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Eessbna

2009 oli Rahvusvaheline Astronoomia
Aasta. Kahjuks tdi seeaastaeestikeelde
ka uue sdna: masu ehk majandussuru-
tis. Tagasivaatesnaib, et Tartu Observa-
toorium tuli sellest langusaastast siis-
ki suhteliselt vaikeste kaotustega labi.
Vaib-olla vbinuks Rahvusvahelise Ast-
ronoomia Aasta tdhistamine paremates
majandusoludes veel suurejoonelisem
javaljapaistvam olla, agasellegipoolest
olid meie astronoomid, eriti nooremad, vaga tublid. Avalikud vaatluséhtud,
nii TGravere suureteleskoobi juur eskui kaasaskantavateleskoobiga paljudes
muudes Eestimaa paikades, saavad loodetavasti uueks traditsiooniks. Kah-
juks agaei laabunud moodunud aastalkoostdd ilmataadiga kuigi hasti. Hu-
vi astronoomiliste piltide naituse vastu on jatkunud ka 2010.aastasseKind-
lasti jatkavad meie astronoomid ja atmosfaarifiiiisikud tavapéaraseid teaduse
populariseerimise tegevusi (artiklid, loengud, ekskursioonide vastuvétmine
jne) ning tahaks loota, et tulevikus saabsellist aktiivsust ka materiaalselt pa-
remini kompenseerida.

Teaduse areng laheb oma rada pidi edasi, paar kehva aastat ei tohiks
selle jarjepidevust vaarata. 2010.aastal saameriigieelarvest igapéevaseela-
mise raha veel veidi vahem kui mullu. Samason kdima pandud mitmed
programmid-pr ojektid-meetmed, tdnu millele saamenaiteks uut teadusapa-
ratuuri muretseda. Rahalugemisest keerukamaks v6ib osutuda hoopis pea-
hoone renoveerimine ja laiendamine, mis peaks 2010.aastalalgama. Seel6db
kdigi inimeste harjumusparase té6ritmi moneks ajaks segi, aga usun, et tu-
lemus on seda ajutist segadust vaart. Selle eest, et Téraveres asuks parima-
te tootingimustega kaasaegnekosmoseuuringute keskus, hoolitseb agajuba
aprillis 2010ametisseasuv uus dir ektor. Minule on 11 dir ektori-aastat olnud
parajalt pikk, toorohke ja huvitav aeg, mille labitegemise eestolen tanulik
kdigile kolleegidele, koostdopartneritele, ministritele ja teistele ametnikele,
sOpradele. Soovin oma jareltulijale jdudu ja edu —muuhulgas ka uute aasta-
raamatute kokkupanemiseks.

Laurits Leedjarv Toraveres
Dir ektor veebruar 2010



Foreword

The year 2009was an International Year of Astronomy. Unfortunately , it co-
incided with the year of economic crisis in Estonia (and in most of the world).

In retrospective, however, it seemsthat Tartu Observatory survived this year
without major disruptions. Maybe celebrations of the International Year of
Astronomy could have beenmore ambitious and notable in better economic
conditions. Nevertheless, our astronomers, especially younger ones, put a
great effort into the activities of IYA2009. Hopefully , it becomesa new tradi-

tion to arrange public observing nights both at TGravere on the biggest tele-
scopeand in many dif ferent placesover Estonia, using the portable telescope.
Unfortunately , we were not able to arrange a good weather for most of the
public nights. There has been ever continuing interest for the exhibition of
astronomical photographs. Certainly, our astronomers and atmospheric sci-
entists will continue their conventional popularization activities, like articles,
lectures, excursions etc.

Evolution of sciencegoesalong its inherent way which should not be dis-
turbed by a couple of economically unfavourable years. Although in 2010
direct allocations from the state budget for our everyday life will again be a
little bit lessthan in the last year, there are other programmes and activities
which allow, for example, to buy a new scienti ¢ equipment. The expected
renovation and extension of the main building could becomeeven more dis-
turbing for the Observatory in 2010than minor cuttings from the budget.
This will in uence everybody working in our building, but I am sure that
the result would be worth of this temporary confusion. Starting from April
2010,a new director will take care for developing a modern spacereseach
centre at TOGravere. After 11 years in this job, | would like to thank all col-
leagues, collaboration partners, ministers and other of cers, and just friends
for this fruitful and interesting time —and to wish successand endurance to
my successor

Laurits Leedjarv Toravere
Dir ector February 2010



1 Ulevaade

1.1 Uurimisteemad ja grandid

1.1.1 Siht nantseerita vad teadusteemad

2009.aastal jatkus Tartu Observatooriumis eelmisel aastal avatud siht nant-
seeritavate teadusteemadetaitmine. Esialgu méératud summasid vahendati
aastakeskel vastuvdetud negatiivse lisaeelarvega4% vorra.

Tumeenergia, tumeaine ja struktuuri teke Universumis (teemajuht
E.Saar)-3571776EEK,

Evolutsiooni hilisfaasis tahtede ja nende imbriste vaatluslik jateoreeti-
line uurimine (teemajuht T. Kipper) —4 651584EEK,

Optiliselt keerukate looduskeskkondade kaugseire (teemajuht

A. Kuusk) —1002720EEK.

(1kEEK = 1000EEK = 63.9EUR)

1.1.2 Eesti Teadusfondi grandid

Sihtasutus Eesti Teadusfond rahastas13 granti, mida samuti aastakeskel 4%

vOrra vahendati:
Grant 6810:1. Kolka — Suure kiir gusvdimsusegakaugelearenenud téhed
kosmoseteleskoobiGaia objektidena — 135360 EEK.
Grant 6812:M. M6&ttus — Huperspektraalsete ja mitme vaatenurga alt
md0ddetud kaugseireandmete kasutamisvBimalused metsa struktuuri
hindamiseks — 167904 EEK.
Grant 6813:J.Pelt — Dispersioonispektrite teooria ja rakendused —
76 B00EEK.
Grant 6814:A. Reinart — Satelliitkaugseire meetodite arendamine Eesti
optiliselt mitmekomponendiliste veekogude uurimiseks —239040EEK.
Grant 6815:T. Nilson — Eesti metsade produktiivsuse monitooring sa-
tellitkaugseir e abil — 196 800EEK.
Grant 7115:A. Tamm — Ketasgalaktikate evolutsioon kosmoloogilistel
ajaskaaladel—-55200EEK.
Grant 7137:K. Eerme — Paikeseultraviolettkiir guse spektraalne koostis
maapinnal —96 000EEK.
Grant 7146:M. Gramann — Galaktikate evolutsioon jatume energia pai-
suvas Universumis — 88 320EEK.
Grant 7691:V.-V. Pustynski — Fuusikalised protsessid, statistilised oma-
dused ja evolutsiooniline areng kuumade allkdabustega kaksiksiistee-
mides — 67 200EEK Tartu Observatooriumile.
Grant 7725:A. Kuusk —Metsa peegeldusindikatriss —288000EEK.
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Grant 7765:U. Haud —Nahtav ja varjatud aine galaktikates —
153600EEK.

Grant 8005:E. Saar— Valguskoonused: kosmiliste struktuuride areng —
268800EEK.

V. Russakoli tiks pdhitaitja TU dotsendi H. Ohvrili grandis nr. 7347
(57 600EEK Tartu Observatooriumile) ja T. Tomsoni grandis nr. 7332.

Need grandisummad ei sisaldaasutuseldkululdivu. Viimane (20%grantide
summast) eraldati otse Observatooriumi eelarvesse.

Alates 2008.aastastannab Eesti Teadusfond vélja ka jareldoktorite grante.
Kaks taotlejat tootasid 2009.aastal Tartu Observatooriumis:

ETF jareldoktori grant JD 107 (01.01.—31.08.2009)Abdelaziz Kallel —
Taimkatte kiir guslevi modelleerimine: liitmismeetodi tdiendamine ja
kontroll —275000EEK.

ETFjareldoktori grant JD 131(01.01.—31.12.2009M. Saal— Uldistatud
gravitatsiooniteooriate teoreetilised ja kosmoloogilised aspektid —
324500EEK.

1.1.3 FP7 projekt EstSpacE

JatkusEL 7. raamprogrammi projekt EstSpacE(Eesti kosmoseuuringute ja
-tehnoloogia vdimekuse avamine partnerluse kaudu tipptasemel Euroo-
pa teadusasutustega). Projekti juht on A. Reinart, kestvus kolm aastat
(01.03.2008-28.02.20), Euroopa Komisjoni nantseering kokku cal.1MEUR
(17.206MEEK), millest 2009.aastal lackus 5448.7KEEK. Projekti tegevustest
2009.aastaltuleb juttu Aastaraamatu vastavatesosades.

1.1.4 Muid projekte ja lepinguid

Deklareeritud pollupindade kontr oll kaugseirevahenditega. Teadus- ja
arendusleping PRIA-ga: U. Peterson—40000EEK.

Satelliitide tulemite parandamine kasutamisekssuurte jarvede kaugsei-
res.EMP1 2008:A. Reinart —323350EEK.

Riikliku keskkonnaseire programmi allprogramm “Eesti maastike
muutuste uuringud ja kaugseire”: U. Peterson—200000EEK.
Kosmosepbhised rakendused Euroopa teenistuses/GMES andmete in-
tegratsioon, harmoneerimine, kasutamine ja edastamine. Ettevotluse
Arendamise Sihtasutus 2008—2009U. Peterson—139830EEK.
MERIS-eproduktide Vanerni jarvel ja Balti mere loodeosarannikuvetel
testimise tehniline tugi. ESA/ESRIN projekti alamprojekt, leping Stock-
holmi Ulikooliga, nr.21524:A. Reinart —60996 EEK.
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Satelliidiandmete kasutamine vetikate massiditsengute hindamiseks ja
prognoosimiseks. Teadus-arendusleping Rootsi Meteoroloogia ja Hid-
roloogia Instituudiga, Leping nr. 2007/2213/43, 2009-2010TO koordi-
naator A. Reinart — 139960EEK.

