
ÑőĲШĬĲƻĲũŸƓůĲŰƣЯШ
ĦċũŔĤƖċƣŔŸŰШċŰĬШċƓƓũŔĦċƣŔŸŰШ
ŸŉШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƣŸШ
ċƚƚĲƚƚШŸǍŸŰĲѣƚШĲŉŉĲĦƣШŸŰШ
ŊƖċŔŰШċŰĬШƓƖŸƣĲŔŰШǃŔĲũĬШŔŰШ

ƽőĲċƣ 
 

sŸċŰŰĲШxċƨƖċШ9ŸŸť 
 

Âő? 

 

ÖŰŔƻĲƖƚŔƣǃШŸŉШòŸƖť 

 

EŰƻŔƖŸŰůĲŰƣШѼШ]ĲŸŊƖċƓőǃШ?ĲƓċƖƣůĲŰƣ 

 

ÉĲƓƣĲůĤĲƖШΞΜΞΠ 



Ξ 
 

ĤƚƣƖċĦƣ 
ìőĲċƣШŔƚШċШŊũŸĤċũШƚƣċƓũĲШĦƖŸƓЯШƓƖŸƻŔĬŔŰŊШΠΜӖШċŰĬШΠΤӖШŸŉШĬċŔũǃШĦċũŸƖŔĲƚШċŰĬШƓƖŸƣĲŔŰЮШcŸƽĲƻĲƖЯШ
ƣƖŸƓŸƚƓőĲƖŔĦШŸǍŸŰĲШы§ΟьШƣőƖĲċƣĲŰƚШƽőĲċƣШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЮШìőŔũĲШƚĲƻĲƖċũШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШ
őċƻĲШŔŰƻĲƚƣŔŊċƣĲĬШ§ΟќƚШŔůƓċĦƣƚШŸŰШƽőĲċƣШǃŔĲũĬƚШċƣШƻċƖǃŔŰŊШŊĲŸŊƖċƓőŔĦċũШƚĦċũĲƚЯШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШ
ƓƖŸƣĲŔŰШőċƚШŰŸƣШĤĲĲŰШŔŰĦũƨĬĲĬЮШÑőĲШfŰĬŸр]ċŰŊĲƣŔĦШÂũċŔŰƚШŔŰШfŰĬŔċЯШċШťĲǃШƽőĲċƣрŊƖŸƽŔŰŊШƖĲŊŔŸŰЯШ
ŉċĦĲШőŔŊőШċŰĬШƖŔƚŔŰŊШ§ΟШũĲƻĲũƚЮШ]ŔƻĲŰШfŰĬŔċќƚШĲǂŔƚƣŔŰŊШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃШĦőċũũĲŰŊĲƚЯШ
ƨŰĬĲƖƚƣċŰĬŔŰŊШ§ΟќƚШƣőƖĲċƣШƣŸШƽőĲċƣШǃŔĲũĬƚШċŰĬШƓƖŸƣĲŔŰШŔƚШĲƚƚĲŰƣŔċũШƣŸШŔŰŉŸƖůШƓŸũŔĦǃЯШůŔƣŔŊċƣŔŸŰШ
ċŰĬШċĬċƓƣċƣŔŸŰШƚƣƖċƣĲŊŔĲƚЮШÑőŔƚШƣőĲƚŔƚШĬĲƻĲũŸƓƚШċШŉƖċůĲƽŸƖťШŉŸƖШĲƚƣŔůċƣŔŰŊШ§ΟШĲǭĲĦƣƚШŸŰШƽőĲċƣШ
ƓƖŸƣĲŔŰШǃŔĲũĬƚЯШĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШƕƨċũŔƣǃЯШƚƨŔƣċĤũĲШŉŸƖШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЯШĤǃШĬĲƻĲũŸƓŔŰŊШċШ
ŰŔƣƖŸŊĲŰШы ьШыċŰĬШƓƖŸƣĲŔŰьШůŸĬƨũĲШŉŸƖШƣőĲШƚƣŸůċƣċũШ§ΟШĬĲƓŸƚŔƣŔŸŰШĦƖŸƓШůŸĬĲũЯШ?§ΟÉEр9ƖŸƓЮШfŰШ
ƓċƓĲƖШΝЯШƣőĲШůŸĬƨũĲШŔƚШĬĲƻĲũŸƓĲĬШċŰĬШŔĬĲŰƣŔǯĲƚШƣőĲШťĲǃШƓũċŰƣШƓƖŸĦĲƚƚШċǭĲĦƣŔŰŊШƽőĲċƣШ ШƨŰĬĲƖШ
§ΟШċƚШĲċƖũǃШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШыƚŔůƨũċƣĲĬШċƚШĤĲŔŰŊШӈΝΟШĬċǃƚШĲċƖũŔĲƖШŔŰШƣőĲШƻĲƖǃШőŔŊőШƻƚШũŸƽШ§ΟШ
ƣƖĲċƣůĲŰƣьЮШfŰШƓċƓĲƖШΞЯШƣőĲШůŸĬƨũĲШŔƚШĲǂƣĲŰĬĲĬШŉŸƖШfŰĬŔċŰШƽőĲċƣЯШċŰĬШċШŉƖċůĲƽŸƖťШŔƚШƓƖĲƚĲŰƣĲĬШ
ŉŸƖШƨƚŔŰŊШƣőĲШůŸĬĲũШƣŸШĦċũĦƨũċƣĲШƓƖŸƣĲŔŰШƕƨċũŔƣǃЯШƣőƖŸƨŊőШċůŔŰŸШċĦŔĬƚШċŰĬШůĲƣƖŔĦƚШ
ƖĲĦŸůůĲŰĬĲĬШĤǃШƣőĲШ[ŸŸĬШċŰĬШ ŊƖŔĦƨũƣƨƖċũШ§ƖŊċŰŔƚċƣŔŸŰЮШìőŔũĲШƣőĲШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШƚŔůƨũċƣĲĬШƽĲũũЯШƣőĲШĬĲĦƖĲċƚĲШŔŰШůĲƣőŔŸŰŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШ§ΟШ
ĲǂƓŸƚƨƖĲШƽċƚШƨŰĬĲƖĲƚƣŔůċƣĲĬШĤǃШӈΝΜШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚЮШÑőĲШƨŰĬĲƖĲƚƣŔůċƣŔŸŰШƽċƚШŊƖĲċƣĲƖШŉŸƖШ
ũǃƚŔŰĲЮШfŰШƣőĲШǯŰċũШƓċƓĲƖЯШĬŔǭĲƖĲŰƣШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚЯШŔŰƓƨƣШĬċƣċШċŰĬШĦƨũƣŔƻċƖШ§ΟШ
ƚĲŰƚŔƣŔƻŔƣǃШċƖĲШƣĲƚƣĲĬШċŰĬШĦŸůƓċƖĲĬШƽŔƣőШƣőĲШŰĲƽũǃШĬĲƻĲũŸƓĲĬШůŸĬĲũШƣŸШƨŰĬĲƖƚƣċŰĬШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣШƨŰĦĲƖƣċŔŰƣŔĲƚЮШÅŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШƽċƚШƣőĲШũċƖŊĲƚƣШƚŸƨƖĦĲШŸŉШƖĲũċƣŔƻĲШǃŔĲũĬШыÅòьШ
ƻċƖŔċĤŔũŔƣǃШыΜӃÅòӃΝьЯШŉŸũũŸƽĲĬШĤǃШŔŰƓƨƣШĬċƣċШыΜӃÅòӃΜЮΥьЮШ9ƨũƣŔƻċƖШ§ΟШƚĲŰƚŔƣŔƻŔƣǃШĦŸŰƣƖŔĤƨƣĲĬШƻĲƖǃШ
ũŔƣƣũĲШƣŸШƻċƖŔċƣŔŸŰƚШŔŰШÅòШĲƚƣŔůċƣĲƚШыůċŊŰŔƣƨĬĲШŸŉШΝΞШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚьШĤƨƣШőċĬШċШŊƖĲċƣĲƖШĲǭĲĦƣШ
ŸŰШƓƖŸƣĲŔŰШыůċŊŰŔƣƨĬĲШŸŉШӈΠΜШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚьЮ 
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ĦťŰŸƽũĲĬŊĲůĲŰƣƚ 
fШċůШŔŰĦƖĲĬŔĤũǃШƣőċŰťŉƨũШŉŸƖШƣőĲШŸƓƓŸƖƣƨŰŔƣǃШƣŸШƨŰĬĲƖƣċťĲШƣőŔƚШÂő?ЯШċŰĬШƣőĲƖĲШċƖĲШƚŸШůċŰǃШƓĲŸƓũĲШ
ƽőŸƚĲШƚƨƓƓŸƖƣШfШċůШŊƖċƣĲŉƨũШŉŸƖЯШƽŔƣőŸƨƣШƽőŸůШƣőŔƚШÂő?ШƽŸƨũĬШŰŸƣШőċƻĲШĤĲĲŰШƓŸƚƚŔĤũĲЮШ[ŔƖƚƣũǃШfШ
ƽŸƨũĬШũŔťĲШƣŸШƣőċŰťШƣőĲШĬċƓƣŔŰŊШƣŸШƣőĲШ9őċũũĲŰŊĲƚШŸŉШċШ9őċŰŊŔŰŊШEŰƻŔƖŸŰůĲŰƣШ?ŸĦƣŸƖċũШÑƖċŔŰŔŰŊШ
ÂċƖƣŰĲƖƚőŔƓШы 99EШ?ÑÂьШŉŸƖШƣőĲШŉƨŰĬŔŰŊШċŰĬШƣƖċŔŰŔŰŊШƚƨƓƓŸƖƣШƽőŔĦőШůċĬĲШƣőŔƚШÂő?ШƓŸƚƚŔĤũĲЮШfШċůШ
ċũƚŸШŊƖċƣĲŉƨũШƣŸШƣőĲШÖŰŔƻĲƖƚŔƣǃШŸŉШòŸƖťШEŰƻŔƖŸŰůĲŰƣШċŰĬШ]ĲŸŊƖċƓőǃШ?ĲƓċƖƣůĲŰƣЮШfШőċƻĲШŰĲƻĲƖШ
ĤĲŉŸƖĲШƽŸƖťĲĬШŔŰШƚƨĦőШċШťŔŰĬЯШƚƨƓƓŸƖƣŔƻĲШĲŰƻŔƖŸŰůĲŰƣЯШċŰĬШfШőċƻĲШũĲċƖŰƣШƚŸШůƨĦőШŉƖŸůШċũũШ
ƚƣƨĬĲŰƣƚШċŰĬШƚƣċǭШőĲƖĲЮ 

 ŸƽШůŸƻŔŰŊШŸŰШƣŸШůŸƖĲШƓĲƖƚŸŰċũШƣőċŰťƚЯШfШċůШĤĲǃŸŰĬШŊƖċƣĲŉƨũШŉŸƖШƣőĲШƚƨƓƓŸƖƣШŸŉа 

¶ xŔƚċШEůĤĲƖƚŸŰЯШ[ĲũŔĦŔƣǃШcċǃĲƚШċŰĬШÉċůċƖƣőŔċШÑőċŰťċƓƓċŰШƽőŸШőċƻĲШƚƨƓĲƖƻŔƚĲĬШƣőŔƚШ
Âő?ШċŰĬШƓƖŸƻŔĬĲĬШċШĦŸŰƚŔƚƣĲŰƣШƚŸƨƖĦĲШŸŉШƚƨƓƓŸƖƣШĬƨƖŔŰŊШƣőŔƚШƣŔůĲЮШÑőĲǃШőċƻĲШĦőċũũĲŰŊĲĬШ
ċŰĬШĲŰĦŸƨƖċŊĲĬШůĲШċŰĬШőĲũƓĲĬШůĲШƣŸШĤƨŔũĬШƨƓШůǃШĦŸŰǯĬĲŰĦĲШċƚШċШƖĲƚĲċƖĦőĲƖЮШfШĦŸƨũĬŰќƣШ
őċƻĲШċƚťĲĬШŉŸƖШċШĤĲƣƣĲƖШƚƨƓĲƖƻŔƚŸƖǃШƣĲċůЮ 

¶ ÑőĲШ?§ΟÉEр9ƖŸƓШƣĲċůаШÂƖŔƣőċШÂċŰĬĲЯШ ċƣőċŰШ7ŸŸƣőШċŰĬШÉċůШ7ũċŰĬШƽőŸШőċƻĲШƓƖŸƻŔĬĲĬШ
ƻċũƨċĤũĲШċƚƚŔƚƣċŰĦĲШċƚШfШĬĲƻĲũŸƓĲĬШůǃШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũЯШƣőĲШ
ĦċũŔĤƖċƣŔŸŰШċŰĬШĲƻċũƨċƣŔŸŰШƓƖŸĦĲƚƚĲƚЯШƣőĲШƓũċŰƣШůĲĦőċŰŔƚůƚШƨŰĬĲƖũǃŔŰŊШƣőĲƚĲШċŰĬШƣőĲШ
ƚƣċƣŔƚƣŔĦċũШċƓƓƖŸċĦőĲƚЮШ 

¶ ÑőĲШ§ΟШĲċƖũǃШĦċƖĲĲƖШƖĲƚĲċƖĦőĲƖƚќШŊƖŸƨƓаШƓċƖƣŔĦƨũċƖũǃШ9ũċƖĲШ7ƖĲƽƚƣĲƖЯШcċƣƣŔĲШÅŸĤĲƖƣƚЯШ
~ĲũŔƚƚċШ9őċŰŊШċŰĬШ~ŔťĲШÂĲƖƖŔŰŊШƽőŸШőĲũƓĲĬШůĲШƣŸШƚĲƣƣũĲШŔŰƣŸШƣőĲШÂő?ШċŰĬШƓƖŸƻŔĬĲĬШ
ƚƨƓƓŸƖƣШƣőƖŸƨŊőŸƨƣЯШċƚШƽĲũũШċƚШƓƖŸƻŔĬŔŰŊШċШƚƓċĦĲШƣŸШљĤŸƨŰĦĲњШŔĬĲċƚШċŰĬШƓƖċĦƣŔĦĲШ
ƓƖĲƚĲŰƣċƣŔŸŰƚШĤĲŉŸƖĲШĦŸŰŉĲƖĲŰĦĲƚЮШ9ũċƖĲќƚШőĲũƓШƽċƚШċũƚŸШĲƚƚĲŰƣŔċũШŔŰШƓƖŸƻŔĬŔŰŊШĬċƣċШċŰĬШ
ċƚƚŔƚƣċŰĦĲШƣŸШĬĲƻĲũŸƓШƣőĲШůŸĬĲũũŔŰŊШƓƖŸĦĲƚƚĲƚШŔŰШÂċƓĲƖШΝШыÉĲĦƣŔŸŰШΞьШŸŉШƣőŔƚШƣőĲƚŔƚЮШ
ìŔƣőŸƨƣШ9ũċƖĲќƚШƚƨƓƓŸƖƣШŔƣШƽŸƨũĬШőċƻĲШŰŸƣШőċƻĲШĤĲĲŰШƓŸƚƚŔĤũĲШƣŸШĬĲƻĲũŸƓШƣőĲШůŸĬĲũШŔŰШŔƣƚШ
ĦƨƖƖĲŰƣШŉŸƖůċƣЮ 

¶ ?ƨƖŊĲƚőШÉŔŰŊőШòċĬċƻЯШƽőŸШƓƖŸƻŔĬĲĬШĬċƣċШŉŸƖШƓċƓĲƖƚШΞШċŰĬШΟШŸŉШƣőŔƚШƣőĲƚŔƚЯШċƚШƽĲũũШċƚШ
ċƚƚŔƚƣŔŰŊШůĲШƽŔƣőШċŰǃШƕƨĲƚƣŔŸŰƚШƣőċƣШfШőċĬШƖĲũċƣŔŰŊШƣŸШƣőĲШĬċƣċЮШcŔƚШőĲũƓШƽċƚШŔŰƻċũƨċĤũĲШŔŰШ
ċũũŸƽŔŰŊШůĲШƣŸШĦŸůƓũĲƣĲШƣőŔƚШƽŸƖťЮ 

¶ ÖŸòŸƖťШĲŰƻŔƖŸŰůĲŰƣШċŰĬШ 99EШÂő?ШƚƣƨĬĲŰƣƚЯШƓċƖƣŔĦƨũċƖũǃШůǃШŸǭŔĦĲШċŰĬШüŸŸůШƓċũƚЯШŉŸƖШ
ƓƖŸƻŔĬŔŰŊШċШƚċŉĲШƚƓċĦĲШƣŸШƚőċƖĲШŉƖƨƚƣƖċƣŔŸŰƚЯШƻċũƨċĤũĲШċĬƻŔĦĲШċŰĬШƓũĲŰƣǃШŸŉШũċƨŊőƣĲƖШċŰĬШ
ŢŸǃЮ 

¶ ~ǃШƽŸŰĬĲƖŉƨũШőŸƨƚĲůċƣĲƚШÅŸĤǃŰШċŰĬШ?ŸŰĬċЯШƽőŸШƽĲƖĲШċũƽċǃƚШƣőĲƖĲШŉŸƖШůĲШċŰĬШ
ƚƨƓƓŸƖƣĲĬШůĲЯШċŰĬШƽĲƖĲШċШŊƖĲċƣШĬŔƚƣƖċĦƣŔŸŰШƽőĲŰШfШƽċƚШŉĲĲũŔŰŊШƚƣƖĲƚƚĲĬШŸƖШŸƻĲƖƽőĲũůĲĬЮ 

¶ ~ǃШŉƖŔĲŰĬƚШEũũŔĲЯШ ĤŔŊċŔũШċŰĬШcĲƚƣĲƖШƽőŸШőċƻĲШƓƖŸƻŔĬĲĬШĦŸŰƣŔŰƨĲĬШƚƨƓƓŸƖƣШċũũШƣőƖŸƨŊőŸƨƣШ
ůǃШċĦċĬĲůŔĦШŢŸƨƖŰĲǃШċŰĬШĤĲũŔĲƻĲĬШŔŰШůĲШƽőĲŰШfШĬŔĬШŰŸƣШĤĲũŔĲƻĲШŔŰШůǃƚĲũŉЮ 

¶ ~ǃШĲŰƣŔƖĲШŉċůŔũǃЯШƓċƖƣŔĦƨũċƖũǃШůǃШƓċƖĲŰƣƚШċŰĬШƚŔƚƣĲƖЯШÅĲĤĲĦĦċЮШfШƽŔũũШċũƽċǃƚШĤĲШŊƖċƣĲŉƨũШƣŸШ
őċƻĲШƚƨĦőШċШƚƨƓƓŸƖƣŔƻĲШŉċůŔũǃШƽőŸШŰŸƣШŸŰũǃШĲŰĦŸƨƖċŊĲШůĲЯШĤƨƣШċũƚŸШƖĲůŔŰĬШůĲШŸŉШƣőĲШ
ŔůƓŸƖƣċŰĦĲШŸŉШƣċťŔŰŊШĤƖĲċťƚЮ 

¶ [ŔŰċũũǃЯШfќĬШũŔťĲШƣŸШƣőċŰťШůǃШƽŸŰĬĲƖŉƨũШƓċƖƣŰĲƖЯШsċůŔĲЮШ7ĲƣƽĲĲŰШĤƨǃŔŰŊШċШőŸƨƚĲШċŰĬШ
ůŸƻŔŰŊШƣƽŔĦĲШƣőĲШǯŰċũШůŸŰƣőƚШŸŉШƣőŔƚШÂő?ШőċƻĲШŰŸƣШĤĲĲŰШĲċƚǃЮШfШċůШŔŰĦƖĲĬŔĤũǃШũƨĦťǃШƣŸШ
őċƻĲШċШƓċƖƣŰĲƖШƽőŸШƣŸŸťШƚŸШůƨĦőШŸŉШƣőĲШƽŸƖťШƽŔƣőШƖĲŊċƖĬƚШƣŸШƣőĲШƓƨƖĦőċƚĲШċŰĬШůŸƻĲШƚŸШ
ƣőċƣШfШőċĬШůŸƖĲШƣŔůĲШƣŸШǯŰŔƚőШƽƖŔƣŔŰŊЮШìőĲŰШfШǯƖƚƣШƚƣċƖƣĲĬШƣőŔƚШÂő?ЯШƽĲШőċĬŰќƣШĲƻĲŰШůĲƣЯШ
ŰŸƽШfШċůШǯŰŔƚőŔŰŊШƣőŔƚШÂő?ШƨŰċĤũĲШƣŸШŔůċŊŔŰĲШůǃШũŔŉĲШƽŔƣőŸƨƣШőĲƖЮШfШƽŔũũШċũƽċǃƚШĤĲШ
ŊƖċƣĲŉƨũШƣŸШőċƻĲШƚƨĦőШċШƚƣƖŸŰŊШċŰĬШĦċƖŔŰŊШƽŸůċŰШĤǃШůǃШƚŔĬĲЮ 



ΝΥ 
 

?ĲĦũċƖċƣŔŸŰ 
ÑőŔƚШƣőĲƚŔƚШőċƚШŰŸƣШƓƖĲƻŔŸƨƚũǃШĤĲĲŰШċĦĦĲƓƣĲĬШŉŸƖШċŰǃШĬĲŊƖĲĲШċŰĬШŔƚШŰŸƣШĤĲŔŰŊШĦŸŰĦƨƖƖĲŰƣũǃШ
ƚƨĤůŔƣƣĲĬШŔŰШĦċŰĬŔĬċƣƨƖĲШŉŸƖШċŰǃШĬĲŊƖĲĲШŸƣőĲƖШƣőċŰШ?ŸĦƣŸƖШŸŉШÂőŔũŸƚŸƓőǃШŸŉШƣőĲШÖŰŔƻĲƖƚŔƣǃШŸŉШ
òŸƖťЮШÑőŔƚШƣőĲƚŔƚШŔƚШƣőĲШƖĲƚƨũƣШŸŉШůǃШŸƽŰШŔŰƻĲƚƣŔŊċƣŔŸŰƚЯШĲǂĦĲƓƣШƽőĲƖĲШŸƣőĲƖƽŔƚĲШƚƣċƣĲĬЮШ ũũШŸƣőĲƖШ
ƚŸƨƖĦĲƚШċƖĲШċĦťŰŸƽũĲĬŊĲĬШĤǃШĲǂƓũŔĦŔƣШƖĲŉĲƖĲŰĦĲƚЮ 

ÑőĲШůċŰƨƚĦƖŔƓƣШŔŰШĦőċƓƣĲƖШΞШŸŉШƣőŔƚШƣőĲƚŔƚШőċƚШĤĲĲŰШƓƨĤũŔƚőĲĬШċƚШŉŸũũŸƽƚаШ9ŸŸťЯШsЮЯШ7ƖĲƽƚƣĲƖЯШ9ЮЯШ
cċǃĲƚЯШ[ЮЯШ7ŸŸƣőЯШ ЮЯШ7ũċŰĬЯШÉЮЯШÂċŰĬĲЯШÂЮЯШÑőċŰťċƓƓċŰЯШÉЮЯШÂũĲŔŢĲũЯШcЮШċŰĬШEůĤĲƖƚŸŰЯШxЮЯШΞΜΞΠЮШ
 ĲƽШŸǍŸŰĲтŰŔƣƖŸŊĲŰШůŸĬĲũШƚőŸƽƚШĲċƖũǃШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШŔƚШƣőĲШƓƖŔůċƖǃШĦċƨƚĲШŸŉШŸǍŸŰĲр
ŔŰĬƨĦĲĬШƖĲĬƨĦƣŔŸŰШŔŰШŊƖċŔŰШƕƨċũŔƣǃШŸŉШƽőĲċƣЮ 7ŔŸŊĲŸƚĦŔĲŰĦĲƚЯ ΥΤыΞΝьЯШƓƓЮΠΥΜΦрΠΥΟΡЮ 
fШĬĲƻĲũŸƓĲĬЯШĦŸĬĲĬЯШĦċũŔĤƖċƣĲĬЯШċƓƓũŔĲĬШċŰĬШĲƻċũƨċƣĲĬШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũЯШƓĲƖŉŸƖůĲĬШċũũШ
ċŰċũǃƚĲƚЯШƓƖŸĬƨĦĲĬШƣőĲШǯŊƨƖĲƚШċŰĬШƽƖŸƣĲШƣőĲШůċŰƨƚĦƖŔƓƣШƽŔƣőШĦŸůůĲŰƣƚШŉƖŸůШċũũШĦŸрċƨƣőŸƖƚЮШ
ƨƣőŸƖШ9ũċƖĲШ7ƖĲƽƚƣĲƖШƓƖŸƻŔĬĲĬШƣőĲШĲǂƓĲƖŔůĲŰƣċũШĬċƣċЮ 

ÑőĲШůċŰƨƚĦƖŔƓƣШŔŰШĦőċƓƣĲƖШΟШŸŉШƣőŔƚШƣőĲƚŔƚШőċƚШĤĲĲŰШċĦĦĲƓƣĲĬШŉŸƖШƓƨĤũŔĦċƣŔŸŰШċƚШŉŸũũŸƽƚаШ9ŸŸťЯШ
sЮЯШòċĬċƻЯШ?ЮÉЮЯШcċǃĲƚЯШ[ЮЯШ7ŸŸƣőЯШ ЮЯШ7ũċŰĬЯШÉЮЯШÂċŰĬĲЯШÂЮЯШÑőċŰťċƓƓċŰЯШÉЮШċŰĬШEůĤĲƖƚŸŰЯШxЮЯШ
ΞΜΞΠЮШ~ŸĬĲũũŔŰŊШƣőĲШŰƨƣƖŔƣŔŸŰċũШŔůƓũŔĦċƣŔŸŰƚШŸŉШŸǍŸŰĲШŸŰШƽőĲċƣШƓƖŸƣĲŔŰШċŰĬШċůŔŰŸШ
ċĦŔĬƚЮ E]ÖƚƓőĲƖĲЯ ΥΣΥΧЯШƓƓЮΝрΟΟЮШfШŉƨƖƣőĲƖШĬĲƻĲũŸƓĲĬЯШĦŸĬĲĬЯШĦċũŔĤƖċƣĲĬЯШċƓƓũŔĲĬШċŰĬШĲƻċũƨċƣĲĬШ
ƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũЯШƓĲƖŉŸƖůĲĬШċũũШċŰċũǃƚĲƚЯШƓƖŸĬƨĦĲĬШƣőĲШǯŊƨƖĲƚШċŰĬШƽƖŸƣĲШƣőĲШ
ůċŰƨƚĦƖŔƓƣШƽŔƣőШĦŸůůĲŰƣƚШŉƖŸůШċũũШĦŸрċƨƣőŸƖƚЮШ ƨƣőŸƖШ?ƨƖŊĲƚőШÉŔŰŊőШòċĬċƻШƓƖŸƻŔĬĲĬШƣőĲШ
ĲǂƓĲƖŔůĲŰƣċũШĬċƣċЮ 

ÑőĲШůċŰƨƚĦƖŔƓƣШŔŰШĦőċƓƣĲƖШΠШŸŉШƣőŔƚШƣőĲƚŔƚШŔƚШŔŰШƓƖĲƓċƖċƣŔŸŰШŉŸƖШƚƨĤůŔƚƚŔŸŰШċƚШŉŸũũŸƽƚаШ9ŸŸťЯШsЮЯШ
7ċƖůċŰЯШ ЮЯШéĲŰťċƣċƖċůċŰЯШ9ЮЯШcċǃĲƚЯШ[ЮЯШ7ŸŸƣőЯШ ЮЯШ7ũċŰĬЯШÉЮЯШÂċŰĬĲЯШÂЮЯШÑőċŰťċƓƓċŰЯШÉЮЯШ
EůĤĲƖƚŸŰЯШxЮаШÅĲũċƣŔƻĲШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШĲƚƣŔůċƣĲƚШċƖĲШůŸƖĲШƚĲŰƚŔƣŔƻĲШƣŸШŸǍŸŰĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШ
ůĲƣőŸĬШƣőċŰШŔŰƓƨƣШĬċƣċШċŰĬШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰ 
ƨƣőŸƖƚШ ĲĲũĬŔƓШ7ċƖůċŰШċŰĬШ9őċŰĬƖċШéĲŰťċƣċƖċůċŰШƓƖŸƻŔĬĲĬШƣőĲШƚŔůƨũċƣĲĬШìÅ[р9őĲůШ
ůĲƣĲŸƖŸũŸŊŔĦċũШċŰĬШŸǍŸŰĲШĬċƣċЮ 

ÑőƖŸƨŊőŸƨƣШƣőĲШÂő?ШƓƖŸĦĲƚƚЯШfШċũƚŸШĦŸŰƣƖŔĤƨƣĲĬШƣŸШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũЯШ
ċŔĬŔŰŊШƽŔƣőШůŸĬĲũШĦċũŔĤƖċƣŔŸŰШċƓƓƖŸċĦőĲƚЯШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШċŰĬШĬĲƻĲũŸƓůĲŰƣШŸŉШůŸĬĲũũŔŰŊШ
ƓƖŸĦĲƚƚĲƚШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮ 

 

 

 

 

 

 

 

 

 

 



ΝΦ 
 

§ƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲƚŔƚ 
ÑőŔƚШƣőĲƚŔƚШĦŸůƓƖŔƚĲƚШΡШůċŔŰШĦőċƓƣĲƖƚЯШċĦĦŸůƓċŰŔĲĬШĤǃШċШũŔƚƣШŸŉШċĤĤƖĲƻŔċƣŔŸŰƚШŉŸƖШƖĲŉĲƖĲŰĦĲЮ 

ÉĲĦƣŔŸŰШΝШŔŰƣƖŸĬƨĦĲƚШƣőĲШƣőĲƚŔƚШĬŔƚĦƨƚƚŔŰŊШƣőĲШĦƨƖƖĲŰƣШƚƣċƣĲШŸŉШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃЯШƣőĲШ
ŔůƓċĦƣƚШŸŉШŸǍŸŰĲШы§ΟьШċŰĬШĦũŔůċƣĲШĦőċŰŊĲЯШċŰĬШƣőĲШƚŔŊŰŔǯĦċŰĦĲШŸŉШƽőĲċƣШċƚШƣőĲШŊũŸĤċũШƚƣċƓũĲШ
ĦƖŸƓШƚƣƨĬŔĲĬШőĲƖĲЮШfƣШŸƨƣũŔŰĲƚШ§ΟШƓƖŸĬƨĦƣŔŸŰШƓċƣőƽċǃƚШċŰĬШƣőĲŔƖШĲǭĲĦƣƚШŸŰШĦƖŸƓШǃŔĲũĬƚШċŰĬШ
ƕƨċũŔƣǃЯШĤŸƣőШċũŸŰĲШċŰĬШĦŸůĤŔŰĲĬШƽŔƣőШĦũŔůċƣĲШƻċƖŔċĤũĲƚЮШ~ĲƣőŸĬƚШŉŸƖШĲƚƣŔůċƣŔŰŊШ§ΟрƖĲũċƣĲĬШ
ǃŔĲũĬШƖĲĬƨĦƣŔŸŰƚЯШŉŸĦƨƚŔŰŊШŸŰШĦƖŸƓШůŸĬĲũƚЯШċƖĲШƖĲƻŔĲƽĲĬЯШŔŰĦũƨĬŔŰŊШƣőĲШůŸĬĲũШƨƚĲĬШŔŰШƣőŔƚШ
ƣőĲƚŔƚЮШ]ŔƻĲŰШƣőĲШŉŸĦƨƚШŸŰШfŰĬŔċШŔŰШÉĲĦƣŔŸŰƚШΟШċŰĬШΠЯШƣőĲШƚĲĦƣŔŸŰШċũƚŸШĲǂċůŔŰĲƚШŉŸŸĬШƚĲĦƨƖŔƣǃШ
ĦőċũũĲŰŊĲƚШŔŰШfŰĬŔċЯШƣőĲШƣőƖĲċƣƚШƓŸƚĲĬШĤǃШĦũŔůċƣĲШĦőċŰŊĲШċŰĬШ§ΟЯШċŰĬШƓƖĲƻŔŸƨƚШůĲƣőŸĬƚШƨƚĲĬШƣŸШ
ċƚƚĲƚƚШ§ΟШŔůƓċĦƣƚШŸŰШfŰĬŔċŰШƽőĲċƣЮШÑőĲШŔŰƣƖŸĬƨĦƣŔŸŰШĦŸŰĦũƨĬĲƚШĤǃШƚƨůůċƖŔǍŔŰŊШƣőĲШƖĲƚĲċƖĦőШ
ƕƨĲƚƣŔŸŰƚШċŰĬШŸƨƣƓƨƣƚШŸŉШƣőĲШƣőĲƚŔƚЮ 

ÉĲĦƣŔŸŰШΞШŔƚШƣőĲШǯƖƚƣШƓċƓĲƖШŸŉШƣőĲШƣőĲƚŔƚШċŰĬШĬĲƚĦƖŔĤĲƚШƣőĲШůĲĦőċŰŔƚůƚШĤǃШƽőŔĦőШ§ΟШċǭĲĦƣƚШĦƖŸƓШ
ǃŔĲũĬƚШċŰĬШŰŔƣƖŸŊĲŰШы ьШĦŸŰƣĲŰƣШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰЮШШůĲĦőċŰŔƚƣŔĦШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШ§ΟќƚШĲǭĲĦƣƚШ
ŸŰШĦƖŸƓШ ШƽĲƖĲШƨƚĲĬШƣŸШĬĲƻĲũŸƓЯШĦċũŔĤƖċƣĲШċŰĬШĲƻċũƨċƣĲШċШ ШůŸĬƨũĲШŉŸƖШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШ
ƣŸШċũũŸƽШƚŔůƨũċƣŔŸŰШŸŉШőŸƽШ§ΟШċǭĲĦƣƚШĦƖŸƓШ ШĦŸŰƣĲŰƣШыŊ ШůрΞьШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШыŊ ШŊ?~рΝьЮШ
ŉƣĲƖШĲƻċũƨċƣŔŸŰШƣőĲШůŸĬĲũШƽċƚШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШƓũċŰƣШƓƖŸĦĲƚƚШƣőċƣШċǭĲĦƣƚШĦƖŸƓШ ШƣőĲШůŸƚƣШ
ƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮ 

ÉĲĦƣŔŸŰШΟШŔƚШƣőĲШƚĲĦŸŰĬШƓċƓĲƖШŸŉШƣőĲШƣőĲƚŔƚЯШċŰĬШĲǂƣĲŰĬƚШƣőĲШůŸĬĲũШĬĲƻĲũŸƓĲĬШŔŰШÉĲĦƣŔŸŰШΞШŉŸƖШ
fŰĬŔċŰШƽőĲċƣЮШÑőĲШĦőċƓƣĲƖШƓƖĲƚĲŰƣƚШċШŉƖċůĲƽŸƖťШŸŉШőŸƽШƣŸШůċťĲШĦƖŸƓШůŸĬĲũũŔŰŊШƚŔůƨũċƣŔŸŰƚШ
ůŸƖĲШƖĲũĲƻċŰƣШƣŸШőƨůċŰШŰƨƣƖŔƣŔŸŰШĤǃШƚŔůƨũċƣŔŰŊШċůŔŰŸШċĦŔĬƚШы ьШċǭĲĦƣĲĬШĤǃШ§ΟШƣőċƣШċƖĲШ
ĲƚƚĲŰƣŔċũШŉŸƖШŰƨƣƖŔƣŔŸŰШċŰĬШŔŰĦŸƖƓŸƖċƣŔŰŊШƣőĲШ[ §рƖĲĦŸůůĲŰĬĲĬШĬŔĲƣċƖǃШŔŰĬŔƚƓĲŰƚċĤũĲШ ШƚĦŸƖĲШ
ы?f ÉьШƣŸШċƚƚĲƚƚШƓƖŸƣĲŔŰШƕƨċũŔƣǃЮ 

ÉĲĦƣŔŸŰШΠШŔƚШƣőĲШƣőŔƖĬШċŰĬШǯŰċũШƓċƓĲƖШŸŉШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚШċŰĬШŔŰƻĲƚƣŔŊċƣĲƚШƣőĲШƚĲŰƚŔƣŔƻŔƣǃШŸŉШ
ƖĲũċƣŔƻĲШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШĲƚƣŔůċƣĲƚШƣŸШĬŔǭĲƖĲŰƣШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШċŰĬШŔŰƓƨƣШĬċƣċШƣőċƣШ
őċƻĲШĤĲĲŰШĦŸůůŸŰũǃШƨƚĲĬШŔŰШƣőĲШũŔƣĲƖċƣƨƖĲШƣŸШŔĬĲŰƣŔŉǃШƣőĲШǃŔĲũĬШũŸƚƚШƨŰĬĲƖШĦƨƖƖĲŰƣШŸƖШŉƨƣƨƖĲШ§ΟЮ 

ÉĲĦƣŔŸŰШΡШŔƚШƣőĲШƚǃŰƣőĲƚŔƚШĦőċƓƣĲƖШŸŉШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚЮШfƣШĤƖŔŰŊƚШƣŸŊĲƣőĲƖШƣőĲШťĲǃШǯŰĬŔŰŊƚШŸŉШ
ĲċĦőШƓċƓĲƖШŸŉШƣőĲШƣőĲƚŔƚШыÉĲĦƣŔŸŰƚШΞрΠьШċũŸŰŊШƽŔƣőШĦŸůůŸŰШƣőĲůĲƚШŔĬĲŰƣŔǯĲĬШċĦƖŸƚƚШƣőĲШ
ƓċƓĲƖƚЯШƣőĲШŰŸƻĲũƣǃШŸŉШƣőĲШƖĲƚƨũƣƚШŸŉШƣőĲШƣőĲƚŔƚШċŰĬШƣőĲШċƚƚŸĦŔċƣĲĬШũŔůŔƣċƣŔŸŰƚШċŰĬШŔůƓũŔĦċƣŔŸŰƚШ
ŸŉШƣőĲШǯŰĬŔŰŊƚЮ 

 

 

 

 

 

 

 

 



ΞΜ 
 

xŔƚƣШŸŉШċĤĤƖĲƻŔċƣŔŸŰƚ 
ÑőĲШŉŸũũŸƽŔŰŊШċĦƖŸŰǃůƚШċŰĬШĦőĲůŔĦċũШƚǃůĤŸũƚШċƖĲШƨƚĲĬШƣőƖŸƨŊőŸƨƣШƣőĲШƣőĲƚŔƚа 

Ш ůŔŰŸШċĦŔĬƚ 

ŰĲƣ  ĲƣШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲ 

§Ñ ůĤŔĲŰƣШŸƻĲƖШƣőƖĲƚőŸũĬ 

ìÉ ƨƣŸůċƣŔĦШƽĲċƣőĲƖШƚƣċƣŔŸŰ 

9cΠШ ~ĲƣőċŰĲ 

9§ 9ċƖĤŸŰШůŸŰŸǂŔĬĲ 

9§ΞШ 9ċƖĤŸŰШĬŔŸǂŔĬĲ 

?f É ?ŔĲƣċƖǃШŔŰĬŔƚƓĲŰƚċĤũĲШċůŔŰŸШċĦŔĬШƚĦŸƖĲ 

?~ ?ƖǃШůċƣƣĲƖ 

?éf ?ĲƻĲũŸƓůĲŰƣШŔŰĬĲǂ 

[ 9E [ƖĲĲШċŔƖШ9§Ξо§ΟШĲŰƖŔĦőůĲŰƣ 

]?Â ]ƖŸƚƚШĬŸůĲƚƣŔĦШƓƖŸĬƨĦƣ 

]ÂÂ ]ƖŸƚƚШƓƖŔůċƖǃШƓƖŸĬƨĦƣŔƻŔƣǃ 

ŊƚƣŸ ÉƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲ 

cΞ§Ш ìċƣĲƖ 

f ~ fŰƣĲŊƖċƣĲĬШċƚƚĲƚƚůĲŰƣШůŸĬĲũũŔŰŊ 

f]Â fŰĬŸр]ċŰŊĲƣŔĦШÂũċŔŰ 

f~? fŰĬŔċŰШůĲƣĲŸƖŸũŸŊŔĦċũШĬŔƻŔƚŔŸŰ 

x f xĲċŉШċƖĲċШŔŰĬĲǂ 

   ŔƣƖŸŊĲŰ 

 §Οр  ŔƣƖċƣĲШŔŸŰ 

 §ǂШ  ŔƣƖŸŊĲŰШŸǂŔĬĲƚ 

 ÂÂШ  ĲƣШƓƖŔůċƖǃШƓƖŸĬƨĦƣŔƻŔƣǃ 

§ΟШ §ǍŸŰĲ 

§Ñ9 §ƓĲŰШƣŸƓШĦőċůĤĲƖ 

Â Å ÂőŸƣŸƚǃŰƣőĲƣŔĦċũũǃШċĦƣŔƻĲШƖċĬŔċƣŔŸŰ 

Â§? ÂőǃƣŸƣŸǂŔĦШ§ΟШĬŸƚĲ 

ÂÂ[? ÂőŸƣŸƚǃŰƣőĲƣŔĦШƓőŸƣŸŰШǰƨǂШĬĲŰƚŔƣǃ 

ÂÉff ÂőŸƣŸƚǃƚƣĲůШΞ 



ΞΝ 
 

Å9Â ÅĲƓƖĲƚĲŰƣċƣŔƻĲШĦŸŰĦĲŰƣƖċƣŔŸŰШƓċƣőƽċǃ 

Åc ÅĲũċƣŔƻĲШőƨůŔĬŔƣǃ 

Å~ÉE ÅŸŸƣШůĲċŰШƚƕƨċƖĲШĲƖƖŸƖ 

Å§É ÅĲċĦƣŔƻĲШŸǂǃŊĲŰШƚƓĲĦŔĲƚ 

ÅÂШ ÅĲũċƣŔƻĲШƓƖŸƣĲŔŰ 

ÅÂ9Ш ÅĲũċƣŔƻĲШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰ 

Åƨ7Â ÅŔĤƨũŸƚĲрΝЯΡрĤŔƚƓőŸƚƓőċƣĲ 

ÅòШ ÅĲũċƣŔƻĲШǃŔĲũĬ 

Åòx ÅĲũċƣŔƻĲШǃŔĲũĬШũŸƚƚ 

ÉÉÂ ÉőċƖĲĬШƚŸĦŔŸĲĦŸŰŸůŔĦШƓċƣőƽċǃ 

Ñ§ Å ÑƖŸƓŸƚƓőĲƖŔĦШ§ΟШċƚƚĲƚƚůĲŰƣШƖĲƓŸƖƣ 

é§9 éŸũċƣŔũĲШŸƖŊċŰŔĦШĦŸůƓŸƨŰĬƚ 

éÂ? éċƓŸƨƖШƓƖĲƚƚƨƖĲШĬĲǯĦŔƣ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ΞΞ 
 

ΝЮШfŰƣƖŸĬƨĦƣŔŸŰ 
ÑőŔƚШƣőĲƚŔƚШŉŸĦƨƚƚĲƚШŸŰШƣőĲШĲǭĲĦƣƚШŸŉШƣƖŸƓŸƚƓőĲƖŔĦШŸǍŸŰĲШы§ΟьШƓŸũũƨƣŔŸŰШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШŸŰШ
ŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃЯШƽŔƣőШċШőĲċƻǃШŉŸĦƨƚШŔŰШƣƽŸШƓċƓĲƖƚШŸŰШfŰĬŔċЮШìőĲċƣШŔƚШċШƚƣċƓũĲШĦƖŸƓШ
ŊũŸĤċũũǃЯШƓƖŸƻŔĬŔŰŊШĦċũŸƖŔĲƚЯШƓƖŸƣĲŔŰЯШƻŔƣċůŔŰƚЯШůŔŰĲƖċũƚШċŰĬШǯĤƖĲЮШÑőĲƚĲШƕƨċũŔƣǃШŉċĦƣŸƖƚШċƖĲШċũũШ
ĲƚƚĲŰƣŔċũШŉŸƖШőƨůċŰƚШƣŸШũĲċĬШċШőĲċũƣőǃШũŔŉĲШыÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤбШÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡьЮШÑŸШ
ůĲĲƣШƣőĲШĬĲůċŰĬƚШŸŉШƣőĲШŔŰĦƖĲċƚŔŰŊШŊũŸĤċũШƓŸƓƨũċƣŔŸŰЯШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШŰĲĲĬƚШƣŸШŔŰĦƖĲċƚĲШ
ыÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤьЮШòĲƣШƽőĲċƣШŔƚШŸŰĲШŸŉШƣőĲШůŸƚƣШƻƨũŰĲƖċĤũĲШƣŸШ§ΟШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШ
ŔůƓċĦƣƚЮШ]ũŸĤċũШĲƚƣŔůċƣĲƚШƚőŸƽШƣőċƣШƓƖĲƚĲŰƣШĬċǃШƽőĲċƣШǃŔĲũĬƚШůċǃШĤĲШƖĲĬƨĦĲĬШĤǃШĤĲƣƽĲĲŰШΣр
ΝΞӖШĬƨĲШƣŸШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШƓŸũũƨƣŔŸŰШыéċŰШ?ŔŰŊĲŰĲŰШĲƣШċũЮЯШΞΜΜΦбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤьЮШ
ĬĬŔƣŔŸŰċũũǃЯШƣőĲШŔůƓċĦƣƚШŸŉШĦũŔůċƣĲШĦőċŰŊĲШƽŔũũШƖĲĬƨĦĲШƽőĲċƣШǃŔĲũĬƚШŉƨƖƣőĲƖШы ƚƚĲŰŊШĲƣШċũЮЯШΞΜΝΡбШ
xŔƨШĲƣШċũЮЯШΞΜΝΦċьЮШũƚŸЯШĤŸƣőШĦũŔůċƣĲШĦőċŰŊĲШыƻŔċШőĲċƣШċŰĬШƽċƣĲƖШƚƣƖĲƚƚШċŰĬШŔŰĦƖĲċƚĲĬШĦċƖĤŸŰШ
ĬŔŸǂŔĬĲШы9§ΞьШĦŸŰĦĲŰƣƖċƣŔŸŰƚьШċŰĬШ§ΟШőċƻĲШĤĲĲŰШƚőŸƽŰШƣŸШċǭĲĦƣШƣőĲШċůŸƨŰƣШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШ
ŸŉШƓƖŸƣĲŔŰШċŰĬШůŔŰĲƖċũƚШŔŰШƽőĲċƣШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШ~ċƖŔĲůШĲƣШċũЮЯШΞΜΞΝбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΟбШ
7ƖŸĤĲƖŊЯШcƁŊǃШċŰĬШÂũĲŔŢĲũЯШΞΜΝΤьЮШìőŔũĲШƚĲƻĲƖċũШƚƣƨĬŔĲƚШőċƻĲШĲƚƣŔůċƣĲĬШƣőĲШĲǂƣĲŰƣШƣŸШƽőŔĦőШ
ŰċƣŔŸŰċũШŸƖШŊũŸĤċũШƽőĲċƣШǃŔĲũĬƚШċƖĲШƖĲĬƨĦĲĬШƨŰĬĲƖШ§ΟШƓŸũũƨƣŔŸŰЯШƽŔƣőШŸƖШƽŔƣőŸƨƣШƣőĲШĦŸр
ŸĦĦƨƖƖĲŰĦĲШŸŉШĦũŔůċƣĲШĦőċŰŊĲШыĲЮŊЮШ ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠбШÑċŔШĲƣШċũЮЯШΞΜΞΝбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤьЯШŰŸШ
ƚƣƨĬǃШőċƚШċƚƚĲƚƚĲĬШƣőĲШƚċůĲШŉŸƖШƽőĲċƣШƕƨċũŔƣǃЮШƖŊƨċĤũǃЯШŸŰĲШŸŉШƣőĲШůŸƚƣШŔůƓŸƖƣċŰƣШ
ĬĲƣĲƖůŔŰĲƖƚШŸŉШƕƨċũŔƣǃШŔƚШƣőĲШċůŸƨŰƣШċŰĬШƕƨċũŔƣǃШŸŉШƓƖŸƣĲŔŰШŔŰШƽőĲċƣЯШċƚШċШőŔŊőĲƖШċůŸƨŰƣШċŰĬШ
ƕƨċũŔƣǃШŸŉШĬŔĲƣċƖǃШƓƖŸƣĲŔŰШĦċŰШƓƖŸƣĲĦƣШċŊċŔŰƚƣШƚƣƨŰƣŔŰŊШċŰĬШƽċƚƣŔŰŊЯШċŰĬШƓƖŸƻŔĬĲШĬĲŉĲŰĦĲШċŊċŔŰƚƣШ
ĬŔƚĲċƚĲШыÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤбШÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡьЮШÑőĲƖĲŉŸƖĲЯШƣőŔƚШƣőĲƚŔƚШċŔůƚШƣŸШ
ƨŰĬĲƖƚƣċŰĬШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШƽőĲċƣШƕƨċũŔƣǃЯШƣőƖŸƨŊőШƣőĲШũĲŰƚШŸŉШƓƖŸƣĲŔŰЮ 

§ΟќƚШĲǭĲĦƣƚШŸŰШƽőĲċƣШǃŔĲũĬƚШőċƻĲШĦŸůůŸŰũǃШĤĲĲŰШĲƚƣŔůċƣĲĬШĤǃШƨƚŔŰŊШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШ
ƖĲũċƣŔŸŰƚőŔƓƚЮШfŰШƣőĲƚĲШƖĲũċƣŔŸŰƚőŔƓƚШċШůĲƣƖŔĦШĬĲƚĦƖŔĤŔŰŊШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШ§ΟШƣőċƣШƣőĲШƓũċŰƣШ
ƽċƚШĲǂƓŸƚĲĬШƣŸШŔƚШũŔŰťĲĬШƣŸШċШƚƨĤƚĲƕƨĲŰƣШǃŔĲũĬШũŸƚƚШƨŰĬĲƖШƣőĲШƓŸũũƨƣċŰƣШы[ŔƚĦőĲƖЯШΞΜΝΦбШ]ƨċƖŔŰШĲƣШ
ċũЮЯШΞΜΝΦċьЮШ[ũƨǂрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚШőċƻĲШċũƚŸШĤĲĲŰШĬĲƻĲũŸƓĲĬШƽőŔĦőШũŔŰťШƣőĲШċĦĦƨůƨũċƣĲĬШ
ƚƣŸůċƣċũШ§ΟШƣőċƣШƣőĲШƓũċŰƣШőċƚШƣċťĲŰШƨƓШƣŸШċШĦŸƖƖĲƚƓŸŰĬŔŰŊШǃŔĲũĬШũŸƚƚЮШÑőĲШƚƣŸůċƣċũШǰƨǂШŔƚШ
ĲƚƣŔůċƣĲĬШƨƚŔŰŊШċШůƨũƣŔƓũŔĦċƣŔƻĲШĲƕƨċƣŔŸŰШƣőċƣШċĦĦŸƨŰƣƚШŉŸƖШƣőĲШĲǭĲĦƣШŸŉШƣĲůƓĲƖċƣƨƖĲЯШũŔŊőƣШċŰĬШ
ƽċƣĲƖШċƻċŔũċĤŔũŔƣǃШŸŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШы9xÅÑ ÂЯШΞΜΝΤьЮШcĲŰĦĲШƣőŔƚШůĲƣőŸĬШŔŰĦŸƖƓŸƖċƣĲƚШ
ĲŰƻŔƖŸŰůĲŰƣċũШĲǭĲĦƣƚЯШĤƨƣШċƚШċШƚƣċƣŔƚƣŔĦċũШƖĲũċƣŔŸŰƚőŔƓЯШƖċƣőĲƖШƣőċŰШƚŔůƨũċƣŔŰŊШƣőĲШċĦƣƨċũШƓũċŰƣШ
ƓƖŸĦĲƚƚĲƚЮШ9ƖŸƓШůŸĬĲũƚШċƖĲШƣőĲШǯŰċũШůĲƣőŸĬШĤǃШƽőŔĦőШ§ΟШŔŰĬƨĦĲĬШĦƖŸƓШǃŔĲũĬШƖĲĬƨĦƣŔŸŰƚШőċƻĲШ
ĤĲĲŰШĲƚƣŔůċƣĲĬЮШ9ƖŸƓШůŸĬĲũƚШƨƚĲШĲƕƨċƣŔŸŰƚШƣŸШƖĲƓƖĲƚĲŰƣШƣőĲШƓũċŰƣќƚШĬĲƻĲũŸƓůĲŰƣЯШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚЯШĤŔŸůċƚƚШĬŔƚƣƖŔĤƨƣŔŸŰЯШŊƖċŔŰШŊƖŸƽƣőЯШƚĲŰĲƚĦĲŰĦĲШċŰĬШ§ΟШŔůƓċĦƣƚШŸŰШƣőĲƚĲЮШÑőĲǃШ
ċũƚŸШŔŰĦŸƖƓŸƖċƣĲШƣőĲШĲǭĲĦƣƚШŸŉШĲŰƻŔƖŸŰůĲŰƣċũШŉċĦƣŸƖƚШƚƨĦőШċƚШ9§ΞЯШƽċƣĲƖЯШƣĲůƓĲƖċƣƨƖĲЯШƽŔŰĬШ
ƚƓĲĲĬЯШƖċĬŔċƣŔŸŰШċŰĬШőƨůŔĬŔƣǃШŸŰШĦƖŸƓШŊƖŸƽƣőШŔŰШċШůĲĦőċŰŔƚƣŔĦШůċŰŰĲƖШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ ƚШ
ċШƖĲƚƨũƣЯШǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШůŸĬĲũũŔŰŊШůĲƣőŸĬƚШċƖĲШƣőĲШŸŰũǃШůĲƣőŸĬƚШŸŉШċƚƚĲƚƚŔŰŊШƣőĲШ
ŔůƓċĦƣƚШŸŉШ§ΟШƓŸũũƨƣŔŸŰШŸŰШĦƖŸƓШǃŔĲũĬƚШƣőċƣШĦċŰШċĦĦŸƨŰƣШŉŸƖШƣőĲШŔŰƣĲƖċĦƣŔŰŊШĲǭĲĦƣƚШŸŉШ§ΟШƓŸũũƨƣŔŸŰШ
ċŰĬШĦũŔůċƣĲШĦőċŰŊĲЮШ[ĲƽШƚƣƨĬŔĲƚШőċƻĲШĬĲƻĲũŸƓĲĬШůĲƣőŸĬƚШƣŸШċƚƚĲƚƚШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШĦƖŸƓШ
ƓƖŸƣĲŔŰЯШċŰĬШƽőĲƖĲШƣőĲǃШőċƻĲЯШƣőĲƚĲШċƖĲШũŔůŔƣĲĬШƣŸШĦŸŰĦĲŰƣƖċƣŔŸŰрШċŰĬШǰƨǂрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚШ
ы]ƖƬŰőċŊĲШĲƣШċũЮЯШΞΜΝΞбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШcŸƽĲƻĲƖЯШŸŰũǃШċШĦƖŸƓШůŸĬĲũШĦċŰШĲƚƣŔůċƣĲШƣőĲШ
ĲǭĲĦƣƚШŸŉШ§ΟШŸŰШƽőĲċƣШƓƖŸƣĲŔŰЯШċŰĬШőŸƽШƣőŔƚШĦċŰШŔŰƣĲƖċĦƣШƽŔƣőШĦũŔůċƣĲШĲǭĲĦƣƚЯШŔŰШċШĤŔŸũŸŊŔĦċũũǃШ
ƖĲċũŔƚƣŔĦШċŰĬШůĲĦőċŰŔƚƣŔĦШůċŰŰĲƖЮШÑŸШĬĲƻĲũŸƓШċШůĲƣőŸĬШƣŸШůĲĦőċŰŔƚƣŔĦċũũǃШĲƚƣŔůċƣĲШƣőĲШĲǭĲĦƣƚШ
ŸŉШ§ΟШƓŸũũƨƣŔŸŰШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШŸŰШƽőĲċƣШƓƖŸƣĲŔŰШŔŰШċШĤŔŸũŸŊŔĦċũũǃШƖĲċũŔƚƣŔĦШƽċǃЯШċШůŸĬƨũĲШƽċƚШ
ĬĲƻĲũŸƓĲĬШŉŸƖШƣőĲШĲǂŔƚƣŔŰŊШ§ΟШĬĲƓŸƚŔƣŔŸŰШĦƖŸƓШůŸĬĲũЯШ?§ΟÉEр9ƖŸƓЮШÑőŔƚШůŸĬƨũĲШƚŔůƨũċƣĲƚШƣőĲШ ЯШ
ċŰĬШőĲŰĦĲШƓƖŸƣĲŔŰЯШŸŉШƣőĲШƽőĲċƣШĦƖŸƓЯШċŰĬШőŸƽШŔƣШŔƚШċǭĲĦƣĲĬШĤǃШ§ΟШƓŸũũƨƣŔŸŰЯШċŰĬШŔƚШĬĲƚĦƖŔĤĲĬШŔŰШ
ƣőĲШΝƚƣШƓċƓĲƖШŸŉШƣőŔƚШƣőĲƚŔƚЮШ 
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ìőĲċƣШŔƚШċШťĲǃШƚƣċƓũĲШŉŸŸĬШŔŰШfŰĬŔċЮШÂĲƖШĦċƓŔƣċЯШƣőĲШŊƖĲċƣĲƚƣШċůŸƨŰƣШŸŉШƽőĲċƣШŔƚШĦŸŰƚƨůĲĬШŔŰШƣőĲШ
ƽĲƚƣШŸŉШfŰĬŔċШċŰĬШċĦƖŸƚƚШƣőĲШf]ÂШƽőĲƖĲШƣőĲШůċŢŸƖŔƣǃШŸŉШƽőĲċƣШŔƚШŊƖŸƽŰШы~ŔŰŔƚƣƖǃШŸŉШÉƣċƣŔƚƣŔĦƚШċŰĬШ
ÂƖŸŊƖċůůĲШfŰŉŸƖůċƣŔŸŰЯШΞΜΝΞьЮШcŸƽĲƻĲƖЯШůċũŰƨƣƖŔƣŔŸŰШŔƚШƓƖĲƻċũĲŰƣШŔŰШfŰĬŔċЯШƽŔƣőШΟΦӖШŸŉШƣőĲШ
ƓŸƓƨũċƣŔŸŰШŔŰШfŰĬŔċШƨŰċĤũĲШƣŸШċǭŸƖĬШċШŰƨƣƖŔƣŔŸŰċũũǃШċĬĲƕƨċƣĲШĬŔĲƣЯШċŰĬШΤΥӖШŸŉШƣőĲШƓŸƓƨũċƣŔŸŰШ
ƨŰċĤũĲШƣŸШċǭŸƖĬШċШőĲċũƣőǃШĬŔĲƣШы[ §ШĲƣШċũЮЯШΞΜΞΜбШcĲƖŉŸƖƣőШĲƣШċũЮЯШΞΜΞΜьЮШƚШƣĲůƓĲƖċƣƨƖĲƚШŔŰШfŰĬŔċШ
ċƖĲШƓƖŸŢĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲЯШċŰĬШĦũŔůċƣŔĦШĦŸŰĬŔƣŔŸŰƚШċƖĲШĲǂƓĲĦƣĲĬШƣŸШŉċƻŸƨƖШ§ΟШƓƖŸĬƨĦƣŔŸŰЯШƣőĲШ
ĲǭĲĦƣƚШŸŉШĦũŔůċƣĲШĦőċŰŊĲШċŰĬШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШƓƖŸĬƨĦƣŔŸŰШċƖĲШĲǂƓĲĦƣĲĬШƣŸШƓŸƚĲШċШŊƖĲċƣĲƖШƣőƖĲċƣШ
ƣŸШƽőĲċƣШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃШŔŰШfŰĬŔċШы ċċǍШĲƣШċũЮЯШΞΜΞΞбШ[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥбШÅċƣőŸƖĲЯШ]ŸƓŔťƖŔƚőŰċŰШ
ċŰĬШuƨƣƣŔƓƓƨƖċƣőЯШΞΜΞΟьЮШcŸƽĲƻĲƖЯШƽőŔũĲШƓƖĲƻŔŸƨƚШƚƣƨĬŔĲƚШőċƻĲШĲƚƣŔůċƣĲĬШƣőĲШŰċƣŔŸŰċũШƖĲĬƨĦƣŔŸŰШ
ƣŸШfŰĬŔċŰШƽőĲċƣШǃŔĲũĬƚШĦċƨƚĲШĤǃШ§ΟШƓŸũũƨƣŔŸŰЯШŰŸШƚƣƨĬǃШƣŸрĬċƣĲШőċƚШĦŸŰƚŔĬĲƖĲĬШƣőĲШƚċůĲШŉŸƖШ
ƽőĲċƣШƓƖŸƣĲŔŰЯШƣőƨƚШŰĲŊũĲĦƣŔŰŊШċШťĲǃШċƚƓĲĦƣШŸŉШƽőĲċƣШƕƨċũŔƣǃШŔůƓŸƖƣċŰƣШŉŸƖШőƨůċŰШŰƨƣƖŔƣŔŸŰЮШfŰШ
ƣőĲШΞŰĬШƓċƓĲƖШŸŉШƣőŔƚШƣőĲƚŔƚШƣőĲШůŸĬĲũũŔŰŊШƓƖŸĦĲƚƚĲƚШĬĲƻĲũŸƓĲĬШŔŰШƓċƓĲƖШΝШƽĲƖĲШĲǂƣĲŰĬĲĬШƣŸШ
ůċťĲШƣőĲůШůŸƖĲШƖĲũĲƻċŰƣШŉŸƖШƚŔůƨũċƣŔŰŊШfŰĬŔċŰШƽőĲċƣШċŰĬШŉŸƖШŔŰĦũƨĬŔŰŊШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШ
ƓƖŸƣĲŔŰШƕƨċũŔƣǃЮШÂċƓĲƖШΞШőĲŰĦĲШĬĲƻĲũŸƓƚШċШůĲƣőŸĬШĤǃШƽőŔĦőШ§ΟќƚШŔůƓċĦƣƚШŸŰШƽőĲċƣШƓƖŸƣĲŔŰШċŰĬШ
ƓƖŸƣĲŔŰШƕƨċũŔƣǃЯШŔŰШċĬĬŔƣŔŸŰШƣŸШǃŔĲũĬƚЯШċƣШċШŰċƣŔŸŰċũШƚĦċũĲШŔŰШfŰĬŔċШĦŸƨũĬШĤĲШċƚƚĲƚƚĲĬЮ 

ÑőĲШƚƣƨĬŔĲƚШƣőċƣШőċƻĲШƓƖĲƻŔŸƨƚũǃШĲƚƣŔůċƣĲĬШ§ΟШƖĲĬƨĦƣŔŸŰƚШƣŸШfŰĬŔċŰШƽőĲċƣШǃŔĲũĬƚШċƣШċШŰċƣŔŸŰċũШ
ƚĦċũĲШőċƻĲШƨƚĲĬШĬŔǭĲƖĲŰƣШŔŰƓƨƣШĬċƣċШƣŸШƓĲƖŉŸƖůШƣőĲŔƖШċƚƚĲƚƚůĲŰƣƚЯШũĲċĬŔŰŊШƣŸШĬŔǭĲƖĲŰĦĲƚШŔŰШ
ĲƚƣŔůċƣĲĬШǃŔĲũĬШũŸƚƚШы]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦьЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲƖĲШċƖĲШũċƖŊĲШ
ĬŔǭĲƖĲŰĦĲƚШŔŰШƣőĲШůċŊŰŔƣƨĬĲШŸŉШƣőĲШĲƚƣŔůċƣĲƚШƨƚŔŰŊШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚШ
ĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШůĲƣƖŔĦШƨƚĲĬЮШ9ŸŰĦĲŰƣƖċƣŔŸŰрЯШǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШůŸĬĲũũŔŰŊШ
ůĲƣőŸĬƚШĬŸШŰŸƣШċũƽċǃƚШċŊƖĲĲШŔŰШƣőĲŔƖШĲƚƣŔůċƣĲƚШŸŉШǃŔĲũĬШũŸƚƚШĲŔƣőĲƖШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШÑċŔШĲƣШċũЮЯШ
ΞΜΞΝьЮШ7ĲŉŸƖĲШĲƚƣŔůċƣŔŰŊШǃŔĲũĬШũŸƚƚШƨƚŔŰŊШċШǰƨǂрƖĲƚƓŸŰƚĲШŸƖШĦƖŸƓШůŸĬĲũũŔŰŊШůĲƣőŸĬЯШċШĬĲĦŔƚŔŸŰШ
őċƚШƣŸШĤĲШůċĬĲШŸŰШőŸƽШƣŸШƓċƖċůĲƣĲƖŔƚĲШƣőĲШŉƨŰĦƣŔŸŰШŸƖШůŸĬĲũШƽőŔĦőШƽŔũũШƚƨĤƚĲƕƨĲŰƣũǃШ
ŔŰǰƨĲŰĦĲШċŰǃШċŰƚƽĲƖƚШы9xÅÑ ÂЯШΞΜΝΤбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШÑőĲƖĲŉŸƖĲЯШŔŰШƣőĲШΟƖĬШƓċƓĲƖШŸŉШƣőŔƚШ
ƣőĲƚŔƚЯШĦŸŰĦĲŰƣƖċƣŔŸŰрЯШǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШůŸĬĲũũĲĬШĲƚƣŔůċƣĲƚШŸŉШƣőĲШǃŔĲũĬШũŸƚƚШŸŉШfŰĬŔċŰШ
ƽőĲċƣШƨƚŔŰŊШĬŔǭĲƖĲŰƣШŔŰƓƨƣШĬċƣċШƚŸƨƖĦĲƚШƽĲƖĲШĦŸůƓċƖĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШƨŰĦĲƖƣċŔŰƣǃШ
ċƚƚŸĦŔċƣĲĬШƽŔƣőШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲƚЮШÑőĲШĦƨƖƖĲŰƣШůĲƣőŸĬƚШċƻċŔũċĤũĲШŉŸƖШĲƚƣŔůċƣŔŰŊШƓƖŸƣĲŔŰШũŸƚƚĲƚШ
ƽĲƖĲШċũƚŸШĦŸůƓċƖĲĬШŉŸƖШĬŔǭĲƖĲŰƣШŔŰƓƨƣШĬċƣċШƣŸШĲŰőċŰĦĲШĦƨƖƖĲŰƣШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШůĲƣőŸĬƚШŉŸƖШ
ċƚƚĲƚƚŔŰŊШ§ΟШċŰĬШĦũŔůċƣĲШŔůƓċĦƣƚШŸŰШƽőĲċƣШƓƖŸƣĲŔŰЮШ7ǃШƓċƖċůĲƣĲƖŔƚŔŰŊШƣőĲШǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШ
ĦƖŸƓШůŸĬĲũũŔŰŊШůĲƣőŸĬƚШŉŸƖШċŰШ§ΟШƚĲŰƚŔƣŔƻĲШċŰĬШƣŸũĲƖċŰƣШĦƨũƣŔƻċƖЯШƣőĲШƚĲŰƚŔƣŔƻŔƣǃШŸŉШƣőĲШĬŔǭĲƖĲŰƣШ
ůĲƣőŸĬƚШƣŸШƓċƖċůĲƣĲƖŔƚċƣŔŸŰЯШŔŰШċĬĬŔƣŔŸŰШƣŸШŔŰƓƨƣШĬċƣċЯШƽċƚШĬĲƣĲƖůŔŰĲĬЮШÑőĲƖĲŉŸƖĲЯШċũƣŸŊĲƣőĲƖШ
ƓċƓĲƖШΟШƓƖŸƻŔĬĲƚШċŰШŸƻĲƖƻŔĲƽШŸŉШƣőĲШƨŰĦĲƖƣċŔŰƣǃШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőĲШĬŔǭĲƖĲŰƣШůĲƣőŸĬƚЯШĬċƣċШċŰĬШ
§ΟШƚĲŰƚŔƣŔƻŔƣǃШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŉŸƖШĲƚƣŔůċƣŔŰŊШ§ΟШċŰĬШĦũŔůċƣĲШŔůƓċĦƣƚШŸŰШfŰĬŔċŰШƽőĲċƣШǃŔĲũĬƚЮ 

§ƻĲƖċũũЯШƣőŔƚШƣőĲƚŔƚШĲǂƓċŰĬƚШŸŰШĲǂŔƚƣŔŰŊШĦƖŸƓШůŸĬĲũũŔŰŊШůĲƣőŸĬƚШƣŸШŔŰĦŸƖƓŸƖċƣĲШ§ΟќƚШĲǭĲĦƣƚШŸŰШ
ƽőĲċƣШƓƖŸƣĲŔŰШċŰĬШƓƖŸƣĲŔŰШƕƨċũŔƣǃЮШÑőŔƚШĲǂƓċŰĬƚШƣőĲШƖĲũĲƻċŰĦĲШŸŉШƓƖĲƻŔŸƨƚШƖŔƚťШċƚƚĲƚƚůĲŰƣШ
ůĲƣőŸĬƚШƨƚĲĬШƣŸШĲƚƣŔůċƣĲШ§ΟШƖĲĬƨĦƣŔŸŰƚШƣŸШǃŔĲũĬШƣŸШĦŸŰƚŔĬĲƖШŸƣőĲƖШċƚƓĲĦƣƚШŸŉШƽőĲċƣШƕƨċũŔƣǃШ
ƖĲũĲƻċŰƣШŉŸƖШőƨůċŰШŰƨƣƖŔƣŔŸŰЮШÑőĲШƖĲƚƨũƣŔŰŊШůŸĬĲũШőċƚШĤĲĲŰШŉƨƖƣőĲƖШĬĲƻĲũŸƓĲĬШċŰĬШƣĲƚƣĲĬШŉŸƖШ
fŰĬŔċŰШƽőĲċƣЯШċƚШůċũŰƨƣƖŔƣŔŸŰШŔŰШfŰĬŔċШŔƚШƓƖĲƻċũĲŰƣЯШċŰĬШƽŔƣőШƽőĲċƣШĤĲŔŰŊШċШƚƣċƓũĲШĦƖŸƓЯШċŰĬШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШƓƖŸŢĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲЯШŔƣШŔƚШƻŔƣċũШƣŸШƨŰĬĲƖƚƣċŰĬШ§ΟќƚШŔůƓċĦƣƚШŸŰШƽőĲċƣШċƻċŔũċĤŔũŔƣǃШ
ċŰĬШƣőĲШƕƨċũŔƣǃШŸŉШŰƨƣƖŔƣŔŸŰШƓĲŸƓũĲШƽŔũũШŊĲƣШŉƖŸůШŔƣЮШ7ǃШƕƨċŰƣŔŉǃŔŰŊШƣőĲШƨŰĦĲƖƣċŔŰƣǃШċƚƚŸĦŔċƣĲĬШƽŔƣőШ
ŔŰƓƨƣШĬċƣċЯШůĲƣőŸĬШċŰĬШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШĦőŸŔĦĲƚЯШƣőĲШǯŰċũШƓċƓĲƖШŸŉШƣőŔƚШƣőĲƚŔƚШƓƖŸƻŔĬĲƚШƣőĲШ
ƖĲċĬĲƖШƽŔƣőШċШƣőŸƖŸƨŊőШŸƻĲƖƻŔĲƽШŸŉШƣőĲШĤĲŰĲǯƣƚШċŰĬШĬƖċƽĤċĦťƚШŸŉШĬŔǭĲƖĲŰƣШůĲƣőŸĬƚШŉŸƖШ
ċƚƚĲƚƚŔŰŊШ§ΟќƚШŔůƓċĦƣƚШŸŰШƽőĲċƣЯШĲƚƚĲŰƣŔċũШŉŸƖШċũũŸƽŔŰŊШƖĲƚĲċƖĦőĲƖƚШƣŸШůċťĲШŉƨũũǃШŔŰŉŸƖůĲĬШ
ĬĲĦŔƚŔŸŰƚШĤĲŉŸƖĲШƓĲƖŉŸƖůŔŰŊШƣőĲŔƖШċƚƚĲƚƚůĲŰƣƚЮШШ 



ΞΠ 
 

ÑőĲШŉŸũũŸƽŔŰŊШũŔƣĲƖċƣƨƖĲШƖĲƻŔĲƽШƽŔũũШƓƖŸƻŔĬĲШƣőĲШĦŸŰƣĲǂƣЯШĤċĦťŊƖŸƨŰĬШťŰŸƽũĲĬŊĲШċŰĬШ
ŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШƖĲƚĲċƖĦőШŊċƓƚШŉŸƖШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚЯШċŰĬШƽŔũũШĤĲŊŔŰШĤǃШŔŰƣƖŸĬƨĦŔŰŊШƣőĲШĦƨƖƖĲŰƣШ
ƚƣċƣƨƚШŸŉШŊũŸĤċũШŉŸŸĬШƚĲĦƨƖŔƣǃШċŰĬШƣőĲШƣőƖĲċƣƚШƓŸƚĲĬШĤǃШ§ΟШċŰĬШĦũŔůċƣĲШĦőċŰŊĲЮ 

ΝЮΝ §ΟЯШĦũŔůċƣĲШĦőċŰŊĲШċŰĬШŉŸŸĬШƚĲĦƨƖŔƣǃ 
ÑőŔƚШƚĲĦƣŔŸŰШƖĲƻŔĲƽƚШƣőĲШĦƨƖƖĲŰƣШƚƣċƣĲШŸŉШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃЯШċŰĬШőŸƽШŔƣШŔƚШŔůƓċĦƣĲĬШĤǃШ
§ΟШƓŸũũƨƣŔŸŰШċŰĬШĦũŔůċƣĲШĦőċŰŊĲЮШìőŔũĲШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚШŉŸĦƨƚĲƚШŸŰШƣőƖĲċƣƚШƣŸШŉŸŸĬШƚĲĦƨƖŔƣǃШ
ƣőċƣШŸĦĦƨƖШĬƨĲШƣŸШƖĲĬƨĦƣŔŸŰƚШŔŰШŉŸŸĬШċƻċŔũċĤŔũŔƣǃШĬƨĲШƣŸШċĤŔŸƣŔĦШƚƣƖĲƚƚŸƖƚЯШƣőĲШƣőƖĲċƣƚШƓŸƚĲĬШĤǃШ
ĦũŔůċƣĲШĦőċŰŊĲШċŰĬШ§ΟШƓŸũũƨƣŔŸŰШƣŸШŸƣőĲƖШŉċĦĲƣƚШŸŉШŉŸŸĬШƚĲĦƨƖŔƣǃШċƖĲШŔŰƣƖŸĬƨĦĲĬШƣŸШƓƖŸƻŔĬĲШƣőĲШ
ƖĲċĬĲƖШƽŔƣőШċШĬĲĲƓĲƖШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲШĦŸůƓũĲǂШƣőƖĲċƣƚШƓŸƚĲĬШĤǃШĦũŔůċƣĲШĦőċŰŊĲШċŰĬШ§ΟШƣŸШ
ŉŸŸĬШƚĲĦƨƖŔƣǃЮШĬĬŔƣŔŸŰċũũǃЯШƣőŔƚШƚĲĦƣŔŸŰШƽŔũũШĲǂƓũŸƖĲШƣőĲШƚŔŊŰŔǯĦċŰƣШƖŸũĲШƓũċǃĲĬШĤǃШƽőĲċƣШŔŰШŊũŸĤċũШ
ŉŸŸĬШƚĲĦƨƖŔƣǃШƣŸШƨŰĬĲƖƚĦŸƖĲШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШŉŸĦƨƚƚŔŰŊШŸŰШƽőĲċƣЮ 

ΝЮΝЮΝШ§ΟШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШĲǭĲĦƣƚШŸŰШŉŸŸĬШƚĲĦƨƖŔƣǃ 
[ŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃШŔƚШƖĲũċƣĲĬШƣŸШőċƻŔŰŊШƓőǃƚŔĦċũЯШƚŸĦŔċũШċŰĬШĲĦŸŰŸůŔĦШċĦĦĲƚƚШƣŸШŉŸŸĬШ
ƽőŔĦőШƓƖŸƻŔĬĲƚШƣőĲШŰĲĦĲƚƚċƖǃШŰƨƣƖŔƣŔŸŰШŉŸƖШċШƓĲƖƚŸŰШƣŸШũĲċĬШċШőĲċũƣőǃШċŰĬШċĦƣŔƻĲШũŔŉĲШы[ §ШĲƣШċũЮЯШ
ΞΜΞΟбШEũШ7ŔũċũŔШĲƣШċũЮЯШΞΜΝΦьЮШEŰƚƨƖŔŰŊШŉŸŸĬШƚĲĦƨƖŔƣǃШŔƚШĬĲƓĲŰĬĲŰƣШŸŰШůċŰǃШŉċĦƣŸƖƚШŔŰĦũƨĬŔŰŊШƣőĲШ
ċƻċŔũċĤŔũŔƣǃШċŰĬШċĦĦĲƚƚШƣőċƣШƓĲŸƓũĲШőċƻĲШƣŸШƣőĲШŉŸŸĬЯШƽőĲƣőĲƖШƣőĲǃШĦċŰШƨƣŔũŔƚĲШŔƣШыŉƖŸůШċШĦŸŸťŔŰŊШ
ċŰĬШůĲƣċĤŸũŔĦШƓĲƖƚƓĲĦƣŔƻĲьЯШċŰĬШƣőĲШƚƣċĤŔũŔƣǃШŸŉШƣőĲШŉŸŸĬШƚǃƚƣĲůШƣőċƣШĲŰƚƨƖĲƚШƣőĲƖĲШċƖĲШŰŸШ
ƚƨĬĬĲŰШĦőċŰŊĲƚШƣŸШƣőĲШƓƖŔŸƖШŉċĦƣŸƖƚШыEũШ7ŔũċũŔШĲƣШċũЮЯШΞΜΝΦьЮШ9ũŔůċƣĲШĦőċŰŊĲШċŰĬШ§ΟШƓŸũũƨƣŔŸŰШ
ƣőƖĲċƣĲŰШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃШċƚШƣőĲǃШőċƻĲШƣőĲШĦċƓċĦŔƣǃШƣŸШƖĲĬƨĦĲШƣőĲШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШŸŉШ
ĦƖŸƓƚШы~ċƖŔĲůШĲƣШċũЮЯШΞΜΞΝбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШÑċŔЯШ~ċƖƣŔŰШċŰĬШcĲċũĬЯШΞΜΝΠьЮШ7ŸƣőШƚƣƖĲƚƚŸƖƚШċƖĲШ
ĲǂƓĲĦƣĲĬШƣŸШĲǂċĦĲƖĤċƣĲШŉŸŸĬШƚĲĦƨƖŔƣǃЯШƓċƖƣŔĦƨũċƖũǃШŔŰШƖĲŊŔŸŰƚШƣőċƣШċũƖĲċĬǃШĲǂƓĲƖŔĲŰĦĲШőŔŊőШũĲƻĲũƚШ
ŸŉШŉŸŸĬШŔŰƚĲĦƨƖŔƣǃШыÑċŔЯШ~ċƖƣŔŰШċŰĬШcĲċũĬЯШΞΜΝΠбШìőĲĲũĲƖШċŰĬШéŸŰШ7ƖċƨŰЯШΞΜΝΟьЮШÑőĲƖĲŉŸƖĲЯШŔƣШŔƚШ
ŔůƓŸƖƣċŰƣШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲШƣőƖĲċƣƚШƣőĲǃШƓŸƚĲШƣŸШŉŸŸĬШƚĲĦƨƖŔƣǃШċŰĬШŰƨƣƖŔƣŔŸŰЮ 

]ũŸĤċũũǃЯШċƓƓƖŸǂŔůċƣĲũǃШΟΜӖШŸŉШƣőĲШƓŸƓƨũċƣŔŸŰШƽċƚШůŸĬĲƖċƣĲũǃШŸƖШƚĲƻĲƖĲũǃШŉŸŸĬШŔŰƚĲĦƨƖĲШŔŰШ
ΞΜΞΞЯШƽőŔĦőШŔƚШċŰШŔŰĦƖĲċƚĲШŸŉШΠӖШĦŸůƓċƖĲĬШƣŸШƓƖĲрƓċŰĬĲůŔĦШċŰĬШƓƖĲрÖťƖċŔŰĲШƽċƖШĲƚƣŔůċƣĲƚШ
ы[ §ШĲƣШċũЮЯШΞΜΞΜЯШΞΜΞΟьЮШÑőĲШĦŸƚƣШŸŉШċШőĲċũƣőǃШĬŔĲƣШŔŰĦƖĲċƚĲĬШĤǃШΤӖШŊũŸĤċũũǃШĤĲƣƽĲĲŰШΞΜΝΦШċŰĬШ
ΞΜΞΝЯШċƣƣƖŔĤƨƣċĤũĲШƣŸШĲĦŸŰŸůŔĦШĬŸƽŰƣƨƖŰƚШĦċƨƚĲĬШĤǃШƣőĲШƓċŰĬĲůŔĦШы[ §ШĲƣШċũЮЯШΞΜΞΟьЮШxĲƻĲũƚШŸŉШ
ƽċƚƣŔŰŊШċŰĬШƚƣƨŰƣŔŰŊЯШƽőŔĦőШŸĦĦƨƖШƽőĲŰШŔŰĬŔƻŔĬƨċũƚШĬŸШŰŸƣШŊĲƣШĲŰŸƨŊőШŉŸŸĬЯШŸƖШċШőŔŊőШĲŰŸƨŊőШ
ƕƨċũŔƣǃШŸŉШŉŸŸĬЯШċƖĲШċũƚŸШőŔŊőШы[ §ШĲƣШċũЮЯШΞΜΞΟбШ7ƖŔĲŰĬЯШuőċƖċШċŰĬШ?ŸũċŰЯШΞΜΝΡьЮШ9ƨƖƖĲŰƣũǃЯШΞΞӖШŸŉШ
ĦőŔũĬƖĲŰШƨŰĬĲƖШƣőĲШċŊĲШŸŉШΡШƚƨǭĲƖШŉƖŸůШƚƣƨŰƣŔŰŊЯШƽőŔĦőШƓƨƣƚШƣőĲůШċƣШƖŔƚťШŸŉШĬĲƻĲũŸƓŔŰŊШŰŸŰр
ĦŸůůƨŰŔĦċĤũĲШĬŔƚĲċƚĲƚШũċƣĲƖШŔŰШũŔŉĲЯШċŰĬШΤӖШŸŉШĦőŔũĬƖĲŰШƨŰĬĲƖШΡШƚƨǭĲƖШŉƖŸůШƽċƚƣŔŰŊЯШƽőŔĦőШ
ũŸƽĲƖƚШƣőĲŔƖШŔůůƨŰŔƣǃШы[ §ШĲƣШċũЮЯШΞΜΞΟьЮШ7ŸƣőШƚƣƨŰƣŔŰŊШċŰĬШƽċƚƣŔŰŊШŔŰĦƖĲċƚĲШƣőĲШƖŔƚťШŸŉШůŸƖƣċũŔƣǃШ
ũċƣĲƖШŔŰШũŔŉĲШы7ƖŔĲŰĬЯШuőċƖċШċŰĬШ?ŸũċŰЯШΞΜΝΡьЮШÑőĲШƖŔƚťШŸŉШŉŸŸĬШŔŰƚĲĦƨƖŔƣǃЯШƚƣƨŰƣŔŰŊШċŰĬШƽċƚƣŔŰŊШŔƚШ
ŊƖĲċƣĲƖШŔŰШƖƨƖċũШċƖĲċƚШĦŸůƓċƖĲĬШƣŸШƨƖĤċŰШċƖĲċƚЯШċŰĬШŊƖĲċƣĲƖШŉŸƖШƽŸůĲŰШĦŸůƓċƖĲĬШƣŸШůĲŰШы[ §Ш
ĲƣШċũЮЯШΞΜΞΟьЮШ9ƨƖƖĲŰƣũǃЯШƽĲШċƖĲШŰŸƣШŸŰШƣƖċĦťШƣŸШċĦőŔĲƻĲШÉƨƚƣċŔŰċĤũĲШ?ĲƻĲũŸƓůĲŰƣШ]ŸċũШΞаШ
ћĲŰƚƨƖŔŰŊШċĦĦĲƚƚШƣŸШƚċŉĲЯШŰƨƣƖŔƣŔŸƨƚШċŰĬШƚƨǭŔĦŔĲŰƣШŉŸŸĬШŉŸƖШċũũШƓĲŸƓũĲШċũũШǃĲċƖШƖŸƨŰĬќШċŰĬШ
ћĲƖċĬŔĦċƣŔŰŊШċũũШŉŸƖůƚШŸŉШůċũŰƨƣƖŔƣŔŸŰќШШĤǃШΞΜΟΜШы[ §ШĲƣШċũЮЯШΞΜΞΟьЮ 

ĤŔŸƣŔĦШƚƣƖĲƚƚĲƚЯШƚƨĦőШċƚШĦũŔůċƣĲШĦőċŰŊĲШċŰĬШċŔƖШƓŸũũƨƣŔŸŰЯШƓƖĲƚĲŰƣШůċŰǃШƣőƖĲċƣƚШƣŸШƣőĲШťĲǃШ
ƓŔũũċƖƚШŸŉШŉŸŸĬШƚĲĦƨƖŔƣǃаШċƻċŔũċĤŔũŔƣǃЯШċĦĦĲƚƚЯШƨƣŔũŔƚċƣŔŸŰШċŰĬШƚƣċĤŔũŔƣǃШыEũШ7ŔũċũŔШĲƣШċũЮЯШΞΜΝΦбШ[ §ШĲƣШ
ċũЮЯШΞΜΞΟьЮШ ƻċŔũċĤŔũŔƣǃШŸŉШŉŸŸĬШƽŔũũШĤĲШŔůƓċĦƣĲĬШĤǃШƖĲĬƨĦƣŔŸŰƚШƣŸШĦƖŸƓШǃŔĲũĬШĦċƨƚĲĬШĤǃШŔŰĦƖĲċƚĲĬШ
ƣĲůƓĲƖċƣƨƖĲƚШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШĲǂƣƖĲůĲШƽĲċƣőĲƖШĲƻĲŰƣƚШċŰĬШĬƖŸƨŊőƣШы ƚƚĲŰŊШĲƣШċũЮЯШΞΜΝΡбШ
 ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШ~ǃĲƖƚШĲƣШċũЮЯШΞΜΝΤьЮШ§ΟШƓŸũũƨƣŔŸŰШőċƚШĤĲĲŰШŉŸƨŰĬШƣŸШ
ĲǂċĦĲƖĤċƣĲШǃŔĲũĬШũŸƚƚĲƚШƨŰĬĲƖШőĲċƣШċŰĬШƽċƣĲƖШƚƣƖĲƚƚЯШƚƨŊŊĲƚƣŔŰŊШŔŰƣĲƖċĦƣŔŸŰШŸŉШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШ
ƽŔƣőШőĲċƣШċŰĬШƽċƣĲƖШƚƣƖĲƚƚы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΟбШÑċŸШĲƣШċũЮЯШΞΜΝΤбШ ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠьЮШòŔĲũĬШ



ΞΡ 
 

ƖĲĬƨĦƣŔŸŰƚШŉƖŸůШĦũŔůċƣĲШƻċƖŔċĤŔũŔƣǃШƽŔũũШĤĲШŊƖĲċƣĲƖШŔŰШƣƖŸƓŔĦċũШċƖĲċƚШċƚШĦŸůƓċƖĲĬШƣŸШůŸƖĲШ
ƣĲůƓĲƖċƣĲШċƖĲċƚЯШƖĲĬƨĦŔŰŊШŉŸŸĬШċƻċŔũċĤŔũŔƣǃШŔŰШƣőŸƚĲШũŸĦċƣŔŸŰƚШыìőĲĲũĲƖШċŰĬШéŸŰШ7ƖċƨŰЯШΞΜΝΟбШ
ÂŸƖƣĲƖШĲƣШċũЮЯШΞΜΝΠбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤьЮШÅĲĬƨĦƣŔŸŰƚШƣŸШǃŔĲũĬШĦċƨƚĲĬШĤǃШċŰШċĤŔŸƣŔĦШƚƣƖĲƚƚШĦċŰШċǭĲĦƣШ
ƣőĲШƓƖŔĦĲШŸŉШċШĦƖŸƓШƨŰĬĲƖШĬŔǭĲƖŔŰŊШƓŸũŔĦǃШƚĦĲŰċƖŔŸƚШыÂċŰĬĲǃШĲƣШċũЮЯШΞΜΞΟьЮШÂƖŔĦĲШƚƓŔťĲƚШċŰĬШƓƖŔĦĲШ
ƻŸũċƣŔũŔƣǃШċǭĲĦƣШƣőĲШċǭŸƖĬċĤŔũŔƣǃЯШċŰĬШőĲŰĦĲШċŰШŔŰĬŔƻŔĬƨċũќƚШċĦĦĲƚƚШƣŸШŉŸŸĬШы~ǃĲƖƚШĲƣШċũЮЯШΞΜΝΤьЮШ
ÖƣŔũŔǍċƣŔŸŰШŸŉШŉŸŸĬШŔƚШċũƚŸШċǭĲĦƣĲĬШĤǃШĦőċŰŊĲƚШƣŸШĦũŔůċƣĲШċŰĬШ§ΟШƓŸũũƨƣŔŸŰЮШ7ŸƣőШĦũŔůċƣĲШĦőċŰŊĲШ
ċŰĬШ§ΟШƓŸũũƨƣŔŸŰШƽŔũũШċǭĲĦƣШƣőĲШƕƨċũŔƣǃШŸŉШĦƖŸƓƚЯШċŰĬШőĲŰĦĲШċǭĲĦƣШƣőĲШŰƨƣƖŔƣŔŸŰШċШƓĲƖƚŸŰШƽŔũũШŊĲƣШ
ŉƖŸůШƣőĲŔƖШĬŔĲƣШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШ~ǃĲƖƚШĲƣШċũЮЯШΞΜΝΤбШ~ċƖŔĲůШĲƣШċũЮЯШΞΜΞΝьЮШШÉƣċĤŔũŔƣǃШƖĲŉĲƖƚШƣŸШ
ƣőĲШƚŔƣƨċƣŔŸŰШŔŰШƽőŔĦőШċШƓĲƖƚŸŰШőċƚШŉŸŸĬШċƻċŔũċĤũĲЯШċĦĦĲƚƚŔĤũĲЯШċŰĬШƨƣŔũŔƚċĤũĲШƣŸШƣőĲůШ
ĦŸŰƚŔƚƣĲŰƣũǃШŸƻĲƖШƣŔůĲШы?ĲƻĲũŸƓůĲŰƣШfŰŔƣŔċƣŔƻĲƚЯШΞΜΞΜċбШEũШ7ŔũċũŔШĲƣШċũЮЯШΞΜΝΦьЮШÑőĲШƣőƖĲċƣШŸŉШ
ĦũŔůċƣĲШĦőċŰŊĲШċŰĬШ§ΟШƓŸũũƨƣŔŸŰШƣŸШǃŔĲũĬƚЯШƓƖŔĦĲШƚőŸĦťƚШċŰĬШŰƨƣƖŔƣŔŸŰШċƖĲШċũũШŉċĦƣŸƖƚШƣőċƣШĦċƨƚĲШ
ŔŰƚƣċĤŔũŔƣǃШċŰĬШƖĲĬƨĦĲШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃШыuőċŰŰċр9őŸƓƖċЯШΞΜΝΞбШEũШ7ŔũċũŔШĲƣШċũЮЯШΞΜΝΦбШ
?ĲƻĲũŸƓůĲŰƣШfŰŔƣŔċƣŔƻĲƚЯШΞΜΞΜċьЮШxŸĦċƣŔŸŰЯШċŊĲЯШƚĲǂЯШƽĲċũƣőЯШĲĬƨĦċƣŔŸŰШũĲƻĲũШċŰĬШĦŸŰǰŔĦƣШċƖĲШ
ċĬĬŔƣŔŸŰċũШŉċĦƣŸƖƚШƣőċƣШċũũШŔŰǰƨĲŰĦĲШƣőĲШƕƨċŰƣŔƣǃШċŰĬШƕƨċũŔƣǃШŸŉШŉŸŸĬШċШƓĲƖƚŸŰШőċƚШċĦĦĲƚƚШƣŸЯШċŰĬШ
őĲŰĦĲШĦŸŰƣƖŔĤƨƣĲШƣŸШƣőĲŔƖШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃШы?ĲƻĲũŸƓůĲŰƣШfŰŔƣŔċƣŔƻĲƚЯШΞΜΞΜьЮШÑőĲƚĲШ
ċĬĬŔƣŔŸŰċũШŉċĦƣŸƖƚШƽŔũũШŔŰƣĲƖċĦƣШƽŔƣőШĦũŔůċƣĲШĦőċŰŊĲШċŰĬШ§ΟШĲǭĲĦƣƚШƣŸШċǭĲĦƣШċŰШŔŰĬŔƻŔĬƨċũќƚШŉŸŸĬШ
ċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃЮ 

