
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ĖěĠîĂñěĞíĂě ĝěöěîĂù Ğ íĜîĊěîĞĚðĂĜîîĀúĂ íĜìûĚúĂ <;RC 



 

2 

ēüûĚøûěîĂě 

 

ÆđĐÊčĐËăėË ..................................................................................................................................................................................... 2 

ÂÎāëĄĐËăėË ....................................................................................................................................................................................... 7 

øÎāÌÍėĆËÎĂÊĎ ÎĄÍÊčĂÊ .............................................................................................................................................................. 8 

ÆÎăÌčăĕË ĄÍėăąėĄĕ đÌÍËăėĎ ė ĂÌăğËăÎÊąėė ........................................................................................................... 8 

ÓÕĞ ÎčĕċË ,++% ..................................................................................................................................................................... 10 

ÕÍÌēĐËďĕ ĄÍė ėÎĄÌĐĔĜÌčÊăėė ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč ............................................................................. 11 

ÅĂĊĝĚøûĂíĚ .......................................................................................................................................................... 14 

ÉėĄĕ ĄÌğĂĐòĆËăėĘ ................................................................................................................................................................. 15 

ÕÍĎďÌË ĄÌğĂĐòĆËăėË Ă ĂÌāĐë ............................................................................................................................................................ 15 

ÕÌğĂĐòĆËăėË ĆËÍËĜ đėğÍÊčĐėĆËÎĂėĘ ÍÊĜğËĐėāËĐĔ ........................................................................................................... 15 

ÓÌăÎāÍëĂąėĎ ė ĄÍėăąėĄ ÍÊēÌāĕ đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ ................................................................ 16 

ÄËāÌğĕ ÍÊÎĆËāÊ ÍÊĜďËÍÌč đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ ........................................................................................... 18 

ÆÎÌēËăăÌÎāė ÍÊÎĆËāÊ đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ ğĐĎ ăėĜĂÌāËďĄËÍÊāëÍăĕ× ÎėÎāËď) ÕÌğēÌÍ

ăÊÎÌÎÌč .............................................................................................................................................................................................................. 19 

ÕÌğĂĐòĆËăėË ĆËÍËĜ āËĄĐÌÌēďËăăėĂ ........................................................................................................................... 21 

ÂÌĜğë×ÌÌāğËĐėāËĐė ė ċĐÊďÌÎēÌÍăėĂė ....................................................................................................................... 22 

ÕÌğĄėāĂÊ ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂė ................................................................................................................................ 22 

ÉÍËēÌčÊăėĎ Ă ĂÊĆËÎāčë čÌğĕ.............................................................................................................................................. 23 

ĐĜîĊěîĞĚðĂĜîîĀě íĜìûĀ ............................................................................................................................ 25 

Luna Duo-tec MP ....................................................................................................................................................................... 26 

ÆÎÌēËăăÌÎāė .................................................................................................................................................................................................. 26 

ÇÊĜďËÍĕ ............................................................................................................................................................................................................ 27 

ÉË×ăėĆËÎĂėË ×ÊÍÊĂāËÍėÎāėĂė .............................................................................................................................................................. 28 

ĞėÊđÍÊďďĕ ...................................................................................................................................................................................................... 29 

Power HT ........................................................................................................................................................................................ 31 

ÆÎÌēËăăÌÎāė .................................................................................................................................................................................................. 31 

ÇÊĜďËÍĕ ............................................................................................................................................................................................................ 32 
ÉË×ăėĆËÎĂėË ×ÊÍÊĂāËÍėÎāėĂė .............................................................................................................................................................. 33 

ĞėÊđÍÊďďĕ ...................................................................................................................................................................................................... 34 

=ĠěúĀ Ċûù îĚĞìěîîĀĠ íĜîĊěîĞĚðĂĜîîĀĠ íĜìûĜø FngZ >nh-tec MP................................. 36 

È×ËďÊ ,%,ÂÉµ ................................................................................................................................................................................ 37 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 37 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 38 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 39 

È×ËďÊ - %,ÂÉ½ÔÂÈµ .................................................................................................................................................................... 40 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 40 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 41 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 42 



 

3 

È×ËďÊ . %,ÂÉ½,ÅÉµ.................................................................................................................................................................... 43 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 43 
ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 45 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 46 

È×ËďÊ / %,ÂÉ½-ÅÉµ.................................................................................................................................................................... 48 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 48 
ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 49 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 50 

È×ËďÊ 0 %gÂÉµ ............................................................................................................................................................................... 53 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 53 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 54 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 55 

È×ËďÊ 1 %,ÅÉ½ÔÂÈµ .................................................................................................................................................................... 56 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 56 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 57 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 58 

È×ËďÊ 2 %,ÂÉ½,ÅÉ½ÔÂÈµ ........................................................................................................................................................ 60 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 60 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 62 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 63 

È×ËďÊ 3 %,ÂÉ½,ÅÉ ½ÔÂÈ½ÈÌĐăąËµ .................................................................................................................................... 65 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 65 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 67 
ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 69 

È×ËďÊ 4 %,ÂÉ½-ÅÉ½ÔÂÈµ ........................................................................................................................................................ 71 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 71 
ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 72 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 73 

È×ËďÊ ,+ %ĂÊÎĂÊğ½,ÂÉ½,ÅÉµ ............................................................................................................................................... 76 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 76 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 77 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 79 

È×ËďÊ ,, %ĂÊÎĂÊğ½,ÅÉ½ÔÂÈµ ............................................................................................................................................... 82 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 82 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 83 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 84 

È×ËďÊ ,- %ĂÊÎĂÊğ½gÂÉ½ÔÂÈµ ................................................................................................................................................ 87 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 88 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 89 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 90 

È×ËďÊ ,. %ĂÊÎĂÊğ½gÂÉ½dÅÉ½ÔÂÈ½ÈÌĐăąËµ .................................................................................................................. 92 



 

4 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................... 93 
ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ ............................................................................................................................................................. 94 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................... 95 

È×ËďÊ ,/ %ĂÊÎĂÊğ½gÂÉ½dÅÉ½ÔÂÈµ ..................................................................................................................................... 99 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 100 
ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 101 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 102 

È×ËďÊ ,0 %ĂÊÎĂÊğ½gÂÉµ ........................................................................................................................................................ 105 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 105 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 106 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 107 

=ĠěúĀ Ċûù îĚïĜûÿîĀĠ íĜîĊěîĞĚðĂĜîîĀĠ íĜìûĜø Jhp^k BN ............................................ 109 

È×ËďÊ ,%,ÂÉµ ............................................................................................................................................................................. 110 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 110 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 111 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 112 

È×ËďÊ - %,ÂÉ½,ÅÉµ................................................................................................................................................................. 113 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 113 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 114 
ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 115 

È×ËďÊ . %,ÂÉ½,ÅÉ½ÔÂÈµ ..................................................................................................................................................... 117 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 117 
ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 119 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 120 

È×ËďÊ / %,ÂÉ½,ÅÉ ½ÔÂÈ½ÈÌĐăąËµ ................................................................................................................................. 122 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 122 
ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 124 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 125 

È×ËďÊ 0 %,ÂÉ½-ÅÉµ................................................................................................................................................................. 127 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 127 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 128 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 129 

È×ËďÊ 1 %,ÂÉ½-ÅÉ½ÔÂÈµ ..................................................................................................................................................... 132 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 132 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 133 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 134 

È×ËďÊ 2 %,ÂÉ½ÔÂÈµ ................................................................................................................................................................. 137 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 137 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 138 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 139 

È×ËďÊ 3 %,ÅÉ½ÔÂÈµ ................................................................................................................................................................. 140 



 

5 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 140 
ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 142 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 143 

È×ËďÊ 4 %gÂÉµ ............................................................................................................................................................................ 145 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 145 
ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 146 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 147 

È×ËďÊ ,+ %ĂÊÎĂÊğ½,ÂÉ½,ÅÉµ ............................................................................................................................................ 148 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 148 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 150 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 151 

È×ËďÊ ,, %ĂÊÎĂÊğ½gÂÉµ ........................................................................................................................................................ 153 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 153 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 154 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 155 

È×ËďÊ ,- %ĂÊÎĂÊğ½gÂÉ½gÅÉ½ÔÂÈµ ................................................................................................................................. 157 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 158 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 159 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 160 

È×ËďÊ ,. %ĂÊÎĂÊğ½gÂÉ½ÔÂÈµ ............................................................................................................................................. 163 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ............................................................................................................................................................................ 164 

ðĐËĂāÍėĆËÎĂėË ĄÌğĂĐòĆËăėĎ .......................................................................................................................................................... 165 

ÅÊÎāÍÌĘĂÊ ĄÊÍÊďËāÍÌč ........................................................................................................................................................................ 166 

ēĊĂîĜñîĀě íĜìûĀ......................................................................................................................................... 168 

ÔėğÍÊčĐėĆËÎĂėË ĄÌğĂĐòĆËăėĎ FngZ >nh-tec MP ............................................................................................. 169 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā FngZ >nh-tec MP 1.35-1.50-1.60-1.70 ................................................................................... 170 
ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā FngZ >nh-tec MP 1.90-1.110 ........................................................................................................ 171 

ÔÊēÊÍėāăĕË ė ĄÍėÎÌËğėăėāËĐĔăĕË ÍÊĜďËÍĕ ........................................................................................................................ 172 

Power HT ........................................................................................................................................................................................................ 173 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā Jhp^k BN ,)/0+-1.1500.................................................................................................................... 174 

ÔÊēÊÍėāăĕË ė ĄÍėÎÌËğėăėāËĐĔăĕË ÍÊĜďËÍĕ ........................................................................................................................ 174 

ĞĕďÌ×ÌğăĕË ÎėÎāËďĕ.......................................................................................................................................................... 175 

Luna Duo-tec MP ...................................................................................................................................................................................... 175 
ÁĂÎËÎÎëÊÍĕ ğĐĎ ĂÌÊĂÎėÊĐĔăÌđÌ ğĕďÌ×ÌğÊ ............................................................................................................................ 178 

Luna Duo-tec MP 1.35-1.50-1.60-1.70 ....................................................................................................................................... 178 

Luna Duo-tec MP 1.90-1.110 ............................................................................................................................................................ 178 

ÇÊĜğËĐĔăĕĘ ğĕďÌ×Ìğ ............................................................................................................................................................................ 179 

ÕÍėďËÍĕ ëÎāÊăÌčĂė ÎėÎāËďĕ Î đÌÍėĜÌăāÊĐĔăĕďė ÍÊĜğËĐĔăĕďė ğĕďÌ×ÌğÌď) .............................................. 180 

ÁĂÎËÎÎëÊÍĕ ğĐĎ ÍÊĜğËĐĔăÌđÌ ğĕďÌ×ÌğÊÏ 80 ďď ............................................................................................................ 181 

Luna Duo-tec MP 1.35-1.50-1.60-1.70 ....................................................................................................................................... 181 

ÁĂÎËÎÎëÊÍĕ ğĐĎ ÍÊĜğËĐĔăÌđÌ ğĕďÌ×ÌğÊ Î āÍëēÊďėÏ 110 ďď ................................................................................. 182 

Luna Duo-tec MP 1.90-1.110 ............................................................................................................................................................ 182 

Power HT ........................................................................................................................................................................................................ 183 



 

6 

ÁĂÎËÎÎëÊÍĕ ÎėÎāËďĕ Î ÍÊĜğËĐĔăĕďė ğĕďÌ×Ìğăĕďė āÍëēÊďėÏ 80 ďď .............................................................. 185 

Power HT 1.450-1.650 .......................................................................................................................................................................... 185 

ÁĂÎËÎÎëÊÍĕ ğĐĎ ÍÊĜğËĐĔăÌđÌ ğĕďÌ×ÌğÊ Î āÍëēÊďėÏ 110 ďď ................................................................................. 186 

Power HT 1.850-1.1000-1.1200-1.1500 ................................................................................................................................... 186 

ĐĜìûĀ ø íĚĞíĚĊě ............................................................................................................................................. 187 

ÔėğÍÊčĐėĆËÎĂėË ĄÌğĂĐòĆËăėĎ FngZ >nh-tec MP ............................................................................................. 188 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ğĐĎ ĂÊÎĂÊğăÌđÌ ĄÌğĂĐòĆËăėĎ FngZ >nh-tec MP 1.35-1.50-1.60-1.70 ............. 189 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ğĐĎ ĂÊÎĂÊğăÌđÌ ĄÌğĂĐòĆËăėĎ FngZ >nh-tec MP 1.90-1.110 .................................. 190 

ÔÊēÊÍėāăĕË ė ĄÍėÎÌËğėăėāËĐĔăĕË ÍÊĜďËÍĕ ........................................................................................................................ 191 

Luna Duo-tec MP 1.35-1.50-1.60-1.70 ....................................................................................................................................... 191 

Luna Duo-tec MP 1.90-1.110 ............................................................................................................................................................ 192 

Power HT ........................................................................................................................................................................................................ 193 

ÄÌăāÊěăĕĘ ĂÌďĄĐËĂā ğĐĎ ĄÌğĂĐòĆËăėĎ Jhp^k BN .......................................................................................................... 194 

ĞĕďÌ×ÌğăĕË ÎėÎāËďĕ.......................................................................................................................................................... 196 

Luna Duo-tec MP ...................................................................................................................................................................................... 196 
ÉÊēĐėąÊ ÍÊÎĆËāÊ ğėÊďËāÍÊ ĂÌĐĐËĂāÌÍăÌĘ āÍëēĕ %;µ ė ğĕďÌ×ÌğÊ %<µ .................................................................... 198 

Power HT ........................................................................................................................................................................................................ 199 

ÉÊēĐėąÊ ÍÊÎĆËāÊ ğėÊďËāÍÊ ĂÌĐĐËĂāÌÍăÌĘ āÍëēĕ %;µ ė ğĕďÌ×ÌğÊ %<µ .................................................................... 201 

ÁĂÎËÎÎëÊÍĕ ğĐĎ ÌāčÌğÊ ĄÍÌğëĂāÌč ÎđÌÍÊăėĎ ĄÍė ĂÊÎĂÊğăÌĘ ëÎāÊăÌčĂË ............................................................. 202 

ĕĂĞìěúĀ ğïĝĚøûěîĂù .................................................................................................................................. 204 

Luna Duo-tec MP .................................................................................................................................................................... 205 

ÁĂÎËÎÎëÊÍĕ ÍËđëĐėÍÌčÊăėĎ āËďĄËÍÊāëÍĕ' ĄÍÌđÍÊďďėÍÌčÊăėĎ' ăÊÎāÍÌĘĂė ė ëĄÍÊčĐËăėĎ- Luna Duo-

tec MP .............................................................................................................................................................................................................. 206 

Power HT ..................................................................................................................................................................................... 209 

ÁĂÎËÎÎëÊÍĕ ÍËđëĐėÍÌčÊăėĎ āËďĄËÍÊāëÍĕ' ĄÍÌđÍÊďďėÍÌčÊăėĎ' ăÊÎāÍÌĘĂė ė ëĄÍÊčĐËăėĎ Jhp^k BN

 .............................................................................................................................................................................................................................. 210 

ēþĜćîĚñěîĂě îĚ ĞĠěúĚĠ ........................................................................................................................... 213 

 

 



 

7 

ĎĞìğïûěîĂě 

ÅÊ ÎËđÌğăĎ' ĂÌăğËăÎÊąėĎ čÌğĎăĕ× ĄÊÍÌč' ĂÌāÌÍĕË ÌēÍÊĜëòāÎĎ ĄÍė ÎđÌÍÊăėė ëđĐËčÌğÌÍÌğÌč'

ĎčĐĎËāÎĎ ÌğăÌĘ ėĜ ăÊėēÌĐËË ĄËÍÎĄËĂāėčăĕ× ė ėăăÌčÊąėÌăăĕ×āË×ăÌĐÌđėĘ č ĄÍÌėĜčÌğÎāčË āËĄĐÊ) ÓÌāĐĕ'

ĂÌāÌÍĕË ÍÊēÌāÊòā ĄÌ āÊĂÌďë ĄÍėăąėĄë' ăÊĜĕčÊòā  ĂÌăğËăÎÊąėÌăăĕďė ĂÌāĐÊďė ) È ĂÊěğĕď đÌğÌď ăÊ

ëĂÍÊėăÎĂÌď ÍĕăĂË ÌāÌĄėāËĐĔăÌđÌ ÌēÌÍëğÌčÊăėĎ ĂÌăğËăÎÊąėÌăăÊĎ āË×ăėĂÊ ĜÊăėďÊËā čÎË ēÌĐËË

ëčËÍËăăĕË ĄÌĜėąėė) ÓÌăğËăÎÊąėÌăăĕË ĂÌāĐĕ ėďËòā ďăÌěËÎāčÌ ĄÍËėďëČËÎāč' ÌāĐėĆÊòāÎĎ čĕÎÌĂėď

ĂÌ÷ććėąėËăāÌď ĄÌĐËĜăÌđÌ ğËĘÎāčėĎ ė ăėĜĂėďė čĕēÍÌÎÊďė čÍËğăĕ× čËČËÎāč č ÊāďÌÎćËÍë) 

«<Zqb M)i);)¼ ÎāÍËďėāÎĎ čăËğÍĎāĔ ÷ăËÍđÌÎēËÍËđÊòČėË āË×ăÌĐÌđėė' ė ďăÌđÌË ğËĐÊËā ğĐĎ ÌēëĆËăėĎ

ÎĄËąėÊĐėÎāÌč ĄÌ ÍÊēÌāË Î ÎÌčÍËďËăăÌĘ ĂÌăğËăÎÊąėÌăăÌĘ āË×ăėĂÌĘ) ÅÊċė ĄÊÍāăËÍĕ ĄÍËğĐÊđÊòā ÌĆËăĔ

ċėÍÌĂėĘ ÊÎÎÌÍāėďËăā ăÊÎāËăăĕ× ė ăÊĄÌĐĔăĕ× ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč' Ê āÊĂěË ĄÌĐăĕĘ ăÊēÌÍ

ÊĂÎËÎÎëÊÍÌč ğĐĎ ÎÌĜğÊăėĎ ĂÊÎĂÊğăĕ× ëÎāÊăÌčÌĂ ăÊ ė× ÌÎăÌčË) 
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ãĞìĜĝĂñěĞíĚù ĞïĝĚøíĚ 

