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ЍỸ ┤ Пỵ ц ϩϮ צ а  

 
ᵦ 1, ∑ᶛ2 

1М Џ еҨ Џ Џ Ѭ( )Џ   
2М Џ еҨ ᵅὍ ἤ ᾬ Џ  

 

 

   
ᴯὑЍỸП ȲϚ ᶁ и◕и Ḕ ╟ЏȲ ẞỵ ┤ц Ёȳ ќ’ȳ

ỵ ќ ԈП Ȳṳὑ ┤ ∟╟ᵂϡװ Ё ȴӐѝᵓӣAbaqusשׂ ᴩ ┤╟Џ

ПϮ צ а Ȳ ẞ ┤ М Ể ỵ цќ Ԉ ϩц ᶮП оȷ Ԓ ᴩЄ֮ ϩ

иέ(Geostatic Analysis)Ȳ ẞ ┤›ỵ ПῴỞ ϩȲԛ и◕и Ḕ П╟Џ Ȳɔ ӣAbaqus

Ἤ ẁП ₤ Ḇ(Model Change)ғ ┤ỵѠц Ғќ ԈȲ֝ ᵓӣ (Rebar Layer)ứ

ц (Embed Region)ғ ќ’цỵ Ȳṳ ֵḔ ה ᶧ ᴩ֢ ◕иέȴϮ צ

а П ὨЛ Ҡ Ɫ Ёȳ ќ’ȳỵ цϡװ שׂ ќ Ԉ֥ừἤП ᴕȲӼҠ Ɫ

∟ ֮ ϩиέПῴỞ Ԉȴ  

 

ֿȸ ȳ ┤╟Џȳצ а ȳ ₤ Ḇ 

 

ABSTRACT 

The construction of tunnels in mountains involves section by section, stage by stage excavation 

of rock and installation of support facilities, i.e., shotcrete, steel supports and rock bolts, after which 

a second liner is provided. The paper presents a 3D finite element simulation of the construction 

process of a tunnel using Abaqus, through which the variation in stress and deformation of the support 

facilities and the rock surrounding the tunnel with the progress in excavation was obtained. In the 

simulation, the initial stress state of the rock was first established by a geostatic analysis, followed by 

a multi-steps stress analysis corresponding to different sections and stages of excavation. In each step 

of the stress analysis, the function of ñmodel changeò was used to simulate the rock removal and the 

addition of the support facilities, and the functions of ñrebar layerò and ñembedded regionò were 

jointly used to simulate the steel supports and rock bolts. The results of the simulation can not only 

be adopted to check the suitability of the support facilities, but also can be used as the initial condition 

of a subsequent earthquake dynamic analysis of the tunnel.      
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Ϛȳ  

ֵ֯Ѝ֮ ∂ ȳ ☻ἨṮ

ȲꜙᴟᵅὍ ἤ Џ ╟Ȳᶁ

ᴩ ┤цќ Ȳᴖ П╟Џ

ӭ›ֵ ԓ ┤ЏᾎȲ╟Џ Ɫ

Ѡ―ᶶ Ȳ ᴖ ЛЄѹ ҙ

ЊἨ῏ỵ ⇔ ᵅ(ֽ Њὑ 50 

MPa)Ȳֵ ᶝ ┤ЏᾎȲẂֽѿ

ה ‹ (roadheaders)ȳ ┤

(excavators)ⱢѻȲֽ ᶝ ⇔ Пỵ

Ȳ⁄ ѿ Ⱨᾎ(drill and blast)Џ ȴ 

Ӧὑ ᴯὑЍ вȲẔϱѠצ ⁴

Пỵ Ȳ֪ ᴖ ┤ ἭắҽЄП ϩ

ᴖ ᶮꜙᴟᶀ Ȳ ┤ Ӈ ’ ṳҒ

ѿќ Ȳ֪ ױ ┤ М Ể ỵ П

ϩц ᶮ Ғѿ Ȳѿ― ֥ П’

