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Tartu Ulikooli aeroelektrilaboratoorium
Ajalooline ulevaade

L uhendil AEL on olnud erinevatel ajaperioodidel mdnevdrra erinevaid téhendusi. TRU aeroionisatsiooni ja

el ektroaerosoolide laboratoorium loodi ametlikult 1964. aastal, kuid sellesuunalised t66d algasid tunduvalt varem.
Professor Johan Wilipi soovitusel viis H. Treffneri Glimnaasiumi fulisikadpetaja Anatoli Mitt 1937. aastal 18bi
aastaringse kergete aeroioonide registreerimise Tartu Ulikooli juures, kogudes materjali magistrivéitekirjajaoks.
Suurema intensiivsuse ja ulatuse omandas aeroioonide uurimine 1950 aastatel peamiselt Uld- ja eksperimentaalfllsika
kateedri vanemdpetaja Jaan Reineti organiseerimisel. 1956-1957 aastatel sdlmiti esimesed lepingud aeroioonide
loendurite val mistamiseks NGukogude Liidu teistele uurimisasutustele. Ergutati flitisikaosakonna Ulidpilasi osalemaks
nendes toodes. Kuni probleemlaboratooriumi moodustamiseni vdiks AEL all mdista TRU (ild- ja eksperimentaal flilisika
kateedris, hiljem Uldflilisika kateedris tegutsenud uurimisrihma, kelle uurimisobjektiks olid aeroioonid ning elektriliselt
laetud aerosool.

TRU aeroionisatsiooni ja el ektroaerosoolide probleemlaboratoorium asutati Eesti NSV Ministrite NGukogu otsusega 31.
martsist 1964. a. Laboratooriumi juhatgjaks ja teaduslikuks juhendajaks oli dotsent Jaan Reinet.
Probleemlaboratooriumid olid Ulikoolis rektoraadile alluvateks allasutusteks, kelle t66 sisu koordineeris tavaliselt Uks
kateeder, AEL jaoks oli selleks Ul dflilisikakateeder.

Seoses gaasl ahenduse val dkonna toode téiendava finantseerimisega muudeti 1974. a. AEL struktuuri. TRU rektori
kaskkirjaga 19. septembrist 1974. a. méarati AEL teaduslikuks juhendajaks dotsent Kalju Kudu ning moodustati
laboratooriumi neli sektorit: (1) aeroioonide spektromeetria, (2) aerosoolide, (3) gaaslahenduse ja (4) elektromeetria
sektor. Nende sektorite teaduslikeks juhendajateks olid vastavalt vanemdpetaja Jaan Salm, vanemdpetaja Eduard Tamm,
dotsent Kalju Kudu ja vanem-0petaja Olev Saks. 1975. a. maarati AEL juhatgjaks fllsi ka-matemaati kakandidaat
Lembit Visnapuu.

Jargmine oluline muutus AEL struktuuris toimus 1983. a. seoses flilisika-matemaati kadoktor Hannes Tammeti
naasmisega Tallinna Pedagoogilisest Instituudist Tartu Riiklikku Ulikooli. Rektori kaskkirjaga 31. jaanuarist 1983
jaotati AEL 1. veebruarist kaheks iseseisvaks laboratooriumiks: aeroel ektrilaboratoorium (AEL) ja keskkonnakaitse
fltsika laboratoorium (KKFL). AEL teaduslikuks juhendajaks ja juhatajaks méarati professor Hannes Tammet. KKFL
teaduslikuks juhendajaks méaérati professor Olev Avaste ning juhatajaks vanemteadur Lembit Visnapuu. AEL
reorganiseerimisel 1983. aastal likvideeriti tema jaotus sektoriteks, kuid 1984. a. loodi uued sektorid: (1)
liikuvusspektromeetria, (2) aparaadiehituse ja (3) gaaslahenduse sektor. AEL juhatajaks aastatel 1989- 1993 oli
keemiakandidaat Tiia-Ene Parts.

Parast Eesti iseseisvumist algasid Tartu Ulikoolis pohjalikud struktuurireformid 1992 aastal. Pikagjaliste | abiragkimiste
tulemusena fikseeriti uued struktuurid Fillisika-K eemia-, K ehakultuuri-, Matemaatika- ja Oigusteaduskonnas TU
ndukogu otsusega 27. novembrist 1992. a. kehtestamisega 1. veebruarist 1993. a. Flitisikaosakonna struktuuri kuulus
neli ingtituuti ja fulsikalis-tehniline katsekoda. Keskkonnafilisika instituut koosnes kolmest Gppetoolist. Sama otsusega
likvideeriti fUlisikaosakonna struktuurist 12 alliksust, nende hulgas geoflitisika kateeder, aeroel ektrilaboratoorium ja
keskkonnakaitse fllisika laboratoorium. AEL jétkas tegutsemist mitteformaal se Uksusena keskkonnaf tilisika i nstituudi
koosseisus.



Aeroelektrilaboratooriumi kirjeldus
(1996. a. koostatud aruande lisa 1)

Aeroelektrilaboratoorium kuulub Tartu Ulikooli keskkonnafiitisika instituudi koosseisu. Suur osa laboratooriumi
uurimistédst on olnud piihendatud atmosf&ari- aerosooli mddtmespekiri ja aeroioonide litkuvusspekiri
m&Gtmismeetodite arendamisel e ning saadud tulemuste reali seerimisel e originaal sete aparaatide konstrueerimisel ja
ehitamisel. Niiviisi on kujunenud vélja aparatuurne baas, mis koosneb pohiosas originaal setest instrumentidest. Mitmed
originaalinstrumendid Uletavad teadusuuringute potentsiaali poolest oluliselt kommertsiaal selt valmistatavat aparatuuri,
mis loob soodsad tingimused uurimistooks. Magistridppe ja osaliselt ka doktoridppe eksperimentaal -vaatluslikuks
aluseks piisab sageli viimastel aastatel regulaarselt teostatud valimdtmiste tulemuste andmebaasidest, mis sisaldavad
rohkem teadusliku vaartusega informatsiooni, kui instituudi dppejoud ja teadurid anal tiisida suudavad. Oeldu loob vaga
head eeldused magistri- ja eriti doktoridppeks.

Olulisemast aparatuurist on laboratooriumis atmosf&ari uuringuteks kasutada Tahkuse monitooringulaboris kohtkindlalt
installeeritud seadmed ja kaks transporditavat elektrilist aerosoolispektromeetrit EAS.

EAS on AEL-is valjatodtatud unikaal ne seade aerosooliosakeste mdGtmespektri moédtmiseks, mis mdnede
pohikarakteristikute (mdodtepiirkonna laius: vanemal mudelil 10 nm - 10 mm, lisapiirkond 2-20 nm; uuel mudelil 3 nm -
10 mm; gjaline lahutusvdime alates 4 s) osas Uletab maailmas tuntud analooge. EAS on sobiv ka laboratooriumis
kasutamiseks, kuid see on spetsiaal selt kohandatud médtmisteks valitingimustes (suur tookindlus ka niiskes ja muutuva
temperatuuriga 8hus, e vaja pidevat teenindamist). Selle riistaga on seni tehtud atmosféériaerosooli kuni kolmekuulisi
pideva modtmise seeriaid nii Eestis kui kavalismaal (Venemaal Zvenigorodis, Leedus Preilas, Soomes Kuopios,
Rautavaaras, Helsinkis, Boist0 saarel Soome lahes; lirimaal Mace Headis; Saksamaal Erfurtis). AEL t66tgjad on
osalenud EAS-ga laboratoorsetel vordlusmédtmistel Viinis ja Pettenis (Holland), samuti pdlemisprotsessides tekkiva
aerosooli uurimisel Duisburgi Ulikoolis Saksamaal. Viimasel juhul oli EAS asendamatu oma unikaal se gjalise
lahutusvdime tottu.

EAS-igaregistreeritud pikad jatihedad aerosoolispektrite aegread voimaldavad uurida spektri arengut, kontrollida
spektrimudel eid, uurida aerosoolispektri korrelatsioone meteo- ja kiirgusparameetritega ja saasteallikate paiknemisega.
Kahe EAS-iga erinevates mdbtekohtades siinkroonselt registreeritud spektrite aegread voimaldavad uurida aerosool se
saaste leviku seaduspérasusi.

Tahkuse Monitooringulaboratooriumi peamised seadmed on:

(1) Tartu Ulikoolis valmistatud laia piirkonnaga automaatne aeroioonide spektromeeter; liikuvuspiirkond 0.00032-3.2
cm?V-1s1 jaotatud 20 paralleelkanaliks.

(2) Turu Ulikoolis valmistatud NO, kontsentratsiooni ma6tur.

(3) Atmosfaari osoonikihi ekvivalentse paksuse moodtur M-83.
(4) Piranomeeter M-80M.
(5) Tuule kiiruse, tuule suuna, dhu temperatuuri, 8hurdhu ja relatiivse niiskuse andurid.

Seadmed to6tavad pidevalt; andmed salvestatakse 5 min keskvadrtustena. Aparatuur kuulub Tartu Ulikoolile; neid
hooldab kohapeal magister Hilja lher, kes to6tab OU Tartu Keskkonnauuringud koosseisus.

Tahkuse Monitooringulaboratooriumi aparatuur véimaldavad jalgida detailselt ja pika gja jooksul aeroioonide (laetud
nanomeeterosakeste) liikuvusspektrit ja selle muutumist. Samaaegselt registreeritakse NO, kontsentratsiooni ning

peamisi meteoroloogilisi parameetreid. Selline seadmete kompleks on maailmamastaabis unikaalne. Vaja oleks
esmajarjekorras lisada SO, mddtur, sest SO, on eeldatavasti Uheks faktoriks nanomeeterosakeste tekkel gaasidest.

Aeroioonide liikuvusspektritest saab teatava tdpsusega tul etada aerosooli osakeste mddtmespektrit diameetripiirkonnas



1-90 nm. Aeroioonide spektromeeter on asendamatu seade osakeste nukleatsioonipuhangute registreerimisel
atmosfadris, sest Ukski aerosoolispektromeeter el voimalda seni registreerida osakesi 18bimddduga 1 nm, mis on klastrite
jastabiilsete osakeste piir.

