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ҁࣴز௦Ҕ৔ᓎᅶ௓ᘢᗓޑБԄᇙഢ Al-Si ਑Ǵ٠௖૸Ԗค׷ཱུॄ Al ߃

ᗓጢჹкႝܫ੝ޑ܄ቹៜǶჴᡍ่݀ᡉҢ Al Ǵ܄౗੝ߔफ़եᗓጢႝڀᗓጢ߃

Ъёᗉխᗓቫᆶልᆋ໔วғগᚆǴ຾Զගϲ׷਑ϐൻᕉ܄Ƕ֖ Al ᗓጢ၂Т߃

࿶੿ޜ዗ೀ౛ࡕ၀׷਑ޑ IOC ΢ϲǴAl ԋǴନΑගϲϟय़ᗖ׎ᗓጢᘉණቫ߃

ਏૈаѦǴҁჴᡍନΑᔠ૸ႝܫଯྕкܭǴ٠Ԗշ܄่ Al-Si ᖓጢӧልᆋ΢

ϐкႝܫ੝܄ѦǴҭፓࢗႣᗓ Al ቫᆶ੿ޜଏОϐቹៜǴ຾Զຑ՗ 55ʚଯྕ

၂ᡍϐᛙ܄ۓǶ 

 

ᜢᗖӷ: Al-Siǵॄཱུ׷਑ǵкႝܫ 

 

 ق߻ق߻ق߻ق߻ .1

᎖ႝԣཱུॄޑҡᏀҗႝܭ৒ໆե(372 mAhg-1)Ǵ٬ளӭᅿॄཱུӝߎ

(Sn-Cu[1-4]ǵLi-Sn[5]ǵCu-Sb[6]ǵMg-Si[7]ǵLi-Si[8])س಍ុ࡭೏ࣴวǴځ

ύ Si (Li4.4Si:4200 mAh/g) ӢڀԖၨଯޑкႝႝܫ৒ໆॶǴ٬ள࣬ᜢزࣴޑ

ԋ݀ុ࡭೏ൔᏤǴԜѦǴAl ೏ว౜ҭڀԖଯႝ৒ໆ (Li2.25Al:2235 mAh/g) Զ

ᢋҞǴᆶڙۈ Si ࣬КǴAl ၲനε൪᎖ໆ (Li9Al4) ਔǴAl ᆶ Li Кࣁٯ 1:2.25Ǵ

Al ໻аࢂ጗Ǵՠऩکғϐᡏᑈᑩ๞ၨౢ܌ Al բ׷ཱུॄࣁ਑Ǵ߾཮Ӣൻᕉၸ

ำύႝཱུܭӕ΋ႝՏวғϸᔈ೷ԋեൻᕉ܄ᆶଯόё଍ႝ৒ໆǴӢԜϝሡబ

уಃΒϡનаڋ׭΢ॊ௃ݩǶԿϞςԖ Al-C[9]ǵAl-Fe[10]ǴаϷ Al-Sn[11]

฻س಍೏ൔᏤǶ 
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୷ܭ΢ॊ౛җǴҁࣴࢂزа৔ᓎᅶ௓ᘢᗓБԄӧልᆋ΢؈ᑈ Al ୷Βϡᗓ

