or
Cr’* ion surrounded by six O*". The tetragonal and rhombic centres are connected
with cation vacancy in the near neighbourhood. In the tetragonal symmetry, the cation
vacancy is located in the [100] direction, and in rthombic symmetry - in the [110]
direction regarding the Fe*  or Cr’" ions. Additionally the luminescence of chromium
ions in different symmetry is observed.
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JAUNU MOLEKULARO STIKLU HOLOGRAFISKAS UN
OPTISKAS IPASIBAS

A.Ozols, V. Kokars, P.Augustovs, K.Traskovskis, E.Zarin§
Rigas Tehniskas Universitates Materialzinatnes un lietiSkas kimijas fakultate

Eksperimentali izpétitas galvenas holografiskas un optiskas 1pasibas astoniem
jauniem azobenzola molekularajiem stikliem (K-D-2, W-50, W-49, W-75, W-41-O-
1, W-40, W-44, W-44-Si) uz izohorona un indandiona bazes planu kartinu forma.
Darba meérkis bija izméginat jaunas holografisko ieraksta optimizacijas kimiskas
iesp€jas stériski aktiviz€jot azohromoforu grupu trans-cis fotoizomerizaciju. Tika
ierakstiti holografiskie rezgi ar divu mikrometru periodu un veikti pasdifrakcijas
efektivitates kin€tikas meérjjumi pie 633 un 532 nm caurlaidibas un atstaroSanas
rezima. Bez tam tika veikti caurlaidibas izmainu meérijumi pie 532 nm. Visi merjjumi
notika ar linearam staru p-polarizacijam. Konstatéts, ka caurlaidibas un atstaroSanas
rezima ir efektivaki dazadi materiali. Atskiriba no iepriekS pétitajiem stilbéna
azosavienojumiem jaunie savienojumi ir efektivaki spektra zalaja dala.
Visefektivakais bija paraugs W-75 caurlaidibas rezima (pasdifrakcijas efektivitate 15
% pie 532 nm, ieraksta energija 0.1 kJ/cm’%).Visticamakais ieraksta mehanisms —
trans-cis fotoizomerizacija, kas apstiprina izdaritos pienémumus. Visos molekularajos
stiklos tika nov€rota ar1 paraugu bal€Sana (robezas no 2 1idz 60%).

HOLOGRAPHIC AND OPTICAL PROPERTIES OF
NEW MOLECULAR GLASSES

A.Ozols, V.Kokars,P. Augustovs, K. Traskovskis, E.Zarins
Faculty of Material Science and Applied Chemistry, Riga Technical University

Holographic and optical properties of eight new azobenzene molecular glassy
films (of K-D-2, W-50, W-49, W-75, W-41-O-1, W-40, W-44, W-44-Si type) on the
izochorone and indandione basis. The aim of the work was to study the azobenzene
chromophore trans-cis photoisomerization steric chemical activation possibility.
Holographic gratings with two micrometer period have been recorded and self-
diffraction efficiency temporal dependences were measured in transmission and
reflection modes at both 633 and 532 nm. Besides, transmittance changes have also
been measured at 532 nm. All the measurements were carried out by linearly p-
polarized laser berams. It is found that different materials are the most efficient in
transmission and reflection modes.In contrast to the previously studied stilbene
azobenzene derivatives, the new molecular glasses are more efficient in the green
spectral region. Sample W-75 was the most efficient (in transmission mode, self-
diffraction efficiency 15% at 532 nm, recording energy — 0.1 kJ/cm’%). Trans-cis
photoisomerization is believed to be the recording mechanisms thus confirming our
assumptions. Photoinduced sample bleaching was observed by 2 to 60%.
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FOTO-INDUCETA MASAS PARBIDE HALKOGENIDOS

U.Gertners
Latvijas Universitates Cietvielu fizikas institiits

Pedgja laika tiek aktivi pétita dazadu gaismas jutigu materialu virsmas reljefa
foto-inducétas izmainas, kas paver iesp€ju strukturétu virsmu iegiiSanai neizmantot
sarezgito kimiskas kodinasanas apstradi. TieS$a holografiska ieraksta metode ir arl
viena no perspektivakajam virsmas strukturéSanas metodém dazados gaismas jutigos
materialos. Gaismas un elektriska lauka gradienta d€] ir ies€jams iegiit virsmas
struktiiras, kadas nevar ieglt kodinaSanas cela vai ar kadu citu metodi. Darba tiks
apskatiti masas parbides procesi gaismu jutigos materialos (As-S un As-S-Se), kur
eksperimenti tiks realiz€ti ar koherentu 532nm gaismu. Tiks apskatiti iesp&jamie
virsmas-reljefa veidosanas modeli uz foto-inducéta plastiskuma bazes.

PHOTO-INDUCED MASS TRANSFER IN CHALCOGENIDES

U.Gertners
Institute of Solid State Physics, University of Latvia

This work is devoted to the topical issue — photo-induced formation of relief in
thin layers of chalcogenide vitreous semiconductors (ChVS) without following
complicated chemical processing. Direct holographic recording technique is on of the
advanced methods for surface relief structuring in light sensitive materials. Because of
the high light and electric field gradient it is possible to obtain surface structures like
no one else method can. In this report the study of direct mass transfer on ChVS like
As-S, As-S-Se has been presented. Experiments was performed by 532nm
wavelength. Also the mechanism of the direct recording of surface-relief on
amorphous chalcogenide films based on the photo-induced plasticity has been
discussed.
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VEKTORHOLOGRAMMU IERAKSTS
ORGANISKAJOS AZO-POLIMEROS

J. Aleksejeva, J. Teteris
Latvijas Universitates Cietvielu fizikas institiits

Vektorhologrammu ieraksta pamata ir materiala fotoinducétas dubultlauSanas
paradiba. Saja darba tiek pétita savienojuma DRI-Glicerins fotoinducéta
dubultlauSana, vari€jot ar indukcijas starojuma vilpa garumu, intensitati un
polarizaciju. Dubultlausanas izmainas tika pétitas pie dazadiem vilpa garumiem,
izmantojot dazadas metodes. Inducéta starojuma vilpa garums tika izveléts trans un
cis izomera absorbcijas josla, ka ari DR1-Glicerins poliméra absorbcijas josla, par
kuru neatbild DR1 savienojums. Izmantojot indukcijas staru ar 532nm vilna garumu,
gaismas lauSanas koeficienta izmainas tika noteiktas 634nm un 532nm vilpa
garumam.

RECORDING OF VECTOR HOLOGRAMS IN
ORGANIC AZO-POLYMERS

J. Aleksejeva, J. Teteris
Institute of Solid State Physics, University of Latvia

Recording of vector holograms is based on material photoinduced
birefringence phenomena. In this work DR1-Glycerin compound’s photoinduced
birefringence was studied. Experiments were performed varying the induced radiation
wavelength, intensity and polarization state. Birefringence changes were studied at
different wavelengths by using different methods. Wavelength of induced radiation
were selected from DRI trans and cis isomers absorption band and from DRI-
Glycerin polymer’s absorption band. In this work changes of refraction index at
634nm and 532nm was determined using induced 532nm radiation of different
intensity.
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KARBAZOLA ATVASINAJUMU PLANO KARTINU ENERGETISKO
LIMENU NOTEIKSANA GAISMAS EMITEJOSO DIOZU STRUKTURAS

K.Pudzs', A.Vembris', .Muzikante ', J.V.Grazulevicius’
'Latvijas Universitates Cietvielu Fizikas institiits
’Kaunas Tehnologiska universitates Organiskas Tehnologijas nodala

Veidojot organisko gaismu emitgjoso diozu struktiiru, ir nepiecieSams izpé€tit
So vielu veidoto kartinu elektriskas ipaSibas un energétisko struktiiru. Galvenokart
organiskie savienojumi ir raksturigi ar izteiktu caurumu vaditsp&ju, tapéc aktuali ir
organiskie savienojumu ar bipolaram ipasibam. Ka vieni no $adiem bipolariem
materialiem ir karbazola atvasinajumi.

Darba tiek apskatita originalu karbazola atvasinajumu (JS97 un JS100)
elektriskas ipasibas, kas pétitas ar telpas ladinu ierobezoto stravu metodi. Tas lauj
novertét ladinneséju injekcijas apstaklus, ka arl ladinneséju lamatu energétisko
sadaltfjumu. P&tijumos izmantota gan no Skiduma pagatavota kartina ar biezumu ar
kartu 0,5um, gan sublimétas kartinas ar biezumu ar kartu no 0,5 lidz 0,9 um. Ka
elektrodi ir izmantoti ITO, Au, Pd, Al un Cu slani. Ir paradits, ka no ITO, Au, Pd, Cu
elektrodiem JS97 un JS100 kartina var injic€t caurumus, bet no Al — elektronus.

ENERGY STRUCTURE OF THIN FILM WITH CARBAZOLE
DERIVATIVES DETERMINATION IN LIGHT EMITTING DIODE
STRUCTURE

K.Pudzs], A.Vembris], I.Muzikante 1, J.V.Grazulevicius®
! Institute of Solid State Physics, University of Latvia
’Department of Organic Technology, Kaunas University of Technology

Modeling the organic light emitting diode structure, it is necessary to study
electrical properties and energy structure of organic layer. Bi-polar organic material
(electron and hole mobility is of same order) is very important for organic light
emitting diodes (OLED). Carbazole derivatives are one of them.

In this work, we have studied electrical properties and energy structure of
novel carbazole derivatives (JS97 and JS100) thin films. The organic films were
prepared by spin-coating method with the thickness of the order of 0.5um and
vacuum evaporating method with the thickness of order of 0.5 to 0.9 pm. It allows
applying space charge limited current method to characterise charge carrier injection
and energy distribution of traps in the thin films. For injection of holes ITO, Au, Pd,
Cu electrodes and for injection of electrons Al electrodes were applied.
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PASTIPRINATA SPONTANA EMISIJA SARKANI LUMINISCEJOSAS
ORIGINALAS ORGANISKAS VIELAS

A.Vembrisl, I.Muzikantel, R.Karpiczz, V.Gulbinas®
! Latvijas Universitdte Cietvielu Fizikas institiits, Latvija
’Fizikas Instituts, Lietuva

Pedeéja desmitgadeé liela uzmaniba tiek pievérsta organiskam vielam, kuras cieta
stavoklt var izmantot ka lazera materialu. L1dz Sim tika veidotas sistemas, kur aktivas
molekulas ir ievietotas poliméra. Nakotné perspektivas vartu but ar1 tadi
mazmolekularie savienojumi, kuri pasi veido stiklveida struktiiru.

Darba apskatisim pastiprinato spontano emisiju (PSE) originalos stiklu veidojoSos
sarkani emit&josos organiskos savienojumos. Paraugi tika pagatavoti ar ,,spin coating”
metodi. PSE tika ierosinata ar impulsa lazeru pie vilna garuma 532nm.

RED AMPLIFIED SPONTANEOUS EMISSION IN ORIGINAL
ORGANIC COMPOUNDS

A.Vembrisl, I.Muzikantel, R.Karpiczz, V.Gulbinas’
"Institute of Solid State Physics, University of Latvia, Latvia
*Institute of Physics, Lithuania

Organic materials which can be used as a solid state laser material become more
interesting in last decade. Till now most of such systems consist of polymers doped
with active molecules. Low-molecular organic molecules which could make glassy
structure also could be perspective material.

In the work we will show red amplified spontaneous emission (ASE) of original
organic compounds which make glassy structure from the solutions. Samples were
prepared by spin coating method. ASE was induced by pulse laser with 532 nm.
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MOLEKULARAS HIPERPOLARIZEJAMIBAS MERIJUMI IZMANTOJOT
HIPER RELEJA GAISMAS IZKLIEDI — IEKSEJA UN AREJA STANDARTA
METODES SALIDZINAJUMS

M. Rutkis, I. Mihailovs, A. Tokmakovs, A. Ernstsons
Latvijas Universitates Cietvielu Fizikas Institiits

Viens no butiskakajiem parametriem lai novert€tu jaunu NLO hromoforu efektivitati
ir to molekulara hiperpolarizejamiba (f). So raksturlielumu iesp&jams aprékinat
teortiski izmantojot kvantu kimijas (KK) metodes vai noteikt eksperimentali
Skidumos izmantojot elektriska lauka induc&tu otras harmonikas generé$anas
(EFISHG) vai arT hiper Releja izkliedes (starptautiski HRS) metodes. Pirma no tam ir
tehniski sarezgitaka un lauj eksperimentali noteikt tikai molekulas dipola momenta
(@) reizinajumu ar hiperpolarizaciju gxf. Otra metode (HRS) lauj noteikt tiesa veida
B vertibu. So iemeslu dé] LU CFI Organisko materialu laboratorija NLO hromoforu
noveértéSanai tika ieviesta HRS metode. To var realizét divos dazados veidos — ta
sauktajas ,,iek§€ja” un ,,ar¢ja” standarta metodes. Pirmaja gadijuma pétama NLO
hromofora HRS signals tiek salidzinats ar $kidinataja signalu, otra metode tiek
pagatavoti kadas standartvielas, ar zinamu hiperpolariz€jamibu, Skidumi un p&tama
viela tiek salidzinata ar to. Referata tiks apskatita o metozu prieksrocibas un trukumi,
ka ar1 apkopota pieredze kura giita tas ievieSot Organisko materialu laboratorija.

HYPER-RAYLEIGH SCATTERING MEASUREMENTS OF MOLECULAR
HYPERPOLARIZABILITY - COMPARISON OF INTERNAL AND
EXTERNAL STANDARD METHODS

M. Rutkis, I. Mihailovs, A. Tokmakovs, A. Ernstsons
Institute of Solid State Physics, University of Latvia

One of the most important characteristics of NLO chromophores is molecular
hyperpolarizability f. One can obtain this characteristic from quantum chemical
calculations or evaluate experimentally by electric field induced second harmonic
generation (EFISHG) or hyper Relaight scattering (HRS) methods. The first method
allows acquiring product of dipole moment and hyperpolarizability (uxp).
Straightforward independent determination of f is possible by HRS technique. This
method can be realized in two manners: one is so called “internal” standard and
another is “external” standard methods. In a first case for evaluation of molecular £ of
solute HRS signal from solvent is used as reference. Solutions of chromophore with
known molecular f are used as reference in “external” standard method. In our
contribution we will discuss pros and cons of these two cases as well as our
experience gained from HRS experiments at Laboratory of Organic materials at ISSP
UL.
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PUSVADITAJU FZIKAS PROBLEMU LABORATORIJAS IZVEIDES
PRIEKSNOSACIJUMI

J. Jansons
Latvijas Universitates Cietvielu fizikas institiits

Otra Pasaules kara beigas, kad 1944. gada 13. oktobr1 vacu karaspeks atstaja
Rigu, no LU fizikiem bija palikusi dzimtené Alfons Apinis, Jazeps Cudars,
Ilmars Everss, Roberts Kipurs, Alma Jansone un Ludvigs Jansons, ka ari dazi
tehniskie darbinieki. Vini ar lielu pasatdevi jau no 16. oktobra saka savest kartiba
izpostitas fizikas laboratoriju un klausitavu telpas Kronvalda bulvari 4. Jauna Latvijas
Valsts universitates (LVU) vadiba noléma turpinat 1940./41. macibu gada aizsakto
Fizikas un matematikas fakultates (FMF) veidoSanu, kas vacu okupacijas laika tika
partraukta. Fizikas nodala nodibindja Teoretiskas fizikas katedru (vaditajs
doc. A. Apinis) un Eksperimentalas fizikas katedru (vaditajs doc. L. Jansons). No
Krievijas tika atkomandéti fiziki doc. Pauls Eks, doc. Ernests Papédis, asistents Jazeps
Eiduss un asistente Marta Loja, lai starp fizikiem biitu arT komunisti.

Eksperimentalas fizikas katedra darbu uzsaka 1944. gada decembri. Tika
atjaunots Visparigais fizikas praktikums ar vairakam laboratorijam, Specialais fizikas
praktikums, Demonstraciju kabinets un mehaniskas darbnicas. Macibu darbs sakas ar
1945. gada janvari, kad tika pienemti studenti, kas jau ieprieks bija sakusi studijas, ka
ari tie, kas bija beigusi studijas vacu laika, jo padomju vara vinu beigSanas diplomus
neatzina. Rudeni tika pienemti fizikas novirziena konkursu izturgjusie 25 vidusskolu
absolventi, to skaitd V. Fricbergs, P. Prokofjevs, L. Pelekis, A. Valters u. c., kas vélak
kluva par ievérojamiem fizikiem. Katedras macibu spékiem bija loti liela slodze, jo
fizika bija jamaca ari inzenierzinatnu fakultates un Medicinas fakultate (kopa
6 fakultateés). Tapéc pakapeniski par asistentiem tika pienemti darba vidusskolu
skolotajs Valerians Smélings un FMF pirmie p&ckara absolventi Aleksandrs Okmanis,
Elza Ozolina, Hermine Krigere, Talivaldis Puritis u. c.

Zinatniski eksperimentalaja darba bija loti lielas griitibas, jo trika kaut cik
modernas aparatiiras un materialu. Bez tam 1946. gada péc PSRS parauga (lai
militariz€tu zinatni un ieviestu pétjjumu slepenibu) tika nodibinata LPSR Zinatnu
akadémija (LZA) un taja Fizikas un matematikas institiits (FMI). Faktiski gandriz viss
zinatniskais darbs tika parcelts un sakoncentréts LZA. Sakuma liela dala no FMF
macibu spekiem tur stradaja lidztekus pamatdarbam. Par LZA FMI direktoru iecé€la
FMF dekanu matematikas doc. Nikolaju Brazmu (Itdz 1949. g.), par vina vietnieku
zinatniskaja darba — doc. L. Jansonu (Iidz 1950. g.) un par Fizikas sektora vaditaju —
doc. A. Apini (Iidz 1948. g.). Visvairak no ta cieta fizikas studenti un aspiranti, jo
nebija aparatiiras, ar ko varetu izstradat diplomdarbus un disertaciju darbus. Vajadzgja
pasu spekiem ar tehnisko darbinieku palidzibu radit eksperimentalas iekartas p&tijumu
veikSanai. Tas arT prasija ierobezot pétijumu virzienus.

Doc. L. Jansons, analiz§jot pasaules fizikas attisttbas tendences un
Eksperimentalas fizikas katedras realas iespgjas, 1949. gada nonaca pie secinajuma,
ka turpmak ir jaattista petijumi galvenokart optiska un cietvielu fizika, ieklaujot taja
pusvaditaju fiziku — nakotnes radioelektronikas pamatus (1947. gada decembr1 Bella
laboratorija ASV tika demonstréts pasaul€ pirmais bipolarais tranzistors). Interese par
pusvaditajiem katedra bija jau kops 1948. gada, kad tika izstradati pirmie studentu
diplomdarbi $aja virziena. Abi noteiktie fizikas petfjumu virzieni viens otru labi
papildindja: ar optiskdm metodém vargja pétit cietvielu pamatipaSibas, bet jauni
cietvielu materiali bija nepiecieS$ami modernam optiskajam ieric€m.
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Petijumi cietvielu fizika tika sakti ar visvienkarSakajam kristaliskajam
struktiram — sarmu metalu halogenidiem. Tos vargja pasu spékiem izaudzet ar
Kiropulosa metodi augsttemperatiru krasnis (apm. 800 °C). Tas prata izgatavot
macibu meistars Ernests Piice. Kristalaudz&Sana un to 1paSibu pétijumos tika iesaistiti
studenti un aspiranti (Voldemars Fricbergs, Iréna Velmere-Plavina, Ojars Smits, Kurts
Svarcs). Katedrai paveicas iegadaties 1954. gada janvari tiem laikiem vienu no
labakajiem  spektrofotometriem  SF-4 ar kvarca optiku (vacu firmas
»Beckman” kopija). Tas lava veikt izaudz€to kristalu paraugiem absorbcijas
meérjjumus plasa spektra josla no 210 lidz 1100 nm, kas veicinaja krasu centru
petijumus sarmu metalu halogenidos. Tika pétiti ar1 pusvaditaju fotoelektriskas
pasibas atkariba no svesvielu piemaisijumiem (Ilmara Vitola diplomdarbs 1955. g.),
pusvaditaju fotopretestibu jutiba dazadas gazes atkariba no temperatiiras (A. Okmanis
un E. Zablovskis).

Labi kontakti 1950. gadu vidi nodibinajas ar Igaunijas PSR ZA Fizikas un
astronomijas institiita (Tartu pilséta) Jonu kristalu laboratoriju, kura tika veikti Iidzigi
pétijumi. To vadija Ceslavs Lus¢iks. Vins pat tika uzaicinats 1955./ 56. macibu gada
nolasit lekciju ciklu par luminiscenci EFK studentiem un aspirantiem. Ta ka Tartu
institita ka tikai zinatniskai ZA strukttirvienibai bija labaki eksperimentala darba
apstakli, tad katedras aspiranti K. Svarcs un 1. Vitols bieZi brauca uz turieni zinatniska
darba komand&jumos. Pirmos zinatnisko darbu rezultatus par sarmu metalu
halogenidiem katedras fiziki publicgja jau 1956.gada (L. Jansons, O. Smits,
V. Ziraps, A. Jansone).

Optiskas spektroskopijas virziens nostiprinajas, kad 1954. gada Leningradas
Valsts universitate prof. S. FriSa vadiba zinatnu kandidata disertacijas darbu par otra
veida sadursmju lomu metalu tvaiku maisijuma fluorescencé aizstavéja katedras
aspirante Elza Kraulina. Vina katedra turpinaja So spektroskopijas virzienu, ka ari
palidz€ja ieviest daudzas ripnicu laboratorijas spektralanalizes metodi vielu sastava
un piemaistjumu noteikSanai. Savukart J. Eiduss saka sadarboties ar LVU un LZA
kimikiem (G. Vanags, S. Hillers), veicot sintez€to jauno organisko savienojumu
spektralanalizi. ArT Teorétiskas fizikas katedra (E. Andersons) saka pievérsties atomu
struktiiru parametru aprékiniem.

LVU vadiba nepartraukti pieprasija macibu sp&kiem celt savu kvalifikaciju ar
zinatnu kandidata un doktora disertaciju aizstavéSanu, nemaz nepemot véra, ka EFK
darbinickiem bija milziga pedagogiska slodze — pari par 19.000 stundam gada, un
trika pétnieciskas aparatiiras un materialu. Lai uzlabotu EFK zinatnisko darbu,
doc. L. Jansons jau 1954. ludza LVU vadibu no katedras atdalit Visparigas fizikas
katedru, kas macitu fizikas pamatus fakultates, kuras tie ir obligati, un Tehniskas
fizikas katedru, kas sagatavotu inZenierfizikus, bet Eksperimentalas fizikas katedra
sagatavotu zinatniekus noteiktajos virzienos: optika un cietvielu fizika. Tacu tas
netika nemts vera.

Kad par FMF dekani 1956. gada kluva doc. E. Kraulina, vina kopa ar
doc. L. Jansonu 1957. gada mé&ginaja izveidot Spektroskopijas zinatniski p&tniecisko
laboratoriju pie LVU, kura var€tu biit kop&ja atomu (Kraulina), molekulu (Eiduss,
Hillers) un kristalu (Jansons) spektroskopisko problému pétniecibai. Tika sapemta
pozitiva atbilde no PSRS ZA Spektroskopijas komisijas priekSsédetaja prof. S. L.
MandelStama. Pamatojoties uz to, tika nosiitita izversta v&stule ar pamatojumu un
pielikuma sarakstu ar nepiecieSamo aparatiru (kopa par 475.150,-rbl. ,,vecaja
nauda”) PSRS Augstakas izglitibas ministrijas Galvenas parvaldes priekSnieckam
M. A. Prokofjevam. Bet panakumi izpalika.
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1958. gada LVU un FMF notika lielas parmainas. Rudent tika gatavota Rigas
Politehniska institita (RPI) darbibas atjaunoSana, atdalot no LVU visas
inzeniertehniskas fakultates un Kimijas fakultati. Dala no FMF pieredz&jusiem
macibu spekiem (E. Papédis, A.Okmanis, A. Valters u.c.) planoja pariet uz RPI
(t. 1. praktiski palikt tajas pasas darba vietas un laboratorijas Kronvalda bulvart 4, jo $1
€ka tika nodota RPI lidz laikam, kad tiks uzcelti macibu korpusi Kipsala, bet LVU
FMF tika parcelta uz ,,veco €ku” Raina bulvari 19). Ar1 doc. L. Jansons tika uzaicinats
uz RPI par Fizikas katedras vaditaju. Vins pat izstradaja detalizé€tu RPI jaunas Fizikas
katedras projektu. Tacu 12. maija doc. L. Jansons peksni aizgaja muziba. Tikai tad no
EFK atdalija Visparigas fizikas katedru (vaditajs J. Platacis) un Tehniskas fizikas
katedru (vaditajs V. Florovs), bet par EFK vaditaju kluva doc. E. Kraulina. Lidz $im
laikam FMF bija jau beigusi apm. 300 jauno fiziku. Neskatoties uz RPI atjaunosanu ar
daudzam fakultatém, vidusskolu absolventi tomér centas iestaties LVU, lai studétu
fiziku, un konkurss parasti bija 2-3 uz vienu vietu.