Pdhjamaade vee kaugseirevorgustik (NordAquaRemsS). Leping nr.
080106A. Reinart — 154136 EEK.

Kosmoseterminoloogia arendamine. Eesti Terminoloogia Uhing. Le-
ping nr. 02-14/2008:U. Veismann — 10 000EEK.

Nende teemade ja projektide raames tehtust leidub pdhjalikum Ulevaade
peatikkides 3-5.

1.2 Tootajad

30. aprillil 2009jai pensionile observatooriumi kauaaegnepearaamatupidaja
Liidia Meier. Alates 1. maist on pearaamatupidaja Killi Kéarner.

Majanduslikult raske aeg sundis 2009.aastal mdne inimese té6koormust
vahendama, kuid pdris koondama dnneks kedagi ei pidanud. Saime hoopis
uusi inimesi juur de votta — sedapeamiselt tinu FP7 projektile EstSpacE.

Alates 1. maist to6tab 0.3 koormusega vanemteadurina Mart Noorma,
1. oktoobrist teadurina Aivo Reinart ja vanemteadurina JanPisek. Tema on
TSehhi kodanik, kestuli meile kilalisteadlaseks Torontost. Alates 1. novemb-
rist on samuti EstSpacE'iteadlasenaEestistagasi Gert Hitsi.

Kosmoloogia osakonnas tdotab alates 1. maist 0.5 inseneri kohal Ingrid
Enkvist. Atmosfaarifitisika osakonnavanemteaduri Matti Mottuse to6leping
on 1.juulist peatatud, ta to6tab praegu Soomes.31.augustil soovis samaosa-
konna jareldoktor Abdelaziz Kallel oma t66lepingu ennetdhtaegseltldpeta-
da, sestta valiti oma kodumaal Tuneesias professoriks. Alates 1. jaanuarist
2010tootab Eesti Teadusfondi grandi toel jareldoktorina Erko Jakobson.

6. aprillil 200916ppes dir ektor Laurits Leedjarve toolepingu tdhtaeg. Kuna
varem vdlja kuulutatud avalikul konkursil Uhtegi avaldust dir ektori kohale
ei laekunud, kuulutas teadusndukogu konkursi nurjunuks ja palus Haridus-
ja Teadusministeeriumil pikendada Laurits Leedjarve t66lepingut veel iheks
aastaks.

Teoreetilise astrofiilisika tooriihma teadur Anna Ar et kaitses 5. juunil 2009
Tartu Ulikoolis edukalt doktorivaitekirja.

Kdigi muutuste tulemusena oli 1. jaanuaril 2010 Tartu Observatooriumis
tool 78inimest, neist 48 teadustootajat ja 9 teadustddd tegevat inseneri.
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1.3 Tunnustused

Rahvusvaheline Relativist-
liku Astrofulsika Keskus
(ICRA, ltaalia) ja sellega
seotud  teadusinstituuti-
de vorgustik ICRANet
annavad vélja Marcel
Grossmanni auhinda val-
japaistvate saavutuste
eest teoreetilise fulsika ja
kosmoloogia alal. Auhind
on vaga prestiine, selle
saajate hulgas on mitmeid
Nobeli preemia laureaate.
2009.aastaauhind omistati
akadeemik JaanEinastole tema teedrajava panuse eesttumeaine ja kosmilise
kargstruktuuri avastamisel ning teadustt66 edendamisel ajaloolises Tartu
Observatooriumis. Koos J. Einastoga said Marcel Grossmanni auhinna ka
Christine Jones galaktikate ja galaktikaparvede rontgenkiir guse uurimise
eest ja Michael Kramer saavutuste eest pulsarite flilisikas. Auhinnad anti
katte 12. Marcel Grossmanni konverentsi avapaeval 12. juulil 2009 Pariisis
UNESCO peakorteris.

JaanEinasto tahistas 2009.aastal 80. stinnipaeva. Vahetult enne sedasaita
taevasseomanimelise asteroidi — Rahvusvaheline Astronoomiaunioon kinni-
tas vaikeplaneedi 11577nimeks Einasto. Stuinnipdeva puhul avati Tartu Uli-
kooli raamatukogus néitus "Per asperaad astra”.

Eesti Teaduste Akadeemia, Haridus- ja Teadusministeerium ja Sihtasutus
Archimedeskorraldasid jarjekordseteaduse populariseerimise konkursi, kus
| auhinna sai aastatel 2000— 2008avaldatud populaarteaduslike artiklite eest
Uno Veismann.

Eesti Rahvuskultuuri Fondi Heino Eelsalu allfondi stipendiumi sai T6nu
Tuvikene Tartu Tahetorni Astronoomiaringi t60 juhtimise eest.
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1.4 Eelarve

Riigieelarvest eraldati Tartu Observatooriumile 2009.aastal 17.7482miljonit
krooni. Sellesumma seeson ka 46.3kEEK 6ppelaenude kustutamiseks, mis
ei kajastu jargnevatesdiagrammides.

Tulud jakulud jagunesid jargnevalt:

Eelarve 2009 (KEEK)
629.2

sihtfinantseerimine
baasfinantseerimine

ETF grandid

ETF jareldoktorite grandid

infrastruktuur

Kulude jaotus (KEEK)

175.0728'0

tootasu
maksud
teadust6o
lahetused
stipendiumid

majandamine, remont

Lisaks laekus ca 7024 KEEK mitmesugustest koostooprojektidest ja le-
pingutest, mida on nimetatud osades1.1.3ja1.1.4.

Observatooriumi teadlaste (sh. EstSpacEprojekti teadlased)keskmine t66-
tasu 2009.a l6pul oli 18944EEK (cal210EUR) kuus.
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1.5 Aparatuur ja seadmed

Projekti EstSpacEraames mur etseti 2008.aastal palju uusi teadusinstrumen-
te, millest mdne katsetamine ja todlerakendamine jatkus veel 2009.aastal,néi-
teks:
Portatiivne valispektr omeeter SVC HR-1024 (Spectra Vista Corpora-
tion) taimkatte kaugseireks.
Spektromeetriline ststeem paikese ultraviolettkiir guse modtmiseks
(baseeub topeltmonokr omaatoril Bentham DMc150F-U) seati Ules ter-
mostateeritud Envirobox kambris EMHI Tartu-T6ravere meteoroloo-
giajaamas.
CCD kaamera Andor iKon-L baasil hakkas rma Protolab (Tartu) ehi-
tama tédhefotomeetrit 0.6 m teleskoobi jaoks.
1.5m teleskoobi juur de osteti uus gideerimiskaamera ST-402ME.
1.5 m teleskoobiga tehti spektraalvaatlusi 32 66l ning 0.6 m teleskoobi-
ga fotomeetrilisi vaatlusi vaid 2 66l — 2009.aastajadb meelde vaga kehvade
vaatlusilmadega.

1.6 Teadusnduk ogu t60

Tartu Observatooriumi teadusnfukogu on 13-likmeline. 2009.a selle koos-
seis ei muutunud. NOukogu esimeeson direktor Laurits Leedjarv ja ase-
esimees vanemteadur Tonu Viik. Valjastpoolt Observatooriumi kuuluvad
ndukogusse Riigikogu esimeesakadeemik Ene Ergma ja Tartu Ulikooli pro-
fessor Rein R66m. Haridus- ja Teadusministeeriumi poolt maaratud liige on
Tartu Ulikooli dotsent PeeterTenjes.
Teadusndukogu pidas 10koosolekut, kuulati jargmisi teaduslikke ettekan-

deid:

Jaanuar— A. Tamm Tolm kosmoses.

Veebruar — M. Mottus: Uued vdimalused taimkatte kaugseires:hiiperspekt-

raalsed méotmised ja mitu vaatenurka.

Marts — M. Gramann Galaktikad ja tume energia.

Aprill —Vladislav-\enjaminPustdnski Massikao tempost EHB eellastes.
Juuni — K. Annuk: Kuumad tahed — tiksinda, kahekesi, mitmekesi.

September—J.Laur: Kiir ete protsessidefotomeetria nérkade vaatlusobjekti-

de jaoks.

— L.J.Liivaméagi SDSSDR7 pdhi- ja LRG-de valimite superparvede
kataloog.

—M. Priussel Téraveresmoddetud UV Kkiir guse spektri sdltuvus pilvi-
susest.

November —A. Kuusk,M. Lang,J.Kuusk Andmebaas metsackiir guslevi mu-

delite testimiseks.
Detsember— M. Einasto Galaktikastisteemide morfoloogiast.
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Muid teadusndukogu tegemisi:

23. martsil kinnitati 16ppenud ETF grantide aruanded. L&ppesid A.
Kuuse, E. Saae, A. Sapari, J. Venniku grandid. Samal koosolekul ot-
sustati esitada Haridus- ja Teadusministeeriumile taotlus, et dir ektor
Laurits Leedjarv tootaks kuni 6. aprillini 2010dir ektori kohusetaitjana.
27. aprillil kinnitati U. Petersoni poolt esitatud Keskkonnaministeeriu-
miga sblmitud seiretddd kasitleva lepingu I6ppar uanne.

25. mail esitati vanemteadur Enn Saae kandidatuur Eesti Teaduste
Akadeemia akadeemikuks tappisteaduste alal kandideerimiseks. Koos-
olekul toimus ka diskussioon observatooriumi infrastr uktuuri arendus-
projekti tle. Néukogu volitas dir ektsiooni vélja kuulutama ideekonkur -
si nimetatud arendusprojekti kohta.