ጢǴவԶᕇளॄཱཱུུТǴಃΒϡન߾ᒧ᏷ SiǴ౛җࢂ Si ว౜౛ፕႝ܌౜Ϟࣁ

৒ໆനଯޑϡનǴՠ Si ᆶ Sn ғౢࣁӕ΋લᗺǴջЬा൪ٚၸำڀ Li22Si5ޑ

IMCǴ࣬ၨܭ Al ޑғౢ܌Ьाίٚၸำܭ LiAlǴޣ߻೷ԋϐᡏᑈᡂϯਏᔈᇻ

ၨࣁޣࡕε(4.4:1 vs 1:1)Ǵࡺό፾ӝբࣁ୷Ӧ׷ǴԶբࣁಃΒϡનόՠёჹ

᏾ᡏႝ৒ໆԖଅ᝘ǴЪ೷ԋޑᡏᑈਏᔈ҂ऩբࣁ୷Ӧ׷ाεǴ܌аԜᅿ Al-Si

Ǵ܄೷ԋϐեൻᕉ܌਑Ǵόՠёफ़եӢᡏᑈᑩ๞׷Βϡႝཱུޑಔӝ܄ࢲ-܄ࢲ

Ъٿᅿϡન֡ჹႝ৒ໆԖ܌ଅ᝘ǴჴڀወΚǶҗЎ᝘[12]ளޕ྽ Al-Cu ࣚय़

೏ࡼа዗ೀ౛ǴAl ё༤ᅈࣚय़໔ޑ༾λᕳሜǴόՠёቚуࣚय़ޑௗӝ܄Ǵܭ

кႝܫਔҭёቚу׷਑ᕵӛޑᏤႝ܄ǶନԜϐѦǴΨஒႢ׷Ⴃᗓਔ໔څཀ܎

 ໆǶ਼֖ޑаफ़եᗓቫϣߏ

 

2. ჴᡍ؁ᡯᆶБݤჴᡍ؁ᡯᆶБݤჴᡍ؁ᡯᆶБݤჴᡍ؁ᡯᆶБݤ 

ჴᡍа Al-Si Ⴂ׷ӧ 10 µm य़߄ՉᘢᗓᇙำǶ၂Тϐᘢᗓࡼϐልᆋ΢ࠆ

ᄊǴόբҺՖೀ౛ǶԜѦǴAl-Siރᗓ߃࡭፦ᆢࠔ ᗓጢࣁࡋࠆ 400 nmǴ᎑߃

ᗓጢࣁࡋࠆ 40nmǴϩձажဦ AlSi ᆶ AlSiAl߄ҢǶନԜϐѦǴуΕ᎑߃ᗓ

ጢϐ၂ТΞа੿ޜ዗ೀ౛᝗ࡼаྕࡡ 200ʚ-1hrǴ٠ажဦ AlSiAl-H ҢǴ߄

ќѦஒႣᗓਔ໔җ 3 ϩដߏۯԿ 1 λਔޑ၂Та AlSiAl-P ҢǴԶ߄ AlSiAl-PH

߄ж߾ AlSiAl-P ࿶ӕኬచҹޑ੿ޜ዗ೀ౛ǶӚᗓጢ၂਑࿶୊Ϫޔࡕௗ٬Ҕ᎖

ъႝԣᔠ૸࣬ᜢкႝܫ੝܄Ǵ၀ႝှనޑԋҽࣁ LiPF6+EC+DEC (ECǺ

DEC=1Ǻ1 vol.)Ƕ 

Ӛ Al-Si ᗓጢஒа SEMǵFIB ຾Չᡉ༾ಔᙃᆶࣚय़੝ቻϐᢀჸǴ٠Ъа

thin-film X-Ray ଞჹ዗ೀ౛ࡕ߻ϐಔԋ࣬ᆶ่඲ࡋ຾Չۓໆϩ݋ǴX-Ray ϐ

Ε৔ࣁف 1oǴ௟ඔೲࣁࡋ 4o/minǴԶ௟ඔጄൎவ 20oډ 100oǶჹܭ AlSiAl

ᆶ AlSiAl-H ಔǴӆаٿ ESCA ௖૸੿ޜ዗ೀ౛ࣚࡕ߻य़ϡનϩթᡂϯǶҁ

ჴᡍаࢬႝޑۓڰ຾Չ 50 ԛϐкႝܫൻᕉෳ၂Ǵႝࢬελ೛ࣁ౛ፕႝ৒ໆ
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ޑ 0.1CǴಖЗႝᓸϩձࣁ 0.01V Ϸ 1.5VǴଯྕᆶதྕкႝܫൻᕉෳ၂ྕࡋ