ÕËÍčĕË ĂÌăÎāÍëĂąėė ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč ĄÌĎčėĐėÎĔ č ÃčÍÌĄË ËČË č ÎËÍËğėăË ĄÍÌċĐÌđÌ

čËĂÊ) ðāė ĂÌāĐĕ ēĕĐė ğÊĐËĂė Ìā ÎÌčËÍċËăÎāčÊ' ×ÌāĎ ëěË āÌđğÊ ēĕĐė čËÎĔďÊ ÷ĂÌăÌďėĆăĕďė) ÔĐÊčăĕď

ăËğÌÎāÊāĂÌď ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč āÌđÌ čÍËďËăė ēĕĐÊ ăËğÌĐđÌčËĆăÌÎāĔ ÷ĐËďËăāÌč ĄÌğčËÍěËăăĕ×

čĐėĎăėò ÊđÍËÎÎėčăÌđÌ ĂÌăğËăÎÊāÊ) ÈāÊĐĔ ė Ćëđëă ēĕÎāÍÌ ĂÌÍÍÌğėÍÌčÊĐė' č ÍËĜëĐĔāÊāË ĆËđÌ ĂÌāËĐ

čĕ×ÌğėĐ ėĜ ÎāÍÌĎ) ÄÌğËĐė ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč' ĄÌ×ÌěėË ăÊ ÎÌčÍËďËăăĕË' ĄÌĎčėĐėÎĔ č 2+-× đÌğÊ×

ĄÍÌċĐÌđÌ čËĂÊ) ÉËĄĐÌÌēďËăăėĂė ĂÌāĐÌč ăÊĆÊĐė ėĜđÌāÊčĐėčÊāĔ ėĜ ăËÍěÊčËòČËĘ ÎāÊĐė ėĐė

ÊĐòďėăėËčĕ× ÎĄĐÊčÌč' ĂÌāÌÍĕË ăË ĄÌğğÊčÊĐėÎĔ čĐėĎăėò ĂÌÍÍÌĜėė) øďĄëĐĔÎ ēĕÎāÍÌďë ÍÊĜčėāėò

ĂÌăğËăÎÊąėÌăăÌĘ āË×ăėĂė č ÃčÍÌĄË āÊĂěË ğÊĐÊ ĄÌğğËÍěĂÊ ÎÌ ÎāÌÍÌăĕ đÌÎëğÊÍÎāčÊ) 

Â ÈÌčËāÎĂÌď ÈÌòĜË āÊĂěË ĄÍÌčÌğėĐėÎĔ ėÎÎĐËğÌčÊăėĎ ė ÎëČËÎāčÌčÊĐė ăËĂÌāÌÍĕË ăÊÍÊēÌāĂė č

÷āÌĘ ÌēĐÊÎāė' ÌğăÊĂÌ ĄÌ ÍÊĜĐėĆăĕď ĄÍėĆėăÊď Ìăė ăË ÎāÊĐė ďÊÎÎÌčĕďė) ÈëČËÎāčÌčÊĐÊ ĄÍÊĂāėĂÊ

ëÎāÊăÌčĂė ÎĄËąėÊĐĔăĕ× ĄÌğÌđÍËčÊāËĐËĘ' č čėğË āÍëēÌĂ ėĜ ÷ďÊĐėÍÌčÊăăÌĘ ÎāÊĐė ėĐė ÎāËĂĐÊ' č ĂÌāÌÍĕ×

ĄÍÌėÎ×ÌğėĐė ĄÍÌąËÎÎĕ ĂÌăğËăÎÊąėė) ðāė ĄÌğÌđÍËčÊāËĐė ĄÌčĕċÊĐė āËďĄËÍÊāëÍë čÌĜğë×Ê' ĂÌāÌÍĕĘ

ĄÌğÊčÊĐÎĎ č āÌĄĂë' ĄÍė ÷āÌď ĄÌčĕċÊĐÎĎ ÓÕĞ ÊđÍËđÊāÊ) ÅÌ ÷ďÊĐėÍÌčÊăăĕË āÍëēĂė ėďËĐė ăėĜĂėĘ ÎÍÌĂ

ÎĐëěēĕ' Ê ÎāËĂĐĎăăĕË čĕ×ÌğėĐė ėĜ ÎāÍÌĎ ĄÍė ăËÊĂĂëÍÊāăÌď ďÌăāÊěË) Â ÍËĜëĐĔāÊāË ğÊĐĔăËĘċËđÌ

ÍÊĜčėāėĎ ÷āė ÎėÎāËďĕ ăË ĄÌĐëĆėĐė ė ĄÍÌđÍÊďďÊ ēĕĐÊ ÎčËÍăëāÊ) 

 

ēĞîĜøîĀě ïĝĂîðĂïĀ üĜĝěîĂù Ă íĜîĊěîĞĚðĂĂ 

ÇËÊĂąėĎ đÌÍËăėĎ ëđĐËčÌğÌÍÌğăÌđÌ āÌĄĐėčÊ ÎÌĄÍÌčÌěğÊËāÎĎ čĕğËĐËăėËď āËĄĐÊ) ÅÊĄÍėďËÍ' ĄÍė

ÎđÌÍÊăėė ÎďËÎė ĄÍėÍÌğăÌđÌ đÊĜÊ %ďËāÊă- ÈÅ/µ ė čÌĜğë×Ê %č ĂÌāÌÍÌď' č ÌÎăÌčăÌď' ÎÌğËÍěėāÎĎ ĂėÎĐÌÍÌğ

Æ2 ė ÊĜÌā Hµ ÌÎăÌčăĕďė ĄÍÌğëĂāÊďė ÎđÌÍÊăėĎ ēëğëā ëđĐËĂėÎĐĕĘ đÊĜ %=I2µ' čÌğÊ %B2Iµ' Ê āÊĂěË

ăËēÌĐĔċÌË ĂÌĐėĆËÎāčÌ ÌĂėÎĐÌč ÊĜÌāÊ %HIqµ ė ëđÊÍăÌđÌ đÊĜÊ %=Iµ) ÆÎāÊĐĔăÌĘ ÌēĖËď ğĕďÌčĕ× đÊĜÌč

ēëğËā ÎÌÎāÊčĐĎāĔ ăËĄÍÌÍËÊđėÍÌčÊčċėĘ ĂėÎĐÌÍÌğ ė ÊĜÌā) ÂÌğÊ' ĄÌĐëĆÊËďÊĎ ĄÍė ÎđÌÍÊăėė āÌĄĐėčÊ' ĄÍė

čĕÎÌĂė× āËďĄËÍÊāëÍÊ× č ĜÌăË đÌÍËăėĎ ăËďËğĐËăăÌ ĄÍËčÍÊČÊËāÎĎ č ĄÊÍ) ĞĐĎ ėÎĄÊÍËăėĎ čÌğĕ

ĜÊāÍÊĆėčÊËāÎĎ āËĄĐÌ' ĂÌāÌÍÌË ÌāēėÍÊËā ĆÊÎāĔ āËĄĐÊ' ĄÌĐëĆËăăÌđÌ ĄÍė đÌÍËăėė) ÆÎāÊčċËËÎĎ āËĄĐÌ

ăÊĜĕčÊËāÎĎ ăėĜċËĘ āËĄĐÌāÌĘ ÎđÌÍÊăėĎ %K]bµ) 

ÉËĄĐÌ' ĄÌāÍÊĆËăăÌË ăÊ ėÎĄÊÍËăėË čÌğĕ' ďÌěăÌ ĄÌĐëĆėāĔ ăÊĜÊğ ĄÍė ÌēÍÊāăÌď ĄËÍË×ÌğË ėĜ

đÊĜÌÌēÍÊĜăÌĘ ćÊĜĕ č ěėğĂëò' āÌ ËÎāĔ ĄÍė ĂÌăğËăÎÊąėė) ðāÌ āËĄĐÌ' ăÊĜĕčÊËďÌË ÎĂÍĕāÌĘ āËĄĐÌāÌĘ

ĂÌăğËăÎÊąėė' ĎčĐĎËāÎĎ ĄÌÎāÌĎăăÌĘ ėĜčËÎāăÌĘ čËĐėĆėăÌĘ ĄÍė ÌĄÍËğËĐËăăĕ× āËďĄËÍÊāëÍË ė ğÊčĐËăėė)

ÈčÌēÌğăÊĎ āËĄĐÌāÊ' ĄÌĐëĆÊËďÊĎ ĄÌ ĂÌăğËăÎÊąėÌăăÌĘ āË×ăÌĐÌđėė' ÍÊčăÊ ÎëďďË ăėĜċËĘ āËĄĐÌāĕ

ÎđÌÍÊăėĎ %K]bµ ė ÎĂÍĕāÌĘ āËĄĐÌāĕ ĂÌăğËăÎÊąėė' ė ăÊĜĕčÊËāÎĎ čĕÎċËĘ āËĄĐÌāÌĘ ÎđÌÍÊăėĎ %K]lµ) 

Ó ĄÍėďËÍë' ĜăÊĆËăėĎ čĕÎċËĘ ė ăėĜċËĘ āËĄĐÌāĕ ÎđÌÍÊăėĎ ğĐĎ ĄÍėÍÌğăÌđÌ đÊĜÊ %ďËāÊăÊµ5 K]l 8

37,7 ÄĞě/ď
3
; Qdi = 34 ÄĞě/ď

3
. ðāÌ ĄÌĂÊĜĕčÊËā, ăÊÎĂÌĐĔĂÌ ÎëČËÎāčËăăÊ ÍÊĜăėąÊ ďËěğë %K]lµ ė %K]bµ)

ÄÊĂÎėďÊĐĔăÊĎ āËÌÍËāėĆËÎĂÊĎ ÷ĂÌăÌďėĎ ÷ăËÍđėė ĄÍė ėÎĄÌĐĔĜÌčÊăėė āËĄĐÌāĕ ĂÌăğËăÎÊąėė ğĐĎ

ĄÍėÍÌğăÌđÌ đÊĜÊ ÎÌÎāÊčĐĎËā ,,"' ğĐĎ ÎěėěËăăÌđÌ đÊĜÊ %ĄÍÌĄÊă-ēëāÊăµ 9%, Ê ğĐĎ ğėĜËĐĔăÌđÌ

āÌĄĐėčÊ 6%. 

ÓÊĂ đÌčÌÍėĐÌÎĔ ÍÊăËË' ĄÍė Ì×ĐÊěğËăėė ĄÊÍ ĄÍËčÍÊČÊËāÎĎ č čÌğë' ĂÌăğËăÎėÍëĎÎĔ ăÊ ēÌĐËË

×ÌĐÌğăÌĘ ĄÌčËÍ×ăÌÎāė) ÕÍė ÷āÌď ÌÎčÌēÌěğÊËāÎĎ ĆÊÎāĔ āËĄĐÌčÌĘ ÷ăËÍđėė' ĂÌāÌÍëò ďÌěăÌ ēĕĐÌ ēĕ

ėÎĄÌĐĔĜÌčÊāĔ ğĐĎ ĄÌčĕċËăėĎ ĄÍÌėĜčÌğėāËĐĔăÌÎāė ĂÌāĐÊ) ÉÊĂ čÌā' ĂÌđğÊ ÎÌĜğÊĐė āËĄĐÌÌēďËăăėĂ ğĐĎ

ÍÊēÌāĕ č ĂÌăğËăÎÊąėÌăăÌď ÍËěėďË' ÷āÌ ÎāÊĐÌ čÌĜďÌěăĕď) ÕÍė ÷āÌď ÍÊÎ×Ìğ āÌĄĐėčÊ ăË ëčËĐėĆėčÊËāÎĎ'

ĆāÌ ĄÍėčÌğėā Ă ÎëČËÎāčËăăÌĘ ÷ĂÌăÌďėė) 

ÕÍė ėÎĄÌĐĔĜÌčÊăėė ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč ăËÌē×ÌğėďÌ Ì×ĐÊğėāĔ ğĕďÌčĕË đÊĜĕ ğÌāÌĆĂė

ÍÌÎĕ) 

ÉÌĆĂÌĘ ÍÌÎĕ ĄÍė ğÊăăÌď ğÊčĐËăėė ăÊĜĕčÊËāÎĎ āËďĄËÍÊāëÍÊ' ğÌ ĂÌāÌÍÌĘ ğÌĐěăĕ Ì×ĐÊğėāĔÎĎ

ğĕďÌčĕË đÊĜĕ' ĆāÌēĕ ÎÌğËÍěÊČėËÎĎ č ăė× čÌğĎăĕË ĄÊÍĕ ğÌÎāėđĐė ÎÌÎāÌĎăėĎ ăÊÎĕČËăėĎ ė ăÊĆÊĐė

ĂÌăğËăÎėÍÌčÊāĔÎĎ č ÍÌÎë %čĐÊđëµ) 
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ÂËĐėĆėăÊ āÌĆĂė ÍÌÎĕ ÎėĐĔăÌ ĜÊčėÎėā Ìā čėğÊ āÌĄĐėčÊ %đÊĜ' ÎěėěËăăĕĘ đÊĜ' ğėĜËĐĔ ė ā)ğ)µ ė

ėĜēĕāÌĆăÌđÌ ÎÌğËÍěÊăėĎ čÌĜğë×Ê %ÍėÎ) 2µ' ĂÌāÌÍÌË č ÎčÌò ÌĆËÍËğĔ ÎčĎĜÊăÌ Î ĂÌăąËăāÍÊąėËĘ =I2 č

ğĕďÌčĕ× đÊĜÊ× %ÍėÎ) 1µ ĆËÍËĜ čĕÍÊěËăėË5 

RO2max / RO2, 

đğË LI- ÎÌğËÍěÊăėË āÍË×ÊāÌďăĕ× đÊĜÌč č ĄÍÌğëĂāÊ× ÎđÌÍÊăėĎ) 

 

ÇėÎëăÌĂ1- ýÊčėÎėďÌÎāĔ āËďĄËÍÊāëÍĕ āÌĆĂė ÍÌÎĕ Ìā ĄÍÌąËăāăÌđÌ ÎÌğËÍěÊăėĎ =I- %ğĐĎ ĄÍėÍÌğăÌđÌ đÊĜÊµ 

 

ÇėÎëăÌĂ2 - ýÊčėÎėďÌÎāĔ āËďĄËÍÊāëÍĕ āÌĆĂė ÍÌÎĕ Ìā ĂÌ÷ććėąėËăāÊ ėĜēĕāĂÊ čÌĜğë×Ê %ğĐĎ ĄÍėÍÌğăÌđÌ đÊĜÊµ 
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ĞĐĎ ĄÍėÍÌğăÌđÌ đÊĜÊćÌÍďëĐÊ ĄÍËÌēÍÊĜëËāÎĎ č5 

CO2max / CO2 = 11,8 / CO2, 

đğË ,,'3 ďÊĂÎėďÊĐĔăÌ čÌĜďÌěăÌË ĄÍÌąËăāăÌË ÎÌğËÍěÊăėË ëđĐËĂėÎĐÌđÌ đÊĜÊ ĄÍė ÎđÌÍÊăėė

ďËāÊăÊ) 

ÕÍė ėÎĄÌĐĔĜÌčÊăėė ĄÍėÍÌğăÌđÌ đÊĜÊ āËďĄËÍÊāëÍÊ āÌĆĂė ÍÌÎĕ ăÊĆėăÊËāÎĎ Î 04x=) ÕÍė

ğÌÎāėěËăėė āÌĆĂė ÍÌÎĕ čÌğĎăĕË ĄÊÍĕ č ğĕďÌčĕ× đÊĜÊ× ĂÌăğËăÎėÍëòāÎĎ č ĂÊĄËĐĔăëò čĐÊđë Î

čĕğËĐËăėËď ÎĂÍĕāÌĘ āËĄĐÌāĕ ĂÌăğËăÎÊąėė) ÕÍė ğÊĐĔăËĘċËď ÎăėěËăėė āËďĄËÍÊāëÍĕ čĕğËĐĎËāÎĎ

ğÌĄÌĐăėāËĐĔăÌË āËĄĐÌ) 

ÉÌĆĂÊ ÍÌÎĕ ÷āÌ āËďĄËÍÊāëÍÊ' ĄÍė ĂÌāÌÍÌĘ ĄÊÍąėÊĐĔăÌË ğÊčĐËăėË čÌğĎăÌđÌ ĄÊÍÊ'

ÎÌğËÍěÊČËđÌÎĎč ğĕďÌčĕ× đÊĜÊ×' ÍÊčăÌ ğÊčĐËăėò ăÊÎĕČËăėĎ) 

ĞÊčĐËăėË ăÊÎĕČËăėĎ ğÊčĐËăėË' ĄÍė ĂÌāÌÍÌď ÌÎëČËÎāčĐĎËāÎĎ ćÊĜÌčĕĘ ĄËÍË×Ìğ' ā)Ë) ďËăĎËāÎĎ

ÊđÍËđÊāăÌË ÎÌÎāÌĎăėË čËČËÎāčÊ) 

ÕÊÍąėÊĐĔăÌË ğÊčĐËăėË ğÊčĐËăėË' ĂÌāÌÍÌË ėďËĐ ēĕ đÊĜ' č×ÌğĎČėĘ č ÎÌÎāÊč đÊĜÌčÌĘ ÎďËÎė'

ËÎĐė ēĕ Ìă Ìğėă ĜÊăėďÊĐ ÌēĖÙď' ÍÊčăĕĘ ÌēĖÙďë ÎďËÎė ĄÍė āÌĘ ěË āËďĄËÍÊāëÍË) 

øĜ čĕċËÎĂÊĜÊăăÌđÌ čĕāËĂÊòā ëÎĐÌčėĎ ďÊĂÎėďÊĐĔăÌđÌ ėÎĄÌĐĔĜÌčÊăėĎ ¯ÎĂÍĕāÌĘ° āËĄĐÌāĕ

čÌğĎăĕ× ĄÊÍÌč ĂÌăğËăÎÊąėÌăăĕďė ĂÌāĐÊďė) 

ÈėÎāËďÊ ÌāÌĄĐËăėĎ' Î ĂÌāÌÍÌĘ ÍÊēÌāÊËā ĂÌăğËăÎÊąėÌăăĕĘ ĂÌāËĐ' ğÌĐěăÊ ÍÊēÌāÊāĔ ĂÊĂ ďÌěăÌ Î

ēÌĐËË ăėĜĂėďė āËďĄËÍÊāëÍÊďė āËĄĐÌăÌÎėāËĐĎ %ÌÎÌēËăăÌ čÊěăÊ āËďĄËÍÊāëÍÊ ÌēÍÊāăÌĘ Đėăėė' ā)Ă)

ĂÌăğËăÎÊąėĎ ăÊĆėăÊËāÎĎ č ×čÌÎāÌčĕ× ĆÊÎāĎ× ĂÌāĐÊ' ÌďĕčÊËďĕ× ÌēÍÊāăĕď āËĄĐÌăÌÎėāËĐËďµ) 

ÓÌăğËăÎÊąėÌăăĕĘ ĂÌāËĐ ğÌĐěËă ėďËāĔ ğÌÎāÊāÌĆăÌ čĕÎÌĂÌ÷ććËĂāėčăĕĘ āËĄĐÌÌēďËăăėĂ' ĆāÌēĕ

ëÎĄËāĔ Ì×ĐÊğėāĔ ĄÍÌğëĂāĕ ÎđÌÍÊăėĎ ăėěË āÌĆĂė ÍÌÎĕ ĜÊ čÍËďĎ ė× ĄÍÌ×ÌěğËăėĎ ĆËÍËĜ ăËđÌ) 

ÓÌăğËăÎÊąėÌăăĕĘ ĂÌāËĐ ğÌĐěËă ÍÊēÌāÊāĔ Î ĂÊĂ ďÌěăÌ ďËăĔċėď ėĜēĕāÌĆăĕď ÎÌğËÍěÊăėËď

čÌĜğë×ÊŬ.  

