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ᾚ שּ ̆ ш ̆

Ȃ ̆ ̆

 ת̆ Ӱ ̆ Ѳ

ȁ ╒а ȁ а ̆ᾋ

̆ ̆ ᾚ ѝ

Ȃ  

2005 ᾚ שּ M5.1 ̆ ᾚ

̆ שּ ╟

שּ ╒ Ȃה ᴐў ꜛ ԈЮΰ ̔  

̂1̃ ᾚ שּ ҩ ̆  

ҩ ᾚשּ ὴ ̆ ȁ

Ԉ ̆ ҩ שּ

̆   ᾱ Ȃ  

̂2̃ ҩ ᾚשּ 1:2 ╟ ̆ ὡ Taft ȁӝ

El Centro 3 ̆ а ᴐ Ю ̆

̆ ╒Ȃ  

̂3̃ ╗ ᴁ  ̆ ᴐ

Ю ╟╒ ̆ ̆   ᴁ ֒Ȃ ̆

ҩ ᷆ ̆ ᷆ ᷆ ̆  

᷆ ╒ Ȃ  

 

Ὧ ̔ ̕ᾚ ̕ ̕ ╟
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Abstract 

The seismic performance of the houses in the rural areas of our country is 

so poor that it causes great damage when they are subjected to earthquake 

ground motion. The farmers built new houses with seismic reinforcement during 

the reconstruction period. Although the seismic behavior of the new houses is 

improved, there still remain a lot of problems such as lack of seismic design 

details, poor seismic capacity and unreasonable reinforcement measures, which 

may cause great damage if they are to be subjected to another severe earthquake 

ground motion. Therefore, it is urgent and important to investigate the seismic 

behavior of the newly-built houses in rural areas. 

In 2005, an earthquake struck the rural areas of Lindian in Daqing. This 

study investigates the seismic behavior of houses in Lindian through field 

investigation and shaking table test of a local house model. The main contents 

are presented as follows: 

(1) According to the field survey of the seismic performance of these 

houses, the typical plan and elevation view of the rural house are provided. The 

characteristics of structures, building materials, construction qual ity and seismic 

design details are investigated. Some key problems and suggestions related to 

seismic design and measures of these houses are presented.  

(2) Shaking table test was conducted on a 1:2 scale structural model by 

using Taft record, manmade record and El Centro record as input ground motion. 

The seismic response and performance of the structural model under different 

seismic input and intensities are analyzed. 

(3) The acceleration and displacement data obtained from the tests are 

analyzed to investigate the dynamic responses of the rural houses under 

earthquake. The weak parts or components of the structure are identified based 

on the observation. In addition, collapse test was conducted to examine the 

collapse process and mechanism of rural house. Several measures to enhance the 

anti-collapse capacity of rural houses are presented.  

 

Keywords̔field investigation, rural house, seismic behavior, shaking table test 
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1     

