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ĕńĭĞŀĚĶńĭĨńĺĮĸŅľĴŋĬħƟĺĵėĺŅĴŏĶŖĺĶŀĭȮ/2,3.ȮĶŀĭ-ĬŅĪňȮįĸĔŅĶĪħĽŀĭĔŅĶĪŜŅĚŅĬĕŀĚľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅȮ
ıĭĺƞŅȮĽĳŅĺŃĪňŗĪŜŅŒľƟȮTavgȮŏĶŖĺĪňŗĽŋħȮ1ȮĶŃħńĭȮėŊŀȮĮĸŅħŋĔěŜŅĬĺĬȮ/.ȮĨńĺȮėĺŅĴŏĶŖĺĶŀĭȮ03ȮĶŀĭ-ĬŅĪňȮŐĸŃȮ
ĮĸŅħŋĔěŜŅĬĺĬȮ3ȮŐĸŃȮ/.ȮĨńĺȮėĺŅĴŏĶŖĺĶŀĭȮ1.ȮĶŀĭ-ĬŅĪňȮĽĳŅĺŃĪňŗĨńħľńĺĮĸŅŐĸƟĺœħƟĶƟŀĵĸŃįĸįĸŇĨĽŌĚĽŋħȮėŊŀȮ
ėĺŅĴŏĶŖĺĶŀĭĞŀĚĶńĭĨńĺĮĸŅȮ03ȮĶŀĭ-ĬŅĪňȮœħƟĶƟŀĵĸŃįĸįĸŇĨȮ43,27±.,73ȮŐĸŃįĸĔŅĶĪħĽŀĭĔŅĶĪŜŅĚŅĬ
ĶƞĺĴĔńĬĶŃľĺƞŅĚľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŐĸŃľĬƞĺĵĨńħľńĺĮĸŅĽĳŅĺŃŏľĴŅŃĽĴĪňŗĽŋħȮėŊŀȮěŜŅĬĺĬĮĸŅħŋĔȮ3ȮĨńĺȮ
ėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚȮ1.ȮĶŀĭ-ĬŅĪňȮŐĸŃėĺŅĴŏĶŖĺĶŀĭĞŀĚĶńĭĨńĺĮĸŅȮ03ȮĶŀĭ-ĬŅĪňȮœħƟĶŃĵŃŏĺĸŅ
ŏĜĸňŗĵŒĬĔŅĶĨńħľńĺĮĸŅħŋĔȮ4,0±/,6ȮĺŇĬŅĪň-ĨńĺȮŐĸŃĶƟŀĵĸŃįĸįĸŇĨȮ43,3/±.,60ȮĞŉŗĚĨńħœħƟŏĶŖĺĔĺƞŅŐĸŃĴňȮȮȮȮȮȮȮȮȮȮ
ėƞŅĶƟŀĵĸŃįĸįĸŇĨŒĔĸƟŏėňĵĚĔńĭĔŅĶĨńħħƟĺĵŐĶĚĚŅĬėĬȮĪňŗĶŃĵŃŏĺĸŅŏĜĸňŗĵŒĬĔŅĶĨńħľńĺĮĸŅħŋĔȮ6,5±/,0ȮĺŇĬŅĪň-ĨńĺȮ
ŐĸŃĶƟŀĵĸŃįĸįĸŇĨȮ44,3±/,7/ȮėƞŅĺńĽħŋŒĬĔŅĶĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔėŇħŏĮƦĬŏĚŇĬȮ3/,03.ȮĭŅĪȮĽĴĶĶĩĬŃȮȮ
ĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚȮ//4ȮĔŇőĸĔĶńĴ-ĝńŗĺőĴĚȮĺŇŏėĶŅŃľƢěŋħėŋƟĴĪŋĬĽŜŅľĶńĭĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔȮȮȮȮȮȮ
ĪňŗȮ0..ȮĝńŗĺőĴĚ-ĮƖȮĴňĶŃĵŃŏĺĸŅėŊĬĪŋĬȮ/4,00ȮŏħŊŀĬȮėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚėŇħŏĮƦĬȮ60,41ȮĭŅĪ-ĝńŗĺőĴĚ 
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Development of Deheading Machine for Catfish 
 

Wichitchai Wongjang,ȮSiam Sermsap(,ȮPetcharat VongjanlaȮandȮSaran Khotmanee 
Fisheries Industrial Technological Research and Development Division 

 
Abstract 

 
ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮThe objective of this research is to invent aȮcatfish deheading machine suitable 
for agricultural housewife groups,ȮThe machine was designed and builtȮconsisting of 2 units8Ȯ
fish orienting unitȮ&unit 1'ȮandȮfish deheading unitȮ&unit 2',ȮThe operatingȮconditionsȮof each 
unitȮwere studiedȮseparately and together,ȮUnit 18Ȯthe effects of amount of catfish &5, 10 and 
15Ȯfish'Ȯand the circular velocity of the rotating disc &20, 25 and 30 rpm'Ȯon the average time 
to completely convey to unit 2 &Tavg'Ȯwere studied,ȮUnit 28 the effect of circular velocity of 
fish receiving envelope &25, 30, and 35 rpm'Ȯon yield percentage was studied,ȮThen unit 1Ȯand 
2 were assembled and tested,ȮThe dimension of unit 1 &WxLxH'Ȯwas 1,200X1,200X1,330 mm, 
using an 1+hpȮelectric motor as power supply,ȮGear reducer, machine belt and pulley were 
applied to reduce speedȮand transmit power to the rotating disc at 48,34 rpm,ȮThe dimension 
of unit 2 &WxLxH'Ȯwas 500X800X890 mm, using a 2+hp electricȮmotor as power supply,ȮGear 
reducer,Ȯchain and sprocket were applied to reduce speed, transmit power to the fish receiver 
envelope at 14,50 rpm,ȮThe results showed that the conditions provided the fastest Tavg of 
unit 1 were at 10 catfishȮwithȮ25 rpmȮand atȮ5Ȯand 10 catfish withȮ30 rpmȮand the condition 
given the maximum yield percentage of unit 2 was at speed of 25 rpm, which yield percentage 
was 65,49±0,95,ȮAfter assembling unit 1 and unit 2, 5 catfishȮwithȮ30 rpm of unit 1 and 25 rpm 
of unit 2 was the optimal condition, obtaining Tavg and yield percentage atȮ6,2 ± 1,8 sec-catfish 
and 65,51±0,82, respectively,ȮThe cutting time was faster and the yield percentage was close 
to the manual cutting &8,7±1,2 sec-catfish and 66,5±1,91#',ȮThe cost of materials to build a 
deheading machine for catfish was 51,250 baht,ȮThe capacity was 116 kg per hour,ȮThe breakȮ
evenȮpoint for 200 hours a year was 16,22 months and operating cost was 82,63 baht per hour 
 
Key words8Ȯcatfish, deheading fish,Ȯdeheading catfishȮ 
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ėŜŅĬŜŅ 
 

ĮĸŅħŋĔŏĮƦĬĮĸŅĪňŗėĬœĪĵĶŌƟěńĔŐĸŃĬŇĵĴĭĶŇőĳėĔńĬŀĵƞŅĚŐıĶƞľĸŅĵȮĽƞĺĬŒľĠƞŏıŅŃŏĸňŘĵĚŒĬĳŅėĔĸŅĚ
ŐĸŃĳŅėĨŃĺńĬŀŀĔŏĜňĵĚŏľĬŊŀĕŀĚĮĶŃŏĪĻœĪĵȮŒĬĮƖȮ034.ȮĔŅĶŏıŅŃŏĸňŘĵĚĮĸŅħŋĔĴňĮĶŇĴŅĦĽŌĚĩŉĚȮ1,051ȮŐĽĬĨńĬȮ
ėŇħŏĮƦĬĴŌĸėƞŅȮ5,126,6ȮĸƟŅĬĭŅĪȮĔŅĶěŜŅľĬƞŅĵįĸįĸŇĨĮĸŅħŋĔĴňĪńŘĚĶŌĮŐĭĭĴňĝňĺŇĨŐĸŃĮĸŅĽħȮ&ĮĶŃĴŅĦĶƟŀĵĸŃȮ81'Ȯ
ŐĸŃŐĮĶĶŌĮŏĮƦĬįĸŇĨĳńĦĤƢȮ&ĮĶŃĴŅĦĶƟŀĵĸŃȮ19'ȮŏĝƞĬȮĪŜŅŏėŖĴȮĨŅĔŐľƟĚȮĬŉŗĚȮĵƞŅĚȮĮĸŅħŋĔŐħħŏħňĵĺȮĮĸŅħŋĔĶƟŅȮ
&ŀĶĺĶĶĦȮŐĸŃėĦŃ, 2556'; &ĔŀĚĬőĵĭŅĵŐĸŃĵŋĪīĻŅĽĨĶƢıńĥĬŅĔŅĶĮĶŃĴĚ*Ȯ2562' 

ĔŅĶŐĮĶĶŌĮĮĸŅŏĮƦĬįĸŇĨĳńĦĤƢőħĵĪńŗĺœĮĨƟŀĚĨńħľńĺŐĸŃėĺńĔœĽƟŏıŊŗŀŒĝƟŏĜıŅŃĽƞĺĬŏĬŊŘŀȮĽƞĺĬľńĺĪňŗĨńħ
ŀŀĔėŇħŏĮƦĬĶƟŀĵĸŃȮ/.+0.ȮĕŀĚĬŘŜŅľĬńĔĮĸŅĪńŘĚľĴħȮĔŅĶĨńħľńĺĮĸŅħƟĺĵŏėĶŊŗŀĚőħĵĪńŗĺœĮĴňȮ2ȮĶŌĮŐĭĭħńĚŐĽħĚŒĬ
ĳŅıĪňŗȮ/ȮœħƟŐĔƞȮ/'ȮĔŅĶĨńħŐĭĭőėƟĚĨŅĴľńĺĮĸŅȮ&Round Cut'Ȯ0'ȮĔŅĶĨńħĨŅĴĶŌĮĶƞŅĚľńĺĮĸŅȮ&Contoured Cut'Ȯ
1'ȮĔŅĶĨńħŐĭĭĨĶĚȮ&Straight Cut'ȮŐĸŃȮ2'ȮĔŅĶĨńħŐĭĭŏĜňĵĚȮ&Slant Cut'ȮĔŅĶĨńħŐĭĭőėƟĚĨŅĴľńĺĮĸŅŏĮƦĬĺŇīňĪňŗ
ĴňĮĶŃĽŇĪīŇĳŅıŐĸŃĽŌĠŏĽňĵŏĬŊŘŀĮĸŅĬƟŀĵĪňŗĽŋħȮĪŜŅŒľƟœħƟŏĬŊŘŀĮĸŅĴŅĔĔĺƞŅĔŅĶĨńħŐĭĭĨĶĚĪňŗŒĝƟĔńĭŏėĶŊŗŀĚĨńħľńĺĮĸŅ
ĪńŗĺœĮĶƟŀĵĸŃȮ2+3ȮĽƞĺĬĔŅĶĨńħĨŅĴĶŌĮĶƞŅĚľńĺĮĸŅȮŏĮƦĬĔŅĶĨńħĨńŘĚĜŅĔĔńĭĔĶŃħŌĔĽńĬľĸńĚĨƞŀħƟĺĵĨńħŏŀňĵĚŏĮƦĬĴŋĴȮȮ
23ȮŀĚĻŅȮĺŇīňĬňŘŒĝƟĽŜŅľĶńĭĨńħľńĺĮĸŅĪňŗĨƟŀĚĔŅĶĬŜŅœĮŐĸƞŏĮƦĬŏĬŊŘŀĮĸŅĪňŗĵńĚėĚľĬńĚŐĸŃĔƟŅĚĮĸŅȮőħĵĽƞĺĬľńĺŐĸŃėĶňĭ
ěŃĩŌĔĨńħŀŀĔœĮıĶƟŀĴĔńĬȮ 

 
 
 
 
 
 
 

 
ĳŅıĪňŗȮ/ȮȮĶŌĮŐĭĭĔŅĶĨńħľńĺĮĸŅĬŘŜŅěŊħȮ/'ȮĔŅĶĨńħŐĭĭőėƟĚĨŅĴľńĺĮĸŅȮ0'ȮĔŅĶĨńħĨŅĴĶŌĮĶƞŅĚľńĺĮĸŅȮ1'ȮĔŅĶĨńħ 
ȮȮȮȮȮȮȮȮ ȮŐĭĭĨĶĚȮŐĸŃȮ2'ȮĔŅĶĨńħŐĭĭŏĜňĵĚ 
&ĪňŗĴŅȮBykowski and Dutkiewicz, 1996' 
 

ŏėĶŊŗŀĚĨńħľńĺĮĸŅĪňŗĺŅĚěŜŅľĬƞŅĵĪńŗĺœĮĽƞĺĬŒľĠƞŀŀĔŐĭĭĽŜŅľĶńĭĮĸŅĪŃŏĸŒĬĶŃħńĭŀŋĨĽŅľĔĶĶĴȮȮȮ
ĴňĕĬŅħŒľĠƞŐĸŃĶŅėŅŐıĚȮŒĬőĶĚĚŅĬŐĮĶĶŌĮĮĸŅĬŘŜŅěŊħĕĬŅħŏĸŖĔŒĝƟŐĶĚĚŅĬėĬŒĬĔŅĶĨńħľńĺĮĸŅȮŀĵƞŅĚœĶĔŖĨŅĴȮ
ĴňĔŅĶŀŀĔŐĭĭŏėĶŊŗŀĚĨńħľńĺĮĸŅĽŜŅľĶńĭĮĸŅĬŘŜŅěŊħĕĬŅħŒľĠƞŏĝƞĬĔńĬȮĴňĕĬŅħĶŃľĺƞŅĚȮ1.+2.ȮŏĞĬĨŇŏĴĨĶȮĞŉŗĚœĴƞ
ĽŅĴŅĶĩŒĝƟĔńĭĮĸŅĬŘŜŅěŊħĕĬŅħŏĸŖĔœħƟȮěŉĚŏĮƦĬĕƟŀěŜŅĔńħŏĬŊŗŀĚěŅĔĮĸŅĴňĕĬŅħŐĨĔĨƞŅĚĔńĬĴŅĔȮĔŅĶŀŀĔŐĭĭ
ĸńĔļĦŃŒĭĴňħĪňŗŒĝƟĨńħľńĺĕŀĚŏėĶŊŗŀĚĨńħĴňľĸŅĵŐĭĭȮŏĝƞĬȮěŅĬĴňħȮ&disc'ȮĴňħĪĶĚĔĶŃĭŀĔȮ&Cylindrical Knives'ȮȮ
ĴňħĨŅĴĶŌĮĶƞŅĚĮĸŅȮ&Contoured'ȮŏĸŊŗŀĵĺĚŏħŊŀĬȮ&Band Saws'ȮŐĸŃĴňħĔŇőĵĨŇĬȮ&Guillotine Cutters'ȮĞŉŗĚĨƟŀĚ
ĮĶńĭŏĮĸňŗĵĬŒĭĴňħĨŅĴĝĬŇħŐĸŃĕĬŅħĮĸŅȮĔŅĶĽŌĠŏĽňĵŏĬŊŘŀĮĸŅěŉĚĕŉŘĬĔńĭĶŌĮŐĭĭĔŅĶĨńħŐĸŃĪńĔļŃĕŀĚ
įŌƟĮĢŇĭńĨŇĚŅĬħƟĺĵȮĽƞĺĬėĺŅĴŏĶŖĺĕŀĚŏėĶŊŗŀĚĕŉŘĬĔńĭĕĬŅħĮĸŅȮĞŉŗĚĮĔĨŇĴňėĺŅĴŏĶŖĺĪňŗȮ0.+2.ȮĨńĺ-ĬŅĪňȮ&Bykowski 
and Dutkiewicz, 1996'ȮĔŀĚĺŇěńĵŐĸŃıńĥĬŅŏĪėőĬőĸĵňŀŋĨĽŅľĔĶĶĴĽńĨĺƢĬŘŜŅȮőħĵȮŏıĝĶĶńĨĬƢȮŐĸŃėĦŃȮ&2547'Ȯ
œħƟŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅĶŃĭĭĽŅĵıŅĬĬŜŅĮĸŅŏĕƟŅľŅěŅĬĴňħĪňŗľĴŋĬŀĵŌƞĔńĭĪňŗȮŏĮƦĬĔŅĶĨńħľńĺĮĸŅ
ŐĭĭĨńħĨĶĚȮőħĵŒĝƟĶƞŀĚĽŅĵıŅĬĬŜŅĨńĺĮĸŅŏĕƟŅľŅŒĭĴňħĨńħȮěŉĚŏľĴŅŃĽŜŅľĶńĭĮĸŅĪňŗĴňĸŜŅĨńĺŐĭĬȮŏĝƞĬȮĮĸŅĬŇĸȮȮ
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ĮĸŅĨŃŏıňĵĬȮłĸłȮ&ĳŅıĪňŗȮ0'ȮŏĴŊŗŀĬŜŅĴŅĨńħĮĸŅħŋĔĞŉŗĚĴňĸŜŅĨńĺĔĸĴȮěŉĚŀŅěĪŜŅŒľƟŏĬŊŘŀĽƞĺĬĪƟŀĚľŅĵœĮŐĸŃĨńĺĮĸŅ
ıĸŇĔŀŀĔěŅĔŒĭĴňħĕĦŃĨńħħƟĺĵěŅĬĴňħȮĪŜŅŒľƟĶŀĵĨńħœĴƞĨĶĚĨŅĴĪňŗŀŀĔŐĭĭœĺƟĨŅĴȮĳŅıĪňŗȮ1 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ0ȮȮŏėĶŊŗŀĚĨńħľńĺĮĸŅȮ 

 
 
