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Abstract 

 

The purpose of this study is to examine the microstructural developments 

of Fe-9 wt.%Al-30 wt.%Mn-1.8 wt.%C alloy (Alloy A(0 Cr)) and Fe-9 

wt.%Al-30 wt.%Mn-6 wt.%Cr-1.8 wt.%C (Alloy B(6 Cr)) after being solution 

heat-treated (SHT) and then aged at 400ʚ for various times by means of optical 

microscopy (OM), scanning electron microscopy (SEM) and transmission 

electron microscopy (TEM). In addition, the corrosion resistant properties of the 

as-quenched and aged alloys in 3.5% NaCl solution were also examined by 

electrochemical measurements and auger electron spectroscopy (AES). 

In the as-quenched condition, the microstructure of  both alloys A(0 Cr) 

and B(6 Cr) was single austenite ( ) phase containing fine  carbides, and no 

precipitates could be observed on grain boundaries. The fine  carbides are 

(Fe,Mn)3AlC carbides with an L 12 structure, which were formed within the  

matrix by spinodal decomposition during quenching. In the as-quenched 
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condition, the corrosion resistance of the alloy B(6 Cr) was much better than that 

of the alloy A(0 Cr). 

When the as-quenched alloy B(6 Cr) was aged at 400ʚ for 3 h, the fine  

carbides grew significantly and no precipitates were formed on grain boundaries. 

Therefore, the corrosion resistant property of the alloy B(6 Cr) aged at 400ʚ for 

3h is similar to that of the alloy B(6 Cr) in the as-quenched condition. However, 

when the aging time was increased to 24h, some coarse (Fe,Mn)3AlC carbides  

(  carbides) having an L 12 structure started to appear on grain boundaries. With 

increasing the aging time at 400ʚ, the coarse  carbides grew into adjacent 

austenite grains through ɠ  0 (carbon-deficient austenite)ɠ  carbide 

reaction. The precipitation of  carbides on the grain boundaries would 

deteriorate the pitting corrosion noticeably. After further prolonged the aging 

time, Cr-rich M7C3 carbides were also found to appear on grain boundaries. The 

M7C3 carbide has a hexagonal close-packed (HCP) structure. Owing to the 

heterogeneous precipitation of Cr-rich M7C3 on grain boundaries, the corrosion 

resistance of the alloy B(6 Cr) in 3.5% NaCl solution dropped drastically. 
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კ 6)d*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 47 λਔࡕǴ!

х֖ؔථҖ៓୷Ӧ࣬کࣚ͒.ᅹϯऀޑނԄႝηᡉ༾᜔!

!!!!!!!!ᙅკྣТǴື112\ࣁ^Ǵځύ ilm ථҖ៓࣬Ǵilmؔࣁ !ࣁ

!!!!!!!!͒.ᅹϯނ!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ!29!

კ 6)e*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 47 λਔࡕǴ!

!!!!!!!!х֖ؔථҖ៓୷Ӧ࣬کค͒.ᅹϯނрϐऀԄႝηᡉ༾᜔!

ܴຎഁྣТ!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ!29!

კ 6)f*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 47 λਔࡕǴ!

!!!!!!!!х֖ؔථҖ៓୷Ӧ࣬کค͒.ᅹϯނрϐऀԄႝηᡉ༾᜔!

སຎഁྣТ!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ!2:!

კ 6)g*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 47 λਔࡕǴ!

ࣚ߈ߕค͒.ᅹϯނрऀޑԄႝηᡉ༾᜔ᙅკྣ!

ТǴື112\ࣁ^!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ2:!

კ 7)b*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ :7 λਔࡕǴ!

х֖ؔථҖ៓୷Ӧ࣬کε൯ԋ͒ޑߏ.ᅹϯނϐऀԄႝηᡉ༾!

᜔ܴຎഁྣТǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ31!



X

კ 7)c*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ :7 λਔࡕǴ!

х֖ؔථҖ៓୷Ӧ࣬کε൯ԋ͒ޑߏ.ᅹϯނϐऀԄႝηᡉ༾!

᜔སຎഁྣТǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ31!

კ 7)d*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ :7 λਔࡕǴ!

х֖ؔථҖ៓୷Ӧ࣬کࣚሐᅹϯނ)N8D4*рϐӧ 6111 ७Π!

ϐඔԄႝηᡉ༾᜔ྣТ!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ!31!

კ 7)e*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ :7 λਔࡕǴ!

х֖ؔථҖ៓୷Ӧ࣬کࣚሐᅹϯނ)N8D4*рϐӧ26111७Π!

ϐඔԄႝηᡉ༾᜔ྣТ!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ!31!

კ 7)f*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 47 λਔࡕǴ!

ࣚሐᅹϯނ)N8D4*рϐऀԄႝηᡉ༾᜔ᙅკྣ!!!

ТǴື1112\ࣁ^!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ!32!

კ 7)g*!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 47 λਔࡕǴ!

ࣚሐᅹϯނ)N8D4*рϐऀԄႝηᡉ༾᜔ᙅკྣ!!!

ТǴື1!3.!2!2\ࣁ^!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ!32!

კ 8!!!!៓.: ᎑.41 ᒰ.2/9 ᅹӝ៓کߎ.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ!

!!!!!!!!2311ʚǴ3λਔڰྋೀࡕӧ 4/6!&!ObDm Нྋనύϐᄊཱུϯ!

!!!!!!!!Ԕጕკ!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ!38!

კ 9!!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 4λਔࡕǴ!

!!!!!!!!ӧ 4/6!&!ObDm НྋనύϐᄊཱུϯԔጕკ!ǾǾǾǾǾǾǾǾ38!

კ :!!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 35 Ϸ 47 λ!
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ਔࡕǴӧ 4/6!&!ObDm НྋనύϐᄊཱུϯԔጕკ!ǾǾǾǾǾ39!

კ 21!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ :7Ϸ 231 λ!

ਔࡕǴӧ 4/6!&!ObDm НྋనύϐᄊཱུϯԔጕკ!ǾǾǾǾǾ39!

კ 22!!!៓.: ᎑.41 ᒰ.2/9 ᅹӝ៓کߎ.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ!

!!!!!!!!2311ʚǴ3λਔڰྋೀϷ 511ʚόӕਔ໔ϐਔਏೀࡕǴӧ!

4/6&ObDm НྋనύϐᄊཱུϯԔጕკ!ǾǾǾǾǾǾǾǾǾǾ!3:!

კ 23!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 2311ʚǴ3λਔڰྋೀǴ!

٠ӧ 4/6&ObDm Нྋనύෳ၂ᄊཱུϯԔጕࡕǴճҔኻണႝηૈ!!!!

ሺǴϩߎឦ߄य़ϐϡનԭϩКჹᕵుკ!ǾǾǾǾǾǾǾǾǾ41!

კ 24!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 4λਔǴ!

٠ӧ 4/6&ObDm Нྋనύෳ၂ᄊཱུϯԔጕࡕǴճҔኻണႝηૈ!!!!

ሺǴϩߎឦ߄य़ϐϡનԭϩКჹᕵుკ!ǾǾǾǾǾǾǾǾǾ41!

კ 25!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 35 λਔǴ!

٠ӧ 4/6&ObDm Нྋనύෳ၂ᄊཱུϯԔጕࡕǴճҔኻണႝηૈ!!!!

ሺǴϩߎឦ߄य़ϐϡનԭϩКჹᕵుკ!ǾǾǾǾǾǾǾǾǾ42!

კ 26!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 47 λਔǴ!

٠ӧ 4/6&ObDm Нྋనύෳ၂ᄊཱུϯԔጕࡕǴճҔኻണႝηૈ!!!!

ሺǴϩߎឦ߄य़ϐϡનԭϩКჹᕵుკ!ǾǾǾǾǾǾǾǾǾ42!

კ 27!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ :7 λਔǴ!

٠ӧ 4/6&ObDm Нྋనύෳ၂ᄊཱུϯԔጕࡕǴճҔኻണႝηૈ!!!!

ሺǴϩߎឦ߄य़ϐϡનԭϩКჹᕵుკ!ǾǾǾǾǾǾǾǾǾ43!
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კ 28!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 511ʚਔਏೀ 231 λਔǴ!