1.1  

У ш ̆ш ӝ ӊ ὤ̆

ᾚ שּ ȁ

ᴇ ̆ ̆ зᾚ Э̆ӱ ᾃ

Ԉ   ѐᾚ ѝш ̆ 2003 2 24

ĺס ̆2005 11 26 Ҁ 5.7 ̆2008 5

12 8.0 ̆2008 ֶ 6.1 ̆2010

4 14 7.1 2̆011 3 10 Ҵ 5.8 ̆

2011 6 8 Ἷ 5.3 ̆ ў ᾚ

̆ᾚ ᴇ ȁ ᷆ ̆ ѝ а ᴳ ̆ӝ

ў׀ ұ ᷆ ̆ ̆ з

שּ ӝ Э ׀ ╗ Ȃ ṁ̆ ᾚ ᴐ̆

ᾚ ȁ   έ ︠

ѬȂ  

̆ Ԉҩ שּ ᾳ

שּ ̆ה ᾚ ў ̆

  ѝ̆ שּ ᴐ שּ

ᵏ Ȃ •• 2008 2010

̆ שּ ѐ ᾚ ̆שּ ӝ ӄ̆׀

Ȃ ΰ ᾚ̆ ў ľ̔

Ŀ ľ Ŀ̆ ᴳ ᴂ ҂ ӝ ӄ̕׀

᷆ ̆ Ԉ ̕ ̆

̆ ў ѝᾚ а ̆ ╒

з ̆ У Ȃ ̆ѝ῏

ᴐ Юᾚ ̆̓͂ ӝ ӄ׀

̆ ᾚ ̆ ᾚ ὤ ̆╗

Ὧᾚ Ὧ ╕ Ȃ ̆ ֶа

╟ ᴐ ₥ ᵷ̆

̆ ╗ а ȁᶢ ⁸ ̆ ӝԏ

̆ Ȃ ̆
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̆ שּ ᴐ ̆ Ю̆ᾚ

 ȁ ᴉԈ

ᾋ ╗

ᴐ ̆аӊ ш ̆ ᴐ Ȃᾚ

ᴐаӨӨ שּ ᴐ̆ ̆Ӱ

שּ ̆ ұ Ȃ ̆

ᾚ ה ӂ ᾱ

Ȃ  

2005 7 25 23 43 M5.1

̆ ѐᴁұא 46.93£̆п 124.97£̆ 13.837km̆ ѐ

ᴁұ ҄ 7 8 ̆ ҄  Ὡ

Ь ҂  ̆ 467 ̆1340

ᴍ ᾚ ̆12ӝ ̆׀ ш [1]Ȃ Ԉ

̆ ᾚ שּ  ш ̆έᴇ

ѝ̔ ᴇ ȁ ȁ ȁ

ᴇ᷆ ȁ ȁ ᴇ ᷆ Ԉ ᷆ Ȃ  

ᴐѐ̆ ȁ

̆ ╠ ̆ ̆ѝҩ

Ԉ ̆ ᾚשּ

̆   Ԉ ̆  

ᾚשּ Ȃ  

1.2 ᾃ ᾚ  

ѝҩ ᾚ שּ ̆ Ԉ ᾚ שּ

̆ ᾚ ᾳ

 ̆ ў ̆  ᾚ

ὤ Ȃ ᾃ א ᾚשּ [2-4]ȁ ᾚשּ [5-6]ȁ

א ᾚשּ [7-8]ȁ ѐ ᾚשּ [9]Ԉ п ᾚשּ [10]

שּ ҩ ̆ ᾚשּ

̆ў ̔ ȁ ̂ ̃ ȁ ȁ

ȁ ȁ ̆ ὲ

̆   ᾱ╕ Ȃ  

ᾚ ╒ ҂ ҩ

̆ ᾰͅ ̆ ᶢ ̆  
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╗ ╕ Ȃ з ў ѐ ѐ ̆ ֦ ȁ

ὲȁ ̆ ұ ѐ ̆ ╒ שּ

ὤ ̆ ұ ш ᷆ ̆

ұ Ԉ ╗ ᴳ Ȃ֦ ȁ ὲ

90%ԈЭ  Э̆ Э

ӝ̆ ӄ׀ ̆ ў ѐ ᾚ ȂKiyonoשּ Kalantari
[11]

2003

֦ Bam ᾚ ᴇ ⅔ ╒̆

ᴇ ⅔ ╒̆ ҩ ᷆ ȂMousavi
[12] 

