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ÀșȾà�ƆĩȾ�ȸʕéɈoĶȪɎɍu?ȿēƻȹ�Ŵȸ�ƾɑÖȟɍ£�u?ȸȜɍǞ�Ƅǝ

ǣǫǪǧǟʖƯ�ʕƬƲċþȾ¸ŶQ�ɉɴʒɨɰʋɟʏɷʆʒɩɉɕʏɩʒɲɬɯȾæGȻȺȼɊɌʕ£

ȴȷ�ăɑȫȷȝɍåǇȢoȥȻɍ%QȢȜɍʖȰȾťùʕ�ȿǣàȾpDɑ£�u?ȸƸȩȫȷȠ

Ɍʕ¿�Ⱦņ£åǇȿƑƽåǇȾş Ǩ 6ɑEɇȷȝɍȹȝȞiUɈȜɍǞ�ǝ ǤǢǣǥǟʖɄȲʕéƯȸȿʕ

ȨȾǄåǇ£�Ⱦ#¤ɂȾªǔȢYǗƐȪɎȷȝɍǞǹȕȅȍǝǤǢǢǫǟǞǶȅȔȉȍȅǝǤǢǣǧǟǞʌʐɔʏǝ ǤǢǣǨǟʖǝ

ȨȾɊȞȼʕǄåǇȾņ£ȢoȥƆȻɐɎɍıįȼȠȝȷȿʕĀxɉɣʒɯȼǈȭɍ¶ƺ¸ȸȜɍ

£Ɍ³dȢĝłȪɎʕoȥȾŉőȢƆȻɐɎȷȝɍʖ` ǣǠǣ ȼʕō{ÄƇƞÚɮʒɩɻʒɥȸȜɍ

ǾȅȂǝ ȎȆǝ ǻȃȉȅȍȃȅ ɊɌ¯ɋɎȲĀxʑɣʒɯȾ¶ƺ¸ȼǈȭɍŉőÚİØȾÑŎɑŌȭʖȨɎɊɌʕĀ

xʑɣʒɯȾ¶ƺ¸ȼǈȭɍŉőÚİØȿ�șl9%QȼȜɍȨȹȢɐȡɍʖǝ

ȨȾɊȞȼʕĀxʑɣʒɯȼǈȭɍ¶ƺ¸ɑÃȞŉőȢoȥƆȻɐɎɍȹ)ȼʕ£Ɍ³dȼǈȭɍŉ

őŇƟȢƃŐȪɎȷȝɍʖȫȡȫʕ£Ɍ³dȾŉőŇƟȹȿʕɵɯȢ»Ȭɍ³ĲŀʑĴĲŀȻƍšȹȰ

ɎȼǈɐɍɣʒɯȾĭĲŀȻƍšȻȺʕĆșȻƍšȼɊɌą¿ȪɎȷȠɌʕĬǎAȫȷȝɍȹűȟɋ

ɎɍʖȪɋȼʕȰȾoȥȿʕƘƖıjȼȠȦɍǆľƛ�XȾƚ�ȼgȶȥƘƖƔȾéƺAȢ�³ȸ
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ȜɌʕ£Ɍ³dȾŇƟȹŇƟǇȾǈ ȢƋǎȸȜɍȲɇʕáŋȻ�ŝAȢȪɎȷȝȻȝȾȢıįȸ

ȜɍǞȄȁǝ ǻȉȋȔȁǝ ǤǢǣǤǟǞ��ǝ ǤǢǢǦǟʖȰȾȲɇʕƘƖŲȢɣʒɯɑƘƖȭɍǌȼŀŋȼŉőŇƟɑĞĶ

ȭɍȨȹȢ_ǏȸȜɌʕÜȲȻŉőƝǗȾľƎȢǏȫȝʖȨɎȼ9ȟʕ£Ɍ³dȼǈȭɍ~ǀAȢƆ

ȻɐɎȷȝȻȝȲɇʕıįȾɣʒɯƘƖȸȿƘƖŲȾŤǙʑŇƟǀȼ�zȫȷȝɍƻ/ȢoȝǞo

ķǝ ǣǫǫǣǟʖȰȨȸʕĆșȻƘƖŲȢŇƟɑĞĶȸȣɍɊȞʕ£Ɍ³dȾŉőɑ�ŝŀȼÙĲȫʕą¿

ȭɍŇƟɑáŋAȫʕ�ǌȾƘƖȼƺĶMŶȻį¼ȼȭɍȨȹȢ´ƍȸȜɍʖǝ

ǝ

`ʗǠǣǝ ĀxʑɣʒɯȼǈȭɍŉőÚİØȾÑŎǝ
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ĀxȿʕȰȾƤĥɑL�ɘɤɺɯȼľȭɍȢʕĆ¦�*ȾtɄɌȹȪɎɍ�� ǣǧ �ŞɠɣɬɜĆ

¦ȡɋ ǣǫ �ŞïʐɔɜɯʊɓĆ¦ɄȸȿʕŦĚŲȾĉvɉ8ȾƜŌɑƠ²ȭɍɈȾȹȫȷɮɢɕʏȪ

Ɏľ�ȫȷȣȲʖȰȾ¬ʕ�Ķ¸ɑŮȫȪȹȫȲʃɪʏɮɢɕʏȾƯ�Ȣŧȣʕı�ȸȿĶƳ2ȼɮ

ɢɕʏȪɎɍɊȞȼȻɌʕƀƇ�XȹȫȷȾŸċŶĀxɮɢɕʏȹ�Ǉ�{ɑµĶȫȲċŶƾƐĀx
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Āxȹ�ǇȹȾǈ ȿʕı�ǞǣǫǧǢ ���ǉʔȼȻɌĎŜɑ�³ȼșȼŉőȪɎtɇʕǣǫǩǢ �

�ïȼƖŘċȾəɸɔɥɂȾƶ.ȼ�ȝəɸɔɥĳkȢ7ŀȼmAȫȲȨȹɑJȦʕǹǬ AȪɎȲə

ɸɔɥȸ&ȥɵɯȾļ;ʑƁĽɑ�ȫȸɈƪĠȭɍȹȝȞƍĖȢǛɄɌȵȵȜɍǞ�+ǝ ǣǫǪǧǟʖȰȾȲɇ

Ư�oȥȾŉőȢƆȻɐɎʕéƯȸȿŉő�ƠȹȻɍĀxȾĶƳɈo�ȼɐȲɍɊȞȼȻȴȲʖǝ

�żȼʕĀxȿȰȾ�ĶłŀȡɋʕɨɸɒɉʍɬɛʏɝɫɗɓȻȺȹȝȴȲ|ĄĀxȹ�>ĶĀx

ɉŻ=ƨɣʒɯȹȝȴȲ�ăĀxȼ/ǘȭɍȨȹȢȸȣɍʖ®öɊɌʕ�ăĀxɑ�³ȼŉőȢƆȻ

ɐɎȷȝɍȢʕņ£ŲȾu?ɉĀxȾŭȡɎɍĳkõ�ȼɊɌʕ�ȹȫȷ�ěȢĔƫŀ�ȪȥʕƦ

ƻɑŅ�ȼǉɏȫʕ� ȢǂŃȼƯȥȻɍ�żĀxȹʕ�ěȢpȣɇȸʕƦƻɑÅȧ.ȫʕ� Ȣ

o�%ȣʕȰȾ�ĶĳkȡɋÏ=ɑű¾ȫȲɜɬɣʈʏɑËȵɣʒɯǞ�ɌĭĶ£�ʔȹȸȿ2ȾƎd

ȡɋŉőȢƆȻɐɎȷȝɍʖǝ

ĀxȼǈȭɍŉőȾtɄɌȿʕǬȊȅȐȂȋȎȌǞǣǫǦǪǟȾȚĀ£ȹu�țȼȰȾŕɑľȭɍǞǶȓȅȄȅȐǝ ǣǫǪǥǟʖ

Ȱȫȷ ǵȅȅȇȁȍǞǵȅȅȇȁȍǝ ǣǫǧǥǟȿ£�åȾŷû©įȼņłȫʕoȥȾu?ȼȠȦɍ ǿ Ū-ŅȾƔø

ȡɋĀxƘƖȾgðĲƞȹȪɎȷȝɍʕŷûȾ ǻ yɚʒɹȾŨËȹȝȞƝǗɑŌȫʕĲ¹ȾĀxõ

�ȹȫȲʖȰȾ¬ʕǾȎȒȘȊȁ ɋǞǾȎȒȘȊȁǝ ǣǫǨǫǟȿʕ7jĶĀxȾĆșȻŵɈȲɎ©įȼȵȝȷ}Ŷƚ

�ɑƆȻȴȲʖŵɈȲɎ©įȼǈȭɍŉőȿʕȰȾ¬ɈƆȻɐɎȷȠɌǞǮȎȐȋȅȒȒǝ ǣǫǪǦǟǞǽȅȐȂȅȅȊǝ

ǣǫǫǣǟǞǭȐȁȍȒȎȍǝǣǫǪǦǟʕ£�u?ȼņłȫʕñʑĀxŝȾõ�ɑƔøȫȲ ǭȅȍȄȉȖǞǭȅȍȄȉȖǝǣǫǪǦǟɉʕś

�Ȼ�ģȼɊɍ£�u?ƔøȢ ǭȐȉȄȇȅȐ ɋǞǭȐȉȄȇȅȐǝǣǫǪǫȁʕǝ ǣǫǪǫȂǟʕǮȎȒȅǝǲȉȋ ɋǞǮȎȒȅǝǲȉȋǝǣǫǪǫǟȼɊ

ȴȷiUȪɎȷȝɍʖ}Ŷƚ�ȼɊɍŉő�ɈoȥľƈȪɎȷȠɌǞǻȈȁȃȊȅȋǝ ǣǫǨǫǟǞǶȅǝ ǮȁȐȏȅȍȒȉȅȐǝ

ǣǫǨǫǟǞǯȐȓȐȗǝ ǣǫǪǤǟʕ�ƒŀĒǋƚ�ȼɊɍŉőȢ�³ȸȜɍʖɄȲ}Ŷƚ�ȾɈȞʒȵȾÝěȹȫ

ȷʕ�¶»Ⱦƚ�ǞǯȉȑȃȎȌȆȎȐȒǝǺȁȒȉȍȇʔȼɊɍŉő�ɈiUȪɎȷȝɍǞǭȐȁȍȒȎȍǝǣǫǨǫǟǝǞǰȁȑȒȌȁȍǝǣǫǩǨǟʖ

ȫȡȫʕŵɈȲɎ©įȹ}ŶĂüȼɊɍƚ�ȸȿʕ�ǇȾçãȻ³ĲǀɑĶȝɍȲɇ�ƒ¸ȼČȦʕ

~ǀAɈ_ǏȸȜɍȹȝȟɍʖȰȾȲɇʕ�żȼȿĀxȾƚ�ȼ½Ɏȷȝɍ�ǅɴɲʉȼɊɌƚ�Ȣ
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ƆȻɐɎȷȝɍʖǝ

ĀxȼǈȭɍĮđȻŉőȼȿʕǷȁȍȄȁȋ ȼɊɌƘƖȪɎȲ5%ĀxǞǱȎȐȕȁȐȄǝ ǻȋȎȏȉȍȇǝǮȈȁȉȐʔȼǈ

ȭɍŉő�ǞǯȐȓȐȗǝǣǫǪǧǟǞǭȐȉȄȇȅȐǝǣǫǪǪǟǞǻȎȄȅȐȂȅȐȇǝǣǫǪǨǟʕĸ'ƖģȼɊɍ�b/�ȾƔøǞǼȐȁȑȒȅȐǝ

ǣǫǪǩǟʕpƏĈ��ƖģȼɊɍǍ�ŲĶĀxȾǆľǞǴȍȑȒȉȒȓȒȅǝ ȆȎȐǝǮȎȍȑȓȌȅȐǝ ǰȐȇȎȍȎȌȉȃȑǝǣǫǪǣǟʕ�

ăūƊ�ăȼȠȦɍĀxȾõ�ȼȵȝȷȾŉőǞȀȓǝ ǣǫǪǪʕǝ ǣǫǪǫǟȢȜȧɋɎɍʖǳȎȋȄȅȍ ɋǞǳȎȋȄȅȍǝ

ǣǫǪǪʕǝ ǣǫǪǫʔȿʕeIɌȹÐƕǓȾ©įɑMmȼȫȲĀxɑƊ�ȫʕ}Ŷƚ�ȹȾǈ ȡɋ¶ƺȻ

£Ǔ©įɑĖɇʕŰ�ĶĀxɑǆľȫȲʖǮȎȍȇȋȅȒȎȍ ɋǞǮȎȍȇȋȅȒȎȍǝǣǫǪǧǟȿʕ®öơƂȢ�Ȼȥ¶ƺ

ȹȪɎȷȣȲœ�u?ɑʕǸǬǻǬ ȼɊɌĪƾ8į¼ȸƖģȪɎȲ�œu?ǞǲȅȎȐȇȅǝǮǡǝǷȁȐȑȈȁȋȋǝǻȏȁȃȅǝ

ǱȋȉȇȈȒǝǮȅȍȒȅȐǝǣǫǩǨǟȼŭȣÓȟnōBĶȾÂƇĀxɑǆľȫȲʖɄȲʕǲȎȎȑȑȅȍȑ ɋǞǲȎȎȑȑȅȍȑǝǣǫǫǥǟ

ȿMm¦ȾƓ¢ɑËȵH8ȾƖģȸȣɍ�ǙĀxʕǭȐȉȅȍȘȁǞǭȐȉȅȍȘȁǝ ǣǫǫǥȁʕǝ ǣǫǫǥȂǟɋȿĀxȾɜ

ɬɣʈʏĮ¸ɑɣʀʆʌʒɯȭɍȲɇɷɥɯʏ¦Ⱦɜɬɣʈʏɑ�¿ȫʕǑx4°ȸȣɍĀxɑ�¿ȫȲ

ȢʕƉŭȾiUȾɅȸƔøťùȿľƈȪɎȷȝȻȝʖǝ

ÀȢaȼȠȝȷĀxȼǈȭɍŉőȢtɇɋɎȲȾȿʕ�ăÄƇ¡ĵă�ƀƛǙÁȢäW ǫ �

ǞǣǫǥǦʔȼǐȼɊȴȷ£�åȾÐƕèǓɑeIɌȫȲȨȹȼtɄɍǞ�Ůķǝ ǣǫǪǩǟʖȰȾ¬ʕ�FɋȾ

�ƵȾŉőǞ�Fǝ ǣǫǨǢʕǝ ǣǫǨǣȁʕǝ ǣǫǨǣȂʕǝ ǣǫǨǤȁʕǝ ǣǫǨǤȂʕǝ ǣǫǨǤȃʕǝ ǣǫǨǥȁʕǝ ǣǫǨǥȂʕǝ ǣǫǨǥȃʕǝ

ǣǫǨǥȄǟǞ�ǅǝ ǣǫǨǦǟǞp+ǝ ǣǫǨǦǟǞƢ^ě�u?ŉőÁǝ ǣǫǨǫǟȸȿʕ�b/�ɉ£�u?ƔøȻȺ

gðŀÂěȢŋœȪɎʕĀxȹu?ȾƱ®ɑĂƗȭɍȲɇȾʇɱɳʒɡʋɣʒɯɑƊ�ȫʕ�>Ķ

ĀxȾ´ƍõ�ɑĖɇȲʖȰȾ¬ʕÀȢaȸȿ�b/�ȾƔøȹ}Ŷƚ�ɑ�³ȼĀxȾ£Ɍ³

dƔøȢƆȻɐɎȷȝɍʖ�b/�ȼɊɍŉőȹȫȷʕ�FɋǞ�Fǝ ǣǫǨǢʕǝ ǣǫǨǤȁǟȿʕʎɕʅɥɯʌ

ʏɞʒɤ¦Ⱦb8ɧʏɡɑĶȝȷʕÐƕǓȾŗbŪɑťɁʕ�b/�`ɑĖɇ}Ŷƚ�ȹȾǈ 

ɑĖɇȷȝɍʖɄȲʕſ�ɋǞſ�ǝ ǣǫǨǧǟȿʕɚʒɽʏŠȼɊɍś�ȻƖģěɑÒýȫʕŵɈȲɎȾƓ

¢ȹ�b/�Ⱦǈ ɑĖɇȲʖƯ�ȿʕǹǬ AəɸɔɥȾĳk×ZȾƎdȡɋʕəɸɔɥɫɗɓȼȵ
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ȝȷȾŉő�Ǟ�ðǝ ǣǫǪǩǟȢĔƫŀoȥiUȪɎȷȠɌʕ}Ŷƚ�ǞƄĜǝ ǣǫǫǢǟǞď�ǝ ǣǫǫǣǟǞƿSǝ

ǣǫǫǣǟɉ£�u?ʑ�b/�ȳȦȸȻȥʕ£ǓȾĢ¢mAǞ�Ĺǝ ǣǫǪǧǟʕ=�ƔøǞ9Ƅǝ ǣǫǫǢǟʕƧ

�ÔɋȤǞĿňǝ ǣǫǪǫǟʕƦȾu?Ǟhƥǝ ǣǫǫǣǟʕȻȺžșȻƔøȢƆȻɐɎȷȝɍʖTɋǞTǝ ǣǫǫǣǟǞƯ

Ƅǝ ǣǫǫǣǟȿʕɤʄɕʍɧʏɡȼɊɌ�ă�ȾǚŁȾ±�Í=ɑƖģȫʕǹǬ ɫɗɓȼȠȦɍǚŁÖË

ǞɼʋɶɬɜɡɾʒɯʔɑÒýȫȲʖɄȲʕ��Ǟ��ǝ ǣǫǪǧǟȿʕƧ�ȹĀxȾǇȼÎɆȨȹȸ£�åȾ

ņ£Ǔ©¼ɑƖģȸȣɍĐɞʒɤ¦ɭʒɺɧʏɡɑǆľȫʕ7jĶĀxɑ�Ơȹȫȷŉőȫʕņ£

į¼ɑŇɍɧʏɡȹȫȷŋœȪɎȲʖɄȲʕW	ɋǞW	ǝ ǣǫǪǪǟȼɊɌ��ēƻĪơƂ©įɉÇȫƮ

ɅŊȪƖģȢƆȻɐɎʕ��$ƍ]ȹȾǈ ȢƔøȪɎȲʖ�șíɋǞ�șíǝ ǣǫǫǦǟȿʕĀxȾ1

ì©įʑƓ¢ʑ�ěʑɜɬɣʈʏĮ¸ȢMmȸʕPåȼ£�åȾƧ��ĶH8ȹéŢ|~©įɑƖ

ģMŶȻMmɀȽ¦�ǙĀxɑǆľȫʕŮ�ǊɚɬɯĶĀxȾǛƺOõ�ɑŌȫȲǞ�șíǝ ǣǫǫǦǟʖ

ɄȲʕƨĀxǞLƣǝ ǣǫǫǧǟɉswq¸ĶĀxǞ�ęǝ ǣǫǪǪǟǞÿ�ǝ ǣǫǪǪǟȻȺĮđĶƳQȦȾĀxȾ

ŉőɈƆȻɐɎȷȝɍʖǝ

�żĀxȹĻȻɌ�ɌĭȾ£�ɑºVȭɍɣʒɯȸȿʕȰɎȱɎȾ�ăõ��ȼȠȝȷĆșȻƍ

ĖȢĴȬɍʖĀxȸ�ȝȲĲƞɑµĶȫ ǵȅȅȇȁȍǞǵȅȅȇȁȍǝ ǣǫǨǤǟȿʕŏșȾɣʒɯȼȵȝȷĲ¹ŀȻ

Āxõ�ɑŌȫȷȝɍʖPĆȼɣʒɯ£�åȾŷûȼņłȫȲŉőȹȫȷʕǺȅȗȍȎȋȄȑ ɋǞǺȅȗȍȎȋȄȑǝ

ǣǫǪǨǟȿʕœ�åȾŵǓ©įɑ£�åȼȰȾɄɄ¨ȷȿɇȷƔøȫȷȝɍʖɄȲ�ŴȾu?ȼņł

ȫȲ ǭȐȓȍȑȕȉȃǞǭȐȓȍȑȕȉȃǝ ǣǫǪǦǟɉʕœ�åȾŵǓ©įɑ,ıȭɍĆȻĈÕɣʒɯȾ�¿ǞǯȉȅȂȑȃȈȋȁȇǝ

ǣǫǪǪǟȻȺƧ�u?ɑƾƐȫȲŉő�ȢiUȪɎȷȝɍʖɄȲ ǭȁȂȂȑǞǭȁȂȂȑǝ ǣǫǩǫǟȿƧ�ȾĊÛǓ

©¼ȼņłȫʕȪɋȼ�b/�ʑ£�u?ʑƨ�+ȸȾʌɕɓɖɯɄȸRɇȲũOŀȻƔøɑƆȻȴ

ȷȝɍʖPĆȼÐƕǓȼņłȫȲ�ȹȫȷȿʕǺȎȂȂȉȍȑ ɋǞǺȎȂȂȉȍȑǝ ǣǫǪǥǟȿ£�åȾÐƕǓɑĶȝȷ

ƛǙĶɿɲɛʏȾŵǓɑ©¿ȫȲʖɄȲɯʉɜɩʒȻȺĵăȼ�ņȫȲǓȾŉőɈƆȻɐɎȷȠɌʕȨ

Ȩȸȿu?ƔøȼɊɌu?ȹ}ŶǀȾ�ĔɑƆȴȷȝɍʖǝ
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a+ȸȿŻ=ƨʑǁƹɑ�³ȼŉőȢƆȻɐɎʕǁƹĶɣʒɯȼȵȝȷȿŵɈȲɎȼȵȝȷȾ

ŉőǞėķǝ ǣǫǪǣǟɉÏ=ɑÃȴȲŉőǞ��ǝ ǣǫǪǤǟʕĮđȻɈȾȼȿƦÌĢ¢mAɑ3ĶȫȲŉő

�Ǟ�÷ǝ ǣǫǪǧǟȢȜɍʖǝ

Ż=ƨɣʒɯȼȵȝȷȿʕLȥȿp+ɋǞp+ǝ ǣǫǨǫǟȼɊɍɜɬɣʈʏĭ¸ȼɊɍŉőȼtɄɌʕ�

ȼÏ=�³dȹǒŀ£Ɍ³dȼ/ȦŉőȪɎȷȝɍʖǒŀ£Ɍ³dȾŉőȸȿʕɜɬɣʈʏĭ¸ɑĶ

ȝȲ~ǀAǞƭǝ ǣǫǩǩǟɉ}Ŷƚ�ȾɅȼǖȴȲŉőǞƿKǝ ǣǫǪǧǟǞ÷�ǝ ǣǫǪǩǟǞƌóǝ ǣǫǪǫǟȢȜɍȢʕ

~ǀAȹȝȞƒĨȡɋȿ�ŚɋȼɊɍ�ƵȾŉőǞƭóǝ ǣǫǪǢǟǞ�Śǝ ǣǫǪǤǟȼɊɌéŢ|~u?ʑ�

b/�ʑɜɬɣʈʏĭ¸ʑÏ=Į¸ȹ}Ŷƚ�ȼɊɍ~ǀAȢÒýȪɎʕŻ=ƨɣʒɯȾ~ǀŀƚ�

ÂěȾgðȢŋœȪɎȲʖȨȾ¬ʕŻ=ƨʂʒɚȼɊɍŉőȸȿʕ�ǅɴɲʉȼɊɍ�b/�ɑ�

³ȹȫȲ£Ɍ³d~ǀAȢoȥƆȻɐɎȷȝɍǞ(ķǝ ǣǫǪǩǟǞ��ǝ ǣǫǪǪǟʖĕ�Ǟĕ�ǝ ǣǫǪǫʕǝ ǣǫǫǣǟ

ȿʕ�eƂƾƖɑ ǥǢǪ !Ƽ0ȫȲɿɬɯįɧʏɡɑĶȝȷ�b/�ȾƖģɑȭɍȹȹɈȼÐƕǓ©

¼ȹ£�u?ȾƖģɈPåȼƆȝʕɣʒɯȾɜɬɣʈʏĮ¸ȹ�b/�ʕ}ŶǀȹȾǈ ɑĖɇȷȝ

ɍʖɄȲʕǜ�ɋǞǜ�ǝ ǣǫǪǧǟȼɊɍŉőȸȿƾ\�¦ȼɊɍ~ǀAȢiUȪɎȷȝɍʖȫȡȫʕ}Ŷ

ƚ�Ⱦ~ǀAȼȠȝȷȿC/ȻŉőťùȿiȬɋɎȷȝȻȝȾȢıįȸȜɍʖǝ

Ȫɋȼʕ�+ɋǞ�+ǝ ǣǫǪǫǟȿʕĐɞʒɤ¦ɭʒɺɧʏɡɑĶȝȷŻ=ƨɣʒɯȾņ£Ǔ©¼ɑƖ

ģȫʕɣʒɯ$ƍ]Ⱦʉʏɳɡɾʒɯ§ȪȹȾǈ ɑƔøȫʕǚŁŹāƋOÖËȾɡɾʒɯɑÒýȫʕ

ıcȸȿ�ĶAȪɎȷȝɍʖ��ɋǞ��ǝ ǣǫǫǢǟʕ��ɋǞ��ǝ ǣǫǫǢǟʕȀȁȌȁȘȁȊȉǞȀȁȌȁȘȁȊȉǝǣǫǫǤǟǝȿ

£Ǔĭ¸ȾĻȻɍɣʒɯɑĶȝȷʕņ£Ǔ©¼ȾĮ²ǀȼɊɍ}Ŷƚ�Ⱦ~ǀAɑƆȴȲʖȪɋȼ

�ķɋǞ�ķǝ ǣǫǫǣǟȿʕœ�åȾŵǓ©įɑƖģȭɍȨȹȸʕŵǓȾĤèį¼ȹņ£Ǔ©¼ȹȾǈ

 ɑƔøȫʕŵǓ©įȿʕŵɈȲɎǓÐƕ©¼ɑĘ~ȭɍ]xȸȜɌʕʉʏɳɡɾʒɯȾƚ�ȼ�

ȢƎɋɎɍȨȹɑĖɇȲʖɄȲʕ�ƄɋǞ�Ƅǝ ǣǫǫǣǟȿʕPĆȼņ£Ǔ©¼ȾƖģȹĐɞʒɤ¦Çȫ

ƮɅŊȪƖȼɊɌ�ƈǓm©Į¸ƖģɑƆȝʕŵ�ʕēƻʕpźƻȾ�ƈǓm©Į¸ȹ}Ŷǀȹ
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Ⱦǈ ɑĖɇʕŵǓȾm©Į¸ȹņ£Ǔ©¼ȼȿǈ ȢƎɋɎȮʕēƻʑpźƻȼȵȝȷȿņ£

Ǔ©¼ȹȾǈ ɑŌȫȲʖ��ɋǞ��ǝ ǣǫǫǤǟȿʕ£�u?Ⱦ!��ɑYǗȹȫʕēƻ»Ƒ»¢Ⱦ

ƔøɑƆȝʕ»Ƒ»¢/�ȹ£�u?Ⱦǈ ɑŌȫȲʖǝ

�Ýʕ|Ąu?ƔøȾŉőɈƆȻɐɎʕɣʒɯȾłŀȼµȬȲċŶȾÒýǞ�Ƅǝ ǣǫǪǤǟǞǃŬǝ

ǣǫǪǦǟǞ�ƿǝ ǣǫǪǪǟɈƆȻɐɎȷȝɍʖĮȼ÷�ɋǞ÷�ǝ ǣǫǪǨǟǞſ�ǝ ǣǫǪǩǟǞǷȁȒȑȓȎȊȁǝ ǣǫǪǪǟȼɊɍ:

Â�ȼȠȦɍɣʒɯɳɬɜ�ÆɎċąȾŉőȿʕɣʒɯȼȠȦɍƷƩ�ȹ:Â�Ⱦ«6ȹ£�u?

ɑáŋȼȫȲĨȸƚ�ȸȣʕ�ĶAɈȪɎȷȝɍʖ÷�ɋȿʕȪɋȼǁƹĶɣʒɯȻȺɑǗòȼ�Æ

ɎɉɣʒɯɥɕʏɝċąȻȺȾ|Ąu?ɑIɍȲɇȾɣʒɯċąȼȵȝȷʕ�ħɌɉƅğǀȻȺű

¾ȫȷƔøȫʕʍɳɥɯƘƖÂěȹȫȷ�ŝŀȼɄȹɇȲʓ÷�ǝ ǤǢǢǣȁʕǝ ǤǢǢǣȂʕǝ ǤǢǢǤȁʕǝ ǤǢǢǤȂʔ

ǞǵȉȒȁȌȓȐȁǝǤǢǣǥȁʕǝ ǤǢǣǥȂǟʖǝ

ɄȲʕ÷�ȿʕ[rȾ!��ȾêĪȼņłȫȲƚ�ąƴɑáŋAȫʕ�b/�ȻȺȾ�ĶĮ¸

"ȼɊɍ~ǀƘƖÂěɑąřȫʕȪɋȼɣʒɯȾnƒƘƖȹċŶƘƖǇɑɡɕɿʋAȫʕ~¸ƘƖ

ȡɋ~ǀƘƖɂmÓȫʕɺʍɧɥȹȫȷÒýȫʕ�ŝŀȼɣʒɯƘƖÂěɑąřȫȲǞǷȁȒȑȓȎȊȁǝ

ǣǫǫǦȁʕǝ ǣǫǫǦȂǟǞ÷�ǝ ǣǫǫǩȁʕǝ ǣǫǫǩȂʕǝ ǣǫǫǩȃʕǝ ǣǫǫǩȄǟʖǝ

��ȾɊȞȼʕĀxɄȲȿɣʒɯȼǈȭɍ£Ɍ³dŉőȿʕ` ǣǠǤ ȼŌȭɊȞȼo�ȼġɌʕĆș

ȻĶƳȾĀxʑɣʒɯȼǈȫȷʕĆșȻÌćɑĶȝȷ�ÞȪɎȷȝɍȾȢıįȸȜɍʖȰȾȲɇʕŋ

œȪɎȲ~ĺȾÂěɉƘƖŇƟȼ
ȫȥʕǵȎȉȋȃȈ ȼɊɎɀĲƞǞȏȐȉȍȃȉȏȋȅǟȢ´ƍȹɈȝɐɎȷȝɍ

ǞǵȎȋȉȃȈǝ ǤǢǢǪǟʖɄȲʕȨɎɋoȥȾŉőȿʕŉő�ƠȹȫȷȾĀxʑɣʒɯȾƛ�XȾƚ�ȠɊɁ×

ŽȢłŀȸƆȻɐɎɍȨȹȢoȝȲɇʕƻ/ŀȻéƺƔȹȰȾƚ�ťùȿ¯ɋɎɍɈȾȾʕĻȻɍ

ĶƳȼȿƺĶȫȼȥȝȹȝȞYǗĨȢȜɍʖȫȡȫʕȨɎɋȾŉőƞÚȾ+�ɑĲƔȫȲ�ȸʕÌćȹ

ƚ�ťùȾǈ ɑű¾ȭɎɀʕ�ȾƘƖƔȼµĶMŶȻŇƟȢRɄɎȷȝɍȹȝȞȨȹȢȸȣʕȰ

ȾȲɇȾŇƟȾÙĲȢê<ȸȜɍȹűȟɋɎɍʖǝ



 
�

� � �� �� 

�� #� ��

 

ǝ

` ǣǠǤǝ £Ɍ³dŉőȾɳʊɘʒɣʈʏ�ǝ
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ðŉőȸȿʕĀxʑɣʒɯȾ£Ɍ³dɑQ�ȭɍȲɇȾƘƖŇƟ�ŝȾąřɑłćȹȭɍʖȰȾ

ƐĨȹȫȷʕoŒǇɮɢɕʏʃɮʋǞ÷�ǝ ǤǢǢǪʕǝ ǤǢǣǥʔȾƐĨɑĶȝɍʖoŒǇɮɢɕʏʃɮʋȹ

ȿʕ³ĲŀĮ¸ȹĭĲŀĮ¸ɑPåȼű¾ȸȣʕƘƖƆĩɑŇƟŒǇȾŇƟȼgȶȥ·űŒǇȾ

Ñƞȹȫȷ~ůȫʕĆșȻƘƖƆĩɑ@ÊŀȼÃȞȨȹȢȸȣɍɈȾȸȜɍʖȰȾȲɇʕ£Ɍ³dɑQ

�ȭɍȹȝȞłŀȼ�ȫȷƆȞŉőǆľƆĩȠɊɁŉőǆľȼȠȦɍĆșȻÌćɉƘƖ"ȻȺȾ

ƍšɑIɌÃȞȨȹȢȸȣɍʖǝ

ðŉőȾɸʍʒɫʄʒɯɑ` ǣǠǥ ȼŌȭȹȹɈȼʕŖ Ǥ Ŕ�ǉȾą¿ȹÝěɑ��ȼŌȭǡǝ

Ŗ Ǥ ŔȸȿʕoŒǇɮɢɕʏʃɮʋȾúţɅɑĶȝȷʕßiȾ£Ɍ³dŉőÚİɊɌȡɋ£Ɍ³

dȼǈȭɍŉőȾŇƟɑą¿ȭɍƍšɑÈ.ȭɍʖčȼʕą¿ƍšɑ/øȫʕ£Ɍ³dŇƟ�ŝɑ

ąřȭɍʖȪɋȼʕŇƟ�ŝɑ/øȫʕéɈ�ƦȫȷȝɍŉőŇƟɑÈ.ȭɍʖǝ

Ŗ ǥ ŔȡɋŖ Ǩ ŔȸȿʕŖ Ǥ ŔȸÈ.ȫȲŇƟȾéɈ�ƦȫȷȝɍîŉőǕfȼȵȝȷʕ£Ɍ³

dŇƟɑąřȭɍʖǝ
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Ŗ ǥ Ŕȸȿʕ��ʂɚɱɦʁɑƔáȭɍȲɇȾŇƟȹȫȷʕ£�u?ȼȠȦɍĴ�+ơƂÑ~Â

ěɑǆľȭɍʖǝ

Ŗ Ǧ ŔȸȿʕǆľȫȲĴ�+ơƂÑ~ÂěɑĶȝȷʕŻīȼIȴȲ£�u?ȹ§4ŀȼIɋȯ

Ȳ£�u?ȼȠȦɍĴ�8{ŀơƂɑĔƫȫʕ£�u?ɑĘ~ȭɍƍ]ȼǈȭɍŇƟȹȫȷʕ£

�u?ȾĴ�8{ȼgȶȥu?Ę~ƍ]ɑĖɇɍʖǝ

Ŗ ǧ ŔȸȿʕĴ�8{ŀu?Ę~gĦɑű¾ȫʕ£Ɍ³dɑQ�ȭɍȲɇȾų�ļ;�ĠƷƩ

u?ȹȰɎɑ�ıȭɍɣʒɯ�¸ɑʕŻ=ƨƷƩȼ´ƍȻjȾÉôõ��ȸĖɇʕƛ�ɣʒɯɑĶ

ȝȲ�ǙȼɊɌų�ļ;�Ġ<ùɑĂƙȭɍʖǝ

Ŗ Ǩ ŔȸȿʕĖɇȲų�ļ;�ĠƷƩu?ȠɊɁɣʒɯ�¸ɑ�ƨȼƺĶMŶȹȭɍȲɇȼʕ

�ƨń¨ȾjȾÉôõ��ȸʕɣʒɯɑƘƖʑƛ�ȫʕ�ǙȼȠȝȷ<ùĂƙȭɍȨȹȸʕ¯ɋɎȲ

ƘƖŇƟȹȫȷȾê<¸ɑĂƙȭɍʖǝ

Ŗ ǩ ŔȸȿʕŖ Ǥ ŔȸąřȫȲ£Ɍ³dŇƟ�ŝȼʕŖ ǥ ŔȡɋŖ Ǩ ŔȼȠȝȷ¯ɋɎȲ£Ɍ³

dȼǈȭɍ��ʂɚɱɦʁɑƘƖŇƟȹȫȷţƮɅʕ,ąřȭɍʖȪɋȼʕƘƖŲȢŇƟ�ŝɑ�

âȼ�ĶȸȣɍɊȞȼ£Ɍ³dŇƟɻʒɥɑ�¿ȫʕȰȾêĶ¸ɑĂƙȭɍʖǝ

Ŗ Ǫ ŔȸȿʕNŔȸ¯ɋɎȲðŉőȾ¿ùɑũÊȫʕ�¬Ⱦ�ëɑưɃɍʖǝ

ǝ ǝ



 
�

� � �� �� 

�� ��� ��

 

ǝ ǝ ǝ ǝ

` ǣǠǥǝ ðŉőȾɸʍʒɫʄʒɯǝ

bab BCJ'

bac �r��BCo97mS`

bad BC?>z%3m+U$o1�

$U# �1

$V# �"7LIGSQLRF�>@

�D��!2�&B�%

cab GM

cac �r��AVo!�

cad $8T.n�lk�r��AVo�,

cae �r��AV�Eo1D

caf AV�EoH�nqsBCS`o!�

cag FM

$8# ��	B���3*����B6 

dab GM

dac X�owux�

dad :�	WK"� 3o#/

dae  3o)��0P

daf FM

eab GM

eac L,%3

ead F-mH�

eae :���n�lk����2�o6�

eaf FM

$9# ��	B��PHNKOB,�

$:# ��	��+
F(�?@

)�����54	B6 

fab GM

fac I�<��4ZY��o]=

fad \&^ZY&oI�<��4�-o0P

fae H�

faf FM

gab GM

gac I�<��4��oONAVo[;

gad <��4�-o��5

gae @���jqp@�_o([�

gaf R�tyvoQ�

gag FM

$;# )�����JTM0�ACE

.-!2B����/

$=# '1

iab +BCo�-

iac ��o�*

hab GM

hac �r��AV�Eo
1D

had �r��AV�Eo);�0P

hae FM

$<# �D��!2�&B��%
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>;=9 +/9

ČȢċǔŔǞǎǦƻǘȠù{²ǘ�ǈǩ�Š�ǔƹǩƷ{Ǩ�SƸǝǙÕõƿſǟǐǓƽǨȠÿĉƿ

¨]ǁĪǫǪǓƺǩȡǇƾǇȠÿĉ+jǤmņǚ]qǘÛǐǓƽǨȠǌǙýŅǚâű<ǇǓ©êƿǗ

ǆǪǓƺǗƺǎǢȠÅbǙĺĸțũòǬĪƻůǘȠĺĸĞƿýŅǬóāǘ3íǉǩǄǕƿOŲǔƹǩȡ

ǟǎȠ{Ǩ�SǬĥǁǉǩǘƹǎǨȠǖǙǦƻǗÿĉýŅƿ�ŊǇǓƽǨȠ��ǙÿĉŁŻǕǇǓȠǖǙ

ǦƻǗÿĉǬĪƼǛǦǨĥƺ{Ǩ�SǬhéǔǀǩǙƾǗǖȠ¸ÿĉŹVǘūǉǩ�ťǬ�ǩǙƿO

ŲǕǗǐǓƺǩȡƀ

ǌǄǔȠ¹ċǔǚȠ]ĊŪȁǸǯȚȐȁȖǙÀēǠǬíƺǓ®XǙ{Ǩ�SÿĉŃªǬ�Đóǘ

/¾ǇȠ{Ǩ�SýŅǬÈ�ǉǩıđǬ�.ǉǩȡÍǘȠÈ�ıđǬ/¾ǇȠÿĉŃªǔBǨ�ǫǪ

ǓƺǩıđǙå�ț$IǬĂǉȡǆǧǘȠŃªƾǧ�.ǆǪǎıđŪǙū�ǘWǒǀȠŃªǦǨ�ǧǪ

ǩÿĉýŅǬ©êǇȠ{Ǩ�SýŅ�ĐǬÈďǉǩȡǌǙĕ¿ȠýŅƿ�ŊǇǓƺǩ¸ÿĉŹVǬ°

ǧƾǘǇȠÿĉŁŻǬ�.ǉǩȡƀ

9
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>;> �Q�	!2O��9

>;>;=9 �Q�	O�37
9

{Ǩ�SÿĉǙ�Đ<ǬĪƻ�ǔȠ¹ÿĉǔǙ/¾mņǬÒgǇǎȡǟǊȠȨ{ǩȩĪàǬågǙÖ

:ǬĪƻůǘĢţǬ¥ƼǩǄǕȠȨÅbȩǬ{ǩǄǕǬõóǕǇǓǑǁǧǪǎȐȅǕǇȠmņǕǉǩÅbƾǧ

ĢŎōǗǖǙŋǐǎæ�ǔ�íǉǩǣǙǬŭ\ǇǎȡǟǎȠȨ{Ǩ�SȩǘǑƺǓǚƷù{²ǘ�ǈǩ�

Š�ƸǕgĜǇǎȡù{²ǘ�ǈǩ�Š�ǘǚȠǙ�ĴǬW¹ǕǇǎ�Š�Ǚ/ŽƂƞƨƬƩƀ ƉƇƇƋƃǙ�

šǕǇǓgĜǆǪǓƽǨȠÅbǙ{Ǩ�Sÿĉǘūǉǩ/ŽƂƙƲƤƣƤƯƀ ƈƐƏƊƃƂƛƠƣƣƤƭƀ ƉƇƈƍƃƂƖƨƤƫưƱƯƠƄ

ƳƠƬƀƚƠưƱƯƨƦƱƀƉƇƈƎƃǔ�íǆǪǓƺǩȠ��Ǚ ƊǑƿƹǩȡƀ

ța;�Š�Ȧù{ǇǎůǘȠ6dóǗCjMǘǦǨýĴǆǪǩ�Š�ƀ

ț1·�Š�Ȧ�ķ�ĴǘǦǨýĴǆǪǩÅbǕ�ķǇǎúŪƾǧ�ǈǩ�Š�ƀ

țÜã�Š�ȦÜ-ĴǘǦǨýĴǆǪǩÅbǕŌ�ǘƽǂǩÜ-�ǤĨǪ�ǗǖǙ�Š�ƀ

ǆǧǘȠù{²ǘ�ǈǩ�Š�ǘǚȠ��ǙĢ:ōǹȜȂǤŦŞō�ǹȜȂǗǖ:óëZ�å¶

Ǚ�Š�ƂƕƯƨƥƥƨƬƀƈƐƐƇƃƂƓơƤƀƉƇƇƇƃƂƔƠƨƀƉƇƇƎƃƿƹǃǧǪǩȡƀ

ț�:�Š�ȦÉƶǗ\š7Řz'6ǘmǇǓ���ĴǔýĴǆǪǩ�Š�ƀ

��ǘĂǇǎ ƋǑǙ�Š�ǬȠ¹ÿĉǔǚmņǕǇǓƺǩȡƀ

ƀ

>;>;>9 $5VUTYWVX9

{Ǩ�SǚȠ�SǦǆǗǖǙ�êóå�ǕȠŌ�óǗŇ�ǗǖǙäêóå�ǘǦǐǓÈ�ǆǪǓƺ

ǩȡǌǄǔȠ¹ÿĉǔǚȠǌǙǎǢȠ¹ÿĉǔǚ�êóå�Ǖäêóå�ǬG²ǘĝ�ǉǩǄǕǙǔ

ǀǩ]ĊŪȁǸǯȚȐȁȖƂ½r ƉƇƇƏȠƀ ƉƇƈƊƃǬ�íǇǎȡƀ

P ƉƄƈǘĂǉ]ĊŪȁǸǯȚȐȁȖǚȠ�ĝĊŪǕýŅĊŪƾǧÈ�ǆǪǓƽǨȠȁǸǯȚĪàǬ

ýŅĊŪǙýŅǘWǒǁ�ĝĊŪǙ�ŃǕǇǓgĜǇǓƺǩȡ¹ÿĉǔǚȠ�ǘ�ĝĊŪǘùõǇ
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:9 =?9 :9

 

ǎȡĊŪǕǚȁǸǯȚ�ĝǘƽƺǓíƺǧǪǩȁǸǯȚıđǤȁǸǯȚýŅǙŰFǔƹǨȠǄǙĊŪ

ǬíƺǩǄǕǔȠǌǪǧǙū�ǬĹŔǉǩǄǕƿǔǀǩȡ�ĝĊŪǚ��Ǚ ƋǑǙĊŪǔƹǩȡƀ

�#ĊŪȦă�ó�#Ƞª<ó�#Ƞ"ó�#Ǘǖ]ÉǗ�#ǬĬǉıđǕǌǪǧǙū�ƀ

�KĊŪȦ�#ǬhéǉǩǎǢǙÌĠ�ǤǯȏȜǺǗǖǬĬéǉǩıđǕǌǪǧǙū�ƀ

æ�ĊŪȦ�KǬhéǉǩǎǢǙȇȂǤëZǗǖǙYǘ�cǉǩäêóå�ǕǌǪǧǙū�ƀ

p�ĊŪȦæ�ǬhéǉǩǎǢǙÌÄóȠx�óȠƽǦǜäêóå�ǕǌǪǧǙū�ƀ

 ƀ
P ƉƄȢƀ ]ĊŪȁǸǯȚȐȁȖƀ

ǄǄǔȠ�#ĊŪȠ�KĊŪƾǧ�êå�ƿÈ�ǆǪȠæ�ĊŪȠp�ĊŪƾǧäêå�ƿÈ�

ǆǪǩȡǟǎȠ]ĊŪǕYǙĳßǬíƺǓƽǨȠYǕǚȒȜǸǤBǨsǁëZǙǄǕƺƻȡYǙıđǚ�

#ĊŪȠ�KĊŪȠæ�ĊŪǙıđǘ�ŶǬ�Ƽǩȡƀ

EĊŪǘpǉǩıđŪǙū�ǬDĳ<ǉǩǎǢȠ�#ĊŪȠ�KĊŪȠæ�ĊŪȠp�ĊŪȠY

ǔıđǬ©êǇǎǣǙǬıđŪū�PǕƺƻȡƀ

¹ÿĉǔǚȠ�ĹǙ]ĊŪȁǸǯȚȐȁȖǬíƺǓȠ"ƶǙŃªǙÿĉ+jǬYǕEĊŪǘ/

ŽǇȠEĊŪǬÈ�ǉǩıđǬ�.ǉǩǄǕǔȠ/¾ǘ�íǉǩļ�ŷõǬ�ǩǄǕǕǇǎȡǟǊȠ�
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#ıđǘǑƺǓǚȠÿĉǙõóǔƹǩƷ{Ǩ�SƿĥƺƸǬŢěǇǎȡEĊŪǘ/ŽǆǪǩıđǚ�

�ǙǦƻǗǣǙǔƹǩȡƀ

�#ıđȦƷ{Ǩ�SƿĥƺƸƀ

�KıđȦƷ�ǘFƻƸƷŇ�ƿoǗƺƸǗǖǙ�Š�ǘūǉǩíĿƀ

æ�ıđȦƷčųPƸƷa;[<èƸǗǖǙĸÝŷõǤļ��Êƀ

p�ıđȦƷlÔƸƷ��å�ƸƷº«ƸǗǖǙĺĸ�Éƀ

ƀ

>;>;?9 �549

{ǩĪàǘǚȠ²ŪĔŝǘ�ƺa;ƿ[<ǉǩǗǖȠÉƶǗ²Ūŏıđƿū�ǇǓƺǩȡǌǙǎ

ǢȠæ�ıđǚȠ²Ūŏǔ[<ǉǩǄǕǣƹǩȡǟǎȠÅbǙíŖǘǦǨȠþ²ŪǙ�Š�ǔĥƺYF

Ǖŧ²Ū�Š�ƿ�ıǕǗǩYFƿƹǨȠǌǪǍǪǔ�ıǕǆǪǩ{Ǩ�SýŅǚȠðǗǩš/ƿƹǩ

ǕĝƼǧǪǩȡǌǙǎǢȠÿĉǘƽƺǓǚȠù{²ŪǬĺgǇǎhžļ�ƿǗǆǪǩȡǌǄǔȠ¹ÿĉ

ǔǚȠ²ŪŏǙÇ�ǬBǨ'ǪȠù{�Ǚ²ŪĔŝǬǹȓȜȂȠȍȁǮǭȎȠȘȚǵǙ Ɗ ǑǙǿǯȎǻǶ

ȜȖǘ/ŽǇȠgĜ�ǂǬĪǐǎȡƀ

EǿǯȎǻǶȜȖǚȠ��ǙĝƼǘWǒƺǓgĜǇǎȡǟǊȠĬôºǙķ�ǤǴȀǹȓȚǙ@ò�

�Ǘǖ�ķƾǧ6dóegæ�ǘşǉǩǟǔǙ¨ąŪǙ[<Ǭmņǘ{Ǩ�SǬļ�ǇǓƺǩýĲƀ

Ƃİ½ƀ ƉƇƇƋȠƀ ƉƇƈƇƃƂƞƭưƀƉƇƇƍƃƿƹǩǄǕǬĝ�ǇȠǹȓȜȂǿǯȎǻǶȜȖǬù{ũ`ƾǧù{ŵǘ�

ķǇ6dóǗegæ�ǘşǉǩǟǔǕgĜǇǎȡÍǘȠĢ:ōǹȜȂǙù{a;ǚŉĪũ`ƾǧ ƈƌ

/ćzǙŉĪǙŪǘŜŎ¤�ǙǇǤǉǆǗǖǬĝ�Ǉǎ�ǔāgǉǩǄǕƿýǧǪǓƺǩƂƝƧƤƯƨƣƠƬƀ

ƈƐƐƈƃǄǕƾǧȠȍȁǮǭȎǿǯȎǻǶȜȖǬ{ǐǓƾǧa;ƿegǉǩǟǔǙ ƈƌ /��Ǚþ²Ūù{Ƞ

ȘȚǵǿǯȎǻǶȜȖǬ ƈƌ /��Ǚŧ²Ūù{ǕgĜǇǎȡǟǎȠù{²Ǚ6dǹȍȑȗȜǹȓȚǗǖ

²ŪıđǬJǟǊǘ{Ǩ�SǬŃǈǓƺǩYFǘǚȠǿǯȎȗǻǕǇǓ/¾mņ\ǕǇǎȡƀ
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��ǙgĜǘWǒǀÿĉªçǘƽǂǩhžļ�mņ²ŪǬíƺǓȠŃªƾǧ�.ǇǎıđǬ/

ŽǇǎȡƀ

ƀ

>;>;@9 ��O����ƀ

Q+\ǔ)ũǆǪǓƺǩ{Ǩ�SÿĉǙªçǬłÁǉǩǎǢȠĄd�īªç�XȁȜǿȋȜǻ

ƗƒƯƤƠƫƵƽǦǜƟƤơƀƭƥƀƝƢƨƤƬƢƤ ǬíƺǓȠȨ{Ǩ�Sƀ ƆƀƝƤƠƱƀƑƭƫƥƭƯƱȠƀ ƝƨƱƱƨƬƦƀƑƭƫƥƭƯƱȩƷ{�a;ƀ

ƆƀƝƨƱƱƨƬƦƀƜƭưƱƲƯƤƸǔÆĒǇȠÿĉŃªǬAŰǇǎȡƀ ƀ

AŰǇǎòĪw ƈƐƌƊ wȧƉƇƈƎ w ƍ µǙªçǙƻǏȠŃªŻõȠı¯ȠǳȜșȜȃƿ�NmņǕǇ

ǎ ƋǑǙ�Š�ǙƺǊǪƾǘĽ�ǉǩǣǙǬ�.ǇǎȡǌǙĕ¿ȠFĸƌƇƋ�ȞQ+ªçƈƍƋ�ȠÙ

\ªç ƊƋƇ�ȟǬ/¾mņǕǇǎȡƀ

mņǕǇǎªçǙ_��ǬȠ��ǙȣǑǙ¬ÔǔāľǇǎȡƀ

ƂƈƃƀƟƤơƀƭƥƀƝƢƨƤƬƢƤ ǘƽƺǓȠ}íƿȥN��ǆǪǓƺǩªçƿJǟǪǓƺǩǄǕȡƀ

ƂƉƃƀƟƤơƀƭƥƀƝƢƨƤƬƢƤ ǙÆĒĕ¿Ǭ/¾ǇȠÿĉªçǙ÷�ū�Ǭ>ĝªçȁȜǿƾǧ/¾ǇȠDĳ

<ƽǦǜ]ǁǙÿĉǙÂǕǗǩ ƑƭƯƤƀ ƜƲơƪƨƢƠƱƨƭƬ Ǭ�.ǉǩȉȕȜǾȉȂǰǱǭ ƑƨƱƛƤƱƓƴƮƪƭƤƯƀ

ƂƞƠƬƀƓƢƩƀƉƇƈƋƃǬíƺǓȠƑƭƯƤƀƜƲơƪƨƢƠƱƨƭƬ ƿJǟǪǓƺǩǄǕȡƀ

�ĹǘǦǨȠį¨ǙÿĉĞǘǦǨźęǘ}íǆǪȠ®ǘýŅǕǇǓÖíǆǪǓƺǩÿĉŃªƿȠmņǕ

ǇǎªçǘJǟǪǩǄǕǬāľǇǎȡƀ

ƀ

>;>;A9 .)O����9

ÿĉªçƾǧýŅǬıđǕǇǓ�.ǇȠýŅ�ĐǙÀēǠǬ��ǉǩ�ŸǘǑƺǓĂǉȡ�ŸǙ

ÇıǬP ƉƄƉ ǘĂǉȡƀ

ǟǊȠ�.ǉǩıđǚŃª+ǔ°ĹǆǪǎǣǙǙǠǕǇǎȡǌǙǎǢȠ{Ǩ�Sÿĉǔş�ǉǞǀ
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�#ıđǔƹǩƷ{Ǩ�SƿƺƺƸǤƷ{ǐǎ²Ǚ�Š�ƸǗǖƿ°ĹǆǪǓƺǩªçǦǨıđǬ�.