Aerosoolifutisika laboratoorsete eksperimentide jaoks on Tartus asuvas laboratooriumis omava mistatud unikaalne
komplekt monodisperssete aerosoolide generaatoreid, mis katavad osakeste |abimadtude vahemiku 3 nm kuni 2 mm.
Aerosoolistandardina kasutatakse elektrilist separaatorit (samuti omaval mistatud), mis katab kogu Ul alnimetatud
|8bimddduvahemiku ja voimal dab saada etteantud keskmise |abimddduga monodispersset aerosooli jaotuse suhtelise
poollaiusega 5%. Osakeste arvkontsentratsiooni kontrollitakse unikaal se aerosoolielektromeetriga. Osakeste
mo&Gtmespektri modtmiseks on ka laboris kasutusel EAS.

Uldotstarbelisest laborisisseseadest on olemas aerosoolieksperimentideks vajalikud dhuvoolu ruumkiiruse masramise
seadmed (rotameetrid, reomeetrid, trummelkulumddturid, mull-kulumddtur Gilibrator-2), surudhu allikad jafiltrid,
omaval mistatud gradueeritud korgepingeallikad, termoanemomester, jne.

Végaviéikeste lisandgaas kontsentratsioonide m&ju uurimiseks aeroioonide liikuvusspektrile on olemas kaks
omaval mistatud suure lahutusvdi mega aeroi oonide spektromeetrit.

Eksperimentaal -vaatlusliku uurimisto ja unikaal se aparatuuri arendamise korval tegeldakse AEL -s ka tGsise teoreetilise
uurimi stéoga nanomeeterdiapasooni osakeste liikuvuse teooria, nukleatsi ooniprotsesside teooria, klasterioonide arengu
teooria, laetud osakeste el ektrostaatilise hajumise teooria ja spektromeetria teooria Ul dprobleemide ning
aerosooliosakeste ja aeroioonide spektri modtmise teooria eriprobleemide alal.

Osaliselt AEL baasil on vélja arendatud kujutiste to6tlemise ja arvutijuhitavate mdotmiste kursused koos vastava
laboratoorse praktikumiga flitisikaosakonna Ulidpilastel e.

L aboratooriumil olemasolev personaal arvutite ja andmehdiveseadmete (magnetoptilised salvestid) park rahuldab mingil
méaaral teoreetiliste uuringute, teadusliku abitdo ja eksperimendijuhtimise momendivajadusi, kuid nduab pidevat
uuendamist ja tdiendamist.
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ATMOSPHERIC ELECTRICITY

Air-Electricity Laboratory—-Tartu, Estonia

by Hans Dolezalek, a physicist serving ss Liaison Sclentist at the Office of Neval Research Europaan
Office, London. Ha Is curamiy specializing in remnole sersing (with emphasiz o the ocean)j, and
quastions ahnaiit applivasons of aimospharic Wectrictly lor global chango. Belore thiz assignmer,
he actad as & Sclentific Officer of tha Ramota Sensing Frogram in tfe Ocean Scisnces Diraciorats,
O¥fica of Naval Resaarch Headguarters, Washingion, 0.C.

Introduction

The University of Tartu {University), located in Tartu
(also known as Dorpat), Estonia, was founded in 1632 by
the Swedish King Gustavus Adolphus and was first
governcd by the former chancellor of the University of
Uppsala. The University quickly acquired (and enjoyed
far a long time} an excellent scentific reputation in
Europe and the Russian Empire. Suspended from 1711
tr 1802, the University now constitutes the scicnlific and
humanistics center of the Republic of Estonia. The
reputation of the University has spread well beyond the
borders of this small country,

The Air-Electricity Laboratory {Laboratory), directly
reporting to the Vice Rcctor of the University, was
essentially formed, and is now led, by Professor Hannes
Tammet. Professor Tummet is well known for his
theoretical and experimental capabilities. He is the
author of the basic modern book on the measurement of
atmospheric ions (Tammet 1970), Professor Tammet is
the Vice-President of the International Commission on
Atmospheric Electricity (Internalional Association of
Meteorology and Atmospheric Physics [IAMAP}/Union
de Géodésie et Géophysique Intermationale
{Internationat Union of Geodesy and Geophysics
[UGGI}}/ International Council of Scientific Unions
[ECSUI)).

The Laboratoty is among the leading ones in its
scientific domain; in sumc regards, it is certainly the
leading one. Tts series of publications in the Acta et

-
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2. Rescarch on physics and chemistry of "natural®
tons in the atmosphere

3. Rescarch on aerosol electricity and atmospheric
aerosol.

The emphasis is on the fundamental physical/chemical
processes. This is not only welcome but also urgently
nccded. Without a satisfactory undcrstanding of these
processes, wrong decisions in the applizd field can hardly
be avoided. Such decisions could have large
consequences for the interpretation of the results of some
Global Change' monitoring cforts.

The Laboratory has 14 scientists presently working on
the main topics. One scientist is performing rescarch in
a field station in a practically unpolluted area, Tahkuse,
about 100 km west/northwest of Tartn. Four other
scientists are occupied with different problems in the
same scientific domain.

Although the Laboratoryis in some aspects the leading
institute in the world, thore are shortcomings. For
instance, the Laboratory does not have the very large and
expensive modern mass-spectroscopy instruments,
Hawever, the Laboratory has overcome most of the
disadvantages of this situation; but compared to some
western institutes, there are still some short(alls. Another
handicap is the lack of sophisticated and reliable
computers. The Laboratory’s many computers are less
powerful and break down often. These problems are
common in that area of the workl. In spite of these
problems, very good cxperimental work is performed
which shows the high quality of rescarchers.
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The scienlific domain encompasses the following three
main topics as well as many other smaller ones:

1. Research on the physics and chemisiry of
atmaospheric ions, especially ions of a middie age
{which turns out ta be aboul one second)

Of the three main topics, the experimental work on
Topic 1is done in a university building iu Tartu; for Topic
2, the measurements arc performed in Tahkuse; whilc for
Topic 3, measwements are done in Tartu and on

'An umbrella for all present efforts to monitor and svaluate the
ﬁmentlal tar world-mda climatic change partlally causad by

uman activities. The ‘greanhouss” Eod ozone hole, ocean
warming, aré part of Giobal Change,
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expeditions (for example, to Voore in Estonia, Preifa in
Lithuania, and Zvenigorod in Russia). I will provide bricf
deseripiions of the main research topics and discuss their
resules.

Research on the Physics and Chemistry of
Atmospheric lons, Especially Ions of a
Middle Age

Many investigations of artificially created ions have
been conducted. These jons were investigated as quickly
as possible after they came into existence hecause the
main scicnlific interest was to determine their primary
nature. Of the many papers on this subject, I quote only
Huertas and Footan (1983) because some of their
diagrams are well known after publication in the
Handbook of Chemisiry and Physics (see; e.g., Weast
1986). An interesting exercise is to follow the
development of these ions over some Lime to discover
whether they approach an equilibrium state. About 25
years ago, the U.S. Army began a rather large program to
measure the mobhility spectra of atmosphenc ions 1n the
mesosphere. The program was abruptly canceled
because of the assumption that the nature of these ions
may change very quickly and frequendy. While this is
basically true, information on possible equilibrium states
might have modified this assumption; we still know little
about this. Accerding Lo the scientists at the Laboratory,
an interesting state is that of ions that ars of an age of
about one second. That is what they are now
investigating,

Likewise, in spite of several investigations, the
influence of chemical admixtures to the atmosphere on
the pature of ions 1s only partially known. "Only
fragments and parts ol possible reactions have been
investigated, whereas & considerable aumber of
lhermodvnamic characteristics of reactions in the eas

proportional to ion age in these ranges. Aspiration
spectrometets designed at the Laboratory can detect
trace gases in concentrations about 10X tumes lower than
possible in the drift tubes used elscwhere. For a
practically useful interpretation of ion spectra, we need a
Iot of knowledge on the influence of various pollutants.
Therefore, obtaining this knowledge is an important goal
for the work on Topic 1 (see T. Parts 1990).

The numerical modeling of ion-molecule reactions is
another method used to study the behavior of ions in the
atmosphere. At the Laboratory, Aare Luts introduced 2
new mathematical method that improved several times
Lthe aumlxr of constitueats and reactions to be treated in
one model.

Research on Physics and Chemistry of the
"Natural® fons in the Atmosphere

Pollution-free arcas; Le., almospheric regions in which
no significant anthropogenic admixtures are found, are
very rare on the Earth. In Europe, there are cortainly
nane, The main pollution sources in Estonia arc probably
the oilshale-fired powerstations located n the northeast.
Wilh the predominance of western winds, Tahkuse is a
good compromise for a background site, Tahkuse is
situated 27 km northeast of the small town of Parnu at a
bay in the Gulf of Riga. Also, Tahkuse is about 180 km
duc cast of the Ballic Sea, 100 km west/northwest of
Tartuy, and 200 km southwest of the northeast corner of
Estania where the powerstations are located. Two
scicnlists live in an isolated farmhouse on the banks of the
Parnu River, and use instruments located in and around
a large barn nearby. The environment i flat open country
with some trec groups or small woods, grassland and
agricultural land, and little automobile traffic.
Background and scientific reasons for selecting the
Laboratory and its instrumentation has been presented in
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phase are oot known" (T. Parts 1990, quotu:l.g De Puy and
Bierbaum 1987).

Present investigations at the Laboratory are dealing
with mobilitics between

0.5 and 2.0x 107 m? V‘Is'l;

i.e,, with the range of fast ions. Pressure, temperature,
relalive humidity, and the composition ol the atmosphere
(deliberately controlled by admixture of various
chemicals in amounts which are relatively measured) are
changed. Then the mobility spectrum of ions of an age of
about 1 second is recorded. More than 1,000 of such
spectra have been obtained. Composition of fast ions
may depend on very small admixtures to air. Tom
spectroscopy is known as a promising technology for
covirommental measurements {Brokenshire and Pay
1989). In generally known instruments, tons with an age
of 10 millisceonds arc investigated, The sensilivity is

—_———— e

five publications in the Russian language, quoted by
Haorrak ct al. 1990.

The objective of the measurements is to record
continuously the mobility spectra of fast and slow ions and
the important atmospheric physical parameters that may
influznce the ion population. Main goals are to receive
data to establish a reliable statistical model of the
atmospheric ion spectrum, learn the factors of the
speclrum, examine the role of ions in gas-to-particle
conversion in the real atmosphere, and investigate the
effect of air inpurities on atmaspheric electricity.

