


ʐǂƢǅɠǃƦ ǽƣǻǄ ʐǂƢǅɠǃƦ Ƕƹǻ ǾǼƵǿƢ ʐƣȃ ǋʒƣǼȃ ǽƢȆȀǠ

ȏȑȗȕ ȁƣǻ Ǿʒƾǂȅǃǫ ȐȘ ȅ ȏȗ ƎǽƢǃȄƬ ʑʒƣƧǘƣƧǘ ȂǻˬǠ ȁƣϝǍǿƢƾ ρǿƣǉǿƢ ǹȆǸǠ ȅ ρǷƣǻ ƪƣʓǔƣʒǂ ǂƣȀʓǼǈ ǾʓǼƵȀȩ

ȏȑȗȕ ȁƣǻ Ǿʒƾǂȅǃǫ ȑȏ ƣƬ Ȑȗ Ǝǋʓǳ ǋʓǳ ȁƣϝǍǿƢƾ ǽƖ ʐƣȃƾǃƦǂƣǳ ȅ ʐǄǃǻ ǂƢƿǰǻ ρǸǸǼǷƢ ǾʓƦ ǇǿƢǃǬȀǳ

ȏȑȗȕ ȁƣǻƾƢƾǃƼ ȑȘ ƣƬ ȐȖ ƎǽƣƵǿǄ ǽƣƵǿǄ ρǸʓǼɔƬ ƪˬʓǑƹƬ ȁƣϝǍǿƢƾ ʐǄƣǈ ȂȀʓȄƦ ȅ ρǙƼǃʓǤ ǅʓǷƣǿƖ ρǸǸǼǷƢ ǾʓƦ ǇǿƢǃǬȀɓ ǾʓǻǂƣȄȵ

ȏȑȗȕ ȁƣǻǃʓƬ ȐȐ ƣƬ ȏȗ ƎǃȄǍȄƦ ǽƢǂƿǿǄƣǻ ʐǂȅƣȀǫ ȅ ǺǸǠ ȁƣϝǍǿƢƾ ǂȆǍǳ ʑʒȆƵǍǿƢƾ ρǔƣʒǂ ȂǰƦƣǉǻ Ǿʓǻȅƾ ȅ ǶȄȵ

ȏȑȗȕ ȁƣǻǃʓƬ Ȑȏ ȅ ȐȘƎǽƣǻǃǳ ǽƣǻǃǳ ǃȀȃƣƦ ƿʓȄǌ ȁƣϝǍǿƢƾ ǽƖ ʐƣȃƾǃƦǂƣǳ ȅ ʐƾƿǠ ǅʓǷƣǿƖ ǂƣȀʓǼǈ ǾʓǼƭǬȃ

ȏȑȗȕ ȁƣǻǃʓƬ ȐȖ ƣƬ ȐȔ ƎǽƣƵǿǄ ǽƣƵǿǄ ρǸʓǼǴƬ ƪˬʓǑƹƬ ȁƣϝǍǿƢƾ ρϚʓǻƣȀʒƾ ʐƣȃ Ǻƭǉʓǈ ȅ ǶʓǉǿƢǃǬʒƾ ƪ˫ƾƣǡǻ ǂƣȀʓǼǈ ǾʓǼȃƾǂƣȄȵ

ȏȑȗȕ ȁƣǻƾƢƾǃǻ ȏȐ ƣƬ ȗ ƎǃǉǸƦƣƦ ǽƢǂƿǿǄƣǻ ȁƣϝǍǿƢƾ ǽƢǃʒƢ ρǔƣʒǂ ǊǄȆǻƖ ǇǿƢǃǬȀǳ ǾʓǼȃƾǅǿƣǌ

ȏȑȗȕ ȁƣǻǂȆʒǃȄǌ Ȓ ƣƬ ȏ ƎǽƢǃȄƬ ǽƢǃʒƢ ƫǡȀǐ ȅ ǺǸǠ ȁƣϝǍǿƢƾ ǽƢǃʒƢ ρǔƣʒǂ ǇǿƢǃǬȀǳ ǾʓǼȄǿ ȅ ǶȄȵ

ȏȑȗȕ ȁƣǻǃȄǻ ȐȔ ȅ Ȑȓ ƎƲƿȀȀǈ ǽƣƭǈƾǃǳ ȁƣϝǍǿƢƾ ǃƧƴ ǂƣȀʓǼǈ ǾʓǼǍǌ ȅ ƫǉʓƦ

ȏȑȗȕ ȁƣǻ ǽƣƦƖ ȐȒ ȅ Ȑȑ ƎɑƢǂƢ ɑƢǂƢ ȁƣϝǍǿƢƾ ǽƖ ʐƣȃƾǃƦǂƣǳ ȅ ρǔƣʒǂ ǅʓǷƣǿƖ ǂƣȀʓǼǈ ǾʓǻȆǈ ȅ ƫǉʓƦ

ȏȑȗȕ ȁƣǻƿȀǬǈƢ Ȑȏ ȅ ȐȘ ƎǽƢƿȃƢǄ ǽƣƭǉȵȆǸƦ ȅ ǽƣƭǉʓǈ ȁƣϝǍǿƢƾ ǽƖ ʐƣȃƾǃƦǂƣǳ ȅ ƣȃǃϝǸǼǠ Ȃʒǃǝǿ Ȃǿ˫ƣǈȅƾ ǂƣȀʓǼǈ ǾʓǼƵȀȩ

ȏȑȗȕ ƎǽƢǃȄƬ ρƭǍȄƦ ƿʓȄǌ ȁƣϝǍǿƢƾ ƣȃƾǃƦǂƣǳ ȅ ϗʓǿȆǻǂƣȃ ǅʓǷƣǿƖ ǂƣȀʓǼǈ ǾʓǼƭǬȃ

ȗȖ ȁƣǻ ƫǍȄƧʒƾǂƢ ƎǽƣȄǬǐƢ ǽƣȄǬǐƢ ȁƣϝǍǿƢƾ ǽƖ ʐƣȃƾǃƦǂƣɓ ȅ ρǡƦƣƬ ǅʓǷƣǿƖ Ȃǿ˫ƣǈȅƾ ǂƣȀʓǼǈ ǾʓǼǍǌ

ȏȑȗȖ ȁƣǻ ǾǼȄƦ ƎǅʒǃƧƬ ǽƣƵʒƣƦǂǀƖ ρǿƿǻƿʓȄǌ ȁƣϝǍǿƢƾ ρǙƼǃʓǤ ǅʓǷƣǿƖ Ȃǿ˫ƣǈȅƾ ǂƣȀʓǼǈ ǾʓǼȃƾ

ȏȑȗȖ ȁƣǻ ǾǼȄƦ ƎǽƣȀǼǈ ǽƣȀǼǈ ȁƣϝǍǿƢƾ ƣȃƾǃƦǂƣǳ ȅ ϗʓǿȆǻǂƣȃ ǅʓǷƣǿƖ ǂƣȀʓǼǈ ǾʓǼƭǍȃ

ȏȑȗȖ ƎǶʓƦƾǂƢ ρǸʓƦƾǂƢ Ǯǰƹǻ ȁƣϝǍǿƢƾ ǂȆǍǳ ʑʒȆƵǍǿƢƾ ρǔƣʒǂ ȂǰƦƣǉǻ ǾʓǻȆǈ ȅ ǶȄȵ

ȏȑȗȖ ƎǄƢȆȃƢ ǄƢȆȃƢ ǽƢǃǼȵ ƿʓȄǌ ȁƣϝǍǿƢƾ ʐɇȆǷȆȩȆƬ ȅ ȂǈƿȀȃ ǂƣȀʓǼǈ ǾʓǼȃƾ

ȏȑȗȖ ƎǄƢǃʓǌ ǄƢǃʓǌ ȁƣϝǍǿƢƾ ǽƢǃʒƢ ρǔƣʒǂ ǇǿƢǃǬȀǳ ǾʓǼȃƣƵȀȩ

ȏȑȗȖ Ǝǽƣǻǃǳ ǽƣǻǃǳ ǃȀȃƣƦ ƿʓȄǌ ȁƣϝǍǿƢƾ ǽƖ ʐƣȃƾǃƦǂƣǳ ȅ ρǙƼǃƧƴ Ȃǿ˫ƣǈȅƾ ǂƣȀʓǼǈ ǾʓǼȃƾ

ȏȑȗȗ ƎǃȄǌȆƦ ǆǂƣǫ ƳʓǸƼ ȁƣϝǍǿƢƾ ǃƧƴ ǂƣȀʓǼǈ ǾʓǼƭǬȃ ȅ ƫǉʓƦ

ȏȑȗȗ ȁƣǻ ǾǼȄƦ ƎǽƢǃȄƬ ǃʓƧǳǃʓǻƢ ρƭǡȀǐ ȁƣϝǍǿƢƾ ƣȃƾǃƦǂƣǳ ȅ ϗʓǿȆǻǂƣȃ ǅʓǷƣǿƖ ǂƣȀʓǼǈ ǾʓǼȄǿ

ȏȑȗȗ ƎƲƿȀȀǈ ǽƣƭǈƾǃǳ ȁƣϝǍǿƢƾ ǽƖ ʐƣȃƾǃƦǂƣǳ ȅ ʐƾƿǠ ǅʓǷƣǿƖ ǂƣȀʓǼǈ ǾʓǼƭǍȃ

ȏȑȗȗ Ǝǽˬʓɠ ǽˬʓɠ ȁƣϝǍǿƢƾ ρϚʓǻƣȀʒƾ ʐƣȃ Ǻƭǉʓǈ ȅ ǶʓǉǿƢǃǬʒƾ ƪ˫ƾƣǡǻ ǂƣȀʓǼǈ ǾʓǼȃƾǅǿƣȩ

ȏȒȘȘ Ǝǽƣǻǃǳ ǽƣǻǃǳ ǃȀȃƣƦ ƿʓȄǌ ȁƣϝǍǿƢƾ ǽƢǃʒƢ ρǔƣʒǂ ǇǿƢǃǬȀǳ Ǿʓǻȅƾ ȅ ȁƣƵȀȩ

ȏȒȘȘ ƎǂƢȅǅƧǈ ʐǂƢȅǅƧǈ ǺʓϚƸ ȁƣϝǍǿƢƾ ǽƖ ʐƣȃƾǃƦǂƣǳ ȅ ρǙƼǃƧƴ Ȃǿ˫ƣǈȅƾ ǂƣȀʓǼǈ ǾʓǼȃƾǄƣʒ

ȏȒȘȏ Ǝǽˬʓɠ ǽˬʓɠ ȁƣϝǍǿƢƾ ǽƖ ʐƣȃƾǃƦǂƣǳ ȅ ʐƾƿǠ ǅʓǷƣǿƖ ǂƣȀʓǼǈ ǾʓǼȄǿ

ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǽƣʓǻƣƸ

ǾʒƢ ǄƢ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ʑʒƢǃƴƢ ʐƢǂȆǌ .ƿǿƢ ȁƾǃǳ ƫʒƣǼƸ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǄƢ ƾȆƼ ʐƣȃ ρǿƣƧʓƭǍȩ ȅ ƣȃ ϗǼǳ ƣƦ ǃʒǄ ʐƣȃƾƣȄǿ ȅ ƪƣǉǈƛǻ

.ƫǈƢ ǂƢǅϝǈƣȪǈ ȂǿƣǼʓǼǐ ƿȀǼǌǄǂƢ ʐƣȃ ƫʒƣǼƸ

ǏʓǑƽƬ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǿƣƼǃʓƦƾ ȂƦ Ƣǂ ǽƢǃȄƬ Ȇǌǂȅ ɑǂƣȩ ǂƾ ϓǯƢȅ ǽƣǼƭƼƣǈ ƎǽƢǃȄƬ Ȕ ȂǰǙȀǻ ʐǂƢƾǃȄǌ :ǽƢǃȄƬ Ȕ ȂǰǙȀǻ ʐǂƢƾǃȄǌ ĵ

.ƫǈƢ ȁƾƢƾ

ǾǼƵǿƢ ȂƦ Ƣǂ ʐǃưƛǻ ʐƣȃ ϗǼǳ ƣȃ ȁɇȅǃȩ ʐƢǃƴƢ ȅ ʐǅʓǼǻ ʐƣȃ ȂȀʒǅȃ ǾʓǻƙƬ ǂƾ ƫǿȅƣǡǻ ǾʒƢ :ʐǂȆȄǼƴ ƫǈƣʒǂ ʐǂȅƣȀǫ ȅ ρǼǸǠ ǹǃƭƹǻ ƫǿȅƣǡǻ ĵ

.ƫǈƢ ǃϚǍƬ ȅ ǃʒƿǰƬ ǶƦƣǯ Ȃǳ ȁƾȆǼǿ

ǄƢ ǹƢƿǳ ǃȃ ȂƦ ǒȆǠˬƦ ϗǼǳ ǽƢȆȀǠ ȂƦ Ƣǂ ρǥǸƧǻ ȂǷƣǈ ǃȃ ǽȆʓǉʓǼǳ ǾʒƢ :ʐǂȅƣȀǫ ȅ ƪƣǰʓǰƹƬ ƎǹȆǸǠ ƪǂƢǄȅ ρǼǸǠ ʐƣȃ ǾǼƵǿƢ ǽȆʓǉʓǼǳ ĵ

.ƿȃƾ ρǻ ǏʓǑƽƬ ƾȆƼ ǋǌȆȩ ƫƹƬ ρǼǸǠ ʐƣȃ ǾǼƵǿƢ

ƫʒȆǕǠ ǮƸ ƫƼƢƾǃȩ ƣƦ ȁƿǌ ǃǳǀ ȁǂȅƾ ǂƾ ǃʒǄ ρǍȃȅɈȩ ȅ ρǌǄȆǻƖ ƎρɡȀȃǃǫ ǅǳƢǃǻ ȅ ρǷƣǠ ǊǄȆǻƖ ƪƣǉǈƛǻ ȅ ƣȃ ȁƣϝǍǿƢƾ :ρǯȆǰƸ ʐƣǕǠƢ ĵ

.ƾȆǌ ρǻ ρǿƢƾǂƿǯ ƣȃ Ȃǉǈƛǻ ǾʒƢ ǂƾ ǾǼƵǿƢ ǽƣɠƿȀʒƣǼǿ ȅ ǽ˫Ȇơǉǻ Ǝƣǈƚǂ ǄƢ .ƿǿƢ ȁƾǃǳ ƫʒƣǼƸ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǄƢ ƎρǯȆǰƸ

ȏȑȗȔ ȁƣǻǃȄǻ ƣƬ ȏȑȗȓ ȁƣǻǃȄǻ ȁǂȅƾ ρǯȆǰƸ ʐƣǕǠƢ

.ǽƣƵȀǉǫǂ (όǠ)ǃǑǡʓǷȅ ȅ ǽƢǂƿǿǄƣǻ ƎƿȄǍǻ ρǈȅƾǃǫ ƎǽƣȀǼǈ Ǝ ǽƣƵǿǄ ƎǽƣǥǻƢƾ ƎǽƢƿǼȃ ƣȀʓǈ ρǸǠȆƦ ƎƢǃȃǅǷƢ :ʐƣȃ ȁƣϝǍǿƢƾ

ȏȑȗȕ ȁƣǻǃȄǻ ƣƬ ȏȑȗȔ ȁƣǻǃȄǻ ȁǂȅƾ ρǯȆǰƸ ʐƣǕǠƢ

.ʑʒƣƧǘƣƧǘ ȂǻˬǠ ȅ ǽƣȀǼǈ ƎǽƣǥǻƢƾ :ʐƣȃ ȁƣϝǍǿƢƾ



ƥǷƣǙǻ ƫǈǃȄǫ

Ȑ ..........................................ȂǷƣǰǻǃǈ

.Ȑ Ǝ ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ʐƣȃ ȂǸơǉǻ ǄƢ ρƼǃƦ

ȕ ..........................................ƣȃ ȂƭǌȆǿ

ĵ ȏȐ Ǝ ƿȀǼƬȅǃư ǽƢƿʓǔƣʒǂ ĵ ȕ Ǝ ȂƭǌȆǿ ϗʒ ǂƾ ǽƣɠɇƢȅ ρǷƣƭɓƢǃǫ ƿǡƦ

ɹǷƣǰǻ ĵ ȏȓ Ǝ ǽƢǃʒƢ ȁƣϝʒƣƴ ȂƦ ρȃƣɡǿ ĵ ȏȒ Ǝ ǃʒǁȩ ƥʓǈƖ Ɓƪƣʓǔƣʒǂ

.ȐȘ Ǝ ȆƵǍǿƢƾ ȅ ƾƣƭǈƢ ɑǃƭǍǻ ρǔƣʒǂ

Ȑȑ ......................................ǾǼƵǿƢ ǂƣƧƼƢ

ρǌǂƢǅɠ ĵ Ȑȑ Ǝ ȗȓ Ÿ ȗȔ ɸǂȅƾ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǽƣɠƿȀʒƣǼǿ ǄƢ ǃʒƿǰƬ

ǂƣǻƖ ǅɓǃǻ ǂƾ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǋʒƣǼȃ ǽƣɠƿȀȀɓ ƫɓǃǌ ȁƣɠƿʒƾ ǄƢ

ƫǈƣʒǂ ȂƦ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȅ ǽƢǃʒƢ ǂƣǻƖ ǾǼƵǿƢ Ȃǻƣǿ ĵ ȐȒ ƎǽƢǃʒƢ

.ȑȏ ƎρǻˬǈƢ ʐƢǂȆǌ ǇǸƵǻ ρɡȀȃǃǫ ǽȆʓǉʓǼɓ

ȑȐ ........................................ȑ ǵȆϚǍɓ

ȑȔ ......................................ǃǬǈ ǊǂƢǅɠ

ȒȐ ..........................................ƾǃɠǅʓǻ 

Ȓȕ ...........................ρǿƢǃȀƽǈ ƿȀȵ ǄƢ ρǌǂƢǅɠ

ǹȆǸǠ ǃǝȀǻ ǄƢ ICT ǂƾ ǂȆȄǜȆǿ ʐƣȃ Ǉʒȅǃǈ ȅ ǺʓȃƣǬǻ Ǝƣȃ ʐǂȅƣȀǫ ǃƦ ʐǂȅǃǻ

ȓȕ Ǝ ǽƢǃʒƢ ȁƿȀʒƖ ȅ ρǿƣƼƢǄǃʓǻ Ǻʒǃǻ ĵ Ȓȕ Ǝρǔƣʒǂ ǹȆǸǠ ȁɈʒȆƦ Ǝʐǃǝǿ

.ȔȘ Ǝ ρǼǸǠ ƫǸǬǤ ƣʒ ƾǃƧƭǈƾ !ǵƣƹƭǿƢ ǋʒƣƭǈ ǂƾ ĵ

Ȕȏ ..........................ȁƿǌǂƢǅɠǃƦ ʐƣȃ ʑʒƣǼȃƾǃɠ

Ȕȏ Ǝ ǄƣǰǬǯ ρǔƣʒǂ ǋʒƣǼȃ Ǿʓǻȅƾ ǄƢ CMC-II ǇʓƠǂ ʐƣƧǿƣƬ ǵȆƭƦ ǊǂƢǅɠ

Ǻʒǃǻ ǃƭɓƾ ƫǌƢƿɠǂǅƦ ǺǈƢǃǻ ĵ ȔȒ Ǝ ǄƣǰǬǯ ρǔƣʒǂ ǇǿƢǃǬȀɓ Ǿʓǻȅƾ ĵ

ǃƭɓƾ ƫǌƢƿɠǂǅƦ ǺǈƢǃǻ ĵ Ȕȓ Ǝ Ǫʒǃǌ ρƭǡȀǐ ȁƣϝǍǿƢƾ ǂƾ ρǿƣƼƢǄǃʓǻ

ǃƭɓƾ ƫǌƢƿɠǂǅƦ ǺǈƢǃǻ ĵ ȔȔ Ǝ ǆǂƣǫ ƳʓǸƼ ȁƣϝǍǿƢƾ ǂƾ ρǿƣƼƢǄǃʓǻ Ǻʒǃǻ

ǂƾ ǃƧƴ Ǆȅǂ ǋʒƣǼȃ ǋǌ ĵ ȔȔ Ǝ ȂʓǻȅǂƢ ȁƣϝǍǿƢƾ ǂƾ ρǿƣƼƢǄǃʓǻ Ǻʒǃǻ

ʐǄƣǈ ȂȀʓȄƦ ȅ ǵǃƭȀɓ ǂƣȀʓǼǈ ǾʓǷȅƢ ĵ Ȕȕ Ǝ ǽƣȄǬǐƢ ƪƣʓǔƣʒǂ ȂǿƣƼ

ǾʓǼȃƾ ĵ Ȕȗ Ǝ ρǔƣʒǂ ρǸǻ ǋʒƣǼȃ ǾʓǼȃ ĵ Ȕȗ Ǝ ρǔƣʒǂ

ǇǿƢǃǬȀɓ ǾʓǼȃƾǅǿƣȩ ĵ ȕȘ ƎʐǃƧƴ ƪƣʓƧʓɓǃƬ ȅ ǩƢǃɠ Ȃʒǃǝǿ ǇǿƢǃǬȀɓ

ĵ ȕȏ Ǝ ƣȃ ȁȅǃɠ Ȃʒǃǝǿ ǇǿƢǃǬȀɓ ǾʓǼȃƾ ĵ ȕȏ ƎǽƢǃʒƢ ρǔƣʒǂ ǊǄȆǻƖ

ǾʓǼǍǌ ĵ ȕȐ Ǝ ƣȃƾǃƦǂƣɓ ȅ ρǔƣʒǂ ǹȆǸǠ ʐƢ ȂǰǙȀǻ ǇǿƢǃǬȀɓ ǾʓǷȅƢ

ǅȎǷƣǿƖ ǂƣȀȎǼǈ ǾȎǼȄǿ ĵ ȕȑ Ǝ ƣȃƾǃƦǂƣɓ ȅ ϗʓǿȆǻǂƣȃ ǅʓǷƣǿƖ ǂƣȀʓǼǈ

.ȕȒ Ǝ ƣȃǃϝǸǼǠ Ȃʒǃǝǿ ǂƣȀʓǼǈ ǾʓǻǂƣȄȵ ĵ ȕȒ ƎǽƖ ʐƣȃƾǃƦǂƣǳ ȅ ρǙƼǃȎǤ

ȕȕ ..........................................ƣȃ ȂʓǿƣʓƦ

ȕȕ Ǝ (ǺǸǠ ƳʒȅǃƬ ɸǅʒƣƴ ɸǂȅƾ ǾʓǼȃƿƵȃ) ǽƢǃʒƢ ǺǸǠ ƳʒȅǃƬ ǾǼƵǿƢ ɹʓǿƣʓƦ

.ȕȗ Ǝ ȏȑȗȔ ŸǹȆǸǠ ǽƣƭǉɡȀȃǃǫ ρǔƣʒǂ ȅ ϗʒǅʓǫ ʐƣȃ ȂƼƣǌ ȂʓǿƣʓƦ ĵ

Ȗȏ ................................Ƥƣƭɓ ϗʒ ǄƢ ρǍƽƦ

.Ȗȏ Ǝ ɟȀƴ ǂƾ ȁƿǿǃƦ

ȖȔ ......................................Ƥƣƭɓ ρǫǃǡǻ

Ȗȕ ............................ʑʒƢǃƴƢ ʐǂƢȆǌ ƪƣƦȆǑǻ 
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Ăùwý¾{·
ȏȓȒ ȅȏȓȑ ȁǂƣǼǌ ƎȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ƎȒ ȅ ȑ ȁǂƣǼǌ ƎȑȖ ǵƣǈ

ʐƢǂȆǌ ǃǝǿ ǃʒǄ Ȃɓ ƫǈƢ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ʐǃƧƼ ɹʒǃǍǿ ȂǻƣǿǃƧƼ

ǃɓǀ ƣƦ ƥǷƣǙǻ Ƕǰǿ .ƾȆǌ ρǻ ǃǍƭȀǻ ǶǑǫ ǃȃ ǽƣʒƣȩ ǂƾ ǾǼƵǿƢ ʑʒƢǃƴƢ

.ƫǈƢ ƾƢǄƖ ǁƼƙǻ

ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ :ǄƣʓƭǻƢ ƥƸƣǐ

(ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǇʓƠǂ) ǽƣǰȃƾ ρǸǠƿǼƹǻ :ǵȅƛǉǻ ǃʒƿǻ

dehghan@mail.vru.ac.ir

arian@znu.ac.ir ƾƢɈǿ ǾʒǂƖ ƾȆǡǉǻ :ǃʓƦƾǃǈ

:ȂʒǃʒǃƹƬ ƪƣʓȃ

mbehzad@sharif.edu ƾƢǅȄƦ ʐƿȄǻ

hejazian@um.ac.ir ǽƣʒǄƣƵƸ Ǿʒǃʓǌ

haghighi@kntu.ac.ir ρǰʓǰƸ ǾǉƸ

m-vahidi@sbu.ac.ir ǶǐƢ ʐƿʓƸȅ ǺǈƣǯƿǼƹǻ

ma.yousofzadeh@sci.ui.ac.ir ȁƾƢǄ ǪǈȆʒ ȂƹʓǸǻ

ȗȕ/ȓ/ȏ :ǂƣǍƭǿƢ ƻʒǂƣƬ

ʐǂƣʓƭƽƦ ƢǃȃǄ :ǺʓǝȀƬ ȅ ρƸƢǃǘ

ʐǂƣʓƭƽƦ ȂǿƣǼǈ :ƿǸƴ ρƸƢǃǘ

Ȃƽǉǿ ȏȓȘȘ :ǽƣɠǂƣǼǌ

ȂǿƣƼǃʓƦƾ ƎȆǌǂȅ ɑǂƣȩ ǶƼƢƾ ƎρȄǷƢ ƪƣƵǿ ƿʓȄǌ ƾƣƭǈƢ ƺ Ÿ ǽƢǃȄƬ :ρǿƣǍǿ

ȒȏȖ Ÿ ȏȑȏȒȓ ρƭǉȩ ǭȅƿȀǐ ƎǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ

ȖȖȖȘȕȕȕȓ ȅ ȖȖȖȘȕȕȗȓ ƎȖȖȖȘȖȖȓȓ :ǂƣɡǿǂȅƾ ȅ ǾǬǸƬ

iranmath@ims.ir :ǾǼƵǿƢ ϗʓǿȅǃƭϚǷƢ ρǿƣǍǿ

http://imsmembers.ir :ƣǕǠƢ Ȃǿƣǻƣǈ ρǿƣǍǿ

www.ims.ir :ρƭǿǃƭȀʒƢ ρǿƣǍǿ

newsletter@ims.ir :ȂǻƣǿǃƧƼ ϗʓǿȅǃƭϚǷƢ ρǿƣǍǿ

ǾʒƢ .ƫǈƢ ǽƖ ǽƣɠƿȀǉʒȆǿ ȁƣɠƿʒƾ ƤƣƬǄƣƦ ȂǻƣǿǃƧƼ ʐƣȃ ȂǷƣǰǻ ʐƢȆƭƹǻ

ƿʓʒƙƬ ƾǂȆǻ żƣǻȅǅǷ ƎʑʒƢǃƴƢ ʐƢǂȆǌ ƪƣƦȆǑǦǦǻ ȅ ȂǷƣǰǻǃǈ ǅƴ ȂƦ ƥǷƣǙǦǻ

.ƫǉʓǿ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ Ȑ

Ăõwêù¾Å

ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ʐƣȃ ȂǸơǉǻ ǄƢ ρƼǃƦ

� ƾƢɈǿ ǾʒǂƖ ƾȆǡǉǻ

.ȁǂƣǌƢ

ǄƢ ƫʒƣǼƸ ǂƾ ǽƢǃʒƢ ǂƣǻƖ ǾǼƵǿƢ ȅ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ʐƣȃ Ȃǻƣǿ

ƶǃǙǻ ʐƣȃ ǞȆǔȆǻ ǄƢ ρϚʒ ρƭǯȅ ƿȀȵ Ȃɓ ȏ ƾƣȪǼǈ ʐƣȃ ǽȆǻǄƖ ǩǁƸ

ʐƣȃ ǋȀɓƢȅ ȅ ƾȆƦ Ȃǈǂƿǻ ȅ ǊǄȆǻƖ ɸǄȆƸ ǂƾ Ȃǡǻƣƴ ȂƴȆƬ ƾǂȆǻ ȅ

ρƼǃƦ ρǿƢȆƼǄƣƦ ʐƢǃƦ Ƣǂ ρȄƴȆǻ ȅ ƣƵƦ ƫƧǈƣȀǻ ƎƫƽʓɡǿƢǃƦ Ƣǂ ρǠȆȀƭǻ

ʑʒƣȃ ȂǸơǉǻ ƎƾǂȅƖ ρǻ ǺȃƢǃǫ ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ǂƣǼǌ ʑƦ ʐƣȃ ȂǸơǉǻ ǄƢ

ȅ ƯƹƦ ρǸǐƢ Ǿʓǫǃǘ ȅ ǽƣǡǬȀʒǀ ǄƢ ρϚʒ ǽƢȆȀǠ ȂƦ ƣǻ ʐƢǃƦ Ȃɓ

ȅ Ȃǈǂƿǻ ƾƣȄǿ ȅƾ ɑǃƭǍǻ ǽƣǻǂƖ !ƿȀƭǉȃ ǺȄǻ ǂƣʓǉƦ ƢȆǠƾ ƿʒƣǌ

ρƽʒǂƣƬ ȂƦǃƵƬ ƳʒȅǃƬ ȅ ǊǄȆǻƖ ȅ ρǿƣǉǿƢ ʐȅǃʓǿ ƫʓƦǃƬ ʐƢǃƦ ȁƣϝǍǿƢƾ

ǂȆƹǻ ƎρǸǉǿ ǃƭȄƦ ρƭǉʒǅǼȃ ȅ ʐǃǑǠ ρɠƿǿǄ ʐƢǃƦ Ǆȅǂ ǋǿƢƾ ȅ

ƣȃ ȂǸơǉǻ Ȃɓ ƫǈƢ ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ǾʓƦ ρɓǃƭǍǻ ʐƣȃ ʑʒȆǉǼȃ

ƪƣƧƴȆǻ ǄƢ ρϚʒ ƾȆƼ ǾʒƢ ȅ ƿȀʒǃǫƖ ρǻ ρǿƢȅƢǃǫ ɑǃƭǍǻ ώǷƣǑǻ ȅ

ƫǈƢ ȅƾ ǃȃ ǾʒƢ ƥǿƣƴ ǄƢ ʐǂǃϚǻ ȂǿƢƾƣǰǿ ʐƣȃ ρǿƢȆƼǄƣƦ ȅ ƣȃ ρǍʒƿǿƢǄƣƦ

ȅ ƣȃ ǋǈǃȩ ǄƢ ρƼǃƦ ʐǂȅƖƾƣʒ .ȂƭǌȆǿ ǾʒƢ ʐƣȃ ƫʒǂȆǻƙǻ ǄƢ ρϚʒ ȅ

ƶǃǙǻ ƾƣȄǿ ȅƾ ǾʒƢ ǄƢ ϗʒ ǃȃ ȂƦ ƤƣǙƼ ρȃƣɠ ȂƦ ȁƣɠ Ȃɓ ʑʒƣȃƾƣǰƭǿƢ

ǾʓǠ ǂƾ ƣȃ ǽƖ ɹƭǉʒƣƦ ȅ Ȃƭǉʒƣǌ ȁƣϝʒƣƴ ȅ ǭȆǰƸ ǄƢ Ǟƣǫƾ ȅ ƾȆǌ ρǻ

ρǫǃǠ ʐƣȃ ƫʓǷƣǡǫ ɹȀǻƢƾ ǵˬǰƭǈƢ ƫʒƣǠǂ ƣƦ ƎǽƣǻƘȆƬ ǽȅƣǡƬ ȅ ƫƦƣǯǂ

ǾʒƢ ʐƢǂǁɠ ȅ ρǷƣǼƴƢ ȂƴȆƬ ƾǂȆǻ ƤƢȆƦƢ ǃϝʒƾ ǄƢ Ǝϗʒ ǃȃ ρǑǑƽƬ ȅ

ρǸǸǼǷƢ ǾʓƦ ʐƣȃ ǽȆǻǄƖ ǄƢ ρǌǂƢǅɠ ƎȂȀʓǻǄ ǾʓǼȃ ǂƾ .ƿȀƭǉȃ ƫǌƢƾƾƣʒ

ǂƢǅɠǃƦ ǅʓǿ ǽƢǃʒƢ ǂƾ Ȃɓ (ǅǼʓƬ) ǽƢǄȆǻƖ ǋ ǿƢƾ ρǔƣʒǂ ƾƢȆǈ ǋƵȀǈ

ƎǺȃ «ǾǼƵǿƢ ǂƣƧƼƢ¬ ǋƽƦ ǂƾ .ƫǈƢ ȁƿǻƖ ȁǂƣǼǌ ǾʓǼȃ ǂƾ ƾȆǌ ρǻ

ȅ ǽƣɠƿȀʒƣǼǿ Ȃǿ˫ƣǈ ǋʒƣǼȃ ǂƾ ǽƣɠƿȀȀɓ ƫɓǃǌ ȁƣɠƿʒƾ ǄƢ ρǌǂƢǅɠ

ɑǃƭǍǻ ʐƣȃ ȂǸơǉǻ ȂƦ ȂƴȆƬ Ȃɓ ȁƿǌ ǃǍƭȀǻ ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ

ʐǂȆƹǻ ǽȆǼǕǻ ϗʒ Ǝρǔƣʒǂ ƫǫƀƢ ǽƢǃƹƦ ȂǸǼƴ ǄƢ ƎȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ

.ƫǈƢ ǽƖ

.ǶƼƿǻ

ɹƭǫǃǿ ȁƢǂ¬ ǂȆƧǡǷƢ ƥǡǐ ʐƣȃ Ȃǿƾǃɠ ȅ ƣȃ ǺƼ ȅ ȴʓȩ ǶǙ̄ǡǻ̅ ȅ ǂƣƭǫǃɠ ǃɠƢ

Ǝǃưƛǻ ȅ ǁǫƣǿ ʐƣȃǃʓƦƿƬ ƎǂȆǻƢ ȅ ϓǔƢȆǻ ǄƢ ρǸʓƼ ǂƾ ȅ Ǻʓƭǉȃ «ȂǡǈȆƬ

ʐƿǻƖǂƣɓ ȅ ƣǿƢƾ ρǿƣǉǿƢ ʐƣȃȅǃʓǿ ȅ ρǫƢȅ ȅ ρǫƣɓ ʐƣȃ ʐǄǂȅ ȂǍʒƿǿƢ

ǽƢǃϝʒƾ ȂƦ ȅ ƿǌƣƦ ǽƣǻƾƣʒ ȂƦ ƎǺʓƭǉȃ ȁƣƧƭǌƢ ȅ ƣǙƼ ǄƢ ǃ̅ȩ ȅ ǺʒǂƢƿǿ

ǃɠƢ !ƫǉʓǿ ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ǽƾǃɠ ǃƦ ƣȃǃʓǑǰƬ ɹǼȃ Ȃɓ ǺʓʒȆϝƦ Ǻȃ

ƎǺʓȀɓ ρǻ ǶƹǼǕǻ ȅ ȁƾȆǈǃǫ Ƣǂ ƾȆƼ ʐȆȀǡǻ ȅ ʐƾƣǻ ʐƣȃ ȂƧǰǠ ȅ ǟƦƣȀǻ

ʐƣȃȅǃʓǿ ƎǺʓȀɓ ρǻ ƥʒǃƽƬ ƣʒ Ǫʓǡǔ Ƣǂ ƾȆƼ ρǠƣǼƭƴƢ ʐƣȃ Ȃʒƣǻǃǈ

ʐǃʓɠ ȂǌȆɠ ȅ ƫǷǅǠ ȂƦ ǂȆƧƵǻ ƣʒ ȁƾǂȆƼǃǈ ȅ ƾǃǉǷƾ Ƣǂ ƾȆƼ ρǿƣǉǿƢ

ǂƣɓ ȅ ʐǂƣƧƴƢ ʐƣȃ ƪǃƴƣȄǻ ɸǂƢȅƖ ȅ ȁƿǿƢǂ ǅʓǿ Ƣǂ ʐǂƣʓǉƦ ǺʓȀɓ ρǻ

Ǻȃ ǽƢǃϝʒƾ ȂƦ ȅ ƿǌƣƦ ǽƣǻƾƣʒ ȂƦ ǺʓȀɓ ρǻ ƫƦǃǤ ǂƣʒƾ ǂƾ ƫǻƣǯƢ ȅ

ȂƦ ǃɠƢ !ƫǉʓǿ ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ǽƾǃɠ ǃƦ ƣȃǃʓǑǰƬ ɹǼȃ Ȃɓ ǺʓʒȆϝƦ

ƣʒ ƫǉƦ ǾƦ Ȃɓ ʑʒȆǈ ȅ ƫǼǈ ǂƾ ρȃƣɠ ƎǺʒȅǂ ρǻ ȂȃƢǂɈɓ ȅ ȂȃƢǃʓƦ

ρƭƸ ȅ ƫƴƣǼǈ ǽƖ ʑȩ ǂƾ ʑȩ ǂƢǃɔƬ ȅ ǹȅƢƿƬǃƦ ȅ ǺʓǿƢǂ ρǻ ƫǈƢ ȁƣɡƬǃȩ

ǋʒƣǈǃǫ ȅ ɑˬȄƭǈƢ ȅ ʐƿȀɓ ƣƦ ƎǺʓȃƾ ρǻ ƲǃƼ ȂƦ ƫƴƣƵǷ ȅ ƥǑǡƬ

ǅʓǻ ʐȅǂ ǃƦ ƣȃ ȂȀʒǅȃ ƣƦ ƥǈƣȀƭǻ ʑʒƣȃ ȁƾǂȅƖ ƎǺʓȀɓ ρǻ Ǯʒǃǘ ρǘ ǂƣʓǉƦ

ǄƢ ϗʒ ȴʓȃ ʐƢǃƦ ȅ ǺʒǂƢǁɠ ρǼǿ ǽƣǻ ƻʒǂƣƬ ȅ ƫǌȆǿǃǈ ȅ ƣȃ Ƕǉǿ ρɠƿǿǄ

Ȃǿ Ǝƿǰǿ ƫǐǃǫ Ȃǿ Ǝϐǈƣȩ Ȃǿ ƎƾȆƼ ǽˬɓ ȅ ƾǃƀƼ ʐƣȃ ƫǉϚǌ ȅ ƣȃ ρǻƣɓƣǿ

ǽƣǻƾƣʒ ȂƦ ƎǺʒǂƢǁɠ ρǼǿ ρǯƣƦ ʐƿʒƾǃƬ ȅ ǶǻƙƬ ǮƸ Ȃǿ ȅ ǋǈǃȩ ǵƣƵǻ

ȅ Ȃǈǂƿǻ ǽƾǃɠ ǃƦ ƣȃǃʓǑǰƬ ɹǼȃ Ȃɓ ǺʓʒȆϝƦ Ǻȃ ǽƢǃϝʒƾ ȂƦ ȅ ƿǌƣƦ

!ƫǉʓǿ ȁƣϝǍǿƢƾ

.ȂǿƣƭǈƖ

ȅ Ȩȵ ǄƢ ƣȃ ρǸʓƼ ƎȂǕʒǃǠ ǽƾȆƧǿ ρǷƣƼ ʐƢǃƦ ȅ ǂƢȆʒƾ ρȃƣƬȆɓ ǃǈ ǄƢ ȂƭƧǷƢ

ρȃƣɠ ȅ ƿȀƦȆɓ ρǻ ȁƣϝǍǿƢƾ ȁɈʒȆƦ ȅ ƢȆȀʓƦ ǹȆǸǝǻ ȅƾ ǾʒƢ ǽƾǃɠ ǃƦ ƫǈƢǂ

ǩƢǃƹǿƢ ǂƾ Ƣǂ ǂȆǍɓ ʐƣȃ ρǻƣɓƣǿ ɹǼȃ ǶǸǡǷƢ ƫǸǠ ȅ ƿȀȃƾ ρǻ ǽƣǍǻƣȀǌƾ

ȅƾ ǾʒƢ ǃɠƢ Ȃɓ ƿȀʒȆɠ ρǻ ȅ ƿȀǿƢƾ ρǻ ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ʐƿǻƖǂƣɓǂƣǿ ȅ

ǽƣǻǅʓȵ ȂǼȃ ƿǿȆǍƦ ƣʒ ƿǿƾȆƦ ρǻ ώǷƣǐ ȅ ƿǻƖǂƣɓ ȁƣϝǍǿƢƾ ȁɈʒȆƦ ȅ ƎǽȆǿƣɓ

ȅ ȁƾƣǈ ƥǸǤƢ ȂƭƧǷƢ ƣȃ ρȀɔǫƢǃǫ !ƾȆǌ ρǻ ƣʒ ƾȆƦ ρǻ ƣǫȆϚǌ ȅ ƾƣƦƖ ȅ ǂƢǃǯǃƦ

ʐǂȅƢƾ ȂƦ ƾȆƼ ǂƿǰǻ ƫǯȅ  ȂƦ Ǻȃ ƻʒǂƣƬ ƎƿȀƭǉʓǿ ǂȅƖ ƫʓǷȆơǉǻ ȅ ƿȀǿƣǈƖ

Ǝƣȃ ϐǈƣȩ ǅʓǿ ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ƎǶƦƣǰǻ ǂƾ ȅ ǽȆȀɓƢ ƣǻƢ ƎƫǉǍǿ ƿȃƢȆƼ

!ƿǿǂƢƾ Ƣǂ ƾȆƼ ɹǿƢƾƣǰǿ ʐƣȃ ȁȆϚǌ́ ȅ ƣȃ Ȃʒˬɠ

.ƫǈƢ ȁƿǻƖ ȁǂƣǼǌ ǾʓǼȃ ǂƾ ƣȃ Ȃǻƣǿ ǾʒƢ Ǿƭǻ ȏ

ȂǷ
ƣǰ
ǻǃ
ǈ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȑ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

.ρǷƣǼƴƢ ȁƣɡǿ ϗʒ ǂƾ

ƫʓƦǃƬ ʐƣȃ Ȃǿƣʒƣȩ ǾʒǃƬ ǺȄǻ ǄƢ «ȁƣϝǍǿƢƾ¬ Ȃɓ ƫǈƢ ƫǈǂƾ . ȏ

ȅ ʐǃǝǿ ǹȆǸǠ ǂƾ ǏǑƽƬ ʐƢǃƦ ρǿƣǉǿƢ ʐȅǃʓǿ ȂǡǈȆƬ ȅ

ƕƢǂƖ ǺǤǂ ȂƦ ȅ ǾʒƢ ƾȆƴȅ ƣƦ ƫǈƢ ǂȆǍɓ Ǆƣʓǿ ƾǂȆǻ ʐƾǃƦǂƣɓ

.ƫǉʓǿ ȁƣϝǍǿƢƾ ɸƿȄǠǃƦ ƣȄȀƬ ǩƿȃ ǾʒƢ ǾʓǻƙƬ ƫʓǷȆơǉǻ ƎρƼǃƦ

ȁƿʓǻƣǿ ȁƣϝǍǿƢƾ ʐƣȃǃʓǑǰƬ ȅ ƣȃ Ǫǡǔ ȂȶǿƖ ǂƾ ȂƭǬɠƣǿ ǋƽƦ

ǃƬ ʐƾƣʓȀƦ ȅ ǃƭǼȄǻ ǽƖ ǄƢ ȅ «Ȃǈǂƿǻ¬ ǋǰǿ ȅ ǺȄǈ ƾȆǌ ρǻ

ʑʒƣȄǿ ƫʓǬʓɓ ǃƦ «Ȃǡǻƣƴ ρȀʓǠ ǗʒƢǃǌ ȅ ɟȀȃǃǫ¬ ǋǰǿ ȅ ǺȄǈ

ȏȐ ǽȆȵ ȅ ƿȀȵ ȅ ƣȃ ȁȆʓǌ Ǝʐǃʓɠƾƣʒ ʐƣȃ ƪƾƣǠ .ƫǈƢ ǵȆǑƹǻ

ƎƣȃǂȅƣƦ ɹʒƣǻ ǽƣƴ ǄƢ ʐƢ ȂȀʓǻǄ ǂƾ Ȃǈǂƿǻ ρǻȆǼǠ ǊǄȆǻƖ ǵƣǈ

ρǼȄǻ ǋƽƦ Ǝǃʓǉǻ ǂƾ ȅ ǾϚǼǻ ʐƣȃ ȁƢǂ ȅ ƣȃƿʓǻƢ Ǝƣȃ ƫȀǈ

ǽƣɡƭƼȆǻƖ ǋǿƢƾ ʐƾǃɓǂƣɓ ȅ ʐƾȆƴȅ ƫʓȃƣǻ ȅ ƫʓǑƽǌ ǄƢ 

ɹƭƼƢƾǃȩ ȅ ȂƭƼƣǈ ʐƣȃɇƣʓǷƖ ƎǵƣƸ ǃȃ ǂƾ ȅ ƿǿǄƣǈ ρǻ Ƣǂ ρȃƣϝǍǿƢƾ

ʐǂȆʒǄ ȅ ǩǃǜ ƎȁƣϝǍǿƢƾ ǽ˫Ƣƾ ǄƢ ǂǁɠ ǩǃǐ ȂƦ Ǝƣȃ ȁǂȆɓ ǾʒƢ

ǃǈ ǄƢ Ȃƴȅ ȴʓȃ ȂƦ ȁǂƣǌƢ ǾʒƢ !ƿǿȆǌ ρǼǿ ǃϝʒƾ ǞȆǿ ȅ ǇȀƴ ǄƢ

ǽƾƢƾ ǽƣǍǿ ʐƢǃƦ Ǝƫǉʓǿ ρȀɔǫƢ ƫʓǷȆơǉǻ ȅ ʑƦƣʒǃʓǑǰƬ ρǠȆǿ

ǂƣʓǉƦ ƫʓǡǯȆǻ ȅ ǋǰǿ ɸǂƣƦǂƾ ƾȆƴȆǻ ƁǂƢǁɠǂƿǯ  Ǻɓ ȁƣɡǿ Ǫǡǔ

ǶϚǌ ǂƾ ƣȃ ǽƢƿʓǻ ȅ ƣȃ ƫǐǃǫ ǃϝʒƾ ǄƢ ρƼǃƦ ȅ Ȃǈǂƿǻ ǃưƛǻ

ϐǈƣȩ ǂƾ ȅǃȀʒƢ ǄƢ .ƫǈƢ ǂȆǍɓ ȁƿȀʒƖ ȅ ǄȅǃǻƢ ǽƣǿƢȆƴ ǵƢȆƸƢ ρȃƾ

ƶǃǙǻ ȁƣϝǍǿƢƾ ȂƦ ƤƣǙƼ Ȃɓ ʐǅʓƬ ȅ ƿȀƬ ʐƣȃƾƣǰƭǿƢ ǞƢȆǿƢ ɹǼȃ ȂƦ

ǂƾ ȂȶǿƖ ǄƢ ρƼǃƦ ƷʒǃǍƬ ȅ ρǿƢȆƼǄƣƦ Ǝǂȅƿǰǻ ǂƿǯ ȂƦ ƿǿȆǌ ρǻ

!ƫǈƢ ρǼȀƭǰǻ ƫǐǃǫ ƾǂǁɠ ρǻ ǽȆǻƢǃʓȩ

ʐƢǃƦ ρǻȆǼǠ ȅ ǟʓǈȅ ʐƣǔƣǰƬ ρȀǡǻ ȂƦ «ʑʒƢǃɠ ɑǂƿǻ¬ . Ȑ

ƎρǼʒƿǯ ʐǂƣǼʓƦ ϗʒ ƫƧʓȃ ǂƾ ρȃƣϝǍǿƢƾ ǃƬ˫ƣƦ Ȃȵ ǃȃ ɑǂƢƿǻ

ȂƦ ǃʓƼƢ Ȃȃƾ ȅƾ ǂƾ Ȃɓ ƣǻ ǂȆǍɓ ǂƾ ǃʓɠƢǃǫ ȅ Ǿǻǅǻ ƎǂƢƾ ȂǍʒǂ

ȁƿǌ ρǼƴƣȄƬ ȅ ǹǂȆƭǻ ƎƥȄƭǸǻ ʐƢ ȂǰƦƣǈ ʑƦ ȅ ƥʓƵǠ ǶϚǌ

ȅ ǾʒǃǫƖ ǋǰǿ ƎǄƣǈ ɟȀȃǃǫ ȁƣϝʒƣƴ ƣƬ ƫǈƢ ȂƭǍɠ ƥƴȆǻ

ǂƾ ǃϝʒƾ ρƭʓƦǃƬ ρɡȀȃǃǫ ʐƣȃ ƾƣȄǿ ȅ «Ȃǈǂƿǻ ƾƣȄǿ¬ Ǆƣǈ ȁƿȀʒƖ

ɸƾǃȩ ƫǍȩ ǂƾ ǂȆǍɓ Ǆƣʓǿ ƾǂȆǻ ρǿƣǉǿƢ ʐȅǃʓǿ ȂǡǈȆƬ ȅ ƫʓƦǃƬ

ʐƣȃ ʐƿǻƖǂƣɓƣǿ ȅ ƣȃ ρȃƣƬȆɓ Ǝƣȃ Ǫǡǔ ǄƢ ƣƵƦƣǿ ȅ ƣƵƦ ʐƣȃƾƣǰƭǿƢ

ȅ ǺȄǻ ǶǻƢȆǠ ǄƢ ρϚʒ .ƾȆǍǿ ȁƿʒƾ ρȀǌȅǂ ȅ ʑƦȆƼ ȂƦ ȁƣϝǍǿƢƾ

ǽƣɡƭƼȆǻƖ ǋǿƢƾ¬ ǟʓǈȅ ȅ ƿɓȆǻ ρǿƢȆƼƢǃǫ ƎʑʒƢǃɠ ɑǂƿǻ ǃưƛǻ

ʐǅʓǻƖ ȂǥǷƣƧǻ ǽƣǻǂƖ ʐȆƵƭǉƴ ǂƾ «ȁƣϝǍǿƢƾ¬ ʐȆǈ ȂƦ «Ȃǈǂƿǻ

.ƫǈƢ «ȁƿȀʒƖ ʐƣȃ ȁǄƢȅǂƾ ǹƣǼƬ¬ ǽȆȵ

͆ˬǻƣɓ ȁƣϝǍǿƢƾ ȂƦ ƾȅǂȅ ǵƣƧǯƢ Ȃɓ ƾȆǌ ǂȆǑƬ ƫǈƢ ǾϚǼǻ . ȑ

ƾȆƼ ǽƣǿƢȆƴ ƎƿǿǃƦ ρǼǿ ȁƣϝǍǿƢƾ ȂƦ ǂȅǄ ȂƦ Ƣǂ ρǉɓ ȅ ƫǉʒǂƣʓƭƼƢ

Ƣǂ ȁƣϝǍǿƢƾ ȁƢǂ ƎǋǿƢƾ ρǷƣǠ ƥƬƢǃǻ ȂƦ ǮǍǠ ȅ ʑʒȆƴ ǺǸǠ ǃǈ ǄƢ

ǄƢ ρϚʒ ρǷƣǠ ƪˬʓǑƹƬ ώǙǈ ǋʒƢǅǫƢ ȁȅˬǡƦ .ƿȀȀʒǅɠ ρǻ ǃƦ

ǄƢ ƫǈƢ Ȃǡǻƣƴ ρǻȆǼǠ ǋǿƢƾ ȅ ɟȀȃǃǫ ʐƣȃ ȂȀʓǻǄ ƕƣǰƬǂƢ ǶǻƢȆǠ

ƫʒƣǼƸ ȅ ǮʒȆǍƬ Ȃƭǉʒƣǌ ƎρǻȆǼǠ ɹǯˬǠ ȅ ǶʒƣǼƬ ǾʒƢ ȅǂ ǾʒƢ

.ƫǈƢ ȂǡǈȆƬ ȅ ƿǌǂ ʐƢǃƦ ƫǐǃǫ ϗʒ ǵƣƸ ǾʓǠ ǂƾ ȅ ȂƧǿƣƴ ȂǼȃ

ƿȀȵ ǟʓǈȅ ʐˬǰƬ ȅ ƲȆǻ Ȃɓ Ƣǃȵ ƫǉʓǿ ρƭǈǂƾ ǂȆǑƬ ǾʒƢ ȂƭƧǷƢ . Ȓ

ƣȄȀƬ Ǝ ȁƣϝǍǿƢƾ ȂƦ ƾȅǂȅ ʐƢǃƦ ρǿȆȀɓ Ȃȃƾ ȁɈʒȆƦ ȅ ǃʓƼƢ Ȃȃƾ

ȅ ǂƣɓ ʐƣȃ ƫǐǃǫ ǽƢƿǰǫ ȂƦ ǹǃƴ˫ ȅ ǾϚǼǻ ǋȀɓƢȅ ȅ ȁǂƣȵ

ǃǬ̄ǻ ϗʒ ǋǰǿ ǂƾ ƎȁƣϝǍǿƢƾ ƎρǙʒƢǃǌ ǾʓȀȵ ǂƾ .ƫǈƢ ǵƣǥƭǌƢ

ȅ ǩǂƣǡƭǻ) ʐǂȅƿǰǻ ǶϚǌ ǃȃ ȂƦ ǃʒǁȩƣǿ ȁǂƣȵ ρǸǉǿ ȁƣɠǅʒǃɠ ƣʒ

ǋʒƣƵȀɠ ƣƬ ƫǫƣʒ Ǌǃƭǉɠ ʐǅʓɡǿƢ ƫǬϝǌ ƫǠǃǈ ƣƦ (ǩǂƣǡƭǻƣǿ

.ƿǌƣƦ ȂƭǌƢƾ Ƣǂ ρɠǂǅƦ ρǸǉǿ ǋǿƢǂ ϓǯƢȅ ǂƾ ȅ ρǿƢȆƼƢǃǫ ǾʓȀȵ

ǊǄȆǻƖ ǅɓƢǃǻ ƾƢƿǡƬ :ƫǈƢ ǽƣǈƖ ƎȁƾƢƾ ƺ̅ǂ ȂȶǿƖ ʐǂƣǻƖ ƶǃǌ . ȓ

ǵƣǈ ǂƾ ƿƸƢȅ ȐȐȑ ǄƢ ȂǷƣǈ ȒȘ ʐǃʓɠ ǂƣǻƖ ɹǸǐƣǫ ϗʒ ǂƾ ρǷƣǠ

ǄƢ ǋʓƦ ƎƫǈƢ ȁƿʓǈǂ ȏȑȗȓ ǵƣǈ ǂƾ ƿƸƢȅ ȐȖȘȘ ȂƦ ȏȑȓȓ

ǵƣǈ ǂƾ ǃǬǿ ǂƢǅȃ ȏȕȘ ǄƢ ǂȆǍɓ ʑʒȆƵǍǿƢƾ ƫʓǡǼƴ .ǃƦƢǃƦ ȏȐ

ƎƫǈƢ ȁƿʓǈǂ ȏȑȗȓ ǵƣǈ ǂƾ ǃǬǿ ǽȆʓǸʓǻ ǺʓǿȅǂƣȄȵ ȂƦ ȏȑȓȓ

ȅ ȅƾ żƣƧʒǃǰƬ ǂȆǍɓ ƫʓǡǼƴ ȂǸǐƣǫ ǾʒƢ ǂƾ .ǃƦƢǃƦ Ȑȓ ǄƢ ǋʓƦ

ƪȅǃư ρǸǐƢ ǏƼƣǌ ρȀǡʒ «ρǸǻ ɹǿƢǃǈ ƿǻƖǂƾ¬ ȅ ǃƦƢǃƦ Ǻʓǿ

ȂƭǌƢƾ ǋȃƣɓ ƿǐǂƾ ȑȘ ƾȅƿƸ ǂƾ ρǠƣǼƭƴƢ ʐǂƢƾǂȆƼǃƦ ȅ ρǸǻ

ʐȅǃʓǿ ȂǡǈȆƬ ȂƧƬǂ ρǷƣǠ ǊǄȆǻƖ ʐǂƣƵǬǿƢ Ǌǃƭǉɠ !ƫǈƢ

Ǝȏȑȗȓ ǵƣǈ ǂƾ .ƫǈƢ ȁƾƢƿǿ ƣǰƬǂƢ ǽƢƿȀȵ ǅʓǿ Ƣǂ ǽƢǃʒƢ ρǿƣǉǿƢ

ǹƢŸ Ȕȗ ȁƣϝʒƣƴ ǂƾ ǽƢǃʒƢ ƎρǿƣǉǿƢ ȂǡǈȆƬ ʐƣȃ ǏƼƣǌ ǃǝǿ ǄƢ

ȂǡǈȆƬ ρǘƣƧƬǂƢ ʑƦ .ƫǈƢ ȁƾȆƦ ȂǿƣʓǻǂȅƣƼ ǹƢŸ Ȗ ȁƣϝʒƣƴ ȅ ǽƣȄƴ

Ȃƭɔǿ ǅʓǿ ǂƣɓ ǂƢǄƣƦ ȅ ǵƣǥƭǌƢ ʐƣȃ ƫǐǃǫ ƿǌǂ ƣƦ ρǷƣǠ ǊǄȆǻƖ

ʐǂƣǻƖ ʐƣȃ ȁƾƢƾ ȅ ρǫǃǠ ʐƣȃ ȂƦǃƵƬ Ȃɓ ƫǈƢ ρǼȄǻ ǂƣʓǉƦ

ǂƣʓǉƦ ρǐȆǑƼ ȅ ρƭǷȅƾ ɹʒƣǻǃǈ ρȀǡʒ ǾʒƢ .ƾǂƢƾ ǂƣʓǉƦ ƿȀƭǉǻ

ȅ ǽƣǈƣȀǌǂƣɓ ƣƬ ƾȆǌ ρǻ ƲǃƼ ǂȆǍɓ ρǷƣǠ ǊǄȆǻƖ ǂƾ ʐƾƣʒǄ

ǂƣϚʓƦ ƣʒ ƫǈƢ ǂƢǃǯ ƣȃ ǽƖ ǃƱɓƢ Ȃɓ ƿǿȆǌ ƫʓƦǃƬ ρȀʓǑǑƽƭǻ

ȅ ǊǄȆǻƖ ƣƦ ρǙƦǂ ʑƦ ǂƣɓ ȂƦ ƣʒ ƿǿȆǌ ʐȅǅȀǻ ȅ ȁƾǂȆƼǃǈ ȅ ƿȀǿƣǼƦ

ƪǃƴƣȄǻ ȅ ǅʒǃɠ ʐƢǃƦ ʐǁǬȀǻ ǵƣƧǿƾ ȂƦ ƣʒ ȅ ƿǿǄƢƾǃȪƦ ǽƣǍǑǑƽƬ

ʐƣȃ ȂǑǼƽǻ ʐǂƣƭǫǃɠ ȅ ǃʓɠ ǂƾ Ȃɓ ƿǿƣǼǿ ȂƭǬɠƣǿ Ɣ!ƿǿƾǃϝƦ

.ƿȀƭǉʓǿ ǽƣǈƖ ȅ ȁƾƣǈ ƣȃƾǂƾ ǾʒƢ ʐǂƣǈ ȁǂƣȵ ƎƾȆƴȆǻ ɞǂǅƦ

ǊǄȆǻƖ ɹƭƽʓǉɠ ǽƣȀǠ Ǌǃƭǉɠ ρȀǡʒ ƣȃ ǾʒƢ ɹǼȃ ƎǞȆǼƵǻ ǂƾ . Ȕ

ƫʓǡǼƴ ɹǙƦƣǔ ʑƦ ȅ ρǿƣȄɠƣǿ ǋʒƢǅǫƢ ǽƖ ǟƧƬ ȂƦ ȅ ρǷƣǠ

ȅ ȂǡǈȆƬ ʐȆǈ ȅ ƫǼǈ ǂƾ ρȃƣϝǍǿƢƾ ǽƣɡƭƼȆǻƖ ǋǿƢƾ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ Ȓ

ȅ ƫǉʓǿ ȅ ȁƾȆƧǿ ǂȆǍɓ ρǠƣǼƭƴƢ ʐƾƣǑƭǯƢ ʐƣȃ ʐǂƢǁɡǫƿȃ

ȅ ƣȃ ȂȀʒǅȃ ƣƦ ǮǙȀǻ ʑƦ Ǌǃƭǉɠ ǾʓǼȃ ǄȅǃǻƢ ȂɔǿƖ ƫǬϝǌ

ϓǿƢȆǻ ǄƢ ρϚʒ ƾȆƼ ǽƖ ǃƦ ƥƬǃƭǻ ʐȆȀǡǻ ȅ ʐƾƣǻ ǞȆȀƭǻ ƪƢƿȄǡƬ

ρǍʒƿǿƢ ȁǂƣȵ ǽȆȵ ƎǾʒƢ ƾȆƴȅ ƣƦ ȅ ƫǈƢ ǂȆǍɓ ȂǡǈȆƬ ʐƿƴ

ǂƾ ƪƿƸ ȅ ƪȆǯ ƣƦ ǵƢȅǂ ȅ Ȃʒȅǂ ǽƣǼȃ ƫǉʓǿ ƾȆƴȆǻ ʐǃϝʒƾ

.ƿȀƭǉȃ ƿʓɓƙƬ ȅ ǹȅƢƿƬ ǵƣƸ

ǅʒǃɠ ǩƿȃ ͣǊǃƭǉɠ ǾʒƢ ǂƣɠƿǿƣǻ ȅ ǂƢȆɠƣǿ ƿǻƣʓȩ ƣȃ ȁƾ ǄƢ ρϚʒ . ȕ

ƫʓǡǯȆǻ ϗʒ ǄƢ ǋʓȩ ǄƢ ǋʓƦ ȁƣϝǍǿƢƾ Ȃɓ ƫǈƢ ǽƖ ƫǯȆǷƢ ǾƦƢ ȅ

ʐƢ ȂȵȆɓǃǈ ȅ ρƭǈƾ ǹƾ ǂƢȅ ȁƾȆƬ ƫʓǡǯȆǻ ϗʒ ȂƦ Ƣǃɠ ȂƧƽǿ ǎƣƼ

ƎǊƣǡǻ ȅ ȂǍʓȩ ȅ ǂƣɓ ǄƢ ȁƿǿƣǻƢȅ ǹȆǑǡǻ ǮʒˬƼ ƣƬ ƫǫƣʒ ǶʓǸǰƬ

ρǠƣǼƭƴƢ ȅ ρǸǉǿ ʐƣȃ ρǻƣɓƣǿ ȅ ƣȃ ρǸǙǡǻ ɹǼȃ ǾʓϚǉƬ ʐƢǃƦ

ʑʒˬǉƬ ƿʒƣǌ ƣƬ ƿǿȅƿƦ ρɓǂƿǻ ʑȩ ǂƾ Ǻȃ ρƸƣƧǐ ƿȀȵ ϗʒ ƎƾȆƼ

ƎǽȆƭǈ ǽƖ ȂƦ ǽȆƭǈ ǾʒƢ ǄƢ ȅ ƫǈƢȆƼ ƢƿƼ Ȃɓ ƿʒƣǌ ƣʒ ƾȆǌ ǶǐƣƸ

ƎȁǃȄƦ ʑƦ ƣʒ ȁǃȄƦ Ǻɓ ɹǿȅƾǃɠ ǾʒƢ ǂƾ ȅǂ ǾʒƢ ǄƢ !ƾȆǌ ǶǐƣƸ ρƴǃǫ

!ƿǿƢ ǶǙǡǻ ǵȅ ρƭƸ ȅ ǶǙǡǻ ƣȃ ρǸʓƼ ƎȆƵǍǿƢƾ ȅ ƾƣƭǈƢ ǄƢ

ǂƾ ȁƣϝǍǿƢƾ ȂƦ ƾȅǂȅ ƣʒ ρȃƣϝǍǿƢƾ ƪˬʓǑƹƬ ʐƣǔƣǰƬ ǂƣƵȀȃ . Ȗ

ƫʓǡǼƴ ƿǐǂƾ ȓȘ ǄƢ ǃƭǼɓ ʐǅʓȵ Ȃƭǫƣʒ ȂǡǈȆƬ ʐƣȃǂȆǍɓ

ƿǐǂƾ ȓȘ ǄƢ ǋʓƦ ρȀǡʒ ǾʒƢ .ƫǈƢ Ȃǈǂƿǻ ǽƣɡƭƼȆǻƖ ǋǿƢƾ

ǽƣʒƣȩ ȂƦ Ƣǂ ρǻȆǼǠ ƪˬʓǑƹƬ ǵƣǈ ȏȐ Ȃɓ ρǿƣɡƭƼȆǻƖ ǋǿƢƾ

ƪƿǻ ȁƣƬȆɓ ǊǄȆǻƖ ϗʒ ǄƢ Ǉȩ ƣʒ Ǻʓǰƭǉǻ ǂȆǘ ȂƦ ƣʒ ƿǿǃƦ ρǻ

ǶʓǑƹƬ ȂǻƢƾƢ ȅ ƿǿȆǌ ρǻ ǵƣǥƭǌƢ ȅ ǂƣɓ ǂƢǄƣƦ Ƥǁƴ ƎʐƢ ȂǫǃƸ

ɹǫǃƸ ǂƾ ρɠƾƣǻƖ ʐƢǃƦ żƣǫǃǐ ȁƣϝǍǿƢƾ ǂƾ Ǻȃ ƫʓǡǼƴ ǾʒƢ ρǰƦƣǻ

ʐƣȃ ʐǃϝƦƣǉƸ ǹƣǼƬ ƫʒƣǠǂ ƣƦ ʐƢ ȁƿǌ ʐǂƢǁɡǫƿȃ ρǑǑƽƬ

ʐȆϝǷƢ ǽȆȀɓƢ Ǻȃ .ƿȃƾ ρǻ ƺǂ ǩǂƣǡƭǻ ȅ ǵȆǰǡǻ ρǿƣǻǄ ȅ ʐƾƣǻ

ƫʒǃƱɓƢ ʐƣǔƣǰƬ ƣǻ Ȃǡǻƣƴ ǂƾ ȁƣϝǍǿƢƾ ȂƦ ƾȅǂȅ ʐƣǔƣǰƬ ρƭʓǡǼƴ

ǋǌȆȩ ƿǐǂƾ Ȃɓ ǂƿǰǿƖ ƫǈƢ Ȃǈǂƿǻ ǽƣɡƭƼȆǻƖ ǋǿƢƾ ǮǸǙǻ

ǋʓƦ ρƭƸ ǵƣǈ Ȑȓ ƣƬ ȏȖ ǾʓȀǈ ʐƢǃƦ ƣǻ ρǷƣǠ ǊǄȆǻƖ ρǿȆȀɓ

Ȃɓ ƫǉǿƖ ƫʓǡǯƢȅ .ƫǈƢ ǽƣǼǷƖ ǽȆȵ ʐƢ Ȃƭǫƣʒ ȂǡǈȆƬ ǂȆǍɓ ǄƢ

ȁǅʓɡǿƢ ȴʓȃ ƣǡǯƢȅ ƎȂǈǂƿǻ ǹȆǑǡǻ ǽƣɡƭƼȆǻƖ ǋǿƢƾ ǄƢ ʐǂƣʓǉƦ

ǄƢ ƿǡƦ ρǸʓǼɔƬ ȅ ρȃƣϝǍǿƢƾ ƪˬʓǑƹƬ ȂǻƢƾƢ ʐƢǃƦ ʐƢ ȂǯˬǠ ȅ

Ȃǈǂƿǻ .ƫǈƢ ƾǃǫ ǃȃ ρǿƣǉǿƢ ǭȆǰƸ ǄƢ ρϚʒ ǾʒƢ ȅ ƿǿǂƢƿǿ ǽƖ

ǾʒƢ ƣǕǯ ǄƢ ȅ ƫǈƢ ρǼǈǂ ǊǄȆǻƖ ɸǂȅƾ ƫʒƣǤ ǽƣȀʒƢ ʐƢǃƦ

Ȃǈǂƿǻ ȅ ƫǉȃ Ǻȃ ǂȆǍɓ ȂǡǈȆƬ ƿǿȅǂ ʐȆǉǼȃ ͆ˬǻƣɓ ƎǂƣǝƭǿƢ

ʐǅʒǂ ȂǻƣǿǃƦ ƿʒƣƦ ƾȆƼ ǄƢ ʐƢ ȁƿǿǄǂƢ ǂƣǝƭǿƢ ȅ ǃʓǉǬƬ ǾʓȀȵ ʐƢǃƦ

ʐƢǃƦ ρȃƣɠƾƣǻƖ żƣǫǃǐ ƫǈƢ ǽȆȀɓƢ ȂȶǿƣȀȵ Ȃǿ ƾȆǌ ƫʒǃʒƿǻ ȅ

.ȁƣϝǍǿƢƾ ȂƦ ƾȅǂȅ

ʐǂƢǁɡǫƿȃ ƶˬǐƢ ʐƢǃƦ ʐǂȅǃǔ ɹǻƿǰǻ ϗʒ ƎǩƣǐȅƢ ǾʒƢ ƣƦ . ȗ

ρƭǯȅ Ȃǈǂƿǻ  ρǼʓǸǡƬ ȅ ρƭʓƦǃƬ ʐƣȃ ƫʓǫǃǜ ʐǂȅ ȁǃȄƦ ƾȆƧȄƦ ȅ

ǄƢ  ρǼʓǿ ǶǯƢ˫ Ƥǁƴ ǖƣǍǿ ȅ ʑƦƢƾƣǌ ρǸǻ ƾƣǑƭǯƢ Ȃɓ ƫǈƢ

ƿǌƣƦ ȂƭǌƢƾ ǵƣǈ ǃȃ ʐƢǃƦ Ƣǂ Ȃǈǂƿǻ ǽƣɡƭƼȆǻƖ ǋǿƢƾ ƫʓǡǼƴ

ǾʓȀȵ ʐƣȃǄƣʓǿ ǮƦƣǙǻ Ƣǂ ƾȆƼ ƎǺȃ Ȃǈǂƿǻ ƎǶƦƣǰƭǻ ǂȆǘ ȂƦ ƣƬ

ƾǄƣǈ ȁƾƣǻƖ ȅ ƶˬǐƢ ȅ ǪʒǃǡƬǄƣƦ ρǷƣǥƭǌƢ ȅ ǂƣɓ ʐƣȃ ƫǐǃǫ

ϗʒ .ƾȆǍǿ ʐƢ Ȃǈǂƿǻ ǊǄȆǻƖ ǽƣǻǂƖ ǹƣǼƬ ƎǾƭǫǂ ȁƣϝǍǿƢƾ ȅ

ƾƢƿǡƭǈƢ ȅ ȂǯˬǠ ǃǈ ǄƢ ȅ ρǡʓƧǘ ǟʒǄȆƬ ƎƿʓǻƢ ǾʒƢ ǮǰƹƬ ǶǑƸƣǻ

ǽȆȀɓƢ Ǻȃ Ȃɓ ȂȶǿƖ ƫǈƢ ρȃƣϝǍǿƢƾ ʐƣȃ Ȃƭǌǂ ǂƾ ǽƣʒȆƵǍǿƢƾ

ρƬǂȆǐ ǾʓȀȵ ǂƾ .ƫǈƢ ǽƣǻǂƾ ʑƦ ƥʓǈƖ ȅ ƫǫƖ ǽƢǂƢǅȃ ǂƣȵƾ

ʐƣȃ ǋƽƦ ʐǂƣϚǼȃ ƣƦ Ǻȃ ȁƣϝǍǿƢƾ ǂƾ ʐǄȆǻƖ ƪǂƣȄǻ Ǫǡǔ

ʐƾǃǫ ʐƣȃ ǊˬƬ ȅ ƣȃ ƫƦƣǯǂ ȅ ρȃƣϝǍǿƢƾ ǂƣɓ ʐȅǃʓǿ ρǔƣǰƭǻ

Ȃɓ ƫǈƢ ƥʓƬǃƬ ǾʒƢ ȂƦ .ƾȆǌ ρǻ ϓǬƬǃǻ ǽƣɡƭƼȆǻƖ ǋǿƢƾ

ƿǷȆǻ ρǿƣǉǿƢ ʐȅǃʓǿ ȂǡǈȆƬ ȅ ƿǌǂ ǂƾ ƾƣȄǿ ȅƾ ǾʒƢ ǃưƛǻ ƾǃɓǂƣɓ

.ƾȆƦ ƿȃƢȆƼ ǃʒǁȩƿǐǂ ȅ ǆȆǉƹǻ ǂȆǍɓ ȂǡǈȆƬ ǂƾ ǃưƛǻ ȅ

ρǍƽƦ ƫʓǻȆǼǠ ȅ Ǌǃƭǉɠ ƎȂƭǫƣʒ ȂǡǈȆƬ ʐƣʓǿƾ ʐƣƵɓ Ƴʓȃ ǂƾ . ȏȘ

«ρǷƣǠ ǊǄȆǻƖ Ǌǃƭǉɠ¬ ϓǯƢȅ ǂƾ ȅ ρȃƣϝǍǿƢƾ ǊǄȆǻƖ ȂƦ

Ƣǃȵ ƾǃʓɠ ρǼǿ ǹƣƵǿƢ «ρǻȆǼǠ ɟȀȃǃǫ ȅ ǋǿƢƾ ȂǡǈȆƬ¬ ʐƢǃƦ

ρǠƣǼƭƴƢ ǋʒȆȩ ʐƣȃǂƣɓȅǄƣǈ ǃϝʒƾ ǵƾ ǄƢ ƎǄƣʓǿ ǾʒƢ ǾʓǻƙƬ Ȃɓ

ƿȃƢȆƼ ǃƬ ȁƾǄƣƦ ǃȩ ȅ ǃƬ ȂȀʒǅȃ Ǻɓ ƎǃƬ ǆǃƭǈƾ ǂƾ Ȃǡǻƣƴ ρɡȀȃǃǫ

ǊǄȆǻƖ ɸƿǌ ʐǅʒǂ ȂǻƣǿǃƦ ȅ ρǸǐƢ ʐǂƢǁɡǫƿȃ Ǻȃ ˫ȆǐƢ ȅ ƾȆƦ

ȅ ƾǃɓǂƣɓ ǾʓȀȵ ƿʒƣƧǿ ȅ ƫǉʓǿ ʐƾǃɓǂƣɓ ǾʓȀȵ ʐƢǃƦ ρǷƣǠ

ȅ ȁƾǃƭǉɠ ƫʓǷȆơǉǻ ǄƢ ȅ ƾǃɓ ǣʓǸƧƬ ȅ ǾʓǰǸƬ Ƣǂ ʐǂƣǝƭǿƢ

ƿȀǿƣǻ Ȃǡǻƣƴ ρǑǑƽƬ ρƭƸ ȅ ρǿȆǿƣɓ ʐƣȃ ǋƽƦ ǃϝʒƾ ǞȆȀƭǻ

ȅ ʑƧȃǁǻ ʐƣȃƾƣȄǿ ƎρǼǸǠ ʐƣȃ ǾǼƵǿƢ Ǝƣȃ Ȃǿƣǈǂ Ǝƣȃ ȁƾƢȆǿƣƼ

ʐˬƭǠƢ ȂƼǃȵ¬ ǂƾ ρƹʒǃǬƬ ȅ ρǌǄǂȅ ƎρɡȀȃǃǫ Ƕǰƭǉǻ ǅɓƢǃǻ

ƫǌȆǿǃǈ ǂƾ Ƣǂ ǽƣǍǍǰǿ ȅ ǺȄǈ ȅ ƾǃɓ ƫǸǬǤ «ɟȀȃǃǫ ȅ ǺǸǠ

ȂƦ ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ǄƢ .ƾǃǼǌ ɑƿǿƢ Ȃǡǻƣƴ ƾƣƸƖ ρǡǼƴ ȅ ʐƾǃǫ

