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ᶍᵾᶠᶍ ᶌᵷᶫ ᶩ ᶍ

╪ שּ ↨

מּ (Yuka Oshima)

Torsion Pendulum with Interferometric Readout

for Low - Frequency Gravity Gradient Observation
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¸ ᶉᶈᶍ ᶱ ᵶᶅᵣᶪ

¸ 35 cm ḁ᷆ᴻḳᶍᶌᵷᶫ ᶩ

¸ Phase - III TOBA ᶱ ᶆᵡᶪ

¸ ᶇ בֿ ᶱ ᶞ ᶮᵺᵾ ᴴ ᶱ ᶂᵾ

Å ḝᶶḞḲḢḵᴻ (TOBA )ᴴ ᶅᵲ

Å Ḳ᷈ḻ᷿דּ ᴴᶷḳḧḓᶻḨ ᶍᶌᵷᶫ ᶩ

Å ᶍᵾᶠᶍGASḝᶸḳḇ(TOBA )

¸ ᶱ ᵶ ᶊ ᵶᶅ ᶱלּ ᶂᵾ

¸ ᶅᵲᶊᶧᶪ ᴴ וּ ᶍ ᶱ ᶂᵾ

¸ TOBA ᶍ ᶇ בֿ ᶍ ᶱ ᵶᵾ
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¸  ᴴᴴ 1H

¸ ᶌᵷᶫ ᶩ TOBA ᴴᴴ 2H

¸ ḃḋḐᶷḋḟ ᴴᴴ 3H

¸ ᴴוֹ  ᴴᴴ 4H

¸  ᴴᴴ 5H
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¸

Å

Å ḓḭᴻḐḓᶷḻ וּ

Å ᶱ ᵣᵾ  

Å ∏ᴴ ᵴᶫᶅᵣᶪ

¸ ᶌᵷᶫ ᶩ TOBA  

¸ ḃḋḐᶷḋḟ 

¸ ᴴוֹ  

¸  
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¸

Å

Å ḓḭᴻḐḓᶷḻ וּ

Å ᶱ ᵣᵾ

¸ [/s 2 ] = ᶞ [ ] ᶍ ᶍ2

Å = ꜛ

¸ : ᵲᵲᶆᶎ0.1 Hz - 10 Hz
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¸ : ᶍ ᶞᵫ ᶇᵶᶅ ᶆ ᵸᶪ

Å ᶆᶎ ᵫ ᵶᵣ ᶱ ᶆᵬᶪ

¸ ᶍ

Å Ḵᴻ᷾ᴻ ꜛ LIGO VHirgo KHAGRA ᵫ︣

Å 10 Hz - 1 kHz ᶍ ᵫ ᵣ

Å Ḟḱḋ᷄ḣᴻḳᶣ ᶍ ᶱ 90 ᶹḡḻḐ
(2023 )

¸ ᶱ ᵸᶪᵲᶇᵫ

Å Ḟḱḋ᷄ḣᴻḳ
Å ąְ Ḟḱḋ᷄ḣᴻḳ
Å ąְ ᶍ

Å

Å ąְ ▌ ᶍ

K. Jani+, Nature Astronomy (2020)

Final TOBA
3000 + 

1000 Mᵘ

1200 + 
80 Mᵘ

100 + 
20 Mᵘ

https://doi.org/10.1038/s41550-019-0932-7


7 / 47

2025/01/07 1 414

ḓḭᴻḐḓᶷḻ וּ
¸ ḓḭᴻḐḓᶷḻ ᶣ :וּ ᶍ ᶨᵭᶊᶧᶪ ᶍ

Å 3 ꜛ ᶍ ᶉ ᶇᶉᶪוּ ᶞ

Å ᶚᶈ ᵫ ᵬᵣᶇᵣᵥ

Å ąְ ᶊᶧᶪḪḏḳּטᴴ ᶍ

Phase - III TOBA

3
ꜛ

(KAGRA)