The central instrumentation consists of one
10-chanpel spectrometer and ome 6-channel
spcctmmetcr which togethar cover the mobility ranges
from32x10% 1032210 m? Vsl The atmospheric
electric field is recorded, and sferics receivers delermine
the existence of thunderstorms in distances to about
either 10 or 30 km from the Laboratory. Air and soii
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temperatures, relative humidity, atmospheric pressure,
visibility, wind direction and speed, and total radiation
ar¢ all continvously measured and recorded.  An
emergency electricity generator protects against power
blackouts. Camputer programs control all voltage supply
fcaturcs, the determination of measuring runges, and all
other nstrument-setting procedures, including regular
check-ups and zero-point determinations. Also,
computer programs coatrol the data processing and
control of recordings. The recording unit is 1 bhowr,
divided into twelve S-minute cycles, subdivided into five
1-minute phases. All data are digitally stored, together
with the accurate time when they were taken {or for which
they were averaged) on common audio magnetic tapes.
(dne C-90 tape contains all data of a month of
uninterrupted measurements. The equipment isinstalled
in a walk-in, thermally msulated, and air-controlied
chamber about the size of a small portabie building that
could be transpartcd likc a container if necessary.

The design of the highly sophisticated ton
spectrometers would deserve and require a special
discussion in a scparate report. For a reader somewhat
familiar with ion measurements, | will mention that the
air guiog through the measuring capacitors has a
cylindrical manile of deionized air around i,

The instruments are described in detail by Horrak,
et al. (19#X1), and the saftware by Tammet (19943)--both in
Enelish. Continnous mcasurcmenis wilh this eauinment

Research on Aerosol Electricity and
Atmospheric Aerosal

The Electric Aerosol Spectrometer (EAS), a
sophisticated, comprehensive, and computerized
instrumcntation, is houscd in the Laboratory building at
4 Narva Sireet in Tartu. The prinaple is to measure the
atmospheric aerosol by clectrically charging the acrosol
parlices, then determining their mobility spectra. The
computer processes measuring signals that are
simultaneously produced 10 26 channels and processed
online; it also controls the apparatus parameters. The
data are stored on tape. The size range of the acrosol
particles monilored is from 10 nm to 10 um. Basically,
thc EAS is transportable (40x49x90 cm, 55 kg). The
ability to measure the dynamics of aerosol formation is an
important advanlage of Lhe EAS compared 1o the
well-known TSI 3030 Acrosol Analyzer produced in the
us.

At the Laboratory, the EAS is used for basic research
on acrosols; c.g., formativn and decay processes,
including gas-to-particle conversion. Some regularities
of acrosal formation oo the atmosphere were first
described by Mirme, Kikas, and Tamm (1990}, on the
basis of measurements with the EAS. Another result of
these measurements is a new mexlel for the distribution
of atmospheric acrosol by Tammel {1988), providing a
practical tool for investizations on atmospheric acrosol,
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were started in July 1988,

Some individual results: using a classification of ions
mnto three classes {cluster, acrosol, and condensed ions,
according to the nature of each), Tammet et al (1988b)
supgested that peither cluster ions nor acrosol ions could
be expecled--near the Earth’s surface—in significant
numbersin the mobiiity range, 0.2 -035x 10 miv! sec‘l,
while cluster 1ons, if they exist, conld Lie within that range.
The new result is that there is indeed a light maximum in
number deasity between these twe limits, This result was
reported at the U.5.8.R. National Atmospheric
Electriaty Conference in Naltshik in laie 1990. Also
features of the fast ion spectrum, as reporied in Tammet
et al (1988h), were experimentally confirmed later. The
average maobility spectrum of slow ions proves to be
close to the thcoretcal spectrum, which is calcalated
on the basis of the average aerosol size spectrum. A
small charge asymmetry was observed: 1 conditions of
equal polar conductivities, the particles with diameters
1560 nm have an approximately 20 percent higher
probability to carry a negative charge than positive.

Other applications include filter efficiencies, industrial
hygicne, cnvironmental monitoring, and investigating

quickly changing aerosols.

General Evaluation

The Laboratory has been productive in many ways.
Tammet coined the correct denominations for jon
countcrs--intcgral, differential of the first order and
differential of the second order. Many types of ion
counters were devised, theoretically and practically
tested and developed, including a small hand-held one.
Together with L.H. Ruhnke, Naval Rescarch Laboratory,
Washington, D.C., Tammet and Arnold conducted an
experiment with a result that could be called
revolulionary, They measured the "Maxwellian Current”
{ie., the sum of the densities of the air-earth conduction
current plus displacement current) at two places
scparaled by a large distance--in Estomia and Maryland.
Surprisingly, they found that there are parallel variations
at both places happening in the same minute or a couple
of mmutes (Rubnke, Tammel, and Arnold 1983). This
discovery led (o the concept of the Global Atmospheric
Electricity Measurement program (GAEM, see Reiter
1990).
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A Side Remark 1a the shadowy domain of the
sometimes alleged influcnces of natural ions on buman,
animal, and plant healih, well-being or behavior, no other
country has spent 50 much effort as the USSR, The
Laboratory at Tartu was deeply involved. They were
unabie o find a proven influcnee of natural atmospheric
ions on either man, animal, or planot.

An Hustrative Remark. In 1983, researchers at the
Labaratory published results of year-long measurements
pecformed to determine the average spectrum of fast and
slow ions in an uninhabited room to provide a baseline for
spedal investigations, A reader may ask himself why
nobody had done such work before; the need seemed so
obvious (Salm and Reinart 1983, the resulting diagram
republished in Weast 1986). The result of this
dulermination raises many questions. Contrary to what
one might expect, there is only one, very sharp and high

peak o the range of the slow wns (aside from the

1 m1 . 1 o~ Ll - . r “u

Communicationea Universitas Tartuansls, Tanu, Estonia, no.
880, 52-81. {For poaltve lone see Pars, T, in the same
publication series, no. 824, 1988, 69-77, in Russian )

Peiter, A 1990 Inlemational workshxop on global Atmospharic
slectric measurements, ESAIE 90-05: 8-1D.

Ruknke, LH., HF. Tammaet, and M. Arold, 1983, Atmospheric
siactric currents at widely spaced stations. In Proceadings in
etrasphenic ataciriclly, edited by L H. Runke and J. Latham,
TE-E68. Hampton, Vrginia: Despak Publighing.

Salm, J. 1988 The average mobility specinam of large iors of the
troposphers. Ressarch Leffers on Atmoapharc Electricdy
(Japan), vol. 8; 21-24.

Salm, J and M. Relnart. 1983, Msasurernent of the mobility
spectrum of alr lons over a wide ranga {in Russian). In
Elevirichoskive Yaviernya v Garovwhh i Asrozclnykh Sradakh:
Acta of Commentationes Universitatis Tartusnaia, Tarhs,
Estonia, no. 848, 41-45.

Tammet, Hannes. 1570. The aspiration method for the
diatarrnination of atmosphesio-on spectra (ranslated from the
Ruesian), by the lkrael Program for Scientific Tranzlations;
National Technical information Servica, Spwingfisld, Virginia,
Mo, TT 54/50458.

Tammuet, Hannes. 1988. Modaiz of siza apactrum of fropospheric

akimvend b artora nates in dussins wnal T0- Daol B Wssamae




expecled Teianvely smail but sharp peak 1or the fast 10ns).
The peak is at a mohility which is three orders of
magnitude slower than that of the fast ions, This seems
to indicate that aerosol particles with radii somewhat
smaller than a micromelter play a dominant role. Other
questions are to which degree is this result dependent on
locality? If dominant particles exist in such a narrow band
of mobility, can we derive information on their chemical
nature? These questions are but a small selection, and
the Laboralory 1s Anding answers. For example, recent
results by Salm (1988) demonstrate the dependence of
the spectrum of slow ions on the size spectrum of the
acrosol. Salm’s theoretical model agrees well with the
experimentat results obtained either by the EAS or at
Tahkuse.
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4 Narva Street

Tartu 202400, Estonia

Telephone, FAX, Telex: sce above
Home address of Dr, Tammet:
56-6 Ravila Str.

Tartu 202400, Estonia, U/.5.5.R,
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AEL-L margL kondjod
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iPesannete tditmisel (endistebt todtojatebt woutov 10«
AEL staaZ ),

- osavott ALL riigieeParveliste voi Pepingubiste {Pesannete
taitmisest tingumusel, ot seble tubemuseks on vohemolt
2 teadusikku artikeit AEL valjaannetes,

- AEL tegevuse jubtimive ( TRU rektor, teadusprorekior ju tema
asetaitjod ).

Evibiste teenete eest ACL teadusliku suuna kujundamisel

antakse AEL wark posthuumsePt NikoPai Fuchsile.
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Konnerun MunucTepeTBa BUCHErO M CPERNHETO CIENUANBHOTO
o0pasopaliia 3crouckoii CCP

06 urorax nposepiu Bumonuenug pewcnna Komnerun Munucrep-

crpa "0 paGoTe NpOGACHMIIOH JNaGOPITOPUM AIPOMONU3ALMK M

9NeKTPOA3PO30NeH TapTycKoro rocy/apcTBCHIOr0 yHMBEPCUTO—-
Ta_or 25 mprm 1970 ». (portoion le 10)

(x mporoxosy sacezamiag lexrernn Mnnucrepcrna oT
i monst 1993 r. i2 2 1. 5)

Bacaywas ZoKnAaA MPEACCTIWCHT LOITPONLION KOMUCCHM 3aciy-
XOHHOrO Zesrona uaywu PCACP upedcccopa . @yKca M cORoxmej
3aBeAYONEro MPOCJACMHOK NAC0PITOPHC QOPOUOHH3ALUM U BMEKTPO=
aapo3onelt TIY gouenra fl. Pciincra o6 LTOrax NPOBEPKM BHIOJNHCHUA
pouwennsa Koineruu Muuncrepcrsa "0 poGore mpoGriemioil madopaTopun
83POMOHM3ALMN U JNCHTPOAsdpoaoneii TaprycKoro rocynapcTBenHOro
yumsepcurera" or 25 uoaa 1970 r.

Komnerma oT i e Tao T
B pesyapTare NpOBEZCHHNX NCCIENOBAHNI MpoCaAeMHO}ft naGoparo-
puelt aspouoHU3anMM K BJEKTPO3Dposoucii Taprycroro rocyAapcTBEHHOrO

JuuBepcuTeTa 33 MOCJEIHMEe TPU I'o7,2 IolyueH paApj Baxnelumx pesyanTaToB,

PaspaGoTen HOBHit renepaTop INCKTPOIDPO3ONCH B TPEX BApUANTAX
(N, Bucmamy, f. Peiiner, d. Taut M 7p.), @ TaK®e MIOrOKAHAMLHHIL
CUETUMK @HANU3ATODP aTMOCHEpI:™: HOI0Z, MpPCBOCXOAMINI M3BECTHLE
nprGopH no BosumoxHocTH uaucpenua (X. Tawuer, fl. Canpu, A.flxoGeon).

