
33

ǉ611㏏0011 ̸⤹ಊભᗁల̠ɾ౻

TEL 0774㏏38㏏3131
FAX 0774㏏33㏏5212
E-mail: uchino⿏scl.kyoto-u.ac.jp

33

ᮾ᳣ሬӞᴻ

̸⤹গક કᮾ᳣ཀك

Structure and electronic properties of point defects in silica glass:
A molecular orbital study

Takashi Uchino
Institute for Chemical Research, Kyoto University

㑭. Ǿ ǧ Ȑ Ǻ

ȴɱɁǾ⾻Ǭǽӟકࢍ✤ම⾻⢖ᅽමȗș⾻

క↾ݨ⾻᳷ȴɱɁǚȘӟકɴɻɂǺ⅏ȚȍǶ⾻

⫧౫ǺȞǮșᐯƼǹ᧸⢛Ƕπ᧸ǤțǵǜǮƹǤ

ȘǺȴɱɁቦᄦǾ⾻গ⦖⫧❹⮼ӟ⢡Ј⾻ⶲ

ಏӟ▉⩜⾻ڽȂӟɁȬɋɉɻȸǷǓǲǮ 21 ˌ

ẃǽɝȱɐɓȷɁո⦕ȡნǗȚ࣠ቦᄦǷǦǵ

ȑᗨᬶǤțǵǙș⾻ǬǽൃׂǾ⡨౫ᬖƼ౺Ǜș

ǳǳǑȚƹ

ǦǚǦ⾻⢡Ј᧸ӟɝȩȬɘʀǹǸǽӟΌ⢌ቦ

ᄦǷǦǵȴɱɁȡπ᧸ǨȚ⭾⾻ȴɱɁǽ⢖ᅽ

ම⾻ࢍ✤මǾᏩ⭈ǺȍǶ⢈ᕷǤțȚƹȴɱɁᐦ

⢧ǽ˃ࢍʶම⾻ᣀǺᓍ⭓˛ൺǾ⾻ȴɱɁǽɘɻ

ɑȶɫɋɟԑǺୋࢀǦǮȰɕɳȶʀᛡΡȡബ༔

Ǧ⾻Ǭǽệእ⾻ȴɱɁǽӟકቦᄦǷǦǵǽම

ȡগǜǞংكǤǪȚǚȘǶǑȚƹȍǮʶᅀ⾻Ǭ

ǽȗǕǹᓍ⭓ǺȗȚୋࢀᛡΡȡ⢑Ǻ᧸Ǧǵ⾻

ᄽǮǹᑿȡȴɱɁǺ͛ףǤǪȚ▿ȎȑǹǤț

ǵǓȚƹǓǩțǺǪȗ⾻ᓍ⭓Ǻͦ⒙ǤțȚᐦ⢧

ǽ˃ࢍʶමǛ⾻ȴɱɁǽ⯍ᐦ⢧ڽȂӟ״❙⣏

ᲦǺଓǦǸǽȗǕǹ഻ⱶȡڽȋǨǚȡᥴ╫ǨȚ

ǢǷǾ⾻ȴɱɁǽᢼමȡ֝൧ǨȚˀǶ⾻ȍǮ⾻

ᄽǮǹӟᑿȡሱǨȚȴɱɁቦᄦȡ▚╹ǨȚˀ

Ƕ˃ᓍǶǑȜǕƹ

ȴɱɁ˛ǽ᠊ᓍ⭓Ǻ⬄ǨȚᮾ᳣Ǿ⾻ી⾻ᥴ

☟ǽ˓ⰢǚȘ⾻ǢțȍǶᄋএǞǹǤțǵǜǮƹ

ǦǚǦ⾻ʶⅺǺȴɱɁǾᐦ⢧ǽᠪᲙಂමȕǗ

Ǻ⾻Ǭǽᐦ⢧ȡીǺᖑǨȚǽǾᆂǶǾ

ǹǓƹǢǽǢǷǾ⾻ȴɱɁ˛ǽᓍ⭓ᐦ⢧ǺǳǓ

ǵȑഝǵǾȍȚƹ൝ǲǵ⾻ൡȘțǮીệእȡ

۰ᥴǺ╫⦏Ǧ⾻ǚǳ⾻ᓍ⭓Ჷȡȑ܅ȐǮȴɱ

Ɂᐦ⢧Ǻ⬄ǨȚȗș↝Ǔ᮪╀ȡൡȚǺǾ⾻ΩȘ

ǚǽȿɧɭɴʀȿɯɻȓᥴ☟╹ᶟǛሱ᧸ǷǹȚ

ई۰ǛএǓƹ

ͨˀǽ╞᠊Ǻᴗǰ⾻༕Ƽǽᮾ᳣ȸɳʀɟǶǾ

ǢǢᄋ౫ǽ⫻⾻ո⟧⣔ᥴ☟Ǻ࣠ǴǞ╹ᶟكક

ཆᗕȡ᧸Ǔǵ⾻ȴɱɁᐦ⢧⾻ᣀǺȴɱɁ˛ǽ

ᓍ⭓ᐦ⢧ǙȗȂ⯍ᣞຎǺ⬄ǨȚᮾ᳣ȡ⒅ǲǵ

ǜǮƹǬǽệእ༕ƼǾ⾻ȴɱɁǽᓍ⭓ᐦ⢧ǷǬ

ǽӟ◧❙ۀඅǺ⬄Ǧǵ⾻ǓǞǳǚǽᄽǦǓɪɏ

ɳȡံޙǨȚǺ⅏ǲǮƹቊ᳄ǶǾ⾻ᣀǺ⾻SiO2

ṾȴɱɁǽᓍ⭓ᐦ⢧ǺȡỌș⾻ሬ⡨ൡȘțǮ



34

㑭ࡖ Egǫ̈ ൺǽ⥫ảոǷǽۀඅᑿᐦ

(a)൝ቻǽɪɏɳ (b)ᄽǦǓɪɏɳ

34

NEW GLASS Vol. 16 No. 4 2001
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ǑȜǕ1)ƹEǫ̈ ൺǷǾ⾻˃ଓ⯍ȡሱǨȚ 3 ⥎