٠ӧ 4/6&ObDm Нྋనύෳ၂ᄊཱུϯԔጕࡕǴճҔኻണႝηૈ!!!!

ሺǴϩߎឦ߄य़ϐϡનԭϩКჹᕵుკ!ǾǾǾǾǾǾǾǾǾ43!
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XIII

!Ҟᒵ߄

߄ 2!!!!៓.: ᎑.41 ᒰ.2/9 ᅹӝߎϷ៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ!

!!!!!!!!2311ʚǴ3λਔڰྋೀϷ 511ʚόӕਔ໔ϐਔਏೀࡕǴӧ!

!!!!!!!!4/6&ObDm Нྋనύϐלᆭᇑෳ၂ᄊཱུϯԔጕኧᏵ!ǾǾǾǾ!36!

߄ 3!!!!៓.: ᎑.41 ᒰ.7 ሐ.2/9 ᅹӝߎၸ 2311ʚǴ3λਔڰྋೀϷ!

511ʚόӕਔ໔ϐਔਏೀǴ٠ӧ 4/6&ObDm Нྋనύෳ၂ᄊ!

ཱུϯԔጕࡕǴճҔኻണႝηૈሺǴϩߎឦ߄य़ϐϡનԭϩК!

ኧᏵ!ǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾǾ!37!
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ಃക!ق!

!!!!ֹӄؔථҖ៓࣬)͋*៓ޑ᎑ᒰᅹӝߎǴςቶݱӭৎᏢزࣴޣ

\2.25^
ǶӧԜӝߎύǴᒰکᅹؔࢂථҖ៓࣬ޑᛙۓϡનǴ٬ӝڀߎԖၨޑ٫

հуπ܄аϷեྕۯ܄
\26.41^

ǹ᎑ޥࢂ߾ಈ៓࣬ޑᛙۓϡનǴӕਔ᎑ϡન

٬ӝߎӧଯྕਔڀԖؼӳ਼לޑϯૈΚǶќѦǴᒰ֖ޑໆѸե46ܭ!xu/&Ǵ

аᗉխૄޑ܄ ͊.No Πफ़ǹќѦǴᗨฅගଯ܄ᐒఓޑߎрǴԋӝ࣬

᎑֖ໆຬၸࢂǴՠࡋமޑߎගଯӝܭໆԖշ֖ޑ᎑ 21!xu/&Ъᅹ֖ໆեܭ

1/6!xu/&Ǵ߾٬ӝߎԋؔථҖ៓Ϸޥಈ៓ޑᚈ่࣬ᄬǴ܌аၸଯޑ᎑

֖ໆԋؔථҖ៓࣬ޑᛙࡋۓϷӝۯޑߎ܄फ़եǶᆕӝаǴךॺё

аᙖҗफ़ե᎑֖ޑໆࢂ܈ගଯᒰϷᅹ֖ޑໆٰᛙؔۓථҖ៓࣬Ǵ٠Ъҗ

బуޑӝߎКٰٯᕇளঁֹӄؔޑථҖ៓࣬
\2:.4:^

Ƕ!

ਥᏵӃᏢزࣴޑޣ
\46.47-51.66^

Ǵӝߎԋϩጄൎϟܭ Gf.)9.21*!

xu/&Bm.)39.41*!xu/&No.)1/6.2/4*!xu/&D ϐӝߎǴၸଯྕڰྋೀ٠Ъ

࡚ೲేОϐࡕǴԋൂؔޑථҖ៓࣬ǹӆၸ 611ʚ.861ʚޑەਔਏ

ೀϐࡕǴёаวಒλޑ)Gf-No*4BmD ᅹϯނ)͒�’.ᅹϯނ*ӧಈύݮ

=211?Бӛӝ܄)dpifsfou*рǴԜ ͒�’.ᅹϯڀނԖ M�’23่ޑᄬǴԜਔ

ࣚ٠คᅹϯޑނрǴ܌аӝߎӧؒԖᡉޑ܄ཞѨΠǴமࡋԖᡉ

.’�͒ޑǴନΑচӃಈϣߏਔ໔ޑਔਏޣ܈ගଯࡋྕޑගϲǶՠਔਏޑ

ᅹϯނԋߏϐѦǴӧ͋0͋ࣚΨᢀჸډಉεϯ͒ޑ.ᅹϯނ౦፦
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рǴ٬ளӝ܄ૄޑߎቚуǴ܄ۯफ़եǶ೭ᅿ͒.ᅹϯނΨڀࢂԖ M�’23่ᄬޑ

)Gf-No*4BmD ᅹϯނ)͒.ᅹϯނ*
!\46-48-66.68^

ǴӸӧ׳ܭଯޑਔਏྕߏ׳܈ࡋ

ʈ͉ɠ͒ɠ͊.No͋ࢂޣ܈ಈ៓࣬*ɠ͒ޥ(җ͋ʈ͉ࢂਔਏਔ໔Ǵ೯தޑ

ᇥǴGf.9!xu/&Bm.42/6!xu/&No.2/16!xu/&DٰٯԋǶᖐ܌ϸᔈޑ ӝߎ

ၸڰྋೀ٠࡚ೲేОϐൂࣁࡕؔޑථҖ៓ Ǵ࣬ၸ 661ʚอਔ໔ਔਏ

ೀϐࡕǴӧಈϣёаวಒλޑ ͒�’.ᅹϯނӧ҆࣬ύрǹၸߏ׳

ਔ໔ 661ʚਔਏೀϐࡕǴಉε͒ޑ.ᅹϯނ໒ۈӧࣚаϷᚈࣚय़

рǴځࣚ࣬ϩှϸᔈ͋ࣁʈ͋ɠ ǹ͒Զ Gf.8/9!xu/&Bm.42/8!xu/&No.1/65!

xu/&D ӝߎǴၸ 661ʚਔਏϐࡕǴځࣚ࣬ϩှϸᔈࣁ ͋ʈ͒ɠ

͊.No
\46.47-69.76^

Ƕ ӧ ᐒఓ܄፦Бय़ǴӃࡰزࣴޑр Gf.)8.21*!

xu/&Bm.)39.43*!xu/&No.)1/65.2/4*!xu/&D ӝߎǴၸڰྋೀ٠࡚ೲ

ేОϐࡕǴVUT ϟܭ 233.255!ltj ϐ໔ǴZT ϟܭ 6:.91!ltj ϐ໔Ǵۯ܄

ϟܭ 61&.83&ϐ໔
\77.7:^

ǹӝߎၸ 661ʚอਔ໔ਔਏೀϐࡕǴҗܭಒ༾

ޑ ͒�’.ᅹϯ֡ނϬޑӧ҆࣬ϣрǴՠϝόӧࣚрǴၲډрฯϯ

ܭε܄ۯਏ݀Ǵޑ 41&ਔǴVUT ගϲԿ 237.293!ltjǴZT ගϲԿ :7.269!

ltj
!\7:.81^

!ǹԶࡼаߏ׳ਔ໔ޑਔਏϐࡕǴӵ܌ගǴҗܭԖಉεϯ͒ޑ.

ᅹϯނӧࣚрǴᡏޑᐒఓமࡋϷۯ܄ε൯Πफ़
\82^
Ƕ!

!Զӝޑߎᅹ֖ໆ?!2/4!xu/&ਔǴၸڰྋೀ٠Ъ࡚ೲేОϐࡕǴ

ਥᏵӃزࣴว
\83.85^

Ǵځᡉ༾่ᄬکե֖ᅹໆӝޑߎৡ౦ӧܭǴؔථҖ
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៓҆࣬ύԖཱུಒ༾ޑ ͒�’.ᅹϯނӧేОၸำύаўᇯᒍӭ࣬ϩှ

)tqjopebm!efdpnqptjujpo*ޑБԄрǶٯӵǺGf.:!xu/&Bm.41!xu/&No.3!

xu/&D ӝߎǴၸڰྋೀ٠࡚ೲేОϐࡕǴёаว҆࣬ؔࣁථҖ៓࣬

аϷಒ༾͒ޑ�’.ᅹϯ܌ނಔԋǹၸ 661ʚ.2211ʚਔਏϐࡕǴಒ༾ޑ ͒�’.