ǽƣǌǂƢƿƭǯƢ ȅ ƪȆǯ ȅ ɑǃƹƬ ɹǐǃǠ ȅ ǽƢƿʓǻ ȅ ǽƢȆƬ ȅ ƤƣƬ ɸǄƢƿǿƢ

.ƫǌƢƾ ǂƣǝƭǿƢ ƿʒƣƦ

.ƣȃ ʐǅʒǃɠ ǩƿȃ Ǝƣȃ ʐǂƢǁɡǫƿȃ

ǾʒǃƬ ρǷƣǠ ȅ ǾʒǃƼƖ «Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ǾʒƾƣʓȀƦ ǵȆƹƬ ƿȀǈ¬ . ȏ

ǂƾ Ȃɓ ƫǈƢ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ʐƾǃƧȃƢǂ ȅ ρƭǈƾ ˫ƣƦ ƿȀǈ

ȅ ƿʓǈǂ ρɡȀȃǃǫ ƤˬǰǿƢ ʐƢǂȆǌ ƥʒȆǑƬ ȂƦ ȏȑȗȘ ȁƣǻǃȄǻ

ȅ ƪ˫ȆƹƬ ǃƧȃƢǂ ȅ ƣǼȀȃƢǂ ǂȆƹǻ ƎƻʒǂƣƬ ǽƖ ǄƢ ƿʒƣƦ ƎǂƢǃǯ ǄƢ

ǵȆƹƬ¬ ƿȀǈ ǾʒƢ ǹƣǿ ȂɔǿƖ ƣƦ .ƿǌƣƦ ƾƣȄǿ ǾʒƢ ʐƣȃ ƫʓǷƣǡǫ

ȂǷ
ƣǰ
ǻǃ
ǈ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȓ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ǽƖ ƤƣƬ ȅ ƤƖ ǃȩ ǹˬǠƢ ȅ ƥʒȆǑƬ ǄƢ Ǉȩ ƣǻƢ ƫǈƢ «ǾʒƾƣʓȀƦ

ǄƢ ʐǃƧƼ ȅ ȂǿƣǍǿ ȴʓȃ ˬǼǠ Ǻȃƾ ρǷȆƹƬ ƫǷȅƾ ǃʒǄȅ ƫǈƾ ȂƦ

ρȄƴȆǻ ǽƢƿȀȵ Ȃǿ ρȀǈ  ʑʒƣƵƦƣƴ ǅƴ ʑʒƣǠƿǻ ρǷȆƹƬ ƪƢǃʓʓǥƬ

ǵƣǈ ȏȐ «ƿȀǈ¬ ǾʒƢ ǂƾ .ƫǈƢ ȁƾƢƿǿ ƺǂ ǶʓǑƹƬ ƥʓƬǃƬ ǂƾ

ȁǂȅƾ) ƫǈƢ ȁƿǌ ǺʓǉǰƬ ȂǷƣǈ Ȃǈ ɸǂȅƾ ǂƣȄȵ ȂƦ ρǻȆǼǠ ǊǄȆǻƖ

ǽȆȀɓƢ Ǻȃ ƎʐƿȀƦ ǺʓǉǬƬ ǾʒƢ ƣƦ .(!ǹǂƣȄȵ ȅ ǹȆǈ Ǝǹȅƾ ƎǵȅƢ

ǵȅƢ ɸǂȅƾ ƣʒ ǹȆǈ ɸǂȅƾ Ǝ ǹȅƾ ȅ ǵȅƢ ɸǂȅƾ ȅƾ Ƕǻƣǌ ʑʒƢƿƭƦƢ ɸǂȅƾ

ȅ ǺȄǿ ȅ ǺƭǍȃ ƎǺƭǬȃ ʐƣȃ ǵƣǈ ǽƢǄȆǻƖ ǋǿƢƾ Ƕǻƣǌ ȂǙǈȆƭǻ

ʐƣȃ ǵƣǈ ǽƢǄȆǻƖ ǋǿƢƾ Ƕǻƣǌ ȂǙǈȆƭǻ ǹȅƾ ɸǂȅƾ ƣʒ ǹǂƣȄȵ ɸǂȅƾ

ǺǍǌ ǵƣǈ ǄȆǻƖ ǋǿƢƾ ρȀǡʒ ǾʒƢ .ƫǈƢ ǺȃǄƢȅƾ ȅ ǺȃƾǄƣʒ ƎǺȃƾ

ƾȅǂ ρǻ ʑʒƢƿƭƦƢ ȂƦ ƫǫǂ ρǻ ʑʒƣǼȀȃƢǂ ɸǂȅƾ ȂƦ ǾʒƢ ǄƢ ǋʓȩ Ȃɓ

ƿȀɓ ρǻ ǋƽƦ ƥʓǈƖ ȅ ƾƣʒǄ Ƣǂ ȁǂȅƾ ǾʒƢ ǋǌȆȩ ρȀǈ ɹǸǐƣǫ ȅ

ϓǙǰǻ ȂƦ ƾȆƦ ǽƣƭǈǃʓƦƾ ǂƾ ǃƭǍʓȩ Ȃɓ ǺȄǿ ǵƣǈ ǽƢǄȆǻƖ ǋǿƢƾ ȅ

!ǾʓǼȃ Ǝƾȅǂ ρǻ ʑʒƣǼȀȃƢǂ ƣʒ ǹȆǈ

ƪƣȎƸ ƥƬƢǃǻ ǮǰƹƬ ǄƢ ȋƢ ȁȆǸƴ¬ ǽƢȆȀǠ ȂƦ «Ȃǈǂƿǻ¬ ƿȀǈ ǾʒƢ ǂƾ . Ȑ

ƎȂƧȎǘ ƪƣȎƸ ǮǰƹƬ¬ ʐƢǃƦ ρǸǼƹǻ «ƫȎƦǃƬ ȅ ǺȎǸǡƬ¬ ȅ «ȂƧȎǘ

ȁƿǌ ʐǂƢǁɠ ǩƿȃ «ρǿƢǃȍƢ τǻˬǈƢ ǽƿǼƬ ȅ τǿƣȄƴ ǵƿǠ Ȃǡǻƣƴ

ʐƣȃƾǃƧȃƢǂ ǃƦ ƣȀƦ ƎρǻȆǼǠ ǊǄȆǻƖ ǵƣǈ ȁƾǄƢȅƾ ƫʒǂȆǻƙǻ .ƫǈƢ

ƣȀǌƖ ȅ ƾƣǡǻ ȂƦ ƿǰƭǡǻ ȅ Ǿǻƛǻ ƎƿƸȆǻ τǿƣǉǿƢ ƫȎƦǃƬ¬ ƿȀǈ ǾʒƢ

ȅ ǽƢǃϝȍƾ ƎƾȆƼ ƎƢƿƼ ǃƦƢǃƦ ǂƾ Ǫȍƣǜȅ ȅ ƣȃ ƫȎǷȆơǉǻ ȂƦ ƿȄǡƭǻ ȅ

ƎǅȎƭǈ ǺǸǜ ƎȆƴ ώǸǐ ȅ ȁƢȆƼ ƫǷƢƿǠ ƎǶǯƣǠ ȅ Ȇƴ ƫǰȎǰƸ ƎƫǡȎƧǘ

ȅ Ƣǃɠ ϓǼƴ ƎǄǂȅǃȄǻ Ǝƫǈȅƾ Ǿǘȅ ȅ ǃɠǂƣƱȍƢ ȅ ǞƣƵǌ ƎǃɠƾƣȄƴ

ǮǰƹƬ ƫȄƴ ǂƾ ǃϝǌˬƬ ȅ ǃǝƭȀǻ ȅ ǂƢƿǻ ƫȍ˫ȅ ƎǋȍƿǿƢ τǿƣȄƴ

ƪǅǠ ʐƢǂƢƾ ȅ ǂȅƣƦƾȆƼ ƎǂƢȅƿȎǻƢ ȅ ȁƾƢǂƢ ƣƦ ƎτǿƣȄƴ ǵƿǠ ƫǻȆϚƸ

ƾƢǄƖ ȅ ǃϝƦƣƽƭǿƢ ƎƣȎƸ ƣƦ ȅ ǾǻƢƿǳƣȩ ƎƣǿƢȆƬ ȅ ƣǿƢƾ ƎǂƢƿƭǿƣǻƢ ƎǇǬǿ

ƿǑƭǰǻ ȅ ǾȍǃǫƖǂƣǳ ȅ ǭˬƼ ƎρǻˬǈƢ ǭˬƼƢ ȂƦ ǮǸƽƭǻ ƎǋȀǻ

ƾȅǂȅ ɸƾƣǻƖ ȅ ǃȍǁȩ Ǻǝǿ ȅ ǂƢƿǻ ǽȆǿƣǯ ƎǖƣǍǿƣƦ ȅ ǺǷƣǈ Ǝǃȃƣǻ ȅ

ǹƣǝǿ ǆƣǈƢ ǃƦ ρǠƣǼƭƴƢ ȅ ρɠƾƢȆǿƣƼ Ǝʐƾǃǫ Ȃƭǉȍƣǌ τɠƿǿǄ ȂƦ

.ƫǈƢ «ρǻˬǈƢ ǂƣȎǡǻ

ǃȩ ƎρǿƣǼǈƖ ƎρǸɓ ƪƣʓƦƾƢ ǾʒƢ ǺǤǂ ȂƦ Ȃɓ ƫǈƢ ǽƖ ƫʓǡǯƢȅ . ȑ

ƿǯƣǫ «ƿȀǈ¬ ǾʒƢ ƎϗʒɇȆǷȆƠƿʒƢŸρǿƣǻǂƖ ȂƭƧǷƢ ȅ ǭǃƦ ȅ ǭǂǄ

ʐƣȃ ʐǃƧȃƢǂ ƎǆȆǼǸǻ ȅ Ǿǌȅǂ ȅ Ǯʓǯƾ ʐƣȃ ρǈƣȀǌ ƥʓǈƖ

ȅ ǃʒǁȩ ǮǰƹƬ ʐƣȃ ʐǂƢǁɠ ǩƿȃ ȅ Ǿʓǡǻ ρǿƣǻǄ ȅ ρȀʓǻǄ

ρƬƣʓǸǼǠ ʑʒƣȃǂƣɓ ǂȆƭǈƾ ƣƦ ʐǃǑǠ ǾʒƢ ȅ ʐǄȅǃǻƢ ȂǿƢǃϝǍƵȀǈ

.ƫǈȆϝƽǈƣȩ ȅ

ȅ ǭˬƼ ǋǰǿ ƣǻ ʐǄȅǃǻƢ ǗʒƢǃǌ ǂƾ Ȃǈǂƿǻ Ȃɓ ƫǉǿƖ ƫʓǡǯƢȅ . Ȓ

ƾƣǑƭǯƢ ȅ ɟȀȃǃǫ ƎρɠƿǿǄ ȂƦ ρǍƽƦ Ǯǿȅǂ ɹƼǃȵ ǂƾ ʐǃưƛǻ

ǂȆƹǻ ȅ ƣȀƧǻ ƎʐƢ Ȃǈǂƿǻ ʐƣȃ ǊǄȆǻƖ ʐƢȆƭƹǻ Ȃɓ Ƣǃȵ ƾǂƢƿǿ

ƪˬǻƣǡƬ Ǆƣʓǿ ƾǂȆǻ ʐƣȃ ρȀƭǉǿƢƾ ȅ ρɠƿǿǄ ʐƣȃ ƪǂƣȄǻ ʐǃʓɠƾƣʒ

ρɡȀȃǃǫ ǃʓɠƢǃǫ ƾƣȄǿ ϗʒ Ȃǈǂƿǻ .ƫǉʓǿ ǄȅǃǻƢ ρǠƣǼƭƴƢ

ǋʓȩ ǊǄȆǻƖ ȅ Ȇǿ ʐƣȃ Ƕǉǿ ȂƦ ɟȀȃǃǫ ǵƣǰƭǿƢ ʐƢǃƦ ρƭʓƦǃƬ

ρǫǃǠ ρɠƿǿǄ Ǆƣʓǿ ƾǂȆǻ ρǠƣǼƭƴƢ ȅ ʐǂȅƖ Ǿǫ ƎρǼǸǠ ʐƣȃǄƣʓǿ

ǋǿƢƾ .ƫǈƢ ƾȆƼ ʐƣȃ ƥǈƣȀƬ ȅ ƫǐǃǫ ǂƿǯ ȂƦ ʐǃǑǠ ȅ

ƤƢƾƖ ƿʒƣƦ ρǼǈǂ ǊǄȆǻƖ ǵƣǈ ȏȐ ǄƢ Ǉȩ Ȃǈǂƿǻ ǽƣɡƭƼȆǻƖ

ȅ ƻʒǂƣƬ ƎƿǿǄȆǻƣʓƦ Ƣǂ ρǠƣǼƭƴƢ ȅ ʐƾǃǫ ǭȆǰƸ ȅ ʐƿǿȅǃȄǌ

ρǿƣƧǻ ƣƦ ƎƿȀǈƣȀǍƦ Ƣǂ ǽƣȄƴ ȅ ƾȆƼ Ȃǡǻƣƴ ρǻȆǼǠ ɟȀȃǃǫ

ƪƣʓǔƣʒǂ ȂǸǼƴ ǄƢ ȅ ǄȅǃǻƢ ʐƣʓǿƾ ρǘƣƧƬǂƢ ȅ ρƭƼƣȀǌ ƎρǼǸǠ

ƎƿǿȆǌ ƣȀǌƖ ρǸʓǸƹƬ ɹǍʒƿǿƢ ȅ ʐǃϝƦƣǉƸ ʐƣȀƧǻ ǽƢȆȀǠ ȂƦ

ͣǇǬǿ ȂƦ ƾƣǼƭǠƢ ƣƦ ȅ ƿǿǃʓϝƦ ʐƿƴ Ƣǂ ƾȆƼ ʐƣȃ ƾƢƿǡƭǈƢ ȅ ƪƣʓǯȅǀ

ȅ ρɠƿǿǄ ρǡǯƢȅ ʐƣȃ ȂȀƹǐ ȂƦ ƾȅǂȅ ȁƾƣǻƖ ʑʒƣȃ ȂƭƼȆǻƖ ǾʓȀȵ

.ƿǿƾǃɠ ʐǃʒǁȩ ƫʓǷȆơǉǻ

ȂǿƢȆƭǍȩ ʑƦ ʐƣȃǂƣǝƭǿƢ ȂǼȃ ǽƖ ǶʓǼƹƬ ǄƢ ƿǡƦ ȂɔǿƖ ǶǑƸƣǻ . ȓ

ρǫƣƦ ȂǬǉǸǫ ȂǼȃ ǽƖ Ǝǂƣǡǌ ȂǼȃ ǽƖ ƎρǻȆǼǠ ǊǄȆǻƖ ǹƣǝǿ ȂƦ

Ǻȃ ƎρǉʒȆǿ ȁɇƢȅ ȅ ʐǄƢƾǃȩ ƣȀǡǻ ƎρǉʒȆǿ ƣǍǿƢ ȂǼȃ ǽƖ ȅ

ƤȆƼ ǽƢƿȀȵ ƣǻ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ǵƢȆƸƢ ȅ ǂƣɠǄȅǂ ǽȆȀɓƢ

ρǷƢȆƸƢ ǊȆƼƣǿ ǾʒƢ ɸƾǃȩ ϗʒ !ƫǉʓǿ ǺǷƣǈ ȅ ǊȆƼ ȅ

ɹʒȅǂ ʑƦ Ǌǃƭǉɠ Ȃɓ ƫǈƢ ρǡʓǈȅ ρǌǄȆǻƖ ρǿƣǻƣǉƦƣǿ ȅ ƤƣȄƭǷƢ

ʐƾȅǂȅ ʐƣȃ ǽȆǻǄƖ ǇȀʒǅʓƦ ȅ ƾƣȪǼǈ ʐƣȃ ǽȆǻǄƖ ȅ ǆǂƢƿǻ

ǽƢǄȆǻƖ ǋǿƢƾ ȅ ȁƿȀɔǫƢ ρǻȆǼǠ ǊǄȆǻƖ Ǿƭǻ ǂƾ ƣȃ Ȃǈǂƿǻ ƥǸǤƢ

ƎƫǈƢ ȁƾƢƾ ǂƢǃǯ ǃǼƭǉǻ ƤƢǃǙǔƢ ȅ ǂƣǍǫ ǂƾ Ƣǂ ƣȃ ȁƾƢȆǿƣƼ ȅ

ǂȆɔȀɓ ǊǄȆǻƖ ǟʓǈȅ ǽ˫Ȇƴ ρǷƢȆƸƢ ǊȆƼƣǿ ǾʒƢ ɸƾǃȩ ϗʒ

ρǌǄȆǻƖ ʐƣȃ ʐǂƢǁɡǫƿȃ ȅ ρǻȆǼǠ ǊǄȆǻƖ ȂǐǃǠ ǂƾ ǂȆƹǻ

ǂƾ ƣǼʓǈ ȅ Ƣƿǐ ƥǷƣǤ ƪƣǥʓǸƧƬ ɸȅˬǠ ȂƦ ǽƖ ƣƦ ƥǈƣȀƭǻ

ǊȆƼƣǿ ǾʒƢ ɸƾǃȩ ϗʒ ƎƫǈƢ ǽƖ ƣƦ ρȃƢǃǼȃ ʐȆǈ ȅ ƫǼǈ

ƫǷƢƿǠ ǃǰǫ ƎρǠƣǬƭǿƢǃʓǤ ǆǂƢƿǻ Ǌǃƭǉɠ ρǿƣǻƣǉƦƣǿ ρǷƢȆƸƢ

ǊǄȆǻƖ Ǆƣʓǿ ƾǂȆǻ ʐƣȃ ρǿƣƧʓƭǍȩ ǂƾ ƿʒƿǌ ƾȆƧǼɓ ȅ ρǌǄȆǻƖ

ƫǸǻ ƾƣƸƖ ρǈƣǈƢ ǭȆǰƸ ȂǸǼƴ ǄƢ Ȃɓ ƫǈƢ ǽƣϝʒƢǂ ρǻȆǼǠ

ρǷƢȆƸƢ ǊȆƼƣǿ ǾʒƢ ɸƾǃȩ ϗʒ ƎƫǈƢ ρǈƣǈƢ ǽȆǿƣǯ ƾƣȀƭǈƢ ȂƦ

ρǍȀƬ ȅ ǽƣʓɡȀȃǃǫ ȁƣϝǍǿƢƾ ǇʓǈƙƬ ǾʓǼȃ ƎǂȆǑƬ ǺǤǂ ȂƦ

ȅ ȁƣϝǍǿƢƾ ǾʒƢ ǃǝƭȀǻ ǃʓǤ ʐƣȃ ʐǂƢǁɡǫƿȃ ρǯˬƬ Ȃɓ ƫǈƢ

ȂȀʓǻǄ ǂƾ ǏǑƽƭǻ ʐȅǃʓǿ ƫʓƦǃƬ ʐƢǃƦ ʐǃǈƢǃǈ ʐƣȃ ȁƣϝǍǿƢƾ

ǊȆƼƣǿ ǾʒƢ ɸƾǃȩ ϗʒ ƎƫǈƢ ȁƾǂȅƖ ǋʓȩ Ȃʒƣȩ ǹȆǸǠ ρǈƣȀǌǂƣɓ

ρǻƢƿƽƭǈƢ ǂƢȆʒƾ ɹǿƣǼǷƣǜ ρƭƸ ȅ Ȃǿ˫ƾƣǠƣǿ ǽƿʓǍɓ ρǷƢȆƸƢ

ȂǷ
ƣǰ
ǻǃ
ǈ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ Ȕ

ȂƦ ǮǸǡƬ ǩǃǐ ȂƦ ǽƖ ǂƣǑƹǿƢ ȅ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ǂȅƾ ȂƦ 

ɸƾǃȩ ϗʒ ƎƫʒƣȄǿ ǂƾ ȅ ƫǈƢ ǽƣʓɡȀȃǃǫ ȁƣϝǍǿƢƾ ǽƣɡƭƼȆǻƖ ǋǿƢƾ

ȁƣϝʒƣƴ ǄƢ ǽƣʓɡȀȃǃǫ ǟʓǈȅ ʐƿȀǈǃƼƣǿ ρǷƢȆƸƢ ǊȆƼƣǿ ǾʒƢ ǃϝʒƾ

ǺȄǻ ƫʓǡǯȆǻ ǾʒƢ ƥƬƢǃǻ ȂǸǉǸǈ ǹƣǼƬ ǂƾ ƾȆƼ ǂȆǕƸ ǊǄǂƢ ȅ

.ƫǈƢǃɠ ȂǡǈȆƬ

Ȃɓ ρǍƽƦ ƣȄȀƬ Ǝƣʓǿƾ ʐƣȃǂȆǍɓ ƥǸǤƢ ǂƾ Ȃɓ ƫǈƢ ǽƖ ƫʓǡǯƢȅ . Ȕ

ƪȆǯ ȂƦ ȅ ȁƾǃɓ ǛǬƸ ρǻƣǼƬ ȂƦ Ƣǂ ƾȆƼ ǂƢƿƭǯƢ ǺʒǃƸ ƫǷȅƾ

ǋƽƦ ƫʓǷƣǡǫ ȂȀǻƢƾ .ƫǈƢ ǽƣϝʒƢǂ ρǻȆǼǠ ǊǄȆǻƖ ƫǈƢ ǃǔƣƸ

ǂƾ ȁɈʒȆƦ ƣȃǂȆǍɓ ǾʒƢ ρǻȆǼǠ ǊǄȆǻƖ ɹǐǃǠ ǂƾ ρǐȆǑƼ

ȂɔǿƖ ǵƣƸ ƫǈƢ ƿǐǂƾ ȁƾ ǄƢ ǃƭǼɓ Ȃƭǫƣʒ ȂǡǈȆƬ ʐƣȃǂȆǍɓ

ǂȆǍɓ ρǻȆǼǠ ǊǄȆǻƖ ƿǐǂƾ ȏȏ ǄƢ ǋʓƦ ƣȃǂƣǻƖ ǾʒǃƼƖ ǃƦƣȀƦ

ǂƾ ǃǬǿ ǂƢǅȃ ƫǉʒȅƾ ȅ ǽȆʓǸʓǻ ϗʒ ǃƦ ϔǷƣƦ ρƭʓǡǼƴ ƣƦ ƣǻ

ƪƣǫƖ ȂƦ ρɠƾȆǷƖ ƣƦ ʐƢ Ȃǈǂƿǻ ǊǄȆǻƖ ρǐȆǑƼ ǋƽƦ Ƕʒǀ

ɹǿƢǃǈ ƣƦ ʐǂȆǍɓ ǂƾ ǺȄǿƖ ƾǂƢƾ ǂƢǃǯ ρǷƣǻ ǂƣʓǉƦ ʐƣȃ ƥʓǈƖ ȅ

ʐǂƢƾ ǽƢƿʓǻ ȅ ˬʓƭǈƢ ǃɠƢ ǵƣƸ .ʐǃʓǰǫ ƫƧǉǿ ȂƦ ρǸǻ ƿǻƖǂƾ

ʐƣǕǫ ʐǃƧȃǂ ρƭƸ ȅ ρȃƾ ǶϚǌ ǂƾ Ƣǂ ʐǂȆɔȀɓ ƪƣǉǈƛǻ

ƿʒƣƦ ƫǉʒƿƴ Ǻȃ ρǸʓƼ Ȃɓ ǺʒǃʓϝƦ ʐƿƴ ǂȆǍɓ ρǻȆǼǠ ǊǄȆǻƖ

ρǐȆǑƼ ǋƽƦ ƫǈƾ ǂƾ ƣǻ ρǻȆǼǠ ǊǄȆǻƖ ƥǷƣǤ Ȃɓ ƫǬɠ

ƾȆƼ ɸɈʒȅ ρƭʓƦǃƬ ȅ ρǌǄȆǻƖ ƎρǷƣǻ ϓǻƣǙǻ ƣƦ ǂȆɔȀɓ ǄƢ ǃưƣƭǻ

.ƫǈƢ

ǵȅƿƴ) ȏȑȗȕ ȂƴƾȆƦ ȂƵʒ˫ ǂƾ «ρǷƣǠ ǊǄȆǻƖ ǶǑǫ¬ ǺȄǈ . ȕ

Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ǶǑǫ¬ ǺȄǈ ǃƦƢǃƦ Ȕ ƾȅƿƸ ǂƾ  (Ȕ ɸǂƣǼǌ

ǅɓǃǼƬ ƣʓǿƾ ʐƣȃǂȆǍɓ ƥǸǤƢ ǂƾ ȂɔǿƖ ǵƣƸ ƎƫǈƢ «ρǻȆǼǠ

ǽƣϝʒƢǂ ȅ ρǻȆǼǠ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ȂƦ ǩȆǙǡǻ ƣƬƿǼǠ ƣȃ ƫǷȅƾ

ʐƣȃǂȆǍɓ ǂƾ Ǻȃ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ȂƴƾȆƦ ƫƧǉǿ .ƫǈƢ

ǃƭǼɓ ȂƴƾȆƦ ǾʒƢ ǽƢǃʒƢ ǂƾ Ȃɓ ρǷƣƸ ǂƾ ȅ ƫǈƢ ƪȅƣǬƭǻ ǪǸƭƽǻ

ʐƣȃǂȆǍɓ ǂƾ ǺȄǈ ǾʒƢ ƫǈƢ ƫǷȅƾ ρǻȆǼǠ ȂƴƾȆƦ ƿǐǂƾ Ȗ ǄƢ

ȂƴƾȆƦ ƿǐǂƾ ȐȘ ƣƬ ρƭƸ ȂǡǈȆƬ ǵƣƸ ǂƾ ρƭƸ ȅ Ȃƭǫƣʒ ȂǡǈȆƬ

ǂƣʓǉƦ ƣǻ ǂȆǍɓ ǂƾ Ǻȃ ǆǂƢƿǻ ȂǿƢǃǈ ȂƴƾȆƦ .ƿǈǂ ρǻ ǅʓǿ

ǃʒǄ ƣƦ ǽƢǃȄƬ ȁƣϝǍǿƢƾ ȂƴƾȆƦ Ȃɓ ƫǈƢ ƥǷƣƴ ȅ ƫǈƢ ɑƿǿƢ

ǋʓƦ ʑʒƣȄȀƬ ȂƦ (ǽƣǻȆƬ ƾǂƣʓǸʓǻ ȔȘȘ ƾȅƿƸ ) ǋʒƣȃ ȂǠȆǼƵǻ

ǂȆǍɓ ρƭǷȅƾ ǆǂƢƿǻ ǹƣǼƬ ȂǿƢǃǈ ʐƢǃƦ Ȃƭǫǃɠ ǮǸǡƬ ȂƴƾȆƦ ǄƢ

ǾʓǼȃ ʐƢǃƦ .ƫǈƢ ǄȆǻƖ ǋǿƢƾ ǽȆʓǸʓǻ Ǻʓǿ ȅ ȁƾǄƢȅƾ ǄƢ ǋʓƦ ƣƦ

ʐƣȃ ȂȀʒǅȃ ǾʓǻƙƬ ǂƾ ƿȀǿƢȆƬ ρǼǿ ƣʓǷȅƢ Ȃɓ ρȀʓǍǿ ǃʓǰǫ ǮǘƣȀǻ ǂƾ

ǾʒƢ .ƫǈƢ ɑƣȀǬǈƢ ǂƣʓǉƦ ƫʓǡǔȅ ƿȀȀɓ ϗǼɓ Ȃǈǂƿǻ ȂƦ ʐǂƣƴ

ƥǈƣȀƭǻƣǿ ƫƼƢƾǃȩ ȅ ρǻȆǼǠ ǊǄȆǻƖ ǭȆǰƸ ƫʒƣǠǂ ǹƿǠ ρȀǡʒ

ƾȆƧȄƦ ʐƢǃƦ ρǫƣɓ ɸǄƢƿǿƢ ȂƦ ƣǻ ρȀǡʒ  ǾʒƢ .ρǷƣǠ ǊǄȆǻƖ ɸǄȆƸ ȂƦ

ǽƢǃɡǿ ȅ ǺʓȀɓ ρǼǿ ȂȀʒǅȃ ǽƣϝʒƢǂ  ρǻȆǼǠ ǊǄȆǻƖ ʐƣȃ ǏƼƣǌ

.Ǻʓƭǉʓǿ ǽƖ ǂƢȆɠƣǿ ʐƣȃ ƿǻƖ ʑȩ

ǊǄȆǻƖ ǄƢ ƿǡƦ Ȃƭǫƣʒ ȂǡǈȆƬ ʐƣȃǂȆǍɓ ǂƾ Ȃɓ ƫǈƢ ǽƖ ƫʓǡǯƢȅ . Ȗ

ƫʓǼȃƢ Ȃɓ ƫǈƢ ǋȃȅɈȩ ǋƽƦ ƫǉƽǿ ƎρǻȆǼǠ Ǌǂȅǃȩ ȅ

ǃƦ ρȀǌȅǂ ȂƦ ǽƖ ǩƢƿȃƢ Ȃɓ ρǍȃȅɈȩ Ǻȃ ǽƖ ƾǂƢƾ ʐƢ ȁɈʒȅ

ǾʒƢ ǂƾ .ƿǿȆǌ ρǻ ǪʒǃǡƬ ʐƾƣǑƭǯƢ Ǿʓǡǻ ʐƣȃƾǃƧȃƢǂ ǆƣǈƢ

ρǡʓǈȅ ȅ Ǻʓǰƭǉǻ ʐǂƢǁɠ Ȃʒƣǻǃǈ ƫǷȅƾ ȂɔǿƖ ǄƢ ǋʓƦ ƎƣȃǂȆǍɓ

ʐƣȃ ƫʒƣǼƸ ȅ ƣȃ ρǿƣƧʓƭǍȩ ȂƦ ƎƿǌƣƦ ȂƭǌƢƾ ρǷƣǠ ǊǄȆǻƖ ǂƾ

Ȃɓ ʐƿʒƿǌ ʐƣȃ ρƭǈƣɓ ǺǤǂ ȂƦ ǽƢǃʒƢ ǂƾ .ƾǄƢƾǃȩ ρǻ ρǿȆǿƣǯ

ǂƣʓǠ ȅ ȂȀǻƢƾ ȅ ǽƣϝʒƢǂ ȅ ρǻȆǼǠ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ȂȀʓǻǄ ǂƾ

ǂƾ ρǡʓǈȅ ʐƣȃ ƫʒƣǼƸ ȅ ȂȀʒǅȃ ƾǂƢƾ ƾȆƴȅ ǽƖ ǋǌȆȩ ȅ ƫǷƢƿǠ

ʐƢǃƦ ρǿƢƿȀȵ ʐǂȅ ȁǃȄƦ ȂɔǿƖ ǵƣƸ ƾȆǌ ρǻ ρǷƣǠ ǊǄȆǻƖ ǋƽƦ

ǃǝǿƿʒƿƵƬ ƿȀǻǄƣʓǿ ǽƖ ʐƣƵƦƣǿ ʐƣȃ ƥǈƣȀƬ ȅ ƾǂƢƿǿ ǂȆǍɓ ȂǡǈȆƬ

.ƫǈƢ ǃưƛǻ ȅ ʐƿƴ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȕ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

wă Ă¤ÉĀý

ȂƭǌȆǿ ϗʒ ǂƾ ǽƣɠɇƢȅ ρǷƣƭɓƢǃǫ ƿǡƦ
� Ȃǿȅǂƾ ǾʓǉƸǃʓǻƢ

ǂƣƭǬϝǍʓȩ

ρȃȆƧǿƢ ȂƦ ƣǻ ρǈǃƭǈƾ ƥƧǈ Ȃƭǌǁɠ Ȃȃƾ ȅƾ ǂƾ ʐǂȅƣȀǫ ʐƣȃ ƫǫǃǍʓȩ

Ǿƭǫƣʒ .ƿȀƭǉȃ ʐǂƣƭǌȆǿ ʐƾƣȀǈƢ ƣȄǿƖ ǃƭǍʓƦ Ȃɓ ƫǈƢ ȁƿǌ ƪƣǠˬǘƢ ǄƢ

.ƫǈƢ ǂƢȆǌƾ ʐǂƣɓ ƎȂȃȆƧǿƢ ǾʒƢ ǂƾ ρƭǈƾ ƪǂȆǐ ȂƦ Ǆƣʓǿ ƾǂȆǻ ƪƣǠˬǘƢ

ǺȄǻ ƪƣǠˬǘƢ ǽƢȆƭƦ ƣƬ ƿǿƢ ȁƿǌ ρǫǃǡǻ ǽȆȀɓƣƬ ρǿȆɠƣǿȆɠ ʐƣȃ Ǌȅǂ

.ƿʓǍɓ ǽȅǃʓƦ ǂƣɓƾȆƼ ǶϚǌ ȂƦ Ƣǂ ƣȃ ȂƭǌȆǿ ǄƢ ʐǂƣǼǌ ƣʒ ȂƭǌȆǿ ϗʒ

ʐȅƣɓ ȂƭǌȆǿ .ƾȆǌ ρǻ ȁƿʓǻƣǿ ȏ ʐȅƣɓ ȂƭǌȆǿ ƣȃ Ǌȅǂ ǾʒƢ ȂǠȆǼƵǻ

ƿǌ ƶǃǙǻ ȂǿƣʒƢǂ ǹȆǸǠ ǂƾ ƫǉƽǿ Ȃɓ ƫǈƢ ʐƢ Ȃƭǌǂ ǽƣʓǻ ρǠȆǔȆǻ

ƎρƬƣƧǈƣƹǻ ρǈƣȀǌ ǽƣƦǄ ƿȀǿƣǻ ƣȃ ȂǙʓƸ ǃϝʒƾ ǽƣϝǍʓȩ ǋǿƢƾ ǇȪǈ ȅ

ǃƦ ǽƣɠɇƢȅ ʐƿȀƦ ȂƧƬǂ .ƿǿƿǌ ƿȀǻ ȂǯˬǠ ǽƖ ȂƦ ǅʓǿ ϗʒǅʓǫ ȅ ǂƣǻƖ Ǝρǔƣʒǂ

Ȃɓ ƫǈƢ ʐȅƣɓ ȂƭǌȆǿ ǺȄǻ ƪƣǠȆǔȆǻ ǄƢ ȂƭǌȆǿ ϗʒ ǂƾ ƣȄǿƖ ƫʓǼȃƢ Ȃʒƣȩ

ʐƿȀƦ Ȃƭǈƾ ƎȂƭǌȆǿ ʐǄƣǈ ȁƿʓϚȵ ƎǽƣɠɇƢȅ ƿʓǸɓ Ǿƭǫƣʒ ǂƾ ǽƖ ǄƢ ǽƢȆƬ ρǻ

ʐƣȃ Ǌȅǂ ǽȆȀɓƣƬ .ƾǃƦ ƾȆǈ ʐȅƣɓ ȂƭǌȆǿ ƪƣǠȆǔȆǻ ǃϝʒƾ ȅ ƣȃ ȂƭǌȆǿ

.ƿǿƢ ȁƿǌ ƾƣȄȀǍʓȩ ǽƣɠɇƢȅ ʐƿȀƦ ȂƧƬǂ ʐƢǃƦ ρǿȆɠƣǿȆɠ

ƣȄǿƖ (ǂƢǃɔƬ ƾƢƿǡƬ) ρǿƢȅƢǃǫ ƥǉƸ ǃƦ Ƣǂ ȂƭǌȆǿ ϗʒ ʐƣȃ ȁɇƢȅ ǃɠƢ

ȂƧƬǂ ǽƢȅƢǃǫ ȁɇƢȅ Ǿʓǻȅƾ ȅ ϗʒ ȂƧƬǂ ȁɇƢȅ ǾʒǃƬ ǽƢȅƢǃǫ ȂƦ .ǺʓȀɓ ƥƬǃǻ

ǾʒƢ ǂƾ .Ǻʓȃƾ ǎƣǑƭƼƢ ȂƧƬǂ ƣȃ ȁɇƢȅ ρǯƣƦ ȂƦ ƥʓƬǃƬ ǾʓǼȃ ȂƦ ȅ ȅƾ

ǽƣƦǄ ʐƢǃƦ a ȅ of Ǝ the ƿȀǿƣǻ ʑʒƣȃ ȁɇƢȅ ƎǽƣɠɇƢȅ ǄƢ ȁƿǌ ƥƬǃǻ ƫǈǃȄǫ

ƣȃ ȂƭǌȆǿ ǹƣǼƬ ǂƾ ƣȃ ȁɇƢȅ ǾʒƢ .ƿǿǃʓɠ ρǻ ǂƢǃǯ ƫǈǃȄǫ ʐ˫ƣƦ ǂƾ ρǉʓǸɡǿƢ

ȂƦ Ȃɓ ƫʓǼȃƢ ǃȩ ʐƣȃ ȁɇƢȅ ƣǻƢ .ƿǿǂƢƿǿ ρǐƣƼ ǹȆȄǬǻ ȅ ƿǿȆǌ ρǻ ƫǫƣʒ

ȁƿȀǿƢȆƼ ȂƦ Ƣǂ ȁƿȀǉʒȆǿ ǃǝǿ ƾǂȆǻ ʐƣȀǡǻ ȅ ƿǿǂƢƾ ǗƦǂ ȂƭǌȆǿ ǞȆǔȆǻ

ǄƢ ǽƢȆƬ ρǻ .ƿǿǃʓɠ ρǻ ǂƢǃǯ ρǿƣʓǻ ʐƣȃ ȂƧƬǂ ǂƾ ̤˫ȆǼǡǻ ƿȀȀɓ ρǻ ǶǰƭȀǻ

ƾȆƴȅ . [ ȏ ] ƾǃƦ ƾȆǈ ƫʓǼȃƢ ǃȩ ʐƣȃ ȁɇƢȅ ƲƢǃƽƭǈƢ ʐƢǃƦ ƫʓǡǯƢȅ ǾʒƢ

ǋȃƣɓ Ƣǂ Ǌȅǂ ǾʒƢ ƫǯƾ ρǿƣʓǻ ʐƣȃ ȂƧƬǂ ǂƾ ƫʓǼȃƢ Ǻɓ ʐƣȃ ȁɇƢȅ

ȂƦ .ƾǂƢƿǿ ρǰʓǯƾ ǪʒǃǡƬ ƫǈǃȄǫ ρǿƣʓǻ ȁƾȅƿƹǻ ǾʒƢ ǃƦ ǽȅǅǫƢ .ƿȃƾ ρǻ

ǶʓϚǍƬ ȂǌȆƼ ȂƭǌȆǿ ǺȄǻ ʐƣȃ ȁɇƢȅ Ȃɓ ƫǈƢ ȁƿǌ ȁƿʒƾ ʑƦǃƵƬ ƪǂȆǐ

ƿǿȆǌ ρǻ ȁƿʒƾ ǃϝʒƿϚʒ ϗʒƾǅǿ ȂƭǌȆǿ ʐƣȃƣƴ ǄƢ ρƼǃƦ ǂƾ ρȀǡʒ ƿȀȃƾ ρǻ

ǂȆȄǜ ǾʓƦ ȂǸǐƣǫ ǃɠƢ . [ Ȑ ] ƿǿǂƢƿǿ ȂƭǌȆǿ ǵȆǘ ǂƾ ρƭƼƢȆȀϚʒ ǟʒǄȆƬ ȅ

ʐǃʓɠ ȁǄƢƿǿƢ ȂƭǌȆǿ ǂƾ ƣȄǿƖ ǽƣʓǻ ȁɇƢȅ ƾƢƿǡƬ ƥǉƸ ǃƦ Ƣǂ ȁɇƢȅ ϗʒ ρǷƢȆƭǻ

ȁɇƢȅ ϗʒ ǽƿǌ ǃȃƣǜ ǶǐƢȆǫ ʐǂƣǻƖ ǅʓƼ ȅ ƫǫƢ ǽƢǅʓǻ ǽƢȆƬ ρǻ ƎǺʓȀɓ

ǂƾ ȅ ǽƖ ǽƿǌ ȂǌȆƼ ǽƢǅʓǻ ʐǃʓɠ ȁǄƢƿǿƢ ʐƢǃƦ ʐƢ ȂƵȀǈ ǽȆȶǼȃ Ƣǂ

ʐǂƣǻƖ ϗʓǿƣϚǻ ǄƢ ȁƾƣǬƭǈƢ ƣƦ . [ ȑ ] ƾǃƦ ǂƣϚƦ ǽƣɠɇƢȅ ʐƿȀƦ ȂƧƬǂ ȂƵʓƭǿ

ǶϚǌ ȁɇƢȅ ϗʒ ρǷƢȆƭǻ ǂȆȄǜ ǶǐƢȆǫ ǟʒǄȆƬ ǟƦƣƬ ƾƢƾ ǽƣǍǿ ǽƢȆƬ ρǻ

ǃƭǻƢǂƣȩ ȅƾ � ȅ q Ǝ ȂǸǐƣǫ ǃʓǥƭǻ x ǽƖ ǂƾ Ȃɓ ƾǂƢƾ ( ȏ +( ȏ � q)�x )
ȏ

ȏ � q

ȂǌȆƼ ʐǃʓɠ ȁǄƢƿǿƢ ʐƢǃƦ ʐǂƣʓǡǻ Ƣǂ q ǃƭǻƢǂƣȩ ǽƢȆƬ ρǻ .ƿȀƭǉȃ ρǰʓǰƸ

. [ Ȓ ] ƾǃɓ ʐƿȀƦ ȂƧƬǂ ǽƖ ƥǉƸ ǃƦ Ƣǂ ȂƭǌȆǿ ϗʒ ǽƣɠɇƢȅ ȅ ƫǉǿƢƾ ǽƿǌ

ǽȆɠƣǿȆɠ ʐƣȃ ǋƽƦ ǂƾ ȁɇƢȅ ρǿƢȅƢǃǫ ƾȆǌ ρǻ ƥƧǈ ʐƿȀƦ ȂǌȆƼ ρɠɈʒȅ

ǾʒƢ ʐǃʓɠ ȁǄƢƿǿƢ ʐƢǃƦ ʑƦȆƼ ȂƵȀǈ ʑȩȅǃƭǿƖ .ƿǌƣƧǿ ǽƣǉϚʒ ȂƭǌȆǿ

ǪʒǃǡƬ �
P

i f i (w) ln f i (w) ǶϚǌ ȂƦ ʑȩȅǃƭǿƖ .ƫǈƢ ρǿƣǉǼȃƣǿ

ȂƦ ǹƢŸ i ǋƽƦ ǂƾ w ȁɇƢȅ ρǿƢȅƢǃǫ ƫƧǉǿ f i (w) ǽƖ ǂƾ Ȃɓ ƾȆǌ ρǻ

ʐǄƣǈƢƿƴ ʐƢǃƦ ʑȩȅǃƭǿƖ ǄƢ .ƫǈƢ ȂƭǌȆǿ Ƕɓ ǂƾ ȁɇƢȅ ǽƣǼȃ ρǿƢȅƢǃǫ

. [ Ȕ Ǝ ȓ ] ƫǈƢ ȁƿǌ ȁƾƣǬƭǈƢ (ρǫƾƣǑƬ) ʐƢ ȁǂȆƬƣɓ ȅ ρǡʓƧǘ ʐƣȃ ȂƭǌȆǿ

ƿȀƭǉȃ ǽƣɠɇƢȅ ǶǐƢȆǫ ǟʒǄȆƬ ƥǉƸ ǃƦ Ȃɓ ǅʓǿ ʑȩȅǃƭǿƖ ǃϝʒƾ ʐƣȃ ȂǿȆɠ

ƣƦ ǽƢȆƬ ρǻ Ƣǂ ȂƭǌȆǿ ǃȃ . [ ȕ ] ƫǈƢ  ȁƿǌ ƾƣȄȀǍʓȩ ʐƿȀƦ ȂƧƬǂ ʐƢǃƦ ǅʓǿ

ǩƢǃɠ ʐƣȃ ǆƘǂ Ƕǰƭǉǻ ʐƣȃ ȁɇƢȅ ȂǠȆǼƵǻ .ƾƢƾ ǋʒƣǼǿ ǩƢǃɠ ϗʒ

ǽƣǿƖ ʐƣȃ ǆƘǂ ǽƣʓǻ ρǷƣʒ ƣƦ Ƣǂ ȂƭǌȆǿ ǂƾ ȁɇƢȅ ȅƾ ƪǂȅƣƵǻ .ƿȀƭǉȃ

ʐȅǂ ǃƦ Ȑ Ƴʓȩ ȂƧƬǂ ǺƭʒǂȆϝǷƢ ƫǉƦǂƣɓ ƣƦ .Ǻʓȃƾ ρǻ ǽƣǍǿ ǩƢǃɠ ǂƾ

[ Ȗ ]. ƾǃɓ ʐƿȀƦ ȂƧƬǂ Ƣǂ ǽƖ ǽƣɠɇƢȅ ǽƢȆƬ ρǻ ƎȂƭǌȆǿ ϗʒ ȂƦ ȂƭǉƦƢȅ ǩƢǃɠ

Ƴʒƣƭǿ ʐǄƣǈ ƥƬǃǻ ʐƢǃƦ ǽƖ ǄƢ ǶɠȆɠ Ȃɓ ƫǈƢ ρǿƣǼȃ ǺƭʒǂȆϝǷƢ ǾʒƢ

.ƾǃƦ ρǻ ƾȆǈ ƾȆƼ ʐȆƵƭǉƴ

.ǺʒǄƢƾǃȩ ρǻ ǽƣɠɇƢȅ ʐƿȀƦ ȂƧƬǂ ȂƦ Ȇǿ ρȃƣɠƿʒƾ ƣƦ ƣǻ ǂƣƭǌȆǿ ǾʒƢ ǂƾ

ȂƭǌȆǿ ǂƾ ȁɇƢȅ ϗʒ Ȃɓ ʑʒƣȃ ǽƣϚǻ ǺʓȀɓ ρǻ ǒǃǫ ȁƣɠƿʒƾ ǾʒƢ Ȃʒƣȩ ǃƦ

ƾȆƼ ʐȆϝǷƢ ǃȃ .ƾǂȅƖ ρǻ ƿʒƿȩ Ƣǂ ƿȀǿƣǼȃƾȆƼ ʑʒȆϝǷƢ ƾȆǌ ρǻ ǃȃƣǜ

Ƣǂ ǽƖ ρǸǼǠ ƪǂȆǐ ȂƦ ǽƢȆƬ ρǻ Ȃɓ ƫǈƢ ρǷƣƭɓƢǃǫ ʐƿǡƦ ʐƢǂƢƾ ƿȀǿƣǼȃ

ƾȆǌ ȑ Ȃƭƽʒǂ Ǻȃǂƾ ρǫƾƣǑƬ ʐƢ ȂǿȆɠ ȂƦ Ȃɓ ȂƭǌȆǿ ϗʒ ǂƾ .ƾǃɓ ȂƧǈƣƹǻ

ʐƢǂƢƾ Ȃɓ ʐƢ ȂƭǌȆǿ ǂƾ ƣǻƢ ƫǈƢ ϗʒ ϗʒƾǅǿ ƣȃ ȁɇƢȅ ȂǼȃ ρǷƣƭɓƢǃǫ ƿǡƦ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ Ȗ

ƿȀǍɓ ρǻ Ǌȅƾ ȂƦ Ƣǂ ȂƭǌȆǿ ʑʒƣȀǡǻ ǂƣƦ Ȃɓ ʑʒƣȃ ȁɇƢȅ ƎƫǈƢ ǹȆȄǬǻ

ƿǿƢȆƬ ρǻ ȁɇƢȅ ρǷƣƭɓƢǃǫ ƿǡƦ .ƿȀƭǉȃ ϗʒ ǄƢ ǃƭǼɓ ρǷƣƭɓƢǃǫ ƿǡƦ ʐƢǂƢƾ

.ƿʒƖ ǂƣϚƦ ǽƣɠɇƢȅ ʐƿȀƦ ȂƧƬǂ ʐƢǃƦ ʐƢ ȂƵȀǈ ǽȆȶǼȃ

ρǿƣʒƣȩ ǋƽƦ ǂƾ ȅ ƫǬɠ ǺʓȃƢȆƼ ǃƭǍʓƦ ȁǂƣƦ ǾʒƢ ǂƾ ʐƿǡƦ ǋƽƦ ǂƾ

.ǺʓȀɓ ρǻ ȁƾƣǬƭǈƢ ǒǃǫ ǾʒƢ ǄƢ ρǿƣƧʓƭǍȩ ʐƢǃƦ ʑƦǃƵƬ ʐƣȃ ȁƾƢƾ ǄƢ

ƣȃ ǵƣƭɓƢǃǫ ȅ ƣȃ ȂƭǌȆǿ

ǽƖ ǾʒƾƣʓȀƦ ʐƢǅƴƢ ƣȃ ȁɇƢȅ Ȃɓ ƫǈƢ ȁƿʓȶʓȩ ʐƢ Ȃǿƣǻƣǈ ʐǃǍƦ ǽƣƦǄ

ǽȆǻƢǃʓȩ ƣƦ ρɡȀƬƣɡȀƬ ǖƣƧƬǂƢ ȂϚǸƦ ƫǉʓǿ ȂƭǉƦ ʐƢ Ȃǿƣǻƣǈ ǽƣƦǄ .ƿȀƭǉȃ

ǽƣɠɇƢȅ ƾƢƿǡƬ ƿʒƿƴ ǺʓȃƣǬǻ ǽƿǌ ȂƭƼƣǈ ȅ ǽƣǻǄ ƫǌǁɠ ƣƦ.ƾǂƢƾ ƾȆƼ

ƣȃ ȁɇƢȅ ǄƢ ρƼǃƦ ρȀǡǻ ρƭƸ ǽƣǻǄ ǂǁɠ ǂƾ ȅ ƿȀɓ ρǻ ǃʓʓǥƬ ǽƣƦǄ ϗʒ

Ȃɓ ƿȀƭǉȃ ǽƣƦǄ ǄƢ ǺȄǻ ρǍƽƦ ǅʓǿ ƣȃ ȂƭǌȆǿ .ƾȆǌ ρǻ ǽȆɠǃɠƾ ǅʓǿ

ƾƢƿǡƬ ƿǌǂ Ǝƣȃ ȁɇƢȅ ρǿƢȅƢǃǫ ǟʒǄȆƬ .ƿǿǃƦ ρǻ ƮǂƢ ȂƦ Ƣǂ ǽƖ ρɠƿʓȶʓȩ

ʐƣȃ ρɠɈʒȅ ǄƢ ǃϝʒƾ ρƼǃƦ ȅ ȂƭǌȆǿ ǵȆǘ ǋʒƢǅǫƢ ƣƦ Ƕǰƭǉǻ ʐƣȃ ȁɇƢȅ

ǵƣƸ ǂƾ ƣȃ ȁɇƢȅ ȂƭǌȆǿ ϗʒ ǂƾ .ƿȀƭǉȃ ρɠƿʓȶʓȩ ǾʒƢ ʐƣȃƾȆǼǿ ƎʐǂƣǻƖ

ʑʒƣȀǡǻ ȅ ʐǂȆƭǈƾ ȂǿȆɠ ȅƾ ȂƦ ǋȀɓ ǺȃǃƦ ǾʒƢ .ƿǿǃϝʒƿϚʒ ƣƦ ǋȀɓ ǺȃǃƦ

ǂƾ ƣȃ ȁɇƢȅ Ȃɓ ƾȆǌ ρǻ ƥƧǈ ȂƭǌȆǿ ϗʒ ǂƾ ʐǂȆƭǈƾ ǋȀɓ ǺȃǃƦ .ƫǈƢ

ǋȀɓ ǺȃǃƦ ǾʒƢ .ƿǿǃʓɠ ǂƢǃǯ ǃϝʒƿϚʒ ǂƣȀɓ ʐƢ ȁɈʒȅ ƥʓƬǃƬ ȂƦ ȂǸǼƴ ϗʒ

ǾʓƦ ǋȀɓ ǺȃǃƦ .ƫǈƢ ȂǸǼƴ ȅƾ ƣʒ ϗʒ ȁǄƢƿǿƢ ǽƖ ƾǃƦ ȅ ƫǈƢ ƾǃƦ ȁƣƬȆɓ

ǋȀɓ ǺȃǃƦ ƎȁƿȀǿƢȆƼ ȂƦ ǹȆȄǬǻ ǵƣǰƭǿƢ ʐƢǃƦ ȂƭǌȆǿ ǂƾ ƣȃ ȁɇƢȅ ǄƢ ρƼǃƦ

ǂƾ Ƣǂ ƣȃ ȁɇƢȅ ǋȀʓȵ ȅ ƫǈƢ ƾǃƦ ƿȀǸƦ ǋȀɓ ǺȃǃƦ ǾʒƢ .ƾǂƢƾ ǹƣǿ ʑʒƣȀǡǻ

ǋʒƢƿʓȩ ƥƧǈ ʑʒƣȀǡǻ ǋȀɓ ǺȃǃƦ .ƿȀɓ ρǻ ɟȀȃƣǼȃ ȂƭǌȆǿ ǃǈƢǃǈ

ǺʓȀɓ ρǻ ǒǃǫ ǂƣƭǌȆǿ ǾʒƢ ǂƾ .ƾȆǌ ρǻ ȁɇƢȅ ǃȃ ʐƢǃƦ ʑʒƣǕǫ ʑʒȆϝǷƢ

ȂǿȆɠ ǽƣǼȃ ƎƫǈƢ ρǷƣƭɓƢǃǫ ƣʒ Ȓ ʐƿȀǿƣǼȃ ƾȆƼ ρɠɈʒȅ ʐƢǂƢƾ ȆϝǷƢ ǾʒƢ

ƣȃ ǵƣƭɓƢǃǫ ǾʒƢ ƿǡƦ .ƾȆǌ ρǻ ȁƿʒƾ ȁƿʓȶʓȩ ʐƣȃ Ȃǿƣǻƣǈ ǄƢ ʐǂƣʓǉƦ ǂƾ Ȃɓ

Ƣǂ ȂƭǌȆǿ ǂƣɓ ǾʒƢ ʐƢǃƦ .ƫǫǃɠ ȁǄƢƿǿƢ ȓ ʐǂƣǼǌ ȂƧǡƴ Ǌȅǂ ƣƦ ǽƢȆƬ ρǻ Ƣǂ

Ƣǂ ρǷƢȆƭǻ ȁɇƢȅ s ǃȃ .ǺʒǂƣɡǿƢ ρǻ ǽƣɠɇƢȅ ǄƢ ʐƿǡƦ ϗʒ ȂǷƣƧǿƾ ƪǂȆǐ ȂƦ

ȂƧǡƴ Ns ȂƦ ȂƭǌȆǿ ȂǿȆɠ ǾʒƿƦ .Ǻʓȃƾ ρǻ ǂƢǃǯ ρǔǃǫ ȂƧǡƴ ϗʒ ǽȅǂƾ

.ƿȃƾ ρǻ ǽƣǍǿ Ƣǂ ʐƿȀƦ ȂƧǡƴ ǾʒƢ ǄƢ ʑʒƣǼǿ ǶϚǌ .ƾȆǌ ρǻ ǺʓǉǰƬ

ƾƣǼǿ ƣƦ Ƣǂ ƾȆǌ ρǻ ƫǫƣʒ ǽƖ ǂƾ Ǿʓǡǻ ȁɇƢȅ ϗʒ Ȃɓ Ƣǂ ʑʒƣȃ ȂƧǡƴ ǂƣǼǌ

ȂƭǌƢƾ ƿȀǿƣǼȃ ƾȆƼ ʑʒȆϝǷƢ ȁɇƢȅ ǃȃ ǟʒǄȆƬ ǃɠƢ .Ǻʓȃƾ ρǻ ǽƣǍǿ Nw (s)

:ƫǌƢƾ ǺʓȃƢȆƼ s ɞǂǅƦ ʐƣȃ ȁǄƢƿǿƢ ʐƢǃƦ ƎƿǌƣƦ

Nw (s) � s� D (ȏ . Ȑ)

.ƾǂƢƾ ǹƣǿ ȁɇƢȅ ρǷƣƭɓƢǃǫ ƿǡƦ D Ȃɓ

ǃƦ Ƣǂ Nw (s) ρǼƭʒǂƣϝǷ ǹƣǼƬ ǂƢƾȆǼǿ ƫǈƢ ρǫƣɓ D ȂƧǈƣƹǻ ʐƢǃƦ

.ƿȃƾ ρǻ ƫǈƿƦ Ƣǂ D ȁǄƢƿǿƢ ƎǂƢƾȆǼǿ ƥʓǌ .ǺʓȀɓ Ǻǈǂ s ƥǉƸ

ȂǿȆǼǿ Ƥƣƭɓ ϗʒ ǽƣɠɇƢȅ ʐƢǃƦ Ƣǂ ǒǃǫ ǾʒƢ ρƭǈǂƾ ʐƿǡƦ ǋƽƦ ǂƾ

.ǺʓʒƣǻǄƖ ρǻ

Ȃʒ˫ ǂƾ ȅ Ȑ ȂƧǡƴ ȁǄƢƿǿƢ ˫ƣƦ ǂƾ .ȂƭǌȆǿ ǄƢ ρǍƽƦ ʐƢǃƦ ʐƿȀƦ ȂƧǡƴ ǄƢ ʑʒƣǼʓǈ :ȏ ǶϚǌ

. ƿǌƣƦ ρǻ Ȗ ȅ Ȓ ƥʓƬǃƬ ȂƦ ρȀʓʒƣȩ ȅ ρǿƣʓǻ

ƫƼƢȆȀϚʒ ǟʒǄȆƬ ȅ ǽƿǌ ȂǌȆƼ . FAR ȅ BARYON ȁɇƢȅ ȅƾ ρǬʓǘ ʐƣǼǿ :Ȑ ǶϚǌ

.ƿǿƢ ȁƿǌ ǂƢǃɔƬ ȂƭǌȆǿ ǂƾ ǂƣƦ ȒȒ ȁɇƢȅ ȅƾ ǃȃ .ƿʒƾ ǽƢȆƬ ρǻ ȁɇƢȅ ȅƾ ǾʒƢ ʐƢǃƦ Ƣǂ

ǂƣƦ ȒȒ ȁɇƢȅ ȅƾ ǃȃ .ƿʒƾ ǽƢȆƬ ρǻ ȁɇƢȅ ȅƾ ǾʒƢ ʐƢǃƦ Ƣǂ ƫƼƢȆȀϚʒ ǟʒǄȆƬ ȅ ǽƿǌ ȂǌȆƼ .