ΡᰁමȿɲȻɻǽἕᲠǶ⾻Ǭǽୋཀᐦ⢧ǽ⣖

ǓǚȘᐯƼǹɇȬɟǽ Eǫ̈ ൺǛઇࢀǨȚǢǷ

Ǜ⯍Ɂɜɻӽ⺈Ɂɢȷɐɳ⾷ESR⾸ᵱǽી

ệእǚȘᅽȘǚǺǹǲǵǓȚƹ˛Ƕȑ EgöǷ

ܵǿțȚ Eǫ̈ ൺǾ⾻SiO2 ȴɱɁ˛ǺሬȑএǞ

ઇࢀǨȚᰁමᓍ⭓ǶǑș⾻Ǭǽᐦ⢧⾻ᡡય

ම⾻ӟہ܋࿇ؔǹǸ⾻ᐯƼǹ╦ಏǚȘᮾ᳣Ǜ

ǹǤțǵǓȚƹ

SiO2 ȴɱɁ˛Ǻ╞ᚬǤțȚ EgöǾ⾻a- ᮸⇠˛

Ǻ╞ᚬǤțȚ E1öǷܵǿțȚᰁම˛ൺǷⲲΚ

ǽ ESR ȿȸɒɳȡᰳǨǢǷǚȘ⾻ǢțȘ̘ǳ

ǽᓍ⭓ᲷǾ۴ǧୋཀᐦ⢧ȡሱǨȚǷǗȘțǵ

ǜǮ2)ƹa- ᮸⇠˛ǽ E1öǾ⾻ࡖ 1a ǺᰳǨȗǕ

Ǻ⾻ệᇋ˛ǽ⥫ảᓍ⭓ȽȬɐǛɣʀɳɐ

ɱɋɟǺȗșⰞଓᲠǺἯ݅ǨȚǢǷǺȗș᧯ǧ

ȚǷǗȘțǵǓȚ3)ƹǨǹȞǰ⾻E1öǾ⾻ᓺ

Ǻే⯍ǦǮۀᰁම 3 ⥎ΡȿɲȻɻǷ⾻ᰁම 3

⥎ΡȿɲȻɻǚȘǹȚ⓹۰ΧǷ╀ǹǨǢǷǛǶ

ǜȚƹǬǢǶ⾻۴ᐯǽᐦ⢧ɪɏɳǛ SiO2 ȴɱ

Ɂ˛ǽ EgöǺ⬄Ǧǵȑ⣪᧸Ǥț⾻Ǭǽ৬ഝමǾ

ᔙǸᩐǕέࢄǽǹǓȑǽǷǦǵǢțȍǶۄșཟ

ȞțǵǜǮ1)ƹ

ǦǚǦ⾻SiO2 ȴɱɁ˛ǽ EgöǛ a- ᮸⇠ǽ E1ö

ǷⲲΚǽᐦ⢧⾷ࡖ 1a⾸ȡǷȚǷǗȚǷ⾻ǳ

ǧǳȍǽ۰ȞǹǓીệእǛǓǞǳǚઇࢀǨ

ȚƹόǗǿ⾻ȪɓʀɲɻȸǺΒǕ Egöǽᐦ⢧ং

ǶǑȚƹSiO2ك ȴɱɁȡૅᚩǚȘףᡡǨȚǷ⾻

200cC ͛⡨ǚȘ EgöǽញಏǛ᚛ଦǦȐ⾻Ǭǽ

᚛ଦǺܵඅǦǵ⾻peroxy radical ǷܵǿțȚ

ᰁමᓍ⭓ǽញಏǛऻগǨȚǢǷǛ᮪ȘțǵǓ

Ț2)ƹǢǽીệእǾ⾻ȴɱɁɕɋɐɷʀȷ˛

ȡᡡྮᄃǨȚ⥫ảոǛȪɓʀɲɻȸ⣏ᲦǶ