цќ ╟Ȳ֝ ╟Ғ’ цќ ∟П

цỂ ỵ П ᶮц ϩӼ ᴯ

ὑҠ ắП ȴ 

ҫҵȲ ┤ ἬṿӣПќ Ṇ

ȲẔ Ϟ ỵӰӐṝ Ɫќ ԈᾼϚ

иȲӼᵛ҉иᴕ ỵӰӐṝᾼϩ ἤ ц

ᶮᴩⱢȲṿẔ ᴞצᾼќ ϩȲᵓӣ

ϩ и Ӂ П Ṽ   ἤ (Time-

Dependency)Ȳ Ḗϡװ ϩӂ Ἤ ׄԓ

ϭ П Њќ ȴ  
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֪ Ɫ ᶮ Ȳ֯ԓ ┤

ắϩ ᶮᴩⱢῺᴿӂ Ȳ╝Ҡ ϡ

ה ᴩ иέȲ ᴖ ᶝ ┤

Ȳ֪и ┤ ╝ȲẔ ᶮц ϩᾘ ֣

( ┤Ѡ֣)иӁṳЛᶁлȲᶝ Ҡ

ЄȲױ Ӈ Ϯ иέѠҠה ẞ Ɫ

П Ὠȴ֪ Ϛ иέ ┤ᴩⱢП

(ֽ Phase2)ֵҬ ᴩϡ иέȲ╝Ӑѝ

ӣғ ЄПAbaqusɕ

┤ ПϮ ᶮц ϩᴩⱢȴ 

Ϯ צ а П ὨЛ Ҡ Ɫ

Ёȳ ќ’ȳỵ цϡװ שׂ ќ

Ԉ֥ừἤП ᴕȲӼҠ Ɫ∟

֮ ϩиέПῴỞ Ԉȴ 

ϡȳ ┤╟Џ  

ᶝ и ┤Ѡה╟ЏȲ

Ϛ ⱢҒ Џ Ȳ ӣи◕Ḕ ╟ЏȲ

ẞỵ ┤ц Ёȳ ќ’ȳỵ

ќ ԈП Ȳṳὑ ┤ ∟╟ᵂϡ

װ Ё  ȴשׂ

1Ɫ ᶝ ┤и◕и

Ḕ ╟Џ☼ ӱ ȲẔМ  ⇔иכ

m ◕Ȳḕ ◕и3כ ◕ ┤ȷ╟

Џ ֽϯȸ 

1.ᴩ 1 ◕ 1 ◕ ┤Ȳ ┤

ᶙכ∟”Ể ỵ ϩ и ᴖҠ

ᴞצќ ϩ∟Ȳ╟Ғ Ёц ќ’ȴ 

2.ᴩ 1 ◕ 2 ◕ ┤Ȳ ױ

֝ ᴩ 2 ◕ 1 ◕ ┤Ȳ ┤ᶙכ

∟ᶁ╟Ғ Ёц ќ’ȷױҵȲὑ 1

◕╟Ғϱҙ ỵ ȲҒ ќ ⇔Ȳ ю

ᶮȴ 

3.ᴩ 1 ◕ 3 ◕ ┤Ȳ ױ

֝ ᴩ 2 ◕ 2 ◕ц 3 ◕ 1

◕ ┤Ȳ ┤ᶙכ∟╟Ғ Ёц ќ’Ȳ

ṳὑ 1 ◕╟Ғϯҙ ỵ цὑ 2

◕╟Ғϱҙ ỵ ȴ 

4. 3.ПḔ Ȳ̓ ẞ ⱢѦȴ 

5.∟Ȳὑ ╟ᵂ2װ  ȴשׂ

Ϯȳ ┤ צ а  

3.1ỵ ц  

Ἤ֯ỵ ѻ ⱢМ ѷП א Ȳ

Ẕỵἤѻ Ɫ⁴ ᾭ ỵȲ ϱѠП

ỵ  mȴ 135פּ⇔

 ⇔Ɫ100 mȲ ᵧ ᶮȲ