.ƿǿƢ ȁƿǌ ǂ ƢǃɔƬ ȂƭǌȆǿ ǂƾ

ǽƣɠɇƢȅ ρǷƣƭɓƢǃǫ ƿǡƦ ʐǃʓɠ ȁǄƢƿǿƢ

ǽȆʓƭǈƢ ȂƭǌȆǿ Ɠƫǉƽǿ Ȃǰʓǯƾ Ȃǈ ƓƿȀǼǌǄǂƢ Ƥƣƭɓ ǋƽƦ ǾʒƢ ǂƾ

ǄƣǤƖ ȁǂƣƦǂƾ Ƥƣƭɓ ǾʒƢ .ǺʓȀʒǅɠ ρǻǃƦ ρǈǂǃƦ ʐƢǃƦ Ƣǂ [ ȗ ] ɞǃƧȀʒƢȅ
ȕ ǩǂƣǡƭǻ ʐȆϝǷƢ ȅ Ȕ (ɞǂǅƦ ǂƣƵǬǿƢ) ɟǿƣƧȄǻ Ȃʒǃǝǿ Ȃʒƣȩ ǃƦ ǽƣȄʓɓ

ǂƾ Ƣǂ ȁƾƣǻ ǋʒƢƿʓȩ ρɡǿȆϝȵ ȅ ƫǈƢ ʐƾƣʓȀƦ ƪƢǂǀ ǋȀɓ ǺȃǃƦ ǃƦ ǺɓƣƸ

ƫǈƢ ȁɇƢȅ ȒȗȖȔȘ Ƥƣƭɓ ǾʒƢ ǵȆǘ .ƿȃƾ ρǻ ƶǃǌ ǽƣȄƴ ǄƣǤƖ Ȃǰʓǯƾ Ȃǈ

Ȑ ǄƢ ρǿƢȆƬ Ƣǂ ƣȃ ȂƧǡƴ ȁǄƢƿǿƢ .ƾǂƢƾ ȁɇƢȅ ȒȘȑȗ ȁǄƢƿǿƢ ƣƦ ʐƢ Ȃǻƣǿ ȁɇƢȅ ȅ

ȂƭǌȆǿ ǾʒƢ ǄƢ ρǍƽƦ ʐƢǃƦ Ƣǂ ƣȃ ȂƧǡƴ ǄƢ ʑʒƣǼʓǈ ǶϚǌ .ǺʓȀʒǅɠ ρǻǃƦ

.ƿȃƾ ρǻ ǽƣǍǿ

ʐƣȀǡǻ Ȃɓ ƫǈƢ ȂƭǌȆǿ ǂƾ ǽƣɠɇƢȅ ǄƢ ʐƾǃǫ ȂƦ ǃǑƹȀǻ ǽƣǻƿʓȵ

ρɡƭƽʒǂ Ǻȃ ȂƦ ȂǿȆɠǃȃ .ƿȀɓ ρǻ ǶǰƭȀǻ ȁƿȀǿƢȆƼ ȂƦ Ƣǂ ȁƿȀǉʒȆǿ ȁƢȆƽǷƾ

ʐƢ ȁɇƢȅ ρǿƣϚǻ ǟʒǄȆƬ ǃɠƢ .ƾǃƦ ρǻ ǾʓƦ ǄƢ Ƣǂ ǽƖ ʐƣȀǡǻ ǋȀʓȵ ǾʒƢ ǂƾ

ǾʒƿƦ ƿǌƣƦ ȂƭǌƢƿǿ ʐǃʓϝǼǍȵ ǃʓʓǥƬ ǽƣɠɇƢȅ ǽƣǻƿʓȵ Ǿƭƽʒǂ Ǻȃ ȂƦ ƣƦ

.ƾǂƢƾ ȂƭǌȆǿ ʐƣȀǡǻ ǵƣǰƭǿƢ ǂƾ ρǼɓ ƫʓǼȃƢ ȁɇƢȅ ǽƖ Ȃɓ ƫǈƢ ρȀǡǻ

ȂǼȃ ǽƣɠɇƢȅ ƎƾȆǌ Ȃƭƽʒǂ Ǻȃ ȂƦ ρǫƾƣǑƬ ƪǂȆǐ ȂƦ Ȃɓ ʐƢ ȂƭǌȆǿ ǂƾ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȗ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ȂƭǌȆǿ ǂƾ ǅʓǿ ƫʓǼȃƢ Ǻɓ ǽƣɠɇƢȅ ǾʒƢ ǃƦƣȀƦ ƿǿǂƢƾ ƫƼƢȆȀϚʒ ρǡʒǄȆƬ

ȁɇƢȅ ȅƾ ǄƢ ρǬʓǘ ʑʒƣǼǿ ǶϚǌ .ƿȀƭǉȃ ƫƼƢȆȀϚʒ ρǡʒǄȆƬ ʐƢǂƢƾ ρǸǐƢ

ǂƢǃɔƬ ȂƭǌȆǿ ǂƾ ǂƣƦ ȒȒ ȁɇƢȅ ȅƾ ǃȃ .ƿȃƾ ρǻ ǽƣǍǿ Ƣǂ FAR ȅ BARYON

ʐƢ ȁɇƢȅ ρǻȅƾ ȅ ƫǈƢ Ƥƣƭɓ ǺʓȃƣǬǻ ƣƦ ǖƣƧƬǂƢ ǂƾ ȁɇƢȅ Ǿʓƭǉƽǿ .ƿǿƢ ȁƿǌ

ʐƣȃ ȁƣϝʒƣƴ .ƫǫƣʒ Ƣǂ ǽƖ ǽƢȆƬ ρǻ ʐƢ ȂƭǌȆǿ ǃȃ ǂƾ Ȃɓ ƫǈƢ ρ ǻȆǼǠ

.ƿǿƢ ȁƿǌ ǏƽǍǻ ɟǿǂǃȩ ʐƣȃ ǗƼ ƣƦ ȂƭǌȆǿ ǂƾ ƣȃ ȁɇƢȅ ǾʒƢ ǽƿǌ ǃȃƣǜ

ʐƢǃƦ Ƣǂ ƫƼƢȆȀϚʒ ǟʒǄȆƬ ȅ ƫǉƽǿ ȁɇƢȅ ʐƢǃƦ ǽƿǌ ȂǌȆƼ ƎǶϚǌ ǾʒƢ ǂƾ

ƿʒƾ ǽƢȆƬ ρǻ ȁɇƢȅ Ǿʓǻȅƾ

ȂǙǰǿ  Ǿʓȵ ǗƼ ȅ  Ǿʓȵ ǗƼ . FAR ȅ BARYON ǽƣɠɇƢȅ ʐƢǃƦ ʐǂƣǼǌ ȂƧǡƴ :ȑ ǶϚǌ

ȂƭǌȆǿ ǂƾ Ƣǂ ȁɇƢȅ ȅƾ ǾʒƢ ʐƢǃƦ ʐǂƣǼǌ ȂƧǡƴ Ƴʒƣƭǿ ρǙƼ ǋƽƦ ʐƢǃƦ ȁƿǌ ǹƣƵǿƢ ǊǄƢǃƦ

.ƿȀȃƾ ρǻ ǽƣǍǿ ρǸǐƢ

ʐƢǂƢƾ w ƫʓǼȃƢ Ǻɓ ȁɇƢȅ Ǝ N ǵȆǘ ȂƦ ʐƢ ȂƭǌȆǿ ǂƾ ƿʓȀɓ ǒǃǫ

ȁɇƢȅ s ȁǄƢƿǿƢ ȂƦ ʑʒƣȃ ȂƧǡƴ ƣƦ Ƣǂ ȂƭǌȆǿ ǾʒƢ ǃɠƢ .ƿǌƣƦ M ρǿƢȅƢǃǫ

ϗȵȆϚʒƣȃ s ʐƢǃƦ .ƫǌƢƾ ǺʓȃƢȆƼ ȂƧǡƴ Ns = N=s ǺʓȀɓ ǄƢǃǫƢ

ƫƼƢȆȀϚʒ ǟʒǄȆƬ ǽȆȵ ƫǈƢ Nw (s) ’ M ǺʓǿƢƾ ρǻ ( Ns > M )

ƿȀȵ ƣʒ ȅƾ Ǿƭǫǃɠ ǂƢǃǯ ǵƣǼƭƸƢ Ȃɓ ƾǂƢƿǿ ƾȆƴȅ ʐƿȀƦ ȂǌȆƼ ǃưƢ ȅ ƫǈƢ

ƫǈƢ ȁɇƢȅ ϗʒ ƣʒ ȂƧǡƴ ǃȃ ǂƾ ǾʒƢ ǃƦ ƣȀƦ ƿȃƾ ǋʒƢǅǫƢ Ƣǂ ȂƧǡƴ ϗʒ ǂƾ ȁɇƢȅ

ǂƣȵƣǿ ȂƦ ( Ns < M ) ɞǂǅƦ ʐƣȃ s ʐƢǃƦ .ƾȆǌ ρǼǿ ƫǫƣʒ ʐƢ ȁɇƢȅ ƣʒ ȅ

ƿȀȃƾ ʐƣƴ ƿʒƣƦ ƾȆƼ ǂƾ Ƣǂ ȁɇƢȅ ǄƢ ƾƢƿƼǂ ϗʒ Ǻɓ ƫǈƾ ƣȃ ȂƧǡƴ ȂǼȃ

ƣƦ .ƫǈƢ Nw (s) / ȏ =s ρȀǡʒ ƾȆǌ ρǻ Nw (s) = Ns ȂǿȆɠ ǾʒƿƦ

.ƾȆǌ ρǻ ϗʒ ǃƦƢǃƦ ǽƣɠɇƢȅ ǄƢ Ȃƭǈƾ ǾʒƢ ρǷƣƭɓƢǃǫ ƿǡƦ ƔƔȂǷƾƣǡǻ ȂƦ ȂƴȆƬ

ƫǈƢ s = ȏ Ȃɓ ρǻƣɡȀȃ Ȃȵ ǃɠƢ ƫʓǼȃƢ ǃȩ ʐƣȃ ȁɇƢȅ ʐƢǃƦ

ǂƢƿǰǻ ǾʒƢ ǄƢ ʐƿȀƬ ȂƦ s ǽƿǌ ɞǂǅƦ ƣƦ ρǷȅ ƾȆǌ ρǻ Nw (s) = M

Ȃɓ ƾȆǌ ρǻ ƥƧǈ ʐƿȀƦ ȂǌȆƼ ǃưƢ ɞǂǅƦ ʐƣȃ s ʐƢǃƦ .ƾǃʓɠ ρǻ ȂǸǐƣǫ

.ƾȆǌ ϗʒ ǄƢ ǃƭǼɓ ǽƖ ρǷƣƭɓƢǃǫ ƿǡƦ ȅ ƿǌƣƦ Nw (s) � Ns / ȏ =s

ǽƣǍǿ Ƣǂ FAR ȅ BARYON ȁɇƢȅ ȅƾ ʐƢǃƦ ʐǂƣǼǌ ȂƧǡƴ ƿǻƣʓȩ ǶϚǌ

FAR ȁɇƢȅ ρǷƣƭɓƢǃǫ ƿǡƦ ƾȆǌ ρǻ ȁƿʒƾ ǶϚǌ ǂƾ Ȃɓ ȂǿȆɠ ǽƣǼȃ .ƿȃƾ ρǻ

ƿǡƦ ƿȃƾ ρǻ ǽƣǍǿ ȁƿǌ ǹƣƵǿƢ ǊǄƢǃƦ .ƫǈƢ ǃƭǍʓƦ BARYON ȁɇƢȅ ǄƢ

.ƫǈƢ ȘȚȔ ǃƦƢǃƦ ρǻȅƾ ȅ ȏ ϗʒƾǅǿ ƫǉƽǿ ȁɇƢȅ

ƾȆǌ ρǻ ȁƿʒƾ Ȃɓ ȂǿȆɠ ǽƣǼȃ .Ȃƭƽʒǂ Ǻȃ ȂƦ ȅ ρǸǐƢ ȂƭǌȆǿ ǂƾ BARYON :Ȓ ǶϚǌ

ǂƾ ǽƖ ρǷƣƭɓƢǃǫ ƿǡƦ ƣƦ ȅ ƫǈƢ ȏ ϗʒƾǅǿ ȁɇƢȅ ǾʒƢ ρǷƣƭɓƢǃǫ ƿǡƦ Ȃƭƽʒǂ Ǻȃ ȂƦ ȂƭǌȆǿ ǂƾ

.ƾǂƢƾ ʐǃʓϝǼǍȵ ƪȅƣǬƬ ρǸǐƢ ȂƭǌȆǿ

ƫʓǼȃƢ ǃȩ ȁɇƢȅ ʐƢǃƦ ǃȩ ʐƣȃ ȂƧǡƴ ǂƣǼǌ ǾʓƦ ƫǈƢ ʐƢ Ȃǉʒƣǰǻ ǶϚǌ

Ȃƭƽʒǂ Ǻȃ ȂƦ ρǫƾƣǑƬ ƪǂȆǐ ȂƦ Ȃɓ ρȀƭǻ ȅ ρǸǐƢ Ǿƭǻ ǂƾ BARYON

ƫǈƢ ȏ ϗʒƾǅǿ ȁɇƢȅ ǾʒƢ ρǷƣƭɓƢǃǫ ƿǡƦ Ȃƭƽʒǂ Ǻȃ ȂƦ Ǿƭǻ ǂƾ .ƫǈƢ ȁƿǌ

.ƫǈƢ ǽƖ ǄƢ ǃƭǼɓ ǃʓϝǼǍȵ ρƬǂȆǐ ȂƦ ρǸǐƢ Ǿƭǻ ǂƾ ȅ

ʐƢǃƦ ƣǻ ǊˬƬ ƎǺʒƾǃɓ ȁǂƣǌƢ ȂƭǌȆǿ ǾʒƢ ʐƢƿƭƦƢ ǂƾ Ȃɓ ȂǿȆɠ ǽƣǼȃ

.ƿȀɓ ʐƿȀƦ ȂƧƬǂ Ƣǂ ǽƣɠɇƢȅ ǂƣɓƾȆƼ ρƬǂȆǐ ȂƦ Ȃɓ ƫǈƢ ρȃƢǂ Ǿƭǫƣʒ

ǂƢȆǌƾ ƿȀɓ ȂƧǈƣƹǻ Ƣǂ ρǷƣƭɓƢǃǫ ƿǡƦ ǂƣɓƾȆƼ Ȃɓ ρǼƭʒǂȆϝǷƢ ǾƭǌȆǿ

ρǷƣƭɓƢǃǫ ƿǡƦ ǄƢ ȁƾƣǬƭǈƢ ʐƣƴ ȂƦ ʐǂƢȆǌƾ ǾʒƢ ǃƦ ȂƧǸǤ ʐƢǃƦ .ƫǈƢ

ώǙǈ ƫʓǼɓ ǾʒƢ .ƾǂƢƾ ȂǙƦƢǂ ǽƖ ƣƦ Ȃɓ ǺʒǃƦ ρǻ ȁǃȄƦ ǃϝʒƾ ρƭʓǼɓ ǄƢ

Ǻȃ ȂƦ ȅ ρǸǐƢ Ǿƭǻ ǂƾ ȁɇƢȅ ϗʒ ʐǂƣǼǌ ȂƧǡƴ ρǼƭʒǂƣϝǷ ǹƣǼƬ ǂƢƾȆǼǿ ǾʓƦ

ρǸǐƢ ȂƭǌȆǿ ǂƾ ǽƖ ǟʒǄȆƬ ƿǌƣƦ ƫʓǼȃƢ Ǻɓ ʐƢ ȁɇƢȅ ǃɠƢ .ƫǈƢ Ȃƭƽʒǂ

ρϚʒƾǅǿ ǽƖ ƿǻƣʓȩ Ȃɓ ƿǿǂƢƾ ǃϝʒƿϚʒ ƣƦ ρǼɓ ƪȅƣǬƬ Ȃƭƽʒǂ Ǻȃ ȂƦ ȅ

.ƫǈƢ Ȃƭƽʒǂ Ǻȃ ȂƦ ȅ ρǸǐƢ ȂƭǌȆǿ ǂƾ ǽƖ ʐǂƣǼǌ ȂƧǡƴ ʐƣȃǂƢƾȆǼǿ

ǂƾ .ƫǈƢ ǅʓȵƣǿ ώǙǈ ǾʒƢ ȁǄƢƿǿƢ ƫʓǼȃƢ Ǻɓ ǽƣɠɇƢȅ ʐƢǃƦ ȂǿȆɠ ǾʒƿƦ

QUARKS ȅ BARYON ƫʓǼȃƢ ǃȩ ȁɇƢȅ ȅƾ ʐƢǃƦ Ƣǂ ώǙǈ ȅƾ ǾʒƢ ǶϚǌ

.ǺʒƢ ȁƾƢƾ ǽƣǍǿ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȏȘ

ƥƬǃǻ ƫǈǃȄǫ ǅʓǿȅ ƫǈƢǂ ƫǼǈ ǂƾ ƣȃ  ǽƖ ρǿƢȅƢǃǫ ȁƢǃǼȃ ȂƦ ƿǿƢ ȁƿǌ ƥƬǃǻ ǽƣǌ ώǙǈ ȁǄƢƿǿƢ ǆƣǈƢ ǃƦ Ȃɓ ƫǉƽǿ ȁɇƢȅ ȐȘ ƫǈǃȄǫ :ȏ . Ȑ ǵȅƿƴ
.Ȩȵ ƫǼǈ ǂƾ ǽƣǍƹǙǈ  ȁǄƢƿǿƢ ȁƢǃǼȃ ȂƦ ƣȃ ǽƖ ρǿƢȅƢǃǫ ǆƣǈƢ ǃƦ ƫǉƽǿ ȁɇƢȅ ȐȘ ǄƢ ȁƿǌ

ώǙǈ ȁǄƢƿǿƢ ρǿƢȅƢǃǫ ȁɇƢȅ ώǙǈ ȁǄƢƿǿƢ ρǿƢȅƢǃǫ ȁɇƢȅ

ȑȗȕȒ . Ȑ Ȓȏȓȗ the ȖȘȖ . ȏȕ ȐȒ quarks
ȒȗȔȏ . Ȑ ȐȒȒȕ of ȖȒȖȖ . ȏȔ ȏȒ ions

ȔȏȘȑȕ . Ȑ ȏȏȓȒ to Ȑȗȓ . ȏȓ ȕ diagram
ȓȒȔȐ . Ȑ ȏȘȕȖ a ȕȐȕȐ . ȏȑ ȕ rotating
ȓȓȕȕ . Ȑ ȏȘȔȘ in ȒȘȐȐ . ȏȑ ȏȘ quark
ȓȔȑȓ . Ȑ ȗȒȓ and Ȗȕȗȗ . ȏȐ ȕ hydroxyl
ȒȗȐȔ . Ȑ ȖȗȖ is ȒȒȔȏ . ȏȐ ȏȒ nebulae
Ȕȕȓȕ . Ȑ ȕȑȏ that Ȑȑȗ . ȏȐ ȏȘ kmsec
Ȑȏȓȕ . Ȑ ȓȘȐ universe ȐȐȕ . ȏȐ ȑȓ antenna
ȓȐȕȑ . Ȑ ȒȑȒ this ȏȒȗȑ . ȏȐ Ȕ stone
ȓȓȔȑ . Ȑ ȒȐȐ it ȘȕȏȐ . ȏȐ Ȓ slab
ȗȓȐȒ . Ȑ ȒȏȖ as ȓȘȖ . ȏȏ ȐȒ luminosity
ȔȘȗȒ . Ȑ ȑȗȓ be ȑȖȕȑ . ȏȏ ȏȘ cyanogen
ȓȑȐȑ . Ȑ ȑȗȏ at ȑȕȖ . ȏȏ Ȓ angstroms
Ȗȏȕȑ . Ȑ ȑȔȐ by ȐȔȘȑ . ȏȏ Ȓ circumference
ȗȘȒȗ . Ȑ ȑȒȑ we ȗȖȗȓ . ȏȘ Ȑȑ conservation
ȏȕȑȒ . Ȑ ȑȐȓ for ȒȕȒȓ . ȏȘ Ȗ mc
ȖȔȐȑ . Ȑ Ȑȗȗ are ȒȒȑȔ . ȏȘ ȏȖ planck
ȏȐȕȓ . Ȑ Ȑȗȑ was ȑȗȕȐ . ȏȘ Ȑ candidate
ȕȓȔȒ . Ȑ ȐȖȗ with ȑȕ . ȏȘ Ȕ disc

ƫʓǼȃƢ ǃȩ ȁɇƢȅ ȅƾ ʐƢǃƦ ʐǂƣǼǌ ȂƧǡƴ ρǼƭʒǂƣϝǷ ǹƣǼƬ ʐƣȃǂƢƾȆǼǿ ǾʓƦ ώǙǈ :ȓ ǶϚǌ

ȁǄƢƿǿƢ ρǷȅ ƫǈƢ ȂƭǌȆǿ ǂƾ ȐȒ ρǿƢȅƢǃǫ ʐƢǂƢƾ ǹȅƾ ȁɇƢȅ . QUARKS ȅ BARYON
.ƾǂƢƾ ʐǃƭɠǂǅƦ ώǙǈ

ώǙǈ ȁǄƢƿǿƢ ƣǻƢ ȁƿǌ ǂƢǃɔƬ ǂƣƦ ȐȒ ƣȄȀƬ QUARKS ȁɇƢȅ Ȃɓ ǽƖ ƣƦ

.ƾǂƢƾ ʐǃƭɠǂǅƦ

ǃƦ Ȃɓ ƾȆǌ ρǻ ȁƿʒƾ Ƥƣƭɓ ǾʒƢ ǽƣɠɇƢȅ ǄƢ ρƭǈǃȄǫ ȏ . Ȑ ǵȅƿƴ ǂƾ

ρǿƢȅƢǃǫ ǆƣǈƢ ǃƦ Ȃɓ ρǿƣɠɇƢȅ ǄƢ ρƭǈǃȄǫ ǅʓǿ ȅ ǽƣǍƹǙǈ ȁǄƢƿǿƢ ǆƣǈƢ

ǂƾ Ǌȅǂ ǾʒƢ ρƭǈǂƾ ǽƢȆƬ ρǻ ρɠƾƣǈ ȂƦ .ƿǿȆǌ ρǻ ȁƿʒƾ ƿǿƢ ȁƿǌ ƥƬǃǻ

ǽƣɠƿȀǿƢȆƼ .ƾƢƾ ǏʓƽǍƬ Ƣǂ ƣȃ ǽƖ ƫʓǼȃƢ ǆƣǈƢ ǃƦ ǽƣɠɇƢȅ ʐƿȀƦ ȂƧƬǂ

ǞƣƴǂƢ [ ȏȘ ] Ȃǿȅǂƾ ȅ ρǬƵǿ ȂǷƣǰǻ ȂƦ ǃƬ Ǯʓǯƾ ʑƦƣʒǄǂƢ ʐƢǃƦ Ƣǂ ƿȀǻ ȂǯˬǠ

.Ǻʓȃƾ ρǻ
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ϗʒǅʓǫ ȁȅǃɠ ƎǽƣƵǿǄ ȁƣϝǍǿƢƾ �

ρȄɠƖ

ρǈȆǻ ǾƦƿǼƹǻ ȂǷƢƿƧǠȆƦƢ ƎρǿƣƴǄȆƦ ƣǫȆǷƢȆƦƢ ƎρǿȅǃʓƦ ǽƣƹʒǂȆƦƢ ʐƣȃ ǹƣǿ ȂƦ ǃƭǻ ρƭǿƣǈ ȖȖ � ȓȖ ϓǙǯ ȂƦ ʐǃǈ όȀȩ :ρɡǿǂ ǃƭǈȆȩ ʐǃǈ ȁƾ

ǽƿǼƬ ʐƣȃ ǹƣǿ ȂƦ ǃƭǻ ρƭǿƣǈ ȔȖ � ȒȖ ϓǙǯ ȂƦ ǃƭǈȆȩ ʐǃǈ όȀȩ ȅ ρǿƣǌƣɓ ƿʓǍǼƴ ǾʒƿǷƢ ƮƣʓǤ ȅ ǹƣʓƼǃǼǠ ώƭǬǷƢȆƦƢ ǾʒƿǷƢ ƮƣʓǤ ƎρǻǄǂƢȆƼ

ɹǿƣƼǃʓƦƾ ǂƾ ƪƣʓǔƣʒǂ ρǿƣȄƴ ǵƣǈ ρǸǻ ƾƣƭǈ ƪƢǂƣǍƭǿƢ ǄƢ Ǝ(Ǉǿƣǉǿǂ) ρƠƢǄȆǿ ȅ ǾʒȆǿ ǃǑǠ ƎȂʓǷȅƢ ʐƣȃ ǽƢǂȅƾ ƎǽƣǿȆʒ ʑʒˬǘ ǽƢǂȅƾ ƎρǻˬǈƢ

.ƫǈƢ ȁƿǌ ǾʓʓǡƬ ȑȘȘ =ȘȘȘ ƣȃ ǽƖ ǵƣǈǂƢ ȂȀʒǅȃ ȅ ǵƣʒǂ ȏ =ȓȘȘ =ȘȘȘ ǃƭǈȆȩ ȁƾ ǾʒƢ ʐƣȄƦ .ƫǈƢ ƾȆƴȆǻ ǾǼƵǿƢ

ρǡǻƣƵǻ ȅ ƣȃ ǽƣƭǈǃʓƦƾ Ǝƣȃ ȁƣϝǍǿƢƾ ʐƣȃȅǃȃƢǂ ȅ ƣȃ ǭƣƬƢ Ǝƣȃ ǆˬɓ Ǝƣȃ ǾǷƣǈ Ǝƣȃ ȂǿƣƽƦƣƭɓ ǋƽƦ ƫȀʒǄ ƿǿƢȆƬ ρǻ ƢȆƭƹǻǃȩ ȅ ƣƧʒǄ ȂǠȆǼƵǻ ǾʒƢ

.ƿǌƣƦ ƪƣʓǔƣʒǂ ʐƣȃ ȂǿƣƼ ȅ ƣȃƢǃǈ ɟȀȃǃǫ ǃʓǝǿ

.ƿǿǃʓϝƦ ǆƣǼƬ ǾǼƵǿƢ ȂǿƣƼǃʓƦƾ ƣƦ ǇʓǬǿ ɹǠȆǼƵǻ ǾʒƢ ƿʒǃƼ ƫȄƴ ƾȆǌ ρǻ ƣǔƣǰƬ ǹǃƭƹǻ ǽƢǃʒƿǻ ȅ ǽ˫Ȇơǉǻ ȁɈʒȅ ȂƦ ƎǽƢƿȀǻ ȂǯˬǠ ǄƢ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȏȐ

* ƿȀǼƬȅǃư ǽƢƿʓǔƣʒǂ
� ρǈȅƿǯ ƿǻƣƸ

Ǻȃ ȂƦ ρǸʓƼ ʐƾǃƦǂƣɓ ƪƣʓǔƣʒǂ ȅ ρǷƣǻ ƾƣǑƭǯƢ Ȃƭǌǂ ǽȆȵ ƣȩȅǂƢ ǂƾ

ȅ ʐǂƢƿƦƣǉƸ ƫȀǈ ǄƢ ǃƬ ǋʓƦ ǇǿƣȀʒƣǫ Ȃɓ ƣϚʒǃǻƖ ǩˬƼ ǃƦ) ƿǿƾȆƦ ȁƿʓȀƬ

ǃƬ Ǻɓ ȅ ƫǈƢ ȁƿǌ ȁƿʓǍɓ ƾƣǑƭǯƢ ƫǼǈ ȂƦ ƿǡƦ ȅ ƿʒƖ ρǻ ρǷƣǻ ƫʒǃʒƿǻ

ʐƣȃ ȁƿϚǍǿƢƾ ƣƦ ʐƾƣʒǄ ǂƣɓ ȅ ǃǈ (ƾǂƢƾ ǶǻƣǡƬ ρǔƣʒǂ ʐƣȃ ȁƿϚǍǿƢƾ ƣƦ

ƿǐǂƾ ȅǂ ǾʒƢ ǄƢ .ǺʓƭǌƢƾ ǪǸƭƽǻ ʐƣȃǂȆǍɓ ʐƣȃ ǽƢƿʓǔƣʒǂ ȅ ρǔƣʒǂ

ʐǃƭɓƾ ɸǂȅƾ ʐȆƵǍǿƢƾ ǽƢȆȀǠ ȂƦ Ǿǻ Ȃɓ ρǿƣǉɓ ǄƢ ρȄƴȆƬ ǶƦƣǯ

ǺƭǉǍǿ ρǻ ǽƣǌ ʐƣȃ ȁƣɠǂƣɓ ȅ ƣȃǂƣȀʓǼǈ ʐƣȩ ƣʒ ǺƭǌƢƾ ǆǂƾ ƣȃ ǽƖ ƣƦ

ƪƣʓǔƣʒǂ ʐƢǃƭɓƾ Ǻʒƾǃɓ ρǻ ƫɓǃǌ ρǌǄȆǻƖ ʐƣȃ ȁǂȅƾ ǂƾ Ǻȃ ƣƦ ƣʒ

ǽƣƦƣǉƸ ƎǂƣǻƖ ƎǵǃƭȀɓ Ȃʒǃǝǿ ƎρǫƾƣǑƬ ʐƣȃƿȀʒƖǃǫ ǶƱǻ ʑʒƣȃ  ȂƼƣǌ ǂƾ)

ρƭƸ Ȃɓ ƫǈƢ ƥǷƣƴ .ƿȀƭǌƢƾ (ʑʒǅƴ ƪƣǰƭǍǻ ƣƦ ƪ˫ƾƣǡǻ ȅ ρǫƾƣǑƬ

ǃƧƴ ƿȀǿƣǻ ƪƣʓǔƣʒǂ Ǔƹǻ ρǸʓƼ ʐƣȃ   ȂƼƣǌ ǂƾ Ȃƭǌǁɠ ǂƾ ƣȄǿƖ ǄƢ ρƼǃƦ

ʐǃƬ ʐƾǃƦǂƣɓ ʐƣȃ  ȁǄȆƸ ƫǼǈ ȂƦ ƿǡƦ ȅ ƿǿƾǃɓ ρǻ ƫʓǷƣǡǫ ʐɇȆǷȆȩȆƬ ƣʒ

.ƿǿƾȆƦ ȁƿǌ ȁƿʓǍɓ

ʐȆǉǿƢǃǫ ȂǿȆǼǿ ȅ ƾǂƢƾ ρǼʒƿǯ ρƭȀǈ ƣȩȅǂƢ ǂƾ ʐƾǃƦǂƣɓ ƪƣʓǔƣʒǂ

ǵƣǈ ȅƾ ρϚʒ Ȃʒƣȩ ǃƦ Ƣǂ ƾƣǑƭǯƢ ȅ ρǈƿȀȄǻ ρǻȆǼǠ ǊǄȆǻƖ Ȃɓ) ǽƖ

ƿʒƣǌ (ƿȃƾ ρǻ ǂƢǃǯ ƪ˫ƣǼƭƸƢ ƿȀǿƣǻ ʑʒƣȃ ȁǄȆƸ ǂƾ ǾʓɡȀǈ ǊǄȆǻƖ

ƎǇʓʒȆǈ) ƣȃ ǽƣƦǄ ρǿƣǼǷƖ ƫȀǈ ǂƾ Ǻȃ .ƫǈƢ ȁƿǌ ȂƭƼƣȀǌ ƣʓǿƾ ǂƾ ǃƭǍʓƦ

ǂƾ ρǔƣʒǂ Ȃƭǌǂ ǄƢ ρǼȄǻ ǋƽƦ ȂǉǿƢǃǫ ǂƾ Ǻȃ ȅ (ǋʒǃƬƢ ȅ ǽƣǼǷƖ

ƣʒ «ρƭǡȀǐ ƪƣʓǔƣʒǂ¬ ƣʒ «ƪƣʓǔƣʒǂ ρǈƿȀȄǻ¬ ǶƱǻ ρȀʒȅƣȀǠ ƥǷƣǯ

Ȃɓ ƿȀǿƢƾ ρǻ ƪƣʓǔƣʒǂ ǽƣʒȆƵǍǿƢƾ ȂƵʓƭǿ ǂƾ ȅ ƾȆǌ ρǻ ȂƠƢǂƢ ǽƖ ƿȀǿƣǻ

ʐƣʓǿƾ Ȃǿ ȅ ƿǿȆǌ ƫʓƦǃƬ ρǡǯƢȅ ʐƣʓǿƾ ǶƠƣǉǻ ǶƸ ʐƢǃƦ ƫǈƢ ǂƢǃǯ

.ƫǈƢ ǂȆȄǍǻ Ǔƹǻ ƪƣʓǔƣʒǂ ǂƾ Ȃɓ ʐȆƹǿ ȂƦ Ǔƹǻ ȅ ʐǃǝǿ

ƥʓɓǃƬ Ǻȃ ƣƦ ǃϝʒƾ Ȃƭǌǂ ϗʒ ȅ ρǔƣʒǂ ̤˫ȆǼǡǻ ρǫƿȃ ǾʓȀȵ ʐƢǃƦ

ȂƦ :ƿȀȀɓ ρǻ ǶʓǑƹƬ ʑƧʓɓǃƬ Ȃƭǌǂ ϗʒ ǂƾ ǽƣʒȆƵǍǿƢƾ ȅ ƿǿȆǌ ρǻ

ρǈƣȀǌ ƫǉʒǄ¬ Ǝ«ƪƣʓǔƣʒǂ ȅ ȂǼʓƦ¬ Ǝ«ƪƣʓǔƣʒǂ ȅ ƾƣǑƭǯƢ¬ ǵƣƱǻ ǂȆǘ

ƥʓɓǃƬ ǾʒƢ ȂƭƧǷƢ .ǽƖ ƿȀǿƣǻ ȅ «ƪƣʓǔƣʒǂ ȅ ƫʒǃʒƿǻ¬ Ǝ«ƪƣʓǔƣʒǂ ȅ

ǹǃǘƣƼ ȂƦ Ǿǻ Ȃɓ ρǿƣǻǄ ƣƬ Ǻȃ ǽƢǃʒƢ ǂƾ Ȃǿǃɠȅ Ǝƫǉʓǿ ǺǈƢ Ǘǰǫ ƣȃ

ρǔƣʒǂ ǶƱǻ ʑʒƣȃ Ȃƭǌǂ Ǫʒǃǌ ȁƣϝǍǿƢƾ ǇʓǈƙƬ ʐƢƿƭƦƢ ǄƢ ρƭƸ ȅ ƫǉȃ

ƾȆƴȅ «ϗʒǅʓǫ¬ ȅ «ȂǿƣʒƢǂ ǹȆǸǠ¬ Ǝ«ƪƣʓǸǼǠ ǂƾ ǮʓǰƹƬ¬ ǂƾ ʐƾǃƦǂƣɓ

.ƾȆƦ ρǷƣƼ ƥǸǤƢ ǵƣǥƭǌƢ ȅ ȂƦǃƵƬ ƎǶǼǠ ρǡǯƢȅ ʐƣȃ ȂȀƹǐ ρǷȅ ƫǌƢƾ

ȂʓȀƦ ǽȆȵ ƿȀʒƖ ρǻ ǽȅǃʓƦ ʑʒƣȃ ȁǂȅƾ ǾʓȀȵ ǄƢ Ȃɓ ρǿƣǉɓ ƣȩȅǂƢ ǂƾ

ƫƧǉǿ ȂƦ ʐǃƬ ʐȆǯ ȂǷƙǉǻ ǶƸ ƪǂƿǯ ȅ ρǠƢǅƭǿƢ ǃɔǬƬ ȅ ʐǄƣǈ ǵƿǻ

ƎƿȀƭǉȃ ǅȄƵǻ ρǠȆȀƭǻ ȅ ʐȆǯ ǂƢǅƦƢ ȂƧǡƴ ȂƦ ȅ ƿǿǂƢƾ ǽƣʒȆƵǍǿƢƾ ǃʒƣǈ

ǂƾ ȅ ƫǠǃǈ ȂƦ ƿȀǿƢȆƬ ρǻ ƿǿȆǌ ρǻ ʐƾǃƦǂƣɓ ʐƣȃ  ȁǄȆƸ ƾǂƢȅ ρƭǯȅ

ƲǃƦ ȅ ǞƢǅƭǿƢ ȂʓƸȅǂ Ȃɓ ρǘǃǌ ȂƦ ȂƭƧǷƢ) ƿȀȀɓ ƫʓǷƣǡǫ ρǬǸƭƽǻ ʐƣȃ ȂȀʓǻǄ

ƲǂƣƼ ƯƸƣƧǻ ρƼǃƦ ʐǃʓɠƾƣʒ ƫǼƸǄ ȅ ƿȀȀɓ ǂȅƾ ƾȆƼ ǄƢ Ƣǂ ρȀʓǍǿ ƲƣǠ

ʑʒƣȃ ƫʓǑƽǌ ǾʓȀȵ ʐˬǠƢ  ǵƣƱǻ .(ƿȀȃƿƦ ƾȆƼ ȂƦ Ǻȃ Ƣǂ ƪƣʓǔƣʒǂ ǄƢ

͆ˬƱǻ ǽƣǌ  ρǑƽǌ  ȂƹǬǐ Ȃ ɓ ƫǈƢ ʑʒƣȃ ǽƢƿʓǔƣʒǂ Ǝƣȃ ȁƣϝǍǿƢƾ ǂƾ

ǵƣƸ ǾʓǠ ǂƾ ȅ ƫǈƢ ƪ˫ƣǼƭƸƢ Ȃʒǃǝǿ ǏǑƽƭǻ Ǐƽǌ ǾʒƢ ƿʒȆɠ ρǻ

ρǈƿȀȄǻ ƎȂǼʓƦ ƎρǷƣǻ ǹƣǝǿ ƎƫǉʒǄ Ǘʓƹǻ¬ ȂȀʓǻǄ ǂƾ ρǼȄǻ ʐƣȃǂƣɓ

.ƾǂƢƾ «Ƕǰǿ ȅ ǶǼƸ ȅ ρϚǌǅȩ

ǾʓȀȵ ȅ ƾǂƢƾ ʐƢ ȁƿʓȶʓȩ ȅ ɞǂǅƦ ǂƣʓǉƦ ȂǼʓƦ ƫǡȀǐ ǽȆȵ ǇʓƠȆǈ

Ǻȃ) ρǔƣʒǂ ȁƿʓȶʓȩ ʐƣȃǂƢǅƦƢ ȂƦ Ǆƣʓǿ ϗǉʒǂ ƫʒǃʒƿǻ ʐƢǃƦ ρƭǡȀǐ

ǵƣƱǻ ƿʒƣǌ ƎƾǂƢƾ (ρǻȆȄǬǻ ȅ ƾǃƵǻ ǞȆǿ ǄƢ Ǻȃ ȅ ρƬƣƧǈƣƹǻ ǞȆǿ ǄƢ

ȅ ρȃƣϝǍǿƢƾ ǽƢƿʓǔƣʒǂ ʐƣȃ ȁǃȄȵ ǄƢ ʐǂƣʓǉƦ ǽƿʒƾ ʐƢǃƦ ʑƧǈƣȀǻ

ƿʒƣǌ ƿǈǂ ρǻ ǺȀȃǀ ȂƦ ƢǂȆǫ Ȃɓ ʑʒƣȃ ǵƣƱǻ ǽƢȆȀǠ ȂƦ .ƿǌƣƦ ʐƾǃƦǂƣɓ

ƎǾʒȅ ȁƣϝǍǿƢƾ ǂƾ Ȑ ǃʒƣǻǃƼƣǌ ǃƭǷƢȅ ƣʒ EPFL ǂƾ ȏ ȴʒȆȪʓǸʓǫ ǃʓǻƢƾ ȂƦ

ƾȆǍƦ Ǉʒǂƣȩ ϗʓȀɔƬ ρǸȩ ǂƾ Ȓ ʐǄȆƬǂƢ ǅʓǿ ȅ ǽȆƭǉȀʒǃȩ ǂƾ ȑ ƣǿȆǻǂƣɓ Ȃǿǂ

ǵƣʒǃȪǻƢ ǂƾ) ȓ ƫȀɓ ƣǻƢǂ ̤˫ƣǼƭƸƢ ρǿƢǃʒƢ ȂǿȆǼǿ ǾʒǃƬǂȆȄǍǻ .ƾǃɓ ȁǂƣǌƢ

ρϚʒ .ƾǃƦ ǺǈƢ ǽƢȆƬ ρǻ Ƣǂ Ȕ ƣǈƖ ƿƦǃʓȃ ǃƬ ǽƢȆƴ Ƕǉǿ ǄƢ ȅ ƫǈƢ (όǷƣɓ

Ȃɓ ʑʒƣȃ ǵƣƱǻ ƿȀǿƣǼȃ Ȃɓ ƫǈƢ ǾʒƢ ǽƢǃʒƢ ƾǂȆǻ ǂƾ Ǿǻ ʐƣȃȅǄǂƖ ǄƢ

ƾǃǫ ρǿƢǃʒƢ ȂƭǉƴǃƦ ǽƢƿʓǔƣʒǂ ȅ ƾƣƭǈƢ ϗʒ Ȃɓ ǺʓȀʓƧƦ ʐǄȅǂ ǺƭǬɠ

Ǝʐǃǝǿ ʐƿƴ ʐƣȃ ǋȃȅɈȩ ǃƦ ȁȅˬǠ Ȃɓ ƫǈƢ ʐƿȀǼƬȅǃư ȅ ƿȀǼƬǂƿǯ

ɇƢǃʓƬ ǂƾ Ȃɓ ƿǉʒȆǿ ρǻ ʑʒƣȃ  Ƥƣƭɓ ƎƿȀɓ ρǻ ȂƠƢǂƢ Ǻȃ ʐƾǃƦǂƣɓ ǆȅǂƾ

ʐɇǃǿƢ ƣƬ Ȃƭǫǃɠ ȂǼʓƦ ǄƢ ρǬǸƭƽǻ ǟʒƣȀǐ ƎƾȆǌ ρǻ ȁƿǿƢȆƼ ƫǡȀǐ ǂƾ ˫ƣƦ

͆ˬƱǻ ȅ ƿǿǃʓɠ ρǻ ˫ƣƦ ȁƾǂ ρǑǑƽƬ ʐƣȃ ƪǂȆǍǻ ȅƢ ǄƢ ʐǄǂȅƣǍɓ ȅ

ƣȃ ȂǼʓƦ ȅ ƣȃ ɒǿƣƦ ǃƦ ƪǂƣǝǿ ρǸǻ ʐƣȃ ȂƭʓǼɓ ǶƱǻ ρǼȄǻ ʐƣȃƾƣȄǿ ȆǕǠ

ȂʒǅƵƬ ȂƦ ƣǻ ƫǡȀǐ Ȃɓ ƿȀɓ ρǻ ǂȆȄǜ ρǿƣǻǄ ρǿƢƿʓǔƣʒǂ ǾʓȀȵ .ƫǈƢ

«ǽƾǃɓ ȂȀʓȄƦ¬ ʐƢǃƦ «ƣȃȆϝǷƢ¬ ȅ «ƾƢƿǠƢ¬ ǃƦ ȂʓɔƬ ȅ ρǼɓ ǶʓǸƹƬ ȅ

.ƿǌƣƦ ȂƭǌƢƾ ʐƿƴ Ǆƣʓǿ Ǌǂƣƭǫǂ

ƣǻ ǃƬ ǽƢȆƴ ȅ Ƕǉǿ Ǻȃ ǽƢƿʓǔƣʒǂ ǽƣƭǈȅƾ ǄƢ ʐƢ ȁƿǠ Ȃɓ ǺǿƢƾ ρǻ

ʐƣȃ ʐǂƣϚǼȃ ȅ ƿǿƢ ȁƾǃɓ ƫɓǃƸ ƫǼǈ ǾʒƢ ȂƦ Ȃɓ ƫǈƢ ǵƣǈ ȁƾ ǄƢ ǋʓƦ
.ȁƿȀǉʒȆǿ ρɡȀȃƣǼȃ ȅ ǞˬǘƢ ƣƦ ȂƭƧǷƢ ƎƫǈƢ ȁƿǌ Ƕǰǿ ƫǈƢ ʐƾƣǑƭǯƢ ʐƣȃ ǶʓǸƹƬ ǽƖ ʐƣȃ ƯƹƦ ǂȆƹǻ Ȃɓ «ǢƢƾ ʐƣȵ ǽƢȆʓǷ ϗʒ¬ ǹƣǿ ƣƦ ȁƿȀǉʒȆǿ ǹƢǃϝǸƬ ǵƣǿƣɓ ǄƢ ȂƭǌȆǿ ǾʒƢ *

1Damir Filipovic 2(walter schachermayer)3(Ren® Carmona) 4(nizar touzi)5(Rama Cont) 6(Hirbod Assa)
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ƪƣǠˬǘƢ ʐǂȅƣȀǫ ȅ ȂǼʓƦ ȅ ƫǬǿ ǶƱǻ ρǡʒƣȀǐ ƣƦ Ƣǂ ρǰǫȆǻ ǪǸƭƽǻ

ǾʒƢ ρǸƼƢƾ ǽƣǿƢƿʓǔƣʒǂ ǄƢ ρƼǃƦ Ȃɓ ǹƢ ȁƿʓȀǌ ρƭƸ .ƿǿƢ ȁƾǃɓ ǂƢǃǯǃƦ

ǂȆǘ ȂƦ ȅ ȁƾǃɓ ɑǃƬ Ƣǂ ȁƣϝǍǿƢƾ Ȃɓ ƿǿƢ ȁƾȆƦ ǮǫȆǻ ǽƣǌǂƣɓ ǂƾ ǂƿǯ

Ȃɓ ƫǈƢ ǾʒƢ ǹǂȆǑƬ ρǷȅ .ƿǿƢ ȁƿǌ ǵȆǥǍǻ ƫǡȀǐ ɸǄȆƸ ǂƾ ƫǯȅ ǹƣǼƬ

ʐȆϝǷƢ ρǫƣɓ ƾƢƿǡƬ ȂƦ ǄȆȀȃ Ȃƭǌǂ ƤƣƽƭǿƢ ϓǯȆǻ ǽƢȆƴ ǄȆǻƖ   ǋǿƢƾ ϗʒ

ǾʓƦ ǂƾ ƿǿƢȆƬ ρǻ ͆ ˬƱǻ Ȃɓ ρǠȆǿ ǽƖ ǄƢ) ʑʒƣȃ ƫʓǑƽǌ ǾʓȀȵ ǄƢ ǮǫȆǻ

ǂƾ Ƣǂ (ƿȀʓƧƦ ϗʓƭǿɇ ƣʒ ƾƣǑƭǯƢ ƎǭȆǰƸ ƎȂǿƣʒƢǂ ƎǽƢǃǼǠ ǂȆȄǍǻ ǽƢƾƣƭǈƢ

ǹȆǸǠ ʐƣȃ ȁƿϚǍǿƢƾ ǂƾ ƣȃȆϝǷƢ ǾʒƢ ρƭǯȅ .ƿȀʓƦ ρǼǿ ƪƣʓǔƣʒǂ Ȃƭǌǂ

ȅ ρǸǥǌ ƫʓǰǫȆǻ ʐƣȃ ȁƢǂ ȂǼȃ Ȃɓ ƿȀǿƢƾ ρǻ ƣȃ ǽƢȆƴ ƎƿǿȆǌ ƾƣʒǄ Ȃʒƣȩ

ƾǂǁɠ ρǼǿ ʐǂƢȆƼ ƫǿƢǂ ȅ ʐǂƣɓ ƥǈƣɓ ȅ ʐǄƣƦ ǽƣƬ˫ǂƣǌ ǃʓǉǻ ǄƢ ƪȅǃư

ʐƢ Ȃʒƣȩ ʐƣȃ   Ȃƭǌǂ ǂƾ ǶʓǑƹƬ ǃʓǉǻ ǄƢ Ȃɓ ƫǉȃ Ǻȃ ʐǃϝʒƾ ʐƣȃ ȁƢǂ ȅ

ǽƢƿϚʒǅʓǫ ȅ ǽƢƿʓǔƣʒǂ ǽƿǌȆϝǷƢ ȅ ǂȆȄǜ .ƾǂǁɠ ρǻ ǮʓǼǠ ȅ ƫƽǈ ȅ

Ƣǂ «ƪȅǃư ƣʒ ƫǈƢ ǃƭȄƦ ǺǸǠ¬ ρǼʒƿǯ Ȃǿƣɠȅƾ Ȃɓ ƫǈƢ ʐƢ ȂǙǰǿ ƿȀǼƬȅǃư

ʐǃʓɠǂƣɓ ȂƦ ǃʓǉǻ ǄƢ ƿǿƢȆƬ ρǻ ƪȅǃư¬ Ȃɓ ƾǄȆǻƖ ρǻ Ȃǡǻƣƴ ȂƦ ȅ ƿȀϚǌ ρǻ

.ƾȆǌ ǮǸƼ Ǻȃ «ǹȆǸǠ ǾʒǃƬ ρǠƢǅƭǿƢ

� Assistant Professor of Finance, Stevens Institute of Technology, NJ,

ǃƧƼ ǵƣǈǂƢ ȂƦ ƪȆǠƾ

ƣƦ Ȃɓ ƿȀɓ ρǻ ƪȆǠƾ ȂǿƣǼʓǼǐ (ƣȃ ȁƣϝǍǿƢƾ ǂƾ ǾǼƵǿƢ ǹǃƭƹǻ ǽƣɠƿȀʒƣǼǿ ȁɈʒȅ ȂƦ) ǾǼƵǿƢ ʐƣǕǠƢ ȂʓǸɓ ǄƢ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ

ȅ ƣȃ ρȄɠƖ Ǝƣȃ ȁƣɠƿʒƾ ƎρǿƿǿƢȆƼ ƪƣɔǿ Ǝƣȃ ǋʒƣǼȃ ǊǂƢǅɠ Ǝ(ǪʓǷƙƬ ƣʒ ȂǼƴǃƬ) ȁƣƬȆɓ ƪˬǼƴ Ǝƪ˫ƣǰǻ Ǝ(ρϚʓǿȅǃƭϚǷƢ żƣƹʓƴǃƬ) ǂƣƧƼƢ ǵƣǈǂƢ

.ƿȀȀɓ ϗǼɓ ǂȆǍɓ ρǔƣʒǂ Ȃǡǻƣƴ ƪƣǠˬǘƢ ʐˬƭǠƢ ȂƦ (ǆƣǼƬ ǾǬǸƬ ȅ Ƕǻƣɓ ρǿƣǍǿ ƣƦ ȁƢǃǼȃ) ρǿƣǍǿ ȂƦ Ķ

.ƿǌ ƿȃƢȆƼ Ʋǂƾ ȂǻƣǿǃƧƼ ǂƾ ȁƿȀǉʒȆǿ ǹƣǿ ƣƦ ȁƢǃǼȃ ƎƥʒȆǑƬ ǄƢ Ǉȩ ρǷƣǈǂƢ ƪ˫ƣǰǻ ȅ ǂƣƧƼƢ

ǄƢ ƾȆƼ ȂƦǃƵƬ Ǌǂƣɡǿ ƣƦ .ƿȀɓ ρǻ ǵƣƧǰƭǈƢ ρǔƣʒǂ Ȃǡǻƣƴ ƾƣƸƖ ρƬƣǡǷƣǙǻ ȅ ρǼǸǠ ʐƣȃǃǬǈ ǊǂƢǅɠ ǂƣǍƭǿƢ ǄƢ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ

ȂƭǌƢƾ ǃǘƣƼ ȂƦ .ƿʓȀɓ ϗǼɓ ǂȆǍɓ «ρǼǸǠ ɟȀȃǃǫ¬ ʐƣǰƬǂƢ ȂƦ ƎƫǈƢ ȁƢǃǼȃ ρǿƢȅƢǃǫ ρȀƭƼȆǻƖ ʐƣȃ ȂǌȆƬ ȁǂ ƣƦ ȁǂƢȆǼȃ Ȃɓ ʑʒƣȃǃǬǈ ǾʓȀȵ

ǄƢ ρǼȄǻ ǂƣʓǉƦ ǋƽƦ ρǸǸǼǷƢ ǾʓƦ ȅ ρǸǻ ʐƣȃ ʐǂƣϚǼȃ ȅ ƪƣǘƣƧƬǂƢ ɹȀʓǻǄ ǂƾ ȁɈʒȅ ȂƦ «ρǼǸǠ ȂǡǈȆƬ¬ ʑƦǃƵƬ ȅ ρɡȀȃǃǫ ǃǐƣȀǠ Ȃɓ ƿʓǌƣƦ

.ƫǈƢ ǂȆǍɓ ǂƾ ǋǿƢƾ ȅ ǺǸǠ ʐƣȃ ʐǂȅ ȁǃȄƦ ȅ ƣȃ ʐƿǻƖǂƣɓ Ǝƣȃƾǃɓǂƣɓ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȏȒ

ǃʒǁȩ ƥʓǈƖ Ɓƪƣʓǔƣʒǂ

� ʐǃʒǄȅƢǄǃʓǻ ƿʓƵǻ

Ȃƭǫǃɠ ǂƢǃǯ ǹȆǸǠ ǃʒǁȩ ƥʓǈƖ ǃǍǯ ǂƾ ʑƧʒǃǤ ǶϚǌ ȂƦ ƪƣʓǔƣʒǂ

Ǿǻ .ƫǉʓǿ Ȃƭǌǂ ǾʒƢ ʐƾƣǑƭǯƢ ƫʓǻȅǃƹǻ Ǿǻ ǂȆǝȀǻ .ƫǈƢ

Ȃɓ ǺȀɓ ƫƧƹǐ ǽƣǿƢȆƴ ȂǰƠƢǀ ǄƢ ʑʒƣȃ ȂƧȀƴ ƾǂȆǻ ǂƾ ǺȃƢȆƼ ρǻ ǃƭǍʓƦ

Ȃɓ ǺʓȀɓ ρǻ ρɠƿǿǄ ʐǃǑǠ ǂƾ ƣǻ .ƫǈƢ ȂƭƼƣǈ ǂȆƵȄǻ Ƣǂ ƪƣʓǔƣʒǂ

ǾʒƢ ƿʒƣǌ ǽƖ ǺȄǻ Ƕʒ˫ƾ ǄƢ ρϚʒ .ƫǈƢ ǃʓʓǥƬ ǵƣƸ ǂƾ Ƥƣƭǌ ƣƦ ǅʓȵ ȂǼȃ

ƿʒƣǌ .ƾȆǌ ρǻ ȂƭƼƣǈ ʐɇȆǷȆȀɔƬ ƫǈƾ ȂƦ ƎʐɇȆǷȆȀɔƬ ȁǄȅǃǻƢ Ȃɓ ƿǌƣƦ

ǾʒƿȀȵ ƣƬ ȅ ƿǌƣƦ ȁƿǌ ȂƭƼƣǈ ƫǈƾ ƣƦ ǃǍƦ ϗʒɇȆǷȆȀɔƬ ʐƣȃǂƢǅƦƢ ǾʓǷȅƢ

ƪǂȆǐ ρǿƣǉǿƢ ƫʓǯˬƼ ȅ ƫǈƾ ƣƦ żƣǫǃǐ ƿʒƿƴ ʐǂƢǅƦƢ ǞƢǃƭƼƢ ƎǶǉǿ

ʐƣȃ Ƕǉǿ Ȃɓ ƫǈƢ ǾʒƢ ƿƭǫƢ ρǻ ǭƣǬƬƢ ǄȅǃǻƢ ȂȶǿƖ ƣǻƢ ƫǈƢ Ȃƭǫǃʒǁȩ ρǻ

ƫǈƢ ǾʓǼȃ .ƿȀƭǉȃ ƾȆƼ ƿʒƿƴ Ƕǉǿ ƿʓǷȆƬ ǵƣƸ ǂƾ ʐɇȆǷȆȀɔƬ ǃƼƙƭǻ

.ƫǈƢ ȁƾǃɓ ǵǃƭȀɓ ǶƦƣǯǃʓǤ Ƣǂ ƪƢǃʓʓǥƬ Ƥƣƭǌ Ȃɓ

ȁǄȅǃǻƢ .ƫǈƢ ȁƾȆƦ ǂƢǁɠǃʓưƙƬ ǅʓǿ ʐǃʓɠƾƣʒ ǃƦ ȂǷƙǉǻ ǾʒƢ ƿʒƾǃƬ ʑƦ

ƿȃƣǌ ƣǻ ȅ ƾǃɓ ƣɔƬƢ ρƭȀǈ ʐǃʓɠƾƣʒ ʐƣȃ ȁȆʓǌ ǃƦ ǽƢȆƬ ρǻ ǃƭǼɓ

ȁƾƣƴ ǂƾ ǃʓǉǻ ρǘ ǵƣƸ ǂƾ ȂƭǈȆʓȩ ƣǻƢ «ƿȀƬ¬ Ȃɓ Ǻʓƭǉȃ ρǿƢȅǃȃǂ

.ƿȀƭǉȃ ǋǿƢƾ ȅ ǺǸǠ ȂǿƣɓȆǸǻ

ȂǸǐƣǫ ƣƦ ρǡǼƴ ǖƣƧƬǂƢ ʐƣȃǂƢǅƦƢ ȅ ƿȀǼǌȆȃ ʐƣȃ ρǌȆɠ ʐƣȃ Ƕǉǿ

ǃǍƦ Ƕǉǿ ǄȆȀȃ Ȃɓ ρǷƣƸ ǂƾ ƿȀʒƖ ρǻ Ǻȃ ʑȩ ǂƾ ǃƭǼɓ ǂƣʓǉƦ ρǿƣǻǄ

ƫɓǃƸ ǵƣƸ ǂƾ ρǷȆǼǡǻ ƫǠǃǈ ǽƣǼȃ ƣƦ ƾȆƼ ʑʒƢƿƭƦƢ ǪʒǃǡƬ ǮƧǘ

ƲƢȅƾǄƢ Ǝƿǈǂ ρǻ ǢȆǸƦ ȂƦ ǊƿǿǄǃǫ ƎƾȆǌ ρǻ ƿǿǄǃǫ ʐƢǂƢƾ ρǑƽǌ .ƫǈƢ

ȁƿǌ ǪʒǃǡƬ ρǿƣǻǄ ȂǸǐƣǫ ƣƦ ƿȀʒƖǃǫ ǾʒƢ ȅ ƾȆǌ ρǻ ƿǿǄǃǫ ƥƸƣǐ ƎƿȀɓ ρǻ

ǽƖ ǄƢ Ǉȩ ȅ ƾȆƼ ǄƢ ƿǡƦ Ƕǉǿ ƿǿƢȆƭƦ ȅƢ ƣƬ ƿȀɓ Ƣƿʓȩ ȂǻƢƾƢ ƿʒƣƦ ρǑƽǍǻ

.ƿǍƽƦ ƫǠǃǈ Ƣǂ ƿȀʒƖǃǫ ǾʒƢ ƿǿƢȆƬ ρǼǿ ʐɇȆǷȆȀɔƬ .ƿȀʓƧƦ Ƣǂ

ǃȃ Ǝƿʒƿƴ ȁƿǌ ǞƢǃƭƼƢ ʐƣȃǂƢǅƦƢ ƾƿǻ ȂƦ Ǝʐǃʓɠƾƣʒ ǃϝʒƾ ʐȆǈ ǄƢ

ǄƢ ǋʓƦ ρǿƣǉǿƢ Ƕǉǿ ϗʒ ƫǈƢ ǾϚǼǻ ȅ ƾǃʓɠ ρǻ ƾȆƼ ȂƦ Ȇǿ ρǸϚǌ Ǆȅǂ

ƪƣʓǔƣʒǂ ʐǃʒǁȩ ƥʓǈƖ ƥƴȆǻ ȂȶǿƖ .ƿȀɓ ȂƦǃƵƬ Ƣǂ ʐǃʓɠƾƣʒ ȁȆʓǌ ƿǐ

Ȃƭɔǿ ǾʓǼȃ ƫǈƢ ȁƿǌ ρǔƣʒǂ ǽƣǼǸǡǻ ƣǻ ʐǃʒǁȩ ƥʓǈƖ ǽƖ ǟƧƬ ȂƦ ȅ

ǵƣǈ ϗʒ ƣʒ ǹǃƬ ϗʒ ǵȆǘ ǂƾ Ȃɓ ǺʓȀɓ ρǼǿ ƫǐǃǫ ƣǻ :ƫǈƢ Ǫʒǃǜ

ƪƢǃʓʓǥƬ ƿǿȅǂ ǵƣƸ ǾʒƢ ƣƦ .Ǻʓȃƾ ǃʓʓǥƬ Ƣǂ ƾȆƼ ǊǄȆǻƖ ȁȆʓǌ ρǸʓǑƹƬ

ȁƣǻ ϗʒ ǵȆǘ ǂƾ ƿʒƣƦ ȁƣɠ Ȃɓ ƫǈƢ ʐƢ ȂǿȆɠ ȂƦ Ǿƭǫǃɠ ƾƣʒ ȅ ǽƾƢƾ ƾƣʒ

ǂƣɓ ȂƦ ʐǃʓɠƾƣʒ ǂƾ ǽƢȆƬ ρǻ Ƣǂ ƫǰʓǰƸ ǾʒƢ .ǺʒǂȅƖ ȅǂ ƿʒƿƴ ʐƢ ȁȆʓǌ ȂƦ

.ƾǃɓ ȁƿȃƣǍǻ ƶȆǔȅ ȂƦ ƿʒƿƴ ʐƣȃ ʐɇȆǷȆȀɔƬ ǽƾǃƦ

.ƫǈƢ ȁƿǌ ǽƣǻǄ ǄƢ ʑʒƣǼǿ ρǡƦƣƬ ƎƾȆǼǿ ρǻ Ƣƾǂȅƣǿ ρǿƣǻǄ Ȃɓ ƎǊǄȆǻƖ

Ƣǂ ƾȆƼ ȂǝƹǷ ǃȃ ǂƾ ƿǿƢȆƭƦ ƣǻ ǊǄȆǻƖ Ȃɓ ǺʓȀɓ ǞƢƿƦƢ Ƣǂ ρǌȅǂ ƿʒƣƦ

ǽƾƢƾ ƾƣʒ ʐƢǃƦ ƿʒƿƴ Ǌȅǂ ǄƢ ƫƧƹǐ .ƿȃƾ ǃʓʓǥƬ ȅ ƿȀɓ ρǈƣȀǌǄƣƦ

ȂƦ ȅ ƾǂƢƾ ȁƣƬȆɓ ƪƿǌ ȂƦ ρǫǃǑǻ ƻʒǂƣƬ ρǌȅǂ ǾʓȀȵ Ȃɓ Ƣǃȵ ƫǉʓǿ

ȂȶǿƖ .ƿǌƣƦ ƾȆƼ ƿǷȆǻ ƿʒƣƦ Ǌȅǂ ƁƾȆƼ .ƿǌ ƿȃƢȆƼ ρǕǰȀǻ ƫǠǃǈ

ȂƦ ρȃƣϝǍǿƢƾ ȅ ʐƢ Ȃǈǂƿǻ ʐƣȃ ǊǄȆǻƖ ρǈǂǃƦ ȅ ƿǰǿ ƪƣǉǸƴ ǂƾ ƣǻ

Ȃɓ ʑʒƣȃ Ȃǻƣǿ ȁȆʓǌ ƎƾȆǌ ρǻ ǾʒȅƿƬ Ȃɓ ʑʒƣȃ Ȃǻƣǿ ǾʓʒƖ ƎǺʒǂƢǁɠ ρǻ ƯƹƦ

ǇʒǂƿƬ Ǌȅǂ ʐƣȃ ȁƣɠǂƣɓ ǂƾ Ȃɓ ʑʒƣȃ ǶǼǡǷƢǂȆƭǈƾ ȅ ƾȆǌ ρǻ ȂƭǌȆǿ

ƢǃƴƢ ƣƬ ǮʓǰƹƬ ǽƣǻǄ ǄƢ Ȃɓ ƿȀƭǉȃ ƿȀƀɓ ʐǂƿǯ ȂƦ ƾȆǌ ρǻ ȁƾƢƾ ǊǄȆǻƖ

ǾʓʓƧƬ ǵƣƸ ǂƾ ƣǻ Ȃɓ ʐƢ ȂǸǐƣǫ ǂƾ .ƿǿȆǌ ρǻ ǶʒƿƧƬ ȁƾǂȆƽǷƣǈ ʐǅȀǘ ȂƦ

ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ǂƾ ƣǻ ǽƢƿǿǄǃǫ ƎǺʓƭǉȃ ƿʒƿƴ ρǌǄȆǻƖ Ǌȅǂ ϗʒ

Ǻȃ ǂƾ ʐƣȃ ȂϚƧǌ ȅ ƿʒƿƴ ʐƣȃ ǾǍʓϚʓǸȩƢ ƣƦ ƎƾȆƼ ƿȀǼǌȆȃ ρǌȆɠ ƣƦ

ƿǿǂƢƾ ǆǃƭǈƾ ǂƾ Ȃɓ ʑƦƣƭǌǃȩ ʐƣȃǂƢǅƦƢ ƣƦ ȅ ǽƣǍǫƢǃǘƢ ρǠƣǼƭƴƢ ȁƿʓȀƬ

ǾʒƢ ƣȄǿƖ .«ƿǿǂȆƼ ρǻ ƾǂƾ ȂƦ¬ Ȃɓ ƿȀƭǉȃ ʑʒƣȃǅʓȵ ʐǃʓɠƾƣʒ ǵƣƸ ǂƾ

ϗʒ ƪǂƿǯ ǹƣǼƬ ρǿƣǻǄ Ȃɓ «ȂǷƙǉǻ ǶƸ¬ Ȃɓ ƿǿƢ Ȃƭǫƣʒǂƾ Ƣǂ ƫǰʓǰƸ

ƶǃǘ¬ ȂƦ ƫƧǉǿ ʐǃƭǼɓ ƫʓǼȃƢ ǄƢ ȁǄȅǃǻƢ Ǝƿǌ ρǻ ƤȆǉƹǻ ǽƢƿʓǔƣʒǂ

ʐƣȃǂƢǅƦƢ ǗǈȆƬ ȁƿǌ ƶǃǘ ʐƣȃ ȂǷƙǉǻ Ȃɓ Ƣǃȵ ƫǈƢ ǂƢƾǂȆƼǃƦ «ȂǷƙǉǻ

ǃƬƿʓǬǻ Ȃǡǻƣƴ ʐƢǃƦ ȂȶǿƖ ȅ ƿǌ ƿȀȃƢȆƼ ǶƸ ρɠƾƣǈ ȂƦ ϗʒɇȆǷȆȀɔƬ

Ȃǿ ƫǈƢ Ȃǡǻƣƴ ʐƣȃǄƣʓǿ ǆƣǈƢ ǃƦ Ǿɓ ƶǃǘ ȂǷƙǉǻ ǂȆƬȆǻ ϗʒ ƫǈƢ

.Ǿɓ ǶƸ ȂǷƙǉǻ Ǿȃǀ ϗʒ

ʐǃʓʓǥƬ Ȃǿ ƓƫǈƢ ǃʓʓǥƬ ƿȀǻǄƣʓǿ ƣǻ ǊǄȆǻƖ Ȃɓ ǽƖ ǹˬɓ ȂǐˬƼ

ȅ Ƥƣƭǌǃȩ Ǝǃʓǥƭǻ ƎƿǷȆǻ ʐǃʓʓǥƬ ȂϚǸƦ ƎʐƢ ȂǉǸƴ ȅ ʐƢ ȂǻƣȀǍƽƦ

.ʐƢ ȂǝƹǷ ǽƿǌ Ǆȅǂ ȂƦ ƫʓǸƦƣǯ ƣƦ ǽƢƾǃɠƾȆƼ

ƿȄǍǻ ρǈȅƾǃǫ ȁƣϝǍǿƢƾ �

ƣȃ
 Ȃ
ƭǌ
Ȇǿ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȓ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ǽƢǃʒƢ ȁƣϝʒƣƴ ȂƦ ρȃƣɡǿ
(TIMSS) ǽƢǄȆǻƖ ǋǿƢƾ ρǔƣʒǂ ƾƢȆǈ ʑƦƣʒǄǂƢ ρǸǸǼǷƢ ǾʓƦ ƪƣǡǷƣǙǻ ǂƾ

� ρǼƭǈǂ ƫƵƸ

ȁƿʓϚȵ

ρǸǸǼǷƢ ǾʓƦ ρǰʓƧǙƬ ƪƣǡǷƣǙǻ ǾʒǃƬ ǺȄǻ ρǫǃǡǻ ǾǼǔ ǃǔƣƸ ȂƭǌȆǿ ǂƾ

 ȂǡǷƣǙǻ ǂƾ ρǿƢǃʒƢ ǽƢǄȆǻƖ ǋǿƢƾ ƫʓǡǔȅ ƎρǸʓǑƹƬ ʑƦƣʓǌǄǂƢ ȅǃǼǸǯ ǂƾ

ǽƖ ƪƢǃʓʓǥƬ ƿǿȅǂ ȅ ρǈǂǃƦ ȐȘȏȓ ǵƣǈ ǂƾ (TIMSS) ǅǼʓƬ ρǸǸǼǷƢ ǾʓƦ

ȂƴȆƬ ƾǂȆǻ ƾǃɓ ƫɓǃǌ ǽƖ ǂƾ ǂƣƦ ǾʓǷȅƢ ʐƢǃƦ ǽƢǃʒƢ Ȃɓ ȏȗȗȓ ǵƣǈ ǄƢ

.ƾǃʓɠ ρǻ ǂƢǃǯ

Ȃǻƿǰǻ

ʐǃǻƢ ƥǈƣȀǻ ǊǄȆǻƖ ȂƦ ǽƣɓƾȆɓ ρǈǃƭǈƾ ƎρǿȆȀɓ ǽƣȄƴ ǂƾ ϗǌ ʑƦ

ǂƣɔǿƢ ǶƦƣǯǃʓǤ ϓǻƢȆƴ ȂǡǈȆƬ ƿȀʒƖǃǫ ǂƾ ǽƖ ǋǰǿ ȅ ȁƿǌ Ȃƭǫǃʒǁȩ

ƎȂƧǿƣƴ ȂǼȃ ȅ ǂƢƿʒƣȩ ȂǡǈȆƬ ȂƦ Ƕʓǿ ʐƢǃƦ ƣȃǂȆǍɓ ƥǷƣǤ .ƫǈƢ

ʐƣȃ ƫǐǃǫ ƾƣƵʒƢ ǂƾ ρǡǈ ƎȂƭǫǃɠ ǃǝǿ ǂƾ ǃǑȀǠ ǾʒǃƬ ǺȄǻ Ƣǂ ǊǄȆǻƖ

ǶʓǑƹƬ ǽƿǌ ʐǂƣƧƴƢ .ƿǿǂƢƾ ƾȆƼ ǽƢƿǿȅǃȄǌ ǹȆǼǠ ʐƢǃƦ ρǸʓǑƹƬ

ρǻȆǼǠ ǊǄȆǻƖ ʐƣȃ ǆˬɓ ʐǂƢǅɠǃƦ ȅ ǽƣɓƾȆɓ ʐƢǃƦ ǆǂƢƿǻ ǂƾ

ǾʓǼȃ ǂƾ ƎƫǈƢ ǵȅƢƿƭǻ ǽƣȄƴ ʐƣȃǂȆǍɓ ƥǸǤƢ ǂƾ Ȃɓ ƣȃ ȁƾƢȆǿƣƼ ʐƢǃƦ

ʐǂƢƾǂȆƼǃƦ ǽƢǅʓǻ ƎȂǡǈȆƬ ʐƣȃǂƣʓǡǻ ǄƢ ρϚʒ ϗǌ ǽȅƿƦ .ƫǈƢ ƫǼǈ

ρϚʒ Ǝ (Legatum ) ǹȆƬƣϝǷ Ȃǉǈƛǻ .ƫǈƢ ƥǈƣȀǻ ǊǄȆǻƖ ǄƢ ǹƾǃǻ

ƫǈƢ ȂǡǈȆƬ ʐƣȃ ǏƼƣǌ ʑƦƣʒǄǂƢ ȂȀʓǻǄ ǂƾ ρǸǸǼǷƢ ǾʓƦ ʐƣȃ ǽƣǻǄƣǈ ǄƢ

ǄƢ ρǌǂƢǅɠ ȂǷƣǈ ǃȃ Ǝȁƿǌ ǄƣǤƖ ȐȘȘȗ ǵƣǈ ǄƢ Ȃɓ ρƬƣǡǷƣǙǻ ǃƦƣȀƦ ȅ

Ȃǉǈƛǻ ǾʒƢ .ƿȀɓ ρǻ  ȂǔǃǠ ƾȆƼ ǞȆȀƭǻ ʐƣȃ ǏƼƣǌ ǂƾ ƣȃǂȆǍɓ ȂƧƬǂ

ȅ ƣȃ ʐǂƢƾǂȆƼǃƦ ǃǝǿ ǄƢ Ƣǂ ǽƢǃʒƢ ǂȆǍɓ ȏȒȗ ǽƣʓǻ ǂƾ ȐȘȏȕ ǵƣǈ ǂƾ

.ƾƢƾ ǂƢǃǯ ȕȗ ȂƧƬǂ ǂƾ ρǌǄȆǻƖ ʐƣȃ ʐǂȅ ȁǃȄƦ

ʐƣȃ Ǻƭǉʓǈ ʐƿȀƦ ȂƧƬǂ ȂȀʓǻǄ ǂƾ ƶǃǙǻ ʐƣȃ ǏƼƣǌ ǄƢ ǃϝʒƾ ρϚʒ

ǗǈȆƬ ȂǷƣǈ ǃȃ Ȃɓ ƫǈƢ ȏ ǽȆǈǃʓȩ ρǿƣȄƴ ǊǄȆǻƖ ǏƼƣǌ ƎρǌǄȆǻƖ

ǂƾ Ȃǉǈƛǻ ǾʒƢ .ƾȆǌ ρǻ ǹˬǠƢ ǹƣǿ ǾʓǼȃ ȂƦ ρǸǸǼǷƢ ǾʓƦ ʐƢ Ȃǉǈƛǻ 

ȂƦ ƥʓƬǃƬ ȂƦ Ƣǂ ρǿƣȄƴ ǃƬǃƦ ρǌǄȆǻƖ Ǻƭǉʓǈ Ȃǿ ȅ ρǈ ǹƣǿ ȐȘȏȕ ǵƣǈ

. Ȓ ƎǂȆȩƣɡȀǈ . ȑ ƎǾȩƢɇ . Ȑ ƎʑƦȆȀƴ ȁǃɓ . ȏ :ƾǃɓ ǹˬǠƢ ǃʒǄ ƪǂȆǐ

ƎƿȀǷǃʒƢ . ȗ ƎƿȀǸȃ . Ȗ ƎƢƾƣǿƣɓ . ȕ ƎǽƣƭǉǸɡǿƢ . Ȕ ƎƿǿˬȀǫ . ȓ ƎɟȀɓ ɟȀȃ

ƎƣϚʒǃǻƖ . ȏȒ ƎȂʓǈȅǂ . ȏȑ ƎǽƣǼǷƖ . ȏȐ ƎɑǂƣǼǿƢƾ . ȏȏ ƎǽƣƭǉȄǷ . ȏȘ

. ȏȗ ƎϗʒɈǸƦ . ȏȖ ƎρǷƣǥǌƢ ǾʓǙǉǸǫ . ȏȕ ƎƿȀǸʒǄȆʓǿ . ȏȔ ƎƣʓǷƢǃƭǈƢ . ȏȓ

ƎȂǉǿƢǃǫ . Ȑȑ ƎǽƣƭǈǂƣƵǻ . ȐȐ Ǝɇȅǃǿ . Ȑȏ ƎǇʓƠȆǈ ȐȘ Ǝϗȵ ʐǂȆȄǼƴ

ƎǵƣǥƬǃȩ . ȐȖ ƎρǿȅȆǸǈƢ . Ȑȕ ƎǋʒǃǘƢ . ȐȔ ƎƣʓǷƣƭʒƢ . Ȑȓ ƎƿƠȆǈ . ȐȒ

ƎǽƣǿȆʒ . ȑȑ ƎρǸʓǌ . ȑȐ Ǝρǿƣǻȅǂ . ȑȏ ƎǽƣƭǈǂƣǥǸƦ . ȑȘ ƎƣʓǿƣȪǈƢ . Ȑȗ

. ȑȗ ƎǶʒǄǃƦ . ȑȖ ƎǾʓƭǿƢɇǂƖ . ȑȕ ƎƣʓƧǼǸɓ . ȑȔ ƎƿȀǸʒƣƬ . ȑȓ ƎȂʓɓǃƬ . ȑȒ

.ʐǅǿȅƿǿƢ

ρǸʓǑƹƬ ƾǃϚǸǼǠ ʑƦƣʒǄǂƢ ȂƦ Ȃɓ ʐǃϝʒƾ ǂȆȄǍǻ ρǸǸǼǷƢ ǾʓƦ ȂǻƣǿǃƦ

ʑƦƣʒǄǂƢ ρǸǸǼǷƢ ǾʓƦ ȂǻƣǿǃƦ ƎƾǄƢƾǃȩ ρǻ ǽƣȄƴ ώǙǈ ǂƾ ǽƢǄȆǻƖ ǋǿƢƾ

ǃȃ Ƣǅʓȩ ȂǻƣǿǃƦ .ƫǈƢ (PISA) Ƣǅʓȩ ʐǂƣǑƭƼƢ ǂȆǘ ȂƦ ƣʒ Ȑ ǽƢǄȆǻƖ ǋǿƢƾ

ǾʓƦ ʐƢ ȁǄƣƦ) ǵƣǈ ȏȓ ρȀǈ ȁƾǂ ǽƢǄȆǻƖ ǋǿƢƾ ʐƢǃƦ ȅ ǂƣƦ ϗʒ ǵƣǈ Ȃǈ
1(Pearsonôs Global Education Index)2 (Programme for International Student Assessment)