 
 
 

 
 

 
ĳŅıĪňŗȮ1ȮȮĶŀĵĨńħŐĭĭĨńħĨĶĚ 
 

ĽŜŅľĶńĭĔŅĶŐĮĶĶŌĮįĸŇĨĳńĦĤƢĮĸŅĬŘŜŅěŊħĞŉŗĚĬŇĵĴĨńħľńĺĮĸŅħƟĺĵŐĶĚĚŅĬėĬȮĴňĶŌĮŐĭĭĔŅĶĨńħ
ŐĨĔĨƞŅĚĔńĬĕŉŘĬŀĵŌƞĔńĭĕĬŅħŐĸŃĝĬŇħĕŀĚĮĸŅȮŏĝƞĬȮŒĝƟĴňħĨńħľńĺĮĸŅŐĭĭĨĶĚŒľƟĕŅħŀŀĔěŅĔĸŜŅĨńĺȮľĶŊŀŒĝƟĴňħ
ĮŅħĽƞĺĬľĸńĚŒľƟŏĮƦĬĶŀĵŐĸƟĺěŉĚľńĔľńĺŐĵĔŀŀĔěŅĔĸŜŅĨńĺȮĞŉŗĚĺŇīňĮŅħĽƞĺĬľĸńĚĬňŘĬŇĵĴŒĝƟĨńħľńĺĮĸŅħŋĔĴŅĔĪňŗĽŋħȮ
ĽŅĴŅĶĩĶńĔļŅŏĬŊŘŀĽƞĺĬĪƟŀĚœĺƟœħƟĶƟŀĵĸŃįĸįĸŇĨĽŌĚȮ&#Ȯyield'ȮŐĨƞĺŇīňħńĚĔĸƞŅĺĪŜŅŒľƟľĬńĚŏĔŇħĶŀĵĜňĔĕŅħœĴƞ
ĽĴŗŜŅŏĽĴŀȮ&ĳŅıĪňŗȮ2'ȮŒĬĔŅĶĻŉĔļŅėĶńŘĚĬňŘȮěŉĚŏĸŊŀĔĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔĪňŗĽŅĴŅĶĩŒľƟĶƟŀĵĸŃįĸįĸŇĨȮŒĔĸƟŏėňĵĚ
ĔńĭĔŅĶĨńħħƟĺĵŐĶĚĚŅĬėĬȮőħĵĔŅĶŀŀĔŐĭĭŒĭĴňħŒľƟĴňĶŀĵĨńħŒĔĸƟŏėňĵĚĔńĭĔŅĶĶľńĔħƟĺĵĴŊŀȮŐĸŃŒľƟĶŀĵĨńħŏĶňĵĭ
ĽĴŗŜŅŏĽĴŀȮ 

 
 
 
 
 
 
 

 
 
ĳŅıĪňŗȮ2ȮȮĶŀĵĔŅĶľńĔľńĺĮĸŅħƟĺĵĴŊŀȮȮ 
 

ĶŀĵĨńħĜňĔĕŅħ
œĴƞĽĴŗŜŅŏĽĴŀ 

ĶŀĵĨńħŐĭĭĨńħĨĶĚ 

ŏĬŊŘŀĽƞĺĬĪƟŀĚĪňŗľŅĵœĮ 
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ĺńĨĩŋĮĶŃĽĚėƢ 
 

ŏıŊŗŀĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔŒľƟŏľĴŅŃĽĴĔńĭįŌƟĮĶŃĔŀĭĔŅĶŐĮĶĶŌĮĽńĨĺƢĬŘŜŅĕĬŅħĵƞŀĴ 
 

ĺŇīňħŜŅŏĬŇĬĔŅĶ 
 
/,ȮĺńĽħŋȮŀŋĮĔĶĦƢȮŐĸŃŏėĶŊŗŀĚĴŊŀ 
 

1,1ȮĺńĨĩŋħŇĭ 
+ȮĮĸŅħŋĔĴňĝňĺŇĨĕĬŅħȮ2+3ȮĨńĺ-ĔŇőĸĔĶńĴȮěŅĔĨĸŅħŀĴĶıńĬīƢȮĔĶŋĚŏĪıł 

1,2ȮĺńĽħŋȮŀŋĮĔĶĦƢȮ 
+ȮĽŐĨĬŏĸĽĜŅĔȮsus 1.2ȮĕĬŅħȮ16x16ȮĴŇĸĸŇŏĴĨĶȮľĬŅȮ1,0ȮĴŇĸĸŇŏĴĨĶ 
+ȮĽŐĨĬŏĸĽŐįƞĬȮsusȮ1.2ȮľĬŅȮ/,0ȮĴŇĸĸŇŏĴĨĶ 
+ȮĪƞŀĽŐĨĬŏĸĽȮ3.AxSch 40ȮŐĸŃȮ6.AxSch 3SȮ 
+ȮŏľĸŖĔĽĮĶŇĚȮĔĺƟŅĚxľĬŅȮ0.x1 ĴŇĸĸŇŏĴĨĶ 
+ȮŐįƞĬıňĺňĞňĽňŏĪŅȮ&Polyvinyl Chloride, PVC'ȮľĬŅȮ/0ȮĴŇĸĸŇŏĴĨĶ 
+ȮĽŅĵıŅĬĨńĺĺňȮ&V+belt'ȮȮ 
+ȮĸŌĔĶŀĔĝĬŇħĶƞŀĚȮB 
+ȮŏĲƘŀĚőĞƞŐĸŃőĞƞ 
+ȮĨŋƠĔĨŅĶŀĚĸŊŗĬŏıĸŅ 
+ȮĴŀŏĨŀĶƢœĲĲƚŅȮ/ȮŏĲĽȮ00.ȮőĺĸĨƢȮ 

1,3 ŏėĶŊŗŀĚĴŊŀ 
+ȮŏėĶŊŗŀĚĔĸŉĚőĸľŃ 
+ȮŏėĶŊŗŀĚŏĝŊŗŀĴőĸľŃ 
+ȮŏėĶŊŗŀĚŏěŅŃőĸľŃ 
+ȮŏėĶŊŗŀĚĨńħőĸľŃŐįƞĬ 
+ȮŏėĶŊŗŀĚĔńħőĸľŃȮ 
+ȮŏėĶŊŗŀĚĝńŗĚĬŘŜŅľĬńĔħŇěŇĨŀĸȮĪĻĬŇĵĴȮ0ȮĨŜŅŐľĬƞĚȮĵňŗľƟŀȮIshida ĶŋƞĬȮMT+150w 
+ȮŏėĶŊŗŀĚĮĶńĭėĺŅĴŏĶŖĺĶŀĭȮŀŇĬŏĺŀĶƢŏĨŀĶƢȮ&Inverter' 

 
0,ȮĺŇīňħŜŅŏĬŇĬĚŅĬ 
 

 0,/ȮŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔ 
ĬŜŅŐĬĺėĺŅĴėŇħĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅőħĵĔŅĶŀŀĔŐĭĭŒĭĴňħĨńħĨŅĴĶŌĮĶƞŅĚľńĺĮĸŅħŋĔȮȮȮȮ

ŏıŊŗŀĪŜŅŒľƟĽŌĠŏĽňĵŏĬŊŘŀĮĸŅĽƞĺĬĪƟŀĚĬƟŀĵĪňŗĽŋħȮőħĵŒĝƟľĸńĔĔŅĶĪŜŅĚŅĬŏħňĵĺĔńĭŏėĶŊŗŀĚėńħĕĬŅħŐĸŃĨńħľńĺĔŋƟĚȮ
&Apparatus for Sizing and Deheading Shrimp'ȮĞŉŗĚŏĮƦĬĽŅĵıŅĬĪňŗĴňĶƞŀĚŀĵŌƞĨĶĚĔĸŅĚĽŜŅľĶńĭĸŜŅŏĸňĵĚĔŋƟĚŏĕƟŅ
ľŅŒĭĴňħĞŉŗĚŀĵŌƞĔńĭĪňŗȮŏıŊŗŀŒľƟŏĔŇħĔŅĶŏĜŊŀĬĽƞĺĬľńĺŐĸŃĸŜŅĨńĺĕŅħŀŀĔěŅĔĔńĬȮ&ĳŅıĪňŗȮ3'ȮŐĨƞŏėĶŊŗŀĚŒĝƟĶŃĭĭ
ĽŅĵıŅĬĸŜŅŏĸňĵĚĴňŀŋĮĔĶĦƢĮĶŃĔŀĭľĸŅĵĝŇŘĬŐĸŃĴňĕĬŅħŒľĠƞȮěŉĚœĴƞŏľĴŅŃĔńĭĽĩŅĬĮĶŃĔŀĭĔŅĶĕĬŅħĵƞŀĴľĶŊŀ
ĔĸŋƞĴŐĴƞĭƟŅĬȮĚŅĬĺŇěńĵĬňŘěŉĚŀŀĔŐĭĭĔŅĶĪŜŅĚŅĬŐĭƞĚŀŀĔŏĮƦĬȮ0ȮľĬƞĺĵĵƞŀĵȮœħƟŐĔƞȮľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŐĸŃľĬƞĺĵ
ĨńħľńĺĮĸŅȮĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 
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ĳŅıĪňŗȮ3ȮȮŏėĶŊŗŀĚėńħĕĬŅħŐĸŃĨńħľńĺĔŋƟĚȮ 
&ĪňŗĴŅȮMitchell, 1977' 
 
 0,/,/ȮľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅ 

  ȮĴňľĬƟŅĪňŗěńħŏĶňĵĚĨńĺĮĸŅŐĸŃĮƚŀĬĮĸŅŐĪĬŐĶĚĚŅĬėĬȮőħĵľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŐĭƞĚ
ĔŅĶĪŜŅĚŅĬŀŀĔŏĮƦĬȮ1ȮĕńŘĬĨŀĬȮœħƟŐĔƞȮ/'ȮĔŅĶĔĶŃěŅĵĨńĺĮĸŅľĸńĚěŅĔŏĪĮĸŅőħĵŒĝƟŐĶĚŏľĺňŗĵĚľĬňĻŌĬĵƢĔĸŅĚľĴŋĬ
ŏľĺňŗĵĚĨńĺĮĸŅœĮĪňŗĕŀĭĕŀĚŐįƞĬěŅĬľĴŋĬŏľĺňŗĵĚȮ0'ȮĔŅĶıŅĨńĺĮĸŅœĮĵńĚŐįƞĬĔńŘĬŏıŊŗŀěńħŏĶňĵĚĨńĺĮĸŅħƟĺĵėĺŅĴŏĶŖĺ
ĶŀĭĕŀĚŐįƞĬěŅĬľĴŋĬŏľĺňŗĵĚȮŐĸŃȮ1'ȮĔŅĶěńħŏĶňĵĚĨńĺĮĸŅħƟĺĵŐįƞĬĔńŘĬȮőħĵŐįƞĬĔńŘĬĪŜŅľĬƟŅĪňŗȮ0ȮŀĵƞŅĚȮœħƟŐĔƞȮȮȮȮȮȮȮȮȮ
/'ȮŏĮĸňŗĵĬĪŇĻĪŅĚĨńĺĮĸŅȮŏĴŊŗŀľńĺĮĸŅĝĬŐįƞĬĔńŘĬĨńĺĮĸŅĞŉŗĚŀĵŌƞŒĬĪŇĻĪŅĚĪňŗŏľĴŅŃĽĴȮěŉĚĩŌĔĸŜŅŏĸňĵĚĽƞĚįƞŅĬĪƞŀ
ĸŜŅŏĸňĵĚœĮĵńĚľĬƞĺĵĨńħľńĺĮĸŅȮőħĵŒĝƟľĸńĔĔŅĶĕŀĚőĴŏĴĬĨńĴŏĝŇĚŏĽƟĬȮŏĬŊŗŀĚěŅĔěŋħĻŌĬĵƢĩƞĺĚĕŀĚĮĸŅħŋĔŀĵŌƞŒĔĸƟĔńĭ
ĽƞĺĬľńĺȮŏĴŊŗŀĽƞĺĬľńĺĮĸŅŏĕƟŅĝĬĔńĭŐįƞĬĔńŘĬȮĞŉŗĚŏĮƦĬĔŅĶĝĬŒĔĸƟĔńĭěŋħĻŌĬĵƢĩƞĺĚĕŀĚĮĸŅħŋĔȮěŉĚĪŜŅŒľƟœĴƞŏĔŇħĔŅĶľĴŋĬ
ŐĨƞŏĔŇħĔŅĶŏĮĸňŗĵĬĪŇĻĪŅĚĔŅĶŏėĸŊŗŀĬĪňŗȮĪŜŅŒľƟĮĸŅħŋĔĽŅĴŅĶĩĸŀħįƞŅĬĪƞŀĸŜŅŏĸňĵĚŏĕƟŅľĬƞĺĵĨńħľńĺĮĸŅȮ&ĳŅıĪňŗȮ4ȮĔ'Ȯ
ŐĸŃȮ0'ȮĪŜŅľĬƟŅĪňŗŏĮƦĬěŋħľĴŋĬıĸŇĔĨńĺĮĸŅŏĴŊŗŀĽƞĺĬľŅĚĮĸŅĝĬŐįƞĬĔńŘĬȮőħĵŒĝƟľĸńĔĔŅĶĕŀĚőĴŏĴĬĨńĴŏĝŇĚĴŋĴȮȮȮ
ŏĴŊŗŀĽƞĺĬľŅĚĮĸŅĝĬŏĕƟŅĔńĭŐįƞĬĔńŘĬĪŜŅŒľƟŏĔŇħŏĮƦĬěŋħľĴŋĬĪňŗŀĵŌƞľƞŅĚěŅĔěŋħĻŌĬĵƢĩƞĺĚĕŀĚĮĸŅħŋĔȮěŉĚĪŜŅŒľƟľńĺĮĸŅ
ľĴŋĬıĸŇĔĨńĺœĮĕƟŅĚľĬƟŅĨŅĴĪŇĻĪŅĚĔŅĶľĴŋĬĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚȮ&ĳŅıĪňŗȮ4Ȯĕ'ȮĔŅĶŀŀĔŐĭĭĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 

 
Ȯ 
 
 
 
 
 
 
 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&Ĕ'ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ĕ'Ȯ 
ĳŅıĪňŗȮ4ȮȮĸńĔļĦŃĔŅĶĪŜŅĚŅĬĕŀĚľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅȮ&Ĕ'ȮľńĺĮĸŅĝĬŏĕƟŅĔńĭŐįƞĬĔńŘĬȮ&ĕ'ȮľŅĚĮĸŅĝĬŏĕƟŅĔńĭ 
 ȮȮŐįƞĬĔńŘĬ 
 
 &/'ȮŀŀĔŐĭĭěŅĬľĴŋĬŏľĺňŗĵĚŏıŊŗŀŒľƟĽŅĴŅĶĩĶŀĚĶńĭĮĸŅœħƟėĶńŘĚĸŃȮ/+1ȮĔŇőĸĔĶńĴȮľĶŊŀȮ
3+/3ȮĨńĺ-ėĶńŘĚȮĞŉŗĚŏĮƦĬĮĶŇĴŅĦĪňŗėĬĚŅĬĽŅĴŅĶĩĵĔŐĸŃŏĪĮĸŅœħƟĽŃħĺĔȮŏĸŊŀĔĺńĽħŋĪňŗŒĝƟĪŜŅěŅĬľĴŋĬŏľĺňŗĵĚŒľƟĴň
ėĺŅĴŐĕŖĚŐĶĚȮėĚĨńĺȮŏĶňĵĭĽĴŗŜŅŏĽĴŀȮŏĴŊŗŀľĴŋĬŏľĺňŗĵĚŐĸƟĺœĴƞŏĔŇħĔŅĶĭŇħȮĚŀȮŏĽňĵĶŌĮœħƟĚƞŅĵȮěŅĔĬńŘĬŀŀĔŐĭĭĝŋħĽƞĚ
ĔŜŅĸńĚȮŐĸŃĪħėĺŅĴŏĶŖĺĶŀĭŒľƟĴňėĺŅĴŏĶŖĺŒĬĔŅĶľĴŋĬěŅĬľĴŋĬŏľĺňŗĵĚŒľƟŏĔŇħŐĶĚľĬňĻŌĬĵƢĔĸŅĚŏıňĵĚıŀŒĬĔŅĶĝĬŃ
ŐĶĚŏĽňĵħĪŅĬĽĩŇĨĶŃľĺƞŅĚěŅĬľĴŋĬŏľĺňŗĵĚŐĸŃĮĸŅħŋĔȮŏıŊŗŀĪŜŅŒľƟĮĸŅħŋĔĩŌĔŏľĺňŗĵĚœĮĪňŗĕŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚ

