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The efficiency test of Lunar dust test by comparison of lunar color with the value
of dust particle in the air (Case study from Phetchaburi province, Thailand)
Ms. Supitsara Kongsatan (Grade 12)

[Benchamatheputhit Phetchaburi School, Phetchaburi, Thailand]

Abstract

The purpose of doing this project is to allow people to observe the color of the moon and then be able to initially
determine how much dust is in the air, whether it is suitable for outdoor activities, or has negative health impact. The
researcher photographed the moon using Canon Powershot SX 430 IS camera from April to May 2022. Then, analyzed
the color of the moon, and compared it to Air Quality Index (AQI) based on PM 2.5 concentration using the application
AirVisual. The researcher created a Lunar Dust Test Sheet, an indicator that has a color index, based on the color of the
moon observed from high to low light. This was used to compare the concentration of particulate matter according to AQl
criteria set for Thailand. After using the Lunar Dust Test Sheet, 92% of the respondents were able to correctly determine
the AQI values.
Introduction

The moon's different colors are caused by dust particles or clouds in Earth's atmosphere. As a result, the
researcher came up with the idea of comparing the color of the moon to air quality so that people can observe initially
determine how much dust is in the air, whether it affects their health, or whether it is suitable for outdoor activities. Higher
concentration of dust and air pollution harms the respiratory system and lungs. Therefore, if people can recognize the
initial amount of pollution in air, they will be able to protect themselves from these risks.

Method
Part 1: Compared the color of the moon with the Air Generator on the Canva website, and repeated this
Quality Index. pattern for all images, sorting the colors in groups.

1. Photographed the moon over a period of 2. Then, analyzed the color range similar to the air
approximately 2 months (April-May 2022) with a quality index level. This data was used to create the
Canon Powershot SX 430 IS camera, capturing the Lunar Dust Test Sheet.
moon every hour. 3. To test the efficiency of the test sheet, the

2. Collected Air Quality Index data from Application respondents held the test card and observed the color
AirVisual at the same time the first photo was taken. of the moon with their naked eye. The respondents

were asked to predict the AQI level using the test

Part 2: Created a Lunar Dust Test Sheet (AQI indicator) sheet and compared it to the Air Quality Index of

and tested its efficiency. Thailand set at 5 levels - very good air quality, good

1. Using the captured image of the moon, the largest air quality, moderate air quality, unhealthy air quality,
color code was identified using the Color Palette very unhealthy air quality.

Result

From Fig 1. Shows the difference in color of

"9’119 RV the moon and AQl at 5 levels — Light gray AQlI

Ay, Ty N 1-50 (very good air quality to good air quality),

% X Hazel wood AQI 51-80 (moderate air quality),

9 Yellowish brown AQI 90-100 (moderate air

S W 4 quality), Tortilla AQI 140-160 (unhealthy air

a8 = Can identify AQ level in the quality), Orange brown AQl 161-165

\ éz?aes area (unrhealt?fy z_air qual?;t/r)‘. Ftrontw Ftig 2. (SLhows gate:

1 R ) on the efficiency of the test strips (Lunar Dus
ﬁ%ZTM ‘i\,& ; gfenat sty AaTetin s Tgst Sheet) fro?/n a sample of 25 people that
Fust with the use of the test sheet, 92 percent

Fig 1. Shows the difference in Fig 2. shows data on the efficiency of ~ correctly identify the AQI level. 8 percent
color of the moon and AQl. the use of the test strips. incorrectly identified.

