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ᣀ ⮥ ȴɱɁ⒙Ⱒǽⶲᑿ⃆ك

Ag
ᅨᯏ੿ጋ೙Ή᰷ ኑȴɱɁȳɻəɓʀ

Ag-based multi-layer coatings

Eiichi Ando
Flat Glass Company, ASAHI GLASS CO., LTD.

㑭. Ǿ ǧ Ȑ Ǻ

⦘ୡǾ⾻এǞǽ⅋ᨁ⯍੿ȡሱǨȚǮȐǺ⯍ᕧ

྆ཷǾ΢ǓƹǢǽම✤ȡ֐᧸Ǧǵ⾻⨁⾻Ȫɳɧ

ɓȮɨǹǸǛ⾻⥎⯍ቦᄦǷǦǵ౺Ǟˌǽ˛Ƕ᧸

ǓȘțǵǓȚƹሠǺ⾻⦘ୡǾ⾻Ǭǽ⅋ᨁ⯍੿Ǻ

࣠ǴǞɟɱɂɦۀଙǺȗȚⶲǓۀଙම⃆ȡᰳ

ǨƹǢǽᣀමȡ֐᧸Ǧǵ⾻ᛘ೙ɟɵɃɁǶኝլ

ǤǪǮ⧼ℋǛ⾻ɧɱʀǷǦǵ᧸ǓȘțǵǓȚƹ

ʶᅀ⾻᭙᳧ȡ֐᧸ǦǮ⌻ℋബ༔ཪ⒈ǽ⢳ୠǷ

ǷȑǺ⾻Cu, Au, Ag ǹǸǽ⦘ୡ⌻ℋǛ⾻۝╋

ӟἠǺଓǦǵ⢖ᅽ⾻❆ঋἠǺଓǦǵⶲۀଙǶǑ

Ț⣹ཾ⢖⣏ℋǷǦǵ⾻ᮾ᳣ǤțǮ1)」4)ƹᥰࢀǶ

Ǿ⾻Ag ǽএ୧ȻʀɎȫɻȸǛ⾻Ǣǽո⦕ǽᮾ

᳣ǽ˛ൺǺǹǲǵǓȚƹቊ᳄ǶǾ⾻Ǣǽ Ag এ

୧ȻʀɎȫɻȸǽሬগǽ᧸⢛ǶǑȚ΢ყଙ

⾷Low-E: Low emissivity⾸ȴɱɁǽᥰᣞǷ⾻ೈ

᷂⾻⅋ؔ⟥⾻ɏȫɁɟɴʀȇǽඅ᧸Ǻ⬄Ǧǵ▉

⡻ǨȚƹ

㑮. Ag Ṿ Low-E ȴɱɁǽી᧸ك

Ɂəɋɇɲɻȸཪ⒈Ǜ⾻ી᧸᫢ǹཪ⒈Ǻǹǲ

ǮǽǾ⾻1971 ౫ǺɦȸɕɐɵɻɁəɋɇɲɻ