ƣȃ
 Ȃ
ƭǌ
Ȇǿ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȏȔ

ǽȆǻǄƖ ǾʒƢ ǩƿȃ .ƾȆǌ ρǻ ǂƢǅɠǃƦ (ǵƣǈ Ǻʓǿ ȅ ȁƾǅǿƣǌ ƣƬ Ǻʓǿ ȅ ȁƾǂƣȄȵ

ǂƾ ȁƿȀȀɓ ƫɓǃǌ ʐƣȃǂȆǍɓ ρǌǄȆǻƖ ʐƣȃ Ǻƭǉʓǈ ρǍƽƦǃưƢ ʑƦƣʒǄǂƢ

.ƫǈƢ ǶʓǑƹƬ ǄƢ Ǉȩ ȁǂȅƾ ʐƢǃƦ ǽƢǄȆǻƖ ǋǿƢƾ ʐǄƣǈ ȁƾƣǻƖ ȂȀʓǻǄ

ǂȆǘ ȂƦ ƣʒ ȑ ʐƾƣǑƭǯƢ ȂǡǈȆƬ ȅ ʐǂƣϚǼȃ ǽƣǻǄƣǈ ǗǈȆƬ ǽȆǻǄƖ ǾʒƢ

.ƾȆǌ ρǻ ǂƢǅɠǃƦ ǂȆǍɓ ȕȘ ǄƢ ǋʓƦ ƫɓǃǌ ƣƦ ȅ (OECD) ʐǂƣǑƭƼƢ

ǆǂƢƿǻ ǂƾ Ƣǂ ǽƢǄȆǻƖ ǋǿƢƾ ρǌǄȆǻƖ ɹǻƣǿǃƦ Ǻʓǰƭǉǻ ǂȆǘ ȂƦ Ƣǅʓȩ ȂǡǷƣǙǻ

ǶƸ ǂƾ Ƣǂ ǽƢǄȆǻƖ ǋǿƢƾ ʑʒƣǿƢȆƬ ǽƢǅʓǻ ȂϚǸƦ Ǝƿȃƾ ρǼǿ ǂƢǃǯ ǵƢƛǈ ƾǂȆǻ

ƾǂȆǻ ǽƣǿƖ ǋǿƢƾ ȅ ƣȃ ƪǂƣȄǻ ǄƢ ȁƾƣǬƭǈƢ ƣƦ ρǡǯƢȅ ρɠƿǿǄ ƪˬϚǍǻ

ρɠƿǿǄ ȁǃǻǄȅǂ ʐƣȃ ȂǷƙǉǻ ǶƸ ƎǹȆǸǠ ƎƪƣȎǔƣʒǂ .ƿȃƾ ρǻ ǂƢǃǯ ρǈǂǃƦ

ǋƽƦ ǂƾ ƣȃǂȆǍɓ ȂƧƬǂ .ƫǈƢ Ƣǅʓȩ ʑƦƣʒǄǂƢ ʐƣȃ ȁǄȆƸ ǄƢ ρǷƣǻ ƾƢȆǈ ȅ

:ƫǈƢ ȁƾȆƦ ǃʒǄ ƪǂȆǐ ȂƦ ȐȘȏȐ ǵƣǈ ǂƾ ǽȆǻǄƖ ǾʒƢ ρǔƣʒǂ

. Ȓ (Ǿʓȵ) ɟȀɓ ɟȀȃ . ȑ ǂȆȩƣɡȀǈ . Ȑ Ǝ(Ǿʓȵ) ʐƣȃ ɟǿƣǌ . ȏ

ƎǾʒƣƭǌƢ ǾƭƽʓǷ . Ȗ ƎǾȩƢɇ . ȕ Ǝ(Ǿʓȵ) ȆƠƣɓƣǻ . Ȕ ʑƦȆȀƴ ȁǃɓ . ȓ ǽƢȆʒƣƬ

. ȏȑ ƎƢƾƣǿƣɓ . ȏȑ ƎƿǿˬȀǫ . ȏȐ ƎρǿȆƭǈƢ . ȏȏ ƎƿȀǸȃ . ȏȘ ƎǇʓƠȆǈ . ȗ

. ȏȖ ƎǋʒǃǘƢ . ȏȕ ƎǹƣȀƭʒȅ . ȏȔ ƎǽƣǼǷƖ . ȏȓ ƎϗʒɈǸƦ . ȏȒ ƎǽƣƭǉȄǷ

. Ȑȏ ƎƿȀǸʒǄȆʓǿ . ȐȘ ƎɑǂƣǼǿƢƾ . ȐȘ ƎρǿȅȆǸǈƢ . ȏȗ ƎƿȀǷǃʒƢ . ȏȗ ƎƣʓǷƢǃƭǈƢ

ƎρǿȆƭǷ . Ȑȓ ƎƿȀǸǉʒƢ . ȐȒ ƎǇʓǸɡǿƢ . Ȑȑ ƎȂǉǿƢǃǫ . ȐȐ Ǝϗȵ ʐǂȆȄǼƴ

ƎȂʓǈȅǂ . ȑȏ ƎƣʓǿƣȪǈƢ . ȑȘ ƎƣʓǷƣƭʒƢ . Ȑȗ Ǝɇȅǃǿ . Ȑȕ ƎɞǂȆƧǻƢǅɓȆǷ . ȐȔ

ƎǽƣƭǈǂƣƵǻ . ȑȓ ƎƿƠȆǈ . ȑȒ ƎρǿƢȆƭʓǷ . ȑȑ ƎƣϚʒǃǻƖ . ȑȐ ƎρɓƢȆǸǈƢ . ȑȏ

. ȒȘ ƎǽƣƭǉƦǃǐ . ȑȗ ƎǽƣǿȆʒ . ȑȖ ƎρǷƣǥǌƢ ǾʓǙǉǸǫ . ȑȕ ƎρǈƢȅǃɓ . ȑȔ

ȁƿƹƭǻ ƪƢǂƣǻƢ . Ȓȑ ƎǽƣƭǈǂƣǥǸƦ . ȒȐ ƎǆǃƧǯ . Ȓȏ Ǝρǿƣǻȅǂ . Ȓȏ ƎȂʓɓǃƬ

. ȒȖ ƎʐǅǷƣǻ . Ȓȕ ƎρǸʓǌ . ȒȔ ƎƿȀǸʒƣƬ . Ȓȓ ƎǽƣƭǉϚƦǄƢ . ȒȒ ƎʑƦǃǠ

ƎρǿƣƧǷƖ . ȓȐ ƎƣϚʒǂƣƭǈƣɓ . ȓȏ ƎȂƠȆɠȅǂƢ . ȓȘ Ǝȅǃɡǿ ȂƭǿȆǻ . Ȓȗ ƎϗʒǅϚǻ

. ȓȔ ƎƣʓƧǼǸɓ . ȓȔ ƎǽƾǂƢ . ȓȓ ƎǇǿȆƬ . ȓȒ ƎǾʓƭǿƢɇǂƖ . ȓȒ ƎǶʒǄǃƦ . ȓȑ

.ȅǃȩ . ȓȖ ƎʐǅǿȅƿǿƢ . ȓȕ ƎǃǙǯ

ȂǸǼƴ ǄƢ ƣƬ ƫǈƢ ȁƾǃɔǿ ƫɓǃǌ Ƣǅʓȩ ɹǡǷƣǙǻ ǂƾ ǽȆȀɓƣƬ ǽƢǃʒƢ

ƣƦ ρǡǯƢȅ ʐƣʓǿƾ ǶƠƣǉǻ ǶƸ ǂƾ ρǿƢǃʒƢ ǽƢǄȆǻƖ ǋǿƢƾ ƾǃϚǸǼǠ ρɡǿȆϝȵ

ǂƾ ƪƣǰʓǰƹƬ ɹȀʓǍʓȩ ρǈǂǃƦ .ƾȆǌ ǾʓʓƧƬ ƎƣȄǿƖ ρǔƣʒǂ ƾƢȆǈ ǄƢ ȁƾƣǬƭǈƢ

ǽȆǻǄƖ ϗʒ ǾʒȅƿƬ ʐƢǃƦ ρǍȃȅɈȩ ƎǽȆȀɓƣƬ Ȃɓ ƿȃƾ ρǻ ǽƣǍǿ ǅʓǿ ǽƢǃʒƢ

ƾƢȆǈ ρƭƼƣȀǌ ʐƣȃ ƫʓƸˬǐ ǋƵȀǈ ǂȆǝȀǻ ȂƦ ƎρǑʓƽǍƬ ρƭƼƣȀǌ

ǂƾ Ȃɓ ρǰʓǰƹƬ ǂƾ .ƫǈƢ Ȃƭǫǃɡǿ ǹƣƵǿƢ ρǿƢǃʒƢ ǽƢǄȆǻƖ ǋǿƢƾ ρǔƣʒǂ

ɸǂƣƦǂƾ ρǔƣʒǂ ǽƣǼǸǡǻ ǄƢ ρƵȀǈǃǝǿ ƣƦ ȅ ƫǫǃɠ ƪǂȆǐ ȏȑȖȗ ǵƣǈ

ǶƠƣǉǻ ǶƸ ǂƾ ǽƢǃʒƢ ȂǙǈȆƭǻ ǵȅƢ ǵƣǈ ǽƢǄȆǻƖ ǋǿƢƾ ƾǃϚǸǼǠ ρȀʓƦ ǋʓȩ

ǗǈȆƬ Ƣǅʓȩ ʐƣȃ ǵƢƛǈ ǶʓǸƹƬ ȅ ȁƿȃƣǍǻ ƣƦ ȅ ρǔƣʒǂ ƾƢȆǈ ȂƦ ǖȆƦǃǻ

ƣƦ ʑʒȅǂƣʒȅǂ ǂƾ ρǿƢǃʒƢ ǽƢǄȆǻƖ ǋǿƢƾ Ȃɓ ƿǿƾȆƦ ƿǰƭǡǻ ǽƣǼǸǡǻ ǾʒƢ ƎǽƣǿƖ

ʑƦȆƼ ƾǃϚǸǼǠ ρǡǯƢȅ ρɠƿǿǄ ǃƦ ρȀƭƧǻ ρǔƣʒǂ ǂƢƾ ȂȀʓǻǄ ʐƣȃ ǋǈǃȩ

ȏȘ ǃƱɓƢƿƸ Ȃɓ ƿǿƾȆƦ ȁƾǃɓ ρȀʓƦ ǋʓȩ ǽƣǿƖ ƥǸǤƢ .ƫǌƢƾ ƿȀȃƢȆƽǿ

.ƿȀȃƾ ϐǈƣȩ ρƬ˫Ƣƛǈ ǾʓȀȵ ȂƦ ƿȀǿƢȆƬ ρǻ ρǿƢǃʒƢ ǽƢǄȆǻƖ ǋǿƢƾ ǄƢ ƿǐǂƾ

ρǈǂƾ ʐƣȃ Ƥƣƭɓ ƿʓɓƙƬ ǹƿǠ ƎǽƣǼǸǡǻ ǾʒƢ ǃǝǿ ǄƢ ρǠȆǔȆǻ ǾʓȀȵ ǶʓǷƾ

ƫǈƢ ρȀƭǬɠ ȂƭƧǷƢ .ƫǈƢ ƾǂƢȆǻ  ǾʒƢ ȂƦ ȂʓƧǌ ρƬ˫Ƣƛǈ ȂƦ ρǔƣʒǂ

ʐǂȆȄǼƴ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ǵȅƢ ȂǙǈȆƭǻ ǃƭǫƾ ƎȗȔ Ÿ ȗȓ ǵƣǈ ǂƾ Ȃɓ

ǃƦ ρȀƭƧǻ ƪ˫Ƣƛǈ ǄƢ ǽƣǼǸǡǻ ǃƭǍʓƦ Ȃȵ ǃȃ ȁƾƣǬƭǈƢ ǃƦ ǽƢǃʒƢ ρǻˬǈƢ

ȂǿƣƼǃʓƦƾ ʐƣȃ ȂǻƣǿǃƦ ǄƢ ρϚʒ ǂȆǝȀǻ ǾʓǼȃ ȂƦ ȅ ƾǃɓ ƿʓɓƙƬ ρǡǯƢȅ ρɠƿǿǄ

ƎȗȔ Ÿ ȗȓ ǵƣǈ ǂƾ ( ǽƣƵǿǄ ǂƾ ǃǰƭǉǻ ) ǵȅƢ ȂǙǈȆƭǻ ρǔƣʒǂ ʐǂȆǍɓ

ǞȆǿ ǾʒƢ ǄƢ ȁƾƣǬƭǈƢ ȅ ʐǂƢǁɠ ɑƢǃƭǌƢ ȂƦ ȅ ǺʓǝȀƬ ǂƾ ǽƣǼǸǡǻ ƫɓǂƣǍǻ

.ƾȆƦ ρǔƣʒǂ ʐƣȃ ǆˬɓ ώǙǈ ǂƾ ƪ˫Ƣƛǈ

ǅǷǃȩ ȅ ǅǼʓƬ ȂǡǷƣǙǻ

ȅ Ȓ (ǅǼʓƬ) ǹȆǸǠ ȅ ƪƣʓǔƣʒǂ ǊǄȆǻƖ ʐƣȃƿǿȅǂ ρǸǸǼǷƢ ǾʓƦ ȂǡǷƣǙǻ

ρƬƣǡǷƣǙǻ ȂǻƣǿǃƦ ȅƾ PIRLS ǽƿǿƢȆƼ ƾƢȆǈ ƫǫǃǍȎȩ τǸǸǼǷƢ ǾȎƦ ȂǡǷƣǙǻ

ƣȃǂȆǍɓ ǽƢǄȆǻƖ ǋǿƢƾ ƾǃϚǸǼǠ ʑƦƣʒǄǂƢ ȅ ǋƵȀǈ ȂǐǃǠ ǂƾ ǃϝʒƾ ǺȄǻ

ƫǫǃǍʓȩ ʑƦƣʓǌǄǂƢ ρǸǸǼǷƢ ǾʓƦ ǾǼƵǿƢ ǃǝǿ ǃʒǄ ȂǻƣǿǃƦ ȅƾ ǾʒƢ .ƫǈƢ

ȅƾ ǾʒƢ ǽƢǃʒƢ ƎƢǅʓȩ ǩˬƼǃƦ ȂǿƣƭƽƧǌȆƼ .ƾȆǌ ρǻ ǂƢǅɠǃƦ ȓ ρǸʓǑƹƬ

ʐƣȃǂȆǍɓ ρǌǄȆǻƖ ƿǿȅǂ ƎȂǡǷƣǙǻ ȅƾ ǾʒƢ .ƿȀɓ ρǻ ρȃƢǃǼȃ Ƣǂ ȂǡǷƣǙǻ

ɸƿȀȃƾ ǽƣǻǄƣǈ ρǸǐƢ ǃǑȀǠ Ƣǂ ρǈǂƾ ȂǻƣǿǃƦ ȅ Ȃƭǫǃɠ ǩƿȃ Ƣǂ ȆǕǠ

ǅǷǃȩ ȅ ǅǼʓƬ .ƾǃʓɠ ρǻ ǃǝǿ ǂƾ ǽƢǄȆǻƖ ǋǿƢƾ ʐƢǃƦ ʐǃʓɠƾƣʒ ʐƣȃ ƫǐǃǫ

ǗȎƹǻ ƎǽƣǼǸǡǻ ƎȂǈǂƿǻ ρǌǄȆǻƖ ʐƣȃ ȂȀʓǻǄ ǂƾ ƪƣǠˬǘƢ ȋǂȅƖ ϓǼƴ ƣƦ

ʐƣȃ ƫȎǰǫȆǻ ƣƦ ǽƣǍǘƣƧƬǂƢ ǽƣϚǻƢ Ȃɓ ǽƢǄȆǻƖ ǋǿƢƾ ȅ Ȃǈǂƿǻ ȅ ȂǿƣƼ

ƫʓǡǔȅ ƕƣǰƬǂƢ ȅ ƾȆƧȄƦ ƫȄƴ ǂƾ ʑʒƣȃ ȂʓǐȆƬ Ǝƾȅǂ ρǻ ǽƢǄȆǻƖ ǋǿƢƾ  

ȁƿǻƖǃƦ ƪƣǠˬǘƢ .ƿȀɓ ρǻ ƶǃǙǻ ȁƿȀȀɓ ƫɓǃǌ ʐƣȃǂȆǍɓ ρǌǄȆǻƖ

ȅ ǺȄǻ ǟƦƣȀǻ ƎρǸǸǼǷƢ ǾʓƦ ȅ ρǸǻ ρǈƣʓǰǻ ǂƾ ƿȀǿƢȆƬ ρǻ ƣȃ ǽȆǻǄƖ ǾʒƢ ǄƢ

ʑʒƣǈƣȀǌ ȅ ǪǍɓ ƫȄƴ ǂƾ ρǌǄȆǻƖ ʐƣȃ ǹƣǝǿ ǂƣʓƭƼƢ ǂƾ ʐƢ ȁƿȀȀɓ ǾʓʓǡƬ

ƾȆƧȄƦ ǂȆǝȀǻ ȂƦ ρǼǸǠ ʐƣȃǂƣɓ ȁƢǂ Ǿƭǫƣʒ ȅ ƾȆƼ ƪȆǯ ȅ Ǫǡǔ ǖƣǰǿ

ǽƣǼȃ ƣʒ ǅǷǃȩ ǩƿȃ ǽƣʓǻ ǾʒƢ ǂƾ .ƾǂȅƖ ǺȃƢǃǫ ʐǃʓɠƾƣʒ Ÿρȃƾƾƣʒ ƿȀʒƢǃǫ

 ǽƿǿƢȆƼ ʑȎȍƣǿƢȆƬ ʑȎƦƣȍǄǂƢ Ǝ ǽƿǿƢȆƼ ƾƢȆǈ  ƫǫǃǍȎȩ ρǸǸǼǷƢ ǾȎƦ  ȂǡǷƣǙǻ

ƫǬȃ ȅ  ǶȄȵ  ǄƢ ǋʓƦ ƫɓǃǌ ƣƦ ȅ  ƫǈƢ ʑȍƢƿƭƦƢ  ǹǂƣȄȵ ɹȍƣȩ ǂƾ  ǽƣǳƾȆǳ

ρƼǃƦ ǄƢ ʑʒƣȃ ƫǷƣʒƢ ϓǯƢȅ ǂƾ ƣȃ ȁƿȀȀɓ ƫɓǃǌ ǾʒƢ ǄƢ ρƼǃƦ)  ǽƣȄƴ ǂȆǍǳ

.ƾȆǌ ρǻ ǂƢǅɠǃƦ ǂƣƦ ϗʒ ǵƣǈ ǂƣȄȵ ǃȃ ȂǸǐƣǫ ǂƾ ȅ (ƿȀƭǉȃ ƣȃǂȆǍɓ

ʐǂƣƭǌȆǿ ǽȆƭǻ ʐȅǂ Ƣǂ ǽƢǄȆǻƖ ǋǿƢƾ ǃɔǬƬ ȅ ȁƾƣǬƭǈƢ ƎǺȄǫ  ǽȆǻǄƖ ǾʒƢ

ƪ˫Ƣƛǈ ȂƦ ǽȆƭǻ ǽƿǿƢȆƼ ǄƢ Ǉȩ ǽƢǄȆǻƖ ǋǿƢƾ Ȃɓ ʐǂȆǘ ȂƦ ƿȀƵȀǈ ρǻ

ʐǃʓɠ ȂƵʓƭǿ ȁƿǌ ȁƿǿƢȆƼ Ǿƭǻ ǄƢ ȅ ƿȀȃƾ ρǻ ϐǈƣȩ ǽƖ ƥǸǙǻ ɑǂƾ

ǾǼƵǿƢ ǾʒƢ ƣƦ ȏȗȗȏ ƣƦ ǃƦƢǃƦ ȏȑȕȘ ǵƣǈ ǄƢ ǵƣǈ ǄƢ ǽƢǃʒƢ .ƿȀȀɓ ρǻ

.ƫǈƢ ȂƭǌƢƾ ƫɓǃǌ ǅǷǃȩ ǽȆǻǄƖ ȁǂȅƾ Ȓ ǂƾ ǽȆȀɓƣƬ ȅ ƾǂƢƾ ʐǂƣϚǼȃ

ƫǫǃǍʓȩ ƿǦǿȅǂ ρǸǸǼǷƢ ǾʓƦ ȂǡǷƣǙǻ ɸƿǿǃʓɠǃƦ ǂƾ ǅǼʓƬ ȂǡǷƣǙǻ
3 (Organisation for Economic Co-operation and Development)4 (Trends in International Mathematics and Science Study (TIMSS)5(International
Association for Evaluation of Educational Achievement (IEA))
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȕ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ǾʓǻǄ ǹȆǸǠ ȅ ρϚʒǅʓǫ ǹȆǸǠ ƎρƭǉʒǄ ǹȆǸǠ Ƕǻƣǌ) ǹȆǸǠ ȅ ƪƣʓǔƣʒǂ

Ȃʒƣȩ ǂƾ ǾʓǻǄ ǹȆǸǠ ȅ ϗʒǅʓǫ ƎρǼʓǌ ƎρǈƣȀǌ ƫǉʒǄ ȅ ǹǂƣȄȵ Ȃʒƣȩ ǂƾ

ƣƬ ǽƢǄȆǻƖ ǋǿƢƾ ǂȆǍɓ ǃȃ ǂƾ Ȃɓ ƿȀɓ ρǻ ρǈǂǃƦ Ƣǂ ǾʒƢ ȅ ƫǈƢ (ǺƭǍȃ

.ƿȀȀɓ ρǻ ƫǫǃǍʓȩ ǹȆǸǠ ȅ ƪƣʓǔƣʒǂ Ȃʒƣȩ ƪˬʓǑƹƬ ǂƾ ȁǄƢƿǿƢ Ȃȵ

ǂƾ ǂƣƦ ϗʒ ǵƣǈ ǂƣȄȵ ǃȃ ǽȆȀɓ ƣƬ ȏȗȗȓ ǵƣǈ ǄƢ ǅǼʓƬ ȂǡǷƣǙǻ

ƎȐȘȘȕ ƎȐȘȘȑ Ǝȏȗȗȗ Ǝȏȗȗȓ ʐƣȃ ǵƣǈ ǂƾ ǺƭǍȃ ȅ ǹǂƣȄȵ Ȃʒƣȩ ȅƾ

ǅǼʓƬ ȂǡǷƣǙǻ ȁǂȅƾ ǋǌ ȂǼȃ ǂƾ ǽƢǃʒƢ .ƫǈƢ ȁƿǌ ƢǃƴƢ ƎȐȘȏȓ ƎȐȘȏȏ

ǮƦƣǙǻ) ƤȆǑǻ ρǈǂƾ ȂǻƣǿǃƦ Ȃǈ ǅǼʓƬ ȂǡǷƣǙǻ ǂƾ .ƫǈƢ ȂƭǌƢƾ ƫɓǃǌ

ǆƣǈƢ ǃƦ) ȁƿǌ ƢǃƴƢ ȂǻƣǿǃƦ Ǝ (ρǌǄȆǻƖ ȅ ρǠƣǼƭƴƢ ƎρǸǻ ʐƣȃ ȂȀʓǻǄ

ȂƦ ȂƴȆƬ ƣƦ) ȁƿǌ ƥǉɓ ȂǻƣǿǃƦ ȅ (ǆˬɓ ȅ ǺǸǡǻ ƎȂǈǂƿǻ ȂȀʓǻǄ ȅ ƫǫƣƦ

.ƾǃʓɠ ρǻ ǂƢǃǯ ρǈǂǃƦ ƾǂȆǻ (ǄȆǻƖ ǋǿƢƾ ʐƣȃ ȂǑƼƣǌ ȅ ƣȃƾƢƿǿȅǃƦ

ǃǝǿ ƫƹƬ ǅǷǃȩ ȅ ǅǼȎƬ ƪƣǡǷƣǙǻ ȋƢǃƴƢ ȅ ƫȍǃȍƿǻ ǽƢǃȍƢ ǂƾ

ʐƣȃǂȆǍɓ ȂƧƬǂ .ƾǃȎɠ ρǻ ǹƣƵǿƢ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ƪƣǡǷƣǙǻ ȁƣϝǍȃȅɈȩ

ȁƾȆƦ ǃʒǄ ƪǂȆǐ ȂƦ ȐȘȏȓ ǅǼʓƬ ǹǂƣȄȵ Ȃʒƣȩ ƪƣʓǔƣʒǂ ǂƾ ȁƿȀȀɓ ƫɓǃǌ

:ƫǈƢ

. Ȕ ƎǾȩƢɇ . ȓ ƎǽƢȆʒƣƬ . Ȓ ƎʑƦȆȀƴ ȁǃɓ . ȑ ƎɟȀɓ ɟȀȃ . Ȑ ƎǂȆȩƣɡȀǈ . ȏ

. ȏȘ ƎǇʓǸɡǿƢ . ȏȘ ƎƿȀǷǃʒƢ . ȗ Ǝ(ȓ)ɇȅǃǿ . Ȗ ƎȂʓǈȅǂ . ȕ ƎρǷƣǼǌ ƿȀǷǃʒƢ

. ȏȐ ƎǽƣƭǉǯƢǅǯ . ȏȏ Ǝ(ƣϚʒǃǻƖ)ƢƿʒǂȆǸǫ . ȏȘ Ǝ(ǂƿǿˬǫ ǋƽƦ ) ϗʒɈǸƦ

ƎρǿƢȆƭʓǷ . ȏȓ Ǝ(Ƣƾƣǿƣɓ) ϗƧɓ . ȏȒ ƎɑǂƣǼǿƢƾ . ȏȑ ƎƣϚʒǃǻƖ . ȏȑ ƎǵƣǥƬǃȩ

ʐǂȆȄǼƴ . ȏȖ ƎǽƣƭǈǂƣƵǻ . ȏȕ ƎƿȀǸȃ . ȏȔ ƎǽƣƭǉȄǷ . ȏȓ ƎƿǿˬȀǫ . ȏȓ

ƎρǿȅȆǸǈƢ . ȐȐ ƎǽƣǼǷƖ . Ȑȏ ƎǆǃƧǯ . ȐȘ ƎǽƣƭǈǂƣǥǸƦ . ȏȗ Ǝϗȵ

. Ȑȕ Ǝ(Ƣƾƣǿƣɓ)ȆʒǂƣƭǿȅƢ . ȐȔ ƎƣʓǷƢǃƭǈƢ . Ȑȓ ƎǽƣƭǉƦǃǐ . ȐȒ ƎƿƠȆǈ . Ȑȑ

. ȑȘ ƎƣʓǿƣȪǈƢ . Ȑȗ ƎƣʓǷƣƭʒƢ . ȐȖ Ǝ(ʑƦǃǠ ȁƿƹƭǻ ƪƢǂƣǻƢ)ʑƦƾ . Ȑȕ ƎƢƾƣǿƣɓ

ƎȂǉǿƢǃǫ . ȑȒ ƎƿȀǸʒǄȆʓǿ . ȑȑ Ǝ(Ȓ)ɇȅǃǿ . ȑȐ ƎρɓƢȅȆǸǈƢ . ȑȏ ƎρǈƢȅǃɓ

ƎʑƦǃǠ ȁƿƹƭǻ ƪƢǂƣǻƢ . ȑȖ ƎρǸʓǌ . ȑȕ Ǝǽƣƭǉƴǃɠ . ȑȔ ƎȂʓɓǃƬ . ȑȓ

. Ȓȑ ƎǽƢǃʒƢ . ȒȐ Ǝ(ǾʓƭǿƢɇǂƖ)ǆǃʒƖ ǆȆȀƠȆƦ . Ȓȏ ƎǃǙǯ ȒȘ ƎǾʒǃƹƦ . ȑȗ

ƎǽƾǂƢ . ȒȔ ƎʐǅǿȅƿǿƢ . Ȓȓ Ǝ(ʑƦǃǠ ȁƿƹƭǻ ƪƢǂƣǻƢ)ʑƧǜȆƦƢ . ȒȒ ƎǽƣǼǠ

.ƫʒȆɓ . ȓȘ ƎʑƦȆȀƴ ʐƣǰʒǃǫƖ . Ȓȗ ƎǋɓƢǃǻ . ȒȖ ƎǽƣƭǉƦǃǠ . Ȓȕ

ȁǃǼǿ Ȕȗ Ȃɓ ƾȆƦ ȒȑȏǽƢǃʒƢ ǄƣʓƭǻƢ ȅ ȒȐ ǽȆǻǄƖ ǾʒƢ ǂƾ ǽƢǃʒƢ ȂƧƬǂ

.ƾȆƦ Ǿʓɡǿƣʓǻ ǄƢ ǃƬ Ǿʓʒƣȩ

ȐȘȏȓ ǅǼʓƬ ǺƭǍȃ Ȃʒƣȩ ƪƣʓǔƣʒǂ ǂƾ ȁƿȀȀɓ ƫɓǃǌ ʐƣȃǂȆǍɓ ȂƧƬǂ

:ƫǈƢ ǃʒǄ ƪǂȆǐ ȂƦ

ƎǾȩƢɇ . ȓ ƎɟȀɓ ɟȀȃ . Ȓ ƎǽƢȆʒƣƬ . ȑƎʑƦȆȀƴ ȁǃɓ . Ȑ ƎǂȆȩƣɡȀǈ . ȏ

ƎƿȀǷǃʒƢ . ȏȘ ƎƢƾƣǿƣɓ . ȗ ƎǽƣƭǉǯƢǅǯ . Ȗ ƎȂʓǈȅǂ . ȕ Ǝ(Ƣƾƣǿƣɓ) ϗƧɓ . Ȕ

ƎρǿȅȆǸǈƢ . ȏȑ ƎǽƣƭǉǸɡǿƢ . ȏȐ ƎƣϚʒǃǻƖ . ȏȐ Ǝ(Ƣƾƣǿƣɓ)ȆʒǂƣƭǿȅƢ . ȏȏ

Ǝ(ʑƦǃǠ ȁƿƹƭǻ ƪƢǂƣǻƢ)ʑƦƾ . ȏȔ Ǝ(ȗ)ɇȅǃǿ . ȏȓ ƎǽƣƭǈǂƣƵǻ . ȏȒ

. ȐȘ ƎƿƠȆǈ . ȏȗ ƎƣʓǷƢǃƭǈƢ . ȏȖ ƎρǷƣǥǌƢ ǾʓǙǉǸǫ . ȏȕ ƎρǿƢȆƭʓǷ . ȏȕ

Ǝ(Ȗ)ɇȅǃǿ . ȐȐ Ǝ(ƣϚʒǃǻƖ)ƢƿʒǂȆǸǫ . Ȑȏ ƎƿȀǸʒǄȆʓǿ . Ȑȏ ƎƫǷƣǻ . ȐȘ ƎƣʓǷƣƭʒƢ

ƎǾʒǃƹƦ . Ȑȓ ƎȂʓɓǃƬ . ȐȒ ƎʑƦǃǠ ȁƿƹƭǻ ƪƢǂƣǻƢ . Ȑȑ ƎʐǅǷƣǻ . Ȑȑ

Ǝ(ʑƦǃǠ ȁƿƹƭǻ ƪƢǂƣǻƢ )ʑƧǜȆƦƢ . Ȑȕ ƎǽƣȀƧǷ . Ȑȕ Ǝǽƣƭǉƴǃɠ . ȐȔ

. ȑȐ ƎǽƣǼǠ . ȑȏ ƎρǸʓǌ . ȑȘ ƎƿȀǸʒƣƬ . Ȑȗ ƎǽƢǃʒƢ . ȐȖ ƎǃǙǯ . Ȑȕ

Ǝ(ȗ)ƣǿƢȆǉƬȆƦ . ȑȒ ƎǃǑǻ . ȑȑ ƎƫʒȆɓ . ȑȑ Ǝ(ǾʓƭǿƢɇǂƖ)ǆǃʒƖ ǆȆȀƠȆƦ

.ǽƣƭǉƦǃǠ . ȑȖ Ǝ(ȗ)ʑƦȆȀƴ ʐƣǰʒǃǫƖ . ȑȕ ƎǋɓƢǃǻ . ȑȔ ƎǽƾǂƢ . ȑȓ

ȁǃǼǿ ȔȒ Ȃɓ ƾȆƦ ȒȑȔ ǽƢǃʒƢ ǄƣʓƭǻƢ ȅ ȐȖ ǽȆǻǄƖ ǾʒƢ ǂƾ ǽƢǃʒƢ ȂƧƬǂ

.ƾȆƦ Ǿʓɡǿƣʓǻ ǄƢ ǃƬ Ǿʓʒƣȩ

ǂƾ ȐȘȏȓ ƣƬ ȏȗȗȕ ǵƣǈ ǄƢ ǽƢǃʒƢ ƪƢǃʓʓǥƬ ƿǿȅǂ ρǈǂǃƦ

ǺƭǍȃ ȅ ǹǂƣȄȵ ρǔƣʒǂ

ȐȘȏȓ ƣƬ ȏȗȗȓ ǄƢ ǅǼʓƬ ȂǡǷƣǙǻ ǂƾ ȁƿǌ ǶǐƣƸ Ƴʒƣƭǿ ƪƢǃʓʓǥƬ ƿǿȅǂ

όȀȩ ƣƦ Ȃɓ ρǷƣǈ ƫǉʓƦ ρǘ ǂƾ Ƣǂ ǽƢǃʒƢ ȂƧƬǂ ƪƢǃʓʓǥƬ ƿǿȅǂ ǄƢ ʑʒƣǼǿǂȅƾ

ǃʒǄ ǂƢƾȆǼǿ ǂƾ Ȃɓ ȂǿȆɠ ǽƖ .ƿȃƾ ρǻ ǽƣǍǿ ƫǈƢ ȁƾȆƦ ȁƢǃǼȃ ǽȆǻǄƖ ɸǂȅƾ

ʐǃʓʓǥƬ ρǸƧǯ ȁǂȅƾ ȂƦ ƫƧǉǿ ȐȘȏȓ ǵƣǈ ǂƾ ǽƢǃʒƢ ȁǃǼǿ ƾȆǌ ρǻ ȁƿʒƾ

ȐȘȏȓ ƣƬ ȏȗȗȓ ʐƣȃ ǵƣǈ ǾʓƦ ƪƢǃʓʓǥƬ ƿǿȅǂ ƾȆƴȅ ǾʒƢ ƣƦ .ƫǈƢ ȂƭǌƢƿǿ

ǵƣǈ ǂƾ Ȓȑȏ ȂƦ ȏȗȗȓ ǂƾ ȑȖȕ ǄƢ ǽƢǃʒƢ ȁǃǼǿ Ǿʓɡǿƣʓǻ ȅ ȁƾȆƦ ʐƾȆǡǐ

ƾǃϚǸǼǠ Ȃɓ ƫǬɠ ǽƢȆƬ ρǻ ǾʒƢǃƦƣȀƦ .ƫǈƢ Ȃƭǫƣʒ ƕƣǰƬǂƢ ȐȘȏȓ ȅ ȐȘȏȏ

ȐȘȘȑ Ǝȏȗȗȓ ʐƣȃ ǵƣǈ ȂƦ ƫƧǉǿ ȐȘȏȓ ǵƣǈ ǂƾ ρǿƢǃʒƢ ǽƢǄȆǻƖ ǋǿƢƾ

.ƫǈƢ ȁƾȆƦ ǃƭȄƦ ȐȘȘȕ ȅ

ȂƴȆƬ ǶƦƣǯ ƿǌǂ ƿȃƣǌ ǅʓǿ ǺƭǍȃ Ȃʒƣȩ ǂƾ ƎǹǂƣȄȵ Ȃʒƣȩ ƿȀǿƣǼȃ

ǽƾǂƢ ȅ ʐƾȆǡǈ ǽƣƭǉƦǃǠ ƫǫƢ ȅ ʑƦƾ ȅ ǽƣƭǉǯƢǅǯ ǽȆȵ ʑʒƣȃǂȆǍɓ

ȁƾǃɓ ρǘ Ƣǂ ρǷȅǅǿ ƿǿȅǂ ȁǂƢȆǼȃ Ȃƭǌǁɠ ʐƣȃ ǵƣǈ ǂƾ Ȃɓ ʐǅǷƣǻ .ǺʒƾȆƦ

ǂƣƦ ǾʒƢ ƎƾȆƦ ȁƿʓǈǂ ȐȘȏȏ ǵƣǈ ǂƾ ȒȒȘ ȂƦ ȓȏȗ ǄƢ ǋƬƢǃǼǿ Ǿʓɡǿƣʓǻ ȅ

ǽƣǌƿǌǂ ȂƦ ȅǂ ƿǿȅǂ ƣʒ ǋʓƦ ƣǼɓ ƣȃǂȆǍɓ ȂʓǰƦ .ƫǈƢ ȂƭǌƢƾ ƿǌǂ ρǼɓ

ʐǂȆȄǼƴ ȁǃǼǿ Ǿʓɡǿƣʓǻ .ƿǿƢ ȁƾȆƦ ƿȃƣǌ Ƣǂ ρƭƦƣư ƿǿȅǂ ƣʒ ƿǿƢ ȁƾǃɓ ǛǬƸ Ƣǂ

ƿȃƣǌ ȐȘȏȏ ȂƦ ƫƧǉǿ ȐȘȏȓ ǅǼʓƬ ǹǂƣȄȵ Ȃʒƣȩ ρǔƣʒǂ ǂƾ ǽƢǃʒƢ ρǻˬǈƢ

ǶƦƣǯ ƎȂƭǌǁɠ ȁǂȅƾ ȂƦ ƫƧǉǿ ƾǃϚǸǼǠ ʐƢ ȁǃǼǿ Ȑȏ ƪȅƣǬƬ ȅ ȁƾȆƦ ƿǌǂ

ǵƣǈ ǄƢ ǅǼʓƬ ǂƾ Ƣǂ ǽƢǃʒƢ ƪƢǃǼǿ ƪƢǃʓʓǥƬ ƿǿȅǂ ǃʒǄ ǂƢƾȆǼǿ .ƫǈƢ ȂǝƸˬǻ
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ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȏȖ

ƿȃƾ ρǻ ǽƣǍǿ Ƣǂ ȐȘȏȓ ƣƬ ȏȗȗȓ

ǂƾ ǅʓǿ ʐǃϝʒƾ ƿʓǬǻ ƪƣǠˬǘƢ ȅ Ƴʒƣƭǿ ȐȘȏȓ ǅǼʓƬ ȂǡǷƣǙǻ

ƾǃϚǸǼǠ ƎǽƢǃǉȩ ȅ ǽƢǃƭƼƾ ƾǃϚǸǼǠ ȁȆƹǿ Ƕǻƣǌ Ȃɓ ƾǂƢǁɠ ρǻ ǂƣʓƭƼƢ

ǂƾ ǽƢǄȆǻƖ ǋǿƢƾ ƾǃϚǸǼǠ ƎʐƾǃϚǸǼǠ ǂƣʓǡǻ ǖƣǰǿ ǂƾ ǽƢǄȆǻƖ ǋǿƢƾ

ƎρƭƼƣȀǌ ʐƣȃ ȂǙʓƸ ǂƾ ǽƢǄȆǻƖ ǋǿƢƾ ƾǃϚǸǼǠ ƎʑʒƢȆƭƹǻ ʐƣȃ ȂǙʓƸ

ȂƦ ǮǸǡƬ ƎȂǈǂƿǻ ρǸʓǑƹƬ Ȇƴ Ǝρǔƣʒǂ ǇʒǂƿƬ ʐƢǃƦ Ȃǈǂƿǻ ǗʒƢǃǌ

ǊǄȆǻƖ ƎǽƢǃʒƿǻ ȅ ǽƣǼǸǡǻ ʐƣȃ ρɠɈʒȅ ƎȂǈǂƿǻ ρǘƣƧǝǿƢ Ȇƴ ƎȂǈǂƿǻ

ǇʒǂƿƬ Ǝρǔƣʒǂ ȂƦ ƫƧǉǿ ǽƢǄȆǻƖ ǋǿƢƾ Ǌǃɡǿ ǹƣƵǿƢǃǈ ȅ ǆˬɓ ǂƾ

.ƫǈƢ ρǔƣʒǂ ʐǃʓɠƾƣʒ ǄƢ ƣȃ ǽƖ ǽƣȀʓǼǘƢ ȅ

ǽƢǄȆǻƖ ǋǿƢƾ ƾǃϚǸǼǠ ǃƦ ǃưƛǻ ρǷƣǼƭƸƢ ǶǻƢȆǠ

ƿǌǂ ǃƦ ǂƢǁɠǃʓưƙƬ ǶǻƢȆǠ ȅ ǶǸǠ ǄƢ ǮʓǼǠ ρǰʓƧǙƬ  ȂǡǷƣǙǻ ϗʒ ƾȆƧǿ ǂƾ

ǺɓƣƸ ǗʒƢǃǌ ρƼǃƦ ȂƦ ȁƣɡǿ ȅ ǮǫȆǻ ʐƣȃǂȆǍɓ ǽƣʓǻ ǂƾ ρǔƣʒǂ ǊǄȆǻƖ

ƶǃǙǻ Ȃʓǔǃǫ ƿȀȵ ƎȁƿȀȀɓ ƫɓǃǌ ʐƣȃǂȆǍɓ ǂƾ ρǔƣʒǂ ǊǄȆǻƖ ǃƦ

ǶǻƣǠ ϗʒ ƣȄȀƬ ƫǈƢ ρȀʓƦ ǋʓȩ ǶƦƣǯ Ȃɓ ȂǿȆɠ ǽƖ ƿȀȵ ǃȃ .ƾȆǌ ρǻ

ƎƿǌƣƦ ρǌǄȆǻƖ Ǻƭǉʓǈ ϗʒ ƫʓǰǫȆǻ ǹƿǠ ƣʒ ƫʓǰǫȆǻ ǶʓǷƾ ƿǿƢȆƬ ρǼǿ

.ƾǂƢƾ ǃʓưƙƬ ƿȀʒƢǃǫ ǾʒƢ ǂƾ ǶǻƢȆǠ ǄƢ ʐƢ ȂǠȆǼƵǻ ̤˫ƣǼƭƸƢ ȂϚǸƦ

ƣʓǈƖ ǭǃǌ ʐƣȃǂȆǍɓ Ȃɓ ƿʒƾ ǽƢȆƬ ρǻ ǅǼʓƬ Ƴʒƣƭǿ ȂƦ ȁƣɡǿ ƣƦ

ȏȗȗȓ ǄƢ ǋʓƦƣǼɓ Ȃɓ ʐƿǿȅǂ ƎƿǿƢ ȁƾƢƾ ǎƣǑƭƼƢ ƾȆƼ ȂƦ Ƣǂ ˫ƣƦ ʐƣȃ ȁƾǂ

ǊǄȆǻƖ ǂƣǡǌ ƣƦ Ȃɓ ǂȆȩƣɡȀǈ ǽƣʓǻ ǾʒƢ ǂƾ .ǺʒƢ ȁƾȆƦ ǽƖ ƿȃƣǌ ȁǂƢȆǼȃ

ǶǑǫǃǈ ƶˬǐƢ ȅ (teach less, learn more)ǃƭǍʓƦ ʐǃʓɠƾƣʒ ƎǃƭǼɓ

ρǌǄȆǻƖ Ǻƭǉʓǈ ǂƾ ρƬƣƸˬǐƢ ȂƦ ƫǈƾ ǪʓǷƣɔƬ ǄƢ Ǿƭǈƣɓ ȅ ǆȅǂƾ

ƣʓǈƖ ǭǃǌ ʐƣȃǂȆǍɓ .ƫǈƢ  Ȃƭǫǃɠ ʐƣƴ ƫǈǃȄǫ ǾʒƢ ǂƿǐ ǂƾ ƎƾǄ ƾȆƼ

ȂǡǷƣǙǻ ǂƾ ǅǼʓƬ ǃƦ ȁȅˬǠ Ƣƾƣǿƣɓ ȅ ʑʒƣȩȅǂƢ ʐƣȃǂȆǍɓ ǄƢ ρƼǃƦ ǂƣȀɓ ǂƾ

ǋǿƢƾ ǂƣȀɓ ǂƾ ƿȃƾ ρǻ ǽƣǍǿ Ȃɓ ƿǿƢ ȁƾǃɓ ƥǉɓ ρǿƣǍƼǂƾ Ƴʒƣƭǿ ǅʓǿ Ƣǅʓȩ

ȂƦ ǂƾ ʑƦȆƼ ʐƿȀǼǿƢȆƬ ǄƢ ƣȃǂȆǍɓ ǾʒƢ ǽƢǄȆǻƖ ǋǿƢƾ Ǝρǔƣʒǂ ƥǈƣȀǻ

.ƿȀƭǉȃ ǂƢƾǂȆƼǃƦ ρǡǯƢȅ ǗʒƢǃǌ ǂƾ ǋǿƢƾ ǾʒƢ ʐǃʓɠǂƣɓ

ȂƭǬȃ ǂƾ ρǔƣʒǂ ǇʒǂƿƬ ƪƣǠƣǈ ǽƢǅʓǻ Ÿ ȏ

ƫʓǰǫȆǻ ǹƿǠ ƣʒ ƫʓǰǫȆǻ ǂƾ ƫǈƢ ǾϚǼǻ Ȃɓ ρǸǻƢȆǠ ǾʓǷȅƢ ǄƢ ρϚʒ

Ǿȃǀ ȂƦ ǎƣƼ ǆȅǂƾ ƣʒ ǆǂƾ ǂƾ ρǌǄȆǻƖ Ǻƭǉʓǈ ϗʒ ǽƢǄȆǻƖ ǋǿƢƾ

ƣǻƢ .ƫǈƢ ȂƭǬȃ ǵȆǘ ǂƾ ǆȅǂƾ ƣʒ ǆǂƾ ǽƖ ǇʒǂƿƬ ƪƣǠƣǈ ƎƿǈǃƦ

ρǸʓƼ ƪȅƣǬƬ ƿȃƣǌ ƎƢǅʓȩ ȂǡǷƣǙǻ ǄƢ ȁƿǻƖ ƫǈƾ ȂƦ ƪƣǠˬǘƢ ȂƦ ȂƴȆƬ ƣƦ

ǅǼʓƬ ȂǡǷƣǙǻ ʐǅɓǃǻ ȂǙǰǿ Ǿʓʒƣȩ ȅ ˫ƣƦ ǂƾ ǃǔƣƸ ʑʒƣȃǂȆǍɓ ǾʓƦ ʐƾƣʒǄ

Ȃɓ ʑʒƣȃǂȆǍɓ ƥǸǤƢ ǺƭǍȃ Ȃʒƣȩ ǂƾ ȅ ȐȘȏȐ ǵƣǈ ƣƬ ǵƣƱǻ ʐƢǃƦ .Ǻʓƭǉʓǿ

ƫǠƣǈ ȑ ȂƭǬȃ ǂƾ ƎƿǿƢ ȁƾǃɓ ƥǉɓ ǅǼʓƬ ȂǡǷƣǙǻ ǂƣʓǡǻ ǄƢ ǃƬ˫ƣƦ ʐƾǃϚǸǼǠ

Ȃǰʓǯƾ ȐȘȘ ƣȃ ρȀȩƢɇ .ƿǿƢ ȁƾƢƾ ǎƣǑƭƼƢ ρǔƣʒǂ ǊǄȆǻƖ ȂƦ Ƣǂ ǃƭǼɓ ƣʒ

ǽƢǄȆǻƖ ǋǿƢƾ ƎȂǰʓǯƾ ȏȕȗ ρϚȵ ȅ ʑʒƣϚʒǃǻƖ ǽƢǄȆǻƖ ǋǿƢƾ ȅ ȂƭǬȃ ǂƾ Ƣǂ

ǂƾ Ƣǂ Ȃǰʓǯƾ ȏȐȕ ƣȄȀƬ ƣȃ ʐƿȀǸȃ ȅ ȏȕȒ ƣʓǷƢǃƭǈƢ Ǝȏȕȓ ρɡȀɓ ɟȀȃ

ǾʒƢ .ƿǿƢ ȁƾǃɓ ʐǃȪǈ ǆǂƾ ʐƣȃ ǆˬɓ ǂƾ ρǔƣʒǂ ʐǃʓɠƾƣʒ ȂƦ ȂƭǬȃ

ȂǡǷƣǙǻ ǂƣʓǡǻ ǄƢ ǃƬ˫ƣƦ ʐƾǃϚǸǼǠ ƣȃǂȆǍɓ ǾʒƢ ƥǸǤƢ Ȃɓ ƫǈƢ ρǷƣƸ ǂƾ

Ƣǂ Ȃǰʓǯƾ ȏȖȘ ȂƭǬȃ ǃȃ ǶǼǠ ǂƾ ρǿƢǃʒƢ ǽƢǄȆǻƖ ǋǿƢƾ .ƿǿƢ ȂƭǌƢƾ ǅǼʓƬ

Ȃǰʓǯƾ ȓȘ ƣƬ ǂƣȄȵ ƤȆǑǻ) ƿȀǿƢǂǁɠ ρǻ ρǔƣʒǂ ǆǂƾ ʐƣȃ ǆˬɓ ǂƾ

ʐƣȃ ƫǠƣǈ ǽƢǅʓǻ Ȃɓ ƿȃƾ ρǻ ǽƣǍǿ ǃǻƢ ǾʒƢ .(ƾȆǌ ρǻ Ȃǰʓǯƾ ȐȘȘ Ȃɓ

ǽƣǿƖ ƾǃϚǸǼǠ ǂƾ ʐǃʓưƙƬ ʑʒƣȄȀƬ ȂƦ ƫǈƢ ǾϚǼǻ ρǔƣʒǂ ǆǂƾ ǊǄȆǻƖ

.ƿǌƣƦ ȂƭǌƢƿǿ

ƿǻƖǂƾ Ǝ ǆˬɓ ǂƾ ǽƣǼǸǡǻ ǂȆǕƸ ƪƣǠƣǈ ǽƢǅʓǻ Ÿ Ȑ

ρǠƣǼƭƴƢ ǂƣƧƭǠƢ ȅ ȂǿƣʓǷƣǈ

ǂƾ ǽƣǼǸǡǻ ǂȆǕƸ ƪƣǠƣǈ ǽƢǅʓǻ ǃϝʒƾ ρǷƣǼƭƸƢ ǂƢǁɠǃʓưƙƬ ǶǻƣǠ ϗʒ

ǄƢ ʐǂƣʓǉƦ ǂƾ Ȃɓ ƿȃƾ ρǻ ǽƣǍǿ ƣȃ ρǈǂǃƦ .ƫǈƢ ǆǂƾ ʐƣȃ ǆˬɓ

ǂƾ ǇʒǂƿƬ ǩǃǐ Ƣǂ ȂƭǬȃ ǂƾ ƫǠƣǈ ȏȓ ǄƢ ǃƭǼɓ ρǿƣǻǄ ǽƣǼǸǡǻ ƣȃǂȆǍɓ

ρǈǂǃƦ ƎρǌǄȆǻƖ ρƸƢǃǘ ǩǃǐ Ƣǂ ʐǃƭǍʓƦ ƪƣǯȅƢ ȅ ƿȀʒƣǼǿ ρǻ ǆˬɓ

ʑʒƣǼȀȃƢǂ ƎǽƢǄȆǻƖ ǋǿƢƾ ȂƦ ȁƿǿǄƣǈ ʐƣȃƾǂȆƼǄƣƦ ȂƠƢǂƢ ȅ ǪʓǷƣɔƬ ǃƬ Ǯʓǯƾ

ǂƾƣɓ ȅ ǃϝʒƾ ǽƣǼǸǡǻ ƣƦ ρǠƣǉǻ ϗʒǃǍƬ ȅ ƫɓǂƣǍǻ ȅ ǽƢǄȆǻƖ ǋǿƢƾ

ȅ ρǸʓǌ ǃʓǝǿ ƣȃǂȆǍɓ ǄƢ ρƼǃƦ ǂƾ ȂƭƧǷƢ .ƿȀȀɓ ρǻ Ȃǈǂƿǻ ρǌǄȆǻƖ

ǂƾ Ƣǂ ƫǠƣǈ Ȑȕ ƣƬ ȐȒ ǾʓƦ żƣƧʒǃǰƬ ȂƭǬȃ ǂƾ ƿǿƢ ǪǜȆǻ ǽƣǼǸǡǻ ƣϚʒǃǻƖ

.ƿȀǌƣƦ ǃǔƣƸ ǆǂƾ ǆˬɓ

ǂƣʓǉƦ ǽƖ ʐǂƢǁɠǃưƢ ƾǂȆǻ ǂƾ ρǼǸǡǻ ϓǻƢȆƴ ǂƾ Ȃɓ ǃϝʒƾ ǶǻƣǠ ϗʒ

.ƫǈƢ ρǼǸǡǻ ȂǫǃƸ ʐƣʒƢǅǻ ȅ ǭȆǰƸ ǽƢǅʓǻ ƎƾȆǌ ρǻ ȂƭǬɠ Ǿƽǈ

ǽƢǅʓǻ ƎȂƭǫƣʒ ȂǡǈȆƬ ʐƣȃǂȆǍɓ ǂƾ ƫʓƦǃƬ ȅ ǺʓǸǡƬ ǽƣǈƣȀǌǂƣɓ ǄƢ ʐǂƣʓǉƦ

ƾƢǃǫƢ ƫǌƢƿȄɡǿ ȅ Ƥǁƴ ǂƾ ρǼȄǻ ǂƣʓǉƦ ǶǻƣǠ Ƣǂ ǽƣǼǸǡǻ ρƭǫƣʒǂƾ

Ǫʒƣǜȅ ǹƣƵǿƢ ʐƢǃƦ ρǿƢȅǂ ƤȆǸǙǻ ǇƸ ƾƣƵʒƢ ȅ ρǼǸǡǻ ȂǫǃƸ ǂƾ ƿȀǼǿƢȆƬ

ǃƵȀǻ ƿǿƢȆƬ ρǻ ǽƣǼǸǡǻ ρǷƣǻ ǾʓǻƣƬ ǹƿǠ .ƿȀǿƢƾ ρǻ ƫʓƦǃƬ ȅ ǺʓǸǡƬ ǃʓǙƼ

ƣȃ
 Ȃ
ƭǌ
Ȇǿ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȗ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ǃƦ Ǝȁƿǌ ρǌǄȆǻƖ ȂƼǃȵ ǄƢ ƿȀǼǿƢȆƬ ʐƣȃȅǃʓǿ ρϚʒǅʓǫ ȅ ρǿƢȅǂ ƲȅǃƼ ȂƦ

.ƾǂƢǁϝƦ ʑƦȆǸǙǻƣǿ ƪƢǃʓưƣƬ Ǻƭǉʓǈ ǽƖ ǂƾ ǃǔƣƸ ǽƣǼǸǡǻ ƾǃϚǸǼǠ

ǾϚǼǻ Ȃɓ ƫǈƢ ʐǃϝʒƾ ǶǻƣǠ ǽƣǼǸǡǻ ρǠƣǼƭƴƢ ȁƣϝʒƣƴ ȅ ǂƣƧƭǠƢ

ƿǿˬȀǫ ǂƾ .ƾȆǌ ρǰǸƬ ǃưȆǻ ρǌǄȆǻƖ ƫʓǡǔȅ ƾȆƧȄƦ ȅ ƿǌǂ ǂƾ ƫǈƢ

ȅǅƴ ρǼǸǡǻ ƎƫǈƢ ȁǃȄǌ ρǷƣǠ ρǌǄȆǻƖ Ǻƭǉʓǈ ǾƭǌƢƾ ȂƦ Ȃɓ ʐǂȆǍɓ

Ÿ ƫǷƣɓȅ ȅ ʐǂƣǼǡǻ ƎρϚǌǅȩ ǄƢ ǃƬ˫ƣƦ ρƭƸ ŸǽƣǿƢȆƴ ǂƢƿǫǃǘǃȩ Ȃƭǌǂ Ȃǈ

ρɡƭǉʒƣǌ ʐƢǂƢƾ ƿʒƣƦ ȂǫǃƸ ǾʒƢ ȂƦ ƾȅǂȅ ʐƢǃƦ ƾƢǃǫƢ ȅ ƿʒƖ ρǻ ƤƣǉƸ ȂƦ

ƫʒȆǰƬ ƣƦ ƎȂǫǃƸ ϗʒ ǽƢȆȀǠ ȂƦ ρǼǸǡǻ .ƿȀǌƣƦ ʑʒ˫ƣƦ ρǯˬƼƢ ȅ ʐƢ ȂǫǃƸ

ρǸǐƢ ȁƿȀȀɓ ǶǰƭȀǻ ǽƣǼǸǡǻ ȅ ƫǈƢ ȁƾǂȆƼ ȁǃɠ ƿǿˬȀǫ ρǸǻ ɟȀȃǃǫ

.ƿȀʒƖ ρǻ ƤƣǉƸ ȂƦ ǂȆǍɓ ǾʒƢ ǂƾ ɟȀȃǃǫ

ǽƣǼǸǡǻ ρǠƣǼƭƴƢ ȁƣϝʒƣƴ ǽƢȆʒƣƬ ȅ ʑƦȆȀƴ ȁǃɓ ǂƾ ƿǿˬȀǫ ƿȀǿƣǼȃ

ǂƾ ǂƢƿǫǃǘǃȩ ʐƣȃ Ȃƭǌǂ ǄƢ ρϚʒ ρǼǸǡǻ Ȃƭǌǂ .ƫǈƢ ȁƿǌ ǊǂƢǅɠ ˫ƣƦ

Ȃƭǌǂ ǾʒƢ ȁƣϝǍǿƢƾ ǂƾ ǽƢǄȆǻƖ ǋǿƢƾ ǄƢ ʐǂƣʓǉƦ ȅ ƿʒƖ ρǻ ƤƣǉƸ ȂƦ ȁǃɓ

ǂȆǘ ȂƦ ʐƢ ȁǃɓ ǽƣǼǸǡǻ OECD ǊǂƢǅɠ ǮƦƣǙǻ .ƿȀȀɓ ρǻ ƤƣƽƭǿƢ Ƣǂ

ǄƢ ρϚʒ ˫ƣƦ Ȃƴȅ ǾʒƢ ȅ ƿǿǂƢƾ ʑʒ˫Ƣȅ ρǠƣǼƭƴƢ ǊǄǂƢ ȅ ȁƣϝʒƣƴ ρƭȀǈ

.ƿʒƖ ρǻ ƤƣǉƸ ȂƦ ȂǫǃƸ ȅ Ƕǥǌ ǾʒƢ ȂƦ ǃƬǃƦ ʐƣȃƾƢƿǡƭǈƢ Ƥǁƴ Ƕʒ˫ƾ

Ȃǉǈƛǻ ȅ ǇϚǈƣǈ ȁƣϝǍǿƢƾ ǂƾ ȐȘȏȑ ǵƣǈ ǂƾ Ȃɓ ρǰʓǰƹƬ ǂƾ

ǂƾ ρǼǸǡǻ ȂǫǃƸ Ȃɓ ƿǌ ȁƾƢƾ ǽƣǍǿ Ǝƫǫǃɠ ƪǂȆǐ Varkey GEMS

.ƫǈƢ ǂƢƾǂȆƼǃƦ ƣȃǂȆǍɓ ǃʒƣǈ ȂƦ ƫƧǉǿ ʐǃƬ˫ƣƦ ǹƢǃƭƸƢ ǄƢ ǽƣǿȆʒ ȅ Ǿʓȵ

ƎƿȀɓ ρǻ Ȃǉʒƣǰǻ ǃϝʒƿϚʒ ƣƦ Ƣǂ ǽƣȄƴ ǂȆǍɓ Ȑȏ Ȃɓ ǊǂƢǅɠ ǾʒƢ ʐƣȃ ȁƾƢƾ

ȅ ƣʓǈƖ ǭǃǌ ʐƣȃǂȆǍɓ ǂƾ ǽƣǼǸǡǻ ρǠƣǼƭƴƢ ȁƣϝʒƣƴ Ȃɓ ƫƼƣǈ Ǿǌȅǂ

.ƫǈƢ ǃƬ˫ƣƦ ƣϚʒǃǻƖ ȅ (ǽƣǿȆʒ ǅƴ ȂƦ) ʐƣȩȅǂƢ ʐƣȃǂȆǍɓ ȂǼȃ ǄƢ ǽƣǿȆʒ

ǽƣǼǸǡǻ ʐƢ ȂǫǃƸ ȅ ρǑǑƽƬ ǋǿƢƾ Ÿ ȑ

ǃȃ ʐƢǃƦ ǹǄ˫ ǗʒƢǃǌ ǄƢ ρϚʒ ǽƣǼǸǡǻ ʐƢ ȂǫǃƸ ȅ ρǑǑƽƬ ǋǿƢƾ

ǶǻƢȆǠ ǄƢ ρϚʒ ƿǿƢȆƬ ρǻ ȂƵʓƭǿ ǂƾ ȅ ƿʒƖ ρǻ ƤƣǉƸ ȂƦ ρǈǂƾ ǆˬɓ

ǂƾ ρǌǄȆǻƖ Ǻƭǉʓǈ ǃȃ ǽƢǄȆǻƖ ǋǿƢƾ ƾǃϚǸǼǠ ǮʓǫȆƬ ǹƿǠ ƣʒ ǮʓǫȆƬ

ʐƣȃ ʐǂȅ ȁǃȄƦ ȅ ȂƧƬǂ ƣƦ ǃʓǥƭǻ ǾʒƢ ρɡƭǉƧǼȃ ȂȀʓǻǄ ǂƾ .ƾȆǌ Ȃƭǫǃɠ ǃǝǿ

ǹƣƵǿƢ ǽƢǃʒƢ ȂǸǼƴ ǄƢ ȅ ƣȃǂȆǍɓ ǄƢ ʐǂƣʓǉƦ ǂƾ ρǸǑǬǻ ƪƣǡǷƣǙǻ ρǌǄȆǻƖ

ǖǃǌ ɑǂƿǻ ǾƭǌƢƾ ǩǃǐ Ȃɓ ƫǈƢ ȁƿǌ ǹȆǸǡǻ ȂƦǃƵƬ ȂƦ .ƫǈƢ Ȃƭǫǃɠ

ƪƢƿʓȄǼƬ ȁǂƣƦ ǾʒƢ ǂƾ ȅ ƫǉʓǿ ƥǈƣȀǻ ρǌǄȆǻƖ ǏǑƽƬ ȅ ǋǿƢƾ ƫʒƣǬɓ

ƫʓǬʓɓ ƎρǼǸǡǻ ȂǫǃƸ ȂƦ ƾƢǃǫƢ Ƥǁƴ ȁȆƹǿ :ȂǸǼƴ ǄƢ ƫǈƢ ǹǄ˫ ρǠȆȀƭǻ

ȁƣϝǍǿƢƾ ǽƢǃʒƢ ǂƾ ȅ ǃǻƢ ǾʒƢ ρǑǑƽƬ ʐƣȃ ǽȆǿƣɓ ǂƾ ʐƢ ȂǫǃƸ ǊǄȆǻƖ

.ǾʓǼǸǡǻ ƥǈƣȀǻ ǟʒǄȆƬ ȅ ρȃƿǿƣǻǄƣǈ ƎǾƭǌƢƿȄɡǿ Ǆȅǂ ȂƦ ƎǽƣʓɡȀȃǃǫ

ǽƢǄȆǻƖ ǋǿƢƾ ȁƿǌ ǹƣƵǿƢ ǪʓǷƣɔƬ ǽƢǅʓǻŸ Ȓ

ǹƣƵǿƢ ǩǃǐ Ƣǂ ρƬȅƣǬƭǻ ƪƣǯȅƢ ǪǸƭƽǻ ʐƣȃǂȆǍɓ ǂƾ ǽƢǄȆǻƖ ǋǿƢƾ

Ȃɓ ƫǈƢ ρǸǻƣǠ ǾʒƢ ƿǈǂ ρǻ ǃǝǿ ȂƦ .ƿȀȀɓ ρǻ ƾȆƼ ρǈǂƾ ǪʓǷƣɔƬ

ǄƢ ȁƿǻƖǃƦ ʐƣȃ ȁƾƢƾ ρƼǃƦ ȂƦ ρȃƣɡǿ .ƿʓǌȆȩ ǺǍȵ ǽƖ ǄƢ ρƭƸƢǂ ȂƦ ƿʒƣƧǿ

ʐǂȆȩƣɡȀǈ ǽƢǄȆǻƖ ǋǿƢƾ ǵƣƱǻ ʐƢǃƦ Ȃɓ ƿȃƾ  ρǻ ǽƣǍǿ ƎρǿƣȄƴ ƪƣǡǷƣǙǻ

ǪʓǷƣɔƬ ǹƣƵǿƢ ǩǃǐ Ƣǂ ƫǠƣǈ ȏȓ ƾȅƿƸ ρǿƣǻǄ ȂƭǬȃ ǃȃ ρɡȀɓ ɟȀȃ ȅ

Ȃǈ ǄƢ ǃƭǼɓ ƣȄȀƬ ʐƿǿˬȀǫ ǽƢǄȆǻƖ ǋǿƢƾ Ȃɓ ρǷƣƸ ǂƾ ƿȀȀɓ ρǻ ρǔƣʒǂ

ǂƣǡǌ) ƿȀȃƾ ρǻ ǎƣǑƭƼƢ ǃǻƢ ǾʒƢ ȂƦ ȂƭǬȃ ǂƾ Ƣǂ ƾȆƼ ƫǯȅ ǄƢ ƫǠƣǈ

ǄƢ ǃƭǼɓ ʐƢ ȁǃɓ ǽƢǄȆǻƖ ǋǿƢƾ ȅ (ƫǈƢ Less is moreʐƿǿˬȀǫ ǊǄȆǻƖ

ρǷƣƸ ǂƾ ƎƿȀƭǉȃ ǵȆǥǍǻ ǂȆǻƢ ǾʒƢ ǹƣƵǿƢ ȂƦ ȂƭǬȃ ǂƾ ƫǠƣǈ Ǻʓǿ ȅ ǂƣȄȵ

ǹǃǿ ʐ˫ƣƦ ȅ ϗʒƾǅǿ ǃϝʒƿϚʒ ȂƦ żƣƧʒǃǰƬ ƣȃǂȆǍɓ ǾʒƢ ȁǃǼǿ Ǿʓɡǿƣʓǻ Ȃɓ

.ƫǈƢ Ƣǅʓȩ ȅ ǅǼʓƬ ȂǡǷƣǙǻ

ǽƢǅʓǻ ǂƾ ƿǿƢȆƬ ρǻ ǅʓǿ ʐǃϝʒƾ ʐƣȃ ǶǻƣǠ Ǝ˫ƣƦ ƾǂƢȆǻ ǃƦ  ȁȅˬǠ

ǽƢǅʓǻ .ƿǌƣƦ ǃưƛǻ Ǻƭǉʓǈ ϗʒ ǽƢǄȆǻƖ ǋǿƢƾ ǮʓǫȆƬ ǹƿǠ ƣʒ ǮʓǫȆƬ

ρǈǃƭǈƾ ǽƢǅʓǻ ƎρǌǄȆǻƖ ƤȆǸǙǻ ƫʓǬʓɓ ƣƦ ʐƣȃ Ƥƣƭɓ ȂƦ ρǈǃƭǈƾ

ƎȂǈǂƿǻ ρϚʒǅʓǫ ǂƣƭƼƣǈ ƎρǌǄȆǻƖ ȂǿƣɠƿȀȵ ʐƣȃ Ȃǿƣǈǂ ȅ ƫǿǃƭȀʒƢ ȂƦ

ƫɓǂƣǍǻ ǽƢǅʓǻ ȅ ƣʓǷȅƢ ǋǿƢƾ ώǙǈ ƎȂǈǂƿǻ ʑʒƢǃƴƢ ǶǻƢȆǠ ȅ ƫʒǃʒƿǻ

ʐƣȃ ǆˬɓ ǂƾ ǽƢǄȆǻƖ ǋǿƢƾ ϓǯȆǻ ȂƦ ǂȆǕƸ Ǝʐǃʓɠƾƣʒ ƿȀʒƢǃǫ ǂƾ ǽƣǿƖ

ǂƢǁɠǃʓưƙƬ ǂƣʓǉƦ ǶǻƢȆǠ ǄƢ ρϚʒ ƿǿƢȆƬ ρǻ Ȃɓ) ƫƧʓǤ ǾƭǌƢƿǿ ȅ ǆǂƾ

ƿǿƢȆƬ ρǻ Ȃɓ) ρǔƣʒǂ ǆǂƾ ȂƦ ǽƢǄȆǻƖ ǋǿƢƾ ǋʒƢǃɠ ȅ ȁǅʓɡǿƢ Ǝ(ƿǌƣƦ

ȂʓƧǌ ʑʒƣȃǅʓȵ ȅ (ƿǌƣƦ ρǠƣǼƭƴƢ ȅ ρǙʓƹǻ ǞȆȀƭǻ ǶǻƢȆǠ ǄƢ ǃưƙƭǻ

ǃǻƢ ɸƿʓȶʓȩ ƥǿƢȆƴ ǂƾ ǃƭǍʓƦ ǮǼǡƬ ʐƢǃƦ ʑʒƣȃ ȁƾƢƾ ρϝǼȃ Ȃɓ ǾʒƢ ȂƦ

.ƿǿȆǌ ρǻ ǊǂƢǅɠ ȅ ρǈǂǃƦ ǅǼʓƬ ȂǡǷƣǙǻ ƪƣʓƠǅƴ ǂƾ ȅ ƿǿƢ ǊǄȆǻƖ

Ƣǂƿǐˬǻ ƫʓƦǃƬ ȅ ǺʓǸǡƬ ȁƣϝǍȃȅɈȩ ƎǽƣƵǿǄ ǽƣƭǈƢ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ �

