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ÏÚÙÓ†¨¢˜ÈËÒÏÙ†È¯ˆÂÓ†ÔÏÂ‚¢†È¢Ú†ÌÈ¯ˆÂÈÓ†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ

ÂÎ¯„†˙‡†ÏÁ‰†ÏÚÙÓ‰†ÆÔÏÂ‚‰†¯Ú˘†ıÂ·È˜Ï†ÍÈÈ˘‰†È˙ÈÈ˘Ú˙

ÂÈ‰†ÌÂÈÎÂ†‰ÈÊÂ¯ËÒ˜‡·†˜ÈËÒÏÙ†È¯ˆÂÓ†¯ÂˆÈÈ·†±π∂∞†˙˘·

¨Ï‡¯˘È·†˜ÈËÒÏÙ†È¯ˆÂÓ†Ï˘†ÌÈÏÂ„‚‰†ÌÈ¯ˆÈ‰†„Á‡

Æ‰È·‰†ÛÚ·

˙Â¯ÂÈˆ†¯ÂˆÈÈ·†¢˜ÈËÒÏÙ†È¯ˆÂÓ†ÔÏÂ‚¢†ÏÁ‰†±π∑µ†˙˘·

˙ËÈ˘·†¨·ÏÂˆÓ†ÔÏÈ˙‡ÈÏÂÙÓ†ÌÈÈÂ˘Ú‰†ÌÈÓÁ†ÌÈÓÏ

˙Á˙†ÌÈ˜ÂÂ˘Ó‰†¨ÂÏ‡†˙Â¯ÂÈˆ†Æ¢PEROXIDE HIGH PRESSURE¢

Ì˙ÂÈÓ‡·Â†Ì·ÈË·†ÌÂÈÎ†ÌÈ¯ÎÂÓÂ†ÌÈÚÂ„È†¨¢ÏÂ‚Ò˜Ù¢†Ì˘‰

ÆÈÓÂ‡ÏÈ·‰†˜Â˘·Â†Ï‡¯˘È·

˙¯ÊÚ·†ÌÈ·ÏÂˆÓ‰†˙Â¯ÂÈˆ†¯ÂˆÈÈ·†¢ÔÏÂ‚¢·†ÂÏÁ‰†±ππ±†˙˘·

Æ®PEX-c©†ÌÈÂ¯Ë˜Ï‡†Ô¯˜

¨È˙·Î˘†·¯†≠†˘„Á†¯ÂÈˆ†Ï˘†¯ÂˆÈÈ·†¢ÔÏÂ‚¢·†ÂÏÁ‰†±ππ∑†˙˘·

Æ¢ÏÂ‚ÈËÏÂÓ¢†‚˙ÂÓ‰†Ì˘·

ÆÌÂÈÈÓÂÏ‡·†˜ÊÂÁÓ†PEX†¯ÂÈˆ†‡Â‰†¯ÂÈˆ‰

∫Ì‰†‰Ê†Ô„‚Â‡·†ÌÈÏÂÏÎ‰†ÌÈ‡˘Â‰
Æ±¯ÓÂÁ‰†˙ÂÂÎ˙

Æ≤ÌÈ¯Â˘È‡

Æ≥˙¯Á‡†˜ÈËÒÏÙ†˙¯ˆ†ÌÚ†‰‡ÂÂ˘‰

¥ÌÈ˘ÂÓÈ˘

‰„Â·Ú†ÈˆÁÏÂ†˙Â„ÈÓ†††††Æµ

Æ∂¯ÊÚ†Û„†≠†˙ÂÈ˙˘˙Ï†¢ÏÂ‚Ò˜Ù¢†·ÏÂˆÓ†ÔÏÈ˙‡ÈÏÂÙ†˙Â¯ÂÈˆ

ÔÎ˙ÓÏ

Æ∑ÔÎ˙ÓÏ†¯ÊÚ†Û„†≠†‰È˘Ú˙Ï†ÏÂ‚Ò˜Ù†˙¯ˆ

Æ∏ÁË˘Ï†¯ÂÈˆ†˙˜ÙÒ‡

Æπ‰‡ÏÓ†‰ÓÈ¯Ê†È‡˙Ï†„ÓÂÚ†È„ÒÙ‰†≠†‰˜ÈÙÒ†ÈÓÂ˜Ú

Æ±∞ÌÈÓ†ÌÏ‰

Æ±±ÌÂ˜‡Â†Â‡†‰˜ÈÈ†ÈÂÂ˜

Æ±≤‰˜ÈÁ˘·†˙Â„ÈÓÚ

Æ±≥ÏÂ‚Ò˜Ù†˙¯ˆÏ†˙ÈÚ˜¯˜†˙˙†‰˜˙‰†˙Â‡¯Â‰

Ú˜¯˜‰†ÈÙ†ÏÚ†‰˜˙‰†˙Â‡¯Â‰Â††††††††

Æ±¥ÌÈÎÓ˙†˙Â¯ÂÈˆ†ÈÂÂ˜

˙¯ˆ†È¯˘‚†ÏÚ†ÏÂ‚Ò˜Ù†˙¯ˆ†˙Á‰†††Æ±µ

Æ±∂ÏÂ‚Ò˜Ù†˙¯ˆ·†ÛÂÙÈÎ†ÈÒÂÈ„¯Â†˙Â˙˘˜

Æ±∑ÏÂ‚Ò˜Ù†˙¯ˆÏ†Ô‚Â‡†È¯˘˜Ó

Æ±∏ÌÈ¯˜Â†ÌÈÓÁ†ÌÈÓ†˙ÂÎ¯ÚÓ·†ÊÈÏÙ†È¯ÊÈ·‡†˙·Î¯‰Ï†˙ÂÈÁ‰

ÏÂ‚Ò˜Ù†˙¯ˆÏ†ÌÈ·ÎÂ¯†††Æ±π

Æ≤∞ÌÈ·ÎÂ¯†˙·Î¯‰Ï†˙ÂÈÁ‰

Æ≤±ıÁÏ†˙Â˜È„·†ÚÂˆÈ·Ï†˙ÂÈÁ‰

Æ≤≤ÏÂ‚Ò˜Ù†˙¯ˆ†ÔÂ˜È˙Ï†˙ÂÈÁ‰

Æ≤≥˙ÈÓÈÎ†˙Â„ÈÓÚ
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ÈÏÏÎ
‰Â·‚†È¯ÏÂ˜ÏÂÓ†Ï˜˘Ó†ÏÚ·†ÔÏÈ˙‡ÈÏÂÙÓ†˙¯ˆÂÈÓ†ÏÂ‚Ò˜Ù†˙¯ˆ

Æ„ÁÂÈÓ†ÍÈÏ‰˙·†·ÂÏÈˆ†¯·ÂÚ‰†‰‰Â·‚†˙ÂÙÈÙˆÂ
È¯˘˜·†Ô‰ÈÈ·†ÔÏÈ˙‡ÈÏÂÙ‰†˙Â‡¯˘¯˘†˙Â¯˘˜†·ÂÏÈˆ‰†ÍÈÏ‰˙·

˙‡†˙¯Ù˘Ó‰†˙È¯ÏÂ˜ÏÂÓ†˙˘¯†˙¯ˆÂ˘†ÍÎ†¨ÔÓÁÙ≠ÔÓÁÙ
¯ÓÂÁÏ†¨‰˘ÚÓÏ†¨Â˙Â‡†˙ÎÙÂ‰Â†ÏÈ‚¯‰†ÔÏÈ˙‡ÈÏÂÙ‰†˙ÂÂÎ˙

ÆPEX†·ÏÂˆÓ†ÔÏÈ˙‡ÈÏÂÙ†≠†˘„Á
·ÂÏÈˆ†˙ÂËÈ˘

∫Ô‰†ÌÂÈÎ†˙ÂÏ·Â˜Ó‰†·ÂÏÈˆ‰†˙ÂËÈ˘
PEX-c†ÌÈÂ¯Ë˜Ï‡†Ô¯˜†˙¯ÊÚ·†·ÂÏÈˆ†≠

PEX-a†ÌÈ‰Â·‚†ıÁÏÂ†ÌÂÁ†È‡˙·†„ÈÒ˜Â¯Ù†˙¯ÊÚ·†·ÂÏÈˆ†≠
ÌÏÂÚ·†˙ÂÏÈ·ÂÓ‰††Ô‰˘†‰Ï‡†˙ÂËÈ˘·†‰¯Á·†˜ÈËÒÏÙ†È¯ˆÂÓ†ÔÏÂ‚

ÈÓÏ†˙ËÏÁÂÓ†‰Ó‡˙‰Â†˙ÂÙÈ„Ú†˙ÂÂÎ˙†ÏÚ·†¯ÂÈˆ†˙ÂÁÈË·ÓÂ
Æ‰ÈÈ˙˘

Ì‰È˙ÂÂÎ˙·†ÌÈ‰Ê†ÂÏ‡†˙ÂËÈ˘†È˙˘·†ÌÈ¯ˆÂÈÓ‰†˙Â¯ÂÈˆ‰
ÆÌÈ˜˙†Ì˙Â‡†ÈÙÏ†ÌÈ˜„·Â†˙ÂÈÎÓ‰

ø·ÂÏÈˆ‰†Ô˙Â†‰Ó
ÈËÒÏÙÂÓ¯˙†¯ÓÂÁÓ†‰·Ïˆ‰‰†ÍÈÏ‰˙†ÔÓÊ·†ÍÙÂ‰†ÔÏÈ˙‡ÈÏÂÙ‰
·ÈˆÈ†È¯ÏÂ˜ÏÂÓ†‰·Ó†ÏÚ·†‡Â‰†‰Ê†¯ÓÂÁ†ÆÈËÒÏ‡ÂÓ¯˙†¯ÓÂÁÏ

ÔÎÂ†ÌÈÈÂˆÈ˜†‰¯ÂË¯ÙÓËÂ†ıÁÏ†È‡˙·†˙Â„ÈÓÚ†ÂÏ†¯˘Ù‡Ó‰
‰ÙÈ˜˙†„‚ÎÂ†‰˜ÈÁ˘†„‚Î†ÏÏÎ‰†ÔÓ†˙‡ˆÂÈ†˙Â„ÈÓÚ†ÂÏ†‰˜Ó

¯·†≤¥†„Ú†‰„Â·Ú†ÈˆÁÏÏ†ÌÈÎÂ˙Ó†˙Â¯ÂÈˆ‰†Æ˙ÈÓÈÎ
ÆπµOC†„Ú†‰„Â·Ú†˙Â¯ÂË¯ÙÓËÏÂ

-140+110
1.4x10-4

2.05x10-4

+133
2.3

0.35

˙ÂÈÓ¯˙†˙ÂÂÎ˙
‰„Â·Ú†˙¯ÂË¯ÙÓË

È¯‡ÈÏ†˙ÂË˘Ù˙‰†Ì„˜Ó®20oC≠·©
®100oC≠·©

˙ÂÎÎ¯˙‰†˙¯ÂË¯ÙÓË
ÈÏÂ‚Ò†ÌÂÁ

˙ÈÓ¯˙†˙ÂÎÈÏÂÓ†Ì„˜Ó

Í¯Ú˙Â„ÈÁÈÔ˜˙Ï†‰Ó‡˙‰

DIN4725

oC
m/m/oC
m/m/oC

oC
KJ/kgoC
w/moC

1015

2.3
1x10-3

60-90

˙ÂÈÏÓ˘Á†˙ÂÂÎ˙
®20oC≠·©†˙ÈÏÂ‚Ò†˙ÈÓÈÙ†˙Â„‚˙‰

È¯Ë˜Ï‡È„†ÚÂ·˜
®50Hz/20oC≠·©†È¯Ë˜Ï‡È„†„ÒÙ‰†Ì¯Â‚

®20oC≠·©†‰ÒÈ¯˜†Á˙Ó

Í¯Ú˙Â„ÈÁÈÔ˜˙Ï†‰Ó‡˙‰

Ω.m
-
-

KV/mm

938
20-26
9-13

350-550
500-700
¯·˘†ÔÈ‡
¯·˘†ÔÈ‡

0.01
0.08-0.1
34x10-3

0.8x10-9

3.0x10-9

˙ÂÈÎÓ†˙ÂÂÎ˙
˙ÂÙÈÙˆ

‰ÁÈ˙Ó·†˜ÊÂÁ®20oC≠·©
®100oC≠·©

‰ÚÈ¯˜·†˙ÂÎ¯‡˙‰®20oC≠·©
®100oC≠·©

†Ë˜ÙÓÈ‡®20oC≠·©
®-140oC≠·©

†˙ÂÁÏ†˙‚ÈÙÒ®22oC≠·©
‰„ÏÙ†ÏÚ†ÍÂÎÈÁ†Ì„˜Ó

ÁË˘†˙È‚¯‡
†ÔˆÓÁ†˙Â¯È„Á®20oC≠·©

®55oC≠·©††††††††††

C†ÒÓ‡ÈÏÈÂ≠ÔÊÈÈ‰†Ì„˜Ó±µµ
®U.V.©†‰ÏÂ‚Ò†‰¯ËÏÂ‡†‰È¯˜·†˘Ó˘·†˙Â„ÈÓÚ

∫˙¯ˆ†È‚ÂÒ†È˘†ÌÈÓÈ˜
®U.V.©†‰ÏÂ‚Ò†‰¯ËÏÂ‡†‰È¯˜·†„ÈÓÚ†≠†¯ÂÁ˘†¯ÂÈˆ

®U.V.©†‰ÏÂ‚Ò†‰¯ËÏÂ‡†‰È¯˜·†„ÈÓÚ†ÂÈ‡†≠†Ô·Ï†¯ÂÈˆ

Í¯Ú˙Â„ÈÁÈÔ˜˙Ï†‰Ó‡˙‰

kg/m3

N/mm2

N/mm2

%
%

KJ/m2

KJ/m2

mg/4d
-

N/m
gm/m2s bar
gm/m2s bar

DIN 53455

DIN 53455

DIN 53453
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È‡

ÈÏ‡¯˘È‰†Ô˜˙‰†Â˙
®±µ±π†È¢˙†ÈÙÏ†˜„·©

È‡˜È¯Ó‡‰†ÌÈ˜˙‰†ÔÂÎÓ‰†¯Â˘È‡
‰È˙˘††ÈÓ†˙Ï·Â‰Ï

È‡Â‚Â¯Â‡·†ÌÈ˜˙‰†ÔÂÎÓ†¯Â˘È‡

Ï‚ÂË¯ÂÙ·†ÌÈ˜˙‰†ÔÂÎÓ†¯Â˘È‡
®‰È˙˘†ÈÓÏ†¯Â˘È‡†ÏÏÂÎ©

È˙Ù¯ˆ‰†ÌÈ˜˙‰†ÔÂÎÓ†¯Â˘È‡
‰È·†È¯Â˘È‡†Ô˙ÓÏ

®‰È˙˘†ÈÓÏ†¯Â˘‡†ÏÏÂÎ©

È„¯ÙÒ‰†ÌÈ˜˙‰†ÔÂÎÓ†¯Â˘È‡
ÈÓ¯‚‰†ÈÊÎ¯Ó‰†ÔÂÎÓ‰†¯Â˘È‡

˜ÈËÒÏÙ†È¯ˆÂÓ†˙˜È„·Ï
ÈÙÏ†˜„·

˙˜È„·Ï†ÈÓ¯‚‰†ÔÂÎÓ‰†¯Â˘È‡
ÌÈÓÂ†Ê‚†˙ÎÏÂ‰Ï†ÌÈ¯ˆÂÓ
®‰È˙˘†ÈÓÏ†¯Â˘È‡†ÏÏÂÎ©

Ô˙ÓÏ†È„‰†ÔÂÎÓ‰†¯Â˘È‡
ÌÈÈÎË†ÌÈ¯Â˘È‡

‰È·†È¯ˆÂÓÏ
®‰È˙˘†ÈÓÏ†¯Â˘È‡†ÏÏÂÎ©

È„˜‰†ÌÈ˜˙‰†ÔÂÎÓ†¯Â˘È‡

TUV
BAYERN

MUNCHEN

MINISTERIO DE FOMENTOSENORCA

ÈÓ¯‚‰†ÔÂÎÓ‰†¯Â˘È‡
®ÔˆÓÁ†˙Â¯È„Á†˙˜È„·©

¯Â˘È‡
ÌÈ˜˙‰†ÔÂÎÓ

‰Ï‡ÂˆÂÂ·

ISO 9001
ÈÓÂ‡ÏÈ·†Ô˜˙
˙ÂÎÈ‡†ÏÂ‰ÈÏ

ÈÒÂ¯‰†ÌÈ˜˙‰†ÔÂÎÓ†¯Â˘È‡

ÈÈÙ‰†ÌÈ˜˙‰†ÔÂÎÓ†¯Â˘È‡

ÈÈÙ‰†ÔÂÎÓ‰†¯Â˘È‡
‰È˙˘†ÈÓ†˙Ï·Â‰Ï

DIN 16892
DIN 16893
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ÔÏÈ˙‡ÈÏÂÙ†Ï˘†„ÁÂÈÓ†‚ÂÒÓ†ÌÈ¯ˆÂÈÓ†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ
È¯ÏÂ˜ÏÂÓ†Ï˜˘Ó†ÏÚ·Â†®HDPE©†‰‰Â·‚†˙ÂÙÈÙˆ†ÏÚ·†ÔÏÈ˙‡ÈÏÂÙ†Â‰Ê

Æ„ÁÂÈÓ·†˙ÂÎÂ¯‡†ÌÈ¯ÓÈÏÂÙ†˙Â¯˘¯˘†¯ÓÂÏÎ†¨„Â‡Ó†‰Â·‚
ÍÂ˙†¨„‡Ó†ÌÈ‰Â·‚†ÌÈˆÁÏ·†ÌÏ‚‰†¯ÓÂÁ†ÒÁ„†¯ÂˆÈÈ‰†ÍÈÏ‰˙·

˙Â¯ÂÈˆ‰†ÏÂÁÈ˘†È„Î†ÍÂ˙†Æ„ÁÂÈÓ†¯ÂËÊÈÏË˜†˙ÂÁÎÂ·Â†ÌÂÁ†˙ÏÚÙ‰
ÌÈÈÓÈÎ†ÌÈ¯˘˜†˙¯ÈˆÈ†Â˙ÂÚÓ˘Ó˘†¨‰·Ïˆ‰‰†ÍÈÏ‰˙†˘Á¯˙Ó

Æ˙ÂÎÂ¯‡‰†ÔÏÈ˙‡ÈÏÂÙ‰†˙ÂÏÂ˜ÏÂÓ†ÔÈ·

¯ÂÈˆ‰†˙ÒÓ†ÏÎÂ†¨È„ÓÈÓ≠˙Ï˙†È¯ÏÂ˜ÏÂÓ†‰·Ó†¯ˆÂ†‰Ê†ÍÈÏ‰˙·
Æ˙Á‡†˜Ú†˙ÏÂ˜ÏÂÓÏ†‰˘ÚÓÏ†˙ÎÙÂ‰

Ï˜˘Ó†ÏÚ·†¨ÌÈÈÙÈÏÂ‡ÈÏÂÙ‰†˙ÁÙ˘ÓÓ†ÌÏ‚†¯ÓÂÁ†ÔÈ·˘†·ÂÏÈ˘‰
Ì¯Â‚†¨˙ÂÏÂ˜ÏÂÓ‰†ÔÈ·†‰·Ïˆ‰†ÍÈÏ‰˙Â†¨„Â‡Ó†‰Â·‚†È¯ÏÂ˜ÏÂÓ

∫˙Â·Â˘Á†˙ÂÂÎ˙†¯ÙÒÓ†ÏÚ·†¯ÂÈˆ†˙Â¯ˆÂÂÈ‰Ï
‰ÈÊÂ¯Â˜†ÈÙ·†˙ËÏÁÂÓ†˙Â„ÈÓÚ†≠

ÌÈÓ†ÌÏ‰†ÈÙ·Â†˙ÂÈÎÓ†˙ÂÎÓ†ÈÙ·†˙ÓÏ˘ÂÓ†˙Â„ÈÓÚ†≠
„Â‡Ó†‰‰Â·‚†˙ÈÓÈÎ†˙Â„ÈÓÚ†≠

¯˙ÂÈ·†ÍÂÓ†ÍÂÎÈÁ†Ì„˜Ó†≠
®ÒÓ‡ÈÏÈÂ†ÔÊÈÈ‰†˙ÁÒÂ·†c=155©††††

‰˜ÈÁ˘·†˙ÈÈÂˆÓ†˙Â„ÈÓÚ†≠
ÌÂÁ·†¯˙ÂÈ·†‰·ÂË†˙Â„ÈÓÚ†≠

„ÁÂÈÓ·†ÏÂ„‚†ÌÈÈÁ†Í¯Â‡†≠
ÌÈ¯Á‡†ıÓ‡Ó†È˜„ÒÂ†¨ÌÈÈÎ¯Â‡†ÌÈ˜„Ò†Ï˘†˙ÂÂ‰˙‰†ÔÈ‡†≠

‰ÎÂÓ†®creep©†‰ÏÈÁÊ†≠
˙È·‡†˙Â¯·Ëˆ‰†˙ÚÂÓ†¯ÂÈˆ‰†˙Â˜ÏÁ†≠

˙ ¯ Á ‡ † ˜ È Ë Ò Ï Ù † ˙ ¯  ˆ † Ì Ú † ‰ ‡ Â Â ˘ ‰

ÌÈ‰Â·‚†‰„Â·Ú†ÈˆÁÏ†Æ±
®¯˙ÂÈÂ†±±∞˙†„Ú©†˙Â‰Â·‚†‰„Â·Ú†˙Â¯ÂË¯ÙÓË†Æ≤
∫˙È·ÈÊÂ¯Â˜†‰·È·Ò·†˙Â¯È˘Ï†‰ÏÂÚÓ†‰Ó‡˙‰†Æ≥

˙È˙ÈÈ˘Ú˙†‰·È·Ò≠
ÌÈÎÙ˘†≠

ÌÈ†ÈÓ†≠
˙È·ÊÂ¯Â˜†Ú˜¯˜†≠

‰Á‰‰†ÔÓÊ·†ÔÂÎ†‡Ï†ÏÂÙÈË†ÈÙ·†˙¯ˆ‰†˙ÂÈÒÁ†Æ¥
·¯†ÔÂÎÒÁ†ÌÈ¯˘Ù‡Ó‰†ÌÈÎÂÓ†„ÓÂÚ†È„ÒÙ‰†Æµ

ÌÈ·¯†˙ÂÂ¯˙È†ÏÂ‚Ò˜Ù‰†˙¯ˆÏ†˙Â˜Ó†ÂÏ‡†˙ÂÂÎ˙
∫®˙·ÏÂˆÓ†‰È‡˘©†‰ÏÈ‚¯‰†˙¯ˆÏ†‰‡ÂÂ˘‰·

˙ÂÈÏÓÈÒ˜Ó†‰„Â·Ú†ßÙÓËÏ†˙Ï·‚ÂÓ†‰ÏÈ‚¯‰†ÔÏÈ˙‡ÈÏÂÙ‰†˙¯ˆ
˙ÂËÈ¯˘Ï†„Â‡Ó†‰˘È‚¯†‡È‰Â†¨®¥ππ†È¢˙Ï†Ì‡˙‰·©†¥∞˙†Ï˘

Ï˘†‰Á‰‰Â†‰Ï·Â‰‰†˙Ú·†¯È‰Ê†‡Ï†ÏÂÙÈËÓ†‰‡ˆÂ˙Î†˙Â¯ˆÂ‰
Æ¯ÂÈˆ‰

¯ÓÂÁ·†ÌÈ˜„Ò†˙ÚÙÂ‰†È¢Ú†˙ÈÈÙÂ‡Ó†˙·ÏÂˆÓ≠‡Ï‰†˙¯ˆ‰
ÆÌÈ˘†ßÒÓ†¯Á‡Ï

ÌÈÁ˙Ù˙Ó†¨stress cracks†¢ıÓ‡Ó†È˜„Ò¢†ÌÈÂÎÓ‰†¨ÂÏ‡†ÌÈ˜„Ò
ÌÈˆÓ‡Ó†∫¯ÓÂÁ·†˙ÈÒÁÈ†ÌÈÎÂÓ†ÌÈˆÓ‡Ó†˙Â¯ˆÂÂÈ‰Ó†‰‡ˆÂ˙Î
ÔÙÂ„·†‰ËÈ¯˘†Â‡†¨®¯ÂÈˆ·†ÛÂÙÈÎ©†ÌÈÈÂˆÈÁ†Â‡†¨®ıÁÏ©†ÌÈÈÓÈÙ

Æ¯ÂÈˆ‰
S.C.G-slow crack growth∫Ì‚†‰ÂÎÓ†ÂÊ†‰ÚÙÂ˙

¨¯ÓÂÁ‰†Ï˘†‰ÂÎ˙†‡È‰†stress cracks†ıÓ‡Ó†È˜„ÒÏ†˙Â˘È‚¯‰
Æ˙·ÏÂˆÓ†‡Ï‰†˙¯ˆ·†‰ˆÂÙ†‡È‰Â

˙Â¯ÂÈˆ†̇ Ó‚Â„Î†̇ ·ÏÂˆÓ‰†̇ ¯ˆ·†̇ ÓÈÈ˜†‰È‡†ÔÈËÂÏÁÏ†ÂÊ†‰ÚÙÂ˙
¯˘Ù‡Ó†ÂÈ‡˘†·ÏÂˆÓ‰†È„ÓÈÓ≠˙Ï˙‰†‰·Ó‰†ÏÏ‚·†¢ÏÂ‚Ò˜Ù¢

Æ‰Ï‡Î†ÌÈ˜„Ò†˙ÂÁ˙Ù˙‰

Â˙Â‡†˙ÎÙÂ‰†S.C.G≠·†ÏÂ‚Ò˜Ù‰†¯ÂÈˆ†Ï˘†‰ÏÂÚÓ‰†Â˙Â„ÈÓÚ
¨Ê‚†˙Ï·Â‰Ï†¨˙ÈÓÈÎ‰†‰È˘Ú˙Ï†˙¯ˆÎ†˙ÈÏ‡È„È‡‰†‰¯ÈÁ·Ï

ÆÌÈÏÈ‚¯Â†ÌÈÈÓÈÎ†ÌÈÎÙ˘†˙Ï·Â‰ÏÂ
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˙ÂÈ˙¯È„†ÌÈÓ†˙˜ÙÒ‡Â†‰˜Ò‰†˙ÂÎ¯ÚÓ
˙Â¯ÂÈˆÓ†˙ÂÈÂ˘Ú†˙ÂÈ˙¯È„‰†ÌÈÓ‰†˙˜ÙÒ‡†˙ÂÎ¯ÚÓ†ÂÈ‰†¨¯·Ú·

ÌÈÏÊÂ†˙¯·Ú‰Ï†Â˘ÓÈ˘†˙˘ÂÁ†˙Â¯ÂÈˆ†¯˘‡Î†¨ÔÂÂÏÂ‚Ó†ÏÊ¯·
È¯Â·ÈÁ†¨ÌÈ¯˜Ó‰†È˘·†ÆÌÈÓÁ†ÌÈÓÏ†ÔÎÂ†¨˙ÂÈ·ÈÊÂ¯Â˜†˙ÂÂÎ˙†ÈÏÚ·
¨‰„È„Ó†ÌÈ˘¯Â„‰†ÌÈ¯ÊÈ·‡†È„È†ÏÚ†Â˘Ú†˙ÂÈÂÙÚ˙Ò‰‰Â†˙Â¯ÂÈˆ‰