ΝЮΝЮΞШÑőĲШŊũŸĤċũШŔůƓŸƖƣċŰĦĲШŸŉШƽőĲċƣШŉŸƖШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃ 
ìőĲċƣШŔƚШċШťĲǃШƚƣċƓũĲШĦƖŸƓЯШĦŸŰƚƨůĲĬШĤǃШƓĲŸƓũĲШċũũШŸƻĲƖШƣőĲШƽŸƖũĬШŔŰШƣőĲШŉŸƖůШŸŉШĤƖĲċĬƚЯШ
ĤŔƚĦƨŔƣƚЯШĦċťĲƚШċŰĬШŰŸŸĬũĲƚШыÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤьЮШÑŸƣċũШƽőĲċƣШĦŸŰƚƨůƓƣŔŸŰШŔƚШŊƖĲċƣĲƚƣШŔŰШ
fŰĬŔċШċŰĬШ9őŔŰċЯШƽőŔĦőШċƖĲШƣőĲШĬŸůŔŰċŰƣШƽőĲċƣШƓƖŸĬƨĦĲƖƚШŊũŸĤċũũǃШыƚĲĲШ[ŔŊƨƖĲƚШΝЮΝШċŰĬШΝЮΞШċŰĬШ
ÖÉШ?ĲƓċƖƣůĲŰƣШŸŉШ ŊƖŔĦƨũƣƨƖĲШыΞΜΞΠььЮШÂĲƖШĦċƓŔƣċЯШőŸƽĲƻĲƖЯШƽőĲċƣШĦŸŰƚƨůƓƣŔŸŰШŔƚШůŸƖĲШĲƻĲŰũǃШ
ĬŔƚƣƖŔĤƨƣĲĬШċĦƖŸƚƚШƣőĲШƽŸƖũĬШы[ŔŊƨƖĲШΝЮΟьЮШ?ĲƻĲũŸƓŔŰŊШĦŸƨŰƣƖŔĲƚШы9őŔŰċЯШfŰĬŔċЯШÂċťŔƚƣċŰШċŰĬШ
ÖťƖċŔŰĲьШċĦĦŸƨŰƣШŉŸƖШΟΥӖШŸŉШŊũŸĤċũШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰЯШƽŔƣőШ9őŔŰċШũĲċĬŔŰŊШċƣШΝΤӖЯШċŰĬШfŰĬŔċШ
ĦŸůŔŰŊШŔŰШċШĦũŸƚĲШƚĲĦŸŰĬШċƣШΝΠӖШы[ŔŊƨƖĲШΝЮΝШċŰĬШÖÉШ?ĲƓċƖƣůĲŰƣШŸŉШ ŊƖŔĦƨũƣƨƖĲШыΞΜΞΠььЮШÑőĲШ
ĬƖċůċƣŔĦШŔŰĦƖĲċƚĲШŔŰШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШΝΦΣΜќƚЯШƣĲƖůĲĬШƣőĲШŊƖĲĲŰШƖĲƻŸũƨƣŔŸŰЯШƚƨĤƚƣċŰƣŔċũũǃШ
ƖĲĬƨĦĲĬШŉŸŸĬШŔŰƚĲĦƨƖŔƣǃШŔŰШƚĲƻĲƖċũШĬĲƻĲũŸƓŔŰŊШƖĲŊŔŸŰƚШĤǃШŔŰĦƖĲċƚŔŰŊШŉŸŸĬШċƻċŔũċĤŔũŔƣǃШċŰĬШƖċŔƚŔŰŊШ
ŔŰĦŸůĲƚШыÉőŔŉĲƖċƽШĲƣШċũЮЯШΞΜΝΟьЮШ[ŸƖШƚůċũũрƚĦċũĲШƽőĲċƣШŉċƖůĲƖƚЯШĦŸŰƚŔƚƣĲŰƣШċŰĬШƚƨǭŔĦŔĲŰƣШ
ŔŰĦŸůĲШĲŰƚƨƖĲƚШőŸƨƚĲőŸũĬƚШőċƻĲШƣőĲШċĤŔũŔƣǃШƣŸШċǭŸƖĬШċŰĬШƨƣŔũŔƚĲШŉŸŸĬЯШƖĲĬƨĦŔŰŊШŉŸŸĬШŔŰƚĲĦƨƖŔƣǃШ
ыEũШ7ŔũċũŔШĲƣШċũЮЯШΞΜΝΦбШÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤьЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШƽőĲċƣШŊƖŸƽŰШĤǃШƣőĲШŉċƖůĲƖƚШŔƚШ
ċŰШĲċƚŔũǃШċƻċŔũċĤũĲШċŰĬШċĦĦĲƚƚŔĤũĲШШƚŸƨƖĦĲШŸŉШŉŸŸĬШыÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤьЮ 

ìőĲċƣШĦŸŰƣƖŔĤƨƣĲƚШƣŸШċƓƓƖŸǂŔůċƣĲũǃШΞΜӖШŸŉШŊũŸĤċũШĦċũŸƖŔĲƚШċŰĬШĬŔĲƣċƖǃШƓƖŸƣĲŔŰШыÉőŔŉĲƖċƽШĲƣШċũЮЯШ
ΞΜΝΟьЮШfƣШċũƚŸШċĦĦŸƨŰƣƚШŉŸƖШΠΜӖШŸŉШĦċũŸƖŔĲƚШŉƖŸůШĦĲƖĲċũШĦŸŰƚƨůƓƣŔŸŰШċŰĬШΡΜӖШŸŉШĦĲƖĲċũрĤċƚĲĬШ
ƓƖŸƣĲŔŰƚШƽŸƖũĬƽŔĬĲШыÉőŔŉĲƖċƽШĲƣШċũЮЯШΞΜΝΟьЮШÉƣċƖĦőШŔƚШƣőĲШťĲǃШĲŰĲƖŊǃШƚŸƨƖĦĲШŔŰШƽőĲċƣШċŰĬШ
ĦŸůƓƖŔƚĲƚШΣΜрΤΜӖШŸŉШƣőĲШƽőĲċƣШŊƖċŔŰШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШШìőĲċƣШċũƚŸШƓƖŸƻŔĬĲƚШĲƚƚĲŰƣŔċũШ
ċůŔŰŸШċĦŔĬƚШы ьЯШƽőŔĦőШċƖĲШ ШƣőċƣШƣőĲШĤŸĬǃШĦċŰŰŸƣШƓƖŸĬƨĦĲШĤǃШŔƣƚĲũŉШыÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡьЮШ
9őŔũĬƖĲŰШƖĲƕƨŔƖĲШőŔŊőĲƖШċůŸƨŰƣƚШŸŉШĲƚƚĲŰƣŔċũШ ШŔŰШƣőĲŔƖШĬŔĲƣШŉŸƖШŊƖŸƽƣőШċƚШƽĲũũШċƚШůċŔŰƣĲŰċŰĦĲШ
ыÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡьЮШfŉШċŰШŔŰĬŔƻŔĬƨċũШĬŸĲƚШŰŸƣШŊĲƣШĲŰŸƨŊőШƓƖŸƣĲŔŰЯШŸƖШőŔŊőШĲŰŸƨŊőШƕƨċũŔƣǃШŸŉШ
ƓƖŸƣĲŔŰШƣőƖŸƨŊőШĲƚƚĲŰƣŔċũШЯШƣőĲŰШƣőĲǃШċƖĲШċƣШƖŔƚťШŸŉШƽċƚƣŔŰŊШċŰĬШũŸƚƚШŸŉШůƨƚĦũĲШŉƨŰĦƣŔŸŰШ
ы~ĲĬĲťЯШÉĦőƽċƖƣǍШċŰĬШ~ǃĲƖƚЯШΞΜΝΤьЮШШĬĬŔƣŔŸŰċũũǃЯШƽőĲċƣШƓƖŸĬƨĦƣƚШċũƚŸШĦŸŰƣċŔŰШǯĤƖĲЯШůŔŰĲƖċũƚЯШ
ƻŔƣċůŔŰƚШċŰĬШċŰƣŔŸǂŔĬċŰƣƚШƣőċƣШċƖĲШĤĲŰĲǯĦŔċũШŉŸƖШőĲċũƣőШċŰĬШŰƨƣƖŔƣŔŸŰШыÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤбШ
ÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡьЮ 



ΞΣ 
 

 

[ŔŊƨƖĲЮΤдΤжЮ]ũŸĤċũЮƽőĲċƣЮƓƖŸĬƨĦƣŔŸŰЮŔŰЮΥΣΥΥдЮÂũŸƣЮƓƖŸĬƨĦĲĬЮƨƚŔŰŊЮĬċƣċЮĦŸůƓŔũĲĬЮĤǃЮÅŔƣĦőŔĲеЮÅŸƚċĬŸЮċŰĬЮÅŸƚĲƖЮёΥΣΥΦђЮ
ŉƖŸůЮƣőĲЮ[ŸŸĬЮċŰĬЮ ŊƖŔĦƨũƣƨƖĲЮ§ƖŊċŰŔǍċƣŔŸŰЮŸŉЮƣőĲЮÖŰŔƣĲĬЮ ċƣŔŸŰƚЮёΥΣΥΦђд 

 

[ŔŊƨƖĲЮΤдΥжЮÑŸƣċũЮƽőĲċƣЮĦŸŰƚƨůƓƣŔŸŰЮŔŰЮΥΣΥΣЮƨƚŔŰŊЮĬċƣċЮĦŸůƓŔũĲĬЮĤǃЮìŸƖũĬЮÂŸƓƨũċƣŔŸŰЮÅĲƻŔĲƽЮёΥΣΥΧђЮŉƖŸůЮƣőĲЮŉŸŸĬЮ
ĤċũċŰĦĲЮƚőĲĲƣƚЮŸŉЮƣőĲЮ[ §д 



ΞΤ 
 

 

[ŔŊƨƖĲЮΤдΦжЮÂĲƖЮĦċƓŔƣċЮƽőĲċƣЮĦŸŰƚƨůƓƣŔŸŰЮŔŰЮΥΣΥΣЮƨƚŔŰŊЮĬċƣċЮĦŸůƓŔũĲĬЮĤǃЮìŸƖũĬЮÂŸƓƨũċƣŔŸŰЮÅĲƻŔĲƽЮёΥΣΥΧђЮŉƖŸůЮƣőĲЮ
ŉŸŸĬЮĤċũċŰĦĲЮƚőĲĲƣƚЮŸŉЮƣőĲЮ[ §д 

ΝЮΝЮΟШ?ĲǯŰŔŰŊШƽőĲċƣШƕƨċũŔƣǃ 
fŰШƣőĲШƓƖŔŸƖШƚƨĤƚĲĦƣŔŸŰƚШċŰĬШƣőƖŸƨŊőŸƨƣШƣőŔƚШƣőĲƚŔƚШƽőĲċƣШƕƨċũŔƣǃШŔƚШŸŉƣĲŰШƖĲŉĲƖƖĲĬШƣŸЮШìőĲċƣШ
ƕƨċũŔƣǃШƖĲŉĲƖƚШƣŸШƓƖŸƣĲŔŰЯШũŔƓŔĬƚЯШĦċƖĤŸőǃĬƖċƣĲЯШůŔŰĲƖċũЯШċŰƣŔŸǂŔĬċŰƣШċŰĬШƚĲŰƚŸƖǃШƓƖŸƓĲƖƣŔĲƚШŸŉШƣőĲШ
ƽőĲċƣШыìċŰŊШċŰĬШ[ƖĲŔЯШΞΜΝΝьЮШcŸƽĲƻĲƖЯШŔŰШƣőĲШůŸĬĲũũŔŰŊШĦŸŰƣĲǂƣШŸŉШƣőŔƚШƣőĲƚŔƚЯШƕƨċũŔƣǃШŔƚШ
ƚŔůƓũŔǯĲĬШƣŸШƚŔůƓũǃШůĲċŰШĦƖŸƓШƓƖŸƣĲŔŰЯШŸƖШŰŔƣƖŸŊĲŰШы ьШƽőŔĦőШŔƚШċШťĲǃШĦŸůƓŸŰĲŰƣШŸŉШƓƖŸƣĲŔŰШċŰĬШ
ĦċŰШƣőĲƖĲŉŸƖĲШĤĲШƨƚĲĬШċƚШċШƓƖŸǂǃШŉŸƖШŔƣЮШfŰШÂċƓĲƖШΞШŸŉШƣőŔƚШƣőĲƚŔƚЯШƣőĲШƓƖŸƣĲŔŰШƕƨċũŔƣǃШыƻŔċШƣőĲШ Ш
ĦŸůƓŸŰĲŰƣƚШƣőċƣШĦŸŰƚƣŔƣƨƣĲШƓƖŸƣĲŔŰƚьШŔƚШċũƚŸШċƚƚĲƚƚĲĬЮШÂƖŸƣĲŔŰШċŰĬШШċƖĲШŔůƓŸƖƣċŰƣШŉŸƖШ
ƓƖŸƣĲĦƣŔŰŊШċŊċŔŰƚƣШƽċƚƣŔŰŊШċŰĬШƚƣƨŰƣŔŰŊЯШċŰĬШŉŸƖШĬĲŉĲŰĬŔŰŊШċŊċŔŰƚƣШĬŔƚĲċƚĲЮШÑőĲƖĲŉŸƖĲЯШƣőĲǃШċƖĲШ
ĤŸƣőШƻŔƣċũũǃШŔůƓŸƖƣċŰƣШŉŸƖШőƨůċŰШŰƨƣƖŔƣŔŸŰЮШÖŰĬĲƖƚƣċŰĬŔŰŊШƣőĲШĲǭĲĦƣШŸŉШĲŰƻŔƖŸŰůĲŰƣċũШƚƣƖĲƚƚŸƖƚШ
ŸŰШƓƖŸƣĲŔŰШċŰĬШ ШőĲũƓƚШƨŰĬĲƖƚƣċŰĬШƣőĲШĲǭĲĦƣШƣőċƣШƣőĲƚĲШƚƣƖĲƚƚŸƖƚШƽŔũũШőċƻĲШŸŰШőƨůċŰШŰƨƣƖŔƣŔŸŰЮ 

fŰШƚƨůůċƖǃЯШƣőŔƚШƚĲĦƣŔŸŰШŔĬĲŰƣŔǯĲĬШƣőċƣШƣőĲШťĲǃШƓŔũũċƖƚШŸŉШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃШċƖĲШ
ċƻċŔũċĤŔũŔƣǃЯШċĦĦĲƚƚЯШƨƣŔũŔƚċƣŔŸŰШċŰĬШƚƣċĤŔũŔƣǃЮШEċĦőШŸŉШƣőĲƚĲШƓŔũũċƖƚШƽŔũũШĤĲШŔůƓċĦƣĲĬШĤǃШĦũŔůċƣĲШ
ĦőċŰŊĲШċŰĬШ§ΟШƓŸũũƨƣŔŸŰШƣőƖŸƨŊőШƖĲĬƨĦƣŔŸŰƚШƣŸШǃŔĲũĬƚЯШƓƖŔĦĲШƚőŸĦťƚШċŰĬШƖĲĬƨĦƣŔŸŰƚШŔŰШŰƨƣƖŔƣŔŸŰċũШ
ƕƨċũŔƣǃШƣőċƣШƽŔũũШŔůƓċĦƣШŔŰĬŔƻŔĬƨċũќƚШőĲċũƣőШċŰĬШĲǂċĦĲƖĤċƣĲШůċũŰƨƣƖŔƣŔŸŰЮШ ĬĬŔƣŔŸŰċũũǃЯШƽőĲċƣШƽċƚШ
ŔĬĲŰƣŔǯĲĬШċƚШċШťĲǃШƚƣċƓũĲШŉŸŸĬШŊũŸĤċũũǃЯШƓƖŸƻŔĬŔŰŊШΞΜӖШŸŉШŊũŸĤċũШĦċũŸƖŔĲƚШċŰĬШĬŔĲƣċƖǃШƓƖŸƣĲŔŰШċƚШ
ƽĲũũШċƚШĲƚƚĲŰƣŔċũШċŰĬШŰŸŰрĲƚƚĲŰƣŔċũШ ЯШůŔŰĲƖċũƚЯШƻŔƣċůŔŰƚШċŰĬШċŰƣŔŸǂŔĬċŰƣƚЮШÑőĲШĬĲǯŰŔƣŔŸŰШŸŉШ
ƽőĲċƣШƕƨċũŔƣǃШċƚШƨƚĲĬШƣőƖŸƨŊőŸƨƣШƣőŔƚШƣőĲƚŔƚШƽċƚШċũƚŸШĬĲǯŰĲĬШƣŸШŉƖċůĲШũċƣĲƖШĬŔƚĦƨƚƚŔŸŰƚЮ 

ΝЮΞ §ΟШƓƖŸĬƨĦƣŔŸŰЯШƚŸƨƖĦĲƚШċŰĬШůĲƣƖŔĦƚ 
7ĲŉŸƖĲШŉƨƖƣőĲƖШĲǂƓũŸƖŔŰŊШƣőĲШƣőƖĲċƣƚШƓŸƚĲĬШĤǃШ§ΟШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШƣŸШƽőĲċƣЯШŔƣШŔƚШĦƖƨĦŔċũШƣŸШ
ƨŰĬĲƖƚƣċŰĬШőŸƽШ§ΟШŔƚШŉŸƖůĲĬЮШÑőŔƚШƽŔũũШƚƨƓƓŸƖƣШƣőĲШũċƣĲƖШĬŔƚĦƨƚƚŔŸŰШŸŉШĦƨƖƖĲŰƣШċŰĬШƓƖŸŢĲĦƣĲĬШ
ŊũŸĤċũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШůĲƣƖŔĦƚШŸŉƣĲŰШƨƚĲĬШƣŸШĬĲǯŰĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШ
ċƚƚĲƚƚШƣőĲŔƖШĬċůċŊĲШƣŸШĦƖŸƓƚШċƖĲШĬĲƚĦƖŔĤĲĬШƣŸШƓƖĲƓċƖĲШƣőĲШƖĲċĬĲƖШŉŸƖШŉƨƣƨƖĲШĬŔƚĦƨƚƚŔŸŰƚШŸŉШ
ůĲƣőŸĬƚШĤǃШƽőŔĦőШǃŔĲũĬШũŸƚƚĲƚШċƣƣƖŔĤƨƣċĤũĲШƣŸШ§ΟШċƖĲШƕƨċŰƣŔǯĲĬЮ 



ΞΥ 
 

ΝЮΞЮΝШ§ΟШƓƖŸĬƨĦƣŔŸŰ 
fŰШƣőĲШƣƖŸƓŸƚƓőĲƖĲЯШ§ΟШŔƚШŉŸƖůĲĬШƽőĲŰШƓƖĲĦƨƖƚŸƖШŊċƚĲƚШƚƨĦőШċƚШĦċƖĤŸŰШůŸŰŸǂŔĬĲШы9§ьЯШ
ůĲƣőċŰĲШы9cΠьЯШŰŔƣƖŸŊĲŰШŸǂŔĬĲƚШы §ǂьШŸƖШƻŸũċƣŔũĲШŸƖŊċŰŔĦШĦŸůƓŸƨŰĬƚШыé§9ƚьШƖĲċĦƣШŔŰШƣőĲШ
ƓƖĲƚĲŰĦĲШŸŉШÖéШƖċĬŔċƣŔŸŰЮШ[ŔŊƨƖĲШΝЮΠШƚőŸƽƚШƣőĲШƓƖŸĦĲƚƚШŸŉШ§ΟШŉŸƖůċƣŔŸŰШċƚШƽĲũũШċƚШƣőĲШƚŸƨƖĦĲƚШŸŉШ
§ΟШƓƖĲĦƨƖƚŸƖƚШƽőŔĦőШĦċŰШĤĲШċŰƣőƖŸƓŸŊĲŰŔĦЯШƚƨĦőШċƚШƣƖċŰƚƓŸƖƣШċŰĬШŉŸƚƚŔũШŉƨĲũШƨƚċŊĲЯШċƚШƽĲũũШċƚШ
ŰċƣƨƖċũЯШŉŸƖШĲǂċůƓũĲШƽĲƣũċŰĬƚШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШ 

 

[ŔŊƨƖĲЮΤдΧжЮ?ŔċŊƖċůůċƣŔĦЮƖĲƓƖĲƚĲŰƣċƣŔŸŰЮŸŉЮƣőĲЮƚŸƨƖĦĲƚЮŸŉЮƓƖĲĦƨƖƚŸƖƚЮŉŸƖЮ§ΦЮƓŸũũƨƣŔŸŰдЮ[ŸƖЮĬĲƣċŔũЮŸŉЮƣőĲЮĦőĲůŔĦċũЮ
ƓƖŸĦĲƚƚĲƚЮŔŰƻŸũƻĲĬЮŔŰЮ§ΦЮŉŸƖůċƣŔŸŰЮƓũĲċƚĲЮƖĲŉĲƖЮƣŸЮ[ŔŊƨƖĲЮΤдΨд 

ÑőĲШƖĲċĦƣŔŸŰƚШĤǃШƽőŔĦőШ§ΟШŉŸƖůċƣŔŸŰШŸĦĦƨƖƚШċƖĲШĬĲƓĲŰĬĲŰƣШŸŰШƓƖĲĦƨƖƚŸƖШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШċŰĬШ
ƣőĲƖĲŉŸƖĲШƖĲŊŔŸŰƚШƽŔƣőШĬŔǭĲƖĲŰƣШƓƖĲрĦƨƖƚŸƖШĦŸŰĦĲŰƣƖċƣŔŸŰƚШőċƻĲШĬŔǭĲƖĲŰƣШ§ΟШƓƖŸĬƨĦƣŔŸŰШ
ƓċƣőƽċǃƚШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥбШEũƚőŸƖĤċŰǃШĲƣШċũЮЯШΞΜΞΠьЮШ]ĲŰĲƖċũũǃЯШ§ΟШŉŸƖůċƣŔŸŰШŔƚШ §ǂШũŔůŔƣĲĬЯШ
ĤƨƣШċƚШ §ǂШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĦƖĲċƚĲЯШƣőĲШũŔůŔƣŔŰŊШŉċĦƣŸƖШƣŸШ§ΟШŉŸƖůċƣŔŸŰШĤĲĦŸůĲƚШé§9ƚШы[ŸƽũĲƖШ
ĲƣШċũЮЯШΞΜΜΥьЮШ ƚШċШƖĲƚƨũƣЯШ§ΟШŉŸƖůċƣŔŸŰШŔŰШƖƨƖċũШċŰĬШċŊƖŔĦƨũƣƨƖċũШċƖĲċƚШƣĲŰĬƚШƣŸШĤĲШ §ǂШũŔůŔƣĲĬЯШ
ƽőŔũĲШŔŰШƨƖĤċŰШċƖĲċƚЯШƽőŔĦőШőċƻĲШŊƖĲċƣĲƖШ §ǂШĲůŔƚƚŔŸŰƚЯШ§ΟШŉŸƖůċƣŔŸŰШƣĲŰĬƚШƣŸШĤĲШé§9ШũŔůŔƣĲĬШ
ы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣĲŰĬШƣŸШĤĲШŊƖĲċƣĲƖШŔŰШƖƨƖċũШċƖĲċƚШċƚШƣőĲШ §ǂрũŔůŔƣĲĬШ
ŉŸƖůċƣŔŸŰШƓċƣőƽċǃШůĲċŰƚШƣőċƣШċƚШ §ǂШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĦƖĲċƚĲЯШƣőĲШƖċƣĲШŸŉШ§ΟШŉŸƖůċƣŔŸŰШ
ŔŰĦƖĲċƚĲƚШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШEũĲƻċƣĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШƖƨƖċũШċƖĲċƚШċƖĲШŸŉШƓċƖƣŔĦƨũċƖШ
ĦŸŰĦĲƖŰШƚŔŰĦĲШƣőĲƚĲШċƖĲШƣőĲШũŸĦċƣŔŸŰƚШƽőĲƖĲШċŊƖŔĦƨũƣƨƖĲШƓƖĲĬŸůŔŰċŰƣũǃШŸĦĦƨƖƚШы[ċŰǍŸЯШΞΜΝΥьЮШ
ÅĲĦĲŰƣũǃЯШċШƣőŔƖĬШƖĲŊŔůĲШőċƚШĤĲĲŰШŔĬĲŰƣŔǯĲĬШŔŰШƖĲŊŔŸŰƚШƽŔƣőШőŔŊőШċĲƖŸƚŸũШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШÑőŔƚШ
ċĲƖŸƚŸũШũŔůŔƣĲĬШƖĲŊŔůĲШőċƚШĤĲĲŰШŔĬĲŰƣŔǯĲĬШċƚШĬŸůŔŰċƣŔŰŊШŸƻĲƖШůŸƚƣШŸŉШfŰĬŔċШċŰĬШ9őŔŰċЯШƽőĲƖĲШ
ƣőĲШc§ΞШƖċĬŔĦċũШŔŰƻŸũƻĲĬШŔŰШ§ΟШŉŸƖůċƣŔŸŰШыƚĲĲШ[ŔŊƨƖĲШΝЮΡьШċĬƚŸƖĤƚШŸŰƣŸШċŰĬШƖĲċĦƣƚШƽŔƣőШƣőĲШ
ċĲƖŸƚŸũШƓċƖƣŔĦũĲƚЯШċŰĬШŔƚШƨŰċƻċŔũċĤũĲШŉŸƖШŉƨƖƣőĲƖШƖĲċĦƣŔŸŰƚШƣŸШŉŸƖůШ§ΟШы ƖĦőŔĤċũĬШĲƣШċũЮЯШΞΜΞΜċьЮШ
ÑőĲШĦǃĦũĲШŸŉШ§ΟШŉŸƖůċƣŔŸŰШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΝЮΡШŔƚШ §ǂШũŔůŔƣĲĬЯШċŰĬШċƚШ §ǂШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ŔŰĦƖĲċƚĲЯШƚŸШĬŸĲƚШ§ΟШŉŸƖůċƣŔŸŰШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШÑőĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШ9cΠЯШ9§ШċŰĬШŸƣőĲƖШ
é§9ƚШőċƻĲШũŔƣƣũĲШŔůƓċĦƣШŸŰШƣőĲШƖċƣĲШŸŉШ§ΟШŉŸƖůċƣŔŸŰШŔŰШƣőĲШ §ǂШũŔůŔƣĲĬШƚĦĲŰċƖŔŸШċƚШƣőĲƖĲШċƖĲШŰŸШ
ƚŔĬĲШƖĲċĦƣŔŸŰƚШŔŰƻŸũƻŔŰŊШƣőĲШũŔƚƣĲĬШŊċƚĲƚШƣőċƣШĦŸƨũĬШĬŔƚƖƨƓƣШ§ΟШŊĲŰĲƖċƣŔŸŰШŔŰШƣőĲШĦǃĦũĲШы[ŸƽũĲƖШĲƣШ
ċũЮЯШΞΜΜΥьЮ 



ΞΦ 
 

 

[ŔŊƨƖĲЮΤдΨжЮ?ŔċŊƖċůůċƣŔĦЮƖĲƓƖĲƚĲŰƣċƣŔŸŰЮŸŉЮ§ΦЮŉŸƖůċƣŔŸŰЮċƣЮŔŰƣĲƖůĲĬŔċƣĲЮ §ǂЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮƣċťĲŰЮŉƖŸůЮ[ŸƽũĲƖШĲƣШċũЮШ
ыΞΜΜΥьеЮƽőĲƖĲЮőʶЮƖĲƓƖĲƚĲŰƣƚЮőŔŊőЮŉƖĲƕƨĲŰĦǃЮũŔŊőƣд 

ÉŸůĲШŸŉШƣőĲШ§ΟШŉŸƨŰĬШŔŰШƣőĲШƣƖŸƓŸƚƓőĲƖĲШŔƚШƣƖċŰƚƓŸƖƣĲĬШŉƖŸůШƣőĲШƚƣƖċƣŸƚƓőĲƖĲЯШƽőĲƖĲШŔƣШƓƖĲƻĲŰƣƚШ
ƚŸůĲШŸŉШƣőĲШƚƨŰќƚШőċƖůŉƨũШÖéШƖċĬŔċƣŔŸŰШĲŰƣĲƖŔŰŊШƣőĲШċƣůŸƚƓőĲƖĲШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШÑƖċŰƚƓŸƖƣШ
ŸŉШ§ΟШŉƖŸůШƣőĲШƚƣƖċƣŸƚƓőĲƖĲШƣŸШƣőĲШƣƖŸƓŸƚƓőĲƖĲШŔƚШӈШΦШƣŔůĲƚШƚůċũũĲƖШƣőċŰШƣőĲШċůŸƨŰƣШŸŉШ§ΟШƣőċƣШŔƚШ
ƓƖŸĬƨĦĲĬШŉƖŸůШƓƖĲрĦƨƖƚŸƖШŊċƚĲƚШŔŰШƣőĲШƣƖŸƓŸƚƓőĲƖĲШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШfŰШƣŸƣċũЯШċƖŸƨŰĬШΞΜӖШŸŉШ
ƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШŔƚШĬĲƓŸƚŔƣĲĬШƣŸШŊƖŸƨŰĬШƚƨƖŉċĦĲƚШыƚƨĦőШċƚШƣƖĲĲƚШŸƖШĦƖŸƓƚьЯШċŰĬШƣőĲШƖĲůċŔŰŔŰŊШΥΜӖШ
ƨŰĬĲƖŊŸĲƚШĦőĲůŔĦċũШĬĲƚƣƖƨĦƣŔŸŰШƓƖŸĦĲƚƚĲƚШŔŰШƣőĲШċƣůŸƚƓőĲƖĲШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШƚШ
ƣĲůƓĲƖċƣƨƖĲƚШŔŰĦƖĲċƚĲШƖĲƚƨũƣŔŰŊШŉƖŸůШĦũŔůċƣĲШĦőċŰŊĲЯШŊũŸĤċũШċƻĲƖċŊĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽŔũũШ
ċũƚŸШŔŰĦƖĲċƚĲШŔŉШƓƖĲрĦƨƖƚŸƖШĲůŔƚƚŔŸŰƚШƖĲůċŔŰШƣőĲШƚċůĲЯШċƚШƓƖŸĬƨĦƣŔŸŰШŸŉШƣőĲШƓŸũũƨƣċŰƣШŔƚШ
ŉċƻŸƨƖĲĬШĤǃШőŔŊőШƣĲůƓĲƖċƣƨƖĲƚШċŰĬШőŔŊőШƖċĬŔċƣŔŸŰШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШÑőŔƚШůĲċŰƚШƣőċƣШĲƻĲŰШŔŉШ
ƓƖĲĦƨƖƚŸƖШĲůŔƚƚŔŸŰƚШĬŸШŰŸƣШĦőċŰŊĲЯШŸƖШƖĲĬƨĦĲШĤǃШŸŰũǃШċШƚůċũũШċůŸƨŰƣЯШ§ΟШƓƖŸĬƨĦƣŔŸŰШĦŸƨũĬШƚƣŔũũШ
ŔŰĦƖĲċƚĲШŔŉШĦũŔůċƣŔĦШĦŸŰĬŔƣŔŸŰƚШƽĲƖĲШŉċƻŸƨƖċĤũĲШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШ 

ΝЮΞЮΞШ§ΟШƓƖĲĦƨƖƚŸƖШĦŸŰĦĲŰƣƖċƣŔŸŰƚ 
EůŔƚƚŔŸŰƚШŸŉШ§ΟШƓƖĲĦƨƖƚŸƖƚШĬĲƖŔƻĲШŉƖŸůШĤŸƣőШőƨůċŰШċĦƣŔƻŔƣŔĲƚЯШƚƨĦőШċƚШĲŰĲƖŊǃШŊĲŰĲƖċƣŔŸŰЯШ
ŔŰĬƨƚƣƖǃЯШċŊƖŔĦƨũƣƨƖĲЯШƣƖċŰƚƓŸƖƣЯШĤŔŸůċƚƚШĤƨƖŰŔŰŊШċŰĬШĬĲŉŸƖĲƚƣċƣŔŸŰЯШċŰĬШŰċƣƨƖċũШƚŸƨƖĦĲƚЯШƚƨĦőШ
ċƚШƻĲŊĲƣċƣŔŸŰШĤŔŸŊĲŰŔĦШĲůŔƚƚŔŸŰƚЯШŉŸƖĲƚƣШǯƖĲƚШŸƖШũŔŊőƣŰŔŰŊШы[ŔŊƨƖĲШΝЮΠьШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШ
ĦƖŸƚƚШĦŸƨŰƣƖŔĲƚЯШċŰĬШŸƻĲƖШƣŔůĲЯШƓƖĲĦƨƖƚŸƖШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƻċƖǃШĬƨĲШƣŸШĲĦŸŰŸůŔĦШĬĲƻĲũŸƓůĲŰƣШ
ċŰĬШĲůŔƚƚŔŸŰШĦŸŰƣƖŸũШůĲċƚƨƖĲƚШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮ 

ыċь  §ǂЮĲůŔƚƚŔŸŰƚ 
§ƻĲƖШƣőĲШƓċƚƣШΡΜШǃĲċƖƚЯШŊũŸĤċũШ §ǂШĦŸŰĦĲŰƣƖċƣŔŸŰƚШőċƻĲШŔŰĦƖĲċƚĲĬШƽŔƣőШċШƓĲċťШċƖŸƨŰĬШ
ΞΜΝΜШŉŸũũŸƽĲĬШĤǃШċШĬĲĦũŔŰĲЮШ]ũŸĤċũũǃЯШƣőĲШĬŸůŔŰċŰƣШċŰƣőƖŸƓŸŊĲŰŔĦШƚŸƨƖĦĲƚШŸŉШ §ǂШ
ĲůŔƚƚŔŸŰƚШċƖĲШĲŰĲƖŊǃШŊĲŰĲƖċƣŔŸŰЯШŔŰĬƨƚƣƖǃШċŰĬШŸŰрƖŸċĬШƣƖċŰƚƓŸƖƣċƣŔŸŰШы~Ħ?ƨǭŔĲШĲƣШċũЮЯШ
ΞΜΞΜьЮШ §ǂШĲůŔƚƚŔŸŰƚШċƖĲШŊƖĲċƣĲƚƣШŔŰШ9őŔŰċШĬƨĲШƣŸШƣőĲШũċƖŊĲШĲŰĲƖŊǃШċŰĬШŔŰĬƨƚƣƖŔċũШƚĲĦƣŸƖШ
ŔŰШƣőĲШĦŸƨŰƣƖǃШы~Ħ?ƨǭŔĲШĲƣШċũЮЯШΞΜΞΜбШ?ƨŰĦċŰШĲƣШċũЮЯШΞΜΝΡьЮШ9ŸůƓċƖċƣŔƻĲũǃЯШ §ǂШ
ĲůŔƚƚŔŸŰƚШċĦƖŸƚƚШEƨƖŸƓĲЯШ ŸƖƣőШ ůĲƖŔĦċШċŰĬШ ƨƚƣƖċũċƚŔċШċƖĲШṂШőċũŉШŸŉШ9őŔŰċќƚШ §ǂШ
ĲůŔƚƚŔŸŰƚШċŰĬШőċƻĲШĬĲĦƖĲċƚĲĬШŸƻĲƖШƣŔůĲШĬƨĲШƣŸШŔůƓũĲůĲŰƣċƣŔŸŰШŸŉШƻĲőŔĦũĲШċŰĬШŔŰĬƨƚƣƖǃШ



ΟΜ 
 

ĲůŔƚƚŔŸŰƚШƚƣċŰĬċƖĬƚШы~Ħ?ƨǭŔĲШĲƣШċũЮЯШΞΜΞΜбШ?ƨŰĦċŰШĲƣШċũЮЯШΞΜΝΡбШEũƚőŸƖĤċŰǃШĲƣШċũЮЯШ
ΞΜΞΠьЮШfŰШfŰĬŔċЯШƣőĲШƖĲũŔċŰĦĲШŸŰШƚŸũŔĬШĦŸŸťŔŰŊШŉƨĲũƚШĦċŰШċũƚŸШƖĲũĲċƚĲШĤŸƣőШé§9ƚШċŰĬШ §ǂШ
ŊċƚĲƚШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥбШ9őŸƽĬőƨƖǃШĲƣШċũЮЯШΞΜΝΦьЮ 
 

ыĤь é§9ЮĲůŔƚƚŔŸŰƚ 
é§9ШĲůŔƚƚŔŸŰƚШőċƻĲШŔŰĦƖĲċƚĲĬШĦŸŰƣŔŰƨŸƨƚũǃШŸƻĲƖШƣőĲШƓċƚƣШΡΜШǃĲċƖƚШы~Ħ?ƨǭŔĲШĲƣШċũЮЯШ
ΞΜΞΜьЮШÑőĲШũċƖŊĲƚƣШċŰƣőƖŸƓŸŊĲŰŔĦШƚŸƨƖĦĲШŸŉШé§9ШĲůŔƚƚŔŸŰƚШŊũŸĤċũũǃШĦŸůĲƚШŉƖŸůШƣőĲШ
ĲŰĲƖŊǃШƚĲĦƣŸƖЯШƽŔƣőШŸƣőĲƖШƚŸƨƖĦĲƚШŔŰĦũƨĬŔŰŊШŸŰрƖŸċĬШƣƖċŰƚƓŸƖƣċƣŔŸŰЯШőŸƨƚĲőŸũĬШŉƨĲũШ
ĦŸůĤƨƚƣŔŸŰШċŰĬШƚŸũƻĲŰƣШƨƚċŊĲШы~Ħ?ƨǭŔĲШĲƣШċũЮЯШΞΜΞΜьЮШ ŉƖŔĦċШċŰĬШ9őŔŰċШċƖĲШƣőĲШƖĲŊŔŸŰƚШ
ƽŔƣőШƣőĲШŊƖĲċƣĲƚƣШé§9ШƓƖŸĬƨĦƣŔŸŰШŊũŸĤċũũǃЯШƽőŔĦőШĦċŰШĤĲШċƣƣƖŔĤƨƣĲĬШƣŸШƚŸũƻĲŰƣЯШĲŰĲƖŊǃШ
ċŰĬШŔŰĬƨƚƣƖǃШŔŰШ9őŔŰċЯШċŰĬШŉŸƖШ ŉƖŔĦċШŔƚШĬƨĲШƣŸШƖĲƚŔĬĲŰƣŔċũШŉƨĲũШĦŸůĤƨƚƣŔŸŰШċŰĬШƣőĲШĲŰĲƖŊǃШ
ƚĲĦƣŸƖШы~Ħ?ƨǭŔĲШĲƣШċũЮЯШΞΜΞΜьЮШfŰШEƨƖŸƓĲШċŰĬШ ŸƖƣőШ ůĲƖŔĦċШĲůŔƚƚŔŸŰƚШĦŸŰƣƖŸũƚШŉŸƖШƣőĲШ
ƖĲƚŔĬĲŰƣŔċũШƚĲĦƣŸƖШċŰĬШŸŰрƖŸċĬШƣƖċŰƚƓŸƖƣċƣŔŸŰШũĲĬШƣŸШĦŸůƓċƖċƣŔƻĲũǃШũŸƽĲƖШé§9ШĲůŔƚƚŔŸŰƚШ
ы~Ħ?ƨǭŔĲШĲƣШċũЮЯШΞΜΞΜьЮ 
 

ыĦь 9§ЮĲůŔƚƚŔŸŰƚ 
9§ШĲůŔƚƚŔŸŰƚШƓĲċťĲĬШċƖŸƨŰĬШΝΦΦΜШċŰĬШƣőĲŰШĬĲĦũŔŰĲĬЮШ ШƚůċũũШŔŰĦƖĲċƚĲШŔŰШ9§ШĲůŔƚƚŔŸŰƚШ
ĤĲƣƽĲĲŰШΞΜΜΞрΞΜΝΞШŸĦĦƨƖƖĲĬШċƚШċШƖĲƚƨũƣШŸŉШŊƖŸƽƣőШŔŰШĲŰĲƖŊǃЯШŔŰĬƨƚƣƖǃЯШċŰĬШƖĲƚŔĬĲŰƣŔċũШ
ŉƨĲũШĤƨƖŰŔŰŊШŔŰШ ƚŔċШċŰĬШ ŉƖŔĦċШы~Ħ?ƨǭŔĲШĲƣШċũЮЯШΞΜΞΜьЮШÉƨĤƚĲƕƨĲŰƣШĬĲĦũŔŰĲƚШƽĲƖĲШ
ċƚƚŸĦŔċƣĲĬШƽŔƣőШĲůŔƚƚŔŸŰƚШĦŸŰƣƖŸũШŔŰШ9őŔŰċШċŰĬШƖĲĬƨĦĲĬШŸŰрƖŸċĬШƣƖċŰƚƓŸƖƣШĲůŔƚƚŔŸŰƚШ
ŉŸƖШEƨƖŸƓĲШċŰĬШ ŸƖƣőШ ůĲƖŔĦċШы~Ħ?ƨǭŔĲШĲƣШċũЮЯШΞΜΞΜбШEũƚőŸƖĤċŰǃШĲƣШċũЮЯШΞΜΞΠьЮШ9§Ш
ĲůŔƚƚŔŸŰƚШŊũŸĤċũũǃШċƖĲШĬŸůŔŰċƣĲĬШĤǃШŸŰрƖŸċĬШƣƖċŰƚƓŸƖƣШċŰĬШƖĲƚŔĬĲŰƣŔċũШĦŸůĤƨƚƣŔŸŰЮШ
9őŔŰċЯШ ŉƖŔĦċШċŰĬШŸƣőĲƖШ ƚŔċŰШĦŸƨŰƣƖŔĲƚШыĲǂĦũƨĬŔŰŊШfŰĬŔċьШőċƻĲШƣőĲШőŔŊőĲƚƣШ9§ШĲůŔƚƚŔŸŰƚЮШ
fŰШ9őŔŰċЯШŔŰĬƨƚƣƖǃШċŰĬШƖĲƚŔĬĲŰƣŔċũШĦŸůĤƨƚƣŔŸŰШċƖĲШĬŸůŔŰċŰƣШƚŸƨƖĦĲƚЯШƽőŔũĲШŔŰШŸƣőĲƖШ
ƚŔċŰШĦŸƨŰƣƖŔĲƚШƖĲƚŔĬĲŰƣŔċũШĦŸůĤƨƚƣŔŸŰШċŰĬШŸŰрƖŸċĬШĲůŔƚƚŔŸŰƚШċƖĲШċũůŸƚƣШĲƕƨċũШ

ы~Ħ?ƨǭŔĲШĲƣШċũЮЯШΞΜΞΜьЮШ[ŸƖШfŰĬŔċЯШ9§ШĲůŔƚƚŔŸŰƚШċƖĲШůċŔŰũǃШŉƖŸůШƖĲƚŔĬĲŰƣŔċũШŉƨĲũШ
ĦŸůĤƨƚƣŔŸŰШĬƨĲШƣŸШƣőĲШƖĲũŔċŰĦĲШŸŰШĤƨƖŰŔŰŊШƚŸũŔĬШŉƨĲũƚШŉŸƖШĦŸŸťŔŰŊШċŰĬШőĲċƣŔŰŊШы~Ħ?ƨǭŔĲШ
ĲƣШċũЮЯШΞΜΞΜбШ9őŸƽĬőƨƖǃШĲƣШċũЮЯШΞΜΝΦьЮШfŰШxċƣŔŰШ ůĲƖŔĦċЯШ ŉƖŔĦċШċŰĬШ ƚŔċЯШĤŔŸůċƚƚШĤƨƖŰŔŰŊШ
ŔƚШċШƚƨĤƚƣċŰƣŔċũШĦŸŰƣƖŔĤƨƣŸƖШƣŸШ §ǂШċŰĬШ9§ШĲůŔƚƚŔŸŰƚЯШƽŔƣőШƣőĲШƚĲċƚŸŰċũШŰċƣƨƖĲШŸŉШƣőĲƚĲШ
ċĦƣŔƻŔƣŔĲƚШĦċƨƚŔŰŊШŊƖĲċƣĲƖШĲůŔƚƚŔŸŰƚШĬƨƖŔŰŊШĤƨƖŰŔŰŊШƓĲƖŔŸĬƚШыEũƚőŸƖĤċŰǃШĲƣШċũЮЯШΞΜΞΠбШ
[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮ 
 

ыĬь 9cΧЮĲůŔƚƚŔŸŰƚ 
7ĲƣƽĲĲŰШΞΜΜΦрΞΜΞΜШŊũŸĤċũШ9cΠШĲůŔƚƚŔŸŰƚШőċƻĲШŔŰĦƖĲċƚĲĬЯШƽŔƣőШƣőĲШƽċƚƣĲШċŰĬШ
ċŊƖŔĦƨũƣƨƖĲШƚĲĦƣŸƖƚШĤĲŔŰŊШƣőĲШĬŸůŔŰċŰƣШĦŸŰƣƖŔĤƨƣŸƖƚШƣŸШƣőĲШŔŰĦƖĲċƚĲШыsċŰċƖĬċŰċŰШĲƣШċũЮЯШ
ΞΜΞΠьЮШÑőĲШĦŸƨŰƣƖŔĲƚШĦŸŰƣƖŔĤƨƣŔŰŊШƣőĲШůŸƚƣШƣŸШ9cΠШĲůŔƚƚŔŸŰƚШċƖĲШ9őŔŰċЯШfŰĬŔċЯШ ŸƖƣőШ
ůĲƖŔĦċЯШÂċťŔƚƣċŰШċŰĬШfŰĬŸŰĲƚŔċЮШÑőĲШũċƖŊĲƚƣШċŰƣőƖŸƓŸŊĲŰŔĦШĦŸŰƣƖŔĤƨƣŔŸŰƚШƣŸШ9cΠШ

ĲůŔƚƚŔŸŰƚШŔŰШ9őŔŰċШċŰĬШÂċťŔƚƣċŰШƽĲƖĲШƽċƚƣĲШċŰĬШŊċƚЯШŔŰШfŰĬŔċШƽĲƖĲШċŊƖŔĦƨũƣƨƖĲШċŰĬШ
ƽċƚƣĲЯШŉŸƖШ ŸƖƣőШ ůĲƖŔĦċШƽĲƖĲШŸŔũЯШŊċƚЯШĦŸċũШċŰĬШċŊƖŔĦƨũƣƨƖĲЯШċŰĬШŉŸƖШfŰĬŸŰĲƚŔċШƽĲƖĲШĦŸċũШ
ыsċŰċƖĬċŰċŰШĲƣШċũЮЯШΞΜΞΠьЮШfŰШ9őŔŰċЯШƣőĲШƣƖċŰƚŔƣŔŸŰШŉƖŸůШĦŸċũШƣŸШŊċƚЯШċŰĬШŔŰĦƖĲċƚĲƚШŔŰШƣőĲШ
ƽċƚƣĲШƚĲĦƣŸƖЯШƽŔũũШŔŰĦƖĲċƚĲШ9cΠШĲůŔƚƚŔŸŰƚШůŸƖĲШŸƻĲƖШƣőĲШĦŸůŔŰŊШǃĲċƖƚЮШ7ŔŸůċƚƚШĤƨƖŰŔŰŊШ
ŔƚШċũƚŸШċШĦŸŰƣƖŔĤƨƣŸƖШƣŸШ9cΠШĲůŔƚƚŔŸŰƚШŔŰШfŰĬŔċЯШÂċťŔƚƣċŰЯШÉŸƨƣőШ ůĲƖŔĦċШċŰĬШƓċƖƣƚШŸŉШ
ìĲƚƣШEƨƖŸƓĲШċŰĬШEċƚƣШÅƨƚƚŔċЯШƣőŸƨŊőШƣőĲШĦŸŰƣƖŔĤƨƣŔŸŰШŔƚШŰŸƣШċƚШũċƖŊĲШċƚШƣőĲШƓƖĲƻŔŸƨƚũǃШ
ŔĬĲŰƣŔǯĲĬШƚĲĦƣŸƖƚШыsċŰċƖĬċŰċŰШĲƣШċũЮЯШΞΜΞΠьЮШ 

ΝЮΞЮΟШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚаШÂƖĲƚĲŰƣШċŰĬШŉƨƣƨƖĲ 
ÑŸШĲǭĲĦƣŔƻĲũǃШċƚƚĲƚƚШƣőĲШŔůƓċĦƣШŸŉШƣƖŸƓŸƚƓőĲƖŔĦШыŊƖŸƨŰĬШũĲƻĲũьШ§ΟШŸŰШĦƖŸƓШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЯШŔƣШŔƚШ
ĦƖƨĦŔċũШƣŸШƨŰĬĲƖƚƣċŰĬШĦƨƖƖĲŰƣШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШÑőŔƚШĲƚƣċĤũŔƚőĲƚШċШĤċƚĲũŔŰĲШƽŔƣőШ



ΟΝ 
 

ƽőŔĦőШƣŸШĦŸůƓċƖĲШƓƖŸŢĲĦƣŔŸŰƚШƣŸШŔĬĲŰƣŔŉǃШŔŉШŉƨƣƨƖĲШ§ΟШƓŸũũƨƣŔŸŰШƽŔũũШőċƻĲШċШŰĲŊċƣŔƻĲШŔůƓċĦƣШŸŰШ
ĦƖŸƓШǃŔĲũĬШċŰĬШƕƨċũŔƣǃЮШ ĬĬŔƣŔŸŰċũũǃЯШċŰċũǃƚŔŰŊШĦƨƖƖĲŰƣШƣƖŸƓŸƚƓőĲƖŔĦШƚƓċƣŔċũШ§ЌШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ċŰĬШƣőĲŔƖШƓƖŸŢĲĦƣĲĬШŉƨƣƨƖĲШƣƖĲŰĬƚШőĲũƓƚШŔĬĲŰƣŔŉǃШƖĲŊŔŸŰƚШƽőĲƖĲШĦƖŸƓƚШċƖĲШũŔťĲũǃШƣŸШĲǂƓĲƖŔĲŰĦĲШ
ƚŔŊŰŔǯĦċŰƣШŔůƓċĦƣƚШŉƖŸůШ§ЌШƓŸũũƨƣŔŸŰЮШÑőŔƚШƚĲĦƣŔŸŰШĤĲŊŔŰƚШĤǃШƓƖŸƻŔĬŔŰŊШċŰШŸƻĲƖƻŔĲƽШŸŉШĦƨƖƖĲŰƣШ
ƣƖŸƓŸƚƓőĲƖŔĦШŊũŸĤċũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƖĲũċƣŔƻĲШƣŸШƓƖĲрŔŰĬƨƚƣƖŔċũШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШċŰĬШőŸƽШƣőĲǃШ
ƻċƖǃШŊũŸĤċũũǃЮШÑőĲШƚĲĦƣŔŸŰШƣőĲŰШĦŸŰĦũƨĬĲƚШĤǃШĦŸŰƚŔĬĲƖŔŰŊШŉƨƣƨƖĲШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШƓƖŸŢĲĦƣŔŸŰƚШċŰĬШ
ŔĬĲŰƣŔŉǃŔŰŊШƖĲŊŔŸŰƚШċƣШƖŔƚťШŸŉШċĬƻĲƖƚĲШ§ΟШĲǭĲĦƣƚШŸŰШĦƖŸƓШċŰĬШŰƨƣƖŔƣŔŸŰЮ 

9ŸůƓċƖŔƚŸŰƚШŸŉШőŔƚƣŸƖŔĦШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШƖĲĦŸƖĬƚШƽŔƣőШĦƨƖƖĲŰƣШůĲċƚƨƖĲůĲŰƣƚШċƖĲШƓƖŸŰĲШƣŸШũċƖŊĲШ
ƨŰĦĲƖƣċŔŰƣŔĲƚЯШĤƨƣШŔƣШŔƚШŊĲŰĲƖċũũǃШċĦĦĲƓƣĲĬШƣőċƣШƚƨƖŉċĦĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШőċƻĲШŔŰĦƖĲċƚĲĬШĤǃШ
ĤĲƣƽĲĲŰШΟΜрΤΜӖШƽőĲŰШĦŸůƓċƖŔŰŊШůŸĬĲƖŰШыΝΦΦΜрΞΜΝΠьШŊũŸĤċũШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƽŔƣőШőŔƚƣŸƖŔĦШыΝΥΦΣрΝΦΤΡьШыÑċƖċƚŔĦťШĲƣШċũЮЯШΞΜΝΦьЮШÑőĲШŊƖĲċƣĲƚƣШŔŰĦƖĲċƚĲƚШŔŰШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШőċƻĲШĤĲĲŰШŸĤƚĲƖƻĲĬШŔŰШƣőĲШŰŸƖƣőĲƖŰШőĲůŔƚƓőĲƖĲЯШƽŔƣőШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШĤĲƣƽĲĲŰШΝΦΡΜШċŰĬШΞΜΜΜШĬŸƨĤũŔŰŊШċĦƖŸƚƚШEƨƖŸƓĲШыÑċƖċƚŔĦťШĲƣШċũЮЯШΞΜΝΦбШ9ŸŸƓĲƖШ
ĲƣШċũЮЯШΞΜΝΠьЮШ]ũŸĤċũũǃЯШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШőŔŊőĲƚƣШŔŰШƚŸƨƣőĲƖŰШÖÉ ЯШƣőĲШ
~ĲĬŔƣĲƖƖċŰĲċŰШĤċƚŔŰЯШŰŸƖƣőĲƖŰШfŰĬŔċЯШƓċƖƣƚШŸŉШ9őŔŰċЯШÅĲƓƨĤũŔĦШŸŉШuŸƖĲċЯШċŰĬШsċƓċŰШы~ŔũũƚШĲƣШċũЮЯШ
ΞΜΝΥĦьЮШÑƖŸƓŸƚƓőĲƖŔĦШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣĲŰĬШƣŸШĤĲШőŔŊőĲƖШŔŰШƖƨƖċũШċƖĲċƚШƣőċŰШƨƖĤċŰЯШċŰĬЯШ
ƚĲċƚŸŰċũũǃЯШEƨƖŸƓĲШċŰĬШ ŸƖƣőШ ůĲƖŔĦċШƣĲŰĬШƣŸШĲǂƓĲƖŔĲŰĦĲШƣőĲШŊƖĲċƣĲƚƣШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШsƨũǃЯШƽőŔũĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШEċƚƣШ ƚŔċШċƖĲШőŔŊőĲƚƣШŔŰШ ƓƖŔũШċŰĬШ~ċǃШыÉĦőƨũƣǍШĲƣШ
ċũЮЯШΞΜΝΤьЮШfŰШ ƚŔċЯШƣőĲШũŸƽĲƚƣШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦŸŔŰĦŔĬĲШƽŔƣőШƣőĲШůŸŰƚŸŸŰШƓĲƖŔŸĬШ
ыÉĦőƨũƣǍШĲƣШċũЮЯШΞΜΝΤбШxƨШĲƣШċũЮЯШΞΜΝΥьЮШ7ĲƣƽĲĲŰШΝΦΥΜрΞΜΝΜЯШƣőĲШŊƖĲċƣĲƚƣШŔŰĦƖĲċƚĲШŔŰШƣƖŸƓŸƚƓőĲƖŔĦШ
§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸĦĦƨƖƖĲĬШċĦƖŸƚƚШfŰĬŔċШыӈΥШƓƓĤьЯШċƣƣƖŔĤƨƣĲĬШƣŸШŔŰĦƖĲċƚĲƚШŔŰШċŰƣőƖŸƓŸŊĲŰŔĦШ
ċĦƣŔƻŔƣŔĲƚШƚƨĦőШċƚШƓŸũũƨƣŔŸŰШŉƖŸůШƻĲőŔĦũĲƚШċŰĬШŔŰĬƨƚƣƖǃЯШċŰĬШĦŸůĤƨƚƣŔŸŰШŸƖШĤƨƖŰŔŰŊШƓƖŸĦĲƚƚĲƚЯШ
ċƚШƽĲũũШċƚШŉƖŸůШƚŸůĲШŰċƣƨƖċũШƚŸƨƖĦĲƚШыìƨШĲƣШċũЮЯШΞΜΝΣьЮШ 

fŰШƣőĲШŉƨƣƨƖĲЯШ§ΟШƓƖŸĬƨĦƣŔŸŰШƽŔũũШƻċƖǃШƚĲċƚŸŰċũũǃШċĦĦŸƖĬŔŰŊШƣŸШƣőĲШťĲǃШĬƖŔƻĲƖƚШŸŉШũŸĦċũШ§ΟШ
ƓƖŸĬƨĦƣŔŸŰЯШƽőŔĦőШĦŸƨũĬШĤĲШĦőċŰŊĲƚШƣŸШƓƖĲĦƨƖƚŸƖШĲůŔƚƚŔŸŰƚШċŰĬоŸƖШĦőċŰŊĲƚШƣŸШũŸĦċũШĦũŔůċƣĲШ
ċŰĬШůĲƣĲŸƖŸũŸŊǃШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥбШ[ƨШċŰĬШÑŔċŰЯШΞΜΝΦбШ~ĲĲőũШĲƣШċũЮЯШΞΜΝΥьЮШÅŔƚŔŰŊШĲŰĲƖŊǃШċŰĬШ
ċŊƖŔĦƨũƣƨƖċũШĬĲůċŰĬƚЯШĦŸƨƓũĲĬШƽŔƣőШŔŰĦƖĲċƚĲĬШƣƖċŰƚƓŸƖƣċƣŔŸŰЯШƽŔũũШŔŰĦƖĲċƚĲШƓƖĲĦƨƖƚŸƖШ
ĲůŔƚƚŔŸŰƚЯШŔůƓċĦƣŔŰŊШ§ΟШƓƖŸĬƨĦƣŔŸŰШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШ9ũŔůċƣĲШĦőċŰŊĲШƽŔũũШŉƨƖƣőĲƖШŔŰǰƨĲŰĦĲШ
ƣƖŸƓŸƚƓőĲƖŔĦШ§ЌШũĲƻĲũƚШƣőƖŸƨŊőШċũƣĲƖċƣŔŸŰƚШŔŰШƓƖĲĦŔƓŔƣċƣŔŸŰЯШƣĲůƓĲƖċƣƨƖĲЯШőƨůŔĬŔƣǃЯШċŰĬШċŔƖШ
ůŸƻĲůĲŰƣЯШƽŔƣőШũŸĦċũШƣŸШƖĲŊŔŸŰċũШƻċƖŔċƣŔŸŰƚШċǭĲĦƣĲĬШĤǃШŉċĦƣŸƖƚШũŔťĲШƽċƣĲƖШƻċƓŸƖШċŰĬШƓƖĲрĦƨƖƚŸƖШ

ĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШůċťŔŰŊШŉƨƣƨƖĲШƣƖŸƓŸƚƓőĲƖŔĦШ§ЌШĦŸŰĦĲŰƣƖċƣŔŸŰШƣƖĲŰĬƚШƨŰĦĲƖƣċŔŰШы[ŸƽũĲƖШĲƣШċũЮЯШ
ΞΜΜΥбШ[ƨШċŰĬШÑŔċŰЯШΞΜΝΦьЮ 

ÑŸШƓĲƖŉŸƖůШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШƓƖŸŢĲĦƣŔŸŰƚЯШƖĲƓƖĲƚĲŰƣċƣŔƻĲШĦŸŰĦĲŰƣƖċƣŔŸŰШƓċƣőƽċǃƚШыÅ9ÂƚьШŸƖШ
ƚőċƖĲĬШƚŸĦŔŸĲĦŸŰŸůŔĦШƓċƣőƽċǃƚШыÉÉÂƚьШċƖĲШƨƚĲĬЮШÅ9ÂƚШŔŰĦŸƖƓŸƖċƣĲШċШƖċŰŊĲШŸŉШŊƖĲĲŰőŸƨƚĲШŊċƚШ
ĲůŔƚƚŔŸŰƚШƣőċƣШƽŔũũШƖĲƚƨũƣШŔŰШċШƣċƖŊĲƣШƖċĬŔċƣŔƻĲШŉŸƖĦŔŰŊШыŔŰĦŸůŔŰŊШƖċĬŔċƣŔŸŰШƚƨĤƣƖċĦƣĲĬШĤǃШŸƨƣŊŸŔŰŊШ
ƖċĬŔċƣŔŸŰШċƣШƣőĲШƣŸƓШŸŉШƣőĲШċƣůŸƚƓőĲƖĲьШƣċƖŊĲƣƚШы?E[Å ШĲƣШċũЮЯШΞΜΝΥьЮШÑőĲƚĲШƖċĬŔċƣŔƻĲШŉŸƖĦŔŰŊШ
ƣċƖŊĲƣƚШċƖĲШΞЮΣЯШΠЮΡЯШΣШċŰĬШΥЮΡШìůрΞШƽőĲƖĲШÅ9ÂШΞЮΣШŔƚШċШƚĦĲŰċƖŔŸШƽőĲƖĲШŊƖĲĲŰőŸƨƚĲШŊċƚШ
ĲůŔƚƚŔŸŰƚШċƖĲШƚƣƖŸŰŊũǃШƖĲĬƨĦĲĬЯШċŰĬШÅ9ÂШΥЮΡШŔƚШċШƚĦĲŰċƖŔŸШƽőĲƖĲШŊƖĲĲŰőŸƨƚĲШŊċƚШĲůŔƚƚŔŸŰƚШ
ŊƖŸƽШŔŰШċŰШƨŰůŔƣŔŊċƣĲĬШůċŰŰĲƖы?E[Å ШĲƣШċũЮЯШΞΜΝΥШċŰĬШÑċĤũĲШΝЮΝьЮШÅ9ÂƚШΠЮΡШċŰĬШΣЮΜШƖĲƓƖĲƚĲŰƣШ
ƓċƣőƽċǃƚШƽŔƣőШƻċƖǃŔŰŊШũĲƻĲũƚШŸŉШŊƖĲĲŰőŸƨƚĲШŊċƚШĲůŔƚƚŔŸŰƚШůŔƣŔŊċƣŔŸŰШы?E[Å ШĲƣШċũЮЯШΞΜΝΥьЮ 

fŰШĦŸŰƣƖċƚƣШƽŔƣőШÅ9ÂƚЯШÉÉÂƚШŉŸĦƨƚШŸŰШĬŔǭĲƖĲŰƣШƚŸĦŔĲƣċũШŉƨƣƨƖĲƚШċŰĬШőŸƽШƣőĲǃШůċǃШŔŰǰƨĲŰĦĲШ
ĲůŔƚƚŔŸŰƚЮШÑőĲШĬŔǭĲƖĲŰƣШƚŸĦŔĲƣċũШŉƨƣƨƖĲƚШŔŰĦũƨĬĲШĲĦŸŰŸůŔĦШŊƖŸƽƣőЯШƣĲĦőŰŸũŸŊǃШċŰĬШ
ƨƖĤċŰŔƚċƣŔŸŰШы§ќ ĲŔũũШĲƣШċũЮЯШΞΜΝΠьЮШÉÉÂƚШċƖĲШŸŉƣĲŰШĬĲǯŰĲĬШŔŰШĦŸůĤŔŰċƣŔŸŰШƽŔƣőШċШƣċƖŊĲƣШÅ9ÂШċŰĬШ
ċƚШƚƨĦőШƓƖŸƻŔĬĲШċŰШŔŰĬŔĦċƣŔŸŰШŸŉШƣőĲШƣǃƓĲШŸŉШƚŸĦŔĲƣċũШŉƨƣƨƖĲШƣőċƣШƽŔũũШƖĲƚƨũƣШŔŰШċШƣċƖŊĲƣШƖċĬŔċƣŔƻĲШ
ŉŸƖĦŔŰŊЮШ?ĲƣċŔũĲĬШƓƖŸŢĲĦƣŔŸŰƚШŸŉШŉƨƣƨƖĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШĬŔǭĲƖŔŰŊШÅ9ÂШĲůŔƚƚŔŸŰШ
ƚĦĲŰċƖŔŸƚШƽĲƖĲШƓĲƖŉŸƖůĲĬШĤǃШìŔũĬШĲƣШċũЮШыΞΜΝΞьЯШòŸƨŰŊШĲƣШċũЮШыΞΜΝΟьЯШÉŔĦċƖĬШĲƣШċũЮШыΞΜΝΤьЮШ
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ĬĬŔƣŔŸŰċũũǃЯШ]ƖŔǭŔƣőƚШĲƣШċũЮШыΞΜΞΝьШƓƖŸŢĲĦƣĲĬШŉƨƣƨƖĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨƚŔŰŊШÉÉÂΟΤΜЯШƽőŔĦőШőċƚШ
ƚŔůŔũċƖШƖċĬŔċƣŔƻĲШŉŸƖĦŔŰŊШƣŸШÅ9ÂШΣЮΜЮШ[ŸƖШƣőĲШŊƖĲċƣĲƚƣШĲůŔƚƚŔŸŰƚЯШƚĦĲŰċƖŔŸЯШÅ9ÂШΥЮΡЯШìŔũĬШĲƣШċũЮШ
ыΞΜΝΞьЯШòŸƨŰŊШĲƣШċũЮШыΞΜΝΟĤЯШΞΜΝΟċьЯШċŰĬШÉŔĦċƖĬШĲƣШċũЮШыΞΜΝΤьШƓƖŸŢĲĦƣШŔŰĦƖĲċƚĲƚШŔŰШŊũŸĤċũШ
ƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƽŔƣőШƻĲŊĲƣċƣŔŸŰШŔŰШÉŸƨƣőШ ůĲƖŔĦċЯШÖÉ ЯШ ƚŔċШċŰĬШ ŉƖŔĦċШŔŰШ
ƓċƖƣŔĦƨũċƖШƣőƖĲċƣĲŰĲĬШĤǃШŔŰĦƖĲċƚĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШÖŰĬĲƖШũŸƽĲƖШĲůŔƚƚŔŸŰШƚĦĲŰċƖŔŸƚЯШÅ9ÂШΞЮΣШ
ċŰĬШΠЮΡЯШìŔũĬШĲƣШċũЮШыΞΜΝΞьШċŰĬШÉŔĦċƖĬШĲƣШċũЮШыΞΜΝΤьШƓƖŸŢĲĦƣШċШĬĲĦƖĲċƚĲШŔŰШŊũŸĤċũШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƣőŸƨŊőШƚŸůĲШƖĲŊŔŸŰċũШƻċƖŔċƣŔŸŰƚШċƖĲШŸĤƚĲƖƻĲĬЮШÑőĲШǯŰĬŔŰŊƚШŸŉШòŸƨŰŊШĲƣШċũЮШ
ыΞΜΝΟĤЯШΞΜΝΟċьШĦŸŰƣƖċƚƣШƣőŔƚШƚũŔŊőƣũǃЯШċƚШƨŰĬĲƖШÅ9ÂШΠЮΡШƣőĲǃШƓƖĲĬŔĦƣШĬĲĦƖĲċƚĲƚШŔŰШŊũŸĤċũШ
ƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШƣőĲШŰŸƖƣőĲƖŰШőĲůŔƚƓőĲƖĲШċŰĬШŔŰĦƖĲċƚĲƚШŔŰШƣőĲШƚŸƨƣőĲƖŰЮШ
ÖŰĬĲƖШÅ9ÂШΣЮΜШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШƓƖŸŢĲĦƣĲĬШƣŸШĬĲĦƖĲċƚĲШŊũŸĤċũũǃШыòŸƨŰŊШĲƣШċũЮЯШΞΜΝΟĤЯШ
ΞΜΝΟċьЮШũũШċƨƣőŸƖƚШċŊƖĲĲШƣőċƣШƣőĲШŊƖĲċƣĲƚƣШŔŰĦƖĲċƚĲƚШŔŰШƚƨƖŉċĦĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽŔũũШŸĦĦƨƖШ
ċĦƖŸƚƚШ ƚŔċЯШċŰĬШŔŰШƓċƖƣŔĦƨũċƖШÉŸƨƣőШƚŔċШыìŔũĬШĲƣШċũЮЯШΞΜΝΞбШÉŔĦċƖĬШĲƣШċũЮЯШΞΜΝΤбШòŸƨŰŊШĲƣШċũЮЯШ
ΞΜΝΟĤЯШΞΜΝΟċбШ]ƖŔǭŔƣőƚШĲƣШċũЮЯШΞΜΞΝьЮШ[ŔŊƨƖĲШΝЮΣШƚőŸƽƚШċШƻŔƚƨċũШƖĲƓƖĲƚĲŰƣċƣŔŸŰШŸŉШŉƨƣƨƖĲШƚƨƖŉċĦĲШ
§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƚШƓƖŸŢĲĦƣĲĬШƨŰĬĲƖШƻċƖŔŸƨƚШĲůŔƚƚŔŸŰƚШƚĦĲŰċƖŔŸƚШĤǃШΞΜΟΜШċŰĬШΞΝΜΜШŉƖŸůШ
òŸƨŰŊШĲƣШċũЮШыΞΜΝΟĤЯШΞΜΝΟċьЮ 

ÑċĤũĲЮΤдΤжЮÉƨůůċƖǃЮŸŉЮƣőĲЮĬĲǯŰŔƣŔŸŰƚЮŸŉЮƣőĲЮĬŔǭĲƖĲŰƣЮÅ9ÂЮƚĦĲŰċƖŔŸƚЮы?E[Å ШĲƣШċũЮЯШΞΜΝΥбШ~ŸƚƚШĲƣШċũЮЯШΞΜΝΜьд 

RCP Radiative forcing Notes 
2.6 Radiative forcing stabilised at 2.6 Wm-2 Below the 10th percentile of emissions 

mitigation scenarios 
4.5 Radiative forcing stabilised at 4.5 Wm-2  

6.0 Radiative forcing stabilised at 6.0 Wm-2  
8.5 Radiative forcing stabilised at 8.5 Wm-2 90th percentile of emissions scenarios 
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[ŔŊƨƖĲЮΤдΩжЮĤƚŸũƨƣĲЮĦőċŰŊĲЮŔŰЮƚƨƖŉċĦĲЮ§ΦЮёƓƓĤƻђЮЮŉŸƖЮƣőĲЮ 9цЮ9~fÂЮĲŰƚĲůĤũĲЮůĲċŰЮĦŸůƓċƖĲĬЮƣŸЮƣőĲЮcŔƚƣЮΥΣΣΣЮ
ƚŔůƨũċƣŔŸŰЮёƓƓĤƻђдЮÑŸƓЮƖŸƽЮƚőŸƽƚЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŉŸƖЮƣőĲЮcŔƚƣЮΤΫΨΣЮċŰĬЮΤάΫΣЮƣŔůĲЮƚũŔĦĲƚдЮÑőĲЮŰĲǂƣЮŉŸƨƖЮƖŸƽƚЮƚőŸƽЮƣőĲЮ
ĬŔǭĲƖĲŰĦĲЮŉŸƖЮƣőĲЮΥΣΦΣЮċŰĬЮΥΤΣΣЮƣŔůĲЮƚũŔĦĲƚЮŸŉЮƣőĲЮÅ9ÂЮƚŔůƨũċƣŔŸŰƚдЮ ŸŰцƽőŔƣĲЮƖĲŊŔŸŰƚЮŔŰĬŔĦċƣĲЮƽőĲƖĲЮƣőĲЮĦőċŰŊĲЮŔƚЮ
ƚŔŊŰŔǯĦċŰƣЮċƣЮƣőĲЮΨӜЮũĲƻĲũеЮĤċƚĲĬЮŸŰЮƣőĲЮƚƓƖĲċĬЮŸŉЮƣőĲЮĬŔǭĲƖĲŰĦĲƚЮĤĲƣƽĲĲŰЮƣőĲЮůŸĬĲũƚдЮÑőĲЮƖĲĬЮĬċƚőĲĬЮũŔŰĲЮŔŰĬŔĦċƣĲƚЮ
ƣőĲЮƓŸƚŔƣŔŸŰЮŸŉЮƣőĲЮċŰŰƨċũЮǍŸŰċũЮůĲċŰЮΤΨΣЮƓƓĤƻЮ§ΦЮĦŸŰƣŸƨƖЮŉƖŸůЮƣőĲЮcŔƚƣЮΤΫΨΣЮƚŔůƨũċƣŔŸŰдЮÑőŔƚЮǯŊƨƖĲЮċŰĬЮĦċƓƣŔŸŰЮƽċƚЮ
ƣċťĲŰЮŉƖŸůЮòŸƨŰŊЮĲƣЮċũдЮёΥΣΤΦĤеЮΥΣΤΦċђ 
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ΝЮΟШ~ĲĦőċŰŔƚůƚШĤǃШƽőŔĦőШ§ΟЯШĦũŔůċƣĲШƻċƖŔċĤũĲƚШċŰĬШ ШŔŰǰƨĲŰĦĲШǃŔĲũĬƚШ
ċŰĬШŰƨƣƖŔƣŔŸŰ 
ÑŸШůĲĲƣШƣőĲШĬĲůċŰĬƚШŸŉШƣőĲШŔŰĦƖĲċƚŔŰŊШŊũŸĤċũШƓŸƓƨũċƣŔŸŰЯШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШŰĲĲĬƚШƣŸШŔŰĦƖĲċƚĲШ
ыÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤьЮШcŸƽĲƻĲƖЯШƽőĲċƣШŔƚШŸŰĲШŸŉШƣőĲШůŸƚƣШƻƨũŰĲƖċĤũĲШĦƖŸƓƚШƣŸШĤŸƣőШĦũŔůċƣĲШ
ĦőċŰŊĲШċŰĬШ§ΟШŔůƓċĦƣƚЯШƽŔƣőШĤŸƣőШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШƣőƖĲċƣĲŰĲĬШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШ ƚƚĲŰŊШĲƣШ
ċũЮЯШΞΜΝΦбШÑċŔЯШ~ċƖƣŔŰШċŰĬШcĲċũĬЯШΞΜΝΠбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤьЮШfŰĦƖĲċƚĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƖĲĬƨĦĲШ
ƣőĲШƚƣċƖĦőШċŰĬШƓƖŸƣĲŔŰШǃŔĲũĬШыŊ ƨƣƖŔĲŰƣШůрΞьШŸŉШƽőĲċƣШċũŸŰŊШƽŔƣőШƚĲƻĲƖċũШŸƣőĲƖШŰƨƣƖŔƣŔŸŰċũũǃШ
ŔůƓŸƖƣċŰƣШůŔŰĲƖċũƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШìőŔũĲЯШŔŰĦƖĲċƚĲĬШƣĲůƓĲƖċƣƨƖĲƚШċŰĬШƽċƣĲƖШƚƣƖĲƚƚШƽŔũũШ
ƖĲĬƨĦĲШƽőĲċƣШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШыŊÂƖŸƣĲŔŰШůрΞьШƽőŔũĲШŔŰĦƖĲċƚŔŰŊШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШƓƖŸƣĲŔŰШ
ыŊÂƖŸƣĲŔŰШŊ?~рΝьШŔŰШƣőĲШŊƖċŔŰƚШы~ċƖŔĲůШĲƣШċũЮЯШΞΜΞΝбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΟьЮШũƣőŸƨŊőШőŔŊőĲƖШĦċƖĤŸŰШ
ĬŔŸǂŔĬĲШы9§ΞьШĦŸŰĦĲŰƣƖċƣŔŸŰƚШůċǃШůŔƣŔŊċƣĲШƚŸůĲШŸŉШƣőĲШŰĲŊċƣŔƻĲШǃŔĲũĬШŔůƓċĦƣƚШŸŉШ§ΟШċŰĬШ
ŔŰĦƖĲċƚĲĬШƣĲůƓĲƖċƣƨƖĲƚЯШƣőĲǃШƽŔũũШũŔťĲũǃШŰŸƣШŸǭƚĲƣШƣőĲШŔůƓċĦƣШŸŰШƽőĲċƣШƕƨċũŔƣǃШы7ƖŸĤĲƖŊШĲƣШċũЮЯШ
ΞΜΞΟьЮШfŰШƣőŔƚШƚĲĦƣŔŸŰЯШƣőĲШŔůƓċĦƣШŸŉШ§ΟШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШƻċƖŔċĤũĲƚЯШŔŰĬŔƻŔĬƨċũũǃШċŰĬШŔŰШ
ĦŸůĤŔŰċƣŔŸŰЯШŸŰШƽőĲċƣШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃШċƖĲШĲǂƓũŸƖĲĬЯШŉŸĦƨƚƚŔŰŊШŸŰШƓƖŸƣĲŔŰШċƚШċШůĲċƚƨƖĲШŸŉШ
ƽőĲċƣШƕƨċũŔƣǃЮ 

ÑŸШŔĬĲŰƣŔŉǃШƣőĲШťĲǃШůĲĦőċŰŔƚůƚШŸŉШĬċůċŊĲШŉƖŸůШ§ΟШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШƻċƖŔċĤũĲƚЯШƣőĲŔƖШĲǭĲĦƣƚШ
ŸŰШƣőĲШŉŸũũŸƽŔŰŊШťĲǃШƓũċŰƣШƓƖŸĦĲƚƚĲƚШċƖĲШĲǂċůŔŰĲĬаШũĲċŉШƓőǃƚŔŸũŸŊǃШыƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚьЯШċŰƣŔŸǂŔĬċŰƣШĬĲŉĲŰĦĲЯШƚĲŰĲƚĦĲŰĦĲЯШĤŔŸůċƚƚЯШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШċŰĬШŊƖċŔŰШǃŔĲũĬШѼШ
ƕƨċũŔƣǃЮШÖŰĬĲƖƚƣċŰĬŔŰŊШƣőĲƚĲШƓƖŸĦĲƚƚĲƚШŔƚШĦƖƨĦŔċũШŉŸƖШƖĲũċƣŔŰŊШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШċŰĬШĦũŔůċƣĲШ
ĦőċŰŊĲШƣŸШĦƖŸƓШŊƖŸƽƣőШыĤŔŸůċƚƚШċŰĬШǃŔĲũĬƚьШċŰĬШĬĲƻĲũŸƓůĲŰƣШыŊƖŸƽƣőШƚƣċŊĲƚШċŰĬШƚĲŰĲƚĦĲŰĦĲьЮШ
fŰШƣőŔƚШƚĲĦƣŔŸŰШĤŸƣőШ ШċŰĬШƓƖŸƣĲŔŰШċƖĲШƖĲŉĲƖƖĲĬШƣŸЮШÉŔŰĦĲШ ШŔƚШċШťĲǃШĦŸůƓŸŰĲŰƣШŸŉШƓƖŸƣĲŔŰЯШ Ш
ĬǃŰċůŔĦƚШċƖĲШĦŸŰƚŔĬĲƖĲĬШċƚШċШĬĲƣĲƖůŔŰċŰƣШŸŉШǯŰċũШŊƖċŔŰШƓƖŸƣĲŔŰЮШÑőĲШťŰŸƽũĲĬŊĲШŊċŔŰĲĬШŔŰШƣőŔƚШ
ƚĲĦƣŔŸŰШƽŔũũШőĲũƓШŔĬĲŰƣŔŉǃШťĲǃШƓƖŸĦĲƚƚĲƚШƣŸШŔŰĦũƨĬĲШŔŰШůĲƣőŸĬƚШŸƖШůŸĬĲũƚШŉŸƖШċƚƚĲƚƚŔŰŊШƣőĲШ
ĲǭĲĦƣƚШŸŉШƣőĲƚĲШƚƣƖĲƚƚŸƖƚШŸŰШŉŸŸĬШƚƨƓƓũǃШċŰĬШŰƨƣƖŔƣŔŸŰЮ 

ΝЮΟЮΝШ§ΟШůĲĦőċŰŔƚůƚ 
§ŰĦĲШ§ΟШĬŔǭƨƚĲƚШŔŰƣŸШƣőĲШƓũċŰƣШƣőƖŸƨŊőШƣőĲШƚƣŸůċƣċЯШċШƚĲƖŔĲƚШŸŉШĦőĲůŔĦċũШƖĲċĦƣŔŸŰƚШƣċťĲШƓũċĦĲШ
ƣőċƣШƨũƣŔůċƣĲũǃШĲŰĬШƨƓШƖĲĬƨĦŔŰŊШƣőĲШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШċĦĦĲũĲƖċƣŔŰŊШĦƖŸƓШƚĲŰĲƚĦĲŰĦĲЮШ
ÑőŔƚШũĲċĬƚШƣŸШċШƖĲĬƨĦƣŔŸŰШŔŰШĦƖŸƓШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШ
fŰШƣőŔƚШƚĲĦƣŔŸŰЯШƣőĲШƓũċŰƣШƓƖŸĦĲƚƚĲƚШĤǃШƽőŔĦőШ§ΟШƖĲĬƨĦĲƚШĦƖŸƓШŊƖŸƽƣőЯШĤŔŸůċƚƚЯШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШ
ċƖĲШĲǂƓũċŔŰĲĬШƚĲƓċƖċƣĲũǃЮ 

ÉƣŸůċƣċũЮĦŸŰĬƨĦƣċŰĦĲ 
ÉƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШĬĲƣĲƖůŔŰĲƚШőŸƽШůƨĦőШ9§ΞШŊċŔŰƚШĲŰƣƖǃШƣŸШƣőĲШũĲċŉШŉŸƖШƓőŸƣŸƚǃŰƣőĲƚŔƚЮШ ƚШ
9§ΞШĬŔǭƨƚĲƚШŔŰƣŸШƣőĲШũĲċŉЯШƚŸШƣŸŸШƽŔũũШŸƣőĲƖШƣƖċĦĲШċƣůŸƚƓőĲƖŔĦШŊċƚĲƚЯШŔŰĦũƨĬŔŰŊШ§ΟЮШ ƚШƚƨĦőЯШ§ΟШ
ĬŔǭƨƚĲƚШŔŰƣŸШƣőĲШũĲċŉШƻŔċШƣőĲШƚƣŸůċƣċũШƓŸƖĲƚШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЯШƽőĲƖĲШƣőĲШċůŸƨŰƣШŸŉШ§ΟШ
ƣőċƣШĲŰƣĲƖƚШƣőĲШũĲċŉШĬĲƓĲŰĬƚШŸŰШƣőĲШĲǂƣĲƖŰċũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШƣőĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШŸŉШ
ƣőĲШũĲċŉШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΝьЮШÑőĲƖĲШċƖĲШċũƚŸШƖĲƚŔƚƣċŰĦĲƚШƣŸШƚƣŸůċƣċũШ§ΟШƨƓƣċťĲШƽőŔĦőШŔŰĦũƨĬĲШ
ċĲƖŸĬǃŰċůŔĦШƖĲƚŔƚƣċŰĦĲШċŰĬШĤŸƨŰĬċƖǃШũċǃĲƖШƖĲƚŔƚƣċŰĦĲШыƽőŔĦőШĬĲƣĲƖůŔŰĲШƣőĲШċůŸƨŰƣШŸŉШ§ΟШ
ƣƖċŰƚƓŸƖƣĲĬШƣŸШƣőĲШũĲċŉШƚƨƖŉċĦĲШċŰĬШőĲŰĦĲШċƻċŔũċĤũĲШŉŸƖШƨƓƣċťĲьШċŰĬШŔŰƣĲƖŰċũШƖĲƚŔƚƣċŰĦĲШŉƖŸůШƣőĲШ
ůĲƚŸƓőǃũũШĦĲũũƚЯШƽőŔĦőШƖĲĬƨĦĲШ§ΟШƨƓƣċťĲШĤǃШƖĲĬƨĦŔŰŊШƣőĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШŊƖċĬŔĲŰƣШĤĲƣƽĲĲŰШƣőĲШ
ũĲċŉШƚƨƖŉċĦĲШċŰĬШŔŰƣĲƖĦĲũũƨũċƖШƚƓċĦĲƚШŔŰƚŔĬĲШƣőĲШũĲċŉШыÑŔƽċƖŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΥьЮШ 



ΟΡ 
 

ŰƣŔŸǂŔĬċŰƣЮĬĲŉĲŰĦĲ 

§ŰĦĲШŔŰƚŔĬĲШƣőĲШũĲċŉЯШ§ΟШĬĲŊƖċĬĲƚШƣŸШŉŸƖůШƖĲċĦƣŔƻĲШŸǂǃŊĲŰШƚƓĲĦŔĲƚШыÅ§ÉьШŔŰĦũƨĬŔŰŊШcΞ§ΞЯШ
§ΞрШċŰĬШ§cШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШÑŔƽċƖŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΥбШuċŰŊċƚŢęƖƻŔЯШsċƚƓĲƖƚШċŰĬШ
uŸũũŔƚƣЯШΞΜΜΡьЮШxŸƽШũĲƻĲũƚШŸŉШÅ§ÉШƣƖŔŊŊĲƖШċŰШċĦĦũŔůċƣŔŸŰШĲǭĲĦƣЯШċũũŸƽŔŰŊШƣőĲШƓũċŰƣШƣŸШ
ŔŰĦƖĲċƚĲШŔƣƚШŊƖŸƽƣőШċŰĬШŉƨŰĦƣŔŸŰШċƚШƓũċŰƣƚШŰċƣƨƖċũũǃШĦŸŰƣċŔŰШƚůċũũШċůŸƨŰƣƚШŸŉШÅ§ÉШ
ŰĲĦĲƚƚċƖǃШŉŸƖШĬĲƻĲũŸƓůĲŰƣШы ŊċƣőŸťũĲŸƨƚЯШuŔƣċŸШċŰĬШ9ċũċĤƖĲƚĲЯШΞΜΝΦьЮШШƚůċũũШċůŸƨŰƣШ
ŸŉШƚƣƖĲƚƚЯШċŰĬШőĲŰĦĲШÅ§ÉЯШċũũŸƽƚШƣőĲШƓũċŰƣШƣŸШŔůƓƖŸƻĲШŔƣƚШŉƨŰĦƣŔŸŰŔŰŊШƚŸШƣőċƣШƽőĲŰШƣőĲШ
ƓũċŰƣШŔƚШĲǂƓŸƚĲĬШƣŸШőŔŊőĲƖШċůŸƨŰƣƚШŸŉШƣőĲШƚƣƖĲƚƚШũċƣĲƖШŸŰШŔƣШĲǂƓĲƖŔĲŰĦĲƚШũĲƚƚШĬċůċŊĲШ
ыÅĲŔũŔŰŊШċŰĬШ?ċƻŔƚŸŰЯШΝΦΦΡбШcĲũĬЯШ~ŸŸŰĲǃШċŰĬШ]ŸƖőċůЯШΝΦΦΝбШ~ŔťťĲũƚĲŰШċŰĬШÅŸȤ

ÂŸƨũƚĲŰЯШΝΦΦΠбШ ŊċƣőŸťũĲŸƨƚЯШuŔƣċŸШċŰĬШ9ċũċĤƖĲƚĲЯШΞΜΝΦбШ7ĲũũŔŰŔШċŰĬШ?ĲШÑƨũũŔŸЯШΞΜΝΦьЮШ
ÑőĲШċĦĦũŔůċƣŔŸŰШĲǭĲĦƣШŉŸƖůƚШƓċƖƣШŸŉШƣőĲШőŸƖůĲƚŔƚШƖĲƚƓŸŰƚĲШŔŰШƓũċŰƣƚЯШƽőĲƖĲŔŰШũŸƽШũĲƻĲũƚШ
ŸŉШċШƚƣƖĲƚƚŸƖШƓƖŸĬƨĦĲШċШƓŸƚŔƣŔƻĲШƖĲƚƓŸŰƚĲШŉŸƖШƓũċŰƣШŊƖŸƽƣőЯШƽőĲƖĲċƚШőŔŊőĲƖШũĲƻĲũƚШĦċŰШ
ŔŰĬƨĦĲШċШƖĲƚƓŸŰƚĲШĬĲƣƖŔůĲŰƣċũШƣŸШŊƖŸƽƣőШы7ĲũũŔŰŔШċŰĬШ?ĲШÑƨũũŔŸЯШΞΜΝΦбШ ŊċƣőŸťũĲŸƨƚЯШ
uŔƣċŸШċŰĬШ9ċũċĤƖĲƚĲЯШΞΜΝΦьЮШfŉШƣőĲШƣőƖĲƚőŸũĬШŉŸƖШÅ§ÉШƣŸШĤĲШĤĲŰĲǯĦŔċũШőċƚШĤĲĲŰШ
ĲǂĦĲĲĬĲĬЯШƚŸůĲШċƓŸƓũċƚƣŔĦШċŰƣŔŸǂŔĬċŰƣƚШыċŰƣŔŸǂŔĬċŰƣƚШũŸĦċƣĲĬШŸƨƣƚŔĬĲШŸŉШƣőĲШĦĲũũШ
ůĲůĤƖċŰĲЯШŉŸƖШĲǂċůƓũĲШŔŰШƣőĲШĦĲũũШƽċũũШŸƖШũĲċŉШĦƨƣŔĦũĲьШĦŸƨŰƣĲƖċĦƣШƣőĲƚĲШÅ§ÉЮШÑőĲШ
ƓƖŸĬƨĦƣŔŸŰШŸŉШƚƨĦőШċŰƣŔŸǂŔĬċŰƣƚШŔŰĦƖĲċƚĲƚШƣőĲШĬĲůċŰĬШŉŸƖШĦċƖĤŸŰШы9ьШƽőŔĦőШŔŰĦƖĲċƚĲƚШ
ƣőĲШƖċƣĲШŸŉШůŔƣŸĦőŸŰĬƖŔċũШƖĲƚƓŔƖċƣŔŸŰШŉŸƖШ§ΟШĬĲƣŸǂŔǯĦċƣŔŸŰШċŰĬШĦĲũũШƖĲƓċŔƖШыEůĤĲƖƚŸŰШĲƣШ
ċũЮЯШΞΜΝΥбШ]ċŰĬŔŰЯШ?ŔǍĲŰŊƖĲůĲũШċŰĬШsŸũŔƻĲƣЯШΞΜΞΝьЮШÑőĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШċŰƣŔŸǂŔĬċŰƣƚШŔŰШ
ƣőĲШċƓŸƓũċƚƣШŸŉШƽőĲċƣШőċƻĲШċШĬŔƨƖŰċũШƓƖŸǯũĲШŔŰĬƨĦĲĬШĤǃШƣőĲШĬċŔũǃШƻċƖŔċƣŔŸŰШŔŰШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШыìċŰŊШĲƣШċũЮЯШΞΜΝΡьЮШcĲŰĦĲЯШƣőĲШƣŔůĲШŸŉШĬċǃШŸŉШƚƣŸůċƣċũШ§ΟШƨƓƣċťĲШƽŔũũШ
ũŔťĲũǃШċǭĲĦƣШŔƣƚШċĤŔũŔƣǃШƣŸШĤĲШĬĲƣŸǂŔǯĲĬЮШfŉШƣőĲШƓũċŰƣШШŔƚШŸƻĲƖƽőĲũůĲĬШĤǃШƣőĲШċŰƣŔŸǂŔĬċŰƣШ
ĬĲůċŰĬЯШƣőĲŰШŰŸƣШċũũШÅ§ÉШċƖĲШĦŸůĤċƣƣĲĬШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШÑőĲШƖĲůċŔŰŔŰŊШÅ§ÉШ
ƖĲċĦƣШƽŔƣőШƣőĲШƓũċƚůċШůĲůĤƖċŰĲЯШĦƖĲċƣŔŰŊШőċƖůŉƨũШĬĲƖŔƻċƣŔƻĲƚШƽŔƣőШċШũŸŰŊĲƖШőċũŉрũŔŉĲЯШ
ƽőŔũĲШċŰƣŔŸǂŔĬċŰƣƚШůŸƻĲШŉƖŸůШƣőĲШƚǃůƓũċƚƣШƣŸШƣőĲШċƓŸƓũċƚƣШƣŸШőĲũƓШĬĲƣŸǂŔŉǃШ§ΟШċƣШŔƣƚШ
ĲŰƣƖǃШƓŸŔŰƣШŔŰƣŸШƣőĲШũĲċŉШыÑŔƽċƖŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΥбШEůĤĲƖƚŸŰШĲƣШċũЮЯШ
ΞΜΝΥьЮÂőŸƣŸƚǃŰƣőĲƚŔƚ 
[ŸũũŸƽŔŰŊШƣőĲШċƣƣċĦťШŸŰШƣőĲШƓũċƚůċШůĲůĤƖċŰĲЯШÅ§ÉШĬĲƚƣƖŸǃШƓőŸƣŸƚǃŰƣőĲƣŔĦШƓŔŊůĲŰƣƚШũĲċĬŔŰŊШƣŸШ
ċШƖĲĬƨĦƣŔŸŰШŔŰШƚŔƣĲƚШċƻċŔũċĤũĲШŉŸƖШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖĲċĦƣŔŸŰƚШыÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΞьЮШ[ƨƖƣőĲƖЯШƣőĲШ
Å§ÉШĦċƨƚĲШƓƖŸƣĲŔŰШĬĲŊƖċĬċƣŔŸŰШƽőŔĦőШƖĲĬƨĦĲƚШƣőĲШċůŸƨŰƣШŸŉШÅƨĤŔƚĦŸШċĦƣŔƻċƚĲШыÅ ьЯШċŰĬШ
ƚƨĤƚĲƕƨĲŰƣũǃШŔůƓċĦƣƚШƣőĲШĦċƖĤŸǂǃũċƣŔŸŰШĲǭŔĦŔĲŰĦǃШыƖċƣĲШŸŉШǯǂċƣŔŸŰШŸŉШ9§ΞШĬƨƖŔŰŊШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚьШыÑŔƽċƖŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΥбШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΞбШ[ĲŰŊШĲƣШċũЮЯШΞΜΝΣбШuőċŰŰċр
9őŸƓƖċЯШΞΜΝΞьЮШ ШŉƨƖƣőĲƖШŉċĦƣŸƖШũĲċĬŔŰŊШƣŸШƖĲĬƨĦĲĬШƓőŸƣŸƚǃŰƣőĲƚŔƚШŔƚШÅ§ÉШĬċůċŊĲƚШƣŸШ
ƓőŸƣŸƚǃƚƣĲůШffШыÂÉffьШƽőĲƖĲШƓőŸƣŸŰƚШċƖĲШĦċƓƣƨƖĲĬЮШÑőĲШƖĲĬƨĦƣŔŸŰШŔŰШƓőŸƣŸŰШĦċƓƣƨƖĲШƖĲĬƨĦĲƚШƣőĲШ
ĲũĲĦƣƖŸŰШƣƖċŰƚƓŸƖƣШƖċƣĲШċŰĬШƣőĲШĲǭŔĦŔĲŰĦǃШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖĲċĦƣŔŸŰƚШы[ĲŰŊШĲƣШċũЮЯШΞΜΝΝбШÑŔƽċƖŔШ
ċŰĬШ ŊƖċƽċũЯШΞΜΝΥбШ[ĲŰŊШĲƣШċũЮЯШΞΜΝΣьЮШÑőĲШĬĲƚƣƖƨĦƣŔŸŰШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШƓŔŊůĲŰƣƚШċũƚŸШũĲċĬƚШƣŸШ
ƻŔƚŔĤũĲШĬċůċŊĲШŸŰШƣőĲШũĲċŉЮШ ŰШĲǂċůƓũĲШŸŉШƣőŔƚШŔƚШŊŔƻĲŰШŔŰШ[ŔŊƨƖĲШΝЮΤШƽőŔĦőШƚőŸƽƚШǃĲũũŸƽŔŰŊШŸŰШ
ƣőĲШǰċŊШũĲċŉШŸŉШċШƽőĲċƣШƓũċŰƣШĬƨĲШƣŸШ§ΟШĬĲƚƣƖƨĦƣŔŸŰШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШƓŔŊůĲŰƣƚЮ 