דּ) )
(Virgo)

(Phase - III TOBA)

K. Somiya+, CQG (2012)

L. Trozzo+, Galaxies (2022)

D. Fiorucci+, PRD (2018)

S. Hild+, CQG (2011)

E. D. Hall, Galaxies (2022)

ᶍ
⅓ ᴴּד
ᶨᵭ

ᶍ ᶫ

┌

https://doi.org/10.1088/0264-9381/29/12/124007
https://doi.org/10.3390/galaxies10010020
https://doi.org/10.1103/PhysRevD.97.062003
https://doi.org/10.1088/0264-9381/28/9/094013
https://doi.org/10.3390/galaxies10040090
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ᶱ ᵣᵾ
¸ ᶍ ᶆ ᵷᶪ ᶱ ᵣᵾ

Å ᶱ ᵣᶪ ᶍ ᶇ ᶉ

Å ᶱ ᵣᶪ ᶍ ᶧᶩ ᵣ ᴴ

Å Ḧ᷅ḓḉḭᴻḑ ᶍ

¸ ᶆ ᵫ ᵴᶫᵾ

¸ ąְᵻ ᶩ ᵣ ᴴḲᶷḳḇᶹḨᶍ ᶱ ᵸ
M. Vallée+, Science (2017)

https://doi.org/10.1126/science.aao0746
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∏ᴴ ᵴᶫᶅᵣᶪ
¸ ᶌᵷᶫ ᶩ : TOBA( ) THorPeDO

¸ : SOGRO

¸ : MIGA ZHAIGA

¸ ▌ ꜛ : LISA DHECIGO

: 
: ∏

Phase - II 
TOBA

Phase - III 
TOBA

Final TOBA
LISA

LPF

DECIGO

B- DECIGO

LIGO

LIGO(O3)

TorPeDO

MIGA

SOGRO

ZAIGA

K. Danzmann+, CQG (1996)

S. Kawamura+, JPCS (2008)

M. Ando+, PRL (2010)

D. J. McManus+, CQG (2017)

H. J. Paik+, IJMPD (2020)

B. Canuel+, Scientific Reports (2018)

M.-S. Zhan+, IJMPD (2020)

TorPeDO
prototype

https://doi.org/10.1088/0264-9381/13/11A/033
https://doi.org/10.1088/1742-6596/122/1/012006
https://doi.org/10.1103/PhysRevLett.105.161101
https://doi.org/10.1088/1361-6382/aa7103
https://doi.org/10.1142/S0218271819400017
https://doi.org/10.1038/s41598-018-32165-z
https://doi.org/10.1142/S0218271819400054
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∏ᴴ ᵴᶫᶅᵣᶪ

H. J. Paik+, IJMPD (2020)

B. Canuel+, 

Scientific Reports 

(2018)

¸ : 
Å ᵸᶪזּ ᶍ

ᶱ

¸ ᶌᵷᶫ ᶩ
Å ᶌᵷᶫ ᶩ ᶍ ᶱ

S. Kawamura+, JPCS (2008)

¸ :
Å ᵶᵾ ᶍḦḁᶍ

◖ ᶱ

¸ ▌ ꜛ
Å ♥ Ḵᴻ᷾ᴻ
Å ᶧᶩ ᵣ
Å ᷈ḁḐᵫᵪᵪᶪ

https://doi.org/10.1142/S0218271819400017
https://doi.org/10.1038/s41598-018-32165-z
https://doi.org/10.1038/s41598-018-32165-z
https://doi.org/10.1038/s41598-018-32165-z
https://doi.org/10.1088/1742-6596/122/1/012006
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¸

¸ ᶌᵷᶫ ᶩ TOBA

Å TOBA ᶍ ᴴ᷊ᶹᶽḻḁ

Å ḵᴻḑḦḋḟ

Å Phase - III TOBA ᶍ ᴴ

Å Phase - III TOBA ᶍ

¸ ḃḋḐᶷḋḟ 

¸ ᴴוֹ  

¸  
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ᶌᵷᶫ ᶩ TOBA
¸ TOBA: Torsion - Bar Antenna