ȸᗕǛ‬ጣǤțǵǚȘǶǑȚƹǢǽཪ⒈Ǜ⾻᳷

ȴɱɁ᧸ǽগⰢ᳒ Ag Ṿ Low-E ȻʀɎȫɻȸ

ǷǦǵી᧸كǤțǮǽǾ⾻1980 ౫֭ͦ٪ǶǑ

Țƹ

ഝ֊ǽ᧯᧳ⓓΈǾ⾻6 ቊᲦಏǽȳɅʀɑȡሱ

Ǧ⾻ȴɱɁ࣠ኑȡɁəɋɇɇʀȺɋɐǽˁȡΩ

ಏǚൊ൩ǤǪǵএ୧ℋȡബ༔ǨȚ⾻ཀ♋⾻ɦɳ

ɉəɁɪʀɑᅀ೙ǶǑǲǮƹᥰࢀǶǾ 15 ቊͨ

ˀǽȳɅʀɑȡሱǨȚȿɻȸɳəɁɪʀɑᅀ೙

⾷ȬɻɱȬɻࢪ⾸ǽ᧯᧳ⓓΈǛ⾻ᓔḗǶǾʶⅺ

᫢ǺǹǲǵǜǮƹǢǽȗǕǹগ╄ᑡ᧯᧳ⓓΈǶ

Ǿ⾻1 ኣഝǮș 9.3⾷2.54 mj3.66 mヅلḗ⾻

ᅠቊ)」19⾷3.21 mj6 mヅɰʀɵɋə⾸m2 ǽ

Ⱒ᳒ȡሱǨȚ౪ኑȴɱɁǺଓǦǵ⾻30」60 ᲈ

ǽɇȷɐǶ᧯᧳Ǜ⒅ȞțǵǓȚƹ

Ǣǽগ╄ᑡ᧯᧳ᅀ೙Ǜ⾻ɰʀɵɋəǷلḗǶ

এǞဖ᧸ǤțǮǽǶ⾻Low-E ȴɱɁǽබឆǹ

ȻɁɐɈȮɻǛીᥰǦǮƹệእǷǦǵ⾻ǢțȘ

ǽࣕࢄǶǾ⾻Low-E ℋ͛ǜ⓹୧ȴɱɁǽᇃڽ

ǛগǜǞ⢳Ȣǯƹ2001 ౫ಏǽ Ag Ṿ Low-E ȴ

ɱɁǽ౫⫻᧯᧳Ⱒ᳒Ǿ⾻ɰʀɵɋəǶẇ 6,000

ʽ m2⾻لḗǶẇ 4,300 ʽ m2 Ƿဝ઻Ǥț⾻۰



13

⒙㑭 Ag Ṿ Low-E ǽℋᐦ༔ǽό
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╹Ƕ 1 ҽ m2 ȡ❟ǦǵǓȚƹ