EgöǺǤț⾻Ǭǽệእ⾻EgöǛ peroxy radi-

cal ǺংكǨȚǢǷȡᰳǦǵǓȚ4)ƹEgöǛࡖ 1a

ఖǽᐦ⢧ȡǷȚǷǨȚǷ⾻⥫ảոǾȑǷǑǲ

Ǯ⥫ảᓍ⭓ȡࣆȐȚബǶǤțȚǾǩǶǑȚ

ǽǶ⾻ǢǽۀඅǺȗș᧯༔ǦǮ peroxy radical

˛ǽ˃ଓ⯍Ǿ⾻⮆ș۰Ǖ̘ǳǽȿɲȻɻǷᭀ

̞ΰ᧸ǨȚǾǩǶǑȜǕ⾷ࡖ 1a ᡄ⾸ƹǷڹۡ

ǢȜǛ⾻ીǺǾ⾻peroxy radical ˛ǽ˃ଓ

⯍ǾʶǳǽȿɲȻɻǷǦǚᭀ̞ΰ᧸ǦǵǓǹ

ǢǷǛᅽȘǚǺǹǲǵǓȚ5)ƹ൝ǲǵ⾻ીệ

እȡԙᥰǦȖǕǷǨȚǷ⾻ࡖ 1a ǽ⮆ș۰Ǖȿ

ɲȻɻڤǾ⾻̞ǓǺẇ 6 Å ͨˀȑ⮼țȚȗ

Ǖǹ⣏ᲦȡǗǹǠțǿǹȘǹǓ6)ƹǦǚǦ⾻

200cC ᲦಏǽףᡡǺȗș⾻SiO2 ȴɱɁ˛ǽȿ

ɲȻɻǛǢǽȗǕǹ⫧❹⮼ᲡؔȡǨȚǷǾǗ

ǺǞǓƹͨˀǽệእǾ⾻EgöǛࡖ 1a ǷǾᨵǹȚ

ᐦ⢧ȡሱǨȚමǽǑȚǢǷȡᰳތǦǵǓȚ

⾷ǮǯǦ⾻a㏏᮸⇠˛ǶǾǢǽȗǕǹ peroxy rad-

ical Ǿ╞ᚬǤțǹǓǽǶ⾻ͨˀǽ⚑☟Ǿ a㏏᮸

⇠˛ǽ Eöǽɪɏɳȡȑ܀ǨȚȑǽǶǾǹǓ⾸ƹ

ǬǢǶ⾻༕ƼǾ⾻peroxy radical ǽ᧯༔ᑿᐦ

ȡȑ◻ᅽǹ⾻ᄽǦǓ EgöǽɪɏɳȡံޙǦ



35

㑮ࡖ B3LYP/6-31G(d)ɴɡɳǶሬ⣪كǦǮȷɱɁ

ɇʀɪɏɳ

(a)Egöǽɪɏɳ⾷ᮧڇǽڤǛᰁමȿɲȻ

ɻ)ヅ(b)peroxy radical ǽɪɏɳ⾷ᄩἠ⤴Ǜ͛

⾸ǦǮ⥫ảոף
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Ǯ7)⾷ࡖ 1b ᡄ⾸ƹǢǽɪɏɳǶȑڹ EgöǾ⾻ᓺ