ƣȃ
 Ȃ
ƭǌ
Ȇǿ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȐȘ

ȆƵǍǿƢƾ ȅ ƾƣƭǈƢ ɑǃƭǍǻ ρǔƣʒǂ ɹǷƣǰǻ
ƯƹƦ ʐƢǃƦ ρǠȆǔȆǻ

� ʐǃʓȀǻ ρǕƬǃǻ

ȂȀʓǻǄ ǋʓȩ

Ƣƿʓȩ ȂƴȆƬ ǽƖ ȂƦ ρǔƣʒǂ ɹǡǻƣƴ żƢǃʓƼƢ Ȃɓ ρǼȄǻ ƪƣǠȆǔȆǻ ǄƢ ρϚʒ

ƣʒ ȂǷƣǰǻ ȁɈʒȅ ȂƦ ȅ ʐǃƭɓƾ ǽƣʒȆƵǍǿƢƾ ρǸʓǑƹƭǷƢ Ǣǂƣǫ ǗʒƢǃǌ Ǝȁƾǃɓ

ƪǂȆǐ ȂƦ ƎȂǷƣǈǂ ǄƢ Ǟƣǫƾ ǄƢ ǶƧǯ ƫǉʒƣƦ ρǻ ƣȄǿƖ Ȃɓ ƫǈƢ ʑʒƣȃ ȂǷƣǰǻ

ɹǷƣǰǻ Ǝǽƣʓǻ ǾʒƢ ǂƾ .ƿȀȀɓ ȂƠƢǂƢ Ǝȁƿǌ Ȃƭǫǃʒǁȩ ǶǯƢƿƸ ƣʒ ȁƿǌ ȧƣȵ

ƎȂǿȆǼǿ ʐƢǃƦ .ƫǈƢ ǆƣǉƸ ǂƣʓǉƦ ƾǂƢȆǻ ǄƢ ƎȆƵǍǿƢƾ ȅ ƾƣƭǈƢ ɑǃƭǍǻ

ƪƣǠȆǔȆǻ ǃƦ ʐǂȅǃǻ Ƕǻƣǌ Ǝ[ȓ] ϓƴǃǻ .ƿʓȀʓƧƦ Ƣǂ [ȏƎȐƎȑƎȒ] ϓƴƢǃǻ

.ƫǈƢ ρǔƣʒǂ ǋȃȅɈȩ ƣƦ ǗƧƬǃǻ ǪǸƭƽǻ

Ȃɓ ƫǉʓǿ ρǿƿʒƿȀǉȩ Ȃɓ ƿȀɓ ρǻ ǵ˫ƿƭǈƢ [ȏ] ǂƾ ʐƾǂȆƴ˫ ȁȅƣɓ

ȅƢ .ƾȆǌ ǃɓǀ ǋʒȆƵǍǿƢƾ ɹǷƣǈǂ ǄƢ Ʋǃƽƭǉǻ ɹǷƣǰǻ ǂƾ ƣǼȀȃƢǂ ƾƣƭǈƢ ǹƣǿ

ȂƦ [Ȑ] ǂƾ ǅʓǿ ρǿƣȄǍȄǌ Ǌȅƣʓǈ .ƿȀʓƦ ρǻ ƾƣƭǈƢ ǽƙǌ ǄƢ ǂȅƾ Ƣǂ ǂƣɓ ǾʒƢ

ƾƢɈǿ ǾʒǂƖ ƾȆǡǉǻ ƣǻƢ .ƫǈƢ ȂƭƼƢƾǃȩ ȂȀʓǻǄ ǾʒƢ ǂƾ ƾȆƴȆǻ ϓǔȅ ǄƢ ƾƣǰƭǿƢ

Ƣǂ [ȏ] ǂƾ ȁƿǌ ƶǃǙǻ ʐƣȃ ǵ˫ƿƭǈƢ ǶǯƢƿƸ ȅ ƾǂƢƾ ƪȅƣǬƭǻ ʐǃǝǿ [ȑ] ǂƾ

ƶǃǙǻ ʐƣȃ ǵ˫ƿƭǈƢ ǄƢ ʐƾƿƵǻ Ǟƣǫƾ [Ȓ] ȂƭǌȆǿ .ƿǿƢƾ ρǼǿ ȁƿȀȀɓ ϓǿƣǯ

ƎȂǿ ƣʒ ƫǈƢ ρǿƿʒƿȀǉȩ ʐǂƣɓ ƎȂɔȀʒƢ ƾǂȆǻ ǂƾ ȂƭƧǷƢ .ƫǈƢ [ȏ] ǂƾ ȁƿǌ

ρǑƽǌ ȅ ρȀʓǠǃʓǤ ʐǃǻƢ ƿʒƣǌ ȅ ƾǃɓ ǃǝǿǂƣȄǜƢ ƫʓǡǘƣǯ ƣƦ ǽƢȆƬ ρǼǿ

ϗǼɓ ǽƢǅʓǻ .ƾǂƢƾ Ǻȃ ʐǃϝʒƾ ɹƧȀƴ ƯƹƦ ƾǂȆǻ ǞȆǔȆǻ ƣǻƢ ƎƿǌƣƦ

ǞȆǔȆǻ ϗʒ ǋǍȃȅɈȩ ǽƾǃƦ ȆǸƴ ǂƾ ȆƵǍǿƢƾ ȂƦ ƾƣƭǈƢ ǹǄ˫ ȅ ρǿȆǿƣǯ

ǖǃǌ ȂǷƣǰǻ Ǌǂƣɡǿ ƎƿȀǿƢƾ ρǻ ȂǼȃ Ȃɓ ǂȆǙǿƣǼȃ ǃɠƢ .ƫǈƢ ρȀʓǠ ͆ˬǻƣɓ

ǽƢȆƬ ρǼǿ Ǉȩ Ǝƫǉʓǿ ρƴǂƣƼ ɞǂǅƦ ʐƣȃ ȁƣϝǍǿƢƾ ǂƾ ρǸʓǑƹƭǷƢ Ǣǂƣǫ

.ǺʒǃʓϝƦ ƾƣʒ ƾǂȆǻ ǾʒƢ ǂƾ ʐƾƣʒǄ ǅʓȵ ƣȄǿƖ ǄƢ ǺʓǿƢȆƭƦ Ȃɓ ƫǌƢƾ ƿʓǻƢ

Ǝǃϝʒƾ ǩǃǘ ǄƢ .ƾǂƢƾ ρǸƼƢƾ ǞƣǼƴƢ ȂƦ Ǆƣʓǿ Ȃɓ ƫǈƢ ρǠȆǔȆǻ ǾʒƢ

ǃƦ ȂǫƣǔƢ ʐǂƣƦ ǽƢȆȀǠ ȂƦ ǽƢȆƬ ρǻ Ƣǂ ȆƵǍǿƢƾ ʐƢǃƦ ȂǷƣǰǻ ǾƭǌƢƾ ǹȅǅǷ

ȂǡǷƣǙǻ ǹƣƵǿƢ ǄƢ Ƣǂ ȅƢ ƿǿƢȆƬ ρǻ Ȃɓ ʐǂƣƦ .ƫǉǿƢƾ Ǻȃ ȅƢ ƾƣƭǈƢ Ǌȅƾ

ƾƣƭǈƢ ǽƢǃʒƢ ǂƾ Ǝǃϝʒƾ ƪǂƣƧǠ ȂƦ .ƾǂƢƾ ǄƣƦ Ǌǃǝǿ ƾǂȆǻ ǋȃȅɈȩ ƣʒ ȅ

ǋǿƣʒȆƵǍǿƢƾ ǋȃȅɈȩ ǂƾ ǊƢ ρƴǂƣƼ ǽƢǂƣϚǼȃ ǄƢ ǃƬƢǃǫ ƫǉʒƣƦ ρǻ

.ƿȀɓ ƫǷƣƼƾ

ȂǻƢƾƢ ǂƾ (ρǈƿʓǸǯƢ ƫȀǈ ǮƦƣǙǻ) ȁƾǃǍǫ ƪǂȆǐ ȂƦ Ȃɓ ρƬƣɔǿ

ǾʓȀȶǼȃ ȅ ǽƢǂƣϚǼȃ ƣƦ ʐƣȃ ƯƹƦ ƎρǑƽǌ ƪƣʓƦǃƵƬ ǶǑƸƣǻ ƎƿȀʒƖ ρǻ

ȂȶǿƖ ɹǫƣǔƢ ȂƦ ȂƭƧǷƢ ƎƫǈƢ ƎƿǿƢ ȁƿǻƖ ϓƴƢǃǻ ǂƾ ȂȶǿƖ ǶʓƧǯ ǄƢ ʑʒƣȃ ȂƭǌȆǿ

ǾʒƢ ɸƿǿǂƣɡǿ ƾƣǰƭǠƢ ȂƦ .ƿȀɓ ρǻ ƕƣǕƭǯƢ ǺʓǸǈ ǶǰǠ ƥǿƣƵȀʒƢ ǃǝǿ ȂƦ Ȃɓ

ƎȂʒƣȀɓ ȅ ǂƣǡǌ ȅ ǃǡǌ ǄƢ ǂȅƾ ȂƦ ƣȃ ȂƭǈƢȆƼ Ǿǌȅǂ ȅ Ʒʒǃǐ ȂƠƢǂƢ ƎǂȆǙǈ

ƾȆǡǉǻ ǵȆǯ ȂƦ .ƫǈƣȄǿƖ ǮǰƹƬ ǃʓǉǻ ǽƾǃɓ ǂƢȆǼȃ ʐƢǃƦ ȁƢǂ ǾʒǃƭȄƦ

ρǸʓǼɔƬ ƪˬʓǑƹƬ ȅ ρǷƣǠ ǊǄȆǻƖ ǽƢȅƢǃǫ ǶƠƣǉǻ¬ :[ȑ] ƾƢɈǿ ǾʒǂƖ

ƣǻ ǋȃȅɈȩ ȅ ǺǸǠ ǶƠƣǉǻ ǭƣǬƬƢ ȂƦ ƥʒǃǯ ǃƱɓƢ ǶƱǻ ƣǻ ʐƣȃ ȁƣϝǍǿƢƾ

«Ķ ƿȀƭǉȃ ȂǿƢǂȆǉƴ ȅ Ʒʒǃǐ ʐƣȃ ʐȆɡƭǬɠ ȅ ƯƹƦ ƿȀǻǄƣʓǿ

ρǸǐƢ ɹǸơǉǻ

ƎρǯˬƼƢ ʐȅƣǠƾ ǄƢ Ǣǂƣǫ ƯƹƦ ƾǂȆǻ ǞȆǔȆǻ ɹȀʓǻǄ ǂƾ Ǝȁƿǿǂƣɡǿ ǃǝǿ ȂƦ

ʐƣȃ ȁƢǂ ǾʓƦ ρǸǻƣɓ ρɡȀȃƣǼȃ ǽƢȆƭƦ ǶϚǍǻ Ȃɓ ƫǈƢ ǽƖ ρǸǐƢ ɹǸơǉǻ

ρǍȃȅɈȩ ɹǷƣǰǻ Ǌǂƣɡǿ ɸȆƹǿ ȅ ǋȃȅɈȩ ǾƭƼȆǻƖ ǩƿȃ ȅƾ ȂƦ ǽƿʓǈǂ

ʐƣȃ ȂǷƣǰǻ ǋʒƢǅǫƢ ȅ ƎȂȀʓǻǄ ǾʒƢ ǂƾ ȅƢ ʑƦƣʒǄǂƢ ƫʒƣȄǿ ǂƾ  ȅ ȆƵǍǿƢƾ ȂƦ

.ƾǃɓ ǂƢǃǯǃƦ ƎρǿƢǃʒƢ ǽƢǃϝǍȃȅɈȩ ǗǈȆƬ ȁƿǌ ǃǍƭȀǻ ƫʓǬʓɓ ƣƦ ρǍȃȅɈȩ

ƣʒƖ .ƾǃɓ ƿȀȃƢȆƼ ǃƬ Ǿǌȅǂ Ƣǂ ǞȆǔȆǻ ǾʒƢ ƎƿȀʒƖ ρǻ ȂǻƢƾƢ ǂƾ Ȃɓ ρƬƣɔǿ

ȂƦ ʐƿȀƦ ϓǼƴ ǄƢ Ǉȩ ȂǻƢƾƢǂƾ ƔƾǂƢƾ ƾȆƴȅ ρǸƸ ȁƢǂ ƎȂǸơǉǻ ǾʒƢ ǶƸ ʐƢǃƦ

ǃǝǿ ǵƾƣƧƬ ȅ ƯƹƦ ʐƢǃƦ ʐƢ ȂȀʓǻǄ ƾƣƵʒƢ ǩƿȃ .ǺʒǄƢƾǃȩ ρǻ ǞȆǔȆǻ ǾʒƢ

.ʑʒƣȄǿ ρǸƸ ȁƢǂ ɹƠƢǂƢ ƣƬ ƫǈƢ ρǔƣʒǂ ɹǡǻƣƴ ǂƾ ǺȄǻ ǞȆǔȆǻ ǾʒƢ ƾǂȆǻ ǂƾ

ƎǋʒƣǼȀȃƢǂ ƾƣƭǈƢ ȅ ʐǃƭɓƾ ɸǂȅƾ ʐȆƵǍǿƢƾ ɑǃƭǍǻ ȂǷƣǰǻ ƾǂȆǻ ǂƾ

.ƿȀǯƾƣǐǃʒǄ ρǈƣǈƢ ƪƣɔǿ ƎρǿƣȄƴ ȅ ρǸƼƢƾ ώǙǈ ȅƾ ǂƾ

:ρǿƣȄƴ ρǔƣʒǂ  ɟȀȃǃǫ ǂƾ

.ƫǉʓǿ ǹȆǈǃǻ ȆƵǍǿƢƾ ƣƦ ɑǃƭǍǻ ɹǷƣǰǻ ǾƭǌȆǿ ĵ

ƣȄǿƖ ǽƢƾƣƭǈƢ ƫǯȅ ρǍȃȅɈȩ ɹȀʓǻǄ ǂƾ żƣǻȅǅǷ ǽƣʒȆƵǍǿƢƾ ɹǷƣǈǂ ĵ

.ƿȀƭǉʓǿ

ɑǃƭǍǻ ɹǷƣǰǻ ǄƢ ʐƾǂȆǻ ȴʓȃ Ȃɓ ƫǉʓǿ ǾʓȀȵ ƎǵƣƸ ǾʓǠ ǂƾ ĵ

.ƿǌƣƦ ȂƭǌƢƿǿ ƾȆƴȅ ȆƵǍǿƢƾ ƣƦ ƣǼȀȃƢǂ ƾƣƭǈƢ

ǽƣʒȆƵǍǿƢƾ ρǸʓǑƹƭǷƢ Ǣǂƣǫ ʐƢǃƦ ǹǄ˫ ǖǃǌ ȂǷƣǰǻ ǾƭǌȆǿ ĵ

.ƫǉʓǿ

AMS ʐƣȃ ȂʓǿƣʓƦ ȂƦ ǃɠƢ ƎȂǿȆǼǿ ʐƢǃƦ .ƾǂƢƾ ƯƹƦ ρǼɓ ȂƦ Ǆƣʓǿ ǵȅƢ ɹƭɔǿ

ƣȃ
 Ȃ
ƭǌ
Ȇǿ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
Ȑȏ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ȁƿǌ ǃǍƭȀǻ ρǔƣʒǂ ρȃƣϝǍǿƢƾ ǊǄȆǻƖ ȅ ǋȃȅɈȩ  ɟȀȃǃǫ ǎȆǑƼ ǂƾ

ȁƿȃƣǍǻ ƣȄǿƖ ǂƾ Ƣǂ ρȀƹǷ ǃʓʓǥƬ ƎǺʓȀɓ ȂƴȆƬ ȐȘȏȐ ȅ ȐȘȘȓ ǵƣǈ ȅƾ ǂƾ

ɑǃƭǍǻ ɹǷƣǰǻ Ǌǂƣɡǿ Ǻǈǂ ƾȆƴȅ ƫƸƢǃǐ ȂƦ ρǷȅƢ ǂƾ .ǺʓȀɓ ρǻ

ρǻȅƾ ǂƾ ρǷȅ ƎƾȆǌ ρǻ ρ Ǭǿ ƎȆƵǍǿƢƾ ȅ ƾƣƭǈƢ ǗǈȆƬ ȂǷƣǈǂ ǄƢ Ʋǃƽƭǉǻ

ʑʒƣȃ ȂǷƣǰǻ ǾʓȀȵ ƾǂƢȆǻ ɹǼȃ ǂƾ Ȃɓ ƫǉʓǿ ǾʓȀȵ Ȃɓ ƾȆǌ ρǻ ƿʓɓƙƬ ƣȄȀƬ

ƿǿȆǌ ρǻ Ȃƭǌƣɡǿ ʑʒƣȃ ȂǷƣǰǻ ǾʓȀȵ ƾǂƢȆǻ ρƼǃƦ ǂƾ ƣȄȀƬ ƣʒ ƎƿǿȆǌ Ȃƭǌƣɡǿ

.[ȕ ȅ Ȕ]

:ƣǻ ʐƣȃ ȁƣϝǍǿƢƾ ρǸǡǫ ƫʓǡǔȅ ǂƾ

ρǍȃȅɈȩ ɹǷƣǰǻ ȅƾ ƣʒ ϗʒ ǶǯƢƿƸ Ǌǂƣɡǿ ȂƦ ǪǜȆǻ ȆƵǍǿƢƾ ĵ

.ƫǈƢ Ǟƣǫƾ ǄȆƵǻ ƫǫƣʒǂƾ ʐƢǃƦ

ƣȄǿƖ ǽƢƾƣƭǈƢ ʐƢǃƦ ȂǷƣǰǻ Ǌǂƣɡǿ ȂƦ ʐǃƭɓƾ ǽƣʒȆƵǍǿƢƾ ǪʓǸɔƬ ĵ

.ƾǂȅƖ ρǻ ƾȆƴȆƦ ƫʓǷȆơǉǻ

ƾȆƼ ǽƢƾƣƭǈƢ ʐǂƣϚǼȃ ƿȀǻǄƣʓǿ  ƎȂǷƣǰǻ Ǌǂƣɡǿ ʐƢǃƦ ǽƣʒȆƵǍǿƢƾ ĵ

.ƿȀƭǉȃ

ƎȂǷƣǰǻ Ǌǂƣɡǿ ǂƾ ǽƣʒȆƵǍǿƢƾ ƣƦ ρȃƢǃǼȃ ȂƦ ǽƢƾƣƭǈƢ ɹǬʓǜȅ ĵ

ǄƣƦ ƎǽƢƾƣƭǈƢ ǃϝʒƾ ƣƦ ɑǃƭǍǻ ƣʒ ʐƾƢǃǬǿƢ ȂǿƢƾƣƭǈƢ ǂƣɓ ǄƢ Ƣǂ ƣȄǿƖ

.ƾǂƢƾ ρǻ

ȂƦ ƫƧǉǿ ʐǃƬ Ǿʓʒƣȩ ώǙǈ ʑʒȆƵǍǿƢƾ ʐƣȃ ȂǷƣǰǻ ƎǞȆǼƵǻ ǂƾ ĵ

.ƿǿǂƢƾ ǽƢƾƣƭǈƢ ǗǈȆƬ ȁƿǌ Ȃƭǌƣɡǿ ʐƣȃ ȂǷƣǰǻ

:ƾȆƴȆǻ ϓǔȅ Ƴʒƣƭǿ ρƼǃƦ

ρǬʓɓ ώǙǈ ƫǫƢ ƯǠƣƦ ʐǃƭɓƾ ɸǂȅƾ ǂƾ ȂǷƣǰǻ ǾƭǌȆǿ ǖǃǌ ĵ

.ƾȆǌ ρǻ ǂȆǍɓ ǂƾ ȁƿǌ ȂƭǌȆǿ ρǔƣʒǂ ʐƣȃ ȂǷƣǰǻ

ȂƭǌȆǿ ǃƭȀʓʒƣȩ ƣʒ ǗǈȆƭǻ ώǙǈ ƣƦ ʐƣȃ ȂǷƣǰǻ ƾƢƿǡƬ Ǝǖǃǌ ǾʒƢ ƣƦ ƣǻƢ ĵ

.ƿƦƣʒ ρǻ ǋʒƢǅǫƢ ƎǂȆǍɓ ǂƾ ȁƿǌ

Ǝƣȃ ȂǷƣǰǻ ǾʒƢ ǄƢ ρƼǃƦ ǂƾ ƎƾǃɠƣǌŸƾƣƭǈƢ ǃƦƢǃƦƣǿ ɹǙƦƢǂ ƫǸǠ ȂƦ ĵ

ƳʒȅǃƬ ƎƿȀǌƣƦ ȂƭǌƢƿǿ ρǡǯƢȅ ρǍǰǿ ƣǼȀȃƢǂ ǽƢƾƣƭǈƢ ƫǈƢ ǾϚǼǻ

.ƥǸǰƬ

ʐƢǃƦ ρǌˬƬ ǽƢȆȀǠ ȂƦ ƎɑǃƭǍǻ ʐƣȃ ȂǷƣǰǻ ǄƢ ρƼǃƦ ǂƾ ĵ

ʐȆƵǍǿƢƾ ƫǈƢ ǾϚǼǻ ƎǶϚǌ ǃȃ ȂƦ ȆƵǍǿƢƾ ρǸʓǑƹƭǷƢ Ǣǂƣǫ

ƳʒȅǃƬ ƎƿǌƣƦ ȂƭǌƢƿǿ ȁƿȀǉʒȆǿ ǽƢȆȀǠ ȂƦ ρǫƣɓ ǺȄǈ ǃǝǿƾǂȆǻ

.ƥǸǰƬ

ʐƣȃ Ȃƭǌǂ ƾǂȆǻ ǂƾ ƣǻƢ ƎƿȀǯƾƣǐ ƪƣʓǔƣʒǂ ƾǂȆǻ ǂƾ ǭȆǫ ƪƣɔǿ :ǃɓǁƬ

ρǈƣǈƢ ρɠɈʒȅ ϗʒ .ƿǌƣƦ ƪȅƣǬƭǻ ͆ˬǻƣɓ ƿǿƢȆƬ ρǻ ƫʓǡǔȅ ǃϝʒƾ

ƫǯƾ ȂƦ Ƣǂ ȂǷƣǰǻ ǃȃ ǽƣǬǷƛǻ ǺȄǈ ǽƢȆƬ ρǼǿ Ȃɓ ƫǉǿƖ ρǔƣʒǂ ʐƣȃ ȂǷƣǰǻ

ɑǃƭǍǻ ρǔƣʒǂ ʐƣȃ ȂǷƣǰǻ .ƾǃɓ ǏƽǍǻ ʐƿǐǂƾ ƿǐ ƪǂȆǐ ȂƦ ȅ

.ƿȀƭǉȃ ƪƿǻ ρǿ˫Ȇǘ ȅ ǶǑǬǻ ƪƢǃǝǿ ǵƾƣƧƬ ǵȆǑƹǻ ƎρǡǯƢȅ

Ɣƾǃɓ ƿʒƣƦ Ȃȵ

:ƿǿǃʒǄ ǂƢǃǯ ǄƢ ƎƿȀǈǂ ρǻ Ǿȃǀ ȂƦ ƫǉƽǿ ɹǸȃȅ ǂƾ Ȃɓ ǾϚǼǻ ȁƢǂ ƿȀȵ

ʐƢǃƦ ƎƾƣƭǈƢ ƣƦ ɑǃƭǍǻ ɹǷƣǰǻ Ǌǂƣɡǿ ǮǸǙǻ ϓȀǻ :ǵȅƢ ȁƢǂ

.ȆƵǍǿƢƾ

ƪƢǂǃǰǻ ǾʒȅƿƬ ƣǻƢ ɑǃƭǍǻ ɹǷƣǰǻ Ǌǂƣɡǿ ǽƣϚǻƢ ǛǬƸ :ǹȅƾȁƢǂ

.ǽƖ ƾǂȆǻ ǂƾ Ǿǌȅǂ ȅ ώǔƢȅ

.Ǟƣǫƾ ǄƢ ǶƧǯ ȂǷƣǰǻ Ǌǂƣɡǿ ǖǃǌ ǩǁƸ :ǹȆǈ ȁƢǂ

ƎƿǿƢƾ ρǻ ǾϚǼǻ Ƣǂ ǹȅƾ ȁƢǂ ƣȄȀƬ ǂȆǙǈ ǾʒƢ ɸƿǿǂƣɡǿ  ƎρǸǡǫ ǗʒƢǃǌ ǂƾ

ȂʓǐȆƬ Ƣǂ ǃʒǄ ǗʒƢǃǌ ƫʒƣǠǂ Ǝȁƿǌ ƾƣʒ ǒǂƢȆǠ ǄƢ ʐǃʓɠ ǋʓȩ ʐƢǃƦ ƣǻƢ

:ƿȀɓ ρǻ

ȂǷƣǰǻ Ȃɓ ƾȆǌ ǃɓǀ ƎɑǃƭǍǻ ɹǷƣǰǻ ʐǂƢǅɠ ǆƣȪǈ ǋƽƦ ǂƾ . ȏ

.ƫǈƢ ƾƣƭǈƢ ʑʒƣǼȀȃƢǂ ƫƹƬ ȆƵǍǿƢƾ ɹǷƣǈǂ ǄƢ ρǍƽƦ

ǋʓȩ ɑǃƭǍǻ ɹǷƣǰǻ ϗʒ ǃƱɓƢƿƸ ȂƠƢǂƢ ȂƦ ǄƣƵǻ ȅƢ ƾ ƣƭǈƢ ȅ ȆƵǍǿƢƾ . Ȑ

.ƿȀǌƣƦ Ǟƣǫƾ ǄƢ

ǂƾ Ƣǂ Ǟƣǫƾ ʐƢǃƦ ǹǄ˫ ɹǷƣǰǻ ƾƢƿǡƬ Ȃɓ ƫǈƢ ǃƭȄƦ ƎρǸɓ ǂȆǘ ȂƦ . ȑ

.ƫǌƢƾ Ȃɡǿ Ǝϗʒ ρȀǡʒ ƎȂȀʓǼɓ ƿƸ

ǛǬƸ ǾǼǔ Ȃɓ ƫǌƢƾ ƿʓǻƢ ǽƢȆƬ ρǻ ǶʓƧǯ ǾʒƢ ǄƢ ρǙʒƢǃǌ ƫʒƣǠǂ ƣƦ

ƎǵȆǰǡǻ ʐƿƸ ǂƾ ǂȆǍɓ ǂƾ ȁƿǌ ǃǍƭȀǻ ρǔƣʒǂ ʐƣȃ ȂǷƣǰǻ ρǼɓ ώǙǈ

ǞȆǔȆǻ ǾʒƢ ƾǂȆǻ ǂƾ ǮǫƢȆƬ ƥǉɓ ȂƭƧǷƢ .ƿȀɔǿ ǵȅǅǿ ǅʓǿ ƣȄǿƖ ƫʓǬʓɓ

ǾʒƢ ƫǈƢ ƿʓǻƢ Ȃɓ ƫǈƢ ρǔƣʒǂ ɹǡǻƣƴ ǂƾ ǃƭǍʓƦ ƯƹƦ ƿȀǻǄƣʓǿ ƎǺȄǻ

ʐƣȃ ȂƭǈƢȆƼ ƥʒȆǑƬ ʐƿǡƦ ǹƿǯ .ƿǌƣƦ ǽƖ ʐƣƭǈƢǂ ǂƾ ρǻƿǯ ȂƭǌȆǿ

ƿȃƢȆƼ ρƬǂƢǄȅ ʐƣȃ ǶǼǡǷƢǂȆƭǈƾ ώǙǈ ǂƾ ρǔƣʒǂ ɹǡǻƣƴ Ǿǌȅǂ ȅ ǩƣǬǌ

ƪƢǃǝǿ ȅ ƣȃ ρɠɈʒȅ ȂƦ ȂƴȆƬ ƣƦ ȁƣϝǍǿƢƾ ǃȃ Ȃɓ ƫǈƢ ǽƖ ǵƖ ȁƿʒƢ ȂƭƧǷƢ .ƾȆƦ

ρǌǄȆǻƖ ǃϝʒƾ ƾǂƢȆǻ ȅ ƾǂȆǻ ǾʒƢ ǂƾ ƾȆƼ ρǼǸǠ ƪƙʓȃ ʐƣǕǠƢ ɹǿƣǼǷƣǠ

ǹǂƢȅƿʓǻƢ Ȃɓ ƫǈƢ ʑʒȅǄǂƖ ǾʒƢ .ƿȀɓ ǶǼǠȅ ʐǃʓɠ ǺʓǼǑƬ ƎρǍȃȅɈȩ ȅ

.ǺʓȀʓƧƦ ƢǃǿƖ ǮǰƹƬ ʐǄȅǂ ƎǽƣǼȀʒǃƬ Ǿǉǻ ρƭƸ Ǝƣǻ ρϝǼȃ

ϓƴƢǃǻ

:ʑʒȆƵǍǿƢƾ ǭȆǰƸ ȅ ʐƾƣƭǈƢ ǽȅȆơǌ ƎʐƾǂȆƴ˫ ȁȅƣɓ [ȏ]

ʐǃƧƼ ɹʒǃǍǿ) ǂƣƧƼƢ ƎǽƢǃʒƢ ǂƾ ρǔƣʒǂ ɑǃƭǍǻ ʐƣȃ ȂǷƣǰǻ
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ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȐȐ

ǽƣƭǉƦƣƬ ƎȓȖ ȅ ȓȕ ʑȩƣʓȩ ɸǂƣǼǌ Ǝ(ʐƾƣʓȀƦ ʐƣȃ ǋǿƢƾ ȁƣϝǍȃȅɈȩ

. Ȑȕ Ÿ ȑȏ Ǐǐ ƎȖȗ ǅʓʒƣȩ ȅ

ƎρǼǸǠ ʐƢȅǅǿƢ :ƾƢƿǠƢ ǺʓǸǯƢ ǂƾ ʐǂƣɡƭǈǂ  ƎρǿƣȄǍȄǌ Ǌȅƣʓǈ [Ȑ

ƎǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ ƎρǿƣƼƢǄǃʓǻ Ǻʒǃǻ ȅ ρǈƢǃȃ ȂǿƣϝʓƦ

. ȏȏ Ÿ ȏȒ Ǐǐ ƎȏȒȏ ʑȩƣʓȩ ȁǂƣǼǌ ƎȏȑȗȑǽƣƭǉǻǄ

ʐǃƧƼ ɹʒǃǍǿ) ǂƣƧƼƢ ƎρǷƾ ǶȃƢ ʐȆƵƭǉƴ ǂƾ ƎƾƢɈǿ ǾʒǂƖ ƾȆǡǉǻ [ȑ]

ǽƣƭǉƦƣƬ ƎȔȏ ʑȩƣʓȩ ɸǂƣǼǌ Ǝ(ʐƾƣʓȀƦ ʐƣȃ ǋǿƢƾ ȁƣϝǍȃȅɈȩ

. ȏȔ Ÿ ȏȕ Ǐǐ ƎȏȑȗȘ

ɹʒǃǍǿ) ǂƣƧƼƢ ƎȂƭɔǿ ƿȀȵ ǹǄ˫ƣǿ ƿʒƣǌ ƷʓǔȆƬ ƎʐƾǂȆƴ˫ ȁȅƣɓ [Ȓ]

ƎȔȏ ʑȩƣʓȩ ɸǂƣǼǌ Ǝ(ʐƾƣʓȀƦ ʐƣȃ ǋǿƢƾ ȁƣϝǍȃȅɈȩ ʐǃƧƼ

. ȏȖ Ÿ ȏȗ Ǐǐ ƎȏȑȗȘ ǽƣƭǉƦƣƬ

Ǝƪƣʓǔƣʒǂ ǂƾ ǽƖ ǃǍǿ ȅ ǋȃȅɈȩ ɟȀȃǃǫ ƎʐǃʓȀǻ ρǕƬǃǻ [ȓ]

Ǐǐ ƎȏȒȕ ʑȩƣʓȩ ȁǂƣǼǌ Ǝȗȓ ǂƣȄƦ Ǝρǔƣʒǂ ɹǍʒƿǿƢ ȅ ɟȀȃǃǫ

. Ȓ Ÿ Ȗ

Ǯʒǃǘ ǄƢ ρǈǃƭǈƾ ǶƦƣǯ ƣϚʒǃǻƖ ρǔƣʒǂ ǾǼƵǿƢ ʐƣȃ ȂʓǿƣʓƦ

:ǃʒǄ ʐƣȃ ɒȀʓǷ

[Ȕ]

[ȕ]

ρƭǍȄƦ ƿʓȄǌ ȁƣϝǍǿƢƾ �

ρǻȆǼǠ ϓǼƵǻ ǶȎϚǍƬ ρȄɠƖ

ǽƢǃȍƢ ρǔƣȍǂ ǾǼƵǿƢ

ǂƾ ǽƢǃȍƢ ρǔƣȍǂ ǇǿƢǃǬȀǳ ǾȎǼȄǿ ȅ ǶȄȵ ʐǂƢǅɠǃƦ Ƕƹǻ ǂƾ ȗȕ/Ȕ/Ȑ ȂǡǼƴ Ǆȅǂ ȏȘ ƫǠƣǈ ǽƢǃȍƢ ρǔƣȍǂ ǾǼƵǿƢ Ȃǿ˫ƣǈ ρǻȆǼǠ ϓǼƵǻ

.ƿȀƦƣȍ ǂȆǕƸ ȂǉǸƴ ǾȍƢ ǂƾ ƾȆǌ ρǻ ƪȆǠƾ ǾǼƵǿƢ ǹǃƭƹǻ ʐƣǕǠƢ ȂȎǸǳ ǄƢ .ƿǌ ƿȃƢȆƼ ǂƢǅɠǃƦ ƫǡȀǐ ȅ ǺǸǠ ȁƣϝǍǿƢƾ

:ȂǉǸƴ ǂȆƭǈƾ

ȂǷƣǈ ǲȍ ʐƣȃ ƫȎǷƣǡǫ ǄƢ ǾǼƵǿƢ ǇȎƠǂ ǊǂƢǅɠ Ÿ

ʑȍƢǃƴƢ ʐƢǂȆǌ ȂƦ τǷƣǻ ǊǂƢǅɠ ƿȎȍƙƬ ǄȆƵǻ ȋƣǙǠƢ ȅ ȂǻƣǿǄƢǃƬ ƥȍȆǑƬ ȅ ǾǼƵǿƢ ǂƢƾ ȂǿƢǅƼ ǗǈȆƬ τǷƣǻ ǂȆǻƢ ǊǂƢǅɠ ȂƠƢǂƢ Ÿ

ǂȆǻƢ ƫǫǃǍȎȩ ǄƢ ǾǼƵǿƢ ǆǂǄƣƦ ǊǂƢǅɠ Ÿ

ȏȒȘȘ ǂȆʒǃȄǌ ǽƣʒƣȩ ƣƬ ȏȑȗȕ ǃȄǻ ȁǂȅƾ ʑʒƢǃƴƢ ʐƢǂȆǌ ʐƣǕǠƢ ƤƣƽƭǿƢ ǎȆǑƼ ǂƾ ƪƣƦƣƽƭǿƢ ȂƭʓǼɓ ǇʓƠǂ ǊǂƢǅɠ Ÿ

ǵƿƧǷƢ ρǸǠ ȅ ρǸǐƢ ǆǂǄƣƦ ƤƣƽƭǿƢ Ÿ

ǾǼƵǿƢ Ȃǿ˫ƣǈ ȂǻƣǿǃƦ ƥʒȆǑƬ Ÿ

ȂǉǸƴ ǂƾ ǃǔƣƸ ʐƣǕǠƢ ƪƢƾƣȄȀǍȎȩ ǞƣǼƭǈƢ Ÿ

.ƿǿǂƢƾ ʐƘǂ ǮƸ ǾǼƵǿƢ ȂƭǈȆȎȩ ȋƣǕǠƢ ƣȄȀƬ ǾǼƵǿƢ ȂǻƣȀǈƣǈƢ ǮƦƣǙǻ :ȂƴȆƬ

ƣȃ
 Ȃ
ƭǌ
Ȇǿ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
Ȑȑ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

üú¬ýv ½w{·v

ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǽƣɠƿȀʒƣǼǿ ǄƢ ǃʒƿǰƬ

ȗȓ Ÿ ȗȔ ɸǂȅƾ

ȏȑȗȔ ȁƣǻ ʐƾ ȕ

� ρǯƾƣǐ ǹǃɓƢ

ǂƢǅɠǃƦ ȂǷƣǈ ǃȃ ǵƣƸ ȂƦ ƣƬ ȏȑȖȗ ǵƣǈ ǄƢ Ȃɓ ǾǼƵǿƢ ǽƣɠƿȀʒƣǼǿ ƫǉǍǿ

ʐƣȃ Ǿɓǂ ǾʒƢ ȁƣϝʒƣƴ ȅ ǋǰǿ ȂƦ ρɓƿǿƢ ƣƬ ǺȀƭǥǻ ƫǈƢ ρƭǐǃǫ ƫǈƢ ȁƿǌ

.ƾȆǌ ȂƭƼƢƾǃȩ ǾǼƵǿƢ

ǶʓϚǍƬ ȏȑȗȔ ʐƾ ȕ ǂƾ ǂƣǻƖ ǅɓǃǻ ρǿƣƦǅʓǻ ƣƦ Ȃɓ Ǝȁǂȅƾ ǾʒƢ ǂƾ

Ȃƭǉʒƣǌ ǽƣɠƿȀʒƣǼǿ ǄƢ ǃʒƿǰƬ ƣȃǂƣɓ ǂȆƭǈƾ ǾʒǃƭǼȄǻ ǄƢ ρϚʒ ƿʒƾǃɠ

ȏȘȑ .ƾȆƦ ǂȆǍɓ ρǷƣǠ ǊǄȆǻƖ ƪƣǉǈƛǻ ȅ ƣȃ ȁƣϝǍǿƢƾ ǂƾ ǾǼƵǿƢ

ƿǿǂƢƾ ǂȆǕƸ ǂȆǍɓ ρǌǄȆǻƖ ƪƣǉǈƛǻ ȅ ƣȃ ȁƣϝǍǿƢƾ ǂƾ ǾǼƵǿƢ ȁƿȀʒƣǼǿ

ƫǈƢ ʐǂȅǃǔ ȅ ǹǄ˫ ǾǼƵǿƢ ʐƣȃ ȂǐǃǠ ǹƣǼƬ ǂƾ ǽƣǌǂȆǕƸ Ȃɓ

ρǬʓɓ ώǙǈ ʐƣǰƬǂƢ ȅ ǽƙǌ ǛǬƸ ʐƢǃƦ ǽƣǍʒƢ ǋǌȆɓ ȅ ǊˬƬ ȅ

ƫǉǍǿ ǾʓǼƭǍȃ ƣƦ ǽƣǻǅǼȃ .ƫǈƢ ǃʒǁȩƣǿǂƣɔǿƢ ǾǼƵǿƢ ʐƣȃ ƫʓǷƣǡǫ

ǂƾ ǺƭǬȃ ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ ƫǉǍǿ ǾʓǻǂƣȄȵ ȅ ǽƣɠƿȀʒƣǼǿ

ȂǸǼƴ ǄƢ ƿǿƢ ȂƭǌƢƾ ʐǃʓɠ ȁǄƢƿǿƢ ƫʓǸƦƣǯ Ȃɓ ʑʒƣȃǂƣʓǡǻ ƣƦ ȏȑȗȔ ȁƣǻ ʐƾ

ȂǿƣƼǃʓƦƾ ƣƦ ǖƣƧƬǂƢ ȅ ǃƧƼ ǵƣǈǂƢ ƎρǯȆǰƸ ƫʒȆǕǠ ƎρǰʓǰƸ ʐƣǕǠƢ ƾƢƿǡƬ

ǄƢ ǾǼƵǿƢ ǩƢƿȃƢ ƾǃƧǍʓȩ ƫȄƴ ǂƾ ʐǂƣʓǼȃ ȅ ʑʒȆϝƽǈƣȩ ǂƾ ǾǼƵǿƢ

.ƿǌ ǃϚǍƬ ȅ ǃʒƿǰƬ ƾȆƦƾƣʒ ǇʒƿȀƬ ȅ ǃʒƿǰƬ ƶȆǷ ƕƢƿȃƢ ƣƦ ǃʒǄ ǽƣɠƿȀʒƣǼǿ

ȁƣϝǍǿƢƾ ǂƾ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȁƿȀʒƣǼǿ) ǋȀǼǿƢǃʒƢ ρǸǠǃƭɓƾ . ȏ

(ǆǂƿǻ ƫʓƦǃƬ

ȁƣϝǍǿƢƾ ǂƾ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȁƿȀʒƣǼǿ) ǂȆȩƣǬǐ ƿǼƸƢǃƭɓƾ . Ȑ

(ǽƣƵȀǉǫǂ ǃǑǠ ρǷȅ

ǾǼƵǿƢ ȁƿȀʒƣǼǿ) ʐȆǈȆǻƪƢƾƣǉǷƢ ȂǼǘƣǫǃƭɓƾ ɑǃƭǍǻ ǂȆǘ ȂƦ . ȑ

ρȀʒƿǷƢ ƲƣƬ ƣƭʒǄƖǃƭɓƾ ȅ (ǽƣƵǿǄ ȁƣϝǍǿƢƾ ǂƾ ǽƢǃʒƢ ρǔƣʒǂ

(ǽƣǻǃɓ ǃȀȃƣƦ ƿʓȄǌ ȁƣϝǍǿƢƾ ǂƾ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȁƿȀʒƣǼǿ)

ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǿƣƼǃʓƦƾ ǇʓƠǂ �

ǾǼƵǿƢ ǃƬǃƦ ǽƣɠƿȀʒƣǼǿ ǃʒƿǰƬ ƶȆǷ

:ǃƭɓƾ /ʐƣǯƖ ƤƣȀƴ /ǺǿƣƼ ǂƣɓǃǈ

ρȀʒƿǷƢ ƲƣƬ ƣƭʒǄƖ ȅ ʐȆǈȆǻ ƪƢƾƣǉǷƢ ȂǼǘƣǫ ɑǃƭǍǻ ǂȆǘ ȂƦ ƎǂȆȩƣǬǐ ƿǼƸƢ ƎǋȀǼǿƢǃʒƢ ρǸǠ

ǽƣǻǃɓ ǃȀȃƣƦ ƿʓȄǌ ȅ ǽƣƵǿǄ ȁƣϝǍǿƢƾ ƎǽƣƵȀǉǫǂ ǃǑǠ ρǷȅ Ǝǆǂƿǻ ƫʓƦǃƬ ȁƣϝǍǿƢƾ ǂƾ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǹǃƭƹǻ ȁƿȀʒƣǼǿ

ȁƿǻƖ ǶǼǠ ȂƦ ρǈǂǃƦ ȅ ǵƣǡǫ ǽƣɠƿȀʒƣǼǿ ρǫǃǡǻ ǃƦ ρȀƧǻ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ʑʒƢǃƴƢ ʐƢǂȆǌ ƥʒȆǑƬ ƣƦ Ȃɓ ǺǿƣǈǃƦ ǒǃǠ ȂƦ ǹǃƽƭǬǻ

ƎǵȅƢ) ɹƧƬǂ ǗʒƢǃǌ ǅƠƣƸ ȗȔ Ÿ ȗȓ ȁǂȅƾ ǂƾ ǂȆǍɓ ρǌǄȆǻƖ ƪƣǉǈƛǻ ȅ ƣȃ ȁƣϝǍǿƢƾ ǂƾ ȁƿȀʒƣǼǿ ȏȘȑ ǾʓƦ ǂƾ ρǷƣǡƦƣȀƴ ƎǾǼƵǿƢ ȂǿƣƼǃʓƦƾ ǗǈȆƬ

ǾʒƢ .ƿǌƣƦ ρǻ ǾǼƵǿƢ ǹǃƭƹǻ ʐƣǕǠƢ ǃʒƣǈ ȅ ƣǼǌ ǋǌȆɓ ȅ ǊˬƬ ȅǃɠ ǂƾ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ʐˬƭǠƢ .ƿʒƢ ȁƿǌ (ǹȆǈ ƎǹȆǈ Ǝǹȅƾ

ǂȆǻƢ ǃʒƣǈ ȅ ρɠƿȀʒƣǼǿ Ǫʒƣǜȅ ǂƾ ρǷƣǡƦƣȀƴ ǃʓϝǼǍȵ ʐƣȃ ƫʓǷƣǡǫ ƿȃƣǌ ǅʓǿ ȁƿȀʒƖ ǂƾ ǹǂƢȅƿʓǻƢ ȁƾȆǼǿ ǒǃǠ ϗʒǃƧƬ ρǷƣǡƦƣȀƴ ȂƦ Ƣǂ ƤƣƽƭǿƢ

.ǹǂƣƭǈƢȆƼ ǽƣȀǻ ƿǿȅƢƿƼ ǄƢ Ƣǂ ƣǼǌ ƫʓǰǫȆǻ ȅ ρƭǻˬǈ .ǺʓǌƣƦ

ǽƣǰȃƾ ρǸǠƿǼƹǻ

ǽƢǃȍƢ ρǔƣȍǂ ǾǼƵǿƢ ǇȎƠǂ

ǾǼ
Ƶǿ
Ƣ
ǂƣ
ƧƼ
Ƣ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȐȒ

ǂƾ ǽƣɠƿȀȀɓ ƫɓǃǌ ʐƣȃ ȁƣɠƿʒƾ ǄƢ ρǌǂƢǅɠ

ǾʓǻǂƣȄȵ ȅ ǽƣɠƿȀʒƣǼǿ ǋʒƣǼȃ ǾʓǼƭǍȃ

ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ ƫǉǍǿ

ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ

ȏȑȗȔ ȁƣǻ ʐƾ ȕ ƎǽƢǃʒƢ ǂƣǻƖ ǅɓǃǻ

� ʐǃȀȃ ρǼǈƣǯ ǃȃƣǘ

ɹǿƣƼ ƫǼȃ ƣƦ Ȃɓ ƎǋʒƣǼȃ ɸƿǌ ǗƧǔ ƪƢǃɓƢǁǻ ǆƣǈƢ ǃƦ ǊǂƢǅɠ ǾʒƢ

ǽƖ ǄƢ ʐƢ Ȃƽǉǿ ȅ ʐǄƣǈ ȁƾƣʓȩ Word Ƕʒƣǫ ƪǂȆǐ ȂƦ ǽƣȄǬǐƢ ƪƣʓǔƣʒǂ

Ǝƫǫǃɠ ǂƢǃǯ ƥǿƣƵȀʒƢ ǂƣʓƭƼƢ ǂƾ (ǋʒƣǼȃ ǃʓƦƾ) ρǷƣƴǂ ρǸǠ ǃƭɓƾ ǗǈȆƬ

ɹƽǉǿ ȅ ρƬȆǐ Ƕʒƣǫ ǄƢ ȁƾƣǬƭǈƢ ƣƦ ǹƾǃɓ ǊˬƬ Ǿǻ .ƫǈƢ ȁƿǌ ǾʒȅƿƬ

ǂƾ Ȃɓ ƎǺȀɓ ƲƢǃƽƭǈƢ Ƣǂ ȁƿǌ ƶǃǙǻ ǺȄǻ ƪƣɔǿ Ǝ Word ʐƢ ȂƹǬǐ ȒȘ

.ƾȆǌ ρǻ ȂƠƢǂƢ Ƕʒǀ

ρǷƣƴǂ ρǸǠ ǃƭɓƾ ȅ ǽƣǰȃƾ ρǸǠƿǼƹǻ ǃƭɓƾ ƎʐǃȀȃ ρǼǈƣǯ ǃȃƣǘ ǃƭɓƾ :ƫǈƢǂ Ǆ Ƣ

ǹǃƭƹǻ ǇʓƠǂ Ǝǽƣǰȃƾ ρǸǠƿǼƹǻ ǃƭɓƾ ρǿƢǃȀƽǈ ȅ ǹƿǰǻǃʓƼ ƣƦ ǋʒƣǼȃ

ǂƣǻƖ ǅɓǃǻ ǹǃƭƹǻ ǇʓƠǂ Ǝƣǈǂƣȩ ǃƭɓƾ ȁƣƬȆɓ ρǿƢǃȀƽǈ ȅ ρǔƣʒǂ ǾǼƵǿƢ

ǽƣɠƿȀʒƣǼǿ ǄƢ ǶʓǸƵƬ ǺǈƢǃǻ ǇȪǈ .ƿǌ ǄƣǤƖ ǽƣƦǅʓǻ ǽƢȆȀǠ ȂƦ ƎǽƢǃʒƢ

ƣȄǿƖ ȂƦ ǃʒƿǰƬ ƶȆǷ ʐƢƿȃƢ ȅ ƣȃ ȁƣϝǍǿƢƾ ǂƾ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǵƣǡǫ

.ƿʒƾǃɠ ǂƢǅɠǃƦ

ǃƭɓƾ Ǝƿǌ ǂƢǅɠǃƦ ǽƣǰȃƾ ǃƭɓƾ ʐƣǯƖ ƫʒǃʒƿǻƣƦ Ȃɓ ȂǉǸƴ ɹǻƢƾƢ ǂƾ

ǹǃƭƹǻ ǽƣɠƿȀʒƣǼǿ ȅ ǽƣɠƿȀȀɓ ƫɓǃǌ ɹǼȃ ǄƢ ƥǿƣƵȀʒƢ ȅ ρǷƣƴǂ ρǸǠ

ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ ǹǃƭƹǻ ʐƣǕǠƢ ȅ ƣȃ ȁƣϝǍǿƢƾ ǂƾ ǾǼƵǿƢ

ƪƢǃǝǿ Ȃɓ ǺʒƾȆǼǿ ƫǈƢȆƼǂƾ ƎƿǿƾȆƦ ǃǬǿ ȏȓȘ ǄƢ ǋʓƦ Ȃɓ ƎǾǼƵǿƢ

ȅ ƣȃ ȁƣϝǍǿƢƾ ǂƾ ǾǼƵǿƢ ǽƣɠƿȀʒƣǼǿ ɹǻƣǿ ǾʓƠƖ ƶˬǐƢ ƾǂȆǻ ǂƾ Ƣǂ ƾȆƼ

.ƿȀȃƾ ǂƢǃǯ ʑʒƢǃƴƢ ʐƢǂȆǌ ǂƣʓƭƼƢ ǂƾ ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ ɹǻƣǿ ǾʓƠƖ

ƣƬ ƿǌ ʐǂȅƖƾƣʒ ƣȃ ȁƣϝǍǿƢƾ ǂƾ ǾǼƵǿƢ ǹǃƭƹǻ ǽƣɠƿȀʒƣǼǿ ȂƦ ǾǼǔ ǂƾ

ȁƣϝǍǿƢƾ ρǯȆǰƸ ƫʒȆǕǠ ǮƸ ȅ ƕƣǕǠƢ ǹƣǿ ƫƧư ǮƸ ƫƼƢƾǃȩ ǃʓϝʓȩ

.ƿȀǌƣƦ ƾȆƼ

ȅ ƾƣƸ ƪǂȆǐ ȂƦ ƫǈƢ ρƬƿǻ Ȃɓ Ƣǂ «ρǔƣʒǂ ƫǫƢ¬ ɹǸơǉǻ ρǷƣƴǂ ǃƭɓƾ

ƿǿƾȅǅǫƢ ȅ ƿǿƾǃɓ ƶǃǙǻ Ǝȁƿǌ ǂȆǍɓ ρǻȆǼǠ ǊǄȆǻƖ ǃʓɡǿƣƧʒǃɠ ρǿƢǃƹƦ

ǽƣǍʒƢ .ǺʓȀɓ ǊˬƬ ρǈƣǈƢ ǶϚǍǻ ǾʒƢ ϓǫǂ ʐƢǃƦ ƿʒƣƦ ȂǼȃ ƣǻ Ȃɓ

ǽƢƾƣƭǈƢ ǄƢ ρƼǃƦ ȅ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǃǼƭǉǻ ȅ ʐƿƴ ƫʓǷƣǡǫ ȂƦ

ǶƸ ƾǂȆǻ ǂƾ ȏȑȔȐ ƣƬȏȑȔȘ ʐƣȃ ǵƣǈ ǵˬƼ ǂƾ ƣȃ ȁƣϝǍǿƢƾ ǄȆǉǷƾ

ƿǿƾǃɓ ȁǂƣǌƢ ƎƾȆƦ ȁƾǃɓ ǄȅǃƦ Ǻȃ ƣȃ ǵƣǈ ǽƖ ǂƾ Ȃɓ ρȄƦƣǍǻ ɹǸơǉǻ

ǃƭǫƾ ǂƾ ʐƢ ȂƭʓǼɓ ƎǾǼƵǿƢ ρǻƿǰǍʓȩ ȅ ƫɓǂƣǍǻ ƣƦ¬ :ƿǿƿǌ ǃɓǁƭǻ ȅ

ƿʒƾǃɠ ǶʓϚǍƬ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ƪǂƢǄȅ ρǈǂƾ ʐǅʒǂ ȂǻƣǿǃƦ ȅ ǋȃȅɈȩ

ǄƢ .ƿʒƾǃɠ ǀƣƽƬƢ ƣȃ ǵƣǈ ǽƖ ǽƢǃƹƦ ǶƸ ʐƢǃƦ ρǼȄǻ ƪƣǼʓǼǑƬ ȅ

ƿǌǂ ƪˬƵǻ ǂƣǍƭǿƢ ƎʐǄȆǻƖ ǋǿƢƾ ρǔƣʒǂ ƪƣǰƦƣǉǻ ʐǂƢǅɠǃƦ ȂǸǼƴ

ȂǻƢƾƢ ȂǿƣƭƽƧǌȆƼ Ȃɓ ʐǃϝʒƾ ʐƣȃ ƫʓǷƣǡǫ ȅ ǪǸƭƽǻ ʐƣȃ Ȃƭǌǂ ǂƾ

ȅ ƿȀƭǌƢǁɠ ʐƣƴǃƦ Ƣǂ ʐƢ ȁƿǼǠ ƪƢǃʓưƙƬ ƾȆƼ ƫǯȅ ȂƦ ȅ ƿǿƾǃɓ Ƣƿʓȩ

.ƿǿƿǌ ρǿƣƼƢǄǃʓǻ Ǻʒǃǻ ǹȆƸǃǻ ǃʓǝǿ ʐƾƢǃǫƢ ǮʒȆǍƬ ȅ ƫʓƦǃƬ ƯǠƣƦ

ǹƣǿ ȂƦ ƎǂȆǍɓ ǄƢ ƲǂƣƼ ǂƾ Ǻȃ ȅ ǶƼƢƾ ǂƾ Ǻȃ Ǝǃϝʒƾ ʐƢ ȁƿǠ ȂǿƣƭƽƧǌȆƼ

ɹʓƸȅǂ ƾƣƵʒƢ ɹǍʒǂ ƿʒƣƦ ȂȵǃɠƢ .ƿǿƿǌ ƪƣʓǔƣʒǂ ɹǡǈȆƬ ǂƢƾ Ǻȵǃȩ ǽƢǃʒƢ

Ǝƿʒƾ ǽƣǍʒƢ ǽƢǂƣɠǄȆǻƖ ȅ ȁƾƢȆǿƣƼ ǂƾ Ƣǂ ρǿƣƼƢǄǃʓǻ ǺǿƣƼ ǂƾ ʐǃɠȆƵƭǉƴ

Ƣǂ ƾȆƼ ǃưƢ ȅ ǋǰǿ ǅʓǿ ƾȆƦ ȁƿǻƖ ǺȃƢǃǫ Ȃǡǻƣƴ ǂƾ Ȃɓ ʑʒƣȃ ƫǐǃǫ ρǷȅ

Ȃɓ ǺʒǄȆǻƣʓƦ ǅʓɡǿƢ ƫǬϝǌ ƾƢƿƼǂ ǾʒƢ ǄƢ Ȃɓ ǺʒǂƢȅƿʓǻƢ .ƫǌƢǁɠ ʐƣƴ ǃƦ

ʐǃƭǍʓƦ ȂƴȆƬ ρǿƣƭǈǃʓƦƾ ȅ ʑʒƢƿƭƦƢ ǊǄȆǻƖ żƣǐȆǑƽǻ ƎǊǄȆǻƖ ȂƦ ƿʒƣƦ

ȅǃƦȅǂ ρǔƣʒǂ ƿʒƿǌ ƫǫƢ ƣƦ ǽ˫Ƣ ƣǻ ɹǡǻƣƴ ǵƣƸ ǃȃ ȂƦ .ǺʓǌƣƦ ȂƭǌƢƾ

ǃƦ ȂǸơǉǻ ǾʒƢ ƣƦ ƾǂȆƼǃƦ ǂƾ ρǼȄǻ ǋǰǿ ƿʒƣƦ ǾǼƵǿƢ Ǿǻ ǃǝǿ ȂƦ ȅ ƫǈƢ

ρǸʓǑƹƬ ϓǘƣǰǻ ǹƣǼƬ ǂƾ Ƣǂ ρǔƣʒǂ ƿʒƿǌ ƫǫƢ ɹǸơǉǻ ǃɠƢ .ƾǃʓɠ ȁƿȄǠ

ǄƢ ƣǻ ǂȆǍɓ ǂƾ ȁƿȀʒƖ ǵƣǈ ƿȀȵ ǂƾ ƎǺʒǃʓɡǿ ʐƿƴ ʐǃƭɓƾ ƣƬ ǽƣƭǉƦƾ ǄƢ

ȴʓȃ ȅ ρǔƣʒǂ ǾǼƵǿƢ ȂƦ ƪǂȆǐ ǾʒƢ ǂƾ ȅ ƾȆƦ ƿȃƢȆƽǿ ʐǃƧƼ ρǔƣʒǂ

ǾǼƵǿƢ ǹǃƭƹǻ ǽƣɠƿȀʒƣǼǿ ɹǼȃ ǄƢ Ǿǻ !ƫǉʓǿ ʐǄƣʓǿ Ǻȃ ʐǃϝʒƾ ǾǼƵǿƢ

ǋȃƢȆƼ ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ ʐƣǕǠƢ ȅ ƣȃ ȁƣϝǍǿƢƾ ǂƾ ρǔƣʒǂ

ǺʓȀɓ ƯƹƦ ʐƿƴ ǶƠƣǉǻ ȂǿȆɠ ǾʒƢ ȂƦ ϓƴƢǂ ǋʒƣǼȃ ǾʒƢ ǂƾ Ȃɓ ǺȀɓ ρǻ

«.Ǻʓȃƾ ȂƠƢǂƢ ƪƿǻ ǄƢǂƾ ȅ ρǈƣǈƢ ʐƣȃǂƣϚȃƢǂ ȅ

ʐƣȃ ȁǂȅƾ ǽƣɠƿǌ Ȃƭǫǃʒǁȩ ƤȆǸǙǻƣǿ ƫʓǬʓɓ ƣƦ ȂǙƦƢǂ ǂƾ ǅʓǿ ƥǿƣƵȀʒƢ

ǾǼ
Ƶǿ
Ƣ
ǂƣ
ƧƼ
Ƣ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
Ȑȓ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ǽƢƾǂƿǯ ƣǻ Ȃɓ ǹƿǌ ǃɓǁƭǻ ȅ ǺƭǌƢƾ ʐƢ ȁǂƣǌƢ ρǸʓǼɔƬ ƪˬʓǑƹƬ

ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ ʐƣǕǠƢ ȅ ǽƣɠƿȀʒƣǼǿ ƣǼǌ ƫʓǷȆơǉǻ ǆƣǉƸƢ

ɸǂƣƦǂƾ ʐǃɔǬǼȃ ʐƢǃƦ Ƣǂ ρǔƣʒǂ ǾǼƵǿƢ ƪȆǠƾ Ȃɓ Ǻʓƭǉȃ ǾǼƵǿƢ

ǹǂƢȅƿʓǻƢ ȅ ƿʒƾǂȅƖ ǪʒǃǍƬ ȅ ƿʓƭǫǃʒǁȩ ǂȆǍɓ ρǔƣʒǂ ǺȄǻ ʐƣȃ ȂǸơǉǻ

ǋʒƣǼȃ ǾʒƢ ǂƾ ƫɓǃǌ ʐƢǃƦ ǵƣƧǰƭǈƢ .ǺʓǌƣƦ ȂƭǌƢƾ ʐǂƣƦ ǃȩ ɹǉǸƴ Ȃɓ

ɹǿƣƼǃʓƦƾ ȅ ρǷƣƴǂ ǃƭɓƾ ƾƿǡƭǻ ʐƣȃ ʐǃʓϝʓȩ ȅ ƫǈƢ ȁƾȆƦ ƤȆƼ ρǸʓƼ

ʐǃƭǍʓƦ ǽƢǂƣϚǼȃ ǶƧǯ ʐƣȃ ǵƣǈ ȂƦ ƫƧǉǿ ƣǻ Ȃɓ ƿǌ ƯǠƣƦ ǾǼƵǿƢ

ʐƣǕǠƢ Ƕɓ ƾƢƿǡƬ ƾȆƴȆǻ ǂƣǻƖ ǆƣǈƢ ǃƦ .ǺʓǌƣƦ ȂƭǌƢƾ ϓǼƴ ǾʒƢ ǂƾ

ƾƢƿǡƬ ǾʒƢ ǄƢ Ȃɓ ƎƫǈƢ ǃǬǿ ȏȓȓ ƾȅƿƸ ǾǼƵǿƢ ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ

ǽƣɠƿȀʒƣǼǿ ɸȅˬǠ ȂƦ ƎƿǿƢ ȁƾǃɓ ƫɓǃǌ ǋʒƣǼȃ ǾʒƢ ǂƾ ǃǬǿ ȗȘ ƾȅƿƸ

.ƿǿǂƢƾ ǂȆǕƸ ȂǉǸƴ ǂƾ Ȃɓ ƣȃ ȁƣϝǍǿƢƾ ǂƾ ǾǼƵǿƢ

ʐƣǕǠƢ ƎρƭǿǃƭȀʒƢ ȅ ρȀǬǸƬ ƤȆƼ ρǸʓƼ ƪƣǘƣƧƬǂƢ ȂƦ ȂƴȆƬ ƣƦ Ȃȵ ǃɠ

ʐƣȃǃǝǿ ǵƾƣƧƬ ǂȅƾ ȁƢǂ ǄƢ ƿȀǿƢȆƬ ρǻ ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ ǄƢ ϗʒ ǃȃ

ƣȃ ǽȆʓǉʓǼɓ ǄƢ ǹƢƿɓ ǃȃ Ȃɓ ƾȅǂ ρǻ ǂƣǝƭǿƢ ƣǻƢ ƎƿȀǌƣƦ ȂƭǌƢƾ Ǻȃ ʐǄƣƵǻ

ρǔƣʒǂ ǾǼƵǿƢ ɹǿƣƼǃʓƦƾ ǂƾ Ƣǂ ʐǂȆǕƸ ɹǉǸƴ ϗʒ ǶǯƢƿƸ ȂǿƣʓǷƣǈ

Ǘǰǫ Ǝƣȃ ǽȆʓǉʓǼɓ ƪƣǉǸƴ ǂƾ Ȃɓ ƫǈƢ ǾʒƢ ȂǻƣǿǃƦ .ƿȀȀɓ ǂƢǅɠǃƦ

ǃɓǁƭǻ Ǻȃ ρǷƣƴǂ ǃƭɓƾ ʐƣǯƖ ȂȶǿƣȀȵ ȅ ƾȆǍǿ ƶǃǙǻ ƣȃ ȂǸɠ ȅ ƣȃ ʑʒƣǈǂƣǿ

ȅ ƾƣȄȀǍƧȩ Ǝȅǂǂƾȅǂ ƪˬǕǡǻ ȅ ƪˬϚǍǻ ǄƢ ƫǫǂ ǽȅǃƦ ʐƢǃƦ Ǝƿǿƿǌ

ȅ ρǔƣʒǂ ƫǫƢ ɹǸơǉǻ ƣƦ ƣǻ ɹǼȃ żƣƧʒǃǰƬ .ƾȆǌ ȂƠƢǂƢ ʑʒƢǃƴƢ ǂƣϚȃƢǂ

ρȀʓƦ ǋʓȩ ȅ Ǻʓƭǉȃ ƣȀǌƖ ƎȁƿǻƖ ǋʓȩ Ȃƭǌǂ ǾʒƢ ʐƢǃƦ Ȃɓ ρƬˬǕǡǻ

ʐǂƣʓǉƦ ǂƾ ρǰǙȀǻǃʓǤ ͆ˬǻƣɓ ȅ Ȃʒȅǂ ʑƦ Ǌǃƭǉɠ ǶʓǷƾ ȂƦ Ȃɓ ƾȆǌ ρǻ

ƫǫƢ ƿȃƣǌ ƣǻ ƿǡƦ ǵƣǈ ǾʒƿȀȵ ƣƬ ǽƣɓƣǼɓ Ǝρǔƣʒǂ ȁɈʒȅ ȂƦ Ǝƣȃ Ȃƭǌǂ ǄƢ

ǂƾ Ȃɓ ǺȀɓ ρǻ ƾƣȄȀǍʓȩ .ǺʓǌƣƦ ρǸʓǑƹƬ ϓǘƣǰǻ ρǻƣǼƬ ǂƾ ρǔƣʒǂ

ρǸʓǑƹƬ ɹƭǌǂ ǞȆǿ ƾǂȆǻ ǂƾ ƎρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ ǃȄǜǄƢƿǡƦ ɹǉǸƴ

ǽȆǻǄƖ ρǔƣʒǂ ƪƢǃǼǿ ʐƢǃƦ ρǬɓ ǾƭǌƢǁɠ ȅ ǽƣƧǸǘȅƢƾ ρǸƧǯ ϓǙǰǻ

ǽƣǻǄƣǈ ǂƾ ƳʒƢǂ ǵƢȅǂ ǆƣǈƢ ǃƦ ǺʓǿƢƾ  ρǻ ȂɔǿƣȀȵ .ƾȆǌ ƯƹƦ ʐƾȅǂȅ

ǞȆǿ ρǸʓǑƹƬ ϓǙǰǻ ǃȃ ȂƦ ǽƣƧǸǘȅƢƾ ƾȅǂȅ ʐƢǃƦ ƎǂȆǍɓ ǊǄȆǻƖ ǋƵȀǈ

ʐƢ Ȃƭǌǂ ǃȃ ǽƣƧǸǘȅƢƾ ƢǁǷ .ƫǉʓǿ ƶǃǙǻ ρǸƧǯ ϓǙǰǻ ρǸʓǑƹƬ ɹƭǌǂ

ƎρǷȆƧǯ ƪǂȆǐ ǂƾ ȅ ƿȀȀɓ ƫɓǃǌ ʐǃϝʒƾ ɹƭǌǂ ǽȆǻǄƖ ǂƾ ƿȀǿƢȆƬ ρǻ

ǆƣǈƢ ǃƦ ƿʒƣƦ ǾǼƵǿƢ .ƿȀƭǉȃ Ȃƭǌǂ ǽƖ ǂƾ ǶʓǑƹƬ ɹǻƢƾƢ ȂƦ ǄƣƵǻ

ǶǷƿǻ ȅ ǽȅƿǻ ȅ ƿȀɓ ʐǃʓɠ ϓǔȆǻ ƣȃ ǽȆʓǉʓǼɓ ƪƣʒǃǝǿ ʐƿȀƦ ϓǼƴ

ȂƠƢǂƢ ǗƦǃʒǀ ǾʓǷȆơǉǻ ȂƦ ƎρƠƢǃƴƢ ƾƣȄȀǍʓȩ ƣƦ ǹƘȆƬ ȅ ƿǉʒȆȀƦ Ƣǂ ǋǸʒ˫ƾ

.ƿȃƾ

ǄƢ ρƼǃƦ Ǝρǔƣʒǂ ǾǼƵǿƢ ǹǃƭƹǻ ǇʓƠǂ ƫʒǃʒƿǻ ƣƦ ǽƖ ǄƢ Ǉȩ

ǄƢ ʐƢ ȂǐˬƼ Ȃɓ ƎƿǿƾȆǼǿ ȂƠƢǂƢ Ƣǂ ƾȆƼ ʐƣȃǃǝǿ ȂǙǰǿ ǽƣɠƿȀȀɓ ƫɓǃǌ

:ƫǈƢ ǃʒǄ ǂƢǃǯ ȂƦ ȁƿǌ ƶǃǙǻ ʐƣȃ ȁƣɠƿʒƾ

ʐƢ ȂǷǅǷǄ ƿȀǿƣǼȃ ρǔƣʒǂ ƫǫƢ :(ρƭǍȄƦ ƿʓȄǌ ȁƣϝǍǿƢƾ) ƣʒȆɠ ƢǃȃǄ ǃƭɓƾ

ȁƣϝǍǿƢƾ ȂƦ ǽƖ ʐƣȃ ƥʓǈƖ Ȃɓ ǽȆȀɓƢ ȅ ȁƿǌ Ǟȅǃǌ ƣǻ ǆǂƢƿǻ ǄƢ ǃɡǿƢǃʒȅ

ǵƣƸ ǂƾ ʑʒˬʒȅƢȅ Ȃȵ ƣǻ ǆǂƢƿǻ ǂƾ Ȃɓ ȁƾƣƭǫƢ ǽƣǻƾƣʒ ȁǄƣƬ ƎƫǈƢ ȁƿʓǈǂ

ƫʓǡǔȅ ƾǂȆǻ ǂƾ ρȃȅɈȩ ȁƿȀʒƖ ȅ ʐǃɡǿ ȁƿȀʒƖ ρǼɓ Ǌƣɓ .ƫǈƢ ǭƣǬƬƢ

ǶƧǯ ǵƣǈ ƿȀȵ ǄƢ Ƣǂ ρǸǡǫ ƫʓǡǔȅ ƣƬ ƎǺʒƾƢƾ ρǻ ǹƣƵǿƢ ǽƢǃʒƢ ρǔƣʒǂ

ƪƣǉǈƛǻ ǂƾ ρǔƣʒǂ ʐƣȃ Ȃƭǌǂ ɹʒȅǂ ʑƦ ǋʒƢǅǫƢ .Ǻʒƾǃɓ ρǻ ρȀʓƦ ǋʓȩ

.ƾǃƦ ǾʓƦ ǄƢ Ƣǂ ƫʓǬʓɓ Ȃɓ ƾȆƦ ʐǃϝʒƾ Ƥǃƽǻ ǶǻƣǠ Ǻȃ ρǷƣǠ ǊǄȆǻƖ

ʐƿƴ ȁƣƧƭǌƢ ϗʒ ρȃƣϝǍǿƢƾ ȅ ʐƢ Ȃǈǂƿǻ ǊǄȆǻƖ ȂƦ Ǿƭǉʒǃɡǿ Ƣƿƴ

ƪƣʓǔƣʒǂ ǊǄȆǻƖ ȂǷȆǰǻ ȂƦ ȅ !ǺʒǃʓϝƦ ǆǂƾ ƻʒǂƣƬ ǄƢ ƿʒƣƦ .ƫǈƢ

ǾǼƵǿƢ ǃϝʒƾ ʐȆǈ ǄƢ .ǺʓȀɓ ȂƴȆƬ Ȃƭǌǁɠ ǄƢ ǃƭǍʓƦ ρǸʓƼ ʐƢ Ȃǈǂƿǻ

ρϚʒ ǽƢȆȀǠ ȂƦ ǽƖ Ǌǃƭǉɠ ȅ ρǔƣʒǂ ǊǄȆǻƖ ǏǑƽƬ ȂƦ ƿʒƣƦ ρǔƣʒǂ

.ƿȀɓ ȂƴȆƬ ƾȆƼ ʐƿƴ ʐƣȃ ƫʓǷȆơǉǻ ǄƢ

ɹǠȆǼƵǻ ȅƾ ʐƢ Ȃǈǂƿǻ ǊǄȆǻƖ ȅ ρȃƣϝǍǿƢƾ ǊǄȆǻƖ Ȃɓ ρǿƣǻǄ ƣƬ

ƣƵǿƖ Ȃȵǃȃ .Ǻʓǈǂ ρǼǿ ȂƵʓƭǿ ȂƦ ρǿƣǻǄ ȴʓȃ ƎƿǿȆǌ ȁƿʒƾ Ǻȃ ǄƢ Ƣƿƴ

ƣƵȀʒƢ Ȃɓ ʑʒƣȄǿƖ ǄƢ ʐǂƣʓǉƦ ȅ Ǻʒǃʓɠ ρǻ ǶʒȆƹƬ ƣƵȀʒƢ ǺʓȀɓ ƫʓƦǃƬ

ϓǫǂ ʐƢǃƦ .Ǻʓƭǈǃǫ ρǻ ǆǂƢƿǻ ȂƦ ǺǸǡǻ ǽƢȆȀǠ ȂƦ ƎǺʓȀɓ ρǻ ƫʓƦǃƬ

ǊǄȆǻƖ ǂƢƿǻƾǃǈ ƤǃǤ ʐƣʓǿƾ ǂƾ Ȃɓ ρǿƣǉɓ Ǝƣǻ ȂƦƣǍǻ ʑʒƣȃ ǽƢǃƹƦ

ƎǾʒˬɓ ǇϚʓǸǫ ƎǾϝʓƦ ǂȆǉǫȅǃȩ ǽȆȶǼȃ ʐƾƢǃǫƢ Ǝƿǿƿǌ ʐƢ Ȃǈǂƿǻ

ƣƵɓ ǽƢǃʒƢ ǂƾ ǎƣƽǌƢ ǾʒƢ ǃʓǝǿ .ƿǿƾȆƦ ȂʓƬƢ ǶϚʒƣǻ ȅ ǽȆǉǿƖ ʐǃǬƴ

ɹǻƣǿǃƦ ǃȃ ǅǻǃǯ ǗƼ !ƔǺʒƾǃɓ Ȃȵ ρǻȆǼǠ ǊǄȆǻƖ ƾǂȆǻ ǂƾ ƣǻ ƔƿȀƭǉȃ

ǽƖ ƫƹǐ ȅ ƫǯƾ ǄƢ ǂȆƧǠ ǹƿǠ ƿʒƣƦ ƎȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ǂƾ ρǈǂƾ

ʐƣǕǠƢ ǾʒǃƬ ϓǻƣƴ ȅ ǾʒǃƬǃƦ ǗǈȆƬ ƿʒƣƦ ʐƢ ȂǻƣǿǃƦ ǾʓȀȵ ʑƦƣʒǄǂƢ .ƿǌƣƦ

Ƣǂ ǂƣɓ ǾʒƢ ƿȀǿƢȆƬ ρǻ ʑʒƣȃ ǽƢƿʓǔƣʒǂ .ƾȆǌ ǹƣƵǿƢ ǽƢǃʒƢ ρǔƣʒǂ ɹǡǻƣƴ

ʐƣȃ ǽƢƿʓǔƣʒǂ ȂϚǸƦ ƎƿȀǌƣƧǿ ȁǃƧƼ ǽƣǌƾȆƼ ǏǑƽƬ ǂƾ ƣȄȀƬ Ȃɓ ƿȀȀϚƦ
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Ƣ
ǂƣ
ƧƼ
Ƣ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȐȔ

