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̑ Њȸ омȄорȄомŎƳȲᶙԓЛᴾצ ⅍Ὲ  

̑ пу ǿŜƭƭȲ ҠẆ иέJ> ҉¢ƘǊƻǳƎƘǇǳǘ  

̑ с р.рƻ/κǎŜŎ 

̑ .ƭƻŎƪᶁ ⇔ ꜜ ṾFðл.мƻ/ ŀǘ фрƻ/)  

̑ X> Cŀǎǘ ǉt/w ǊŜŀƎŜƴǘ , пл ŎȅŎƭŜǎ 

плƳƛƴ 

̑ Ẓ ԏȲ ҳ ѱҠ֝ п Л֝ ԏ 

̑ ᴩ ứ ȳד ứ ȳ{bt DŜƴƻǘȅǇƛƴƎȲḆв∂Iwa

иέ  ה

̑ ᶮо ᵂиέЮ Ȳ᾿ ὔϱњ 

̑ ẁЛ ׄ  

̑ ֥aLv9  

 

Ҡѩ ᾼCP  
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ќ έ⇔ פ иέ>

( High Resolution Melt, HRM)  
ҠJѹЛ ҵс Ἠ ȴ 

Ғ Ṇ > ϚạᵐѱṆ >F Ю G 

Ғ эҒ 48 <ה₤  

Ḋ> 48 эч цԏ  

ч > 5-20ɛl  

Ғ > ӂᶁс 5.5°C/ּה 

> 35-100°C 

⇔ᶁϚἤ> ± 0.1°C at 95oC 

ԏ Ṇ > ֥аԈ ד >FCCD camera) 

ԏ  2 ԏϡ ԝ (LED array) 

ԏᾌ >452-486 nm ц 542-582 nm 

ԏ  (channal) 
ҳ ȲҠ ҳ ᾌ◕ᾼ Ȳᾌ  иᵑⱢ 505-545 nmȳ562-596 

nmȳ604-644 nmȳц>665-705 nmȲҠќ SYBR GreenȳFAMȳVICȳHEXȳ

ROXȳCy5Ẕ҃ ԏц ԏᾌ ֯ вᾼ ԏ╬ ȴ 

ן  ứᵛҠן ч ᾼ >Fҳ ꞋҠן GȴҠ֯ч

ḇ∟Ṽ иέ ḆḂч ứȴ> 

ч  (40 cycles)  40 minutes 

ϩ Ḗ ȸ 120-240VAC = 10% 

ȸ 50/ 60Hz = 1% 

Є ☼ȸ 8A 

Єғ Ḗȸ 500W 

Ϛ ғ Ḗȸ 180W 

ѐЉ  FW x D x H)ȸ 34.5cm x 31cm x 32cm 

FW x D x HGȸ34.5cm x 31cm x 36.8cm 

ȸ 13.6kg 

 EcoTM Ṇ ќ ứ ȳד ứ ȳ ᴯ ֪ ᵑFSNP GenotypingGȳ

έ⇔ פ иέ>FHRM)ȴ 

Ҡ ҏⱢ CSVȳEXCELȳPDFц PowerPointהȴ 

Ҡ᾿ Ɫ׀ BMPȳJPGц PNGȴ 

₇в ᾬ Eco InstrumentȳEco DockȳPlateȳSealing filmȳ F ɏ 

ECO
TM
 48  Real-Time PCR System  
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Ϛ҅ Ṇ  

ѹ ᾼԏ Ṇ  

̑ 9Ŏƻ пу wŜŀƭ-¢ƛƳŜ t/w {ȅǎǘŜƳṿӣн [95 ŀǊǊŀȅᵂⱢ

ԏ Ȳ ԏ п Л֝ᾼԏ Ȳќ {¸.w 

DǊŜŜƴȳC!aȳ±L/ȳI9·ȳwh·ȳ/ȅрцẔ҃֝דᾌ ᾼ

ԏȴ 

̑ !ŘŀǇǝǾŜ [95 /ƻƴǘǊƻƭ (![/G>Ṇ Ӕ ҏԏ J 

̑ ѿ CCD Camera ṳן Ɫ ԏ Ȳ48 well 

֝ ậJwell ḥצ Ȳ ԏ ḕи

пл ŘŜǘŜŎǝƻƴǎȲ֪ױaŜƭǝƴƎ /ǳǊǾŜҬ оƳƛƴvҠᶙ

 ȴכ

Chan-
nel 

Excitation Emis-
sion 

Example Fluores-
cents Detected 

1 
LED 1 

(452-486 nm) 

