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Мѝ  

Ɫ֪ ᶺ ЛἋᶰП╜ Ȳ ϡ ὑӑẃ њ ҏ

ᶰ Ȳѿ ֥ᾎ П ḖȴᴖⱢ Ԓᴩ њ֪ ӑẃҠ ϱ

ӣ ᾎ ҏП ḖȲ Ἤשׁ ӇԒᴩ ϡ ч ϱᴃ

ᾭᾓϯП☼ иέ ᴩиέᶾ П Ȳѿ֪ ӑẃ ∟Ȳ

їв ḇ ═ ᵐ⁯П ḖȴⱢױȲӐׁשṅ ᵓӣ ☼ ϩ

иέᶾ Ȳ њ∂ӴϚ ϡч ϱᴃП Ȳṳה Ẕи

έἬ Ȳ∂Ӵד ПаԈ☼ … цᵐ⁯Ṇ Ȳѿה

Ϛױ ᶰ П ᴃ ᴩӔ ԈϯПᶝ Ѭ☼ ᴩ ȴ

ӦӐׁשṅПכὨ ҠᵂⱢӑẃἬв Пἷ ȴ 

 

 

 

 

 

 

 

 

ֿȸ ☼ ϩ ȳ ϡϱ ᴃȳᵐ⁯Ṇ ȳ ᶰ 
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Abstract 

In order to response the policy decision of non-nuclear homes, the 

TPC will purpose the decommissioning project of Kuosheng Nuclear 

power plant (KSNPP) to meet the regulatory requirement in near future. In 

this study, the Computational Fluid Dynamics (CFD) methodology has 

been employed to develop a thermal hydraulic prediction model for 

KSNPP reactor with upper pool under decommissioning stage. The model 

can be utilized to investigate the thermal behavior as the loaded reactor 

core combined with upper pool and continuity cooling via some cooling 

system. Therefore, the fuel bundle design type, ability of cooling system 

will be modeled by an apposite approach. Through the efforts of the study, 

an integrated simulation model will be developed for thermal hydraulic 

analysis of decommissioning KSNPP pool under normal operating 

condition. We expect that the model forms this study can provide a basis 

for future analysis application of INER. 

 

 

 

 

 

 

 