ᅹϯނӧؔථҖ៓࣬ύԋߏǶਔਏਔ໔ቚуǴԖಉεϯ͒ޑ.ᅹϯނ

͋ʈ͋1ɠ͒ϸᔈӧࣚр
\83^
ǶќѦǴӧ Gf.:!xu/&Bm.41/6!xu/&No.3!

xu/&D ӝߎΨวǴځӝߎӧၸేОϐࡕǴ୷ӦԖ tusvduvsbm!

npevmbujpoޑຝวғǴ٠ЪԖ͒�’.ᅹϯނаўᇯᒍӭ࣬ϩှޑБԄрǴ

Ԝӝߎၸ 861ʚ)܈եܭ 861ʚ*ਔਏೀਔǴӧࣚޑ ͒.ᅹϯڀނԖ

M�’23่ᄬǶӝߎၸ 961ʚ.:61ʚߏਔਏೀࡕǴԖಉεޑ ͒.ᅹϯނ

Ϸಒ༾͒ޑ�’.ᅹϯނӕਔӧؔථҖ៓҆࣬ύౢғǴځύಉε͒ޑ.ᅹϯࢂނ

ਔਏၸำύ܌ԋǴԶಒ༾ޑ ͒�’.ᅹϯࢂނӧేОਔᙖҗўᇯᒍӭ࣬ϩှ

ԋ
\86^
Ƕᜢܭଯᅹ֖ໆӝޑߎᐒఓ܄፦ࣴزКၨϿǴԖࣴࡰزрӧ Gf.9/6!

xu/&Bm.41!xu/&No.3!xu/&D ӝߎǴၸ 2211ʚڰྋೀλਔϐࡕӆ

ՉհǴӧ҆࣬ϣёว͋0͒ᚈ่࣬ᄬǴЪӧࣚёᢀჸ͒ډ.ᅹϯނ

ځǶނрރቫޑ VUT ѝԖ 95!ltjǴЪۯ՜൳Яࣁ႟
\84^
ǶԶਥᏵќѦޑ

ǴGf.:!xu/&Bm.39!xu/&No.2/9!xu/&Dزࣴ ӝߎǴၸڰྋೀ٠࡚ೲే

ОϐࡕǴ̓ ಔԋǴVUT܌ނᅹϯ.’�͒ޑථҖ៓࣬аϷಒ༾ؔࣁ࣬ ࣁ 267!ltjǴ

ZT ࣁ 237!ltjǴۯࣁ܄ 66/6!&ǹӝߎၸ 561ʚอਔ໔ਔਏೀϐࡕǴ
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ಒ༾ޑ ͒�’.ᅹϯނӧؔථҖ៓࣬ύԋߏǴமࡋӢԜε൯ගଯǴVUT ϟܭ

276.336!ltjǴZT ϟܭ 244.317!ltjǴԶۯ܄ϟܭ 36/9.59/7&ϐ໔
\82^
Ƕ!

! ਥᏵӃزࣴЎว
\87.94^

ǴڀԖᓬ౦ᐒఓ܄፦ϐѤϡ៓᎑ᒰᅹӝߎǴ

ᆭᇑלӧሡߎόឌᒳǴԋ៓᎑ᒰᅹӝسሐᙻ៓ޑϝᇻόϷ܄ᇑלځ

ᕉნϐᔈҔཱུډڙεޑज़ڋǶԖ᠘ܭԜǴӵՖගϲ៓᎑ᒰᅹӝלޑߎᇑ

ૈΚջԋࣁԜӝߎӧᔈҔཱུεޑᜢᗖǶ!

! ӧ៓᎑ᒰᅹ)Gf.Bm.No.DȑӝߎύబуϿໆޑሐǴନΑёаߥԖ៓᎑ᒰ

ᅹӝߎᓬ౦ޑᐒఓ܄፦аѦǴᗋёаගܹӝלޑߎᆭᇑ܄፦
\87.94^

Ƕӧᡉ༾

่ᄬБय़Ǵၸਔਏೀ៓ޑࡕ᎑ᒰሐᅹӝߎԖёૈӧࣚрሐޑ

ᅹϯނǶٯӵǺGf.:!xu/&Bm.41!xu/&No.6!xu/&Ds.1/8!xu/&D ӝߎǴӧڰ

ྋೀ٠࡚ೲేОϐൂࣁࡕؔථҖ៓ Ǵ࣬Զӧၸ 661ʚ.861ʚਔਏೀ

ϐࡕǴ͋ 0͋ࣚԖ)N8D4ɠE14*ʈ)N8D4ɠC3*!ʈ)N8D4ɠ͉*ϸᔈวғ
\95^
ǹ

Gf.9/8!xu/&Bm.39/4!xu/&No.6/6!xu/&Ds.2!xu/&D ӝߎǴၸ 911ʚ.2361

ʚਔਏೀϐࡕǴӧ͋0͋ࣚаϷಈϣԖ)͋ɠDs8D4*ʈ͋ʈ)͋ɠ

)͉ɠC3ɠE14**ϸᔈวғ
\96^
Ƕ!

!!!!҅ӵय़܌ගǴబуሐޑЬाҞࣁࢂޑΑගଯӝלޑߎᇑ܄ǴਥᏵ

ΓزࣴޑǴGf.:!xu/&Bm.41!xu/&No.)4-6-7/6-9*!xu/&Ds.2!xu/&D ӝߎа

Ϸ Gf.8!xu/&Bm.41!xu/&No.)1-4-7-:*!xu/&Ds.2!xu/&D ӝߎၸڰྋೀ

٠࡚ೲేОࡕǴෳໆӧ 4/6!&!ObDm ྋనύཱུޑϯԔጕǴҗ่݀ᢀჸǴዴ
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ჴ࣬ၨܭ҂బуሐ៓ޑ᎑ᒰᅹӝߎǴԖלޑ٫׳ᆭᇑ܄ǹ٠Ъӧబу 6.7!

xu/&Ds ፦܄ᆭᇑלޑന٫ډΠǴёளݩޑ
\97.98^

Ƕ೭ࢂӢࣁ֖ໆޑሐ

బуǴӧӝ߄ߎय़ԋ Ds3P4ߥៈቫǴӢԜёаӧཱུϯԔጕύᢀჸ໌ډϯ

ޑԋǶ!

! ᆕᢀаǴคፕࢂӝߎᡉ༾่ᄬࢂ܈ӝלߎᆭᇑ܄፦زࣴޑǴࣣज़

ܭ GfBmNoDsD ӝߎЪ D!=!2/4!xu/&ǶӧబуሐЪᅹ֖ໆεܭ 2/4!xu/&ޑӝ

ǴԶόӕزᗋۘ҂ԖΓࣴ፦Ҟ܄ᆭᇑלکᡉ༾่ᄬޑࡕӧਔਏೀߎ

ӧނǴᅹϯߏ༾ᢀ่ᄬǴЪᒿਔਏਔ໔ޑߎᡂӝׯೀਔ໔ޑ

ࣚаϷಈύраϷԋߏǶ܌аҁࣴزፕЎஒ Gf.:!xu/&Bm.41!

xu/&No.7!xu/&Ds.2/9!xu/&D ӝߎǴӧేОރᄊΠ 511ʚਔਏೀࡕϐᡉ

༾่ᄬᡂϯکӧ 4/6&!ObDm Нྋనϐלᆭᇑ܄፦Ƕ!

!

!

!

!

!

!

!

!
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ಃΒക!ჴᡍᡯ!

3/2!ӝߎᇙഢ!

!!!!ҁჴᡍஒ٬Ҕ Gf.:!xu/&Bm.41!xu/&No.2/9!xu/&D ӝߎ)аΠᙁᆀࣁӝ

ߎ B*Ϸ Gf.:!xu/&Bm.41!xu/&No.7!xu/&Ds.2/9!xu/&D ӝߎ)аΠᙁᆀࣁӝ

ߎ C*ٰՉϩǶӝޑߎᇙഢЬाճҔપཱུࡋଯ៓ှႝޑȐ::/6&ȑǵႝှ

᎑Ȑ::/8&ȑǵႝှᒰȐ::/:&ȑǵપሐکપᅹણ҃ӧଯຼݢύՉᅙᗗ᠗

ࣁӝߎᒳखǴௗӧ!Bs!ߥݗៈΠՉ!2361ʚ!֡፦ϯ!35!λਔِࡕ

ೲేОԿНύǶ!