21.septembri koosolekul maarati kolmele noorele inimesele stipendiu-
mid. E.J.Opiku nimelised stipendiumid said TU magistrant JaanLaur
ja TU doktorant Lauri Juhan Liivamégi. J.Rossinimeline stipendium
maarati TU doktorant Margit Priisselile.

12.oktoobril toimus siht nantseeritavate teadusteemadejatkutaotluste
javaikesemahulise aparatuuri taotluste arutelu ja kinnitamine.

9. novembril arutati keskmise maksumusega teadusaparatuuri kaas-
ajastamisetaotlust ning voeti vastu otsus, et esitataksekaks projekti —

1.5m teleskoobi juhtimissiisteemi moderniseerimine ja kaugseire etalo-
nide komplekslabor koos peegeldusetaloniga. Mdlema projekti maksu-
mus voiks olla 2.9 MEEK.

7. detsembril otsustati A. Kuuse, M. Langi ja J.Kuuse t66d esitada riigi
teaduspreemia saamisekstappisteaduste valdkonnas.

1.7 Suhted avalikkusega

Aasta 2009 oli URO otsusega kuulutatud Rahvusvaheliseks Astronoomia
Aastaks (RAA2009). Seeandis meile vdoimaluse ja kohustuse tegeleda seni-
sestveelgi ulatuslikumalt teaduse populariseerimisega. Eestis oli RAA2009
Urituste koordineerijaks vanemteadur Kalju Annuk, kes osaleska RAA2009
avatseremoonial UNESCO peakorteris Pariisis (koos Mare Ruusalepaga) ja
I6petamisel Padovas. RAA2009 uritusi korraldasid Tartu Tahetorni Astro-
noomiaring, AHHAA keskus, ihendus "Ridamus”, MTU Stellaarium jt. Ob-
servatooriumi teadlaste poolt tehtu on Uksikasjalikult kirjas osas11.31k. 93,
loengud, intervjuud jm. osas11.2lk. 89.

Jatkuvalt kilastas Toraveret palju ekskursioone: 233 gruppi rohkem kui
5100huvilisega. Nuldsest saabllevaate registreeritud ekskursioonidest ob-
servatooriumi kodulehekdljelt. Traditsiooniliselt peeti astronoomia loenguid
NOGo Reaalgimnaasiumi 12.klasside dpilastele.
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Toraveres toimus 12.—16.augus-
tini ka traditsiooniline astronoomia-
huviliste kokkutulek, kus osales ca
100inimest. Kokkutuleku juhtteema
oli 400 aastatteleskoope ja 200aas-
tat taeva uurimist Eestis”.

Observatooriumi teadlaste arvu-
kad populaarteaduslikud kirjutised
on Uksikasjaliselt &ra toodud Ik. 65,
avalikud loengud ja intervjuud Ik.
89.

llImus Téahetorni Kalender 2010
(86. aastakaik) ja juba traditsioonili-
ne TahistaevaKalender 2010.

RAA2009 sissejai ka mahuka ent-
suklopeedilise teatmeteose "Tahis-
taevas” (576 1k.) avaldamine Kkirjas-
tuse "Koolibri” poolt. Selle raamatu

tolkisid 2008.aastal Peeter Einasto, Indr ek Kolka, Laurits Leedjarv ja Antti

Tamm.

Jaan Pelt digitaliseeris Tartu Observatooriumi Publikatsioonide valjaan-
ded 1-30,aastatest1817-1940Rohkem kui 8000 lehekilge ajaloolisi doku-
mente on PDF formaadis kattesaadavad Tartu Observatooriumi Virtuaalses

Muuseumis.

Tartu Tahetorn sadaaastattagasi. Foto observatooriumi publikatsioonide
XXIV koitest.
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Observatooriumi tegevuse tutvustamiseks alustati kodulehekdljel pressi-
teadetejateadusuudiste avaldamist. Teadusuudised pdhinevad ilmunud tea-
dusartiklitel ja kajastavad Observatooriumis tehtava teadustdd olulisemaid
tulemusi.

Koosttos Eesti Astronoomia Seltsigaloodi Taavi Tuvikese algatusel kesk-
ne astronoomia-alane veebileht "Astr onoomia.ee—vérav Eestiastronoomias-
se”. Veebilehe olulisemateks osadeks on uudiseid ja teateid kajastav ajakiri
"V aatleja”, sindmuste kalender, Eestigaseotud pilte avaldav "Astr onoomia-
pildi” rubriik ning astronoomiahuviliste infovahetuseks mdéeldud foorum.

1.8 Téanuavaldused
Meie teadlased on saanud rahalist vdi muud toetust paljudelt asutustelt Ule

maailma. Oleme tanulikud kdigile toetajatele,nende nimed leiate inglisekeel-
sestosastlehekdljel 26.
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2 Summary

2.1 Research projects and grants

2.1.1 Target nanced projects

In 2009,reseachin the framework of threetarget nanced projectswas conti-
nued. Due to dif cult economic conditions a negative state budget was adop-
ted in the middle of the year, decreating the main reseach expensesby 4%.
The nal amounts were asfollows:
Dark Energy, Dark Matter, and the formation of structurein the Univer -
se(principal investigator E. Saar)—3571776KkEEK,
Observational and theoretical investigation of starsand their envelopes
during advanced evolutionary phases(principal investigator T. Kipper)
—4651584KkEEK,
Remote sensing of optically complex natural environments (principal
investigator A. Kuusk) —1 002720KEEK.
(1 KEEK = 1000EEK = 63.9EUR)

2.1.2 Estonian Science Foundation grants

The Estonian ScienceFoundation nanced 13grant projectsfrom our Obser

vatory:
Grant 6810:I. Kolka —Luminous highly evolved starsin the framework
of Gaia—135360EEK.
Grant 6812:M. Mottus — Applicability of hyperspectral and multiangu-
lar remotely senseddata for estimating foreststructure — 167904 EEK.
Grant 6813:J.Pelt — Theory and applications of dispersion spectra—
76 B00EEK.
Grant 6814:A. Reinart — Development of the remote sensing methods
accomding to the speci ¢ conditions of Estonian optically multicompo-
nental waters — 239040EEK.
Grant 6815:T. Nilson —Monitoring the productivity of Estonian forests
by satellite remote sensing— 196 800EEK.
Grant 7115:A. Tamm —Evolution of disc galaxieson cosmological time
scales— 55 200EEK.
Grant 7137:K. Eerme — Spectral composition of the ground-level solar
ultraviolet radiation —96 000EEK.
Grant 7146:M. Gramann —Evolution of galaxiesand dark energy in the
expanding Universe —88 320EEK.
Grant 7691:V.-V. Pustynski — Physical processesstatistical characteris-
tics, and evolutionary changesin binary systemswith hot subdwarfs —
67 200EEK to Tartu Observatory.
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Grant 7725:A. Kuusk —Angular distribution of forestre ectance —

288000EEK.

Grant 7765:U. Haud — Visible and dark matter in galaxies—
153600EEK.

Grant 8005:E. Saar—Light cones:evolution of cosmic structures—
268800EEK.

V. Russak participated in the grant 7347led by H. Ohvril from Tartu
University (57 600EEK to Tartu Observatory) and in the grant 7332led
by T. Tomson from Tallinn University of Technology.
Thoseamounts do not contain institutional overheads.The latter (20%of each
grant) was transferred separately to the budget of the Observatory. The Esto-
nian ScienceFoundation also nanced two post-doc grants:
Post-docgrant JD107(01.01.—31.08.20098bdelaziz Kallel —Modelling
radiating transfer in vegetation: enhancementand validation of the ad-
ding method —275000EEK.
Post-docgrant JD131(01.01.—-31.12.2009M. Saal—Theoretical and cos-
mological aspectsof generalized gravitation theories —324500EEK.

2.1.3 The FP7 project EstSpacE

The European Commission 7th Framework Programme project EstSpacEEx-
posethe Capacity of Estonian SpaceResearch and Technology through High
Quality Partnership in Europe) was continued, with A. Reinart asthe project
leader (duration 01.03.2008-28.02.20L1Total nancing by the EC is about
1.1MEUR (17.206MEEK), of which 5448.7kEEK was delivered in 2009.Main
activities of the projectin 2009will be described in relevant chapters of the
presentAnnual Report.

2.1.4 Some other projects and contracts

Review of declared agricultural parcelswith remote sensing methods:
U. Peterson—40000EEK.

NORDic network for AQUAtic REMote Sensing(NordAquaRemS): TO
coordinator A. Reinart —154136EEK.

Improving Satellite Remote Sensing Products for Large Lakes, EMP
2008:A. Reinart —323350KEEK.

National programme of environmental monitoring, subprogramme
"Studies on change of Estonian landscapesand remote sensing”: U. Pe-
terson — 200000 EEK.

Technical assistancefor the validation of MERIS products for lake Va-
nern and coastal waters of the north-western Baltic Sea.ESA/ESRIN
subproject, Stockholm University contract No. 21524:A. Reinart —
60996 EEK.

19



Space-basedapplications serving Europe/lntegration, harmonization,
utilization and delivery of GMES data. Enterprise Estonia 2008—2009:
U. Peterson—139830EEK.
Using satellite data for assessmentand prognosis of algae blooms.
Swedish Meteorological and Hydr ological Institute, contract No.
2007/2213/43, 2009-2010A. Reinart — 139960 EEK.
Development of (Estonian) spaceterminology: U. Veismann —
10000EEK.
In addition, our reseachers participated in several international projects
which did not incur dir ectincome to the Observatory.
A scienti ¢ report about the activities within theseprojectsand topics will
be given in Chapters 3-5.

2.2 Staff

Our long-time head book-keeper Liidia Meier retired on April 30,2009.Klli
Karner is working asanew head book-keeper from May 1, 2009.