ΟΣ 
 

 

[ŔŊƨƖĲЮΤдΪжЮ[ũċŊЮũĲċŉЮŸŉЮċЮƽőĲċƣЮƓũċŰƣЮƣőċƣЮőċƚЮĤĲĲŰЮĲǂƓŸƚĲĬЮƣŸЮőŔŊőЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŸŉЮ§ΦдЮÑőĲЮǃĲũũŸƽŔŰŊЮƚőŸƽƚЮƣőĲЮ
ĲǭĲĦƣЮƣőċƣЮ§ΦЮőċƚЮőċĬЮŸŰЮĬĲƚƣƖŸǃŔŰŊЮƓőŸƣŸƚǃŰƣőĲƣŔĦЮƓŔŊůĲŰƣƚдЮÑőĲЮĲǭĲĦƣЮŔƚЮĦċũũĲĬЮĦőũŸƖŸƚŔƚдЮÑőŔƚЮŔůċŊĲЮŔƚЮƖĲƓƖŔŰƣĲĬЮ
ŉƖŸůЮf9ÂЮéĲŊĲƣċƣŔŸŰЮёΥΣΤΧђд 

ÉĲŰĲƚĦĲŰĦĲ 
?ƨƖŔŰŊШŰċƣƨƖċũШƚĲŰĲƚĦĲŰĦĲЯШĦőũŸƖŸƓũċƚƣƚЯШċŰĬШÅƨĤŔƚĦŸЯШċƖĲШĬĲŊƖċĬĲĬШĤǃШÅ§ÉЯШƣŸШċũũŸƽШŉŸƖШ
ƓƖŸĬƨĦƣŔŸŰШŸŉШƓƖŸƣĲŔŰƚШŉŸƖШƖĲůŸĤŔũŔƚċƣŔŸŰШƣŸШŸƣőĲƖШƓũċŰƣШƓċƖƣƚЯШƚƨĦőШċƚШƣőĲШŊƖŸƽŔŰŊШƽőĲċƣШŊƖċŔŰƚШ
ыuőċŰŰċр9őŸƓƖċЯШΞΜΝΞбШ[ĲũũĲƖШċŰĬШ[ŔƚĦőĲƖЯШΝΦΦΠьЮШ?ƨƖŔŰŊШ§ΟШƚƣƖĲƚƚШƣőŔƚШĲǭĲĦƣШŔƚШċĦĦĲũĲƖċƣĲĬШċƚШ
Å§ÉШƓƖŸĬƨĦĲĬШċƚШċШƖĲƚƨũƣШŸŉШĲũĲƻċƣĲĬШ§ΟШŔŰŔƣŔċƣĲШĲċƖũŔĲƖШċŰĬШŉċƚƣĲƖШĬĲŊƖċĬċƣŔŸŰШŸŉШĦőũŸƖŸƓũċƚƣƚШ
ċŰĬШÅƨĤŔƚĦŸЯШƽőŔĦőШĦċŰШũĲċĬШƣŸШĲċƖũǃШŸŰƚĲƣШċŰĬШċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШыuőċŰŰċр9őŸƓƖċЯШ
ΞΜΝΞбШ[ĲŰŊШĲƣШċũЮЯШΞΜΝΣЯШΞΜΝΝбШÑŔƽċƖŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΥбШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΞьЮШEũĲƻċƣĲĬШ§ΟШ
ůċǃШŸƻĲƖƽőĲũůШƣőĲШĬĲƣŸǂŔŉǃŔŰŊШċŰƣŔŸǂŔĬċŰƣƚШċŰĬШÅ§ÉШƽŔũũШĬĲŊƖċĬĲШÅƨĤŔƚĦŸШċŰĬШĦőũŸƖŸƓũċƚƣƚШŔŰШċШ
ŊƖĲċƣĲƖШċůŸƨŰƣШċŰĬШĲċƖũŔĲƖШŔŰШƣőĲШƓũċŰƣќƚШũŔŉĲЯШċŊċŔŰШũĲċĬŔŰŊШƣŸШċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШыuőċŰŰċр
9őŸƓƖċЯШΞΜΝΞьЮШ7ŸƣőШƣőĲШŸŰƚĲƣШċŰĬШƖċƣĲШŸŉШƚĲŰĲƚĦĲŰĦĲШċƖĲШċĦĦĲũĲƖċƣĲĬШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШ
cŸƽĲƻĲƖЯШƣőĲШũĲċŉШċŊĲШƓũċǃƚШċШƖŸũĲШŔŰШŔƣƚШĦċƓċĦŔƣǃШƣŸШĬĲŉĲŰĬШŔƣƚĲũŉШċŊċŔŰƚƣШÅ§ÉЯШƽŔƣőШċШŊƖĲċƣĲƖШ§ΟШ
ĲǭĲĦƣШĤĲŔŰŊШŸĤƚĲƖƻĲĬШŔŰШũŸƽĲƖЯШŸũĬĲƖШũĲċƻĲƚШĦŸůƓċƖĲĬШƣŸШƣőĲШǰċŊШũĲċŉШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШ
cċǃĲƚЯШΞΜΞΠьЮШ 

7ŔŸůċƚƚ 
ÉƨĤƚĲƕƨĲŰƣũǃЯШƣőĲƖĲШŔƚШũĲƚƚШƓőŸƣŸƚǃŰƣőċƣĲШыŔЮĲЮШċƚƚŔůŔũċƣĲĬШ9ьШċƻċŔũċĤũĲШċŰĬШƣőĲШƓũċŰƣШ9Ш
ċũũŸĦċƣŔŸŰШƓƖŸĦĲƚƚĲƚШċƖĲШůŸĬŔǯĲĬШŔŰШŸƖĬĲƖШƣŸШƓƖŸĬƨĦĲШůŸƖĲШċŰƣŔŸǂŔĬċŰƣƚШŉŸƖШ§ΟШĬĲŉĲŰĦĲШыÑŔƽċƖŔШ
ċŰĬШ ŊƖċƽċũЯШΞΜΝΥбШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΞьЮШxĲƚƚШĤŔŸůċƚƚШŔƚШĬŔƖĲĦƣĲĬШƣŸƽċƖĬƚШƣőĲШƖŸŸƣƚШċƚШƣőĲШ
ƓũċŰƣШŉċƻŸƨƖƚШƓőŸƣŸƚǃŰƣőċƣĲШƓċƖƣŔƣŔŸŰŔŰŊШƣŸШƣőĲШƚőŸŸƣШƣŸШƖĲƓċŔƖШ§ΟШŔŰĬƨĦĲĬШĬċůċŊĲШċŰĬШĦŸŰƣŔŰƨĲШ
ŊƖŸƽƣőШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШÂċŰĬĲǃШĲƣШċũЮЯШΞΜΝΥбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШ
ÅĲĬƨĦĲĬШƖŸŸƣШĤŔŸůċƚƚШůĲċŰƚШƣőċƣШƣőĲШШƨƓƣċťĲШŸŉШŰƨƣƖŔĲŰƣƚШŔƚШũĲƚƚШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШыEůĤĲƖƚŸŰШ
ĲƣШċũЮЯШΞΜΝΥбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШ 

]ƖċŔŰЮ?~ЮċŰĬЮƚƣċƖĦő 
§ΟШŔŰĬƨĦĲĬШċĦĦĲũĲƖċƣĲĬШƓũċŰƣШƚĲŰĲƚĦĲŰĦĲШƖĲƚƨũƣƚШŔŰШċШƚőŸƖƣĲƖШƓĲƖŔŸĬШŉŸƖШŊƖċŔŰШŊƖŸƽƣőШċŰĬШǯũũŔŰŊШ
ы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШÅĲĬƨĦĲĬШƓőŸƣŸƚǃŰƣőċƣĲШƓƖŸĬƨĦƣŔŸŰШċŰĬШůŸĬŔǯĲĬШ9ШċũũŸĦċƣŔŸŰШƓƖŸĦĲƚƚĲƚШ
ċũƚŸШŔŰǰƨĲŰĦĲШŊƖċŔŰШĤŔŸůċƚƚШċĦĦƨůƨũċƣŔŸŰЯШƣőĲШƚŔǍĲШŸŉШŊƖċŔŰƚШċŰĬШƣőĲШŰƨůĤĲƖШŸŉШŊƖċŔŰƚШƣőċƣШċƖĲШ
ǯũũĲĬШыÑŸůĲƖШĲƣШċũЮЯШΞΜΝΡбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШÑőĲШƖĲĬƨĦƣŔŸŰШŔŰШĤŔŸůċƚƚШƓċƖƣŔƣŔŸŰŔŰŊШƣŸШƣőĲШŊƖċŔŰШ



ΟΤ 
 

ƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШőċƚШċũƚŸШĤĲĲŰШŉŸƨŰĬШƣŸШĬĲĦƖĲċƚĲШƣőĲШƚƣċƖĦőШĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШĦŸŰƣĲŰƣШŸŉШ
ƽőĲċƣШŊƖċŔŰƚШы[ƨőƖĲƖШĲƣШċũЮЯШΝΦΦΜбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШÑŸůĲƖШĲƣШċũЮЯШΞΜΝΡбШòċĬċƻШĲƣШċũЮЯШΞΜΝΦċьЮШ 

 ЮƖĲůŸĤŔũŔƚċƣŔŸŰ 
ÂƖĲрċŰƣőĲƚŔƚШ ШċĦĦƨůƨũċƣŔŸŰШŔŰШƨƓƓĲƖШƓũċŰƣШƓċƖƣƚШŔƚШƨŰċǭĲĦƣĲĬШĤǃШŔŰĦƖĲċƚĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮШcŸƽĲƻĲƖЯШċŉƣĲƖШċŰƣőĲƚŔƚЯШĬƨĲШƣŸШƣőĲШċĦĦĲũĲƖċƣŔŸŰШŸŉШ
ƚĲŰĲƚĦĲŰĦĲШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŉƖŸůШƻĲŊĲƣċƣŔƻĲШƓċƖƣƚШƣŸШƣőĲШŊƖċŔŰШŔƚШƖĲĬƨĦĲĬШ
ы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΤбШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠбШ9őċŰŊрEƚƓŔŰŸШĲƣШċũЮЯШΞΜΞΝьЮШfƣШŔƚШШ
ƚƨŊŊĲƚƣĲĬШƣőċƣШƣőĲƖĲШŔƚШċŰШċĬĬŔƣŔŸŰċũШƓƖŸĦĲƚƚШƣőċƣШŔůƓċĦƣƚШƣőŔƚШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ЯШċƚШ7ƖĲƽƚƣĲƖЯШ
[ĲŰŰĲƖШċŰĬШcċǃĲƚШыΞΜΞΠьШĬĲƣĲĦƣĲĬШċŰШŔŰĦƖĲċƚĲШŔŰШƖĲƚŔĬƨċũШ ШŔŰШƣőĲШǰċŊШũĲċŉЯШƽŔƣőШŰŸШĦőċŰŊĲШŔŰШ
ƣőĲШƣŔůŔŰŊШŸŉШƚĲŰĲƚĦĲŰĦĲЮШÑőŔƚШƨŰťŰŸƽŰШƓƖŸĦĲƚƚШĦŸƨũĬШĤĲШċƣƣƖŔĤƨƣĲĬШƣŸШċŰƣŔŸǂŔĬċŰƣШƓƖŸĬƨĦƣŔŸŰШ
ŉŸƖШĬĲŉĲŰĦĲШċŊċŔŰƚƣШÅ§ÉШƽőŔĦőШƽŸƨũĬШƖĲĬƨĦĲШƣőĲШ ШŉŸƖШƖĲůŸĤŔũŔƚċƣŔŸŰШƣŸШƣőĲШŊƖċŔŰƚШы7ƖĲƽƚƣĲƖЯШ
[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠбШÉċƖťċƖШċŰĬШ ŊƖċƽċũЯШΞΜΝΜбШòċĬċƻШĲƣШċũЮЯШΞΜΝΦĤьЮ 

]ƖċŔŰЮƕƨċũŔƣǃ 
ĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШċĦƣŔƻċƣĲƚШĲċƖũŔĲƖШƣƖċŰƚŉĲƖШŸŉШƓƖŸƣĲŔŰШċŰĬШůŔĦƖŸŰƨƣƖŔĲŰƣƚШƣŸШƣőĲШƽőĲċƣШ
ŊƖċŔŰШыÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡьЮШcŸƽĲƻĲƖЯШƣőĲƖĲШŔƚШċШƖĲĬƨĦƣŔŸŰШŔŰШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШƣőĲШƚƣĲůШ
ċŰĬШũĲċƻĲƚШƣŸШƣőĲШŊƖċŔŰШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΤбШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮШÖƓƣċťĲШŸŉШ Ш
ŉƖŸůШƚŸŔũШŔƚШůċŔŰƣċŔŰĲĬШƣŸШċШũċƖŊĲƖШĲǂƣĲŰƣШƣőċŰШĤŔŸůċƚƚШċĦĦƨůƨũċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШ
ы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШƚШċШƖĲƚƨũƣЯШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШ ШыŊ ШŊ?~рΝьШŔŰШƽőĲċƣШŊƖċŔŰƚШŊĲŰĲƖċũũǃШ
ŔŰĦƖĲċƚĲƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШƽőŔũĲШƣőĲШŊƖċŔŰШǃŔĲũĬШыŊ ШůрΞьШŸŉШƣőĲШůŔŰĲƖċũШĬĲĦƖĲċƚĲƚШċƚШċШƖĲƚƨũƣШŸŉШ
ƣőĲШƖĲĬƨĦĲĬШƓũċŰƣШ ШċŰĬШƖĲĬƨĦĲĬШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШƣŸШƣőĲШŊƖċŔŰШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡЯШΞΜΞΜбШ[ĲŰŊШ
ĲƣШċũЮЯШΞΜΜΥбШìċŰŊШĲƣШċũЮЯШΞΜΝΤьЮШ]ƖċŔŰШ ШŔƚШċШťĲǃШĬĲƣĲƖůŔŰĲƖШŸŉШŊƖċŔŰШƓƖŸƣĲŔŰШůĲċŰŔŰŊШƣőċƣШƣőĲШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШŊƖċŔŰШƓƖŸƣĲŔŰШŊĲŰĲƖċũũǃШŔŰĦƖĲċƚĲƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШƽőŔũĲШƣőĲШŊƖċŔŰШǃŔĲũĬШŸŉШ
ƓƖŸƣĲŔŰШĬĲĦƖĲċƚĲƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШÑőĲШƓƖŸƣĲŔŰШƕƨċũŔƣǃШŔƚШċũƚŸШċǭĲĦƣĲĬШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШ
ƽŔƣőШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШǯŰĬŔŰŊШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШƚŸůĲШ ШŔŰĦƖĲċƚĲĬШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШ
ƽőŔũĲШŸƣőĲƖƚШĬĲĦƖĲċƚĲĬЯШƽőŔĦőШŔƚШũŔŰťĲĬШƣŸШƣőĲШƓũċŰƣШċŰƣŔŸǂŔĬċŰƣШƖĲƚƓŸŰƚĲШы ũŔШĲƣШċũЮЯШΞΜΝΦьЮ 

ΝЮΟЮΞШ9ũŔůċƣĲШƻċƖŔċĤũĲƚШůĲĦőċŰŔƚůƚ 
cĲċƣШƚƣƖĲƚƚЯШĬƖŸƨŊőƣШƚƣƖĲƚƚШċŰĬШŔŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦċŰШŔůƓċĦƣШůċŰǃШŸŉШƣőĲШ
ƓƖŸĦĲƚƚĲƚШŔŰƻŸũƻĲĬШŔŰШƣőĲШŊƖŸƽƣőШċŰĬШĬĲƻĲũŸƓůĲŰƣШŸŉШĦƖŸƓƚЮШÑőĲƚĲШƣőƖĲĲШĦũŔůċƣĲШƻċƖŔċĤũĲƚШƽŔũũШ
ĦŸрŸĦĦƨƖШƨŰĬĲƖШĦũŔůċƣĲШĦőċŰŊĲШƽőŔĦőШĦŸƨũĬШŸǭƚĲƣШŸƖШĲǂċĦĲƖĤċƣĲШƓũċŰƣШƖĲƚƓŸŰƚĲƚЮШìőĲċƣШƓũċŰƣƚШ
ċƖĲШĦŸŰƚŔĬĲƖĲĬШĬƖŸƨŊőƣШƚƣƖĲƚƚĲĬШċƣШċШƣőƖĲƚőŸũĬШŸŉШΡΜӖШƖĲũċƣŔƻĲШƚŸŔũШůŸŔƚƣƨƖĲШĦŸŰƣĲŰƣЯШĤĲũŸƽШ
ƽőŔĦőШƣƖċŰƚƓŔƖċƣŔŸŰШċŰĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШċŰĬШũĲċŉШƽċƣĲƖШĦŸŰƣĲŰƣШƖċƓŔĬũǃШĬĲĦũŔŰĲШыìċŰŊШĲƣШċũЮЯШ
ΞΜΞΟĤьЮШìőĲċƣШŔƚШŊĲŰĲƖċũũǃШĦŸŰƚŔĬĲƖĲĬШƣŸШĤĲШĲǂƓĲƖŔĲŰĦŔŰŊШőĲċƣШƚƣƖĲƚƚШċƣШƣĲůƓĲƖċƣƨƖĲƚШӂШΟΜ҄ 9Ш
ĬƨƖŔŰŊШƣőĲШĬċǃЯШċŰĬШӂШΞΜ҄9ШĬƨƖŔŰŊШƣőĲШŰŔŊőƣЯШċƣШƽőŔĦőШƓŸŔŰƣШƣőĲШŰƨůĤĲƖШŸŉШŊƖċŔŰƚШĬĲĦũŔŰĲƚШ
ыÉƨƖǃċƻċŰƚőŔШċŰĬШ7ƨƣƣċƖЯШΞΜΝΣбШÉƣŸŰĲШċŰĬШ ŔĦŸũċƚЯШΝΦΦΡбШ9ŸƖĤĲũũŔŰŔШĲƣШċũЮЯШΝΦΦΤбШÉċŔŰŔЯШÉĲĬŊũĲǃШ
ċŰĬШ ƚƓŔŰċũũЯШΝΦΥΟьЮ 

ÉƣŸůċƣċũЮĦŸŰĬƨĦƣċŰĦĲ 
fŰШƽőĲċƣШƓũċŰƣƚЯШƣőĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШŊĲŰĲƖċũũǃШĬĲĦƖĲċƚĲƚШƽŔƣőШőŔŊőШƣĲůƓĲƖċƣƨƖĲШċŰĬШ
ĬƖŸƨŊőƣШƚƣƖĲƚƚШƣŸШƓƖĲƻĲŰƣШƽċƣĲƖШũŸƚƚШы7ċũũċШĲƣШċũЮЯШΞΜΝΠЯШΞΜΝΦбШÉőċőШċŰĬШÂċƨũƚĲŰЯШΞΜΜΟьЮШfŰШƓũċŰƣƚШ
ĲǂƓŸƚĲĬШƣŸШċШĦŸůĤŔŰċƣŔŸŰШŸŉШőĲċƣШċŰĬШĬƖŸƨŊőƣШƚƣƖĲƚƚЯШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШĬĲĦƖĲċƚĲĬШƣŸШ
ĦŸŰƚĲƖƻĲШƽċƣĲƖШы9ŸőĲŰШĲƣШċũЮЯШΞΜΞΝьЮШfŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĬĲƓĲŰĬĲŰƣũǃШũĲċĬШƣŸШċШ
ĬĲĦƖĲċƚĲĬШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШыñƨШĲƣШċũЮЯШΞΜΝΣбШ ŔŰƚƽŸƖƣőШċŰĬШÅŸŊĲƖƚЯШΞΜΜΤьЮШìőĲŰШ
ŔŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦŸрŸĦĦƨƖШƽŔƣőШĬƖŸƨŊőƣШƣőĲƖĲШŔƚШċШŊƖĲċƣĲƖШĬĲĦƖĲċƚĲШŔŰШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲШƽőŔĦőШũĲċĬƚШƣŸШŊƖĲċƣĲƖШƽċƣĲƖШĦŸŰƚĲƖƻċƣŔŸŰШыìċũũШĲƣШċũЮЯШΞΜΜΣьЮШ[ŸƖШƽőĲċƣШŊƖŸƽŰШċƣШ
ĲũĲƻċƣĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƣőĲШŔŰĦƖĲċƚĲШŔŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШŸƻĲƖШƣőĲШӈΝΜрΟΡШ҄9ШƖċŰŊĲШ



ΟΥ 
 

ƽċƚШƖĲĬƨĦĲĬШċƚШƣĲůƓĲƖċƣƨƖĲШŔŰĦƖĲċƚĲĬШы7ƨŰĦĲЯШΞΜΜΜьЮШ ШƚƨůůċƖǃШŸŉШƣőĲШĬŔƖĲĦƣŔŸŰШŸŉШƣőĲШĲǭĲĦƣƚШ
ŸŉШƣőĲШĦũŔůċƣĲШƻċƖŔċĤũĲƚШŸŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċƚШĦŸůƓċƖĲĬШƣŸШŰŸШőĲċƣШƚƣƖĲƚƚЯШŰŸШĬƖŸƨŊőƣШ
ƚƣƖĲƚƚШċŰĬШċůĤŔĲŰƣШ9§ΞШŔƚШƚőŸƽŰШŔŰШÑċĤũĲШΝЮΞЮ 

ÑċĤũĲЮΤдΥжЮÉƨůůċƖǃЮŸŉЮƣőĲЮĦŸůĤŔŰĲĬЮĲǭĲĦƣƚЮŸŉЮőĲċƣЮƚƣƖĲƚƚеЮƽċƣĲƖЮƚƣƖĲƚƚЮċŰĬЮŔŰĦƖĲċƚĲĬЮ9§ΥЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŸŰЮ
ƚƣŸůċƣċũЮĦŸŰĬƨĦƣċŰĦĲдЮÑőĲЮċƖƖŸƽƚЮŔŰĬŔĦċƣĲЮƣőĲЮĬŔƖĲĦƣŔŸŰЮŸŉЮƣőĲЮĲǭĲĦƣд 

 Heat stress Water stress Increased [CO2] 

Heat stress ӝ (Balla et al.,      
2014, 2019) 

ӝ (Cohen et al., 
2021) 

ӝ (Bunce, 2000) 

Water stress  ӝ (Shah and 
Paulsen, 2003) 

ӝ (Wall et al., 2006) 

Increased [CO2]   ӝ (Ainsworth and 
Rogers, 2007) 

 

ÂőŸƣŸƚǃŰƣőĲƚŔƚ 
fŰĬĲƓĲŰĬĲŰƣũǃЯШċŰĬШŔŰШĦŸůĤŔŰċƣŔŸŰЯШĬƖŸƨŊőƣШċŰĬШőĲċƣШƚƣƖĲƚƚШŔŰĦƖĲċƚĲШÅ§ÉШċĦĦƨůƨũċƣŔŸŰЯШƽőŔĦőШ
ĬĲŊƖċĬĲƚШƓƖŸƣĲŔŰƚШċŰĬШĲŰǍǃůĲƚЯШƚƨĦőШċƚШÅƨĤŔƚĦŸЯШũŸĦċƣĲĬШŔŰШƣőĲШĦőũŸƖŸƓũċƚƣШы[ċƖŸŸƕШĲƣШċũЮЯШ
ΞΜΝΝбШxċũШĲƣШċũЮЯШΞΜΞΞбШÉƨƖǃċƻċŰƚőŔШċŰĬШ7ƨƣƣċƖЯШΞΜΝΣбШÅŔŢċũШĲƣШċũЮЯШΞΜΞΜбШuőċŰŰċр9őŸƓƖċЯШΞΜΝΞьЮШ
ÅƨĤŔƚĦŸШċĦƣŔƻċƚĲШыÅ ьШŔƚШƣőĲШĲŰǍǃůĲШċĦƣŔƻċƣŔŰŊШÅƨĤŔƚĦŸЯШċŰĬШÅƨĤŔƚĦŸШĤŔŰĬŔŰŊШƓƖŸƣĲŔŰШыÅ7ÂьШŔƚШċШ
ƓƖŸƣĲŔŰШƣőċƣШĲŰƚƨƖĲƚШÅƨĤŔƚĦŸШŉŸƖůƚШŔƣƚШĦŸƖƖĲĦƣШΟ?ШƚƣƖƨĦƣƨƖĲШŉƖŸůШƣőĲШċůŔŰŸШċĦŔĬШĦőċŔŰШ
ы?ĲůŔƖĲƻƚťċрuĲƓŸƻċШĲƣШċũЮЯШΞΜΜΡьЮШÅ§ÉШƖĲĬƨĦĲШƣőĲШċĦƣŔƻŔƣǃШŸŉШÅ ЯШũĲċĬŔŰŊШƣŸШũĲƚƚĲƖШÅƨĤŔƚĦŸШ
ċĦƣŔƻŔƣǃШыxċũШĲƣШċũЮЯШΞΜΞΞбШ[ċƖŸŸƕШĲƣШċũЮЯШΞΜΝΝбШ?ĲůŔƖĲƻƚťċрuĲƓŸƻċШĲƣШċũЮЯШΞΜΜΡбШ]ċũůĳƚШĲƣШċũЮЯШ
ΞΜΝΟьЮШ[ƨƖƣőĲƖЯШƣőĲШƕƨċŰƣŔƣǃШŸŉШÅ7ÂШŔƚШċũƚŸШĬĲĦƖĲċƚĲĬШũĲċĬŔŰŊШƣŸШƖĲĬƨĦĲĬШÅƨĤŔƚĦŸШċĦƣŔƻŔƣǃШ
ы?ĲůŔƖĲƻƚťċрuĲƓŸƻċШĲƣШċũЮЯШΞΜΜΡьЮШÑőĲШĬĲƚƣƖƨĦƣŔŸŰШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШƓŔŊůĲŰƣƚШĤǃШÅ§ÉЯШƖĲĬƨĦĲĬШ
ĲũĲĦƣƖŸŰШƣƖċŰƚƓŸƖƣШĲǭŔĦŔĲŰĦǃШċŰĬШƖĲĬƨĦĲĬШÅƨĤŔƚĦŸШċĦƣŔƻŔƣǃШƖĲĬƨĦĲƚШƣőĲШƓũċŰƣќƚШƓőŸƣŸƚǃŰƣőĲƣŔĦШ
ƖċƣĲШыÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΞбШuőċŰŰċр9őŸƓƖċЯШΞΜΝΞьЮШÖŰĬĲƖШĬƖŸƨŊőƣШƚƣƖĲƚƚЯШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШ
ƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċũƚŸШƖĲĬƨĦĲƚШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШы7ŸƣċЯШ~ĲĬƖċŰŸШċŰĬШ[ũĲǂċƚЯШΞΜΜΠьЮШ
ìőĲŰШĬƖŸƨŊőƣШċŰĬШőĲċƣШƚƣƖĲƚƚШĦŸůĤŔŰĲЯШƣőĲƖĲШŔƚШċШŊƖĲċƣĲƖШƖĲĬƨĦƣŔŸŰШƣŸШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШƣőċŰШ
ŸĦĦƨƖƚШƨŰĬĲƖШƣőĲШŔŰĬŔƻŔĬƨċũШƚƣƖĲƚƚŸƖƚШыÉőċőШċŰĬШÂċƨũƚĲŰЯШΞΜΜΟьЮШ 

§ƻĲƖċũũЯШƨŰĬĲƖШĲũĲƻċƣĲĬШ9§ΞЯШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШŔŰĦƖĲċƚĲƚШĬĲƚƓŔƣĲШƖĲĬƨĦƣŔŸŰƚШƣŸШÅƨĤŔƚĦŸШċŰĬШ
ũĲċŉШ ШĦŸŰƣĲŰƣЯШĬƨĲШƣŸШŔŰĦƖĲċƚĲĬШ9ШŉŸƖШĦċƖĤŸǂǃũċƣŔŸŰШċŰĬШċШƖĲĬƨĦƣŔŸŰШŔŰШƓőŸƣŸƖĲƚƓŔƖċƣŔŸŰШ
ы ŔŰƚƽŸƖƣőШċŰĬШÅŸŊĲƖƚЯШΞΜΜΤбШuċŰŊШĲƣШċũЮЯШΞΜΞΝбШ]ċũůĳƚШĲƣШċũЮЯШΞΜΝΟбШÑĦőĲƖťĲǍШĲƣШċũЮЯШΞΜΞΜьЮШ
ĤĬĲũőċťŔůШĲƣШċũЮШыΞΜΞΝьШŉŸƨŰĬШƣőċƣШƚƓƖŔŰŊШƽőĲċƣШĦƨũƣŔƻċƖƚШůċŔŰƣċŔŰĲĬШċШőŔŊőĲƖШƓőŸƣŸƚǃŰƣőĲƣŔĦШ
ƖċƣĲШƨŰĬĲƖШőĲċƣШƚƣƖĲƚƚШƽŔƣőШĲũĲƻċƣĲĬШ9§ΞШƣőĲŰШƣőĲǃШĬŔĬШƨŰĬĲƖШƣőĲШċůĤŔĲŰƣШ9§ΞШƣƖĲċƣůĲŰƣЮШìőĲŰШ
ĲǂƓŸƚŔŰŊШƚƓƖŔŰŊШƽőĲċƣШĦƨũƣŔƻċƖƚШƣŸШċŰШĲũĲƻċƣĲĬШ9§ΞШƣƖĲċƣůĲŰƣШċŰĬШĬƖŸƨŊőƣШƚƣƖĲƚƚЯШƣőĲШƖĲƚƓŸŰƚĲШ
ŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШƽċƚШůŔǂĲĬШы ĤĬĲũőċťŔůШĲƣШċũЮЯШΞΜΞΝьЮШШƚƨůůċƖǃШŸŉШƣőĲШĬŔƖĲĦƣŔŸŰШŸŉШƣőĲШ
ĲǭĲĦƣƚШŸŉШƣőĲШĦũŔůċƣĲШƻċƖŔċĤũĲƚШŸŰШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШċƚШĦŸůƓċƖĲĬШƣŸШŰŸШőĲċƣШƚƣƖĲƚƚЯШŰŸШƽċƣĲƖШ
ƚƣƖĲƚƚШċŰĬШċůĤŔĲŰƣШ9§ΞШŔƚШƚőŸƽŰШŔŰШÑċĤũĲШΝЮΟЮ 

ÑċĤũĲЮΤдΦжЮÉƨůůċƖǃЮŸŉЮƣőĲЮĦŸůĤŔŰĲĬЮĲǭĲĦƣƚЮŸŉЮőĲċƣЮƚƣƖĲƚƚеЮƽċƣĲƖЮƚƣƖĲƚƚЮċŰĬЮŔŰĦƖĲċƚĲĬЮ9§ΥЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŸŰЮƣőĲЮ
ƖċƣĲЮŸŉЮƓőŸƣŸƚǃŰƣőĲƚŔƚдЮÑőĲЮċƖƖŸƽƚЮŔŰĬŔĦċƣĲЮƣőĲЮĬŔƖĲĦƣŔŸŰЮŸŉЮƣőĲЮĲǭĲĦƣд 

 Heat stress Water stress Increased [CO2] 
Heat stress ӝШ(Farooq et al., 

2011) 
ӝШ(Shah and 
Paulsen, 2003) 

әШ(Abdelhakim et al., 
2021) 



ΟΦ 
 

Water stress  ӝ (Rijal et al., 2020) әӝ (Abdelhakim et 
al., 2021) 

Increased [CO2]   ә (Ainsworth and 
Rogers, 2007) 

ÂũċŰƣЮƚĲŰĲƚĦĲŰĦĲ 
cĲċƣШƚƣƖĲƚƚШċĦĦĲũĲƖċƣĲƚШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШŔŰШƓũċŰƣƚШŉŸƖШƚĲƻĲƖċũШƖĲċƚŸŰƚаШċũũŸĦċƣŔŸŰШŸŉШƓũċŰƣШ
ƖĲƚŸƨƖĦĲƚШƣŸШĬĲŉĲŰĦĲШƖĲĬƨĦĲƚШƖĲƚŸƨƖĦĲƚШċƻċŔũċĤũĲШŉŸƖШƖĲƓƖŸĬƨĦƣŔƻĲШĬĲƻĲũŸƓůĲŰƣЯШĦőũŸƖŸƓőǃũũШ
ƓƖŸĬƨĦƣŔŸŰШŔƚШŔŰőŔĤŔƣĲĬЯШċŰĬШĦőũŸƖŸƓũċƚƣШĦŸůƓŸŰĲŰƣƚШƚƨǭĲƖШŸǂŔĬċƣŔƻĲШĬċůċŊĲШы[ċƖŸŸƕШĲƣШċũЮЯШ
ΞΜΝΝбШuőċŰŰċр9őŸƓƖċЯШΞΜΝΞбШxċũШĲƣШċũЮЯШΞΜΞΞьЮШÅ§ÉШƓƖŸĬƨĦƣŔŸŰШŔƚШċũƚŸШƚƣŔůƨũċƣĲĬШĤǃШĬƖŸƨŊőƣШ
ƚƣƖĲƚƚЯШũĲċĬŔŰŊШƣŸШŸǂŔĬċƣŔƻĲШĬċůċŊĲШƣőċƣШċĦĦĲũĲƖċƣĲƚШƚĲŰĲƚĦĲŰĦĲШыuőċŰŰċр9őŸƓƖċЯШΞΜΝΞбШÅŔŢċũШĲƣШ
ċũЮЯШΞΜΞΜьЮШÖŰĬĲƖШĲũĲƻċƣĲĬШ9§ΞЯШƓũċŰƣШĬĲƻĲũŸƓůĲŰƣШŔƚШŉċƚƣĲƖШċŰĬШƣőĲƖĲŉŸƖĲШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШ
ŸĦĦƨƖƚШĲċƖũŔĲƖШĦŸůƓċƖĲĬШƣŸШċŰШċůĤŔĲŰƣШ9§ΞШƣƖĲċƣůĲŰƣШыìċũũШĲƣШċũЮЯШΞΜΜΣьЮШ 

ÖŰĬĲƖШĬƖŸƨŊőƣШĦŸŰĬŔƣŔŸŰƚЯШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШŸĦĦƨƖƚШĲċƖũŔĲƖШƽőĲŰШƓũċŰƣƚШċƖĲШċũƚŸШĲǂƓŸƚĲĬШƣŸШ
őŔŊőĲƖШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШыìċũũШĲƣШċũЮЯШΞΜΜΣьЮШ?ƖŸƨŊőƣШƚƣƖĲƚƚШċĦĦĲũĲƖċƣĲƚШƣőĲШŔůƓċĦƣШŸŉШőŔŊőШ
ƣĲůƓĲƖċƣƨƖĲШƚƣƖĲƚƚШŸŰШƚĲŰĲƚĦĲŰĦĲШыÉőċőШċŰĬШÂċƨũƚĲŰЯШΞΜΜΟьЮШ ũƣőŸƨŊőШŰŸШƚƣƨĬŔĲƚШőċƻĲШũŸŸťĲĬШ
ċƣШƣőĲШŔŰƣĲƖċĦƣŔŸŰШŸŉШőĲċƣШƚƣƖĲƚƚШċŰĬШŔŰĦƖĲċƚĲĬШ9§ΞШŸŰШƚĲŰĲƚĦĲŰĦĲЯШĤċƚĲĬШŸŰШƣőĲШũŔƣĲƖċƣƨƖĲШ
ƓƖĲƚĲŰƣĲĬШŔŰШÑċĤũĲШΝЮΠШŔƣШċƓƓĲċƖƚШůŸƚƣШũŔťĲũǃШƣőċƣШƣőĲƖĲШƽŔũũШĤĲШċŰШŔŰĦƖĲċƚĲЮ 

ÑċĤũĲЮΤдΧжЮÉƨůůċƖǃЮŸŉЮƣőĲЮĦŸůĤŔŰĲĬЮĲǭĲĦƣƚЮŸŉЮőĲċƣЮƚƣƖĲƚƚеЮƽċƣĲƖЮƚƣƖĲƚƚЮċŰĬЮŔŰĦƖĲċƚĲĬЮ9§ΥЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŸŰЮ
ƚĲŰĲƚĦĲŰĦĲдЮÑőĲЮċƖƖŸƽƚЮŔŰĬŔĦċƣĲЮƣőĲЮĬŔƖĲĦƣŔŸŰЮŸŉЮƣőĲЮĲǭĲĦƣд 

 Heat stress Water stress Increased [CO2] 
Heat stress ә (Lal et al., 2022) ә (Shah and 

Paulsen, 2003) 
ә (no study to 
confirm) 

Water stress  ә (Rijal et al., 2020) ә (Wall et al., 2006) 
Increased [CO2]   ә (Wall et al., 2006) 

]ƖċŔŰЮ?~ЮёǃŔĲũĬђЮċŰĬЮƚƣċƖĦő 
ìőĲċƣШǃŔĲũĬƚШċƖĲШŔŰĦƖĲċƚĲĬШƨŰĬĲƖШĲũĲƻċƣĲĬШ9§ΞШƣőƖŸƨŊőШċŰШŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШŰƨůĤĲƖШыÂŔŔťťŔШĲƣШ
ċũЮЯШΞΜΜΥьЮШĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШƨŰĬĲƖШőĲċƣШċŰĬШċŰĬоŸƖШĬƖŸƨŊőƣШƚƣƖĲƚƚШƚőŸƖƣĲŰƚШƣőĲШƓĲƖŔŸĬШ
ŉŸƖШŊƖċŔŰШŊƖŸƽƣőШũĲċĬŔŰŊШƣŸШƖĲĬƨĦĲĬШŊƖċŔŰШƽĲŔŊőƣШċŰĬШǃŔĲũĬШыxŸĤĲũũЯШÉŔĤũĲǃШċŰĬШfƻċŰШ§ƖƣŔǍр
~ŸŰċƚƣĲƖŔŸЯШΞΜΝΞбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШ7ċƖƨƣĦƨũċƖШĲƣШċũЮЯШΞΜΝΣьЮШ]ƖċŔŰШƚƣċƖĦőШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШ
ĦŸŰƣĲŰƣШыŊůрΞьШƽĲƖĲШĤŸƣőШŔŰĦƖĲċƚĲĬШƨŰĬĲƖШĲũĲƻċƣĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШы7ƖŸĤĲƖŊЯШcƁŊǃШċŰĬШ
ÂũĲŔŢĲũЯШΞΜΝΤьЮШìőŔũĲШƨŰĬĲƖШőĲċƣШċŰĬоŸƖШĬƖŸƨŊőƣШƚƣƖĲƚƚЯШƣőĲШĦŸŰƣĲŰƣШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШƚƣċƖĦőШ
ŔŰШƽőĲċƣШŊƖċŔŰƚШƽĲƖĲШƖĲĬƨĦĲĬШы7ċƖƨƣĦƨũċƖШĲƣШċũЮЯШΞΜΝΣьЮШEũĲƻċƣĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШ
ĦŸůĤŔŰĲĬШĬƖŸƨŊőƣШċŰĬШőĲċƣШƚƣƖĲƚƚШƽĲƖĲШŉŸƨŰĬШƣŸШŔŰĦƖĲċƚĲШŔŰƣĲƖĦĲũũƨũċƖШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШ
ŔůƓƖŸƻĲШƽċƣĲƖрƨƚĲрĲǭŔĦŔĲŰĦǃЯШƚƨŊŊĲƚƣŔŰŊШċШůŔƣŔŊċƣŔŰŊШĲǭĲĦƣШŸŉШĲũĲƻċƣĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƽŔƣőШƣőĲШĦŸůĤŔŰĲĬШƚƣƖĲƚƚШы ĤĬĲũőċťŔůШĲƣШċũЮЯШΞΜΞΝьЮШ[ŸƖШċШƚƨůůċƖǃШŸŉШƣőĲƚĲШĲǭĲĦƣƚШƚĲĲШÑċĤũĲƚШ
ΝЮΡШċŰĬШΝЮΣЮ 

]ƖċŔŰЮƕƨċũŔƣǃ 
fŰШƣőĲŔƖШůĲƣċрċŰċũǃƚŔƚЯШ7ƖŸĤĲƖŊЯШcƁŊǃЯШĲƣШċũЮШыΞΜΝΤьШШŉŸƨŰĬШƣőċƣШĲũĲƻċƣĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƖĲĬƨĦĲĬШƣőĲШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШыŊÂƖŸƣĲŔŰШŊ?~рΝьШШĤƨƣШŔŰĦƖĲċƚĲĬШƣőĲШĦŸŰƣĲŰƣШ
ыŊÂƖŸƣĲŔŰ ůрΞьШŔŰШƽőĲċƣЮШÑőĲШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШŔƚШƖĲĬƨĦĲĬШĬƨĲШƣŸШŊƖĲċƣĲƖШċĦĦƨůƨũċƣŔŸŰШŸŉШ
ƚƣċƖĦőЯШĤƨƣШċũƚŸШċŰШċĬĬŔƣŔŸŰċũШŰĲŊċƣŔƻĲШŔůƓċĦƣШŸŉШ9§ΞШŸŰШŰŔƣƖċƣĲШċƚƚŔůŔũċƣŔŸŰШыÂũĲŔŢĲũШċŰĬШ
ÖĬĬũŔŰŊЯШΞΜΝΞбШ7ũŸŸůШĲƣШċũЮЯШΞΜΝΜьЮШ7ċƖƨƣĦƨũċƖШĲƣШċũЮШыΞΜΝΣьШŉŸƨŰĬШƣőċƣШƨŰĬĲƖШőĲċƣШċŰĬоŸƖШĬƖŸƨŊőƣШ
ƚƣƖĲƚƚЯШŊƖċŔŰШƽĲŔŊőƣШƽċƚШċǭĲĦƣĲĬШůŸƖĲШƣőċŰШƓƖŸƣĲŔŰШċũũŸĦċƣŔŸŰШƣŸШƣőĲШŊƖċŔŰЯШũĲċĬŔŰŊШƣŸШċŰШ



ΠΜ 
 

ŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШĤƨƣШċШĬĲĦƖĲċƚĲШŔŰШƓƖŸƣĲŔŰШǃŔĲũĬШƨŰĬĲƖШƣőĲШƚƣƖĲƚƚŸƖƚЮШÑőĲШ
ĦŸůĤŔŰĲĬШĲǭĲĦƣШŸŉШĲũĲƻċƣĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽŔƣőШőĲċƣШƚƣƖĲƚƚШƣĲŰĬƚШƣŸШŔŰĦƖĲċƚĲШŊƖċŔŰШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰЯШƽőĲƖĲċƚШƣőĲШĦŸůĤŔŰĲĬШĲǭĲĦƣШŸŉШĲũĲƻċƣĲĬШ9§ΞШƽŔƣőШĬƖŸƨŊőƣШƚƣƖĲƚƚШĬĲĦƖĲċƚĲƚШ
ĤŸƣőШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШĦŸŰƣĲŰƣШыüċőƖċШĲƣШċũЮЯШΞΜΞΟьЮШÑċĤũĲШΝЮΣШƚƨůůċƖŔƚĲƚШƣőĲШ
ĲǭĲĦƣШŸŉШĲŰƻŔƖŸŰůĲŰƣċũШƻċƖŔċĤũĲƚШŸŰШƽőĲċƣШƕƨċũŔƣǃЮ 

ΝЮΟЮΟШ ШůĲĦőċŰŔƚůƚ 
 ШŔƚШƣċťĲŰШƨƓШŉƖŸůШƣőĲШƚŸŔũШĤǃШƽőĲċƣШůċŔŰũǃШŔŰШƣőĲШŉŸƖůШŸŉШŰŔƣƖċƣĲШŔŸŰƚШы §Ο

рьШыcċƖƓĲƖШĲƣШċũЮЯШΝΦΥΤьЮШ
ÑőĲШ §Ο

рШŔŸŰƚШċƖĲШƣƖċŰƚƓŸƖƣĲĬШƣŸШƣőĲШũĲċŉШƽőĲƖĲШŰŔƣƖċƣĲШƖĲĬƨĦƣŔŸŰШƖĲċĦƣŔŸŰƚШƣċťĲШƓũċĦĲШƣŸШŉŸƖůШ
бШƨƚĲĬШĤǃШƣőĲШƓũċŰƣШŉŸƖШůĲƣċĤŸũŔƚůШċŰĬШŊƖŸƽƣőШыxċƽũŸƖЯШΞΜΜΞьЮШ ШŔƚШƚƣŸƖĲĬШŔŰШƣőĲШũĲċƻĲƚШċŰĬШ

ƚƣĲůШŔŰШƣőĲШŉŸƖůШŸŉШ ЯШƓƖŸƣĲŔŰƚШŸƖШŰƨĦũĲŔĦШċĦŔĬƚШыxċƽũŸƖЯШΞΜΜΞбШ[ĲũũĲƖШċŰĬШ[ŔƚĦőĲƖЯШΝΦΦΠьЮШÑőĲШ Ш
ƚƣŸƖĲĬШŔŰШƣőĲШũĲċƻĲƚШċƖĲШĦƖŔƣŔĦċũШŉŸƖШƓƖŸĬƨĦŔŰŊШƣőĲШƓƖŸƣĲŔŰƚШċŰĬШĲŰǍǃůĲƚШŔŰƻŸũƻĲĬШŔŰШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚШыxċƽũŸƖЯШΞΜΜΞьЮШfŉШƣőĲƖĲШŔƚШċШƚŸŔũШ ШĬĲǯĦŔĲŰĦǃЯШƣőĲŰШƣőĲƖĲШċƖĲШũĲƚƚШ ШŔŰШƣőĲШũĲċƻĲƚШ
ƽőŔĦőШŔůƓċĦƣƚШĦőũŸƖŸƓũċƚƣШƚƣƖƨĦƣƨƖĲШċŰĬШŉƨŰĦƣŔŸŰШċŰĬШƖĲĬƨĦĲƚШÅƨĤŔƚĦŸШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ ƚШċШ
ƖĲƚƨũƣЯШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШŔƚШƖĲĬƨĦĲĬШыxċƽũŸƖЯШΞΜΜΞьЮШ 

ŉƣĲƖШċŰƣőĲƚŔƚЯШƣőĲШŊƖċŔŰШŔƚШƣőĲШůċŢŸƖШƚŔŰťШŉŸƖШ ШċŰĬШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШƣŸШƣőĲШŊƖċŔŰƚШƚƣċƖƣƚШċƣШ
ƚĲŰĲƚĦĲŰĦĲШы ŰĬĲƖƚƚŸŰЯШΞΜΜΡбШuŸŰŊШĲƣШċũЮЯШΞΜΝΣьЮШ?ƨƖŔŰŊШũĲċŉШƚĲŰĲƚĦĲŰĦĲЯШÅƨĤŔƚĦŸШċŰĬШŸƣőĲƖШ
ƓƖŸƣĲŔŰƚШŔŰШƣőĲШĦőũŸƖŸƓũċƚƣШċƖĲШĤƖŸťĲŰШĬŸƽŰШƣŸШƓƖŸƻŔĬĲШċШťĲǃШƚŸƨƖĦĲШŸŉШ ШŉŸƖШƖĲůŸĤŔũŔƚċƣŔŸŰШƣŸШ
ƣőĲШŊƖċŔŰƚШы[ĲũũĲƖШċŰĬШ[ŔƚĦőĲƖЯШΝΦΦΠьЮШ§ƣőĲƖШƻĲŊĲƣċƣŔƻĲШƓũċŰƣШƓċƖƣƚЯШƚƨĦőШċƚШƣőĲШƚƣĲůЯШĲċƖШċŰĬШƖŸŸƣШ
ċũƚŸШƚƣŸƖĲШ ШƽőŔĦőШŔƚШċƻċŔũċĤũĲШŉŸƖШŊƖċŔŰƚЯШƽŔƣőШƣőĲШƚƣĲůШĤĲŔŰŊШċШůċŢŸƖШƚŸƨƖĦĲШŸŉШŊƖċŔŰШ ШыuŸŰŊШĲƣШ
ċũЮЯШΞΜΝΣбШ7ċƖƖċĦũŸƨŊőЯШxŸƓĲǍр7ĲũũŔĬŸШċŰĬШcċƽťĲƚŉŸƖĬЯШΞΜΝΠьЮШ?ĲƓĲŰĬŔŰŊШŸŰШƣőĲШƻċƖŔĲƣǃШŸŉШ
ƽőĲċƣЯШƖĲůŸĤŔũŔƚċƣŔŸŰШĲǭŔĦŔĲŰĦǃШŸŉШ ШŉƖŸůШƣőĲШũĲċƻĲƚШċŰĬШƚƣĲůШĦċŰШĤĲШƨƓШƣŸШΥΡӖШы7ċƖƖċĦũŸƨŊőЯШ
xŸƓĲǍр7ĲũũŔĬŸШċŰĬШcċƽťĲƚŉŸƖĬЯШΞΜΝΠьЮШ ŰŸƣőĲƖШƚŸƨƖĦĲШŸŉШ ШŉŸƖШĬĲƻĲũŸƓŔŰŊШŊƖċŔŰƚШŔƚШƓŸƚƣр
ċŰƣőĲƚŔƚШƚŸŔũШ ШƨƓƣċťĲЯШƽőŔĦőШŔƚШŊĲŰĲƖċũũǃШŰĲŊċƣŔƻĲũǃШĦŸƖƖĲũċƣĲĬШƽŔƣőШũĲċŉШċŰĬШƚƣĲůШ Ш
ƖĲůŸĤŔũŔƚċƣŔŸŰЯШŔůƓũǃŔŰŊШƣőċƣШŉŸƖШũŸƽĲƖШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŉƖŸůШƻĲŊĲƣċƣŔƻĲШƓċƖƣƚЯШůŸƖĲШůċǃШĤĲШ
ƣċťĲŰШƨƓШŉƖŸůШƣőĲШƚŸŔũШƓŸƚƣрċŰƣőĲƚŔƚШƣŸШƓƖŸƻŔĬĲШůŸƖĲШŉŸƖШƣőĲШŊƖċŔŰШы]ċŢƨШĲƣШċũЮЯШΞΜΝΠьЮШ 

ΝЮΟЮΠШ9ŸůĤŔŰĲĬШĲǭĲĦƣƚШŸŉШ§ΟЯШĦũŔůċƣĲШƻċƖŔċĤũĲƚШċŰĬШ  
ÑőĲШƓƖĲƻŔŸƨƚШƚĲĦƣŔŸŰƚШĬŔƚĦƨƚƚĲĬШőŸƽШŔŰĦƖĲċƚĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШċǭĲĦƣШ
ĦƖŸƓШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЮШfŰШċƖĲċƚШƽőĲƖĲШ§ΟШũĲƻĲũƚШċƖĲШƖŔƚŔŰŊЯШĦũŔůċƣĲШĦőċŰŊĲШĦŸƨũĬШŉƨƖƣőĲƖШƖĲĬƨĦĲШ
ĦƖŸƓШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЮШÑŸШĬĲƻĲũŸƓШċШůŸĬĲũШŉŸƖШċƚƚĲƚƚŔŰŊШƣőĲƚĲШĦŸůĤŔŰĲĬШĲǭĲĦƣƚШŸŰШĦƖŸƓШǃŔĲũĬƚШ
ċŰĬШŰƨƣƖŔƣŔŸŰЯШŔƣШŔƚШĲƚƚĲŰƣŔċũШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲŔƖШĦŸůĤŔŰĲĬШĲǭĲĦƣƚЮШÑőŔƚШƚĲĦƣŔŸŰШƽŔũũШĲǂƓũŸƖĲШƣőĲШ
ŔŰƣĲƖċĦƣŔŸŰƚШĤĲƣƽĲĲŰШ§ΟЯШőŔŊőĲƖШƣĲůƓĲƖċƣƨƖĲƚЯШĬƖŸƨŊőƣШƚƣƖĲƚƚЯШċŰĬШĲũĲƻċƣĲĬШ9§ΞШŸŰШĦƖŸƓШŊƖŸƽƣőШ
ċŰĬШ ШƓƖŸĦĲƚƚĲƚШƣŸШĦŸůƓƖĲőĲŰĬШƣőĲŔƖШĦŸůĤŔŰĲĬШĲǭĲĦƣƚШŸŰШĦƖŸƓШƕƨċũŔƣǃШыƓƖŸƣĲŔŰьШċŰĬШǃŔĲũĬƚЮ 

ÉŸŔũЮ ЮƨƓƣċťĲ 
EũĲƻċƣĲĬШ9§ΞШċŰĬШĬƖŸƨŊőƣШƖĲĬƨĦĲШƓũċŰƣШ ШƨƓƣċťĲШŉƖŸůШƣőĲШƚŸŔũШы7ƖŸĤĲƖŊЯШcƁŊǃШċŰĬШÂũĲŔŢĲũЯШΞΜΝΤбШ
ÂũĲŔŢĲũШċŰĬШÖĬĬũŔŰŊЯШΞΜΝΞбШÅŔŢċũШĲƣШċũЮЯШΞΜΞΜбШ[ċŔƚċũШĲƣШċũЮЯШΞΜΝΤьЮШ9ƨƖƖĲŰƣШũŔƣĲƖċƣƨƖĲШƚőŸƽƚШƣŸƣċũШ
ƨƓƣċťĲШŸŉШ ШĤǃШƽőĲċƣШŔƚШƨŰċǭĲĦƣĲĬШĤǃШŔŰĦƖĲċƚĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΝбШ
7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮШ[ƨƖƣőĲƖЯШƓŸƚƣрċŰƣőĲƚŔƚШ ШƨƓƣċťĲШƽċƚШŰŸƣШŉŸƨŰĬШƣŸШĤĲШ
ċǭĲĦƣĲĬШĤǃШ§ΟЯШĤƨƣШƓũċŰƣƚШƖĲĦĲŔƻŔŰŊШċŰШĲǂƣƖċШ ШċƓƓũŔĦċƣŔŸŰШƓŸƚƣрċŰƣőĲƚŔƚШĲǂƓĲƖŔĲŰĦĲĬШũĲƚƚШ
ĬċůċŊĲШŉƖŸůШ§ΟШШĬĲůŸŰƚƣƖċƣŔŰŊШċŰШċůĲũŔŸƖċƣŔƻĲШĲǭĲĦƣШŸŉШƓŸƚƣрċŰƣőĲƚŔƚШ ШċƓƓũŔĦċƣŔŸŰШŸŰШ§ΟШ
ĬċůċŊĲШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮ 

ÉƣŸůċƣċũЮĦŸŰĬƨĦƣċŰĦĲ 
ÑőĲШƖĲĬƨĦƣŔŸŰШŔŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƨŰĬĲƖШőĲċƣШƚƣƖĲƚƚЯШĬƖŸƨŊőƣШƚƣƖĲƚƚЯШĲũĲƻċƣĲĬШ9§ΞШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШŸƖШċŰǃШĦŸůĤŔŰċƣŔŸŰШŸŉШƣőĲƚĲЯШƽŸƨũĬШƓŸƣĲŰƣŔċũũǃШũĲċĬШƣŸШċШƖĲĬƨĦĲĬШƚƣŸůċƣċũШ



ΠΝ 
 

ƨƓƣċťĲШŸŉШ§ΟЯШũĲċĬŔŰŊШƣŸШċШũĲƚƚĲƖШŔůƓċĦƣШŸŉШ§ΟШŸŰШǃŔĲũĬƚШы7ċũũċШĲƣШċũЮЯШΞΜΝΠбШ9ŸőĲŰШĲƣШċũЮЯШΞΜΞΝбШ
ÉőċőШċŰĬШÂċƨũƚĲŰЯШΞΜΜΟбШ7ƨŰĦĲЯШΞΜΜΜбШìċũũШĲƣШċũЮЯШΞΜΜΣбШ ŔŰƚƽŸƖƣőШċŰĬШÅŸŊĲƖƚЯШΞΜΜΤбШòċĬċƻШĲƣШ
ċũЮЯШΞΜΝΦċьЮШ ĬĬŔƣŔŸŰċũũǃЯШƚŸŔũШ ШƚƣƖĲƚƚШċũƚŸШĬĲĦƖĲċƚĲƚШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШĲǂċĦĲƖĤċƣĲƚШ
ƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƨŰĬĲƖШŔŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШыxŔЯШuċŰŊШċŰĬШ
üőċŰŊЯШΞΜΜΠьЮШÑőĲƖĲŉŸƖĲЯШƣőĲШĦőċŰŊŔŰŊШĦũŔůċƣĲШůċǃШŸǭĲƖШƚŸůĲШƓƖŸƣĲĦƣŔƻĲШĤĲŰĲǯƣƚШƣŸШƓũċŰƣƚШ
ċŊċŔŰƚƣШŔŰĦƖĲċƚĲĬШ§ΟЮ 

ÂőŸƣŸƚǃŰƣőĲƚŔƚ 
òċĬċƻШĲƣШċũЮШыΞΜΝΦьШŉŸƨŰĬШƣőċƣШƨŰĬĲƖШċШĦŸůĤŔŰĲĬШĲũĲƻċƣĲĬШ9§ΞШċŰĬШ§ΟШƣƖĲċƣůĲŰƣШƣőĲШ
ƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШƽċƚШƚŔůŔũċƖШƣŸШƣőĲШċůĤŔĲŰƣШƣƖĲċƣůĲŰƣЯШƚƨŊŊĲƚƣŔŰŊШċШƓŸƣĲŰƣŔċũШŸǭƚĲƣƣŔŰŊШ
ĲǭĲĦƣШŸŉШ9§ΞШŸŰШ§ΟШŔŰĬƨĦĲĬШƖĲĬƨĦƣŔŸŰƚШŔŰШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲЮШ7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΞΟьШŔŰƻĲƚƣŔŊċƣĲĬШ
őŸƽШ§ΟЯШĬƖŸƨŊőƣШƚƣƖĲƚƚШċŰĬШőĲċƣШƚƣƖĲƚƚШŔŰƣĲƖċĦƣШƣŸШċǭĲĦƣШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲЮШÑőĲШċƨƣőŸƖƚШŉŸƨŰĬШ
ƣőċƣШƨŰĬĲƖШċůĤŔĲŰƣШ§ΟЯШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШƽċƚШőŔŊőĲƖШŔŰШƣőĲШƽĲũũрƽċƣĲƖĲĬШċŰĬШċůĤŔĲŰƣШ
ƣƖĲċƣůĲŰƣƚЯШĦŸůƓċƖĲĬШƣŸШƣőĲШĬƖǃШċŰĬШĲũĲƻċƣĲĬШƣĲůƓĲƖċƣƨƖĲШƣƖĲċƣůĲŰƣƚЮШcŸƽĲƻĲƖЯШƨŰĬĲƖШ
ĲũĲƻċƣĲĬШ§ΟШƣőĲШƓċƣƣĲƖŰШƽċƚШƖĲƻĲƖƚĲĬЯШċŰĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲƚШƽĲƖĲШőŔŊőĲƖШŔŰШƣőĲШĬƖǃШċŰĬШ
ĲũĲƻċƣĲĬШƣĲůƓĲƖċƣƨƖĲШƣƖĲċƣůĲŰƣƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΟьЮШÑőĲƖĲŉŸƖĲЯШƣőĲШŰĲŊċƣŔƻĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШ
ƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШŔƚШũŔťĲũǃШƣŸШĤĲШƖĲĬƨĦĲĬШƨŰĬĲƖШŔŰĦƖĲċƚĲĬШ9§ΞЯШŔŰĦƖĲċƚĲĬШƣĲůƓĲƖċƣƨƖĲƚШċŰĬШ
ŔŰĦƖĲċƚĲĬШƽċƣĲƖШƚƣƖĲƚƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΟбШòċĬċƻШĲƣШċũЮЯШΞΜΝΦċьЮШ 

ÂũċŰƣЮƚĲŰĲƚĦĲŰĦĲ 
?ƖŸƨŊőƣЯШőĲċƣШƚƣƖĲƚƚШċŰĬШŔŰĦƖĲċƚĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĦƖĲċƚĲШÅ§ÉШċĦĦƨůƨũċƣŔŸŰШũĲċĬŔŰŊШƣŸШċŰШ
ċĦĦĲũĲƖċƣŔŸŰШŸŉШƓũċŰƣШƚĲŰĲƚĦĲŰĦĲШы[ċƖŸŸƕШĲƣШċũЮЯШΞΜΝΝбШxċũШĲƣШċũЮЯШΞΜΞΞбШÅŔŢċũШĲƣШċũЮЯШΞΜΞΜбШ
ÉƨƖǃċƻċŰƚőŔШċŰĬШ7ƨƣƣċƖЯШΞΜΝΣбШEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШuőċŰŰċр9őŸƓƖċЯШΞΜΝΞьЮШÑőĲШċĦĦĲũĲƖċƣŔŸŰШ
ŸŉШƚĲŰĲƚĦĲŰĦĲШƨŰĬĲƖШ§ΟШĦŸƨũĬШĤĲШƓċƖƣŔċũũǃШŸǭƚĲƣШĤǃШŔŰĦƖĲċƚĲĬШ9§ΞШƣőƖŸƨŊőШƖĲĬƨĦĲĬШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲШыEƽĲƖƣШċŰĬШÂũĲŔŢĲũЯШΝΦΦΦьЮШcŸƽĲƻĲƖЯШƚŸůĲШƚƣƨĬŔĲƚШőċƻĲШƚőŸƽŰШċŰШċĦĦĲũĲƖċƣŔŸŰШŸŉШ
ǰċŊШũĲċŉШƚĲŰĲƚĦĲŰĦĲШŔŰШƽőĲċƣШƨŰĬĲƖШĲũĲƻċƣĲĬШ9§ΞЯШĬƨĲШƣŸШƓőŸƣŸƚǃŰƣőĲƣŔĦШċĦĦũŔůċƣŔŸŰШƣŸШƣőĲШ
őŔŊőĲƖШŊċƚШĦŸŰĦĲŰƣƖċƣŔŸŰШы~ĦuĲĲЯШ7ƨũũŔůŸƖĲШċŰĬШxŸŰŊЯШΝΦΦΤбШ ŔĲШĲƣШċũЮЯШΝΦΦΡбШüőƨШĲƣШċũЮЯШΞΜΝΞЯШ
ΞΜΜΦьЮШÑőĲƖĲŉŸƖĲЯШƣőĲШĬŔƖĲĦƣŔŸŰШŸŉШƣőĲШĲǭĲĦƣШŸŉШĲũĲƻċƣĲĬШ9§ΞШŸŰШƚĲŰĲƚĦĲŰĦĲШċŰĬШƽőĲƣőĲƖШŔƣШƽŔũũШ
ƖĲĬƨĦĲШ§ΟШĲǭĲĦƣƚШŸŰШƚĲŰĲƚĦĲŰĦĲШŔƚШƨŰĦũĲċƖЮ 

ШőŔŊőĲƖШũĲċŉШ ШĦċŰШƚũŸƽШĬŸƽŰШƣőĲШƖċƣĲШŸŉШƚĲŰĲƚĦĲŰĦĲЯШċŰĬШƚŸШĦŸƨũĬШƓŸƣĲŰƣŔċũũǃШƖĲĬƨĦĲШ§ΟШ
ĲǭĲĦƣƚШŸŰШċĦĦĲũĲƖċƣŔŰŊШƚĲŰĲƚĦĲŰĦĲШыxċƽũŸƖЯШΞΜΜΞьЮШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚШыΞΜΞΠьШŉŸƨŰĬШ
ƚũŔŊőƣШĬŔǭĲƖĲŰĦĲƚШŔŰШƚĲŰĲƚĦĲŰĦĲШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШŉŸƖШƓũċŰƣƚШƣőċƣШƖĲĦĲŔƻĲĬШċŰШĲǂƣƖċШ ШƣƖĲċƣůĲŰƣШ
ċƣШċŰƣőĲƚŔƚЮШÑőĲШƓũċŰƣƚШƣőċƣШƖĲĦĲŔƻĲĬШƣőĲШĲǂƣƖċШƣƖĲċƣůĲŰƣШőċĬШƚũŔŊőƣũǃШĬĲũċǃĲĬШƚĲŰĲƚĦĲŰĦĲШŔŰШƣőĲШ
ǰċŊЯШΞŰĬШċŰĬШΟƖĬШũĲċƻĲƚЯШƚƨŊŊĲƚƣŔŰŊШƣőċƣШ ШċƓƓũŔĦċƣŔŸŰШċƣШċŰƣőĲƚŔƚШĦċŰШƖĲĬƨĦĲШƣőĲШŰĲŊċƣŔƻĲШĲǭĲĦƣШ
ŸŉШ§ΟШŸŰШƓũċŰƣШƚĲŰĲƚĦĲŰĦĲШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮ 

]ƖċŔŰЮ?~ 
§ΟШƖĲĬƨĦĲƚШƽőĲċƣШǃŔĲũĬƚШĤǃШƖĲĬƨĦŔŰŊШΝΜΜΜШŊƖċŔŰШƽĲŔŊőƣШыÂŔŔťťŔШĲƣШċũЮЯШΞΜΜΥьЮШìőĲƖĲċƚШĲũĲƻċƣĲĬШ
9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĦƖĲċƚĲШƽőĲċƣШǃŔĲũĬƚШĤǃШŔŰĦƖĲċƚŔŰŊШƣőĲШŰƨůĤĲƖШŸŉШŊƖċŔŰƚШƓĲƖШůĲƣƖĲШƚƕƨċƖĲĬШ
ŸŉШŊƖŸƨŰĬШыÂŔŔťťŔШĲƣШċũЮЯШΞΜΜΥбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΦьЮШ ƚШċШƖĲƚƨũƣЯШŔŰĦƖĲċƚĲĬШ9§ΞШĦŸƨũĬШŸǭƚĲƣШ§ΟШ
ĲǭĲĦƣƚШŸŰШǃŔĲũĬШыòċĬċƻШĲƣШċũЮЯШΞΜΝΦċбШÂŔŔťťŔШĲƣШċũЮЯШΞΜΜΥьЮШcŸƽĲƻĲƖЯШŔŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƽŔũũШũŔťĲũǃШĦŸрŸĦĦƨƖШƽŔƣőШĬƖŸƨŊőƣШċŰĬШőĲċƣШƚƣƖĲƚƚШƽőŔĦőШĤŸƣőШőċƻĲШƣőĲШƓŸƣĲŰƣŔċũШƣŸШĬĲĦƖĲċƚĲШ
ǃŔĲũĬƚШĲƻĲŰШŉƨƖƣőĲƖШƣőċŰШƽőĲŰШĦŸŰƚŔĬĲƖŔŰŊШ§ΟШƚƣƖĲƚƚШċũŸŰĲШы ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠбШÑċŔШċŰĬШ~ċƖƣŔŰЯШ
ΞΜΝΤбШñƨШĲƣШċũЮЯШΞΜΜΤьЮШfŰШĦŸŰƣƖċƚƣЯШ7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΞΟьШŉŸƨŰĬШƣőċƣШĬƖŸƨŊőƣШƚƣƖĲƚƚШƖĲĬƨĦĲƚШ§ΟШ
ŔŰĬƨĦĲĬШǃŔĲũĬШũŸƚƚĲƚЮШ7ƖŸĤĲƖŊШĲƣШċũЮѣƚШыΞΜΞΟьШƚƣƨĬǃШċŔůĲĬШƣŸШůŔůŔĦШĦŸŰĬŔƣŔŸŰƚШƽőĲƖĲШ§ΟШŔƚШ
ĲũĲƻċƣĲĬШŉŸƖШƚĲƻĲƖċũШĬċǃƚШĤĲŉŸƖĲШƖċŔŰŉċũũШƖĲĬƨĦĲƚШƣőĲШƓŸũũƨƣċŰƣШĦŸŰĦĲŰƣƖċƣŔŸŰЮШÑőĲƖĲŉŸƖĲЯШĬƖŸƨŊőƣШ
ƚƣƖĲƚƚШĦċŰШŸǭƚĲƣШƚŸůĲШ§ΟШŔŰĬƨĦĲĬШƖĲĬƨĦƣŔŸŰƚШŔŰШǃŔĲũĬШŔŉШƣőĲШƣƽŸШƚƣƖĲƚƚŸƖƚШĦŸрŸĦĦƨƖШƣŸШċũũŸƽШŉŸƖШ
ƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƨŰĬĲƖШĬƖŸƨŊőƣШƚƣƖĲƚƚШƣŸШƖĲĬƨĦĲШ§ΟШƨƓƣċťĲШы7ƖŸĤĲƖŊШĲƣШċũЮЯШ



ΠΞ 
 

ΞΜΞΟьЮШ§ŰĲШƚƣƨĬǃШċƚƚĲƚƚĲĬШƣőĲШĦŸůĤŔŰĲĬШĲǭĲĦƣШŸŉШĲũĲƻċƣĲĬШ9§ΞЯШƣĲůƓĲƖċƣƨƖĲШċŰĬШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŰШƽőĲċƣШǃŔĲũĬƚЯШǯŰĬŔŰŊШƣőċƣШǃŔĲũĬƚШƽĲƖĲШƚŔŊŰŔǯĦċŰƣũǃШƖĲĬƨĦĲĬШŔŰШƣőŔƚШĦŸůĤŔŰĲĬШ
ƣƖĲċƣůĲŰƣШĦŸůƓċƖĲĬШƣŸШƓƖĲƚĲŰƣШĬċǃШĦŸŰĬŔƣŔŸŰƚШы ċċǍШĲƣШċũЮЯШΞΜΞΞьЮШÑőĲƖĲŉŸƖĲЯШŸƻĲƖċũũЯШƣőĲШ
ŔŰƣĲƖċĦƣŔŸŰШĤĲƣƽĲĲŰШ§ΟЯШŔŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШŔŰĦƖĲċƚĲĬШƣĲůƓĲƖċƣƨƖĲƚШċŰĬШĬƖŸƨŊőƣШ
ƚƣƖĲƚƚШŔƚШũŔťĲũǃШƣŸШƖĲĬƨĦĲШƽőĲċƣШǃŔĲũĬƚЮ 

7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΝΤьШŉŸƨŰĬШƣőċƣШƨŰĬĲƖШŔŰĦƖĲċƚĲĬШ§ΟШƓŸũũƨƣŔŸŰШƣőĲШŊƖċŔŰШǃŔĲũĬШƓƖŸĬƨĦĲĬШŉŸƖШċШŊŔƻĲŰШ
ƕƨċŰƣŔƣǃШŸŉШċƓƓũŔĲĬШ ШĬĲĦƖĲċƚĲƚЯШőĲŰĦĲШ§ΟШƖĲĬƨĦĲƚШŉĲƖƣŔũŔƚĲƖШĲǭŔĦŔĲŰĦǃЮШÑőĲШƖĲĬƨĦƣŔŸŰШŔŰШŉĲƖƣŔũŔƚĲƖШ
ĲǭŔĦŔĲŰĦǃШĦŸƨũĬШĤĲШċƣƣƖŔĤƨƣĲĬШƣŸШƖĲĬƨĦĲĬШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƖĲĬƨĦĲĬШŊƖċŔŰШǯũũŔŰŊШƓĲƖŔŸĬЯШũĲƚƚĲƖШ
ƓũċŰƣШŊƖŸƽƣőШċŰĬШċШƚůċũũĲƖШƖŸŸƣаШƚőŸŸƣШƖċƣŔŸШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΤьЮШÑőĲШ
ŔŰĬŔƻŔĬƨċũШĲǭĲĦƣƚШŸŉШĦũŔůċƣĲШƻċƖŔċĤũĲƚШċŰĬШ§ΟШŸŰШŊƖċŔŰШǃŔĲũĬШƓċƖċůĲƣĲƖƚШċƖĲШƚőŸƽŰШŔŰШÑċĤũĲШΝЮΡЮ 

ÑċĤũĲЮΤдΨжЮEŰƻŔƖŸŰůĲŰƣċũЮƻċƖŔċĤũĲƚЮċŰĬЮƣőĲŔƖЮŔŰǰƨĲŰĦĲЮŸŰЮƽőĲċƣЮǃŔĲũĬЮƕƨċŰƣŔƣǃЮƓċƖċůĲƣĲƖƚдЮÑőĲЮċƖƖŸƽЮŔŰĬŔĦċƣĲƚЮ
ƽőĲƣőĲƖЮƣőĲƖĲЮŔƚЮċŰЮŔŰĦƖĲċƚĲЮŸƖЮĬĲĦƖĲċƚĲЮŔŰЮƣőĲЮǃŔĲũĬЮƻċƖŔċĤũĲЮƨŰĬĲƖЮƣőĲЮĲŰƻŔƖŸŰůĲŰƣċũЮĦŸŰĬŔƣŔŸŰдЮ[ŸƖЮƣőĲЮĦŸũƨůŰƚЮ
ƽőĲƖĲЮƣőĲЮĲǭĲĦƣЮŸŉЮƣőĲЮĲŰƻŔƖŸŰůĲŰƣċũЮĦŸŰĬŔƣŔŸŰЮŸŰЮƣőĲЮǃŔĲũĬЮƓċƖċůĲƣĲƖЮƽċƚЮƨŰĦũĲċƖЮƚĲĲЮƣőĲЮƣĲǂƣЮŉŸƖЮċЮĬŔƚĦƨƚƚŔŸŰЮŸŉЮ
ƣőĲЮũŔƣĲƖċƣƨƖĲд 

 ÑőŸƨƚċŰĬ 
ŊƖċŔŰШƽĲŔŊőƣ 

]ƖċŔŰ 
ǃŔĲũĬШыŊШůрΞь 

]ƖċŔŰ 
ƚŔǍĲ 

]ƖċŔŰ 
ŰƨůĤĲƖ 

cĲċƣШƚƣƖĲƚƚ ӝ ы~ċƖŔĲůШĲƣШ
ċũЮЯШΞΜΞΝь ӝ ы~ċƖŔĲůШĲƣШċũЮЯШΞΜΞΝь ӝ ы[ċƖŸŸƕШĲƣШċũЮЯШΞΜΝΝь ӝ ы[ċƖŸŸƕШĲƣШċũЮЯШ

ΞΜΝΝь 

ìċƣĲƖШƚƣƖĲƚƚ ӝ ы~ċƖŔĲůШĲƣШ
ċũЮЯШΞΜΞΝь ӝ ы~ċƖŔĲůШĲƣШċũЮЯШΞΜΞΝь 

ÖŰĦũĲċƖ ӝ ы~ċƖŔĲůШĲƣШ
ċũЮЯШΞΜΞΝь 

fŰĦƖĲċƚĲĬШ§Ο ӝ ы7ƖŸĤĲƖŊШĲƣШ
ċũЮЯШΞΜΝΡь ӝ ы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡь ӝ ыÂŔŔťťŔШĲƣШċũЮЯШΞΜΜΥь ӝ 

 
ы7ƖŸĤĲƖŊШĲƣШ
ċũЮЯШΞΜΝΡь 

fŰĦƖĲċƚĲĬШ
9§Ξ ә ы7ƖŸĤĲƖŊШĲƣШ

ċũЮЯШΞΜΝΦь ә ы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΦь 
ÖŰĦũĲċƖ ә ы7ƖŸĤĲƖŊШĲƣШ

ċũЮЯШΞΜΝΦь 

]ƖċŔŰЮƕƨċũŔƣǃ 
9ƨƖƖĲŰƣũǃЯШŸŰũǃШŸŰĲШĲǂƓĲƖŔůĲŰƣċũШƚƣƨĬǃШőċƚШũŸŸťĲĬШċƣШƣőĲШŔŰƣĲƖċĦƣŔŸŰШŸŉШ§ΟШƽŔƣőШĬƖŸƨŊőƣШċŰĬШőĲċƣШ
ƚƣƖĲƚƚШŸŰШƽőĲċƣШŊƖċŔŰШƕƨċũŔƣǃЮШÑőŔƚШƚƣƨĬǃЯШĤǃШ7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΞΟьЯШĬŔĬШŰŸƣШǯŰĬШċШƚŔŊŰŔǯĦċŰƣШ
ŔŰƣĲƖċĦƣŔŸŰШĤĲƣƽĲĲŰШ§ΟШċŰĬШĲŔƣőĲƖШĬƖŸƨŊőƣШŸƖШőĲċƣШƚƣƖĲƚƚШŸŰШŊƖċŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШыŊ ШŊ?~рΝьШШ
ŸƖШǃŔĲũĬШыŊ ШůрΞьЮШ?ĲƚƓŔƣĲШƣőĲШũċĦťШŸŉШƚŔŊŰŔǯĦċŰƣШŔŰƣĲƖċĦƣŔŸŰƚЯШƓũċŰƣƚШĲǂƓŸƚĲĬШƣŸШĲũĲƻċƣĲĬШ§ΟЯШ
ŔŰĦƖĲċƚĲĬШƣĲůƓĲƖċƣƨƖĲƚШċŰĬШĬƖŸƨŊőƣШƚƣƖĲƚƚШĲǂƓĲƖŔĲŰĦĲĬШŔŰĦƖĲċƚĲĬШŊƖċŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШыŊ Ш
Ŋ?~рΝьШШċŰĬШĬĲĦƖĲċƚĲĬШŊƖċŔŰШ ШǃŔĲũĬШыŊ ШůрΞьШĦŸůƓċƖĲĬШƽŔƣőШƣőŸƚĲШŔŰШċůĤŔĲŰƣШ§ΟШċŰĬШ
ƣĲůƓĲƖċƣƨƖĲЯШċŰĬШƽĲũũрƽċƣĲƖĲĬШƣƖĲċƣůĲŰƣƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΟьЮШÑőĲШĬĲĦƖĲċƚĲШŔŰШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШƽőĲċƣШŊƖċŔŰƚШƨŰĬĲƖШőŔŊőĲƖШ9§ΞШĦċŰŰŸƣШĤĲШŸǭƚĲƣШĤǃШŔŰĦƖĲċƚĲĬШ§ΟШċƚШŔŰШċĬĬŔƣŔŸŰШ
ƣŸШƣőĲШĬŔũƨƣŔŸŰШĲǭĲĦƣЯШĲũĲƻċƣĲĬШ9§ΞШŔůƓċŔƖƚШŰŔƣƖċƣĲШċƚƚŔůŔũċƣŔŸŰШы7ũŸŸůЯШΞΜΝΡьЮШÂƖŸƣĲŔŰШċŰĬШ
ƚƣċƖĦőШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШŰŸƣШƚŔŊŰŔǯĦċŰƣũǃШĬŔǭĲƖĲŰƣШƨŰĬĲƖШċШĦŸůĤŔŰĲĬШĲũĲƻċƣĲĬШ9§ΞШċŰĬШ§ΟШċƚШ
ĦŸůƓċƖĲĬШƣŸШċŰШċůĤŔĲŰƣШƣƖĲċƣůĲŰƣШыòċĬċƻШĲƣШċũЮЯШΞΜΝΦċьЮШÑċĤũĲШΝЮΣШƚƨůůċƖŔƚĲƚШƣőĲШĲǭĲĦƣƚШŸŉШ
ĦũŔůċƣĲШƻċƖŔċĤũĲƚШċŰĬШ§ΟШŸŰШƽőĲċƣШƕƨċũŔƣǃШƓċƖċůĲƣĲƖƚЮ 

ÑċĤũĲЮΤдΩжЮEŰƻŔƖŸŰůĲŰƣċũЮƻċƖŔċĤũĲƚЮċŰĬЮƣőĲŔƖЮŔŰǰƨĲŰĦĲЮŸŰЮƽőĲċƣЮƕƨċũŔƣǃЮƓċƖċůĲƣĲƖƚдЮÑőĲЮċƖƖŸƽЮŔŰĬŔĦċƣĲƚЮƽőĲƣőĲƖЮ
ƣőĲƖĲЮŔƚЮċŰЮŔŰĦƖĲċƚĲЮŸƖЮċЮĬĲĦƖĲċƚĲЮŔŰЮƣőĲЮƕƨċũŔƣǃЮƻċƖŔċĤũĲЮċƚЮċЮƖĲƚƨũƣЮŸŉЮƣőĲЮĲŰƻŔƖŸŰůĲŰƣċũЮĦŸŰĬŔƣŔŸŰд 

 ]ƖċŔŰШƚƣċƖĦő 
ĦŸŰĦĲŰƣƖċƣŔŸŰ 

]ƖċŔŰШƓƖŸƣĲŔŰШŸƖШ  
ĦŸŰĦĲŰƣƖċƣŔŸŰШ
ыŊÂƖŸƣĲŔŰШŊ?~рΝь 

]ƖċŔŰШƓƖŸƣĲŔŰШŸƖШ Ш
ĦŸŰƣĲŰƣШ 

ыŊÂƖŸƣĲŔŰШůрΞь 



ΠΟ 
 

cĲċƣШƚƣƖĲƚƚ ӝ ы~ċƖŔĲůШĲƣШċũЮЯШ
ΞΜΞΝь ә 

ы~ċƖŔĲůШĲƣШċũЮЯШ
ΞΜΞΝбШ7ƖŸĤĲƖŊШ
ĲƣШċũЮЯШΞΜΞΟь  

ӝ ы7ƖŸĤĲƖŊШĲƣШċũЮЯШ
ΞΜΞΟь 

ìċƣĲƖШƚƣƖĲƚƚ ӝ ы~ċƖŔĲůШĲƣШċũЮЯШ
ΞΜΞΝь ә 

ы~ċƖŔĲůШĲƣШċũЮЯШ
ΞΜΞΝбШ7ƖŸĤĲƖŊШ
ĲƣШċũЮЯШΞΜΞΟь  

ӝ ы7ƖŸĤĲƖŊШĲƣШċũЮЯШ
ΞΜΞΟь 

fŰĦƖĲċƚĲĬШ§Ο ӝ ы7ƖŸĤĲƖŊШĲƣШċũЮЯШ
ΞΜΝΡь ә ы7ƖŸĤĲƖŊШĲƣШċũЮЯШ

ΞΜΝΡЯШΞΜΞΟь ӝ ы7ƖŸĤĲƖŊШĲƣШċũЮЯШ
ΞΜΝΡЯШΞΜΞΟь 

fŰĦƖĲċƚĲĬШ
9§Ξ ә ы~ċƖŔĲůШĲƣШċũЮЯШ

ΞΜΞΝь ӝ 
ы7ƖŸĤĲƖŊЯШcƁŊǃШ
ċŰĬШÂũĲŔŢĲũЯШ
ΞΜΝΤь 

ә 
ы7ƖŸĤĲƖŊЯШcƁŊǃШ
ċŰĬШÂũĲŔŢĲũЯШ
ΞΜΝΤь 

ÑőŔƚШƚĲĦƣŔŸŰШĲǂƓũŸƖĲĬШƣőĲШůĲĦőċŰŔƚůƚШĤǃШƽőŔĦőШ§ΟШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШƻċƖŔċĤũĲƚШŔŰƣĲƖċĦƣШƣŸШ
ċǭĲĦƣШƽőĲċƣШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЮШÑőĲШťĲǃШůĲĦőċŰŔƚůƚШċǭĲĦƣĲĬШĤǃШ§ΟШƽĲƖĲШċŰƣŔŸǂŔĬċŰƣШĬĲŉĲŰĦĲЯШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƚĲŰĲƚĦĲŰĦĲШċŰĬШ ШƖĲůŸĤŔũŔƚċƣŔŸŰЯШƽőŔĦőШċǭĲĦƣШĤŔŸůċƚƚЯШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЮШ
ĬĬŔƣŔŸŰċũũǃЯШĦũŔůċƣĲШƻċƖŔċĤũĲƚШőċƻĲШƣőĲШƓŸƣĲŰƣŔċũШƣŸШůŸĬŔŉǃШ§ΟШĲǭĲĦƣƚШŸŰШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШ
ƣőƖŸƨŊőШċũƣĲƖċƣŔŸŰƚШƣŸШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲЯШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШƚĲŰĲƚĦĲŰĦĲЮШ[ŸƖШůŸĬĲũũŔŰŊШ
ƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШċŰĬШĦũŔůċƣĲШĦőċŰŊĲЯШƣőĲШŔŰĦũƨƚŔŸŰШŸŉШƣőĲƚĲШƓƖŸĦĲƚƚĲƚШƽŔũũШƓƖŸƻŔĬĲШƻċũƨċĤũĲШ
ĬĲƣċŔũШŸŉШƖĲċũŔƚƣŔĦШƓũċŰƣШƖĲƚƓŸŰƚĲШƣŸШƚƣƖĲƚƚŸƖƚЮШÑőŔƚШůĲċŰƚШƣőĲШůŸĬĲũƚШƽŸƨũĬШĤĲШƚƨŔƣċĤũĲШŉŸƖШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣШŸƖШċƚƚĲƚƚŔŰŊШƓŸƣĲŰƣŔċũШƚƣƖċƣĲŊŔĲƚШŉŸƖШůŔƣŔŊċƣŔŰŊШǃŔĲũĬШċŰĬШŰƨƣƖŔƣŔŸŰШũŸƚƚĲƚЮШfŰШÉĲĦƣŔŸŰШ
ΝЮΡЯШƣőĲШ§ΟШĬċůċŊĲШƓƖŸĦĲƚƚĲƚШŔŰĦũƨĬĲĬШŔŰШƻċƖŔŸƨƚШĦƖŸƓШůŸĬĲũƚШƽŔũũШĤĲШĬŔƚĦƨƚƚĲĬЯШƽőŔũĲШÉĲĦƣŔŸŰШ
ΝЮΣШƽŔũũШĲǂƓũċŔŰШƣőĲШƚƓĲĦŔǯĦШĦũŔůċƣĲШċŰĬШ§ΟШůĲĦőċŰŔƚůƚШƣőċƣШċƖĲШƨƚĲĬШŔŰШƣőĲШ?§ΟÉEр9ƖŸƓШ
ůŸĬĲũЯШƽőŔĦőШŔƚШƣőĲШůŸĬĲũШƨƚĲĬШƣőƖŸƨŊőŸƨƣШƣőŔƚШƣőĲƚŔƚЮ 

ΝЮΠШÅŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚ 
ÑŸШĬċƣĲЯШƻċƖŔŸƨƚШůĲƣőŸĬƚШőċƻĲШĤĲĲŰШƨƚĲĬШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШĦƖŸƓШǃŔĲũĬƚШċŰĬШ
ƓƖŸƣĲŔŰЮШÑŸШĬĲƻĲũŸƓШċШůŸĬĲũũŔŰŊШůĲƣőŸĬШƣőċƣШĦċŰШĤĲШƨƚĲĬШƣŸШċƚƚĲƚƚШ§ΟШċŰĬШĦũŔůċƣĲШĲǭĲĦƣƚШŸŰШ
ĦƖŸƓШǃŔĲũĬШċƚШƽĲũũШċƚШƕƨċũŔƣǃЯШƣőĲШůĲƖŔƣƚШċŰĬШũŔůŔƣċƣŔŸŰƚШŸŉШĦƨƖƖĲŰƣШůĲƣőŸĬƚШŰĲĲĬШƣŸШĤĲШ
ƨŰĬĲƖƚƣŸŸĬЮШÑőĲШƣĲƖůƚШљƖŔƚťњШċŰĬШљŔůƓċĦƣњШċƚƚĲƚƚůĲŰƣШőċƻĲШĤŸƣőШĤĲĲŰШƨƚĲĬШŔŰШƣőĲШũŔƣĲƖċƣƨƖĲШƣŸШ
ĬĲƚĦƖŔĤĲШƣőĲШůĲƣőŸĬƚШĤǃШƽőŔĦőШ§ΟШċŰĬоŸƖШĦũŔůċƣĲШĦőċŰŊĲШĲǭĲĦƣƚШŸŰШĦƖŸƓƚШőċƻĲШĤĲĲŰШƚƣƨĬŔĲĬШ
ыĲЮŊЮШEůĤĲƖƚŸŰШыΞΜΞΜьЯШéċŰШ?ŔŰŊĲŰĲŰШĲƣШċũЮШыΞΜΜΦьЯШƖĦőŔĤċũĬШĲƣШċũЮШыΞΜΞΜĤьЯШÂũĲŔŢĲũЯШ?ċŰŔĲũƚƚŸŰШ
ċŰĬШ7ƖŸĤĲƖŊШыΞΜΞΞьЯШ ŊƨǃĲŰШĲƣШċũЮШыΞΜΞΠьЯШÑċŔШĲƣШċũЮШыΞΜΞΝьШċŰĬШcŸƚőŔťċШĲƣШċũЮШыΞΜΞΜььЮШÖƚƨċũũǃЯШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚШƖĲŉĲƖШƣŸШĲƚƣŔůċƣĲĬШŉƨƣƨƖĲШĲŰƻŔƖŸŰůĲŰƣċũШŔůƓċĦƣƚШŸŉШċШƚƣƖĲƚƚŸƖЯШƽőŔũĲШŔůƓċĦƣШ
ċƚƚĲƚƚůĲŰƣƚШƖĲŉĲƖШĲƚƣŔůċƣĲƚШŸŉШĦƨƖƖĲŰƣШĲŰƻŔƖŸŰůĲŰƣċũШŔůƓċĦƣƚШы9őċũũŔŰŸƖШĲƣШċũЮЯШΞΜΝΥбШéċŰШ
?ŔŰŊĲŰĲŰШĲƣШċũЮЯШΞΜΜΦьЮШÑőĲШĦũŔůċƣĲШĦőċŰŊĲШǯĲũĬШƣĲŰĬƚШƣŸШƨƚĲШŔůƓċĦƣШċƚƚĲƚƚůĲŰƣШƣŸШĬĲƚĦƖŔĤĲШ
őŔƚƣŸƖŔĦШċŰĬШƓƖĲƚĲŰƣШĬċǃШĲƚƣŔůċƣĲĬШŔůƓċĦƣƚШŸŉШƚƣƖĲƚƚŸƖƚЯШƽőŔũĲШƣőĲШƣĲƖůШƖŔƚťШċƚƚĲƚƚůĲŰƣШŔƚШƨƚĲĬШ
ƣŸШĬĲƚĦƖŔĤĲШŉƨƣƨƖĲШĲƻĲŰƣƚШƽőŔĦőШċƖĲШƚƨĤŢĲĦƣШƣŸШƨŰĦĲƖƣċŔŰƣǃШы9őċũũŔŰŸƖШĲƣШċũЮЯШΞΜΝΥьЮШШƚŔůŔũċƖШ
ĬŔƚƣŔŰĦƣŔŸŰШŔŰШƣőĲƚĲШƣĲƖůƚШŔƚШŰŸƣШŉŸƨŰĬШƣőĲШ§ΟШĦŸůůƨŰŔƣǃШƽőĲƖĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШċŰĬШŔůƓċĦƣШ
ċƚƚĲƚƚůĲŰƣШċƖĲШƨƚĲĬШŔŰƣĲƖĦőċŰŊĲċĤũǃЮШ ШƚŔůŔũċƖШĦŸŰŉƨƚŔŸŰШŸŉШƣĲƖůƚШƽċƚШĬŔƚĦƨƚƚĲĬШĤǃШÉŔũũůċŰŰШ
ĲƣШċũЮШыΞΜΞΝьШŔŰШƖĲũċƣŔŸŰШƣŸШƨŰĬĲƖƚƣċŰĬŔŰŊШƓŸũũƨƣŔŸŰШĲǭĲĦƣƚШŸŰШőĲċũƣőШċŰĬШċŊƖŔĦƨũƣƨƖĲЯШŰŸƣŔŰŊШƣőċƣШ
љƖŔƚťњШċƚƚĲƚƚůĲŰƣƚШƚőŸƨũĬШŔŰĦũƨĬĲШƚŸůĲШċƚƓĲĦƣШŸŉШƓƖŸĤċĤŔũŔƣǃШŸƖШŉƖĲƕƨĲŰĦǃШŸŉШƣőĲШŔůƓċĦƣШƽőŔĦőШ
ŔƚШŰŸƣШĦƨƖƖĲŰƣũǃШŔŰĦũƨĬĲĬШŔŰШƽőċƣШċƖĲШĬĲƚĦƖŔĤĲĬШċƚШƖŔƚťШċƚƚĲƚƚůĲŰƣШƚƣƨĬŔĲƚШƽŔƣőŔŰШƣőĲШ§ΟШ
ĦŸůůƨŰŔƣǃЮШÑŸШĤĲШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШƣőĲШ§ΟШĦŸůůƨŰŔƣǃШċĦċĬĲůŔĦШũŔƣĲƖċƣƨƖĲШƽĲШƨƚĲШƣőĲШƣĲƖůШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣШŉŸƖШċŰǃШĦƨƖƖĲŰƣШŸƖШŉƨƣƨƖĲШċƚƚĲƚƚůĲŰƣШŸŉШ§ΟШĲǭĲĦƣƚШŸŰШĦƖŸƓƚШƨŰĬĲƖШŉŸƖШċШƚŔŰŊũĲШ
ƚŔƣƨċƣŔŸŰШŸƖШƚĦĲŰċƖŔŸЮШcŸƽĲƻĲƖЯШŔƣШŔƚШċĦťŰŸƽũĲĬŊĲĬШƣőċƣШċШƣƖƨĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШƚőŸƨũĬШŔŰĦũƨĬĲШ
ƚŸůĲШċƚƓĲĦƣШƓƖŸĤċĤŔũŔƣǃШŸƖШƨŰĦĲƖƣċŔŰƣǃШƖĲũċƣĲĬШƣŸШƣőĲШũŔťĲũǃШŉƖĲƕƨĲŰĦǃШŸŉШƣőĲШŸĦĦƨƖƖĲŰĦĲШŸŉШ
ĲƻĲŰƣƚШƣőċƣШƽŔũũШĦċƨƚĲШĬċůċŊĲЮШШШШШ9ƨƖƖĲŰƣũǃШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĲǂƓŸƚƨƖĲрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚЯШ



