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MAIN OBJECTIVES

NACID is:

 Leading institution in the national information infrastructure in Bulgaria in the sphere of education,

science and innovations.

 National Information Centre for Academic Recognation and Mobil ity – ENIC-NARIC centre for Bulgaria.

 Contact point in terms of Directive 2005/36/EC on the recognition of professional qualifications and

delegated coordinator for Bulgaria in Internal Market Information (IMI) system.

PRIMARY FIELDS OF ACTIVITIES:

 Processing and dissemination of bibl iographic and reference data and analytical information in support

of the policy in the sphere of education, science, technology and innovations.

 Building and maintaining special ized databases.

 Maintaining national stock archive and DB of dissertations, deposited manuscripts and other scientific

publica-tions in Bulgaria.

 Organizing application of ENIC-NARIC network decisions in the field of academic recognition.

 Information assistance in procedures for academic and professional recognition.

 Performing activities resulting from the functions of ENIC-NARIC center.

 Furnishing citizens and contact points in the rest of the member states with information in connection

with recognition of professional qualifications and rights for practicing regulated professions in confor-

mity with the Directive 2005/36/EC.

INFORMATION PRODUCTS AND SERVICES:

 NACID offers a wide range of information products: subject profi les, paper reviews, subject bibl io-

graphic and reference information.

 NACID offers a great variety of information services through its own databases and resources, as well

as through information brokerage to external databases. Online access is provided to NACID's own

databases.

„Bulgarian Science” Databases
 Register of the Scientific Degrees and Titles
 Scientific and Technical Publications in Bulgaria
Information brokerage and servicing from external databases gives access to over 1 200 databases of the

leading information centers.

 Library Services

Central Research and Technical Library (CRTL) and Library and Information Complex in Pedagogics is

one of the largest Bulgarian l ibraries and main supplier of information in the fi led of science, education,

pedagogics, engineering, research technology and economy with more than 4 mil ion registered items,

including books, periodicals, dissertations, publications on CD ROM, DVD.

INTERNATIONAL ACTIVITY

• Represents the Republic of Bulgaria in international organizations on the subject of its activities.

• Joint actions and projects with related national information and documentation centers in the EU.
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NATIONAL SCIENTIF IC PROGRAMMES

WITH EUROPEAN DIMENSIONS

BULGARIAN INSTRUMENTS FOR SPACE

RADIATION MEASUREMENT

Abstract. Ionizing radiation has
been recognized as one of the main
health concerns for the humans in the
near Earth and space radiation
environment. The estimation of the
radiation effect on health requires at
first order accurate knowledge of the
accumulated absorbed dose, which
depend on the global space radiation

distribution, solar cycle and local
variations generated by the 3D mass
distribution surrounding the space
vehicle. This paper presents an
overview of the Bulgarian-built
spectrometer-dosimeters of Liulin-type
and their main scientific results, which
were obtained in space, at aircraft,
balloon and rocket since 1988.
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INTRODUCTION

The radiation field in the interplan-
etary space and around the Earth is
complex, composed of GCRs, trapped
particles of the Earth ’s radiation bel ts,
solar energetic particles, albedo
particles from Earth ’s atmosphere and
secondary radiation produced in the
shield ing materials around the biologic-
al objects [1 -4] . Dose characteristics in
near Earth and space radiation environ-
ment also depend on many other para-
meters such as the orbi t parameters,
solar cycle phase and current hel io-and
geophysical condi tions.

Galactic cosmic rays

The dominant radiation compon-
ent in the near Earth and free space
environment are the galactic cosmic
rays (GCR). The GCR are charged
particles that orig inate from sources
beyond our solar system. GCR are the
most penetrating of the major types of
ionizing radiation. The energies of GCR
particles range from several tens up to
1 01 2 MeV nucleon-1 . The GCR spectrum
consists of 98% protons and heavier
ions (baryon component) and 2% elec-
trons and positrons (lepton compon-
ent). The baryon component is
composed of 87% protons, 1 2% hel ium
ions (alpha particles) and 1 % heavy
ions [5] . H ighly energetic particles in
the heavy ion component, typical ly re-
ferred to as high Z and energy (HZE)
particles, play a particu larly important
role in space dosimetry [2] . HZE
particles, especial ly iron, possess high-
LET (Linear energy transfer) and are
highly penetrating, g iving them a large
potential for radiobiological damage [6] .
Up to 1 GeV energy, the flux and spec-
tra of GCR particles show modulation
that is anti -correlated with solar
activi ty.

Trapped radiation belts

Radiation bel ts are the reg ions of
h igh concentration of the energetic
electrons and protons trapped wi th in
the Earth ’s magnetosphere. There are
two d istinct bel ts of toroidal shape sur-
round ing the Earth where the h igh en-
ergy charged particles get trapped in
the Earth ’s magnetic field . The inner
rad iation bel t (IRB), located between
about 0. 1 to 2 Earth rad i i , consists of
both electrons wi th energ ies up to 1 0
MeV and protons wi th energ ies up to
~700 MeV. The outer rad iation bel t
(ORB) starts from about 4 Earth rad i i
and extends to about 9-1 0 Earth rad i i
in the anti -sun d irection . The outer bel t
mostly consists of electrons whose en-
ergy is not larger than 1 0 MeV. The
electron flux may cause problems for
components located outside a space-
craft (e.g . solar cel l degradation). They
do not have enough energy to penet-
rate a heavi ly sh ielded spacecraft such
as the International space station
(ISS) wal l , but may del iver large add i-
tional doses to astronauts during extra
veh icu lar activi ty [7-9] . The ORB dai ly
dose rate is practical ly 0 on magnetic
qu iet days and reaches maximal dose
rates up to 28,840 µGy h-1 in the d is-
turbed periods after magnetic storms
on the EXPOSE-R2 mission .

The South-Atlantic Anomaly (SAA)
is an area where the IRB comes closer
to the Earth surface due to a d isplace-
ment of the magnetic d ipole axes from
the Earth ’s center. The dai ly average
SAA doses reported by Rei tz et al . ,
(2005) [1 0] inside of the International
Space Station (ISS) vary in the range
74-21 5 µGy d-1 for the absorbed dose
rates and in the range 1 30-258 µSv d-1

for the averaged equ ivalent dai ly dose
rates.

During the analysis of the R3DE
and R3DR data i t was d iscovered that
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the US space shuttle dockings wi th
ISS decrease the IRB dose rate [64] .
The effect was described by the add i-
tional sh ield ing , provided by the 78-
tons Shuttle against the IRB 30–1 50
MeV proton fluxes.

Solar Energetic Particles (SEP)

The SEP are main ly produced by
solar flares, sudden sporadic eruptions
of the chromosphere of the Sun. H igh
fluxes of charged particles (mostly pro-
tons, some electrons and hel ium and
heavier ions) with energies up to sever-
al GeV are emitted by processes of ac-
celeration outside the Sun. I t is now
general ly understood that SEP events
arise from coronal mass ejections
(CME) from active regions of the solar
surface. The CME propagates through
interplanetary space carrying along with
i t the local surface magnetic field frozen
into the ejected mass. There is a trans-
i tion (shock) region between the normal
sectored magnetic structure of inter-
planetary space and the fields frozen
into the ejected mass, which forms a
transi tion region (shock) where the in-
terplanetary gas is accelerated forming
the SEP. As the accelerated region
passes an observation point, the flux in-
tensi ty is observed to increase dramat-
ical ly [1 1 ] . The time profi le of a typical
SEP starts off with a rapid exponential
increase in flux, reaching a peak in
minutes to hours. The energy emitted
l ies between 1 5 and 500 MeV nucleon-
1 and the intensi ty can reach 1 04 cm-2

s-1 sr-1 . Electrons with energies of ~0.5
to 1 MeV arrive at the Earth, usual ly
travel ing along interplanetary field l ines,
with in tens of minutes to tens of hours.
Protons with energies of 20 to 80 MeV
arrive with in a few to ~1 0 hours, al-
though some high energy protons can
arrive in as early as 20 minutes. SEP
are relatively rare and occur most often

during the solar maximum phase of the
1 1 -year solar cycle. In the years of
maximum solar activi ty up to 1 0 flares
can occur, during the years of min imum
solar activi ty only one event can be ob-
served on average [1 2] .

We succeeded to measure the
characteristics of SEPs in September-
October 1 989 inside the Russian space
station “MIR” with the first Liu l in type
instrument [54, 86, 87] and with the Li-
u l in-5 dosimetric telescope (DT) inside
the ISS in March 201 2 [63a, 88, 89] .

With the R3DR2 instrument we
performed one of the first SEP meas-
urements outside of the ISS [90] . The
highest SEP hourly dose rate measured
during the EXPOSE-R2 mission was
5251 µGy h-1 on 22 June 201 5.

Atmospheric Ionizing Radiation

The natural rad iation level at
cru ising aircraft al ti tudes is much higher
than i t is at ground level . The radiation
field arises as a resul t of the interaction
of primary GCR particles with the
Earth ’s atmosphere. An additional flux
of albedo secondary GCR is observed
at al ti tudes below 3 km, which contrib-
utes to the forming of the flux min imum
around 1 .6 km alti tude [1 3] . The intens-
i ty of the atmospheric radiations, com-
posed of GCR primary and secondary
particles and their energy distribution
vary with al ti tude, location in the geo-
magnetic field , and the time in the sun’s
magnetic activi ty (solar) cycle [1 1 ] . The
atmosphere provides shield ing, which
depends on the overhead atmospheric
depth. The geomagnetic field provides
a different kind of shield ing, by deflect-
ing low-momentum charged particles
back to space. Because of the orienta-
tion of the geomagnetic field , which is
predominately d ipolar in nature, the Po-
lar Regions are susceptible to penetrat-
ing GCR (and SEP) particles. At each
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geographic location, the min imum mo-
mentum per uni t charge (magnetic ri-
g id i ty) a vertical ly incident particle can
have and sti l l reach a given 3 location
above the Earth is cal led the geomag-
netic vertical cutoff rig id i ty [1 4] . The loc-
al flux of incident GCR at a given time
varies widely with geomagnetic location
and the solar modulation level . When
the solar activi ty is h igh, the GCR flux
is low, and vice versa.

Natural radioactivity

The larger fractions of the Earth ’s
surface where people l ive and work has
as natural soi l cover resul ting from
weathering processes. The lower atmo-
spheric radiation and the associated
external exposure are main ly from
gamma rays emitted from the top 25 cm
of the surface layer of the Earth and the
construction materials of the bui ld ings
[1 5] . At ground level the space radiation
(orig inating from outside the Earth ’s at-
mosphere, includ ing solar radiation)
generate about 1 1 % of the effective
dose which the average US population,
is exposed to, whi le the terrestrial one
(radiation emitted by radionucl ides in
soi l and rocks) is 7 %. The major
amount of the effective dose is pro-
duced by inhaled Radon and ingested
Potassium, Thorium and Uranium [1 6] .

INSTRUMENTATION

Al l Liu l in type dosimetric instru-
ments use one or more si l icon detect-
ors and measure the deposited energy
and number of particles into the detect-
or/s when charged particles hi t the de-
tector, that al low to calcu late the dose
rate and particle flux.

The first used in space Bulgarian
bui ld dosimetry instrument named LI-
ULIN (see Table 1 , Part 1 , I tem No 1 )
was developed for the scienti fic pro-

gram of the second Bulgarian astronaut
[1 7] .

The measurements in the LIULIN
instrument were based on a single si l ic-
on detector fol lowed by a charge-sens-
i tive and shaping ampl i fier (CSA). The
number of the pulses at the output of
CSA above a given threshold was pro-
portional to the particle flux hi tting the
detector; the ampl i tude of the pulses at
the output of CSA was proportional to
the particles deposited energy and fur-
ther to the deposited dose. The same
measurement procedure was used for
the RADIUS-MD instrument (see Table
1 , Part 1 , I tem No 2). The instrument
was developed and qual i fied for space
together with French and Russian col-
leagues for the unsuccessfu l Mars-96
mission [1 8] . LIULIN and RADIUS-MD
instruments were designed to provide
data just for the dose rate and particle
flux in a single detector, but not data for
the deposited energy spectrum. Later
th is design was no more used, that is
why in th is paper we wi l l not describe
comprehensively i t but wi l l summarize
the major resul ts obtained during the
operation of the LIULIN instrument on
MIR space station between Apri l 1 988
and September 1 994.

Many other instruments was de-
veloped and used in space, on ground,
aircraft and bal loons since then. The
paper aims to review the major mi le-
stones of their development, cal ibra-
tions and scienti fic resul ts.

Table 1 , Part 1 and Part 2 col lect
information for al l developed and bui ld
in Bulgaria instruments that have been
used in near Earth radiation environ-
ment, around the Moon, in the inter-
planetary space and in Mars orbi t.

Total ly 1 7 different space instru-
ments were developed, bu i ld and qual i-
fied for space between 1 988 and 201 6.
3 of them were lost because of prob-
lems with the rockets of the Mars-96,
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Foton-M1 and Phobos-Grunt missions.
R3D-B1 instrument for Foton-M1 mis-
sion is not shown in the table because
it was very simi lar to the R3D-B2/B3 in-
struments for Foton-M2/M3 missions.

The first column of the Table 1
gives information about the name of the
satel l i te, begin and end time and num-
ber of avai lable measurements. The
second column l ists the name of the ex-
periment, Principal investigator (PI ) and
Co-PIs. Also major references describ-
ing the instrument and obtained data
are l isted. The third column gives the
name of the instrument, technical spe-
cifications, location, shield ing and res-
olution of the instrument. The last 2
columns present images of the instru-
ments and their locations (carriers).

There are 2 major measurement
systems developed by the team ti l l th is

moment. The first one is based on one
detector and is known as Liu l in type
Deposited Energy Spectrometer (DES)
[1 9, 20] , whi le the second one is dosi-
metric telescope (DT) by 2/3 detectors
[21 , 22]).

DES instrumentation

DES description

The main purpose of the Liu l in
type Deposited Energy Spectrometer
(DES) is to measure the spectrum (in
256 channels) of the deposited energy
in a si l icon detector from primary and
secondary particles at the aircraft and
bal loons al ti tudes, at low earth orbi ts,
outside of the Earth magnetosphere on
the route, around and on the surface of
the planets of the solar system.

Fig. 1 . Generalized block diagram of Liul in-type DES instruments.
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Historical ly the fi rst development
of DES was for the Liu l in -3M instru-
ment [1 9] for use on aircraft and bal-
loons [23] and for BION-1 1 /1 2
missions. Later the redevelopment of
the Liu l in -3M instrument was named
Liu l in -4 or Liu l in -6, wh ich are syn-
onyms of DES.

Fig . 1 presents a general ized
block d iagram of Liu l in type DESs [24] .
DES usual ly contains: one semicon-
ductor detector, one charge-sensi tive
preampl i fier, a fast 256 channel ana-
log-to-d ig i tal converter (ADC), d iscrim-
inator, real time clock, 2 or more
microcontrol lers and a flash memory.
Di fferent mod i fications of DESs use
add i tional modu les such as: UV sensi t-
ive photo d iodes, temperature sensor,
Global Posi tion ing System (GPS) mod-
u le wi th antenna and receiver, LED or
LCD display, mu l timed ia card (MMC)
or SD card .

Pu lse analysis techn ique is used
to obtain the deposi ted energy from
each photon/particle crossing partial ly
or fu l ly the si l icon detector. The depos-
i ted energ ies organ ised in 256 chan-
nels form the deposi ted energy
spectrum for each measurement cycle.
I t is further used for the calcu lation of
the absorbed dose and flux in the si l ic-
on detector from primary and second-
ary particles. The analysis of the
shape of the spectrum and the dose to
flux ratio, known also as speci fic dose
(SD), permi ts the characterization of
the predominant rad iation source in
the DES environment [25] .

The un i t is managed by the micro-
control lers through special ly de-
veloped fi rmware. The ADC and the
slave microcontrol ler measure organ-
ize and keep in RAM memory the 256
channels deposi ted energy spectrum.
The master microcontrol ler (seen in
the right part of Figure 1 . ) manages
the whole work of the spectrometer

and data outputs. The developed
modi fications permi ts: store of the
spectrum data on flash memory or on
SD/MMC card ; transmission of the
spectra data toward paral lel , serial or
USB port; transmission of spectra data
toward internet modu le and further to
LAN network; dose and flux data visu-
al ization on alpha numeric or graph ic
d isplay.

For the two R3D-B2/B3 instru-
ments on Foton satel l i tes and for the
R3DE/R instrument on ISS (see Table
1 , Part 1 , I tem No 4/7 and Part 2 I tem
No 9/1 1 ), 4 photod iode wi th fi l ters in
d i fferent wavelengths and 1 temperat-
ure input channels were also de-
veloped and used .

Another type of input is the GPS
tract, wh ich consists of GPS antenna,
receiver and microcontrol ler un i t
(MCU). Th is is used by aircraft instru-
ments for posi tion ing of the measure-
ments versus the geograph ic
long i tude, lati tude, al ti tude above the
sea level and Universal Time (UT).

Di fferent power suppl ies were
used in the d i fferent instruments. They
are presented on the upper part of Fig-
ure 1 and include 3.6 V or 7.2 V re-
chargeable or primary batteries, 28 V
or 43 V DC aircraft and satel l i te power
and 1 1 0 V, 400 Hz AC aircraft power
l ine.

The main measured parameter in
the DESs is the ampl i tude of the pu lse
after the CSA, generated by a particle
or a photon crossing partial ly or fu l ly
the detector [20] . The ampl i tude of the
pu lse is proportional by a factor of 240
mV MeV-1 to the energy deposi ted in
the detector and to the dose, respect-
ively. By 8 bi t ADC these ampl i tudes
are d ig i tized and organ ized in a 256-
channel deposi ted energy spectrum.

By defin i tion the dose in the si l ic-
on detector DSi [Gy] is one Jou le de-
posi ted in 1 kg of matter. The DES
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absorbed dose is calcu lated by d ivid-
ing the summarized energy deposi tion
in the spectrum in Jou les to the mass
of the detector in ki lograms:

(1 )

K i s a coefficient. MD i s the mass
of the detector, and ELi is the energy
loss in Jou les in the channel i. The en-
ergy in MeV is proportional to the amp-
l i tude A of the pu lse:

ELi[MeV]=A[V]/0.24[V/MeV],

where 0.24[V/MeV] i s a
coefficient dependent on the
preampl i fier used and i ts sensi tiv-
i ty.

Al l 255 deposi ted dose val-
ues, depend ing on the deposi ted
energy for one exposure time,
form the deposi ted energy spec-
trum. The energy channel number
256 accumulates al l pu lses wi th
ampl i tudes h igher than the upper
energy of 20.83 MeV measured
by the spectrometer. The meth-
ods for characterization of the
type of incoming space rad iation
are described in [25, 26] .

DES calibrations

Fig . 2 presents deposi ted
energy spectra from different cal-
ibrations of DES, which are com-
pared wi th proton , electron and
GCR spectra obtained at ai rcraft
al ti tudes and on spacecraft. The
ind ividual spectra seen in the fig-
ure are obtained after averag ing
of various numbers of primary
spectra and are plotted in co-
ord inates Deposi ted energy per
channel /Deposi ted per channel
dose rate. Th is al lows better un-
derstand ing of the process of

formation of the spectra in the d i f-
ferent deposi ted energy ranges. Ac-
cord ing to formula (1 ) the absorbed
dose in Si is the area between the
curve of the deposi ted energy spec-
trum and the abscissa. That is why
from bottom to top the spectra posi tion
against the ord inate axes depends on
the value of the deposi ted dose rates
in Si seen in the legend at the top of
the figure.

Fig. 2. Different spectrum shapes obtained by DES
instruments during calibrations and on aircraft and

spacecraft.
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Lowest d iamonds l ine spectrum in
Fig . 2 (D=0.5 µGy h-1 ) was obtained by
Prof. Frantisek Spurny during the cal-
ibrations of the Liu l in -4C MDU#2 (see
Table 2, I tem No 1 ) wi th 60Co refer-
ence rad iation source in Nuclear Phys-
ics I nsti tu te of Czech Academy of
Sciences [27] . Th is spectrum is the
shortest because 60Co photons de-
l ivered relatively smal l energy depos-
i tions. The absolu te values of the dose
rates obtained from the spectra are in
very good agreement wi th the dose
rates calcu lated by means of EGS 4
transport code (http://rcwww.kek. jp/re-
search/egs/). The values of the meas-
ured doses were found to be wi th 2.8%
difference than the reference value for
1 37Cs source and wi th 8% difference
for 60Co source [27] . The cal ibrations
revealed that except for charged ener-
getic particles, the DES has h igh ef-
fectivi ty towards gamma rays, which
al lowed moni toring the natural back-
ground rad iation .

Next above – crosses l ine spec-
trum in Fig . 2 is again by reference ra-
d iation source of AmBe emitting
neutrons wi th average energy of 4.4
MeV. Th is spectrum continues up to
about 4 MeV deposi ted energy wi th
very wel l seen change of the curve
slope around 1 .2 MeV deposi ted en-
ergy. The neutrons sensi tivi ty of the
DES was further stud ied in CERN-EU
high-energy reference field (CERF) fa-
ci l i ty [28] on aircraft and in near Earth
rad iation environment. The spectrum
with heavy dots in Fig . 2 is obtained in
the CERF faci l i ty field , wh ich gener-
ates a spectrum contain ing events in
al l channels of DES includ ing the 256th

channel devoted for energy depos-
i tions above the upper level of the
spectrometer of 20.83 MeV. The
events seen below 1 MeV in AmBe
and CERF was supposed to represent
the contribution of low LET rad iation

(electrons, muons, etc), wh i le the
events above 1 MeV that of h igh LET
component (neutrons). Th is idea was
further developed and al lows from the
deposi ted energy spectrum in the Si l-
icon detector to be calcu lated the am-
bient dose equ ivalent H*(10) at ai rcraft
al ti tudes [29, 30] .

The CERF energy deposi tion
spectrum is very simi lar to the aver-
aged aircraft spectrum shown with as-
terisks l ine in Fig . 2. Th is spectrum is
obtained by averag ing Czech airl ines
aircraft data during mean solar activi ty
at al ti tudes close to 1 0.6 km on routes
between Prague and North America
towns New York and Montreal [31 ] .
The International Space Station (ISS)
R3DE instrument (see Table 2, I tem
No 5) mean GCR deposi ted energy
spectrum shown with heavy dashed
l ine d id have shape even closer to the
CERF spectrum. The spectrum was
obtained by R3DE instrument outside
ISS by averag ing of al l measurements
wi th 1 0 sec resolu tion for 241 8 hours
in the period 20 February – 31 Decem-
ber 2008 [32] .