Conclusions and Discussion

The study found that the Lunar Dust Test Sheet can be used as an indicator of the Air Quality Index by observing
the color of the moon. Results show that with the use of the test sheet, 92 percent correctly identify the AQI level. A
probable reason for the remaining 8 percent incorrectly identified may be due to the cloudy nature of the air that usually
happens before it rains at night.
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The simulation of the solar system's interplanetary eclipses
Mr. Kritsakorn Sataratpayoon, Miss Kanrawee Chamsaeng, Miss Pimchanok Kesorn (Grade 12)
[Prommanusorn Phetchaburi School, Phetchaburi, Thailand]
Abstract
This research aims to (1) simulate the motion of solar system objects, (2) simulate the transit of Venus and
Mercury in front of the Sun, and (3) simulate interplanetary eclipses in the solar system. Characterization, perspective on
the eclipse as a phenomenon and the timing of the occurrence can be predicted by using N-body simulation. To solve the
N-body problem, the simulation model is created using the Python 3 programming language and the Leapfrog method.
Observing an eclipse as part of a planetary transit of a planet in the solar system from the past to the future or at any
given time is included in this work. The results showed that the created model can accurately model the motion of solar
system objects. When compared to the database, the created model can represent the previous transit of Venus and
Mercury. When the observer's position is changed, the created model can simulate the eclipse as seen from other planets.
The results after being compared to the database indicated that the created model can simulate the motion of objects in
the solar system with increasing error over time, replicate previous Venus and Mercury transits and simulate the eclipse
as seen from another observer's position.
Research background
Eclipses occur naturally when an object moves through a plane and the light source aligns in a straight line with
the object and observer. This allows the observer to see the object as a dark shadow that extends beyond the light source.
The authors made the decision to investigate this phenomenon by creating a model using computer programming. It can
simulate eclipses on planets in the solar system by programming in Python and using the Leapfrog numerical method to
solve problems with various objects. To create models that simulate the nature and perspective of the Venus and Mercury
eclipse phenomena as seen through the Sun's and other planets' faces in the solar system.
Method
PART1: Simulate the motion of solar system objects. replicate the motion of solar system objects, though there
1. Write a Python modeling program, using NumPy to  is some error. Increasing the time interval between
perform mathematical operations and Matplotlib to calculation times, will make the created model less
draw graphs, for the equations used in the calculations inaccurate.
as follows: Part 2: Simulate the transit of Venus and Mercury in front
1.1 Newton’s law of gravitational of the Sun.
s Gmym, The transits of Venus and Mercury can be
=T T ® simulated to show the phenomenon as seen from the
1.2 Equation of position and velocity calculation for, center of the Earth. The result of the figures compared to
“Leapfrog method”: the actual events in Figure 1. When comparing data from

ﬁ(t i ﬁ) =5 + &(t)ﬁ @) the simulated result with data from databases, the results

2) " 2 show that with increasing time since the initial condition of
N . R At the selected event, the error of the starting date increases.
re+Ha) =7 +v (t + 7) At ® The absence of other celestial bodies in the solar system

N N Aty At that were not included in the simulation, such as asteroids

bt +a0) =7 (t + 7) +att+ At)? ) or moons, may also be the cause of the error.

2. Use the initial positions and initial speeds of solar
system objects on January 1%, 2021, 0.00 UT from
JPL's HORIZON database.

3. Simulate the model, then compare the model's results,
positions, and velocities, to the data in the database
and determine the percentage error.

PART 2: Simulate the transit of Venus and Mercury in front  Figure 1 The compared Venus transit result from simulation

of the Sun. and real event in 2004 and 2012. (NASA, 2012)
1. Change the initial conditions to January 1%, 2004, 0.00 o . . .
UT. Part 3: Simulate interplanetary eclipses in the solar system.

The results of the interplanetary eclipse are
represented in Figures 5 and 6. The study revealed that
the model of the Venus and Mercury transit phenomena
axis, respectively, with the observer's position on the X can be utilized to describe the eclipses of other planets in

axis, will find that the view from the planet to the sunis e Solar system since the model developed will display the
the YZ plane. characteristics of the ecllp_se from the planets qenter pf
mass. By the way, a spherical shape for the star image in
the model was assumed. It cannot simulate the occurrence
of the stars that do not have spherical shapes are
d incompatible with it, such as moon Phobos.
6= arctanﬁ (6)  Acknowledgement
5. Simulate Venus and Mercury transiting in front of the We would like to thank our advisor, Mr.
Sun and compare the occurrence of the phenomenon Taweerak Thgnphuttha gnd the Na}tlonal Astrqnomlcal
to the database. Research Institute .of Thal[and (Publlc.organlzatlon). We
PART 3: Simulate interplanetary eclipses in the solar would not have achieved this far, and this project would not
system. have been completed without all the support.
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2. Translate the position of the solar system with the
Sun's position at the center.
3. Rotate the object to be observed around the Y and Z

4. Convert units from distance to angular distance. to be
consistent with the view in the real situation according
to equation 6.