Paliku$ajiem EFK fizikiem, kas parsvara bija gados jauni (O. Smits,
V. Fricbergs, K. Svarcs, 1. Vitols, V. Ziraps), samazinajas pedagogiska slodze un vini
vargja vairak nodarboties ar zinatnisko darbu un celt savu kvalifikaciju. Tacu truka
nepiecieSamas aparatiiras un lidzeklu to iegadei, ka ari Stata vietas zinatniskam un
paligpersonalam. PaSu spékiem tika izgatavotas vairakas petnieciskas iekartas, to
skaita izstradats un uz spektrofotometra SF-4 bazes uzbiivéts automatizets
registréjosais optisko absorbcijas un luminiscences spektru meritajs ar augstu
precizitati (apm. 1 %) un atrdarbibu. Par So izstradi lielu interesi izradija zinatniskas
un riipnieciskas iestades no Leningradas, Maskavas, Tartu, Irkutskas un pat no ASV.
Tika iegtti arT jauni petijumu rezultati atomu, molekulu, kristalu un organisko
savienojumu spektroskopija, kuri tika zigoti Vissavienibas luminiscences konferencé
marta, apspriedé par oscilatoru stipruma noteik$anu Leningrada 1959. gada marta. So
un citu apspriezu rezoliicijas un rekomendacijas tika atziméts, ka nepiecieSams
paplasinat zinatniski p&tnieciskos darbus, kurus veic LVU Riga.

Saja sakara 1959. gada pavasari doc. E. Kraulipa ar kolégiem (J. Eiduss,
O. Smits, V. Fricbergs, I. Vitols) atkartoti iesniedza augstakstavo$am instancém,
ieskaitot LPSR Komunistiskas partijas (KP) Centralkomitejas (CK) Zinatnes un
kultiiras nodalu (vaditaja L.R. Lapina), iesniegumus ar ligumu un pievienotiem
pamatojumiem un rekomendacijam, lai dabiitu atlauju un nepiecieSamos Iidzeklus
LVU FMF Spektroskopijas probléemu zinatniskas pétniecibas laboratoriju
izveidosanai. Bet arT tad netika iegiits vajadzigais atbalsts.

LVU FMF matematikas doc. E. Arin$ ar Teorétiskas fizikas katedras vaditaja
doc. P. Kunina palidzibu, kas labi parzinaja Maskavas birokratiju, 1959. gada oktobri
bija ieguvis PSRS Valsts plana norikojumu N°®Y-11003 par universalas elektronu
skaitlosanas masinas BESM-2 iegadi. Saja sakara doc.E.Arin§ ar kolégiem
parliecinaja republikas vadibu un izcinijja LPSR KP CK Biroja un Ministra padomes
kop&jo 1€mumu par LVU SkaitloSanas centra (SC) dibinasanu ar zinatniski
pétnieciska institita tiesibam. Republikas Tautsaimniecibas padomei uzlika par
pienakumu nodro$inat visu nepiecieSsamo (telpas, elektroapgadi, ventilacijas sist€ému,
darbinieku Stata vietas), lai SC ar elektronu skaitloSanas masinu BESM-2 varétu sakt
darbibu 1960. gada 1. marta. I. Vitols beidza trisgadigo aspirantiru 1959. gada
oktobrT un no 12. decembra tika pienemts darba SC par vecako inZenieri. Tur vins$
ieguva lielu pieredzi, ka padomju sist€ma var ,,izsist cauri” zinatniski p€tnieciskas
iestades izveidoSanu caur bolSeviku birokratijas miriem.
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No 1959. gada 1. septembra sasirgusas doc. E. Kraulinas vieta par FMF dekana
v. i. tika iecelts vec. pasniedzgjs O. Smits. Driz péc tam vin§ ar kolégiem uzzinaja, ka
Riga tiek sakta slepena uzpémuma N°233 biive, kas paredzéta pusvaditdju ieriu
izstradei un izgatavoSanai. Tas loti ieinteres€ja EFK fizikus, jo liela dala no viniem
nodarbojas ar pusvaditaju fizikas problémam un gatavoja studentus $aja joma. Notika
tikSanas ar uzpémuma N°233 direktoru S. A. Bergmanu un Maskavas zinatniski
petnieciska institita p/k 281 parstavi E. KokoriSu. Sarunas gaita noskaidrojas, ka
planotas LVU Spektroskopijas problému laboratorijas pétijjumu tematika un
iegadajamas meriekartas loti Iidzinas uzdevumiem un aprikojumam, kadus biis
jarisina un jaiegadajas biivéjama uznémuma N°233 zinatniski pétnieciskaja
laboratorija. Bet uznpémuma N°®233 organizacija, palaiSana un ekspluatacija prasa
daudz lielaku uzsvaru likt uz pusvaditaju pétniecibas sektoru planotajai LVU
Spektroskopijas laboratorijai. Rezultata tika nolemts, ka turpmak javirza projekts, kas
paredz, ka pie LVU tiek izveidota Pusvaditaju fizikas problému laboratorija (PFPL),
bet ne spektroskopijas. Saja laboratorija varétu icklaut lielu daJu no FMF macibu
spekiem un paligpersonala, kas stradajusi pusvaditaju fizikas un blakus nozargs, ka ar1
taja varétu sagatavot no studentiem kvalific€tus darbiniekus jaunajai iestadei N® 233
(to velak tauta nosauca par Pusvaditaju riipnicu).

Sakas intensivs darbs 1. Vitolam un O. Smitam, palidzot J. Eidusam ka labam
krievu valodas un padomju birokratijas zinatajam, lai sagatavotu visus PFPL
organiz€Sanas projekta nepiecieSamos dokumentus: pamatojumu, projekta uzdevumu
un perspektivo planu no 1960. Iidz 1965. gadam, atsauksmes par ieprieks€jo
zinatniski pé€tniecisko darbibu no vadoSajam pétniecibas iestadém un zinatniekiem.
Tadas ieguva no 1) Maskavas Valsts universitates Pusvaditaju fizikas katedras (prof.
S. G. Kalasnikovs), 2) Tartu Valsts universitates rektora prof. S. G. Klementa un
Igaunijas PSR ZA Fizikas un astronomijas institiita Fizikas sektora vaditaja
C.B.Lus¢ika, 3)PSRS ZA Luminiscences zinatniskas padomes locekla
Dr. V. V. Antonova-Romanovska, 4) Valsts zinatniski p&tnieciska institita p/k 281
galvena inZeniera G.D. Glebova, 5) PSRS Ministru padomes Valsts
Radioelektronikas komitejas Divpadsmitas parvaldes priekSnieka I. Pesjacka,
6) LPSR Tautas saimniecibas padomes priekssédétaja G. I. Gailes.

Izstradataja PFPL projekta uzdevuma laika periodam no 1960. lidz 1965. gadam
bija izdaliti divi galvenie pétniecibas virzieni: 1. Cietvielu shémas un mikromodulu
elementi; 2. Pusvaditaju procesu péetijumi dielektrikos. Lai wuzsaktu darbibu,
1960. gadam tika pieprasitas Sadas Stata vienibas un skaits:

Amats Stata vienibu skaits | Alga ménesi, rbl. (vecie)

Laboratorijas vaditajs 1 3.000
Jaunakie zin. lidzstradnieki 5 1.050
Vecakais inzenieris 1 1.500
InZenieris 1 1.200
Vecakais mehanikis 1 1.200
Mehanikis 1 980

Kopa meénest: 13.030

Laboratorijas materiali tehniskajam nodroSinajumam 1960. gadam bija nepiecieSama
aparatiira par kopsummu 650.000 rbl. un materiali — 200.000 rbl.

Tika nositits iesniegums ar LVU rektora parakstu art LPSR KP CK sekretaram
A. PelSem ar liigumu atbalstit Pusvaditaju fizikas problému laboratorijas dibinasanu.
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Priekslikums par LVU PFPL izveidi 1960. gada 28. janvari tika izskatits un
atbalstits LPSR Ministru padomes Augstakas un videjas specialas izglitibas valsts
komiteja. Turpmak tika gatavots LPSR Ministru padomes 1émuma projekts par LVU
Pusvaditaju fizikas problému laboratorijas organizé€Sanu. Tika pienemts pozitivs
lémums un, pamatojoties uz to, LPSR Ministru padomes Augstakas un vidgjas
specialas izglitibas valsts komiteja izdeva pavéli N°278 1960. gada 18. maija par
LVU Pusvaditaju fizikas problému laboratorijas organizéSanu. Pavéles 4 punktos
uzskaitits, ka laboratorija ar personalu un iekartam janokomplekté 4 gadu laika, sakot
no 1960. gada jiinija; LVU rektoram janodro$ina laboratorijai telpas, personala Stata
vietas, nekavgjoties jaiesniedz pieprasijums laboratorijas aprikojuma iegadei un
jaiesniedz Valsts komitejai laboratorijas organizéSanas un darbibas uzsaksanas planu
ta apstiprinasanai; Valsts komitejas kapitalas celtniecibas un sagades nodalai,
pamatojoties uz LVU rektora iesnieguma, janodod Valsts planam nepiecieSamo
iekartu un materialu pieprasijums.

Sakas spraigs darbs PFPL izveidoSanai. No 1960. gada 26. septembra par
laboratorijas vecako inzenieri iec€la I. Vitolu, lidztekus uzdodot veikt laboratorijas
vaditaja pienakumus ar algu 1.500 rbl. ménesi. Laboratorijai tika pieskirtas telpas
Raina bulvari 19 pirma stava kreisaja sparna (gar InZeniera ielu). Tas bija jaizremontg,
piemérojot laboratoriju vajadzibam. Par pirmajiem zinatniskiem lidzstradniekiem tika
pienemti Valters Ziraps, Juris Zakis, Janis Valbis, Ivars Tale; par paligdarbiniekiem —
Benilda Ezerina, Vilma Putnina, Lija Stalidzane (vélak — Rihtere). Turpmakaja laika
laboratorijas zinatnisko un tehnisko darbinieku skaits strauji auga, ka ari tika
piesaistiti daudzi studenti darboties Pusvaditaju fizikas pulcina.

LVU Pusvaditaju fizikas problému laboratorijas izveidoSanas pirma karta tika
svinigi atklata 1962. gada 5. janvari pulksten 12.00 universitates 12. auditorija Raina
bulvart 19.
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PFPL DZIMSANA UN IZAUGSME LIDZ CFI IZVEIDOSANAI

J. Zakis
bijusais LU PFPL, LU CFI direktors un LU rektors

Notikums

Mg@s atzimgjam it ka ne parak nozimigu notikumu — kadas vienas LU
laboratorijas dzimSanas gadadienu. Ka $1 un talako notikumu aculiecinieks un tajos
pilniba no sakuma Iidz galam iejauktais, es, protams, nevaru dot objektivu vert€jumu.
Bet kur gan ir redz&ta objektiva vesture un kapec gan lai es rikotos citadi?

Saksu ar vesturiska notikuma visparigo vertejumu, nebaidoties un nekautréjoties
teikt, ka tas bija revolucionars notikums ar sekam, kuras turpina izpausties vél Sodien.
Lai cik avantiiristiski un nepietieko$i pamatoti reiz€m ar1 bija miisu plani un ieceres,
tie apbrinojama karta piepildijas. Vai rezultati izradijas varenaki par iecerém, to lai
spriez katrs pats. Bet tas, ka tie bija vareni, vismaz man, ka to sasniegSanas
lidzdalibniekam, Saubu nekad nav bijis. Ar to arl atlauSos savus ta laika
lidzgaitniekus, darba kolégus un draugus sirsnigi apsveikt un izteikt viniem visiem
vislielako paldies par ticibu mérkim, uznémibu un neatlaidibu cela uz ta sasniegSanu!

Mana personigaja dzive ta, protams, bija laimiga sagadiSanas, ka savus pirmos
patstaviga darba solus LU 1960. gada 8.augusta spéru istaja laika, 1staja vieta un pie
istajiem cilvékiem. Atskatoties uz to laiku man nakas konstatét, ka tad iesaktais
pilniba sagrozija manu turpmako dzivi. Es gandriz vai neSaubos, ka Iidzigi par savu
dzivi varétu teikt no tas jau aizgajusie O. Smits, J. Valbis, V. Ziraps vél ar mums
esosais I. Tale un E. Tardenaks, protams, miisu Sefs — Ilmars Vitols, kas pie ta visa
bija pats galvenais. Un tulin aiz Siem pionieriem sekoja daudzi citi — V. Putnina,
L. Beiziters, A. Patmalnieks, P. Tomsons, L. Rihtere un daudzi citi. (Atvainojos, ka
savilpojuma, kas parnem mani, nosaucot vinu vardus, nespé&ju sarindot vinus kaut
kada nozimibas rinda, ka art nosaukt visu to vardus, kuri to patiesam ir pelnijusi.)

Medz teikt, ka, ja beigas ir labas, tad viss ir labs vai, ka uzvarétajus netiesa. Par
laimi dzivojam briva valstt un vismaz pasi par sevi varam pateikt visu taisnibu. Esmu
parliecinats, ka tas daritaju slavai un godam ,.kantes nerivés”, bet paradis, ka mes visi
esam bijusi tikai cilveki, ka to vai lidzigu tam biitu var&jusi paveikt arT citi. Bet Soreiz
tas gods tomer pienakas mums un més ar to varam lepoties!

LPSR ZA un LVU

Padomju vara Latvija ienaca ar savu tradiciju — zinatnisko p&tjjumu nodaliSanu
no augstskolam, tos koncentr§jot Zinatnu akadémijas un ta saucamajos nozaru
instititos. Faktiski tas nebija nekas agrak nezinams. Zinatnpu akadémijas tipa, no
augstskolas atdalito p&tniecibas instittitu pirmsakumi Latvija atrodami jau 20. gs. 30-
tajos gados, ko apliecina LZA karoga atrodamais gadskaitlis 1936. Spilgtas nozares
petnieciska institiita iezimes ta laika Latvija atrodamas oficiali 1932. gada dibinataja
uzpémuma VEF. Jaunums bija tikai tas, ka padomju vara mala nostima Latvijas
ievérojamako zinatnes centru LU. To darot, jaunajai varai vajadz€ja 1pasi pariipéties
par jauno institlitu nodroSinajumu ar pé€tniekiem. Ka parasti tados gadijumos, liels
uzsvars tika likts uz specialistu importu no lielas padomju zemes. Otrs cel§ bija LU
stradajoso specialistu parskaitiSana jaunajos instititos. Ta, pieméram, 1946. gada,
dibinot LPSR ZA Fizikas un matematikas institlitu (no 1950. gada — Fizikas institiits),
par ta darbinieku kluva ari viens no nedaudzajiem Latvija palikuSajiem fizikiem
Ludvigs Jansons, kur§ ar savu dzivesbiedri A. Jansoni bija visai nozimigu p&tijumu
aizsac€ji Latvija jonu kristalu fizika. Un tomeér vin$ nekad nepameta universitati,
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dodot lielu ieguldijumu jaunas fiziku paaudzes audzinaSana, paaudzes, kurai padomju
planos bija savu darbibu jasaista ar minétajiem ZA vai nozaru institiitiem, kur viniem
tika nodroSinati daudz labaki darba apstakli par tiem, ko vigiem sp&ja nodro$inat
Universitate. Savukart universitatei, pildot savu galveno — jaunas zinatnieku paaudzes
audzinaSanas — uzdevumu bija jartip&jas par kvalitativu macibspeku paturéSanu darba
pie sevis, kuri neapSaubami vElgjas bt ar1 aktivi p&tnieki.

Man laimé&jas nokliit Universitaté laika, kad wvalstt bija sakusas jutamas
parmainas. To pamata bija pasaules lielvaru arvien lielaka orientacija uz jauno
zinatnes sasniegumu izmantoSanu sava spéka un varenibas nodroSinasana. Padomju
valstl tas radija nepiecieSamibu parskatit savu attieksmi pret ta saucamo augstskolu
zinatni par labu augstskolu potenciala plasakai iesaistei valstij nozimigajos p&tijumos.
Nesaubos, ka tiesi tapéc tika sekméta plasa profila augstskolu sadaliSana pa nozaru
augstskolam, lai vieglak buitu vadit un kontrolét tajas veicamos pétijumus. Ta no par
LVU pardévetas LU 1950. gada tika nodalits Rigas Medicinas institits un 1958. gada
— Rigas Politehniskais institits.

Pats par sevi saprotams, ka PSRS vara noteica prasibu ta saucamajai padomju
zinatnei ienemt vadosas vietas pasaules zinatné. Tas bija izaicinajums uz sacensibu ar
kapitalistiskajam valstim. Pateicoties stingrajai varas un tas riciba esoSo resursu
centralizacijai, PSRS $aja sacensiba piecdesmito gadu beigas saka gt arvien lielakus
panakumus, ko padomju vara pasaulei pasniedza ka savas iekartas neapSaubamu
parakumu. Bet sasniegtais bija janotur. Un padomju vara izskiras par divam, agrak
neizmantotam iesp&jam: augstskolu potenciala piesaisti un ne parak uzticamo, bet loti
perspektivo Baltijas republiku atvérSanu jauno virzienu attistiba.

Jauna laika vésmas Latvija un LVU, ,.Sputniks”

1955. gada es uzsaku studijas padomju varas novajinataja Universitaté. Bet to
1960. gada beidzu liela pacéluma sakuma. Es personigi Universitates lomas atziSanu
saku izjust jau 1957. gada, kad ves. pasniedzgjs Egons Zablovskis piedavaja tiem, kuri
to velas, kolhoza talkas vieta palikt Riga, lai piedalitos Zemes maksliga pavadona
(ZMP, ,,Sputnika”) noverosanas stacijas iekartoSana. M&s ar prieku palikam Riga un
kéramies pie darba ta arl nezinadami, kad tas pirmais ,,Sputniks” varétu paradities.
Bet tas paradijas jau péc meénesa 1957.gada 4. oktobrT un m&s kluvam par oficialiem
ta noverotajiem, pildot valsts nozimes pienakumu.

PSRS ar palaisto 1. ZMP parsteidza visu pasauli, tai apliecinot savu gatavibu,
sp&jas un iesp&jas; jo sevisSki apsteidzot ASV. Peéc divpadsmit gadiem, viesojoties
Kornela universitateé ASV, fizikas profesors Roberts Pols man teica: ,,Vai jus tur
PSRS nevariet vélreiz amerikanus parsteigt ar kaut ko Iidzigu pirmajam
,»Sputnikam™?” Redzot manu parsteigumu vin$ paskaidroja: ,,P&c jisu ,,Sputpika”
strauji pieauga fizikas studiju popularitate.” Sapratu, ka tas bija teikts ne tikai par
fizikas studentiem, bet arT par valsts finans€jumu pétijjumiem fizika, ko taja laika
augstskolu zinatnieki sapéma no ASV Aizsardzibas departamenta, kaut ar1 tieSa saka
ar valsts aizsardzibas problémam tiem visbiezak nebija.

Elektronu skaitloSanas masinas — ESM

Pirmas paaudzes ESM PSRS tika izgatavota 1950. gada. Desmit gadus vélak
savu skaitlotaju izgatavoja LPSR ZA Fizikas institlta zinatnieki J. Daubes vadiba. Ta
vieta, lai kopigiem akad€mijas un universitates specialistu speékiem So darbu turpinatu,

.......

,uzvarétajiem” kluva pedgjie, tiekot pie jauna elektroniska skaitlotaja ,,BESM — 27,
kas arT kluva par pamatu LVU Skaitlosanas centra (SC) izveidei 1959. gada rudent.
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Par ta pirmo direktoru (Iidz 1978. gadam) kluva SC izveidoSanas galvenais autors un
vaditdjs Eizens Arins. LPSR ZA nekas cits neatlika, ka ar steigu 1960.gada pazinot
par pasiem sava LPSR ZA Elektronikas un skaitloSanas tehnikas institita (ESTI)
nodibinasanu. Tikai pateicoties LVU SC izveidotaja un direktora (1959.— 1978.) E.
Arina (fiz. un mat. zin. kandidats no 1954. g.) un vina kolégu sp&jam un autoritatei,
SC vargja sekmigi konkurét ar sava formalaja statusa augstako LPSR ZA ESTI.

Par S0 stastu ne tikai tapéc, ka Aripa veikums iedvesmoja 1. Vitolu PFPL
dibinasanai, bet art tapec, ka ESM kluva par biitisku p&tijumu ,,ieroci” ka PFPL, ta ar1
nakosaja CFI.

Pusvaditaji ienak Latvija

Pasaulé pusvaditaju materiali lielu interesi saka izraisit péc tam, kad
Dz. Bardins ar U. Brattenu atklaja ta saucamo tranzistora efektu (Nobela prémija
1956. gada). Piecdesmitajos gados pusvaditdji kluva par padomju valsts nozimes
“strat€giskajiem materialiem”. Savu studiju ped&ja kursa 1959. gada rudent es ar savu
studiju grupu biju nosiitits praksé Leningradas riipnica ,,Svetlana”, kur taja laika péc
jaunas difuzijas un sakaus€Sanas tehnologijas (protams, slepenas!) tikko ka bija
uzsakta Cetrsimtas s€rijas tranzistoru izgatavosana. Tas bija laiks, kad pusvaditaju
ieri€u razoSana tika organizeta visur tur, kur vargja cerét uz augstas kvalifikacijas
inZenieru un zinatnieku klatbiitni. Par tadu vietu tika atzita arT Riga, 1959./1960.gadu
mija uzsakot taja (protams, slepenas) Pusvaditaju riipnicas izveidi, tai nododot tikko
ka uzcelto skolas eku Riga, Brivibas iela pie Smer]a. Uzaicindjumam stradat jaunaja
riipnica pieteicas daudzi mani studiju biedri, izejot 1paSu apmacibu praksi riipnicas
Maskava un stajoties darba péc diplomu sanemsanas 1960. gada rudeni. Es nebiju
starp tiem, jo piekritu palikt darba LVU, lai gatavotos akadémiskai darbibai.

Uz jaunajam veésmam Latvija atsaucas 1946. gada dibinatais LPSR ZA
Energétikas institits, 1961.gada izveidojot Pusvaditaju iericu pétniecibas laboratoriju
(vaditajs 1. Feltins). Pildot savu “vietgjas zinatnes galvena $taba” lomu pie LPSR ZA
tika izveidota republikas méroga Pusvaditaju =zinatniskas padome, par kuras
prieks$seédetaju 1961. gada kluva akadémikis A. Krogeris. Vin$ daudz darija visu
virzienu cietvielu fizikas (pusvaditaju, jonu kristalu, metalu un vélak ari stiklu un
amorfo cietvielu fizikas, ka arT cietvielu elektronikas) savstarpgja tuvinasana. No
1968. gada, kad kluvu par PFPL vaditaju, es saku pildit §is padomes priekSsédéetaja
vietnieka pienakumus.

Universitates avizé ,Padomju Students” 1967.gada 18. maija raksta ar
nosaukumu ,,Pusvaditaju fizikas problému laboratorijai 5 gadi” iedalijuma ,,Mazliet
no pusvaditaju fizikas problému laboratorijas vestures” atrodama $ada zina: ,,Sakara
ar pusvaditaju iericu arvien plasaku ieviesanu oti daudzas dzives nozarés republika
50-to gadu beigas radds liels pieprasijums péc pusvaditaju fizikas specialistiem, tacu
Sadus specialistus republikas augstskolas negatavoja. Péc Fizikas un matematikas
fakultates darbinieku b. b. Kraulinas, Eidusa, Smita iniciativas fakultate 1960. gada
tika izveidota pusvaditaju fizikas specialitdate. Paraleli arvien redldka kiuva
nepieciesamiba radit republika centru, kur augsta limeni tiktu izdariti perspektivi
petijumi pusvaditaju fizikd, vardu sakot — jautajums par pusvaditdju fizikas problému
laboratorijas radisanu Universitaté bija nobriedis un prasija atrisinajumu.