CERF, ISS and aircraft spectra in
Fig . 2 show simi lar knee around 6.5-7
MeV deposi ted energy. To explain th is
knee on Fig . 2 is added the heavy tri-
ang le l ine spectrum (36800 µGy h-1 ),
that was obtained during cal ibrations
of DES (non-sh ielded detector) wi th
7.8 MeV protons beam at the Cyclo-
tron faci l i ties of the Universi ty of Louv-
ain , Belg ium [20] . The knee seen at
about 6.3 MeV corresponds to the
place where the incident energy of the
normal ly fal l ing to the 0.3 mm th ick de-
tector protons is equal to the depos-
i ted energy. Al l normal ly fal l ing
protons, which have smal ler energ ies
than 6.3 MeV are stopped inside of the
detector. The exact value of the CSDA
(continuous-slowing-down approxima-
tion) range in g/cm2 for 0.3 mm si l icon
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i s 6.04 MeV [33] .
The l ight dashed l ine spectrum in

Fig . 2 wi th 27500 µGy h-1 absorbed
dose rate is obtained by RADOM in-
strument (see Table 1 , Part 2, I tem No
1 0) on Chandrayaan-1 satel l i te after
averag ing of 60 primary 1 0 seconds
resolu tion spectra [34] . Th is spectrum
shows very simi lar shape to the cyclo-
tron faci l i ties spectrum shape (see the
36800 µGy h-1 fu l l triang le spectrum)
and the knee is at the same posi tion .
Th is is so because the energy of the
inner bel t protons fal l ing on the detect-
or is calcu lated to be 7-8 MeV e.g .
equal to the energy of the cyclotron fa-
ci l i ties mono energetic protons fal l ing
on the non-sh ielded detector. Main d i f-
ferences of both spectra are seen in
the deposi ted energy range 0.244 –
2.8 MeV where except protons in
space is observed large amount of low
LET deposi ting particles and electrons.
Smal ler slope of the space spectrum
after the knee can be explained wi th
add i tional amount of ions heavier than
protons in space.

The open triang le spectrum is the
h ighest one in Fig . 2. I t is obtained on
Chandrayaan-1 satel l i te at al ti tudes of
the ORB (22000 km). Th is spectrum
with predominant electron popu lation
is the resu l t of averag ing of 1 20 spec-
tra wi th 1 0 seconds resolu tion . On ly
the part, in the deposi ted energ ies up
to 4.0 MeV is shown. Further the spec-
trum continue wi th form and shape
simi lar to the ISS GCR spectrum
(shown with th ick l ine wi thout symbols
in Fig . 2) but here because of the very
h igh count rate of the spectrometer
and respectively large dead time the
incoming CGR particles are not wel l
detected and presented .

The exact posi tion of the knee de-
pends from the th ickness of the detect-
or’s sh ield ing and from the exact
detector th ickness, which are d i fferent

for the d i fferent instruments. As larger
these values are as larger is the value
of the knee in the spectrum. That is
why on Figure 2 the knee is observed
above the calcu lated value of 6.04
MeV in the range 6.0-7.0 MeV. The av-
erage value of 6.2 MeV deposi ted en-
ergy is responsible for the channel
number 78, which means that al l other
channels up to 256 of the spectromet-
er are popu lated by long path length
low LET particles (protons) or by neut-
rons and heavier ions.

More comprehensive the DES
cal ibrations wi th protons in the Louv-
ain la-Neuve cyclotron faci l i ty are
presented in [20] . Uch ihori et al . in
2002 [35] performed cal ibrations wi th
protons and heavy ions at Heavy Ion
Accelerator at the National I nsti tu te of
Rad iolog ical Sciences (N IRS) in
Chiba, Japan (H IMAC) faci l i ty in Ja-
pan. I n both cases of proton cal ibra-
tions good agreement was found
between the measured and the spectra
pred icted by the GEANT code. N ice
coincidence between the pred icted
and obtained by Liu l in -4J (MDU-3) re-
sponse function was reported by Uchi-
hori et al . [36] (Please see Figure 2
there). The response function was ac-
cumulated by points obtained in H+,
He+, C+(400 MeV) and Ca+(400 MeV)
beams.

The DES effectiveness for neut-
rons depends on their energy, being
min imal for neutrons wi th energy 0.5
MeV and has a maximum of a few per-
cent for neutrons wi th energy of 50
MeV in the CERN field [29] . Accord ing
to the “neutron induced nuclear
counter effect” in troduced for the
Hamamatsu PIN d iodes of type S2744-
08 (same are used in al l DESs) [37]
neutrons cou ld be observed in al l
channels of the spectrum with a prob-
abi l i ty at least one order of magn i tude
h igher in fi rst 1 4 channels.
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DES data intercomparison with
other instruments data

Post-fl ight cal ibrations wi th Liu l in -
E094 MDUs (see Table 1 , Part 1 , I tem
No 3) were performed in H IMAC heavy
ion accelerator during the 1 st IC-
CHIBAN (Inter Comparison for Cos-
mic-ray wi th Heavy Ion Beams At

N IRS) Project run in Chiba Japan in
February 2002 wi th 400 MeV/u Carbon
ions. The deposi ted energy spectra
obtained wi th al l 4 MDUs show a sharp
maximum close to 6. 1 MeV, which is in
good agreement wi th theoretical pre-
d iction and wi th measurements of the
same source wi th the DOSTEL-1 in-
strument [38] .

Fig. 3. Comparison of the deposited energy spectra obtained by Liul in-4J instrument with
another 3 Si telescopes and ISS-TEPC obtained during the ICCHIBAN-1 test run with 400

MeV/u Carbon ions.

Fig . 3 presen ts compari son of
the deposi ted energy spectra ob-
ta i ned by Liu l i n -4J i nstrumen t (see
Table 2 , I tem No 2) wi th another 3 Si
te l escopes (RRMD-I I I , DOSTEL, IV-
CPDOS) and ISS-TEPC obtained
duri ng the ICCH IBAN-1 run wi th 400
MeV/u Carbon ions [39] . I t i s seen
that the si l i con detectors show good
agreement of LET spectrum. The
ISS-TEPC spectrum is wider bu t i t
comes from i ts structu re (chord
leng th ) .

For the purpose of i n -space

in tercompari son between Liu l i n
data wi th data from another i nstru-
men t was prepared Fig . 4 , wh ich
con ta i ns data from ti ssue equ iva l-
en t proporti onal coun ter (TEPC) and
2 Liu l i n DES instrumen ts – R3DE/R
(see Table 1 , Part 2 , I tem No 9 and
1 1 ) . The TEPC data are plotted in
F ig . 4 using the opportun i ty
provided by Zapp (201 3) [40] and
by the ‘Coord inated Data Analys i s
Web’ at the Goddard Space Fl i gh t
Cen ter (http://cdaweb. gsfc.
nasa. gov/) .
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The dose rate data presented in
Fig . 4 is plotted versus the UT and
show three passes across the SAA re-
g ion , which is denoted wi th labels
SAA1 -SAA3, seven passes across the
h igh lati tude GCR regions in both
hemispheres and six passes across
the magnetic equator. The analysis of
the dose rate dynamics in Fig . 4 shows
the fol lowing : 1 ) The R3DR SAA dose
rates are the largest and reach 2304
µGy h-1 during the SAA1 maximum be-
cause R3DR is the l ightest sh ielded in-
strument [41 ] . The more sh ielded by
surround ing masses R3DE dose rates
are about hal f that (1 222 µGy h-1 ),
whereas the TEPC dose rates (heav-
iest sh ielded inside ISS) are the smal-
lest (645 µGy h-1 ). 2) The TEPC GCR
dose rates are h igher than the most of
the dose rates measured wi th the
R3DE/R instruments. Th is is because
secondary particles bu i ld up add i tional
doses in i t. I n the reg ions of the mag-
netic equator the smal lest dose rate
values are obtained by the R3DR in-

strument. The R3DE dose rates are in
the midd le, whereas the TEPC dose
rates are the h ighest. The doses accu-
mulated by the three instruments
for 4 h and 56 m are 261 µGy
(R3DR), 1 32 µGy (R3DE) and 1 00 µGy
(TEPC).

DES intercomparison of dose rate
measurements on aircraft was per-
formed in a lot of cases. Below in the
text we wi l l report some of the more
sign i ficant.

The exposure of ai rcraft crew to
cosmic rad iation has received a great
deal of attention after the recommend-
ation by the International Commission
on Rad iolog ical Protection (ICRP) in
1 990, that exposure to cosmic rad i-
ation in the operation of jet ai rcraft
shou ld be recogn ized as occupational
exposure, in i tiated a number of new
dose measurements onboard aircraft
[42] . I n the ci ted above report there is
a large amount of DES dose rate
measurements performed by Prof.
Frantisek Spurny and compared wi th

Fig. 4. Comparison of the dose rates measured simultaneously by the R3DE/R instruments and
NASA TEPC for a period on 1 3 June 2009 between 4:53 and 9:46 UT.
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other instruments and computer
codes, which confi rm the abi l i ty of
DES to characterize the rad iation field
at ai rcraft al ti tudes.

The response of a LIULIN-4 spec-
trometer was compared by Green et
al . [43] to that of the HAWK TEPC ht-
tp://www. npl. co. uk/science-+-techno-
logy/ionising-radiation/neutron-metrolo
gy/hawk-tepc on 42 aircraft fl ights in
2003–2004 covering the fu l l range of
cutoff rig id i ty values. On al l fl ights, the
absorbed dose measured by both in-
struments agreed to wi th in 5%. These
data provide an in-fl ight val idation of
the cal ibration factor determined by us
in ground-based stud ies.

Getley et al . [44, 44a] performed
intercomparison measurements by d i f-
ferent detectors includ ing TEPC and
Liu l in -4SA (see Table 3, I tem No 5) on
board Boeing 747-400 Qantas Airways
fl ights from August 2008 to March
2009. The fl ight routes involved cross-
equatorial fl ights between Sydney,
Melbourne, and Los Angeles. A north-
ern lati tude fl ight traveled between
Sydney, Hong Kong, London, and
Singapore, and numerous h igh south-
ern lati tude fl ights were flown between
Sydney and Johannesburg and
Sydney and Buenos Aires. I n the sum-
mary of the paper they wrote: “Com-
prehensive testing of both the Liu l in
and QinetiQ QDOS/Rayhound over a 6
month period , at both h igh northern
and southern lati tudes as wel l as in
crossequatorial fl ights, suggests that
both of these spectrometers have the
abi l i ty to provide rel iable dose assess-
ments for ai rcrew moni toring . ”

Meier et al . , 201 6, [93] wrote:
“The assessment of the correspond ing
rad iation exposure of ai rcrew and pas-
sengers has been a chal leng ing task
as wel l as a legal obl igation in the
European Union for many years. The
response of several rad iation measur-

ing instruments operated by d i fferent
European research groups during join t
measuring fl ights was investigated in
the framework of the CONCORD
(COmparisoN of COsmic Rad iation
Detectors) campaign in the rad iation
field at aviation al ti tudesg Each co-
operation partner (DLR, I nsti tu te of
Aerospace Medicine, Germany; I nsti tu t
de Rad ioprotection et de Sûreté Nuc-
léai re, France and Nuclear Physics I n-
sti tu te, Czech Republ ic) operated
several Liu l in semiconductor devices
during the CONCORD campaign . The
comparison of the resu l ts is based on
the averaged values of al l devices of
the respective insti tu tiong The meas-
ured absorbed dose rates in si l icon
show a deviation from the mean value
Liu l in of less than 1 0% on average. ”

The boxes and add i tional con-
structive materials of the most of the
DES instruments described in th is pa-
per provide between 0.41 and 0.6 g
cm-2 sh ield ing . For the lover boundary
of 0.41 g cm-2 sh ield ing the calcu lated
stopping energy of normal ly incident
particles to the detector is 0.78 MeV
for electrons and 1 5.8 MeV for protons
[33] . For 0.6 g cm-2 sh ield ing these
values are 1 . 1 8 MeV for electrons and
27.5 MeV for protons. Th is means that
on ly protons and electrons wi th ener-
g ies h igher than the above mentioned
values can reach the detector of the
instrument.

Dosimetric telescope (DT)
instrumentation

DT description

First appl ication of the Liu l in DT
method was for the Liu l in -5 instrument
on ISS. Liu l in -5 (see Table 1 , Part1 ,
I tem No 6) is an active experiment in
the spherical phantom [45] . The aim of
Liu l in -5 experiment is long-term invest-
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i gation of the depth-dose d istribution
and continuous moni toring of the
particle fluxes, dose rates, energy
deposi tion and LET spectra in a ra-
d ial channel of the Russian spherical tis-
sue– equ ivalent phantom
MATROSHKA-R [46, 47] , using a tele-
scope of three si l icon detectors. Liu l in -
5 is sensi tive to photons, electrons,
protons and heavy ions. Liu l in -5
charged particle telescope was
launched to ISS by Progress-60 cargo
craft in May 2007.

The investigation of the rad iation
environment in the phantom on ISS by
Liu l in–5 experiment envisages: i )
measurement of the depth d istributions
of the energy deposi tion spectra, flux
and dose rate, and absorbed dose D;
i i ) measurement of the LET spectrum
in si l icon , and then calcu lation of LET
spectrum in water and Q, accord ing to
the Q(L) relationsh ip g iven in ICRP –
60, where L stays for LET. Q(L) is re-
lated functional ly to the unrestricted
LET of a g iven rad iation , and is mul ti-
pl ied by the absorbed dose to derive
the dose equ ivalent H . H , D and Q are
related by:

H = QavD (2),

where D is the absorbed (in teg-
rated over al l particles) dose, and Qav
is the dose averaged qual i ty factor,
g iven by:

Qav = ∫Q(L)D(L)dL /D (3)

Liu l in -5 consists of two un i ts: a
detector modu le and an electron ics
modu le (see Table 1 , Part1 , I tem No
6). The detector modu le is mounted in
the rad ial channel of the phantom,
whi le the electron ics is outside the
phantom. More detai led description of
Liu l in -5 method and instrument can be
found in [45, 48] . The detector modu le
contains 3 si l icon detectors (D1 -D3)
arranged as a particle telescope.

Fig . 5 is a schematic d iagram of
Liu l in -5 and the spherical phantom.
The sensi tive th ickness of the detect-
ors D1 and D3 is 370 µm, of D2 i t is
360 µm and the detectors’ d iameter is
1 7.2 mm. The D1 detector is placed at
40 mm depth in the phantom, D2 is at
60 mm and D3 is at 1 65 mm distance
from i ts surface.

Fig. 5. Schematic diagram of Liul in-5 experiment in the spherical phantom.
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From each detector the energy
deposi tion spectrum for a cycle of
measurement is recorded in two 256
channels’ sub-ranges. Then the overal l
energy deposi tion spectrum is con-
structed in 51 2 channels. The amount
of energy ∆E deposi ted in the detector
is proportional to the value
k1 Σ(iN i)+k2Σ(jN j), and the incident
particle flux is proportional to ΣN i .+ΣN j .
Here i and j are the spectral channel
numbers in the two sub-ranges (LLET
and HLET), N i and N j are the amount
of particles reg istered in channels i
and j of the correspond ing sub-ranges,
k1 and k2 are coefficients. The values
Σ(iN i), Σ(jN j), ΣN i, ΣN j are recorded for
g iven time intervals and are used for
calcu lation of the doses and particle
fluxes rates.

The absorbed dose in the detect-
or is calcu lated as

D = ∆E/m, (4),

where m is the detector’s mass.
The geometry factor for convert-

ing the measured in a sing le detector
amount of particles in to d i fferential flux
is 1 4.6 cm2 sr, assuming the incident
flux is isotropic.

Detectors D1 and D2 operate in
coincidence mode. The d istance
between D1 and D2 is 20 mm. The
viewing ang le of D1 -D2 assembly is
81 .40. When a particle enters the tele-
scope wi th in the 81 .4-degree sensi tiv-
i ty cone, wi th energy enough to make
i t through both the D1 and D2 detect-
ors, i t is considered a coincident
event. The energy deposi tion spectrum
measured in the D1 detector in coin-
cidence mode with the D2 is recorded
and used to obtain LET spectrum.
Since the incidence ang le of the
particles is not measured , the energy
deposi tion is converted into mean LET
in si l icon as:

LET(Si i) = ∆Ei/hD1 (5),

where ∆Ei is the deposi ted energy
in channel i , LET (Si i) is the LET in si l-
icon in channel i (here i =1 -51 2), and
hD1 is the D1 th ickness. Calcu lations
show that the dependence of the tele-
scope’s effective area on particle in-
cident ang le is practical ly l inear and
decreases from 2.324 см2 at 0o between
the telescope axis and flux to 0 см2 at
40.7o. The average increasing of particle
range in the detector in case of non-
paral lel to the axis incidence is 7%.

The LET spectra in si l icon ob-
tained are used for calcu lation of the
d i fferential and integral LET spectra in
water, the absorbed dose rates and
the qual i ty factors. The geometry
factor for converting the measured by
the D1 -D2 telescope amount of
particles in to d i fferential isotropical ly
incident flux is 2.01 cm2.sr. The energy
deposi tion in water (tissue) relative to
that in si l icon is taken to be 1 .24, inde-
pendent of particle energy. LET for wa-
ter LET (H2O) is then found by the
fol lowing relation :

LET (H2O) = 1 .24xLET (Si ) /2.34 (6),

Taking into account that the rela-
tion between LET (H2O) and LET (Si )
changes wi th proton energy Ep from
1 .27 for Ep =30 MeV to 1 .21 for Ep =
1 000 MeV, and that for a typical en-
ergy Ep = 1 00 MeV the conversion
coefficient is 1 .24, the maximum differ-
ence of LET (H2O) obtained by using
real conversion function and the simple
conversion factor is less than 3%.

To obtain the LET spectrum dose
of isotropical ly incident particles, the
dose calcu lated from the D1 -D2 coin-
cidences spectrum is mul tipl ied by 1 3.5.

The instrument provides time re-
solved : Absorbed dose rate in each
detector; Flux rate in the range 0 -
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4x1 02 (cm2 s-1 ), measured in each of
the detectors; Energy deposi tion spec-
tra in D1 detector in the range 0.45-63
MeV in 51 2 spectral channels; Energy
deposi tion spectra in D2 detector in the
range 0.45-60 MeV in 51 2 spectral
channels; Energy deposi tion spectra in
D3 detector in the range 0.2-1 0 MeV in
51 2 spectral channels; LET(H2O) spec-
tra in the range 0.65-90 keV µm-1 in 51 2
spectral channels. The events exceed-
ing the upper energy deposi tion or LET

l imi t of each detector are recorded in
the correspond ing 51 2-th channel .

Second appl ication of the DT
method was for the Liu l in -Phobos in-
strument (see Table 1 , Part2, I tem No
1 2) developed for the Phobos-Grunt
mission [22] . The main goal of the Li-
u l in -Phobos experiment was the in-
vestigation of the rad iation environment
and doses in the hel iosphere at d is-
tances of 1 to 1 .5 AU from the Sun and
in the near-Mars space.

Fig. 6. Block-schema of Liul in-Phobos charged particle telescope.

Liu l in -Phobos instrument con-
sisted of two dosimetric telescopes -
D1 &D2, and D3&D4 arranged at two
perpend icu lar d i rections. The block-
schema of the instrument is shown in
Fig . 6. Every pair of telescopes con-
sists of two 0.3 mm th ick Si PIN
photod iodes, operating in coincidence
mode to obtain LET. One of the detect-
ors in every telescope measures the

energy deposi tion spectrum in the
range 0. 1 -1 0 MeV, and the other in the
range 0.45-90 MeV. I n that way every
dosimetric telescope provides data in
the energy deposi tion range 0. 1 - 90
MeV. The instrument was designed to
measure absorbed dose rate and
particle flux every 60s, energy depos-
i tion spectra and LET spectrum
every 60 min .
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The parameters featured by Liul in-
Phobos DT were: Absorbed dose rate in
the range 4x1 0-8-0.1 Gy h-1 , and ab-
sorbed dose D, measured by every
single detector; Particle flux in the range
0-1 04 cm-2 s-1 , measured by every single
detector; Energy deposition spectra in
the range 0.1 -90 MeV, measured by
every dosimetric telescope; LET spec-
trum (in H2O) in range 0.75–1 55 keV/µm,
measured by every DT; Quality factor Q =
f(LET) and average quality Qav; Dose
equivalents H = Qav D, measured by two
DT.

A similar to the Liul in-Phobos DT in-
strument, cal led Liul in-MO has been de-
veloped for the first mission of the joint
ESA-Roscosmos ExoMars program,
which was launched to Mars in March
201 6 [49]. Liul in-MO is a part of the Rus-
sian Fine Resolution Epithermal Neutron
Detector (FREND) onboard the Trace
Gas Orbiter (TGO) satel l ite of ExoMars
201 6 mission.

The primary science objectives of
the Liul in-MO investigation are:

- To measure dose and determine
dose equivalent rates for human ex-
plorers during the interplanetary cruise
and in Mars orbit.

- Measurement of the fluxes of
GCRs, SEPs, secondary charged
particles and gamma rays during the
cruise and in Mars orbit.

- Together with other detectors of
FREND instrument to provide data for
verification and benchmarking of the radi-
ation environment models and assess-
ment of the radiation risk to the
crewmembers of future exploratory
fl ights. The parameters, provided by Li-
ul in-MO simultaneously for two perpen-
dicular directions have the fol lowing
ranges: absorbed dose rate in the range
1 0-7 Gy h-1 ÷ 0.1 Gy h-1 ; particle flux in
the range 0 ÷ 1 04 cm-2 s-1 ; energy depos-
ition spectrum and coincidence energy
deposition spectrum in the range 0.08 ÷

1 90 MeV. The dose rates and the fluxes
are resolved every minute, while the en-
ergy deposition spectra and the LET
spectra are resolved every hour.

Liul in-ML dosimeter is a part of the
Russian active detector of neutrons and
gamma raysADRON-EM.DTcalibrations

Liul in-5 was exposed to 400 MeV/n
1 6O and 300 MeV/n 56Fe beams during
the ICCHIBAN-7 experiments [50] at the
HIMAC in September 2005.

Fig. 7. Deposition energy distributions of
1 6O beam in the sil icon detectors D1 –D3

of Liul in-5.