¸ ᶊ ᵶᵾ2בֿ ᶍ Ḧḁᶆᶌᵷᶫ ᶱ

¸ ᶌᵷᶫ ᶩ ᶍ ᶎ ᵣ ( 1 mHz )

¸ ąְ ᶆ0.1 Hz - 10 Hz ᶍ ᵫ סּ

Ĥְ
Ĉ

ᶌᵷᶫ ᶩ ᶍ
Ĉ

Ḵᴻ᷾ᴻ ᶆ
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ᶌᵷᶫ ᶩ ᶍꞌ

¸ ᶧᶩ ᵣ ᶆᶎ
¸ ᶱ ᶆᵬᶪ

¸ ąְ ᶍוּ

¸ ᶧᶩ ᵣ ᶆᶎ
¸ ᶍᶧᵥᶊ
¸ ᶊꞌ ᵸᶪ

¸ ąְ ╓ᶍ

ᶞ
ą
ְ
ᶩ

/

/
ą
ְ
ᶩ

/

ᶌᵷᶫ ᶩ ᶍ ᶩ

╗ ᶍꞌ
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TOBA ᶆ ᶨᶫᶪ᷊ᶹᶽḻḁ

¸

Å Ḟḱḋ᷄ḣᴻḳ ᶍ

Å ᶗᶍ

¸ ḓḭᴻḐḓᶷḻ ᶍוּ

¸ ᶱ ᵣᵾ ᶧᶩᶡ ᵣ

Phase - III TOBA
(35 cm ḁ᷆ᴻḳ)

Final TOBA
(10 m ḁ᷆ᴻḳ)

Ḟḱḋ᷄ḣᴻḳ 1 Mpc ∙ ᶍ 10 Gpc ∙ ᶍ

ɷGW < 10 @ 0.1 Hz
ᶍ

ɷGW < 10 - 7  @ 0.1 Hz
ᶍ

ḓḭᴻḐḓᶷḻ וּ ᶍ SNR10 4 - 10 5ᶆᶍ

120 km ᶍM7 ᶍ
ᶱ10 ∙ ᶊ

M5 ᶍ ᶱ
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TOBA ᶍḵᴻḑḦḋḟ

Phase - III TOBA
(2018 - )

וּ ᶍ
ḓḭᴻḐḓᶷḻ וּ

10 - 15  /ὃHz ( )
35 cm ḎḁḐḦḁ

דּ

Final TOBA
( )

10 - 19  /ὃHz ( )
10 m ḎḁḐḦḁ

דּ

Phase - II TOBA 
(2012 - 2014)

Phase - I TOBA 
(2009 - 2011)

10 - 8  /ὃHz ( )
20 cm ḎḁḐḦḁ

דּ
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Phase - III TOBA ᶍ

¸ : ᶌᵷᶫ

¸ בֿ : ᶌᵷᶫ ᶩ

¸ : ᶩ ᶱ טּדּ

¸ בֿ : ᶱ

S. Takano, T. Shimoda, YO+, Galaxies (2024) 

https://doi.org/10.3390/galaxies12060078
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Phase - III TOBA ᶍ ᴴ וּ
¸ 3.7 10 - 15  /ὃHz @ 0.1 Hz

ḷᶹḬבֿ וּ
(4 K)

ḧḱᴻ᷈ᴻḎᶸḻ᷅ וּ
(4 K)

Ḵᴻ᷾ᴻ וּ
(1 mWᴴḝᶸḕḁ50)

Ḵᴻ᷾ᴻ ⅓ וּ
(1 mWᴴḝᶸḕḁ50)

וּ
(2 ᶩ ᴴ וּ 1/1000)

וּ
( ᵬ10 - 8 rad ᴴ 1/100)