ǎƣƽǌƢ ǾʒƢ ǽƢȆƬ ρǻ ȂǿȆϝȵ .ƿȀǌƣƦ Ǿʒˬɓ ǇϚʓǸǫ ƿȀǿƣǻ ʐǃɡǿ ϓǻƣƴ

ρǠƣǼƭƴƢ ʐƣȃ ƫʓǷƣǡǫ ǄƢ ȅ ƿǿƢ ȁƾƢƾ Ȃɓ ʑʒƣȃ ǆǂƾ ǄƢ żƣǼǸǉǻ Ɣƾǃɓ Ƣƿʓȩ Ƣǂ

Ȃɓ ρƬ˫ƣǰǻ ƾƢƿǡƬ ʐȅǂ ǄƢ Ȃǿ ƎƿǿƢ ȂƭǌƢƾ ρǔƣʒǂ ɹƭǌǂ ƣƦ ȂǙƦƢǂ ǂƾ Ȃɓ

!ƿǿƢ ȁƾǃɓ ǃǍƭȀǻ

ǊǄȆǻƖ Ȃɓ ǺȀɓ ρǻ ʐƢ ȁǂƣǌƢ Ǻȃ ƥǸǙǻ ǾʒƢ ȂƦ ǺƭƧƹǐ ǽƣʒƣȩ ǂƾ

ρǉɓǃȃ ǺʓȀɔǿ ǂȆǑƬ .ƫǉʓǿ ƣȃ ȁƿǿƢȆƼ ρǔƣʒǂ ƪȆǸƼ ǖƣʓƸ ρǔƣʒǂ

ρǔƣʒǂ ǾǼƵǿƢ .ƫǈƢ ƿǸƦ Ǻȃ Ƣǂ ǽƖ ƫǈǂƾ ǊǄȆǻƖ Ǝƿȃƾ ρǻ ǆǂƾ Ȃɓ

ǾʒƢ ǃɠƢ ȅ ƿǿƢƿƦ ƾȆƼ ʐƿƴ ʐƣȃ ƫʓǷȆơǉǻ ƕǅƴ Ƣǂ ρǔƣʒǂ ǊǄȆǻƖ ƿʒƣƦ

.ǽƣǍǿ ɑƣƬ ǄƢ Ȃǿ ȅ ƿǿƣǻ ƿȃƢȆƼ ǽƣǍǿ ɑƣƬ ǄƢ Ȃǿ ȁƿȀʒƖ ǂƾ ƎǺʓȀɔǿ Ƣǂ ǂƣɓ

ρǈƣȀǌǂƣɓ ǽƣʒȆƵǍǿƢƾ ƥǸǤƢ :(ƿȃƣǌ ȁƣϝǍǿƢƾ) ʐǂƣƬ ǶǕǬǷƢȆƦƢ ǃƭɓƾ

ƿȀƭǉȃ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ǃʓƦƾ Ǻȃ żƣǕǡƦ Ȃɓ ƎρǸʓǼɔƬ ƪˬʓǑƹƬ ȅ

ȴʓȃ ƎǂȆǍɓ ƾȆƴȆǻ Ȇƴ ƣƦ ƣǻƢ ƿǿǂƢƾ ǺʓȃƣǬǻ ɑǂƾ ǂƾ ʐƿʒƿǌ Ǫǡǔ

ǖȆǰǈ Ȃǿ ǃɠƢ Ǝƿȃƾ ǋȃƣɓ Ƣǂ ȆƵǍǿƢƾ Ǌǃʒǁȩ ƫʓǫǃǜ ƿǿƢȆƬ ρǼǿ ρƭǷȅƾ

ɑǂƿǻ ȂǼȃ ȂƦ Ȃɓ ƾǂƢƾ ρǻȅǅǷ Ȃȵ ƿʓǈǃȩ ƿʒƣƦ ȂƭƧǷƢ ρǷȅ .ƿȀɓ ρǻ

ƎǺʒǂƢƾ ǂȅƣƦ ƣȄǿƖ Ǫǡǔ ȂƦ Ȃɓ ƎǪʓǡǔ ǽƣʒȆƵǍǿƢƾ ǾʒƢ ȂƦ Ƣǃȵ ƔǺʓȃƿƦ

ρǿƣǉɓ ȂƦ Ǘǰǫ ȅ ǺʓȀɓ ʐǃʓɡƭƽǈ ƿʒƣƦ !ƔǺʓȃƾ ρǻ ƤȆƼ ɸǃǼǿ Ǻȃ ǄƣƦ

ǽƢǃʓƦƾ ƿǌǂƢ ǽƣʒȆƵǍǿƢƾ ǄƢ ρǸʓƼ .ƿǿǂƢƾ Ƣǂ ǽƖ ƫǯƣʓǷ Ȃɓ ǺʓȃƿƦ ɑǂƿǻ

ǽƣǼȃ ǽƢǃʓƦƾ ǾʒƢ ǄƢ ρƼǃƦ Ȃɓ ƫǈƢ ƥǷƣƴ ρǸʓƼ .ƿȀƭǉȃ ρǿƣƭǈǃʓƦƾ

Ǻȃ ƣǻ ȂƦ ƎƿȀȀɓ ρǻ ǵƣƧǿƾ ǽƣƭǈǃʓƦƾ ǂƾ ƾȆƼ Ȃɓ Ƣǂ ρǌǄȆǻƖ Ǌȅǂ

ƎƿʓȃƿƦ ƣǻ ȂƦ ǵƢƛǈ ƣƬ ȐȘ ƣǼǌ ƾƣƭǈƢ ƿȀʒȆɠ ρǻ ͆ˬƱǻ .ƿȀȃƾ ρǻ ƾƣȄȀǍʓȩ

!!!ƿʒǃʓϝƦ ǽƣƹƭǻƢ Ǻȃ ƣȃ ǵƢƛǈ ǾʓǼȃ ǄƢ ȅ ƿʓȀɓ ǶƸ Ǻȃ Ƣǂ ƣȃ ǵƢƛǈ ǽƖ

ƿȀƭǬɠ ǽȆȵ :(ǃʓƧɓǃʓǻƢ ρƭǡȀǐ ȁƣϝǍǿƢƾ) ǂȆȩ ǛǠƢȅ ǂȆǑȀǻƿʓǈ ǃƭɓƾ

ǢƢǃǈ ȂƦ Ǿǻ «ƿʓȃƾ ȂƠƢǂƢ  Ǻȃ ǂƣɓ ȁƢǂ ƎƿʓƠȆɡǿ Ƣǂ ƪˬǕǡǻ Ǘǰǫ¬

ρǷƣƴǂ ǃƭɓƾ ʐƣǯƖ ȏȑȔȐ ƣƬ ȏȑȔȘ ʐƣȃ ǵƣǈ ǂƾ .ǹȅǂ ρǻ ƣȃ ǂƣϚȃƢǂ

ʑƦȆƼ ʐƣȃǂƣɓ ȁƢǂ ǀƣƽƬƢ ƣƦ ǺʓƭǉǿƢȆƬ ρǷȅ ǺʓƭǌƢƾ ρǔƣʒǂ ƫǫƢ ƿǿƾȆǻǃǫ

ǂƾ ρǔƣʒǂ ǾǼƵǿƢ ǽƣǻǄ ǽƖ ǂƾ ȂǿƣƭƽƧǌȆƼ .ǺʓȀɓ ǶƸ Ƣǂ ǶϚǍǻ

ρǍǰǿ ǾǼƵǿƢ ǽȆȀɓƢ ρǷȅ .ƾȆƦ ǺʓȄǈ ʐǅʒǂ ȂǻƣǿǃƦ ȅ ʐǂƢǁɠ ƫǈƣʓǈ

ƣƬ ǺʓȀɓ ǶƸ Ƣǂ ǶϚǍǻ ǾʒƢ ƿʒƣƦ .ƾǂƢƿǿ ƣȃ ʐǅʒǂ ȂǻƣǿǃƦ ȂǿȆɠ ǾʒƢ ǂƾ

ƿǿƢȆƭƦ ƣȃ ȁƣϝǍǿƢƾ ȅ ǆǂƢƿǻ ρǈǂƾ ʐǅʒǂ ȂǻƣǿǃƦ ǂƾ ρǔƣʒǂ ǾǼƵǿƢ

.ƿǌƣƦ ȂƭǌƢƾ ǂƢǁɠ ǃʓưƙƬ ρǍǰǿ

ƤˬǰǿƢ ρǷƣǠ ʐƢǂȆǌ ƣʒ ǹȆǸǠ ƪǂƢǄȅ ȂƦ ρǔƣʒǂ ǾǼƵǿƢ ǾƭǌȆǿ Ȃǻƣǿ

ʐƾƿǡƭǻ ʐƣȃ ʑʒƣǈǂƣǿ ƣƦ ǖƣƧƬǂƢ ǂƾ ƎǽƣʓɡȀȃǃǫ ȁƣϝǍǿƢƾ ƣʒ ρɡȀȃǃǫ

ƾǂƢƿǿ ʐƢ ȁƿʒƣǫ ƎǺʓƭǉȃ ȂƴƢȆǻ ρǷƣǠ ǊǄȆǻƖ ȅ ǆǂƢƿǻ ǂƾ ƣȄǿƖ ƣƦ Ȃɓ

ȅ ƾǂƢǁϝƦ ȂǉǸƴ ƣȄǿƖ ƣƦ ρǔƣʒǂ ǾǼƵǿƢ ƿʒƣƦ !ƿȀɓ ρǼǿ Ƣȅƾ Ƣǂ ʐƾǂƾ ȅ

ȂǼȃ ǾʒƢ ǽƣʒǃƴ ǂƾ żƣǰʓǼǠ Ƣǂ ƣȄǿƖ ǵƿƭǉǻ ȅ ǶǑǬǻ ȅ ʐǂȆǕƸ ǂȆǘ ȂƦ

ƣƦ ƣȃ ȁƣϝǍǿƢƾ ȅ ǾǼƵǿƢ .ƿȃƾ ǂƢǃǯ ρǍȃȅɈȩ ȅ ρǌǄȆǻƖ ʐƣȃ ʑʒƣǈǂƣǿ

ρǌǄȆǻƖ ȁƣɠǂƣɓ ρǔƣʒǂ ǽƣǼǸǡǻ ʐƢǃƦ ƿʒƣƦ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ʐǂƣϚǼȃ

ǹȅǃƹǻ ǮǘƣȀǻ ǂƾ ǺǿƢǂƣϚǼȃ ǄƢ ρƼǃƦ ȅ Ǿǻ Ȃɓ ʐǂƣɓ ǽƣǼȃ ƎƿǿǂƢǁϝƦ

ǊǄȆǻƖ ǏǑƽƭǻ ǽƢƾƣƭǈƢ ǄƢ ȁƾƣǬƭǈƢ ƣƦ ǽƣƭǉȵȆǸƦ ȅ ǽƣƭǉʓǈ ǽƣƭǈƢ

.ǺʒƢ ȁƾƢƾ ǹƣƵǿƢ ρǔƣʒǂ

ƿʒƿǌ ƫǫƢ Ȃƭɔǿ ǾʒǃƬ ǺȄǻ :(ƲȆǈƣʒ ȁƣϝǍǿƢƾ) ȁƾƢǄ Ǫʒǃǌ ʐƿȄǻ ǃƭɓƾ

Ȃƭǌǁɠ ɹȃƾ ǂƾ .ƫǈƢ ƣȃ ǽƣƭǈǃʓƦƾ ǂƾ ρǔƣʒǂ ɹƭǌǂ ǽƢǄȆǻƖ ǋǿƢƾ ƾƢƿǡƬ

ρǔƣʒǂ ɹƭǌǂ ǂƾ ƣǻ ǆǂƢƿǻ ǽƢǄȆǻƖ ǋǿƢƾ ǾʒǃƭȄƦ ǄƢ ρȄƴȆƬ ǶƦƣǯ ƿǐǂƾ

ρǷȅ ƎƿǿƾȆƦ ρǿƣǉǿƢ ǹȆǸǠ ȅ ʑƦǃƵƬ ǹȆǸǠ ǽƖ ǄƢ ƿǡƦ ȅ ƿǿƾǃɓ ρǻ ǶʓǑƹƬ

ʑʒƣȃ ȁƣϝǍǿƢƾ ǂƾ .ƫǈƢ Ȃƭǫǃɠ ǂƢǃǯ ǹȆǈ ȂƧƬǂ ǂƾ ρǔƣʒǂ Ȃƭǌǂ ǽ˫Ƣ

ƎƿǿȆǌ ρǻ ƤƣƽƭǿƢ ǺǸȪʒƾ ǵƿǡǻ ǆƣǈƢ ǃƦ żƣƧʒǃǰƬ ǽƣʒȆƵǍǿƢƾ Ǝƣǻ ǃʓǝǿ

Ǯʒǃǘ ǄƢ Ȃƭǌǁɠ ǂƾ .ƿȀƭǉʓǿ ƾƣǼƭǠƢ ǶƦƣǯ ǽƢƿȀȵ Ǻȃ ƣȃ ǵƿǡǻ ǾʒƢ Ȃɓ

ǂƾ ʐǃƭȄƦ ȅ ǃƭǍʓƦ ǽƣʒȆƵǍǿƢƾ ƎǂȆǍɓ ǋƵȀǈ ǽƣǻǄƣǈ ǽȆǻǄƖ ɸǃǼǿ

ʐƿǐǂƾ Ǘǰǫ Ȃɓ ǺȀɓ ρǻ ƾƣȄȀǍʓȩ ƢǁǷ .ƿǿƿǌ ρǻ Ȃƭǫǃʒǁȩ ƣǻ ȁƣϝǍǿƢƾ

ƿʒƣƦ ƫʓǫǃǜ ɹʓǰƦ ȅ ƿǌƣƦ ρǸʓǑƹƬ ǮƦƢȆǈ ǆƣǈƢ ǃƦ ȆƵǍǿƢƾ Ǌǃʒǁȩ ǄƢ

.ƿǌƣƦ ǋƵȀǈ ǽƣǻǄƣǈ ǽȆǻǄƖ ɸǃǼǿ ǆƣǈƢ ǃƦ

ǄƢ ʐǂƣʓǉƦ :(ʐƾǃƴȅǃƦ ȂǸǷƢ ƫʒƖ ȁƣϝǍǿƢƾ) ʐƾƢƿƸ ƣǔǂƿǼƹǻ ǃƭɓƾ

.ƿȀǿƢƾ ρǼǿ Ƣǂ «ǺʓȀɓ ǒǃǫ¬ ǹȆȄǬǻ ȅ ǟƦƣƬ ǪʒǃǡƬ ρƭƸ ƣǻ ǽƣʒȆƵǍǿƢƾ

Ƣǂ ƥǸǙǻ ɑǂƾ ǽȅƿƦ ρǿǄ ƫǉƬ Ǘǰǫ ȅ ƿǿƢ ȂǿƣϝʓƦ ǽƾǃɓ ǵ˫ƿƭǈƢ ƣƦ ρƭƸ

ƫǷȅƾ ǃǝƭȀǻ ƿʒƣƧǿ ƣǻ !ƿǿƢ ȂƭƼȆǻƖ ƾȆƼ ǂȆɔȀɓ ǆˬɓ ȅ Ȃǈǂƿǻ ǽƣǼǸǡǻ ǄƢ

ƾǂȆǻ ǾʒƢ ǂƾ ȅ ǺʓȀɓ ǊˬƬ ǽƣǻƾȆƼ ƿʒƣƦ ȅ ǺʓǌƣƦ ȂǿƣƼ ƪǂƢǄȅ ǾʓǷȆơǉǻ ȅ

ȂƴȆƬ ρǈƣȀǌ ǽƢȅǂ ȅ ǺǸǠ ɹǬǉǸǫ ȂƦ ƣǻ Ƣǃȵ .ǺʒǂƢǁϝƦ ρǌǄȆǻƖ ȁƣɠǂƣɓ

ƾǂȆƼǃƦ ʐƢǃƦ ρǈƣȀǌ ǽƢȅǂ ȅ ρǈƣȀǌ Ȃǡǻƣƴ ǽƢƾƣƭǈƢ ƣƦ ƿʒƣƦ ƣǻ .ǺʓȀɓ ρǼǿ

ǽƣʒȆƵǍǿƢƾ .ǺʓȀɓ ʐǂƣϚǼȃ ƣȃ ʑʒƣǈǂƣǿ ǾʒƢ ƣƦ ȁƿǌ ƤƣǉƸ ȅ ƫǈǂƾ

͆ˬƱǻ .ƿȀǿƢƾ ρǼǿ Ƣǂ ǶƠƣǉǻ ρɡǿȆϝȵ ȅ ʑʒƢǃȵ ʐǃƭɓƾ ɸǂȅƾ ǂƾ ρƭƸ ƣǻ

ɹʒǃǝǿ ƿȀǿƣǻ ρƱƹƧǻ ƾƣƵʒƢ ɹǬǉǸǫ ƣʒ ʐɇȆǷȆȩȆƬ ƿȀǿƣǻ ρƱƹƧǻ ɹǬǉǸǫ

ɸǄȆƸ ǂƾ ƣǻ .ƫǈƢ ǺǸǠ ƻʒǂƣƬ Ǿǻ ʐƿǡƦ ƯƹƦ .ƿȀǿƢƾ ρǼǿ Ƣǂ ƣȃ ȁȅǃɠ

ʐȆƵǍǿƢƾ ȂƦ ƯƸƣƧǻ ǞȆǿ  ǾʒƢ .ǺʓȀɓ ρǻ ǂƣɓ Ǫʓǡǔ ρǸʓƼ ρǔƣʒǂ ƻʒǂƣƬ

ƻʒǂƣƬ ǋƽƦ ρǬʓǷƙƬ ʐƣȃ Ƥƣƭɓ ǂƾ Ƣǃȵ .ƿȃƾ ρǻ ʐɇǃǿƢ ȅ ȁǅʓɡǿƢ ρǔƣʒǂ

ʐǂƣʓƭƼƢ Ƣǂ ρǔƣʒǂ ǊǄȆǻƖǆǂƾ Ƣǃȵ !ƔƿǿƢ ȁƾǃɓ ǩǁƸ Ƣǂ ǽƖ ρǔƣʒǂ

ǩǁƸ ƣȃ ȁƣϝǍǿƢƾ ǄƢ ρǸʓƼ ǂƾ Ƣǂ ρǔƣʒǂ ƻʒǂƣƬǆǂƾ Ƣǃȵ ȅ ƿǿƢ ȁƾǃɓ

Ǻȃ ǆǂƾ ǽƖ ρǔƣʒǂ ƻʒǂƣƬ ρǈǂƾ ǃȃ ǂƾ ƿʒƣƦ Ǿǻ ǃǝǿ ȂƦ !ƔǺʒƾǃɓ

ρǔƣʒǂ ǮǙȀǻ ǆǂƾ Ǯʒǃǘ ǄƢ ƿʒƣƦ ȆƵǍǿƢƾ .ƾȆǌ ȂƭǬɠ ȅ ȂƭǌȆǿ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
Ȑȕ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

.ƾǄȆǻƣʓƦ Ƣǂ ǵƿƭǉǻ ȅ ρǰǙȀǻ ǶʓǷƾ ɹƠƢǂƢ ȅ ǽƾǃɓ ǵ˫ƿƭǈƢ ρɡǿȆϝȵ

IMU ǂƾ ƣǻ :(ǄƢȆȃƢ ǽƢǃǼȵ ƿʓȄǌ ȁƣϝǍǿƢƾ) ȁƾƢǄ ǹǃɓ ρǸǠƿʓǻƢ ǃƭɓƾ

ǊǄȆǻƖ ƫʓǬʓɓ .ǺʒǂƢƾ ρǔƣʒǂ ǂƾ ʐǂƣƧǬǈƢ ϓǔȅ ρǷȅ Ǻʓƭǉȃ Ȓ ȂƧƬǂ

ȏȖ ǄƢȆȃƢ ǂƾ ƣǻ ȁƣϝǍǿƢƾ .ƫǈƢ ǃǬǐ żƣƧʒǃǰƬ ƣǻ ǆǂƢƿǻ ǂƾ ρǔƣʒǂ

!!!ƾǂƢƾ ȂǸƵǻ ȒȖ ƿȄǍǻ ȁƣϝǍǿƢƾ !!ƔρƭʓǬʓɓ Ȃȵ ƣƦ ρǷȅ ƾǂƢƾ ȂǸƵǻ

ƾƢƿǡƬ ǾʒǃƬ˫ƣƦ ƣǻ ρǔƣʒǂ ǾǼƵǿƢ !ǄƣʓƭǻƢ Ȃǿ ƿȀƭǉȃ Ȃǡƴƣǫ żƣǡǯƢȅ ƣȄȀʒƢ

ȂƦ Ƣǃȵ !ƔρƭʓǬʓɓ Ȃȵ ƣƦ ƣǻƢ ƎƾǂƢƾ Ƣǂ ρǔƣʒǂ ρǑǑƽƬ ʐƣȃ ǇǿƢǃǬȀɓ

!ƔȂǷƣǰǻ ǢƢǃǈ ǺʒȅǃƦ Ǘǰǫ ρɓ ƣƬ !ƔǺʓʒƖ ρǼǿ ƾȆƼ

ƣȃ ǾʒǃƭȄƦ .ƾǂƢƾ Ƣǂ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ Ǻƭǉʓǈ ǾʒǃƭȄƦ ƿǿˬȀǫ ǂȆǍɓ

ƫƼƢƾǃȩ ƣȄǿƖ ȂƦ Ǻȃ ʑʒ˫ƣƦ ʐƣȃ ǭȆǰƸ ȅ ƿȀȀɓ ρǻ ǺǸǡǻ ƣƵǿƖ ǂƾ Ƣǂ

.ƫǈƢ ρϚʒ ˬɓȅ ȅ ǽƣϚǌǅȩ ƣƦ ǽƣǼǸǡǻ ǭȆǰƸ ǂȆǍɓ ǾʒƢ ǂƾ .ƿȀȀɓ ρǻ

ƿǌ ǂȆƧƵǻ ƣϚʒǃǻƖ Ȃɓ ƾȆƦ ƾƣʒǄ ǂƿǰǿƖ ȂȀʓǻǄ ǾʒƢ ǂƾ ƿǿˬȀǫ ƫǫǃǍʓȩ

ǂƣɓ Ȃȵ ǂȆǍɓ ǾʒƢ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ƿȀȀʓƧƦ Ȃɓ ƣƵǿƖ ƿƭǈǃǬƦ Ƣǂ ρƭơʓȃ

ƣȃ ǽƣǉǿƢ ǾʒǃƬ˫ƣƦ ȅ ƣȃ ƫʓǑƽǌ ǾʒǃƭȄƦ ǂȆǍɓ ǾʒƢ ǂƾ .ƿȀɓ ρǻ ƾǂƢƾ

ǽƣǼȃ ǄƢ Ƣǂ ǄȆǻƖ ǋǿƢƾ ƿǿƢȆƬ ρǻ Ȃɓ ƫǈƢ ƤȆƼ ρǼǸǡǻ .ƿǿȆǌ ρǻ ǺǸǡǻ

ɟȀƴ ǂƾ Ȃɓ ƾȆƦ ʐǂȆǍɓ ƣȄȀƬ ǾȩƢɇ .ƾǂȅƣʓƦ ǂƣƦ ƫǈǂƾ ρϝȶƦ ǽƢǂȅƾ

ρǿƣȄƴ ɟȀƴ ǄƢ ƿǡƦ ǽƖ ǽƣɠǂǅƦ ρǷȅ .ƾǂȆƼ ǺƬƢ ƥǼƦ ǹȅƾ ρǿƣȄƴ

Ȗ ρǷƢ ȕ ȂɔȀʒƢ ƣƬ ǺʒǄƣǉƦ Ƣǂ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ƣƬ ǺʓȀɓ ǂƣɓ Ȃȵ ƿȀƭǬɠ

Ƣǂ ƣȃǂȆȄǼƴ ǇʓƠǂ ȅ ƣȃ ϗǌǅȩ ȅ ƣȃ ǆƿȀȄǻ ǾʒǃƭȄƦ ƣȃ ǾʒƢ ǃϝʒƾ ǵƣǈ

Ȃɓ Ǻȃ ƤǃǤ ʐƣʓǿƾ .ƿǿƾǃɓ Ǻȃ Ƣǂ ǂƣɓ ǾʓǼȃ ȅ ƿȀȃƾ ƫϚǸǼǻ ǶʒȆƹƬ

ȅ ƾȆƧǿ ǾȩƢɇ ƫǫǃǍʓȩ ǾʒƢ ȂƴȆƭǻ ƾȆƦ ɟȀƴ ǄƢ ƿǡƦ ʐƣȃ ρƭƽǈ ǃʓɠǂƾ

Ǻȃ ǽ˫Ƣ .ƫƽʒǃɠ ƣȄǿƖ ƫǈƾ ǄƢ ǾȩƢɇ ȅ ƾȆǍƦ ƣȃ ǽƖ ǺƸƢǅǻ ƫǉǿƢȆƭǿ

Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ǾʓǷȆơǉǻ ƣʒƖ .ƿȀɓ ρǻ ǵƣƧǿƾ Ƣǂ ʐǃʓǉǻ ǾʓȀȵ ƿǿˬȀǫ

!ƔƿȀȀɓ ρǻ Ȃȵ ƣȄǿƖ ƿȀȀʓƧƦ ȂɓƿǿƢ ȁƾƣƭǈǃǫ ƿǿˬȀǫ ȂƦ Ƣǂ ρƭơʓȃ ƣǻ

ȂƦ Ƣǂ ǽƢǄȆǻƖ ǋǿƢƾ ƎȂǡǻƣƴ ρǠƣǼƭƴƢ ȅ ʐƾƣǑƭǯƢ ǶƠƣǉǻ ǽȆȵ

ƥʒǃƽƬ ǂȆǍɓ ρǔƣʒǂ ƫʓǡǔȅ Ǝƿȃƾ ρǻ ǭȆǈ ʑƦǃƵƬ ǹȆǸǠ ʐƣȃ Ȃƭǌǂ

ƾȆƼ ȅ ƿȀʒȆϝƦ Ƣǂ ǶƠƣǉǻ ǆǃƬ ǽȅƿƦ ƣǻ ǽƣʓȃƣϝǍǿƢƾ ƿʒƣƦ .ƫǈƢ ȁƿǌ

ʐƣȃ ǹƾƖ ƿʒƣƦ ƣǻ .ƿƦƣʒ ƕƣǰƬǂƢ ǂȆǍɓ ǂƾ ǊǄȆǻƖ ȁƣϝʒƣƴ ƣƬ ƿȀȀɓ ϗǼɓ Ǻȃ

ʐƣʒƢǅǻ ȅ ǭȆǰƸ ȅ ƿǿȆǌ ǺǸǡǻ Ȃɓ ǺʓȀɓ ǮʒȆǍƬ Ƣǂ ƿȀǻ ȂǯˬǠ ȅ ȂƧƽǿ

ȅ ȂǯˬǠ ƿʒƣƦ ρǔƣʒǂ ƾƣƭǈƢ ȅ ǺǸǡǻ .ƾȆǌ ƫƼƢƾǃȩ ƣȄǿƖ ȂƦ Ǻȃ ʑƦȆƼ

ȂǿƣǬǈƙƭǻ .ƾȆǌ ƿȀǻ ȂǯˬǠ Ǻȃ ȅƢ ƣƬ ƿȃƾ ǽƣǍǿ ǋƧǘƣƽǻ ȂƦ Ƣǂ ǋǰǍǠ

ǮʒȆǍƬ Ƣǂ ƣȃ ȂȶƦ ǆǂƢƿǻ ǂƾ ρǔƣʒǂ ǺǸǡǻ ƾȆƼ Ȃɓ ǺʓȀʓƦ ρǻ ǽ˫Ƣ

ǄƢ ǽȅǃʓƦ ʐƢǃƦ ƿʒƣƦ Ƣǂ ƣȃ ρƠƣǈǂƣǿ ǾʒƢ .ƿȀʒƣʓǿ ρǔƣʒǂ ȂƦ Ȃɓ ƿȀɓ ρǻ

.ǺʓȀɓ ȂƧƸƣǑǻ ƣȃ ȂǻƣǿǄȅǂ ƣƦ ȅ ǺʓʒȆϝƦ Ǻȃ ρǔƣʒǂ Ȃǡǻƣƴ

.ǺʓǌƣƦ ǮǫȆǻ ǺʓǿƢȆƬ ρǼǿ Ǻȃ ȁƣϝǍǿƢƾ ǂƾ ƾȆǍǿ ƫǈǂƾ Ȃǈǂƿǻ ƣƬ

ƾƣǑƭǯƢ ǄƢ ǃϝʒƾ ƎƿȀɔǿ ƫǈǂƾ Ƣǂ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ƣƬ Ȃɓ ƿǿƢƿƦ ƿʒƣƦ ƫǷȅƾ

ƿȃƢȆƽǿ ʐǃƧƼ ǂȆǍɓ ǾʒƢ ǂƾ ʐƢ Ȃƭǉȃ ʐɇǃǿƢ ƕƣǰƬǂƢ ȅ ʐȆǯ ʐɇȆǷȆȀɔƬ ȅ

ǾʒƢ ρǸǡǫ ʐƣʓǿƾ ǂƾ ȅ ƫǈƢ ʐǃɔǫ ʑʒƣǼǿ ƪǂƿǯ ʐƣƴ ƣʓǿƾ ǽȆȀɓƢ .ƾȆƦ

.ƿȀɡȀƴ ρǻ ȅ ƿȀȀɓ ρǻ ȂǸƦƣǰǻ ǃϝʒƿϚʒ ƣƦ Ȃɓ ƿȀƭǉȃ ƣȃǃɔǫ

ȅ ƣȃ ǩǃƸ ǾʒƢ ρƭǯȅ Ǿǻ :(ǹȆǸǠ ǽƣƭǉɡȀȃǃǫ) ƾƢǅȄƦ ʐƿȄǻ ǃƭɓƾ

ǽȆʓǉʓǼɓ ǂƾ .ƾǃʓɠ ρǻ Ƣǂ ǹƾȆƴȅ ǹƣǼƬ ǺǤ ƎǹȆȀǌ ρǻ Ƣǂ ƣȃ ǵƾƾǂƾ

ρǔƣʒǂ ǾǼƵǿƢ ρƠƢǃƴƢ ʐƢǂȆǌ ȅ ǹȆǸǠ ǽƣƭǉɡȀȃǃǫ ǂƾ ƪƣʓǔƣʒǂ ƾǃƧǍʓȩ

ȂƦ Ȃɓ ǺʒǂƢƾ ʐǃǕƭƹǻ ǂƣǼʓƦ Ȃȵ .ƿǿȆǌ ρǻ ƶǃǙǻ ƣȃ ǩǃƸ ǾʓǼȃ Ǻȃ

ǊǄȆǻƖ żƣǐȆǑƽǻ ȅ ρǔƣʒǂ ɹʒǂ ȅ ƥǸǯ ƣʒȆɠ .ƫǈƢ ȁƾƣƭǫƢ ǇǬǿ ǇǬǿ

ȁƿǼǠ ρƸƢǃƴ ϗʒ ƿʒƣƦ .ƫǈƢ Ǔʒǃǻ ȁƣϝǍǿƢƾ ȅ Ȃǈǂƿǻ ǂƾ ρǔƣʒǂ

ƿȀǿǄ ρǻ ǽƣƭǈȅƾ Ȃɓ ʑʒƣȃ ǩǃƸ .ƾȆǌ ǹƣƵǿƢ ǃǕƭƹǻ Ǔʒǃǻ ǾʒƢ ʐȅǂ

ǃƭɓƾ ʐƣǯƖ ʐƣȃ ǩǃƸ .ƿȀʓǍǿ  ρǻ ǵƾ ȂƦ ρǸʓƼ ƎƿȀȀɓ ρǻ  ʑʒƣǼȀȃƢǂ ȅ

ǃɔǫ ǾʒƢ ȂƦ ǶƧǯ ǵƣǈ ƿȀȵ ǄƢ .ǺȀɓ ρǼǿ ǂƢǃɔƬ ȅ ǹǂƢƾ ǵȆƧǯ Ƣǂ ȁƾƢǄ ǹǃɓ

ȂƦ ƔǺȀϚƦ ǺǿƢȆƬ ρǻ ʐǂƣɓ Ȃȵ Ǔʒǃǻ ǾʒƢ ƾȆƧȄƦ ʐƢǃƦ Ǿǻ Ȃɓ ǹƾǃɓ ρǻ

ƎƿʓȀɓ ϗǼɓ Ǻȃ ƣǼǌ ǃɠƢ .ǹƾǃɓ Ǻȃ ǹƢƿǯƢ ȅ ǹƿʓǈǂ ρϚȵȆɓ ɹƵʓƭǿ

.ƿǌƣƦ ǃưƛǻ ρǸʓƼ ƿǿƢȆƬ ρǻ

ƥǷƣƴ ρǸʓƼ ρǷȅ ϗȵȆɓ ʑƦƣƭɓ Ǻǿƣƭǈȅƾ ǄƢ ρϚʒ ǋʓȩ ǵƣǈ ǾʒƿȀȵ

Ǿǻ ȅ ƾǂȅƖ ǺʒƢǃƦ ǂȆǍɓ ƲǂƣƼ ǄƢ ƎƾȆƦ ȂƹǬǐ ȓȘ ƾȅƿƸ Ȃɓ Ƣǂ ȁƾƣǡǷƢ ǭȆǫ ȅ

ϗǼɓİƿǌ ǾʒƢ ρǈǂƣǫ ǽƣƦǄ ȂƦ ǽƖ ǽƢȆȀǠ Ȃɓ Ǝǹƾǃɓ ǽƖ ɹǼƴǃƬ ȂƦ Ǟȅǃǌ

ǽƖ ʐƢǃƦ ʐƢ Ȃǻƿǰǻ Ǿǻ ǵƣƸ ǃȃ ȂƦ İ.ƿǿǃʓϝƦ ƾƣʒ ρǔƣʒǂ ǽƣɓƾȆɓ ǺʓȀɓ

ϗǼɓ Ǝρǔƣʒǂ ǊǄȆǻƖ ǏǑƽƭǻ ƎƣʒȆɠ ǃƭɓƾ ǺǿƣƼ ǄƢ ƿǡƦ ȅ ǺƭǌȆǿ

ȧƣȵ ρǼǘƣǫ ƪƢǂƣǍƭǿƢ ȅ Ǻʒƾǃɓ Ƕǻƣɓ Ƣǂ ǽƖ ɹǼƴǃƬ ʐǃǬǿ ȅƾ ȅ ǺƭǈƢȆƼ

ǪǷƛǻ ƾȆƼ ȅ ƫǈƢ ǽƢȆƼ ǊȆƼ ǂƣʓǉƦ Ƥƣƭɓ ǾʒƢ .ƫǫǃɠ ȁƿȄǠ ȂƦ Ƣǂ ǽƖ

ƎǽƣʒȆƵǍǿƢƾ ƎǽƢǄȆǻƖ ǋǿƢƾ Ƥƣƭɓ ǾʒƢ ǽƣƧǘƣƽǻ ƎƿʒȆɠ ρǻ Ȃǻƿǰǻ ǂƾ ǽƖ

.ƿȀƭǉȃ ǽƢǂƢǁɠ ƫǈƣʓǈ ȅ ǽƣǼǸǡǻ Ǝƣȃǂƾƣǻ ȅ ǂƿȩ

ǽƣʒȆƵǍǿƢƾ ƎǽƣǼǸǡǻ ɹǼȃ ǂƣʓƭƼƢ ǂƾ ƿʒƣƦ Ƥƣƭɓ ǾʒƢ Ǿǻ ǃǝǿ ȂƦ

Ǻȃ ǽƖ ǺȀɓ ρǻ ǃɔǫ Ȃɓ ʐǃϝʒƾ Ƥƣƭɓ .ƾǃʓɠ ǂƢǃǯ ǽƢǄȆǻƖ ǋǿƢƾ ȅ

ʐƢǂƢƾ ƎƿǌƣƦ Ǆƣǈǂƣɓ ǃƬ˫ƣƦ ƶȆǙǈ ȅ ǽƣʒȆƵǍǿƢƾ ʐƢǃƦ ƿǿƢȆƬ ρǻ ρǸʓƼ

ǄȆǻƖ ǋǿƢƾ «.ƿȀȀʒǃǫƣʓƦ ρǔƣʒǂ ǽƣǿƢȆƴ ǺʓȀɓ ϗǼɓ¬ :ƫǈƢ ǽƢȆȀǠ ǾʒƢ

.ƿȀʒǃǫƣʓƦ ρǔƣʒǂ ƿǿƢȆƬ ρǻ ƿʓǈǂ Ȃɓ ȆƵǍǿƢƾ ƿƸ ȂƦ ρǷȅ ƾǃʓϝƦ ƾƣʒ ƿʒƣƦ

.ƿʓǿƢȆƽƦ ȅ ƿʓȀɓ ȂʓȄƬ Ƣǂ Ƥƣƭɓ ǾʒƢ Ȃɓ ƫǈƢ ǾʒƢ ǹƢ ȂʓǐȆƬ

ǾǼ
Ƶǿ
Ƣ
ǂƣ
ƧƼ
Ƣ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȐȖ

ƣǻ :(ǽƣƵʒƣƦǂǀƖ ρǿƿǻ ƿʓȄǌ ȁƣϝǍǿƢƾ) ƫǈȅƾ ƫǰʓǰƸ ρǸǡǿƣƦǃǯ ǃƭɓƾ

ȂǈƿȀȃ ǂƣȀʓǼǈ ȅ ǇǿƢǃǬȀɓ ǾʒƿȀȵ ǂȆǍɓ ʑƦǃǤ ǵƣǼǌ ʐƣȃ ȁƣϝǍǿƢƾ ǂƾ

ʐƣȃ ǽȆʓǉʓǼɓ ǂƾ ȂǰǙȀǻ ǾʒƢ ǄƢ Ƣǃȵ ǺǿƢƾ ρǼǿ ρǷȅ ƎǺʒƢ ȁƾǃɓ ǂƢǅɠǃƦ

ǺǍȃƢȆƼ ƔǺʒǂƢƿǿ ȆǕǠ ƎȂǈƿȀȃ ǂƾ ǎȆǑƼ ȂƦ ƎǾǼƵǿƢ ρǑǑƽƬ

ʐƣȃ ȁƣϝǍǿƢƾ ƫʓǷƣǡǫ ȂƦ ǂƢƿǰǻ ϗʒ ρǔƣʒǂ ǾǼƵǿƢ Ȃɓ ƫǈƢ ǾʒƢ

ʐƣǕǠƢ ǄƢ ƣǻ ʐƣȃ ǋʒƣǼȃ ǂƾ ̤˫ȆǼǡǻ .ƿȀɓ ȂƴȆƬ Ǻȃ ǅɓǃǻ ǄƢ ƲǂƣƼ

Ǘǰǫ ρȃƣɠ ȅ ƿȀɓ ρǼǿ ƫɓǃǌ ρǉɓ ǽƢǃȄƬ ʐƣȃ ȁƣϝǍǿƢƾ ρǼǸǠ ƪƙʓȃ

ρƠƢǃƴƢ ʐƢǂȆǌ ȂƦ ʐƾƣȄȀǍʓȩ Ǿǻ !ƿȀƭǈǃǫ ρǻ Ƣǂ ǽƣǍʒƣȃȆƵǍǿƢƾ

ʐƢ ȂǰǙȀǻ ƣʒ ρǿƣƭǈƢ ǃƭǫƾ ǾǼƵǿƢ ƿȀȀɓ ƫǰǫƢȆǻ Ȃɓ ƎǹǂƢƾ ρǔƣʒǂ ǾǼƵǿƢ

Ǻȃ ǂȅƾ ȂǰǙȀǻ ƣʒ ǽƣƭǈƢ ώǙǈ ǂƾ ǺʓǿƢȆƭƦ ǃƬ ƫƸƢǂ ƣǻ ƣƬ ƿǌƣƦ ȂƭǌƢƾ

ȅ ǺʓǌƣƦ ȂƭǌƢƾ ǃǝǿ ǵƾƣƧƬ ȅ ƯƹƦ ǪǸƭƽǻ ʐƣȃ ȂȀʓǻǄ ǂƾ ȅ ǺʒȆǌ ϓǼƴ

ǾǼƵǿƢ ʐƢ ȂǰǙȀǻ ƣʒ ρǿƣƭǈƢ ǃƭǫƾ ǾʒƢ .ǺʒǃʓϝƦ ɟȀȃƣǼȃ ρƬƣǼʓǼǑƬ

ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ƕƣǰƬǂƢ ƯǠƣƦ ȅ ƿǌƣƦ ǵƣǡǫ ρǸʓƼ ƿǿƢȆƬ ρǻ ρǔƣʒǂ

.ƾƾǃɠ

ʐǃǈ ϗʒ ƿǌǂƢ ρǈƣȀǌǂƣɓ ǂƾ ǹȆǸǠ ƪǂƢǄȅ ȂɔȀʒƢ ʐƿǡƦ ƥǸǙǻ

Ǔƹǻ ʐƢǃƦ ȅ ǋʒƢǃɠ ȓ ʐƾǃƦǂƣɓ ʐƢǃƦ ƎƫǈƢ ȁƾǃɓ ρǫǃǡǻ ƣȃ ǋʒƢǃɠ

ǂƿǰȵ ƣȃ ǋʒƢǃɠ ǾʒƢ ǺʓǉǰƬ ǂƾ ρǔƣʒǂ ǾǼƵǿƢ ǺǿƢƾ ρǼǿ ȅ ǋʒƢǃɠ Ȕ

ρǷȅ ƎƫǈƢ ρϚʓǻƣȀʒƾ ʐƣȃ Ǻƭǉʓǈ ɹǈƿȀȃ Ǿǻ ǋʒƢǃɠ .ƾǂƢƾ ǋǰǿ

ʐƾǃƦǂƣɓ ɹƭǌǂ ȂƦ Ƣǂ ρϚʓǻƣȀʒƾ ʐƣȃ Ǻƭǉʓǈ ǋʒƢǃɠ Ƣǃȵ ǺǿƢƾ ρǼǿ

ρϚʓǻƣȀʒƾ ʐƣȃ Ǻƭǉʓǈ ǂƿȩ Ȃɓ ƎƿǷȆǿǂƖ ǵȆǯ ȂƦ Ȃɓ ρǷƣƸ ǂƾ ƎƿǿƢ ȁƾǃƦ

ρǉɓ .ƫǈƢ ȂǈƿȀȃ ǋʒƢǃɠ ɸƾƢǄ ρϚʓǻƣȀʒƾ ʐƣȃ Ǻƭǉʓǈ ͆ˬǐƢ ƎƫǈƢ

ʐƣȃ Ǻƭǉʓǈ ƿǿƢȆƬ ρǻ ǂȆǙȵ ƎƿǿƢƾ ρǼǿ Ƣǂ ʐǂƢƾǃƦ ǽƢƿʓǻ ȅ ρǷ ȁȅǃɠ Ȃɓ

ǮƸ ǂƾ Ȃɓ ƫǈƢ ρǼǸǜ ǾʒƢ Ǿǻ ǃǝǿ ȂƦ ƢǁǷ ƔƿȀɓ ǇʒǂƿƬ Ƣǂ ρϚʓǻƣȀʒƾ

ǂƾ Ǻȃ ρϚʓǻƣȀʒƾ ʐƣȃ Ǻƭǉʓǈ Ȃɓ ǺȀɓ ρǻ ƾƣȄȀǍʓȩ .ƫǈƢ ȁƿǌ ȂǈƿȀȃ

.ƿǌƣƦ ʐƾǃƦǂƣɓ ǋʒƢǃɠ ǂƾ Ǻȃ ȅ Ǔƹǻ ǋʒƢǃɠ

ʑƧǷƣƴ ǭƣǬƬƢ :(ǽƢƿǼȃ ʐƣȀʓǈ ρǸǠȆƦ ȁƣϝǍǿƢƾ) ρǕʓǫ ǶʓǠƣǼǈƢ ǃƭɓƾ

ƾƣƭǫƢ ǽƢƿǼȃ ʐƣȀʓǈ ρǸǠȆƦ ȁƣϝǍǿƢƾ ǂƾ ǵƣǉǻƢ ρǔƣʒǂ ǇǿƢǃǬȀɓ ǂƾ Ȃɓ

ƎǽƣȄǬǐƢ ρƭǡȀǐ ȁƣϝǍǿƢƾ ǄƢ ρǷƣƴǂ ρǸǠ ǃƭɓƾ ʑʒƣǼȀȃƢǂ ȂƦ Ȃɓ ƾȆƦ ǾʒƢ

.ǺʓǿǅƦ ȁǃɠ ǇǿƢǃǬȀɓ ǾʒƢ ȂƦ Ƣǂ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ƣƬ Ǻʒƾǃɓ ǊˬƬ ȁƣǻ Ȕ

ȅ ǊǄȆǻƖ ʐƢǃƦ Ƣǂ ǇǿƢǃǬȀɓ Ƕɓ ρɡȀʒƿǰǿ ƿǐǂƾ ȐȘ Ǻʒƿǌ ǂȆƧƵǻ ƣǻ

.ǺʓǌƣƦ ȂƭǌƢƾ ǽƣǼǸǡǻ ʐƢǃƦ Ǻȃ ρƬƣǉǸƴ ǺʓǿƢȆƭƦ ƣƬ ǺʓȀɓ ȂȀʒǅȃ Ǌȅǂǃȩ

ǅɓǃǼƭǻ ƥǸǤƢ ƎƿǿǂƢǁɠ ρǻ ƣȃ ǺǸǡǻ ʐƢǃƦ Ȃɓ ρƭǻƿƼ ǾǼǔ ʐƣȃ ȁǂȅƾ

ƣȄǿƖ ǂƾ ρǼǸǠ ƯƹƦ ̤˫ȆǼǡǻ ȅ ƫǈƢ ρɡȀȃǃǫ ȅ ρƭʓƦǃƬ ʐƣȃǂƣɓ ǃƦ

ǾǼǔ ǊǄȆǻƖ Ȃɓ Ǻʒƾǃɓ ƫǈƢȆƼǂƾ ȅ ǺʓƭǉƦ ƾƢƾ ǂƢǃǯ ƣȄǿƖ ƣƦ .ƾȆǌ ρǼǿ

.ǺʓȀɓ ƢǃƴƢ ƣȄǿƖ ʐƢǃƦ ρǌǄȆǻƖ ƶǃǘ ϗʒ ƣǻ ƣƬ ƿȀȃƿƦ ƣǻ ȂƦ Ƣǂ ƫǻƿƼ

ƫǼƸǄ ǂȆȩ ǛǠƢȅ ǃƭɓƾ ȅ ρǿƣȄǍȄǌ ǃƭɓƾ ƎȁƾƢǄ ǹǃɓ ǃƭɓƾ ƎƣʒȆɠ ǃƭɓƾ

ρǼʓǰƭǉǻ ǖƣƧƬǂƢ ǃǑǠ ƣƬ ƷƧǐ ǄƢ Ǆȅǂ ϗʒ ȅ ƿǿƾǂȅƖ ǪʒǃǍƬ ȅ ƿǿƿʓǍɓ

ϗʒ ǂƾ ȂʓǠˬǘƢ ϗʒ ƣƦ Ƣǂ ǺǸǡǻ ǃǬǿ ȓȘȘ ƾȅƿƸ ƣǻ .ƿȀƭǌƢƾ ǽƣǼǸǡǻ ƣƦ

ȁƿǿǄǂƢ ƪƣʓƦǃƵƬ ȅ ƪƣʒǃǝǿ ǄƢ ƣƬ Ǻʒƾǃɓ ϓǼƴ ȂƭǬȃ ǃƼƖ ρǿƣƭǉƦƣƬ Ǆȅǂ

ǵƣƹǌȆƼ ρǸʓƼ Ǆȅǂ ǽƖ ǽƣʒƣȩ ǂƾ ǽƣǼǸǡǻ .ƿǿȆǌ ƿȀǻ ȁǃȄƦ ǽƢƾƣƭǈƢ ǾʒƢ

ʐǃϝʒƾ ƤȆƼ ƶǃǘ ϗʒ .ƿǿƿǌ ƪƣǉǸƴ ǞȆǿ ǾʒƢ ɹǻƢƾƢ ǽƣȃƢȆƼ ȅ ƿǿƾȆƦ

ʐǃʒǄȅ ƢǄǃʓǻ ǃƭɓƾ Ƣǂ ǽƖ ƫʓǷȆơǉǻ Ȃɓ ƎǺʓƭǌƢƾ ǽƢǄȆǻƖ ǋǿƢƾ ʐƢǃƦ Ǻȃ

ρƭƸ ʑʒȆƵǍǿƢƾ ǃɠƢ ȂɔȀʒƢ ǃϝʒƾ ɹƭɔǿ .ƿȀƭǌƢƾ ȁƿȄǠ ȂƦ ǃϝʒƾ ǽƣƭǈȅƾ ȅ

ρƭƸƢǂ ȂƦ ρǷȅ ƿʒƣʓƦ Ȃɓ Ǻʓȃƾ ȁǄƣƴƢ Ǝρǔƣʒǂ ƿʒƣʓƦ ƿȃƢȆƼ ρǻ ǃȀȃ ɹƭǌǂ ǄƢ

Ƣǃȵ ƔƿǿǂȅƖ ρǻ ȏȖ ʐ˫ƣƦ ɸǃǼǿ ƣǻ Ǫʓǡǔ ǽƣʒȆƵǍǿƢƾ Ƣǃȵ !ƾȆǍǿ ƲǂƣƼ

ȅ ʐǃʓɠ ǮƭǍǻ ρƭƸ ρǰʓǰƸ ǅʓǷƣǿƖ ǆǂƾ ǂƾ ƣǼǌ ǵȆǯ ȂƦ Ȃɓ ʑʒȆƵǍǿƢƾ

Ƣǃȵ ! !!ƔƾȆǌ ρǻ ȏȖ ǋǷƿǡǻ Ǻȃ ǄƣƦ Ǝƫǉʓǿ ƿǸƦ Ǻȃ Ƣǂ ǮʒǃǬƬ ȅ ϓǼƴ

ƫǉȃ Ǻȃ ƣǻ ƾȆƼ ǄƢ ǵƣϚǌƢ Ȃɓ ǺȀɓ ρǻ ǆƣǉƸƢ Ǿǻ !Ɣƿʓȃƾ ρǻ ȁǃǼǿ

ǄȆǻƖ ǋǿƢƾ ƣǻ .ǺʒǄƢƿȀʓƦ ǽƢǃϝʒƾ ǽƾǃɠ ȂƦ Ƣǂ ƣȃǃʓǑǰƬ ɹǼȃ ƿʒƣƧǿ ȅ

ǄƣƦ Ƣǃȵ ƿȀƭǉȃ Ǫʓǡǔ Ȃɓ ʑʒƣȄǿƖ ρǷȅ ƎǺʒǂƢƾ Ǻȃ ƤȆƼ ʐȆƵǍǿƢƾ ȅ

ƣǻ ƿǌǂƢ ρǈƣȀǌǂƣɓ ʐƣȃ ǵƿǡǻ Ƣǃȵ Ɣƿǿǃʓɠ ρǻ ƤȆƼ ƪƢǃǼǿ ƣǻ ǄƢ Ǻȃ

!ƔƿȀƭǉȃ ˫ƣƦ ȂƦ ȏȗ ȅ ȏȖ ̤˫ȆǼǡǻ

ƫǫƢ ǶƧǯ ǵƣǈ ǾʒƿȀȵ Ǿǻ :(ɑƢǂƢ ȁƣϝǍǿƢƾ) ʐǃǝǿ ƿǼƹǻ ρǸǠ ǃƭɓƾ

Ȃɓ ˫ƣƸ ƣʒȆɠ .ǺƭǬɠ ɑƢǂƢ ǎȆǑƼ ȂƦ ȅ ƣȃ ǽƣƭǈǃȄǌ ǂƾ Ƣǂ ρǔƣʒǂ

ǽƖ ȅ ƫǈƢ ȁƾǂȅƖ ǂƾ Ƣǂ ƣǼǌ ʐƢƿǐ ȅ ǃǈ Ǝȁƿʓǈǂ Ǻȃ ǽƢǃȄƬ ȂƦ ǊƢ ȂǷǅǷǄ

ǾǼƵǿƢ ƿʒƣƦ ƣȄȀʒƢ ǄƢ ǃƬƾȅǄ ρǸʓƼ !ƿʒƢ ȂƭǌƢǁɠ ƯƹƦ ȂƦ ȂǉǸƴ ǾʒƢ ǂƾ Ƣǂ

ǂƾ .Ǻʓǈǃǿ ǂƣƧǬǈƢ ϓǔȅ ǾʒƢ ȂƦ ƣƬ ƎƫƼƢƾǃȩ ρǻ ȂǸơǉǻ ǾʒƢ ȂƦ ρǔƣʒǂ

ȁƿǌ ʐƾƣʒǄ ʐƣȃ ƫƧƹǐ ǽƣʓɡȀȃǃǫ ȁƣϝǍǿƢƾ ƤȆǸǙǻƣǿ ƫʓǬʓɓ ƾǂȆǻ

ρǔƣʒǂ Ȃƭǌǂ ƔƿǌƣƦ ȂƭǌƢƾ ρǔƣʒǂ ɹƭǌǂ ȁƣϝǍǿƢƾ ǾʒƢ ƿʒƣƦ Ƣǃȵ .ƫǈƢ

ǶʓǙǡƬ ʐƾȅǄ ȂƦ ƣʒ ȁƿǌ ǶʓǙǡƬ ǽƢǃȄƬ ǄƢ ǃʓǤ ƣȃ ȁƣϝǍǿƢƾ ǹƣǼƬ żƣƧʒǃǰƬ

ȅ ȁƿǌ ǶʓǙǡƬ Ȃɓ ǂȆǿ ǹƣʓȩ ƥǡǌ ǹƣǼƬ ρǔƣʒǂ ρǈƣȀǌǂƣɓ .ƿǌ ƿȃƢȆƼ

Ǻȃ ƣȄȀʒƢ Ȃɓ ƿǿǂƢƾ ʐǃƭɓƾ ȅ ƿǌǂƢ ρǈƣȀǌǂƣɓ ʐƣȃ ȁǂȅƾ Ǘǰǫ ̤˫ƣǼƭƸƢ

ǆȅǂƾ Ǘǰǫ Ȃɓ ǺʓȀɓ ȁƾƣǻƖ Ƣǂ ƾȆƼ ƿʒƣƦ ƣǻ .ƿǿȆǌ ρǻ ǶʓǙǡƬ ƳʒǂƿƬ ȂƦ

.Ǻʓȃƾ ȂƠƢǂƢ Ƣǂ ƣȃ Ȃƭǌǂ ǃʒƣǈ ȂƦ ρǉʒȅǃǈ

ƾȆƼ ρǔƣʒǂ ɹƭǌǂ ǶƧǯ  ǵƣǈ ǾʒƿȀȵ ǽƢǃȄƬ ƫǡȀǐ ȅ ǺǸǠ ȁƣϝǍǿƢƾ

ȂǿƢǄȅǂ ʐȆƵǍǿƢƾ ȗȘ ǄƢ Ȃƭǌǁɠ ǵƣǈ ǂƾ ƣǻ .ƫǈƢ ȁƾǃɓ ǶʓǙǡƬ Ƣǂ

ǹƣǿ ƫƧư ȆƵǍǿƢƾ Ȓȓ ρǷƢ ȒȘ ƾȅƿƸ ƫǷƣƸ ǾʒǃƭȄƦ ǂƾ ƎǺʒƾǃɓ ƣǔƣǰƬ Ȃɓ

Ȃɓ ʑʒƣȄǿƖ !ƔƿȀƭǉȃ ρǿƣǉɓ Ȃȵ ƣǻ ʐƾȅǂȅ ʐƣȃȆƵǍǿƢƾ ǾʒƢ ƣǻƢ .ƿǿƾǃɓ

ƣʒ ƎƿǿǂƢƿǿ ǵȆȩ ƣʒ ƿȀǿƢȆƽƦ ρǈƿȀȄǻ ƣƬ ƿǿȅǃƦ ƿȀǿƢȆƬ ρǼǿ ƾƢǄƖ ȁƣϝǍǿƢƾ ȂƦ

ƤȆƼ ɹƧƬǂ Ȃɓ ʑʒƣȄǿƖ ȂƭƧǷƢ .ƿǿƢ ȁƿǿƣǻ ƣƴ ȂǼȃ ǄƢ ȅ ȁƿǿƢǂ ƣƴ ȂǼȃ ǄƢ ȂɔȀʒƢ

ǾǼ
Ƶǿ
Ƣ
ǂƣ
ƧƼ
Ƣ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
Ȑȗ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ʐƣȃ ȁƣϝǍǿƢƾ ǽˬʓǑƹƭǷƢ Ǣǂƣǫ .ƿȀʒƖ ρǻ ǽƢǃȄƬ ǂƾ ǽƣƬƾȆƼ ƫǻƿƼ ƿǿǂƢƾ

ƿȀǿƣǻ ρǻ Ȃɓ Ǻȃ ρǿƣǉɓ ʐƢǃƦ ȅ ƿǿȅǂ ρǻ ƤƖ ǩǃǘ ǽƖ ȂƦ Ȃɓ Ǻȃ ǵȅƢ ǄƢǃƬ

.ƫǉʓǿ ρǸǥǌ

ȁǂƣƦȅƾ ƿȃƢȆƼ ρǻ ǽƣʓɡȀȃǃǫ ȁƣϝǍǿƢƾ ȁƿȀʒƖ ǵƣǈ Ȃɓ ǹǂƢƾ ǮưȆǻ ǃƧƼ

ǾʒƢ Ȃɓ ƣǻ Ǉȩ .ƾǃʓϝƦ ȆƵǍǿƢƾ ƎȏȑȗȘ ǵƣǈ ǶƱǻ ƎƾƣʒǄ ρǸʓƼ ώǙǈ ǂƾ

ƫʓƦǃƬ ƫʓǬʓɓ ǾʒǃƭȄƦ ƣƦ ƤȆƼ ʐƣȃ ȁƣϝǍǿƢƾ ǂƾ ρǔƣʒǂ ǇǿƣǉʓǷ ȂǼȃ

͆ˬǐƢ Ǿǻ ǃǝǿ ȂƦ !ƔƿǿȆǌ ǹƢƿƽƭǈƢ ρǼǸǡǻ ʐƢǃƦ ƿʒƣƧǿ Ƣǃȵ ƎǺʒƾǃɓ

.ƾǃʓϝƦ ȆƵǍǿƢƾ ρǔƣʒǂ Ȃƭǌǂ ǂƾ ǽƣʓɡȀȃǃǫ ȁƣϝǍǿƢƾ Ȃɓ ƾǂƢƿǿ ρǻȅǅǷ

ǅɓƢǃǻ ǽƣǼȃ ǟʓǼƵƬ ǄƢ Ȃɓ ƎǽƣʓɡȀȃǃǫ ȁƣϝǍǿƢƾ ǺʓǿƢƾ ρǻ ƶȆǔȅ ȂƦ ƣǻ

ƾǂƢƿǿ Ƣǂ ǹǄ˫ ρǑǑƽƬ ǽƢȆƬ ƎƫǈƢ ȁƿǌ ǶʓϚǍƬ ǮƦƣǈ ǺǸǡǻ ƫʓƦǃƬ

ρǸʓƼ ρƭʓǬʓɓ ƣƦ ȂǿƣǬǈƙƭǻ ȅ ƿȃƾ ǊǄȆǻƖ ƫǈǂƾ Ƣǂ ǋǿƣʒȆƵǍǿƢƾ Ȃɓ

ƿȀƭǉȃ ʑʒƣȃ ǺǸǡǻ ǾʓǼȃ ǽƖ ǶǐƣƸ ȅ ƿǿȆǌ ρǻ ǂƢǅɠǃƦ ƣȃ ȁǂȅƾ ǾʒƢ Ǿʓʒƣȩ

!ǺʓȀʓƦ ρǻ ƿǌǂƢ ρǈƣȀǌǂƣɓ ʐƣȃ ȁǂȅƾ ǂƾ ǽƣǻƾȆƼ ǆˬɓ ǃǈ ǽ˫Ƣ ƣǻ Ȃɓ

ȂƭǬɠ ǃƦ ƣȀƦ Ǿǻ :((ǃȄǌȆƦ) ǆǂƣǫ ƳʓǸƼ ȁƣϝǍǿƢƾ ρǷȆǈǂ ƿʓǡǈ ǃƭɓƾ

ƾƣǰƭǿƢ  ǽȆȵ Ǝǽƾǃɓ ƾƣǰƭǿƢ ǢƢǃǈ ǹȅǂ ρǻ Ǻʓǰƭǉǻ ȁƾƢǄ ǹǃɓ ǃƭɓƾ ʐƣǯƖ

ρǸʓƼ ǾʒƢ .ǺʒȆǌ ȂƴȆƭǻ ǃƭȄƦ Ƣǂ ƾǂƾ ƣǻ Ȃɓ ƾȆǌ ρǻ ƯǠƣƦ ƫǈǂƾ

ȏȑȖȖ ǵƣǈ ǂƾ Ȃǡǫƾ ϗʒ ƣȃ ȁƣϝǍǿƢƾ ƫʓǫǃǜ Ƣǃȵ ǺʓǿƢƿƦ Ȃɓ ƫǈƢ ǺȄǻ

Ǆƣʓǿ ǆƣǉƸƢ ǽƣǻǄ ǽƖ ǂƾ ƣȃ ƫǷȅƾ żƣǡǯƢȅ ƣʒƖ .ƾǃɓ Ƣƿʓȩ ǋʒƢǅǫƢ ȂǼȄǿƖ

ƣȃ ȁƣϝǍǿƢƾ Ǌǃʒǁȩ ƫʓǫǃǜ ǋʒƢǅǫƢ ƣƦ ƿȀƭǈƢȆƼ ρǻ Ǘǰǫ ƣʒ ƿǿƾȆƦ ȁƾǃɓ

ȏȘ ʐƣȃȆƵǍǿƢƾ ɸǅʓɡǿƢ ƣǻ ǽƣʒȆƵǍǿƢƾ !ƿȀȀɓ ǶƸ Ƣǂ ʐǂƣϚʓƦ ǶǕǡǻ

ρǔƣʒǂ ʐƢǃƭɓƾ ʐȆƵǍǿƢƾ Ǿǻ ǃǝǿ ȂƦ .ƿǿǂƢƿǿ Ƣǂ ǋʓȩ ǵƣǈ ȐȘ ρǷƢ

ǾʒƢ ρȀǡʒ .ƫǈƢ ȁƿʓǈǂ ȂǸƸǃǻ ǾʒƢ ȂƦ Ȃɓ ȁƾȆƦ Ȃǡǻƣƴ ƾƢǃǫƢ ǾʒǃƭȄƦ ƕǅƴ

ƣȃ ǾʒǃƭȄƦ ƕǅƴ ǽƣƭǈǃʓƦƾ ǃƼƖ ǵƣǈ ƣƬ ʑʒƢƿƭƦƢ ǵȅƢ ǆˬɓ ǄƢ ƢƿƼ ɸƿȀƦ

ȂǤƿǤƾ ȅ ƫƦƣǯǂ ρǸɓ ƣƦ ƿǡƦ .ƿǿƢ ȁƾǃɓ ǋǰʒȆǍƬ Ƣǂ ȅƢ ȂǼȃ ȅ ȁƾȆƦ

ƣƦ Ǻȃ Ƣǂ ƿǌǂƢ ρǈƣȀǌǂƣɓ ȅ ρǈƣȀǌǂƣɓ ɸǂȅƾ ȅ ȁƿǌ ǵȆƧǯ ǂȆɔȀɓ ǂƾ

ƎƫʒƣȄǿ ǂƾ ȅ ȂƭǫǃɠǂƢǃǯ ǽƣϝǼȃ ǮʒȆǍƬ ƾǂȆǻ Ǻȃ ǄƣƦ ȅ ȁƿǿƢǂǁɠ ƫʓǰǫȆǻ

Ǉȩ ƣǻƢ .ƾȆǌ ρǻ Ȃƭǫǃʒǁȩ ρȃƣϝǍǿƢƾ ʐƢǃƭɓƾ ɸǂȅƾ ǂƾ ƿʒƿǌ ρƭƦƣǯǂ ǂƾ

ρǸɓ ȅ ȁƿʓǍɓ ƫǼƸǄ ȂǼȄǿƖ ƎƿȀɓ ρǻ Ƣƿʓȩ ʐƿƦ ǆƣǉƸƢ ȁƣƬȆɓ ρƬƿǻ ǄƢ

ƫǸǠ ȂƦ ȅ ƫǈƢ ǽƣǼʓǍȩ ˫ƣƸ ρǷȅ Ǝȁƿʓǈǂ ȂǸƸǃǻ ǾʒƢ ȂƦ ƣƬ ȁƿǌ ǮʒȆǍƬ

ɹǼȃ żƣƧʒǃǰƬ ȂƭƧǷƢ .ƾǂƢƿǿ ǂƣɓ ǹƣǼƬƢ ʐƢǃƦ ʐƢ ȁǅʓɡǿƢ ȴʓȃ ʑƦƣʒ Ƕǥǌ ǹƿǠ

.ƿȀƭǉȃ ȂƴƢȆǻ ǶǕǡǻ ǾʒƢ ƣƦ ǽ˫Ƣ ƣȃ Ȃƭǌǂ

ǵȆơǉǻ ǽƢȆȀǠ ȂƦ Ǿǻ :(ǽƣƵǿǄ ȁƣϝǍǿƢƾ) ƾƢɈǿ ǾʒǂƖ ƾȆǡǉǻ ǃƭɓƾ

Ȃƭɔǿ ȅ ƣȃ ǩǃƸ ǾʒƢ ƫǈƢ ǪʓƸ Ȃɓ ǺʒȆɠ ρǻ ρǔƣʒǂ ǾǼƵǿƢ ɹǻƣǿǃƧƼ

ǃǍƭȀǻ ʑʒƣƴ ǂƾ ȅ ƿǿȆǌ ƶǃǙǻ ρȃƣǬǌ ƪǂȆǐ ȂƦ Ǘǰǫ ƤȆƼ ʐƣȃ ρȀʓƦ

ρƬƣȄƴȆƬ ƎǶǻƙƬ ȅ ȂƦǃƵƬ ǃƦƣȀƦ Ȃɓ ρǿƢǂƣϚǼȃ ɹǼȃ ȂƦ ǾʒƢǃƦƣȀƦ .ƿǿȆǍǿ

ρǷƾ ƾǂƾ ȅ ƿȀȀʓƦ ρǻ ʑƦȆƼ ȂƦ Ƣǂ ƣȃ ρȃƣƬȆɓ ȅ ƣȃ Ǫǡǔ ȅ ƿǿƢ ȁƾǃɓ Ƣƿʓȩ

Ƣǂ ƾȆƼ ǩǃƸ ȅ ƿǿǃƧƦ ǺǸǯ ȂƦ ƫǈƾ ǺȀɓ ρǻ ȂʓǐȆƬ ƎƿǿǂƢƾ ǾƭǬɠ ʐƢǃƦ

ǋʓƦ ρǸʓƼ ρǸǰƭǉǻ ƿȀǈ ǽȆȵ ϗʒ ǃȃ ƣƬ ƿȀǉʒȆȀƦ ƶȅǃǍǻ ȅ Ǯʓǯƾ

ȂǻƣǿǃƧƼ ǣʓǸƧƬ ʐƢǃƦ .ƿȀǌƣƦ ǃɡȀǌȅǂ ƎρȃƣǬǌ ǽƣʓƦ ʐƣȃ ƫǐǃǫ ǄƢ

ʐƣȃ ǵƣǿƣɓ ȅ ʐǄƣƵǻ ʐƣȃ Ȃǿƣǈǂ ǂƾ ƣȃ ƯƹƦ ǾʒƢ ƶǃǘ ƎǺʒȆɠ ρǼǿ

ƣƬ ƣȃ ƫʒƣϚǌ Ȃɓ ƫǈƢ ǽƖ ƫʓǡǯƢȅ .ƫǈƢ ƿʓǬǻ Ǻȃ ƣȃ Ȃƭǌǂ ρǑǑƽƬ

ƎƿǿǂƢƿǿ ρǿƢƿȀȵ ρǍƽƦǃưƢ ȅ ʐǃɡȀǌȅǂ ƿȀƭǉȃ ǵƾ ƾǂƾ ƿƸ ǂƾ Ȃɓ ρƭǯȅ

.ƿȀȀɓ ρǻ Ƣƿʓȩ ʐǃϝʒƾ ǋǰǿ ȅ ǽƙǌ ƿǿȆǌ ǃǍƭȀǻ ȅ ȁƿǌ ƤȆƭϚǻ ρƭǯȅ ƣǻƢ

ʐǂȆǙȀʓǼȃ ρǿƿʓȀǌ ʐƣȃ ǩǃƸ ǾʒƢ ǄƢ ρǸʓƼ Ȃɓ ƫǈƢ ǪʓƸ ǾʒƢǃƦƣȀƦ

ʐƣȃ ʐǃʓϝʓȩ ʐƢǃƦ ȅ ƿǿȆǍǿ ǇɔǡȀǻ ʑʒƣƴ ǂƾ ȂƭǌȆǿ ƪǂȆǐ ȂƦ ȅ ƿȀǿƣǼƦ

ƫǉǿƖ ǃϝʒƾ ƥǸǙǻ .ƿǿƾǃɡǿ ǾǼƵǿƢ ʐƢ ȂǍʒƿǿƢ ȅ ʐǃɔǫ Ȃʒƣǻǃǈ ƎʐƿǡƦ

ƫǫƢ ɹǡƴƣǫ ǅʓǿ ρǈƿȀȄǻ ȅ ǹȆǸǠ ʐƣȃ Ȃƭǌǂ ǹƣǼƬ ǂƾ ǽȆȀɓƢ Ǻȃ Ȃɓ 

ƫƧʓǑǻ ǾʒƢ ϓǯƢȅ ǂƾ Ǝƫǉʓǿ ρǔƣʒǂ ƫǫƢ ȂƦ ƾȅƿƹǻ ȅ ƫǉʒǂƣƴ ρǼǸǠ

ȂƦ ǃǑƹȀǻ ȅ ƫǈƢ ǃʓɠ ȂǼȃ ȅ ρǻƿʓȩƢ ʐȆƹǿ ȂƦ ǂȆǍɓ ǂƾ ȂǸǷƢƿǼƹƦ

!ƫǉʓǿ ρǔƣʒǂ

ǽƣʓƦ ǾǼǔ :(ǽƣȄǬǐƢ ρƭǡȀǐ ȁƣϝǍǿƢƾ) ρǿƣȄǬǐƢǃǑǿ ǵȆǈǂ ǃƭɓƾ

ȂƭǌƢƾ ȁƿȀȀɓ ǹǃϝǷƾ ʐƣȃ ƫƧƹǐ Ǻȃ ʐǂƿǯ ƫǈƢ ǃƭȄƦ ƣȃ ρƠƣǈǂƣǿ

ǽƣʒȆƵǍǿƢƾ ȅ ǺʒƢ ȁƾƢƾ ǹƣƵǿƢ Ǻȃ ʐƾƣʒǄ ƫƧƱǻ ʐƣȃǂƣɓ ƣǻ .ǺʓǌƣƦ

!ƔǺʓȀɓ ρǻ ȂʓɔƬ ƣȃ ρǬȀǻ ȂƦ Ǘǰǫ Ƣǃȵ .ǺʒǂƢƾ Ǻȃ ʑƦȆƼ ǽƢƾƣƭǈƢ ȅ

ɹȃƾ ρƭʓǡǼƴ ƿǌǂ :ƫǈƢ ȁƿǌ ƾȆƴȆǻ ǗʒƢǃǌ ƯǠƣƦ ρǸǐƢ ǶǻƣǠ Ȃǈ

Ƥǁƴ ǽƣϚǻƢ ǹƿǠ ȅ ƾǂƢȆǻ ǄƢ ρǕǡƦ ǂƾ ƫʓǬʓɓ ƫʒƣǠǂ ǹƿǠ ƎƫǑǌ

ǶϚǍǻ ǾʒƢ Ǝƿǿƾǃɓ ȁǂƣǌƢ Ǻȃ ǽƢǃϝʒƾ Ȃɓ ǂȆǘ ǽ ƣǼȃ .ǽˬʓǑƹƭǷƢ Ǣǂƣǫ

ǃɠƢ .ƾǂƢƾ ƾȆƴȅ ƣȃ Ȃƭǌǂ ǹƣǼƬǂƾ żƣƧʒǃǰƬ ȅ ƫǉʓǿ ρǔƣʒǂ ȂƦ ǖȆƦǃǻ Ǘǰǫ

żƣǼǸǉǻ Ǝƿǌ ρǻ ǶƸ ƫʓǬʓɓ ȅ ρȃƣϝǍǿƢƾ ǽˬʓǑƹƭǷƢ Ǣǂƣǫ Ƥǁƴ ǶϚǍǻ

Ǻȃ ƪˬǕǡǻ ǾʒƢ ǄƢ ʐǂƣʓǉƦ ȅ ƿǻƖ ρǻ ρǔƣʒǂ ɹƭǌǂ ȂƦ ƿǡƭǉǻ ʐƾȅǂȅ

ȁǁƼƢƛǻ ƫʓǬʓɓ ƫʒƣǠǂ ǹƿǠ ʐƢǃƦ Ǻȃ Ƣǂ ǽƣǻƾȆƼ ƿʒƣƦ ƣǻ .ƿǌ ρǻ ǶƸ

ƫʓǬʓɓ ƫǼǈ ȂƦ ǹƿǯ ϗʒ Ȃɓ ǺʓȀɓ ƿȄǡƬ ȅ ǺʒǃʓϝƦ ǺʓǼǑƬ ȅ ǺʓȀɓ

ʐƣȃ Ȃȃƾ ǂƾ ƫʓǬʓɓ ǛǬƸ ƣƦ ȅ ǵƾ ȅ ǽƣƴ ƣƦ ƣǻ ǽƢƾƣƭǈƢ .ǺʒǂƢƾǃƦ

.ƫǉʓǿ ƫʓǬʓɓ ʑƦ ǂƣɓ ɹǿƣǍǿ ǽƾǃɓ ǂƣɓ ǺƵƸ ǃȩ .ƿǿƾǃɓ ǂƣɓ Ȃƭǌǁɠ

Ƣǂ ρǿƢƾƣƭǈƢ ƣǻ .ǹƾǃɓ Ƣƿʓȩ ƣȃ ƫƧƹǐ ǄƢ ρǕǡƦ ǄƢ ʐƿƦ ǆƣǉƸƢ Ǿǻ

Ǻȃ ȅ ƿǿƾǃɓ ǂƣɓ ǺƵƸǃȩ Ǻȃ ƣȄǿƖ .Ǻʓƭǉȃ ƣȄǿƖ ǽȆʒƿǻ Ȃɓ ǺʓǈƣȀǌ ρǻ

ʐƢǃƦ Ȃɓ ǽȆȵ ƎǺʓȀɓ ȂʓɔƬ ƣȄǿƖ ȂƦ ƿʒƣƦ ƣǻ .ƿǿƾǃɓ ƫʒƣǠǂ Ƣǂ ƫʓǬʓɓ

ƫǈǂƾ ǾʒƢ .ǺʒǂƢƾ ǺϚƹǻ ȁƣɠ ȂʓɔƬ ϗʒ ȂƦ Ǆƣʓǿ ƎƾȆƴȆǻ ƪˬϚǍǻ ϓǫǂ

ǄƢ Ǿǻ .ǺʒǃƧƦ ǵƢƛǈ ǃʒǄ Ƣǂ ƾȆƼ ɹƭǌǁɠ ǵƣǈ ȑȘ ƣƬ ȐȘ ǹƣǼƬ Ȃɓ ƫǉʓǿ

ʐƢǃƦ Ƣǂ ƾȆƼ ρǿƢȆƴ ƎƿǿƿʓǍɓ ƫǼƸǄ ƣȃ ǵƣǈ ǾʒƢ ǂƾ Ȃɓ ρǿƢƾƣƭǈƢ ǹƣǼƬ

ǾǼ
Ƶǿ
Ƣ
ǂƣ
ƧƼ
Ƣ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȑȘ

ȅ ƿǿƾǃɓ ǶʓǑƹƭǷƢ Ǣǂƣǫ ƫʓǬʓɓ ƣƦ Ǝƿǿƾǃɓ ǂƣɓ ƫʓǬʓɓ ƣƦ ƎƿȀƭǌƢǁɠ ƣǻ

.ǹǂƢƾƢǂ ǃϚǍƬ ǵƣǼɓ ƎƿȀƭǌƢǁɠ ƣǻ ƫɓǃƸ ɹǻƢƾƢ ʐƢǃƦ ʑƦȆƼ ʐƣȀƦ ɟȀǈ

ȂǸǷƢƕƣǍǿƢ .ǺʓȀɔǿ ǃʒƿǰƬ ǄȆǉǷƾ ǽƢƾƣƭǈƢ ȂǿȆɠ ǾʒƢ ǂƣɓ ǄƢ Ȃɓ ƫǈƢ ǪʓƸ

.ǺʓǌƣƦ ʐǃƭȄƦ ǗʒƢǃǌ ƿȃƣǌ ȁƿȀʒƖ ǵƣǈ ƿȀȵ ǂƾ Ȃɓ

ǄƢ ρƼǃƦ ǃǝǿ ǩˬƼǃƦ :(ǽƣȄǬǐƢ ρƭǡȀǐ ȁƣϝǍǿƢƾ) ρǷƣƴǂ ρǸǠ ǃƭɓƾ

ƎƾǂƢƾ ƾȆƴȅ ƣǻ ɹǡǻƣƴ ǂƾ ρǬʓɓ Ȃȵ ȅ ρǼɓ Ȃȵ ρǔƣʒǂ ƫǫƢ Ǝǽƣƭǈȅƾ

ƣȃ ǋǷƣȵ ȅ ρǔƣʒǂ ǹȆǸǠ ǂƣȀʓǼǈ ǊǂƢǅɠ ǂƾ ǽƖ ʐƣȃǂƣǻƖ ǄƢ ʐǂƣʓǉƦ Ȃɓ

ƢǃʒǄ Ǝƫǉȃ Ǻȃ ȏȑȔȘ ǵƣǈ ƫǫƢ ǄƢ ǃƬƿƦ ρǸʓƼ Ǿǻ ǃǝǿ ȂƦ ȅ ƿǿƾȆƴȆǻ

ǂƣɓ ǹǂƢƾ ρǸǡǫ ǗʒƢǃǌǂƾ Ǻȃ ȅ ǹƾȆƦ ȏȑȔȘ ǵƣǈ ɹǡǷƣǙǻ ǂƾ Ǻȃ Ǿǻ

ƣǻ ρǈƣǈƢ ƪˬǕǡǻ ǄƢ ρϚʒ .ǺȀɓ ρǻ Ȃǉʒƣǰǻ Ǻȃ ƣƦ Ƣǂ ƣȃǂƣǻƖ ȅ ǺȀɓ ρǻ

Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ǂƾ ǊǄȆǻƖ ʐǂƣɡǿƢ ϗȵȆɓ ȅ ʑʒƢƿƭƦƢ ǊǄȆǻƖ ɹǸơǉǻ