Change the initial value in the model to be able
to specify the point of view from the observation point to
the phenomenon.

Summary
PART 1: Simulate the motion of solar system objects.

The outcomes demonstrated that the developed

program can precisely solve the N-body problem and
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The Simulation of Comet Orbit in Solar System
Mr. Nattawat Chaitong (Grade 11)
[Prommanusorn Phetchaburi School, Phetchaburi, Thailand]

Abstract

In observing objects in the sky, the observer can determine the coordinates of that object, but could not know
the orbit. The author is impressed by comet motion. As a result, the goal of this project is to develop a comet motion model
using Python 3 programming and Euler's method to calculate comet movements, utilizing celestial equator velocity and
coordinates of the comet as initial values, and then test the discrepancy. By using Comets as follow: Tempel 1, Holmes,
and Ancke to test the model, which has an error of the eccentricity of 54.2%, 54.4%, and 68.7% respectively in comparison
to the reference source, the results demonstrated that the model can be used to simulate comet motion. The errors in this
simulation were brought on by the fact that the created model did not take Jovian planets into account.

Research background

Ice-covered space objects known as comets are thought to have their origins at the solar system's periphery.
The comet becomes heated as it gets closer to the Sun, which causes the ice to vaporize from the sun and become the
head and tail that are visible. Because comets' orbits differ from planets', they are more fascinating. A common numerical
approach for estimating model solutions to different problems is the Euler's method. As a result, the researcher is
interested in simulating comet motion using Python and Euler's method as a computer programming language.

Method

1. Programming a simulation with Python 3 in Visual
Studio Code using libraries which includes
1.1 NumPy, it is used as an arithmetic operator, and
1.2 Matplotlib, it is used to plot graphs.

2. Determine the variables in the calculation by using the
coordinates and velocity of the object solar system and
the comet on January 1, 2021, from database of JPL’s
HORIZON respectively.

3. Create functions and equations used in calculation by
using the following formulas and equations:

3.1 Equations used to convert Horizontal coordinate
to Cartesian coordinate.

X =d - cos(6) - cos(a) (@9)
Y =d - cos(§) - sin(a) 2)
Z =d - sin(5) 3)

Where X, Y and Z is the values of each axis in
Cartesian coordinate.
4 is declination.
«a is right ascension.
3.2 Function for calculate acceleration to update the
acceleration (a’) velocity (¥) and the change of

position () in a period (At), using 1 day to update
each calculation. As shown in the equations

below:
a( = il @
v(t+ At) = v(t) + a(t)At (5)
7(t+ At) =7(t) + v(t + At)At (6)

4. Simulate model as a 3D simulation.
5. Compare eccentricity from a simulation to database by
calculate error percentage, as shown in equation (7)

Irsim - rrefl

Tre f

%Error = X 100% 7

Summary

As a result of the comet motion modeling study,
the motions of comets which are Tempel 1, Holmes, and
Encke are shown in Figure 1. The eccentricity in relation to
the reference source and the error of the semi-major axis
values are displayed in table 1.

Table 1 the comparison of the eccentricity for each comet.

9P/ 17P/ 2P/

Tempel 1 Holmes Encke

2 | Simulation 0.237 0.031 0.283
3]

‘g Reference 0.519 0.070 0.329
Q

® | %Error 542 54.4 13.9
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Figure 1 the simulated orbits while the first line represents
the Earth's orbit, the second line represents Mars's orbit,
and the dashed line refers to comet orbit.

According to the study, Euler's method and
created programming in Python 3 can be used to simulate
a comet's motion. Due to the created model didn’t include
Jovian planets, thus, it caused the errors of this simulation.

Acknowledgement

It will take a number of operations to complete
this project. The project's planners received support and
guidance from numerous sources throughout in a variety
of areas. In this regard, | would like to express my gratitude
to Mr. Taweerak Tunphuttha, who served as my advisor
and offered guidance throughout the project. Finally, I'd like
to express my gratitude to the National Astronomical
Research Institute (Public Organization) for giving me the
chance to conduct this research.