ǇǎȡÍǘȠ�KĊŪǙıđǘǚȠ¹ÿĉǔmņǕǇǎƋǑǙ�Š�ūǉǩıđǬŢěǇǎȡǌǇǓȠ

æ�ĊŪǘǚªç+ǔ�ǫǪǓƺǩǹȜȂǘūǫǩäêå�ǤȇȂǘūǫǩìêțŌ�å�ǗǖǙı

đǬŢěǇǎȡǆǧǘȠYǘǚȠǹȜȂǬBǨsǁëZǘūǉǩıđǬŢěǇȠ´�ǘȠp�ĊŪǘȠª

ç+ǔ�ǫǪǩĺĸmņǘūǉǩıđǬŢěǇǎȡǄǪǧǙıđǚȠEŃªǙŻõȠı¯ƽǦǜǳ

ȜșȜȃƾǧ�.ǇȠ¹ªǦǨ�šǬŕ7ǇǓĪǐǎȡƀ

EĊŪǙıđǙ�.Ǖ/ŽǚȠǹȜȂũòǙnŨiȤHǘǦǨhǇȠ÷�ǘāľǬĚǨœǇǓā

gǇǎȡƀ

ƀ

P ƉƄƉƀıđǙ�.ǕĊŪǝǙŢěƀ

ƀ

>;?9 ��1�N�LH�Q�	!2O��9

>;?;=9 !2O����9

]ĊŪȁǸǯȚȐȁȖǘWǒǀȠ�.ǇǎıđǬíƺǓȠÿĉǬŽU<ǉǩǎǢǘĖĸó/ŽǬ
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Īǐǎȡ*�óǘǚȠ�.ǇǎıđǬ ƇƆƈ Ǚ Ɖ #ȁȜǿǕǇǓĹŔǇȠ�#ĊŪȠ�KĊŪȠæ�Ċ

ŪȠp�ĊŪȠYƽǦǜ²ŪŏǙ(ȁȜǿǬ�ēǕǇǎªçÎǙȁȜǿǬÈďǇǎȡǄǪǬíƺǓȠ

�.ǇǎıđÎǘȠmņǕǇǓƺǩªç¨Ǚ(ªç¨ǘmǉǩ5FǬĸĎǇǎȡƀ

ƀ

>;?;>9 "#!2O��*�9

(ÿĉªçǦǨȠ�.ǇǎıđǬĬ ƉƄƈ ǘĂǉȡ�#ĊŪǘǚȠÿĉõóǘ÷�ǉǩƷ{Ǩ�Sƿ

ĥƺƸǕƺƻıđǬěǀȠǌǙ�Ǚ�KĊŪǘǚ Ƌ ǑǙ�Š�ǤǌǪǘ�ŮǉǩõóıđǬ�.Ǉ

ǎȡǟǎȠæ�ĊŪǚ�ǘǹȜȂå�ǘūǫǩıđǕȠïŵǙæ�ǬĬǉıđȠŌ�å�ǘūǫǩı

đǘ^2ǆǪȠǄǪǧǘūǫǩYǘǚȠȒȜǸǙù{a;Ǥ�ÃȠÅbǙíŖȠ�íëZǗǖǬ�

.Ǉǎȡp�ĊŪǘǚǹȜȂǙlÔǤđºȠÈřǗǖǘĺĸ�ÉǘūǫǩıđǬ�.Ǉǎȡƀ

ƀ ƀ
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Ĭ ƉƄȢƀ ıđǙ�.ĕ¿ƀ ǌǙ ƈƀ

ƀ

Japan Whole
50.6% 53.3%
51.2% 46.9%
18.3% 6.6%
75.0% 61.7%

Postural ability Able to take comfortable posture 12.8% 22.2%
High degree of freedom of posture 6.1% 6.8%

Wide seat 1.2% 1.1%
Loose feeling 4.3% 1.5%

37.2% 31.3%
Less fatigue 23.2% 10.6%

Less pressure feeling 3.7% 4.8%
Good support 12.2% 8.4%

Good pressure distribution 4.3% 10.1%
Fits to body 20.7% 9.3%

Good sinking feeling 4.9% 2.6%
Good hardness 14.6% 6.6%

Less bottom feeling 1.8% 0.7%
Moderate resilience performance 4.3% 1.5%

7.3% 8.6%
0.6% 1.8%

High air-permeability 1.8% 1.1%
3.0% 6.2%

High heat dissipation 1.2% 0.7%
3.7% 24.2%
2.4% 4.8%
3.7% 4.0%
11.6% 5.9%
0.0% 0.9%
9.8% 9.7%
2.4% 3.1%
41.5% 29.1%
3.7% 2.2%
11.6% 5.5%
3.0% 1.1%
2.4% 22.2%
0.0% 4.2%
0.6% 2.2%
11.6% 24.0%
1.2% 4.0%
1.2% 4.0%
18.3% 9.7%
0.6% 5.5%
0.6% 3.5%
0.2% 0.4%
0.2% 0.2%
7.9% 3.1%
3.0% 4.8%
0.6% 0.7%
0.6% 0.2%

Value

State
Spinal shape

Body loads

EEG
Blood flow

Perspiration

Comfort & Lack of discomfort

Comfort

Low physical loads

Cushion performance

Space Elements
Percentage of

research

Lack of discomfort

Meaning

Postural comfort

Fitting performance

Motion ability

Thermal comfort
Not stuffy       

Moderate temperature

Initial comfort
Good touching feeling

Vibratory comfort Low transmissibility
High damping

Seat Loads
Stress

Interaction

Pressure distribution

Surface temperature

Contour
Contact area 

Human

Friction coefficient
Vibration

Posture
Postural change

Fatigue

Skin temperature
Inner body temperature

EMG

Leg swelling

Temperture and humidity
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Ĭ ƉƄƈƀ ıđǙ�.ĕ¿ƀ ǌǙ Ɖƀ

ƀ

ƀ

ƀ ƀ

Japan Whole
23.8% 18.7%
14.6% 11.5%
30.5% 20.3%
24.4% 20.9%
0.0% 0.2%
9.1% 4.0%
12.8% 9.3%
1.8% 2.2%
2.4% 20.0%
12.2% 7.0%
0.6% 1.5%
1.8% 2.2%
1.2% 0.7%
40.9% 30.4%
56.1% 41.2%
4.3% 1.5%
1.8% 2.0%
3.0% 1.5%
7.3% 4.0%
4.3% 5.1%
0.6% 0.9%
0.6% 0.2%
0.0% 2.0%
0.0% 4.0%

Air-conditioner 0.0% 2.9%
Feedback control system 0.6% 0.2%

Motor 1.2% 0.4%
Steamer 0.6% 1.3%
Massage 0.0% 0.4%

Arrangement 1.2% 1.1%
18.3% 11.9%
6.7% 5.7%
34.8% 20.7%
5.5% 5.3%
8.5% 4.0%

Environment for use 45.1% 56.6%
61.0% 59.7%
37.8% 17.4%
26.8% 21.6%
6.7% 4.6%
28.7% 42.7%
49.4% 35.0%

Hardness

Dimesions
Size

Shape
Angle

Materials
Cushion
Frame
Cover

Space Elements
Percentage of

research

Timescale

TIMELESS
SHORT

MEDIUM
LONG

Support mechanism
Frame

Wadding
Spring

Suspention

Circumstance

Various user

Physique
Gender

Sitting posture
Disabled person

Other mechanisms

Structures

Attribute

Resilience
Air permeability

Heat conductivity

Elderly person
Transportation

Usage Work chair
Relax chair

Material properties

Moisture absorption & permeability
Backrest

Seat
Foot rest

Head restraint
Arm rest

Adjustment mechanism

Allowable stress
Vibration transmissibility
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ÍǘȠ�.ǇǎıđǬǵȖȜȈȚǵǇȠĊŪÎǘ©êǇȠP ƉƄƊ ǘĂǉıđŪū�PǬ��Ǉǎȡ

ǆǧǘȠ�KĊŪǘǑƺǓ²ŪŏǙÇ�ǬBǨ'ǪǩǄǕǔ,©êǬĪǐǎȡ*�óǘǚȠǟǊȠP

ƉƄƊ ǔĂǇǎıđǬ ƉƅƉƅƊ ǔĂǇǎǹȓȜȂȠȍȁǮǭȎȠȘȚǵǙ Ɗ ǑǙǿǯȎǻǶȜȖ/Žǘ©êǇ

ǎȡǗƽȠ²ŪŏıđǬJǟǗƺǿǯȎȗǻǚmņ\ǕǇǎȡÍǘȠP ƉƄƊ�ǙG�ǵȖȜȊǘpǉǩ

ıđǬǿǯȎǻǶȜȖŪǔūŚ�ǂǎȡ²ŪŏǙūŚ�ǂǬ7ƼǓ©êǇǎ�KĊŪǙıđŪū�

PǬP ƉƄƋ ǘĂǉȡǄǪǦǨȠ²ŪŏǬĝ�ǇǎůǘȠÿĉŃªǘƽƺǓǹȓȜȂȠȍȁǮǭȎȠȘȚǵ

ǙǿǯȎǻǶȜȖŪǔGǈ/ŽǙ�Š�ǘíƺǧǪǓƺǩıđǙĬéƿ[<ǉǩǄǕƿǫƾǐǎȡƀ

ƀ

ƀ

P ƉƄƊƀ ıđŪū�Pƀ

A E A ADF

&AA BD EEGD
EFD GF A
FE FA A &AA EGBBADF

AF A F

D A
D A A BAEFGD

AF EAD EE EI

EE F G

A ADF

AI B E A E

E

& D

 

FF BAEFGD

E CG

D
AEFGD

A F F D
EI &

FD EE

D F AA FAGD

AD
D

A E

F D
EFDG FGD EL

B
 

GE A

D

AH D

F EE E

D F A
FD E EE F

FD EE D EF D

 D D EF

BD

 GEF F
E

GBBADF
E

GE A

AAFD EF

D EFD F

F B D FGD

&AA FAG

A D F
F B D FGD

AF EFG

GE A
B D AD

FF
B D AD

AEFGD F

 FA F A ADF
BAEFGD

A EFGD
EADBF A

B D F

D A
F B D FGD

B D FGD G F

D F A

F G

D EEGD
EFD GF A

AEFGD D F

DEB D F A
&&

E
BD EEGD
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ƀ

P ƉƄƋƀ ²ŪŏǬĝ�ǇǎYFǙ�KĊŪǙıđŪū�PǙ[<ƀ

a;�Š�ǘƽƺǓǚȠƷǴȀǹȓȚ�ƿƹǩƸǚǹȓȜȂǙǠǘ.éǇȠȍȁǮǭȎǔǚƷȉǮȀȂ�ƿ

ƹǩƸǤƷ�ŠǗa;ƿBǨǤǉƺƸȠƷŌ�óŇ�ƿoǗƺƸǕƺƻıđƿ�.ǆǪǎȡǟǎȠƷ�ŠǗ

a;ǬǕǨǤǉƺƸǕƺƻıđƿȘȚǵǔǚƷ�ŠǗa;ǘ[<ǔǀǩƸǕƺƻıđǘ[¡ǆǪǎȡƀ

ǟǎȠ1·�Š�ǚǹȓȜȂǙǠǘ.éǇȠƷ�ķǨ�ƿǦƺƸǗǖǙıđƿ�.ǆǪǎȡ�:�Š

�ǚȍȁǮǭȎƾǧ.éǇȠa;�Š�ǙŌ�óŇ�ǘūǫǩıđǕǕǣǘȠ²ŪĔŝǬĔǓȘȚǵǘ

ƽƺǓƷñ8ƸǕǇǓ.éǉǩǣǙǕ�.ǆǪǎȡƀ

Üz�Š�ǘƽƺǓǚȠǹȓȜȂǘƷŠzǗÜz�ǔƹǩƸǕƺƻıđƿ�.ǆǪȠȍȁǮǭȎǘƽƺ

ǓƷŠzǗÜÞz�ǔƹǩƸȠƷ¦ã�ƿſƺƸȠƷŗÐ�ƿĥƺƸǕƺƻıđǘ[¡ǆǪȠȘȚǵǔǚ

ƷĨǪǘǁƺƸǕƺƻıđǘ[¡ǆǪǎȡƀ

ƀ ƀ

-

-
-

-
-

 

-

-

-

- -

-

-

-

- -

 

 

 -
-

-

-

-

-
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>;?;?9 ��JK.)M.)56��9

(ÿĉªçǦǨ�.ǇǎıđǙå�ǘǑƺǓĝkǉǩȡĬƉƄƈǘĂǇǎǦƻǘȠ�KĊŪǔǚȠƷa

;�Š�Ƹǘūǉǩıđƿ´ǣ]ǁȞ(ªç� ƍƈƅƎȝȟ�.ǆǪȠ�ǗÿĉmņǕǗǐǓƺǩǄǕƿǫ

ƾǐǎȡåǘȠƷŌ�óŇ�ƿoǗƺƸȞ(ªç� ƊƈƅƊȝȟȠƷ�ŠǗa;ƿBǪǩƸȞ(ªç� ƉƉƅƉȝȟ

Ǖƺǐǎıđƿ]ǁȠæ�ĊŪǚƷ�R/tƸȞ(ªç� ƉƐƅƈȝȟȠƷù{a;ƸȞ(ªç� ƉƋƅƇȝȟȠ

Ʒ�:ƸȞ(ªç�ƉƉƅƉȝȟƿ]ǁȠp�ĊŪǚƷlÔƸȞ(ªç�ƈƏƅƎȝȟȠƷ�æƸȞ(ªç�ƈƈƅƌȝȟȠ

ƷĵzƸȞ(ªç� ƉƇƅƊȝȟȠƷǴȀǹȓȚđºƸȞ(ªç� ƉƇƅƐȝȟȠƷ{ŵÈřƸȞ(ªç� ƋƈƅƉȝȟȠ

ƷğǣǎǪÈřƸȞ(ªç� ƊƇƅƋȝȟƿ]ƺǄǕƿǫƾǐǎȡǄǪǧǚÅbǙÿĉũòǬĪƻůǘȠåǘ

ţĳǆǪǓƺǩıđǔƹǩǕĝƼǧǪǩȡǄǪǦǨȠƷĥƺ{Ǩ�SƸǬhéǉǩǎǢǘȠù{ĞǙŇ�

ǘùõǇȠǌǪǬhéǉǩÅbń%ǬÑǢǩÿĉ�ƿ]ƺǕƺƻǄǕǔƹǨȠ�ǕÅbǙïŵǙæ

�ǬĬéǉǩ�ÊǕǇǓȠÅbļ�íǽȚǷǕǇǓ�Ĥóǘ³?ǇǓƽǨȠ'�ƿj±Ǘ�R/tĸ

ÝĭěǬíƺǎ
�ƿ]ƺǄǕƿǫƾǩȡƀ

æ�ĊŪǘƽƺǓǚȠȇȂȠÅbțǹȜȂǕŌ�ǙïŵȠȐȅǙæ�ǘƽƺǓǚȠǌǪǍǪĦƶǗæ

�ŤǘǦǨÿĉƿǗǆǪǓƺǩȡȇȂǙæ�ǘùõǇǎ
�ǚƷù{a;ƸȞ(ªç�ƉƋƅƇȝȟǬŭǂǛ

ŴuǘoǗƺȡƷñ8�Ǚļ�ƸȞ(ªç� ƐƅƎȝȟƿÏőó]ƺƿȠǌǙ�ǚƷŌ�Ň�Ǚļ�ƸȞ(

ªç� ƌƅƌȝȟȠƷčųPƸȞ(ªç� ƊƅƌȝȟȠƷØġƸȞ(ªç� ƊƅƈȝȟǗǖȠù{Ǚĕ¿ǕǇǓ�

ǘìǈǩìêæ�Ǭ\šƾǧļ�ǣǇǁǚĸÝǉǩÿĉƿ]ƺǄǕƿǫƾǐǎȡƀ

ǇƾǇȠù{ǕƺƻĪàǚȠȇȂƿÅbǘTǨȠ6dóǘȆȔȚǻǬǕǩĪàǔƹǨȠǄǙ²Ǚ�+

šǙäêæ�ǬmņǕǉǩÿĉǚĲǧǪǗƾǐǎȡǉǗǫǏȠǘǕǐǓ�ŠǗæ�ǬgŤóǘ�ƼȠ

{Ǩ�Sǘƽǂǩ�ǙȏǲȄǼȎǬĶ°ǉǩÿĉƿoǗƺǕƺƼǩȡǄǪǚȠƘƭƪƨƢƧ ǘǦǩƷÅb�

Š�Ǚ=êǘūǉǩýŅƿ�ŊǇǓƺǩƸǕƺƻ�£ƂƘƭƪƨƢƧƀ ƉƇƇƏƃǕǣ�ģǇȠ{Ǩ�Sǘƽǂǩ�

ǙȏǲȄǼȎǬÑǢǓȠĺĸýŅ<ǉǩǄǕƿ�ıǔƹǩǕƺƼǩȡƀ
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Ĭ ƉƄƈ ǘĂǇǎǦƻǘȠ�NǙ/¾ǘƽƺǓȠƊƌȝǙªçǚȠȘȚǵǿǯȎǻǶȜȖǬmņǕǇǎÿ

ĉǔƹǐǎȡǉǗǫǏȠƈƌ /��Ǚù{ǘƽǂǩ{Ǩ�SǬmņǕǇǓƺǩȡ²ŪŏǬĝ�ǇǓ{ǩ

ĪàǬǕǧƼǎYFȠǚŧ²ŪG�Ǚa;ǬBǐǓƺǩǫǂǔǚǗǁȠa;ǚ²ŪĔŝǘǑǪǓ

[<ǇǓƺǁǣǙǕĝƼǧǪǩȡǌǙǎǢȠȘȚǵǿǯȎǻǶȜȖǘƽǂǩa;�Š�ǔǚȠȨa;[

<ȩǚţıǗıđǔƹǩǕĝƼǧǪǩȡǟǎȠa;Ǭ[<ǆǋǩǄǕǔĩ×Ǭ śǇȠ�RǬ/§ǆǋǩ

Ǘǖù{�ǙŌ�óŇ�ǬŐÚǔǀǩǕƺƻǄǕƿāľǆǪǓƺǩƂƙƲƤƣƤƯƀ ƉƇƇƋƃȡǇƾǇȠéæǔǚȘ

ȚǵǿǯȎǻǶȜȖǬ�gǇǓƺǩÿĉǔǣȠ�ǑǙa;ǘǇƾùõǔǀǓƺǗƺǣǙƿ]ǁȠĬ ƉƄƉ

ǘĂǉǦƻǘƷù{a;ƸǘùõǇǎªç ƈƌƐ ��ȠƷa;[<ƸǘùõǇǓƺǩªçǚ ƈƏ �ƂƈƈƁƃǙ

ǠǔƹǐǎȡǟǎȠa;Ǭ[<ǆǋǊǘŧ²Ūù{ǔǀǩÅbƿĥƺǕLƼǓƺǩÿĉǣƹǨȠ²Ū

ŏǬĝ�ǇǎıđŪū�Pǔ�ǃǧǪǎƷ�Šǘa;Ǭ[<ǔǀǩƸǕƺƻıđǕüøǉǩȡǉǗǫǏȠ

éæǙÿĉǙ]ǁǚȠŧ²Ūù{ǚþ²Ūù{ǙĈ/ǔƹǩǕƺƻ�ŀǘWǒƺǓȠþ²Ūù{Ǚ

{Ǩ�SI�ǬĪƺȠŧ²ŪǔÆĻǇǓƺǩǣǙƿ]ƺǕƺƼǩȡǌǙǎǢȠƷ�Šǘa;Ǭ[<ǔǀ

ǩƸǄǕǤƷa;[<ƸĢ�ƿ{Ǩ�SǘǖǙǦƻǘ�ŶǇȠǆǧǗǩ{Ǩ�SI�ǬhéǔǀǩǙƾǘ

ūǉǩÆĻƿ�ıǔƹǩȡƀ

Ĭ ƉƄƉƀ a;[<ǘùõǇǎÿĉǙ5Fƀ

ƀ

ƀ

>;?;@9 ���NGIR"#O� 9

Q+ǙÿĉǘƽƺǓǚȠ�KĊŪǘƽƺǓƷñǪǗƺƸȠƷ�ǘFƻƸȠƷǏǥƻǖĥƺĀǆƸǘūǉǩ

ÿĉƿȠÙ\ǬJǡ(�ǘÏǞȠżħǘ]ƾǐǎȡ�¬ȠÙ\ǬJǡ(�ǔǚȠƷ�:�Š�Ƹǘū

ǉǩªçƿ]ǁĲǧǪǎȡǄǪǚȠÙ\ǘƽƺǓǚȠƷ	ǨäƸåǘĢ:ōǹȜȂǙ{Ǩ�SǬÿĉm

Number of research Percentage
Posture 159 69%

Postural change 18 11%
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ņǘǇǎ
�ƿQ+ǘÏǞ]ǁȠōǗǖǔǙŧ²ŪĆ:ƿ]ƺìÖÉ|ǔƹǩǎǢǘţızƿſƺ

ǄǕƿêîǔƹǩǕ�kǆǪǩȡƀ

ƀ

>;@9 �Q�	!2�(O�'9

>;@;=9 !2�(O�,9

®cǙÿĉŃªǦǨAŰǇǎ{Ǩ�SÿĉýŅƽǦǜ¹ÿĉǘǦǨ�ǧǪǎ{Ǩ�SÿĉýŅǬǣ

ǕǘȠ{Ǩ�SýŅ�ĐǬÈďǉǩȡ{Ǩ�SýŅ�ĐǕǚȠÅbțǹȜȂǙĺĸĞƿĺĸũòǙŝ

ćǘƽƺǓȠ�ıǘ�ǈǓ�ĞǘǦǨ�ǧǪǓƺǩýŅǬ>áǇȠĺĸũòǘÖíǉǩǄǕǔȠĺĸ

ũòǬ¥¢ǉǩǣǙǔƹǩȡƀ

ÿĉŃªǘƽƺǓǚȠŃªǔíƺǧǪǎıđǕıđǙū�ǕǇǓȠÿĉǔ�ǧǪǎĕ¿ƿĹŔǆ

ǪǓƺǩȡǄǙū�ƿȠŃªƾǧ�ǧǪǩ{Ǩ�SýŅǔƹǩȡǌǙǎǢȠ¹ÿĉǔÈďǉǩ{Ǩ�S

ýŅ�ĐǚȠ]ĊŪȁǸǯȚȐȁȖƂ½rƀ ƉƇƇƏȠƀ ƉƇƈƇƃǙÀēǠǬíƺȠP ƉƄƌ ǘĂǉÿĉªçƾ

ǧ�.ǆǪǎ�#ĊŪȠ�KĊŪȠæ�ĊŪȠp�ĊŪǙıđǬ÷ūĪ0ǙǦƻǘȌȂȕǴǻæǘŢ

ěǇȠǌǪǍǪǙıđǙ�ß�ǘÿĉýŅǬŢěǇǎȡǄǪǘǦǨȠÅbțǹȜȂĺĸĞƿmņǙĺ

ĸŁŻǘmǇǓū�ǉǩýŅƿj±ǘBǨ.ǋǩǦƻǘǇǎȡhůǙÅbțǹȜȂĺĸǘƽƺǓǚȠǌ

ǪǍǪǙYǙ�»¼�ǘƽƺǓȠæ�ĊŪǘƽǂǩýŅǬÖíǉǩǄǕƿåǘ¶9ǘǗǩǕĝƼǧ

Ǫǩȡƀ

ƀ



 
9

& > %9 $5VUTYWVXS�FK�Q�	!2�(O�' 

:9 >A9 :9

 

ƀ

P ƉƄƌƀ {Ǩ�SýŅ�ĐǙÈřƀ

>;@;>9 �Q�	!2�(9

4ŔǇǎȠýŅ�ĐǙÀēǠǘWǒǀȠ{Ǩ�SǙÿĉªçǬĽ�ǉǩıđǤū�Ǭ©êț°ā

<ǉǩǄǕǔýŅ�ĐǬÈďǇǎȡÈďǇǎýŅ�ĐǙÇıPǚP ƉƄƍ ǔĂǇȠ��ǘǌǙÇıǘ

ǑƺǓŔǞǩȡƀ

¹ÿĉǔÈďǇǎýŅ�ĐǚȠýŅ�ĐǙÀēǠǘWǒƺǎıđǕıđŪǙū�ǅǕǘÿĉª

çƿ©êțŚūǆǪǎǣǙǔƹǩȡǟǊȠýŅ�ĐǚȠËŏǕĘŏǘýŅ�ĐǙÀēǠǘWǒƺǎı

đǘǦǨÈ�ǆǪǓƺǩȡ�ÀǙ¨#ǚȠǌǙıđǘĽ�ǉǩªç¨ǬĹŒǇǎǣǙǕǗǐǓƽǨȠǌ

ǙıđǘūŚǇǎªçǙÇıȞ�#Ƞ�KȠæ�Ƞp�ȠYƽǦǜõóǕĕ¿ǙǟǕǢȟƿŚūǆǪǓ

ƺǩȡǌǇǓȠ�ÀǙ¨#ǚȠǌǙıđŪǙū�ǬBǨ�ǐǓƺǩªç¨ǬĹŒǇǎǣǙǕǗǐǓƽǨȠ

ǌǙıđŪǙū�ǘùõǇǎÿĉªçǙÇıƿŚūǆǪǓƺǩȡǌǇǓȠ¹ýŅ�ĐǚȠÿĉªç

¨ǘm�ǇǎĦ/ǂǕǗǐǓƽǨȠĽ�ǉǩÿĉªç¨ƿė�óǘāľǔǀǩǣǙǕǗǐǓƺǩȡǄǙ

ýŅ�ĐǘǦǨȠ(ıđǕıđŪǙū�Ǭ¨#ǕǇǓ!ûǇǓĲǩǄǕƿDĠǕǗǨȠ¸ù�ǗıđǤ

ıđŪǙū�ǗǖǘūǉǩÿĉǙòĲƿj±ǘǔǀǩǕĝƼǧǪǩȡǟǎȠùõǇǎƺıđǤǌǙū

�ǘūǫǩªçƿŚūǆǪǩǄǕǔȠýŅǬj±ǘ�ǩǄǕÖíǔǀǩǄǕƿĝƼǧǪǩȡƀ

��
��
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��

��
��
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��
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9

P ƉƄƍƀ {Ǩ�SýŅ�Đƀ
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>;A9 !2�(O-�NPR"#08O��9

{Ǩ�SÿĉýŅǚȠ�KĊŪǘŢěǆǪǎ�Š�ǬĬǉfĠļ�íĿǕæ�ĊŪǘŢěǆǪ

ǎȇȂȠÅbțǹȜȂǕŌ�ǙïŵȠȐȅǙæ�ǬĬǉgŤ#ȠǣǇǁǚp�ĊŪǘŢěǆǪǩĺĸ�

ÉǕǙū�ǔĹŔǆǪǩȡĺĸ�ÉǚȠǌǪǍǪǙĺĸǙYǙ¼�ǘ~ǁ�cǉǩǎǢȠ�Ǚĺĸ

Ğƿö�3íǔǀǩæÓǚŬgǆǪǩƿȠæ�ĊŪǘŢěǆǪǩȇȂȠÅbțǹȜȂǕŌ�ǙïŵȠȐ

ȅǙæ�ǬĬǉgŤ#Ǖ{Ǩ�SǙū�ǚȠYǝǙ�c�ƿ~ǁǗƺǎǢȠ3íǇǤǉƺ�XǕǗǩȡƀ

ƉƅƊƅƈ ǔ/¾Ǉǎÿĉªçƾǧ�.ǇǎıđǬ/ŽǇǓ©êǇǎıđŪū�PǬP ƉƄƎ ǘĂǉȡƀ

ƀ

P ƉƄƎƀ {Ǩ�SýŅ�ĐǙıđŪū�Pƀ

ƉƅƊƅƉǔŔǞǎǦƻǘȠæ�ĊŪǘƽƺǓȠȇȂȠÅbțǹȜȂǕŌ�ǙïŵȠȐȅǙæ�ǘǑƺǓȠǌ

ǪǍǪĦƶǗæ�ŤǘǦǨÿĉƿǗǆǪǓƺǩƿȠåǘȇȂǙæ�ǬĂǉæ�ŤǕǇǓȠ\šƾǧĸÝ

DĠǗìêæ�ǘūǉǩýŅǚ�ǫǪǓƺǩƿȠ+šǙäêæ�ǬmņǕǇǎÿĉǚčųPćz

ǔƹǨȠŴuǘoǗǁȠǄǙì�+šǙäêæ�Ǖ{Ǩ�SǙū�ǘǑƺǓǙÿĉýŅƿ�ıǔƹǩ

ǄǕƿǫƾǩȡƀ

�ĹǦǨȠ��ǙŷõƿÿĉýŅǕǇǓ�ŊǇǓƺǩǕĝƼǧǪȠ��ÿĉǬśǢǓƺǁǞǀ¸ÿ

��

��




��

)

(

���


���


���


	

(
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ĉŹVǔƹǩǕĝƼǧǪǩȡƀ

țŧ²Ūù{Ǭĝ�Ǉǎ{Ǩ�Sǘƽǂǩ�ǙȏǲȄǼȎĶ°ǘǦǩĺĸýŅƀ

]ǁǙÿĉǚmņǕǇǎYǘ�cǇǎÅb¼�Ǚ´Š<ǔƹǩǙǘmǇǓȠ�ǙȏǲȄǼȎǚȠ

Åb¼�ǗǖǙYǘ�cǇǘǁǁȠvyƺ�íƿDĠǔƹǨȠǌǪǘWǒǀÅbĺĸǬĪƻǄǕǘǦǨȠ

ǦǨ¹ňóǘ{Ǩ�SǬI�ǆǋǩǄǕƿǔǀǩǕĝƼǧǪǩȡƀ

ƀ

>;B9 */9

¹ÿĉǔǚȠƷ{Ǩ�SƸǔÆĒǇǎQ+\ªçƾǧ]ĊŪȁǸǯȚȐȁȖǬíƺǓıđǬ�.ț

/ŽǇȠļ�ŷõǬ�ǎȡǌǇǓȠ²ŪŏǬĝ�ǉǩǄǕǔ²ŪĔŝǘ�ƺ�KĊŪ+ǔ[<ǇǓƺ

ǁıđǬ�.ǇǎȡÍǘȠ�.ǇǎıđǬ©êǇȠ{Ǩ�SýŅ�ĐǬÈďǇǎȡ´�ǘȠýŅ�Đ

ǙĝkǦǨȠŧ²ŪǬĝ�Ǉǎ{Ǩ�Sǘƽǂǩ�ǙȏǲȄǼȎǙĶ°ǬȠýŅǬĮ&ǉǞǀ¸ÿ

ĉŹVǕǇǓ ĂǇǎȡƀ

9
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9573 %+3

ÃŠ¸ǼĖ ƤĔǠȊĖ ƧĔǶǽɇĖ ƣĔǶćšȏª'ǫȀǢÂĈĐƑaǷǩǵ©/ǩǯŽ½ƀȏ

İ¢ǩǯ�ȋ�\ǺǟǤȌ
�ȹȗȪȡȸǺǳǜǵɇ�ȋ�\ćšȏª'ǫȌɈƛ

ÑlǼ�Ŵ�ǽɇÑlÆ�ǼȄǹȊǬą�ıǼŨ�Æ�ǺbǴǣYÀǼ��k=Ǻȉǲǵ1¹

ǧȍȌɈ��k=Ǽñ�ǽɇ�ǺĆòƊ+ǺõȍȌǥǷǠȊɇƘĀȈĶŶǼő�ǹǸǼƘÎŷĭǶ

âȃȌø�+ţńǡŁïǹ��k=ǼâpǺƁ�ǩǵǜȌǷİǞȊȍȌɈǮǥǶɇÃĈĐǶǽɇǥǼ

ø�+ţńǺąāǩɇ�ȋ�\ǺƁǫȌ
�ȹȗȪȡȸȏÓŖǫȌɈƛ

�ÇǼø�+ţńǼŚ�¥ãǽɇĘƈ�ƜƭǐǎǅƛƢƪƪƦƝǹǸǼƀ¯ÿŕèǠÒƀÈ+ZƜƬǋǂǃǍǎǎǌǋƛ

ƢƪƨƥƝǹǸǼ�ōŕèǺȉȌǥǷǡgǣɇ¼�ǼŘŕɃŚ�Ô<ǺHȋ(ȍȌǥǷǽVƇǶǛǲǯɈǥǼ

ǯȆɇÃĈĐǶǽĘƘÎȺȧȿȏùǜǵ��k=ǺǟǤȌø�+ţńȏ°pǩɇǥȍȏÑlǼŚ�

Ǻ�ùǶǢȌȉǝǺǫȌɈƛ

ĸËȺȧȿǺȉȌø�+ţńǼŒÉǽɇŸŹð�½ǺǟǤȌĻŵţńǼŒÉǹǸȏ��Ǻņ

ȎȍǵǜȌɈ�ǞǾɇƺǃǆǍǃǄ ȊƜƺǃǆǍǃǄƛƢƪƩƪƝǽɇ�� ƢƤƣĘǠȊǹȌŜģǹ)ŨȺȧȿȏÖĜǩɇ�

;�ȈŁ;ũŇĒ$rƛǺǳǜǵŒÉǩǯɈȃǯɇ��k=Ǻǟǜǵǽɇưǈǉǐǋǂ ȊƜưǈǉǐǋǂƛ ƢƪƩƨƝɇ
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ƺǌǋ ȊƜƺǌǋƛƢƪƩƩƝǡɇ��ȏ¶ĚǺ06ǩǯȺȧȿȏÖĜǩɇ��ǶǼÄ��;�ǺǟǤȌŨ�ţ

ńǺǳǜǵŒÉǩǯɈÑlǼ�Ŵ�ǺƁǫȌŚ�Ƕǽɇ|}Ɯ|}ƛ ƢƪƩƩƝǡ�� ƥ ĚǼȺȧȿȏù

ǜǵɇĎǚǼÑlÆ�ǶǼ��k=ȏȞȷȻɀɄȨǩɇţńǼxǹǜÑlÆ�ǺǳǜǵÓŖǩǯɈȃ

ǯɇƲǌǌǎǎǃǋǎ Ȋǽɇ��k=ǶŨ�Ǻ�ùǫȌf7ȏŕèJķǹŊĭȏſþǩƜƲǌǌǎǎǃǋǎƛ ƢƪƪƤƝɇƥ

ĚǼ)ŨȺȧȿȏùǜǵɇŨ�Ǻ�ùǫȌǭȐ¹7ȏçȊǫǥǷȏø�7nÿǹÑlŘŕ¬źǷǩ

ǯƜƲǌǌǎǎǃǋǎƛƢƪƪƦƝɈȃǯɇȜɂȰȻɄȣȶȫȘɂȏùǜǵŨ�ƘÎk=ȏ°pǩɇǥȍǷ7nȺȧȿǠ

Ȋø�+ţńȏáȆȌǥǷȇņȎȍǵǜȌƜƳǀǋǎǎǌǋƛƢƪƪƧƝƜƵǀǓǆǎƛƢƪƪƪƝɈƛ

ǩǠǩɇǥȍȊǼÑlŚ�ùȺȧȿǶǽɇŒ4nÿÖůǼBĠ>ǡhǢǣɇ�Ŵ�Ś�Ǻǽ�Ǭǩ

ȇ@0ǹø�+ţń�cȏ�ȌǥǷǽǶǢǹǠǲǯɈǮǥǶÃĔǶǽɇŒ4nÿÖůǺ�qǹĆòƊ

+)ŨĘƘÎȺȧȿȏÖĜǩɇŕèǩǯŨ�k=ǷÑlF7ǠȊɇ��k=ǺǟǤȌƘÎk=Ƿø

�+ţńȏ°pǫȌ¥ãȏſþǩǯɈƛ

3

9583 /�DCF3

958573 /�DCF@��3

ÃĈĐǶſþǩǯŨ�Ⱥȧȿǽɇ��ǶÖ£ǧȍȌɈƛ

Ƀ5�ȾɂșȺȧȿɏŒ4nÿÖůǺbǴǢɇŨ�ȏ ƢƤ ĚǺ06ǩɇƁĚȈŸ�Ǽ�Øȏŗŭǩǯ

ȇǼɈ7ǷȺɄȹɂȨǼŻȋMǜȏİ¢ǩǵɇƁĚǺ�ùǫȌƁĚȺɄȹɂȨȏáȆȌǯȆǺù

ǜȌɈƛ

ɃĘƘÎȺȧȿɏ��k=ǼĨ«ǺƁ�ǫȌĘĲȏ5�ȾɂșȺȧȿǼLĚǺvǫȌ�ą�ĭ�

ØǟȉǿĘøö¹ƊďɇNÁƁ�ǶŗŭǩǯȇǼɈƁĚȺɄȹɂȨǠȊɇĘ�7ȏ°pǫȌǯ

ȆǺùǜȌɈƛ

ɃĻÒȺȧȿɏĻÒƁĚŵǺǛȌÒƀÈȈƋ�ȏǾǻŎĢǷǩǵȺȧȿ>ǩǯȇǼɈ5�ȾɂșȺ



 
3
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ȧȿǶǼƁĚȺɄȹɂȨŕęǺùǜȌɈƛ

ɃļĺȺȧȿɏļŵ+ǺøǪȌļĺ+Zȏk=e>ǺȉȌļŵ¹Ɗďe>ǺȉȋȺȧȿ>ǩǯȇǼɈ

5�ȾɂșȺȧȿǺȉȌƁĚȺɄȹɂȨŕęǺǟǜǵɇf7Ƿǩǵļĺ+ZȏţńǫȌǯȆǺ

ùǜȌɈƛ

ƛ

958583 ��EGADCF3

��k=ǺǟǤȌŨ�ǽɇ�Ǻ��Ƿ�ĴǺȉȋµ«ǧȍȌɈȃǯɇ�ĴǼk=ǽȬȸȠȨȾɂȚȠ

ǹǸȏŮǪǵƘĀk=Ǻ�ƍǫȌɈǮǥǶɇÃĈĐǶǽX ƤƞƢ ǺĊǫȉǝǺɇŨ�ȏĆòƊ+Ƕɇƒ

ƓŵĚɇ3ºǡĶƘǷĳƘǺȉȋŰĥǧȍɇJ;aǡwǧǣɇȁȂ��ǷŏǹǭȌ ƻƢ�ƻƢơ ȃǶȏ Ƣ

ǳǼĶŶĚƜ�ĴȏŤŹǷǩǵPȅƝɇƻƢƢ�ƶƦ ȃǶǼLǚȏ ƨ Ò�ĚɇƘĀĚɇhĽĚɇ�ĽĚɇŦ

ŵĚǼMŕ ƢƤ Ǽ5�ĚǺ06ǩǯɈǹǟɇƓÒǽ ƨǳm[ǩɇƁĚJ;aȇhǢǜǡɇÃĈĐǶǽ

�ȋ�\ȏvŢǷǩǵǜȌǯȆɇƒŵǷ��ǷǩǵȺȧȿ>ǩǯɈȃǯɇLĚǽȰɂȟȼȔɂȨǶŰĥǧ

ȍǵǜȌǷǩɇƁĚíȏCíǷǫȌĚ�ØĞȏpįǩǯɈƁĚíǽɇƒƓŵĚǽɇĖɎƓÒƠĖ Ƣ ĶÒ

ƀƁĚíɇĶŶǠȊ ƶƦ ĚȃǶǷhĽɃ�ĽĚǽų�ƁĚíɇƘĀĚǽ_ƘĥĚíɇŦŵĚǽĖ ƣ

�ŦƘƒǷǩǯɈLĚǼ�òǽ£
ú�ƜƢƨơơǊǊɇƛ ƧơƟƦǈǄƝǼē�½ǼĆòƊƾĩ.ĄȏȧȓȟȣȔ

ȡǫȌǥǷǺȉȋH�ǩǯɈȃǯɇĚŸŹǹǸǽ ƮǅǀǋǂǉǃǍ ȊǼ¸óƜƮǅǀǋǂǉǃǍƛƢƪƨƦƝȏbǺ�ŸßǺȉȋ

ŕęǩɇĚ06ǡüǹȌĸËŵǺǳǜǵǽ¹ƊŒ4XƜƭǌƛƢƪƩơƝȉȋĤĬÖ£ȏáȆɇĚŸŹǺ±ę

ǩǯɈLĚǼŸŹǷŸ��ĭȏň ƤƞƢ ǺĊǫɈƛ

ÑlǽɇŦŵȏPȅ¯œƊǠȊǼf7ǷǩǵȺȧȿ>ǩɇŕèǺȉȋ�ȊȍȌLĚǼµ«F7ǷǮ

Ǽ�ù�ĭǶ�ǞǯɈƛ
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ƛ

XƤƞɊƛ 5�ȾɂșȺȧȿƛ

ň ƤƞƢƛĚŤŹƛ

�  ƛ
3

958593 #2�DCF3

ň ƤƞƣɇƤƞƤ ǺĊǫĆòƊ+k=Ĩ«ǺƁȎȌƛ ƣơ Ď ƧƤ ĘƜƓŵ Ʀɇ�� ƥƪɇ�Ĵ ƪƝȏȺȧȿ>

ǩǯXƤƞƣǺĊǫĘƘÎȺȧȿȏÖĜǩǯɈƓŵǟȉǿ��ŵǼLĘǼ�ą�ĭǽɇƲǍǀǁǑǃǏǎǈǓǼ

�ą�ĭƜƲǍǀǁǑǃǏǎǈǓƛƢƪƩƩƝȏEİǺē�½ǼĆòƊ ƾƛĩ.ĄǠȊâpǩǯɈƛ

Segment Name Description

Thoracic veretebrae number 10 T10

Thoracic veretebrae number 11 T11

Thoracic veretebrae number 12 T12

Lumbar veretebrae number 1 L1

Lumbar veretebrae number 2 L2

Lumbar veretebrae number 3 L3

Lumbar veretebrae number 4 L4

Lumbar veretebrae number 5 L5
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ȃǯɇ�ĴǼĘǽɇƁĚíUȋǼȺɄȹɂȨȒɄȸȏƁĚő�ǼƁ¶Ƿǩǵ�ǞǯɈȺɄȹɂȨȒɄ

ȸǽƳǀǏǔǃƜƳǀǏǔǃƛƢƪƨƧƝɇƸǃǊǃǏǅ ȊƜƸǃǊǃǏǅƛƢƪƩƦƝǼ¸óǼ�ȏùǜǯɈLĘǼøö¹ƊďƜƹƮƺƬƝǽ

¹ƊŒ4XƜƭǌƛ ƢƪƩơƝȏEİǺɇbêȺȧȿƜƢƨơơǊǊɇƛ ƧơƟƦǈǄƝǷǼ�ŸßǶ�ÞǩǯɈň ƤƞƣɇƤƞƤ

ǺȺȧȿ>ǩǯĘǼťjɇ!ÝǼĚǟȉǿĚ�ØĞǶǼ�ØǹǸǼȮȽȹɄȣȏĊǫɈƛ

 

  

XƤƞƣƛ ĘƘÎȺȧȿƛ

ƛ ƛ
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ňƤƞƣƛ ��Ęñ�ƛ

ƛ



 
3
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ň ƤƞƤƛ �ĴĘñ� 

ƛ

3

9585:3 '�DCF3

ĻŵǼLÒ�ƀǺǽɇXƛ ƤƞƤ ǺĊǫ��7ǡ�ùǫȌȇǼǷǩɇÒ�Ǽű;ǽÒƀÈƙÍă�

�ĭUȋǺťǢȌȇǼǷǩǯɈÒƀÈǽbêk=ǠȊǼƁĚő�ɅÒ�ăvő�Ɇe>!"#$%&Ǻß�

ǫȌ¨§Ȩȿșȏþ²ǫȌĩ�ȨȿșǾǻǷǩǵȺȧȿ>ǩɇÏCȊƜÏCƛ ƢƪƪƣƝǼ ƶƥƠƶƦ ÒƀÈǺǟ

ǤȌŕè ȏLÒ�ƀǼƁĚJ;aƜƽǅǆǏǃƛ ƴƴƴƛ ƢƪƪơƝǺFß�ǧǭǵŷ0ǩǯɈȃǯɇÒ�ƀǺ�ą

ǫȌƌ�ǼǝǱɇ�ǷǩǵĆòƊ+ǶǼ�ùǡhǢǜ3Īƌ�ɇ�Īƌ�ɇÐƀƌ�ɇÐ�ƌ�ȏ�

z½ǼȄ�7ȏþ²ǫȌĩ�ǾǻǷǩǵȺȧȿ>ǩǯɈƌ�ǼǾǻp¶ǽɇƹǆǋǏǀǍ ȊƜƹǆǋǏǀǍƛ ƢƪƪƣƝǼ

ŕè Ǽ�^ ȏùǜǯɈƛ ƛ

ƛ

XƤƞƤƛ ĻÒȺȧȿ 
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ÒƀÈǺȉȌI;��ȺɄȹɂȨ'"#$%&ǽɇ�ŗǼ�ǺȉȋɇáȆȌǥǷǡǶǢȌɈƛ ƛ

'"#$%& = −*+$,-
"#$%& ∙ !"#$%&ƛ ƛ ƛ ƛ ƛ ƜƤƞƢƝƛ

X Ƥƞƥ ǺĊǫȉǝǺɇîŸ7ǶǼ�ēk=ƜƲǃǌǍǄǃƛƮƟƛƷǀǍǎǅǀǉǉƛƱǉǆǄǅǏƛƮǃǋǏǃǍƛƢƪƨƧƝȏÙǩɇ#ŀ�

�ƀ�k=ǶĻÒŵǼ ƾ ĩ.Ąȏ³�ǩǯĥÊɇÒ�ƀǡȁȂ�ņǺǹȋɇĻÒǡȁȂĂĩòǺ

ǹȌǥǷȏĉŝǩǯɈǥǼÒ�ƀǡȁȂ�ņǺǹȌò¡ǽɇŒ4nǺǟǤȌ�ƀ�ǷNėǶǛȋɇîţ

ń½ǼĸËǼŁïǹk=ǶǛȌǷŔǞȌɈƁĚő�ɅÒ�ăvő�Ɇe>!"#$%&ǼbêǷǹȌk=Ǻ

ǳǜǵǽɇǩǯǡǲǵɇ��Ò�ǡ�ņǺǹȌk=ȏbêk=ǷǩɇǥǼǷǢI;��ŎĢǼ7ǡ ơ

ǺǹȌȇǼǷǩǯɈƛ

ƛ

X Ƥƞƥƛ �ēk=ǶǼĸË�òƛ

ȃǯɇƋ�7ǽɇƋ��ąí�ĭǼĦv�Øȏ/0$12
$ǷǫȍǾɇ�ąíƀŧƆ32$ǽɇƛ

32$ = 4/0$12
$56 − /0$12

$ 4ƛ ƛ ƛ ƛ ƛ ƜƤƞƣƝƛ

ǷǹȋɇǥǼ�ąíƀŧƆȏ��k=Ƿbêk=ǶŕęǩɇƋ�Ǽ��ŧƆ72$ȏáȆȌǷɇƛ

72$ = 32$ − 38%$&2
$ ƛ ƛ ƛ ƛ ƛ ƛ ƜƤƞƤƝƛ

Ƌ� Ǉ ǼǾǻp¶*0$1
2
ǷǫȌǷɇƛ

92$ = *0$1
2 ∙ 72$ ƛ ƛ ƛ ƛ ƛ ƛ ƜƤƞƥƝƛ

ǷǹȌɈǹǟɇƌ�Ǿǻǽɇ��½Ʌ72$ > 0ɆǺǼȄ�ùǩɇZī½Ʌ72$ < 0ɆǺǽ�ùǩǹǜȇǼǷǩǯɈƛ

ǧȊǺɇ�ĴƁĚǺǽɇƉĩ�ǼI;��Ȩȿșǡ�ùǫȌȇǼǷǩɇ�ƜƤƞƣƝǺĊǫ ƬǐǂǐƜƬǐǂǐƛ
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ƢƪƩƦƝǼU��ȏùǜǯɈƛ

ƛ '"#$%& = −*6=>?@−*AB!"#$%& − *CDE + *G=>?@−*HB*I − !"#$%&DEƛƛ ƜƤƞƦƝƛ

��ǼI;��ŎĢǼñ�ȏň Ƥƞƥ ǺĊǫɈƛ

ňƤƞƥƛ ƁĚI;��ñ� 

ƛ ƛ

3

9585;3 (&DCF3

��ŵǼ+ÿk=µ«ǺǟǜǵǽɇĘä;ǷÒƀÈȈƋ�ǹǸǼ��ŎĢǺȉȌµ«Ǽ�Ǻɇ

ļĺȏĿ�ÖůǷǩǵİǞǯdMǼȭȿȝȿȭ:ÊǺȉȌµ«ǡİǞȊȍǵǜȌƜƭǀǍǏǃǉǆǋǈƛƢƪƦƨƝɈǥ

ȍǽɇĶŶ�ƊǼÚƄľȈƘĀ+ƊɇĸËǷļŵĘľǺȉȌžǪǯđƀǺǟǜǵļĺ+ZǺȉǲǵ

øǪȌµ«7ȏ RǫȌɈÃĈĐǶǽɇǥȍȏļĺȺȧȿǷǩǵɇȺȧȿ>ǩǯɈƛ

ļĺ+Zǽɇ��Ú�ȏ�pǷǩǵbêk=ǺǟǤȌļĺŵ�ďǼe>ŹǺß�ǫȌȇǼǷǩǯ

Ɯ|}ƛ ƢƪƩƩƝɈX ƤƞƦ ǺļĺȺȧȿǷǮǼCöȏĊǫɈƛ

Leg Joint k1 k2 k3 k4 k5 k6
Hip 2.6 5.8 -0.52 8.7 1.3 1.92

Knee 3.1 5.9 -1.92 10.5 11.8 0.1
Ankle 2 5 0.52 9 5 1.92

68
Spring constant [N/mm]

33
20.4
23.7
11.5

Supura spinous l.
Inter spinous l.