ĮĸŅľĴŋĬıĸŇĔĨńĺ 
ŐįƞĬĔńŘĬ 

ěŋħľĴŋĬ 

ŐįƞĬĔńŘĬ 

ěŅĬľĴŋĬŏľĺňŗĵĚ 

ĮĸŅŏĮĸňŗĵĬĪŇĻ
ĪŅĚŏĕƟŅľĬƞĺĵĨńħľńĺ
ĮĸŅ 
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ŐĸƟĺĪŜŅŒľƟŏĔŇħĔŅĶěńħŏĶňĵĚĨńĺĮĸŅŐĸŃŀŀĔŐĭĭŐįƞĬĔńŘĬĪňŗĝƞĺĵĪŜŅŒľƟĮĸŅŏĔŇħĔŅĶıĸŇĔĨńĺȮŐĸŃĸŜŅŏĸňĵĚĨńĺĮĸŅŏĕƟŅ
ľĬƞĺĵĨńħľńĺĮĸŅȮőħĵŒĝƟŀŇĬŏĺŀĶƢŏĨŀĶƢĮĶńĭėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚĨńĺĮĸŅĽŜŅľĶńĭĔŅĶĪħĽŀĭ 
 &0'ȮĪħĽŀĭľŅŐĶĚŏĽňĵħĪŅĬĽĩŇĨĽŌĚĽŋħĶŃľĺƞŅĚĮĸŅħŋĔŐĸŃěŅĬľĴŋĬŏľĺňŗĵĚȮŏıŊŗŀŒĝƟľŅ
ėĺŅĴŏĶŖĺĶŀĭěŅĬľĴŋĬŏľĺňŗĵĚĨŗŜŅĽŋħȮĪňŗĪŜŅŒľƟĮĸŅŏĶŇŗĴŏėĸŊŗŀĬĪňŗŀŀĔěŅĔěŋħŏĪĮĸŅœĮĵńĚĕŀĭĬŀĔĕŀĚěŅĬľĴŋĬ
ŏľĺňŗĵĚȮőħĵĝńŗĚĬŘŜŅľĬńĔĮĸŅħŋĔŐĸƟĺĬŜŅĮĸŅħŋĔĪħĽŀĭĺńħŐĶĚŏĽňĵħĪŅĬħƟĺĵĔŅĶŒĝƟŏėĶŊŗŀĚĺńħŐĶĚħŉĚŐĭĭĽĮĶŇĚȮȮȮȮȮ
ħŉĚĮĸŅħŋĔĪňŗĺŅĚŀĵŌƞĭĬŐįƞĬıňĺňĞňĽňŏĪŅŏĮƖĵĔĬŘŜŅŒĬŐĬĺĶŅĭħƟĺĵėĺŅĴŏĶŖĺėĚĪňŗȮĭńĬĪŉĔėƞŅŐĶĚŏĽňĵħĪŅĬŏĴŊŗŀĮĸŅŏĶŇŗĴ
ŏėĸŊŗŀĬĨńĺȮőħĵĪħĸŀĚĔńĭĮĸŅħŋĔěŜŅĬĺĬȮ3ȮĨńĺȮĨńĺĸŃȮ3ȮĞŘŜŅȮŏĴŊŗŀŏĮĸňŗĵĬĮĸŅŒĬŐĨƞĸŃėĶńŘĚĨƟŀĚŏĝŖħŏĴŊŀĔĮĸŅŀŀĔ
ŐĸƟĺĜňħĬŘŜŅŒľƟŏĮƖĵĔĪŋĔėĶńŘĚȮ&ĳŅıĪňŗȮ5' 

Ȯ 
 
 
 
 
ĳŅıĪňŗȮ5ȮȮĪħĽŀĭľŅŐĶĚŏĽňĵħĪŅĬĽĩŇĨ 
 
 0,/,0ȮľĬƞĺĵĨńħľńĺĮĸŅȮ 
  ȮȮľĸńĔĔŅĶĪŜŅĚŅĬȮėŊŀȮĞŀĚĶńĭĨńĺĮĸŅĞŉŗĚĮĶŃĔŀĭħƟĺĵĶŅĚĶńĭĨńĺĮĸŅŐĸŃĪƞŀĭńĚėńĭĨńĺ
ĮĸŅȮĴňľĬƟŅĪňŗĶńĭĮĸŅěŅĔľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŒľƟĸĚŒĬĪƞŀĭńĚėńĭĨńĺĮĸŅĪňĸŃȮ/ȮĨńĺȮőħĵŒĝƟĶŅĚĶńĭĨńĺĮĸŅŐĸŃĪƞŀ
ĭńĚėńĭĨńĺĮĸŅŏĶňĵĚŏĮƦĬĺĚĔĸĴľĴŋĬŏĕƟŅľŅŒĭĴňħŏıŊŗŀŒľƟŏĔŇħėĺŅĴĨƞŀŏĬŊŗŀĚȮŏĴŊŗŀĮƚŀĬĽƞĺĬľńĺĮĸŅħŋĔŏĕƟŅĶŅĚĶńĭĨńĺ
ĮĸŅȮĽƞĺĬľńĺĮĸŅŏėĸŊŗŀĬĪňŗĸĚĴŅıƟĬĮĸŅĵĪƞŀĭńĚėńĭĨńĺĮĸŅŀňĔħƟŅĬŐĸŃľĵŋħĪňŗŐįƞĬĶŀĚĶńĭĨńĺĮĸŅȮĞŀĚĶńĭĨńĺĮĸŅ
ĶńĭŐĸŃĮĶŃėŀĚĨńĺĮĸŅľĴŋĬŏĕƟŅľŅŒĭĴňħĨńħľńĺĮĸŅĪňŗŀĵŌƞĔńĭĪňŗȮŏĴŊŗŀĞŀĚĶńĭĨńĺĮĸŅľĴŋĬįƞŅĬŒĭĴňħĪňŗŀŀĔŐĭĭŒľƟĴň
ĶŌĮĶƞŅĚŏĕƟŅĔńĭĶŀĵĨƞŀĶŃľĺƞŅĚĽƞĺĬľńĺŐĸŃĸŜŅĨńĺĕŀĚĮĸŅħŋĔȮěŉĚŏĔŇħŐĶĚŏĜŊŀĬĪŜŅŒľƟľńĺŐĸŃĨńĺĮĸŅĕŅħŀŀĔěŅĔĔńĬ
ĶŃľĺƞŅĚĶŀĵĨƞŀĨĶĚľńĺĮĸŅĪňŗŐĕŖĚŐĸŃŏĬŊŘŀĮĸŅĪňŗŀƞŀĬȮĪŜŅŒľƟŏĔŇħĶŀĵĨńħŏĶňĵĭĽĴŗŜŅŏĽĴŀŐĸŃĽŌĠŏĽňĵĶƟŀĵĸŃįĸįĸŇĨ
ĬƟŀĵĪňŗĽŋħȮŒĭĴňħĪňŗĴňėĺŅĴėĴŏĜŊŀĬŏĬŊŘŀŐĸŃľĬńĚĮĸŅěŉĚŏĶňĵĭĽĴŗŜŅŏĽĴŀĴŅĔĔĺƞŅĔŅĶľńĔħƟĺĵĴŊŀȮĪƞŀĭńĚėńĭĨńĺĮĸŅĪňŗ
ĺƞŅĚěŉĚľĴŋĬĶńĭĮĸŅĨńĺĩńħœĮĪŜŅŒľƟŏĔŇħĔŅĶĪŜŅĚŅĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚŏľĴŊŀĬĔŅĶŒĝƟĽŅĵıŅĬĸŜŅŏĸňĵĚȮĪƞŀĭńĚėńĭĨńĺĮĸŅ
ĽŅĴŅĶĩĩŀħŏĮĸňŗĵĬœħƟĨŅĴĕĬŅħĨńĺĮĸŅȮŏıŊŗŀŒľƟŏĔŇħĶŀĵĨńħĪňŗĽŌĠŏĽňĵĶƟŀĵĸŃįĸįĸŇĨĬƟŀĵĪňŗĽŋħȮ&ĳŅıĪňŗȮ6'ȮȮȮȮȮȮȮ
ĔŅĶŀŀĔŐĭĭĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 
 

 
Ȯ 
 
 
 
 
 
 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&Ĕ'ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ĕ' 
ĳŅıĪňŗȮ6ȮȮĸńĔļĦŃĔŅĶĪŜŅĚŅĬĕŀĚľĬƞĺĵĨńħľńĺĮĸŅȮ&Ĕ'ȮĽƞĺĬĮĶŃĔŀĭĕŀĚĞŀĚĶńĭĨńĺĮĸŅȮ&ĕ'ȮĪƞŀĭńĚėńĭĨńĺĮĸŅ

ľĴŋĬıŅŏĕƟŅľŅŒĭĴňħ 

ĶŅĚĶńĭĨńĺĮĸŅ 

ĪƞŀĭńĚėńĭĨńĺĮĸŅ 

ĪƞŀĭńĚėńĭĨńĺĮĸŅ 

ŒĭĴňħĨńħľńĺĮĸŅ 

ŐįƞĬĶŀĚĶńĭĨńĺĮĸŅ 
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  &/'ȮŀŀĔŐĭĭĔŅĶĪŜŅĚŅĬĞŀĚĶńĭĨńĺĮĸŅŒľƟĴňěŜŅĬĺĬĶŅĚĶńĭĨńĺĮĸŅŐĸŃĪƞŀĭńĚėńĭĨńĺĮĸŅ
ŒľƟŏıňĵĚıŀŒĬĔŅĶĨńħľńĺĮĸŅŒľƟœħƟěŜŅĬĺĬŒĔĸƟŏėňĵĚĔńĭĔŅĶĨńħħƟĺĵŐĶĚĚŅĬėĬȮőħĵŀŀĔŐĭĭŒľƟĴňėĺŅĴŏĶŖĺŒĬĔŅĶ
ĶńĭĨńĺĮĸŅŐĸŃĕĬŅħĕŀĚľĬƞĺĵĨńħľńĺĮĸŅĽńĴıńĬīƢĔńĭľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŏĴŊŗŀĬŜŅĴŅĮĶŃĔŀĭĪŜŅĚŅĬĶƞĺĴĔńĬȮ
ŐĸŃĨƟŀĚŒľƟĮĸŅŏėĸŊŗŀĬŏĕƟŅĪƞŀĭńĚėńĭĨńĺĮĸŅĪňĸŃȮ/ȮĨńĺȮħƟĺĵĔŅĶĔŜŅľĬħĕĬŅħŏĽƟĬĶŀĭĺĚĕŀĚĞŀĚĶńĭĨńĺĮĸŅȮ
ěŜŅĬĺĬĶŅĚĶńĭĨńĺĮĸŅŐĸŃĪƞŀĭńĚėńĭĨńĺĮĸŅȮ 
  &0'ȮŀŀĔŐĭĭĔŅĶĪŜŅĚŅĬĕŀĚĪƞŀĭńĚėńĭĨńĺĮĸŅŏĴŊŗŀĶńĭĮĸŅŏĕƟŅĴŅŐĸƟĺĨƟŀĚĭńĚėńĭŒľƟĮĸŅ
ŀĵŌƞŒĬĨŜŅŐľĬƞĚĪňŗĨƟŀĚĔŅĶȮŏĴŊŗŀĞŀĚĶńĭĨńĺĮĸŅľĴŋĬŏĕƟŅľŅŒĭĴňħĞŉŗĚŀĵŌƞĔńĭĪňŗĮĸŅĨƟŀĚœĴƞĴňĔŅĶĕĵńĭĕĦŃŏėĸŊŗŀĬŏĕƟŅľŅ
ŐĸŃŏėĸŊŗŀĬįƞŅĬŒĭĴňħȮőħĵĔŅĶĔŜŅľĬħĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚŐĸŃėĺŅĴĵŅĺĕŀĚĪƞŀĭńĚėńĭĨńĺĮĸŅȮŐĸŃŀŋĮĔĶĦƢ
ĭńĚėńĭĨńĺĮĸŅĳŅĵŒĬĪƞŀĭńĚėńĭĨńĺĮĸŅȮŀŀĔŐĭĭĔŅĶĨńħŐĸƟĺĪŜŅŒľƟŏĔŇħĔŅĶĽŌĠŏĽňĵĶƟŀĵĸŃįĸįĸŇĨĬƟŀĵĪňŗĽŋħȮȮȮȮȮ
ħƟĺĵĔŅĶĔŜŅľĬħĸńĔļĦŃŒĭĴňħȮėĺŅĴĽŌĚěŅĔŐįƞĬĶŀĚĶńĭĨńĺĮĸŅĕŀĚŒĭĴňħŐĸŃĕŀĚĪƞŀĭńĚėńĭĨńĺĮĸŅȮĺńħĕĬŅħȮ
ĮĸŅħŋĔŏıŊŗŀĬŜŅœĮŒĝƟŒĬĔŅĶĔŜŅľĬħĕĬŅħĪƞŀĭńĚėńĭĨńĺĮĸŅȮėĺŅĴĽŌĚěŅĔŐįƞĬĶŀĚĶńĭĮĸŅĕŀĚŒĭĴňħŐĸŃĪƞŀĶńĭĨńĺ
ĮĸŅȮ&ĳŅıĪňŗȮ7' 
 
 
 
 
 

AȮ;ȮėĺŅĴĵŅĺĕŀĚľńĺĮĸŅȮBȮ;ȮėĺŅĴĔĺƟŅĚĕŀĚľńĺĮĸŅȮCȮ;ȮėĺŅĴĵŅĺĕŀĚĮĸŅĪńŘĚĨńĺȮ 

ĳŅıĪňŗȮ7ȮȮĺńħĕĬŅħĽƞĺĬĨƞŅĚȮŕȮĕŀĚĮĸŅħŋĔ 
 
 &1'ȮŀŀĔŐĭĭĝŋħĽƞĚĔŜŅĸńĚħƟĺĵĔŅĶŒĝƟŏĲƘŀĚőĞƞŐĸŃőĞƞŏıŊŗŀĮƚŀĚĔńĬĔŅĶĸŊŗĬœĩĸĕĦŃĨńħĪňŗ
ĨƟŀĚŒĝƟŐĶĚĭŇħĽŌĚȮŐĸŃŒĝƟŀŇĬŏĺŀĶƢŏĨŀĶƢĮĶńĭėĺŅĴŏĶŖĺĶŀĭĕŀĚĞŀĚĶńĭĨńĺĮĸŅĽŜŅľĶńĭŒĝƟŒĬĔŅĶĪħĽŀĭ 
 0,0ȮĪħĽŀĭĔŅĶĪŜŅĚŅĬŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔ 
  ȮĻŉĔļŅľŅĽĳŅĺŃĪňŗŏľĴŅŃĽĴĕŀĚŐĨƞĸŃľĬƞĺĵĵƞŀĵĔƞŀĬĬŜŅĪńŘĚȮ0ȮľĬƞĺĵĵƞŀĵĴŅĮĶŃĔŀĭŐĸŃ
ĪħĽŀĭĔŅĶĪŜŅĚŅĬĶƞĺĴĔńĬ 
 0,0,/ȮĻŉĔļŅĔŅĶĪŜŅĚŅĬĕŀĚľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅ 
 ĻŉĔļŅįĸĕŀĚĮĶŇĴŅĦĮĸŅŐĸŃėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚĪňŗĴňįĸĨƞŀĶŃĵŃŏĺĸŅ
ŏĜĸňŗĵŒĬĔŅĶĸŜŅŏĸňĵĚĮĸŅħŋĔĪńŘĚľĴħȮ&Tavg'ȮœĮĵńĚľĬƞĺĵĨńħľńĺĮĸŅȮőħĵŐĮĶĮĶŇĴŅĦĮĸŅȮ1ȮĶŃħńĭȮœħƟŐĔƞȮ3, /.Ȯ
ŐĸŃȮ/3ȮĨńĺȮŐĸŃȮŐĮĶėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚȮ1ȮĶŃħńĭȮœħƟŐĔƞȮ0.,Ȯ03, ŐĸŃȮ1.ȮĶŀĭ-ĬŅĪňȮŐĸŃ
ıŇěŅĶĦŅĽĳŅĺŃĪňŗĴňįĸĨƞŀȮTavgȮœĮĵńĚľĬƞĺĵĨńħľńĺĮĸŅŏĶŖĺĪňŗĽŋħȮ1ȮĶŃħńĭȮŏıŊŗŀŒĝƟŒĬĔŅĶĪħĽŀĭŒĬĕƟŀȮ0,0,1Ȯ 
 0,0,0ȮĻŉĔļŅĔŅĶĪŜŅĚŅĬĕŀĚľĬƞĺĵĨńħľńĺĮĸŅ 
 ĻŉĔļŅįĸĕŀĚėĺŅĴŏĶŖĺĶŀĭĕŀĚĞŀĚĶńĭĨńĺĮĸŅĨƞŀĶƟŀĵĸŃįĸįĸŇĨȮőħĵŐĮĶėĺŅĴŏĶŖĺ
ĶŀĭĕŀĚĞŀĚĶńĭĨńĺĮĸŅȮ1ȮĶŃħńĭȮœħƟŐĔƞȮ03, 1.ȮŐĸŃȮ13ȮĶŀĭ-ĬŅĪňȮŏĸŊŀĔėĺŅĴŏĶŖĺĶŀĭĪňŗŏĔŇħĔŅĶĨńħŐĸƟĺœħƟȮȮȮ
ĶƟŀĵĸŃįĸįĸŇĨĽŌĚĪňŗĽŋħȮħńĚĽĴĔŅĶĪňŗȮ&/'ȮŏıŊŗŀŒĝƟŒĬĔŅĶĪħĽŀĭŒĬĕƟŀȮ0,0,1Ȯ 
 

ĶƟŀĵĸŃįĸįĸŇĨȮ;Ȯ&ĬŘŜŅľĬńĔĮĸŅħŋĔľĸńĚĨńħľńĺŐĸŃėĺńĔœĽƟ'x100 &/' 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĬŘŜŅľĬńĔĮĸŅħŋĔĪńŘĚĨńĺ 
 