Keywords: CFD, KSNPP, upper pool, decay heat cooling system, 

decommissioning.  
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ȳ ӭᾼ 

Пиέᶾ ԓἤ֯ ṅשᾼׁדֵ ∟ȲБצ Ṝ

П ḔȲ ϴѿἏ ѿ Ɫ ὔП ᴷ ᴩ иέПЏᵂȲ

☼ ϩ (Computational Fluid Dynamics, CFD)иέᶾ ᾼ Ȳ

ṿ Ḇֵᾼ ☼ ἤ Ẕ Ṇ П Ϛᾼ ṳṣ Ḃ ȴ

ẂֽȲᶺ ἬῺẃὑשׁ Ṇ ᾼиέМȲᵓӣCFDиέЏẓ

ᴩϠӣ ה ȳ׀ Ϛ Є ҅ᵐ⁯ȳ ᴃ ☼иέ

  Ṇ Ѭ☼иέ П Ѭ☼иέȲṳ П

ẁϠḆṾᾼḂ ȴ ᴖȲ ὑᶺ ӭ›2025ד‍ П╜ Ȳ

Ϛ Б ӻ ᶰ Ȳṳ њ ᶰ ᴩᵂ

Пҵȴ ϡ ῺדӼ Ӕ њ ᶰПᾭᾓȴ ᴖṶ ϱȲӭ›

Ẓ ᾼӣ ᴃБЛṜ ԓ ҏᾼἬצ ḇȲ╝ᴖ

ҏ ϡϱᴃПḂ Џ ȲѿḖ ϤϮ 221ḇП ḇ ▐Ȳ ᴖ

ҵ ẁּפ 2 Ể Ἤ П ḇῈ ȴ 

Ϛױ ᾓ Ằ ȲֽὨ֯ ᶙכ ∟Ẓ Ҡ Ể Пԉ

∟Ȳ Ӑ֯ᴃМц ївᾼӣ ᾎᶙԓ ҏ їȲ ṿὑ

ᶰῴ ᵧ ЬҠ צ иӣ І Ὅ ὑч вПᾭᾓȴ

ὑȲױ ч Бᵧ ᾭ Ȳṳ Ḧ Ӣ Ԉ

ȴᴖṿ ч ֯ ϱᴃ ∟ Ɫӣ ᴃПϚ иȴױҵȲ

֯ᴕ ӑẃ ᶰᵂ Ȳ и ╟ Ҡ Ḕ Ὂ ᵂ Ȳᴖṿ

ᵐ⁯Ṇ ᵧ ЛҠӣПᾭ Ȳ֪ױ Ἤשׁ Ӈ ὑ ᴟױᾭ

›ȲԒᴩ ϱ ПҠ ᴩиέᶾ П∂ӴȲѿ֪ ӑẃἬ

Пԉ ȴᴖ֯ ԓ Ϛױ ᾭ ϯПṶ╝ ᵂ Ḗ›Ȳ⁄

Ԓᴩ ױ ї ϱᴃἬ Пכ ᴃ ᴩ Ȳѿ
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ὑӔ ᾭᾓϯ╥ᵡ ṜП҉צ ϩȲѿ ᵍᶝ Ѭ Ȳṳ

֥ еᵉП ᴃḂ ▲ ⁄МȲὑӔ ԈϯȲᴃѬ

⇔ ᵅὑ 60ÁCṳѹ ԉᴶᶝ ᾐ П ḖȴӐׁשṅБ ӣὑ Ϛ

Є ҅ᵐ⁯ Ȳ Ϛ ὑ2008ד Ȳ ֪Є

Ṇ ABÆ Ԛ ᴩ ᴖ Ӧ ᴃ ᵐ⁯Ṇ ᴩ

ї П Ḗ֝דȲꞋ╥ ᴕ ї иЬẓצ ḇПᾭᾓϯȲ

ᵐ⁯Ṇה֢ ὑЛ֝Ҡӣᾭ ϯП Ѭ☼ ἤȴױϚׁשṅЏᵂ

ᵓ Ϛ Ṇ Ԛ Пԉ ᵓ Ȳѹ֯ӑכ ҵ

ᵐ⁯ ╟ἨἋ∟Є П› ϯȲⱢ П П

ȴ ֫ ᶰ   Пᵂד20 Ȳᵐ⁯ ╟ᾼ

ᾼ Ȳ ᵗὑᵂצ ц∟ Ӑᾼכ ạȲ

Ẕ Ḇ ЄὑЄ ҅ᵐ⁯ ӣȴ 

Ṽ Ӑ ἵ Ἤ Пׁשṅӭ Ȳ ∂ ϛ иέᶾ ѿ

ɦ ϡ ӣ ᴃӔ ᵂ Пᶝ Ѭ ɧ⁄ њ

ɦиέ ɧцɦᵐ⁯Ṇה ╟П ꜜ Ԉ ה ɧẒ и ᴩ ȴ

ẔМȲɦиέ ɧϛה МȲ… ϡ Пɦч ɧцɦϱ ᴃɧ

ᴩ ה ȴ╝Ӑׁשṅ ὑ ᴩ Ở∟ȲṼ Ἤ П ϡ

ч цϱᴃПЏ Ȳᵓӣ֥ П CAD ẔЏ Ɫ

₤ȷ ЛӇ П Ԉ(ֽ ч Ḧ Ӣ цḦ и

Ȳṳ ḇ╟ѿ оᵂ Ȳѿ☼  ᴷ ה ᴩậ҅ПȲ ᴖ∂

ӴϚ Ҡѿ ϡ ч ϱᴃ П ᴶ ȴҫҵȲה ὑɦᵐ

⁯Ṇ ╟П ꜜ Ԉ ה ɧϛ ЏᵂȲ⁄ ὑч

цϱᴃП֢הᵐ⁯ ╟Ȳֽ Ṇ Ἠ╥ ᴃᵐ⁯Ṇ Ȳѿ

֥иέἬ ȴ ╥֪Ɫϱ П֢ ᵐ⁯ ╟П ϩ… Ẕ☼
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ӻ ц ᴃ Ԉצ Ȳ֪ױ ᾎ ᴩѿϚ ẃ ᴩῶ