Ǻే⯍ǦǮۀᰁම 3 ⥎ΡȿɲȻɻǷ⾻ᰁම 3

⥎ΡȿɲȻɻǚȘǹȚ⓹۰ΧǶǑȚǷǗȚƹ

ǦǚǦ⾻ǢțȘ 2 ǳǽ 3 ⥎ΡȿɲȻɻǾ⾻ӽ

⢡ǽ⥫ảȡӽሱǦǵǓȚ᠊Ƕ൝ቻǽɪɏɳǷǾ

ᐦ⢧ǺᨵǹȚƹǢǽɪɏɳǺȗȚǷ⾻⥫ảǽ

Ǻȗșബ༔ǤțǮ peroxy radical Ǿ⾻⥫ả

ոǛᬼယệ۰ǦǮȿɲȻɻጓǷǽȎᭀ̞ΰ᧸

ǨȚȑǽǷဝǤțȚƹ

EgöǷ peroxy radical Ǻ⬄ǦǵံጣǦǮᄽǦ

Ǔᐦ⢧ɪɏɳǽ৬ഝමȡᎰ▩ǨȚǮȐǺ⾻༕Ƽ

Ǿ⾻ǢțȘᓍ⭓ᐦ⢧ȡၻႹǦǮȷɱɁɇʀǺ⬄

ǨȚո⟧⣔╹ᶟȡ⒅ǲǮƹࡖ 2 Ǻ᧸ǓǮȷ

ɱɁɇʀǽʶόȡᰳǨƹ╹ᶟǾಏᕸ⬄ᄋᗕǽ

ʶᲷǶǑȚ B3LYP ɴɡɳǶ⒅Ǔ⾻࣠ಃ⬄ᄋǺ

Ǿ 6-31G(d⾸ȡ᧸ǓǮƹȷɱɁɇʀǽᴻǾ⯍

∜ⓝӈǽǮȐᕮảڤȡ͛˄ǦǮƹ╹ᶟǽệእ⾻

Egö, peroxy radical Ǔǩțǽᐦ⢧ᣀ൰ȑ⾻Ǭ

țǭțǽᓍ⭓ᐦ⢧ȡၻႹǦǮȷɱɁɇʀ˛Ƕԙ
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ك

1970 ౫ͦൖ٪Ǻ╀ǤțǮɝȩȬɘʀླྀࡋ

11)Ǿ⾻ 1990 ౫ͦǺӱșᗢ⫧ոׂএ⦔

⾷WDM⾸Ό⢌ᅀǺǙǠȚᗢ⫧ո⮼ɝȫɳɇʀ

ǷǦǵી᧸كǺ۹ǠǮᮾ᳣ǛগǜǞ⢳ୠǦǮƹ

ɝȩȬɘʀླྀࡋǽബ༔Ǿ⾻ӟᡄଙǺΒǕ

GeO2-SiO2 ṾȴɱɁǽླྀ᤹ˀᅶእȡ᧸Ǧ

ǮȑǽǶǑȚƹǦǚǦ⾻ɝȩȬɘʀླྀࡋǽ

ബ༔ᑿᐦǾቈ᮪ǽ᠊ǛএǞ⾻ȍǯǬǽӴ⛙Ǜᅽ

ȘǚǺǹǲǮǷǾ╵Ǔ⮽Ǔ12)ƹ
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㑯ࡖ B3LYP/6-311G(d)ɴɡɳǶሬ⣪كǦǮȷɱ