 
LED 2 

(542-582 nm) 

505-545 
nm 

SYBR Green, FAM 

2 604-644 
nm 

ROX, Texas Red, 
TAMRA 

3 562-596 
nm 

HEX, JOE, TET, 
VIC 

4 665-
705nm 

Cy5, Quasar 670 

{ŜŀƭƛƴƎ ǘŀǇŜ ǘƻƻƭ  

̑ в 9Ŏƻ 5ƻŎƪȲẓ95]צ￼ԏȲ ǎŀƳǇƭŜ ƭƻŀŘƛƴƎḆҒ

―ᵓȴ 

̑ tƭŀǘŜ ŀŘŀǇǘŜǊфс ǿŜƭƭ ǇƭŀǘŜѐЉ֝דȲǎŀƳǇƭŜ ƭƻŀŘƛƴƎ

∟Ҡ᾿ ᴟфсǿŜƭƭ ǇƭŀǘŜї ᾚȴ 

̑ ḕ ǿŜƭƭⱢнлǳ[Ȳ∂ ч Ɫмл~нлǳ[Ɏ юч

Ɫрǳ[)  

̑  ǎŜŀƭƛƴƎ ǘŀǇŜ ǘƻƻƭȲ⅔ Ḇ ὔȴ 

пу ǿŜƭƭ ǇƭŀǘŜ 

tƭŀǘŜ ŀŘŀǇǘŜǊ 

.ŀǎŜ ǿƛǘƘ [95 ōŀŎƪƭƛƎƘǘ  

9Ŏƻ пу wŜŀƭ-¢ƛƳŜ t/w {ȅǎǘŜƳṿӣ Ὲ ōƭƻŎƪȲвᵶ

ἤ☼ Ȳ ☼ Ἧ ᶁл Ȳ Ϡс ⇔

р.рƻ//ǎŜŎҵȲḆצ ᾼ ǿŜƭƭᶁ ⇔ ᵅᴟл.мƻ/ȴ Ϛ҅ᾼ

Ṇ ṿ ԛ ἤ Ȳ֯ Iwaиέ и {bt /ƭŀǎǎ L± 

(!/¢Ȳ¢Ƴ<л.нƻ/Gᾼ Ḇֻȴ 

оуп ǿŜƭƭ ǇƭŀǘŜ ד

ᾼпу ǿŜƭƭ ǇƭŀǘŜ ч  

сллл wta 
ŘǊƛǾŜ ƳƻǘƻǊǎ 

ṿӣ Ὲ blockȲвᵶ ἤ☼  

☼ Ἧ  

пу ƎǊŜŜ 
[95 ŀǊǊŀȅ 

CCD Camera 

п ōŀƴŘ Ǉŀǎǎ 
ŬƭǘŜǊǎ 

пу ōƭǳŜ 
[95 ŀǊǊŀȅ 
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ứ ד  ứ  

{bt DŜƴƻǘȅǇƛƴƎ Iwa 

t/w ƳŀȄ 9Ŏƻ пу wŜŀƭ-¢ƛƳŜ t/w {ȅǎǘŜƳᴩ ứ ȳד ứ ȳ{bt DŜƴƻǘȅǇƛƴƎц

IwaȲ Ṝᵃҳ иέ ӣᾼ Ḗȴ 

 
Idaho 
LS32 

Roche  
LC Nano 

Bio-Rad  
MiniOpticon 

ABI  
StepOne / 
StepOne Plus 

PCRmax 
Eco 48 

ABI  
7500 Fast 

Bio-Rad 
CFX96 Touch 

Roche 
LC480 

ᶁ ἤ ɉ ð0.1oC ð0.4oC ð0.5oC ð0.1oC ð1oC ð0.4oC ð0.4oC 

ч  30min <50min ʲ120min <120min 40min <120min ʲ90min ʲ90min 

chennals 4 2 2 3 / 4 4 5 6 6 

Ӑ  32 32 48 48 / 96 48 96 96 96/384 

HRM include include ɉ upgrade include upgrade include include 

Size 
(Cu ft) 