Peéc tagadeja laboratorijas vaditaja, toreizéja Fizikas un matematikas fakultates
asistenta Ilmara Vitola iniciativas Universitate griezas pie republikas valdibas ar
priekslikumu organizét Sadu laboratoriju. Priekslikumus ieveroja un 1960.gada maija
Augstakas un videjas specialds izglitibas Valsts komiteja pienéma lemumu sakt
Pusvaditaju fizikas probléemu laboratorijas organizésanu Latvijas Valsts universitaté
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uz Fizikalas optikas laboratorijas bazes, kur doc. L. Jansona vadiba bija izveidojies
pétniecibas virziens, kas varéja biit par pamatu nakamajai laboratorijai.”

1960. gada tas tomér vél palika tikai ieceru limeni, kuru realizacijai bija
vajadzigi ne tikai isti entuziasti, bet arl universitates patrioti un minétas jomas
parzinataji. Atskatoties uz turpmak notikuso, varu teikt, ka entuziasti atradas. Atradas
ar1 patrioti. Sliktak bija tikai ar pusvaditaju fizikas parzinatajiem, kurus vargja
aizvietot tikai tai tuvak stavoSie visistaka universitates patriota L. Jansona (1909—
1958) skolnieki, kuru vidi ka ,,vispiemérotakos” sava skatfjuma biitu vargjis minét
K. Svarcu, I. Vitolu un O. Smitu. Uz viniem arf tika liktas vislielakas ceribas. Bet tad
,,Spele” atkal iejaucas LPSR ZA ar savu tikko ka uzcelto Salaspils Atomreaktoru. Ka
jau centralas varas finanséts un visada veida atbalstits pasakums tas daudziem
Latvijas fizikiem solija labas darba un turpmakas izaugsmes iesp€jas. Klut par ta
darbiniekiem faktiski bija Latvijas fiziku pienakums, jo ta nepildiSanas gadijuma
vajadzigie kadri tiktu jebkura nepiecieSamaja daudzuma piegadati no Maskavas,
Leningradas vai citiem PSRS zinatnes vadoSajiem centriem. Tap&c saprotama bija
K. Svarca izvéle 1961. gada pilniba parcelties darba reaktora, velak klaistot arf par
Fizikas instituta direktora vietnieku (1962.—-1979.). Dazi vinam nesekojoSie to
uzskatija par vieglakas dzives mekl€Sanu vai pat par nodevibu. Un ta nu par minéto
planu izpildes galveno iedvesmotaju un organizeétaju kluva Ilmars Vitols. Zinu, ka
personibas loma vésturé diezgan biezi tiek apSaubita sakot, ka ja ne vins, tad noteikti
kads cits biitu paveicis to paSu. NeSaubos, ka vesturei ir sava ,,objektiva” virziba, kuru
iespaidot pat visspécigakajam personibam gandriz vai nav pa spékam. Un tomér
spriedelgjumiem ,,ka bitu, ja vina vieta butu kads cits” negribu pievienoties, jo zinu,
ka bija un to ka tadu ar1 pienemu.

PFPL dibinasana

Stajoties darba LVU es vél ta 1sti neapzinajos sava vaditaja — jauna fizika [lmara
Vitola — 1sto ieceri. Vienigais, ko atri aptveru, ir tas, ka mums bis strauji jarikojas, lai
attistitu savus pétjjumus, stradajot LVU sastava un izmantojot labveligo situaciju
Vissavieniba un Latvijas republika. Visai driz uzzinaju, ka esam konkurencg vai kaut
kada citada intereSu konflikta ar vismaz daziem miisu potencialas darbibas jomai
tuviem zinatniekiem arpus universitates. Visneglaimojosakos vardus dzird€ju par
daziem uz LPSR ZA Fizikas institiitu pargajuSajiem, kuri esot miis nodevusi, meklgjot
vieglakus darba apstaklus un izvairoties no studentu apmaciSanas pienakumu
veikSanas.

Kritiku sapratu un tapéc ne varda neiebildu, kad 1. Vitols man pazinoja, ka vins
lielas aiznemtibas dél no ST rudens vairs nelasiSot studentiem lekcijas pusvaditaju
fizika, bet tas biiSot jadara man. Uz iebildumu, ka tas man nenaksies viegli, jo tadu
kursu sava studiju laika nebiju klausijies (diploma man bija ierakstita specialitate
optika), iznemot dazas visparigas lekcijas doc. V. Smelinga snieguma. I. Vitols
apsolija dot man ménesi laika intensivai §1 kursa apguvei paSmacibas cela, pie ka es
arT nekavgjoties keros.

Es, ka jau agrak citviet neiesaistitais, kluvu par vienu no pirmajiem oficialajiem
Vitola lidzgaitniekiem, par ko liecina ieraksts mana darba gramatina: 1960. gada
26.septembris — Parskaitits par jaunako zinatnisko lidzstradnieku Pusvaditaju fizikas
problému laboratorija. Faktiski tas bija ierakstits avansa, jo taja bridi tadas problému
laboratorijas praktiski nemaz vél nebija, jo atradas dibinasanas stadija. Toties
neapSaubami korekts ir jau nakosais ieraksts: 1962. gada 16. maijs. — Parskaitits par
vecako inzenieri Pusvaditaju fizikas problému laboratorija (PFPL).
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Sadu vai lidzigu iemeslu dé] PFPL oficialas dibina$anas datums nav precizi
nosakams. Divas viena otrai sekojosas LU vesturei veltitajas gramatas (,,LU 75 un
,LVU vésture 1940.-1990.”) minéti divi atskirigi gadi — 1961. un 1960. Es, ka $1
notikuma ne tikai aculiecinieks, bet arT ta aktivs Iidzdalibnieks vispirms gribu jautat,
ko més gribam atzimétam — juridisko dibinaSanas aktu vai realas darbibas sakumu.
Spriezot pe€c minétajiem ierakstiem mana darba gramatina, PFPL ir dibinata, izveidota
vai sakusi darboties kaut kad starp 1960.gada 26. septembri un 1962.gada 16.maiju.
Nekadi 1paSas atceres cienigi notikumi 1960. gada man nav zinami. Toties es labi
atceros, ka vel remontg&jamajas laboratorijai paredz&tajas jaunajas telpas Raina bulvara
19 €kas pirmaja stava Inzenieru ielas pus€ 1962.gada janvara sakuma més pirmo reizi
svingjam PFPL dzimSanas dienu.

Par nosaukumu PFPL

Skaidrs, ka vardi pusvaditaju fizika ne parak atbilda tam, ko darfjjam un ko
gatavojamies darit. Tie bija vairak ka solfjums kalpot kaut kam misdienigam,
progresivam un daudzsoloSam. Bet tada jau bija padomju laika tradicija, piem.,
kolhozs ar nosaukumu ,,Komunisma cel$” tikai vardos gaja pa So celu.

Otri divi vardi — problému laboratorija — ari atspoguloja laikmeta specifiku.
Nosaukums laboratorija gan bija zinatniskas institiicijas cienigs, bet taja laika talu
atpalika no varda institits prestiza. Bet atlaut augstskolai lietot zinatnu akadémijai
raksturigo institlitu nosaukumu kadiem S$kita par daudz lielu godu, par ko ZA varétu
pat justies apvainota. Tap&c vardu kombinacija — problému laboratorija — tika izvéleta
ka neko 1pasi neizsako$s kompromiss, kas apzim&ja kaut ko nopietnu (problemu
risinaSanu) un tomér ar ZA un nozaru institiitiem nekonkurgjoSu. Visai driz misu
pieméram sekoja Spektroskopijas problému laboratorija (SPL, 1967) un
Segnetoelektriku un pjezoelektriku fizikas problému laboratorija (SPFPL, 1968).

Atskiriba no jau pieminéta LVU SkaitloSanas centra, kura dibinaSanas bridi
vismaz ta vaditajs E.Arin$ bija ar zinatnu kandidata gradu, PFPL $tatos tada Iimena
zinatnieku vél ilgi nebija neviena. Miisu ceriba bija jaunie specialisti divas galvenajas
radosas darbibas jomas — jau piemingtaja L. Jansona iesaktaja jonu kristalu fizika
(O.gmits, [.Vitols, J.Valbis, V.Ziraps, 1. Tale, J.Zakis) un elektronika, ko toreiz déveja
par radioelektroniku (E. Tardenaks, ka arT I. Vitols un I. Tale, ka arT vairak vai mazak
ar1 citi fiziki). Bet ar to, protams, nepietika, lai attaisnotu pusvaditaju vardu
laboratorijas nosaukuma. Ta ka tie bija gadi, kad pasaul€ bija paradijusies moderna,
revoliiciju elektronika solosa mikroelektronika, I. Vitols mani komandga uz
Maskavu, lai lielakaja plasai publikai pieejamakaja Lenina biblioteka izstudétu visu
jaunako (pamata arzemju) literatiiru par So jomu. To ar1 izdariju, bet ta ar1 nespgju
iedomaties, ka var€sim konkurét ar varenajam arzemju firmam — ,,General Electric”,
,»Westighouse”, ,,Silvania” u.c. Maskava savakto informaciju vélak izmantoju,
uzrakstot $o virzienu populariz§josu brosuru ,,Mikrominiaturizacija radioelektronika”
(Riga, 1966). Idejas, ko mes varétu $aja virziena darit pasi, mums tomér neradas, jo
nevargjam tacu sacensties ar varenajam firmam.

Atradis zinu par agrak nedzird€to ta saucamo kanala tranzistoru, 1. Vitols lika
man nodarboties ar ta p&tisanu. Bet ka gan lai to daru, ja mums nebija nekadu iesp&ju
tadu izgatavot. Sazinajos ar Pusvaditaju riipnica stradajoSajiem maniem agrakajiem
studiju biedriem un sadabtju kaut ko Iidzigu kanala tranzistora struktiirai. Mana
vadiba kada studente to izpétija sava diplomdarba. Bijam parsteigti, ka Pusvaditaju
ripnicas specialisti par miisu darbu nekadu interesi neizradija, paskaidrojot: ,,Miisu
razosanas tehnologijas nosaka Maskava. leviest kaut ko jaunu més varam tikai tad, ja
tas tiek tur pienemts par normu jeb standartu.” Bija jamekI€ kontakti Maskava pie
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zinatniekiem, kuri ir iesaistijusies jauna izstradaSana. No agrak Maskava stradajosa
Pusvaditaju riipnicas galvena inZeniera uzzinaju, ka PSRS ZA Kristalografijas
institata strada Seftals, kur§ ir izstradajis jaunu pusvaditdju monokristalisko plano
kartinu ieguSanas metodi — daudz vienkarSaku par paslaik izmantojamo garo
monokristalu audzesanas, to sagrieSanas un kodinasanas metodi. Devos pie vina un
daudz ko interesantu uzzinaju. Nolémam $adu petijumu uzsakt ar1 pie sevis. Ta ka
miisu vadosie fiziki jau bija aiznemti savos agrak iesaktajos jonu kristalu p&tijumos,
izvele krita uz tikko ka no skolotaja darba pie mums parnakuso L.Beiziteru. No kada
brauciena uz pusvaditaju tehnologijam veltitas konferences Parizé I. Vitols atveda
jaunu ideju, ka Sadas kartinas ieglit ar ta saucamo divdimensiju rekristalizacijas
metodi. Lai arT ar Siem pétjjumiem laboratorija ieguva zinamu atpazistamibu, par
domingjosajiem misu darba tie nekluva, paliekot laba akademiska Itmeni bez tieSas
,»1zejas uz razoSanu”.

Turpmak ne vienu vien reizi parliecinajamies, ka kaut cik btiski uzlabot vai pat
tikai pielabot pusvaditaju ieriu razoSanu Pusvaditaju riipnica neesam spgjigi. Ka
jaunais PSRS zinatnpu kandidata gradu ieguvusais zinatnieks no 1969. lidz 1970.
gadam biju pieredzes apmainas komand&juma ASV. Komand&uma nobeiguma es
iepazinos ar kadu latvieti, kurs stradaja firma ,,TRANSITRON?” pie pusvaditaju iericu
automatiz&tas razotnes. Nebiju parsteigts uzzinot, ka vinam labi zinams, ka Riga ir
pusvaditaju ripnica. Atzinos, ka es ne parak labi zinu, kas un ka tur tiek razots, tikai
zinu, ka viniem visai biezi ir problémas ar parak lielo braka procentu. Ta nu gadijas,
ka pé&c neilga laika vin$ atbrauca uz Latviju, apciemot savus radiniekus, un samekl&ja
arT mani, piedavajoties ieinteres€tajiem pastastit, ka vinpa kompanija ir izdevies
uzlabot razojumu kvalitati. Saaicinaju savus kolégus, ka ari dazus savus pazinas no
Pusvaditaju ripnicas un noklausijamies viesa stastijumu. P&c stastljuma pajautaju
ripnicas specialistiem, vai nu vini var justies apmierinati, uzzinot, kas un ka pareizi
jadara. Mani parsteidza vinu atbilde: ,,Més jau sen zinam, ka kvalitativas ierices var
izgatavot tikia tad, ja stradnieki supertiros izejmaterialus neaiztiek ar netiram rokam.
Ta ka piespiest vipiem lietot cimdus vai vismaz nomazgdt rokas més nespejam, tad biis
vien jums — zindtniekiem, jaturpina pétit, ka pat no netiriem materialiem var
izgatavot kaut ko labu. Tapéc riapnica ari turpmdk ir gatava finansét jisu pétijums
Saja virziend.”

ArT m@s bijam spgjigi kaut ko sliktu vérst labaja. Kada no pusvaditaju iericu
izgatavosanas etapa uz pamatmateriala silicija virsmas bija jaizveido loti plana silicija
dioksida kartina pamatmaterialu vienkarsi oksid€jot. To darot ne parak tiros apstak]os,
oksida kartina parasti iekluva gandriz visur klat esoSais natrijs (pamata no varamas
sals, sodas vai citiem to saturo$ajiem popularajiem savienojumiem), kas sava
kustiguma dg] ievérojami pasliktindja iericu darbibas frekvencu parametrus. Mg&s
savos petijumos atradam, ka iesp&ams oksida kartina ievadit kadu citu piejaukumu,
kas sp€j piesaistit natrija jonus, tos padarot nekustigus, t. i. radot iespaidu, ka
neveélama natrija kartina vairs nav.

Kada konferenc€, uzzinajusi par miisu pétijumiem kvarca stiklu radiacijas
fizikas joma, Maskavas Tehniska stikla institlita parstavji aicinaja miis tos turpinat ka
vinu apmaksatu pasttijumu, t. s. ligumdarbu. Piekritam, tikai jautajam, ko vini mums
pasttis? Vargéjam domat, ka turpmak tik vien ka sanemsim papildus samaksu par to,
ko jau tapat darfjam uz valsts budzeta r€kina. Ar pirmajiem jaunajiem rezultatiem
priecigi devamies uz Maskavu, lai sanemtu apsolito liguma paredz€to apmaksu.
Nokluvam pie pasa institita direktora un vipa tuvakajiem lidzgaitniekiem. Miis
rezultatus pat ta isti neapskatijusi vini tikai nosauca darbinieku (ar pasu direktoru
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priekSgala) vardus, kurus mums japievieno darba rezultatus apraksto$as zinatniskas
publikacijas autoriem.

Bet tas jau bija vélak, kad ar saviem pétjjumiem laboratorija jau bija ieguvusi
pietiekosi plasu atpazistamibu. Ka pie tas mes tikam, tas ir 1paSs stasts.

Jau pirmajos laboratorijas darbibas gados arvien vairak parliecinajamies, ka
mums visvairak traucé paSu formalas atpazistamibas trikums, kas padomju laika
(tapat, ka Sodien) bija giistama miisu pétniekiem ,,apgradojoties”. Lai cik tas arl
nebiitu paradoksali, PFPL bija nodibinata bez neviena zinatnu kandidata (par doktora
nemaz nerundjot) limena darbinieka. Parliecindjies, ka neesam gatavi tos iegit
klasisko pusvaditaju joma, 1. Vitols ieteica kerties pie petijumiem mums daudz labak
pazistamaja un apgiitaja jonu kristalu fizikas joma. Visvairak Sis pavérsiens nodergja
man, jo varéju no minétajiem mekl§jumiem pusvaditajos atgriezties pie jonu
kristaliem, kuru pétiSana jau biju kaut ko paveicis (1961. gada prestiza Vissavienibas
7urnala man ar savu vaditaju O.Smitu jau bija publikacija).

Un ta nu mé&s visi ,,vadoSie” fiziki draudzigi iek]avamies mums tik tuvaja un pat
milaja joma, kas mis satuvindja ar taja jau stradajoSajiem ka tepat Latvija, LPSR ZA
Fizikas institita (I.Plavinpas un K.Svarca vadiba), td ari ar jau pazistamajiem
zinatniekiem Tartu Fizikas (sakuma Fizikas un astronomijas) institiita un Tartu valsts
universitaté. Sie kontakti un sakari strauji paplasinajas visas PSRS méroga un pat
parsniedza tas robezas. Un sakas misu darbinieku zinatnu kandidata disertaciju
aizdavasSanas @ra: J. Zakis — 1966. g., J. Valbis, 1. Tale, V. Ziraps, O. Smits, 1. Vitols
u. c.

Par musu Sefu lidz 1968.gadam Ilmaru Vitolu ir atsevisks stasts. To, ka Vitolam
ir neizsikstoss ,,traku” ideju krajums. Tas vins ne tikia dasni dalija starp darbiniekiem,
bet pat ka vaditajs daudziem pat uzspieda. Atskatoties uz to laiku, So uzspieSanu
vertéju vairak ka darboties rosinoSu, neka administrativi pavélosu, kaut ari, it seviski
dazadu iericu un metozu izstrazu joma netriika arT tadas, kas pat atseviskos gadijumos
noveda pie patstavigi domajosako aizieSanas no laboratorijas (spilgtakie pieméri —
E. L. Silip§ ar visu savu grupu un P. Tomsons). Pirmais spilgtakais I. Vitola idejas
realizacijas piemérs, ar kuru man bija iesp&ja iepazities jau pedeja studiju gada,
laikabiedriem pazistams ar nosaukumu ,.kombains”.

Ta vieta, lai ar ta laika modernako padomju razojumu — spektrofotometru ,,SF-
4” — nodotos citigai kristalu spektru pétiSanai, vin$ bija pierunajis laboratorijas
vaditaju atlaut vipam vienu tadu ierici parbuivét lidz nepaziSanai, padarot to par
spektru mériSanas automatu (,,kombainu”). Ar apbrinu véroju kada atruma spektri tiek
registréti uz Saurfilmu kinokameras lentas. ,,Kombainam” pasam gan nebija parak ilgs
miizs. Toties to pardzivoja un lieliski sevi attaisnoja vaju gaismas pliismu mériSanai
noderigais sinhrodetektors.

Vai nu zinatné uzskatot mani par O.Smita audzekni, vai par parak patstavigu,
I, Vitols man ]ava pilnigu pétniecibas brivibu. Varbit, ka tiesi tas, neskatoties uz
manu sakotngjo klejoSanu pusvaditaju joma, deva iespgju pirmajam ieglt zinatnu
kandidata gradu.

Neatceros nevienu gadijumu, kad pretendgjot uz kadas jaunas t€mas (Sodien
sakam — projekta) finans€jumu kads mums biitu aizradijis par tas neatbilstibu
laboratorijas nosaukumam jeb profilam. Lai cik daudz ar1 netiktu runats par padomju
laika zinatnes paklautibu valsts pastitijumam un birokratiskai kontrolei, savu vietu taja
atraduSie un nostiprindjuSie ta saucamas akad€miskas zinatnes parstavji vargja
atlauties stradat péc taja laika biezi min€ta principa, ka zinatn€ nozimigs ir ne
ieplanotais jeb paredzamais, bet gan negaiditais rezultats. Par to, ka PFPL izdevas tikt
pie $adas iespgjas, liecina ta laika prestizaja laikraksta ,,[eningradskaja Pravda”
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1976. g. 12. oktobrT publicétais informacijas agenttiras TASS zinojums ,,Eksperiments
bez eksperimentatora”, kura teikts (tulkojuma no krievu valodas — J. Z.):

wMisdienu optikd, mokroelektronika un radiotehnikd plasi tiek izmantoti
kristali, dazadi stikli. To asortiments nepartraukti papildinas, bet katra radisana
prasa no cietvielu fizikas specialistiem daudzskaitligus eksperimentus. Izradas, ka
Sadus eksperimentus var izdarit daudz datrak, pie tam bez eksperimentatoru
lidzdalibas. Sim nolikam kdda no Latvijas universitites problému laboratorijam
izveidota un sekmigi tiek izmantota kibernétiska sistéma. PétiSanas objekti ,,nosléepti”
kriostatu ligzdas. Tos paklauj zemas un augstas temperatiras, gaismas un
rentgenstaru iedarbibai. Paverot iekartu nodalijumus var ieraudzit ka miniatiri
elektromotorini pagriez prizmas un spogulus, izpilda cilvéku darbu..

Mes darbojamies divos virzienos vienlaicigi, - stasta laboratorijas vaditdjs,
fizikas un matemadtikas zinatpu kandidats J. R. Zakis. - Turpinam tiesos cieto vielu
modelu pétijumus, bez tam pilnveidojam pétijumu metodiku, censamies tos maksimali
intensificet. Kibernétiska sistéema izdara mérijumus un izdod vajadzigos radijumus
piecdesmit vai pat simts reizes atrak neka cilveks-pétnieks.”

Iss zinojums, bet taja ir ietverts tik daudzu PFPL zinatnieku ilgu gadu pilini ar
tam laikam pietiekosi augstu novert&jumu!

Saja jubilejas reizé gribu vélreiz izteikt vissirsnigako paldies visiem, kas miis
noveda pie Sadas atzinibas. Mana visdzilaka parlieciba ir ta, ka tas mums izdevas
galvenokart patiecoties sp&jai sadarboties, viens otru atbalstit, viens otram gruta bridi
sniegt palidzigu roku. Esmu parliecinajies, ka nav daudz tadu kolektivu, kura butu tik
ilgi valdijis tik labvéligs gars!

Kur Riga dzimusi PFPL?

Iesp€jas fizikiem biitiski paplasinat savas telpas Kronvalda bulvari 4 uz aiziet
gatavojosas RPI Kimijas fakultates rékina kavgjas ieilgusas RPI jaunas pilsétinas
celtniecibas Kipsala del. Pa to laiku aizejosais RPI ap 1960. gadu jau bija paspgjis
atbrivot telpas universitates galvenaja €ka Raipa bulvari 19. I. Vitolam izdevas
pierunat universitates vadibu piekrist to nodoSanai jaunveidojamajai PFPL ar
noteikumu, ka laboratorija nodrosinas to saveSanu kartiba. Ar aktivu fiziku Iidzdalibu,
ka arT iesaistot laboratorijas Statos remontsp&jigus specialistus telpu savesana kartiba
veicas diezgan atri. Strauji augoSais laboratorijas kolektivs tika sadalits petijumu
tematiskajas un apkalpojosajas vienibas, jau pasa sakuma nosakot, kurai vienibai
pienaksies kadas telpas. To iek$€jo planojumu katra struktiirvieniba vargja noteikt
pati, gan ievérojot telpu aprikojuma visparigos principus, kas bija vienadi visam
telpam. Visam apgiistamajam telpam Raina bulvara €kas pirmaja stava gar InZenieru
ielu tika ierikota pamatiga vienota nopliides ventilacijas sist€éma. Katra telpa tika
ierikoti uz siena iekaltiem kronSteiniem nostiprinati masivi plaukti aparatiiras
glabasanai. Katras telpas vida grida bija izveidota Sahta ar idensvada un kanalizacijas
pievadiem, ka ar1 ar cauruli uz pagraba novietojamo priekS§vakuuma siikni. Visam
telpam cauri tika izvilkta vienlaidu masiva dzelzs stipa, kuras gals izvadits caur €kas
arsienu un ierakts zemé. Katra telpa stipai bija piemetinatas kontaktskriives aparatiiras
iezem&juma pievienoSanai. Laboratorijai strauji paplasinoties, tas riciba pakapeniski
nonaca pilnigi visa pirma stava un puspagraba telpu rinda gar InZenieru ielu no Raina
bulvara Iidz Merkela ielai. Pédgjais lielakais ieguvums bija caurbrauktuve uz pagalmu
€kas InZenieru ielas pusé, kas tika izbtivéta darbnicas vajadzibam.