ΠΠ 
 

ǰƨǂрĤċƚĲĬШĲǂƓŸƚƨƖĲрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШċŰĬШĦƖŸƓШůŸĬĲũƚШőċƻĲШĤĲĲŰШƨƚĲĬШƣŸШƓĲƖŉŸƖůШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚШŸŉШ§ΟШĬċůċŊĲШƣŸШƽőĲċƣЮШ7ŸƣőШƣőĲШĲǂƓŸƚƨƖĲрƖĲƚƓŸŰƚĲШċŰĬШǰƨǂрĤċƚĲĬШƖĲƚƓŸŰƚĲШ
ƖĲũċƣŔŸŰƚőŔƓƚШċƖĲШŔŰŉŸƖůĲĬШĤǃШĲǂƓĲƖŔůĲŰƣċũШĬċƣċШƣŸШĬĲǯŰĲШƣőĲŔƖШƖĲŊƖĲƚƚŔŸŰƚШƽŔƣőШǃŔĲũĬЯШĤŔŸůċƚƚШ
ŸƖШƻŔƚŔĤũĲШĦƖŸƓШĬċůċŊĲШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШыEůĤĲƖƚŸŰЯШΞΜΞΜьЮШìőĲƖĲċƚШĦƖŸƓШůŸĬĲũƚШċƖĲШ
ĦċũŔĤƖċƣĲĬШĤċƚĲĬШŸŰШĲǂƓĲƖŔůĲŰƣċũШĬċƣċШĤĲŉŸƖĲШĤĲŔŰŊШċƓƓũŔĲĬШċĦƖŸƚƚШċШĦŸƨŰƣƖǃШŸƖШƖĲŊŔŸŰШŸŉШ
ŔŰƣĲƖĲƚƣШы ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШÑőŔƚШƚĲĦƣŔŸŰШƽŔũũШĬŔƚĦƨƚƚШĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШ
ǰƨǂрĤċƚĲĬШĲǂƓŸƚƨƖĲрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚЯШƽőŔũĲШĦƖŸƓШůŸĬĲũƚШƽŔũũШĤĲШĲǂƓũŸƖĲĬШŔŰШƚĲĦƣŔŸŰШΝЮΡЮ 

9ŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШǰƨǂрĤċƚĲĬШĲǂƓŸƚƨƖĲрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚШƖĲƕƨŔƖĲШůĲƣƖŔĦƚШĤǃШƽőŔĦőШƣŸШ
ĦőċƖċĦƣĲƖŔƚĲШƣőĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШÑőĲШĦŸůůŸŰũǃШƨƚĲĬШůĲƣƖŔĦƚШƣŸШċƚƚĲƚƚШ§ΟШĬċůċŊĲШƣŸШĦƖŸƓƚШ
ċƖĲШ~ΤШыŸƖШ~ΝΞьЯШ §ÑΠΜШċŰĬШÂ§?òЮШ~ΤШыŸƖШ~ΝΞьШċŰĬШ §ÑΠΜШċƖĲШůĲƣƖŔĦƚШĤċƚĲĬШŸŰШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ~ΤШыŸƖШ~ΝΞьШŔƚШƣőĲШĬċŔũǃЯШΤШőŸƨƖШыŸƖШΝΞШőŸƨƖьЯШůĲċŰШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬƨƖŔŰŊШ
ĬċǃũŔŊőƣШőŸƨƖƚШċŰĬШ§ÑΠΜШŔƚШƣőĲШ§ΟШċĦĦƨůƨũċƣĲĬШĬƨƖŔŰŊШĬċǃũŔŊőƣШőŸƨƖƚШŸƻĲƖШċШƣőƖĲƚőŸũĬШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШΠΜШƓƓĤШы[ŔƚĦőĲƖЯШΞΜΝΦбШ]ƨċƖŔŰШĲƣШċũЮЯШΞΜΝΦċьЮШÂ§?òШŔƚШċШǰƨǂрĤċƚĲĬШůĲƣƖŔĦбШŔƣШ
ƚƣċŰĬƚШŉŸƖШƓőǃƣŸƣŸǂŔĦШ§ΟШĬŸƚĲШċĤŸƻĲШċШƣőƖĲƚőŸũĬШòШŰůŸũШůΞШÂx ШƚрΝЮШòЮƖĲƓƖĲƚĲŰƣƚШƣőĲШƣőƖĲƚőŸũĬШ
ƚƣŸůċƣċũШǰƨǂШŸŉШ§ΟЯШĤĲũŸƽШƽőŔĦőШƣőĲШĬċůċŊŔŰŊШĲǭĲĦƣƚШŸŉШƣőĲШƓŸũũƨƣċŰƣШċƖĲШĦŸƨŰƣĲƖċĦƣĲĬШĤǃШ
ċŰƣŔŸǂŔĬċŰƣƚЯШċŰĬШÂx ШƚƣċŰĬƚШŉŸƖШƓƖŸŢĲĦƣĲĬШũĲċŉШċƖĲċШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΝьЮШÂ§?òШċŰĬШ §ÑΠΜШůĲƣƖŔĦƚШ
ċƖĲШŸŉƣĲŰШƨƚĲĬШŔŰШĦŸůĤŔŰċƣŔŸŰШƽŔƣőШċШљĦƖŔƣŔĦċũШũĲƻĲũњЯШƽőĲƖĲШĦƖŔƣŔĦċũШũĲƻĲũШƖĲŉĲƖƚШƣŸШƣőĲШƣőƖĲƚőŸũĬШŸŉШ
ƣőĲШůĲƣƖŔĦШċĤŸƻĲШƽőŔĦőШċĬƻĲƖƚĲШĲǭĲĦƣƚШŸŰШĦƖŸƓƚШċƖĲШĲǂƓĲĦƣĲĬШƣŸШŸĦĦƨƖШы9xÅÑ ÂЯШΞΜΝΤьЮ 

fŰШƣőĲШŉŸũũŸƽŔŰŊШƚĲĦƣŔŸŰƚЯШĦŸŰĦĲŰƣƖċƣŔŸŰрШċŰĬШǰƨǂрĤċƚĲĬШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШċƖĲШƖĲƻŔĲƽĲĬШ
ƣŸШƚƨƓƓŸƖƣШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШċШůŸƖĲШƖŸĤƨƚƣШċƓƓƖŸċĦőШƣőċƣШċĬĬƖĲƚƚĲƚШƣőĲШũŔůŔƣċƣŔŸŰƚШŸŉШĦƨƖƖĲŰƣШ
ůĲƣőŸĬƚЮ 

ΝЮΠЮΝШ9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ 
9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШőċƻĲШĤĲĲŰШĬĲƖŔƻĲĬШŉŸƖШĦƖŸƓШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШĤǃШ
ƖĲŊƖĲƚƚŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШůĲƣƖŔĦƚШыĲЮŊЮШ~ΤШŸƖШ §ÑΠΜьШƽŔƣőШċШƖĲƚƓŸŰƚĲШůĲƣƖŔĦШыƚƨĦőШċƚШǃŔĲũĬЯШ
ĤŔŸůċƚƚШŸƖШƻŔƚŔĤũĲШĬċůċŊĲьШыEůĤĲƖƚŸŰЯШΞΜΞΜьЮШШĦƖŔƣŔĦŔƚůШŸŉШ~ΤШŔƚШƣőċƣШƨƚŔŰŊШċШůĲċŰШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШċƻĲƖċŊĲƚШŸƨƣШƓĲċťШ§ΟШĲƻĲŰƣƚШƣőċƣШĦċŰШŸƻĲƖƽőĲũůШƣőĲШƓũċŰƣƚШċĤŔũŔƣǃШƣŸШƓƖŸĬƨĦĲШ
ċŰƣŔŸǂŔĬċŰƣƚШċŰĬШĦŸƨŰƣĲƖċĦƣШ§ΟШĬċůċŊĲШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШ]ƨċƖŔŰШĲƣШċũЮЯШΞΜΝΦċьЮШ Ш
ĦƖŔƣŔĦŔƚůШŸŉШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШ~ΤШċŰĬШ §ÑΠΜШċƓƓƖŸċĦőĲƚШŔƚШƣőċƣШƣőĲǃШŉċŔũШƣŸШċĦĦŸƨŰƣШŉŸƖШ
ƣőĲШůĲĦőċŰŔƚƣŔĦШƓƖŸĦĲƚƚĲƚШƣőċƣШĦċŰШƚƨƓƓŸƖƣШċШƓũċŰƣƚШċĤŔũŔƣǃШƣŸШċƻŸŔĬШŸƖШƖĲĦŸƻĲƖШŉƖŸůШ§ΟШĬċůċŊĲЯШ
ŸƖШĬĲƣŸǂŔŉǃШÅ§ÉЯШċŰĬШƓƖĲƻĲŰƣШƚŸůĲШ§ΟШĬċůċŊĲШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШÑċŔШĲƣШċũЮЯШΞΜΞΝьЮШ[ƨƖƣőĲƖЯШ
ƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШċƓƓƖŸċĦőĲƚШĬŸШŰŸƣШĦŸŰƚŔĬĲƖШőŸƽШƣőĲШŔůƓċĦƣƚШŸŉШ§ΟШƽŔũũШŔŰƣĲƖċĦƣШƽŔƣőШ
ĲŰƻŔƖŸŰůĲŰƣċũШŉċĦƣŸƖƚЯШƚƨĦőШċƚШőĲċƣШċŰĬШƽċƣĲƖШċƻċŔũċĤŔũŔƣǃШƽőŔĦőШĦŸƨũĬШċǭĲĦƣШƚƣŸůċƣċũШƨƓƣċťĲШ
ŸŉШƣőĲШƓŸũũƨƣċŰƣШыÑċŔШĲƣШċũЮЯШΞΜΞΝьЮШfŰШŉċĦƣЯШEůĤĲƖƚŸŰШĲƣШċũЮШыΞΜΜΜьШŉŸƨŰĬШƣőċƣШċƖĲċƚШƽőŔĦőШőċĬШƣőĲШ
őŔŊőĲƚƣШ §ÑΠΜШůĲƣƖŔĦШŉŸƖШĤĲĲĦőШċŰĬШƽőĲċƣШċĦƖŸƚƚШEƨƖŸƓĲЯШĬŔĬШŰŸƣШċũƽċǃƚШŸƻĲƖũċƓШƽŔƣőШƣőŸƚĲШ
ƽőŔĦőШőċĬШƣőĲШŊƖĲċƣĲƚƣШ§ΟШǰƨǂĲƚЮШ 

ΝЮΠЮΞШ[ũƨǂрƖĲƚƓŸŰƚĲ 
ÑőĲШÂ§?òШůĲƣƖŔĦШċĦĦŸƨŰƣƚШŉŸƖШƣőĲШƓũċŰƣƚШċĤŔũŔƣǃШƣŸШĬĲƣŸǂŔŉǃШƚŸůĲШ§ΟШƨƓƣċťĲШċŰĬШŔƚШĦċũĦƨũċƣĲĬШ
ƨƚŔŰŊШƚƣŸůċƣċũШǰƨǂĲƚШƽőŔĦőШƣċťĲШŔŰƣŸШĦŸŰƚŔĬĲƖċƣŔŸŰШƻċƓŸƨƖШƓƖĲƚƚƨƖĲШĬĲǯĦŔƣЯШƚŸŔũШƽċƣĲƖШƓŸƣĲŰƣŔċũЯШ
ũŔŊőƣЯШċŰĬШƣĲůƓĲƖċƣƨƖĲЮШÑőŔƚШůĲċŰƚШƣőĲШÂ§?òШůĲƣƖŔĦШŔŰĦŸƖƓŸƖċƣĲƚШƣőĲШŔŰƣĲƖċĦƣŔŸŰШĤĲƣƽĲĲŰШ§ΟШ
ċŰĬШƣőĲШĲŰƻŔƖŸŰůĲŰƣШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΝьЮШ§ŰĲШĬƖċƽĤċĦťШŔƚШƣőċƣШőŸƨƖũǃШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШċƖĲШ
ƖĲƕƨŔƖĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШőĲŰĦĲШ§ΟШƨƓƣċťĲШыEůĤĲƖƚŸŰЯШΞΜΞΜьЮШfƣШőċƚШ
ĤĲĲŰШƚƨŊŊĲƚƣĲĬШƣőċƣШƣőĲШÂ§?òШċƓƓƖŸċĦőШĬŸĲƚШŰŸƣШŊŔƻĲШƖĲċũŔƚƣŔĦШǃŔĲũĬШũŸƚƚШĲƚƣŔůċƣĲƚШŉŸƖШƽőĲċƣШŔŰШ
fŰĬŔċШы[ŔƚĦőĲƖЯШΞΜΝΦьЮШ[ŔƚĦőĲƖШыΞΜΝΦьШĬŔƚĦƨƚƚĲƚШƣőċƣШƣőĲШÂ§?òШůĲƣőŸĬШŊŔƻĲƚШũŸƽĲƖШĲƚƣŔůċƣĲƚШŉŸƖШ
§ΟШŔŰĬƨĦĲĬШǃŔĲũĬШũŸƚƚĲƚШŔŰШfŰĬŔċШƣőċŰШĲƚƣŔůċƣĲƚШĤċƚĲĬШŸŰШ §ÑΠΜШŸƖШ~ΤЮШÉŔŰĦĲШƣőĲШÂ§?òШĬŸƚĲр



ΠΡ 
 

ƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШƽĲƖĲШĤċƚĲĬШŸŰШEƨƖŸƓĲċŰШƖĲũċƣŔŸŰƚőŔƓƚЯШ[ŔƚĦőĲƖШыΞΜΝΦьШƚƨŊŊĲƚƣƚШƣőĲШ
ĬŔƚĦƖĲƓċŰĦǃШŔŰШǃŔĲũĬШƓƖĲĬŔĦƣŔŸŰƚШƽŸƨũĬШŔůƓũǃШfŰĬŔċŰШƽőĲċƣШőċƚШċШũŸƽĲƖШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШ
ƣőċŰШEƨƖŸƓĲċŰШƽőĲċƣШрШċШƚƣċƣĲůĲŰƣШċũƚŸШůċĬĲШŔŰШƣőĲШƓċƓĲƖШƣőċƣШƣőĲШĬċƣċШĦċůĲШŉƖŸůШы~ŔũũƚШĲƣШċũЮЯШ
ΞΜΝΥĤьЮШcŸƽĲƻĲƖЯШ[ŔƚĦőĲƖШыΞΜΝΦьШċũƚŸШőŔŊőũŔŊőƣƚШƣőċƣШĲǂƓĲƖŔůĲŰƣċũШĬċƣċШŸŰШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲШŸŉШfŰĬŔċŰШċŰĬШEƨƖŸƓĲċŰШƽőĲċƣШĬŸĲƚШŰŸƣШƚƨƓƓŸƖƣШƣőŔƚШƚƣċƣĲůĲŰƣЮШfƣШĦŸƨũĬШĤĲШƣőċƣШ
ƣőĲШĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰĬŔƣŔŸŰƚШfŰĬŔċŰШƽőĲċƣШŔƚШŊƖŸƽŰШŔŰШũĲċĬШŔƣШƣŸШőċƻĲШċШũŸƽĲƖШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲЮШ ĲƻĲƖƣőĲũĲƚƚЯШĲƻĲŰШƽŔƣőШƣőŔƚШĬŔƚĦƖĲƓċŰĦǃЯШǰƨǂрĤċƚĲĬШĲǂƓŸƚƨƖĲШƖĲƚƓŸŰƚĲШ
ƖĲũċƣŔŸŰƚőŔƓƚШőċƻĲШĤĲĲŰШƚőŸƽŰШƣŸШőċƻĲШċШƚƣƖŸŰŊĲƖШƚƣċƣŔƚƣŔĦċũШƖĲũċƣŔŸŰƚőŔƓШƽŔƣőШƣőĲШƖĲƚƓŸŰƚĲШ
ůĲƣƖŔĦШƣőċŰШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШċƓƓƖŸċĦőĲƚШыEůĤĲƖƚŸŰЯШΞΜΞΜьЮ 

ΝЮΡШÖƚċŊĲШŸŉШĦƖŸƓШůŸĬĲũƚШŉŸƖШċƚƚĲƚƚŔŰŊШ§ΟШċŰĬШĦũŔůċƣĲШƚƣƖĲƚƚ 
9ƖŸƓШůŸĬĲũƚШĦċŰШċũƚŸШĤĲШƨƚĲĬШƣŸШċƚƚĲƚƚШ§ΟШĬċůċŊĲШƣŸШĦƖŸƓƚЮШÑőĲƚĲШůŸĬĲũƚШůĲĦőċŰŔƚƣŔĦċũũǃШ
ƚŔůƨũċƣĲШĦƖŸƓШŊƖŸƽƣőШŉƖŸůШƚŸƽŔŰŊШƣŸШőċƖƻĲƚƣШĤǃШƨƚŔŰŊШċШƚĲƖŔĲƚШŸŉШĲƕƨċƣŔŸŰƚШƣŸШĬĲƚĦƖŔĤĲШƣőĲШ
ŊƖŸƽƣőШƓƖŸĦĲƚƚĲƚШŸĦĦƨƖƖŔŰŊШŔŰƚŔĬĲШƣőĲШƓũċŰƣШы9őĲŰƨШĲƣШċũЮЯШΞΜΝΤьЮШÑőĲǃШŸǭĲƖШƣőĲШǰĲǂŔĤŔũŔƣǃШƣŸШ
ċĬŢƨƚƣШƣőĲШƨŰĬĲƖũǃŔŰŊШĦŸĬĲШċŰĬШőĲŰĦĲШůŸĬŔŉǃШƣőĲШƓƖŸĦĲƚƚĲƚШƚŔůƨũċƣĲĬЮШ?ƨĲШƣŸШƣőĲŔƖШǰĲǂŔĤŔũŔƣǃЯШ
ĦƖŸƓШůŸĬĲũƚШĦċŰШƚŔůƨũċƣĲШƣőĲШĲǭĲĦƣƚШŸŉШůƨũƣŔƓũĲШƚƣƖĲƚƚŸƖƚШƚŔůƨũƣċŰĲŸƨƚũǃЮШfŰШƣőŔƚШƚĲĦƣŔŸŰЯШƣőĲШ
ĦƨƖƖĲŰƣШůŸĬĲũũŔŰŊШůĲƣőŸĬƚШƨƚĲĬШƣŸШƚŔůƨũċƣĲШ§ΟШĲǭĲĦƣƚШŸŰШĦƖŸƓƚЯШċŰĬШƣőĲШůŸĬŔŉǃŔŰŊШĲǭĲĦƣƚШŸŉШ
ƣĲůƓĲƖċƣƨƖĲЯШƽċƣĲƖШċŰĬШ9§ΞЯШċƖĲШŔŰƣƖŸĬƨĦĲĬШƣŸШƓƖŸƻŔĬĲШċШŉŸƨŰĬċƣŔŸŰШŉŸƖШƣőĲШůŸƖĲШĬĲƣċŔũĲĬШ
ĬŔƚĦƨƚƚŔŸŰШŸŉШƣőĲШƚƓĲĦŔǯĦШůŸĬĲũШƨƚĲĬШŔŰШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚШŔŰШƚĲĦƣŔŸŰШΝЮΣЮ 

ÂƖŸĦĲƚƚрĤċƚĲĬШĦƖŸƓШůŸĬĲũƚШƨƚĲШůĲƣĲŸƖŸũŸŊŔĦċũШŔŰƓƨƣƚШƚƨĦőШċƚШƣĲůƓĲƖċƣƨƖĲЯШƖċŔŰŉċũũЯШƚŸŔũШƽċƣĲƖЯШ
ƖċĬŔċƣŔŸŰЯШċŰĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣŸШƚŔůƨũċƣĲШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШċŰĬШĦƖŸƓШŊƖŸƽƣőШƨŰĬĲƖШ
ĬŔǭĲƖŔŰŊШĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰĬŔƣŔŸŰƚЯШůċťŔŰŊШƣőĲůШƚƨŔƣċĤũĲШŉŸƖШƚŔůƨũċƣŔŰŊШƽőĲċƣШǃŔĲũĬƚШƨŰĬĲƖШċШ
ĦőċŰŊŔŰŊШĦũŔůċƣĲЮШÉŸůĲШŸŉШƣőĲƚĲШůŸĬĲũƚШċũƚŸШŔŰĦũƨĬĲШċũŊŸƖŔƣőůƚШƣŸШĬĲƚĦƖŔĤĲШƣőĲШĲǭĲĦƣƚШŸŉШőŔŊőШ
ƣĲůƓĲƖċƣƨƖĲƚШŸƖШĬƖŸƨŊőƣШƚƣƖĲƚƚЯШċũũŸƽŔŰŊШƣőĲůШƣŸШċĦĦŸƨŰƣШŉŸƖШůŸƖĲШĲǂƣƖĲůĲШĲƻĲŰƣƚШƖĲƚƨũƣŔŰŊШ
ŉƖŸůШĦũŔůċƣĲШĦőċŰŊĲЮШ9ƖŸƓШůŸĬĲũƚШƣőċƣШŔŰĦŸƖƓŸƖċƣĲШ§ΟШĲǭĲĦƣƚШċƖĲШũŔƚƣĲĬШŔŰШÑċĤũĲШΝЮΤШċŰĬШƣőĲŔƖШ
ůŸĬĲũũŔŰŊШċƓƓƖŸċĦőĲƚШƣŸШ§ΟШċŰĬШĦũŔůċƣĲЯШċũŸŰŊШƽŔƣőШƣőĲŔƖШċƓƓũŔĦċƣŔŸŰƚШċƖĲШĬŔƚĦƨƚƚĲĬШĤĲũŸƽЮ 

ΝЮΡЮΝШ~ŸĬĲũũŔŰŊШ§ΟШĲǭĲĦƣƚШŸŰШǃŔĲũĬƚ 
?ŔǭĲƖĲŰƣШůŸĬĲũƚШĦŸŰƚŔĬĲƖШ§ΟШĲǭĲĦƣƚШŸŰШǃŔĲũĬƚШƣőƖŸƨŊőШƻċƖŔŸƨƚШůĲƣƖŔĦƚЮШ~ŸƚƣШĦƖŸƓШůŸĬĲũƚШ
ĦŸŰƚŔĬĲƖШ§ΟШċƚШőċƻŔŰŊШċШƚőŸƖƣрƣĲƖůШŔůƓċĦƣШƖĲĬƨĦŔŰŊШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШũŸŰŊрƣĲƖůШŔůƓċĦƣШ
ċĦĦĲũĲƖċƣŔŰŊШƚĲŰĲƚĦĲŰĦĲШыÑċĤũĲШΝЮΤьЮШ[ŸƖШƣőĲШůŸĬĲũƚШƣőċƣШƚŔůƨũċƣĲШƣőĲШƚőŸƖƣрШċŰĬШũŸŰŊрƣĲƖůШ§ΟШ
ĲǭĲĦƣƚЯШƚĲƻĲƖċũШыxf ÑÖx99ΞЯШì§[§ÉÑЯШ?§ΟÉEр9ƖŸƓЯШ~9ìx ьШĤċƚĲШƣőĲŔƖШċƓƓƖŸċĦőШŸŰШEƽĲƖƣШċŰĬШ
ÂŸƖƣĲƖШыΞΜΜΜьШƽőŸШƨƚĲШċĦĦƨůƨũċƣĲĬШƚƣŸůċƣċũШ§ΟШǰƨǂШċƚШƣőĲŔƖШ§ΟШůĲċƚƨƖĲЮШxÂsůũШċũƚŸШƨƚĲШƣőĲШ
ƚƣŸůċƣċũШ§ΟШǰƨǂШċƓƓƖŸċĦőЯШĤƨƣШƣőĲǃШĬĲƻĲũŸƓĲĬШƣőĲŔƖШŸƽŰШĲƕƨċƣŔŸŰƚШƣŸШĬĲƚĦƖŔĤĲШƣőĲШƚőŸƖƣрШċŰĬШ
ũŸŰŊрƣĲƖůШŔůƓċĦƣƚШŸŉШ§ΟЮШÑE~fÅЯШ?xE~р ŊЯШ]x ~рÅ§9ШċŰĬШ9x~ΡЮΜШŸŰũǃШĦŸŰƚŔĬĲƖШƣőĲШƚőŸƖƣр
ƣĲƖůШŔůƓċĦƣƚШŸŉШ§ΟЯШƽŔƣőШ9x~ΡЮΜШŔŰĦũƨĬŔŰŊШƣƽŸШ§ΟШŉċĦƣŸƖƚШƣŸШůŸĬŔŉǃШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШ
ƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШƚĲƓċƖċƣĲũǃШƽőŔũĲШÑE~fÅШċŰĬШ?xE~р ŊШŢƨƚƣШŔŰǰƨĲŰĦĲШƓőŸƣŸƚǃŰƣőĲƚŔƚЮШÑőĲƖĲШ
ċƖĲШƚŸůĲШĦƖŸƓШůŸĬĲũƚШƣőċƣШƨƚĲШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШůĲƣƖŔĦƚШŔŰШƣőĲŔƖШŉŸƖůƨũċƣŔŸŰƚЮШ]x ~рÅ§9Ш
ŔƚШċШƣƖċŰƚƓŔƖċƣŔŸŰрĤċƚĲĬШĦƖŸƓШůŸĬĲũШċŰĬШĦŸŰƚŔĬĲƖƚШƣőĲШ§ΟШŔůƓċĦƣШŸŰШĬċŔũǃШƣƖċŰƚƓŔƖċƣŔŸŰШƣőƖŸƨŊőШ
ƣőĲШ §ÑΠΜШůĲƣƖŔĦЮШìőĲƖĲċƚШ?ÉÉ ÑќƚШĲƕƨċƣŔŸŰƚШƨƚĲШƣőĲШ~ΤШůĲƣƖŔĦШƣŸШĦċũĦƨũċƣĲШ§ΟШĲǭĲĦƣƚШŸŰШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШƚĲŰĲƚĦĲŰĦĲЮШШ ÂÉf~ШƣċťĲƚШċШĬŔǭĲƖĲŰƣШċƓƓƖŸċĦőШƣŸШůŸĬĲũũŔŰŊШ§ΟШĲǭĲĦƣƚШ
ƽőĲƖĲШŸŰũǃШƣőĲШƖĲƚƨũƣŔŰŊШŔůƓċĦƣШŸŰШǃŔĲũĬШŔƚШĦŸŰƚŔĬĲƖĲĬШƨƚŔŰŊШ §ÑΠΜШċƚШċШůĲƣƖŔĦЮШ 

fƣШŔƚШƽĲũũШƨŰĬĲƖƚƣŸŸĬШƣőċƣШ§ΟШƖĲĬƨĦĲƚШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШċƚШƽĲũũШċƚШċĦĦĲũĲƖċƣŔŰŊШƚĲŰĲƚĦĲŰĦĲШŔŰШ
ĦƖŸƓƚШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШÑőĲƖĲŉŸƖĲЯШĦƖŸƓШůŸĬĲũƚШƣőċƣШŔŰĦŸƖƓŸƖċƣĲШĤŸƣőШƚőŸƖƣрШċŰĬШũŸŰŊр
ƣĲƖůШ§ΟШĲǭĲĦƣƚШƓƖŸƻŔĬĲШċШĤĲƣƣĲƖШƖĲƓƖĲƚĲŰƣċƣŔŸŰШŸŉШƓũċŰƣШƖĲƚƓŸŰƚĲШƣŸШ§ΟЮШ ĬĬŔƣŔŸŰċũũǃЯШċƚШ
ĬŔƚĦƨƚƚĲĬШŔŰШƚĲĦƣŔŸŰШΝЮΠЯШ~ΤШċŰĬШ §ÑΠΜШċƓƓƖŸċĦőĲƚШċƖĲШũŔůŔƣĲĬШċƚШƣőĲǃШċƖĲШĦċũĦƨũċƣĲĬШŉƖŸůШ



ΠΣ 
 

ĲǂƣĲƖŰċũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШċƖĲШŰŸƣШĬŔƖĲĦƣũǃШƖĲũċƣĲĬШƣŸШƣőĲШƓũċŰƣќƚШƓőǃƚŔŸũŸŊǃЮШÑőĲШƚƣŸůċƣċũШ
ǰƨǂрĤċƚĲĬШċƓƓƖŸċĦőЯШƽőŔĦőШĦŸŰƚŔĬĲƖƚШĲŰƻŔƖŸŰůĲŰƣċũШŉċĦƣŸƖƚШŔůƓċĦƣŔŰŊШƣőĲШƓũċŰƣќƚШŊƖŸƽƣőЯШ
ƓƖŸƻŔĬĲƚШċШůŸƖĲШƖĲƓƖĲƚĲŰƣċƣŔƻĲШƻŔĲƽШŸŉШőŸƽШƣőĲШƓũċŰƣШƣċťĲƚШƨƓШċŰĬШŔŰƣĲƖċĦƣƚШƽŔƣőШ§ΟЯШĤƨƣШŔƚШ
ƨŰċĤũĲШƣŸШĬŔƖĲĦƣũǃШƖĲũċƣĲШƣőĲƚĲШůĲĦőċŰŔƚůƚШƣŸШƻċƖŔċƣŔŸŰƚШŔŰШƓũċŰƣШŊƖŸƽƣőШƣőċƣШċƖĲШƨũƣŔůċƣĲũǃШ
ĬĲƣĲƖůŔŰĲĬШĤǃШ9ШċƚƚŔůŔũċƣŔŸŰЮ 

ΝЮΡЮΞШ~ŸĬĲũũŔŰŊШƣőĲШŔŰƣĲƖċĦƣŔŸŰШŸŉШ§ΟШċŰĬШĦũŔůċƣĲШĲǭĲĦƣƚ 
~ŸƚƣШůŸĬĲũƚШĦŸŰƚŔĬĲƖШĦƖŸƓШĬĲƻĲũŸƓůĲŰƣШƣŸШŸĦĦƨƖШċƚШċŰШċĦĦƨůƨũċƣŔŸŰШŸŉШƣőĲƖůċũШƣŔůĲЮШÑőŔƚШ
ůĲċŰƚШƣőċƣШƣőĲШĲǭĲĦƣШŸŉШŔŰĦƖĲċƚŔŰŊШƣĲůƓĲƖċƣƨƖĲƚШŔƚШċĦĦŸƨŰƣĲĬШŉŸƖШƣőƖŸƨŊőШċĦĦĲũĲƖċƣĲĬШ
ĬĲƻĲũŸƓůĲŰƣШċƚШƣőĲШĦƖŸƓШƓƖŸĦĲĲĬƚШƣŸƽċƖĬƚШŔƣƚШŸƓƣŔůƨůШƣĲůƓĲƖċƣƨƖĲЯШċŰĬШƖĲĬƨĦĲĬШ
ĬĲƻĲũŸƓůĲŰƣШƽőĲŰШƣĲůƓĲƖċƣƨƖĲƚШċƓƓƖŸċĦőЯШŸƖШĲǂĦĲĲĬЯШƣőĲШůċǂŔůƨůШŸƖШůŔŰŔůƨůШŉŸƖШŊƖŸƽƣőЮШ
ĬĬŔƣŔŸŰċũũǃЯШĦƖŸƓШůŸĬĲũƚШƖĲƕƨŔƖĲШƖċĬŔċƣŔŸŰШŔŰƓƨƣƚШƣŸШƓƖŸƻŔĬĲШċŰШĲƚƣŔůċƣĲШŸŉШƓőŸƣŸƚǃŰƣőċƣĲШŸƖШ
ĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШƽőŔĦőШĦŸƨũĬШċǭĲĦƣШ§ΟШŔůƓċĦƣĲĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲƚШŸƖШĤŔŸůċƚƚШ
ƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШůŸĬĲũũŔŰŊШƓƖŸĦĲƚƚЮ 

[ŸƖШƣőĲШĦƖŸƓШůŸĬĲũƚШƣőċƣШĦŸŰƚŔĬĲƖШƣőĲШǰƨǂрĤċƚĲĬШċƓƓƖŸċĦőШƣŸШƚŔůƨũċƣŔŰŊШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟЯШ
ĦċũĦƨũċƣŔŸŰШŸŉШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШŔƚШťĲǃЮШƚШĬŔƚĦƨƚƚĲĬШŔŰШÉĲĦƣŔŸŰШΝЮΟЯШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШ
ŔƚШċǭĲĦƣĲĬШĤǃШĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰĬŔƣŔŸŰƚШƚƨĦőШċƚШƣĲůƓĲƖċƣƨƖĲЯШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШĬƖŸƨŊőƣШ
ы7ċũũċШĲƣШċũЮЯШΞΜΝΠЯШΞΜΝΦбШÉőċőШċŰĬШÂċƨũƚĲŰЯШΞΜΜΟбШ ŔŰƚƽŸƖƣőШċŰĬШÅŸŊĲƖƚЯШΞΜΜΤьЮШ?§ΟÉEр9ƖŸƓЯШ
xf ÑÖx99ΞЯШì§[§ÉÑЯШxÂsůũЯШÑE~fÅШċŰĬШ~9ìx ШċũũШŔŰĦũƨĬĲШƓƖŸĦĲƚƚĲƚШƣŸШƖĲĬƨĦĲШƣőĲШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲШƨŰĬĲƖШŔŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШƚŸŔũШƽċƣĲƖШƚƣƖĲƚƚШƽőŔĦőШƚƨĤƚĲƕƨĲŰƣũǃШ
ũŔůŔƣƚШ§ΟШƨƓƣċťĲЮШ ШƖĲĬƨĦƣŔŸŰШŔŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣőĲŰШƖĲĬƨĦĲƚШƓőŸƣŸƚǃŰƣőĲƚŔƚШĬƨĲШƣŸШƣőĲШ
ƖĲĬƨĦĲĬШ9§ΞШƨƓƣċťĲЮШÂőŸƣŸƚǃŰƣőĲƚŔƚШĦċŰШċũƚŸШĤĲШůŸĬŔǯĲĬШĬŔƖĲĦƣũǃШƣŸШŔŰĦũƨĬĲШĲŰƻŔƖŸŰůĲŰƣċũШ
ĲǭĲĦƣƚЯШƽŔƣőШ~9ìx ШŔŰĦũƨĬŔŰŊШċШŉċĦƣŸƖШċĦĦŸƨŰƣŔŰŊШŉŸƖШƣőĲШƖĲĬƨĦƣŔŸŰШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШƨŰĬĲƖШ
ĲũĲƻċƣĲĬШƣĲůƓĲƖċƣƨƖĲƚЮШ?ÉÉ ÑШċũƚŸШŔŰĦũƨĬĲƚШċШőŔŊőШƣĲůƓĲƖċƣƨƖĲƚШƚƣƖĲƚƚШŉċĦƣŸƖЯШƣőŸƨŊőШŔƣШŔƚШƨƚĲĬШ
ƣŸШċĦĦĲũĲƖċƣĲШƚĲŰĲƚĦĲŰĦĲЮШÉŔůŔũċƖũǃЯШ]x ~рÅ§9ШċĦĦĲũĲƖċƣĲƚШƚĲŰĲƚĦĲŰĦĲШƨŰĬĲƖШĬƖŸƨŊőƣШƚƣƖĲƚƚЮШ
cŸƽĲƻĲƖЯШċƣШƓƖĲƚĲŰƣШůŸĬĲũƚШĬŸШŰŸƣШŔŰĦũƨĬĲШƣőĲШĲǭĲĦƣШŸŉШőĲċƣШƚƣƖĲƚƚЯШƽċƣĲƖШƚƣƖĲƚƚШċŰĬШŔŰĦƖĲċƚĲĬШ
9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШĦŸůĤŔŰċƣŔŸŰШŸŰШĤŸƣőШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШƓőŸƣŸƚǃŰƣőĲƚŔƚЮ 

fŰĦŸƖƓŸƖċƣŔŰŊШƣőĲШĲǭĲĦƣƚШŸŉШ9§ΞЯШƽċƣĲƖШƚƣƖĲƚƚШċŰĬШŔŰĦƖĲċƚĲĬШƣĲůƓĲƖċƣƨƖĲƚШŔŰШ§ΟШƚŔůƨũċƣŔŸŰƚШŔƚШ
ťĲǃШċƚШƣőĲƖĲШċƖĲШŔŰƣĲƖċĦƣŔŸŰШĲǭĲĦƣƚШƣőċƣШĦċŰШƖĲĬƨĦĲШŸƖШĲǂċĦĲƖĤċƣĲШ§ΟШĬċůċŊĲƚЮШÑőĲШůŸƚƣШ
ŔůƓŸƖƣċŰƣШĲǭĲĦƣШƣŸШĦŸŰƚŔĬĲƖЯШċƚШƚőŸƽŰШĤǃШƣőĲШŔŰĦũƨƚŔŸŰШŔŰШůŸƚƣШůŸĬĲũƚЯШŔƚШƣőĲШŔůƓċĦƣШŸŉШƣőĲШ
ĲŰƻŔƖŸŰůĲŰƣċũШƻċƖŔċĤũĲƚШŸŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲЯШƽőŔĦőШċǭĲĦƣƚШƣőĲШċůŸƨŰƣШŸŉШ§ΟШƣőċƣШŔƚШƣċťĲŰШ
ƨƓШċŰĬШĦċŰШŊŸШŸŰШƣŸШĦċƨƚĲШĬċůċŊĲЮШ9őċŰŊĲƚШŔŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċũƚŸШŔůƓċĦƣШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚШƣőƖŸƨŊőШċũƣĲƖċƣŔŸŰƚШƣŸШ9§ΞШƨƓƣċťĲЮШÑőĲШĲǭĲĦƣШŸŉШƣĲůƓĲƖċƣƨƖĲШŔƚШŊĲŰĲƖċũũǃШ
ŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШůŸĬĲũƚШƣőƖŸƨŊőШċĦĦƨůƨũċƣĲĬШƣőĲƖůċũШƣŔůĲШƽőŔĦőШŔŰǰƨĲŰĦĲƚШĦƖŸƓШ
ĬĲƻĲũŸƓůĲŰƣЯШƣőŸƨŊőШƚŸůĲШůŸĬĲũƚШĬŸШŔŰĦŸƖƓŸƖċƣĲШőŔŊőШƣĲůƓĲƖċƣƨƖĲШƚƣƖĲƚƚШŉċĦƣŸƖƚШƣŸШ
ŔŰĦŸƖƓŸƖċƣĲШċĬĬŔƣŔŸŰċũШĦƖŸƓШĬċůċŊĲШĬƨĲШƣŸШőĲċƣШƚőŸĦťЮШÑőĲШĲǭĲĦƣШŸŉШőĲċƣШƚƣƖĲƚƚЯШƽċƣĲƖШƚƣƖĲƚƚШ
ċŰĬШĲũĲƻċƣĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŰШƚĲŰĲƚĦĲŰĦĲШŔƚШŰŸƣШŊĲŰĲƖċũũǃШŔŰĦŸƖƓŸƖċƣĲĬЮШ[ŸƖШůŸĬĲũƚШƣőċƣШ
ĦŸŰƚŔĬĲƖШ§ΟШĬċůċŊĲЯШƣőĲǃШŸŰũǃШůŸĬĲũШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƣőĲШƖċƣĲШŸŉШƚĲŰĲƚĦĲŰĦĲЯШƣőŸƨŊőШƽċƣĲƖЯШ
őĲċƣШƚƣƖĲƚƚШċŰĬШĲũĲƻċƣĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċũũШċĦĦĲũĲƖċƣĲШƚĲŰĲƚĦĲŰĦĲШыÉĲĦƣŔŸŰШΝЮΟЯШxċũШĲƣШċũЮЯШ
ΞΜΞΞбШÉőċőШċŰĬШÂċƨũƚĲŰЯШΞΜΜΟбШÅŔŢċũШĲƣШċũЮЯШΞΜΞΜбШìċũũШĲƣШċũЮЯШΞΜΜΣьЮШÑőĲШĲǭĲĦƣƚШŸŉШƽċƣĲƖЯШőĲċƣШċŰĬШ
§ΟШƚƣƖĲƚƚЯШċŰĬШŔŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŰШŊƖċŔŰШ?~ШċƖĲШŔŰĦŸƖƓŸƖċƣĲĬШŔůƓũŔĦŔƣũǃШŔŰШƚŸůĲШ
ůŸĬĲũƚШƻŔċШƣőĲШĲǭĲĦƣƚШŸŉШƣőĲƚĲШƚƣƖĲƚƚŸƖƚШŸŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШ
ƽőŔĦőШƚƨĤƚĲƕƨĲŰƣũǃШĲǭĲĦƣƚШƣŸƣċũШċƚƚŔůŔũċƣŔŸŰЮШÉŔŰĦĲШƚŸůĲШůŸĬĲũƚШĬŸШŰŸƣШŔŰĦŸƖƓŸƖċƣĲШċũũШŸŉШ
ƣőĲƚĲШƚƣƖĲƚƚŸƖƚЯШŸƖШŔŰĦŸƖƓŸƖċƣĲШċШƚĲũĲĦƣŔŸŰШыÑċĤũĲШΝЮΤьЯШƽőĲƣőĲƖШƣőĲШŊƖċŔŰШ?~ШŔƚШċǭĲĦƣĲĬШĬĲƓĲŰĬƚШ
ŸŰШƽőŔĦőШƚƣƖĲƚƚŸƖƚШƽĲƖĲШŔŰĦũƨĬĲĬШŔŰШƣőĲШůŸĬĲũЮ 



ΠΤ 
 

fƣШŔƚШŰŸƣШċƚШĦŸůůŸŰШƣŸШůŸĬĲũШĤŸƣőШĦƖŸƓШǃŔĲũĬЯШċŰĬШŊƖċŔŰШƕƨċũŔƣǃЮШ9ŸůůŸŰũǃШ ШŔƚШĦŸŰƚŔĬĲƖĲĬШċШ
ůĲċƚƨƖĲШŸŉШŊƖċŔŰШƕƨċũŔƣǃШŔŰШĦƖŸƓШůŸĬĲũũŔŰŊШċƚШŔƣШŔƚШƣőĲШůċŔŰШĬĲƣĲƖůŔŰĲƖШŸŉШƓƖŸƣĲŔŰЮШ§ŉШƣőĲШůŸĬĲũƚШ
ũŔƚƣĲĬШŔŰШÑċĤũĲШΝЮΤЯШŸŰũǃШ?ÉÉ Ñр ìőĲċƣШċŰĬШ ÂÉf~ШůŸĬĲũШƓũċŰƣШ ЮШcŸƽĲƻĲƖЯШƣőĲǃШĬŸШŰŸƣШ
ŔŰĦŸƖƓŸƖċƣĲШƣőĲШĲǭĲĦƣШƣőċƣШ§ΟШőċƚШŸŰШƓũċŰƣШ ШƖĲůŸĤŔũŔƚċƣŔŸŰЮШ ŰǃШĲǭĲĦƣƚШŸŉШ§ΟШŸƖШĦũŔůċƣĲШ
ƻċƖŔċĤũĲƚШŸŰШŊƖċŔŰШ ШƽŸƨũĬШŸĦĦƨƖШŔůƓũŔĦŔƣũǃШƣőƖŸƨŊőШƣőĲШĲǭĲĦƣƚШŸŰШĤŔŸůċƚƚШċŰĬШőĲŰĦĲШŰƨƣƖŔĲŰƣШ
ċĦĦƨůƨũċƣŔŸŰЮШ[ĲƽШĦƖŸƓШůŸĬĲũƚШĦŸŰƚŔĬĲƖШŊƖċŔŰШƕƨċũŔƣǃШƣőƖŸƨŊőШċШĬŔǭĲƖĲŰƣШũĲŰƚШƣőċŰШƣőċƣШŸŉШŊƖċŔŰШ
 ЮШxŔƨШĲƣШċũЮШыΞΜΝΦьШůŸĬŔǯĲĬШƣőĲШ9EÅEÉрìőĲċƣШůŸĬĲũШƣŸШƚŔůƨũċƣĲШƽőĲċƣШШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĤǃШ
ĦƖĲċƣŔŰŊШƖĲŊƖĲƚƚŔŸŰƚШĤĲƣƽĲĲŰШŊƖċŔŰШƓƖŸƣĲŔŰШċŰĬШŊƖċŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШÑőĲŔƖШůŸĬĲũШĦŸŰƚŔĬĲƖƚШ
ƣőĲШĲǭĲĦƣƚШŸŉШƽċƣĲƖШƚƣƖĲƚƚШŸŰШŊƖċŔŰШƕƨċũŔƣǃШċƚШƽĲũũШċƚШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШőĲŰĦĲШĤŔŸůċƚƚШ
ċĦĦƨůƨũċƣŔŸŰШŔƚШċũƚŸШċǭĲĦƣĲĬШĤǃШƣőĲШƚƣƖĲƚƚŸƖШыxŔƨШĲƣШċũЮЯШΞΜΝΦĤьЮШĬĬŔƣŔŸŰċũũǃЯШÉŔƖŔƨƚÄƨċũŔƣǃШ
ĦŸŰƚŔĬĲƖƚШƣőĲШŉƖċĦƣŔŸŰШŸŉШ ШƣőċƣШŔƚШƚƓũŔƣШĤĲƣƽĲĲŰШƣőĲШĬŔǭĲƖĲŰƣШƓƖŸƣĲŔŰƚШŔŰШƽőĲċƣШƖĲũĲƻċŰƣШŉŸƖШ
ĤƖĲċĬШƓƖŸĬƨĦƣŔŸŰЯШĦŸŰƚŔĬĲƖŔŰŊШƣőĲШĲǭĲĦƣƚШŸŉШƽċƣĲƖШċŰĬШőĲċƣШƚƣƖĲƚƚШŸŰШĤŔŸůċƚƚШċĦĦƨůƨũċƣŔŸŰШ
ŸŰũǃШы~ċƖƣƖĲШĲƣШċũЮЯШΞΜΜΣьЮШcŸƽĲƻĲƖЯШŰĲŔƣőĲƖШůŸĬĲũШĦŸŰƚŔĬĲƖƚШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШŊƖċŔŰШƕƨċũŔƣǃЮШ§ΟШ
ċŰĬШŔƣƚШŔŰƣĲƖċĦƣŔŸŰШƽŔƣőШőĲċƣШċŰĬШƽċƣĲƖШƚƣƖĲƚƚЯШċŰĬШĲũĲƻċƣĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШőċƚШĤĲĲŰШ
ŰĲŊũĲĦƣĲĬШŔŰШĦƖŸƓШůŸĬĲũũŔŰŊШƣŸрĬċƣĲЯШĤƨƣШċƚШƚőŸƽŰШŔŰШÉĲĦƣŔŸŰШΝЮΟЯШƣőĲƚĲШŔŰƣĲƖċĦƣŔŸŰƚШƽŔũũШċǭĲĦƣШ
ŊƖċŔŰШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШċŰĬШőĲŰĦĲШċƖĲШŔůƓŸƖƣċŰƣШĦŸŰƚŔĬĲƖċƣŔŸŰƚШŉŸƖШůŸĬĲũũĲƖƚЮ 

ÑċĤũĲЮΤдΪжЮÉƨůůċƖǃЮŸŉЮůŸĬĲũƚЮƣőċƣЮőċƻĲЮĤĲĲŰеЮŸƖЮċƖĲЮĦƨƖƖĲŰƣũǃеЮŔŰЮƨƚĲЮŉŸƖЮƚŔůƨũċƣŔŰŊЮ§ΦЮĲǭĲĦƣƚЮŸŰЮƽőĲċƣеЮċũŸŰŊЮƽŔƣőЮ
ƣőĲЮũŸĦċƣŔŸŰƚЮƣőĲǃЮőċƻĲЮĤĲĲŰЮċƓƓũŔĲĬдЮ~ŸĬĲũƚЮŔŰĬŔĦċƣĲĬЮƽŔƣőЮċŰЮċƚƣĲƖŔƚťЮёпђЮċƖĲЮŔŰƻŸũƻĲĬЮŔŰЮƣőĲЮ Ŋ~fÂцЮ§ΦЮƓƖŸŢĲĦƣеЮċŰĬЮ
ƽŔũũЮĤĲЮƨƚĲĬЮŉŸƖЮƚŔůƨũċƣŔŰŊЮ§ΦЮĲǭĲĦƣƚЮŸŰЮƽőĲċƣЮǃŔĲũĬƚЮŉŸƖЮ9őŔŰċеЮfŰĬŔċеЮÉƽĲĬĲŰЮċŰĬЮìċũĲƚЮыEůĤĲƖƚŸŰШĲƣШċũЮЯШŔŰШƓƖĲƓЮьдЮ
ÖŰŉŸƖƣƨŰċƣĲũǃЮŉŸƖЮ~ Ñ9Å§ЮĬĲƣċŔũĲĬЮůŸĬĲũЮŔŰŉŸƖůċƣŔŸŰЮŔƚЮĦƨƖƖĲŰƣũǃЮƨŰċƻċŔũċĤũĲд 

Model Name 
Simulates O3 

effects by 
ƨƚŔŰŊв 

O3 impact 
Locations 
applied 

Other effects 
considered Citations Short-

term 
Long-
term 

DO3SE-
Crop* 

Stomatal flux Y Y Europe 
China 

Drought 
- 

(Nguyen et 
al., 2024) 
(Pande et al., 
2024a) 

DSSAT-
NWheat* 

Concentration Y Y Mexico 
 
Globally 

Temperature, 
rainfall, CO2 

- 

(Guarin et al., 
2019a) 
(Guarin et al., 
2024) 

WOFOST-
O3* 

Stomatal flux Y Y Europe Drought (Nguyen et 
al., 2024) 

LINTULCC2* Stomatal flux Y Y Europe Drought (Nguyen et 
al., 2024) 

LPJml Stomatal flux Y Y Globally Temperature, 
water 

(Schauberger 
et al., 2019) 

MCWLA* Stomatal flux Y Y China Temperature, 
rainfall, CO2, 

radiation 

(Tao et al., 
2017) 

TEMIR* Stomatal flux Y N Globally CO2 (Tai et al., 
2021) 

DLEM-Ag* Concentration Y N China Drought (Tian et al., 
2015; Ren et 
al., 2007) 

CLM5.0* Stomatal flux Y N - - (Zhou et al., 
2018) 

GLAM-ROC Concentration Y N India - (Droutsas, 
2020) 



ΠΥ 
 

APSIM* Concentration N N China Temperature, 
rainfall, CO2, 
radiation 

(Xu et al., 
2023) 
 

MATCRO* - - - - - - 

ΝЮΡЮΟШ ƓƓũŔĦċƣŔŸŰƚ 
ÉĲƻĲƖċũШŸŉШƣőĲШũŔƚƣĲĬШůŸĬĲũƚШőċƻĲШĤĲĲŰШƨƚĲĬШƣŸШƚŔůƨũċƣĲШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟЯШŔŰШĦŸůĤŔŰċƣŔŸŰШƽŔƣőШ
ŸƣőĲƖШċĤŔŸƣŔĦШƚƣƖĲƚƚŸƖƚЯШŸŰШƽőĲċƣШŔŰШũŸĦċƣŔŸŰƚШċƖŸƨŰĬШƣőĲШƽŸƖũĬШыÑċĤũĲШΝЮΤьЯШƽőŔĦőШőĲũƓƚШƣŸШ
ƨŰĬĲƖƚƣċŰĬШƣőĲШůċŊŰŔƣƨĬĲШŸŉШǃŔĲũĬШũŸƚƚĲƚШċŰĬШƻƨũŰĲƖċĤŔũŔƣǃШŸŉШĬŔǭĲƖĲŰƣШƖĲŊŔŸŰƚШƣŸШ§ΟШƓŸũũƨƣŔŸŰШ
ċŰĬШĦũŔůċƣĲШĦőċŰŊĲЮШ9ƖŸƓШůŸĬĲũƚШĦċŰШċũƚŸШĤĲШƨƚĲĬШƣŸШƣĲƚƣШĬŔǭĲƖĲŰƣШůċŰċŊĲůĲŰƣШƚƣƖċƣĲŊŔĲƚШ
ƚƨĦőШċƚШŔƖƖŔŊċƣŔŸŰШċŰĬШŉĲƖƣŔũŔƚċƣŔŸŰШƖĲŊŔůĲƚЯШƚŸƽŔŰŊШŸŉШĬŔǭĲƖĲŰƣШĦƨũƣŔƻċƖƚЯШċũƣĲƖĲĬШƚŸƽŔŰŊШĬċƣĲƚШ
ċŰĬШƓũċŰƣŔŰŊШĬĲŰƚŔƣǃШыÉŸũƣċŰŔШċŰĬШcŸŸŊĲŰĤŸŸůЯШΞΜΜΤбШ9ċƻĲƖŸШĲƣШċũЮЯШΝΦΦΥбШÂċƣőċťШĲƣШċũЮЯШΞΜΜΟьЮШ
ƚШƚƨĦőЯШƣőĲШůŸĬĲũƚШũŔƚƣĲĬШŔŰШÑċĤũĲШΝЮΤШőċƻĲШƣőĲШĦċƓċĦŔƣǃШƣŸШŔŰƻĲƚƣŔŊċƣĲШůċŰċŊĲůĲŰƣШŸƓƣŔŸŰƚЯШ

ƣőċƣШĦŸƨũĬШċũƚŸШĦŸŰƚŔĬĲƖШƚƣƖċƣĲŊŔĲƚШŉŸƖШŔůƓƖŸƻŔŰŊШĦƖŸƓШƣŸũĲƖċŰĦĲШƣŸШ§ΟЮШ[ƨƖƣőĲƖЯШŔŰШƣőĲШƓċƚƣШĦƖŸƓШ
ůŸĬĲũƚШőċƻĲШĤĲĲŰШŔŰƣĲŊƖċƣĲĬШƽŔƣőШĲĦŸŰŸůŔĦШůŸĬĲũƚШƣŸШĦċũĦƨũċƣĲШƣőĲШǯŰċŰĦŔċũШũŸƚƚĲƚШĬƨĲШƣŸШ
ĦƖŸƓШƖĲĬƨĦƣŔŸŰШƨŰĬĲƖШĦũŔůċƣĲШĦőċŰŊĲШыĲЮŊЮШÅŸƚĲŰǍƽĲŔŊШĲƣШċũЮШыΞΜΝΥььЮШ]ŔƻĲŰШƣőĲШůŸĬĲũƚШŔŰШÑċĤũĲШ
ΝЮΤШĦċŰШƚŔůƨũċƣĲШǃŔĲũĬШƖĲĬƨĦƣŔŸŰƚШƨŰĬĲƖШ§ΟШċŰĬШĦũŔůċƣĲШĦőċŰŊĲЯШƣőĲǃШĦŸƨũĬШċũƚŸШĤĲШĦŸůĤŔŰĲĬШ
ƽŔƣőШĲĦŸŰŸůŔĦШůŸĬĲũƚШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲШǯŰċŰĦŔċũШĲǭĲĦƣƚШŸŉШ§ΟШƓŸũũƨƣŔŸŰЮ 

ΝЮΣШÑőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũ 
fŰШƣőĲШŉŸũũŸƽŔŰŊШƚĲĦƣŔŸŰЯШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũЯШƨƚĲĬШƣőƖŸƨŊőŸƨƣШƣőŔƚШƣőĲƚŔƚЯШŔƚШŔŰƣƖŸĬƨĦĲĬЮШÑőĲШ
ǯƖƚƣШƚĲĦƣŔŸŰШƽŔũũШŔŰƣƖŸĬƨĦĲШƣőĲШƖĲċĬĲƖШƣŸШƣőĲШůŸĬĲũШĤǃШŊŔƻŔŰŊШċШŊĲŰĲƖċũШŸƻĲƖƻŔĲƽЯШĤĲŉŸƖĲШŊŸŔŰŊШŔŰƣŸШ
ƣőĲШĬĲƣċŔũШŸŉШƓőĲŰŸũŸŊǃЯШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲЯШ§ΟШǰƨǂШċŰĬШĬċůċŊĲЯШċŰĬШ
ĤŔŸůċƚƚШƓċƖƣŔƣŔŸŰŔŰŊЮШ 

ΝЮΣЮΝШ~ŸĬĲũШŸƻĲƖƻŔĲƽ 
ÑőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШŔƚШċŰШŔŰƣĲŊƖċƣĲĬШƓőŸƣŸƚǃŰƣőĲƣŔĦрƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШĦƖŸƓШůŸĬĲũШ
ĦċũĦƨũċƣŔŰŊШƣőĲШĲǭĲĦƣШŸŉШ§ΟШĬĲƓŸƚŔƣŔŸŰШŸŰШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲЯШƚĲŰĲƚĦĲŰĦĲШ
ċŰĬШĦƖŸƓШǃŔĲũĬЮШ ŰШŸƻĲƖƻŔĲƽШŸŉШ?§ΟÉEр9ƖŸƓШŔƚШŊŔƻĲŰШŔŰШ[ŔŊƨƖĲШΝЮΥШċŰĬШƽŔũũШĤĲШĬĲƚĦƖŔĤĲĬШŔŰШƣőĲШ
ƚƨĤƚĲƕƨĲŰƣШƣĲǂƣЮШ ƣШċШůŔŰŔůƨůЯШƣőĲШůŸĬĲũШƣċťĲƚШőŸƨƖũǃШŔŰƓƨƣƚШŸŉШƖċĬŔċƣŔŸŰЯШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШ
ƣĲůƓĲƖċƣƨƖĲЯШƽŔŰĬШƚƓĲĲĬЯШƖĲũċƣŔƻĲШőƨůŔĬŔƣǃЯШċŔƖШƓƖĲƚƚƨƖĲЯШƓƖĲĦŔƓŔƣċƣŔŸŰЯШċŰĬШƚŸŔũШƽċƣĲƖЮШ9§ΞШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦċŰШĤĲШƚƓĲĦŔǯĲĬШċƚШċŰШŔŰƓƨƣШƓċƖċůĲƣĲƖШŸƖШċƚШċШĦŸŰƚƣċŰƣШŔŰШƣőĲШůŸĬĲũШ
ĦŸŰǯŊƨƖċƣŔŸŰШǯũĲЮШÑŸШƖƨŰШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũЯШƣőĲШőŸƨƖũǃШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШƚƓĲĦŔǯĲĬШċĤŸƻĲШ
ċƖĲШƖĲƕƨŔƖĲĬЯШċũŸŰŊШƽŔƣőШċШĦŸŰǯŊƨƖċƣŔŸŰШǯũĲШƚƓĲĦŔŉǃŔŰŊШƣőĲШĦƖŸƓрƚƓĲĦŔǯĦШċŰĬШƚŔƣĲШƓċƖċůĲƣĲƖƚШŉŸƖШ
ƣőĲШĦƖŸƓШƣǃƓĲоĦƨũƣŔƻċƖШĤĲŔŰŊШƚŔůƨũċƣĲĬЮШ]ĲŰĲƖċũũǃЯШƣőĲШƓċƖċůĲƣĲƖƚШŉŸƖШƣőĲШĦŸŰǯŊƨƖċƣŔŸŰШǯũĲШĦŸůĲШ
ŉƖŸůШƣőĲШůŸĬĲũШĦċũŔĤƖċƣŔŸŰЮШ[ŸƖШŉƨƖƣőĲƖШĬĲƣċŔũƚШŸŉШƓƖŸĦĲƚƚĲƚШċŰĬШĲƕƨċƣŔŸŰƚШŔŰƻŸũƻĲĬШŔŰШƣőĲШ
ƚŔůƨũċƣŔŸŰƚЯШƓũĲċƚĲШƖĲŉĲƖШƣŸШÂċŰĬĲШĲƣШċũЮШыΞΜΞΠċьЮ 



ΠΦ 
 

 

[ŔŊƨƖĲЮΤдΫжЮÑőĲЮ?§ΦÉEц9ƖŸƓЮůŸĬĲũЮċƚЮŔũũƨƚƣƖċƣĲĬЮĤǃЮÂċŰĬĲЮĲƣЮċũдЮёΥΣΥΧċђд 

ΝЮΣЮΞШÂőĲŰŸũŸŊǃ 
ÂőĲŰŸũŸŊǃШŔŰШ?§ΟÉEр9ƖŸƓШŔƚШĦċũĦƨũċƣĲĬШƣőƖŸƨŊőШċŰШċĦĦƨůƨũċƣŔŸŰШŸŉШĲǭĲĦƣŔƻĲШƣőĲƖůċũШƣŔůĲШὝ ЯШ
ĦŸŰƣƖŸũũĲĬШĤǃШΟШƓċƖċůĲƣĲƖƚЮШὝШŔƚШƣőĲШĤċƚĲШƣĲůƓĲƖċƣƨƖĲШŉŸƖШĦƖŸƓШŊƖŸƽƣőШĤĲũŸƽШƽőŔĦőШŊƖŸƽƣőШ
ĬŸĲƚШŰŸƣШŸĦĦƨƖЯШὝШŔƚШƣőĲШŸƓƣŔůƨůШƣĲůƓĲƖċƣƨƖĲШŉŸƖШĦƖŸƓШŊƖŸƽƣőШċƣШƽőŔĦőШƓŸŔŰƣШŊƖŸƽƣőШŔƚШċШ
ůċǂŔůƨůЯШċŰĬШὝШŔƚШƣőĲШůċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲШċĤŸƻĲШƽőŔĦőШĦƖŸƓШŊƖŸƽƣőШĬŸĲƚШŰŸƣШŸĦĦƨƖЮШ
7ĲũŸƽШὝЯШċŰĬШċĤŸƻĲШὝЯШƣőĲШċĦĦƨůƨũċƣŔŸŰШŸŉШὝ ШŔƚШΜЮШ ƣШƣĲůƓĲƖċƣƨƖĲƚШĤĲƣƽĲĲŰШὝЯШċŰĬШὝЯШ
ċĦĦƨůƨũċƣŔŸŰШŸŉШὝ ШŸĦĦƨƖƚШċŰĬШŔƚШċШůċǂŔůƨůШċƣШὝШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ 

ÑőĲШċĦĦƨůƨũċƣŔŸŰШŸŉШĲǭĲĦƣŔƻĲШƣĲůƓĲƖċƣƨƖĲШŔƚШƨƚĲĬШƣŸШĬĲƣĲƖůŔŰĲШƽőĲŰШƣőĲШťĲǃШĬĲƻĲũŸƓůĲŰƣċũШ
ƚƣċŊĲƚШŸĦĦƨƖЮШÑőĲШΟШťĲǃШƚƣċŊĲƚШŔŰШ?§ΟÉEр9ƖŸƓШċƖĲаШƚŸƽŔŰŊШƣŸШĲůĲƖŊĲŰĦĲШырΝШӃШ?éfШӃШΜШŔŰШ[ŔŊƨƖĲШ
ΝЮΥьЯШĲůĲƖŊĲŰĦĲШƣŸШƚƣċƖƣШŸŉШŊƖċŔŰШǯũũŔŰŊШыΜШӃШ?éfШӃШΝШŔŰШ[ŔŊƨƖĲШΝЮΥьЯШċŰĬШƣőĲШƚƣċƖƣШŸŉШŊƖċŔŰШǯũũŔŰŊШƣŸШ
ůċƣƨƖŔƣǃШыΝШӃШ?éfШӃШΞШŔŰШ[ŔŊƨƖĲШΝЮΥьЯШƽőĲƖĲШ?éfШƖĲƓƖĲƚĲŰƣƚШƣőĲШĬĲƻĲũŸƓůĲŰƣШŔŰĬĲǂШŸŉШƣőĲШĦƖŸƓШ
ыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċбШ§ƚĤŸƖŰĲШĲƣШċũЮЯШΞΜΝΡьЮ 

ΝЮΣЮΟШ9ŸƨƓũĲĬШƓőŸƣŸƚǃŰƣőĲƣŔĦрƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШŉƖċůĲƽŸƖť 
fŰШ?§ΟÉEр9ƖŸƓШƣőĲƖĲШċƖĲШΟШũŔůŔƣŔŰŊШŉċĦƣŸƖƚШƣŸШƣőĲШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШĤċƚĲĬШŸŰШƣőĲШƽŸƖťШŸŉШ
ÉőċƖťĲǃШĲƣШċũЮШыΞΜΜΤьЯШ[ċƖƕƨőċƖЯШ9ċĲůůĲƖĲƖШċŰĬШ7ĲƖƖǃШыΝΦΥΜьШċŰĬШ~ĲĬũǃŰШĲƣШċũЮШыΞΜΜΞьЮШÑőĲШ
ũŔůŔƣŔŰŊШŉċĦƣŸƖƚШċƖĲаШÅƨĤŔƚĦŸШċĦƣŔƻŔƣǃЯШƖŔĤƨũŸƚĲрΝЯΡрĤŔƚƓőŸƚƓőċƣĲШыÅƨ7ÂьШƖĲŊĲŰĲƖċƣŔŸŰШ
ĦŸŰƚƣƖċŔŰĲĬШĤǃШƣőĲШƚƓĲĲĬШŸŉШĲũĲĦƣƖŸŰШƣƖċŰƚƓŸƖƣЯШċŰĬШƣőĲШƖċƣĲШŸŉШƣƖċŰƚŉĲƖШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШ
ƓƖŸĬƨĦƣƚШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШÑőĲШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШŔƚШĦċũĦƨũċƣĲĬШċĦĦŸƖĬŔŰŊШƣŸШĲċĦőШŸŉШƣőĲШ
ũŔůŔƣŔŰŊШŉċĦƣŸƖƚЯШċŰĬШƣőĲШũŸƽĲƚƣШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШŔƚШƨƚĲĬШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШÑŸШĦċũĦƨũċƣĲШ
ƣőĲШŰĲƣШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƣőĲШĬċƖťШƖĲƚƓŔƖċƣŔŸŰШŔƚШƚƨĤƣƖċĦƣĲĬШŉƖŸůШƣőĲШůŸƚƣШũŔůŔƣŔŰŊШ
ƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШÑőĲШŰĲƣШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШŔƚШƣőĲŰШƨƚĲĬШŔŰШƣőĲШ
ĦŸƨƓũĲĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШŉƖċůĲƽŸƖťШĤċƚĲĬШŸŰШƽŸƖťШĤǃШxĲƨŰŔŰŊШыΝΦΦΡьШƣŸШ



ΡΜ 
 

ĦċũĦƨũċƣĲШƣőĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣŸШ9§ΞЯШŉƖŸůШƽőŔĦőШƣőĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣŸШ§ΟШĦċŰШĤĲШ
ĬĲƣĲƖůŔŰĲĬШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ 

ΝЮΣЮΠШ§ΟШǰƨǂШĲƚƣŔůċƣĲƚШƨƚŔŰŊШůƨũƣŔрũċǃĲƖШƖĲƚŔƚƣċŰĦĲШƚĦőĲůĲ 
§ŰĦĲШƣőĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣŸШ§ΟШőċƚШĤĲĲŰШĦċũĦƨũċƣĲĬЯШŔƣШŔƚШƓŸƚƚŔĤũĲШƣŸШĦċũĦƨũċƣĲШƣőĲШǰƨǂШŸŉШ
§ΟШƣċťĲŰШƨƓШĤǃШċШũĲċŉШƓĲƖШĦċŰŸƓǃШũċǃĲƖШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШÑŸШĬŸШƣőŔƚЯШƣőĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШŉŸƖШ
ĲċĦőШũċǃĲƖШŔƚШĦċũĦƨũċƣĲĬШƨƚŔŰŊШƣőĲШƖĲƚŔƚƣċŰĦĲШƚĦőĲůĲШŔũũƨƚƣƖċƣĲĬШŔŰШ[ŔŊƨƖĲШΝЮΥЮШÑőĲШƖĲƚŔƚƣċŰĦĲƚШƣŸШ
§ΟШƨƓƣċťĲШŔŰĦũƨĬĲаШƚƣŸůċƣċũШƖĲƚŔƚƣċŰĦĲЯШũĲċŉШĤŸƨŰĬċƖǃШũċǃĲƖШƖĲƚŔƚƣċŰĦĲЯШċŰĬШŰŸŰрƚƣŸůċƣċũШũĲċŉШ
ƚƨƖŉċĦĲШƖĲƚŔƚƣċŰĦĲЮШ[ƖŸůШƣőĲƚĲШƖĲƚŔƚƣċŰĦĲƚЯШċŰĬШċШĬĲǯŰĲĬШƨŰŔŉŸƖůШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШċƣШƣőĲШƣŸƓШ
ċŰĬШĤŸƣƣŸůШŸŉШƣőĲШĦċŰŸƓǃЯШċШůċƣƖŔǂШŸŉШĲƕƨċƣŔŸŰƚШĦċŰШĤĲШŉŸƖůĲĬШƣŸШƚŸũƻĲШŉŸƖШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШ
§ΟШƓĲƖШũċǃĲƖШыìċŊŊŸŰĲƖЯШΝΦΤΝбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ§ŰĦĲШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШ§ΟШƓĲƖШũċǃĲƖШőċƚШ
ĤĲĲŰШĦċũĦƨũċƣĲĬЯШƣőĲШ§ΟШǰƨǂШƓĲƖШũċǃĲƖШŔƚШŸĤƣċŔŰĲĬШƣőƖŸƨŊőШĦŸůĤŔŰŔŰŊШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰЯШ
ĦŸŰĬƨĦƣċŰĦĲШƣŸШ§ΟШċŰĬШ§ΟШƖĲƚŔƚƣċŰĦĲƚЮШ§ΟШǰƨǂШŔƚШŊƖĲċƣĲƖШŉŸƖШũĲċƻĲƚШċƣШƣőĲШƣŸƓШŸŉШƣőĲШĦċŰŸƓǃЮШÑőĲШ
ƣŸƓШũĲċƻĲƚШƖĲĦĲŔƻĲШƣőĲШůŸƚƣШƓőŸƣŸƚǃŰƣőĲƣŔĦċũũǃШċĦƣŔƻĲШƖċĬŔċƣŔŸŰШĬƨĲШƣŸШőċƻŔŰŊШƣőĲШŊƖĲċƣĲƚƣШx fШŔŰШ
ƣőĲШƚƨŰЯШċŰĬШƣőĲƖĲŉŸƖĲШőċƻĲШƣőĲШőŔŊőĲƚƣШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣŸШ§ΟШыƚĲĲШ[ŔŊƨƖĲШΝЮΥШċŰĬШÂċŰĬĲШ
ĲƣШċũЮШыΞΜΞΠььЮШ 

ΝЮΣЮΡШ§ΟШĬċůċŊĲШůŸĬƨũĲ 
ÑőĲШ§ΟШĬċůċŊĲШůŸĬƨũĲШŔƚШĤċƚĲĬШŸŰШƣőĲШƽŸƖťШŸŉШEƽĲƖƣШċŰĬШÂŸƖƣĲƖШыΞΜΜΜьЯШċŰĬШůŸĬŔǯĲĬШĤǃШÂċŰĬĲШ
ĲƣШċũЮШыΞΜΞΠьЮШÑőĲƖĲШċƖĲШƚőŸƖƣрƣĲƖůШċŰĬШũŸŰŊрƣĲƖůШĦŸůƓŸŰĲŰƣƚШƣŸШ§ΟШĬċůċŊĲШƣőċƣШċƖĲШŔŰĦũƨĬĲĬШŔŰШ
ƣőĲШůŸĬƨũĲЮШ 

ÑőĲШƚőŸƖƣрƣĲƖůШĬċůċŊĲШĦŸůƓŸŰĲŰƣШĦŸŰƚŔĬĲƖƚШƣőĲШŔŰƚƣċŰƣċŰĲŸƨƚШĲǭĲĦƣШƣőċƣШ§ΟШőċƚШŸŰШƖĲĬƨĦŔŰŊШ
ƣőĲШÅƨĤŔƚĦŸШũŔůŔƣĲĬШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚЮШÑőĲШƖĲĬƨĦƣŔŸŰШŔŰШƣőĲШÅƨĤŔƚĦŸШũŔůŔƣĲĬШƖċƣĲШŸŉШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚШŸĦĦƨƖƚШƽőĲŰШƣőĲШ§ΟШǰƨǂШĲǂĦĲĲĬƚШƣőĲШĦċƓċĦŔƣǃШċƣШƽőŔĦőШƣőĲШƓũċŰƣШĦċŰШĬĲƣŸǂŔŉǃШ
ĬċůċŊŔŰŊШ§ΟШƚƓĲĦŔĲƚЮШfŰШ?§ΟÉEр9ƖŸƓЯШƣőĲШũĲċƻĲƚШƖĲĦŸƻĲƖШŉƖŸůШ§ΟШĬċůċŊĲШŸƻĲƖŰŔŊőƣЮШcŸƽĲƻĲƖЯШ
ċƚШƣőĲШũĲċŉШċŊĲƚЯШŔƣƚШĦċƓċĦŔƣǃШƣŸШƖĲĦŸƻĲƖШŉƖŸůШ§ΟШĬċůċŊĲШĬĲĦƖĲċƚĲƚЮШÑőĲƖĲŉŸƖĲЯШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШ
ƣőĲШÅƨĤŔƚĦŸШũŔůŔƣĲĬШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШŔƚШŊƖĲċƣĲƖШċƚШƣőĲШũĲċŉШċŊĲƚШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮ 

ÑőĲШũŸŰŊрƣĲƖůШĬċůċŊĲШĦŸůƓŸŰĲŰƣШĦŸŰƚŔĬĲƖƚШƣőĲШĲǭĲĦƣШƣőċƣШ§ΟШőċƚШŸŰШĬĲŊƖċĬŔŰŊШÅƨĤŔƚĦŸЯШċŰĬШ
őĲŰĦĲШċĦĦĲũĲƖċƣŔŰŊШƣőĲШŸŰƚĲƣШċŰĬШƖċƣĲШŸŉШƚĲŰĲƚĦĲŰĦĲШы]ĲũċŰŊШĲƣШċũЮЯШΞΜΜΜбШ§ƚĤŸƖŰĲШĲƣШċũЮЯШΞΜΝΦьЮШ
ÉĲŰĲƚĦĲŰĦĲШĤĲŊŔŰƚШƣŸШŸĦĦƨƖШŸŰĦĲШċШĬĲǯŰĲĬШĦƖŔƣŔĦċũШ§ΟШǰƨǂШŔƚШĲǂĦĲĲĬĲĬЮШ9ŸĲǭŔĦŔĲŰƣƚШĬĲƚĦƖŔĤŔŰŊШ
ƣőĲШƚĲŰƚŔƣŔƻŔƣǃШŸŉШƣőĲШĦƨũƣŔƻċƖШƣŸШƣőŔƚШƣőƖĲƚőŸũĬЯШċŰĬШƚƓĲĦŔŉǃŔŰŊШƣőĲШŸŰƚĲƣШċŰĬШĲŰĬШŸŉШƚĲŰĲƚĦĲŰĦĲШ
ċƖĲШċũƚŸШĬĲǯŰĲĬШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ 

ΝЮΣЮΣШÉĦċũŔŰŊШƨƓаШĤŔŸůċƚƚШƓċƖƣŔƣŔŸŰŔŰŊШċƣШƣőĲШĦƖŸƓШũĲƻĲũ 
ÑőĲШ§ΟШǰƨǂĲƚШċŰĬШƣőĲŔƖШĲǭĲĦƣƚШŸŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲЯШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШƚĲŰĲƚĦĲŰĦĲШċƖĲШ
ƚŔůƨũċƣĲĬШċƣШƣőĲШũĲċŉШũĲƻĲũЮШÑŸШƚĦċũĲШƣőŔŰŊƚШƨƓШƣŸШƣőĲШĦƖŸƓШũĲƻĲũШƣőĲШŰĲƣШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШƓĲƖШ
ũċǃĲƖШŔƚШƚƨůůĲĬЯШƣċťŔŰŊШŔŰƣŸШĦŸŰƚŔĬĲƖċƣŔŸŰШƣőĲШĬŔǭĲƖĲŰƣШƖċƣĲƚШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШŉŸƖШƚƨŰũŔƣШċŰĬШ
ƚőċĬĲĬШũĲċƻĲƚЯШƣŸШċĦőŔĲƻĲШƣőĲШŰĲƣШĦċŰŸƓǃШƓőŸƣŸƚǃŰƣőĲƚŔƚЮШ§ŰĦĲШĬċƖťЯШůċŔŰƣĲŰċŰĦĲШċŰĬШŊƖŸƽƣőШ
ƖĲƚƓŔƖċƣŔŸŰШőċƻĲШĤĲĲŰШƚƨĤƣƖċĦƣĲĬШŉƖŸůШƣőĲШŰĲƣШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƣőĲШŰĲƣШƓƖŔůċƖǃШƓƖŸĬƨĦƣŔƻŔƣǃШ
ы ÂÂьШŔƚШŸĤƣċŔŰĲĬШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШÑőĲШ ÂÂШŔƚШƓċƖƣŔƣŔŸŰĲĬШĤĲƣƽĲĲŰШƣőĲШƖŸŸƣƚЯШũĲċƻĲƚЯШƚƣĲůƚШ
ċŰĬШŊƖċŔŰШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƓċƖƣŔƣŔŸŰШĦŸĲǭŔĦŔĲŰƣƚШĬĲǯŰĲĬШĤǃШ§ƚĤŸƖŰĲШĲƣШċũЮШыΞΜΝΡьЮШÑőĲШƓċƖƣŔƣŔŸŰШ
ĦŸĲǭŔĦŔĲŰƣƚШŉŸƖШƣőĲШƖŸŸƣШċƖĲШŊƖĲċƣĲƚƣШċƣШƣőĲШĤĲŊŔŰŰŔŰŊШŸŉШƣőĲШŊƖŸƽŔŰŊШƚĲċƚŸŰЯШƽőĲƖĲċƚШƣőĲШ
ĦŸĲǭŔĦŔĲŰƣƚШŉŸƖШƣőĲШŊƖċŔŰШŔƚШŊƖĲċƣĲƚƣШċŉƣĲƖШċŰƣőĲƚŔƚЯШƖĲǰĲĦƣŔŰŊШƣőĲШŰĲĲĬƚШŸŉШƣőĲШƓũċŰƣШċƣШƣőĲШƣŔůĲШ
ы§ƚĤŸƖŰĲШĲƣШċũЮЯШΞΜΝΡьЮ 

EƕƨċƣŔŸŰƚШƖĲũċƣŔŰŊШũĲċŉШċŰĬШƚƣĲůШ9ШƣŸШx fШċŰĬШƚƣĲůШőĲŔŊőƣШƖĲƚƓĲĦƣŔƻĲũǃШċƖĲШŔŰĦũƨĬĲĬШŔŰШƣőĲШůŸĬĲũШШ
ыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċбШ§ƚĤŸƖŰĲШĲƣШċũЮЯШΞΜΝΡьЮШ§ŰĦĲШƣőĲШŉƖċĦƣŔŸŰШŸŉШĬƖǃШƽĲŔŊőƣШƣőċƣШŔƚШ9ЯШċŰĬШŊƖċŔŰШ



ΡΝ 
 

ůŸŔƚƣƨƖĲШĦŸŰƣĲŰƣШőċƻĲШĤĲĲŰШƣċťĲŰШŔŰƣŸШĦŸŰƚŔĬĲƖċƣŔŸŰЯШƣőĲШĦƖŸƓШǃŔĲũĬШŔƚШĦċũĦƨũċƣĲĬШŉƖŸůШƣőĲШŊƖċŔŰШ
9Шы§ƚĤŸƖŰĲШĲƣШċũЮЯШΞΜΝΡьЮ 

ΝЮΣЮΤШxŔŰťŔŰŊШĤċĦťШƣŸШ§ΟШċŰĬШĦũŔůċƣĲШƻċƖŔċĤũĲƚШůĲĦőċŰŔƚůƚШŸŉШĬċůċŊĲ 
fŰШÉĲĦƣŔŸŰШΝЮΟШƣőĲШůĲĦőċŰŔƚůƚШĤǃШƽőŔĦőШőĲċƣЯШƽċƣĲƖШċŰĬШ§ΟШƚƣƖĲƚƚШċŰĬШŔŰĦƖĲċƚĲĬШ9§ΞШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШċǭĲĦƣШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲЯШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƚĲŰĲƚĦĲŰĦĲЯШĤŔŸůċƚƚШ
ċĦĦƨůƨũċƣŔŸŰЯШŊƖċŔŰШ?~ШċŰĬШƕƨċũŔƣǃШƽĲƖĲШĬŔƚĦƨƚƚĲĬЮШcĲƖĲШƽĲШũŔŰťШƣőĲƚĲШůĲĦőċŰŔƚůƚШƣŸШőŸƽШ
ƣĲůƓĲƖċƣƨƖĲЯШƽċƣĲƖШċƻċŔũċĤŔũŔƣǃЯШ§ΟШċŰĬШ9§ΞШŔŰǰƨĲŰĦĲШƚŔůƨũċƣŔŸŰƚШŔŰШ?§ΟÉEр9ƖŸƓШƣŸШŔĬĲŰƣŔŉǃШ
ċƖĲċƚШƽőŔĦőШċƖĲШŰŸƣШĦŸƻĲƖĲĬЮШ 

ÉƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШŔƚШċШŉƨŰĦƣŔŸŰШŸŉШƻċƓŸƨƖШƓƖĲƚƚƨƖĲШĬĲǯĦŔƣШыéÂ?ьШƽőŔĦőШŔŰĦŸƖƓŸƖċƣĲƚШƣőĲШ
ĲǭĲĦƣƚШŸŉШƣĲůƓĲƖċƣƨƖĲШċŰĬШőƨůŔĬŔƣǃШŔŰƣŸШƣőĲШĦŸŰĬƨĦƣċŰĦĲШĲƕƨċƣŔŸŰЮШfƣШŔƚШċũƚŸШċШŉƨŰĦƣŔŸŰШŸŉШƣőĲШ
ƚƨƖŉċĦĲШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰШƽőŔĦőШŔŰĦŸƖƓŸƖċƣĲƚШƣőĲШĲǭĲĦƣШŸŉШŔŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШċШ
ĦőċŰŊŔŰŊШĦũŔůċƣĲШŔŰƣŸШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШĦċũĦƨũċƣŔŸŰƚЮШìőŔũĲШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲШŔƚШŰŸƣШůŸĬĲũũĲĬШĲǂƓũŔĦŔƣũǃЯШƣőĲШĦŸƨƓũĲĬШŰċƣƨƖĲШŸŉШƣőĲШƚƣŸůċƣċũрĦŸŰĬƨĦƣċŰĦĲр
ƓőŸƣŸƚǃŰƣőĲƚŔƚШŉƖċůĲƽŸƖťШŔŰШ?§ΟÉEр9ƖŸƓШůĲċŰƚШƣőċƣШƣőĲШŔŰƚƣċŰƣċŰĲŸƨƚШĲǭĲĦƣШŸŉШ§ΟШŸŰШ
ƖĲĬƨĦŔŰŊШƓőŸƣŸƚǃŰƣőĲƚŔƚШĬŸĲƚШŉĲĲĬĤċĦťШŔŰƣŸШƣőĲШĦċũĦƨũċƣŔŸŰШŸŉШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲЮШ
ĬĬŔƣŔŸŰċũũǃЯШƓũċŰƣШċƻċŔũċĤũĲШƽċƣĲƖШŔƚШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШƣőĲШĦċũĦƨũċƣŔŸŰШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲЯШ
ċũũŸƽŔŰŊШƣőĲШĲǭĲĦƣШŸŉШƽċƣĲƖШƚƣƖĲƚƚШŸŰШƓőŸƣŸƚǃŰƣőĲƚŔƚШƣŸШĤĲШŔŰƣĲŊƖċƣĲĬЮШÑőŔƚШůĲċŰƚШƣőċƣШ
ƣĲůƓĲƖċƣƨƖĲЯШƽċƣĲƖШċŰĬШ§ΟШƚƣƖĲƚƚШċŰĬШĲũĲƻċƣĲĬШ9§ΞШĲǭĲĦƣƚШċƖĲШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШƣőĲШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚШĦċũĦƨũċƣŔŸŰƚШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮ 

ìőĲŰШŔƣШĦŸůĲƚШƣŸШƚĲŰĲƚĦĲŰĦĲЯШőŔŊőĲƖШƣĲůƓĲƖċƣƨƖĲƚШċĦĦĲũĲƖċƣĲШƣőĲШƖċƣĲШŸŉШĦƖŸƓШĬĲƻĲũŸƓůĲŰƣШ
ыƓƖŸƻŔĬĲĬШƣőĲШƣĲůƓĲƖċƣƨƖĲШŔƚШĤĲũŸƽШƣőĲШůċǂŔůƨůьШƽőŔĦőШůĲċŰƚШƣőċƣШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШĦċŰШĤĲШ
ƖĲċĦőĲĬШĲċƖũŔĲƖШŔŰШƣőĲШĦƖŸƓШĬĲƻĲũŸƓůĲŰƣЮШcŸƽĲƻĲƖЯШƣőĲƖĲШŔƚШŰŸШĲǂƓũŔĦŔƣШĲǭĲĦƣШŸŉШőŔŊőШƣĲůƓĲƖċƣƨƖĲШ
ƚƣƖĲƚƚШŸŰШċĦĦĲũĲƖċƣŔŰŊШƚĲŰĲƚĦĲŰĦĲЮШÉŔůŔũċƖũǃЯШƣőĲƖĲШŔƚШŰŸШůĲĦőċŰŔƚůШĦƨƖƖĲŰƣũǃШŉŸƖШƣőĲШĲǭĲĦƣШŸŉШ
ƽċƣĲƖШƚƣƖĲƚƚШŸƖШŔŰĦƖĲċƚĲĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŰШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШŸƖШƖċƣĲЮШÑőĲШŸŰũǃШƚƣƖĲƚƚŸƖШ
ĲǂƓũŔĦŔƣũǃШůŸĬĲũũĲĬШƣŸШċǭĲĦƣШƚĲŰĲƚĦĲŰĦĲШŔƚШ§ΟШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮ 

]ƖċŔŰШ?~ШŔƚШċǭĲĦƣĲĬШĤǃШċŰǃШƚƣƖĲƚƚŸƖƚШƣőċƣШċǭĲĦƣШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШċƚШƓőŸƣŸƚǃŰƣőĲƚŔƚШĬĲƣĲƖůŔŰĲƚШ
ĤŔŸůċƚƚШċĦĦƨůƨũċƣŔŸŰШŔŰШ?§ΟÉEр9ƖŸƓЮШ ĬĬŔƣŔŸŰċũũǃЯШŔŉШƚĲŰĲƚĦĲŰĦĲШŔƚШċĦĦĲũĲƖċƣĲĬШƣőĲŰШƣőĲƖĲШŔƚШ
ũĲƚƚШƣŔůĲШŉŸƖШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ?~ШŉƖŸůШƣőĲШũĲċŉШċŰĬШƚƣĲůШƣŸШƣőĲШŊƖċŔŰƚЮШÑőŔƚШůĲċŰƚШƣőċƣШŔŰШ
?§ΟÉEр9ƖŸƓШŊƖċŔŰШ?~ШŔƚШċǭĲĦƣĲĬШĤǃШőŔŊőĲƖШƣĲůƓĲƖċƣƨƖĲƚЯШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƽċƣĲƖШċŰĬШ§ΟШ
ƚƣƖĲƚƚЮ 

9ƨƖƖĲŰƣũǃЯШ?§ΟÉEр9ƖŸƓШĬŸĲƚШŰŸƣШƚŔůƨũċƣĲШċŰǃШůĲƣƖŔĦШŸŉШŊƖċŔŰШƕƨċũŔƣǃЮШfŰШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚЯШƣőĲШ
?§ΟÉEр9ƖŸƓШůŸĬĲũШƽŔũũШĤĲШĲǂƣĲŰĬĲĬШƣŸШŔŰĦŸƖƓŸƖċƣĲШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШũĲċŉШċŰĬШƚƣĲůШ ЯШċŰĬШ
őĲŰĦĲШŊƖċŔŰШ ЮШÉŔŰĦĲШ ШŔƚШƣőĲШůċŔŰШĦŸůƓŸŰĲŰƣШŸŉШƓƖŸƣĲŔŰЯШƽőŔĦőШŔƚШƻĲƖǃШŔůƓŸƖƣċŰƣШŰƨƣƖŔƣŔŸŰċũũǃЯШ
ƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƣőĲШŰƨƣƖŔƣŔŸŰċũШƕƨċũŔƣǃШŸŉШƽőċƣШĦċŰШĤĲШƨŰĬĲƖƚƣŸŸĬЮ 

fŰШƚƨůůċƖǃЯШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШŔƚШċŰШŔŰƣĲŊƖċƣĲĬШƓőŸƣŸƚǃŰƣőĲƣŔĦрƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШ
ĦƖŸƓШůŸĬĲũШĬĲƚŔŊŰĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШĬĲƓŸƚŔƣŔŸŰШŸŰШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲЯШƚĲŰĲƚĦĲŰĦĲЯШċŰĬШĦƖŸƓШǃŔĲũĬƚЮШ9ũŔůċƣĲШĲǭĲĦƣƚШċƖĲШŔŰĦũƨĬĲĬШƣőƖŸƨŊőШƻŔċШƣőĲШŔŰƓƨƣƚЯШ
ƚƨĦőШċƚШƖċĬŔċƣŔŸŰЯШƽőŔĦőШċǭĲĦƣƚШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƣĲůƓĲƖċƣƨƖĲШĲǭĲĦƣƚШŸŰШƓőĲŰŸũŸŊǃЯШċŰĬШƽŔŰĬШ
ƚƓĲĲĬШċŰĬШőƨůŔĬŔƣǃШĲǭĲĦƣƚШŸŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƽőŔĦőШŔŰǰƨĲŰĦĲШ§ΟШƨƓƣċťĲЮ 

ΝЮΤШéƨũŰĲƖċĤŔũŔƣǃШŸŉШfŰĬŔċ 
fŰШƣőŔƚШƣőĲƚŔƚЯШƣƽŸШƓċƓĲƖƚШŉŸĦƨƚШŸŰШfŰĬŔċШĬƨĲШƣŸШŔƣƚШƻƨũŰĲƖċĤŔũŔƣǃШƣŸШ§ΟШƓŸũũƨƣŔŸŰШċŰĬШĦũŔůċƣĲШ
ĦőċŰŊĲШƽőŔĦőШƽŔũũШĲǂċĦĲƖĤċƣĲШĲǂŔƚƣŔŰŊШůċũŰƨƣƖŔƣŔŸŰШŔŰШƣőĲШĦŸƨŰƣƖǃЮШÑőĲШŉŸũũŸƽŔŰŊШƚĲĦƣŔŸŰШ
ƓƖŸƻŔĬĲƚШċŰШŸƻĲƖƻŔĲƽШŸŉШƣőĲƚĲШĦőċũũĲŰŊĲƚШƣŸШŉŸŸĬШƚĲĦƨƖŔƣǃЮ 