1.8 0.53 0.68 1.9 / 2.29 1.2 2.65 5.05 7.17 

wŜŀƭ-¢ƛƳŜ t/wἤ ЄṞ┴ 

ҫצ Eco 48 Real-Time PCR SystemȲ ֢ ҅ῶ 

ֵ ᾼиέ ӣ 



6 

 

wŜŀƭ-¢ƛƳŜ t/wӐ ц ӣЮ  

²Ƙŀǘ ƛǎ wŜŀƭ-ǝƳŜ t/w 
wŜŀƭ-ǝƳŜ t/wȲ ֤≈ ȲҠѿ П ⱢẒ ԌȲцɶwŜŀƭ-ǝƳŜɷết/wȴ Ӧt/w ᾼ

Ȳṿ ᾼ5b! ὍЄȲṳ Ӧԏ Ṇ Ȳ ẞᵛ όwŜŀƭ-ǝƳŜύᾼӭᾼȷ ӦḕϚװt/w

Ȳ ẔӢכч ᾬП ԏ ϯẃȲ∕ч ԓ ᶙכП∟Ȳ ḕ ᾼŎȅŎƭŜ ƴǳƳōŜǊ

t/wᾬᾼ ԏ ד ᴯ ȲҠ ẞϚч פ ᶮȲᶙ ᾼᵧ t/wч МḕϚ ŎȅŎƭŜМ

t/wᾬᾼӢכ ᶮȴ 

t/w ǾǎΦ wŜŀƭ-ǝƳŜ t/w 
Ϛ ᾼt/w ч Ȳɔ ӣ όǘƘŜǊƳŀƭ ŎȅŎƭŜύḔ Ȳѿ ứἤ ֥ όŜȄΥ ¢ŀǉύ5b!ứ

ѱ◕Ȳ ϱ ол ŎȅŎƭŜǎᾼ t/wᾬⱢ Ở ᾼнол όҔмлф ύȲԛᵓӣ◦ ᾄόŀƎŀǊƻǎŜ ƎŜƭ 

ŜƭŜŎǘǊƻǇƘƻǊŜǎƛǎύᴩ Ὠиέȴʌ Ҡѿ Ӧ ᾬᾼѱ◕ЄЊȳ ∟ ᾬӢכ Ԉẃᵒ

Ὠ╥ᵡכғȴϭ֪Ɫᶺ ╥иέч Ϡ∟ᾼ ᾬȲ ὑч ṳḥצ ԉᴶиέȳ Ȳ╝

Ϛ t/w ч ϭҠ Ɫ9ƴŘ-Ǉƻƛƴǘ t/wȴ 

Ϛ ᾼt/wч Ҡ Ӧ◦ ᾄиέȲṳ Ӧ ậṆ ᴩиέȲᵀ╥ ᾄ

֪Ɫ5b!╬ ᾼ╬ᴥ Ὠȳ ᾄ ᾼ ԏ￼ ȳ Ṇ ԏ ứ ֪ Ȳ ὁװḕכ

Ԉᵧ ᾼ Ὠ ᾎᶙԓϚ Ȳṳṿ ∟ ứ דצ ᾼ ȴ 

wŜŀƭ-ǝƳŜ t/w ế9ƴŘ-Ǉƻƛƴǘ t/w Ϛ ╥ᵓӣ Ḕ ṿ 5b!Ӑ ᴩ ẞὍЄᾼӭ

ᾼȲᵀ╥ ∟ṳЛ╥ѿ◦ ᾄ ᴩ Ὠᵒ Ȳᴖ╥֯ч МҒϤ5b! .ƛƴŘƛƴƎ 5ȅŜἨ╥ ԏ

όCƭǳƻǊŜǎŎŜƴǘ tǊƻōŜύȲṳ ḕ ŎȅŎƭŜἬ Ӣᾼ ԏ ᴩ ȴ ϱt/wᾬ ŎȅŎƭŜҒȲ

ᴖ ԏ Ϸᴴ t/wᾬϚ ҒȷwŜŀƭ-ǝƳŜ t/wּנ ḕϚ t/w ŎȅŎƭŜМ ԏ ᾼ ᶮȲ

Ӧиέt/w ŎȅŎƭŜ ԏ Ẓ ֪ П ᾼד …Ȳẃ ᴩ Ὠᾼᵒ ȴἬѿד ὑ9ƴŘ

-Ǉƻƛƴǘ t/wȲwŜŀƭ-ǝƳŜ t/w5b!Ӑᾼ Ȳᴖ‍ ч ᾼ ᾬ ȴ 