!

!ೀۯ߅!3/3

!!!!ஒၸ֡፦ϯೀޑࡕӝߎᒳखϪപԋऊ 2!dn ܭελǴӆޑࡋࠆ

2211ʚϐΠ߅Կ 6!nn !Ƕࡋࠆ

!

3/4!ਔਏೀ!

!!!!ճ Ҕ ޜೀՉ ! 2311ʚ! ϐ ྋೀȐڰ tpmvujpo!

ifbu.usfbufe-!TIUȑ!3!λਔِࡕೲేОԿНύǶၸڰྋೀޑࡕ၂

ТǴӧ!511!ʚ!ࡼа!4!λਔǵ!35!λਔǵ!47!λਔǵ!:7!λਔϷ 231 λਔ

ϐਔਏೀǶ!

!
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3/5!ᡉ༾่ᄬᢀჸϷϩ!

ȐBȑඔԄႝηᡉ༾᜔ȐTFNȑϩ!

၂ТࣴᑃԿऊ 61͔n ӀǶܙय़Ǵӆуаႝှ߄၂ТࢱǴаЧ✉మࡋࠆ

Ӏ٬Ҕܙ 31!&ᎉለǵ26!&ၸෛለϷ 76!&ΌᎇషӝޑྋనǴֹԋᇙբϐࡕǴ

ճҔ KFPM.7611GY ඔԄႝηᡉ༾᜔ӧ 26LW Πᢀჸӝߎᐉᄒय़ϐ༾่ᄬǶ!

!

ȐCȑऀԄႝηᡉ༾᜔ȐUFNȑϩ!

ऀԄႝηᡉ༾᜔၂ТᇙբӵΠǺ२Ӄஒ၂ТࣴᑃԿऊ!61͔n Ǵࡋࠆ

ӆа!uxjo.kfu!ႝηܙӀᐒٰѺᖓǴ٬Ҕ 31!&ᎉለǵ26!&ၸෛለϷ 76!&Ό

ᎇషӝޑྋనǴܙӀྕࡋڋӧεऊ 1!ʚ߈ߕǴႝࢬமࡋεऊӧ!4/6!5!ډ!

Ø!21
5
!B0n

3
Ƕ၂ТᇙഢֹԋࡕճҔ KFPM.3211 ऀԄႝηᡉ༾᜔ӧ 311LW Π

ᢀჸᡉ༾่ᄬǴ٠ճҔଛӧ!UFN!ૈޑໆණթӀሺȐFETȑჹӚ࣬բ

ԋҽϩǶ!

!

!ᆭᇑૈΚෳ၂ל!3/6

ȐBȑႝϯᏢᆭᇑᄊཱུϯԔጕ!

२ӃஒేОރᄊکਔਏೀޑࡕӝߎаНհԄࣳ፺ϪപᐒຊϪࣁ!

21nn!Ø!21nn!Ø!6nn!ϐ၂ТǴஒ၂ТհᢃশࡕаНࣳરဦࣴᑃԿ!3111!ဦǴ

٠а਼ϯ᎑ણНྋనܙӀǴӆаЧ✉మࢱ၂Т߄य़ǶᒿࡕҔٛᇑጤځ٬
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य़៛рऊ!2dn߄
3
!य़ᑈǴௗճҔ qsjodfupo!bqqmjfe!sftfbsdi!npefm!384!

hbmwboptubu!0!qpufoujptubu ՏሺϷଛӝႝတၮᆉ೬ᡏǴӧ!4/6&!ෛႝࡡ

ϯ໊НྋనύǴа!6nw0tfd!ޑೲࡋඔǴႝՏጄൎ2/6.!ࣁW!Կ!1/6WǴ٠

ໆෳϷᛤᇙځᄊཱུϯԔጕǴᢀჸ٠इᒵႝځՏᆶႝࢬϐኧॶǶ၂Тࣁπ

բႝཱུǴ!Bh0BhDm!ୖࣁԵႝཱུǴқႝߎ ȐཱུQuǴ!31nnØ91nnȑ࣬ࣁჹႝཱུǴ

ჴᡍྕࣣࡋӧྕ࠻Ȑ36!ʚ!²!3!ʚȑΠՉǶ!

!

ȐCȑኻണႝηૈϩ!

२ӃஒႝϯᏢᆭᇑෳ၂ࡕϐӝߎ၂ТǴаНհԄࣳ፺ϪപᐒຊϪࣁ!

6nn!Ø!6nn!Ø!6nn!ϐ၂ТǴᒿࡕаኻണႝηૈϩሺȐBvhfs!Fmfduspo!

Tqfdusptdpqz-BFTȑǴՉ၂ТനѦቫ߄य़໌ϯቫϯᏢಔԋϐᕵుϩթϩ

Ȑefqui!!qspgjmfȑǴ٠ஒϩϐ่݀բკǶ!

!

!

!

!

!

!

!



9

ಃΟകʳჴᡍ่݀!

4/2!ేОރᄊΠޑᡉ༾ಔᙃ!

!!!!კ 2)b*ࣁӝߎ C!)7!Ds*ӧేОރᄊΠޑӀᏢᡉ༾᜔)PN*ቹႽǶךॺё

аᢀჸډӧ҆࣬ύԖܴᡉޑଏОᚈ)boofbmjoh!uxjo*ӸӧǴ೭ؔࢂථҖ

៓࣬)͋.qibtf*ޑቻǴ٠Ъӧࣚ٠คܴᡉрނǶკ 2)c*ډ)f*ࣁ၂

ТၸڰྋೀऀޑࡕԄႝηᡉ༾᜔)UFN*ቹႽǶკ 2)c*ࣁ UFN ຎܴޑ

ഁ)Csjhiu.Gjfme!-!CG*ቹႽǴךॺёаวӧؔථҖ៓҆࣬ಈύڀԖ

ӭಒ༾ޑ ͒.ᅹϯނǴ٠ЪࣚؒԖᢀჸډҺՖޑрނǶკ 2)d*аϷ

)e*ࣁ ک^112\ \122^Бӛޑᙅკ)tfmfdufe.bsfb! ejggsbdujpo!

qbuufso!-TBEQ*Ǵх֖ؔථҖ៓҆࣬аϷ ͒.ᅹϯޑނᙅᗺǶҗᙅᗺ

ёؔځޕථҖ៓҆࣬ڀԖय़ЈҥБ)gbdf.dfoufsfe!dvcjd!-GDD*่ޑᄬǶ

Զځдமࡋၨ১ޑᗺǴӵǺ211-121-221-231 ຬᗺ)tvqfsmbuujdf!

tqput*Ǵࢂҗрޑ ͒.ᅹϯ܌ނԋǴ٠Ъӧ೭٤ຬᗺύǴёаว

 211-121 ᙅᗺޑமࡋК 221 εǴҗԜளޕԜрڀࢂނԖ M 23่ᄬޑ

)Gf-No*4BmD ᅹϯނǶќѦǴӧ 331 ᙅᗺёаวԖፁࢃ)Tbufmmjuft*

ޕຝǴҗԜёޑ ͒.ᅹϯࢂނӧڰྋೀేОޑၸำύǴၸўᇯᒍӭ

࣬ϩှ)Tqjopebm!Efdpnqptjujpo*ϐϸᔈӧؔථҖ៓҆࣬ϣрǶკ 2)f*

͒*112(!ࣁ  སຎഁ)Ebsl!Gjfme!-EG*ቹႽǴёаమཱᢀჸډಈϣթᅈಒ

༾͒ޑ.ᅹϯނǶᆕӝаჴᡍ่݀Ǵӝߎ C)7!Ds*ӧၸڰྋೀేО
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ࢂނύ͒.ᅹϯځǶނᅹϯ.͒ޑԖಒ༾ڀථҖ៓࣬Ǵ٠Ъӧ҆࣬ύؔࣁࡕ

ӧేОਔаўᇯᒍӭ࣬ϩှޑБԄӧ҆࣬ϣԋǶ!