ÆÌÂËÈ‡Â†˙Â‚¯·‰†˙Î‰†¨ÍÂ˙ÈÁ
ø˙È˙Î˙Ó†˙¯ˆ·†ÌÈÏ˘Î†ÌÈÏ‚˙Ó†ÚÂ„Ó

‰ÚÙ˘‰†ÈÙ·†ÌÈ„ÈÓÚ†ÌÈ‡†˙˘ÂÁ†˙Â¯ÂÈˆÂ†ÔÂÂÏÂ‚Ó†ÏÊ¯·†˙Â¯ÂÈˆ
·ÈÈÁ˘†¨¢„ÂÒÈ†˙˜¯‡‰¢†˜ÂÁ†ÔÎ†ÂÓÎ†ÆÌ¯ÂÊ‰†ÏÊÂ‰†Ï˘†˙È·ÈÊÂ¯Â˜
˙¯ˆÏ†ÌÂ˜Ó·©†˙È·‰†˙Â¯È˜†Ï‡†˙ÈÏÓ˘Á‰†‰˜¯‡‰†¯Â·Á†˙‡
¨ÏÊ¯·‰†˙¯ˆ·†˙ˆ‡ÂÓ†‰ÈÊÂ¯Â˜Ï†ÔÈ¯˘ÈÓ·†Ì¯Â‚†®¯·Ú·Î†ÏÊ¯·‰

°Â¯ˆÂÚÏ†Ô˙È†‡Ï˘†ÍÈÏ‰˙†Â‰ÊÂ
¯Á‡Ï†ÌÂ˜È˙Â†˙Â¯È˜†˙ÁÈ˙Ù†ÏÏÂÎ‰†ÍÈÏ‰˙†‡Â‰†ÂÊ†˙¯ˆ†ÔÂ˜È˙
˙ÂÈ‰Ï†ÏÂÎÈÂ†¨Ì˙˜˙‰Â†‰˜ÈÓ¯˜†Â‡†‰ÈÒ¯Á†ÈÁÈ¯‡†˙¯Ò‰†¨ÔÎÓ
¢¯ÂÈˆ†ÍÂ˙·†¯ÂÈˆ¢†Ï˘†‰ËÈ˘·†ÏÂ‚Ò˜Ù‰†˙Î¯ÚÓ ÆÍ˘ÂÓÓÂ†¯˜È
Æ˙˘¯·†Ê¯·†ÏÎ†È¢Ú†˘¯„Î†ÌÈ¯˜Â†ÌÈÓÁ†ÌÈÓ†˙˜ÙÒ‡†‰ÁÈË·Ó
˜ÏÁÓ‰Ó†¨¯È˜‰†ÍÂ˙·†Â‡†‰Ùˆ¯Ï†˙Á˙Ó†ÁÂÓ†ÏÈ·ÂÓ‰†¯ÂÈˆ‰

Æ‰Ê†¯ÂÈˆ†ÍÂ˙·†ÏÁ˘ÂÓ†ÏÂ‚Ò˜Ù‰†¯ÂÈˆ†¯˘‡Î†¨Ê¯·Ï†˙Â¯È˘È
È¢ÚÂ†¯ÂÈˆ‰†‰ˆ˜Ï†˙¯·ÂÁÓ†¨Ê¯·‰†˙‡†˙ÏÏÂÎ‰†¨‡ˆÂÓ†˙ÒÙÂ˜
·ÈÎ¯Ó†ÏÎÏ†ÔÎ¯ˆ‰†Ï˘†‰‡ÏÓ†‰˘È‚†Ï˘†˙Â¯˘Ù‡‰†˙‚˘ÂÓ†ÍÎ

¯ÂÈˆ¢†˙ËÈ˘·†ÏÂ‚Ò˜Ù‰†˙Î¯ÚÓ†ÆÂÏ˘†ÌÈÓ‰†˙˜ÙÒ‡†˙Î¯ÚÓÓ
¯ÂÈˆ‰†Æ˙Â‚¯·‰†˙Î‰Â†˙ÂÈÂÙÚ˙Ò‰†˙˘¯Â„†‰È‡†¢¯ÂÈˆ†ÍÂ˙·

ÊÈÏÙÓ†ÌÈÈÂ˘Ú†˙Î¯ÚÓ·†ÌÈ¯ÊÈ·‡‰†ÏÎÂ†‰ÈÊÂ¯Â˜†ÈÙ·†ÔÈËÂÏÁÏ†Ô‚ÂÓ
¨ÌÈ„ÁÂÈÓ†ÌÈ·Â˘ÈÁ·†Í¯Âˆ†ÔÈ‡†Æ‰ÈÊÂ¯Â˜†ÈÙ·†Ì‰†Û‡†ÌÈ„ÓÂÚÂ

‰‡ˆÂ˙Î†˙Â¯ÂÈˆ‰†Ï˘†˙ÂˆÂÂÎ˙‰Â†˙ÂÎ¯‡˙‰†ÔÂ·˘Á·†ÌÈÁ˜ÂÏ‰
˙ÏÁ˘‰†È¢Ú†˙‚˘ÂÓ†ÍÎÏ†‰·Â˘˙‰†Æ˙Â¯¯˜˙‰Ó†Â‡†˙ÂÓÓÁ˙‰Ó

ÆÁÂ˙Ó†‡ÏÂ†ÈÂÙ¯†·ˆÓ·†Â˙¯‡˘‰Â†ÏÂ‚Ò˜Ù‰†¯ÂÈˆ
ÍÂ˙Ó†ÚÂ‚Ù‰†¯ÂÈˆ‰†˙‡†ÛÂÏ˘Ï†Ô˙È†‰Ï˜˙†Â‡†˜Ê†Ï˘†‰¯˜Ó·

‡È‰†ÂÊ†‰„Â·Ú†Æ˘„Á†ÏÂ‚Ò˜Ù†¯ÂÈˆ†ÏÈÁ˘‰ÏÂ†ÏÈ·ÂÓ‰†¯ÂÈˆ‰
ÔÈ‡†¯˘‡Î†¨„ÁÂÈÓ†ÈÚÂˆ˜Ó†Ú„È†‰ÎÈ¯ˆÓ†‰È‡Â†‰¯È‰ÓÂ†‰ËÂ˘Ù

ÆÌÈÁÈ¯‡Â†˙ÂÙˆ¯Ó†˙¯Ò‰·†Â‡†˙Â¯È˜†˙¯È·˘·†Í¯Âˆ
ÔÈÈ„ÚÂ†Â˜˙Â‰†¢ÏÂ‚Ò˜Ù¢†˙¯ˆÓ†˙ÂÈ˙È·†ÌÈÓ†˙˜ÙÒ‡†˙ÂÎ¯ÚÓ
¯Â·Èˆ†È·ÓÂ†ÔÂÏÓ†È˙·†¨˙Â¯È„†È˙·†Ï˘†˙È˙ÂÎÈ‡†‰È··†˙Â˜˙ÂÓ

ÆÌÏÂÚ·Â†Ï‡¯˘È·†ÌÈ·¯

˙ÈÂ¯ÈÚ†ÌÈÓ†˙˜ÙÒ‡Ï†˙¯ˆ
ÏÏ‚·†‰ÈÊÂ¯Â˜Ó†˙Ï·ÂÒ†˙ÈÂ¯ÈÚ†ÌÈÓ†˙˜ÙÒ‡Ï†‰„ÏÙ†˙¯ˆ

∫˙Â‡·‰†˙Â·ÈÒ‰
„¯ÂÈÂ†ÍÏÂ‰‰†ÌÈÓ‰†·ÈË†≠

Ú˜¯˜·†˙È·ÈÊÂ¯Â˜†‰·È·Ò†≠
Æ„ÂÒÈ†˙Â˜¯‡‰†ÈÂ·È¯†ÏÏ‚·†˙È·Ï‚†‰ÈÊÂ¯Â˜†≠

ÔÎÏÂ†ÂÏÏ‰†‰ÈÊÂ¯Â˜‰†È‡˙†ÏÎ·†ÔÈËÂÏÁÏ†‰„ÈÓÚ†ÏÂ‚Ò˜Ù†˙¯ˆ
˙ÂÏÈÊ†‡ÏÏ†˙Â¯È˘Ó†˙Â‰ÈÏÂ†ı¯‡·†ÌÂ˜Ó†ÏÎ·†‰˙Â‡†ÁÈ‰Ï†Ô˙È
ÌÈÎ¯Â‡·†ÏÂ‚Ò˜Ù‰†˙¯ˆ†˙˜ÙÒ‡†ÆÌÈÂÂ˜†˙ÂÙÏÁ‰Â†ÌÈÂ˜È˙†‡ÏÏÂ
ÆÌÈ¯Â·ÈÁ‰†¯ÙÒÓ†˙‡†ÌÂÓÈÈÓÏ†˙ÓˆÓˆÓ†¨ÌÈÙÂ˙†È·‚†ÏÚ†ÌÈÏÂ„‚
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°‰Ù¯Â˙†˙„Â˜†‡Â‰†¨¯˙ÂÈ·†·ÂË‰†ÂÏÂ†¨¯Â·ÈÁ†ÏÎ
Æı¯‡‰†È˜ÏÁ†ÏÎ·†˙ÂÈÂ¯ÈÚ†˙ÂÈ˙˘˙·†˙ÁÂÓ†ÏÂ‚Ò˜Ù‰†˙¯ˆ

È„ÚÏ·‰†¯ÂÈˆ‰†˙‡†ÏÂ‚Ò˜Ù·†˙Â‡Â¯†ÌÂ¯„‰†˙ÂÈ¯ÈÚÂ†‰·¯Ú‰†È·Â˘È
°˘ÂÓÈ˘Ï

‰ËÂ˘Ù†ÍÎÏ†‰·ÈÒ‰
ÏÂ‚Ò˜Ù†˙¯ˆ·†ÌÈÏ˘Î†ÂÈ‰†‡Ï†‰˘†±µ†Ï˘†ÁÎÂÓ†ÔÂÈÒ†ÈÙ†ÏÚ

°˙ÂÈÂ¯ÈÚ†˙ÂÎ¯ÚÓ·
˙ÂÈ˙˘˙·†‰ÏÈ·ÂÓ‰†˙¯ˆ‰†˜ÙÒ†‡ÏÏ†‡È‰†ÏÂ‚Ò˜Ù†˙¯ˆ†ÌÂÈÎ

¨ÌÈÈ˘‡¯†ÌÈÓ†ÈÂÂ˜†∫ÌÈ‡·‰†ÌÈÓÂ˘ÈÈ·†˙˜˙ÂÓ†‡È‰Â†¨˙ÂÈÂ¯ÈÚ
Æ˘‡†ÈÂ·ÈÎÏ†˙¯ˆ†¨ÌÈ˙·Ï†‰ÒÈÎ†È¯Â·ÈÁ†¨˙Â¯ˆÁÏ†˙È˘Ó†‰˜ÂÏÁ
˜ÂÂÈ˘‰†˙˜ÏÁÓÓ†ÌÈÓ†˙˘¯†ÔÂÎ˙Ï†·˘ÁÂÓÓ†‚ÂÏË˜†Ï·˜Ï†Ô˙È

ÆÏÂ‚Ò˜Ù†Ï˘

ÌÈÈÂ¯ÈÚ†ÌÈÎÙ˘†˙Ï·Â‰Ï†˙¯ˆ
‰˙Â„ÈÓÚ†Æ‰˜ÈÒ·†·ÂÈ·†Ï˘†ÌÈÂÂ˜·†˙˜˙ÂÓ†ÏÂ‚Ò˜Ù†˙¯ˆ

ÌÈÁ˙Ù˙Ó‰†ÌÈÊ‚‰†ÈÙ·†„ÂÓÚÏ†‰Ï†˙¯˘Ù‡Ó†‰ÏÂÚÓ‰†˙ÈÓÈÎ‰
Ï˘†„ÁÂÈÓ‰†ÔÂË·‰†ÈÂÙÈˆ†˙‡†ÛÂ˜˙Ï†ÌÈÏÂÏÚ˘†®H2S©†·ÂÈ··

ÏÂ‚Ò˜Ù‰†¯ÂÈˆ†Ï˘†„ÁÂÈÓ·†ÌÈ˜ÏÁ‰†ÁË˘‰†ÈÙ†Æ‰„ÏÙ‰†˙¯ˆ
Ì‚†‰˜˙Â‰†ÏÂ‚Ò˜Ù†˙¯ˆ†Æ¯ÂÈˆ·†ÌÈÚ˜˘Ó†˙Â¯ˆÂÂÈ‰†ÌÈÚÂÓ

ÆÈÓÈ†‡ˆÂÓ†ÈÂÂ˜·†ÔÎÂ†ÌÈÈÂÈˆËÈ·¯‚†·ÂÈ·†ÈÂÂ˜·

˙Â¯‡·Ï†ıÁÏ†˙¯ˆ
ÌÈÓ†˙·È‡˘†‡Â‰†ÏÂ‚Ò˜Ù†˙¯ˆÏ†ÌÈ˘„Á‰†ÌÈ˘ÂÓÈ˘‰†„Á‡
˙¯ˆ†˙¯ÊÚ·†¨®¯ËÓ†≤∞∞†ÏÚÓ©†ÌÈÏÂ„‚†ÌÈ˜ÓÂÚ·†˙Â¯‡·Ó

ÆÔÂ˙Á˙‰†Â‰ˆ˜·†˙·Î¯ÂÓ‰†‰ÏÂ·Ë†‰·‡˘Ó†ÌÚ†‰ÙÈˆ¯†ÏÂ‚Ò˜Ù

‰È˘Ú˙·†ÌÈ˘ÂÓÈ˘
‰ÙÈ˜˙ÏÂ†‰˜ÈÁ˘Ï†˙ÈÈÂˆÓ‰†˙Â„‚˙‰‰†ÏÚ·†¨ÏÂ‚Ò˜Ù‰†¯ÂÈˆ
ÆÌÈÈ˙È˘Ú˙†ÌÈ˘ÂÓÈ˘†Ï˘†·Á¯†ÔÂÂ‚Ó·†ÈÏ‡È„È‡†Ï·ÂÓ†‰ÂÂ‰Ó†¨˙ÈÓÈÎ
‰‡ˆÂ˙Î†¨ÌÈÓÈ‡˙Ó†ÌÈ‡†ÌÈÈÏÂÈˆ·Â˜†˙Â¯ÂÈˆ†Ì‰·†˙ÂÓÂ˜Ó·
‰‡ˆÂ˙Î†Â‡†ÌÈÏÊÂÂ†ÌÈ˜ˆÂÓ†Ï˘†˙ÂÂ˘†˙Â·Â¯Ú˙†È¢Ú†Ì˙˜ÈÁ˘Ó

Â‡†˙ÂˆÓÂÁ†È¢Ú†Ì˙ÚÈ‚ÙÓ
ÆÈÏÎÏÎÂ†ÏÈÚÈ†ÔÂ¯˙Ù†ÌÈ‚ÈˆÓ†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†≠†ÌÈÒÈÓÓ

∫ÌÈÏÏÂÎ†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†Ï˘†ÌÈÈ˙È˘Ú˙‰†ÌÈ˘ÂÓ˘‰
¨ÌÈËÙÒÂÙ†¨ÁÏÓ†¨ÏÂÁ†¨Ò·‚©†˙Â·Â¯Ú˙Â†˙ÂÒÈÓ˙†˙Ó¯Ê‰†≠

Æ®ßÂÎÂ†˘ËÂÙ†¨˙ÂÈÒ¯Á†††
ÆÌÈÂ˘†ÌÈÏ˜ÈÓÈÎ†˙Ó¯Ê‰†≠

ÆÌÈÈ˙È˘Ú˙†ÌÈÎÙ˘†≠

ÈÚ·Ë†Ê‚†˙ÎÏÂ‰Ï†ÏÂ‚Ò˜Ù†˙¯ˆ
ÔÈ‡Â†ÏÂ˘È·†Ê‚Â†ÈÚ·Ë†Ê‚Ï†‰ÏÂÚÓ†˙Â„ÈÓÚ†ÏÚ·†‡Â‰†ÏÂ‚Ò˜Ù†¯ÂÈˆ
˙ÂÈ˙˘˙·†ÏÈ·ÂÓ‰†˜ÈËÒÏÙ‰†¯ÂÈˆ†·Â¯˜‰†„È˙Ú·†‰È‰È˘†˜ÙÒ

ÆÌÈÎ¯ˆÏ†Ê‚†˙ÎÏÂ‰Ï†˙ÂÈÂ¯ÈÚ‰
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225
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315
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24.7
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1.04
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2.2
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3.6
4.7
7.3
9.3

11.5
14.3
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37.0
45.7

®SDR 16.2  S 7.6©†¢±∞¢†‚¯„†ÏÂ‚Ò˜Ù†¯ÂÈˆ
¯·†¥†∫πµ˚c≠·†Ø†¯·†±∞†∫≤∞˚c≠·†∫ÌÈÓÏ†‰„Â·Ú†ıÁÏ

¯·†∂†∫Ê‚Ï†‰„Â·Ú†ıÁÏ

ÌÈ‡ËÂ·Ó†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†Ï˘†‰„Â·Ú‰†ÈˆÁÏ
∫‰‡·‰†‰ÁÒÂ‰†È¢Ú

∫¯˘‡Î

≤S ´†±†Ω††††††Ω†ÈË¯„ËÒ†‰˜ÂÏÁ†ÈÒÁÈ†= SDR
t
D

ISO†¥∞∂µ†ÈÙÏ†‰¯„Ò†= S

®Ó¢Ó©†ÔÙÂ„†È·ÂÚ†= t

®Ó¢Ó©†ÈÂˆÈÁ†¯ËÂ˜†= D

®
≤
ÓÒØ‚¢˜©†‰˘†µ∞≠Ï†ÔÂÎ˙†ıÓ‡Ó†= σ

±Æ≤µ†ÔÂÁË·†Ì„˜Ó†ÏÏÂÎ†¨ÔÂÎ˙‰†˙Â¯ÂË¯ÙÓË·

®
≤
ÓÒØ‚¢˜©†ÈÏÓÈÒÎÓ†‰„Â·Ú†ıÁÏ†= P

P= σ
S

∫Â‡ P= σ
SDR-

∫Â‡ P=
D-t
σ t

®ÒÂÈÊÏˆ†˙ÂÏÚÓ©†ßÙÓË
®

≤
ÓÒØ‚¢˜©†σ

∫˙Â¯Ú‰
˙¯ÂË¯ÙÓË·†·˘Á˙‰Ï†˘ÈÈ†¯ÂÈˆ‰†‚¯„†˙¯ÈÁ·†˙Ú·†Æ±

Æ˙ÈÏÓÈÒ˜Ó‰†‰„Â·Ú‰    
ÆÂÏ˘†˙Â¯È˘‰†˙˜ÏÁÓÏ†‰Ù†‡‡†‰Ï‡˘†ÏÎ·†Æ≤
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5 
- 

04
/2

00
9

‰ „ Â · Ú † È ˆ Á Ï Â † ˙ Â „ È Ó

‰
„

Â
·

Ú
†
È
ˆ

Á
Ï

Â
†
˙

Â
„

È
Ó

≤ ≤
±

20
76

60
48

95
32

ÆÏÚÙÓ‰†ÌÚ†ÌÂ‡È˙·†¯ˆÈÈÏ†Ô˙È†ÆÈ‡ÏÓ·†‡Ï†™
Æ˙„ÁÂÈÓ†‰ÓÊ‰†ÈÙÏ†Ï·˜Ï†Ô˙È†ÌÈÙÒÂ†ÌÈ¯Ë˜†††
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0.064
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0.155
0.240
0.380
0.602
0.940
1.480
2.100
3.000
4.510
5.810
7.300
9.600

14.900
18.90

®SDR 7.4  S 3.2©†¢≤¥¢†‚¯„†ÏÂ‚Ò˜Ù†¯ÂÈˆ
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1.450
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5.100
6.700

10.400
13.200
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20.440
25.800
32.830

®Ó¢Ó©†ÈÂˆÈÁ†¯ËÂ˜

®SDR 11  S 5©†¢±µ¢†‚¯„†ÏÂ‚Ò˜Ù†¯ÂÈˆ
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26.1
29.4
33.1
36.8

®SDR 13.6  S 6.3©†¢±≤¢†‚¯„†ÏÂ‚Ò˜Ù†¯ÂÈˆ

0.86
1.22
1.76
2.60
3.36
4.21
5.51
8.58

10.90
13.42
16.83
21.32
27.04
34.32
43.47
53.69

®Ó¢Ó©†ÈÂˆÈÁ†¯ËÂ˜®Ó¢Ó©†ÔÙÂ„†È·ÂÚ®ßÓØ‚¢˜©†Ï˜˘Ó®Ó¢Ó©†ÔÙÂ„†È·ÂÚ®ßÓØ‚¢˜©†Ï˜˘Ó ®Ó¢Ó©†ÈÂˆÈÁ†¯ËÂ˜

¯·†∂†∫πµ˚c≠·†Ø†¯·†±µ†∫≤∞˚c≠·†∫ÌÈÓÏ†‰„Â·Ú†ıÁÏ
¯·†π†∫Ê‚Ï†‰„Â·Ú†ıÁÏ

¯·†µ†∫πµ˚c≠·†Ø†¯·†±≤†∫≤∞˚c≠·†∫ÌÈÓÏ†‰„Â·Ú†ıÁÏ
¯·†∑Æµ†∫Ê‚Ï†‰„Â·Ú†ıÁÏ

¯·†±∞†∫πµ˚c≠·†Ø†¯·†≤¥†∫≤∞˚c≠·†∫ÌÈÓÏ†‰„Â·Ú†ıÁÏ
¯·†±µ†∫Ê‚Ï†‰„Â·Ú†ıÁÏ

*
*

*
*

*
*

*

*
*

*
*



·ÏÂˆÓ†ÔÏÈ˙‡ÈÏÂÙ†¯ÂÈˆ†‡Â‰†˙ÂÈ˙˘˙Ï†„ÚÂÈÓ‰†¯ÂÈˆ‰
¨®SDR ±∂Æ≤©†±∞†‚¯„†®¯ÂÁ˘©†UV†Ô‚ÂÓ†®ÏÂ‚Ò˜Ù†˙Ó‚Â„©
Ì‡˙‰·©†¨®SDR ±≥Æ∂©†±≤†‚¯„†Â‡†¨®SDR ±±©†±µ†‚¯„†Â‡

Æ®Â˜‰†Ï˘†ÔÂÎ˙‰†ıÁÏÂ†‰¯ÂË¯ÙÓËÏ
Ì‡˙‰·†ÌÈÏÈÏ‚†Â‡†ÌÈÙÂ˙†È·‚†ÏÚ†ÁË˘Ï†˜ÙÂÒÓ†¯ÂÈˆ‰
‰È‰˙†ÏÈÏ‚·†Â‡†ÛÂ˙‰†ÏÚ†¯ÂÈˆ‰†˙ÂÓÎ†Æ¯ÂÈˆ‰†¯ËÂ˜Ï

ÏÂ‚Ò˜Ù†¯ÂÈˆ†˙Ï·Â‰¢†Û„†‰‡¯†Æ¯ÂÈˆ‰†¯ËÂ˜Ï†Ì‡˙‰·
Æ¢ÁË˘Ï

¯˘‡Î†Â‡†¨‰ÎÈ˘Ó·†¯ÂË˜¯Ë†È¢Ú†ÌÈÙÂ˙‰Ó†˜¯Ù†¯ÂÈˆ‰
ÌÈÙÂ˙‰©†˙Ó„˜˙Ó†‰Ï‚Ú‰Â†Ô‚Â‡Î†˘Ó˘Ó†¯ÂË˜¯Ë‰
Æ¯ÂÈˆÏ†˜Ê†Ì¯‚ÈÈ†‡Ï˘†ÔÙÂ‡·†¨®ÁË˘·†ÌÈ¯‡˘†ÌÈ‡
Â¯˘Â‡˘†ÌÈ¯ÊÈ·‡†˙ÂÚˆÓ‡·†Úˆ·˙Ó†˙Â¯ÂÈˆ‰†¯Â·ÈÁ

ÆÂÈ˙ÂˆÏÓ‰Ï†Ì‡˙‰·Â†Ô¯ˆÈ‰†È¢Ú
Æ‰˘¯ÂÓ†ÔÏ·˜†È¢Ú†Úˆ·˙È†¯Â·ÈÁ‰

Æ‰ÏÚ˙Ï†ıÂÁÓ†ÂÚˆ·˙È†˙¯ˆ‰†È¯Â·ÈÁ
ÆÌÈ¯ÊÈ·‡‰†È·‚Ï†¢Ô¯ˆÈ‰†˙ÂˆÏÓ‰¢†ÁÙÒ†‰‡¯

˙Â‡¯Â‰¢†Ë¯ÙÓ†ÈÙÏ†Úˆ·˙˙†‰ÏÚ˙·†˙¯ˆ‰†˙Á‰
Æ¢ÏÂ‚Ò˜Ù†˙¯ˆ†Ï˘†˙ÈÚ˜¯˜≠˙˙†‰˜˙‰

°ÏÂ‚Ò˜Ù†˙¯ˆÏ†ÏÂÁ†„ÂÙÈ¯·†Í¯Âˆ†ÔÈ‡
‰ÏÚ˙‰Ó†¯ÙÁ˘†¯ÓÂÁ·†¯ÂÈˆ‰†˙‡†˙ÂÒÎÏ†¯˘Ù‡

Æ˙Â„Á†ÌÈ·‡†ÏÈÎÓ†ÂÈ‡†¯ÓÂÁ‰˘†È‡˙·
Æ‰„Â·Ú‰†ÏÚ†Á˜ÙÏ†ÔÏÂ‚†Ï˘†‰„˘†˙Â¯˘Ï†¯˘Ù‡Ï†˘È

˙˜È„·¢†Û„†‰‡¯©†Ô¯ˆÈ‰†˙ÂÈÁ‰†ÈÙ†ÏÚ†‰˘ÚÈÈ†ıÁÏ†ÔÁ·Ó
Æ®¢ÏÂ‚Ò˜Ù†˙¯ˆ†ÈÂÂ˜·†ıÁÏ

¯Â˘È‡·†‰ÂÂÏÈÂ†Ô¯ˆÈ‰†ÁÂÎ†‡·†˙ÂÁÎÂ·†‰˘ÚÈÈ†ıÁÏ‰†ÔÁ·Ó
ÆËÒË‰†ÚÂˆÈ·†ÏÚ

·˙ÎÓÂ†ÌÈËÒË†¯Â˘È‡†ÁÂ˜ÏÏ†ÔÏ·˜‰†¯È·ÚÈ†‰„Â·Ú‰†¯Ó‚·
ÆÌÈ˘†±∞†Ï˘†‰ÙÂ˜˙Ï†ÏÚÙÓ‰†Ï˘†˙ÂÈ¯Á‡

Â‡†ÔË˜‰†¯ËÂ˜Ï©†ÏÂ‚Ò˜Ù†ÈÂÂ˜Ó†˙ÂÈÂÙÚ˙Ò‰†Úˆ·Ï†Ô˙È
ÌÈ·ÎÂ¯†˙¯ÊÚ·†¨®ÏÈ·ÂÓ‰†¯ÂÈˆ‰†¯ËÂ˜†ÈˆÁÓ†‰ÂÂ˘

Æ˙Â¯ÂÈˆ‰†Ô¯ˆÈ†È¢Ú†ÌÈˆÏÓÂÓ‰†¨˜ÈËÒÏÙ†Â‡†‰ËÒÂ¯ÈÓ
ÆÌÈ¯Â·ÈÁ†ÌÂÓÈÈÓ†ÌÚ†Â˜‰†˙‡†ÔÎ˙Ï†ÈÂˆ¯

ÆÏÚÙÓ‰†Ï˘†˙Â¯È˘‰†ßÁÓ†ÌÚ†ıÚÈ˙‰Ï†ıÏÓÂÓ

®ÌÈ·ÎÂ¯†ÏÏÂÎ©†ÔÂ‡ÒÏÙ†Ï˘†ÌÈÈÎÓ†ÌÈ¯ÊÈ·‡
ÆÓ¢Ó†±∂∞†¯ËÂ˜†„Ú†ÌÈÓÈÈ˜

±µ†Â‡†±≤†‚¯„††¨±∞†‚¯„†˙¯ˆ†¯Â·Ú†Ì‰·†˘Ó˙˘‰Ï†Ô˙È
Æ∂∞OC†ßÙÓË†„Ú

È¯ÊÈ·‡·†˘Ó˙˘‰Ï†ÍÈ¯ˆ†±µ†‚¯„Â†±≤†‚¯„†˙¯ˆ†¯Â·Ú
Æ¢±∏†‰¯„Ò¢†ÔÂ‡ÒÏÙ

®ÌÈ·ÎÂ¯†ÏÏÂÎ©†ÔßÊÂÈÙÂ¯Ë˜Ï‡†È¯ÊÈ·‡Â†˙ÂÙÂÓ
ÆÓ¢Ó†µ∞∞†¯ËÂ˜†„Ú†˙ÂÓÈÈ˜†˙ÂÙÂÓ

ÆÔ¯ˆÈ‰†‚ÂÏË˜Ï†Ì‡˙‰·†≠†ÌÈ¯Á‡†ÌÈ¯ÊÈ·‡
‚¯„†ÏÂ‚Ò˜Ù†¯ÂÈˆÏ†Í¯Ú†ÈÂÂ˘†˙ÂÙÂÓ‰†Ï˘†‰„Â·Ú‰†ÈˆÁÏ

Æ∂∞OC≠Ï†≤∞OC††ÔÈ·˘†ßÙÓË‰†ÌÂÁ˙·†±µ
˙Â¯È˘‰†ßÁÓ†ÌÚ†ıÚÈ˙‰Ï†ÍÈ¯ˆ†¨˙Â‰Â·‚†¯˙ÂÈ†ßÙÓË†È·‚Ï

ÆÔÏÂ‚†Ï˘
®ßÂÎÂ†¯ËÂ˜†¯·ÚÓ†¨T†ÔÂ‚Î©†ÌÈÙÒÂ†ÌÈ¯ÊÈ·‡†ÔÈÓÊ‰Ï†Ô˙È

ÆÔßÊÂÈÙÂ¯Ë˜Ï‡†ÍÂ˙È¯Ï†‰Î‰†ÌÚ†ÔÏÈ˙‡ÈÏÂÙÓ†ÌÈÈÂ˘Ú
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5.3
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.8
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9.1