CƛƎ мΦ (ŀ)ǊŜŀƭ-ǝƳŜ t/w ŘŜǘŜŎǝƻƴȷFōύ ŜƴŘ-

ǇƻƛƴƎǘ t/w ŘŜǘŜŎǝƻƴ όōȅ !ƎŀǊƻǎŜ ƎŜƭύȴ 

ṿӣ !ƎŀǊƻǎŜ ƎŜƭҬ ч ḇ∟

5b! ᾼ ц ⇔ȷᴖǊŜŀƭ-ǝƳŜ t/w

Ҡ Ӧ ԏ Ȳц t/w ŀƳπ

ǇƭƛŎƻƴᾼ ᾓȲ ᾼ ŎƻƴǘǊƻƭ 

ц ₇JҠӦ/ǘ ǾŀƭǳŜᾼ ᾼ

ǎŀƳǇƭМ5b! ᾼ цד ȴ 

a. 

b. 
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/ǘ ǾŀƭǳŜ 
֯ ᴩwŜŀƭ-ǝƳŜ t/w Ὠиέ ȲϚứ

ẞ /ǘ ǾŀƭǳŜ όǘƘǊŜǎƘƻƭŘ ŎȅŎƭŜȲἨ Ɫ /ǉ 

ǾŀƭǳŜȳ/Ǉ ǾŀƭǳŜύ֤ Ȳ ╥╓t/wч

Ӑ ПӢכ όǘƘǊŜǎƘƻƭŘύПד

ŎȅŎƭŜ ƴǳƳōŜǊȴӦϱ ᾼứ Ȳᶺ Ҡѿ

Ȳ Ԓứ ȲИҠѿ ẞ/ǘ ǾŀƭǳŜȴ֯

ϚwŜŀƭ-ǝƳŜ t/w פ МȲʌ ֯ ậ

П›Ȳʌ Ӈ ԒϠ t/w ч М

ᾬӢכ ᾼ оȲИ ậ ֥ᾼ

όǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜύẃ ᶺ ᾼứ ȴ 

 

ϱȲt/w ч ╥ѿ Ṿ нƴ ᴩ

Ȳ ╥ѿ ол ŎȅŎƭŜǎ ⱢẂȲ ᾬ ѿнмȳ

ннȳноȳнпȳΧΧΧнол ᴩ Ғȴᵀ╥

ϱȲῴ ᾼч ֪Ɫ5b! Ӑ юȲ╝ ᾎ

ẞױ ȴᴖ∟ ᾼч Ȳ֪Ɫ ♄ἤ ᵅȳǇǊƛƳŜǊ ֪ Ȳ t/w ч ᾎ

ẞ Ṿ Ȳᴖ ᾎѿ ᴩ ȴἬѿȲ t/w ч ҬצМ◕ᾼ и╥ѿ ᴩч ȴ

t/w ѿ ᴩ ȲẔẓצ ⇔ ԛ ἤ Ȳ ҅ῶt/w ŎȅŎƭŜӢכ

ᾬᾼד …Φ ϱȲӦ נּ ᴖ ᾼפ ᶮМȲ ֽᴶᵒ иⱢ Мᾼt/w 

◕ềȹᶺ Ҡѿ֯иέ МѿŎȅŎƭŜ ƴǳƳōŜǊ ƅǳƻǊŜǎŎŜƴŎŜ ƭƻƎ ǾŀƭǳŜ ᴩ ȴ ᶮМᵧ ᾿

…ᾼ ◕Ȳ ῶӱч ᾬѿ ᴩ ҒȲʌ Ҡѿ ɷ όǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜύɷứ ױ֯

◕ᵛҠȴ ᾬᾼӢכ ẞױǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜȲẔד ᾼŎȅŎƭŜ ƴǳƳōŜǊ ᵛⱢ/ǘ ǾŀƭǳŜȴ 