Є ⇔12.0 mȲ Є ⇔11.5 mȲ

ᶮᾭцѐЉֽ 3.1Ἤӱȴ Ё⁴⇔Ɫ

20 cmȲ ќ’Ɫ H125Ĭ125₤ Ȳᾘ

֣ḕ 1.5 m1ќȲỵ  ⇔4.0 mȲ

ᾘ Ể ᵧὍ ᾭиӁȲ֝ ᾘ

֣ḕ 1.5 m1 ỵ Ȳḕ Ԛצ 13

ỵ ȴ2װ Ɫשׂ ЁḊ Ȳ

ὑ в цԊ╔ȴ 

3.2 ỵ ц צ а ₤ 

צ.1 а ₤ 

Ἤ ậПỵ Ɫ ҿȳҢ

ϡ mȲϯѠ100 mȲϱѠᴟЍ 120פּ ῶ

Ȳ⁴⇔Ɫ100 mȲֽ 2(a)ἬӱȲ ӣ

а (Continuum Element)∂Ӵצ

а ( ӱὑ М)ȷ Ёц

┤ỵѠцϡװ ᶁѿשׂ а Ȳֽ

2(b)ц2(c)ἬӱȲᴖ ќ’⁄Сѿע Ȳ

Ẕᵂӣѿ ἤ Ϥ Ёἤ ᴕ ȷỵ

ѿ (Rebar Layer)Ѡה Ȳѿ о

₤ ⇔Ȳֽ 2(c)Ἤӱȴ 

Ё ỵ ȳ Ё ┤ỵѠц

Ё ϡװ שׂ ᶁⱢ (Tie)ḇạȲ̔

ῶỵ П ⁄ѿ (Embedded 

Region)Ѡה Ϥỵ ȴ 

ỵ ₤Ἁ ꜜ ⱢỆứ(Fixed)

ԈȲϡ ꜜ⁄Ɫ (Roller)Ԉȴ 

2.Ḋ ₤ц ἤ  

ỵ ȳ Ёȳ ┤ỵѠȳϡװ цשׂ

ỵ ᶁ ἤ(Linear Elastic)₤Ȳᴖ

Ɫ―ὑ ┤ Пỵ ϩ и

ᴞצќ ϩȲ Ёц ┤ỵѠ Ɫ

Ṽ(Temperature Dependent)ПḊד⇔ ἤ

Ȳᵓӣ ⇔ ẞἤ ḆПӭᾼȴ 

ỵ ȳ Ёȳ ┤ỵѠȳϡװ цשׂ

ỵ ПḊ ἤ ֽῶ1Ἤӱȴ 

3.3 ┤ ПиέḔ ứ 

1.┤›ỵ ֮ ϩ  

(1)ὑצ а ₤МȲ ϡװ שׂ

цỵ Ȳ’ ỵ ȳ Ёц ┤ỵѠ

иȴ 

(2) Ёц ┤ỵѠП ⇔ ứⱢ

ɦ0ɧȲ҅ῶẔḊ ἤ ֝ỵ ȴ 

(3)╟Ғ ϩȲ ᴩ ϩиέȲ ẞ

ỵ ȳ Ёц ┤ỵѠП ϩиӁȴ 

(4)ϱ Пỵ ȳ Ёц ┤ỵѠ

П ϩиӁ ⱢῴỞ ԈȲṳ ứᴞ Ȳ

ᴩ֮ ϩ(Geostatic)иέȲ ẞỵ ȳ
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Ёц ┤ỵѠПЄ֮ ϩиӁȲױ ỵ