Reference

James Watkins. (2019). Converting Equatorial Celestial
Coordinates to a Cartesian System [Online].
Available:
https://www.jameswatkins.me/posts/converting-
equatorial-tcartesian.html [24 February 2022]
JPL'S  HORIZON  [Online].  Available:
https://ssd.jpl.nasa.gov/horizons/app.html#/ [24
February 2022

NASA.



#E 31T

Finding the synodic rotation period of 20-Massalia
Mr. Leonardo Tiditada Pedersen (grade 10) [Surawiwat School, Suranaree University of Technology]

Abstract
This paper's goal is to find the rotation period of 20-Massalia asteroid and some of its physical properties by using variable star
method/photometry method. Using CCD Camera which is connected to reflecting telescope with the diameter of 0.7 meters at
NARIT (Nakhon Ratchasima branch) to collect the data of the asteroid through V and B filters to compare reflections in different
wavelengths. The author found that the synodic rotation period of the asteroid is approximately 0.33741 days and the light curve
is not perfect because the asteroid has a weird shape.

Objective
To study synodic rotation period of this asteroid with photometry method and the light curve of the asteroid

Method
First step is to capture the asteroid image with CCD camera that is mounted to the telescope then import WCS (World coordinate
system) data into the picture with Astrometric stacking program then find 3 "fixed star" to be its reference star using
SAOImageDS9. Reduce the noise of the image with AstrolmageJ and using AstrolmageJ to measure the intensity of the asteroid
and the reference star. Using the magnitude formula to find its magnitude then using the magnitude to plot Magnitude vs Phase
graph which the phase is given by the equation HJD = HJDO + (Epoch * Period)

Result
Magnitude 20-Massalia B Magnitude 20-Massalia
- _ ‘—- -
A F 0.4 |
0.4, ; e ;
'-.\(— A ' {eg

[

ase
Phase
Fig 1. Shows the change of brightness over time Fig 2. Shows that 2 waves do not overlap if we change

the period to 0.5 real period

1) From the period study in Fig1. we found that the light curve has 2 waves similar to a sine wave and found that at the bottom
of the graph the asteroid is dimmest at phase = 0.55. The 2 brightest points are almost the same at phase = 0.25 and 0.84 from
the graph. Observing this we can conclude that 20-Massalia doesn't have a circular shape and does not reflect light evenly in
different angle when it rotates.

2) When comparing the graph and the asteroid model from 3d Asteroid Catalogue we can conclude that at point F and C the
asteroid will be the brightest because the bigger surface area is facing the observer and the surface area is the smoother side,
but point A and D are the sides that have the least surface area, and isn't as smooth as the other sides, which affects the reflected
light.

By changing the period of the asteroid into different values E.g. half of the real period we found that the 2 waves will not overlap
perfectly which means that the 2 waves are 1 rotation not 2 rotations. At phase 0 and 0.9 the wave will line up perfectly if the
period is 0.34 days or approximately 8.1 hours. (The image of Fig2. is half of the real period)

Conclusion
From this study by using photometry method found that the synodic rotation period is approximately 8.1 hours. The

light curve graph is not perfect because the asteroid shape which we can use the brightness data to roughly know which side the
asteroid is facing by using 3d Asteroid Catalogue and with this we know the reason for it is the asteroid rotates and faces the
observer with different angles and surface area which the more surface area and the smoother the side is the better it reflects
light.