ȴ 

ᴖ ֯ᶙכϱ иέ ה ꜜ ԈП∂Ӵ∟ȲӐׁשṅ Ầᵗ

Ӵ∂שׁ ϡ ч ϱᴃ Пᶝ ☼ иέᶾ Ȳṳ ѿᶙ

ɦכ ϡ ӣ ᴃӔ ᵂ Пᶝ Ѭ ɧȲⱢᶺ ‍

П╜ ẁӇ Пᵗϩȴ 

Ϛȳ Ἤ ṅשׁ  

צ ὑׄԓиέ Ὠ Ṷ╝ᾭᾓׁשᵒц ᵂ Пḟ Ӕ ἤ

ד ȲṶ╝ ᾼ Ѭ☼иέ ὨП’ׂἤ ᶙ ἤ ᾿ ׄ

ԓᵂ П ὨȴӐɦ ϡ ӣ ᴃӔ ᵂ Пᶝ Ѭ ɧ

Ȳ… ӑẃ ὑЄ Ἠ ᶰ Ȳὑ ї ӑ ῈП Ԉϯ

ᴩ  Пᵐ⁯ᵂ Ȳ╝Ẕиέ Ὠ ∟ ᶰȳЄ ᵂ П

ׄ ד Ȳᴖ ᴷȲѿ ’ ὑЄ Ἠ ᶰ

Ꞌ ֝ ẓׄԓ ПẒЄӭ ȴ֪ױȲЛ ╥иέЏẓ

ӣȳ ה ȳѠᾎ ᾼ ӣἤѿциέ ₤ᾼӔ ἤꞋ Ϛ

ȲѠ ’иέ ὨП֥ ӣἤȴ 

Ӑׁשṅ ӭ›ὑ Ϛ ҅ᵐ⁯иέ [1]МȲБצ ẂП

ANSYS FLUENT [2]иέ ᵂⱢиέЏẓȴ ╥֪Ɫ Бᶙכ

ד иέѠᾎ [3,4]ṳ П ▲Ȳᴖѹ דἬвӼБ∂Ӵשׁ

ᾼиέᶾ Ȳ╝ ӣ иέѠᾎ Пиέ֝ד ᵓὑצ ὡ

Ӑ ἬᶙכПиέᶾ ᾼ ӣἤȴ ṅשПҵȲӐׁױ ױ

иέ Пṿӣ῏ᴞứẗ (User Defined Function, UDF)П ҉ ∂

ӴБ҉צṜП [5-9]ȷ╝ Ϛױ ҉ᶾ П ӣȲḆҠ Ἤ
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Пиέ ה ᴩ Ȳᴖ ẞ Пׁשṅӭ ȴ 

ѿϯ Ӑׁשṅ ᴩ ᶙכП ϡ ч ϱᴃиέᶾ

∂ӴἬ П ᾭᾓȲ⁄ֽӐ ѿϯ֢ Ἤ ȴ 

(Ϛ)  ϡ ч ϱᴃП ᴶ  

ֽ в Ἤ ȲӐׁשṅ ὑ ỞПῴᾼẒ ѣ ᴩиέ

Ἤ Пѝ ȳЏ ȳṆ ҭцᵐ⁯Ṇ ᾼ έȲשׁ

ѿᵂⱢ∟ иέЏᵂП ᴕṼ ȴᴖ֯ ᴩ ᾼ֝ ȲӐׁשṅ

Ӽ њ ᴩἬ ᾼч ᴩ Ȳ ЛӇ иέП

ԈȲֽч Ḧ и Ғѿ ∟ȲἬצӇ иέᾼаԈ(ֽ

♣ȳϱᴃ ▐)Ȳ ᵓӣCAD ѿGAMBITПѠה ᴩ ᴶ ₤

∂Ӵȴ 

 