N a t i o n a l S c i e n t i fi c P rog rammes wi th E u ropean D im en s i o n s

21

Fig . 7 shows the deposi ted en-
ergy d istribution in the si l icon detect-
ors of Liu l in -5 obtained during the
exposures to 400 MeV/n 1 6O [45] . At
fi rst the detector modu le of Liu l in -5
was exposed perpend icu lar to the
beam with beam center at the center
of the detectors (00 incl inations). After
that detector modu le of Liu l in -5 was in-
cl ined at ang les of 300 and 600 relative
to the beam l ine and rotation was
made around the center of D1 detect-
or. On each plot two d istributions are
seen – the left represents measured
spectra in LLET range and the right
represents measured spectra in HLET
range of the detectors. We assume
that HLET peaks correspond to the
d istribution of the main 1 6O beam, and
the LLET peaks correspond to
scattered background beams. Most of
HLET events reg istered in D3 detector
exceed the upper energy loss range
l imi t of that detector and were re-
g istered in the h ighest spectral chan-
nel as events of 1 0 MeV.

For the 300 exposure D3 detector
was outside the main beam, and for the

600 exposure both D2 and D3 detect-
ors were outside the main beam. That is
why on ly scattered background beams
in LLET ranges were reg istered in them.

As a resu l t of the cal ibrations the
Liu l in -5 measurement range of
LET(H2O) was estimated to be 0.65
–90 keVµm-1 . Th is makes i t possible
for Liu l in -5 to measure the low-LET
components of cosmic rad iation , as
wel l as a sign i ficant part of biolog ical ly
relevant h igh-LET heavy ion compon-
ent of GCR that contribute to the rad i-
ation doses on ISS.

The Liu l in -Phobos fl ight un i t was
cal ibrated wi th proton and heavy ion
beams at the cyclotron and at the HI-
MAC accelerator at the N IRS, Japan in
January-February 2009. The cal ibra-
tions were performed in agreement
wi th the Memorandum of Understand-
ing on col laboration concern ing devel-
opment, cal ibration , space fl ight
measurements and data analysis of
the Liu l in -F instrument onboard the
Phobos-Soi l mission , which was
signed between STI I -BAS, IBMP-RAS
NIRS, Chiba, Japan.

Fig. 8. LET spectrum of 20Ne 600 MeV/u, obtained in D1 &D2 telescope at 00 incl ination of the
telescope axis to the incident beam.
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As an example of the obtained
resu l ts Fig . 8 shows the energy depos-
i tion spectrum in the D2 detector in a
coincidence mode with D1 (LET spec-
trum) of 20Ne ions wi th energy 600
MeV/n [51 ] . The d istribution was ob-
tained at 0° incl ination of the tele-
scope’s D1 -D2 axis to the ion beam.
The left part of the LET distribution
was measured in low LET range of the
detector and is main ly due to second-
ary rad iation , resu l ting from interac-
tions of primary neon beam with
surround ing materials. The main peak
represents the LET distribution of the
neon ions and was measured in h igh
LET range of th is detector. The ob-
tained LET(H2O) of 20Ne 600 MeV/n is
26.7 keV/µm –i t is in good agreement
wi th the theoretical ly calcu lated value
of 25.5 keV/µm, having in mind the
sh ield ing of the detectors. The resu l ts
of the Liu l in -Phobos cal ibrations at
N IRS confi rm the correctness of the
electron ic cal ibrations made prel imin-
ary.

Liu l in -MO has been physical ly
cal ibrated at the Research Department
of Ion izing Rad iation Metrology of the
Scienti fic Research Insti tu te of Physic-
al , Techn ical and Rad io Measurements
- Russia. Cal ibrations were conducted
by means of the 60Co source of the
State Primary Standard un i t of ab-
sorbed dose of photon and electron ra-
d iation wi th a dose rate more than 5
mGy h-1 and a set of work standard
1 37Cs sources (wi th dose rates up to 5
mGy h-1 ). These cal ibrations confi rm
the large dynamic ranges of the flux
(up to 1 04 particle cm-2 s-1 ) and the
dose rate (1 0-7 Gy h-1 ÷ 0. 1 Gy h-1 )
measurements that al low Liu l in -MO to
measure the fluxes and dose rates
both of the relatively low–intensi ty
GCR and the occasional h igh–intensi ty
powerfu l SEP events. The instrument
has also enough sensi tivi ty to measure

the natural rad iation background on
the Earth surface that was used to
control the proper operation of i ts de-
tectors during the pre-fl ight tests.

MAIN EXPERIMENTS AND RES-
ULTS IN SPACE

LIULIN experiment on MIR
space station

The Bu lgarian-Russian dosimet-
er-rad iometer LIULIN (see Table 1 ,
I tem No 1 ) was instal led in the working
compartment of the MIR space station
[1 7] . The effective mass th ickness of
screen ing matter inside the working
compartment of MIR is evaluated to be
6-1 5g cm-2. Thus the main contribution
to the count rate is g iven by protons
and electrons that, outside MIR space
station , have energy large than 1 00
MeV and 1 0 MeV respectively. I t uses
a si l icon detector wi th a th ickness of
306 microns and area of 1 .8 cm2. Sim-
u l taneous measurement of the energy
absorbed in the detector and of the
flux of particles are recorded and
transmitted to Earth . The noise level of
the detector and electron ics was 83
keV. The dose sensi tivi ty is 1
nGy/pu lse. The detector un i t (see
Table 1 , I tem No 1 ) is a min iature,
portable, sel f-ind icating devise. LI-
ULIN-Microcomputer un i t (MCU) is an
eight-bi t microprocessor un i t.

Main resu l ts obtained by the LI-
ULIN device can be l isted as fol lows:

- During the decl in ing phase of
22nd solar cycle the GCR fluxes ob-
served at L > 4 have been enhanced
from 50-70 µGy day-1 in 1 989-1 990 up
to 1 30-1 40 µGy day-1 in 1 993-1 994. I n
same time the GCR flux increased
from an average value of 0.58 cm-2 s-1

in 1 991 up to 1 .53 cm-2 s-1 in 1 991
[52] ;

- The peak value of the dose rate
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and flux of particles measured by LI-
ULIN in the SAA increase gradual ly by
a factor of 2 between 1 991 and 1 994
at the al ti tude of 41 0 km. The increase
is attributed to the decrease of the at-
mospheric densi ty during the decl in ing
phase of solar activi ty, wh ich is due to
the lower rate of heating of the upper
atmosphere when the solar UV and
EUV rad iation d imin ishes during the
min imum of solar cycle A power law re-
lationsh ip has been deduced between
local atmospheric densi ty at the al ti-
tude of MIR station and the maximum
dose rate in the center of the SAA
when the neutral densi ty decreased
from 8x1 0-1 5 g cm-3 to 6x1 0-1 6 g cm-3

the maximum dose increases from 200
to 1 200 mGy h-1 , wh i le the flux of
particles increased from 30 to 1 20 cm-2

s-1 [52] ;
- LIULIN measurements represent

the low al ti tude mani festation of rad i-
ation bel ts dynamics. Before the 23-26
March1 991 solar-geomagnetic events
LIULIN dose and flux data exh ibi ted
one maximum located at L ~1 .4 the re-
g ion of the SAA. I t is due to the
particles from the inner rad iation bel t.
After the March 23 1 991 geomagnetic
storm a “new” maximum in LIULIN flux
data was created at 1 .8<L<2.2. Th is
was an un ique phenomenon, not re-
ported previously and after http://
www. stp. isas. jaxa. jp/akebono/RDM/
rdm/rdmflux_1989_2010.gif. I t was a
relatively stable configuration ob-
served during the whole of 1 991 inde-
pendently of the geomagnetic
cond i tions. I t was identi fied in LIULIN
data ti l l the midd le of 1 993. The outer
rad iation bel t maximum was frequently
observed after geomagnetic d isturb-
ances as a dynamic structure for 1 -3
months. ORB in MIR data was usual ly
located at 2.5<L<3.2. After long qu iet
cond i tions i t d isappeared [53] ;

- Several outstand ing SEP took

place during the LIULIN observations.
SEP data are avai lable for September
29, 1 989, October 1 8, 1 989, March 23,
1 991 , June 8 and 1 5, 1 991 , and June
26, 1 992. Data analysis of them is
presented in the paper by Shurshakov
et al . [54] .

Experiments and results on ISS

The largest amount of Liu l in ex-
periments in space since 2001 was
performed on ISS. Listing them we
have to mention : Liu l in -E094 (Apri l -Au-
gust 2001 ), Liu l in -ISS (September
2005-ti l l now), Liu l in -5 (May 2007-
September 201 5), R3DE (February
2008-September 2009), R3DR (March
2009-August 201 0) and R3DR2 (Octo-
ber 201 4-January 201 6) (see Table 1 ,
Part 1 I tems No 3, 5, 6 and Part 2
I tems 9, 1 1 and 1 5).

DES data selection procedure

The data selection procedure was
establ ished for DES instruments to
d istingu ish between the three expec-
ted rad iation sources: (i ) GCR
particles, (i i ) protons wi th more than
1 5.8 MeV energy in the SAA region of
the IRB and (i i i ) relativistic electrons
wi th energ ies above 0.78 MeV in the
ORB [25] .

Fig . 9 is prepared to confi rm
these features wi th the R3DR data.
The abscissa plots the measured flux
in cm-2 s-1 , wh i le the ord inate shows
the dose rate in µGy h-1 and dose rate
to flux ratio (D/F) (or speci fic dose SD)
in nGy cm-2 particle-1 [25, 55] for the
period 1 Apri l–7 May 201 0, which is
remarkable wi th very h igh ORB fluxes
and respectively dose rates [8] . The
large amount of experimental points
(295374 points) in the d iagonal of the
figure is responsible for the dose rate
values, which , as expected , are in l in-
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ear dependence from the flux, whi le
the almost horizontal ly plotted points
present the D/F ratio.

Three branches in each graph ic
are d i fferentiated and they look as a
left hand wrist wi th two fingers. The
wrist represents a h igh ly popu lated
part in the d iagonal bunch of points:
(1 ) i t takes a large amount of the
measured points in the range 0.03–30
µGy h-1 ; (2) for a fixed flux a wide
range of doses is observed . These two

features cou ld be explained on ly by the
GCR particles, wh ich , being wi th smal l
statistical relevance and h igh LET, are
able to deposi t various doses for fixed
flux value. The smal lest dose rates
(0.03–0.4 30 µGy h-1 ) are observed
close to the magnetic equator, wh i le
the largest are at h igh lati tudes. I n the
horizontal graph ic th is part of the data
is represented wi th a simi lar large
amount of points, wh ich in large scale
overlap the dose rate d iagonal points.

Fig. 9. Characterization of the R3DR predominant radiation sources by the dose rate from flux
and dose to flux (D/F) dependencies.

The “index” finger is in the dose
rate range 9–22000 µGy h-1 and looks
as a straight l ine. I ts representation in
the horizontal graph ic is a finger ex-

tend ing up to1 0000 in cm-2 s-1 , wi th
dose to flux values below 1 nGy cm-2

particle-1 . Th is finger is based on low
LET particles and cou ld be formed
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on ly by the relativistic electrons [7] in
the outer rad iation bel t.

The “big” finger in the d iagonal
graph ic has a d i fferent source com-
pared to the previous two because
i t is characterized by a h igh range of
doses for fixed flux but the dose
rates are in the range 30–1 900
µGy h-1 . Th is amount of points cou ld
be formed on ly by protons from the
IRB (The reg ion of South Atlantic An-
omaly (SAA)) whose dose deposi tions
depend on the energy. The lower
energy protons are deposi ting h igher
doses. I n the horizontal graph ic th is
finger has a simi lar form and is si tu-
ated in the range 1 .2–8.0 nGy cm-2

particle-1 . Both IRB and ORB fingers
can be approximated by straight
l ines. From these approximations
we obtain that 1 proton in IRB pro-
duces in the Si l icon detector on aver-
age a dose of 1 .4 nGy, whi le 1 electron
in ORB produces a dose of 0.33 nGy,
which is in good agreement wi th Heffn-
er’s formulae [55] .

The conclusion which can be
drawn from Fig . 9 is that the data can
be simply spl i t in two parts by the re-
qu i rements for the ratio D/F < 1 and
D/F > nGy cm-2 particle-1 . Th is wi l l
generate graph ics, wh ich wi l l d ivide
the IRB and ORB sources. GCR pro-
tons in equatorial and low lati tude re-
g ions have very smal l fluxes of less
than 1 particle cm-2 s-1 that is why
the D/F ratio is not stable and var-
ies in the range from 0.03 to 30 nGy
cm2 particle-1 [8] . Th is variation makes
the D/F ratio inappl icable for the char-
acterization of the GCR rad iation
source.

The presence of SEP particles
generate add i tional dose rate
branches (“fingers”). Th is was ob-
served during the analysis of the
R3DR2 data and publ ished by Dachev
at al . , 201 6 (see Fig .3). [90] .

Liulin-E094 results

The fi rst use of DES in space was
in the Liu l in -E094 instrument (see
Table 1 , Part 1 , I tem No 3), that was
developed , qual i fied for space and
used in the ESA Dosimetric Mapping-
E094 experiment [1 0] on the US
Laboratory modu le of the ISS as a part
of the Human Research Faci l i ty in
May-August, 2001 [1 8] . The main pur-
pose of th is experiment was to invest-
igate the dose rate d istribution inside
the US Laboratory modu le and Node-1
of ISS.

I n the paper by Dachev et al . ,
2006 [56] was developed a 3-D
sh ield ing model of the MDU uni t
and located i t at the four locations
in the ISS sh ield ing model . Using
the trapped proton d i fferential spectra
generated from the SPENVIS on l ine
capabi l i ty for calcu lation of AP8
trapped proton spectra and the h igh-
energy proton transport code PDOSE
we was able to calcu late the doses at
each locations of MDUs. The d i ffer-
ences between the observed Liu l in -
E094 MDUs doses and calcu lated do
not exceed 1 5%. The obtained data
were also used for statistical val id-
ation of the h igh-charge and energy
(HZE) transport computer (HZETRN)
code [57-59] .

The Liu l in -E094 data were widely
used by Dr Francis Badavi , Old
Domin ion Universi ty, Norfolk, USA for
val idation of the NASA AE8/AP8 and
AE9/AP9/SPM trapped models [1 02,
1 03] .

Liulin-ISS results

Liu l in -ISS instrument (see Table
1 , Part 1 , I tem No 3) was launched to
the Russian segment (RS) of ISS in
September 2005. I t contains four Mo-
bi le Dosimetry Uni ts (MDU) wi th d is-
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plays and Control and interface un i t
and was used in the Service Rad iation
Moni toring System of the RS of ISS
[60] . Fol lowing information may be
d isplayed : Current dose in µGy h-1 ,
Current event rate (Flux) cm-2 s-1 ,
Accumulated from the “Swi tch ON”
dose mGy. The battery operation time
of the MDU is about 7 days. The 4
MDU can be used as personal dosi-
meters in case of dangerous SEP.
Because some problems with the
telemetry system connections the
instrument was not used as planned
and now under development is a new
instrument named Liu l in -ISS-2 [1 05]
wi th simi lar functions, which is expec-
ted to be in space in the next 2-3
years.

Liulin-5 results

Liu l in -5 DT instrument (see Table
1 , Part 1 , I tem No 5) [21 ] was
launched to the RS of ISS in May
2007. Measurements wi th Liu l in -5
were conducted in the spherical tissue
equ ivalent phantom of Matroshka- R
experiment located in the PIRS-1 mod-
u le of ISS in the period Ju ly 2007 –
March 201 0, correspond ing to the min-
imum of solar activi ty in 23rd solar
cycle (I -st stage of the experiment).
Also measurements slose to the max-
imum of 24th solar cycle were conduc-
ted from December 201 1 ti l l
September 201 5 both inside and out-
side the phantom located in the MIM1
modu le of ISS (I I -nd stage of the ex-
periment).

The main resu l ts obtained during
the min imum of 23rd solar cycle were
publ ished in [61 -63] . (Semkova et al . ,
201 2, 201 3a, 201 3b). From Ju ly 2007
to 2009 the dose rates in the phantom
at 40 mm depth (correspond ing to the
sh ield ing of blood forming organs in
the human body) are 1 80-230 µGyd-1 ,

the dose equ ivalent rates are
590-880 µSv d-1 .

From December 201 1 to Septem-
ber 201 5 in MRM1 modu le of the ISS
the doses outside the phantom are
1 50-280 µGyd-1 , in the phantom at
40 mm depth are 1 30-220 µGyd-1 .
Dose equ ivalent rates are
300-700 µSv d-1 outside the phantom
and 220-600 µSvd-1 at 40 mm depth in
the phantom.

The comparison between Liu l in -5
data during both stages of the experi-
ment – solar min imum and solar max-
imum shows that during the I st stage,
when the ISS is at lower al ti tudes, the
dose rates at 40 mm depth in the
phantom are comparable wi th the dose
rates outside the phantom during the
I I nd stage. The dose equ ivalent rates
during the I st stage are much h igher.
Th is is due to the much h igher in tens-
i ty of the GCR during the min imum of
the 23th solar cycle and the smal l
number of SPE with increased flux of
>1 00 MeV protons close to maximum
of the 24th solar cycle. During the SEP
events of 7-1 2 March 201 2 (see Fig .
1 0) at L>3 the particle flux and dose
rates increased in al l three detectors
of Liu l in -5 charged particle telescope
located at 40, 60 and 1 65 mm depths
along the rad ius of the tissue-equ ival-
ent spherical phantom in MIM1 modu le
of ISS [63a] .

The add i tional absorbed dose
at 40 mm depth in the phantom
received from SEP event on 7-9
March 201 2 was approximately
1 80 µGy. The add i tional dose equ ival-
ent at 40 mm depth in the phantom re-
ceived from that event was about
448 µSv. The add i tional exposures re-
ceived from SEP event are compar-
able to the average dai ly absorbed
dose and dose equ ivalent measured in
the spherical phantom in ISS during
qu i te periods.
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I n Figure 1 0 i t is seen that there
is a good agreement of Liu l in -5 dose
rates trend during the SEP event wi th
the proton flux of energ ies ≥ 1 00 MeV
(able to penetrate inside ISS) measured
by GOES – 1 3 satel l i te (blue l ine).

3.2.5. R3DE instrument results

R3DE instrument (see Table 1 ,
Part 2, I tem No 9) wi th 256 channels
ion izing rad iation moni toring spectro-
meter and 4 channels UV spectromet-
er worked on the ESA European
Technology Exposure Faci l i ty (EuTEF)
platform inside of ESA EXPOSE-E fa-
ci l i ty outside of the European Colum-
bus modu le of the ISS between 20
February 2008 and 1 September 2009
wi th 1 0-s resolu tion beh ind 0.45 g cm2

of sh ield ing [25, 32] .
There are 2 major d iscoveries

connected wi th the R3DE instrument.
The fi rst one is the al ready mentioned
large relativistic electrons doses [32,
41 ] , wh i le the second one is the decrease

of the SAA dose rate during the dockings
of the USA space shuttle wi th ISS [64] .

Figure 1 1 shows the resu l t of
measurements of the SAA doses for
the time span between 22/03/2008 and
01 /09/ 2009. SAA proton energ ies in
MeV, maximal dose rates in µGy h-1 ,
and dai ly dose rates in µGy d-1 are
presented in the two panels. The max-
imal dose rates are the value in the in-
terval from 00:00 to 24:00 h, which is
larger than any other SAA 1 0 s meas-
urement. The largest value here was
1 708 µGy h-1 , and the average was
1 21 8 µGy h-1 .

The relatively low dose rates at
the left side of Fig . 1 1 have to do wi th
the ISS al ti tudes in the range of
350—365 km. The increase of the sta-
tion al ti tude up to 365—375 km after 21
June 2008 led to an increase of the max-
imal SAA dose rate above 1 200 µGy h-1 .

The main feature seen in Fig . 1 1
is that during the five space shuttle
docking times the SAA maximal doses
fal l by 600 µGy h-1 and reach an aver-

Fig. 1 0. Proton flux with energies ≥ 1 00 MeV measured by GOES-1 3 (blue curve), the dose
rate in D1 detector of Liul in-5 measured outside the SAA (red curve), and the corresponding

L-values (black curve) versus time during the March 201 2 SEP event.
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age level of 400—500 µGy h-1 for the
STS-1 23 and STS-1 24 missions. For
STS-1 26, STS-1 1 9, and STS-1 27, the
drop was also 600 µGy h-1 from an av-
erage level of 1 400 µGy h-1 .

The analysis of the dai ly average
SAA dose rate for the stud ied period
shows that before 21 June 2008 i t was
around 300 µGy d-1 , after 21 June
2008 i t started to increase, and on 31
Ju ly i t reached a value of 500 µGy d-1 ,
the level at which the dai ly average
SAA dose rate stayed unti l the end of
the observations in September 2009.
The dockings of the space shuttles de-

creased the dai ly average SAA dose
rate by about 200 µGy d-1 . Simi lar re-
ductions of the SAA dose rates were
observed by Semones (2008) [65] wi th
the TEPC in the Columbus modu le for
the period 4—24 March 2008. Be-
cause of the larger sh ield ing inside the
Columbus modu le, the reduction re-
ported in [65] was from 1 20 to 97 µGy
d-1 during the STS-1 23 docking time.
Bengh in et al . (2008) [66] also repor-
ted changes in the ratio of dai ly dose
rates of the unsh ielded detectors num-
bers 2 and 3 of the DB-8 system dur-
ing the shuttle dockings.

Fig. 11 . Daily and hourly SAA dose rates and SAA proton energies measured with the R3DE
instrument during the EXPOSE-E mission. The space shuttle dockings at the ISS create strong
decreases in the hourly and daily dose rates due to the additional shielding effect of the space
shuttle body on the R3DE detector. At the same time the energy of the protons in the SAA

increases. The space shuttle visits are marked with the STS number of fl ight.
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The investigation of the averaged
energy of the protons in the SAA re-
g ion is shown in the upper panel of
Fig . 1 2, wh ich reveals that the shuttle
dockings increased th is energy from
about 48 MeV to 58 MeV. The energy
of the protons incident normal ly to the
detector is calcu lated by using the ex-
perimental formula described by Heffn-
er (1 971 ) [55] . The increase of the
averaged proton energy in the SAA re-
g ion during the shuttle dockings can
be explained wi th the increase of the
values in the enti re energy range
caused by the stopping of the lowest-
energy protons in the mass of the
space shuttle.

F i gu re 1 2 shows the dose
rate dynamics observed by 3 d i f-
feren t i nstru-
men ts around
the time of
Space Shu ttl e
(STS-1 23) dock-
i ng and undock-
i ng i n the time
frame 5-31
March 2008.
The measured
absorbed doses
in each expos-
u re in terval are
presen ted by
black d iamonds,
wh i l e the ob-
ta i ned stati sti c-
a l l y moving
average doses
are shown wi th
heavy (red ) l i nes.
The numbers
there corres-
pond to the
number of s i ng le
measurements
used in the
moving average
calcu lati on .