ΡΞ 
 

ΝЮΤЮΝШ[ŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃ 
ìőĲċƣШŔƚШċШƚƣċƓũĲШŉŸŸĬШƚŸƨƖĦĲШŔŰШfŰĬŔċЯШċŰĬШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШŔƚШċШťĲǃШĦŸŰƣƖŔĤƨƣŸƖШƣŸШŊƖŸƚƚШ
ĬŸůĲƚƣŔĦШƓƖŸĬƨĦƣШы]?ÂьШċŰĬШƣőĲШĦŸƨŰƣƖǃќƚШĲǂƓŸƖƣƚШыuőċƣťċƖЯШ9őċƨĬőċƖǃШċŰĬШ?ċŰŊŔЯШΞΜΝΡбШ
ÑƖŔƓċƣőŔШċŰĬШ~ŔƚőƖċЯШΞΜΝΤьЮШÂƖŸĬƨĦƣŔŸŰШċŰĬШǃŔĲũĬШŸŉШƽőĲċƣШŔŰШfŰĬŔċШőċƚШŔŰĦƖĲċƚĲĬШĬƖċůċƣŔĦċũũǃШ
ƚŔŰĦĲШΝΦΡΜШƽŔƣőШŰŸƖƣőĲƖŰШƚƣċƣĲƚШĬŸůŔŰċŰƣШŔŰШƓƖŸĬƨĦŔŰŊШƣőĲШĦĲƖĲċũШы[ŔŊƨƖĲШΝЮΦШċŰĬШ~ŔŰŔƚƣƖǃШŸŉШ
ŊƖŔĦƨũƣƨƖĲШѼШ[ċƖůĲƖƚШìĲũŉċƖĲШыΞΜΞΟььЮШcŸƽĲƻĲƖЯШċƚШċШƖĲƚƨũƣШŸŉШŔŰĦƖĲċƚĲĬШƓƖŸĬƨĦƣŔŸŰЯШƣőĲƖĲШċƖĲШ

ĦŸŰĦĲƖŰƚШċĤŸƨƣШƚŸŔũШƓƖŸĬƨĦƣŔƻŔƣǃШċŰĬШƽċƣĲƖШƖĲƚŸƨƖĦĲƚЯШƓŸũũƨƣŔŸŰШċŰĬШũŸƚƚШŸŉШĦƖŸƓШĬŔƻĲƖƚŔƣǃЯШƽőŔĦőШ
ŔŰĦƖĲċƚĲƚШƣőĲШƻƨũŰĲƖċĤŔũŔƣǃШŸŉШċŊƖŔĦƨũƣƨƖĲШƣŸШċĤŔŸƣŔĦШƚƣƖĲƚƚĲƚШыÉŸůƻċŰƚőŔЯШÂċŰĬŔċƖċŢШċŰĬШÉŔŰŊőЯШ
ΞΜΞΜбШ9őőĲƣƖŔШċŰĬШ9őċƨĬőċƖǃЯШΞΜΝΝьЮШ[ƨƖƣőĲƖЯШƣőĲШĬŔƻĲƖƚŔƣǃШŸŉШƽőĲċƣШƻċƖŔĲƣŔĲƚШőċƚШċũƚŸШ
ĬĲĦƖĲċƚĲĬШƽőŔĦőШƽŔũũШőċƻĲШŰĲŊċƣŔƻĲШĦŸŰƚĲƕƨĲŰĦĲƚШŸŰШƣőĲШċĬċƓƣċƣŔŸŰШċĤŔũŔƣǃШŸŉШċŊƖŔĦƨũƣƨƖĲШ
ыÉŸůƻċŰƚőŔЯШÂċŰĬŔċƖċŢШċŰĬШÉŔŰŊőЯШΞΜΞΜбШ9őőĲƣƖŔШċŰĬШ9őċƨĬőċƖǃЯШΞΜΝΝьЮШ?ƨƖŔŰŊШƣőĲШŊƖĲĲŰШ
ƖĲƻŸũƨƣŔŸŰЯШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШƽőĲċƣШŔŰĦƖĲċƚĲĬШĤǃШΦΤӖШŉƖŸůШΝΦΣΦШƣŸШΝΦΥΦЯШƽőŔĦőШƖĲĬƨĦĲĬШőƨŰŊĲƖШ
ŉƖŸůШċШĦċũŸƖŔĦШƓĲƖƚƓĲĦƣŔƻĲШыÉŸůƻċŰƚőŔЯШÂċŰĬŔċƖċŢШċŰĬШÉŔŰŊőЯШΞΜΞΜьЮШcŸƽĲƻĲƖЯШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШ
ůŔĦƖŸŰƨƣƖŔĲŰƣрĬĲŰƚĲШƓƨũƚĲƚШċŰĬШĦŸċƖƚĲШĦĲƖĲċũƚШĬĲĦƖĲċƚĲĬШыÉŸůƻċŰƚőŔЯШÂċŰĬŔċƖċŢШċŰĬШÉŔŰŊőЯШ
ΞΜΞΜбШÂċŰĬŔǃċŰЯШ7ċƖĤőċŔШċŰĬШ~ĲĬŔƣőŔЯШΞΜΝΦьЮШÑőĲШƓŸũŔĦŔĲƚШƣőċƣШċŔůĲĬШƣŸШŔŰĦƖĲċƚĲШƓƖŸĬƨĦƣŔŸŰШŸŉШ
ĦĲƖĲċũƚШƣŸШŔůƓƖŸƻĲШőƨŰŊĲƖЯШĦċƨƚĲĬШċШƣƖċĬĲрŸǭШƽŔƣőШĬŔĲƣċƖǃШĬŔƻĲƖƚŔƣǃШыÂċŰĬŔǃċŰЯШ7ċƖĤőċŔШċŰĬШ
~ĲĬŔƣőŔЯШΞΜΝΦбШÂŔŰŊċũŔЯШ~ŔƣƣƖċШċŰĬШÅċőůċŰЯШΞΜΝΤьЮ 



ΡΟ 
 

 

[ŔŊƨƖĲЮΤдάжЮ~ċƓЮŸŉЮfŰĬŔċЮƽőĲċƣЮƓƖŸĬƨĦƣŔŸŰЮŔŰЮťŔũŸŊƖċůƚЮƓĲƖЮőĲĦƣċƖĲеЮĦŸůƓŔũĲĬЮƨƚŔŰŊЮĬċƣċЮŉƖŸůЮ~ŔŰŔƚƣƖǃЮŸŉЮ ŊƖŔĦƨũƣƨƖĲЮ҂Ю
[ċƖůĲƖƚЮìĲũŉċƖĲЮёΥΣΥΦђдЮÉƣċƣĲƚЮŔŰЮŊƖĲǃЮŔŰĬŔĦċƣĲЮũŸĦċƣŔŸŰƚЮŉŸƖЮƽőŔĦőЮĬċƣċЮƽĲƖĲЮůŔƚƚŔŰŊд 



ΡΠ 
 

 

[ŔŊƨƖĲЮΤдΤΣжЮ~ċƓЮŸŉЮƓĲƖЮĦċƓŔƣċЮůŸŰƣőũǃЮƽőĲċƣЮĦŸŰƚƨůƓƣŔŸŰЮŔŰЮfŰĬŔċЮŔŰЮťŔũŸŊƖċůƚеЮĦŸůƓŔũĲĬЮƨƚŔŰŊЮĬċƣċЮŉƖŸůЮƣőĲЮ
~ŔŰŔƚƣƖǃШŸŉШÉƣċƣŔƚƣŔĦƚШċŰĬШÂƖŸŊƖċůůĲШfŰŉŸƖůċƣŔŸŰШыΞΜΝΞьдЮÉƣċƣĲƚЮŔŰЮŊƖĲǃЮŔŰĬŔĦċƣĲЮũŸĦċƣŔŸŰƚЮŉŸƖЮƽőŔĦőЮĬċƣċЮƽĲƖĲЮ
ůŔƚƚŔŰŊдЮÑőĲЮũċƚƣЮƖŸƨŰĬЮŸŉЮƣőĲЮ ċƣŔŸŰċũЮÉċůƓũĲЮÉƨƖƻĲǃЮƽċƚЮΥΣΤΤцΥΣΤΥЮőĲŰĦĲЮƣőĲЮċĤƚŸũƨƣĲЮƓĲƖЮĦċƓŔƣċЮĦŸŰƚƨůƓƣŔŸŰЮ
ƚőŸƨũĬЮĤĲЮŔŰƣĲƖƓƖĲƣĲĬЮƽŔƣőЮĦċƨƣŔŸŰдЮÑőŸƨŊőЮƣőĲЮĬŔƚƣƖŔĤƨƣŔŸŰЮŔƚЮĲǂƓĲĦƣĲĬЮƣŸЮĤĲЮƚŔůŔũċƖЮĬƨĲЮƣŸЮƣőĲЮŊƖĲċƣĲƚƣЮƽőĲċƣЮ
ƓƖŸĬƨĦŔŰŊЮƚƣċƣĲƚЮŸƻĲƖũċƓƓŔŰŊЮƽŔƣőЮƣőĲЮƚƣċƣĲƚЮƽŔƣőЮƣőĲЮŊƖĲċƣĲƚƣЮƓĲƖЮĦċƓŔƣċЮĦŸŰƚƨůƓƣŔŸŰЮё[ŔŊƨƖĲƚЮΤдάЮċŰĬЮΤдΤΣђд 

ÂĲƖШĦċƓŔƣċЯШƣőĲШŊƖĲċƣĲƚƣШċůŸƨŰƣШŸŉШƽőĲċƣШŔƚШĦŸŰƚƨůĲĬШŔŰШƣőĲШƽĲƚƣШŸŉШfŰĬŔċШċŰĬШċĦƖŸƚƚШƣőĲШf]ÂШ
ƽőĲƖĲШƣőĲШůċŢŸƖŔƣǃШŸŉШƽőĲċƣШŔƚШŊƖŸƽŰЮШ9ƨƖƖĲŰƣũǃЯШШΟΦӖШŸŉШƣőĲШƓŸƓƨũċƣŔŸŰШŔŰШfŰĬŔċШĦċŰŰŸƣШċǭŸƖĬШċШ
ŰƨƣƖŔƣŔŸŰċũũǃШċĬĲƕƨċƣĲШĬŔĲƣЯШċŰĬШΤΥӖШŸŉШƣőĲШƓŸƓƨũċƣŔŸŰШĦċŰŰŸƣШċǭŸƖĬШċШőĲċũƣőǃШĬŔĲƣШы[ §ШĲƣШċũЮЯШ
ΞΜΞΜбШcĲƖŉŸƖƣőШĲƣШċũЮЯШΞΜΞΜьЮШ[ƨƖƣőĲƖЯШΟΡӖШŸŉШĦőŔũĬƖĲŰШƨŰĬĲƖШΡШƚƨǭĲƖШŉƖŸůШƚƣƨŰƣŔŰŊШċŰĬШΝΤӖШŉƖŸůШ
ƽċƚƣŔŰŊШĬƨĲШƣŸШŔŰƚƨǭŔĦŔĲŰƣШŸƖШƓŸŸƖрƕƨċũŔƣǃШŉŸŸĬЯШũċĦťŔŰŊШƣőĲШŰĲĦĲƚƚċƖǃШůŔĦƖŸŰƨƣƖŔĲŰƣƚШċŰĬШ
ĦċũŸƖŔĲƚШŉŸƖШŊƖŸƽƣőШыÉőƨťũċЯШÑŔƽċƖŔШċŰĬШÂƖċťċƚőЯШΞΜΝΠбШ]ŸŰůĲŔШċŰĬШÑŸƣĲŢċЯШΞΜΝΥьЮШÑőŔƚШĦċƨƚĲƚШ
ƓƖŸĤũĲůƚШƽŔƣőШĦŸŊŰŔƣŔŸŰЯШƚƣƨŰƣĲĬШŊƖŸƽƣőЯШШŸƚƣĲŸƓŸƖŸƚŔƚШċŰĬШůƨƚĦƨũċƖШĬǃƚƣƖŸƓőǃШыÉőƨťũċЯШÑŔƽċƖŔШ
ċŰĬШÂƖċťċƚőЯШΞΜΝΠбШ]ŸŰůĲŔШċŰĬШÑŸƣĲŢċЯШΞΜΝΥьЮШÅĲƚĲċƖĦőШĤǃШÅċŊőƨŰċƣőċŰШĲƣШċũЮШыΞΜΞΜьШŉŸƨŰĬШƣőċƣШ
ŔŰĬŔƻŔĬƨċũƚШũŔƻŔŰŊШŔŰШƓŸƻĲƖƣǃШŔŰШfŰĬŔċШĦċŰŰŸƣШċǭŸƖĬШċШĬŔĲƣШƣőċƣШƚċƣŔƚǯĲƚШĤċƚŔĦШŰƨƣƖŔƣŔŸŰċũШ
ƖĲƕƨŔƖĲůĲŰƣƚЮ 

fŰШfŰĬŔċЯШĦĲƖĲċũƚШƓƖŸƻŔĬĲШċƖŸƨŰĬШΣΜӖШŸŉШĬŔĲƣċƖǃШƓƖŸƣĲŔŰШċƚШőŔŊőĲƖШƕƨċũŔƣǃШƓƖŸƣĲŔŰШƚŸƨƖĦĲƚЯШƚƨĦőШ
ċƚШůĲċƣЯШĬċŔƖǃЯШǯƚőШċŰĬШĲŊŊƚЯШċƖĲШůŸƖĲШĲǂƓĲŰƚŔƻĲШыÉƽċůŔŰċƣőċŰЯШéċǍШċŰĬШuƨƖƓċĬЯШΞΜΝΞбШsċŔŰШĲƣШ
ċũЮЯШΞΜΞΟбШÅċŊőƨŰċƣőċŰШċŰĬШ9őċŰĬƖċƚĲťċƖċŰЯШΞΜΞΜбШ~ŔŰŸĦőċЯШÑőŸůċƚШċŰĬШuƨƖƓċĬЯШΞΜΝΤċьЮШÑőĲШ



ΡΡ 
 

ƕƨċũŔƣǃШŸŉШƓƖŸƣĲŔŰШŔŰШĦĲƖĲċũƚШŔƚШũŸƽĲƖШƣőċŰШƣőċƣШŔŰШƓƨũƚĲƚШċŰĬШůŔũťШŉŸƖШĲǂċůƓũĲЯШƽőŔĦőШċƖĲШƣőĲШŰĲǂƣШ
ůŸƚƣШċĦĦĲƚƚŔĤũĲШƓƖŸƣĲŔŰШƚŸƨƖĦĲƚШы~ŔŰŸĦőċЯШÑőŸůċƚШċŰĬШuƨƖƓċĬЯШΞΜΝΤċьЮШ~ŔŰŸĦőċШĲƣШċũЮШыΞΜΝΤьШ
ŉŸƨŰĬШƣőċƣШŉŸƖШůŸƚƣШƚƣċƣĲƚЯШċƣШũĲċƚƣШΟΜӖШŸŉШƓĲŸƓũĲШċƖĲШċƣШƖŔƚťШŸŉШŰŸƣШŊĲƣƣŔŰŊШċШőŔŊőШƕƨċũŔƣǃШŸŉШ
ƓƖŸƣĲŔŰШċĦƖŸƚƚШfŰĬŔċЮШĬĬŔƣŔŸŰċũũǃЯШÉƽċůŔŰċƣőċŰШĲƣШċũЮШыΞΜΝΞьШŉŸƨŰĬШƣőċƣШċШĬŔĲƣШĦŸŰƣċŔŰŔŰŊШ
ĦĲƖĲċũƚШċƚШŔƣƚШůŸƚƣШƓƖŸůŔŰĲŰƣШƓƖŸƣĲŔŰШƚŸƨƖĦĲШƽŸƨũĬШũŔťĲũǃШŰŸƣШŉƨũǯũШĬŔĲƣċƖǃШ ШƖĲƕƨŔƖĲůĲŰƣƚЮШ
ÂƖŸƣĲŔŰШĬĲǯĦŔĲŰĦŔĲƚШċƖĲШŸŉШƓċƖƣŔĦƨũċƖШĦŸŰĦĲƖŰШŉŸƖШƓƖĲŊŰċŰƣШƓĲŸƓũĲЯШƽőŸШőċƻĲШċĬĬŔƣŔŸŰċũШƓƖŸƣĲŔŰШ
ƖĲƕƨŔƖĲůĲŰƣƚШыÉƽċůŔŰċƣőċŰЯШéċǍШċŰĬШuƨƖƓċĬЯШΞΜΝΞьЮШ ĬĬŔƣŔŸŰċũũǃЯШŔŰĬŔƻŔĬƨċũƚШŔŰШƓŸŸƖĲƖШ
ƚŸĦŔŸĲĦŸŰŸůŔĦШĦŔƖĦƨůƚƣċŰĦĲƚЯШƽőŸШůċǃШĤĲШůŸƖĲШũŔťĲũǃШƣŸШĲǂƓĲƖŔĲŰĦĲШĬŔƚĲċƚĲЯШƖĲƕƨŔƖĲШċШőŔŊőĲƖШ
ƕƨċũŔƣǃШŸŉШƓƖŸƣĲŔŰШƣŸШǯŊőƣШŸǭШŔŰŉĲĦƣŔŸŰƚШы~ŔŰŸĦőċЯШÑőŸůċƚШċŰĬШuƨƖƓċĬЯШΞΜΝΤċьЮ 

ΝЮΤЮΞШÑőƖĲċƣƚШŸŉШĦũŔůċƣĲШĦőċŰŊĲШċŰĬШ§ΟШƓŸũũƨƣŔŸŰ 
fƣШŔƚШƽŔĬĲũǃШƖĲĦŸŊŰŔƚĲĬШƣőċƣШĦƨƖƖĲŰƣШƓŸũũƨƣŔŸŰШĦŸŰƣƖŸũШůĲċƚƨƖĲƚШŔŰШfŰĬŔċШċƖĲШŰŸƣШƚƨǭŔĦŔĲŰƣШŉŸƖШ
ŔůƓƖŸƻŔŰŊШċŔƖШƕƨċũŔƣǃШыÉŔŰŊőЯШ?ĲǃШċŰĬШuŰŔĤĤƚЯШΞΜΞΟбШìċŰŊШĲƣШċũЮЯШΞΜΞΟċьЮШ[ŸƚƚŔũШŉƨĲũШĦŸŰƚƨůƓƣŔŸŰШ
ċŰĬШĲůŔƚƚŔŸŰƚШŸŉШċŔƖШƓŸũũƨƣċŰƣƚШŔŰШfŰĬŔċШċƖĲШƓƖŸŢĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШũĲċĬŔŰŊШƣŸШŊƖĲċƣĲƖШƽċƖůŔŰŊШċŰĬШ
ŊƖĲċƣĲƖШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШƣőĲШĦŸƨŰƣƖǃШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥбШÅċƣőŸƖĲЯШ]ŸƓŔťƖŔƚőŰċŰШċŰĬШ
uƨƣƣŔƓƓƨƖċƣőЯШΞΜΞΟьЮШÅċƣőŸƖĲЯШ]ŸƓŔťƖŔƚőŰċŰШċŰĬШuƨƣƣŔƓƓƨƖċƣőШыΞΜΞΟьШĦŸůůĲŰƣШƣőċƣШŊĲŰĲƖċũũǃШ
ŔŰĦƖĲċƚŔŰŊШƣĲůƓĲƖċƣƨƖĲШƽŔƣőШĬĲĦƖĲċƚŔŰŊШƓƖĲĦŔƓŔƣċƣŔŸŰШŉċƻŸƨƖƚШ§ΟШƓƖŸĬƨĦƣŔŸŰШĬƨĲШƣŸШũŸƽШ
őƨůŔĬŔƣǃЯШƽőĲƖĲċƚШŔŰĦƖĲċƚĲĬШƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШĬĲĦƖĲċƚĲĬШƣĲůƓĲƖċƣƨƖĲƚШƽŔũũШƖĲĬƨĦĲШƣőĲШƖċƣĲШŸŉШ
§ΟШŉŸƖůċƣŔŸŰЮШfŰĬŔċШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШĲǂƓĲƖŔĲŰĦĲШċШĦŸƨŰƣƖǃрƽŔĬĲШŔŰĦƖĲċƚĲШŔŰШƣĲůƓĲƖċƣƨƖĲƚЯШƽŔƣőШƣőĲШ
ŊƖĲċƣĲƚƣШŔŰĦƖĲċƚĲƚШŸĦĦƨƖƖŔŰŊШċƣШƣőĲШőŔŊőĲƖШũċƣŔƣƨĬĲƚШċŰĬШŔŰШƣőĲШƽĲƚƣШŸŉШƣőĲШĦŸƨŰƣƖǃЯШƽőŔĦőШŔƚШ
ƽőĲƖĲШůŸƚƣШŸŉШƣőĲШƽőĲċƣШŔƚШŊƖŸƽŰШыÉċũƨŰťĲШĲƣШċũЮЯШΞΜΞΟбШ~ŔŰŔƚƣƖǃШŸŉШ ŊƖŔĦƨũƣƨƖĲШѼШ[ċƖůĲƖƚШ
ìĲũŉċƖĲЯШΞΜΞΞбШÅƨƓċШuƨůċƖШĲƣШċũЮЯШΞΜΜΣбШ7ċũШĲƣШċũЮЯШΞΜΝΣьЮШ[ƨƣƨƖĲШƓƖŸŢĲĦƣŔŸŰƚШŸŉШƓƖĲĦŔƓŔƣċƣŔŸŰШċũƚŸШ
ƚőŸƽШċŰШŔŰĦƖĲċƚĲШыÉċũƨŰťĲШĲƣШċũЮЯШΞΜΞΟьЮШcĲŰĦĲЯШŊĲŰĲƖċũũǃШŔƣШŔƚШĲǂƓĲĦƣĲĬШƣőċƣШfŰĬŔċќƚШŉƨƣƨƖĲШ
ĦũŔůċƣĲШƽŔũũШŉċƻŸƨƖШ§ΟШƓƖŸĬƨĦƣŔŸŰШċŰĬШŉƨƖƣőĲƖШĲǂċĦĲƖĤċƣĲШ§ΟШƓŸũũƨƣŔŸŰШŔŰШƣőĲШĦŸƨŰƣƖǃЮШìőĲƣőĲƖШċŰШ
ŔŰĬŔƻŔĬƨċũШƚƣċƣĲШŔŰШfŰĬŔċШĲǂƓĲƖŔĲŰĦĲƚШċŰШŔŰĦƖĲċƚĲШŸƖШĬĲĦƖĲċƚĲШƽŔũũШĬĲƓĲŰĬШŸŰШƣőĲШƖĲŊŔŸŰċũШ
ůĲƣĲŸƖŸũŸŊǃШċŰĬШĲůŔƚƚŔŸŰƚШŸŉШƓƖĲрĦƨƖƚŸƖШŊċƚĲƚШыsċĦŸĤШċŰĬШìŔŰŰĲƖЯШΞΜΜΦбШ[ƨШċŰĬШÑŔċŰЯШΞΜΝΦьЮШ 

 ċċǍШĲƣШċũЮШыΞΜΞΞьШŉŸƨŰĬШƚĲƻĲƖċũШfŰĬŔċŰШƽőĲċƣШĦƨũƣŔƻċƖƚШĲǂƓĲƖŔĲŰĦĲĬШƚŔŊŰŔǯĦċŰƣШǃŔĲũĬШũŸƚƚĲƚШ
ƨŰĬĲƖШĦŸůĤŔŰċƣŔŸŰƚШŸŉШŔŰĦƖĲċƚĲĬШƣĲůƓĲƖċƣƨƖĲЯШ§ΟШċŰĬШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƖĲƓƖĲƚĲŰƣŔŰŊШĦũŔůċƣĲШ
ĦőċŰŊĲШƚĦĲŰċƖŔŸƚШŔŰШƣőĲШĦŸƨŰƣƖǃШŉŸƖШΞΜΡΜЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲŔƖШůŸĬĲũũŔŰŊШƚƣƨĬǃШƓƖĲĬŔĦƣĲĬШċШ
ƚŔŊŰŔǯĦċŰƣШĬĲĦũŔŰĲШŔŰШċƖĲċƚШĦũŔůċƣŔĦċũũǃШƚƨŔƣċĤũĲШŉŸƖШƽőĲċƣШŊƖŸƽƣőШĤǃШΞΜΡΜШƨŰĬĲƖШÅ9ÂШΥЮΡШƽőŔĦőШ
ŔƚШŸŉШƚŔŊŰŔǯĦċŰƣШĦŸŰĦĲƖŰШŊŔƻŔŰŊШƣőĲШŔŰĦƖĲċƚŔŰŊШŰƨƣƖŔƣŔŸŰċũШĬĲůċŰĬƚШŸŉШƣőĲШƓŸƓƨũċƣŔŸŰШы ċċǍШĲƣШċũЮЯШ
ΞΜΞΞьЮШÉĲƻĲƖċũШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШőċƻĲШƕƨċŰƣŔǯĲĬШĦƨƖƖĲŰƣШǃŔĲũĬШũŸƚƚШĬƨĲШƣŸШ§ΟШŔŰШƣőĲШĦŸƨŰƣƖǃШ
ыƚĲĲШƚĲĦƣŔŸŰШΝЮΤЮΟьЯШƽőŔĦőШƽŔũũШŔŰĦƖĲċƚĲШƽŔƣőШŔŰĦƖĲċƚŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШċŰĬШƣőĲШċĬĬŔƣŔŸŰċũШ
ƚƣƖĲƚƚŸƖƚШŸŉШĦũŔůċƣĲШĦőċŰŊĲЮ 

ΝЮΤЮΟШÅĲƚƨũƣƚШŸŉШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŉŸƖШfŰĬŔċ 
ÉĲƻĲƖċũШůĲƣőŸĬƚШőċƻĲШĤĲĲŰШĲůƓũŸǃĲĬШƣŸШĲƚƣŔůċƣĲШǃŔĲũĬШũŸƚƚШċƣШƚĦċũĲШċĦƖŸƚƚШfŰĬŔċЯШċŰĬШŉŸƖШ
ĬŔǭĲƖĲŰƣШƖĲŊŔŸŰƚШŸŉШƣőĲШĦŸƨŰƣƖǃШыƚĲĲШÑċĤũĲШΝЮΥьЯШŔŰĦũƨĬŔŰŊШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚШ
ы ƻŰĲƖǃШĲƣШċũЮЯШΞΜΝΝбШéċŰШ?ŔŰŊĲŰĲŰШĲƣШċũЮЯШΞΜΜΦбШxċũШĲƣШċũЮЯШΞΜΝΤбШ]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШÉŔŰőċШĲƣШċũЮЯШ
ΞΜΝΡбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦбШÑċŰŊШĲƣШċũЮЯШΞΜΝΟьЯШǰƨǂрĤċƚĲĬШůĲƣőŸĬƚШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШÑċŰŊШĲƣШċũЮЯШ
ΞΜΝΟбШÑċŔШĲƣШċũЮЯШΞΜΞΝьЯШċŰĬШĦƖŸƓШůŸĬĲũƚШŔŰĦŸƖƓŸƖċƣŔŰŊШ§ΟШĬċůċŊĲШůĲƣőŸĬƚШы?ƖŸƨƣƚċƚЯШΞΜΞΜбШÑċŔШ
ĲƣШċũЮЯШΞΜΞΝьЮШÑőĲШŉŸũũŸƽŔŰŊШƚĲĦƣŔŸŰШƽŔũũШĬŔƚĦƨƚƚШƣőĲШƖċŰŊĲШŔŰШƖĲũċƣŔƻĲШǃŔĲũĬШũŸƚƚШыÅòxьШƓƖĲĬŔĦƣĲĬШ
ƨƚŔŰŊШƣőĲШĬŔǭĲƖĲŰƣШůĲƣőŸĬƚЯШƣőĲШƚƓċƣŔċũШĬŔǭĲƖĲŰĦĲƚШŔŰШÅòxШĲƚƣŔůċƣĲƚШċŰĬШƣőĲШƖĲƕƨŔƖĲůĲŰƣƚШŸŉШ
ĲċĦőШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШƽŔƣőШƣőĲŔƖШƨŰĦĲƖƣċŔŰƣǃЮШÑőŔƚШŸƻĲƖƻŔĲƽШƽŔũũШŔĬĲŰƣŔŉǃШƣőĲШũŔůŔƣċƣŔŸŰƚШŸŉШ
ĦƨƖƖĲŰƣШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŔŰШfŰĬŔċШƣŸШĤĲШċĬĬƖĲƚƚĲĬШũċƣĲƖШŔŰШƣőŔƚШƣőĲƚŔƚЮШ 



ΡΣ 
 

ыċьЮÅċŰŊĲЮŸŉЮÅòxЮĲƚƣŔůċƣĲƚЮŉŸƖЮfŰĬŔċ 
[ŔŊƨƖĲШΝЮΝΝШƚƨůůċƖŔƚĲƚШƣőĲШÅòxШĲƚƣŔůċƣĲƚШŉŸƖШfŰĬŔċШƨƚŔŰŊШƻċƖŔŸƨƚШůĲƣƖŔĦƚШыĬĲƣċŔũĲĬШŔŰШÑċĤũĲШΝЮΥьЯШ
ċŰĬШ[ŔŊƨƖĲШΝЮΝΞШƚőŸƽƚШƣőĲШƓċŔƖƽŔƚĲШĦŸůƓċƖŔƚŸŰШŸŉШ~Τо~ΝΞШċŰĬШ §ÑΠΜШƽőĲŰШƨƚŔŰŊШƣőĲШƚċůĲШ
ĬƖŔƻŔŰŊШĬċƣċЮШfŰШĤŸƣőШǯŊƨƖĲƚШŔƣШĦċŰШĤĲШƚĲĲŰШƣőċƣШƣőĲШ §ÑΠΜШůĲƣƖŔĦШƚőŸƽƚШƚƨĤƚƣċŰƣŔċũũǃШőŔŊőĲƖШċŰĬШ
ůŸƖĲШƻċƖŔċĤũĲШĲƚƣŔůċƣĲƚШĦŸůƓċƖĲĬШƣŸШƣőĲШ~ΤШůĲƣƖŔĦЮШÑőĲШĤŸǂƓũŸƣШŉŸƖШ §ÑΠΜШŔƚШƽŔĬĲƖШƣőċŰШƣőĲШ
~ΤЯШŔŰĬŔĦċƣŔŰŊШŊƖĲċƣĲƖШƻċƖŔċĤŔũŔƣǃШŔŰШÅòxШĲƚƣŔůċƣĲƚЮШÑőĲШ §ÑΠΜШůĲƣƖŔĦШċũƚŸШƚőŸƽƚШċШƚťĲƽĲĬШ
ĬŔƚƣƖŔĤƨƣŔŸŰШыƚƨĤƚƣċŰƣŔċũũǃШŊƖĲċƣĲƖШůĲĬŔċŰШƣőċŰШůĲċŰьШŔŰĬŔĦċƣŔŰŊШƣőĲШƓƖĲƚĲŰĦĲШŸŉШũŸƽĲƖШŸƨƣũŔĲƖШ
ƻċũƨĲƚЮШÑőĲШ~ΤШůĲƣƖŔĦШőċƚШċШůŸƖĲШƚǃůůĲƣƖŔĦШĬŔƚƣƖŔĤƨƣŔŸŰШċŰĬШŰċƖƖŸƽĲƖШƖċŰŊĲЯШŔŰĬŔĦċƣŔŰŊШůŸƖĲШ
ĦŸŰƚŔƚƣĲŰƣШǃŔĲũĬШũŸƚƚШĲƚƣŔůċƣĲƚШċŰĬШŉĲƽĲƖШĲǂƣƖĲůĲШƻċũƨĲƚЮШÖƚŔŰŊШċШǰƨǂрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓЯШ
~ŔũũƚШĲƣШċũЮЯШыΞΜΝΥċьШċĦőŔĲƻĲĬШċШÅòxШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШƣőĲШůĲċŰШĲƚƣŔůċƣĲƚШŸŉШǃŔĲũĬШũŸƚƚШƽőĲŰШƨƚŔŰŊШ
ƣőĲШ~ΤШůĲƣƖŔĦЯШƽőŔũĲШÑċŰŊШĲƣШċũЮѣƚШыΞΜΝΟьШĲƚƣŔůċƣĲШƽċƚШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШƣőĲШůĲċŰШÅòxШƽőĲŰШƨƚŔŰŊШ
ƣőĲШ §ÑΠΜШůĲƣƖŔĦЮШÑőĲШĲƚƣŔůċƣĲƚШĤǃШ?ƖŸƨƣƚċƚШыΞΜΞΜьЯШƽőŸШƨƚĲĬШċŰШ §ÑΠΜШĤċƚĲĬШƣƖċŰƚƓŔƖċƣŔŸŰШ
ĦƖŸƓШůŸĬĲũЯШƽĲƖĲШċƓƓƖŸǂŔůċƣĲũǃШůŔĬƽċǃШĤĲƣƽĲĲŰШƣőĲШĲƚƣŔůċƣĲƚШŸŉШ~ŔũũƚШĲƣШċũЮШыΞΜΝΥċьШċŰĬШÑċŰŊШ
ĲƣШċũЮШыΞΜΝΟьЮШ?ƖŸƨƣƚċƚѣШыΞΜΞΜьШĲƚƣŔůċƣĲƚШƽĲƖĲШċũƚŸШĤĲƣƽĲĲŰШƣőĲШĲƚƣŔůċƣĲƚШƨƚŔŰŊШƣőĲШ~ΤШċŰĬШ
§ÑΠΜШůĲƣƖŔĦƚЯШĤƨƣШƽĲƖĲШŸŰШƣőĲШũŸƽĲƖШĲŰĬШŸŉШƣőĲШ §ÑΠΜШĲƚƣŔůċƣĲƚЮШÑőĲƚĲШĬŔǭĲƖĲŰĦĲƚШ
ƨŰĬĲƖƚĦŸƖĲШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШůĲƣƖŔĦШĦőŸŔĦĲШƽőĲŰШƓĲƖŉŸƖůŔŰŊШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЮ 

Ш 

 

[ŔŊƨƖĲЮΤдΤΤжЮ7ŸǂƓũŸƣЮƚőŸƽŔŰŊЮƣőĲЮƖċŰŊĲЮŸŉЮĲƚƣŔůċƣĲƚЮŸŉЮÅòxЮёӜђЮŉŸƖЮċũũЮŸŉЮfŰĬŔċЮƨƚŔŰŊЮƣőĲЮĬŔǭĲƖĲŰƣЮƖŔƚťЮċƚƚĲƚƚůĲŰƣЮ
ůĲƣƖŔĦƚЮƨƚŔŰŊЮĬċƣċЮŉƖŸůЮÑċĤũĲЮΤдΫд 



ΡΤ 
 

 

[ŔŊƨƖĲЮΤдΤΥжЮÂċŔƖƽŔƚĲЮĦŸůƓċƖŔƚŸŰЮŸŉЮ~ΪЮŸƖЮ~ΤΥЮċŰĬЮ §ÑΧΣЮŉŸƖЮƣőĲЮũŔƚƣĲĬЮĦŸŰĦĲŰƣƖċƣŔŸŰцƖĲƚƓŸŰƚĲЮƚƣƨĬŔĲƚЮŔŰЮÑċĤũĲЮΤдΫЮ
ƣőċƣЮĦċũĦƨũċƣĲĬЮĤŸƣőЮ §ÑΧΣЮċŰĬЮĲŔƣőĲƖЮ~ΪЮŸƖЮ~ΤΥд 

ыĤьЮÉƓċƣŔċũЮƓċƣƣĲƖŰЮŸŉЮÅòxЮĲƚƣŔůċƣĲƚЮŔŰЮfŰĬŔċ 
ÑőĲШfŰĬŸр]ċŰŊĲƣŔĦШÂũċŔŰШыf]ÂьШŔƚШƣőĲШƖĲŊŔŸŰШƽőĲƖĲШůŸƚƣШŸŉШƣőĲШƽőĲċƣШŔŰШfŰĬŔċШŔƚШŊƖŸƽŰЮШfƣШŔŰĦũƨĬĲƚШ
ÂƨŰŢċĤЯШcċƖǃċŰċЯШÖƣƣċƖШÂƖċĬĲƚőШċŰĬШ7ŔőċƖШы~ŔŰŔƚƣƖǃШŸŉШ ŊƖŔĦƨũƣƨƖĲШѼШ[ċƖůĲƖƚШìĲũŉċƖĲЯШΞΜΞΟьЮШÑŸШ
ƨŰĬĲƖƚƣċŰĬШƣőĲШƚƓċƣŔċũШƓċƣƣĲƖŰƚЯШƣőĲШũŸƽĲƚƣрőŔŊőĲƚƣШÅòxШŉŸƖШĲċĦőШċƨƣőŸƖШċƖĲШĦŸŰƚŔĬĲƖĲĬЮШ
ÉŔůŔũċƖŔƣŔĲƚШŔŰШůċŊŰŔƣƨĬĲƚШŸŉШÅòxШĲƚƣŔůċƣĲƚШċƖĲШŔŊŰŸƖĲĬШŉŸƖШŰŸƽЮШ 

xċũШĲƣШċũЮШыΞΜΝΤьШĦŸŰƚŔĬĲƖĲĬШƣőĲШÅòxШŸŉШƽőĲċƣШċĦƖŸƚƚШƣőĲШŰŸƖƣőĲƖŰШf]ÂЯШEċƚƣШfŰĬŔċШыìĲƚƣШ7ĲŰŊċũЯШ
§ĬŔƚőċШċŰĬШ ƚƚċůьЯШċŰĬШìĲƚƣШfŰĬŔċШы]ƨŢċƖċƣЯШÅċŢċƚƣőċŰШċŰĬШ~ċőċƖċƚőƣƖċьЯШǯŰĬŔŰŊШƣőĲШũŸƽĲƚƣШ
ǃŔĲũĬШũŸƚƚĲƚШŔŰШƣőĲШĲċƚƣЯШŉŸũũŸƽĲĬШĤǃШƣőĲШf]ÂЯШċŰĬШƣőĲШƽĲƚƣШĲǂƓĲƖŔĲŰĦĲĬШƣőĲШŊƖĲċƣĲƚƣЮШ~ŔũũƚШĲƣШċũЮШ
ыΞΜΝΥċьШůŸƚƣũǃШċŊƖĲĲШƽŔƣőШxċũШĲƣШċũЮШыΞΜΝΤьЯШǯŰĬŔŰŊШƣőĲШŊƖĲċƣĲƚƣШÅòxШƣőĲШĲċƚƣЯШŉŸũũŸƽĲĬШĤǃШƣőĲШf]ÂЯШ
ċŰĬШƣőĲШũŸƽĲƚƣШċĦƖŸƚƚШƣőĲШƽĲƚƣШċŰĬШĦĲŰƣƖċũШƚƣċƣĲƚШыÅċŢċƚƣőċŰЯШ]ƨŢċƖċƣЯШ~ċőċƖċƚőƣƖċШċŰĬШ
~ċĬőǃċШÂƖċĬĲƚőьЮШÑċŰŊШĲƣШċũЮШыΞΜΝΟьШůŸƚƣũǃШċŊƖĲĲШƽŔƣőШ~ŔũũƚШĲƣШċũЮШыΞΜΝΥċьЯШǯŰĬŔŰŊШƣőĲШŊƖĲċƣĲƚƣШ
ǃŔĲũĬШũŸƚƚĲƚШċĦƖŸƚƚШƣőĲШŰŸƖƣőĲƖŰШf]ÂЯШċŰĬШũŸƽĲƚƣШŔŰШƣőĲШƽĲƚƣШċŰĬШĦĲŰƣƖċũШƚƣċƣĲƚЮШìőŔũĲШÑċŔШĲƣШċũЮШ
ыΞΜΞΝьШĬŸШŰŸƣШƖĲƓŸƖƣШůċŊŰŔƣƨĬĲƚШŸŉШÅòxШċŰĬШƚŸШƣőĲŔƖШƖĲƚƨũƣƚШĦċŰŰŸƣШĤĲШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШÑċĤũĲШ
ΝЮΥЯШƣőĲŔƖШƖĲƚƨũƣƚШŊĲŰĲƖċũũǃШƚőŸƽШƣőĲШŊƖĲċƣĲƚƣШÅòxШċĦƖŸƚƚШƣőĲШŰŸƖƣőĲƖŰШf]ÂЯШŉŸũũŸƽĲĬШĤǃШƣőĲШĲċƚƣЮШ
fŰШĦŸŰƣƖċƚƣЯШ]őƨĬĲШĲƣШċũЮШыΞΜΝΠьШǯŰĬШƣőĲШŊƖĲċƣĲƚƣШǃŔĲũĬШũŸƚƚĲƚШŔŰШ~ċőċƖċƚőƣƖċШыƚŸƨƣőƽĲƚƣьЯШ
ŉŸũũŸƽĲĬШĤǃШ~ċĬőǃċШÂƖċĬĲƚőШыĦĲŰƣƖċũьШċŰĬШƣőĲШŸƣőĲƖШƽĲƚƣĲƖŰШƚƣċƣĲƚЯШƽŔƣőШƣőĲШũŸƽĲƚƣШũŸƚƚĲƚШ
ċĦƖŸƚƚШƣőĲШf]ÂЮШ?ƖŸƨƣƚċƚШыΞΜΞΜьШċŊƖĲĲƚШƽŔƣőШċƚƓĲĦƣƚШŸŉШ~ŔũũƚШĲƣШċũЮШыΞΜΝΥċьШċŰĬШxċũШĲƣШċũЮШыΞΜΝΤьЯШ
ǯŰĬŔŰŊШƣőĲШŊƖĲċƣĲƚƣШǃŔĲũĬШũŸƚƚШŔŰШ7ŔőċƖШыĲċƚƣĲƖŰШf]ÂьЮШcŸƽĲƻĲƖЯШ?ƖŸƨƣƚċƚШыΞΜΞΜьШǯŰĬƚШƣőĲШŰĲǂƣШ
ŊƖĲċƣĲƚƣШǃŔĲũĬШũŸƚƚШŔƚШƓƖĲĬŔĦƣĲĬШƣŸШĤĲШ~ċĬőǃċШÂƖċĬĲƚőЯШŰŸƣШƣőĲШŰŸƖƣőĲƖŰШf]ÂЯШċŊƖĲĲŔŰŊШƽŔƣőШ
]őƨĬĲШĲƣШċũЮШыΞΜΝΠьЮШ?ƖŸƨƣƚċƚѣШыΞΜΞΜьШĲƚƣŔůċƣĲƚШŸŉШÅòxШċĦƖŸƚƚШƣőĲШŰŸƖƣőĲƖŰШƓċƖƣƚШŸŉШƣőĲШf]ÂШċƖĲШ
ŊĲŰĲƖċũũǃШũŸƽĲƖШƣőċŰШǃŔĲũĬШũŸƚƚШĲƚƣŔůċƣĲƚШŉŸƖШƣőĲШŸƣőĲƖШƚƣċƣĲƚЮШ 

ÑőĲШĲƚƣŔůċƣĲƚШŸŉШÅòxШĤǃШÉőċƖůċШĲƣШċũЮШыΞΜΝΦьШċƖĲШũĲƚƚШƻċƖŔĲĬШƣőċŰШŉƖŸůШƣőĲШŸƣőĲƖШċƨƣőŸƖƚЮШÑőĲǃШ
ǯŰĬШƣőĲШŊƖĲċƣĲƚƣШÅòxШŔŰШ~ċĬőǃċШÂƖċĬĲƚőЯШƓċƖƣŔċũũǃШċŊƖĲĲŔŰŊШƽŔƣőШ?ƖŸƨƣƚċƚШыΞΜΞΜьШċŰĬШ]őƨĬĲШĲƣШ
ċũЮШыΞΜΝΠьШƽőŸШƓƖĲĬŔĦƣШũċƖŊĲƖШũŸƚƚĲƚШŔŰШƣőŔƚШƚƣċƣĲШыÉőċƖůċШĲƣШċũЮЯШΞΜΝΦьЮШ§ŉШƣőĲШůŸƚƣШŰŸƖƣőĲƖŰШf]ÂШ
ƚƣċƣĲƚШыÖƣƣċƖШÂƖċĬĲƚőЯШÂƨŰŢċĤШċŰĬШcċƖǃċŰċьЯШƽŔƣőШƣőĲШĲǂĦĲƓƣŔŸŰШŸŉШÑċŰŊШĲƣШċũЮШыΞΜΝΟьЯШċũũШċƨƣőŸƖƚШ
ƽőŸШĲƚƣŔůċƣĲĬШÅòxШċƣШƣőĲƚĲШũŸĦċƣŔŸŰƚШŉŸƨŰĬШÖƣƣċƖШÂƖċĬĲƚőШĲǂƓĲƖŔĲŰĦĲĬШċШŊƖĲċƣĲƖШÅòxШƣőċŰШƣőĲШ
ŸƣőĲƖШƣƽŸШƚƣċƣĲƚШы]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШ?ƖŸƨƣƚċƚЯШΞΜΞΜьЮ 

ыĦьЮÖŰĦĲƖƣċŔŰƣŔĲƚЮŸŉЮƣőĲЮĬŔǭĲƖĲŰƣЮƖŔƚťЮċƚƚĲƚƚůĲŰƣЮůĲƣőŸĬƚЮŉŸƖЮĲƚƣŔůċƣŔŰŊЮÅòxЮŔŰЮfŰĬŔċ 
]ŔƻĲŰШƣőĲШůċŢŸƖŔƣǃШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШőċƻĲШĤĲĲŰШƓĲƖŉŸƖůĲĬШƨƚŔŰŊШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШ



ΡΥ 
 

ůĲƣƖŔĦƚЯШƣőĲƖĲШŔƚШċШũċĦťШŸŉШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШőŸƽШĦũŔůċƣĲШċŰĬШĦƨũƣŔƻċƖШĦőŸŔĦĲШŔůƓċĦƣШŸŰШǃŔĲũĬШũŸƚƚШ
ĲƚƣŔůċƣĲƚЮШ ĬĬŔƣŔŸŰċũũǃЯШůŸƚƣШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚЯШƽŔƣőШƣőĲШĲǂĦĲƓƣŔŸŰШŸŉШÉŔŰőċШĲƣШ
ċũЮШыΞΜΝΡьЯШĬŔĬШŰŸƣШƨƚĲШƖĲũċƣŔŸŰƚőŔƓƚШĬĲƻĲũŸƓĲĬШƨƚŔŰŊШfŰĬŔċŰШƽőĲċƣЯШƣőŸƨŊőШŔƣШőċƚШĤĲĲŰШƚőŸƽŰШƣŸШ
ĤĲШůŸƖĲШƚĲŰƚŔƣŔƻĲШƣŸШ§ΟШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΜΦьЮШfŰƚƣĲċĬЯШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШŉƨŰĦƣŔŸŰƚШ
ƽĲƖĲШƨƚĲĬШŉŸƖШEƨƖŸƓĲċŰШċŰĬШ ŸƖƣőШ ůĲƖŔĦċŰШƽőĲċƣШы]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШ ƻŰĲƖǃШĲƣШċũЮЯШΞΜΝΝбШéċŰШ
?ŔŰŊĲŰĲŰШĲƣШċũЮЯШΞΜΜΦбШ[ŔƚĦőĲƖЯШΞΜΝΦбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦьЯШċŰĬШ9őŔŰĲƚĲШƽőĲċƣШыÑċŰŊШĲƣШċũЮЯШ
ΞΜΝΟьЮШ[ŸƖШċũũШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШÅòxШĲƚƣŔůċƣĲƚЯШ §ÑΠΜШċũƽċǃƚШŊċƻĲШċШŊƖĲċƣĲƖШÅòxШƣőċŰШ~ΤШ
ыÑċĤũĲШΝЮΥЯШċŰĬШ[ŔŊƨƖĲШΝЮΝΝШċŰĬШΝЮΝΞьЮШ]ŔƻĲŰШƣőċƣШƣőĲШ §ÑΠΜШůĲƣƖŔĦШőċƚШĤĲĲŰШƚőŸƽŰШƣŸШŊŔƻĲШ
ŊƖĲċƣĲƖШǃŔĲũĬШũŸƚƚĲƚЯШŔƣШĦŸƨũĬШĤĲШĦŸŰƚŔĬĲƖĲĬШċШĬƖċƽĤċĦťШŸŉШ?ƖŸƨƣƚċƚѣШыΞΜΞΜьШůŸĬĲũШƣŸШŔŰƣĲŊƖċƣĲШ
§ÑΠΜШŔŰƣŸШƣőĲШĦƖŸƓШůŸĬĲũЯШċƚШƣőŔƚШĦŸƨũĬШĤŔċƚШŔƣШƣŸƽċƖĬƚШŊƖĲċƣĲƖШÅòxШĲƚƣŔůċƣĲƚЮШcŸƽĲƻĲƖЯШċƚШ
?ƖŸƨƣƚċƚШыΞΜΞΜьШĦċũŔĤƖċƣĲĬШċШǃŔĲũĬШƓċƖċůĲƣĲƖШŔŰШƣőĲŔƖШůŸĬĲũШĤĲŉŸƖĲШċƓƓũŔĦċƣŔŸŰЯШŔƣШŔƚШũŔťĲũǃШƣőċƣШ
ĤŔċƚŔŰŊШŔƚƚƨĲƚШƽĲƖĲШĦŸƖƖĲĦƣĲĬШŉŸƖЮ 
 
[ŸƖШċũũШÅòxШĲƚƣŔůċƣĲƚЯШċШũċƖŊĲШƨŰĦĲƖƣċŔŰƣǃШŔƚШŔŰƣƖŸĬƨĦĲĬШƣőƖŸƨŊőШƣőĲШĦőŸŔĦĲШŸŉШ§ΟШыċŰĬШŔŰШƚŸůĲШ
ĦċƚĲƚШůĲƣĲŸƖŸũŸŊŔĦċũьШĬċƣċШƣőċƣШŔƚШƨƚĲĬШƣŸШŸĤƣċŔŰШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШǰƨǂЯШŸƖШŔŰƓƨƣШƣŸШƣőĲШůŸĬĲũЮШ
ÑċĤũĲШΝЮΦШƚƨůůċƖŔƚĲƚШƣőĲШĬŔǭĲƖĲŰƣШĬƖŔƻŔŰŊШĬċƣċШƨƚĲĬШŉŸƖШƣőĲШƚƣƨĬŔĲƚШƚƨůůċƖŔƚĲĬШŔŰШÑċĤũĲШΝЮΥЮШ
ÉőċƖůċШĲƣШċũЮШыΞΜΝΦьШċŰĬШ]őƨĬĲШĲƣШċũЮШыΞΜΝΠьШĤŸƣőШƨƚĲШƣőĲШìÅ[р9őĲůШůŸĬĲũШƣŸШƚŔůƨũċƣĲШƣőĲШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШċĦƖŸƚƚШƣőĲШĦŸƨŰƣƖǃЮШòĲƣШƚŔůƨũċƣĲĬШ§ΟШŔƚШƚĲŰƚŔƣŔƻĲШƣŸШƣőĲШĦőŸŔĦĲШŸŉШĲůŔƚƚŔŸŰШ
ŔŰƻĲŰƣŸƖǃШċŰĬШĦőĲůŔĦċũШůĲĦőċŰŔƚůƚШƨƚĲĬШƽőĲŰШƖƨŰŰŔŰŊШìÅ[р9őĲůШыÉőċƖůċШĲƣШċũЮЯШΞΜΝΤьЮШ
ÉőċƖůċШĲƣШċũЮШыΞΜΝΦьШƨƚĲĬШĬŔǭĲƖĲŰƣШĲůŔƚƚŔŸŰƚШŔŰƻĲŰƣŸƖŔĲƚШċŰĬШĦőĲůŔĦċũШůĲĦőċŰŔƚůƚШƣőċŰШ
]őƨĬĲШĲƣШċũЮШыΞΜΝΠьШƽőŔĦőШƽĲƖĲШƚőŸƽŰШƣŸШĤĲƣƣĲƖШƖĲƓƖŸĬƨĦĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШfŰĬŔċШыÉőċƖůċШ
ĲƣШċũЮЯШΞΜΝΤьЯШċŰĬШċĦőŔĲƻĲĬШċШũċƖŊĲШĬŔǭĲƖĲŰĦĲШŔŰШÅòxШĲƚƣŔůċƣĲƚШċƚШċШƖĲƚƨũƣЮШ 

ÑċĤũĲЮΤдΫжЮÉƨůůċƖǃЮŸŉЮƣőĲЮĬŔǭĲƖĲŰƣЮċƓƓƖŸċĦőĲƚЮƣőċƣЮőċƻĲЮĤĲĲŰЮƨƚĲĬЮƣŸЮĲƚƣŔůċƣĲЮƣőĲЮÅòxЮŸŉЮƽőĲċƣЮĬƨĲЮƣŸЮ§ΦЮĲǂƓŸƚƨƖĲЮ
ċĦƖŸƚƚЮfŰĬŔċдЮìőĲƖĲЮƖċŰŊĲƚЮƽĲƖĲЮƖĲƓŸƖƣĲĬЮƣőĲƚĲЮċƖĲЮŊŔƻĲŰеЮŸƣőĲƖƽŔƚĲЮŢƨƚƣЮƣőĲЮċƻĲƖċŊĲЮŔƚЮŊŔƻĲŰдЮÑőĲЮċƻĲƖċŊĲЮŸŉЮƚƣƨĬŔĲĬЮ
ũŸĦċƣŔŸŰƚЮŔƚЮŊŔƻĲŰЮŔŰЮƣőĲЮǯŰċũЮƖŸƽЮŸŉЮƣőĲЮƣċĤũĲдЮ[ŸƖЮƚŸůĲЮƚƣƨĬŔĲƚЮƣőŔƚЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮĲŰƣŔƖĲƣǃЮŸŉЮfŰĬŔċд 

xŸĦċƣŔŸŰ 

ӖН
ìőĲċƣН
ƓƖŸĬЮН
ΞΜΞΝ ÉƣƨĬǃ ~ĲƣőŸĬ òĲċƖ Åòx 

ÖƣƣċƖН
ÂƖċĬĲƚő ΟΝЮΠΜӖ 

~ŔũũƚНĲƣНċũЮНыΞΜΝΥь  [ũƨǂрƖĲƚƓŸŰƚĲ  ΞΜΝΜрΞΜΝΞйй ΝΡрΞΜӖ 
?ƖŸƨƣƚċƚНыΞΜΞΜь  §ÑΠΜНÑƖċŰƚƓН~ŸĬĲũй  ΝΦΥΜрΞΜΜΦййй ΝΡЮΡӖ 

]őƨĬĲНĲƣНċũЮНыΞΜΝΠь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΡ ΞЮΤΜӖНы §ÑΠΜь 
ÉőċƖůċНĲƣНċũЮНыΞΜΝΦь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΝΠрΞΜΝΡ ΞΝӖНы §ÑΠΜь 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΞΜ 
ΝΟЮΞӖН
ы §ÑΠΜьйййй 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н[ũƨǂрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΝΦЮΦӖйййй 

ÂƨŰŢċĤ ΝΣЮΟΜӖ 

~ŔũũƚНĲƣНċũЮНыΞΜΝΥь  [ũƨǂрƖĲƚƓŸŰƚĲ  ΞΜΝΜрΞΜΝΞйй ΝΜрΞΜӖ 
?ƖŸƨƣƚċƚНыΞΜΞΜь  §ÑΠΜНÑƖċŰƚƓН~ŸĬĲũй  ΝΦΥΜрΞΜΜΦййй ΦЮΥӖ 
]őƨĬĲНĲƣНċũЮНыΞΜΝΠь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΡ ΝӖНы §ÑΠΜь 
ÉőċƖůċНĲƣНċũЮНыΞΜΝΦь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΝΠрΞΜΝΡ ΝΣӖНы §ÑΠΜь 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΞΜ 
ΞΦЮΟӖНы §ÑΠΜьН

йййй 
ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н[ũƨǂрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΟΝЮΞӖйййй 

cċƖǃċŰċ ΝΝЮΝΜӖ 

~ŔũũƚНĲƣНċũЮНыΞΜΝΥь  [ũƨǂрƖĲƚƓŸŰƚĲ  ΞΜΝΜрΞΜΝΞйй ΝΜрΞΜӖ 
?ƖŸƨƣƚċƚНыΞΜΞΜь  §ÑΠΜНÑƖċŰƚƓН~ŸĬĲũй  ΝΦΥΜрΞΜΜΦййй ΝΜЮΡӖ 
]őƨĬĲНĲƣНċũЮНыΞΜΝΠь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΡ ΝӖНы §ÑΠΜь 
ÉőċƖůċНĲƣНċũЮНыΞΜΝΦь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΝΠрΞΜΝΡ ΝΣӖНы §ÑΠΜь 



ΡΦ 
 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΞΜ 
ΝΦЮΝӖН
ы §ÑΠΜьйййй 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н[ũƨǂрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΞΤӖйййй 
 ŸƖƣőĲƖŰН
f]Â 

 
xċũШĲƣШċũЮШыΞΜΝΤь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΝΞрΞΜΝΟ 

ΠӖНы~ΤьЯНΝΟӖН
ы §ÑΠΜь 

ÅċŢċƚƣőċŰ ΝΜЮΝΜӖ 

~ŔũũƚНĲƣНċũЮНыΞΜΝΥь  [ũƨǂрƖĲƚƓŸŰƚĲ  ΞΜΝΜрΞΜΝΞйй ΡрΝΡӖ 
?ƖŸƨƣƚċƚНыΞΜΞΜь  §ÑΠΜНÑƖċŰƚƓН~ŸĬĲũй  ΝΦΥΜрΞΜΜΦййй ΝΡЮΟӖ 
]őƨĬĲНĲƣНċũЮНыΞΜΝΠь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΡ ΠӖНы §ÑΠΜь 
ÉőċƖůċНĲƣНċũЮНыΞΜΝΦь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΝΠрΞΜΝΡ ΝΦӖНы §ÑΠΜь 
ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΟӖНы §ÑΠΜьйййй 
ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н[ũƨǂрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΦЮΝӖйййй 

]ƨŢċƖċƣ ΟЮΝΜӖ 

~ŔũũƚНĲƣНċũЮНыΞΜΝΥь  [ũƨǂрƖĲƚƓŸŰƚĲ  ΞΜΝΜрΞΜΝΞйй ΡрΝΜӖ 
]őƨĬĲНĲƣНċũЮНыΞΜΝΠь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΡ ΥӖНы §ÑΠΜь 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΞΜ 
ΝΟЮΝӖН
ы §ÑΠΜьйййй 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н[ũƨǂрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΞΝЮΣӖйййй 

~ċőċƖċƚőƣƖċ ΝЮΤΜӖ 

~ŔũũƚНĲƣНċũЮНыΞΜΝΥь  [ũƨǂрƖĲƚƓŸŰƚĲ  ΞΜΝΜрΞΜΝΞйй ΡрΝΜӖ 
]őƨĬĲНĲƣНċũЮНыΞΜΝΠь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΡ ΝΤӖНы §ÑΠΜь 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΞΜ 
ΥЮΦӖН
ы §ÑΠΜьйййй 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н[ũƨǂрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΝΦЮΟӖйййй 

ìĲƚƣ  
xċũШĲƣШċũЮШыΞΜΝΤь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΝΞрΞΜΝΟ 

ΣӖНы~ΤьЯНΞΤӖН
ы §ÑΠΜь 

7ŔőċƖНыxŸƽĲƖН
f]Âь ΡЮΞΜӖ 

~ŔũũƚНĲƣНċũЮНыΞΜΝΥь Ш[ũƨǂрƖĲƚƓŸŰƚĲ  ΞΜΝΜрΞΜΝΞйй ΝΡрΞΥӖ 
?ƖŸƨƣƚċƚНыΞΜΞΜь  §ÑΠΜНÑƖċŰƚƓН~ŸĬĲũй  ΝΦΥΜрΞΜΜΦййй ΝΥЮΦӖ 
]őƨĬĲНĲƣНċũЮНыΞΜΝΠь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΡ ΟЮΣΜӖНы §ÑΠΜь 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΞΜ 
ΝΡЮΞӖН
ы §ÑΠΜьйййй 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н[ũƨǂрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΞΞӖйййй 

Eċƚƣ 
  xċũШĲƣШċũЮШыΞΜΝΤь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΝΞрΞΜΝΟ 

ΟӖНы~ΤьЯНΤӖН
ы §ÑΠΜь 

~ċĬőǃċ 
ÂƖċĬĲƚő ΝΥЮΞΜӖ 

~ŔũũƚНĲƣНċũЮНыΞΜΝΥь  [ũƨǂрƖĲƚƓŸŰƚĲ  ΞΜΝΜрΞΜΝΞйй ΡрΝΡӖ 
?ƖŸƨƣƚċƚНыΞΜΞΜь  §ÑΠΜНÑƖċŰƚƓН~ŸĬĲũй  ΝΦΥΜрΞΜΜΦййй ΝΥЮΡӖ 
]őƨĬĲНĲƣНċũЮНыΞΜΝΠь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΡ ΥӖНы §ÑΠΜь 
ÉőċƖůċНĲƣНċũЮНыΞΜΝΦь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΝΠрΞΜΝΡ ΞΟӖНы §ÑΠΜь 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΞΜ 
ΡЮΥӖН
ы §ÑΠΜьйййй 

ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н[ũƨǂрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΝΟЮΣӖйййй 

ƻĲƖċŊĲНŸŉН 
ƚƣƨĬŔĲĬН 
ũŸĦċƣŔŸŰƚ 

  ~ŔũũƚНĲƣНċũЮНыΞΜΝΥь  [ũƨǂрƖĲƚƓŸŰƚĲ  ΞΜΝΜрΞΜΝΞйй ΝΞЮΞΜӖ 
  ?ƖŸƨƣƚċƚНыΞΜΞΜь  §ÑΠΜНÑƖċŰƚƓН~ŸĬĲũй  ΝΦΥΜрΞΜΜΦййй ΝΣЮΞΜӖ 

  ]őƨĬĲНĲƣНċũЮНыΞΜΝΠь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΡ 
ΟЮΥрΣЮΞӖН
ы §ÑΠΜь 

  xċũШĲƣШċũЮШыΞΜΝΤь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΝΞрΞΜΝΟ 
ΠЮΞӖНы~ΤьЯН
ΝΡӖНы §ÑΠΜь 

  
ƻŰĲƖǃШĲƣШċũЮШ
ыΞΜΝΝь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΜ 

ΥрΝΜӖНы~ΝΞьЯН
ΞΡрΟΜӖН
ы §ÑΠΜь 

  
éċŰН?ŔŰŊĲŰĲŰНĲƣНċũЮН
ыΞΜΜΦь  9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ  ΞΜΜΜ 

ΝΟЮΞӖНы~ΤьЯН
ΞΤЮΣӖНы §ÑΠΜь 



ΣΜ 
 

  ÉŔŰőċНĲƣНċũЮНыΞΜΝΡь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΝΝрΞΜΝΞ 
ΞΠЮΡӖНы~ΤьЯН 
ΠΝӖНы §ÑΠΜьН 

  ÉŔŰőċНĲƣНċũЮНыΞΜΝΡь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΝΞрΞΜΝΟ 
ΝΝӖНы~ΤьЯНΞΤӖН
ы §ÑΠΜь 

  ÉőċƖůċНĲƣНċũЮНыΞΜΝΦь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΝΠрΞΜΝΡ ΞΝӖНы §ÑΠΜь 

  ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ ΞΜΞΜ 
ΝΡЮΤӖН
ы §ÑΠΜьйййй 

  ÑċŰŊНĲƣНċũЮНыΞΜΝΟь Н[ũƨǂрƖĲƚƓŸŰƚĲ ΞΜΞΜ ΞΝЮΦӖйййй 
 

п?ƖŸƨƣƚċƚЮёΥΣΥΣђЮůŸĬŔǯĲĬЮƣőĲЮ]x ~цÂċƖƣŔЮůŸĬĲũЮƣŸЮŔŰĦũƨĬĲЮ§ΦЮĲǭĲĦƣƚЮŸŰЮƣƖċŰƚƓŔƖċƣŔŸŰЮƨƚŔŰŊЮ §ÑΧΣЮċŰĬЮŔŰĦũƨĬĲĬЮċЮƓũċŰƣЮ
ċĬŢƨƚƣůĲŰƣЮƣŸЮ§ΦЮƚƣƖĲƚƚ 
ппĲƚƣŔůċƣĲĬЮǃŔĲũĬЮũŸƚƚЮƖĲũċƣŔƻĲЮƣŸЮƓƖĲŔŰĬƨƚƣƖŔċũЮ§Φ 
пппЮÑŸЮĲƚƣŔůċƣĲЮǃŔĲũĬЮũŸƚƚЮƣőĲǃЮƖċŰЮƣőĲЮůŸĬĲũЮƽŔƣőеЮċŰĬЮƽŔƣőŸƨƣЮƣőĲЮ§ΦЮŉƨŰĦƣŔŸŰƚЮƣƨƖŰĲĬЮŸŰ 
ппппЮÑċŰŊЮĲƣЮċũдЮёΥΣΤΦђЮƖĲƓŸƖƣЮƣƽŸЮĲƚƣŔůċƣĲƚЮƨƚŔŰŊЮάΣЮċŰĬЮΪΨЮĬċǃƚЮ §ÑΧΣЮŉŸƖЮƣőĲŔƖЮĦŸŰĦĲŰƣƖċƣŔŸŰЮƖĲƚƓŸŰƚĲЮƖĲũċƣŔŸŰƚőŔƓеЮċŰĬЮŉŸƖЮƣőĲЮ
ǰƨǂцƖĲƚƓŸŰƚĲЮƣőĲǃЮƨƚĲЮÂ§?ΩЮċŰĬЮÂ§?ΤΥдЮcĲƖĲЮƣőĲЮċƻĲƖċŊĲЮŸŉЮƣőĲЮĦŸŰĦĲŰƣƖċƣŔŸŰцƖĲƚƓŸŰƚĲЮċŰĬЮǰƨǂцƖĲƚƓŸŰƚĲЮÅòxЮŔƚЮƖĲƓŸƖƣĲĬ 

ÑċĤũĲЮΤдάжЮÑċĤũĲЮƚƣċƣŔŰŊЮƣőĲЮĬċƣċЮƣőċƣЮƽĲƖĲЮƨƚĲĬЮƣŸЮĬƖŔƻĲЮƣőĲЮċŰċũǃƚĲƚЮŔŰЮĲċĦőЮƚƣƨĬǃЮŉƖŸůЮÑċĤũĲЮΤдΫ 

Driving data 
Study 

O3 Meteorology  

EMEP MSC-W chemical 
transport model 

ECMWF-IFS model Mills et al. (2018) 

UKESM1 model AgMerra climate series Droutsas (2020) 
WRF-Chem regional 
chemistry transport model N/A Ghude et al. (2014) 

Ground-level monitoring N/A Lal et al. (2017) 
MOZART-2 global chemical 
transport model 

N/A Avnery et al. (2011) 

TM5 global chemical 
transport model 

N/A Van Dingenen et al. (2009) 

Ground-level monitoring N/A Sinha et al. (2015) 
WRF-Chem regional 
chemistry transport model N/A Sharma et al. (2019) 
WRF/Chem-CHASER 
global/regional chemical 
transport model 

NCEP re-analysis dataset Tang et al. (2013) 

 

fŰШƚƨůůċƖǃЯШůŸƚƣШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШőċƻĲШĤĲĲŰШƓĲƖŉŸƖůĲĬШƨƚŔŰŊШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШůĲƣƖŔĦƚШ
ƽőŔĦőШĬŸШŰŸƣШĦŸŰƚŔĬĲƖШĲŰƻŔƖŸŰůĲŰƣċũШŔŰƣĲƖċĦƣŔŸŰƚШŸƖШĬŔǭĲƖĲŰĦĲƚШŔŰШƖĲƚƓŸŰƚĲШĤĲƣƽĲĲŰШĦƨũƣŔƻċƖƚЮШ
EƚƣŔůċƣĲƚШŸŉШÅòxШƻċƖŔĲĬШƚƓċƣŔċũũǃШĤĲƣƽĲĲŰШƣőĲШĬŔǭĲƖĲŰƣШůĲƣƖŔĦƚЯШőĲŰĦĲШƣőĲШŸƻĲƖċũũШƓċƣƣĲƖŰШŸŉШÅòxШ
ĬƨĲШƣŸШ§ΟШċĦƖŸƚƚШfŰĬŔċШŔƚШƨŰĦũĲċƖЮШÑŸШĬċƣĲЯШŰŸШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШőċƚШĤĲĲŰШċƓƓũŔĲĬШċĦƖŸƚƚШ
fŰĬŔċШƣŸШŔĬĲŰƣŔŉǃШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШĦƖŸƓШŰƨƣƖŔƣŔŸŰЮШ]ŔƻĲŰШƣőĲШĲǂŔƚƣŔŰŊШƚƣċƣĲШŸŉШůċũŰƨƣƖŔƣŔŸŰШŔŰШƣőĲШ
ĦŸƨŰƣƖǃЯШƣőŔƚШŔƚШŸŉШĦƖŔƣŔĦċũШŔůƓŸƖƣċŰĦĲШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲШĲǭĲĦƣƚШŸŰШŉŸŸĬШƚĲĦƨƖŔƣǃШŊŸŔŰŊШŉŸƖƽċƖĬЮ 

ΝЮΥШÅĲƚĲċƖĦőШƕƨĲƚƣŔŸŰƚ 
fƣШŔƚШĲƚƚĲŰƣŔċũШƣŸШƨŰĬĲƖƚƣċŰĬШőŸƽШƓƖŸĬƨĦƣŔŸŰШŸŉШƽőĲċƣШċŰĬШƽőĲċƣШƕƨċũŔƣǃШŔƚШċǭĲĦƣĲĬШĤǃШĤŸƣőШ§ΟШ
ċŰĬШĦũŔůċƣĲШĦőċŰŊĲШƣŸШŉƨƖƣőĲƖШƨŰĬĲƖƚƣċŰĬШƣőĲƚĲШƚƣƖĲƚƚŸƖƚШĲǭĲĦƣƚШŸŰШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃЮШ
§ΟШċŰĬШĦũŔůċƣĲШŔŰĬƨĦĲĬШƖĲĬƨĦƣŔŸŰƚШŔŰШƚƣċƖĦőШċŰĬШƓƖŸƣĲŔŰШċƖĲШŸŉШƓċƖƣŔĦƨũċƖШĦŸŰĦĲƖŰШƚŔŰĦĲШƣőĲШ



ΣΝ 
 

ĦƖŸƓШŔƚШƖĲƚƓŸŰƚŔĤũĲШŉŸƖШƓƖŸƻŔĬŔŰŊШΞΜӖШŸŉШĦċũŸƖŔĲƚШċŰĬШƓƖŸƣĲŔŰШŊũŸĤċũũǃЯШċŰĬШΡΜӖШŸŉШĬŔĲƣċƖǃШ
ĦċũŸƖŔĲƚШċŰĬШΣΜӖШŸŉШĬŔĲƣċƖǃШƓƖŸƣĲŔŰШŔŰШfŰĬŔċШыÑƖŔƓċƣőŔШċŰĬШ~ŔƚőƖċЯШΞΜΝΤбШÉƽċůŔŰċƣőċŰЯШéċǍШċŰĬШ
uƨƖƓċĬЯШΞΜΝΞбШÉőŔŉĲƖċƽШĲƣШċũЮЯШΞΜΝΟьЮШ]ŔƻĲŰШƣőċƣШƽőĲċƣШĬĲůċŰĬШƽŔũũШŔŰĦƖĲċƚĲШċƚШƓŸƓƨũċƣŔŸŰƚШ
ŔŰĦƖĲċƚĲЯШƖĲĬƨĦƣŔŸŰƚШƣŸШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШċƚШċШƖĲƚƨũƣШŸŉШ§ΟШƓŸũũƨƣŔŸŰШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШƽŔũũШ
ĦċƨƚĲШƓƖŔĦĲШŔŰĦƖĲċƚĲƚШŉŸƖШĦŸŰƚƨůĲƖƚШыÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤбШÅƨċŰĲШċŰĬШÅŸƚĲŰǍƽĲŔŊЯШΞΜΝΦбШ
ÂċŰĬĲǃШĲƣШċũЮЯШΞΜΞΟьЮШ ƚШƣőĲШƓƖŔĦĲШŸŉШƣőĲШŉŸŸĬШƻċƖŔĲƚШŔƣШŔƚШũŔťĲũǃШƣőċƣШƚŸůĲШŔŰĬŔƻŔĬƨċũƚќШƽŔũũШŰŸШ
ũŸŰŊĲƖШĤĲШċĤũĲШƣŸШċǭŸƖĬШƣőĲШŉŸŸĬЮШÑőŔƚШƓƨƣƚШŔŰĬŔƻŔĬƨċũƚШċƣШƖŔƚťШŸŉШŉŸŸĬШŔŰƚĲĦƨƖŔƣǃШĬƨĲШŰŸƣШőċƻŔŰŊШ
ƚƨǭŔĦŔĲŰƣШŉŸŸĬЮШ ĬĬŔƣŔŸŰċũũǃЯШĦũŔůċƣĲШŔůƓċĦƣƚШŸŰШċŊƖŔĦƨũƣƨƖĲШŔŰШfŰĬŔċШőċƻĲШĤĲĲŰШƓƖĲĬŔĦƣĲĬШƣŸШ
ƓũċĦĲШůŸƖĲШƓĲŸƓũĲШŔŰШƓŸƻĲƖƣǃШƽŔƣőШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШƓĲŸƓũĲШŔŰШůŔĬĬũĲрƨƓƓĲƖШŔŰĦŸůĲШŊƖŸƨƓƚШ
ĬĲĦƖĲċƚŔŰŊШŉŸƖШĤŸƣőШƖƨƖċũШċŰĬШƨƖĤċŰШƓŸƓƨũċƣŔŸŰƚШыuƨůċƖШċŰĬШÂċƖŔťőЯШΞΜΜΝьЮШ]ŔƻĲŰШƣőċƣШůŸƚƣШŸŉШ
fŰĬŔċќƚШƓŸƓƨũċƣŔŸŰШĦċŰŰŸƣШċǭŸƖĬШċШőĲċũƣőǃШĬŔĲƣШċŰĬШċШũċƖŊĲШƓĲƖĦĲŰƣċŊĲШĦċŰŰŸƣШċǭŸƖĬШċШ
ŰƨƣƖŔƣŔŸŰċũũǃШċĬĲƕƨċƣĲШĬŔĲƣШы[ §ШĲƣШċũЮЯШΞΜΞΜьЯШċŰШŔŰĦƖĲċƚĲШŔŰШƓŸƻĲƖƣǃШċŰĬШċũƣĲƖċƣŔŸŰƚШƣŸШĦƖŸƓШ
ƕƨċũŔƣǃШƖċŔƚĲƚШŉƨƖƣőĲƖШŔƚƚƨĲƚШŉŸƖШŔŰĬŔƻŔĬƨċũƚќШŉŸŸĬШƚĲĦƨƖŔƣǃШŔŰШƣőĲШĦŸƨŰƣƖǃЮ 

ΝЮΥЮΝШÂċƓĲƖШΝ 
ÑőĲШǯƖƚƣШƓċƓĲƖШŸŉШƣőŔƚШƣőĲƚŔƚШƽŔũũШŔĬĲŰƣŔŉǃШƣőĲШƓƖŸĦĲƚƚĲƚШĤǃШƽőŔĦőШ§ΟШŔŰǰƨĲŰĦĲƚШĦƖŸƓШǃŔĲũĬƚШċŰĬШ
ƕƨċũŔƣǃЯШċŰĬШůċƓШƣőĲƚĲШŔŰШĦŸůĤŔŰċƣŔŸŰШƽŔƣőШƣőĲШƓƖŸĦĲƚƚĲƚШĦƨƖƖĲŰƣũǃШŔŰĦũƨĬĲĬШ?§ΟÉEр9ƖŸƓЯШƣŸШ
ŔĬĲŰƣŔŉǃШċƖĲċƚШƽőĲƖĲШƣőĲШůŸĬĲũШĦċŰШĤĲШĲǂƣĲŰĬĲĬШƣŸШŔŰĦũƨĬĲШ§ΟШĲǭĲĦƣƚШŸŰШŰƨƣƖŔƣŔŸŰЮШ ШůŸĬƨũĲШƽŔũũШ
ĤĲШĬĲƻĲũŸƓĲĬШŉŸƖШ?§ΟÉEр9ƖŸƓШƣŸШƚŔůƨũċƣĲШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШƽőĲċƣШ ЯШċŰĬШőĲŰĦĲШƓƖŸƣĲŔŰЮШÑőĲШ
ůŸĬĲũШƽŔũũШĤĲШƨƚĲĬШƣŸШŔĬĲŰƣŔŉǃШƣőĲШťĲǃШƓũċŰƣШƓƖŸĦĲƚƚШċǭĲĦƣŔŰŊШĦƖŸƓШƕƨċũŔƣǃШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШ
ÑőŔƚШƽŔũũШůċťĲШƣőĲШůŸĬŔǯĲĬШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƣőĲШǯƖƚƣШĦƖŸƓШůŸĬĲũШƣŸШĦŸŰƚŔĬĲƖШƣőĲШĲǭĲĦƣШŸŉШ§ΟШ
ŸŰШƣőĲШŰƨƣƖŔƣŔŸŰċũШƕƨċũŔƣǃШŸŉШƣőĲШĦƖŸƓШыĦŸŰƚŔĬĲƖĲĬШƣőƖŸƨŊőШƣőĲШƓĲƖƚƓĲĦƣŔƻĲШŸŉШ ЯШċШťĲǃШĦŸůƓŸŰĲŰƣШ
ŸŉШƓƖŸƣĲŔŰьЯШċŰĬШƽŔũũШŔĬĲŰƣŔŉǃШƣőĲШťĲǃШƓũċŰƣШƓƖŸĦĲƚƚĲƚШċǭĲĦƣŔŰŊШĦƖŸƓШƕƨċũŔƣǃШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШ
ÑőĲШŉŸũũŸƽŔŰŊШƕƨĲƚƣŔŸŰƚШƽŔũũШĤĲШċĬĬƖĲƚƚĲĬа 

Νь cŸƽШĬŸĲƚШ§ΟШĲǂƓŸƚƨƖĲШċǭĲĦƣШĦƖŸƓШƕƨċũŔƣǃШы ье 
Ξь cŸƽШĦċŰШ ШƓƖŸĦĲƚƚĲƚШĤĲШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШċŰШ§ΟШĬĲƓŸƚŔƣŔŸŰШĦƖŸƓШůŸĬĲũШƣŸШƚŔůƨũċƣĲШőŸƽШ
ŊƖċŔŰШƓƖŸƣĲŔŰШŔƚШċǭĲĦƣĲĬШĤǃШ§ΟШĲǂƓŸƚƨƖĲе 

Οь ìőċƣШċƖĲШƣőĲШťĲǃШƓũċŰƣШƓƖŸĦĲƚƚĲƚШċǭĲĦƣŔŰŊШƽőĲċƣШƕƨċũŔƣǃШы ьШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲе 

ΝЮΥЮΞШÂċƓĲƖШΞ 
ÑőĲШƚĲĦŸŰĬШƓċƓĲƖШĬĲƚĦƖŔĤĲƚШƣőĲШůŸĬŔǯĦċƣŔŸŰШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШĬĲƻĲũŸƓĲĬШŔŰШÂċƓĲƖШΝШ
ыÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьШƣŸШĲŰƚƨƖĲШŔƣƚШƚƨŔƣċĤŔũŔƣǃШŉŸƖШƚŔůƨũċƣŔŰŊШƽőĲċƣШƓƖŸƣĲŔŰШŉŸƖШĬŔǭĲƖĲŰƣШ
ĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰĬŔƣŔŸŰƚЮШ9ŸŰƚŔĬĲƖŔŰŊШƣőĲШőŔŊőШċůĤŔĲŰƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШĦŸƨŰƣƖŔĲƚШƚƨĦőШċƚШ
fŰĬŔċЯШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШƽŔũũШĤĲШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШƣőĲШůŸĬĲũШƣŸШůŸƖĲШƖĲċũŔƚƣŔĦċũũǃШƖĲƓƖĲƚĲŰƣШ
ƓũċŰƣШƖĲƚƓŸŰƚĲШƣŸШ§ΟЮШÑŸШĲŰƚƨƖĲШŰƨƣƖŔƣŔŸŰċũШƖĲũĲƻċŰĦĲШŸŉШƣőĲШůŸĬĲũЯШƣőĲШťĲǃШ ƚШŉŸƖШŰƨƣƖŔƣŔŸŰШƽŔũũШ
ĤĲШŔĬĲŰƣŔǯĲĬШċŰĬШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШƚŔůƨũċƣŔŸŰƚЮШÑőĲШůŸĬĲũШƽŔũũШƣőĲŰШĤĲШƣĲƚƣĲĬШƨƚŔŰŊШĬċƣċШŉŸƖШċŰШ
§ΟШƣŸũĲƖċŰƣШċŰĬШ§ΟШƚĲŰƚŔƣŔƻĲШƽőĲċƣШĦƨũƣŔƻċƖЮ 

Νь cŸƽШĬŸĲƚШ§ΟШĲǂƓŸƚƨƖĲШċǭĲĦƣШĦƖŸƓШƕƨċũŔƣǃШŔŰШfŰĬŔċе 
Ξь ìőċƣШċƖĲШƣőĲШůŸƚƣШũŔůŔƣŔŰŊШƚШŔŰШƽőĲċƣШƣőċƣШċƖĲШŔůƓŸƖƣċŰƣШŉŸƖШŰƨƣƖŔƣŔŸŰе 
Οь cŸƽШĦċŰШċШůŸĬĲũШĤĲШĬĲƻĲũŸƓĲĬШƣŸШĦċƓƣƨƖĲШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШfŰĬŔċŰШƽőĲċƣЯШċŰĬШƓƖŸƣĲŔŰШ
ƕƨċũŔƣǃе 

ΝЮΥЮΟШÂċƓĲƖШΟ 
ÑőĲШǯŰċũШƓċƓĲƖШŔŰƻĲƚƣŔŊċƣĲƚШƣőĲШĦƨƖƖĲŰƣШƖŔƚťШċƚƚĲƚƚůĲŰƣШĦőŸŔĦĲƚШŉŸƖШċƚƚĲƚƚŔŰŊШ§ΟШĲǭĲĦƣƚШŸŰШ
ĦƖŸƓШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃШŔŰШfŰĬŔċШĤǃШċƓƓũǃŔŰŊШċШƖċŰŊĲШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШƽŔƣőШƻċƖǃŔŰŊШ§ΟШ
ċŰĬШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċЮШÑőĲШĬŔǭĲƖĲŰĦĲƚШĤĲƣƽĲĲŰШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШũŸƚƚШĲƚƣŔůċƣĲƚШƨƚŔŰŊШ
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ĬŔǭĲƖŔŰŊШŔŰƓƨƣШĬċƣċШċŰĬШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШƽŔũũШĤĲШŔŰƻĲƚƣŔŊċƣĲĬШƣŸШůċťĲШ
ƖĲĦŸůůĲŰĬċƣŔŸŰƚШŸŉШƣőĲШůŸƚƣШƚƨŔƣċĤũĲШĦőŸŔĦĲШŸŉШůĲƣőŸĬШŉŸƖШĬĲƣĲƖůŔŰŔŰŊШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШ
ũŸƚƚĲƚШŸŉШfŰĬŔċŰШƽőĲċƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮ 

Νь cŸƽШĬŸĲƚШƣőĲШĦőŸŔĦĲШŸŉШŔŰƓƨƣШĬċƣċШċǭĲĦƣШĲƚƣŔůċƣĲƚШŸŉШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШũŸƚƚШƨŰĬĲƖШ§ΟШ
ĲǂƓŸƚƨƖĲШŔŰШfŰĬŔċе 

Ξь cŸƽШĬŸĲƚШƣőĲШĦőŸŔĦĲШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШċǭĲĦƣШĲƚƣŔůċƣĲƚШŸŉШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШ
ũŸƚƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШŔŰШfŰĬŔċе 

Οь cŸƽШĦċŰШŔŰƓƨƣШĬċƣċШŉŸƖШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШĤĲШŔůƓƖŸƻĲĬШŉŸƖШfŰĬŔċе 

ΝЮΦШÅĲƚĲċƖĦőШŸƨƣƓƨƣƚ 
ÑőĲШŸƨƣƓƨƣШŸŉШƣőŔƚШÂő?ШƽŔũũШĤĲШċШ ШůŸĬƨũĲШŉŸƖШƣőĲШĲǂŔƚƣŔŰŊШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƣőċƣШĦċŰШƚŔůƨũċƣĲШ
ƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƓũċŰƣШ ЯШŔŰĦũƨĬŔŰŊШƣőĲШ§ΟШŔŰőŔĤŔƣŔŸŰШŸŉШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШƚőŸŸƣƚШƣŸШƣőĲШŊƖċŔŰЯШ
ċŰĬШƣőĲШċŰƣŔŸǂŔĬċŰƣШƖĲƚƓŸŰƚĲШŸŉШƣőĲШƓũċŰƣЮШÑőĲШůŸĬĲũШƽŔũũШĤĲШĦċũŔĤƖċƣĲĬШċŰĬШĲƻċũƨċƣĲĬШŉŸƖШ
EƨƖŸƓĲċŰШċŰĬШfŰĬŔċŰШƽőĲċƣЮ 

ÑőĲШŸƨƣƓƨƣƚШƽŔũũШċũƚŸШŔŰĦũƨĬĲШΟШƓċƓĲƖƚЯШƣŔƣũĲĬа 

Νь  ĲƽШŸǍŸŰĲрŰŔƣƖŸŊĲŰШůŸĬĲũШƚőŸƽƚШĲċƖũǃШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШŔƚШƣőĲШƓƖŔůċƖǃШĦċƨƚĲШŸŉШ
ŸǍŸŰĲрŔŰĬƨĦĲĬШƖĲĬƨĦƣŔŸŰШŔŰШŊƖċŔŰШƕƨċũŔƣǃШŸŉШƽőĲċƣШыÂƖĲрƓƖŔŰƣШċƻċŔũċĤũĲШċŰĬШċƖƣŔĦũĲШ
ċĦĦĲƓƣĲĬШŉŸƖШƓƨĤũŔĦċƣŔŸŰШы9ŸŸťШĲƣШċũЮЯШΞΜΞΠьь 

Ξь ~ŸĬĲũũŔŰŊШƣőĲШŰƨƣƖŔƣŔŸŰċũШŔůƓũŔĦċƣŔŸŰƚШŸŉШŸǍŸŰĲШŸŰШƽőĲċƣШƓƖŸƣĲŔŰШċŰĬШċůŔŰŸШċĦŔĬƚШ
ыƚƨĤůŔƣƣĲĬШŉŸƖШƓƨĤũŔĦċƣŔŸŰь 

Οь ÅĲũċƣŔƻĲШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШĲƚƣŔůċƣĲƚШċƖĲШůŸƖĲШƚĲŰƚŔƣŔƻĲШƣŸШŸǍŸŰĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШ
ůĲƣőŸĬШƣőċŰШŔŰƓƨƣШĬċƣċШċŰĬШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШыŔŰШƓƖĲƓċƖċƣŔŸŰШŉŸƖШŢŸƨƖŰċũШ
ƚƨĤůŔƚƚŔŸŰь 

fШċũƚŸШĦŸŰƣƖŔĤƨƣĲĬШƣŸШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШĬĲƻĲũŸƓůĲŰƣШƣőƖŸƨŊőŸƨƣШůǃШƣőĲƚŔƚЯШċŔĬŔŰŊШƽŔƣőШ
ĦċũŔĤƖċƣŔŸŰШċƓƓƖŸċĦőĲƚЯШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŸŉШĬƖǃШůċƣƣĲƖШƓċƖƣŔƣŔŸŰŔŰŊЯШƖĲƚƓŔƖċƣŔŸŰШċŰĬШĤƖŸƽŰШx fШ
ĲƕƨċƣŔŸŰƚЯШċŰĬШƓĲƖŉŸƖůŔŰŊШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚĲƚШƣŸШŔĬĲŰƣŔŉǃШƣőĲШůŸƚƣШŔůƓŸƖƣċŰƣШƓċƖċůĲƣĲƖƚШŉŸƖШ
ůŸĬĲũШĦċũŔĤƖċƣŔŸŰШыƚĲĲШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠь 

ΞЮШÂċƓĲƖШΝаШ ĲƽШŸǍŸŰĲрŰŔƣƖŸŊĲŰШůŸĬĲũШƚőŸƽƚШĲċƖũǃШ
ƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШŔƚШƣőĲШƓƖŔůċƖǃШĦċƨƚĲШŸŉШŸǍŸŰĲр
ŔŰĬƨĦĲĬШƖĲĬƨĦƣŔŸŰШŔŰШŊƖċŔŰШƕƨċũŔƣǃШŸŉШƽőĲċƣ 