Reference
3d Asteroid Catalogue - https://3d-asteroids.space/
Photometric studies of asteroids - https://articles.adsabs.harvard.edu/pdf/1954ApJ...120..200G
jet propulsion laboratory - https://ssd.jpl.nasa.gov
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The study of orbital periods and parameters of eclipsing binary stars NY Vir and HW Vir
Mr. Yuji Yagi (Grade 10)
[Varee Chiangmai School, Chiangmai, Thailand]
Abstract
NY Vir and HW Vir are binary star systems that belong in the rare class of subdwarf b stars and are considered detached
binary star systems. To study the orbital periods and parameters to create a scientific model of these binary star systems,
photos of eclipsing binaries will be taken and run through the application AstrolmageJ to create a flux graph. The flux
graph will be then processed in another application PHOEBE to find the parameters and a scientific model of these binary
systems will be created. The result of our study shows us that the orbital periods of NY Vir and HW Vir are 0.1000 days
and 0.1166 days respectively. From this information, it is clear that both binary star systems have very similar parameters,
causing the flux graph and orbital periods to have similar results. After analyzing the parameters of both systems, the
value of CHI*2 is 0.161458 and 0.012687 respectively.
Introduction
NY Virginis (NY Vir, RA: 13h 38m 48.17s, DEC:-02°01°'49.2095”) and HW Virginis (HW Vir, RA: 12h 44m 20.24s, DEC: -
08°40'16.8486") are 1800 light-years and 563 light-years away respectively. The stars in each system eclipse each other
from our point of view on earth. When these eclipsing binaries are orbiting each other, it causes the light curve level to
change and when they eclipse each other, it then causes the light curve level to decrease substantially due to these stars
blocking each other. The facts mentioned above will be used to find out the period of orbit of both binary systems.
Method
In this experiment, Photos of NY Vir that were used were taken with a 1-meter telescope at the Thai National Observatory,
while the photos of HW Vir that were used were taken with a 0.7-meter Thai robotic telescope at Sierra remote
observatories, both using R filter. The photos taken were then sent through the application AstrolmagedJ to carry out
photometry to find out the light curve from the relationship between Flux and time. For this experiment, HJD will be used
as our measurement of time. Second, the period of orbit can be calculated by finding out the difference between the time
of minimum of the primary phase that is next to each other. Third, the value of flux analyzed in the application AstrolmageJ
will be used to calculate the normalized flux. Finally, the physical parameter and model will be created by using the
normalized flux and phase through the application PHOEBE.
Results and discussion
Normalize flux

Normalize flux

1 1
0.8 08 Y
0.6 0.6 X%%f
0.4 0.4
06 -04 02 _0 02 04 06 06 04 02 0 02 04 06

Phase
Figure 1: Showing the relationship between Normalized Flux and Phase
Table 1 : Physical parameters of the binary star systems

(M. Vuckovic, et al (Jae Woo Lee, et
Parameters NY Vir Error HW Vir Error
2021) 2l.2009)

Q) 2404255 5.503 56.310% | 2.451443 5.020 51.166%
ﬂ(L,? 2233381 2 19.401% | 2.267888 2.806 18.785%

Mass 1 0.530849 0.389 36.465% | 0.485019 0.485 0.004%

Mass 2 0.144566 0.110 31.424% | 0.142159 0.142 0.112%

Radius 1 0.124544 0.141 11.671% | 0.182586 0.183 0.226%

Radius 2 | 0.153463 0.151 1.631% | 0.175861 0.175 0.492%

LogG1 5972173 5.745 3.954% | 5.600672 5.600 0.012%

LogG2 5225908 5.145 1.572% | 5.100282 5.100 0.005%

From Figure 1 is a graph that represents the relationship between normalized flux and Phase. By observing, it can be seen that
NY Vir and HW Vir have very similar light curve patterns. Table 1 represents the parameters of NY Vir and HW Vir. It can be
seen that NY Vir and HW Vir has similar parameters.

Conclusion

The orbital period for binary star systems NY Vir and HW Vir are 0.1000 days and 0.1166 days respectively.
Acknowledgments
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[4] Aladin Lite (Strasbourg). (n.d.). Retrieved December 29, 2022, from http://aladin.cds.unistra.fr/AladinLite/
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ARE 105ecm 23 v FEERFTOH Ha SRBGRAIICE DV RITRDEMHEDHTE

ERIATEAR B BE -
BA EHE (2022 £%)

A BHL (&3
tErK N (F2)
TialgE AXE® H2)

ZH8
FHTO—EIZEBIEENIC L > THEENTWA T
B, S ORIEREER (LT SFR) 2415 Z & IXEET
bD, FoxITHRD SFR Z2HEET 5720, KhH
WTEED HIT sEdsk 2 8L - JDE L, &SaEikick i 2
SFR Z#HH L7z, 2 AW TE RO 2RO SFR
ZHEE L7249, 0.33 Mo/year & 72 o7-, T
FATHFZEDFER LV b/ N &L o,