(ϡ) ϡ ч ϱᴃ ₤П Ѭϩ ἤ ☼   

֯ᶙכϱ ד ᾼ ϡ ч ₤∂Ӵ∟ȲӐׁשṅ ᴩ☼ 

… П ȲṳᵂⱢ ה оȳUDFה ПṼ Ȳ ֢ ᵐ

⁯Ṇ П ϩц☼ … ᴩ ה ∂ӴПЏᵂȲѿ ᵂⱢиέ ה

П ꜜ Ԉȴ 

ẔМȲᵐ⁯ ṅשП∂ӴȲӐׁה Ἤ П Ȳ ᴩᵐ⁯

ϩȳ☼ ц ӻ П оЏᵂȲѿḖҠѿᵍה ЛӇ П

ц ӻ Ṇ Пиέ ȴᴖ֯Ṇ ☼ П иȲӦὑױϚиέЏ

ᵂѻ ╥ ч цϱ ᴃ ᴖכⱢϚ ᶰᵂ П ׀

Ὲ Ȳ╝ ḇȳч ♣ ᴶ ὑṆ ὑᴞ

☼ϯПᵐ⁯☼ П Ȳ֪ױӐׁשṅ ὑЏᵂ Ȳ ֢

П☼ Ȳṳ ᴷ ☼эȳἉ ἨẔһаԈ ὑ☼ П ⇔Ȳ
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ѿᵂⱢẔ о ᵡПṼ ȴᴖ ὑ ӣ о ῶה ПаԈȲ ᵓӣ

֯иέ ₤МἬ ╟Пᶁ оֵэἤЮ Ȳ ᴩ☼  ἤПῶ Ȳ

ѿ ’ ה ֥ ᾓȴ 

֯ᶙכϱ П ₤ ה Ӵ∟ȲӐׁשṅ ϚḔ֮ ֢

☼ Ἤשׁ ᴩ ȲѿḟứϚ҅ῶἤ ẂȲᵂⱢ ғה П

Ὑц∟ иέП ȴ ѿϱПׁשṅѠᾎ Џᵂ ȲӐׁשṅ֢

Ἤ Пв Ȳ ӣѿ ֢ ЏᵂПכὨҵȲẔв ҠḆᵂⱢ

Ṝѿϯ֢ ЏᵂПᴸפּ֥ ȸ 

1. ϡч ȳϱ ᴃȳ ḇ ▐ȳ ḇȳ ♣

в Ԉ ᴩиέ Ӵ∂ה Ӣכȷ 

2. ᴩᵐ⁯ ╟ȳṆ аԈ☼ П ה ȷ 

3. ᶙכɦ ϡ ӣ ᴃӔ ᵂ Пᶝ Ѭ ɧиέ

ה ȷ 

∟Ӑׁשṅ ӻҀἬשׁצṅכὨ Ἤ∂ӴП ȳה ה цᶾ

ҵȲḆ Ἤצ ὨȲṳṼ Ἤὑἵשׁ ѝԈϱП֢

ᾼ֤ ᴩи Ὠכ ᵫ Ȳѿᶙכ  ṅЏᵂȴשׁ
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ȳ ׁשṅѠᾎ                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