.1
1.1
1.2

1.3

.2
2.1
2.2
2.3

2.4

2.5

GP HELA†ÊÈÏÙ†È¯ÊÈ·‡
Æ≤¥†≠Â†±µ†‚¯„·†¨Ó¢Ó†±∂∞†¯ËÂ˜†„Ú†ÌÈÓÈÈ˜

ÆÌÈ·ÎÂ¯Â†˙ÂÈÂÂÊ†¨T†¨‰ˆ˜†È¯ÊÈ·‡†ÏÏÂÎ
ßÙÓË‰†ÌÂÁ˙†ÏÎÏ†HELA†È¯ÊÈ·‡·†˘Ó˙˘‰Ï†Ô˙È

ÆÏÂ‚Ò˜Ù†˙¯ˆÏ†¯˙ÂÓ‰†ÌÈˆÁÏ‰Â
°GP HELA†È¯ÊÈ·‡†È¯Á‡Â†ÈÙÏ†FIXPOINT†ÔÂ‚ÈÚ·†Í¯Âˆ†ÔÈ‡

‰ËÒÂ¯È†È·ÎÂ¯
ÆÓ¢Ó†µ∞∞†¯ËÂ˜†„ÚÂ†Ó¢Ó†±±∞†¯ËÂ˜Ó†ÌÈÓÈÈ˜

Â‡†ß‚ÏÙ©†‰ÓÊ‰†ÈÙÏ†‰‡ÈˆÈ†ÌÚ†ÌÈ˜ÙÂÒÓ†ÌÈ·ÎÂ¯‰
Æ®‰ÙÂÓ

¯ÂÈˆ‰†¯ËÂ˜Ó†ÈˆÁ†„Ú†‡Â‰†ÈÏÓÈÒ˜Ó‰†‰‡ÈˆÈ‰†¯ËÂ˜
ÆÈ˘‡¯‰

ß‚ÏÙ‰Â†¯‡Âˆ‰†ÏÚ†ÈÓÂ‚†ÈÂÙÈˆ†ÌÚ†ÌÈ·ÎÂ¯†ÔÈÓÊ‰Ï†Ô˙È
˙„ÓÂÚ†‡Ï†‰ËÒÂ¯È‰˘†ÌÈÈ·ÈÊÂ¯Â˜†ÌÈ¯ÓÂÁ†Ï˘†‰¯˜ÓÏ

ÆÌ‰·
ßÙÓË‰†ÌÂÁ˙†ÏÎÏ†‰ËÒÂ¯È†È·ÎÂ¯·†˘Ó˙˘‰Ï†Ô˙È

ÆÏÂ‚Ò˜Ù†˙Â¯ÂÈˆÏ†¯˙ÂÓ‰†ÌÈˆÁÏ‰Â

¢ÔÏÂ‚¢†Ô‚Â‡†È¯˘˜Ó
Æµ∞∞x≤∞¢†„ÚÂ†∂≥x≤¢†¯ËÂ˜Ó†ÌÈÓÈÈ˜

ÆASA†±µ∞†Ô˜˙Ï†ÌÈÓÈ‡˙Ó†ÌÈ¯˘˜Ó‰†ÏÎ
ÆBS†Ô˜˙Ï†Ì‚†ÌÈ‡˙Ó†Ì˜ÏÁ

ßÙÓË‰†ÌÂÁ˙†ÏÎÏ†Ô‚Â‡†È¯˘˜Ó·†˘Ó˙˘‰Ï†Ô˙È
ÆÏÂ‚Ò˜Ù†˙Â¯ÂÈˆÏ†¯˙ÂÓ‰†ÌÈˆÁÏ‰Â

˙ÈÂ¯ÈÚ†ÌÈÓ†˙˘¯†ÔÂÎ˙Ï†·˘ÁÂÓÓ†‚ÂÏË˜†Ï·˜Ï†Ô˙È
ÆÏÂ‚Ò˜Ù†Ï˘†˜ÂÂÈ˘‰†˙˜ÏÁÓÓ
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∫ÈÙ†ÏÚ†¯ÂÈˆ‰†‚¯„†˙¯ÈÁ·
ÆDESIGN TEMPERATURE ÔÂÎ˙†˙¯ÂË¯ÙÓË

Æ‰„Â·Ú‰†ÈˆÁÏ
ÈˆÁÏ†ÏÚ†ÏÂ‚Ò˜Ù†˙¯ˆ†Ï˘†˙ÈÓÈÎ‰†˙Â„ÈÓÚ‰†˙ÚÙ˘‰
Ï˘†˙ÈÓÈÎ†˙Â„ÈÓÚÏ†˙Â‡Ï·Ë¢†∫‰‡¯©†ÌÈ¯˙ÂÓ‰†‰„Â·Ú‰

Æ®¢ÏÂ‚Ò˜Ù†˙¯ˆ

∫ÌÈ‡·‰†ÌÈÏÏÎÏ†Ì‡˙‰·†Ú·˜È˙†ÔÂÎ˙‰†˙¯ÂË¯ÙÓË
Æ¯ÂÈˆ·†¯·ÚÂÓ‰†ÏÊÂ‰†ßÙÓË†ÈÙÏ†∫ÔÂÓË†¯ÂÈˆ·

˙ÂÁÙÏ†‰È‰˙†ÔÂÎ˙‰†ßÙÓË†∫®˘Ó˘Ï†ÈÂÏ‚©†ÈÏÈÚ†¯ÂÈˆ·
‡È‰†Ì‡©†¯ÂÈˆ·†¯·ÚÂÓ‰†ÏÊÂ‰†ßÙÓË†Ù¢Ú†Â‡†¨∂∞OC

Æ®∂∞OC†ÏÚÓ

ÌÂ˜‡Â†È‡˙·†‰„Â·ÚÏ†˙¯ˆ
Æ±µ†‚¯„†˙ÂÈ‰Ï†·ÈÈÁ†ÈÏÓÈÈÓ‰†‚¯„‰

ÏÂ‚Ò˜Ù†˙¯ˆÏ†ÌÈ¯ÊÈ·‡†˙¯ÈÁ·
ÆÔ¯ˆÈ‰†¯Â˘È‡†˙‡†Â¯·Ú˘†ÌÈ¯ÊÈ·‡·†˜¯Â†Í‡†˘Ó˙˘‰Ï†˘È
®Ô˘È†Ì‡©†˘ÂÓÈ˘‰†˙ÂÏ·‚‰†˙Â¯„‚ÂÓ†Ô¯ˆÈ‰†ÈÓÂÒ¯Ù·

Æ¯ÊÈ·‡†‚ÂÒ†ÏÎ†È·‚Ï
ÆÏÂ‚Ò˜Ù†˙¯ˆ†Ï˘†˙Â¯È˘‰†ßÁÓÏ†˙ÂÙÏ†Ô˙È†‰Ï‡˘†ÏÎ·

ÔÏÂ‚†Ô‚Â‡†È¯˘˜Ó
Æµ∞∞x≤∞¢†„ÚÂ†∂≥x≤¢†¯ËÂ˜Ó†ÌÈÓÈÈ˜

ÆASA†±µ∞†Ô˜˙Ï†ÌÈÓÈ‡˙Ó†ÌÈ¯˘˜Ó‰†ÏÎ
ÌÈˆÁÏ‰Â†ßÙÓË‰†ÌÂÁ˙†ÏÎÏ†Ô‚Â‡†È¯˘˜Ó·†˘Ó˙˘‰Ï†Ô˙È

ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆÏ†¯˙ÂÓ‰

ÌÈÙÒÂ†ÆÙÆ‡†È¯ÊÈ·‡Â†ÔßÊÂÈÙÂ¯Ë˜Ï‡†˙ÂÙÂÓ
®ÌÈ·ÎÂ¯†ÏÏÂÎ©

ÆÓ¢Ó†µ∞∞†¯ËÂ˜†„Ú†˙ÂÓÈÈ˜†˙ÂÙÂÓ
ÆÔ¯ˆÈ‰†‚ÂÏË˜Ï†Ì‡˙‰·†≠†ÌÈ¯Á‡†ÌÈ¯ÊÈ·‡

‚¯„†ÏÂ‚Ò˜Ù†¯ÂÈˆÏ†Í¯Ú†ÈÂÂ˘†˙ÂÙÂÓ‰†Ï˘†‰„Â·Ú‰†ÈˆÁÏ
Æ∂∞OC≠Ï†≤∞OC†ÔÈ·˘†ßÙÓË‰†ÌÂÁ˙·†±µ

®ßÂÎÂ†¯ËÂ˜†¯·ÚÓ†¨T†ÔÂ‚Î©†ÌÈÙÒÂ†ÌÈ¯ÊÈ·‡†ÔÈÓÊ‰Ï†Ô˙È
ÆÔßÊÂÈÙÂ¯Ë˜Ï‡†ÍÂ˙È¯Ï†‰Î‰†ÌÚ†ÔÏÈ˙‡ÈÏÂÙÓ†ÌÈÈÂ˘Ú

ÔßÊÂÈÙÂ¯Ë˜Ï‡†È¯ÊÈ·‡†ÌÚ†˘Ó˙˘‰Ï†Ô˙È†˙Â‰Â·‚†ßÙÓË·
˙Â˙˘˜Â†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†ÌÚ†·ÂÏÈ˘·†PEX2PEX†ÌÈ·ÏÂˆÓ

ÆÏÂ‚Ò˜Ù

‰ËÒÂ¯È†È·ÎÂ¯
ÆÓ¢Ó†µ∞∞†¯ËÂ˜†„ÚÂ†Ó¢Ó†±±∞†¯ËÂ˜Ó†ÌÈÓÈÈ˜

Æ®‰ÙÂÓ†Â‡†ß‚ÏÙ©†‰ÓÊ‰†ÈÙÏ†‰‡ÈˆÈ†ÌÚ†ÌÈ˜ÙÂÒÓ†ÌÈ·ÎÂ¯‰
ÆÈ˘‡¯‰†¯ÂÈˆ‰†¯ËÂ˜Ó†ÈˆÁ†„Ú†‡Â‰†ÈÏÓÈÒ˜Ó‰†‰‡ÈˆÈ‰†¯ËÂ˜
ß‚ÏÙ‰Â†¯‡Âˆ‰†ÏÚ†ÈÓÂ‚†ÈÂÙÈˆ†ÌÚ†ÌÈ·ÎÂ¯†ÔÈÓÊ‰Ï†Ô˙È

ÆÌ‰·†˙„ÓÂÚ†‡Ï†‰ËÒÂ¯È‰˘†ÌÈÈ·ÈÊÂ¯Â˜†ÌÈ¯ÓÂÁ†Ï˘†‰¯˜ÓÏ
ßÙÓË‰†ÌÂÁ˙†ÏÎÏ†‰ËÒÂ¯È†È·ÎÂ¯·†˘Ó˙˘‰Ï†Ô˙È

ÆÏÂ‚Ò˜Ù†˙Â¯ÂÈˆÏ†¯˙ÂÓ‰†ÌÈˆÁÏ‰Â

®ÌÈ·ÎÂ¯†ÏÏÂÎ©†ÔÂ‡ÒÏÙ†Ï˘†ÌÈÈÎÓ†ÌÈ¯ÊÈ·‡
ÆÓ¢Ó†±∂∞†¯ËÂ˜†„Ú†ÌÈÓÈÈ˜

±≤†‚¯„††¨±∞†‚¯„†˙¯ˆ†¯Â·Ú†Ì‰·†˘Ó˙˘‰Ï†Ô˙È
Æ∂∞OC†ßÙÓË†„Ú†±µ†Â‡

È¯ÊÈ·‡·†˘Ó˙˘‰Ï†ÍÈ¯ˆ†±µ†‚¯„Â†±≤†‚¯„†˙¯ˆ†¯Â·Ú
Æ¢±∏†‰¯„Ò¢†ÔÂ‡ÒÏÙ

ÌÈÏ˘ÙÂÓ†˙ÂÂˆ˜†ÌÚ†˙Â¯ÂÈˆ
ÌÈ¯˘È†˙ÂËÂÓ·†ÌÈ¯Ë˜‰†ÏÎ·†˙Â¯ÂÈˆ†ÔÈÓÊ‰Ï†¯˘Ù‡

ÆÌÈÏ˘ÙÂÓ†˙ÂÂˆ˜†È˘†Â‡†„Á‡†ÌÚ†¨¯ËÓ†±≤†≠Î†Í¯Â‡·
≤†È˘†ÌÚ†¨Ó¢Ó†±∂∞†„Ú†¯ËÂ˜·†¯ÂÈˆ†ÔÈÓÊ‰Ï†¯˘Ù‡

ÆßÓ†±∞∞†„Ú†Ï˘†ÌÈÎ¯Â‡·†¨ÌÈÏ˘ÙÂÓ†˙ÂÂˆ˜
¯ÂÈˆ†ÔÈÓÊ‰Ï†Ô˙È†¨Ó¢Ó†µ∞∞†„Ú†¯˙ÂÈ†ÌÈÏÂ„‚†ÌÈ¯Ë˜·
Ì‡˙‰·†ÈÏÓÈÒ˜Ó†Í¯Â‡·†Ï˘ÙÂÓ†„Á‡†‰ˆ˜†ÌÚ†ÏÂ‚Ò˜Ù

Æ¢ÁË˘Ï†¯ÂÈˆ†˙˜ÙÒ‡¢†Û„·†ÔÈÂˆÓÏ
¯ÂÈˆÏ†¯ÂÈˆ†ÔÈ·†¯Â·ÈÁ†Í¯ÂˆÏ†‰Ê‰†¯ÊÈ·‡·†˘Ó˙˘‰Ï†Ô˙È

Æ¯ÊÈ·‡Ï†ÏÂ‚Ò˜Ù†¯ÂÈˆ†ÔÈ·†Â‡
ÆÛÒÂ†ÌË‡·†Í¯Âˆ†ÏÎ†ÔÈ‡

‰È˘Ú˙·†Ï·Â˜Ó‰†Ô˜˙‰†ÈÙÏ†Â˜ÙÂÒÈ†ÌÈ‚Â‡‰
Æ®ASA 150©

ıÁÏ†Ï˘†·ÂÏÈ˘†ÏÎ·†Ï˘ÙÂÓ†‰ˆ˜·†˘Ó˙˘‰Ï†Ô˙È
Æ¯ÂÈˆÏ†ÌÈ‡˙Ó˘†‰¯ÂË¯ÙÓËÂ

˙ÂÂˆ˜†ÌÚ†ÏÂ‚Ò˜Ù†¯ÂÈˆÓ†˙ÂÎÂÓ†˙Â˙˘˜†Ì‚†Ï·˜Ï†Ô˙È
ÆÌÈÏ˘ÙÂÓ

ÏÂ‚Ò˜Ù†¯ÂÈˆÓ†˙ÂÎÂÓ†˙Â˙˘˜
ÆÓ¢Ó†µ∞∞†¯ËÂ˜†„Ú†˙Â˙˘˜†ÔÈÓÊ‰Ï†¯˘Ù‡

ÆRΩ±ÆµD≠Â‡†RΩ≥D†‰È‰È†ÈË¯„ËÒ‰†ÛÂÙÈÎ‰†ÒÂÈ„¯
Æ±∂†„ÂÓÚ†‰‡¯†˙Â˙˘˜‰†˙Â„ÈÓ†¯Â·Ú

ÍÂ˙È¯†Â‡†Ô‚Â‡†¯˘˜Ó†˙·Î¯‰Ï†‰Î‰†ÌÚ†ÂÈ‰È†˙ÂÂˆ˜‰
ÆÔßÊÂÈÙÂ¯Ë˜Ï‡

ÆÌÈÏ˘ÙÂÓ†˙ÂÂˆ˜†ÌÚ†˙Â˙˘˜†ÔÈÓÊ‰Ï†Ô˙È

ÈÓÈÙ†ÈÂÙÈˆ†ÌÚ†‰„ÏÙ†È¯ÊÈ·‡†≠†ÔÈÈÏÂ‚†È¯ÊÈ·‡
ÏÂ‚Ò˜Ù

È¯·ÚÓ†¨T†¨˙ÂÈÂÂÊ©†ÌÈ¯ÊÈ·‡‰†È‚ÂÒ†ÏÎ†˙‡†ÔÈÓÊ‰Ï†Ô˙È
ÆÏÂ‚Ò˜Ù†ÈÓÈÙ†ÈÂÙÈˆÂ†ÌÈ‚Â‡Ó†˙ÂÂˆ˜†ÌÚ†®ßÂÎÂ†¯ËÂ˜

ÏÂ‚Ò˜Ù†˙¯ˆ†ÏÚ†‰¯ÂË¯ÙÓË‰†ÈÈÂÈ˘†˙ÚÙ˘‰
Í¯‡˙È†¨˙¯ˆ†È¯˘‚·†Â‡†Ú˜¯˜‰†ÏÚ†ÁÂÈ˘†ÏÂ‚Ò˜Ù†¯ÂÈˆ
®SNAKING†˘Á†Ï˘†‰¯Âˆ†Ï·˜È©†‰¯ÂË¯ÙÓË‰†˙ÈÈÏÚ†ÌÚ

Æ‰¯ÂË¯ÙÓË‰†˙„È¯È†ÌÚ†ıÂÂÎ˙ÈÂ
˙ÂÎ¯‡˙‰†˙‡†ÏÈ·‚‰Ï†ÌÈˆÂ¯†Ì‡†ÌÈÂ‚ÈÚ†ÛÈÒÂ‰Ï†˘È

Æ®ÌÈÈË˙Ò‡†ÌÈÏÂ˜È˘Ó©†¯ÂÈˆ‰
ÌÈÁ˙Ù˙Ó‰†ÌÈˆÓ‡Ó‰Â†˙ÂÈ‰†¯ÂÈˆ‰†˙‡†Ô‚ÚÏ†Í¯Âˆ†ÔÈ‡

ÆÂÎÂ˙·†ÌÈÚÏ·†¯ÂÈˆ·
Æ˙Â‚ÓÂ‡†Â‡†¢˙ÂË˘Ù˙‰†È¯Â·ÈÁ¢†·ÈÎ¯‰Ï†Í¯Âˆ†ÔÈ‡

ÌÈ·Î¯ÂÓ‰†ÌÈ¯ÊÈ·‡†È¯Á‡Â†ÈÙÏ†¯ÂÈˆ‰†˙‡†Ô‚ÚÏ†ÍÈ¯ˆ
ÆÂÈÏÚ

Û„†‰‡¯©†ÆÌÈÓÈ‡˙Ó†ÌÈ¯ÊÈ·‡†˙¯ÊÚ·†‰˘ÚÈÈ†ÔÂ‚ÈÚ‰
Æ®¢˙¯ˆ†È¯˘‚†ÏÚ†ÏÂ‚Ò˜Ù†˙¯ˆ†˙Á‰¢

Ú˜¯˜‰†ÏÚ†ÏÂ‚Ò˜Ù†˙¯ˆ†˙Á‰
ÌÂ˜Ó·†¨Ú˜¯˜‰†ÏÚ†˙Â¯È˘È†ÏÂ‚Ò˜Ù†˙¯ˆ†ÁÈ‰Ï†Ô˙È

Æ˙Â„Á†ÌÈ·‡†Â‡†ÌÈÚÏÒ†ÔÈ‡†Â·
¯Â·Ú†¯Á‡†ÒÈÒ·†ÏÎ†Â‡†ÌÈ„‡†¨„ÁÂÈÓ†ÚˆÓ·†Í¯Âˆ†ÔÈ‡
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‰
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Ï
†
Ï
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Ò

˜
Ù

†
˙
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ˆ

∫ÏÂ‚Ò˜Ù†˙¯ˆÏ†ÌÈ¯ÊÈ·‡†È·‚Ï†Ô¯ˆÈ‰†˙ÂˆÏÓ‰†ÔÏ‰Ï
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‰·¯‰†‰˙Â˘ÈÓ‚†‡Â‰†ÏÂ‚Ò˜Ù†˙¯ˆ†Ï˘†ÌÈÏÂ„‚‰†˙ÂÂ¯˙È‰†„Á‡
È¯Â˜Ó‰†‰¯ËÂ˜Ï†¯ÂÊÁÏ†‰Ï†¯˘Ù‡Ó˘†¨‰Ï˘†„ÁÂÈÓ‰†¢ÔÂ¯ÎÊ‰¢Â

Æ˙ÈÒÁÈ†ÔË˜†¯ËÂ˜·†ÏÈÏ‚†Â‡†ÛÂ˙†ÏÚ†‰Ï·Â‰†¯Á‡Ï
Æ˙¯Á‡†˙¯ˆ†ÏÎÏ†‰‡ÂÂ˘‰†‡ÏÏ†ÌÈÙÈˆ¯†ÌÈÎ¯Â‡†‡È‰†‰‡ˆÂ˙‰

ÏÈÏ‚·†‰˜ÙÒ‡†Æ±
ÆßÓ†±∞∞†Â‡†µ∞†≠†Ó¢Ó†±∂∞†„Ú†Ó¢Ó†≤µ≠Ó†ÌÈ¯Ë˜·

Ï˘†˙ÂÏÈ·Á†≠†È¯Â˘¯˘†¯ÂÈˆ·†ÏÚÂ˙Ó†ÌÈÓ†¯ÂÈˆ†≠†ˆ¢·ˆ©
Æ®ßÓ†±∞∞©

ÛÂ˙†ÏÚ†‰˜ÙÒ‡†Æ≤
‡Â‰˘Î†¯˙‡Ï†Ï·ÂÓ†¯ÂÈˆ‰†ÌÈÏÂ„‚†ÌÈÎ¯Â‡·†‰ÓÊ‰†Ï˘†‰¯˜Ó·

‰ˆ˜†˙ÒÈÙ˙†È¢Ú†˙È˘Ú†˙Â¯ÂÈˆ‰†˙Á‰†ÆÛÂ˙†ÏÚ†Ï‚ÏÂ‚Ó
Æ‰¯ÈÙÁ‰†Í¯Â‡Ï†ÛÂ˙‰†˙Ï·Â‰†Â‡†¨Â˙ÎÈ˘ÓÂ†¯ÂÈˆ‰

Æ˙Â¯È‰Ó·†˙Úˆ·˙Ó†‰ÒÈ¯Ù‰
Æ¯˙‡·†¯‡˘†ÂÈ‡†ÛÂ˙‰

ÌÈÏ˘ÙÂÓ†˙ÂÂˆ˜†ÌÚ†˙Â¯ÂÈˆ†Æ≥
˙ÂÂˆ˜†È˘†ÌÚ†¨Ó¢Ó†±∂∞†„Ú†¯ËÂ˜·†¯ÂÈˆ†ÔÈÓÊ‰Ï†¯˘Ù‡

Æ¯ËÓ†±∞∞†„Ú†Ï˘†ÌÈÎ¯Â‡·†¨ÌÈÏ˘ÙÂÓ
¨ÛÂ˙†È·‚†ÏÚ†ÏÂ‚Ò˜Ù†¯ÂÈˆ†ÔÈÓÊ‰Ï†Ô˙È†¨†¯˙ÂÈ†ÌÈÏÂ„‚†ÌÈ¯Ë˜·

Æ‰Ï·Ë·†ÔÈÈÂˆÓÏ†Ì‡˙‰·†Í¯Â‡·†Ï˘ÙÂÓ†„Á‡†‰ˆ˜†ÌÚ

¯ÂÈˆ‰†¯ËÂ˜®¯ËÓ©†ÛÂ˙†ÏÚ†Í¯Â‡

75
90
110
125
140
160
160
200
225
225
250
280
315
355
400
450
500

®¯ËÓ†±∞∞†Â‡†µ∞†Ï˘†ÌÈÏÈÏ‚·†Ì‚†ÔÈÓÊ‰Ï†Ô˙È© *

2600
1500
800
670
600
500
500
270
110
230
110
110
80
80
57
57

*
*
*
*
*

*

2.5”
3”
4”
5”
5”
6”
6”
8”
8”
8”

10”
10”
12”
14”
16”
18”
20”

®Ó¢Ó©®ßıÈ‡©

∫ÛÂ˙†ÏÚ†¯ÂÈˆ†Í¯Â‡

˙„ÁÂÈÓ†‰Ï·Â‰·†≠†¯ËÓ†≤µ†Ï˘†˙ÂËÂÓ

±∞†‚¯„

±µ†‚¯„

±∞†‚¯„

±µ†‚¯„
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¨‰˙˘Ó†Ï„Â‚†˙ÂÏÚ·†ıÁÏ†˙ÂÓÈÚÙ†Ï˘†‰¯„Ò†‡Â‰†ÌÈÓ†ÌÏ‰
‰„ÂËÈÏÙÓ‡‰†Æ¯ÂÈˆ‰†ÍÂ˙·†ÏÊÂ‰†Ï˘†ÏÈ‚¯‰†ıÁÏÏ†˙Á˙ÓÂ†ÏÚÓ