The 3 panels contain data as fol-
lows: I n Figure 1 2a there are the
NASA TEPC absorbed dose rate data,
which by the selection to be h igher
than 1 00 µGy h-1 present on ly the SAA
maxima. First part of the data between
5 March and 1 4:03:37 at 1 0 March are
from posi tion SM-41 0, whi le second
part ti l l 31 March is from posi tion
COL1 A3. Data are obtained from ht-
tp://cdaweb.gsfc. nasa.gov/ server and
prepared by N. Zapp [40] ; Figure 1 2b
contains Liu l in -5 [45] dose rate data
from the fi rst detector selected in same
way as the TEPC data; Figure 1 2c
contains R3DE dose rate data selec-
ted as the other 2 data sets. On ly
here the lowest dose rates are
200 µGy h-1 .

Fig. 1 2. Variations of the dose rates by NASA TEPC, R3DE and Liul in-5
instruments close to STS-1 23 docking in the time frame 5-31 March 2008.
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Because of the large time in-
terval on the X axis in Figure 6
the 6-8 ascend ing and descend ing
crossings of the SAA anomaly per
day are presented by a pair of 2
bars. The fi rst one corresponds to
the descend ing orbi ts, wh i le the
second one to the ascend ing orbi ts
during one series of 6-8 crossings. The
d i fferences in the dose rate amp-
l i tudes are produced by the east-west
asymmetries of the proton fluxes in
the reg ion of the SAA [57] . These amp-
l i tudes are add i tional ly stimu lated to
changes by the atti tude of the ISS,
which changes by 1 80° during the
Shuttle docking period and reversed
after i t [67] .

The relations between ascend-
ing and descend ing ampl i tudes of
the dose rates for each instruments
before, during and after the Shuttle
docking are underl ined by text
boxes, which contain inequal i ties la-
bel led by D>A when the descend ing
dose rates were greater than as-
cend ing ones and in reverse wi th
A>D when the other relation was
fu l fi l led . For the R3DE instrument
there were no changes of the amp-
l i tudes relations. At any time the
descend ing dose rate value was
greater than the ascend ing one.
Th is behaviour can be explained by
the posi tion of the R3DE instrument
on the top of EuTEF where i t is not
shadowed by the Columbus body
from SAA protons dri fting to the
west. The other 2 instruments
showed rotation of the ascend ing
descend ing inequal i ties connected
wi th the Shuttle docking . These rela-
tions are explained more precisely in
the next paragraph.

I t is wel l seen that al l 3 data
sets recorded a decrease in the
dose rates after the docking of Space
Shuttle at 03:49 on 1 3th of March

2008. To emphasize the decreases
moving averages l ines are calcu-
lated and presented by heavy l ines
in each panel of figure 6. For R3DE
the decrease in moving averages
was from 500 to 300 µGy h-1 or
about 40% from the value before
the docking . The Liu l in -5 data de-
creased from 300 to 1 80 µGy h-1 or
again about 40% from the value
before the docking . TEPC dose rates
obtain the smal lest decrease from
280 to about 200 µGy h-1 , wh ich is
about 30% decrease. Dose rates
measured by al l 3 instruments re-
turned to the values before the
docking of STS-1 23 after 00:25 on
25th of March, when the undocking
of Space Shuttle occurred .

R3DR instrument results

The R3DR spectrometer (see
Table 1 , Part 2, I tem No 1 1 ) was
launched inside of the ESA EX-
POSE-R faci l i ty to the ISS in Decem-
ber 2008 and was mounted at the
outside platform of the Russian
Zvezda modu le of the ISS. The fi rst
data were received on March 1 1 , 2009.
Unti l the end of August 201 0 the in-
strument worked almost continuously
wi th 1 0 seconds resolu tion . The data
were recorded on the ISS and trans-
mi tted later to the ground . Compre-
hensive presentation of the R3DR
resu l ts inside of the EXPOSE-R fa-
ci l i ty can be found in [68] .

I n Figure 4 there was already
presented a comparison of data ob-
tained simu l taneously by R3DE/R in-
struments and NASA TEPC. The main
conclusion from the comparisons of
data between R3DE and R3DR instru-
ments [41 ] is that the values of the
dose rates produced by d i fferent rad i-
ation sources around the ISS d id have
large and rapid variations in space and



N a t i o n a l S c i e n t i fi c P rog rammes wi th E u ropean D im en s i o n s

31

time. Al l obtained data can be inter-
preted as possible doses obtained by
cosmonauts and astronauts during Ex-
tra Vehicu lar Activi ties (EVA) because
the R3DE/R instrument sh ield ing is
very simi lar to the Russian and Amer-
ican space su i ts’ average sh ield ing [3] .
Fast, active measurements at the body
of each astronaut to obtain the exact
dynamics of the dose accumulation
during EVA are requ ired .

An instrumental solu tion was
proposed in [69] , where the pos-
sible hardware and software im-
provements for a new Liu l in type
dosimeter were proposed. New in-
struments wi l l be able, on the
basis of the analysis of the shape
of the deposi ted energy spectrum
and the value of the dose to flux
ratio, to d istingu ish the d i fferent types
of rad iation sources in the ISS rad i-
ation environment as GCR, IRB pro-
tons and outer rad iation bel t electrons.
They wi l l measure, calcu late, store
and present on d isplay the fast vari-
ations of the absorbed and ambient
dose equ ivalent doses in any of the
possible surround ing mass d istribu-
tions. The real ization of th is new in-
strument is al ready started [1 05] and i t
is expected that the Liu l in -ISS-2 instru-
ment wi l l be placed in the Russian
segment of ISS before 2020.

R3DR2 instrument results

The R3DR2 spectrometer (see
Table 1 , Part 2, I tem No 1 2) was
swi tched ON inside of the ESA EX-
POSE-R2 faci l i ty, mounted at the out-
side platform of the Russian Zvezda
modu le of the ISS, on 23 October
201 4. The instrument worked almost
continuously wi th 1 0 seconds resolu-
tion unti l 1 1 January 201 6. The
presentation of the prel iminary R3DR2
resu l ts inside of the EXPOSE-R2 faci l-

i ty can be found in [89, 92] , wh i le the
resu l ts from the SEP event on 22 June
201 5 in [90] .

The fol lowing four rad iation
sources were recogn ized in the
R3DR2 data: (i ) g lobal ly d istributed
GCR particles and those derived from
them; (i i ) protons in the SAA region of
the IRB; (i i i ) relativistic electrons
and/or bremsstrah lung in the h igh lati t-
udes of the ISS orbi t where the ORB is
si tuated ; (iv) solar energetic particles
(SEP) in the h igh lati tudes of the ISS
orbi t. Together wi th the real SEP
particles a low flux of most probably
secondary protons (SP) were observed
in the data. The rad iation sources
were selected by the new rad iation
source selection procedure, which is
based on the special ly developed new
software and experimental ly obtained
formulas for the relations between the
dose to flux ratio [55] and the type of
the predominant rad iation .

The separation statistics of the
R3DR2 data shows the fol lowing
resu l ts: 441 days were real ly
covered ; 3,81 0,240 points were under
separation ; 2398 were lost (0.062%)
or in average less than 6 points
per day; 31 3 points were counted
twice. The average source counts
per day were: GCR 7636 points,
IRB 573 points, ORB 383 points,
SEP counts per 27 days were 1 48
points; average SP counts per 41 4
days (days wi thout real SEP) were
34 points. Total ly the number of
the dai ly averaged measurements
for the “stable” presented sources
is: 7636+573+383+34 or 8626 meas-
urements, wh ich were selected from a
total of 8640 possible.

I n Fig . 1 3 in 4 panels represented
the end resu l t of the separation of 4
rad iation sources and their variations
for the period October 24, 201 4 -
January 1 1 , 201 6.
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The dai l y average dose rate vari-
ations of GCR are presented wi th a
th ick black l i ne in Fig . 1 3a. The red
l i ne at the top of the panel (a)
presents the variation of Dst (Disturb-
ance Storm Time) index (ht-
tp://wdc. kugi. kyoto-u.
ac. jp/index. html) , wh ich for the days
after the beg inn ing of the magnetic
storms have negative values, reach-
ing -223 nanoteslas on March 1 7 and
-204 nanoteslas June 23rd . Wel l
defined correlation between dai l y av-
erage dose rate and Dst index con-
fi rms a wel l -known phenomenon of
the reduction of the GCR particles
flux during the main phase of the
magnetic storm, known by the term
"Forbush decrease" [97] .

The GCR dai ly average dose
rate data trend is wi th a min imal value
of 72 µGy d -1 i n the beg inn ing of the
measurements in October 201 4 and
maximum of 73 µGy d -1 at the end of
observations in January 201 6. We at-
tribu te the posi ti ve trend in the GCR
dose rate and flux data to the fal l i ng
solar activi ty in the period , wh ich by
the effect of solar modu lation leaded
to increase of the GCR flux.

We compare the averaged
R3DR2 GCR dai ly dose rate data of
about 71 µGy d-1 wi th those measured
inside of the ISS by the DOSTEL 1 and
DOSTEL 2 instruments [98] in the peri-
od 24 October 201 4 – 29 Ju ly 201 5:
Both DOSTEL instruments showed av-
eraged dai ly values in the range 1 40-

Fig. 1 3 Result of the separation of the R3DR2 instrument data for the period 24 October
201 4–11 January 201 6 in four radiation sources.
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1 50 µGy d-1 that were larger than
those ascertained by R3DR2. We ac-
cept th is resu l t as confi rmation of the
theoretical calcu lations performed by
Mrigaksh i et al . , (201 3) [99] (see Fig .
4b) showing that the absorbed dose
rates in a water sphere wi th smal ler
Aluminum shield th icknesses are smal-
ler than the doses obtained beh ind lar-
ger sh ield th ickness. The R3DR2 data
were obtained outside of the ISS be-
h ind 0.5-1 g cm-2 sh ield ing , wh i le the
DOSTEL 1 and DOSTEL 2 instruments
data were measured beh ind larger
sh ield ing inside of the ISS.

Fig . 1 3b aims to present the ORB
rad iation source variations in the peri-
od 24 October 201 4-1 1 January 201 6.
The black heavy l ine there is the
dai ly average relativistic electron
dose rate as measured in ORB
with the R3DR2 instrument on ISS.
Clearly are seen 2 periods in the
data. I n the relatively “qu iet” period
between 24 October 201 4 and
midd le of March 201 5 the ORB dai ly
dose rate are relatively smal l and vary
in the interval 2-200 µGy h-1 . I n the
second period , between midd le of
March 201 5 and the end of the obser-
vations, strong variations in the ORB
dai ly dose rate was observed . The
largest maxima (up to 3000 µGy h-1 ) in
the ORB source anti -correlate wel l
wi th the Dst index variations in the
Fig . 1 3a (red l ine).

The IRB source is the second
source, except GCR, which was ob-
served every day in the R3DR2 data.
The time profi le of the IRB source is
presented in Fig . 1 3c. I t is seen that
the dai ly average dose rate was large
in the interval October-December
201 4, then fel l down ti l l the end of
June 201 5 and rose up again ti l l the
end of measurements. These long-
term variations correlate wel l wi th the
variations of the average al ti tude of

the station . The al ti tud inal dependence
in the bottom part of the IRB was in-
vestigated by the R3DR1 data [68] . I t
is a wel l -known phenomenon, which
has been competently described else-
where [1 00, 1 01 ] . Therefore, i t wi l l not
be d iscussed further here.

H igher IRB dose rates at the end
of the mission are connected wi th the
lower solar activi ty and lower sink of the
IRB protons, respectively, in the de-
creased neutral atmosphere densi ty.

Fig . 1 3d presents wi th heavy
black l ine the SEP dai ly dose rate vari-
ations, measured wi th R3DR2 on the
ISS in the period 24 October 201 4-1 1
January 201 6. They are plotted togeth-
er wi th the solar proton fluxes meas-
ured at geosynchronous orbi t wi th the
GOES 1 5 “Space Environment Moni tor
(SEM)" instrument (http://goes.gsfc.
nasa.gov/text/databook/section05.pdf)
wi th energ ies more than 1 0 MeV (blue
curve) and more than 1 00 MeV (green
curve). The low dose rates of few µGy
d-1 seen in the bottom of the figure are
the named by us secondary proton
(SP) source.

N ine maxima are seen in the
R3DR2 SEP dai ly average dose rate
variations. Al l of them coincide wel l
wi th the >1 0 MeV GOES SEM maxima.
The >1 00 MeV proton flux channel on
GOES did have on ly one wel l seen
maximum on 29 October 201 5, which
is measured wi th the R3DR2 instru-
ment also. The largest maximum up to
almost 3000 µGy d-1 on 22 June 201 5
was not observed in the GOES >1 00
MeV channel ; however, i f a vi rtual ex-
traveh icu lar activi ty (EVA) was per-
formed in the period of th is SEP
maximum, the obtained doses at the
skin of cosmonauts/astronauts cou ld
reach 2.84 mGy during six and a hal f
hours, which is identical to the aver-
age absorbed dose obtained inside of
the ISS during 1 5 days [1 0, 90] .
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Experiments and results on
satel l i tes

Results obtained at Foton M2/M3
satellites

Radiation Risks Radiometer-Dosi-
meter (R3D) for Biopan (R3D-B) with
256 channels ionizing radiation monit-
oring spectrometer and four channels
UV spectrometer known as R3D-B2
(see Table 1 , Part 1 , I tem No 3) was
successfu l ly flown 31 May–1 6 June
2005 inside of the ESA Biopan 5 faci l i t-
ies on Foton M2 satel l i te. The operation
time of the instrument was about 20
days for fu l fi l l ing of the total 1 .0 MB
flash memory with 30 s resolution [70] .
R3D-B3 spectrometer
(see Table 1 , Part 1 ,
I tem No 7) was with al-
most same mechanical
characteristics as R3D-
B2. Larger 2.0 MB flash
memory was used for
about 30 days meas-
urements. I t was suc-
cessfu l ly flown 1 4–29
September 2007 inside
of the ESA Biopan 6 fa-
ci l i ties on Foton M3
satel l i te. Together with
R3D-B3, the Liu l in-
Photo instrument (see
Table 1 , Part 2, I tem No
8) was flown but inside
of the capsule of the
Foton M3 satel l i te [70a] .
Most important find ings
in the R3D-B2/B3 data
were the measurements
of high doses del ivered
by relativistic electrons
at al ti tudes below 300
km and lati tudes
above 50° geographic
lati tude in both hemi-
spheres [7] .

Results obta ined a t
Chandrayaan sa te llite

RADOM spectrome te r- d os i-
m e te r ( s ee Tab l e 1 , Pa rt 2 , I tem
N o 1 0 ) was su ccess fu l l y u sed on
th e I n d i a n Ch an d rayaan - 1 M oon
sa te l l i te from 22 Octobe r 2 008 -3 0
Au g u s t 2 0 09 . I t s ta rte d wo rk i n g 2
h a fte r th e l a u n ch wi th 1 0
secon d s re so l u t i o n beh i n d abou t
0 . 4 5 g cm - 2 s h i e l d i n g . Th e i n s t ru-
m en t sen t d a ta fo r a n umbe r o f
cros s i n g s o f th e Ea rth ra d i a t i o n
be l ts a n d con t i n u ed to wo rk on
1 0 0 an d 2 00 km c i rcu l a r l u n a r o r-
b i ts m easu r i n g ma i n l y th e GCR
en v i ronmen t [3 4 ] .

Fig. 1 4. RADOM observations during lunar transfer trajectory and
lunar orbit capture. The distance is from the Moon. The trends in
particle flux coincide with the Oulu neutron monitor data trends.
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Chandrayaan-1 was placed into the
lunar transfer trajectory on 3rd Novem-
ber 2008 (1 3th day after launch) and a
lunar orbi t capture manoeuvre was car-
ried out on 8th November (1 8th day after
the launch). Fig . 1 4 shows RADOM ob-
servations for about 3 days before the
lunar orbi t capture and about one day
after i t. More than 40000 measurements
with 1 0 s resolution are used for the figure.
Figures 1 4b and 1 4c show the moving av-
erage over 200 points of measured
particle flux and the absorbed dose rate
respectively. Figure 1 4d shows the dis-
tance from the Moon (in km), whi le the
Figure 9a shows the Oulu Neutron Monit-
or running average of measured count
rate per minute averaged over 1 0 min-
utes. The average dose rate from more
than 33000 measurements in the al ti tud-
inal range between 308000-20000 km
from the Moon is ~1 2.76 µGy h-1 . The
range of the real measured dose rates
is between 3.34 and 41 .34 µGy h-1 with a
standard deviation of 4.25 µGy h-1 . The
average flux is 3. 1 4 particles cm-2 s-1 ,
whi le the real flux range is between 1 .71
and 4.82 particles cm-2 s-1 with a standard
deviation of 0.41 cm-2 s-1 . Figures 1 4b
and 1 4c don’t show this real dynamics of
the values because the moving averages
are plotted there. These values of the
dose rate and flux may be used as ref-
eree values for the “deep space” radi-
ation conditions at th is very low level of
solar activi ty.

For the above mentioned al ti tud inal
range the flux correlates with the Oulu
NM count rate and respectively with the
solar activi ty. Later on during the two
closer approaches to the Moon at an al ti-
tude about 508 km the flux and the dose
rate decrease because the enhanced
shield ing of the cosmic rays by the Moon
body itself. A closer look at the Figure
1 4a reveals that the second periselene
crossing is deeper than the first one.
This is mostly related with a local in-

crease of the solar activi ty as evident
from the simultaneous decrease of the
Oulu NM count rate.

RADOM observations which began
with in two hours after launch of the
Chandrayaan-1 and continued unti l the
end of the mission demonstrated that i t
could successfu l ly characterize different
rad iation fields in the Earth and Moon
environments. Signature and intensi ty of
proton and electron radiation bel ts, re-
lativistic electrons in the Earth magneto-
sphere as wel l as galactic cosmic rays
were wel l recognized and measured.
Effect of solar modulation of galactic
cosmic rays could also be discerned in
the data. The electron radiation bel t dos-
es reached ~40000 µGy h-1 , whi le the
maximum flux recorded was ~1 5000
cm-2 s-1 . The proton radiation bel t doses
reached the highest values of ~1 30000
µGy h-1 , whi le the maximum flux was
~9600 particle cm-2 s-1 . Comparison of
these resul ts with other simi lar instru-
ments on board ISS shows good con-
sistency, ind icating nominal perfor-
mance RADOM. Outside the radiation
bel ts, en-route to the Moon, the particle
flux (~3 particle cm-2 s-1 ) and corres-
ponding dose were very smal l (~1 2 µGy
h-1 ) which further decreased sl ightly in
the lunar orbi t because of the shield ing
effect of the Moon. Average flux and
dose in lunar orbi t were ~2.45 cm-2 s-1 ,
and the corresponding absorbed dose
rate was 9.46 cm-2 s-1 respectively at
1 00 km orbit. These increased to 2.73
particles cm-2 s-1 and 1 0.7 µGy h-1 re-
spectively, at 200 km orbit. The total accu-
mulated dose during the transfer from
Earth to Moon was found to ~1 .3 Gy.

Results obtained at “BION-M” №1
spacecraft

“BION-M” №1 was a low Earth or-
bi t satel l i te that orbi ted the Earth with a
period of 89.9 min, an incl ination of 65°
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with respect to the Earth ’s equator, and
with an al ti tude above the Earth surface
in the range 253–585 km. The final or-
bi t of the satel l i te was almost circu lar
with an apogee of 585 km and a peri-
gee of 555 km alti tude. The final orbi tal
parameters were reached after 21 Apri l
201 3 [71 ] . Space radiation has been
monitored using the RD3-B3 spectro-
meter-dosimeter (see Table 1 , Part 2,
I tem No 1 3), which was mounted inside
of the satel l i te in a pressurized volume
together with biological objects and
samples. The RD3-B3 instrument is a
battery operated version of the spare
model of the R3D-B3 instrument de-
veloped and bui l t for the ESA BIOPAN-
6 faci l i ty on Foton M3 satel l i te in
September 2007 [70] .

The observed hourly and dai ly IRB
dose rates at the “BION-M” №1 satel l i te
are the highest seen by us during our
measurements on “Mir” and the ISS
space station and on Foton-M2/M3
satel l i tes because the al ti tude of the

“BION-M” №1 obit was the highest in
comparison with al l missions mentioned
above. The same is val id for the GCR
doses. The observed ORB doses are
smal ler than the ones measured out-
side the ISS because of the higher shield-
ing on the “BION-M”№1 satel l i te.

Results obtained at ExoMars,
TGO spacecraft

ExoMars is a joint investigation of
Mars carried out by ESA and Roscos-
mos that has two launches - in 201 6 and
2020. Trace Gas Orbiter, a satel l i te part of
the 201 6 launch carries the Fine Resolu-
tion Neutron Detector instrument as
part of i ts payload. The instrument aims
atmapping hydrogen content in the upper
meter of Martian soi l wi th spatial resolu-
tion of up to 40 km [1 04] . The FREND’s
dosimeter module Liu l in-MO particle
telescope provides information for the
radiation environment in the interplan-
etary space and in Mars orbi t [49] .

Fig. 1 5. Liul in-MO observations during the cruse of ExoMars-TGO satel l ite toward Mars.
The variations and the l inear trends in the dose rate coincide with the

Oulu neutron monitor data variation and trends.
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FREND was ope ra t i n g a l-
mos t con t i n u ou s l y d u ri n g TGO
cru i se be tween Earth an d Mars .
An examp l e o f fi rs t sc i en ce
resu l ts ob ta i n ed by L i u l i n -MO
d u ri n g th e i n te rp l an e ta ry cru i se
i s sh own i n F i g 1 5 . P resen ted
a re p re l i m i n a ry resu l ts from
measu remen ts o f d ose ra tes o f
GCR i n s i n g l e d e tecto rs B (A)
an d D (C ) o f DM , l oca ted i n
pe rpen d i cu l a r d i rect i on s . Th e
ave rag e d a i l y d ose ra te be tween
22 . 04 . 2 0 1 6 an d 1 8 . 07 . 2 0 1 6 a re
372 ± 37 µGy d - 1 i n B (A) an d
390 ± 39 µGy d - 1 i n D (C ) . F i g u re
1 5 a l so sh ows Ou l u N eu tron
Mon i to r cosm i c ray cou n t ra te
(https://cosmicrays. oulu. fi/) fo r th e
same t ime i n te rva l . A g ood
ag reemen t o f th e va ri a t i on s i n
L i u l i n -MO d ose ra tes wi th th e
N eu tron Mon i to r cou n t ra te ove r
th e t i me i s obse rved .