᷁ḁ וּ
(10 - 7  Pa)
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Phase - III TOBA ᶍ
¸

¸ בֿ

¸

¸

, (2024) 

, (2019) 

, (2016) 

, (2018) 

Ooi Ching Pin, (2018) 

ąְ ᶆ ᶨᵪᶊᶉᶂᵾ ᶱᶡᶇᶊ
ąְ ᶆ ᶇ בֿ ᶱ ᶞ ᶮᵺᵾ ᶱ ᵴᵺᶪ

Å ᵶᵾḎḁḐḦḁᶍᶌᵷᶫ ᶱ
Å ḪḖḲ᷿ḋ᷄דּ ḝᶶḞḲḢḵᴻ ᶆ ᵶᵾ
Å ąְꜜ וּ ᶍᵾᶠᶍ ᵫ

Å ᶆQדּ ᶍ ᵣ ḷᶹḬᶱבֿ
Å ᶌᵷᶫדּ ᶩ ᶱ ᵣᶅ
Å ᶍוּ ᶱ ᵶ ᵶᵾ
Å ą ḎְḁḐḦḁᶍ ᵬ ᵫ

Å ᶌᵷᶫ ᶩ 6ɵ.1 K ᶝᶆ ᵶ
Å ᶅᵲᶆᶌᵷᶫ ᶱ ᵶᵾ(10 - 6  /ὃHz @ 0.1 Hz)
Å ą ḛְᴻḨḀḋḇᴻ וּ ᶍᵾᶠᶊ
Å ąְ ḝᶶᶹḘᶆᶍ ᴴ ḡḻḉᶍ ᵫ

Å 3 ᶆ ᶱוּ 100 ᵶᵾ

https://granite.phys.s.u-tokyo.ac.jp/theses/takano_d.pdf
https://granite.phys.s.u-tokyo.ac.jp/theses/shimoda_d.pdf
https://granite.phys.s.u-tokyo.ac.jp/theses/shimoda_m.pdf
https://granite.phys.s.u-tokyo.ac.jp/theses/takano_m.pdf
https://granite.phys.s.u-tokyo.ac.jp/theses/ooi_m.pdf
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¸

¸ ᶌᵷᶫ ᶩ TOBA

¸ ḃḋḐᶷḋḟ 

Å ᶍ

Å ᴴ

Å ᶍ

Å בֿ ᶍ

Å ḃḻ᷊ᴴᶷ᷄ḉḭᶽᴻḇ

¸ ᴴוֹ  

¸  
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ᶍ

¸ TOBA ᶍ ᶇ בֿ ᶍ

Phase - III TOBA
ᶍ

Å᷿Ḳ᷈ḻḎḁḐḦḁ
Å ᶇ בֿ ᶍ
Å ḷᶹḬᶍבֿ
Å ᶍ

ᶇ בֿ ᶍ
( דּ ꞌᶍ )

Å ḪḖḲ᷿ḋ᷄דּ
Å ᶌᵷᶫדּ ᶩ
Å דּ ḷᶹḬבֿ
Å

ᶊᶧᶪ

Final TOBA
ᶍ

טּ
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ᶌᵷᶫדּ ᶩ

ḎḁḐḦḁ: 
: ᶅᵲ

ḎḁḐḦḁ: ᶷḳḧḓᶻḨ( Ḳ᷈ḻ᷿דּ )
: ḝᶶḞḲḢḵᴻ ᴴ ᶅᵲ

, (2019) 

¸ ᶆדּ ᶍ ᵣ᷿Ḳ᷈ḻ ᶍḎḁḐḦḁᴴ ᶆ ᶫᶉᵣ

¸ ḝᶶḞḲḢḵᴻ ᶆᶍᶌᵷᶫ

¸ ᵪᶨᶍ᷀ḋḟḲḻ᷅ ᶍוּ
Å ḡḻḉᶍ ᵫ ᶊᶉᶨᶉᵣוּ
Å ᶍ / ḈḻḜḻ᷅Ḧ᷅ḕḋḐᶍ בֿ

https://granite.phys.s.u-tokyo.ac.jp/theses/shimoda_d.pdf
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ᶍ∞ ᶄᵰ
Phase - III TOBA