Í¯Â‡·†¨¯ËÂ˜·†ÔÎÂ†ÏÊÂ‰†˙Â¯È‰Ó·†˙ÂÈÂÏ˙†‰¯ÊÁ‰†˙ÙÂ˜˙Â
ÈÂÈ˘Ó†‰‡ˆÂ˙Î†Ì¯‚†ÌÏ‰†Ï‚†Æ¯ÂÈˆ‰†ÈÂ˘Ú†ÂÓÓ†¯ÓÂÁ·Â

‰ÚÂ˙·†‡ˆÓ‰†ÏÊÂ‰†Ï˘†˙ÈËÈ˜‰†‰È‚¯‡‰†Â·˘†ÈÓÂ‡˙Ù
Ì¯ÂÊ‰†¨Â‰˘ÏÎ†ÏÊÂ†¯˘‡Î†¯ÓÂÏÎ†¨ıÁÏ†˙ÈÈÈ‚¯‡Ï†˙ÎÙÂ‰

Æ˙ÂÈÓÂ‡˙Ù·†¯ˆÚ†¨˙ÓÈÂÒÓ†˙Â¯È‰Ó·
‰„Â·Ú‰†ıÁÏÏ†‰¯Â˘˜†‰È‡†˙¯ˆÚ†‰ÓÈ¯Ê‰†¯˘‡Î†ıÁÏ‰†˙ÈÈÏÚ

Æ˙Î¯ÚÓ‰†Ï˘
¯˘‡Î†ÚÈÙÂÓ†ÌÏ‰†Ï‚†˙Â¯ˆÂÂÈ‰Ó†‰‡ˆÂ˙Î†ÈÏÓÈÒ˜Ó‰†ıÁÏ‰

˘Â¯„‰†ÔÓÊ‰Ó†ÔË˜†Â‡†‰ÂÂ˘‰†ÔÓÊ†˜¯Ù·†˙ÓÏ·†‰ÏÂÎ†‰˜ÈÙÒ‰
¨Ï˘ÓÏ†¨ÛÂ‚Ó†Ï˘†‰¯È‚Ò‰†˙„Â˜Ó†¯Â·ÚÏ†¯ˆÂ‰†ıÁÏ‰†Ï‚Ï

∫ÂÈ‰†‰Ê†ÔÓÊ†Æ‰¯ÊÁ·Â†Â˜‰†˙ÏÈÁ˙Ï

t =
2L
a

∫¯˘‡Î
Æ‰¯ÊÁ·Â†¯ÂÈˆ‰†Í¯Â‡†˙‡†¯Â·ÚÏ†ıÁÏ‰†Ï‚Ï†˘Â¯„‰†ÔÓÊ‰†≠†t

®ß˘©†††††
®ßÓ©†¯ÂÈˆ‰†Í¯Â‡†≠†L

®ß˘ØßÓ©†ıÁÏ‰†Ï‚†˙Â¯È‰Ó≠†a
¢a¢†ıÁÏ‰†Ï‚†Ï˘†˙Â¯È‰Ó‰†¨ÌÈÓ†ÂÈ‰†¯ÂÈˆ·†ÏÊÂ‰†¯˘‡Î

∫‰‡·‰†‰ÁÒÂÏ†Ì‡˙‰·†˙Ú·˜

®ß˘ØßÓ©†ıÁÏ‰†Ï‚†˙Â¯È‰Ó†≠†a
®≤ß˘ØßÓ†πÆ∏±©†„·ÂÎ‰†ÁÎ†È¢Ú†˙Ó¯‚‰†‰ˆÂ‡˙‰≠†g

®ßÓ©†¯ÂÈˆ‰†Ï˘†ÈÓÈÙ‰†¯ËÂ˜‰†≠†d
®ßÓ©†¯ÂÈˆ‰†Ï˘†ÔÙÂ„†È·ÂÚ≠†e

®≤ßÓØ‚¢˜©†¯ÂÈˆ‰†¯ÓÂÁ†Ï˘†˙ÂÈËÒÏ‡‰†ÏÂ„ÂÓ≠†E
‰ÁÒÂÏ†Ì‡˙‰·†Ú·˜È†ÌÈÓ†ÌÏ‰†È„È†ÏÚ†Ì¯‚‰†È·¯ÈÓ‰†ıÁÏ‰

∫‰‡·‰

a = 1440

1 + 2.11 x 108 d
Ee

P = 1000 x aV

g

∫¯˘‡Î
®≤ßÓØ‚¢˜©†È·¯ÈÓ†ıÁÏ†≠†P

®ß˘ØßÓ©†ıÁÏ‰†Ï‚†˙Â¯È‰Ó≠†a
®ß˘ØßÓ©†ÌÈ¯ˆÚ‰†ÌÈÓ‰†˙Â¯È‰Ó†≠†V

®≤ß˘ØßÓ†πÆ∏±©†„·ÂÎ‰†ÁÎ†È¢Ú†˙Ó¯‚‰†‰ˆÂ‡˙‰†≠†g

È¢Ú†‰Ë˜‰Ï†ÌÈ˙È†¨ÌÈÓ†ÌÏ‰Ó†‰‡ˆÂ˙Î†ÌÈÓ¯‚‰†¨ÌÈˆÁÏ
Æ≤L /a†Ó†ÏÂ„‚‰†Í¯ÚÏ†ÌÈÙÂ‚Ó†Ï˘†‰¯È‚Ò‰†ÔÓÊ†˙Ï„‚‰

ıÁÏ‰†˙ÈÈÏÚ†≤L /a†ÌÈÓÚÙ†±∞†ÂÈ‰†‰¯È‚Ò‰†ÔÓÊ†¯˘‡Î†¨‡Ó‚Â„Ï
‰¯È‚Ò†È¢Ú†˙Ó¯‚‰†¨ıÁÏ‰†˙ÈÈÏÚÓ†±∞•≠≤∞•†Ï˘†ÌÂÁ˙·†‰È‰

ÆÂÓÓ†ÔË˜†Â‡†¨≤L /a†Ï†‰ÂÂ˘‰†ÔÓÊ·

ÏÂ‚Ò˜Ù‰†¯ÂÈˆ†ÈÂ˘Ú†ÂÓÓ†¯ÓÂÁ‰†Ï˘†˙ÂÈËÒÏ‡‰Â†˙Â˘ÈÓ‚‰
¯ÂÈˆ†ÆÌÈÓ†ÌÏ‰Ó†‰‡ˆÂ˙Î†¯ˆÂ‰†ıÁÏ‰†˙Ó¯†˙‡†˙ÂÒ¯Ó

ÌÈÓÚÙ†≤Æµ†„Ú†Ï˘†Ï„Â‚·†È¯˜Ó†ÌÏ‰†Ï‚†˙‡˘Ï†ÏÂÎÈ†ÏÂ‚Ò˜Ù
Æ¯ÂÈˆ‰†Ï˘†‰„Â·Ú‰†ıÁÏÓ

‰·¯‰·†ÍÂÓ†¨ÏÂ‚Ò˜Ù†¯ÂÈˆ†Ï˘†˙ÂÈËÒÏ‡‰†ÏÂ„ÂÓ†¨¢E¢†Í¯Ú‰
ÆËÓˆ†ËÒ·Ò‡†Â‡†ÔÂË·†¨‰„ÏÙ†˙Â¯ÂÈˆ†Ï˘†˙ÂÈËÒÏ‡‰†ÏÂ„ÂÓÓ
˙„¯ÂÈ†˙Â¯È‰Ó‰††††E≠†Ï†˙ÒÁÈ˙Ó†ıÁÏ‰†Ï‚†˙Â¯È‰Ó˘†ÔÂÂÈÎÓ

Æ¯˙ÂÈ†ÍÂÓ†¢E¢†Ï˘†ÂÎ¯Ú˘†ÏÎÎ
¨ÌÈˆÁÏ†Ï˘†ÌÈÈ·¯ÈÓ‰†ÌÈÎ¯Ú‰†˙‡†‰‡¯Ó†‰‡·‰†‡Ó‚Â„‰

ÆÌÈÂ˘†˙Â¯ÂÈˆ·†ÌÈÓ†ÌÏ‰Ó†‰‡ˆÂ˙Î†ÌÈÓ¯‚‰

∫‡Ó‚Â„

Æß˘ØßÓ†±Æµ†‰‰†¯ÂÈˆ·†ÌÈÓ‰†˙Â¯È‰Ó

Ó¢Ó†¥Æ∑∂†Ï˘†ÔÙÂ„†È·ÂÚ·Â†∂¢†¯ËÂ˜·†‰„ÏÙ†¯ÂÈˆ†Æ‡
®E†=†≤ßÓØ‚¢˜†2.1†x†1010©    

p = 1000x1255x1.5

9.81
=†≤ßÓØ‚¢˜†192000†=†≤Ó¢ÒØ‚¢˜†19.2

‰„ÏÙ†¯ÂÈˆ·†ÌÈÓ†ÌÏ‰†È¢Ú†Ì¯‚‰†È·¯ÈÓ‰†ıÁÏ‰†¨‰Ê†‰¯˜Ó·
ÆÏÂ‚Ò˜Ù†¯ÂÈˆ·†Ì¯‚‰†È·¯ÈÓ‰†ıÁÏ‰Ó†‰˘ÂÏ˘†ÈÙ†ÏÂ„‚

¢≤¥¢†‚¯„†¨Ó¢Ó†±∂∞†¯ËÂ˜·†ÏÂ‚Ò˜Ù†¯ÂÈˆ†Æ‚
®E†=†≤ßÓØ‚¢˜†1.15†x†108©    

p = 1000x395x1.5

9.81
=†≤ßÓØ‚¢˜†60000†=†≤Ó¢ÒØ‚¢˜†6

a = 1440

1+2.11x108 x 0.15

1.15x108x22.4x10-3

=†ß˘ØßÓ†395

¢≤¥¢†‚¯„†¨Ó¢Ó†±µ∞†¯ËÂ˜·†ËÓˆ†ËÒ·Ò‡†¯ÂÈˆ†Æ·
®E†=†≤ßÓØ‚¢˜†2.5†x†109©    

p = 1000x1060x1.5

9.81
=†≤ßÓØ‚¢˜†162000†=†≤Ó¢ÒØ‚¢˜†16.2

a = 1440

1+2.11x108 x 0.15

2.5x109x15x10-3

=†ß˘ØßÓ†1060

a = 1440

1+2.11x108 x 0.15

2.1x1010x4.76x10-3

=†ß˘ØßÓ†1255
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Æ‰˜ÈÈ†ÈÂÂ˜·†Ô˜˙ÂÓ‰†¯ÂÈˆ†Æ±
˙ÈÂÈˆËÈ·¯‚†‰ÓÈ¯ÊÏ†Ì¯Â‚‰†¨ÏÂ„‚†ÚÂÙÈ˘·†Ô˜˙ÂÓ‰†¯ÂÈˆ†Æ≤

Æ‰¯È‰Ó
ÆÂ˜·†¯·ÚÂÓ‰†ÏÊÂ‰†˙¯ÂË¯ÙÓË·†ÌÈÈÂˆÈ˜†ÌÈÈÂÈ˘†Æ≥

¨ÈÒÈÒ·†ÔÙÂ‡·†¨‰ÈÂÏ˙†ÏÂ‚Ò˜Ù†¯ÂÈˆ†˙‡˘Ï†ÏÂÎÈ˘†ÌÂ˜‡Â‰†˙Ó¯
¯ÂÁ·Ï†˘È†Æ®SDR©†¯ÂÈˆ‰†Ï˘†ÔÙÂ„‰†È·ÂÚ†ÔÈ·Ï†¯ËÂ˜‰†ÔÈ·†ÒÁÈ·

˙Â„‚˙‰†¯ÂÈˆÏ†‰˜È˘†ÍÎ†¨ÌÈ‡˙Ó†ÔÙÂ„†È·ÂÚ†ÏÚ·†¯ÂÈˆ
ÆÌÂ˜‡Â‰†È¢Ú†˙Ó¯‚‰†‰˜È˘Ï

ÌÂ˜‡Â†È‡˙·†Ú˜¯˜‰†ÈÙ†ÏÚÓ†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†˙Á‰†Í¯ÂˆÏ
∫‡·‰†ÔÂÈ¯ËÈ¯˜‰†˙‡†ıÓ‡Ï†ıÏÓÂÓ

ÁÂÓ‰†ÏÂ‚Ò˜Ù†¯ÂÈˆ†≠†±Æ≤≠Ï†˙Á˙Ó†‡Â‰†Dvh/Do†ÒÁÈ‰†¯˘‡Î
ÆÌÂ˜‡ÂÓ†‰‡ˆÂ˙Î†ÔÂÏ˘Î†„‚Î†ÁË·ÂÓ†Ú˜¯˜‰†ÏÚÓ 11
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ÌÂ˜‡Â†È‡˙·†Ú˜¯˜‰†ÏÚ†ÁÂÓ†ÏÂ‚Ò˜Ù†¯ÂÈˆ

Do

Dvh

∫ÌÈ‡·‰†ÌÈ¯˜Ó·†¯ÂÈˆ·†¯ˆÂÂÈ‰Ï†ÏÂÎÈ†®ÌÂ˜‡Â©†ıÁÏ†˙˙

ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†¯Â·Ú†ÌÈˆÏÓÂÓ‰†ÈÏÓÈÒ˜Ó†ÌÂ˜‡Â†ÈÎ¯Ú
Ú˜¯˜‰†ÈÙ†ÏÚ†ÌÈÁÂÓ‰

¯ÂÈˆ‰†‚ÂÒ‰¯ÂË¯ÙÓË

0.8
0.6

ÌÂÈ†±˘„ÂÁ†±‰˘†±

˘ÂÓÈ˘‰†˙ÙÂ˜˙

0.65

20OC
60OC

≤¥†‚¯„
SDR 7.4

‰˘†µ∞

0.75

±µ†‚¯„
SDR 11

±∞†‚¯„
SDR 16.2

˘ÂÓÈ˘Ï†ÌÈ‡˙Ó
‡ÏÓ†ÌÂ˜‡Â· 20OC

60OC

20OC
60OC

Æ‡ÏÓ†ÌÂ˜‡Â·†˘ÂÓÈ˘Ï†ıÏÓÂÓ†‡Ï±∞†‚¯„†ÏÂ‚Ò˜Ù†¯ÂÈˆ

Ô˙È†¯˘‡†ÌÂ˜‡Â†Ï˘†ÌÈÈ·¯ÈÓ†ÌÈÎ¯Ú†˙ÏÏÂÎ†‰‡·‰†‰Ï·Ë‰
∫‰Â˘†‚¯„†ÈÏÚ·†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ·†¯È·Ú‰Ï

¨ÈÏ·Â‡†˙ÂÂÈÚ†¯ÂÈˆ·†¯ˆÂÂÈ†¨ÏÂ‚Ò˜Ù†¯ÂÈˆ·†Ï˘Î†Ï˘†‰¯˜Ó·
˜˘†ÏÂ‚Ò˜Ù†¯ÂÈˆ†¯˘‡Î†ÈÎ†¨˘È‚„‰Ï†˘È†ÆÈ˙‚¯„‰†ÔÙÂ‡·†Ï„‚‰

È¢Ú†È¯Â˜Ó‰†ÏÂ‚Ú‰†Â·ˆÓÏ†Â¯ÈÊÁ‰Ï†Ô˙È†ÌÂ˜‡ÂÓ†‰‡ˆÂ˙Î
Æ¯ˆ˜†ÔÓÊ†Í˘ÓÏ†ÈÓÈÙ†ıÁÏ†˙ÏÚÙ‰

ÁÂÓ‰†ÏÂ‚Ò˜Ù†¯ÂÈˆ†Ï˘†ÈÂ¯˜Ú†·ˆÓ†‰‡¯Ó†‡·‰†ËÂË¯˘‰
È‡˙†ÌÂÈ˜†·˜Ú†‰ÒÈÁÙ†Â·†˙¯ˆÂÂ†¨ÌÂ˜‡Â†È‡˙·†Ú˜¯˜‰†ÏÚÓ

ÆıÁÏ≠˙˙

Æ±≠Î†ÔÓÂÒÈ†‡ÏÓ†ÌÂ˜‡Â

Ú˜¯˜·†‰ÂÓË‰†ÏÂ‚Ò˜Ù†˙¯ˆ
ÌÈÈ˙Ú·Ë†ÌÈˆÓ‡Ó†¯ˆÂÈ†¨ÈÏÈÏ˘†ıÁÏ†‰˘ÚÓÏ†ÂÈ‰†¯˘‡†¨ÌÂ˜‡Â
‰Ï‡†ÌÈˆÓ‡Ó†ÆÌÈÈÂˆÈÁ‰†ÌÈˆÁÏÏ†ÌÈÙÒÂÂ˙Ó‰†¨¯ÂÈˆ‰†ÔÙÂ„·

ÆÌÈÈÂˆÈ˜†ÌÈ¯˜Ó·†¨Ï˘ÎÏ†¯ÂÈˆÏ†ÌÂ¯‚Ï†ÌÈÏÂÏÚ
ÈÙÏ†˙Á˙Ó†ÁÂÓ†ÌÂ˜‡Â†˙Á˙†ÔÂ˙‰†ÏÂ‚Ò˜Ù†¯ÂÈˆ†¯˘‡Î†¨ÔÎÏ
ÌÂ˜‡Â‰Ó†‰‡ˆÂ˙Î†Ì¯‚‰†ıÓ‡Ó·†Ì‚†·˘Á˙‰Ï†˘È†¨Ú˜¯˜‰

ÌÈÈËËÒ‰†ÌÈÒÓÂÚ‰Ó†‰‡ˆÂ˙Î†ÌÈÓ¯‚‰†ÌÈˆÓ‡ÓÏ†ÛÒÂ·
ÆÚ˜¯˜‰†Ï˘†ÌÈÈÓÈ„‰Â

Æ¯ÂÈˆ‰†·È·Ò†¯˜Â·Ó†˜Â„È‰†ÏÚ†„ÈÙ˜‰Ï†·Â˘Á†ÂÏ‡†ÌÈ¯˜Ó·
˙¯·Á†ÈÒ„‰ÓÏ†˙ÂÙÏ†ıÏÓÂÓ†ÌÂ˜‡Â†È‡˙·†Â˜†ÔÂÎ˙†Í¯ÂˆÏ
Æ¢ÌÂ˜‡Â†È¯·Â˘¢†˙˜˙‰·†ıÂÚÈ†˙Ï·˜†Í¯ÂˆÏ†®·Â¯Á†¯ÙÎ©†È¢¯‡

±≤†‚¯„
SDR 13.6

20OC
60OC0.8 0.9
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‰˜ÈÁ˘·†˙ Â„ ÈÓÚ

‰ÁÈÎ˘†SLURRY††È¯‡ÏÒ†˙¯Âˆ·†ÏÊÂ†È¢Ú†˜ˆÂÓ†È˜È˜ÏÁ†˙Ï·Â‰
Æ˙Â·¯†˙¯ˆ†˙ÂÎ¯ÚÓ·Â†˙Â¯ÎÓ·†¨‰È˘Ú˙·

ÚÂ˜È˘†ÚÂÓÏ†È„Î·†¨˙ÈËÏÂ·¯ÂË†‡È‰†‰ÓÈ¯Ê‰†ÌÈ¯˜Ó‰†·Â¯·
ÆÌÈ˜ˆÂÓ‰

Æ¯ÂÈˆ‰†ÈÙÓ†¯ÓÂÁ†˙¯Ò‰·†˙‡Ë·˙Ó†˙Â¯ÂÈˆ·†‰˜ÈÁ˘‰

Ï˘†˙·Â¯Ú˙†˙Ó¯Ê‰Ó†‰‡ˆÂ˙Î†¯ÂÈˆ‰†ÔÙÂ„†Ï˘†‰˜ÈÁ˘‰†·ˆ˜
ÌÈ·¯†ÌÈÓ¯Â‚†È¢Ú†ÚÙ˘ÂÓ†¨ÂÎ¯„†®SLURRY©ÌÈ˜ˆÂÓ†È˜ÏÁÂ†ÏÊÂ

∫ÔÂ‚Î
‰˜ÈÙÒ‰

˜ˆÂÓ‰†È˜È˜ÏÁ†˙ÂÙÈÙˆ
ÌÈ˜È˜ÏÁ‰†Ï„Â‚†‚ÂÏÈÙ

ÌÈ˜È˜ÏÁ‰†˙ÂÈ˘˜
‰¯ÂË¯ÙÓË

Â˙ÂÙÈÙˆÂ†ÏÊÂ‰†˙Â‚ÈÙˆ

¯˙ÂÈ·†˙Â·Â˘Á‰†˙ÂÂÎ˙‰Ó†˙Á‡†‡È‰†¨‰˜ÈÁ˘†ÈÙ·†˙Â„ÈÓÚ‰
ÆÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†Ï˘

ÌÚ†„ÁÈÂ†¢ÈˆÈÙ˜¢Â†˘ÈÓ‚†Â˙ÂÈ‰·†¨¯ÂÈˆ‰†ÈÂ˘Ú†ÂÓÓ†¯ÓÂÁ‰
ÌÈ˙ÈÚÏ†‰ÏÂÚ‰†¨‰˜ÈÁ˘Ï†¯˙ÂÈ·†‰·ÂË†˙Â„‚˙‰†¯ˆÂÈ†¨ÁÈ˘˜†˙‡Ê

ÆÌÈÈ˙Î˙Ó†ÌÈ¯ÓÂÁ†Ï˘†ÂÊ†ÏÚ†˙Â·Â¯˜
Ï˘†‰‡ˆÂ˙†‡È‰†‰˜ÈÁ˘†ÈÙ·†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†Ï˘†˙Â„ÈÓÚ‰

Æ·ÏÂˆÓ†ÔÏÈ˙‡ÈÏÂÙ†Ï˘†È„ÂÁÈÈ‰†È¯ÏÂ˜ÏÂÓ‰†‰·Ó‰

È˜È˜ÏÁ†Ï˘†˙ÈËÈ˜‰†‰È‚¯‡‰†˙‡†‚ÂÙÒÏ†¯ÂÈˆ‰†Ï˘†Â˙ÂÎ˙
˙‡†˙ÂÎÙÂ‰†‰ÈˆÓ¯ÂÙ„Ï†˙Â„‚˙‰Â†ÏÊÂ‰†ÍÂ˙·†ÌÈ˘˜‰†˜ˆÂÓ‰

ÏÎ·†ÏÏÎ‰†ÔÓ†˙Â‡ˆÂÈ†˙ÂÂÎ˙†ÏÚ·†ÏÈ·ÂÓÏ†ÏÂ‚Ò˜Ù‰†¯ÂÈˆ
Æ‰˜ÈÁ˘·†˙Â„ÈÓÚÏ†¯Â˘˜‰

‰
˜

ÈÁ
˘

·
†˙

ÂÂ
„

ÈÓ
Ú

˙Â˜È„··†‰˜„·†‰˜ÈÁ˘·†ÏÂ˜Ò˜Ù†˙¯ˆ†Ï˘†‰ÏÂÚÓ‰†‰˙Â„ÈÓÚ
ÆÁË˘†È‡˙·Â†‰„·ÚÓ

˙¯ˆ†ÌÂ˜Ó·†ÏÂ‚Ò˜Ù‰†˙¯ˆ†‰˜˙Â‰†ÁÏÓ‰†ÌÈ†ÈÏÚÙÓ·
ÏÂ‚Ò˜Ù‰†˙Â¯ÂÈˆ†Æ‰˘†È„ÈÓ†ÛÈÏÁ‰Ï†Â‚‰†‰˙Â‡˘†¨ÏÊ¯·

ÆÂÙÏÁÂ‰†‡Ï†ÔÈÈ„ÚÂ†‰˘†≠±µÎ†¯·Î†ÌÈ˜˙ÂÓ
ÈÂÂ˜·†ÏÂ‚Ò˜Ù†˙¯ˆ†˙˜˙ÂÓ†¨‰˜È¯Ù‡†ÌÂ¯„·†·‰Ê‰†˙Â¯ÎÓ·
¯ÓÂÁ†ÌÈ¯È·ÚÓÂ†‰‰Â·‚†˙ÈÂÂ˜†˙Â¯È‰Ó·†ÌÈÏÚÂÙ‰“BACKFILL”†

ÆÏ˘Î†‡ÏÏ†ÌÈ˘†˜ÈÙÒÓ†¯·Î†„ÁÂÈÓ·†˜ÁÂ˘
Ó¢Ó†¥µ∞†¯ËÂ˜·†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†ÌÈ·Î¯ÂÓ†ÁÏÓ‰†ÌÈ†˙ÂÎÈ¯··

ÆÌÈ˘†±∞≠Î†‰ÊÓ
ÆÁÏÓ‰†È˘È·‚†˙‡†˙Â¯ˆÂ˜‰†˙¯·Â„Ï†ÌÈ¯·ÂÁÓ†ÂÏ‡†˙Â¯ÂÈˆ

‰Ï˘Î†ÌÈÂÂ˜†Ì˙Â‡·†‰˜˙Â‰˘†·ÏÂˆÓ†‡Ï†ÔÏÈ˙‡ÈÏÂÙ†˙¯ˆ
ÆÌÈ¯ÂÙÒ†ÌÈ˘„ÂÁ†¯Á‡Ï

˙¯ˆ†Ï˘†‰˜ÈÁ˘·†˙Â„ÈÓÚ†‡˘Â·†ÌÈÈÎË†˙ÂÁÂ„†Ï·˜Ï†Ô˙È
ÆÏÂ‚Ò˜Ù

Æ˜ÂÂÈ˘‰†ßÁÓ†Ï‡†‰Ù†‡‡

ÌÈÓ¯Â‚†ÌÈ‡†¨Ì‰Ó†ÚÓÈ‰Ï†Ô˙È†‡Ï†¯˘‡†¨ÌÈˆÈ¯ÁÂ†˙ÂËÈ¯˘
Æ¯ÂÈˆÏ†˜Ê†ÏÎ

˜ÓÂÚ·†ÌÈˆÈ¯Á†Ì‰·†Â˘Ú˘†È¯Á‡†˙Â¯ÂÈˆÏ†ÂÎ¯Ú˘†˙Â˜È„··
˙Â˜È„·†¯Á‡Ï©†ÁÎÂ‰†¯ÂÈˆ‰†Ï˘†ÔÙÂ„‰†È·ÂÚÓ†≤∞•†≠Î†Ï˘
ÆÌÈˆÂ¯Á‰†˙Â¯ÂÈˆÏ†˜Ê†ÏÎ†Ì¯‚†‡Ï†ÈÎ†®˙ÂÈ·ÈÒËÈ‡†ıÁÏ
˙Â„ÈÓÚÏ†È¯˜ÈÚ‰†Ì¯Â‚‰†ÂÈ‰†·ÏÂˆÓ‰†È¯ÏÂ˜ÏÂÓ‰†‰·Ó‰
‰‡ˆÂ˙Î†Ì¯‚È‰Ï†ÌÈÏÂÏÚ‰†ÌÈ˜Ê†ÈÙ·†¯ÂÈˆ‰†Ï˘†‰·ÂË‰