!

4ˁ3!ਔਏೀޑࡕᡉ༾ಔᙃ!

!!!!კ 3 ߎӝࣁ C)7!Ds* 511ʚਔਏೀ 4 λਔࡕǴ܌ᢀჸޑډቹႽǶ

კ 3)b*Ϸ)c*ϩձࣁ୷Ӧ࣬ϣऀޑԄႝηᡉ༾᜔ܴຎഁϷསຎഁቹႽǴך

ॺёаᢀჸؔډථҖ៓୷Ӧ࣬ύޑ ͒.ᅹϯޑނໆᡂளКၨӭǴ٠Ъݮ

=211?БӛԋߏǴԜਔ҆࣬ϣϝࣁ ͋ɠ͒ӅӸރޑᄊǶკ 3)d*ࢂࣚ߈ߕ

ޑ UFN ܴຎഁቹႽǴךॺёаᢀჸࣚ٠คрނǹკ 3)e*ࣁࣚ߈ߕ

ޑ UFN སຎഁቹႽǶკ 3)f*Ϸკ 3)g*ϩձ112\ࣁ^Ϸ\122^Бӛޑᙅ

კǶךॺёаᢀჸډԜ͒.ᅹϯڀނԖ M 23่ᄬǴేکОރᄊਔǴ୷Ӧ࣬ϣ

ߎаӝ܌ӕǶ࣬ނᅹϯ.͒ޑр C)7!Ds*ӧၸ 511ʚਔਏೀ 4λਔϐ

ޑߏǴಈϣҗؔථҖ៓࣬аϷԋࡕ ͒.ᅹϯ܌ނಔԋǴ٠Ъࣚ٠ค

ᢀჸډрނǶკ 4 ߎӝࣁ C)7!Ds* 511ʚਔਏೀ 35 λਔޑࡕඔ

Ԅႝηᡉ༾᜔ቹႽǴךॺёаวӧࣚԖϿໆޑрނа౦፦

)ifufsphfofpvt*ԄрǴԶ҆࣬ϣёᢀჸុډԋ͒ޑߏ.ᅹϯނǶԜ

ѦǴ߈ࣚрޑނୱǴว൳ЯؒԖ ͒.ᅹϯނӸӧǶკ 5 Ϸ 6

ߎӝࣁ C)7!Ds*ӧ 511ʚ 47 λਔਔਏೀࡕǴ܌ᢀჸޑډቹႽǶკ 5)b*

ޑඔԄႝηᡉ༾᜔ቹႽǴёаวନΑಈϣޑх֖ࣚࢂ ͒.ᅹϯނ



11

ԋ׳ޑߏεаѦǴࣚޑрނΨᡂள׳ӭǶკ 5)c*ࣁკ 5)b*!ඔԄ

ႝηᡉ༾᜔ቹႽֽޑܫεǴךॺёаวࣚؒ߈ߕԖ ͒.ᅹϯނр

ᡉǶკܴ׳ୱ)qsfdjqjubujpo!gsff!{pof*Ψᡂளޑ 6)b*ࣁࣚऀޑ߈ߕ

Ԅႝηᡉ༾᜔ܴຎഁቹႽǴҗკёаᢀჸډࣚޑಉεрނаϷ

рǶკคޑ߈ߕࣚ 6)c*ڗࣁԾؔථҖ៓҆࣬ک ͒.ᅹϯޑނᙅ

კǴື112\ࣁ^Ǵᙅᗺޑ௨ӈکຬᗺߝསჹКکკ 3)f*ᜪ՟Ǵёа

ܴӧؔථҖ៓҆࣬ύុԋޑߏ ͒.ᅹϯނӕኬڀԖ M 23่ᄬǶკ 6)d*

ޑಈϣکނрԜޕǴҗკё^112\ࣁᙅკǴືޑނрࣚࣁ

͒.ᅹϯނኬڀԖ M 23่ᄬǴךॺஒ೭ᅿࣚޑрᆀࣁ ͒.ᅹϯނǶ

კ 6)e*Ϸ)f*ࣁࣚคрऀޑԄႝηᡉ༾᜔ܴຎഁϷསຎഁቹႽǴკ

6)g*ڗࣁԾࣚ߈ߕคрϐ\112^ޑᙅკǶᙖҗᢀჸԜୱޑ

ᙅკǴёளޕԜୱࣁค ͒.ᅹϯނрؔޑථҖ៓࣬Ǵךॺᆀϐࣁ

͋1Ƕ܌аӝߎ C)7!Ds*ӧ 511ʚၸ 47 λਔਔਏೀࡕǴಈϣϝ͋ࣁ

ɠ͒Β࣬ӅӸǴ٠Ъ ͒.ᅹϯ׳ޑߏނεǶԶࣚޑрނҭڀԖ M 23

่ᄬ͒ޑ.ᅹϯނǴޑ߈ߕځค͒.ᅹϯނрؔޑථҖ៓࣬Ǵךॺᆀϐࣁ

͋1Ƕ!

!!!!კ 7 ߎӝࣁ C)7!Ds* 511ʚਔਏೀ :7 λਔࡕǴ܌ᢀჸޑډቹႽǶ

კ 7)b*ऀޑ࣬҆ࣁԄႝηᡉ༾᜔ܴຎഁቹႽǴکय़ޑკ 3)b*Ϸკ 5)b*

КၨǴԜਔ҆࣬ύޑ ͒.ᅹϯނၸߏਔ໔ޑਔਏೀǴςԋߏளߚ
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தεΑǶკ 7)c*࣬ࣁӕՏऀޑԄႝηᡉ༾᜔!)211*͒སຎഁቹႽǶკ

7)d*ࣁࣚ߈ߕඔԄႝηᡉ༾᜔ቹႽǴךॺёаܴᡉ࣮ډӧࣚԖ

рౢނғǴЪࣚ߈ߕԋܴᡉޑคрǶკ 7)e*࣬ࣁӕՏܫε७

рǶკคޑॊډᢀჸޑమཱ׳ቹႽǴёаޑ 7)f*Ϸ)g*ࣁࣚр

ॺวךǴᙅკǶҗᙅკϩޑϷ\2!2!.3!1^Бӛ^2!1!1!1\ނ

ԜрڀࢂނԖϤБനஏ୴ᑈ)Ifybhpobm!Dmptf.Qbdlfe!-IDQ*่ᄬޑ

ሐϐ N8D4ᅹϯނǶ܌аӝߎ C)7!Ds*ӧ 511ʚၸ :7 λਔਔਏೀࡕǴ҆

࣬ϣޑ ͒.ᅹϯុނԋߏǴ٠ЪࣚёаᢀჸڀډԖ IDQ ่ᄬޑሐ

ϐ N8D4ᅹϯނǶ!

!

!

!

!

!

!

!

!

!

!
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!

!

!

!

!!! !

კ 2)b*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 2)c*!

!!! !

კ 2)d*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 2)e*!

!

!

!

5 m 250nm
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!

!

!

!

!

კ 2)f*!

კ 2/ӝߎ C)7!Ds*ӧేОރᄊΠ܌ᢀჸޑډቹႽǶ!)b*ӀᏢᡉ༾᜔)PN*ቹ!

ႽǶ)c*୷Ӧ࣬ޑ UFN ܴຎഁቹႽǶ)d*.)e*ؔථҖ៓୷Ӧ࣬ޑᙅ!

კǴືϩձ122\ک^112\ࣁ^Ǵځύ ilm ථҖ៓࣬Ǵilmؔࣁ !.͒ࣁ

ᅹϯނǶ)f*୷Ӧ࣬ޑ UFN སຎഁቹႽǶ!

!

!

!

!

!

250nm
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!

!

!

!!! !

კ 3)b*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 3)c*!

!!! !

კ 3)d*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 3)e*!

!

!

!

!

300nm 300nm

350nm 350nm



16

!

!

!

!

!!! !

კ 3)f*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 3)g*!

კ 3/ӝߎ C)7!Ds*ၸ 511ʚਔਏೀ 4λਔऀޑࡕԄႝηᡉ༾᜔ྣ!

