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㑰. ȴɱɁᙉǽᚩಏոళǾ S આബǺǹ

Țƹ

এǞǽȴɱɁǽ˩༔ոǾȿɲȳȓȪɳɧɒǶ

Ǒș⾻‵៥ᠱᧈȑǬțȘǽ༔ոǶΰȘțǵǓȚ

ȑǽǛএǓǽǶ⾻ɴɻȴǷ۴ǧȗǕǹ↠۰Ǔǽ

ȴɱɁǽᡡΌଣಏǾɴɻȴǷগǜǞǾ⣖ȞǹǓ

Ƿ็ҚǶǜȚƹǮǷǗǿڣǤ 1 m ǽᠱᧈǶΰ

ȘțǮᡨᠭ៵ǽԑ⤴ȡ 1500cC ǺףᡡǨȚǷ⾻

ঋⰢǽᚩಏǾՃڋǽ͘ᅀǺȑȗȚǛǪǓǫǓᄋ

ಏǺǦǚǹȘǹǓǯȜǕƹǢțȡȴɱɁᙉ

ǺόǗȚǷ 1500cC ǶȴɱɁȡǦǵǓȚǷ

ǜ Ǥ 1 m ǽȴɱɁಃⰢǽᚩಏǛᄋಏǺǦ

ǚǹȘǹǓǢǷǺǹȚƹǢțǶǾȍǷȑǹȴɱ

ɁǾǶǜǹǓᵰǶǑȚƹᥰીǺǾȴɱɁಃⰢǾ

ӛոⶲǓᚩಏǺǹȚƹȴɱɁᙉԑǶǾᠱᧈȗ

șᡡǛ⣦ǚǺΌȞșȓǨǞ⾻ΌଣΌᡡǯǠǶǹ

Ǟ⠤ଙǺȗȚᡡǽΌଣǛগǜǞ˄ǦǵǓȚǚ

ȘǶǑȚƹ⠤ଙᡡǛᡡΧԑǶہ܋ɿყଙǤț

ǵΌȞȚǷǓǕɩȳɓɂɨȡ╫ᅽǨȚǽǺȴɱ

ɁᙉǾ⣪չǹΧǶǑǲǵ⾻ȴɱɁǽո⦕Ǜ

⠤ଙΌଣᥴ☟ǽୠǺ˄ǦǮሬগǽȑǽǽʶ

ǳǷ╵ȞțǵǓȚƹǢǽᥴ☟ǺȗȚǷ⠤ଙἠ

⾷❆ঋἠɿᡡἠ⾸ǾȴɱɁᙉȡ⢡șོǠȓǨ

Ǟ⾷ɴɻȴǽǿǑǓǺǾᄃ̇Ǻȗǲǵᡡἠǽᬼ

⢳Ǜ৯ǡȘțȚ⾸⾻ǨǹȞǰȴɱɁ⒙Ⱒ⾷ⶲᚩ

ѩǽऴᨕ⾸ǶǾᡡἠǛȴɱɁȡףᡡǪǩǺả⢡

șǨȚǽǶ⾻ԑ⤴ǺǓǞǺǦǮǛǲǵȴɱɁᚩ

ಏǾබឆǺˁǛȚƹȍǮᚩѩǽऴᨕǶȑ۴ᐯ

ǶȴɱɁǽᚩಏǾॕǺ⡨ǩǞǺǦǮǛǲǵ⾻Ǣ

țȍǮබឆǺˁǛȚƹॕǚȘ⮼țǵǓȚᙉǽ

ԑ⤴ǶǾ⠤ଙȰɕɳȶʀǾǨȈǵہ܋Ǥțԙყ

ଙǦǵ⾻᧯ǧǮ⠤ଙȰɕɳȶʀǾᓎƼǺΌȞǲ

ǵǓǜ⾻ǬǽệእȴɱɁᙉǾɴɻȴȗșȑ⣦

ǚǺᡡȡΌǗȓǨǞǹȚƹǢǽɩȳɓɂɨǺȗ

șȴɱɁǾऴᨕǺ⡨ǓȊǸබǺᚩಏǛˁǛș⾻

ऴᨕǚȘӛո⮼țǮԑ⤴ǶǾᚩಏǽˁǛșᅀǛ

ତǤǞ⾻ȴɱɁ⒙ⰢǚȘಃⰢǺǚǠǵᚩಏոళ

Ǿ S આബǷǹȚƹ⧘ոǹǸǽ❆ঋἠȡہ܋Ǩ

Ț༔ոǛଦǹǓ⾷ہ܋ϭᄋǛତǤǓ⾸ȴɱɁȊ

Ǹ⠤ଙΌᡡǽ഻ⱶǛഁǞǹș S આബǷǹȚಏ

۰ǓǛഁǓƹȴɱɁǛǓ⤴ոȡᝐșོǠȚǢ

ǷǛǑȚई۰⾻ǮǷǗǿɁɵʀɐ៵ǶǾɁɵʀ

ɐԑǶȴɱɁǷॕǽ⫻ǛǓǽǶȴɱɁǽᚩಏ

Ǿ็ҚͨˀǺǓǷǓǕǢǷǺǹȚƹʶǳǽɁ

ɵʀɐ៵Ƕ↠☈ǽᨵǹȚȴɱɁȡᲷƼǚǨई

۰⾻ȴɱɁಃⰢǽᚩಏǾ⼽ǲȌǓȴɱɁȊǸ
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ˁǨȚǛɁɵʀɐ⤴ǶǾǬǽᚩಏˁǛᣀǺ⊣