øÎ×ÌğĎ ėĜ ĄËÍčÌđÌ ëÎĐÌčėĎ ďÊĂÎėďÊĐĔăÌđÌ ÷ććËĂāÊ%ăÊėēÌĐËË ĄÌĐăÌđÌ ėÎĄÌĐĔĜÌčÊăėĎ

÷ăËÍđėė ÎěėđÊËďÌđÌ āÌĄĐėčÊµ ďÌěăÌ ğÌēėāĔÎĎ āÌĐĔĂÌ ĄÍė ÷ĂÎĄĐëÊāÊąėė ĂÌăğËăÎÊąėÌăăÌđÌ ĂÌāĐÊ Î

ÎėÎāËďÌĘ ÌāÌĄĐËăėĎ' ÍÊēÌāÊòČËĘ ĄÌ ÌāÌĄėāËĐĔăÌĘ ĂÍėčÌĘ' ĂÌđğÊ ēÌĐĔċëò ĆÊÎāĔ ÌāÌĄėāËĐĔăÌđÌ ÎËĜÌăÊ

āËďĄËÍÊāëÍÊ ÌēÍÊāăÌĘ Đėăėė ĄÌğğËÍěėčÊËāÎĎ ăėěË āËďĄËÍÊāëÍĕ āÌĆĂė ÍÌÎĕ) øÎ×ÌğĎ ėĜ --đÌ ė .-đÌ

ëÎĐÌčėĘ ĂÌăğËăÎÊąėÌăăĕĘ ĂÌāËĐ ğÌĐěËă ėďËāĔ āÊĂěË čĕÎÌĂÌ÷ććËĂāėčăëò đÌÍËĐĂë' ĂÌāÌÍÊĎ

ĄÌĜčÌĐėĐÊ ēĕ ĄÌĐëĆėāĔ ĂÊĆËÎāčËăăëò' ×ÌÍÌċÌ ÎďËċÊăăëò đÊĜÌčÌĜğëċăëò ÎďËÎĔ ğÊěË ĄÍė ăËēÌĐĔċÌď

ĂÌ÷ććėąėËăāË ėĜēĕāĂÊčÌĜğë×Ê' ĄÌğğËÍěėčÊĐÊ ēĕ ÷āÌā ĂÌ÷ććėąėËăā ăÊ ďėăėďÊĐĔăÌď ëÍÌčăË č

ĄÍÌąËÎÎË ÍÊēÌāĕ ė ēĕĐÊ ēĕ ÎĄÌÎÌēăÊ ĄÍËÌğÌĐËāĔ čĕÎÌĂÌË Ê÷ÍÌğėăÊďėĆËÎĂÌË ÎÌĄÍÌāėčĐËăėË ÍÊĜčėāĕ×

ĄÌčËÍ×ăÌÎāËĘ čĕÎÌĂÌ÷ććËĂāėčăÌđÌ āËĄĐÌÌēďËăăėĂÊ) ÕÌ ÷āÌĘ ĄÍėĆėăË č ĂÌăğËăÎėÍëòČė× ĂÌāĐÊ×

ėÎĄÌĐĔĜëòā čËăāėĐĎāÌÍăĕË đÌÍËĐĂė Î ĄÌĐăĕď ĄÍËğčÊÍėāËĐĔăĕď ÎďËċËăėËď đÊĜÊ ė čÌĜğë×Ê) 

 

ĐÆĉ ĞøĀöě ,++" 

ÓÊĂ ēĕĐÌ ÎĂÊĜÊăÌ čĕċË' ēëÍăÌďë ÍÊĜčėāėò ĂÌăğËăÎÊąėÌăăÌĘ āË×ăėĂė ÎĄÌÎÌēÎāčÌčÊĐÌ

ėÎĄÌĐĔĜÌčÊăėË č ĂÌăÎāÍëĂąėė ĂÌāĐÌč ÎāÌĘĂė× Ă ĂÌÍÍÌĜėė ÊĐòďėăėËčĕ× ÎĄĐÊčÌč ė ăËÍěÊčËòČËĘ ÎāÊĐė)

ÆēÍÊĜëòČėĘÎĎ ĂÌăğËăÎÊā ėďËËā ĂėÎĐÌāăëò ÎÍËğë' ĆāÌ čĕĜĕčÊËā ÎėĐĔăëò ĂÌÍÍÌĜėò ÎāÊĐė ė ĆëđëăÊ)

ÕÌ÷āÌďë ĄÍÌėĜčÌğėāËĐė ĂÌāĐÌč čÎĎĆËÎĂė ÎāÊÍÊĐėÎĔ ėÎĂĐòĆėāĔ ÎÊďë čÌĜďÌěăÌÎāĔ ĂÌăğËăÎÊąėė čÌğĎăĕ×

ĄÊÍÌč č āËĄĐÌÌēďËăăėĂË ė ğĕďÌ×ÌğË' čÎĎĆËÎĂė ĄĕāÊĎÎĔ ĄÌğğËÍěėčÊāĔ āËďĄËÍÊāëÍë ğĕďÌčĕ× đÊĜÌč ăË

ăėěË ,/+-,1+x=) ÉÊĂėď ÌēÍÊĜÌď' āËĄĐÌāë ĂÌăğËăÎÊąėė ĄÊÍÌč č ÍÊÎĆËā ăË ĄÍėăėďÊĐė) 

ÿËĐÌčËĂÊ' ĄÌďăĎČËđÌ ĂëÍÎ ćėĜėĂė ÎÍËğăËĘ ċĂÌĐĕ' ğÌĐěăÌ ăÊÎāÌÍÌěėāĔ ĜÊĎčĐËăėË

ĄÍÌėĜčÌğėāËĐËĘ ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč Ì āÌď' ĆāÌ ÓÕĞ ÷āė× ÊđÍËđÊāÌč ĄÍËčĕċÊËā ,++" ė ğÌÎāėđÊËā'

ăÊĄÍėďËÍ' ,+4") Âĕ×Ìğėā' ëÎāÍÌĘÎāčÌ Î āÊĂėď ÓÕĞ- ÷āÌ čËĆăĕĘ ğčėđÊāËĐĔ ÇÊĜđÊğĂÊ ĂÍÌËāÎĎ č āÌď' ĆāÌ

ÓÕĞ ēÌĐËË ,++" ĄÌĐëĆÊËāÎĎ āÌĐĔĂÌ ĄÍė ÎÍÊčăËăėė ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč Î āÍÊğėąėÌăăĕďė

ĂÌāĐÊďė) ðāÌ ėÎĂĐòĆėāËĐĔăÌ ğËďÌăÎāÍÊąėÌăăĕĘ ĄÍėËď' ĂÌāÌÍĕĘ ăË ėďËËā ăėĂÊĂÌđÌ ÎďĕÎĐÊ Î āÌĆĂė

ĜÍËăėĎ ćėĜėĂė' ĂÊĂ ăÊëĂė) 
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ÓÊĂ ďĕ ĄÌďăėď' ĄÍė ÎđÌÍÊăėė āÌĄĐėčÊ čĕğËĐĎËāÎĎ ÌĄÍËğËĐËăăÌË ĂÌĐėĆËÎāčÌ āËĄĐÌāĕ' ĂÌāÌÍëò

ėÎĄÌĐĔĜëòā ğĐĎ ăÊđÍËčÊ āËĄĐÌăÌÎėāËĐĎ) ÕÍėďËď ÷āÌ ĜăÊĆËăėË ĜÊ ,++") øÎĄÌĐĔĜÌčÊăėË ÎĂÍĕāÌĘ

āËĄĐÌāĕ ĂÌăğËăÎÊąėė ďÌěËā ëčËĐėĆėāĔ ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ ĂÌāĐÊ āËÌÍËāėĆËÎĂė ăÊ ,,"' Ê ĄÍÊĂāėĆËÎĂė

ăË ēÌĐËË ĆËď ăÊ 4" ēËĜ ëčËĐėĆËăėĎ ÍÊÎ×ÌğÊ āÌĄĐėčÊ) Â ÍËĜëĐĔāÊāË ÷ććËĂāėčăÌÎāĔ ėÎĄÌĐĔĜÌčÊăėĎ

āËĄĐÊ č ĂÌăğËăÎÊąėÌăăÌď ĂÌāĐË ÎÌÎāÊčėā ,+4") ÕÌğÌēăĕË ÍÊÎĆËāĕ ĄÍÌėĜčÌğĎā ėďËăăÌ ğĐĎ ÎÍÊčăËăėĎ

ÌēĕĆăĕ× ĂÌāĐÌč Î ĂÌăğËăÎÊąėÌăăĕďė) Â ÷āÌď ÎĐëĆÊË ÓÕĞ ĂÌāĐÊ ğËĘÎāčėāËĐĔăÌ ĄÌĐëĆÊËāÎĎ ēÌĐĔċË

,++") ÃÎĐė ĄÌÎĆėāÊāĔ Î ëĆËāÌď ÎĂÍĕāÌĘ āËĄĐÌāĕ ÎđÌÍÊăėĎ' āÌ ÓÕĞ ÎāÊăğÊÍāăĕ× ĂÌāĐÌč ÎÌÎāÊčĐĎËā čÎËđÌ

82-32"' Ê ë ĂÌăğËăÎÊąėÌăăĕ× ďÌğËĐËĘ ÷āÌā ĄÌĂÊĜÊāËĐĔ ďÌěËā ğÌÎāėđÊāĔ %ĄÍė ėğËÊĐĔăĕ× ëÎĐÌčėĎ×µ

ĜăÊĆËăėĎ 97-98%. 

 

ÆĝĜþûěúĀ ïĝĂ ĂĞïĜûÿćĜøĚîĂĂ íĜîĊěîĞĚðĂĜîîĀĠ íĜìûĜø 

øÎĄÌĐĔĜÌčÊăėË ÎĂÍĕāÌĘ āËĄĐÌāĕ čÌğĎăÌđÌ ĄÊÍÊ ėĜ ĄÍÌğëĂāÌč ÎđÌÍÊăėĎ ĄÌčĕċÊËā

÷ććËĂāėčăÌÎāĔ ėÎĄÌĐĔĜÌčÊăėĎ āÌĄĐėčÊ' ÎăėěÊËā ĂÊĂ ÊēÎÌĐòāăÌË %ĜÊ ÎĆËā ÎěėđÊăėĎ ďËăĔċËđÌ

ĂÌĐėĆËÎāčÊ āÌĄĐėčÊµ ĂÌĐėĆËÎāčÌ čĕēÍÌÎÌč čÍËğăĕ× čËČËÎāč' āÊĂ ė ëğËĐĔăÌË %ĜÊ ÎĆËā ēÌĐËË

ĂÊĆËÎāčËăăÌđÌ ÎđÌÍÊăėĎ ĄÍė ďËăĔċËĘ āËďĄËÍÊāëÍË ė čĕÎÌāË ĄĐÊďËăėµ' ĆāÌ ëďËăĔċÊËā čÍËğăÌË

čÌĜğËĘÎāčėË ăÊ ÌĂÍëěÊòČëò ÎÍËğë) 

ÓÍÌďË āÌđÌ ėÎĄÌĐĔĜÌčÊăėË ÎĂÍĕāÌĘ āËĄĐÌāĕ čÌğĎăÌđÌ ĄÊÍÊ ėĜ ĄÍÌğëĂāÌč ÎđÌÍÊăėĎ ĎčĐĎËāÎĎ ăË

ÎÊďÌĘ ĄÍÌÎāÌĘ āË×ăėĆËÎĂÌĘ ĜÊğÊĆËĘ %÷āÌ ĄÍėčÌğėā Ă ėÎĄÌĐĔĜÌčÊăėò ğÌÍÌđÌÎāÌĎČė× ĂÌăÎāÍëĂąėÌăăĕ×

ďÊāËÍėÊĐÌč' ëčËĐėĆËăėò ĄĐÌČÊğė ÌāÌĄėāËĐĔăĕ× ĄÍėēÌÍÌč ĄÍė ÎăėěËăėė āËďĄËÍÊāëÍĕ āËĄĐÌăÌÎėāËĐĎ 

ė ĄÍ)µ' Î ÷āėď ÎčĎĜÊăĕ ËČË ăËĂÌāÌÍĕË ÌāÍėąÊāËĐĔăĕË ďÌďËăāĕ5 

¶ ăėĜĂÊĎ āËďĄËÍÊāëÍÊ Ìā×ÌğĎČė× đÊĜÌč ĄÌÎĐË ĂÌăğËăÎÊąėÌăăÌđÌ ĂÌāĐÊ ğËĐÊËā čÌĜďÌěăĕď

ė× đÊÍÊăāėÍÌčÊăăĕĘ ÌāčÌğ č ÊāďÌÎćËÍë āÌĐĔĂÌ ĄÍėăëğėāËĐĔăĕď ÌēÍÊĜÌď ĄÌğ

ğÊčĐËăėËď Î ĄÌďÌČĔò čËăāėĐĎāÌÍÊ) 

ÕÍė ÷āÌď čÌĜăėĂÊËā ĜÊğÊĆÊ ÌēËÎĄËĆËăėĎ ĄÌĐăÌĘ đËÍďËāėĆăÌÎāė ğĕďÌ×ÌğÌč' ĄÍÌ×ÌğĎČė× čăëāÍė

ĜğÊăėĎ %Î ąËĐĔò ĄÍËğÌāčÍÊČËăėĎ ĄÌĄÊğÊăėĎ ăÊ×ÌğĎČė×ÎĎ ĄÌğ ėĜēĕāÌĆăĕď ğÊčĐËăėËď ĄÍÌğëĂāÌč

ÎđÌÍÊăėĎ č čÌĜğë× ĄÌďËČËăėĎµ' ė ĜÊČėāĕ Ìā ÌēĐËğËăËăėĎ ğĕďÌ×ÌğÌč' ăÊ×ÌğĎČė×ÎĎ ÎăÊÍëěė) 

Æā×ÌğĎČėË ĄÍÌğëĂāĕ ÎđÌÍÊăėĎ ĄÌÎĐË ĂÌăğËăÎÊąėÌăăÌđÌ ĂÌāĐÊ čÎË ěË ėďËòā ÌÎāÊāÌĆăëò

čĐÊěăÌÎāĔ ė ÌĆËăĔ ăėĜĂëò āËďĄËÍÊāëÍë) ÕÍė ēÌĐĔċÌĘ ĄÍÌāĎěËăăÌÎāė ăËëāËĄĐËăăĕ× ëĆÊÎāĂÌč ğĕďÌ×ÌğÊ

÷āÌ ďÌěËā ĄÍėčËÎāė Ă ÌēÍÊĜÌčÊăėò ĐĔğÊ ė ĜÊÍÊÎāÊăėò ğĕďÌ×ÌğÊ) 

¶ ĂÌÍÍÌĜėÌăăÊĎ ÊĂāėčăÌÎāĔ ÌēÍÊĜëòČËđÌÎĎ ĂÌăğËăÎÊāÊ) 

ÈÊď ĄÌ ÎËēË ĂÌăğËăÎÊā čÌğĎăÌđÌ ĄÊÍÊ ĄÍËğÎāÊčĐĎËā ăË ĆāÌ ėăÌË' ĂÊĂ ĆėÎāËĘċëò

ğėÎāėĐĐėÍÌčÊăăëò čÌğë) ÆğăÊĂÌ ÎÌËğėăËăėË ËđÌ Î ÎÌğËÍěÊČėďėÎĎ č ĄÍÌğëĂāÊ× ÎđÌÍÊăėĎ ÌĂÎėğÊďė

ëđĐËÍÌğÊ ÈÆ' ÊĜÌāÊ HÆÛ ė ÌÎÌēËăăÌ ÎËÍĕ MI3' ĄÍėčÌğėā ĂÌēÍÊĜÌčÊăėò ĂėÎĐÌā5 

ÈÆ ½ Å2Æ 8 Å2ÈÆ3 - ëđÌĐĔăÊĎ ĂėÎĐÌāÊ) ÈĐÊēÌÊĂāėčăÊĎ ĂėÎĐÌāÊ' ēĕÎāÍÌ ÍÊÎĄÊğÊòČÊĎÎĎ ăÊ čÌğë

H2Æ ė ğėÌĂÎėğ ëđĐËÍÌğÊ ÈÆ2. 

HÆ2 ½ Å2Æ 8 Å2NO3 - ÊĜÌāăÊĎ ĂėÎĐÌāÊ) ÆāăÌÎėāÎĎ Ă ÍÊĜÍĎğë ÎėĐĔăĕ× ĂėÎĐÌā) 

SO3 ½ Å2Æ 8 Å2MÆ4 - ÎËÍăÊĎ ĂėÎĐÌāÊ) ÆğăÊ ėĜ ÎėĐĔăĕ× ĂėÎĐÌā) 

Â ÍËĜëĐĔāÊāË ÷āė× ÎÌËğėăËăėĘ čĕĄÊğÊòČėĘ ăÊ ĄÌčËÍ×ăÌÎāĎ× āËĄĐÌÌēďËăăėĂÊ č ËđÌ ×čÌÎāÌčĕ×

ĆÊÎāĎ× ĂÌăğËăÎÊā ėďËËā ĂėÎĐëò ÍËÊĂąėò) ýăÊĆËăėĎ ÍB ğĐĎ ÍÊĜĐėĆăĕ× čËČËÎāč' č āÌď ĆėÎĐË ė ğėÊĄÊĜÌă

ĜăÊĆËăėĘ ÍB ğĐĎ ĂÌăğËăÎÊāÊ' ĄÍėčËğËăĕ ăÊ ÍėÎ) 3. 