೛ࣁۓ 55ʚᆶ 25ʚǶႝߔ౗߾཮аѤᗺ௖ଞໆෳǶ܌ԖኧᏵ֡ࣁ 3~5 ኧᏵ

ϐѳ֡ॶǶ 

 

3. ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ 

კკკკ 1 ࣁ AlSi ᆶ AlSiAlᖓጢ၂Тᐉᄒय़ճҔ FIB ᢀჸϐ܌ SEM ྣТǴ

ёว౜֡ޣٿևጏஏ୴ᑈǴ(b)ύёᢀჸளऊ 40µm ϐႣᗓ Al ቫǴёૈࢂҗ

1 ߄߄߄߄όܴࣗᡉǶࡺၨեǴ(IOC)ࡋၨᖓЪ࣬ჹ่඲ࠆጢܭ ࣁ AlSi ᆶ AlSiAl

၂Тᖓጢ߄य़࿶ EDS ϩ่݀݋Ǵޣࡕ Al ֖ໆัଯࢂӢуΕ Al Ⴃᗓቫϐ่

݀Ƕ2 ߄߄߄߄ ౗ໆෳ่݀Ǵว౜уΕߔႝޑӚಔ၂Тࣁ Al Ⴃᗓቫёߔ٬ႝ౗ܴ

ᡉΠफ़Ǵ௢ෳёૈࢂӢࣁSiࣁъᏤᡏǴႝ а྽Si֖ໆၲ܌౗ၨଯǴߔ 30 at.%

а΢ਔǴᗨฅጢࠆᇻၨႣᗓ Al ቫࠆǴՠ Al-Si ቫႝߔ౗ϝၨႣᗓ Al ቫଯǶ

җკკკკ 2 ύ AlSiAl thin-film X-Ray ᙅ৔კёว౜ Al ᆶልᆋޑᙅ৔ঢ়Ǵՠ Si ϐ

ᙅ৔ঢ়߾҂р౜Ǵ߻ΓࣴزύΨԖԜ౜ຝǴԖޑᇥࢂݤᗓቫύޑ Si ԯڼࣁ

่ᄬǴ඲ಈλܭ XRD ܈Զᜤа೏ୀෳ[13]Ǵҭ(coherent length)ࡋߏӕፓޑ

ᇡࢂࣁ Si  ठǶ܌඲่ᄬ[14][15]ߚࣁ

25ʚΠǴಃ΋ǵϖᆶΟΜൻᕉϐкႝܫԔጕӵკკკკ 3 ҢǶਥᏵЎ᝘ǴAl܌

ࣁ൪᎖ᆶಥ᎖ႝՏϩձޑ 0.2V ᆶ 0.48VǴSi ࣁϸᔈႝՏޑ 0.05V ᆶ 0.3VǶ

კύႝՏѳѠᆶ Al ϸᔈႝՏॶၨ֍ӝǴՠޑ Si ҂р౜ǴӢԜ௢ෳ߾ѳѠޑ

ᗓቫύޑ Si ӧкႝܫၸำύ҂ᆶ Li ᚆηวғϸᔈǴ໻תᄽ጗ፂفޑՅǶҗ

კკკკ 3(a)ว౜Ǵ२ൻᕉᆶځᎩٿൻᕉ࣬КܭၨଯႝՏр౜ϸᔈѳѠǴёૈࢂว

ғ׎ԋ SEI ᖓጢϸᔈ܌ᏤठǶᢀჸკკკკ 3(b)ǵǵǵǵ(c)ว౜྽кႝܫϸᔈᅌᖿᛙۓǵ

SEI ᖓጢς׎ԋϐሞǴ൪᎖Ԕጕܭ 0.2V ೀр౜ႝՏѳѠǴว౜ᒿ๱ൻᕉኧቚ

уǴޣٿϐѳѠቨࡋҗ AlSiAl ~ AlSi ᙯᡂࣁ AlSiAl > AlSiǴҗЎ᝘[16][17]ள

ࣁ၀ႝՏϸᔈޕ Al + Li → LiAlǴЪࣁ Al ൪᎖ޑനЬाϸᔈǴႝՏѳѠཇଯ

ܭҢ߄ 0.2V ਔ׎ԋ LiAl ৒ໆΨཇଯǶკკკკႝޑғౢࢤཇଯǴԜ໘ࣁໆޑ 4 ࣁ
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кႝႝܫ৒ໆൻᕉԔጕ (25ʚ)Ǵ30 ԛൻᕉය໔ AlSi ႝ৒ໆុ࡭૰ଏ(983 → 