ǦǓƹǢǽᥰ⛅ǾⲟὪǺ╞Ǥț⾻Ǣǽᣀ൰Ǒ

ȚᚩಏংكǺȗǲǵȴɱɁǽᘓțǽəɇʀɻǾ

╫ᑆȓɁɵʀɐ⤴ǶǚǹșংȞǲǵǦȍǕǷ

ǗȘțǵǓȚƹǢǽᥰ⛅ȡᥴǽˀǶᅽȘǚ

ǺǨȚǺǾǚǹșᓺǹ⠤ଙΌᡡɪɏɳǛർ┶

ǺǹǲǵǞȚƹȻʀɓɻȸ᰷ǽ W. ɀɯɻɅɻ

Ǿᚩಏոళȓ⢦ಏոళǺڽȋǨΌᡡɪɏɳǽ⣖

ǓǺȗȚ഻ⱶȡ☈ȈǮƹ⾷Radiation Heat

Transfer Modeling, William W. Johnson,

Corning Incorporated, 㑏. INTERNATIONAL

SEMINAR on Mathematical Modeling and Ad-

vanced Numerical Methods in Furnace Design

and Operation, p12⾸ǨǹȞǰᷮϪǹ⠤ଙΌᡡ

ɪɏɳǷȗșṐǹ⠤ଙΌᡡɪɏɳȡ᧸Ǔǵ

╫ᑆǶǽȴɱɁǽᘓțǷᚩಏոళȡہ܋ϭᄋǛ

10/m ǽȴɱɁǺǳǓǵ☈ȈǮǷǢȜǶǾ⾻ȗ

șṐǹ⠤ଙΌᡡɪɏɳȡ᧸ǓǵȑéɵɃɱɻ

ɑ⡨ΚêǷǓǕᷮϪɪɏɳȡ᧸ǓǵȑệእǺগ

ఞǛᠪǚǲǮǷअܝǦǵǓȚƹǢǽई۰Ǿ╫

ᑆǯǠǛ☈ዶଓ⛅Ƕ⾻ȴɱɁᙉǽগ⤴ոǾॕ

ǚȘӛոǺ⮼țǮईཀǺઇࢀǦǵǙșȴɱɁǛ

Ǔ⤴ոȡᘓțǵǓȚȞǠǶǾᠪǓƹȍǮ⾻Ǣ

ǽ☈ዶǶ᧸ǓǮȴɱɁǽہ܋ϭᄋǷǓǕǽǛު

ⲤǶ⾻ہ܋ϭᄋǛ 10/m ǽȴɱɁǷǓǕǽǾ

0.1 m ǽ⫻ǶᡡἠǽഁǤǛ 1/e⿌37㎪Ǻ᚛ଦ

Ǧ⾻ǨǹȞǰ 10 cm ͨԑǶ⠤ଙȰɕɳȶʀǽ

63㎪ǛᡡȰɕɳȶʀǺংȞȚȴɱɁǶǑȚǷ

ǓǕǢǷǶǑȚƹǢǽȴɱɁǽई۰ǺǮǷǗǿ

⫻⭷ȡ 10 cm Ǻဖǲǵᄋоȿɧɭɴʀȿ

ɯɻȡ⒅ǕǷɵɃɱɻɑ⡨ΚǷǓǕᷮϪǹ⠤ଙ

Όᡡɪɏɳȡ᧸Ǔǵȑ⾻ǚǹșⶲǓᓺǤǶᚩ

ಏոళȓ⢦ಏոళǛ╹ᶟǶǜȚǯȜǕƹᥰીǺ

Ǿہ܋ϭᄋǛ 10/m ȗșȑତǤǹéȗș⢖ᅽಏ

ǽȗǓêȴɱɁǾএᄋլᥰǦǵǓȚǦ⾻͑ൖȑ

ӟકǹ᧸⢛ǽȴɱɁǹǸǶऻǗǵǓǞǯȜ

Ǖƹ❆ঋἠǺଓǦǵ⢖ᅽಏǽȗǓȴɱɁǽᘓț

ǽ☈ዶǺᓺǺଓඅլቻȚȗǕǺ⾻ᄋоȿɧɭ