ҩ֦ ᾚ ў ὲ ᾰͅ Ӯ ҩ

ȁ ȂKorkmaz
[13] ὲᾚ שּ

̆ ̆ ᾚ ᷆ ̆ ᾚ

 ̆ Ѯ₥ ̆ ᾚ

Ȃ  

1.3 ᾃ ᾚ  

ҩ ҩ̆ ᾚ

ὤ ̆ ᾚ Ԉ

̆ ה ╒̆   ̆

╗ ̆ ᾚ Ȃ  

1.3.1 ᾃᾚ  

ұ [14] ӣ שּ ̆

ᴇ ᴂȁ ᴇ ̆ з Ѳ ̆

╒а Ȃ  ҩ ╗ ᴇȁ б ╗ ȁ

б ╗ ̆╗

Ȃ ╟ ̆ ╗ ₥ ̆╗ ᴇ

╒ Ȃ  

Ԇ [15] שּ ҩ Э̆ ҩ

שּ ᾳ ȂԈ שּ ӊ ȁ

ѝў ̆ ᴇ Ȃ ᴇ ╒

ȁᴂ ᴐ Ю ᴇ ╟

ҩ ̆ ᴇ ̆  ̆

ת ╗ ̆ ╗

Ȃ  
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† [16]ӱ ᴇ   ̆  ҩУ

╗ Ȃ ╗ ᴁ б Ӈ

̆ ὲб ᴇ ̆ Ѯ ╒ ̆

╗ ᴇ ᴐ э ᴇ ᴃ ӱ̆

ᴇ ̆ ὲ ╒̆ Уэ ᴿ ╗

ᴇ ᴇ ̆ з ╗ ̆╗ ᴂ̆ ᴳ

╖ ̆ ᾚ שּ ᴳ Ȃ  
[17]Ӯ ҩ ᾚ ў ΰ ̆

ὲ ᴐ Ю ὴ ᾰͅ б

̆Ḇ ὲ ̆ ᾚ שּ ȁ ᾳ

 ҩУ Ȃ ᾚ ȁ Ԉ

Ὧ  ̆ ⁸ᴐҩ ̆ ╟

ᾚ ̆

8 ̆ з ֓

ᴂ̆⁸ᴐ ̆ᵳұ ע ӊ̆ ȁ ᾚ שּ

ᴳ Ȃ  
[18-20]  ҩ ̆ ּ ̆

έ ֓ᴂ ȁа ̆ ̆ ᶑ

̆ ᴇ ᴐ Ю ⅔ ╒ ᴇ Ȃ

ᴁ [21] ᴇ ᴇ ҩ

╟ ̆ [22] ᴂ ᴇ б

ᴂ ᴐ Ю ╟╒ ╟╒ ҩ

̆ б ̆ ԈԆ

̆έ Ȃ  
[23]  ҩУ ұᾚ ᴂ -

̆ ҩ ע Ὧ  ̆

῏ Ȃ  

Ҵ [24] ҩУ ұ ᾚ ᴇ ᴂ ֓

ĺ ̆ ҩ ᴇ

╟  ̆ б ᴇ ̆

9 ᴐ Ю ̆

9 ᴐ Ю̆   ̆ ш ̆ ҩ

̆῏ ҩ ̆ ҩ Ȃ  

† [25] Э̆  
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῏ ̆Ӯ ҩ ̆ ὲ ҩ

 ̆ ╟ ̆ ҩ

῏ Ȃ  
[26] א ᾚ ȁ ╒Ԉ ᾚ

ҩ ҩ̆ ᾚא

̆ ȁ Ԉ

 ̆ ̆ ὡ ᾚ ̆

а ᴐ Ю Ȃ  
[27] Ԇ ע ̆ ὴא ᾚ

╒ Pushover ̆Ԉ ᴁ ᴐѝ ה ᾚא

̆ ҩ б

ה ̆ ᾚא ̆  ҩ ᾚא

שּ ̆  ҩ ұ ᾚא ῆ Ȃ 

1.3.2 ᾚ  

пӏ Mayorca
[28]  ҩ‾ ꜛ ╗ ᾚ ᴇ

̆  ҩέᴇ ╗ ╕ ȂSathiparan
[29-31] ꜛ ╗

̆ ꜛ ╗ ᴇ Ԉ

⁸ ᴇ ̆ ᴇ᷆ ̆ ᴇ

̆ ̆ з ╗ ̆ ̆ ȁ

ᾚ שּ [32]Ԉ ᾚ ѐ  [33]Ȃ 

ѝ῏ ѐ ᾚ שּ ̆Hanazato Minowa
[34]