ΞЮΝШĤƚƣƖċĦƣ 
§ǍŸŰĲШы§ΟьШċŔƖШƓŸũũƨƣŔŸŰШŔƚШƽĲũũШťŰŸƽŰШƣŸШċĬƻĲƖƚĲũǃШċǭĲĦƣШĤŸƣőШƣőĲШŊƖċŔŰШċŰĬШƓƖŸƣĲŔŰШǃŔĲũĬШŸŉШ
ƽőĲċƣЯШċŰШŔůƓŸƖƣċŰƣШƚƣċƓũĲШĦƖŸƓЮШÑőŔƚШƚƣƨĬǃШċŔůƚШƣŸШŔĬĲŰƣŔŉǃШċŰĬШůŸĬĲũШƣőĲШťĲǃШƓũċŰƣШƓƖŸĦĲƚƚĲƚШ
ŔŰǰƨĲŰĦŔŰŊШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƽőĲċƣШƓƖŸƣĲŔŰЮШìĲШůŸĬŔǯĲĬШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƣŸШ
ŔŰĦŸƖƓŸƖċƣĲШŰŔƣƖŸŊĲŰШы ьШƓƖŸĦĲƚƚĲƚЯШċŰĬШƓċƖċůĲƣĲƖŔƚĲĬШƣőĲШ§ΟШĲǭĲĦƣШŸŰШƚƣĲůЯШũĲċŉШċŰĬШŊƖċŔŰШ Ш
ƨƚŔŰŊШ§ΟШŉƨůŔŊċƣŔŸŰШĬċƣċƚĲƣƚШƚƓċŰŰŔŰŊШΟШǃĲċƖƚШċŰĬШΠШ§ΟШƣƖĲċƣůĲŰƣƚЮШÑőĲШůŸĬŔǯĦċƣŔŸŰƚШůċťĲШƣőĲШ
ŰĲƽũǃШĬĲƻĲũŸƓĲĬШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƣőĲШǯƖƚƣШĦƖŸƓШůŸĬĲũШƣŸШŔŰĦũƨĬĲШ§ΟШĲǭĲĦƣƚШŸŰШ Ш
ƓƖŸĦĲƚƚĲƚЯШůċťŔŰŊШŔƣШċШƻċũƨċĤũĲШƣŸŸũШŉŸƖШƨŰĬĲƖƚƣċŰĬŔŰŊШ§ΟШĲǭĲĦƣƚШŸŰШƽőĲċƣШƕƨċũŔƣǃЮШ§ƨƖШƖĲƚƨũƣƚШ
ƚőŸƽШƣőĲШŰĲƽШůŸĬĲũШĦċƓƣƨƖĲƚШƣőĲШ§ΟШĲǭĲĦƣШŸŰШŊƖċŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШċŰĬШċŰƣőĲƚŔƚШũĲċŉШċŰĬШ
ƚƣĲůШĦŸŰĦĲŰƣƖċƣŔŸŰШƽĲũũЯШƽŔƣőШċŰШÅΞШŸŉШΜЮΣШŉŸƖШƣőĲШŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШċŰШÅΞШŸŉШ
ΜЮΟШŉŸƖШƣőĲШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШcŸƽĲƻĲƖЯШƣőĲШ§ΟШĲǭĲĦƣШŸŰШőċƖƻĲƚƣШũĲċŉШ
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ċŰĬШƚƣĲůШ ШŔƚШĲǂċŊŊĲƖċƣĲĬЮШ§ƻĲƖĲƚƣŔůċƣŔŸŰƚШŸŉШőċƖƻĲƚƣШũĲċŉШ ШƖċŰŊĲШŉƖŸůШӈΞΜрΝΞΜӖЯШƽőŔũĲШ
ŸƻĲƖĲƚƣŔůċƣŔŸŰƚШŸŉШőċƖƻĲƚƣШƚƣĲůШ ШƖċŰŊĲШŉƖŸůШӈΠΜрΝΞΜӖЮШ[ƨƖƣőĲƖЯШċШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƖĲƻĲċũĲĬШ
ƣőċƣЯШŔƖƖĲƚƓĲĦƣŔƻĲШŸŉШ§ΟШƣƖĲċƣůĲŰƣЯШĲċƖũǃШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШыƚŔůƨũċƣĲĬШċƚШĤĲŔŰŊШӈΝΟШĬċǃƚШĲċƖũŔĲƖШ
ŔŰШƣőĲШƻĲƖǃШőŔŊőШƻƚШũŸƽШ§ΟШƣƖĲċƣůĲŰƣьШƽċƚШƣőĲШƓƖŔůċƖǃШƓũċŰƣШƓƖŸĦĲƚƚШċǭĲĦƣŔŰŊШŊƖċŔŰШ ЮШÑőŔƚШǯŰĬŔŰŊШ
őċƚШŔůƓũŔĦċƣŔŸŰƚШŉŸƖШƣőĲШĤƖĲĲĬŔŰŊШŸŉШƚƣċǃрŊƖĲĲŰШĦƨũƣŔƻċƖƚШŉŸƖШůċŔŰƣċŔŰŔŰŊШǃŔĲũĬЯШċƚШƽĲũũШċƚШƕƨċũŔƣǃЯШ
ƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШÑőŔƚШůŸĬĲũũŔŰŊШƚƣƨĬǃШƣőĲƖĲŉŸƖĲШĬĲůŸŰƚƣƖċƣĲƚШƣőĲШĦċƓċĤŔũŔƣǃШŸŉШƣőĲШ?§ΟÉEр
9ƖŸƓ ШůŸĬĲũШƣŸШƚŔůƨũċƣĲШƓƖŸĦĲƚƚĲƚШĤǃШƽőŔĦőШ§ΟШċǭĲĦƣƚШ ШĦŸŰƣĲŰƣЯШċŰĬШƣőĲƖĲĤǃШĬĲƣĲƖůŔŰĲƚШƣőċƣШ
ƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШŔƚШƣőĲШůċŔŰШĬƖŔƻĲƖШŸŉШ§ΟШƖĲĬƨĦƣŔŸŰƚШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШǃŔĲũĬЮШÑőĲШŔůƓũŔĦċƣŔŸŰШŸŉШ
ƣőĲШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШŔƚШƣőċƣШĤƖĲĲĬĲƖƚШƚőŸƨũĬШŉŸĦƨƚШƣőĲŔƖШĲǭŸƖƣƚШŸŰШƚƣċǃрŊƖĲĲŰШĦƨũƣŔƻċƖƚШƣőċƣШĬŸШ
ŰŸƣШĲǂƓĲƖŔĲŰĦĲШċШƓƖŸƣĲŔŰШƓĲŰċũƣǃШƽőĲŰШĬĲƻĲũŸƓŔŰŊШ§ΟШƣŸũĲƖċŰƣШũŔŰĲƚЯШƣŸШůċŔŰƣċŔŰШĤŸƣőШƽőĲċƣШǃŔĲũĬШ
ċŰĬШŰƨƣƖŔƣŔŸŰċũШƕƨċũŔƣǃШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШÑőŔƚШƽŸƖťШƚƨƓƓŸƖƣƚШƣőĲШƚĲĦŸŰĬШƓőċƚĲШŸŉШƣőĲШ
ƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШċƚƚĲƚƚůĲŰƣШƖĲƓŸƖƣШыÑ§ ÅьШĤǃШŔŰƻĲƚƣŔŊċƣŔŰŊШƣőĲШŔůƓċĦƣƚШŸŉШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШŸŰШ
ƽőĲċƣЯШƽŔƣőШċШŉŸĦƨƚШŸŰШƽőĲċƣШƕƨċũŔƣǃШŔůƓċĦƣƚШƣőċƣШƽŔũũШƚƨĤƚĲƕƨĲŰƣũǃШċǭĲĦƣШőƨůċŰШŰƨƣƖŔƣŔŸŰЮ 

ΞЮΞШfŰƣƖŸĬƨĦƣŔŸŰ 
ÑőĲШǯƖƚƣШƓőċƚĲШŸŉШƣőĲШƣƖŸƓŸƚƓőĲƖŔĦШŸǍŸŰĲШы§ΟьШċƚƚĲƚƚůĲŰƣШƖĲƓŸƖƣШыÑ§ ÅьШ
ыőƣƣƓƚаооŔŊċĦƓƖŸŢĲĦƣЮŸƖŊоċĦƣŔƻŔƣŔĲƚоÑ§ ÅоÑ§ ÅрfьШĤƨŔũƣШƣőĲШƽŸƖũĬќƚШũċƖŊĲƚƣШĬċƣċĤċƚĲШŸŉШƚƨƖŉċĦĲШ§ΟШ
ůĲƣƖŔĦƚШƣŸШŔĬĲŰƣŔŉǃШŊũŸĤċũШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШƣőĲШƓŸũũƨƣċŰƣШċŰĬШƣƖĲŰĬƚШŔŰШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸƻĲƖШƣŔůĲЮШ
ÑőĲШƚĲĦŸŰĬШƓőċƚĲШŸŉШÑ§ ÅШыőƣƣƓƚаооŔŊċĦƓƖŸŢĲĦƣЮŸƖŊоċĦƣŔƻŔƣŔĲƚоÑ§ ÅоÑ§ ÅрffьЯШƣŸШƽőŔĦőШƣőŔƚШƓċƓĲƖШ
ĦŸŰƣƖŔĤƨƣĲƚЯШőċƚШċШĤƖŸċĬĲƖШƚĦŸƓĲЯШƽŔƣőШŸŰĲШŸŉШƣőĲШċĬĬŔƣŔŸŰċũШċŔůƚШĤĲŔŰŊШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШ
ŔůƓċĦƣШŸŉШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШŸŰШőƨůċŰШőĲċũƣőШċŰĬШƻĲŊĲƣċƣŔŸŰЮШÑőĲШƓƖĲƚĲŰƣШƽŸƖťШƽŔũũШċĬĬƖĲƚƚШƣőĲƚĲШ
ŊŸċũƚШĤǃШĬĲƻĲũŸƓŔŰŊШƖŔƚťċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШƣőċƣШĦŸŰƚŔĬĲƖШƣőĲШŔŰƣĲƖċĦƣŔŸŰШĤĲƣƽĲĲŰШ§ΟШċŰĬШ
ŰŔƣƖŸŊĲŰШы ьШŔŰШĦƖŸƓƚЮШ ƚШ ШŔƚШċШťĲǃШĦŸůƓŸŰĲŰƣШŸŉШƓƖŸƣĲŔŰЯШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШ ШőċƻĲШƣőĲШƓŸƣĲŰƣŔċũШƣŸШ
ŔůƓċĦƣШĦƖŸƓШƕƨċũŔƣǃЯШċŰĬЯШċƚШċШƖĲƚƨũƣЯШőƨůċŰШŰƨƣƖŔƣŔŸŰЮШ ƖĲċƚШŉŸƖШŉƨƖƣőĲƖШŔŰƻĲƚƣŔŊċƣŔŸŰШƣŸШƓƖŸƻŔĬĲШ
ĬĲĲƓĲƖШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШ§Οр ШŔŰƣĲƖċĦƣŔŸŰƚШċƖĲШŔĬĲŰƣŔǯĲĬЯШċŰĬШƖĲĦŸůůĲŰĬċƣŔŸŰƚШŉŸƖШŉƨƣƨƖĲШƽŸƖťШ
ƣŸШůŔƣŔŊċƣĲШƣőĲШŰĲŊċƣŔƻĲШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШĤŸƣőШĦƖŸƓШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШċƖĲШĬŔƚĦƨƚƚĲĬЮ 

ΞЮΞЮΝШÑőĲШŔůƓŸƖƣċŰĦĲШŸŉШƽőĲċƣШŉŸƖШŰƨƣƖŔƣŔŸŰШċŰĬШƣőĲШƣőƖĲċƣШŸŉШ§Ο 

ÑőĲШ[ŸŸĬШċŰĬШ ŊƖŔĦƨũƣƨƖċũШ§ƖŊċŰŔƚċƣŔŸŰШŸŉШƣőĲШÖŰŔƣĲĬШ ċƣŔŸŰƚШы[ §ьШƓƖŸŢĲĦƣƚШƣőċƣШƚƣċƓũĲШĦĲƖĲċũƚШ
ƽŔũũШƓũċǃШċШĦƖŔƣŔĦċũШƖŸũĲШŔŰШĲŰƚƨƖŔŰŊШŉŸŸĬШƚĲĦƨƖŔƣǃбШƓċƖƣŔĦƨũċƖũǃШŔŰШ9ĲŰƣƖċũШċŰĬШìĲƚƣШ ƚŔċЯШċŰĬШ ŸƖƣőШ
ŉƖŔĦċШƽőĲƖĲШƽőĲċƣШƓƖŸƻŔĬĲƚШċƣШũĲċƚƣШΠΜӖШċŰĬШΠΤӖШŸŉШĬŔĲƣċƖǃШĦċũŸƖŔĲƚШċŰĬШƓƖŸƣĲŔŰШƖĲƚƓĲĦƣŔƻĲũǃЯШ
ĦŸůƓċƖĲĬШƣŸШӈΞΜӖШŸŉШĬŔĲƣċƖǃШĦċũŸƖŔĲƚШċŰĬШƓƖŸƣĲŔŰШŊũŸĤċũũǃШы[ §ЯШΞΜΝΤьЮШÑőĲƖĲШŔƚШċШũċƖŊĲШĤŸĬǃШŸŉШШ
ĲƻŔĬĲŰĦĲЯШŔŰĦũƨĬŔŰŊШƽŸƖťШŉƖŸůШƣőĲШǯƖƚƣШƓőċƚĲШŸŉШÑ§ ÅЯШƚƨŊŊĲƚƣŔŰŊШƣőċƣШĦƨƖƖĲŰƣШċůĤŔĲŰƣШŸǍŸŰĲШ
ы§ΟьШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШťĲǃШƽőĲċƣШŊƖŸƽŔŰŊШũŸĦċƣŔŸŰƚШċƖĲШĦċƨƚŔŰŊШƚƨĤƚƣċŰƣŔċũШƓƖŸĬƨĦƣŔƻŔƣǃШũŸƚƚĲƚШ
ŸŉШĲƕƨċũШŔůƓŸƖƣċŰĦĲШƣŸШŸƣőĲƖЯШůŸƖĲШƽĲũũШťŰŸƽŰЯШĤŔŸƣŔĦШċŰĬШċĤŔŸƣŔĦШƚƣƖĲƚƚĲƚШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥċбШ
EůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΜΦбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĦьЮШ]ũŸĤċũũǃЯШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШŔƚШƖĲĬƨĦĲĬШĤǃШӈΤӖЯШ
ƣőŸƨŊőШŔŰШƚŸůĲШƖĲŊŔŸŰƚШƽŔƣőШőŔŊőШċůĤŔĲŰƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƚƨĦőШċƚШ ŸƖƣőĲƖŰШfŰĬŔċЯШƣőĲШǃŔĲũĬШ
ũŸƚƚШŔƚШůƨĦőШŊƖĲċƣĲƖШыӂШΝΡӖьШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥċьЮШÑőĲƖĲШŔƚШċũƚŸШċШŊƖŸƽŔŰŊШĤŸĬǃШŸŉШũŔƣĲƖċƣƨƖĲШ
ƚőŸƽŔŰŊШƣőċƣШ§ΟШċǭĲĦƣƚШƣőĲШŰƨƣƖŔƣŔŸŰċũШƕƨċũŔƣǃШŸŉШƣőĲШƽőĲċƣШŊƖċŔŰШċŰĬШƖĲĬƨĦĲƚШƣőĲШƓƖŸƣĲŔŰШǃŔĲũĬШ
ы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШÂŔŔťťŔШĲƣШċũЮЯШΞΜΜΥбШòċĬċƻШĲƣШċũЮЯШΞΜΞΜЯШΞΜΝΦċьЮШ§ƻĲƖШƣőĲШŰĲǂƣШĦĲŰƣƨƖǃЯШ
ŔŰĦƖĲċƚĲƚШƣŸШŊũŸĤċũШƓŸƓƨũċƣŔŸŰШċŰĬШĲĦŸŰŸůŔĦШŊƖŸƽƣőЯШċŰĬШĦőċŰŊĲƚШƣŸШĦũŔůċƣĲШċŰĬШũċŰĬШƨƚĲЯШƽŔũũШ
ŔŰĦƖĲċƚĲШĲůŔƚƚŔŸŰƚШŸŉШ§ΟШƓƖĲĦƨƖƚŸƖƚШы §ǂШċŰĬШé§9ƚьШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШ[ŸƖШƚőċƖĲĬШƚŸĦŔŸр
ĲĦŸŰŸůŔĦШƓċƣőƽċǃШыÉÉÂьШΟрΤΜШыŸŉƣĲŰШƣĲƖůĲĬШƣőĲШљĤƨƚŔŰĲƚƚрċƚрƨƚƨċũњШƚĦĲŰċƖŔŸьЯШƓƖŸŢĲĦƣŔŸŰƚШ
ƚőŸƽШƣőċƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽŔũũШŔŰĦƖĲċƚĲШŔŰШůŸƚƣШũŸĦċƣŔŸŰƚШŊũŸĤċũũǃЯШƓċƖƣŔĦƨũċƖũǃШÉŸƨƣőШċŰĬШEċƚƣШ
ƚŔċЯШÉŸƨƣőШ ůĲƖŔĦċЯШ ŉƖŔĦċШċŰĬШƣőĲШůŔĬĬũĲШEċƚƣШыÉǍŸƓċШĲƣШċũЮЯШΞΜΞΝьЮШ ũƣĲƖċƣŔŸŰƚШƣŸШũŸĦċũШ

ůĲƣĲŸƖŸũŸŊǃШċŰĬШĦċƖĤŸŰШĬŔŸǂŔĬĲШы9§ΞьШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШĦũŔůċƣĲШĦőċŰŊĲШƽŔũũШċũƚŸШŔŰǰƨĲŰĦĲШ
§ΟШƓƖŸĬƨĦƣŔŸŰШы[ƨШċŰĬШÑŔċŰЯШΞΜΝΦьЯШƽŔƣőШüċŰŔƚШĲƣШċũЮШыΞΜΞΞьШǯŰĬŔŰŊШƣőċƣШŉŸƖШƖĲŊŔŸŰƚШĦũŸƚĲШƣŸШ
ĲůŔƚƚŔŸŰƚШƚŸƨƖĦĲƚШĦũŔůċƣŔĦШĦŸŰĬŔƣŔŸŰƚШƽŔũũШũŔťĲũǃШŔŰĦƖĲċƚĲШ§ΟШƓƖŸĬƨĦƣŔŸŰЮШÖŰĬĲƖƚƣċŰĬŔŰŊШ§ΟШ



ΣΠ 
 

ŔůƓċĦƣШŸŰШƣőĲШƚƨƓƓũǃШċŰĬШŰƨƣƖŔƣŔŸŰċũШƕƨċũŔƣǃШŸŉШƽőĲċƣШŊƖŸƽŰШŔŰШƖĲŊŔŸŰƚШƽőĲƖĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ċƖĲШőŔŊőоШƓƖĲĬŔĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШŔƚШĦƖƨĦŔċũШы[ §ШĲƣШċũЮЯШΞΜΞΜьЮШÑőŔƚШƽŔũũШőĲũƓШƨƚШƨŰĬĲƖƚƣċŰĬШċŰĬШ
ċĬĬƖĲƚƚШƣőĲШƣőƖĲċƣƚШƓŸƚĲĬШĤǃШ§ΟШƓŸũũƨƣŔŸŰШŸŰШƣőĲШċĤŔũŔƣǃШŸŉШŉƨƣƨƖĲШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШƣŸШůĲĲƣШ
ŔŰĦƖĲċƚŔŰŊШĬĲůċŰĬШċŰĬШŰƨƣƖŔĲŰƣШƖĲƕƨŔƖĲůĲŰƣƚШыÉőŔŉĲƖċƽШĲƣШċũЮЯШΞΜΝΟбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤьЮ 

ΞЮΞЮΞШÑőĲШŔůƓċĦƣШŸŉШ§ΟШŸŰШƽőĲċƣШƕƨċũŔƣǃШċŰĬШƣőĲШůĲĦőċŰŔƚůƚШĤǃШƽőŔĦőШ
ĬċůċŊĲШŸĦĦƨƖƚ 
ÅĲċĦƣŔƻĲШŸǂǃŊĲŰШƚƓĲĦŔĲƚШыÅ§ÉьЯШŉŸƖůĲĬШŉƖŸůШ§ΟШĲŰƣĲƖŔŰŊШƣőĲШũĲċƻĲƚШƣőƖŸƨŊőШƣőĲШƚƣŸůċƣċЯШƣƖŔŊŊĲƖШ
ċШƚĲƖŔĲƚШŸŉШƖĲċĦƣŔŸŰƚШƣőċƣШƖĲĬƨĦĲШŊƖċŔŰШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШ
ΞΜΝΡьЮШÑőĲШƨƓƣċťĲШċŰĬШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШŰƨƣƖŔĲŰƣƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШŔƚШċǭĲĦƣĲĬШũĲƚƚШƚĲƻĲƖĲũǃШĤǃШ
§ΟШƣőċŰШƣőĲШ§ΟрŔŰĬƨĦĲĬШƖĲĬƨĦƣŔŸŰШŔŰШĬƖǃШůċƣƣĲƖШы?~ьЮШÑőŔƚШƖĲƚƨũƣƚШŔŰШċШĬĲĦƖĲċƚĲШŔŰШƣőĲШŰƨƣƖŔĲŰƣШ
ǃŔĲũĬШŸŉШƣőĲШŊƖċŔŰƚШыŊ ƨƣƖŔĲŰƣШůрΞьШĤƨƣШċŰШŔŰĦƖĲċƚĲШŔŰШƣőĲШŰƨƣƖŔĲŰƣШĦŸŰĦĲŰƣƖċƣŔŸŰШыŊ ƨƣƖŔĲŰƣШŊ?~рΝьШ
ыìċŰŊШċŰĬШ[ƖĲŔЯШΞΜΝΝбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШ7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΝΡьШŉƨƖƣőĲƖШŉŸƨŰĬШƣőċƣШċŰШŔŰĦƖĲċƚĲĬШ
ŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШĦċƨƚĲĬШƣőĲШĤċťŔŰŊШƓƖŸƓĲƖƣŔĲƚЯШƕƨċŰƣŔǯĲĬШĤǃШƣőĲШüĲũĲŰǃШƻċũƨĲЯШ
cċŊĤĲƖŊШŉċũũŔŰŊШŰƨůĤĲƖШċŰĬШĬƖǃШċŰĬШƽĲƣШŊũƨƣĲŰШĦŸŰƣĲŰƣЯШƣŸШĤĲШƓŸƚŔƣŔƻĲũǃШċǭĲĦƣĲĬШĤǃШ§ΟЮШfŰШƚŸůĲШ
ƽőĲċƣШƚƣƨĬŔĲƚЯШƽőĲƖĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШƻĲƖǃШőŔŊőЯШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШŔƚШĬĲĦƖĲċƚĲĬЯШ
ƓŸƣĲŰƣŔċũũǃШċƚШċШƖĲƚƨũƣШŸŉШ ШĤĲŔŰŊШƨƚĲĬШŉŸƖШċŰƣŔŸǂŔĬċŰƣШƓƖŸĬƨĦƣŔŸŰШċŰĬШĬĲŉĲŰĦĲШċŊċŔŰƚƣШ§ΟШы7ċƕċƚŔШ
ĲƣШċũЮЯШΞΜΝΥбШòċĬċƻШĲƣШċũЮЯШΞΜΞΜЯШΞΜΝΦĤбШ~ŔƚőƖċЯШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΟбШ[ċƣŔůċШĲƣШċũЮЯШΞΜΝΥьЮШ 

ÑőĲШůċŔŰШůĲĦőċŰŔƚůШĤǃШƽőŔĦőШ§ΟШƖĲĬƨĦĲƚШƽőĲċƣШǃŔĲũĬƚШċŰĬШŔůƓċĦƣƚШŸŰШƕƨċũŔƣǃШŔƚШƣőƖŸƨŊőШ
ċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШìőĲċƣШĦƨũƣŔƻċƖƚШƽŔƣőШĬĲũċǃĲĬШƚĲŰĲƚĦĲŰĦĲЯШ
ƚƣċǃрŊƖĲĲŰШĦƨũƣŔƻċƖƚЯШőċƻĲШƓƖĲƻŔŸƨƚũǃШĤĲĲŰШƣƖŔċũũĲĬШŉŸƖШƣőĲŔƖШƓŸƣĲŰƣŔċũШƣŸШŸǭƚĲƣШǃŔĲũĬШƖĲĬƨĦƣŔŸŰƚШ
ƨŰĬĲƖШƚƣƖĲƚƚŸƖƚШƚƨĦőШċƚШőĲċƣШċŰĬШĬƖŸƨŊőƣШƚƣƖĲƚƚШыuċůċũШĲƣШċũЮЯШΞΜΝΦьЮШcŸƽĲƻĲƖЯШċĦĦĲũĲƖċƣĲĬШ
ƚĲŰĲƚĦĲŰĦĲШƣǃƓŔĦċũũǃШƖĲĬƨĦĲƚШƓƖŸƣĲŔŰШƖĲůŸĤŔũŔƚċƣŔŸŰШċŰĬШƖĲĬƨĦĲƚШƽőĲċƣШƕƨċũŔƣǃШыcċƻĳШĲƣШċũЮЯШ
ΞΜΝΤбШÉƨũƣċŰċШĲƣШċũЮЯШΞΜΞΝьЮШÖŰĬĲƖƚƣċŰĬŔŰŊШƣőĲШůĲĦőċŰŔƚůƚШĤǃШƽőŔĦőШ§ΟШĬċůċŊĲƚШĦƖŸƓШǃŔĲũĬШ
ċŰĬШŔŰǰƨĲŰĦĲƚШĦƖŸƓШƕƨċũŔƣǃШŔƚШĦƖƨĦŔċũШŉŸƖШĤƖĲĲĬŔŰŊШŸŉШ§ΟШƣŸũĲƖċŰƣШĦƨũƣŔƻċƖƚЮШÉĲĦƣŔŸŰШΞЮΟЮΞЮΝШ
ƓƖŸƻŔĬĲƚШůŸƖĲШĬĲƣċŔũШċŰĬШċШůĲĦőċŰŔƚƣŔĦШĬĲƚĦƖŔƓƣŔŸŰШŸŉШőŸƽШƽőĲċƣШǃŔĲũĬƚЯШċŰĬШƓƖŸƣĲŔŰЯШċƖĲШ
ċǭĲĦƣĲĬШĤǃШ§ΟЮ 

ΞЮΞЮΟШÑőĲШĦƨƖƖĲŰƣШƚƣċƣƨƚШŸŉШĦƖŸƓШůŸĬĲũũŔŰŊШƽŔƣőШƖĲŊċƖĬƚШƣŸШ ШċŰĬШ§Ο 
9ƨƖƖĲŰƣШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲШĲǭĲĦƣШŸŉШ§ΟШƓŸũũƨƣŔŸŰШŸŰШƽőĲċƣШŰƨƣƖŔƣŔŸŰċũШƕƨċũŔƣǃШőċƚШĤĲĲŰШ
ŔŰŉĲƖƖĲĬШŉƖŸůШĲǂƓĲƖŔůĲŰƣċũШƚƣƨĬŔĲƚШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΝбШ[ĲŰŊЯШuŸĤċǃċƚőŔШċŰĬШ ŔŰƚƽŸƖƣőЯШΞΜΜΥбШ
7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡЯШΞΜΞΝьЮШcŸƽĲƻĲƖЯШĲǂƓĲƖŔůĲŰƣċũШƽŸƖťШŔƚШƣŔůĲШĦŸŰƚƨůŔŰŊШċŰĬШĦŸƚƣũǃЯШċŰĬШŔƣШ
ĦċŰШĤĲШĬŔǭŔĦƨũƣШƣŸШĦŸŰƣƖŸũШċũũШƻċƖŔċĤũĲƚШŔŰƻŸũƻĲĬЮШ9ƖŸƓШůŸĬĲũƚШƨƚĲШĲŰƻŔƖŸŰůĲŰƣċũШŔŰƓƨƣƚШƣŸШ
ƚŔůƨũċƣĲШĦƖŸƓШŊƖŸƽƣőЯШŉŸƖШċШƖċŰŊĲШŸŉШĦŸŰĬŔƣŔŸŰƚШċŰĬШƚƣƖĲƚƚŸƖƚЯШŔŰШŉċƖШũĲƚƚШƣŔůĲЯШƨƚŔŰŊШŉĲƽĲƖШ
ƖĲƚŸƨƖĦĲƚШƣőċŰШƖĲƕƨŔƖĲĬШŉŸƖШĲǂƓĲƖŔůĲŰƣċũШŔŰƻĲƚƣŔŊċƣŔŸŰШы9őĲŰƨШĲƣШċũЮЯШΞΜΝΤьЮШ?ĲƻĲũŸƓŔŰŊШĦƖŸƓШ
ůŸĬĲũƚШƽŔƣőШĲǂƓĲƖŔůĲŰƣċũШĬċƣċЯШƽőŔĦőШƓƖŸƻŔĬĲƚШŔŰƚŔŊőƣƚШŔŰƣŸШƓũċŰƣШŊƖŸƽƣőШƓƖŸĦĲƚƚĲƚЯШċũũŸƽƚШ
ŔŰƻĲƚƣŔŊċƣŔŸŰШŸŉШƖĲċũŔƚƣŔĦШƓũċŰƣШƖĲƚƓŸŰƚĲƚШƣŸШŔŰĬŔƻŔĬƨċũШċŰĬШůƨũƣŔƓũĲШƚƣƖĲƚƚŸƖƚЮ 

fƣШŔƚШƓŸƚƚŔĤũĲШƣŸШƚŔůƨũċƣĲШƣőĲШ§ΟШĲǭĲĦƣШŸŰШŊƖċŔŰШƓƖŸƣĲŔŰШƣőƖŸƨŊőШŔŰĦŸƖƓŸƖċƣŔŰŊШ ШƓƖŸĦĲƚƚĲƚШŔŰƣŸШ
ċŰШĲǂŔƚƣŔŰŊШĦƖŸƓШůŸĬĲũШĦŸŰƚŔĬĲƖŔŰŊШ§ΟШĬċůċŊĲЯШċŰĬШƨƚŔŰŊШċШƚŔůƓũĲШĦŸŰƻĲƖƚŔŸŰШŉċĦƣŸƖШыĲЮŊЮШ
~ċƖŔŸƣƣŔЯШÑŸůĳШċŰĬШ~ŔƖċŰĬШыΞΜΜΥььШƣŸШĦŸŰƻĲƖƣШ ШƣŸШƓƖŸƣĲŔŰЮШ~ċŰǃШůŸĬĲũƚШĦŸŰƚŔĬĲƖШ ШĬǃŰċůŔĦƚШŔŰШ
ƽőĲċƣШыĲЮŊЮШ ÂÉf~р ìőĲċƣШċŰĬШ9EÅEÉрìőĲċƣьШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШÑċĤũĲШÉΝьЯШċŰĬШŸƣőĲƖƚШőċƻĲШ
ŔŰĦŸƖƓŸƖċƣĲĬШ§ΟШĬċůċŊĲШыĲЮŊЮШxf ÑÖxx9ΞЯШì§[§ÉÑЯШ ÂÉf~ШċŰĬШ?§ΟÉEр9ƖŸƓьШы ŊƨǃĲŰШĲƣШċũЮЯШ
ΞΜΞΠбШñƨШĲƣШċũЮЯШΞΜΞΟьЮШÉŸůĲШůŸĬĲũƚЯШƚƨĦőШċƚШ ÂÉf~ЯШĦċŰШƚŔůƨũċƣĲШĤŸƣőШ§ΟШĲǭĲĦƣƚШŸŰШǃŔĲũĬШċŰĬШ
ŊƖċŔŰШ ЯШƽőŔĦőШĦŸƨũĬШĤĲШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШŊƖċŔŰШƓƖŸƣĲŔŰШċŰĬШőĲŰĦĲШƓƖŸƻŔĬĲШċШůĲċƚƨƖĲШŸŉШŊƖċŔŰШ
ƕƨċũŔƣǃШƻċƖŔċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШcŸƽĲƻĲƖЯШƣŸШŸƨƖШťŰŸƽũĲĬŊĲЯШŰŸШƚŔůƨũċƣŔŸŰƚШőċƻĲШǃĲƣШĤĲĲŰШ
ƓĲƖŉŸƖůĲĬШŸŰШƣőĲШ§ΟШĲǭĲĦƣШŸŰШŊƖċŔŰШ ЮШ[ƨƖƣőĲƖЯШƣőĲƚĲШůŸĬĲũƚШĬŸШŰŸƣШǃĲƣШŔŰĦũƨĬĲШƣőĲШ
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ůĲĦőċŰŔƚůƚШƣőċƣШƖĲũċƣĲШ§ΟШƽŔƣőШŊƖċŔŰШ ЮШ9ƨƖƖĲŰƣũǃЯШŰŸШůŸĬĲũШƚŔůƨũċƣĲƚШƣőĲШƖĲĬƨĦĲĬШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШŉƖŸůШƣőĲШƚƣĲůШċŰĬШũĲċŉШƣŸШƣőĲШŊƖċŔŰЯШċŰШŔůƓŸƖƣċŰƣШ
ĬĲƣĲƖůŔŰĲƖШŸŉШƽőĲċƣШƓƖŸƣĲŔŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΝЯШΞΜΝΤбШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШ
ċŰĬШcċǃĲƚЯШΞΜΞΠбШ7ƖĲƽƚƣĲƖЯШΞΜΞΟбШ9őċŰŊрEƚƓŔŰŸШĲƣШċũЮЯШΞΜΞΝьЮ 

ΞЮΞЮΠШ§ĤŢĲĦƣŔƻĲƚ 
ÑőŔƚШƚƣƨĬǃШċŔůƚШƣŸШĬĲƻĲũŸƓШċŰĬШƨƚĲШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШŔůƓċĦƣШŸŉШ§ΟШŸŰШ
ƽőĲċƣШŊƖċŔŰШ ШĦŸŰƣĲŰƣШƣőƖŸƨŊőШƣőĲШŉŸũũŸƽŔŰŊШŸĤŢĲĦƣŔƻĲƚа 

ΝьШfĬĲŰƣŔŉǃŔŰŊШƣőĲШťĲǃШůĲĦőċŰŔƚůƚШŰĲĦĲƚƚċƖǃШƣŸШůŸĬĲũШ ШŔŰШĦƖŸƓƚШċŰĬШƣőĲШŔŰǰƨĲŰĦĲШŸŉШ§ΟШŸŰШ
ƣőĲƚĲШůĲĦőċŰŔƚůƚЮ 
ΞьШ?ĲƻĲũŸƓŔŰŊШċШ ШůŸĬƨũĲШƣőċƣШĦċŰШĤĲШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШƣőĲШĲǂŔƚƣŔŰŊШ§ΟШĬĲƓŸƚŔƣŔŸŰШċŰĬШĦƖŸƓШ
ŊƖŸƽƣőШůŸĬĲũЯШ?§ΟÉEр9ƖŸƓЯШƣŸШƚŔůƨũċƣĲШőŸƽШŊƖċŔŰШ ШыċŰĬШőĲŰĦĲШƓƖŸƣĲŔŰьЯШŔƚШċǭĲĦƣĲĬШĤǃШ§ΟШ
ĲǂƓŸƚƨƖĲШы?§ΟÉEр9ƖŸƓ ьЮ 

ΟьШÖƚŔŰŊШƣőĲШĬĲƻĲũŸƓĲĬШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƣŸШƓĲƖŉŸƖůШċШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƣŸШĬĲƣĲƖůŔŰĲШ
ƽőŔĦőШŸŉШƣőĲШ§ΟШĬċůċŊĲШůĲĦőċŰŔƚůƚШыƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣЯШƚĲŰĲƚĦĲŰĦĲШƖċƣĲоĲŰĬЯШċŰĬШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ьШċǭĲĦƣƚШŊƖċŔŰШƕƨċũŔƣǃШƣőĲШůŸƚƣЮ 

ΞЮΟШ~ŸĬĲũШĬĲƻĲũŸƓůĲŰƣ 

ΞЮΟЮΝШ§ƻĲƖƻŔĲƽШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũ 
ÑőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШŔƚШƨƚĲĬШƣŸШĲƚƣŔůċƣĲШ§ΟШĬĲƓŸƚŔƣŔŸŰШƣŸШċШƓũċŰƣШĦċŰŸƓǃШċŰĬШƣőĲШŔůƓċĦƣƚШ
ыĤŔŸůċƚƚШċŰĬШǃŔĲũĬШũŸƚƚьШĦċƨƚĲĬШĤǃШƚƣŸůċƣċũШ§ΟШƨƓƣċťĲШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШÑőĲШĦƖŸƓШ
ƓőĲŰŸũŸŊǃШŔƚШĲƚƣŔůċƣĲĬШĤċƚĲĬШŸŰШƣőĲƖůċũШƣŔůĲШƚƨůƚЮШÂőŸƣŸƚǃŰƣőĲƚŔƚШŔƚШƚŔůƨũċƣĲĬШċƣШƣőĲШũĲċŉШ
ũĲƻĲũЯШĤċƚĲĬШŸŰШċШůŸĬŔǯĲĬШƻĲƖƚŔŸŰШŸŉШƣőĲШĤŔŸĦőĲůŔĦċũШ[ċƖƕƨőċƖШůŸĬĲũШы[ċƖƕƨőċƖЯШ9ċĲůůĲƖĲƖШ
ċŰĬШ7ĲƖƖǃЯШΝΦΥΜьЯШċŰĬШƚĦċũĲĬШƣŸШƣőĲШĦċŰŸƓǃШũĲƻĲũШĤǃШƚƓũŔƣƣŔŰŊШƣőĲШĦċŰŸƓǃШŔŰƣŸШĲƕƨċũũǃШƚŔǍĲĬШũċǃĲƖƚШ
ŸŉШĦƨůƨũċƣŔƻĲШũĲċŉШċƖĲċШŔŰĬĲǂШыx fьЮШÑőĲШƓőŸƣŸƚǃŰƣőĲƣŔĦШƓƖŸĬƨĦƣƚШŉƖŸůШĲċĦőШũċǃĲƖШċƖĲШƚƨůůĲĬШƣŸШ
ŊŔƻĲШƣőĲШŰĲƣШƓƖŔůċƖǃШƓƖŸĬƨĦƣŔƻŔƣǃШы ÂÂьЮШÑőĲШ ÂÂШŔƚШċũũŸĦċƣĲĬШƣŸШƣőĲШƖŸŸƣЯШƚƣĲůЯШũĲċŉШŸƖШŊƖċŔŰШ
ĤċƚĲĬШŸŰШƣőĲШƓũċŰƣќƚШĬĲƻĲũŸƓůĲŰƣċũШƚƣċŊĲШƨƚŔŰŊШƣőĲШċƓƓƖŸċĦőШŸŉШ§ƚĤŸƖŰĲШĲƣШċũЮШыΞΜΝΡьЮШ§ΟШ
ƣƖċŰƚŉĲƖШŉƖŸůШƣőĲШċƣůŸƚƓőĲƖĲШƣŸШƣőĲШũĲċŉШŔƚШĲƚƣŔůċƣĲĬШĤǃШċШƖĲƚŔƚƣċŰĦĲШƚĦőĲůĲШŔŰĦŸƖƓŸƖċƣŔŰŊШ
ċĲƖŸĬǃŰċůŔĦЯШĤŸƨŰĬċƖǃШũċǃĲƖШċŰĬШƚƨƖŉċĦĲШƖĲƚŔƚƣċŰĦĲƚШċĤŸƻĲШċŰĬШƽŔƣőŔŰШƣőĲШĦċŰŸƓǃШыÂċŰĬĲШĲƣШ
ċũЮЯШΞΜΞΠċьЮШÑőĲШŔŰƚƣċŰƣċŰĲŸƨƚШŔůƓċĦƣШŸŉШƚƣŸůċƣċũШ§ΟШǰƨǂШŸŰШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШƣőĲШŔůƓċĦƣƚШŸŉШ
ċĦĦƨůƨũċƣĲĬШ§ΟШǰƨǂШŸŰШƚĲŰĲƚĦĲŰĦĲЯШŸŰĦĲШƣőĲШĦƨůƨũċƣŔƻĲШǰƨǂШĲǂĦĲĲĬƚШċШĦƨũƣŔƻċƖШƚƓĲĦŔǯĦШ
ƣőƖĲƚőŸũĬЯШċƖĲШĲƚƣŔůċƣĲĬШĤċƚĲĬШŸŰШƣőĲШċƓƓƖŸċĦőШŸŉШEƽĲƖƣШċŰĬШÂŸƖƣĲƖШыΞΜΜΜьШċŰĬШůŸĬŔǯĲĬШĤǃШ
ÂċŰĬĲШĲƣШċũЮШыΞΜΞΠċьЮШ[ƨƖƣőĲƖШĬĲƣċŔũƚШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШċũŸŰŊШƽŔƣőШċШůċƣőĲůċƣŔĦċũШ
ĬĲƚĦƖŔƓƣŔŸŰШĦċŰШĤĲШŉŸƨŰĬШŔŰШÂċŰĬĲШĲƣШċũЮШыΞΜΞΠċьЮШfŰШƣőŔƚШƚƣƨĬǃШƻĲƖƚŔŸŰШΠЮΟΦЮΝΝШŸŉШƣőĲШ?§ΟÉEр
9ƖŸƓШůŸĬĲũШƽċƚШƨƚĲĬШы7ũċŰĬЯШΞΜΞΠċьЮШ 

ΞЮΟЮΞШ?ĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШ ШůŸĬƨũĲ 
ΞЮΟЮΞЮΝШfĬĲŰƣŔǯĦċƣŔŸŰШŸŉШƽőŔĦőШ ШƓƖŸĦĲƚƚĲƚШƣŸШůŸĬĲũ 
ÑőĲШťĲǃШƓũċŰƣШƓƖŸĦĲƚƚĲƚШŔŰǰƨĲŰĦĲĬШĤǃШ ШċŰĬШ§ΟШƽĲƖĲШŔĬĲŰƣŔǯĲĬШƣŸШŊƨŔĬĲШĬĲĦŔƚŔŸŰƚШŸŰШƽőŔĦőШ
ƓƖŸĦĲƚƚĲƚШƣŸШŔŰĦũƨĬĲШŔŰШƣőĲШ ШůŸĬƨũĲШŉŸƖШ?§ΟÉEр9ƖŸƓШы[ŔŊƨƖĲШΞЮΝьЮШ[ŔŊƨƖĲШΞЮΝШƓƖŸƻŔĬĲƚШċŰШ
ŸƻĲƖƻŔĲƽШŸŉШƓƖŸĦĲƚƚĲƚШċũƖĲċĬǃШŔŰĦũƨĬĲĬШŔŰШ?§ΟÉEр9ƖŸƓЯШƣőŸƚĲШƣŸШĤĲШċĬĬĲĬШŔŰШƣőĲШŰĲƽШ ШůŸĬƨũĲЯШ
ċŰĬШƣőŸƚĲШƽőŔĦőШċƖĲШĲǂĦũƨĬĲĬЮШfŰШĤƖŔĲŉЯШ?§ΟÉEр9ƖŸƓШŔŰĦũƨĬĲƚШċŰШŔŰƚƣċŰƣċŰĲŸƨƚШƚőŸƖƣрƣĲƖůШ
ĲǭĲĦƣШŸŉШ§ΟШŸŰШĦċƖĤŸǂǃũċƣŔŸŰШĲǭŔĦŔĲŰĦǃШƽőŔĦőШƚƨĤƚĲƕƨĲŰƣũǃШċǭĲĦƣƚШƓőŸƣŸƚǃŰƣőĲƚŔƚЮШÑőĲШũĲċŉШőċƚШ
ƣőĲШĦċƓċĦŔƣǃШƣŸШƖĲĦŸƻĲƖШŉƖŸůШƣőŔƚШ§ΟШĬċůċŊĲШŸƻĲƖŰŔŊőƣЯШƣőŸƨŊőШƖĲĦŸƻĲƖǃШċĤŔũŔƣǃШĬĲĦƖĲċƚĲƚШƽŔƣőШ
ċŊĲЮШ ĬĬŔƣŔŸŰċũũǃЯШƽĲШƚŔůƨũċƣĲШċШũŸŰŊрƣĲƖůШĲǭĲĦƣШŸŉШ§ΟШŸŰШċĦĦĲũĲƖċƣŔŰŊШƚĲŰĲƚĦĲŰĦĲЮШ?ĲƣċŔũШŸŉШƣőĲШ
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?§ΟÉEр9ƖŸƓШůŸĬĲũШċŰĬШċƚƚŸĦŔċƣĲĬШ§ΟШĬċůċŊĲШƓƖŸĦĲƚƚĲƚШċƖĲШŊŔƻĲŰШĤǃШÂċŰĬĲШĲƣШċũЮШыΞΜΞΠċьЮШ
[ŔŊƨƖĲШΞЮΝШŔƚШƚĲƓċƖċƣĲĬШŔŰƣŸШŰƨůĤĲƖĲĬШƚĲĦƣŔŸŰƚШƽőŔĦőШċƖĲШĲǂƓũċŔŰĲĬШŔŰШƣőĲШƚƨĤƚĲƕƨĲŰƣШƣĲǂƣа 

мΝ 
ÅĲċĦƣŔƻĲШŸǂǃŊĲŰШƚƓĲĦŔĲƚШыÅ§ÉьЯШƣőċƣШċƖĲШŉŸƖůĲĬШƽőĲŰШ§ΟШĬŔǭƨƚĲƚШƣőƖŸƨŊőШũĲċŉШƚƣŸůċƣċЯШƣƖŔŊŊĲƖШċШ
ƚĲƖŔĲƚШŸŉШƓőǃƚŔŸũŸŊŔĦċũШċŰĬШƚƣƖĲƚƚШƖĲƚƓŸŰƚĲƚШŔŰШƣőĲШƓũċŰƣШƣőċƣШũĲċĬШƣŸШċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШ
ċŰĬШċШƖĲĬƨĦĲĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШÅ§ÉШĬĲũċǃШƚƣŸůċƣċũШƖĲƚƓŸŰƚĲШƣŸШ
ĲǂƣĲƖŰċũШƚƣŔůƨũŔЯШƖĲĬƨĦŔŰŊШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШы?ċŔШĲƣШċũЮЯШΞΜΝΦбШÂċŸũĲƣƣŔШċŰĬШ]ƖƨũťĲЯШΞΜΝΜьЮШ
Å§ÉШċƖĲШĬĲƣŸǂŔǯĲĬШĤǃШċƓŸƓũċƚƣŔĦШċŰƣŔрŸǂŔĬċŰƣƚЯШĤƨƣШċŰШĲǂĦĲƚƚШŸŉШÅ§ÉШůċǃШŸƻĲƖƽőĲũůШƣőĲШċŰƣŔр
ŸǂŔĬċŰƣШƖĲƚƓŸŰƚĲЯШĬċůċŊŔŰŊШĦĲũũШƓũċƚůċШůĲůĤƖċŰĲШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШ[ċƣŔůċШĲƣШċũЮЯШ
ΞΜΝΦьЮШ 

мΞ 
Å§ÉШĬĲƚƣƖŸǃШƓőŸƣŸƚǃŰƣőĲƣŔĦШƓŔŊůĲŰƣƚШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШÅ§ÉШĬĲŊƖċĬċƣŔŸŰШŸŉШ
ƓőŸƣŸƚǃŰƣőĲƣŔĦШƓŔŊůĲŰƣƚШċĦĦĲũĲƖċƣĲƚШĦƖŸƓШƚĲŰĲƚĦĲŰĦĲЯШĬƨƖŔŰŊШƽőŔĦőШÅƨĤŔƚĦŸЯШĦŸůƓƖŔƚŔŰŊШΡΜӖШ
ŸŉШƚŸũƨĤũĲШũĲċŉШƓƖŸƣĲŔŰЯШŔƚШĤƖŸťĲŰШĬŸƽŰШƣŸШƖĲũĲċƚĲШ ШŉŸƖШƖĲůŸĤŔũŔǍċƣŔŸŰШƣŸШŸƣőĲƖШƓċƖƣƚШŸŉШƣőĲШƓũċŰƣШ
ы[ĲũũĲƖШċŰĬШ[ŔƚĦőĲƖЯШΝΦΦΠбШEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮ 

мΟ 
Å§ÉШĬĲŊƖċĬċƣŔŸŰШŸŉШÅƨĤŔƚĦŸШũĲċĬƚШƣŸШƖĲĬƨĦĲĬШĦċƖĤŸǂǃũċƣŔŸŰШĲǭŔĦŔĲŰĦǃШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШ
ÑŸŊĲƣőĲƖШƽŔƣőШċШƖĲĬƨĦĲĬШĲũĲĦƣƖŸŰШƣƖċŰƚƓŸƖƣШĲǭŔĦŔĲŰĦǃЯШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШŔƚШƖĲĬƨĦĲĬШыEůĤĲƖƚŸŰШ
ĲƣШċũЮЯШΞΜΝΥбШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΞьЮШÑőĲƖĲШŔƚШċŰШŔŰĦƖĲċƚĲШŔŰШċŰƣŔŸǂŔĬċŰƣШċŰĬШĬĲŉĲŰĦĲШƓƖŸƣĲŔŰƚШ
ƣƖŔŊŊĲƖĲĬШĤǃШĲũĲƻċƣĲĬШ§ΟШыÉċƖťċƖШĲƣШċũЮЯШΞΜΝΜбШ9őŸШĲƣШċũЮЯШΞΜΝΝбШ[ċƣŔůċШĲƣШċũЮЯШΞΜΝΥьЮ 

мΠ 
§ΟШŔŰĬƨĦĲĬШċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШƖĲĬƨĦĲƚШƣőĲШŊƖĲĲŰШũĲċŉШċƖĲċШŉŸƖШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШŉƨƖƣőĲƖШ
ĬĲĦƖĲċƚŔŰŊШĦċƖĤŸŰШċƚƚŔůŔũċƣŔŸŰШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШ?ŔůŔŰŔƚőĲĬШƓőŸƣŸƚǃŰƣőĲƚŔƚШũĲċĬƚШƣŸШ
ũĲƚƚĲƖШƓőŸƣŸƚǃŰƣőċƣĲШƓƖŸĬƨĦƣŔŸŰШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШ~ŸƖĲШƓőŸƣŸƚǃŰƣőċƣĲШŔƚШƨƚĲĬШŔŰШ
ƖĲƚƓŔƖċƣŔŸŰШċŰĬШŉŸƖШċŰƣŔрŸǂŔĬċŰƣШƓƖŸĬƨĦƣŔŸŰШƣŸШƣċƖŊĲƣШÅ§ÉШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШuőċŰŰċр
9őŸƓƖċЯШΞΜΝΞьЮШÖŰĬĲƖШ§ΟШƚƣƖĲƚƚЯШċŰŰƨċũШĦƖŸƓƚЯШƚƨĦőШċƚШƽőĲċƣЯШƓƖŔŸƖŔƣŔƚĲШċũũŸĦċƣŔŸŰШŸŉШ
ċƚƚŔůŔũċƣĲƚШƣŸШǰŸƽĲƖƚШċŰĬШƚĲĲĬƚЯШƖĲĬƨĦŔŰŊШƣőĲШċƻċŔũċĤŔũŔƣǃШŉŸƖШũĲċƻĲƚЯШƚƣĲůƚШċŰĬШƖŸŸƣƚШ
ыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮ 

мΡ 
 ШƣċťĲŰШƨƓШĤǃШƣőĲШƓũċŰƣШŔƚШƨƚĲĬШƣŸШƓƖŸĬƨĦĲШċũũШƓƖŸƣĲŔŰƚШыxċƽũŸƖЯШΞΜΜΞьЮШÅŸŸƣШĤŔŸůċƚƚЯШċŰĬШ
ƚƨĤƚĲƕƨĲŰƣũǃШŰƨƣƖŔĲŰƣШƨƓƣċťĲЯШŔƚШƖĲĬƨĦĲĬШƨŰĬĲƖШƚƣƖĲƚƚШĦŸŰĬŔƣŔŸŰƚШċƚШċƚƚŔůŔũċƣĲШċũũŸĦċƣŔŸŰШƣŸШ
ƖĲƓċŔƖШċĤŸƻĲŊƖŸƨŰĬШ§ΟШĬċůċŊĲШŔƚШƓƖŔŸƖŔƣŔƚĲĬШŸƻĲƖШĲǂƓŸƖƣШƣŸШƣőĲШƖŸŸƣƚШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШ
ÂċŰĬĲǃШĲƣШċũЮЯШΞΜΝΥьЮШìőŔũĲШ§ΟШĦċŰШŔŰĬƨĦĲШƚĲŰĲƚĦĲŰĦĲШċŰĬШƖĲĬƨĦĲШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШċШőŔŊőĲƖШũĲċŉШ
 ШĦċŰШĬĲũċǃШƣőĲШŸŰƚĲƣШŸŉШƚĲŰĲƚĦĲŰĦĲШċŰĬШŔŰĦƖĲċƚĲШƣőĲШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШыÂŔũĤĲċůЯШΞΜΝΜбШ
 ĲőĲШĲƣШċũЮЯШΞΜΞΜбШ~ċƖƣƖĲШĲƣШċũЮЯШΞΜΜΣбШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШ Ш
ĬĲǯĦŔĲŰĦǃШĦċŰШĬċůċŊĲШƣőĲШƚƣƖƨĦƣƨƖĲШċŰĬШŉƨŰĦƣŔŸŰШŸŉШƣőĲШĦőũŸƖŸƓũċƚƣƚШƽőŔĦőШĦŸƨũĬШĲǂċĦĲƖĤċƣĲШ
§ΟШŔůƓċĦƣƚШŸŰШƚĲŰĲƚĦĲŰĦĲШċŰĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШыuċŰŊШĲƣШċũЮЯШΞΜΞΟьЮШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШ
cċǃĲƚШыΞΜΞΠьШŉŸƨŰĬШċŰШŔŰĦƖĲċƚĲШŔŰШƖĲƚŔĬƨċũШũĲċŉШċŰĬШƚƣĲůШ ШŸĦĦƨƖƚЯШƓŸƣĲŰƣŔċũũǃШċƚШċШƖĲƚƨũƣШŸŉШ§ΟШ
ƣŸǂŔĦŔƣǃЮ 

мΣ 
ìőĲċƣШǃŔĲũĬƚШċƖĲШĬĲĦƖĲċƚĲĬШĬƨĲШƣŸШƖĲĬƨĦĲĬШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШŊƖċŔŰШǯũũŔŰŊШĬƨƖċƣŔŸŰШыEůĤĲƖƚŸŰШ
ĲƣШċũЮЯШΞΜΝΥбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШìőĲċƣШŊƖċŔŰШ ШĦŸůƓƖŔƚĲƚШ ШƣċťĲŰШƨƓШƓŸƚƣрċŰƣőĲƚŔƚЯШċŰĬШ Ш
ƖĲůŸĤŔũŔƚĲĬШŉƖŸůШƣőĲШũĲċƻĲƚШċŰĬШƚƣĲůШƽőĲŰШƚĲŰĲƚĦĲŰĦĲШĤĲŊŔŰƚШыcċƻĳШĲƣШċũЮЯШΞΜΝΤбШ]ċŢƨШĲƣШċũЮЯШ
ΞΜΝΠбШ ĲőĲШĲƣШċũЮЯШΞΜΞΜбШ7ċƖƖċĦũŸƨŊőЯШxŸƓĲǍр7ĲũũŔĬŸШċŰĬШcċƽťĲƚŉŸƖĬЯШΞΜΝΠьЮШcĲŰĦĲЯШċŰǃШ



ΣΤ 
 

ĬċůċŊĲШůĲĦőċŰŔƚůШƽőŔĦőШċǭĲĦƣƚШŊƖċŔŰШǯũũŔŰŊШĬƨƖċƣŔŸŰЯШŔŰǰƨĲŰĦĲƚШƣőĲШǯŰċũШ ШĦŸŰƣĲŰƣШŸŉШƣőĲШ
ƽőĲċƣШŊƖċŔŰƚЮШ ĬĬŔƣŔŸŰċũũǃЯШċƚШÅƨĤŔƚĦŸШŔƚШċШťĲǃШƚŸƨƖĦĲШŸŉШ ШŉŸƖШŊƖċŔŰƚЯШŸŰĦĲШƚĲŰĲƚĦĲŰĦĲШĤĲŊŔŰƚЯШ
ƖĲĬƨĦƣŔŸŰƚШƣŸШÅƨĤŔƚĦŸШƽŔũũШŔůƓċĦƣШƣőĲШċůŸƨŰƣШŸŉШ ШƣőċƣШŔƚШċƻċŔũċĤũĲШƣŸШŊƖċŔŰƚШы[ĲũũĲƖШċŰĬШ[ŔƚĦőĲƖЯШ
ΝΦΦΠьЮШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚШыΞΜΞΠьШċŰĬШ9őċŰŊрEƚƓŔŰŸШĲƣШċũЮШыΞΜΞΝьШǯŰĬШĲƻŔĬĲŰĦĲШŸŉШċŰШ
ċĬĬŔƣŔŸŰċũЯШƨŰťŰŸƽŰШƓƖŸĦĲƚƚЯШƚĲƓċƖċƣĲШƣŸШċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲЯШƣőċƣШƖĲĬƨĦĲƚШƣőĲШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШ 

]ĲŰĲƖċũũǃЯШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĦƖĲċƚĲШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟЯШĬƨĲШƣŸШċШƚůċũũĲƖШĬĲĦƖĲċƚĲШŔŰШ
 ШƨƓƣċťĲШċŰĬШƖĲрƣƖċŰƚũŸĦċƣŔŸŰШƖĲũċƣŔƻĲШƣŸШƣőĲШ§ΟрŔŰĬƨĦĲĬШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШ?~ШыìċŰŊШċŰĬШ[ƖĲŔЯШ
ΞΜΝΝбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡЯШΞΜΝΦбШÑƖŔĤŸŔШċŰĬШÑƖŔĤŸŔр7ũŸŰĬĲũЯШΞΜΜΞбШÂŔŔťťŔШĲƣШċũЮЯШΞΜΜΥьЮШcŸƽĲƻĲƖЯШ
ƓĲƖШůĲƣƖĲШƚƕƨċƖĲШŸŉШĦƖŸƓШƣőĲШƚƣċƖĦőШċŰĬШŊƖċŔŰШƓƖŸƣĲŔŰШǃŔĲũĬШŔƚШƖĲĬƨĦĲĬШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШ
[ĲŰŊЯШuŸĤċǃċƚőŔШċŰĬШ ŔŰƚƽŸƖƣőЯШΞΜΜΥбШ]ĲũċŰŊШĲƣШċũЮЯШΞΜΜΜьЮШÉŸůĲШƽőĲċƣШĦƨũƣŔƻċƖƚШőċƻĲШƚőŸƽŰШċШ
ĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШыòċĬċƻШĲƣШċũЮЯШΞΜΝΦċбШ7ċƕċƚŔШĲƣШċũЮЯШ
ΞΜΝΥбШ~ŔƚőƖċЯШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΟьЮШÑőŔƚШĦŸƨũĬШĤĲШĤĲĦċƨƚĲШũĲċŉШƓƖŸƣĲŔŰƚШċƖĲШĦŸŰƻĲƖƣĲĬШƣŸШ
ĲŰǍǃůċƣŔĦШċŰƣŔŸǂŔĬċŰƣƚШƣŸШĬĲŉĲŰĬШċŊċŔŰƚƣШ§ΟШŔŰĬƨĦĲĬШĬċůċŊĲƚЯШƖĲƚƨũƣŔŰŊШŔŰШũĲƚƚШƓƖŸƣĲŔŰƚШ
ċƻċŔũċĤũĲШŉŸƖШƣƖċŰƚũŸĦċƣŔŸŰШƣŸШƣőĲШŊƖċŔŰƚШыòċĬċƻШĲƣШċũЮЯШΞΜΝΦĤбШÉċƖťċƖШĲƣШċũЮЯШΞΜΝΜбШ[ċƣŔůċШĲƣШċũЮЯШ
ΞΜΝΥьЮШ 



ΣΥ 
 

 

[ŔŊƨƖĲЮΥдΤжЮЮǰŸƽЮĦőċƖƣЮŸŉЮƣőĲЮůĲĦőċŰŔƚůƚЮĤǃЮƽőŔĦőЮ§ΦЮĦċƨƚĲƚЮĬċůċŊĲЮƣŸЮĤŸƣőЮŊƖċŔŰЮǃŔĲũĬƚЮċŰĬЮŊƖċŔŰЮ ЮёŸƖЮƓƖŸƣĲŔŰђЮŔŰЮ
ƽőĲċƣдЮÑőĲЮĬŔǭĲƖĲŰƣЮĦŸũŸƨƖƚЮċŰĬЮũŔŰĲЮƚƣǃũĲƚЮŸƨƣũŔŰŔŰŊЮƣőĲЮŔŰĬŔƻŔĬƨċũЮĤŸǂĲƚЮƖĲƓƖĲƚĲŰƣЮƽőĲƣőĲƖЮƣőĲЮƓƖŸĦĲƚƚЮŔƚЮŔŰĦũƨĬĲĬЮŔŰЮ
ƣőĲЮ?§ΦÉEц9ƖŸƓЮůŸĬĲũЮċũƖĲċĬǃЮёĤũƨĲеЮĬċƚőĲĬЮŸƨƣũŔŰĲђеЮŰŸƣЮŔŰĦũƨĬĲĬЮŔŰЮƣőĲЮ?§ΦÉEц9ƖŸƓЮůŸĬĲũЮёĤũċĦťеЮƚŸũŔĬЮŸƨƣũŔŰĲђеЮŸƖЮ
ŔŰĦũƨĬĲĬЮŔŰЮƣőĲЮ ЮůŸĬƨũĲЮĬĲƻĲũŸƓĲĬЮŉŸƖЮ?§ΦÉEц9ƖŸƓЮŔŰЮƣőŔƚЮƚƣƨĬǃЮёŊƖĲĲŰЮĬċƚőĲĬЮŸƨƣũŔŰĲеЮƖŸƨŰĬĲĬЮĲĬŊĲЮĤŸǂĲƚђдЮÑőĲЮ
ĤũċĦťЮĦŸŰŰĲĦƣŸƖЮũŔŰĲƚЮƖĲƓƖĲƚĲŰƣЮŔŰƣĲƖċĦƣŔŸŰƚЮĤĲƣƽĲĲŰЮƣőĲЮ§ΦЮĬċůċŊĲЮƓƖŸĦĲƚƚĲƚЮċŰĬЮƣőĲЮŊƖĲĲŰЮĬċƚőĲĬЮĦŸŰŰĲĦƣŸƖЮ
ũŔŰĲƚЮƖĲƓƖĲƚĲŰƣЮƽőĲƖĲЮ ЮƓƖŸĦĲƚƚĲƚЮŔŰƣĲƖċĦƣЮƽŔƣőЮƣőĲƚĲдЮÑőĲЮƣőŔŰŰĲƖЮũŔŰĲƚЮƖĲƓƖĲƚĲŰƣЮŔŰƣĲƖċĦƣŔŸŰƚЮƣőċƣЮċƖĲЮŰŸƣЮŔŰĦũƨĬĲĬЮ
ŔŰЮƣőĲЮ?§ΦÉEц9ƖŸƓЮůŸĬĲũЮŸƖЮƣőĲЮŰĲƽЮ ЮůŸĬƨũĲеЮƽőĲƖĲċƚЮƣőŔĦťĲƖЮũŔŰĲƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮŔŰƣĲƖċĦƣŔŸŰƚЮƣőċƣЮċƖĲЮŔŰĦũƨĬĲĬдЮ
ÑőĲЮǯŊƨƖĲЮőċƚЮĤĲĲŰЮĬŔƻŔĬĲĬЮŔŰƣŸЮΩЮŰƨůĤĲƖĲĬЮƚĲĦƣŔŸŰƚЮŉŸƖЮƽőŔĦőЮƣőĲЮůĲĦőċŰŔƚůƚЮċƖĲЮĬĲƚĦƖŔĤĲĬЮŔŰĬŔƻŔĬƨċũũǃЮŔŰЮƚĲĦƣŔŸŰЮ
ΥдΦдΥдΤд 



ΣΦ 
 

ΞЮΟЮΞЮΞШ ƚƚĲƚƚůĲŰƣШŸŉШĲǂŔƚƣŔŰŊШĦƖŸƓШůŸĬĲũƚШƣőċƣШŔŰĦũƨĬĲШ  

ÉƨƓƓũĲůĲŰƣċƖǃШÑċĤũĲШÉΞЮΝШƚƨůůċƖŔƚĲƚШċŰĬШĬŔƚĦƨƚƚĲƚШƣőĲШƚŔůŔũċƖŔƣŔĲƚШĤĲƣƽĲĲŰШůŸĬĲũƚШƣőċƣШ
ƚŔůƨũċƣĲШƓũċŰƣШ ШĬǃŰċůŔĦƚЮШ~ŸƚƣШůŸĬĲũƚШƚŔůƨũċƣĲĬШũĲċŉШċŰĬШƚƣĲůШ ШĤǃШŉƨũǯũũŔŰŊШƣőĲШƖĲƕƨŔƖĲĬШ Ш
ĬĲůċŰĬĲĬШĤǃШƣőĲШƖĲƚƓĲĦƣŔƻĲШƓċƖƣƚШŉƖŸůШƣőĲШ ШƨƓƣċťĲШƓŸŸũЯШƽŔƣőШ ШĬĲůċŰĬШĤċƚĲĬШŸŰШċШĬĲǯŰĲĬШ
ůŔŰŔůƨůШċŰĬШůċǂŔůƨůШŉŸƖШƣőċƣШŸƖŊċŰЮШÑőĲШůċǂŔůƨůШċŰĬШůŔŰŔůƨůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦċŰШĤĲШ
ƚĲƣШċƚШĦŸŰƚƣċŰƣƚШŸƖШĬĲǯŰĲĬШƨƚŔŰŊШƣőĲШƓőĲŰŸũŸŊŔĦċũШƚƣċŊĲШŸŉШƣőĲШƓũċŰƣЯШƽőŔĦőШŔŰШƣƨƖŰШŔƚШĤċƚĲĬШŸŰШ
ƣőĲШċĦĦƨůƨũċƣŔŸŰШŸŉШƣőĲƖůċũШƣŔůĲШŸƖШċШƣĲůƓĲƖċƣƨƖĲШƚƨůШĤċƚĲĬШŸŰШċШƚĦőĲůĲШĤǃШƻċŰШuĲƨũĲŰШċŰĬШ
ÉĲũŔŊůċŰШыΝΦΥΤьЮШ~ŸƚƣШĦƖŸƓШůŸĬĲũƚШĬĲǯŰĲШċШũċĤŔũĲШƓŸŸũШŸŉШ ШċƻċŔũċĤũĲШƣŸШĤĲШƣƖċŰƚũŸĦċƣĲĬШƣŸШƣőĲШ
ŊƖċŔŰШċŰĬШĦŸŰƚŔƚƣŔŰŊШŸŉШ ШċƻċŔũċĤũĲШŉƖŸůШƓŸƚƣрċŰƣőĲƚŔƚШƨƓƣċťĲЯШŰŸŰрƚƣƖƨĦƣƨƖċũШƚƣĲůШ ЯШċŰĬШ Ш
ƖĲũĲċƚĲĬШŉƖŸůШũĲċŉШƚĲŰĲƚĦĲŰĦĲЮШÑőĲШ ШƖĲũĲċƚĲĬШŉƖŸůШũĲċŉШƚĲŰĲƚĦĲŰĦĲШŔƚШĦċũĦƨũċƣĲĬШŔŰШƓƖŸƓŸƖƣŔŸŰШ
ƣŸШƣőĲШĬĲĦƖĲċƚĲШŔŰШĦċƖĤŸŰШŸŉШŊƖĲĲŰШũĲċŉШċƖĲċЯШċƚШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŔƚШƓƖŸƓŸƖƣŔŸŰċũШƣŸШĦċƖĤŸŰШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШыcċƻĳШĲƣШċũЮЯШΞΜΝΤьЮШ~ŸƚƣШŸŉШƣőĲШĦƖŸƓШůŸĬĲũƚШƚŔůƨũċƣĲĬШŊƖċŔŰШ ШĤǃШĦċũĦƨũċƣŔŰŊШċŰĬШ
ŉƨũǯũũŔŰŊШċШ ШĬĲůċŰĬЯШŸƖШƚŔůƨũċƣŔŰŊШċШƖċƣĲШċƣШƽőŔĦőШƣőĲШŊƖċŔŰƚШǯũũШƽŔƣőШ Ю 

ΞЮΟЮΞЮΟШ~ŸĬŔǯĦċƣŔŸŰƚШƣŸШƣőĲШĲǂŔƚƣŔŰŊШ?§ΟÉEр9ƖŸƓШ~ŸĬĲũШŉŸƖШƣőŔƚШƚƣƨĬǃ 
ÂƖŔŸƖШċƓƓũŔĦċƣŔŸŰƚШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШőċƻĲШċƚƚƨůĲĬШƣőċƣШƣőĲШũċƚƣШΟΟӖШŸŉШƣőĲШůċƣƨƖĲШũĲċŉШ
ũŔŉĲƚƓċŰШŔƚШƽőĲŰШũĲċŉШƚĲŰĲƚĦĲŰĦĲШŸĦĦƨƖƚШыĲЮŊЮШШÂċŰĬĲШĲƣШċũЮШыΞΜΞΠċььШЮШfŰШƚŸůĲШċƓƓũŔĦċƣŔŸŰƚЯШ
ůƨũƣŔƓũĲШũĲċŉШƓŸƓƨũċƣŔŸŰƚШƽĲƖĲШĦŸŰƚŔĬĲƖĲĬЮШ]ŔƻĲŰШƣőĲШũŔůŔƣċƣŔŸŰƚШŸŉШċƻċŔũċĤũĲШĬċƣċШŔŰШ
ƓċƖċůĲƣĲƖŔƚŔŰŊШƣőĲШůŸĬĲũШŉŸƖШůƨũƣŔƓũĲШũĲċŉШƓŸƓƨũċƣŔŸŰƚЯШŸŰũǃШŸŰĲШũĲċŉШƓŸƓƨũċƣŔŸŰШŔƚШĦŸŰƚŔĬĲƖĲĬШ
ŔŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШŉƖċĦƣŔŸŰШŸŉШůċƣƨƖĲШũĲċŉШũŔŉĲƚƓċŰШƣőċƣШŔƚШƚĲŰĲƚĦĲŰĦĲШŰĲĲĬĲĬШ
ƣŸШĤĲШůŸĬŔǯĲĬШƣŸШŔŰƚƣĲċĬШƚŔůƨũċƣĲШƣőĲШŉƖċĦƣŔŸŰШŸŉШĦċŰŸƓǃШůċƣƨƖĲШũĲċŉШũŔŉĲƚƓċŰШƣőċƣШŔƚШ
ƚĲŰĲƚĦĲŰĦĲЮШШÅĲĦĲŰƣШƽŸƖťШĤǃШ7ƖĲƽƚƣĲƖШĲƣШċũЮШыΞΜΞΠьШőċƚШƚőŸƽŰШƣőċƣШƣőĲШΠƣőШũĲċƻĲƚШĦċŰШĤĲŊŔŰШƣŸШ
ƚĲŰĲƚĦĲШĲƻĲŰШĤĲŉŸƖĲШċŰƣőĲƚŔƚЮШ]ŔƻĲŰШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШƚĲŰĲƚĦĲŰĦĲШŔŰШĬĲƣĲƖůŔŰŔŰŊШ Ш
ƖĲůŸĤŔũŔƚċƣŔŸŰШы ĲőĲШĲƣШċũЮЯШΞΜΞΜбШ]ċŢƨШĲƣШċũЮЯШΞΜΝΠьЯШƽŸƖťШĤǃШ7ƖĲƽƚƣĲƖШĲƣШċũЮШыΞΜΞΠьШƽċƚШƨƚĲĬШƣŸШ
ƖĲрƓċƖċůĲƣĲƖŔƚĲШƣőĲШŸŰƚĲƣШŸŉШƖċƓŔĬШƓőċƚĲШƚĲŰĲƚĦĲŰĦĲШċƚШƣőĲШũċƚƣШΤΡӖШŸŉШƣőĲШĦċŰŸƓǃШũĲƻĲũШ
ůċƣƨƖĲШũĲċŉШũŔŉĲƚƓċŰШŉŸƖШƣőĲШÉťǃŉċũũШĦƨũƣŔƻċƖШŔŰШ?§ΟÉEр9ƖŸƓЮ 

ΞЮΟЮΞЮΠШÑőĲШ?§ΟÉEр9ƖŸƓШ ШůŸĬƨũĲШŉŸƖШƽőĲċƣ 
7ċƚĲĬШŸŰШƚĲĦƣŔŸŰƚШΞЮΟЮΞЮΝШċŰĬШΞЮΟЮΞЮΞЯШƽĲШŔĬĲŰƣŔǯĲĬШťĲǃШƓƖŸĦĲƚƚĲƚШŉŸƖШŔŰĦũƨƚŔŸŰШŔŰШƣőĲШ ШůŸĬƨũĲШ
ċƚаШƚŸŔũШ ШƨƓƣċťĲЯШƓċƖƣŔƣŔŸŰŔŰŊШŸŉШ ШƨƓƣċťĲШĤĲƣƽĲĲŰШũĲċŉШċŰĬШƚƣĲůЯШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŔŰШũĲċŉШċŰĬШ
ƚƣĲůШƣŸШƣőĲШŊƖċŔŰƚЯШŊƖċŔŰШǯũũŔŰŊШƽŔƣőШ ЯШċŰĬШ§ΟШĲǭĲĦƣƚШŸŰШŊƖċŔŰШ ЮШ ƣШƣőĲШƓƖĲƚĲŰƣШƚƣċŊĲШŸŉШƣőĲШ
ůŸĬĲũũŔŰŊЯШƽĲШĬŸШŰŸƣШŔŰĦũƨĬĲШċŰǃШƓƖŸĦĲƚƚĲƚШƖĲũċƣŔŰŊШƣŸШƨƚċŊĲШŸŉШ ШŉŸƖШċŰƣŔŸǂŔĬċŰƣШƓƖŸĬƨĦƣŔŸŰШŸƖШ
ƨƣŔũŔƚċƣŔŸŰШŸŉШƓőŸƣŸƚǃŰƣőċƣĲШŉŸƖШċĤŸƻĲШŊƖŸƨŰĬШƖĲƓċŔƖШĬƨĲШƣŸШũċĦťШŸŉШĬċƣċШŉŸƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮШ
[ƨũũШĬĲƣċŔũƚШŸŉШĲƕƨċƣŔŸŰƚЯШƚŸƨƖĦĲƚШŸŉШĲƕƨċƣŔŸŰƚШċŰĬШůŸĬĲũШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШċƖĲШċƻċŔũċĤũĲШŔŰШ
ƓƓĲŰĬŔǂШЮШ7ƖŔĲǰǃа 

ыċь ÉŸŔũШ ШƨƓƣċťĲ 

ÂƖĲрċŰƣőĲƚŔƚЯШĬċŔũǃШ ШƨƓƣċťĲШŉƖŸůШƣőĲШƚŸŔũШŔƚШƓƖŸƓŸƖƣŔŸŰċũШƣŸШƣőĲШŔŰĦƖĲċƚĲШŔŰШx fШċŰĬШƚƣĲůШ
ůċƚƚШƣőċƣШĬċǃЯШċũŸŰŊШƽŔƣőШċŰǃШ ШĬĲǯĦŔƣШƣőċƣШőċƚШċĦĦƨůƨũċƣĲĬШŸƻĲƖШƣőĲШƓũċŰƣќƚШũŔŉĲЯШ
ŉŸũũŸƽŔŰŊШƣőĲШƽŸƖťШŸŉШÉŸũƣċŰŔШċŰĬШÉŔŰĦũċŔƖШыΞΜΝΞьЮШÂŸƚƣрċŰƣőĲƚŔƚЯШƽĲШƨƚĲШƣőĲШŉŸƖůƨũċƣŔŸŰШ
ŉƖŸůШÉŔƖŔƨƚÄƨċũŔƣǃШы~ċƖƣƖĲШĲƣШċũЮЯШΞΜΜΣьШƽőŔĦőШũŔŰťƚШƓŸƚƣрċŰƣőĲƚŔƚШ ШƨƓƣċťĲШƽŔƣőШƣőĲШ
ĦċƓċĦŔƣǃШŸŉШƣőĲШƚƣĲůШƣŸШƚƣŸƖĲШ ЮШÂƖĲрШċŰĬШƓŸƚƣрċŰƣőĲƚŔƚШƽĲШĬĲǯŰĲШċШůċǂŔůƨůШ ШƨƓƣċťĲШ
ƽőŔĦőШĦċŰŰŸƣШĤĲШĲǂĦĲĲĬĲĬЮШÉŔŰĦĲШƽĲШĬŔĬШŰŸƣШőċƻĲШĬċƣċШƣŸШĦċũŔĤƖċƣĲШŉŸƖШƣőĲШĲǭĲĦƣƚШŸŉШ Ш
ƚƣƖĲƚƚЯШƣőĲШƓƖĲƚĲŰƣШůŸĬĲũШċƚƚƨůĲƚШŸƓƣŔůċũШƚŸŔũШ ШċƻċŔũċĤŔũŔƣǃЮ 

ыĤь  ШƓċƖƣŔƣŔŸŰŔŰŊШ 



ΤΜ 
 

ÂƖĲрċŰƣőĲƚŔƚЯШ ШƨƓƣċťĲШŔƚШċũũŸĦċƣĲĬШƣŸШƣőĲШũĲċŉШċŰĬШƚƣĲůШŔŰШċĦĦŸƖĬċŰĦĲШƽŔƣőШƣőĲШŔŰĦƖĲċƚĲШ
ŔŰШx fШŸƖШƚƣĲůШůċƚƚШƣőċƣШĬċǃЯШċƚШĦŸůůŸŰũǃШƨƚĲĬШĤǃШŸƣőĲƖШĦƖŸƓШůŸĬĲũũĲƖƚШыƚĲĦƣŔŸŰШ
ΞЮΟЮΞЮΞьЮШÑőĲШƚƓĲĦŔǯĦШĲƕƨċƣŔŸŰƚШƨƚĲĬШĦũŸƚĲũǃШŉŸũũŸƽШƣőŸƚĲШŸŉШÉŸũƣċŰŔШċŰĬШÉŔŰĦũċŔƖШыΞΜΝΞьЮ 

ыĦь  ШƖĲůŸĤŔũŔƚċƣŔŸŰ 

ŉƣĲƖШċŰƣőĲƚŔƚЯШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШƣőĲШƚƣĲůШƣŸШƣőĲШŊƖċŔŰƚШĤĲŊŔŰƚЮШ ШŔƚШƖĲũĲċƚĲĬШŉƖŸůШ
ƚĲŰĲƚĦŔŰŊШũĲċƻĲƚШŔŰШċĦĦŸƖĬċŰĦĲШƽŔƣőШƣőĲШĬĲĦƖĲċƚĲШŔŰШx fШƣőċƣШĬċǃЮШÅĲũĲċƚĲĬШ ШŔƚШƚƣŸƖĲĬШŔŰШ
ƣőĲШƚƣĲůШƽőĲƖĲШŔƣШŔƚШċƻċŔũċĤũĲШƣŸШƣőĲШŊƖċŔŰЮШÑőĲШĦŸůĤŔŰċƣŔŸŰШŸŉШ ШƖĲũĲċƚĲĬШŉƖŸůШũĲċŉШ
ƚĲŰĲƚĦĲŰĦĲШċŰĬШŰŸŰрƚƣƖƨĦƣƨƖċũШƚƣĲůШ ШĦƖĲċƣĲƚШƣőĲШũċĤŔũĲШƓŸŸũШŸŉШ ШŉŸƖШŊƖċŔŰШǯũũŔŰŊЮ 

ыĬь ]ƖċŔŰШ  

ÑőĲШ ШŔŰШƣőĲШũċĤŔũĲШƓŸŸũШĦċŰШĤĲШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲШŊƖċŔŰЯШŸƖШŔƣШĦċŰШƖĲůċŔŰШċƚШƓċƖƣШŸŉШƣőĲШ
ƚƣĲůЮШfŰШĦŸŰƣƖċƚƣШƣŸШŸƣőĲƖШĦƖŸƓШůŸĬĲũƚЯШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШũċĤŔũĲШ ШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲШŊƖċŔŰШ
ĲċĦőШĬċǃШŉŸũũŸƽƚШċШƚŔŊůŸŔĬШŉƨŰĦƣŔŸŰЮШÑőĲШƚŔŊůŸŔĬШƽċƚШĦőŸƚĲŰШċƚШŔƣШƨƚĲƚШŸŰũǃШƣƽŸШĲǂƣƖċШ
ƓċƖċůĲƣĲƖƚШы‌ШċŰĬШ‍ьШƽőŔĦőШċũũŸƽƚШƣőĲШƚƣċƖƣШċŰĬШƖċƣĲШŸŉШŊƖċŔŰШǯũũШƽŔƣőШ ШƣŸШĤĲШĦƨƚƣŸůŔƚĲĬШ
ƽŔƣőŸƨƣШƣőĲШċĬĬŔƣŔŸŰШŸŉШůƨĦőШĦŸůƓũĲǂŔƣǃЮШÑőĲШŉƖċĦƣŔŸŰШũĲċƻŔŰŊШƣőĲШũċĤŔũĲШƓŸŸũШŔŰĦƖĲċƚĲƚШċƚШ
ƣőĲШƓũċŰƣШĬĲƻĲũŸƓƚЮ 

 
ὔ ͺ ὔὰὥὦὭὰὩ

ρ

ρ Ὡὼὴ‌ ὈὠὍ‍
 

 
(2.1) 

ƽőĲƖĲШὔ ͺ ШƖĲƓƖĲƚĲŰƣƚШƣőĲШċůŸƨŰƣШŸŉШ ШũĲċƻŔŰŊШƣőĲШũċĤŔũĲШƓŸŸũШыὔ ьШƣŸШƣőĲШŊƖċŔŰƚЯШ
ὈὠὍШƖĲƓƖĲƚĲŰƣƚШƣőĲШĬĲƻĲũŸƓůĲŰƣШŔŰĬĲǂШŸŉШƣőĲШƓũċŰƣШŔŰШ?§ΟÉEр9ƖŸƓШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ
ÑőĲШὔ ͺ ШƓƖŸǯũĲШŉŸƖШĬŔǭĲƖĲŰƣШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШŸŉШ‌ШċŰĬШ‍ШŔƚШƚőŸƽŰШŔŰШ ƓƓĲŰĬŔǂШ ЯШ
[ŔŊƨƖĲШΞЮΟЮ 

ыĲь ?ŔƖĲĦƣШĲǭĲĦƣШŸŉШ§ΟШŸŰШŊƖċŔŰШ  

ÑőĲШŉƖċĦƣŔŸŰШŸŉШ ШƖĲůċŔŰŔŰŊШŔŰШƣőĲШũĲċŉШċŰĬШƚƣƖċƽШŔŰĦƖĲċƚĲƚШƽŔƣőШ§ΟШĲǂƓŸƚƨƖĲШы7ƖŸĤĲƖŊШĲƣШ
ċũЮЯШΞΜΝΤЯШΞΜΞΝьЮШ ĬĬŔƣŔŸŰċũũǃЯШŔŰШƣőĲШƽŸƖťШŸŉШ7ƖĲƽƚƣĲƖШĲƣШċũЮШыΞΜΞΠьШƣőĲШƚċůĲШĲǭĲĦƣШŔƚШ
ŸĤƚĲƖƻĲĬЯШƽőĲƖĲШċШũŸƽĲƖШƓƖŸƓŸƖƣŔŸŰШŸŉШ ШƚƣŸƖĲĬШŔŰШƣőĲƚĲШƓċƖƣƚШċƣШċŰƣőĲƚŔƚШŔƚШůŸƻĲĬШƣŸШƣőĲШ
ŊƖċŔŰƚЮШxŔƣƣũĲШĬċƣċШŔƚШċƻċŔũċĤũĲШŸŰШƣőŔƚШĲǭĲĦƣЯШƚŸШƽĲШƨƚĲĬШċũũШċƻċŔũċĤũĲШĲǂŔƚƣŔŰŊШĬċƣċШŉƖŸůШ
7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΝΤьШċŰĬШ7ƖĲƽƚƣĲƖШĲƣШċũЮШыΞΜΞΠьШƣŸШƓƖŸĬƨĦĲШċШũŔŰĲċƖШƖĲŊƖĲƚƚŔŸŰШŸŉШƣőĲШӖШŸŉШ Ш
ƖĲůċŔŰŔŰŊШŔŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШċƣШőċƖƻĲƚƣШċƚШċШŉƨŰĦƣŔŸŰШŸŉШ~ΝΞШыƣőĲШĦŸůůŸŰШůĲƣƖŔĦШŉŸƖШƣőĲШ
ƣƽŸШƚƣƨĬŔĲƚШĬĲǯŰĲĬШċƚШƣőĲШΝΞШőŸƨƖШůĲċŰШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬƨƖŔŰŊШĬċǃũŔŊőƣШőŸƨƖƚШы]ƨċƖŔŰШ
ĲƣШċũЮЯШΞΜΝΦĤььЮШÑőĲШƖĲƚƨũƣƚШŸŉШƣőŔƚШĦċŰШĤĲШƚĲĲŰШŔŰШ[ŔŊƨƖĲШΞЮΞЮ 



ΤΝ 
 

 

[ŔŊƨƖĲЮΥдΥжЮÑőĲЮӜЮŸŉЮ ЮƖĲůċŔŰŔŰŊЮŔŰЮƣőĲЮũĲċŉЮċŰĬЮƚƣĲůЮċƚЮċЮŉƨŰĦƣŔŸŰЮŸŉЮ~ΤΥЮŉŸƖЮƚƣƨĬŔĲƚЮĤǃЮ7ƖŸĤĲƖŊЮĲƣЮċũдЮёΥΣΤΪђЮёŊƖĲĲŰЮ
ƚƕƨċƖĲЮůċƖťĲƖƚђЮċŰĬЮƚƨƓƓũĲůĲŰƣċƖǃЮĬċƣċЮŸĤƣċŔŰĲĬЮŉƖŸůЮ7ƖĲƽƚƣĲƖеЮ[ĲŰŰĲƖЮċŰĬЮcċǃĲƚЮёΥΣΥΧђЮёƓƨƖƓũĲЮƣƖŔċŰŊƨũċƖЮ
ůċƖťĲƖƚђдЮÑőĲЮŊƖĲǃЮċƖĲċЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮάΨӜЮĦŸŰǯĬĲŰĦĲЮŔŰƣĲƖƻċũЮŸŉЮƣőĲЮǯƣƣĲĬЮƖĲŊƖĲƚƚŔŸŰЮёĬċƚőĲĬЮũŔŰĲċƖЮũŔŰĲђЮċŰĬЮƣőĲЮÅΥЮ
ŸŉЮƣőĲЮƖĲŊƖĲƚƚŔŸŰЮŔƚЮŊŔƻĲŰЮŸŰЮƣőĲЮǯŊƨƖĲдЮ§ƻĲƖũċŔĬЮċƖĲЮƖĲĬеЮĦŔƖĦƨũċƖЮůċƖťĲƖƚЮƚőŸƽŔŰŊЮƣőĲЮĲǭĲĦƣЮŸŉЮƣőĲЮĦċũŔĤƖċƣĲĬЮ
ά ȟὧ ȟά ЮċŰĬЮὧ ЮŸŰЮŸƻĲƖċũũЮƖĲůŸĤŔũŔƚċƣŔŸŰд 

ÑőĲШůŔŰŔůƨůШċũũŸƽĲĬШũĲċŉШċŰĬШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШƻċƖŔĲĬШƣŸШŸƓƣŔůŔƚĲШƣőĲШŊƖċŔŰШ ӖШċŰĬШ
őċƖƻĲƚƣШũĲċŉШċŰĬШƚƣĲůШ ӖШƚŔůƨũċƣŔŸŰƚЯШƽőŔũƚƣШůċťŔŰŊШƚƨƖĲШƣőĲШӖШŸŉШ ШƖĲůċŔŰŔŰŊШŔŰШƣőĲШũĲċŉШċŰĬШ
ƚƣĲůШƽċƚШƽŔƣőŔŰШƣőĲШΦΡӖШ9fШŸŉШƣőĲШƖĲůŸĤŔũŔƚċƣŔŸŰШƖĲŊƖĲƚƚŔŸŰЮШÑőĲШŉŸƖůШŸŉШƣőĲШƖĲŊƖĲƚƚŔŸŰƚШ
ƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲШůŔŰŔůƨůШũĲċŉШċŰĬШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШċƖĲШŊŔƻĲŰШŔŰШ
EƕƨċƣŔŸŰƚШыΞЮΞьШċŰĬШыΞЮΟьШƖĲƚƓĲĦƣŔƻĲũǃЮ 

 ὔ ȟ

ρ Ὣὔ ὒὃὍ
ρzππά

ὕȟ

ρ ὴὴὦ
ὧ  

 

(2.2) 

 ὔ ȟ

ρ Ὣὔ Ὀὓ
ρzππά

ὕȟ

ρ ὴὴὦ
ὧ  (2.3) 

ƽőĲƖĲШὔ ȟ ШŔƚШƣőĲШůŔŰŔůƨůШũĲċŉШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔŰШŊ ШƓĲƖШƨŰŔƣШŸŉШx fЯШὔ ȟ ШŔƚШƣőĲШ
ůŔŰŔůƨůШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔŰШŊ ШƓĲƖШŊШŸŉШƚƣĲůШ?~ЯШċŰĬШὕȟ ШŔƚШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШ§ΟШ
ƨƚŔŰŊШƣőĲШ~ΝΞШůĲƣƖŔĦШŔŰШƓƓĤЮШÑőĲШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŉŸƖШEƕƨċƣŔŸŰƚШΞЮΞШċŰĬШΞЮΟШŔƚШŊŔƻĲŰШŔŰШÑċĤũĲШΞЮΝШ
[ƨƖƣőĲƖШĬĲƣċŔũƚШŸŉШƣőĲШƓƖŸĦĲƚƚШĤǃШƽőŔĦőШƣőĲШĤĲƚƣШƓċƖċůĲƣĲƖƚШƽĲƖĲШŸĤƣċŔŰĲĬШŔƚШŊŔƻĲŰШŔŰШƓƓĲŰĬŔǂШ
ЯШƚĲĦƣŔŸŰШΞЮΥЮΠЮ 

ÑċĤũĲЮΥдΤжЮÑőĲЮĦċũŔĤƖċƣĲĬЮƻċũƨĲƚЮŉŸƖЮƣőĲЮŰĲƽũǃЮĬĲƻĲũŸƓĲĬЮƖĲŊƖĲƚƚŔŸŰƚЮĬĲƚĦƖŔĤŔŰŊЮőŸƽЮƣőĲЮůŔŰŔůƨůЮũĲċŉЮċŰĬЮƚƣĲůЮ Ю
ĦŸŰĦĲŰƣƖċƣŔŸŰƚЮƻċƖǃЮƨŰĬĲƖЮĬŔǭĲƖŔŰŊЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚдЮ ũũЮƓċƖċůĲƣĲƖƚЮċƖĲЮƨŰŔƣũĲƚƚд 

ÂċƖċůĲƣĲƖ 
?ĲƚĦƖŔƓƣŔŸŰ 

éċũƨĲ 

ά  
]ƖċĬŔĲŰƣНŸŉНEƕƨċƣŔŸŰНыΞЮΞь 

ΜЮΥ 
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ὧ  
fŰƣĲƖĦĲƓƣНŸŉНEƕƨċƣŔŸŰНыΞЮΞь 

ΝΜЮΦ 

ά  
]ƖċĬŔĲŰƣНŸŉНEƕƨċƣŔŸŰНыΞЮΟь 

ΜЮΜΝΠ 

ὧ  
fŰƣĲƖĦĲƓƣНŸŉНEƕƨċƣŔŸŰНыΞЮΟь 

ΜЮΞΟ 

ыŉь fŰĬŔƖĲĦƣШĲǭĲĦƣШŸŉШ§ΟШŸŰШŊƖċŔŰШ  

fŰШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũЯШ§ΟШċĦĦĲũĲƖċƣĲƚШƣőĲШŸŰƚĲƣШċŰĬШƖċƣĲШŸŉШƚĲŰĲƚĦĲŰĦĲШыÂċŰĬĲШĲƣШċũЮЯШ
ΞΜΞΠċьЮШfŰШƣőŔƚШ ШůŸĬƨũĲЯШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŉƖŸůШƚĲŰĲƚĦŔŰŊШũĲċƻĲƚШŸĦĦƨƖƚШŸŰĦĲШƚĲŰĲƚĦĲŰĦĲШ
ĤĲŊŔŰƚЮШ[ƨƖƣőĲƖЯШŰŸШ ШŔƚШƖĲůŸĤŔũŔƚĲĬШŉƖŸůШƣőĲШũĲċƻĲƚШŸŰĦĲШƚĲŰĲƚĦĲŰĦĲШŔƚШĦŸůƓũĲƣĲЮШ?§ΟÉEр9ƖŸƓШ
ċũƚŸШƚŔůƨũċƣĲƚШƣőĲШŔůƓċĦƣШŸŉШ§ΟШŸŰШƣőĲШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬЯШĦŸŰƚĲƕƨĲŰƣũǃЯШĤŔŸůċƚƚШ
ƓƖŸĬƨĦƣŔŸŰШċŰĬШũĲċŉШċƖĲċШĲǂƓċŰƚŔŸŰШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШfŰШƣőŔƚШ ШůŸĬƨũĲЯШũĲċŉШċƖĲċШĬĲƣĲƖůŔŰĲƚШ
ċĦĦƨůƨũċƣŔŸŰШŸŉШũĲċŉШ ШċŰĬШƚƣĲůШĤŔŸůċƚƚШĬĲƣĲƖůŔŰĲƚШċĦĦƨůƨũċƣŔŸŰШŸŉШƚƣĲůШ ЯШƓƖŸƻŔĬŔŰŊШċŰШ
ŔŰĬŔƖĲĦƣШũŔŰťШĤĲƣƽĲĲŰШ§ΟШĬċůċŊĲШŔŰШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШċŰĬШƣőĲШŰĲƽũǃШĬĲƻĲũŸƓĲĬШ ШůŸĬƨũĲЮ 

fŰШĦŸůĤŔŰċƣŔŸŰЯШƣőĲШ ШċŰĬШ?§ΟÉEр9ƖŸƓШƓƖŸĦĲƚƚĲƚШċƖĲШŔŰƣĲŊƖċƣĲĬШƣŸШŉŸƖůШƣőĲШ?§ΟÉEр9ƖŸƓ Ш
ůŸĬĲũШċƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΞЮΟЮШÉŔůƓũǃЯШ ШƨƓƣċťĲШŔƚШƓċƖƣŔƣŔŸŰĲĬШŔŰШċĦĦŸƖĬċŰĦĲШƽŔƣőШĬĲůċŰĬШŉƖŸůШ
ƣőĲШũĲċŉШċŰĬШƚƣĲůЮШÑőĲШ ШċƻċŔũċĤũĲШƣŸШƣőĲШŊƖċŔŰШĦŸůĲƚШŉƖŸůШƚĲŰĲƚĦĲĬШũĲċŉШċƖĲċЯШƓŸƚƣШċŰƣőĲƚŔƚШ Ш
ƨƓƣċťĲШċŰĬШŰŸŰрƚƣƖƨĦƣƨƖċũШƚƣĲůШ ЮШÑőĲШċůŸƨŰƣШŸŉШ ШƣőċƣШŔƚШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲШŊƖċŔŰШŉƖŸůШƣőŔƚШ
ċƻċŔũċĤũĲШƓŸŸũШŔƚШĦċũĦƨũċƣĲĬШƨƚŔŰŊШċШƚŔŊůŸŔĬШŉƨŰĦƣŔŸŰЮШÑőĲШŉƖċĦƣŔŸŰШŸŉШ ШƣőċƣШŔƚШċƻċŔũċĤũĲШƣŸШƣőĲШ
ŊƖċŔŰШŉƖŸůШƣőĲШũĲċŉШċŰĬШƚƣĲůШŔƚШůŸĬŔǯĲĬШŔŰШċĦĦŸƖĬċŰĦĲШƽŔƣőШĬċŔũǃШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ[ƨƖƣőĲƖШ
ĬĲƣċŔũƚШŸŉШƣőĲШĲƕƨċƣŔŸŰƚШƨƚĲĬЯШċŰĬШƓƖŸĦĲƚƚĲƚШŔŰƻŸũƻĲĬШċƖĲШŊŔƻĲŰШŔŰШ ƓƓĲŰĬŔǂШ ЮШfŰШƣőŔƚШƚƣƨĬǃШ
ƻĲƖƚŔŸŰШΝЮΜШŸŉШƣőĲШ ШůŸĬƨũĲШƽċƚШƨƚĲĬЯШċŰĬШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШĦŸĬĲШĦċŰШĤĲШŉŸƨŰĬШċƣШ9ŸŸťШ
ыΞΜΞΠьЮ 