צ ὑӑẃ ϡ ὑЄ Ἠ ᶰ Ȳὑ ї ӑ ῈП Ԉ

ϯ ᴩ  Пᵐ⁯ᵂ Ȳᴕ Ẕиέ Ὠ ∟ ᶰȳЄ ᵂ П

ׄ ד Ȳᴖ ᴷȴ֪ױӐׁשṅᵛ ϡ

ч ϱ ᴃП☼ ᴩиέ ה Ȳṳ Ӧиέ ὨἬ

П☼ иᵉ ẁ∂ Ȳѿ ’ ὑЄ Ἠ ᶰ Ꞌ ֝

ẓׄԓ ПẒЄӭ ȴӐ ∂ ȳ ה

Ԉ ứ Ȳ Ḕ∂Ӵᶙ ϛ ϡ ч ϱ ᴃ

CFDиέ  ȴה

Ϛȳ ϡ ч ϱᴃ иέ ₤∂Ӵ 

ⱢϠ ϡ ὑЄ Ἠ ᶰ ч ϱᴃв Ѭ☼

֥ ȲɲӐׁשṅ ∂ӴϚ Ϯ ч ϱ ᴃ П CFD

₤ȴ Ԓ Џ ȳ ϡ Ḋ ᷄ҏ֢ Ԉᴯ

ѐЉȲᵓӣ֥ П CAD ẔЏ Ɫ ₤ȷ֯

їϱ Ὲ ⁄֪ Б ṳ Ḧ Ӣ Ȳ

╝ᵧ ԓῈПᾭᾓȲṳ аԈ╟ѿ оᵂ Ȳѿ☼  ᴷ ה

ᴩậ҅ПȲṳ ᴷ Ԉ∂ ⇔ ᴩ ᾼ о Ȳѿцἕ

֢ ПҒЏ ӐṝἬẓצП (Heat capacity)ȴצ

ὑӐ ӑẃҠה ֪Ɫ֢ה Ḗᴖҏ Л֝ᴕ Ȳ╝ ѿ Ѡה᾿

ᴩ ₤ Ȳ ṿױϚ ₤ӑẃПғ ἤ ᵅȴⱢױȲӐׁשṅ

Ԓ ₤Ὂכ ☼ ȳ ϩ ϯ Ὲ ȳ ї ȳ ϩ ϱ Ὲ

ӳȳ ϱ ᴃ Х Ȳ∂ ҏϱ П֢ аԈ∟Ȳ

ṿӣInterfaceЮ ֢ ₤ ᾼ Ȳ ᴖ∂ӴϚ Ҡ
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ѿ ϡ ч ϱᴃ П ᴶ ȴInterfaceЮה ϠѠ―

₤ ֥ ӢכҵȲḆҠҒ ӑẃ ₤ Ӕ Ḇ П

Ḇᵂ ȴѿϯ ὑ֢Њ Ӑׁשṅ ₤П∂ ѝ ẃ Ȳ

ṳὑ ∟ Ὑֽᴶ ֢и ₤ InterfaceЮ ᴩ ₤ ȴ 

 

(Ϛ)  ☼  

ϡ ү Ḋ[10]Ἤ Ȳ ☼ Ӧ10 ♣(ḕ Ӧ

2ү ♣ ȳч(כ ϩ ȳ ї ҵ ȳ ї ὰќ═▐

Ȳϱכ П Ԉ ᴕ ֽ 1-5ἬӱȲ֪ о ₤П ╝Ȳ ♣

вП ȳ Ѭс☼ ȳ ȳ ♣☼ ȳ

П Ȳ֪ ☼ ꜙЊȲ╝ע Ἠ оכϚӂ ᾼ

ᴶ ԈȲᴖẔ ὑч RPVҵ П Ȳ֪Л Ẕв ☼

Ȳ╝ӐׁשṅМ П ᴶᶮᾭ ᴩ ȴ ᶙכП ☼

CFD₤ֽ 6Ȳ ѐЉ⁄ ԝὑῶϚȴ 

 

(ϡ)  ϩ ϯ Ὲ  

ֽϱϚЊ 5ἬӱȲ ϡ Ḋ[10]Ȳ ϩ ϯ

Ὲ вӦч ϩ ϯ Ὲ Ἅ ȳ ạ ( 7)ȳ ὰќ ▐ȳ

ї ȳ ȳ їἉὰ Ȳכ їἉὰᴯ ὑ ♣

ҏЀ ȴӦὑ ϩ ϯ Ὲ ЛṜȲ╝ױ ѿᶁ о Ѡה

ậ҅ϱ Пἕ ԈȲṳіӣ Ϛ ₤ ᴩ Ȳ ứṿӣֵэἤ

☼ ậ҅ ϩ ϯ Ὲ иέ Ὠ Њȴӑẃ ϯ Ὲ

ԓȲӐׁשṅἬṿӣП ₤и ѠᾎҠᶶ Ӕ П

ȲᴖЛ Ḇ Ẕ҃ П Ȳṿ ᴩ ₤ ȳ
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⇔иέ ӑẃҠ ṶПׁשṅЏᵂḆҒѠ―Ȳ ϩ ϯ Ὲ

CFD₤ֽ 8Ȳ ѐЉ⁄ԝὑῶϡȴ 

 