ɴʀȿɯɻǶπǕΌᡡɪɏɳǷǦǵǾ⾷ὗᑡ

ȡ᧸ǓǮીǶǾ⠤ଙΌᡡǽᣀමȡẫǚǞԙࢪ

ᥰǶǜȚɪɏɳᘓΧȡȎǳǠȚǽǛ⮽ǦǓƹ⾸

⢡᧸ǓȘțǵǓȚɵɃɱɻɑ⡨ΚǶǾǹǞ⾻

ȗșᓺǹ⠤ଙΌᡡɪɏɳȡ᧸ǓȚർ┶ǛǑȚƹ

㑱. ȴɱɁᙉǺӱǲǮ˃ࢍ✤ɞɌǾ⓯

Ǻլǵ⒅ǜȓǨǓƹݨ

ᘓΧǽמકǷῲǽɓɭʀɐɻמકǃ✤᠊ǽ

⢦ಏ⣌ؔǛીᥰףકǄǷǽ⣖ǓǽʶǳǾ⾻ᵱמ

ǤțȓǨǓǚǸǕǚǷǓǕǢǷǶǑȚƹ✤᠊ǽ

⣌ؔǷǓǕȑǽȡǗǵȎȚǷ⾻ǮǷǗǿኇ̸

ⴾǚȘ 6.7 km ⮼țǮݨⴾȡˀșǽȁǚșۥ

Ǜ 115 km/hr Ƕ⢡⣏ǦǵǓȚǷǜ⾻ȁǚșۥ

Ǜኇ̸ⴾǺ᭭ǞǽǾ 7 ոൖǶǑȚȘǦǓǷǓ

ǕǢǷǾ⾻╹ᶟǛǶǜȚ͆ǹȘᬼǰǺᵼǗȘț

ȚǶǑȜǕƹǮǯǦˀǽ▚ުǾቷͲ˃❣Ƕ⾻ᄽ

ἠǾ᚛⢦ǦǹǛȘ❒ǲǵǙșኇ̸ⴾǺ᭭ǓǮ

ⱺǺ⢦ಏǛǰȖǕǸ⯈ǺǹȚȗǕǹᵱף⢦ಏ⣌

⾷ؔᵱ᚛⢦⣌ؔ⾸ȡͪǨȚǽǛ⚃ǶǑȚƹ

ᄽἠǷǓǕ✤᠊ǽǚǮȍșǾ᳧ᕧǷǓǕᘓΧ

ǽઇࢀȡȑǽǷȑǪǩ⾻᳧ᕧȡྍǦǽǠǵᵱף

⢦ಏǺᳮǜ⢳ȏƹ⾷ી⭾ǺǾ᳧ᕧ྆ཷȡ᚛Ș

ǨמǛ⨮ỮǠȘțǵǓȚǛƹ⾸ǦǚǦؔǞ

ȑǽǛ᳧ᕧǽई۰ǺǾǬǕǾǓǚǹǓƹ᳧ᕧǛ

᳧ᕧȡྍǦǽǠȚǽǾệᐦȏǳǚǦǞᵱף⢦ಏ

⣌ؔȡͪǨȚǢǷǾ⣪չǷǾ╵ǗǹǓƹȴɱ

ɁᙉǽؔǜȑǬǕǶ⾻ॕǺ۹ǚǲǵ⢳ȢǶǓ

ȚȴɱɁǛॕǺ͛ǓǵǓȚȴɱɁȡྍǦǽǠ

ǵᬼ⢳ǨȚǽǾǹǚǹǚ⮽ǦǓƹॕǺ۹ǚǕᘓ

ΧǽᘓțǛᘓǶǑȚǷǜᘓțǽ⣔ᵳǾǑȚ

ᄺⰢǶȎȚǷᘓἠ῭ǷǦǵဵǠȚƹࡖ 8

ॕǷယǨȚᘓἠǾǮǯʶቊǯǠǶ͙ǽᘓἠǾ

ǨȈǵॕǺǾ֗⣕ǪǩǺᑥȇǬțȚƹॕǺǮǸ

ș᭭ǞᘓΧǾᠪ⭈Ǻ⌻ǓℋǽˀǺǽǲǵǙș⾻

Ǭǽᘓțǽ⦖Ǿᠪ⭈ǺତǤǞȍǮॕǺǮǸș᭭

ǞȍǶǽᆣ⫻Ǿ⭈șǹǞᕲǓƹǬțȕǗᘓ

ǽई۰ǺȴɱɁᙉǾȐǲǮǺॕǺ֗⣕ǦǹǓ

ǷǓǗȚƹǬțȡ⢑ǺǗțǿ⾻ǮǷǗǿԑ

șᠱᧈǚȘǽ˃ࢍ✤ᢼǛȴɱɁᙉԑǺྮᄃǦ

ǵǜǮई۰ǺǾ⾻Ǭǽ˃ࢍ✤ᢼǾԙȂᠱᧈॕǺ
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͛᭭ǨȚǢǷǾᠪǞ⾻ᘓțǺ˻ǲǵᷮٸǺ⓯ݨ