 

[ŔŊƨƖĲЮΥдΦжЮÉŔůƓũŔǯĲĬЮŸƻĲƖƻŔĲƽЮŸŉЮƣőĲЮ?§ΦÉEц9ƖŸƓЮ ЮůŸĬƨũĲдЮÅĲĬЮŸƨƣũŔŰĲĬЮĤŸǂĲƚЮƚőŸƽЮƣőĲЮƓƖŸĦĲƚƚĲƚЮĬĲƻĲũŸƓĲĬЮŔŰЮ
ƣőŔƚЮƚƣƨĬǃдЮ§ƖċŰŊĲЮŸƨƣũŔŰĲĬЮĤŸǂĲƚЮċƖĲЮŔŰĬŔĦċƣŔŰŊЮƽőĲƖĲЮƣőĲЮ ЮůŸĬƨũĲЮƣċťĲƚЮŸƨƣƓƨƣƚЮŉƖŸůЮƣőĲЮ?§ΦÉEц9ƖŸƓЮůŸĬĲũдЮ
7ũċĦťЮŸƨƣũŔŰĲĬЮĤŸǂĲƚЮŔŰĬŔĦċƣĲЮƽőĲƖĲЮĲƕƨċƣŔŸŰƚЮƽĲƖĲЮƣċťĲŰЮŉƖŸůЮƣőĲЮĲǂŔƚƣŔŰŊЮũŔƣĲƖċƣƨƖĲЮċŰĬЮůŸĬŔǯĲĬЮŉŸƖЮƣőĲЮĦƨƖƖĲŰƣЮ
ƚƣƨĬǃдЮÑőĲЮũŔŊőƣŰŔŰŊЮĤŸũƣƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮũŸĦċƣŔŸŰƚЮƽőĲƖĲЮ§ΦЮŔůƓċĦƣƚЮŸŰЮƓũċŰƣЮ ЮƓƖŸĦĲƚƚĲƚЮŔŰЮƣőĲЮŰĲƽũǃЮĬĲƻĲũŸƓĲĬЮ
?§ΦÉEц9ƖŸƓ ЮůŸĬĲũд 
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ΞЮΠШÂċƖċůĲƣĲƖŔƚċƣŔŸŰШċŰĬШĦċũŔĤƖċƣŔŸŰШŸŉШ?§ΟÉEр9ƖŸƓШċŰĬШŰĲƽШ Ш
ůŸĬƨũĲ 
EǂƓĲƖŔůĲŰƣċũШĬċƣċШőċƻĲШĤĲĲŰШĦŸũũċƣĲĬШċŰĬШŊċƓШǯũũĲĬШыƨƚŔŰŊШƣőĲШ Ŋ~fÂр§ǍŸŰĲШŊċƓрǯũũŔŰŊШ
ůĲƣőŸĬŸũŸŊǃШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΞΝььШƣŸШĦċũŔĤƖċƣĲШċŰĬШĲƻċũƨċƣĲШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШċŰĬШ
ŰĲƽũǃШĬĲƻĲũŸƓĲĬШ ШůŸĬƨũĲЮШ[ƨƖƣőĲƖШĬĲƣċŔũƚШŸŉШƣőĲШŊċƓШǯũũŔŰŊШůĲƣőŸĬƚШĦċŰШĤĲШŉŸƨŰĬШŔŰШƣőĲШ
ÉƨƓƓũĲůĲŰƣċƖǃШůċƣĲƖŔċũƚЮ 

ΞЮΠЮΝШEǂƓĲƖŔůĲŰƣċũШĬċƣċƚĲƣƚ 
?ċƣċШŉƖŸůШƣőĲШ9ĲŰƣƖĲШŉŸƖШEĦŸũŸŊǃШċŰĬШcǃĬƖŸũŸŊǃЯШ7ċŰŊŸƖЯШŉƖŸůШƣőĲШǃĲċƖƚШΞΜΝΡЯШΞΜΝΣШċŰĬШΞΜΞΝШ
ƽĲƖĲШƨƚĲĬШƣŸШĦċũŔĤƖċƣĲШƣőĲШ ШůŸĬƨũĲШŉŸƖШ?§ΟÉEр9ƖŸƓЮШ[ŸƖШĲċĦőШǃĲċƖЯШƣőĲШÉťǃŉċũũШƽőĲċƣШĦƨũƣŔƻċƖШ
ƽċƚШŊƖŸƽŰШŔŰШƚŸũċƖШĬŸůĲƚШƨŰĬĲƖШΠШ§ΟШƣƖĲċƣůĲŰƣƚЯШƽŔƣőШůĲĬŔċŰШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƖċŰŊŔŰŊШŉƖŸůШ
ΞΦШтШΣΝЮΝШƓƓĤЮШ ĦƖŸƚƚШƣőĲШΟШǃĲċƖƚЯШƣőĲШƽőĲċƣШƽċƚШƓũċŰƣĲĬШĤĲƣƽĲĲŰШ[ĲĤƖƨċƖǃШΞΟƖĬШċŰĬШ ƓƖŔũШΝΡƣőШ
ċŰĬШőċƖƻĲƚƣĲĬШĤĲƣƽĲĲŰШ ƨŊƨƚƣШΝΝƣőШтШƨŊƨƚƣШΝΤƣőЮШ§ΟШŉƨůŔŊċƣŔŸŰШŸĦĦƨƖƖĲĬШĤĲƣƽĲĲŰШƚƣĲůр
ĲũŸŰŊċƣŔŸŰШы]ÉΟΜьШċŰĬШőċƖƻĲƚƣШыůŔĬр ƨŊƨƚƣьШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШ
ΞΜΞΟбШ§ƚĤŸƖŰĲШĲƣШċũЮЯШΞΜΝΦШƽŔƣőШƚƨƓƓũĲůĲŰƣċƖǃШŔŰŉŸƖůċƣŔŸŰШŉƖŸůШƣőĲШċƨƣőŸƖƚьЮШfŰШƣőŔƚШƚƣƨĬǃЯШŸŰũǃШ
ƣƖĲċƣůĲŰƣƚШƽőĲƖĲШƣőĲШƓũċŰƣƚШƽĲƖĲШƽĲũũШƽċƣĲƖĲĬШċŰĬШĲǂƓĲƖŔĲŰĦĲĬШŰŸШ ШŸƖШƣĲůƓĲƖċƣƨƖĲШƚƣƖĲƚƚШ
ƽĲƖĲШƨƚĲĬЮШ ŸШŊƖċŔŰШĬċƣċШƽċƚШƨƚĲĬШŉŸƖШƣőĲШǃĲċƖШΞΜΞΝШċƚШƣőĲШƓũċŰƣƚШĬŔĬШŰŸƣШƓƨƣШŸŰШċŰǃШŊƖċŔŰШыƚĲĲШ
7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚШыΞΜΞΠьШŉŸƖШŉƨƖƣőĲƖШĬĲƣċŔũьЮШ ШƣċĤƨũċƣŔŸŰШŸŉШĬċƣċШċƻċŔũċĤũĲШŉƖŸůШĲċĦőШ
ǃĲċƖШĦċŰШĤĲШŉŸƨŰĬШŔŰШƚƨƓƓũĲůĲŰƣċƖǃШÑċĤũĲШÉΞЮΞЮШ[ƨƖƣőĲƖШĬĲƣċŔũƚШŸŉШƣőĲШĲǂƓĲƖŔůĲŰƣċũШƚĲƣШƨƓШŉŸƖШċũũШ
ǃĲċƖƚШĦċŰШĤĲШŉŸƨŰĬШŔŰШ7ƖĲƽƚƣĲƖШĲƣШċũЮШыΞΜΞΠьЯШ7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΞΟьШċŰĬШ§ƚĤŸƖŰĲШĲƣШċũЮШыΞΜΝΦьШċŰĬШ
ƚƨƓƓũĲůĲŰƣċƖǃШĬċƣċШŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШċƨƣőŸƖƚШƽċƚШƨƚĲĬШŉŸƖШůŸĬĲũШĬĲƻĲũŸƓůĲŰƣЮ 

ΞЮΠЮΞШ~ŸĬĲũШĦċũŔĤƖċƣŔŸŰШċŰĬШĲƻċũƨċƣŔŸŰ 
~ŸĬĲũШĦċũŔĤƖċƣŔŸŰШƽċƚШƓĲƖŉŸƖůĲĬШŔŰШƚƣċŊĲƚЯШƽŔƣőШƣőĲШĦċũŔĤƖċƣĲĬШƓċƖċůĲƣĲƖƚШŔŰĬŔĦċƣĲĬШŔŰШ
ĤƖċĦťĲƣƚЮШ?ĲǯŰŔƣŔŸŰƚШŸŉШ?§ΟÉEр9ƖŸƓШƓċƖċůĲƣĲƖƚЯШċũŸŰŊШƽŔƣőШƣőĲШƻċũƨĲШƣőĲǃШƽĲƖĲШĦċũŔĤƖċƣĲĬШƣŸШ
ċŰĬШƣőĲШƨŰŔƣƚШċƖĲШŊŔƻĲŰШŔŰШƚƨƓƓũĲůĲŰƣċƖǃШÑċĤũĲШÉΞЮΟЮ 

ΝьШÂőĲŰŸũŸŊǃШыὝЯЮὝЯЮὝЯШὝὝ ЯШὝὝ ȟ ЯШὝὝ ЯШὝὝ ЯШὝὝ ь 

ΞьШÂőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШƖĲƚƓŔƖċƣŔŸŰШыὠ ȟ ȟὯὔȟ ὐ ȟ ȟȟάȟὙ ȟὙь 

ΟьШ?~ШċũũŸĦċƣŔŸŰШċŰĬШǃŔĲũĬЯШċŰĬШ§ΟШĲǭĲĦƣШŸŰШǃŔĲũĬШċŰĬШƚĲŰĲƚĦĲŰĦĲШы‌ ЯШ‍ ЯШ‌ ЯШ‍ ЯШ
‌ ЯШ‍ ЯШӎЯШ†ЯШὉȟ‎σȟ‎τȟ‎υȟ#,Ó/σь 

ΠьШ ШċũũŸĦċƣŔŸŰШċŰĬШ§ΟШĲǭĲĦƣШŸŰШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШыά ȟὧ ȟά ȟὧ  ƚĲĦƣŔŸŰЮШΞЮΟЮΞЮΠЯШ
ÑċĤũĲШΞЮΝьь 

ÑőŔƚШƚĲƕƨĲŰƣŔċũШĦċũŔĤƖċƣŔŸŰШƓƖĲƻĲŰƣƚШũċƣĲƖШċĬŢƨƚƣůĲŰƣƚШĦċƨƚĲĬШĤǃШƣőĲШŔŰƣĲƖĬĲƓĲŰĬĲŰĦŔĲƚШ
ĤĲƣƽĲĲŰШƓċƖċůĲƣĲƖƚШċƣШĬŔǭĲƖĲŰƣШĦċũŔĤƖċƣŔŸŰШƚƣċŊĲƚЮШfƣШƽċƚШŰĲĦĲƚƚċƖǃШƣŸШĦċũŔĤƖċƣĲШ§ΟШĲǭĲĦƣƚШŸŰШ
ǃŔĲũĬШċƣШƣőĲШƚċůĲШƣŔůĲШċƚШƣőĲШ?~ШċũũŸĦċƣŔŸŰШċŰĬШǃŔĲũĬШƓċƖċůĲƣĲƖƚЯШċƚШ§ΟШƚƣŔũũШŔŰǰƨĲŰĦĲƚШǃŔĲũĬЯШ
ĲƻĲŰШŔŰШƣőĲШũŸƽШ§ΟШƣƖĲċƣůĲŰƣƚЮШὠ ȟ ШċŰĬШ ὐ ȟ ȟШőċĬШĤĲĲŰШůĲċƚƨƖĲĬШċŰĬШƚŸШƽĲƖĲШǯǂĲĬШƣŸШ
ƣőĲŔƖШĲǂƓĲƖŔůĲŰƣċũũǃШůĲċƚƨƖĲĬШƻċũƨĲƚШƣŸШũŔůŔƣШƣőĲШŰƨůĤĲƖƚШŸŉШƓċƖċůĲƣĲƖƚШƣŸШĦċũŔĤƖċƣĲЮШ[ƨƖƣőĲƖЯШ
ĬċƣċШŸŰШƓőŸƣŸƚǃŰƣőĲƚŔƚШċƣШĬŔǭĲƖĲŰƣШũŔŊőƣШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċũũŸƽĲĬШƣőĲШĬĲƣĲƖůŔŰċƣŔŸŰШŸŉШƣőĲШƖċƣĲШŸŉШ
ĬċƖťШƖĲƚƓŔƖċƣŔŸŰЯШċŰĬШőĲŰĦĲШƽĲШǯǂĲĬШƣőĲШƓċƖċůĲƣĲƖШĦŸŰƣƖŸũũŔŰŊШĬċƖťШƖĲƚƓŔƖċƣŔŸŰШŔŰШ?§ΟÉEр9ƖŸƓЮШ
ШĦŸůĤŔŰċƣŔŸŰШŸŉШŊĲŰĲƣŔĦШċũŊŸƖŔƣőůШċŰĬШůċŰƨċũШĦċũŔĤƖċƣŔŸŰШƽċƚШƣőĲŰШƨƚĲĬШƣŸШĦċũŔĤƖċƣĲШĦőŸƚĲŰШ
ƓċƖċůĲƣĲƖƚШƣŸШċĦőŔĲƻĲШƣőĲШĬĲƚŔƖĲĬШŸƨƣƓƨƣШƻċƖŔċĤũĲЮШÑőĲШŊĲŰĲƣŔĦШċũŊŸƖŔƣőůШŔƚШŰŸƣШċũƽċǃƚШƣőĲШůŸƚƣШ
ƚƨŔƣċĤũĲШŉŸƖШůŸĬĲũШĦċũŔĤƖċƣŔŸŰЯШċƚШŔƣШĦċŰШŊŔƻĲШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШƣőċƣШůċǂŔůŔƚĲШƣőĲШÅΞЯШĤƨƣШĬŸŰќƣШ
ůċťĲШƚĲŰƚĲШƓőǃƚŔŸũŸŊŔĦċũũǃЮШfŰШĦċƚĲƚШƽőĲƖĲШƨŰƖĲċũŔƚƣŔĦШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШƽĲƖĲШŊŔƻĲŰЯШċШůċŰƨċũШ



ΤΠ 
 

љĤǃрĲǃĲњШĦċũŔĤƖċƣŔŸŰШƓƖŸĦĲƚƚШƽċƚШċũƚŸШƨƚĲĬЮШ7ǃШƻċƖǃŔŰŊШŸŰĲШƓċƖċůĲƣĲƖШċƣШċШƣŔůĲШƣŸШƨŰĬĲƖƚƣċŰĬШ
ŔƣќƚШĲǭĲĦƣШŸŰШċШĬĲƚŔƖĲĬШŸƨƣƓƨƣЯШƖĲċũŔƚƣŔĦШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШƽĲƖĲШĦőŸƚĲŰЮШ[ŸƖШċũũШĦċũŔĤƖċƣŔŸŰƚШƣőĲШ
ÅΞШċŰĬШÅ~ÉEШƽĲƖĲШƨƚĲĬШƣŸШċƚƚĲƚƚШƣőĲШǯƣШĤĲƣƽĲĲŰШŸĤƚĲƖƻĲĬШĬċƣċШċŰĬШƚŔůƨũċƣŔŸŰƚЮШ]ĲŰĲƖċũũǃЯШ
ΡΜӖШŸŉШƣőĲШĦŸůĤŔŰĲĬШĬċƣċШŉŸƖШċũũШǃĲċƖƚЯШŉŸƖШƣőĲШũŸƽШċŰĬШƻĲƖǃШőŔŊőШ§ΟШƣƖĲċƣůĲŰƣƚШƽĲƖĲШƨƚĲĬШŔŰШƣőĲШ
ĦċũŔĤƖċƣŔŸŰЯШƽŔƣőШƣőĲШƖĲůċŔŰŔŰŊШĬċƣċШƨƚĲĬШŔŰШƣőĲШĲƻċũƨċƣŔŸŰШċũŸŰŊШƽŔƣőШΝΜΜӖШŸŉШƣőĲШůĲĬŔƨůШċŰĬШ
őŔŊőШ§ΟШƣƖĲċƣůĲŰƣШĬċƣċШŉŸƖШċũũШǃĲċƖƚЮШШƣċĤƨũċƣŔŸŰШŸŉШƣőĲШƓċƖċůĲƣĲƖƚШĦċũŔĤƖċƣĲĬШŉŸƖЯШċŰĬШƣőĲШƻċũƨĲƚШ
ƣőĲǃШƽĲƖĲШĦċũŔĤƖċƣĲĬШƣŸЯШċƖĲШŊŔƻĲŰШŔŰШƚƨƓƓũĲůĲŰƣċƖǃШÑċĤũĲШÉΞЮΟШċũŸŰŊШƽŔƣőШŉƨƖƣőĲƖШĬĲƣċŔũƚШŸŉШƣőĲШ
ĦċũŔĤƖċƣŔŸŰШƓƖŸĦĲƚƚШŔŰШÉĲĦƣŔŸŰШΞЮΦЮΠЮШÂċƖċůĲƣĲƖŔƚċƣŔŸŰƚШƖĲũċƣŔŰŊШƣŸШƣőĲШŰĲƽũǃШĬĲƻĲũŸƓĲĬШ Ш
ůŸĬƨũĲШċƖĲШĬŔƚĦƨƚƚĲĬШċŰĬШƓƖĲƚĲŰƣĲĬШċũŸŰŊШƽŔƣőШƣőĲŔƖШĲƕƨċƣŔŸŰƚШŔŰШ ƓƓĲŰĬŔǂШ ЮШ 

ÑőĲШůŸĬĲũШƽċƚШĲƻċũƨċƣĲĬШĤǃШĦċũĦƨũċƣŔŰŊШƣőĲШÅ~ÉEШċŰĬШÅΞШŸŉШƣőĲШũŔŰĲċƖШƖĲŊƖĲƚƚŔŸŰШĤĲƣƽĲĲŰШ
ŸĤƚĲƖƻĲĬШċŰĬШƚŔůƨũċƣĲĬШƻċũƨĲƚШŸŉШƓőĲŰŸũŸŊǃШĬċƣĲƚЯШŊƖċŔŰШ?~ЯШƚƣĲůШċŰĬШũĲċŉШ ШċŰĬШŊƖċŔŰШ ӖЮШ
~ŸƖĲШĲůƓőċƚŔƚШŔƚШƓũċĦĲĬШŸŰШƣőĲШƖĲũċƣŔƻĲШ§ΟШŔůƓċĦƣШŸŰШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШƣőċŰШƚŔůƨũċƣŔŸŰƚШŸŉШ
ċĤƚŸũƨƣĲШƻċũƨĲƚЯШċƚШƣőĲШċŔůШŸŉШƣőĲШƚƣƨĬǃШƽċƚШƣŸШĬĲƻĲũŸƓШċШůŸĬĲũШƣőċƣШĦċŰШĦċƓƣƨƖĲШƖĲũċƣŔƻĲШ§ΟШ
ŔůƓċĦƣƚШŸŰШĦƖŸƓШƕƨċũŔƣǃЮ 

ΞЮΠЮΟШÉĲŰƚŔƣŔƻŔƣǃШ ŰċũǃƚŔƚ 
ÉĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚĲƚШċƖĲШƨƚĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШƻċƖŔċŰĦĲШŔŰШċШĬĲƚŔƖĲĬШůŸĬĲũШŸƨƣƓƨƣШ
ċƣƣƖŔĤƨƣĲĬШƣŸШċШƻċƖŔċƣŔŸŰШŔŰШƣőĲШůŸĬĲũШŔŰƓƨƣШыÉċũƣĲũũŔШĲƣШċũЮЯШΞΜΜΥьЮШfŰШƣőŔƚШƚƣƨĬǃЯШƽĲШƨƚĲШċШ
ƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƣŸШŔĬĲŰƣŔŉǃШċŰĬШƖċŰťШƣőĲШƚĲŰƚŔƣŔƻŔƣǃШŸŉШŊƖċŔŰШ ШƣŸШĬŔǭĲƖĲŰƣШƓũċŰƣШƓƖŸĦĲƚƚĲƚШ
ƚŔůƨũċƣĲĬШĤǃШ?§ΟÉEр9ƖŸƓШċŰĬШƣőĲШŰĲƽШ ШůŸĬƨũĲЮШìĲШŔĬĲŰƣŔǯĲĬШΟШťĲǃШůĲĦőċŰŔƚůƚШƣőċƣШĦċŰШ
ŔŰǰƨĲŰĦĲШŊƖċŔŰШƕƨċũŔƣǃШŔŰШƣőĲШĦƖŸƓШůŸĬĲũаШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣЯШƣőĲШĲŰĬоШĬƨƖċƣŔŸŰШŸŉШƚĲŰĲƚĦĲŰĦĲШ
ċŰĬШƣőĲШ§ΟШŔŰƣĲƖƖƨƓƣŔŸŰШŸŉШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШƣőĲШũĲċŉШċŰĬШƚƣĲůЮШ ШƓƖĲũŔůŔŰċƖǃШƚĲŰƚŔƣŔƻŔƣǃШ
ċŰċũǃƚŔƚШƽċƚШĦŸŰĬƨĦƣĲĬШƣŸШŔĬĲŰƣŔŉǃШƣőĲШťĲǃШƓċƖċůĲƣĲƖƚШŔŰШ?§ΟÉEр9ƖŸƓШŔŰǰƨĲŰĦŔŰŊШƣőĲƚĲШ
ƓƖŸĦĲƚƚĲƚЮШ ŉƣĲƖШƖĲĬƨĦƣŔŸŰЯШΠШƓċƖċůĲƣĲƖƚШƽőŔĦőШĦŸŰƣƖŔĤƨƣĲШƣőĲШŊƖĲċƣĲƚƣШƣŸШƣőĲШƻċƖŔċŰĦĲШŸŉШŸƨƣƓƨƣШ
ƻċƖŔċĤũĲƚШƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲƚĲШƓƖŸĦĲƚƚĲƚШƽĲƖĲШŔĬĲŰƣŔǯĲĬШŉŸƖШƣőĲШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШыƚĲĲШÑċĤũĲШ
ΞЮΞьЮШìĲШƨƚĲШċŰШĲǂƣĲŰĬĲĬШ[ŸƨƖŔĲƖШċůƓũŔƣƨĬĲШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШыĲ[ ÉÑьШƣŸШĲǂƓũċŔŰШƣőĲШƻċƖŔċƣŔŸŰШ
ŔŰШċШĦőŸƚĲŰШŸƨƣƓƨƣШƻċƖŔċĤũĲШċƣƣƖŔĤƨƣĲĬШƣŸШƻċƖǃŔŰŊШƚĲũĲĦƣĲĬШŔŰƓƨƣШƻċƖŔċĤũĲƚШŸƻĲƖШċШŊŔƻĲŰШƖċŰŊĲШ
ыÉċũƣĲũũŔШĲƣШċũЮЯШΞΜΜΥьЮШÑőĲШĲ[ ÉÑШůĲƣőŸĬШŔƚШċШĦŸůůŸŰũǃШƨƚĲĬШůĲƣőŸĬШŉŸƖШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚĲƚШ
ċŰĬШőċƚШƓƖĲƻŔŸƨƚũǃШĤĲĲŰШƨƚĲĬШĤǃШĦƖŸƓШůŸĬĲũũĲƖƚШƣŸШŔůƓƖŸƻĲШĦċũŔĤƖċƣŔŸŰШыÉŔũƻĲƚƣƖŸШĲƣШċũЮЯШΞΜΝΤбШ
éċǍƕƨĲǍр9ƖƨǍШĲƣШċũЮЯШΞΜΝΠьЮШÑőĲШĤĲŰĲǯƣШŸŉШĲ[ ÉÑШŸƻĲƖШŸƣőĲƖШŉŸƖůƚШŸŉШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШŔƚШƣőċƣШŔƣШ
ċũũŸƽƚШƣőĲШŔŰƣĲƖċĦƣŔŸŰƚШĤĲƣƽĲĲŰШůŸĬĲũШƓċƖċůĲƣĲƖƚШƣŸШĤĲШƕƨċŰƣŔǯĲĬЯШŔƣШĦċŰШƚċůƓũĲШƣőĲШĲŰƣŔƖĲШ
ƓċƖċůĲƣĲƖШƚƓċĦĲЯШċŰĬШŔƣШŔƚШƖŸĤƨƚƣШŉŸƖШŰŸŰрũŔŰĲċƖШƖĲũċƣŔŸŰƚőŔƓƚШыÉċũƣĲũũŔШĲƣШċũЮЯШΞΜΜΥбШ9ċƖŔĤŸŰŔШĲƣШ
ċũЮЯШΞΜΜΤьЮШÑőĲƚĲШĤĲŰĲǯƣƚШůċťĲШŔƣШċШƨƚĲŉƨũШƣŸŸũШŉŸƖШĦŸůƓũĲǂШƚǃƚƣĲůƚШƚƨĦőШċƚШĦƖŸƓШůŸĬĲũƚЯШƽőĲƖĲШ
ŔŰƣĲƖċĦƣŔŰŊЯШŰŸŰрũŔŰĲċƖШƓƖŸĦĲƚƚĲƚШċƖĲШĦŸůůŸŰШыÉċũƣĲũũŔШĲƣШċũЮЯШΞΜΜΥбШ9ċƖŔĤŸŰŔШĲƣШċũЮЯШΞΜΜΤьЮШÑőĲШ
ÂǃƣőŸŰШũŔĤƖċƖǃШÉċxf7ШƽċƚШƨƚĲĬШŉŸƖШċũũШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚĲƚШыcĲƖůċŰШċŰĬШÖƚőĲƖЯШΞΜΝΦьЮШÑőĲШǯƖƚƣШ
ƚĲŰƚŔƣŔƻŔƣǃШŔŰĬĲǂЯШÉΝЯШƕƨċŰƣŔǯĲƚШƣőĲШƨŰĦĲƖƣċŔŰƣǃШŔŰШƣőĲШŸƨƣƓƨƣШƻċƖŔċĤũĲШƣőċƣШŔƚШċƣƣƖŔĤƨƣĲĬШƣŸШƻċƖǃŔŰŊШ
ŸŰũǃШƣőċƣШƓċƖċůĲƣĲƖЮШÑőĲШƣŸƣċũШƚĲŰƚŔƣŔƻŔƣǃШŔŰĬĲǂЯШÉÑЯШƕƨċŰƣŔǯĲƚШƣőĲШƨŰĦĲƖƣċŔŰƣǃШŔŰШƣőĲШŸƨƣƓƨƣШ
ƻċƖŔċĤũĲШƣőċƣШŔƚШċƣƣƖŔĤƨƣĲĬШƣŸШƻċƖǃŔŰŊШċШĦőŸƚĲŰШƓċƖċůĲƣĲƖШŔŰШĦŸůĤŔŰċƣŔŸŰШƽŔƣőШƣőĲШŸƣőĲƖШƚĲũĲĦƣĲĬШ
ƓċƖċůĲƣĲƖƚШыÉċũƣĲũũŔШĲƣШċũЮЯШΞΜΜΥьЮШÑőĲШƖċŰŊĲШŸŉШƻċũƨĲƚШŉŸƖШƣőĲШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƽĲƖĲШƣċťĲŰШŉƖŸůШ
ƣőĲШƣőĲŸƖĲƣŔĦċũШůċǂŔůƨůШċŰĬШůŔŰŔůƨůШŔŰШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШŉŸƖШƣőŸƚĲШůċƣőĲůċƣŔĦċũШ
ĲƕƨċƣŔŸŰƚЮШÑőĲШƖċŰŊĲƚШŉŸƖШ‎τШċŰĬШ‎υШƽĲƖĲШĬĲƣĲƖůŔŰĲĬШƨƚŔŰŊШƣőĲШĤƖĲċťƓŸŔŰƣШůĲƣőŸĬЯШċƚШ
ĬĲƚĦƖŔĤĲĬШĤǃШÂċŰĬĲШĲƣШċũЮШыΞΜΞΠĤьЮШ[ŸƖШƣőĲШũĲċŉШċŰĬШƚƣĲůШƖĲůŸĤŔũŔƚċƣŔŸŰШĲƕƨċƣŔŸŰƚЯШƣőĲШůŔŰŔůƨůШ
ŊƖċĬŔĲŰƣШŔƚШΜШċƚШƣőŔƚШċƚƚƨůĲƚШŰŸШ§ΟШĲǭĲĦƣШŸŰШƖĲůŸĤŔũŔƚċƣŔŸŰШŉŸƖШƣőċƣШƓũċŰƣШƓċƖƣЯШċŰĬШƣőĲШ
ůċǂŔůƨůШŊƖċĬŔĲŰƣШƽċƚШĦċũĦƨũċƣĲĬШĤǃШċƚƚƨůŔŰŊШƣőċƣШƣőĲШŸƣőĲƖШƓũċŰƣШƓċƖƣШőċƚШőċĬШċƚШĦũŸƚĲШƣŸШ
ǍĲƖŸШ§ΟШŔůƓċĦƣШŸŰШƖĲůŸĤŔũŔƚċƣŔŸŰШċƚШŔƚШůċƣőĲůċƣŔĦċũũǃШƓŸƚƚŔĤũĲШŔŰШƣőĲШĲƕƨċƣŔŸŰШŉŸƖůƨũċƣŔŸŰЮШÑŸШ
ĲŰƚƨƖĲШƣőċƣШƣőĲШƓċƖċůĲƣĲƖƚШƖĲůċŔŰĲĬШƽŔƣőŔŰШƣőĲШΦΡӖШĦŸŰǯĬĲŰĦĲШŔŰƣĲƖƻċũШŸŉШƣőĲШĲǂƓĲƖŔůĲŰƣċũШ
ĬċƣċШŸŰШƖĲůŸĤŔũŔƚċƣŔŸŰЯШ[ŔŊƨƖĲШΞЮΞШƽċƚШƓũŸƣƣĲĬШŔŰШ?ĲƚůŸƚЯШċŰĬШƣőĲШƻċũƨĲƚШŸŉШ 



ΤΡ 
 

ά ШċŰĬШά ШƽĲƖĲШƻċƖŔĲĬЮШ[ŸƖШĲċĦőШĦċƚĲЯШƽőĲŰШŸŰĲШƓċƖċůĲƣĲƖШƽċƚШƚĲƣШƣŸШǍĲƖŸЯШƣőĲШŸƣőĲƖШƽċƚШ
ċĬŢƨƚƣĲĬШƣŸШĲŰƚƨƖĲШƣőċƣШƣőĲШƖĲůŸĤŔũŔƚċƣŔŸŰШƻċũƨĲƚШŉĲũũШƽŔƣőŔŰШƣőĲШƚƓĲĦŔǯĲĬШĦŸŰǯĬĲŰĦĲШŔŰƣĲƖƻċũЮШfŉШ
ŰŸШƻċũƨĲШŉŸƖШά ШŸƖШά ШƚċƣŔƚǯĲĬШƣőŔƚШĦŸŰĬŔƣŔŸŰЯШƣőĲШŸƣőĲƖШƓċƖċůĲƣĲƖШƽċƚШŔŰĦƖĲůĲŰƣċũũǃШ
ŔŰĦƖĲċƚĲĬШŉƖŸůШǍĲƖŸШƚŸШƣőċƣШŔƣШőċĬШůŔŰŔůċũШŔůƓċĦƣШŸŰШƖĲůŸĤŔũŔƚċƣŔŸŰШƽőŔũĲШůċŔŰƣċŔŰŔŰŊШ
ĦŸŰƚŔƚƣĲŰĦǃШƽŔƣőШƣőĲШΦΡӖШĦŸŰǯĬĲŰĦĲШŔŰƣĲƖƻċũЮШÑőŔƚШċƓƓƖŸċĦőШċũũŸƽĲĬШƖĲůŸĤŔũŔƚċƣŔŸŰШƣŸШĤĲШ
ƖĲċƚŸŰċĤũǃШċƓƓƖŸǂŔůċƣĲĬШƽŔƣőŔŰШƣőĲШĤŸƨŰĬƚШŸŉШƣőĲШĲǂƓĲƖŔůĲŰƣċũШĬċƣċЮ 

ÑċĤũĲЮΥдΥжЮÑőĲЮƓċƖċůĲƣĲƖƚЮŔŰĦũƨĬĲĬЮŔŰЮƣőĲЮƚĲŰƚŔƣŔƻŔƣǃЮċŰċũǃƚŔƚЮċũŸŰŊЮƽŔƣőЮċЮƚƓĲĦŔǯĦċƣŔŸŰЮŸŉЮƣőĲЮƻċũƨĲƚЮŉŸƖЮƣőĲЮƖċŰŊĲƚЮ
ĤĲƣƽĲĲŰЮƽőŔĦőЮƣőĲǃЮƽĲƖĲЮƻċƖŔĲĬЮŔŰЮĬƨƖŔŰŊЮƣőĲЮċŰċũǃƚŔƚд 

ÂċƖċůĲƣĲƖ ÖŰŔƣ EǂƓũċŰċƣŔŸŰ ~ŔŰŔůƨů ~ċǂŔůƨů 

‎τ р §ΟШũŸŰŊрƣĲƖůШĬċůċŊĲШĦŸрĲǭŔĦŔĲŰƣШ
ĬĲƣĲƖůŔŰŔŰŊШŸŰƚĲƣШŸŉШƚĲŰĲƚĦĲŰĦĲ 

ΜЮΝ ΝΜ 

‎υ р §ΟШũŸŰŊрƣĲƖůШĬċůċŊĲШĦŸрĲǭŔĦŔĲŰƣШ
ĬĲƣĲƖůŔŰŔŰŊШůċƣƨƖŔƣǃ 

ΜЮΝ ΝЮΡ 

ά  р ]ƖċĬŔĲŰƣШŸŉШƖĲŊƖĲƚƚŔŸŰШ
ĬĲƣĲƖůŔŰŔŰŊШůŔŰŔůƨůШũĲċŉШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШ
ыŔŰǰƨĲŰĦĲƚШőŸƽШůƨĦőШũĲċŉШ ШŔƚШ
ċƻċŔũċĤũĲШŉŸƖШƖĲůŸĤŔũŔƚċƣŔŸŰь 

Μ ΟЮΜΞΠ 

ά  р ]ƖċĬŔĲŰƣШŸŉШƖĲŊƖĲƚƚŔŸŰШ
ĬĲƣĲƖůŔŰŔŰŊШůŔŰŔůƨůШƚƣĲůШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШ
ыŔŰǰƨĲŰĦĲƚШőŸƽШůƨĦőШƚƣĲůШ ШŔƚШ
ċƻċŔũċĤũĲШŉŸƖШƖĲůŸĤŔũŔƚċƣŔŸŰь 

Μ ΜЮΜΟΝΞ 

ΞЮΡШÅĲƚƨũƣƚ 

ΞЮΡЮΝШEŰĬШŸŉШƚĲċƚŸŰШŊƖċŔŰШ?~ШċŰĬШ ӖШŔŰШŊƖċŔŰЯШũĲċŉШċŰĬШƚƣĲů 
[ŔŊƨƖĲШΞЮΠШƚőŸƽƚШƣőĲШĲƻċũƨċƣŔŸŰШŸŉШƣőĲШŊƖċŔŰШ?~ЯШċŰĬШŊƖċŔŰЯШũĲċŉШċŰĬШƚƣĲůШ ӖШƚŔůƨũċƣŔŸŰƚЮШxĲċŉШ
ċŰĬШƚƣĲůШ ШĬċƣċШƽĲƖĲШŸŰũǃШċƻċŔũċĤũĲШŔŰШΞΜΞΝЯШőĲŰĦĲШƣőĲШũĲċŉШċŰĬШƚƣĲůШƓũŸƣƚШŸŰũǃШƨƚĲШĬċƣċШŉƖŸůШ
ΞΜΞΝЮШ ĬĬŔƣŔŸŰċũũǃЯШŉŸƖШΞΜΞΝЯШƣőĲШƓũċŰƣШĬŔĬШŰŸƣШƓƨƣШŸŰШċŰǃШŊƖċŔŰШыƣőĲШƖĲċƚŸŰШŉŸƖШƽőŔĦőШŔƚШƨŰťŰŸƽŰШ
ы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠььШƽőŔĦőШůĲċŰƣШŔƣШƽċƚШŰŸƣШƓŸƚƚŔĤũĲШƣŸШƨƚĲШƣőĲШŊƖċŔŰШ?~ШŸƖШ
ŊƖċŔŰШ ШĬċƣċШŉŸƖШƣőċƣШǃĲċƖЮШcŸƽĲƻĲƖЯШƚŔŰĦĲШƣőŔƚШƽċƚШƣőĲШŸŰũǃШǃĲċƖШŸŉШĬċƣċШŉŸƖШƽőŔĦőШƚƣĲůШċŰĬШũĲċŉШ
 ӖШůĲċƚƨƖĲůĲŰƣƚШƽĲƖĲШċƻċŔũċĤũĲШċŰĬШƣőĲШƓũċŰƣƚШĬĲƻĲũŸƓĲĬШċŰĬШǰŸƽĲƖĲĬШŰŸƖůċũũǃЯШƣőĲШ
ĬĲĦŔƚŔŸŰШƽċƚШůċĬĲШƣŸШƓƖŸĦĲĲĬШƽŔƣőШƣőĲƚĲШĬċƣċШŉŸƖШƚƣĲůШċŰĬШũĲċŉШƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮШ[ŸƖШΞΜΝΣЯШ
ƣőĲШůŸĬĲũШĦċƓƣƨƖĲĬШƣőĲШŊƖċŔŰШ?~ШċŰĬШƣőĲШŊƖċŔŰШ ӖШůŸƖĲШƓƖĲĦŔƚĲũǃШƣőċŰШŉŸƖШƣőĲШǃĲċƖШΞΜΝΡЮШfŰШ
ΞΜΝΡЯШƣőĲШƨŰĬĲƖрĲƚƣŔůċƣĲШŸŉШŊƖċŔŰШ?~ШƖĲƚƨũƣĲĬШŔŰШċŰШŸƻĲƖĲƚƣŔůċƣŔŸŰШŸŉШŊƖċŔŰШ ӖЮШÑőĲШƚƣĲůШċŰĬШ
ũĲċŉШ ӖШċƣШċŰƣőĲƚŔƚШŔƚШĤĲƣƣĲƖШƚŔůƨũċƣĲĬШƣőċŰШċƣШőċƖƻĲƚƣЮШcċƖƻĲƚƣШũĲċŉШ ШŔƚШŸƻĲƖĲƚƣŔůċƣĲĬШĤǃШ
ĤĲƣƽĲĲŰШΞΜрΝΞΜӖЯШƽőŔũĲШőċƖƻĲƚƣШƚƣĲůШ ШŸƻĲƖĲƚƣŔůċƣŔŸŰƚШƖċŰŊĲШŉƖŸůШӈΠΜрΝΞΜӖЮШcŸƽĲƻĲƖЯШŔŰШ
ĤŸƣőШƣőĲШƚƣĲůШċŰĬШƣőĲШũĲċŉЯШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШŸƻĲƖрĲƚƣŔůċƣĲĬШċƣШĤŸƣőШċŰƣőĲƚŔƚШċŰĬШőċƖƻĲƚƣЯШ
ĬĲƚƓŔƣĲШƣőĲШĦċũŔĤƖċƣŔŸŰШƚőŸƽŔŰŊШƣőĲШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŉƖŸůШƣőĲШũĲċŉШċŰĬШƚƣĲůШƨŰĬĲƖШƣőĲШ



ΤΣ 
 

ĬŔǭĲƖŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽċƚШƽĲũũШĦċƓƣƨƖĲĬШыƚĲĲШ[ŔŊƨƖĲШΞЮΞьЮШÑőĲШÅΞШƻċũƨĲƚШыĦċũĦƨũċƣĲĬШƨƚŔŰŊШ
ƚĦŔťŔƣШxĲċƖŰЯШĬĲƻĲũŸƓĲĬШĤǃШÂĲĬƖĲŊŸƚċШĲƣШċũЮШыΞΜΝΝььШŉŸƖШŊƖċŔŰШ?~ШċŰĬШŊƖċŔŰШ ӖШċƖĲШŰĲŊċƣŔƻĲЯШ
ŔůƓũǃŔŰŊШƣőċƣШƣőĲШůŸĬĲũШƚŔůƨũċƣŔŸŰƚШċƖĲШƽŸƖƚĲШƣőċŰШƨƚŔŰŊШƣőĲШůĲċŰШŸŉШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШыƚĦŔťŔƣр
ũĲċƖŰШĬĲƻĲũŸƓĲƖƚЯШΞΜΞΟьЮШ 

 

[ŔŊƨƖĲЮΥдΧжЮ§ƨƣƓƨƣЮŸŉЮƣőĲЮ?§ΦÉEц9ƖŸƓЮŊƖċŔŰЮĬƖǃЮůċƣƣĲƖЮƚŔůƨũċƣŔŸŰƚЮċƣЮőċƖƻĲƚƣЮёċђеЮċŰĬЮƣőĲЮŰĲƽũǃЮĬĲƻĲũŸƓĲĬЮ ЮůŸĬƨũĲЮ
ƚŔůƨũċƣŔŸŰƚЮŸŉЮŊƖċŔŰЮ ӜЮċƣЮőċƖƻĲƚƣЮёĤђеЮũĲċŉЮ ӜЮċƣЮċŰƣőĲƚŔƚЮċŰĬЮőċƖƻĲƚƣЮёĦђеЮċŰĬЮƚƣĲůЮ ӜЮċƣЮċŰƣőĲƚŔƚЮċŰĬЮőċƖƻĲƚƣЮёĬђдЮ
ÑőĲЮƚŔůƨũċƣŔŸŰƚЮƚőŸƽŰЮċƖĲЮŉŸƖЮƣőĲЮĲƻċũƨċƣŔŸŰЮĬċƣċƚĲƣƚЮŸŰũǃдЮÑőĲЮĲƻċũƨċƣŔŸŰЮĬċƣċЮċƻċŔũċĤũĲЮĦŸŰƣċŔŰĲĬЮŊƖċŔŰЮĬƖǃЮůċƣƣĲƖЮ
ċŰĬЮ ӜЮŉŸƖЮΥΣΤΨЮċŰĬЮΥΣΤΩеЮƽőĲƖĲċƚЮŉŸƖЮΥΣΥΤЮƣőĲЮƓũċŰƣЮĬŔĬЮŰŸƣЮƓƨƣЮŸŰЮċŰǃЮŊƖċŔŰеЮƚŸЮƣőŔƚЮĬċƣċЮƽċƚЮŰŸƣЮƨƚĲĬЮŉŸƖЮ
ĲƻċũƨċƣŔŸŰдЮxĲċŉЮċŰĬЮƚƣĲůЮ ӜЮĬċƣċЮƽċƚЮŸŰũǃЮċƻċŔũċĤũĲЮŉŸƖЮΥΣΥΤдЮÑőĲЮÅ~ÉEЮċŰĬЮÅΥЮŸŉЮƣőĲЮŸĤƚĲƖƻĲĬЮƻĲƖƚƨƚЮƚŔůƨũċƣĲĬЮ
ĬċƣċЮёŰŸƣЮŔŰĦũƨĬŔŰŊЮĲƖƖŸƖЮĤċƖƚђЮċƖĲЮƚőŸƽŰЮŸŰЮƣőĲЮƓũŸƣƚдЮÑőĲЮĲƖƖŸƖЮĤċƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮůċǂŔůƨůЮċŰĬЮůŔŰŔůƨůЮŸŉЮƣőĲЮ
ĲǂƓĲƖŔůĲŰƣċũЮĬċƣċеЮĲǂĦũƨĬŔŰŊЮŸƨƣũŔĲƖƚеЮŉŸƖЮĦŸůƓċƖŔƚŸŰЮƽŔƣőЮƚŔůƨũċƣŔŸŰƚдЮÑőĲЮũĲċŉЮ ӜЮǯŊƨƖĲЮĦŸŰƣċŔŰƚЮĬċƣċЮŉŸƖЮĤŸƣőЮƣőĲЮ
ǰċŊЮċŰĬЮΥŰĬЮũĲċŉдЮ?§ΦÉEц9ƖŸƓЮċŰĬЮƣőĲЮŰĲƽЮ ЮůŸĬƨũĲЮĬŸЮŰŸƣЮĬŔƚĦƖŔůŔŰċƣĲЮĤĲƣƽĲĲŰЮƣőĲƚĲЮƚŸЮƚŔůƨũċƣŔŸŰƚЮŸŉЮũĲċŉЮ ӜЮŉŸƖЮ
ǰċŊЮċŰĬЮΥŰĬЮũĲċŉЮċƖĲЮƣőĲЮƚċůĲ 

ÑőĲШƖĲũċƣŔƻĲШǃŔĲũĬШыÅòьШũŸƚƚШŸŉШƣőĲШΞΜΝΡШƚŔůƨũċƣŔŸŰƚШŔƚШůƨĦőШĤĲƣƣĲƖШƚŔůƨũċƣĲĬШƣőċŰШƣőĲШΞΜΝΣШ
ƚŔůƨũċƣŔŸŰƚШы[ŔŊƨƖĲШΞЮΡьЮШcŸƽĲƻĲƖЯШƣőĲШÅΞШŔƚШΜЯШůĲċŰŔŰŊШƣőċƣШƣőĲШƚŔůƨũċƣŔŸŰƚШƽŸƖťШĲƕƨċũũǃШƽĲũũШċƚШ
ƽőĲŰШƨƚŔŰŊШƣőĲШůĲċŰШŸŉШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШыƚĦŔťŔƣрũĲċƖŰШĬĲƻĲũŸƓĲƖƚЯШΞΜΞΟьЮШìőĲŰШĦŸŰƚŔĬĲƖŔŰŊШ
ŊƖċŔŰШƕƨċũŔƣǃЯШƣőĲШŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШ ӖШƣőċƣШŸĦĦƨƖƚШċƚШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĦƖĲċƚĲЯШŔƚШƚŔůƨũċƣĲĬШ
ƻĲƖǃШĲǭĲĦƣŔƻĲũǃШƽŔƣőШċŰШÅΞШŸŉШΜЮΣШċŰĬШċШÅ~ÉEШŸŉШΠЮΦӖЮШÑőĲШӖШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣШыŊƖċŔŰШ Ш
ĦŸŰƣĲŰƣШůĲċƚƨƖĲĬШŔŰШŊƖċůƚШŸŉШ ШƓĲƖШůΞШŸŉШĦƖŸƓьШŔƚШŰŸƣШƚŔůƨũċƣĲĬШċƚШƽĲũũШċƚШƣőĲШĦőċŰŊĲШŔŰШŊƖċŔŰШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰЯШċƚШŔƚШƚĲĲŰШŉƖŸůШƣőĲШũŸƽĲƖШÅΞШыΜЮΟьШċŰĬШŊƖĲċƣĲƖШÅ~ÉEШыΝΠЮΠьЮШ[ƨƖƣőĲƖЯШ[ŔŊƨƖĲШΞЮΡĦШ
ƚőŸƽƚШƣőċƣШƣőĲШůŸĬĲũШőċĬШƣƖŸƨĤũĲШĦċƓƣƨƖŔŰŊШƣőĲШũċƖŊĲШĬŔǭĲƖĲŰĦĲƚШŔŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣШƣőċƣШ
ŸĦĦƨƖƖĲĬШŔŰШΞΜΝΣЯШĦŸůƓċƖĲĬШƣŸШƣőĲШůƨĦőШƚůċũũĲƖШĬŔǭĲƖĲŰĦĲƚШŔŰШΞΜΝΡЮ 



ΤΤ 
 

 

[ŔŊƨƖĲЮΥдΨжЮÅĲũċƣŔƻĲЮƓũŸƣƚЮŸŉЮƣőĲЮĲƻċũƨċƣŔŸŰЮĬċƣċдЮёċђЮƣőĲЮƖĲũċƣŔƻĲЮǃŔĲũĬЮёÅòђЮũŸƚƚЮŸŉЮƣőĲЮŊƖċŔŰЮ?~ЮƽőĲŰЮƨƚŔŰŊЮƣőĲЮŊƖċŔŰЮ?~Ю
ċƣЮΣЮƓƓĤЮёŸĤƣċŔŰĲĬЮĤǃЮƖĲŊƖĲƚƚŔŰŊЮƣőĲЮƚŔůƨũċƣĲĬЮċŰĬЮŸĤƚĲƖƻĲĬЮǃŔĲũĬƚђЮċƚЮċЮĤċƚĲũŔŰĲдЮёĤђЮƣőĲЮӜЮŔŰĦƖĲċƚĲЮŔŰЮŊƖċŔŰЮ ӜЮċŰĬЮ
ёĦђЮƣőĲЮӜЮĬĲĦƖĲċƚĲЮŔŰЮŊƖċŔŰЮ ЮĦŸŰƣĲŰƣЮёŊůцΥђЮƽőĲŰЮƨƚŔŰŊЮƣőĲЮũŸƽЮ§ΦЮƣƖĲċƣůĲŰƣЮċƚЮċЮĤċƚĲũŔŰĲдЮÑőĲЮÅ~ÉEЮċŰĬЮÅΥЮŸŉЮƣőĲЮ
ŸĤƚĲƖƻĲĬЮƻĲƖƚƨƚЮƚŔůƨũċƣĲĬЮĬċƣċЮёŰŸƣЮŔŰĦũƨĬŔŰŊЮĲƖƖŸƖЮĤċƖƚђЮċƖĲЮƚőŸƽŰЮŸŰЮƣőĲЮƓũŸƣƚд 

ΞЮΡЮΞШÉĲċƚŸŰċũШƓƖŸǯũĲƚШŸŉШŊƖċŔŰШ?~ЯШŊƖċŔŰШ ШĦŸŰƣĲŰƣЯШċŰĬШ ӖШŔŰШƣőĲШŊƖċŔŰЯШ
ũĲċŉШċŰĬШƚƣĲů 
ÑőĲШƓƖŸǯũĲШŸŉШŊƖċŔŰШ?~ШċĦĦƨůƨũċƣŔŸŰШŸƻĲƖШƣŔůĲШŉŸƖШċũũШƣƖĲċƣůĲŰƣƚШŔƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΞЮΣШŉŸƖШΞΜΝΡШ
ċŰĬШΞΜΝΣЯШċŰĬШŉŸƖШċũũШǃĲċƖƚШŔŰШƚƨƓƓũĲůĲŰƣċƖǃШ[ŔŊƨƖĲШÉΞЮΡЮШ[ƖŸůШƣőĲШƓƖŸǯũĲƚШƽĲШƚĲĲШƣőċƣШŔŰŔƣŔċũũǃШ
ċĦĦƨůƨũċƣŔŸŰШŸŉШŊƖċŔŰШ?~ШŔƚШƚũŸƽЯШƣőĲŰШċƣШĬċǃƚШΞΜΜШċŰĬШΝΦΞШŉŸƖШΞΜΝΡШċŰĬШΞΜΝΣШƖĲƚƓĲĦƣŔƻĲũǃЯШ
ƣőĲƖĲШŔƚШċШƖċƓŔĬШŔŰĦƖĲċƚĲЮШ[ƖŸůШƣőĲШƓũŸƣƚШƽĲШĦċŰШƚĲĲШƣőĲШ§ΟШĲǭĲĦƣШŸŰШŊƖċŔŰШ?~ШċĦĦƨůƨũċƣŔŸŰШ
ĤĲŊŔŰƚШċƖŸƨŰĬШΡрΝΜШĬċǃƚШƓŸƚƣрċŰƣőĲƚŔƚЮ 

 

[ŔŊƨƖĲЮΥдΩжЮÑőĲЮƓƖŸǯũĲЮŸŉЮƚŔůƨũċƣĲĬЮŊƖċŔŰЮ?~ЮŉŸƖЮΥΣΤΨЮёċђЮċŰĬЮΥΣΤΩЮёĤђдЮ~ŔĬцċŰƣőĲƚŔƚЮŔƚЮŔŰĬŔĦċƣĲĬЮŸŰЮƣőĲЮŊƖċƓőЮċƚЮċЮ
ƻĲƖƣŔĦċũЮĬŸƣƣĲĬЮũŔŰĲЮċŰĬЮƣőĲЮĬŔǭĲƖĲŰƣЮũŔŰĲЮƚƣǃũĲƚЮŸŰЮƣőĲЮƓũŸƣЮƖĲƓƖĲƚĲŰƣЮƣőĲЮƚŔůƨũċƣŔŸŰƚЮŉŸƖЮƣőĲЮĬŔǭĲƖĲŰƣЮ§ΦЮ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚд 

[ŔŊƨƖĲШΞЮΤШƚőŸƽƚШƣőĲШĦőċŰŊĲШŔŰШƚŔůƨũċƣĲĬШŊƖċŔŰШ ӖШċŰĬШŊƖċŔŰШ ШĦŸŰƣĲŰƣШċƚШċШŉƨŰĦƣŔŸŰШŸŉШƣŔůĲШ
ƨŰĬĲƖШƣőĲШĬŔǭĲƖĲŰƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ ƚШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĦƖĲċƚĲЯШƣőĲШċĤƚŸũƨƣĲШŊƖċŔŰШ Ш
ĦŸŰƣĲŰƣШŔŰШŊůрΞШы[ŔŊƨƖĲќƚШΞЮΤĦШċŰĬШΞЮΤĬьШĬĲĦƖĲċƚĲƚШŉŸƖШĤŸƣőШǃĲċƖƚЮШ[ŔŊƨƖĲƚШΞЮΤċШċŰĬШΞЮΤĤШċƓƓĲċƖШ
ƣŸШƚőŸƽШċШƻĲƖǃШƚőċƖƓШŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШ ӖШċƚШƣőĲШŊƖċŔŰШƚƣċƖƣƚШǯũũŔŰŊШƽŔƣőШ ШċŉƣĲƖШċŰƣőĲƚŔƚЯШċŰĬШ
ƣőĲŰШċŉƣĲƖШċƓƓƖŸǂŔůċƣũĲǃШΞΜШĬċǃƚШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШƚƣċƖƣƚШƣŸШĬĲĦƖĲċƚĲЮШÑőŔƚШƖċƓŔĬШŔŰĦƖĲċƚĲШŔƚШĬƨĲШ
ƣŸШċШĬŔǭĲƖĲŰĦĲШŔŰШƣőĲШċĦĦƨůƨũċƣŔŸŰШƖċƣĲƚШŸŉШŊƖċŔŰШ?~ШċŰĬШ ШŔŰШƣőĲШůŸĬĲũЯШċŰĬШŔƚШŰŸƣШ
ƖĲƓƖĲƚĲŰƣċƣŔƻĲШŸŉШċШƓũċŰƣШƓƖŸĦĲƚƚШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШ[ŔŊƨƖĲШÉΞЮΝьЮШ?ƨĲШƣŸШƣőĲШũċƖŊĲШƚƓŔťĲШŔŰШ
ŔŰŔƣŔċũШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШŔƣШŔƚШĬŔǭŔĦƨũƣШƣŸШƚĲĲШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƣőĲШĲŰĬШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ



ΤΥ 
 

ÑőĲƖĲŉŸƖĲЯШƣőĲШĲŰĬШƓƖŸǯũĲƚШŸŉШƣőĲШŊƖċŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШĲŰũċƖŊĲĬШŔŰШ[ŔŊƨƖĲќƚШΞЮΤċйШċŰĬШ
ΞЮΤĤйЮШ§ŰĦĲШůċŊŰŔǯĲĬЯШŔƣШŔƚШƓŸƚƚŔĤũĲШƣŸШƚĲĲШƣőĲШŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШ ӖШƽŔƣőШŔŰĦƖĲċƚŔŰŊШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚЮ 

 

[ŔŊƨƖĲЮΥдΪжЮÑőĲЮƚŔůƨũċƣĲĬЮŊƖċŔŰЮ ӜЮŉŸƖЮΥΣΤΨЮёċђеЮċŰĬЮΥΣΤΩЮёĤђеЮċŰĬЮƣőĲЮƚŔůƨũċƣĲĬЮŊƖċŔŰЮ ЮĦŸŰƣĲŰƣЮŔŰЮŊƖċůƚЮƓĲƖЮůĲƣƖĲЮ
ƚƕƨċƖĲĬЮŉŸƖЮΥΣΤΨЮёĦђЮċŰĬЮΥΣΤΩЮёĬђдЮÑőĲЮĬŔǭĲƖĲŰƣЮũŔŰĲЮƚƣǃũĲƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮĬŔǭĲƖĲŰƣЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚдЮ~ŔĬЮċŰƣőĲƚŔƚЮŔƚЮ
ŔŰĬŔĦċƣĲĬЮŸŰЮƣőĲЮŊƖċƓőЮċƚЮċЮĬċƚőĲĬЮƻĲƖƣŔĦċũЮũŔŰĲЮŉŸƖЮĲċĦőЮǃĲċƖдЮÑőĲЮĲŰĬЮƓŸŔŰƣƚЮŸŉЮǯŊƨƖĲƚЮёċђЮċŰĬЮёĤђЮőċƻĲЮĤĲĲŰЮĲŰũċƖŊĲĬЮ
ċŰĬЮċƖĲЮƖĲƓƖĲƚĲŰƣĲĬЮċƚЮǯŊƨƖĲƚЮёċпђЮċŰĬЮёĤпђЮƖĲƚƓĲĦƣŔƻĲũǃЮƚŸЮƣőċƣЮĬŔǭĲƖĲŰĦĲƚЮċƣЮƣőĲЮĲŰĬЮƓŸŔŰƣƚЮĦċŰЮĤĲЮĬŔƚƣŔŰŊƨŔƚőĲĬд 

[ŔŊƨƖĲШΞЮΥШƚőŸƽƚШƣőĲШƚĲċƚŸŰċũШƓƖŸǯũĲШŸŉШũĲċŉШċŰĬШƚƣĲůШ ШĦŸŰƣĲŰƣШċŰĬШӖШƨŰĬĲƖШĬŔǭĲƖŔŰŊШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШÉŔůƨũċƣŔŸŰƚШŸŉШũĲċŉШċŰĬШƚƣĲůШ ӖШы[ŔŊƨƖĲƚШΞЮΥċШċŰĬШΞЮΥĤьШċƖĲШƖĲũċƣŔƻĲũǃШĦŸŰƚƣċŰƣШ
ċƣШƣőĲŔƖШƣċƖŊĲƣШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШыƚĲĲШ ƓƓĲŰĬŔǂШШŉŸƖШƣċƖŊĲƣШ ШĲǂƓũċŰċƣŔŸŰьЯШƨŰƣŔũШċŰƣőĲƚŔƚЯШƚŔŰĦĲШ
ƣőĲШůŸĬĲũШċƚƚƨůĲƚШŰŸШũŔůŔƣċƣŔŸŰƚШƣŸШƚŸŔũШ ШƨƓƣċťĲЮШÑőĲШũĲċŉШċŰĬШƚƣĲůШ ШĦŸŰƣĲŰƣШŔŰĦƖĲċƚĲШŔŰШũŔŰĲШ
ƽŔƣőШŔŰĦƖĲċƚŔŰŊШĤŔŸůċƚƚЮШÂŸƚƣрċŰƣőĲƚŔƚЯШƣőĲШƚƣĲůШĤĲŊŔŰƚШƣŸШƣƖċŰƚŉĲƖШ ШƣŸШƣőĲШŊƖċŔŰЯШċŰĬШƚŸШƣőĲШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШĦŸŰƣĲŰƣШŔŰШƣőĲШƚƣĲůШĬĲĦƖĲċƚĲƚШы[ŔŊƨƖĲƚШΞЮΥĤШċŰĬШΞЮΥĬьЮШÑőĲШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ
 ШŉƖŸůШƣőĲШƚƣĲůШƣŸШƣőĲШŊƖċŔŰШĦŸŰƣŔŰƨĲƚШƓƖŸƻŔĬĲĬШƣőĲШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШĬŸĲƚШŰŸƣШĬĲĦƖĲċƚĲШ
ĤĲũŸƽШƣőĲШůŔŰŔůƨůШы[ŔŊƨƖĲƚШΞЮΥĤШċŰĬШΞЮΥĬьЮШШÑőĲШũĲƻĲũũŔŰŊШŸǭШŸŉШƣőĲШƚƣĲůШ ӖШŔŰШ[ŔŊƨƖĲШΞЮΥĤШ
ƚőŸƽƚШƣőĲШůŔŰŔůƨůШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŉŸƖШƣőċƣШ§ΟШƣƖĲċƣůĲŰƣШőċƚШĤĲĲŰШƖĲċĦőĲĬЮШ ƣШőŔŊőĲƖШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣőĲШƚƣĲůШƖĲůŸĤŔũŔƚĲƚШũĲƚƚШ ШƣŸШƣőĲШŊƖċŔŰƚШċŰĬШƣőĲШǯŰċũШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШ ШŔŰШƣőĲШ
ƚƣĲůШŔƚШŊƖĲċƣĲƖШы[ŔŊƨƖĲƚШΞЮΥĤШċŰĬШΞЮΥĬьЮШfŰŔƣŔċũũǃШũĲċŉШ ӖШċŰĬШĦŸŰƣĲŰƣШĬĲĦƖĲċƚĲƚШŉċƚƣĲƖШŔŰШƣőĲШ
ƚŔůƨũċƣĲĬШƽőĲċƣШƓũċŰƣƚШĲǂƓĲƖŔĲŰĦŔŰŊШŊƖĲċƣĲƖШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШċƚШƚĲŰĲƚĦĲŰĦĲШĤĲŊŔŰƚШĲċƖũŔĲƖШŔŰШ
ƣőĲƚĲШƣƖĲċƣůĲŰƣƚШы[ŔŊƨƖĲƚШΞЮΥċШċŰĬШΞЮΥĦьЮШÑőĲŰЯШċƣШċƖŸƨŰĬШΞΜШĬċǃƚШċŉƣĲƖШůŔĬрċŰƣőĲƚŔƚШƣőĲШ§ΟШ
ĲǭĲĦƣШŸŰШƖĲůŸĤŔũŔƚċƣŔŸŰШƣċťĲƚШŸƻĲƖЯШċŰĬШƣőĲШũĲċŉШ ӖШċŰĬШĦŸŰƣĲŰƣШċƖĲШŊƖĲċƣĲƖШƨŰĬĲƖШŔŰĦƖĲċƚĲĬШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШĬƨĲШƣŸШƣőĲШ§ΟШŔŰőŔĤŔƣŔŸŰШŸŉШ ШƖĲůŸĤŔũŔƚċƣŔŸŰЮ 



ΤΦ 
 

 

[ŔŊƨƖĲЮΥдΫжЮÑőĲЮƚŔůƨũċƣĲĬЮũĲċŉЮёċђЮċŰĬЮƚƣĲůЮёĤђЮ ӜѢƚЮċũŸŰŊЮƽŔƣőЮƣőĲЮƚŔůƨũċƣĲĬЮċĤƚŸũƨƣĲЮ ЮĦŸŰƣĲŰƣЮŔŰЮŊƖċůƚЮƓĲƖЮůĲƣƖĲЮ
ƚƕƨċƖĲĬЮŉŸƖЮƣőĲЮũĲċŉЮёĦђЮċŰĬЮƚƣĲůЮёĬђдЮ~ŔĬцċŰƣőĲƚŔƚЮŔƚЮŔŰĬŔĦċƣĲĬЮŸŰЮƣőĲЮŊƖċƓőЮċƚЮċЮƻĲƖƣŔĦċũЮĬŸƣƣĲĬЮũŔŰĲЮċŰĬЮƣőĲЮĬŔǭĲƖĲŰƣЮ
ũŔŰĲЮƚƣǃũĲƚЮŸŰЮƣőĲЮƓũŸƣЮƖĲƓƖĲƚĲŰƣЮƣőĲЮƚŔůƨũċƣŔŸŰƚЮŉŸƖЮƣőĲЮĬŔǭĲƖĲŰƣЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚдЮÑőĲƚĲЮƓũŸƣƚЮċƖĲЮŉŸƖЮƣőĲЮΥΣΥΤЮ
ƚŔůƨũċƣŔŸŰƚЮŸŰũǃд 

ΞЮΡЮΟШÉĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƖĲƚƨũƣƚ 
[ŔŊƨƖĲƚШΞЮΦċШċŰĬШΞЮΦĤШŔũũƨƚƣƖċƣĲШƣőĲШƖĲƚƨũƣƚШŸŉШƣőĲШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƚƣƨĬǃЯШċŰĬШƚőŸƽШƣőċƣШ
ŊƖĲċƣĲƖШƣőċŰШΣΜӖШŸŉШƣőĲШƻċƖŔċŰĦĲШŔŰШĤŸƣőШŊƖċŔŰШ ШĦŸŰƣĲŰƣШċŰĬШŊƖċŔŰШ ӖШŔŰШƚŔůƨũċƣŔŸŰƚШŸŉШċũũШ§ΟШ
ƣƖĲċƣůĲŰƣƚШŔƚШĲǂƓũċŔŰĲĬШĤǃШƻċƖǃŔŰŊШƣőĲШƓċƖċůĲƣĲƖШĦŸŰƣƖŸũũŔŰŊШƣőĲШŸŰƚĲƣШŸŉШũĲċŉШƚĲŰĲƚĦĲŰĦĲЮШ
ĤƚŸũƨƣĲШŊƖċŔŰШ ШĦŸŰƣĲŰƣШыŊůрΞьШŔƚШůŸƖĲШƚĲŰƚŔƣŔƻĲШƣŸШƻċƖŔċƣŔŸŰƚШŔŰШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШƣőċŰШŊƖċŔŰШ
 ӖЯШċŰĬШŊƖċŔŰШ ӖШŔƚШůŸƖĲШƚĲŰƚŔƣŔƻĲШƣŸШƻċƖŔċƣŔŸŰƚШŔŰШƚĲŰĲƚĦĲŰĦĲрĲŰĬШƣőċŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣЮШ Ш
ƣőƖĲƚőŸũĬШŸŉШÉÑШӂШΜЮΝШƽċƚШƨƚĲĬШĤǃШÉŔũƻĲƚƣƖŸШĲƣШċũЮШыΞΜΝΤьШƣŸШŔĬĲŰƣŔŉǃШŔŰǰƨĲŰƣŔċũШƓċƖċůĲƣĲƖƚШŔŰШƣőĲŔƖШ
ƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚЮШfŰШƣőŔƚШƚƣƨĬǃЯШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШċŰĬШƚĲŰĲƚĦĲŰĦĲШĲŰĬШƽĲƖĲШŉŸƨŰĬШƣŸШĤĲШƣőĲШ
ŸŰũǃШŔŰǰƨĲŰƣŔċũШƓċƖċůĲƣĲƖƚШŸŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣШċŰĬШŊƖċŔŰШ ӖЮШÑőĲШĲǭĲĦƣШŸŉШƻċƖǃŔŰŊШƣőĲШũĲċŉШċŰĬШ
ƚƣĲůШƖĲůŸĤŔũŔƚċƣŔŸŰШċĦĦŸƨŰƣƚШŉŸƖШũĲƚƚШƣőċŰШΞӖШŸŉШƣőĲШƻċƖŔċŰĦĲШŔŰШĤŸƣőШŊƖċŔŰШ ӖШċŰĬШŊƖċŔŰШ Ш
ĦŸŰƣĲŰƣШŉŸƖШċũũШ§ΟШƚŔůƨũċƣŔŸŰƚШċŰĬШĦċŰШĤĲШĦŸŰƚŔĬĲƖĲĬШŰŸŰрŔŰǰƨĲŰƣŔċũЮШÑőĲШŔŰƣĲƖċĦƣŔŸŰƚШĤĲƣƽĲĲŰШ
ƣőĲШƓċƖċůĲƣĲƖƚШƽĲƖĲШĦũŸƚĲШƣŸШǍĲƖŸШŉŸƖШƣőĲШŊƖċŔŰШ ӖЯШċƚШƚőŸƽŰШĤǃШċШƚůċũũШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШÉΝШ
ċŰĬШÉÑЮШìőĲƖĲċƚШċШƚƣƖŸŰŊĲƖШŔŰƣĲƖċĦƣŔŸŰШƽċƚШƚĲĲŰШƽőĲŰШĦŸŰƚŔĬĲƖŔŰŊШċĤƚŸũƨƣĲШŊƖċŔŰШ ШċƚШƣőĲШ
ŸƨƣƓƨƣЮШÑőĲШŰĲŊũŔŊŔĤũĲШÉÑШƣĲƖůƚШŉŸƖШũĲċŉШċŰĬШƚƣĲůШƖĲůŸĤŔũŔƚċƣŔŸŰШŔůƓũǃШƣőċƣШƣőĲШũċƖŊĲƖШÉÑШ
ŸĤƚĲƖƻĲĬШŉŸƖШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШŔŰШ[ŔŊƨƖĲШΞЮΦċШůƨƚƣШĤĲШĬƨĲШƣŸШƣőĲШŔŰƣĲƖċĦƣŔŸŰШĤĲƣƽĲĲŰШ
ƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШċŰĬШĲŰĬЮШ§ŰƚĲƣШŸŉШũĲċŉШƚĲŰĲƚĦĲŰĦĲШƽċƚШƚŔůƨũċƣĲĬШċƚШŸĦĦƨƖƖŔŰŊШΝΡЯШΝΝШċŰĬШΝΞШ
ĬċǃƚШĲċƖũŔĲƖШŔŰШƣőĲШƻĲƖǃШőŔŊőШƻĲƖƚƨƚШũŸƽШƣƖĲċƣůĲŰƣƚШŉŸƖШΞΜΝΡЯШΞΜΝΣШċŰĬШΞΜΞΝШƖĲƚƓĲĦƣŔƻĲũǃЮ 



ΥΜ 
 

 

 

 

[ŔŊƨƖĲЮΥдάжЮÅĲƚƨũƣƚЮŸŉЮƣőĲЮƚĲŰƚŔƣŔƻŔƣǃЮċŰċũǃƚŔƚдЮxŔŊőƣĲƖЮĤċƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮǯƖƚƣЮƚĲŰƚŔƣŔƻŔƣǃЮŔŰĬĲǂеЮÉΤеЮċŰĬЮƣőĲЮĬċƖťĲƖЮĤċƖƚЮ
ƖĲƓƖĲƚĲŰƣЮƣőĲЮƣŸƣċũЮƚĲŰƚŔƣŔƻŔƣǃЮŔŰĬĲǂеЮÉÑдЮÑőĲЮĬŔǭĲƖĲŰƣЮĦŸũŸƨƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮĬŔǭĲƖĲŰƣЮ§ΦЮƣƖĲċƣůĲŰƣƚЮċŰĬЮŉŸƖЮĦũċƖŔƣǃЮċƖĲЮ
ċũƚŸЮŔŰĬŔĦċƣĲĬЮŸŰЮƣőĲЮǂЮƣŔĦťƚдЮ7ƖċĦĲƚЮŊƖŸƨƓЮƣŸŊĲƣőĲƖЮƣőĲЮƖĲƚƨũƣƚЮŸŉЮƣőĲЮƚĲŰƚŔƣŔƻŔƣǃЮċŰċũǃƚŔƚЮŉŸƖЮċЮƓċƖƣŔĦƨũċƖЮƓũċŰƣЮ
ƓƖŸĦĲƚƚдЮÑőĲЮƚŔŰŊũĲЮůŸĬĲũЮƓċƖċůĲƣĲƖЮĦőŸƚĲŰЮƣŸЮƖĲƓƖĲƚĲŰƣЮĲċĦőЮƓũċŰƣЮƓƖŸĦĲƚƚЮŔŰЮƣőŔƚЮċŰċũǃƚŔƚЮŔƚЮĬĲƚĦƖŔĤĲĬЮŔŰЮƚĲĦƣŔŸŰЮ
ΥдΧдΦдЮÑőŔƚЮŊƖċƓőЮƚőŸƽƚЮƣőĲЮċƻĲƖċŊĲĬЮƖĲƚƨũƣƚЮŉŸƖЮƣőĲЮΦЮĬŔǭĲƖĲŰƣЮǃĲċƖƚдЮÑőĲЮĦŸũŸƨƖĲĬЮĤċƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮůĲċŰЮƻċũƨĲЮŸŉЮ
ƣőĲЮƚĲŰƚŔƣŔƻŔƣǃЮŔŰĬĲǂЮŉŸƖЮċũũЮΦЮǃĲċƖƚеЮƽőŔũĲЮƣőĲЮĲƖƖŸƖЮĤċƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮůċǂŔůƨůЮċŰĬЮůŔŰŔůƨůЮƻċũƨĲƚЮŉŸƖЮƣőċƣЮ
ƚĲŰƚŔƣŔƻŔƣǃЮŔŰĬĲǂЮċĦőŔĲƻĲĬЮŔŰЮƣőĲЮƖƨŰƚЮŉŸƖЮƣőĲЮΦЮǃĲċƖƚдЮ[ŔŊƨƖĲЮёċђЮƚőŸƽƚЮƣőĲЮƖĲƚƨũƣƚЮŸŉЮƣőĲЮƚĲŰƚŔƣŔƻŔƣǃЮċŰċũǃƚŔƚЮƽőĲŰЮ
ĦŸŰƚŔĬĲƖŔŰŊЮƣőĲЮċĤƚŸũƨƣĲЮŊƖċŔŰЮ ЮĦŸŰƣĲŰƣЮŔŰЮŊ ЮůцΥЮċƚЮƣőĲЮŸƨƣƓƨƣЮƓċƖċůĲƣĲƖдЮ[ŔŊƨƖĲЮёĤђЮƚőŸƽƚЮƣőĲЮƖĲƚƨũƣƚЮŸŉЮƣőĲЮ
ƚĲŰƚŔƣŔƻŔƣǃЮċŰċũǃƚŔƚЮƽőĲŰЮĦŸŰƚŔĬĲƖŔŰŊЮƣőĲЮƓĲƖĦĲŰƣċŊĲЮŸŉЮ ЮŔŰЮƣőĲЮŊƖċŔŰЮċƚЮƣőĲЮŸƨƣƓƨƣЮƓċƖċůĲƣĲƖЮёΤΣΣпŊ ЮŊ?~цΤђ 



ΥΝ 
 

ΞЮΣШ?ŔƚĦƨƚƚŔŸŰ 

ΞЮΣЮΝШEƻċũƨċƣŔŸŰШŸŉШŊƖċŔŰШ?~ШƚŔůƨũċƣŔŸŰƚ 
ΞЮΣЮΝЮΝШ]ƖċŔŰШ?~ШƚŔůƨũċƣŔŸŰƚШċƣШőċƖƻĲƚƣ 
ÑőĲШƖĲũċƣŔƻĲШǃŔĲũĬШыÅòьШũŸƚƚШŸŉШƣőĲШƽőĲċƣШŔŰШΞΜΝΡШƽċƚШůŸƖĲШċĦĦƨƖċƣĲũǃШƚŔůƨũċƣĲĬШƣőċŰШŔŰШΞΜΝΣЯШ
ĬĲƚƓŔƣĲШƣőĲШŊƖċŔŰШ?~ШĤĲŔŰŊШĤĲƣƣĲƖШƚŔůƨũċƣĲĬШŔŰШΞΜΝΣШƣőċŰШΞΜΝΡШы[ŔŊƨƖĲƚШΞЮΠċШċŰĬШΞЮΡċьЮШÑőĲШ
ƻċƖŔċĤŔũŔƣǃШŸŉШƽőĲƣőĲƖШŊƖċŔŰШ?~ШŸƖШÅòШũŸƚƚШŔƚШĤĲƣƣĲƖШƚŔůƨũċƣĲĬШŸĦĦƨƖƚШĤĲĦċƨƚĲШŔƣШŔƚШŰŸƣШƓŸƚƚŔĤũĲШƣŸШ
ĦċũŔĤƖċƣĲШŊƖċŔŰШ?~ШŔŰĬĲƓĲŰĬĲŰƣũǃШŸŉШƣőĲШ§ΟШĲǭĲĦƣШŸŰШǃŔĲũĬШũŸƚƚЯШĬƨĲШƣŸШŸƻĲƖŰŔŊőƣШ§ΟШ

ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШӂΞΜШƓƓĤШŔŰШƣőĲШƚŸũċƖШĬŸůĲƚЯШƽőŔĦőШŊŔƻĲШċШƓŸũũƨƣċŰƣШĲǭĲĦƣШŸŰШǃŔĲũĬШĲƻĲŰШŔŰШƣőĲШ
ũŸƽĲƚƣШ§ΟШƣƖĲċƣůĲŰƣЮШÉƨĤƚĲƕƨĲŰƣũǃЯШƣőĲƖĲШŔƚШċШƣƖċĬĲрŸǭШĤĲƣƽĲĲŰШċĦőŔĲƻŔŰŊШċШŊƖĲċƣĲƖШċĦĦƨƖċĦǃШŔŰШ
ĲŔƣőĲƖШŊƖċŔŰШ?~ШŸƖШÅòШũŸƚƚШƚŔůƨũċƣŔŸŰƚШċƚШƣőĲШĦƨƖƖĲŰƣШůŸĬĲũШĦŸŰƚƣƖƨĦƣШƽċƚШŰŸƣШċĤũĲШƣŸШĦċƓƣƨƖĲШ
ĤŸƣőШċƣШƣőĲШƚċůĲШƣŔůĲЮШfŰШƣőŔƚШƚƣƨĬǃЯШƣőĲШĬĲĦŔƚŔŸŰШƽċƚШůċĬĲШƣŸШŊŔƻĲШƓƖŔŸƖŔƣǃШƣŸШŊƖĲċƣĲƖШċĦĦƨƖċĦǃШ
ŸŰШƣőĲШƖĲũċƣŔƻĲШ§ΟШĲǭĲĦƣШŸŰШǃŔĲũĬЯШƚŸШƣőċƣШƽĲШĦŸƨũĬШĤĲƣƣĲƖШƣĲƚƣШŸƨƖШƚŔůƨũċƣŔŸŰƚШŸŉШƣőĲШƖĲũċƣŔƻĲШ
ĲǭĲĦƣШŸŉШ§ΟШŸŰШŊƖċŔŰШƕƨċũŔƣǃЮШ[ƨƖƣőĲƖЯШƣőĲШƚƓũŔƣƣŔŰŊШŸŉШĬċƣċШŉŸƖШĦċũŔĤƖċƣŔŸŰШċŰĬШĲƻċũƨċƣŔŸŰШƽċƚШ
ƖċŰĬŸůŔƚĲĬЮШÑőĲШƖċŰĬŸůŔƚċƣŔŸŰШƖĲƚƨũƣĲĬШŔŰШƣőĲШĦċũŔĤƖċƣŔŸŰШƚŔůƨũċƣŔŸŰƚШŉŸƖШΞΜΝΡШőċƻŔŰŊШċШƚũŔŊőƣũǃШ
ũŸƽĲƖШŊƖċŔŰШ?~ЯШċŰĬШőĲŰĦĲШƣőĲШŊƖċŔŰШ?~ШŉŸƖШΞΜΝΡШŔŰШƣőĲШĲƻċũƨċƣŔŸŰШƚŔůƨũċƣŔŸŰƚШƽċƚШ
ƨŰĬĲƖĲƚƣŔůċƣĲĬЮ 

ΞЮΣЮΝЮΞШÉĲċƚŸŰċũШƓƖŸǯũĲƚШŸŉШŊƖċŔŰШ?~ШċĦĦƨůƨũċƣŔŸŰ 
]ƖċŔŰШ?~ШċĦĦƨůƨũċƣŔŸŰШƓƖŸǯũĲƚШŉŸũũŸƽШċŰШċƓƓƖŸǂŔůċƣĲШƚŔŊůŸŔĬШƚőċƓĲЯШƽŔƣőШċШљĤƨůƓњШŔŰШƣőĲШ
ŊƖċŔŰШ?~ШƓƖŸǯũĲШŸĦĦƨƖƖŔŰŊШƽőĲŰШƣőĲШƚƣĲůШĤĲŊŔŰƚШƣŸШċũũŸĦċƣĲШ?~ШƣŸШƣőĲШŊƖċŔŰШы[ŔŊƨƖĲƚШΞЮΣċЯШΞЮΣĤШ
ċŰĬШÉΞЮΡьЮШÖŰĬĲƖШőŔŊőĲƖШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШŊƖċŔŰШ?~ШŔƚШƖĲĬƨĦĲĬШӈΡрΝΜШĬċǃƚШċŉƣĲƖШůŔĬрċŰƣőĲƚŔƚЮШ
ìőŔũĲШƓƖŸǯũĲƚШŸŉШŊƖċŔŰШ?~ШċĦĦƨůƨũċƣŔŸŰШőċƻĲШŰŸƣШǃĲƣШĤĲĲŰШƚƣƨĬŔĲĬШŉŸƖШ§ΟЯШƣőĲǃШőċƻĲШĤĲĲŰШ
ƚƣƨĬŔĲĬШŉŸƖШŸƣőĲƖШƚƣƖĲƚƚŸƖƚШƚƨĦőШċƚШĬƖŸƨŊőƣЮШ]ŔƻĲŰШƣőċƣШĤŸƣőШĬƖŸƨŊőƣШƚƣƖĲƚƚШċŰĬШ§ΟШĬċůċŊĲШċƖĲШ
Å§ÉШůĲĬŔċƣĲĬШƽĲШĦċŰШĲǂƓĲĦƣШƣőĲŔƖШĲǭĲĦƣƚШŸŰШƣőĲШƚĲċƚŸŰċũШƓƖŸǯũĲƚШŸŉШ?~ШċŰĬШ ШƣŸШĤĲШƚŔůŔũċƖЯШ
ƽőĲƖĲШƣőĲШƚƣƖĲƚƚĲƚШŸĦĦƨƖШĦŸŰƣŔŰƨŸƨƚũǃШƣőƖŸƨŊőŸƨƣШƣőĲШŊƖŸƽŔŰŊШƚĲċƚŸŰШыuőċŰŰċр9őŸƓƖċЯШΞΜΝΞбШ
EůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШxŔƨШĲƣШċũЮШыΞΜΞΜьШŉŸƨŰĬШƣőċƣШĬƖŸƨŊőƣрƚƣƖĲƚƚĲĬШƽőĲċƣШŔŰŔƣŔċũũǃШőċĬШċШőŔŊőĲƖШ
ŊƖċŔŰШƽĲŔŊőƣШƣőċŰШƽĲũũрƽċƣĲƖĲĬШƽőĲċƣШΤШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚЯШĤƨƣШĤǃШΞΥШĬċǃƚШƣőĲШƽĲũũрƽċƣĲƖĲĬШ
ƽőĲċƣШőċĬШƚƨƖƓċƚƚĲĬШƣőĲШĬƖŸƨŊőƣШƚƣƖĲƚƚĲĬШƽőĲċƣШŔŰШƽĲŔŊőƣЮШÉŔůŔũċƖũǃЯШüőċŰŊШĲƣШċũЮШыΞΜΝΡьШŉŸƨŰĬШ
ƣőĲШŊƖċŔŰШƽĲŔŊőƣШŸŉШĬƖŸƨŊőƣрƚƣƖĲƚƚĲĬШƽőĲċƣШƽċƚШőŔŊőĲƖШΝΞрΞΜШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚЯШĤƨƣШĤǃШΟΣШĬċǃƚШ
őċĬШĤĲĲŰШƚƨƖƓċƚƚĲĬШĤǃШƣőĲШƽĲũũрƽċƣĲƖĲĬШƽőĲċƣЮШfŰШůċŔǍĲЯШ]ƨŸШĲƣШċũЮШыΞΜΞΝьШŉŸƨŰĬШċШĬĲĦƖĲċƚĲШŔŰШ
ťĲƖŰĲũШŉƖĲƚőШƽĲŔŊőƣШƨŰĬĲƖШĬƖŸƨŊőƣШƚƣƖĲƚƚШΝΜШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚЯШƽŔƣőШƣőĲШĲǭĲĦƣШĦŸŰƚŔƚƣĲŰƣШƣŸШƣőĲШ
ĲŰĬШŸŉШƣőĲШƚƣƨĬǃЯШċƚШŔŰШƣőĲШƓƖĲƚĲŰƣШŊƖċŔŰШ?~ШƓƖŸǯũĲƚШŉŸƖШƽőĲċƣЮШcŸƽĲƻĲƖЯШxŔƨШĲƣШċũЮШыΞΜΞΜьШċŰĬШ
üőċŰŊШĲƣШċũЮШыΞΜΝΡьШƽőŸШĬŔĬШƚƣƨĬǃШƽőĲċƣЯШĬŔĬШŰŸƣШŸĤƚĲƖƻĲШċШĦŸŰƚŔƚƣĲŰƣũǃШũŸƽĲƖШŊƖċŔŰШ?~ШŉŸƖШƣőĲШ
ĬƖŸƨŊőƣрƚƣƖĲƚƚĲĬШƽőĲċƣШċƚШŸĤƚĲƖƻĲĬШŔŰШƣőŔƚШƚƣƨĬǃШы[ŔŊƨƖĲШΞЮΣьЮШcŸƽĲƻĲƖЯШƣőĲŔƖШƓƖŸǯũĲƚШƽĲƖĲШ
ĤċƚĲĬШŸŰШŔŰĬŔƻŔĬƨċũШŊƖċŔŰƚШыxŔƨШĲƣШċũЮЯШΞΜΞΜьШċŰĬШƣőĲШƣőŸƨƚċŰĬШŊƖċŔŰШƽĲŔŊőƣШŸŉШƣőĲШΠШůċŔŰШƚƓŔťĲƚШ
ыüőċŰŊШĲƣШċũЮЯШΞΜΝΡьЮШ ĲŔƣőĲƖШŸŉШƣőŸƚĲШƻċũƨĲƚШƣċťĲШŔŰƣŸШĦŸŰƚŔĬĲƖċƣŔŸŰШƣőĲШƖĲĬƨĦĲĬШŰƨůĤĲƖШŸŉШ
ŊƖċŔŰƚШƓĲƖШƓũċŰƣШƣőċƣШŸĦĦƨƖƚШƨŰĬĲƖШĬƖŸƨŊőƣШƚƣƖĲƚƚШы~ċƖŔĲůШĲƣШċũЮЯШΞΜΞΝьЮШÅĲĬƨĦĲĬШŊƖċŔŰШŰƨůĤĲƖƚШ
ċƖĲШċũƚŸШŸĤƚĲƖƻĲĬШƨŰĬĲƖШ§ΟШƚƣƖĲƚƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШÑőĲƖĲŉŸƖĲЯШċШĦŸŰƚŔƚƣĲŰƣũǃШũŸƽĲƖШŊƖċŔŰШ
?~ШƓƖŸǯũĲШƽőĲŰШƓƖĲƚĲŰƣĲĬШċƚШċШŊƖċŔŰШ?~ШƓĲƖШůĲƣƖĲШƚƕƨċƖĲĬШыċƚШŔŰШƣőŔƚШƚƣƨĬǃьШůċǃШĤĲШĲǂƓĲĦƣĲĬШ
ŉŸƖШŔŰĦƖĲċƚŔŰŊШũĲƻĲũƚШŸŉШƚƣƖĲƚƚЮШÑŸŊĲƣőĲƖЯШƣőĲƚĲШĬċƣċШƚƨŊŊĲƚƣШƣőċƣШĬŔǭĲƖĲŰĦĲƚШŔŰШŊƖċŔŰШ?~Ш
ċĦĦƨůƨũċƣŔŸŰШƨŰĬĲƖШĬƖŸƨŊőƣШƚƣƖĲƚƚШċƖĲШĲƻŔĬĲŰƣШċƚШĲċƖũǃШċƚШΤрΝΜШĬċǃƚШƓŸƚƣрċŰƣőĲƚŔƚЮШÑőĲƖĲŉŸƖĲЯШŔƣШ
ŔƚШŰŸƣШƨŰƖĲċƚŸŰċĤũĲШƣőċƣШŸƨƖШƚŔůƨũċƣŔŸŰƚШƣŸШƚőŸƽШċШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШ?~ШċĦĦƨůƨũċƣŔŸŰШŔŰШ§ΟШ
ĲǂƓŸƚĲĬШƽőĲċƣШΡрΝΜШĬċǃƚШċŉƣĲƖШůŔĬрċŰƣőĲƚŔƚЮШ[ƨƖƣőĲƖЯШĦŸŰƚŔĬĲƖŔŰŊШƣőĲШŊƖċŔŰШ?~ШƓĲƖШůĲƣƖĲШ
ƚƕƨċƖĲĬЯШƽĲШůċǃШĲǂƓĲĦƣШƣŸШƚĲĲШċШĦŸŰƚŔƚƣĲŰƣũǃШũŸƽĲƖШŊƖċŔŰШ?~ШŉŸƖШƓũċŰƣƚШĲǂƓĲƖŔĲŰĦŔŰŊШŊƖĲċƣĲƖШ§ΟШ
ƚƣƖĲƚƚЮ 



ΥΞ 
 

ΞЮΣЮΞШEƻċũƨċƣŔŸŰШŸŉШŊƖċŔŰШ ШƚŔůƨũċƣŔŸŰƚ 
ΞЮΣЮΞЮΝШ]ƖċŔŰШ ШƚŔůƨũċƣŔŸŰƚШċƣШőċƖƻĲƚƣ 
cċƖƻĲƚƣШŊƖċŔŰШ ӖШŔƚШƚŔůƨũċƣĲĬШƽĲũũШŉŸƖШΞΜΝΣЯШƽőĲŰШƣőĲШŊƖċŔŰШ?~ШŔƚШůŸƖĲШĦũŸƚĲũǃШĦċƓƣƨƖĲĬШ
ы[ŔŊƨƖĲќƚШΞЮΠċШċŰĬШΞЮΠĤьЮШcŸƽĲƻĲƖЯШŔŰШΞΜΝΡЯШƽőĲŰШƣőĲШŊƖċŔŰШ?~ШŔƚШƨŰĬĲƖрĲƚƣŔůċƣĲĬЯШƣőĲШŊƖċŔŰШ ӖШ
ŔƚШŸƻĲƖрĲƚƣŔůċƣĲĬЮШÑőĲШŸƻĲƖрĲƚƣŔůċƣŔŸŰШŸŉШŊƖċŔŰШ ӖШŔƚШƖĲĬƨĦĲĬШƽőĲŰШƣőĲШŸĤƚĲƖƻĲĬЯШƖċƣőĲƖШƣőċŰШ
ƚŔůƨũċƣĲĬЯШŊƖċŔŰШ?~ШƻċũƨĲƚШċƖĲШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШŊƖċŔŰШ ӖШыĬċƣċШŰŸƣШƚőŸƽŰьЮШÑőŔƚШƚƨŊŊĲƚƣƚШƣőċƣШ
ƣőĲШŰĲƽũǃШĬĲƻĲũŸƓĲĬШ ШůŸĬƨũĲШĦċŰШƚŔůƨũċƣĲШƣőĲШċĤƚŸũƨƣĲШŊƖċŔŰШ ӖШƨŰĬĲƖШĬŔǭĲƖŔŰŊШ§ΟШ
ƣƖĲċƣůĲŰƣƚШċĦĦƨƖċƣĲũǃЯШƓƖŸƻŔĬĲĬШŊƖċŔŰШ?~ШŔƚШƚŔůƨũċƣĲĬШƽĲũũЮ 