Ɂɇʀɪɏɳ

(a)2 ⥎Ρ Ge ɪɏɳ⾷Ӵ⯍∜ 0)ヅ(b)˛⫻ᣞ

ຎヅ(c)Ge Egöǽɪɏɳ⾷Ӵ⯍∜⾺1⾸ᄩἠ⤴Ǜ

ᄽǮǺǶǜǮ 4 ᦹᐦ⢧ݲ

36

NEW GLASS Vol. 16 No. 4 2001

GeO2-SiO2 ȴɱɁǽӟ◧❙ླྀ᤹ংكǾ⾻Ǔ

ǞǳǚǽảۀඅǛ⬄ȞȚ⓹⮰ǹӟكકۀඅǺᨁ

ቻǨȚǷǗȘțǵǓȚƹǬǽ˛Ƕȑ⾻ẇ 5

eV Ǻӟేہ܋ȡ྾ǳ 2 ⥎Ρ Ge(Ge2⾺⾸Ǜ⬄Ȟ

ȚӟكકۀඅǛɝȩȬɘʀླྀࡋǽബ༔⣏Ღ

Ǻ˄ǦǵǓȚǢǷǛᰳތǤțǵǓȚƹી

ǺǾ⾻ӟᡄଙǺΒǓ Ge2⾺ Ǜ Ge Eǫ̈ ൺ⾷ӞǺ

⡻ȈǮ EöǺǙǓǵ⾻Si Ǜ Ge ǺΈǜ၁ȞǲǮ

ȑǽ⾸Ǻং၁ǨȚǢǷǛ◜ǤțǵǓȚ13)ƹ

ǦǚǦ⾻Ǭǽং၁ᑿᐦǽ◌ẫǾ˃ᅽǶǑȚƹ

ǬǢǶ⾻༕ƼǾ⾻GeO2-SiO2 ȴɱɁ˛ǽ

Ge2⾺ ᓍ⭓ȡၻႹǦǮȷɱɁɇʀȡ᧸Ǔ⾻Ǭǽ

ᓍ⭓ᐦ⢧ǛȬȲɻكǽ⣏ᲦǶ⾻ǸǽȗǕǹᐦ⢧

ংكȡǜ❙ǢǨǽǚǺǳǓǵ⾻ո⟧⣔╹ᶟ

Ǻ࣠Ǵǜ╫ኝǦǮ14)ƹࡖ 3 Ǻቊᮾ᳣Ƕ᧸ǓǮ

ȷɱɁɇʀǽʶόȡᰳǨƹࡖ 2 ǽȷɱɁɇʀ

Ƿ۴ᐯǺ⾻ᴻڤǾᕮảڤȡ͛˄Ǧ⯍∜ⓝ

ӈȡǦǵǓȚƹǢǢǶ⾻ࡖ 3a Ǿ⾻Ge2⾺ ᓍ⭓

ȡၻႹǦǮ˛මȷɱɁɇʀǶ⾻ǢǽȷɱɁɇʀ

ǚȘ⯍ȡʶǳۄșڸǲǮൖǽᐦ⢧ংك⾷⯍

ȡ็⾸ȡكǺΒǕલӴȬȲɻ❙״ B3LYP/6-

311G⾷d⾸ɴɡɳǶ╹ᶟǦǮƹᐦ⢧ሬ⣪كǽệ

እ⾻Ge2⾺ ᓍ⭓ȡၻႹǦǮȷɱɁɇʀǾ⾻ࡖ 3b

ǽ˛⫻ᣞຎȡểǵሬẹǺࡖ 3c ǺᰳǨᐦ⢧Ǻ

ংكǨȚǢǷǛȞǚǲǮƹࡖ 3c ǽᐦ⢧˛Ǻ

Ǿ⾻ӞǺ 2 ǶǽȈǮ EgöǷⲲΚǽᰁමᓍ⭓ᐦ

⢧ǛᥰțǵǓȚǢǷǛȞǚȚƹǢǽᓍ⭓ǺଓǨ

Ț❞൮ẫệ۰ᄋǽ╹ᶟоǾ⾻22.6 mT Ƿǹ

ș⾻Ge Eöǽીᚬо⾷23.8 mT⾸ȡȊȋԙᥰǦ

ǮƹǨǹȞǰ⾻ቊ╹ᶟệእǺȗș⾻Ge2⾺ ᓍ⭓

ǛȬȲɻكǺȗș Ge Eǫ̈ ൺǺং၁ǦǕȚǢǷ

Ǜᥴ☟Ǻⓔ͛ǠȘțǮƹǤȘǺ⅟ܬ Ǔ᠊Ǿ⾻

Ge Eǫ̈ ൺǽ᧯༔⣏ᲦǶ⾻4 ᦹǷǓǕତǤǹݲ

ᦹᐦ⢧Ǜബ༔ǤȚǢǷǶǑȚƹӟᡄଙǺΒǕ

ɝȩȬɘʀླྀࡋǽബ༔⣏ᲦǶી⭾Ǻ 3, 4

ᦹǷǓǕତǤǹᦹᐦ⢧Ǜബ༔ǤțȚǢǷǾીݲ