ÆÌÈˆÈ¯ÁÓÂ†˙ÂËÈ¯˘Ó
˙Â¯˘¯˘‰†˙ÚÈ¯˜†È¢Ú†ÌÈ¯¯Á˙˘Ó‰†˙ÂÁÂÎ·˘†‡Â‰†ÍÎÏ†¯·Ò‰‰

˙Â¯Â˘˜‰†¨˙ÂÎ˘‰†˙ÂÏÂ˜ÏÂÓ‰†È¢Ú†ÌÈÓÏ·†˙ÂÈ¯ÏÂ˜ÏÂÓ‰
ÆÂÊÏ†ÂÊ†·ÂÏÈˆ†È¯˘˜·
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‰¯ÈÙÁ
Ï˘†ÈÏÓÈÈÓ†·ÁÂ¯·†‰ÏÚ˙†¯ÂÙÁÏ†¯˘Ù‡†ÏÂ‚Ò˜Ù†˙¯ˆ†¯Â·Ú

Æ¯ÙÂÁ‰†ÈÏÎ‰
¯ËÂ˜Ï†Ì‡˙‰·†¨‰ÏÚ˙‰†·ÁÂ¯†˙‡†˙Â‡¯Ï†Ô˙È†‰‡·‰†‰Ï·Ë·

Æ¯ÂÈˆ‰

¯ÂÈˆ‰†ÈÂÒÈÎÂ†‰ÏÚ˙‰†„ÂÙÈ¯
¨„ÂÙÈ¯‰†˙ÂÈÂÏÚ·†È˙ÂÚÓ˘Ó†ÔÂÎÒÈÁ†¯˘Ù‡Ó†ÏÂ‚Ò˜Ù‰†¯ÂÈˆ

∫˙ÂÈ„ÂÁÈÈ‰†ÂÈ˙ÂÂÎ˙†Ï˘·†ÈÂÒÈÎ‰Â†˜Â„È‰‰
Æ±¯ÂÈˆ‰†ÈÂÒÈÎ†˙¯˘Ù‡Ó†˙ÂËÈ¯˘†ÈÙ·†‰ÏÂÚÓ‰†Â˙Â„ÈÓÚ

Ô˜˙†‰‡¯©†˙Â„Á†ÌÈ·‡†ÏÈÎÓ†ÂÈ‡˘†È‡˙·†¯ÂÙÁ‰†¯ÓÂÁ·
Æ®¥†˜ÏÁ†ISO†±¥µ≥±

Æ≤†ÂÈ‡Â†‰‰Â·‚†˙È˙Ú·Ë†˙ÂÁÈ˘˜†ÏÚ·†‡Â‰†ÏÂ‚Ò˜Ù‰†¯ÂÈˆ
ÆÂÏ˘†‰‡È˘‰†¯˘ÂÎ†˙‡†¯Ù˘Ï†È„Î·†¯˜Â·Ó†˜Â„È‰Ï†˜Â˜Ê

†Æ≥‰ÏÚ˙‰†˙È˙Á˙†˙‡†„Ù¯Ï†˘È†„ÂÙÈ¯†˘¯„†Ì‰·†ÌÈ¯˜Ó·
Æ¯ÂÈˆÏ†ÏÚÓ†Ó¢Ò†±∞†ÔÎÂ†¨˙ÂÁÙÏ†Ó¢Ò†±∞†‰·Â‚·†ÏÂÁ·

Æ¥¨®ÛÂË†ÔÂ‚Î©†˙È·ÈÊÂ¯Â˜†Ú˜¯˜Ó†ÈÂÏÈÓ†¯ÓÂÁ·†ÌÈ˘Ó˙˘Ó†Ì‡
˙ÂÒÎÏ†ÍÈ¯ˆ†¨˙Î˙Ó†È¯ÊÈ·‡†ÌÚ†ÏÂ‚Ò˜Ù†¯ÂÈˆ†ÈÂÒÈÎ†Í¯ÂˆÏ

Æ˙È¯Â˜Ó‰†Ú˜¯˜·†‡ÏÂ†ÏÂÁ·†ÌÈ¯ÊÈ·‡‰†˙‡
Æµ‡ÏÏ†‰Î¯„Ó†Â‡†˘È·ÎÏ†˙Á˙Ó†ÏÂ‚Ò˜Ù†˙¯ˆ†¯È·Ú‰Ï†Ô˙È

ÆÔ‚Ó†ÏÂÂ¯˘·†˘ÂÓÈ˘
µÆ±¨¯ÂÈˆ‰†ÈÂÒÈÎ†˙Ú·†¯˜Â·Ó†˜Â„È‰†Úˆ·Ï†ÍÈ¯ˆ†‰Ê†‰¯˜Ó·

Æ®ÔÎ˙Ó‰†˙Â‡¯Â‰†ÈÙÏ©†¨Ú˜¯˜‰†˙ÚÈ˜˘†˙ÚÈÓÏ

ÌÈÓÁ†ÌÈÓ†˙Ï·Â‰Ï†˙ÈÚ˜¯˜≠˙˙†ÏÂ‚Ò˜Ù†˙¯ˆ
ÍÂ˙·†˙Â¯ÂÈˆ‰†˙‡†ÁÈ‰Ï†ıÏÓÂÓ†‰È‚¯‡†È„ÒÙ‰†ÔÈË˜‰Ï†È„Î

Æ„Â„È·†ÈÏÂÂ¯˘

Ï˘†ÈÂˆÈÁ†¯ËÂ˜
®Ó¢Ó©†¯ÂÈˆ‰

‰ÏÚ˙†·ÁÂ¯
®Ó¢Ó©†ÈÏÓÈÈÓ

250
250
270
280
300
400
400
450
550
650
750
850

90
110
125
140
160
200
225
280
315
355
450
500

ÏÂ‚Ò˜Ù†˙¯ˆÏ†˙ÈÚ˜¯˜≠˙˙†‰˜˙‰†˙Â‡¯Â‰

‰


˜
˙

‰
†

˙
Â

‡
¯

Â
‰

‰„Â·Ú†¯˘Ù‡Ï†È„Î†‰Ï·Ë·†ÚÈÙÂÓ‰†·ÁÂ¯‰†˙‡†ÏÈ„‚‰Ï†Ô˙È
Æ‰ÏÚ˙·†ÍÂ˙·†¯˙ÂÈ†‰ÁÂ

˙ÈÎÓ†‰ÚÈ‚Ù†˙ÚÈÓ†Ï˘†ÌÈÏÂ˜È˘Ó©†ıÏÓÂÓ‰†ÈÏÓÈÈÓ‰†˜ÓÂÚ‰
ÆÓ¢Ò†∂∞≠Î†‡Â‰†®¯ÂÈˆ·

ÍÈ¯ˆ†®Ï˘ÓÏ†π∞OC†˙ÈÂÊ©†‰ÏÚ˙·†È‡ÂÂ˙†ÈÂÈ˘†ÌÈÚˆ·Ó†Ì‡
ÛÂÙÈÎ†ÈÒÂÈ„¯¢†Û„†‰‡¯†≠†ÌÈ‡˙Ó†ÒÂÈ„¯·†‰ÏÚ˙‰†˙‡†¯ÂÙÁÏ

Æ¢ÏÂ‚Ò˜Ù†˙¯ˆ·

ÎÂ†‰ÏÚ˙‰†„ÂÙÈ¯

ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†˙˜˙‰Ï†ÌÈ·¯†˙ÂÂ¯˙È†˘È†¨ÌÈ‡·‰†ÌÈ¯˜Ó·
∫Ú˜¯˜‰†ÈÙ†ÏÚ

Æ˙ÂÙÂÎ˙†‰˙˘Ó†ÌÓÂ˜ÈÓ†¯˘‡†È¯‡ÏÒ†ÈÂÂ˜†≠
Æ¯·ÚÓÏ†ÌÈ˘˜†ÌÈÁË˘·†Â‡†˙ÂˆÈ··†ÌÈÁÂÓ‰†˙Â¯ÂÈˆ†ÈÂÂ˜†≠

ÆÌÈÈÓÊ†˙Â¯ÂÈˆ†ÈÂÂ˜†Ï˘†˙È„ÈÈÓ†‰˜˙‰†≠
Í¯Â‡‰†ÈÈÂÈ˘†˙‡†ÔÂ·˘Á·†˙Á˜Ï†ıÏÓÂÓ†¨ÚÂˆÈ·‰Â†ÔÂÎ˙‰†ÔÓÊ·
Æ‰¯ÂË¯ÙÓË†ÈÈÂÈ˘Ó†‰‡ˆÂ˙Î†ÌÈÚÈÙÂÓ‰†ÌÈˆÓ‡Ó‰†˙‡Â†¯ÂÈˆ·
‰‡ÂÂ˘‰·†‰Â·‚†ÂÈ‰†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†Ï˘†˙ÂË˘Ù˙‰‰†Ì„˜Ó
ÌÈˆÓ‡ÓÓ†‰‡ˆÂ˙Î†ÌÈ¯ˆÂ‰†˙ÂÁÂÎ‰†Ï·‡†¨‰„ÏÙ†˙Â¯ÂÈˆÏ

Æ¯˙ÂÈ†ÌÈÎÂÓ†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ·†¨ÌÈÈÓ¯˙
ıÓ‡Ó†˙ÈÈÙ¯‰†Ï˘†‰ÚÙÂ˙‰†ÔÎÂ†ÍÂÓ†˙ÂÈËÒÏ‡†ÏÂ„ÂÓ†≠†‰·ÈÒ‰

ÆÂÏ‡†˙Â¯ÂÈˆ·†®STRESS RELAXATION©
˙ÈÈÏÚ†˙Ú·†ÂÎ¯‡˙È†Ú˜¯˜‰†ÈÙ†ÏÚ†ÌÈÁÂÓ‰†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ

¯˘‡Î†Æ®SNAKING©†˘Á†Ï˘†‰¯Âˆ†ÂÏ·˜ÈÂ†‰¯ÂË¯ÙÓË‰
ÆÌ‡˙‰·†ÂˆÂÂÎ˙È†˙Â¯ÂÈˆ‰†˙„¯ÂÈ†‰¯ÂË¯ÙÓË‰

‰„ÈÁ‡†‰È‡†˙Â¯ÂÈˆ‰†Ï˘†˙ÈÎ¯Â‡‰†˙ÂˆÂÂÎ˙‰‰Â†˙ÂÎ¯‡˙‰‰
Æ¯ÂÈˆ‰†ÔÈ·Â†Ú˜¯˜‰†ÔÈ·†‰˙˘Ó†ÍÂÎÈÁ†Ì„˜ÓÓ†‰‡ˆÂ˙Î

ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†Ï˘†‰˜ÈÁ˘Ï†˙ÈÈÂˆÓ‰†˙Â„‚˙‰‰Â†˙ÂÁÈ˘˜‰
‰ÚÙ˘‰†‡ÏÏ†Ú˜¯˜‰†Í¯Â‡Ï†˙ÂÚÂ˙†‚ÂÙÒÏ†¯ÂÈˆÏ†˙Â¯˘Ù‡Ó

ÆÂÏ˘†ÌÈÈÁ‰†Í¯Â‡†ÏÚ†Â‡†Â˜ÊÂÁ†ÏÚ

Ú ˜ ¯ ˜ ‰ † È  Ù † Ï Ú † ‰  ˜ ˙ ‰

È‡ÂÂ˙·†ÔÈ˜˙‰Ï†˘È†Ú˜¯˜‰†ÈÙ†ÏÚ†ÌÈÁÂÓ‰†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ
¯˘‡Î†‰ÁÈ˙Ó†ÈˆÓ‡Ó†˙Â¯ˆÂÂÈ‰†ÚÂÓÏ†È„Î†˙ÂÏ˜†Ï˙ÂÙÓ

ÆÂÎ¯Â‡·†ıÂÂÎ˙‰Ï†‰ˆÂ¯†¯ÂÈˆ‰Â†˙Â„¯ÂÈ†˙Â¯ÂË¯ÙÓË‰
‰·ÂË†‰ËÈ˘†‰ÂÂ‰Ó†˘‡¯Ó†ÌÈÎÂ˙Ó†ÌÈÁÂÂ¯Ó·†˙Â¯ÂÈˆ‰†ÔÂ‚ÈÚ

ÆÌÏÈ·‚‰ÏÂ†Í¯Â‡‰†ÈÈÂÈ˘·†ËÂÏ˘Ï†˙¯˘Ù‡Ó‰†„Â‡Ó
ÔË˜˙†ÔÎ†¯˙ÂÈ†ÔË˜†‰È‰È†ÔÂ‚ÈÚ‰†˙Â„Â˜†ÔÈ·†˜Á¯Ó‰˘†ÏÎÎ

ÌÈÏÂ˙ÈÙ‰†ÍÎÓ†‰‡ˆÂ˙Î†Æ¯ÂÈˆ‰†Ï˘†˙ÈË¯Â‡˙‰†Í¯Â‡‰†˙ÙÒÂ˙
Æ¯˘È†¯˙ÂÈ†‰‡¯È†Â˜‰Â†ÌÈË˜†¯˙ÂÈ†ÂÈ‰È†ÌÈ„„ˆ‰

˙ÙÒÂ˙†˙Ï„‚‰Ï†ÌÂ¯‚˙†ÔÂ‚ÈÚ‰†˙Â„Â˜†ÔÈ·†ÌÈÁÂÂ¯Ó‰†˙Ï„‚‰
¯ÈÁÓ†Ô·ÂÓÎ†‡Â‰†ÌÈÂ‚ÈÚ‰†ßÒÓ†˙ÂË˜‰†Ï˘†˙ÂÚÓ˘Ó‰†ÆÍ¯Â‡‰
Æ˙È˙ËÒ‡†‰ÈÁ·Ó†¯„ÂÒÓ†˙ÂÁÙ†‰‡¯˘†¯ÂÈˆÂ†¯˙ÂÈ†ÍÂÓ†‰Á‰
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˙ÂÚÈÙÂÓ†¨˙ÂÎÈÓ˙†È·‚†ÏÚ†ÌÈÁÂÓ‰†¨ÌÈÈ˜ÙÂ‡†˙Â¯ÂÈˆ†ÈÂÂ˜·
Ï˜˘Ó†¨¯ÂÈˆ‰†Ï˜˘ÓÓ†‰‡ˆÂ˙Î†˙ÂÎÈÓ˙‰†ÔÈ·†˙ÂÈÎ‡†˙ÂÚÈ˜˘
ÈÈÂÈ˘†È¢Ú†ÌÈÓ¯‚‰†Í¯Â‡†ÈÈÂÈ˘Ó†‰‡ˆÂ˙Î†ÔÎÂ†ÂÎÂ˙·˘†ÏÊÂ‰
¨¯˘Ù‡‰†˙„ÈÓ·†¨˙ÂÚÈ˜˘‰†˙‡†ÌˆÓˆÏ†ıÏÓÂÓ†Æ‰¯ÂË¯ÙÓË

ÔÙÂ„·†˙ÂÁÈ˙ÓÂ†ıÓ‡Ó†Ï˘†ÌÈ‰Â·‚†ÌÈÎ¯Ú†ÚÂÓÏ†˙Ó†ÏÚ
Ì¯Â‚†‰È‰†˙ÂÎÈÓ˙‰†ÔÈ·†ÌÈÁÂÂ¯Ó‰†Ï˘†‰ÂÎ†‰¯ÈÁ·†Æ¯ÂÈˆ‰

ÆÌÈ¯˙ÂÓ†ÌÈÎ¯ÚÏ†˙ÂÚÈ˜˘‰†˙Ï·‚‰†˙¯˘Ù‡ÓÂ†ÔÂÎ†ÔÂÎ˙·†·Â˘Á

˙Â¯ÂÈˆ‰†˙‡†ÔÈ˜˙‰Ï†ıÏÓÂÓ†¨¯˘È†¯˙ÂÈ†¯ÂÈˆ†ÁÈË·‰Ï†È„Î
˙‡†·ËÈ‰†Ô‚ÚÏ†Ê‡Â†‰‰Â·‚†‰¯ÂË¯ÙÓË†Ï˘†ÌÈ‡˙·†ÌÈÎÓ˙‰
ÏÚ†ÏÂ‚Ò˜Ù†˙¯ˆ†˙Á‰¢†‰‡¯©†‰ÎÈÓ˙‰†Ï‡†Í¯‡˙‰˘†¯ÂÈˆ‰

ıÓ‡Ó†Â·†Á˙Ù˙Ó†¨¯¯˜˙Ó†¯ÂÈˆ‰†¯˘‡Î†Æ®¢˙¯ˆ†È¯˘‚

˙ÂÎÈÓ˙†ÔÈ·†ÌÈÁÂÂ¯Ó†≠†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ
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ÏÂ‚Ò˜Ù‰†¯ÂÈˆ†Ï˘†Â¯˘ÂÎ†Æ¯˘È‰†Â·ˆÓ†ÏÚ†¯ÓÂ˘†¯ÂÈˆ‰Â†‰ÁÈ˙Ó
ÆÂ·†ÂÁ˙Ù˙‰˘†ÌÈˆÓ‡Ó‰†ÏÎ†¯Â¯Á˘Ï†ÌÂ¯‚È†ÌÈˆÓ‡Ó†¯Â¯Á˘Ï
‰¯Â˜†¯Â·Ú†˙Â‡ÁÒÂ‰†ÏÚ†ÒÒÂ·Ó†˙ÂÎÈÓ˙‰†ÔÈ·†ÌÈÁÂÂ¯Ó‰†ÔÂÎ˙

ÆÓ¢Ó†∂≠Î†‰Ú·˜†˙¯˙ÂÓ‰†˙È·¯ÈÓ‰†‰ÚÈ˜˘‰Â†‰ÙÈˆ¯

ÔÈ·†ÌÈˆÏÓÂÓ‰†ÌÈÁÂÂ¯Ó‰†˙‡†ÌÈ‡¯Ó†ÌÈ‡·‰†ÌÈËÂË¯˘‰
‰¯ÂË¯ÙÓË·†¨ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†Ï˘†ÌÈÂ˘†ÌÈ‚¯„†È·‚Ï†˙ÂÎÈÓ˙‰

˘Ó˙˘‰Ï†˘È†¯˙ÂÈ†˙Â‰Â·‚†˙Â¯ÂË¯ÙÓË†È·‚Ï†Æ†≤∞OC†Ï˘
ÌÈÁÂÂ¯Ó‰†˙‡†ÏÈÙÎ‰Ï†˘ÈÂ†˙ÂÎÈÓ˙‰†ÔÈ·†¯˙ÂÈ†ÌÈË˜†ÌÈÁÂÂ¯Ó·

∫ÌÈ‡·‰†ÌÈÎ¯Ú·†¨ÌÈËÂË¯˘·
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˙Â‰Â·‚†˙Â¯ÂË¯ÙÓË·†˙¯ˆ‰†˙Â‚‰˙‰
Í¯‡˙‰Ï†‰ÈÈË†‰Ï†˘È†¨˘Ó˘·†¢ÏÂ‚Ò˜Ù¢†˙¯ˆ†ÌÈÁÈÓ†¯˘‡Î
˙¯ˆÏ†ÈÈÈÙÂ‡‰†¨‰Â·‚‰†˙ÂË˘Ù˙‰‰†Ì„˜Ó†·˜Ú©†˙¯ÎÈ†‰¯Âˆ·

Æ®Snaking©†¢˘Á¢†˙¯Âˆ·†Ï˙Ù˙‰ÏÂ†®˙ÈËÒÏÙ
˙ÂÈËÒÏ‡‰†ÒÂÏÂ„ÂÓ†Ì‚†„¯ÂÈ†‰¯ÂË¯ÙÓË‰†˙ÈÈÏÚ†ÌÚ†„··†„·

ÆÌÈÏÂ„‚†ÌÈ‡†˙¯ˆ·†ÌÈÁ˙Ù˙Ó‰†ÌÈˆÓ‡Ó‰†ÔÎÏÂ†¯ÂÈˆ‰†Ï˘
Ô˙È†¨˙¯ˆ†È¯˘‚†ÍÂ˙·†¢ÏÂ‚Ò˜Ù¢†˙¯ˆ†˙‡†ÌÈÁÈÓ†¯˘‡Î

ÆÌÈÓÈ‡˙Ó†ÌÈ¯ÊÈ·‡·†˘ÂÓÈ˘†È¢Ú†˙ÈÂÂ˜‰†˙ÂÎ¯‡˙‰‰†˙‡†ÔÈË˜‰Ï
‰Ï†ÂÓ¯‚È†‡Ï˘†ÌÈÈÓÈÙ†ÌÈˆÓ‡Ó†Á˙Ù˙†˙¯ˆ‰†‰Ê†‰¯˜Ó·

Æ˜Ê
°˙ÂË˘Ù˙‰†È¯·ÁÓ·†˘Ó˙˘‰Ï†Í¯Âˆ†ÔÈ‡

˙ÂÎÂÓ†˙Â¯ÂË¯ÙÓË·†˙¯ˆ‰†˙Â‚‰˙‰
¯ÂÈˆ·†˙Â¯ˆÂ†≤∞OC≠Ï†˙Á˙Ó†˙„¯ÂÈ†‰·È·Ò‰†ßÙÓË†¯˘‡Î

Æ˙ÈÂÂ˜†˙ÈÓ¯˙†˙ÂˆÂÂÎ˙‰Ï†Â˙ÈÈËÓ†‰‡ˆÂ˙Î†‰ÁÈ˙Ó†ÈˆÓ‡Ó
Æ˜Ê†ÂÏ†ÌÂ¯‚Ï†ÈÏ·Ó†¯ÂÈˆ‰†È¢Ú†ÌÈÚÏ·†ÂÏ‡†ÌÈˆÓ‡Ó

Æ®-µ∞OC†‡È‰†¯ÂÈˆ‰†Ï˘†˙ÈÏÓÈÈÓ‰†˙Â¯˘‰†ßÙÓË©

ÌÈ¯Á‡†ÌÈ¯ÊÈ·‡Â†‰ˆ˜†È¯·ÁÓ†ÏÚ†‰‚‰
Æ¯˘È†È¯Ó‚Ï††‡ÏÂ†®¢ÔË·¢©†Û„ÂÚ†ËÚÓ†ÌÚ†¯ÂÈˆ‰†˙‡†ÁÈ‰Ï†ÈÂˆ¯
‰˘˜†Ì‰·˘†®Í¯Ú·†¯ËÓ†±∞†„Ú©†ÌÈ¯ˆ˜†˙Â¯ÂÈˆ†Ï˘†‰¯˜Ó·

¯·ÁÓ†ÏÎ†È¯Á‡Â†ÈÙÏ†¯ÂÈˆ‰†˙‡†Ô‚ÚÏ†˘È†¨Û„ÂÚ†¯È‡˘‰Ï
ÔÂ‡ÒÏÙ†È¯·ÁÓ†Â‡†ÌÈÏ˘ÙÂÓ†˙ÂÂˆ˜†¨Ô‚Â‡†È¯˘˜Ó†∫˙Ó‚Â„Î

ÆÌÈÈÎÓ
ÆÔßÊÂÈÙÂ¯Ë˜Ï‡†È¯ÊÈ·‡†È¯Á‡Â†ÈÙÏ†‰ÊÎ†ÔÂ‚ÈÚ†Úˆ·Ï†‰·ÂÁ†ÔÈ‡

FIXPOINT†ÔÂ‚ÈÚ†Ë¯Ù
Æ¢ÏÂ‚Ò˜Ù¢†˙¯ˆ†ÔÂ‚ÈÚÏ†‰Ï˘†˙¯ÊÚ·†‰˘ÚÈÈ†˙¯ˆ‰†ÔÂ‚ÈÚ

Æ≥±∂L†‰ËÒÂ¯ÈÓ†˙ÂÈÙÓÂÙ†ÌÚ†‰„ÏÙÓ†‰ÈÂ˘Ú†‰Ï˘‰
È·ÂÚ†¨˙Â·Î˘†È˙˘·†EA¥†ÔÂÈÏÚÂ†∂∞≥∞†„ÂÒÈ†Ú·ˆ·†‰ÚÂ·ˆ†‰Ï˘‰

ÆÔÂ¯˜ÈÓ†≤∞∞†ÏÏÂÎ
ÌÈ¯·ÁÓ†Â‡†¨¯˘‚‰†Ï‡†ÌÈÎ˙¯Ó†˙ÂÏ˘‰†Ï˘†ÔÂ˙Á˙‰†˜ÏÁ‰†˙‡

ÆÌÈ‚¯·†˙¯ÊÚ·
ÆÔÂ‚ÈÚÏ†˙ÂÏ˘‰†·ÁÂ¯Ï†Ì‡˙‰·†Ú·˜†˙Â¯ÂÈˆ‰†ÔÈ·†˜Á¯Ó‰

ÌÈÏÈ·ÂÓ†ÍÂ˙·†ÏÂ‚Ò˜Ù†˙¯ˆ
˙¯Âˆ†Ï·˜Ï†ÏÂ‚Ò˜Ù‰†˙Â¯ÂÈˆ†Ï˘†Ì˙ÈÈË†˙‡†ÔÈË˜‰Ï†È„Î
È„Î†¯ÂÈˆ‰†È„Èˆ†È˘Ó†ÌÈÏÈ·‚Ó†˙ÂËÂÓ†ÌÈ˘Ï†Ô˙È†¨¢˘Á¢

ıÏÓÂÓ†‰¯ËÓ†‰˙Â‡Ï†Æ‰„Èˆ‰†ÂÏ˘†‰ÈÈËÒ‰†˙‡†ÏÈ·‚‰Ï
Ô·ÁÂ¯Â†¨˙ÂÏÈ‚¯†˙ÂÏ˘†Ô‰˘†GUIDES†¢˙ÂÏÈ·ÂÓ†˙ÂÏ˘¢·†˘Ó˙˘‰Ï
ÔÎÂ˙·†ÚÂÏ†ÏÂÎÈ†¯ÂÈˆ‰†Æ¢ÔÂ‚ÈÚÏ†˙ÂÏ˘‰¢†·ÁÂ¯Ó†˙ÈˆÁÓÎ†‡Â‰

ÆÈ˘ÙÂÁ†ÔÙÂ‡·
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‰Ï˜˙†Ï˘†‰¯˜Ó·†‰ÈÂÙˆ†˙È„Èˆ†˙ÂÎ¯‡˙‰
‡Ï·†¯ÂÈˆ‰†Ï˘†˙È„Èˆ‰†‰ÈÈËÒ‰†Ï„‚˙†¨‰Ï˘†˙¯¯Á˙˘Ó†Ì‡

Æ¯ÂÈˆÏ†˜Ê†ÏÎ†Ì¯‚ÈÈ˘
ÔÈ‡†¨ÔÎ˘†¯ÂÈˆ·†Ú‚Â†‡Â‰Â†‰ÏÂ„‚†¢ÔË·¢†˙¯ˆÂ†‰Ê‰†¯ÂÈˆ·†Ì‡

ÆÌ‰ÈÈ·†˙ÈÒÁÈ‰†‰ÚÂ˙‰Ó†‰‡ˆÂ˙Î†˜ÊÏ†˘˘Á†ÌÂ˘

ÔÂ‚ÈÚÏ†‰Ï˘Ï†˙Â„ÈÓ‰†˙Ï·Ë
¯ÂÈˆ‰†¯ËÂ˜

®Ó¢Ó©

63
90

110
125
140
160
200
225
250
280
315
355
400
450
500

50
70
80
90
90
90

100
100
120
130
140
160
190
200
200

155
190
220
260
260
280
340
370
400
410
480
520
600
670
720

¢˙ÂÏÈ·ÂÓ‰†˙ÂÏ˘‰¢†ÔÈ·†ÌÈ˜Á¯Ó‰†˙ÚÈ·˜
ÌÈÚÂ·˜†ÌÈ˜Á¯Ó·†˙ÂÏ˘‰†ÍÂ˙·†¯˘‚‰†ÍÂ˙·†ÂÁÂÈ†˙Â¯ÂÈˆ‰

L†=†∂≥Æµ†x D†∫‰ÁÒÂÏ†Ì‡˙‰·
∫¯˘‡ÎÓ¢Ó·†≠†˙ÂÏ˘‰†ÔÈ·†˜Á¯Ó‰†L

Ó¢Ó·†≠†¯ÂÈˆ‰†Ï˘†ıÂÁ‰†¯ËÂ˜†D
≤∞OC≠Ó†‰·È·Ò‰†ßÙÓË†˙ÈÈÏÚ·†·˘Á˙‰·†‰·˙Î†‰ÁÒÂ‰

Æ¯ÂÁ˘‰†ÂÚ·ˆ†ÏÏ‚·†∂∞OC†„Ú†ÌÓÁ˙‰Ï†¯ÂÈˆÏ†˙Ó¯Â‚‰†¨¥∞OC≠Ï
ÔÈ·†Ó¢Ó††††µ∞†Ï˘†˙ÈÏÓÈÒ˜Ó†˙È„Èˆ†‰ÈÈËÒ†˙¯˘Ù‡Ó†‰ÁÒÂ‰

Æ‰È˘Ï†˙Á‡†ÔÂ‚ÈÚ†˙„Â˜
Ï·˜˙Ó‰†˜Á¯Ó‰†˙‡†Ï‚ÚÏ†Ô˙È†˙ÂÙÈˆ¯†‡Ï†˙ÂÎÈÓ˙†Ï˘†‰¯˜Ó·
∫‰‡¯†≠†˙ÂÎÈÓ˙‰†ÔÈ·†˜Á¯Ó‰†È·‚Ï†Æ¯˘‚‰†‰·ÓÏ†ÂÓÈ‡˙‰Ï†È„Î