235 mAh/g)ǴԶ AlSiAlࢂ߾ᆢ࡭ၨޑ٫ൻᕉ܄(598 → 663 mAh/g)ǴԜ่݀

ҭёᆶკკკკ 3(b)ǵǵǵǵ(c)ϕ࣬ӑ᛾Ƕ 

კკკკ 5 ࣁ AlSiAl-H ၂Тᐉᄒय़ϐ SEM ྣТǴ࣬ၨܭკკკკ 1(b) ϐ AlSiAlว౜

Ⴃᗓ Al ቫ࿶዗ೀ౛ࡕև౜ၨమධϐቹႽǴᡉҢ IOC Ԗ܌ගϲǴќ΋Бय़ځ

ጢࠆΨၨ዗ೀ౛ϐౣ߻ቚǴ߄Ң዗ೀ౛೷ԋ Al ಈηӛୁٿᘉණǶКၨკკკკ 2

၂Т࿶዗ೀ౛ࡕ߻ϐ thin-film XRD ϩ߾่݀݋ว౜዗ೀ౛ᇙำ٬ள Al ϐᙅ

৔ঢ়׳уܴᡉǴёዴᇡԜ዗ೀ౛ᇙำҭૈගϲᗓጢϐ่඲ࡋǶ 

ਥᏵЎ᝘[18 ]Ǵᖓጢϐ่඲ࡋᆶႝߔ౗ևϸКᖿ༈Ǵ 2 ߄߄߄߄ ᆶკკკკ 2 ёᡉ

Ң AlSiAl-H ᗓጢڀԖၨଯϐ࣬ჹ่඲کࡋၨեϐႝߔ౗ǶࣁΑᙶమ੿ޜ዗ೀ

౛ჹкႝႝܫ৒ໆ੝܄ϐቹៜǴ܌а຾ՉКჹ AlSiAl ᆶ AlSiAl-H ϐதྕΠ

(25ʚ)όӕൻᕉкႝܫԔጕ (კკკკ 6)ᆶкႝܫൻᕉႝ৒ໆԔጕ(კკკკ 7)Ƕॶளݙཀ

Ǵ㵝Α຾΋؁ᙶమ၂Т࿶዗ೀ߈౜࣬྽ௗ߄܄ႝޑதྕΠܭಔ၂ТٿǴࢂޑ

౛ޑࡕ߻ৡ౦ǴӢԜӆஒ AlSiAlᆶ AlSiAl-H ࿼ܭ 55ʚޑᕉნΠ຾Չкႝܫෳ

၂Ǵკკკკ 8 ᆶკკკკ 9 ϩձޣٿࣁಃ 10 ൻᕉкႝܫԔጕᆶкႝܫൻᕉԔጕǴҗკკკკ 8

ёޕ྽кႝܫϸᔈᖿᛙۓ(ಃ 10 ൻᕉ)ǴAlSiAl-H όፕܭ൪᎖܈ಥ᎖ϸᔈਔǴ

ܭϸᔈႝՏѳѠ֡ᇻεځ AlSiAlǴ߄Ңܭޣ߻ଯྕᕉნΠౢ܌ғϐႝ৒ໆᇻ

ଯޣࡕܭǴკკკკ 9 ύޣٿൻᕉޑ܄ৡ౦ᡉҢ AlSiAl-H ࣬ၨܭ AlSiAlૈ׳ගٮᓬ

౦ЪᛙޑۓкႝܫਏૈǶ 

㵝Αᢀჸ዗ೀ౛ࡕ߻ᗓቫ໔ޑϡનϩѲǴࡺჹٿಔ၂Тբ ESCA ϐᕵు

ϩ݋(კკკკ 10)Ǵёޕ࿶੿ޜ዗ೀ౛ࡕǴႣᗓ Al ቫࡋࠆቚуԶ༤ံࣚय़໔ϐ༾ᕳ

ሜǴځ٬ᆶ Al-Si ቫǵCu ᆋ໔ϐௗӝ׳ᛙڰǴܭଯྕ(55ʚ)кႝܫਔૈڙ܍

 ਏૈǶႝܫቃਗ਼ϐϸᔈǴԶε൯ගϲк׳

კკკკ 11 ڗύதྕ(25ʚ)ᕉნΠځ৒ໆᆕӝКၨǴႝޑࡕΟಔ၂Т࿶ൻᕉࣁ

ԿಃΟΜൻᕉǴଯྕ(55ʚ)ᕉნΠڗԿಃΜൻᕉǴКၨࡕว౜όፕܭதྕ܈
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ଯྕᕉნΠ֡և౜ၨᛙۓЪᓬ౦ޑкႝܫਏૈǶ 