Low-E ȴɱɁǺǾ⾻ɁəɋɇɲɻȸǺȗȚ

Ag Ṿ Low-E Ƿ⾻ኑȴɱɁ⓯⢧ɱȬɻˀǶǽ

౐ࡿ CVD ཪ⒈ǺȗȚ Low-E⾷⢡ᲠȲɻɱȬɻ

Low-E)5)ǽ 2 ᲷⲲǛǑȚƹˌᨕ᫢ǺȎǵ⾻ම

⃆ǺӋțȚ Ag Ṿ Low-E ȇǽɓʀɂǛࡿЬ᫢

ǺগǜǓƹ

㑯. Ag Ṿ Low-E ȴɱɁǽℋᐦ༔

ᥰࢀ⾻ી᧸كǤțǵǓȚ Ag Ṿ Low-E ȴɱ

ɁǺǾ⾻Ag1 ୧Ṿ⾷single silver Ṿテ◧⯍Χ/

Ag/◧⯍Χ/ȴɱɁ⾸Ƿ Ag2 ୧Ṿ⾷double sil-

ver Ṿテ◧⯍Χ/Ag/◧⯍Χ/Ag/◧⯍Χ/ȴɱ

Ɂ⾸ǛǑȚƹ

Ag ℋǾ⾻ყଙ᤹⾻ӟકᣀම⾻ڽȂ⾻⯍ᕧᣀ

මȡᖑ઻ǨȚ⦔┶ǹ୧ǶǑȚƹǬǽℋڣȡڣǞ

ǨȚǷ⾻ყଙ᤹⾻۝╋ӟἠ⢖⣏᤹⾻ڽȂ⾻⒙Ⱒ

྆ཷǾ᚛ଦǨȚƹAg ୧ǽℋڣǾ⾻⢡౐ 1 ୧ഝ

Ǯș 6」20 nm ǽᶽࡕǺǑȚƹAg2 ୧ṾǶǾ⾻

۝╋ӟἠ⢖⣏᤹ǽ΢ˁȡǬțᲦΒȞǩǺ⾻΢Ǔ

⒙Ⱒ྆ཷǷ❆ঋἠⲏࣕǽⶲǓۀଙම⃆⾷΢ყଙ

᤹⾸ǛીᥰǶǜȚ6)ƹ

◧⯍ΧℋǺǾ⾻ӟક౩ᚐǺȗȚ۝╋ӟἠۀଙ

᤹Ƿۀଙ↠☈ȡ☈ᄏǨȚൃׂ⾻ڽȂ⾻Ag ℋȡ

Є⚘ǨȚൃׂǛǑȚƹǬǽℋڣǾ⾻⢡౐⾻࣠ኑ

ѩǷ᳧ᕧѩǽ◧⯍ΧℋǺ⬄ǦǵǾ⾻15」60 nm

ǽᶽࡕǺǑȚƹAg2 ୧Ṿǽई۰⾻Ǭǽ᭙˛ǽ

◧⯍ΧℋǽℋڣǾ⾻࣠ኑѩȓ᳧ᕧѩǽ◧⯍Χǽ

ℋڣȗșڣǞ⾻50」100 nm ǽᶽࡕǺǑȚƹ

⒙ 1 Ǻ⾻Ag Ṿ Low-E ȴɱɁǽℋᐦ༔ǽό

ȡᰳǨ7),8)ƹǢǽ⒙˛ǶǾ⾻ۀඅමɁəɋɇɲ

ɻȸᆣǺ⾻Ag ℋǛ⥫كǤțȚǢǷȡ⬸ǟǮȐ

ǽ⌻Ǔ୧⾷ɘɲȪ୧ or ᣐᢽ୧ǷܵǿțȚ⾸ǹ

ǸǾ⾻ᭉᨪǦǵǑȚƹɘɲȪ୧ǷǦǵǾ⾻Zn,

Ti, Ni-Cr ǹǸǽ⦘ୡǛ⢡౐π᧸ǤțȚ7),9)ƹ

Ag ℋǷǦǵ⾻ẗḢǹ Ag Ǜπ᧸ǤțȚǛ⾻ᛘ

ᕧǶ◧❙ǤțȚ Ag ǽɦȬȸɴʀȿɯɻ10)ȡཱ

֝Ǧǵ‵ᛘමȡტ↝ǤǪȚǮȐǺ⾻Ag-Pd ۰

⦘ȡπ᧸ǦǵǓȚई۰ȑǑȚ8)ƹ

◧⯍ΧℋǷǦǵǾ⾻۝╋ӟἠⲏࣕǺہ܋ǽǹ