AN = XA Y

SR OARREZ KT FRIEO—2IZ, 1 ER TH I
MENDEOEREEZFT SFRAH S, Lol 4
A SFR Z BN GHEET 5 2 &%, B S AR
MNERCTH D E WV I HIKIN B RS Tidewy, £2T
Fox i, H DRI FTEEZe HIT fElk oD 2 k=R
b LT, SN O RO 5 A OE L, R
SRR D R OHEE Z 1T o7,

T—4A - Fik
Foxlx, 20224F2 A 28 H, H AU RFEABBIGETIC
BWT, ¥ =23 v b 105em LS, JAHEF CMOS
A Tomo—e Gozen, Ha D7 4 V2 —% >,
HIT fESEE 28I L 7=, B S0%, Sharpless I %
o I STV A HIT fE O T 638 E LT,
- 2 A ORI AL AT
RERREITH & v 74
313 KRR 67 Rk
(X 1 O RIFIFELN)
| ThHY. TP 0
BEH LIEWR E%
EATWT, O
DT =T A TF—x
TEELLTHAWNI
RIREBI L7z,

—

(X1 SRR DT

ER

BFoHA HIT S AZRDE L, flux ZRdiz, £
DOAEAS luminosity Z % H L. Kennicutt (1998)
DR (2) L W & RIKD SFR ZEH L=, FOfEHE,

B L 7= KK D SFR OfifilE 4. 9X 10°5~7.2X10°

Mo/year. FHJ1E 2.4X107° Mo/year &KFE -7=,

ZOfEREL LI, LTO 2 8ZEL, 9 KIED
fERBI SFR 2> & R3] 2 4R 0D SFR % 3R b 7=,

< SRR O BRIEAIEENIT ¢ A 7 fEIC—FEICE =
D . SRR S Bkpe OFEPH TIEE Z » T
U,

W RE (2022 £%)

(

(KIREXFREFFR] . JIE EE (F3)
(FIRBAKRFEFFR] . =H HF (F2)
(BHEFFR] . 68 KZE (FF2)
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< B U 72 9 RIR SFR O, [ CHEANIC &
DARBIP D 58 KIKD SFR D) L2 L,

PLEDOAGEIZ LY SRITRAARD SFRIZLL T D X 5
ZRKE -7,

(SRR 420> SFR) = (BUAIR{KR D F) SFR) x 67
Gslkpc®-Solkpdxm _ ) 33 \© /year

2 71.2°
7.0[kpc] XX =

R

Ho $#O Flux 1ZEMZ A M X 2B EZ T D7
O, BOME v/ S BHIEND, 22T, BOLE
L RIROIREEL O FIBIRZE L, Ha FROJEE
WBERDTZ, TOMBE, BHIRED Ha #ROWIEE
DI 2.5 Ffh & oyinotz, ZOfEZE VT,
SRIT R AR SFR ZHIE L7-fE 5. 0. 33 Mo/year
LEEENT,

SEATHRSEIC 31T D8I R O SFR OHEEEIZIZIZ S
ERKREL, BIZIE, Smith et al. (1978)%°
Robitaille & Whitney (2010) TIZZILE4L 5,
0.68~1.45 Mo/year T D, FATHFZEDME &
B e ABFREORRIZ, 2-15 fFREE/ NSV, Z0
JRKD—>& LT, BEEKER D/ O mENE
(Palmeirim et al., 2017) BT bN D, SEITE
TERIREN AR R DT 4 A7 2K TR ERE LTz
D3, B SRR M BT AR B 28 X 0 1538 72 fE ik
M B T2IZ, SFR Z i/ NGl L7z rIBEMEA S 2 6
N5,

-
=~

FEH

AWFFETIE, SRR O HII fEk % Ha #a AW T
BRI L, SFR ZHEE LTz, ZOFERNBIRFTOT 4
A7 GE T RRIC BRI Z > T D LWV )R
TENZ HESUWTERIT 2R D SFR 25 H L7-#55. 0.33
MO /year &9 JEATAFTE L W /NS WEDRE -