Economic crisis forced to decreaseworkload, and respectively salaries, of
some people, but fortunately not to end the work contracts. Instead, we were
able to employ new people, mostly thanks to the FP7 project EstSpacE.

Mart Noorma was employed as a part-time (0.3) senior reseach associa-
te on May 1. From October 1 we have Aivo Reinart working as a reseach
associateand Jan Pisek as a senior reseach associate.The latter is a citizen
of Czech Republic who arrived to our Observatory from Toronto. From No-
vember 1, Gert Hitsi is back in our Observatory, also thanks to the EstSpacE
project.

Ingrid Enkvist is working asa part-time (0.5) engineer in the department
of cosmology from May 1. Senior reseach associateMatti Mottus wished to
stop his contract on July 1, he is working in Finland at present. Post-doc as-
sociate Abdelaziz Kallel terminated his contract on August 31,in advance of
the deadline, ashe was elected a professorin his homeland Tunisia. We have
a new Estonian ScienceFoundation post-doc associateErko Jakobsonfrom
January 1, 2010.

On April 6,2009the working contract of the dir ector Laurits Leedjarv en-
ded. As nobody submitted an application for the post of the director in the
public contest, the Scienti ¢ Council declared the contest failed, and asked
the Ministry of Education and Reseach to extend the contract with Laurits
Leedjarv for one more year.

Reseach associate of the group of theoretical astrophysics Anna Aret
successfully defended the Ph.D. thesis in the University of Tartu on Juneb,
2009.
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As aresult of all the changes,the number of people employed by the Tartu
Observatory was 78 on January 1, 2010.Of them, 48 are on the position of
reseachersand 9 on that of reseach engineers.

2.3 Awards

The International Centrefor Relativistic Astrophysics (ICRA) and the associa-
ted network of reseach institutes (ICRANet) issue an annual Marcel Gross-
mann Award for outstanding contributions in theoretical physics and cosmo-
logy. In 2009,0ne of the awards was attributed to Professor JaanEinasto for
pioneering contributions in the discovery of dark matter and cosmicweb and
fostering reseach in the historical Tartu Observatory. Other recipients were
Christine Jonesfor her contributions to the X-ray studies of galaxiesand clus-
ters, and Michael Kramer for fundamental contributions to pulsar astrophy-
sics. The Awards were deliver ed at the opening ceremony of the 12th Marcel
Grossmannmeeting on July 12,2009in Paris, UNESCO headquarters.

JaanEinasto celebrated 80th birthday in 2009.0n this occasion,the name
Einasto was attributed to the minor planet 11577by the International Ast-
ronomical Union. The exhibition "Per aspera ad astra” was opened in the
University of Tartu Library on the sameoccasion.

Estonian Academy of SciencesMinistry of Education and Reseach and
the Archimedes Foundation organize ayearly competition on popularization
of science.Iln 2009,0ne of the rst prizes was awarded to Uno Veismann for
popular scienti ¢ articles published in 2000-2008.

The Heino Eelsalufellowship foundation at the Estonian National Cultu-
re Foundation awarded the fellowship for 2009to Tonu Tuvikene from the
Astronomy Club of the Old Tartu Observatory.
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2.4 Budget

The total amount allocated from the state budget dir ectly to the Observatory
was 17 748.2kEEK and it was divided asfollows:

Budget 2009 (KEEK)
629.2

target-financed projects
basic financing

ESF grants

ESF post-doc grants
infrastructure

Expenditure (KEEK)

175.0728'O

salaries

taxes

research expenses
travel

stipends

maintenance, renovation

In addition, about 7024KEEK from contracts with several organizations
were allocated to the Observatory.

The mean monthly salary of researchers (including those working in the
EstSpacEproject) was approximately 18 944 EEK (1210EUR) by the end of
20009.
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2.5 Instruments and facilities

Severalscienti ¢ instruments were purchasedin 2008through the EstSpacE
project. Some of them were tested, calibrated or put into operation in 2009,
like for example:

Field portable spectroradiometer system SVC HR-1024 (Spectra Vista
Corporation), 350-2500hm, 1024spectral bands.

Spectrometric system for measurements of solar ultraviolet radiation,
based on the Bentham DMc150F-U double monochromator. The mo-
nochromator is installed in a thermostated Envirobox chamber at the
Tartu-Toraver e Meteorological Station of EMHI.

Photometer for a large-format astronomical CCD-camera iKon-L (An-
dor Technologies) was ordered from the Protolab (Tartu) mechanical
enterprise. New photometer allows to uselarge photometric lters, gi-
ving full eld of view freeof vignetting. Useful imaging areawill grow
(compared to current setup) about 6 times, giving noticeably better ef-
ciency to the 0.6 m telescope.

The automatic guiding system of the 1.5 m telescope has been updated
with anew CCD cameraST-402ME.

Astronomical observations were continued asusually, but weather condi-
tions were extremely bad during most of the year 2009.The 1.5m telescope
was used for spectroscopic observations during 32 nights, and the 0.6 m te-
lescopefor photometric observations during 2 nights, only.

2.6 Scienti®c Council

Tartu Observatory has a Scienti ¢ Council consisting of 13 members. There
were no changesin the membership of the Council during 2009.Dir ector Lau-
rits Leedjarv actsasa chairman of the Council, and senior reseach associate
Tdnu Viik asa vice-chairman. There are two members from outside the Ob-
servatory, appointed by the dir ector: Academician Ene Ergma, speaker of the
Parliament of Estonia, and Prof. Rein R66m from Tartu University . Associate
professorPeeterTenjeshas beenappointed by the Ministry of Education and
Reseach.
The Scientic Council held 10 meetings in 2009. The following scienti ¢
reports were presented:
January—A. Tamm Dust in the Universe.
February — M. M6ttus: New opportunities in the remote sensing of vegeta-
tion: hyperspectral and multiangular measurements.
March —M. Gramann Galaxiesand Dark Energy.
April —Vladislav-\enjaminPustynski On massloss rate of the EHB progeni-
tors.
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June—K. Annuk: Single, binary and multiple hot stars.
September— J. Laur: Photometry of fast processesin faint observation ob-
jects.
—L.J.Lilvamé&gi A catalogue of superclusters from the main and LRG
samplesof SDSSDRY7.
—M. Prissel Dependenceof the UV spectrameasured at Tdravere on
cloudiness.
November — A. Kuusk, M. Lang, J. Kuusk A databasefor testing of forest
radiative transfer models.
December— M. Einasto On the morphology of galactic systems.
Other activities of the Council:

On March 23, nal reports of the Estonian ScienceFoundation grants
(grantholders A. Kuusk, E.Saart A. Sapar, and J.Vennik) werediscussed
and approved. A proposal was made to the Ministry of Education and
Reseach that Laurits Leedjarv would continue as acting dir ector for
one year.

On April 27, U. Peterson presented for approval a nal report of the
monitoring contract with the Ministry of Environment.

On May 25, senior reseach associateEnn Saarwas proposed asa can-
didate to the member of the Academy of Sciencesof Estonia. A discus-
sion on renovation of the main building of the Observatory was held
and administration was authorized to work on with this project.

On September21,the Ernst Julius Opik fellowship was awarded to the
M.Sc. student JaanLaur and Ph.D. student Lauri JuhanLiivamé&gi. The
JuhanRossfellowship was awarded to the Ph.D. student Margit Prussel
(all from the University of Tartu).

On October 12, applications for continuation of the target nanced pro-
jects were approved as well as accompanied applications for smaller
scienti ¢ instruments and equipment.

On November 9, an application for amedium-cost scienti ¢ equipment
was in principle agreed.It will consistof two projects:renovation of the
control system of the 1.5m telescope,and a setof standards and etalons
for the laboratory of optical radiometry, both of about 2.9 MEEK.

On December 7, the work on creation of the databaseby A. Kuusk, M.
Lang and J.Kuusk was presentedfor the National SciencePrize in exact
sciences.
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2.7 Public relations

The year 2009 was decla-
red The International Year
of Astronomy (I'YA2009) by
the United Nations. Se-
nior reseach associateKal-
ju Annuk was a coordi-
nator of the 1'YA2009 acti-
vities in Estonia. He par-
ticipated in the IYA2009
opening ceremony in Pa-
ris, UNESCO headquarters
(together with Mare Ruu-
salepp) and in the closing
of IYA2009 in Padova. Several clubs and societies, like Ridamus, Stellaa-
rium, AHHAA Centre etc. organized dif ferent activities in the framework of
IYA2009. Lectures, interviews, public observing nights etc., arranged by the
scientists from Tartu Observatory are described in Chapters 11.2and 11.3of
the presentAnnual Report.

The site of the Observatory at Téravere continued to be the destination of
numerous excursions in 2009:233 groups with more than 5100visitors. One
can now seethe registered excursion groups at the Observatory's website.
Traditionally , a course of astronomy for 12th grades of N6o High Schoolwas
held. Numer ous popular -scienti ¢ articles by our scientists are given on the
page 65, public lecturesand interviews on the page 89.

Annual all-Estonian meeting of amateur astronomers was also held at T6-
ravere, from August 12th to 16th. It attracted about 100participants and was
devoted mainly to the topic "400 years of telescopesand 200years of astro-
nomical reseach in Estonia”.

The 86th issue of the Calendar of the Observatory was published aswell
asalready traditional Calendar of the Starry Sky.

JaanPelt digitized the Tartu Observatory Publications vols. 1-30(1817—
1940).Mor e than 8000pagesof historical papers are now available in the PDF
format at the Tartu Observatory Virtual Museum.

Tartu Observatory began publishing pressreleasesand sciencereleases
on its website. Sciencereleasesare based on published refereed papers and
theseare meant to highlight the most important scienti ¢ results for Estonian
readers.