BonpumicTBo 3anoHueHHuX n 1S70-I973 rojex rocOuoAxeTHEX pacoT
BHOJIPEHH WM HAXOMATCA B CTO7MM BHCJPCHMA B HAPOJHO® XO03RAICTDO.
lioBwe CHexTPOMeTDL MOHOB GyXAyT WCHOJL3OBAHU B KOMIJNGKCHOH 3Kche—
Aunun, opranuayemoii HN Qusmcu aruocepu Arapemun nayk CCCP na
Caapeuwaa. BueppeHw B cepuiilioe NMPOU3BOACTBO pPa3paGoTit¥ NAGOPaTOPHK
MO reHepaTopaM 3JNOKTPOAsPo3oNeil JUIN MCAMUMICKAX W BETePMHAPHLX
neneii. Ha GonpumiicTBO BHEADEHHHX PaspaCOTOK NMONYUCHH 8BTOPCKNE
CBWIETeNLC TR,

[onoxUTeNsHO HA HAYYHOM YPOBHC MCCAEAOBAHMI CKO3ANOCH YUACTHe

B HAYYHOU DPYKOBOXCTBE, HApfZy C 3a8B. NAG0OPATOPHEii ZOUEHTOM K.@.—k.H.
fl« Pelinerou, nouenrs K.f.-m.i. X. Taumera (Tlezll), Beayuero B naGo-

paTopuu padoTy Haj MOKTOPCKOIi ZUCCEPTALMOCHia

2.

TeuarTyna NayIHHX WNCCNETOBGHNR NaGOpaTOpHM COOTHEETCTRYST
YTEOPEAOMHEY OCHODHHM HANPIDAGHHAN, 20 HOHNADYOHMOM XO3XOTOBODHWX
padoT Mo DUYALDUDORBHMD CONODREING DOAY uMacen., PoxoweHRsLMA
Komnardum MunucrepcTia 00 yOTDoHOANN MIOPOTEMUOCTH YYTEHA -

YHCAO Ted CcOKpAWEHD 0 THATH 710 JUyx.

8a I970-I972 rogu B 7AGOPITODAN SaDOpEEHD 26 POCONAKETHUX
HAYUHC—-NCCASAOBATE IBCENE DOGOT, BUNOAKRAONKE N0 TOMOM, BEIDYOH-
ey 8 Tocnaan pespuTiA napopuoro xodsicres 20CF. YeuseponreTou
WBIAlN APE COOPUNALE TDYAOD MO JopONOMMIBIME U DAGKTPOAD PO oM,

B pOanMuHux Rypuanax onyGaukomans 31 Haywisn cTOTHA A0 TOMOTHHG
nadopaTopAn, B TOM Yuexs 2% Do peecomalux W T 1 sEpyGCKHEX
rypaenax. o pespadorreu, DUNDNHSUHEM B NadopaTODPMH, NONYYSHO

II BRTOPCKHX CEMIGTONBCTE W HA 9 HMODTCA DEEOHWA O DHIEYS 6BTOp-
CEAX OBMAOTENLOTH.

d8 nocmeniue TPM POZS PACUNPHIMCE HEYUHUe KOHTAKTH nafopa-
TOPUM © NOYUUEMK YUPSRReHMINA PECTIyOnwid, 8 TONRe APYIAX CONTHEX
pecnyonnK.

ChAas padory npodmewnoll madoporopmM ¢  yuedumd npongccod
OCYMAOCTINASTCHA HA JPoDUs IZulOuCuin CTYRONTAME NYPCOBOI'D M
AHNNOMHOrO NpoexTHpoBsuRn (coornerernenno 25 W 5 pador). Jdne
peGOTE CTYASNTORD YAOCTOSHN Mopoux npomui  Ba  pecnydaniaHOoKOM
HOHKYDOS CTYZOHYSCKUX HOYQIL pador.

DHHEHCMpOBSHMG Jadopatopill Mo roclpImeTy OCTABBADCE HE ypouue
Mpouagx JeT W cogTOBaanc ® 1992 romy 26,% ruc.pydmeft (1969 p. =
21,6 Tuo.pydaelt), Yro CHMACTEARCTLYCT O HEOGKOAWMHOCTN YDSIXWIOHML
TOCONIEATUNX AccHrHomannl o fansnoiimou. [o xoajoroBepad NOGTYINO-
1A no ApdopaTopul mospocan o 47,7 gwe.pydmell n I¥69 romy ao IUT,0
THe.pyoncH B 1972 roxy. OQcuuli odoed xo3goronopuux  pagor  sa
I970-1972 rogu cocTammngr 265,7 Tuc.pyonefl.

JeGopeTopHa yAOINETIOMITEADID OCHANMEGNA TPRODPEMR B MHBET
HOOOXOANMOR AAA NPOBSABNNE WMOCACHOBOUNN OOOpPYIODAHMD.

BuecTe o ToM B POCOTC NAUODITODHA MMEGTCH PHY CYRECTHEGHHEX
wegocrarion. Popsike Nosmorad dmmicrepersa or 25 o 1970 v,
DYROBOZCTEOM YHWBSDPCWTETS N NOC0ODPATCPHE NONHOCIRN I8 BUNOIHOHO.

Heomorpa na pokouciian:in Rommoriy peXTOPITOM FHMBOPCUTETE
A0 HAOTOAWGTC BPOMEHNW e PomeH DOHpoe 0 Roponsus necBofoTRonHOl
NAGOpPBTOPHI TPOMIBOACTRGHUON KeATENBHOOTH M0 HW3COTODALHMD
OY8TUNEOD WOHOD IKCASPHMSHTONBHOE uscTepcuoll yHMBBDCWTETA.
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HezocTaroyuol ABAAETCA CHS3R I2YUHO-HOCICHOBATENBCKON
ZOATANBHOCTH nadopaTopry ¢ yucdmik npopccecd. Cpenw npenmojeng-
renall xegenpu odueil GEIWKN TONLKG RUE TNPOHOABERATCAN NPRHWMEDT
yHACTHO B BuMONHEHMH HOYUIHX POGOT N0 oclioniof TewaTnke nado-
parTopn, XoTA uMeN0 CTYAENTOD, NPHHNUODUMX yyscTWe B pacore
nEGopaTopNM, KA POAE8 B TOX Do3pacTaer, NpenopapsTend Kofenpu
ofmell §uanwy yASHANT BOE HOAOCTOTOUNOS DHNAOHNE NPHERSUOHHD K
pafors B neOopaTopid HoWOONGE oNOCOONY CTY/CHTOR.

38 NocASANNe TOAN ROSMNHUNALNS HOYYHUX POCGOTHNHOB, SAHATHX B
nadopaTopRM 30METHO TMOBHOIIECS. O7iaKe, B PROOTE HAZ AHCCORTAUN-
AME TOTPERHONY WMSET MEecTo owcrTozcHuc. e Acpensia A0 KOBOA AOKTOp-
ckaa nMcceprauka . Pelincra. lis sanomiend ReMgNRETCKNE AHCCEPTALNN
oT. NpoONofapnaTena xadenpd odied Guswmey 9. Tomud W cT. HOYYEODD
cOTpyAHHKe padoparopme N, Bucuanyy. Wa uwcna BTaTBUX COTPYAHUKOB
nafopaTopnd TOABHO OAME = 931, AadoparTopMed — MUEST YUEHYR CTANOHD
KBHAWAGTE HOYH.

JdaGoparopia NONDERESIY HE DUCTONGTOET MOAHMMN CHBOZCHHMM
o0 MCNONBIODANNA IONSIYRKALR POIFARTATOND PACOT, DHNONHEHHUX AO
xoaporosopas. llaTedson o WaodporcuMs, paapadorsmnue B anGope=
TOPME, [0 HACTOAWATD EPEMCHA HG DUAODAAOCh. BuInaTa aBTOpaM
wapdperenill DOSHECPAEABLNG HO YHOPAZROUENS. _

TpetiyeT PEapouGHHA DOMpoc o0 odoomovueHMW ADGopATODMM KBo-
AMMIEpOToUHUN TAYNIEY DYROIORCEION M0 DUOBS pO3BMDBRUMMCH HON-
DOBAGHUAN M HOSBRAUGHWR HE DPOGOTY B JHUDSPCHTET AOUEHTE K.f.—M.H.
¥, Tauuers, Yo ABIACTCA nooGRopiinuM yonozwen peisueimcd yomewnol
ABATBARHOCTH RAgopaTopun,

Hpncaﬂﬂuﬂuﬂ“ Dé%g%““ﬂnadupawﬁpnﬂ THGTHA HOTETOPHA NO ONnaTe
PPYAR HAYMHHN W DYROEOZANMZ [pOGOTUMEOD HE COOTHETCTEYGT
BHOOKOMY HOYUHO-TOXHNMGCHOUY YDODIN PIspaGOoToR MO KOHGTOYMpO-
BEOPD UOHHNX CNEKTPOMETDON I HT CTHMYNUDYET NOBUUEHHS KBERAJH-
KBI¥H COTPYAHRNHAMN JAGopaTURHN. i

Mpodieunsn NadopaTopUn NONpURIONY CNYNAeT OCTpuN HEAOUTETOR
p padoudx NAONBAAX.

Komnerns pe wae T

I. B cooTneTcThMl ¢ JAMNDUSHICK KoOMMCCHW NPUSHAETE PagoTy
npodneMEcH AB0OPATOPUN A3POMOUMIONUN W aXenrpossposonall Tapry-
CHOT'O TOCYASPCTECUHOMD YUMDSPCHTOTE MO PAzpROOIHe W ROHCTPYHpo-
EBHWD MOHIEK CTeRTpoueTpor yeoncuuoli(aas,.nadoparoprell A0u.K.f.~M.H.
H. Peliner). . \

4.