 

12 

 

ÇėÎëăÌĂ3  iB ÍÊĜĐėĆăĕ× čËČËÎāč 

ÕÌ ĄÍėĆėăË ĂÌÍÍÌĜėÌăăÌĘ ÊĂāėčăÌÎāė ĂÌăğËăÎÊāÊ čÎË ÎÌĄÍėĂÊÎÊòČėËÎĎ Î ĂÌăğËăÎÊāÌď ĆÊÎāė

ĂÌăğËăÎÊąėÌăăÌđÌ ĂÌāĐÊ' čĂĐòĆÊĎ ğĕďÌ×Ìğ' ğÌĐěăĕ ēĕāĔ ÎğËĐÊăĕ ėĜ ÎāÌĘĂė× Ă ĂÌÍÍÌĜėė ďÊāËÍėÊĐÌč

%ĐËđėÍÌčÊăăÊĎ čĕÎÌĂÌĂÊĆËÎāčËăăÊĎ ăËÍěÊčËòČÊĎ ÎāÊĐĔ' ĐËđėÍÌčÊăăĕĘ ÊĐòďėăėĘ' ÍÊĜĐėĆăÌđÌ ÍÌğÊ

ĄĐÊÎāďÊÎÎĕ' ĂËÍÊďėĂÊµ ĂÌāÌÍĕË ÌēĕĆăÌ ăË ğÙċËčĕ) ÕÍÌēĐËďĕ ėďËòā ďËÎāÌ ė ĄÍė ÌāčÌğË

ÌēÍÊĜëòČËđÌÎĎ ĂÌăğËăÎÊāÊ č ÎėÎāËďë đÌÍÌğÎĂÌĘ ĂÊăÊĐėĜÊąėė) ÆāčÌğėďĕĘ č ĂÊăÊĐėĜÊąėò ĂÌăğËăÎÊā

ÎĄÌÎÌēËă ĄÍėčËÎāė Ă ĂÌÍÍÌĜėė ÎāÊĐĔăĕ× ė ąËďËăāăĕ× ĂÊăÊĐėĜÊąėÌăăĕ× āÍëē' Ê āÊĂěË Ă đėēËĐė

ėÎĄÌĐĔĜëËďĕ× ăÊ ÎāÊăąėĎ× Ê÷ÍÊąėė ğĐĎ ÌĆėÎāĂė ÎāÌĆăĕ× čÌğ ēÊĂāËÍėĘ) ÈĄÊÎÊËā' ÌğăÊĂÌ' āÌ' ĆāÌ č ąËĐÌď'

ėĜ-ĜÊ ďÊÎÎÌčÌđÌ ĄÍėďËăËăėĎ ďÌòČė× ÎÍËğÎāč' ÎāÌĆăĕË čÌğĕ ėďËòā ÎĐÊēÌČËĐÌĆăëò ÍËÊĂąėò %Îď) ÍėÎ) 

3µ) ÕÍė ÌğăÌčÍËďËăăÌď ÎĐėčË ēĕāÌčĕ× ÎāÌĆăĕ× čÌğ ė ĂÌăğËăÎÊāÊ Ìăė ăËĘāÍÊĐėĜëòā ğÍëđ ğÍëđÊ) 

ĞĐĎ ÌēËÎĄËĆËăėĎ ăËĘāÍÊĐėĜÊąėė ĂÌăğËăÎÊāÊ ÎāÌĆăĕďė čÌğÊďė č ÃčÍÌĄË' ăÊĄÍėďËÍ' ÎëČËÎāčëòā

ÎāÍÌđėË ĄÍËğĄėÎÊăėĎ ÌāăÌÎėāËĐĔăÌ ÎĐėčÊ ĂÌăğËăÎÊāÊ č đÌÍÌğÎĂëò ĂÊăÊĐėĜÊąėò) 

ÈÌđĐÊÎăÌ ÷āėď āÍËēÌčÊăėĎď5 

¶ ğÌĄëÎĂÊËāÎĎ ĄÌÎāÌĎăăÌ ÎĐėčÊāĔ ēËĜ ăËĘāÍÊĐėĜÊąėė č ÎėÎāËďë đÌÍÌğÎĂÌĘ ĂÊăÊĐėĜÊąėė

ĂÌăğËăÎÊā Ìā đÊĜÌčĕ× ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč ăÌďėăÊĐĔăÌĘ ďÌČăÌÎāĔò ğÌ 0+ ĂÂā) ÕÍė

÷āÌď ďÊāËÍėÊĐ ĂÊăÊĐėĜÊąėÌăăĕ× āÍëē ğÌĐěËă ÌāčËĆÊāĔ āÍËēÌčÊăėĎď' ĄÍËğÎāÊčĐËăăĕď č

āÊēĐ)1 

¶ ğÌĄëÎĂÊËāÎĎ ÎĐėčÊāĔ ēËĜ ăËĘāÍÊĐėĜÊąėė č ÎėÎāËďë đÌÍÌğÎĂÌĘ ĂÊăÊĐėĜÊąėė ĂÌăğËăÎÊā Ìā

đÊĜÌčĕ× ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč ăÌďėăÊĐĔăÌĘ ďÌČăÌÎāĔò Ìā0+ ğÌ -++ ĂÂā ĄÍė

ÌēÌÍëğÌčÊăėė ė× ÎĄËąėÊĐĔăĕďė ËďĂÌÎāĎďė' ĂÌāÌÍĕË ēëğëā ăÊĂÊĄĐėčÊāĔ ĂÌăğËăÎÊā č

ăÌĆăÌË čÍËďĎ ė ÎĐėčÊāĔ ËđÌ č ÎėÎāËďë ĂÊăÊĐėĜÊąėė č ğăËčăÌË čÍËďĎ' ĂÌđğÊ ėğËā ÎĐėč

ēĕāÌčĕ× ÎāÌĆăĕ× čÌğ) ÕÍė ÷āÌď ďÊāËÍėÊĐ ĂÊăÊĐėĜÊąėÌăăĕ× āÍëē ğÌĐěËă ÌāčËĆÊāĔ

āÍËēÌčÊăėĎď' ĄÍËğÎāÊčĐËăăĕď č āÊēĐ)1 

¶ ğĐĎ ëÎāÊăÌčÌĂ ăÌďėăÊĐĔăÌĘ ďÌČăÌÎāĔò ēÌĐËË -++ ĂÂā ĂÌăğËăÎÊā ÍÊĜÍËċÊËāÎĎ ÎĐėčÊāĔ č

đÌÍÌğÎĂëò ÎėÎāËďë ĂÊăÊĐėĜÊąėė āÌĐĔĂÌ ĄÌÎĐË ĄÍËğčÊÍėāËĐĔăÌĘ ăËĘāÍÊĐėĜÊąėė) 
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ÉÊēĐėąÊ1- ÄÊāËÍėÊĐĕ āÍëē' ĂÌÍÍÌĜėÌăăÌÎāÌĘĂėË ĄÌ ÌāăÌċËăėò Ă ĂÌăğËăÎÊāë 

ēĞîĜøîĜă úĚìěĝĂĚû ĕĜĝì 

ÓËÍÊďėĂÊ 
ÓËÍÊďėĆËÎĂėË āëēĕ ĄÌ >CH ,-.+  
ÓËÍÊďėĆËÎĂėË āÍëēĕ ÎĄËąėÊĐĔăÌđÌėÎĄÌĐăËăėĎ 

ÕÌĐėčėăėĐ×ĐÌÍėğ

(PVC) 

JP= ěÙÎāĂÊĎ āÍëēÊ Î ăÌďėăÊĐĔăÌĘ āÌĐČėăÌĘ ÎāËăĂė %Pµ ĄÌ >CH ,40.,  
JP= ěÙÎāĂÊĎ āÍëēÊ Î ëčËĐėĆËăăÌĘ āÌĐČėăÌĘ ÎāËăĂė %Pµ ĄÌ >CH ,40., 

JP= ěÙÎāĂÊĎ āÍëēÊ Î ĄÍÌĂĐÊğĂÌĘ č ĜËďĐË ĄÌ >CH ,40./ 

ÉÍëēÊ JP= ĄÌ >CH ,40.3 

ÕÌĐė÷āėĐËă 
PEH> āÍëēÊ ğĐĎ ēĕāÌčĕ× ÎāÌĂÌč ĄÌ >CH ,40.1  
PEB> āÍëēÊ ğĐĎ ĄÍÌĂĐÊğĂė č ĜËďĐË ĄÌ >CH ,40.2 

ÕÌĐėĄÍÌĄėĐËă %ÕÕµ ÉÍëēÊ ĄÌ >CH ,401+ 

ÁĂÍėĐăėāÍėĐ ;<M*;M; āÍëēÊ ĄÌ >CH ,401, 

üËĐËĜÌ 

ÿëđëăăĕË āÍëēĕ ĄÌ >CH ,40-- Î ÷ďÊĐėÍÌčÊăăÌĘ čăëāÍËăăËĘ ĄÌčËÍ×ăÌÎāĔò 

ÈāÊĐĔăĕË āÍëēĕ ĄÌ >CH ,40.+ Î ĄÌĂÍĕāėË ĄĐÊÎāėĂÌď 

ÈāÊĐĔăĕË ăËÍěÊčËòČėË āÍëēĕ 

ÈāËĂĐÌ ÉÍëēĕ ėĜ ēÌÍÌÎėĐėĂÊāăÌđÌ ÎāËĂĐÊ 

ÕÍėďËĆÊăėË 
ÃÎĐė ĂÌăğËăÎÊā ėďËËā iB ¹ 1)0' čÌĜďÌěËă ÌāčÌğ ĂÌăğËăÎÊāÊ ĆËÍËĜ āÍëēĕ'

ėďËòČėË ąËďËăāăĕË ÎčĎĜëòČėË 
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ÅĂĊĝĚøûĂíĚ 
ĖĂïĀ ïĜĊíûÝñěîĂă 

ÅĂĊĝĚøûĂñěĞíĂă ĝĚćĊěûĂìěûÿ 

ÆĜĊïĂìíĚ ĜìĜïĂìěûÿîĜă ĞĂĞìěúĀ 

ĖĝěþĜøĚîĂù í íĚñěĞìøğ øĜĊĀ 
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ĖĂïĀ ïĜĊíûÝñěîĂă 

Â ÷āÌď ÍÊĜğËĐË ÍÊÎÎďÊāÍėčÊòāÎĎ āÍė ĄÍėăąėĄėÊĐĔăĕË Î×Ëďĕ ĄÌğĂĐòĆËăėĎ5 

¶ ĄÍĎďÌË ĄÌğĂĐòĆËăėË Ă ĂÌāĐë6 

¶ ÍÊĜčĎĜĂÊ ĆËÍËĜ đėğÍÊčĐėĆËÎĂėĘ ÍÊĜğËĐėāËĐĔ6 

¶ ÍÊĜğËĐËăėË ÎėÎāËďĕ ĆËÍËĜ āËĄĐÌÌēďËăăėĂ) 

ÆĝùúĜě ïĜĊíûÝñěîĂě í íĜìûğ 

Æğėă ĄÍĎďÌĘ ĂÌăāëÍ ÌāÌĄĐËăėĎ ĄÌğĂĐòĆËă ăËĄÌÎÍËğÎāčËăăÌ Ă ĂÌāĐë) 

ÓÌāĐĕ ÌÎăÊČËăĕ ăÊÎÌÎÌď ė ÍÊēÌāÊòā Î ĜÊĂÍĕāÌĘ ÎėÎāËďÌĘ ÌāÌĄĐËăėĎ' ā)Ë) ēËĜ ÎÌÌēČËăėĎ Î

ÊāďÌÎćËÍÌĘ) ĞĐĎ ĂÌďĄËăÎÊąėė āËĄĐÌčÌđÌ ÍÊÎċėÍËăėĎ āËĄĐÌăÌÎėāËĐĎ ëÎāÊăÊčĐėčÊËāÎĎ ÍÊÎċėÍėāËĐĔăĕĘ

ēÊĂ) 

 

ÇėÎëăÌĂ4  ÕÍĎďÌË ĄÌğĂĐòĆËăėË 

ÆĜĊíûÝñěîĂě ñěĝěć üĂĊĝĚøûĂñěĞíĂă ĝĚćĊěûĂìěûÿ 

ÔėğÍÊčĐėĆËÎĂėĘ ÍÊĜğËĐėāËĐĔ ĄÍėďËăĎËāÎĎ ğĐĎ ÍÊĜğËĐËăėĎ ĂÌăāëÍÊ ĂÌāĐÊ ė ĂÌăāëÍÊ ÌāÌĄĐËăėĎ) Æă

ĄÍËğăÊĜăÊĆËă ğĐĎ ÍÊÎĄÍËğËĐËăėĎ ė ÎēÌÍÊ ĄÌāÌĂÌč čÌğĕ ÎėÎāËďĕ ÌāÌĄĐËăėĎ) ÕÍė ĄÍÊčėĐĔăÌď ĄÌğēÌÍË

ÍÊĜďËÍÌč' č ăËď čÌĜăėĂÊòā ĄÍËăËēÍËěėāËĐĔăÌ ďÊĐĕË ĄÌāËÍė ăÊĄÌÍÊ ďËěğë ĄÌğÊòČËĘ ė ÌēÍÊāăÌĘ

ĐėăėĎďė) ÉÊĂėď ÌēÍÊĜÌď' ğÌÎāėđÊËāÎĎ ĄÌĐăÌË đėğÍÊčĐėĆËÎĂÌË ÍÊĜğËĐËăėË) ÕÍė ăÊĐėĆėė đėğÍÊčĐėĆËÎĂÌđÌ

ÍÊĜğËĐėāËĐĎ č ĂÌăāëÍ ÌāÌĄĐËăėĎ ëÎāÊăÊčĐėčÊòā ğÌĄÌĐăėāËĐĔăĕĘ ąėÍĂëĐĎąėÌăăĕĘ ăÊÎÌÎ' ĂÌāÌÍĕĘ

ÌēËÎĄËĆėčÊËā ăËÌē×ÌğėďĕĘ ÍÊÎ×Ìğ āËĄĐÌăÌÎėāËĐĎ) 

ÕÍė ėÎĄÌĐĔĜÌčÊăėė đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ č ďăÌđÌĂÌăāëÍăÌĘ ÎėÎāËďË' ā)Ë) ÎÌÎāÌĎČËĘ ėĜ

ăËÎĂÌĐĔĂė× đėğÍÊčĐėĆËÎĂė× ĂÌăāëÍÌč ÌāÌĄĐËăėĎ' ëÎāÊăÊčĐėčÊòā ğÌĄÌĐăėāËĐĔăĕĘ ąėÍĂëĐĎąėÌăăĕĘ ăÊÎÌÎ č

ĂÊěğĕĘ ĂÌăāëÍ ÌāÌĄĐËăėĎ) ðāė ĂÌăāëÍĕ ďÌđëā ēĕāĔ ĂÊĂ ăėĜĂÌāËďĄËÍÊāëÍăĕďė %ăÊĄÌĐĔăÌË ÌāÌĄĐËăėË ėĐė

ăėĜĂÌāËďĄËÍÊāëÍăÌË ÍÊğėÊāÌÍăÌË ÌāÌĄĐËăėËµ' āÊĂ ė čĕÎÌĂÌāËďĄËÍÊāëÍăĕďė %čĕÎÌĂÌāËďĄËÍÊāëÍăÌË
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ÍÊğėÊāÌÍăÌË ÌāÌĄĐËăėË' čÌĜğëċăÌË ÌāÌĄĐËăėË' ĄÌğÌđÍËč ēÊÎÎËĘăÊ' ĂÌăāëÍăÊđÍËčÊ ËďĂÌÎāăÌđÌ

čÌğÌăÊđÍËčÊāËĐĎµ) Â ăËĂÌāÌÍĕ× ÎĐëĆÊĎ× āÍËēëËāÎĎ ĄÍėďËăËăėË āÍË××ÌğÌčĕ× ÎďËÎėāËĐËĘ Î ÎËÍčÌĄÍėčÌğÊďė

%ĄÌăėěËăėË āËďĄËÍÊāëÍĕ āËĄĐÌăÌÎėāËĐĎ ğÌ ĜÊğÊăăÌđÌ ĜăÊĆËăėĎ ĜÊ ÎĆËā ĄÌğďËċėčÊăėĎ āËĄĐÌăÌÎėāËĐĎ ėĜ

ÌēÍÊāăÌĘ Đėăėėµ' ĂÌāÌÍĕďė ğÌĐěăÊ ëĄÍÊčĐĎāĔ ÊčāÌďÊāėĂÊ ĂÌāĐÊ) 

 

ÇėÎëăÌĂ5  ÕÌğĂĐòĆËăėË ĆËÍËĜ đėğÍÊčĐėĆËÎĂėĘ ÍÊĜğËĐėāËĐĔ 

È ëĆËāÌď ÌÎÌēËăăÌÎāËĘ ÍÊēÌāĕ ăËĂÌāÌÍĕ× ăÊÎÌÎÌč' ăÊĄÍėďËÍ ĜÊđÍëĜÌĆăÌđÌ ăÊÎÌÎÊ

čÌğÌăÊđÍËčÊāËĐĎ ė āÍË××ÌğÌčĕ× ÎďËÎėāËĐËĘ ĄÌĐëĆÊËāÎĎ' ĆāÌ ĂÊěğĕĘ ĂÌăāëÍ ÎėÎāËďĕ ÌāÌĄĐËăėĎ «ěėčËā

ÎčÌËĘ ěėĜăĔò¼' ā)Ë) ÌāēėÍÊËā ėďËăăÌ āÌ ĂÌĐėĆËÎāčÌ ăÊđÍËāÌđÌ āËĄĐÌăÌÎėāËĐĎ' ĂÌāÌÍÌË Ëďë ăËÌē×ÌğėďÌ č