(Ϯ)  ї  

ү Џ ATRIUM-10П [20] ẁП Ҡѿ

῀Ȳ Ԛ624צḇ аԈȲ ֢ аԈ

ᴩ Џᵂ ҽЄᾼכ ȲⱢϠ ע

ȲӐׁשṅ Ṽ ѹצ╠ װֵ П ḇֵэἤḊ ᶁ о

ᶾ Ȳ аԈвᾼ ḇȳѬ ȳ ὰȳἉ ὰȳ ὰ

☼ צ ᾼ ֥аԈП ᴶ оⱢϚᶁ ӂ Ȳṳ

ⱢֵэἤḊ ѿ ἕ ԈҠ ӢП☼ ҒϤCFD МȲ

ᵍ о ₤ כ ὨҠ‒⇔ ᵅȴ аԈ֯ їᾼᴯ ԝ⁄Ṽ

ї ԝѠה( 10)Ȳṳע ї Ẕ҃ ԈȲ

ї ПCFD₤ֽ 11Ȳ ѐЉ⁄ԝὑῶϮȴ 

 

(ҳ)  ϩ ϱ Ὲ ӳ 

ᴕ ϡ Џ ( 12-13)Ȳṳ ᴕ Ӑ֯ᴃМц ї

вᾼӣ ᾎᶙԓ ҏ їȲ ṿὑ ᶰῴ ᵧ ЬҠ צ

иӣ І Ὅ ὑч вПᾭᾓȲױ ч Бᵧ ᾭ Ȳ

Ḧ Ӣ ԈБ Ȳᴖṿ ч ֯ ϱᴃ ∟

Ɫӣ ᴃПϚ иȲ֪ױӐ и ₤ Ԉ ϩ ц ӳ

ҵ ( 14)ȲẔ҃ ☼ ꜙЊП э♂⁄ἕ Ȳ ѐ

Љ ԝὑῶҳȴ 
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(Х)  ϱ ᴃ 

ױ ₤…Ṽ צ TITRAMиέѠᾎ ПМ ї ҅ᵐ⁯

ПѠהȲϱ ᴃ Ḃ∂∟ὍϤ3 ▐Ȳḕ Ҡ 221

ḇ ȲԚ 663ȲṳᵓӣFLUENTиέ Мв∂ᾼֵэἤЮ

Ȳה ḇ ᴶᶮᾭц ▐⁴⇔Сѿᶁ оȲẔ ᴶѐЉ⁄

═ Ởү Џ П [23]ȴӦ 15Ҡ῀ϱᴃ ӳ ӦϚ

ṿẔѬ☼ד Ȳ֪ױӐ и ₤Ҕᵶ ȳϱ ᴃ

аԈȴӐ ẂМϱ ᴃỮӑὍϤ Ȳᵀᴕ ӑẃҠ ӣὑϱᴃ

иέȲ֪ױ аԈП ֯ӐׁשṅМϚẆ Ϥ ₤ ȴṼ

ϱԝ ἬᶙכПϱ ᴃCFD₤ֽ 16ἬӱȲ ѐЉ ԝ

ὑῶХȴ 

 

(г)  InterfaceЮ  

ⱢϠ ע ȲṳѹѠ―Є ṿӣ ה Ȳ֪ױ

ṿӣFLUENTהМᾼInterfaceғ Ȳ…ѿ ₤Ӑ ᾼ ий

ȲṿẔ Ẓכ Ҡ ӴӢכЛ֝ ᾼ ₤Ȳ֯FLUENTМ

Ẓ ₤ᾼй ứⱢ ᾼInterface֥Ȳ ᴩ FLUENT

― ᴞ ֥ ᾼ֢ Ṇ Ȳṿ Ὠ ӑй П ₤

Ѿ ȴ ֥ᶙכП ₤ InterfaceЮ ᵑ ᴯ ֽ17Ȳ

֥֤ ⁄ ԝὑῶгȴ  
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1 ♣ [10] 

 

 1  ♣ѐЉ [15] 
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 3  ♣ᴯ [13][14] 
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 4  ч ϩ ԈѐЉ҅ [11] 
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 5  ч ϩ Ԉᴯ [10] 
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6 ϡ и ₤П ☼ CFD ₤ 

 

 

 

7 ạ Џ [19] 
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8 ϡ и ₤П ϩ ϯ Ὲ CFD ₤ 

 

 

9  ATRIUM-10 аԈѐЉ [20] 
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10 ϡ ї [20] 
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11 ї CFD₤ 
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12  ӳ ϱ ᴃϱ Џ [22] 




























































