P resen t l y (N ovember -
December 20 1 6 ) L i u l i n -MO
prov i d es d a ta fo r th e rad i a t i on
en v i ronmen t i n h i g h e l l i p t i c o r-
b i t a rou n d Mars .

Main experiments and res-

ults at aircraft balloon and rock-

et

Tab l e 2 l i s ts DES L i u l i n
type expe rimen ts on a i rcra ft ,
ba l l oon , rocke t an d mou n ta i n s
peaks . Th e p i ctu res sh own fo r
i tems 2 an d 8 a re th e l a tes t
ve rs i on s o f th e i n s trumen ts
u sed i n th i s ca teg o ry. Fo r some
of th e men t i on ed i n th ese rows
re fe ren ces th e i n s trumen ts was
h ou sed i n d i ffe ren t th a t th e
sh own i n th e p i ctu res .

Th e L i u l i n -4C , MDU#2 i n s tru-
men t ( see Tab l e 2 , I tem N o 1 )
worked su ccess fu l l y d u ri n g th e
fl i g h t o f F ren ch ba l l oon u p to 32
km a l t i tu d e i n th e reg i on o f th e
Gap town i n Sou th e rn F ran ce on
1 4 th o f J u n e 2000 . Th i s expe rimen t
was pe rfo rmed by th e N u c l ea r
Ph ys i cs I n s t i tu te , Czech Acad emy
of Sci en ces [72 ] .

On e ba tte ry-powered DES
of L i u l i n -4 J ( see Tab l e 2 , I tem
N o 1 ) type pe rfo rmed d os ime tri c
measu remen ts o f th e i on i z i n g
rad i a t i on en v i ronmen t a t ~20 km
a l t i tu d e aboa rd NASA’ s Lockh eed
ER-2 h i g h a l t i tu d e resea rch a i r-
cra ft i n Octobe r-N ovember 2000
from Edward s Ai r Fo rce Base
(AFB ) i n Sou th e rn Ca l i fo rn i a an d
fl ew ove r th e bord e r reg i on d i-
v i d i n g Cen tra l Ca l i fo rn i a from
Cen tra l N evad a [73 ] .

M ob i l e Dos ime try U n i ts
MDU -5 an d 6 (see Tab l e 2 ,
I tem N o 2 ) was u sed fo r l on g -
te rm measu remen ts be tween
200 1 an d 20 1 4 on Czech Ai r-
l i n es (CSA) a i rcra ft a t d i ffe ren t
rou tes . Da ta ob ta i n ed were
u sed fo r compari son wi th mod e l
ca l cu l a ted d oses fo r th e pu r-
poses o f i n d i v i d u a l mon i to ri n g
o f a i rcrew [30 , 3 1 ] . F i g . 1 6
p resen ts a lmos t on e so l a r cyc l e
d a ta from th ese fl i g h ts , wh i ch
a re pu b l i c l y ava i l ab l e i n d a ta-
base o f measu remen ts .
(http ://hroch . ujf. cas. cz/~a ircraft/)
[74 ] .

P l ease see F i g . 1 6 cap t i on s
fo r more d e ta i l s .
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Very simi lar instruments to the
Mobi le Dosimetry Uni ts MDU-5 and 6
was used by scienti fic groups in Spain
[76] and Korea [77] for rad iation meas-
urements at ai rcrafts.

Three battery-powered DES (see
Table 2, I tem No 3) were operated dur-
ing the 8 June 2005 certi fication fl ight
of the NASA Deep Space Test Bed
(DSTB) bal loon at Ft. Sumner, New
Mexico, USA. The duration of the fl ight
was about 1 0 hours (http://wrmiss.org/
workshops/tenth/pdf/08_benton.pdf).

Liu l in -6S, Li lun-M, Liu l in -6MB and
Liu l in -6R (see Table 2, I tem No 4)
were internet based instruments [78] .

They use internet modu le to generate
web page. The obtained deposi ted en-
ergy spectra data were transmitted via
LAN interface by HTTP and FTP proto-
cols. They worked for d i fferent periods
since 2005 at Jungfrau (Swi tzerland)
3453 meters Above Mean Sea Level
(AMSL) http://130.92.231 . 184/), Mous-
sala (Bu lgaria) 2925 meters AMSL
http://beo-db. inrne.bas.bg/moussala/
and Lomnicky Sti t (Slovakia) 2633
meters AMSL http://147.213.218. 13/
peaks and at ALOMAR observatory in
Norway (http://128.39. 135.6/) [78] .

Liu l in -4SA (see Table 2, I tem No
5) spectrometer was designed in 2005

Fig. 1 6. Top panel: Ambient dose equivalent (H*(1 0) - black triangle) dose rates determined by
Liul in and effective dose rates (E(Cari-6) – red circles) calculated with CARI-6 code[75] plotted
as a function of time (only data at 35000 (1 0.67 lm) and effective vertical cut-off rigidity [1 4]
(VCR) VCR≤3.5 GV are shown). Solar activity is expressed via the heliocentric potential).
Bottom panel: Ratios of integral values per whole fl ight between ambient dose equivalents,
H*(1 0), estimated with Liul in, and effective doses, E, calculated with CARI-6 plotted as a

function of time. ±30 % confidence band is plotted with 2 horizontal blue l ines.
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under the request of Capi tan Ian Get-
ley pi lot of Boeing 747-400, Qantas
Airways aircraft [44] . Liu l in -4SA was
used inside of the cockpi t of Boeing
747-400 aircraft and provided on LCD
display data for the local dose rate and
flux simu l taneously wi th the fl ight al ti-
tude, long i tude and lati tude, obtained
from bu i ld -in GPS receiver for each
measurements in terval (usual ly 60 sec).
Pre-programed alert signals was able
to be in i tiated when the measured dose
rate exceed prel iminary set levels for 3
subsequent measurement in tervals.

The presented in Table 2, I tem No
6 two Liu l in DES systems consists of 4
dosimetry un i ts (DU) and 1 control and
interface un i t (CIU). The Liu l in -6U in-
strument was del ivered to NASA, Mar-
shal l Space Fl ight Center, USA in
2005. I t was planned to be used in a
bal loon experiment [79] . The second
one was del ivered to the Skobel tsyn
Insti tu te of Nuclear Physics at
Lomonosov Moscow State Universi ty
in 201 0. I t was planned to be used in
the RAZREZ system for RADIOSCAF
experiment on ISS [80, 81 ] .

Liu l in -R instrument (see Table 2,
I tem No 7) was successfu l ly launched
on HotPay2 rocket from Andoya Rock-
et Range (ARR), Norway, on 31 st of
January, 2008 at 1 9: 1 4:00 and rising
up to 380 km al ti tude, as a part of an
EU financed scienti fic program cal led
eARI (ALOMAR eARI project) [82] .

Wissmann et al . [83] performed 5
bal loon experiments up to 30 km al ti-
tude using Liu l in -6RG spectrometers
(see Table 2, I tem No 8) between Ju ly
201 1 and August 201 2. The Liu l in in-
struments were powered and transmit-
ted the obtained in 30 sec deposi ted
energy spectrum to data logger, de-
veloped in Physikal isch-Techn ische
Bundesanstal t (PTB), Germany.

The presented in Table 2, I tem No
9 Liu l in spectrometer is the last gener-

ation of series of instruments wi th
bu i ld -in GPS receiver and 1 or 2 MB
SD card . Fi rst th is type of instruments
(LIULIN-4N) was used by col leagues
from Department of Chemistry and
Chemical Eng ineering , Royal M i l i tary
Col lege of Canada in 2003-2005 [43,
84] . Two d i fferent methods of determ-
in ing the route H*(1 0) value from the
LIULIN data were examined , which
agree very wel l the H*(1 0) values
measured by the TEPC (wi th in the
20% error inherent wi th in both instru-
ments).

The presented in Table 2, I tem No
1 0 Liu l in -6SA1 spectrometer [94] was
operated during the NASA RaD-X stra-
tospheric bal loon fl ight mission on 25
September 201 5 from Fort Sumner,
New Mexico (34.5° N , 1 04.2° 1 2 W).
The RaD-X bal loon fl ight was supple-
mented by contemporaneous aircraft
measurements, wh ich included Liu l in
instruments also [95, 96] . The German
Aerospace Center (DLR) conducted a
fl ight campaign in support of the RaD-
X mission which consisted of dosimet-
ric measurements from a TEPC and a
Liu l in on two Lufthansa German Air-
l ines commercial fl ights [95] . The
Columbia Scienti fic Bal loon Faci l i ty
(CSBF) - NASA aircraft was equ ipped
wi th a Liu l in and two TEPCs [96] .

Profile of the ionizing radiation

exposure between the Earth surface

and free space

Fig . 1 6 presents the synthesized
al ti tud inal profi les of the moving aver-
ages (over 4 points) of 3 parameters:
absorbed dose rate in µGy h-1 (heavy
l ine), flux in cm-2 s-1 ( long (red) dashed
l ine) and speci fic dose (SD) in nGy
cm2 particle-1 (short (blue) dashed
l ine). On the left side of the figure are
l isted the carriers, instruments, time,
averaged geograph ic coord inates of
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the measured values and their al ti tud-
inal range in km. On the right side are
l isted the cond i tions and predominant
rad iation sources for the places poin-
ted wi th the arrows. The figure is simi l-
ar to the publ ished in [86] Fig .2 but
improved wi th the new data obtained
wi th RD3-R3 instrument on “BION-M”
No1 satel l i te and Liu l in -5 data on ISS
for the period of fl ight of “BION-M” No1
satel l i te - 21 /04/-1 3/05/201 3.

Fig . 1 7 contains orig inal experi-
mental data, which are compared and
plotted to reveal a un i fied picture how
the d i fferent ion izing rad iation sources
contribute and bu i ld the space rad i-
ation exposure al ti tud inal profi le from

the Earth surface up to the free space.
The dose rate and flux data cover 7
orders of magn i tude and can be used
for educational purposes and also as
reference values for new models. The
presentation of data in ki lometers
above the Earth surface instead in L
values al lows space agencies med ical
staff and that not special ized in the
geophysics support to use them for a
fi rst approach for the expected human
exposure at d i fferent al ti tudes and also
the general publ ic and students to
have a simple knowledge about the
posi tion of the most common maxima
of exposure around the Earth and up
to free space.

Fig. 1 7. Variations of the absorbed dose rate, flux and specific dose for altitudinal range from
0.1 to 250,000 km. (For interpretation of the references to color in this figure legend, the reader

is referred to the web version of this article.)
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Conclusions

The Liu l in type low mass, d imen-
sion and price instruments during the
period 1 989-201 6 proved thei r abi l i ty
to characterize the rad iation envi ron-
ment at the ground , mountain peaks,
ai rcraft, bal loon , rocket and space-
craft.
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Table 1 . (Part 1 ) Liul in type experiments performed during satel l ite missions.

Item

No

1

Satellite

Date begin-Date

end

Available number

of measurements

MIR SS

04/1 988-06/1 994

>2,000,000

measurements

Experiment

name

PI

CoPI

References

LIULIN

V. Petrov, IMBP;

Ts. Dachev, SRTI .

Dachev, et al. ,

1 989. [1 7];

Shurshakov et al. ,

1 999. [54].

Instrument

Size [mm]/Mass [kg]

Place

Shielding [g cm-2]

Resolution

[sec]/[min]

LIULIN

1 DU (1 09x1 49x40

mm, 0.45 kg); 1 MCU

(300x220x1 87 mm,

6.5 kg)

Inside different

modules of MIR SS

>5 g cm-2

30 sec

Instrument

Location image

External view

of the instrument



Ad van ces i n B u l g a r i a n Sc i e n ce

42

2

3

4

5

Mars-96

1 6/11 /1 996

(The satel l ite was

lost because of

rocket booster

malfunctioning)

ISS

05/05/2001 -

26/08/2001 /

1 ,267,200

Foton M2

01 /06/2005-

1 2/06/2005

1 7,280

ISS

Since Sept. 2005

1 3/08/2008-

29/08/2008

Service system in

next 1 5 years

1 49,760 spectra

RADIUS-MD

V. Petrov, IMBP;

Ts. Dachev, SRTI .

Semkova et al. ,

1 994. [1 8].

Dosimetric

Mapping

G. Reitz, DLR;

Ts. Dachev, SRTI .

Dachev et al. ,

2002. [20]; Reitz

et al. , 2005. [1 0];

Nealy et al. , 2007.

[58];

Slaba et al. , 2011 .

[59].

Biopan 5

G. Horneck, DLR;

D. Häder, UE;

Ts. Dachev, SRTI .

Häder et al. ,

2009. [70];

Dachev et al. ,

2009. [7].

Liul in-ISS

V. Petrov, IMBP;

Ts. Dachev, SRTI .

.

Dachev, et al. ,

2005. [60].

2 Solid State

Detectors (SSD)

(1 54х80х70 mm, 0.38

kg)

Outside and inside

Mars-96 satel l ite

>2 g cm-2; 1 0 min

Liul in-E094

1 CIU (1 20х80х60

mm, 0.4 kg)

4 MDU (1 00х64х24

mm, 0.23 kg)

Inside of the

American Lab. and

Node 1 of ISS

>20 g cm-2; 30 sec

R3D-B2

(57x82x24 mm, 0.1 2

kg)

1 DU outside of the

satel l ite and inside of

Biopan-5 facil ity

1 .75 g cm-2; 60 sec

Liul in-MKS

1 CIU

(1 20х80х20 mm, 0.4

kg)

4 MDU

(11 0x80x25 mm, 0.23

kg)

Inside Russian

segment of ISS

>20 g cm-2; 1 0-3599

sec
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6

7

ISS

1 7/05/2007-

1 5/09/201 5

. Data recorded on

flash memory card

>2,500,000

measurements

Foton M3

1 4/09/2007-

26/09/2007

1 8,720

Matroska-R

V. Petrov, IMBP;

J. Semkova,

SRTI .

Semkova, et al. ,

2003. [21 ];

Semkova, et al. ,

2008. [22].

Biopan 6

G. Horneck, DLR;

D. Häder, UE;

Ts. Dachev, SRTI .

Damasso et al. ,

2009. [70a];

Häder et al. ,

2009. [70].

Liul in-5, Dosimetric

telescope by 3

detectors

(Ф50/30x1 91 mm, 0.4

kg)

Electronic block

(1 60х90х30 mm, 0.8

kg)

Inside Russian

segment of ISS

>20 [g cm-2]; 90 sec

R3D-B3

1 DU (57x82x24 mm,

0.1 2 kg)

outside of the satel l ite

and inside of Biopan-

6 facil ity

0.8 g cm-2; 60 sec

Table 1 . (Part 2) Liul in type experiments performed during satel l ite missions.

Item

No

8

Satellite

Date begin-Date

end

Number of

measurements

Foton M3

1 4/09/2007-

26/09/2007

27,360

Experiment

name

PI

CoPI

References

PHOTO-I I

M.-T. Giardy, IC-

AR, Rome, I taly;

Ts. Dachev, SRTI .

Damasso et al. ,

2009. [70a].

Instrument

Size [mm]/Mass [kg]

Place

Shielding [g cm-2]

Resolution

[sec]/[min]

Liul in-Photo,

1 DU (57x82x24 mm,

0.5 kg)

Above Photo

instrument,

inside of the satel l ite,

>5.0 g cm-2; 60 sec

Instrument

Location image

External view

of the instrument
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9

1 0

11

1 2

1 3

ISS, Columbus

module

1 7/02/2008-

03/09/2009

4,406,400

Chandrayaan-1

satel l ite around

the Moon

22/1 0/2008-

29/09/2009

1 ,209,600 spectra

ISS, Zvezda

module

11 /03/2009-

20/08/201 0

3,540,000

Phobos-Grunt

09/11 /2011

(The satel l ite was

lost because of

rocket booster

malfunctioning)

“BION-M” №1

1 9/04/201 3-

1 305.201 3

34,391 spectra

EXPOSE-E

G. Horneck, DLR;

D. Häder, UE;

Ts. Dachev, SRTI .

Häder and

Dachev, 2003.

[70]

Dachev et al. ,

201 2. [32]

RADOM

Ts. Dachev, SRTI

Dachev et al. ,

2011 . [34];

Dachev, 201 3.

[85].

EXPOSE-R

G. Horneck, DLR;

D. Häder, UE;

Ts. Dachev, SRTI .

Dachev et al. ,

201 3. [8]

Dachev et al. ,

201 5. [68]

Liul in-Phobos

V. Petrov, IMBP;

J. Semkova,

SRTI .

Semkova, et al. ,

2008. [22].

RD3-B3

V. Shurshakov,

IMBP;

Dachev et al. ,

201 4. [71 ].

R3DE

1 DU (76x76x36 mm,

0.1 9 kg)

Outside of ISS in

EXPOSE-E facil ity in

EuTEF

>0.6 g cm-2; 1 0 sec

RADOM

1 DU

(11 0х40х20 mm,

0.098 kg)

Outside of the

Chandrayaan-1

satel l ite

>0.6 g cm-2; 1 0 and

30 sec

R3DR

1 DU (76x76x36 mm,

0.1 9 kg)

Outside of ISS in

EXPOSE-R facil ity

outside of Zvezda

module

>0.6 g cm-2; 1 0 sec

Liul in-Phobos

2x2 dosimetric

telescopes

(1 72х11 4х45 mm 0.5

kg)

Outside Phobos-

Grunt satel l ite; >2 g

cm-2

Dose and flux 60 sec

Spectrum 60 min

RD3-B3

(11 0х80х44 mm, 0.3

kg)

1 battery operated

DU Inside “BION-M”

№1 satel l ite/

>2 [g cm-2]; 60 sec
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1 4

1 5

1 6

“FOTON-M” №4

08/09/201 4-

20/1 0/201 4

62,980 spectra

ISS, Zvezda

module

23/1 0/201 4-

11 /01 /201 6

4,21 0,500

ExoMars 201 6

Trace Gas Orbiter

Launched

1 4/03/201 6

RD3-B3

V. Shurshakov,

IMBP;

Ts. Dachev, SRTI

EXPOSE-R

G. Horneck, DLR;

D. Häder, UE;

Ts. Dachev, SRTI .

Dachev et al. ,

201 6. [92]

FREND

I. Mitrofanov, SRI

J. Semkova,

SRTI .

Semkova et al,

201 5. [49]

Mitrofanov et al,

201 6. [1 04] (in

press)

Same as in previous

row

R3DR2

1 DU (76x76x36 mm,

0.1 9 kg

Outside of ISS in

EXPOSE-R2 facil ity

outside of Zvezda

module

>0.6 g cm-2; 1 0 sec

Liul in-MO

1 (1 72х11 4х45 mm

0.7 kg)

Outside of ExoMars

201 6

>7 g cm-2;

Dose and flux 60 sec

Spectrum 60 min

Same as in

previous row

Table 2. Liul in type experiments at aircraft, bal loon, rocket and mountains peaks.

Item

No

1

External view

of the instrument

Experiment description

Date begin-Date end

1 . Balloon experiment at

Gap-Tallard aerodrome,

France, 1 4/06/2000;

2. NASA’s Lockheed ER-

2 high altitude research

aircraft, Oct.-Nov. 2000.

Instrument

Size [mm]/Mass [kg]

Place

Resolution [sec]

Liul in-4C/4J, MDU-2

(1 00х64х24 mm, 0.23

kg with rechargeable Li-

Ion battery pack)

Inside of the balloon

gondola or the ER-2

cockpit, 60 sec.

Person performing the

experiment

References

1 . CNES balloon

technological fl ight

program, F. Spurny, NPI-

CAS, Prague, Czech

Republic;

2. Y. Uchihori, NIRS,

Japan;

Spurny, F. , 2000. [72].

Uchihori et al. , 2003.

[73].
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2

3

4

5

Long-term (>60 days)

measurements at aircraft

altitudes for different

airl ines. 28 V DC/DC

converter.

Since 2001 up to 201 6.

Deep Space Test Bed

(DSTB) certification fl ight

8 June 2005 at Ft.

Sumner, New Mexico,

USA. ~1 0 hours

Measurements at

mountain peaks. The

Liul in instrument

contains Internet module

to post, store and

transmit the obtained

results via FTP protocol

in Internet.

Measurements at aircraft

altitudes. A built in GPS

receiver record: UT,

Longitude, Latitude and

Altitude, which together

with the dose rate data

are shown on the

display.

F. Spurny and O. Ploc,

NPI , Czech Rep; Ploc et

al. , 201 3. [74]

J.C. Saez Vergara and

R. Dominguez-Mompell

Roman,

CIEMAT and IBERIA,

Spain [76].

Hwang et al, KASI ,

Korea [77]

E. R. Benton, ERIL

Research Inc.

Benton, 2005.

http://wrmiss.org/worksh

ops/tenth/pdf/08_benton.

pdf

Bern university,

Jungfrau, Switzerland:

http://130.92.231.184/

2005-2016

INRNE-BAS, BEO-

Moussala: http://beo-

db. inrne.bas.bg/

moussala/2005-2014

I . Getley, University of

New South Wales,

Austral ia

Getley et al. , 201 0. [44].

DU (11 0x1 00x45 mm,

0.48 kg including 2 D

size Lithium-Ion

batteries)

Inside of the aircraft

300/600 sec.

3 Liul in MDU

(1 00х64х24 mm, 0.23 kg

with rechargeable Li-Ion

battery pack)

Inside of the balloon

gondola

60 sec.

DU (84x40x40 mm, 0.1 2

kg.

Internet module with 22

MHz microprocessor,

51 2K flash and 51 2K

SRAM memory.

600 sec.

Spectrometer

(11 0x55x45 mm; 0.38

kg); Display (11 5x40x20

mm; weight 0.1 2 kg;

Rechargeable battery

package (90x60x40 mm;

0.1 8 kg). Inside of the

cockpit of Boeing 747-

400 Qantas Airways

fl ights.
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6

7

8

9

1 0

1 . NASA balloon

experiment for radiation

studies.

2. RAZREZ system on

ISS

(The both systems are

already delivered but

both exp. are not

performed.)

Under the HotPay2

project

from Andoya Rocket

Range, Norway was

launched a rocket up to

380 km altitude on

January 31 , 2008.

5 balloon fl ights up to 30

km altitude between July

2011 and August 201 2

Long-term

measurements at aircraft

altitudes. A built in GPS

receiver records. Data

are stored at SD card.

Since 2005 up to 201 6.

NASA RaD-X

stratospheric balloon

fl ight mission on 25

September 201 5.

>1 8 hours

measurements.

1 . J. Adams et al. , 2007.

[79]. NASA/Marshall

Space Flight Center,

USA.