@ 

? A 
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 0,0,1ȮĻŉĔļŅĔŅĶĪŜŅĚŅĬĶƞĺĴĔńĬĕŀĚľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŐĸŃľĬƞĺĵĨńħľńĺĮĸŅ 
 ĬŜŅĽĳŅĺŃĔŅĶŏĶňĵĚĨńĺĮĸŅĪňŗĴňȮTavgȮœĮľĬƞĺĵĨńħľńĺĮĸŅŏĶŖĺĪňŗĽŋħȮ1ȮĶŃħńĭȮěŅĔĕƟŀȮ
0,0,/ȮŐĸŃĽĳŅĺŃĔŅĶĨńħľńĺĮĸŅĪňŗĨńħŐĸƟĺœħƟĶƟŀĵĸŃįĸįĸŇĨĽŌĚĽŋħěŅĔĕƟŀȮ0,0,0ȮŐĸƟĺŏĸŊŀĔĽĳŅĺŃĪňŗħňĪňŗĽŋħĪňŗĪŜŅŒľƟ
ĮĸŅĸĚŒĬĪƞŀĭńĚėńĭĨńĺĮĸŅĪňĸŃĨńĺŀĵƞŅĚĨƞŀŏĬŊŗŀĚŒĬĔŅĶĨńħľńĺĮĸŅħŋĔȮŐĸŃŏĮĶňĵĭŏĪňĵĭĶƟŀĵĸŃįĸįĸŇĨĔńĭĔŅĶľńĔ
ľńĺĮĸŅħƟĺĵŐĶĚĚŅĬėĬȮőħĵĪħĽŀĭĔŅĶĪŜŅĚŅĬĶƞĺĴĔńĬěŜŅĬĺĬȮ3ȮĞŘŜŅȮ 

0,1ȮĺŇŏėĶŅŃľƢľŅěŋħėŋƟĴĪŋĬ 
 ľŅĽĴĶĶĩĬŃĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔȮĮĶŃĴŅĦėƞŅŒĝƟěƞŅĵĨƟĬĪŋĬȮĮĶŃŏĴŇĬ

ėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪŜŅĚŅĬȮĔŅĶŒĝƟĚŅĬėŋƟĴĪŋĬȮŐĸŃĶŃĵŃŏĺĸŅėŊĬĪŋĬȮĨŅĴĺŇīňĕŀĚȮīĬŅĔĶȮ&2531' 
 0,2ȮĺŅĚŐįĬĔŅĶĪħĸŀĚŐĸŃĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸĪŅĚĽĩŇĨŇ 
 ĔŅĶĪħĽŀĭŒĬĕƟŀȮ0,0,/ȮĺŅĚŐįĬĔŅĶĪħĸŀĚȮ1x1ȮŐĲĔĪŀŏĶňĵĸŐĭĭĽŋƞĴĽĴĭŌĶĦƢȮ&Factorial 
Experiments inȮCompletelyȮRandomizedȮDesign,ȮCRD'ȮěŜŅĬĺĬȮ3ȮĞŘŜŅȮŐĸŃĔŅĶĪħĽŀĭŒĬĕƟŀȮ0,0,0ȮȮȮ
ĺŅĚŐįĬĔŅĶĪħĸŀĚŐĭĭĽŋƞĴĽĴĭŌĶĦƢȮ&Completely Randomized Design,ȮCRD'ȮĪŜŅĔŅĶĪħĸŀĚěŜŅĬĺĬȮ3ȮĞŘŜŅȮ
ĪńŘĚľĴħŒĝƟőĮĶŐĔĶĴĺŇŏėĶŅŃľƢėƞŅĪŅĚĽĩŇĨŇħƟĺĵĺŇīňȮANOVA ŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĨĔĨƞŅĚĕŀĚėƞŅŏĜĸňŗĵőħĵĺŇīňȮ
DuncanŲs Multiple Range Test 
 

įĸĔŅĶĪħĸŀĚŐĸŃĺŇěŅĶĦƢįĸ 
 
/,ȮȮįĸĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔ 
 

įĸĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔőħĵŐĭƞĚĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚŏĮƦĬȮ0ȮľĬƞĺĵĵƞŀĵȮ
œħƟŐĔƞȮ/'ȮľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅȮĪŜŅľĬƟŅĪňŗěńħŏĶňĵĚŐĸŃĸŜŅŏĸňĵĚĮĸŅħŋĔŒľƟľĬƞĺĵĨńħľńĺĮĸŅȮŐĸŃȮ0'ȮľĬƞĺĵĨńħľńĺ
ĮĸŅȮĪŜŅľĬƟŅĪňŗĨńħľńĺĮĸŅħŋĔħƟĺĵĔŅĶľĴŋĬıŅĮĸŅħŋĔįƞŅĬŒĭĴňħĞŉŗĚŀĵŌƞĔńĭĪňŗȮŏıŊŗŀŐĵĔĽƞĺĬľńĺŐĸŃĽƞĺĬĸŜŅĨńĺŀŀĔ
ěŅĔĔńĬȮŒĬŐĨƞĸŃľĬƞĺĵĽŅĴŅĶĩŐĵĔĪŜŅĚŅĬœħƟĨŅĴľĬƟŅĪňŗĕŀĚľĬƞĺĵĬńŘĬȮŕȮŐĸƟĺěŉĚĬŜŅĴŅĮĶŃĔŀĭĶĺĴĔńĬŏĮƦĬ
ŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔȮ&ĳŅıĪňŗȮ/.'ȮĶŅĵĸŃŏŀňĵħŒĬĔŅĶŀŀĔŐĭĭĽĶƟŅĚħńĚĬňŘ 

 
 
 
 
 

 
 

 
 
 

 
 
 
ĳŅıĪňŗȮ/.ȮȮŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔ 
 

ľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅ 

ľĬƞĺĵĨńħľńĺĮĸŅ 
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 /,/ȮįĸĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅȮ 

 ȮľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŐĭƞĚĽƞĺĬĮĶŃĔŀĭĕŀĚŏėĶŊŗŀĚŏĮƦĬȮ0ȮĽƞĺĬȮœħƟŐĔƞȮ/'ȮőėĶĚŏėĶŊŗŀĚŐĸŃĝŋħĽƞĚ
ĔŜŅĸńĚȮŐĸŃȮ0'ȮěŅĬľĴŋĬŏľĺňŗĵĚŐĸŃĪƞŀĸŜŅŏĸňĵĚĨńĺĮĸŅȮľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅĴňĕĬŅħȮĔĺƟŅĚxĵŅĺxĽŌĚȮŏĪƞŅĔńĭ
/*0..x/*0..x/*11.ȮĴŇĸĸŇŏĴĨĶȮ&ĳŅıĪňŗȮ//ȮŐĸŃĳŅıįĬĺĔĪňŗȮ/' 

 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ//ȮȮľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅ 
 

 /,/,/ȮőėĶĚŏėĶŊŗŀĚŐĸŃĝŋħĽƞĚĔŜŅĸńĚ 
 őėĶĚŏėĶŊŗŀĚľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅĪŜŅħƟĺĵĽŐĨĬŏĸĽĜŅĔȮĮĶŃĔŀĭŏĮƦĬőėĶĚŏėĶŊŗŀĚĕĬŅħȮȮȮȮȮȮ
ĔĺƟŅĚxĵŅĺxĽŌĚȮŏĪƞŅĔńĭȮ70.x70.x/*/1.ȮĴŇĸĸŇŏĴĨĶȮĝŋħĽƞĚĔŜŅĸńĚŒĝƟĴŀŏĨŀĶƢĕĬŅħȮ/ȮŐĶĚĴƟŅȮėĺŅĴŏĶŖĺĶŀĭȮŏĪƞŅĔńĭȮ
/*23.ȮĶŀĭ-ĬŅĪňȮĞŉŗĚĴňĔŜŅĸńĚŏıňĵĚıŀŒĬĔŅĶľĴŋĬěŅĬľĴŋĬŏľĺňŗĵĚŐĸŃĮĸŅĬŘŜŅľĬńĔȮ1ȮĔŇőĸĔĶńĴȮŏľĴŅŃĽŜŅľĶńĭ
įŌƟĮĶŃĔŀĭĔŅĶĕĬŅħĵƞŀĴȮŒĝƟŀŇĬŏĺŀĶƢŏĨŀĶƢĮĶńĭėĺŅĴŏĶŖĺĶŀĭĕŀĚĴŀŏĨŀĶƢĨŅĴĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭȮ&0.*Ȯ03ȮŐĸŃȮ
1.ȮĶŀĭ-ĬŅĪň'ȮőħĵĸħėĺŅĴŏĶŖĺĶŀĭŐĸŃĽƞĚįƞŅĬĔŜŅĸńĚħƟĺĵŏĔňĵĶƢĪħėĺŅĴŏĶŖĺĶŀĭŀńĨĶŅĪħȮ4.8/ȮœħƟėĺŅĴŏĶŖĺĶŀĭ
ľĸńĚĪħĶŀĭȮŏĪƞŅĔńĭȮ02,/5ȮĶŀĭ-ĬŅĪňȮ&/*23.-4.'ȮĽƞĚĔŜŅĸńĚĨƞŀœĮĵńĚĸŌĔĶŀĔěŅĔŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕĬŅħȮȮȮȮȮ
0..ȮŐĸŃȮ/..ȮĴŇĸĸŇŏĴĨĶȮĨŅĴĸŜŅħńĭȮ&ĳŅıĪňŗȮ/0ȮŐĸŃĳŅıįĬĺĔĪňŗȮ0'ȮĽŅĴŅĶĩėŜŅĬĺĦėĺŅĴŏĶŖĺĶŀĭŏıĸŅĕńĭ
ěŅĬľĴŋĬŏľĺňŗĵĚȮŏĪƞŅĔńĭȮ26,12ȮĶŀĭ-ĬŅĪňȮħńĚĽĴĔŅĶĪňŗȮ&0'Ȯ&ĭĶĶŏĸĚȮŐĸŃĮĶŃŏĽĶŇģ, 0305' 

N/D/Ȯ;ȮN0D0ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ &0' 
N0ȮȮȮȮȮȮ ;Ȯ&N/D/'-ȮD0Ȯ 
N0ȮȮȮȮ ;Ȯ&02,/5 x 0..'-/..Ȯ;Ȯ26,12ȮĶŀĭ-ĬŅĪň 

őħĵ N/ȮȮȮȮ ;ȮėĺŅĴŏĶŖĺĶŀĭĕŀĚĸŌĔĶŀĔĸŌĔĪňŗȮ/Ȯ&Ķŀĭ-ĬŅĪň' 
N0ȮȮȮȮ ;ȮėĺŅĴŏĶŖĺĶŀĭĕŀĚĸŌĔĶŀĔĸŌĔĪňŗȮ0Ȯ&Ķŀĭ-ĬŅĪň' 
D/ȮȮȮȮ ;ȮĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚĸŌĔĶŀĔĸŌĔĪňŗȮ/Ȯ&ĴŇĸĸŇŏĴĨĶ' 
D0ȮȮ ;ȮĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚĕŀĚĸŌĔĶŀĔĸŌĔĪňŗȮ0Ȯ&ĴŇĸĸŇŏĴĨĶ' 
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Ȯ  
 

 
 
 
 
 
 
 
ĳŅıĪňŗȮ/0ȮȮėĺŅĴŏĶŖĺĶŀĭĕŀĚĝŋħĽƞĚĔŜŅĸńĚěŅĬľĴŋĬŏľĺňŗĵĚĨńĺĮĸŅ 
 
 /,/,0ȮěŅĬľĴŋĬŏľĺňŗĵĚŐĸŃĪƞŀĸŜŅŏĸňĵĚĨńĺĮĸŅ 

 ȮȮěŅĬľĴŋĬŏľĺňŗĵĚĪŜŅħƟĺĵŐįƞĬıňĺňĞňĽňŏĪŅĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ/,0..ȮĴŇĸĸŇŏĴĨĶȮŐĸŃ
ĴňĔĶĺĵĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ2..ȮĴŇĸĸŇŏĴĨĶȮĽŌĚȮ/43ȮĴŇĸĸŇŏĴĨĶȮėĶŀĭĨĶĚĔĸŅĚŐįƞĬěŅĬľĴŋĬŏľĺňŗĵĚŏıŊŗŀŏĮƦĬ
ĔŅĶĔĶŃěŅĵĨńĺĮĸŅŀŀĔľƞŅĚěŅĔěŋħĻŌĬĵƢĔĸŅĚĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚȮ&ĳŅıĪňŗȮ/1ȮŐĸŃĳŅıįĬĺĔĪňŗȮ1'ȮěŅĔĔŅĶľŅ
ŐĶĚŏĽňĵħĪŅĬĽĩŇĨŏĜĸňŗĵĽŌĚĽŋħĶŃľĺƞŅĚĮĸŅħŋĔŐĸŃŐįƞĬěŅĬľĴŋĬŏľĺňŗĵĚœħƟȮ/,4ȮĬŇĺĨńĬȮŏĴŊŗŀėŜŅĬĺĦėĺŅĴŏĶŖĺĶŀĭ
ĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚȮĪňŗĽŅĴŅĶĩĪŜŅŒľƟĮĸŅħŋĔŏĶŇŗĴŏėĸŊŗŀĬĪňŗěŅĔĶŃĵŃĕŀĭĕŀĚĔĶĺĵĕĬŅħĶńĻĴňȮ0..ȮĴŇĸĸŇŏĴĨĶȮȮȮȮ
œĮĵńĚĕŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚȮĨŅĴĺŇīňĕŀĚȮMeriamȮet al,Ȯ&2015'ȮıĭĺƞŅȮėĺŅĴŏĶŖĺĶŀĭĨŗŜŅĽŋħĪňŗĪŜŅŒľƟĮĸŅ
ŏėĸŊŗŀĬĪňŗȮėŊŀȮ3,7.ȮĶŀĭ-ĬŅĪňȮħńĚĽĴĔŅĶĪňŗȮ&1'+&4'ȮŐĸŃȮĨŅĶŅĚĪňŗȮ/ȮħńĚĬńŘĬȮėĺŅĴŏĶŖĺĶŀĭĨŗŜŅĽŋħĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭȮȮȮȮȮȮȮȮȮȮ
0.ȮĶŀĭ-ĬŅĪňȮŏıňĵĚıŀĽŜŅľĶńĭĪŜŅŒľƟĮĸŅĸŊŗĬœĩĸŀŀĔœĮĽŌƞĕŀĭĬŀĔŐįƞĬěŅĬľĴŋĬŏľĺňŗĵĚȮĪƞŀĸŜŅŏĸňĵĚĨńĺĮĸŅȮȮȮȮȮȮȮ
ĴňľĬƟŅĪňŗŏĮƦĬŐįƞĬĔńŘĬěńħŏĶňĵĚĮĸŅŒľƟĽƞĺĬľńĺŏĕƟŅĪƞŀĽƞĚĨƞŀœĮĵńĚŏėĶŊŗŀĚĨńħľńĺĮĸŅŐĸŃŏĮƦĬěŋħľĴŋĬŒľƟĮĸŅıĸŇĔĨńĺȮ
ěŅĔĨŅĶŅĚįĬĺĔĪňŗȮ/ȮĕĬŅħėĺŅĴĔĺƟŅĚľńĺĮĸŅħŋĔěŜŅĬĺĬȮ2ȮŐĸŃȮ3ȮĨńĺ-ĔŇőĸĔĶńĴȮĴňėĺŅĴĔĺƟŅĚŏĜĸňŗĵȮ&B'ȮȮȮȮȮȮȮȮȮ
ŏĮƦĬȮ3.,/±0,.ȮŐĸŃȮ26,4±0,.ȮĴŇĸĸŇŏĴĨĶȮĨŅĴĸŜŅħńĭȮěŉĚŒĝƟĪƞŀĽŐĨĬŏĸĽȮ3.AxSch 2.ȮĪňŗĴňĕĬŅħŏĽƟĬįƞŅĬ
ĻŌĬĵƢĔĸŅĚĳŅĵŒĬŏĮƦĬȮ30,5ȮĴŇĸĸŇŏĴĨĶȮĞŉŗĚőĨĔĺƞŅėĺŅĴĔĺƟŅĚŏĜĸňŗĵĕŀĚľńĺĮĸŅħŋĔŏıŊŗŀŒľƟĮĸŅĽŅĴŅĶĩĸŀħįƞŅĬœĮœħƟȮ
&ĳŅıĪňŗȮ/2'Ȯ 

 
fs ;ȮµN &3' 
f ; mw0r     &2'Ȯ 
N ;Ȯmg &5' 
ĽĴħŋĸŐĶĚ 
fs ;Ȯf  &6' 
µN ;Ȯmw0r  ȮȮ 
w ;Ȯ&fs-&mr''1-2 

w ;Ȯ&/,4-&.,01x0,2''1-2Ȯ 

w ;Ȯ5,90ȮĶŀĭ-ĬŅĪň 
őħĵ fsȮ ;ȮŐĶĚŏĽňĵħĪŅĬĽĩŇĨȮ&ĬŇĺĨńĬ' 
 µ ;ȮĽńĴĮĶŃĽŇĪīŇśėĺŅĴŏĽňĵħĪŅĬĽĩŇĨ 

ĶŅĵĔŅĶŀŋĮĔĶĦƢ ėĺŅĴŏĶŖĺĶŀĭȮ
&Ķŀĭ-ĬŅĪň' 

/'ȮĴŀŏĨŀĶƢœĲĲƚŅȮ/ȮŐĶĚĴƟŅȮ /*23. 
0'ȮŏĔňĵĶƢĪħėĺŅĴŏĶŖĺĶŀĭȮ4.81  
1'ȮĸŌĔĶŀĔĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮȮ
0..ȮĴŇĸĸŇŏĴĨĶ 