Tas bija laiks, kad universitatei nebija paredz€ta nekada jauna celtnieciba, savas
vajadzibas apmierinot uz to iestazu rékina, kas turpinaja celtniecibu, atbrivojot vecas
telpas Rigas centra. Bridi, kad RPI apguva kadu no savam jaunceltném, atbrivojas eka
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Skiipu iela 4, Vecriga. Bijusie saimnieku &ku pamata slikta stavokli un to parpemt
vargja tikai tie, kuri biitu sp&jigi to savest kartiba. Uz So €ku pietiecamies arT mées,
aicinot universitates dienestus to savest kartiba. Zinot, uz ko esam spgjigi,
universitates vadiba izbrina man jautaja: ,,Vai tad jums trikst specialistu?” ,,Mums ir
labi specialisti, bet nav celtnieki un remontetaji,” — pikti atbildéju. Skaidrs, ka mums
tomér lielakais darbs kart€jo reizi bija japaveic pasu spekiem, par ko gan dazas telpas
ieguvam.

Un Kur péc tam aizgajusi?

Pateicoties miisu labajam attiectbam ar Latvijas Valsts plana komitejas
priekSsédetaju Miervaldi Ramanu mums radas ceriba iegut jaunu &ku, bet gan ar
stingru noradi, ka tai jabit lidzigai tipveida Ietajai skolas €kai.

Tas sparnoja misu Sefu un vins izsludinaja PFPL darbinieku iek$&jo konkursu
par labako €kas projektu. Aktivitate bija diezgan liela, bet rezultati nekadi, jo miisu
fiziki tacu nebija arhitekti un atlava valu savai neierobezotajai fantazijai. Un tomer es
ar zinamu gandarjjumu atceros So pasakumu, kas kart€jo reizi mis visus vienoja
kopigam mérkim ar apzinu, ka mes visu varam — vajag tikai gribet.

Pec §is ,,iesildiSanas” sakas nopietns darbs. Vispirms devamies meklet jaunas
ekas vietu. UzzinajuSi par mums paverusos iesp&u uzradas tadi, kas piedavaja
atbrivot savas vecas €kas, laujot viniem uz miisu rékina uzcelt sev kaut ko citu,
protams, jaunu un vinu vajadzibam atbilstoSaku. Mius savukart interes€ja &rtaka
atraSanas vieta un iesp&jami labaki kaimini. Visus misu mekl&jumus aprakstit nav
nemaz tik viegli. Soreiz ka pieméru min&u vienu interesantu gadijumu. Grozoties pa
pils€tas centru, ievérojam brivo laukumu LPSR ZA augstceltnes Turgeneva iela
priek$a. Pilsétas galvenais arhitekts So iesp&ju kategoriski noliedza. Bet laukuma
Centraltirgus pus€ esosa arodskola tulit izradija gatavibu savu €ku atbrivot un
parcelties uz jaunam telpam talak no pasa pils€tas centra. Atklatibas bridi skolas
direktors atzinas, ka tirgus tuvums vinam loti traucgjot, jo skolnieki vairak laika
pavadot, klejojot pa tirgu, neka macoties.

Par misu meklgjumiem uzzinaja LPSR ZA vadiba un noorganizgja Saura loka
apspriedi LKP CK, lai kart&jo reizi rosinatu miisu laboratoriju pievienot akadémijai ar
iespgjam tai iekartoties kada no tas €kam un, protams, mums paredz€tas celtniecibas
jaudas nodot vinu riciba vinu iestréguso projektu realizacijai. Man $aja apspried€ bija
tas gods parstavét misu intereses pret akad€mija uzbrukumu. Jutos loti patikami
parsteigts, ka, noklausijies akadémijas priekSlikumu, partijas CK sekretars Jurijs
Rubenis asi atbild€ja: ,,Vai liela lidaka grib aprit mazo zivtipu!?” Ar to jautajums
mums par labu bija izskirts un akadémijas tikojumi vismaz uz laiku tika partraukti.

Kad beidzot bijam nonakusi Iidz gandriz tukSajam zemes gabalam Kengaraga
iela 8, kluva skaidrs, ka bez celtniecibas lietu specialistiem neiztiksim. Padomju
laikam tipiskas naturalas saimniekosSanas apstaklos samekl&jam pasi savu arhitektu —
Arvidu Rulli. Ta ka jau pieminéto tipveida skolas projektu uzskatijam par galigi
nepienemamu, atlika izskirties, kuru citu ta laika tipveida projektu izveleties par
pamatu, protams, to piemérojot savam vélmeém. Bija skaidrs, ka celtnes pamata jabiit
kadam no taja laika triecientempa mont€jamajiem dzelzsbetona karkasiem. Izvéles
bija tikai divas: no dzelzsbetona plaksném montgjamais ta saucamais civilais karkass
vai uz dzelzsbetona kolonam uzmontgtais riipnieciskais karkass. Mums nebija Saubu,
ka tik nopietnais celtnei, kada biis mus¢€ja, der tikai uz kolonam uzmontétais €kas
karkass. M@&s bijam gatavi dot uzdevumu projektetajiem. Vini gan izradija
neapmierinatibu ar misu &kas platuma izvéli ar dieviem standarta 6 metru
parlaidumiem, no kuriem viena pusé biis seSmetrigas laboratoriju telpas, bet otra —
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Cetrmetrigi kabineti ar divmmetrigu koridoru pa vidu. Pirmais iebildums bija pret tik
Sauru koridoru, kas neatbilstot macibu iestades normam. To atspékojam ar
paskaidrojumu, ka S$1 nebis tik daudz macibu iestade, cik zinatniskas pé&tniecibas
institiits. Bet tas izraisija jaunu iebildumu no projektétaju puses — viniem esot labi
zinams, ka tados institlitos neviena telpa nevarot biit Sauraka par seSiem metriem. Man
gan izdevas vinus nomierinat sakot, lai vini paskatas, ka lielas laboratoriju telpas
institiitos tiek sadalitas ar skapjiem, plauktiem vai pagaidu Sk&rssienam.

Ta nu més panacam savu un te nu tada €ka stav vél Sodien. Bet tas vél nebija
visas griitibas. Ripnieciskajos karkasos parasti tika izmantotas 6 metru garas
(augstas) dzelzsbetona kolonnas. Skaidrs, ka mums tik garas nevajadz€ja — mums
pietika ar 1sako standartu, t. i., 4,5 metriem. Latvija visas kolonas tika gatavotas tikai
viena vietd — Garkalnes dzelzsbetona konstrukciju ripnica. Tur arT devamies ar savu
pasttijumu. Uzzinajusi, ka mums biis vajadzigas Tsakas kolonnas garkalniesi atteicas
pienemt mis pasitijumu, paskaidrojot, ka viniem esot japilda produkcijas razoSanas
plans, kura uzskaite tiek veikta dzelzsbetona kubikmetros. Ta ka vini kolonas
gatavojot seSmetrigas veidn€s, miis Cetrarpusmetrigo gadijuma viniem buSot
jasamazina veidpa izmantojama dala taja pasa apstrades cikla, taja pasa laika iegiistot
mazak kubikmetru produkcijas. Noskaidrojusi, ka vinu razoSanas jaudu ,,Saura vieta”
ir veidgu trikums, apsolijam vigiem izgatavot vél vienu veidni, lai ar veidnu skaita
palielinajumu varétu kompensét to garuma neizmantosana raduSos zaudéjumus. Un
miisu pasutijums tika pienemts un arf izpildits.

Vienlaicigi ar miis €kas celtniecibu notika arT RPI €ku celtnieciba Kipsala, kas
bija ieildzis valsts nozimes pasakums ar augstaku prioritati par musu celtniecibu.
Konstatgjusi, ka daza laba art mums vajadziga biivkonstrukcija pirmkart tiek vesta uz
Kipsalu, musu viri izgudroja viltibu. Vigi nosédas uz Kipsalu vedosa cela malas un
sagaidijusi, ka pa to tiek vests kaut kas arT mums vajadzigs, aptur€ja ved€ju un teica,
ka vin$§ esot kludijies, jo $1 konstrukcija bija javed uz Kengaraga ielu. Ka un kapéc
vedgjs piekapas, vél Iidz Sim nezinu, bet rezultatd misu &ka cé€las straujak neka daza
laba cita Kipsala.

Lai cik tas arT neskistu amorali, toreiz to par lielu laundaribu neuzskatija, jo
visas lielas celtnes tacu pieder€ja vienai un tai paSai valstij. Un tomer, kad péc
celtniecibas pabeigSanas mani kadu dienu izsauca uz LKP Kirova rajona (péc
universitates oficiala pieraksta) komiteju, biju nobazijies — vai tikai neesam atmaskoti.
Bet tur mani laipni sagaidija un apsveica ar izvirziSanu valsts apbalvojuma
sanemsSanai. Ta es tiku pie sava pirma un ari pédgja, kaut arm zemaka PSRS valsts
ordena — Goda zimes. Jaatzistas, ka jutos neérti, jo labi zinaju, kadu milzigu darbu
€kas tap$ana bija ieguldijis vispirms jau misu galvenais inZenieris Olgerts Abolins,
vina tuvakais lidzgaitnieks Ansis Troicis, musu arhitekts Arvids Rullis, ka arT visi
vinu vadiba stradajosie. Toreiz labi zinajam, ka, ja kaut ko nedarisim pasi, neviens
miisu vieta to nedaris. Kad pamatu raksanas laika kads zurnalists piegaja pie racgja
apjautaties, ka veicas ar plana izpildi un cik daudz te var nopelnit, rac€js varda Janis
Klava kautrigi atbildgja, ka ka zinatnieks ar zinatnu kandidata gradu pelna diezgan
labi, tikai ne par So rakSanu. Ekas celtniecibu nobeidzot, tas oficialo celtnieku vaditajs
atzinas, ka nu vins pazaud@s savus labako un uzticamako celtnieku brigadi.

Jau pirms €kas celtniecibas pabeigSanas mani vairakas reizes pie sevi izsauca
universitates rektors, lai es vina padomnieku klatbutne €kas planos paraditu, cik telpas
izmantosim savam vajadzibam un cik telpas var€s izvietot kadus citus, no LVU
centrala €kas parvietojamus dienestus. Vienmér atbildgju, ka €ku pasi aizpildisim
pilniba. Tad man lika paradit €kas planus un paskaidrot par katras telpas
izmantojumu. Es atbild&ju, ka katrai telpai ir savs atbildigais izmantotajs, kur$ tad var
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to paskaidrot. Piedavajos saaicinat vigus visus uz kop€ju apspriedi. Rektors, protams,
no ta attiecas, kauninot mani, ka es ka vaditajs pats nevaru par visu atbildét. Uz to
atbild&ju, ka tap&c jau varu biit tik lielas laboratorijas vaditajs, ka taja strada tik daudz
atbildigi darbinieki, kuriem es pilniba uzticos.

Kad bijam uz jauno €ku jau parcelusies 1975. gada, pie manis peksSni ieradas
kads generalis ar pavadopiem un stadijas priek$a ka Civilas aizsardzibas S$taba
priekSnieks, kuram esot zinots, ka Saja €ka ar1 vin$ var€tu atrast piemerotas telpas.
Kopa ar vinu izstaigajam pa visu €ku. Redzot, ka visas telpas tiek intensivi
izmantotas, generalis man jautaja, kur vini visi atradas Iidz $im, un pats piebilda: ,,Ja
esiet parceluSies no Raina bulvara 19, tad tai €kai tagad ir jabit pustuksai.” Piekritu
un ieteicu vinam sev vietu mekl&t tiesi tur. Otrreiz ar vinu vairs nesatikos.

Jaunas ekas izmantoSanas plani un realitate

Tas nu gan ir 1paSs stasts, kura patikamakais ir tas, ka tik liela €ka var€ja klut
par pamatu vismaz dal&jai Riga un tas apkartné izkaistto fiziku speku satuvinasanai, ja
ne citadi, tad vismaz zem viena jumta. Bet tas notika tikai ar divam problému
laboratorijam. Un tomér tas bija solis I11dz$in€jas nodaliSanas pavérSanai pret&ja
virziena. Protamas, ka taja laika runa var&ja but tikai par kaut kadu pargrupésanos
LVU iekSpusé nemaz pat nesapnojot par tuvinaSanos LPSR ZA vai nozaru zinatnei
(pieméram, miisu tuvuma esosSais Mikrioeri¢u ZPI ta ar palika mums svess).

Sakotng€ji savu kopdzivi nosaucam par LU Macibu un zinatniska darba
kompleksu (MZDK), kura sastava ietilpa savstarp€ji neatkarigas struktiirvienibas —
PFPL, SPEFPL un FMF Pusvaditaju fizikas katedra. Tomér daudzi uzskatija, ka $ada
,heformala lauliba” nav labakais kopdzives vieds. Un més nolémam, ka tik liclam
veidojumam jaiegust ZPI statuss, kaut arT ar to no kopdzives formali tiktu izslegta
minéta katedra.

Mgs ar savu jauno &ku atri kluvam populari un tikam raditi dazadiem viesiem ka
piemérs tam, ka padomju vara ar misu valdibas rokam sekmé zinatnes attistibu. Ta
kadu dienu pie mums ieradas LPSR Augstakas izglitibas ministrs I. Linde ar
delegaciju no kaiminrepublikas Lietuvas. Izradot viesiem savu MZDK, sanému no
ministra aizradijumu, ka vajagot viesiem pateikt, kas te bus turpmak. Mazliet apjuku.
Tad ministrs pats viesiem pazinoja, ka te buiSot Baltija pirmais augstskolas ZPI. Viens
no visiem ne bez ironijas jautaja ,,Kapec tas vajadzigs?” un pats atbild&ja: ,,Saprotu,
direktors grib klit par akadémiki.” Taja laika visa PSRS akadémikis tika uzskatits par
kaut ko daudz augstaku par profesoru. Par akadémikiem gandriz vai automatiski kluva
ZA institiitu direktori un citi vadosie darbinieki. Augstskolas turprett vargja tik pie
profesora, bet par akadémiki tik pat ka nekad. Un ta nu pie ZA akadeémika
netikuSajam atlika tikai kaut kur citur veidot pasam savu institlitu ceriba, ka to
pamanis un attiecigi novertés akadémijas cilveki.

Var tikai pabrintties, cik atri §1 tradicija, vismaz pie mums, nozuda kopa ar
padomju varu. Citviet pasaulé prestiZie profesori tika atziti arT miisu zemé. Atceros,
ka pirmajos atjaunotas neatkaribas gados kada televizijas diskusija atklajas, ka misu
akademija stradajosie gandriz visi ir kluvusi par profesoriem. Sodien vairs nebrinos,
redzot miisu labi pazistamo akadémiku vizitkart€s augsta akadémika titula nomainu ar
profesora nosaukumu. Jauni laiki, jauni tikumi!

Sagade un sagadnieki

Mgs it ka saprotam, ka cilveki veido laiku un laiks veido cilvékus. Neviens
nedzivo arpus sava laika un visa kada laika notiekoSaja atrodamas konkrétu cilvéku
darbibas sekas. Sis trivialas patiesibas atgadinu tapéc, ka padomju laika notikuso
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nevar saprast to aplikojot ka tikai taja laika dzivojuSo un stradajuso ieguldijumu
atrauti no vides, kura tas bija iesp&jams un kaut kas cits, ko Sodien uzskatam par
iesp&jamu, tad nebija pat iedomajams. To atzistot, var drosi teikt, ka PFPL dzimSana
un izaugsme tada veida, ka ta notika, bija iesp€jama ne tikia tapeéc, ka to panacam tadi
ka més, bet galvenokart tapec, ka tas tika darfits tada laika.

Negatavojos Seit aprakstit visu padomju laika specifiku. Bet es nevaru
nepastastit par to, kas tik loti iespaidoja miisu darbibu, prasija no mums tadas piiles un
tadus darbibas panémienus, kadi Sodien daudziem nav pat vairs saprotami. Tapéc nav
sta pamata Sodien jautat, kapec darijam ta un ne citadi. Var tikai jautat, kap&c toreiz
vargja darit ta un nevargja darit citadi.

Man spilgta atmina ir saulains 1961.gada augusta vakars, kad es ar 1. Vitolu
sedéjam Bastejkalna uz solina un parskaitijam, kadu aparatiiru un materialus jau esam
pasiitijusi topoSajai laboratorijai un kas v€l butu pastitams vai citadi sagadajams. Més
sacentamies savas spéjas nosaukt dazadas merierices un cita veida elektrotehnisko
aparatiiru un materialus, jo zindjam tacu, ka padomju valstt viss tika gadats ne tad,
kad tas vajadzigs, bet tad, kad to var sagadat. Materialo veértibu razotaji stradaja,
pildot valsts noteikto raZzoSanas planu. Razotajs par paveikto atskaitijas tikai planotaju
priekSa. Par sarazota turpmako likteni razotajam bija visai maza atbildiba, jo
produkcija nonaca 1pasi izveidota, liela un varena ta saucamas sagades un realizacijas
tikla, kas sastavéja no pa produkcijas veidiem specializ€tiem ta saucamajiem
»Snabsbitiem” (saisinajums no krievu valodas vardiem ,snabzZepije” — sagade un
,sbit” — realizacija jeb latviskak ,,noiets”). ,,Snabsbiti” savukart izdalija So produkciju
patérétajiem (pamata pasutitdjiem) atbilstosi valsts plana noteiktajam normam,
limitiem un fondiem. Protams, ka dazadu iemeslu d€l produkcija ,,iestréga”
»Snabsbitos”, kur tie to piedavaja pirc§jiem ka briva tirgus preci, ko gan padomju
deficita apstak]os iegiit varéja pamata pateicoties ta saucamajam ,,blatam’.

Tas, ka jebkura darba iesakums ir sagade, man bija saprotams. Mazak saprotams
bija tas, ka es péc fizikas studijam esmu kluvis par sagadnieku, kuram jagada tas, ka
sakars ar kaut kadiem konkrétiem pétijumiem fizikas joma tik pat ka nav saredzams.
Bet jagada tacu ir viss, ko var sagadat. Ja to neizdarisi tad, kad tas ir iesp&jams, bet
nav ta 1sti vajadzigs, tad, kad to vajadzgs, to sagadat vairs nevaréesi.

Iepazistoties ar dzivi ASV man radas doma, kapéc tur tik daudz runa par
banditismu, kas it ka nav tik izplatits PSRS. Amerika lielaka veértiba ir kadam
piederosa manta, ko laupitajs censSas ieglt sev pat izmantojot galgjo Iidzekli —
ipasnieka nogalinaSanu. Padomju zemé lielaka vertiba ir ,,blats”, ko es no kada cita
varu iegit tikai vinam ,,piebraucot”. Vinu iznicinot kopa ar vinu es zaudésu iespgju
tikt pie vina ,,blata” dotajam iesp&jam.

Padomju ,,blatu” sistémas pirmsakumi esot meklgjami vismaz Krievijas cara
Pétera Pirma laikos. Cars esot nosiitijis savu zinnesi uz kadu Uralu fabriku ar pavéli
steidzigi izgatavot vél dazus desmitus lielgabalu. Zinnesis atgriezies Peterburga tikai
peéc ménesa. Cars bijis traki dusmigs. Zinnesis taisnojies, ka esot cela ta nodzinis
zirgus, ka tie nepartraukti bijusi jamaina pret svaigiem, bet zirgu mainas vietas esot
bijuSas garas zirgu mainitaju rindas. No tas reizes cars esot izdevis saviem zinneSiem
IpaSas pasa parakstitas zimes, kas noteica vinu tiesibas mainit zirgus bez rindas. Ka
jau tas Petera laika bija parasts, §1 zZime tika nosaukta no vacu valodas parnemta varda
par ,,blatu” (vacu Blatt — lapa). Un ta nu pie deficita pirmie tika tie, kuriem bija
,,blats”.

Padomju sisttma ,blati” visbiezak bija vienkarSa radnieciba, draudziba,
paziSanas, tas, ko Sodien saucam visaptvero$a varda par korupciju. Reiz€ém to
aizvietoja pavisam vienkarss cilvéciskais faktors. Katra iestade un uznémums algoja
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ipasus ta saucamos sagadniekus, kuru galvenais uzdevums bija péc iesp&jas dzilak
ieklut Saja ,,blatu” sisttma. Vini gadaja sev ,,blatus” ne tik daudz ,,snabsbitos”, cik
viens ar otru un pat tieSi ar razotajiem. Ta ka iestades un uzné€mumi centas pasi pie
sevis veidot uzkrajumus no ta, ko un kad var€ja sagadat péc jau senajas naturalajas
saimniecibas pazistama principa, ka ,rati jasagatavo ziema un ragavas vasara”. Tas
bija savdabigas uznémumu un iestazu noliktavas, kuras glabajas viss jau nopirktais,
bet v€l neizmantotais. Neredzot iesp&ju to kadreiz izmantot, sagadnieki saka viens
otram piedavat Sos uzkrajumus, izveidojot savdabigu ,,brivo tirgu”, kas, protams,
kroploja padomju planveida saimniekoSanas sisttmu. Lai pret to cinitos, Ipasas
kontroles institiicijas regulari apmekl€ja uznémumus, lai atklatu tajos Sis nelegalas
noliktavas. Tajas bez izmantojuma stavoSais uznémumam bija jaatdod ,.snabsbitu”
sisteémai, kur tas ka jau no planoSanas izkluvusi manta nonaca ipasa nelikvidu
saraksta, kuri tika piedavati otrreiz€jai pardoSanai ar visai briviem pardoSanas
notetkumiem.

Nevéloties tik vienkarSi zaudét pie sevis uzkratos nelikvidus, uzgpémumi tos
centas noslépt kontrolieriem nepieejamas vietas, dokumentos uzradot tos ka jau
izlietotus kaut kadam ieplanotajam vajadzibam. Taja augusta vakara més daudz ko vél
nezinajam. Tap&c domajam tikai par savu noliktavu piepildiSanu. Mums nebija vél
sava ,razoSanas plana”, bet més veidojam savu ,,sagades planu”. Vélak, kad mums
bija jau paSiem sava oficiala laboratorija un pat bija jau savi ,,profesionalie”
sagadnieki, sagade vienalga palika par miis vienu no nozimigakajiem pasakumiem.
Ievérojot mingto valsts razoSanas un sadales planu, mes savlaicigi sagadajam
visdazadako padomju riipniecibas razojumu katalogus un dienam, reiz€ém pat naktim,
visi sedéjam pie tiem, atziméjot visu, kas vien mums likas noderigas, ja ne Sodien vai
rit, tad parit vai kaut kad nezinama nakotné. Pirmais, ko apguvam, bija min&to
kontrolieru dazada attiecksme pret konkrétam izmantojumam jau sagatavoto aparatiru
un ta saucamo ieblivéjamo aparattiru un materialiem. Ja pirmo var&jam jebkura bridi
uzradit ka zinatniskajos petijumos izmantojamu bez IpaSiem pierddijumiem (parasti
pietika to nolikt uz ikdienas darba galda vai, vél labak, vismaz ar vienu vadinu
pievienot kaut kam citam), tad otro noteikta laika (parasti Iidz iegades gada beigam)
uzradit ka iebiivétu vai vismaz kaut kam piemont€tu. Ta nu mums laboratorija
veidojas divu veidu uzkrajumi: operativie, ko glabajam atklatos katra telpa sienas
iekaltos milzigos plauktos, un pasivie, kurus slépam griiti atrodamas noliktavas.

Nevaru neatzimét, ka padomju vara izradija IpaSu cienu un uztic€Sanos savas
zemes oficialajai zinatnei un tas parstavjiem zinatniekiem. Jau agrak minéto iemeslu
del, ka jau mingju, 1pasu cienu ta izradija pret fiziku un fizikiem. Vispirms jau tas
izpaudas sameéra vieglaja piekluvé pie valsts budZeta finans€juma, kura izlietojums
kontrole bija visai nosacita. Ta nu m&s vargjam atlauties pasiitit un art reali iegadaties
daudz ko no ta, kas citiem bija daudz griitak ieglistams. Vieniga nopietna probléma
bija ,,snabsbitu” v€lme, lai sikas detalas netiktu pirktas mazos daudzumos. Vislabak
dzelzcela vagonu vai vismaz kravas auto piepildijjuma apjoma. Tap&c minétajos
razojumu pasitijuma katalogos $adu detalu daudzumi bija noradami vismaz tikstoSos.
Misu uzraditie daudzumi (piemé€ram, pasiitamas desmit detalas uzradot ka 0,01
tukstoti) ,,snabsbitos” ne reti tika ignoréti ka nenozimigi uz lielo uzpémumu
pasitijumu fona.