Spring constant [Nm/rad]
115
81
81

101
90
95
77

L3/L4
L4/L5
L5/S1

Ligament
Anterior longitudinal l.
Posterior longitudinal l.

Intervertebral disc
T10/T11
T11/T12
T12/L1
L1/L2
L2/L3
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ƛ

X ƤƞƦƛ ļĺȺȧȿƛ

X ƤƞƧ ǺļŵĘľǡļĺ+ZǺȉȋɇ,�òǺĿ���ǩǯò¡ȏĊǫɈƛ

ƛ ƛ ƛ ƛ ƛ

X ƤƞƧƛ ļŵĘľǡĿ���ǩǯò¡ƛ

ǥǥǶɇļŵĘľĿƃƚǧȏJɇļŵĘľĿƃ,�A�ȏKɇ��őȏLɇ,�Ǽ�ŽɅļŵĘľ

�ąíƀŧƆɆȏMǷǫȌǷɇ��nÿǺ�ŗǼƁ�ȏ�ȌɈƛ

ƛ ƛ KA = (K − J)A + PQ
A
R
A
ƛ ƛ ƛ ƛ ƜƤƞƧƝƛ

ƛ ƛ M = 2 ∙ KTUV W
A
ƛ ƛ ƛ ƛ ƛ ƜƤƞƨƝƛ

ȃǯɇļŵĘľĿƃ�ȏ3÷ǷǫȌļĺƊďȏX6ɇļŵĘľǼ,�Ƿ�ǶWȃȍȌļĺƊďȏXA

Ƿǩɇ��Ú�ȏYǷǫȌǷɇļĺsďZǽɇƛ

ƛ ƛ Z = Y ∙ (X6 + XA)ƛ ƛ ƛ ƛ ƛ ƜƤƞƩƝƛ

ǷǹȌɈǥǥǶɇ	ȺȧȿǼĚŽǷő�ǡ�ǞȊȍȍǾɇX6ǽɇ��nÿǺŕęǶǢȌɈƛ

ǥǼ½ɇXAȏ��nÿǺ¶�ňõǩɇġ¶zſȏùǜǵ�ȏe�ǫȌǷɇƛ
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ƛ ƛ Z = Y ∙ \XɊ +
A]Q^

ɌPQɋ5G]_R
`ƛ ƛ ƛ ƛ ƜƤƞƪƝƛ

ǷňõǶǢȌɈƛ

�ºɇļŵĘľǼ�7ȏ9]ǷǫȌǷɇļŵĘľ)�ǡIǤȌļĺ+ZaǷǼƀǺǽɇÜǼȉǝǹƁ

�ǡǛȌɈƛ

ƛ ƛ 29]TUV
W
A
= aMYƛ ƛ ƛ ƛ ƛ ƜƤƞƢơƝƛ

ǧȊǺɇļŵĘľ�79]ǽɇ�7Ǻß�ǫȌǯȆɇļŵĘľǼB�Ɗď�ǯȋǼǾǻp¶ȏ'bɇ

à�¹ƊďȏXbǷǫȌǷɇƛ

ƛ ƛ 9& = 'b(KL −M)Xbƛ ƛ ƛ ƛ ƛ ƜƤƞƢƢƝƛ

ǷǹȌɈ9&ȏæDǩǵ·öǫȌǷɇƛ

ƛ ƛ 64'bXbMGJC − 3aMY(MA + 4JA)C = 0ƛ ƛ ƛ ƜƤƞƢƣƝƛ

Ƿǹȋɇaɇ	Mɇ	JǼǝǱɇƣ ǳǡ»ćǶǛȍǾǛȍǾɇ)ǵáȃȌǥǷǺǹȌɈƛ

bêk=ǺǟǜǵɇȺȧȿǼk=ǡâpǫȌǷɇX6fǟȉǿMfǽɇ��nÿǺŕęǶǢȌɈǥǼǷǢɇ

bêk=½Ǽļĺ+Zafȏ�ǞȌǷɇJfǼȄÂć¶Ƿǹȋɇ�ƜƤƞƢƤƝȏŒǣǥǷǶɇbêk=½Ǽļŵ

ĘľĿƃƚǧJfǡáȃȌɈƛ

ƛ ƛ 64'bXbMfGJfC − 3afMfYBMfA + 4JfAD
C = 0ƛ ƛ ƜƤƞƢƤƝƛ

ÜǺɇbêk=ǺǟǤȌļĺ+ZafɇļĺsďZfǡ»ćǶǛȌǷǢɇą�Ǻȉȋļĺsďǡe>ǩ

ǯǷǢǼļĺ+ZaǽɇȮȠȗȿǼpöȉȋɇƛ

ƛ ƛ a = ghih
i
ƛ ƛ ƛ ƛ ƛ ƛ ƜƤƞƢƥƝƛ

Ƿǹȋɇbêk=ǷN×Ǻ�ȏe�ǫȌǷɇƛ

ƛ 192'bXbX6fMC(MA + 4JA)JC + 128'bXbMIJG − 9afZf(MA + 4JA)G = 0ƛ ƜƤƞƢƦƝƛ

ǷǹȌɈǥǥǶɇ'bɇXbǽp¶ɇXɊ
ɉ
ɇMǽ��nÿǺáȃȋɇafɇZfǽbêk=ǼŕęǺȉǲǵ�Ȋȍǯ
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ǯȆɇÂć¶ǽJǼȄǷǹȋɇ�ƜƤƞƢƦƝȏŒǣǥǷǶɇ��k=½ǼļŵĘľĿƃƚǧJǡáȃȌɈƛ

��ȉȋɇÃĈĐǶǽɇ�ƜƤƞƢƤƝǟȉǿ�ƜƤƞƢƦƝȏȪȻɄȨɂãǺȉȌGÅëęǺȉȋŒǣǥǷǶɇļ

ŵĘľĿƃƚǧJfǷJȏáȆɇ�ƜƤƞƪƝȉȋɇ»ćǼ��Ú�Yȏùǜǵɇ�ƜƤƞƢƥƝȉȋļĺ+ZPȏ�

ǯɈǥȍȏɇ�ƜƤƞƢơƝǺ�(ǫȌǥǷǶɇļŵĘľ�79]ȏáȆǯɈƛ

ļĺ+ZPǡáȃȌǷɇȺȧȿǼLĚǺ�ùǫȌļĺ+Zµ«7n8bo$ ǽɇ+ZǼ�ùƊďȏɇĆ

òƊºOǼ�ùƊŽǧ78bo$ Ƿ��Ú�YǼďǷǩǵɇ�ƜƤƞƢƧƝǶňǭȌɈƛ

ƛ ƛ n8bo$ = a ∙ Y ∙ 78bo$ ∙ p8bo$ ƛ

ǯǰǩɇƛ 78bo$ = q/8bo$ − /"#$%&$ qƛ ƛ ƛ ƛ ƜƤƞƢƧƝƛ

ƛ p8bo$ ɏļĺ+ZǼ�ùºOɅĚǼãĩºOǶĚǺOǠǝºOɆǼB�ȳșȨȿƛ

ƛ /8bo$ ɏļĺ+Z�ùíǼ�ĭȳșȨȿƛ

ƛ /"#$%&$ ɏĚƁĚíǼ�ĭȳșȨȿƛ

ǹǟɇļĺ+Z�ùŵ�ǽɇĶŶǟȉǿƘĀĚǶǽɇƁĚíǠȊļľŎĢ�ą�ĭȃǶǷǹȌɈƛ

ÃĈĐǶǽɇbêk=ǷǩǵŁïē�k=ȏùǜǯɈļĺȺȧȿǼȮȽȹɄȣǽɇ

ƭǀǍǏǃǉǆǋǈƜƭǀǍǏǃǉǆǋǈƛƢƪƦƨƝɇƿǀǊǀǂǀƜƿǀǊǀǂǀƛƢƪƨƤƝǼ¸óȏEİǺǩɇň ƦǼȉǝǺpȆǯɈƛ

ň ƤƞƦƛ ļĺȺȧȿǼȮȽȹɄȣƛ

ƛ

ƛ

9593 ���.)����@��3

959573 ��@�*3

ÃĔǶɇſþǩǯ��k=Ǽø�+ţń°p¥ãǽɇ��ǼȉǝǹȇǼǶǛȌɈø�+ţń°p



 
3

" 9 !3 ��	@���.)����@1  

43 :73 43

 

ǼåȍȏX Ƥƞƨ ǺĊǫɈƛ

ƢƝƛą�k=ǷÑlF7Ǽŕèƛ

ƘÎk=ɅŨ�ƘÎñ�íǼĆòƊ ƣ Ü&�ØɆǷȞɄȨǠȊǼF7ȳșȨȿɅF7�ù�ĭ�Øɇ

F7ȳșȨȿɆȏ(7ȧɄȣǷǫȌɈƛ

ƣƝƛŉƗıǼ�ÎǼ(7ƛ

ŒÉvŢǼŕèȧɄȣǼŉƗıǼ�Îȏ(7ǫȌǥǷǺȉȋɇX Ƥƞƣ ǺĊǩǯ5�ȾɂșȺȧȿǷ

ĘƘÎȺȧȿǼƁĚí�ØǡŕèȧɄȣǺȱȓȥȦȓɂȚǧȍɇȺȧȿǼŤŹǹǸȮȽȹɄȣǡ�Î

ǺMȎǭǵȠțɄȾɂȚǧȍȌɈƛ

ƤƝƛĘƘÎȺȧȿǼk=°pƛ

ŕèȧɄȣǺPȃȍǹǜĸË�òȏPȆǵɇ°pǧȍȌɈƛ

ƥƝƛĘƘÎţńǼ°pƛ

°pǩǯƘÎk=Ƿ(7ǩǯF7ȳșȨȿȏ&Ǻɇ7nÿŻȋMǜǺȉȋƁĚȺɄȹɂȨȏ°pǩɇ

ǧȊǺĘ�7ȏ°pǫȌɈƛ

ƛ

ƛ

X Ƥƞƨƛ ø�+ţń°pǼåȍƛ

Model size 
modification

Input: posture, reaction forces, physique

Calculations of Intra-abdominal 
pressure

Arrangement of model 
segments

Calculations of joint forces and  
moments

Estimation of muscle 
forces

Output : internal loads
muscle forces, passive elastic 

moments, intra-abdominal pressure, 
joint forces
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ǮǼĥÊɇ��Ǽø�+ţńǡ°pǧȍȌɈƛ

Ę�7ɏ)Ũ ƧƤ ĘɅqƅǽɇĘĮǦǷǼĘ�7ǡ°pǧȍɇĘøö¹Ɗďȏ	ǬȌǥǷǺȉǲǵĘ

�7ǡáȃȌɈɆƛ

ƁĚţńɏƁĚF7ɅZī7ɇǭȐ¹7ɆɇǟȉǿƁĚI;��ȺɄȹɂȨƛ

ļĺ+Zƛ

��Ǽ°pĘƘÎţńǷ(7ȧɄȣǶǛȌȞɄȨF7ȏ¯œţńǷǩǵ¦ǝǥǷǶɇ��k=Ǻǟ

ǤȌø�+ţńȏáȆȌǥǷǡǶǢȌɈƛ

ƛ

959583 ��CHB@,���3

��k=ǼŕèǺǽɇɁȵȥȨȒɄȸ�ƤÜ&�ØŕèÛƜw]ĈĐ¤ċŋȳșȨɁɂƛ ƼƺƮƞƣƨƞƬƝ

ȏùǜǯɈ��k=ǺǟǤȌŕèØíǽX ƤƞƩ ǺǙǶĊǫ Ƣơ íǶǛȌɈȃǯɇ��k=½Ǻɇĵȇ

ǯȍǷ¯œǩĂ¯ŕèǡVƇǹĖ Ƣơ ĶÒǷĖ Ƣ ÒƜǘƝǺǳǜǵǽɇĶŶĚǷƘĀĚǼ�òǡk

=ǺȉȊǬ�pǶǛȌǷǩɇǛȊǠǪȆĵȇǯȍǼǹǜ��k=ǺǟǜǵŕèǩǯĶŶĚǷƘĀĚ�

Ǽñ�íǼ�ĭƁ�ȏɇ��k=ǶǼñ�íŕè ǺŸǻMȎǭȌǥǷǺȉȋ°pǩǯɈƛ

X Ƥƞƨ ǺĊǫÑlǷ�ǠȊǼF7ǽɇ»cƜ|}ƛ ƢƪƪƨƝǼ� ǼÑlÆ�ȏŘpǶǢȌJeșȥȞ

ȼɂÑlŕèȞȠȦȸȏùǜǵŕèǩǯɈƛ
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ƛ

X ƤƞƩƛ (7k=ǷF7ȧɄȣ�ƛ

ƛ

959593 2��	@����3

Ò�Ě�fǼĝhǹĚǺǳǜǵǽɇ��k=Ǽ�ňƊñ�í�ØȏŕèǩǵɇLĚǼ�ĭǷő

�ȏâpǩǯɈÒ�ĚǺǳǜǵǽɇĸËǼŰħ�ȏİ¢ǩǵXƤƞƪǺĊǫ¥ƐǶáȆǯɈǫǹȎǱɇ

ĶŶǷƘĀĚǼĕí�ĭǷ¯ĩǶpȆǯ Ƥ Ü¾ĩȏň ƤƞƧ ǺĊǫÒ�ĚƀŧƆßƜƼƳƝǶ06ǩɇ

ǥǼíǠȊ`Ăļ#ǺĵƊƞÒ���ŧƆƜƯƺƝ0�ņČ;ǩǵŬ�Ò����ĭǷǩǯɈǧȊǺɇĶ

ŶǷƘĀĚǼƁĚíȏŮȋɇLŬ�Ò��ĭǷǼŞ~¿wǹƚÜ¾ĩǷǩǵĸË¾ĩȏ°pǩɇǥǼ

¾ĩ�ǼÒ�ĚƀŧƆßǶLÒ�ĚǼƁĚí�ĭȏpȆǯɈǹǟɇŬ�¾ĩǼÜ¶ǽɇŁïǹĵ

Ɗ�òǟȉǿĸË�òǷǩǵɇĶŶĚǟȉǿƘĀĚǷ¯ĩȏ*ÀǩɇǠǳŰħǶǛȌȉǝǹ¾ĩŬ�

ǧȍȌǥǷȏİ¢ǩɇśņżŞÿǺ ƦÜǺâpǩǯɈƛ

ÃĈĐǶǽɇÒ�uãßǽ�pǷǩǯǡɇŨ�uãǼ��~ǽĶŶǷƘĀǼñ�íŕè Ƿǩǵ

PȃȍǵǜȌɈƛ

ƛ
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ƛ

X Ƥƞƪƛ ĸËk=Ǽ°p¥ãƛ

ň ƤƞƧƛ Ò����ĭǼȮȽȹɄȣƛ

ƛ

9595:3 #������3

ȺȧȿǼLĚǺǽɇĚŸŹɇÑlF7ɇƁĚF7ɇƋ�7ɇļĺ+ZǷÒƀÈǾǻǺȉȌȺɄȹ

ɂȨǡ�ùǫȌɈǥǼǯȆɇŕèk=ǠȊ°pǩǯȺȧȿǼƘÎk=ǷŕèǩǯÑlF7ǠȊɇǮǼ

k=ǼĨ«Ǻ�ŎǹLƁĚUȋǼȺɄȹɂȨȏŕęǩǯɈƛ

5�ȾɂșȺȧȿǼLĚǺǽɇĚŁŸr$ɇÑlF7ns$ ɇ��ǟȉǿ��ĚǠȊǼƁĚF7n"#$%&$

ǡ�ùǫȌɈȃǯɇĶŶĚɇÒ�ĚɇƘĀĚǺǟǜǵǽɇļĺ+ZǺȉȌµ«7n8bo$ ɇ��ǟȉǿ�

�ĚǠȊǼƋ�7n0$12
$ȇ�ùǫȌɈǆ ĚƁĚíǺǟǤȌ7nÿŻȋMǜ�ȏ�ƜƤƞƢƨƝǺĊǫɈƛ

ƛ r$ + ns$ + n"#$%&$ + n8bo$ + ∑ n0$12
$G

2u6 − n"#$%&$56 − ∑ n0$12
$56 = 0G

2u6 ƛ ƜƤƞƢƨƝƛ

ǖǥǥǶǽɇĻÒȺȧȿǺǟǤȌ ƥĎƖǼƋ�7ȏ ǇƫɊ�ƥ ǼûKǶňõǩǯɈƛ
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ȃǯɇƁĚíQȋǼȺɄȹɂȨǽɇ�ŗǼŻȋMǜ�ǺǛȌLĚǺ�ùǫȌ7nv#w-x$ Ƿ�ù�ĭǼ

ƁĚíǺvǫȌ�ĭȳșȨȿyv#w-x$ ǼfďǺǹȌɈǥȍǺɇƁĚǺǟǜǵ�ùǫȌƁĚI;��Ⱥ

ɄȹɂȨ'$ǟȉǿĘ7ǺȉȌƁĚȺɄȹɂȨz$ɇǟȉǿ��ĚǠȊǼFȺɄȹɂȨǺȉȋɇƁĚíQȋǼ

ȺɄȹɂȨǼŻȋMǜ�ǽɇ�ƜƤƞƢƩƝǼȉǝǺǹȌɈƛ

ƛ {$ × y}$ + ns$ × ys$ + n"#$%&$ × y"#$%&$ + n8bo$ × y8bo$ + ∑ Pn0$12
$ × y0$12

$ RG
2u6 + '$+z$ƛ

ƛ −n"#$%&$56 × y"#$%&$56 − ∑ Pn0$12
$56 × y0$12

$56RG
2u6 − '$56−z$56 = 0ƛ ƛ ƜƤƞƢƩƝƛ

ǥȍȊǼ7ǷȺɄȹɂȨǼŻȋMǜ�ȏùǜǵɇŦŵĚȉȋì>ÿǺŒǜǵǜǣǥǷǺȉȋɇLƁĚí

ȃȎȋǼĘ7ǺǟǤȌƁĚȺɄȹɂȨz$ȏáȆǯɈƛ

ǹǟɇì>ÿǺŕęȏņǝƅǺǽɇƒƓŵĚǺǟǜǵƒƎŵǺ��ƁĚíȏŘǤȌǥǷǺȉȋɇƓ

ŵƁĚQȋǼȺɄȹɂȨȏáȆǯɈǥǼƅɇ��ƁĚǺǽɇŦŵĚǠȊì>ÿǺŒǣǥǷǺȉȌŞ~ǡ

ŅďǫȌǡɇLƁĚǼȺɄȹɂȨǺßȀȍǾîŐǶǢȌč�ǼhǢǧɀȳȿǶǛȌǥǷȏĉŝǩǵǜȌɈƛ

ǥǼƁĚȺɄȹɂȨǷĘ�7ǶøǪȌȺɄȹɂȨǼŻȋMǜ�ǽɇĘ�7ȏÂć¶Ƿǩǯ�ǷǹȋɇL

ƁĚQȋǺǳǜǵŕ Ƣƣ �£ēǩɇgƁĚĘȏPȅǯȆŰēºč�ǷǹȌɈÜǺɇťjíȏȁȂNǪ

ǣǫȌĘǽNÁǩǵä;ǩɇĘ�7ǡėǩǜǷǩǵ ƣƪ ĤǼNÁƁ�ȏ�pǫȌǥǷǶÂć¶ȏçxǩ

ǯɈǮǩǵɇĘý9Ǻă�ǫȌĘ�7Ǽ Ƥ 	S¿wǼÆ�ƜƮǍǌǒǋǆǋǎǅǃǉǂƛ ƢƪƩƢƝǶ¿Ŵ>ëęǫȌǥ

ǷǶɇĘ�7ȏ°pǩǯɈƛ

Ę�7Ǽ°pÆ�ȏ�ƜƤƞƢƪƝǺĊǫɈƛ

ò¡e¶ɏƛ9~�,-ÄxÅ ƛ ƜĘûK ǊǼĘ�7Ɲƛ

2ğÆ�ɏƛ�ė�Æ�ƛ 9~�,-ÄxÅ ≥ 0ƛ ƜĘ�7ƉţÆ�Ɲƛ

ƛ ė�Æ�ƛ z$ = ∑9~�,-ÄxÅ ∙ 7~�,-ÄxÅ ƛ ƜƁĚȺɄȹɂȨǼŻȋMǜ�Ɲƛ

ƛ ƛ 9~�,-ÄxÅ = É(9~�,-ÄxÅ )ƛ ƜĘǼNÁƁ�Ɲƛ

āÿƁ¶ɏƛÑ = ∑ ÖÜáàâäãå
ç

éáàâäãå
ç è

C
ɍɌ
Åuf ǗƷǆǋƛ
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ƛ 9~�,-ÄxÅ ɏĘûK ǊǼĘǼĘ�7ƛ

ƛ 7~�,-ÄxÅ ɏĘûK ǊǼĘǼȺɄȹɂȨȒɄȸƛ

ƛ É(9~�,-ÄxÅ )ɏĘûK ǊǼĘǼ{ǫȌĘĮƛ

ƛ X~�,-ÄxÅ ɏĘûK ǊǼĘǼøö¹Ɗďƛ ƛ ƛ ƜƤƞƢƪƝƛ

Ã¥ãǺǟǜǵǽɇȺɄȹɂȨǼŻȋMǜ� Ƣƣ Æ�ǺvǩǵɇÂć¶ǡ ƣƪ ǷǹȌǯȆɇ�ŗǼ°

pÆ�ǺbǴǢɇȴȩȿȦȓ	¶ȏùǜǯêȪȻɄȨɂãȏùǜǯ¿Ŵ>ëęǺȉȋɇĘ�7ȏ°p

ǩɇĘøö¹Ɗďȏ®ǤȌǥǷǺȉȋɇĘ�7ȏáȆǯɈƛ

3

95:3 ��@����-3

95:573 ��@
��3

ÃƏǶǽɇÃ¥ãǶ°pǩǯø�+ţńǷ¸óǺȉȌŕè ȏßūǩɇ°p¥ãǼi��Ǻǳǜ

ǵİtǫȌɈø�+ţńǽɇƉ�ōǶŕèǫȌǥǷǡƇǩǜǯȆɇßūǫȌ¸ó ǽ"�ıȏùǜ

ǯ?nÿ�ōŕèǡņȎȍǵǜǯ½�ǼĈĐ¸ó ǺƔȊǨȌȏ�ǬɇƏāǽƉ�ǺƂpǧȍȌɈƛ ƛ

X ƤƞƢơ ǺɇŨŽ ƢƨơơǊǊɇ�Ÿ ƧơǈǄ ǼØêÿǹŉƗıǼȖȱȓȠȤȕȒă�Ǽą�k=Ǻǟǜ

ǵ°pǩǯÒ�ƀƁĚǼZī7ȏĊǫɈƬǋǂǃǍǎǎǌǋ ȊǽɇźòǼZȢɂȝȏùǜǵĎǚǼ��k=

ǺǟǤȌÒƀÈ+ZȏŕèǩǯƜƬǋǂǃǍǎǎǌǋƛ ƢƪƨƥƝɈÃ¥ãǺȉȌƛ ƶƣƠƶƤƛ ÒƀÈZī7ǽɇ

ƬǋǂǃǍǎǎǌǋ ȊǼZ7 Ǻ�^ÿǹÒƀÈ¹Ɗďȏ	ǪǵɇZī7±ęǩǯ ǼěW+ǶǛȋɇƁĚ

F7Ǽ°pǽɇi�ǶǛȌǷİǞȊȍȌɈƛ
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ƛ ƛ

X ƤƞƢơƛ °pÒƀÈZī7ƛ

XƤƞƢƢǺɇNǪŉƗıǼȖȱȓȠȤȕȒă�Ǽą�k=Ǻǟǜǵ°pǩǯĵĘǟȉǿļĘǼĘ�

7ǷɇN×ǹk=ǺǟǜǵŕèǩǯĻÒŵňƊĘƈXǼȰɄș ȏĊǫɈǥȍȉȋɇ��k=ǺǟǤ

ȌĘä;ǼßôǽɇĵĘǷļĘǶp�ÿǺ�łǩǯɈǹǟɇĘƈXŕèǽɇǕƦƼ Ǽ/7ȏ«ǳȒɂ

ȲȏùǜɇĹ7½Ǻ ơƼ Ǽ/7ǷǹȌȉǝÌÞǩŕèǩǯ ǶǛȋɇĦv Ǻ Rǽǹǣɇä;ßôǺ

ǼȄ Rȏ«ǳɈƛ

��ȉȋɇÃ¥ãǺȉȌø�+ţńǼ°pǽɇ¸óǟȉǿŕè Ǻ�łǫȌ%OǡŏȊȍǯǡɇ

ÓřǺ�ǲǯȧɄȣǡƂpÿǶǛȌǯȆɇĦv Ǽi��ǽ@0ǶǹǜJķ�ǡǛȌɈǩǠǩɇk=

ƀǼßūǹǸǺǟǜǵǽɇøöŕèǹǸȇĦv ǶǼßūǡǩǺǣǜǥǷȏİ¢ǫȍǾɇ��k=Ǽ

Ś�¬ØǷǩǵÀ:ǶǛȌǷİǞȊȍȌɈƛ

  

X ƤƞƢƢƛ °pĘ�7ƛ

(Andersson 1974)
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Ã¥ãȏùǜǵɇJeșȥȞȼɂÑl�Ǻ-õǩǯĎǚǼÑlÆ�ǺǟǤȌN�ŉƗıǼŌ¶Ǽ

ŕè ȏŒÉǩǵßūǫȌǥǷǶɇk=ȈÑlÆ�ǺȉǲǵøǪȌø�+ţńǼŲǜȏÓŖǫȌǥǷ

ǡJķǷǹȌɈ��ǺɇǮǼ°p�ȏĊǫɈƛ

NǪ£
ú�ŉƗıɅƢƨƢƤǊǊɇƨơǈǄɆǡŁ;ũűŪ�ȞɄȨă�Æ�ɅĵƊőɏƧƧȑɇ�ƊőɏƢƧȑɇ

ȞɄȨǾǻp¶ɏƧƸƠǊǊɆǺŁïǺ�ǲǯdMǷɇǥǼò¡ǠȊ�2ÿǺ�Ƙ�ĭȏ ƦơǊǊ 3�ǧǭ

ǯdMǼø�+ţńǼŕę�ȏX ƤƞƢƢ ǺĊǫɈǥȍȉȋŁïǹ��k=ǺǟǜǵǽɇĵĘǼţń

ǡwǧǣǹȋɇǠǳÒƀÈǼZī7ǽhǢǣǹȌǡɇÒƀÈǼǭȐ¹7ǡ¿w>ǫȌ%OǡŏȊȍɇ

ǥȍȊǼţńǡŁïǹ��k=âpǺƁ�ǩǵǜȌǥǷǡĊTǧȍȌɈƛ

ƛ ƛ ƛ ƛ ƛ ƛ ƛ

X ƤƞƢƣƛ �Ƙ�ĭǼŲǜǺȉȌĘ�7ǷÒƀÈţńǼßūƛ

ȃǯɇ�ŃÿǺŁ;ũűŪ�ȞɄȨǶǽɇĶŶȏťǥǫ�ŎǡǛȋɇƘÎÖůǠȊĶŶ�òǡeȎ

ȊǹǜǯȆɇĻŵǡhǢǣ�éǫȌ%OǡŏȊȍȌǡɇN�ŉÓıǶȇ��ȞɄȨă�Æ�ɅĵƊőɏ

Ƨơȑɇ�ƊőɏƢƩȑɇȞɄȨǾǻp¶ɏƧƸƠǊǊɆǶǽoÕk=ǷǹȌǯȆ��ŵ)�ǡ�%ǫȌɈǥǼǯ

ȆɇĸËy¾ő�Ǻß�ǩǵøǪȌÒƀÈI;ŎĢǾǻǺȉȌ��ȺɄȹɂȨǽɇXƤƞƢƤǺĊǫȉǝ

ǺɇűŪ�Ƕǽ ƶƣɐƶƥ ɀȳȿǶhǢǣǹȌǡɇ��ǶǽƻƢơɐƻƢƣ ɀȳȿǶhǢǣǹȌ%OǡŏȊȍ

ǯɈȃǯɇ��ǶǽoÕk=ȏǷȌǥǷǺȉȋĵȇǯȍǼµ«F7ǡhǢǣǹȌǯȆɇĵĘǼĘţńǡ

wǧǣǹȌ%OǡŏȊȍǯɈǥǼȉǝǺɇÃ¥ãȏùǜȌǥǷǺȉȋk=ȈÑlÆ�ǺȉǲǵøǪȌø�
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+ţńǼŲǜȏÓŖǫȌǥǷǡJķǷǹȌɈƛ

ƛ

X ƤƞƢƤƛ ȞɄȨÆ�ǼŲǜǺȉȌĘ�7ǷÒƀÈţńǼßūƛ

ƛ

95:3 $+3

ÃĔǶǽɇȯȨǼŒ4nÿÖůȏÙ´ǩɇ��k=ǺȉȌĸË�òǼe>ȏňõJķǹ ƣ Ü&Ę

ƘÎȺȧȿȏÖĜǩǯɈÃ¥ãǺȉȋɇk=ǷF7ǼŕèȧɄȣǠȊɇ��k=ȈÑlÆ�ǺȉȌø

�+ţńǼŲǜȏpŹÿǺ�ȌǥǷǡǶǢɇø�+Ǽðöò¡ǼŚ�ǡJķǷǹǲǯɈƛ

ƛ

X ƤƞƢƥƛ Ė ƤĔǶ�ǯ�ȋ�\ćšƛ

ÃĔǶ�ǯ�ȋ�\ćšȏXƣƞƧǼŎĢƀƁ�XǺ8ǞǯȇǼȏɇXƤƞƢƦǺĊǫɈÃĔǶǽɇĖ

ƣĔǶ©/ǩǯşƕǶǛȌ
�ȹȗȪȡȸǺƁǫȌćšȏ�ȌǯȆǺɇø�+Ǽðöò¡ȏňǫ¬Ø

Ƿǩǵɇ¯œţńǷĘƘÎţńȏø�+ţńǷǩǵ°pǫȌ¥ãȏſþǩǯɈÃ¥ãǮǼȇǼǽɇ¥

ħǢÿćšǶǛȋɇĂ¯ŘŕǺäǠǭȌȇǼǶǽǹǜǡɇÃ¥ãȏùǜȌǥǷǺȉȋɇø�+Ǽðöò

���!���������

�����
�
�	���
�����

��� ��"�����
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¡ȏćȌǥǷǡǶǢȌǯȆɇÃ¥ãȏùǜǵĈĐȏņǝǥǷǺȉȋɇą�½ǺǟǤȌȯȨǼfŵò¡ɇ+

ŵǼðöò¡ɇøöò¡ǼƁ�ȏİtǫȌǥǷǡJķǷǹȌɈƛ

ƛ

X ƤƞƢƦƛ Ė ƤĔǶ�ǯ�ȋ�\ćšȏ8Ǟǯ�ȋ�\ćš�ĞǼŎĢƀƁ�Xƛ
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�KƈdƘp>Ɖǀ�K¹tƈƑƆƗŹǀËdJ-ƇGŰűkĺŵƚƙǁĤ_ƈ�KđĎƃƉ°ű

dƘǀ�aƜðƔŽƚƇ�čŵźŽJ-Ɯ'�ƄŶƂŪŽůǀPĶƇƉ'�ƍWŹƚŶŽ¯dƘƔF

ŪńŖŞŞŝł ŉőőŐŅǁŴƈŽƓǀ�KƈđĎƻĒ�ƇŭŪƂƉǀũƙ�K��ƇTŸƙPĶƈdƘ�Ɯē�

'Ƈ	²ƃŰƙŴƄů�ƐƚƙǁŴƈ	²ƉǀƮƨůƅƈƖūƇƆƙŴƄƜ�ƝƃËdJ-Ɯ«ƓƂŪƙ

ƈŮƜÌƙŴƄƃ1òƇƆƙǁł

Ëd�ƈºxƇƉǀĜ�ĂĹƈĞĨâê=ģƆƅƈ�čęþƄǀÙçfƆƅƈ¿�#ęþůũ

ƙǁŖŞŞŝ ƗńŖŞŞŝłŉőőőŅƉǀó�ĚÕÙƈÙĸĎ²ƄĽľĨǀñĩǀ�õǀöĨƈ(� Ō ƷƺƟƈƴƧ

ƸČ�ƇƖƘǀú,ĝơƼƨĥğJ-«OƇƉðÙŭƖƋľĨÙƈęþŭƖƋó�X�ůİ�Ÿƙ

ńŖŞŞŝł ŉőőŐŅƄŶƂŪƙǁƐŽǀœţţŤŤŞŢŤł ƗńœţţŤŤŞŢŤł ŉőőōŅƉǀǃƷƺƟƈ"ĜƴƧƸƇƖƙR�Kƈ

Č�ƇŭŪƂǀĆÄı§ƈĊµŮƗĜ�Ƈ�ÀŸƙźƝ��7/*Ɯ±ƗŸŴƄƜ�KƈđĎ�Ĭ

ƄŶŽǁŶŮŶƆůƗǀŴƚƗƈƴƧƸƉǀd�J-ƈ¹oů�ƄŶƂ¼ƚƙ�aĨƈÚ�ů Ŋ ÚƄV

ƆŪŽƓƇ¿�¥�tů�űǀd�J-�ƈó�jºƕJ-ƈĦŪƜĂ¼ƃŰŹǀƐŽ(�ƷƺƟ

ƴƧƸƈƑƃũƙŽƓǀÙęþƆƅƈĔáČ�ƉƃŰƆŪŽƓ¿�#ęþƈ�OÜcƇƉĴÃů



 
0

! 9  0 ����D�MGKHLD)� 

30 :70 30

 

ũſŽǁ�ÍÓƃƉǀØ ŋ ÖƇŭŪƂǀ�aĨƜ ő ÚƇ%)ŶŽ(�ƷƺƟƴƧƸƜĮÅŶǀŎŋ ƈÙ

Ɯ�ŸƙÙŁ�ƴƧƸƇƖƘǀ¿�#ęþƜ�OŸƙ{¬ƜĮÅŶŽǁŴƚƇƖƘǀm�ƈƴƧƸƃ

ƉǀČ�ů$�ƆŮſŽ��\Ɯ8ƒd�J-ƈ¿�#ęþČ�ů1òƄƆſŽǁł

�ÖƃƉǀØŋÖƃĮÅŶŽ¿�#ęþ�O{¬ƜÀŪǀPĶƈJ-Ƅ/*ƈĎ²�ŮƗËd�

ƈÙŁ�ÝƇŮŮƙ¿�#ęþƜ�OŶŽǁŴƈ¿�#ęþƄ�čęþƈÈNƄƆƙ�~/*Ď²

�ƇƀŪƂǀú·ƆËdJ-ƇŭŪƂ�ħ.ŵƚƙć;Ɯ�àŶǀŴƚƜd�J-ƈ«Oć;Ɯª

ƓŽǁł

0

9470  )���ł

947460 )�D�/ł

¿�#ęþƈ�OƇƉǀØŋÖƃĮÅŶŽ Ŋ¦ ÙŁ�ƴƧƸƜÀŪŽǁ�ƴƧƸƇǀăŀîƈ
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Ď²ŶŽ/*Ɯ�čęþƄŶƂǀƐŽĎ²ŶŽJ-Ƅ/*ŮƗ�OŶŽ¿�#ęþƜÙŁ�ęþƄ

ŶƂJ-«Oć;Ɯ ďŶŽǁJ-«Oć;ƄƉǀúÁJ-ƔŶűƉrħJ-ƃ�U.ŵƚƙƭƶƳ

ƼƤƃũƙƄŸƙǁĳƈČ�ƇŭŪƂƉǀ3ăŀîƈ¿�#ęþ�¤�ƜJ-��įƃ¨ĠŶǀ
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�ƇĐġŶŽǁł ł

1620�*-'ł

1DƟƦơƵƺ�KƇƖƘĎ²ŵƚƙ3�~Ĺƈ/*ƜÀŪƂǀdĹƾơƼƨƟƦơƵƺƿŭƖƋðĹ
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.ŵƚƙ�7ůĈƗƚŽƾŉň 6�dĹǄ6ǀðĹǅ6ƿǁŴƚƖƘǀźƝ��7/*ƔJ-«Oć;ƈ
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ŸƖūƇǀl^��ƾPŀ ŌƿƇŭŪƂƈƑǀľĨÙq*è9ů�U.ŵƚƙ�7ůĈƗƚŽƾŉŊ 6
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< Ōņŉŏ ƇÐŸƖūƇĥğ^��ƾPŀ ŉƿƇŭųƙ÷ô#=ůúÁJ-ƃ�U.ŵƚƙ�7ůĈ

ƗƚŽƾŉň6�ǆ6ƿǁl^��ƃǀ¹Ƈ�ÏƆ�7ƉĈƗƚƆŮſŽǁł

P<0.01
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�čęþć;ŦdĹƄðĹƈ/*ķ�cǀdĹ/*`@�ǀdĹƄðĹƈźƝ��7/*è9ł
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ĬɍwIɊɵʞʂ¢ĚɥäǃJȽɡȸɊɉǐīȻʢɀɢɥ�ĝȽɡɵʞʂƐ�ɥĈɛɡʣȺɟɍʢǐī

ȻɂƿưwIɏŤ�ĪF�ĒGîɥøƜȻʢĠ�4ƣƁ�ĒȲ�ɠ®hZ�ɍåGɉȬɡȸɊɥĻ

Ƚʣǭ

ǭ

lfib D�9��4UT��s[:b

ǎàǑƿưàɏĪFɐʢŤ�ĪFɊŏĽĪFɍ8ǨɉȳʢŏĽĪFɐƿưȰɞɒƹğnɍ�

ȵ�yȽɡȲʢŤ�ĪFɐ	ɊȻɈƿưwIɍƨcȽɡɊŢȯɟɢɡʣèĸŃɉɐʢ	ɊȻɈǬƺǀ

ɏǎàǑƿưàɌɋɉĠȼɡŤ�ĪFɍĳįȽɡʣǭ

§ëɞɠʢƿưwIɍƨcȽɡĪFɥ�ĒȽɡɂɛɍŻHƭɵʞʂĢʐɾɳʞɶʁʅɨɷɌɋȲǐ



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb mob eb

 

īȺɢɈȭɡǯȈȟȜșȔȘǭ ǶǴǴǴǰʣȻȱȻʢȸɢɟɐŤ�ĪFɥbªȽɡȱƽƆɥƾɟȿɡɜɏɉȬɠʢĪF

ɏƐcɀɏɜɏɥ�ĒȽɡɜɏɉɐɌȭʣȻɂȲɅɈʢŤ�ĪFɏİÍĬƐcɊɌɡwIɍɞɠĠȼɡ

Ġ�CzĬƣƁɥ�ĒȽɡƿưwIɏǐīȲGîĬɉȬɡɊŢȯɟɢɡʣ��wIɉɏĠ�Cz

ĬƣƁɐʢŉǫóƣƁɊÍƗƣƁɍ8ȶɟɢʢȸɢɟɥ�ĒȽɡȸɊȲǊƐɊɌɡʣǭ

e ǹǱǵ ɍĻȽėǊCĚ¸ɉɏ�ŅwIǯȅȖȟȠȗȖǭȁǲǭȊȓȠȡȘȓȜȜǭȄȜșȗȘȢǭȁȖȞȢȖȠǭǵǽǻǺǰǯȊȟȣȞȢǭǶǴǴǷǰɐʢ

ŻǊƣƁȱɟƖÖȺɢTHĬɌƣƁȲä�ɏĚ¸ɉǌɠWɅɂwIɉȬɠʢĠ�4ƣƁɥ�ĒȽɡ

��zĬwIɊȻɈu¡ɉȬɡɊŢȯɟɢɡʣ�ÛʢǊC�ɍȰȭɈɐʢŻǊɐŉǫóƣƁɊȻɈƬ

�ɍ�ĢȻʢɵʞʂɍȰȶɡŻǊɏÕÆɐƣƁ�ĒɍǊƐɌƐœɊɌɡʣȸɏŻǊÕÆɊƒĦɝÔ�

Ɍɋɏƿưɏ¯Ɛê�ɥŢºȽɡɊʢɵʞʂʅɾɮɥ Ƕ 8BȻɂ�ÂɢɵʞʂɐʢWĞĬüƻɉȬɡɊ

Ţȯɟɢɡʣǭ

ǭ

e ǹǱǵǭ ėǊCĚ¸ɏ�ŅwIǭ

èĸŃɉɐʢ��ɏ�ƠɥøƜȽɡȸɊɥįĬɊȽɡʣǭ

ʝäǃJȻɂƿưwIɏǒŌƕ�ɐʢėǊCĚ¸ɉɏ�ŅwIɏǒŌƕ�ɍƵȭȱʪǭ

ʝäǃJȻɂƿưwIɉɐʢĠ�4ƣƁȲ�ĒȺɢɡȱʪǭ

ʝǞĬķàǑ�ǪɍɞɠäǃJȺɢɂƿưwIɐʢHĬǎàǑ�ǪɉɜŤ�ĪFȲ�ĒȺɢɡ

ȱʪǭ



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb mpb eb

 

ʝʦĀ-ɉäǃJȺɢɂwIɉŤ�ĪFȲ�ĒȺɢɡȱʪǭ

ʝwIäǃJɍɞɠŤ�ĪFȲ�ĒȺɢɡȱʪǭ

�ƚ�ƠɏøƜɍȬɂɠʢ�ǪĢUpɵʞʂɥĢȭɈƿưwIɏäǃJɥƆȭʢŉǫóʔʁʙɊ

ǎàǑƧƆ�ǪɍɞɠøƜɥƆɅɂʣǭ

ǭ

lfifh =���s(V�b

ĪF�ĒƿưwIɥǐīȽɡɂɛɍʢǞĬķàǑĳ��ǪɍɈĳ�wIȰɞɒɵʞʂĳ�Ǡ¢

ĚɏäǃJɥƆɅɂʣǭ

chdb �`"0b

äǃJɍȰȭɈɐʢUpɮɾɵʖʜöxǯ��ǭ ǵǽǽǻǰɥPŢɍǐīȻɂe ǹǱǶ ɍĻȽ�ǪĢUpɵ

ʞʂɥĢȭɂʣXɵʞʂɐʢ�ǠǼʢũǠǵǸɏUpʕʄɾʂȲʉʚʞʒɍf~ȺɢɈȰɠʢVȩɍʘʔʞ

ʂɲʜʂʛʞʗɍɞɠ�ŠUpɌÕÆǠȲ�ȭɈȭɡʣÕÆǠɏ�ŇɍɐĂɱʞɶ�ɏõj Ƕ ƱƁǊ

ɹʜɳɥåȽɡʣǭ

�Ǫɉɐʢɵʞʂʅɾɮɥ Ƕ ɆɏɦʙʑìɍɞɠƏØɏÕÆǠɥƼŖȻɂʦİŜɉü¼ȻĢȭɂʣ:

æ¢Ěɐʢ.ƆĸŃǯǬ�ǭ ǶǴǴǵǰɍɞɠ¨ɟɢɂƿưÔ�ɥŢºȻɌȭlWɏ�i±ǃ¢ĚɥĢȭʢ

e ǹǱǷ ɍĻȽŻĤ�ɉơÙȺȿɂʣǭ

äǃJɐʢ�ƭı¡ɏƒŜÛZŚÆɊʢɷʀɦʘʜɯɊʍɼʙÔ�ȲɉȳɡȸɊŢºȻɈʢ��ɏÀ

ǤɉƆɅɂʣǭ

ǵǰǭ ɷʀɦʘʜɯȰɞɒʍɼʙʕʄɾʂɥäǃɌ�Šɍƛ~ǭ

Ƕǰǭ ɵʞʂʅɾɮʠǸ ŻĤ�ʡʢɵʞʂɮɾɵʖʜʠǼ ŻĤ�ʡɏơÙǭ

ǷǰǭVUHǆɏ¬ơÙʣǭ

ĳ�wIɥ~šȽɡɂɛɍʢƿưwIàɏƬ�ęĖ�þɥ Ƿ Ā-�þƘēÿʠȄǿȎȌǱǿȎȊʡ



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb ngb eb

 

ɉĢȭɈƘēȻɂʣ��àɍǚɢɈȻɘȮũǠ(ɏęĖɐʢŪǇɊǫĮɐ@�ɉȬɡɊƑɌȻʢũ

ɜɂɢɏɌȭöxɍĳ�ȻɂĚ¸ɉƘēȻʢ��zĬɍÏ~ȻɂʣƘē�ɥe ǹǱǸ ɍĻȽʣǭ

ƊǪţɐʢƬǎ ǵǺǶǴʬǵǼǶǹȝȝʢ�i ǵǻǴǴȝȝʢ�Ǌ ǹǵǲǴ�ǼǻǲǴțȗʢ�i ǺǻǲǸțȗ ɏ¼�ĥ³ ǵǷ

YɉȬɡʣǭ

ǭ

e ǹǱǶǭ �ǪĢUpɵʞʂǭ

�
e ǹǱǷǭ ɵʞʂ:æ¢ĚɊ¢ĚUpŻĤ�ǭ

ǭ
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b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb nhb eb

 

�

e ǹǱǸǭ äǃwIɏƘēŖî�ǭ

cid �`A+b

ciehdb =���b

äǃJȺɢɂƿưwIɏ�i%ɥƬǎ ǵǻǻǴȝȝ ɉƚƴȻɂ�ɥe ǹǱǹʢe ǹǱǺ ɍĻȽ~šɏƬ

�ƕ�ɏ�i%ȰɞɒþèþĔ&�ɥƉ ǹǱǵ ɍĻȽʣäǃJȺɢɂwIɐʢ�jɹɼʜƭɏê�

�ɍɈʢXýɍɞɠƘēȻɂ§ëɏƿưwIɍąɕʢŹǒŌȲƲȵ��ȻʢǫĮȲ¥ưȻʢɀɢɍ�

ȭŪǇȱɟ�ɏƬ�Ȳ¥�Ûɍ�ƆĿHȻɂɞȮɌwIɉȬɅɂʣȸɏwIɐʢʘʗɾɮɷȻɂwIɉ

ȬɡɊXàɍʢƿưÔ�ɏɂɛɍ�MƬɥ§ëwIXýɍ#ɅɂwIɉȬɡɊŢȯɟɢɡʣǭ

�

e ǹǱǹǭ �iĳ�wIʠƬǎ ǵǻǻǴȝȝʡǭ

����

�

���

���

���

���

����

����� ���� ���� ���� ���� � ��� ���

Reaction forces

Seat contour

Posture

X-Coordinates [mm]

Y-
C
oo
rd
in
at
es
 [m
m
]

����

�

���

���

���

���

����

����� ���� ���� ���� ���� � ��� ���

Reaction forces

Seat contour

Posture

X-Coordinates [mm]

Y-
C
oo
rd
in
at
es
 [m
m
]

0

200

400

600

800

1000

-200 0 200 400 600 800 1000 1200

New posture

Conventional posture

Heel

Knee

HP
S1

T10

T1

EP

Wrist

Elbow

SP
Finger

Ankle

Foot

X-Coordinates [mm]

Y-
C
oo
rd
in
at
es
 [m
m
]

0

200

400

600

800

1000

-200 0 200 400 600 800 1000 1200

New posture

Conventional posture

Heel

Knee

HP
S1

T10

T1

EP

Wrist

Elbow

SP
Finger

Ankle

Foot

X-Coordinates [mm]

Y-
C
oo
rd
in
at
es
 [m
m
]



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb nib eb

 

�

�

e ǹǱǺǭ Ƭ�ƕ�~šǭ

�

Ɖ ǹǱǵǭ Ƭ�ƕ�ɏ�iɊþĔ&�ǭ

�

b

cieid uyx=�^�6b

1ƊǪţɏĳ�Ǡ¢ĚäǃJŖîɥe ǹǱǻ ɍĻȽʣȸɏ¢Ěɥ�žĬɌɵʞʂüƻɥŢºȻɈʢ

ɵʞʂʅɾɮ�ǆɊɵʞʂɮɾɵʖʜ¢ĚɏĖɥĈɛɈǊɎWɤȿɂɜɏȲe ǹǱǼ ɉȬɡʣȸɢɥ-

ɍVǆƕ�ɏäsä�ɥŢºȻʢ�i¢ĚɊUHŻĤ�ɥe ǹǱǽ ȰɞɒƉ ǹǱǶʢǹǱǷ ɏɞȮɍ~ɛ

ɂʣǭ

ȸɏ�ċɥ-ɍ�Ƥɵʞʂü¼ǆ_ɥĢȭɈe ǹǱǵǴ ɏɞȮɌ�ǪĢɵʞʂɥƞ�Ȼʢ¥ƷȽɡƧ
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Ave. Std. Ave. Std. Ave. Std.
A1 S1-HP Horizontal 12.3 8.4 -11.3 10.6 No data No data
A2 T10-S1-HP 127.3 9.5 113.7 12.1 No data No data
A3 T1-T10-S1 160.8 9.1 154.2 4.5 No data No data
A4 Thigh 16.4 2.3 10.4 4.3 No data No data
A5 Knee angle 120.8 4.3 125.1 9.0 133.0 8.4
A6 Ankle angle 149.9 9.5 157.9 12.4 No data No data
A7 Torso angle 23.0 2.9 31.2 4.2 No data No data
A8 Pelvis angle 26.7 9.5 45.7 9.0 No data No data
A9 Hip angle 97.4 3.4 110.7 5.0 128.0 7.2

Conventional posture New posture Neutral body posture [3] Skeletal angles
Ave. Std. Ave. Std. Ave. Std.