02,/5 

2'ȮĸŌĔĶŀĔĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ
/..ȮĴŇĸĸŇŏĴĨĶ 

26,12 

5'ȮŏıĸŅĕńĭěŅĬľĴŋĬŏľĺňŗĵĚ 26,12 
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 N ;ȮŐĶĚĮĢŇĔŇĶŇĵŅŐĬĺĨńŘĚĜŅĔĔńĭįŇĺĽńĴįńĽȮ&ĬŇĺĨńĬ' 
 g ;ȮėĺŅĴŏĶƞĚŏĬŊŗŀĚěŅĔŐĶĚőĬƟĴĩƞĺĚĕŀĚőĸĔȮ&9,8 ŏĴĨĶ-ĺŇĬŅĪň0'  
 fȮȮȮȮ ;ȮŐĶĚľĬňĻŌĬĵƢĔĸŅĚȮ&ĬŇĺĨńĬ' 

mȮȮȮȮ ;ȮĬŘŜŅľĬńĔĮĸŅħŋĔȮ&ĔŇőĸĔĶńĴ' 
wȮȮȮȮ ;ȮėĺŅĴŏĶŖĺĶŀĭĕŀĚŐįƞĬěŅĬľĴŋĬȮ&Ķŀĭ-ĬŅĪň' 
rȮȮ ;ȮĕĬŅħĶńĻĴňĕŀĚĔĶĺĵȮ&ŏĴĨĶ' 

 

ĨŅĶŅĚĪňŗȮ/ȮȮėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚĨŗŜŅĽŋħĪňŗĪŜŅŒľƟĮĸŅħŋĔŏĶŇŗĴŏėĸŊŗŀĬĪňŗ 
 

ĸŜŅħńĭĪňŗ ĬŘŜŅľĬńĔȮ
ĮĸŅħŋĔ
&ĔŇőĸĔĶńĴ' 

ŐĶĚŏĽňĵħĪŅĬĪňŗĺńħœħƟěŅĔĔŅĶħŉĚĪħĽŀĭ 
&ĬŇĺĨńĬ' 

ĽńĴĮĶŃĽŇĪīŇś
ėĺŅĴŏĽňĵħ
ĪŅĬĽĩŇĨŏĜĸňŗĵ 
&µ' 

ėĺŅĴŏĶŖĺĶŀĭȮ
&Ķŀĭ-ĬŅĪň' 

/ 0 1 2 3 ėƞŅŏĜĸňŗĵ 

/ .,03 .,3 .,2 .,4 .,2 .,3 .,3 0,2 3,16 
0 0,25 /,2 /,. /,4 /,. /,2 /,1 0,5 5,10 
1 0,27 /,. .,4 .,4 /,. /,. .,6 0,3 3,85 
2 .,01 /,4 /,2 /,4 /,4 /,4 /,4 0,7 5,90 
3 .,/2 .,6 .,4 .,4 .,4 .,4 .,4 0,4 4,63 

ȮȮȮȮȮȮȮȮ  Ȯ  
 
 
 
 
 
 
 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ Ȯ 
ĳŅıĪňŗȮ/1ȮȮěŅĬľĴŋĬŏľĺňŗĵĚ 
 
 
 
  
 
 
 
 
 
 
 
ĳŅıĪňŗȮ/2ȮȮĸńĔļĦŃĔŅĶĪŜŅĚŅĬľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅ 

ěŅĬľĴŋĬŏľĺňŗĵĚ ĔĶĺĵėĶŀĭěŅĬľĴŋĬŏľĺňŗĵĚ 

ĪƞŀĸŜŅŏĸňĵĚĨńĺĮĸŅ 

ĮĸŅĸŀħįƞŅĬŏĕƟŅĪƞŀ
ĸŜŅŏĸňĵĚĨńĺĮĸŅ 

ľńĺĮĸŅıĸŇĔĨńĺ 

ěŋħľĴŋĬŒľƟ
ĮĸŅıĸŇĔĨńĺ 
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 /,0ȮįĸĔŅĶŀŀĔŐĭĭŐĸŃĽĶƟŅĚľĬƞĺĵĨńħľńĺĮĸŅ 
 ȮľĬƞĺĵĨńħľńĺĮĸŅŐĭƞĚĽƞĺĬĮĶŃĔŀĭŏĮƦĬȮ0ȮĽƞĺĬȮœħƟŐĔƞȮ/'ȮőėĶĚŏėĶŊŗŀĚȮĝŋħĽƞĚĔŜŅĸńĚȮŐĸŃŒĭĴňħ
ĨńħĨńĺĮĸŅȮŐĸŃȮ0'ȮĞŀĚĶńĭĨńĺĮĸŅȮľĬƞĺĵĨńħľńĺĮĸŅĴňĕĬŅħȮĔĺƟŅĚxĵŅĺxĽŌĚȮŏĪƞŅĔńĭȮ3..x6..x890 ĴŇĸĸŇŏĴĨĶȮ
&ĳŅıĪňŗȮ/3ȮŐĸŃĳŅıįĬĺĔĪňŗȮ2' 
 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ/3ȮȮľĬƞĺĵĨńħľńĺĮĸŅ 
   
  /,0,/ȮőėĶĚŏėĶŊŗŀĚȮĝŋħĽƞĚĔŜŅĸńĚȮŐĸŃŒĭĴňħĨńħľńĺĮĸŅ 
 őėĶĚŏėĶŊŗŀĚĕŀĚľĬƞĺĵĨńħľńĺĮĸŅĪŜŅħƟĺĵĽŐĨĬŏĸĽĜŅĔĴňĕĬŅħȮȮĔĺƟŅĚxĵŅĺxĽŌĚȮŏĪƞŅĔńĭȮ
3..x6..x500ȮĴŇĸĸŇŏĴĨĶȮĝŋħĽƞĚĔŜŅĸńĚŒĝƟĴŀŏĨŀĶƢĕĬŅħȮ0ȮŐĶĚĴƟŅȮėĺŅĴŏĶŖĺĶŀĭȮŏĪƞŅĔńĭȮ/*23.ȮĶŀĭ-ĬŅĪňȮĞŉŗĚĴňĔŜŅĸńĚ
ŏıňĵĚıŀĪňŗĞŀĚĶńĭĨńĺĮĸŅıŅĮĸŅħŋĔľĴŋĬįƞŅĬŒĭĴňħȮŏĔŇħĔŅĶĨńħľńĺĮĸŅŐĸŃœĴƞĴňŀŅĔŅĶĽŃħŋħľĶŊŀľĵŋħľĴŋĬȮȮȮȮȮȮȮ
ŒĝƟŀŇĬŏĺŀĶƢŏĨŀĶƢĮĶńĭėĺŅĴŏĶŖĺĶŀĭĕŀĚĴŀŏĨŀĶƢĨŅĴĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭȮ&03*Ȯ1.ȮŐĸŃȮ13ȮĶŀĭ-ĬŅĪň'ȮěŅĔĔŅĶĸħ
ėĺŅĴŏĶŖĺĶŀĭŐĸŃĽƞĚįƞŅĬĔŜŅĸńĚħƟĺĵŏĔňĵĶƢĪħėĺŅĴŏĶŖĺĶŀĭŀńĨĶŅĪħȮ4.8/ȮœħƟėĺŅĴŏĶŖĺĶŀĭľĸńĚĪħĶŀĭȮŏĪƞŅĔńĭȮ
02,/5ȮĶŀĭ-ĬŅĪňȮ&/*23.-4.'ȮĽƞĚĔŜŅĸńĚĨƞŀħƟĺĵőĞƞŏıŊŗŀĮƚŀĚĔńĬĔŅĶĸŊŗĬŏĴŊŗŀĨƟŀĚŒĝƟŐĶĚĭŇħĽŌĚŒĬĝƞĺĚĨńĺĮĸŅľĴŋĬįƞŅĬ
ŒĭĴňħȮŏĲƘŀĚőĞƞĕĬŅħȮRS2.+1.THȮŐĸŃȮRS2.+3.THȮĞŉŗĚĴňěŜŅĬĺĬĲƤĬȮ1.ȮŐĸŃȮ3.ȮĲƤĬȮĨŅĴĸŜŅħńĭȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
&ĳŅıĪňŗȮ/4ȮŐĸŃĳŅıįĬĺĔĪňŗȮ3'ȮĽŅĴŅĶĩėŜŅĬĺĦėĺŅĴŏĶŖĺĶŀĭŏıĸŅĕńĭľĴŋĬĞŀĚĶńĭĨńĺĮĸŅŏĪƞŅĔńĭȮ/2,3.ȮĶŀĭ-ĬŅĪňȮȮȮȮȮȮȮȮ
ħńĚĽĴĔŅĶĪňŗȮ&5'Ȯ&ĭĶĶŏĸĚȮŐĸŃĮĶŃŏĽĶŇģ, 0305'Ȯ 
Ȯ 
 N/T/Ȯ ;ȮN0T0ȮȮȮȮȮȮ &5' 

N0ȮȮȮȮȮȮ ;Ȯ&N/T/'-ȮT0Ȯ 
N0ȮȮȮȮ ;Ȯ&02,/5x1.'-3.Ȯ;Ȯ14,50ȮĶŀĭ-ĬŅĪň 

őħĵ N/ȮȮȮȮ ;ȮėĺŅĴŏĶŖĺĶŀĭĕŀĚŏĲƘŀĚőĞƞĪňŗȮ/Ȯ&Ķŀĭ-ĬŅĪň' 
N0ȮȮȮȮ ;ȮėĺŅĴŏĶŖĺĶŀĭĕŀĚŏĲƘŀĚőĞƞĪňŗȮ0Ȯ&Ķŀĭ-ĬŅĪň' 
T/ȮȮȮȮ ;ȮěŜŅĬĺĬĲƤĬĕŀĚŏĲƘŀĚőĞƞĪňŗȮ/Ȯ&ĲƤĬ' 
T0ȮȮ ;ȮěŜŅĬĺĬĲƤĬĕŀĚŏĲƘŀĚőĞƞĪňŗȮ0Ȯ&ĲƤĬ' 
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ĳŅıĪňŗȮ/4ȮȮėĺŅĴŏĶŖĺĶŀĭĕŀĚĝŋħĽƞĚĔŜŅĸńĚĞŀĚĶńĭĨńĺĮĸŅ 
 
 ŒĬĔŅĶĪħĽŀĭŏĭŊŘŀĚĨƟĬœħƟŀŀĔŐĭĭŒĭĴňħȮ0ȮĶŌĮŐĭĭȮœħƟŐĔƞȮ/'ȮŒĭĴňħĨńħŐĭĭŏĜňĵĚŒľƟĴňĶŀĵĨńħĨŅĴ
ľńĺĮĸŅħŋĔȮ&Slant Cut'ȮőħĵĪňŗĨƟŀĚĭńĚėńĭŒľƟĨńĺĮĸŅľńĬħƟŅĬĕƟŅĚŏĕƟŅľŅŒĭĴňħŐĸŃľńĬħƟŅĬĪƟŀĚĮĸŅŀŀĔĨŅĴŐĬĺ
ĶńĻĴňȮıĭĺƞŅȮĽŌĠŏĽňĵĶƟŀĵĸŃįĸįĸŇĨĬƟŀĵȮŐĨƞŏĴŊŗŀŒĝƟĚŅĬĶƞĺĴĔńĬĔńĭľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅĪŜŅŒľƟœĴƞĽŅĴŅĶĩėĺĭėŋĴ
ĨŜŅŐľĬƞĚŒľƟĮĸŅħŋĔľńĬħƟŅĬĪƟŀĚŀŀĔĨŅĴŐĬĺĶńĻĴňœħƟėĚĪňŗȮŏĴŊŗŀĮĸŅħŋĔľńĬĽƞĺĬľĸńĚŀŀĔĨŅĴŐĬĺĶńĻĴňĪŜŅŒľƟŐĬĺĨńħ
ŏĮĸňŗĵĬȮěŉĚĽŌĠŏĽňĵĶƟŀĵĸŃįĸįĸŇĨĴŅĔŐĸŃĨńħĽƞĺĬŐĕŖĚĕŀĚľńĺŀŀĔħƟĺĵȮ&ĳŅıĪňŗȮ/5Ȯ&Ĕ'ȮŐĸŃȮ0'ȮŒĭĴňħĮĸŅĵŐľĸĴ
ĨńħŐĭĭĨĶĚŒľƟĴňĶŀĵĨńħĨńŘĚĜŅĔĔńĭĔĶŃħŌĔĽńĬľĸńĚĕŀĚĮĸŅħŋĔȮ&Straight Cut'ȮőħĵĨƟŀĚĭńĚėńĭĨńĺĮĸŅŒľƟľńĬ
ħƟŅĬľĸńĚľĶŊŀĪƟŀĚŏĕƟŅľŅŒĭĴňħȮıĭĺƞŅȮŏĬŊŘŀĽƞĺĬĪƟŀĚĩŌĔĨńħŀŀĔěŉĚĽŌĠŏĽňĵĶƟŀĵĸŃįĸįĸŇĨĴŅĔȮŐĨƞŏĴŊŗŀŒĝƟĚŅĬĶƞĺĴĔńĭ
ľĬƞĺĵěńħŏĶňĵĚĪŜŅŒľƟĽŅĴŅĶĩėĺĭėŋĴĨŜŅŐľĬƞĚŒĬĔŅĶĨńħœħƟȮ&ĳŅıĪňŗȮ/5Ȯ&ĕ''ȮěŉĚœħƟıńĥĬŅŒĭĴňħěŅĔĶŌĮŐĭĭȮȮȮȮȮȮȮȮȮ
ĪňŗȮ0ȮőħĵıńĭĴňħŒľƟĪŜŅĴŋĴŏĕƟŅĔńĭĶŌĮĶƞŅĚĕŀĚľńĺĮĸŅħŋĔȮ&Contoured Cut'ȮőħĵŀŀĔŐĭĭŒĭĴňħĔĺƟŅĚȮ43ȮĴŇĸĸŇŏĴĨĶȮ
ĴŋĴĳŅĵŒĬĮĶŃĴŅĦȮ/0.ȮŀĚĻŅȮŏıŊŗŀŒľƟėĴĴňħĨńħĨŅĴĽƞĺĬŐĕŖĚĕŀĚľńĺĮĸŅħŋĔĕŅħŀŀĔěŅĔĔńĬȮŐĸŃĪŜŅŒľƟĽŌĠŏĽňĵ
ŏĽňĵĶƟŀĵĸŃįĸįĸŇĨĬƟŀĵĪňŗĽŋħȮħƟŅĬĭĬŒĭĴňħĴňėĺŅĴĵŅĺȮ/..ȮĴŇĸĸŇŏĴĨĶȮħƟŅĬĸƞŅĚŒĭĴňħĴňėĺŅĴĵŅĺȮ5.ȮĴŇĸĸŇŏĴĨĶȮ
ĪŜŅŒľƟŏĔŇħĴŋĴėĴĴňħĮĶŃĴŅĦȮ5.ȮŀĚĻŅȮŏıŊŗŀŒľƟėĴĴňħŏĔŇħĮĸŅĵŐľĸĴĔħĨńĺĮĸŅħŋĔœĴƞŒľƟŏėĸŊŗŀĬŀŀĔěŅĔŐĬĺĨńħȮ
ĪňŗĔŜŅľĬħŐĸŃŏĮƦĬĔŅĶĸħŐĶĚŒĬĔŅĶŏĜŊŀĬŏĬŊŘŀĮĸŅȮ&ĳŅıĪňŗȮ/6'ȮěŅĔĨŅĶŅĚįĬĺĔĪňŗȮ/ȮėĺŅĴĵŅĺľńĺĮĸŅħŋĔěŜŅĬĺĬȮȮȮȮȮ
2ȮŐĸŃȮ3ȮĨńĺ-ĔŇőĸĔĶńĴȮĴňėĺŅĴĵŅĺŏĜĸňŗĵȮ&A'ȮŏĮƦĬȮ50,.±1,.ȮŐĸŃȮ5.,3±1,4ȮĴŇĸĸŇŏĴĨĶȮĨŅĴĸŜŅħńĭȮěŉĚŏĸŊŀĔŒĝƟ
ėĺŅĴĵŅĺľńĺĮĸŅħŋĔŏĜĸňŗĵĪňŗȮ50ȮĴŇĸĸŇŏĴĨĶȮŒĝƟĮĶńĭėĺŅĴĽŌĚĕŀĚŒĭĴňħŏıŊŗŀĪħĸŀĚĨńħľńĺĮĸŅȮıĭĺƞŅȮĽŌĠŏĽňĵĶƟŀĵ
ĸŃįĸįĸŇĨĴŅĔěŉĚŏıŇŗĴėĺŅĴĽŌĚĕŀĚŒĭĴňħŏĮƦĬȮ53ȮĴŇĸĸŇŏĴĨĶȮıĭĺƞŅȮœħƟĶƟŀĵĸŃįĸĸĸŇĨĴŅĔĕŉŘĬŐĸŃĨńħœĴƞőħĬĽƞĺĬ
ŐĕŖĚĕŀĚľńĺĮĸŅħŋĔȮěŉĚŒĝƟėĺŅĴĽŌĚĕŀĚŒĭĴňħĪňŗȮ53ȮĴŇĸĸŇŏĴĨĶȮŏıŊŗŀŒĝƟŒĬĔŅĶĪħĽŀĭĨńħľńĺĮĸŅħŋĔȮĩńħěŅĔŒĭĴňħĨńħ
ľńĺĮĸŅŒĝƟŐįƞĬĽŐĨĬŏĸĽĵĔĽŌĚĕŉŘĬŒľƟĽŌĚĶŃħńĭŏħňĵĺĔńĭŒĭĴňħȮĽŜŅľĶńĭĶńĭĸŜŅĨńĺĮĸŅĪňŗĨńħľńĺŀŀĔŐĸƟĺŒľƟĞŀĚĶńĭĨńĺ
ĮĸŅıŅĮĸŅœĮĨĔĵńĚŀňĔĝƞŀĚȮŏıŊŗŀŐĵĔĸŜŅĨńĺŐĸŃľńĺŀŀĔěŅĔĔńĬȮ&ĳŅıĪňŗȮ/7'Ȯ 
 
 
 
  ȮȮȮȮȮ 
 
 
 
 

ĶŅĵĔŅĶŀŋĮĔĶĦƢ ėĺŅĴŏĶŖĺĶŀĭȮ
&Ķŀĭ-ĬŅĪň' 

/'ȮĴŀŏĨŀĶƢœĲĲƚŅȮ0ȮŐĶĚĴƟŅȮ /*23. 
0'ȮŏĔňĵĶƢĪħėĺŅĴŏĶŖĺĶŀĭȮ4.81  
1'ȮŏĲƘŀĚőĞƞěŜŅĬĺĬȮ1.ȮĲƤĬ 02,/5 
2'ȮŏĲƘŀĚőĞƞěŜŅĬĺĬȮ3.ȮĲƤĬ /2,3. 