Veidojot PFPL, m@s biezi vien mazak domajam par to, ko p&tisim, vairak par to,
kur sagadasim visu nepiecieSamo. lerobezoto sagades iesp&ju dél mes bijam spiesti
izveidot pasi savu konstruktoru biroju, elektronikas grupu un darbnicas, lai ,,deficita”
aparatiru un iekartas var€tu izgatavot pasi saviem sp€kiem. Tas, protams, miis
neatbrivoja no sagades grutibam, tikai tas parc€la no iericu un aparatu jomas uz
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dazadu detalu un materialu sagadi, bet ar to jau nodarboties vargja mis fizikus
apkalpojoSie iericu un aparatu razotdji. Visai driz miisu mehaniskas darbnicas un
elektroniku grupa izauga lidz tadiem apmeriem, ka vargja pilniba apkalpot ne tikia
mis pasus, bet savus razojumus pardot citiem institiitiem, kas izveidojas par nozimigu
miisu pelnas avotu, ka arT deva iesp€ju valsts varai apliecinat savu ieguldijumu ,.tautas
saimniecibas attistiba”.

Par to, ka més sagadajam jaunas €kas celtniecibai vajadzigos materialus un
buvkonstrukcijas, jau nedaudz min€ju. Bet ar1 tam taja paSa valsts plana bija jabiit
uzskaititam un sadalitam pa objektiem, pierakstot to ,,vertibu” neko 1pasi
neizsakosajos padomju rublos. Tas nozimé, ka €kas celtnieciba formali bija paklauta
kaut kada finans€juma apjomam. Jau mingju, ka Valsts plana komitejas priekssedetajs
bija piekritis $ai celtniecibai ar noteikumu, ka €kas izmaksas atbildis tipveida skolas
€kas izmaksam, kas taja laika bija 450.,- tiksto$i rubJu. Eku projekt&jot un sakot celt,
mes visai maz rékinajamies ar So limitu, jo zinajam, ka jebkura gadijuma rezultats bis
ieguvums valstij un ta jau zinas, ka izklut no ,,finansu gritibam”. Bet tomér, plans ir
plans un ar to nerékinaties nevar. Novertejusi paredzamas €kas izmaksas vismaz 1,-
miljonu rublu apméra, bija savlaicigi jarikojas. Saprotot, ka tik lieli apjomi ta
saucamaja republikas valsts budzeta nebiis atrodami, nolémam péc palidzibas doties
uz Maskavu (l1dzigi ka Sodien dodamies uz Briseli). Cela devas 1. Vitols un atgriezas
ka uzvarétajs, lidzi vedot parastu paira lapu ar tris varenako PSRS ministru
personigajiem parakstiem, katram no savu ministriju riciba eso$ajam finansém
apsoloties mums izdalit pa 400,- tukstoSiem rublu. Vispretimnakosakais esot bijis
Elektroniska riipniecibas ministrs, kas, savus 400,- tikst. rbl ,atvelgjis”, uzreiz
telefona saruna piespiedis tadam pasam summam piedalities ari1 Radiotehniskas
ripniecibas un Augstakas izglitibas ministrus. Vini gan esot méginajusi iebilst, sakot,
ka miisu €ka tacu tiks celta uz Latvijas republikas celtniecibas jaudu un limitu rékina,
kas jau ta nespg€j nodro$inat vinu pasu celtniecibu planu izpildi. Visvairak Sokets par
notikuso bija LPSR Valsts plana komitejas priekssédetajs, jo ar $o 1,2 milj. rublu
,dotaciju” tacu ,,jaapgiist” biis uz viet€jo celtniecibas jaudu un limitu rékina, kuri bija
visai ierobezoti. Bet neko iebilst vairs nevarja — uz papira lapas tacu bija tris
,vareno” paraksti. Ka un vai vispar liela PSRS valsts budZeta nauda minétaja apmeéra
kaut kad vispar nonaca republikas budzeta kas€, vesture klus€. Bet kada gan tam
nozime, jo faktiski uz republiku tacu bija nosiitits ne finans€jums, bet pavéle izpildit
darbu noteikta finans€juma apmera. Lai nu ka, bet m&s pie ceréta tikam (lidzigi tam,
ka mes biutu tikusi pie Rigas metro), apliecinot, ka ne tikai ,,Kas pirmais brauc, tas
pirmais mal , bet arT to, ka ,,Mal tikai tas, kas brauc!”
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JONU KRISTALU PETIJUMI PUSVADITAJU FIZIKAS
PROBLEMU LABORATORIJA

I. Tale
Latvijas Universitates Cietvielu fizikas institiits

Fundamentali pétijumi kristaliska rezga punktveida defektu fizika strauji
attist1jas pagajusa gadsimta 30. gadu beigas, kad vacu fizikis R. Pols (Pohl) atklaja
t.s. krasu centru veidoSanos nesteheometriskos KCIl kristalos pe&c termiskas
apstrades kalija tvaikos. Centri akumul&jas ari, kristalu apstarojot ar rentgena
stariem. Sarmu metalu halogenidi 40. gados bija sakums plasiem fundamentaliem
eksperimentaliem pétijumiem kristaliska rezga defektu kimiska fizika, defektu
veidoSanos sadarbiba ar joniz€joSo starojumu, elektronu procesiem izolatoros un
pusvaditajos.

Latvijas Universitates Fizikas un matematikas fakultates Eksperimentalas
fizikas katedra pétjjumi Sai virziena tika uzsakti Fizikalas optikas laboratorija
doc. Ludviga Jansona vadiba. Sai laika fakultaté ienaca jauna fiziku paaudze —
asistenti Ojars Smits, Kurts Svarcs, Ilmars Vitols, kuri jau studiju gados
laboratorija bija uzsakusi p&tjjumus sarmu metalu halogenidu fizika. Aistents
O. Smita intereses saistija krasu centru daba, asists. K. Svarca — pasvielas
defektu un aktivgjoSo piemaisijumu elektronu rekombinativa luminiscence. Asists.
I. Vitols attistija petijumus radiacijas stimulétos elektronu un jonu procesos — defektu
akumulacija un anihilacija, saistito elektronu procesu daba, rekombinacijas
mehanismi, to kiné&tika.

Sie pétijumi lidztekus pétijumiem atomu un molekulu spektroskopija un
segnetoelektriku fizika turpmakajos gados iezim&ja eksperimentalas fizikas
attistibas virzienus Latvijas Universitate.

Svarigi impulsi pétniecibas turpmaki attistibai jonu kristalu un cietvielu
fizikas kopuma bija, pirmkart, plaSa zinatniska sadarbiba ar Igaunijas ZA Fizikas
un Astronomijas institltu, kura p&tijjumus jonu kristalu fizika kopa ar akadémiki
F. Klementu uzsaka Leningradas skolas audzeknis, zin. kandidats Ceslavs Lusgiks.
Otrkart, Riga tika attistita pusvaditaju riipnieciba. Tas radija priekSnoteikumus
pétijumu rezultatus un zinasanas optiskos izol€josos materialos parnest p&tijumiem
un pielietojumiem pusvaditaju fizika.

Sesdesmito gadu sakums iezim&ja organizatorisku pagriezienu jonu kristalu
fizikas petijumos. 1960. g. uz PSRS pusvaditaju riipniecibas attistibas vilpa I. Vitols
kopa ar O. Smitu sagatavoja projektu un, veicot atbilstoSu organizatorisko darbu
Maskava un Riga, panaca lémumu arpus Zinatnu akadémijas (ZA) struktiiras dibinat
Universitateé Pusvaditaju fizikas problému laboratoriju (PFPL) — pirmo zinatniski
pétniecisko laboratoriju ar zinatnieku Stata vietam un neatkarigu finans€jumu. Ar to
tad ar1, manuprat, beidzas pirma 'era", ko varétu nosaukt par jonu Kristalu fizikas
»piedzimSanas eru". Jonu kristalu fizika Latvija izveidojas tris pétnieciskie
kolektivi: 1. Plavinas un K. Svarca laboratorijas ZA Fizikas institita un 1. Vitola
vadita PFPL Latvijas Universitate.

Otro @ru visus seSdesmitos gadus var dévét par "romantisma éru". I Vitolam
spidoSi izdevas pieradit laboratorijas pastavéSanas lietderibu Universitates sienas.
Darba aktivi tika iesaistit sp&jigakie fakultates absolventi. Bija tipiski, ka katram tika
izvirziti individuali pétniecibas uzdevumi, attistits patstavigs darbs. Sakot ar PFPL
dibinasanu jonu kristalu fizika pakapeniski saka stradat V. Ziraps , I. Tale, J. Bogans,
D. Millers, J. Valbis. Lidztekus tika attistiti fundamentalie un pielietojamie petfjumi
pusvaditaju fizika (L. Beiziters, A. Kundzing, V. Steinbergs, A. Liisis).
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PFPL tika realizéta plaSa zinatniskas darbibas bazes attistibas programma. Ta
paredz€ja zinatniska personala un pétnieciskas aparatiiras ikgad€ju pieaugumu par
10%. Cik atceros, pétnieku skaitam Iidz 1968 g. bija japieaug lidz apm.
100 lidzstradniekiem, un tas faktiski ari realiz§jas. To nodroSinaja galvenas
prioritates: jauno specialistu sagatavoSana un atlase, zinatniskas infrastruktiiras
attistiSana.

Zinatniskais darbs jonu kristalu fizika seSdesmitajos gados tika organizéts
septinas tematiskas zinatniskas grupas.

V. Zirapa grupa ar lidzstradniekiem I[. Krumingu, un V. Graveri tika pétiti
elektronu — jonu relaksacijas procesi izmantojot vienlaicigu termostimulétas
vadamibas un luminiscences mérfjumus. Sie pétfjumi lava noteikt elektronu un
caurumu termostimulétas rekombinacijas stadijas dazados jonu kristalos.

J. Valbja ar Iidzstradniekiem Z. Racko, M. Springi, J. Jansonu grupas tematika
bija izoelektronisko piemaisijumu luminiscence jonu kristalos. PE&tijumiem bija
principiala nozime to lokaliz€to elektronu stavoklu veidoSanas likumsakaribu
noskaidro$anai, kuri nosaka izmainas kristalu luminiscences spektra.

J. Bogana grupa ar Iidzstradniekiem I. Leinerti-Neilandi, U. Kanderu sarmu
metalu halogenidos atklaja elektronu — caurumu spontanu rekombinaciju starp telpiski
atdalitiem defektiem, elektronam tunel&jot caur potenciala barjeru. Eksperimentali
tika paradits, ka tunela rekombinacija izpauzas ka inerciala luminiscence, kuru
stimul€ autolokaliz&tu caurumu termoaktivéta difuzija kristaliska rezgi.

I. Tales grupa ar lidzstradniekiem A. Plaudi, P. Gurdzielu, A. Nagorniju attistija
elektronu un caurumu lokaliz€to stavoklu termoaktivacijas spektroskopijas metodi,
kura nodroSinaja kvazi- nepartrauktu vai neviendabigi paplaSinatu elektronu un
caurumu centru sadalfjuma noteikSanu atkariba no termiskas aktivacijas energijas.
Petijumi aptvéra elektronu kerajcentru neviendabigas paplasinaSanas izpéti atkariba
no piemaisijumu defektu koncentracijas kristala. Metode deva iespu izpétit
kérajcentu termiskas aktivacijas spektrus geologiskas nogulas iezu vecuma noteikSani.

D. Millera grupa ar lidzstradniekiem J. Abolinu, E. Baumani, L. Grigorjevu
veica fundamentalu krasu centru akumulacijas un rekombinacijas mehanisma izp&ti
joniz€josa starojuma mijiedarbibai ar sarmu metalu halogenidu kristaliem. Tie ietvéra
pétijumus par elektronu un caurumu centru spontanu rekombinaciju, krasu centru
agregatizaciju un defektu akumulacija limit€joSiem faktoriem.

J. Zaka grupas kopa ar Iidzstradniekiem V. Zeikatu un B. Rusecki pé&tijumu
objekts bija molekularie anjonu centri sarmu metalu halogenidu kristalos.

A. Godkalna grupa ar Ilidzstradniekiem A. Gailiti un A. Jaunbergu attistija
elektronu rekombinativo procesu fenomenologisko teoriju, tai skaita teorctiskos
prieksstatus par elektronu tunela rekombinacijas kin&tiku, jaunu petjjumu metodi —
pastaviga termostimulétas rekombinacijas atruma metodi k&rajcentru termoaktivacijas
spektroskopijai.

PFPL zinatnieki bija neiztriikksto§i reprezentativo konferencu dalibnieki.
Galvenas no tam bija Vissavienibas Luminiscences konferences 1961., 1868., 1973.,
1976. gada un Visavienibas konference par jonu kristalu radiacijas fiziku un kimiju
1972. gada.

Iesp&ju robezas Latvijas jonu kristalu fizika bija parstavéta ari starptautiskos
forumos. Latvijas fiziku debija starptautiska aréna bija piedaliSanas Starptautiska
Luminiscences konferencé Budapesta 1966. gada ar referatiem: 1. Vitols ,,Punktveida
defektu rekombinacijas luminiscence SMH kristalos”; V. Ziraps ar lidzautoriem
,Rekombinativas luminiscences mehanisms KBr”; J. Bogans, 1. Vitols ,.Lokalizéto
eksitonveidigo ierosindjumu luminiscences nosacijumi un Vy defektonu kérdjcentru
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daba KBr”; J.Valbis ar Iidzautoriem ,Lokalizéto eksitonveidigo ierosindjumu
starojosa anihildacija SMH”.

Starptautiska simpozija ,,Krasu centri jonu kristalos” 1968. gada Roma I. Vitols,
J. Valbis un D. Millers nolasija referatu ,,Eksitonu sabruksana un punktu defektu
veidosandas SMH”.

Starptautiska Luminiscences konferencé 1972. g. Leningrada no PFPL tika
nolasiti referati: J. Bogans, J. Valbis, U. Kanders, I. Leinerte-Neilande, D. Millers,
A. Nagornijs, 1. Tale, ,,7iru un TI, Ag aktivetu SMH kristlu tunelluminiscence’;
V. Bula, A. Gailttis, 1. Tale ,,Elektronu kérajcentru pétijumi SMH ar frakcionétds
termoizspidinasanas metodi’’; 1. Vitols, A. Gailitis, V. Grabovskis ,,Bekerela likums”.

Plasu ieskatu par veikto pétijumu tematiku un rezultatiem jonu kristalu fizika
piedava Institiita bibliotéka pieejamie zinatnisko rakstu krajumi ,,Elektronu procesi
jonu kristalos” izdoti 1974. g., 1975. g. (2 krajumi), 1976. g., 1975. g., 1979. g. un
1980. g.

Petijumi jonu kristalu fizika stimul€ja zinatnisko sadarbibu ar nozaru
petnieciskiem institiitiem arpus Latvijas. 1. Tales grupa izveidojas sadarbiba sulfidu
luminoforu spektroskopija. Partneri bija Leningrada ,,Pielietojamas kimijas instittts”
rentgena- un fotoluminoforu termoaktivacijas spektroskopija un Stavropoles
,2Luminoforu un augstas tiribas vielu ZPI” lampu luminoforu pétnieciba. J. Valbja
grupa veica pétnieciskos ligumdarbus vienkarSu un saliktu oksidu luminoforu fizika ar
partneriem: Leningradas ,,Valsts Optiskais institits”, Lvovas ,Elektronu lamu
apvieniba”, Harkovas "Monokristalu institiits”.

Zinatniska pétniecibas grupas pakapeniski bija parveidotas par finansiali
pastavigam vienibam. 1972.g. Tika uzsakti darbi, lai uz PFPL bazes izveidotu
zinatniski — pétniecisku institiitu. 1973. g. tika panakta vienoSanas ar Vissavienibas
Elektronikas ministriju Maskava un Latvijas PSR Valsts Plana vadibu par jaunas €kas
celtniecibu un finanséSanu. Ekas celtnieciba sakas 1973.gada un tika pabeigta
1975. gada. Uz jauno &ku Kengaraga iela 8. pargaja PFPL un V. Fricberga 1968. gada
izveidota Segnetoelektriku un pjezoelektriku fizikas problému laboratorija (SPFPL),
ka arT Pusvaditaju fizikas katedra. 1978. gada februari, apvienojoties PFPL un SPFPL,
tika nodibinats Cietvielu fizikas institiits, kura ievérojama vieta saglabajas pétijjumiem
jonu kristalu fizika.
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OPTISKO STIKLU FIZIKA LATVIJAS UNIVERSITATE
(Brivs ieskats atminas)

A. Silip$§
Latvijas Universitates Cietvielu fizikas institiits

Ievads

Optiskie stikli Latvijas Universitaté tika plasSi lietoti kopS paSiem zinatniskas
darbibas pirmsakumiem. Dazadu marku stikli atradas spektralaja aparatiira un tika
lietoti arT macibu procesa (I€cu parametru noteikSana). Pusvaditaju fizikas problemu
laboratorija (PFPL) praktiski visa eksperimentalaja tehnika tika lietoti labakie
pieejamie optiskie stikli (kriostatu logi, monohromatoru prizmas, dazadas l&cas u. c.).
Tomer zinatnisku interesi Sie materiali pirmajos piecos PFPL darbibas gados nebija
neviena radijusi. Pamata laboratorija tika pé€titi sarmu metalu halogenidu kristali
(fundamentalie pétijumi) un klasiskie pusvaditaji dazadu praktisku jautdjumu
risinaSanai. Fundamentalajos p€tijumos taja laika bija mod€ jaunos atradumus nosaukt
to autoru varda. Ari PFPL zinatnieku aprindas skan&ja ar Vitola —HerSa vardu
eksitonu sabrukSanas mehanisms krasu centros sarmu metalu halogenidos. Lidz ar to
vismaz PSRS zinatnieku aprindas bija nostiprinajies priekSstats, ka PFPL zinatnieki
spej izpétit un saprast, kada veida radiacijas iedarbibas rezultata caurspidigos
materialos rodas krasu centri, kuri padara Sos materialus dalgji vai pilnigi
necaurspidigus.

Optisko stiklu sistematisku pétijjumu pirmsakumi

Pagajusa gadsimta seSdesmito gadu vidi PSRS bija guvusi ieverojamus
panakumus kosmosa apgiisana. Tomer lielos sasniegumus bojaja fakts, ka kosmosa
kugu logi lidojuma laika nokrasojas un Tsti labi nevargja redzet, kas tur uz Zemes
dazadas pasaules malas notiek. Tapéc par logu caurspidibu atbildiga institiita
(Tehniska stikla zinatniski p@tnieciskais institlits Maskava) direktora vietnieks
zinatniskaja darba Leonids Landa bija sarunajis ar PFPL vadibu, lai par labu samaksu
laboratorija noskaidro logu krasoSanas iemeslus. Tika noslégts ligumdarbs, kura
vadibu Ilmars Vitols uztic€ja Jurim Zakim, bet galvenie izpilditaji bija zalie jaunie
zinatnieki Andrejs Silin$ un Anatolijs Truhins. Ta ka laboratorija bija izgatavota un
uzsakusi darbu pasaulé pirma automatizéta optisko materialu gaismas absorbcijas
mériekarta elektronu skaitloSanas masinas (ESM, tagad — dators) ,,Dnepr-1" vadiba
pie dazadam parauga temperatiiram un jonozgjosa starojuma dozam, tad ligumdarba
laika tika samérits milzigs skaits kosmosa kugu logu dazado tipu stiklu paraugu
spektri, ar kuriem vargja noklat visas toreizgjas laboratorijas seminaru telpas sienas.
Ilmars Vitols, iepazinies ar milzigo rezultatu dazadibu, atteicas tos interprett. Juris
Zakis rezultatu interpretacijai piegaja no filozofiskas puses un ieveda defekta jedzienu
stiklos. Vins gan nekad neuzstdja, lai zinatnieku sabiedriba tie ieietu ka “Zaka
defekti”. Tomer tada gara visus efektus vargja izskaidrot ar piejaukumu un pasvielas
defektu klatbiitni un Iigumdarbs tika sekmigi nodots. Nakoso ligumu ar Tehniska
stikla instittitu vadibu gan lika uznemties mums pasiem jaunajiem zalajiem.
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Ieguito rezultatu interpretacija

Bija zinams, ka kosmosa kugu logi tiek gatavoti no dazada tipa kvarca stikliem.
Sos stiklus iegilist vai nu atikirigos veidos, sakausgjot dabigo vai maksligo kvarca
kristalu pulveri, vai arl sintétiska cela, oksidgjot silicija tetrahloridu (SiCly). Visu
stiklu struktiiras pamatelementi ir silicija-skabekla tetraedri, kuri savienojoties ar
Skautném, veido nepartrauktu tiklu. Kristaliskaja kvarca un daudzas citas silicija
dioksida kristaliskajas struktiiras pamatelementi ir silicija-skabekla tetraedri, bet tie
savstarpéji ir savienoti regularas strukttras. Logiski radas doma interpretét rezultatus,
salidzinot efektus stikla un kristala. Tolika draugi Irkutska apgadaja seru Truhinu ar
dzidrakajiem Sibirijas kalnu kristaliem. Izradijas, ka stiklu fundamentalo 1pasibu
(pieméram, elektronu un fononu absorbcijas spektri) interpretacijai lieti noder
kristalos izstradatie priekSstati. Tomer jonizéta starojuma rezultata raditas ipaSibas
(inducétie absorbcijas un luminiscences spektri) principiali atSkiras stiklos un
kristalos. Stikli, ka likums, bija daudz jutigaki pret starojumu un tajos paradijas tadas
absorbcijas joslas, kuras nekad neparadijas kristalos. Ta ka defektu modelus stiklos
p&c analogijas ar kristalu neizdevas izstradat (iznemot E’ centrus), tad atlika vienigi
empiriski aprakstit absorbg&joSo centru koncentracijas atkaribu no starojuma dozas.
Sos rezultatus apkopoju ari viena nodala sava kandidata disertacija. ST nodala tik loti
iepatikas Leonidam Landam, ka uz tas pamata (nedaudz papildinot) vins uzrakstija un
sekmigi aizstav€ja savu noslepenoto tehnisko zinatnu doktora disertaciju.

CelS uz skaidribu

Pagajusa gadsimta septindesmito gadu sakuma bija uzkrati milzigi rezultatu blaki
par silicija stiklu uzvedibu jonizgjosa starojuma un citu dazadu argju faktoru iespaida,
bet tie nelava saprast dazado efektu biitibu. Bija nepiecieSams iegiit Tpasi sagatavotus
paraugus, ka ar1 veikt specializ€tus eksperimentus. Paraugu sagatavoSana visai
veiksmiga izradijas elektrodifiizijas metode, ar kuras palidzibu viena tipa piejaukuma
defektus stiklos un kristalos var aizvietot ar tada tipa piejaukuma defektiem, kuri
kalpo ka luminiscences zondes un dod zinu par savu apkartni. So metodi laboratorija
sekmigi ieviesa un realizéja Anatolijs Sendriks. Pa draugam izdevas iegiit ari
sintétisko silicija dioksida stiklu paraugus ar lielu hidroksila koncentraciju. Pirmais,
ko izdevas konstatet p&c vara piejaukumu defektu ievadiSanas elektrodifuzijas cela, ka
stikla Sie centri dod zalu, bet kristala zilu fotoluminiscenci. Izradijas, ka centru modeli
ir pilnigi atSkirigi stikla, kur vara jons ir kimiski saistits ar netiltina skabekli un
kristala, kur vara jons kompens€ aluminija jona nepietieckamo ladinu, kad tas atrodas
skabeklu tetraedra centra. Anatolijs Truhins pieveérsas stiklu un kristalu optiskas
absorbcijas pétijumiem vakuuma ultravioletaja dala, daudz uzmanibas un spéka
veltijot atbilsto$o ickartu izveidei. Saja rajona rezultati stikla un kristala bija daudz
lidzigaki. Abu tipu materialos ultravioletas absorbcijas ,,kante” (mala) paklavas ta
saucamajam Urbaha astes aprakstam. Toliks gan nekad neakcentgja, ka SiO, gadijuma
S0 ,.kanti” vajadzetu saukt par "Truhina- Urbaha ultravioleto asti”.