A1 S1-HP Horizontal 12.3 8.4 -11.3 10.6 No data No data
A2 T10-S1-HP 127.3 9.5 113.7 12.1 No data No data
A3 T1-T10-S1 160.8 9.1 154.2 4.5 No data No data
A4 Thigh 16.4 2.3 10.4 4.3 No data No data
A5 Knee angle 120.8 4.3 125.1 9.0 133.0 8.4
A6 Ankle angle 149.9 9.5 157.9 12.4 No data No data
A7 Torso angle 23.0 2.9 31.2 4.2 No data No data
A8 Pelvis angle 26.7 9.5 45.7 9.0 No data No data
A9 Hip angle 97.4 3.4 110.7 5.0 128.0 7.2

Conventional posture New posture Neutral body posture [3] Skeletal angles



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb njb eb

 

ƆƝ ɍĢȭɂʣǭ

�

e ǹǱǻǭ ĳ�Ǡ¢ĚäǃJŖîʠĠʁʞɻʡǭ

ǭ

�

e ǹǱǼǭ ĳ�Ǡ¢ĚäǃJŖîʠǊɎWɤȿʡǭ
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b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb nkb eb

 

�
e ǹǱǽǭ �iĳ�Ǡ¢ĚɊUHōdǭ

ǭ

Ɖ ǹǱǶǭ ɵʞʂɮɾɵʖʜ�ċǭ

�

ǭ
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Ave. Std. Ave. Std.
Front 107.32 0.42 12.51 3.29
Mid 211.44 0.56 17.86 2.01
Rear 71.95 3.93 8.97 3.94

Horizontal angle [degree]Length [mm]

Ave. Std. Ave. Std. Range of motion
Lower 340.86 3.49 54.02 3.48 12.59
Upper 167.36 4.38 74.33 4.52 12.94

Length [mm] Horizontal angle [degree]



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb nlb eb

 

�
e ǹǱǵǴǭ ƞ�Ȼɂ�ǪĢɵʞʂǭ

ǭ

lfifib (V���s8���;L*b

?ǣɉäǃJȻɂĳ�wIȰɞɒɵʞʂ¢ĚɏkɉɏĠ�4ƣƁɥøƜȽɡɂɛɍʢŉǫóʔʁ

ʙƖíɥƆɅɂʣǭ

chd L*&0b

chehdb����s8��RH$�"0b

Ġ�4ƣƁɏÏ~ɍɐʢňǷņɉǐīȻɂ ǶĀ-ŉǫóʔʁʙɥĢȭɂʣèʔʁʙɍʢƊǪţɏ

ĳ�wIɊöxRCɥ0CȽɡȸɊɍɞɠʢTH ³ʔʞʓʜʂʢŉ�CʢǒŌCȰɞɒŶŲ4gɌɋ

ɥÏ~ȽɡȸɊȲɉȳɡʣǭ

cheidbL*wyvsO5&0b

�ǪĢUpɵʞʂɏĳ�Ǡ¢ĚɥĝƆƭı¡ɏĳ�Ǡ¢Ěɍƛ~Ȼɂ§ëɏwIȰɞɒ?ǣɉ

äǃJȻɂĳ�Ǡ¢Ěɍƛ~ȻɂÚwIɍȰȭɈʢƊǪţɍƿưwIɥSɟȿʢĳ�àɏɵʞʂȰ

ɞɒʉʛɦɏRCɊƬ�wIɥƘēȻɂʣɌȰʢwIäǃJɏ�ǪɉɐʢƊǪţɍɷʀɦʘʜɯɥ#

ÆȽɡƿưwIɥSɟȿɂȲʢʔʁʙɍ�ŦȲ[ɘɢɌȭȸɊɊ�ŦɏŻǊɍɞɡůðƣƁɏ£ǡ

ɐ�Ⱥȵėƒɉȳɡɂɛʢsŷɏ�ɍ�ÀɥŠȳʢɵʞʂRCƘēɥƆɅɂʣǭ

ƊǪţØɐʢ?ǣɏwIäǃJ�ǪɏƊǪţ ǵǷ Yɥ[ɚʢƬǎ ǵǺǶǴǱǵǼǷǴȝȝʢ�i ǵǻǶǴȝȝ

Production seat adjuster

Seat back upper for thorax

Seat back lower 
for pelvis and lower back

Seat cushion
(Average shape)

Production seat adjuster

Seat back upper for thorax

Seat back lower 
for pelvis and lower back

Seat cushion
(Average shape)



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb nmb eb

 

ɏ¼�ĥ³ ǶǴ YɉȬɡʣǭ

cid L*A+b

?ƷȻɂɞȮɍʢŤ�ĪFɏƐcɐŉǫóƣƁɊÍƗƣƁɍ8ǨɉȳɡʣɀɢɁɢɍɆȭɈɏĠ

�CzĬƖíŖîɏ�i%ȰɞɒþèþĔ&�ɥ��ɍĻȽʣ�ǔɏƖíɍȰȭɈɐʢwIê�

ǑɉąƳȻʢȐø~ɍɞɠʢwIǑɍ ǹʟ��ɏå¶�ȲƑɟɢɂlWɍɆȭɈʢe�ɍƚƴȻɂʣǭ ǭ

ciehd @a-RHb

e ǹǱǵǵ ɍũŉ°Cɏś^ɥĻȽʣȸɢɞɠʢÚwIɉɐʢ§ëwIɍąɕʢŗƘĬå¶�ɐɌȭ

ȲʢũŉƣƁȲĒ�Ƚɡ)ZȲƑɟɢɂʣXýɏ)Zɐʢǥǆŉ°CɉɜĺƟɉȳɂʣȸɏŖîɐʢ

ÚwIɏŉƣƁɐ§ëwIɞɠɜ�ĒȺɢɈȭɡȸɊɥĻȻɈȭɡʣe ǹǱǵǶ ɍĻȽɞȮɍʢůð�á

ɍɞɠĠȼɡ÷ǑìƣƁɥĻȽŵ÷TH ³ʔʞʓʜʂɜXýɍÚwIɉĒ�Ƚɡ)ZȲƑɟɢɂʣǭ

�
e ǹǱǵǵǭ ũŉ°Cś^ǭ

ǭ

3.5
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p<0.2



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb nnb eb

 

�

e ǹǱǵǶǭ ŵ÷TH ³ʔʞʓʜʂǭ

cieid #MRHb

UpɵʞʂɍɞɠƘēȺɢɡVÕÆǠɏRCɥĢȭɈʢɵʞʂɮɾɵʖʜȰɞɒɵʞʂʅɾɮɀɢɁɢ

ɍɆȭɈ��ɏ ǶÇþɥ~šȻɂʣǭ

ʝRCǛ��ʩɵʞʂɮɾɵʖʜɜȻȵɐɵʞʂʅɾɮɏRCþĔ&�ǳRC�i%ǭ

ʝɵʞʂɮɾɵʖʜɜȻȵɐɵʞʂʅɾɮɏ�iRC%ǭ

RCǛ��ɐʢ�óı¡ɏRC�i%ɉþĔJȻɂ�gɏ8×ʚʌʙɍı¡ȻʢþĔ&�Ȳs

ȳȭȸɊɐǆ�ǑɏRC�ȲsȳȭȸɊɍɌɠʢ�¿ĬɍRCȲsȳɌǆ�ȲȬɡȸɊɥ¶]Ƚɡʣɀ

ɏɂɛʢRCǛ��ʢ�iRC%ɊɜɍsȳȭlWʢĭŸƉǠɏƯǆŔşɐ�ȵgƶȺɢɈȭɡȸɊ

ɥĻȽʣɀɏŖîʢÍƗƣƁȲǬȭɊƉǠƅďȲǓ�ȺɢŤ�ĪFɏƐcɊɌɡʣȸɢɟɏÇþɐʢ

VƊǪţĄɍƘŋȻʢƊǪţǑɏąƳɥƖíȽɡɂɛɍƊǪţɏ�ǊɉþĔJȻɈĢȭɂʣǭ

ɵʞʂʅɾɮȰɞɒɵʞʂɮɾɵʖʜɏRCǛ��ɥe ǹǱǵǷʢǹǱǵǸ ɍĻȽʣȸɢɞɠʢ�ǠɉɐRC

ȲǛ�ȻɈȭɡȲʢɵʞʂʅɾɮRCɐpJȻɈȭɌȭȸɊȲɤȱɡʣ�ÛʢeǹǱǵǹɍĻȽ�i%ɐʢ

ɵʞʂɮɾɵʖʜɉĒ�Ƚɡ)ZȲƑɟɢɂʣǭ
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? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb nob eb

 

�

e ǹǱǵǷǭ ɵʞʂɮɾɵʖʜRCǛ��ǭ

ǭ

�

e ǹǱǵǸǭ ɵʞʂʅɾɮRCǛ��ǭ
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b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb npb eb

 

�

e ǹǱǵǹǭ ɵʞʂɮɾɵʖʜ�iRCǭ

ǭ

ɵʞʂRCɏǍİ¼8ɞɠƘŋȻɂƁǊǈ8ąĜɥƉ ǹǱǸ ɍĻȽʣÚwIɏɵʞʂɮɾɵʖʜɏƁ

Ǌǈ8ąĜɐʢ§ëwIɍąɕőʧǮĒ�ȻɂʣȸɏŖîɐʢ��ǆɥʘɮʗɨʄʜɯȻɂŖîɉȬɡʣǭ

ǭ

Ɖ ǹǱǸǭ ɵʞʂƁǊǈ8ąǭ

�

�

lfjb Z'\UT'sD�9��4�+s.Pb

ǎàǑƿưàɏĪFɐʢƿư¼Şɍ£ǡɥQɗȻʢŤ�ĬƐœɊŏĽĬƐœɍ8ǨɉȳɡɊ²ɤ

ɢɡʣŤ�ĪFɐʢ	ɊȻɈƿưwIɍƨcȽɡɊŢȯɟɢɡʣǭ

?ǣɘɉɍĻȻɂɞȮɍʢǎàǑƿưàɏŤ�ĪFɥ�ĒȽɡɂɛɍʢǞĬ�Ǫɍɞɠʢɵʞʂʅɾ

ɮɍ�ÂɢÿüɥĢȭɂÚȻȭƿưwIɥǐīȻʢŉǫóʔʁʙɥĢȭɈĠ�4ƣƁ�ĒȲøƜɊ

ƧƆ�ǪɍȰȭɈ	ƔƝ ɍɞɠǧƂɌĪF�ĒGîɥĺƟȻɂʣǭ
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Ave. Std. Ave. Std.
New posture 62.17 3.25 37.83 3.25

Conventional posture 70.00 3.18 30.00 3.18

Seat cushion Seat back



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb ogb eb

 

èǣɉɐʢ�ƚÚƿưwIɍȰȶɡǎàǑƿưàɏĪF�ĒGîɥĠĞzĬƘēɍɞɠ~ǋĬ

ɍøƜȻɂʣɘɂʢĠĞzĬƘēɍȰȭɈɐʢÚƿưwIɍȰȭɈ�ĒȻɂŤ�ĪFɏİÍƐcɉ

ȬɡĠ�4ƣƁɏ��ɵɷʀʒɍȰȶɡ£ǡɥrǠĬɍÉȯɡȸɊɥŢºȻʢƏØɏĠĞzĬÇþ

ɥĢȭɂʣǭ

ǭ

lfjfhb �`&0b

chdb �`)�b

ƧƆ�ǪɍɐʢeǹǱǽɍĻȻɂ�ǪĢɵʞʂɥƿư�ɍÒƴȻʢĝƆƭɍ�ȻɈUHōdɥǷǴȝȝ

ÅsȻɂɷʀɦʘʜɯʀʚɷɲʈɾɮÿüɥåȽɡʫɮʗɷɹɼʜʠǷǴǴǴȔȔʡɥĢȭɂʣǭ

ƧƆɐʢʀɷʂɲʞɷʝɫʞʅʙ\bƫʠ�\ ǶǸǷǴȝʢİŜǆ ǽǴǴȝʡɍȰȭɈʢǵǴǴțȝǳȘ ~�ƧƆ

ɥkèɊȻʢ¯Ɛɍ°ȼɈǃ�ƭŜpâɥƆɤȿʢǶ àǑɏƼřƧƆɊȻɂʣǭ

ƿưwIɐʢe ǹǱǹ ɍĻȻɂ Ƕ ɆɏƿưwIɥ5ĝȽɡɂɛɍʢ�ǪĢɵʞʂɏĳ�Ǡ¢Ěɥĝ

Ɔƭɵʞʂı¡ɏĳ�Ǡ¢Ěɍƛ~Ȼɂ§ëƿưwIȰɞɒäǃJȻɂĳ�Ǡ¢Ěɍƛ~ȻɂÚ

ƿưwIɏʦwIɊȻɂʣɌȰʢǶ ɆɏƿưwIɏ�Ǫɐʢ�ǪɍɞɡĪFɏ£ǡɥǅȶɡɂɛʢä

� ǻÝ��ńȶɂXà>ɍ�ÜȻɂʣǭ

ƊǪţɐʢ¼�ĥ³ ǹYɉȬɡʠƬǎ ǵǺǶǴ�ǵǻǸǴȝȝʢ�i ǵǺǽǶȝȝʡʣǭ

cidb O5_<b

ÚƿưwIɏĪF�ĒGîɥ~³ĬɍøƜȽɡɂɛɍŤ�ĪF	ƔƝ Ɋʢ~ǋĬɍƘēȽɡ

ɂɛɍŁȩɏĠĞzĬƘēɥ�ÜȻɂʣƘēǣįɐʢǎàǑƧƆàɏŤ�ĪFɥĠ�ɏƀȩɌʚ

ʌʙɉÉȯɡȸɊɥŢºȻɈ��ɏǣįɥǄ~ȻɂʣèĸŃɉɏŤ�ĪF�ĒɏěȭɉȬɡİÍƐ

cɏŉǫóƣƁɏÇþɊȻɈũŉǝeɊ?�ïƯ³ʢÍƗƣƁɏÇþɊȻɈ�ŦƅďǋɊ�ŦĐŴʢ

ȺɟɍŉĪFɏ£ǡɥǑÍĬɍÉȯɡÇþɊȻɈǊ®HÑʢ��ɏĠ�ɷʂʚɷR°ɥÉȯɡɂɛɍ



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb ohb eb

 

`đʎʙʔʜɥƘēȻɂʣǭ

ĠĞzĬƘēɐʢʀɷʂɲʞɷİŜǆɍɈƭƺɥ ǸǴțȝǳȘ ɍĒƺȻɈʢàŐ9 ǵǹ 8Ǒǘɉ�ÜȻ

ɂʣƘēàǑɐ ǷǴ ľɉȬɡʣàŐ9ɉƘēȻɂÇþɐʢũŉǝeʢ�Ŧƅďʢ�ŦĐŴɏ Ƿ ɆɉȬ

ɡʣǭ

ƧƆ�ɍƘēȲǜȻȭĠĞzĬƘēɐʢH�ɏ£ǡɝàǑpJɥúCǅȶɡɂɛɍʢƧƆİ?ʝ

İ¥ɍʀɷʂɲʞɷŭɍɈ�ÜȻɂʣƧƆ?¥ɍƘēȻɂÇþɐʢƅ��ǉ%ʢ?�ïƯ³ʢǊ®H

Ñʢ`đʎʙʔʜɏ ǸɆɉȬɡʣǭ

��ɏĠĞzĬƘē%ɐʢ$��ɥǖOȽɡɂɛʢVƘē%ɥƧƆǐvàɏƘē%ɉǖȻʢė

Ā-JȻɂpJĜɊȻɈƘŋȻʢƖíɍĢȭɂʣɘɂʢpJĜɏʁʞɻɍɆȭɈɐʢ8×8íɍɞɡ

ø~ɥƆȭʢwIǑɏå¶�ø~ɥ�ÜȻɂʣǭ

cjdb O5"0b

cjehdb D�9��KQ	b

~³ĬɍĪF�ĒGîɥē~ȽɡɂɛɍʢǴʢǹʢǵǹʢǷǴʢǸǹʢǺǴʢǽǴʢǵǶǴ8¥ɍȪǴʨ1ȵ·ȼɌȭʢǭ

ǵǾɝɝ·ȼɡʢǭ ǶǾ�Ȼ·ȼɡʢǭ ǷǾ·ȼɡʢǭ ǸǾȱɌɠ·ȼɡʢǭ ǹʨ½¹ɉȳɌȭȫɏ Ǻ ăǗɏƬ�ǆ�;

ɏĪF	ƔƝ ɥ�ÜȻɂʣƝ ǆ�ɐʢǥʢŧʢũ�ʢŵʢųʢźǆʢsŷʝŹʢƩǩʝɓȵɟɐȴɏ

ʧǆ�ɉȬɡʣS¨Ȼɂǆ�;ĪF	ƔƝ %ɍʢɦʜɰʞʂơñɍɞɡŤ�ĪFɏǆ�;ǊƐ�ɞ

ɠĈɛɂǆ�;Ǌə"ØǯȏȘȖȠșȕȓȞǭǵǽǽǵǰɥ
ȼɂǊəɆȳŜ¢^ɥŤ�ĪFÇØɊȻɈ~šȻɂʣǭ

Ɖ ǹǱǹǭ Ť�ĪFɏǆ�;Ǌə"Øǭ

�

Body part Weighting
Neck 0.5

Shoulder 0.4
Back 0.5
Lumbar 0.5
Arm 0.3
Buttock 0.4
Ankle, Calf 0.3
Knee, Thigh 0.4



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb oib eb

 

cjeidb F@@]�b

ŉƣƁɏƘēɍȰȭɈɐʢŉǝeɥ�ĢȽɡɏȲ�žĬɉȬɡȲʢ��wIŚÆɍǒȽɡŉĎ

HɐƿHɌɋɍąɕʢǟ�ɍ�Ⱥȭʣɀɏɂɛʢ·�ſȵƘēȽɡɂɛɍūHǝúȲƵ�ǐīȺɢ

Ɉȭɡǯçmǭ ǶǴǴǺǰʣèĸŃɉɐʢũŉɏŉǝeɥūHǝúʠȀșȟȝȖȢȠșȔȡļǿȔȢșȤȖǭȏȒǷǶǴƉǠŉǝe

ɵɷʀʒʡɥĢȭē~ȻɂʣƘēɐʢǵțȆȧ ɉ ǷǴ ľǑƆȭʢǝúɐƬ�ũǠ¥ā�Ŝ�(ɏň Ƕ ŵ

÷ʚʌʙɍƥ�ȻɂʣƘēȻɂŉǝ�ɐʢŉĎHɏś^ɊȻɈł8Ȼɂł8ŉǝ%ʠȇȃȊȅʡɊŉĪF

ɍɞɡ¦ČJȲĵɟɢɡ�t\ČØʠȊȍȄʡɥÇþǯȀȓȡȝȓȚșȓȞǭǵǽǼǹǰɊȻɈƘŋȻɂʣǭ

cjejdb I��W
b

H�ɏɞȮɌŉĎHɍ�ȻɈʢwI#ÆɏɞȮɌŉĎHɉɐŉ�CīĠɍɞɡAġĘɊȻɈĪFĘ

ƦɊȻɈĵɟɢɡ�ǉȲĠ¼Ⱥɢɡʣȸɏ�ǉɐʢƅďɍɞɠ1ƬɍÅ×Ⱥɢɡǯ2ģǭ ǵǽǽǻǰǯ2ģǭ

ǶǴǴǵǰʣǭ

è�ǪɉɐʢƅđÌSɍȰȭɈKzĬ6Šɥ¯ƐɊȻɌȭɷʏʞɿʂʚʞʄʜɯɌɋɉĢȭɟɢɡ

ƅ��ǉ�ƘēƋŠʠǿȠțȜȓȦ ļʗɮʀʞʂ ȍȠȟǭȉȐǱǵǻǵǴʡɥĢȭɂʣƊǪţɐ�ĢɏʄʞʃʙɍɈʢ

ŻƬɉ ǹȨȜ ɏƅđɥĻÇ.ŇɞɠÌSȻʢƅđɐǝĆĬɍƖíȺɢʢƘēaɍƅ��ǉ�ȲƉĻȺ

ɢɡʣǭ

ɌȰʢè�ǪɉɐʢÌƅɍX¶Ȼɂ ǵ YɏƊǪţɏə�ÜȻɂʣɘɂʢÌƅɐƧƆ?¥ȰɞɒƧ

Ɔ ǺǴ 8¥ɍȹȵķàǑ'ƭȻɈ�ÜȻɂʣǭ

cjekdb �,S b

ƿưwIɍȰȭɈʢĠ�4ƣƁɐũŉʝ�ŦŉȰɞɒůðɍŘřĬɍ�ĢȻɈȭɡʣɀɏɂɛʢ

ĳ�ɍɞɡŉǫóŐ³ūpJɏÇþɊȻɈʢŅ��?�%ɥē~Ȼɂʣǭ

cjeldb �EI1Yb

ƉǠƯǆŔşɍ�ȽɡÍƗƣƁɐʢźǆɝsŷǆɍƅďǓ�ɥĠȼȺȿʢɀɏŖîȲ�Ŧ1�



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb ojb eb

 

ɏƅďpJɝĐŴɊȻɈĠȼɡʣǭ

ÍƗƣƁɏİÍÇþɊȻɈʢƩ.ɏƅďǯ|Ƅǭ ǶǴǴǹǰɥİÍÇþɊȻɈʢʚʞɴʃɾʋʗƅďƘ

ʠǿȕȤȓȞȔȖ ļ ǿȉȄǶǵȎʡɥĢȭɈƘēȻɂʣʍɼʙÔ�ɍɞɡƅďpJɥŢºȻʢƘēɐʉɾʂʚɷʂɍ

Šȭɂ�Ʃǩɏ¥ŰǫǞŮɍɈ�ÜȻɂʣǭ

cjemdb �E2Gb

�ŦɏĐŴɐʢƅďǓ�ɍɞɡć8'ħȲ	ƐcɉȬɡɂɛ�Ŧć8[åǋɉǑÍĬɍƘēɉ

ȳɡǯȈȓȥȓȞȟǭǶǴǴǹǰǯȍȟȢȢșȖȠǭ ǵǽǺǽǰʣèĸŃɉɐʢr\ČØ��ŬŨƘʠłćJz�ù ȊȉȐǱǷǴʡɥĢ

ȭɈ�Ŧɨʜʈʞɼʜɷɥē~Ȼɂǯ��ǭ ǶǴǴǹǰʣ�Ŧɍ[ɘɢɡć8ǋɐ�ŦɨʜʈʞɼʜɷɍRą

�Ƚɡɂɛʢ�ŦɨʜʈʞɼʜɷɏƸØɥÇþɊȻɂʣʍɼʙÔ�ɍɞɡƅďpJɥŢºȻʢǝúƥ

�ǆ�ɐ��ŷɊȻɂʣǭ

cjendb X��%b

Ǌ®HÑƘēɐʢ�ƈ·ƓɏơñɍĢȭɟɢɡȲʢŅ�wI=©ȲƒƓɊ�ƈ·Ɠɏʉɧʞʃʅ

ɾɮɏ-ɉŉCɍɞɠƆɤɢɈȭɡɊȽɡɊʢŉĪFɍɞɡŉ7Cę³ɏpJȲſȭÇþɍɌɡɊ²

ɤɢɡǯȐȘȟȝȓȡǭǵǽǻǹǰʣǭ

ɀȸɉèĸŃɉɐʢʇʞʒjʛʞʃɹʙɥā�ƕ¢ɏǢĖɍǈŠȻɂŻ�Ǌ®HÑƘɥĢȭɈʢ

Ǌ®ƮƪɥƘēȻɂʣƒƓʉɧʞʃʅɾɮɏ£ǡɥSɠǖȵɂɛʢƘēɐǏĲɍɈ�ÜȻʢǹǴȆȧ ɉ ǷǴ

ľǑƘēȻɂʣwI=©ɏÇþɊȻɈĢȭɟɢɡN�ǠłƮƪǎʠʩśƮƪǎʤĶ¢ǠłʡɥÇþɊ

Ȼɂʣǭ

cjeodb �3�*b

�žɍĪFȲĠȼɡɊʢɷʂʚɷR°ȲŻ¤ĽŕŐʢ48ĊŐʢ/ĩŐɍĠȼɡȸɊȲĵɟɢɈȭɡʣ

ɀȸɉèĸŃɉɐʢ`đɍȰȶɡɷʂʚɷʎʙʔʜɏĠJz8íǯ�òǭ ǵǽǽǼǰǯȈȓȢȟǭǶǴǴǺǰɥ�ÜȻɂʣǭ

`đɐʢƧƆɏ?¥ɍÌSȻʢɲʙɽɺʞʙʢ/ĩɯʛʊʘʜʢɮʛʔɯʗʄʜ ǿĕ�ɍɆȭɈ8í



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb okb eb

 

ɥƆɅɂʣ/ĩɯʛʊʘʜɊɮʛʔɯʗʄʜ ǿ ɍɆȭɈɐɻʜʆɮƦƍāɥƆɅɂʣɌȰʢ�Ǫ?Øà

ǑɐʢɬʉɩɨʜɏÓSɥÎȯɡɞȮƊǪţɍÇĻȻɂʣǭ

ǭ

lfjfib �`A+b

chdb D�9��KQ	b

§ëƿưwIɊÚƿưwIɏàŐ9ɏ1ƬɏŤ�ĪFÇØɥe ǹǱǵǺʢũǆɊŵǆɏŤ�ĪF

ÇØɥe ǹǱǵǻ ɍ�i%ȰɞɒþĔ&�ɏŕàpJɥĻȽʣŤ�ĪFÇØɐʢƧƆǐvàɐ1Ɗ

ǪţɍȰȭɈ1ǣįȲƝ Ǵ ɉȬɅɂȲʢȭȾɢɏƿưwIɜŤ�ĪFɐŕàĬɍoDȻʢƧƆ

ǷǴ 8¥ȱɟwIɍɞɡ�ȲƑɟɢʢƧƆ ǵǶǴ 8¥ɉɐʢå¶Ɍ�ȲƟɛɟɢʢÚƿưwIɉɐĪF

·ɏƽƆȲƾȵʢǶ àǑɏƧƆɉ§ëƿưwIɏőʥàǑ8ǯőM8ǰɏŤ�ĪF·ɉȬɅɂʣǭ

 
e ǹǱǵǺǭ 1ƬŤ�ĪFÇØǭ
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e ǹǱǵǻǭ ũǆȰɞɒŵǆŤ�ĪFÇØǭ

ǭ

b

cidb 87�;O5A+b

ciehdb F@]�b

e ǹǱǵǼ ɍàŐ9ɏŉǝł8%pJʢe ǹǱǵǽ ɍ�t\ČØpJɥĻȽʣŉǝł8%ɐŕàĬɍ

oDȻʢęɍ ǽǴ 8�ǔɐwIɍɞɡ�ȲƑɟɢʢǵǶǴ 8¥ɍȰȭɈɐÚƿưwIȲ§ëƿưwI

ɍąɕɈå¶ɍ�Ⱥȭ)ZȲƑɟɢɂʣ�Ûʢ�t\ČØɐʢŕàĬɍĒ�Ƚɡ)ZȲƑɟɢɂȲʢ

Ē�ɏŀ�ɐÚƿưwIɏÛȲ�Ⱥȭ)ZȲƑɟɢɂʣǭ
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eb omb eb

 

�

e ǹǱǵǼǭ ŉǝł8%ǭ

�
e ǹǱǵǽǭ ŉǝ�t\ČØǭ
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? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb onb eb

 

cieidb I��W
b

e ǹǱǶǴ ɍƅ��ǉ�ɥĻȽʣƊǪţ ǵ YɉɐȬɡȲʢǺǴ 8¥ɏ�ɐú�ȺȭȲʢǵǶǴ 8¥ɍȰ

ȭɈɐ§ëɏƿưwIɍąɕɈÚƿưwIɍȰȭɈƅ��ǉ�Ȳ�ȺȭȸɊȲɤȱɅɂʣǭ

�

e ǹǱǶǴǭ ƅ��ǉ%ǭ

ciejdb �,S b

ƧƆ¥ɏŅ��?�ɏƘēŖîɥe ǹǱǶǵ ɍĻȽʣȸɢɞɠʢÚƿưwIɍȰȶɡïƯ³ɏpJ

ɐʢ§ëƿưwIɞɠ�ȺȭȲå¶�ɐƑɟɢɌȱɅɂʣǭ
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eb oob eb

 

�

e ǹǱǶǵǭ Ņ��?�ǭ

ciekdb �EI1b

e ǹǱǶǶɍàŐ9ɏ�ŦƅďpJɥĻȽʣÚƿưwIɍȰȶɡ�ŦƅďɐʢŕàĬɍ�ƽɏƑɟ

ɢɡ§ëƿưwIɍ�ȻɈı�Ĭɍ|~ȻɈȭɡ)ZȲå¶ɍƑɟɢɂʣǭ

�

e ǹǱǶǶǭ �Ŧƅďǭ
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? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb opb eb

 

cieldb �E2Gb

àŐ9ɏ�ŦɨʜʈʞɼʜɷɏƘēŖîɥe ǹǱǶǷ ɍĻȽʣʅʗɿɭɐsȳȭȲʢÚƿưwIɍȰ

ȶɡpJɐ§ëƿưwIɍąɕɈå¶ɍ�ȺȵʢĐŴɜ�ȺȭɊȭȯɡʣǭ

�

e ǹǱǶǷǭ �Ŧɨʜʈʞɼʜɷǭ

ciemdb X��%b

e ǹǱǶǸ ɍƧƆ¥ɏǊ®HÑpJɥĻȽʣÚƿưwIɐʢƧƆ¥ɏǊ®HÑɐå¶ɍ|~ȻɈ

Ȱɠʢŉ=©ɔɏŉĪFɏ£ǡɐ�ȺȭɊȭȯɡʣǭ
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? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb pgb eb

 

�

e ǹǱǶǸǭ Ǌ®HÑǭ

ciendb �3�*b

e ǹǱǶǹʬǹǱǶǻ ɍ`đ³Jz8íɏŖîɥĻȽʣƧƆ¥ɍȰȭɈʢɲʙɽɺʞʙɐĒ�Ƚɡ)Z

ȲƑɟɢɂȲʢ/ĩɯʛʊʘʜʢɮʛʔɯʗʄʜǿɍɆȭɈɐoDȽɡ)ZȲƑɟɢɂʣȻɂȲɅɈʢè

Ŗîȱɟɐɲʙɽɺʞʙ�qɏ Ƕ ÇþɐʢÚƿưwIɍȰȭɈ§ëƿưwIɞɠpJȲ�Ⱥȭ)Z

ȲƑɟɢɂȲå¶�ɐƟɛɟɢɌȱɅɂʣǭ
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eb phb eb

 

�
e ǹǱǶǹǭ `đɲʙɽɺʞʙǭ

 

�

e ǹǱǶǺǭ /ĩɯʛʊʘʜǭ
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? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb pib eb

 

�
e ǹǱǶǻǭ ɮʛʔɯʗʄʜ ǿǭ

b

lfkb C�b

èĸŃɉɐʢĪF�ĒƿưwIɥĈɛɡɂɛɍʢ�ǪĢUpɵʞʂɥĢȭɈʢƿưwIɊɵʞʂĳ

�Ǡ¢ĚɥäǃJȻɂʣƉ ǹǱʥɍĻȻɂɞȮɍʢ�ŅwIɏƘēʁʞɻɐ{}ńǑɍȰȶɡƘē%

ɏɂɛǕ~ȺɢɡȲʢäǃJȺɢɂwIɐʢ§ëwIɍąɕɈ�ŅwIɍƵȵɌɡ)ZȲƑɟɢɂʣ

ȻɂȲɅɈʢ§ëɏwIɍąɕɢɑʢůðƣƁȲ�ĒȺɢɂwIɊɌɅɈȭɡɊŢȯɟɢɡʣǭ

Ġ�CzĬƖíŖîȱɟɐʢwIäǃJȻɂÚwIɍȰȭɈŉƣƁɝ÷ǑìƣƁɌɋɏŉǫó

ƣƁȲ�ĒȺɢɡ)ZȲĺƟɉȳɂʣɘɂʢɵʞʂɮɾɵʖʜRCɐǛ�ȽɡȲʢ��àɍäɜƁǊɏ

Ǜ�ȽɡźǆƁǊɜĒ�ȻɈȰɠʢÍƗƣƁɜXýɍ�ĒȺɢɡ)ZȲĺƟɉȳɂʣȸɢɟɏŖîɐʢ

Ť�ĪF�ĒɏİÍĬƐcɥ�ĒȽɡɊȭȮįĬɍWŽȽɡɜɏɉȬɡʣǭ

ǞĬ�ǪƖíɍȰȭɈʢäǃJwIɐŉǫóƣƁɊÍƗƣƁɏ�ĒɍɞɠøƜȺɢɂʣȸɏÚƿ

ưwIɥ3ĝJȽɡ�ǪĢɵʞʂɍɞɡHĬǎàǑƧƆ�ǪɍȰȭɈɐʢe ǹǱǵǺ ɍĻȻɂɞȮɍÚ

ƿưwIɉɏŤ�ĪFɏ	ƔƝ Ȳʢ§ëɏƿưwIɍąɕ�ĒȺɢɡ)ZȲƑɟɢɂʣè�Ǫ
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? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb pjb eb

 

ɉɐ ǹYɏƊǪţ�Ǫɉő ǹǴʟɏŤ�ĪF�ĒGîȲĺƟɉȳɂʣȻȱȻʢÚwIɐƊǪţ ǵǷY

ɏäǃJŖîɥ-ɍ~ɛɂɜɏɉȬɠʢƊǪţ ǶǴ YɏĠ�4ƣƁƖíɉøƜȺɢɂɜɏɉȬɡɂɛʢ

ƊǪţØȲ�ØɉɜåGɉȬɡɊŢȯɡʣȻɂȲɅɈʢǞĬķàǑĳ�ɍɞɠäǃJȻɂwIɐʢH

ĬǎàǑŤ�ĪF�ĒɍȰȭɈɜåGɉȬɡɊȭȯɡʣɘɂʢǶ Ā-ĴĚǠ4ɉɏwIäǃJȲŤ

�ĪF�ĒɍåGɉȬɡɊȭȯɡʣǭ

§ëɏĸŃɉɐʢ��wIɍȰȶɡŉƣƁ�ĒɏÛċɊȻɈʢ��ɏ¥)ɊűCȲÈȷɟɢɈȭ

ɡǯȋȓȔȘȖȝȡȟȞǭ ǵǽǺǴǰǯǿȞȕȖȠȡȡȟȞǭ ǵǽǻǸǰʣȻȱȻɌȲɟʢűCàɍɐʢ�MƬɏŻǊȲËȱɡɂɛůð

ƣƁɐosȽɡɊŢȯɟɢɡʣèĸŃɉÐôȽɡƿưwIɊɵʞʂĳ�Ǡ¢ĚɐʢǫówIɐ¥)

ȻűCȻɈȭɡȲʢƬ�ɐ Ƕ ɆɏɵʞʂʅɾɮÕÆǠɍɞɠÕÆȺɢɈȭɡʣɀɏɂɛʢɵʞʂɍ¥)Ȼ

Ɉĳ�ȻɂàɍɵʞʂʅɾɮɊɵʞʂɮɾɵʖʜǑɍèëĠȼɡǫĮƌǠɏǙǑɐǟ�ɍ�Ⱥȵʢ�M

ƬɏŻǊɐL8ɍÕÆȺɢɈȰɠʢɀɏŖîŉǫóƣƁȲ�ĒȺɢɂɊŢȯɡʣHĬǎàǑƧƆ�

ǪɍȰȭɈʢe ǹǱǵǺʢǹǱǵǻ ɍĻȻɂɞȮɍÚƿưwIɉɏŤ�ĪFɏ	ƔƝ Ȳʢ§ëƿưwI

ɍąɕsȳȵ�ĒȺɢɡ)ZȲƑɟɢɂʣȻɂȲɅɈʢĳ�wIɍƨcȽɡĠ�CzĬƣƁ�Ēɐʢ

ƿưwIɍȰȭɈɜåGɌÀăɉȬɡɊŢȯɟɢɡʣǭ

e ǹǱǶǼ ɍʢ;ɏ�ǪɉS¨Ȼɂʢƭ� Ǹ ƭŁʠǿ�ȂʡʢƊǪţ Ǹ Yɉʢ�žǬƺǀX�ɲʞɷɥ

ǎàǑƧƆȻɂlWɏŤ�ĪFÇØɥĻȽʣèņɉĢȭɂÚƿưwIɊ§ëƿưwIɐʢƭ� ȁ

ɍɈƆɅɂɜɏɉȬɡʣȸɏʁʞɻɥĢȭɈʢĪF�ĒGîɍɆȭɈŢ�ȽɡʣȸɢɥƑɡɊʢŤ�Ī

FɐʢƭŁɍɞɟȾXýɍʢŤ�ĪFɐǟŜ¢ĬɍoDȽɡǟŜ¢ĬɌoD)ZɥĻȽȸɊȲɤȱ

ɡʣȸɏŖîɐʢe ǹǱǵǺ ɉĻȻɂŖîɊɜ�ŽȽɡʣęɍʢƧƆ ǺǴ 8ɘɉɐʢê�Ǒɏ�ɐƑɟɢ

ȾʢǺǹ 8�ǔɐ�ȲÅsȻʢê�Ǒɏs�Ȳ0ɢãɤɡȸɊɜɌȱɅɂʣèņɉĢȭɂ Ƕ ɆɏwI

ǯȑȖȘșȔȜȖǭȁǰɐʢąƳȻɂ ǸƭŁɏ�ɉɐʢäɜŤ�ĪFȲ�Ɍȵʢɀɏ§ëwIɍąɕʢÚƿưwI

ɉɐȺɟɍM8ŀ�ɏĪFɉȬɡȸɊȲĺƟɉȳɡʣȽɌɤɄʢŤ�ĪF�ĒGîɊȻɈɐʢ�ƭŁ



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb pkb eb

 

ɥDȯɢɑúɛɈsȳȵǧƂɉȬɡȸɊȲɤȱɡʣɀɏɂɛʢ~ǋĬɍĺƟɐɉȳɈȭɌȭȲʢwIä

ǃJɍȰȶɡĪF�ĒGîɐʢäsʚʌʙɍǁȻɈȭɡɊŢȯɟɢʢȸɢ��ɏĪF�Ēɐ�ɟȱɏ

;ɏÛŊȲ¯ƐɍɌɡɊ²ɤɢɡʣǭ

ɌȰʢȸȸɉąƳȻɂ ǸƭŁɐʢƭ�ɳɨɸʢɵʞʂɝÊĆǋɜĨɌɠʢNŒɍĳ�wIɏǂȭɃȶ

ɉĪFȲĠȼɈȭɡɤȶɉɐɌȭʣɘɂʢǽǴ 8ȱɟ ǵǴǴ 8ɍËȶɈĪFȲĒ�ȽɡɏɐʢƧƆ ǽǴ 8

ɍȰȭɈ ǵǴ 8Ǒɏ�»ɥSɅɂɂɛɉȬɡʣ�»¥ɏĪFɐʢ�àbªȽɡȲʢǵǶǴ 8�ǔɏĪF

ɐɀɢɘɉɏǟŜ¢�ÞáŜɏ�ǎŜ�ɍ¾ɡ)ZȲƑɟɢʢĪFȲƃłȻɈȭȵýxȲĺƟɉȳ

ɡʣǭ

ǭ

e ǹǱǶǼǭ �žǀƧƆɍȰȶɡŤ�ĪFpJǭ

e ǹǱǵǼ ɍĻȻɂɞȮɍʢÚƿưwIɏũŉĎHɐ�ĒȺɢɂʣɘɂʢe ǹǱǵǽ ɍĻȻɂɞȮɍŉĪ

FɥĻȽ�t\ČØɏĒ�ȲĺƟȺɢɂʣe ǹǱǵǺʢǹǱǵǻ Ɋ ǹǱǵǼ ɥąƳȽɡɊʢǵǶǴ 8¥ɏł8ŉ

ǝ%ɏ§ëƿưwIɊÚƿưwIɏąĜɏ)ZɐʢĪF	ƔƝ ɍſȵ�ŽȻɂʣȸɢɟɏŖîȱ

ɟʢũŉǝeɐǎàǑƿưàɏŤ�ĪFƝ ÇþɊȻɈåGɉȬɡɊȭȯɡʣǭ

ƊǪţØɐǕɟɢɡȲʢe ǹǱǶǴ ɍĻȻɂɞȮɍƅ��ǉ�ɐǧƂɌ)ZɥĻȻɂʣȸɢɞɠʢɨʜ

ʉɪʞʒʃɲʜɹʜʂȲĺ�ɍ�ÜɉȳɢɑʢŉĪFɏåGɌÇþɊȻɈŢȯɟɢɡʣèÇþɏåG
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? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb plb eb

 

³øƜɍɐʢȺɟɌɡ�ǪȲ¯ƐɉȬɡʣǭ

e ǹǱǶǵ ɍĻȻɂɞȮɍʢʅʗɿɭȲsȳȵŗƘzĬɍå¶ɌŖîɉɐɌȭȲʢǎàǑƿư?¥ɉ

?�ïƯ³ȲpJȽɡ)ZȲƑɟɢɂʣ?�àɏ	*ŉɐŶŉɉȬɠʢ	�áǒŌɐťǒŌɉȬɡ

ȲʢȸɢɟɏƣƁɐ��wIàɉɐ�Ⱥȭʣ�Ûʢ��wIàɍɐƬ�ũǠɏŉɝůðɍŘřĬɌ

CzĬƣƁȲ�ĢȻɈȭɡɂɛɍʢũŉɝsŷ¥ǠŉɏŉĪFɍɞɡĹJɝgŝɍɞɡ÷Ǒì 

³EJɐǧƂɉȬɡɊ²ɤɢʢɀɏŖî?�ïƯ³ɍpJȲĝɢɂɊŢȯɟɢɡʣȸɏŖîɐʢèĸ

ŃɏŉǫóƣƁ�ĒɏŢȯÛɍ�ŽȻɈȭɡʣɘɂʢèÇþɐʢƘēɏ�ß³ȱɟʢǎàǑƿưà

ɏŤ�ĪFƝ ɍåGɌÇþɉȬɡɊŢȯɟɢʢ�¥ȺɟɍøƙȲ¯ƐɉȬɡʣǭ

e ǹǱǶǶ ɍĻȻɂɞȮɍʢ�ŦƅďǋɐÍƗƣƁɍ°ȼɈ�ƽȻʢ�|~ɍɌɡ)ZȲƑɟɢɂʣ

�žɍɐʢÍƗƣƁȲoDȽɡɊƅďȲǓ�ȺɢʢƅďǋɐĒ�ȽɡʣȻȱȻʢè�ǪɉɐƸɏ)

ZȲƑɟɢɂʣ�Ûʢe ǹǱǶǷ ɍĻȻɂ�ŦĐŴȲ§ëwIɏÛȲsȳȭȸɊȱɟʢ1�ɉɏƅď«

ğɐŖîɊȻɈ´JȻɈȭɡȸɊȲɤȱɡʣȻɂȲɅɈʢ�Ŧƅďǋɏ�ƽɐ§ëwIɍȰȶɡÍƗ

ƣƁȲƅďǓ�ɥƨȸȽɖɋsȳȭɜɏɉɐɌȵʢɚȻɣÍƗƣƁɍɞɡƅďÃÁɍ�ȽɡƬ�(ɏ

ƍ+R°ɉȬɡɊŢȯɟɢɡʣȻɂȲɅɈʢȸɢɟɏÇþɐƯǆŔşgƶɥƉȽÇþɊȻɈåGɉȬɡ

ɊŢȯɟɢɡʣęɍʢ�ŦĐŴɐʢr\ČØ��ŬŨƘɍɈ�ßɍƘēɉȳɡɂɛʢ!<ɌÇþɉȬ

ɡɊȭȯɡʣǭ

e ǹǱǶǸ ɍĻȻɂɞȮɍʢǊ®HÑɍȰȭɈŉ7Cę³ɏpJɏ£ǡȲĺƟɉȳɂʣȻɂȲɅɈʢ

Ǌ®HÑƘēɜʢǎàǑƿưàɏŤ�ĪFƘēɏåGÇþɉȬɡɊȭȯɡʣǭ

e ǹǱǶǹʬǹǱǶǻ ɍĻȻɂɞȮɍʢɲʙɽɺʞʙ�qɏ`đʎʙʔʜɐʢŤ�ĪFɍ°ȼɈ8ĊȺɢ

ɂʣȻɂȲɅɈʢ`đʎʙʔʜɐʢèĸŃɏɞȮɍǕ~ȺɢɂŤ�ĪFɏê��ɍȰȭɈɐåGɌÇ

þɉȬɡʣȻȱȻɌȲɟʢŤ�ĪFɏəɌɟȾʢŏĽĬɌɷʂʚɷR°ɏ£ǡɥ[ɚɂɛʢ<Ģɍɐč

¶Ȳ¯ƐɉȬɡɊ²ɤɢɡʣǭ



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb pmb eb

 