Ǻȑ◜ǤțǵǙș15)⾻Ǣǽᐦ⢧ংكǛ

ӟ◧❙ⶲಏك⾷ⶲླྀ᤹ك⾸ǽ⾷ȁǷǳǽ⾸

❙ᛠǶǑȚǷȑǗȘțǵǓȚ12)ƹ⦖كક

╹ᶟǺ࣠Ǵǜ⾻Ge2⾺ ǽ Ge Eǫ̈ ൺȇǽং၁⣏

ᲦǷ⾻ⶲಏكǺǳǹǛȚତǤǹᦹᐦ⢧ǽബ༔

⣏Ღȡ۴ᆣǺᰳǦǮǽǾᵮ᳣ᮾቊș⭈Ț᮪ǽ

Ǜ֊ȐǵǶǑȚƹ

㑰. Ǚ Ȟ ș Ǻ

ͨˀ⾻ሬ⡨ǽᮾ᳣ệእȡ˛ൺǺ⾻SiO2 Ṿȴɱ
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Ɂǽᓍ⭓ᐦ⢧ȡၻႹǦǮȷɱɁɇʀ╹ᶟǽόǺ

ǳǓǵẴ͒ǦǮƹǤȘǺ༕ƼǾ⾻GeO2-SiO2 ȴ

ɱɁ˛Ƕǽ⯍ɐɱɋɟǽɩȳɓɂɨ16) , SiO2

ȴɱɁ˛ǺǙǠȚ Si2⾺ ᓍ⭓ǚȘ˛ම⥫ảᓍ⭓

ȇǽং၁ᑿᐦ17)⾻ڽȂ Eǫ̈ ൺǽʶᲷǶǑȚ Eaö

ǽᐦ⢧ɪɏɳ18)ǹǸǺǳǓǵȑᅝǺअܝǦǵ

ǓȚƹȴɱɁ˛ǽᓍ⭓ᐦ⢧Ǿ⾻Ǭǽ⯍ᣞຎǛ

ᕉ⟿ୋكࢀǦǵǓȚǮȐ⾻ቊᮾ᳣Ƕ᧸ǓǮᕉ

⟿ତǤǹȷɱɁɇʀ╹ᶟǶȑ⾻ᥰીǽṾǶ❙

ǢǲǵǓȚᥰ⛅ȡǚǹșǽᲦಏȍǶԙᥰǶǜȚ

ȑǽǷቃ൏ǶǜȚƹȍǮ⾻ӟ◧❙ᐦ⢧ংكǾ⾻

SiO2 ṾȴɱɁǽȎǹȘǩ⾻ᐦ⢧ዔ⟲මȡሱǨ

ȚȪɪɳɝȩɁᢼ✤ʶⅺǺ╞ᚬǤțȚᇃ⣎ǹ

ᥰ⛅ǶǑȚƹ༕ƼǾ⾻ቊཆᗕǛȳɳȻȺɒȬɑ

ȴɱɁǽӟ⼽كᥰ⛅⾷photodarkening eŠect⾸

ǽ╫ᅽǺȑሱᬖǹ࿀⦠ȡ˄ǗȚǢǷȡअܝǦ

Ǯ19)ƹǦǚǦ⾻ɘɳȷᣞຎȑ܅ȐȴɱɁǽ⯍

ᐦ⢧ǺଓǨȚᥴ╫Ǿȍǯȍǯ˃١ոǶǑȚƹ

͑ൖ⾻ȴɱɁǽ൮ẫףకཪ⒈Ǜ⢳ୠǨȚǺǳ

ț⾻ڤɴɡɳǶǽȴɱɁ⾷ᓍ⭓⾸ᐦ⢧⾻Ǚȗ

ȂǬǽ⯍ᣞຎǺ⬄ǨȚᥴ╫Ǿ⾻͑ȍǶͨˀǺ

˃ᓍǹȑǽǷǹȚǶǑȜǕƹୋࢀ⯍ᣞຎǽ

╹ᶟȡൡǷǨȚո⟧⣔╹ᶟǾ⾻ǢțǚȘǤ

ȘǺǬǽሱ᧸මȡऻǦǵȕǞȑǽǷቃ൏ǤțȚƹ

ቊᮾ᳣Ǿ⾻̸⤹গકكકᮾ᳣ཀᑥᮾ᳣ૅǺ

ǙǓǵ⒅ȞțǮȑǽǶǑȚƹᮾ᳣ǺǑǮș⾻এ

Ǟǽތᰳ⾻╵ȡⱹǓǮᑥϱЈჹ⾻ӽ۴ᮾ

᳣চѠ̡ల⾻ཆⓖ̡ਐ⾻ཆ⇠⮤ᑼⶲǽ

ǹȘȂǺ۴ᮾ᳣ૅǽક⤴⾻গક⭐᧯♁ᕟ⾻ۺ⤦

Ǻ Ǟ♢ǓǮǦȍǨƹ
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