Infrasarkanas absorbcijas pétijjumi

Pilnveidojoties sintétisko silicija dioksida stiklu izgatavosanas tehnologijam, kad
izdevas iegut loti augstas tiritbas materialus attieciba pret metaliskajiem
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piejaukumiem, arvien lielaku nozimi ieguva So stiklu izmantoSana optiskajos vilpu
vados, jo Sadu materialu dabiga gaismas caurlaidiba bija stipri pieaugusi. Optiskas
caurlaidibas robezu dazos spektra rajonos noteica ne vairs piejaukumu vai pasvielas
defektu klatbtitne, bet gan materiala fundamentala absorbcija. Tapéc bija
nepiecieSams noskaidrot ar1 stiklu infrasarkanas absorbcijas dabu, kura lielos
vilcienos pieauga eksponenciali lidzigi ka ultravioletaja dala, vienigi pieaugums
notika fotonu kvantu energijam samazinoties. Veicot virkni eksperimentu, izdevas
noskaidrot, ka minéta stiklu infrasarkana absorbcija ir saistita ar vairakfononu
absorbcijas procesiem. Labi, ka nevienam neienaca prata So skaidrojumu nosaukt par
”Silina infrasarkano asti” SiO, stiklos. Optisko vilnvadu izgatavotaji centas atrast
vietu spektra, kur materiala caurlaidiba ir vislielaka, respektivi, kur sastopas abu astu
galini. Silicija dioksida stiklos tas ir pie apméram 1,4 um. Tomér izradijas, ka logu
Saja vieta aiz€no stikla saistita hidroksila pamatsvarstibas pirmas harmonikas
svarstibu absorbcija. Lielu interesi izraisTja $T piejaukuma centra, no kura sintétiskos
stiklos nevar atbrivoties, pilna infrasarkanas absorbcijas spektra pétijumi, kura starp
pamatsvarstibas un pirmas harmonikas absorbcijas joslam paradas no mijiedarbibas ar
fononiem izrietoSas joslas. Krieviski §is joslas sauc par fononu sparniem. PFPL
valodas tiribas specialiste Velta Polmane domaja, ka So efektu varétu saukt par ”Silina
fononu sparniem” saistita hidroksila infrasarkanaja absorbcijas spektra silicija
dioksida stiklos.

Péterburgas zinatnieku iesaistiSanas

Stiklu pétniecibas un seviski tehnologiju joma galvenie centri PSRS méroga
atradas toreizgja Leningrada (tagad P&terburga). Tur ar1 tika organize€tas pamata visas
Vissavienibas un starptautiskas zinatniskas konferences par stikliem un iznaca
galvenais Zurnals par stiklu fiziku un kimiju. Mums paveicas, ka Pé&terburgas
redzamakie zinatnieki pamatd draudzigi piepéma miis sava pulka un uzsaka arl
praktisku sadarbibu. Loti interesantas bija universitates profesora Roberta Evarestova
lekcijas molekularo orbitalu teorijas jautajumos. M@s izjutam lielu cienu pret Silikatu
kimijas institiita vadoSajiem pé&tniekiem Jevgeniju Porai-KoSicu, Olegu Mazurinu,
Aleksandru Boganovu un citiem. Ipa$i interesanti kopdarbi izveidojas ar Valsts
Optiska instittita Optiska stikla nodalas, kuru vadija Gurijs Petrovskis, zinatniskajiem
darbiniekiem Misu Tolstoju, Leonidu Glebovu un vairakiem citiem zinatniekiem. P&c
Valsts Optiska institlita pasiitijuma tika veikti izcili tiru natrija silikatu stiklu
fundamentalo fizikalo 1pasibu pétijumi, kuros iesaistijas vairaki jauni stiklu p&tnieki
ka Ivars Lacis, Vitolda Grabovskis, Viktors Saveljevs u. ¢. Péc Péterburgas kolégu
ieteikuma sakam organizét Vissavienibas konferences par stiklu optiskajam un
spektroskopiskajam 1pasibam. Iznaca vairaki rakstu krajumi par stiklu veidojoSo
sisttmu fiziku un kimiju. Ar1 pasi tikam iesaistiti citu konferencu orgkomitejas un
uzaicinati Stiklu fizikas un kimijas zurnala redkol&gijas sastava.

Aktualu jautajumu risinasana

Pagajusa gadsimta septindesmito gadu pirmaja pusé més ar Toliku Truhinu jau
bijam pasp&jusi aizstavet fizikas un matematikas zinatpu kandidatu disertacijas un
iesaistijusi darba jaunus, spécigus kolégus, pieméram, Linardu Skuju, Ivaru Godmani
u. c., tapeéc vargjam pieversties seviski aktualu jautajumu risinasanai. Toliks aktivi
risindja un atrisindja eksitonu eksistences un autolokalizacijas jautajumus silicija
dioksida kristalos un stiklos. Mé&s ar Linardu pieversamies pasvielas punktveida
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defektu izpétei stiklos. Taja laika zinatniskaja literatiira bija pretrunigas zinas par
joniz€josa starojuma izraisitajiem efektiem seviSki tirajos sint€tiskajos silicija
dioksida stiklos, kad paradas divas optiskas absorbcijas joslas un sarkana
luminiscence, ja paraugus ierosina $ajas induc@tajas absorbcijas joslas. Ta ka efekti
pasi izteikti paradas sintetiskajos stiklos ar augstu hidroksila saturu (III tips), tad
ASV zinatnieki tos saistfja ar Udenraza klatbiitni stikla. Mums, izmantojot Salaspils
atomreaktora labvelibu, izdevas pieradit, ka centri ar augstak mingtajam optiskajam
Ipasibam pietiekosi liclas koncentracijas tiek generéti ari sintétiskajos stiklos ar zemu
hidroksila koncentraciju (IV tips) kodolreaktora starojuma ietekmé&. Peéd€ja gadijjuma
Sie centri ir stabili arT pie istabas temperatiiras, atSkiriba no centriem III tipa stiklos.
Tas mums lava 11. Sarptautiskaja stiklu kongresa Praga (1977.g.) viennozimigi
pieradit, ka sarkana luminiscence ar atbilstoSajam absorbcijas joslam ir saistita ar
netiltina skabekla centru klatbiitni silicija dioksida stiklos. Ar So fundamentalo
rezultatu meés ieguvam pasaules stiklu p€tnieku ievéribu un atzinibu.

Joprojam neatrisinatas probléemas

Septindesmito gadu otraja pus€ misu petijumu rezultati optisko stiklu fizika jau
bija guvusi ievéribu ne tikai PSRS, bet arT pasaules méroga. Nekristaliska silicija
dioksida praktiska pielietojuma strauja izaugsme (optiskie vilnu vadi, 1azeru tehnika,
planas SiO, kartinas mikroshémas u. c.) izvirzija arvien jaunus praktiskas dzives
jautajumus, kuru risinasanai jalieto fundamentalas zinatnes metodes. Sados apstak]os
loti aktuali ir jautdjumi par pieejamibu IpaSa sastava materialu paraugiem, kuri
izgatavoti péc zinamas un kontrol§jamas tehnologijas. Atskiriba no citiem
materialiem augstas tiribas silicija dioksidu stiklu un kristalu izgatavoSanas
tehnologijas ir loti saregitas un Ipa§i dargas. Sadu augsto tehnologiju ieviesana
Latvijas Universitaté nekad nav guvusi pozitivu attieksmi no vadibas puses. Ar1 PFPL
un velak Cietvielu fizikas institiita, reali apsverot iesp€jas, lidz Sim ir secinats, ka
moderno silicija dioksida stiklu izgatavoSanas tehnologiju ievieSana mums nav pa
spekam. Lidz ar to petamo paraugu iegisana ir paSu eksperimentatoru zina. Pasreiz
firmas dazadas pasaules malas piedava diezgan lielu silicija dioksida stiklu
daudzveidibu, kuri izgatavoti ar dazadam tehnologijam. Tomér, lai no Siem standarta
paraugiem iegiitu jaunus fundamentalus rezultatus, ir japarada 1paSi liela
eksperimentatoru izdoma. Daudz izdevigak ir sadarboties ar tadam arzemju
zinatniskajam iestadém, kuram ir pieeja modernam tehnologijam, bet tas parasti prasa
kadu laiku stradat arzemés.

Starptautiska limena pétnieciba

Divdesmitaja gadsimta, pateicoties koléga Linarda Skujas veiksmigajai darbibai
optisko stiklu fizikas lauka, §1 fizikas nozare neapSaubami Latvijas Universitaté ir
pasaules augstako standartu Iimeni. Pienak uzaicinajumi referét visdazadaka limena
konferencés un zurnali siita rakstus recenz€Sanai. Scientologa Japa Kristapsona
péttjumi rada, ka Linards ir visvairak citétais Latvijas zinatnieks. Tom@r $ada Iimena
uzturéSana misu apstaklos prasa ipaSu darba reZimu. Japanas zinatnieku grupa no
Tokijas tehnologiska institiita, kura strada augstas klases zinatniecka Hideo Hosono
vadiba, katru gadu uz vairakiem méneSiem aicina Linardu pie sevis darba, jo viniem,
actm redzot, ir nepiecieSsama Linarda pieredze, dotibas un spgjas, lai risinatu pasas
aktualakas problémas optisko stiklu lauka (joma). Tokijas tehnologiska institiita riciba
ir pasSas modernakas silicija dioksida stiklu izgatavoSanas tehnologijas, ka ari laba
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sadarbiba ar citam stiklu izgatavotaju firmam Japana un pasaulé. Tas lauj kopigiem
spekiem sekmigi risinat tos jautajumus, kurus arvien vairak izvirza moderna tehnika.
Pasreiz 1pasi legéti sintétiskie silicija dioksida stikli loti plasi tiek lietoti fotonika, t. i.
tada jaunas modernas tehnikas nozar€, kura paslaik visstraujak attistas.
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PUSVADITAJU FIZIKA UN CIETVIELU JONIKA

A. Lusis
Latvijas Universitates Cietvielu fizikas institiits

Pusvaditaju fizikas problému laboratorijas (PFPL) izveide saistita ar to, ka
1959.gada darbu uzsaka Rigas pusvaditaju aparatu riipnica un LU FMF vajadzgja
uzsakt specialistu gatavoSanu pusvaditaju iericu riipniecibai, kas gan zinatniski, gan
praktiski bija jauna nozare Latvija. Taja laika Eksperimentalas fizikas katedra (vad.
E. Kraulina) bija tematiski vistuvak pusvaditaju p€tniecibas jomam. Eksperimentalas
fizikas katedras ietvara ari izveidojas grupa (E.Kraulina, O.Smits un 1.Vitols), kas
saka petniecibas grupu (L.Beiziters, A.Simanovskis, M.Sveide, J.Zakis, M.Zake)
veidoSanu Kronvalda bulv.4 ar mérki dibinat jaunu pé€tniecibas laboratoriju arpus
Eksperimentalas fizikas katedras.

LU nebija akadémiskas prieksvestures pusvaditaju fizikas joma (Ge/Si) pretstata
jonu kristalu (sarmmetalu halogenidu) fizikai, kuras sakumi mekl&jami 40 un 50
gados (L.Jansons, O.Smits, K.Svarcs) un kas turpindja attistities 60 gados
Eksperimentalas fizikas katedra (I.Vitols, V.Ziraps, 1.Tale, J.Bogans, J.Zakis,
L.Aleksgjeva un J.Valbis).

P&c ta laika varas iestazu ieceres PFPL bija jakliist par institiiciju, kas nodroSina
pusvaditaju riipniecibai nepiecieSamos petijjumus. Bet Seit bija viens liels “bet”!
Neviens no augstak minétajiem pétniekiem negrib&ja pamest sekmigi iesakto jonu
kristalu pétniecibas virzienu, kas sekmigi attistijas sadarbiba ar Tartu un Leningradas
zinatniekiem un var&a nodroSinat zinatniska grada iegusanu. Tika meklets
kompromiss starp savu interesi pétit optiskas un elektriskas paradibas sarmmetalu
halogenidu kristalos un nepiecieSamibu pieversties Ge/Si pétiSanai pusvaditaju
riipniecibas interes€s. Uz arpusi tas tika pamatots, ka sarmmetalu halogenidi ir
pusvaditaji ka Ge/Si, bet tikai ar to atSkiribu, ka pirmie ir platzonas, bet otrie ir
Saurzonas pusvaditaji.

No PFPL nodibinasanas lidz 1969.gadam laboratorijas pétniecibas tematiskos
virzienus ierosindja vai noteica I. Vitols. Praktiski p@tnieciba pusvaditaju joma
reducgjas tikai monokristalisku Ge epitaksialo kartinu iegiSanu un to raksturosanu,
iesaistot Sajos darbos L. Beiziteru, J.Berkovicu, A. Vovsi, V.Krimigu un
A. Patmalnieku.

Sakoties radioelektronikas komponenSu mikrominituarizacijai, aktuali kluva
plano kartinu p&tijumi un iericu radiSana uz to bazes, t. i. plano kartinu tranzistori un
diodes, rezistori, kondensatori. Pasaulé tika izstradatas plano kartinu mikro ierices,
kas butu analogas Ge/Si iericem. Ar to sakas cietvielu elektronika pretstata
pusvaditaju elektronikai, t.i. sakas mikroelektronikas €ra. Starp plano kartinu iericu
materialiem bija, piem. CdS (Weimer’a tranzistors) un Al,O; (Mead’a diode), kuru
elektroniska vadamiba bija ieveérojami mazaka par Ge/Si vai bija labi izolatori. Tas
tuvinaja Sos materialus SMH.

PFPL 1963. gada tika iesakts jauns tematisks virziens “Plano kartinu fizika un
ierices uz to bazes” J.Zaka vadiba. Petjjumu pamata bija kontakta paradibas,
injekcijas stravas augstomigos pusvaditdjos no metala kontakta (In/CdS) un telpas
ladina ierobezotas stravas. Telpas ladina ierobezotas stravas pétjjumi sarmmetalu
halogenidu kristalos (dielektriskas diodes models) kluva par manu ka 3.kursa studenta
(1961./62. m. g.) zinatnisko darbu SZB un péc tam (1963./64.m.g.) ari1 par
diplomdarba t€ému (vad. J.Zakis).
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1963.gada pie plano kartinu témas saka stradat A.Kundzin§ un parnéma plano
kartinu tematikas vadibu PFPL. Tika izversti petijumi A;Bs grupas pusvaditaju plano
kartinu fiziku un tehnologiju joma (J.Berkovics, A.Lusis, A.Hofmarka, Z.Gatvins).
Temas ietvaros tika veikti p&tijumi par monokristalisku CdS plano kartinu iegtiSanu
(S. Aleksandrova vadiba un J. Klavip$ izstradaja diplomdarbu). Tika iegiitas plano
kartinu fotoStinas (Cu,S/CdS) un gaismas diodes (CdSe) uz stikla pamatnes ar SnO
caurspidigo elektrodu. A. Kundzina un J. Strauména vadiba tika izstradata un
izgatavota daudzpoziciju karuselu tipa vakuumiekarta plano kartinu struktiiru
iegliSanai uz sitala plaksném péc Rigas pusvaditaju aparatu ripnicas pasttijuma. Tika
izstradats un izgatavots lieljaudas elektronu lielgabals materialu ar augstu kuSanas
temperattru (W, Ge, Si) iztvaic€Sanai. 1965. gada pat tika uzsakti petijumi par ALO;
planajam kartinam dielektriskas diodes izgatavos$anai (J.Valbis, V.Steinbergs).

[.Vitols vérsa uzmanibu ari organiskajam vielam ka pusvaditaju klasei. PFPL
notika I. Vitola vadiba darbinieku seminari, kuros tika wuzaicinati pusvaditaju
specializacijas studenti, I. Vitols noradija uz tikko tulkoto gramatu ,,Opeanuueckue
nonynposooHuky” un uzdeva man uzstaties seminara par organiskajiem
pusvaditajiem.

1963.gada pec 1. Vitola uzaicindjuma no Rigas elektromasinu ripnicas Centralas
laboratorijas grupa specialistu (E. L. Silip$, L. Taure, O. Vilitis) parnaca uz CFI, kur
uzsaka organisko pusvaditaju petijumus, t. sk., organisko pusvaditaju planas kartinas
(A. Gailis).

Jonikas saknes mekl€jamas mana diplomdarba téma, jo kontakta Au/KCl
elektroniskos procesus ierobezoja (aiz€noja) jonu telpas ladins starp KCl kristala
virsmu un tilpumu, bet elektronu telpas ladina efektu noveéroSana bija iesp&jami tikai
pie spriegumiem tuvu izolatora caursitei. P&c diplomdarba mans zinatniskais darbs
bija saistits ar pusslodzes darbu PFPL (pamatdarbs bija asistenta darbs Visparigas
fizikas katedra) par M/CdS kontakparadibam plano kartinu diod@s, kuras izgatavoja
A. Kundzin$ un A. Hofmarka.

1968.gada ASV tika atklats vadamibas parslégSanas efekts (mono stabilais)
halkogenidu pusvaditaju stiklos un p&c I. Vitola ierosinajuma ta kluva par manas
aspirantiiras tému (vad. J. Zakis), kura 1969.gada tika nomainita uz Iidzigu t€mu, tikai
oksidu pusvaditaju stiklos, jo Iidzigs efekts (bistabilais) tika atklats Anglija vara
fosfatu stiklos. Tas pavéra sadarbibas iesp€jas ar RPI (silikatu stikli) un LZA
Neorganiskas kimijas institiitu (fosfatstikli).

Tadel 1968.g. tika iesakta sadarbe halkogenidu pusvaditaju stiklu joma ar
ktmikiem Leningrada, Maskava un KiSineva (o jomu PSRS vadija B. T. Kolomiecs).
PFPL plano kartipu grupa 1969.gada pat noorganiz€ja stiklveida pusvaditaju
Vissavienibas skolu B. T. Kolomieca vadiba. Jau 1969. gada tika uzsakta sadarbe
oksidu pusvaditaju stiklu joma ar RPI (J. Eiduks, U. Sedmalis) un PFPL tika izveidota
oksidu pusvaditaju stiklu sintézes grupa I. Milleres vadiba. Sie pétijumi stiklos jau
bija tiesi saititi ar jonu procesiem, ar jona stavokla mainu un jonu parnesi cieta viela.
1972. gada tika uzsakti priekSdarbi LU zinatnisko rakstu krajuma “StikluveidojoSo
sistemu fizika un kimija” izdoSanai.

1960. gadu nogale bija laiks, kad intensivi mekl€ja jaunus materialus
informacijas registracijai. Tas bija laiks, kad tika izteiktas dazadas intuitivas idejas par
pusvaditaju stiklu vietu elektronikda un energijas parveidosana. Tie$am, daudzas no
tam ir realiz€jusas. Ta mes, grupa petnieku (V. Mingjevs, S. Dembovskis, V. Gamans,
T. Mazec, M. Jelinsons) lidmasina Maskava — Erevana (1968. g. dec.) cela uz PSRS
ZA Mikroelektronikas sekcijas izbraukuma s€di spriedam par elektronisko teksta lapu
uz pusvaditaju stikla pléves elektrografiskai iespieSanas tehnikai, kserografiskai
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pavairoSanai un kopéSanai. Tas Sodien ir pieejams ka lazerdruka un kop&Sana viena
aparata.

1968. gada PFPL notika strukturalas izmainas, kas bija saistitas ar A.Kundzina
un dalas vipa vaditas grupas Iidzstradnieku parieSanu (t. sk. A. Hofmarka,
J. Berkovics, Z. Gatavin$) uz Rigas Mikroaparatu zinatniski pé&tniecisko institttu.
Plano kartipu témas un grupas atlikuso dalu (S. Aleksandrovs, V. Steinbergs,
J. Klavins$ un 5 laboranti — FMF vakara nodalas studenti) vadibu 1. Vitols uzdeva man
— aspirantam, jo J. Zakis parpéma PFPL vadibu. No §1 briza sakas Pusvaditaju
materialu nodalas veidoSanas. Saka stradat LU FMF vakara nodalas studenti
J. Lagzdons, J. Pinnis, T. Zamozdiks un O. Rode.

1971.gada Plano kartinu grupa tiek parveidota par Pusvaditaju materialu dalu,
kura tika ieslégta ari1 A.Patmalnieka grupa (I. Biele, A. Veipals, G. Ramans), kuri
risindja plano kartinu (Si, MgO u. c.) epitaksijas un struktiiras problémas.

Jauns posms jonu procesu un paradibu pétijumiem cietaja viela sakas 1972. gada
ar elektrohroma efekta un iericu uz ta bazes pétjjumiem. P&tot varavolframfosfatu
stiklu plano kartinu elektriskas pasibas, tika noveérota to krasoSanas zila krasa, kas
bija lidziga 1968. gada S.Deba (ASV) novérotajai paradibai un bija nosaukta par
elektrohromo efektu. 1974. gada sakuma tika iegiiti pirmie plano kartinu Deba tipa
elektrohromie elementi-indikatori un filtri (T. Zamozdiks, O. Rode), kas uzreiz
izraisTja lielu interesi no PSRS militari riipnieciska kompleksa puses un nodrosinaja
liela apjoma un ilgtermina specialos ligumdarbus. Tas noveda pie straujas Pusvaditaju
materialu dalas paplaSinasanas. Tika uzsakta sadarbe ar LU Kimijas fakultates (KF)
Fizikalas kimijas katedru (G. Slaidins) H-diftziju jautajumos un ar 1977. gadu ar1
cieto elektrolitu joma. Saja sadarbé (H-diftizija) abpusgji aktivi iesaistijas J. Kleperis
un S. Takeris. 1979. gada, pateicoties J. A. Uk§i (PSRS ZA JKPI, Cernogolovka),
sadarbe paplasinajas PSRS méroga, jo tad kopigi PSRS tika apzinats jauns
zinatniskais virziens — cietvielu jonika un formul@ts ta saturs atbilstoSi Japana un
Amerika izvirzitiem priekSstatiem. Cietvielu jonika ir cietvielu fizikas un kimijas
sint€ze un ir analogiska cietvielu elektronikai. CFI kluva par ikgad&ja Vissavienibas
seminara “ Cietvielu jonika” organizgtaju Riga (laikd no 1979. — 1989. gadam tika
noturéti 10 seminari). Tika izdoti divi misu darbu rakstu krajumi par
elektrohromismu (1981. un 1987. g.).

1977.g. T. Zamozdiks, A. Hofmarka, L. Jekabsons, M. Lejina sekmigi ieguva
pirmos elektrohromos fotografijas elementus ar CdS ka fotojutigu slani, kuru izp&ti
sekmigi uzsaka O. Rode, O. Tipans, M. Stikans, V. Bisters un U. Cekuls.

Ar 1978. gadu cietvielu jonika Pusvaditaju materialu nodala bija izveidojies ka
zinatnisks un tehnologiskis virziens. Pie cieto elektrolitu sintézes un pé&tiSanas laika
gaita saka stradat kimijas studenti G. Bajars, G. Vaivars, G. Vitins, kuri savukart
turpindja sadarbibu ar LU KF Fizikalas kimijas katedru (A. Zekunde, A.Vosekalns).

Sekmigas elektrohromo indikatoru, filtru un fotografijas maketu demonstracijas
Maskava, Leningrada, Kijeva un Sverdlovska PSRS militari riipnieciska kompleksa
uznémumos radija priekSnoteikumus atbalsta v&stulu sanemsanai, kas bija
nepiecieSamas PSRS Zinatnes un tehnikas komitejai, PSRS Augstakas un specialas
izglitibas ministrijas un LPSR resoriem (t. sk., LKP CK), lai uz PFPL un SPFPL
bazes nodibinatu LU Cietvielu fizikas instittitu 1978. gada.

Pusvaditaju materialu nodalas personals CFI dibinasanas laika bija sasniedzis
pietickamu zinatnisko un tehnologisko limeni, kas turpmakajos gados nodroSinaji
teémas 22 aspirantiem un 35 LU FMF un KF diplomandiem, ka arT sekmigi izstradat
un aizstavet 19 zinatpu kandidata (tagad doktora) disertacijas (J. Klavins,
J. Lagzdonis, J. Kleperis, S. Takeris, A. Veispals, J. Gabrusenoks, P. Cikmacs,
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G. Vaivars, A. Vitins, G. Bajars, G. Cikvaidze, A.Rodionovs, A. Sazonvs,
G. Ramans, M. Sirokovs, M. Stikans, A. Kuzmins, A. Azens, G. Vitin3).
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EKSPERIMENTU KIBERNETIZACIJA

J. Kuzmins
Latvijas Universitates Cietvielu fizikas institiits

Eksperimentu kibernetizacijas ideja pirmo reizi tika izteikta 1962. gada
,Kibernétiska fizika” manuskripta forma, (ap 10 lpp. apjoma). Autors paradija So
manuskriptu PFPL vaditajam I. Vitolam, kas uzreiz saprata ideju un lika to detalizet.
Rezultata 1963. gada paradijas otrs manuskripts, jau uz 134 lappusém. TieSi §is
manuskripts péc I. Vitola ieteikuma bija paradits plasi pazistamam kibernétikas
specialistam akadeémikim A. Bergam, kas sava pozitivaja atbildé rakstija: ,,ideja ir
interesanta, bet pie tas ir daudz japiestrada.” Otra idejas aktualitates parbaude notika
1964. gada 2. Kodolfizikas elektronikas simpozija, kura autors péc I. Vitola ieteikuma
uzstajas ar atbilstoSo referatu. Referats tika pozitivi noveértéts. Ar to pietika, lai
L. Vitols atlautu autoram kerties pie eksperimentu kibernetizacijas darbiem.