Ǔ⢖ᅽ⥫كℋ⾻ZnO, SnO2 ǛπȞțȚǽǛʶ

ⅺ᫢ǶǑȚƹ⡨౫ǶǾ⾻‵˳ම⾻ӟકᣀමᵱǽ

ఞ֌كǽᬶ᫢Ƕ⾻ᄽǦǓℋቦᄦǽဖ᧸ȑ਀ȍǲ

ǵǓȚƹ‵ᛘමტ↝ǽǮȐǺԑ⤴අמȡ΢᚛Ǥ

ǪǮ ZnAlxOy ℋ11)ȡπ᧸ǦǮș⾻۝╋ӟἠ⢖

⣏᤹۹ˀǽǮȐǺ TiO2 ℋ12)ȡπ᧸ǦǮș⾻‵

ᡡම⾷ⳃՃഁكȴɱɁΰ⓯ᆣǽףᡡᚩಏ⾸ȓ‵

Ⴗ҈ම۹ˀǽǮȐǺ SiNx ℋ12)ȡπ᧸ǦǮșǨ

Țई۰ǛǑȚƹ

㑰. Ag Ṿ Low-E ȴɱɁ᧯᧳ǷۀඅමɁ

əɋɇɲɻȸཪ⒈ǽ⢳ୠ

ɁəɋɇɲɻȸǺȗȚগⰢ᳒ȴɱɁǽ᧯᧳

ȻʀɇʀǶǾ⾻⢡౐⾻ᬼᘓɁəɋɇɲɻȸǛ᧸

ǓȘțȚƹ൝ǲǵ⾻◧⯍Χℋȡബ༔ǨȚǮȐǽ

ɇʀȺɋɐǾ⾻ଣ⯍මǶǑȚർ┶ǛǑȚƹITO

⾷Indium Tin Oxide⾸ɇʀȺɋɐȡ֐᧸ǨȚई

۰ȑǑȚǛ⾻ɇʀȺɋɐϢ጗ǽުⲤȑǑș⾻ʶ

ⅺ᫢ǺǾ⾻Zn, Sn, Zn-Sn, Zn-Al, Ti, Si ǹǸǽ

⦘ୡɇʀȺɋɐȡ᧸ǓǮۀඅමɁəɋɇɲɻȸ

ǺǹȚƹ

TiO2 Ǿ⾻୓ླྀ᤹ȑⶲǞ⾻ӋțǮӟકℋቦᄦ

ǶǑȚƹʶᅀ⾻Low-E ǽ◧⯍ΧℋǷǦǵπǕ

ǺǾ⾻Ǭǽ༔ℋ⢦ಏǛ⣆Ǟી᧸᫢ǶǹǚǲǮƹ

ǦǚǦ⾻ⶲǓ༔ℋ⢦ಏȡᨵ౐ყ⯍⾷Ȫʀȵɻȸ⾸

ǹǦǶીᥰǨȚǮȐǽཪ⒈⾻ڊǰ⾻əɳɁɁ

əɋɇᗕ13)ȓ⾻C-MagTM ǷܵǿțȚԒᵺബɦ

ȸɕɐɵɻȳɅʀɑ7) ȓ⾻ Twin-MagTM ȓ
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㑭ࡖ Low-e ͛ǜ⓹୧ȴɱɁǽᄺⰢᐦ⢧

⒙㑮 ⓹୧ȴɱɁǽӟકᣀම⿪15]テFL3⾻ɝɵʀɐᗕǺȗȚ 3 mm ȴɱɁ⾻A12ڣ Ǿ᳧ᕧ୧ǽڣȎ 12 mm, Tv
Ǿ۝╋ӟ⢖⣏᤹⾻Rv Ǿ۝╋ӟۀଙ᤹⾻Te Ǿᅠଙ⢖⣏᤹⾻Re Ǿᅠଙۀଙ᤹⾻h оǾᅠଙᡡۄൡ᤹⾻U оǾ

ᡡ⛫ᘓ᤹

14
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Dual-MagTM ǷܵǿțȚ AC Ɂəɋɇᗕ14)ǹǸ