5'ȮŏıĸŅĕńĭĞŀĚĶńĭĨńĺĮĸŅ /2,3. 
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  &Ĕ' &ĕ' 
ĳŅıĪňŗȮ/5ȮȮĸńĔļĦŃĕŀĚĶŀĵĨńħħƟĺĵŒĭĴňħŒĬĔŅĶĪħĽŀĭŏĭŊŘŀĚĨƟĬȮ&Ĕ'ȮŒĭĴňħĨńħŐĭĭŏĜňĵĚȮ&ĕ'ȮŒĭĴňħĮĸŅĵŐľĸĴ

ĨńħŐĭĭĨĶĚ 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ/6ȮȮĸńĔļĦŃŒĭĴňħĨńħľńĺĮĸŅħŋĔȮ&Contoured Cut' 
 
 
 
 
 
 
 
 
 &Ĕ' Ȯ&ĕ' 
ĳŅıĪňŗȮ/7ȮȮĝŋħŀŋĮĔĶĦƢĴňħĨńħľńĺĮĸŅȮ&Ĕ'ȮĳŅıħƟŅĬĭĬȮ&ĕ'ȮĳŅıħƟŅĬĕƟŅĚ 
 
 /,0,0ȮĞŀĚĶńĭĨńĺĮĸŅ  
 ĞŀĚĶńĭĨńĺĮĸŅĴňľĬƟŅĪňŗĶńĭĮĸŅħŋĔĪňŗĩŌĔěńħŏĶňĵĚŐĸƟĺěŅĔľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅľĴŋĬıŅ
ĨńĺĮĸŅŏĕƟŅľŅŒĭĴňħȮ&ĳŅıĪňŗȮ0.ȮŐĸŃĳŅıįĬĺĔĪňŗȮ4'ȮŐĭƞĚĽƞĺĬĮĶŃĔŀĭŏĮƦĬȮ0ȮĽƞĺĬȮœħƟŐĔƞȮ/'ȮĝŋħĶŅĚĶńĭĨńĺĮĸŅ
ĺŅĚĞƟŀĬŀĵŌƞħƟŅĬĭĬȮŐĸŃȮ0'ȮĝŋħĪƞŀĭńĚėńĭĨńĺĮĸŅȮőħĵĝŋħĶŅĚĶńĭĨńĺĮĸŅĺŅĚĞƟŀĬĭĬĝŋħĪƞŀĭńĚėńĭĨńĺĮĸŅŐĸŃĵŉħ
ĨŇħĔńĬħńĺĵŏĔĸňĵĺŐĸŃĽĸńĔŏĔĸňĵĺȮĔŅĶŀŀĔŐĭĭĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘȮȮ 

ŒĭĴňħ 

ŐįƞĬĶŀĚĶńĭĸŜŅĨńĺĮĸŅ
ĮĸŅĮĸŅ 

ĝƞŀĚĸŜŅĨńĺĮĸŅĨĔ 

ľĬƞĺĵ8ȮĴŇĸĸŇŏĴĨĶ 
 

ĝƞŀĚľńĺĮĸŅĨĔ 

ŐįƞĬĶŀĚĶńĭĨńĺĮĸŅ
ĮĸŅ 

ĶŀĵĨńħĨĶĚĪńŘĚľńĬħƟŅĬľĸńĚŐĸŃĪƟŀĚŏĕƟŅľŅŒĭĴňħ 

ħƟŅĬľĸńĚ ħƟŅĬĪƟŀĚ 

ĮĸŅŏėĸŊŗŀĬĪňŗħƟŅĬľĸńĚŐĸŃĪƟŀĚŏĕƟŅľŅŒĭĴňħ 

ĶŀĵĨńħŏĴŊŗŀľńĬħƟŅĬĪƟŀĚŀŀĔ ĶŀĵĨńħŏĴŊŗŀľńĬħƟŅĬľĸńĚŀŀĔ 

ľńĬħƟŅĬľĸńĚŀŀĔ ľńĬħƟŅĬĪƟŀĚŀŀĔ 

ĮĸŅŏėĸŊŗŀĬĪňŗħƟŅĬĕƟŅĚŏĕƟŅľŅŒĭĴňħ 
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 ĝŋħĶŅĚĶńĭĨńĺĮĸŅĴňľĬƟŅĪňŗĸŜŅŏĸňĵĚĮĸŅħŋĔŏĕƟŅĪƞŀĭńĚėńĭĨńĺĮĸŅĪňĸŃȮ/ȮĨńĺȮħƟĺĵĔŅĶŒĝƟ
ŐįƞĬĽŐĨĬŏĸĽĴƟĺĬŏĮƦĬĪƞŀĪĶĚĔĶŃĭŀĔĽŌĚȮ/3.ȮĴŇĸĸŇŏĴĨĶȮěŜŅĬĺĬȮ0ȮĪƞŀȮĺŅĚĞƟŀĬĔńĬŏıŊŗŀŒľƟœħƟĶŃĵŃľƞŅĚĶŃľĺƞŅĚ
ĪƞŀȮ4.ȮĴŇĸĸŇŏĴĨĶȮőħĵĪƞŀĪĶĚĔĶŃĭŀĔĪňŗȮ/ȮĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ24.ȮĴŇĸĸŇŏĴĨĶȮŐĸŃĪƞŀĪĶĚĔĶŃĭŀĔĪňŗȮȮȮȮȮ
0ȮĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ12.ȮĴŇĸĸŇŏĴĨĶȮľĸńĚěŅĔĬńŘĬŐĭƞĚĝƞŀĚĺƞŅĚĶŃľĺƞŅĚĪƞŀĪĶĚĔĶŃĭŀĔĪńŘĚȮ0ȮŏĮƦĬȮ6ȮĝƞŀĚ
ŏĪƞŅȮŕȮĔńĬȮħƟĺĵĔŅĶıńĭŐįƞĬĽŐĨĬŏĸĽĪňŗĴňėĺŅĴĔĺƟŅĚȮ4.ȮĴŇĸĸŇŏĴĨĶȮŏĮƦĬĶŌĮĨńĺĺňėĺŗŜŅěŜŅĬĺĬȮ6ȮĨńĺȮőħĵĵŀħĮĸŅĵ
ŐľĸĴĴňėĺŅĴĔĺƟŅĚȮ/.ȮĴŇĸĸŇŏĴĨĶȮŐĸŃĨŗŜŅĔĺƞŅĕŀĭĭĬĕŀĚĝŋħĶŅĚĶńĭĨńĺĮĸŅȮ/.ȮĴŇĸĸŇŏĴĨĶȮŏıŊŗŀĮƚŀĚĔńĬĮĸŅĸŊŗĬ
ŀŀĔěŅĔĝƞŀĚĕŀĚĝŋħĶŅĚĶńĭĨńĺĮĸŅȮ&ĳŅıĪňŗȮ0/Ȯ&Ĕ'ȮŐĸŃĳŅıįĬĺĔĪňŗȮ4' 
 ĝŋħĪƞŀĭńĚėńĭĨńĺĮĸŅĴňľĬƟŅĪňŗěńħĨŜŅŐľĬƞĚĨńĺĮĸŅŐĸŃıŅĨńĺĮĸŅŏĕƟŅľŅŒĭĴňħĨńħȮȮȮȮȮȮȮȮȮ
ĞŉŗĚĮĶŃĔŀĭħƟĺĵőėĶĚĝŋħĪƞŀĭńĚėńĭĨńĺĮĸŅŐĸŃĪƞŀĭńĚėńĭĨńĺĮĸŅěŜŅĬĺĬȮ6ȮĪƞŀȮőėĶĚĝŋħĪƞŀĭńĚėńĭĨńĺĮĸŅŒĝƟŐįƞĬ
ıňĺňĞňȮĽňŏĪŅĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮ24.ȮĴŇĸĸŇŏĴĨĶȮěŜŅĬĺĬȮ0ȮŐįƞĬȮŏěŅŃĶŌĕĬŅħŏĽƟĬįƞŅĬĻŌĬĵƢĔĸŅĚȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ
4.ȮĴŇĸĸŇŏĴĨĶȮ6ȮĶŌȮĶŃĵŃľƞŅĚŏĪƞŅȮŕȮĔńĬȮőħĵěŋħĻŌĬĵƢĔĸŅĚĕŀĚĪńŘĚȮ6ȮĶŌȮŀĵŌƞŒĬŐĬĺĶńĻĴňľƞŅĚěŅĔěŋħĻŌĬĵƢĔĸŅĚĕŀĚ
ŐįƞĬıňĺňĽňĽňŏĪŅȮ0..ȮĴŇĸĸŇŏĴĨĶȮŐĸƟĺĕĵŅĵĶŌŏĮƦĬĶŌĮĨńĺĵŌȮŏıŊŗŀŒľƟĩŀħŏĮĸňŗĵĬĪƞŀĭńĚėńĭĨńĺĮĸŅœħƟĚƞŅĵȮěńħĨŜŅŐľĬƞĚŒľƟ
ŐįƞĬıňĺňĞňĽňŏĪŅĪńŘĚȮ0ȮŐįƞĬȮŒľƟĴňĶŃĵŃľƞŅĚĔńĬȮ/3.ȮĴŇĸĸŇŏĴĨĶȮŏĮƦĬőėĶĚĽŜŅľĶńĭĽĺĴĪƞŀĭńĚėńĭĨńĺĮĸŅȮ&ĳŅıĪňŗȮ0/Ȯ&ĕ'Ȯ
ŐĸŃĳŅıįĬĺĔĪňŗȮ4'ȮĪƞŀĭńĚėńĭĨńĺĮĸŅĪŜŅěŅĔĪƞŀĽŐĨĬŏĸĽȮ3.AxSch 2.ȮėĺŅĴĵŅĺĪƞŀȮ/3.ȮĴŇĸĸŇŏĴĨĶȮȮȮȮȮȮ
ĳŅĵŒĬĪƞŀŏĝŊŗŀĴĨŇħħƟĺĵŐįƞĬĽĮĶŇĚȮĔĺƟŅĚxĵŅĺxľĬŅȮ03x150x1 ĴŇĸĸŇŏĴĨĶȮĨŇħħƟŅĬľĬƟŅĕŀĚĪƞŀĨŅĴĪŇĻĪŅĚĔŅĶ
ľĴŋĬŐĸŃŒľƟĽƞĺĬĮĸŅĵĽĮĶŇĚŀĵŌƞĨĶĚĔĸŅĚĪƞŀȮ&ĳŅıĪňŗȮ0/Ȯ&ė''ȮĞŉŗĚĽĮĶŇĚĴňľĬƟŅĪňŗȮėŊŀȮ/'ȮĭńĚėńĭĨńĺĮĸŅŒľƟıĸŇĔĨńĺľńĬ
ħƟŅĬľĸńĚľĶŊŀħƟŅĬĪƟŀĚĕŀĚĮĸŅŏĕƟŅľŅŒĭĴňħȮ0'ȮěńħĨńĺĮĸŅŒľƟŀĵŌƞĨĶĚĔĸŅĚĪƞŀȮŐĸŃȮ1'ȮœĴƞŒľƟĮĸŅŏėĸŊŗŀĬĕĦŃȮȮȮ
ĞŀĚĶńĭĨńĺĮĸŅľĴŋĬŏĕƟŅľŅŒĭĴňħȮ 
 
 
 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
 Ȯ 
 
 
 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  

ĳŅıĪňŗȮ0.ȮȮĞŀĚĶńĭĨńĺĮĸŅ  Ȯ 
Ȯ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ  
 
 
 
 
 Ȯ 
 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ &Ĕ' &ĕ'ȮȮȮȮ   &ė' 
ĳŅıĪňŗȮ0/ȮȮĽƞĺĬĮĶŃĔŀĭĞŀĚĶńĭĨńĺĮĸŅȮ&Ĕ'ȮĝŋħĶŅĚĶńĭĨńĺĮĸŅȮ&ĕ'ȮĝŋħĪƞŀĭńĚėńĭĨńĺĮĸŅ 

&ė'ȮĪƞŀĭńĚėńĭĨńĺĮĸŅ 

ŐįƞĬĽĮĶŇĚ 

ĝŋħĶŅĚĶńĭĨńĺĮĸŅ 

ĝŋħĪƞŀĭńĚėńĭĨńĺĮĸŅ 
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Ȯ0,ȮįĸĔŅĶĪħĽŀĭĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔ 
 