ğÊăăĕĘ ďÌďËăā) ÉÊĂėď ÌēÍÊĜÌď' ÎëďďÊÍăĕĘ ÍÊÎ×Ìğ %ĂÌĐėĆËÎāčÌ ėÎĄÌĐĔĜëËďÌđÌ ăÊđÍËāÌđÌ āËĄĐÌăÌÎėāËĐĎµ

čÎË× ĂÌăāëÍÌč ÌāÌĄĐËăėĎ ăË ĎčĐĎËāÎĎ ĄÌÎāÌĎăăĕď' Ê ďËăĎËāÎĎ) Á ğĐĎ ĂÌāĐÊ ăÊÌēÌÍÌā ěËĐÊāËĐËă ĄÌÎāÌĎăăĕĘ

ė ăËėĜďËăăĕĘ ÍÊÎ×Ìğ āËĄĐÌăÌÎėāËĐĎ) 

ÈĐËğÌčÊāËĐĔăÌ' ğĐĎ ÎāÊēėĐĔăÌĘ ė ĂÌÍÍËĂāăÌĘ ÍÊēÌāĕ ëÎāÊăÌčĂė ė ÎėÎāËďĕ ÌāÌĄĐËăėĎ ăËÌē×ÌğėďÌ

ÌāğËĐėāĔ ğÍëđ Ìā ğÍëđÊ ĂÌăāëÍ ĂÌāĐÊ ė ĂÊěğĕĘ ėĜ ĂÌăāëÍÌč ÎėÎāËďĕ ÌāÌĄĐËăėĎ' āÊĂėď ÌēÍÊĜÌď' ÎğËĐÊāĔ

ăËĜÊčėÎėďĕďė ĄÍÌėĜčÌğÎāčÌ %ĂÌăāëÍ ĂÌāĐÊµ ė ĄÌāÍËēĐËăėË āËĄĐÊ %ĂÌăāëÍ ÌāÌĄĐËăėĎµ) 

ÉÊĂëò ćëăĂąėò đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐËăėĎ čĕĄÌĐăĎòā āËÍďÌđėğÍÊčĐėĆËÎĂėĘ ÍÊÎĄÍËğËĐėāËĐĔ ė

đėğÍÊčĐėĆËÎĂėĘ ÍÊĜğËĐėāËĐĔ' ĂÌāÌÍĕË ĄÍËğÎāÊčĐĎòāÎÌēÌĘ čËÍāėĂÊĐĔăÌ ëÎāÊăÌčĐËăăĕĘ ëĆÊÎāÌĂ

āÍëēÌĄÍÌčÌğÊ %ĄËÍËďĕĆĂëµ ēÌĐĔċÌđÌ ğėÊďËāÍÊ) 

ĐĜîĞìĝğíðĂù Ă ïĝĂîðĂï ĝĚþĜìĀ üĂĊĝĚøûĂñěĞíĜüĜ

ĝĚćĊěûĂìěûù 

ÉËÍďÌđėğÍÊčĐėĆËÎĂėĘ ÍÊÎĄÍËğËĐėāËĐĔ ė đėğÍÊčĐėĆËÎĂėĘ ÍÊĜğËĐėāËĐĔ ĂÌăÎāÍëĂāėčăÌ

ĄÍËğÎāÊčĐĎòā ÎÌēÌĘ čËÍāėĂÊĐĔăÌ ëÎāÊăÌčĐËăăëò ĄËÍËďĕĆĂë ēÌĐĔċÌđÌ ğėÊďËāÍÊ %ÍėÎ)ÇėÎëăÌĂ6µ) ýÊ ÎĆËā

ēÌĐĔċÌđÌ ğėÊďËāÍÊ %ĄÌ ÌāăÌċËăėò Ă ğėÊďËāÍë āÍëēÌĄÍÌčÌğÊ ĂÌāĐÌčÌđÌ ĂÌăāëÍÊµ ēĕÎāÍÌ đÊÎėāÎĎ ÎĂÌÍÌÎāĔ

āËĄĐÌăÌÎėāËĐĎ č āËÍďÌđėğÍÊčĐėĆËÎĂÌď ÍÊÎĄÍËğËĐėāËĐË %ėĐė đėğÍÊčĐėĆËÎĂÌď ÍÊĜğËĐėāËĐËµ)

ÔėğÍÊčĐėĆËÎĂÌË ÎÌĄÍÌāėčĐËăėË āÊĂÌđÌ ëÎāÍÌĘÎāčÊ ĄÍËăËēÍËěėāËĐĔăÌ ďÊĐÌ ĄÌ ÌāăÌċËăėò Ă

ÎÌĄÍÌāėčĐËăėò ĂÌăāëÍÌč ÌāÌĄĐËăėĎ ė ĂÌāĐÊ) ÉÊĂėď ÌēÍÊĜÌď' ďËěğë ĂÌāĐÌď ė ĂÌăāëÍÊďė ÌāÌĄĐËăėĎ
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ĄÌĎčĐĎËāÎĎ ēëćËÍ Î ĄÍÊĂāėĆËÎĂė ăëĐËčĕď ÎÌĄÍÌāėčĐËăėËď' āÌ ËÎāĔ ĂÌăāëÍĕ ÌāÌĄĐËăėĎ ăėĂÊĂėď ÌēÍÊĜÌď

ăË ēëğëā ÌĂÊĜĕčÊāĔ čĐėĎăėË ăÊ ĂÌăāëÍ ĂÌāĐÊ ė ÍÊÎ×Ìğ āËĄĐÌăÌÎėāËĐĎ ĆËÍËĜ ĂÌāËĐ) úëăĂąėò

đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐËăėĎ ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ ė ĂÌăāëÍÌč ÌāÌĄĐËăėĎ čĕĄÌĐăĎòā ÌēÊ ÷āė× ëÎāÍÌĘÎāčÊ) 

 

ÇėÎëăÌĂ6 - È×ËďÊ āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ %ÎĐËčÊµ ė đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ %ÎĄÍÊčÊµ 

ÉËÍďÌđėğÍÊčĐėĆËÎĂėĘ ÍÊÎĄÍËğËĐėāËĐĔ ĂÍÌďË ÍÊĜğËĐËăėĎ ÌēËÎĄËĆėčÊËā ÍÊÎĄÍËğËĐËăėË

ĄÌğÊòČė× ĐėăėĘ ĂÌăāëÍÌč ÌāÌĄĐËăėĎ ĄÌ āËďĄËÍÊāëÍË5 č ÎÊďÌĘ čËÍ×ăËĘ ĆÊÎāė- ÎÊďĕĘ

čĕÎÌĂÌāËďĄËÍÊāëÍăĕĘ ĂÌăāëÍ %đÍËòČėĘ ĂÌăāëÍ čÌğÌăÊđÍËčÊāËĐĎ' ĄÌğÌđÍËč ēÊÎÎËĘăÊ' ĂÊĐÌÍėćËÍÊ

čËăāėĐĎąėė ėĐė ÍÊğėÊāÌÍăÌË ÌāÌĄĐËăėËµ' ĆëāĔ ăėěË- ĂÌăāëÍ Î ďËăĔċËĘ āËďĄËÍÊāëÍÌĘ' ÎÊďĕĘ ăėěăėĘ- 

ăėĜĂÌāËďĄËÍÊāëÍăĕĘ ĂÌăāëÍ ÌāÌĄĐËăėĎ %ăėĜĂÌāËďĄËÍÊāëÍăÌË ÍÊğėÊāÌÍăÌË ėĐė ăÊĄÌĐĔăÌË ÌāÌĄĐËăėËµ)

ÉÊĂÌË ěË ĄÍÊčėĐÌ ğËĘÎāčëËā ė ğĐĎ ÌēÍÊāăĕ× ĐėăėĘ ĂÌăāëÍÌč ÌāÌĄĐËăėĎ5 č ÎÊďÌĘ čËÍ×ăËĘ ĆÊÎāė- ÎÊďÊĎ

čĕÎÌĂÌāËďĄËÍÊāëÍăÊĎ %āËĄĐÊĎµ ÌēÍÊāăÊĎ ĐėăėĎ' č ÎÊďÌď ăėĜë- ÎÊďÊĎ ×ÌĐÌğăÊĎ) 

ÆēÍÊāėāË čăėďÊăėË' āÊĂ ĂÊĂ ğĐĎ ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč ăËÌē×ÌğėďÌ ĄÌăėěÊāĔ āËďĄËÍÊāëÍë čÌğĕ

ăÊ č×ÌğË ĂÌāĐÊ' āÌ ÌēÍÊāăÊĎ ĐėăėĎ ĂÌāĐÊ ĄÌğÎÌËğėăĎËāÎĎ ăėěË čÎË× ÌēÍÊāăĕ× ĐėăėĘ ĂÌăāëÍÌč ÌāÌĄĐËăėĎ)

ÕÍÌėÎ×Ìğėā ėÎĂëÎÎāčËăăÌË ĜÊăėěËăėË āËďĄËÍÊāëÍĕÌēÍÊāăÌĘ Đėăėė ĜÊ ÎĆËā ĎčĐËăėĎ ÎāÍÊāėćėĂÊąėė č

āËÍďÌđėğÍÊčĐėĆËÎĂÌď ÍÊÎĄÍËğËĐėāËĐË ė đėğÍÊčĐėĆËÎĂÌď ÍÊĜğËĐėāËĐË) 

ÔėğÍÊčĐėĆËÎĂėĘ ÍÊĜğËĐėāËĐĔ čĕĄÌĐăĎËā ćëăĂąėò đėğÍÊčĐėĆËÎĂÌĘ ÍÊĜčĎĜĂė %ÍÊĜğËĐËăėĎµ

ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ ė ĂÌăāëÍÌč ÌāÌĄĐËăėĎ) ÅËĜÊčėÎėďÌÎāĔ ÎÊďė× ĂÌăāëÍÌč ÌāÌĄĐËăėĎ ÌēËÎĄËĆėčÊËāÎĎ ĜÊ

ÎĆËā ĄÌğÊòČËđÌ ė ÌēÍÊāăÌđÌ ĂÌĐĐËĂāÌÍÌč' ĂÌāÌÍĕË ëÎāÊăÊčĐėčÊòāÎĎ ĄÌÎĐË đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ) 

ĞĐĎ ĂÌÍÍËĂāăÌĘ ÍÊēÌāĕ āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ ė đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ

ăËÌē×ÌğėďÌ ÎÌēĐòğÊāĔ ÎĐËğëòČėË ĄÍÊčėĐÊ5 

ĞÌĄëÎĂÊËāÎĎ āÌĐĔĂÌ čËÍāėĂÊĐĔăÊĎ ëÎāÊăÌčĂÊ āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ

%đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎµ) 
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ÈĂÌÍÌÎāĔ ğčėěËăėĎ āËĄĐÌăÌÎėāËĐĎ č āËÍďÌđėğÍÊčĐėĆËÎĂÌď ÍÊÎĄÍËğËĐėāËĐË %đėğÍÊčĐėĆËÎĂÌď

ÍÊĜğËĐėāËĐËµ ăË ğÌĐěăÊ ĄÍËčĕċÊāĔ +', ď*Î) Â āÊĂÌď ÎĐëĆÊË ÎĂÌÍÌÎāĔ ğčėěËăėĎ āËĄĐÌăÌÎėāËĐĎ č

ĄÌğÊòČËď āÍëēÌĄÍÌčÌğË ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ ğÌĐěăÊ ēĕāĔ ăË ēÌĐĔċË +'2-+'4 ď*Î) 

ĞĐĎ ÌĄÍËğËĐËăėĎ ÍÊĜďËÍÌč āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ ė đėğÍÊčĐėĆËÎĂÌđÌ

ÍÊĜğËĐėāËĐĎ ăËÌē×ÌğėďÌ ėÎĄÌĐĔĜÌčÊāĔ ĄÍÊčėĐÌ .-× ğėÊďËāÍÌč %.>µ ĐėēÌ ÎĄËąėÊĐĔăÌË ĄÍÌđÍÊďďăÌË

ÌēËÎĄËĆËăėË) ÄËěğë ÌÎĎďė Đòēĕ× ğčë× ĄÌğÎÌËğėăËăėĘ Ă āËÍďÌđėğÍÊčĐėĆËÎĂÌďë ÍÊÎĄÍËğËĐėāËĐò

%đėğÍÊčĐėĆËÎĂÌďë ÍÊĜğËĐėāËĐòµ ğÌĐěăÌ ēĕāĔ ÍÊÎÎāÌĎăėË ăË ďËăĔċË ĆËď . ğėÊďËāÍÊ %ÍėÎ 6µ) øĜ ÍėÎëăĂÊ 6 

čėğăÌ' ĆāÌ čĕÎÌāÊ đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ đÌÍÊĜğÌ ďËăĔċË' ĆËď čĕÎÌāÊāËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ

ÍÊÎĄÍËğËĐėāËĐĎ) 

ÕÍÌėĜčÌğėāËĐĔăÌÎāĔ ăÊÎÌÎÊ ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ %ėĐė č ÎĐëĆÊË ĂÊÎĂÊğăÌĘ ëÎāÊăÌčĂė Î ăËÎĂÌĐĔĂėďė

ăÊÎÌÎÊďė- ÎëďďÊÍăÊĎ ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ ĂÌāĐÌčĕ× ăÊÎÌÎÌčµ ğÌĐěăÊ ēĕāĔ ēÌĐĔċË ĂÊĂ ďėăėďëď ăÊ ,+"

ÎëďďÊÍăÌĘ ďÊĂÎėďÊĐĔăÌĘ ĄÍÌėĜčÌğėāËĐĔăÌÎāė ăÊÎÌÎÌč čāÌÍėĆăĕ× ĂÌăāëÍÌč) 

ÕÍė ėÎĄÌĐĔĜÌčÊăėė āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ ăËÌē×ÌğėďÌ ÎĐËğėāĔ ĜÊ āËď' ĆāÌēĕ

čĕÎÌĂÌāËďĄËÍÊāëÍăĕË ĂÌăāëÍĕ ÌāÌĄĐËăėĎ ĄÌğĂĐòĆÊĐėÎĔ č čËÍ×ăòò ĆÊÎāĔ āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ

ÍÊÎĄÍËğËĐėāËĐĎ) Â ÎčĎĜė Î āËď' ĆāÌ ÎĂÌÍÌÎāĔ ğčėěËăėĎ āËĄĐÌăÌÎėāËĐĎ č āËÍďÌđėğÍÊčĐėĆËÎĂÌď

ÍÊÎĄÍËğËĐėāËĐË ğÌÎāÊāÌĆăÌ ďÊĐÊ %ďËăĔċË +', ď*Îµ' ēëğËā ăÊēĐòğÊāĔÎĎ ĎčĐËăėË ÎāÍÊāėćėĂÊąėė

%ÍÊÎÎĐÌËăėĎµ āËĄĐÌăÌÎėāËĐĎ ĄÌ āËďĄËÍÊāëÍË) ÆĆËčėğăÌ' ĆāÌ āËĄĐÌăÌÎėāËĐĔ ėďËËā ēÌĐËË čĕÎÌĂëò

āËďĄËÍÊāëÍë č čËÍ×ăËĘ ĆÊÎāė āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ' ÷āÌ ăËÌē×ÌğėďÌ ëĆėāĕčÊāĔ ĄÍė

čĕĄÌĐăËăėė ĄÍėÎÌËğėăËăėĎ ĄÌğÊòČė× ĐėăėĘ ĂÌăāëÍÌč ÌāÌĄĐËăėĎ) 

È ëĆËāÌď āÌđÌ' ĆāÌ č āËÍďÌđėğÍÊčĐėĆËÎĂÌď ÍÊÎĄÍËğËĐėāËĐË ė đėğÍÊčĐėĆËÎĂÌď ÍÊĜğËĐėāËĐË

ÎĂÌÍÌÎāĔ ğčėěËăėĎ āËĄĐÌăÌÎėāËĐĎ ğÌÎāÊāÌĆăÌ ďÊĐÌ' ė× ďÌěăÌ ėÎĄÌĐĔĜÌčÊāĔ ğĐĎ ÷ććËĂāėčăÌđÌ ëğÊĐËăėĎ

čÌĜğë×Ê ė ċĐÊďÊ- ğÌÎāÊāÌĆăÌ ĐėċĔ ĄÌÎāÊčėāĔ ÎÌÌāčËāÎāčëòČėË ëÎāÍÌĘÎāčÊ %ÊčāÌďÊāėĆËÎĂėĘ ė ÍëĆăÌĘ

čÌĜğë×ÌÌāčÌğĆėĂė č čËÍ×ăËĘ ĆÊÎāė' ċÊÍÌčÌĘ ĂÍÊă ēÌĐĔċÌđÌ ğėÊďËāÍÊ č ăėěăËĘ ĆÊÎāėµ) 

đěìĜĊĀ ĝĚĞñěìĚ ĝĚćúěĝĜø üĂĊĝĚøûĂñěĞíĜüĜ ĝĚćĊěûĂìěûù 

ĞĐĎ ÌĄÍËğËĐËăėĎ ğėÊďËāÍÌč āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ ė đėğÍÊčĐėĆËÎĂÌđÌ

ÍÊĜğËĐėāËĐĎ %ÍÊĜďËÍ .>µ' Ê āÊĂěË ğėÊďËāÍÊ ĄÌğÊòČËđÌ āÍëēÌĄÍÌčÌğÊ ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ %ÍÊĜďËÍ >µ

ďÌěăÌ ėÎĄÌĐĔĜÌčÊāĔ đÍÊćėĂ' ĄÍėčËğËăăĕĘ ăÊ ÍėÎëăĂËÇėÎëăÌĂ7. 