Ϡᵓӣt/wᾼ ẃᵒ /ǘ ǾŀƭǳŜȲӭ›Ӏ ϱἬ ᾼwŜŀƭ-ǝƳŜ t/w ȲẔиέ Ꞌצŀǳǘƻ 

/ǘ Пғ ȴѿнƴŘ ŘŜǊƛǾŀǝǾŜ ƳŀȄƛƳǳƳ ƳŜǘƘƻŘ ⱢẂȲ פ ᶮ Ɫ Ѡ Σԛᵓӣϡ∟ה

װ ∟ᾼ Ὠ ӢϚ Є Ȳױ Є Ἤ ᾼŎȅŎƭŜ ƴǳƳōŜǊ ᵛⱢ/ǘ ǾŀƭǳŜȴЛ ╥ᵓӣt/w ᾼ

Ɫ Ἠ╥ṿӣŀǳǘƻ /ǘ ẃ /ǘ ǾŀƭǳŜȲᶁ֢ᴞצ ц Ȳ֢ᴯҠѿ ᴕǊŜŦŜǊŜƴŎŜ Ἠ╥

⅍ Ἥϯẃᾼ Ȳẃḟứ ֥ ḖᾼиέѠᾎȴ 

 

/ǘ ǾŀƭǳŜŘŀǘŀиέ 

wŜŀƭ-ǝƳŜ t/w ϭ ǉǳŀƴǝǘŀǝǾŜ t/wόǉt/wύȲ╝ Ὠѻ ӣẃиέ֝Ϛ ֪֯Л֝ ӐМПᵶ

ȴ Ȳ֯Ẓ Л֝ᾼ ӐМ ֝Ϛ ֪ȲϚ ἬᵶᾼŎƻǇȅ ֵȲҫϚ юȲ֯֝ד

ԈϯȲṪϚ Ӑ Ԓ Ϥᶺ Ἤ ứПǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜ ềȹ Ұ ȲṪϚ Ӑ юᾼװ

П∟ Ҡѿ ẞ ứПǘƘǊŜǎƘƻƭŘ ǾŀƭǳŜ ềȹḥ Ȳ ӐМ ỞŎƻǇȅ ֵ Ȳ ᶶ ẞǘƘǊŜǎƘƻƭŘ 

ǾŀƭǳŜȲ╝/ǘ Њȷ Ұ Ȳ/ǘ Њᾼ ӐȲẔ ỞПŎƻǇȅ ֵȴἬѿȲ/ǘ ǾŀƭǳŜ ЊȲ Ở

ŎƻǇȅ ֵΣ/ǘ ǾŀƭǳŜ ЄȲ ỞŎƻǇȅ юȴ 

ᾃ ᾼ╥Ȳv ṿ/ǘ ǾŀƭǳŜ ŎƻǇȅ ╥ᵧ ⇔ ד ȲT ╥ḕװᾼwŜŀƭ-ǝƳŜ t/w /ǘ ǾŀƭǳŜꞋ ⱢϚ

Ӵ ȲṳЛ ֥ и Ẓװ ᾼ/ǘ ±ŀƭǳŜᴩѩ Ȳ ѻ ֪╥ḕװ ᾼ όǘƘǊŜǎƘƻƭŘύҠ

Ṽ ḖἨ ᵒ ᴩ Ȳv ṿὍϤ֝דŎƻǇȅᾼ∕ ֪Ȳ֯ ẒװЛ֝ᾼǊŜŀƭ-ǝƳŜ

МϷ ẞЛ֝ᾼ /ǘ ǾŀƭǳŜȷ֪ױḕװ ǊŜŀƭ-ǝƳŜ t/w Ɫ Ӵ ȲὍϤד ᾼ

ǎǘŀƴŘŀǊŘἨŎƻƴǘǊƻƭȲИ ᵍ ҿҢ Ὠ כ ᵒȴ 

Fig.2   Ct valueᾼ ѠהȴϚ Real-time PCRᾼCt value

Ḕ ȸFaGḟứBase-line regionȷFb)