2. Petrov et al. , 2009.

[80]

http://wrmiss.org/worksh

ops/fourteenth/Petrov.pdf

Tomov et al. , 2009. [82].

http://www.stil.bas.bg/FS

R/PDF/TOP5Tomov_Bori

slav2242058.pdf

F.Wissmann et al. ,

Physikal isch-Technische

Bundesanstalt (PTB),

Germany

F.Wissmann et al. , 201 3.

[83]

Green et al. , Royal

Mil itary College of

Canada, Canada.

Green et al. , 2005. [43];

Kitching, 2004. [84].

Meier et al. , 201 6 [93]

DLR, Institute of

Aerospace Medicine.

Mertens et al, 201 6.

NASA Langley Research

Center

Mertens et al, 201 6. [94]

Meier et al. , 201 6 [96]

4 DU (74x40x20 mm,

0.065 kg; 1 CIU

(1 44x60x20 mm, 0.21

kg) Total 0.47 kg.

Powered from 28 V DC,

0.72 mA. Data

transmission trough

RS485 interface.

(1 1 0х40х20 mm, 0.098

kg)

Inside of the rocket

payload

60 sec.

Liul in-RG4/5

2 DU (11 0x40x20 mm

0.092 kg). With serial

readout of the data

measured with the Si-

detector. On the gondola

of the balloon. 30 sec.

1 DU (11 0x1 00x45 mm,

0.48 kg including 2 D

size Lithium-Ion

batteries)

inside of the aircraft

300/600 sec

Liul in-6SA1

1 DU (11 0x40x20 mm

0.092 kg). With serial

readout of the data

measured with the Si-

detector. On the gondola

of the balloon. 60 sec.
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Резюме. Йонизиращата ради-
ация създава здравни проблеми за
хората на повърхността, на Земя-
та в атмосферата в околоземното
и междупланетното космическо
пространство. Оценката на радиа-
ционното въздействие върху
здравето изисква точно познаване
на натрупаната погълната доза,
която зависи от глобалното раз-
пределение на космическата ради-
ация, фазата на слънчевия цикъл и

от локалните вариации на масата
около точката на измерване. В
статията е направен обзор на
създадените в България спектро-
метри-дозиметри от типа „Люлин“
и основните научни резултати,
които са получени с тях от 1988 г.
досега (2016) на самолети, балони,
ракети и спътници, включително
станцията „Мир“ и между-
народната космическа станция
МКС.
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Abstract. In this paper we
present the introductory talk at the III
National Congress of Physical Sci-
ences. In it we review the achieve-
ments in physical scientific research of
colleagues, research teams and insti-
tutions for the period of 3 years after
the previous Congress. These
achievements are noticed and recog-
nized in the national and international
physics communities and correspond-
ing awards and honors were given to
their authors by the highest state insti-
tutions, foundations and scientific or-
ganizations. The role of the Union of
physicists in Bulgaria in promoting
them and developing and sustaining
active national and international co-
operation in the field of contemporary
physical sciences and education is
also noted. Hence the outlined
achievements and the international co-
operation of the Bulgarian scientists
create the milestones and future pro-
spective of the development of Bulgari-
an physical sciences.

One of the goals before the Union
of Physicists in Bu lgaria (UPB) was to
revive after 30 years pause the trad i-
tion of hold ing national congresses. 30
years after the First Congress we had
the d i fficu l t task to review a long and
d i fficu l t period of fundamental social
and pol i tical changes. The review
demonstrated that Bu lgarian physics is
al ive, that i ts potential is sti l l there,
that i ts trad i tional d i rections are being
successfu l ly developed and that new
ones have come to l i fe which wi l l in flu-
ence i ts future.

I n th is paper we present the most
successfu l Bu lgarian physicists who
are wel l placed on the national ,
European and world scienti fic scene.
Our review of the ach ievements of our
col leagues and research teams which
have received peer recogn i tion and
honored by national and international
insti tu tions d isplays the mi lestones of
Bu lgarian physics and the prospects of
i ts future development.

BULGARIAN ADDED VALUE

TO ERA

MILESTONES OF BULGARIAN PHYSICS

AFTER THE SECOND CONGRESS OF PHYSICAL SCIENCES

Alexander Petrov1 , Ana Georgieva2 , Penka Lazarova3

1 President of the Union of Physicists in Bu lgaria
2Vice-President

3Member of the Governing Board
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INTERNATIONAL RECOGNI-
TION

The office of acad. Georgi
Nadjakov – part of the European
scientific heri tage

I n 201 4 on the eve of May 24 –
the day of Bu lgarian alphabet, l i teracy
and cu l ture – the European physical
society (EPS) honored the memory of
the great Bu lgarian physicist Georg i
Nad jakov and designated i ts office in
the Insti tu te of Sol id State Physics of
the Bu lgarian Academy of Sciences as
a h istoric place belong ing to the sci-
enti fic and cu l tural heri tage of the old
continent. Th is is an international re-
cogn i tion not on ly of Bu lgarian physics
but of Bu lgarian science as a whole.

Acad. Alexander Petrov was
elected president of the Balkan
Physical Union (BPU)

The IX International conference
of the BPU took place on August 24 to
27 in I stanbu l , where more than 700
scientist, teachers and students from
al l member states took part. During the
conference the Counci l of the BPU
elected a new govern ing body headed
by acad. A. Petrov wi th a 3 year man-
date.

Membership in international
organizations

1 . The UPB was designated
a national representative of Bu lgaria in
IUVSTA (Intrnational Un ion for Vacuum
Science, Technology and Appl ication)
at i ts Congress in Korea in 201 6. Our
compatriot Prof. I van Petrov is cur-
rently president of the American Vacu-
um Society and secretary of IUVSTA.

2. European Мeteorolog ical

Society (EMS) has 37 national or re-
g ional members – two if those are from
Bulgaria: Bu lgarian Meteorolog ical So-
ciety and Bu lgarian Aviometeo Club. I n
201 5 they join tly organ ized the annual
EMS&ECAM meeting wi th more than
490 scientists from over 40 countries.

3. 39-year old Bu lgarian
Prof. Ten iо Popmintchev is among the
ten most promising young scientists
for 201 6.

The rating is done by authori tat-
ive magazine “Science News” (Vol .
1 90, No. 7, October 1 , 201 6). The sci-
en ti sts under the age of 40 who are
expected to make great contribu tions
were nominated by Nobel Prize win-
ners or by newly elected members of
the US National Academy of Sci-
ences.

NATIONAL AWARDS AND
HONORS

1 . Prof. T. Popmintchev was
awarded the presidential Badge of
Honour i n May 201 6 for h is “excep-
tional scienti fic d iscovery and contribu-
tion to the development of science and
technology and for promoting the im-
age of Bu lgaria worldwide”. The Sofia
Un iversi ty graduate prof. Popmintchev
has created the fi rst of i ts kind
“desktop” X-ray laser which al lows us
to “g l impse” in to the fastest processes
in atoms and to use i t in biolog ical and
physical experiments. He is working on
setting up of a Photon ic Centre for
nano and biotechnolog ies in Sofia.

2. “PYTHAGORAS”
AWARDS FOR SUBSTANTIAL
CONTRIBUTION TO THE
DEVELOPMENT OF SCIENCE

2. 1 I n 201 6 the Big Prize for
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“Li felong contribution to the develop-
ment of science” was awarded to the
physicist Acad. Peter Kralchevski , hwo
has made essential and orig inal contri-
butions in the field of physical chem-
istry and col loids. He is an author of
1 97 publ ications wi th an impact in the
international scienti fic l i terature.

2.2 I n 201 6 the Special Award for
sign i ficant contribution of a Bu lgarian
scientist working abroad went to Prof.
T. Popmintchev who was a team lead-
er in the Joint I nsti tu te for Laboratory
Astrophysics in Colorado, USA for h is
d iscoveries in quantum physics.

2.3 During the award ceremony
Sofia Un iversi ty “St. Kl iment Ohridski ”
received a ci tation from one of the
leaders in scientometrics Thomson Re-
uters for the best performing Bu lgarian
insti tu tion in physics.

2.4 I n 201 5 Prof. Stoicho Yaza-
d j iev from the Department of Physics
of Sofia Un iversi ty received “PY-
THAGORAS” for “Recogn ized re-
searcher in natural sciences and
mathematics”. H is activi ties are fo-
cused on General Theory of Relativi ty.

2 . 5 The same year Thomson
Reu ters Speci a l Pri ze for pub l i ca-
ti ons wi th best “Essen ti a l Sci ence
I nd i cators for h i gh l y ci ted , top and
hot papers” wen t to the I nsti tu te for
Nucl ear Research and Nucl ear En-
ergy at the Bu l gari an Academy of
Sci ences.

2 . 6 The 201 4 Young sci en ti s t
“Pythagoras” award was shared by
th ree nom inees – one of them was
Ass. Prof. Dr. Andon Range l ov from
Departmen t of Phys i cs of Sofi a Un i-
vers i ty. H i s research i s connected
wi th fi n d i ng ana l ogues of quan tum

trans i t i ons i n vari ous branches of
phys i cs wi th app l i cati ons i n wi re l ess
transfer of energy.

2 . 7 I n 201 4 , “Pythagoras” for
“substan ti a l i n terd i sci p l i nary
ach i evemen ts” was awarded to Prof.
P l amen I vanov from the I nsti tu te of
Sol i d State Phys i cs of BAS. He i s a
p i oneer i n exp l ori ng systems of
phys i o l og i ca l organs as networks
and has l a i d the foundati ons of a
new d i recti on ca l l ed network
phys i o l ogy. H i s papers were pub-
l i shed i n very presti g i ous sci en ti fi c
j ou rna l s . He was e l ected an honor-
ary member of the Ameri can Phys i c-
a l Soci ety and rece i ved the Harvard
Un i vers i ty I n sti tu te of b i omed i ca l re-
search award for best researcher
(2009–201 0) .

2.8 I n 201 3 Special “Phytagoras”
prize for substantial contribution to
natural sciences went to the leaders of
two teams involved in the biggest sci-
enti fic d iscovery of the 21 -st century –
the H iggs boson: Assoc. Prof. Dr.
Leander Li ttov from Sofia Un iversi ty
Department of Physics and Prof. Dr.
Vlad imir Genchev from the Insti tu te for
Nuclear Research and Nuclear Energy.
The ach ievements of their teams re-
ceived wide recogn i tion at the h ighest
level in CERN.

3. UNION OF SCIENTISTS IN
BULGARIA COMPETITION

The annual completion for sci-
enti fic excel lence was won by:

3. 1 I n 201 5 the physicist Corr.
Member of BAS Angel Stefanov for
h is book “The ridd les of the Un iverse
and some reflections in d ialogues”
and five other papers in in ternational
journals.
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3. 2 I n 201 4 Assoc. Prof. N i ck-
o l ay M inkov from I nsti tu te for Nucl e-
ar Research and Nucl ear Energy of
BAS for seri es of papers on de-
formed nucl e i mode l s , symmetri es
and fi ne structu re of nucl ear spec-
tra .

4. BAS COMPETITION IN
COMMEMORATION OF THE 1 45th
ANNIVERSARY OF THE ACADEMY

The 201 4 awards for scienti fic ex-
cel lence went to:

4 . 1 Prof. Stefka Karta leva et a l .
from the I nsti tu te of E lectron ics for
thei r research in quan tum opti cs and
h igh defi n i ti on laser spectroscopy
based on nano and micro layers of
a l ka l i ne metal s vapors.

4.2 Assoc. Prof. Eugeny Semkov
et al . from the Insti tu te of Astronomy
for their study of properties of newly
formed stars.

5. MIN ISTRY OF EDUCATION
AND SCIENCE DIPLOMAS AND
PLAQUES

A number of research teams
from BAS worki ng on l arge (over 1
m i l . BGN ) pro j ects wi th i n the sev-
en th Framework prog ramme of the
Eu ropean Un ion rece i ved d i p l omas
and p l aques from the M in i s try of
Educati on and Sci ence:

- Team wi th pro j ect coord i nator
Acad . A. Petrov – I nsti tu te of Sol i d
State Phys i cs

- Teams from the Nati ona l I n sti-
tu te for Meteoro l ogy and Hyd ro l ogy
l ead by Prof. Dobri D im i trov, Prof.
J ordan Mari n ski , Prof. Vese l i n
Al eksand rov, Assoc. Prof. Anna
Korcheva, Assoc. Prof. Georg i
Korchev, Assoc. Prof. Em i l i a Geor-

g ieva.
- Team lead by Prof. Peter Get-

sov and Dr. Al exe i S toev from the
I nsti tu te for Space Research and
Technol ogy.

6. PHYSICISTS HONOURED BY
BAS

6 . 1 Corr. members Chavdar
Sto i anov, Peter Atanasov, Prof.
Petko Vi tanov rece i ved the h i ghest
academy award “Mari n Dri nov wi th
ri bbon ” .

6 . 2 Assoc. Prof. Lachezar
Kostov, Prof. Rumen Kakanakov,
Prof. Ekateri na Bachvarova and
Prof. Vese l i n Kovachev (posthum-
ous l y) rece i ved a Badge of Honor
for Meri t.

7. EVRIKA FOUNDATION
GEORGI NADJAKOV SCOLARSHIP
FOR ACADEMIC EXCELLENCE

The fol l owing studen ts from the
Sofia Un ivers i ty Departmen t of Phys-
i cs received Georg i Nadvakov schol-
arsh ip for thei r excel l en t academic
record : Stan i s l av Had j i ski (201 3-
201 4) , Kalo jan Genkov and Stan i s l av
Had j i ski (201 4-201 5) , Chavdar
Du tzov (201 5-201 6) .

8. BULGARIAN TRACE IN 201 4
NOBEL PRIZE IN PHYSICS

Prof. Evgen i a Va l cheva from
the Sofi a Un i vers i ty Departmen t of
Phys i cs i s a co-au thor wi th the No-
be l Pri ze wi n ners Acasaki and
Amano i n 1 3 papers connected wi th
the i r d i scovery. Prof. Bori s Petko
Arnaudov from the same depart-
men t was a l so very i n s trumen ta l i n
th e research tha t l ead to the Nobe l
pri ze .
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9. ACAD. ALEXANDER PETROV
OPENS A PRESTIGIOUS SYMPOSI-
UM IN NIELS BOHR INSTITUTE IN
COPENHAGEN

I n august 201 6 Acad . Petrov de-
l i vered the open ing lecture of the Fi rst
symposium on physics of exi ted mem-
branes – “Bioflexoelectrici ty” : an act-
ive in terface between cel l and
ambient envi ronment” . The lecture is
a summary of the d iscovery and ex-
planation of a new phenomenon in
electromechan ical properties of biolo-

g ical membranes.

The conclusion of our review is
that the UPB and Bu lgarian physicists
in general have ach ieved someth ing
to be proud of. Wi th in a period of
three years on ly at a time of an eco-
nomic cris is, the enthusiasm and de-
votion of the scien ti fi c commun i ty
bought about some remarkable res-
u l ts wi th a worldwide recogn i tion .
These resu l ts make us bel ieve that
there is a promising fu ture before the
Bu lgarian physics.

ЖАЛОНИ НА БЪЛГАРСКАТА ФИЗИКА СЛЕД

ВТОРИЯ КОНГРЕС ПО ФИЗИЧЕСКИ НАУКИ

Алeксандър Г. Петров1 , Ана Георгиева2, Пенка Лазарова3

1 председател на Съюза на физиците в България
2зам.-председател

3член на УС

Резюме. Статията представя
доклад от откриването на ІІІ
Национален конгрес по физически
науки. В нея са представени серия
успехи на български физици, научни
колективи и организации през 3-
годишния период след предходния
конгрес. Тези постижения са забеля-
зани и признати от национални и
международни физични общества и
съответните награди и отличия са
присъдени от най-високи държавни
институции, неправителствени и

научни организации. Изтъкната е
ролята на Съюза на физиците в
България за подкрепата в изгражда-
нето на устойчиво и активно
сътрудничество на национално и
международно ниво в сферата на
съвременните физически науки и
образование. Отбелязаните пости-
жения и международното сътруд-
ничество на българските учени
формират жалоните и бъдещата
перспектива в развитието на
физическите науки в България.
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Abstract. The achievements ofthe
researchers at the Central Laboratory
of Applied Physics (CLAP), the Bulgari-
an Academy of Sciences, in the field of
material science are presented by two
recently developed advanced coatings,
a TiAlSiN gradient nanocomposite coat-
ing and a low temperature deposited
TiAlN multilayer coating. The coatings
were developed, studied and adapt for
technological transfer in the Centre for
high technologies to CLAP, which was
created and upgraded in the frames of
two European and three national pro-
jects. The deposition technologies
were optimized in respect to the struc-
ture and composition, which presume
the mechanical and tribological proper-
ties required by the intended applica-
tions. Moreover, both coatings were
successfully transferred in the innovat-
ive companies.Thus, in this article the
realized relation research – develop-
ment – industrial transfer done by the
scientists at CLAP is illustrated.

I . I n troduction

The modern industry poses in-
creased requ irements to the mechan-
ical and tribolog ical properties, wear
and corrosion resistance of the used
materials.

The surface eng ineering is an ad-
vanced method al lowing improvement
of the material properties or ach ieve-
ment of qu i te new ones. Recently, the
deposi tion of coatings wi th defin i te
properties is recogn ized as a per-
spective approach for the surface
modification . The coating composi tion
and structure might sign i ficantly d i ffer
from these of the surface. Thus, com-
pletely new surface properties cou ld
be ach ieved , which is impossible wi th
other methods. The surface eng ineer-
ing by coating deposi tion extensively
stimu lates the development of new
materials wi th appl ications in the ma-
ch in ing industry, automotive and air-
craft industry, for implants and

MADE IN BULGARIA WITH

EUROPEAN SUPPORT

I NNOVATIVE NANOSTRUCTURED AND MULTILAYER

MATERIALS FOR ADVANCED APPLICATIONS OBTAINED BY

PVD TECHN IQUES

Li lyana Kolakl ieva
Central Laboratory of Appl ied Physics

61 , Sankt Petersburg Blvd . , 4000 Plovd iv
E-mai l : ohmic@mbox.digsys.bg



Mad e i n B u l g a r i a w i th E u ropean Su ppo rt

65

prostheses etc. Among the avai lable
technolog ies, PVD methods are widely
appl ied techn iques for deposi tion of
coating variety such as monolayers,
mu l ti layers, grad ient layers, and nano-
composi tes. Deposi tion of these coat-
ings enhances the main surface
parameters as hardness, wear resist-
ance, corrosion resistance, and
thermal stabi l i ty.

The development of new coatings
and deposi tion technolog ies, as wel l
as the research and an innovative
transfer of hard and superhard wear
resistant coatings are the main activi ty
at the Central Laboratory of Appl ied
Physics. Th is scienti fic field was cre-
ated and developed in the frames of
two European and three national pro-
jects. The modern scienti fic infrastruc-
ture was bu i l t on the finances of these
projects. I t comprises mul ti functional
equ ipment for investigation of the
mechan ical and tribolog ical properties
of the coatings and completely auto-
mated h igh technolog ical systems for
coating deposi tion by both most per-
spective physical vapor deposi tion
(PVD) techn iques, cathod ic arc evap-
oration and unbalanced magnetron
sputtering in a close magnetic field .
Last years many types of coatings in-
tended for d i fferent appl ications were
developed , stud ied and transferred by
the CLAP’s researchers.

I n th is article, the relationsh ip
between the scienti fic stud ies, innovat-
ive activi ties and industrial transfer is
i l l ustrated by two developed at CLAP
coatings, a TiAlSiN grad ient nanocom-
posi te coating [1 , 2] and a mul ti layer
TiAlN coating [3] .

I I . TiAlSiN gradient nanocom-
posite coating

At present, the coatings, mostly
appl ied as protective on metal -cutting

tools, d ies or presses, are based on
n i trides of transi tion metals, and espe-
cial ly TiN and TixAl 1 −xN [4–6] . The
hardness of these coatings does not
exceed 20 - 25 GPa and decreases
rapid ly when exposed at temperatures
over 500 oC. Mu l ticomponent coatings
based on d i fferent metal l ic and non-
metal l ic elements have provided the
benefi t of ind ividual components lead-
ing to a further improvement of coating
properties. However, they cannot
provide the coating features which
cou ld response to the needs of the
modern industry. Nanocomposi tes
have been developed as an al ternative
to binary and ternary phase materials,
al lowing for an increase to the hard-
ness up to 70 GPa and an improve-
ment of the thermal stabi l i ty over 800 oC.
Nanocomposi te coatings being a next
generation of mu l ti functional coatings
wi th superhardness over 40 GPa at
h igh temperatures, a low coefficien t of
friction , corrosion and wear resist-
ance, are in tensively developed and
stud ied . These properties are
ach ieved due to the speci fic coating
structure, consisting of two immiscible
phases, a nanocrystal l i ne phase
wh ich is incorporated in a matrix
phase. The nanocrystal l i ne phase is
formed by binary and ternary systems
of nanocrystal l i ne grains of n i tri des,
carbides, borides, oxides and si l i cides
of the transi tion metals. The matrix
phase can be ei ther nanocrystal l i ne
(hard /hard structure) or amorphous
(hard /soft structure) [7, 8] . The main
part of the nanocomposi tes is formed
of hard n i tri des of transi tion metals
wi th an optimal content of Si 3N4 [7-
1 2] .

The TiAlSiN grad ien t nanocom-
posi te coating was obtained by a
cathod ic arc evaporation techn ique
where an electric arc is used to va-
porize material from a cathode target.
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The vaporized material then con-
denses on a substrate, form ing a th i n
fi lm (F ig . 1 ) . The cathod ic arc depos-
i ti on (CAD) technology for the
TiAlS iN grad ien t nanocomposi te
coati ng was developed in the h igh
technolog ica l equ ipmen t Plati t π80+
(Plati t AG, Swi tzerl and ) (F ig . 2) . The
mach ine i s equ ipped wi th an innovat-

i ve Latera l Arc Rotati ng
Cathodes (LARC®) sys-
tem (Fig . 2b) , wh ich al-
l ows en larg i ng and
con ti nuous refresh ing the
target su rface duri ng
evaporati on . Thus, the
LARC® technology en-
su res the min im izati on of
macroparti cl es generati on
duri ng evaporati on , and
consequen tl y s i gn i fi can tl y
improves the coati ng
structu re and qual i ty [1 3-
1 5] . The th ree axi s plan-
etary system con tri bu tes
to un i form i ty of the coat-
i ng th i ckness. The con-

tact l ayer, g rad ien t and
nanocomposi te l ayers were obta ined
using ti tan i um and Al+(1 8 wt.%)S i a l-
l oy LARC® cathodes in n i trogen am-
bien t at a pressure of 9. 0x1 0-3 mbar
to 4. 0x1 0-2 mbar depend ing on the
requ i red composi ti on of an each nan-
olayer; the base pressure being
lower than 5х1 0-6 mbar. The depos-

i ted grad ien t coati ng
structu re wi th a tota l
th i ckness of 3. 0 µm con-
s i sts of consecu ti ve l y de-
posi ted adhesion Ti ,
g rad ien t TiN and
Ti–Al–Si–N layers and a
nanocomposi te TiAlS iN
layer. The X-ray d i ffrac-
ti on (XRD) analys i s of the
developed coati ng re-
vealed that i t had a typic-
a l nanocomposi te
structu re formed by TiN
and AlN nanocrysta l s ,
wh ich were incorporated
in an amorphous matri x
(F ig . 3) . Th i s structu re
was confi rmed by the
measurements performed
on a 1 00 kV JEOL1 00CX

Fig. 1 . A principal scheme of the cathodic
arc evaporation process.