Situacija zinatne 50-60-tajos gados bija specifiska. Zinatne bija stipri politizéta,
bet tas vadiba balstijas uz autoritariem principiem. Tas nozimé&ja, ka dazas zinatnes
(piem. kibernétika un genétika) tikko sak atbrivoties no aizliegumiem. No otras puses
dabas un tehniskas zinatnes bija stipri militarizétas. Ja zinatnieks grib&a sekmigi
funkcionét taja sabiedriba, vins nevargja ignoréet situacijas specifiku.

Eksperimenta kibernetizacijas virziens, atSkiriba no automatizacijas, kas nozimé
cilvéka aizstaSanu ar automatu, paredz tadu cilvéka un automata simbiozi, pie kura
cilvéks izmanto automatu sarezgito, atro vai bistamo darbibu veiksanai. ST ideja tika
atzita un ,,eksperimenta kibernetizacijas” jédziens bija ieviests bez problémam.

Eksperimenta kibernetizacijas pamata ir pienémums, ka fizika ir kibernétiska
sisteéma. Tas nozimé, ka petijumos var izmantot kibernétikas idejas par sistemu uzbuivi
un to IpaSibam, sisttmu vadibu uz procesu algoritmizacijas un programmeéSanas
pamata, ka arT citas kibernétikas idejas. Dotaja gadijuma galvenais uzsvars bija likts
uz cietvielu fizikas komplekso eksperimentu struktiiram.

Eksperimenta kibernetizacijas virzienam tika izstradats strat€giskais attistibas
plans, kas paredzgja atbilstoSus uzdevumus:

1. Kibernetizéto eksperimentu vadibas logikas izstrade, kas lautu veidot mainigo
procesu aprakstus. Sadas logikas izstrades iesp&jamibu pieradija J.Cirulis. Talak
pétijumi netika veikti.

2. Kibernetizéto eksperimentu algoritmiskas valodas izstrade. Neskatoties uz
vairakiem méginajumiem, §1 valoda vél nav izstradata.

3. Fizikalo iedarbibu teorijas izstrade. Uz 2011 $adas teorijas nav.

4. Kibernetizeto eksperimentu fizika konstruktora izstrade. 1969. gada tads ,,fizika
konstruktors” pie mums bija izstradats. Uz 2011 gadu pasaulé eksisté loti daudz
$adu konstruktoru.

5. Fizika eksperimentatora algoritmu izp&te. Uz 2011 gadu rezultatu nav.

6. Kibernetizéto eksperimentu universalas programmatiras izstrade. Uz 2011 gadu
eksiste loti daudz atbilstosas programmu bibliotekas.

7. Fizikalo eksperimentu aprakstisanas valodas izstrade. Uz 2011 gadu rezultatu nav.

Eksperimenta kibernetizacijas procesa tika paredzeti 3 posmi:

A. ,,Mazas kibernetizacijas ” posms.

B. ,,Kibernetizéto kompleksu” posms.

C. ,.Kibernetiz&to sisttmu” posms.

A posms atbilst atseviSku meérjjumu kibernetizacijai. Atskiriba no 60-tiem
gadiem, 2011 gada praktiski nevar atrast méraparatus bez mikroprocesoriem.
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B posms nozimé komplekso mérijumu kibernetizaciju. 2011 gada praktiski visos
kompleksos merjjumos tiek izmantoti datori ar specialo interfeisu, eksperimenta
vadibas un datu apstrades programmaturu.

C posms nozimé kibernetizé€to kompleksu apvienosanu vienotaja tikla, kas dos
iesp&ju saskanot cietas vielas petijumus visa pasaulé (Sodien So posmu varétu nosaukt
par ,,Cietas Vielas Petijumu Gridu”). Uz 2011 ideja nav realizéta. 60-tajos gados §1
posma sakums bija saskatams ap 2015 gadu.

Noslédzot So rakstu, var secinat, ka 50 gadu veca eksperimentu kibernetizacijas
ideja joprojam ir aktuala.
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IEKARTU BUVES ATTISTIBA PUSVADITAJU FIZIKAS
PROBLEMU LABORATORIJA

D. Millers
Latvijas Universitates Cietvielu fizikas institiits

Pusvaditaju fizikas problému laboratorija (saisinati PFPL) dibinata 1961. gada,
dibinasanas iniciators un pirmais PFPL vaditajs bija Ilmars Vitols. ST raksta autoram
saskarsme ar PFPL darbiniekiem sakas 1962. gada un 1963. gada otraja pusé vins pats
saka stradat Saja laboratorija, darbu taja turpinot Iidz 1978. gadam, kad PFPL kopigi
ar Segneto un pjezoelektriku fizikas problému laboratoriju (pirmais laboratorijas
vaditajs Voldemars Fricbergs) veidoja jaunu vienibu — Latvijas Universitates
Cietvielu fizikas institiitu. Tadejadi vairak ka 15 gadu ilga laika autors lidzdarbojas un
ar1 veroja gan iekartu un aparatu biives, gan ar1 zinatniskas darbibas attistibu PFPL.

Iekartu un aparatu izstrades un biivniecibas attistibai 20. gadsimta vidi bija
realiz€jusies vairaki loti nozimigi priekSnoteikumi. 20. gadsimta pirmaja pus€ loti
strauji attistijas dabas zinatnes (fizika, kimija, biologija) un §T attistiba lava nonakt pie
jauniem atklajumiem un zinasanam (piem., atomu un atomu kodolu uzbiive, kvantu
mehanika, radiacijas mijiedarbiba ar vielu u.c.), kas savukart stimul&ja tehnikas
attistibu. Rezultata gadsimta vidi jau darbojas atomreaktori, bija kibernétkas
uzplaukums, attistijas elektronika un ap Zemi rigkoja pirmie maksligie pavadoni. Tas
viss loti iespaidoja petniecibas attistibu un ar1 aparatu biivi.

Otrs svarigs priekSnoteikums — elektronika paradijas pusvaditaju ierices, sakuma
vienkar$akas — diodes, tranzistori, vélak aizvien sarezgitakas integralas shemas.
Elektronika pareja no elektronu lampam uz pusvaditaju iericém arkartigi paplasinaja
elektronikas iesp€jas un lidz ar to ari stimul&ja aparatu biives attistibu. Jaatzimé, ka
20. gadsimta pirmaja pusé nebija daudz tadu lielu un spécigu sarezgitu pétniecisko
iekartu un aparatu biives firmu, kuras spgja sekot loti dinamiskajam attistibas
procesam aparatu buve. Tadel daudzas pasaules valstis jaunas pétnieciskas iekartas un
aparati tika izstradati p&tnieciskas laboratorijas, kur $o izstrazu primarais uzdevums
bija nodroSinat noteiktu petijumu veikSanu. Ilustracija §adai teézei ir ta, ka ,,American
Institute of Physics” izdeva zurnalu ,, Review of Scientific Instruments”, un tas tiek
izdots vél Sodien. Tacu biezi iekartas, to dalas un atseviski aparati, kas tika izstradati
pétnieciskajas laboratorijas, bija izmantojami arT citur un tadel §is izstrades nonaca
razoSana.

Jaatzimg, ka bijusaja Padomju Savieniba nopirkt augstas klases meraparatu bija
loti griiti — tos razoja nedaudz, aparatiiras sadali starp organizacijam, kuras to vélgjas
iegadaties, veica specialas valsts ITmena iestades, pieskirot iegades tiesibas (limitus,
fondus), kuras ieguva tikai dala no pretendentiem, jo aparatiiras visiem nepietika.
Iekartas zinatniskiem pétijumiem, kas bija visai sarezgitas, tikpat ka vispar nerazoja.
Tas katra p€tnieciskaja organizacija gatavoja uz vietas, vai arl centas iegadaties no
citam pétnieciskam organizacijam, kas tadas iekartas bija izstradajusas un
izgatavojusas savam vajadzibam.

Tads bija vispargjais fons, uz kura attistijas petniecibai nepiecieSamo iekartu un
aparatu biive PFPL. Ta sakotngji bija izvietota Latvijas Universitates (turpmak LU)
galvenas €kas (Raina bulvart 19) pirma stava taja dala, kura pieklaujas Inzenieru ielai.

Pirmsakumi pétniecisko iekartu biivei bija ta saucamie ,,relaksacijas kombaini”,
kurus sakotngji veidoja Ilmars Vitols un Valters Ziraps, kombingjot vienkarSus
ripnieciski razotus aparatus, lai izveidotu kompleksu jonu kristalu dazu optisko
ipaSibu (luminiscence, absorbcija) registracijai. Tacu, lidzigi ka citur, ari PFPL
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sarezgitaku iekartu un aparatiiras izstrade sakas ar nepiecieSamibu veikt p&tijjumu,
panakt kada procesa registraciju, veikt to precizak, atrak, drosak. Zinatnieks izmantoja
sava riciba esoSo aparatiiru, papildindja un modificgja to un aicinaja paliga parasti
elektronikas specialistu. Rezultata var€ja rasties (vargja arl nerasties!) jauns
instruments. Tacu elektronikas elementus vajadz€ja kaut kur nostiprinat, bija
nepiecieSama ,,Sasija”, visbeidzot, kartigam aparatam vajag savu ar&jo apvalku un taja
paredz&t vietu aparata vadibas iericem — slédziem, spailém, vadibas pogam u.t.t.
Pargjas iekartas dalas ar1 kaut ka bija sava starpa jasasaista, jo biezi bija nepiecieSams
nodroSinat iekartas dalu savstarp&jas konfiguracijas saglabasanu. Tas savukart
nozimé, ka pé€tniecisko iekartu un ari aparatu izstradé japiedalas konstruktoram —
mehanikim, ar1 dizainerim. PFPL konstruktora — mehanika darbs bija visai
daudzveidigs, jo bija jaizstrada ne tikai visai dazadi optiskie un mehaniskie mezgli,
kurus izmantoja, lai veidotu pétniecibas darbam nepiecieSamas iekartas un to
savstarpgjie stiprinajumi, bet ar1 elektronisko aparatu mehaniskas dalas — Sasijas,
apvalki, prieksgjie paneli.

Iekartu un aparatu buves jautajumu risinasanai vispirms PFPL tika organizéta
radioelektronikas grupa, kuras sakotngjie uzdevumi bija atseviSku aparatu izstrade un
izgatavosana. Saja grupa pirmie un spécigakie elektroniskas aparatiiras konstruktori
bija Péteris Tomsons un Edmunds Tardenaks. Radioelektronikas grupa sakotné&ji
stradaja relativi neliela telpa, kas atradas Raina bulvara un Inzenieru ielas stiiri. Driz
pec radioelektronikas grupas organizacijas kluva skaidrs, ka nepiecieSama grupa
mehanisko detalu un iericu izgatavoSanai un laboratorijas vaditajs Ilmars Vitols
panaca, ka no Rigas Politehniska institiita Fizikas katedras darba uz PFPL 1962. gada
parnaca spéjigs organizators Olgerts Aboling, kuram jau bija pieredze metalapstrades
darbnicas organiz&Sana vina iepriek$&ja darba vieta. Olgerta Abolina vadiba PFPL
tika organizéta un aprikota mehaniska darbnica. Process nav vienkarSs, jo ari
metalapstrades darba galdi — virpas, frézmasinas, urbjmasinas — ir iekartas, kuras
sadala vai nu visas Padomju Savienibas vai arT republikas valdibas Ilimena
organizacijas. Tacu jau 1962. gada tika uzsakta mehanisko mezglu un iericu
izgatavosana. Visa mehaniska darbnica taja laika bija izvietota diezgan liela pirma
stava telpa, kura atradas Merkela ielas un InZenieru ielas sttri. Mehaniskas darbnicas
darbu vadija tas organizétajs Olgerts Abolins$. Iekartu un aparatu biivé tobrid darbiba
risindjas ta, ka zinatnieks — idejas autors, kopigi ar radioelektronikas specialistiem
veica gan iekartas vai aparata elektroniskas dalas izstradi, gan arl nepiecieSamo
mehanisko mezglu konstruéSanu, kas ne vienmér ir seviski veiksmiga. Japiezimé, ka
Saja perioda lielako tiesu tikai ar atseviskiem mezgliem tika papildinata esosa
aparatira un iekartas. 1962. gada beigas paradas vajadziba izstradat un izgatavot
iekartu Rigas Pusvaditaju iericu rupnicas (vélak pazistama ka rapnica ,, Alfa”)
vajadzibam, proti, tuneldiozu raksturliknu registracijai. lekartas izstrade un
izgatavoSana tika nodota PFPL, kur darba atrakai un sekmigakai veikSanai
mehaniskas dalas konstruéSanai tika piesaistits PFPL nestradajoSs konstruktors.
Iekartas izstrade un izgatavosana bija sekmiga un izgatavota iekarta tuneldiozu
raksturliknu registréSanai tika nodota riipnicai. Ta¢u 1963. gada sakuma kluva
skaidrs, ka turpmakai, ar petniecisko iekartu un aparatu buvi saistitai darbibai, PFPL
ir nepiecieSama sava mehanisko mezglu un iericu konstruktoru grupa un ta paSa gada
otraja pusé Olgerts Abolins izveidoja kostruktoru mehaniku grupu. Konstruktori
aiznema telpu, kura sakotn€ji stradaja redioelektronikas grupa, kas S$aja laika bija
izaugusi lielaka un tika parcelta uz plasakam telpam LU galvenas €kas béninos.
Konstruktoru mehaniku grupu ilgus gadus vadija talantigs konstruktors Janis
Straumeéns. Lidz ar konstruktoru — mehaniku grupas organizésanu liekas, ka PFPL
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bija visas vienibas, kas nepiecieSamas jaunu pé&tniecisko iekartu un aparatu izstradei
un izgatavoSanai, kas arT tika veikts.

Tacu progress turpinajas. PFPL darbinieks Jurijs Kuzmins jau 1963. gada ir
pamanijis, ka, veicot eksperimentus, pétnieks veic darbibas noteikta seciba un biezi So
darbibu secibas periodiski atkartojas. Jurija Kuzmina secinajums — procesu var
automatiz€t, vismaz dalu no darbibam varétu veikt bez tieSas eksperimentatora
iejaukSanas. Ta ka pagajusa gadsimta seSdesmitajos gados elektronisko skaitlojamo
masinu (Sodien to saucam par datoru) razoSana Padomju Savieniba vél tikai izversas,
tad fizikas eksperimentu automatizacijas sakuma tika méginats izmantot
elektromehaniskas ierices (elektromagnétiskie releji, solu mekletaji uc.) kombingjot
tas ar roku parsledzamiem mehaniskiem slédziem un elektronikas elementiem. 1965.
gada PFPL izdevas iegadaties pirmo elektronisko skaitlojamo masinu ,,Dnep—I1” un
lidz ar to paradijas principiala iesp€ja iekartu un aparatiiras vadibai izmantot datoru.
Var uzskatit, ka Saja laika PFPL pétniecisko iekartu un aparatu buves pamatvienibas
bija noform&jusas un bija apgadatas ar pasu nepiecieSamako aprikojumu. Mehaniskas
darbnicas, sakot ar to organizéSanu 1962. gada strauji un ievérojami paplaSinajas —
bija izveidota ne tikai metalu mehaniskas apstrades grupa, bet ar1 atsevisSka skardnieku
— atsledznieku grupa, nedaudz velak tika izveidota atseviska atslédznieku grupa, bija
speciali aprikotas telpas metalu metinasanas darbiem un galvanisko parklajumu
grupai, neliela, atseviski neizdalita krasotava, stiklu apstrades grupa, ka ar1 kriogéna
stacija, kura razoja saSkidrinatu slapekli. Visas mingtas grupas nevargja ietilpinat
darbnicas sakotné&ji aiznemtaja telpa Merkela ielas un Inzenieru ielas stiir, tadel
pakapeniski tika aiznemts LU galvenas €kas pagraba stavs, sakuma ta dala, kas ir gar
InZenieru ielu, vélak ar1 dala no telpam, kas ir gar Raina bulvari. Izbiivéja jaunu telpu,
parsedzot daJu no LU galvenas €kas iek$€ja pagalma, un taja izvietoja metalapstrades
darbagaldus. Ieeja Saja telpa bija nedaudz virs pagraba stava gridas limena un telpa
varg€ja nokliit, dodoties no pirma stava uz leju pa tam kapném, kas ved uz Rektoratu.
Izvietojot mehaniskas darbnicas pagraba stava tika atbrivota to ieprieks aiznemta telpa
un So telpu turpmak izmantoja PFPL zinatnieki. Min&tas pé&tniecisko iekartu un
aparatu buve iesaistitas PFPL apaksvienibas — radioelektronikas grupa, eksperimenta
automatizacijas grupa, konstruktoru — mehaniku grupa un mehaniskas darbnicas, kas
kopa veidoja specigu iekartu un aparatu buves specialistu kolekttvu, kura darbinieki
spéja risinat visai sareZgitas iekartu un aparatu biives problémas. So iesp&ju PFPL
izmantoja divejadi — lai nodroSinatu ar aparatiru un iekartam laboratorija veicamos
petijumus un arT lai pilditu argjo organizaciju pasitijumus.

PFPL vajadzibam tika izgatavota virkne ieri¢u un aparatiras, kopgja ideja Sai
virknei bija radit komplektu, kura dalas dazadi kombingjot fizikis — eksperimentators
varétu realiz€t cietvielu materialu vairaku Ipasibu pétijumus. PFPL stradajoSo
zinatnieku liela dala izmantoja luminescentas metodes (luminiscences spektri,
intensitates atkariba no temperaturas, termoizspidinasana, luminiscences ierosmes
spektri) un gaismas absorbcijas registraciju atkariba no iedarbibas uz paraugu. So
ipasibu registracijai tad ar tika izstradata un izgatavota lielaka dala no minéta
komplekta komponentém. Lielos vilcienos tas var iedalit divas grupas -
elektromehaniskie piederumi un elektroniskie aparati. Lielako vairumu
elektromehaniskos piederumus konstrugja Janis Strauméns sadarbiba ar PFPL
stradajosiem zinatniekiem. Galvena komponente bija stends — optiskais galds, kura
konstrukcija bija ta aprékinata, lai pat pie lielas koncentrétas (neliela laukuma
pieliktas) mehaniskas slodzes konstrukcijas pamatelementu deformacija neparsniegtu
dazus mikrometrus, kas nepiecieSams, lai uz stenda montetie optiskie kanali saglabatu
nemainigu konfiguraciju un biitu nepieciesama tikai minimala to parjustéSana. Stenda
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(galda) virsma tika iekarta gumijas amortizatoros, lai slap€tu iesp&jamo pamatnes
vibraciju iespaidu. Atzimésim, ka miisdienas razotajiem un izmantojamiem
optiskajiem galdiem ir izvirzitas lidzgas prasibas, un So prasibu izpildes
nodroSinasanai tiek izmantotas galda virsmas Stnu konstrukcijas un galda virsma
balstas uz kajam, kuras ievietoti amortizatori vibraciju slapé&Sanai. Tadejadi jau
gandriz pusgadsimtu atpakal PFPL specialisti iekartam izvirzija prasibas, kas ir
aktualas vel Sobridi, atskirigi ir tikai konstruktivie risinajumi. PFPL izstradata optiska
galda centralais mezgls bija kriostats, kurS bija mehaniski cieSi saistits ar
vakuumsistému, novietotu zem optiska galda virsmas. Kriostati bija vairaku veidu,
tostarp ar1 tadi, kas lava lidz skidra slapekla temperatiirai atdzesétu p&tamo paraugu
vakuuma parvietot. Tacu orginalakais bija kriostats, kura izstradeé piedalijas Maris
Zarin§ un Andris Plaudis, konstruktors bija Janis Strauméns. Kriostata ievietoto
pétamo paraugu vargja loti atri dzesét un sildit, nepiecieSamais laiks parauga
atdzes€Sanai no istabas temperatiras Iidz 80 K bija mazaks par 30 sekundém.
Orginala konstrukcija nodrosinaja arT atru parauga sildisanu, neprasot lielu elektriska
silditaja jaudu un nepateréjot daudz Skidra slapekla. Kriostatam bija paredzéta
automatiska Skidra slapekla iepildiSanas sist€ma, kura, pazeminoties $kidra slapekla
Iimenim kriostata, ieslédzas un pa cauruli no 15 1 tilpuma Djuara trauka papildinaja
Skidra slapekla daudzumu kriostata.

Gaismas registracijai, ka arl paraugu ierosinaSanai tika izstradata virkne
piederumu, kas lava eksperimentatoram veidot dazadas konfiguracijas optiskos
kanalus. Pavisam bija apméram 16 dazadi piederumi, minéSu dazus no tiem: 3 veidu
fotoelektronu daudzkarSotaju karbas, tostarp arl dzes€jama; 2 veidu optisko filtru
karbas; 2 veidu lécu turétaji ar just€Sanas iesp&€jam, neizjaucot noslégto optisko
kanalu; optiskas sliedes ar reguléjamiem balstiem un regul&jamiem jatniekiem; 4
veidu gaismas avoti; optiska kanala piederumus savienojosie elementi; solu dzingja
mezgls monohromatoram spektra izverses nodrosinasanai un citi.

Dala no minétajiem piederumiem bija elektromehaniski — to darbibas
nodro$inasanai vajadz€ja noteiktus elektriskos spriegumus, stravas, dazkart ari
impulsus. Sim noliikam tika izstradati un izgatavoti atbilstosi elektroniskie aparati —
gaismas avotu baroSanai, mainamo gaismas filtru vadibai, solu dzingu vadibai un
baroSanai un citi. Tatu ar min&to elektronisko aparatu izstrade un izgatavosana
neaprobezojas — pétniecisko iekartu darbibai bija nepiecieSami ari citi, sarezgitaki
aparati. Tika izstradati elektroniskie aparati parauga temperatiiras regulacijai,
integréjoSs ciparu voltametrs, perforatora vadibas bloks eksperimentos iegiito
rezultatu izvadei uz perfolentas, lai velak Sos rezultatus varétu apstradat ar datoru,
fotonu skaititajs, kas bija paredz&ts vaju gaismas plismu registracijai. Pirma fotonu
skaititaja elektronisko dalu izstradaja Gunars Limezs, tacu, diemzgl, §1 izstrade nebija
veiksmiga. Divi galvenie iemesli tam bija dazu izmantoto elektronisko elementu
darbibas nestabilitate, ar1 parametru liela izkliede un zinaSanu trikums par
fotoelektronu daudzkarSotaju 1pasibam, seviski par fotonu skaitiSanas reZima
stradajosa fotoelektronu daudzkarSotaja izejas impulsu veida signalu parametriem.
Veiksmigu fotonu skaitiSanas sistému izveidoja Jana Jansona vadiba septindesmito
gadu sakuma. Seit jauzsver Jana Jansona pieeja problémas risinasana — lidztekus
literatiiras studijam par fotonu skaitiSanu vinS veica Padomju Savieniba raZoto
fotoelektrono daudzkarSotaju izpéti, noskaidrojot, ka ne katrs no tiem izmantojams
fotonu skaitiSanai. Tika noskaidroti arT fotoelektronu daudzkarSotaju izejas signalu
parametri un tad bija pietickami datu, lai veiktu veiksmigu sist€mas elektroniskas
dalas izstradi. Izstradi elektroniskajai sist€mas dalai fotoelektronu daudzkarSotaja
izeja signala apstradei veica Janis Tibergs. PFPL izstradata fotonu skaitiSanas sistéma
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izradijas tik veiksmiga, ka to iegadajas Maskavas elektrolampu riipnica taja razoto
fotoelektronu daudzkarSotaju parbaudei un jaunakas produkcijas izpétei. Visas
augstak minétas izstrades tika veiktas (iznemot pieminto Jana Jansona vadiba
izstradato fotonu skaitiSanas sistemu) laika lidz 1969.gadam, par ko liecina 1969.
gada krievu valoda izdotais buklets — reklama ,,Zinatniski — p@tnieciska sisteéma
cietvielu elektronisko 1pasibu pé&tisanai”.