ᶌᵷᶫדּ ᶩ

ᶅᵲ

ḝᶶḞḲḢḵᴻ
ᶉᵶ

בֿ

ḎḁḐḦḁ
ᶷḳḧḓᶻḨ

( Ḳ᷈ḻ᷿דּ )
᷿Ḳ᷈ḻ

ḷᶹḬבֿ
ḡḲḲᶻḨ
(Q  10 3 )

ḡḲḲᶻḨ
(Q  10 3 )

᷿Ḳ᷈ḻ
(Q  10 8 )

ḡḻḉ
ḎḁḐḦḁᶇ ᶍ
ḉᶼᴻḻᶆ בֿ

ḎḁḐḦḁᶇ ᵷ
ḉᶼᴻḻᶆ בֿ

ᵷ
ḉᶼᴻḻ

ḈḻḜḻ᷅Ḧ᷅ḕḋḐ בֿ בֿ

ᶉᵶ (GAS ḝᶸḳḇ)

(6 K) דּ (4 K)

ᶉᵶ ᶉᵶ

, (2019) 

https://granite.phys.s.u-tokyo.ac.jp/theses/shimoda_d.pdf
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¸ 3.4 10 - 11  rad/ ὃHz @ 0.1 Hz

Å ᶇוּ ᶆוּ ᵴᶫᶪ

ḷᶹḬבֿ
וּ

Ḵᴻ᷾ᴻ וּ

Ḵᴻ᷾ᴻ
⅓ וּ

וּ

וּ

Ḵᴻ᷾ᴻ
וּ

ꜜ וּ
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1550 nm

ḙḷᴻ 1 mW

ḝᶸḕḁ 300

23 mm

110 mm

וּ 1/50

בֿ

ḪᴻḩḻḐ 0.010 kg m 2

ḷᶹḬ 122 mm

ḷᶹḬ 0.3 mm

ᶌᵷᶫ 28.7 mHz

ḷᶹḬQ 10 3

ḎḁḐḦḁ ᵬ 10 - 4  rad

ᵬ 10 - 4  rad

וּ 1/50

GAS 3 Hz

דּ 300 K
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ḃḋḐᶷḋḟ ᶍ
¸ ᶊ בֿ ᴴ ᶊḴᴻ᷾ᴻ

¸ ḝᶶᶹḘᶆ ḡḻḉᶊḴᴻ᷾ᴻᶱ

¸ ᶌᵷᶫ ᶩ ᶍ ᶱ ᶍ ᵴ ᶇᵶᶅ
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ᶍ
¸ 2ᶃᶍḎḁḐḦḁ ᶆ ḝᶶḞḲḢḵᴻ ᶱ
Å ᶌᵷᶫ ᶱ ᶍ ᵴ ᶍ ᶇᵶᶅ
Å ᷈ᶹḳ-᷈ᶹḳᶷ᷄ḉḭᶽᴻḇᶊᶧᶪḝᶸᴻḑḘḋ᷄ ᶆ
Å ḝᶶḞḲḢḵᴻ ᶍ ᶱ ᶃ
Å ḡḻḉᶍ ᵫ ᶇᶉᶨᶉᵣוּ

¸ ḃḻ᷊ᶇᵶᶅ ᶅᵲᶡ
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בֿ ᶍ : 
¸ ḦḁᵪᶨḎḁḐḦḁᶇ ḡḻḉᶱ בֿ

¸ ḈḻḜḻ᷅Ḧ᷅ḕḋḐᶡ בֿ

¸ GASḝᶸḳḇᶍ
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בֿ ᶍ : ḎḁḐḦḁ
¸ וּ ᶍᵾᶠᶊ2ᶃᶍḎḁḐḦḁᶍ ᵴᶱᵼᶬᵧᶪ