DRnȲϷ ╥ ֢ cycleל base-line∟ᾼ ԏ

ȷFcGḟứThresholdȴ ∟ȲThreshold

ԏ ӻϿᴯ Ἤד ᾼPCR cycleȲᵛⱢCt val-

ueȴ 
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wŜŀƭ-ǝƳŜ t/wה 

ֽᴶᵛ ᾬ о ềȹ ╥ ḕ ŎȅŎƭŜᾼ ԏ ṳ ᴩ Ȳӭ› ӣᾼѠᾎ

ҠЄ иⱢẒЄ ȸ5b! ōƛƴŘƛƴƎ ŘȅŜцƅǳƻǊŜǎŎŜƴǘ ǇǊƻōŜȴи ֽϯȸ 

5b! ōƛƴŘƛƴƎ ŘȅŜȸ5b! ōƛƴŘƛƴƎ ŘȅŜ╥ᵓӣ ԏᾬ Ϥ ῖ5b!Ȳṳ Ӧ Ẕ ԏ ȷ

ϱ ŎȅŎƭŜҒt/wᾬ ֵȲ Ϥt/wᾬᾼ5b! ōƛƴŘƛƴƎ ŘȅŜϷ ֵȲḕ ŎȅŎƭŜᾼ

ԏ Ϸ П Ғȴӭ›Ӏ ϱ ӣὑ ǊŜŀƭ-ǝƳŜ t/wᾼ 5b! ōƛƴŘƛƴƎ ŘȅŜҔ╗ {¸.w DǊŜŜƴ Lц

9ǾŀDǊŜŜƴȲẔ όŜȄŎƛǘŀǝƻƴύᾌ ⱢпууϤрллƴƳȲ όŜƳƛǎǎƛƻƴύᾌ ⱢрмтϤрол ƴƳȲ Ӧ ῖ5b! 

֥∟ȲẔ ԏ Ғулл ѿϱȴ֯t/w ч ᾼ МȲ ῖ5b! ᵶ ᾼ ҒȲ 5b! 