ТǶ)b*.)c*୷Ӧ࣬ϣܴޑຎഁϷསຎഁቹႽǶ)d*.)e*ܴࣚޑ߈ߕ!

ຎഁϷསຎഁቹႽǶ)f*.)g*ؔථҖ៓୷Ӧ࣬ޑᙅკǴືϩձ!

ύځǴ^122\ک^112\ࣁ ilm ථҖ៓࣬Ǵilmؔࣁ !Ƕނᅹϯ.͒ࣁ

!

!

!

!

!
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!

!

კ 4!

კ 4/ӝߎ C)7!Ds*ӧ 511ʚၸ 35 λਔਔਏೀࡕǴࣚޑ߈ߕඔԄ!

ႝηᡉ༾᜔ቹႽǶ!

!

!!! !

კ 5)b*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 5)c*!

კ 5/)b*.)c*ӝߎ C)7!Ds*ӧ 511ʚၸ 47λਔਔਏೀޑࡕඔԄႝη!

ᡉ༾᜔ቹႽǶ!

!

1 m

2 m 1 m
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!

!

!

!

!!! !

კ 6)b*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 6)c*!

!!! !

კ 6)d*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 6)e*!

!

!

!

300nm

450nm
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!

!

!

!!! !

კ 6)f*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 6)g*!

კ 6/ӝߎ C)7!Ds*ӧ 511ʚၸ 47 λਔਔਏೀޑࡕ UFN ቹႽǶ)b*!!

!ᙅკǴޑຎഁቹႽǶ)c*ؔථҖ៓୷Ӧ࣬\112^Бӛܴޑ߈ߕࣚ

ύځ ilm ථҖ៓࣬Ǵilmؔࣁ !^112\ނрǶ)d*ࣚނᅹϯ.͒ࣁ

БӛޑᙅკǴځύ ilm ථҖ៓࣬Ǵilmؔࣁ !Ƕނᅹϯ.͒ࣁ

)e*.)f*ࣚ߈ߕคрܴޑຎഁϷསຎഁቹႽǶ)g*ࣚ߈ߕค!

р\112^БӛޑᙅკǶ!

!

!

!

!

300nm
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!

!

!

!

!!! !

კ 7)b*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 7)c*!!

!!! !

კ 7)d*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 7)e*!!

!

!

!

400nm 400nm

3 m 1 m
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!

!

!

!

!!! !

კ 7)f*!!!!!!!!!!!!!!!!!!!!!!!!!!!კ 7)g*!!

კ 7/ӝߎ C)7!Ds*ӧ 511ʚၸ :7 λਔਔਏೀޑࡕ UFN Ϸ TFN ቹႽǶ!

)b*.)c*୷Ӧ࣬ϣܴޑຎഁϷསຎഁቹႽǶ)d*.)e*ࣚޑඔԄႝ!

ηᡉ༾᜔ቹႽǶ)f*.)g*ࣚрޑނᙅკǴືϩձ1112\ࣁ^

Ϸ\2231^Ƕ!

!

!

!

!

!
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4/4!ӝלߎᆭᇑෳ၂!

!!!!კ 8 ߎӝࣁ B!)1!Ds*Ϸӝߎ C)7!Ds*ӧేОރᄊΠǴܭ 4/6!&!ObDm Н

ྋనύϐᄊཱུϯԔጕკǶკ 8 ᡉҢǴబу 7!xu/&ሐޑӝߎ C)7!Ds*ӧၲ

ډ Fds)ᖏࣚႝՏ*ޑਔংǴԖܴᡉ໌ϯޑԋǹԶ҂బуሐޑӝߎ B!

)1!Ds*߾ค໌ϯޑԋǶҗ߄ 2ёޕǴӝߎ C)7!Ds*ӧేОރᄊΠǴᆭᇑ

ႝՏ)Fdpss*686/2.ࣁ!nwǴԶϾᇑႝࢬஏࡋ)Jq*ၲډ 4/63!y!21
.7!
B0dn

3

ਔǴᖏࣚႝՏ)Fds*621/4.ࣁ!nwǴϾᇑႝՏ)Fqq*91/6.ࣁnwǴૈԋႝՏ

ৡॶၲ 53:/9!nw ߎቨቶ໌ϯǶ࣬ၨϐΠǴӝޑ B)1!Ds*ӧేОރᄊΠǴ

ᆭᇑႝՏ)Fdpss*971/4.ࣁ!nwǴКӝߎ B)7!Ds*եࡐӭǶკ ߎӝࣁ9 C)7!Ds*

ӧ 511ʚՉਔਏೀ 4λਔࡕϐᄊཱུϯԔጕǴӵ߄܌ҢǴԜਔϐᆭ

ᇑႝՏ)Fdpss*6:6/9.ࣁ!nwǴᖏࣚႝՏ)Fds*631/6.ࣁ!nwǴϾᇑႝՏ)Fqq*

ࣁnwǴႝՏৡॶ!212/4.ࣁ 52:/3!nwǴ೭٤ႝϯᏢୖኧేکОރᄊΠޑӝߎ

C)7!Ds*ߚதௗ߈Ƕკ : ߎӝࣁ C)7!Ds* 511ʚਔਏೀ 35 аϷ 47 λ

ਔࡕϐᄊཱུϯԔጕǴёаวӧ೭Βঁਔਏਔ໔ΠǴཱུϯԔጕԖᜪ՟ޑ

ᖿ༈ǶԜਔϐᆭᇑႝՏ)Fdpss*ϩձ719/5.ࣁ!nw Ϸ.729/9!nwǴᖏࣚႝՏ)Fds*

ϩձ646/5.ࣁ!nw Ϸ.656/6!nwǴϾᇑႝՏ)Fqq*ϩձ268.ࣁ/:!nw Ϸ.2::/8!

nwǴႝՏৡॶϩձࣁ 488/6!nw Ϸ 456/9!nwǴаኧॶҭӈ߄ܭǶ೭٤ႝ

ϯᏢୖኧǴ࣬ၨܭॊΒᅿރᄊ)ేОރᄊϷ 4 λਔਔਏೀ*ǴԖౣࣁ

Πफ़ޑᖿ༈Ƕკ 21 ӧࣁ 511ʚਔਏਔ໔ :7 аϷ 231 λਔޑᄊཱུϯԔጕǶ
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კ 21 ᡉҢǴԜਔ໌ޑϯቨࡋᡂளΜϩઞǴ٠ЪᆭᇑႝՏ)Fdpss*Ψε

൯Πफ़Ƕӵ߄܌ҢǴԜਔӝޑߎᆭᇑႝՏ)Fdpss*ϩձ873/2.ࣁ!nw Ϸ

.926/:!nwǴᖏࣚႝՏ)Fds*ϩձ7:6.ࣁ!nw Ϸ.836/3!nwǴϾᇑႝՏ)Fqq*

ϩձ574/2.ࣁ!nw Ϸ.6:6/3!nwǴႝՏৡॶϩձࣁ 342/:!nw Ϸ 241!nwǴک

ӝߎ C)7!Ds*ਔਏਔ໔λܭ 47 λਔϐӝߎКၨǴႝϯᏢኧॶዴჴԖ࡚ᗊΠ

फ़ޑᖿ༈Ƕ!

კ 22 ߎӝࣁ B)1!Ds*аϷӝߎ C)7!Ds*ӧేОރᄊک 511ʚόӕਔ໔

ਔਏೀޑࡕᄊཱུϯԔጕϐ᠄კǶᆕӝаჴᡍ่݀Ǵӧ TIU Ϸอਔ

ਏೀϐࡕǴёᕇளᛙۓቨቶϐ໌ϯǹՠӧਔਏਔ໔ߏϐࡕǴ໌

ϯޑቨࡋΨᅌᅌᡂளઞǴᆭᇑႝՏ)Fdpss*ǵᖏࣚႝՏ)Fds*ǵϾᇑႝ

Տ)Fqq*ǵႝՏৡॶႝϯᏢኧॶΨᅌ۳ॄႝՏБӛ౽ǶЀځǴਔਏ

ೀਔ໔ၲ :7 λਔаਔǴႝځϯᏢኧॶ࡚ቃΠफ़Ƕ!

!

!

!

!

!

!