¸ ᶊ᷿Ḳ᷈ḻᵫ ᶫᶉᵣᶧᵥḙᴻḌᶱᶌᵷ ᶠᵺᵹ
¸ ᶹḻḘᴻᶱ

¸ ᶆᶎ᷿Ḳ᷈ḻᶍ ᶮᶩᶊᶷḳḧḓᶻḨᶱ
Å ᷿Ḳ᷈ḻ: 2.33 g/cm 3

Å ᶷḳḧḓᶻḨ: 2.7 g/cm 3
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בֿ ᶍ : Ḧḁᴴ ḡḻḉᴴḈḻḜḻ᷅Ḧ᷅ḕḋḐ

¸ ḡḻḉᶍ ᵫוּ ᶇᶉᶨᶉᵣᶧᵥ
¸ ḎḁḐḦḁᶇ ᵷ Ḧḁᵪᶨḵḋḑᶆ4 ᶩ

¸ ḈḻḜḻ᷅Ḧ᷅ḕḋḐᶆ Ḧḁᶱ ᵣ ∞ᶍRMSᶱ

Åᶌᵷ :ʟ 13 Hz
Å : 68 Hz
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בֿ ᶍ : GASḝᶸḳḇ
¸ Geometric Anti - Spring ḝᶸḳḇ

Å ᶏᶌ ᶱוֹ ᵶᶅ ᶍ ᶱ ᵸᶪ

Å ḦḳᶽᴻḀḻ᷅ ᶱ ᵣᵾTOBA ᶧᶩ ᵬᶉ ᶆᶍ
Å ᶎᵡᶪ (KAGRA ᶉᶈ)

¸ TOBA ᶊGASḝᶸḳḇᴻᶱ ᶠᶅ ᵸᶪ

Å ᶍ ᵪᶨᶍ᷀ḋḟḲḻ᷅ ᶱוּ ᵸᶪᵾᶠ

Å ⌐ᶆ↨ּלᶉSUS304 ᶏᶌ ᶱ ᵣᶪ ( ᶉᵶ)

Å ᶎ1- 10 kg

ᵱּנ

ḪḖḲ᷿ḋ᷄
ḞḴᴻḑ

G. Cella+, Nucl. Instrum. Methods Phys. Res. (2002) 

https://doi.org/https:/doi.org/10.1016/j.nima.2004.10.042
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בֿ ᶍ : GASḝᶸḳḇ
¸ SUS304 ᶏᶌ ᶍ ᵫᶉᵣᵾᶠ
¸ ᶍḞḴᴻḑᶱ ᵶᶅ ᵶᵾ

¸ ᶉ ᶎḞḴᴻḑᶍ ᶊ ᴴ ᶞᶍ3 ᶊ ᵸᶪ

ḩᶹḻḉᶼᴻḻ(10.1 kg) ḈḻḜḻ᷅Ḧ᷅ḕḋḐḉᶼᴻḻ(3.6 kg)

SUS304 - CSP H SUS304 - CSP 3/4H

ᵴ 88 mm 88 mm

12 mm 14 mm

ᶞ 1.0 mm 0.7 mm

ḞḴᴻḑᶍ ᶱ
( ᵴ 0.7 mm)

ḞḴᴻḑᶍ ᵴᶱ
( 10 mm)
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ḃḻ᷊ᴴᶷ᷄ḉḭᶽᴻḇ
¸ ḡḻḉ ᶊ ᴴ ᶅᵲ ᶍḝᶾḐḈᶹᶿᴻḑᶱ

¸ ḎḁḐḦḁᶊ᷈ᶹḳ-᷈ᶹḳᶷ᷄ḉḭᶽᴻḇᶱ

¸ ḷᶹḬᶎ Ḧḁᶱ ᵶᶅ᷆ᴻḞḳḣḳḈᵪᶨ ᶗ

ḎḁḐḦḁ1 ḎḁḐḦḁ2

( ╗ ) ( )