Fig. 2. Images of the common view of the Platit
π80+ equipment (a); LARC® cathodes (b)

and a loaded chamber (c).
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Transmission E lectron M icroscopy
(TEM) (F ig . 4) . The correspond ing
dark fi e l d (DF) image (F ig . 4a) shows
a nanometer scale gra in s i ze. After
measuri ng several of the as appear-
i ng crysta l s i n the dark fi e l d image
thei r average size was found to be 5-
8 nm. From the correspond ing d i f-
fracti on pattern (ED) (F ig . 4b) two d i f-

feren t phases were
iden ti fi ed . Each of the
ri ngs corresponds to d i f-
feren t Bragg refl ecti ons,
i . e . d i fferen t compounds.
The identi fi cation of the
rings revealed that the
nanograins are (1 1 1 ),
(200), (220) and (222) TiN
Bragg reflections wi th fcc
cubic structure and (1 00),
(002), (1 1 0), (200) and
(202) AlN Bragg reflec-
tions wi th hcp type struc-
ture (Fig . 4b) [1 6] . Rings
correspond ing to Si 3N4
were not observed sug-
gesting that ei ther Si sub-
sti tu ted Al /Ti i n the
AlN /TiN nano-crystal l i tes,

or that amorphous Si–N accumu lated
at the AlN /TiN nano-crystal l i te grain
boundaries [1 7] .

XPS depth analysis detected the
bind ing energ ies correspond ing to the
Ti -N and Al -N bonds, which confi rms
the nanograin composi tion presumed
by XRD and TEM measurements. The
presence of an amorphous matrix was

Fig. 3. XRD spectra of a TiAlSiN
nanocomposite coating on a HSS substrate
obtained at incidence angles of 2.0 degrees.

Fig. 4. TEM micrograph of the coating (a) and the corresponding diffraction pattern (b).
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proved by the peak posi tion of the
Si2p spectrum at 1 01 .6 eV which
shou ld associate wi th the Si3N4 com-
pound (Fig . 5. ) [1 8] . The Electron Dis-
persive Spectroscopy (EDS) revealed
that the coating composi tion cou ld be
considered stoich iometric. Based on
the EDS element analysis, the coating
composi tion Ti0. 45Al 0. 43Si 0. 09N 1 . 02 was
determined .

The nanocomposi te structure and
a h igh Si amount of the developed
TiAlSiN nanocomposi te coating resu l t
in improved mechan ical and tribolog ic-
al properties. The Depth Indentation
Sensing method at nanometer length
scales [1 9] was appl ied and the Ol iver
& Pharr model was used to determine
the coating hardness in the load ing
range from 30 mN to 500 mN. The de-
pendence of the coating hardness on
the penetration depth , load ing respect-
ively, presented in Fig . 6 impl ies that
the coating is superhard . The maxim-
um hardness of 45 GPa was determ-
ined at penetration depth lower than
400 nm, which impl ies that the influ-
ence of the substrate cou ld be ig-
nored . With an increase of the
penetration depth the hardness de-
creases sl ightly but i t remains h igher
40 GPa up to 600 nm of penetration .
After that i t decreases smooth ly due to
the increased influence of the sub-
strate. I t shou ld be notted that al l of
the measured load/d isplacement
curves (of the as-deposi ted and
heated samples) are smooth and have
not features which cou ld suppose any
surface demages during indentation
such as cracking , ch ipping or delamin-
ation . Th is is an ind i rect evidence for
the good mehan ical properties and ad-
hesion of the coating developed .

The developed coating demon-
strated excel lent thermal stabi l i ty at
temperatures as h igh as 900 oC. Fig . 7
presents the coating behaviour during

Fig. 5. XPS spectra of the Si 2p peak in
the TiAlSiN nanocomposite coating.

Fig. 6. Dependence of the nanohardness
and elastic modulus on the penetration

depth.

Fig. 7. Dependence of the coating
hardness and elastic modulus on the

heating temperature in air.
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the thermal treatment at temperatures
rang ing from 500 oC to 900 oC in air for
6 hours at each temperature. Because
the coating deposi tion temperature is
470 oC, the hardness after heating at
500 oC d id not d i ffer notably from th is
one measured for the as-deposi ted
coating . I ncrease of the heating tem-
perature up to 700 oC causes neg l i-
g ible decrease of the hardness and
after th is temperature no sign i ficant
changes were observed . Th is effect is
attributed to the oxidation of the

coating surface. When the oxide th ick-
ness reached a certain value, i t started
to act as a mask for further oxidation
and the hardness was stabi l ised .

The friction coefficien and adher-
ence strength of the grad ient TiAlSiN
nanocomposi tes were examend by a
scratch test performed on as-deposi ted
sampleas and after each heating at tem-
peratures of 500 oC, 600 oC, 700 oC,
800 oC, and 900 oC. Di fferent types of
adhesive layer/substrate fai lures are
possible under strong plastic deforma-
tion cond i tions depend ing on the heat-
ing temperature. The optical images of
scratch tracks of the as-deposi ted and
heated at 900 oC samples measured at
a load progressive increasing from 1 N
to 30 N, are shown in Fig . 8. No fai l-
ures in the coating were found in both
samples. I n th is track reg ion a friction
coefficient of 0.07 and 0.06 was de-

termined for the as-deposi ted and
heated at 900 oC coatings, respect-
ively. Besides, no delamination of the
coating was observed .

I I I . Low temperature deposited
TiAlN multi layer coating

TiAlN coatings have been de-
veloped as an al ternative to TiN to
overcome i ts shortcoming of instabi l i ty
at h igh temperatures. A fundamental
advantage of TiAlN fi lms is that during

heating they demonstrate h igh ox-
idation resistance up to 800 oC.
Over th is temperature they form a
high ly adhesive, dense protective
Al2O3 fi lm on the surface prevent-
ing further inward d i ffusion of oxy-
gen into the coated material [20] .
Furthermore, these fi lms have en-
hanced hardness (30–35 GPa)
and h igher corrosion resistance
[20-25] . I t is known that protective
hard TiAlN coatings are general ly
deposi ted at temperatures of 400-

500 ºC which provide h igh adhesion of
the coatings to the substrate, but cou ld
lead to structural changes and worsen
the substrate material properties.
Thus, some instrumental materials
such as carbon tool steel (U1 2) have
low thermal resistance (≤ 200 ºC),
wh ich requ ires low-temperature de-
posi tion of the coatings to protect the
instruments from overheating . The re-
qu i rement for a low temperature during
deposi tion of the TiAlN coatings com-
pl icates the technolog ical process.
Hence, the establ ishment of optimal
technolog ical reg imes provid ing stable
and h igh functional properties of the
system “tool -coating” is necessary.

The TiAlN mul ti layer coating was
obtained by closed-field unbalanced
magnetron sputtering (CFUBMS) tech-
n ique in h igh technolog ical equ ipment
UDP 850-4 (Teer Coatings Ltd . , UK).

Fig. 8. Scratch tracks of: (a) as-deposited sample;
(b) sample heated at 900 oC.
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Fig. 9. A scheme of the UBMS process.

Fig. 1 0. A scheme of the equipment chamber (a) and
a photo of the equipment UDP-850 (b).
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CFUBMS (or UBMS) is an exceptional ly
versati le technique, su i table for the de-
posi tion of high-qual i ty, wel l -adhered
fi lms of a wide range of materials at
commercial ly usefu l rates. An unbal-
anced magnetron possesses stronger
magnets on the outside resul ting in the
expansion of the plasma away from the
surface of the target towards the sub-
strate. The effect of the unbalanced
magnetic field is to trap fast moving
secondary electrons that escape from
the target surface. These electrons un-
dergo ionizing col l isions with neutral
gas atoms away from the target surface
and produce a greater number of ions
and further electrons in the region of
the substrate considerably increasing
the substrate ion bombardment. Effect-
ively secondary plasma is formed in the
region of the substrate. When a negat-
ive bias is appl ied to the substrate, ions
from this secondary plasma are accel-
erated to the substrate and bombard i t.
This ion bombardment is used to con-
trol the many properties of the growing

fi lm (Fig. 9). The mul-
ti layer TiAlN coating
was deposited at a
temperature of 200 ºC
from two ti tanium
(99,99 %) and two alu-
min ium (99,99 %) rect-
angular targets in a
closed-field configura-
tion (Fig. 1 0). Prior to
the deposition, the va-
cuum chamber was
evacuated to a base
pressure of 5x1 0-6

mbar. Two extra puri ty
gases were used in the
deposition process, an
inert Ar with a flow rate
of 25 sccm control led
by a mass flow control-
ler, and a reactive N2,
which flow was con-

trol led by an Optical Emission Mono-
chromator (OEM). The deposition of the
multi layer TiAlN coating started with a
Ti adhesion layer of 1 00 nm, which was
fol lowed by two TiN interlayers, graded
and stoichiometric, with a total th ick-
ness of 250 nm. After that the Al con-
tent was increased gradual ly forming a
graded TiAlN transi tion layer. The
structure was completed with a TiAlN
layer. Graded interfaces are routinely
formed to ensure the min imisation of
the stress induced at the coating - sub-
strate interface. The total th ickness of
the coating was 1 .8 µm. Al l the fi lms
were deposited at a bias vol tage of -70
V, a pulsed regime of the Al cathodes
and DC regime of the Ti ones.

In contrast to the nanocomposites,
the TiAlN multi layer coating grows in a
columnar structure. This structure be
due to the low deposition temperature
and an absence of Si contamination in
the coating composition. The XRD ana-
lysis revealed that the coating itself
comprises mainly the (AlTi)N2 phase,

Fig. 11 . XRD spectra of the substrate (a) and the TiAlN
multi layer coating at incidence angles of 90o (b),

1 0o (c) and 5o (d).
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which crystallizes in the cubic Fm-3m
space group with an unit cell parameter a=
4.1 75 Å close to the value 4.1 72 Å given in
ICDDPDF2 #71 -5864. The mean crystallite
size of the (AlTi)N2 phase was 44 nm. The
spectrum measured at a lowest incidence
angle indicated the presence of TiN0.3, AlN
and Ti4AlN3 phasses as local contamina-
tions of the coating layer (Fig. 11 ). The
binding energies of the Ti2p, Al2p and N1 s
peaks as determined by XPS analysis are
assigned to Ti-N and Al-N chemical bond-
ing state within the coating [26] (Fig. 1 2).
The concentrations of titanium, aluminium
and nitrogen in the coating calculated from
the XPS spectra were 24,1 at.%, 33,2 at.%
and 42,7 at.%, respectively, presuming the
coating composition Ti0.24Al0.33N0.43.

Despite the columnar structure, the
developed TiAlN multi layer coating
demonstrated very good mechanical
properties. Values of 38 GPa and 41 8
GPa were determined for the coating
hardness and elastic modulus, respect-
ively. I t should be noted that the achieved
hardness is very close to the superhard-
ness and extremely high for the low tem-
perature deposited coatings with a
columnar structure. Besides the valuable
hardness, the TiAlN multi layer coating
showed a perfect adhesion to the sub-
strate and a friction coefficient as low as
0.09. As can be seen in Fig. 1 3 no
cracks, cheeping and delamination
were detected wi th in the whole load ing
interval of the scratch track.

Fig. 1 2. XPS spectra of the TiAlN coating measured on the surface and
in the coating depth after 5 min etching.

Fig. 1 3. A scratch track in the TiAlN coating at loading in the interval 1 -1 0 N.
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IV. Conclusion

CAD and UBMS technologies were
developed for deposition of the TiAlSiN
gradient nanocomposite coating and a
multi layer TiAlN coating, respectively.
The deposition techniques were selected
based on the requirements to the coating
properties determined by the intended
application. For instance, the enlarge-
ment of the l ife-time of the tools used in
the machining industry demands of en-
hanced hardness, a low friction coeffi-
cient and thermal stabil ity. The TiAlSiN
nanocomposite coating was developed to
response these needs. Because the

nanocomposite structure forms at high
temperatures, these coatings are de-
posited on tools of high temperature
materials such as stainless steel, tung-
sten carbide etc. However, for some ap-
pl ications low-temperature materials are
used. Therefore a special UBMS tech-
nology for low-temperature deposition of
the multi layer TiAlN coating was de-
veloped.

The detai led study of the structure
and composition of both coatings en-
abled explaining their mechanical and tri-
bological properties. Moreover, based on
the results from these investigations the
developed technologies were optimized,

which allowed the
realization of the
transfer to the in-
dustry. Fig. 1 4
presents different
applications of the
TiAlSIN nanocom-
posite coating cur-
rently used in several
industrial companies.

Fig 1 4. Industrial tools with a TiAlSiN nanocomposite
coating deposited at CLAP.
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ИНОВАТИВНИ НАНОСТРУКТУРИРАНИ И МНОГОСЛОЙНИ

МАТЕРИАЛИ С МНОГОФУНКЦИОНАЛНИ ПРИЛОЖЕНИЯ ,

ПОЛУЧЕНИ ЧРЕЗ PVD ТЕХНИКИ

Лиляна Колаклиева
Централна лаборатория по приложна физика
4000 Пловдив, бул. „Санкт Петербург” № 61

E-mail : ohmic@mbox.digsys.bg

Резюме. Постиженията на уче-
ните в Централната лаборатория по
приложна физика при Българската
академия на науките (ЦЛПФ) в сферата
на материалознанието са представени
чрез две новоразработени и усъвър-
шенствани покрития: TiAlSiN градиен-
тно нанокомпозитно покритие и ниско-
температурно TiAlN многослойно пок-
ритие. Покритията са разработени,
проучени и адаптирани за технологи-
чен трансфер в Центъра за върхови
технологии към ЦЛПФ, който е създа-

ден и модернизиран в рамките на два
европейски и три национални проекта.
Технологиите на отлагане са оптими-
зирани по отношение на структурата
и състава, които определят механични-
те и трибологични свойства, изисквани
от предвижданите приложения. Освен
това, двете покрития са трансфери-
рани в иновативни компании. В
статията е илюстрирана осъществе-
ната от учените в ЦЛПФ връзка
научни изследвания – развойна дейност
– индустриален трансфер.
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Under the motto of Pythagoras’s
thought that science is the love of

wisdom and the yearning to reach

the truth has passed the 8th official
ceremony of hand ing the Pythagoras
awards ‘201 6 for sign i ficant contribu-
tions to science in the period of 201 3 –
201 5 to ind ividual scientists, research
teams and organ izations.

The ceremony, which was held on
May 1 9, 201 6 in Sheraton Sofia Hotel
Balkan, was opened by the Deputy
Prime Min ister and Min ister of Educa-
tion and Science Ms. Meglena Kuneva.
She expressed confidence that the
phrase “And we have also g iven
someth ing to the world ” (from the Ivan

Vazov’s Epic of the Forgotten) can be
fi l led wi th new content. I n the g lobal-
ized world in which we l ive, we need of
advanced knowledge and technology
to overcome the growing social and
economic chal lenges. M in ister Kuneva
said , that for the find ing of solu tions
pol i ticians must rely on science and
expresses her hope among th is year’s
laureates of the h ighest Bu lgarian sci-
ence award “to be the next Nobel laur-
eate”.

Just before announcement of the
awards the authori tative jury was
presented . I t was composed by hold-
ers of the Pythagoras awards in 201 5,
as fol lows: Assoc. Prof. M i len Geor-
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PYTHAGORAS AWARDS ‘201 6 FOR SIGN IF ICANT
CONTRIBUTIONS TO SCIENCE*

Penka Lazarova1 , Vesela Vasileva2
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39 Madrid Blvd. , 1 505 Sofia
E-mail : lazarova@usb-bg.org

2Ministry of Education and Science, Directorate of Science
2 Dondukov Blvd. , 1 000 Sofia
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journal of the Union of Scientists in Bulgaria, XXVI , 201 6, 3, pp. 58-61 . All images are provided by the

Ministry of Education and Science.
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g iev, Ph.D. , from the Insti tu te of Micro-
biology at the Bu lgarian Academy of
Sciences (BAS) – chairman, and mem-
bers: Assoc. Prof. Georg i Yordanov,
Ph.D. , from the Facu l ty of Chemistry
and Pharmacy at the Sofia Un iversi ty
“St. Kl iment Ohridski ” ; Prof. Dorotey
Getov, Ph.D. , from the Insti tu te of l i ter-
ature at the BAS; Prof. D.Sc. Galya
Angelova, head of section “Lingu istic
Model l ing” in the Insti tu te of I nforma-
tion and Communication Technolog ies
at the BAS; Prof. D.Sc. Stoycho Yaza-
dzh iev from the Department of Theor-
etical physics in the Facu l ty of Physics
at the Sofia Un iversi ty “St. Kl iment
Ohridski ” ; Assoc. Prof. Nel i Koseva,
Ph.D. , Director of the Insti tu te of Poly-
mers at the BAS; Assoc. Prof. Dr. med.
Radka Kaneva, Ph.D. , head of Molecu-
lar Med icine Center in the Med ical Un i-
versi ty – Sofia.

For th is year’s Pythagoras
awards, based on scientometric ind ic-
ators – publ ications and ci tations in
the period of 201 3 – 201 5, represented

in the international databases of Web
of Science and Scopus – over 47 sci-
entists from higher educational insti tu-
tions in Bu lgaria and abroad have
been nominated . Three new categories
of the awards have been establ ished ,
as fol lows: (1 ) for research team with a
successfu l exploi tation and commer-
cial ization of scienti fic resu l ts, (2) for
scienti fic book and (3) for a company
that most invests in research. Th is
year “Grand Prize for successfu l man-
ager of in ternational projects” and
“Prize for popu lar science book for
ch i ldren” have not been handed.

The Deputy Prime Min ister and
M in ister of Education and Science
Ms. Meg lena Kuneva awarded the Big
Prize for Li fetime Achievement in
the Development of Science , re-
stored th is year, to two eminent sci-
en ti sts: Academician Peter
Kralchevski and Correspond ing Mem-
ber of BAS Elka Bakalova-Lazarova.
Each of them received money prize of
5000 BGN.

Academician Peter Kralchevski
works in the field of Physical and Col-
loid Chemistry. He is holder of high
awards of the Sofia Universi ty “St. Kl i-
ment Ohridski”, the BAS and the Min-
istry of Education and Science. Acad.
Kralchevski is vice chairman of
European COST action for appl ication
of col loidal chemistry in nanotechnolo-

g ies and secretary of the European
Col loid and Interface Society. He is au-
thor of 1 97 papers, which has found a
wide resonance in the international sci-
enti fic l i terature. In the period of 201 3 –
201 5 he is head of 1 4 industrial pro-
jects, whose outcomes are used to de-
velopment of industrial designs and
products. Acad. Kralchevski has signi-
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ficant and orig inal contributions to
physical chemistry of l iqu id surfaces, as
wel l as to mechanics and thermody-
namics of d istorted interphase borders
and membranes taking into account the
presence of surface moments.

Corresponding member Elka
Bakalova-Lazarova dedicated al l of
her scienti fic, teaching and publ ic activ-
i ty to the research of medieval Byz-
antine and Bulgarian art and the
protection of cul tural monuments of that
period. She is the author of 1 98 publ ic-
ations ci ted over 500 times in national
and international issues. Corresponding
member Bakalova-Lazarova holds the
Honorary Sign of BAS “Marin Drinov”
for outstanding contribution to the hu-
manities. She is an expert of ICOMOS
on the UNESCO for more than 1 0 years
and performs missions related to the in-
clusion of important monasteries in the
List of World Heri tage. She also has re-
cognized contribution to the develop-
ment of the Bulgarian medieval art on
modern methodological foundations.

Academician Stefan Vodenicharov,
Chairman of the BAS, handed Pythagoras
statuette and money prize of 1 0 000 BGN
in the category BIG PYTHAGORAS
AWARD FOR YOUNG SCHOLAR to As-
sist. Prof. Antonia Toncheva, Ph.D. and
expressed his satisfaction that young sci-
entists from the BAS continue the tradi-
tions of their teachers.

Ass i s tan t Professor An ton i a
Toncheva, Ph .D . , works on imp l e-
men ta ti on -ori en ted research i n the
Labora tory of “B i o l og i ca l l y acti ve
po l ymers” a t th e I n s t i tu te of Po l y-
mers – BAS . I n the l as t th ree years
her s tu d i es are focu sed on the
manu factu ri n g of m i cro- and nan-
ofi b rou s of b i ocompati b l e materi a l
an d absorbab l e po l ymers for u se i n
med i ci n e and pharmacy. She has
speci a l i zed i n the Labora tory of
Po l ymer and Compos i te Materi a l s
a t th e Un i vers i ty of Mons , Be l g i um ,
wi th i n the prog ram BEWARE Fe l-
l owsh i ps Academ i a , fu nded by Hori-
zon 2020 , Prog ram Mari e
Skłodowska-Cu ri e acti on s . I n th e
peri od 201 3 – 201 5 she has 9 sci-
en ti fi c pub l i ca t i on s i n i n terna ti ona l
j ou rna l s wi th impact factor and
more than 90 ci ta t i on s . She part i-
ci pa ted i n n umerou s nati ona l and
i n terna ti ona l sci en ti fi c pro j ects and
forums wi th ora l presen ta ti on s and
posters or as i n vi ted presen ter. She
was awarded the pri ze “Prof. I van
Shopov” for prom i nen t young scho l-
ar i n the fi e l d of po l ymers by the
Un i on of Chem i s ts i n Bu l gari a . As-
s i s t. Prof. Toncheva i s member of
the team headed by Correspond i n g
Member of BAS I l i ya Rashkov,
wh i ch rece i ved i n 201 4 the pri ze for
creati on of new genera ti on m i cro-
and nanostru ctu res po l ymeri c ma-
teri a l s th rough deve l opmen t of the
advanced techno l ogy of “e l ectro-
sp i n n i n g ” ; th i s award was handed i n
a con tes t for exce l l en ce of sci en t-
i s ts and co l l ect i ves , d ed i ca ted to
the 1 45 th ann i versary of the BAS .