ǺᘓլǨȚǢǷǺǹȚƹ

㑲. ȴɱɁɇɻȷᴄǾȍǻǠǽഝșǞǧ

ǚƹ

ǓǳǽˌǶȑ⾻ȑǽΰșéી➍ǷểêǛᥴ

☟ȗșȑӞ⒅ǨȚǢǷǛএǓƹ͑ᅠȁȜǞ⒅ǜ

ᚡǲǵǓȚȴɱɁɇɻȷ៵ǽ࣠ቊǹ⤴ոǾ

ȿʀɩɻɁӚ೩ǽጣǷᄋএǞǽডჷǷמǷ

Ǻ⛤ǲǵǓȚƹ1860 ౫ǺȿʀɩɻɁǽጣǺ

ȗȚሬ֊ǽ⋧ᡡǽަ᧸Ȳʀɟɻɥɋɐ៵Ǜ⧪

ȴɱɁǽǺඅ᧸ǤțǮƹⶲᚩǺǹȚǽǶȿ

ɲȳ܅ሱ⦖ǽএǓȴɱɁȡǚǨǢǷǛǶǜ⾻

ɟɴɁࠔǛȗșયǞ᧯᧳ǤțǮǷǓǕƹȿʀ

ɩɻɁǾǤȘǺ⢪ỮǽɁɵʀɐ៵⾷Ɂɵʀ

ɐȡ᳧ᕧǶՃڋǦဇᕧ᧸ǽᠻᳮǛǳǓǵǓȚƹ⾸

ȡ⫳Ǧ᧯᧳⦖ǽ⊣ǦǓ۹ˀȓ⓯ݨݨΡǽ۹ˀ

ȡીᥰǦǮƹ1884 ౫ǺȿʀɩɻɁǾ⠤ଙףᡡ

ǷǓǕǗȡථǓǳǜ⾻ǬțȍǶЈǧȘțǵǓ

Ǯé᤹ǹףᡡǷǾףᡡǤțȚȑǽǺᬼ

ယȡᳮǜഝǵȚǢǷǶǑȚêǷǓǕඔȡӡ

ስǦǮƹǢǽףᡡᅀǽংሠǺȗș⾻ȴɱɁ⒙

ⰢȇǽࢍʶǹףᡡǛǶǜɘɋɉǽȵɫɲʀȲʀ

ɘʀȓᙉǚȘǽ၆⦖Ǜ᚛ଦǨȚǢǷǺȗș

៵ǽ⫧ଔܶكɿ⓯ݨݨΡǽ۹ˀǛʶ୧ીᥰǶǜ

ǮƹԒബɿ٪ԒബǹǸᐯƼǽബᣞǽ៵Ǜ▿Ǥț

ᓎᵥǺ⫧ᅀബǽ៵Ǻ⾻ȍǮগബ៵ǾȽȬɑɥʀ

ɐ⾻ତࢪ៵ǾȰɻɑɥʀɐǽ៵Ǻ⮥ẇǤț

ǵǓǲǮƹഝᆣǾ⧘⨵᧸ǽ៵ǷȴɱɁ᧸ǽ៵Ǿ

ቈոكǶ۴ᆣ⫳ǯǲǮȘǦǓƹ͑ᅠǽɁɵʀ

ɐ៵ǽɏȾȬɻǾ 1890 ౫ͦǺǾȊǷȢǸࡘ

ȍǲǵǓǮǷǓǕǢǷǶǑȚƹ⾷The advance

of glass technology in the nineteenth century,