╥ ᴴ
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¸

¸ ᶌᵷᶫ ᶩ TOBA

¸ ḃḋḐᶷḋḟ 

¸ ᴴוֹ  

Å ᶍ לּ

Å ᶩ ᶍ לּ

Å ᷈ᶹḳ-᷈ᶹḳᶷ᷄ḉḭᶽᴻḇᶍ ᴴלּ ḵḋ᷄ᶗᶍ

Å ᶅᵲᶍ

Å וּ ᶍ

¸  
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ᶍ ḝᶸḕḁ :לּ

¸ ḝᶸḕḁ: ᶱ ᵸ (Ĺ Qְ )

¸ Ḵᴻ᷾ᴻ ᶱḁ᷂ḫḻᵶᶅ Ḝᴻ᷄ᵪᶨ

ḝḵḻḐḧḱᴻ
99%

ᶽḻḑḧḱᴻ
99.5%

ḝᶸḕḁ 417

ḝᶸḕḁ
1

328 27

ḝᶸḕḁ
2

257 19

ąְ ᶍḵḁ 0.4%

ąְ ᶍḵḁ 0.9%

ąְ ≥ᶊ ᵴᵣᵫ ᶊוּ ᶉᵶ
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ᶩ ᶍ ᶌᵷᶫ :לּ QH
¸ ᷈ᶹḳ-᷈ᶹḳᶷ᷄ḉḭᶽᴻḇᶆᶌᵷᶫḪᴻḑᶱ ᵶ
¸ ᶱ ᶠᵾ ᶍ ᶱ ᵣᶅ (Ḳḻ᷅Ḉᶻḻ ) 

¸ ᶇזּ⅓ ᶆזּ

ḎḁḐḦḁ1 ḎḁḐḦḁ2

[ mHz ]
28.7

117.9 0.1
( ⅓)

117.9 0.1
( ⅓)

117.1 0.1
(3.5 Pa)

117.3 0.1
(3.5 Pa)

Q 1000

55.2 0.4
( ⅓)

39.8 0.2
( ⅓)

66.8 1.5
(3.5 Pa)

46.5 0.3
(3.5 Pa)

ąְ ᵫ 4 ᵬᵮᶉᶂᵾ
 ąְ ᵫ

ą Qְ ᶎ ᶇזּ⅓ ᶇᶡᶊזּ 50
 ąְ ╣ᶊᶧᶂᶅᶎ ᵫ
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¸ ᶌᵷᶫ ᵫ 4 ᵬᵮᶉᶂᵾ
¸ ąְ ╓ ᴴ ᶍᵾᶠᶊ ᵫ
¸ Ćְ᷈ ᶹḳᶍḷᶹḬᶊᶧᶩᶌᵷᶫᶍ ᵫ ᵬᵮᶉᶂᵾᵾᶠ
¸ ąְᵻ ᶩ ᵣḷᶹḬᶍ / ᶆᶍ /
¸ ąְ᷈ ᶹḳ-᷈ᶹḳᶷ᷄ḉḭᶽᴻḇᶱ ᶮᶉᵣ

¸ Q ᵫ ᴴזּ⅓ ᶇᶡᶊזּ 50
¸ ąְ ḦḁᶍḈḻḜḻ᷅ᶊᶧᶂᶅ ∞ᶍRMSᶱ ᶆᵬᶅᵣᶪ
¸ ą (ְ᷁ḁḈḻḜḻ᷅ᶊᶧ Qᶅ : 6 10 6 )
¸ Ć ᷈ᶹḳᶍḷᶹḬᶊᶧ Qᶅ ᶍ ᶍזּ ᶎ ᵫ
¸ ą