Пᴯ Ὼὑ ȴ 

2.┤ỵѠП цќ ԈП Ғ 

┤ỵѠП ᵓӣAbaqusẁП

₤ Ḇʟ (Model ChangeʟRemove)ғ

Ȳᴖỵכ цϡװ Пשׂ Ғ⁄ᵓӣ

₤ Ḇʟ (Model ChangeʟAdd)ғ

ȴכ Ёᴕ ỵ П ᶮϚ Ȳ╝ ỵ

Ϛ᾿Ԛ׀Ȳѿ ⇔ ֢ ◕Пἤ ȴ 

3.┤ иέḔ ứ 

ḕ ◕ ┤ ⇔Ɫ 10 mȲ Ԛ

צ 10 ◕Ȳᵛ m=1~10ȴ 3 ◕

┤Ȳ╝n=1~3ȴ Ёȳ ┤ỵѠцỵ

ᴩи (Partition)Ȳṳиᵑ ứ ₤

ц Ғ ᶧἬ П ֥(Set)Ȳֽ 3Ἤӱȴ 

ҫҵȲ Ϥỵ Є֮ ϩиӁ Ɫῴ

Ở ԈȲ ứᴞ ц ứ Ёц ┤ỵѠ

ПῴỞ ⇔Ɫɦ0ɧȴ 

› П ┤ ȲиέḔ

ứֽϯȸ 

(1)Step-1aȸRemoveԓ ỵ цϡװ

ȷModify1שׂ ◕ 1 ◕ ┤ỵѠ(

ỵѠ1-1)П ⇔Ɫɦ1ɧȷModify┤∟

╟Ғ Ё( Ё1-1)П ⇔Ɫɦ1ɧȲ

ỵ ֪ ┤∟ ϩ иӁцᴞᶺќ

ȴ 

(2)Step-1bȸRemoveỵѠ1-1ȷModify

Ё1-1П ⇔Ɫɦ2ɧȲ Ё

ц ќ’ᵂӣȴ 

(3)Step-2aȸModifyỵѠ1-2цỵѠ2-

1П ⇔Ɫɦ1ɧȷModifyЁ1-2ц

Ё2-1П ⇔Ɫɦ1ɧȴ 

(4)Step-2bȸRemoveỵѠ1-2цỵѠ2-

1ȷModifyЁ1-2ц Ё 2-1П ⇔

Ɫɦ2ɧȷAdd 1 ◕ϱҙ Пỵ (

Ɫỵ 1-T)ȴ 

(5)Step-3aȸModifyỵѠ 1-3ȳỵѠ 2-

2цỵѠ3-1П ⇔Ɫɦ1ɧȷModifyЁ

1-3ȳ Ё2-2ц Ё3-1П ⇔Ɫɦ1ɧȴ 

(6)Step-3bȸRemoveỵѠ1-3ȳỵѠ2-

2цỵѠ 3-1ȷModifyЁ 1-3ȳ Ё

2-2ц Ё 3-1П ⇔Ɫɦ2ɧȷAdd 1

◕ϯҙ Пỵ ( Ɫỵ 1-B)ц 2

◕ϱҙ Пỵ ( Ɫỵ 2-T)ȴ 

(7)Step-4aȸModifyỵѠ 2-3ȳỵѠ 3-

2цỵѠ4-1П ⇔Ɫɦ1ɧȷModifyЁ

2-3ȳ Ё3-2ц Ё4-1П ⇔Ɫɦ1ɧȴ 

(8)Step-4bȸRemoveỵѠ2-3ȳỵѠ3-

2цỵѠ 4-1ȷModifyЁ 2-3ȳ Ё

3-2ц Ё 4-1П ⇔Ɫɦ2ɧȷAddỵ

2-Bцỵ 3-Tȴ 

Ę 

Ę Ṽױ  

Ę 

(2m-1)Step-ma (m=5~10)ȸModifyỵѠ

(m-2)-3ȳỵѠ(m-1)-2цỵѠ m-1П ⇔Ɫ

ɦ1ɧȷModifyЁ(m-2)-3ȳ Ё(m-1)-

2ц Ёm-1П ⇔Ɫɦ1ɧȴ 

(2m)Step-mb (m=5~10)ȸRemoveỵѠ

(m-2)-3ȳỵѠ(m-1)-2цỵѠm-1ȷModify

Ё(m-2)-3ȳ Ё(m-1)-2ц Ё m-1

П ⇔Ɫɦ2ɧȷAddỵ (m-2)-Bцỵ (m-

1)-Tȴ 

(21)Step-11aȸModifyỵѠ9-3цỵѠ

10-2П ⇔Ɫɦ1ɧȷModifyЁ 9-3ц

Ё10-2П ⇔Ɫɦ1ɧȴ 

(22)Step-11bȸRemoveỵѠ9-3цỵѠ

10-2ȷModifyЁ 9-3ц Ё 10-2П

⇔Ɫɦ2ɧȷAddỵ 9-Bцỵ 10-Tȴ 

(23)Step-12aȸModifyỵѠ 10-3П

⇔Ɫɦ1ɧȷModifyЁ10-3П ⇔Ɫɦ1ɧȴ 

(24)Step-12aȸRemoveỵѠ 10-3ȷ

ModifyЁ10-3П ⇔Ɫɦ2ɧȷAddỵ

10-Bȴ 

(25)Step-13ȸAddϡװ  ȴשׂ

ҳȳ ┤ Ὠ 

4.1ỵ Є֮ ϩиӁ 

ỵ Є֮ ϩиӁֽ 4(a)ἬӱȲҠ῀

֪ᴞ …Ȳ₣᾿ ϩ(S33)Ӧϱᴟϯ Ȳ

ᵀ֪Ѝ ῶ ‍ӂỌȲ╝₣᾿ ϩЛ ᵧѬ

ӂᶁл иӁȴҫҵȲỵ ₣᾿ᴯ (U3)