Æ¢ÌÈÎÓ˙†˙Â¯ÂÈˆ†ÈÂÂ˜¢†Û„



ÏÂ‚Ò˜Ù†˙¯ˆ·†ÛÂÙÈÎ†ÈÒÂÈ„¯
¨˙ÂÏÚ˙†ÍÂ˙·†ÌÈÁÂÓ‰†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†ÌÚ†˙ÂÈÙ†˙¯ÈˆÈ†Í¯ÂˆÏ
ÍÂ˙†¯ÂÈˆ‰†˙‡†ÛÙÂÎÏ†Ô˙È†¨˙¯ˆ†È¯˘‚†ÏÚ†Â‡†Ú˜¯˜‰†ÈÙ†ÏÚ

˙ÂÂÎ˙Ï†ÌÈ‡˙Ó‰†ÔÂÎ˙†˙¯ÊÚ·†Æ˙ÈÚ·Ë‰†Â˙Â˘ÈÓ‚†ÏÂˆÈ
˙ÂÂ˙Ó†¯˙ÂÈ†˙ÂÈÂÂÊ·†˙ÂÈÙ†Ï·˜ÏÂ†ÌÈ¯ÊÈ·‡·†ÍÂÒÁÏ†Ô˙È†¯ÂÈˆ‰

Æ®˙‡Ê†¯˘Ù‡Ó†È‡ÂÂ˙‰˘†È‡˙·©†ÌÈÏÂ„‚†¯˙ÂÈ†ÌÈÒÂÈ„¯Â

˙ÂÈÙ†ÌÚ†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ·†Â˜†ÔÂÎ˙
‰„˘‰†˙Â¯È˘†È˘‡†ÌÚ†ıÚÈ˙‰Ï†ıÏÓÂÓ†‰ÊÎ†Â˜†ÔÂÎ˙†˙Ú·

ÌÈÚˆÓ‡†ÌÈ˘Â¯„†¨ÁË˘·†ÛÂÙÈÎ†ÚÂˆÈ·†Í¯ÂˆÏ˘†¯ÂÎÊÏ†·Â˘Á†ÆÂÏ˘
˘Â¯„†‰Èˆ˜Â¯ËÒÂ˜‰†ÍÂ˙·†¯ÂÈˆ‰†˙ÏÁ˘‰†Í¯ÂˆÏÂ†ÌÈÓÈ‡˙Ó
Æ¯ÂÈˆ‰†˙‡†ÛÙÂÎÏ†È„Î†ÁÎ†˙ÏÚÙ‰Ï†˙Â¯˘Ù‡Â†ÌÂ˜Ó†˜ÈÙÒÓ
˙¯ˆÏ†ÌÈ¯˙ÂÓ‰†ÌÈÈÏÓÈÈÓ‰†ÌÈÒÂÈ„¯‰†ÌÈË¯ÂÙÓ†‰‡·‰†‰Ï·Ë·
¯˙ÂÈ†ÌÈÒÂÈ„¯†ÌÚ†ÔÎ˙Ï†ÈÂˆ¯†¯˘Ù‡‰†˙„ÈÓ·†Æ±∞†‚¯„†ÏÂ‚Ò˜Ù

˙‡†ÔÈË˜‰ÏÂ†¨ÁË˘·†ÛÂÙÈÎ‰†ÚÂˆÈ·†ÏÚ†Ï˜‰Ï†È„Î†¨ÌÈÏÂ„‚
Æ¯ÂÈˆ‰†ÛÂÙÈÎÏ†ÌÈ˘Â¯„‰†˙ÂÁÂÎ‰

ÏÂ‚Ò˜Ù†˙¯ˆ·†Û ÂÙ ÈÎ † ÈÒ Â È„¯ Â †˙ Â˙˘˜
Ï
Â‚

Ò
˜

Ù
†˙

¯
ˆ

·
†Û

ÂÙ
ÈÎ

†È
Ò
ÂÈ„

¯
Â†
˙

Â˙
˘

˜

BB

A

A

¯ÂÈˆ‰†Ï˘†ÈÂˆÈÁ†¯ËÂ˜
®Ó¢Ó©

8D
10D
10D
10D
10D
12D
12D
16D
16D
20D
20D
24D

110
125
140
160
225
250
280
315
355
400
450
500

„Ú†ÌÈ¯Ë˜‰†ÏÎ

ÌÈÒÂÈ„¯·†ÛÂÙÈÎ†Úˆ·Ï†Ô˙È†≤¥≠Â†±µ†‚¯„·†˙Â¯ÂÈˆ†Ï˘†‰¯˜Ó·
‰„˘‰†˙Â¯È˘†ßÁÓÏ†‰Ù†‡‡†ÌÈÙÒÂ†ÌÈË¯ÙÏ†ÆÌÈË˜†¯˙ÂÈ

ÆÏÚÙÓ‰†Ï˘

ÛÂÙÈÎ‰†˙¯Âˆ
˙Ï‚Ï‚†˙Ó‚Â„Î†ÌÈ‡˙Ó†¯È˘ÎÓ†˙¯ÊÚ·†¯ÂÈˆ‰†˙‡†ÛÙÂÎÏ†˘È

˙ÂÁÂÎ†ÌÈ˘Â¯„Â†ÁÈ˘˜†¯ÂÈˆ·†¯·Â„Ó˘†¯ÂÎÊÏ†·Â˘Á†Æ˙ÈÎÓ
ÆÌÂ˜Ó·†ÂÚÂ·È˜Â†ÂÏ˘†ÛÂÙÈÎ‰†Í¯ÂˆÏ†ÌÈ¯ÎÈ

∫‡Ó‚Â„Ï±±∞†¯ÂÈˆ·†ÔÂË†≤≤∏∞†¯ÂÈˆ·†ÔÂË†µ† † † †
Æ¯ÂÈˆ·†ÌÈÚ˜†¯ÂˆÈÏ†‡Ï†È„Î†˙Â¯È‰Ê·†ÛÂÙÈÎ‰†˙‡†Úˆ·Ï†˘È

ÛÂÙÈÎ†ÚÂÓÏ†È„Î†ÌÈ‡˙Ó†ÛÂÙÈÎ†ÒÂÈ„¯†ÏÚ·†È‡ÂÂ˙†ÔÈÎ‰Ï†ÈÂˆ¯
ÂÏ˘†‰„˘‰†˙Â¯È˘†ßÁÓ†Ï‡†˙ÂÙÏ†ÒÒ‰˙†Ï‡†Æ¯˜Â·Ó†‡Ï

°‡˘Â·†‰Î¯„‰Â†ÌÈ‡ÏÓ†ÌÈË¯Ù†˙Ï·˜Ï

È‡ÂÂ˙†ÈÂÈ˘†ÌÚ†‰ÏÚ˙†ÍÂ˙·†˙Â¯ÂÈˆ†˙Á‰
ıÏÓÂÓ†¨‰ÏÚ˙†ÍÂ˙·†ÁÂÓ‰†¯ÂÈˆ·†‰ÈÈÙ†Úˆ·Ï†ÌÈˆÂ¯†¯˘‡Î
ÈÏÓÈÈÓ‰†ÛÂÙÈÎ‰†ÒÂÈ„¯Ï†ÌÈ‡˙Ó‰†ÒÂÈ„¯·†‰ÏÚ˙‰†˙‡†¯ÂÙÁÏ

Æ‰Ï·Ë·†Ë¯ÂÙÓ‰

˙¯ˆ†È¯˘‚†ÏÚ†˙Â¯ÂÈˆ†˙Á‰
Æ˙˘˜‰†È¯Á‡Â†ÈÙÏ†¯ÂÈˆ‰†˙‡†Ô‚ÚÏ†ÍÈ¯ˆ

ÛÒÂ·†‰ÊÎ¯Ó·†˙˘˜‰†˙‡†ÍÂÓ˙Ï†˘È†‰ÏÚÓÂ†††††≤∏∞†˙Â¯ÂÈˆ·
ÆÏ¢‰†ÌÈÂ‚ÈÚÏ

˘‡¯Ó†˙ÂÎÂÓ†˙Â˙˘˜
ÆÌÂÁ·†ÛÙÂÎÓ‰†¢ÏÂ‚Ò˜Ù¢†¯ÂÈˆÓ†˙Â¯ˆÂÈÓ†˙Â˙˘˜‰

ÆÌÈ¯˘È†˙ÂÂˆ˜†ÌÚ†LONG RADIUS†‚ÂÒÓ†Ô‰†˙Â˙˘˜‰
˙ÈÂÊ·†¨RΩ≥D†Ï˘†ÒÂÈ„¯·†˙ÂÈË¯„ËÒ†˙Â˙˘˜†ÔÈÓÊ‰Ï†Ô˙È

Ì‡˙‰·†¨¢ÏÂ‚Ò˜Ù¢†˙¯ˆ†Ï˘†ÌÈ¯Ë˜‰†ÏÎ·†¨¥µOC†Â‡†π∞OC
FLARED†ÌÈÏ˘ÙÂÓ†˙ÂÂˆ˜†ÌÚ†˙Â˙˘˜‰†˙‡†ÔÈÓÊ‰Ï†Ô˙È†Æ‰Ï·ËÏ
Ô˙Â‡†ÔÈÓÊ‰Ï†Â‡†¨LOOSE FLANGES†ÌÈ··ÂÒ†ÌÈ‚Â‡†ÌÚÂ†ENDS
˙¯ˆ†Ï˘†ÌÈ¯Á‡‰†ÌÈ¯Â·ÈÁÏ†ÌÈÓ‡˙ÂÓ‰†ÌÈ¯˘È†˙ÂÂˆ˜†ÌÚ

Æ®ßÂÎÂ†ÔßÊÂÈÙÂ¯Ë˜Ï‡†¨Ô‚Â‡†È¯˘˜Ó©†¢ÏÂ‚Ò˜Ù¢

¯ËÂ˜
¯ÂÈˆ‰
®Ó¢Ó©

π∞˚†˙˘˜
®Ó¢Ó©†A†Í¯Â‡

480
600
700
700
750

1250
1300
1500
1500
1550
1600
2000
2000

90
110
125
140
160
200
225
250
280
315
355
400
450
500

330
380
450
450
480
900
950

1100
1100
1100
1100
1100
1100

¥µ˚†˙˘˜
®Ó¢Ó©†B†Í¯Â‡

Æ˙˘˜Ï†˙Â¯·Á˙‰‰†ÏÚ†Ï˜Ó‰†¯˘È†ÚË˜†Ì‚†ÏÏÂÎ†A†˙˘˜‰†Í¯Â‡†Æ±
ÆÏÚÙÓ‰†ÌÚ†ÌÂ‡È˙·Â†˙„ÁÂÈÓ†‰ÓÊ‰·†A†Í¯Â‡‰†˙‡†¯ˆ˜Ï†Ô˙È†Æ≤

ÌÈË˜†¯˙ÂÈ†Â‡†ÌÈÏÂ„‚†¯˙ÂÈ†ÌÈÒÂÈ„¯·†˙Â˙˘˜†ÔÈÓÊ‰Ï†Ô˙È†Æ≥
Æ˙„ÁÂÈÓ†‰ÓÊ‰·    

Æ˙„ÁÂÈÓ†‰ÓÊ‰·†˙ÂÈË¯„ËÒ†‡Ï†˙ÂÈÂÊ·†˙Â˙˘˜†ÔÈÓÊ‰Ï†Ô˙È†Æ¥

˙Â¯Ú‰

ÏÚÙÓ‰†ÌÚ†ÌÂ‡È˙·

R=3DR=1.5D
π∞˚†˙˘˜

®Ó¢Ó©†A†Í¯Â‡

350
400
450
450
500
600
630
800
800
900
950

1080
–
–

¥µ˚†˙˘˜
®Ó¢Ó©†B†Í¯Â‡

270
300
330
330
350
430
460
560
560
600
640
700
–
–
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ÌÈ‚Â‡†È˜˙Ï†‰Ó‡˙‰
„Ú†Ó¢Ó†∂≥≠Ó†ÌÈ¯Ë˜‰†ÌÂÁ˙†ÏÎ·†ÌÈ¯ˆÂÈÓ†Ô‚Â‡†È¯˘˜Ó

ÆÓ¢Ó†µ∞∞
ÌÈÓÈ‡˙Ó‰†ÌÈˆÁÏ‰Â†ßÙÓË‰†ÌÂÁ˙†ÏÎ·†Ì‰·†˘Ó˙˘‰Ï†Ô˙È

ÆÏÂ‚Ò˜Ù†¯ÂÈˆÏ
‰Ú·¯‡†Â‡†ÌÈ‡ˆÁ†È˘Ó†ÌÈ·Î¯ÂÓ†ÏÂ‚Ò˜Ù†Ï˘†Ô‚Â‡†È¯˘˜Ó

Æ¯ÂÈˆ‰†¯ËÂ˜Ï†Ì‡˙‰·†ÌÈÚ·¯
GGG¥∞†˙ÈÏ„Â‡¯ÙÒ†˙˜ˆÈÓ†ÈÂ˘Ú†¯·ÁÓ‰†ÛÂ‚

Æ®ASTM A-µ≥∂©
ÆÌÈ‚¯·†˙¯ÊÚ·†ÌÈ˜ÊÂÁÓÂ†¯ÂÈˆÏ†·È·ÒÓ†ÌÈ·Î¯ÂÓ†¯·ÁÓ‰†È˜ÏÁ

È˜ÏÁÏ†˙Â„ÂÓˆ‰†˙ÂÈÙÓÂÙ†Ô˘È†¯·ÁÓ‰†Ï˘†ÈÓÈÙ‰†ÁË˘·
Æ‰„ÏÙ‰

¨ÌÈ‚¯·‰†˜ÂÊÈÁ†ÍÏ‰Ó·†¯ÂÈˆ‰†ÔÙÂ„·†˙ÂˆÚ†ÂÏ‡†˙ÂÈÙÓÂÙ
Æ¯ÊÈ·‡‰†ÍÂ˙Ó†¯ÂÈˆ‰†˙ÙÈÏ˘†˙ÚÈÓÏ†‰·ÂË†‰ÊÈÁ‡†˙ÂÁÈË·ÓÂ
Ô‚Â‡‰†ÔÈ·Ï†ÂÈ·Â†¨¯ÂÈˆ‰†ÔÈ·Ï†ÂÈ·†ÌËÂ‡†¯ÊÈ·‡‰†‰ˆ˜·˘†ÌË‡‰
‡·†ÂÈ‡†¯·ÁÓ‰˘†ÍÎÏ†Ì¯Â‚†ÌË‡‰†Ï˘†„ÁÂÈÓ‰†ÔÂÎ˙‰†ÆÈ„‚‰
ÆÚ¯ÙÂÓ†ÂÈ‡†¯ÂÈˆ‰†Ï˘†·ÁÂ¯‰†Í˙ÁÂ†¯ÂÈˆ·†ÏÊÂ‰†ÌÚ†Ú‚Ó·

Ï˘†ÈÙÂÒ‰†˜Â„È‰‰†ÈÙÏ†Æ˙Â¯È‰Ó·†˙È˘Ú†¯·ÁÓ‰†˙·Î¯‰
„Ú†¯ÂÈˆ‰†Û˜È‰†ÏÚ†¯·ÁÓ‰†ÈÚË˜†˙‡†··ÂÒÏ†Ô˙È†ÌÈ‚¯·‰

ÆÈ„‚‰†Ô‚Â‡Ï†ÌÈÓÈ‡˙Ó†Ì‰†¯˘‡
ÌÈ‚Â‡Ï†¯Â·ÈÁ†˙¯˘Ù‡Ó†Ô‚Â‡·†ÌÈ¯ÂÁ‰†Ï˘†˙ÈÏ·Â‡‰†‰¯Âˆ‰

ÆÔÏ‰Ï†‰Ï·Ë·†Ë¯ÂÙÓÎ†¨ÌÈÈÓÂ‡ÏÈ·‰†ÌÈ˜˙Ï†Ì‡˙‰·†ÌÈ¯ˆÂÈÓ‰
ÌÈ¯ÓÂÁÓ†ÌÈÓË‡†ÔÈÓÊ‰Ï†Ô˙È†ÆEPDM≠Ó†ÈÂ˘Ú†ÈË¯„ËÒ‰†ÌË‡‰

Æ˙„ÁÂÈÓ†‰ÓÊ‰·†ÌÈ¯Á‡

ÏÂ‚Ò˜Ù†˙¯ˆÏ†Ô‚Â‡†È¯˘˜Ó

Ï
Â‚

Ò
˜

Ù
†˙

¯
ˆ

Ï
†Ô

‚
Â‡

†È
¯

˘
˜

Ó

63
75
90

110
160
200
225
250
280
315
355
400
450
500

DIN
2633
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2
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3
4
6
8
8
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V
V
V
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V

V
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V
V
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V
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V
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V
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ÌÈÏÈ·ÂÓ‰†˙¯ˆ†ÈÂÂ˜Ï†HELA GP†ÏÂ‚Ò˜Ù†È¯ÊÈ·‡·†˘Ó˙˘‰Ï†Ô˙È
ÆÌÈÂÓË†ÌÈÂÂ˜·†Â‡†Ú˜¯˜‰†ÈÙ†ÏÚ†ÌÈ˜˙ÂÓ‰†ÌÈ¯˜Â†ÌÈÓÁ†ÌÈÓ
ÌÈÓÈ‡˙ÓÂ†Ó¢Ó†±∂∞†„ÚÂ†≥≤≠Ó†ÌÈ¯Ë˜·†ÌÈ˜ÙÂÒÓ†ÌÈ¯ÊÈ·‡‰

Æ≤¥≠Â†±µ†‚¯„·†ÏÂ‚Ò˜Ù†˙¯ˆÏ

ÈÂˆÈÁ†˜Â„È‰†ÏÂÂ¯˘Â†ÚÂ·˜†ÈÓÈÙ†·˙Â˙†ÈÏÚ·†Ì‰†ÌÈ¯ÊÈ·‡‰†ÏÎ
Æ˜Â„È‰Ï†‰ËÒÂ¯ÈÓ†ÌÂ‡Â†‚¯Â·†ÌÚ

˙ÈÂˆÈÁ†‰‚¯·‰†ÌÚ†˙˘¯Ï†‡ˆÂÓ†‚È¯·˙†˘È†ÌÈ¯ÊÈ·‡‰†ÏÎ·
BSPT†®ISO†∑©†‚ÂÒÓ†®¯ÎÊ©

‰‰Â·‚†˙Â„ÈÓÚ†˙ÏÚ·†˙„ÁÂÈÓ†˙‚ÂÒ‚ÒÓ†ÌÈÈÂ˘Ú†ÌÈ¯ÊÈ·‡‰
Æ®DZR BRASS©†‰ÈÊÂ¯Â˜†ÈÙ·

EPDM†ÈÓÂ‚Ó†ÌÈÈÂ˘Ú†ÌÈÓË‡‰

Æ‰È·È„˜Ò·†‰˜È„·‰†ÈÂÎÓ†È„È†ÏÚ†Â¯˘Â‡Â†Â˜„·†ÌÈ¯ÊÈ·‡‰

ÌÈÓÁÂ†ÌÈ¯˜†ÌÈÓ†¯Â·Ú†ÏÂ‚Ò˜Ù†˙¯ˆÏ†HELA GP†È¯ÊÈ·‡
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H E L A  G P † È¯ÊÈ·‡Ï†‰˜˙‰†˙Â‡¯Â‰

H
E

L
A

 G
P
†
È¯

Ê
È·

‡
Ï

†‰
˜

˙
‰

†˙
Â‡

¯
Â‰

Ï˘†·˙Â˙‰†˙‡†¯„Á‰
„Ú†¯ÂÈˆ‰†ÍÂ˙Ï†¯ÊÈ·‡‰

¯ÊÚÈ‰Ï†Ô˙È†ÆÛÂÒ‰
Æ‰¯„Á‰‰†˙Ï˜‰Ï†‰ÂÂÚ˘·
ÆÌÈÓË‡·†ÚÂ‚ÙÏ†‡Ï†¯‰ÊÈ‰

Æ∂
‰ˆ˜·†˙ÈÓÈÙ†‰ÊÙ†¯Âˆ
¯È˘ÎÓ†˙¯ÊÚ·†¯ÂÈˆ‰

Æ®¯·‡˘©†˙ÂÊÙÏ†È„È

Æ≤

¯ÂÈˆ‰†‰ˆ˜†˙‡†ÍÂ˙Á
˙¯ÊÚ·†‰¯˘È†‰¯Âˆ·

ÆÌÈ‡˙Ó†ÍÂ˙ÈÁ†¯È˘ÎÓ

Æ±
ÏÂÂ¯˘‰†˙‡†·Î¯‰

¯ÂÈˆ‰†ÏÚ†ÈÂˆÈÁ‰
ÆÔÂÎ‰†ÔÂÂÈÎ·

Æµ

ÈÂˆÈÁ‰†ÏÂÂ¯˘‰†˙‡†·¯˜
˙ÂËÈÏ·‰˘†ÍÎ†̈ ¯ÊÈ·‡‰†Ï‡

ÂÒÎÈ†ÏÂÂ¯˘‰†‰ˆ˜·˘
Æ¯ÊÈ·‡·˘†ıÈ¯Á‰†ÍÂ˙Ï

Æ‰·Á¯‰‰†‚¯Â·†˙‡†¯¯Á˘

Æ∑
¯Ò‰Â†ÌÂ‡‰†˙‡†Á˙Ù

Æ˜Â„È‰‰†‚¯Â·†˙‡

Æ≥

˜„‰Â†˜Â„È‰‰†‚¯Â·†˙‡†·Î¯‰
ÏÂÂ¯˘†˙‡†ÌÂ‡‰†˙¯ÊÚ·
Ô˙È†Æ¯ÂÈˆ‰†ÏÚ†˜Â„È‰‰

Â‡†˙˘ÂÁ†ÊÈ¯‚·†˘Ó˙˘‰Ï
Æ˜Â„È‰‰†˙Ï˜‰Ï†ËÈÙ¯‚†ÊÈ¯‚

˙ÂÁ˙ÙÓ·†˘Ó˙˘‰
˙‡†˜„‰Â†ÌÈÓÈ‡˙Ó‰

ÌÈÈ˙Ù˘‰†≤≠˘†„Ú†ÏÂÂ¯˘‰
Æ‰ÊÏ†ÂÊ†Â„ÓˆÈÈ†ÂÏ˘

Æ∏

ÏÂÂ¯˘‰†˙‡†·Á¯‰
‚¯Â·†˙¯ÊÚ·†ÈÂˆÈÁ‰

˙‡†˜¯ÙÂ†‰·Á¯‰‰
ÈÂˆÈÁ‰†ÏÂÂ¯˘‰

Æ¯ÊÈ·‡‰Ó

Æ¥

ÆÂ‡ÂÏÓ·†˜Â„È‰‰†˙ÓÏ˘‰Ï†„Ú†¯ÊÈ·‡‰†˙‡†·Â˘†˜„‰Â†‰Ó†ÔÓÊ†Ô˙Ó‰†¨˙Â„Óˆ†‡Ï†ÌÈÈ˙Ù˘‰†Ì‡†∫‰¯Ú‰†™
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˙ÂÙÚ˙Ò‰†Úˆ·Ï†Ô˙È†Â˙¯ÊÚ·˘†˙¯ˆ†¯ÊÈ·‡†ÂÈ‰†¢·ÎÂ¯¢
ÆÈ˘‡¯‰†¯ÂÈˆ‰†Ï˘†Â¯ËÂ˜Ó†˙ÈˆÁÓÏ†‰ÂÂ˘‰†ÈÏÓÈÒ˜Ó†¯ËÂ˜·
È·ÎÂ¯†˙Ó‚Â„Î†˜ÈËÒÏÙÓ†ÌÈ·ÎÂ¯†·ÈÎ¯‰Ï†Ô˙È†ÏÂ‚Ò˜Ù†˙¯ˆÏ
Ì‡˙‰·†¨ÔßÊÂÈÙÂ¯Ë˜Ï‡†È·ÎÂ¯††Â‡†¢ÔÂ‡ÒÏÙ¢†Ï˘†‰ÈˆÏËÒÈ‡‰
ıÁÏ‰†È·‚Ï†®Ô¯ˆÈ‰†˙ÂˆÏÓ‰†ÈÙÏ©†Ì‰Ï˘†˘ÂÓÈ˘‰†˙ÂÏ·‚ÓÏ

Æ‰¯ÂË¯ÙÓË‰Â
˙Â¯ÂË¯ÙÓË‰†ÌÂÁ˙†ÏÎÏ†ÌÈÓÈ‡˙Ó†¢ÔÏÂ‚¢†Ï˘†˙Î˙Ó‰†È·ÎÂ¯

Ó¢Ó†π∞†„Ú†≥≤†ÌÈ¯Ë˜·†ÆÏÂ‚Ò˜Ù†˙¯ˆ†Ï˘†ÌÈˆÁÏ‰Â

D

L

Ï Â ‚ Ò ˜ Ù † ˙ ¯  ˆ Ï † Ì È· Î Â ¯

Ï
Â‚

Ò
˜

Ù
†
˙

¯

ˆ

Ï
†
Ì

È·
Î

Â¯

225
225
225
300
375
375
450
450
450
450
525
525
525

d max

2”
2”
2”
3”
4”
4”
6”
6”
6”
6”
8”
8”
8”