2. Perowenfopats pexropary Taprycroro rocyAapeTEEHEOTO
FHUBOPCATETA B COOTBETOTEIN ¢ pomoumen Konnerwuw NuemcTepeTns
or 25 woun I970 rofe W T LOAAX AOABHEiMErD Pe3BHTHA AEATENL-
HOCTH MPOOREMHOH AadoparTopun GaPOHOHMIDUNM W DNeHTposapoaonoi
B COMBTANUN © YYEGHHM OpOJCCCOU:

I) B uenax cospauua NCOGXORIMON HAyYNO-BRCIEDHUSHTANEHO) GBAM
AR MORrOTOBHA CROUMAORWCTOS NP BOJeRpe odWodl Jma3uky BRADUNTE B
TOMATURY Mpotnoniofl ITadopaiTopiy QIDONHONAIONAN R aAcuTpedapodonall
COBMBCTHHE © KefofpoR olmoil gumanmn WCeNoAOBONNA N0 TI3CBOMY pos-
DAZY M HEYYHUD ACCAGHOBONNM MO PIBPIGOTHE 3NCKTPONATPOR, DERYHENE=
CA Ba8 Kefiefpe INCOSPHUCHTONEIOH (UaMEW N0 Xoa orconopad, KOK Buck-
HHE MDAMYM CEAZE ¢ OCHODHWY HANPHEASHWEM XSCOpPATOPMH MO cOeRTpo-
HaTPUN BOPONOHOD.

2) lipuanMan B0 BHHMOUNG, NT0 OcHOBHOM sazouel npoGmOMIHX
nadopaTopull NpH YHHDEGPCWTGTCX ADAACTCS MpPOBOAeNNS (yHABUOITANL-
HHX MooxejoBaunll W 4T0 NPOCNCMHEN NAGOPATODMA SDDOMOHRISUME M
anerrpoasposonell asHMMAGETCR B OCHODHOM paspatorioll npwlopom,
PECUMDHTE (YHASUOHTSALEEE NOCASNODINNA TeX NpoUeccoB, HE KHOTODHX
OCHOBHBAGTCH PadorTs Pas;nuiy NPHOOPOD.

3) Pacuupnzs Bonpoc o6 cGecneucuud npoGneuxod nadopaTOpHM
EpaawimuuupossuiuMy HeywIL DPYRODOKCTION MO BHOBE paaRNBaRINNG
HAYYHLM HETP3BNSHNAM,

4) Coanare HaNGONDE CAGTONPUATHWE YCAOBWA COTPYANMKAM Kajeg-
pu obumell QuaukM W #x8GoparopHd B pexax cxopelinero asEeplo-
HMA MMM pAdOTH Haf ZUCCCPTINNAMN.

5) OoyecTBuTs N0 DOMMCHIOCTH B KpoTusiunll cpok mopemawy
MONKOCePHHNOID M3POTORNGHMA HO ZOrODODPIU HOHILX CHOKTDOMETROE,

B TOKHE INCHTPOMETDON BUCHACDWHBHTANENDH WBCTCDCKO) YHMBepCHTaTa,

Onpuosponentio cobugcTno o [lpoanguyuon Axagourn maykx SCCP
oOCYOUTE POGMOKUOCTS NEpOZatid B ASILUCHNOM NPOMSHOACTER, paapo-
CaTupacuux aedoparTopuell snnopaTyp, @ TOMNG DNENTPOMOTDOR, HO-
Aasno coszpnHouy CKE MeocrnTyza (uamcH W scTpououHy AREZeMHM
#ayn 2CCF.

€) B upanx HaudOnmwel HOUNONTPOUMM HAYHIHMX WCCRERUBBHMA W
IHCOADHMBHTOABNNYE PAGOT 1O OCHODIHM HANpADASHNAY XHAGODPETOPHM
SAPEPUMTE B TeyeHme IS4 rosa XOSfOroBOpHLHG padoTH N0 EONCTIpYH-



5.

POBOHHN BMYARTETOPOE BOROCOACDRIMHX MABCON, KEK HO COOTBOTCTBYN=
MAX CCHOBHHM HAMPABNGHWAM HOYYHO-HCCHENOBATENECEAX pador nasdo-
PATODHH.

7) B ueaax o0ecHeYeHWA YyCUownoro DasBHTHA NaGOpaTopud o
PAcCUHPEHMA YUSCTHA CTYREUTOD D €6 PoOoTe MpOAYCMOTPETD YBElk-
YsHHe padouux nuomazgeli nadopaTopHi B HAMOONGEG HODOTHME CPOKM.

3. KonTpons 38 BUNONHSHNC! UACTOANCTO DOWGHWA BOBNOEMTE HA
nepeoro sauscTHTenA Munucrpa X, [eopeusec.
|

| i

|

! Npeacenareas Koanernn ey

|, Dmesemasen Lomeras <2
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0 pesyubTarexX NPOBEPKH Hay4HOi AcATCIbHOCTH
TlpoGaenHoil JiadopaTopii aspOwIEKTPHYeCcTEa TapTyCKoro
T'OCYLAPCTBEHHOIC YHUBEPCUTETE

B COOTBETCTHEHM C NPUKAS0M MUHMCTPA BHCUEI'O H CPEUHEro
CHELMaIbHOI'0 00pasOBalns JCTOHCKOL CCP oT 22 oKTAGpA 1987 L.
Ji 208 mommcCHA B cocTrase:

TYPYBAPUDB Belie - ﬁoueuw. KeT.H., 3aB. Kagenpoii
@HUHTDaICKOT0 MHCTHTYTE ABHAUMOHHOIO

(mpeAcenarers) nproOpOoCTPOEHNs ;

CAILYBEPE T.A. = Kelo=MeHoy ColieCs, B38M. AUPEKTOPa IO
Hayy4HCclu padoTe MHCTHTYTa XMMUYECKOL H
OHOJOTHYeCKOL (MsHKM AH 9CCP;

UBAPL, Helde = KaToHey ColeCe IVIABHOW I'cO(MSHYECKOU
o0cepsaTopul M. A.M.BoglikOBa, I's«JI6HUHI'DEL;

KPYTJIOB C.ll. - BELYUHjl HHueHED yIpPaBICHAA HaydHO=—

MCC/IEA0BATENBCKEX DAacoT M BHEUHMX
CHOueHMI MubBysa 9CCP

npoBesa C 23 0o 25 cenradpa I98'7 I'oja HPOBepKy AeHTEJNBHOCTH
asposJEeKIPUYECcKOil Jadoparopm (AJ) TapryCckKoro rocyiapcrsek-
HOI'U yHHBEPCHTeTa 3a mepuon IJ82 - I987 Ir.

B pesyipTare HPOBEPKH yCTEHOBIEHO CIHACLYIEE.

QG HalpapleHMeM Hay4YHHX MCCJeLobakBil Jadoparopuu
ABJIAETCH MSYYeHUE DJCKTPUYECKUX NPOLECCOE B I'AB0BHX M 88p0=-
30/BHEX Ccpejlax. QOlee Halupabichie BKIOYAET [Ba& OCHOBHHX
HalpapieHKd. [lepBuy M3 HEX ABIACTCSA pPaspacCiKe OCHOB aHaiusa
3arpA3HEHHOCTH BOBLYXa MeTOHaMd CHEKTDPOMEeTDHH 8JCKTPHYEeCKHX
NOABHAHOCTE« B 9T0M HANpaBJICHEM BeLyicd (yhHIaMeHTaIbHHe HC—
CJAEN0OBaHAN 10 BHABACHUI MEXaHWSMOB (OpMUPOBaHHS 88pPOMOHOB M

aeposcJeil, a Talkie NPHRKIIHHE HCCJeiOBaHUA IO paspadoTkKe
METONOB M NPUOOPOB AJA &5POHOHHEX W &8POSOJBHHX H3MEPEHWL.
Bropuy HanpapieHMeH ABAACTCA MCCACHOBaHUE MeXaHHsMa (OpMu-
POBGHHA I'a30BOI0 paspAng HIpH BHCOKOM JamieHHHM. B 270M Ha-
mpapieHdy BelyTCH B OCHOBHOM (yHIAQWEHTAJBbHHE MCCJElOBAHUA,
K KOTOpHM HpMMHKAOT NpHKISIHHE JMCCJELOBAHNS, MMEWNHe Lelb
YAyHUEHUA IapanMerpos NPOeKTHPYeMiX SKSHMEDHHX Ja3eDOB.
IEKTPUYECKME NPOLECCH B I'480BHX U &9DOSOJLHHX Cpenax
CJOHHH M MX SAKOHOMEDHOCTH BHABJACHH B HENOJHOL MEpe. 310
onpejegeT aKIYyaJibHUCTDL (YHLAMEHTaAbHEX HCCACLOBaKHN 10 (H-—
3HKE rasoBOr0 paspsAina i N0 (MSHKE avpOJMCHEDPCHHX CpPejl. Bau~
HHM (AKTOPOM aKTyaJbHOCTH HallDapicHul pacoT ABJAETCH HX Nph-—
KIGIHOE BHEYEHHc. PesyipTald UCCAel0Balid I'ds0B0I'0 paspala
HCHOJBSYOTCA HOPH NPOCKTUPOBaHUM JascpoB. Pe8yibTarl aspo-
BOJbHHEX HCCIAENOBaHNII X CUEKTPOMETDHE A5POHOHOB COBHE0T 0C—
HOBY METOLUKH KOHTDOJIA YUMCTOTH BOSAYXA KAy sJjecMcHTa OKpyha-—
nieii cpeliti. PasBUTHE DJACKTPOMETPHN 00€CHEYMBAET BOSMOKHOCTB
HOCTAHOBRE Ka49eCTBEHHO HOBHX ((MBHYECKHMX SKCICDHMEHTOB U COs-—
LaeT Oasy g [POeKTUPOBAHMA HOBOL MSMEpPHTENbHOL TEXHHKH.

TeMaruxa pacoT APPOSJEKTPHYECKOH Ja00paTOpUH COOTBET=
CTByeT OCHOBHHM HalpesieHusu HIP TIV.

