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Liulin-SET Description
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3. Support of biological and chemical experiments with up-to-date information on the 
history of dose accumulation.

9 experiments from 17

Liulin-MOCPD

Liulin-R

Around the 
Moon On rocketAround the Earth

8 experiments from 17

Foton-M2/3, BION-M1, Foton-M4

ISS, Liulin-5

Liulin-E094

ISS, EXPOSE-E/R/R2

Around the 
Mars. Still 
operating! 

Liulin-SET

1. Monitoring of the  flux and dose rate variations from GCL, SCL, radiation belts 
around the Earth and in the interplanetary space.
2. Application of the data in the models validation.

17 Liulin space experiments of Space Research and Technology 
Institute at the Bulgarian Academy of Sciences

Main scientific goals:

http://www.bas.bg/
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The data from 10 Liulin space experiments are available 
in online database at:

https://esa-pro.space.bas.bg/database

All 10 datasets contain, in addition to the data from the instruments, data on the 
geographic and magnetic coordinates and time of the carrier. There are a total of 256 

columns in Excel files.

http://www.bas.bg/
https://esa-pro.space.bas.bg/database
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The Liulin-SET is an active, low mass (140 g), small consumption (150 
mW) spectrometer, measuring the deposited energy in 256 channels. 

The measurements have 300 seconds time resolution. 

Block schema of Liulin-SET

Two independent hardware 
channels transmit the 
measured from the 
detector 
deposited energy (dose) 
and counts (flux). The D/F 
ratio is used for the 
identification of the 
radiation sources type.
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Liulin-SET is arranged in the enclosure of ARMAS Flight 
Module 9  
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https://spacewx.com/armas-instruments/Liulin-SET

ARMAS Lid

http://www.bas.bg/
https://spacewx.com/armas-instruments/
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The ARMAS Flight Module 9 was outside the Japanize 
experimental module of the ISS 

Japanize 
experimental 

module of the ISS 

ARMAS Flight 
Module 9

http://www.bas.bg/
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Preliminary Scientific Results
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We use three methods for the identification of the radiation 
sources type during the experiment on the ISS

- Identification, based on the Dose to Flux (D/F) ratio calculations. 
The methodic was developed experimentally by J. W. Haffner;

- Identification by the dose rate from flux and dose to flux (D/F) 
dependencies;

- Identification by the shape of the deposited energy spectra.
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Methods for Identification of The Radiation 
Sources Type 

http://www.bas.bg/
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Final result of the separation of the R3DR2 instrument data for the 
period 24 October 2014-11 January 2016 in four radiation sources
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Identification of the radiation sources by the dose 
rate from flux and dose to flux (D/F) from flux 

dependencies
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Comparison of the identification of the Liulin-SET and R3DR 
predominant radiation sources by the dose rate from flux and 

dose to flux (D/F) dependencies

R3DR  data Liulin-SET  data

http://www.bas.bg/


Comparison of data from fourexperiments on “MIR” and ISS in 
the period July 1991 - January 2015 with Liulin-SET data 

2 September –27 October 2022
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Identification of the radiation sources by the 
shape of the deposited energy spectra
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3D energy-time graphs and deposited energy spectra, 
Liulin-SET, September-October 2022
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All 3D energy-time graphs

Spectra shape of 
IRB spectra

3D energy-time graphs of 
IRB spectra
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3D energy-time graphs of ORB 
spectra

Spectra shape of ORB 
spectra

Spectra shapes of all 
sources by 

R3DR2, June 2015

http://www.bas.bg/
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Outer radiation belt enhancements in 
Liulin-SET 2022 data 

http://www.bas.bg/
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- Fig. 1 presents the unseparated radiation 
sources. Fig. 2 shows the separated sources;

- The black line in the middle of the lower plot 
is the selection curve, based on the selection 
software;

- The galactic cosmic rays are plotted by red 
points in the lower figure;

- The maximum in the centrum, plotted with 
blue points, is generated by high-energy 
electrons in the ORB enhancement, created 
after the magnetic storm on 17th of June 2015;

- The maximum in the upper left corner of the 
lower figure, plotted by green points (IRB), is 
created by high-energy protons, when the ISS 
crosses the region of the SAA;

- The magenta points, spread from the center 
toward the right side of the lower figure, 
visualize the distribution of the SEP high 
energy protons.

10 days latitudinal distribution profiles of dose rates measured with the 
R3DR2 against McIlwain’s L-values for the period 21-30 June 2015

Northern hemisphere
L value boundary

D/
F D/

F

Fig. 1

Fig. 2

http://www.bas.bg/


L-profile dynamics of the four space radiation sources: galactic cosmic rays (GCR), inner 
radiation belt protons (IRB), outer radiation belt (ORB) relativistic electrons and solar 

energetic particles (SEP) between 11-20 December 2014 observed outside the ISS by the 
R3DR2. Note: During magnetic storms the blue points maxima is enhanced. They are 

indicated by yellow arrows 
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Red labels show the averaged per 10 days Dst index. Black dashed ovals-the precipitation bands. 
Magenta ovals-places of the penetrations of the relativistic electrons from ORB into the IRB. 

http://www.bas.bg/
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- Galactic cosmic rays (GCR) are shown 
by red points in the lower part of each 
figure;

- The maximum in the centrum plotted 
with blue points (ORB) is generated by 
high-energy electrons;

- The maximum in the upper left corner, 
plotted by green points (IRB), is created 
by high-energy protons when the ISS 
crosses the region of the SAA.

Comparison of the separated latitudinal distribution profiles of the dose rates 
measured with the R3DR2 for the period 21-30 June 2014 and

Liulin-SET for the period 2 September-27 October 2022

Northern hemisphere
L value boundary

300 sec. exposition
15860 points

10 sec. exposition300 sec. exposition
86400 points

http://www.bas.bg/


Comparison of data from five experiments on “MIR” and 
ISS in the period July 1991 - October 2022
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Liulin-SET software DoseGraph

WRMISS 27, 3-5 Sept. 2024 
ARMAS Flight Module 9 27

Higher flux rate in the yellow oval indicates the presence 
of energetic electron fluxes from the ORB. The reason 

for this is small long lasting decrease in the Dst.  

SAA (IRB) maxima
ORB 

maxima

http://www.bas.bg/


Comparison of the variations of the ORB dose rate and D/F ratio 
from 25th of March till 2nd of May 2022 with the Dst variations. 

It is seen that the low Dst values on 15-30 April are connected with a 
moderate enhancement of the ORB dose rates up to 100-200 µGy h-1
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Small ORB 
enhancement

Mainly GCR

http://www.bas.bg/


http://www.bas.bg/


The two panels present the long-term variations in the ISS ORB features: 
Panel (3.1) illustrates: 1) The ORB enhancements in dependence of the Dst 

index. The strong storms in March and June-July 2015 are connected with strong 
ORB enhancements. 

Not every small minimum in Dst is connected with ORB enhancements.
2) The precipitation bands are marked with magenta circles; 

Panel (3.2) shows the penetration of relativistic electrons in the low L-values and 
in the IRB.
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Thank you!
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