 2,1 įĸĔŅĶĻŉĔļŅĔŅĶĪŜŅĚŅĬĕŀĚľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅ 
  ȮěŅĔĨŅĶŅĚĪňŗȮ0ȮŏĴŊŗŀŒĝƟěŜŅĬĺĬĮĸŅħŋĔŏĪƞŅĔńĬĪňŗȮ3*Ȯ/.ȮŐĸŃȮ/3ȮĨńĺȮŐĸŃėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬ
ľĴŋĬŏľĺňŗĵĚŏıŇŗĴĕŉŘĬěŅĔȮ0.*Ȯ03ȮŐĸŃȮ1.ȮĶŀĭ-ĬŅĪňȮıĭĺƞŅȮĶŃĵŃŏĺĸŅŏĜĸňŗĵŒĬĔŅĶĸŜŅŏĸňĵĚĮĸŅħŋĔĪńŘĚľĴħȮ&Tavg'Ȯ
ĸħĸĚĨŅĴĸŜŅħńĭȮŐĸŃĪňŗȮ03ȮŐĸŃȮ1.ȮĶŀĭ-ĬŅĪňȮTavgȮŐĨĔĨƞŅĚĔńĬŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠȮ&p>0,05'ȮŐĸŃĴňȮTavgȮ
ŏĶŖĺĔĺƞŅĪňŗėĺŅĴŏĶŖĺĶŀĭȮ0.ȮĶŀĭ-ĬŅĪňȮŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮ&p¢0,05'ȮĵĔŏĺƟĬĪňŗĮĸŅħŋĔěŜŅĬĺĬȮ3ȮĨńĺȮTavgȮĪňŗȮ0.ȮĶŀĭ-ĬŅĪňȮ
ŐĨĔĨƞŅĚĔńĬŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠȮ&p>0,05'ȮĔńĭĪňŗȮ03ȮĶŀĭ-ĬŅĪňȮĪńŘĚĬňŘȮŀŅěŏĔŇħěŅĔėĺŅĴŏĶŖĺĶŀĭĪňŗŏıŇŗĴĕŉŘĬěŅĔȮȮȮ
0.*Ȯ03ȮŐĸŃȮ1.ȮĶŀĭ-ĬŅĪňȮĪŜŅŒľƟĮĸŅħŋĔŏėĸŊŗŀĬĪňŗœĮĽŌƞĕŀĭĕŀĚŐįƞĬěŅĬľĴŋĬŏľĺňŗĵĚŐĸŃĩŌĔıŅŏĕƟŅĪƞŀĸŜŅŏĸňĵĚĨńĺ
ĮĸŅœħƟŏĶŖĺĕŉŘĬĨŅĴĸŜŅħńĭȮŀĵƞŅĚœĶĔŖĨŅĴėĺŅĴŏĶŖĺĶŀĭĪňŗȮ03ȮŐĸŃȮ1.ȮĶŀĭ-ĬŅĪňȮTavgȮŐĨĔĨƞŅĚĔńĬŀĵƞŅĚœĴƞĴň
ĬńĵĽŜŅėńĠȮ&p>0,05'ȮŀŅěŏĔŇħěŅĔėĺŅĴŏĶŖĺĶŀĭĪňŗȮ1.ȮĶŀĭ-ĬŅĪňȮŐĶĚŏľĺňŗĵĚľĬňĻŌĬĵƢĔĸŅĚĴŅĔĔĺƞŅĪŜŅŒľƟŏĔŇħŐĶĚ
ĔħĶŃľĺƞŅĚĨńĺĮĸŅĔńĭįĬńĚĽŐĨĬŏĸĽĴŅĔĔĺƞŅėĺŅĴŏĶŖĺĶŀĭĪňŗȮ03ȮĶŀĭ-ĬŅĪňȮĪŜŅŒľƟĮĸŅľĵŋħĨŇħĔńĭįĬńĚȮȮȮȮȮȮȮȮȮȮȮȮ
œĴƞĽŅĴŅĶĩŏėĸŊŗŀĬĪňŗœĮĔńĭěŅĔľĴŋĬŏľĺňŗĵĚĝńŗĺĕĦŃľĬŉŗĚȮĬŅĔěŅĔĬňŘĵńĚĴňĮĸŅħŋĔĨńĺŀŊŗĬŐĸŃŐĪƞĚĝƞĺĵĔĺŅħĮĸŅħŋĔĪŜŅ
ŒľƟŏĔŇħĔŅĶĝĬĔńĬĕŀĚĨńĺĮĸŅĝƞĺĵŒĬĔŅĶıŅĮĸŅħŋĔŏĕƟŅĪƞŀĸŜŅŏĸňĵĚŀňĔĪŅĚľĬŉŗĚȮěŉĚĪŜŅŒľƟȮTavgȮĕŀĚėĺŅĴŏĶŖĺĶŀĭ
ĪńŘĚȮ0ȮŒĔĸƟŏėňĵĚĔńĬȮ&ĳŅıĪňŗȮ00'ȮħńĚĬńŘĬěŉĚŏĸŊŀĔėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚĨńĺĮĸŅĪňŗėĺŅĴŏĶŖĺĶŀĭȮ03ȮŐĸŃȮ
1.ȮĶŀĭ-ĬŅĪňȮ 
  ŏĴŊŗŀŒĝƟėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚĨńĺĮĸŅŏĪƞŅĔńĬŐĸŃěŜŅĬĺĬĮĸŅħŋĔŏıŇŗĴĕŉŘĬŏĮƦĬȮ3*Ȯ/.Ȯ
ŐĸŃȮ/3ȮĨńĺȮıĭĺƞŅȮĪňŗėĺŅĴŏĶŖĺĶŀĭȮ0.ȮŐĸŃȮ1.ȮĶŀĭ-ĬŅĪňȮTavgȮŐĨĔĨƞŅĚŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠȮ&p>0,05'ȮĵĔŏĺƟĬ
ĪňŗėĺŅĴŏĶŖĺĶŀĭȮ03ȮĶŀĭ-ĬŅĪňȮĮĸŅħŋĔěŜŅĬĺĬȮ/.ȮĨńĺȮĴňȮTavgȮŏĶŖĺĴŅĔĔĺƞŅĮĸŅħŋĔěŜŅĬĺĬȮ3ȮŐĸŃȮ/3ȮĨńĺȮȮȮȮ
ŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮ&p¢0,05'ȮĪŋĔėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚȮĮĸŅħŋĔěŜŅĬĺĬȮ/3ȮĨńĺȮŒĝƟŏĺĸŅŒĬĔŅĶĸŜŅŏĸňĵĚȮȮȮȮȮȮ
ĝƟŅĪňŗĽŋħȮŐĸŃĪňŗėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚȮ03ȮŐĸŃȮ1.ȮĶŀĭ-ĬŅĪňȮĮĸŅħŋĔěŜŅĬĺĬȮ/.ȮĨńĺȮŒĝƟŏĺĸŅŒĬĔŅĶ
ĸŜŅŏĸňĵĚŏĶŖĺĔĺƞŅĮĸŅħŋĔěŜŅĬĺĬȮ3ȮŐĸŃȮ/3ȮĨńĺȮĪńŘĚĬňŘȮŀŅěŏĬŊŗŀĚěŅĔĮĸŅěŜŅĬĺĬȮ/3ȮĨńĺȮĴňĮĶŇĴŅĦĴŅĔŏĔŇĬœĮ
ĽŜŅľĶńĭěŅĬľĴŋĬŏľĺňŗĵĚĪŜŅŒľƟĶŃĵŃľƞŅĚĶŃľĺƞŅĚĨńĺĮĸŅŒĔĸƟĔńĬȮěŉĚŏėĸŊŗŀĬĪňŗĴŅĩŉĚĪƞŀĸŜŅŏĸňĵĚĨńĺĮĸŅıĶƟŀĴĔńĬȮȮȮȮ
ĪŜŅŒľƟĨńĺĮĸŅŏĔŇħĔŅĶĞƟŀĬĪńĭľĶŊŀĔňħĕĺŅĚĔńĬŏŀĚŐĸŃĕńħĕĺŅĚĔŅĶěńħŏĶňĵĚĨńĺĮĸŅĪŜŅŒľƟȮTavgȮĬŅĬĕŉŘĬȮŐĨƞĽŜŅľĶńĭ
ĮĸŅěŜŅĬĺĬȮ/.ȮĨńĺȮĴňȮTavgȮŏĶŖĺĔĺƞŅĮĸŅěŜŅĬĺĬȮ3ȮĨńĺȮŀŅěŏĬŊŗŀĚěŅĔŒĬĕĦŃĪňŗŏĪĮĸŅĸĚĭĬěŅĬľĴŋĬŏľĺňŗĵĚŐĸŃ
ĮĸŅĩŌĔŏľĺňŗĵĚŀŀĔœĮĵńĚĕŀĭěŅĬľĴŋĬŏľĺňŗĵĚȮĮĸŅĪňŗĴňěŜŅĬĺĬĴŅĔŀŅěĴňőŀĔŅĽĝĬĔńĬŏŀĚœħƟĴŅĔĔĺƞŅĮĸŅĪňŗĴň
ěŜŅĬĺĬĬƟŀĵȮőħĵĪňŗěŋħĻŌĬĵƢĩƞĺĚĕŀĚĮĸŅħŋĔŀĵŌƞŒĔĸƟĔńĭĽƞĺĬľńĺŐĸŃıŊŘĬĪňŗĽƞĺĬĸŜŅĨńĺĴňĴŅĔĔĺƞŅȮěŉĚĴňőŀĔŅĽĪňŗĮĸŅĝĬ
ĔńĬĭĶŇŏĺĦĽƞĺĬĸŜŅĨńĺĪŜŅŒľƟĽƞĺĬľńĺĮĸŅľĴŋĬıĸŇĔŀĵŌƞħƟŅĬľĬƟŅĨŅĴĪŇĻĪŅĚĔŅĶľĴŋĬȮŏĴŊŗŀĮĸŅŏėĸŊŗŀĬĴŅĩŉĚȮȮȮȮȮȮȮȮȮ
ĪƞŀĸŜŅŏĸňĵĚĨńĺĮĸŅěŉĚįƞŅĬœĮĵńĚľĬƞĺĵĨńħľńĺĮĸŅœħƟĽŃħĺĔŐĸŃŏĶŖĺĕŉŘĬȮěŉĚĪŜŅŒľƟœĴƞŏĽňĵŏĺĸŅŒĬĔŅĶıĸŇĔĨńĺȮħńĚĬńŘĬȮ
ŏĸŊŀĔĽĳŅĺŃĪňŗĪŜŅŒľƟȮTavgȮŏĶŖĺĪňŗĽŋħȮ1ȮĶŃħńĭȮėŊŀȮėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚĨńĺĮĸŅĪňŗȮ03ȮĶŀĭ-ĬŅĪňȮȮȮ
ĮĸŅħŋĔěŜŅĬĺĬȮ/.ȮĨńĺȮŐĸŃĪňŗėĺŅĴŏĶŖĺĶŀĭȮ1.ȮĶŀĭ-ĬŅĪňȮĮĸŅħŋĔěŜŅĬĺĬȮ3ȮŐĸŃȮ/.ȮĨńĺȮĽŜŅľĶńĭŒĝƟŒĬĔŅĶĪħĽŀĭȮȮȮȮ
ŒĬĕńŘĬĨŀĬěńħŏĶňĵĚĨńĺĮĸŅŐĸŃĨńħľńĺĮĸŅĶƞĺĴĔńĬ 
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ĳŅıĪňŗȮ00ȮȮĸńĔļĦŃĔŅĶěńħŏĶňĵĚĮĸŅħŋĔȮȮ 
 
ĨŅĶŅĚĪňŗȮ0ȮȮĶŃĵŃŏĺĸŅŏĜĸňŗĵŒĬĔŅĶĸŜŅŏĸňĵĚĮĸŅħŋĔĪńŘĚľĴħȮ&Tavg,ȮĺŇĬŅĪň-Ĩńĺ'ȮĪňŗěŜŅĬĺĬĮĸŅŐĸŃėĺŅĴŏĶŖĺĶŀĭ

ĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚĨƞŅĚȮŕ 
 

ěŜŅĬĺĬĮĸŅħŋĔ 
&Ĩńĺ' 

 
ėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏĺňŗĵĚȮ 

&Ķŀĭ-ĬŅĪň' 

 0.ns 03 1.ns 

3  4,14±0,99b 4,76±1,50abB 3,32±1,41a 

/.  4,32±1,35b 2,80±0,94aA 2,64±0,87a 

/3  5,23±0,67b 5,03±0,98aB 4,01±1,19a 
 

ľĴŅĵŏľĨŋȮȮ a,bȮėƞŅŏĜĸňŗĵĪňŗĴňŀńĔļĶĵĔĔŜŅĸńĚĨƞŅĚĔńĬŒĬŐĬĺĬŀĬŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮ&p¢0,05' 
 A,BȮėƞŅŏĜĸňŗĵĪňŗĴňŀńĔļĶĵĔĔŜŅĸńĚĨƞŅĚĔńĬŒĬŐĬĺĨńŘĚŐĨĔĨƞŅĚĔńĬŀĵƞŅĚĴňĬńĵĽŜŅėńĠȮ&p¢0,05' 
 ns   ėƞŅŏĜĸňŗĵĪňŗĴňŀńĔļĶĵĔĔŜŅĸńĚŒĬŐĬĺĨńŘĚŐĨĔĨƞŅĚŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠȮ&p>0,05' 
 
 2,2ȮįĸĔŅĶĻŉĔļŅĔŅĶĪŜŅĚŅĬĕŀĚľĬƞĺĵĨńħľńĺĮĸŅ 
  ȮěŅĔĨŅĶŅĚĪňŗȮ1ȮıĭĺƞŅȮėĺŅĴŏĶŖĺĶŀĭĕŀĚĞŀĚĶńĭĨńĺĮĸŅĪňŗȮ03*Ȯ1.ȮŐĸŃȮ13ȮĶŀĭ-ĬŅĪňȮĶƟŀĵĸŃ
įĸįĸŇĨŐĨĔĨƞŅĚŀĵƞŅĚœĴƞĴňĬńĵĽŜŅėńĠȮ&p>0,05'ȮŐĽħĚŒľƟŏľŖĬĺƞŅĪƞŀĭńĚėńĭĨńĺĮĸŅĽŅĴŅĶĩĭńĚėńĭĨńĺĮĸŅŀĵŌƞĨĶĚ
ĔĸŅĚĪƞŀŐĸŃŀĵŌƞĬŇŗĚŒĬĕĦŃĞŀĚŏėĸŊŗŀĬĪňŗŏĕƟŅľŅŐĸŃŏėĸŊŗŀĬĪňŗįƞŅĬŒĭĴňħȮěŅĔĔŅĶĪħĸŀĚŏĭŊŘŀĚĨƟĬĪŇĻĪŅĚĨńĺĮĸŅ
ėŊŀȮħƟŅĬľĸńĚľĶŊŀħƟŅĬĪƟŀĚĕŀĚĮĸŅĪňŗľĴŋĬŏĕƟŅľŅŒĭĴňħœĴƞĴňįĸĨƞŀĶƟŀĵĸŃįĸįĸŇĨȮŐĨƞĪňŗėĺŅĴŏĶŖĺĶŀĭĞŀĚĶńĭĨńĺ
ĮĸŅȮ03ȮĶŀĭ-ĬŅĪňȮĴňėƞŅŏĜĸňŗĵĕŀĚĶƟŀĵĸŃįĸįĸŇĨĽŌĚĽŋħĶƟŀĵĸŃȮ65,49±0,95 ěŉĚŏĸŊŀĔėĺŅĴŏĶŖĺĶŀĭĬňŘĽŜŅľĶńĭȮȮȮȮȮ
ŒĝƟŒĬĔŅĶĪħĽŀĭŒĬĕńŘĬĨŀĬěńħŏĶňĵĚĨńĺĮĸŅŐĸŃĨńħľńĺĮĸŅĶƞĺĴĔńĬȮ 
 

ĨŅĶŅĚĪňŗȮ1ȮȮĶƟŀĵĸŃįĸįĸŇĨĪňŗėĺŅĴŏĶŖĺĶŀĭĕŀĚĞŀĚĶńĭĨńĺĮĸŅĨƞŅĚȮŕ 
 

ėĺŅĴŏĶŖĺĶŀĭĕŀĚĞŀĚĶńĭĨńĺĮĸŅ 
&Ķŀĭ-ĬŅĪň' 

ĶƟŀĵĸŃįĸįĸŇĨns 

 
03 65,49±0,95 
1. 64,27±1,69 
13 63,85±4,14 

 

ľĴŅĵŏľĨŋȮȮ ns   Å¬óÿÊæöćãØöćâöîòÂêäãÂÂČóæòÈĂÚĀÚèÖòĈÈĀÖÂÖ¬óÈîã¬óÈăâ¬âöÚòãëČóÅòÎ (p>0.05) 

įĬńĚŐĽĨĬŏĸĽ ĮĸŅĩŉĚĪƞŀ
ĸŜŅŏĸňĵĚıĶƟŀĴĔńĬ 

ŐĪƞĚĝƞĺĵĔĺŅħĨńĺĮĸŅ 
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 2,3ȮįĸĔŅĶĪħĽŀĭĔŅĶĪŜŅĚŅĬĶƞĺĴĔńĬĶŃľĺƞŅĚľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŐĸŃľĬƞĺĵĨńħľńĺĮĸŅ 
  ȮĪħĽŀĭĔŅĶĪŜŅĚŅĬĶƞĺĴĔńĬĽŜŅľĶńĭľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅĪňŗĴňȮTavgȮŏĶŖĺĪňŗĽŋħȮ1ȮĶŃħńĭȮėŊŀȮ
ėĺŅĴŏĶŖĺĶŀĭĕŀĚŐįƞĬľĴŋĬŏľĺňŗĵĚĪňŗȮ03ȮĶŀĭ-ĬŅĪňȮĮĸŅħŋĔěŜŅĬĺĬȮ/.ȮĨńĺȮ&A'ȮŐĸŃĪňŗėĺŅĴŏĶŖĺĶŀĭȮ1.ȮĶŀĭ-ĬŅĪňȮ
ĮĸŅħŋĔěŜŅĬĺĬȮ3Ȯ&B'ȮŐĸŃȮ/.ȮĨńĺȮ&C'ȮŐĸŃľĬƞĺĵĨńħľńĺĮĸŅĪňŗėĺŅĴŏĶŖĺĶŀĭĕŀĚĞŀĚĶńĭĨńĺĮĸŅȮ03ȮĶŀĭ-ĬŅĪňȮ
ěŅĔĨŅĶŅĚĪňŗȮ2ȮıĭĺƞŅȮĪňŗĽĳŅĺŃȮBȮėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬŏľĺňŗĵĚĨńĺĮĸŅȮ1.ȮĶŀĭ-ĬŅĪňȮěŜŅĬĺĬĮĸŅħŋĔȮ3ȮĨńĺȮ
ıĭĮĸŅħŋĔĸĚŏıňĵĚĞŀĚĸŃȮ/ȮĨńĺȮěŉĚĬŜŅĽĳŅĺŃȮBȮĬňŘĪħĽŀĭĔŅĶĨńħľńĺĮĸŅħŋĔȮěŅĔĨŅĶŅĚĪňŗȮ3ȮŐĸŃȮĨŅĶŅĚįĬĺĔĪňŗȮ
2ȮıĭĺƞŅȮĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔĽŅĴŅĶĩĨńħľńĺĮĸŅħŋĔœħƟĶŃĵŃŏĺĸŅŏĜĸňŗĵȮ4,0±1,8ȮĺŇĬŅĪň-ĨńĺȮŐĸŃ
ĶƟŀĵĸŃįĸįĸŇĨȮ43,3/±.,60ȮĞŉŗĚĨńħœħƟŏĶŖĺĔĺƞŅŐĸŃĴňėƞŅĶƟŀĵĸŃįĸįĸŇĨŒĔĸƟŏėňĵĚĔńĭĔŅĶĨńħħƟĺĵŐĶĚĚŅĬėĬĪňŗ
ĶŃĵŃŏĺĸŅŏĜĸňŗĵȮ6,5±/,0ȮĺŇĬŅĪň-ĨńĺȮĶƟŀĵĸŃįĸįĸŇĨȮ44,30±1,91Ȯ&ĨŅĶŅĚįĬĺĔĪňŗȮ3'ȮŐĸŃĶŀĵĨńħŏĶňĵĭĽĴŗŜŅŏĽĴŀȮ
&ĳŅıĪňŗȮ01' 
 

ĨŅĶŅĚĪňŗȮ2ȮȮěŜŅĬĺĬĮĸŅħŋĔĪňŗĸĚŒĬĞŀĚĶńĭĨńĺĮĸŅȮĪňŗėĺŅĴŏĶŖĺĶŀĭĕŀĚĞŀĚĶńĭĨńĺĮĸŅȮ03ȮĶŀĭ-ĬŅĪň 
 

ĸŜŅħńĭĪňŗ 
ĽĳŅĺŃĪňŗŒĝƟŒĬĔŅĶĪħĽŀĭ 

A B C 
1 0 / 1 
2 0 / 2 
3 0 / 0 
4 0 / 1 
5 0 / 2 

 

ľĴŅĵŏľĨŋȮ AȮėĺŅĴŏĶŖĺĶŀĭĕŀĚŐįƞĬľĴŋĬŏľĺňŗĵĚȮ03ȮĶŀĭ-ĬŅĪňȮěŜŅĬĺĬĮĸŅħŋĔȮ/.ȮĨńĺ 
 BȮėĺŅĴŏĶŖĺĶŀĭĕŀĚŐįƞĬľĴŋĬŏľĺňŗĵĚȮ1.ȮĶŀĭ-ĬŅĪňȮěŜŅĬĺĬĮĸŅħŋĔȮ3ȮĨńĺȮȮ   
 CȮėĺŅĴŏĶŖĺĶŀĭĕŀĚŐįƞĬľĴŋĬŏľĺňŗĵĚȮ1.ȮĶŀĭ-ĬŅĪňȮěŜŅĬĺĬĮĸŅħŋĔȮ/.ȮĨńĺ 
 

ĨŅĶŅĚĪňŗȮ3ȮȮĶŃĵŃŏĺĸŅŏĜĸňŗĵŐĸŃĶƟŀĵĸŃįĸįĸŇĨĕŀĚĔŅĶĨńħľńĺĮĸŅħŋĔħƟĺĵŏėĶŊŗŀĚĨńħľńĺĮĸŅ 
 

ĸŜŅħńĭĪňŗ ĶŃĵŃŏĺĸŅŏĜĸňŗĵŒĬĔŅĶĨńħľńĺĮĸŅħŋĔ 
&ĺŇĬŅĪň-Ĩńĺ' 