֥ᾼ5b! ōƛƴŘƛƴƎ ŘȅŜ Ӽ ҒȲ ԏ ᵛ П Ғȴᵀ╥Ȳ ᵑᾃ Ϛ Ȳ5b! ōƛƴŘƛƴƎ ŘȅŜ

5b! ᾼ ֥Ɫ‍ ϚἤȲ֪ Ҭױ ╥ǇǊƛƳŜǊ ŘƛƳŜǊἨ╥‍ Ϛἤ Ӣᾼt/wᾬ Ҡ ŘȅŜ

֥Ȳ֪ױ ›Ӈ Ԓ ứǇǊƛƳŜǊt/w ᾬᾼ ϚἤȲἨ╥֯ǊŜŀƭ-ǝƳŜ t/wМ ƳŜƭǝƴƎ ŎǳǊǾŜ 

ŀƴŀƭȅǎƛǎ╥ᵡצн ѿϱᾼt/wᾬȲᵡ⁄− ὔ ǊŜŀƭ-ǝƳŜ Řŀǘŀᾼכ ᵒȴ 

Fig.3   DNA binding dyeהȴѿSYBR Green IⱢẂȲ ᾼSYBR Green Iԏ ד ȲT ╥SYBR 

Green I Ϥ ῖ DNA∟ ҒẔ ԏ ȴ ֯ḕ PCR cycleḇ ԏ Ȳ PCR 

ampliconҒȲ Ϥ ῖDNA Green IϷ П ҒȲ╝ ԏ Ϸ PCR ampliconҒᴖ ȴ 

ṓᾼ5b! ōƛƴŘƛƴƎ ŘȅŜҔ╗{¸.w DǊŜŜƴ L 9ǾŀDǊŜŜƴȲẒ῏Ἤṿӣᾼ ԏ ԏᾌ ד

ῺɎꞋ ὑ ԏɏȲ֯ǊŜŀƭ-ǝƳŜ t/w ứϱҠṿӣ֝Ϛ ŎƘŀƴƴŜƭȴ{¸.w DǊŜŜƴ L 9ǾŀDǊŜŜƴ

￼ᵅצ ᾼ ȲꞋ ӣὑ ǊŜŀƭ-ǝƳŜ t/wᾼ ȷᵀ╥ {¸.w DǊŜŜƴ LẓצḀạ t/wWӣᾼ

Ȳ֪ Ϛױ ᾼƳŀǎǘŜǊ ƳƛȄМᾼ{¸.w DǊŜŜƴ Lᵶ ד ᵅȲ֯ ƳŜƭǝƴƎ ŎǳǊǾŜиέМҬ ╥ᵡצ

ǇǊƛƳŜǊ ŘƛƳŜǊἨƴƻƴ-ǎǇŜŎƛŬŎ t/w ǇǊƻŘǳŎǘӢȴ 

9ǾŀDǊŜŜƴὑ Ϛ҅ᾼ5b! ōƛƴŘƛƴƎ ŘȅŜȲ {¸.w DǊŜŜƴ Lᾼѩ ֽϯȸ 

¤ ḥצt/wḀạ ὨȲ {¸.w DǊŜŜƴ LדѩḆ ӣὑŦŀǎǘ ǊŜŀƭ-ǝƳŜ t/wȲЄ ч  

¤ ӣὑǊŜŀƭ-ǝƳŜ t/wᾼ ⇔ѩ{¸.w DǊŜŜƴ L Ȳ֯֝דᾼ Ԉϯ Ḇ‐ᾼ ԏ  

¤ ҠӣὑIwaиέȲ ᴩ{btи₤ἨẔ҃ ӣ 

CƛƎΦп   9ǾŀDǊŜŜƴӑ 5b!֥›╥ᶮכŘƛƳŜǊЛ ԏᾼ

ᾭ YҬצ 5b!֥И ᶮכ ŀŎǝǾŜ ŦƻǊƳ

ԏȴ 
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tǊƻōŜ ǎȅǎǘŜƳȸṼ Л֝ᾼṆ ȲǇǊƻōŜ ϭҠѿиⱢ Л֝ᾼ ╥Ȳᵀה Ӑᾼ Ɫᵓӣt/wᾬ