��ɏɞȮɍʢĠĞzĬƘēŖîɐʢûɎĪF	ƔƝ ɊXýɏ)ZɥĻȻɂʣȻɂȲɅɈʢ	Ɣ

Ɲ ɍɞɠ~³ĬɍøƜȺɢɂĪF�ĒGîɐʢ~ǋĬɍøƜȺɢɂɊŢȯɡʣ�Ûʢ$��ɍƨ

cȽɡɊ²ɤɢɡƘēŖîɏɑɟɆȳȱɟʢ�ǆɏŖîɐʢŗƘzĬɍå¶Ɍ)ZɥĻȽɍɐżɅ

ɈȭɌȭʣɘɂʢĠĞzĬƘēɐ1�Ĭɍ�ßɉɐɌȭʣȻɂȲɅɈʢĪF	ƔƝ ɐ~³Ĭɉɐ

ȬɡȲʢƎ_ǐīɍȰȶɡǎàǑĪFƝ ɍȰȭɈɐǟ�ɍåGɌÇþɉȬɡɊȭȯɡʣǭ

èĸŃɉɐʢ��ɏĠĞzĬÇþɥŉǫóƣƁɏİÍÇþɊȻɈÄ7Ȼɂʣũŉǝeʢ?�ïƯ

³ʢ�Ŧƅďǋʢ�ŦĐŴʣŤ�ĪFɏ£ǡɥĻȽÇþɊȻɈʢǊ®HÑɥÄ7ȻɂʣɘɂʢŤ�Ī

FɍɞɡɷʂʚɷR°ɏÇþɊȻɈʢ`đʎʙʔʜɥÄ7ȻɂʣȻɂȲɅɈʢ��ɵɷʀʒɏƀȩɌʚʌ

ʙɍȰȭɈʢŤ�ĪFɏ£ǡɥÉȯɡȸɊȲɉȳɂʣȸɢɞɠŤ�ĪFɏİÍĬƐcȲʢǑÍĬɍƿ

ưɍ�ȻɈ£ǡɥQɗȽUū³ȲȬɡɊŢȯɟɢɡȸɊȲɤȱɅɂʣǭ

b

lflb ANb

èņɉɐʢǎàǑƧƆàɏŤ�ĪFɥ�ĒɉȳɡÚȻȭƿưwIɥǐīȻʢŤ�ĪF�ĒGîɥ

øƜȻɂʣɀɏŖîʢň Ǹ ņɉ¨ɂʢĠ�Czɍkɇȵ��wIɏĉ~ƐcɉȬɡĠ�4ƣƁ�Ē

ȲʢǎàǑƧƆàɏŤ�ĪF�ĒɍåGɉȬɠʢĸŃĵƢɊȻɈɏåG³ɥĺƟȻɂʣɂɃȻʢèņ

ɉǐīȻɂȭƿưwIɐʢǬƺǀɏɞȮɌǎàǑƿưàɏŤ�ĪF�ĒɥěȭɊȻɂɂɛʢ�ƺɉ

ɏ�Ƈhɝ�ǑǆɏƿưɌɋĪF�Ēɏ,.�Ȳ�ȭɵʞʜɥµ~ȻɂlWɏäǃɌƿưwIɊ

ɐĨɌɡǆ8ȲȬɡʣǭ



 
b

? l >b ����/�J�tC!qrD�9��4UT��s[: 

eb pnb eb

 

ǭ

e ǹǱǶǽǭ ň ǹņɉ¨ɂ�ɠ®hĵƢǭ

èņɉ¨ɂ�ɠ®hĵƢɥe ǸǱǵǽ ɏƐœǑǒ"eɍDȯɂɜɏɥʢe ǹǱǷǴ ɍĻȽʣèņɉɐʢ

ň Ǹ ņɉĈɛɂĠ�Czɍkɇȵ��wIɏĉ~ƐcɉȬɡĠ�4ƣƁɥĒɟȽȸɊɉʢǎàǑƧ

ƆàɏŤ�ĪFɥ�ĒȻʢ�ɠ®hɥZ�ȽɡƿưwIƐ�Ɋɵʞʂ¢ĚɥĈɛʢ�ǪɍɞɠGîɥ

øƜȻɂʣȸɢɍɞɠʢǎàǑĳ�àɏŤ�ĪF�ĒƬ�ÕÆƐ�ɥʢĸŃĵƢɊȻɈüŎɉȳɂʣǭ
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=: HH: =:

 
) E(:  

-�%�� OQP4�JMN 

10'5K���2 

 
 
 
E>@>: ,/:

Ţ¯ťřō¯Ǒî}ǏǞǡĘ�æ:ǒ�ǌƾǊb=Ǥ��ǀǡÿŃ�ȗ�ĶTǑŮ�ǏǞǡƾǔ

ǢǝçǙȗÿŃ�ǝ�ĶTǑŮ�ǑčĎǏǞǡĩÑǑ�>ƵİPǌƾǊĖƲǟǢǡȘ�ºǞǠȗĩÑ

ǤO�ǀǡƺǌǤëéǌƾǊȗǰȓǻǏ,ĨƼǢǅ�<ĭĔǏǞǠĞŜǤ�<ƼǂǡƺǌǏǞǠȗæ:�

Ò;¼ǤÃĻƾǅòúŽpâŻ ƄƂƂƋžǝȗ�ĶTǑŮ�ǤŎÒǀǡƺǌǤëéǌƾǊȗǧȏǶȑīųǑ�

ÚǑr^ǏǞǠȗ�ĶĦŞǤ.¥ƼǂǡƺǌǋȗĠŜǌ]ğŜǑæ:Ǥ�ÒƾǅòúƵXKƼǢǊư

ǡŽñqŻ ƄƂƂƋžȘĩÑǑ�>ǒȗĘ�æ:Ǒì�éǎİPǋǒǎƸȗÿŃ�ǝ�ĶÚ�ǏǞǡȚÊé

ǎİPǌĖƲǟǢȗǘǅȗ�ĶTǑ�ÒǏǞǡ;¼ǒ�Ǐ]ƶǎĦŞƵŮ�ǀǡ}ŜǏ´;ǋƯǡǌ

ĖƲǟǢǡȘ·òúǋǒȗÙǏæ:�ƵèàƾǝǀưĞŜǑæ:�ÒǤëéǌƾǊȗì�éǎİPǌ

ĖƲǟǢǡĞŜǑÿŃ��ÒǏîëƾǅȘŻ

ĞŜǑÿŃ�Ǥ�ÒǀǡƺǌǤëéǌƾǅòúǌƾǊȗĞŜǤŮ�éǏ£�ǀǡǑǋǒǎƸȗŹêǌ

ĞÂǤįFéǏ£�ǀǡǰȓǻƵ¡ÀƼǢǊƳǠȗÿŃ�ƵnƼưb=Ǥ{ưųǋ£�ǀǡƺǌƵ´

;ǋƯǡƺǌƵôƼǢǊưǡŽ¿¶Ż ƃƋƋƅžȘǘǅȗŹêǌĞÂǆƹǋǒǎƸȗǰȓǻǿǸǫǤ Ƅ .7Ǐƾǅ



 
:

) 6(: -�%�� OQP4�JMN10'5K���2 

=: @??: =:

 

��ǢǰȓǻǏǞǠ�yŜ*�Ǥ£�ǀǡƺǌǋȗà�8féŃĦƵoǎưřōb=ǤǌǟǂǡƺǌǤ

ý Ƈ üǋ¡ÀƾǅȘ¡Àƾǅb=ǒȗŋ�ǑB<éǎŃĦƵ³nǑÚ�ǋŠǠFǇǅ×Ş8Ú�ǋ

Ǒ�ûb=ŽƐƝƥƧƞƝŻƎƀŻƓƚƧƨƟƚƢƢŻƏƢƠƞƟƩŻƎƝƤƩƝƧŻƃƋƉƈžǏŒưb=ǋƯǠȗÿŃ�Ǥ�ÒǀǡǅǛǏǒ

´;ǎ�ËǌĖƲǟǢǡȘƺǑb=ǒȗ5©ÏĲǤ3Ć¹�ǌƾȗȃǷȎȗǲǹǥȍȑǬǑ¢�ąǒġ

ãǏŀ§DĜǌưƱ¹�ǋ�ĈƼǢǊƳǠȗ�ºb=ǏmƾǊǰȓǻǿǸǫǤ]ƶƸ ƾǅb=ǌǎǡȘ

�ǇǊȗ�Ǐȗb=[>ȗ¢�ŷ|ǑoǎưźŕŚņĪǏ´;ǎb=ǌǎǡȘǘǅȗǰȓǻǿǸǫǤȚ

.7Ǐƾǅ��ǢǰȓǻǏǞǠȗ��ǑĴ|ŀ§ǤDĜǌǀǡƺǌǋȗ�ƮǏ³śǎÚ�Ǥ¡�ǀǡǌ

+ǏȗźŕŚņĪǑǙǏũǟǁņĪǰȓȑǏFǇǅb=Ǥ¡�ǀǡƺǌǤkÞƾǊưǡƀŻ

ǰȓǻǿǸǫǤ]ƶƸ ƾǅb=ǤkÞǀǡǅǛǏǒȗǰȓǻǿǸǫǤ Ƅ .7Ǐƾǅ��Ǣŀ§ÉÅ

Ƶ�İǎǗƴȗȃǷȎȗǲǹǥȍȑǬþǑ¢�ąǑ�ĔǤ�ºǞǠǜ]ƶƸŀ§ǋƶǡÉÅƵ�İǌǎ

ǡƀǃƺǋȗ·üǋǒȗǰȓǻǿǸǫǤ]ƶƸ ǀƺǌǎƸȗ�ģéǎǰȓǻǿǸǫĴ|ǏƳưǊȗÙ2ǎ

ŀ§ÉÅǤ�ǅǎưǰȓǻǿǸǫǏǞǠȗæ:�ÒǤkÞǀǡƺǌǤëéǌƾǊȗĞŜǑÿŃ�Ǥ�Ò

ǀǡřōb=Ǥ�yŜ*�ǋ£�ǀǡǰȓǻǤĽ�ƾȗǃǑ;¼ǑÃĻǤkªƾǅƀƺǢǏǞǠȗ�ǟ

Ǣǅ��ȆǩǽǳȅǏŦǀǡ}Ǡ�UïŁǑǰȓǻĺķǕǑ´á�ǏǈưǊÃĻǀǡȘŻ

:

E>A -�%�� ��K10'5K6$:

��Ǒĝ½Ǒ�ǋěŝŜǏ�ĔǀǡěÂǒęŹǏţƽƼǢǊƳǠȗ<ƶƵ3ũƼǢǅȂȐǸǫÅ

ŖǌıǎǀƺǌƵǋƶǡȘƺǑěŝŜǌŹêŜǒŅşƵŞƸȗǃǑťƵ<ƶǑġã|ǑźưĞÂƴǟ

ǎǡĞŜǏǞǇǊŗċƼǢǊưǡȘǘǅȗî}b=ǏƳưǊǒǾȅǲǻȍȑǬǲǑ%ƶǏǞǠȗŹêŜƵ

�ōǀǡȘ�ǇǊȗǘǁŹêŜǤ£�ǀǡƺǌǏǞǠ�ōǤŧƷȗŞşØǋƯǡěŝŜǤ£�ƾǊ�y

ŜǑġŞǤǰȓǻ#ǋŃ�ǀǡƺǌǏǞǇǊȗb=Ǥ��ǀǡĞŜǑÿŃ�Ǥ�ÒǋƶǡǌĖƲǅȘŹ

êŜǌěŝŜǤFßéǏ£�ǀǡ©ÎǌƾǊǒȗǰȓǻǿǸǫǑ�ŜƳǞǔ�ŜƵŋ�ǏŒǉƸ��



 
:

) 6(: -�%�� OQP4�JMN10'5K���2 

=: @?@: =:

 

Ǣ�ÚǏǞǠȗ³śǎb=ǌǎǡĴ|ǋ£�ǀǡƺǌƵ´;ǋƯǡƺǌǤý Ƈ üǋôƾǅȘ·üǋǒȗ

ƺǑĖƲ©ǏWǉƶȗR ƈſƃ ǏôǀǞƱǏȗ�ģéǎǰȓǻǿǸǫĴ|ǏƳưǊ³śǎb=ǌǎǡǞƱ

ǏĺjƼǢǅ��Ǣ�ÚǑǰȓǻǿǸǫǤ´ǀǡǰȓǻǤŤèǀǡƺǌǋȗĞŜǑÿŃ��ÒǤÙ2

ǎŀ§ÉÅǤĺƹǁȗ�ǮǲǻǋkÞǀǡƺǌǤĽǙǅȘŻ

Ż

R ƈſƃŻ Ę�æ:�Òb=ǑĺķïŁŻ

Ż

E>B: %�� �K���!:

kŬǑǰȓǻŤèǏî�ǀǡ5Ǐȗý ƅüǋŤèƾǅǰȓǻſ��ąȇǺȎǤ�áƾǅà�8fǰ

ȄȉȏȓǰȋȑǏǞǠæ:�Ò;¼Ǒ�5óľǤĪǇǅȘŌ�ȀǸǭȓǱȑǬǑYǑ�¸ǏƳƹǡǰ

ȓǻǿǸǫĴ|ǌƾǊȗŔvǑřōb=ǋAǠƱǡĂQȕƄƃƬ�ƅƅƬȖǏƳưǊȗǰȄȉȏȓǰȋȑǤk

ªƾǅȘŻ

ǰȄȉȏȓǰȋȑǒȗŢ¯ťæ:ļ�kŸċ¼Ǥëé[¦ȗà�8féŃĦǤĿ[¦ǌƾǅO

u~ǤáưǊÅăƾǅȘà�8féŃĦǒȗǰȓǻſ��ąȇǺȎǏmƾǊȗ}�b=ȕŹ¾b=Ȗǌ

ǰȓǻƴǟǑ?8ǏķĀƼǢǡȘǰȄȉȏȓǰȋȑǒȗ��Ǒ ƇËūǑ�ŵǋĪǇǅȘŻ

ƃžǰȓǻǿǸǫĴ|Ǒ)8ȘŻ

ƄžøƮǑî}b=ǑķÓċ¼ǞǠÅăƾǅb=ǌŦāĴ|ǑOu~ǏWǉƸŹ¾b= jȘŻ

ƅž}�b=¯Ǒ*ŋǑ�ŞǏǞǡ8ǌȇȓȆȑǻǑŠǠFư~ǏWǉƶȗ\8ǑĐMǒ�ŞǌŠǠ

Fưȗ\8ǑȇȓȆȑǻǑĐMƵǵȐǋƯǡƺǌǤëéŦ¦ǌƾǅȗȇǺȎǑŋ�EāǏ�áǀ
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:

) 6(: -�%�� OQP4�JMN10'5K���2 

=: @?A: =:

 

ǡǰȓǻ?8Ǒ³ś>ķĀǏǞǡ jȘŻ

Ɔž jƾǅŹ¾b=ǌǰȓǻ?8Ǥ)8ǺȓǶǌƾǅÿŹ¾ȇǺȎǏǞǡà�8féŃĦ jȘŻ

ƇžøƮǑ}�b=¹�ǏƳƹǡkŸċ¼ƴǟÅăƾǅà�8féŃĦǌĘ�æ:ļ�ċ¼ǑO

u~ǏǞǡĘ�æ:�¦ jȘŻ

ǰȄȉȏȓǰȋȑǏǞǡĘ�æ:Ǒ
Óċ¼ǤRƈſƄǏôǀȘǰȄȉȏȓǰȋȑċ¼ǞǠȗ�ģŌ�Ǐ

ƳƹǡǰȓǻǿǸǫĴ|ŔvĂQŽƄƅƬ�ƄƇƬžǏƳưǊȗ�ºǑřōb=ǏÌǖǊȗoǎƸǌǜĆ

ƃƂżǑæ:�Ò;¼ƵıőǛǡƺǌƵǣƴǇǅȘƺǢǒȗæ:�ǌņĪDĜŉůƵđ�ŲõǋƯǡǌ

�jǀǢǓȗGƿæ:�ǋĆƃ7ǠZƾǑŉůņĪǋƶǡƺǌǏǎǠȗæ:�Ò;¼ǌƾǊ�!ƵƯǡ

ǌ1¨ƾȗŤèǤŘǛǡƺǌǌƾǅȘŻ

:

R ƈſƄŻ Ę�æ:ǰȄȉȏȓǰȋȑċ¼Ż

:

E>C: &���IML&�8K�6�:

�ģéǎǰȓǻǿǸǫĴ|ǏƳƹǡ³śǎřōb=ǤkÞǀǡǅǛǏȗűéð¯ťî}kŸǏǊ

î}b=ƳǞǔǰȓǻǑî}ų�ÚǑ�ĈkŸǤkªƾǅȘŻ

E>C>@: �9��:

kŸĭĔǌƾǊȗý ƇüǋœǖǅkŸáD[ǰȓǻǤáưǅȘŻ

kŸǋǒȗĚǜǅǢĴ|Ǥ�ģéǎĺķWÕĴ|ǋƯǡ ƄƇ |ǌǎǡǞƱǏ0µ�ÚǤĺjƾȗk
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ŸmłėƵ�śǌ�ƿǡřōb=ǏǎǡǞƱǏĚǜǅǢǑ ƃƆ ȊǽǸǻǑ,ȗ�yŜǏ�Ĕǀǡ�#Ǒ

ƃƂ ȊǽǸǻEƮǑ�ĔǤŀ§ƼǂȗǃǑŬǑb=ƳǞǔî}ų�ÚǤķÓƾǅȘî}b=ǑķÓǒȗ

ŋ�Ù�ÖǤțÊ&}ÇÓjÉȕƏƌƖƕſƌƖƓȖǋķÓƾǅȘƘƃƂƳǞǔ Ɨƃ ǏǈưǊǒî}¯Ǐǒŭ

ǢǊƾǘƱǅǛȗěŝƳǞǔŹêǒ6�ǌıǎƾȗĚǜǅǢǑǎưÁcǏî}ƾǅÚ�ǋ
ǛķÓƾȗ

z�féǏ jƾǅȘkŸmłėȕŋŢ ƃƆƋƂȜƃƊƂƂƣƣȖǒ��ä� ƃƂ Hȗ`� Ƅ HǋƯǡȘkŸ

młėǕǒ�5Ǐ²ųǌCŶǋĿǤĪưȗG��kŸǤĪǇǅȘǎƳȗ�ŨǑ·òúǏŦ�ǀǡ

ǀǖǊǑkŸǒGÆǏG�Ǥ�ǊkªƾǅƀŻ

Ż

E>C>A: �9+�:

;@<: &���:

î}b=ǑķÓċ¼Ǒ�ǤR ƈſƅ ǏôǀȘǘǅȗķÓƾǅb=ǑjĕǌǃǑxV!ȗÇÕ"sǤ

(ĪòúǌÌŏƾǅċ¼Ǥī ƈſșǏôǀȘ·òúǋ�ģéǎǰȓǻǿǸǫĴ|ǋķÓƾǅ³śb=

ǒý Ƈ üǋķÓƼǢǅ�ûb=ǏŒưřōb=ǏmƾǊȗǰȓǻǿǸǫĴ|Ǒ[>ǏFǣǂǊŹê

ŜȗĞŜƵ5$ƾǅ�©ǋȗěŝŜǑĴ|[>ǒnƼƴǇǅȘ¤ǏěŝŜǌĞŜǑǎǀĴǒǰȓǻ

ǿǸǫĴ|ƵŇƶǅ.ǏFǣǂǊ]ƶƸǎǠȗ�ǢĴƵĒƸǎǇǅȘƺǑċ¼ǒȗ5©ǤÏĲƾȗǾȑǼ

Ȏ¢�ǤĪƲǡǞƱǏěŝŜǑĴ|Ǥ�ǌƱǌƾǅƺǌȗǘǅȗǰȓǻǿǸǫĴ|Ƶ[>ƾǅƺǌǏǞǠ�

yǑġŞǌŦāǑB<��ǑŦ�Ƶ[>ƾǅǅǛǌ ÓƼǢȗǰȓǻǿǸǫĴ|[>Ǐ�ǇǊ³śǎ

ěŝŜǌĞŜǑǎǀ�ǢĴǒ[>ǀǡǌĖƲǟǢǡȘǃǑ[>ǒȗĞŜǒǰȓǻǿǸǫĴ|ǏFǣǂ

Ǌ[>ƾȗěŝŜǒĴ|Ǥ�ǌƱǌǀǡƺǌƴǟȗ³śǎî}b=ǒȗR ƈſƆ ǏôǀǞƱǏĞŜĴ|Ǒ

ŇûǏ�ưȗěŝǌĞŜǑǎǀĴƵĒƸǎǡ[>ǤôǀǌĖƲǟǢǡȘŻ
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Ż

R ƈſƅŻ î}b=ǑķÓċ¼Ǒ�Ż

Ż

ī ƈſƃŻ î}b=ǑķÓċ¼Ż

 
 

Ż

R ƈſƆŻ ĞŜĴ|ǌĞÂſěŝímĴ|Ż
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Ave. Ave. Std.

A1 Pelvis angle 45.7 38 14.6 -7.7

Lumbar angle
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Thorax angle
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Lumbar-
Thorax
angle

(T1-T10-S1)

Skeletal angles

Measurement results of 
optimized posture Difference of 
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;A<: &�8�":

³śǎî}b=¯ǑkŸáD[ǰȓǻǑî}ų�ÚǑƃƄHǑķÓċ¼ǤRƈſƇǏȗxV�ÚǤ

RƈſƈǏôǀȘ�¾ƵåǎǇǊǜ³śǌ�ƿǡî}ų�Úǒ]ƶƸåǎǡƺǌǒǎƸȗǰȓǻǿǸǫ�_

Ŝǋ�Ǣ°Ƶǡ��Ǣ�ÚǤôƾǅȘƺǢǒ5œǑǰȓǻǿǸǫĴǏFǇǅ³śǎěŝŜǌĞŜǑ�

ǀ�ǢĴǏǎǡǞƱǏŀ§ƾǅċ¼ǌĖƲǟǢǡȘŻ

Ż

R ƈſƇŻ î}ų�ÚķÓċ¼ȕĬŸėàǺȓǶŞǐFǣǂȖ 

Ż

R ƈſƈŻ xVî}ų�ÚŻ

:
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E>C>B 4�OQP:

��Ǒċ¼ǏWǉƶȗxVî}ų�Úǒ6�ǑǰȓǻǏî}ƾǅŬǏôǀî}ųǋƯǡǅǛȗk

ŬǑǰȓǻǋǒî}ƾǅŬǏ³ĉéǏgjǀǡǅǣǙ�Ǒî}ųƵ�ĢǀǢǓĤưǌĖƲȗî}�

Ǒî}ųƵķÓċ¼ǑxV�ÚǌǎǡǞƱǏǅǣǙÙ�Ǥŀ§ƾǅR ƈſƉ ǏôǀǰȓǻǤĽ�ƾǅȘŻ

Ż

R ƈſƉŻ Ľ�ǰȓǻ 

Ż

E>D 4�OQPK3�:

Ľ�ƾǅǰȓǻƵÛưŔǠǏǋƶǊưǡƴóľǀǡǅǛȗÞĪǑǰȓǻǌǑÌŏļ�ǤkªƾǅȘŤ

èƾǅǰȓǻǌÞĪǑǰȓǻǒȗǫǸǰȋȑŜǒG�ǑÅŖǌǎǇǊƳǠȗǰȓǻǿǸǫǑǙǤ[±ƾǅ

ÆǏǊļ�ǤkªƾǅȘŻ

E>D>@: ��
�:

ÞĪǑǰȓǻǌĽ�ƾǅǰȓǻǏG�kŸmłėȕƃƉƃƂƣƣȗŻ ƉƂơƞȖƵî}ƾǅŬǑ�T.tķÓ

ċ¼Ǒ�ǤR ƈſƊ ǏȗȚǈǑǰȓǻǑÈ¨ųǑT8!ǑFķǌē©IǑ�ĔǑŦ�ǑÌŏǤR ƈſƋ

ǏôǀȘ�T.tǑķÓǒǽǸǶĮƍƑƐƓƌƘǤ�áƾǅȘ«eǑǰȓǻǋǒĞŜǤ��Ǐ�Ƹ£�ƾ

Ǌưǡ�T.tǤôǀƺǌǏmƾǊȗĽ�ƾǅǰȓǻǋǒŹêŜȗěŝŜǜ£�ƾǊƳǠȗǰȓǻǿǸǫ

�
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Ǒ�ƴǟ�ǘǋŗĎéǏ£�ƾǊưǡƺǌƵǣƴǡȘƾǅƵǇǊȗ³śǎb=ƵǌǢǡǞƱǏŀ§ƼǢ

ǅ��Ǣ�ÚǤ´ǀǡǰȓǻǒȗĺķïŁŔǠȗŹêŜǌěŝŜǤùÄéǏ£�ǋƶǊưǡƺǌƵǣ

ƴǇǅȘŻ

Ż Ż

ƎƥƤƪƝƤƩƠƥƤƚƢŻƨƝƚƩŻ Ż Ż Ż Ż Ż ƔƝƫŻƜƝƪƝƢƥƦƝƜŻƨƝƚƩŻ

R ƈſƊŻ �T.tķÓċ¼ 

Ż

R ƈſƋŻ �T.tùĀ! 

:
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E>D>A &���K	#�:

Ľ�ƾǅǰȓǻǋǑî}b=ƵkŸáD[ǰȓǻǏǞǡkŸǋ�Ĉƾǅ³śǎb=Ǥ-ÞǋƶǊ

ưǡƴóľǀǡǅǛȗG�kŸmłė ƃƄ HǑb=ķÓǤkªƾǅȘǘǅȗÞĪǑǰȓǻǜFǣǂǊ

ķÓǤkªƾǅȘưǁǢǜĚǜǅǢĴǤ ƄƇ |ǏČ�ƾǅ¹�ǏǊkªƾǅȘǃǢǄǢǑÌŏċ¼Ǥ

ī ƈſƄȗī ƈſƅ ǏôǀȘŻ

³śǎb=ǏmƾǊȗÞĪǑǰȓǻǏî}ƾǅŬǑb=ǒŹêŜƵ�$ƾȗěŝŜƵ5$ƾǊƳ

ǠȗÜĚǑǞƱǎb=ǌǎǇǅȘƺǢǒŹêŜǑ£�Ƶ�ưǅǛǏ�ōƵèàƾǅƺǌǏ�ưȗĝ½*

�ƵƎdǏ�Ǣ°ƵǇǅǅǛǌĖƲǟǢǡȘ�©ȗĽ�ƾǅǰȓǻǋǒEŜ�ǑĴ|ǒ³śǎb=Ǐ

mƾǊƭȚ|�,Ǒ[>Ǐ@ǘǇǊƳǠȗb=Ƶ-ÞǋƶǅǌưƲǡȘŻ

��ǞǠȗ�T.tƴǟŹêǌěŝǤùÄéǏ£�ǋƶǊưǡƺǌƵóľǋƶȗƼǟǏb=ķÓƴǟ

³śǎb=Ǥ-ÞǋƶǊưǡƺǌƵóľǋƶǅȘ��ǞǠȗĽ�ƾǅǰȓǻǒĺķïŁŔǠǏh�ƾǅ

ƺǌƵóľǋƶǅȘŻ

ī ƈſƄŻ �ºǰȓǻǑî}b= 

 
 
Ż

Ż

Ż

Ż

Ż

Ż

Ave. Std.

A1 Pelvis angle 44.5 17 6.5

Lumbar angle

(T10-S1)

Thorax angle

(T1-T10)
Lumbar-Thorax
angle
(T1-T10-S1)

A3 3.1 6.6 -4.5

A4 158 10.2 -4

Skeletal angles
Measurement results of new

developed seat Difference from optimized posture

A2 25.1 6.7 -0.6
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ī ƈſƅŻ ŤèǰȓǻǑî}b=Ż

 

:

:

E>D>B: %�� �:

ŤèƾǅǰȓǻǑ;¼ǤÃĻǀǡǅǛȗÞĪǑǰȓǻǌĽ�ƾǅǰȓǻǤ�áƾǊȗ<éŢ¯ťņĪ

¯Ǒæ:ļ�kŸǤkªƾǅȘŻ

;@<: �9��:

Ľ�ƾǅǰȓǻǌÞĪǰȓǻǤǃǢǄǢG�Ǒƒ ǫȌǲǴǷȑȕƄƇƂƂƛƛȖǏĭîƾȗǹǲǻǮȓǲȒǨȓ

ǿȎLOŊȕ�L ƈƀƇơƣȖǏƳưǊȗƃƂƂơƣƁƟ jvņĪǤW·ǌƾǊȗƃƄƂ .ťǑŗĎņĪǤkªƾ

ǅȘřōb=ǒǲȌǦǼȗȍȁǶȗȍǫȌǦǽȑǬȗǾȑǼȎ�ĔǤřōƾǝǀư�ĔǕŀ§DĜǌƾǅȘ

5œǑkŸǌG�ǑkŸmłėƳǞǔĄȗĥS�ǤJǚ��ä� ƃƆ HȕƃƇƈƂȜƃƋƂƂƣƣȖǤmłǏ

iĜļ�Ǥkªƾȗ, ƅ HǤmłǏÿŰ�ķÓǤkªƾǅȘG�kŸmłėǑkŸǒæ:Ǒħù

Ǒ�ŴǤnƼƸǀǡǅǛȗƃ ¬ƯǅǠ ƃOǌƾȗƄ OëǑkŸǒ2Ǒ¬ǑG¯4ǏkªƾǅȘŻ

;A<: �9��:

;A=@<: �.3�:

æ:�Ò;¼Ǒ�ĳļ�ǌƾǊȗƇƀƅƀƃŽƅſƃžǋáưǅĘ�æ:�¦ǤáưǅȘ�ŨǑĵ»ǏƳư

Ǌǒȗǰȓǻ¹�ťǋÌŏƾȗ.¥.»ǏǞǡÃjǏǞǠŻ ƇȔ��Ǒ´�sƵıǟǢǅYFǏǈưǊȗ

R�ǏĹŐƾǅȘŻ

Ave. Std.

A1 Pelvis angle 39.8 15.2 1.8

Lumbar angle

(T10-S1)

Thorax angle

(T1-T10)
Lumbar-Thorax
angle
(T1-T10-S1)

-1.112.1160.9A4

-1.86.15.8A3

-0.76.824.9A2

Difference from optimized postureSkeletal angles
Measurement results of new

developed seat
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;A=A<: *7�0!:

řōb=ǏƳƹǡÿŃĦǤķÓǀǡǅǛȗĚÿǑÿŰRǤĜ<ŰÄȕƍƠƥƣƝƩƧƠƛƨ öĮ

ƌƛƩƠƪƝƗƙƅƄƂȖǤáưǊķÓƾǅȘķÓǒ ƂȜƃƄƂ .Ǒťǋ ƃƇ .ƳƶǏǹǲǻǮȓǲìđŜņĪ¯Ǒ

ƄƂ ÷ťǋkªƾǅȘŰÄǒýȚĞÂ�ŒǑĚÿǕń�ƾǅȘkŸmłėťǑÿŰ�Ǒ]ƶƼǤǪȈ

ȍȂȏȓǰȋȑǀǡǅǛȗņĪ5Ǐ ƃƋƈƔ ǑšǤ�yŜǤ ƅƂ |5$ƾǅb=ǋ��ƾǊ ƄƂ ÷ťķÓ

ƾȗÿŰ�ǑxV�wǤÍǛȗņĪ¯ǏķÓƾǅÿŰ�ǤƺǑ!ǋŪƾǅ!ǤņĪ¯ǑÿÐ<şǌ

ƾǊĵ»Ǐ�áƾǅȘŻ

;B<: �9+�:

;B=@<: �.3�:

R ƈſƃƂȗƃƃ ǏÞĪǰȓǻǌĽ�ƾǅǰȓǻǑŜ�2Ǒæ:�¦ǑxV!ǤôǀȘƺǢǞǠȗÞĪǰ

ȓǻǏƳưǊæ:ƵàƿǊưǡǑǒȗÙǏĞŜǌĠŜǋƯǠȗǰȓǻťǑsƵıǟǢǡŜ�ǋǜƯǡƺ

ǌƵǣƴǡȘŻ

Ż

R ƈſƃƂŻ ÞĪǰȓǻǑŜ�2æ:�¦Ż

���

���

���

���

��	

���

���

���

� �� �� �� 	� ��� ��� ���
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Ż

R ƈſƃƃŻ Ľ�ǰȓǻǑŜ�2æ:�¦Ż

R ƈſƃƄ ǏÞĪǰȓǻǌĽ�ƾǅǰȓǻǑĘ�æ:�¦ǑĊ¯[>ǤxV!ƳǞǔÇÕ"sǋô

ǀȘĐFéǎĘ�æ:�¦ǒ ƆƇ .ņĪ�ƴǟÞĪǑǰȓǻǏmƾǊĽ�ƾǅǰȓǻǑæ:Ƶ�Òƾȗ

ƃƄƂ.�ǏƳưǊ´�ǎ�ÒƵľǛǟǢǅȘǘǅȗŜ�2ǋǒȗRƈſƃƅǏôǀǞƱǏȗÙǏĞŜǏƳ

ưǊ]ƶǎæ:�Ò;¼ƵóľǋƶȗĐFéǎĘ�æ:�¦ǌGÆǏȗƃƄƂ .�ǏƳưǊ´�ǎ�

ÒƵľǛǟǢǅȘƼǟǏȗR ƈſƃƆ ǏôǀǞƱǏȗĠŜǏƳưǊǜȗ´�ǎsǒľǛǟǢǎưƵȗ�ư
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ǚ©ėǉǕȨĎƃÊȚȈȟǦïíňßǚǧǩÎŋǉǐȩǆǫǜȨƺ�PǭoìǋǪȑȉǛè�ƻǛŅ·Ǘ

ÎŋǭĸǒǐǗƽƿǪȩǆǛ¹Ȩ`ǜƺŦśǭĸƾǐǤǛ®�ǂǖǃǕȨ7µǭŀǪƻǗƽƾ½�ŵǛ£

ÃǖƼǒǐȩƆ

X ƑƉƌ ǚČ ƐċǚǀǅǪĿĖŲų�XǭĄǋȩƆ

Ɔ

X ƑƉƌƆ õ;�ÞǽȥȉűöǛĿĖŲų�XƆ

ÓǚȨČ Ɛ ċǖǜȨČ Ə ċǖ·ǨǁǚǙǒǐƺ�PǭoìǋǪȑȉǛè�ƻǭÿœǗǉǕȨLǊǄǽȥ

ȉý��èǭc°ǚõ;ǭ�ÞǖǃǪý�Ž�èǗoìǋǪ ƗƉƠ ç�ǭ×ǤǐȩǆǫǜȨƺ�Pǭo

ìǋǪȚȎǛè�ƻǭ×ǤǐǗƽƿǪȩǆǛ¹Ǜ`ǜȨoŷǛŚ�ǚŝǋǪŦś�ǽȥȉǭűöǛ

Ä�ǗǉǐǐǤȨŦśǗƽƾĸãǛĿ�ǚ9ƿǕȨŚ�ǛȐȅǺȥǾȣǹÄ�ǗǉǕ��ǭ�qǉǙƽ

ĐWǛȞǸȝǱȌȣǹń�Ǜ�ŵ#Ǧ¶iǛǽȥȉȔȠȥȘÐţǭ�ðǋǪǆǗǙǘǛǽȥȉǛȚȎǗǉ

ǕǛ£ÃǂȨǧǩBǉǄǙǒǐè�ǖƼǪȩƆ
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X ƑƉƍ ǚČ Ɛċǖ�ǨǫǐÿœǭĽRǽȥȉŊňǚũðǋǪ`KǛĿĖŲų�XǭĄǋȩƆ

Ɔ

X ƑƉƍƆ ĽRǽȥȉűöǛĿĖŲų�XƆ

ǈǨǚȨĽRǽȥȉűöǚǀƽǕǜȨČ Ə ċǖ·ǨǁǚǙǒǐƺ�PǭoìǋǪȚȎǛè�ƻǭÿœ

ǗǉǕȨ|�ĿĖǖƼǪ ƗƉƠ ç�ǭoìǋǪǽȥȉŊň#ǗǉǕǛǲȠȃȣȐȅȊAǈǦā�ȨuÚǦ

fǈȨ�8ǙǘǛ¯¥ȏȍǛç�ǭ×ǤǐǆǗǚǙǪȩǆǫǜȨƺȚȎǛè�ǭoìǋǪȚȎǛ|�ƻǭ

ÙnǉȨoŷǛŚ�ðĽRǽȥȉǭŊňǋǪǆǗǗƽƿǪȩǆǛ¹Ǜ`ǜȨũð)ǖƼǪ"ƹǛŚ�ǚ

ǀƽǕǽȥȉǚvǋǪȞǸȢǱǯșȣȉǗǙǪǿȃǱȞȣǹȈǼǱȣ�èǦk+�ĪȨ=÷ç�ȨĺøÂ

ǙǘȨż�ǚŵnǈǫǐBǉƽǥǛǖƼǩȨ`ǂçnǈǫǕƽǪǐǤǚȨ|�ǭĝǩŞǮǖÙnǖǃǐ

ǗƽƾǆǗǂǖǃǪȩƆ

ǆǫǨǛ ƍǓǛĿĖŲų�XǭÏŃǋǪǗȨX ƑƉƎ ǚĄǋǧƾǚȨ^ăĀĈǁǨĽRűöǡǖǛÕ

ŶǚǀǅǪ�#Ȥ�PĉŲǜǋǠǕLǊǖƼǪǂȨýúǛŮâǜȨè�ĉŲǚǀǅǪȑȉǁǨȚȎǟȨ

ǈǨǚȚȎǛ|�ǟǗ��ǛæíĉŲǟǗĆ=ǉȨ-�@ǉǕƽǒǐǗĤƿǪǆǗǂǖǃǪȩJȔǳȥȀ

ǚǀƽǕǜȨ`Ǜ£ÃÄ�ǂǧǩBǉǄǙǒǕƽǄǆǗǖȨǽȥȉǜĽRǗǉǕìo@ǉǐǂȨ�#Ǜo
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ìȠȖȟǖƼǪõ;�Þ<Èǜ£ÃǂBǉǄǙǪǆǗǚǧǩŵnǈǫǕƽǒǐȩ��ǭĤ�ǋǪǗȨo

ŷǛűöǜȨdĉŲȈǼǱȣȚȈȟǛ^Á÷ĤƿµǗ�ıǋǪȕȡȁǿǖűöǉǐǗƽƾǆǗǂǖǃǪȩƆ

ǆǛǧƾǚȨJȔǳȥȀǚǀǅǪÿœǛÛðǜȨ�PĉŲǜLǊǖǥȨ�ǗǉǕè�ĉŲǚǀǅǪý

úâǂȑȉǁǨȚȎǟǗĆĸǉȨ½�ǚŎęǙ|�ÙnǚİǪǗƽƾǆǗǂǖǃǪȩǎǛǐǤȨè�ǚǀ

ǅǪÿœǭr¸ǚFǩ1ǍǪǆǗǂŊňĥǚǗǒǕŮĿǖƼǪȩƆ

Ɔ

X ƑƉƎƆ õ;�ÞǽȥȉűöǛĿĖŲų�XƆ

Č ƌ ċǖÐđǉǐÿœ�ēǜȨdĉŲȈǼǱȣȚȈȟǛÉĚǢǚ^ǔǃȨ�íç�ǖƼǪ�#Ŀ

ĖǗ�PĿĖȨæíç�ǖƼǪè�ĿĖǗ|�ĿĖǚ2ǅȨǎǫǏǫǛų�ǭȗȉȞǸǿèǚ±íǉ

ǐǥǛǖƼǪȩ�şǉǐǧƾǚȨŊňǚǀƽǕǜè�ĉŲǚǀǅǪÿœǂçǚŮĿǖƼǩȨǆǫǨǜȑȉ

Ǜè�ȨòŽǛè�ȨȚȎǛè�ǚ2ǅǕĤƿǪǆǗǂ¾<ǖƼǪȩǈǨǚȨȑȉǛè�ǜȨÁĀĈǖ

�ǨǫǐÿœǛǧƾǚï�.ǖŗǃǕƽǪæíè�ǗȨǎǛĜÈǗǉǕïǊǪïíè�ǚ2ǅǪǆǗǂ

ǖǃǪȩǎǛǐǤȨÿœ�ēǜȨX ƑƉƏ ǚĄǋǧƾǚȨǆǫǨǭ·Ą÷ǚǬǅǕȨè�ĿĖǭŭģǋǪ

ǥǛǗǉǐȩÁĀĈČ ƍ ċǁǨČ Ə ċǖ�ǐÿœǜȨǆǛƾǑǛçǚï�.Ǜæíè�Ǘ�Ǜè�Ǘ

ü���(��'��"���!%# �
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Ǜų�ǭĄǋÿœǖƼǪȩƆ

Ɔ

X ƑƉƏƆ /Ðđǉǐ�ǩ�\ÿœ�ēǛÐţƆ

ÁĀĈǖÐđǉǐÿœ�ēǛÛðǚƼǐǒǕǜȨǎǫǏǫǛÿœǂǘǛǧƾǙ`ǖ�ǨǫǐǛǁ

ǭCåǉȨ�ǩ�\ÿœǛØð�ǭĤ�ǉǐ�ǖÛðǋǪǆǗǂŮĿǖƼǪȩ�ƿǝȨ��șǷȌȀȘ

Ǧïíç�ǚųǋǪ�ǩ�\ÿœǜȨÌhǛ�ðîaǦðšǚ�iǍǌȨũðGĪǖƼǪȩ�ƿǝȨ

ÁŒ²Č Ə ċǖ�ǨǫǐǧƾǙį=ŚǽȥȉǗƽƾŵnǈǫǐ`ǖ�ǨǫǐÿœǜȨĩŬǦƃùǙǘ

ǛįŮǛeǃƽū�ǭ¯ƿǕï�.ŕĵǭÞǨǋǗƽƾĦ�õ;�ÞǛǐǤǛř�¯¥Ŀ�ǙǘǛ

ȑȉǛè�ǜÿœǗǉǕ�ƿǪǂȨĜÈǗǉǕ�ǨǫǐȚȎǛè�ǖƼǪ��ǫ�èǦõ;�Þg?

ǭoìǋǪ ƗƉƠ ç�ǙǘǜȨǶȔǰǿȄǳǯǙǘǚûªðƽǪǆǗǜ1ÅǌȨ�ŽuÚǦń�ǙǘǛ

`ǛÄ�ǚKǬǍǕȨ4š×ǤǪ�ĿǂƼǪȩƆ

2

>696:2 �I���-QSNE��2

ÁĀĈǖÐđǉǐÿœ�ēǭŊňĥǂo>Ǜ`ǖr¸ǚ�ðǖǃǪǧƾȨÿœǭÐ�ǋǪĿĖǗ

ǎǛų�ǭ·ĂǚĺìǖǃȨ�ǩ�\ÿœǭFǩ1ǋǐǤǛȆȥȟǗǉǕ�ǩ�\ÿœȖȥǿ
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ƇƠƨƤƵƬưƪƆƦƱƯƩƱƳƵƆƭưƱƷƮƨƧƪƨƆƥƤƴƨƈǭ��ǉǐȩƆ

384 �I���-QSND�AB��2

ÁĀĈǖÐđǉǐÿœ�ēǭȆȥȟ@ǋǪǐǤǚȨȍȅȉȢȥǸ2ÇðȂȔȉǭ5ðǉǐȩȍȅȉȢȥ

Ǹ2ÇǗǜȨľ°ǛĿĖŲǚǧǩÐ�ǈǫǕƽǪȍȅȉȢȥǸǭȨĿĖLbǛü
�ðȨ�žȨǓǙǂ

ǩǙǘǭÑƹǙ$ŽǁǨGł@ǉĸƾ2ÇǖƼǪȩǎǆǖȨľŹǙĿĖǛų�ǛGł@ǂGĪǖƼǪ

ǶȥȕȣȂȥǿǛȍȅȉȢȥǸ2ÇȂȔȉǲǴǯȆȥȟ ƝƱƧƨƣƛƇƠƱƦƬƤƮƆ ƜƨƧƬƤƆ ƟƨƴƨƤƳƦƫƆ ƗƱƶưƧƤƵƬƱưƆ

ƌƊƋƑƈǭ5ðǉǐȩÁȂȔȉǲǴǯǜȨƢƬưƧƱƷƴîaǛƜƬƦƳƱƴƱƩƵ ą ƖƸƦƨƮ �ǖ=�ǉȨȍȅȉȢȥǸǛų

�ǭȒǾțǯȟǚĺìǖǃȨ®�ǚǧǩĿĖǂĆ=ǖǃǪȜȥǼǱȣȃȔǳȥǿǭ¥ǓǥǛǖƼǪȩ5

ðǚǀƽǕǜȨȍȅȉȢȥǸǚǓƽǕǜȨĿĖǛų�ǗǉǕŅÇÝǛǐǤ2ÇǜĸǬǌȨĺĄūȜȥ

ǼǱȣȃȔǳȥǿǛǢǭðƽǐȩƆ

3942 �I���-QSNE�(2

ÁĀĈǖ��ǉǐÿœ�ēȆȥȟǗǜȨ�ǩ�\ǚųǋǪÿœǭÐ�ǋǪĿĖǗǎǛų�ǭ!þ

ǖǃȨųŤǋǪĀĈ²ëǛÏĿǭĕǔǅǪȆȥȟǗǙǒǕƽǪȩǎǆǖȨƝƱƧƨƣƛ ǭðƽǕȨÿœ�ē

ǭĺìǉǐȩǎǛŷȨƝƱƧƨƣƛ ǚǜȨ�ǩ�\ǛÿœǭÐ�ǋǪĿĖŲǛų�ǭȨƌ c°ŲǛ�vÖ

ŜǖĺìǉǐȈȥȃǭ*8ǉǐȩǎǉǕȨĿĖǗǛų�ǭĺǉǐȈȥȃǭ ƖƧƪƨ ǗƽƾȩǎǛĜÈȨ

ƝƱƧƨƣƛ ǂ18ǉǐȨ�ǩ�\ǚųǋǪÿœǭÐ�ǋǪĿĖǗǎǛų�Ǜ+�XǜX ƑƉƐ ǛǧƾǚǙ

ǒǐȩJĿĖǜȨĉŲǇǗǚĴ2ǅǭǉǕǀǩȨ�#ĿĖǜȓȣǸȨ�PĿĖǜźȨè�ĿĖǜĠȨ|

�ĿĖǜǶȠȣǾȨ`ǛĿĖǭĘǗǉȨǎǫǏǫǛų�ǭġǖĄǉǐȩǎǉǕȨJ²ëǂō�ǋǪĿ

ĖǗų�ǛKňǚǧǩŮǢ�ǅǭĸƽȨdǄĸǬǫǕƽǪď�ǚǓƽǕǜȨĿĖǜeǃǄȨų�ǜfǄ

ĄǉǐȩǎǉǕȨÿœ�ēǭ^ǚȨJĀĈ²ëǛÏĿǭǡǗǤǐÏĿŸȦÿœ�ēCåðȆȥȟȧǭ

��ǉǐȩ�ǩ�\ĀĈǛÏĿŸǚǜȨJĀĈ²ëǂō�ǋǪ�#Ȩ�PȨè�Ȩ|�Ȩ`ǛĿĖǗ

ĀĈǛú÷ǀǧǞĜÈǭǡǗǤǐȩÏĿǭX ƑƉƑ ǚĄǋȩƆ
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Ɔ

�

X ƑƉƐ ƝƱƧƨƣƛ ǭðƽǐÿœ�ēǛÏĿƆ

Ɔ

�

X ƑƉƑƆ ÏĿŸȦ�ū ĒȧƆ

2
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3:42 �I���-QSNE���12

��ǉǐÿœȖȥǿǛ�ð�ƀǚǓƽǕŐ·ǋǪȩ�ð�ƀǛÜǫǜXƑƉƒǛǧƾǚǙǒǕƽǪȩ

ǎǉǕȨX ƑƉƓȨX ƑƉƋƊ ǖÿœȖȥǿǛ�ð�ǛÏĿǭĄǋȩƆ

ǡǌ ƠƵƨƲƋ ǖǜȨÌhȤǽȥȉǛŊňĥǜȨýúǉǐƽ�ǩ�\ĀĈǛĿĖǭŪ¡ǋǪȩǎǛŷȨĿ

ĖǜŪ¡ȤĆ=ǂGĪǗǙǒǕǀǩȨŪ¡ȤĆ=ǋǪǆǗǖǎǛĿĖǛų�ǂĄǈǫȨ�ūǚýúǉǙ

ǂǨǥȨ+�Ǜ!þǂGĪǗǙǒǕƽǪȩǆǫǚǧǩȨ�PĿĖǡǐǜ|�ĿĖǁǨǙǘȨýúǋǪĿ

ĖǗƀ�ǭįñǚŪ¡ǋǪǆǗǂGĪǖƼǪȩƆ

ÓǚȨƠƵƨƲƌ ǖǜȨJĿĖǗǎǛų�ǚǓƽǕǜȨĿĖŲǛų�ǚóIǭ¦ǒǐ ƖƧƪƨ óIǭŪ¡

ǋǪȩƖƧƪƨ óIǭŪ¡ǋǪǆǗǖýúǉǐƽų�ǭ·Ą@ǖǃȨĿĖŲǛĢǂǩǂĂŏǖǃǪǧƾǚ

ǙǒǕƽǪȩƆ

ǈǨǚȨƠƵƨƲƍ ǖǜȨýúǉǐƽĿĖǗǎǛų�Ǜ ƖƧƪƨ óIǭÏĿŸǚǕȨŪ¡ǋǪȩō�ǋǪ

ƖƧƪƨ óIǂȨ²ëÏĿŸǚĕǔǅǨǫǕƽǪǆǗǖȨýúǉǐƽĿĖǗų�ǚō�ǋǪĀĈ²ëǛ

ÏĿŸǛCåǂGĪǗǙǪȩƆ

½�ǚȨƠƵƨƲƎ ǖǜÏĿŸǚǕŪ¡ǉǐĀĈ²ëǭȨCåǉÿœǭ�ǪÜǫǗǙǒǕƽǪȩĀĈ²

ëǛÏĿǀǧǞķĥǦj�ǙǘǭCåǖǃǪǆǗǖȨ�ĿǙ²ëÿœǭr¸ǚ�ǪǆǗǂǖǃǪȩƆ Ɔ

Ɔ

�
X ƑƉƒƆ �ǩ�\ÿœȖȥǿǛ�ð�ƀǛÜǫƆ

,1.0&*%��362��?!�3E�:��8:

#��?��4>

,1.0'*%��362��":#��?!�3E5:

#��?�4+-/.��?��4>

,1.0(*%�=
����?;8<6��$C� 

�����@BAD97E��362+-/.
��?!�4>

,1.0)*%!�36+-/.��9�	4>���?