б ҽȁ ȁ ὲ ж

ᴐ̆ ҩУэΰᴉ ѝ 3m¦3m¦3m ̆ ᴐ

Ю ᴇ ╟ ᷆ ̆Nakagawa  У

ұ ἷ(EDEM)
[35]̆ ᷆ ֛ ̆

╟ ᴇ б ἷ֛ У ת̆ ᷆

б ἷ֛ ҾаУ ̆ ̆ ╟

̆ ш ╒Ȃ  

Ersubasi
[36] ҩ 1:10 ╟ ̆ 6 а ╗

╗ ̆ а ╗ Ю ᴐ Ю ̆ а

╗ ȁ Ԉ Ѩ Ȃ  

Cao Watanabe
[37] ᴁ а ̆

 ҩУ ᴇ ἷ ̆ ᴐ Ю
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ᴇ ̆ ᴇ Ԉ ̆ Э̆  

ᴇ ╗ ̆ὲᴐ б ᴐ ̆נ 

ᴐ Ȃ  

Furukawa Ohta
[38,39]  ҩ 3 ἷ (3D-DEM) ᾚ

ᴐ Юа ╗ ᷆ ‾̆ ᷆

ӝ ӄ׀ ᾳ ̆ה ᷆ ӝ ӄ׀

̆ ὡҩ ׀ (HIC) G ḣ(Chest-G) а ╗

᷆ ӝ ӄ׀ Ȃ ҩ ȁ ᴇ ᾳȁ

ᾃ ᾳԈ ӝ ӄ׀ Ὧ ̆  ӝ ӄ׀ ᾳб ᾃ ᾳ

Ὧ̆ б ᴇ ᾳὯ а Ȃ  

Э ̆ ᾃ ж ᾚ ў

ȁ ╟ ᴐ Ю╟╒

Ԉ ᷆ ἷ֛  ̆ ȁ Ԉ ἷ֛ 

̆   ╗ Ԉ

Ȃ ̆ ҂ שּ ᾚ ̆

╟ ᷆ ̆ ᾚשּ

╒ Ȃה  

1.4 ў ᾃ  

ў שּ ᾚ

╒ ̆ ᾃ Ю̔  

̂1̃ ᾚ שּ ̆ў ꜛ ̔ ὴשּ

̆ ȁ ȁ Ԉ

̆ ᾚ ̆  

╒ ̆έᴇ ᾃ ү ̕  

̂2̃   ᾚ ὴ ̆ 1:2

שּ ╟ ̆ ̆έᴇᾃ

Ь ̕  

̂3̃ ╗ ᴁ ̆  ̆

ᾚ ╒̆έᴇ ̕ 

̂4̃ ̆ ╟ ᷆ ̆ ᾚ

᷆ ̆   ᷆ ╒ ̆ ╟

╟ ᷆ Ԉ ̆ ֓

ᾚ ᷆ ╒̆  ᾃ ҂ Ȃ  
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2  ᾚ  

2.1  

2010 5 שּ ᾚ

̆ ш ҄ 7 8 ̆ 341

╒ Ԉ ҩ ̆

ᾚ Ȃ  

ᾚשּ 2.2  

2.2.1 ὴ  

ᾚ ў שׁ ̆ ╖ ȁ

ȁ ΰᴉ Ȃ ΰᴉ

̂ ¦ ¦ ̃ў 12.0m¦7.9m¦5.2m 16.5m¦7.9m¦5.2mч ̆ὲ

ӹ ΰᴉ ̆ 2-1 (a) (b)  ҩ ѐ ч ὴ

̆ 2-2 (a) (b)   ч ὴ Ȃ  

 

 
ᾚשּ 2-1 ὴ  

(a) 

(b) 
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2-2 ᾚשּ ὴ  

 

(a) 