ϐ܄৒ໆ੝ႝႝܫჹкࡕ዗ೀ౛ޜ࿶੿ځΑᙶమफ़եጢϣ਼֖ໆᆶࣁ

ቹៜǴ܌а຾ՉКჹ AlSiAlǴAlSiAl-P ᆶ AlSiAl-PH ϐதྕΠ(25ʚ)όӕൻᕉ

кႝܫԔጕ (კკკკ 12)ᆶкႝܫൻᕉႝ৒ໆԔጕ(კკკკ 13)Ǵ࿶ 30 ԛൻᕉࡕǴคፕ

 .vs %88)܄ൻᕉࢂ܈ӧႝ৒ໆ(981→863 mAh/g vs. 834→701 mAh/g)ࢂ

84%)֡և౜ AlSiAl-PH>AlSiAl-P> AlSiAl่݀ޑǴКၨόӕൻᕉޑ C-V Ԕጕё

ว౜ܭ 0.2V(൪᎖)ᆶ 0.48V(ಥ᎖) ϐႝՏѳѠǴAlSiAl-PH ϐቨ֡ࡋεܭ

AlSiAl-P ᆶ AlSiAlǴᡉҢܭޣ߻ԜΒೀϐϸᔈၨޣࡕ൪Ε/ಥр׳ӭ Li+Ǵޔௗ

೷ԋޣٿ໔ႝ৒ໆϐৡ౦ǶୖԵᆶႝߔ౗ኧᏵ(კკკკ 14)௢ෳёૈࢂ၂Тϣ਼֖

ໆफ़եᆶ࿶዗ೀ౛ࡕ IOC Ԗ܌ගϲǴճܭ Li+຾р׷਑ϐࡺǶ 

㵝Αှ AlSiAlᆶ AlSiAl-P ᗓጢύ਼ϡનᕵుϩթǴ೸ၸ ESCA ຾ՉᢀჸǴ

่݀ӵკკკკ 15(a)(b)܌ҢǴว౜ AlSiAlᆶ AlSiAl-P ϐ Al Ⴃᗓቫύ Al ᆶ਼மࡋр

౜ৡ౦Ǵޣ߻ϐ Al Ⴃᗓቫύϐ Al மࡋեޣࡕܭǴ਼ம߾ࡋଯޣࡕܭǴԜ่

݀όՠ಄ӝ AlSiAlϐ Al Ⴃᗓቫύ਼֖ໆଯܭ AlSiAl-P ϐ EDS ϩ߄߄߄߄) ่݀݋ 

1)Ǵҭё௢ፕᗓቫύ(Ѐࢂځௗ߄߈य़ೀ)ࡐ਼ޑ֖܌ёૈჹ᎖ᚆηޑ൪ಥԖ

ᛖǶନԜϐѦǴҗკკკკߔ܌ 15(b)(c)ϐ ESCA ϩ่݀݋ёว౜࿶੿ޜ዗ೀ౛ࡕǴ

Ⴃᗓ Al ቫӛୁٿᘉණǴ΋Бय़ёځ٬ᆶ Al-Si ቫǵCu ᆋ໔ϐௗӝ׳ᛙڰǴ

ӭ᎖ᚆηૈ׳໔٬ޜӭ൪Ε׳ٮεϐᔈΚǴќ΋Бय़ග׳ڙ܍ਔૈႝܫкܭ