ᾼᶧԝẃ Ϛ◕Ф ᾼ Ȳṳ֯ ϱ ᴩ ԏ Ȳɔ ӣCw9¢ όCƭǳƻǊŜǎŎŜƴŎŜ ǊŜǎƻƴŀƴŎŜ ŜƴŜǊƎȅ 

ǘǊŀƴǎŦŜǊȲ ԏ ύ ṿ ֯ t/w ᾬ ֥∟Ȳ כ ԏόŜƳƛǎǎƛƻƴ ƭƛƎƘǘύᾌ ᾼḂ Ȳ

ᾬᾼ ҒȲḂ ∟ᾼ ԏ ⇔Ϸ П Ȳ ᴖ ẞц ᾼӭᾼȴṿӣ Ṇ ᾼ ╥ẓצ

ֻᾼ ϚἤȲЛӣ їƴƻƴ-ǎǇŜŎƛŬŎ ōƛƴŘƛƴƎᾼ ȲѹҠѿ ӦЛ֝ᾼ ԏᾌ ц ᾼ ֥Ȳ ὑ

֝Ϛ Ӑ֝ ᴩֵӭ όƳǳƭǝǇƭŜȄ ŘŜǘŜŎǝƻƴύȷẔ Ɫ Ӑכ Ȳѹ ῧ ֵᾼїϩ

ὑ ᾼ ᴩ ȴ 

CƛƎΦр    IȅŘǊƻƭȅǎƛǎ tǊƻōŜה 

IȅŘǊƻƭȅǎƛǎ tǊƻōŜɎἨ Ɫ ¢ŀǉƳŀƴ-ǎǘȅƭŜ tǊƻōŜɏ╥ӭ› ṿӣᾼ

ǇǊƻōŜ ŘŜǘŜŎǝƻƴ ǎȅǎǘŜƳȴṿӣ ƘȅŘǊƻƭȅǎƛǎ ǇǊƻōŜ ŘŜǘŜŎǝƻƴ

ŦƻǊǿŀǊŘ ǇǊƛƳŜǊȳǊŜǾŜǊǎŜ ǇǊƛƳŜǊцǇǊƻōŜȲẔМǇǊƻōŜиᵑ֯рɴ-ŜƴŘ 

& оɵ-ŜƴŘиᵑ ϱǊŜǇƻǊǘŜǊ ŘȅŜцǉǳŜƴŎƘŜǊȴṼ Cw9¢Ȳ

ǊŜǇƻǊǘŜǊ ŘȅŜǉǳŜƴŎƘŜǊדῺ ȲǊŜǇƻǊǘŜǊ ŘȅŜ ᾼ ԏ

ǉǳŜƴŎƘŜǊᵮןᴖ ᾎ ȴֽὨ ƘȅŘǊƻƭȅǎƛǎ ǇǊƻōŜӔ   ֯

ǘŀǊƎŜǘ ƎŜƴŜϱȲ¢ŀǉ ǇƻƭȅƳŜǊŀǎŜϱᾼрɴˆоɵ>ŜȄƻƴǳŎƭŜŀǎŜ ŀŎǝǾƛǘȅ

ǇǊƻōŜѬ◕ױ Ȳṿ ǊŜǇƻǊǘŜǊ ŘȅŜǉǳŜƴŎƘŜǊи Ȳṳ֯ḕ

t/w ŎȅŎƭŜḇ∟ Ẕ ԏ ȴ 

ֽὨǘŀǊƎŜǘ ƎŜƴŜᾼt/w ŀƳǇƭƛŎƻƴҒȲ Ѭ ᾼǇǊƻōŜϷ П ҒȲ

ד ᾼ ᾼ ԏ Ϸ ŎȅŎƭŜҒȴ 

wŜŀƭ-ǝƳŜ t/wиέ  ה

ṓᾼǊŜŀƭ-ǝƳŜ t/wиέ  Ҕ╗Xה

ϕ ứ ό !ōǎƻƭǳǘŜ ǉǳŀƴǝŬŎŀǝƻƴ ύ 

ϕaŜƭǝƴƎ /ǳǊǾŜ 

ϕד ứ όwŜƭŀǝǾŜ ǉǳŀƴǝŬŎŀǝƻƴύ 

ѿϯᶺ ṷиέѠה ᴩЮ ȸ 

ứ ό!ōǎƻƭǳǘŜ ǉǳŀƴǝŬŎŀǝƻƴύ 

ứ Ȳv Ӑᵂ ᾼ оȴԒᵓӣ

₇ᵂ פ Ȳԛѩ Ӑ ₇ᾼד …Ȳ

Ἤᵧ ᾼ ὨȲṼ ṿӣ ₇ᾼЛ֝Ȳ ѿ

⇔ƴƎκƳƭȳƳƎκƳƭ Ἠ╥ ᴯƴƎȳǇƎȳŎƻǇȅ ƴǳƳōŜǊ 

ᵂⱢῶӱȴϚ ᴩ ứ ᾃ ᾼ╥ פ

ᾼ ד … όwнύȲϚ ắᾼ Ɫ-

оΦл Ϥ -оΦс όד ᾼt/w ŜŶŎƛŜƴŎȅⱢфл҈Ϥммл҈ύȲᴖ

ד … όwнύ⁄╥ Ὼ м ֻȴֽὨῴ ᾼ פ

ד … Лֽ Ȳ╥Ҡѿ Ӧᵔ Л ֥

ᾼ ₇ȳἨ╥ ṿ Ѡ ה ӔᴟҠṿӣᾼ

ȷ Ѡ ה ᾎ ӔȲҬ ǇǊƛƳŜǊἨ

╥ḆḂ ₇ẃḂ ȴ 

ứ ӣὑ ᶩ ȲֽI.±ȳI/± ᾼ ȴ 

CƛƎΦс    ѿǎǘŀƴŘŀǊŘ ŎǳǊǾŜᴩ ứ ȴϱ ╥ t· ƎŜƴŜȲ

₇иᵑⱢ нлллл ŎƻǇƛŜǎȳмлллл ŎƻǇƛŜǎȳрллл 

ŎƻǇƛŜǎȳнрлл ŎƻǇƛŜǎц мнрл ŎƻǇƛŜǎȲḕϚ ₇

п Ȳṳ Ẕ ǎǘŀƴŘŀǊŘ ŎǳǊǾŜѠ ȴ>t/w ŜŶπה

ŎƛŜƴŎȅⱢмлл.ммCȲד … Ɫл.ффрȴ∕ ₇Ҡ Ẕ

/ǘ ǾŀƭǳŜҏŎƻǇƛŜǎȴ 

Ʉ{bt DŜƴƻǘȅǇƛƴƎ 

ɄIwaɎIƛƎƘ wŜǎƻƭǳǝƻƴ aŜƭǝƴƎɏ 