ÓÊĂ čėğăÌ ėĜ ÷āÌđÌ đÍÊćėĂÊ' ÎĂÌÍÌÎāĔ ğčėěËăėĎ āËĄĐÌăÌÎėāËĐĎ č āËÍďÌđėğÍÊčĐėĆËÎĂÌď

ÍÊÎĄÍËğËĐėāËĐË ėĐė đėğÍÊčĐėĆËÎĂÌď ÍÊĜğËĐėāËĐË ÍÊčăÊ +', ď*Î' Ê č ĄÌğÊòČËď āÍëēÌĄÍÌčÌğË ĂÌāĐÌčÌđÌ

ĂÌăāëÍÊ® , ď*Î) 

ĞËĘÎāčėāËĐĔăĕĘ ğėÊďËāÍ ĄÌğÊòČËđÌ āÍëēÌĄÍÌčÌğÊ ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ ė āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ

ÍÊÎĄÍËğËĐėāËĐĎ ėĐė đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ ÎĐËğëËā čĕēėÍÊāĔ ėĜ ÎāÊăğÊÍāăÌđÌ āėĄÌÍĎğÊ ğėÊďËāÍÊ

āÍëē' ĄÍėĆËď ğËĘÎāčėāËĐĔăĕĘ ğėÊďËāÍ ğÌĐěËă ēĕāĔ ăËďăÌđÌ ēÌĐĔċË' ĆËď ğėÊďËāÍ' ÍÊÎÎĆėāÊăăĕĘ ĄÌ

đÍÊćėĂë %ā)Ë) ėĜ ÎāÊăğÊÍāăÌđÌ āėĄÌÍĎğÊ čĕēėÍÊËāÎĎ ēĐėěÊĘċėĘ ēÌĐĔċėĘ ğėÊďËāÍ ĄÌ ÌāăÌċËăėò Ă

ÍÊÎĆËāăÌďë ĜăÊĆËăėòµ) Â ÷āÌď ÎĐëĆÊË ÎĂÌÍÌÎāė ğčėěËăėĎ āËĄĐÌăÌÎėāËĐĎ č ĂÌāĐÌčÌď ĂÌăāëÍË ė č

āËÍďÌđėğÍÊčĐėĆËÎĂÌď ÍÊÎĄÍËğËĐėāËĐË %đėğÍÊčĐėĆËÎĂÌď ÍÊĜğËĐėāËĐËµ ēëğëā ăËďăÌđÌ ďËăĔċË' ĆËď

ĄÍėčËğËăăĕË ăÊ đÍÊćėĂË %+',ď*Î ė ,ď*Îµ) 

ĞĐĎ ğÊăăÌđÌ đÍÊćėĂÊ ÍÊÎ×Ìğ āËĄĐÌăÌÎėāËĐĎ č ĂÌāĐÌčÌď ĂÌăāëÍË ÍÊÎÎĆėāĕčÊËāÎĎ ğĐĎȹÉ8,0Ó) ĞĐĎ

ĄÍÊčėĐĔăÌĘ ÍÊēÌāĕ āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ %đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎµ ăËÌē×ÌğėďÌ'

ĆāÌēĕ ÍÊÎ×Ìğ āËĄĐÌăÌÎėāËĐĎ č ĂÌāĐÌčÌď ĂÌăāëÍË ēĕĐ ēÌĐĔċË ĂÊĂ ďėăėďëď ăÊ ,+" ďÊĂÎėďÊĐĔăÌđÌ

ÎëďďÊÍăÌđÌ ÍÊÎ×ÌğÊ č ĂÌăāëÍÊ× ÌāÌĄĐËăėĎ) ÈĐËğÌčÊāËĐĔăÌ' ÍÊÎĆËāăÊĎȹÉ ğĐĎ ĂÌăāëÍÌč ÌāÌĄĐËăėĎ ğÌĐěăÊ

ēĕāĔ ēÌĐĔċË ėĐė ÍÊčăÊ ,0 Ó) ðāÌ ÎÌÌāčËāÎāčëËā čĕÎÌĂÌāËďĄËÍÊāëÍăĕď ÎėÎāËďÊď ÌāÌĄĐËăėĎ5 ăÊĄÍėďËÍ'

ÎėÎāËďÊď ÍÊğėÊāÌÍăÌđÌ ÌāÌĄĐËăėĎ Î ÍÊÎĆËāăĕď āËďĄËÍÊāëÍăĕď ÍËěėďÌď 3+x=*1+x= ėĐė 40x=*2+x= ė ėď

ĄÌğÌēăĕď' đğË āËďĄËÍÊāëÍăĕĘ ĄËÍËĄÊğ ăÊ ÌāÌĄėāËĐĔăÌď ĄÍėēÌÍË %ȹÉµÎÌÎāÊčĐĎËā -+ Ó ėĐė -0 Ó) Æă ďÌěËā

ēĕāĔ ÍÊčËă ė ,0 Ó' ËÎĐė ďÌČăÌÎāĔ ĂÌāËĐĔăÌđÌ ÌēÌÍëğÌčÊăėĎ ēĕĐÊ čĕēÍÊăÊ Î ÌĄÍËğËĐËăăĕď ĜÊĄÊÎÌď

(10%®.+"µ) ÉÌĐĔĂÌ č āÊĂė× ÎĐëĆÊĎ× ÍÊÎ×Ìğ č ĄËÍčėĆăÌď ĂÌăāëÍË ēëğËā ēÌĐĔċË' ĆËď ÎëďďÊÍăĕĘ ÍÊÎ×Ìğ čÌ

čāÌÍėĆăĕ× ĂÌăāëÍÊ×) 
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ÇėÎëăÌĂ7 - ÔÍÊćėĂ ğĐĎ ÌĄÍËğËĐËăėĎ čăëāÍËăăËđÌ ğėÊďËāÍÊ āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ ė đėğÍÊčĐėĆËÎĂÌđÌ

ÍÊĜğËĐėāËĐĎ 

ēĞĜþěîîĜĞìĂ ĝĚĞñěìĚ üĂĊĝĚøûĂñěĞíĜüĜ ĝĚćĊěûĂìěûù Ċûù

îĂćíĜìěúïěĝĚìğĝîĀĠ ĞĂĞìěú) ÆĜĊþĜĝ îĚĞĜĞĜø 

ÅėĜĂÌāËďĄËÍÊāëÍăĕË ÎėÎāËďĕ ÌāÌĄĐËăėĎ ÎȹÉ ĄÌÍĎğĂÊ 0Ó¬,0Ó- ÷āÌ' ĂÊĂ ĄÍÊčėĐÌ' ÎėÎāËďĕ

ăÊĄÌĐĔăÌđÌ ÌāÌĄĐËăėĎ ėĐė ÎėÎāËďĕ ăėĜĂÌāËďĄËÍÊāëÍăÌđÌ ÍÊğėÊāÌÍăÌđÌ ÌāÌĄĐËăėĎ) ÅėĜĂÌāËďĄËÍÊāëÍăÌË

ÌāÌĄĐËăėË ăÊėēÌĐËË ēĐÊđÌĄÍėĎāăÌ ğĐĎ ÷ććËĂāėčăÌĘ ÍÊēÌāĕ ăÊÎāËăăĕ× ė ăÊĄÌĐĔăĕ× ĂÌăğËăÎÊąėÌăăĕ×

ĂÌāĐÌč) øďËăăÌ ğĐĎ āÊĂė× ÎĐëĆÊËč ăËÌē×ÌğėďÌ ĄÍėčËÎāė ďËāÌğėĂë ÍÊÎĆËāÊ ÍÊÎ×ÌğÊ ė ĄÌğēÌÍÊ

ĄÍÌėĜčÌğėāËĐĔăÌÎāė ăÊÎÌÎÊ %ėĐė ăÊÎÌÎÌčµ ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ5 

ÇÊÎ×Ìğĕ ÍÊÎÎĆėāĕčÊòāÎĎ ğĐĎ ĂÊěğÌđÌ ėĜ ĂÌăāëÍÌč ÌāÌĄĐËăėĎ Î ëĆËāÌď ËđÌ ÌÎÌēËăăÌÎāËĘ %ȹÉ ė ĄÍ)µ) 

ÆĄÍËğËĐĎËāÎĎ ďÊĂÎėďÊĐĔăĕĘ ÎëďďÊÍăĕĘ ÍÊÎ×Ìğ ĂÌăāëÍÌč ÌāÌĄĐËăėĎ Î ëĆËāÌď ăÊĐėĆėĎ ėĐė

ÌāÎëāÎāčėĎ ĄÍėÌÍėāËāÊ ÔÂÈ ė ĄÍÌĆė× ÌÎÌēËăăÌÎāËĘ) 

ÇÊÎ×Ìğ č ĂÌāĐÌčÌď ĂÌăāëÍË ÍÊčËă ÍÊÎÎĆėāÊăăÌďë ďÊĂÎėďÊĐĔăÌďë ÎëďďÊÍăÌďë ÍÊÎ×Ìğë ĂÌăāëÍÌč

ÌāÌĄĐËăėĎ ëďăÌěËăăÌďë ăÊ ĂÌ÷ććėąėËăā ,',) øÎ×ÌğĎ ėĜ ÷āÌđÌ ÍÊÎ×ÌğÊ %Ê ăË ďÌČăÌÎāė ĂÌāĐÊµ ĄÌ đÍÊćėĂë

ďÌěăÌ ÌĄÍËğËĐėāĔ ğėÊďËāÍ ĄÌğÊòČËđÌ āÍëēÌĄÍÌčÌğÊ ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ ė ğėÊďËāÍ

āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ %đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎµ) 

ÃÎĐė č ĂÌāĐÌčÌď ĂÌăāëÍË Ìğėă ăÊÎÌÎ' āÌ ËđÌ ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ čÍÊēÌĆËĘ āÌĆĂË ğÌĐěăÊ ēĕāĔ ĆëāĔ

ēÌĐĔċË ėĐė ÍÊčăÊ ÍÊÎÎĆėāÊăăÌďë ÍÊÎ×Ìğë č ĂÌāĐÌčÌď ĂÌăāëÍË) 

ÃÎĐė ÍËĆĔ ėğËā Ì ĂÊÎĂÊğăÌĘ ëÎāÊăÌčĂË ėĜ ăËÎĂÌĐĔĂė× ĂÌāĐÌč ÌğėăÊĂÌčÌĘ ďÌČăÌÎāė' đğË ë ĂÊěğÌđÌ

ĂÌāĐÊ ËÎāĔ ÎčÌĘ ąėÍĂëĐĎąėÌăăĕĘ ăÊÎÌÎ' āÌ ÍÊÎÎĆėāÊăăĕĘ ÍÊÎ×Ìğ č ĂÌāĐÌčÌďĂÌăāëÍË ğÌĐěËă

ÌēËÎĄËĆėčÊāĔÎĎ ĄÍė ÍÊēÌāË čÎË× ąėÍĂëĐĎąėÌăăĕ× ăÊÎÌÎÌč ĂÌāĐÌč) ÉÊĂėď ÌēÍÊĜÌď' ğĐĎ ÍÊēÌĆËĘ āÌĆĂė

ĂÊÎĂÊğÊ ÎëďďÊÍăÊĎ ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ čÎË× ăÊÎÌÎÌč ğÌĐěăÊ ēĕāĔ ĆëāĔ ēÌĐĔċË ėĐė ÍÊčăÊ ÍÊÎ×Ìğë č

ĂÌāĐÌčÌď ĂÌăāëÍË) ĞÊĐĔċË ăËÌē×ÌğėďÌ ÎğËĐÊāĔ đėğÍÊčĐėĆËÎĂėĘ ÍÊÎĆËā ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ) ýăÊĎ ÍÊēÌĆëò

āÌĆĂë čÎËđÌ ĂÊÎĂÊğÊ' ďÌěăÌ ÌĄÍËğËĐėāĔ ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ ğĐĎ ĂÊěğÌđÌ ăÊÎÌÎÊ č ÎčÌËĘ ÍÊēÌĆËĘ āÌĆĂË- 
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÷āÌ ēëğËā ÎëďďÊÍăÊĎ ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ ăÊÎÌÎÌč č ÍÊēÌĆËĘ āÌĆĂË ĂÊÎĂÊğÊ' ÍÊĜğËĐËăăÊĎ ăÊ ĂÌĐėĆËÎāčÌ

ăÊÎÌÎÌč %ĂÌāĐÌčµ) ýăÊĎ ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ ĂÊěğÌđÌ ăÊÎÌÎÊ ė ËđÌ ăÊĄÌÍ č ÍÊēÌĆËĘ āÌĆĂË %Ìă ÍÊčËă ăÊĄÌÍë

ğĐĎ ÍÊēÌĆËĘ āÌĆĂė ĂÊÎĂÊğÊµ' ĄÌğēėÍÊËāÎĎ ďÌğËĐĔ ăÊÎÌÎÊ) 

ÅÊ ÍėÎëăĂË 8 ĄÍėčËğËă ĄÍėďËÍ ÌĄÍËğËĐËăėĎ ÍÊēÌĆËĘ āÌĆĂė ăÊÎÌÎÌč ğĐĎ ĂÊÎĂÊğÊ ėĜ - ĂÌāĐÌč

ÌğėăÊĂÌčÌĘ ďÌČăÌÎāė) KĂÊÎĂÊğÊ- ÷āÌ ÍÊÎÎĆėāÊăăĕĘ ÍÊÎ×Ìğ č ĂÌāĐÌčÌď ĂÌăāëÍË' ā)Ë) ÎëďďÊÍăÊĎ

ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ ğčë× ăÊÎÌÎÌč) ÕÌÎĐË đėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĆËāÊ ĄËÍčėĆăÌđÌ ĂÌăāëÍÊ ėďËËď ÍÊēÌĆëò

āÌĆĂë ĂÊÎĂÊğÊ %KĂÊÎĂÊğÊ ė Åµ) Å- ÷āÌ ÎÌĄÍÌāėčĐËăėË ĄËÍčėĆăÌđÌ ĂÌăāëÍÊ ğĐĎ ÍÊēÌĆËĘ āÌĆĂė ĂÊÎĂÊğÊ) ÉÊĂ

ĂÊĂ ĂÌāĐĕ %ė ăÊÎÌÎĕµ ėďËòā ÌğėăÊĂÌčëò ďÌČăÌÎāĔ %ĄÍÌėĜčÌğėāËĐĔăÌÎāĔµ' āÌ ÍÊēÌĆÊĎ āÌĆĂÊ ğĐĎ ĂÊěğÌđÌ

ăÊÎÌÎÊ- ÷āÌ Å ė KĂÊÎĂÊğÊ*-) øÎ×ÌğĎėĜ ÷āė× ğÊăăĕ× ĄÌğēėÍÊËāÎĎ ďÌğËĐĔ ăÊÎÌÎÊ) 

 

ÇėÎëăÌĂ8 - ÆĄÍËğËĐËăėË ÍÊēÌĆËĘ āÌĆĂė ăÊÎÌÎÊ ğĐĎ ĂÊÎĂÊğÊ ėĜ - ĂÌāĐÌč ÌğėăÊĂÌčÌĘ ďÌČăÌÎāė 

ÃÎĐė ÍËĆĔ ėğËā Ì ĂÊÎĂÊğăÌĘ ëÎāÊăÌčĂË ėĜ ăËÎĂÌĐĔĂė× ĂÌāĐÌč ÍÊĜăÌĘ ďÌČăÌÎāė' đğË ë ĂÊěğÌđÌ ĂÌāĐÊ

ËÎāĔ ÎčÌĘ ąėÍĂëĐĎąėÌăăĕĘ ăÊÎÌÎ' āÌ ďËāÌğėĂÊ ÍÊÎĆËāÊ ÊăÊĐÌđėĆăÊ ĄÍËğĕğëČËďë ÎĐëĆÊò) ÆāĐėĆėË

ĜÊĂĐòĆÊËāÎĎ č āÌď' ĆāÌ ĂÌāĐÌčĕË ăÊÎÌÎĕ ēëğëā ėďËāĔ ÍÊĜăëò ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ) Â ĄËÍčÌď ĄÍėēĐėěËăėė

ďÌěăÌ ÎĆėāÊāĔ' ĆāÌ ÍÊÎ×Ìğĕ ăÊÎÌÎÌč ÎÌÌāăÌÎĎāÎĎ āÊĂ ěË' ĂÊĂ ė ďÌČăÌÎāė ĂÌāĐÌč5 

Q1/Q2 = P1/P2,  

đğË K, ė K-® ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ ăÊÎÌÎÊ , ė ăÊÎÌÎÊ - č ÍÊēÌĆËĘ āÌĆĂË ĂÊÎĂÊğÊ' 

J, ė J-® ăÌďėăÊĐĔăÊĎ ďÌČăÌÎāĔ ĂÌāĐÊ , ė ĂÌāĐÊ -) 

ÅÊ ÍėÎëăĂË 9 ĄÍėčËğËă ĄÍėďËÍ ÌĄÍËğËĐËăėĎ ÍÊēÌĆËĘ āÌĆĂė ăÊÎÌÎÌč ğĐĎ ĂÊÎĂÊğÊ ėĜ - ĂÌāĐÌč

ÍÊĜăÌĘ ďÌČăÌÎāė) 

KĂÊÎĂÊğÊ® ÷āÌ ÍÊÎÎĆėāÊăăĕĘ ÍÊÎ×Ìğ č ĂÌāĐÌčÌď ĂÌăāëÍË' ā)Ë) ÎëďďÊÍăÊĎ ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ ğčë×

ăÊÎÌÎÌč) ÕÌÎĐË đėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĆËāÊ ĄËÍčėĆăÌđÌ ĂÌăāëÍÊ ėďËËď ÍÊēÌĆëò āÌĆĂë ĂÊÎĂÊğÊ %KĂÊÎĂÊğÊ ė

Åµ) Å® ÷āÌ ÎÌĄÍÌāėčĐËăėË ĄËÍčėĆăÌđÌ ĂÌăāëÍÊ ğĐĎ ÍÊēÌĆËĘ āÌĆĂė ĂÊÎĂÊğÊ) ýăÊĎ' ĆāÌ KĂÊÎĂÊğÊ 8 K, ½ K-

ė ÎÌÌāăÌċËăėË K,*K- 8 J,*J-' ÍÊÎÎĆėāĕčÊòāÎĎ ĄÍÌėĜčÌğėāËĐĔăÌÎāė ăÊÎÌÎÌč K, ė K-) ĞĐĎ ÍÊēÌĆËĘ āÌĆĂė

ĂÊěğÌđÌ ăÊÎÌÎÊ %K,' Åµ ė %K-' Åµ ĄÌğēėÍÊòāÎĎ ďÌğËĐė ăÊÎÌÎÌč) 

 

ÇėÎëăÌĂ9 - ÆĄÍËğËĐËăėË ÍÊēÌĆËĘ āÌĆĂė ăÊÎÌÎÊ ğĐĎ ĂÊÎĂÊğÊ ėĜ - ĂÌāĐÌč ÍÊĜăÌĘ ďÌČăÌÎāė 
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ĞĐĎ ÎĐÌěăĕ× ÎĐëĆÊËč ÎëČËÎāčëòā ÎĄËąėÊĐĔăÌË ĄÍÌđÍÊďďăÌË ÌēËÎĄËĆËăėË) 