3a OTYeTHHU Hepuoy (I982-IY86 IT.) Hayuue HCCICHOBAHEA
HPOBOAWAMCE HO CASHYOUMM TeMam: ‘

I. lccaeloBaHRE oJIeKTPHYECKUX IIPOLECCOB E I'a30BHX H
a9POBOJBHEX CPElax.

2. PaspaloTKa MeTON0B KOHTPOJA SarpASHEHHOCTH BOSiyXé.

3. JiccuenopaHrie MeXaHHSMa (OPMUPOBAHHH paspAllE BHCOKOIO
JAGBICHEA IPH BHCOKOYACTOTHON H HMILy/IBCHOM HAUDPMiCHUM .

Bee paGoru ADJ BRIOYEHH B KOODAMEAUMOHHHE IViaHH IT COP
90CP, AH CCCP, AM 3CCP m limuHpysa CCCP. Tak rema "Paspadorxa
METOJOB KOHTDOJA SalrDASHEHHOCTH BOsAyxae" (HayuHHii PyKOBOAMTEND
mpog. 0.ABacTe) BRAOYEHA B mporpammiy SP.I0. " PaLMOHEIb—
HOE HCIOJH30BAHAE TPUPCHHHX PECYPCOB H OXpaHu oapy;aagggg
cpeis" m Tewa "HccieloBaHKMe MexaHusMa (ODMUPOBAHUSA VEHCOKOIO
IARICHUA IpPY BHCOKOYACTOTHOM H MIYJIBCHOM HANPAKCHHAX (HAY4=—
HE PYyHOBOLUTEND Ke{o.=.H. K.KyAy) BrIOUeHa B LHpOrpami4y
KII HUP AH CCCP "DuieKTpO(MSHKA ¥ 9JicKTDOsHepreTHKa" M B KOODAM—
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HeIMOHHNI IUias MuEBysa CCCP. X0sL0roBOpHAs pacota A-82/9Y
"ccuel0Baiie 9ACKTPUYECKOr0 paspsaisa M ONTHMEIBHHX ¥ CJIOBHY
BHEPTONEpEaYN B SRCHMEDHHX Jasepax” Owig BKINYEHA B HPOr'=
pamy THHT 0.1.022, XO540roEOpHas padora A-83/3I "Hccueno-
BaHNE BOSENCTBUL NpHMecejl BOBJyXa HA CHEKTPH @9POMOHOB M
aspos0Jei™ BuIOAHeHa Ha ocHoBe [ocranomichEA Ci CCCP.

HayuuHe MCCHELOBEHMA BelyTCHd COBUMECTHO ¢ Kageipaus 00—
meii (MSWKM, T'eO{MSHKM H LDYTHMH [O[pPaSACHCHAMMN YHUBEPCHTETa.
CoenuaaucTy ASJ] Oxasall I OKasHBalT MOMOUEL HHOI'MM Hojpasie-—
JAcHASM TLY NP BHCUDCHHN MMKpO=-ghii. LraTHHi cocCTas JadopaTo-
pEE - I3 9eJOECK, U3 HUX OJMH LOKTOP (HM3MKO=lATEMATHYECKEX
HayK, OAMH KasuuuaT (UBMKO-MareMaTWYeCKHX HAYK U OJMH Kahim—
JaT XUMUYeCKMX HayK.

AQJl cOupyuHMYaET CO MHOIMMM HCCHELOBATE/bCKUME YYPEKie-
EMsun AH CCCP, AH 9CCP M I'OCKOMI'HIpPOMET&, B HEPBYW OYEDENb
¢ MHCTHTyTOM (MSHKH AH OCCP, IaBHON IeOjHSHYeCKOkM oGcepma—
TOpHEl MM. A.M.Boejikosa, HUQXM uM. J.f.Hapnosa, HeA AH CCCP,
HII0 "Taudys", MHCTHIYTOM KOCMMYECKMX HMCcacnopanmu AH CCCP u
M[Y. B HacTofuee BpeMA AEHCTEYWT JOI'OBOPH O TBOPYECKOM CO-—
JADYHECTEE CO CJACAYOUMMM MHCTHTYTaMM: HHCTHTYT aCTPOJUSHKH
A CCCP; MHCTMTYT (Msmku AH JiT.CCP; Has@HCKRILI MHCTHIYT opra-
HHYECKOU W (MaMyecKOu XuMMH AH CCCP; MHCTHTYT XMMHUM 9JIEMEHT-
OpraHMYeCKNX CcoefuHeHL: AH CCCP; MHCTHTYT OprauMdYecKOu XMMHH
All CCCP. :

AQJl yYacTByey B MEALYHAPOIHOM HayuHOM COTDYAHMYECTBE.
DO« Xo@. TaMner ABAAETCH WICHOM WEALyHAPO/JHOL KOMHMCCHH INO
ATMOC(EPHOMY SJIEKTPHYECTBY M DOYCTHHM WICHOM AMEPHKAHCKOIO
HHCTUTYTa [0 MEAMUMHCKOL KIMMATOJOTMM. B Tevehde IJBL-I986IT.
COTDYAHMKY A UPUHAJM yYacrie B ABYX MEMIYHAPONHLX KOH{EepeH-
UHAX. [POHSBOAMTCHA OCMEH HAYYHHM IyC/IKaLdAud Lo Teuarthke
AJl ¢ yuenwud IJ[P, YeXOCIOBaKUM, @paHuuu, Hnoud u CliA.

B TevdeHne [983-1986 I'l's OWIH B&BEPUEHH Clelyulie OCHOE~
HHE TocOuukeTHHe HIP: "PaspaCoTRa asposoJbiO0 CHEKTPOMETpa
1 HCCiCiOBalNE 89pP030JABHEX CHEKTpoB"; "PaspadorTka MeTOLMKH
ABPOBOBHEX i 89 DOMOHHHX HSMEPEHMIl B NPM3CMHOM CJOE aTHMOC-
¢epu"; "HccaeioBaMe PA3BETHA PAsSpALE C OCTPHA B WACTOM a30=
Te OpM NOJOLMTEAbHOM M OTPHUATCIBHOM Haupasenun"” . JMHavEKa
06beMa NAHHHX PaGoT BHIVIALMT Cleiywimi o0pasom: IJ8J I's =

«

81.9 T-D-. 1%4 - 49.1 T-P-. 1935 L' = 65.4 T-Po, 1986 I's =
IID T-po

B revyenne I983-I986 IT'e (LN SaBEDUEHH CIEAYide OCHOB-
HHE XOSIOrOBOpHHE pAOUOTH: "MCC/EJOBAHME BOBHELCTBUS IpHMecei
BO3AyXa HE CHEKTDH 43DOMOHOB M asposoiei"; "Mcuaeinobanue n
paspadoTka MeTOLOB H CPELCTB ONepATUBHOI JMMATHOCTHKH BJEK-—
TPHYECKOI'0 COCTOHHMSA Tponocgepu”; "HCcIenoBalie 2JjeKTpUYEC—
KO0 paspAjna # ONTUMMAIBHEX YOIOBML SHEPIONEPELEUH B OKCHMED=
HHX Jasepax"; "PaspaCorTka GOPTOBLX YJEKIpPOMETPUYECHHX YCT—
POICTE B MUKPOMCIOJHEHMM M CDPEACTB KAUMODOEKH HO Toky". Sa-
KasuyukaMpl pador Gwmi HIIO "TaidyH" Iockomrmppomera, OB HHS~
THTYT& KOCMMYECKHX Mccienomasuii AH CCCP, mpeuupuarue s
P-6601; Wucruryr {usuxu A 9CCP ¥ jp. OpraHusalii. JHHauika
o0heMa XOBL0I0BOPHHX pacoT JgasopaTophd BLHIVIAIHMT CUAELYI0NMM
oOpazsom: 1983 I's = I95,4 TaDe, I984 T'e = 204,7 TeDs,
1985 r'e = 425,8 T.p., 1086 I's = 388,3 T.P.

BojjieTHEE M X03J0T0BODHHE DACOTH O 3&KOHYEHH B CDOK
I OTYEeTH IO HHM OLjid O(OpMICHH B COOTBETCTEUH C YCTEHOBICH=-
HEIM TPeCOBaHNAMA «

B X0lie BHNOOJHeHMA HUP Ol NOJYYeHH C/Aeiyuipe OCHOBHHE
pesyibTaTy:

I. Cospais TeOPHA M METOLMKA I'DaiyupOBAHMA BJICKIPHYEC—
KUX CIEKTDOMETDOB asp030J€i, COOTBETCTBYWIMI annaparypHHi
KOMILIEKC M MareMaTlMdecKoe odecledehHe. (CaMOCTOHTEJbHHI MH=—
Tepec HpelCTamINT PesyibrarH padot N0 I'eHePHPOBAHHN STaJ0H-
HHX aopo30Jielis

2. OCHEPY&CHO FMBICHEE KOHACHCUPOBEHNWSA HpUMECcEl BOBAyXa
Ha JeI'KHe aopOMOHH B aTMOCJEpE.

3. CospaHa MmerojMyeckad U alnaparHas Oasa A ChHCTeMa—
THYECKOI'0 MCCUACLUBaKNA BACKIPMYECKNX ¥ 4oP0SUJbHHX HPOLECCOB
B aIMOC{epHOM BOBLYXEG. KAYCCTBEHHO HOBOL ABIACICA BUSMON=
HOCTH HaOMOLcHHs 88 XMHCTHKON OHCTPOLEHCTBYRUMX IpPOLECCOB
B aTOC{EePHOM a8p030Je.

4. YIOUHeHH OpeiCcTapiechid O SasHCHMOCLIH CTPYKTYPH JCr-
KX &GpOMOHOB OT NPHMECEl BOBLYX&.

5. BuAmIEHH SaKOHOMEDHOCTH DA3BMTHA OCIPHEBOLI'O BHCOKO-
YacTOTHOIO paspsana M haijieH Cloco0 HULydeHWs NpAMOAUHENHOI0
KaHa/a ras0paspAiHOy IIasli«



6+ COospaHa MeTOIMKA M3MepPEHHd TeMmepaTypH I KOHLEHTpa-—
i SJAECKTPOHOB B PaspijiHOM KaHale M yTOYHEHH HpeicTamieHHs
0 liexXahnsle BSasMlaHld BHCOKOYACTOTHOI'O paspalia.

7. PaspadoraHa MeTOLMKA HSyYeHHs OPOLECCOB B 9KSHMEDHHX
Jlasepay.

54 OTYEeTHHY MepHOL CWJe OCylecTBieH& [40paloTKa KOHCT=—
PYKUME YHHBEDCEIbHOI'V CYeTUMKA &3P 0MOHOB, paspadUTaHHOI0 B
JIa0oparopul «

¢ I982 mo I986 II's COTPYIHHKEMM JAUOPATODHN OLJIO BHITY-
1eHo 5 Hay4HuX COOPHHMKOH, IpelCcTamIeHO 85 TesHCOB NOKI&LOB,
OmyoJuKoBaHe II8 HayudHHX craTeji, MOJYYEHO Y aBTOPCKMX CEUjE=—
PEJABCTH M HOJOMNTEJbHHX DEueHHl Ha H800pelcHA.