M. Cable, ICG XIX, P121㏏130⾸1960 ౫֭ൖǺ

ᅠቊǽগકǶȴɱɁ╫ᴄǺǳǓǵǽ☈ዶǛ⨮

ǹǤțǵǓǵ⾻៵ԑǽᡨᠭ⾻ᡡଓᘓǽൃׂ⾻

Ɂɵʀɐԑǽᘓț⾻⯍ᕧȓɘɞɲɻȸǽ

እǹǸǽ࣠ᰢ☈ዶǛএǞअܝǤțǵǓȚƹᖴ

̡⤡চ⤦⾻⦕ٺ⾻ⶲᑼӡᅽ⾻༔៙ᭉ⾻̡ڤଛ

ᇋᵱᖴ̡⤡চ⤦Ӟ᧯ǾഝᆣǽȴɱɁɇɻȷ៵

ǽᣞᗇǺǳǓǵ H. R. Voorhees ǛǃʶⅺǺπ

ȞțǵǓȚȴɱɁɇɻȷǾ⡨ͦ᧳ᏡǽȁǓǮഝ

șǞǧéȍǻǠǽഝșǞǧêǽʶǳǶǑȚƹ

15㎪ǬǢǬǢǽᡡ᤹Ƕᇃ⢡ǽݨᢼǦǚ⢧ț

ǩ⾻10 ౫֭ǽሬⶲᕮᛡȡȍǯ❞ǗȘțǹǓǽ

ǾῲᥴǺȑ⡨ͦకᏡǽǯǷǾǓǗǹǓƹǄ

Ƿ߲ǓǮ◊ȡẴ͒ǤțǹǛȘ⾻ᡡଓᘓǛȴɱɁ

ǽᡕ୨ᔇȡǬȜǗك✤ࢍǽΰ᧸ȡǨȚǢǷǹ

ǸǚȘǃȴɱɁɇɻȷǾଦǹǞǷȑȍǻǠǽഝ

șǞǧǶǹǓǄǷ⡻ȈǵǙȘțȚƹ⾷ᴄٴ 66

[3] 1958⾸ኑȴɱɁ៵ǶǾȴɱɁǽᘓțǷᗡ

ȓảࢄɨɱǹǸǷǽ⬄⢪ǛᥴˀȗǞǳǹǛȚ

ȗǕǶǑȚƹ⾷éᡕǽểǚȘê⡨⍪ᄇ⾻

1996 ౫ཪ⒈ᮾЍΉ⾸ǮǷǗǿᗡǺǳǓǵǾ⾻

ᄦཱུӱѩǽȴɱɁǾᗡǯȘǠǶǑș⾻Ǭǽᗡڤ

Ǜ༔ബ⤴ѩǽᘓțǺ˻șᲡșȓǨǓǚǸǕǚ

Ǿ⾻ཱུӱۑѩǽ൪ᦹᘓǷ༔ബ⤴ѩǽ൪⤅ᘓǷǽ

ऴᨕéɣɋɐɁɟɲɻȸêǽബᣞǺǚǚȞǲǵ

ǓȚƹǨǹȞǰɣɋɐɁɟɲɻȸǽബǛཱུӱۑ

ѩǺ҉ǓǵǓȚǷǜ⾻ᗡǾཱུӱۑѩǽ൪ᦹᘓǚ

Ș⮼țǵᘧˀǦ༔ബ⤴ѩǽ൪⤅ᘓǺ˻șᲡșȓ

ǨǓǦ⾻ɣɋɐɁɟɲɻȸǽബǛ⧪ᬼǶǑȚǷ

ǜᗡǾ༔ബ⤴ǽ൪⤅ᘓǺ˻șᲡșǺǞǓƹảࢄ