ÆğăÊĂÌ ÌÎăÌčăĕËĄÍėăąėĄĕ ÍÊÎĆËāÊ ÌÎāÊòāÎĎ ăËėĜďËăăĕďė5 

ğĐĎ ÌĄÍËğËĐËăėĎ ÍÊĜďËÍÌč ėÎĄÌĐĔĜëËāÎĎ ĄÍÊčėĐÌ .-× ğėÊďËāÍÌč %.>µ6 

ÎĂÌÍÌÎāĔ ğčėěËăėĎ čÌğĕ č ĄÌğÊòČËď āÍëēÌĄÍÌčÌğË ĂÌāĐÌčÌđÌ ĂÌăāëÍÊ Ìā +'2 ğÌ +'4ď*Î6 

ÎĂÌÍÌÎāĔ ğčėěËăėĎ čÌğĕ č āËÍďÌđėğÍÊčĐėĆËÎĂÌď ÍÊÎĄÍËğËĐėāËĐË%đėğÍÊčĐėĆËÎĂÌď ÍÊĜğËĐėāËĐËµ

ăË ēÌĐĔċË +', ď*Î6 

ÍÊÎ×Ìğ č ĂÌāĐÌčÌď ĂÌăāëÍË ēÌĐĔċË ĂÊĂ ďėăėďëď ăÊ ,+" ďÊĂÎėďÊĐĔăÌđÌ ÎëďďÊÍăÌđÌ ÍÊÎ×ÌğÊ č

ĂÌăāëÍÊ× ÌāÌĄĐËăėĎ6 

āËÍďÌđėğÍÊčĐėĆËÎĂėĘ ÍÊÎĄÍËğËĐėāËĐĔ ė đėğÍÊčĐėĆËÎĂėĘ ÍÊĜğËĐėāËĐĔ ëÎāÊăÊčĐėčÊòāÎĎ

čËÍāėĂÊĐĔăÌ) 

ÆĜĊíûÝñěîĂě ñěĝěć ìěïûĜĜþúěîîĂí 

ÉËĄĐÌÌēďËăăėĂ ėÎĄÌĐĔĜëËāÎĎ ğĐĎ ĄÌĐăÌđÌ ÍÊĜğËĐËăėĎ ĂÌăāëÍÊ ĂÌāĐÊ ė ĂÌăāëÍÊ ÌāÌĄĐËăėĎ) ÃđÌ

ÍËĂÌďËăğëËāÎĎ ėÎĄÌĐĔĜÌčÊāĔ ğĐĎ ÎėÎāËď Î ĂÌăāëÍÌď ÍÊğėÊāÌÍăÌđÌ ÌāÌĄĐËăėĎ ė ăÊĄÌĐĔăÌđÌ ÌāÌĄĐËăėĎ č

ÎĐËğëòČė× ÎĐëĆÊĎ×5 

¶ č ÎčĎĜė Î ÍÊĜĐėĆăĕď ÍÊÎ×ÌğÌď āËĄĐÌăÌÎėāËĐĎ č ĂÌăāëÍË ÌāÌĄĐËăėĎ ė č ĂÌăāëÍË ĂÌāĐÊ6 

¶ ĄÍė ăËÌē×ÌğėďÌÎāė ėÎĄÌĐĔĜÌčÊăėĎ ÍÊĜĐėĆăĕ× āËĄĐÌăÌÎėāËĐËĘ č ĂÌăāëÍË ĂÌāĐÊ ė č ĂÌăāëÍË

ÌāÌĄĐËăėĎ) ÿāÌēĕ ÎĂÌďĄËăÎėÍÌčÊāĔ āËĄĐÌčÌË ÍÊÎċėÍËăėË āËĄĐÌăÌÎėāËĐĎ č ĂÌăāëÍË

ÌāÌĄĐËăėĎ ëÎāÊăÊčĐėčÊËāÎĎ ďËďēÍÊăăĕĘ ÍÊÎċėÍėāËĐĔăĕĘ ēÊĂ) 

¶ ËÎĐė č ĂÌăāëÍ ÌāÌĄĐËăėĎ čÎāÍÌËă ąėÍĂëĐĎąėÌăăĕĘ ăÊÎÌÎ' ĂÌāÌÍĕĘ ĄÍËÌğÌĐËčÊËā

đėğÍÊčĐėĆËÎĂÌË ÎÌĄÍÌāėčĐËăėË ÌāÌĄėāËĐĔăÌĘ ÎėÎāËďĕ 

¶ ËÎĐė ÎďËÎėāËĐĔăĕĘ ĂÌăāëÍ ¯āËĄĐÌđÌ ĄÌĐÊ° ĎčĐĎËāÎĎ ăėĜĂÌāËďĄËÍÊāëÍăĕď %ĄÌğÌđÍËč

×ÌĜĎĘÎāčËăăĕ× ĄÌďËČËăėĘ' ëĐėĆăĕ×ÎāëĄËăËĂ' ĄËċË×Ìğăĕ× ğÌÍÌěËĂµ) 

¶ ËÎĐė č ÎėÎāËďë čĂĐòĆÊËāÎĎ ĂÌăāëÍ ăÊĄÌĐĔăÌđÌ ÌāÌĄĐËăėĎ %¯āËĄĐĕ× ĄÌĐÌč°µ' ėĜđÌāÌčĐËăăĕĘ

ėĜ āÍëē' ďÊāËÍėÊĐ ĂÌāÌÍĕ× ĄÍÌĄëÎĂÊËā ĂėÎĐÌÍÌğ ĜÊ ÎĆËā ğėććëĜėė %ĄĐÊÎāėĂÌčĕË'

ĄÌĐėĄÍÌĄėĐËăÌčĕË āÍëēĕµ) 

 

ÇėÎëăÌĂ10  ÕÌğĂĐòĆËăėË ĆËÍËĜ āËĄĐÌÌēďËăăėĂ 
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ĎĜćĊğĠĜĜìĊěûĂìěûĂ Ă öûĚúĜĞþĜĝîĂíĂ 

Â ÎĐëĆÊË ÌāÎëāÎāčėĎ āËÍďÌđėğÍÊčĐėĆËÎĂÌđÌ ÍÊÎĄÍËğËĐėāËĐĎ ėĐė đėğÍÊčĐėĆËÎĂÌđÌ ÍÊĜğËĐėāËĐĎ

ÍËĂÌďËăğëËāÎĎ ëÎāÊăÌčėāĔ čÌĜğë×ÌÌāğËĐėāËĐĔ ğĐĎ ëğÊĐËăėĎ čÌĜğë×Ê ėĜ ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂė ė

ċĐÊďÌÎēÌÍăėĂ ğĐĎ ÎēÌÍÊ đÍĎĜė ė ċĐÊďÊ) ÂÌĜğë×ÌÌāğËĐėāËĐĔ ëÎāÊăÊčĐėčÊËāÎĎ ĄÌÎĐË ĂÌāĐÊ' ċĐÊďÌÎēÌÍăėĂ

® ğÌ ĂÌāĐÊ) ÆēÊ ÷āė ëÎāÍÌĘÎāčÊ ďÌđëā ēĕāĔ ĂÊĂ ĜÊčÌğÎĂÌđÌ ėÎĄÌĐăËăėĎ' āÊĂ ė ÎÌēÎāčËăăÌđÌ ėĜđÌāÌčĐËăėĎ)

ÅÊ ÍėÎëăĂÊ×ÇėÎëăÌĂ11 ėÇėÎëăÌĂ12 ĄÌĂÊĜÊăĕ ÍÊĜďËÍĕ čÌĜğë×ÌÌāğËĐėāËĐĎ ė ċĐÊďÌÎÌēÌÍăėĂÊ) ÈĂÌÍÌÎāĔ

ğčėěËăėĎāËĄĐÌăÌÎėāËĐĎ č ÷āė× ëÎāÍÌĘÎāčÊ× ğÌĐěăÊ ēĕāĔ ăË ēÌĐĔċË +',ď*Î) ÁčāÌďÊāėĆËÎĂėĘ ė ÍëĆăÌĘ

čÌĜğë×ÌÌāčÌğĆėĂė' ëÎāÊăÌčĐËăăĕË ăÊ ċĐÊďÌÎēÌÍăėĂË' ėÎĄÌĐĔĜëòāÎĎ ğĐĎ ëğÊĐËăėĎ čÌĜğë×Ê čÌ čÍËďĎ

ĄËÍčÌăÊĆÊĐĔăÌđÌ ĜÊĄÌĐăËăėĎ ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂė) 

 

ÇėÎëăÌĂ11 - ÂÌĜğë×ÌÌāğËĐėāËĐĔ 

 
ÇėÎëăÌĂ12- îĐÊďÌÎēÌÍăėĂ 

ÆĜĊïĂìíĚ ĜìĜïĂìěûÿîĜă ğĞìĚîĜøíĂ 

ÅÊ Đėăėė ĄÌğĄėāĂė ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂė ÍËĂÌďËăğëËāÎĎ ëÎāÊăÊčĐėčÊāĔ čÌğăĕĘ ÎĆËāĆėĂ) Æă

ĄÌĜčÌĐĎËā ÌĄÍËğËĐėāĔ ÌēĖËď čÌğĕ ĄÍė ĄËÍčÌăÊĆÊĐĔăÌď ĜÊĄÌĐăËăėė ė ĂÌăāÍÌĐėÍÌčÊāĔ ÌēĖËď ĄÌğĄėāĂė

ğĐĎ ğÊăăÌĘ ëÎāÊăÌčĂė) ýăÊăėË ÌēĖËďÊ ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂė ğÊËā čÌĜďÌěăÌÎāĔ ĄÍÌčËÍėāĔ ĄÍÊčėĐĔăÌÎāĔ

ĄÌğēÌÍÊ ÍÊÎċėÍėāËĐĔăÌđÌ ēÊĂÊ) ÉÊĂěË ÌēĖËď ĄÌğĄėāÌĆăÌĘ čÌğĕ ğÊËā ėăćÌÍďÊąėò Ì čÌĜďÌěăĕ× ëāËĆĂÊ×

č ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂË) 

ÅÊ čÎË× đėğÍÊčĐėĆËÎĂė× Î×ËďÊ×' ĄÍėčËğËăăĕ× č ĂÊāÊĐÌđË' ĄÌĂÊĜÊăÌ' ĆāÌ ĄËÍčÌăÊĆÊĐĔăÌË

ĜÊĄÌĐăËăėË ė ĄÌğĄėāĂÊ ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂė ĄÍÌėĜčÌğĎāÎĎ č ÌēÍÊāăëò Đėăėò ĂÌāĐÊ %ÍėÎëăÌĂÇėÎëăÌĂ

13µ) ÕÍė čĕēÌÍË āÊĂÌđÌ āË×ăėĆËÎĂÌđÌ ÍËċËăėĎ ÎĐËğëËā ĄÌďăėāĔ' ĆāÌ ĄÌğĄėāĂÊ ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂė

ğÌĐěăÊ ēĕāĔ čÎËđğÊ ĂÌăāÍÌĐėÍëËďÌĘ' ÎĐËğëËā ėĜēËđÊāĔ ĄÌğÊĆė ēÌĐĔċÌđÌ ĂÌĐėĆËÎāčÊ ×ÌĐÌğăÌĘ

ĄÌğĄėāÌĆăÌĘ čÌğĕ č ÍÊĜÌđÍËāĕĘ ĂÌāËĐ) 
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ÇėÎëăÌĂ13  ÕÌğĄėāĂÊ ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂė 

ĖĝěþĜøĚîĂù í íĚñěĞìøğ øĜĊĀ 

ĞĐĎ ÌĄāėďÊĐĔăÌĘ ÍÊēÌāĕ ĂÌāĐÊ ăËÌē×ÌğėďÊ ĆėÎāÊĎ čÌğÊ' ÎÌčďËÎāėďÊĎ ĄÌ ÎčÌĘÎāčÊď Î āËďė

ďËāÊĐĐÊďė' ĂÌāÌÍĕË ăÊ×ÌğĎāÎĎ Î ăËĘ č ĂÌăāÊĂāË ė ėĜ ĂÌāÌÍĕ× ÎÌÎāÌėā ĂÌāËĐ) ðāÌ ÎĄÍÊčËğĐėčÌ ğĐĎ čÎË×

ĂÌāĐÌč' ėÎĄÌĐĔĜëòČė× čÌğë č ĂÊĆËÎāčË āËĄĐÌăÌÎėāËĐĎ ăËĜÊčėÎėďÌ Ìā ė× ĄÍėăąėĄÊ ÍÊēÌāĕ %āÍÊğėąėÌăăĕË' Î

ĄËÍËđÍËāÌĘ čÌğÌĘ' ĄÊÍÌčĕË' ĂÌăğËăÎÊąėÌăăĕË ė ĄÍÌĆėËµ ė ďÊāËÍėÊĐÊ' ėĜ ĂÌāÌÍÌđÌ Ìăė ėĜđÌāÌčĐËăĕ %Ćëđëă'

ÎāÊĐĔ' ăËÍěÊčËòČÊĎ ÎāÊĐĔ' ďËğĔ ėĐė ÊĐòďėăėĘµ) 

ÓÊĆËÎāčÌ čÌğĕ č ÌāÌĄėāËĐĔăÌĘ ëÎāÊăÌčĂË ÌĄÍËğËĐĎËāÎĎ ÎĐËğëòČėďė ĄÊÍÊďËāÍÊďė5 

¶ pH %ëÍÌčËăĔ ĂėÎĐÌāăÌÎāė ėĐė ČËĐÌĆăÌÎāė čÌğĕµ6 

¶ ěËÎāĂÌÎāĔ %ÎÌğËÍěÊăėË ėĜčËÎāĂÌčĕ× ÎÌĐËĘµ6 

¶ ëğËĐĔăÊĎ ÷ĐËĂāÍÌĄÍÌčÌğăÌÎāĔ %ĄÍėēĐėĜėāËĐĔăÊĎ ÌēČÊĎ ďėăËÍÊĐėĜÊąėĎµ6 

¶ ÎÌğËÍěÊăėË ×ĐÌÍėğÌč' ÎëĐĔćÊāÌč ė ĄÍÌĆËË) 

ðāė ĄÊÍÊďËāÍĕ ďÌđëā ėĜďËăĎāĔÎĎ č ĜÊčėÎėďÌÎāė Ìā ÍËđėÌăÊ' ėÎāÌĆăėĂÊ čÌğÌÎăÊēěËăėĎ

%čÌğÌĄÍÌčÌğăÊĎ ÎËāĔ' ÎĂčÊěėăÊ' ğÌěğËčÊĎ čÌğÊ ė ā)ğ)µ' Ê āÊĂěË Ìā ďÊāËÍėÊĐÌč āÍëē ė ė× ÎÌÎāÌĎăėĎ)

ÅËĂÌāÌÍĕË ĄÊÍÊďËāÍĕ ğÌĐěăĕ ÍËđëĐĎÍăÌ ĄÍÌčËÍĎāĔÎĎ čăË ĜÊčėÎėďÌÎāė Ìā ďÊāËÍėÊĐÊ' ėĜ ĂÌāÌÍÌđÌ

ėĜđÌāÌčĐËă ĂÌāËĐ %ăëěăÌ ėÎĂĐòĆėāĔ ăÊĐėĆėË ÊēÍÊĜėčăĕ× ĆÊÎāėą č čėğË čĜčËÎËĘ č čÌğË' ăË ĄÍėďËăĎāĔ čÌğë

Î ÌĆËăĔ čĕÎÌĂėď ÎÌğËÍěÊăėËď ÎÌĐËĘ ĂÊĐĔąėĎ ė ďÊđăėĎ ė ğÍ)µ) 

ÕÍÌčËÍĂÊ ëÍÌčăĎ iB ĎčĐĎËāÎĎ ÌÎăÌčăĕď ĂÌăāÍÌĐėÍëËďĕď ĄÊÍÊďËāÍÌď' ăÌ ĄÍė ÷āÌď ğėÊĄÊĜÌă

āÍËēëËďĕ× ĜăÊĆËăėĘ ďËăĎËāÎĎ č ĜÊčėÎėďÌÎāė Ìā ďÊāËÍėÊĐÊ āËĄĐÌÌēďËăăėĂÊ ĂÌāĐÊ) Â ÌēČËď ÎĐëĆÊË

ďËāÊĐĐĕ ĂÌÍÍÌĜėÍëòā č ĄÍėÎëāÎāčėė ĂėÎĐÌāĕ' ăÌ ë ĂÊěğÌđÌ ďËāÊĐĐÊ ËÎāĔ ÎčÌË ÎÌēÎāčËăăÌË ÎÌĄÍÌāėčĐËăėË

ĂÌÍÍÌĜėė' āÌ ËÎāĔ ğÌĐěËă ÎÌēĐòğÊāĔÎĎ ÌĄÍËğËĐËăăĕĘ ğėÊĄÊĜÌă iB ğĐĎ ĄÍËğÌāčÍÊČËăėĎ ēĕÎāÍÌĘ ė

ăËÌēÍÊāėďÌĘ ĂÌÍÍÌĜėė) 
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ÅÊĐėĆėË ĄÍėďËÎËĘ č čÌğË ďÌěËā ĄÍėčËÎāė Ă ÌēÍÊĜÌčÊăėò ăÊĂėĄė ăÊ čăëāÍËăăËĘ ĄÌčËÍ×ăÌÎāė

āËĄĐÌÌēďËăăėĂÊ' ĆāÌ čËğËā Ă ÎăėěËăėò ÷ććËĂāėčăÌÎāė ÍÊēÌāĕ ĂÌāĐÊ' č ×ëğċËď ÎĐëĆÊË - Ă čĕ×Ìğë ėĜ ÎāÍÌĎ

āËĄĐÌÌēďËăăėĂÊ) ÅėĜĂÊĎ āËĄĐÌĄÍÌčÌğăÌÎāĔ ăÊĂėĄė ÎĄÌÎÌēÎāčëËā ĄÌčĕċËăėò āËďĄËÍÊāëÍĕ ĄÌčËÍ×ăÌÎāė

āËĄĐÌÌēďËăăėĂÊ ė ÍÊĜÍĕčë ÎËĂąėĘ Ìā ĄËÍËěÌđÊ' ĆāÌ ĎčĐĎËāÎĎ ÎËÍĔËĜăÌĘ ÊčÊÍėËĘ ăÊ ĂÌāĐË) ÉÍËēÌčÊăėĎ ĄÌ

ĂÊĆËÎāčë ğĐĎ ÌāÌĄėāËĐĔăÌĘ čÌğĕ ĄÍėčËğËăĕ č āÊēĐėąË 2.  