(b) 
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2.2.2 ў  

̆ 7 8 ᾚ ш ѐ ̆

̆ ᾚ  ╠̆272

ὲ̆ᴍ

ҩ ᶢ ╗ Ȃ ѐ ̆ ѐ ш ľУ

Ŀ[1] Ӱ ᴃ̆ў ұ Э ̆ ᴃ ў

̆  ╠Ȃ  

ᾚ ў ̆ ̆

Ю Ю ̆ ᾃ ᾃ ЮУ ̆

з ᾃ ᴇӇ ֗ᴉ Ȃ ᴇ ў

̆ Э̆ ̆ ѝ

ᴇ ̆ ЭԈ Э̆ Ȃ  

2.2.3  

Ȃ ᴐ Ю̆ ᴇ ў ⅔

̆ ╒ў ᾱұ ᴇ ⅔ ̆ ᴇ ⅔ ў

ᴇ Ԉ Ȃ ѐ ̆ ᾚ

ѝ ̆ ᴳ ᴇ ֓ ғ ̆

б ᴳ ̆ ᴂ ᴇ ╒Ȃ ᾚ ᴇ

̂ ᶋ ľ Ŀ̃̆ 2-3 Ȃ  

 
ᾚשּ 2-3  

ѝҩ ᾚ ̆

SJY800B ὡ ԍ ZC4 ԍ⁞

̆ 2-4 2-5 Ȃ ὡ

ḣ ̆ Ԉ שּ ᴇ ѝ MU7.5̆ ұ

SJY800B ὡ ԍ ὲ̆
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ḣ ᶢ   ̆ У ת̆

ὡ ̆ ᴂȂ  

  

(a) ּש  (b)  

2-4 ᾚ  

  

(a) ּש (b)  

2-5 ᾚ  

Ȃ ̆ Ȃ

ѐ ̆ ᴇ ̆ ₥̆ ₥ ̆

̆ ת̆⸗ а ̆ ѝ 10mm̆

ᴇ   ȁ Ḯ ̆ ᴇ Ȃת

ᾚ ̆ ўᴇ ᾚ ̆ ᴇ

̆ ᴇ ѐ̆  ᾰ⁹̆ᴳ

╗а ̆ ̆ 2-6 (a) (b) Ȃ  
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2-6 ᴇ а  

ᴁ ̆ Ю ̆

ῠ ת̆ ұ ῠ а ̆ᶑ а ̆ ῠ  

̆ Ю ̆ᴳ ╒Ю ̆

2-7 (a) (b) Ȃ  

  
2-7  

2.2.4  

341 ѐ ̆ 272 ᾚ

ᴁ ῠ з̆ ὸṁ

ת̆ ̂ У

Ȃ̃ ў аҩ ᴐ ̆

а бת̆ ₥ ̆ Ȃ  

2-8(a) (b) ѝ ṁ ̆ ѝ 250mm¦

250mm̆ Э Ю ⁞ 2 HPB235 ѝ 14mm ̆

HPB235 ѝ 6mm~8mm ̆ ѝ 300mm~400mm̆

̆ѝ ᵳ ̆ ̆

ῠ ῠ ̆ᴳ ῠ Ȃ ṁ б

ṁ ̆ б ת̆

(a) (b) 

(a) 
(b) 
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Ȃ  

  
2-8 ṁ  

ᾚשּ 2.3  

ᾚ б̆ ₥ ╒

̆ ╒  Ȃת ұᾚ Ѳ

̆ ̆ з Ӱ УҾ

а а‾ Ȃ  

2.3.1  

ᴐ ў ֒̆ ̆

ᶑ̆ ᴇ ⅔ ╒ Ȃȇ (҄)

Ȉ [40] ̂₥ ̃ ṁ  ̆

1/2 ̆ ұ а ұ

25%̆ ұ ̆а ұ 50%Ȃ שּ

ᾚ ᴇ ѝ ̆ ў Э̆ У

а ̆ з ̆ Ӈ ̆

ὲᴍ ѝ ̆ 2-1 (a) ѝ 62.2%̆ 2-1 (b)

ѝ 52.5%̆ ұ 50%̆ ̆ш а

̆ • ₢ ̆ ᴐ Юֶ

̆ ᴇ᷆ Ȃ  

ᾚ ₥ ᴇ У аУ ̆ э

̆ ₥ • а ̆ ѐ • ѐ аУ ̆

ᴐ Ю ֶ ̆҂ֶ╗ ᾚ Ȃ  

(a) (b) 

ᾃ  

 

490mm 

300mm 
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2.3.2 а  

а Ȃ ұ ̆ 

Э ȁ ȁᾃ

̂ ̃ ᾃ

Ḷ ̆ ұ 0.8m
[40]̆ Өѝ 0.24m̆ 2-1 

(a) ̆ ᴐ Ю ̆ э Ȃ з

 а ⸗̆ аУ ̆ ᴇ ᵛ •

̆ ᴐ ⅔╒ а ⸗̆ ᴇ ⅔ ╒а Ἱ

̆ Ȃ  

2.3.3 ᴇ  

Э̆ ѝ 240mm̆ [40]