Ǜી᧸كǤțȚǺǳț⾻TiO2 ℋȓ SiNx ℋȡ◧

⯍Χ୧Ǻπ᧸ǦǮ Low-E ȑլᥰǦǵǜǮƹ

ԒᵺബɦȸɕɐɵɻȳɅʀɑ⅋ΧǾ 20 ౫ͨ

ˀ֭ǚȘ᮪ȘțǵǓǮǛ⾻ࡋ⟵ⴿؔṾ⾻⯍ᕧṾ

Ớ⾻Ճڋᕮȡগࡋࢪ⟵ᢼǺଣӱǦǹǠțǿǹȘ

ǹǓǷǓǕࡓ⮽ǤǚȘ⾻᧯᧳ⓓΈǷǦǵǽЈⲠ

මǛ˃❣ǦǵǓǮƹ⡨౫ǶǾ⾻ЈⲠමȑ۹ˀǦ

ǮǽǶ⾻ቊቻǽⶲՃ᤹׼ڋǚȘǞȚⶲ⯍ףڇמ

۝⃆⾻ȍǮ⾻ɇʀȺɋɐቦᄦǽᘭⳒ⾷erosion⾸

ᛨǛ᧯ǧǹǓǽǶᨵ౐ყ⯍ཱ֝Ǻሱ֐⾻ሠǺ⾻

ɇʀȺɋɐ᤹׼᧸֐ǛⶲǓǷǓǕ֐᠊ǹǸǺȗ

ș⾻᧯᧳ⓓΈǷǦǵǽીὧǛˀǛǲǵǜǮȗǕ

ǶǑȚƹ

Twin-Mag ȓ Dual-Mag Ǿ⾻1 ଓǽɟɴʀ

ɒʀɦȸɕɐɵɻȡȳɅʀɑ⾾ȪɖʀɑǷǦǵ

᧸Ǔ⾻30㏏40 kHz ǶⴿؔǨȚ̰ᘓɁəɋɇɲɻ

ȸཪ⒈ǶǑȚƹ൝ቻǽ⥫كℋǽۀඅමɁəɋɇ

ɲɻȸǛ⾻⦘ୡɇʀȺɋɐǽ⒙ⰢǛǬǽ⥫كᢼ

Ƕ┻ȞțǮᣞຎǶɁəɋɇɲɻȸǤțȚ⾻ཀ♋

Oxide mode sputtering ǶǑȚǽǺଓǦ⾻ɇʀ

Ⱥɋɐ⒙Ⱒȡ⦘ୡᣞຎǺЄǲǮȍȍ⾷Metal

mode sputtering⾸⾻ⶲ⢦Ƕય઻Ǧǵ⥫كℋȡ࣠

ኑˀǺബ༔ǶǜȚཪ⒈ǶǑȚƹǢțȡીᥰǨȚ

ǮȐǺ⾻Twin-Mag ȓ Dual-Mag Ǿ⾻Ǭțǭ

ț⾻⥫ảɃɻȽʀȓɟɱɂɦ᫘ӟɪɓɇʀ

⾷PEM: Plasma Emission Monitor⾸ȡᘍ᧸ǦǮ

ɝȫʀɑɘɋȷȿɁɎɨǺȗș⾻ყ⯍ǽ⣸Სⲏ

ࣕȡ֝൧ǦǵǓȚƹ

㑱. Ag Ṿ Low-E ͛ǜ⓹୧ȴɱɁ

Low-E ȴɱɁǾ⾻ೈ᷂᧸⢛ǶǾ⾻⓹୧ȴɱ

ɁǽബຎǶπȞțȚƹȻʀɎȫɻȸⰢǾ⾻ࡖ 1

ǺᰳǨȗǕǺ⓹୧ȴɱɁǽԑⰢǺǹȚȗǕǺ

ɃɋɐǤțȚƹ⒙ 2 Ǻ⾻Ag Ṿ Low-E ͛ǜ⓹

୧ȴɱɁǽӟકᣀම⾻ᄺᡡම⃆ȡᰳǨ15)ƹAg1

୧ṾǾ⾻Ը઒ǽᇝ༿⛤∜΢᚛ȡ˩ᬶ᫢ǺǦǮ૧

Ճ۹ࢄǠǶ⾻⢡౐⾻ȻʀɎȫɻȸǾ #3 Ⱒ⾷ࡖ

1㏏aテᄺᡡࢪǷܵǿțȚ⾸ǺǦǵπȞțȚƹ

Ag2 ୧ṾǾ⾻ঈ઒ǽՃ༿⛤∜΢᚛ȑ‬ອǦǮ

ᚩᇝ۹ࢄǠǶǑș⾻⢡౐⾻ȻʀɎȫɻȸǾ #2
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Ⱒ⾷ࡖ 1㏏bテ⣯ᡡࢪǷܵǿțȚ⾸ǺǦǵπȞț