Izgatavotas ierices un elektroniskie aparati tika izmantoti PFPL pétniecisko
iekartu izveidei. Sakotn€ji Sis iekartas tika nosauktas izmantojot grieku alfabéta
burtus, proti, a — iekarta, § — iekarta, y — iekarta. Tacu vispilnigaka savu iesp&ju zina
bija iekarta VIL-100, kuru izveidoja Ivara Tales vadiba. Viegli pamanit, ka lielaka
dala iericu un elektronisko mezglu bija pieméroti vadibai ar elektriskiem signaliem,
kas saistits ar centieniem automatizét gan eksperimenta vadibu, gan iegito datu
apstradi. Ka jau iepriek§ mingts, ar eksperimentu automatizacijas ideologijas
attistiSanu PFPL nodarbojas Jurijs Kuzmins. Sadarbiba ar eksperimentatoriem tapa
iekartu vadibas, datu savakSanas un apstrddes programmatiiras un vairakas
eksperimentu iekartas tika pieslégtas pie ,,Dpepr-17, lai tam nodroSinatu datora
vadibu. 1967. gada pie ,,Dpepr — I” jau bija pieslégtas 3 iekartas. Tobrid PFPL
risindjas neoficiala diskusija — ko 1isti dod iekartas ,,pieslégSana” pie datora, jo
aparatiiras salagoSana vadibai no datora, programmatiras izstrade, sistémas kop€ja
reguléSana, bija loti darba ietilpigi procesi un tad€] aiznéma daudz laika. Bez tam,
elektroniska skaitlojama masina - dators ,,Dpepr — I” aiznéma vairakkart lielaku
platibu neka eksperimenta izmantojama iekarta un lidz ar to dators bija telpiski
atdalits no eksperimenta iekartas, tacu eksperimentatoram laiku pa laikam vajadz€ja
but pie abiem — datora un iekartas. Visbeidzot dators bija viens, iekartas vairakas,
vienlaiciga vairaku iekartu vadiba, vismaz sakotng&ja posma, radija problémas.
Savukart iesp€jas iegadaties vél vienu datoru ,,Dnepr — 1” nebija iesp&jams un nebija
ar telpas kur to izvietot. Tacu pieradijas, ka ir eksperimenti, kurus bez automatizetas
vadibas kvalitativi vispar realiz€t nevargja. Piemers tam bija termofrakcionétas
izspidinasanas eksperiments, kura metodiku PFPL ieviesa Ivars Tale. Sajos
eksperimentos veicamas atras temperatiiras pieaugsanas ka ari tas kriSanas izmainas,
kuru laika notiek luminiscences registracija, nav pietickami precizi paveicamas bez
automatiskas vadibas un automatiskas signala registracijas.

Gan iekartu izstrade, gan to automatizacija 60. gadu beigas un 70. gados
nodroSinaja labas PFPL pozicijas $aja joma Padomju Savieniba. Rezultata PFPL
sanéma pasiitijumus no citam organizacijam pétniecisko iekartu izstradei un ari
atseviSku aparatu izgatavosSanai, par ko tika slégti Iigumi. Tas veicin3ja izstradataju
talaku izaugsmi gan prasmju zina, gan ari skaitliska zina. Tacu bija ar7 visai stingri
ierobezojumi — katrai organizacijai bija savs ,,Statu saraksts”, kas noteica darbinieku
skaitu. Mainit So ,,Statu sarakstu” bija griiti, to vargja tikai ar augstak esoSo valdibas
organizaciju piekriSanu. Otrs stingrs ierobezojums bija ta sauktais l[igumdarbu apjoma
limits, kas noteica maksimalo naudas summu, kuru iestade (Saja gadijuma PFPL)
drikst&ja ienemt par gada laika izpilditajiem ligumiem. So ierobezojumu dg] iekartu
un aparatu izstrade un izgatavSana PFPL nepieauga parak strauji. Tacu sanemot
pasitijumus no organizacijam, kuram bija iesp&jas ietekm&t lémumus par minéto
ierobezojumu noteikSanu, vargja cerét, ka ierobezojumi tiks mainiti.

Lielaka iekarta, kuru izstradaja un izgatavoja PFPL bija iekarta ,,Gundega”,
paredz&ta kosmosa kugu iluminatoru parbaudei, modelgjot termiskos triecienus laika,
kad kosmosa kugis nolaizoties ienak Zemes atmosféra. Iekartas mehanisko
konstrukciju un sildiSanas mezglu konstrukcijas izstradaja Janis Strauméns. Iekartas
vadibu, datu savakSanu un apstradi veica ar datoru ,,Dnepr— 17, kuru piegadaja
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speciali iekartas ,,Gundega” vajadzibam. NepiecieSamo programmatiiru izveidé
stradaja darbinieku grupa Jurija Kuzmina vadiba un atzimé&jams, ka programmatiiras
tika izstradatas vienlaicigi ar iekartas konstruéSanu un izgatavoSanu. Tas prasija loti
precizu parametru definéSanu, Joti cieSu sadarbibu starp programmatiiras
izstradatajiem, konstruktoru un izgatavotajiem. Programmatiira bija orginala, vadibas
programmatiiras izstradei pat izveidoja specialu valodu. Iekarta ,,Gundega” bija
lielaka PFPL izstradata un izgatvota iekarta, tas teréta jauda bija vairaki simti kilovatu
un kop€ja aiznemta platiba liela. To drikstja darbinat ar nominalo jaudu tikai nakts
stundas, darbinaSanu saskanojot ar LATVENERGO specialistiem, lai neizraisitu
elektroenergijas piegades trauc&jumus citiem Rigas centra esoSajiem patérétajiem.

PFPL tika izstradatas un izgatavotas iekartas gan pétnieciskam iestadem —
instititiem, laboratorijam, gan riipnicam, gan ari medicinas iestadém. Pieme&ram,
medicinas vajadzibam tika izgatavota iekarta ,MULAT”, kuras mehaniskas dalas
konstruktors bija Maris Sterns, savukart elektronikas izstrades ideologs bija Andris
Plaudis. Iekarta bija liels elektromagnéts, paredzets galvas asinsvadu patalogiju
arstesanai, tade] tam bija speciala iekare, kas lava panakt jebkuru magnétiska lauka
orientaciju telpa ap slimnieka galvu. Caur magnéta polu kurpém vargja veikt
rentgenografisku asinsvadu kontroli, ja tajos tika ievadita kontrastviela. Iekarta tika
nodota Traumatologijas un ortopedijas institita neirokirurgiem, kuri to Dr. Raimonda
Kikuta vadiba sekmigi izmantoja.

Visai plasais dazado pasititaju loks rada, ka PFPL iekartu un aparatu
izstradataju kvalifikacija un potencials bija tam laikam augsts. Bija pat ta, ka
piedavajumi iekartu un aparatiiras izstradei vairak ka divkart parsniedza PFPL atlauto
ligumu finansiala apjoma limitu. Lidz 1974. gadam iekartu un aparatu izstrades un
izgatavoSanas ligumu finansialais apjoms pieckartigi parsniedza to ligumu finansialo
apjomu, kuri bija noslégti par pétijumu veikSanu. Sakot ar 1975. gadu situacija tika
krasi mainita — izradijas, ka iekartu un aparatiiras izstradataji galvenokart nodarbojas
ar citu organizaciju pasutijumu izpildi un tad€] PFPL interes€s veicamas izstrades tiek
ieguldits relativi loti maz darba. Saja laika bija pieaudzis pieprasijums noteiktiem
pétijumiem, bija iesp&jams sleégt ligumus par petijumu veikSanu un tadel, lai iekartu
un aparatiras izstradataju potencialu vairak izmantotu PFPL interes€s, laboratorijas
vadiba noteica, ka 1975. gada gandriz pusi no ligumu finansiala apjoma izmantos
pétniecisku darbu ligumu slégSanai, atlikuSo dalu izmantot ligumu slégSanai par
iekartu izstradi, savukart Iigumu izpildé nenoslogoto izstradataju ,,jaudu” izmantos
PFPL ieksgjo izstrazu veikSanai. 1976. gada procesu turpinija — ligumu finansialais
apjoms iekartu izstradei ar€jiem pasiititijiem bija apméram 7 reizes mazaks neka
ligumu finansialais apjoms pétnieciskajiem darbiem. Tacu turpmakajos divos gados $1
proporcija maintjas par labu Iigumu apjomam iekartu un aparatiiras izstradei argjiem
pasuttitajiem un 1978. gada pétniecisko ligumu finansialais apjoms vairs bija tikai
divas ar pusi reizes lielaks par iekartu pasiitjumu finansialo apjomu. Iemesli tadai
izmainai bija divi — dazu gadu laika bija samé&ra labi apmierinatas PFPL vajadzibas
pec jau izstradatajiem mezgliem, piederumiem, aparatiem un pé&tnieciskas iekartas
bija kaut cik nokomplektetas. Otrs iemesls bija tas, ka dala no zinatniekiem pietiekami
skaidri un noteikti neformul&a parametrus, kurus vajadz&€tu nodroSinat
izstradajamajai iekartai vai aparatam. Arl jaunu metoZu apgisana, kuru
nodro$inasanai vajadz€tu jaunas iekartas un aparatiru, notika 1&€nak. 1978. gada, ka
jau tas minés sakuma, uz PFPL un SPFPL bazes tika dibinats Latvijas Universitates
cietvielu fizikas instittits, kura PFPL p@tniecisko iekartu izstrades un biives tradicijas
turpinajas.
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RADIOELEKTRONISKO APARATU IZSTRADE

E. Tardenaks
Bijusais LU PFPL un CFI Radioelektronikas dajas vaditajs

Sesdesmito gadu sakuma PSRS vadiba pienéma l1€émumu likvidét atpalicibu
elektronikas nozar€. Tapat ka citas Savienibas pilsétas arT Riga tika celta pusvaditaju
ripnica, dibindjas ZA institati un kodolreaktors. Sai laika Ilmars Vitols, pabeidzis
Fizikas — matematikas fakultati (FMF), noléma realizét savu ideju — izveidot modernu
fizikas laboratoriju. Vitola iecere nebija bezvarda pasta kastite Nr.NN, bet visai
pasaulei atklata laboratorija. Vinam zinama Tartu universitates pieredze liecinaja, ka
augstus zinatniskos rezultatus var sasniegt tikai tas laboratorijas un instittti, kam ir
savas palignozares, to skaita aparatbtives nodalas.

Viens no skerSliem ieceres realizacija bija elektronikas buma izraisitais
specialistu deficits. Politiski Vitols bija liberalis un lidzstradnieku izveéle nevadijas no
politiskas uzticamibas krit€rijiem. Vitolam bija labs draugs, novadnieks, fizikis un
teicams elektronikas specialists Péteris Tomsons. V&l pirms oficialas Pusvaditaju
Fizikas problému laboratorijas (PFPL) nodibinasanas abi FMF izveidoja Radiofizikas
laboratoriju. Driz vien no Fizikas speciala praktikuma taja parnacu ari es. DiemZzgl
Tomsona un mana biografija bija ievérojami politiskie melnie plankumi. Ceka un
LVU vadiba radija apstaklus, lai Tomsons laboratorija stradat nevarétu, un péc neilga,
bet razena darba posma vin$ aizgaja uz Organiskas sint€zes institiitu. P&c paris
gadiem to pasu piedzivoja v€l viens konstruktors — Juris Vanags. Varam tikai miné&t
ka biitu attistijusies aparatu izstrade PFPL, ja viniem biitu dota iesp€ja stradat. Mani
Vitolam izdevas aizstavet un paturét.

Kad 1960. gada 26. septembr1 izdeva rektora pavéli par PFPL dibinasanu,
Radiofizikas laboratorija partapa par PFPL Radioelektronikas grupu (RG). Pamazam
grupa papildingjas ar no VEF parnakuso J. Tibergu, fizmatiem G. Limezu, A. Gailiti,
M. Zarinu, RPI absolventu A. Bernupu, kas izveidoja radosu konstruktoru grupu un
sadarbiba ar fizikiem I. Tali, J. Jansonu, D. Milleru un A. Plaudi un konstruktoriem
J. Strauménu un A. Skuju spgja realizét Vitola ieceréto ideju par radioelektronisku
mériekartu izstradi eksperimentaliem pétljumiem pusvaditaju fizika. Izveidojas
lielisks kolektivs, kura sava neaizstajama vieta bija ari topologém Valdai Géricai un
Guntai Kilei, noliktavas parzinei Vilmai Putninai, rasétajai Irmai Strauménai un
kimikei Dzintrai Gailitei.

Ka jau laboratorijai, kas nebija PSRS Elektronikas vai Vid&jas masSinbuves
ministrijas paklautiba, Skérslis nopietnai aparatbiivei bija nepiecieSamo materialu un
detalu sagades iesp&jas. LVU bija LPSR Augstakas izglitibas ministrijas sist€éma un
Valsts plans materiala nodroSinajuma zina to tur€ja viena no peédejam vietam.
Universitates Saimniecibas dala nebija specialistu, kas orientétos plasaja
nepiecieSamo detalu klasta un spetu pienemt patstavigus lémumus materialu izvéles
jautajumos. Praktiski viens no konstruktoriem vismaz pusslodzi veltija sadarbibai ar
LVU Saimniecibas dalu. Neraugoties uz to, oficiala sagades sisttma nespéja
nodro$inat mums nepiecieSamos jaunakos PSRS elektronikas riipniecibas razojumus,
pieméram, mikrosh&€mas, jo tas vienkarsi nebija pasiitamas. Elektronikas riipnicas bija
izkaisttas pa dazadam savienibas pilsétam, tas bija slepenas, bet visiem zinamas.
Sagadnieki uz tam nebrauca, un mikroshému sagade bija miisu konstruktoru zina.
»Rigas balzams” kotgjas visad savieniba, universitates l.dala mis atbalstija ar
wSpravkam” (specialam pielaidém slepeniem objektiem), mums bija daudz
komand&umu un detalu trikuma dg] neviena izstrade pie mums nekavgjas.
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Protams, ka pirmas aparatbiives idejas naca no Ilmara Vitola un Pé&tera
Tomsona. Tomsona sakotn&jais darbibas lauks saistijas ar sinhrono detekciju. So
metodi vin$ paguva sekmigi realizét vairakas izstrad€s. Diemz€l dalai fiziku ir
raksturiga v€lme, lai viniem raditas iekartas (katram gadijumam) biitu loti universalas
ar iespgjami plasdm mériSanas iesp&jam. Tad, lik, 16 radiolampu monstrs —
universalais sinhrodetektors izgazas. Viena no Vitola nelaimitém bija ta, ka vins
uzskatija, ka elektroniku parzina tikpat labi ka fiziku. Reizém, lai pieraditu kadas viga
idejas nerealiz€jamibu, konstruktoram nacas ned€lam nopiléties. Sekoja atzina:
,»INegativs rezultats arT ir rezultats”...

PFPL izveidoSana bija jaattaisno partijas un valdibas prieksa aktivi iesaistoties
PSRS ekonomikas attistiba. Sai noliika tika slégti aparatbiives ligumi ar Riga toposo
pusvaditaju riipnicu ,,Alfa”, kas tikko bija sakusi tranzistoru razoSanu. Ar ,,Alfu”
noslédza ligumu par iekartas izstradi tranzistoru skiroSanai p€c to parametriem.
Iekartas idejiskie té€vi bija Vitols un FMF pasniedzgjs, neapSaubama elektronikas
autoritate, legendarais Aleksandrs Akmentins. Liguma iesaistijas gandriz visa PFPL,
fiziki un elektroniki izstradaja mezglus parametru mériSanai, mehaniki konstrugja
karusela Iiniju. Iekartai bija jaaizstdj desmitiem sievieSu roku darbs. Galvenas
problémas radija pati karusela kontaktu mehanika. Tas trikumu d€] sistéma nebija
darboties spgjiga. Tomer kopdarbiba cela uz gaiso nakotni tika ieskaitita un, lietojot
Olgerta Abolina popularo frazi, lidzek]i apgiti. Pie reizes ,,Alfai” izstradajam ari
harakteriografu tuneldiozu voltampéru raksturliknu registracijai.

1961.gada rudeni viena no lielakajam laboratorijas telpam Raina bulvari
rikojam PFPL jubilejas izstadi. Atceros, viens no centralajiem ekspondtiem bija
milziga asinssarkana PSRS karte ar bultam, kas savienoja PFPL ar sadarbibas
organizacijam savienibas pilsétas. Ar1 RD centas paradit savu gada laika padarito.

Vienlaicigi sakas izstrades, kuras tieSi ieintereséti bija paSi PFPL fiziki.
Tomsons veica spektrofotometra SF-4 automatizaciju. Izstradaja originalus
fotoelektronu pavairotaju baroSanas blokus. Zarin§ turpinaja pilnveidot savus
termoregulatorus. Méginajam biivet analoga-ciparu parveidotajus.

Sesdesmito gadu jauna inzeniera darbs pamata balstijas uz augstskolas lekcijas
iegiitajam zinaSanam. Ne krievu, ne latvieSu valoda nebija gramatu, kuras varétu giit
praktisku parskatu par konkrétiem elektronikas vai aparatbtives jautajumiem. Krievu
valoda visbiezak tika izdotas monografijas, kas to autoram bija kalpojusas disertacijas
aizstaveésana. Tas bija maksimali matematizétas un praks€ neizmantojamas. Tapéc loti
popularas bija A.Akmentina gramatas Radiotehniskie elementi un Tehniskd rokas
gramata. Piem@rotas literatiras trikums bija iemesls, kape&c mes nebijam radusi
mekl&t informaciju bibliotekas. Liels bija miisu parsteigums un pat nepatika, kad kadu
dienu Vitols mis, tris inZenierus panéma pie rokas, aizveda uz FMF biblioteku un
pavelgja: ,,Te ir ,,Electronics” (ve€lak paradijas krieviski tulkota versija), te vacu
,Elektronik” un citi zurnali. Turpmak katru ned@lu atskaitisieties par darbu
biblioteka”.

Sakuma darbu ievérojami apgriitinaja informacijas trikums par izmantojamo
elementu bazi, seviski par savieniba razotajam mikroshemam. To tehniskie parametri
bija slepeni. Riipnicas izdevas sarunat pasu mikroshému iegadi, tomér iegit
informaciju par to parametriem nebija iesp&jams. Tacu driz vien noskaidrojas, ka visa
slepena padomju elektronikas rtupnieciba balstas uz Rietumu analogu kopé&Sanu.
Kolégi fiziki, kam bija liclakas iesp&jas doties komand&jumos arpus savienibas,
sanéma uzdevumu parvest ,,7exas Instruments”, ,,Motorola” un ,,Analog Devices”
biezos katalogus. P&c tiem izgatavojam pasi savas salidzino$as tabulas, ar kuram
izpalidzgjam arT kol€giem citos Rigas konstruktoru birojos.
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Domaju, ka RG 1stais uzplaukums sakas tad, kad izveidojas stabila sadarbiba
ar divam konkurgjosam PFPL fiziku grupam: I. Tali, J. Jansonu un D.Milleru,
A.Plaudi. Abu grupu intereses fizikas joma saistijas ar vaju gaismas plismu
mériSanu. Nevaru pateikt, kuram pirmajam radas ideja par fotonu skaitiSanas metodes
izmantoSanu, tau pirmos konstruktivos risindjumus S$aja virziena saka meklet
G. Limezs agrinos septindesmitajos gados. J. Tibergs izstradaja un pilnveidoja
fotoelektronu pavairotaja impulsu selektoru, kas kopa ar skaititaju un informacijas
apstrades bloku daudzos desmitos eksemplaru tika izgatavoti gan lietosSanai PFPL,
gan savienibas slégto institlitu un pasta kastiSu saimnieciskajos ligumdarbos. Klustot
pieejamam atrajam ECL mikroshémam, fotonu skaititaju izstrade iegtta pieredze lava
pilnigi jauna konkréta aparatiira realizet ta saucamo vienfotona metodi.

Izveidotais kolektivs un sadarbiba ar fiziku grupam iegiita aparatbtives
pieredze PFPL lava Radioelektronikas grupai organiski ieklauties 1978. gada
nodibinataja Cietvielu fizikas institiita, kura ietvaros ta piedalijas daudzos apjomigos
Vissavienibas ligumos un sekmigi sadarbojas ar radniecigam iestadém padomju bloka
valstis.
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IZMAINAS PROGRAMMA

Otrdien, 15.februari
STRUKTURA UN FAZU PAREJAS

Plkst. 12.00  A. Sorokins, D.Bocarovs, S. Piskunovs, V. Kas$¢ejevs
LaAlO;3/SrTiOs robezvirsmas elektroniskas struktiiras kvantu kimijas
apréekini

LaAlOy/ SrTiO; ROBEZVIRSMAS ELEKTRONISKAS STRUKTURAS KVANTU
KIMIJAS APREKINI

A. Sorokins, D. Bo¢arovs, S. Piskunovs, V. Kas¢ejevs
Datorikas fakultate, Latvijas Universitate
Fizikas un matematikas fakultate, Latvijas Universitate
Latvijas Universitates Cietvielu fizikas institiits

Interfeisi starp LaAlO; filmam un SrTiO; substrata, kuri abi péc savas dabas ir izolatori,
ir elektrovaditsp&jigi kvazidivdemensiju elektronu gazes d€l. Viens no skaidrojumiem §im
faktam ir polaras katastrofas mehanisms, kas paredz +0.5¢ parnesi no augsgja slana uz
interfeisa regionu. DiemZ€l §is mehanisms ir sikas detalas pretruna ar eksperimentiem, lidz ar
to vaditspgjas izcelsme vEl nav lidz galam izprasta.

Saja darba energétika, pilnigi relakséta geometrija un elektronu ladinu pardalfjums tiek
pétiti ar divam dazadam datorprogrammam, kas balstas uz blivuma funkcionalu teoriju, bet
kam ir dazadas pieejas problémai: CRYSTAL, kas izmanto B3PW hibridfunkcionalu un VASP,
kas izmanto PW91-GGA funkcionalu.

Tika veikti aprékini divdimensiju SrTiO; plaksném, uz kuram slani pa slani tika uznestas
lidz 11 LaO" vai AlO, plaknu, imit&jot epitaksialo augsanu. Tika pétiti divi heteropolarie
interfeisa tipi TiO,%/LaO" un SrO%/Al0,", apziméti ka n- un p-tipa, respektivi. Nominali tiek
sagaidita £0.5¢ pareja uz interfeisu, saskana ar polaras katostrofas teoriju. Aprékini parada, ka
$ada uzvediba ir sp€ka n-tipa interfeisiem ar AlO, -termin€tajam filmam un p-tipa
interfeisiem ar LaO-termin&tajam filmam, bet papildus 1adins ~0.2e paradas uz augseja slana
divos pargjos gadijumos.

QUANTUM CHEMISTRY SIMULATIONS OF LaAlOs/ SrTiO; INTERFACE
ELECTRONIC STRUCTURE

A. Sorokin, D. Bocharov, S. Piskunov, V. Kashcheyevs
Faculty of Computing, University of Latvia
Faculty of Physics and Mathematics, University of Latvia
Latvia Institute for Solid State Physics

The interfaces between LaAlO5(001) films and SrTiO5(001) substrate, both of which are
insulators, were found to be conducting due to quasi-two-dimensional electron gas. One of the
ways to explain the formation of such conductivity is the polar catastrophe mechanism, which
assumes that the charge of +0.5¢ is transferred to the interface region from the top of the film.
This mechanism unfortunately disagrees with experiments in some details, thus the origin of
conductivity in such interfaces remains uncertain.

In this work the energetics, fully relaxed geometry and electronic charge redistribution in
the film were studied from the first principles by means of two different computer codes and
approaches based on density functional theory: the B3PW hybrid functional in CRYSTAL
code and PW91-GGA functional in plane wave VASP code.

We performed calculations of 2D SrTiO; slabs atop of which LaAlO; was deposited
layer-by-layer up to 11 LaO" or AlO, species, simulating epitaxial growth. Two types of
heteropolar interfaces have been studied: TiO,”/LaO", denoted as n-type and SrO“/AlO,",
denoted as p-type, where £0.5¢ is nominally expected to be transferred at the interfaces
according to the polar catastrophe picture. Calculations show that this picture holds for n-
type interfaces with AlO, -terminated films and for p-type interfaces with LaO -terminated
films, but additional charge of ~0.2¢ appears in the topmost layer in other two cases.
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