72o SR OHEICHOWTOIEZ XV HIFEICAIL
72bDIZTHZ LIZE D, XV IEMER SFR D RFES
DINTEDEMEIND,

SE Xk

Kennicutt Jr, R. C. 1998, ARA&A, 36, 189

Gilver, T., and Ozel, F. 2009, MNRAS, 400, 2050
Smith, L. F., et al. 1978, A&A, 66, 65

Robitaille, T. P., and Whitney, B. A. 2010, ApJL,
710, L11

Palmeirim et al., 2017, A&A, 605, A35
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BE
SRAIDAATHRABMLAEE LERT 2 RISHEEFEARAT & LN, 2N IFBOLERRORFZRE D,
AARCTIBEFRBAIOHRERZMBICEEREL. 2EESLERMEDT — 2 AL THEREZT -7, ERELT
IRADEEERORE T, HREHNATERRITFERLINDZ WS Zehph o7,

1. HEOCE=ELEHH

SRR E IZIRANE DL S ITE L, NS EDL S ICENLTEINIOWTEZSZZMTH S, £ L TIRA
DENMICEVWTEERKREEZEBS ONEDOERTH D, INE TORITHEN S EDEMAIERICITHON S EE LR
BENTEY . ZRHOEENELENT WD & hbAFE THIBEIERETOERELIC &S % N/, BEMH
RIEAOERIESCEMHRAEE NG DTIRA WA E WS RSEOD & BEFRBTRVHEEERRTCOR
B L BUHREORIRICO W TR - BT -7,

£7-. A L THRBE TR WS T RIUBAERL L TV 3 BA A
B ontri (@), BEEBRTOBRIEHA TS ZUREA LET B0
LAETDHLICLT, 22T, BAMBEAHBN-HETCHRRLEENGTTH S
NO—EEOEEEEA L, BEERRTOERESIAL A O— L. 2 et
FEEEOBIRICD TR - HEET -7, El  EEHREETOELA

2. WREOFE

AR TR, RALZEEDE L CERIEDERME, EEELBAL 72T —2%2FAB L7, EFMZEL B
MbizWICEABINTE0EEAXRTETHY ., BMlE[M, yThs, ZEHEEFEDEIEZRTETHY ., BEAL
EMol TH B, TNHDT— XILEHERAGR Y — <A SDSS MaNGAMA SIS T
2H0%FML. RFAELBICL>TI/ I 7ICHALE, BADY > FLEI3207T, HEE
R - FEEERBEAZLET 2 2 L ICL Y HEFROBEEEEMICER LT,

T, AR TIIEAOEREEEZERT 27-0ICEM 74 v T4 v /0B RSEC L1
MEDOTEEFRALL(M2), HEERETICEVT, RBRFDOFLASEEDEBED0%
o5 MFAEEZ RAEEE L, 2RATCEINOAERI T AEREE EERL, =
DFEICEY, BAHNERT 2EF TN EICHITEZENTE

3. HRLEW

FLoic, RAEFLHERRAE( ZRAE/2E2)0RR(N)A» 5. RAOEREHATHELREN LR L TW
e WA RADERBH CELMAERNT 2 2 LR Nt, —H. &
REHNDEER - ERAEICOVWTIHHEEFERRALLERT 52 & T, HR
FHATLEREIEE L TWE ZEADA o7, b H. HEERRA
TIIERBERTERRAERAT 22 &, MATEHREZINTH, HEEROD

H2 ERBPHOER

BUWBE LY BEMAEELIND EEZOND, FIEOREAEEL 2R 0 “ﬁ%¥éﬁ 2
PEOFHRICER L, BREFRIND-—BHOERICLZ 0L EEZ 5N D, M3 SRR EHRREOMF
4. HiEE
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XE. CHEEWLLLEE L, DEYEILBELEIFET,

5 SEXH

[1] MaNGA, Sloan Digital Sky Survey, https://dr15.sdss.org/marvin/ ,(E#&EI% H2020/10/20)

[2] B 3(2013), HA—BVRXAN L RALRAOKORE—F U CELBBT, XA, 106 (1), pp. 23-27.
[3] =i Rk3k(2021), 2020 EEARWHERIESIC L 2 NBHREE, XXAW, 114(11), pp. 709-717.
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