̆ Ю Э̆ת ΰ

ᴉ ̆ ᴇ ╒ ѐ̆ а‾̆ 2-9 (a) (b)

 ҩ ᾚשּ Э Ȃ

Э̆ Ѳ ̆

̆ш ᴇ ᴇ Ȃ ч ѐ

Ԉ ᴇѮ ȁ ⅔  ̆

̆ Э б Э ̆ὲ

̆ Ю р Ю Э̆ὲ

̆ ѝ 120mm̆ 2-10 (a) (b) ѝ Ю

б Ю ̆ Ю Э 60mm 50mm

ᴐѝ ᶑ Ȃ ұЮ Ө ̆

̆ ֗ᴉ ̆ ᴐ ̆ ̆

҂ֶ ̆Ю р ̆ ֶ

╟ ̆҂ ᴇ ᴇ Ȃ  
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2-9 Э  

  

2-10 Ю  

2.3.4 ᴇ а ᴇ  

̆ ̂ ̃ ұ

11.0mȂ ᴇ ̆ ̆

̆ ̆ [40] ִἼ ᴇ ̆ Ὥ

ᴇ Ȃ  

ᾚ ᾚ ўᴇ ̆ꜛ Ԉ

ᴇ ̆ᾃ Ȃ ᾃ

̆ᾃ б ̆Ө ᾃ Ȃᾃ

ᴇ У ѝ 120mm̆ ̆  ᴐ Ȃ

ұ ̆ ̆ • ҂ ̆

ш Ȃ ҩУ ת̆

ȁ Ԉ ᾃ б Ѳ

̆ ᴂ ᴇ • ̆₢ ҩ ╒Ȃ  

2.3.5 ᴇ ╒  

ѐ̆ ᴇ ᴐ Ю ᾃ

ȁ   ᷆ ̆ ᴇ Ȃ

(b) 

 
Э  

 

 

240mm 

(a) 

 

Ю  

р  
120mm 

(b) (a) 
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̆ ᴇ ̆ ѝ

̆ ᴇ ѝ 240mm̆ Ю ᴇ ̆

• ̆ 2-11 (a) ̆ ̆

ᴇѝ ̆ • ̆ ᴐ Ю Э Ю

ּ ╒̆ Ȃ  

̆ ᴇЭ ̆ Э ̆ ѝ

630mm¦710mm¦240mm̆ ѝ 70mm̆ 2-11 (b) Ȃ

Э У ₢ ҩ • ̆ᴳ ̆

Ȃ  

  

2-11 ᴇ  

2.3.6  

Ȃ ᾚשּ ў ̆

ῠ ̆ а ⸗ ̆ б

Ѯ Ȃ ̆ ӱ

̆ ̆ᴳ ұ ̆ ᾃ

̆ 2-12 ̆ ̆ ѝ 0.90m̆

Өѝ 0.5m~0.60m̆ ұ שּ Ὰ ̆ ӊ

Ὰ ̆ Э ᴇ [ 41]Ȃ 

з ᾚ Ө Ю ᾃ̆ Ю

̆  ̆ᾃ Ю

̆ ᾃ ᴇа ⸗ ̆ᾃ Эӊ ̆ ᴇ

Э ̆ ᴳ ╖ Ȃ  

 

 
 

630mm 

7
1

0
m

m
  

Э  

(a) (b) 
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2-12  

2.3.7 ὲӹ а‾  

2005
[1]̆ ўᴇ ̆

᷆ ̆ ᷆ ̆ бўᴇ

ᵑ Ѳ ̆ ̆ 2-13

̆• Ȃ ̆ ᴇ ⅔ ╒

̆҂ ῠ Ȃ  

  
2-13  

ᾚשּ 2.4  

ᾚשּ 2.4.1 ‡  

ȇ Ȉ

̂GB50011-2010̃
[42]̆ ľ̔ а ̆

ѐ ᶢ̆ а᷆Ŀ̆ ҩ ᴳ ̆ а

̆ έ а ╒̆ Эȁ Э

Ȃ2008 ̆ш ȁ

̆ ҩ ̆ ᴳ ᴐ Ю̆

(a) (b) 

(a) (b) 














































































