຾рᗓቫ຾ՉкႝܫǴԶቚ຾кႝܫਏૈǶ 

 

4. ่ፕ่ፕ่ፕ่ፕ 

ᙖҗуΕ Al ႣᗓቫǴёуம Al-Si ᗓቫᆶልᆋ໔ϐௗӝǴफ़ե׷਑ႝߔ

౗Ǵ׷٬਑ᐕ࿶ 30 ԛൻᕉ٩ฅૈᆢ࣬࡭྽ଯϐൻᕉ܄ǶќѦӆჹуΕ Al Ⴃ

ᗓቫ׷ޑ਑ࡼа 200ʚ-1hr ੿ޜ዗ೀ౛ǴନΑёගϲᗓቫϐ IOCǴҭૈቚу

Al ႣᗓቫࡋࠆǴ຾΋؁ቚ຾ Al-Si ᗓቫᆶልᆋ໔ϐௗӝǴӧଯྕᕉნΠճܭ

਑ӧ׷ϸᔈǴ٬ႝܫӭ᎖ᚆηૈ຾рᗓቫ຾Չк׳ 55ʚΠૈග׳ٮᓬ౦Ъ׳
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ᛙޑۓкႝܫਏૈǶᙖҗቚуႣᗓਔ໔ᆶࡼа 200ʚ-1hr ੿ޜ዗ೀ౛ǴёԖ

ਏफ़ե Al-Si ᗓቫϐ਼֖ໆǴ٠ቚу׷਑ϐ IOCǴफ़եႝߔ౗Ǵቚу Al Ⴃᗓ

ቫࡋࠆǴճ׳ܭӭ᎖ᚆηૈ຾рᗓቫ຾ՉкႝܫϸᔈǴ׷٬਑ᐕ࿶ 30 ԛൻ

ᕉ٩ฅૈᆢ࣬࡭྽ଯϐкႝܫਏૈǶ 

 

ठᖴठᖴठᖴठᖴ 

ҁࣴ܍زᆾ୯ҥԋфεᏢ༾ڼԯࣽزࣴמύЈ(ᗌӛഗӾεᏢीฝ௢୏ᕴύ

Јीฝ: D99-2700)ᆶ୯ࣽ཮ीฝ(ीฝጓဦ: NSC99-2622-E-006-132)Ѝ࡭Ƕ 
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Al-Si 1 ߄ ᖓጢ EDS ϩ่݀݋ 

 

 Al at.% Si at.% O at.% 

AlSi 45.39 36.76 17.86 

AlSiAl 52.85 29.69 17.47 

AlSiAl-H 52.53 30.16 17.31 

AlSiAl-P 60.76 30.32 8.93 

 
 

Al-Si 2 ߄ ᖓጢႝߔ౗ໆෳ่݀ 

 