!
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4/5!ኻണႝηૈϩ!

፦ϐቹៜǴନΑճҔႝϯ܄ᆭᇑלߎਔਏਔ໔ჹӝ׳Αࣁ

Ꮲᆭᇑෳ၂ᄊཱུϯԔጕϩѦǴךॺӕਔΨ٬Ҕኻണႝηૈϩሺ

)Bvhfs!Fmfduspo!Tqfdusptdpqz!-BFT*ٰՉ၂Т߄य़ϐ໌ϯቫޑϯᏢಔ

ԋ)bupnjd!dpodfousbujpo*Ϸᕵు)tqvuufs!efqui*ϩթϩǶ߄ ߎӝࣁ3

C)7!Ds*ӧ 4/6!&!ObDm НྋనύՉלᆭᇑෳ၂Ǵԋ໌ϯቫǴӆճҔ BFT

ϩߎឦ߄ቫϡનޑচηԭϩКǶӧკ 23 Կკ 28 ߄ճҔࣁ 3 ϐϡનԭϩ

Кჹᕵుբკ܌ளޑسӈკಔǶᢀჸკ 23 Կკ 26 ሐϷ᎑ϡનচηԭޑ

ϩКǴёаวӧᕵు 2!on ਔǴሐϷ᎑ޑচηԭϩКँฅϲǹᒿᕵ

ుቚуǴӆᅌΠफ़ԿᛙރۓᄊǶԶკ 27 Ϸკ 28Ǵӧ߄߈ቫޑӦБǴሐ

Ϸ᎑ϡનচηԭϩКคԜຝวғǶԜѦǴӧკ 23 Կკ 28Ǵךॺҭวӝ

ࣁচηԭϩКεऊ਼ޑय़߄ߎ 51!&Ѱѓǹᕵుࣁ 5on ਔǴΠफ़Կऊ 41!

&ǹᒿᕵుᅌቚуǴ਼চηԭϩКനಖΠफ़Կ 26!&ѰѓǶ೭߄Ңόፕ

ӝߎ C)7!Ds*ၸӭϿਔ໔ޑਔਏೀǴ਼ځচηᐚࣣࡋᒿᕵుޑቚ

уԶ෧ϿǶ!

!

!

!

!
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!
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!

კ 8/!ӝߎ B)1!Ds*Ϸӝߎ C)7!Ds*Ǵӧ 4/6!&!ObDm!

!!!!!!!!!!!!!!!НྋనύϐᄊཱུϯԔጕკǶ!

კ 9/!ӝߎ C)7!Ds* 511ʚਔਏೀ 4λਔࡕǴ!

!!!!!ӧ 4/6!&!ObDm НྋనύϐᄊཱུϯԔጕკǶ!

!

!
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!

კ :/!ӝߎ C)7!Ds* 511ʚਔਏೀ 35 Ϸ 47 λਔࡕǴ!

ӧ 4/6!&!ObDm НྋనύϐᄊཱུϯԔጕკǶ!

კ 21/!ӝߎ C)7!Ds* 511ʚਔਏೀ :7 Ϸ 231 λਔࡕǴ!

!!!!!!!!!!!!ӧ 4/6!&!ObDm НྋనύϐᄊཱུϯԔጕკǶ!
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კ 22/!ӝߎ B)1!Ds*Ϸ C)7!Ds*ӧేОރᄊک 511ʚόӕਔ໔!

!!!!!!!!!!ਔਏೀࡕǴӧ 4/6!&!ObDm НྋనύϐᄊཱུϯԔጕკǶ!

!

!

!
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კ 23/!ӝߎ C)7!Ds*ӧేОރᄊΠǴ߄य़໌ϯቫϐϡન!

ԭϩКჹᕵుკǶ!

!

კ 24/!ӝߎ C)7!Ds* 511ʚਔਏೀ 4λਔࡕǴ!

!य़໌ϯቫϐϡનԭϩКჹᕵుკǶ߄
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კ 25/!ӝߎ C)7!Ds* 511ʚਔਏೀ 35 λਔࡕǴ!

!य़໌ϯቫϐϡનԭϩКჹᕵుკǶ߄

!

კ 26/!ӝߎ C)7!Ds* 511ʚਔਏೀ 47 λਔࡕǴ!

!य़໌ϯቫϐϡનԭϩКჹᕵుკǶ߄
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კ 27/!ӝߎ C)7!Ds* 511ʚਔਏೀ :7 λਔࡕǴ!

!य़໌ϯቫϐϡનԭϩКჹᕵుკǶ߄

!

კ 28/!ӝߎ C)7!Ds* 511ʚਔਏೀ 231 λਔࡕǴ!

!य़໌ϯቫϐϡનԭϩКჹᕵుკǶ߄

!

!
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ಃѤകʳ่݀ፕ!

5/2!ࣚ͋ɠ͒�’ʳ Ш͋1ɠ͒ϸᔈ!

!!!!ӧ 511ʚՉ 35 λਔаޑਔਏೀࡕǴӧࣚёаᢀჸډԖ

ୱǴวϿޑ߈ߕނǶӧ͒.ᅹϯނᅹϯ.͒ࣁॺᆀϐךғǴౢނр

ϩޑ ͒�’.ᅹϯނคрǴӵკ 4 Ϸკ 5)b*ǵ)c*܌ҢǶҗკ 6)g*

ᙅკޑϩǴวԜୱൂࣁؔޑථҖ៓࣬Ǵךॺᆀ1͋ࣁǶ೭ࢂӢ

рࣚ౦፦ޑԋ܌ථҖ៓҆࣬ǴਔਏೀؔޑচӃ֖ᅹԋϩࣁ

ѨǴ൩ᡂԋނᅹϯ.’�͒ޑᅹ෧ϿǴᏤठ͋࣬ϣޑǴஒ٬εໆނᅹϯ.͒ނ

คޑډᢀჸ܌ॺך ͒�’.ᅹϯނрΑǶᆕӝаǴךॺёаӝޑෳ

ӝߎ C)7!Ds*ӧ 511ʚՉ 35 λਔаޑਔਏೀࡕǴӧࣚԖ͋ɠ

͒�’ʳ Ш͋1ɠ͒ޑϸᔈวғǶ!

!

5/3!ਔਏೀکӝלߎᆭᇑ܄፦ޑᜢ߯!

!!!!җय़ޑჴᡍ่݀ёޕǴሐޑబуዴჴගଯ៓᎑ᒰᅹӝלޑߎᆭᇑ

ߎॺஒፕӝך፦ǶаΠ܄ C)7!Ds* 511ʚόӕਔ໔ਔਏೀלޑࡕᆭ

ᇑ܄፦ᡂϯǶӝߎ C)7!Ds*ၸ 511ʚਔਏೀ 4λਔࡕǴלځᆭᇑ܄፦

ߎӝࣁӢࢂᡂǶ೭ׯᄊΠ࣬՟ǴคᡉރОేک C)7!Ds*ၸอਔ໔ਔਏ

ೀࡕǴᗨฅ҆࣬ϣ͒ޑ�’.ᅹϯࣁౣނԋߏǴՠಈϣϝ͋ࣁɠ͒�’ӅӸޑ

ߎаӝ܌ԋǴނрᄊǴЪࣚ٠คރ C)7!Ds*ӧԜਔਏਔ໔ΠǴלᆭ
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ᇑ܄፦٠҂ܴډڙᡉቹៜǶਔਏਔ໔ගϲԿ 35 λਔϷ 47 λਔǴӝߎ C)7!