In collaboration with the Estonian Astronomical Society Taavi Tuvikene
initiated a new astronomy-r elated website (Astronoomia.ee — portal to the
Estonian astronomy). The portal publishes astronomy news, information on
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Tartu Observatory hundr ed years ago. Photograph from the vol. XXIV of
Tartu Observatory Publications.

upcoming events,weekly astronomy pictur esrelated to Estonia,and adiscus-
sion forum for astronomy enthusiasts.
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3 Dark Energy, Dark Matter, and formation of
structure in the Univer se Tumeener gia, tumeaine ja
struktuuri teke Univer sumis

Universumi ehitust ja ajalugu saabuurida mitmeti — kas puhtalt teoreetilisi
kdvera ruumi geomeetriamudeleid valja mdeldes voi kasutadesvaatlusand-
meid. Meie kasutame molemat teed — uurisime 2009. aastal nii v8imalik-
ke kosmoloogilisi Uldistusi (gravitatsiooni skaalar-tensor-teooriate abil) kui
ka vaatlustest tulenevaid jareldusi (galaktikajaotuse suuremastaabilisestruk-
tuuri ja Uksikobjektide arengu pdhjal).

Skaalartensor-teooriad, mis on uldr elatiivsusteooria uldistuseks, ennus-
tavad mitmesuguseid huvitavaid epohhe universumi arengus (nn super-
kiir endusfaasi). Vaatlused seda veel otse ei nBua, aga ka ei valista. M. Saal
koos P. Kuuse ja L. JarvegaTU Fiusika Instituudist andsid selliste mudelite
Uldise klassi katsiooni ja otsisid véalja kdige huvitavamad v@imalused.

Enamasti pohineb vaatluste interpr eteerimine siiski standardsel kosmo-
loogial, kuigi mdistatusi on ka siin palju. Uurisime nn bartionharmoonikuid
ainejaotuse statistikas (vBimsusspektris) — need on pdhjustatud Universumi
vaga Kiir est laienemisest selle algepohhil. Nende abil saame teha jareldusi
Universumi vaga varase nooruse kohta. Leidsime need harmoonikud nii ga-
laktikate kui nende parvede ruumjaotusest; nende omadused lubavad teha
jareldusi nii tumeenergia kui tumeaine kohta. Tumeenergia kohta saabjarel-
dusi teha ka hinnates struktuuri arengu kiir ust eri epohhidel; G. Hitsi koos
kolleegidega Hir oshima Ulikoolist avaldas selle kohta uurimuse.

Tumeenergia mdjutab oluliselt ka kdige suuremate teadaolevate struktuu-
ride —galaktikate superparvede —omadusi. Nende uurimine on olnud Tartu
kosmoloogide traditsiooniline temaatika. J.Liivamagi koostassuperparvede
kataloogi Sloani taevailevaate andmete pohjal ja eesotsasM. Einastoga uu-
risime selle kBige huvitavama piirkonna, nn Sloani Suure Seinasuperparvi.
Kirjeldasime nende kuju (morfoloogiat), uurisime superparvede dinaamikat
ja galaktilist koosseisu, gruppide ja galaktikate omadusi. Erilist tahelepanu
puhendasime heledatele punastele galaktikatele (LRG).

Tumeaine maarab galaktikate, nende gruppide ja parvede omadused.
Leidsime vastvalminud Sloani taevailevaate pdhjal galaktikagr upid ja par-
ved. Uurisime nende omadusi; leidsime, et paljud neist on veel muutumas.
Selgelton naha, et rikkamad parved koosnevad mitmest allparvest ja ka par-
vegalaktikate kiir used parve tsentri suhteson vaga suured (juba valmis, tasa-
kaalus parves peaksid need olema tuihised). Seekdik naitab, et need parved
on alles hiljuti elanud ule Ghinemise, kas vaiksema vdi samasuure parvega,
ja parve virialiseerumine vétab veel kaua aega. Muidugi pole ka valistatud
edasisedparvede Uhinemised.
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Et moista kargstruktuuri tekkimist ja arengut, arvutasime Universumi
numbrilisi mudeleid ja vordlesime neid vaatlusandmetega. Kooskdla on kull
hea,aga mitte taielik.

Vaatlesime lahedasi galaktikagr uppe ja galaktikaid, uurisime galaktikate
arengut numbriliste mudelite pdhjal. Uurisime ka kilma gaasi jaotust meie
Galaktikas — leitud huvitava pilveringi omadused ja teke nBuavad veel sele-
tust.
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3.1 Expansion of the univer se

Observations show that the expansion of the Universe has beenaccelerating
for the last few billion years, while a consistentdescription of the very early
Universe suggestsanother rapid period of acceleration (in ation). The con-
cordance model based on the Einstein equations of general relativity (GR)
including cosmological constant can accommodate the late time accele-
ration of the Universe, but explanations in terms of alternative theories of
gravitation are also searched for. Appr oaching the statistics of observations
by more relaxed priors suggeststhat the expansion of the Universe as mea-
sured by the scalefactor a is not only accelerating (2 > 0), but might be also

about to enter into a super-accelerating phase (H- = 3 %; > (), sometimes
dubbed as “crossing the phantom divide”. The latter possibility can not be
accommodatedin the cosmological concordance model basedon the Einstein
equations with a cosmological constant. If one prefersto play within the tra-
ditional GR, then the onset of super-acceleration can be invoked by adding
another matter component with unusual “phantom” properties. An alterna-
tive explanation would require superseding GR by a more general theory of
gravitation; examples of super-accelerating dust matter solutions have been
studied, for instance, in the context of f (R) and scalartensor theories.

Scalartensor theories of gravitation (STG)employ ascalar eld  besides
the usual spacetime metric tensor g to describe the gravitational interac-
tion. Scalar eld is in the role of a variable gravitational “constant”, leaving
the tensorial metric eld and its geodesicsto actastrajectories of freely falling
particles asin the GR. In general, STG form a collection of theories which
contain two functional degreesof freedom, a coupling function ! () and a
scalar potential V() . Eachdistinct functional form of thesetwo functions
gives us a distinct theory of gravitation together with its eld equations.
It is of considerable interestto determine which members of this family of
theories allow solutions (model Universes) exhibiting periods of accelerating
and super-accelerating expansion without introducing any unusual matter
components. The study of global properties of solutions can be greatly fa-
cilitated by applying the mathematical methods of dynamical systemsand
phase space. Several previous detailed studies which have considered the
STG cosmology as a dynamical system have focused upon examples with
speci ¢ coupling functions. The main properties of a general phase space
geometry corresponding to homogeneousand isotropic cosmological models
were outlined by P. Kuusk (University of Tartu), L. Jarv (University of Tartu)
and M. Saal. They described the phase spacein the most general case: one
barotropic matter component, a non-vanishing scalar eld potential and ar-
bitrary spatial geometry (at, spherical, hyperbolic), generalizing the results
of previous studies.
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They investigated conditions under which accelerated and super-
acceleratedexpansion of these cosmological models is possible in STG, and
also when the solutions enter or leave the epoch of acceleratedand super-
accelerated expansion. In the simplest and phenomenologically most rele-
vant caseof dust matter, vanishing potential, and at spatial geometry (k = 0)
they gave a necessarycondition on the coupling function ! () that must be
satis ed for acceleration and super-acceleration to be possible at all. These
conditions were also illustrated by an example of a particular casewhere
some solutions undergo a phase of super-acceleration while some solutions
do not. The paper on the topic hasbeensubmitted.

3.2 Large scale structure of the univer se

In 2009we tried to better understand the large-scalestructur e of the Universe
and to study the basicfeaturesand evolution of the Universe.

3.2.1 Testing the in ationar y paradigm

In order to testthe in ationary paradigm (the initial extremely fast expansion
of the Universe) we studied observational tracesof baryonic oscillations, pre-
dicted by in ation theories.

G. Hutsi discovered the traces of baryonic acoustic oscillations in the
power spectrum of the galaxy distribution, using the catalogue of distant
galaxy clusters of the Sloan Digital Sky Survey (SDSS).The paper has been
acceptedby “Monthly Notices of the Royal Astronomical Society”.

E. Saar together with I. Suhhonenko and colleaguesfrom the Valenciaand
Tuorla observatories demonstrated that photometric redshifts can be used to
restore the matter correlation functions of deep lightcones. The paper has
beenpublished in “Monthly Notices of the Royal Astronomical Society”.

G. Hiitsi, together with colleaguesfrom the Hir oshima University , studied
the damping of the baryonic acoustic oscillations, and estimated the structure
growth rate. One paper has been published in “Physical Review”, another
submitted.

Tracesof baryonic oscillations can also be sought in the correlation func-
tion of galaxies. E. Saarand E. Tempel, together with colleaguesfrom Valen-
cia, found thesein the nal releaseof the Sloan Digital Sky Survey large red
galaxy data, and studied their properties. E. Saaralso solved the problem of
bootstrap estimation of correlation function errors. The paper was published
in “Astr ophysical Journal Letters”.
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Figure 3.1: Galaxy superclusters in the Sloan Digital Sky Survey region. Colours
are chosento help to discriminate between neighbouring superclusters. Figure by
J.Liivamagi. Galaktikate superparved Sloani digitaalse taevadilevaate vaatlusalas.
Varvid on valitud nii, et naaberparved paremini eristuksid.

3.2.2 Dark energy and the large-scale structure

Dark energy determines the evolution of the large-scalestructure; compar-
ing theory with observations, we can set limits on dark energy. G. Hutsi,
together with colleaguesfrom the Hir oshima University , estimated the struc-
ture growth rate from the velocity distortions of the SDSS;the paper was
published in “Progressof Theoretical Physics”.