ɨɱǺǳǓǵǾኑǽ⒙ⰢǷ˔⒅Ǻএ୧ℋᣞǺӱ

ǲǵǙțǿުⲤǛ᧯ǧǺǞǓǽǶ⾻༔ബ⤴⡨Ǟ

ǽȴɱɁǽᘓțǾ̇țǹǓǢǷǛগչǶǑȚƹ

ǃࡖ 9ǄǤȘǺኑȴɱɁ៵ǶǽɣɋɐɁɟɲɻ

ȸǽബǷףᡡՃڋǽ͘ᅀȓ៵ബᣞǷǽ⬄⢪Ǿᥴ

ˀȗǞǳǹǛș⾻ȍǮȴɱɁǽᘓțǽəɇʀ
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ɻǷᭉȰɕɳȶʀǷǽ⬄⢪ȑǕȍǞǳǹǛȚƹ

ʶᅀɁɵʀɐ៵ǶǾᑆǛ⓹ᄋઇࢀǨȚǽǶȴ

ɱɁᙉǽᘓțǛǑȚᲦಏ⓹⮰Ǻǹș⾻ᘓțǷ

ȴɱɁݨΡǷǽ⬄⢪ǛȞǚșǩȘǓƹǬțǭț

ǽᑆǽൃׂǛ⾻ǬțȘǽᑆǛቊഝǺർ┶ǚ⾻ǹ

Ǹȡ܅ȐǵᖑǺ╫ᅽǤțǵǓȚǷǾ╵Ǘǹ

ǓƹǮǦǚǺ͑ᅠǽɁɵʀɐ៵ǶǾ᧯᧳⦖ǽऻ

গ⾻ᡡ᤹ǽ۹ˀ⾻᧯᧳ݨΡǽયǷ۹ˀ⾻៵

ǽ⫧ଔܶكǹǸǛીᥰǤțǵǓȚǛ⾻ǬțȘǽ

ტǾ‵៥ᠱᧈǽ⣕⾻ᡨᠭཪ⒈ǽ۹ˀ⾻ય

Ⴃ៵ǽǮȐǽ֝൧ⓓΈȓ╞ᚬࠔԃǽ⫳ǹǸ˩

ǺȰɻɀɓȪɲɻȸǽୠǺ⛤ǕǷǢȜǛগǜ

ǓƹȴɱɁᡕǽȻɻɃɟɐǷǹȚǷগǜǹ⢳

ᔀǛ⣕༔ǶǜǮǷǾǓǓǺǞǓǽǶǾǹǓǚƹ

ᡕȻɻɃɟɐǛǛǑǓȍǓǹǮȐǺ˛ࢪȓগ

ǽɁɵʀɐ៵ǽɏȾȬɻǺǳǓǵǾ⾻Ǔȍǯࢪ

၍ȘǓǶǓȚǽǶǾǹǓǯȜǕǚƹɘɋɉڤᄦ

ǽ╫ɿ⃖ᗡɿᙉǽك✤ࢍǹǸǽᥴ☟ǽᴗ

ǛǓȍǯ༔Șǩ⾻ǬǕǢǕǦǵǓȚԑǺሱ્ᢼ

✤ǽ˃π᧸⾻Ȱɧɋȿɯɻǽ֪᚛ǹǸᦹऴˀǽ

┶☔ǹǸǺȗșȍǲǮǞᄽǦǓᔲǺᳮӱǦ⾻

൝ቻȴɱɁǽᡕǽᮾ᳣ǹǸǛ⣏ڸǽɎʀɦǺ

ǹǲǵǦȍȞǹǓȗǕǺᡕȻɻɃɟɐǽᴗ

ȡබǟർ┶ǛǑșǬǕǶǑȚƹ