120
120
120
120
120
120
150
150
150
150
150
150
150

¯ÂÈˆ‰†¯ËÂ˜
®Ó¢Ó©†D

110
125
140
160
200
225
250
280
315
355
400
450
500

¢ÒÂ‡¯˜¢†˙¯ˆÂ˙†‰ËÒÂ¯È†È·ÎÂ¯†˙Â„ÈÓ

±±∞†ÌÈ¯Ë˜·†Æ‰‚¯·‰†˙Â‡ÈˆÈ†ÌÚ†¨ÊÈÏÙ†È·ÎÂ¯·†ÌÈ˘Ó˙˘Ó
˙¯ˆÂ˙†≥±∂L†‰ËÒÂ¯ÈÓ†ÌÈ·ÎÂ¯·†ÌÈ˘Ó˙˘Ó†‰ÏÚÓÂ†Ó¢Ó

Ì‡˙‰·†˙Â‚Â‡Ó†˙Â‡ÈˆÈ†Â‡†‰‚¯·‰†˙Â‡ÈˆÈ†ÌÚ†¢ÒÂ‡¯˜¢
ÆÌÈ˘¯„‰†ÌÈË¯„ËÒÏ

Æ‰È˙˘†ÈÓÏ†˘ÂÓÈ˘Ï†ÌÈÓ‡˙ÂÓ†˙Î˙Ó‰†È·ÎÂ¯
·ÎÂ¯·†ÚÂ‚ÙÏ†ÌÈÏÂÏÚ˘†ÌÈÈ·ÈÊÂ¯Â˜†ÌÈ¯ÓÂÁ·†˘ÂÓÈ˘†Ï˘†‰¯˜Ó·
¯ÂÊÈ‡·†ÈÓÂ‚Ó†ÈÓÈÙ†ÈÂÙÈˆ†ÌÚ†ÌÈ·ÎÂ¯†ÔÈÓÊ‰Ï†Ô˙È†¨‰ËÒÂ¯È‰

Æ˙„ÁÂÈÓ†‰ÓÊ‰·†®Ô‚Â‡‰Â†¯‡ÂÂˆ‰©†‰‡ÈˆÈ‰
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¢ÔÂ‡ÒÏÙ¢†¨¢ÔÏÂ‚¢†˙¯ˆÂ˙†ÌÈ·ÎÂ¯†˙·Î¯‰Ï†˙ÂÈÁ‰
ÆÏÂ‚Ò˜Ù†˙¯ˆ†ÏÚ†¢ÒÂ‡¯˜¢Â

‰ÈˆÏËÒÈ‡†¨˙ÂÈÂ¯ÈÚ†˙ÂÎ¯ÚÓ†¨ÌÈÓÁ†ÌÈÓ†˙ÂÎ¯ÚÓ·†˘ÂÓÈ˘Ï
Æ˙È¯ËÈÒ

°·Ï†ÌÈ˘
È·ÎÂ¯†¨¢ÔÂ‡ÒÏÙ¢†ıÁÏ†È·ÎÂ¯†¨‰ËÒÂ¯È†¨ÊÈÏÙ†≠†ÌÈ·ÎÂ¯‰†ÏÎ

ÁÂ„È˜†ÈÙÏ†ÌÓÂ˜Ó·†ÌÈ·Î¯ÂÓ†˙ÂÈ‰Ï†ÌÈÎÈ¯ˆ†¨ÔßÊÂÈÙÂ¯Ë˜Ï‡
Æ¯ÂÈˆ·†¯ÂÁ‰

Ì È·Î Â¯ †˙·Î¯‰Ï †˙ Â È Á ‰
Ì

È·
Î

Â¯
†
˙

·
Î

¯
‰

Ï
†
˙

ÂÈ
Á


‰

‰‡ÈˆÈ‰†˙¯Âˆ
·ÎÂ¯·

‰ÙÂÓ
‰ÙÂÓ

¯‡Âˆ†ÌÚ†Ô‚Â‡Ó
¯‡Âˆ†ÌÚ†Ô‚Â‡Ó
¯‡Âˆ†ÌÚ†Ô‚Â‡Ó
¯‡Âˆ†ÌÚ†Ô‚Â‡Ó

¢ÒÂ‡¯˜¢†˙¯ˆÂ˙†¢ÏÂ‚Ò˜Ù¢†˙¯ˆÏ†‰ËÒÂ¯È†È·ÎÂ¯
‰‡ÈˆÈ†¯ËÂ˜

®ßıÈ‡©
Á„˜Ó‰†‚ÂÒÁ„˜Ó‰†¯ËÂ˜

®Ó¢Ó©

1†1/2

2
2
3
4
6

ÒÂÎ†Á„˜Ó
ÒÂÎ†Á„˜Ó
ÒÂÎ†Á„˜Ó
ÒÂÎ†Á„˜Ó
ÒÂÎ†Á„˜Ó
ÒÂÎ†Á„˜Ó

¨Ó¢Ó†π∞†¯ËÂ˜·†ÏÂ‚Ò˜Ù†¯ÂÈˆÏ†¢ÔÂ‡ÒÏÙ¢†‰ÈˆÏËÒÈ‡†È·ÎÂ¯
Æ∂∑±∂†¢ÔÂ‡ÒÏÙ¢†Ë¢˜Ó†¨Ó¢Ó†±∂∞†¨Ó¢Ó†±±∞

ÆÓ¢Ó†≥∞†¯ËÂ˜·†ÒÂÎ†Á„˜Ó·†˘Ó˙˘‰Ï†˘È
ÆÓ¢Ó†±π†Â‡†ßıÈ‡†3/4†¯ËÂ˜·†‰¯È‚ÒÏ†Á˙ÙÓ

∫ÔßÊÂÈÙÂ¯Ë˜Ï‡†ÍÂ˙È¯Ï†¢ÔÂ‡ÒÏÙ¢†ÛÚÒÓ†·ÎÂ¯
Æπµ∏∞†¢ÔÂ‡ÒÏÙ¢†Ë¢˜Ó

ÆÓ¢Ó†≤≤†ÁÂ„È˜†˙ÈÒÂÎ†∫Ó¢Ó†≥≤†‰‡ÈˆÈ†¯ËÂ˜
ÆÓ¢Ó†≤∑†ÁÂ„È˜†˙ÈÒÂÎ†∫Ó¢Ó†¥∞†‰‡ÈˆÈ†¯ËÂ˜
ÆÓ¢Ó†≥µ†ÁÂ„È˜†˙ÈÒÂÎ†∫Ó¢Ó†µ∞†‰‡ÈˆÈ†¯ËÂ˜
ÆÓ¢Ó†≥∏†ÁÂ„È˜†˙ÈÒÂÎ†∫Ó¢Ó†∂≥†‰‡ÈˆÈ†¯ËÂ˜
ÆÓ¢Ó†∂µ†ÁÂ„È˜†˙ÈÒÂÎ†∫Ó¢Ó†π∞†‰‡ÈˆÈ†¯ËÂ˜
ÆÓ¢Ó†±≥†Â‡†ßıÈ‡†1/2†¯ËÂ˜·†‰¯È‚ÒÏ†Á˙ÙÓ

40
51
40
70
92

140

ÌÈ·ÎÂ¯‰†˙¯È‚Ò
Æ¢ÒÂ‡¯˜¢†È¢Ú†˜ÙÂÒÓ‰†ËÓÂÓ†Á˙ÙÓ†˙¯ÊÚ·

∫ÔßÊÂÈÙÂ¯Ë˜Ï‡Â†ÌÈÈÎÓ†¢ÔÂ‡ÒÏÙ¢†È·ÎÂ¯
°°°ÁÂ„È˜‰†ÈÙÏ†ÌÈ·ÎÂ¯‰†˙‡†·ÈÎ¯‰Ï†˘È

¯ËÂ˜
ßıÈ‡Ø·ÎÂ¯‰

32 x†3/4

32 x†1/2

40 x†3/4

40 x†1/2

50 x†3/4

60 x†3/4

63 x 1
75 x 1†1/2

90 x 1†1/2

ÌÈ¯˜Â†ÌÈÓÁ†ÌÈÓÏ†¢ÔÏÂ‚¢†ÊÈÏÙ†È·ÎÂ¯

ÈÂˆÈÁ†‚È¯·˙
ÈÓÈÙ†‚È¯·˙
ÈÂˆÈÁ†‚È¯·˙
ÈÓÈÙ†‚È¯·˙
ÈÓÈÙ†‚È¯·˙
ÈÓÈÙ†‚È¯·˙
ÈÓÈÙ†‚È¯·˙
ÈÓÈÙ†‚È¯·˙
ÈÓÈÙ†‚È¯·˙

‚È¯·˙Á„˜Ó‰†‚ÂÒÂ†¯ËÂ˜

ÏÈ‚¯†Á„˜Ó†Ó¢Ó†±≥
ÏÈ‚¯†Á„˜Ó†Ó¢Ó†±≥
ÏÈ‚¯†Á„˜Ó†Ó¢Ó†±≥
ÏÈ‚¯†Á„˜Ó†Ó¢Ó†±≥
ÒÂÎ†Á„˜Ó†Ó¢Ó†≤≤
ÒÂÎ†Á„˜Ó†Ó¢Ó†±π
ÒÂÎ†Á„˜Ó†Ó¢Ó†≤¥
ÒÂÎ†Á„˜Ó†Ó¢Ó†≥µ
ÒÂÎ†Á„˜Ó†Ó¢Ó†≥≥

ÌÈ·ÎÂ¯‰†˙¯È‚ÒÏ†˙ÂÁ˙ÙÓ
ÆÓ¢Ó†±±†Á˙ÙÓ†≠Ó¢Ó††∂≥†¯ËÂ˜†„Ú†ÌÈ·ÎÂ¯

ÆÓ¢Ó†±¥†Á˙ÙÓ†≠†Ó¢Ó†π∞≠Â†Ó¢Ó†∑µ†ÌÈ·ÎÂ¯
Æ‰ÊÏ†‰Ê†ÌÈ„Óˆ†ÌÈ‡ˆÁ‰†È˘†¯˘‡†„Ú†ÌÈ·ÎÂ¯‰†˙‡†˜„‰Ï†˘È

Æ Ì Ë ‡ · † Â ‡ † · Î Â ¯· † Ú Â ‚ Ù Ï † ‡ Ï † Ó ¢ Ú † ˙ Ù Ò Â  † Ì Ú Ù † ˜ Â „· † ‡  ‡ † Á Â „ È ˜ ‰ † È  Ù Ï † ° · Ï † Ì È ˘

¯ËÂ˜
ßıÈ‡Ø·ÎÂ¯‰

HELA†‰Ï‰†È·ÎÂ¯

ÒÂÎ†Á„˜Ó†≠†¯ËÂ˜

Ó¢Ó†≥µ
Ó¢Ó†¥µ
Ó¢Ó†¥µ
Ó¢Ó†¥µ
Ó¢Ó†¥µ
Ó¢Ó†¥µ

63 x1†1/4

63 x 2"
75 x 2"
90 x 2"
110 x 2"
160 x 2"
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¢ÏÂ‚Ò˜Ù¢†˙¯ˆ†ÈÂÂ˜·†ıÁÏ†˙˜È„·†ÚÂˆÈ·Ï†˙ÂÈÁ‰
˙ÂÈÂ¯ÈÚ†˙ÂÎ¯ÚÓ·

Æ±

Æ≤
Æ‡

Æ·
Æ‚

‰˜È„·‰†˙¯ËÓ
˙ÂÓÈË‡©†‰„Â·Ú‰†·ÈËÏÂ†¯ÂÈˆ‰†·ÈËÏ†˙ÈÙÂÒ†˙ÂÎÈ‡†˙¯˜·

Æ®Â˜·†ÌÈ¯Â·ÈÁ‰

‰˜È„·‰†È·Ï˘
ÈÙÏ†‰ÓÓÈ†Â˜‰†Ï˘†‰„Â·Ú‰†ıÁÏ·†ÌÈÓ·†¯ÂÈˆ‰†ÈÂÏÈÓ

Æ‰˜È„·‰
Æ¯Â·ÈÁ‰†˙ÂÓÂ˜Ó·†¯˜ÈÚ·†¨Â˜‰†Ï˘†˙ÈÏ‡ÂÊÈÂ†‰˜È„·

ÔÎÂ˙Ó‰†‰„Â·Ú‰†ıÁÏÓ†≤∞•≠·†‰Â·‚‰†ıÁÏ·†Â˜‰†˙ÒÓÚ‰
Æ®‰Ï·Ë†‰‡¯©†¯ÂÈˆ‰†Ï˘

ıÁÏ†˙˜È„·†ÚÂˆÈ·Ï†˙ÂÈÁ‰

ı
Á

Ï
†˙

˜
È„

·
†Ú

Âˆ
È·

Ï
†˙

ÂÈ
Á

‰

∫·Ï†ÌÈ˘

Æ±

Æ≤

Æ≥

Æ¥

Æµ

‰È¯˜Ó†˙ÂÓÓÁ˙‰†ÈÙ·†˙Î˙Ó‰†È¯ÊÈ·‡†ÏÚ†Ïˆ‰Ï†˘È
Æ®ÈÓÊ†ÈÂÒÈÎ†È¢Ú©†‰¯È˘È

¨‰Ï·ËÏ†Ì‡˙‰·†‰˜È„·‰†ıÁÏ†˙‡†ÔÈË˜‰Ï†˘È†ÈÏÈÚ†Â˜·
¯˙ÂÈ†‰‰Â·‚†‰¯ÂË¯ÙÓË·†‡ˆÓ†¯ÂÈˆ‰˘†ÍÎ·†·˘Á˙‰·

Æ‰ÒÂÎÓ†Â˜·†¯˘‡Ó

ıÁÏ†˙‡ÏÚ‰†·˜Ú†‰ÏÂÚ†Ò˜Ù‰†¯ÂÈˆ·†ÌÈÓ‰†ÏÂ·È˜Â†¯Á‡Ó
˙ÂÁÙ˙‰†‰˘È†˘ÈÓ‚†¯ÂÈˆ†Ò˜Ù‰†¯ÂÈˆ†˙ÂÈ‰·©†ËÒË·

ÌÈÓÚÙ†¯ÙÒÓ†Â˜Ï†ıÁÏ†ÒÈÎ‰Ï†˘È†¨®¯ÂÈˆ·†˙ÓÈÂÒÓ
Æ˙È¯ÚÊÓ†˙È˘Ú†ıÁÏ‰†˙„È¯È˘†ÔÂÚ˘·†˙Â‡¯ÏÂ

Â‡†¨·ˆÈÈ˙‰†ıÁÏ‰†¯˘‡Î†¨‰ÒÈÁ„†Ï˘†ÌÈÓÚÙ†¯ÙÒÓ†¯Á‡Ï
¨ÌÈÎÂ¯‡†ÌÈÂÂ˜·†‰Ú˘†±†Í˘Ó·†±µ•†„Ú†‰Ë˜†‰„È¯È†‰˙È‰

ÆÂ˙Â‡†˙ÂÒÎÏ†¯˘Ù‡Â†‰˜È„··†„ÓÚ†Â˜‰

¯Â˜Ó†˙‡†¯˙‡Ï†˘È†‰˜È„·‰†ıÁÏ·†„ÓÚ†‡Ï†Â˜‰Â†‰„ÈÓ·
ÆÌ‡˙‰·†Â·†ÏÙËÏÂ†‰ÏÈÊ‰

10

12

15

24

12

14

18

29

‰˜È„·†ÈˆÁÏ

7

8.5

11

17

ÈÏÈÚ†Â˜ ÔÂÓË†Â˜ ¯ÂÈˆ‰†‚¯„
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Ó¢Ó††††µ∞∞≠††††∑µ†ÌÈ¯Ë˜·†ÏÂ‚Ò˜Ù†˙¯ˆ†ÔÂ˜È˙Ï†˙ÂÈÁ‰

Â‡†¢ÔÂ‡ÒÏÙ¢†Â‡†¢ÔÏÂ‚¢†Ï˘†‰„˘†˙Â¯È˘†˙ÂÂˆ†È¢Ú†ÚˆÂ·È†ÔÂ˜È˙‰
ÌÂ‡È˙†ÍÂ˙†¨ÁÂ˜Ï‰†˙ÓÊ‰†¯Á‡Ï†„ÈÈÓ†¨ÌÓÚËÓ†ÍÓÒÂÓ†Ì¯Â‚

Æ˘‡¯Ó
¯ËÓ†ÈˆÁÎ†„Ú†®ÔÂ¯ÙÁÓ†˙¯ÊÚ·©†¯ÂÈˆ‰†ÈÂÏÈ‚Ï†‚Â‡„Ï†ÁÂ˜Ï‰†ÏÚ
‡Ï˘†‚Â‡„Ï†ÔÎÂ†¨‰Ï·Ë·†ÌÂ˘¯‰†Í¯Â‡Ï†Ì‡˙‰·†¯ÂÈˆ‰†˙Á˙Ó

Æ‰Ï˜˙‰†ÔÂ˜È˙†˙Ú·†Â˜·†ÌÈÓ†ÂÈ‰È

˙ÈÎÓ†‰ÚÈ‚Ù†·˜Ú†‰Ó¯‚˘†‰Ï˜˙†ÔÂ˜È˙Ï†ÌÈ˘Â¯„‰†ÔÓÊ†˙Î¯Ú‰Â†„ÂÈˆ†¨ÌÈ¯ÊÈ·‡

‰Ï˜˙‰†‚ÂÒÌÈ¯ÊÈ·‡‰¯ÈÙÁ†Í¯Â‡
®ßÓ©

‰„Â·Ú†ÔÓÊ
®‰¯ÈÙÁ†‡ÏÏ©

®Ó¢Ò†µ†„Ú©†˙È˙„Â˜†‰ÚÈ‚Ù·ÎÂ¯†¨‰ËÒÂ¯È†·ÎÂ¯
ÔÂ˜È˙†¯ÊÈ·‡†Â‡†ÔÂ‡ÒÏÙ

ÒÂ‡¯˜†Ï˘

‰Ú˘†ÈˆÁÎ

Ó¢Ò†µ†ÏÚÓ†‰ÚÈ‚Ù¯ÂÈˆ†ÚË˜†ÌÈÙÈÏÁÓÂ†ÌÈÎ˙ÂÁ
ÆßÓ†∞Æµ≠±†Ï˘†Í¯Â‡·

˘„Á‰†ÚË˜‰†˙·Î¯‰Ï
∫ÌÈ‡·‰†ÌÈ¯ÊÈ·‡‰†ÌÈ˘Â¯„

¨ÔßÊÂÈÙÂË˜Ï‡†˙ÂÙÂÓ†≤
¢ÔÏÂ‚¢†Ï˘†Ô‚Â‡†È¯·ÁÓ†¥†Â‡

Æ®Ó¢Ó†µ∞∞†„Ú†ÌÈ¯Ë˜‰†ÏÎ·©
Ï˘†ÌÈÈÎÓ†ÌÈ¯·ÁÓ†≤†≠†Â‡

Æ®Ó¢Ó†±∂∞†„Ú©†ÔÂ‡ÒÏÙ

‰Ú˘

ÏÂ‚Ò˜Ù†˙¯ˆ†ÔÂ˜È˙Ï†˙ÂÈÁ‰
Ï

Â‚
Ò

˜
Ù

†˙
¯
ˆ

†Ô
Â˜

È˙
Ï

†˙
ÂÈ
Á

‰

≤

≥



ÈÏÏÎ
ÌÈ¯ÓÂÁÏ†ÏÂ‚Ò˜Ù†˙Â¯ÂÈˆ†Ï˘†˙ÈÓÈÎ‰†˙Â„ÈÓÚ‰†È·‚Ï†ÌÈÂ˙‰
Æ˙ÈÚÂˆ˜Ó‰†˙ÈÎË‰†˙Â¯ÙÒ·†ÏÂÏÎ‰†Ú„ÈÓ†ÏÚ†ÌÈÒÒÂ·Ó†ÌÈÂ˘
·Î¯‰·†ÌÈÈÂÈ˘†°„·Ï·†ÈÂ˘‡¯†Ú„ÈÓÎ†ÂÊ†‰ÓÈ˘¯Ï†ÒÁÈÈ˙‰Ï†˘È

ÌÈÈÂÈ˘Ï†ÌÂ¯‚Ï†ÌÈÏÂÏÚ†ÌÈ„ÁÂÈÓ†‰„Â·Ú†È‡˙†Â‡†ÌÈ¯ÓÂÁ‰
Æ˙ÈÓÈÎ‰†˙Â„ÈÓÚ·

‰¯˜Ó†ÏÎ·†¢˜ÈËÒÏÙ†È¯ˆÂÓ†≠†ÔÏÂ‚¢†ÈÁÓÂÓ†ÌÚ†ıÚÈÈ˙‰Ï†ıÏÓÂÓ
ÆÂÙÂ‚Ï

24
 -

 0
4/

20
09

‚ÂÂÒ
AÆ‰„Â·Ú‰†ÈˆÁÏ†ÌÂÁ˙·†˘Ó˙˘‰Ï†Ô˙È†Æ„ÈÓÚ
BÆÌÈˆÁÏ‰†È·‚Ï†˙ÂÏ·‚‰†Ì˘È†ÆÌÈÓÈÂÒÓ†ÌÈ‡˙·†„ÈÓÚ
C†∂∞•†„Ú†ÌÈˆÁÏ·†˘ÂÓÈ˘Ï†Ô˙È†ÆÌÈÓÈÂÒÓ†ÌÈ‡˙·†„ÈÓÚ

Æ‰„Â·Ú‰†ıÁÏÓ
D≤∞•†„Ú†ÌÈˆÁÏ·†˘Ó˙˘‰Ï†Ô˙È†ÆÌÈÓÈÂÒÓ†ÌÈ‡˙·†„ÈÓÚ
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˙ÈÓÈÎ†˙Â„ÈÓÚ·ÈÎ¯Ó‰

Accumulator Acid A A A
Acetaldehyde 40% A A B
Acetaldehyde 100% U
Acetamide A A A
Acetic Acid 05% A A
Acetic Acid 10% A A
Acetic Acid 20% A A
Acetic Acid 50% A A
Acetic Acid 60% A A
Acetic Acid 80% A A
Acetic Acid Ethyl Ester A A
Acetic Anhydride A D
Acetoacetic Acid A
Acetone C
Acetophenone B
Acetyl Bromide U
Acetyl Chloride B
Acetylene A A A
Acetylene Dichloride see Dichloroethylene
Acid mixture H2SO4-HNO3-H2O U
Acid mixture H2SO4-H3PO4-H2O B
Acrylic emulsions A
Acroline dispersion A
Acroline solution B
Acronal C
Acrylonitrite A A A
Acrylic Acid A A
Adipic Acid A A A
Adipic Coldester A C
Air A A A
Aktivin A A
Alcohol see Ethylalcohol
Aliphatic Esters A A A
Allyl Acetate A C
Allyl Alcohol 7% A A A U
Allyl Alcohol 95% A
Allyl Aldehyde see Acroline
Allyl Chloride C U
Alum A A A B
Aluminium Acetate A A A
Aluminium Chloride A A A
Aluminium Fluoride A A A
Aluminium Hydroxide A A A
Aluminium Metaphosphate A A
Aluminium Nitrate sol. A A A
Aluminium Phosphate A A A
Aluminium Potassium Phosphate A A A
Aluminium Potassium Sulphate A A A A
Aluminium Sodium Sulphate sol. A A A
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Aluminium Sulphate A A A
Amino Acids A A
Aminoacetic Acid B B
Ammonia Aqueous A A A
Ammonia, dry  gas A A A
Ammoniacal Liquor A A
Ammonium Acetate A A A
Ammonium Aluminium Sulphate A
Ammonium Bromide B B
Ammonium Carbonate A A A
Ammonium Chloride A A A
Ammonium Fluoride 20% A A A
Ammonium Hydrogen Carbonate A A A
Ammonium Hydrogen Sulphide A A A
Ammonium Hydroxide A A A
Ammonium Metaphosphate A A A
Ammonium Molybdate A
Ammonium Nitrate A A A
Ammonium Persulphate A A A
Ammonium Phosphate A A A
Ammonium Sulfide A A A
Ammonium Sulphate A A A
Ammonium Sulphocyanide A
Ammonium Thiocyanate A A A
Amyl Acetate A A
Amyl Alcohol A A A
Amyl Chloride U
Amyl Methyl Carbinol B
Amyl Naphthaline B
Amyl Phthalate A B
Aniline Hydrochloride D
Aniline Sulphate U
Aniline, coloured see Aniline
Aniline, pure A A
Aniline, water soluble B
Animal Fats A A A
Animal Oils B B B
Anis Oil B
Aniseed Oil C U
Anisole see Cyclohexanone
Antifreeze solution A A A
Antimony Pentachloride A A A
Antimony Trichloride A A A
Antrhoquinone Sulphonic Acid A A
Aqua regia U
Aromatic Acids A A A
Aromatic Hydrocarbons U
Arsenic B B
Arsenic Acid 80% A A A
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Arsenic Acid Anhydride A A
Arsenic Salts A
Arsenic Trichloride U
Ascorbic Acid A
Asphalt A C
ASTM Oil no. 1 A A A
ASTM Oil no. 2 A A A
ASTM Oil no. 3 A A A
Atropine Sulphate A
Barium Carbonate A A A
Barium Chloride A A A
Barium Hydrosulphide, Bone Oil B
Barium Hydroxide A A A
Barium Salts A A
Barium Sulphate A A A
Barium Sulphide A A A
Battery Acid A B
Beater Glues A A
Beer Colours A A A
Beer, trading quality A
Beet Juice  A A
Benzaldehyde 0.1% C
Benzaldehyde 100% A C
Benzaldehyde Oxime 2% A
Benzaldoxime see Benzaldehyde Oxime
Benzene (Benzole) D U
Benzene Carbonic Acid see Bensoic Acid
Benzene Dicarbonic Acid see Phthalic Acid
Bezene Sulphonic Acid A B
Benzoic Acid A A B
Benzole Carbon Acid see Bensoic Acid
Benzole Dicarbon Acid see Phthalic Acid
Benzole Sulphonic Acid U
Benzyl Acetate B
Benzyl Alcohol A A B
Benzyl Benzoate B
Benzyl Chloride A
Bichromate Sulfuric Acid B U
Bismuth Carbonate A A A
Bisulfite see Sodium Bisulfite
Bitumen A C
Black Liquor B B
Bleach D U
Bleach Lye 10% B B
Bloodstream Salt, red see Potassium Ferricyanide
Bloodstream Salt, yellow see Potassium Ferricyanid
Bone Oil A A
Bonewax A U
Borax see Sodium Tetraborate
Boric Acid A A A
Boric Acid Methyl Ester B U
Boric Copper Sulphate A
Boric Trifluoride A
BoronTrifluoride A D
Brake Fluids A A A
Brandy A
Brines, saturated A A
Brom Oil A B
Bromate Solution A A

Bromethan U
Bromic Acid A A A
Bromine Vapours, low conc. B
Bromine Water U
Bromine, Liquid U
Bromochloromethane U
Butadiene 50% A A A
Butadiene 100% B
Butane (gas) U
Butanediol up to 10% A A A
Butanediol up to 100% B
Butanetriol A A
Butanol 100% A A A
Butanone A U
Butene U
Butoxyl A C
Butter A B
Butter Acid C
Butter Acid in water, conc. C
Butter Acid in water, sol. 20% C
Butyl Acetate A B C
Butyl Acrylate A B
Butyl Alcohol see Butanol
Butyl Aldehyde A B
Butyl Benzyl Phtalate A A
Butyl Carbinol B
Butyl Cellulose solution U
Butyl Phenol U
Butyl Stearate A A A
Butylene see Butene
Butylene Glycol see Butanediol
Butyric Acid C D
Cadmium Salts A
Caffeine Citrate B B
Calcium Acetate A A A
Calcium Bisulphide A B
Calcium Bisulphite A A A
Calcium Bromide 50% A A
Calcium Bromide 80% A
Calcium Carbide A A
Calcium Carbonate (Soda) A A A
Calcium Chlorate A A A
Calcium Chloride A A A B
Calcium Hydrosulphite
containing SO2 A A
Calcium Hydroxide A A A
Calcium Hypochlorite A A A
Calcium Nitrate A A A
Calcium Oxide A
Calcium Phosphate A
Calcium Sulphate A A A
Calcium Sulphide B
Calcium Water A
Camphor C
Cane Sugar A A
Cane Sugar Juice A A A
Carbamide 33% A A A
Carbazole A A
Carbolic Acid A B
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Carbolic Acid (Phenol) A A
Carbolineum A C
Carbon Bisulfide U
Carbon Dioxide A A A
Carbon Dioxide damp A A A U
Carbon Dioxide dry A A A A
Carbon Disulphide D U
Carbon Monoxide - lamp gas A A A
Carbon Tetrachloride D U
Carbonic Acid H2CO3 A A
Carnbevox A
Carrot Juice A A
Castor Oil A B
Caustic Potash A A
Caustic Soda see Sodium Hydroxide
Cedar Leaf Oil D
Cedar Wood Oil D
Cellulose dissolver see Ethylene Glycol