AspopJieRIpHYcCKas JajopaTopus Owia opramnsaTopor III Bee-
COWSHOTO CHMHOBMyMA 0 arMoc{epHOMy 9JEeKTpyYecTmy, Tapry,
1986 I'e, B KOTOPOM yYAcTBOBaJO cBuille 200 yYeHHX H3 U4 OpraHu-
S8HUML. Kpowe Toro, B J985 I'e OWI HNPOBEACH BCECOWNSHHL HAYYHO=
TeXHUYSCKHL CeluHap "TeoperudecKue IPOCJeMH SJAEKTPOMETPHE"
(4HCa0 YYACTHHKOB — 40 ¥ei.) U B I984 r. BceconsHoe coBela-
HME IO (HBHKE SJACKTPHYECKOr0 HPoGof I'asob (YMCIO yYacTHHKOB —
I50 ueds) s

loHeulne peayablarld HIYP 5 BiLe alapalypu, WETOLMK #
PCKOMCHAAUMI, BHEUDEHE y 3AKasUUKOB padoT. B HEKOTOPHX CIy—
YafxX OMMAAEMH)! DKOHOMUYECKHI 9((eKT OT HX BHEAPCHHA OHJI Ole=
HeH. TaK, OxHiAchiHl 9KOHOMMYCCKMII B¢{EKT 0T BHCUpcHMA CYET-
YUKUL SUPOMOHOB HA YAUKOBCKOM KOMOMHATEC WC/KOBLX THalch CO=-
CTABJIAET COIVIACHO aKTa 235 Tele, 4 0T BHCADEHHA JOKyMEHTa&~
LUY HA HMSTOTOBICHNE CUCTUMKOB B Koxose "JaeHe Kamyp" -
1751 Tep. DOJbLUAA YACTH 3aKA3SYMKOB OTHOCHTCA K HCC/ACLOBATEIb=
CKI M NPOCKUHEN Oprasusalidi, HOSTOMy ONPELEIMTH HOJHHK 00b=
€M oKOHOMWYECKOIO of{eKia oT BHeApeHHWA HUP, BHIOJHACILX Jaa00=
paropmeii, Heé NPEJCTABIAIOCE BOSMOKHHM.

QyHiaeHTalbENE HCCAEAoBaHIa AQJ) BHIOAHANTCA HA BHCOKOM
HAyYHOM WPOEBHE, COOTBETCEIBYWI\CM WM UIPEBLUAOUCH MeWlyHapoi=
HHI, yPOBeHH MCCAE[OBAHNL B T€X e 06JacifX. AQJ ABAACTCA Be-
Ayuell B3 CopercroM (ows€ B OGJECTH a9POMOHOCHEKTPOMETPUN H
CHIERTPOrPAHyIOMeIPHN avPOSO/IbHEX YaCTHi, & TaKic B 00AaCTH
UBYUEHNA BHCORVYACTUTHUIO paspsja NpH BHCORNA JABICHHAX.
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TexHnYeCKNe PaspaCoTKy JA00parTOpuM BHIOJHEHH HA BHCOKOM
HayYHO-TeXHUYECKOM JDOBHE, OJHAKO BOIPOCH METPOIOIMYECKOI0
OCECHEYCHAA CYCTUMKOB pelieHs He IO KOHLA. laciitass BHeIpe—
HHEA TEXHHYECKHX paspasoTor AJJ SHAWMTE/NBHO MeHbile N0TpeGHOC—
Teu B paspadorkKax AJ, Taxux Kak CYeTWilkl a9pOMOHOB, CIEK=—
TPOL'DAHYJIOMETPH a9POS0JIbHEL YaCTHL, e

MHOpMaLMOHHO~Ia 1 cHTHAA padoTa HpoBOJUTCH TIY umeer ¢
MHCTHTYTOM MHOpMaLUy JOT0BOp WA NOJNYYehHs HaTeHTHON MHGOp—
Malu, ¥ AQJ DoJdydael HOBHE MATEDHald 0 CBOCH TeMarHKe.
[aTCHTHHE HOMCKM OCYLECYBICHH IJA Kamjoii XO0SUOr0BOPHOME TEMH.

D pacnopmsernnd AQJ MMENTCA IPUOOPH M alnaparypa ove=—
YECLBECHHOIO NPOH3BOACTBA 0O0UEl CTOMMOCTELO OKOJO (5 MIAH.PYOa,
B T.Y. TpH DB "lckpa—226", mArh Q9B “ouekTpoHMKa [5-28".
IDaKTHYEeCKH BCA Mueliasacd amapatypsa s@{CKIHBHO MCHO/AbSYeTCH.
AQJl mMeeT SHEWMTEJbHH{. OIUT KCHOIbSOBAHNSA OBil Ipm anloMaTU-
SauMll SKCLEpHUeHTa, NPU 00Pagoike HAGHOLEHMI W NpH YUCIEHHOM
MO e/HMpPOBaHIHR . Ja00paropus LHpHSHEHE KoK Belyuas JxaccpaTopud
TIV B 00JHaCil aploMarTH3alMy DKCHEDUMEHT&E, KOTODas OKasupaeT
B BHCLIyaTalyi OTeYeCLBEHHHX NEDPCOHAMbHHX DB4 OOJbiyl HOMOLb
¥ JpyruM HojpaspeneHIsa YHEBEDCHTETA. B NOMOmE K y4eGHOMY
Impoleccy CHaMH Aa00paTopuy OHJ COSjaH y4eOHH) (MIbM 00 aB=—
ToOMATHSalMN SKCHEpUeHTa, HPOBELEH YPOK TCICUKOIH ¥ COCTab=
JIEHO y4YelHOe HocOGHEe WIA CIYLEHTOB.

BuecTe C TeM B Ja00paropHl OTCYTCTEYET NPOMHILICHHAs as-—
PO30JBbHAA allapaTypa, HelocTaeT OHCTPOLEHCTBYOUMKX BJIEKTPOHHO=
ONTHYECKUX ¥ CHEKTPAJBHLHX HDUOODPOB. [[PelfTCIBHEM L/ Baseplie=—
HEA pador IO METPOJOIMYCCKOMY O0CCHEYEHHD CIEKTDOMESTDOB &3p0—
BOJBHEX YaCTML SRIACTCA OTCYTCTBUE B YHUBEDCHTETE SJIEKTPOHHO-
I'0 pacTrpoBOr'0 MHKDOCKOI&.

QISKTPO= M pajMCksMepulcibHad almapalrypa Jalopaiopui
MELPUJIOIMYECRA &1TECTOBAHA.

lladoparopus NpUHHMAET ydacTHe B y4eOHOM IpoLecce M 3a-
HEMaeTCH NOATOTOBKOI KepOB BuCUeil KBaau(Hxaimu. Ha case AJJ
sa 1982-I986 I''s BUIOJHEHO I5 JHIVIOMHHX DaOOT CTYULEHIOB. Baec-
LOjHO B padoTe JalopaTOopil NpMHEMMAcT yYacTHE CBulle HecATH
CTYIEeHTOB.

3a meproz I982-I986 I'T. IO TEMaTHKe JI8GODPATODHM SAUIEHO



2 HaHIMIATCKEX JMCCEPTalMM. 3 AMCCEDTauMd 38BEpUEHH, HO HX
SaiuTa OTJAOKEHA U3-34 SANEPAKH B yTBeDWICHHHM COCT8BOB CIe—
LHaINSUPOBAHANX COBETOB. B CTaiMM BaBepUECHNA HAXOIUTCHA Elie
OLHA IHCCEpTaLd.

JaG0paTOPUA HMeeT MEHMMALbHEE HEOCXOLMMHE pasoyie o=
MeljeHnfd. Ha OBHOI'O WTATHOI'O COTpYLHHKA HpEXOLMTCA II,8 ue
o0llel IUIOW&nd, M8 9TOr0 9,9 M~ palodeil IUIOLALH.

Jlatoparopud He HMeeT MUHHM&IHHO HEeOOXOMMMEX IIOJCOGHHX
LIOMEleH NI, KOTOpHEe HyxHH B CBABHU C HEOOXOLHMOCTBW H3I'OTOB—
JIEHUA M BPEMEHHOIO XDAHEHMA KPYUHOIa0apUTHOIO 0G0pYLOBaHMN:d,
HMCHOJIL3YEMOI'0 IpH OpraHusaluM HaOoAeHW 3a salPASHEHUANM
aTuoC(epHOI0 BOSAyXa. HEIOmMyCTHMOCTh XPaHEHMH TAKOI'0 000=
PYNOBAHMA B KOpPHAOpax OHIO OTMEYEHO B I987 I's B aKTe HpPoBEpP=—
K HOR&PHOI Oe80UECHOCTH.

BuBOIH KOMMCCHM

1. Hayuho-mcCiejoBaTedbcKkasd padora B AppOSIERTPAYECKO
JacdoparTopuu TIY BHIOJHAETCHA HA BHCOKOM HAYYHOM yPOBHe M MMeeT
BCECOWBHOE M MEWIyHAPOLHOe NpusHaHNe. HayuHas NpoCJeMaTha
OCOCHOBaHA, aKTyalbHa M HEPCHEKTHBHA. HeJOCTaTKH IVISHHDOBaHMS,
OTMEYCHHNE IpH Opeiuiyilel HpoBepKe JEATEJbHOCTH JadopaTopm,

yCeTpaHeH .,

2. Cpeny Hay4HbX pPesyJbTaloB BaLHeMIM AWIAOTCA: paspa-—
GoTKa cHOCO0a HoJyYeHHd HPMIOIUHELHOT'O KaHajla IasopaspaiHol

Iasmel, COSLEHHE MeTOLMKY MHOI'OKAHAILHOI SJACKTPHYECCKOU CHEKTpPO=

MEeTPHH 8ep080Jci U OCHAPYKEHUE AWICHAS KOHLCHCALMH IPUMECEi
BO3AYXA HA JieIKHE 8BPOMOHH B ATMOCEpE.