ƎʑʒƣȩȅǂƢ ɹƭǫǃǍʓȩ ʐƣȃǂȆǍɓ ǂƾ .ƫǈƢ ǽƣǻǂȆǍɓ ρǷƣǠ ǊǄȆǻƖ ȅ

ƎǾȩƢɇ Ǝȁǃɓ ƿȀǿƣǻ ρǼǸǠ ȂƭǫǃǍʓȩ ʐƣȃǂȆǍɓ ǄƢ ʐǂƣʓǉƦ ȅ ƿǿˬȀǫ ǶƱǻ

ȅ ƫǈƢ ǃƭǍʓƦ Ǻȃ ϗǌǅȩ ϗʒ ǄƢ ǽƣƭǉƦƾ ǺǸǡǻ ǭȆǰƸ ƎǾʓȵ ȅ ǂȆȩƣɡȀǈ

Ƕǉǿ ƫǈǂƾ ƫʓƦǃƬ ȅ ǊǄȆǻƖ ɹȀʓǻǄ ǂƾ Ȃɓ ƫǈƢ ȁƿǌ ƯǠƣƦ ǃǻƢ ǾʓǼȃ

.ƿȀǌƣƦ ȂƭǌƢƾ ʐǃʓɠ ǺǍȵ ʐƣȃ ƫʓǰǫȆǻ ƎƾȆƼ ǽƢȆƴ

ϓǔȅ ƫǬɠ ρǻ ȅ ƾȆƦ ȁƿǻƖ ǾȩƢɇ ρǔƣʒǂ ǹȆǸǠ ƪƣǰʓǰƹƬ ǅɓǃǻ ǇʓƠǂ

ǂƣɠǄȆǻƖ ǭȆǰƸ ǽȆȵ ƫǬɠ ƔƢǃȵ ǺƭǬɠ !ƾȆǌ ρǻ ƤƢǃƼ ƾǂƢƾ ƣǻ ρǌǄȆǻƖ

ϗǌǅȩ ǭȆǰƸ ǄƢ ǃƭǍʓƦ ƾǂƢƾ ƣȄǿƖ ǩƢǃǘƢ ȅ Ǿʓȵ Ǝȁǃɓ ʐƣȃǂȆǍɓ ǂƾ

ƾǂƢƾ ǾȩƢɇ ƢǁǷ ȅ ƫǈƢ ǃƦƢǃƦ Ǻȃ ƣƦ ƣȃ ǭȆǰƸ ǾʒƢ ǾȩƢɇ ǂƾ ρǷȅ ƾȆǌ ρǻ

ǵȆǯ Ƕǰǿ ǽƣǍʒƢ ǄƢ żƣǰʓǯƾ Ǿǻ Ȃɓ ƫǈƢ ʐƢ ȂǸǼƴ ǾʒƢ .ƾȆǌ ρǻ ƫƽƦƿƦ

.ǺȀɓ ρǻ

ƫȄƴ ǽƢǄȆǻƖ ǋǿƢƾ ʐǄƣǈ ȁƾƣǻƖ ʐƢǃƦ Ǘǰǫ ƣǻ ǽƣǼǸǡǻ ȂǿƣǬǈƙƭǻ

ƾȆƼ ƫʓǬʓɓ ƕƣǰƬǂƢ ȂƦ ʐǄƣʓǿ ȅ ƿȀȀɓ ρǻ ǇʒǂƿƬ ρƭǉƬ ʐƣȃ ǽȆǻǄƖ

ƿȀȀɓ ρǻ ƕƣǰǷƢ ƣȄǿƖ ȂƦ ʐǂȆɔȀɓ ƪƣǉǈƛǻ Ȃɓ Ƣǂ ʐǅʓȵ Ǘǰǫ ƣȄǿƖ .ƿǿǂƢƿǿ

ρǼǸǡǻ .ƿȀȃƾ ǽƣǍǿ Ƣǂ ƾȆƼ ƫʓǯˬƼ ƿȀǿƢȆƬ ρǼǿ ƢǁǷ ȅ ƿȀȃƾ ρǻ ǆǂƾ

ƣȃǂƾƣǻ ȅ ǂƿȩ ƾȆƼ .ƿȃƿƦ ǆǂƾ ρǻȆȄǬǻ ƿǿƢȆƬ ρǼǿ ƫǉʓǿ ǭˬƼ Ȃɓ

ʐǂȆɔȀɓ Ƥƣƭɓ ȅ ƿȀȀɓ ǶƸ ʐǂȆɔȀɓ ǶƠƣǉǻ Ȃɓ ƿȀȃƢȆƼ ρǻ ƣȃ ǺǸǡǻ ǄƢ

ǂƣϚǼȃ ƣǻ ǆǂƢƿǻ ρǈǂƾ ƥƭɓ ǽƣǬǷƛǻ ǄƢ ʐǂƣʓǉƦ .ƿǿǃƧƦ ǆˬɓ ǃǈ

ǺʓǌƣƦ ȂƭǌƢƾ ρǌǄȆǻƖ ƾǂƢƿǿƣƭǈƢ ƿʒƣƦ ƣǻ .ƿȀƭǉȃ ʐǂȆɔȀɓ ƪƣǉǈƛǻ

ȁƣϝǍǿƢƾ ǂƾ ρǷȆƧǯ żƣǫǃǐ Ȃǿ ƎǺʓȃƿƦ ƾƣʒ Ƣǂ ǽƾǃɓ ρɠƿǿǄ ƣȃ ȂȶƦ ȂƦ ȅ

ǄƢ ʐƾǃƧȃƢǂ ρƭǈƣʓǈ ȅ ǽȅƿǻ ʐƢ ȂǻƣǿǃƦ ǽȅƿƦ ǽƣʓɡȀȃǃǫ ȁƣϝǍǿƢƾ .Ƣǂ

ǽȅƿƦ ƎƫǈƢ ȁƿǌ ǶʓϚǍƬ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ǺǸǡǻ ƫʓƦǃƬ ǅɓƢǃǻ ǟʓǼƵƬ

.ƿǌƣƦ ȂƭǌƢƾ Ƣǂ ǂȆǍɓ ρǷƣǠ ǊǄȆǻƖ ǩǂƣǡƭǻ ʐƣȃƾǂƢƿǿƣƭǈƢ Ȃɓ ǽƖ

:ǹƿǌ ǃɓǁƭǻ Ƕʒǀ ƶǃǌ ȂƦ Ƣǂ ʑƧǷƣǙǻ ǅʓǿ ƥǿƣƵȀʒƢ ȂǉǸƴ ǽƣʒƣȩǂƾ

ʑƧǷƣǙǻ ǽƣǌƾȆƴȅ ǮǼǠ ǄƢ ȅ ρǐƣƼ ǽƣƵʓȃ ϗʒ ƣƦ ρǷƣƴǂ ǃƭɓƾ ʐƣǯƖ

.ƿǿƾǃɓ ƶǃǙǻ ƎǆǂƢƿǻ ώǙǈ ǂƾ ǎȆǑƼ ȂƦ Ǝρǔƣʒǂ ƫǫƢ ƾǂȆǻ ǂƾ Ƣǂ

ƎǺʓȀɓ Ǟȅǃǌ ǆǂƢƿǻ ǄƢ Ƣǂ ρǌǄȆǻƖ ƪƣƸˬǐƢ ƿʒƣƦ Ȃɓ ǹƿǰƭǡǻ Ǻȃ Ǿǻ

ƫǫƢ ǄƢ Ȃƭǫǃɠ ƪƙǍǿ ƎǺʓƭǉȃ ƿȃƣǌ  ȁƣϝǍǿƢƾ ǂƾ Ȃɓ Ƣǂ ʑʒƣȃ ʑʒƣǈǂƣǿ ƢǃʒǄ

ǽƢǂƣϚǼȃ ǄƢ ʐƾƣʒǄ ƾƢƿǡƬ ρƭǉʒƣƦ .ƫǈƢ ǆǂƢƿǻ ǂƾ ρǔƣʒǂ ǊǄȆǻƖ

ǂƾ ρǔƣʒǂ ǊǄȆǻƖ ƕƣǰƬǂƢ ȅ ƾȆƧȄƦ ǩǃǐ Ƣǂ ǽƣǍƭǯȅ ƣǻ ρȃƣϝǍǿƢƾ

ρǔƣʒǂ ǊǄȆǻƖ ρǑǑƽƬ ǽȆʓǉʓǼɓʐƣǕǠƢ ȂǸǷƢƕƣǍǿƢ .ƿȀȀɓ ǆǂƢƿǻ

ƯƹƦ ǶǑǬǻ ǂȆǘ ȂƦ ƎƿǿǂƢƾ ʐƾƣʒǄ ɹƦǃƵƬ ȅ ǏǑƽƬ ȂȀʓǻǄ ǾʒƢ ǂƾ Ȃɓ

.ƾƢƾ ƿȀȃƢȆƼ ƣǻ ȂƦ ʑƦȆƼ ƪƢƾƣȄȀǍʓȩ ȅ ƿȀȀɓ ρǻ ǃǝǿ ǵƾƣƧƬ ȅ

ȅ ƣȃ ʑʒƣǈǂƣǿ ƣƵȀʒƢ ǂƾ Ǘǰǫ Ƣǃȵ Ȃɓ ǞȆǔȆǻ ǾʒƢ ƾǂȆǻ ǂƾ

ʐƢ Ȃǈǂƿǻ ǊǄȆǻƖ ƫƧƱǻ ʐƣȃ ȂƧȀƴ ȂƦ ρǷȅ ƿǿȆǌ ρǻ ƶǃǙǻ ƪˬǕǡǻ

.ǺȀɓ ρǻ ǒǃǠ ǽƣƭƭǻƿƼ Ƣǂ ʐƢ Ȃƭɔǿ ƎƾȆǌ ρǼǿ ʐƢ ȁǂƣǌƢ ρȃƣϝǍǿƢƾ ȅ

ǽƖ ȂƦ ϓƴƢǂ ƎǺʒȅǂ ρǻ ϗǌǅȩ ǢƢǃǈ ȅ ǺʒȆǌ ρǻ Ǔʒǃǻ ƣǻ Ȃɓ ρƭǯȅ

ƎǺʒǂƢƿǿ ρǸϚǍǻ ȅ ƿȀƭǉȃ ǺǷƣǈ Ȃɓ ǽƣǼʓɠƿǿǄ ȅ ǽƿƦ ǄƢ ʑʒƣȃ ƫǼǉǯ

ʑʒƣǈǂƣǿ ƾǂȆǻ ǂƾ Ǘǰǫ ȅ ǺʓȀɓ ρǼǿ ƶǃǙǻ ϗǌǅȩ ƣƦ Ƣǂ ʑƧǸǙǻ ̤˫ȆǼǡǻ

.ǺʓȀɓ ρǻ ƫƧƹǐ ϗǌǅȩ ƣƦ ƎȁƿǻƖ ǋʓȩ Ȃɓ ρǡǔȆǻ ʐƣȃ ƾǂƾ ȅ ρǐƣƼ

ƫǰʓǰƸ ǂƾ Ǻȃ ρȃƣϝǍǿƢƾ ǊǄȆǻƖ ȅ ʐƢ Ȃǈǂƿǻ ǊǄȆǻƖ ƣƦ ȂǙƦƢǂ ǂƾ

ρǸʓƼ ʐƿǌǂ ƤˬǰǿƢ ǵȅƢ ȂƦ ƫƧǉǿ .ǺʒǂƢƾ ρǿƢȅƢǃǫ ƫƧƱǻ ʐƣȃ ȂƧȀƴ

ǃƭɓƾ ʐƣǯƖ ǵȆǯ ȂƦ ȅ ǺʒƢ ȁƿʓǍƼǂƾ ρǸǸǼǷƢ ǾʓƦ ώǙǈ ǂƾ ƎǺʒƢ ȂƭǌƢƾ ƤȆƼ

ƎƿǿƿʓǍɓ ƫǼƸǄ żƣǡǯƢȅ Ȃƭǌǁɠ ǵƣǈ ȑȘ ƣƬ ȐȘ ǂƾ ƣǻ ǽƢƾƣƭǈƢ ƎǃǑǿ

ȏȓ ƣʒ ȏȘ ǾʒƢ ǂƾ ρǷȅ .ƿǿƾǃɓ ƫʓƦǃƬ Ǻȃ ʑƦȆƼ ǽƣʒȆƵǍǿƢƾ ȅ ƿǿƾǃɓǂƣɓ

ƣȄǿƖ ǺʓȃƢȆƼ ρǻ ƣǻ Ȃɓ ƫǈƢ ȁƿǻƖ ǋʓȩ ʐƾƣʒǄ ʐƣȃ ʑʒƣǈǂƣǿ ƎǃʓƼƢ ǵƣǈ

ǂȆǑƬ ǾʒƢ ƿʒƣƧǿ ρǌǄȆǻƖ ƪˬϚǍǻ ǽƣʓƦ ƣƦ ƢǁǷ ȅ ǺʓȀɓ ρǈƣȀǌ ƥʓǈƖ Ƣǂ

ʐƢǃƦ żƣǼǸǉǻ .ǺʒƢ ȁƾǃɓ ǊȆǻƢǃǫ Ƣǂ ƣȄǿƖ ƫƧƱǻ ʐƣȃ ȂƧȀƴ ƣǻ Ȃɓ ƿʒƖ ǋʓȩ

ʐƣȃ Ƥƣƭɓ ǪʓǷƙƬ ȅ ʐǅʒǂ ȂǻƣǿǃƦ ƎρǿƣƭǈǃʓƦƾ ȅ ρǿƣƭǉƦƾ ʐƣȃ ǊǄȆǻƖ

ȅ ƣȃ ʐǂƢǁɠ ȂǸɠ ƎρǷƣǠ ǊǄȆǻƖ ρǈǂƾ ʐƣȃ ȂǻƣǿǃƦ ȅ ʐƢ Ȃǈǂƿǻ ρǈǂƾ

Ǯʒǃǘ ɹƠƢǂƢ ȅ ρǈǂǃƦ ȅ ƿǰǿ ʐƢǃƦ ρƭǐǃǫ ƣƵȀʒƢ ǂƾ Ȃɓ ǺʒǂƢƾ ʑʒƣȃƾǂƾ

ȅ ǽƣȀǻ ƿǿȅƢƿƼ ȂƦ ǶɓȆƬ ƣƦ Ȃɓ ǹǂƢȅƿʓǻƢ ȅ ȁƿǻƖ ǋʓȩ ƣȄǿƖ ǶƸ ʐƢǃƦ

.ǺʓȀɓ Ƣƿʓȩ ƪƣƵǿ ƣȃ ǋǷƣȵ ǾʒƢ ǄƢ ǽƢǃʒƢ ρǔƣʒǂ ɹǡǻƣƴ ǊˬƬ

ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ρǑǑƽƬ ʐƣȃ ǽȆʓǉʓǼɓ ǵȆơǉǻ �
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Ƣ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȑȏ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ρɡȀȃǃǫ ǽȆʓǉʓǼɓ ƫǈƣʒǂ ȂƦ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȅ ǽƢǃʒƢ ǂƣǻƖ ǾǼƵǿƢ Ȃǻƣǿ

ρǻˬǈƢ ʐƢǂȆǌ ǇǸƵǻ

ʐƿȃƢǄ ʐƿȄǻƿǼƹǻ ǃƭɓƾ ʐƣǯƖ ƤƣȀƴ ƿȀǼƴǂƢ ǂƾƢǃƦ

ρǻˬǈƢ ʐƢǂȆǌ ǇǸƵǻ ρɡȀȃǃǫ ǽȆʓǉʓǼɓ ǹǃƭƹǻ ƫǈƣʒǂ

ρǼǸǠ Ȃǡǻƣƴ ȅ ƾȆƼ ǃϚǍƬ ƥƬƢǃǻ ǺʓǿƢƾ ρǻ ǹǄ˫ ƎǹƢǃƭƸƢ ȅ ǹˬǈ ƣƦ

ǩǁƸ ƾǂȆǻ ǂƾ Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ƪǂƢǄȅ ʐǂƣɔƭƦƢ ȂǻƣǿǃƦ ʐƢǃƦ Ƣǂ ǂȆǍɓ

ʐƢǃƦ ρǿƣƭǉƦƾ ǽƢǄȆǻƖ ǋǿƢƾ ʐǄƣǈ ȁƾƣǻƖ ȅ ǆǂƢƿǻ ʐƾȅǂȅ ʐƣȃ ǽȆǻǄƖ

ϓǙǰǻ ǾʒƢ ǂƾ ǊǄȆǻƖ ƫʓǬʓɓ ƣȃ ǵƣǈ Ȃɓ ǎƣƼ ǆǂƢƿǻ ǾʒƢ ȂƦ ƾȅǂȅ

ǽƣǿƢȆƴȆǿ ȅ ƣȃ ȁƾƢȆǿƣƼ ȅ ƾȆƦ ȁƾƢƾ ǂƢǃǯ ƾȆƼ ǞƣǡǍǷƢ ƫƹƬ Ƣǂ ρǸʓǑƹƬ ǺȄǻ

.ǺʓʒƣǼǿ ǹˬǠƢ ƫƼƣǈ ρǻ ǽƣǍʒǃȩ ȅ ƤǃǙǕǻ Ƣǂ

ȁƿȀȀɓ ƿǐǂ ȅ ǃɠ ȁǂƣǝǿ ƣȃ ǵƣǈ Ȃɓ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ

ǂƾ ƫɓǃǌ ʐƢǃƦ ƣȃ ǽƣƭǉƦƾ ǽƢǄȆǻƖ ǋǿƢƾ ʐǄƣǈ ȁƾƣǻƖ ƤȆǸǙǻƣǿ ƫʓǬʓɓ

ǶƸƢǃǻ Ȃɓ ƾǂƢƾ Ƕǻƣɓ ǽƣȀʓǼǘƢ ƎƫǈƢ ȁƾȆƦ ǎƣƼ ǆǂƢƿǻ ʐƣȃ ǽȆǻǄƖ

ʐƣȃ ǽȆǻǄƖ ǞȆǿ ǾʒƢ ǂƾ ƫɓǃǌ ʐƢǃƦ ǽƣǿƢȆƴȆǿ ȅ ǽƣɓƾȆɓ ʐǄƣǈ ȁƾƣǻƖ

ȅ ǽƣǿƢȆƴȆǿ ƤƢǃǙǔƢ ƿǿƢȆƬ ρǻ ǽƖ Ƥǃƽǻ ƪƣǥʓǸƧƬ ȅ ƾǂƢƿǿƣƭǈƢǃʓǤ

ǶʓǑƹƬ ǄƣǤƖ ǄƢ ƪƣʓǔƣʒǂ ǄƢ ƫǍƸȅ ȅ ǆǃƬ ƾƣƵʒƢ ȅ ƣȄǿƖ ʐƣȃ ȁƾƢȆǿƣƼ

ʐǄƣǈ ȁƾƣǻƖ ǶƸƢǃǻ ȅ ƣȃ ǽȆǻǄƖ ǾʒƢ ǩǁƸ ƣƦ ȅ ƿʒƣǼǿ ƿʒƿǍƬ ǽƣǿƖ ǂƾ Ƣǂ

ȂƦ ƎǺʓȃƣǬǻ ɑǂƾ ʐƢǃƦ Ƣǂ ǽƣǿƢȆƴȆǿ ȅ ǽƣɓƾȆɓ ƎƣȄǿƖ ƕȆǈ ƪƣǥʓǸƧƬ ȅ

ȁƾƣǻƖ ƎƾǂƢƿǿƣƭǈƢǃʓǤ ȂƦƢȆƴ ƿȀȵ ƪ˫Ƣƛǈ ʐƣȃ ƤƢȆƴ ǽƾǃɓ ǛǬƸ ʐƣƴ

.ƾǄƣǈ ρǻ

ȂǙƦƢǂ ǂƾ ƾȆƼ ƪƣǡǷƣǙǻ ǶǐƣƸ ƎƾǂƢƾ ρɠƾƣǻƖ ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ

ǂƣʓƭƼƢ ǂƾ Ƣǂ ƣȃ ǽȆǻǄƖ ǾʒƢ ǃưƢ ǃƦ ȁƿǻƖ ƿʒƿȩ ʐƣȃ ǋǷƣȵ ȅ ƪ˫ƣϚǌƢ ƣƦ

.ƿȃƾ ǂƢǃǯ ǂȆǍɓ ρǌǄȆǻƖ ǽƢǄƣǈ ǺʓǼǑƬ

ρȄǷƢ ƪƣǰʓǫȆƬ ʐȅǄǂƖ ƣƦ

ǽƣǰȃƾ ρǸǠƿǼƹǻ

ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ǇʓƠǂ

ʐƿȃƢǄ ʐƿȄǻƿǼƹǻ ǃƭɓƾ ʐƣǯƖ ƤƣȀƴ ƿȀǼƴǂƢ ǂƾƢǃƦ

ρǻˬǈƢ ʐƢǂȆǌ ǇǸƵǻ ρɡȀȃǃǫ ǽȆʓǉʓǼɓ ǹǃƭƹǻ ƫǈƣʒǂ

ƤȆǸǙǻƣǿ ƫʓǬʓɓ ƿʒǃǕƹƭǉǻ Ȃɓ ȂǿȆɡǿƣǼȃ ƎǹƢǃƭƸƢ ȅ ǹˬǈ ƣƦ

ʐƣȃ ǽȆǻǄƖ ǂƾ ƫɓǃǌ ʐƢǃƦ ƣȃ ǽƣƭǉƦƾ ǽƢǄȆǻƖ ǋǿƢƾ ʐǄƣǈ ȁƾƣǻƖ

ǾʒƢ ǂƾ ǊǄȆǻƖ ƫʓǬʓɓ Ȃɓ ƫǈƣȃ ǵƣǈ ƎǎƣƼ ǆǂƢƿǻ ƾǂƢƿǿƣƭǈƢǃʓǤ

Ȃǿ ǃǻƢ ǾʒƢ .ƫǈƢ ȁƾƢƾ ǂƢǃǯ ǞƣǡǍǷƢ ƫƹƬ Ƣǂ ρǸʓǑƹƬ ǺȄǻ ϓǙǰǻ

ȅ ƎƣȄǿƖ ʐƣȃ ȁƾƢȆǿƣƼ ȅ ǽƣǿƢȆƴȆǿ ρɠƾǃǉǫƢ ȅ ƤƢǃǙǔƢ ƪƣƧƴȆǻ ƣȄȀƬ

ȂƭǌƢƾ ȁƢǃǼȃ ȂƦ Ƣǂ ǶʓǑƹƬ ǄƣǤƖ ǄƢ ƪƣʓǔƣʒǂ ǄƢ ƣƵʓƦ ƫǍƸȅ ȅ ǆǃƬ

Ǝƪƣʓǔƣʒǂ ʐƣƧʒǄ ǺʓȃƣǬǻ ɑǂƾ ʐƣƴ ȂƦ ǅʓǿ Ƣǂ ǽƢǄȆǻƖ ǋǿƢƾ ƎƫǈƢ

ʐƢ ȂȀʒǅɠƿȀȵ ƾǂƢƿǿƣƭǈƢǃʓǤ ƪ˫Ƣƛǈ ʐƣȃ ƤƢȆƴ ǽƾǃɓ ǛǬƸ ƫǼǈ ȂƦ

.ƿȃƾ ρǻ ǭȆǈ

ʐǄƣǈ ȁƾƣǻƖ ƤȆǸǙǻƣǿ ƫʓǬʓɓ ǽƢǃɡǿ ȁǂƢȆǼȃ Ȃɓ ǽƢǃʒƢ ǂƣǻƖ ǾǼƵǿƢ

ǎƣƼ ǆǂƢƿǻ ʐƣȃ ǽȆǻǄƖ ǂƾ ƫɓǃǌ ʐƢǃƦ ƣȃ ǽƣƭǉƦƾ ǽƢǄȆǻƖ ǋǿƢƾ

ʐǄƣǈ ȁƾƣǻƖ ǶƸƢǃǻ ȁƢǃǼȃ ȂƦ ʐƣȃ ǽȆǻǄƖ ȂǿȆɡȀʒƢ Ȃɓ ƫǈƢ ƿǰƭǡǻ ƎȁƾȆƦ

ƣȃǅƧǈ ǢƣƦ ǂƾ ǽƾƢƾ ǽƣǍǿ ȅ ƣȄǿƖ ǂƾ ƫɓǃǌ ʐƢǃƦ ǽƣǿƢȆƴȆǿ ȅ ǽƣɓƾȆɓ

ȂǿƿƦ ȂƦ ʐǃʒǁȩƣǿ ǽƢǃƧƴ Ȃ Ʀǃǔ ƎǆǂƢƿǻ ȂǿȆɡȀʒƢ ǽˬʓǑƹƭǷƢ Ǣǂƣǫ ȂƦ

ʑƦȆƼ ȂƦ ǃɠƢ Ȃɓ ρǍǷƣȵ .ƾǃɓ ƿȃƢȆƼ ȅ ȁƾǃɓ ƾǂƢȅ ǂȆǍɓ ρǌǄȆǻƖ

.ƿȀɓ ǺȃƢǃǫ ρƬƖ ʐƣȃ Ƕǉǿ ʐƢǃƦ ρɠǂǅƦ ǃǈƾǂƾ ƿǿƢȆƬ ρǻ ƾȆǍǿ ƫʒǃʒƿǻ

ǾǼǔ Ȃɓ ƿǿƢƾ ρǻ ƾȆƼǃƦ ȅ ƣƵƦ ǽƢǃʒƢ ǂƣǻƖ ǾǼƵǿƢ ƣƭǈƢǂ ǾʒƢ ǂƾ

Ǌǂȅǃȩ ȅ ǊǄȆǻƖ ƪǂƢǄȅ ʐǂƣɔƭƦƢ ȂǻƣǿǃƦ ǄƢ ƾȆƼ Ƕǻƣɓ ƫʒƣǼƸ ȅ ǃϚǍƬ

ρǿƣƭǉƦƾ ǽƢǄȆǻƖ ǋǿƢƾ ʐǄƣǈ ȁƾƣǻƖ ȅ ʐƾȅǂȅ ʐƣȃ ǽȆǻǄƖ ǩǁƸ ƾǂȆǻ ǂƾ

ǾƭǌƢǁɠ ǂƣʓƭƼƢ ǂƾ ʐƢǃƦ Ƣǂ ƾȆƼ ρɠƾƣǻƖ ƎǆǂƢƿǻ ǞȆǿ ǾʒƢ ȂƦ ƾȅǂȅ ʐƢǃƦ

ǂƾ ǾǼƵǿƢ ǃƭǫƾ ȂƦ ȁƿʓǈǂ ʐƣȃƾƣȄȀǍʓȩ ȅ ƪƣǡǷƣǙǻ Ǝƣȃ ρǈǂǃƦ ǶǐƣƸ

ǗƦǃʒǀ ǽ˫Ȇơǉǻ ȂƦ Ǝƣȃ ǽȆǻǄƖ ǾʒƢ ǃưƢ ǃƦ ȁƿǻƖ ƿʒƿȩ ǋǷƣȵ ǶƸ ƣƦ ȂǙƦƢǂ

.ƿʒƣǼǿ ǹˬǠƢ

ǹƢǃƭƸƢ ȅ ǃϚǍƬ ƣƦ

ρȄǸǷƢ ƫǼǡǿ ƣǔǃʓǸǠ

ǽƢǃʒƢ ǂƣǻƖ ǾǼƵǿƢ ǇʓƠǂ

ǾǼ
Ƶǿ
Ƣ
ǂƣ
ƧƼ
Ƣ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȑȐ

. óĀîÊí

ƪƣʓǔƣʒǂ ȂǬǉǸǫ ǂƾ Ƥƣƭɓ ȅƾ ρǫǃǡǻ

ǋʒȅǂƾ .Ƣ

ǃɓǂƣƦ ǽȆʓƭǈƢ ǃưƢ «ρǔƣʒǂ ȂǬǉǸǫ¬ Ƥƣƭɓ Ǿʓǰʒ ȂƦ ƥʒǃǯ ǵƣǼƭƸƢ ȂƦ

Ƥƣƭɓ ϗʒ ǂȆȄǜ ǾʒǃƬ ρǼʒƿǯ ϗǌǃʓƦ ƿǼƸƢ ƾƣƭǈƢ ǽ ƢƾǃɠǃƦ ƣƦ Ǝ[ ȏȘ ]Ǝ

ǄƢ Ǉȩ ǵƣǈ ǋǌ .ƫǈƢ Ǝ[ ȏ ] Ǝ ρǈǂƣǫ ǽƣƦǄ ǂƾ ρǔƣʒǂ ȂǬǉǸǫ ǂƾ

Ƣǂ Ƥƣƭɓ ϗǌǃʓƦ ƿǼƸƢ Ǝ(ʐƾˬʓǻ ȏȗȔȒ ǂƾ) ǃɓǂƣƦ ǗǈȆƬ ǃưƢ ǪʓǷƙƬ

ȁƾȆƦ Ǆȅǂ ȂƦ ʐǃưƢ ǊƾȆƼ ǽƣǻǄ ǂƾ ǾʒƢǃƦƣȀƦ Ȃɓ ȁƿǿƢƾǃɠǃƦ ρǈǂƣǫ ȂƦ

ǂƾ ǽƖ ǄƢ ǽƢȆƭƦ Ȃɓ ʐǃϝʒƾ ʑƦƣƭɓ ƿǡƦ ƣȃ ǵƣǈ ƣƬ ȂǿƣǬǈƙƭǻ ƣǻƢ .ƫǈƢ

ǵƣǈ ƣƬ ǵƣƱǻ ǽƢȆȀǠ ȂƦ .ƿǍǿ Ƣƿʓȩ ƫǉƴ ƾȆǈ ρǔƣʒǂ ȂǬǉǸǫ ǇʒǂƿƬ

ρǔƣʒǂ ȂǬǉǸǫ ǇʒǂƿƬ ǂƾ ǃɓǂƣƦ Ƥƣƭɓ ǄƢ Ǻȃ ǄȆȀȃ ȅƾ ȅ ϗʒ ƾƣƭǬȃ

ƿǡƦ Ȃȃƾ ϗʒ ȂƭƧǷƢ .ƿǌ ρǻ ȁƾƣǬƭǈƢ ǄƢǃʓǌ ȁƣϝǍǿƢƾ ρǔƣʒǂ ǋƽƦ ǂƾ

ƫǈƢ ρƬ˫ƣǰǻ ɹǼƴǃƬ ǃưƢ ǾʒƢ .ƿǌ ǃǍƭȀǻ ρǈǂƣǫ ǽƣƦǄ ȂƦ Ǝ[ Ȕ ] ǟƧȀǻ

ȅ ǾʒƣƭǈƢƾȆɠ ƎǹƣȀƬƣȩ ƎǶǈƢǂ ƎɟȀʓƭʓȃ Ǝȧƣǿǂƣɓ ǽȆȵ ρǔƣʒǂ ȂǬǈˬǫ ǄƢ

ǊˬƬ ǶǑƸƣǻ ƎƤƣƭɓ .ǽƣǼʒȆǿ ǽȆǫ ȅ ƪǃƧǸʓȃ ǽȆȶǼȃ ρǿƣǿƢƿʓǔƣʒǂ

ȅ ƫǬȃ ȅ ȁƣƵȀȩ ʐƣȄǷƣǈ ρǔƣʒǂ ȂǬǉǸǫ ǆǂƾ ǂƾ Ȃɓ ƫǈƢ ρǿƣʒȆƵǍǿƢƾ

ȂƦ Ƣǂ ǂƣưƖ ǾʒƢ Ȃɓ ρǿƣʒȆƵǍǿƢƾ ʐƣȄǻƣǿ ǽƣʓǻ ǂƾ .ƿǿƢ ȂƭǌƢƾ ǂȆǕƸ ƫǍȃ

ρǔƣʒǂ ʐƢǃɡǰǙȀǻ ρǿƣƧǻ Ȃɓ ƎρǼǜƣɓ ƿʓǼƸ ǹƣǿ ƿǿƢ ȁƿǿƢƾǃɠǃƦ ρǈǂƣǫ

ʐƢǃɠƾȆȄǌ ρǿƣƧǻ Ȃɓ ρǷƣƽǸƼ ƾȆǡǉǻ ȅ ȁƾǃɓ ȂǼƴǃƬ Ƣǂ ȧƣǿǂƣɓ ǄƢ

.ƿȀǈǂ ρǻ ǃǝǿ ȂƦ ǃƬƣȀǌƖ ȁƿǿƢƾǃɠǃƦ ρǈǂƣǫ ȂƦ Ƣǂ ɟȀʓƭʓȃ ǄƢ ƪƣʓǔƣʒǂ

Ǝƣʒƿȩ ρϚʒȅ ƪƾƣȄǌ ȂƦ ƎȂǠȆǼƵǻ ǾʒƢ ƫǈǃȩǃǈ ƎρƠƣʓǔ ǾʓǉƸ ǃƭɓƾ

ǂƾ ȂǿƢǂƢȆɠȆǈ ȅ ȁƾȆƦ ƾǂƢȅǂƣȃ ȅ Ƕʓʒ ǃƧƭǡǻ ʐƣȃ ȁƣϝǍǿƢƾ ǶʓǑƹƭǷƢ Ǣǂƣǫ

ʐǃǸʓȃ ǃưƢ ƪǂȅǃǔ ȅ ƫǰʓǰƸ ȂǷƣǰǻ .ȂƭǬɠ ƪƣʓƸ ƾȅǂƿƦ ȏȑȗȘ ǵƣǈ

ȂǠȆǼƵǻ ǾʒƢ .ƫǈƢ ȁƿǌ ȁƿǿƢƾǃɠǃƦ ρǈǂƣǫ ȂƦ ǽƣǍʒƢ ƾȆƼ ǗǈȆƬ ǹƣȀƬƣȩ

ρƠƣʓǔ ǃƭɓƾ ȅ ǽƣʒȆƵǍǿƢƾ ǽƢȅƢǃǫ ƪƣǼƸǄ ǶǐƣƸ ƾǄ ǆƿƸ ǽƢȆƬ ρǻ Ȃɓ

.ƫǈƢ ȁƿǌ ǃǍȀǻ ǅʒǂ ǂƣʓǉƦ ρƭǿȆǫ ƣƦ ȅ ƫʓǬʓɓ ʑƦ ƫʒƣǤ ȂƦ ʑȩƣȵ ƣƦ ƫǈƢ

ƫǈǂƾ ǂƣȵ ȅ ǺǍȵ ˫ȆǼǡǻ Ȃɓ ǂƣưƖ ȂǿȆɡȀʒƢ ȁɈʒȅ ǽƣɠƿȀǿƢȆƼ ȂƵʓƭǿ ǂƾ ȅ

ƫǼƸǄ ȂƦ ƫƽǈ ǽƖ ǄƢ ʐƢ ȂƹǬǐ ǽƿǿƢȆƼ ʐƢǃƦ ƿǿǂƢƿǿ Ǻȃ ʑƦƣǉƸ ȅ

ƣǻƢ ƾȆǌ ȧƣȵ Ƥƣƭɓ ȂƭǈƢȆƼ ǾʒƿǷƢǃǑǿˬǻ ǶƱǻ ǃǌƣǿ żƢǃȃƣǜ .ƿȀƭǫƢ ρǻ

ʑȩƣȵ ȅ ƿǻƖ ρǻ ǺƸǂ ȂƦ ǃǌƣǿ ǵƾ ǃɠƢ ρƭƸ ʐǂƣƦ .ƿǿƢȆƽǿ Ƣǂ ǽƖ ρǉɓ

ʐƿƸƢȅ ȅƾ ǆǂƾ ƾǂƾ ȂƦ Ȃǿ ǃưƢ ǾʒƢ ƾǃɓ ρǻ ǂƢǄƣƦ ȂǿƢȅǂ Ǻȃ ǃƬǄƢȆǿ ǺǍȵ

ρǈƣȀǌǂƣɓ ȁǂȅƾ ǺǸǠ ȂǬǉǸǫ ʐǂƣʓƭƼƢ (ʐƿƸƢȅ Ȃǈ ƿʒƿƴ ȂǻƣǿǃƦ ǂƾ ƣʒ)

Ǟȅǃǌ ƎƾǂƢƾ ρǔƣʒǂ ȂǬǉǸǫ ǾƭƼȆǻƖ ǹǅǠ Ȃɓ ρǉɓ ʐƢǃƦ Ȃǿ ȅ ƾǂȆƼ ρǻ

ǃǍǿ ǂƢǄƣƦ ƾǂƢȅ [ Ȗ ] ȅ [ Ȑ ] ǃưƢ ȅƾ ƎȖȒ ȅ ȖȐ ʐƣȄǷƣǈ ǂƾ .ƫǈƢ ʑƦȆƼ

ǺǸǠ ȂǬǉǸǫ ʐǂƣʓƭƼƢ ǆǂƾ ǽƾƢƾ ǋǌȆȩ ʐƢǃƦ ʐƾƣʒǄ ƿƸ ƣƬ Ȃɓ ƿǿƢ ȁƿǌ

ȂǬǉǸǫ Ȃǿ ƾȆǌ ρǻ ǇʒǂƿƬ ρǔƣʒǂ ȂǬǉǸǫ ̤˫ȆǼǡǻ ρǔƣʒǂ ʐƣȃ ȁȅǃɠ ǂƾ)

ǪǸƭƽǻ ʐƣȃ ƥƭϚǻ ȂƦ Ƥƣƭɓ ȅƾ ǃȃ .ƿǿƢ ȁƿǻƖǂƾ ǃʒǃƹƬ Ȃƭǌǂ ȂƦ (ǺǸǠ

ρǔƣʒǂ ʐȆƵǍǿƢƾ ȂƦ ǹǄ˫ ƪƣǠˬǘƢ ǽƾƢƾ ǂƾ ρǡǈ ȅ ƿǿǄƢƾǃȩ ρǻ ρǔƣʒǂ

ȂǬǉǸǫ¬ ƎǽƣʓƹǸǑǻ ǵƣǐ ƿǼƹǻ Ƥƣƭɓ ƎȁɈʒȅ ȂƦ .ƿǿǂƢƾ ǆǂƾ ǾʒƢ ǂƾ

ǂƾ ρǬǸƭƽǻ ƪ˫Ȇǰǻ ȂƦ «ǽǂƿǻ ƫǉȩ ȅ ǽǂƿǻ Ǝϗʓǈˬɓ Ǝƪƣʓǔƣʒǂ

ρȃƣƬȆɓ ʐƣȃ ǶǑǫ ǾƭǌȆǿ ƣƦ Ƣǂ ǂƣɓ ǾʒƢ ȅ ƾǄƢƾǃȩ ρǻ ρǔƣʒǂ ȂǬǉǸǫ

ƎȆƵǍǿƢƾ ȂǸǐȆƸ Ȃɓ ƫǈƢ ǽƖ ǂƣɓ ǾʒƢ ǾǉƸ .ƫǈƢ ȁƿǿƣǈǂ ǹƣƵǿƢ ȂƦ

ρǼǿ ǃǈ ƾǂƢƿǿ ρǔƣʒǂ ȂǬǉǸǫ ǄƢ ρǸƧǯ ǞˬǘƢ ȅ ȂǡǷƣǙǻ ȴʓȃ ƣǻȆǼǠ Ȃɓ

ǅʓǿ ȁƾǄ ƫǍƸȅ ȅ ƤȆǠǃǻ ƥǷƣǙǻ ǞȆȀƬ ǶʓǷƾ ȂƦ ǵƣƸ ǾʓǠ ǂƾ ȅ ƾȅǂ

ǞȆǔȆǻ ȂƦ Ƣǂ ȅƢ ƿǿƢȆƭƦ Ƥƣƭɓ ǾʒƢ ƫǈƢ ǾϚǼǻ ρƭƸ ȂϚǸƦ ƾȆǌ ρǼǿ

ƣʒ ƿǌ ƿȀǻ ȂǯˬǠ ρƱƸƣƧǻ ǾʓȀȵ ȂƦ ȆƵǍǿƢƾ ǃɠƢ ƣǻƢ .ƿȀɓ ƿȀǻ ȂǯˬǠ

ǽƣʒȆƵǍǿƢƾ ̤˫ȆǼǡǻ ƔǺʓȀɓ Ȃȵ ƿȀɓ ʐǃƬ ʐƿƴ ƪƣǡǷƣǙǻ ƫǈƢȆƼ ρƭƸ

ρǉʓǸɡǿƢ ǽƣƦǄ ȂƦ ƣȃǂƿǰǿƖ ƎȂǿƣƭƽƦǂȆǌ ȂƭƧǷƢƿǐ ȅ ρǈƣȀǌǂƣɓ ϓǙǰǻ ǂƾ ƣǻ

.ƿȀȀɓ ȂʒǁǥƬ ǽƣƦǄ ǾʒƢ ǄƢ ƿȀǿƢȆƭƦ Ȃɓ ƿǿǂƢƿǿ ǗǸǉƬ

ȁƿǌ ǃǍǿ ǂƢǄƣƦ ȂǿƢȅǂ ƪƣʓǔƣʒǂ ȂǬǉǸǫ ǂƾ Ƥƣƭɓ ȅƾ ǃʓƼƢ ǵƣǈ ȅƾ ρϚʒ ǂƾ

([ ȏȏ ] ȅ [ ȑ ]) ǽȅƢǃƦ ƪǃƦƢǂ ǅǼʓƴ ƪƣʓǔƣʒǂ ȂǬǉǸǫ Ƥƣƭɓ ƫǉƽǿ .ƫǈƢ

ȑ
ǵȆ
ϚǍ
ɓ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȑȑ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

Ƥƣƭɓ ρǈǂƣǫ ȂǼƴǃƬ . ([ ȏȑ ] ȅ [ ȕ ]) ǽȅ ρǷȆɓ ɑǂƣǻ Ƥƣƭɓ ǇȪǈ ȅ

ȂƭǌȆǿ ǾʒƢ ǂƾ .ƫǈƢ Ȃƭǫǃɠ ǂƢǃǯ ƿǰǿ ȅ ρǈǂǃƦ ƾǂȆǻ [ ȓ ] ǂƾ ([ ȑ ]) ǽȅƢǃƦ

.ǺʒǄƢƾǃȩ ρǻ ǃưƢ ȅƾ ǾʒƢ ρǷƣǼƴƢ ρǫǃǡǻ ȅ ρǈǂǃƦ ȂƦ

ȆƭǿǂȆƬ ȁƣϝǍǿƢƾ ȂǬǉǸǫ ƾƣƭǈƢ ǽȅƢǃƦ ƪǃƦƢǂ ǅǼʓƴ

.ƫǈƢ ȆƭǿǂȆƬ ȁƣϝǍǿƢƾ ǂƾ ǺǸǠ ȂǬǉǸǫ ƾƣƭǈƢ (Ÿ ȏȗȒȗ)ǽȅƢǃƦ ƪǃƦƢǂ ǅǼʓƴ

ρȀǡǻ ǾʒƢ ȂƦ ƎƫǈƢ ρǿȆǘˬǫƢȆǿ ρǫȆǉǸʓǫ ǽȅƢǃƦ Ǝƪƣʓǔƣʒǂ ȂǬǉǸǫ ǂƾ

Ƣǂ ƿʒƿƴ ǺǸǠ Ȃɓ ȁƿʒǅɠǃƦ Ƣǂ ʑƦǃǍǻ ǽȆǘˬǫƢ ǄƢ ƫǌƢƾǃƦ ρǠȆǿ Ȃɓ

ȂǬǉǸǫ Ƥƣƭɓ .ƿǌƣƦ Ǌǃʒǁȩ ǶƦƣǯ ƎʐǄȅǃǻƢ ǽƣʓǻƾƖ ƣǻ ʐƢǃƦ ȅ ƿƦƣƬǃƦ

ǩƿȃ ƿȀȵ ƾǂƢƾ ρǻ ǽƣʓƦ ǊƢ Ȃǻƿǰǻ ǂƾ ȅƢ ƾȆƼ ȂɔǿƣȀȵ ƎǽȅƢǃƦ ρǔƣʒǂ

ʐǃϝʒƾ .ƫǈƢ ƪƣʓǔƣʒǂ ȂǬǉǸǫ ǊǄȆǻƖ ǩƢƿȃƢ ǾʒƢ ǄƢ ρϚʒ .ƾǂƢƾ

ǂȆǝȀǻ ȂƦ .ƫǈȅƢ ƾȆƼ Ǌǃʒǁȩ ƾǂȆǻ ʑƦǃǍǻ ǽȆǘˬǫƢ ǄƢ Ǟƣǫƾ ƣǻƢ

ƥƭϚǻ Ȃǈ ȁǂƣƦǂƾ ʐƢ ȁƿǿǄȆǻƖ ʐƣȃ Ȃǻƿǰǻ ǽȅƢǃƦ ƎǵȅƢ ǩƿȃ ȂƦ Ƕʓǿ

ρƠƢǃɠ ǮǙȀǻ ȅ ρƠƢǃɠƾȆȄǌ ƎρƠƢǃɡƬǂȆǐ Ǝρǔƣʒǂ ȂǬǉǸǫ ϗʓǈˬɓ

ρǸϚǌ ȂƦ ǃϝʒƾ ƥƭϚǻ ȅƾ ǃȃ ǄƢ ρƠƢǃɡƬǂȆǐ ƎȁɈʒȅ ȂƦ .ƾǂƢƾ ρǻ ǽƣʓƦ

ǺƵȀȩ ǶǑǫ ǂƾ .ƫǈƢ Ȃƭǫǃɠ ǂ Ƣǃǯ ρǫǃǡǻ ȅ ρǈǂǃƦ ƾǂȆǻ ǃƬ ǖȆǉƧǻ

ǄƢ ǆȆǷȆƦ ƪƣƧưƢ ȅ ƾȆǌ ρǻ ρǈǂǃƦ ǶʓǑǬƬ ȂƦ ρƠƢǃɡƬǂȆǐ Ƥƣƭɓ ǾʒƢ

ʐƣȃ ƫǫƣʓȃǂ ƎǺƭǍȃ ǶǑǫ ǂƾ .ƾƾǃɠ ρǻ ȂƠƢǂƢ ǅʓǿ ǵƾȆɠ ƫʓǻƣǼƬƣǿ ȂʓǕǯ

.ƾȆǌ ρǻ ȂƭƼƢƾǃȩ ƤƣǍʓƦ ȅ ǂȅƢǃƦ ρƠƢǃɡƭƼƣǈ ȅ ρƠƢǃɠƾȆȄǌ ȂƦ ƎρȀƭƼƣǈ

ǂƢǃǯ ȁƿǿǂƣɡǿ ȂƴȆƬ ƾǂȆǻ ǽƢƿȀȵ ƿȄƭʒƢȅ ȅ ǶǈƢǂ ρƠƢǃɠ ǮǙȀǻ ƣǻƢ

Ƥƣƭɓ ǺƭǬȃ ǶǑǫ ƫǈƢ ǅʓɡǿƢǃƦ  ǋʒƣƭǈ ϓǯƢȅ ȂƦ Ȃɓ ρǸǑǫ .ƾǃʓɠ ρǼǿ

ƔƿǌƣƦ ȂƭǌƢƾ ρǙʒƢǃǌ Ȃȵ ƿʒƣƦ ǪʒǃǡƬ ϗʒ Ɣƫǉʓȵ ǪʒǃǡƬ :ƫǈƢ

ȅ ƫƸƢǃǐ ȂƦ ƪƢǂƣƧǠ :ƫǌƢƾ ǂȅƣƦ ǂȆƹǻ Ǿƭǻ ǪʒǂƣǡƬ ȂƦ ƪǃƧǸʓȃ

ȂǠȆǔȆǻ ǵȆǐƢ ϗǼɓ ȂƦ Ƣǂ ƣȄǿƖ ʐƣȀǡǻ ȂϚǸƦ ƿǿȆǌ ρǼǿ ǪʒǃǡƬ ͆ˬǰƭǉǻ

ƾȆǌ ρǼǿ ȁƾƢƾ ƫǈƿƦ ȂǠȆǼƵǻ ǄƢ ρǬʒǃǡƬ .ǺʓƦƣʒ ρǻ ǂƾ (ƣȃ ƫǌƢƿȀƦ=)

ƣǻƢ .ƿȀȀɓ ρǻ ϗǼɓ Ǯʓǯƾ żƣƭƧǉǿ ρǸϚǌ ȂƦ ǽƖ ρǫǃǡǻ ȂƦ ƣȃ ƫǌƢƿȀƦ ƣǻƢ

ρƭǌƢƿȀƦ ǃȃ¬ ƪǃƧǸʓȃ ǵȆǯ ȂƦ ȂɔȀʒƢ ȂƦ Ɣƿǿƣǈǂ ρǻ ƣƵɓ ȂƦ Ƣǂ ƣǻ Ȃʒȅǂ ǾʒƢ

ǹȆȄǬǻ ƿʒƿƴ ƫǌƢƿȀƦ ǃȃ ǾʒƢǃƦƣȀƦ ȅ ƎƿǍƽƦ ρǻ ǪʒǃǡƬ ȂƦ ʐǅʓȵ

ƎρǈƿʓǸǯƢ ʐƣȃ ȂǈƿȀȃ ƥʓƬǃƬ ȂƦ ǂƾ ȂǙǰǿ .ƿȃƾ ρǻ ǃʓʓǥƬ ǅʓǿ Ƣǂ ǪʒǃǡƬ

.«ƫǈƢ ρƬȅƣǬƭǻ ƕρǌ ȁǂƢȆǼȃ ρǈƿʓǼǌǂƢǃʓǤ ȅ ρǈƿʓǼǌǂƢ ƎρǈƿʓǸǯƢƣǿ

ƿǿƢƾ ρǻ ȂƦƣǍǻ ƣȀǡǻ ȁǂƣƦǂƾ ȏ ʐǃʒǁȩƣǿ ǆƣʓǯ Ȃʒǃǝǿ ƣƦ Ƣǂ ȁƣɠƿʒƾ ǾʒƢ ǽȅƢǃƦ

ρȀǡʒ Ǻʓȃƾ ρǻ ǃʓʓǥƬ Ƣǂ ǽƣǼʒƣȃǂȅƣƦ ƣǻ Ȃɓ ǽƣȀȶǼȃ ǽƖ ǮƧǘ ǃƦ Ȃɓ

ƯƹƦ ƾǂȆǻ ƪǂƣƧǠ ρǿƣǡǻ Ǻʓȃ ƾ ρǻ ǃʓʓǥƬ Ƣǂ ƾȆƼ ʐƣȃ ƫǌƢƿȀƦ ƣʒ Ȃʒǃǝǿ

ǇʓǈƙƬ ǄƢ ǋʓȩ Ȃɓ ƾȆƦ ǂȅƣƦ ǾʒƢ ǃƦ ǇɔǠ ȂƦ Ȃɠǃǫ .ƿȀɓ ρǻ ǃʓʓǥƬ ǅʓǿ

ǾʒƢ ǂƾ .ƾǃɓ ƫʓƧƱƬ Ƣǂ ʐƿʓǸɓ ƪƢǂƣƧǠ ǪʒǃǡƬ ƿʒƣƦ ρǔƣʒǂ ǹƣǝǿ ϗʒ

ȁƣɡǿƖ¬ :ƿʒȆɠ ρǻ ȅƢ .ƾȆƦ ƿȃƢȆƼ Ǆƣǈǂƣɓ ρǼʒƿǯ ǺʓȃƣǬǻ ǶʓǸƹƬ ǃʓǉǻ

Ÿ ƾȆƦ ƿȃƢȆƼ ǾʒƢ żƣǰʓǯƾ ƫǫǂ Ǿƽǈ ǽƖ ɸǂƣƦǂƾ Ȃɓ ρǰǙȀǻ ǶʓǸƹƬ ǃʓưƙƬ

ƎƫǈƢ ƿʓǬǻ ǂƣʓǉƦ ϐȀǈ ǾʒƢ ǄƢ ʐǂƣɓ .ώǔƢȅ ǂȆǘ ȂƦ ƣȀǡǻ ǾƭǌƢƾ ǽƣʓƦ

ƿʒƣƦ Ǝƿȃƾ ρǼǿ ǶʓϚǍƬ Ƣǂ ǹƣǝǿ ǇʓǈƙƬ ǂƣɓ ǄƢ ρǍƽƦ ǂƣɓ ǾʒƢ ƎƿȀȵ ǃȃ

ǽƢƿȀȵ ǂƣɓ ǾʒƢ Ȃɓ ƾȆǌ ρǻ ǹȆǸǡǻ ƿǡƦ ρǼɓ .«ƾȆǌ ǹƣƵǿƢ ǽƖ ǄƢ ǋʓȩ

[ ȏȓ ]ǂƾ ρǘƢǃǰǈ ρƠȆɡƭǬɠ ǂƾ ǊȆƬƣɓ˫ ȁǃǼʒƢ .ƫǉʓǿ ǾϚǼǻ ȅ ǃǉʓǻ

ǽƣʓǻ ʑʒȆɠȅ ƫǬɠ ǄƢ ƿǡƦ ȅ ǋʓȩ ρǡǸǔ ƿȀȵ ǹȆȄǬǻ Ȃɓ ƿȃƾ ρǻ ǽƣǍǿ

ǂƾ ǽƖ ǄƢ ρǸʓǸƹƬ ȅ ȆɡƭǬɠ ǾʒƢ .ƿȀɓ ρǻ ǃʓʓǥƬ ǋǿƢƾǃɠƣǌ ȅ ǺǸǡǻ ϗʒ

ȅ ƣȃ ǋƽƦ Ƥƣƭɓ .ƾǃʓɠ ρǻ ǂƢǃǯ ƯƹƦ ƾǂȆǻ ǽȅƢǃƦ Ƥƣƭɓ ǹȅƾ ǶǑǫ

ȂƦ ǺȄǿ ǶǑǫ ǵƣƱǻ ǽƢȆȀǠ ȂƦ .ƾǂƢƾ Ǻȃ ʐǃϝʒƾ ȂƴȆƬ ǶƦƣǯ ʐƣȃ ǶǑǫ

ǂƾ .ƾǄƢƾǃȩ ρǻ ȅƢ ρǘƢǃǫƢ ρƠƢǃɠƾƢƾƾǂƢǃǯ ȅ ǾʒƣƭǍȀɡƭʒȅ ƪƣʓǔƣʒǂ ȂǬǉǸǫ

ρǍʒƣǻǄƖ ǃƦ ρȀƭƧǻ Ȃɓ ƾǄƢƾǃȩ ρǻ ǂƣƭǈȆʓȩ ǒǃǫ ǵƣǙƦƢ ȂƦ ȁƾǄƣʒ ǶǑǫ

ϗʒ ǽȅƢǃƦ ǽȆȵ .ƫǈƢ ȁƿǌ ȁǃȄǌ ɟȀʓǸʒƢǃǫ ǵƣǙƦƢ ȂƦ ȅ ƫǈƢ ρȀȃǀ

ǄƢ ȁƾƣǬƭǈƢ ǃƦ Ƣǂ ƫǈƾ ρƠƢǃɠ ǽȆǘˬǫƢ ȅƢ ǺǠǄ ȂƦ ȅ ƫǈƢǃɠ ǽȆǘˬǫƢ

«ƪƣƧưƢ¬ ʐƢǃƦ ρȀȃǀ ʐƣȃ ǋʒƣǻǄƖ ȅ ƣȃ ǶϚǌ ȂǸǼƴ ǄƢ ǃϝʒƾ ʐƣȃǂƢǅƦƢ

ȂƠƢǂƢ ʐƢǃƦ ʐƾƿǡƭǻ ʐƣȃ ǊˬƬ ʐȅ ƎƾǂƢǁɠ ρǻ ǄƣƦ ρǔƣʒǂ ʐƣȃ ȁǂƢǅɠ

ρǕǡƦ «ƪƣƧưƢ¬ ǽƾǂȅƖ ǺȃƢǃǫ ƫȄƴ ǶϚǌ ƣʒ ƥǷƣƴ ρȀȃǀ ʐƣȃ ǋʒƣǻǄƖ

ƣȃ ǶϚǌ Ȃɓ ƾǃʒǁȩ ρǻ ǽȅƢǃƦ .ƫǈƢ ȁƾǃɓ ȂǔǃǠ ρǔƣʒǂ ʐƣȃ ȁǂƢǅɠ ǄƢ

Ȃɓ ƿȃƾ ρǻ ǽƣǍǿ ǵƣƸ ǾʓǠǂƾ ƣǻƢ ƿǿƢ ȁƿȀȀɓ ȁƢǃǼɠ ρƭƸ ȅ ǂƣϚƧʒǃǫ ρȃƣɠ

ρƭƼƣȀǍǿƢȅǂ ǩǃǐ ϗǼɓ ϗʒ ǄƢ ǋʓƦ ʐǅʓȵ ϓǯƢȆǻ ρǕǡƦ ǂƾ ƿȀǿƢȆƬ ρǻ

ȂƠƢǂƢ ƣƦ ǽȅƢǃƦ ȅ ƿȀƭǉȃ ƪƣƧưƢ ϗʒ ǮƸ ȂƦ ƪƣǯȅƢ ρǕǡƦ ƣȄǿƖ .ƿȀǌƣƦ

.ƿȀɓ ρǻ ǞȆǔȆǻ ǾʒƢ ǽƾƢƾ ǽƣǍǿ ǂƾ ρǿƢȅƢǃǫ ǊˬƬ ʐƾƿǡƭǻ ʐƣȃ ǵƣƱǻ

żƣǡǯƢȅ ǺǸǠ ƣʒƖ Ȃɓ ǵƢƛǈ ǾʒƢ ȅ ƪƣʓǔƣʒǂ ƾǃƦǂƣɓ ȂƦ Ƥƣƭɓ ǹǂƣȄȵ ǶǑǫ

ǽƢƿȀǻ ȂǯˬǠ ʐƢǃƦ ǽȅƢǃƦ Ƥƣƭɓ .ƫǈƢ ȂƭƼƢƾǃȩ ƾǂƢƾ Ǆƣʓǿ ƪƣʓǔƣʒǂ ȂƦ

ƎǃƭǍʓȩ .ƾȆƦ ƿȃƢȆƼ ǅʓɡǿƢǃƦ ǶǻƙƬ ȅ ρǿƿǿƢȆƼ ƎƤƢǁƴ ƪƣʓǔƣʒǂ ȂǬǉǸǫ ȂƦ

ȂƦ ([ Ȓ ]) Ǿȃǀ ȁƣϝǍʒƣǻǄƖ ǽƢȆȀǠ ƣƦ ǽȅƢǃƦ ƪǃƦƢǂ ǅǼʓƴ ǄƢ ʐǃϝʒƾ Ƥƣƭɓ

incommensurability ȏ

ȑ
ǵȆ
ϚǍ
ɓ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȑȒ

.ƫǈƢ ȁƿǌ ȁƿǿƢƾǃɠǃƦ ρǈǂƣǫ

ρǿƿʓǈ ȁƣϝǍǿƢƾ ȂǬǉǸǫ ƾƣƭǈƢ ǽȅ ρǷȆɓ ɑǂƣǻ

ǋʓȩ ƎƫǈƢ ƣʓǷƢǃƭǈƢ ρǿƿʓǈ ȁƣϝǍǿƢƾ ǂƾ ȂǬǉǸǫ ƾƣƭǈƢ ǽȅ ρǷȆɓ ɑǂƣǻ

ǹƣǿ ƣƦ ȅƢ ǄƢ ʐǃϝʒƾ Ƥƣƭɓ [ ȏȑ ]ρǔƣʒǂ ȂǬǉǸǫ ǃƦ ʐƿǻƖǂƾ Ƥƣƭɓ ǄƢ

ρǷȆɓ Ƥƣƭɓ .ƫǈƢ ȁƿǌ ǃǍƭȀǻ [ ȏȐ ] «ƪƣʓǔƣʒǂ ʐǃʒǁȩƣǿ ƤƣȀƭƴƢ¬

ƥƬƣϚǻ ǂƾ ʐǃʓǈ ǽȆȵ ρƱƸƣƧǻ Ƕǻƣǌ ȅ ǶǑǫ Ȃǿ ǃƦ ǶǼƭǍǻ ǽȅ

ǽȆȵ ρƠƣȃ ȂʓǕǯƢǃǫ ȂƦ ǽƖ ǂƾ Ȃɓ) ƪƣʓǔƣʒǂ ƾȅƿƸ Ǝρǔƣʒǂ ɞǂǅƦ

ȅ ȁǂƣǡƭǈƢ ƎȂǿƣǉǫƢ Ǝ(ƾǄƢƾǃȩ ρǻ ǺǷȆϚǈƢŸǺʒƣȄǿȅȆǷ ȂʓǕǯ ƎǵƾȆɠ ȂʓǕǯ

ǹȆǸǠ ǄƢ ρǔƣʒǂ ʐƣȃ ǾʓʓƧƬ ȂɔȀʒƢ) ρǔƣʒǂ ʐƣȃ ǾʓʓƧƬ ƎʑƧǉǿ ʐƣȃ ǭƿǐ

ƫǈƢ Ǟƣǫƾ ǶƦƣǯ ̤˫ȆǐƢ ρǔƣʒǂ ǾʓʓƧƬ ȅ ƿȀƭǉȃ ǃʒǁȩƣǿ ƤƣȀƭƴƢ ȁǄƢƿǿƢ Ȃȵ ƣƬ

Ǝȁƿǌ ȁƾƢƾ ǎƣǑƭƼƢ ǽƢƿƦ ρǸǑǫ Ȃɓ ʐǃϝʒƾ ƤƢǁƴ ƯƹƧǻ .(ǃʓƼ ƣʒ

ƎȂǸƦ Ɣƪƣʓǔƣʒǂ ǂƾ ǺȄǿƖ ƔʐǂƣɠǄƣǈƣǿ .ƫǈƢ ƪƣʓǔƣʒǂ ǂƾ ʐǂƣɠǄƣǈƣǿ

ƾǃɓ ƫƦƣư ǽƢȆƬ ρǼǿ Ƣǂ ƪƣʓǔƣʒǂ ʐǂƣɠǄƣǈ ǵƾȆɠ ȂʓǕǯ ȂƦ ƣȀƦ Ȃɓ ǽȆȀɓƢ

ǾʒƢ) Ȑ = ȑ ƣʒ Ș = ȏ Ȃǡǫƾ ϗʒ Ȃɓ ƢƾƣƧǻ Ǆȅǂ ǾʒƢ ʐƢǃƦ Ƣǂ ǽƣǻƾȆƼ ƿʒƣƦ

ρƱƹƦ .ǺʓȀɓ ȁƾƣǻƖ (ƿȀǼȃ ǶƱǻ ƣȃ ǓǯƣȀƬ ǹƣǼƬ ͆ˬǐƢ Ǝ ƿǿƢ ρϚʒ ȅƾ ǃȃ

.ƾǂƢƾ ƾȆƴȅ ǽȅ ρǷȆɓ Ƥƣƭɓ ǺƭǬȃ ǶǑǫ ǂƾ ƤƣƦ ǾʒƢ ǂƾ ƥǷƣƴ

Ǝǽȅ ρǷȆɓ Ƥƣƭɓ ǹǂƣȄȵ ǶǑǫ ȂƦ ǽƢƿȀǻ ȂǯˬǠ ǺȀɓ ρǻ ƾƣȄȀǍʓȩ

ρǿƣȄǍȄǌ Ǌȅƣʓǈ ρǿƿǿƢȆƼ ɹǷƣǰǻ ƎʑƧǉǿ ʐƣȃ ǭƿǐ ȅ ȁǂƣǡƭǈƢ ȅ ȂǿƣǉǫƢ

ǩȅǃǡǻ ǋʒƣǻǄƖ Ǝǽȅ ρǷȆɓ ƎƤƣƭɓ ǽƣʒƣȩ ǂƾ .ƿȀȀɓ ȂǡǷƣǙǻ ǅʓǿ Ƣǂ[ Ɣ] ǂƾ

ƣȄȀƬ ǽƣƬǃǼǠ ȂʓǰƦ ʐƢǃƦ ƿʓȃƢȆƼ ρǻ ƿʓȀɓ ǒǃǫ ȂɔȀʒƢ) Ƣǂ Ȃɓȅǃƭǻ ȁǃʒǅƴ

Ȃȵ ƿʒǂƢƾ ƫǈȅƾ ƪǂȆǐ ǽƖ ǂƾ .ʐƾǃƦ ǃǈ ȂƦ Ȃɓȅǃƭǻ ʐƢ ȁǃʒǅƴ ǂƾ

ȁƾǃɓ ǵƣǼǠƢ ρǔƣʒǂ ʐƣʒƣǕǯ ȅ Ƴʒƣƭǿ ƾǂȆǻ ǂƾ Ƣǂ (ƔƿʒǃƧƦ ƾȆƼ ƣƦ ρƠƣȃǅʓȵ

ǂƾ ǽȅ ρǷȆɓ ƾȆƼ .ƫǈƢ ȁƾƢƾ ƫǈƾ ȂƦ Ƴʒƣƭǿ ȅ ƣʒƣǕǯ ǾʒƢ ǄƢ ρȀʓȶǸɠ ȅ

ǽƣǫȆǉǸʓǫ ʐƢǃƦ¬ ƫǈǃȄǫ ǾʒƢ ȂƭǌƢƾ ǂƣȄǜƢ ǊƢ ʑƦƣƽƭǿƢ ƫǈǃȄǫ ƾǂȆǻ

ȂƭƽʓɡǿƢǃƦ ρǬǉǸǫ Ƕǫƣƹǻ ǂƾ Ƣǂ ʐƾƣʒǄ ƪƣȄƴȆƬ ƢǃʒǄ ƫǈƢ ȁƿǌ ȂƭƼƣȀǌ

ȁǃʒǅƴ ȂƦ ƾȆƼ ƣƦ Ƣǂ Ƴʒƣƭǿ ǾʒƢ ρǉɓ ǃȃ ƿȀɓ ρǻ ȂǫƣǔƢ ƿǡƦ .«ƫǈƢ

«Ǿʓɓ ʐǃȄǍǼȃ¬ ʐƣȃ ǺǸʓǫ ǶƱǻ ƣʒƣǕǯ ǾʒƢ ȅƢ ǺǠǄ ȂƦ .ƾǃƦ ρǻ ɑȅǃƭǻ

ǹƣɡȀȃ ǂȆǙǈ ǾʒƢ ȁƿǿǂƣɡǿ .ƿȀƭǉȃ ρǔƣʒǂ ʐƣʓǿƾ ǂƾ «ȂƵʓɠǃǈ¬ ȅ

ƾƣʒ ȁƿǿǄ «ǂƾƣǻ¬ ǺǸʓǫ ȅ «Ǿʓɓ ʐǃȄǍǼȃ¬ ǽƣʓǻ ǃɠƢ ȁǃʒǅƴ ȂƦ Ǿƭǫǂ

ʐƣȃ ȂʓǕǯ .ǺȀɓ ρǻ ƤƣƽƭǿƢ Ƣǂ ρǻȅƾ żƣǼƭƸ ǺǌƣƦ ǃʓƽǻ ρǼƬƣƸ ρǸǠ

ƎǂƣƭǈȆʓȩ ǒǃǫ ǵˬǰƭǈƢ ƎǵƾȆɠ ƫʓǻƣǼƬƣǿ ʐƣȃ ȂʓǕǯ ƎρϚǈǂƣƬŸ ƺƣǿƣƦ

.ƿǿǂƢƾ ǂƢǃǯ ǽȅ ρǷȆɓ ƫǉʓǷ ǂƾ ɟǿǂǂƣȄȵ ȂʓǕǯ ȅ ƣǻǃǫ ȂʓǕǯ ǾʒǃƼƖ

.ƫǈƢ ƤƢǁƴ ȅ ρǿƿǿƢȆƼ ǽȅƢǃƦ Ƥƣƭɓ ɸǄƢƿǿƢ ǽƣǼȃ ȂƦ Ǝǽȅ ρǷȆɓ Ƥƣƭɓ

ǂƣʓǉƦ ǺƵƸ ρǔƣʒǂ ȂǬǉǸǫ ϗʓǈˬɓ ƥƭϚǻ Ȃǈ ȂƦ Ǝǽȅ ρǷȆɓ Ƥƣƭɓ

ǚƣƹǷ ȂƦ ȅǂ ǾʒƢ ǄƢ .(ȂƹǬǐ ƿȀȵ ƣȄȀƬ) ƿȃƾ ρǻ ǎƣǑƭƼƢ Ƣǂ ρǼɓ

Ȃǿ ȅ ƾǄȆǻƣʓƦ Ƣǂ ρǔƣʒǂ ȂǬǉǸǫ ƿȃƢȆƼ ρǻ Ȃɓ ρǉɓ ʐƢǃƦ ȅ ƎρǌǄȆǻƖ

Ǿƽǈ ǾʒƢ Ǝƫǉʓǿ ʑƧǈƣȀǻ Ƥƣƭɓ ƿǿƢǂǁϝƦ ƫǯȅ ǽƖ ƣƦ ǾȀǬƬ ȂƦ żƣǫǃǐ

.ƫǬɠ Ǻȃ ǽȅƢǃƦ Ƥƣƭɓ ƾǂȆǻ ǂƾ ǽƢȆƬ ρǻ ƎʐǃƭǬʓǬƼ ƿƸ ǂƾ ȂƭƧǷƢ ƎƢǂ

.ƫǈƢ ǾʓǼȃ ƾȆǌ ρɔƭǻ ȂǼƴǃƬ ȂƦ Ȃɓ ρǉɓ ȅ ȂǼƴǃƬ ǶϚǍǻ ϗʒ

ǾʓǼƴǃƭǻ .ƿǿǂƢƾ ρǍȄƴ ȅ Ȃƭǉǉɠ ʐƿȀʒƖǃǫ ƎρǿƣǻǄ ǚƣƹǷ ȂƦ Ǝƣȃ ȂǼƴǃƬ

ȂƦ Ƣǂ ƣȄǿƖ ƿǿȆǌ ρǻ ǃǍƭȀǻ ρǸǐƢ ǽȆƭǻ Ȃɓ ρǿƣǻǄ ρɡƭǈȆʓȩ ǽƣǼȃ ƣƦ

ǄƢ ʑƦƣƭɓ ƣƦ ʐƾˬʓǻ ǶȄȵ Ȃȃƾ ǄƢ ʑƦƣƭɓ .ƿȀǿƢƾǃɠ ρǼǿ ǃƦ ρǈǂƣǫ ǽƣƦǄ

ƾǂȆǻ ǾʒƢ ǂƾ ʐƾƿǡƭǻ ǶǻƢȆǠ ȅ Ƕʒ˫ƾ ȅ ƎƾȆǌ ρǻ Ȃƭǫǃɠ ʑȩ ƾȆǿ Ȃȃƾ

ρǫƿȃ ǽƢƿǰǫ Ǝρǫƣɓ ǞˬǘƢ ǹƿǠ ƎǇǿƣǌ ƎǺƴǃƭǻ ǮƠˬǠ ƎƿȀƭǉȃ ǶʓƼƾ

ǽȆƭǻ ǄƢ Ƣǂ ρǔƣʒǂ ȂǬǉǸǫ ƿȃƢȆƼ ρǻ Ȃɓ ρǉɓ ƢǁǷ .... ȅ ρɡȀȃǃǫ

ʐƣƴ .ƾǂƢƾ ȅǂ ǋʓȩ ɞǂǅƦ ρǍǷƣȵ ƾǄȆǻƣʓƦ ρǈǂƣǫ ǽƣƦǄ ȂƦ ȁƿǌ ȂǼƴǃƬ

ǽƣǬƭǈƢ ǄƢ «ρƬƣǻƿǰǻ ʐǂƣƭǉƴ Ǝƪƣʓǔƣʒǂ ȂǬǉǸǫ¬ ǽȆȵ ʑƦƣƭɓ ρǷƣƼ

ƿǿƾǃɓ ȂǼƴǃƬ Ƣǂ ȅƢ ƫǿƣɓ Ƥƣƭɓ ͆ˬƧǯ ƿǿȅƾ˫Ȇǫ ƾƣƭǈƢ Ȃɓ[ ȏȒ ] ǃǿǂȆɓ

ɞǂǅƦ ˬƼ ƿȀƭǉǿƢȆƬ ρǻ Ȃɓ ǃϝʒƾ ʐƣȃ Ƥƣƭɓ ρǉƦ ȅ ƫǈƢ ρǷƣƼ ƫƽǈ

ǵƣƸ ǾʒƢ ƣƦ ƣǻƢ .ƿȀȀɓ ǃȩ (ρǔƣʒǂ ȂǬǉǸǫ ǂƾ) Ƣǂ Ƥƣƭɓ ʑƦ ʐƣȃ Ȃȃƾ ǾʒƢ

ǽƣƭǈȆƦ ǩǃǘ ǃƦ Ȃɓ ǹȆǼǈ ǾʒƢ ǄƢ¬ .ƫǈƢ ρǯƣƦ ǊǃϚǌ ʐƣƴ ǺȃǄƣƦ

.«ρǿǃƭǉǿ ɟǿǂ ȅ ƫǉȃ ρǸɠ ʐȆƦ Ȃɓ ƥ ƵǠ Ÿ ƫǌǁϝƦ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȑȓ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ϓƴƢǃǻ