Dark energy in uences alsothe formation and evolution of the largestele-
ments of structure — galaxy superclusters and giant voids. Observational
study of superclusters is the topic of the PhD thesis of J. Liivamagi. M.
Einasto, J. Einasto, E. Tago and E. Saar collaborated with him in this prob-
lem. Comparing the properties of the observed superclusters with theory
and numerical models allows us to check the dynamics of structure on large
scales;the paper on the SDSSsuperclusters will be nished soon.

E. Saar together with his colleaguesfrom the Tuorla Observatory and the
Institute of Astrophysics of Canariestested the chancesto discover the warm
supercluster gasin the futur e ESA Planck mission data. There is a serious
discrepancy between the total amount of baryons inferred from the cosmic
microwave background data and that observed dir ectly; these baryons are
supposed to hide in superclusters of galaxies. The Planck mission data can
reveal the presenceof baryons by the Sunyaev-Zeldovich effect; we are also
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studying the possibility to nd the tracesof baryons in the soft X-ray spec-
trum.

Together with R. Stoica(University of Lille) and V. Martinez (Valencia Uni-
versity Observatory), E. Saardeveloped an algorithm for searching for galaxy
laments in redshift surveys, found the laments for the 2dFGRSNorth, and
compared thesewith model laments. The paper hasbeenacceptedby “As-
tronomy and Astrophysics”.

As already said, limits on dark energy can be set by comparing the ob-
served large-scalestructure and its models. J.Einasto, together with 1. Suh-
honenko, E. Saar E. Tempel and J.Liivamé&gi calculated numerical models for
the formation of galaxy systems. Together with V. Miller (Potsdam)we have
started to analyse the models. We have studied the in uence of large-scale
waves on the lament network, on the richness of superclusters and voids,
and on the properties of voids. The rst paper on this topic will be nished
soon.

M. Einasto and her colleaguesfrom Tartu, Tuorla and Valencia carried out
acycle of studies of arelatively nearby, but very large supercluster complex,
the “Sloan Great Wall” (SGW), seenin the Sloan Digital Sky Survey data.
Morphological analysis shows that the richest supercluster in the SGW, the
supercluster Scl126resemblesa rich multibranching lament. Among other
observed and simulated superclusters this is the only supercluster with such
amorphology . Present-day numerical simulations have not beenable to pro-
duce a supercluster like the supercluster Scl126. Another very rich super-
cluster in the SGW - the supercluster Scl111(the Virgo-Coma supercluster)
resemblesa multispider (a system where individual high density cores are
connected by a lower density laments of galaxies). The morphology of this
supercluster resemblesa morphology of several simulated superclusters we
have studied earlier.

The study of the morphology of galaxy populations shows that the
clumpiness of red galaxies in superclusters is larger than the clumpiness of
blue galaxies. At intermediate density levels the systemsof blue galaxiesmay
have tunnels in them. The clumpiness of bright red galaxiesis similar to that
of all red galaxiesin superclusters. The dif ferencesbetween the morphology
of individual galaxy populations in the supercluster Scl126are smaller than
thosein the supercluster Scl111.

The differencesbetween the morphology and individual galaxy popula-
tions between the richest superclusters in the SGW shows that these super-
clusters may have different formation and evolution. An example, compar-
ing two superclusters, is shown in the Figure 1.2. The paper on the morpho-
logy of the Sloan Great Wall has beensubmitted to “Astr ophysical Journal”.

Special attention was given to bright red galaxies (BRGSs). Thesegalaxies
are nearby LRGs, luminous red galaxies. The spatial distribution of these
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Figure 3.2: Two superclustersin the Sloan GreatWall (left panel — Scl126 right panel
— Scl111). We show the projected density contours, the bright red galaxies (BRG,
lled circles),and galaxy groups (open circles,scaled by the group richness). Figure
by M. Einasto. Kaks superparve (vasakul Scl126,paremal Scl111)Sloani Suurest
Seinast. Naidatud on tiheduskontuurid, heledad punased galaktikad (tumedad
punktid) ja galaktikate rithmad (ttihjad ringid, mille suurus nditab riihma rikkust).

galaxies can be compared with that of the normal galaxiesin the Sloan Great
Wall, but further out, large red galaxies are the only supercluster members
seen. M. Einasto and her collaborators studied their group membership, lu-
minosity, colours and morphological type, and compared their properties
with the properties of those main galaxies in groups which do not belong
to BRGs.

They showed that although it is generally believed that BRGsare the main
galaxiesin groups and of early type, actually a considerable fraction of BRGs
are satellite galaxiesin groups, and there are alsoisolated BRGs,which do not
belong to any group. We supposethat theseisolated galaxiesare actually the
main galaxiesof suchgroups in which other group membersare not observed
due to the survey magnitude limit.

The peculiar velocities of BRGsin groups are large, suggesting that groups
are not virialized. In the SGW the peculiar velocities of BRGsin groups are
larger than those in the surrounding eld. Those main galaxiesin groups,
which are not BRGs,are fainter, there are relatively more blue galaxiesamong
them, and they are found mainly in poor groups.

Using the Sloan Visual Database,morphological types of about 1500gala-
xies were determined. Analysis showed that about 1/3 of the BRGs are
spirals; it shows that the morphological types and colours of galaxies are
not well correlated. The scatter of colours of red elliptical BRGsin colour-
magnitude diagrams is about two times smaller than the scatter of colours
of red spiral BRGs,showing that elliptical BRGsform a more homogeneous
population than spiral BRGs.
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Figure 3.3: Images of four bright red galaxies from the Sloan Great Wall. Figure by
M. Einasto. Neli heledat punast galaktikat Sloani SuurestSeinast.

M. Einasto and her colleagues also studied the properties of groups of
galaxiesin the SGW, using the catalogue of groups in the SDSScompiled by
E. Tago. They showed that groups in the SGW have larger luminosities and
velocity dispersions than groups in the eld. Peculiar velocities of the main
galaxiesin the groups are large, suggesting that the evolution of groups of
galaxiesin the SGWand in the eld have beendifferent. Groups in the SGW
are dynamically more evolved than groups in the eld.

The study of the richest groups (clusters) of galaxies in the SGW shows
that groups contain multiple components and are not virialized yet. About
1/3 of red galaxiesin groups are spirals, red spiral galaxies are located both
in the central coresof groups aswell asin the outskirts. Earlier it was thought
that there are only a few red spirals and they are located in the outskirts of
groups being only lately merged into groups.

3.2.3 Dark matter

G. Hutsi, together with A. Hektor and M. Raidal (Institute for Chemical and
Biological Physics, Tallinn), found strong observational limits on the proper-
ties of leptonically annihilating dark matter (particle mass and the annihi-
lation cross-section). This type of dark matter is one of the most attractive
possibility to explain the unexpectedly large ow of energetic positronsfrom
the Galactic centre dir ection. The paper was published in “Astr onomy and
Astrophysics” and was chosenasthe best of the issue by the editors.

Together with colleagues from Guanajato University, Mexico, E. Tago
studied the relative velocities of the main galaxies of rich galaxy clusters.
They found that these velocities are in many casestoo large, and that the
standard dark matter pictur e needsupdating. The paper has beenpublished
in “Astr onomical Journal”.

G. Hutsi, together with O. Lahav (University College London), studied
the crosspower spectrum of galaxy clusters and galaxiesin the halo model.
They found that the cross-correlation carries additional information and can
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be used to better estimate both the cosmological parameters and the param-
eters of the halo model.

J. Einasto was asked to write a survey of the discovery of dark matter
for the international web-based scienceencyclopedia (“Encyclopedia of Life
Support Systems”).

3.3 Galaxies, their groups and cluster s

Dark matter in uences directly the dynamics of clusters and groups of gala-
xies. E. Tago compiled several catalogues of galaxy groups and clusters,
based on the nal version of the Sloan Digital Sky Survey. As the survey
is nished, the main group catalogue is also nal; it includes 78,800groups
up to the distance of about 900 Mpc and covers a quarter of the sky. The
paper has been submitted to “Astr onomy and Astrophysics”.

E. Tempel, T. Sepp and M. Gramann in collaboration with P. Heinadmé&ki
and P. Nurmi (Tuorla Observatory, Finland) studied the properties of galaxy
groups in the Sloan Digital Sky Survey and compared them to groups found
in numerical simulations. They compared the group richness, virial radius,
maximum separation and velocity dispersion and found a good agreement
between the numerical model cataloguesand observations. However, they
also found several dif ferences;the relation between dark matter halos and
galaxy groups is more complicated than assumed usually and needsfurther
investigation. As a rst step, they started to examine in detail the luminosity
functions of galaxiesin numerical simulations and in observations.

E. Tempel, together with J.Einasto, E. Saar M. Einasto and E. Tago deter-
mined the luminosity function for the 2dFGRSgalaxy survey. They demon-
strated that the galaxy luminosity function has a strong dependence on the
galaxy environment. The paper has been published in “Astr onomy and As-
trophysics”. The samegroup determined also the galaxy luminosity function
of the nal version (DR7) of the Sloan Digital Sky Survey. This paper is close
to completion.

In a nearby region of the Sloan Digital Sky Survey we can compare the lo-
cations and physical properties of galaxiesand quasars. At the presentepoch,
guasarstend to avoid galaxies. This study was carried out together with our
colleagues from Tuorla Observatory, and it was published in “Astr onomy
and Astrophysics”.

E. Saar together with his colleaguesfrom Tuorla, studied isolated elliptical
galaxies. We compared observational data with numerical galaxy formation
models (merger trees), found three possible formation scenarios, and pre-
dicted a yet unobserved population of faint blue ellipticals. The paper has
beenacceptedby “Monthly Notices of the Royal Astronomical Society”.
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E. Tempel, A. Tamm and P. Tenjesstudied the properties of cosmic dust in
the local galaxy Andr omeda (M31). A careful analysis of dust effects enabled
them to reconstruct the actual intrinsic structureand luminosity of the galaxy.