3. K HelocTaTkal pacdoTH JadoparTopHil CAeiye. OTHECTH:
- HE3aBEPIUeHHOCTDh MeTPOAOTHYECKHUX MCCHE[0BaHMi;
- CHH:EHHE yPOEBHA KM300peTaTeJBCKON NeATeAbHOCTH
- VMeHBUIEHNE WHCAa CTYACHTOB, SaHHMaluUXCdA Hay4HOL pacoToi
I0 TeMaTHke Jadoparopull (B CBASH C DPE3KUM COKpPAallCHWEM X
uiC/a Ha CTApUNX Rypcax (MSHYECKOI'0 OTLEJCHNR.

4. Guep:uBa®T pelieHHe CTOMMX Nepen Aa00paTopHei
aKTyasbHuX 387184 CAeOyilke OCCTOATEeAbCTBA!

— HEPEUEHHOCTh BONpOCa OlecledYeHuA JAacopaTopul padodei H
HOJCOOHOI IVIOLANbD, pasMeueHle €¢ B IBYX OTLAICHHHX IpYyI
0T Jpyra SUAHHAL;

- DasuelcHne 4YacTu JAacopaTopHM LaIEK0 0T (M3WYeCKOI'0 KopIyca
sarpyHAeT ydYacTHe JaGopaTopul B y4YeOHOM Ipolecce (uasHYec—
KOI'0 OTHLEJICHHMA;

= OTCYTCTEHE B yHHBEDPCHTETE OpraHMsalll IJd COSLaHHd Menda—
Ky/JAbTEeTHHX Ja00paTopuu 4JA KOMICKTHBHOI'O MCIOJELSOBaHMA
KPYUHLX Hay4huX NpuoopoB, B YaCTHOCTH, DACTPOBUI0 BIACKTPOH=—
HOI'0 MEKpOCKOU&;

= OTCYTCTBHE BOSMOAHOCTH MOJyYeHUs MMIIOPTHOI' HEYYHOI'O
0G0pyI0BaHNA ;

= OI'paHMYEeHHOCTE (OHAE 38pa00THOL ILI&TH JJid X03LOT0OBODHHX pa-
GoT ciepsubaeT JajbHEjjice pasBUTHE Hay4HHX MCCAEAOBaBMIl 1
X BHEIDEHUA B HAPOJHOE XO3diCTBO.



PE{OMEHZALMA HKOMACCHI:

1. UureHcuuipoBaTh pacoTy 10 NOCTAHOBKE KOMIUIEKCHHX
MccAemoBaHUT ITPOLeccoB, NPOTEKaKmUX B 8TMOCHEpPHOM BO3HyXe
¥ NpuBiekaTs k oToft pafoTe HA& OCHOBAX HAYWHOI'O COTPYAHH-
yecTB& CIEIMANIHCTOB UPyrux opraxusaimii, B Nepsyw ouepenb,
ciemmanucTos ['mapHo#t reofusuueckoit oGecepearopun uM. A.H. Boefl-
KOBa.

2. [lpuuumark geficTBeHHHE MEpPH LA OPraHusaLyy S&mUTH
rOTOBHX NMCCEPTALMOHHMX PacoT.

3. PaccMoTperh BOSMOXHOCTB BRAWWeHMs B mnax HUP pas-
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University of Tartu
Air Electricity Laboratory
Historical rewiev

The abbreviation AEL has on different periods of history stood for somewhat different meanings. Air lonization and
Electroaerosol Laboratory at Tartu State University was officially established in 1964, but the work, resulting in the
creation of the laboratory, was begun even earlier. On the suggestions of Prof. Johan Wilip, the teacher of physics of
Tartu Hugo Treffner Gymnasium Anatoli Mitt recorded during the whole year of 1937 small air ions, working at Tartu
University and gathering material for his master’ s degree. The study of aerosol ions grew broader and more intensein
the 1950s, mainly under the supervision of senior teacher Jaan Reinet, at the Chair of General and Experimental
Physics. In 1956-1957, the first contracts were made to build air ion counters for other research institutions in the Soviet
Union. The students of the Department of Physics were encouraged to participate in this work. Until the establishing of
the laboratory, AEL could be defined as a research group, which worked at the Chair of General and Experimental
Physics, and later at the Chair of General Physics at Tartu State University, the subjects of whose were air ions and
electrically charged aerosols.

Air lonization and Electroaerosol Laboratory at Tartu State University was established by the decree of the Council of
Ministers of the Estonian SSR, of March 31, 1964. The Head and the scientific supervisor of the laboratory was docent
Jaan Reinet. Such laboratories were subordinated to the Rector’ s Office at the university, the research work was co-
ordinated by some certain chair of the university, for AEL, this chair was the Chair of General Physics.

In connection with supplementary financing of research in the field of gas discharge, AEL was restructured in 1974.
With the Rector’ s decree of Sept. 19, 1974, docent Kalju Kudu was appointed the scientific supervisor of AEL, and four
sections were created within the laboratory: (1) Section of Air lon Spectrometry, (2) Section of Aerosols, (3) Section of
Gas Discharges and (4) Section of Electrometry. The scientific supervisors of the sections were senior teacher Jaan
Salm, senior teacher Eduard Tamm, docent Kalju Kudu and senior teacher Olev Saks, respectively. In 1975, candidate
of physics and mathematics Lembit Visnapuu was appointed the Head of the laboratory.

The next change in the structure of AEL occurred in 1983 in relation with the return of doctor of physics and
mathematics Hannes Tammet to Tartu State University from Tallinn Pedagogical Institute. With the Rector’ s decree of
Jan. 31, 1983, AEL was divided into two independent |aboratories; the change became effective on Feb. 1, 1983. These
laboratories were: Air Electricity Laboratory (AEL) and the Laboratory of Environment Protection Physics (KKFL).
Prof. Hannes Tammet was appointed the scientific supervisor and the Head of AEL. Prof. Olev Avaste was appointed
the scientific supervisor of KKFL, and senior researcher Lembit Visnapuu became the Head of this laboratory. During
the reorganisation of AEL in 1983, its division into sections was discontinued, but in 1984 new sections were created:
(1) Section of Mobility Spectrometry, (2) Section of Apparatus Design, and (3) Section of Gas Discharges. During
1989-1993, candidate of chemistry Tiia-Ene Parts was the Head of AEL.

After Estoniaregained its independence, the University of Tartu underwent thorough structural reformsin 1992.
Resulting from long negotiations, the Learned Council of the university established, with its decree of Nov. 27, 1992,
the new structure of the Faculties of Physics and Chemistry, Sports Sciences, Mathematics, and Law, which became
effective on Feb. 1, 1993. The structure of the Department of Physicsincluded four institutes and a physical-technical
experimental workshop. The Institute of Environmental Physics consisted of three chairs. With the same decree, 12
subdivisions were closed within the department, including the Chair of Geophysics, the Air Electricity Laboratory and
the Laboratory of Environment Protection Physics. AEL continued functioning as an informal subdivision within the
Institute of Environmental Physics.



Description of the Air Electricity Laboratory

The Air Electricity Laboratory is an informal structure unit of the Institute of Environmental Physics at the University of
Tartu. The main research aspects of the Laboratory include

» development of measurement methods of atmospheric aerosols and air ions, and the application of the resultsin
the design and building of original instruments,

e research in the size spectra of atmospheric aerosols and the mobility spectra of air ions;

e research in the atmospheric electricity.

The basic equipment has mainly been built up of origina instruments. The research potential of many of these original
instruments excel the analogous commercial instruments, providing favourable conditions for research and graduate
study. Using this equipment, continuous monitoring of the air ion mobility spectra has been performed since 1988, and a
number of atmospheric aerosol size spectra measurement campaigns with the duration from 2 weeks to 6 months have
been carried out in Estonia, Finland, Ireland, Germany, Netherlands, Lithuania and Russia. A database of regular
atmospheric monitoring has been created during many years, rich in significant scientific information, inexhaustible for
the professors and researchers as well as for graduate students.

The most essential parts of equipment for atmospheric research used at the Laboratory are (1) Air lon Spectrometers
(A1S), NO, meter and other devicesinstalled at Tahkuse Observatory; (2) two portable Electric Aerosol Spectrometers

(EAS). EAS and Al S are original multichannel (parallel-principle) instruments designed at the Air Electricity
Laboratory. Several parameters of EAS surpass those of other anal ogous instruments: measurement range of particle
diameters of 3 nm - 10 um, time resolution down to 4 s, ability to measure highly fluctuating particle concentrations.
EAS s specialy designed for measurementsin free air. It is suitable for long-time monitoring of aerosol particle size
distribution both in pure air in rural locations and in heavily polluted ambient air in the cities. The reliability of the
instrument has been confirmed by measurements in many locations, especially by an extended period of six months of
almost unattended (inspection period of two weeks) continuous monitoring of atmospheric aerosols in Helsinki during
the winter of 1996/97.

Long-time series of aerosol measurements with EAS provide an opportunity to study the development of aerosol size
spectra, check the spectral models, study the correlations with meteorological and radiation parameters, and the
correlation with the distribution of pollution sources. The synchronous measurements made with two EAS at different
places enable to study the regularities of air particulate pollution transport.

The equipment installed at Tahkuse Observatory:

o Automated Air lon Spectrometer of awide mobility range from 0.00032 to 3.2 cm?V-1s1 that is divided into 20
parallel channels, built at the University of Tartu.
NO, concentration meter, built at the University of Turku, Finland.

Total ozone meter M-83.
Pyranometer M-80M.
Sensors of wind speed, wind direction, air temperature, pressure and relative humidity.

The apparatus operates twenty four hours, the data are saved as 5 min averages, it is possible to monitor the mobility
spectra of air ions (or charged aerosol particles) together with other atmospheric parameters during long periods. Such a
combination of equipment is unique in the world.

A complete set of the generators of monodisperse aerosols, covering a particle diameter range from 3 nm to 4 um has
been installed in the Laboratory. Electrical separators are used as an aerosol standard. They cover the whole above range
of diameters and produce aerosol particles with any prearranged average diameter, and with a narrow distribution
(relative halfwidth below 5%). An original aerosol electrometer serves the measurements of the number concentration

of aerosol particles. An optical aerosol spectrometer Lasair Model 1001 is available for the study of aerosolsin a
particle diameter range of 0.1-2 um. Two high-resolution Air lon Spectrometers serve the experiments on the effects of



trace gasesintheair.

The laboratory has two standard aerosol samplers and one high volume sampler.

The general purpose research instruments at the Laboratory include the devices for the measurement of air flow
(rotameters, rheometers, drum-flowmeters, standard flowmeter Gilibrator-2), the sources and filters of compressed air,
calibrated high voltage supplies, thermoanemometer etc.
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