ƎϗǌǃʓƦ ƿǼƸƢ ȂǼƴǃƬ ƎǃɓǂƣƦ .ǆ ǽȆʓƭǈƢ Ǝρǔƣʒǂ ɹǬǉǸǫ [ȏ]

. ȏȑȒȗ ƎρǻǄǂƢȆƼ ƪƢǂƣǍƭǿƢ

ƪƢǂƣǍƭǿƢ Ǝρǔƣʒǂ ȂǬǉǸǫ ƣƦ ρƠƣȀǌƖ ƎȁƾƢǄ ǽɈʓƦ ǾǉƸ ƿǼƹǻ [Ȑ]

. ȏȑȖȐ ƎǂȆǿ ǹƣʓȩ ȁƣϝǍǿƢƾ

ǺǈƣǯƿǼƹǻ ȂǼƴǃƬ Ǝƪƣʓǔƣʒǂ ɹǬǉǸǫ ƎǽȅƢǃƦ ƪǃƦƢǂ ǅǼʓƴ [ȑ]

. ȏȑȗȓ ƎǽƣɡƭǌȆǿ ƪƢǂƣǍƭǿƢ ƎǶǐƢ ʐƿʓƸȅ

ǹȆǸǠ ǂƾ ρȀȃǀ ʐƣȃ ǋʒƣǻǄƖ) Ǿȃǀ ȁƣϝǍʒƣǻǄƖ ƎǽȅƢǃƦ ƪǃƦƢǂ ǅǼʓƴ [Ȓ]

. ȏȑȗȑ ƎǇǻǃȃ ǃǍǿ ƎǽƢǃϝʒƾ ȅ ǢƣƦƾ ǾʓǉƸ ȂǼƴǃƬ Ǝ( ρǡʓƧǘ

ƎǽȅƢǃƦ ƪƣʓǔƣʒǂ ȂǬǉǸǫ Ƥƣƭɓ ȂǿƢƾƣǰǿ ρǈǃƦ ȅ ρǫǃǡǻ ƎƪƣʓƦ ǾʓǉƸ [ȓ]

ǽƣƭǉƦƣƬ ȅ ǂƣȄƦ)ȔȘ ȁǂƣǼǌ ƎȑȔ ǵƣǈ Ǝρǔƣʒǂ ȂǍʒƿǿƢ ȅ ɟȀȃǃǫ

. ȏȐȘ ĩ ȏȘȑ Ǐǐ Ǝ(ȏȑȗȔ

ʐǂƣϚǼȃ ƣƦ ƎǽƢǃϝʒƾ ȅ ǶǈƢǂ ƎǽƣǼʒȆǿ ǽƢȅ Ǝȧƣǿǂƣɓ Ǝρǔƣʒǂ ȂǬǉǸǫ [Ȕ]

ƪǂƣǝǿ ƣƦ ƎρƭǡȀǐ ȁƣϝǍǿƢƾ ρǔƣʒǂ ȁƿϚǍǿƢƾ ǽƣʒȆƵǍǿƢƾ ǄƢ ρȃȅǃɠ

ǽƢǃȄƬ ƎƣȄɡȀȃǃǫ ȂǡǷƣǙǻ ρǿƢǃʒƢ ǅɓǃǻ ƎρƠƣʓǔ ǾʓǉƸ Ȃǻƿǰǻ ȅ

. ȏȑȓȗ

ȂǼƴǃƬ Ǝǃǐƣǡǻ ρǔƣʒǂ ȂǬǉǸǫ ǃƦ ʐƿǻƖ ǂƾ Ǝǽȅ ρǷȆɓ ɑǂƣǻ [ȕ]

. ȏȑȗȔ ƎɟȀȃǃǫ ƿǰǿ ƪƢǂƣǍƭǿƢ ƎʐǄƣƧȄǌ ǽƢǃǻƣɓ

ƫǉȩ ǽǂƿǻ ϗʓǈˬɓ Ǝƪƣʓǔƣʒǂ ȂǬǉǸǫ ƎǽƣʓƹǸǑǻ ǵƣǐ ƿǼƹǻ [Ȗ]

. ȏȑȖȒ ƎƾǃƼ ǽƣɠɇƢȅ ƪƢǂƣǍƭǿƢ Ǝǽǂƿǻ

ɟȀȃǃǫ Ǝƪƣʓǔƣʒǂ ȂǬǉǸǫ ǂƾ ȁǂƣǡƭǈƢ ȅ ȂǿƣǉǫƢ ƎρǿƣȄǍȄǌ Ǌȅƣʓǈ [ȗ]

(ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓƠƣȩ) Ȕȏ ȁǂƣǼǌ ƎȑȔ ǵƣǈ Ǝρǔƣʒǂ ȂǍʒƿǿƢ ȅ

[10] S.F. Barker,Philosophy of Mathematics,Prentice-Hall,

1964.

[11] J.R. Brown,Philosophy of mathematics, Routledge,

NewYork, 2d edition 2008.

[12] M. Colyvan,The Indispensability of Mathematics, Ox-

ford University Press, 2001.

[13] M. ColyvanĂ An introduction to the philosophy of math-

ematicse, Cambridge University Press, 2012.

[14] Stephan Kºrner,Philosophy of Mathematics: An Intro-

ductory essay, Dover Publications, 1960.

[15] I. Lakatos,Proofs and Refutations, Cambridge: Cam-

bridge University Press, 1976.
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȑȔ

¾æÅ Ç½vÀñ

ρǍȃȅɈȩ ƫʒǂȆǻƙǻ ϗʒ ǊǂƢǅɠ

� ʐƿȀȄǿ ǞǂƢǄ ǺʓƸǂ

ʐƢǃƦ ǽƢǃȄƬ ȁƣϝǍǿƢƾ Ȃɓ ƫǈƢ ʐƢ ȂǻƣǿǃƦ ρǍȃȅɈȩ ƫʒǂȆǻƙǻ

.ƿȀɓ ρǻ ƢǃƴƢ ƫǻƿƼ ǵƣǈ Ȑȕ ǄƢ ǋʓƦ ƣƦ ƾȆƼ ρǼǸǠ ƪƙʓȃ ʐƣǕǠƢ

ȁƿȄǠ ǃƦ ǽƖ Ʋǂƣƽǻ ȅ ƫǈƢ ρǸʓǑƹƬ ǵƣǉǼʓǿ ϗʒ ƾȅƿƸ ǽƖ ƪƿǻ

ɹȀʒǅȃ ȂƦ ρƭǷȅƾ ǄǂƢ ƫǫƣʒǂƾ ȅ ʐȅ ʐǂƣƴ ǭȆǰƸ ʐǂƢǃǯǃƦ ƣƦ ρǔƣǰƭǻ

ȁƣϝǍǿƢƾ ǂƾ ƫǻƿƼ ǵƣǈ ȒȒ ǄƢ Ǉȩ ƥǿƣƴ ǾʒƢ .ƫǈƢ ρǼǸǠ ƪƙʓȃ ȆǕǠ

ƫʒǂȆǻƙǻ ȁƣǻ Ȓ ʐƣǔƣǰƬ ƎρƬƣǡǷƣǙǻ ƫǐǃǫ ȁǂȅƾ Ȃǈ ǄƢ ȁƾƣǬƭǈƢ ǄƢ Ǉȩ ȅ

ƣƦ .ƿǿƾǃɓ ʑƦȆƼ ǂƣʓǉƦ ʐǂƣϚǼȃ ȁƣϝǍǿƢƾ ǾʓǷȆơǉǻ .ǹƾǃɓ ρǍȃȅɈȩ

ƢȅȆȀƴ ȁƣϝǍǿƢƾ ǆƣȀǌǃǈ ƾƣƭǈƢ (Aldo Conca)ƣɔǿȆɓ ȅƿǷƖ ǂȆǉǫȅǃȩ

Ǿǻ ρǍȃȅɈȩ ǮƠˬǠ ƣƦ ρƬƣɓƢǃƭǌƢ ǊƢ ρƬƣǰʓǰƹƬ ǂƣɓ Ȃɓ ƎƣʓǷƣƭʒƢ ǂƾ

ǽƖ ǂƾ Ǿǻ ρǍȃȅɈȩ ƫʒǂȆǻƙǻ ǄƢ ǵƣƧǰƭǈƢ ǾǼǔ Ȃɓ ǹƾǃɓ ȂƧƬƣϚǻ ƎƾǂƢƾ

.ƿǿƾƣƭǈǃǫ Ȃǻƣǿ  ƪȆǠƾ ƎȁƣϝǍǿƢƾ

ƿǡƦ ȁƣǻ ϗʒ Ȃɓ ʐǂȆǘ ȂƦ ƫǌƢƾ ʐƾƣʒǄ ƪˬϚǍǻ ƣʓǷƣƭʒƢ ʐƢǅʒȅ ǁƼƢ

Ǻʓǿ ȅ ȁƣǻ Ȃǈ ƪƿǻ ȂƦ ȗȔ ȁƣǻ ǽƣƦƖ ǵȅƢ ǄƢ ǹƿǌ ǮǫȆǻ ǂǃǰǻ ǽƣǻǄ ǄƢ

ρǿƢǃʒƢ ǽƣʒȆƵǍǿƢƾ ǄƢ ρϚʒ ϗǼɓ ȂƦ ǋʓȩƣǍʓȩ .ǺȀɓ ǃǬǈ ƣʓǷƣƭʒƢ ȂƦ

ȁƾǃɓ ǹƢƿǯƢ ƢȅȆȀƴ ǂƾ ǽƣǼƬǂƣȩƖ ɸǂƣƴƢ ʐƢǃƦ ƎƢȅȆȀƴ ȁƣϝǍǿƢƾ ʐǃƭɓƾ ɸǂȅƾ

Ǿǻ .ǹȅǃƦ ȁƣϝǍǿƢƾ ȂƦ ǺƭǉǿƢȆƬ ρǻ ʐǃȄǌ ǆȆƦȆƬƢ ǗƼ ϗʒ ƣƦ Ȃɓ ǹƾȆƦ

ȅ ǺƭǌƢƾ ρǿƢǃȀƽǈ ƣƵǿƖ ǂƾ ȅ ǹƾȆƦ Ȃƭǫǂ ƢȅȆȀƴ ȂƦ ǶƧǯ ǵƣǈ ρǈ ƾȅƿƸ

ȂƦ ƾȅǂȅ ǄƢ Ǉȩ .ǺƭǌƢƾ ʐǃǑƭƽǻ ʑʒƣȀǌƖ ρƠƣʓǷƣƭʒƢ ǽƣƦǄ ƣƦ ρǸɓ ǂȆǘ ȂƦ

ƪƣǯˬǻ ǄƢ Ǉȩ ȅ Ǻƭǫǂ ȁƣϝǍǿƢƾ ȂƦ ǹȅƾ Ǆȅǂ ƎǽƣǼƬǂƣȩƖ ǂƾ ǽƣϚǈƢ ȅ ƣʓǷƣƭʒƢ

ȂƭǬɠ ͆ˬƧǯ .ƿǌ ȂƭǌƢǁɠ ǹǂƣʓƭƼƢ ǂƾ ρǸǰƭǉǻ ǂƣɓ ǭƣǘƢ ƎƣɔǿȆɓ ʐƣǯƖ ƣƦ

ǂƣɓ ȂǸǐƣǫˬƦ .ǹǂȅƣʓƦ ρǑƽǌ ȧƣƬ ȨǷ ǹƾȆƼ ȁƾƣǬƭǈƢ ʐƢǃƦ Ȃɓ ƿǿƾȆƦ

ʐƾƣȄȀǍʓȩ ǞȆǔȆǻ ʐȅǂ ƿǡƦ Ǆȅǂ Ȃǈ ȅƾ ȅ ǹƾǃɓ Ǟȅǃǌ Ƣǂ ƾȆƼ ρƬƣǰʓǰƹƬ

ȂǷƣǈǂ ǞȆǔȆǻ ȂƦ ȂƴȆƬ ƣƦ ǽƣǍʒƢ .ǹƾǃɓ ƫƧƹǐ ǽƣǍʒƢ ƣƦ ƣɔǿȆɓ ʐƣǯƖ

:ƿǿƾǃɓ ƶǃǙǻ Ƣǂ ǃʒǄ ɹǷƙǉǻ Ǿǻ ʐƢǃƭɓƾ

ǋȀɔǫƢ ϗʒ ƫƹƬ ȁǅǿǂȅ ɹʒȅǂ ϗʒ ɸǂƣɡǿ ρǙʒƢǃǌ Ȃȵ ƫƹƬ

ρɠɈʒȅ ʐƢǂƢƾ ʐǃʒȆǑƬ ʐƿǡƦ ȏȑ ʐƣǕǫ ȂƦ ȂǙǰǿ ϗʒ ǄƢ ʐǃʒȆǑƬ

ƔƫǈƢ ǵȅǄȆɓ

When does the image of a Veronese quartic surface under a

projection from a point into a projection space of dimension

13 have the Koszul property?

ǶƸ ʐƿǡƦ Ȗ ʐǃʒȆǑƬ ʐƣǕǫ ʐȅǂ Ƣǂ ȂǷƙǉǻ ǾʒƢ ƣʓǸʒȅƣɓ ȅ ƣɔǿȆɓ

.ƫǈƢ ȁƾȆƧǿ ȏȑ ƿǡƦ ȂƦ ǺʓǼǡƬ ǶƦƣǯ ȁƿǌ ȁƾƣǬƭǈƢ Ǌȅǂ ǾϚʓǷ ƿǿƾȆƦ ȁƾǃɓ

ǾʒƢ ȂƦ ȂƴȆƬ ƣƦ ρǷȅ ǹƾǃɓ ǂƣɓ ȂǷƙǉǻ ǾʒƢ ʐȅǂ ȂƭǬȃ Ȃǈ ƾȅƿƸ Ǿǻ

ǹƢ ȁƾǃɔǿ ǂƣɓ ʐǃʒȆǑƬ ʐƣȃ ǋȀɔǫƢ ʐȅǂ ƫǈƢ ǵƣǈ ƫǉʓƦ ƾȅƿƸ Ȃɓ

ǾʒƢ ȂƦ ǹƢ Ȃƭǫǃɡǿ ǂƢǃǯ ȂȀʓǻǄ ǾʒƢ ǂƾ ƿʒƿƴ ʐƣȃƾǂȅƣƭǈƾ ǽƣʒǃƴ ǂƾ ȅ

Ƣǂ ƣɔǿȆɓ ʐƣǯƖ ʐƾƣȄȀǍʓȩ ȂǷƙǉǻ ʐȅǂ ǂƣɓ ǺǿƢȆƬ ρǼǿ Ȃɓ ǹƿʓǈǂ ȂƵʓƭǿ

ƣɔǿȆɓ ʐƣǯƖ ɹǷƙǉǻ Ǝǃϝʒƾ ǩǃǘ ǄƢ .ǹǃƧƦ ǋʓȩ ȁƿǿƣǻ ρǯƣƦ ȁƣǻ Ȃǈ ǂƾ

ƾȆǌ ρǻ ǖȆƦǃǻ ȑ ƿǡƦ ǺǼƭǻ ǄƢ ǾʒƣƭǍǿǂȆɠ ʐƣȃ ǵƖ ȁƿʒƢ ʐƿȀƦ ȁƾǂ ȂƦ

ƢǁǷ ȅ ƿǿƢ ȁƾǃɓ ǂƣɓ ȂȀʓǻǄ ǾʒƢ ǂƾ ρǼǈƣʒ ϗǻƣʓǈ ǃƭɓƾ ʐƣǯƖ ͆ˬƧǯ Ȃɓ

ǃƭɓƾ ʐǂƣϚǼȃ ƣƦ ǂȆǍɓ ȂƦ ƫǍɠǄƣƦ ǄƢ ƿǡƦ Ƣǂ ρǍȃȅɈȩ ǂƣɓ ǾʒƢ ǺǿƢȆƬ ρǻ

ȆʓƬƣǻ ǂȆǉǫȅǃȩ ƣƦ ʐǂƣϚǼȃ ƣɔǿȆɓ ʐƣǯƖ ǃƬ ǋʓȩ .Ǻȃƾ ȂǻƢƾƢ ρǼǈƣʒ

ȆʓƬƣǻ ʐƣǯƖ ƣƦ ƢǁǷ ƎƾȆƦ ȁƾǃɓ ƾƣȄȀǍʓȩ ǅʓǿ Ƣǂ (Matteo Varbaro)ȅǂƣƦǂƢȅ

ǃƭɓƾ ʐƣǯƖ ƣƦ ƾȆƼ ɑǃƭǍǻ ǂƣɓ Ǝʐȅ ǮƠˬǠ ȂƦ ȂƴȆƬ ƣƦ ȅ ǹƾǃɓ ƫƧƹǐ

ǂƾ ρǼǈƣʒ ϗǻƣʓǈ ǃƭɓƾ ʐƣǯƖ ȅ (ǃʓǑǿ ȂƴƢȆƼ ȁƣϝǍǿƢƾ ǄƢ)ρǰʓǰƸ ǾǉƸ

ȁƢȆƽǷƾ ƿǡƦ ǺǼƭǻ ǂƾ ρɓƾƣǈ ʐƣȃ ϓǼƭƵǻ ρǷƣϚǻ Ǧ ǾȃȆɓ  ρɠɈʒȅ ƾǂȆǻ

ƾǂȆǻ ǂƾ ρɓǃƭǍǻ ȂǷƣǰǻ żƢǃʓƼƢ ȆʓƬƣǻ ʐƣǯƖ .ǹƾƢƾ ƷʓǔȆƬ ǽƣǍʒƢ ȂƦ Ƣǂ

ρǰʓǰƹƬ ǂƣɓ ƾǂȆǻ ǂƾ ƫǉǿƢȆƬ ρǻ Ȃɓ ƾȆƦ ȂƭǌȆǿ (Subadditivity)

ǂƣʓǉƦ ǂƣɓ Ǆȅǂ ƿȀȵ ǄƢ Ǉȩ .ƿǌƣƦ ȂƭǌƢƾ ƾǃƦǂƣɓ ǺǿƢǂƣϚǼȃ ȅ Ǿǻ ɑǃƭǍǻ

ȁƣƬȆɓ ʐƣȃ ƪƣǯˬǻ ƣƦ Ȃɓ ƿǻƖ ƫǈƾ ȂƦ ƣƭǈƢǂ ǾʒƢ ǂƾ ʑƧǷƣƴ ȂƵʓƭǿ ȁƾǃǍǫ

ǋƽƦ ȅ ƿǌ ǃƵȀǻ ʐǃƬ ƥǷƣƴ Ƴʒƣƭǿ ȂƦ ȆʓƬƣǻ ʐƣǯƖ ƣƦ ǂƣƦ ϗʒ ȂƭǬȃ ȅƾ

ȅƾ ƾȅƿƸ .ƿǌ ǺȃƢǃǫ ȆʓƬƣǻ ʐƣǯƖ ƣƦ ɑǃƭǍǻ ȂǷƣǰǻ ϗʒ ǄƢ ρȄƴȆƬ ǶƦƣǯ

ǽƢȆȀǠ ƫƹƬ ρǿƢǃȀƽǈ ϗʒ ǂȆǍɓ ȂƦ ƫǍɠǄƣƦ ȂƦ ȁƿǿƣǻ ȂƭǬȃ

Cohen- Macaulay- ness in an arbitrary codimension

ρǑƼƣǌ ƾƢǃǫƢ Ȃɓ ǹƾǃɓ ȂƠƢǂƢ ƢȅȆȀƴ ȁƣϝǍǿƢƾ ρǔƣʒǂ ǽƣǼƬǂƣȩƾ ǂƾ

Ƣǃǻ ρǿƢǃȀƽǈ ǄƢ ʐƢ Ȃƭɔǿ ȆʓƬƣǻ ʐƣǯƖ .ƿȀƭǌƢƾ ǂȆǕƸ ǽƣǼƬǂƣȩƾ ǄƢ

ʐƣǯƖ ǄƢ ʐƢ ȂǷƣǰǻɹǡǷƣǙǻ ȅ Ȃƭɔǿ ǽƣǼȃ ǆƣǈƢǃƦ ƿǡƦ ȅ ƾǃɓ ƷʓƹǑƬ
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȑȕ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

ƫǉǿƢȆƬ ǹƾȆƦ ȁƾƢƾ ǞƣƴǂƢ ǽƖ ȂƦ ǹƢ ρǿƢǃȀƽǈ ǂƾ Ȃɓ (Yangawa) Ƣȅƣɠƣǿƣʒ

ǽƾȆƦ ρǷƣϚǻ Ǧ ǾȃȆɓ ǹȆȄǬǻ Ȃɓ ǾʒƢ ƿȀɓ ƫƦƣư Ƣǂ ρǼȄǻ ǂƣʓǉƦ ǺϚƸ

ϗʒɇȆǷȆȩȆƬ ʐƢƾǂȅƣǿ ϗʒ ƎȁƢȆƽǷƾ ƿǡƦ ǺǼƭǻ ǂƾ ρɓƾƣǈ ʐƣȃ ϓǼƭƵǻ

ǾƭǌƢƾ ƎƫƽʒǃǿƣǉǼȃ ρɓƾƣǈ ϓǼƭƵǻ ȅƾ ǃȃ ʐƢǃƦ Ȃɓ ρȀǡǻ ǾʒƢ ȂƦ ƫǈƢ

.ƿȃƾ ρǻ ȂƵʓƭǿ ǅʓǿ ʐǃϝʒƾ ʐƢǃƦ Ƣǂ ρɠɈʒȅ ǾʒƢ ƎρϚʒ ǗǈȆƬ ρɠɈʒȅ ǾʒƢ

ǗǈȆƬ ǹȅƣƧǉɓȆƦ ρɠɈʒȅ ȅ ρǷƣϚǻ Ǧ ǾȃȆɓ ρɠɈʒȅ ʐƢǃƦ ͆ˬƧǯ ƥǸǙǻ ǾʒƢ

ǾʓǼȃ ȅ ƫǈƢ ȁƿǌ ƫƦƣư (Miazaki)ρɓƢǄƣʓǻ ȅ (Monkres)ǆǃɔǿƣǻ

ɞȅǄǃȃ ǗǈȆƬ ȁƢȆƽǷƾ ƿǡƦ ǺǼƭǻ ǂƾ ρǷƣϚǻ Ǧ ǾȃȆɓ ρɠɈʒȅ ʐƢǃƦ ǵƢƛǈ

ʐƣȃ ȂȀʓǼƼ ɹǡǷƣǙǻ ǂƾ ȅ ƾȆƦ ȁƿǌ ƶǃǙǻ (Welker)ǃ́ϚǷƁȅ ȅ (Herzog)

ȂǷƣǰǻ ǂƾ Ƣǂ ƣȃƾǂȅƣƭǈƾ ǾʒƢ ȂǼȃ ƫʒƣȄǿ ǂƾ .ƾǂƢƾ ƫʓǼȃƢ ǃʒǁȩ ʐƿȀƦ  ƯǸƱǻ

ǂƣƦ ǾʒƿȀȵ ȅ ǂȆǍɓ ȂƦ ƫǍɠǄƣƦ ǄƢ Ǉȩ Ȃɓ Ǻʒƾǃɓ ʐƿȀƦ ϓǼƴ ρɓǃƭǍǻ

ȂǷƣǰǻ ǾʒƢ ǄƢ ʐƢ Ȃƽǉǿ .ƿǌ ǵƣǈǂƢ ʐƢ ȂǸƵǻ ȂƦ ƎȆʓƬƣǻ ʐƣǯƖ ƣƦ ǃǝǿ ǵƾƣƧƬ

ǂƾ Simplicial Complexes of Low CodimensionǽƢȆȀǠ ƫƹƬ

ǶƦƣǯ arXiv : 1806.05107V1 [math. AC] 13 June 2018ρǿƣǍǿ

.ƫǈƢ ǆǃƭǈƾ

ǽƣǌǃǉǼȃ ȅ ƣɔǿȆɓ ǂȆǉǫȅǃȩ ρȃƢǃǼȃ ȂƦ ʐƾǂȆȀȃȆɓ

ρɡƭǬȃ ȅƾ ʐƣȃǂƣȀʓǼǈ ǂƾ ƎƢȅȆȀƴ ǂƾ ƫǻƣǯƢ Ǻʓǿ ȅ ȁƣǻ Ȃǈ ǵȆǘ ǂƾ

ǄƢ ȆǠƿǻ ǽƣǿƢǃȀƽǈ ƥǸǤƢ Ȃɓ ǹƾǃɓ ρǻ ƫɓǃǌ ρǔƣʒǂ ǽƣǼƬǂƣȩƾ

ǂƾ .ƿǿƾȆƦ ǃϝʒƾ ʐƣȃǂȆǍɓ ǄƢ ρȃƣɠ ȅ ƣʓǷƣƭʒƢ ǃϝʒƾ ʐƣȃ ȁƣϝǍǿƢƾ

(Bruno Arbarello)ȆƂǷǂƣƦǂƖ ȆǿȅǃƦ ǂȆǉǫȅǃȩ ρǿƢǃȀƽǈ ǽƣʓǻ ǾʒƢ

.ƾȆƦ ƥǷƣƴ ȁƾƣǡǷƢ ǭȆǫ ǹ̅ǂ ȁƣϝǍǿƢƾ ǄƢ ƣʓǷƣƭʒƢ ǩȅǃǡǻ ǽƢƾ ʐǃƧƴ ȂǈƿȀȃ

ρȃƢǃǼȃ ȂƦ ǵƣǈ ǾʒƿȀȵ Ȃɓ ƿǿƾƢƾ ƷʓǔȆƬ Ƣǂ ʐƢ ȂǷƙǉǻ ȆƂǷǂƣƦǂƖ ʐƣǯƖ

ǹƣǿ ȂƦ ρǼǿƣƼ żƢǃʓƼƢ ƿǿƾƢƾ ǃɓǁƬ ȅ ƿǿƾȆƦ ȁƾǃɓ ǂƣɓ ǽƖ ʐȅǂ ǋǿƢǂƣϚǼȃ

ǂƾ Ƣǂ ȂǷƙǉǻ ǾʓǼȃ ǽƣƭǉǸɡǿƢ ǂȆƧȀʒƾƢ ȁƣϝǍǿƢƾ ǄƢ ǋƽƦ Ǔʓǫ ˬʓȄǈ

ǋƽƦ Ǔʓǫ ǺǿƣƼ .ƫǈƢ ȁƾǃɓ ǶƸ ǃƬƣƧʒǄ ρƬƣʓǔƣʒǂ ƣƦ ȅ ǃƬ ρǸɓ ƫǷƣƸ

ȁɈʒȅ ȂƦ ƪƣʓǔƣʒǂ ȂƦ Ȃɓ ȁƿǿƢȆƼ ρǻ ǭǃƦ ρǈƿȀȄǻ Ǫʒǃǌ ȁƣϝǍǿƢƾ ǂƾ

Diploma Courseɸǂȅƾ ǇȪǈ ƾȆǌ ρǻ ƿȀǼǯˬǠ ǶʓǉǿƢǃǬʒƾ ʐɇȆǷȆȩȆƬ

ǂƾ ȅ ƿǿƢǂǁɠ ρǻ ƣʓǷƣƭʒƢ ǂƾ (ICTP)ǹˬǈ˫ƢƿƧǠ ʐǃǝǿ ϗʒǅʓǫ ǅɓǃǻ ǂƾ Ƣǂ

ȂʒȆǿƢɇ ǶʒƢȅƢ ǂƾ .ƫǈƢ ǂȆƧȀʒƾƢ ȁƣϝǍǿƢƾ ʐǃƭɓƾ ʐȆƵǍǿƢƾ ǃǔƣƸ ǵƣƸ

ȁƣϝǍǿƢƾ ǂƾ ƢȅȆȀƴ ȁƣϝǍǿƢƾ ǽƢȆȀǠ ǽƣǼȃ ƫƹƬ ǅʓǿ ρǿƢǃȀƽǈ ϗʒ ȐȘȏȖ

ρƬƣǡǷƣǙǻ ƫǐǃǫ ɸǂȅƾ ǾʓǷȅƢ ǋʓȩ ǵƣǈ ρǈ Ǿǻ .ǹƾǃɓ ƾ ƢǃʒƢ ƣʓǿȆǷȆƦ

.ǹǂƢƾ ƣƵǿƖ ǂƾ ρǿƣƭǈȅƾ ȅ ǹƾȆƦ ȁƿǿƢǂǁɠ ƣʓǿȆǷȆƦ ȁƣϝǍǿƢƾ ǂƾ Ƣǂ ƾȆƼ

ȅ ρƠƣƵƦƣƴ ǃƧƴ ɸǄȅǂ ȅƾ ǂƣȀʓǼǈ ϗʒ ǂƾ ȐȘȏȕ ǃƧǻƣǈƾ ȁƣǻ ǂƾ

ǾʒƢ .ǹƾǃɓ ƫɓǃǌ ȆȀʒǂȆƬ ϗʓȀɔƬ ρǸȩ ȁƣϝǍǿƢƾ ǂƾ ʐǃƧƴ ȂǈƿȀȃ

ƎƢȅȆȀƴ ȁƣϝǍǿƢƾ Ǝ«ǂȅƣƵǻ¬ ȁƣϝǍǿƢƾ Ȃǈ ǗǈȆƬ ɑǃƭǍǻ ǂȆǘ ȂƦ ǂƣȀʓǼǈ

ǾʒƢ ǄƢ ρϚʒ ǂƾ ǵƣǈ ǃȃ ƎȆȀʒǂȆƬ ϗʓȀɔƬ ρǸȩ ȁƣϝǍǿƢƾ ȅ ǽˬʓǻ ȁƣϝǍǿƢƾ

ȅǂǄǂ ρƭƸ ȅ ǽƣɠƿȀȀɓ ƫɓǃǌ Ʋǂƣƽǻ ɹʓǸɓ .ƾȆǌ ρǻ ǂƢǅɠǃƦ ƎȁƣϝǍǿƢƾ Ȃǈ

ȁƿǠȅ ȅƾ ʐƣȵ ȅ ȁȆȄǯ ʑʒƢǃʒǁȩ Ǘǰǫ ƫǈƢ ǽƣɠƿȀȀɓ ƫɓǃǌ ƾȆƼ ƣƦ Ƕƭȃ

ȅ Ȃǿƣƭǈȅƾ ǂƣʓǉƦ ǂƣȀʓǼǈ Ǘʓƹǻ .ƫǈƢ ǽƣƦǅʓǻ ȁƣϝǍǿƢƾ ȁƿȄǠ ǃƦ Ǆȅǂ ǂƾ

ρǿƢǂȆƭǈǂ ǂƾ ǹƣǌ ǩǃǐ ʐƢǃƦ ǽƣɠƿȀȀɓ ƫɓǃǌ Ǻȃ ʑƧǌ .ƾȆƦ ρǼʓǼǐ

.ƿǿƿǌ ϓǼƴ

ǹǃǉǼȃ Ȃɓ ƾȆƦ ǾʒƢ ρǍȃȅɈȩ ƫʒǂȆǻƙǻ ǾʒƢ ǂƾ Ǿǻ ȂʓǷȅƢ ȂǻƣǿǃƦ

ρƭƸ ƣʓǷƣƭʒƢ ʐǃϝǷȆǉȀɓ ƫǯȅ Ǿƭǫǃɠ ρǷȅ ƿȀʒƣʓƦ ƣʓǷƣƭʒƢ ȁƣǻ ϗʒ Ǻȃ

ʐǂƣʓǉƦ .ƾȆƧǿ ǂȅƿǰǻ ƣȃ ȁƣϝǍǿƢƾ ρǼǸǠ ƪƙʓȃ ʐƣǕǠƢ ǽƢǃǉǼȃ ʐƢǃƦ

ʐƣȃ ǵ˫ƾ ȂƦ ˫ƣƦ ʐƣȃ ȂȀʒǅȃ ƫƼƢƾǃȩ ƣƦ ƣʓǷƣƭʒƢ ʐƢǅʒȅ ǽƣʓǔƣǰƭǻ ǄƢ

ƥʒǁɔƬ Ƣǂ ǞȆǔȆǻ ǾʒƢ ƪǂƣǬǈ Ȃɓ ƿȀƭǫǃɠ ρǻ ʐǃϝǷȆǉȀɓ ƫǯȅ Ƣǅʒȅ

.ǹƾȆƧǿ ǮǫƢȆǻ ǗʒƢǃǌ ǾʒƢ ƣƦ ǹǃǉǼȃ ʐƢǃƦ Ƣǅʒȅ Ǿƭǫǃɠ ƣƦ Ǿǻ .ƾǃɓ ρǻ

Ǉʒǂƣȩ ȂƦ ƢƿƭƦƢ ƎȂǉǿƢǃǫ ƪǂƣǬǈ ǄƢ Ƣǅʒȅ ǁƼƢ ƣƦ ƫǉǿƢȆƬ ǹǃǉǼȃ ȁǃƼ˫ƣƦ

.ƿǌƣƦ ȂƭǌƢƾ ƫǻƣǯƢ ƢȅȆȀƴ ǂƾ ȁƣǻ ϗʒ ȅ ƿʒƣʓƦ ƢȅȆȀƴ ȂƦ ƿǡƦ ȅ

ȁƢǃǼȃ ǺʓƭǉǿƢȆƬ ƣǻ ȅ ƾȆƦ ǵȆǰǡǻ ǂƣʓǉƦ ƢȅȆȀƴ ǂƾ ρɠƿǿǄ ȂȀʒǅȃ

ƣȃ ʐǂƣǼǡǻ ǄƢ ȅ ǺʓȀɓ ƪǃǫƣǉǻ ƣʓǿȆǷȆƦ ȅ ǇǿƢǂȆǸǫ ʐƣȃǃȄǌ ȂƦ ǹǃǉǼȃ

.ǺʓȀɓ ǽƿʒƾ ƣʓǿȆǷȆƦ ʐǃȄǌ ρɠƿǿǄ ȅ ǇǿƢǂȆǸǫ ʐƣƧʒǄ ʐƣȃ ȁǄȆǻ ȅ

ȁƾǃƭǉɠ ρϚʓǿȅǃƭϚǷƢ ρǼǸǠ ƪƣǘƣƧƬǂƢ ʐǂƢǃǯǃƦ ǺǤǂ ρǸǠ Ǿǻ ǃǝǿ ȂƦ

ǖƣƧƬǂƢ ȅ ρȃƣϝǍǿƢƾ ʐƣȃ Ǘʓƹǻ ǂƾ ƣȃ ǽƖ ρϚʒǅʓǫ ǂȆǕƸ ƎǾʓǰǰƹǻ ǾʓƦ

ȁƿǿǄƣǈ ʐƣȃǃǝǿ ǵƾƣƧƬ ƥƧǈ ǃϝʒƾ ʐƣȃǂȆǍɓ Ǿʓǰǰƹǻ ƣƦ ȅǂ ǂƾ ȅǂ

Ȃɓ ƾȆǌ ρǻ ǽƣǻǂȆǍɓ ǽƣʓȃƣϝǍǿƢƾ ʐƢǃƦ ρƬƣǰʓǰƹƬ ȁǅʓɡǿƢ ƾƣƵʒƢ ȅ

Ǿʓǰǰƹǻ ȅ ƿȀɓ ρǻ ƫʒȆǰƬ ǃʓϝǼǍȵ ǂȆǘ ȂƦ Ƣǂ ρǼǸǠ ʐƣȃ ʐǂƣϚǼȃ

ǃɠƢ ȁɈʒȅ ȂƦ Ǝƿȃƾ ρǻ ǂƢǃǯ ʐǂƣƴ ρǼǸǠ ƪƣǰʓǰƹƬ Ǿƭǻ ǂƾ Ƣǂ ǽƣǻǂȆǍɓ

ǽȅƿƦ ƎȂɓ ǾʒƢ ǃƼƖ ǹˬɓ ȅ .ƿǌƣƦ ǃƧƭǡǻ ρȃƣϝǍǿƢƾ ǽƣƦǅʓǻ ȁƣϝǍǿƢƾ

.ƾǄǂƢ ρǻ ǋʒƣȃ ȂȀʒǅȃ ȅ ƣȃ ƫǼƸǄ ȂǼȃ ȂƦ ϗǌ

ǽƢǃȄƬ ȁƣϝǍǿƢƾ �
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ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȏȑȗȔ ǽƣƭǉǻǄ ȅ ǅʓʒƣȩ ȑȖ

ρƬƣǡǷƣǙǻ ƫǐǃǫ ϗʒ ǊǂƢǅɠ

� ρǼǷƣǈ ǆƣƧǠ

ƫǐǃǫ ǽƿǿƢǂǁɠ ƫȄƴ ȏȑȗȔ ǂȆʒǃȄǌ ƫʒƣǥǷ ȏȑȗȓ ȁƣǻ ʐƾ ǄƢ

ǃȄǌ ǂƾ ǾƭɡȀǌƢȅ ȁƣϝǍǿƢƾ ǹǄƣǠ ǃǬǿƣʓɓ ǃƭɓƾ ǺǿƣƼ ȁƢǃǼȃ ȂƦ ρƬƣǡǷƣǙǻ

ƿǿƾȆǻǃǫ ȂǻƣǿǃƧƼ ǹǃƭƹǻ ǃʓƦƾǃǈ ƫǍɠǄƣƦ ǄƢ Ǉȩ ȅ Ǻʒƿǌ ƣϚʒǃǻƖ ǶƬƣʓǈ

ƢǁǷ .ǺʒƣǼǿ ȂʓȄƬ ȂǻƣǿǃƧƼ ʐƢǃƦ ρƬƣǡǷƣǙǻ ƫǐǃǫ ǄƢ ǊǂƢǅɠ ϗʒ Ȃɓ

ƥǈƣȀǻ ȂǻƣǿǃƧƼ ʐƢǃƦ ǺȀɓ ρǻ ǃɔǫ Ȃɓ Ƣǂ ρƬƣɔǿ ǃǑƭƽǻ ƪǂȆǑƦ

ƎȁƣϝǍǿƢƾ ȂƦ ƾȅǂȅ ʐƢƿƭƦƢ ǂƾ .ǺʒƣǼǿ ρǻ ȂƠƢǂƢ ǽƣƬǂȆǕƸ Ƕʒǀ ǂƾ ƿǌƣƦ ρǻ

ƾƣƭǈƢ ǽƢȆȀǠ ȂƦ ʐƾǃƦǂƣɓ ρǔƣʒǂ ǋƽƦ ƾƣƭǈƢ ȅƣƦ Ǿʒǃɠ ǂȆǉǫȅǃȩ

ƣǻ ǂƣʓƭƼƢ ǂƾ Ƣǂ ǹǄ˫ ƪƣǿƣϚǻƢ ǹƣǼƬƣƦ ƾȆƼ ǂȅƣƵǻ ǭƣƬƢ ƿʓǸɓ ƎǽƣƦǅʓǻ

ƣƬ ƾȆǼǿ ǺȃƢǃǫ Ƣǂ ȁƣϝǍǿƢƾ ƪǂƣɓ ƫǫƣʒǂƾ ƪƣǻƿǰǻ żƣǡʒǃǈ ȅ ƾƢƾ ǂƢǃǯ

ƣƦ ƿǌ ǽƣǻǅǼȃ ƣǻ ƾȅǂȅ .ǺʓʒƣǼǿ ȁƾƣǬƭǈƢ ȁƣϝǍǿƢƾ ƪƣǿƣϚǻƢ ǄƢ ǺʓǿƢȆƭƦ

ȅ ƾȅǂȅ ʐƢǃƦ ƿʒƿƴ ǾʓǿƢȆǯ ϓǔȅȅ ƣϚʒǃǻƖ ǂȆȄǼƴ ǇʓƠǂ ǽƾǂȆƼ ƿȀɠȆǈ

ǋƽƦ ǇʓƠǂ ǾʓǿƢȆǯ ǾʒƢ ϓǔȅ ǄƢ Ǉȩ Ǆȅǂ ϗʒ .ǂȆǍɓ ǾʒƢ ȂƦ ƲȅǃƼ

ǾʒƢ ϓǔȅ ǃǘƣƽƦ ǪǈƙƬ ǂƣȄǜƢ ǾǼǔ ȅ ƿǻƖ ƣǻ ǭƣƬƢ ȂƦ ʐƾǃƦǂƣɓ ρǔƣʒǂ

ƲǂƣƼ ǂȆǍɓ ǄƢ ƾȆǌ ρǻ ǃƭȄƦ ǞƣǔȅƢ Ȃɓ ρƬƿǻ ƣƬ Ȃɓ ƫǈƢȆƼ ƣǻ ǄƢ ƎǾʓǿƢȆǯ

ǂƢǃǯ ɑǃƭǍǻ ρƬƣǰʓǰƹƬ ʐƣȃǂƣɓ ȂȀʓǻǄ ǂƾ ǃɠƢ Ȃɓ ƾȆǼǿ ǹˬǠƢ ȅ ǺʒȆǍǿ

ƪȆǠƾƢǂ Ǐƽǌ ǽƖ Ȃɓ ƾȆǼǿ ƫǰǫƢȆǻ ǺʒȅǃƦ ʐǃϝʒƾ ǂȆǍɓ ȂƦ Ȃɓ ȁƾȆƦ

ʐƢǃƦ ƾǂȆƼǃƦ Ǆǃǘ ǾʒƢ .ƿʒƣʓǿ ƾȆƴȆƦ ρƬƣǰʓǰƹƬ ǂȆǻƢ ǂƾ ρǷƣϚǌƢ ƣƬ ƿȀɓ

ρǔƣʒǂ ǋƽƦ .ǺʒǂǁϝƦ ǞȆǔȆǻ ǾʒƢǄƢ ƎƾȆƦ ȁƿǿǄȆǻƖ ȅ ƥǷƣƴǂƣʓǉƦ Ǿǻ

ρǔƣʒǂ ǋƽƦ ǄƢ ʐƾˬʓǻȏȗȖȓ ǽƣƭǉƦƣƬ ǂƾ ǾƭɡȀǌƢȅ ȁƣϝǍǿƢƾ ʐƾǃƦǂƣɓ

ȁƣϝǍǿƢƾ ʐƣƧʒǄ ʐƣȃ ǽƣǼƭƼƣǈ ǄƢ ρϚʒ ǂƾ Ƕǰƭǉǻ ƪǂȆǑƦ ȅ ȁƿǌ Ƣƿƴ

Ǟȅǃǌ Ƣǂ ƾȆƼ ƫʓǷƣǡǫ ƾǂƢƾ ƫǻƿǯ ǵƣǈ ƿǐ ǄƢ ǋʓƦ Ȃɓ ǵƣȃ ǇʒȆǷ ǹƣȀƦ

.ƫǈƢ ȁƾȆǼǿ

ǵƣȃ ǇʒȆǷ ƎʐƾǃƦǂƣɓ ρǔƣʒǂ ǋƽƦ ǽƣǼƭƼƣǈ

ǂƾ ρǔƣʒǂ ǋƽƦ ȅ ʐƾǃƦǂƣɓ ρǔƣʒǂ ǋƽƦ ȁƣϝǍǿƢƾ ǾʒƢ ǂƾ ǽȆȀɓƢ Ǻȃ

ǽƿǌƢƿƴ ƣƦ Ȃɓ ƫǈƢ ǾʒƢ ƥǷƣƴ Ȃƭɔǿ .ƿȀƭǉȃ ƫʓǷƣǡǫ ǵȆǥǍǻ Ǻȃ ǂƣȀɓ

ǾʒƢ Ǿǻ ʐƢǃƦ ȅ ȁƾƢƿǿ ǹƣǿ ǃʓʓǥƬ ρǔƣʒǂ ǋƽƦ ƎʐƾǃƦǂƣɓ ρǔƣʒǂ ǋƽƦ

ρǔƣʒǂ ǋƽƦ ǽƿǌ Ƣƿƴ ǄƢ Ǉȩ ǽƢǃʒƢ ǂƾ Ƣǃȵ Ȃɓ ƿǻƖ ƾȆƴȆƦ ǵƢƛǈ

ƿȃƾ ρǻ ǹƣǿ ǃʓʓǥƬ Ǔƹǻ ρǔƣʒǂ ǋƽƦ ȂƦ ρǔƣʒǂ ǋƽƦ ǹƣǿ ʐƾǃƦǂƣɓ

ƣƦ ǽƢǃʒƢ ρǔƣʒǂ ʐƣȃ ǋƽƦ ǄƢ ʐǂƣʓǉƦ ȂǷƣǈ ǾʒƿȀȵ ƫʒȆȃ ȂǿƣǬǈƙƭǻ ȅ

Ǿǻ Ȃɓ ƾǂƢƾ ρǸʓǷƾ ǹƣǿ ǃʓʓǥƬ ǾʒƢ ƿʒƣǌ .ƫǈƢ Ȃƭǫǂ ǾʓƦ ǄƢ ǹƣǿ ǃʓʓǥƬ ǾʒƢ

Ƣǂ ǞȆǔȆǻ ǾʒƢ Ȃɓ ǺʒƣǼǿ ρǻ ƫǈƢȆƼǂƾ ρǔƣʒǂ Ȃǡǻƣƴ ǄƢ ƢǁǷ ǺǿƢƾ ρǼǿ

.ƿȀȃƾ ǂƢǃǯ ρǈǂǃƦ ȅ ƿǰǿ ƾǂȆǻ

ǹƣǼƬ ǽƢƾƣƭǈƢ ǃƦ ȁȅˬǠ ʐƾǃƦǂƣɓ ρǔƣʒǂ ǋƽƦ ƫʒƣǈ  Ƥȅ ǂƾ

ƎǂƣǻƖ ƿȀǿƣǻ ȁƣϝǍǿƢƾ ǃϝʒƾ ʐƣȃ ǋƽƦ ǄƢ ȂƭǉƦƢȅ ƾƣƭǈƢ ȁƾǅǿƣȩ ƾȅƿƸ ƫǯȅ

ƎǟʒƣȀǐ ρǈƿȀȄǻ ƎʐɇȆǷȆʒǅʓǫ ƎρǼʓǌ Ǝρǔƣʒǂ ƎϗʒǅʓǫȆʓƦ ƎʐɇȆǷȆʓƦ

ǽƢƾƣƭǈƢ ǾʒƢ .ƾǂƢƾ ƾ Ȇƴȅ Ķ ƎϗʓǿƣϚǻ ρǈƿȀȄǻ ƎƾƢȆǻ ρǈƿȀȄǻ

ȅ ƿǿǂƢƾ ǵƣǡǫ ʐǂƣϚǼȃ ρƬƣǰʓǰƹƬ ʐƣȃ ȁɇȅǃȩ ǄƢ ʐǂƣʓǉƦ ǂƾ ȂƭǉƦƢȅ

ʐƾǃƦǂƣɓ ρǔƣʒǂ ǋƽƦ ǄƢ ρǸʓǼɔƬ ƪˬʓǑƹƬ ʐȆƵǍǿƢƾ ƿȀǿƢȆƬ ρǻ

ǄƢ ʐƾƢƿǡƬ ρǼǈǂ ƪǂȆǐ ȂƦ ǺʓǿƢȆƬ ρǻ ǅʓǿ ǽƢǃʒƢ ǂƾ .ƿȀǌƣƦ ȂƭǌƢƾ

ȅ ǺʓʒƣǼǿ ƤƣƽƭǿƢ ȂƭǉƦƢȅ ȆǕǠ ǽƢȆȀǡƦ Ƣǂ ǃϝʒƾ ʐƣȃ ȁƿϚǍǿƢƾ ǽƢǂƣϚǼȃ

.ƿǌƣƦ ǃưƛǻ ǂƣʓǉƦ ʐƾǃƦǂƣɓ ρƬƣǰʓǰƹƬ ʐƣȃǂƣɓ ǂƾ ƿǿƢȆƬ ρǻ ǞȆǔȆǻ ǾʒƢ

ǾʒƢ ǂƾ ρǸǐƢ ʐƣȃ ƫʒȆǷȅƢ ǄƢ ρϚʒ ǽƣʒȆƵǍǿƢƾ ȂƦ ǽƾƢƾ ȁǅʓɡǿƢ

ǮʒȆǍƬ Ƣǂ ǽƣʒȆƵǍǿƢƾ ǪǸƭƽǻ ʐƣȃ ȂǿƣȄƦ ȂƦ ȂϚʒǂȆǙƦ ƎƿǌƣƦ ρǻ ȁƣϝǍǿƢƾ

ǽƣǻǄ ȅƾ ȂƭǬȃ ǃȃ ʐƾǃƦǂƣɓ ρǔƣʒǂ ǋƽƦ ȂǻƣǿǃƦ ǂƾ .ƿȀȀɓ ρǻ

Tea) ʐƣȵ ǽƣǻǄ ǽƢȆȀǠ ȂƦ ǽƢƾƣƭǈƢ ȅ ǽƣʒȆƵǍǿƢƾ ǽƿǌ ϓǼƴ ʐƢǃƦ

ƿǿƾǃɓ ρǻ ƫƧƹǐ Ǻȃ ƣƦ ρǿƣǻƾȆƼ ƪǂȆǐ ȂƦ Ȃɓ ƾȆƦ ȁƿǌ ǾʓʓǡƬ ( Time

ƪƣǯȅƢ ρȃƣɠ ȂƭƧǷƢ .ƾȆƦ ȁƾƣǻƖ ... ƎȁȆȄǯ Ǝʐƣȵ ǵƣƸ ǾʓǠ ǂƾ ȅ

ρȃƣɠ ǄƢǃȃ ͆ˬƱǻ ƿǌ ρǻ ȁƿǿƣƵȀɠ ƪƣǉǸƴ ǾʒƢ ǂƾ Ǻȃ ʑƧǷƣƴ ʐƣȃ ȂǻƣǿǃƦ

ǃǈƾ ǹǃƬ ǃȃ ǂƾ ƣʒ ƿǿƾǃɓ ρǻ ρǫǃǡǻ Ƣǂ ƥǷƣƴ ȅ ƿʒƿƴ ʐƣȃǂƢǅǫƢ ǹǃǿ

ǽƣʒȆƵǍǿƢƾ ρƬǂƣȩ ǾʒƢ ǂƾ .ƿȀȃƾ ρǻ ƥʓƬǃƬ ( Dessert Party) ρƬǂƣȩ

ƾȆƼ ȂǯˬǠ ƾǂȆǻ ʐƣȃǃǈƾ ƣʒ ρȀʒǃʓǌ Ǝϗʓɓ ƿȀǻ ȂǯˬǠ ǽƢƿȀǻǂƣɓ ȅ

ƤƣƽƭǿƢ ǽƢƾƣƭǈƢ ȅ ƣȄǿƖ ǾʓƦ Ǆ Ƣ ʑʒƣȃǂȅƢƾ ǇȪǈ ȅ ƿȀȀɓ ρǻ ƫǈǂƾ Ƣǂ

ƪƣǉǸƴ ǹǃƬ ǃȃ ǂƾ .ƾƾǃɠ ρǻ ƢƿȃƢ ʐǅʒƢȆƴ ǽƣɠƿǿǃƦ ȂƦ ȅ ƿǿȆǌ ρǻ

ʐǅʒƢȆƴ ǽƣɠƿǿǃƦ ȂƦ ȅ ƾȆǌ ρǻ ǂƢǅɠǃƦ ǽƣʒȆƵǍǿƢƾ ʐƢǃƦ ǃƭǈȆȩ ȂƠƢǂƢ

.ƾƾǃɠ ρǻ ǃʒƿǰƬ ƣȄǿƖ ǄƢ ȁƣϝǍǿƢƾ ƣʒ ǋƽƦ ƫʒƣǈ ǂƾ ȅ ƾƾǃɠ ρǻ ƢƿȃƢ

ǮʒȆǍƬ Ƣǂ ǽƣʒȆƵǍǿƢƾ ƣƬ ƿȀȀɓ ρǻ Ƣƿʓȩ ρǬǸƭƽǻ ʐƣȃ ȂǿƣȄƦ ȂǐˬƼ ǂȆǙƦ

.ƿȀʒƣǼǿ

ȁǂȅƾ ǾƭɡȀǌƢȅ ȁƣϝǍǿƢƾǂƾ ρǈƣȀǌǂƣɓ ǮǫȆǻ ʐƣȃ ȁǂȅƾ ǄƢ ρϚʒ

(ACMS) Applied & Computational Mathematical Sciences

ƎʐƾǃƦǂƣɓ ρǔƣʒǂ ʐƣȃ ǋƽƦ ǗǈȆƬ ƎʐƢ Ȃƭǌǂ ǾʓƦ ȁǂȅƾ ǾʒƢ .ƿǌƣƦ ρǻ

ǽƣʒȆƵǍǿƢƾ .ƾƾǃɠ ρǻ ȂƠƢǂƢ ǂƣǻƖ ȅ ρǔƣʒǂ ƎρǈƿȀȄǻ ȅ ǃƬȆʓȪǻƣɓ ǹȆǸǠ

ǄƢ ρϚʒ ǇȪǈ ȅ ƿȀǿƢǂǁɠ ρǻ Ƣǂ ƣȃ Ȃƭǌǂ ǾʒƢ ǄƢ Ƣǂ ρǻƢǅǷƢ ƿƸƢȅ Ȓȑ

ǃǬ
ǈ
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ɠ



ǽƢǃʒƢ ρǔƣʒǂ ǾǼƵǿƢ ȂǻƣǿǃƧƼ
ȑȗ ȏȓȒ ȅȏȓȑ ʑȩƣʓȩ ȁǂƣǼǌ

.ƿȀȃƾ ρǻ ǶʓǑƹƬ ȂǻƢƾƢ ȅ ƿȀʒƣǼǿ ρǻ ƤƣƽƭǿƢ Ƣǂ ȁƿǌ ǪʒǃǡƬ ʐƣȃƾƣȄɓ

Ǝ(ƿƸƢȅ ȏȓ) ȏƎȐƎȑ ǵƢǃɡƭǿƢ ȅ ǶʓǉǿƢǃǬʒƾ ƤƣǉƸ Ƕǻƣǌ ρǻƢǅǷƢ ǆȅǂƾ

Ǝ(ƿƸƢȅ ȑ) ǶʓǉǿƢǃǬʒƾ ƪ˫ƾƣǡǻ Ǝ(ƿƸƢȅ ȗ) ȏƎȐ ǃƬȆʓȪǻƣɓ ρǉʒȆǿ ȂǻƣǿǃƦ

ǅʓǷƣǿƖ ȅ ʐƾƿǠ ρǙƼǃƧƴ Ǝ(ƿƸƢȅ ȑ) ǽƖ ʐƣȃƾǃƦǂƣɓ ȅ ƣȃ ǇʒǃƬƣǻ ǃƧƴ

Ǝ(ƿƸƢȅ Ȓ) ǵƣǼƭƸƢȅǂƣǻƖ Ǝ(ƿƸƢȅ ȑ) Ȃƭǉǉɠ ʐǄƣǈ ǵƿǻ Ǝ(ƿƸƢȅ ȑ) ʐƾƿǠ

ǂƾ ƾȆƴȆǻ ʐƣȃƾƣȄɓ ƫǉʓǷ .ƿǌƣƦ ρǻ (ƿƸƢȅ ȑ) ȂƭǈȆʓȩ ʐǄƣǈ ǵƿǻ

ȁƿȃƣǍǻ http://acms.washington.eduƫʒƣǈ ǂƾ ǽƢȆƬ ρǻ Ƣǂ ȁƣϝǍǿƢƾ

ǆȅǂƾ Ȃɓ ǽƢǃʒƢǂƾ ƣȃƾǃƦǂƣɓ ȅ ƪƣʓǔƣʒǂ Ȃƭǌǂ ƾȆƴȅ ȂƦ ȂƴȆƬ ƣƦ .ƾȆǼǿ

ǾʒƢǂƾ ǃʓʓǥƬ ρɓƿǿƢ ƣƦ ƿʒƣǌ ƾǂƢƾ ǃƬȆʓȪǻƣɓ ǹȆǸǠ ȅ ǂƣǻƖ Ȃƭǌǂ ƣƦ ρɓǃƭǍǻ

.ƾȆǼǿ ȂƠƢǂƢ ACMS Ȃƭǌǂ ƿȀǿƣǼȃ Ƣǂ Ȃƭǌǂ ǾʒƢ ǽƢȆƭƦ ρǈǂƾ ȂǻƣǿǃƦ

ρƬƣǰʓǰƹƬ ʐƣȃ ȁȅǃɠ ǗǈȆƬ ȂƭǬȃ ǃȃ ρǠȆȀƭǻ ʐƣȃ ρǿƢǃȀƽǈ

ȂƭǬȃ ǃȃ ȂƭƧǷƢ .ƾƾǃɠ ρǻ ȂƠƢǂƢ ʐƾǃƦǂƣɓ ρǔƣʒǂ ǋƽƦ ǂƾ ƾȆƴȆǻ

ȂƠƢǂƢ ɟȀʒȆƦ ρǿƢǃȀƽǈ ǽƢȆȀǠ ƫƹƬ ρǿƢǃȀƽǈ ϗʒ ǺǝȀǻ ƪǂȆǐ ȂƦ

ρǿƢǃȀƽǈ ǾʒƢ ǄƢ ρǷƣǻ ƫʒƣǼƸ ɟȀʒȆƦ ʑʒƣǼʓȩƢȆȃ ƫɓǃǌ ȅ ƾȆǌ ρǻ

ǂƾ ρǿƢǃȀƽǈ ȅƾ ρƬƣǡǷƣǙǻ ƫǐǃǫ ƪƿǻ ǂƾ .ƿʒƣǼǿ ρǻ ǶƧǰƬ Ƣǂ

ρǸǸǼǷƢ ǾʓƦ ǾǼƵǿƢ ǇǿƢǃǬȀɓ ǂƾ ȅ ǹƾȆǼǿ ȂƠƢǂƢ ǾƭɡȀǌƢȅ ȁƣϝǍǿƢƾ

ǾǼƵǿƢ ǇǿƢǃǬȀɓ ǂƾ ȅ ƢȆʒƢ ρƭǷƣʒƢ ȁƣϝǍǿƢƾ ǂƾ ( ILAS ) ρǙƼǃƧƴ

ǂƣȄȵ ƾȅƿƸ) ǾƭɡȀǌƢȅ ρƭǷƣʒƢ ȁƣϝǍǿƢƾ ǂƾ ( AMS ) ƣϚʒǃǻƖ ρǔƣʒǂ

ȁƣɠǂƣɓ ǂƾ ȅ (ƾǂƢƾ ȂǸǐƣǫ ǾƭɡȀǌƢȅ ȁƣϝǍǿƢƾ ǄƢ Ǿʓǌƣǻ ƣƦ ƫǠƣǈ

ƣϚʒǃǻƖ ρǔƣʒǂ ȆƭʓǉǿƢ ǂƾ ( Crouzeixôs Conjecture) ȁǄȅǃɓ ǆƿƸ

ƫǷƣʒƢ ȁǄȆƼ Ǿǈ ǃȄǌ ǂƾ ( American Institute of Mathematics)

ƫʒƣǼƸ ƣƦ ȆƭʓǉǿƢ ǾʒƢ Ȃɓ ƫǈƢ ƷʓǔȆƭƦ ǹǄ˫ .ǹƾȆǼǿ ƫɓǃǌ ƣʓǿǃǬʓǷƣɓ

ǾʒƢ ǂƾ ȅ ƿʒƣǼǿ ρǻ ǂƢǅɠǃƦ Ƣǂ ρǿƢȅƢǃǫ ʐƣȃ ȁƣɠǂƣɓ Ȃǿ˫ƣǈ (NSF)

ƎǽƣϚǈƢ Ƕǻƣǌ ȁƿǌ Ȃƭǫǃʒǁȩ ǽƣɠƿȀȀɓ ƫɓǃǌ ȂȀʒǅȃ ȂʓǸɓ ƣȃ ȁƣɠǂƣɓ

ƫʒƣǈ ȂƦ ǃƭǍʓƦ ǞˬǘƢ ƫȄƴ .ƿǿǄƢƾǃȩ ρǻ Ƣǂ ƣǼʓȩƢȆȃ ǗʓǸƦ ȅ ȂʒǁǥƬ

ʐƣȃ Ƥƣƭɓ ǄƢ ʐƢ ȂǠȆǼƵǻ ȂƭƧǷƢ.ƿʓʒƣǼǿ ȂǡƴƢǃǻ https://aimath.org

ȆƭʓǉǿƢ ǾʒƢ ǾʓǻǄǃʒǄ ǂƾ ǅʓǿ ǽƣǿƢƿʓǔƣʒǂ ǄƢ ʐǂƣʓǉƦ ǊǄǂƢ ƣƦ ȅ ρǙƼ

ǹƾǃƦ ƪǁǷ ǂƣʓǉƦ .ƾȆǌ ρǻ ƫƧǯƢǃǻ ƪƿǍƦ ƣȄǿƖ ǄƢ ȅ ƿǌƣƦ ρǻ ƾȆƴȆǻ

.ǹƾȆǼǿ ȁƿȃƣǍǻ ƣȃ Ƥƣƭɓ ǾʓƦ ǂƾ Ƣǂ ǹƣʓƼ ǃǼǠ ǺʓϚƸ Ƥƣƭɓ Ȃɓ ρǻƣɡȀȃ

(ʐƾǃƦǂƣɓ ρǔƣʒǂ ǋƽƦ ǇʓƠǂ) ϗʓǿȆɓƾ ƾǂƣǿǃƦ ƎρǼǷƣǈ ǆƣƧǠ ƎȅƣƦ Ǿʒǃɠ ǽƢ

ǾƭɡȀǌƢȅ ȁƣϝǍǿƢƾ ǖƣƧƬǂƢ ƎǺȄǻ ǂƣʓǉƦ ȂƭƧǷƢ ȅ ρǿƣʒƣȩ Ȃƭɔǿ ǽƢȆȀǠ ȂƦ

ǽƢǄȆǻƖ ǋǿƢƾ ƥƬǃǻ ǂȆǙƦ ǵƣǈ ǵȆǘ ǂƾ .ǺʒƣǼǿ ρǻ ƶǃǙǻ Ƣǂ ǆǂƢƿǻ ƣƦ

.ƿǿƿǻƖ ρǻ ȁƣϝǍǿƢƾ ȂƦ ƿʒƾǄƣƦ ʐƢǃƦ ρȃȅǃɠ ƪǂȆǐ ȂƦ ϓǘƣǰǻ ρǻƣǼƬǄƢ

ʑʒƣȃ ȂƧƸƣǑǻ ǂƾ ȁƣϝǍǿƢƾ ʐƣȃ Ȃƭǌǂ ȅ Ǘʓƹǻ ƣƦ ǽƿǌ ƣȀǌƖ ǾǼǔ ƣȄǿƖ

ƿǿƾǃɓ ρǻ ƫɓǃǌ ƿǌ ρǻ ǹƣƵǿƢ ȁƣϝǍǿƢƾ ǪǸƭƽǻ ʐƣȃ ǋƽƦ ǩǃǘǄƢ Ȃɓ

.ƿǿƿǌ ρǻ ƫʓǷƣǡǫ ǵȆǥǍǻ ȁƣϝǍǿƢƾ ʐƣȃ ȁɇȅǃȩ ǹƣƵǿƢ ǂƾ ƣȄǿƖ ǄƢ ʐƾƢƿǡƬ ȅ

ǽƣǻǃɓ ǃȀȃƣƦ ƿʓȄǌ ȁƣϝǍǿƢƾ �
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