Figure 3.4: From top to bottom: optical image, far-infrar ed image, the cold dust
temperatur e map and the cold dust density map of the Andr omeda galaxy. Ulevalt
alla: Andr omeedagalaktika optilistel lainepikkustel, infrapunases Kiir guses,kilma
tolmu temperatuuri jatiheduse jaotus.

It is well known how drastically cosmic dust affects observations of both
Galactic and extragalactic objects. Becauseabsorption is stronger at shorter
wavelengths, stars and galaxies appear redder than they actually are, while
the uneven distribution of dust gives us a distorted view of the structure
of extended objects. Mor eover, becauseof dust, most of Galactic and extra-
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galactic objectsremain totally hidden from us at the optical and ultraviolet
wavelengths. Despite the importance of dust absorption, it is still ignored in
many studies becauseit is dif cult to estimate correctly.

In this study, interstellar dust inside a luminous nearby galaxy An-
dromeda (M31) was analysed. Dust properties and absorption effects were
found using the law of conservation of energy. While dust grains absorb ul-
traviolet and optical photons, their temperatur eincreases)eading to a higher
level of thermal radiation. To trace the thermal radiation, far-infrared maps
of M31 were used, as measured by the Spitzer SpaceTelescopeat 24, 70 and
160 microns. The measured spectral energy distribution was approximated
by the Planck law for the black-body radiation along eachline-of-sight; this
gave the temperatur e and column density of dust at eachlocation.

Two major dust components with different temperatureswere found. A
warmer component with the temperature around 56-60K was found at the
centre of the galaxy and along the spiral arms, connected with star-forming
regions in the galaxy. The colder component (15-25K) is more diffuse and
about 1000times more massive, being the dominant absorber of stellar light.

Using the derived dust distribution, optical observations of the galaxy
were correctedfor absorption effects and the actual structure and luminosity
of the galaxy was restored. It was found that about 25% of the light emitted
by the stars of the Andr omeda galaxy is absorbed by its own dust. Contrary
to the previous pictur e, the dominant component of the galaxy, the central
bulge, turns out not to be oblate but rather spherical or even slightly prolate.

The results of this work have been published in “Astr onomy and Astro-
physics” and have been presented at several international meetings. The
methodology developed for the study can be and will be applied to other
galaxies, enabling to restore their intrinsic properties.

3.3.1 Nearby groups of galaxies

J.Vennik continued his studies of a sample of reasonablywell isolated groups
of galaxies, which are located in the outskirts of the Virgo supercluster.
The newly selecteddwarf member candidates of the groups have been ob-
served spectroscopically with the Hobby-Eberly Telescope,in cooperation
with U. Hopp (Munich Observatory). By now, about 30 new long-slit spec-
tra have beenobtained towards ve groups. New redshifts allowed them to
determine the successrate of the morphological selection, about 60%.

The impact of the group environment on the structure and star-forming
properties of galaxies was investigated for galaxiesinside and around three
loose groups. J.Vennik found that the characteristics of the recentand cur-
rent star formation history (e.g. the 4000A break and the width of the H
emission-line, respectively) correlate with the local number density of gala
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xies. Sincethe star formation activity has been found to decline relatively

slowly with increasing density, it implies that gas-supply driven processes
could possibly be the dominant factor in quenching of star formation in the

group environment.

The morphology and stellar content of peculiar elliptical and lenticular
galaxies, which are located in the dense core of the NGC 6962group (at the
redshift z = 0:0139, were analysed using the SDSSStripe 82 co-added deep
frames and spectral data. Local departur esfrom the generally smooth surface
brightness distribution of early-type galaxies and the occurence of nuclear
disks and/or rings on their Laplacian- Iter ed images, could be indicative of
past interactions, possibly of minor mergers.

Two papers have beensubmitted on thesetopics.

3.3.2 Our Galaxy

When studying the structur e of the Galaxy, exactstatistics of stellar surveys —
stellar classi cation —is very important. This is the subject of study of V. Ma-
lyuto; he proposed, together with colleaguesfrom the OdessaUniversity, a
new method for estimating the colour indices of supergiants. This will allow
precision mapping of the absorption by Galactic dust. V. Malyuto, together
with colleaguesfrom the Rostov University (Russia)started also a projectfor
homogenization of existing stellar catalogues.

Apart from the stars,the Galaxy contains gas,both in hot star formation re-
gions, and cold hydr ogenfar from them. Mapping the gasdistribution, using
radio data, is a dif cult problem. U. Haud continued the analysis of the re-
sults of the Gaussiandecomposition of “The Leiden/Ar gentine/Bonn (LAB)
Survey of Galactic H I”. In 2009the main attention was focused on identi -
cation of the “clouds” of similar Gaussiansin the 5-dimensional parameter
space(two sky coordinates, velocity, width and height of the Gaussians).He
createdanew algorithm for that, basedon the single-link hierarchical cluster-
ing procedure with some modi cations (alarge number of components and
the requirement of a single Gaussianper cloud from every observed pro le).
To someextent it also takesinto accountthe similarity of global properties of
the merging clouds. U. Haud tested the algorithm by searching the clouds
of the narrowest H | 21-cmline components, as the proposed measure for a
similarity of Gaussiansis most critical for such cold clouds.

The program easily detected the coldest known H | clouds and demon-
strated that actually they form a part of along narrow ribbon of cold clouds,
covering about 80 on the sky. U. Haud modelled theseclouds asa part of a
planar gasring, deduced their spatial placement, and discussedtheir relation
to supernova shells in the solar neighbourhood. In his model the clouds are
located at the distances of about 30—70pc from the Sun. The smaller bright-
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Figure 3.5: The velocities V, line-widths W and brightness temperatures T of the
clouds in the region of the observable part of the ring. The coloured line in the up-
per left panel representsthe sky positions and the velocities of the model ring. A
more detailed comparison of the observed LSR velocities of the ring clouds (blue
diamonds) with the model velocities (red line) is given in the lower right panel of
the gur e. Here the abscissais a polar angle in the ring plane. Figure by U. Haud.
Ringi ndhtava osa pilvede kiir used V, joonte laiused W ja heledustemperatuurid
T. Ulemisel vasakpoolsel osajoonisel on varvilise joonega kujutatud mudelringi
asukoht ja kiir used. Ringi pilvede vaadeldud kiir uste (sinised rombid) tdpsem vord-
lus mudeliga (punane joon) on toodud alumisel parempoolsel osajoonisel,kus argu-
mendiks on punktide polaarnurk mudelringi tasandis.

ness temperatur es of the ring clouds at the lower galactic longitude tip of
the stream s explained by increasing distancesbetween the Sun and the ring
clouds in this region, and the abrupt end of the stream at the higher longitude
part is causedby the intersection of the ring with the S2supernova shell from
the model by Wolleben (2007).

Some other narrow line H | structures were also briey described. The
ring clouds seemto be rather unique. Most likely they are the coldest clouds,
which may befound in the LAB Survey. Slightly warmer clouds (clouds with
slightly wider 21-cmemission lines) may be related to local gasstructuresin-
side or near the Local Bubble. Usually such a gasis studied by its absorption
lines, which allow estimation of physical conditions in the local gas. The H |
21-cmemission line is lessuseful in this respect,but it is useful for discove-
ring interesting featuresof the gasdistribution in the local neighbourhood.
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4 Observational and theoretical investigation of stars
and their envelopes during advanced evolutionar y
phases Evolutsiooni hilisfaasis tahtede ja nende
umbriste vaatluslik ja teoreetiline uurimine

Tahtede mitmekesine maailm kujundab olulisel mééaral Universumi keemilist
evolutsiooni. Kosmoloogiliste uuringute kdrval jatkus meil traditsiooniliselt
ka taheflitsika.

Jahedatest tahtedest jatkati post-AGB ja vesinikuvaeste tdhtede spek-
troskoopilist uurimist.  Seekod oli vaatluse all oletatav post-AGB téht
HD 159378 mida peeti ka vaga pikaperioodiliseks (70-80paeva) tsefeiidiks.
Spektrite anallilsist selgus, et téaht ei ole ei post-AGB evolutsioonifaasis ega
ka tsefeiid, vaid vaga noor (< 2 10 aastat)kollane pulseeruv (lihiid.

T. Nugis, K. Annuk ja A. Niedzielski ning K. Czart Toruni Ulikoolist
(Poola) jatkasid WN téhtede l&his-IP spektripiirkonna analtdsi. T. Nugis
jatkas ka kuumade téhtede optiliselt paksude tuulte modelleerimist.

Viimaste aastatetédhespektrite vaatlused suurte maapealseteja kosmosete-
leskoopidega, mis on varustatud moodsate kdrge spektraallahutusega ja
signhaal-mira suhtega spektrograa dega, on pustitanud ka kdrged nduded
teoreetilisele tdheatmosfaari modelleerimisele ja tahespektrite arvutamisele.
A. Sapar, A. Aret, R. Poolamée ja L. Sapar on v6tnud eesmamgiks oluliselt
parandada fuusikalisi lahteandmeid, vastavate uute algoritmide véaljat6o-
tamist jatarkvara moderniseerimist, rakendadeslaialdaselt paralleliseerimis-
meetodit kohaliku mitmetuumaliste personaalarvutite vorgu ning Python
arvutiskripti  baasil.

Jatkus tuulevaiksetes elavhfbeda-mangaani téhtede atmosfaarides
toimuva keemiliste elementide ja nende isotoopide difusioonilise separeeru-
mise tarkvara taiustamine. Onnestus selgitada mdningaid uusi isotoopide
separeerumise omaparasid ja arvutada, kuidas turbulents tdheatmosfaaris
mdjutab elavhdbedaisotoopide difusiooni.