Monoethyl Ether
Cetyl Alcohol A A B
Chalk A A A
Cheese Enzyme A A A
Chloral Hydrate A A A
Chloramine A A A
Chloramine T see Paratoulene Sulpho-

Chlor
Chloride Acid see Hydrochloric Acid
Chlorine water 2% A A A
Chlorine water sturated A B
Chlorine, damp gas C U
Chlorine, dry gas B U
Chlorine, liquid U
Chloro Acetic Acid Ethyl Ester A A
Chloro Acetic Acid Methyl Ester A A
Chloro Carbonic Acid A C
Chloroacetic Acid 85% B B
Chloroacetic Acid 98% B U
Chloroacetic Acid 100% B
Chlorobenzene D U
Chlorocalcium (in H2O) A A A
Chloroethane see Ethyl Chloride
Chloroethanol A A A
Chloroethyl Alcohol see Chloroethanol
Chloroethyl Phosphate A A
Chloroform D U
Chloromethane see Methyl Chloride
Chloropicrin U
Chloropropane see Glycerine Chlorhydrin
Chlorosulfonic Acid U
Chrome Alum A A A
Chrome Anode Mud A A
Chrome Mercury B
Chromic Acid 50% A A A
Chromic Acid 80% A B
Chromic Acid Anhydride see Chromium Trioxide
Chromium Oxide see Chromium Trioxide
Chromium Salts A
Chromium Trioxide 20% A A A
Chromium Trioxide 50% B

Chromium Trioxide 80% A
Chromo Sulfuric Acid A U
Cider A B
Cinnamon B C
Cinnamon Oil D
Cis - Oxime see Benzaldehyde Oxime
Citric Acid A
Citronella B D
Citrus Juices A A
Cloves C C
Coal Tar D U
Cobalt Chloride A A A
Coca Cola A A
Coca Cola Syrup A B
Cocanut Oil Alcohols B C
Cocoa Fat A A A
Cocoa Fat Alcohol A A A
Coconut Oil A B
Cod Liver Oil B C
Coffee A
Cognac A
Colanut, concentrated A A A
Cooking Salt see Sodium Chloride
Copper Acetate B
Copper Chloride (cupric) A A A
Copper Chloride (cuprous) A A A
Copper Cyanide A A A
Copper Fluoride A A A
Copper Nitrate A A A
Copper Salts A A
Copper Sulphate A A A
Corn Oil A A A
Corn Syrup A A
Cotton Seed Oil A B C
Coumarone Resins A A
Cranberry Sauce B B
Creosote A B
Cresol 100% A C
Cresol diluted A C
Crop Protection Agent A A
Croton Aldehyde A C
Cupric Salts A
Cuprous Chloride, saturated B B
Cupprous Oxide B B
Cyanides A A A
Cyclanone A A
Cyclohexane C D
Cyclohexanol A
Cyclohexanone D U
Cyclohexyl Alcohol A B
DDT A A
Decahydro Naphthalene B C
Decalin A C
Defoamer A C
Denatured Spirit see Methyl Alcohol
Deodorants A A
Detergents A B
Dextrine A A A
Dextrose A A A A
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Diacetone A A A
Diacetone Alcohol A
Diammonium Salts A A A
Diazo Salts A A
Dibenzyl Ether B
Dibromoethane D U
Dibutyl Ether B D
Dibutyl Phthalate B C
Dibutyl Sebacate A B B
Dichloracetic Acid A A A
Dichloracetic Acid Methylester A A A
Dichlorobenzene C U
Dichloroethane see Ethyl Chloride
Dichloroethylene U
Dichloromethane see Methyl Chloride
Dicyclohexamine B
Diesel Fuel A
Diesel Oil A B C
Diethlene Glycol Monobutylene A
Diethyl Benzene B
Diethyl Ether see Ethyl Ether
Diethyl Ketone B C
Diethyl Phthalate A
Diethylamine B
Diethylene Dioxide see Dioxane
Diethylene Glycol A A
Diglycolic Acid A A A
Dihexyl Phthalate A A A
Diisobutylene B
Diisopropyl Ether B U
Diisopropyl Ketone A A A
Dimethyl Amine C U
Dimethyl Aniline B
Dimethyl Benzole see Xylol
Dimethyl Formamide A B
Dimethyl Ketone see Acetone
Dimethyl Phthalate A A A
Dimethyl Sulphoxide A A
Dioctyl Phthalate B C
Dioctyl Sebacate B
Dioxalane B
Dioxane A B C
Dioxyethyl Ether see Diethylene Glycol
Diphenyl B
Diphenyl Amine A C
Diphenyl Oxide B C
Dishwash Detergents A A B
Disodium Phosphate A A
Disodium Sulphate A A
Dispersions A
Dodecylbenzene Sulfonic Acid A C
Dop (Diethylhexyl Phthalate) A C
Edible Oil A
Electrolyte 10% A A A
Elementine normal conc. A A A A
Emulsions, Photographic A A A
Engine Oils A C
Ephetin A A
Epichlorohydrin A A B

Epoxy Ethane see Ethylene Oxide
Epsom Salts A A
Essential Oils C U
Esteric Oils B B B
Ethanal see Acetaldehyde
Ethandiol see Ethylene Glycol
Ethane A A
Ethane Diamine see Ethylene Diamine
Ethanol see Ethyl Alcohol
Ethanolamine A A B
Ethers C D U
Ethoxyethane see Ethyl Ether
Ethyl Acetate A B C
Ethyl Alcohol A A A B
Denaturated with 2% Toluol A
plus Acetic Acid, quality use A
Ethyl Benzene D U
Ethyl Benzoate B
Ethyl Carbitol B
Ethyl Cellulose B
Ethyl Chloride C U
Ethyl Dibromide C U
Ethyl Ether C D U
Ethyl Formate B
Ethyl Glycol B
Ethyl Methyl Ketone see Butanone
Ethyl Oxalate A A A
Ethyl Pentachloro Benzene U
Ethyl Salicylate B
Ethyl Silicate A A A
Ethyl Valeriate A
Ethylamine A A A
Ethylene A B
Ethylene Chlorhydrin U
Ethylene Chloride U
Ethylene Diamine A A
Ethylene Diamine Tetraacetic Acid A A
Ethylene Dichloride D U
Ethylene Glycol 100% A A A B
trading quality A A U
Ethylene Glycol Monoethyl Ether A
Ethylene Oxide, gaseous A A
Ethylene Oxide, liquid U
Ethylene Trichloride D
Ethylhexyl Alcohol A B
“Eugenol” B
Euron B B B
Euron G A A
Fatty Acid A B C
Fatty Acid Amides A C
Fatty Alcohols A C
Fatty Oils A C
Ferric Chloride see Iron Chloride
Ferric Nitrate see Iron Nitrate
Ferrous Ammonium Citrate A B
Ferrous Chloride A B
Ferrous Sulphate Fe SO3 A A
Fertilizer Salts A A A B
Fir Wool Oil A C
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Fish Oil A A A
Fish Solubles B
Fluoboric Acid A B
Fluorbenzene U
Fluorides A A A
Fluorine, liquid C
Fluorine (solution) U
Fluosilicic Acid 25% A C
Formaldehyde 40% A A
Formaldehyde, diluted A A A
Formamide A A A
Formic Acid A A B
Freon 12 C U
Freon 13 A A A
Freon 21 U
Freon 22 A A A
Freon 113 A
Freon 114 A A A
Frigen® C U
Fructose A A
Fruit Juice A A A U
Fruit Mass (fruit pulp) A A A
Fruit Sugar A
Fuel Oils A D
Fuming Sulphuric Acid see Oleum
Furan D
Furfural A C U
Furfural Alcohol A B
Gallic Acid A A
Gas Liquor A A
Gas, Natural                                   see Natural Gas
Gases, containing
Carbon Dioxide,
 Carbon Acid all conc. A A A A
Chlorine all conc. A A A B
Fluorine traces A A A U
Gases, containing
 Nitrious Oxide traces A A A U
Oleum, low conc. U
Sulphur Dioxide 50% A A
Sulphur Dioxide, low conc. A A A B
Sulphuric Acid, all conc. A A A
Gases -                                           See “Waste Gases with...”
Gasoline-Benzene mixture 80/20 B C
Gasoline, Leaded A
Gasoline, pure, 100 Octane B C
Gasoline, Sour A
Gasoline, Unleaded A
Gelatine A A A
Genantin A A
Gin A A
Glaubers Salt A A
Glucose see Dextrose
Glycerine Chlorhydrin A A A
Glycerine, Glycerol A A A
Glycerol Chloro Hydrin A A
Glycine see Glycol
Glycois A A
Glycol 10% A A

Glycol Dichloride see Ethylene Chloride
Glycol Ester A A A
Glycolic Acid 37% A B
Glycolic Acid Butyl Ester A A
Glysantin® A A
Grape Juice A A
Grape Sugar A A
Grapefruit Juice A A
Grease A
Grisiron 8302 B B
Grisiron 8702 A A
Hair Oil/Tonic Oil A A
Halothane C D
Hand Lotions A A
Heating Oil, Barrel Oil A
Heavy Emulsion see Barium Carbonate
Heavy Oil B
Heptane B D
Hexachlorobenzene A B
Hexadecylalcohol A A
Hexane C D
Hexane Triol A A
Hexyl Alcohol D
Honey A
Household Cleaners A B
Hydrobromic Acid 20% A A
Hydrobromic Acid 50% A A
Hydrochloric Acid 10% A A A A
Hydrochloric Acid 20% A A A A
Hydrochloric Acid 30% A A B
Hydrochloric Acid 30% A        A B U
Hydrochloric dry gas A         
Hydrocyanic Acid see Hydrogen Cyanide
Hydrocyanic Acid 10% A C
Hydrofluoric Acid 20% A C
Hydrofluoric Acid 50% A C
Hydrofluoric Acid 75%, HF A C
Hydrofluosilicic Acid A A
Hydrogen A A A
Hydrogen Bromide A A A
Hydrogen Chloride gas,
dry and moist A A A
Hydrogen Cyanide A A A
Hydrogen Fluoride 40% A A
Hydrogen Fluoride 70% A
Hydrogen Peroxide 30% A A A
Hydrogen Peroxide 50% B
Hydrogen Peroxide 90% C
Hydrogen Peroxide 100% A U
Hydrogen Phosphide A
Hydrogen Sulphide, H2S A
Hydrogen Sulphide (Aq. Sol.) A A
Hydrogen Sulphide, dry A A A
Hydroquinone A A
Hydrosulphite A A
Hydroxylamine Sulphate A A
Hypochlorous Acid A A
Hyraulic Fluids A B
Hyrazine Hydrate A A
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Igepal A A A
Ink A A A
Iodine A U
Iodine, alcoholic sol. B
Iodine ink A
Iodine-Potassium Iodide, 3% A A
Iodine Solution U
Iodine, Tincture of A C
Iron (II) Chloride A A A
Iron (II) Sulphate A A A
Iron (III) Chloride A A A A
Iron (III) Nitrate A A A
Iron (III) Sulphate A A A
Isobutyl Alcohol A A
Isooctane A B
Isopropanol A A
Isopropyl Acetate A C
Isopropyl Ether D U
Jams A A
Kerosene B C
Kerosine B C
Ketones B D
Labarraques Solution D U
Lacquer U
Lactic Acid 90% A A A
Lactose A A
Lanolin A A A
Latex A
Lauryl Alcohol B
Lavender Oil B
Lead Acetate A A A B
Lead Arsenate A
Lead Nitrate A A A
Lead Sulphamate A A A
Lemon Juice A A
Lemon Oil B U
Lime A A
Lime Chloride A A
Lime Juice B B
Lime Water A A
Linseed Oil A B C
Liquor, Trading Quality C U
Lithium Bromide A A
LPG A A
Lubricating Oils A C
Machine Oils A B
Magnesium Carbonate A A A
Magnesium Chloride A A A
Magnesium Fluosilicate A A
Magnesium Hydroxide A A A
Magnesium Iodine A A
Magnesium Nitrate A A A
Magnesium Salts A A
Magnesium Sulphate A A A A
Maleic Acid A A A A
Malic Acid A A
Manganese Sulphate A A A
Manure, liquid A A
Margarine B C

Marmelade A A A
Masa A A
Mascara A A A
Mash A A
Mayonnaise A
Melase spices, industrial conc. A A A
Melase, industrial conc. A A A A
Menthanol see Menthol
Menthol A C
Mercuric Chloride A B
Mercuric Cyanide B B
Mercurochrome A A
Mercurous Nitrate B B
Mercury A A A
Mercury Salts A A A
Mesityl  Oxide B
Metallic Mordants A A
Methacrylate A A
Methacrylic Acid A A
Methane B
Methane Amide see Formamide
Methanol see Methyl Alcohol
Methoxy Butanol A A A
Methoxybutyl Alcohol A B
Methyl-2-Pentanone (4-) A A
Methyl Acetate B
Methyl Alcohol A A A
Methyl Amine, 32% A
Methyl Bromide see Bromethane
Methyl Butyl Ketone A A A
Methyl Cellulose Solvent A
Methyl Chloride D U
Methyl Ethyl Ketone B D
Methyl Formate B
Methyl Glycol A A A
Methyl Isobutyl Ketone A C
Methyl Methacrylate A A B
Methyl n-Propyl Ketone A B
Methyl Oleate A A A
Methyl Phenol see Cresol
Methyl Pyrrolidone A A
Methyl Salicate B
Methyl Salicylate A B
Methyl Sulphate A A
Methyl Sulphuric Acid up to 50% B B
Methylbenzene D U
Methylcyclohexane C D
Methylene Chloride C U
Milk A A A
Mineral Oils B U
Mineral Spirits A C
Mineral Water A A A
Molasses A A
Mold Release A A
Monochloride Acetic Acid A A A
Monochloride Acetic Acid
Ethylester A A A
Monochloride Acetic Acid
Methylester A A A
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Monochloro Benzene D
Monoethanolamine A
Monoethyl Ether A A A
Monomethyl Aniline A A A
Morpholine A A
Motor Oil C
Mowilth A A
Mustard A B
Nafta B U
Naphthalene, Naphthaline A C
Natural gas A A
Nickel A
Nickel Chloride A B
Nickel Nitrate A B
Nickel Salts A A
Nickel Sulphate A B
Nicotine A A
Nicotine Acid B B
Nitric Acid 30% A A
Nitric Acid 30-50% B C
Nitric Acid 40% B
Nitric Acid 70% C
Nitric Acid 98% U
Nitrobenzene (Oil of Mirbane) C U
Nitrocellulose A
Nitroethane A U
Nitrogen A A A
Nitroglycerin B D
Nitromethane A U
Nitrotoluene A B
Nitrotoluol A B
Nitrous gases, conc. A U
Nonyl Alcohol A A
Octane A B
Octyl Alcohol A B
Octyl Cresol B U
Oil C C
Oil Acid C
Oleic Acid A C
Oleic Acid (Red Oil) U
Oleum U
Oleum vapeur (SO3) B
Olive Oil A A A
Optical Brighteners A A
Orange Extract A A
Ortho-Boric Acid see Boric Acid
Oxalic Acid A B
Oxyacetic Acid see Glycolic Acid
Oxybensole see Phenol
Oxydiethanole see Diethylene Glycol
Oxygen A A
Oxypropionic Acid see Lactic Acid
Oxyrane see Ethylene Oxide
l-Oxytoluol see Benzyl Alcohol
m-Oxytoluol see Cresol
Ozone C U
Painting Turpentine see Thinner
Palm Kernal Oil A A
Palm Oil B B

Palmatic Acid A A B
Palmityl Alcohol A A
Palmolive Oil A
Paraffin A B C
Paraffin emulsion, trading qual. B
Paraffin Oil A A A
Paraformaldehyde A A
Paratoluene Sulpho Chlora
Amide Sodium 1% A
Peanut Butter B B
Pentanol see Amyl Alcohol
Pentanol Acetate see Amyl Acetate
Pepper B B
Peppermint Oil B D
Perchloric Acid 10% A A
Perchloric Acid 20% A A A
Perchloric Acid 50% A B C
Perchloric Acid 70% A D
Perchloro Ethylene U
Perfumes C U
Petrol Ether C
Petroleum A B C
Petroleum Ether A D
Petroleum Jelly B B
Petroleum Spirits C D
Phenol up to 90% A A U
Phenolic Resins A A
Phenols 100% (Carbolic Acid) D
Phenyl Alcohol see Benzyl Alcohol
Phenyl Ethane see Ethyl Benzene
Phenyl Ethyl Alcohol A A
Phenyl Hydrazine C D
Phenyl Hydrazine Hydrochloride A U
Phenyl Methane see Toluol
Phenyl Methyl Ether see Cyclohexanone
Phenyl Sulfonate A A
Phosgene, gas U
Phosphates A A A
Phosphoric Acid 80% A A A A
Phosphoric Acid 90%                      A            A            A           A
Phosphoric Acid 95% A A
Phosphorus Oxychloride A B B
Phosphorus Pentoxide A A A
Phosphorus Trichloride A B
Phosphorus Yellow A
Photographic Developer A A
Photographic solution, Fixer A A A
Phthalic Acid 50% A A A
Phtalic Acid Ester A C
Phtalic Anhydride B B
Pickling Baths B C
Picric Acid 1% A B
Pine Oil B D
Pineapple Juice A A
Pinene B
Plasticizers of Polyester A B
Plating Solutions, Brass A B
Plating Solutions, Cadmium A B
Plating Solutions, Copper A B
Plating Solutions, Gold A B
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Plating Solutions, Indium A B
Plating Solutions, Iron A B
Plating Solutions, Lead A B
Plating Solutions, Nickel A B
Plating Solutions, Rhodium A B
Plating Solutions, Silver A B
Plating Solutions, Tin A B
Plating Solutions, Zinc A B
Polyesters (Resins) C U
Polyglycols A A
Polysolvan O A A
Potash Alum A A
Potassium Acetate B
Potassium Bicarbonate A B
Potassium Bichromate 40% see Potassium Dichromate
Potassium Bisolphate A A
Potassium Borate 1% A A A
Potassium Bromate A A A
Potassium Bromide A A A
Potassium Carbonate A A A
Potassium Chlorate A A A
Potassium Chloride A A A
Potassium Chromate A A A
Potassium Chromium Sulphate A A A B
Potassium Cupro Cyanide A A A
Potassium Cyanide A A A
Potassium Dichromate 40% A A A
Potassium Ferricyanide A A A B
Potassium Ferrocyanide A B
Potassium Fluoride A A A
Potassium Hydrogen Carbonate A A A
Potassium Hydrogen Sulphate A A A
Potassium Hydrogen Sulphite
solution A A A
Potassium Hydroxide 50% A A A U
Potassium Hydroxide 60% A A B
Potassium Hypochlorite, solution A B
Potassium Iodide, cold saturated A A A
Potassium Nitrate A A A
Potassium Orthophosphate A A A
Potassium Perborate A A A
Potassium Perchlorate 1% A A A A
Potassium Perchlorate 10% A
Potassium Permanganate 18% A A A
Potassium Persulfate A
Potassium Phophate A A A
Potassium Salts A
Potassium Sulphate A A A
Potassium Sulphate, cold
saturated A A A
Potassium Sulphide A A A
Potassium Sulphite A A
Potassium Supersulphate A A A U
Potassium Tetracyao Cuprate A A
Potassium Thiosulphate A A
Propargyl Alcohol A
Propane Acid see Propionic Acid
Propane Diol see Propylene Glycol
Propane Triol see Glycerine
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Propane, gas A B
Propane, liquid B
Propanol A A A
Propanone see Acetone
Propargyl Alcohol A B
Propene A A A
Propionic Acid A A A
Propyl Acetate B
Propyl Alcohol see Propanol
Propylene Dichloriole U
Propylene Glycol A A A
Propylene Oxide A A
Prune Juice A
Pseudo Cumol/Pseudo Cumene B B
Pyridine A B C
Pyrol B
Quinine A A
Rayon Coagulating Bath A B
Resorcinol A B
Ricine Oil A B
Rinser Loosener A A A
Road Tar U
Roasting Gases A A
Rouge A A
Rubbers Dispersions/Latex A A
Sagrotan A B
Salicylic Acid A A A
Salicylic Acid Methyl Ester A B
Sauerkraut A A
Sea Water A A
Selenic Acid A A
Shampoos, Shaving Lotion A A
Shortening A B
Silicic Acid A A
Silicone Fats A A A
Silicone Oils A A A
Silver Nitrate 80% A A A B
Silver Salts, cold saturated A A A
Soap A A A
Soap Loosener A A A
Soap Solution A A A
Soda see Sodium Carbonate
Sodium Acetate A A A
Sodium Aluminate A A A
Sodium Aluminium Sulphate A A A
Sodium Benzoate A A A
Sodium Benzoate to 36% A A A
Sodium Bicarbonate A A A
Sodium Bisulphate A A A
Sodium Bisulphite A A A A
Sodium Borate A A A
Sodium Bromide A A A
Sodium Carbonate A A A
Sodium Chlorate A A A
Sodium Chloride A A A A
Sodium Chlorite 50% A
Sodium Chlorite and Bleach A B
Sodium Chlorite and Water A
Sodium Chromate A A
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Sodium Cyanide A A A
Sodium Dichromate A A
Sodium Dodecylbenzene
Sulfonate A A
Sodium Ferricyanide A A A
Sodium Ferrocyanide A A A
Sodium Fluoride A A A
Sodium Hexacyano Ferrate A A
Sodium Hexametaphosphate A
Sodium Hydrogen Carbonate A A A
Sodium Hydrogen Phosphate A A A
Sodium Hydrogen Sulphite sol. A A A
Sodium Hydrosulphite 10% A A A
Sodium Hydroxide 15% A A
Sodium Hydroxide 20% A A
Sodium Hydroxide 30% A A
Sodium Hydroxide 50% A A
Sodium Hydroxide 70% A A
Sodium Hydroxide Conc. A A
(Caustic Soda)
Sodium Hypochlorite 12% B D
Sodium Hypochlorite Solution B
Sodium Metaphosphate A A A
Sodium Nitrate A A A
Sodium Nitrite A A A
Sodium Perborate A C
Sodium Perchlorate A A
Sodium Peroxide 10% A A A
Sodium Phosphate A A A
Sodium Polyacrylate (GR 894) A A A
Sodium Silicate A A A
Sodium Sulphate A A A
Sodium Sulphide A A A
Sodium Sulphite A A A
Sodium Tetraborate A A A
Sodium Thiosulphate A A A
Soya Oil A B
Spermaceti A B
Spindle Oil C D
Spinning Oil A B
Spinning-Bath Oil containing
Carbon Disulphide 0.01 % A A
Spinning-Bath Oil containing
Carbon Disulphide 0.07 % A A
Spot Solvents A A A
Stain Removers C D
Stannic Chloride A A
Stannic Salts A
Stannous Chloride A A
Starch A A A
Starch Syrup A A A A
Steam A A A
Stearic Acid A A B
Styrene C U
Succinic Acid A A
Sucrose Solution A A A
Sugar A A
Sulfuric Acid 98% U
Sulphates A A
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Sulphur A A A
Sulphur Dioxide
dry A A A B
wet, in water solution A A A
Sulphur Solution A
Sulphur Trioxide U
Sulphuric Acid 50% A A A
Sulphuric Acid 70% A C
Sulphuric Acid 80-90% A C
Sulphuric Acid 96% C
Sulphuric Acid 98% U
Sulphuric Ether B C
Sulphurous Acid A A
Sulphuryl Chloride B
Superchloric Acid see Perchloric Acid
Synthetic Washing Powder,
home quality A A A
Tallow A B
Tannic Acid A A
Tannin see Ascorbic Acid
Tar U
Tartaric Acid (Dihydrxy A A
Succinic Acid)
Tea B B
Tertiary Butyl Alcohol A A A
Tetrabromo Ethane D U
Tetrachloro Ethane D U
Tetraethyl Lead A
Tetrahydro Furane U
Tetrahydro Furfuryl Alcohol A
Tetrahydro Naphtalene B U
Tetraline see Tetrahydro Naphtalene
Tetramethylene Oxide see Tetrahydro Furane
Tin Chloride A A
Tin Salts A A A
Thinner D
Thioglycolic Acid A A
Thionyl Chloride D U
Thiophene D U
Titanium Tetrachloride U
Toluene D U
Tomato Juice A A
Transformer Oils A C D
Tri see Trichloro Ethylene
Tributile Phosphate A A
Tributro Ethyl Phosphate B
Trichloro Acetic Acid A B
Trichloro Acetic Acid 50% A C
Trichloro Benzene U
Trichloro Ethane C U
Trichloro Ethylene U
Trichloro Methane see Chloroform
Tricresyl Phosphate A A
Triethanolamine A B
Triethylene Glycol A A
Trilom, trade quality A A A
Trimethyl Borate U
Trimethylbenzene see Pseudocumol
Trimethylol Propane A A
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Trinitro Phenol see Picric Acid
Trinitro Toluene U
Trioctyl Phosphate A B
Trisodium Phosphate A B C
Trybutyl Phosphate A A A
Turbine Oil B
Turpentine D U
Tutogen U A A
Tween 20 B U
Tween 80 B U
Urea A B
Uric Acid A A
Uric Compounds see Carbamide
Urine A A
Urine, normal conc. A A A
Vanille Extract A B
Vaseline A B C
Vaseline Oil A B
Vegetable Dyes A A
Vegetable Oils B B B
Vinegar A A A
Vinegar Acid Anhydride A A B U
Vinegar Acid Butyl Ester see Butyl Acetate
Vinegar Acid Ethyl Ester see Ethyl Acetate
Vinegar Ester see Ethyl Acetate
Vinegar, trading quality A A A
Vinyl Acetate A A
Vinyl Chloride A A A
Vinyl Cyanide see Acryl Nitrite
Viscose Spinning Solution A A
Vitamine C A A
Walnut Oil A B
Wastegases with Acid A A
Wastegases with Carbon
�Monoxide A A
Wastegases with HCL A A
Wastegases with H2SO4 A A
Wastegases with low sodium
Dioxide A A
Wastegases with traces of
Hydrogen Fluoride A A
Wastegases with traces of
Nitrosyl Sulfuric Acid A A
Water A A A A
Water Acid Mine A
Water Deionized A
Water Distilled A
Waterglass A
Waxes A C
Wetting Agents A B
Whey A A
Whisky see Ethyl Alcohol
Whitener see Sodium Hypochlorite
Wine Vinegar see Vinegar
Wine, red and white A A A
Wohlstone Acid A A A
Wood Glue, type Polyvinyl B
Acetate
Wood Stains A C
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Wool Fat see Lanolin
Xylol C U
Yeast A A A
Zinc Bromide A A
Zinc (II) Chloride A A A B
Zinc Carbonate A A A
Zinc Hydrate A A A
Zinc Oxide A A A
Zinc Salts A
Zinc Sludge A A
Zinc Stearate A A
Zinc Sulphate A A A