Ds*לޑᆭᇑ܄፦Ԗ٤༾ޑΠफ़Ƕ೭ࢂӢࣁӝߎ C)7!Ds*ၸਔਏೀ

ޑǴନΑಈϣࡕ ͒�’.ᅹϯނԋߏϐѦǴӧࣚёаᢀჸډλϩޑ

ᅹϯނрǴҗय़ჴᡍ่݀ёޕǴ೭٤рࣁނҭڀԖ M�’23่ᄬ͒ޑ.ᅹ

ϯނǶ೭٤ࣚ͒ޑ.ᅹϯނрǴԋᡏޑલഐǴϾᇑஒ׳ܰ

ӧࣚวғǴᏤठӝלޑߎᆭᇑ܄፦ౣࣁΠफ़Ƕਔਏਔ໔ගϲԿߏ׳

ޑ :7 Ϸ 231 λਔǴӝߎ C)7!Ds*לޑᆭᇑ܄፦วғቃਗ਼ޑΠफ़Ǵ໌ϯΨ

ᡂளߚதઞǶךॺਥᏵय़ჹܭᡉ༾่ᄬޑፕǴਔਏਔ໔ၲ :7 λਔ

аǴԖሐϐN8D4ᅹϯނӧࣚрǶҗFETԋϩКٯϩёаளޕǴ

җࢌܭϩޑሐрډࣚǴN8D4ᅹϯނᎃޑ߈ሐ֖ໆε൯෧ϿǴԋࣁሐ

аӧ܌ԋǶޑय़߄ឦߎៈጢӧߥ*Α਼ϯሐ)Ds3P4ڋલЮǴޑ

Πफ़Ǵӕਔ໌ϯΨε൯ޑϐᆭᇑႝՏ)Fdpss*࡚ᗊߎਔਏਔ໔ΠǴӝߏ

ᕭ෧ǴԜਔӝߎ׳ܰวғϾᇑޑຝǶ!

!!!!җკ 23 Կკ 26 ύё࣮рǴሐϷ᎑ޑϡનচηԭϩКǴӧᕵు 2!on ਔǴ

Ԗঢ়ॶ)qfbl*ޑຝวғǴᡉҢӝלޑߎᆭᇑ܄፦ЬाࢂᙖҗሐϷ᎑ޑ

਼ϯނǺ਼ϯሐ)Ds3P4*Ϸ਼ϯ᎑)Bm3P4*ӧӝ߄ߎय़܌ԋߥޑៈቫ)໌ϯቫ*

ޑԖၨ٫ڀԋǴޑӦБԖ໌ϯޑቫ߄ӧߎӝ߄ຝжޑǶঢ়ॶٮග܌

፦ǶԶკ܄ᇑל 27 Ϸკ 28 ӧ၀ਔਏߎҢӝ߄٠คܴᡉঢ়ॶวғǴߎӝޑ

చҹΠѝԖཱུλߥޑៈቫԋǴ܌аלᆭᇑ܄፦ၨৡǶԜѦǴ਼ϡનচη
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ԭϩКᒿᕵుޑቚуԶᅌ෧ϿǴεऊவ 51!&ѰѓΠफ़Կ 26!&ϐᛙۓ

ᙯᡂނҗ਼ϯܭϐϡનӛ܄ឦߎԖڀࣁӢࢂЬाޑᄊǶԖॊރ

ޑϣǴ៓ǵᒰϐϡનচηԭϩКᅌቚуǴ࣬ჹ߈аຫௗ܌ឦǴߎࣁ

਼ϡનচηԭϩКӢԶΠफ़ǶќѦǴҗ਼ϯ᎑)Bm3P4*Ϸ਼ϯሐ)Ds3P4*܌

ԋߥޑៈቫΨᒿᕵుቚуԶᅌѨǴ܌аຫ۳ӝߎϣǴ਼চηޑ

ᐚࡋᅌΠफ़Ƕ!

!!!!ᆕӝаǴךॺᙖҗ BFT ϩ่݀ޑǴёаளޕӝߎӧేОރᄊΠ܈

อਔ໔ਔਏೀࡕǴϝԖߥៈቫԋǴ܌а٩ฅڀԖؼӳלޑᆭᇑ܄፦ǹ

ՠӧၸߏ׳ਔ໔ޑਔਏೀࡕǴԖ͒.ᅹϯ܈ނ֖ሐޑᅹϯނ N8D4

ӧࣚрǴԶԋሐޑલЮǴ٬ளߎឦ߄ቫคىޑሐԋ਼ϯሐ

)Ds3P4*ߥៈቫǴԋӝלޑߎᆭᇑ܄፦Πफ़Ǵ೭ᆶճҔႝϯᏢᆭᇑෳ၂

ᄊཱུϯԔጕ่݀ޑठǶ

!

!

!

!

!

!

!
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ಃϖകʳ่ፕ!

!!!!ҁࣴزፕЎЬाҞࢂޑճҔӀᏢᡉ༾᜔)PN*ǵඔԄႝηᡉ༾᜔)TFN*

аϷऀԄႝηᡉ༾᜔)UFN*ٰᢀჸ Gf.:!xu/&Bm.41!xu/&No.2/9!xu/&D ӝ

ߎӝ(ߎ B)1!Ds**Ϸ Gf.:!xu/&Bm.41!xu/&No.7!xu/&Ds.2/9!xu/&D ӝߎ)ӝ

ߎ C)7!Ds**ӧేОރᄊΠϷၸ 511ʚόӕਔ໔ਔਏೀࡕǴځᡉ༾่

ᄬׯޑᡂǶԜѦǴճҔႝࡡՏሺϷኻണႝηૈϩሺ)BFT*ٰෳໆӝߎӧ

ేОރᄊϷਔਏೀࡕӧ 4/6&!ObDm НྋనύޑᄊཱུϯԔጕǴ٠

ӝߎᡉ༾่ᄬᡂϯჹלځᆭᇑ܄፦ޑቹៜǶ܌ள่ޑፕӵΠǺ!

)2* ӝߎB)1!Ds*ϷӝߎC)7!Ds*ӧၸڰྋೀేОؔࣁࡕථҖ៓࣬Ǵ

٠Ъӧ҆࣬ύڀԖಒ༾͒ޑ.ᅹϯނǶځύ͒.ᅹϯࢂނӧేОਔа

ўᇯᒍӭ࣬ϩှ)tqjopebm!efdpnqptjujpo*ޑБԄӧ҆࣬ϣԋǶԜ

ѦǴబуϿໆሐޑӝߎ C)7!Ds*ӧ 4/6&!ObDm НྋనύǴӧߎឦ߄

य़ԋڀԖלᆭᇑߥៈբҔϐ਼ϯሐ)Ds3P4*Ϸ਼ϯ᎑)Bm3P4*Ǵ܌аځ

ᄊཱུϯԔጕёᢀჸܴډᡉ໌ޑϯǶӢԜלᆭᇑ܄፦Кଆ҂బуሐ

ߎӝޑ B)1!Ds*ၨ٫Ƕ!

)3* ӝߎ C)7!Ds*ӧၸ 511ʚਔਏೀ 4 λਔϐࡕǴಈϣҗؔථҖ៓

࣬аϷԋ͒ޑߏ.ᅹϯ܌ނಔԋǴ٠Ъࣚ٠คᢀჸډрނǴӧ

Ԝਔਏਔ໔ΠǴלᆭᇑ܄፦٠҂ܴډڙᡉቹៜǴేکОރᄊਔᜪ՟Ƕ!

)4* ӝߎ C)7!Ds*ӧၸ 511ʚਔਏೀ 35 Ϸ 47 λਔࡕǴಈϣޑ ͒.
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ᅹϯࣁౣނԋߏǴ٠Ъӧࣚёᢀჸډ ͒.ᅹϯނрǶԜѦǴ

ԋค߈ߕࣚ ͒.ᅹϯނр)qsfdjqjubujpo!gsff!{pof*Ƕᒿ

ਔਏਔ໔ຫߏǴࣚрނຫಉεǴคрຫܴᡉǶҗܭ ͒.ᅹϯ

!Πफ़Ƕࣁ፦ౣ܄ᆭᇑלᜢ߯ǴᏤठܰวғϾᇑǶӢԜǴޑрނ

)5* ӝߎ C)7!Ds*ӧၸ 511ʚਔਏೀ :7 λਔаǴಈϣ͒ޑ.ᅹϯ

рǶނሐϐN8D4ᅹϯޑIDQ่ᄬڀǴ٠ЪӧࣚԖߏᡉԋܴނ

җ FET ԋϩϩёޕǴԜᅹϯނԋࣚޑ߈ߕሐԋϩफ़եǴ٬ள

ӝלޑߎᆭᇑ܄፦วғቃਗ਼ޑΠफ़Ƕ!

!

!

!

!

!

!

!

!

!

!

!
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