Thin film AlSi AlSiAl AlSiAl-H AlSiAl-P AlSiAl-PH 

͙͙͙͙ (Ω-cm) 4.1×10-2 2.8×10-4 2.5×10-4 1.8×10-4 5.1×10-5 
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კკკკ 1 (a) AlSi and (b) AlSiAl ϐᐉᄒय़ቹႽϐᐉᄒय़ቹႽϐᐉᄒय़ቹႽϐᐉᄒय़ቹႽ 
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Fig. 2 AlSi ᆶᆶᆶᆶ AlSiAl ϐϐϐϐ Thin-film XRD ϩ่݀݋ϩ่݀݋ϩ่݀݋ϩ่݀݋ 
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კკკკ 3 AlSi ᆶᆶᆶᆶ AlSiAl ಃ(a) 1ǵǵǵǵ(b) 5 ᆶᆶᆶᆶ (c) 30ܭಃܭಃܭಃܭ ൻᕉϐ൪ൻᕉϐ൪ൻᕉϐ൪ൻᕉϐ൪/ಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕ 
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კკკკ 4 AlSi and AlSiAl ϐϐϐϐႝႝܫ৒ໆൻᕉԔጕႝႝܫ৒ໆൻᕉԔጕႝႝܫ৒ໆൻᕉԔጕႝႝܫ৒ໆൻᕉԔጕ 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
15

 
 

 

 

კკკკ 5 AlSiAl-H ϐᐉᄒय़ቹႽϐᐉᄒय़ቹႽϐᐉᄒय़ቹႽϐᐉᄒय़ቹႽ 
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კკკკ 6 AlSiAl ᆶᆶᆶᆶ AlSiAl-H ಃ(a) 1ǵǵǵǵ(b) 5ܭಃܭಃܭಃܭ ᆶᆶᆶᆶ (c) 30 ൻᕉϐ൪ൻᕉϐ൪ൻᕉϐ൪ൻᕉϐ൪/ಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕ 
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კკკკ 7 AlSiAl and AlSiAl-H ܭܭܭܭ 25ʚʚʚʚϐႝႝܫ৒ໆൻᕉԔጕϐႝႝܫ৒ໆൻᕉԔጕϐႝႝܫ৒ໆൻᕉԔጕϐႝႝܫ৒ໆൻᕉԔጕ 
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კკკკ 8 AlSiAl ᆶᆶᆶᆶ AlSiAl-H ܭܭܭܭ 55ʚʚʚʚΠಃΠಃΠಃΠಃ 10 ൻᕉ൪ൻᕉ൪ൻᕉ൪ൻᕉ൪/ಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕ 
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კკკკ 9 AlSiAl ᆶᆶᆶᆶ AlSiAl-H ܭܭܭܭ 55ʚʚʚʚΠΠΠΠϐႝႝܫ৒ໆൻᕉԔጕϐႝႝܫ৒ໆൻᕉԔጕϐႝႝܫ৒ໆൻᕉԔጕϐႝႝܫ৒ໆൻᕉԔጕ 
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კკკკ 10 (a) AlSiAl ᆶᆶᆶᆶ(b) AlSiAl-H ϐϐϐϐ ESCA ᕵుϩ่݀݋ᕵుϩ่݀݋ᕵుϩ่݀݋ᕵుϩ่݀݋ 
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კკკკ 12 AlSiAlǵǵǵǵAlSiAl-P ᆶᆶᆶᆶ AlSiAl-PH ಃ(a) 1ǵǵǵǵ(b) 4ܭಃܭಃܭಃܭ ᆶᆶᆶᆶ  

(c) 30 ൻᕉ൪ൻᕉ൪ൻᕉ൪ൻᕉ൪/ಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕ 
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კკკკ 13 AlSiAlǵǵǵǵAlSiAl-P ᆶᆶᆶᆶ AlSiAl-PH ܭܭܭܭ 25ʚʚʚʚΠϐΠϐΠϐΠϐႝႝܫ৒ໆൻᕉԔጕႝႝܫ৒ໆൻᕉԔጕႝႝܫ৒ໆൻᕉԔጕႝႝܫ৒ໆൻᕉԔጕ 
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კკკკ 14 (a)AlSiAlǵǵǵǵ(b) AlSiAl-P ᆶᆶᆶᆶ(c) AlSiAl-PH ᖓጢϐᖓጢϐᖓጢϐᖓጢϐ ESCA

ᕵుϩ่݀݋ᕵుϩ่݀݋ᕵుϩ่݀݋ᕵుϩ่݀݋ 

 

 