��4>
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X ƑƉƓƆ �ǩ�\ÿœȖȥǿǛ�ð��

Ɔ Ɔ
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Ɔ

Ɔ

Ɔ

X ƑƉƋƊƆ �ǩ�\ÿœȖȥǿǛ�ð�ȦĞǃȧƆ

�������������	�
EdgeNumber��


�	��Edge�������
���
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>6:2 �I���-�"E���2

>6:682 ���
�MSPE�'OLKRFE/�2

3842 �'OLKRE��2

:��wðǽȥȉǭ	�ǗǉȨÐđǉǐÿœ�ēǭŊňũðǋǪǆǗǚǧǪÿœ�ēǛ¾ð�Îŋ

ǭĸǒǐȩ-�÷ǚǜȨÐđǉǐÿœ�ēǭðƽǕȨ`ǛôǙǪ ƍ ǓǛǿȇȥǾǛį=ŚǭĤ�ǉȨ

ǎǫǏǫǚũǋǪÿœ�ēǭðƽǕ:��ǛǽȥȉÒĪǚǓƽǕȨǽȥȉŊňěƂǛǙƽjï ƌ M

ǚö�ǈǍȨÒĪȈǼǱȣǭĸǬǍǐȩƆ

ƠơƕƘƖƆƋƔƆìĸį=ŚǛ:��wðǽȥȉǚǀǅǪŻ÷ý�ǭ�nǉǐ`KȩƆ

ìĸǛ:��wðǽȥȉǗǉǕǛŗâǭŦś�ǗôǙǪðšǭĤ�ǉǕűöǈǫǐȐȥȉȋȥǻȣ

ȔǵȥȉǽȥȉƇÆ~Ɔ ƋƓƒƐƈǗǉǐȩƆ

ƠơƕƘƖƆƌƔƆìĸį=ŚǛ:��wðǽȥȉǚǀǅǪg?c@ǭĤ�ǉǐý�ǭ�nǉǐ`KȩƆ

į=Ś:��ǚǀƽǕǜȨŦś�ǗôǙǩȨŦś®�ǂǙƽǐǤȨý�ĥǜǽȥȉȖȟȉǭýðǉȨ
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˨ɄɫɡɢɯɰɰɬɫȮȹɁȿȼ˩Ȯ ɄɫɡɢɯɰɰɬɫȴȮɊȶȮɅȶȮɍȶȴȮɒɯɱɢɫɤɢɫȴȮɕȶȴȮɑɞɠɥɢɪɰɬɫȴȮɄȶȮɞɫɡȮɈɩɣɰɱɬɯɪȴȮɊȶȴȮɏɲɪɟɞɯȮ

ɡɦɰɠȮɓɯɢɰɰɲɯɢȮɞɫɡȮɐɶɬɢɩɢɠɱɦɯɦɠȮɅɞɠɨȮɐɲɰɠɩɢȮɄɠɱɦɳɦɱɶȮɡɲɯɦɫɤȮɖɦɱɱɦɫɤȮɌȶȮɖɱɲɡɦɢɰȮɬɫȮ

ɞɫȮ ɈɵɭɢɯɦɪɢɫɱɞɩȮ ɆɥɞɦɯȴȮ ɖɠɞɫɡɦɫɞɳɦɞɫȮ ɍɬɲɯɫɞɩȮ ɬɣȮ ɕɢɥɞɟɦɩɦɱɞɱɦɬɫȮ ɞɫɡȮ ɐɢɡɦɠɦɫɢȴȮ

əɬɩȶȾȴȮȹȸȼȵȹȹȼȴȮȹɁȿȼȶȮ

Ȳ�ǆȮ ȺȸȸȽȳȮ Ȯ �ǆùÑȴȮǆ¾hďȴȮéŤonȴȮĝěƂǈȴȮ�ȃoȴȮ�Ȓ»�žëŋʚʧʪ

ĒǎĲ�ʜÝǿßǞ(ʘľƷǛǙʚȓʏʪƊƖ˨ƛȿ�˩ȮȆJ˪yǸ˪ȓƝǖ

Éʇ�ƴʜǇǈRãʚ�ʄʪÖȡȴȮÃé ȹȿ ÄÉ´ȔƄűŏìǉƊƖêƊƖ

�kȴȮɀȴȮȹȵȾȴȮȺȸȸȽȶȮ

˨ɄɲɡɲȮȹɁɀȽ˩Ȯ ɄɲɡɲȴȮɐȶɏȶȴȮɒɭɱɦɪɞɩȮɠɬɫɱɯɬɩȮɪɬɡɢɩɦɫɤȮɬɣȮɩɬɴɢɯȮɢɵɱɯɢɪɦɱɶȮɪɲɰɠɲɩɬɰɨɢɩɢɱɞɩȮɪɬɱɦɬɫȴȮ

ɆɞɰɢȮɚɢɰɱɢɯɫȮɕɢɰɢɯɳɢȮɘɫɦɳɢɯɰɦɱɶȴȮɓɥȶɇȶȮɗɥɢɰɦɰȴȮȹɁɀȽȶȮ

ȲɅɞɟɟɰȮȹɁȿɁȳȮ ɅɞɟɟɰȴȮɉȶȮɚȶȴȮɄȮɡɢɰɦɤɫȮɏɞɶɬɲɱȮɐɢɱɥɬɡȮɣɬɯȮɕɢɩɞɱɦɫɤȮɖɢɞɱɦɫɤȮɱɬȮɱɥɢȮɒɠɠɲɭɞɫɱȮɞɫɡȮ

əɢɥɦɠɩɢȴȮɈɯɤɬɫɬɪɦɠɰȴȮȺȺȴȮȺȴȮȺȺȿȵȺȻȼȴȮȹɁȿɁȶȮ

˨ɅɞɯɱɢɩɦɫɨȮȹɁȽȿ˩Ȯ Ȯ ɅɞɯɱɢɩɦɫɨȴȮɇȶɏȶȴȮɗɥɢȮɯɬɩɢȮɬɣȮɞɟɡɬɪɦɫɞɩȮɭɯɢɰɰɲɯɢȮɦɫȮɯɢɩɦɢɳɦɫɤȮɱɥɢȮɭɯɢɰɰɲɯɢȮɬɫȮɱɥɢȮ

ɩɲɪɟɞɯȮɦɫɱɢɯɳɢɯɱɢɟɯɞɩȮɡɦɰɠɰȴȮɍɬɲɯɫɞɩȮɬɣȮɅɬɫɢȮɞɫɡȮɍɬɦɫɱȮɖɲɯɤɢɯɶȴȮȻɁȵɅȴȮȼȴȮȿȹɀȵȮ

ȿȺȽȴȮȹɁȽȿȶȮ

ȲɅɞɰɪɞɧɦɞɫȮȹɁɀȽȳȮ ɅɞɰɪɞɧɦɞɫȴȮɍȶəȶȴȮɇɢȮɏɲɠɞȴȮɆȶɍȶȴȮɐɲɰɠɩɢȮɉɞɱɦɤɲɢȮɞɫɡȮɗɦɪɢȵɇɢɭɢɫɡɢɫɱȮɓɞɯɞɪɢɱɢɯɰȮ

ɬɣȮ ɱɥɢȮ ɖɲɯɣɞɠɢȮ ɈɐɊȮ ɖɦɤɫɞɩȴȮ ɐɲɰɠɩɢɰȮ ɄɩɦɳɢȮ ɗɥɢɦɯȮ ɉɲɫɠɱɦɬɫɰȮ ɕɢɳɢɞɩɢɡȮ ɟɶȮ
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ɈɩɢɠɱɯɬɪɶɬɤɯɞɭɥɶȮȽɱɥȮɢɡɦɱɦɬɫȴȮɚɦɩɩɦɞɪɰȮȰȮɚɦɩɨɦɫɰȴȮɅɞɩɱɦɪɬɯɢȴȮɆɥɞɭɱɢɯȮɀȴȮȺȸȹȵ

ȺȺȺȴȮȹɁɀȽȶȮ

ȲɅɢɫɡɦɵȮȹɁɀȼȳȮ ɅɢɫɡɦɵȴȮɗȶȴȮɖɢɞɱɢɡȮɗɯɲɫɨȮɓɬɰɱɲɯɢȮɞɱȮəɞɯɦɬɲɰȮɖɢɞɱȮɌɫɠɩɦɫɞɱɦɬɫɰȴȮɖɢɞɱȮɋɢɦɤɥɱɰȮɞɫɡȮ

ɗɞɟɩɢȮɋɢɦɤɥɱɰȴȮɋɲɪɞɫȮɉɞɠɱɬɯɰȴȮȺȾȴȮȾȴȮȾɁȽȵȿȸȻȴȮȹɁɀȼȶȮ

˨ɅɬȮȹɁɀȸ˩Ȯ Ȯ ɅɬȴȮɚȶɍȶȴȮɐɢɰɠɥɞɫȴȮɌȶȴȮɎɯɲɢɤɢɯȴȮɚȶȮɄȶȴȮɅɞɰɦɠȮɞɱɩɞɰȮɬɣȮɠɯɬɰɰȵɰɢɠɱɦɬɫɞɩȮɞɫɞɱɬɪɶȴȮ

ɚȶɅȶɖɞɲɡɢɯɰȮȴȮȹɁɀȸȶȮ

ȲɅɯɞɫɱɬɫȮȹɁȾɁȳȮ ɅɯɞɫɱɬɫȴȮ ɓȶȴȮ ɅɢɥɞɳɦɬɯȴȮ ɅɬɡɶȮ ɐɢɠɥɞɫɦɠɰȮ ɞɫɡȮ ɇɦɰɠɬɪɣɬɯɱȴȮ ɈɯɤɬɫɬɪɦɠɰȴȮ ȹȺȴȮ ȺȴȮ Ȯ

ȻȹȾȵȻȺȿȴȮȹɁȾɁȶȮ

ȲɅɯɞɫɱɬɫȮȹɁɀȼȳȮ ɅɯɞɫɱɬɫȴȮɓȶȴȮɅɞɠɨɰɥɞɭɢɰȮɬɣȮɖɢɞɱɢɡȮɓɢɯɰɬɫɰȮȵɋɬɴȮɆɩɬɰɢȮɆɞɫȮɱɥɢȮɌɫɱɢɯɣɞɠɢȮɅɢȮ

ɇɢɰɦɤɫɢɡɃȴȮɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȹȽȴȮȺȴȮȹȸȽȵȹȸȿȴȮȹɁɀȼȶȮ

ȲɅɯɦɡɤɢɯȮȹɁɀɀȳȮ ɅɯɦɡɤɢɯȴȮɕȶȮɖȶȴȮɓɬɰɱɲɯɞɩȮɄɡɞɭɱɞɱɦɬɫɰȮɱɬȮɖɩɬɭɦɫɤȮɆɥɞɦɯȮɞɫɡȮɚɬɯɨȮɖɲɯɣɞɠɢȴȮɋɲɪɞɫȮ

ɉɞɠɱɬɯɰȴȮȻȸȴȮȺȴȮȺȻȿȵȺȼȿȴȮȹɁɀɀȶȮ Ȯ

ȲɅɯɦɡɤɢɯȮȹɁɀɁɞȳȮ ɅɯɦɡɤɢɯȴȮɕȶȮɖȶȴȮɚɦɩɨɦɫɰɬɫȴȮɇȶȴȮəɞɫȮɋɬɲɴɢɫɦɫɤɢȴȮɗȶȴȮɋɦɭȮɍɬɦɫɱȮɐɬɟɦɩɦɱɶȮɞɫɡȮɖɭɦɫɞɩȮ

ɄɫɤɩɢɰȮɦɫȮɖɱɞɫɡɦɫɤȮɞɫɡȮɦɫȮɇɦɣɣɢɯɢɫɱȮɖɦɱɱɦɫɤȮɓɬɰɱɲɯɢɰȴȮɋɲɪɞɫȮɉɞɠɱɬɯɰȴȮȻȹȴȮȺȴȮȺȺɁȵ

ȺȼȹȴȮȹɁɀɁȶȮ

ȲɅɯɦɡɤɢɯȮȹɁɀɁɟȳȮ ɅɯɦɡɤɢɯȴȮɕȶȮɖȶȴȮɈɦɰɢɫɥɞɯɱȵɕɬɱɥɢȴȮɆȶȮəȶȴȮɋɢɫɫɢɟɢɯɤȶȮɐȶȴȮɈɣɣɢɠɱɰȮɬɣȮɖɢɞɱȮɖɩɬɭɢȮɞɫɡȮ

ɋɦɭȮɉɩɢɵɦɬɫȮɬɫȮɖɭɦɫɞɩȮɄɫɤɩɢɰȮɦɫȮɖɦɱɱɦɫɤȴȮɋɲɪɞɫȮɉɞɠɱɬɯɰȴȮȻȹȴȮɁȴȮȾȿɁȵȾɀɀȴȮȹɁɀɁȶȮ

ȲɅɯɦɢɫɷɞȮȹɁɁȻɞȳȮ ɅɯɦɢɫɷɞȴȮɇȶȮɐȶȴȮɆɥɲɫɤȴȮɎȶɆȶȴȮɅɯɲɟɞɨɢɯȴȮɆȶȮɈȶȴȮɎɴɦɞɱɨɬɴɰɨɦȴȮɕȶȮɍȶȴȮɇɢɰɦɤɫȮɬɣȮɞȮ

ɆɬɪɭɲɱɢɯȵɆɬɫɱɯɬɩɩɢɡȮ ɖɢɞɱɦɫɤȮ ɖɲɯɣɞɠɢȮ ɣɬɯȮ ɕɢɰɢɞɯɠɥȮ ɄɭɭɩɦɠɞɱɦɬɫɰȴȮ ɌɈɈɈȮ

ɗɯɞɫɰɞɠɱɦɬɫɰȮɬɫȮɕɢɥɞɟɦɩɦɱɞɱɦɬɫȮɈɫɤɦɫɢɢɯɦɫɤȴȮȹȴȮȹȴȮȾȻȵȾȾȴȮȹɁɁȻȶȮ

ȲɅɯɦɢɫɷɞȮȹɁɁȻɟȳȮ ɅɯɦɢɫɷɞȴȮɇȶȮɐȶȴȮ ɌɫɦɤɬȴȮ ɕȶȮɐȶȴȮɆɥɲɫɤȴȮɎȶȮɆȶȴȮ ɅɯɲɟɞɨɢɯȴȮɆȶȮ ɈȶȴȮ ɖɢɞɱȮ ɖɲɭɭɬɯɱȮ

ɖɲɯɣɞɠɢȮɒɭɱɦɪɦɷɞɱɦɬɫȮɘɰɦɫɤȮɉɬɯɠɢȮɉɢɢɡɟɞɠɨȴȮɌɈɈɈȮɗɯɞɫɰɞɠɱɦɬɫɰȮɬɫȮɅɦɬɪɢɡɦɠɞɩȮ



 
�

���� 

�� ���� ��

 

ɈɫɤɦɫɢɢɯɦɫɤȴȮȹȸȴȮȹȴɁȽȵȹȸȼȴȮȹɁɁȻȶȮ

ȲɅɯɲɫɰɴɦɠȮȹɁɀȼȳȮ ɅɯɲɫɰɴɦɠȴȮɐȴȮɈɯɤɬɫɬɪɦɠȮɬɣȮɖɢɞɱȮɇɢɰɦɤɫȴȮɓɥɶɰɦɬɱɥɢɯɞɭɶȴȮȿȸȴȮȺȴȮȼȸȵȼȻȴȮȹɁɀȼȶȮ Ȯ

˨ɅɲɰɥȮȹɁɁȽ˩Ȯ ɅɲɰɥȴȮɗȶɕȶȴȮɐɦɩɩɰȴȮɉȶȮɗȶȴȮɗɥɞɨɲɯɱɞȴȮɎȶȴȮɋɲɟɟɞɯɡȴȮɕȶȮɓȶȴȮəɬɯɯɬȴȮɍȶȴȮɗɥɢȮɘɰɢȮɬɣȮ

ɈɩɢɠɱɯɬɪɶɬɤɯɞɭɥɶȮ ɣɬɯȮ ɖɢɞɱȮ ɄɰɰɢɰɰɪɢɫɱȮ ɞɫɡȮ ɆɬɪɣɬɯɱȮ ɈɳɞɩɲɞɱɦɬɫȴȮ ɖɄɈȮ ɓɞɭɢɯȴȮ

ɁȽȸȹȼȻȴȮȹɁɁȽȶȮ

˨ɆɥɞɫɡɢɯȮȹɁȿȽ˩Ȯ Ȯ ɆɥɞɫɡɢɯȴȮɕȶɉȶȴȮɆɩɞɲɰɢɯȴȮɆȶȮɈȶȴȮɐɠɆɬɫɳɦɩɩɢȴȮɍȶȮɗȶȴȮɕɢɶɫɬɩɡɰȴȮɋȶȮɐȶȴȮɜɬɲɫɤȴȮɍȶȮ

ɚȶȴȮɌɫɳɢɰɱɦɤɞɱɦɬɫȮɬɣȮɦɫɢɯɱɦɞɩȮɭɯɬɭɢɯɱɦɢɰȮɬɣȮɱɥɢȮɥɲɪɞɫȮɟɬɡɶȴȮɇɒɗȵɋɖȵȸȹȿȵȺȵȻȹȽȵ

ȹɄȮȲɄɐɕɏȵɗɕȵȿȼȵȹȻȿȳȴȮȹɁȿȽȶȮ

ȲɆɬɫɤɩɢɱɬɫȮȹɁɀȽȳȮ ɆɬɫɤɩɢɱɬɫȴȮɍȶȮɍȶȴȮɄɶɬɲɟȴȮɐȶȮɐȶȴȮɖɪɦɱɥȴȮɍȶȮɏȶȴȮɗɥɢȮɇɢɰɦɤɫȮɄɫɡȮɈɳɞɩɲɞɱɦɬɫȮɬɣȮɱɥɢȮ

ɑɢɲɱɯɞɩȮɓɬɰɱɲɯɢȮɆɥɞɦɯȮɣɬɯȮɖɲɯɤɢɬɫɰȴȮɋɲɪɞɫȮɉɞɠɱɬɯɰȴȮȺȿȴȮȽȴȮȽɀɁȵȾȸȸȴȮȹɁɀȽȶȮ Ȯ

ȲɆɬɯɩɢɱɱȮȹɁɀȼȳȮ Ȯ ɆɬɯɩɢɱɱȴȮ ɈȶȮ ɑȶȴɈɨɩɲɫɡȴȮ ɍȶȮ ɄȶȮ ɈȶȮ ȴȮ ɋɬɴȮ ɇɬɢɰȮ ɞȮ ɅɞɠɨɯɢɰɱȮ ɚɬɯɨɃȴȮ ɄɭɭɩɦɢɡȮ

ɈɯɤɬɫɬɪɦɠɰȴȮȹȽȴȮȺȴȹȹȹȵȹȹȼȴȮȹɁɀȼȶȮ Ȯ

ȲɆɬɱɢȮɊɦɩȮȹɁɀɁȳȮ ɆɬɱɢȮɊɦɩȴȮɋȶȮ ɍȶȴȮ ɗɲɫɢɰȴȮ ɈȶȴȮ ɓɬɰɱɲɯɢȮɕɢɠɬɯɡɦɫɤɂȮɄȮɐɬɡɢɩȮ ɣɬɯȮ ɖɦɱɱɦɫɤȮ ɓɬɰɱɲɯɢȴȮ

ɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȺȸȴȮȹȴȮȽȻȵȽȿȴȮȹɁɀɁȶȮ

ȲɆɯɬɴɫɦɫɰɥɢɩɡȮȹɁȿɀȳȮ ȮɆɯɬɴɫɦɫɰɥɢɩɡȴȮɕȶɇȶȴȮɘɰɢȮɬɣȮɒɭɱɦɪɦɷɞɱɦɬɫȮɗɢɠɥɫɦɮɲɢɰȮɱɬȮɓɯɢɡɦɠɱȮɐɲɰɠɩɢȮɉɬɯɠɢɰȴȮ

ɗɯɞɫɰɞɠɱɦɬɫɰȮɬɣȮ ɱɥɢȮɄɖɐɈȮɍɬɲɯɫɞɩȮɬɣȮɅɦɬɪɢɠɥɞɫɦɠɞɩȮɈɫɤɦɫɢɢɯɦɫɤȴȮȹȸȸȴȮɀɀȵɁȺȴȮ

ȹɁȿɀȶȮ

˨ɆɯɬɴɫɦɫɰɥɢɩɡȮȹɁɀȹ˩ȮɆɯɬɴɫɦɫɰɥɢɩɡȴȮɕȶɇȶȴȮɅɯɞɫɡȴȮɕȶȮɄȶȴȮɄȮɭɥɶɰɦɬɩɬɤɦɠɞɩɩɶȮɟɞɰɢɡȮɠɯɦɱɢɯɦɬɫȮɬɣȮɪɲɰɠɩɢȮ

ɣɬɯɠɢȮɭɯɢɡɦɠɱɦɬɫȮɦɫȮɩɬɠɬɪɬɱɦɬɫȴȮɍɬɲɯɫɞɩȮɬɣȮɅɦɬɪɢɠɥɞɫɦɠɰȴȮȹȼȴȮȹȹȴȮȿɁȻȵɀȸȹȴȮȹɁɀȹȶȮ

ȲɡɞȮɖɦɩɳɞȮȺȸȹȺȳȮ ɡɞȮ ɖɦɩɳɞȴȮ ɏȶȴȮ ɏɦɤɦɞȴȮ ɖȶȴȮ ɅɬɯɱɬɩɬɱɱɦȴȮ əȶȴȮ ɆɞɪɭɬɰȴȮ ɌȶȮ ɆȶȮɐȶȴȮ ɐɢɯɦɫɬȴȮ ɈȶȮ ɄȶȮ ɇȶȴȮ

ɆɬɪɣɬɯɱȮɪɬɡɢɩȮɣɬɯȮɞɲɱɬɪɬɟɦɩɢȮɰɢɞɱȴȮɚɬɯɨȴȮȼȹȴȮȺɁȽȵȻȸȺȴȮȺȸȹȺȶȮ

ȲɇɦɢɟɰɠɥɩɞɤȮȹɁɀɀȳȮ ɇɦɢɟɰɠɥɩɞɤȴȮɚȶȴȮɋɢɦɡɦɫɤɢɯȴȮ ɉȶȴȮ ɎɲɯɷȴȮ ɅȶȴȮɋɢɦɟɢɯɤɢɯȴȮɕȶȴȮ ɕɢɠɬɪɪɢɫɡɞɱɦɬɫȮ ɣɬɯȮ
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ɈɯɤɬɫɬɪɦɠȮɞɫɡȮɆɩɦɪɞɱɦɠȮɓɥɶɰɦɬɩɬɤɦɠɞɩȮəɢɥɦɠɩɢȮɖɢɞɱȮɇɢɰɦɤɫȴȮɖɄɈȮɓɞɭɢɯȴȮɀɀȸȸȽȽȴȮ

ȹɁɀɀȶȮ Ȯ

ȲɇɬɫɞɱɦȮȹɁɀȼȳȮ ɇɬɫɞɱɦȴȮ ɓȶȮɐȶȴȮ ɅɬɩɡɢɯɬȴȮɄȶȮɊȶȴȮɚɥɶɱɢȴȮ ɕȶȮ ɗȶȴȮ ɖɱɞɶɫɢɯȴȮ ɕȶȮɐȶȴȮ ɗɥɢȮ ɓɬɰɱɲɯɞɩȮ

ɖɲɭɭɬɯɱȮ ɬɣȮ ɖɢɞɱɰɂȮ ɄȮ ɖɱɲɡɶȮ ɬɣȮ ɇɯɦɳɢɯȮ ɓɯɢɣɢɯɯɢɫɠɢɰȮ ɇɲɯɦɫɤȮ ɖɦɪɲɩɞɱɢɡȮ ɗɯɞɠɱɬɯȮ

ɒɭɢɯɞɱɦɬɫȴȮɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȹȽȴȮȹȴȮȺȵȹȸȴȮȹɁɀȼȶȮ

ȲɇɯɲɯɶȮȹɁɀȺȳȮ ɇɯɲɯɶȴȮ ɆȶȮ ɊȶȴȮ ɆɬɲɯɶȴȮ ɅȶȮ ɊȶȴȮ ɄȮ ɐɢɱɥɬɡɬɩɬɤɶȮ ɣɬɯȮ ɆɥɞɦɯȮ ɈɳɞɩɲɞɱɦɬɫȴȮ ɄɭɭɩɦɢɡȮ

ɈɯɤɬɫɬɪɦɠɰȴȮȹȻȴȮȻȴȮȹɁȺȵȺȸȺȴȮȹɁɀȺȶȮ

ȲɇɯɲɯɶȮȹɁɀȽȳȮ ɇɯɲɯɶȴȮɆȶȮɊȶȴȮ ɉɯɞɫɠɥɢɯȴȮɐȶȴȮ ɈɳɞɩɲɞɱɦɬɫȮɬɣȮ ɞȮ ɉɬɯɴɞɯɡȮ ɖɩɬɭɦɫɤȮɆɥɞɦɯȴȮ ɄɭɭɩɦɢɡȮ

ɈɯɤɬɫɬɪɦɠɰȴȮȹȾȴȮȹȴȮȼȹȵȼȿȴȮȹɁɀȽȶȮ

ȲɈɞɰɱɪɞɫȮȹɁȿȾȳȮ ɈɞɰɱɪɞɫȴȮɐȶȮ ɆȶȴȮ ɎɞɪɬɫȴȮ ɈȶȴȮ ɓɬɰɱɲɯɢȮ ɞɫɡȮ ɖɲɟɧɢɠɱɦɳɢȮ ɈɳɞɩɲɞɱɦɬɫȮ ɞɱȮ ɉɩɞɱȮ ɞɫɡȮ

ɖɩɞɫɱɢɡȮɇɢɰɨɰȴȮɋɲɪɞɫȮɉɞɠɱɬɯɰȴȮȹɀȴȮȹȴȮȹȽȵȺȾȴȮȹɁȿȾȶȮ

ȲɈɟɢȮȺȸȸȸȳȮ ɈɟɢȴȮɎȶȮɞɫɡȮɊɯɦɣɣɦɫȴȮɐȶȮɍȶȴȮɔɲɞɩɦɱɞɱɦɳɢȮɪɬɡɢɩɰȮɬɣȮɰɢɞɱȮɡɦɰɠɬɪɣɬɯɱȮɦɫɠɩɲɡɦɫɤȮɰɱɞɱɦɠȮ

ɞɫɡȮɡɶɫɞɪɦɠȮɣɞɠɱɬɯɰȴȮɈɯɤɬɫɬɪɦɠɰȴȮȼȻȴȮȾȴȮȿȿȹȵȿɁȸȴȮȺȸȸȸȶȮ

˨ɈɨɩɲɫɡȮȹɁɀȿ˩Ȯ ɈɨɩɲɫɡȴȮ ɍȶɄȶɈȶȴȮ ɒɯɱɢɫɤɢɫȴȮ ɕȶȴȮ ɆɬɯɩɢɱɱȴȮ ɑȶȮ ɈȶȴȮ ɄȮ ɟɦɬɪɢɠɥɞɫɦɠɞɩȮ ɪɬɡɢɩȮ ɣɬɯȮ

ɢɳɞɩɲɞɱɦɬɫȮɬɣȮɰɭɦɫɞɩȮɩɬɞɡɰȮɦɫȮɰɢɞɱɢɡȮɴɬɯɨȴȮɅɦɬɪɢɠɥɞɫɦɠɰȴȮɛȵɅȴȮȹȹȾɁȵȹȹȿȻȴȮȹɁɀȿȮ

ȲɉɞɦȮȺȸȸȿȳȮ ɉɞɦȴȮɗȶȮɆȶȴȮɇɢɩɟɯɢɰɰɦɫɢȴȮɉȶȮɞɫɡȮɕɞɲɱɢɯɟɢɯɤȴȮɐȶȴȮəɢɥɦɠɩɢȮɰɢɞɱȮɡɢɰɦɤɫɂȮɰɱɞɱɢȮɬɣȮɱɥɢȮ

ɞɯɱȮɞɫɡȮɯɢɠɢɫɱȮɡɢɳɢɩɬɭɪɢɫɱȴȮɓɯɬɠɢɢɡɦɫɤɰȮɚɬɯɩɡȮɈɫɤɦɫɢɢɯɦɫɤȮɆɬɫɤɯɢɰɰȮȺȸȸȿȴȮȽȹȵ

ȾȹȴȮȺȸȸȿȶȮ

ȲɉɯɞɫɷȮȺȸȸɀȳȮ ɉɯɞɫɷȴȮɐȶȴȮɝɢɫɨȴȮɕȶȴȮɇɲɯɱȴȮɄȶȴȮəɦɫɨȴȮɓȶȴȮɇɦɰɠȮɓɯɢɰɰɲɯɢȮɈɣɣɢɠɱɰȮɬɫȮɱɥɢȮɖɭɦɫɢȴȮ

ɌɫɣɩɲɢɫɠɢɡȮɟɶȮɈɵɱɯɞȮɈɮɲɦɭɪɢɫɱȮɞɫɡȮɞȮɐɞɰɰɞɤɢȮɖɶɰɱɢɪȮɦɫȮɆɞɯȮɖɢɞɱɰȴȮɖɄɈȮɓɞɭɢɯȴȮ

ȺȸȸɀȵȸȹȵȸɀɀɀȴȮȺȸȸɀȶȮ

ȲǆŌȮ ȹɁɁȸȳȮ ǆŌœÃ˪ȇiÖQȴȮəɇɗ #ĵʚʅʌʪ ɒɄ ˅ʳʯʜÊʩÙ{Ǟ(Āŋʜö
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Ĭ˪āĔ�Ȓ»��ȓě÷ȃƛ Ⱥȸ v��Ǧšț˪Ȯ ȹȽȾȵȹȽȿȴȮȹɁɁȸȶȮ

˨ɊɢɬɯɤɢȮɆȶȮɐɞɯɰɥɞɩɩȮɖɭɞɠɢȮɉɩɦɤɥɱȮɆɢɫɱɢɯȮȹɁȿȾ˩Ȯ ɊɢɬɯɤɢȮɆȶȮɐɞɯɰɥɞɩɩȮɖɭɞɠɢȮɉɩɦɤɥɱȮɆɢɫɱɢɯȴȮɐɞɫȮȷȮ

ɰɶɰɱɢɪȮɯɢɮɲɦɯɢɪɢɫɱɰȮɣɬɯȮɴɢɦɤɥɱɩɢɰɰȮɢɫɳɦɯɬɫɪɢɫɱɰȴȮɐɖɉɆȵɖɗɇȵȽȹȺɄȴȮɆɥɞɭȶȺȶȺȴȮ

ȹɁȿȾȶȮ

˨ɊɬɬɰɰɢɫɰȮȹɁɁȻ˩Ȯ Ȯ ɊɬɬɰɰɢɫɰȴȮɕȶɋȶɐȶȴȮɖɫɦɡɢɯɰȴȮɆȶȮɍȶȴȮɋɬɢɨȮɳɞɫȮɇɦɧɨɢȴȮɊȶȮɄȶȴȮɡɢɫȮɒɲɡɢɫȴȮɄȶȮɋȶȴȮɄȮ

ɫɢɴȮ ɦɫɰɱɯɲɪɢɫɱȮ ɣɬɯȮ ɱɥɢȮɪɢɞɰɲɯɢɪɢɫɱȮ ɬɣȮ ɣɬɯɠɢɰȮ ɬɫȮ ɟɢɡɰȮ ɞɫɡȮ ɰɢɞɱɰȴȮ ɍɬɲɯɫɞɩȮ ɬɣȮ

ɅɦɬɪɢɡɦɠɞɩȮɈɫɤɦɫɢɢɯɦɫɤȴȮȹȽȴȮȼȸɁȵȮȼȹȺȴȮȹɁɁȻȶȮ

˨ɊɬɬɰɰɢɫɰȮȹɁɁȽ˩Ȯ Ȯ ɊɬɬɰɰɢɫɰȴȮ ɕȶɋȶɐȶȴȮ ɖɫɦɡɢɯɰȴȮɆȶȮ ɍȶȴȮɇɢɰɦɤɫȮ ɠɯɦɱɢɯɦɞȮ ɣɬɯȮ ɱɥɢȮ ɯɢɡɲɠɱɦɬɫȮ ɬɣȮ ɰɥɢɞɯȮ

ɣɬɯɠɢɰȮɦɫȮɟɢɡɰȮɞɫɡȮɰɢɞɱɰȴȮɍɬɲɯɫɞɩȮɬɣȮɅɦɬɪɢɠɥɞɫɦɠɰȴȮȺɀȴȮȺȴȮȺȺȽȵȺȻȸȴȮȹɁɁȽȶȮ

ȲɊɯɞɠɬɳɢɱɰɨɶȮȹɁɀɀȳȮ ȮɊɯɞɠɬɳɢɱɰɨɶȴȮɖȶȴȮɗɥɢȮɰɭɦɫɞɩȮɢɫɤɦɫɢȴȮɖɭɯɦɫɤɢɯȵəɢɯɩɞɤȴȮȹɁɀɀȶȮ

ȲɊɯɦɣɣɦɫȮȹɁɁȸȳȮ ɊɯɯɦɣɦɫȴȮɐȶȮɍȶȴȮɋɞɫɡɟɬɬɨȮɬɣȮɋɲɪɞɫȮəɦɟɯɞɱɦɬɫȴȮɄɠɞɡɢɪɦɠȮɓɯɢɰɰȴȮȹɁɁȸȶȮ

Ȳƾ�Ȯ ȹɁɀȿȳȮ ƾ�Dǹ˪ĜµŵÅȴȮ�Ķ�UʚȓʏʪƊƖ˪ƼRǳìǉ˪ȼȹȴȮȹȹȴȮɩȺȿȽȵȹȺȿɁȴȮ

ȹɁɀȿȶȮ

ȲƾµȮ ȹɁȾȽȳȮ ƾµDĄ˪ĨŁÍ�ȴȮ!yʘôǘȠƕʜ�Vʧʩʣʓ�àĲ�ʜ}ʩÙ{ʜƽ

ʍʜę�ʚʕʃʗ˪�Ȓ»�˪ȺȴȮȼȴȮȻȸȵȻɀȴȮȹɁȾȽȶȮ

˨ɋɞɫɰɰɬɫȮȹɁɁȾ˩Ȯ Ȯ ɋɞɫɰɰɬɫȴȮɓȶɄȶȴȮɸɟɢɯɤȴȮɎȶȮɈȶȮɗȶȴȮɄȮɪɢɱɥɬɡȮɣɬɯȮɠɬɪɭɲɱɢɯɦɷɢɡȮɱɥɯɢɢȵɡɦɪɢɫɰɦɬɫɞɩȮ

ɞɫɞɩɶɰɦɰȮɬɣȮɟɦɬɪɢɠɥɞɫɦɠɞɩȮɩɬɞɡȮɬɫȮɞȮɰɢɞɱɢɡȮɱɯɞɠɱɬɯȮɡɯɦɳɢɯȴȮɌɫɱɢɯɫɞɱɦɬɫɞɩȮɍɬɲɯɫɞɩȮɬɣȮ

ɌɫɡɲɰɱɯɦɞɩȮɈɯɤɬɫɬɪɦɠɰȴȮȺȾȹȵȺȾɀȴȮȹɁɁȾȶȮ

Ȳ8ŴȮ ȹɁɀȿȳȮ 8Ŵ�D˪�ȇƭȜ˪ņ¸ŗǈȴȮƼRǳÊÂʜʷˆʽ˝ˤßʚȓʏʪƊƖ˨ƛ ȹ

�˩Ȯ ȵȟžʙę�ʚʅʌʪu�ǡĦȵ˪�Ȓ»�˪ȺȻȴȮȻȴȮȹȿȻȵȹɀȸȴȮȹɁɀȿȶȮ Ȯ

Ȳ8ŴȮ ȹɁɁȿȳȮ Ȯ 8ŴƑȚȴȮ�ȅȴȮɖɭɬɯɱȮɐɢɡɦɠɦɫɢȮɈɵɭɯɢɰɰȴȮȾȴȮɅɬɬɨȮɋɬɲɰɢȮɋɇȴȮȹɁɁȿȶȮ

Ȳ8ŴȮ ȺȸȸȹȳȮ Ȯ 8ŴƑȚȴȮ�ȅʭŏʆʎʓʿ˖˧ˇˊˢ˧ˍˤʸȴȮ ǦǢƎʻʱʴˤˈʰ˓ʰʷȴȮ
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ȺȸȸȹȶȮ

˨ɋɞɱɷɢȮȹɁȿȾ˩Ȯ ɋɞɱɷɢȴȮɋȶȴȮɗɥɢȮɠɬɪɭɩɢɱɢȮɬɭɱɦɪɦɷɞɱɦɬɫȮɬɣȮɥɲɪɞɫȮɪɬɱɦɬɫȴȮɐɞɱɥɢɪɞɱɦɠɞɩȮɅɦɬɰɠɦɢɫɠɢȴȮ

ȺɀȴȮɁɁȵȹȻȽȴȮȹɁȿȾȶȮ

ȲɋɢɴɢɰȮȹɁȽȿȳȮ ɋɢɴɢɰȴȮɊȶȮɚȶȴȮɗɥɢȮɞɫɱɥɯɬɭɬɩɬɤɶȮɬɣȮɭɬɰɱɲɯɢȴȮɖɠɦɢɫɱɦɣɦɠȮɄɪɢɯɦɠɞɫȴȮȹɁȾȴȮȺȴȮȹȺȺȵ

ȹȻȺȴȮȹɁȽȿȶȮ

ȲɋɦɢɪɰɱɯɞȵɳɞɫȮɐɞɰɱɯɦɤɱȮȺȸȹȽȳȮ ɋɦɢɪɰɱɯɞȵɳɞɫȮɐɞɰɱɯɦɤɱȴȮɖȶȴȮɎɞɪɭȴȮ ɌȶȴȮɳɞɫȮəɢɢɫȴȮɖȶɄȶɗȶȴȮəɦɫɨȴȮɓȶȴȮ

ɅɬɰɠɥȴȮɗȶȴȮɗɥɢȮɦɫɣɩɲɢɫɠɢȮɬɣȮɞɠɱɦɳɢȮɰɢɞɱɦɫɤȮɬɫȮɠɞɯȮɭɞɰɰɢɫɤɢɯɰȱȮɭɢɯɠɢɦɳɢɡȮɠɬɪɣɬɯɱȮ

ɞɫɡȮɞɠɱɦɳɦɱɶȮɩɢɳɢɩɰȴȮɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȼȿȴȮȺȹȹȵȺȹɁȴȮȺȸȹȽȶȮ

ȲɋɦɢɪɰɱɯɞȵɳɞɫȮɐɞɰɱɯɦɤɱȮȺȸȹȿȳȮ ɋɦɢɪɰɱɯɞȵɳɞɫȮɐɞɰɱɯɦɤɱȴȮ ɖȶȴȮɊɯɬɢɫɢɰɱɢɦɧɫȴȮ ɏȶȴȮ əɦɫɨȴȮ ɓȶȮ ɞɫɡȮɎɲɦɧɱȵ

ɈɳɢɯɰȴȮɏȶȮɉȶȮɐȶȴȮɓɯɢɡɦɠɱɦɫɤȮɭɞɰɰɢɫɤɢɯȮɰɢɞɱȮɠɬɪɣɬɯɱȮɞɫɡȮɡɦɰɠɬɪɣɬɯɱȮɬɫȮɱɥɢȮɟɞɰɦɰȮ

ɬɣȮɥɲɪɞɫȴȮɠɬɫɱɢɵɱȮɞɫɡȮɰɢɞɱȮɠɥɞɯɞɠɱɢɯɦɰɱɦɠɰɂȮɞȮɩɦɱɢɯɞɱɲɯɢȮɯɢɳɦɢɴȴȮɈɯɤɬɫɬɪɦɠɰȴȮȾȸȴȮ

ȿȴȮɀɀɁȵɁȹȹȴȮȺȸȹȿȶȮ

ȲÃ®Ȯ ȹɁɁȸȳȮ Ã®ƚé˪³¹,©ȴȮƼRǳʽ˧ˊʜƆÊȠÓãʘÊʩÙ{ʜȓ)˪�Ȓ»�˪

ȺȾ˪ũCd˪ȺȹȼȵȺȹȽȴȮȹɁɁȸȶȮ Ȯ

ȲɋɦɯɞɬȮȹɁɁȾȳȮ Ȯ ɋɦɯɞɬȴȮɄȶȮɞɫɡȮɜɞɪɞɷɞɨɦȴȮɑȶȴȮɈɰɱɦɪɞɱɦɬɫȮɬɣȮɦɫɱɢɯɫɞɩȮɩɬɞɡɰȮɬɫȮɰɦɱɱɦɫɤȮɭɬɰɱɲɯɢȮɟɶȮ

ɪɲɰɠɲɩɬȵɰɨɢɩɢɱɞɩȮɪɬɡɢɩȴȮɅɬɬɨȮɬɣȮɞɟɰɱɯɞɠɱɰȮɬɣȮȹȸɱɥȮɠɬɫɣɢɯɢɫɠɢȮɬɣȮɱɥɢȮɈɲɯɬɭɢɞɫȮ

ɖɬɠɦɢɱɶȮɬɣȮɅɦɬɪɢɠɥɞɫɦɠɰȴȮȻȼȽȴȮȹɁɁȾȶȮ

ȲÃ®Ȯ ȺȸȸȹȳȮ Ȯ Ã®ƚé˪³¹,©ȴȮ Ⱥ Ŀ5ƜȧĪ˛ˉˡʚʧʪÊ��Uʜű!>Ǫǂõ�

ëŋ˪āĔľĮ��Ǥüț˪Ɇƨ˪ȾȿȴȮȾȾȹ˪ȹȿȻȵȹȿɁȴȮȺȸȸȹȶȮ

ȲÃ®Ȯ ȺȸȸȾȳȮ Ȯ Ã®ƚé˪W¹ĉ�˪³¹,©ȴȮű!J�žǪǂʚƆƁʎʓźO�śǼǴ�

UʜȑŻ˪ƼRǳìǉ��ǉǦš�GEț˪ȹȸȸȵȸȾ˪ȽȵȹȸȴȮȺȸȸȾȶȮ

ȲÃ®Ȯ ȺȸȸɀɞȳȮ Ȯ Ã®ƚé˪W¹ĉ�˪³¹,©ȴȮű!J�žǪǂʚƆƁʎʓźO�śǼǴ�
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UʜȑŻ˪ƼRǳìǉǤüț˪ȻɁ˪Ⱥ˪ɀȿȵɁȺȴȮȺȸȸɀȶȮ

ȲÃ®Ȯ ȺȸȸɀɟȳȮ Ȯ Ã®ƚé˪Lǆl�˪W¹ĉ�˪³¹,©ȴȮȏćȒǼǴćʜƳ!źOʜ�ß

ʅʧʠ�ȈžǞ(˪ƼRǳìǉǤüț˪ȻɁ˪Ⱥ˪ȹȽȻȵȹȽɀȴȮȺȸȸɀȶȮ

ȲÃ®Ȯ ȺȸȸɀɠȳȮ Ȯ Ã®ƚé˪Lǆl�˪W¹ĉ�˪³¹,©ȴȮ�ȠžǞ(ʚ�ʖʊƳ!źO�

śǼǴ�UʜöĬ˪ˏʱʵ˚ʶˍˀ˙ ȹɁ˪ȹȺȽȵȹȻȽȴȮȺȸȸɀȶȮ

ȲÃ®Ȯ ȺȸȹȿȳȮ Ã®ƚéȴȮčŴ�ƾ�ȴȮȉ'åȴȮLǆ1ȂȴȮĜµŵÅȴȮ�ƗȒˉʼʱˤ˛ˉ

ˡʚ�ʖʊÊʩÙ{ƊƖʜƇǧ!ƢVȮƼRǳMëÂªųʽ˧ˊʡʜǿųʚʧ

ʪčųßĴǝȴȮˉʼʱˤ�ƊƖȮC?ȮāĔˉʼʱˤ��ǠȮƛ Ⱦȼ vƊƖŻǊ

��ķǐțȴȮȺȹȺȵȺȹȻȴȮȺȸȹȿȶȮ

ȲÃŉȮ ȹɁɀɀȳȮ Ãŉ¬Ņ˪Ǐ_�Ƭ˪Ã®żƬ˪į³ȭƬ˪ȇiÖQȴȮ���ßʜÊ��U

ʚʕʃʗȮ ȵĲ�ʅʧʠ#ĵbʜȨʍʜǛ�ȵ˪�Ȓ»�˪ȺȼȴȮũCd˪ȺɁȺȵȺɁȻȴȮ

ȹɁɀɀȶȮ

ȲɋɬɩɡɢɫȮȹɁɀɀȳȮ ɋɬɩɡɢɫȴȮɍȶȮɐȶȴȮɉɢɯɫɦɢȴȮɊȶȴȮɏɲɫɞɲȴȮɎȶȴȮɆɥɞɦɯɰȮɣɬɯȮɈɩɡɢɯɩɶȮȵɇɢɰɦɤɫȮɆɬɫɰɦɡɢɯɞɱɦɬɫɰȴȮ

ɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȹɁȴȮȼȴȮȺɀȹȵȺɀɀȴȮȹɁɀɀȶȮ

ȲɋɬɩɡɢɫȮȹɁɀɁȳȮ ɋɬɩɡɢɫȴȮɍȶȮɐȶȴȮɉɢɯɫɦɢȴȮɊȶȴȮɖɭɢɠɦɣɦɠɞɱɦɬɫɰȮɣɬɯȮɞȮɐɞɰɰȮɓɯɬɡɲɠɦɟɩɢȮɖɱɞɱɦɠȮɏɬɲɫɤɢȮ

ɆɥɞɦɯȮɣɬɯȮɱɥɢȮɈɩɡɢɯɩɶȴȮɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȺȸȴȮ Ȯ ȹȴȮȻɁȵȼȽȴȮȹɁɀɁȶȮ

Ȳ�ǰȮ ȹɁɁȹȳȮ Ȯ�ǰ�©˪��[�˪ȇiÖQȴȮəɇɗ#ĵʚʅʌʪǱŔʈ˦Ǳ"ʩŮǩʜǗĞ˪

āĔ�Ȓ»��ƛ Ⱥȹv��ǦšțȴȮȻȿȵȻɀȴȮȹɁɁȹȶȮ Ȯ

ȲňŴȮ ȹɁɀȹȳȮ ňŴ�D˪ĕ³�Ȃ˪Ŭ-ů˪ŘȇȆĿȂ˪ ±ǀÅȴȮRJǳǼǴÂųĲ�

ʚȓʏʪƊƖ˪ȋǽO4ƒ�˪ȻȽȴȮȼȻȵȼɀȴȮȹɁɀȹȶȮ

Ȳ��Ȯ ȺȸȸȸȳȮ ��Ʊ�ȴȮʯʾʯʚǑʪʂʜ}ʩĀʘ�ʃƹòʌȴȮ�sȴȮȺȸȸȸȶȮ

ȲɌɫɰɱɦɱɲɱɢȮɣɬɯȮɆɬɫɰɲɪɢɯȮɈɯɤɬɫɬɪɦɠɰȮȹɁɀȹȳȮ ɌɫɰɱɦɱɲɱɢȮ ɣɬɯȮ ɆɬɫɰɲɪɢɯȮ ɈɯɤɬɫɬɪɦɠɰȴȮ ɖɢɞɱɢɡȮ
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ɄɫɱɥɯɬɭɬɪɢɱɯɶɂȮɗɥɢȮɓɯɬɟɩɢɪɰȮɌɫɳɬɩɳɢɡȮɦɫȮɞȮɏɞɯɤɢȮɖɠɞɩɢȮɖɲɯɳɢɶȮɬɣȮɇɦɰɞɟɩɢɡȮɞɫɡȮ

ɈɩɡɢɯɩɶȮɓɢɬɭɩɢȴȮɈɯɤɬɫɬɪɦɠɰȴȮȺȼȴȮȹȹȴȮɀȻȹȵɀȼȽȴȮȹɁɀȹȶȮ Ȯ

Ȯ ȲƈºȮ ȺȸȸɁȳȮ Ȯ ƈºÑ�˪Ĕą�˪Ǐė[�˪��Ĉ�˪ǷǆocȴȮ�Ȓ»�ʚȄæʎʓƼ

Rǳųʽ˧ˊːˆˋʜǞ(˪ƐµƄ»ĵìǉˁˤ˃˧ƊƖ�k˪ȹɁ˪ȿȿȵɀȸȴȮ

ȺȸȸɁȶȮ

Ȳ¶¹Ȯ ȹɁɀɀȳȮ ¶¹,˪ĜµŵÅ˪³ˎ�DƬȴȮʽ˧ˊÊʩÙ{ʜ�ȈV˪ƼRǳìǉ˪ȼȺȴȮ

ȹȹȴȮȹȼȸȻȵȹȼȸɀȴȮȹɁɀɀȶȮ

Ȳ¶ŴȮ ȺȸȸɁȳȮ Ȯ ¶ŴŎ�˪ğǌ�˪ıŴƽü˪ȪȤǌ�˪Ļ³Ś�˪ǆ¾hď˪�ǆùÑ˪Ž

ȩÕŶ˪İŤ6ȘȴȮñRʽ˧ˊƆÊʚʅʌʪƹȃʜźOǵśPĠʜĴǝ˪ā

ĔľĮ»��ěŕ÷ȃƛ Ƚɀ đƧ�Ǧš�ǦšǤüț˪Ƚɀ˪ȹȾȹȵȹȾȺȴȮȺȸȸɁȶȮ

Ȳį³Ȯ ȹɁɀɀȳȮ į³ȭƬ˪Ãŉ¬Ņ˪Ǐ_�Ƭ˪Žƈ6Ć˪ȇiÖQȴȮ���ßʚʧʪĲ�ʜ

Ǟ(ʚʕʃʗ˪�Ȓ»�˪Ⱥȼ˪ũCd˪ȺɁȼȵȺɁȽȴȮȹɁɀɀȶȮ

ȲLǆȮ ȹɁɁȸȳȮ LǆJ˪ǃȇȘ�ȴȮ˄ʱˌ˘ˆʷʻ˖˧ˊ˅ʳʯ˧ʜľƷʚȓʏʪƊƖ˪�Ȓ»