Ὼὑ ( 4(b))Ȳ ֥Є֮ ϩϯ Пצ

ᴯ ᾭ ȴ 

4.2ỵ ┤ П ϩц ᴯ 

5Ɫ ┤ ◕Пỵ ₣᾿ ϩ(S33)

ц₣᾿ᴯ (U3)иӁȲҠ῀ Б ┤ и

Пϡ ỵ ҏ ῴỞ֮ ϩ ЄП

ϩȲ ╔цԊ╔(v Ἁ ) ỵ П ϩ

⁄ ῴỞ֮ ϩⱢЊ( )Ȳ Ԍ ϩБ

Ӧ Ё ќ ╟ἭắȲᴖ ӑ ┤

и⁄ ֝ῴỞ֮ ϩȲᶁ ֥ ╟

ЏПỵ ϩ ᾓȷ Б ┤ иП ╔

Ӣ֣ϯ ᴯ(ḛ )ȲᴖԊ╔ Ӣ֣ϱ ᴯ
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( )ȲӼ ֥ ╟ЏПỵ ᴯ

ᶮȴ ṷ Ὠ ӱӐѝἬ ӣП ₤ȳ

Ḋ ἤ циέ☼ ᶁ ֥ừȲҠצ

┤╟ЏП ȴ 

6ц 7иᵑⱢ Ể ỵ Њ

ѻ ϩ( ϩ)цᴯ иӁ ┤ П

о ᶮȲҠ῀ ┤ Ḕ Ȳ Ể

ỵ П ϩцᴯ ᵧ ⱢᶁлП

иӁȲẔМϡ ( ᵑ╥ ϯѠ) ϩ

ῴỞЄ֮ ϩⱢЄȲ ╔цԊ╔ ϩ⁄

ῴỞЄ֮ ϩⱢЊȲᴖ ╔цԊ╔и

ᵑ֣ϯц֣ϱ ᴯȲᵧ ϱȳϯ ᶮᾭ

ȴҫҵȲ ┤ М ϩѻ

ⱢϱѠ20 mцϯѠ15 mȲᴯפּ ѻ

⁄ⱢϱȳϯѠּ֢25פ mȴ 

4.3Л֝ќ Ѡ П ϩиӁ 

Ɫ ╟ҒЛ֝ќ ᵂӣ ϩ

ц ᴯП Ȳᴕ ѿϯ2 ᾓȸ 

1. Case-1ȸ ┤∟╟Ғ ЁȲᵀЛ

Ғ ќ’цỵ ȴ 

2. Case-2ȸ ┤∟╟Ғ Ёȳ ќ

’цỵ ȴ 

Case-1 Мỵ Њѻ ϩ Є

ᴯ иӁֽ 8ἬӱȲᴖ Ёцϡװ שׂ

П Єѻ ϩ( ϩ)⁄ֽ 9Ἤӱȴ 

Case-2 Мỵ Њѻ ϩ Є

ᴯ иӁֽ 10ἬӱȲᴖ Ёцϡװ

Пשׂ Єѻ ϩ⁄ֽ 11Ἤӱȴ 

ϱ 2 CaseϯȲ Ể ỵ Њ

ѻ ϩ Є Єᴯ ȳ Ёцϡװ

שׂ Єѻ ϩ Є ԝὑῶ2ȴӦῶМ

Ҡ῀ ╟Ғ ЁȲỵ П ᴯ ѩ ЄȲ

֝ ЁἭắ П ϩȲῶӱ

Ӣ Ȳ ᵅἭ ϩҵӼ ѬȲ

╝Ӈ ѿ ќ’цỵ ẦᵗἭ Ἤắ

ϩȷ֯╟Ғ ќ’цỵ ∟Ȳ Ể ỵ

П Њѻ ϩц Єᴯ ᶁצἬ Ȳɑ

ᵅП ϩ Ӧ ќ’цỵ ἭắȲ╝

Ё ἬắП ϩ Ȳ Є ԌӦ ќ

’ἭắȲᵀ ḊПᶼ ⇔− ȲṜѿἭắ

П ϩᴖЛ Ӣ Ԇ ȴ ∟Ȳ

ϡ CaseϯȲϡװ Пשׂ Єѻ ϩ

ЛЄȴ 

ҫҵȲ Ể ỵ Њѻ ϩцᴯ

Є ᶁ Ӣὑ 11 ◕ ┤ Ȳᴖ

Ё Єѻ ϩ Ӣὑ 3 ◕ ┤

Ȳ֪ ỵ цќ ḊП ϩ цӂ

ᶁоᵂӣȲ╝ ┤ᶙכ∟ ỵ Ἠ Ё

П ϩцᴯ ᶁ ┤ П Є Ὑצ

П ᵅȴ 

Хȳ  

ӐѝᵓӣAbaqusᴩЍỸ ┤

П ϩцᴯ ȲҠ ҉ צ

┤ϡ ЛṜПה ȲḆⱢ

Ể ỵ цќ ḊП ϩ ᴯ ц

ѻ ắ ȴ֯ МȲ ֥ц

ӣAbaqusἬ ẁП ₤ ц ғ Ȳ