Țƹ

⡨౫ǽඎ⣪ම۹ˀ⾻ᭉȰɕɳȶʀǹǸǽ๟⚃

ǽⶲȍșǚȘ⾻1990 ౫ͦൖ٪ǚȘ⾻ᅠቊǶȑ

⓹୧ȴɱɁǽᄽ᷂ΣફǶǽᇃ᤹ڽǾⶲǞǹǲǵ

ǜǮ16)ƹ2001 ౫Ƕǽ⓹୧ȴɱɁǽⰢ᳒ᇃ᤹ڽ

⾷ᄽ᷂ʶ༸ೈǵ⾸Ǿ⾻ẇ 50㎪⾻ǢǽǕǰǽẇ

20㎪⾷ӴΧǽ 10㎪⾸Ǜ Low-E ͛ǜ⓹୧ȴɱɁ

Ƿ╵ȞțǵǓȚ17)ƹ

㑲. ⅋ؔ⟥᧸ Ag Ṿᡡἠ⣯ᄺȴɱɁ

⅋ؔ⟥᧸ǽ Ag Ṿএ୧ȻʀɎȫɻȸǾ⾻1980

౫ͦൖ٪Ǻ⾻ȪɩɲȳǷᅠቊǶ⾻ᡡἠ⣯ᄺȴɱ

Ɂ⾷Solar control glass⾸ǷǦǵ⾻ɝɵɻɐⳃ

⬸ȴɱɁǺી᧸كǤțǮƹᐦ༔Ǿ⾻ȴɱɁ⾷⟥

ঋ)/◧⯍Χ/Ag/◧⯍Χ/˛⫻ℋ/ȴɱɁ⾷⟥ԑ⾸

ǷǓǕ۰ȞǪȴɱɁǶǑș⾻Ag1 ୧ṾǶǑǲ

ǮƹȻʀɎȫɻȸǾ⾻ɁəɋɇɲɻȸૅǛ 1

ǳ⾻ȳɅʀɑǛ 6 ǳǽሞǡȴɱɁ᧸ǽ᧯᧳ⓓ

Έȡ᧸Ǔǵ⒅ȞțǮƹሞǡǮȴɱɁǺȻʀɎȫ

ɻȸ18)ǦǮǽǶ⾻ኑȴɱɁȻʀɇʀǶʶⅺ᫢

ǹɁɲɋɐȡ֐᧸ǦǮȳɅʀɑ⫻ǽɁəɋɇȴ

Ɂǽո⮼ǛլቻǹǚǲǮƹǬǽệእ⾻ɦɳɉə

Ɂɪʀɑ༔ℋǺǹș⾻᧯᧳මǾⶲǞǹǚǲǮƹ

ǢǽǮȐ⾻Ǣǽᵥ 1 ˌͦǽަݨǾগǜǞᇃڽ

ǨȚǢǷǾǹǚǲǮƹ

1990 ౫ͦൖ٪Ǻǹș⾻ᵥ 2 ˌͦǷȑ╵ǗȚ

Ag Ṿᡡἠ⣯ᄺɝɵɻɐⳃ⬸ȴɱɁǽɦʀȹɋ

ɐǛ⾻ɰʀɵɋəǺլᥰǦǮƹǢțǾ⾻Ag2

୧Ṿǽ۰ȞǪȴɱɁǶ⾻75㎪ͨˀǽ۝╋ӟἠ

⢖⣏᤹Ƿ 45㎪ͨˁǽ΢Ǔচ⭫ӟἠȰɕɳȶʀ

⢖⣏᤹ȡ⣕༔ǦǵǓȚƹǢțǺଓඅǦǮǽǾ⾻

ȴɱɁǽሞǡףకᚩಏǶȑكצǦǹǓ‵ᡡමǽ

Ag Ṿএ୧ȻʀɎȫɻȸཪ⒈⾷౪ኑȴɱɁǺ

ȻʀɎȫɻȸൖ⾻ሞǡףక⾸ǶǑș⾻ȑǕʶǳ

Ǿ⾻PET ɝȫɳɨˀǺബ༔ǦǮ Ag Ṿএ୧

ȻʀɎȫɻȸཪ⒈ǶǑȚƹǢțȘǽཪ⒈Ǻȗ

ș⾻ᵥ 1 ˌͦȗșগౙǹ᧯᧳ȻɁɐǽ֪᚛Ǻ

༔עǦǵǓȚƹ