ĶƟŀĵĸŃįĸįĸŇĨ 
 

/ 3,8 66,11 
0 8,0 66,18 
1 7,6 64,34 
2 7,0 64,97 
3 4,8 65,96 
ėƞŅŏĜĸňŗĵ 4,0±1,8 43,3/±.,60 
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Ȯ 
  
 
 
 
 
 
 
 
 
 &Ĕ' ȮȮȮȮȮȮȮȮȮȮȮȮȮ&ĕ' 
ĳŅıĪňŗȮ01ȮȮĸńĔļĦŃĶŀĵĨńħľńĺĮĸŅħŋĔȮ&Ĕ'ȮĨńħħƟĺĵŐĶĚĚŅĬėĬȮ&ĕ'ȮĨńħħƟĺĵŏėĶŊŗŀĚĨńħľńĺĮĸŅ 
 
1,ȮįĸĔŅĶĺŇŏėĶŅŃľƢľŅěŋħėŋƟĴĪŋĬ 
 

 ŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔĮĶŃĔŀĭħƟĺĵȮ0ȮľĬƞĺĵȮœħƟŐĔƞȮľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŐĸŃľĬƞĺĵĨńħľńĺĮĸŅŏĴŊŗŀ
ĪŜŅĚŅĬĶƞĺĴĔńĬėŜŅĬĺĦĽĴĶĶĩĬŃŒĬĔŅĶĨńħľńĺĮĸŅħŋĔœħƟȮ36.ȮĨńĺ-ĝńŗĺőĴĚȮľĶŊŀȮ//4ȮĔŇőĸĔĶńĴ-ĝńŗĺőĴĚȮěŅĔĨŅĶŅĚ
ĪňŗȮ4ȮœħƟŐĽħĚĶŅĵĸŃŏŀňĵħŐĸŃĶŅėŅĺńĽħŋŒĬĔŅĶĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔȮ/ȮŏėĶŊŗŀĚȮŒĬĮƖȮı,Ļ,Ȯ0341ȮŏĮƦĬŏĚŇĬȮ
3/*03.ȮĭŅĪȮěŅĔĳŅėįĬĺĔĪňŗȮ/ȮĮĶŃŏĴŇĬėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔĪňŗȮ0..ȮĝńŗĺőĴĚ-ĮƖȮ
ĔŜŅľĬħŒľƟŏėĶŊŗŀĚĪŜŅĚŅĬȮ/ȮĝńŗĺőĴĚ-ĺńĬȮėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚėŇħŏĮƦĬȮ60,41ȮĭŅĪ-ĝńŗĺőĴĚȮĔŅĶŒĝƟĚŅĬ
ėŋƟĴĪŋĬŏĮĶňĵĭŏĪňĵĭĔńĭĔŅĶĨńħľńĺĮĸŅħŋĔħƟĺĵŐĶĚĚŅĬȮ/ȮėĬȮŒĝƟŏĺĸŅŒĬĔŅĶĨńħľńĺĮĸŅħŋĔėŇħŏĮƦĬȮ64,4ȮĔŇőĸĔĶńĴ-ĝńŗĺőĴĚȮ
ėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪŜŅĚŅĬĕŀĚėĬėŇħŏĮƦĬȮ025,6.ȮĭŅĪ-ĝńŗĺőĴĚȮĮĶŃŏĴŇĬěŋħėŋƟĴĪŋĬœħƟȮ2/,47ȮĝńŗĺőĴĚ-ĮƖȮĴňĶŃĵŃŏĺĸŅ
ėŊĬĪŋĬȮ/4,00ȮŏħŊŀĬȮŐĸŃľŅĔŏıŇŗĴěŜŅĬĺĬĝńŗĺőĴĚŒĬĔŅĶĪŜŅĚŅĬĽŅĴŅĶĩľŅĶŃĵŃŏĺĸŅėŊĬĪŋĬœħƟȮ&ĳŅıĪňŗȮ02'Ȯ 
 
 
 
 
 
 
 
 
 
 
 
 
 
ĳŅıĪňŗȮ02ȮȮĶŃĵŃŏĺĸŅėŊĬĪŋĬĕŀĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔŏĴŊŗŀŏıŇŗĴĝńŗĺőĴĚĔŅĶĪŜŅĚŅĬȮ 
Ȯ 
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ĔŅĶĪŜŅĚŅĬȮ&ĝńŗĺőĴĚ-ĮƖ'
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ĨŅĶŅĚĪňŗȮ4ȮȮĨƟĬĪŋĬėƞŅŒĝƟěƞŅĵĺńĽħŋŒĬĔŅĶĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔ 
 

ĸŜŅħńĭĪňŗ ĶŅĵĔŅĶ ěŜŅĬĺĬ 
ĶŅėŅ 
&ĭŅĪ' 

/ 
 

ȮȮȮȮ 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
0 

ľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅ 
/,/ȮőėĶĚŏėĶŊŗŀĚȮ 

- ĽŐĨĬŏĸĽĜŅĔĕĬŅħȮ16x16x3,2ȮĴŇĸĸŇŏĴĨĶ 
/,0ȮĝŋħĨƟĬĔŜŅĸńĚ 

- ĴŀŏĨŀĶƢĕĬŅħȮ/ȮŐĶĚĴƟŅȮ00.ȮőĺĸĨƢȮ/ȮŏĲĽ 1*450 Ķŀĭ-ĬŅĪň 
- ŏĔňĵĶƢĪħĶŀĭĝĬŇħȮPOPU+/3ȮŀńĨĶŅĪħȮ6081 
- ŏıĸŅĕńĭěŅĬľĴŋĬŏľĺňŗĵĚȮø06x500 ĴŇĸĸŇŏĴĨĶ 
- ĨĸńĭĸŌĔĮƘĬȮY+bearing ŐĭĭľĬƟŅŐĮĸĬȮø 25 ĴŇĸĸŇŏĴĨĶ 
- ĸŌĔĶŀĔȮøȮ0..ȮĴŇĸĸŇŏĴĨĶȮĝĬŇħĶƞŀĚȮB 
- ĸŌĔĶŀĔȮøȮ/..ȮĴŇĸĸŇŏĴĨĶȮĝĬŇħĶƞŀĚȮB 
- ĽŅĵıŅĬĸŇŗĴĨńĺĺňȮ&V+Belt'ȮĝĬŇħȮB 

/,1ȮĝŋħľĴŋĬŏľĺňŗĵĚěńħŏĶňĵĚĨńĺĮĸŅ 
- ŐįƞĬıňĺňĞňĽňŏĪŅĨńħĔĸĴȮø /*00.x/0ȮĴŇĸĸŇŏĴĨĶ 
- ŏıĸŅĽŐĨĬŏĸĽȮø 3.x2.ȮĴŇĸĸŇŏĴĨĶȮĵŅĺȮ/3.ȮĴŇĸĸŇŏĴĨĶ 
- ĪƞŀĽŐĨĬŏĸĽȮø 53ȮĴŇĸĸŇŏĴĨĶȮľĬŅȮ0ȮĴŇĸĸŇŏĴĨĶ 
- ŐįƞĬĽŐĨĬŏĸĽľĬŅȮ/,0ȮĴŇĸĸŇŏĴĨĶȮĴƟĺĬĔĸĴȮø /*00.x0..Ȯ
ĴŇĸĸŇŏĴĨĶ 

ľĬƞĺĵĨńħľńĺĮĸŅȮ 
0,/ȮőėĶĚŏėĶŊŗŀĚ 

- ĽŐĨĬŏĸĽĜŅĔĕĬŅħȮ16x16x1,0ȮĴŇĸĸŇŏĴĨĶ 
- ĽŐĨĬŏĸĽŐĭĬĕĬŅħȮ1.x1ȮĴŇĸĸŇŏĴĨĶ 
- ĽŐĨĬŏĸĽŐįƞĬĕĬŅħȮ/*0..x0*2..x/,0ȮĴŇĸĸŇŏĴĨĶ 
- ŐįƞĬıňĺňĞňĽňŏĪŅĽňŗŏľĸňŗĵĴĕĬŅħȮ3..x3..x/0ȮĴŇĸĸŇŏĴĨĶ 
- ľĬƟŅŐĮĸĬĽňŗŏľĸňŗĵĴĕĬŅħȮ/0.x/0.x3ȮĴŇĸĸŇŏĴĨĶ 

0,0ȮĝŋħĨƟĬĔŜŅĸńĚ 
- ĴŀŏĨŀĶƢĕĬŅħȮ0ȮŐĶĚĴƟŅȮ00.ȮőĺĸĨƢȮ/ȮŏĲĽ 
- ŏĔňĵĶƢĪħĶŀĭĝĬŇħȮPOPU+/3ȮŀńĨĶŅĪħȮ4.8/ 
- ŏıĸŅĕńĭĞŀĚĶńĭĨńĺĮĸŅ 
- ŏĲƘŀĚőĞƞȮRS2.+1.TH ŏĭŀĶƢȮ2.ȮěŜŅĬĺĬȮ1.ȮĲƤĬ 
- ŏĲƘŀĚőĞƞȮRS2.+3.TH ŏĭŀĶƢȮ2.ȮěŜŅĬĺĬȮ3.ȮĲƤĬ 
- őĞƞŀŋĨĽŅľĔĶĶĴȮRS2. 
- ĨĸńĭĸŌĔĮƘĬȮY+bearing ŐĭĭľĬƟŅŐĮĸĬȮøȮ03ȮĴŇĸĸŇŏĴĨĶ 
- ĕƟŀĨƞŀŐĭĭŏĕňŘĵĺȮ&Coupling'ȮĶŌȮ06ȮĴŇĸĸŇŏĴĨĶ 

 

 
 
2ȮȮŏĽƟĬ 
 
/ȮȮľńĺ 
/ȮȮĝŋħ 
/ȮȮŏıĸŅ 
0ȮȮĨĸńĭ 
/ȮȮĨńĺ 
/ȮȮĨńĺ 
/ȮŏĽƟĬ 
 
/ȮȮŐįƞĬ 
/ȮȮŏıĸŅ 
/ȮȮĪƞŀ 
/ȮȮŐįƞĬ 
 
 
1ȮȮŏĽƟĬ 
/ȮȮŏĽƟĬ 
/ȮȮŐįƞĬ 
/ȮȮŐįƞĬ 
0ȮȮŐįƞĬ 
 
 
/ȮȮľńĺ 
/ȮȮĝŋħ 
/ȮȮŏıĸŅ 
/ȮȮĨńĺ 
/ȮȮĨńĺ 
/ȮȮŏĽƟĬ 
0ȮȮĨĸńĭ 
/ȮȮĝŋħ 

 
 

1*6.. 
 

2*0.. 
1*0.. 
ȮȮȮ6.. 
6.. 
13. 
/6. 
/.. 

 
1*... 
1.. 
/*0.. 
2*... 

 
 

0*63. 
11. 
/*7.. 
43. 
0.. 

 
 

4*0.. 
1*0.. 
/*0.. 
2.. 
/*0.. 
26. 
6.. 
03. 
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 ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĽĶŋĮįĸĔŅĶĪħĸŀĚ 

 
 /'ȮŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔŐĭƞĚĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚŏĮƦĬȮ0ȮľĬƞĺĵĵƞŀĵȮœħƟŐĔƞȮľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅȮȮȮȮ
ĪŜŅľĬƟŅĪňŗěńħŏĶňĵĚŒľƟľńĺĮĸŅħŋĔľĴŋĬŏĕƟŅĞŀĚŏıŊŗŀĮƚŀĬŒľƟľĬƞĺĵĨńħľńĺĮĸŅȮŐĸŃľĬƞĺĵĨńħľńĺĮĸŅĪŜŅľĬƟŅĪňŗĨńħľńĺ
ĮĸŅħŋĔŐĸŃŐĵĔĽƞĺĬľńĺŐĸŃĽƞĺĬĸŜŅĨńĺŀŀĔěŅĔĔńĬȮŒĬŐĨƞĸŃľĬƞĺĵĽŅĴŅĶĩŐĵĔĪŜŅĚŅĬœħƟĨŅĴľĬƟŅĪňŗĕŀĚľĬƞĺĵ
ĬńŘĬȮŕȮŐĸƟĺěŉĚĬŜŅĴŅĮĶŃĔŀĭĶĺĴĔńĬŏĮƦĬŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔȮ 
 0'ȮĽĳŅĺŃĪňŗŏľĴŅŃĽĴŒĬĔŅĶŒĝƟĚŅĬĶƞĺĴĔńĬȮėŊŀȮľĬƞĺĵěńħŏĶňĵĚĨńĺĮĸŅŒĝƟėĺŅĴŏĶŖĺĶŀĭĕŀĚěŅĬľĴŋĬ
ŏľĺňŗĵĚȮ1.ȮĶŀĭ-ĬŅĪňȮěŜŅĬĺĬĮĸŅħŋĔȮ3ȮĨńĺȮŐĸŃľĬƞĺĵĨńħľńĺĮĸŅŒĝƟėĺŅĴŏĶŖĺĶŀĭĞŀĚĶńĭĨńĺĮĸŅȮ03ȮĶŀĭ-ĬŅĪňȮ
ĪŜŅŒľƟŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔŒĝƟĶŃĵŃŏĺĸŅŏĜĸňŗĵŒĬĔŅĶĨńħľńĺĮĸŅħŋĔȮ4,0±1,8ȮĺŇĬŅĪň-ĨńĺȮŐĸŃĶƟŀĵĸŃįĸįĸŇĨȮ
43,3/±.,60ȮĞŉŗĚĨńħœħƟŏĶŖĺĔĺƞŅŐĸŃĴňėƞŅĶƟŀĵĸŃįĸįĸŇĨŒĔĸƟŏėňĵĚĔńĭĨńħħƟĺĵŐĶĚĚŅĬėĬȮĪňŗŒĝƟĶŃĵŃŏĺĸŅŏĜĸňŗĵŒĬĔŅĶ
ĨńħľńĺĮĸŅħŋĔȮ6,5±/,0ȮĺŇĬŅĪň-ĨńĺȮŐĸŃĶƟŀĵĸŃįĸįĸŇĨȮ44,30±1,91Ȯ 
 1'ȮėƞŅĺńĽħŋŒĬĔŅĶĽĶƟŅĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔėŇħŏĮƦĬŏĚŇĬȮ3/*03.ȮĭŅĪȮĽĴĶĶĩĬŃĔŅĶĪŜŅĚŅĬĕŀĚ
ŏėĶŊŗŀĚȮ//4ȮĔŇőĸĔĶńĴ-ĝńŗĺőĴĚȮĺŇŏėĶŅŃľƢěŋħėŋƟĴĪŋĬĽŜŅľĶńĭĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚĨńħľńĺĮĸŅħŋĔĪňŗȮ0..ȮĝńŗĺőĴĚ-ĮƖȮ
ėƞŅŒĝƟěƞŅĵŒĬĔŅĶĪŜŅĚŅĬĕŀĚŏėĶŊŗŀĚėŇħŏĮƦĬȮ60,41ȮĭŅĪ-ĝńŗĺőĴĚȮĔŅĶŒĝƟĚŅĬėŋƟĴĪŋĬȮ2/,47ȮĝńŗĺőĴĚ-ĮƖȮĴňĶŃĵŃŏĺĸŅ
ėŊĬĪŋĬȮ/4,00ȮŏħŊŀĬ 
 
 
 
 
 
 
 

ĨŅĶŅĚĪňŗȮ4ȮȮ&Ĩƞŀ' 

ĸŜŅħńĭĪňŗ ĶŅĵĔŅĶ ěŜŅĬĺĬ 
ĶŅėŅ 
&ĭŅĪ' 

 
 
 
 
 
 
 
 
 

0,1ȮĝŋħŒĭĴňħĨńħľńĺĮĸŅħŋĔ 
- ȮȮȮȮȮȮŒĭĴňħ 
- ȮȮȮȮȮȮŐĪƞĬĵŉħŒĭĴňħ 
0,0ȮĞŀĚĶńĭĮĸŅ 

- ĪƞŀĽŐĨĬŏĸĽȮ3.AxSch 2.ȮĵŅĺȮ/3.ȮĴŇĸĸŇŏĴĨĶ 
- ĽĮĶŇĚŐįƞĬĕĬŅħȮ03x100x1 ĴŇĸĸŇŏĴĨĶ 
- ĞŀĚĶńĭĮĸŅ 
- ľĬƟŅŐĮĸĬĽŐĨĬŏĸĽŐĭĭĺĚŐľĺĬȮøĬŀĔȮ74ȮĶŌĕĬŅħȮ4.,3ȮĴŇĸĸŇŏĴĨĶ 
- ŐįƞĬıňĺňĞňĽňŏĪŅĨńħĔĸĴȮøȮ24.x12 ĴŇĸĸŇŏĴĨĶ 
- ĽŐĨĬŏĸĽŐĭĬĕĬŅħȮ1.x1ȮĴŇĸĸŇŏĴĨĶȮĴƟĺĬĔĸĴȮøȮ113ȮĴŇĸĸŇŏĴĨĶȮ 

 
/ȮȮŒĭ 
/ȮȮŐĪƞĬ 
 
6ȮȮĪƞŀ 
6ȮȮŐįƞĬ 
6ȮȮĝŋħ 
6ȮȮĝŋħ 
0ȮȮŐįƞĬ 
0ȮȮĝŋħ 

 
/*... 
/*... 

 
0*2.. 
2.. 
/*4.. 
74. 
/*4.. 
3.. 

 Ȯ3/*03. 
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