ᵓ ┤ỵѠ цќ Ḋ

ҒПᵂ ȲЛ Ҡẁӑẃ Ἠ ᵾ

┤╟Џ ПӣȲӼҠ ӣὑ֮ϯ

┤Ἠ ╟Џ П ȴ 

ӐѝϮ צ а П ὨЛ Ҡ

Ɫ Ёȳ ќ’ȳỵ цϡװ שׂ

ќ Ԉ֥ừἤП ᴕȲӼҠ Ɫ∟

֮ ϩиέП֮ ›ῴỞᾭ ȴ 
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ϝȳῶ  

ῶ 1 ỵ ц ќ ḊПḊ ἤ  
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ῶ 2  Л֝ќ Ѡ П ϩцᴯ  

 
 

ϥȳ ѱ 

 

 
(a) 

 

 
1 ┤+ Ё 

 
2 ┤+ Ё+ϱҙ ỵ  

 
3 ┤+ Ё+ϯҙ ỵ  

 
╟ ϡװ  שׂ

(b) 

 1 ┤Ḕ ȸ(a)› Ѡ֣и

◕ ┤Ȳ(b)и ◕ ┤ 

 

 
(a) 
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(b) 

  
(c) 

 2ỵ ц ќ Ḋצ а ₤ȸ

(a)ỵ Ȳ(b)┤ỵѠц ЁȲ(c)ỵ

цϡװ  שׂ

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 3 ứ ┤ỵѠȳ Ёцỵ Ἠ

ҒП ֥(Set)ӱ ȸ(a)┤ỵѠȲ

(b)ЁȲ(c)ỵ (ϱҙ )Ȳ(d)ỵ

(ϯҙ ) 

 

 
(a) 
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(b) 

 4 ỵ ┤›Є֮ ϩцᴯ иӁȸ

(a)₣᾿ ϩȲ(b)₣᾿ᴯ  

 

 
(a) 

 
(b) 

5 ┤Ể ỵ П₣᾿ ϩцᴯ

иӁȸ(a)₣᾿ ϩц(b)₣᾿ᴯ  

 

 
(a) 

 
(b) 

 
(c) 

6 Ể ỵ П Єѻ ϩ( ϩ)

иӁ ┤ П о ᶮȸ(a)3

◕ ┤Ȳ(b)7 ◕ ┤Ȳ(c)ᶙԓ┤

 

 

 
(a) 

 
(b) 



2018 SIMULIA Regional User Meeting 

 

 
(c) 

7 Ể ỵ Пᴯ иӁ ┤

П о ᶮȸ(a)3 ◕ ┤Ȳ(b)7

◕ ┤Ȳ(c)ᶙԓ┤  

 

 
(a) 

 
(b) 

8  ┤Case1Пỵ Њѻ ϩ

цᴯ иӁȸ(a)Є ϩ Ӣ( 11

◕ ┤)Ȳ(b)Єᴯ Ӣ( 11◕

┤) 

 

 
(a) 

 
(b) 

9  ┤Case1П Ёцϡװ

שׂ Єѻ ϩиӁȸ(a)Ё Є ϩ

Ӣ( 3 ◕ ┤)Ȳ(b)ϡװ  שׂ

 

 
(a) 

 
(b) 

10  ┤Case2Пỵ Њѻ ϩ