ʶᅀ⾻ᅠቊǽɦʀȹɋɐǶǾ⾻⅋ؔ⟥ȴɱɁ

ǺଓǦǵ⾻⯍ᗢ⢖⣏ම⃆Ƿɓɭʀɐɱɳǹۀଙ

↠☈ǽ┶ᕷǛഁǓƹǢțȘǛ⭿્Ƿǹș⾻Ag

Ṿᡡἠ⣯ᄺȴɱɁǾ⾻ʶ⤴ǽόঋȡ⭒Ǔǵ⾻ᅠ

ቊǽ⅋ؔ⟥᧸ǺǾπȞțǵǓǹǓƹǦǚǦ⾻Ǣ

țǺͦȞȚȑǽǷǦǵ⾻ITO ḩ੿܅ሱ˛⫻ℋ

ȡ᧸ǓǮⶲම⃆ᡡἠ⣯ᄺȴɱɁǛ⾻2002 ౫Ǻ

ᅠቊǶી᧸كǤțǮ19)ƹ

㑳. PDP ᧸ Ag Ṿ⯍ᰁᗢ⣯⌗ȴɱɁ20),21)

Ag Ṿএ୧ȻʀɎȫɻȸǽ⢖ᅽමȡỺ྾Ǧǳ

ǳ⾻΢྆ཷමȡᏩ⭈ȍǶ⢈ᕷǦǮ᧸⢛Ǜ⾻ɟɱ

ɂɦɏȫɁɟɴȬəɕɳ⾷PDP⾸᧸ǽ⯍ᰁᗢ

⣯⌗ȴɱɁǶǑȚƹሬ⡨ǽ PDP ǽබឆǹ⯎┶

ǽऻףǺΒǓ⾻⯍ᰁᗢ⣯⌗ȴɱɁǽ᧯᧳ȑྮগ

ǦǵǓȚƹ

PDP ǽ⯍ᰁᗢ⣯⌗ȴɱɁǺǾ⾻ᥰࢀ⾻Ɂ

əɋɇǺȗȚ Ag Ṿএ୧ȻʀɎȫɻȸ⾻⨁ᶜ

ɩɋȿɭǹǸǛǑȚƹ⯍ᰁᗢ⣯⌗ම⃆ǽ╄጗Ǻ

Ǿ⾻᧳Ꮱ᧸ǽȷɱɁ A Ƿᕡ᧯᧸ǽȷɱɁ B Ǜ

ǑȚƹAg Ṿএ୧ȻʀɎȫɻȸǾ⾻Ag3 ୧ṾǺ

ȗș⾻ȷɱɁ A ǽ╄጗ȡᛙǮǦǵǓȚƹȻʀ

ɎȫɻȸǾ⾻⅋ؔ⟥᧸ᡡἠ⣯⌗ȴɱɁ᧯᧳Ƿ۴

ᐯǺ⾻ኑȴɱɁˀǺᬼယȻʀɎȫɻȸǨȚȑǽ

Ƿ⾻web ȻʀɇʀǶ PET ɝȫɳɨˀǺȻʀ

ɎȫɻȸǦǵǚȘ⾻ȴɱɁǺ⛼ș͛ǠȚȑǽǽ

2 ⢡șǛǑȚƹ

㑴. ȍ Ƿ Ȑ

Ag Ǿ⾻⦘ୡǽ˛Ƕሬȑଣ⯍මǛⶲǞ⾻ˊ

ǳ⾻ӟક᫢Ǻȑہ܋ǛଦǹǓӋțǮℋቦᄦǶǑ

Țƹʶᅀ⾻ᛘᕧǺଓǨȚ‵˳ම⾻ᚩಏǺଓǨȚ

ય઻මǛ١ոǶǹǞ⾻ી⭾ǺπǕई۰ǺǾᗨ๟

Ǜർ┶ǶǑȚƹǦǚǦ⾻⡨౫ǽᮾ᳣⫳᫘ǽ༔እ

Ǻȗș⾻ǢțȘǽᓍ᠊ȑǚǹșӡስǤțǵ⾻᳷

ȴɱɁǺ౺ǞπȞțȚȗǕǺǹǲǮƹɏȫɁɟ

ɴȬ᧸⢖ᅽଣ⯍ℋ22)ȓӟɏȫɁȷ᧸ۀଙℋ23)

ǷǦǵǽᮾ᳣ȑǤțǵǓȚƹ͑ൖǽᮾ᳣⫳᫘ǽ
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