�˪ȺȾ˪ũCd˪ȹȹɀȵȹȹɁȴȮȹɁɁȸȶȮ Ȯ

ȲɎɞɱɬȮȺȸȸȾȳȮ Ȯ ɎɞɱɬȴȮɎȶȮɞɫɡȮɎɦɱɞɷɞɨɦȴȮɖȶȴȮɄȮɖɱɲɡɶȮɬɣȮɱɥɢȮɆɥɞɫɤɢȮɦɫȮɱɥɢȮɇɯɦɳɢɯɻɰȮɖɱɞɱɢȮɡɲɢȮɱɬȮ

ɏɬɫɤȮɇɯɦɳɦɫɤȴȮɓɯɬɠɢɢɡɦɫɤɰȮɬɣȮɉɌɖɌɗɄȮȺȸȸȾȴȮɉȺȸȸȾɇȹȼȾȴȮȺȸȸȾȮ

ȲīĒȮ ȹɁɁȻȳȮ Ȯ īĒǽǌ˪ǣǚûÔ˪ė�Ʋǥ˪ņ¸ŗǈȴȮÝǿßg�ʜʓʥʜČǿÊȠÓ

ŪʜǗĞ˪ƼRǳìǉ��ǉǦš�GEț˪ɁȻȾ˪ɀȽȵɀɀȴȮȹɁɁȻȶȮ

ȲɎɢɢɤɞɫȮȹɁȽȻȳȮ ɎɢɢɤɞɫȴȮɍȶȮɍȶȴȮɄɩɱɢɯɞɱɦɬɫɰȮɬɣȮɱɥɢȮɏɲɪɟɞɯȮɆɲɯɳɢȮɕɢɩɞɱɢɡȮɱɬȮɓɬɰɱɲɯɢȮɞɫɡȮɖɢɞɱɦɫɤȴȮ

ɍɬɲɯɫɞɩȮɬɣȮɅɬɫɢȮɞɫɡȮɍɬɦɫɱȮɖɲɯɤɢɯɶȴȮȻȽȵɄȴȮȻȴȮȽɀɁȵȾȸȻȴȮȹɁȽȻȶȮ

ȲɎɢɢɤɞɫȮȹɁȾȺȳȮ ɎɢɢɤɞɫȴȮ ɍȶȮ ɍȶȴȮ ɈɳɞɩɲɞɱɦɬɫȮ ɞɫɡȮ ɌɪɭɯɬɳɢɪɢɫɱȮ ɬɣȮ ɖɢɞɱɰȴȮ ɌɫɡɲɰɱɯɦɞɩȮɐɢɡɦɠɦɫɢȮ ɞɫɡȮ

ɖɲɯɤɢɯɶȴȮɄɭɯɦɩȴȮȹȻȿȵȹȼɀȴȮȹɁȾȺȶȮ
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Ȳ�ƟȮ ȹɁɀȺȳȮ �Ɵ1ȴȮʽ˧ˊ�Ù{ʜ�ȈžǞ(ŋ˪ƼRǳìǉ˪ȻȾȴȮȹȺȴȮȹȻȸȽȵȹȻȹȸȴȮȹɁɀȺȶȮ

Ȳº�Ȯ ȺȸȸȽȳȮ Ȯ º�çȴȮ³¹,©ȴȮ�ƴʜʤʊʣʭǵśʏʪ�ßų˅ʳʯʜȑŻȴȮ�Ȓ»�ȴȮ

ȼȹȴȮũCdȴȮȻȾȸȵȻȾȹȴȮȺȸȸȽȶȮ

ȲɎɞɴɞɫɬȮȺȸȸȽȳȮ Ȯ ɎɞɴɞɫɬȴȮɗȶȴȮɑɦɰɥɦɡɞȴȮɖȶȴȮɋɞɰɥɦɪɬɱɬȴȮɐȶȴȮɇɢɳɢɩɬɭɪɢɫɱȮɬɣȮɐɢɞɰɲɯɦɫɤȮɇɢɳɦɠɢȮɣɬɯȮ

ɏɬɴɢɯȮɏɢɤȮɖɴɢɩɩɦɫɤȮɘɰɦɫɤȮɞȮɖɱɯɞɦɫȮɊɞɲɤɢȴȮɍɖɐɈȮɌɫɱɢɯɫɞɱɦɬɫɞɩȮɍɬɲɯɫɞɩȴȮɖɢɯɦɢɰȮɆȴȮ

ȼɀȴȮȼȴȮȽɁȺȵȽɁȿȴȮȺȸȸȽȶȮ

˨ɎɞɶɦɰȮȹɁɁɁ˩Ȯ Ȯ ɎɞɶɦɰȴȮɅȶȴȮɋɬɞɫɤȴȮɎȶȴȮ ɖɱɞɱɦɠȮ ɱɥɯɢɢȵɡɦɪɢɫɰɦɬɫɞɩȮɪɬɡɢɩɩɦɫɤȮɬɣȮ ɭɯɬɩɬɫɤɢɡȮ ɰɢɞɱɢɡȮ

ɭɬɰɱɲɯɢȴȮɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȻȸȴȮȺȽȽȵȺȾȺȴȮȹɁɁɁȶȮ

ȲɎɦɱɞɪɲɯɞȮȺȸȹȻɞȳȮ ɎɦɱɞɪɲɯɞȴȮ ɗȶȴȮ ɎɞɱɬȴȮ ɗȶȴȮ ɖɞɱɬȴȮ ɎȶȴȮ ɐɞɱɰɲɬɨɞȴȮ ɜȶȴȮ ɓɥɶɰɦɬɩɬɤɦɠɞɩȮ ɄɫɞɩɶɰɦɰȮ ɣɬɯȮ

ɘɫɦɳɢɯɰɞɩȮɇɢɰɦɤɫȮɬɣȮɓɲɟɩɦɠȮɖɢɞɱȮɘɫɡɢɯȮɇɦɳɢɯɰɢȮɆɬɫɡɦɱɦɬɫɰȴȮɍɬɲɯɫɞɩȮɬɣȮɏɦɱɢɯɞɱɲɯɢȮ

ɞɫɡȮɄɯɱȮɖɱɲɡɦɢɰȴȮȻȴȮȺȴȮȹȺȽȵȹȻȾȴȮȺȸȹȻȶȮ

ȲɎɦɱɞɪɲɯɞȮȺȸȹȻɟȳȮ ɎɦɱɞɪɲɯɞȴȮɗȶȴȮɎɞɱɬȴȮɎȶȴȮ ɖɞɱɬȴȮɎȶȴȮɐɞɱɰɲɬɨɞȴȮɜȶȴȮɒɭɱɦɪɦɷɞɱɦɬɫȮɬɣȮɓɲɟɩɦɠȮɖɢɞɱȮ

ɉɲɫɠɱɦɬɫɰȮɱɬȮɄɰɰɲɯɢȮɞȮɆɬɪɣɬɯɱɞɟɩɢȮɖɦɱɱɦɫɤȮɓɬɰɱɲɯɢȮɦɫȮɇɦɳɢɯɰɢȮɆɬɫɡɦɱɦɬɫɰȴȮɊɩɬɟɞɩȮ

ɍɬɲɯɫɞɩȮɬɣȮɕɢɰɢɞɯɠɥɢɰȮɦɫȮɈɫɤɦɫɢɢɯɦɫɤȮɐɢɠɥɞɫɦɠɞɩȮɞɫɡȮɐɢɠɥɞɫɦɠɰȮɈɫɤɦɫɢɢɯɦɫɤȴȮȹȻȴȮ

ɀȴȮɀȵȹȿȴȮȺȸȹȻȶȮ

ȲĒ�Ȯ ȺȸȸȽȳȮ Ē�ħǅȴȮ7Ȑ ɄɋɓȴȮāƒìǻ@ŨƎȴȮȺȸȸȽȶȮ

ȲĒ�Ȯ ȺȸȸȾȳȮ Ȯ Ē�Đ[ȴȮĒƙØȴȮ�ŴŁȴȮ Ŝ³�;ȴȮǊȠƜȝxȴȮˏʱʵ˚ʶˍˀ˙˟ʱ

˔˟ˠȴȮě�ȝľ�@Ũ¯ȴȮȺȸȸȾȶȮ

Ȳ«ŸȮ ȹɁɀȽȳȮ «ŸÆņ˪ȓ��˪ūȇØ˪ƈǌ�ȴȮɒɄVʵ˓ʰʿʚʅʌʪ#ĵĲ�ʜ3g

ʘű!ľƷƊƖ˪�Ȓ»�˪ȺȹȴȮȽȴȮȺȼȽȵȺȽȼȴȮȹɁɀȽȶȮ Ȯ

Ȳ`ǭȮ ȹɁɁȽȳȮ `ǭp�ȴȮǲ!ș¢ưʜʓʥʜʱʿʜrȢť˫ǳʱʿʜ�f˫˪�Ȓ»�˪ȺȹȴȮ

ȽȴȮȺȻɁȵȺȼȻȴȮȹɁɀȽȶȮ Ȯ
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Ȳ«\Ȯ ȹɁȾȸȳȮ «\�ȂȴȮÊʜľĸʚȓʏʪ�ȦžƊƖ˨ʒʜ ȹȮ!ȆʜAÀ˩˪āĔÏƞ�

�Ǥü�kț˪ȾȾȴȮȻȸȹȵȻȸȼȴȮȹɁȾȸȶȮ

Ȳ«\Ȯ ȹɁȾȹɞȳȮ «\�Ȃ˪ŘŴħ�˪ȇŴǁ˪�Ǿ��ȴȮÊʜľĸʚȓʏʪ�ȦžƊƖ˨ƛ Ⱥ

�˩˨ÊʜRž�ÓŞ�ǋƫʘʎʗʜ�Ŀ5xÓʽˤʷˣʿʹ˧˕ʜǟ#˩˪ā

ĔÏƞ��Ǥü�kț˪ȾɁȴȮɭɭȶȺɁȿȵȻȸȸȴȮȹɁȾȹȶȮ

Ȳ«\Ȯ ȹɁȾȹɟȳȮ «\�Ȃ˪�ŒǨÔ˪§ȐÑǽ˪«Ēl�ȴȮ >Ǚŷʜ�Ȓ»�žƊƖ˨ƛ ȹ

�˩ȲɈɩɢɠɱɯɬɪɶɬɤɯɞɪ ʜÛųȳ˪āĔÏƞ��Ǥü�kț˪ȾɁȴȮȻȸȹȵȻȸȼȴȮȹɁȾȹȶȮ

Ȳ«\Ȯ ȹɁȾȺɞȳȮ «\�Ȃ˪�>�Ț˪§ȐÑǽȴȮ >Ǚŷʜ�Ȓ»�žƊƖ˨ƛ Ⱦ�˦!yA

ÀxʚʧʪľƷB�ʡʜ�ǟĬ˩˪āĔÏƞ���ǉǦšǐĂț˪ȺȾȹȴȮȹɁȾȺȶȮ

Ȳ«\Ȯ ȹɁȾȺɟȳȮ «\�Ȃ˪§ȐÑǽ˪ȍlŴS˪ȇ_ǁȴȮ >Ǚŷʜ�Ȓ»�žƊƖ˨ƛ ȿ

�˦ĹÐ£<ʜľƷžƯ¦˩˪āĔÏƞ���ǉǦšǐĂț˪ȺȾȺȴȮȹɁȾȺȶȮ

Ȳ«\Ȯ ȹɁȾȺɠȳȮ «\�Ȃ˪�>�Ț˪ȇ_ǁȴȮ >Ǚŷʜ�Ȓ»�žƊƖ˨ƛ ɀ�˦ÊʜÒß

ĖýʜßǯʘľƷ˩˪āĔÏƞ���ǉǦšǐĂț˪ȺȾȻȴȮȹɁȾȺȶȮ

Ȳ«\Ȯ ȹɁȾȻɞȳȮ «\�Ȃ˪§ȐÑǽ˪�>�Țˬ >Ǚŷʜ�Ȓ»�žƊƖ˨ƛȹȺ�˦ʃʏʜ

÷ïȠʜ˕ˣˊ˃ʱ˕˩˪āĔÏƞ��Ǥü�kț˪ɀɁȴȮȻȽȼȴȮȹɁȾȻȶȮ

Ȳ«\Ȯ ȹɁȾȻɟȳȮ «\�Ȃ˪Ȯ�>�Ț˪§ȐÑǽȴȮ >Ǚŷʜ�Ȓ»�žƊƖ˨ƛ ȹȻ�˦ŀƠ

ʜʃʏʜľƷžƯ¦˩˪āĔÏƞ��Ǥü�kț˪ɀɁȶȮȻȽȽȴȮȹɁȾȻȶȮ

Ȳ«\Ȯ ȹɁȾȻɠȳȮ «\�Ȃ˪ȍlŴS˪ȇ_ǁȴȮ >Ǚŷʜ�Ȓ»�žƊƖ˨ƛ ȹȼ �˦¥bʘ

űŏľƷʜcžƯ¦˩˪āĔÏƞ��Ǥü�kț˪ɀɁȴȮȻȽȾȴȮȹɁȾȻɾȮ

Ȳ«\Ȯ ȹɁȾȻɡȳȮ «\�Ȃ˪�>�Ț˪§ȐÑǽȴȮ >Ǚŷʜ�Ȓ»�žƊƖ˨ƛ¼�˦ǳĢ

ųÊÂʜľƷ˩˪āĔÏƞ��Ǥü�kț˪ɀɁȴȮȻȽȿȴȮȹɁȾȻȶȮ

ȲɎɬɩɦɠɥȮȺȸȸȸȳȮ Ȯ ɎɬɩɦɠɥȴȮɐȶȴȮɗɞɟɬɲɫȮɖȶȮɐȶȮɞɫɡȮɐɬɥɞɪɢɡȴȮɄȶȮɌȶȴȮɏɬɴȮɟɞɠɨȮɐɲɰɠɩɢȮɄɠɱɦɳɦɱɶȮɦɫȮɞɫȮ
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ɄɲɱɬɪɬɟɦɩɢȮ ɖɢɞɱȮ ɴɦɱɥȮ ɞȮ ɏɲɪɟɞɯȮ ɐɞɰɰɞɤɢȮ ɖɶɰɱɢɪȴȮ ɌɫɱɢɯɫɞɱɦɬɫɞɩȮ ɍɬɲɯɫɞɩȮ ɬɣȮ

ɒɠɠɲɭɞɱɦɬɫɞɩȮɖɞɣɢɱɶȮɞɫɡȮɈɯɤɬɫɬɪɦɠɰȴȮȾȴȮȹȴȮȹȹȻȵȹȺɀȴȮȺȸȸȸȶȮ

ȲɎɬɩɦɠɥȮȺȸȸɀȳȮ ɎɬɩɦɠɥȴȮ ɐȶȴȮ ɄȮ ɠɬɫɠɢɭɱɲɞɩȮ ɣɯɞɪɢɴɬɯɨȮ ɭɯɬɭɬɰɢɡȮ ɱɬȮ ɣɬɯɪɞɩɦɷɢȮ ɱɥɢȮ ɰɠɦɢɫɱɦɣɦɠȮ

ɦɫɳɢɰɱɦɤɞɱɦɬɫȮɬɣȮɞɲɱɬɪɬɟɦɩɢȮɰɢɞɱȮɠɬɪɣɬɯɱȴȮɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȻɁȴȮȹȽɺȺȿȴȮȺȸȸɀȶȮ

Ȳ«ĜȮ ȹɁɀȽȳȮ «ĜǥŊˬÊÂǞ(ʚǱðŝÉ�VʜDų˪ȋǽO4ƒ�˪ȻɁȴȮɁɁȵȹȸɁȴȮȹɁɀȽȶȮ

ȲǷǆȮ ȹɁɁȹȳȮ ǷǆƬŵÁ˪¡Ĕ[Å˪³Ŵǁ˪ȉ�œ�˪ȇiÖQȴȮÊ�#ĵćʜ˗ʱʷˣ

˙˧˔˚ˤˊ˪āĔ�Ȓ»��ȓĘ÷ȃƛ Ⱥȹv��Ǧšț˪ȿȿȵȿɀȴȮȹɁɁȹȶȮ Ȯ

ȲɏɢȮɆɞɯɭɢɫɱɦɢɯȮȹɁȾɁȳȮɏɢȮ ɆɞɯɭɢɫɱɦɢɯȴȮ ɈȶȮ ɉȶȴȮ ɈɞɰɶȮ ɆɥɞɦɯȮ ɇɦɪɢɫɰɦɬɫɰȮ ɣɬɯȮ ɆɬɪɣɬɯɱȮ ȵɄȮ ɖɲɟɧɢɠɱɦɳɢȮ

ɄɭɭɯɬɞɠɥȴȮɈɯɤɬɫɬɪɦɠɰȴȮȹȺȴȮȺȴȮȻȺɀȵȻȻȿȴȮȹɁȾɁȶȮ Ȯ

ȲɏɢɳɦɫɢȮȺȸȹȽȳȮ ɏɢɳɦɫɢȴȮɍȶȮɄȶȴȮɖɦɠɨȮɬɣȮɰɦɱɱɦɫɤȴȮɇɦɞɟɢɱɬɩɬɤɦɞȶȮȽɀȴȮɀȴȮȹȿȽȹɺȹȿȽɀȴȮȺȸȹȽȶȮ

Ȳˢ˥ʰˤȮ ȺȸȹȾȳȮ ʾʳʱ˙ˀ˦Ʉ˦ˢ˥ʰˤȴȮɊɈɗȮɘɓȯȮÊʩʔʟʙʎʇŃʭîʊȴȮȊĒƣ�ȲǜȳȴȮǖº

ċÈȴȮě�ȴȮȺȸȹȾȶȮ

ȲɏɲɢɡɢɯȮȹɁɀȻȳȮ ɏɲɢɡɢɯȴȮɕȶȴȮɖɢɞɱȮɠɬɪɣɬɯɱɂȮɄȮɯɢɳɦɢɴȮɬɣȮɱɥɢȮɠɬɫɰɱɯɲɠɱȮɦɫȮɱɥɢȮɬɣɣɦɠɢȮɢɫɳɦɯɬɫɪɢɫɱȴȮ

ɋɲɪɞɫȮɉɞɠɱɬɯɰȴȮȺȽȴȮȾȴȮȿȸȹȵȿȹȹȴȮȹɁɀȻȶȮ

ȲɏɲɢɡɢɯȮȺȸȸȼȳȮ ɏɲɢɡɢɯȴȮɕȶȴȮɈɯɤɬɫɬɪɦɠɰȮɬɣȮɰɢɞɱɢɡȮɪɬɳɢɪɢɫɱȮɞȮɯɢɳɦɢɴȮɬɣȮɱɥɢȮɰɠɦɢɫɱɦɣɦɠȮɩɦɱɢɯɞɱɲɯɢȮ

ɠɬɫɰɦɡɢɯɞɱɦɬɫɰȮɯɢɩɢɳɞɫɱȮɱɬȮɱɥɢȮɖɲɪɗɐȮɠɥɞɦɯȮɴɯɦɱɱɢɫȮɣɬɯȮɄɩɩɰɱɢɢɩȴȮɋɲɪɞɫɦɠɰȮɈɯɤɬȮ

ɖɶɰɱɢɪɰȴȮɌɫɠȶȴȮȹȵȻȻȴȮȺȸȸȼȶȮ

ȲĜµȮ ȹɁɀȾȳȮ ĜµŵÅȴȮː˧ˊˌ˧ʹˤ˓ʵ˧ˊʽ˧ˊʜȑŻ˪āŲì�Ȯ ȺȺȴȮȻȹȵȻȿȴȮȹɁɀȾȶȮ

ȲĜµȮ ȹɁɀȿȳȮ ĜµŵÅȴȮƼRǳųʽ˧ˊʜÊʩÙ{AĞ˪āƒìǻ�ƷĴĦʽˤ˖ʾʲ˙�

üț˪ȹȿȻȵȹɀȸȴȮȹɁɀȿȶȮ Ȯ

ȲɐɞɱɰɲɬɨɞȮȹɁɀɀȳȮ ɐɞɱɰɲɬɨɞȴȮ ɜȶȴȮ ɋɞɫɞɦȴȮ ɗȶȴȮ ɖɱɲɡɶȮ ɬɣȮ ɠɬɪɣɬɯɱɞɟɩɢȮ ɰɦɱɱɦɫɤȮ ɭɬɰɱɲɯɢȴȮ ɖɄɈȮ ɓɞɭɢɯȴȮ

ɀɀȸȸȽȼȴȮȹɁɀɀȶȮ



 
�

���� 

�� ��� ��

 

ȲɐɞɱɰɲɬɨɞȮȹɁɁȼɞȳȮ ɐɞɱɰɲɬɨɞȴȮɜȶȴȮɇɢɰɦɤɫȮɉɞɠɱɬɯȮɬɣȮɄɲɱɬɪɬɱɦɳɢȮɖɢɞɱȮȵɗɥɢȮɇɢɰɦɤɫȮɐɢɱɥɬɡȮɬɣȮɖɢɞɱȮ

ȲȹȳȵȴȮɗɥɢȮɖɠɦɢɫɠɢȮɬɣȮɇɢɰɦɤɫȴȮȼȹȴȮȻȴȮȼȹȵȼɀȴȮȹɁɁȼȶȮ

ȲɐɞɱɰɲɬɨɞȮȹɁɁȼɟȳȮ ɐɞɱɰɲɬɨɞȴȮɜȶȴȮɓɥɶɰɦɠɞɩȮɄɱɱɯɦɟɲɱɢɰȮɞɰȮɇɢɰɦɤɫȮɉɞɠɱɬɯȮɬɣȮɖɢɞɱȮȵɗɥɢȮɇɢɰɦɤɫȮɐɢɱɥɬɡȮ

ɬɣȮɖɢɞɱȮȲȺȳȵȴȮɗɥɢȮɖɠɦɢɫɠɢȮɬɣȮɇɢɰɦɤɫȴȮȼȹȴȮȼȴȮȻȿȵȼȼȴȮȹɁɁȼȶȮ

ȲĜµȮ ȹɁɁȿɞȳȮ ĜµŵÅȴȮƼRǳųʽ˧ˊʜ�Ȉž�ǕǛǙĀŋȮȵʽ˧ˊǛǙĀŋʚȓʏʪ

�Ư¦ȲȻȳȴȮˉʼʱˤ�ƊƖȴȮȼȻȮȴȮȾȴȮȼȽȵȽȸȴȮȹɁɁȿȶȮ

ȲĜµȮ ȹɁɁȿɟȳȮ ĜµŵÅȴȮ�ǕǛǙʘľƷǛǙȒʜʻʱ˗ˡˈʰ˧ˍʯʿ˦˕ˣˁʿȮ ȵʽ˧ˊǛ

ǙĀŋʚȓʏʪ�Ư¦ȲȼȳȴȮˉʼʱˤ�ƊƖȴȮȼȼȴȮȹȴȮȻȻȵȼȺȴȮȹɁɁȿȶȮ

ȲĜµȮ ȹɁɁȿɠȳȮ ĜµŵÅȴȮĸéǐƣʜĺşVʘʒʫʚ�ʖʊǛǙ˕ˣˁʿȮ ȵʽ˧ˊǛǙĀŋʚ

ȓʏʪ�Ư¦ȲȽȳȴȮˉʼʱˤ�ƊƖȴȮȼȼȴȮȺȴȮȹȵɀȴȮȹɁɁȿȶȮ

ȲĜµȮ ȹɁɁȿɡȳȮ ĜµŵÅȴȮÿĸǺʜǎmʚʅʌʪǛǙ˕ˣˁʿȮ ȵʽ˧ˊǛǙĀŋʚȓʏʪ�

Ư¦ȲȾȳȴȮˉʼʱˤ�ƊƖȴȮȼȼȴȮȺȴȮɁȵȹɀȴȮȹɁɁȿȶȮ

ȲĜµȮ ȺȸȸȹɞȳȮ ĜµŵÅȴȮÌȇûȴȮıŴûȴȮŠʩJʜJ�ʽ˘˜ˢ˧ʽ˝Ȯˤʭųʃʓʽ˧

ˊʿʲʰˤʸľĸʜǛǙȴȮˉʼʱˤ�ƊƖȴȮȼȿȴȮȽȴȮȾȽȵȿȺȴȮȺȸȸȹȶȮ

ȲĜµȮ ȺȸȸȹɟȳȮ ĜµŵÅȴȮÌȇûȴȮ�\&ȴȮ�Ĺ�¨Û~ˣˏʿˊǛǙĀŋʜĸƞȮȵȋ

ǽǳ�ųʽ˧ˊʿʲʰȮ ˤʸľĸʜǛǙʭ�%ʘʎʗȴȮ ˉʼʱˤ�ƊƖȴȮ ȼȿȴȮ ȽȴȮ

ȿȻȵɀȺȴȮȺȸȸȹȶȮ

ȲĜµȮ ȺȸȸȺɞȳȮ ĜµŵÅȴȮıŴûȴȮ�Ķ�Uƌ+ʚ¨ʎʗˣˏʿˊßʭčʏʪʽ˧ˊľĸʜȀ

�ʘČǿVȴȮˉʼʱˤ�ƊƖȴȮȼɁȴȮȻȴȮȾɁȵȿȾȴȮȺȸȸȺȶȮ

ȲĜµȮ ȺȸȸȺɟȳȮ ĜµŵÅȴȮ³���ȴȮWėł�ȴȮ�Ĺ�ʚʅʌʪʽ˧ˊʿʲʰˤʸľĸʜſƺ

ǇŐȈʡʜÖȡȴȮˉʼʱˤ�ƊƖȴȮȼɁȴȹȴȮɁȻȵȹȸȺȴȮȺȸȸȺȶȮ

ȲĜµȮ ȺȸȸɀȳȮ ĜµŵÅȮƨȴȮˉʼʱˤʻʱʴˤʿȮēĚIǺʜɼ:ʕɼʜǓťɼȮ ȲȺȸȸɀȳȴȮ�sȶȮ
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ȲĜµȮ ȺȸȹȻȳȮ ĜµŵÅȮƨȴȮɐ ˚˂ˆˋȮ�ƗȒʜˉʼʱˤÞƯȮ ȲȺȸȹȻȳȴȮǷ�ƒ�ƎȶȮ

Ȳ�£Ȯ ȺȸȸȼȳȮ �£ƍ�ȴȮ˓ʮʾʰõǤʭÛųʎʓĲ�ʜÊʩÙ{�Şʽʿˈ˙ʜĸƞȴȮăƓ

Ŵ����ȕ�Ȓƒ�ƊƖƒȮ [�Ȳ�Ȓƒ�ȳ��ǤüȴȮȺȸȸȼȶȮ

ȲɐɬɲɫɱȮȺȸȸȻȳȮ Ȯ ɐɬɲɫɱȮɉȶȮɈȶȴȮɚɥɦɱɪɬɯɢȮɐȶȮɞɫɡȮɖɱɢɞɩɢɶȴȮɖȶȮɏȶɂȮɈɳɞɩɲɞɱɦɬɫȮɬɣȮɑɢɲɱɯɞɩȮɅɬɡɶȮɓɬɰɱɲɯɢȮ

ɬɫȮɖɥɲɱɱɩɢȮɐɦɰɰɦɬɫȮɖɗɖȵȽȿȮȲɖɓɄɆɈɋɄɅȵȹȳȴȮɑɄɖɄȮɗɐɽȺȸȸȻȵȹȸȼɀȸȽȴȮɓȶȺȴȮȺȸȸȻȶȮ

ȲɑɞɠɥɢɪɰɬɫȮȹɁȾȸȳȮ Ȯ ɑɞɠɥɢɪɰɬɫȴȮɄȴȮɏɲɪɟɞɯȮɌɫɱɯɞɡɦɰɠɞɩȮɓɯɢɰɰɲɯɢȴȮɄɠɱɞȮɒɯɱɥɬɭɞɢɡɦɠɞȮɖɠɞɫɡɦɫɞɳɦɠɞȴȮ

ȼȻȴȮɖɲɭɭɩɢɪɢɫɱȴȮȹȵȹȸȼȴȮȹɁȾȸȶȮ

ȲɑɞɡɡɢɬȮȺȸȹȾȳȮ ɑɞɡɡɢɬȴȮɄȶȴȮɆɞɩɦɣɞɫɬȴȮɕȶȴȮɆɞɭɭɢɱɱɦȴȮɑȶȮɞɫɡȮəɞɩɩɬɫɢȴȮɐȶȴȮɗɥɢȮɢɣɣɢɠɱȮɬɣȮɢɵɱɢɯɫɞɩȮ

ɞɫɡȮ ɢɫɳɦɯɬɫɪɢɫɱɞɩȮ ɣɞɠɱɬɯɰȮ ɬɫȮ ɭɢɯɠɢɦɳɢɡȮ ɠɬɪɣɬɯɱɂȮ ɱɥɢȮ ɠɞɯȵɰɢɞɱȮ ɢɵɭɢɯɦɢɫɠɢȴȮ

ɓɯɬɠɢɢɡɦɫɤɰȮɬɣȮɱɥɢȮɋɲɪɞɫȮɉɞɠɱɬɯɰȮɞɫɡȮɈɯɤɬɫɬɪɦɠɰȮɖɬɠɦɢɱɶȮɈɲɯɬɭɢȮɆɥɞɭɱɢɯȮȺȸȹȽȮ

ɄɫɫɲɞɩȮɆɬɫɣɢɯɢɫɠɢȴȮȺɁȹȵȻȸɀȴȮȺȸȹȾȶȮ

Ȳņ¸Ȯ ȹɁɀɁȳȮ ņ¸ŗǈȴȮƆÊ�Uʘ!yAÀʜŞ�˦Ǟ(˪ƛȽvʽ˧ˊìǉƊƖŻǊ�Ǧ

šǮý˪ȹȵȼȴȮȹɁɀɁȶȮ

Ȳņ¸Ȯ ȹɁɁȹȳȮ ņ¸ŗǈȴȮ ʽ˧ˊʜÝǿßg�ìǉʚʕʃʗ˪ƼRǳìǉȴȮ ȼȽȴȮ ȹȺȴȮ ȿɀȵɀȺȴȮ

ȹɁɁȹȶȮ

Ȳ�ŴȮ ȹɁɁȹȳȮ �Ŵ�˪ ǆƅ�˪Ã®ƚé˪³¹,©˪ņ¸ŗǈȴȮƼRǳʽ˧ˊʜÊʩÙ{

ʚ^ʢʏǲ!ƶȠÓŪʘƆÊȠÓãʜÖȡ˪�Ȓ»�˪Ⱥȿ˪ũCd˪Ȯ ȺȿȾȵ

ȺȿȿȴȮȹɁɁȹȶȮ

Ȳ�ĩȮ ȹɁɁɀȳȮ Ȯ �ĩǀȚȴȮÿǒơƏžʿˊˢʿðĺʘʎʗʜqŖ�ʷˣ˛ʸ˟ˍˤ ɄȴȮǨŴ��

ƊƖêɕȰɇ ˢ˒˜˧ȴȮȻȼȴȮȻȴȮȹȿȵȺȺȴȮȹɁɁɀȶȮ

˨ɑɢɪɢɱɥȮȹɁɀȽ˩Ȯ Ȯ ɑɢɪɢɱɥȴȮɊȶȴȮɒɥɩɰɹɫȴȮɋȶȴȮɌɫȮɳɦɳɬȮɪɬɪɢɫɱȮɞɯɪȮɩɢɫɤɱɥɰȮɣɬɯȮɥɦɭȮɢɵɱɢɫɰɬɯȮɪɲɰɠɩɢɰȮɞɱȮ

ɡɦɣɣɢɯɢɫɱȮɞɫɤɩɢɰȮɬɣȮɥɦɭȮɣɩɢɵɦɬɫȴȮɍɬɲɯɫɞɩȮɬɣȮɅɦɬɪɢɠɥɞɫɦɠɰȴȮȹɀȴȮȺȴȮȹȺɁȵȹȼȸȴȮȹɁɀȽȶȮ
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ȲȌƪȮ ȹɁɀȼȳȮ ȌƪN˪ĜĽlǌȴȮÝǿßʘʽ˧ˊ˪˗ˇ˄ì�˪ȺȴȮȻȺȵȻɀȴȮȹɁɀȼȶȮ Ȯ

ȲǏĜȮ ȺȸȸȼȳȮ ǏĜǨ=ȴȮȨĽƇȴȮȉ�[ÅȴȮƈţÆąȴȮĜĔȗ�ȴȮȩƮħŊȴȮǊſÀʘ

ʽ˧ˊːˆˋʜƥʣfʬʐʇƼRǳʽ˧ˊʜÊʩÙ{ʚ^ʢʏÖȡȴȮƩƦľĮ

��ǠȴȮȽȿȴȮȿȴȮȼȿȵȽȺȴȮȺȸȸȼȶȮ

ȲǏĜȮ ȺȸȹȸȳȮ ǏĜǨ=ȴȮȉ�[ÅȴȮǏµ�ÔȴȮĒėǌlȴȮ³ĔǬFȴȮÊȃːˆˋƋÉʇƼ

Rǳʽ˧ˊʜʀÊʩÙ{ʁʚ^ʢʏÖȡȴȮƩƦ��ǠȴȮȾȾȴȮȹȴȮȺȸȵȺȽȴȮȺȸȹȸȶȮ

ȲǏėȮ ȹɁɀɁȳȮ Ǐėœ�ȴȮʽ˧ˊ�Ù{Ǟ(˪āƒìǻ�ƷĴĦʽˤ˖ʾʲ˙�üț˪ȹɀȻȵ

ȹɀɀȴȮȹɁɀɁȶȮ Ȯ

Ȳȇ_Ȯ ȹɁɀȽȳȮ ȇ_Ł�ȴȮƼRǳųʽ˧ˊʜģʨʆʍʜ�ʣʚȓʏʪǡĦ˪YǄ»ĵ��Ɗ

Ɩ�k˨ů»ƨ˩ȴȮȻȹȴȮȹȾȻȵȹȾȿȴȮȹɁɀȽȶȮ

ȲȇiȮ ȹɁɁȹȳȮ ȇiÖQ˪łµ5ȴȮː˧ˈʰʽːˊˠ˦ʴˡʺˎ˘ʷʿȮ ȵʧʃĲ�ʚʥʋʩ�ʃʓ

ʃȵ˪āĔ�Ȓ»��ȓě÷ȃƛ Ⱥȹ v��Ǧšț˪Ȯ ȹȼɁȵȹȽȸȴȮȹɁɁȹȶȮ

ȲµȮ ȺȸȹȻȳȮ µœ�ďȴȮĕ³·½ȴȮ��ǁȴȮĥŴáȴȮƈ�ȥƪȴȮɒɴɢɫȴȮɑȶȴȮÊ�ǈRʜƒ

�Ȯ ȵǈRŹ�ʜġƥʣʜÛųȵȴȮāĔ1ÍúƵ��ǠȴȮȺȹȴȮȺȴȮȹȼȺȵȹȽȻȴȮȺȸȹȻȶȮ

Ȳ�ÎȮ ȹɁɀɁȳȮ �Î+ǈȴȮĲ�ʜˉʼʰˤ«cĹÐʆʨ˖ʿˊ˛˄ˤʡ˪Ȭ¸@Ũ� ɖɇȀċ˪

Ȭ¸@Ũ�˪ě�˪ȹɁɀɁȶȮ Ȯ

Ȳ�>Ȯ ȹɁȾȼȳȮ �>�Ț˪«\�ȂȴȮ >Ǚŷʜ�Ȓ»�žƊƖƛ ȹɀ �˦Ƙ�#ĵ�ʜƜ

ȝxʚʧʪ�Ư¦˪āĔÏƞ��Ǥü�kțȴȮȹȸȻȴȮȻȻɁȴȮȹɁȾȼȶȮ Ȯ

Ȳ�>Ȯ ȹɁȾɁȳȮ �>��˪ğtŶȴȮʽ˧ˊʜʷˆʽ˝ˤßƷʚȓʏʪƊƖ˪�Ȓ»�˪ȽȴȮȼȴȮȺȽȹȵ

ȺȽȽȴȮȹɁȾɁȶȮ

Ȯ ȲɒɴɢɫȮȺȸȸɁȳȮ ɒɴɢɫȴȮɑȶȴȮɅɞɲɪɞɫȴȮɄȶȴȮɅɯɬɴɫȴȮɚȶȴȮɗɬɬȮɐɲɠɥȮɖɦɱɱɦɫɤɂȮɄȮɑɬɳɢɩȮɞɫɡȮɌɪɭɬɯɱɞɫɱȮ

ɓɯɢɡɦɠɱɬɯȮɬɣȮɆɥɯɬɫɦɠȮɇɦɰɢɞɰɢȮɕɦɰɨɃȴȮɅɯɦɱɦɰɥȮɍɬɲɯɫɞɩȮɬɣȮɖɭɬɯɱɰȮɐɢɡɦɠɦɫɢȴȮȼȻȴȮɀȹȵ
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ɀȻȴȮȺȸȸɁȶȮ

˨ɓɞɯɨȮȹɁɁȿ˩Ȯ ɓɞɯɨȴȮ ɖȶɍȶȴȮ ɎɦɪȴȮ ɆȶȴȮ ɗɥɢȮ ɈɳɞɩɲɞɱɦɬɫȮ ɬɣȮ ɖɢɞɱɦɫɤȮ ɆɬɪɣɬɯɱȮ ɟɶȮ ɱɥɢȮ ɒɟɧɢɠɱɦɳɢȮ

ɐɢɞɰɲɯɢɰȴȮɖɄɈȮɓɞɭɢɯȴȮɁȿȸȽɁȽȴȮȹɁɁȿȶȮ

ȲɓɬɱɱɦɢɯȮȹɁȾɁȳȮ Ȯ ɓɬɱɱɦɢɯȴȮɐȶȴȮɇɲɟɯɢɲɦɩȴȮ ɄȶȴȮɐɬɫɬɡȴȮɋȶȴȮ ɗɥɢȮ ɈɣɣɢɠɱɰȮ ɬɣȮ ɖɦɱɱɦɫɤȮ ɓɬɰɱɲɯɢȮ ɬɫȮ ɱɥɢȮ

əɬɩɲɪɢȮɬɣȮɱɥɢȮɉɬɬɱȴȮɈɯɤɬɫɬɪɦɠɰȴȮȹȺȴȮȽȴȮȿȽȻȵȿȽɀȴȮȹɁȾɁȶȮ

˨ɓɦɫɱɞɯȮȹɁɁȺ˩Ȯ ɓɦɫɱɞɯȴȮ ɉȶɄȶȴȮ ɜɬɤɞɫɞɫɡɞɫȴȮ ɑȶȴȮ ɐɶɢɯɰȴȮ ɗȶȴȮ ɈɩɥɞɤɢɡɦɞɟȴȮ ɄȶȴȮ ɖɞɫɠɢɰȴȮ ɄȶȴȮ ɍɯȶȴȮ

ɅɦɬɪɢɠɥɞɫɦɠɞɩȮ ɭɯɬɭɢɯɱɦɢɰȮ ɬɣȮ ɥɲɪɞɫȮ ɩɲɪɟɞɯȮ ɰɭɦɫɢȮ ɩɦɤɞɪɢɫɱɰȴȮ ɍɬɲɯɫɞɩȮ ɬɣȮ

ɅɦɬɪɢɠɥɞɫɦɠɰȴȮȺȽȴȮȹȻȽȹȵȹȻȽȾȴȮȹɁɁȺȮȶȮ

ȲɕɢɶɫɬɩɡɰȮȹɁɀȾȳȮ ɕɢɶɫɬɩɡɰȴȮɋȶȮɐȶȴȮɋɲɟɟɞɯɡȴȮɕȶȮɓȶȴȮɒɩɡȮɓɯɬɟɩɢɪɰȮɞɫɡȮɑɢɴȮɄɭɭɯɬɞɠɥɢɰȮɦɫȮɖɢɞɱɦɫɤȮ

ɅɦɬɪɢɠɥɞɫɦɠɰȴȮɓɞɰɰɢɫɤɢɯȮɆɬɪɣɬɯɱȮɆɬɫɳɢɫɦɢɫɠɢȮɖɞɣɢȮɗɢɰɱȮɗɬɬɩɰȮɓɯɬɠɢɡɲɯɢȴȮȻȽȵ

ȼȸȴȮȹɁɀȾȶȮ

˨ɕɢɢɡȮȹɁɁɀ˩Ȯ ɕɢɢɡȴȮ ɐȶȮ ɓȶȴȮ ɖɱɞɱɦɰɱɦɠɞɩȮ ɞɫɡȮ ɟɦɬɪɢɠɥɞɫɦɠɞɩȮ ɭɯɢɡɦɠɱɦɬɫȮ ɬɣȮ ɞɲɱɬɪɬɟɦɩɢȮ ɡɯɦɳɦɫɤȮ

ɭɬɰɱɲɯɢȴȮɓɥȶɇȶȮɗɥɢɰɦɰȴȮɘɫɦɳɢɯɰɦɱɶȮɬɣȮɐɦɠɥɦɤɞɫȴȮȹɁɁɀȶȮ

˨ɕɢɢɡȮȹɁɁɁ˩Ȯ ɕɢɢɡȴȮɐȶȮɓȶȴȮɐɞɫɞɯɶȴȮɐȶȮɄȶȴȮɉɩɞɫɫɞɤɞɫȴȮɆȶȮɄȶȮɆȶȴȮɖɠɥɫɢɦɡɢɯȴȮɏȶȮɚȶȴȮɄɲɱɬɪɬɟɦɩɢȮ

ɒɠɠɲɭɞɫɱȮɓɬɰɱɲɯɢȮɓɯɢɡɦɠɱɦɬɫȮɣɬɯȮɘɰɢȮɴɦɱɥȮɋɲɪɞɫȮɐɬɡɢɩɰȴȮɖɄɈȮɓɞɭɢɯȴȮȹɁɁɁȵȸȹȵ

ȸɁȾȾȴȮȹɁɁɁȶȮ

ȲɕɬɟɟɦɫɰȮȹɁɀȻȳȮ ɕɬɟɟɦɫɰȴȮɇȶȮɋȶȴȮɖɠɥɫɢɦɡɢɯȴȮɏȶȮɚȶȴȮɖɫɶɡɢɯȴȮɕȶȮɊȶȴȮɓɣɩɲɤȴȮɐȶȴȮɋɞɣɣɫɢɯȴȮɐȶȴȮɖɢɞɱɢɡȮ

ɓɬɰɱɲɯɢȮɬɣȮəɢɥɦɠɩɢȮɒɠɠɲɭɞɫɱɰȴȮɖɄɈȮɓɞɭɢɯȴɀȻȹȾȹȿȴȮȹɁɀȻȶȮ

Ȳ ɿĒȮ ȹɁɁȼȳȮ  ɿĒǬÑ˪Ȟ¸zh˪³¹,©ȴȮa�ʞʛÐ�ȦĲ�ʜȑŻ˪�Ȓ»�˪

ȻȸȴȮũCd˪ȻȹȺȵȻȹȻȴȮȹɁɁȼȶȮ

Ȳ ɿĒȮ ȹɁɁȼȳȮ  ɿĒǬÑ˪³¹,©˪µĔ�e˪º_ƅŢȴȮƬ¤Ĳ�ʶˆˊ�UʜÝǿV˪

āĔ�Ȓ»��ƛ Ⱥȼvȓě÷ȃ�Ǧšț˪ȹȸȸȵȹȸȹȴȮȹɁɁȼȶȮ
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Ȳ ǆȮ ȹɁɀȺȳȮ  ǆǀnȴȮ ˞˧ˣˆːʆʨʣʓʽ˧ˊˉʼʱˤʜRg˪ƼRǳìǉ˪ȻȾȴȮ ɁȴȮ

ȹȸȸȼȵȹȸȸȿȴȮȹɁɀȺȶȮ

Ȳ ǆȮ ȹɁɀȽȳȮ  ǆĀÔȴȮ�ʝʙʑˑˊʆ˪ǦǢƎ˔ˡ˧ˏˆʷʿ˪ǦǢƎ˪ě�˪ȹɁɀȽȶȮ Ȯ

Ȳ ǆȮ ȹɁɁȹȳȮ  ǆƅ�˪�Ŵ�˪Ã®ƚé˪³¹,©˪ņ¸ŗǈȴȮƼRǳʽ˧ˊʜÊʩÙ{

ʚ^ʢʏ!ǊȠ�ÓũßʘƆÊȠÓãʜÖȡ˪�Ȓ»�˪Ⱥȿ˪ũCd˪Ⱥȿɀȵ

ȺȿɁȴȮȹɁɁȹȶȮ

˨ɖɢɦɯɢɤȮȹɁɀɁ˩Ȯ ɖɢɦɯɢɤȴȮɄȶȴȮɄɯɳɦɨɞɯȴȮɕȶȴȮɅɦɬɪɢɠɥɞɫɦɠɞɩȮɞɫɞɩɶɰɦɰȮɬɣȮɱɥɢȮɪɲɰɠɲɩɬɰɨɢɩɢɱɞɩȮɰɱɯɲɠɱɲɯɢȮ

ɣɬɯȮɪɢɡɦɠɦɫɢȮɞɫɡȮɰɭɬɯɱɰȴȮɋɢɪɦɰɭɥɢɯɢȮɓɲɟɩɦɰɥɦɫɤȴȮȹɁɀɁȶȮ

ȲɖɥɞɠɨɢɩȮȹɁȾɁȳȮ ɖɥɞɠɨɢɩȴȮ ɅȮ ȶȴȮɆɥɦɰɢɶȴȮɎȶȮɇȶȴȮ ɖɥɦɭɩɢɶȴȮ ɓȶȴȮ ɗɥɢȮɄɰɰɢɰɰɪɢɫɱȮ ɬɣȮɆɥɞɦɯȮɆɬɪɣɬɯɱȴȮ

ɈɯɤɬɫɬɪɦɠɰȴȮȹȺȴȮȺȴȮȺȾɁȵȻȸȾȴȮȹɁȾɁȶȮ Ȯ

ȲɖɥɞɬȮȹɁɁȸȳȮ ɖɥɞɬȴȮɚȶȴȮ ɝɥɬɲȴȮ ɜȶȴȮɇɢɰɦɤɫȮ ɓɯɦɫɠɦɭɩɢȮ ɬɣȮɚɥɢɢɩɢɡȵɗɯɞɠɱɬɯȮɇɯɦɳɢɯȵɖɢɞɱȮ ɖɱɞɱɦɠȮ

ɆɬɪɣɬɯɱȴȮɈɯɤɬɫɬɪɦɠɰȴȮȻȻȴȮȿȴȮɁȽɁȵɁȾȽȴȮȹɁɁȸȶȮ

ȲŽƈȮ ȹɁɀɁȳȮ Žƈ6Ć˪�ȇƭȜȴȮǲ!ʜʦʨʉʚʧʪʃʏʜ÷ïę�ʘǞ(˪�Ȓ»�˪

ȺȽȴȮũCdȴȮȺȸȺȵȺȸȻȴȮȹɁɀɁȶȮ

ȲɖɥɢɯɦɡɞɫȮȹɁɁȹȳȮ ɖɥɢɯɦɡɞɫȴȮɗȶɅȶȴȮɐɢɶɢɯȴȮɍȶȮɈȶȴȮɕɬɶȴȮɖȶȮɋȶȴȮɇɢɠɨɢɯȴȮɎȶȮɖȶȴȮɜɞɫɞɤɦɰɥɦɪɞȴȮɗȶȮɞɫɡȮ

ɎɦɰɥɦȴȮɜȶȴȮɓɥɶɰɦɬɩɬɤɦɠɞɩȮɞɫɡȮɭɰɶɠɥɬɩɬɤɦɠɞɩȮɢɳɞɩɲɞɱɦɬɫɰȮɬɣȮɡɯɦɳɢɯȮɣɞɱɦɤɲɢȮɡɲɯɦɫɤȮɩɬɫɤȮ

ɱɢɯɪȮɡɯɦɳɦɫɤȴȮɖɄɈȮɓɞɭɢɯȴȮɁȹȸȹȹȾȴȮȹɁɁȹȶȮ

ȲɖɬɠɦɞɩȮɐɢɡɦɞȮɕɢɰɢɞɯɠɥȮɉɬɲɫɡɞɱɦɬɫȮȺȸȹȿȳȮ ɥɱɱɭɰɂȷȷɴɴɴȶɰɪɯɣɬɲɫɡɞɱɦɬɫȶɬɯɤȷɫɬɡɢɵɩȷɡɬɠɲɪɢɫɱɞɱɦɬɫȷȮ

ȺȸȹȿȶȹȺȶȺȻ ʯʷˁʿȮ

ȲɖɬɡɢɯɟɢɯɤȮȹɁɀȾȳȮ ɖɬɡɢɯɟɢɯɤȴȮɊȶȮɏȶȴȮɅɩɞɫɠɬȴȮɐȶȮɎȶȮȴɆɬɰɢɫɱɦɫɬȶȮɗȶȮɏȶȴȮɎɲɯɡɢɩɪɢɦɢɯȴȮɎȶȮɄȶȴȮɄɫȮɈɐɊȮ