ÂÊěăÌ ÎĐËğėāĔ ăË āÌĐĔĂÌ ĜÊ ÎčÌĘÎāčÊďė čÌğĕ ĜÊĐėčÊËďÌĘ č ÎėÎāËďë ÌāÌĄĐËăėĎ' ăÌ ė ÎčÌĘÎāčÊďė

ĄÌğĄėāÌĆăÌĘ čÌğĕ) È ĂÊěğÌĘ ĄÌğĄėāĂÌĘ č ÌāÌĄėāËĐĔăëò ëÎāÊăÌčĂë čăÌÎėāÎĎ ÌĄÍËğËĐËăăÌË ĂÌĐėĆËÎāčÌ

ÎÌĐËĘ' ÎĄÌÎÌēăĕ× ÌēÍÊĜÌčĕčÊāĔ ÌāĐÌěËăėĎ č ăÊėēÌĐËË đÌÍĎĆËď ďËÎāË ĂÌāĐÊ- č āËĄĐÌÌēďËăăėĂË) ÿāÌēĕ ăË

ÌēÍÊĜÌčĕčÊĐÊÎĔ ăÊĂėĄĔ' ăËÌē×ÌğėďÌ ėĜēËđÊāĔ ĆÊÎāĕ× ğÌēÊčĐËăėĘ čÌğĕ' Ê ğĐĎ ÷āÌđÌ ăëěăÌ ăË ğÌĄëÎĂÊāĔ

ëāËĆËĂ čÌğĕ ėĜ ÎėÎāËďĕ) ĞĐĎ ĂÌăāÍÌĐĎ ÌēĖËďÊ ÷āė× ğÌēÊčĐËăėĘ čÎË ĂÌāËĐĔăĕË ğÌĐěăĕ ēĕāĔ ÌÎăÊČËăĕ

ÎĆËāĆėĂÊďė ĄÌğĄėāÌĆăÌĘ čÌğĕ) Â āÊēĐėąÊ× 3, 4 ĄÍËğÎāÊčĐËăĕ ĄÊÍÊďËāÍĕ ěËÎāĂÌÎāė čÌğĕ č ĜÊčėÎėďÌÎāė Ìā

ďÌČăÌÎāė ÎėÎāËďĕ ė āËďĄËÍÊāëÍĕ ĄÌğÊòČËĘ Đėăėė) ÃÎĐė ĂÌĐėĆËÎāčÌ ė ěËÎāĂÌÎāĔ čÌğĕ ăË ÌāčËĆÊòā

čĕċËĄËÍËĆėÎĐËăăĕď āÍËēÌčÊăėĎď' ăËÌē×ÌğėďÌ ėÎĄÌĐĔĜÌčÊāĔ ëÎāÍÌĘÎāčÊ ğĐĎ ëďĎđĆËăėĎ čÌğĕ) 

ÇËĂÌďËăğÊąėėĄÌ čÌğÌĄÌğđÌāÌčĂË ğĐĎ ĂÌāĐÌč5 

éďËÍËăăÌ ěËÎāĂÊĎ čÌğÊ ÎÌ ÎÍËğăėď ÎÌğËÍěÊăėËď ďėăËÍÊĐĔăĕ× ÎÌĐËĘ ĄÍËğÌāčÍÊāėā ÌēÍÊĜÌčÊăėË

ÌāĐÌěËăėĘ' ĂÌāÌÍĕË ďÌđëā ÌÎĐÊēėāĔ āËĄĐÌÌēďËă) 

ÅËÌē×ÌğėďÌ čĕēÍÊāĔ ĄÌğ×ÌğĎČëò čÌğÌĄÌğđÌāÌčĂë' ĂÌāÌÍÊĎ ăË ĄÍėčÌğėā Ă ĄÌčĕċËăėò ëÍÌčăĎ iB) 

ĞĐĎ ëÎāÊăÌčĂė ăÊ ÎëČËÎāčëòČËĘ ÎËāė ăËÌē×ÌğėďÌ ĄÍÌčËÍėāĔ ÎÌÌāčËāÎāčėË čÌğÌĄÌğđÌāÌčĂė

%ėĜďËÍËăėË ëÍÌčăĎ iBµ) ÃÎĐė iB ĄÍËčĕċÊËā ĜăÊĆËăėË 3)0' āÌ āÍËēëËāÎĎ ÎĐėč ė ĜÊďËăÊ āËĄĐÌăÌÎėāËĐĎ) ÈĐėč

ė ĄÍÌďĕč ÎëČËÎāčëòČËĘ ÎėÎāËďĕ ÌāÌĄĐËăėĎ ÍËĂÌďËăğëËāÎĎ ğĐĎ čÎË× ÎĐëĆÊËč ÍËĂÌăÎāÍëĂąėė' ĆāÌēĕ

ĄÍËğÌāčÍÊāėāĔ ĜÊÎÌÍËăėË ăÌčÌđÌ ĂÌāĐÊ ĆÊÎāėąÊďė ė ÌāĐÌěËăėĎďė ėĜ ÎāÊÍÌĘ ÎËāė) 

ÉÊēĐėąÊ2 - ÉÍËēëËďĕË ×ÊÍÊĂāËÍėÎāėĂė ğĐĎ čÌğĕ ÎėÎāËďĕ ÌāÌĄĐËăėĎ 

ÈāËĄËăĔ ĂėÎĐÌāăÌÎāė %ăËĄÌğđÌāÌčĐËăăÊĎ čÌğÊµ 6,53'0 ÍÅ 

ÈāËĄËăĔ ĂėÎĐÌāăÌÎāė %ĄÌğđÌāÌčĐËăăÊĎ čÌğÊµ 74 ÍÅ 

éğËĐĔăÊĎ ĄÍÌčÌğėďÌÎāĔ £ 0++ ďĂÈď*Îď ĄÍė -0x= 

ÛĐÌÍėÎāĕË ÎÌËğėăËăėĎ £ -+ ďđ*Đ 

ÓėÎĐÌÍÌğ £ +', ďđ*Đ 

ĞÍëđėË ĂÌďĄÌăËăāĕ < 1 ppm 

 

ÉÊēĐėąÊ3  üËÎāĂÌÎāĔ čÌğĕ ĄÍė āËďĄËÍÊāëÍË ĄÌğÊòČËĘ Đėăėė 1+xÈ 

 üËÎāĂÌÎāĔ čÌğĕ %ĄÍė ĄËÍčÌď ĜÊĄÌĐăËăėėµ 
üËÎāĂÌÎāĔ čÌğĕ

%ĄÌğĄėāĂÊµ 

ÕÌĐËĜăÊĎ ďÌČăÌÎāĔ

Jg' ĂÂā 
ďďÌĐĔ*Đ 

ăËďËąĂėĘ

đÍÊğëÎ'x]B 

ćÍÊăąëĜÎĂėĘ

đÍÊğëÎ' x_ 
ďďÌĐĔ*Đ 

£ 2+ 0,53,5 2,820 535 0,53,5 

70200 0,52,0 2,811,2 520 £ ,'0 

200550 0,51,5 2,88,4 515 £ +'0 

> 550 0,40,5 2,22,8 45 £ +'0 

 

ÉÊēĐėąÊ4  üËÎāĂÌÎāĔ čÌğĕ ĄÍė āËďĄËÍÊāëÍË ĄÌğÊòČËĘ Đėăėė 4+xÈ 

 üËÎāĂÌÎāĔ čÌğĕ %ĄÍė ĄËÍčÌď ĜÊĄÌĐăËăėėµ 
üËÎāĂÌÎāĔ čÌğĕ

%ĄÌğĄėāĂÊµ 

ÕÌĐËĜăÊĎďÌČăÌÎāĔ

Jg %ĂÂāµ 
ďďÌĐĔ*Đ 

ăËďËąĂėĘ

đÍÊğëÎ'x]B 

ćÍÊăąëĜÎĂėĘ

đÍÊğëÎ' x_ 
ďďÌĐĔ*Đ 

£ -++ 0,51,5 2,88,4 515 £ +'0 

> 200 0,40,5 2,22,8 45 £ +'0 
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ĐĜîĊěîĞĚðĂĜîîĀě íĜìûĀ 
ĔĚćúěĝĀ 

ĖěĠîĂñěĞíĂě ĠĚĝĚíìěĝĂĞìĂíĂ 

ĉĂĚüĝĚúúĀ 
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Luna Duo-tec MP 

ÄÌğËĐĔăĕĘ ÍĎğ ăÊÎāËăăĕ× ĂÌāĐÌč ēÌĐĔċÌĘ ďÌČăÌÎāė FOH; >OI-TEC 

GJ ÎÌÎāÌėā ėĜ ÌğăÌĂÌăāëÍăĕ× ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč' ďÌČăÌÎāĔò Ìā 0+ ğÌ

,,+ ĂÂā %ĄÍė0+*.+x=µ ė ĂÌāĐÊ ďÌČăÌÎāĔò .0 ĂÂā (ĄÍė 80/60xC). ÛÊÍÊĂāËÍăĕË 

ÌÎÌēËăăÌÎāė ÷āÌđÌ ďÌğËĐĔăÌđÌ ÍĎğÊ - ÷āÌ čĕÎÌĂÊĎ ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ'

čĕÎÌĂėĘ ĂÌ÷ććėąėËăā ďÌğëĐĎąėė %,54µ' ďÌğëĐĎąėÌăăĕĘ ăÊÎÌÎ č ÎÌÎāÊčË

đėğÍÊčĐėĆËÎĂÌđÌ ëĜĐÊ' ĄÍÌÎāÌāÊ ĄÍėďËăËăėĎ ė ëÎāÊăÌčĂė' Ê āÊĂěË ÌđÍÌďăÌË

ĂÌĐėĆËÎāčÌ ÊĂÎËÎÎëÊÍÌč ğĐĎ ėăğėčėğëÊĐĔăÌĘ ė ĂÊÎĂÊğăÌĘ ëÎāÊăÌčĂė) ÔĐÊčăĕĘ

÷ĐËďËăā ė ÎËÍğąË ÷āė× ĂÌăğËăÎÊąėÌăăĕ× ĂÌāĐÌč ÷āÌ ĂÊďËÍÊ ÎđÌÍÊăėĎ ÎÌ

ÎĄėÍÊĐĔăĕď āËĄĐÌÌēďËăăėĂÌď ėĜ ăËÍěÊčËòČËĘ ÎāÊĐė ;CMC .,1F) ÄÊĐÌË

ÎÌğËÍěÊăėË čÌğĕ č ÷āÌď āËĄĐÌÌēďËăăėĂË ÌĄÍËğËĐĎËā ÌĆËăĔ ďÊĐëò āËĄĐÌčëò

ėăËÍąėò ė' ÎĐËğÌčÊāËĐĔăÌ' ēĕÎāÍëò ÍËÊĂąėò ăÊ ėĜďËăËăėĎ āËĄĐÌčÌĘ

÷ăËÍđėė' āÍËēëËďÌĘ ğĐĎ ÎėÎāËďĕ' Ê ăËÍěÊčËòČÊĎ ÎāÊĐĔ ĜÊČėČÊËā

āËĄĐÌÌēďËăăėĂ Ìā ÌĄÊÎăÌÎāė ĂÌÍÍÌĜėė' ÎčĎĜÊăăÌĘ Î ĂÌăğËăÎÊāÌď)

ÄÌğëĐĎąėÌăăĕĘ ăÊÎÌÎ ĄÌĐăÌÎāĔò ÌĄāėďėĜėÍëËā ĄÍÌėĜčÌğėāËĐĔăÌÎāĔ ĂÌāĐÊ'

āÌĆăÌ ÍËđëĐėÍëĎ ďÌČăÌÎāĔ ğĐĎ ĄÌĐëĆËăėĎ ÌĄāėďÊĐĔăÌĘ ÍÊĜăÌÎāė āËďĄËÍÊāëÍ

ďËěğë ĄÌğÊĆËĘ ė čÌĜčÍÊāÌď) ÅÊĂÌăËą' ċėÍÌĂėĘ ğėÊĄÊĜÌă ďÌğëĐĎąėė đÌÍËĐĂė ÌĜăÊĆÊËā' ĆāÌ ďÌČăÌÎāĔ

ĂÌāĐÊ ďÌěËā ēĕāĔ ăÊėĐëĆċėď ÌēÍÊĜÌď ÎÌđĐÊÎÌčÊăÊ Î āÍËēëËďÌĘ āËĄĐÌčÌĘ ăÊđÍëĜĂÌĘ) ÇËđëĐėÍÌčĂë

ÍÊĜĐėĆăĕ× ĂÌďĄÌăËăāÌč ĂÌāĐÊ čĕĄÌĐăĎËā ąėćÍÌčÊĎ ĄĐÊāÊ ĂÌāĐÊ ÎÌ ÎğčÌËăăĕď ďėĂÍÌĄÍÌąËÎÎÌÍÌď

ĄÌÎĐËğăËđÌ ĄÌĂÌĐËăėĎ' ĆāÌ ÌēËÎĄËĆėčÊËā ĄÍÌÎāÌË ė ăÊğËěăÌË ëĄÍÊčĐËăėË ĂÌāĐÌď Î ĄÊăËĐė ëĄÍÊčĐËăėĎ

Î ċėÍÌĂėď üÓ-ğėÎĄĐËËď) ðĐËĂāÍÌăăÊĎ ÎėÎāËďÊ ĂÌāĐÊ ÌēËÎĄËĆėčÊËā ÎëāÌĆăÌË ė ăËğËĐĔăÌË

ĄÍÌđÍÊďďėÍÌčÊăėË ćëăĂąėĘ ÌāÌĄĐËăėĎ ė ÔÂÈ' ĄÌđÌğÌĜÊčėÎėďÌË ÍËđëĐėÍÌčÊăėË' č ÎÌÌāčËāÎāčėė Î

ĂÍėāËÍėĎďė ĂÌďćÌÍāÊ ĄÌĐĔĜÌčÊāËĐĎ' Ê āÊĂěË ĄÍÌÎāëò ėăāËđÍÊąėò Î ăÌčËĘċėďė ÎėÎāËďÊďė ÌāÌĄĐËăėĎ

ēĐÊđÌğÊÍĎ ĄÍÌđÍÊďďėÍÌčÊăėòÍĎğÊ ĄÊÍÊďËāÍÌč ğĐĎ ÌĄāėďėĜÊąėė ×ÊÍÊĂāËÍėÎāėĂ ÎÌÌāčËāÎāčëòČė× āėĄë

ëÎāÊăÌčĂė) 

ēĞĜþěîîĜĞìĂ 

ÉËĄĐÌÌēďËăăėĂ ėĜđÌāÌčĐËă ėĜ ăËÍěÊčËòČËĘ ÎāÊĐė ;CMC .,1F6ÌğėăÊÍăĕĘ č ďÌğËĐĎ× 0+ 60  

2+ ĂÂā ė ğčÌĘăÌĘ č ďÌğËĐĎ× 4+ ,,+ ĂÂā5 čĕÎÌĂÊĎ ďÌČăÌÎāĔ ĄÍė ďÊĐĕ× đÊēÊÍėāÊ×' ăÊğËěăÌÎāĔ ė

ğÌĐđÌčËĆăÌÎāĔ 

îėÍÌĂėĘ ğėÊĄÊĜÌă ďÌğëĐĎąėė' ğÌ ,545 ĄÌčĕċËăėË ÷ććËĂāėčăÌÎāė ēĐÊđÌğÊÍĎ ëďËăĔċËăėò

ĂÌĐėĆËÎāčÊ ĄëÎĂÌč*ÌÎāÊăÌčÌĂ ĂÌāĐÊ 

ìėćÍÌčÊĎ ĄÊăËĐĔ ëĄÍÊčĐËăėĎ Î ĂăÌĄĂÊďė ė ċėÍÌĂėď ÎėďčÌĐĔăÌ-ąėćÍÌčĕď üÓ-ğėÎĄĐËËď 

ÓÌďĄÊĂāăĕË ÍÊĜďËÍĕ' ďėăėďÊĐĔăĕĘ čËÎ 

ÕÌĐăĕĘ ĂÌďĄĐËĂā ÊĂÎËÎÎëÊÍÌč ğĐĎ ÌğėăÌĆăÌĘ ė ĂÊÎĂÊğăÌĘ ëÎāÊăÌčĂė 

ÂÎāÍÌËăăĕĘ ďÌğëĐėÍëòČėĘ ąėÍĂëĐĎąėÌăăĕĘ ăÊÎÌÎ Î ăėĜĂėď ÷ăËÍđÌĄÌāÍËēĐËăėËď 

ÂÎāÍÌËăăĕĘ ĄÍËğÌ×ÍÊăėāËĐĔăĕĘ ÎēÍÌÎăÌĘ ĂĐÊĄÊă 

ÂÌĜďÌěăÌÎāĔ ÍÊÎċėÍËăėĎ ēÊĜÌčÌđÌ ćëăĂąėÌăÊĐÊ ĜÊ ÎĆËā ÍÊÎċėÍėāËĐĔăĕ× ďÌğëĐËĘ 

ÅĂĊĝĚøûĂñěĞíĚù ĞĂĞìěúĚ 

ÂÎāÍÌËăăĕĘ ďÌğëĐėÍëòČėĘ ąėÍĂëĐĎąėÌăăĕĘ ăÊÎÌÎ 

ÈėÎāËďÊ ĜÊČėāĕ Ìā ēĐÌĂėÍÌčĂė ăÊÎÌÎÊ čĂĐòĆÊËāÎĎ ĂÊěğĕË -/ ĆÊÎÊ 

ĞÊāĆėĂė āËďĄËÍÊāëÍĕ %HN=µ ăÊ ĄÌğÊĆË ė čÌĜčÍÊāË 

àÌāÌĂ ğĐĎ ÎēÌÍÊ ĂÌăğËăÎÊāÊ ėĜ ĄÍėāÌĆăÌđÌ čÌĜğë×ÌčÌğÊ 

  
























































































































































































































































































































































