ḎḁḐḦḁ1 ḎḁḐḦḁ2

ᶌᵷᶫ QH ᶍ



37 / 47

2025/01/07 1 414

ᶩ ᶍ ᵼᶍ :לּ ᶍḪᴻḑᶍ
¸ ᶅᵲᶍḁḢ᷄Ḑḳᵪᶨ

(╗ ᶉ
ᶱּי )

ḎḁḐḦḁ
1

ḎḁḐḦḁ
2

1.29 1.33 1.38

ꜜ 40.69 41.0 40.8

Ḝḋḉ 6.62 3.91 3.89

ḵᴻḳ 0.878 0.969 0.938

ꜜ

ḵᴻḳ

∞: [Hz] Ḝḋḉᴴ נּ

ąְ ᶇᶍ ᶎḎḁḐḦḁᶊ ᵰᵾḙᴻḌᶊᶧᶪ
ąְ ∞ ᶇ ḪᴻḩḻḐᶍ טּ  ɥ
ąְ᷈ ᶹḳᶍḷᶹḬᶊᶧᶪ ᵫ ╣

ąְ וּ 1/50 ᶱ ᵾᵸᶊᶎ
ąְ ᶍ ᶱ0.02 Hz ᶊ ᵧᶪ ᵫᵡᶪ
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ᶩ ᶍ GASḝᶸḳḇᶍ :לּ

¸ ą ᵴְᶨᶊ ᶱּזᵱᶪᶊᶎ ᶍḉḭᴻḓḻ᷅ᵫ
¸ ą (ְ ᵬᶉ ᶆᶎ0.2 Hz ᶍ ᵫᵡᶪᵫ
¸ ą (ᵲᶍḞḴᴻḑᶍ ᵴᶆᶎ1 Hz ᵫ ᵪ)

ḩᶹḻḉᶼᴻḻ
(10.1 kg)

ḈḻḜḻ᷅Ḧ᷅ḕḋḐḉᶼᴻḻ
(3.6 kg)

4.48 Hz ( ᶅᵲ) 3 Hz ( )

( ᶍᵾᶠᶍ ᶍḞḴᴻḑ)

ᶉᵶ



39 / 47

2025/01/07 1 414

ᶷ᷄ḉḭᶽᴻḇ ᴴ ḵḋ᷄ᶗᶍ
¸ ᶅᵲᴴ᷈ᶹḳ-᷈ᶹḳᶷ᷄ḉḭᶽᴻḇᶱ ᵣᶅ
¸ ᶌᵷᶫ ᶩ ᶍ ᶱḝᶸᴻḑḘḋ᷄

¸ ᶿᴻḟḻḳᴻḟ ᵪᶨᶷ᷄ḉḭᶽᴻḇᶍ ᶱ : 
3.41 10 ᵌבN/V

¸ ąְ ᶍḵḋ᷄ᶊ ᵰᶅ 1ɵ- 2 ᵬᵮᵸᶪ ᵫᵡᶪ
¸ ą ḙְᴻḌᶱ ᵶ᷈ᶹḳ ᶍ ᶱ ᵴᵮᵸᶪ
¸ ą (ְ2.9 mm ą 1ְ.0 mm)
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¸ ᶅᵲᶆ ᶱ ᶂᵾ

¸ 2ᶃᶍḎḁḐḦḁ ᶆ וּ

¸ 1.1 10 - 7 rad/ ὃHz @ 0.4 Hz

ᶅᵲ1
ᶅᵲ2

╥ᵬ

ᶅᵲ1ᶇ2ᶍ᷈ḚᴻḴḻḁ

ᶅᵲ1ᶇ╥ᵬ ᶍ᷈ḚᴻḴḻḁ

≥ᶉ
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ᶍ

ᶌᵷᶫדּ ᶩ

וֹ

Phase - III TOBA

, (2019) 

¸ ᶝᶆ3 PHhase - III TOBA ᶝᶆ7 ᶍ
¸ וּ ᵫ