V.-V. Pustynski uuris ekstremaalse horisontaalharu (EHB) tdhtede
tbendoste eellaste lahteparameetreid vdalja selgitamaks, missugustes
parameetrite vaartuste piirides on v@imalik EHB objekti moodustumine
l&hiskaksikslisteemis. On leitud, et massisuhte M =M, suuremad algvaar-
tused soodustavad EHB tahtede teket, samassuured doonori algmassid M ;
takistavad seda. Akr etsiooni efektiivsus (akretsioon 20% — 30% massist) ja
suuremad korotatsiooniraadiused soodustavad EHB tahtede moodustumist,
kuid orbitaalevolutsiooni ajaskaala ei saa olla liiga lihike, sest muidu
doonortdht ei jdua kaotada piisavalt massi.
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Jatkusid paljude kaksiktahtede spektroskoopilised vaatlused. Uuriti voi-
malust liigitada Be-téhte sisaldav kaksiktaht AX Mon W Sertltpi tahtede
pikaperioodiliseks juhtumiks.

T. Eenmaejatkas nédivalt aeglaseltptorlevate B-spektriklassi taéhtede spek-
trite anallUsi. Veelgi kasvanud kvaliteetsete vaatlusandmete hulk véimaldab
suurema tapsusegauurida tahtede kiir e podrlemise mju vaadeldud spek-
tritele ning hinnata vdimalikku meetodit tahtede tegelike po6rlemiskiir uste
ja -telgede asendi leidmiseks.

WR tahtede eristamiseks kosmoseteleskoobiGaia ulatuslikust andmebaa-
sist uuriti nn fotomeetriliste pseudoindeksite vdimalusi. UliGpilane Jur-
gen Janeskaitses lahedasel teemal ka bakalaureuseto6 "Emissioonijoontega
tahtede eristamine kosmoseteleskoobiGaia objektide hulgas”.

Kaksiktahe V838 Mon fotomeetriliste ja spektroskoopiliste aegridade
analtids on pooleli.

I. Vurm ja A. Beloborodov uurisid gammasahvatuste spektrite moodustu-
misel olulisi kiir guslikke protsesse. Vaadeldav kiir gus nimetatud ulivoim-
sates, kuid luhiealistes objektides arvatakse parinevat ultrar elativistlikust
valjavoolust, mis kaasnebkompaktse objekti (musta augu) stinniga.

T. Viik téiustas programmipaketti HOMOGEN, mille abil saableida Kkiir-
gusvélja koiki parameetreid tasaparalleelseshomogeenses optiliselt pool-
I6pmatus vOi I6plikus atmosfaaris, mis hajutab kiir gust isotroopselt voi
monede lintsamate indikatrisside jargi.
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4.1 Late-type stars

The studies of post-AGB and hydr ogen-de cient stars were continued by
T. Kipper. In 2009 a suspected very long-period (70-80 days) Cepheid
HD 159378was analysed using the spectra from the ELODIE archive. The
star was listed in Simbad databaseasa post-AGB supergiant of spectral type
G2la. It is a possible member of the open cluster Trumpler 27. This was the
rst analysis of the spectra of HD 159378. We estimated T = 7500K and
logg = 1:0 or even 0.5. This is by 2000K hotter than previously considered
and correspondsto the spectral type FOla.

With this high temperatur ethe star is located in the HR diagram evidently
blueward of the Cepheid instability strip and is much more luminous than
the post-AGB stars. The high luminosity is supported by the large reddening
derived from dif fuse interstellar bands.

The derived low abundance of heavy elements also shows that the star is
not in a post-AGB phase of evolution. We also collected all available photo-
metric measurements of HD 159378. A possible periodicity in the compiled
photometric data was veried by J.Pelt. He found a period of 90.6 days.
The light curve does not resemble those of classical Cepheids in which the
rising part is about two times shorter than the declining part (Fig.4.1). We
concluded that HD 159378is ayoung (< 2 10 yr) yellow supergiant which
metallicity is in agreement with its position in the Galactic disk. Now it is
listed in Simbad databaseasa semi-regular pulsating star.

4.2 Hot luminous stars

T. Nugis in collaboration with K. Annuk and A. Niedzielski and K. Czart
from Toruh University (Poland) continued the study of the near IR spectral
range of WN stars basedon the observations described in the paper of Nugis
etal. (2008).

T. Nugis continued the modelling of optically thick winds. He studied
the regulation mechanisms which determine the matter out ow regimesin
dif ferent types of massive stars. The results of thesestudies arein preparation
for publication.

T. Nugis started investigations for nding the contribution of the non-
selective component in interstellar (1S) and circumstellar (CS)extinction. The
total extinction can be described as the sum C1( ) + C,, where C1( ) is
the component which depends on the wavelength and C, is the component
which is not depending on the wavelength. The component C1( ) is quite
well known from the observations, but the contribution of C, is not well
known. For the correctdetermination of the contribution of C, it is neededto
know correctly the distances of the stars with well determined stellar para-
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Figure 4.1: The phase diagram of the variability of HD 159378for the interval
JD2443900 244490with a period of 90.6days. HD 159378muutlikkuse diagramm
ajavahemikus JD2443900 244450(perioodiga 90.6péeva.

meters. The futur e measurements of the distances by the Gaia project make
it possible to determine C, in dif ferent dir ections and locations in the Galaxy
and maybe also in the LMC.

4.3 Physics of hot stellar atmospheres

During recent years observations of stellar spectra with large ground- and
space-basedtelescopes, equipped with modern high-resolution and high
signal-to-noise ratio CCD spectrographs, supported by the detailed process-
ing of observational data, sethigh demands on the precision of stellar atmo-
sphere modelling and computation of stellar spectra.

In order to meetthis challenge, A. Sapar, A. Aret, R.Poolamaeand L. Sapar
started to work on impr oving the accuracy of input physics and on elabora-
ting corresponding new software algorithms to update the modelling soft-
ware SMART (Fortran 90). The code hasbeen parallelized and computations
are now distributed over the local network of the multi-cor e personal com-
puters using Python scripting.
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Further efforts have been undertaken to expand the range of effective
temperatur esand surface gravities of stellar atmospheresproperly modelled
with the program SMART. For high-temperatur e stellar atmospheresthe ana-
Iytical formulae for radiative transfer, taking adequately into account fre-
guency redistribution in spectral lines due to the Thompson scattering on
freeelectrons, have beenderived. Broadening of hydr ogen and helium spec-
tral line pro les due to the Stark splitting is particularly important for white
dwarfs with large surface gravities. Corresponding impr ovements are being
elaborated and applied to the code. Stability of used computation algorithms,
which is essentialfor the modelling of stellar atmospheresof supergiant stars
near the Eddington luminosity , is being impr oved.

Triggering of stellar wind and nature of microturbulence, which still re-
main unclear, are being studied since both of these phenomena modify the
spectral line proles in the emergent stellar spectrum. Also a more physi-
cal approachto the theory of convective energy transfer, necessaryfor cooler
stars,which still lies on the rough mixing-length theory, is needed. Mor e ade-
guate expressionsfor the partition functions, which modify ionization deg-
rees,are being computed.

Re nement of the code for modelling diffusion of chemical elementsand
their isotopes in the quiescent atmospheres of mercury-manganese (HgMn)
stars has beencontinued (A. Sapar, A. Aret, R. Poolamaeand L. Sapar). The
observed overabundances of heavy metals reaching 6 dex in atmospheres of
chemically peculiar stars are formed due to uplift pressure on the line-rich
chemical elements generated by radiative force throughout the stellar enve-
lope. Radiative-driven diffusion in stellar interiors pushesheavy elementsto
the outer envelope during stellar evolution. This processdoes not affect the
isotopic mixtur e of the chemical elementsand thus matter entering the atmo-
sphere from beneathhasinitial (terrestrial) isotope composition. In the atmo-
sphere light-induced drift (LID) switches on, effectively separating isotopes
and generating anomalous isotope mixtur es. Observed abundancesform in
the result of complex interplay between gravity, radiative force, LID, stellar
wind and microturbulence.

Equilibrium concentration pro les of mercury isotopesthroughout the at-
mospherein the presenceof microturbulence have beeniteratively computed
for several model atmospheres. Presenceof microturbulence in the atmo-
spheredrastically slows down the diffusion and reducesresulting abundance
gradients. However, main regularities of the separation remain the same:the
heaviest isotope is strongly supported in the atmosphere while lighter iso-
topes sink to inner layers of the envelope (Fig. 4.2).

Compilation of input data to carry out similar computations for Ca, ta-
king into account hyper ne and isotopic splitting of spectral lines, has been
undertaken.
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Figure 4.2: Equilibrium concentrations of mercury isotopesi relative to their initial
values ?in amodel atmosphere with microturbulence are given for optical depths

= 10 55:::10%. Microturbulent dif fusion coefcient is assumedto be 50times the
atomic dif fusion coefcient. Elavhdbeda isotoopide kontsentratsioonid algkontsen-
tratsioonide ? suhtes on esitatud funktsioonina optilisest siigavusest . Mikr otur-
bulentse difusiooni koe tsient on vdetud atomaardifusiooni koe tsiendist 50 korda
suuremaks.

4.4 Eclipsing close binaries

V.-V. Pustynski continued research of extreme horizontal branch (EHB) bi-
nary progenitors. EHB objectsare compact underluminous subdwarf B stars
with high surface temperaturesand gravities (T > 25000 K, logg > 5), their
typical massesare about 0:5M ; they burn helium and possessvery thin
(M < 0:02M ) hydrogen envelopes. For decadesUV excessin continuum
spectraof globular clusters and elliptical galaxies has beenattributed to pre-
senceof these objects. However, the role of EHBs is still uncertain, so their
birth rate needsto be determined. Various scenariosof their formation have
been proposed. Recently it has been discovered that many known EHBs are
companions in short-period binaries, P 10" 309, their pairs being main
sequencelow massstars. Soit is important to clarif