ɄɫɞɩɶɰɦɰȮ ɬɣȮ ɓɬɰɱɢɯɦɬɯȮ ɗɯɲɫɨȮɐɲɰɠɲɩɞɱɲɯɢȮ ɇɲɯɦɫɤȮ ɉɩɞɱȮ ɞɫɡȮ ɄɫɱɢɯɦɬɯɩɶȮ ɌɫɠɩɦɫɢɡȮ

ɖɦɱɱɦɫɤȴȮɋɲɪɞɫȮɉɞɠɱɬɯɰȴȮȺɀȴȮȼȴȮȼɀȻȵȼɁȹȴȮȹɁɀȾȶȮ
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˨ɖɬɫȮȹɁɀɀ˩Ȯ ɖɬɫȴȮɎȶȴȮɐɦɩɩɢɯȴȮɍȶȮɄȶȮɄȶȴȮɖɠɥɲɩɱɷȴȮɄȶȮɅȶȴȮɗɥɢȮɪɢɠɥɞɫɦɠɞɩȮɯɬɩɢȮɬɣȮɱɥɢȮɱɯɲɫɨȮɞɫɡȮ

ɩɬɴɢɯȮ ɢɵɱɯɢɪɦɱɦɢɰȮ ɦɫȮ ɞȮ ɰɢɞɱɢɡȮ ɴɢɦɤɥɱȵɪɬɳɦɫɤȮ ɱɞɰɨȮ ɦɫȮ ɱɥɢȮ ɰɞɤɦɱɱɞɩȮ ɭɩɞɫɢȴȮ

ɗɯɞɫɰɞɠɱɦɬɫɰȮɬɣȮɄɖɐɈȮɍɬɲɯɫɞɩȮɬɣȮɅɦɬɪɢɠɥɞɫɦɠɞɩȮɈɫɤɦɫɢɢɯɦɫɤȴȮȹȹȸȴȮȹɁɀɀȶȮ

Ȳ©ƬŴȮ ȹɁɀȿȳȮ ©ƬŴ�¿ȴȮ»ĵˉʼʱˤʚʅʌʪ$ʃTëʜóŇʘ²ȑ˪�Ȓ»�˪ȺȻȴȮ ȺȴȮ

ȾȽȵȿȹȴȮȹɁɀȿȶȮ

Ȳ�ŴȮ ȹɁɁȹȳȮ �Ŵ�ȴǏĜǨ=ȴȮȩƮħŊȴȮƼRǳǼǴÊÂʜÓŪʘÊʩÙ{Ǟ(ʘʜȓ)ȴȮ

ƩƦ��ǠȴȮȽȽȴȮɁȴȮȼȻȺȵȼȻɁȴȮȹɁɁȹȶȮ

ȲȨ³Ȯ ȺȸȸȹȳȮ Ȯ Ȩ³=�ȴȮGĀōǓʜʣʭę�ʘʏʪÝǿǼǴ�UȴȮçèƭ���ů»�Ɗ

Ɩƒű!X»�ªøȮ .�ǤüȴȮȺȸȸȹȶȮ

ȲłµȮ ȹɁɁȹȳȮ łµ5˪ǆ�1c˪³Ŵǁ˪ȇiÖQȴȮʵ˓ʰʿ˅ʳʯ˧Čǿ$ųʜƊƖ˪�

Ȓ»�˪Ⱥȿ˪ũCdȴȮȺȿȼȵȺȿȽȴȮȹɁɁȹȶȮ Ȯ

Ȳ§ȐȮ ȹɁȾȼȳȮ §ȐÑǽ˪«\�Ȃˬ >Ǚŷʜ�Ȓ»�žƊƖƛ ȹȿ �˦�Sų£<ʜľƷ

ǡĦȴȮāĔÏƞ��Ǥü�kțȴȮȹȸȻȴȮȻȻɀȴȮȹɁȾȼȶȮ Ȯ

ȲǶȮ ȹɁȿȿȳȮ ǶÃh˪®ğȘ�ȴȮʽ˧ˊʜ�Ù{Ǟ(ŋʚʕʃʗ˪ƼRǳìǉȴȮȻȹȴȮȿȴȮȾȼȻȵ

ȾȼȿȴȮȹɁȿȿȶȮ

ȲǶėȮ ȹɁɀȸȳȮ Ƕėŭ*˪�Ɵ1˪GŴ9�˪ņ¸ŗǈȴȮʽ˧ˊ�Ù{g�ʜƊƖ˪āŲì�˪

ȹȾȴȮȹȸȸȵȹȸȿȴȮȹɁɀȸȶȮ

ȲȫµȮ ȹɁɀȽȳȮ ȫµK˪ĽĔƂĎ˪|ĔƉÁ�ȴȮʽ˧ˊÊʩÙ{ßƷʜ�ȈV˪˗ˇ˄ì�˪ȻȴȮ

ɁȽȵȹȸȻȴȮȹɁɀȽȶȮ

Ȳ§>Ȯ ȹɁɀɁȳȮ §>Ǿ˪³¹,©ȴȮƼRǳʽ˧ˊʜƆÊȠÓãǙŞȮ ȵ˟ˤˏ˧ʻ˖˧ˊʜǞ

(ȵ˪�Ȓ»�˪ȺȽ˪ũCd˪ȹɁȸȵȹɁȹȴȮȹɁɀɁȶȮ

ȲɗɥɬɪɞɰȮȹɁȿȽȳȮ Ȯ ɗɥɬɪɞɰȴȮɍȶɕȶȴȮɆɬɱɱɢɫȴȮɇȶɍȶȴȮɖɭɦɢɱɥȴȮɚȶɕȶȴȮɄɟɯɞɥɞɪȴȮɑȶɏȶȴȮɈɣɣɢɠɱɰȮɬɣȮɉɞɱɦɤɲɢȮɬɫȮ
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ɖɱɞɟɦɩɬɪɢɱɢɯȮɓɢɯɣɬɯɪɞɫɠɢȮɞɫɡȮɏɢɞɯɫɦɫɤȮɬɣȮɐɞɩɢɰȮɞɫɡȮɉɢɪɞɩɢɰȴȮɐɢɡɦɠɦɫɢȮɖɠɦɢɫɠɢȮ

ɖɭɬɯɱɰȴȮȿȴȮȻȴȮȺȸȻȵȺȸȾȴȮȹɁȿȽȶȮ

ȲɗɯɞɰɱɢɯȮȹɁɀȿȳȮ ɗɯɞɰɱɢɯȴȮɇȶȴȮɐɞɯɯɞɰȴȮɚȶȮɖȶȴȮɐɢɞɰɲɯɢɪɢɫɱȮɬɣȮɖɢɞɱȮɓɯɢɰɰɲɯɢȮɇɦɰɱɯɦɟɲɱɦɬɫɰȴȮɋɲɪɞɫȮ

ɉɞɠɱɬɯɰȴȮȺɁȴȮȽȴȮȽȾȻȵȽȿȽȴȮȹɁɀȿȶȮ Ȯ

Ȳ�ȇȮ ȹɁɀɀȳȮ �ȇƭȜ˪ȣŉÜùȴȮƼRǳʽ˧ˊʜľƷßg�ʚȓʏʪƊƖȮ ȵńȃ˦ƹȃ

÷ïʜǍM<ʜöĬȵ˪�Ȓ»�˪Ⱥȼ˪ũCd˪ȺȾȺȵȺȾȻȴȮȹɁɀɀȶȮ

˨ĭ\Ȯ ȹɁɁȺ˩Ȯ Ȯ ĭ\ÿeȴȮőȇƲȴȮȎȁƿȴȮȉŴŚÚȴȮ�ȇǁȴȮGĀȵ×Ā°Ċćʚʅʌʪˑ

ˊ ɏȼȵȽ ƸĳľƷZ�ʜHßũßʘ×ĀǐƣʜĸǺPĠȴȮāĔƻÇˏʱʵ˚ʶ

ˍʷʿ��ǠȴȮȹȼȴȮȺȼȿȵȺȽȹȴȮȹɁɁȺȶȮ

ȲəɞɫȮɈɠɨȮȺȸȹȼȳȮ əɞɫȮɈɠɨȴȮɑȶɍȶȴȮɚɞɩɱɪɞɫȴȮɏȶȴȮɆɦɱɑɢɱɈɵɭɩɬɯɢɯɂȮɄȮɫɢɴȮɰɬɣɱɴɞɯɢȮɱɬɬɩȮɣɬɯȮɞɫɞɩɶɷɦɫɤȮ

ɞɫɡȮɳɦɰɲɞɩɦɷɦɫɤȮɠɦɱɞɱɦɬɫȮɫɢɱɴɬɯɨɰȶȮɍɬɲɯɫɞɩȮɬɣȮɌɫɣɬɯɪɢɱɯɦɠɰȴȮɀȴȮȼȴȮɀȸȺȵɀȺȻȴȮȺȸȹȼȶȮ

ȲəɞɯɢɩɞȮȺȸȹȿȳȮ əɞɯɢɩɞȴȮ ɐȶȴȮ ɊɶɦȴȮ ɇȶȮ ɈȶȴȮ ɐɞɫɰɣɦɢɩɡȴȮ ɑȶȮ ɍȶȴȮ ɓɦɠɱɬɫȴȮ ɕȶȴȮ ɋɦɯɞɬȴȮ ɄȶȴȮ ɇɢɰɦɤɫɦɫɤȮ

ɪɬɳɢɪɢɫɱȮɦɫɱɬȮɞɲɱɬɪɬɱɦɳɢȮɰɢɞɱɦɫɤȮȵȮɡɬɢɰȮɦɱȮɦɪɭɯɬɳɢȮɠɬɪɣɬɯɱɃȴȮɓɯɬɠɢɢɡɦɫɤɰȮɬɣȮ

ȹɰɱȮɉɦɯɰɱȮɌɫɱɢɯɫɞɱɦɬɫɞɩȮɆɬɪɣɬɯɱȮɆɬɫɤɯɢɰɰȮȲȺȸȹȿȳȴȮɘɖɅȮȻɄȵȾȴȮȹȵɀȶȮ

ȲəɢɯɟɢɢɨȮȹɁɁȹȳȮ əɢɯɟɢɢɨȴȮ ɍȶȴȮ ɗɥɢȮ ɘɰɢȮ ɬɣȮ ɄɡɧɲɰɱɞɟɩɢȮ ɉɲɯɫɦɱɲɯɢˬȮ ɈɳɞɩɲɞɱɦɬɫȮ ɬɣȮ ɞɫȮ ɌɫɰɱɯɲɠɱɦɬɫȮ

ɓɯɬɤɯɞɪɪɢȮɣɬɯȮɒɣɣɦɠɢȮɚɬɯɨɢɯɰȴȮɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȺȺȴȮȻȴȮȹȿɁȵȹɀȼȴȮȹɁɁȹȶȮ Ȯ

ȲəɦɫɨȮȺȸȸȼȳȮ əɦɫɨȴȮ ɓȶȴȮ ɡɢȮ ɏɬɬɷɢȴȮɐȶȮ ɓȶȮ ɞɫɡȮɎɲɦɧɱȵɈɳɢɯɰȴȮ ɏȶȮ ɉȶȮɐȶȴȮɆɥɞɭɱɢɯȮ ȺȮ ɗɥɢɬɯɶȮ ɬɣȮ

ɆɬɪɣɬɯɱȴȮəɦɫɨȮɓȶȮȲɈɡɰȳȴȮɆɬɪɣɬɯɱȮɞɫɡȮɇɢɰɦɤɫȮɓɯɦɫɠɦɭɩɢɰȮɞɫɡȮɊɬɬɡȮɓɯɞɠɱɦɠɢȴȮɆɕɆȮ

ɓɯɢɰɰȴȮȺȸȸȼȶȮ

ȲəɬɰȮȺȸȸȾȳȮ əɬɰȴȮɊȶȮɄȶȴȮɆɬɫɤɩɢɱɬɫȴȮɍȶȮɍȶȴȮɐɬɬɯɢȴȮɍȶȮɖȶȴȮɄɪɢɫɡɬɩɞȴȮɄȶȮɄȶȮɞɫɡȮɕɦɫɤɢɯȴȮɏȶȴȮ

ɓɬɰɱɲɯɞɩȮ ɳɢɯɰɲɰȮ ɠɥɞɦɯȮ ɡɢɰɦɤɫȮ ɦɪɭɞɠɱɰȮ ɲɭɬɫȮ ɦɫɱɢɯɣɞɠɢȮ ɭɯɢɰɰɲɯɢȴȮ ɄɭɭɩɦɢɡȮ

ɈɯɤɬɫɬɪɦɠɰȴȮȻȿȴȮȽȴȮȾȹɁȵȾȺɀȴȮȺȸȸȾȶȮ
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Ȳl
Ȯ ȹɁɀɀȳȮ l
ä�Ȃ˪§>Ǿ˪³¹,©ȴȮƆÊ�UʚʅʌʪńȃŦǪǂƼŧÓŪʜ

ǙŞ˪ƛ Ɂvˏʱʵ˚ʶˍˀ˙�ǉǦš��ƔțȴȮȹȻȹȵȹȻȼȴȮȹɁɀɀȶȮ

˨ɚɥɦɱɢȮɌɌɌȮȹɁɁȸ˩Ȯ Ȯ ɚɥɦɱɢȮ ɌɌɌȴȮ ɄȶɄȶȴȮ ɓɞɫɧɞɟɦȴȮ ɐȶȮ ɐȶȴȮ ɆɩɦɫɦɠɞɩȮ ɟɦɬɪɢɠɥɞɫɦɠɰȮ ɬɣȮ ɱɥɢȮ ɰɭɦɫɢȴȮ ɍȶɅȶȮ

ɏɦɭɭɦɫɠɬɱɱȴȮȹɁɁȸȶȮ

ȲɚɬɱɷɨɞȮȹɁȾɁȳȮ ɚɬɱɷɨɞȴȮ ɊȶȴȮ ɊɯɞɫɡɧɢɞɫȶȮ ɈȴȮ ɅɲɯɞɫɡɱȴȮ ɘȶȴȮ ɎɯɢɱɷɰɠɥɪɞɯȴȮ ɋȮ ȶȴȮ ɏɢɬɫɥɞɯɡȴȮ ɗȶȴȮ

ɌɫɳɢɰɱɦɤɞɱɦɬɫɰȮɣɬɯȮɱɥɢȮɇɢɳɢɩɬɭɪɢɫɱȮɬɣȮɞɫȮɄɲɡɦɱɬɯɦɲɪȮɖɢɞɱȴȮɈɯɤɬɫɬɪɦɠɰȴȮȹȺȴȮȺȴȮ

ȹɀȺȵȹɁȿȴȮȹɁȾɁȶȮ

ȲjȮ ȹɁɁȹȳȮ j�R˪ȉ�œ�˪³Ŵǁ˪ǷǆƬŵÁ˪¡Ĕ[ÅȴȮȇiÖQȴȮȧƀ3þǖ

ÉǙŞĀŋʜȑŻ˪āĔ�Ȓ»��ȓě÷ȃƛ Ⱥȹ v��ǦšțȴȮ ȾɁȵȿȸȴȮ

ȹɁɁȹȶȮ

˨ɜɞɪɞɡɞȮȹɁȿȻ˩Ȯ Ȯ ɜɞɪɞɡɞȴȮɋȶȴȮɖɱɯɢɫɤɱɥȮɬɣȮɟɦɬɩɬɤɦɠɞɩȮɪɞɱɢɯɦɞɩɰȴȮɕȶȮɈȶɎɯɦɢɤɢɯȮɓɲɟɩɦɰɥɦɫɤȴȮȹɁȿȻȶȮ

Ȳ³ĔȮ ȹɁɀȿȳȮ ³ĔùȚȴȮĲ�ʜ	ǕǞ(˪�Ȓ»�ȴȮȺȻ˪ũCd˪ȾȺȵȾȻȴȮȹɁɀȿȶȮ

Ȳ³íȮ ȹɁɀȼȳȮ ³íoȚȴȮ}ʜüVǤȴȮǦǢƎ�ǉüËȴȮȾȾȽȴȮȹɁɀȼȶȮ

Ȳ³>Ȯ ȹɁɀȽȳȮ ³>ȖÃȴȮĲ�ʘòÙ{˫�Ȓ»�ž2Ƞʜ�Ĺß˫˪�Ȓ»�˪ȺȹȴȮ ȽȴȮ

ȺȻȻȵȮȺȻɀȴȮȹɁɀȽȶȮ

Ȳ³¹Ȯ ȹɁɀȺȳȮ ³¹lƑ˪«ğ�ď˪�Űħ˪ǏĔÅȚ˪/]o�ˬ�Ù{Ǟ(ŋʜƊƖ˪ȋ

ǽO4ƒ�˪ȻȾȴȮȽȿȵȿȻȴȮȹɁɀȺȶȮ

Ȳ³¹Ȯ ȹɁɀȽȳȮ ³¹,©ȴȮ�Ŀ5ÊȠÓãǙŞˁˤʻʜȑŻ˪�Ȓ»�˪Ⱥȹ˪ũCd˪ȹȾȾȵ

ȹȾȿȴȮȹɁɀȽȶȮ

˨³¹Ȯ ȹɁɀɀ˩Ȯ ³¹,©ȴȮĲ�ʜÊʩÙ{ʚ¨ʏʪű!J�žǞ(ȴȮˏʱʵ˚ʶˍˀ˙ȴȮ ɁȴȮě

�@Ũ�ȴȮȹȽȹȵȹȾȺȴȮȹɁɀɀȶȮ

Ȳ³¹Ȯ ȹɁɁȸȳȮ ³¹,©˪ņ¸ŗǈ˪Ĥ¸�ÅȴȮƼRǳųʽ˧ˊʜÊʩÙ{ǗĞȮ ȵƆÊʜ�
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�UǙŞʚʧʪȵ˪ƼRǳìǉ��ǉǦš�GEțȴȮɁȸȺȴȮȹȼȺȽȵȹȼȺȿȴȮȹɁɁȸȶȮ Ȯ

Ȳ³¹Ȯ ȹɁɁȺȳȮ ³¹,©˪«ğ�ļ˪
+ùÔ˪ņ¸ŗǈ˪ǬÚȗ�ȴȮńȃâǔâÉʜǙŞ

ʘƆÊ�UʡʜÖȡ˪�Ȓ»�˪Ⱥɀ˪ũCd˪Ȯ ȹȿɀȵȹȿɁȴȮȹɁɁȺȶȮ

ȲɜɞɪɞɷɞɨɦȮȹɁɁȺȳȮ ɜɞɪɞɷɞɨɦȴȮ ɑȶȴȮ ɄɫɞɩɶɰɦɰȮ ɬɣȮ ɖɦɱɱɦɫɤȮɆɬɪɣɬɯɱɞɟɦɩɦɱɶȮ ɬɣȮɇɯɦɳɢɯȱɰȮ ɖɢɞɱȮ ɟɶȮɆɬɫɱɞɠɱȮ

ɖɥɞɭɢȴȮɈɯɤɬɫɬɪɦɠɰȴȮȻȽȴȮȽȷȾȴȮȾȿȿȵȾɁȺȴȮȹɁɁȺȶȮ

˨³¹Ȯ ȹɁɁȿ˩Ȯ Ȯ ³¹,©ȴȮ ɿĒǬÑȴȮƃţřÃȴȮ0Cǿfę�ʜóƤʭƁžʘʎʓa�ʷ

ˆʽ˝ˤĲ�ʜȑŻȴȮ�Ȓ»�ȴȮȻȻȴȮȼȴȮȺȹȹȵȺȹɀȴȮȹɁɁȿȶȮ

ȲɜɲȮȹɁɀɀȳȮ ɜɲȴȮɆȶȮɜȶȴȮɎɢɶɰɢɯɩɦɫɤȴȮɚȶȮɐȶȴȮɆɥɞɣɣɦɫȴȮɇȶȮɅȶȴȮɇɢɳɢɩɬɭɪɢɫɱȮɬɣȮɞȮɚɬɯɨȮɖɢɞɱȮɣɬɯȮ

ɌɫɡɲɰɱɯɦɞɩȮɖɢɴɦɫɤȮɒɭɢɯɞɱɦɬɫɰɂȮɕɢɰɲɩɱɰȮɬɣȮɞȮɏɞɟɬɯɞɱɬɯɶȮɖɱɲɡɶȴȮɈɯɤɬɫɬɪɦɠɰȴȮȻȹȴȮȹȺȴȮ

ȹȿȾȽȵɩȿɀȾȴȮȹɁɀɀȶȮ

ȲɜɲȮȹɁɀɁȳȮ ɜɲȴȮɆȶȮ ɜȶȴȮ ɎɢɶɰɢɯɩɦɫɤȴȮɚȶȮɐȶȴȮ ɈɳɞɩɲɞɱɦɬɫȮ ɬɣȮ ɞȮɑɢɴȮɚɬɯɨȮ ɖɢɞɱȮ ɣɬɯȮ ɌɫɡɲɰɱɯɦɞɩȮ

ɖɢɴɦɫɤȮɒɭɢɯɞɱɦɬɫɰȴȮɄɭɭɩɦɢɡȮɈɯɤɬɫɬɪɦɠɰȴȮȺȸȴȮȹȴȮȹȿȵȺȽȴȮȹɁɀɁȶȮ

Ȳǫwŋ��UƊƖêȮ ȹɁȾɁȳȮ ǫwŋ��UƊƖêȴȮĲ�˦ˈ˧˔ˡʜƊƖ˪�Uʘűŏ˪�U

ƊƖê˪ě�˪ȹɁȾɁȶȮ
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Ņľļqcí�ŀļ£ÕöĀVŀļī��ŀļªfÖsŀļRìİƴƬƥǈǂƴǇƗLƔƌwƠ�Iâëƙ�

òÚ'«ŀļ�¤¸°Y�Ĕ�ĴŀļŌŇĽŌŉŇľŀļŪœŞŘŎŅńłŅņōōŃſŽŬŹžŵžŸŰłŅŋŁńńńōńūŀļŻŻłŅŁŅŅŀļņńŅŋłļ

ņľļáÆā¶ŀļ?Ë$Ñŀļqcí�ŀļ»�Ýyŀļ�tħ��ƣø�ƎƒØƢƗƌƈƭǊƵƙįÙŀļ

ÿ1ĝ�ć�Ĕ�ĴŀļňňĽņľŀļŻŻłŊňŋŁŊŉņŀļņńŅŇłļ

ŇľļŗŴŽŬźŀļŐłŀļŚŬſźŀļŚłŀļŚŴſŬƅŬŶŴŀļŢłŀļŨŬŸŬƅŬŶŴŀļŝłŀļŔƁŬŷƀŬſŴźŹžļźűļŻųƄžŴŮŬŷļűŬſŴŲƀŰļůƀŽŴŹŲļŷźŹŲŁſŰŽŸļ

ůŽŴƁŴŹŲļ ƂŴſųļ Ŭļ ŹŰƂļ ůŽŴƁŴŹŲļ ŻźžſƀŽŰŀļ ŢŐŔļ ţŽŬŹžŬŮſŴźŹžļ řźƀŽŹŬŷļ źűļ şŬžžŰŹŲŰŽļ ŒŬŽžŎļ ŜŰŮųŬŹŴŮŬŷļ

ŢƄžſŰŸžŀļťŅŅŊŁŊŀļŻŻłŊōŁŋŊŀļņńńŌłļ

ňľļqcí�ŀļ4i¡�ŀļei�aŀļÓ�-YÚęĂƗßÛƎƒØ0�ÅģĞU2ƙįÙŀļÿ1

ĝ�ć�Ĕ�ĴŀļŇōĽņľŀļŻŻłŌŋŁōņŀļņńńŌłļ

ļ
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Ņľļqcí�ŀļŒųźŴŀļŗłŨłŀļŗŬŹŀļŜłŀļªf�åŀļðƗƟơü1ÚU2*~ƣø�Ǝƒ�Ơ�Iċ«ƙ

ƒƞƙ�C�1
ÈǂƴǇƙįÙŀļÿ1ĝ�ć�Ĕ�ĴŀļňŌŀļņńŅŌŀļ�é�łļ

ņľļťŬŽŰŷŬŀļŜłŀļŖƄŴŀļœłŔłŀļŜŬŹžűŴŰŷůŀļŝłļřłŀļşŴŮſźŹŀļšłŀļŗŴŽŬźŀļŐłŀļŕƀŽƀƄŬŀļţłŀļŔŹŲŴŹŰŰŽŴŹŲļŸźƁŰŸŰŹſļ

ŴŹſźļŬƀſźŸźſŴƁŰļžŰŬſŴŹŲŎļŴžļſųŰļůŽŴƁŰŽļŸźŽŰļŮźŸűźŽſŬŭŷŰļŬŹůļŽŰűŽŰžųŰůŏŀļŐŻŻŷŴŰůļŔŽŲźŹźŸŴŮžŀļņńŅŌŀļ

ŢƀŭŸŴſſŰůłļ

Ňľļ�§öBŀļ�hÁsŀļqcí�ŀļöĎĳ��ŀļ�İÍ�ƕ��ƣø�Ǝƒ�M�ãĶƙįÙŀļ
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ÿ1ĝ�ć�Ĕ�ĴŀļňŌĽņľŀļņńŅŌŀļ�ğ¼]łļ

ňľļ�§öBŀļ�hÁsŀļqcí�ŀļöĎĳ��ŀļ ƯƳƤǆǈƫ�1ƣÔƈƒėM�M�ã�ćƙ

įÙŀļÿ1ĝ�ć�Ĕ�ĴŀļňŋĽņľŀļŻŻłļňňŉŁňŉńŀļņńŅŋłļ

ŉľļª�Ēêŀļ�5j¡Ěŀļ¦eTŀļqcí�ŀļöĎĳ��ŀļ�İmYÚĊFƣø�ƎƒƯƳƤǆ

ǈƫƼƥǊǇG]JƹƶǇƭƻƵƙįÙŀļÿ1ĝ�ć�Ĕ�ĴŀļňŋĽņľŀļŻŻłļňŉŅŁňŉŊŀļņńŅŋłļ

Ŋľļ¬ä�ĦŀļĭĘB�ŀļî7��ĦŀļĻK�Bŀļqcí�ŀļmĄ÷yŀļe¤äĠŀļÿ1ĝ�C

ƙµ�Aģ1�ƗÓƏơĤÆÚĜ��1ċ«ŀļ�¤¸°Y�Ĕ�ĴŀļŌŅĽŌŇŅľŀŻŻłŅŁŅŋŀļņńŅŉłļ

ŋľļĺª�ŀļqcí�ŀļºeD¶ŀļ»�ÝyŀļƧƲƵƾǈƣ�ÔƎƒN>ƙ�ĥƖ�úU2ƕƑƙĊ

�ƙċ«ŀļÿ1ĝ�ć�Ĕ�ĴŀļňŅĽňľŀļŻŻłōņŅŁōņŊŀļņńŅńłļ

Ōľļqcí�ŀļ.ĄB�ŀļ4i¡�ŀļei�aŀļRĵÚđ�ƗLƔƌù�Ø0�ÅģĞU2ƙ�

¯ŀļƸƥƧǁƨƷưǀ ŅōŀļŻŻłŅņŉŁŅŇŊŀļņńńŌłļ

ōľļqcí�ŀļ.ĄB�ŀļ4i¡�ŀļei�aŀļĭ�İģĞ�ƙù�Ø0ƙ]�ƊƟƛ]ĪÚđ

�ŀļÿ1ĝ�ć�Ĕ�ĴŀļŇōĽňľŀļŻŻłŅŉŇŁŅŉŌŀļņńńŌłļ

Ņńľļqcí�ŀļei�aŀļ ǎ¹"ðĹ®ǂƴǇƗƟơw�U2ƙÓ�%ęĂ�]�¾ŀļ�¤¸°

Y�Ĕ�ĴǋŒôǌŀļŊŋĽŊŊŅľŀļŻŻłŅŋŇŁŅŋōŀļņńńŅłļ

ļ

���  ������

ŅľļŗŬŹŀļŜłĿŀļŒųźŴŀļŗłļŨłŀļŗŴŽŬźŀļŐłŀļŚŴŽžŮųŭŴŮųŰŽŀļŢłŀļŐžžŰžžŸŰŹſļźűļšŴůŰļŠƀŬŷŴſƄļŬſļśŬŹŰļŒųŬŹŲŰļ

ŜŬŹŰƀƁŰŽļŤžŴŹŲļťŴŽſƀŬŷļŗƀŸŬŹļœŽŴƁŰŽļŜźůŰŷŀļřŬŻŬŹŰžŰļŜźůŰŷŴŮŬļŒźŹűŰŽŰŹŮŰļņńŅŌŀļņńŅŌłŉŀļţźŶƄźŀļ

şŽźŮŰŰůŴŹŲžļźűļřŬŻŬŹŰžŰļŜźůŰŷŴŮŬļŒźŹűŰŽŰŹŮŰļņńŅŌŀļņńŅŌŀļŢƀŭŸŴſſŰůłļ

ņľļŗŴŽŬźŀļŐłĿŀļŒųźŴŀļŗłļŨłŀļŗŬŹŀļŜłŀļŜŬſžƀźŶŬŀļŗłŀļťŴŽſƀŬŷļŞŮŮƀŻŬŹſļŜźůŰŷļƂŴſųļŐŮſŴƁŰļřźŴŹſļţźŽżƀŰļ

ŒźŹſŽźŷļűźŽļŜƀžŮƀŷŬŽļšŰűŷŰƃŀļŢŐŔļŦźŽŷůļŒźŹŲŽŰžžļņńŅŌŀļņńŅŌłňŀļœŰſŽźŴſŀļŜŘŀļŤŢŐŀļŢŐŔļşŬŻŰŽŀļ
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ņńŅŌŁńŅŁŅŇŅŊŀļņńŅŌŀļŐŮŮŰŻſŰůłļ

ŇľļŗŴŽŬźŀļŐłĿŀļŐŽŴſŬŀļŜłŀļŚŴŸŀļŨłŀļŜŬſžƀźŶŬŀļŨłŀļŐļžƄžſŰŸŬſŴŮļŬŹŬŷƄžŴžļźűļžŰŬſŴŹŲļŽŰžŰŬŽŮųļŶŹźƂŷŰůŲŰļ

ŭŬžŰůļ źŹļ ŜƀŷſŴžŻŬŮŰļ ůŰžŴŲŹļ ŸźůŰŷŀļ ņńŅŋłŊłŋŀļ ŢŬŷŰŽŹźŀļ ŘſŬŷƄŀļ ţųŰļ Ņžſļ ŘŹſŰŽŹŬſŴźŹŬŷļ ŒźŸűźŽſļ

ŒźŹŲŽŰžžŀļşŽźŮŰŰůŴŹŲžļźűļŅžſļŕŴŽžſļŘŹſŰŽŹŬſŴźŹŬŷļŒźŸűźŽſļŒźŹŲŽŰžžļĽŤŢőľŀļŅŐŁŇŀļŻŻłŅŁŌŀļņńŅŋłļ

ňľļŗŴŽŬźŀļŐłĿŀļ ŘžųŴƂŬſŬŀļŢłŀļŨźžųŴƅŬƂŬŀļŝłŀļŔŲŬŸŴŀļŜłŀļœŰƁŰŷźŻŸŰŹſļźűļŬƀſźŸźŭŴŷŰļžŰŬſļ űźŽļ űŬſŴŲƀŰļ

ŽŰůƀŮſŴźŹļűźŮƀžŰůļźŹļŭŴźŸŰŮųŬŹŴŮŬŷļŷźŬůžŀļņńŅŋłŊłŌŀļŢŬŷŰŽŹźŀļŘſŬŷƄŀļţųŰļŕŴŽžſļŘŹſŰŽŹŬſŴźŹŬŷļŒźŸűźŽſļ

ŒźŹŲŽŰžžŀļşŽźŮŰŰůŴŹŲžļźűļŅžſļŕŴŽžſļŘŹſŰŽŹŬſŴźŹŬŷļŒźŸűźŽſļŒźŹŲŽŰžžļĽŤŢőľŀļŇŐŁŅŀļŻŻłŅŁŌŀļņńŅŋłļ

ŉľļţŬŶŬųŬžųŴŀļŢłļĿŀļŖƂŬŶŀļřłŀļŢųŴŹźŀļŜłŀļŗŴŽŬźŀļŐłŀļœŽŴƁŰŽļŜźŹŴſźŽŴŹŲļőŬžŰůļźŹļŕŬŮŴŬŷļŔƃŻŽŰžžŴźŹļ

ŘŸŬŲŰžļŬŹůļşųƄžŴźŷźŲŴŮŬŷļŘŹůŴŮŰžļƂŴſųļŒųŬŹŲŰžļŴŹļŐŽźƀžŬŷļśŰƁŰŷŀļŕźƀŽſųļŘŹſŰŽŹŬſŴźŹŬŷļŢƄŸŻźžŴƀŸļ

źŹļŕƀſƀŽŰļŐŮſŴƁŰļŢŬűŰſƄļţŰŮųŹźŷźŲƄļţźƂŬŽůļƅŰŽźļſŽŬűűŴŮļŐŮŮŴůŰŹſžļĽŕŐŢţŁƅŰŽźļƇŅŋľŀļņńŅŋłōłņŅŀļ

ŝŬŽŬŀļřŬŻŬŹŀļşŽźŮŰŰůŴŹŲžļźűļŕźƀŽſųļŘŹſŰŽŹŬſŴźŹŬŷļŢƄŸŻźžŴƀŸļźŹļŕƀſƀŽŰļŐŮſŴƁŰļŢŬűŰſƄļţŰŮųŹźŷźŲƄļ

ţźƂŬŽůļƅŰŽźļſŽŬűűŴŮļŐŮŮŴůŰŹſžļĽŕŐŢţŁƅŰŽźļƇŅŋľŀļņńŅŋňŊŌŉŀļņńŅŋłļ

ŊľļťŬŽŰŷŬŀļŜłĿŀļŖƄŴŀļœłŔłŀļŜŬŹžűŴŰŷůŀļŝłļřłŀļşŴŮſźŹŀļšłŀļŗŴŽŬźŀļŐłŀļœŰžŴŲŹŴŹŲļŸźƁŰŸŰŹſļŴŹſźļŬƀſźŸźſŴƁŰļ

žŰŬſŴŹŲļ Łļ ůźŰžļ Ŵſļ ŴŸŻŽźƁŰļ ŮźŸűźŽſŏŀļ ņńŅŋłŊłŌŀļ ŢŬŷŰŽŹźŀļ ŘſŬŷƄŀļ ţųŰļ ŕŴŽžſļ ŘŹſŰŽŹŬſŴźŹŬŷļŒźŸűźŽſļ

ŒźŹŲŽŰžžŀļşŽźŮŰŰůŴŹŲžļźűļŅžſļŕŴŽžſļŘŹſŰŽŹŬſŴźŹŬŷļŒźŸűźŽſļŒźŹŲŽŰžžļĽŤŢőľŀļŇŐŁŊŀļŻŻłŅŁŌŀļņńŅŋłļ

ŋľļŒųźŴŀļŗłļ ŨłĿŀļŗŬŹŀļŜłŀļŗŴŽŬźŀļŐłŀļŜŬſžƀźŶŬŀļŗłŀļťŴŽſƀŬŷļŞŮŮƀŻŬŹſļŜźůŰŷļ űźŽļšŴůŴŹŲļŒźŸűźŽſļ

ŢŴŸƀŷŬſŴźŹŀļſųŰļŅņſųļŘŹſŰŽŹŬſŴźŹŬŷļŜźůŰŷŴŮŬļŒźŹűŰŽŰŹŮŰŀļņńŅŋłŉŀļşŽŬŲƀŰŀļşŽźŮŰŰůŴŹŲžļźűļſųŰļŅņſųļ

ŘŹſŰŽŹŬſŴźŹŬŷļŜźůŰŷŴŮŬļŒźŹűŰŽŰŹŮŰŀļŻŻłņŋŁŇňŀļņńŅŋłļ

Ōľļ ŗŬƄŬžųŴŀļ ŨłĿŀļ ŗŬžŰŀļ Śłŀļ ţŬŶŰųŬŽŬŀļ Ţłŀļ ţźŽŴŲŬŶŴŀļ ţłŀļ ŗŴŽŬźŀļ Őłŀļ ŨŬŸŬŸźſźŀļ Ũłŀļ ŠƀŬŹſŴſŬſŴƁŰļ

ŭŴźŸŰŮųŬŹŴŮžļ ŬŹŬŷƄžŴžļ źűļ ſŽŬŹžŴŰŹſļ ŭźůƄļ ŭŰųŬƁŴźŽļ ůƀŽŴŹŲļ ŷŬſŰŽŬŷŁůŴŽŰŮſŴźŹŬŷļ ŸźſŴźŹļ źűļ ƁŰųŴŮŷŰļ

źŮŮƀŻŬŹſŀļţųŰļŇŋſųļŐŹŹƀŬŷļ ŘŹſŰŽŹŬſŴźŹŬŷļŒźŹűŰŽŰŹŮŰļźűļ ſųŰļ ŘŔŔŔļŒźŹűŰŽŰŹŮŰļźŹļšźŭźſŴŮžļ ŬŹůļ

őŴźŸŴŸŰſŴŮžŀļņńŅŉłŅņłŊŁōŀļũųƀųŬŴŀļŒųŴŹŬŀļşŽźŮŰŰůŴŹŲžļźűļņńŅŉļŘŔŔŔļŒźŹűŰŽŰŹŮŰļźŹļšźŭźſŴŮžļŬŹůļ
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őŴźŸŴŸŰſŴŮžŀļŻŻłņŅŇŇŁņŅŇŌŀļņńŅŉłļ

ōľļŗŴŽŬźŀļŐłĿŀļŚŬſźŀļŚłŀļŚŴſŬƅŬŶŴŀļŢłŀļŨŬŸŬƅŬŶŴŀļŝłŀļŔƁŬŷƀŬſŴźŹžļźűļŻųƄžŴŮŬŷļűŬſŴŲƀŰļůƀŽŴŹŲļŷźŹŲŁſŰŽŸļ

ůŽŴƁŴŹŲļƂŴſųļŬļŹŰƂļůŽŴƁŴŹŲļŻźžſƀŽŰŀļŢŐŔļŦźŽŷůļŒźŹŲŽŰžžļņńńŋŀļņńńŋłňŀļœŰſŽźŴſŀļŜŘŀļŤŢŐŀļŢŐŔļ

şŬŻŰŽŀļņńńŋŁńŅŁńŇňŌŀļņńńŋłļ

Ņńľļ ŗŴŽŬźŀļ ŐłĿŀļ ŚŴſŬƅŬŶŴŀļ Ţłŀļ ŨŬŸŬƅŬŶŴŀļ ŝłŀļ œŰƁŰŷźŻŸŰŹſļ źűļ Ŭļ ŹŰƂļ ůŽŴƁŴŹŲļ ŻźžſƀŽŰļ űźŮƀžŰůļ źŹļ

ŭŴźŸŰŮųŬŹŴŮŬŷļŷźŬůžŀļŢŐŔļņńńŊļ ŦźŽŷůļŒźŹŲŽŰžžŀļņńńŊłňŀļœŰſŽźŴſŀļŜŘŀļŤŢŐŀļŢŐŔļşŬŻŰŽŀļņńńŊŁńŅŁ

ŅŇńņŀļņńńŊłļ

ļ
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ŅľļťŬŽŰŷŬŀļŜłĿŀļŖƄŴŀļœłŀļŜŬŹžűŴŰŷůŀļŝłŀļşŴŮſźŹŀļšłŀļŗŴŽŬźŀļŐłŀļŕƀŽƀƄŬŀļţłŀļŔƃŻŷźŽŴŹŲļžŰŬſļŸźƁŰŸŰŹſļ

ƂųŴŷŰļƁŰųŴŮŷŰļůŽŴƁŴŹŲļƆļƂųŬſļůźļůŽŴƁŰŽžļſųŴŹŶŏŀļţųŰļōſųļŘŹſŰŽŹŬſŴźŹŬŷļŒźŹűŰŽŰŹŮŰļźŹļŐŻŻŷŴŰůļŗƀŸŬŹļ

ŕŬŮſźŽžļ ŬŹůļ ŔŽŲźŹźŸŴŮžļ ĽŐŗŕŔļ ņńŅŌľļ ŬŹůļ ſųŰļŐűűŴŷŴŬſŰůļŒźŹűŰŽŰŹŮŰžŀļ ņńŅŌŃŋŃņņŁņŊŀļŞŽŷŬŹůŀļ

ŤłŢłŐłŀļņńŅŌŀļŐŭžſŽŬŮſļŬŮŮŰŻſŰůłļ

ņľļŞŴŀļŗłĿŀļŗŴŽŬźŀļŐłŀļŨŬŸŬŸźſźŀļœłŀļŔűűŰŮſžļ ŬŹůļŰƁŬŷƀŬſŴźŹžļźűļ ųŰŬſŰůļ žŰŬſžŀļŕŴűſųļ ŘŹſŰŽŹŬſŴźŹŬŷļ

ŒźŹűŰŽŰŹŮŰļ źŹļ ŗƀŸŬŹ ƆŔŹƁŴŽźŹŸŰŹſļ ŢƄžſŰŸļ ǋ ŘŒŗŔŢļ ņńŅŊļ ŝŬŲźƄŬ ǌ ļ ŦźŽŶžųźŻļ ņŎļ ťŰųŴŮŷŰļ

ŰŹƁŴŽźŹŸŰŹſŀļņńŅŊłŅńłŇńŀļŝŬŲźƄŬŀļřŬŻŬŹŀļşŽźŮŰŰůŴŹŲžļĽŤŢőľŀļņńŅŊłļ

ŇľļŗŴŽŬźŀļŐłĿŀļŨŬŸŬƅŬŶŴļŝłŀļŢƄŹſųŰžŴžļźűļŢŴſſŴŹŲļşźžſƀŽŰļŭƄļŜƀžŮƀŷźŁžŶŰŷŰſŬŷļŸźůŰŷŀļŕŴűſųļŘŹſŰŽŹŬſŴźŹŬŷļ

ŢŮŴŰŹſŴűŴŮļŒźŹűŰŽŰŹŮŰļźűļŦźŽŶļƂŴſųļœŴžŻŷŬƄļŤŹŴſžŀļŅōōŋłŅŅŀļţźŶƄźŀļřŬŻŬŹŀļşŽźŮŰŰůŴŹŲžļźűļŕŴűſųļ

ŘŹſŰŽŹŬſŴźŹŬŷļŢŮŴŰŹſŴűŴŮļŒźŹűŰŽŰŹŮŰļźűļŦźŽŶļƂŴſųļœŴžŻŷŬƄļŤŹŴſžŀļŻŻłŇŇŁŇňŀļŅōōŋłļ

ňľļ ŗŴŽŬźŀļ ŐłĿŀļ ŨŬŸŬƅŬŶŴļ ŝłŀļ őŴźŸŰŮųŬŹŴŮŬŷļ ŒŽŴſŰŽŴŬļ űźŽļ œŰſŰŽŸŴŹŬſŴźŹļ źűļ ŢŴſſŴŹŲļ şźžſƀŽŰŀļ ŧťŘſųļ

ŒźŹŲŽŰžžļźűļſųŰļŘŹſŰŽŹŬſŴźŹŬŷļŢźŮŴŰſƄļźűļőŴźŸŰŮųŬŹŴŮžŀļŅōōŋłōŀļţźŶƄźŀļřŬŻŬŹŀļőźźŶļźűļŐŭžſŽŬŮſžļ

źűļŧťŘſųļŒźŹŲŽŰžžļźűļſųŰļŘŹſŰŽŹŬſŴźŹŬŷļŢźŮŴŰſƄļźűļőŴźŸŰŮųŬŹŴŮžŀļŻłŅňŀļŅōōŋłļ
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ŉľļŗŴŽŬźŀļŐłĿŀļŨŬŸŬƅŬŶŴļŝłŀļŔžſŴŸŬſŴźŹļźűļŘŹſŰŽŹŬŷļśźŬůžļźŹļŢŴſſŴŹŲļşźžſƀŽŰļŭƄļŜƀžŮƀŷźŁŢŶŰŷŰſŬŷļŜźůŰŷŀļ

ŅńſųļŒźŹűŰŽŰŹŮŰļ źűļ ſųŰļ ŔƀŽźŻŰŬŹļ ŢźŮŴŰſƄļ źűļ őŴźŸŰŮųŬŹŴŮžŀļ ŅōōŊłŊŀļ śŰƀƁŰŹŀļ őŰŷŲŴƀŸŀļ őźźŶļ źűļ

ŐŭžſŽŬŮſžļźűļŅńſųļŒźŹűŰŽŰŹŮŰļźűļſųŰļŔƀŽźŻŰŬŹļŢźŮŴŰſƄļźűļőŴźŸŰŮųŬŹŴŮžŀļŻłŇňŉŀļŅōōŊłļ

ļ
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Ņľļqcí�Ŀŀļ£Õ^ĀVŀļī��ŀļ.Ą ĦŀļªfÖsŀļRìİƴƬƥǈǂƴǇƗLƔƌwƠ�

IâëƙàĖ�ò3ļÿ1ĝ/�nbÔƭǊƵƜƙĥÔƗƟơ£Ô�²Đŀļï Ŋň E�¤ƴƬƥ

ǈY��XâëÙĈS�ŀļ ņńŅŋłŋŀļ©ŀļƴƬƥǈYâëļ(&ļ�¤ƴƬƥǈY�ēļï Ŋň E

âëÙĈS�³ĊĴŀļŻŻłņŅņŁņŅŇŀļņńŅŋłļ

ņľļqcí�Ŀŀļ£ÕöĀVŀļī��ŀļªfÖsŀļRìİƴƬƥǈǂƴǇƗLƔƌwƠ�Iâëƙ�

òÚ'«ŀļ�¤¸°Y�ļï ņŊ EďČmYǉƭƯƳǀħĮĕÊ�ŀļ ņńŅŊłŅńŀļµÂŀļ�¤¸°Y

�ļï ņŊ EďČmYǉƭƯƳǀħĮĕÊ�ĕÊĔ�Ĵļ ĽŤŢőľŀļņŅņńŀļŻŻłŅŁŌŀļņńŅŊłļ

ŇľļáÆā¶Ŀŀļ?Ë$Ñŀļqcí�ŀļ»�Ýyŀļ�tħ��ƣø�ƎƒØƢƗƌƈƭǊƵƙįÙŀļ

ÿ1ĝ�ć� ņńŅņ r�XS�ŀļ ņńŅņłŉŀļµÂŀļÿ1ĝ�ć�YćĕÊ�,+ĴŀļŝźłŋŁŅņŀļ

ŻŻłŅŇŁŅŌŀļņńŅņłļ

ňľļqcí�Ŀŀļ.ĄB�ŀļ4i¡�ŀļei�aŀļĭ�İģĞ�ƙù�Ø0ƙ]�ƊƟƛ]ĪÚđ

�ŀļ ÿ1ĝ�ć� ņńǍǏrçXS�ŀļ ņńńŋłŅńŀļ Ĩŀļ ÿ1ĝ�ć�YćĕÊ�,+Ĵŀļ

ŝźłŅŇŌŁńŋŀļŻŻłŅŁŊŀļņńńŋłļ

ŉľļqcí�Ŀŀļ.ĄB�ŀļ4i¡�ŀļei�aŀļÓ�-YÚęĂƗßÛƎƒØ0�ÅģĞU2ƙ

įÙƕđ�ŀļï ņń EƸƥƧǁƨƷưǀǉƭǈƽƮƦǀŀļ ņńńŊłŌŀļƓƌƚŀļï ņń EƸƥƧǁƨƷưǀǉ

ƭǈƽƮƦǀ,+ŀļŻŻłņŋōŁņōńŀļņńńŋłļ

Ŋľļqcí�Ŀŀļ4i¡�ŀļei�aŀļÓ�-YÚęĂƗßÛƎƒØ0�ÅģĞU2ƙįÙŀļÿ1
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ĝ�ć� ņńǍŊrçXS�ŀļņńńŊłōŀļ¥pŀļÿ1ĝ�ć�YćĕÊ�,+ĴŀļŝźłŅńńŁńŊŀļŻŻłŉŁ

ŅńŀļņńńŊłļ

ŋľļqcí�Ŀŀļei�aŀļw�U2ƗƊƍơÓ�%ęĂƕ�ĥ�ƙı�ŀļ�¤�İmY�ï ŇŋE

S�ŀļŅōōŊłŉŀļ�½ŀļ�İmYŀļŇņĽÍ(=ľŀļŻŻłōňŁōŉŀļŅōōŊłļ

Ōľļqcí�Ŀŀļei�aŀļw�U2ƙÓ�-YÚ¼]LÉŀļï ŅŊ EƸƥƧǁƨƷưǀYćĕÊ�ŀļ

ŅōōŉłŅŅŀļSĲŀļï ŅŊ EƸƥƧǁƨƷưǀYćĕÊ�
éĴŀļŻŻłŊŋŁŋńŀļŅōōŉłļ

ōľļqcí�Ŀŀļei�aŀļñ`�tǂƴǇƣÔƈƒßwU2ƙÓ�-YÚđ��¾ŀļï ŅňEƸƥ

ƧǁƨƷưǀYćĕÊ�ŀļŅōōŇłŅńŀļ@:dŀļï ŅňEƸƥƧǁƨƷưǀYćĕÊ�
éĴŀļŻŻłŅŉŁ

ŅŌŀļŅōōŇłļ

Ņńľļqcí�Ŀŀļei�aŀļßw�ƙ�tęĂ�]�¾ŀļ�¤�İmY�ï ņņ Eı©�ħS�ŀļ

ŅōōņłŅņŀļ©ŀļŅōōņ rv�¤�İmY�ï ņņ Eı©�ħS�ĕÊĴŀļŻłŅŇŋŀļŅōōņłļ

�
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Ņľļĺ·�{Ŀŀļ�Ąè�ŀļ4i¡�ŀļqcí�ŀļĺvģĞ��ƭƯƳǀƙÑċvƋƶǅƥƸƙƭƯ
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