Professor Luben Totev,
Ph .D . , Rector of the Un i vers i ty of
M i n i n g and Geo l ogy “S t. I van Ri l ski ”
and Cha i rman of the Board of Rect-
ors of the h i g her educati on i n s t i tu-
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t i on s i n Bu l gari a , h anded the PY-
THAGORAS AWARD FOR ESTAB-
L I SHED SCHOLAR IN THE FIELD
OF NATURAL AND ENGINEERING
SCIENCES to Professor D .Sc. Vl ad i-
m i r Bozh i nov, Ph .D . , head of Depart-
men t “Organ i c syn thes i s and fue l s”
at the Un i vers i ty of Chem ica l Tech-
no l ogy and Meta l l u rgy – Sofi a . H i s
researches are focused on the func-
ti ona l fl u orescen t compounds. Prof.
Bozh i nov he l d for the fi rs t time i n
Bu l gari a stud i es re l a ted to the ab i l i ty
of mol ecu l es to perform log i c opera-
ti ons i n b i nary system . I n the peri od
201 3 – 201 5 he has 20 pub l i cati ons
i n i n ternati ona l j ou rna l s wi th h i gh im-
pact factor, wh i ch are ci ted 838
times. I n the l ast th ree years he l ed
5 pro j ects wi th nati ona l and i n terna-
ti ona l s i gn i fi cance. I n 201 4 , on the
F i rst I n ternati ona l Capari ka Con fer-
ence on Chromogen i c and Em iss i ve
Materi a l s , Capari ka-Almada, Por-
tuga l , Prof. Bozh i nov and h i s team
are awarded fi rs t pri ze for the best
work.

The PYTHAGORAS AWARD
FOR ESTABLISHED SCHOLAR IN
THE FIELD OF HEALTH AND MED-
ICAL SCIENCES was handed by Pro-
fessor D.Sc. Venel i n Enchev,
Chai rman of the Un ion of the Scien t-
i sts i n Bu lgaria , to Professor D.Sc.
I va i l o Tournev and Professor D.Sc.
I ri n i Doych inova.

Professor D.Sc. Ivai lo Tournev,
Ph.D. , for the fi rst time in the world
described two new hered i tary d iseases
– autosomal dominant spinal muscu lar
atrophy and a new form of autosomal
dominant “Cone-rod” dystrophy. He
creates and manages the Expert
Centre for Hered i tary Neurolog ical and
Metabol ic Diseases at the Alexan-
drovska Hospi tal in Sofia. I n the last
three years he establ ished cooperation
wi th a number of in ternational authori t-
ative scienti fic insti tu tions; in troduces
and carries out selective screen ing
programs for rare d iseases; creates
Bu lgarian school for cl in ical neurogen-
etics and raises the cl in ical neurogen-
etics in our country to European and
Global level . He introduces and con-
fi rms the profession “Heal th Med iator”
in Bu lgaria and prepares med ical staff
from the Roma communi ty. Currently,
under h is leadersh ip work 1 95 heal th
med iators in more than 1 1 0 municipal-
i ties in Bu lgaria. Through organ ized by
h im preparatory courses and mentor-
sh ip 1 06 Roma students are studying
in med ical un iversi ties. I n the last
three years he has 25 publ ications in
in ternational journals wi th h igh impact
factor. He’s also a winner of many
prestig ious awards, includ ing “Gold
Coin : Script” of the Counci l of the
European Scienti fic and Cul tural Com-
muni ty for sign i ficant contribution to
the Bu lgarian science.
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Professor D.Sc. I ri n i
Doych inova, Ph .D . , i s l ectu rer of
phys i ca l chem i stry and pharma-
coki neti cs i n the Pharmaceu ti ca l
Facu l ty of the Med i ca l Un i vers i ty –
Sofi a . Her sci en ti fi c i n terests are i n
the fi e l d of d rug des i gn , b i o i n format-
i cs and compu tati ona l chem i stry and
b i o l ogy. Among her mai n con tri bu-
ti ons i n the l ast th ree years are the
des i gns of new structu res acti ve
aga i nst tubercu l os i s and Al zhe imer’s
d i sease, as wel l as the defi n i t i on of
major structu ra l fragmen ts and
phys i cochem ica l properti es , i n fl u en-
ci ng the d i s tri bu ti on and e l im i nati on
of d rugs . I n the peri od of 201 3 –
201 5 Prof. Doych i nova has 21 pub-
l i cati ons i n fore i gn j ou rna l s wi th im-
pact factor. She i s co-au thor of two
textbooks and two monograph i c
seri es . Prof. Doych i nova a l so parti-
ci pates i n numerous nati ona l and i n-
ternati ona l research pro j ects and i s
a member of the ed i tori a l boards of
s i x fore i gn j ou rna l s . I n 201 1 she was
awarded the pri ze “Gol den Panacea”
for speci a l con tri bu ti ons i n rea l i za-
ti on of teach i ng , research and expert
work i n the med i ca l and b i o l og i ca l
fi e l d .

Professor I van D imov, Depu ty
M in i s ter of Educati on and Sci ence,
handed the PYTHAGORAS AWARD
FOR ESTABLI SHED SCHOLAR IN

THE FIELD OF HUMAN ITIES AND
SOCIAL SCIENCES to Professor
D.Sc. Vesel in Petrov, from the I nsti-
tu te for Study of Societi es and Know-
ledge at the BAS, Execu ti ve Di rector
of the Board of the I n ternati onal Or-
gan izati on for process ph i l osophy
and co-founder of the European Or-
gan izati on for process ph i l osophy.
He received Pythagoras statuette
and money pri ze of 5000 BGN .

Prof. Petrov is member of the ed-
i torial boards of two foreign scienti fic
journals. For the last three years h is
main ach ievements are in the field of
contemporary process ontology and i ts
appl ications. H is publ ications in the
period 201 3 – 201 5 are the fi rst com-
prehensive study of the process onto-
logy in the Bu lgarian l i terature and
ph i losophy and one of the fi rst mono-
graph ic researches in the particu lar
field of appl ied process ontology. The
stud ies of Prof. Petrov are focused on
the development of the theory of dy-
namic and process-relational ontology,
on the ph i losoph ical sense of the idea,
as wel l as on the appl ication of these
ontolog ies in ph i losophy i tsel f and in
d i fferent field of science.

Mr. Krasimir Kiryakov, Deputy
Min ister of Education and Science,
handed the PYTHAGORAS AWARD
FOR RESEARCH TEAM WITH SUC-
CESSFUL EXPLOITATION AND COM-
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MERCIALIZATION OF SCIENTIFIC
OUTPUTS to Col lective under the
leadership of Associate Professor
Georgi Nekhrizov, Ph.D. , from the
National Archaeolog ical I nsti tu te wi th
Museum at the BAS. The winners re-
ceived a plaque and a money prize of
8000 BGN.

The co l l ect i ve headed by As-
soc. Prof. Georg i N ekh ri zov deve l-
ops and successfu l l y imp l emen ts
the pro j ect “Deve l opmen t of Archae-
o l og i ca l Map of Bu l gari a and Im-
provemen t of non -destru cti ve
research method s u s i n g Geog raph i c
I n formati on Systems” . I n connecti on
wi th the ass i g nati on of new l ayou ts
of the mun i ci pa l i t i es i n Bu l gari a
ari ses the need for provi d i n g up-
dated i n formati on abou t l oca l i za-
t i on s and characteri s t i cs of
archaeo l og i ca l ob j ects on the i r ter-
ri tory. S i n ce 201 3 the team of As-
soc. Prof. N ekh ri zov has prepared
reports for 1 03 mun i ci pa l i t i es , wh i ch
i n cl u de deta i l ed i n formati on for
more than 7000 archaeo l og i ca l
s i tes ; so are provi d ed cond i t i on s for
effecti ve conservati on , research
and fu tu re soci a l i za t i on of archae-
o l og i ca l s i tes i n Bu l gari a . As a res-
u l t o f th i s pro j ect th e mun i ci pa l i t i es
rece i ve data abou t l oca l i za t i on , bor-
d ers , ch rono l ogy and type of a l l
known archaeo l og i ca l s i tes on the i r
terri tory.

THE PYTHAGORAS AWARD i n
the category “SCI ENCE BOOK” ,
p l aq ue and money pri ze of 1 000
BGN , was handed by Mrs . Z l a t i n a
Karova , D i rector of the D i rectora te
of Sci ence at the M i n i s try of Educa-
t i on and Sci ence , to Associ ate
Professor Al exander Kuymdzh i ev,
Ph .D . , au thor of “The Mu ra l s i n the
Ma i n Chu rch of the Ri l a Monastery” ,
720 pages , i ssued i n 201 5 by the
I n s t i tu te of Art S tu d i es a t th e BAS .
The book i s fu ndamen ta l research
i n wh i ch for fi rs t t ime i s presen ted
the h i s tory of the bu i l d i n g and
pa i n t i n g of the ma i n chu rch i n the
Ri l a Monastery. S tu d i ed are a l o t of
new documen tary evi d ences ,
th rough wh i ch i s res tored the over-
a l l p i ctu re of even ts , su rround i n g
the bu i l d i n g and pa i n t i n g of the
most represen ta ti ve monumen t of
Bu l gari an Revi va l art. The book
con ta i n s a number of new hypo-
theses re l a ted to the monastery’ s
h i s tory from earl i e r cen tu ri es . Cor-
rected are many errors and i n ac-
cu raci es tha t rece i ved pub l i c
d i s tri bu t i on and create i n accu ra te
p i ctu re of actu a l even ts i n the mon-
astery i n the 1 9 th cen tu ry. The book
has won competi t i on s organ i zed by
the Nati ona l Sci ence Fund of the
M i n i s try of Educati on and Sci ence
and by the prog ram “Support for the
book” of the M i n i s try of Cu l tu re .
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An award for A COMPANY WITH
MOST RESEARCH INVESTMENTS –
plaque and money prize of 1 000 BGN
– was handed to Comac Medical Ltd. ,
founded in 1 997 by Dr. M i len
Vrabevski , owner and CEO. The com-
pany is special ized contract research
organ ization in the field of cl in ical re-
search and innovation in med icine, op-
erating in 1 8 countries in Central and
Eastern Europe and participant in pro-
ject of “Horizon 2020” – the smal l and
med ium enterprises in i tiative. The
award was handed by Mrs. Dan iela
Vezieva, Deputy Min ister of the Min-
istry of Economy.

The Deputy Prime Minister Ms.
Meglena Kuneva handed A SPECIAL
AWARD FOR SIGNIFICANT CONTRI-
BUTION OF BULGARIAN SCIENTIST
WORKING ABROAD – plaque and
money prize of 5000 BGN – to Profess-
or Tenio Popmintchev for his d iscover-
ies in the field of quantum physics.

Professor Ten io Popmin tchev,
Ph .D . , i s an estab l i shed and l ead i ng
expert i n the fi e l d of attosecond
quan tum phys i cs and extreme non-
l i near opti cs . He d i scovered and
paten ted a new system for effi ci en t
coheren t convers i on of u l travi o l e t
l aser l i g h t i n attosecond X-ray l i gh t,
pub l i shed i n 201 5 i n the au thori ta t-
i ve j ou rna l “Sci ence” . I n the l ast
years he i s au thor of 1 2 papers , fea-
tu red i n presti g i ous i n ternati ona l sci-
en ti fi c j ou rna l s as “Natu re
Photon i cs” , “Phys i ca l Revi ew Let-
ters” , “PNAS” etc. At the time of
subm i ss i on of app l i cati ons for the
award he has 73 peer-revi ewed art-
i cl es wi th more than 2600 ci ta ti ons .
At the same time Prof. Popm in tchev
has presen ted fi ve papers at i n ter-
nati ona l con ferences, two presen ta-
ti ons i n h i gh l y se l ecti ve
con ferences, a key presen tati on wi th
essen ti a l s i gn i fi cance for the modern
sci ence and one presti g i ous p l enary
report. The pub l i cati ons of Prof.
Popm in tchev i n “Sci ence” are ci ted
as one of the fundamen ta l moti va-
ti ons i n the d raft prog rams for the
deve l opmen t of sou rces of coheren t
X-ray beam by sci en ti fi c foundati ons
and m i l i tary departmen ts i n the
Un i ted States and Eu rope (DARPA,
MURI , NSSEFF) .

Prof. Popmin tchev, who heads a
research team in the J I LA I nsti tu te ,
Colorado, USA, said , that the exci te-
men t of retu rn i ng to Bu lgaria i s b i g-
ger than the exci temen t from the
arri va l on the stage. He said a l so
that he wou ld l i ke Bu lgarian scholars
and research teams to work wi th h i s
fi nd i ngs and wi l l be happy to work
wi th Bu lgarian studen ts. He ded ic-
ated h i s award to h i s teacher Mr.
Teodosi Teodosiev and to h i s l ectu r-
ers i n the Facu l ty of Physics at the
Un ivers i ty of Sofia .
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This year for second time are
handed awards for h igh performance
in science by the partners of Bu lgaria

in scientometrics – the company
THOMSON REUTERS and the sci-
enti fic publ isher ELSEVIER.

The award for sci en ti fi c organ i z-
ati on wi th h i ghest number of sci en ti f-
i c resu l ts i n the past year, accord i ng
to data from Web of Sci ence, was
awarded to “St. Kl imen t Ohri d ski ”
Sofi a Un i vers i ty.

The pub l i sher E l sevi er, wh i ch
takes i n to accoun t the number of
pub l i cati ons of sci en ti fi c organ i za-
ti ons as shown i n SCOPUS and fo l-
l ows the trend of s i gn i fi can t g rowth
i n th i s i n d i cator for the past fi ve
years , handed award for most suc-
cessfu l research team to the Un i-
vers i ty of Chem ica l Technol ogy and

Meta l l u rgy – Sofi a .

The award ing of the most presti-
g ious awards for science in our coun-
try on the eve of May 24 – the feast of
Bu lgarian education and cu l tu re – is
an act of homage and recogn i tion to
the Bu lgarian scien ti sts, bu t also –
after the words of Deputy M in ister
Prof. I van Dimov – of hope that Bu l-
garia has a fu ture. Let’s hope that
among the winners of Pythagoras
awards is a fu ture Nobel laureate, as
wished in her speech at the open ing
ceremony Min ister Kuneva!
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On May 28 and 29 , 201 6 , the
1 2 th Nati ona l S tuden ts ’ Con ference
took p l ace i n the ci ty of P l ovd i v un-
der the motto “Eu ropean Cu l tu ra l
and H i stori ca l Heri tage . I t was or-
gan i zed by the Studen ts ’ C l ub of
H i story and Archaeol ogy named
after Prof. Ve l i zar Ve l kov at the De-
partmen t of H i story and Archaeol ogy
of the Facu l ty of Ph i l osophy and H i s-
tory at the Pai s i i H i l endarski Un i-
vers i ty of P l ovd i v. The sci en ti fi c
forum for studen ts and PhD cand i d-
ates coi nci ded wi th the twen ti e th an-
n i versary of the foundati on of the
studen ts ’ cl ub . The young h i stori ans
and archaeol og i s ts gathered i n one
of the l argest and most beau ti fu l
houses i n the Ol d Town of P l ovd i v –
the house of Veren Stambol yan a l so
known as the “House of the Arti s ts” .
I t was provi ded by cou rtesy of the
Anci en t P l ovd i v Mun i ci pa l i ty I n sti-
tu te .

The con ference was opened by
a wel com ing speech by the Dean of
the Facu l ty of Ph i l osophy and H i s-
tory at the Paisii Hilendarski Un i-
vers i ty of P l ovd i v, Assoc. Prof.
Kras im i ra Krastanova PhD. The offi-
ci a l part a l so i ncl u ded award g i vi ng

and other wel come add resses. The
Prof. Velizar Velkov Studen ts ’ C l ub
of H i story and Archaeol ogy, a stu-
den t organ i zati on a l ready wel l es-
tab l i shed i n the fi e l d of the
human i ti es , i n troduced a badge of
honou r to be awarded annua l l y to
peop l e wi th seri ous ach i evemen ts i n
the i r sci en ti fi c fi e l d s and con tri bu-
ti on to the deve l opmen t of the cl ub ’s
acti vi ty. The fi rs t wi nners of that
award chosen were Assoc. Prof.
I van Dzhambov PhD and Assoc.
Prof. Georg i M i trev PhD – Head of
the H i story and Archaeol ogy Depart-
men t for many years and at presen t,
the two of them al so be i ng the i deo-
l og i s ts and founders of Prof. Ve l i zar
Ve l kov Studen ts ’ C l ub of H i story and
Archaeol ogy.

The open i ng day, 28 th May, co-
i nci ded wi th Armen i a ’s nati ona l ho l i-
day (the Day of the Repub l i c) . That
i s why we were especi a l l y honou red
to have as ou r guest H i s Exce l l ency
Armen Sargsyan , Ambassador Ex-
traord i nary and Plen i poten ti ary of
the Repub l i c of Armen i a i n the Re-
pub l i c of Bu l gari a . H i s Exce l l ency
g reeted the parti ci pan ts i n the forum
and de l i vered a p l enary report on
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the ro l e and p l ace of Armen i a i n the
Eu ropean cu l tu ra l and h i s tori ca l her-
i tage .

I n re l a ti on to the 20 th an-
n i versary of Prof. Velizar Velkov Stu-
den ts ’ C l ub of H i story and
Archaeol ogy, a con test for second-
ary school studen ts was organ i zed
i n re l a ti on to wri t i n g an essay on the
fo l l owi ng sub j ect: „P l ovd i v as part
of the h i s tory and cu l tu re of Eu rope“ .
The con test’ s pu rpose was to en-
cou rage the stud i es of Loca l H i story
and i nvo l ve studen ts i n h i s tory. The
reward fund provi ded by the Depart-
men t of H i story and Archaeol ogy i n-
cl u ded money awards and books.
The studen t ranked fi rs t by the con-
test’ s eva l uati on pane l was M ina
Panayotova from the Ivan Vazov
Fore i gn Language School , P l ovd i v
who was a l so g ran ted the opportun-
i ty to read her essay before the
aud i ence of the open i ng . The
second p l ace was for Bozh i dara
Atanasova from Acad. Kiril Popov

Secondary School of Mathemati cs ,
P l ovd i v, and the th i rd -ranked studen t
was Mari ya Sh tarbeva from the Na-
ti ona l Secondary School of Com-
merce, P l ovd i v. They a l l rece i ved
honorary d i p l omas and the i r essays
wi l l be i ncl u ded i n the col l ecti on of
reports from the sci en ti fi c con fer-
ence.

The presen tati on of the col l ec-
ti on book wi th resu l ts from the e l ev-
en th studen ts ’ sci en ti fi c con ference
he l d l ast year caused g reat exci te-
men t and each guest and parti ci pan t
rece i ved one copy of i t. Many prom-
i s i ng young sci en ti s ts have had the i r
fi rs t pub l i cati ons i n the col l ecti ons
i ssued by Prof. Velizar Velkov Stu-
den ts ’ C l ub of H i story and Archae-
o l ogy on a regu l ar bas i s .

Du ri ng the worki ng sess i ons of
the sci en ti fi c forum , abou t 40 un i-
vers i ty studen ts and PhD cand i dates
presen ted the i r research . Among
them , there were col l eagues from
si x Bu l gari an un i vers i t i es : the Paisii
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Hilendarski Un i vers i ty of P l ovd i v, St.
Clement of Ohrid Un i vers i ty of Sofi a ,
St. Cyril and St. Methodius Un i-
vers i ty of Ve l i ko Tarnovo, Neofi t Ri s-
l ki Sou theastern Un i vers i ty, Bishop
Constantine of Preslav Un i vers i ty of
Shumen and the New Bu l gari an Un i-
vers i ty a l ong wi th one parti ci pan t
from abroad – from the Un i vers i ty of
Pardub i ce , Czech Repub l i c. Accord-
i ng to the estab l i shed trad i t i on , a l l of
them rece i ved worki ng materi a l s
provi ded by the Studen t Counci l o
the Un i vers i ty of P l ovd i v. Th i s year,
parti ci pan ts a l so rece i ved fou r books
on sub j ects from the rea lm of h i s tory
provi ded by I vra i Pub l i sh i ng House
and the Departmen t of H i story and
Archaeol ogy.

The 1 2 th S tuden ts ’ Sci en ti fi c
Con ference was an even t for an en-
ti re generati on of a l umn i of the De-
partmen t of H i story and Archaeol ogy
of the Un i vers i ty of P l ovd i v. A major
aspect of the j ub i l ee con ference was
the Round Tab l e on the fo l l owi ng
top i c: “Prob l ems and Cha l l enges be-
fore the Educati on i n H i story i n Bu l-
gari an Un i vers i t i es” , wh i ch cl osed
the prog ramme for the fi rs t day.
Presen t and former members of the
Prof. Velizar Velkov Studen ts ’ C l ub
of H i story and Archaeol ogy, from i ts

very estab l i shmen t 20 years ago un-
ti l nowadays, took part i n the round
tab l e . A pecu l i ar meeti ng of 20
a l umn i of young h i stori ans and ar-
chaeol og i s ts among whom there was
a l arge number of speci a l i s ts wi th
estab l i shed careers and others who
i n sp i te of the i r profess i ona l rea l i za-
ti on i n other fi e l d s have preserved a
dear memory from the years spen t i n
the Un i vers i ty.

Th i s even t, wh i ch i s a speci a l
ce l ebrati on for the Prof. Velizar
Velkov Studen ts ’ C l ub of H i story and
Archaeol ogy, was a l so attended by
respected professors l i ke Assoc.
Prof. S imeon Katsarov PhD, Assoc.
Prof. D im i tar D im i trov PhD, Ass i s t-
an t Professor Bozh i dar Draganov
PhD, and Ass i stan t Professor Stan-
i s l av Boyanov PhD who i s the sci-
en ti fi c advi ser of the cl ub at presen t.

The 1 2 th Nati ona l S tuden ts ’
Con ference fi n i shed wi th an exci t-
i n g vi s i t of the restored Smal l Ba-
s i l i ca i n P l ovd i v. Under the expert
gu i dance of Ass i st. Prof. B . Dragan-
ov PhD, the parti ci pan ts i n the forum
were acqua i n ted wi th one of the re-
cen tl y exposed Late An ti q u i ty ar-
chaeol og i ca l s i tes i n the ci ty and
wi th the i n teresti ng fl oor mosa i cs
preserved i n i t.