ÑőĲШůŸĬĲũШĦċƓƣƨƖĲĬШƣőĲШŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШ ӖШыΝΜΜйŊ ШŊ?~рΝьШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШůƨĦőШĤĲƣƣĲƖШ
ƣőċŰШƣőĲШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣШыŊ ШůрΞьШы[ŔŊƨƖĲќƚШΞЮΡĤШċŰĬШΞЮΡĦьЮШÑőĲШůŸĬĲũШƽċƚШ
ĦċũŔĤƖċƣĲĬШƣŸШŊƖċŔŰШ ӖШċƚШƣőĲШƖĲƚƓŸŰƚĲШŸŉШŊƖċŔŰШ ӖШƣŸШ§ΟШƽċƚШůŸƖĲШĦŸŰƚŔƚƣĲŰƣШĤĲƣƽĲĲŰШǃĲċƖƚШ
ƣőċŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣЮШ7ĲƣƽĲĲŰШƣőĲШƣƽŸШǃĲċƖƚШŸŉШĬċƣċШƣőĲƖĲШƽĲƖĲШũċƖŊĲШĬŔǭĲƖĲŰĦĲƚШŔŰШƣőĲШŊƖċŔŰШ Ш
ĦŸŰƣĲŰƣШŸŉШƣőĲШƽőĲċƣШċƣШőċƖƻĲƚƣЯШƣőĲШƖĲċƚŸŰШŉŸƖШƽőŔĦőШŔƚШƨŰĦũĲċƖЯШƣőŸƨŊőШŔƣШĦŸƨũĬШƓċƖƣŔċũũǃШĤĲШĬƨĲШ
ƣŸШƣőĲШĬŔǭĲƖĲŰĦĲƚШŔŰШŊƖċŔŰШ?~ШĤĲƣƽĲĲŰШƣőĲШƣƽŸШǃĲċƖƚЮШÉŔŰĦĲШƣőĲШŊƖċŔŰШ ШĦŸŰƣĲŰƣШƽċƚШƚŸШĬŔǭĲƖĲŰƣШ
ĤĲƣƽĲĲŰШƣőĲШΞΜΝΡШċŰĬШΞΜΝΣШĬċƣċƚĲƣƚШŉŸƖШċũũШƣƖĲċƣůĲŰƣƚЯШƣőĲШůŸĬĲũШƚƣƖƨŊŊũĲĬШƣŸШůċƣĦőШĤŸƣőШ
ǃĲċƖƚШƽőĲŰШƚŔůƨũċƣŔŰŊШƣőĲШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШŔŰƣĲƖĬĲƓĲŰĬĲŰĦĲШ
ĤĲƣƽĲĲŰШŊƖċŔŰШ?~ШċŰĬШ ШůĲċŰƣШƣőċƣШŔŰШƣőĲШĦċũŔĤƖċƣŔŸŰЯШĦőċŰŊŔŰŊШŸŰĲШŸŉШƣőĲůШƚƨĤƚĲƕƨĲŰƣũǃШ
ĦőċŰŊĲƚШŊƖċŔŰШ ӖЯШůċťŔŰŊШƣőĲШĦċũŔĤƖċƣŔŸŰШƓƖŸĦĲƚƚШůŸƖĲШĬŔǭŔĦƨũƣШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШ[ŔŊƨƖĲШ
ÉΞЮΝьЮШfŉШƣőĲШƽőĲċƣШŔŰШΞΜΞΝШőċĬШƓƨƣШŸŰШŊƖċŔŰЯШƣőĲШŊƖċŔŰШ ШůĲċƚƨƖĲůĲŰƣƚШƽŸƨũĬШőċƻĲШĤĲĲŰШ
ŔŰƻċũƨċĤũĲШŔŰШĬĲƣĲƖůŔŰŔŰŊШƽőŔĦőШŸŉШΞΜΝΡШċŰĬШΞΜΝΣШőċĬШƣőĲШůŸƖĲШĦŸůůŸŰШƖĲƚƓŸŰƚĲШŸŉШŊƖċŔŰШ ШƣŸШ
§ΟШŉŸƖШƣőĲШÉťǃŉċũũШĦƨũƣŔƻċƖЮШcċƻŔŰŊШċƣШũĲċƚƣШΟШĬċƣċƚĲƣƚШŉŸƖШůŸĬĲũШĦċũŔĤƖċƣŔŸŰШċũũŸƽƚШŸƨƣũŔĲƖƚШƣŸШĤĲШ
ůŸƖĲШĲċƚŔũǃШŔĬĲŰƣŔǯĲĬЯШċŰĬШůŸƖĲШƓőǃƚŔŸũŸŊŔĦċũũǃШƖĲƓƖĲƚĲŰƣċƣŔƻĲШĬċƣċШƚĲũĲĦƣĲĬШŉŸƖШĦċũŔĤƖċƣŔŸŰЮ 

ΞЮΣЮΞЮΞШÉĲċƚŸŰċũШƓƖŸǯũĲШŸŉШŊƖċŔŰШ ШċĦĦƨůƨũċƣŔŸŰ 
ÑőĲШƚĲċƚŸŰċũШŊƖċŔŰШ ШĦŸŰƣĲŰƣШƓƖŸǯũĲƚШы[ŔŊƨƖĲƚШΞЮΤĦШċŰĬШΞЮΤĬьШůċƣĦőШƽĲũũШƽŔƣőШƓƖŸǯũĲƚШƚĲĲŰШŔŰШ
ĲǂƓĲƖŔůĲŰƣċũШƽŸƖťШы ċŊċƖċŢċŰШĲƣШċũЮЯШΝΦΦΦбШ7ĲƖƣőĲũŸŸƣШĲƣШċũЮЯШΞΜΜΥьШċŰĬШƣőċƣШĦċŰШĤĲШĦŸŰƚƣƖƨĦƣĲĬШ
ŉƖŸůШċƻċŔũċĤũĲШƽőĲċƣШ ШĬċƣċШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШ[ŔŊƨƖĲШÉΞЮΞьЮШÑőĲƖĲШŔƚШċШљĤƨůƓњШŔŰШŸƨƖШ
ƚŔůƨũċƣĲĬШŊƖċŔŰШ ШĦŸŰƣĲŰƣШы[ŔŊƨƖĲƚШΞЮΤĦШċŰĬШΞЮΤĬьШƽőŔĦőШůċƣĦőĲƚШƣőċƣШŸŉШŸƨƖШƚŔůƨũċƣĲĬШŊƖċŔŰШ?~Ш
ƓƖŸǯũĲШы[ŔŊƨƖĲќƚШΞЮΣċШċŰĬШΞЮΣĤьЮШÑőĲШљĤƨůƓњШŸĦĦƨƖƚШĤĲĦċƨƚĲШċƚШƚƣĲůШ?~ШĬĲĦƖĲċƚĲƚШыĬƨĲШƣŸШ
ƖĲůŸĤŔũŔƚċƣŔŸŰьЯШŔƣШŔŰĦƖĲċƚĲƚШƣőĲШċƻċŔũċĤũĲШ ШŉŸƖШƣőĲШŊƖċŔŰЮШfƣШŔƚШŰŸƣШƣőŸƨŊőƣШƣőċƣШƣőŔƚШљĤƨůƓњШ
ƖĲƓƖĲƚĲŰƣƚШƣőĲШċĦƣƨċũШƖċƣĲШĤǃШƽőŔĦőШƣőĲШŊƖċŔŰШǯũũƚШƽŔƣőШ ЯШĤƨƣШŔŰƚƣĲċĬШŸĦĦƨƖƚШĬƨĲШƣŸШƣőĲШĦŸůƓũĲǂШ
ŔŰƣĲƖĦŸŰŰĲĦƣŔŸŰƚШĤĲƣƽĲĲŰШũĲċŉШƚĲŰĲƚĦĲŰĦĲЯШũĲċŉШ ШƖĲůŸĤŔũŔƚċƣŔŸŰЯШƚƣĲůШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШċŰĬШ
ƖĲƕƨŔƖĲĬШ ШŉŸƖШƣőĲШŊƖċŔŰƚШŔŰШƣőĲШůŸĬĲũЮШ 

ÑőĲШƚĲċƚŸŰċũШƓƖŸǯũĲƚШŸŉШŊƖċŔŰШ ШĦŸŰƣĲŰƣШы[ŔŊƨƖĲƚШΞЮΤĦШċŰĬШΞЮΤĬьШƚőŸƽШƣőċƣШ§ΟШĲǭĲĦƣƚШċƖĲШ
ĬŔƚƣŔŰŊƨŔƚőċĤũĲШӈΝΜШĬċǃƚШċŉƣĲƖШůŔĬрċŰƣőĲƚŔƚЯШƽŔƣőШƣőĲШůŸĬĲũШƚŔůƨũċƣŔŰŊШũŸƽĲƖШƖċƣĲƚШŸŉШ
ċĦĦƨůƨũċƣŔŸŰШŸŉШŊƖċŔŰШ ШĦŸŰƣĲŰƣШƽőĲŰШƽőĲċƣШŔƚШĲǂƓŸƚĲĬШƣŸШőŔŊőĲƖШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШ§ΟЮШÑŸШŸƨƖШ
ťŰŸƽũĲĬŊĲЯШŰŸШƚƣƨĬŔĲƚШĬĲƚĦƖŔĤĲШőŸƽШƣőĲШƚĲċƚŸŰċũШƓƖŸǯũĲШŸŉШŊƖċŔŰШ ШĦŸŰƣĲŰƣШċĦĦƨůƨũċƣŔŸŰШ
ƻċƖŔĲƚШƨŰĬĲƖШĬŔǭĲƖŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШcŸƽĲƻĲƖЯШċŊċŔŰШƨƚŔŰŊШƣőċƣШĤŸƣőШ§ΟШċŰĬШƽċƣĲƖШƚƣƖĲƚƚШċƖĲШ
Å§ÉШůĲĬŔċƣĲĬШыuőċŰŰċр9őŸƓƖċЯШΞΜΝΞбШEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЯШƣőĲШƖĲƚƓŸŰƚĲШŸŉШŊƖċŔŰШ Ш
ċĦĦƨůƨũċƣŔŸŰШƨŰĬĲƖШƽċƣĲƖШƚƣƖĲƚƚЯШĦŸůƓċƖĲĬШƣŸШċШƽĲũũрƽċƣĲƖĲĬШƣƖĲċƣůĲŰƣЯШĦŸƨũĬШĤĲШĦŸůƓċƖċĤũĲШ
ƣŸШŊƖċŔŰШ ШċĦĦƨůƨũċƣŔŸŰШƨŰĬĲƖШĬŔǭĲƖĲŰƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ ċŊċƖċŢċŰШĲƣШċũЮШыΝΦΦΦьШŉŸƨŰĬШƻċƖǃŔŰŊШ
ƖĲƚƓŸŰƚĲƚШŔŰШŊƖċŔŰШ ШċĦĦƨůƨũċƣŔŸŰШĤĲƣƽĲĲŰШĦƨũƣŔƻċƖƚШŉŸƖШƽċƣĲƖрƚƣƖĲƚƚĲĬШƽőĲċƣЯШƽŔƣőШƚŸůĲШ
ƚőŸƽŔŰŊШƚŔůŔũċƖШƓƖŸǯũĲƚШƣŸШƣőĲШĦŸŰƣƖŸũШƣƖĲċƣůĲŰƣШċŰĬШŸƣőĲƖƚШĲǂƓĲƖŔĲŰĦŔŰŊШċШŰĲŊċƣŔƻĲШŔůƓċĦƣШŸŰШ
ĤŸƣőШƣŸƣċũШ ШċŰĬШƖċƣĲШŸŉШċĦĦƨůƨũċƣŔŸŰШĦŸůƓċƖĲĬШƣŸШƣőĲШĦŸŰƣƖŸũЮ 

fŰШċШƚƣƨĬǃШůĲċƚƨƖŔŰŊШ ШċĦĦƨůƨũċƣŔŸŰШƽŔƣőШċŰĬШƽŔƣőŸƨƣШŔƖƖŔŊċƣŔŸŰЯШÂċŰŸǍǍŸШċŰĬШEċŊũĲƚШыΝΦΦΦьШ
ŉŸƨŰĬШƣőċƣШƣőĲШŔƖƖŔŊċƣĲĬШƽőĲċƣШċĦĦƨůƨũċƣĲĬШ ШůŸƖĲШƚũŸƽũǃШƓĲƖШŊƖċŔŰЯШĤƨƣШĦŸŰƣŔŰƨĲĬШ



ΥΟ 
 

ċĦĦƨůƨũċƣŔŰŊШŉŸƖШũŸŰŊĲƖШċŰĬШƨũƣŔůċƣĲũǃШőċĬШċШőŔŊőĲƖШ ШĦŸŰƣĲŰƣШƓĲƖШŊƖċŔŰЮШfŰШƣőĲШĦƨƖƖĲŰƣШƚƣƨĬǃЯШ
ŸƨƖШƚŔůƨũċƣŔŸŰƚШƚőŸƽШƣőċƣШƣőĲШŊƖċŔŰƚШċĦĦƨůƨũċƣĲĬШũĲƚƚШ ШĦŸŰƣĲŰƣШƨŰĬĲƖШ§ΟЯШƽőŔĦőШŸĦĦƨƖƚШĬƨĲШƣŸШ
ƣőĲШĲǂƓũŔĦŔƣШůŸĬĲũũŔŰŊШŸŉШċШƖĲĬƨĦĲĬШƖĲůŸĤŔũŔƚċƣŔŸŰШƖċƣĲШƨŰĬĲƖШőŔŊőĲƖШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШы[ŔŊƨƖĲƚШ
ΞЮΤĦШċŰĬШΞЮΤĬШċŰĬШEƕƨċƣŔŸŰƚШыΞЮΞьШċŰĬШыΞЮΟььЮ 

ÉĲċƚŸŰċũШƓƖŸǯũĲƚШŸŉШŊƖċŔŰШ ӖШы[ŔŊƨƖĲƚШΞЮΤċШċŰĬШΞЮΤĤьШƨŰĬĲƖШĬŔǭĲƖĲŰƣШ§ΟШƣƖĲċƣůĲŰƣƚШċƖĲШũĲƚƚШ
ĦŸŰƚŔƚƣĲŰƣШƣőċŰШƣőĲШŊƖċŔŰШ ШĦŸŰƣĲŰƣШƓƖŸǯũĲƚЮШfŰŔƣŔċũũǃЯШŊƖċŔŰШ ӖШŔŰĦƖĲċƚĲƚШƖċƓŔĬũǃЯШƣőĲŰШũĲƻĲũƚрŸǭШ
ċŰĬШĬĲĦƖĲċƚĲƚЮШÖƚŔŰŊШĬċƣċШŉƖŸůШ ċŊċƖċŢċŰШĲƣШċũЮШыΝΦΦΦьШƽőŸШůĲċƚƨƖĲĬШŊƖċŔŰШ ШċŰĬШĦċƖĤŸŰШы9ьШŸŉШ
ƽőĲċƣШĦƨũƣŔƻċƖƚШċƣШΟШƣŔůĲШƓŸŔŰƣƚШƓŸƚƣрċŰƣőĲƚŔƚШƨŰĬĲƖШƽċƣĲƖШƚƣƖĲƚƚШċŰĬШĦŸŰƣƖŸũШĦŸŰĬŔƣŔŸŰƚЯШƽĲШ
ĦŸŰƚƣƖƨĦƣĲĬШƣŔůĲШƓƖŸǯũĲƚШŸŉШŊƖċŔŰШ ӖШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШůċƣĲƖŔċũƚШċŰĬШ[ŔŊƨƖĲШÉΞЮΠьЮШÑőĲШ
ĦŸŰƚƣƖƨĦƣĲĬШƓƖŸǯũĲƚШŊĲŰĲƖċũũǃШƚőŸƽШċŰШŔŰŔƣŔċũШŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШ ӖШƽőŔĦőШƣĲŰĬƚШƣŸШĬĲĦƖĲċƚĲШŸƖШ
ũĲƻĲũрŸǭЯШċƚШŔŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЮШÂċŰŸǍǍŸШċŰĬШEċŊũĲƚШыΝΦΦΦьШůĲċƚƨƖĲĬШŊƖċŔŰШƽĲŔŊőƣШċŰĬШ ШŉŸƖШΤШ
ƣŔůĲШƓŸŔŰƣƚШƓŸƚƣрċŰƣőĲƚŔƚЯШċŊċŔŰШċũũŸƽŔŰŊШċШƓƖŸǯũĲШŸŉШŊƖċŔŰШ ӖШƨŰĬĲƖШĬƖǃШċŰĬШŔƖƖŔŊċƣĲĬШ
ƣƖĲċƣůĲŰƣƚШƣŸШĤĲШĦŸŰƚƣƖƨĦƣĲĬЮШÑőĲШƓƖŸǯũĲƚШƚőŸƽШƣőċƣШƣőĲШƽőĲċƣШŊƖċŔŰШ ӖШĬĲĦƖĲċƚĲƚШŉƖŸůШΞЮΡӖШ
ċŰĬШũĲƻĲũƚШŸǭШƣŸШΞӖШċƓƓƖŸǂŔůċƣĲũǃШΞΝШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚЯШůċƣĦőŔŰŊШƣőĲШƚőċƓĲШŸŉШŸƨƖШŊƖċŔŰШ ӖШ
ƓƖŸǯũĲЯШƣőŸƨŊőШŸƨƖШƓĲċťШŊƖċŔŰШ ӖШŔƚШŉċƖШƣŸŸШũċƖŊĲШċƣШΝΡрΠΡӖШыÂċŰŸǍǍŸШċŰĬШEċŊũĲƚЯШΝΦΦΦьЮШfŰШŸƨƖШ
ƚƣƨĬǃЯШƣőĲШƖĲċƚŸŰШŉŸƖШƣőĲШũċƖŊĲШƓĲċťШŔŰШŊƖċŔŰШ ӖШŔƚШƣőċƣШ ШċĦĦƨůƨũċƣŔŸŰШŸĦĦƨƖƚШůŸƖĲШƖċƓŔĬũǃШċŉƣĲƖШ
ċŰƣőĲƚŔƚШƣőċŰШŊƖċŔŰШ?~ЯШũĲċĬŔŰŊШƣŸШċШŊƖĲċƣĲƖШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШŊƖċŔŰШ ШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШ[ŔŊƨƖĲШ
ÉΞЮΝьЮШfŉШƣőĲШŔŰŔƣŔċũШƖċƣĲШŸŉШŊƖċŔŰШǯũũШƽŔƣőШ ШƽċƚШƚũŸƽĲƖЯШŸƖШŊƖċŔŰШ?~ШċĦĦƨůƨũċƣŔŸŰШƽċƚШŉċƚƣĲƖЯШŸƨƖШ
ŊƖċŔŰШ ӖШƓƖŸǯũĲƚШƽŸƨũĬШũŔťĲũǃШůċƣĦőШƣőĲШƚőċƓĲШċŰĬШůċŊŰŔƣƨĬĲШŸŉШƣőŸƚĲШĦŸŰƚƣƖƨĦƣĲĬШŉƖŸůШ
ÂċŰŸǍǍŸШċŰĬШEċŊũĲƚШыΝΦΦΦьШŸƖШ ċŊċƖċŢċŰШĲƣШċũЮШыΝΦΦΦьЮШfƣШƽŸƨũĬШĤĲШőĲũƓŉƨũШƣŸШőċƻĲШůĲċƚƨƖĲůĲŰƣƚШ
ŸŉШŊƖċŔŰШ ШĦŸŰƣĲŰƣШċŰĬШ?~ШŉŸƖШůƨũƣŔƓũĲШƣŔůĲШƓŸŔŰƣƚШċŉƣĲƖШċŰƣőĲƚŔƚШƨŰĬĲƖШƻċƖǃŔŰŊШ§ΟШƣƖĲċƣůĲŰƣƚЯШƣŸШ
ĬĲƻĲũŸƓШċШƣĲůƓŸƖċũШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШŊƖċŔŰШ ӖШƖĲƚƓŸŰƚĲШƣŸШ§ΟШŉŸƖШůŸĬĲũШƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮШ 

fŰШΞΜΝΡЯШŊƖċŔŰШ ӖШŔƚШċũƖĲċĬǃШőŔŊőĲƖШŔŰШƣőĲШĲũĲƻċƣĲĬШ§ΟШƣƖĲċƣůĲŰƣƚШċƖŸƨŰĬШΝΜШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚЯШ
ƽőĲƖĲċƚШŔŰШΞΜΝΣШŊƖċŔŰШ ӖШŔƚШŔŰŔƣŔċũũǃШőŔŊőĲƖШŔŰШƣőĲШũŸƽĲƖШ§ΟШƣƖĲċƣůĲŰƣƚШċŰĬШƣőĲŰШċƖŸƨŰĬШΞΜШĬċǃƚШ
ċŉƣĲƖШůŔĬрċŰƣőĲƚŔƚЯШƣőĲШĲũĲƻċƣĲĬШ§ΟШƚőŸƽШċШőŔŊőĲƖШŊƖċŔŰШ ӖШы[ŔŊƨƖĲƚШΞЮΤċШċŰĬШΞЮΤĤьЮШÑőĲШ
ĬŔǭĲƖĲŰĦĲШŔŰШƖĲƚƓŸŰƚĲШŸŉШŊƖċŔŰШ ӖШŔƚШĬƨĲШƣŸШƣőĲШĬŔǭĲƖĲŰĦĲƚШŔŰШƣőĲШƚŔůƨũċƣĲĬШƖċƣĲƚШŸŉШŊƖċŔŰШ ШċŰĬШ
ŊƖċŔŰШ?~ШċĦĦƨůƨũċƣŔŸŰШĤĲƣƽĲĲŰШƣőĲШǃĲċƖƚЮШfŰШƣőĲШŊƖċŔŰШ ӖШƓƖŸǯũĲƚШĦŸŰƚƣƖƨĦƣĲĬШŉƖŸůШÂċŰŸǍǍŸШ
ċŰĬШEċŊũĲƚШыΝΦΦΦьШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШ[ŔŊƨƖĲШÉΞЮΟьЯШƣőĲШŔƖƖŔŊċƣĲĬШыŰŸŰрƚƣƖĲƚƚĲĬьШƽőĲċƣШőċĬШċШ
ũŸƽĲƖШǯŰċũШŊƖċŔŰШ ӖШƣőċŰШƣőĲШĬƖǃШыƚƣƖĲƚƚĲĬьШƣƖĲċƣůĲŰƣШċŰĬШƣőĲШĬŔǭĲƖĲŰĦĲШƽċƚШĦũĲċƖШƣŸШƚĲĲШŉƖŸůШӂШ
ΝΜШĬċǃƚШƓŸƚƣрċŰƣőĲƚŔƚЮШÑŸƽċƖĬШőċƖƻĲƚƣЯШƣőĲШĲǭĲĦƣШŸŉШŔŰĦƖĲċƚĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŰШŔŰĦƖĲċƚŔŰŊШ
ƣőĲШŊƖċŔŰШ ӖШŔƚШƚĲĲŰШċƓƓƖŸǂŔůċƣĲũǃШΞΜШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚЯШƽőĲŰШƣőĲШŔŰŔƣŔċũШƚőċƖƓШŔŰĦƖĲċƚĲШũĲƻĲũƚШ
ŸǭШċŰĬШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƖĲċĦőШůŸƖĲШƖĲċƚŸŰċĤũĲШƻċũƨĲƚЮ 

ΞЮΣЮΟШEƻċũƨċƣŔŸŰШŸŉШƚƣĲůШċŰĬШũĲċŉШ ШƚŔůƨũċƣŔŸŰƚ 
ΞЮΣЮΟЮΝШÉƣĲůШċŰĬШũĲċŉШ ШƚŔůƨũċƣŔŸŰƚШċƣШċŰƣőĲƚŔƚШċŰĬШőċƖƻĲƚƣ 
ÑőĲШċŰƣőĲƚŔƚШũĲċŉШċŰĬШƚƣĲůШ ӖШċƖĲШĦċƓƣƨƖĲĬШƽĲũũШĤǃШƣőĲШůŸĬĲũШĤƨƣШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШőċƖƻĲƚƣШ
ũĲċŉШċŰĬШƚƣĲůШ ӖШŔƚШĲǂċŊŊĲƖċƣĲĬШ[ŔŊƨƖĲƚШΞЮΠĦШċŰĬШΞЮΠĬьЮШ ũƣőŸƨŊőШƣőĲШĬŔǭĲƖĲŰĦĲƚШĤĲƣƽĲĲŰШ
őċƖƻĲƚƣШũĲċŉШċŰĬШƚƣĲůШ ӖШƽĲƖĲШŰŸŰрƚŔŊŰŔǯĦċŰƣШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЯШƣőĲƖĲШ
ċƓƓĲċƖƚШƣŸШĤĲШċШƚũŔŊőƣШĬĲĦƖĲċƚĲШŔŰШǯŰċũШũĲċŉШċŰĬШƚƣĲůШ ӖШƨŰĬĲƖШƣőĲШůĲĬŔƨůШ§ΟШƣƖĲċƣůĲŰƣШċŰĬШċШ
ƚƨĤƚĲƕƨĲŰƣШŔŰĦƖĲċƚĲШŉŸƖШƣőĲШőŔŊőШċŰĬШƻĲƖǃШőŔŊőШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ ШƓŸƣĲŰƣŔċũШƖĲċƚŸŰШŉŸƖШƣőĲШ
ĬĲĦƖĲċƚĲШƨŰĬĲƖШůĲĬŔƨůШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦŸƨũĬШĤĲШċŰШĲǭĲĦƣШĦċũũĲĬШőŸƖůĲƚŔƚЯШƽőĲƖĲШċШ
ƚƣƖĲƚƚŸƖШŔŰŔƣŔċũũǃШŔŰĬƨĦĲƚШċШŊƖĲċƣĲƖШƓƖŸĬƨĦƣŔƻŔƣǃШŔŰШƣőĲШƓũċŰƣШċŰĬШƣőĲŰЯШƓċƚƣШċШŊŔƻĲŰШƣőƖĲƚőŸũĬЯШőċƚШ
ċШŰĲŊċƣŔƻĲШĲǭĲĦƣШы ŊċƣőŸťũĲŸƨƚЯШuŔƣċŸШċŰĬШ9ċũċĤƖĲƚĲЯШΞΜΝΦьЮШìőŔũĲШŔƣШĦŸƨũĬШĤĲШċƖŊƨĲĬШƣőċƣШ
őŸƖůĲƚŔƚШŔƚШƓƖĲƚĲŰƣШŉŸƖШƣőĲШĬċƣċШŸŉШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚШыΞΜΞΠьШŔŰШ[ŔŊƨƖĲШΞЮΞШŸŉШƣőŔƚШƚƣƨĬǃЯШ
ƣőĲƖĲШċƖĲШŸŰũǃШΠШ§ΟШƣƖĲċƣůĲŰƣƚШƽőŔĦőШůĲċŰƚШŔƣШŔƚШŰŸƣШƓŸƚƚŔĤũĲШƣŸШƓċƖċůĲƣĲƖŔƚĲШƣőĲШůŔŰŔůƨůШ
ƓŸŔŰƣШŸŉШƣőĲШőŸƖůĲƣŔĦШƖĲƚƓŸŰƚĲЮШìőĲƖĲċƚШ7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΝΤьШőċĬШΡШ§ΟШƣƖĲċƣůĲŰƣƚЯШǃĲƣШĬŔĬШŰŸƣШ



ΥΠ 
 

ŸĤƚĲƖƻĲШċШőŸƖůĲƣŔĦШƖĲƚƓŸŰƚĲЯШċŰĬШŔŰƚƣĲċĬШŉŸƨŰĬШŔƣШũŔŰĲċƖЮШfŉШŉƨƣƨƖĲШĲǂƓĲƖŔůĲŰƣċũШƽŸƖťШũŸŸťƚШċƣШ
ƣőĲШ§ΟШŔůƓċĦƣШŸŰШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШƣőĲШũĲċŉШċŰĬШƚƣĲůШƣŸШƣőĲШŊƖċŔŰЯШŔƣШƽŸƨũĬШĤĲШőĲũƓŉƨũШƣŸШ
ƓũċĦĲШċШŊƖĲċƣĲƖШĲůƓőċƚŔƚШŸŰШ§ΟШƣƖĲċƣůĲŰƣƚШĤĲƣƽĲĲŰШΟΜрΣΜШƓƓĤШƣŸШĬĲƣĲƖůŔŰĲШċШƓŸƣĲŰƣŔċũШƣƨƖŰŔŰŊШ
ƓŸŔŰƣШċƣШƽőŔĦőШőŔŊőĲƖШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƚƣċƖƣШƣŸШũŔůŔƣШ ШƖĲůŸĤŔũŔƚċƣŔŸŰЮШÑőŔƚШƽŸƨũĬШĲŰċĤũĲШ
ƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŸŉШċШŰŸŰрũŔŰĲċƖШőŸƖůĲƣŔĦШƖĲƚƓŸŰƚĲШŉŸƖШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŔŰШƽőĲċƣШƨŰĬĲƖШ§ΟШ
ĲǂƓŸƚƨƖĲЮ 

ΞЮΣЮΟЮΞШÉĲċƚŸŰċũШƓƖŸǯũĲƚШŸŉШũĲċŉШċŰĬШƚƣĲůШ ШċĦĦƨůƨũċƣŔŸŰ 
§ƨƖШƚŔůƨũċƣŔŸŰƚШŸŉШũĲċŉШċŰĬШƚƣĲůШ ШĦŸŰƣĲŰƣШċŰĬШ ӖШŸƻĲƖШƣŔůĲШы[ŔŊƨƖĲШΞЮΥьШƚőŸƽШƣőċƣШƣőĲǃШƖĲċĦőШ
ċШƓĲċťШĤĲŉŸƖĲШċŰƣőĲƚŔƚШċŰĬШĬĲĦƖĲċƚĲШċŉƣĲƖШċŰƣőĲƚŔƚЯШƽőŔĦőШŔƚШċũƚŸШƚőŸƽŰШĤǃШƣőĲШƚƣĲůШċŰĬШũĲċŉШ Ш
ƓƖŸǯũĲƚШĦŸŰƚƣƖƨĦƣĲĬШŉƖŸůШċƻċŔũċĤũĲШĲǂƓĲƖŔůĲŰƣċũШĬċƣċШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШ[ŔŊƨƖĲШÉΞЮΞьЮШÑőĲШ
ũĲƻĲũũŔŰŊрŸǭШŸŉШƣőĲШƚƣĲůШ ШĦŸŰƣĲŰƣШы[ŔŊƨƖĲШΞЮΥĬьШƓƖŸǯũĲШċƣШċƓƓƖŸǂŔůċƣĲũǃШΝΦΜШĬċǃƚШŔƚШċШƖĲƚƨũƣШŸŉШ
ƣőĲШůŸĬĲũШĦŸŰƚƣƖƨĦƣШŔŰШƣőċƣШŰŸШ ШƽċƚШƖĲƕƨŔƖĲĬШŉŸƖШƣőĲШŊƖċŔŰƚШŉƖŸůШƣőĲШƚƣĲůШċƣШƣőċƣШƓŸŔŰƣЮ 

9ƨƖƖĲŰƣũǃЯШƣőĲƖĲШċƖĲШŰŸШĬċƣċШŔŰШƣőĲШũŔƣĲƖċƣƨƖĲШĬĲƚĦƖŔĤŔŰŊШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШũĲċŉШŸƖШƚƣĲůШ ШƚƣċƣƨƚШ
ŔŰШĦƖŸƓШƓũċŰƣƚШŸƻĲƖШƣőĲШĦŸƨƖƚĲШŸŉШƣőĲШŊƖŸƽŔŰŊШƚĲċƚŸŰШƣŸШĦŸůƓċƖĲШƽŔƣőШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШы[ŔŊƨƖĲШ
ΞЮΥьЮШcŸƽĲƻĲƖЯШŸŰĲШƚƣƨĬǃШĤǃШ7ŔĲũĲŰĤĲƖŊЯШxǃŰĦőШċŰĬШÂĲũũШыΞΜΜΞьШĬŔĬШůĲċƚƨƖĲШƣőĲШƻċƖŔċƣŔŸŰШŔŰШƚƣĲůШ
ċŰĬШũĲċŉШ ШĦŸŰƣĲŰƣЯШŸƻĲƖШƣŔůĲЯШŔŰШőǃĤƖŔĬШƓŸƓũċƖШĲǂƓŸƚĲĬШƣŸШĲũĲƻċƣĲĬШ§ΟЮШfŰШƓũċŰƣƚШƖĲĦĲŔƻŔŰŊШƣőĲШ
ƚċůĲШ ШƣƖĲċƣůĲŰƣЯШŔŰĦƖĲċƚĲĬШ§ΟШŊĲŰĲƖċũũǃШƖĲĬƨĦĲĬШƣőĲШ ШĦŸŰƣĲŰƣШŸŉШƣőĲШũĲċƻĲƚШċŰĬШƚƣĲůШċƣШĲċĦőШ
ůĲċƚƨƖĲůĲŰƣШƓŸŔŰƣЮШ]ĲŰĲƖċũũǃЯШƣőĲШƣĲůƓŸƖċũШƓƖŸǯũĲƚШŸŉШ ШĦŸŰƣĲŰƣШőċĬШƣőĲШƚċůĲШƚőċƓĲШ
ƖĲŊċƖĬũĲƚƚШŸŉШ§ΟШƣƖĲċƣůĲŰƣШы7ŔĲũĲŰĤĲƖŊЯШxǃŰĦőШċŰĬШÂĲũũЯШΞΜΜΞьЮШfŰШŸƨƖШƚƣƨĬǃЯШƣőĲШƚƣĲůШ ШĦŸŰƣĲŰƣШ
ƽċƚШŊƖĲċƣĲƖШċƣШĲƻĲƖǃШƚƣċŊĲШƓŸƚƣрċŰƣőĲƚŔƚШŉŸƖШŊƖĲċƣĲƖШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĬƨĲШƣŸШƣőĲШƖĲĬƨĦĲĬШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШŰƨƣƖŔĲŰƣƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮШ7ǃШĦŸŰƣƖċƚƣЯШ
ƣőĲШũĲċŉШ ШĦŸŰƣĲŰƣШƽċƚШŔŰŔƣŔċũũǃШƖĲĬƨĦĲĬШŔŰШƽőĲċƣШĲǂƓĲƖŔĲŰĦŔŰŊШŊƖĲċƣĲƖШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĬƨĲШƣŸШ
ċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲЯШĤƨƣШƣőĲШĲǭĲĦƣШŸŉШƣőĲШƖĲĬƨĦĲĬШƖĲůŸĤŔũŔƚċƣŔŸŰШĲƻĲŰƣƨċũũǃШŸƨƣƽĲŔŊőĲĬШ
ƣőĲШƚĲŰĲƚĦĲŰĦĲШĲǭĲĦƣЯШũĲċĬŔŰŊШƣŸШŊƖĲċƣĲƖШ ШĦŸŰƣĲŰƣШŔŰШ§ΟШƚƣƖĲƚƚĲĬШƽőĲċƣШċƣШőċƖƻĲƚƣ 

ΞЮΣЮΠШÉƨŊŊĲƚƣŔŸŰƚШŉŸƖШŔůƓƖŸƻŔŰŊШƣőĲШƖĲƓƖĲƚĲŰƣċƣŔŸŰШŸŉШƓũċŰƣШŊƖŸƽƣőШŔŰШ
?§ΟÉEр9ƖŸƓ  
fƣШőċƚШĤĲĲŰШƚƨŊŊĲƚƣĲĬШƣőċƣШƣőĲШƖĲĬƨĦĲĬШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШũĲċŉШċŰĬШƚƣĲůШ ШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШ
ŸĦĦƨƖƚШċƚШċШƖĲƚƨũƣШŸŉШƖĲĬƨĦĲĬШ ШƨƚĲШĲǭŔĦŔĲŰĦǃЯШċƚШ§ΟШċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШƚőŸƖƣĲŰƚШƣőĲШŊƖċŔŰШ
ǯũũŔŰŊШƓĲƖŔŸĬШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΝЯШΞΜΝΤьЮШcŸƽĲƻĲƖЯШ7ƖĲƽƚƣĲƖШĲƣШċũЮШыΞΜΞΠьШŉŸƨŰĬШċŰШŔŰĦƖĲċƚĲШŔŰШ
ƖĲƚŔĬƨċũШǰċŊШũĲċŉШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШĬĲƚƓŔƣĲШŰŸƣШǯŰĬŔŰŊШċШĬŔǭĲƖĲŰĦĲШŔŰШ
ƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣЯШƚƨŊŊĲƚƣŔŰŊШƣőċƣШƣőĲШċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШċŰĬШƚƨĤƚĲƕƨĲŰƣШƖĲĬƨĦĲĬШ Ш
ƖĲůŸĤŔũŔƚċƣŔŸŰШĲǭŔĦŔĲŰĦǃШŔƚШŰŸƣШƣőĲШŸŰũǃШŉċĦƣŸƖШŔŰĦƖĲċƚŔŰŊШƣőĲШƖĲƚŔĬƨċũШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔŰШƓũċŰƣШ
ƓċƖƣƚЮШÉŸůĲШƖĲƚĲċƖĦőĲƖƚШőċƻĲШƚƨŊŊĲƚƣĲĬШƣőĲШŔŰĦƖĲċƚĲШŸĦĦƨƖƚШċƚШĬĲŉĲŰĦĲШƓƖŸƣĲŔŰƚШċĦĦƨůƨũċƣĲШ
ы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠбШÉċƖťċƖШĲƣШċũЮЯШΞΜΝΜьЮШfŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШƽĲШƚŔůƨũċƣĲШƣőĲШ
ċĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШƣőċƣШŸĦĦƨƖƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШċŰĬШƽĲШůŸĬĲũШƣőĲШƖĲĬƨĦĲĬШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШƨƚŔŰŊШƚŔůƓũĲШũŔŰĲċƖШĲƕƨċƣŔŸŰƚШыEƕƨċƣŔŸŰƚШыΞЮΞьШċŰĬШыΞЮΟььЮШ[ƨƣƨƖĲШƽŸƖťШƣŸШ
ƨŰĬĲƖƚƣċŰĬШƣőĲШůĲĦőċŰŔƚůШŉŸƖШƣőĲШŔŰĦƖĲċƚĲШŔŰШƖĲƚŔĬƨċũШ ШŔŰШƣőĲШƚƣĲůШċŰĬШũĲċŉШƽŸƨũĬШőĲũƓШƖĲǯŰĲШ
ƣőĲШůŸĬĲũШƣŸШůŸƖĲШċĦĦƨƖċƣĲũǃШƓũċŰƣШƓƖŸĦĲƚƚĲƚЮ 

7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚШыΞΜΞΠьШŉŸƨŰĬШƣőċƣШ ШŉĲƖƣŔũŔƚċƣŔŸŰШƖĲĬƨĦĲĬШƣőĲШ ШũĲŉƣШŔŰШƣőĲШũĲċŉШċŰĬШ
ƚƣĲůШċƣШőċƖƻĲƚƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШĬĲũċǃŔŰŊШƚĲŰĲƚĦĲŰĦĲШċŰĬШƓƖŸƣĲĦƣŔŰŊШĦőũŸƖŸƓőǃũũШċŊċŔŰƚƣШ§ΟШ
ĬċůċŊĲЮШÑőĲШĦƨƖƖĲŰƣШůŸĬĲũШĦŸŰƚƣƖƨĦƣШĬŸĲƚШŰŸƣШƚŔůƨũċƣĲШƣőŔƚШĲǭĲĦƣШċŰĬШċƚƚƨůĲƚШƣőĲШƓũċŰƣШ
ƖĲĦĲŔƻĲƚШŸƓƣŔůƨůШ ЮШ ŸШ ШƚƣƖĲƚƚШŸƖШĲǂƣƖċШŉĲƖƣŔũŔƚċƣŔŸŰШƽċƚШĦŸŰƚŔĬĲƖĲĬЮШ[ƨƣƨƖĲШŔƣĲƖċƣŔŸŰƚШŸŉШƣőŔƚШ
ůŸĬĲũШŔŰĦŸƖƓŸƖċƣŔŰŊШƚŸŔũШ ШƓƖŸĦĲƚƚĲƚШĦŸƨũĬШƨƚĲШƣőĲШƽŸƖťШŸŉШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚШыΞΜΞΠьШ
ƣŸШŔŰĦũƨĬĲШ ШŉĲƖƣŔũŔƚċƣŔŸŰШċŰĬШůŸĬĲũШƣőĲШċůĲũŔŸƖċƣŔƻĲШĲǭĲĦƣШŸŉШƻċƖŔċĤũĲШ ШŉĲƖƣŔũŔƚċƣŔŸŰШŸŰШ§ΟШ



ΥΡ 
 

ĬċůċŊĲЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőŔƚШǯƖƚƣШŔƣĲƖċƣŔŸŰШŸŉШƣőĲШůŸĬĲũШĬŸĲƚШŰŸƣШŔŰĦũƨĬĲШċŰǃШŉĲĲĬĤċĦťШŸŉШƓũċŰƣШ Ш
ƚƣċƣƨƚШŸŰШƓőŸƣŸƚǃŰƣőĲƣŔĦШŸƖШŊƖŸƽƣőШƓƖŸĦĲƚƚĲƚЮШ[ƨƣƨƖĲШƖĲƚĲċƖĦőШůċǃШƽċŰƣШƣŸШĦŸŰƚŔĬĲƖШƣőĲШ
ŉĲĲĬĤċĦťƚШĤĲƣƽĲĲŰШũĲċŉШ ШũĲƻĲũƚШċŰĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲЯШƽŔƣőШőŔŊőĲƖШũĲċŉШ ШŔŰĦƖĲċƚŔŰŊШ
ƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲЯШƽőŔĦőШĦŸƨũĬШŸǭƚĲƣШ§ΟШŔŰĬƨĦĲĬШƖĲĬƨĦƣŔŸŰƚШыÂŔũĤĲċůЯШΞΜΝΜьЮШÅĲƚĲċƖĦőĲƖƚШ
ůċǃШċũƚŸШƽċŰƣШƣŸШĦŸŰƚŔĬĲƖШƣőĲШŔŰǰƨĲŰĦĲШŸŉШċШőŔŊőĲƖШũĲċŉШ ШŔŰШƓŸƣĲŰƣŔċũũǃШĬĲũċǃŔŰŊШ§ΟШŔŰĬƨĦĲĬШ
ĲċƖũǃШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШы ĲőĲШĲƣШċũЮЯШΞΜΞΜбШ~ċƖƣƖĲШĲƣШċũЮЯШΞΜΜΣьЮ 

ΞЮΣЮΡШÉĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƖĲƚƨũƣƚ 
ÑőĲШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШы[ŔŊƨƖĲƚШΞЮΦċШċŰĬШΞЮΦĤьШƚőŸƽĲĬШƣőċƣШƣőĲШĲǭĲĦƣШŸŉШƻċƖǃŔŰŊШũĲċŉШċŰĬШƚƣĲůШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШĦŸŰƣƖŔĤƨƣĲĬШũŔƣƣũĲЯШŔŉШċƣШċũũЯШƣŸШƻċƖŔċƣŔŸŰƚШŔŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣШŸƖШŊƖċŔŰШ ӖШƨŰĬĲƖШƣőĲШ
ĬŔǭĲƖŔŰŊШ§ΟШƣƖĲċƣůĲŰƣƚЮШ[ƨƖƣőĲƖЯШƣőĲШůŸƚƣШŔŰǰƨĲŰƣŔċũШƓċƖċůĲƣĲƖШŸŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣШċŰĬШŊƖċŔŰШ
 ӖЯШƽċƚШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣбШƣőŔƚШĬŸĲƚШŰŸƣШĦőċŰŊĲШƖĲŊċƖĬũĲƚƚШŸŉШƣőĲШ§ΟШƣƖĲċƣůĲŰƣШƚŔůƨũċƣĲĬЮШ
ÑőĲƚĲШƖĲƚƨũƣƚШċũŔŊŰШƽŔƣőШĲǂŔƚƣŔŰŊШũŔƣĲƖċƣƨƖĲЯШƽőŔĦőШƚőŸƽШƣőċƣШċШƚőŸƖƣĲƖШĬƨƖċƣŔŸŰШŉŸƖШŊƖċŔŰШǯũũШũĲċĬƚШ
ƣŸШũĲƚƚШƣŔůĲШŉŸƖШŰƨƣƖŔĲŰƣШƖĲůŸĤŔũŔƚċƣŔŸŰЯШƚƨĤƚĲƕƨĲŰƣũǃШŔůƓċĦƣŔŰŊШŊƖċŔŰШƕƨċũŔƣǃШыcċƻĳШĲƣШċũЮЯШΞΜΝΤьЮШ
ÑőĲƖĲŉŸƖĲЯШŔƣШŔƚШĲǂƓĲĦƣĲĬШƣőċƣШƣőĲШƚĲŰĲƚĦĲŰĦĲШƓċƖċůĲƣĲƖƚШƽŸƨũĬШőċƻĲШċШũċƖŊĲШŔŰǰƨĲŰĦĲШŸŰШŊƖċŔŰШ
 ЮШ[ƨƖƣőĲƖЯШƚŔŰĦĲШƣőĲШŸŰƚĲƣШŸŉШũĲċŉШƚĲŰĲƚĦĲŰĦĲШŔƚШƣőĲШĤĲŊŔŰŰŔŰŊШŸŉШũĲċŉШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШƣŸШƣőĲШ
ŊƖċŔŰЯШŔƣШőċƚШċШũċƖŊĲƖШŔŰǰƨĲŰĦĲШŸŰШŊƖċŔŰШ ШĦŸŰƣĲŰƣШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШƣőċŰШƣőĲШĲŰĬШŸŉШũĲċŉШ
ƚĲŰĲƚĦĲŰĦĲШыcċƻĳШĲƣШċũЮЯШΞΜΝΤьЮШìĲШċũƚŸШŸĤƚĲƖƻĲĬШƣőċƣШƣőĲШŰĲǂƣШůŸƚƣШŔŰǰƨĲŰƣŔċũШƓċƖċůĲƣĲƖШŸŰШ
ŊƖċŔŰШƕƨċũŔƣǃШƽċƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőĲШĲŰĬШŸŉШƚĲŰĲƚĦĲŰĦĲЮШfƣШŔƚШƨŰƚƨƖƓƖŔƚŔŰŊШƣőċƣШƚĲŰĲƚĦĲŰĦĲШĲŰĬШ
ċũƚŸШőċƚШŔŰǰƨĲŰĦĲƚШŸŰШŊƖċŔŰШƕƨċũŔƣǃЯШċƚШċШũċƣĲƖШĲŰĬŔŰŊШŉŸƖШƚĲŰĲƚĦĲŰĦĲШũĲċĬƚШƣŸШůŸƖĲШƣŔůĲШŉŸƖШ
ƖĲůŸĤŔũŔƚċƣŔŸŰЮШÑőĲШũŔůŔƣĲĬШŔŰǰƨĲŰĦĲШŸŉШ§ΟШŔŰƣĲƖƖƨƓƣŔŸŰƚШƣŸШũĲċŉШċŰĬШƚƣĲůШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŰШŊƖċŔŰШ
ƕƨċũŔƣǃШƖĲũċƣŔƻĲШƣŸШƚĲŰĲƚĦĲŰĦĲШƓċƖċůĲƣĲƖƚШŸĦĦƨƖƚШċƚШċШƖĲƚƨũƣШŸŉШƣőĲШĦƖŔƣŔĦċũШƖŸũĲШŸŉШƚĲŰĲƚĦĲŰĦĲШŔŰШ
ĬĲƣĲƖůŔŰŔŰŊШƣőĲШƚƣċƖƣШċŰĬШĲŰĬШŸŉШŰƨƣƖŔĲŰƣШƖĲůŸĤŔũŔƚċƣŔŸŰЮШÑőĲƖĲŉŸƖĲЯШůŔŰŸƖШĦőċŰŊĲƚШƣŸШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШĬƨĲШƣŸШ§ΟШċƖĲШĦŸŰƚƣƖċŔŰĲĬШĤǃШƚĲŰĲƚĦĲŰĦĲШƣŔůŔŰŊШƽőŔĦőШŔƚШƣőĲШƨũƣŔůċƣĲШĬĲƣĲƖůŔŰĲƖШ
ŸŉШƣőĲШċůŸƨŰƣШŸŉШ ШċƻċŔũċĤũĲШŉŸƖШŊƖċŔŰШǯũũŔŰŊЮ 
 
fŰШŸƨƖШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƽĲШŸĤƚĲƖƻĲĬШċШĬŔǭĲƖĲŰĦĲШŔŰШƣőĲШůċŊŰŔƣƨĬĲШŸŉШÉΝШыƣőĲШƨŰĦĲƖƣċŔŰƣǃШŔŰШ
ƣőĲШŸƨƣƓƨƣШƻċƖŔċĤũĲШƣőċƣШŔƚШċƣƣƖŔĤƨƣĲĬШƣŸШƻċƖǃŔŰŊШŸŰũǃШƣőċƣШƓċƖċůĲƣĲƖьШċŰĬШÉÑШыƣőĲШƨŰĦĲƖƣċŔŰƣǃШŔŰШ
ƣőĲШŸƨƣƓƨƣШƻċƖŔċĤũĲШƣőċƣШŔƚШċƣƣƖŔĤƨƣĲĬШƣŸШƻċƖǃŔŰŊШċШĦőŸƚĲŰШƓċƖċůĲƣĲƖШŔŰШĦŸůĤŔŰċƣŔŸŰШƽŔƣőШƣőĲШ
ŸƣőĲƖШƚĲũĲĦƣĲĬШƓċƖċůĲƣĲƖƚьШыÉċũƣĲũũŔШĲƣШċũЮЯШΞΜΜΥьШĤĲƣƽĲĲŰШƣőĲШĬŔǭĲƖĲŰƣШ§ΟШƣƖĲċƣůĲŰƣƚЮШÑőĲШŰŸŰр
ũŔŰĲċƖШƖĲƚƓŸŰƚĲШŔƚШƨŰƚƨƖƓƖŔƚŔŰŊШŊŔƻĲŰШƣőĲШĦŸůƓũĲǂШċŰĬШŔŰƣĲƖĦŸŰŰĲĦƣĲĬШŰċƣƨƖĲШŸŉШĦƖŸƓШůŸĬĲũũŔŰŊЮШ
cŸƽĲƻĲƖЯШŔƣШŔƚŰќƣШƓŸƚƚŔĤũĲШƣŸШĬĲƣĲƖůŔŰĲШƽőĲƣőĲƖШƣőŔƚШƖĲƚƓŸŰƚĲШŔƚШƣǃƓŔĦċũШŉŸƖШƽőĲċƣЯШƚŔŰĦĲШƣőĲШ
ƓƖĲƚĲŰƣШƚƣƨĬǃШĦŸŰƚŔĬĲƖƚШĬċƣċШŉŸƖШŸŰũǃШŸŰĲШĦƨũƣŔƻċƖШċŰĬШŸŰĲШũŸĦċƣŔŸŰЮШfŉШŉƨƣƨƖĲШƽŸƖťШŔŰƻĲƚƣŔŊċƣĲƚШ
ůƨũƣŔƓũĲШŊƖŸƽŔŰŊШũŸĦċƣŔŸŰƚШċŰĬШƽőĲċƣШƻċƖŔĲƣŔĲƚШċŰĬШƨŰĦŸƻĲƖƚШċШƚŔůŔũċƖШƖĲƚƓŸŰƚĲШŸŉШƣőĲШ
ƚĲŰƚŔƣŔƻŔƣǃШŔŰĬŔĦĲƚШŉŸƖШƣőĲШĬŔǭĲƖŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƣőĲŰШƣőĲШƨŰĬĲƖũǃŔŰŊШĦƖŸƓШůŸĬĲũũŔŰŊШ
ƓƖŸĦĲƚƚĲƚШĦŸƨũĬШĤĲШŔŰƻĲƚƣŔŊċƣĲĬШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШƖĲċƚŸŰШŉŸƖШƣőŔƚШĲǭĲĦƣЮ 

ΞЮΣЮΣШfůƓũŔĦċƣŔŸŰƚШŸŉШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƖĲƚƨũƣƚШŉŸƖШŊƖŸƽĲƖƚ 
ÑőĲШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƖĲƚƨũƣƚШƓŸƚĲШŔŰƣĲƖĲƚƣŔŰŊШƕƨĲƚƣŔŸŰƚШċƖŸƨŰĬШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШĦƨũƣŔƻċƖƚШ
őċƻŔŰŊШċŰШĲċƖũŔĲƖШŸƖШĬĲũċǃĲĬШƚĲŰĲƚĦĲŰĦĲШŉŸƖШůċǂŔůŔƚŔŰŊШŊƖċŔŰШƓƖŸƣĲŔŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШ
]ĲŰĲƖċũũǃЯШċШĬĲũċǃĲĬШŸŰƚĲƣШŸŉШũĲċŉШƚĲŰĲƚĦĲŰĦĲШĬĲĦƖĲċƚĲƚШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШċƚШƣőĲƖĲШŔƚШċШ
ĬĲũċǃШƣŸШƣőĲШƚƣċƖƣШŸŉШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШƣőĲШũĲċƻĲƚШƣŸШƣőĲШŊƖċŔŰШыcċƻĳШĲƣШċũЮЯШΞΜΝΤбШÉƨũƣċŰċШĲƣШ
ċũЮЯШΞΜΞΝьЮШ ШĬĲũċǃĲĬШƚĲŰĲƚĦĲŰĦĲШċũƚŸШĬĲĦƖĲċƚĲƚШŊƖċŔŰШƓƖŸƣĲŔŰӖЯШĬƨĲШƣŸШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШŊƖċŔŰШ Ш
ĦŸŰƣĲŰƣШċŰĬШċŰШŔŰĦƖĲċƚĲĬШũĲŰŊƣőШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШċĦƣŔƻŔƣǃШƣőċƣШŔŰĦƖĲċƚĲƚШŊƖċŔŰШǃŔĲũĬШыÉƨũƣċŰċШĲƣШ
ċũЮЯШΞΜΞΝбШ ĲőĲШĲƣШċũЮЯШΞΜΞΜбШ7ŸŊċƖĬШĲƣШċũЮЯШΞΜΝΝьЮШcŸƽĲƻĲƖЯШƣőŔƚШŔƚШŰŸƣШċũƽċǃƚШƣőĲШĦċƚĲШċƚШƣőĲƖĲШ
ċƖĲШƚĲƻĲƖċũШŔŰƣĲƖċĦƣŔŰŊШĲǭĲĦƣƚШŉƖŸůШƣőĲШĲŰƻŔƖŸŰůĲŰƣШыĲЮŊЮШƣĲůƓĲƖċƣƨƖĲЯШĬƖŸƨŊőƣЯШ§ΟШŸƖШ
ƓċƣőŸŊĲŰƚьЯШ ШċƓƓũŔĦċƣŔŸŰШċŰĬШŊĲŰĲШĲǂƓƖĲƚƚŔŸŰШыüőċŸШĲƣШċũЮЯШΞΜΝΡбШ ĲőĲШĲƣШċũЮЯШΞΜΞΜбШ7ŸŊċƖĬШĲƣШ
ċũЮЯШΞΜΝΝбШ]ċŢƨШĲƣШċũЮЯШΞΜΝΠбШÉƨũƣċŰċШĲƣШċũЮЯШΞΜΞΝьЮШÉƣċǃрŊƖĲĲŰШĦƨũƣŔƻċƖƚШőċƻĲШƓƖĲƻŔŸƨƚũǃШĤĲĲŰШ



ΥΣ 
 

ŔĬĲŰƣŔǯĲĬШċƚШċũũŸƽŔŰŊШƓũċŰƣƚШƣŸШůċŔŰƣċŔŰШƣőĲŔƖШƓőŸƣŸƚǃŰƣőĲƣŔĦШĦċƓċĦŔƣǃШƨŰĬĲƖШőĲċƣШċŰĬШĬƖŸƨŊőƣШ
ƚƣƖĲƚƚШĦŸŰĬŔƣŔŸŰƚШыuċůċũШĲƣШċũЮЯШΞΜΝΦьЮШÉŔŰĦĲШ§ΟШĬċůċŊĲШŔƚШÅ§ÉШůĲĬŔċƣĲĬЯШƚŔůŔũċƖШƣŸШƣőĲШĬċůċŊĲШ
ŉƖŸůШőĲċƣШċŰĬШĬƖŸƨŊőƣШƚƣƖĲƚƚШыuőċŰŰċр9őŸƓƖċЯШΞΜΝΞьЯШŔƣШŔƚШĲǂƓĲĦƣĲĬШƣőċƣШƚƣċǃрŊƖĲĲŰШĦƨũƣŔƻċƖƚШƽŔũũШ
ƓƖŸƻŔĬĲШċШƚŔůŔũċƖШŔŰĦƖĲċƚĲĬШǃŔĲũĬШŉŸƖШ§ΟШĲǂƓŸƚĲĬШƽőĲċƣШĤǃШĬĲũċǃŔŰŊШƣőĲШƚƣƖĲƚƚШŔŰĬƨĦĲĬШĲċƖũǃШ
ƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣЮШÑőĲШŔůƓċĦƣШŸŉШƨƚŔŰŊШƚƣċǃрŊƖĲĲŰШĦƨũƣŔƻċƖƚШŸŰШƽőĲċƣШŊƖċŔŰШƓƖŸƣĲŔŰШƨŰĬĲƖШ§ΟШ

ƚƣƖĲƚƚШĦŸŰĬŔƣŔŸŰƚШŔƚШǃĲƣШƣŸШĤĲШŔŰƻĲƚƣŔŊċƣĲĬЮШcŸƽĲƻĲƖЯШċШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШƨŰĬĲƖШ
§ΟШĲǂƓŸƚƨƖĲШůċǃШĤĲШĬƨĲШƣŸШƣőĲШĬĲũċǃĲĬШŸŰƚĲƣШŸŉШƖĲůŸĤŔũŔƚċƣŔŸŰШыcċƻĳШĲƣШċũЮЯШΞΜΝΤбШÉƨũƣċŰċШĲƣШċũЮЯШ
ΞΜΞΝьЮШüőċŸШĲƣШċũЮШыΞΜΝΡьШŊĲŰĲƣŔĦċũũǃШůŸĬŔǯĲĬШƽőĲċƣШƓũċŰƣƚШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШƖĲƚƓŸŰƚĲШŸŉШ
ƚĲŰĲƚĦĲŰĦĲЯШŊƖċŔŰШǃŔĲũĬШċŰĬШŊƖċŔŰШ ӖШƽőĲŰШċШƚĲŰĲƚĦĲŰĦĲШĬĲũċǃŔŰŊШŊĲŰĲШƽċƚШŸƻĲƖрĲǂƓƖĲƚƚĲĬЮШfŰШ
ƣőĲШŊĲŰĲƣŔĦċũũǃШůŸĬŔǯĲĬШƽőĲċƣЯШƣőĲШŊƖċŔŰШǃŔĲũĬƚШƽĲƖĲШƚŔůŔũċƖШƣŸШƣőĲШĦŸŰƣƖŸũЯШĤƨƣШŊƖċŔŰШ ӖШƽċƚШ
ŔŰĦƖĲċƚĲĬШыüőċŸШĲƣШċũЮЯШΞΜΝΡьЮШÑőĲƖĲŉŸƖĲЯШƚƣċǃШŊƖĲĲŰШƽőĲċƣШĦƨũƣŔƻċƖƚШƣőċƣШĬŸШŰŸƣШĲǂƓĲƖŔĲŰĦĲШċШ
ŊƖċŔŰШƓƖŸƣĲŔŰШƓĲŰċũƣǃШƚőŸƨũĬШĤĲШĦŸŰƚŔĬĲƖĲĬШĤǃШĤƖĲĲĬĲƖƚШċŰĬШŔŰƻĲƚƣŔŊċƣĲĬШŉŸƖШƣőĲŔƖШƚƨŔƣċĤŔũŔƣǃШ
ƨŰĬĲƖШĬŔǭĲƖŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮ 

ΞЮΣЮΤШÂŸƣĲŰƣŔċũШůŸĬĲũШċƓƓũŔĦċƣŔŸŰƚ 
ÉŔůƨũċƣŔŸŰƚШŸŉШĦƖŸƓШ ШĦŸŰƣĲŰƣШĦċŰШĤĲШĲċƚŔũǃШĦŸŰƻĲƖƣĲĬШŔŰƣŸШƓƖŸƣĲŔŰШƣőƖŸƨŊőШƣőĲШƨƚĲШŸŉШċШƚŔůƓũĲШ
ĦŸŰƻĲƖƚŔŸŰШŉċĦƣŸƖЯШŸƖШũŔŰĲċƖШƖĲŊƖĲƚƚŔŸŰƚШŔŉШ ШŸƖШƽċƣĲƖШƚƣƖĲƚƚШĦŸŰĬŔƣŔŸŰƚШċƖĲШƓƖĲƚĲŰƣШƣőċƣШőċƻĲШŰŸƣШ
ĤĲĲŰШċĦĦŸƨŰƣĲĬШŉŸƖШƓƖĲƻŔŸƨƚũǃШŔŰШƣőĲШƚŔůƨũċƣŔŸŰШы~ċƖŔŸƣƣŔЯШÑŸůĳШċŰĬШ~ŔƖċŰĬЯШΞΜΜΥбШxŔƨШĲƣШċũЮЯШ
ΞΜΝΥбШÑťċĦőƨťЯШΝΦΣΦьЮШÑőĲƖĲŉŸƖĲЯШŊƖċŔŰШƓƖŸƣĲŔŰӖШĦċŰШĲċƚŔũǃШĤĲШŸĤƣċŔŰĲĬШŉƖŸůШŊƖċŔŰШ ӖЮШ[ƨƖƣőĲƖЯШ
ĤǃШƨƚŔŰŊШƓƖŸƣĲŔŰӖЯШċůŔŰŸШċĦŔĬШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦċŰШĤĲШƚŔůƨũċƣĲĬШƨƚŔŰŊШƖĲŊƖĲƚƚŔŸŰƚШĬĲƻĲũŸƓĲĬШĤǃШ
xŔƨШĲƣШċũЮШыΞΜΝΦьЯШċũũŸƽŔŰŊШƣőĲШůŸĬĲũШƣŸШĤĲШĲǂƣĲŰĬĲĬШƣŸШƚŔůƨũċƣĲШƓƖŸƣĲŔŰШƕƨċũŔƣǃЮШfŰШċĬĬŔƣŔŸŰЯШĤǃШ
ĤƨŔũĬŔŰŊШŸŰШƣőĲШƽŸƖťШŸŉШ7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΝΡьШŔƣШƽŸƨũĬШċũƚŸШĤĲШƓŸƚƚŔĤũĲШƣŸШũŔŰťШĦőċŰŊĲƚШŔŰШ Ш
ĦŸŰƣĲŰƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШƣŸШĦőċŰŊĲƚШŔŰШŸƣőĲƖШŊƖċŔŰШůŔŰĲƖċũШĦŸŰƣĲŰƣƚЯШƚƨĦőШċƚШǍŔŰĦЯШ
ůċŊŰĲƚŔƨůШċŰĬШƚƣċƖĦőЮШÉƨĦőШƖĲũċƣŔŸŰƚШƽŸƨũĬШĤĲШƚŔůƓũĲШƣŸШŔŰƣĲŊƖċƣĲШŊŔƻĲŰШƣőĲШůŸĬĲũШċũƖĲċĬǃШ
ƚŔůƨũċƣĲƚШ§ΟШĲǭĲĦƣƚШŸŰШ ЯШċŰĬШƣőĲƖĲШƚĲĲůШƣŸШĤĲШƚŔůŔũċƖŔƣŔĲƚШĤĲƣƽĲĲŰШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШ ШċŰĬШ
ƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШŸƣőĲƖШůŔŰĲƖċũƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШÑőĲƚĲШŔůƓƖŸƻĲůĲŰƣƚШƽŸƨũĬШŔŰĦƖĲċƚĲШƣőĲШ
ŰƨƣƖŔƣŔŸŰċũШƖĲũĲƻċŰĦĲШŸŉШƣőĲШůŸĬĲũЮ 

ÑőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƣċťĲƚШŔŰƓƨƣƚШŸŉШƣĲůƓĲƖċƣƨƖĲЯШÂÂ[?ЯШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШ
ƓƖĲĦŔƓŔƣċƣŔŸŰЮШÑőĲƖĲШŔƚШċũƚŸШċШĤƨŔũƣШŔŰШƚŸŔũШůŸŔƚƣƨƖĲШůŸĬƨũĲШƽőŔĦőШĦċŰШƚŔůƨũċƣĲШƣőĲШĲǭĲĦƣШŸŉШ
ƽċƣĲƖШƚƣƖĲƚƚШŸŰШƚƣŸůċƣċũШ§ΟШǰƨǂШы7ƬťĲƖШĲƣШċũЮЯШΞΜΝΞьЮШ7ĲĦċƨƚĲШŸŉШƣőĲƚĲШŉĲċƣƨƖĲƚЯШƣőĲШ?§ΟÉEШ
ůŸĬĲũШŔƚШċŰШŔĬĲċũШĦċŰĬŔĬċƣĲШŉŸƖШƚŔůƨũċƣŔŰŊШƣőĲШĦŸůĤŔŰĲĬШĲǭĲĦƣƚШŸŉШ§ΟШƓŸũũƨƣŔŸŰШċŰĬШĦũŔůċƣĲШ
ĦőċŰŊĲШŸŰШĦƖŸƓШǃŔĲũĬƚЮШìŔƣőШƣőĲШŰĲƽũǃШĬĲƻĲũŸƓĲĬШ ШůŸĬƨũĲЯШƣőŔƚШƽŸƨũĬШċũũŸƽШƣőĲШƨƚĲƖШƣŸШ
ĬĲƣĲƖůŔŰĲШőŸƽШ§ΟШƓŸũũƨƣŔŸŰШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШĲǭĲĦƣƚШůċǃШŔŰƣĲƖċĦƣШƣŸШċǭĲĦƣШĦƖŸƓШǃŔĲũĬЯШ
ƕƨċŰƣŔƣǃШċŰĬШƕƨċũŔƣǃЯШċŰĬШőĲŰĦĲШĬŔĲƣċƖǃШŰƨƣƖŔƣŔŸŰЮШ 

ΞЮΤШ9ŸŰĦũƨƚŔŸŰƚ 
fŰШƚƨůůċƖǃЯШƣőŔƚШƚƣƨĬǃШŔĬĲŰƣŔǯĲĬШƣőĲШťĲǃШůĲĦőċŰŔƚůƚШŉŸƖШůŸĬĲũũŔŰŊШ ШŔŰШƽőĲċƣШċƚШƚŸŔũШ ШƨƓƣċťĲЯШ
ƓċƖƣŔƣŔŸŰŔŰŊШŸŉШ ШƣċťĲŰШƨƓШŉƖŸůШƣőĲШƚŸŔũШĤĲƣƽĲĲŰШƣőĲШũĲċŉШċŰĬШƚƣĲůЯШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŉƖŸůШƣőĲШ
ũĲċƻĲƚШċŰĬШƚƣĲůШƣŸШƣőĲШŊƖċŔŰЯШċŰĬШƣőĲШŔůƓċĦƣШŸŉШ§ΟШŸŰШ ШƖĲůŸĤŔũŔƚċƣŔŸŰЮШÖƚŔŰŊШƣőĲƚĲШťĲǃШ
ƓƖŸĦĲƚƚĲƚЯШċШŰĲƽШůŸĬĲũШƽċƚШĬĲƻĲũŸƓĲĬШƣőċƣШĦċŰШĤĲШƨƚĲĬШŔŰШĦŸůĤŔŰċƣŔŸŰШƽŔƣőШƣőĲШĲǂŔƚƣŔŰŊШ§ΟШ
ĬĲƓŸƚŔƣŔŸŰШĦƖŸƓШůŸĬĲũЯШ?§ΟÉEр9ƖŸƓЯШƣŸШƚŔůƨũċƣĲШƣőĲШ§ΟШŔůƓċĦƣШŸŰШƽőĲċƣШ ЮШÑőĲШŰĲƽũǃШ
ĬĲƻĲũŸƓĲĬШůŸĬĲũШŔƚШƣőĲШǯƖƚƣШƣŸШƚŔůƨũċƣĲШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШ ШŔŰШċŰǃШƓũċŰƣШƚƓĲĦŔĲƚЮШ ŉƣĲƖШ
ĲƻċũƨċƣŔŸŰЯШċШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚШƽċƚШċƓƓũŔĲĬШƣŸШƣőĲШůŸĬĲũШƣŸШŔĬĲŰƣŔŉǃШƣőĲШťĲǃШƓũċŰƣШƓƖŸĦĲƚƚШƣőċƣШ
ċǭĲĦƣƚШŊƖċŔŰШƕƨċũŔƣǃШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШfƣШƽċƚШŉŸƨŰĬШƣőċƣШ§ΟШŔŰĬƨĦĲĬШĲċƖũǃШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШ
ƽċƚШƣőĲШťĲǃШƓũċŰƣШƓƖŸĦĲƚƚĲƚШċǭĲĦƣŔŰŊШŊƖċŔŰШƕƨċũŔƣǃШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШƖĲŊċƖĬũĲƚƚШŸŉШ§ΟШ
ƣƖĲċƣůĲŰƣЮШìĲШƖĲĦŸůůĲŰĬШƣőċƣШĤƖĲĲĬĲƖƚШŉŸĦƨƚƚŔŰŊШŸŰШƚƣċǃрŊƖĲĲŰШĦƨũƣŔƻċƖƚШċŔůШƣŸШĬĲƻĲũŸƓШ
ĦƨũƣŔƻċƖƚШƣőċƣШĬŸШŰŸƣШƚƨǭĲƖШċШƓƖŸƣĲŔŰШƓĲŰċũƣǃЮШfŉШƚƨĦőШĦƨũƣŔƻċƖƚШĦċŰШůċŔŰƣċŔŰШƣőĲŔƖШǃŔĲũĬШċŰĬШ



ΥΤ 
 

ƕƨċũŔƣǃШƨŰĬĲƖШċĤŔŸƣŔĦШƚƣƖĲƚƚĲƚЯШƣőĲǃШůċǃШċũƚŸШĤĲШƣŸũĲƖċŰƣШƣŸШ§ΟШŔŰШƣĲƖůƚШŸŉШĤŸƣőШǃŔĲũĬШċŰĬШĦƖŸƓШ
ƕƨċũŔƣǃбШƣĲƚƣŔŰŊШƣőŔƚШƽŸƨũĬШĤĲШĤĲŰĲǯĦŔċũШƣŸШŉƨƖƣőĲƖШƨŰĬĲƖƚƣċŰĬШƣőĲШŔůƓũŔĦċƣŔŸŰƚШŸŉШ§ΟШŸŰШŊũŸĤċũШ
ŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰċũШƚĲĦƨƖŔƣǃЮ 

ΞЮΥШƓƓĲŰĬŔǂШ 
?ĲƣċŔũĲĬШĤĲũŸƽШċƖĲШƣőĲШĲƕƨċƣŔŸŰƚШċŰĬШƖĲŉĲƖĲŰĦĲƚШŉŸƖШƣőĲШ ШůŸĬƨũĲШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓШ Ш
ůŸĬƨũĲЮШìĲШŉŸƨŰĬШìċŰŊШѼШEŰŊĲũѣƚШыΞΜΜΞьШċƓƓƖŸċĦőШƣŸШƽƖŔƣŔŰŊШƨƓШƣőĲŔƖШĦƖŸƓШůŸĬĲũШƣŸШĤĲШƻĲƖǃШ
ĲǭĲĦƣŔƻĲШƚŸШƽĲШƣċťĲШŔŰƚƓŔƖċƣŔŸŰШŉƖŸůШƣőĲŔƖШċƓƓƖŸċĦőШċŰĬШƓƖĲƚĲŰƣШċШĬĲƚĦƖŔƓƣŔŸŰШŸŉШƣőĲШƓƖŸĦĲƚƚĲƚШ
ċŰĬШƖĲŉĲƖĲŰĦĲƚШŔŰШƣőĲШƣĲǂƣЯШċŰĬШƣċĤƨũċƣĲШƣőĲШƚƓĲĦŔǯĦШĲƕƨċƣŔŸŰƚЯШƽŔƣőШƣőĲŔƖШĦŸƖƖĲƚƓŸŰĬŔŰŊШ
ƖĲŉĲƖĲŰĦĲƚШŔŰШĲċĦőШƚĲĦƣŔŸŰЮШÑőĲШƻċũƨĲƚШŸŉШƓċƖċůĲƣĲƖƚШƨƚĲĬШŔŰШƣőĲШůŸĬƨũĲШċŰĬШƣőĲŔƖШ
ĦŸƖƖĲƚƓŸŰĬŔŰŊШƚŸƨƖĦĲƚШċƖĲШƣċĤƨũċƣĲĬШċũƚŸЮШ[ŸƖШċШŉƨũũШůċƣőĲůċƣŔĦċũШĬĲƚĦƖŔƓƣŔŸŰШŸŉШƣőĲШƓőĲŰŸũŸŊǃЯШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚЯШĦċƖĤŸŰШċũũŸĦċƣŔŸŰШċŰĬШŸǍŸŰĲШĬċůċŊĲШƓƖŸĦĲƚƚĲƚШŸŉШ?§ΟÉEр9ƖŸƓЯШƓũĲċƚĲШƖĲŉĲƖШƣŸШ
ÂċŰĬĲШĲƣШċũЮШыΞΜΞΠьЮШ 

ƣШƣőĲШĦƨƖƖĲŰƣШƚƣċŊĲШŸŉШĬĲƻĲũŸƓůĲŰƣЯШƣőĲШ ШůŸĬƨũĲШŔƚШŰŸƣШŔŰƣĲŊƖċƣĲĬШƽŔƣőŔŰШ?§ΟÉEр9ƖŸƓЮШfƣШ
ƖĲƕƨŔƖĲƚШƣőĲШŸƨƣƓƨƣШǯũĲШŉƖŸůШċШ?§ΟÉEр9ƖŸƓШƖƨŰШŔŰШŸƖĬĲƖШƣŸШƓĲƖŉŸƖůШƣőĲШ ШƚŔůƨũċƣŔŸŰƚЮ 

ΞЮΥЮΝШÉŸŔũШ ШÖƓƣċťĲ 
ÂƖĲрċŰƣőĲƚŔƚШċШůċǂŔůƨůШ ШƨƓƣċťĲШыὔὟὖȟ ȟὭὲ Ὣὔ ά  ὨὥώШŔƚШĬĲǯŰĲĬШыÉŸũƣċŰŔШċŰĬШ
ÉŔŰĦũċŔƖЯШΞΜΝΞьЮШÑőĲШċĦƣƨċũШ ШƨƓƣċťĲШĤǃШƣőĲШĦƖŸƓШƓƖĲрċŰƣőĲƚŔƚШыὔὟὖȟὫὔ ά  ὨὥώьШŔƚШ
ĦċũĦƨũċƣĲĬШƨƚŔŰŊШƣőĲШƽŸƖťШŸŉШÉŸũƣċŰŔШċŰĬШÉŔŰĦũċŔƖШыΞΜΝΞьЮШ?ċŔũǃШ ШƨƓƣċťĲШŔƚШƣőĲШƚƨůШŸŉШƣőĲШ Ш
ċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőĲШŔŰĦƖĲċƚĲШŔŰШx fШƣőċƣШĬċǃШыὒὃὍ ЯШά  ὨὥώьЯШƣőĲШŔŰĦƖĲċƚĲШŔŰШĬƖǃШůċƣƣĲƖШŸŉШ
ƣőĲШƚƣĲůШƣőċƣШĬċǃШыὈὡ ͺ ЯШὫ Ὀὡ ά  ὨὥώьШċŰĬШƣőĲШ ШĬĲǯĦŔƣШƣőċƣШĬċǃШ
ыὔ ȟ ȟὫ ὔ ά  Ὠὥώȟ ШƣőċƣШőċƚШĤĲĲŰШċĦĦƨůƨũċƣĲĬШŸƻĲƖШƣőĲШƓũċŰƣќƚШũŔŉĲа 

 ὔὟὖ  Ὀὡ ͺ ὔ ȟ ὒὃὍ ὔ ȟ

ὔ ȟ  Ȣ 
(A2.1) 

ὔ ȟ ШŔƚШƣőĲШƣċƖŊĲƣШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШƣőĲШƚƣĲůШċŰĬШὔ ȟ ШŔƚШƣőĲШƣċƖŊĲƣШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШƣőĲШũĲċŉШыÉŸũƣċŰŔШċŰĬШÉŔŰĦũċŔƖЯШΞΜΝΞьЮШÑőĲШὔ ȟ  ШŔƚШĬĲǯŰĲĬШċƚШƣőĲШ
ĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣőĲШƣċƖŊĲƣШƚƣĲůШ ШŉŸƖШŔƣƚШůċƚƚЯШċŰĬШŔƣƚШĦƨƖƖĲŰƣШ ШĦŸŰƣĲŰƣШыὔ ьа 

 ὔ ȟ  Ὀὡ ὔ ȟ ὔ Ȣ (A2.2) 

ƽőĲƖĲШὈὡ ШŔƚШƣőĲШĬƖǃШƽĲŔŊőƣШŸŉШƣőĲШƚƣĲůШŔŰШὫ ά ЮШfŉШὔὟὖШӂШὔὟὖȟ ШƽĲШƚĲƣШὔὟὖ

ὔὟὖȟ ЯШŸƣőĲƖƽŔƚĲЯШƣőĲШĦƖŸƓШƣċťĲƚШƨƓШ ШĲƕƨċũШƣŸШὔὟὖȢ 

ÂŸƚƣрċŰƣőĲƚŔƚЯШ ШƨƓƣċťĲШŔƚШċШŉƨŰĦƣŔŸŰШċƚƚŸĦŔċƣĲĬШƽŔƣőШƣőĲШĦċƓċĦŔƣǃШŸŉШƣőĲШƚƣĲůШƣŸШőŸũĬШŰŔƣƖŸŊĲŰЮШ
ÑőĲШĤċƚŔƚШŉŸƖШƣőŔƚШĲƕƨċƣŔŸŰШŔƚШƣċťĲŰШŉƖŸůШÉŔƖŔƨƚÄƨċũŔƣǃШы~ċƖƣƖĲШĲƣШċũЮЯШΞΜΜΣьЮШШÑőĲШƓŸƣĲŰƣŔċũШ Ш
ƨƓƣċťĲШƓŸƚƣШċŰƣőĲƚŔƚШыὔὟὖ ȟ  Ὣὔ ά  Ὠὥώȟ ШŔƚШĦċũĦƨũċƣĲĬШċƚШŉŸũũŸƽƚа 

 
ὔὟὖ ȟ ὔὟὖ ȟ

Ὕ Ὕ

Ὕ
 (A2.3) 

ƽőĲƖĲШὔὟὖ ȟ ШŔƚШƣőĲШůċǂŔůƨůШ ШƨƓƣċťĲШƓŸƚƣрċŰƣőĲƚŔƚЯШὝ ШŔƚШƣőĲШƣőĲƖůċũШƣŔůĲШыŔŰШ9҄Ш
ĬċǃƚьШĤĲƣƽĲĲŰШƣőĲШĲŰĬШŸŉШŊƖċŔŰШǯũũŔŰŊШыŔЮĲЮШőċƖƻĲƚƣШŔŰШƣőĲШƓƖĲƚĲŰƣШůŸĬĲũьШċŰĬШƣőĲШƚƣċƖƣШŸŉШċŰƣőĲƚŔƚЯШ
ċŰĬШὝШŔƚШƣőĲШĦƨƖƖĲŰƣШƣőĲƖůċũШƣŔůĲШыŔŰШ9҄ШĬċǃƚьШƚŔŰĦĲШċŰƣőĲƚŔƚЮШÉƨĤƚĲƕƨĲŰƣũǃЯШƣőĲШƚƣĲůƚШƣċƖŊĲƣШ
ĦċƓċĦŔƣǃШƣŸШőŸũĬШ ШŔƚШĦċũĦƨũċƣĲĬШċŰĬШĦŸůƓċƖĲĬШƣŸШƣőĲШĦƨƖƖĲŰƣШċůŸƨŰƣШŸŉШ ШƚƣŸƖĲĬШŔŰШƣőĲШƚƣĲůЮШfŉШ
ƣőĲШĦƨƖƖĲŰƣШƚƣĲůШ ЯШὔ ШŔŰШШὫ ὔ ά ЯШĲǂĦĲĲĬƚШƣőĲШƣċƖŊĲƣШĦċƓċĦŔƣǃЯШŰŸШ ШŔƚШƣċťĲŰШƨƓШƣőċƣШĬċǃШ
ыEƕƨċƣŔŸŰШы ΠььЮШ 



ΥΥ 
 

fŉШƣőĲШĦƨƖƖĲŰƣШƚƣĲůШ ШŔƚШũĲƚƚШƣőċŰШƣőĲШƣċƖŊĲƣШĦċƓċĦŔƣǃЯШƣőĲШ ШƣċťĲŰШƨƓШŔƚШĲƕƨċũШƣŸШƣőĲШůŔŰŔůƨůШŸŉШ
ƣőĲШƚƣĲůќƚШĦƨƖƖĲŰƣШĦċƓċĦŔƣǃШċŰĬШƣőĲШƓŸƣĲŰƣŔċũШƨƓƣċťĲЮ 

ÑċĤũĲЮΥдΤжЮ9ŔƣċƣŔŸŰƚЮċŰĬЮŰċůĲƚЮŉŸƖЮĲƕƨċƣŔŸŰƚЮĬĲƚĦƖŔĤŔŰŊЮƚŸŔũЮ ЮƨƓƣċťĲ 

EƕƨċƣŔŸŰШ
ŰƨůĤĲƖ EƕƨċƣŔŸŰШŰċůĲ ?ĲƻĲũŸƓĲĬШċĦĦŸƖĬŔŰŊШƣŸв 

ыΞЮΝь ĦƣƨċũШƓũċŰƣШ ШƨƓƣċťĲШƓƖĲрċŰƣőĲƚŔƚ ыÉŸũƣċŰŔШѼШÉŔŰĦũċŔƖЯШΞΜΝΞь 

ыΞЮΞь  ШƚƣĲůШĬĲǯĦŔƣ ыÉŸũƣċŰŔШѼШÉŔŰĦũċŔƖЯШΞΜΝΞь 

ыΞЮΟь 
ÂŸƣĲŰƣŔċũШĬċŔũǃШ ШƨƓƣċťĲШƓŸƚƣр
ċŰƣőĲƚŔƚ ы~ċƖƣƖĲШĲƣШċũЮЯШΞΜΜΣь 

ыΞЮΠь ÂŸƚƣрċŰƣőĲƚŔƚШ ШƨƓƣċťĲШŔŉШĦƨƖƖĲŰƣШ
ƚƣĲůШ ШŔƚШŊƖĲċƣĲƖШƣőċŰШƣċƖŊĲƣ 

ĬĲƻĲũŸƓĲĬШŔŰШƣőŔƚШƚƣƨĬǃШƣŸШĲŰƚƨƖĲШƚƣĲůШ
ĬŸĲƚШŰŸƣШŊĲƣШċŰШƨŰũŔůŔƣĲĬШƚƨƓƓũǃШŸŉШ  

ыΞЮΡь ÂŸƚƣрċŰƣőĲƚŔƚШ ШƨƓƣċťĲШŔŉШĦƨƖƖĲŰƣШ
ƚƣĲůШ ШŔƚШũĲƚƚШƣőċŰШƣċƖŊĲƣ 

ы~ċƖƣƖĲШĲƣШċũЮЯШΞΜΜΣьШċŰĬШċĬċƓƣĲĬШŔŰШƣőŔƚШ
ƚƣƨĬǃШƣŸШċĦĦŸƨŰƣШŉŸƖШĦƨƖƖĲŰƣШƚƣĲůШ  

 

ÑċĤũĲЮΥдΥжЮ?ĲŉċƨũƣЮċŰĬЮƓƖĲƚĲŰƣЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚЮŉŸƖЮƣőĲЮ ЮůŸĬƨũĲЮċũŸŰŊЮƽŔƣőЮĦŔƣċƣŔŸŰƚЮċƚЮƣŸЮƽőĲƖĲЮƣőĲЮŸƖŔŊŔŰċũЮ
ĬĲŉċƨũƣЮƻċũƨĲЮƽċƚЮŸĤƣċŔŰĲĬ 

Parameter Original Value Value used in this 
study 

Source for original value 

ὔὟὖ ȟ  0.4 Ὣ ὔ ά  Ὠὥώ 0.4 Ὣ ὔ ά  Ὠὥώ (Martre et al., 2006) 

ὔὟὖȟ  0.25 Ὣ ὔ ά  Ὠὥώ 0.65 Ὣ ὔ ά  Ὠὥώ (Soltani and Sinclair, 
2012) 

ὔ ȟ  0.015 Ὣ ὔ Ὣ  Ὀὡ 0.018 Ὣ ὔ Ὣ  Ὀὡ (Soltani and Sinclair, 
2012) 

ὔ ȟ  1.5 Ὣ ὔ ά  1.65 Ὣ ὔ ά  (Soltani and Sinclair, 
2012) 

 

ΞЮΥЮΞШ ШƓċƖƣŔƣŔŸŰŔŰŊШƣŸШƣőĲШƚƣĲůШċŰĬШũĲċŉ 
ÂƖĲрċŰƣőĲƚŔƚЯШƣőĲШĲƕƨċƣŔŸŰƚШĬĲƚĦƖŔĤŔŰŊШőŸƽШƣőĲШƨƓƣċťĲШŸŉШ ШŔƚШƚƓũŔƣШĤĲƣƽĲĲŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШ
ċƖĲШĤċƚĲĬШŸŰШƣőĲШƽŸƖťШŸŉШÉŸũƣċŰŔШċŰĬШÉŔŰĦũċŔƖШыΞΜΝΞьЯШċŰĬШŰŸШ ШŔƚШċũũŸĦċƣĲĬШƣŸШƣőĲШŊƖċŔŰƚШċƣШƣőŔƚШ
ƣŔůĲЮШÑőĲШƚƣĲůШċŰĬШũĲċŉШőċƻĲШċШĬĲǯŰĲĬШƣċƖŊĲƣШċŰĬШůŔŰŔůƨůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШƽőŔĦőШĦċŰШĤĲШ
ĦċũŔĤƖċƣĲĬШŉŸƖШĬŔǭĲƖĲŰƣШƽőĲċƣШĦƨũƣŔƻċƖƚЮШfŰШÉŸũƣċŰŔШċŰĬШÉŔŰĦũċŔƖШыΞΜΝΞьШĤŸƣőШƣőĲШƣċƖŊĲƣШċŰĬШ
ůŔŰŔůƨůШƚƣĲůШċŰĬШũĲċŉШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШĦŸŰƚƣċŰƣƚЮШfŰШƣőŔƚШƚƣƨĬǃЯШƣőĲШůŔŰŔůƨůШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШƣőĲШũĲċŉШċŰĬШƚƣĲůШċƖĲШƻċƖŔċĤũĲШĤċƚĲĬШŸŰШƣőĲШŸǍŸŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШÑőŔƚШċũũŸƽƚШ
ċШƖĲĬƨĦƣŔŸŰШŔŰШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŉƖŸůШƣőĲШũĲċŉШċŰĬШƚƣĲůШƣŸШƣőĲШŊƖċŔŰЯШċƚШŉŸƨŰĬШĤǃШ7ƖĲƽƚƣĲƖШĲƣШċũЮШ
ыΞΜΞΠьЯШƨŰĬĲƖШőŔŊőĲƖШŸǍŸŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШfƣШŔƚШĲċƚŔĲƚƣШƣŸШƚĲĲШƣőĲШƚƣƖƨĦƣƨƖĲШŸŉШƣőĲШ ШƓċƖƣŔƣŔŸŰŔŰŊШ
ĦŸĬĲШŔŰШ[ŔŊƨƖĲШΞЮΝЮШÑőĲШƽƖŔƣĲШƨƓШŸŉШƓƖĲрċŰƣőĲƚŔƚШ ШƓċƖƣŔƣŔŸŰŔŰŊШƣŸШƣőĲШũĲċƻĲƚШċŰĬШƚƣĲůШŔƚШƚƓũŔƣШ

 ὔὟὖ π  ὭὪ   ὔ  Ὀὡ ὔ ȟ  (A2.4) 

 ὔὟὖ άὭὲὔὟὖ ȟ ȟὈὡ ὔ ȟ ὔ   (A2.5) 



ΥΦ 
 

ŔŰƣŸШΞШƚĲĦƣŔŸŰƚШĤċƚĲĬШŸŰШƽőĲƣőĲƖШƣőĲШƚƣĲůШŔƚШĲǂƓĲƖŔĲŰĦŔŰŊШċШ ШĬĲǯĦŔƣШыŔЮĲЮШƚƣĲůШ ШŔƚШũĲƚƚШƣőċŰШŔƣƚШ
ůŔŰŔůƨůьЮ 

 

[ŔŊƨƖĲЮΥдΤжЮ[ŔŊƨƖĲЮƚőŸƽŔŰŊЮƣőĲЮċũũŸĦċƣŔŸŰЮŸŉЮ ЮƣŸЮƣőĲЮƚƣĲůЮċŰĬЮũĲċŉЮĤĲŉŸƖĲЮċŰƣőĲƚŔƚдЮòЮċŰĬЮ ЮƖĲƓƖĲƚĲŰƣЮџǃĲƚѠЮċŰĬЮџŰŸѠЮ
ƖĲƚƓĲĦƣŔƻĲũǃдЮEƕƨċƣŔŸŰЮĬĲǯŰŔƣŔŸŰƚЮċƖĲЮƖĲŉĲƖĲŰĦĲĬЮċƓƓƖŸƓƖŔċƣĲũǃдЮìőĲƖĲЮĲƕƨċƣŔŸŰЮŰƨůĤĲƖƚЮċƖĲЮŰŸƣЮŔŰĬŔĦċƣĲĬЮċĬĬŔƣŔŸŰċũЮ
ŔŰŉŸƖůċƣŔŸŰЮĦċŰЮĤĲЮŉŸƨŰĬЮŔŰЮƣőĲЮƣĲǂƣдЮEƕƨċƣŔŸŰƚЮċŰĬЮůŸĬĲũЮƚƣƖƨĦƣƨƖĲЮŉŸƖЮ ЮċũũŸĦċƣŔŸŰЮċƖĲЮĤċƚĲĬЮŸŰЮƣőŸƚĲЮŸŉЮÉŸũƣċŰŔЮ҂Ю
ÉŔŰĦũċŔƖЮёΥΣΤΥђЮċŰĬЮůŸĬŔǯĲĬЮŉŸƖЮƣőĲЮƓƨƖƓŸƚĲƚЮŸŉЮƣőŔƚЮƚƣƨĬǃд 

[ŔƖƚƣũǃЯШƣőĲШĦƨƖƖĲŰƣШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔƚШĦŸůƓċƖĲĬШƣŸШƣőĲШůŔŰŔůƨůШċũũŸƽĲĬШƚƣĲůШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰЯ ὔ ȟ ШЮШ 

ΞЮΥЮΞЮΝШfŉШ9ƨƖƖĲŰƣШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔƚШũĲƚƚШƣőċŰШƣőĲШůŔŰŔůƨůШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШ
ы ШĬĲǯĦŔƣь 
fŉШƣőĲШĦƨƖƖĲŰƣШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔƚШũĲƚƚШƣőċŰШƣőĲШůŔŰŔůƨůШĦŸŰĦĲŰƣƖċƣŔŸŰЯШƣőĲŰШċũũŸĦċƣŔŸŰШŸŉШ
 ШƣŸШƣőĲШƚƣĲůШŔƚШƓƖŔŸƖŔƣŔƚĲĬЮШ 

 ὔ ȟ Ὀὡ ὔ ȟ ὔ  (A2.6) 

ƽőĲƖĲШὔ ȟ ШŔƚШƣőĲШ ШƖĲƕƨŔƖĲĬШĤǃШƣőĲШƚƣĲůШƣŸШůĲĲƣШŔƣƚШĬĲǯĦŔƣШŔŰШὫ ὔ ά ЮШfŉШὔ ȟ ШŔƚШŊƖĲċƣĲƖШ
ƣőċŰШƣőĲШċůŸƨŰƣШŸŉШ ШƣċťĲŰШƨƓШƣőċƣШĬċǃШыὔὟὖȟὫ ὔ ά ьЯШƣőĲШ ШĲŰƣĲƖŔŰŊШƣőĲШƚƣĲůШƓŸŸũШ
ыὔ ȟ ȟὫ ὔ ά ьШŔƚШĦċƓƓĲĬШċƣШƣőĲШċůŸƨŰƣШŸŉШ ШƣċťĲŰШƨƓЮ 

 

ὭὪ ὔ ȟ ὔὟὖ     

ừ
Ừ

ứ
ὔ ȟ ὔὟὖ
ὔὰὩὥὺὭὲὫȟὰὩὥὪπ

 ὔὰὩὥὺὭὲὫȟίὸὩάπ

ὔὭὲὸέȟὰὩὥὪπ

 (A2.7) 

EƕƨċƣŔŸŰШыΞЮΤьШőċƚШĤĲĲŰШůŸĬŔǯĲĬШŉƖŸůШÉŸũƣċŰŔШċŰĬШÉŔŰĦũċŔƖШыΞΜΝΞьШƽőŸШċũũŸƽШũĲċŉШċƖĲċШƣŸШ
ƚĲŰĲƚĦĲШċŰĬШƓƖŸƻŔĬĲШƣőĲШƚƣĲůШƽŔƣőШ ШŔŉШƣőĲƖĲШŔƚШŰŸƣШĲŰŸƨŊőШƣŸШůĲĲƣШƣőĲШƚƣĲůќƚШ ШĬĲůċŰĬЮШÑőĲШ
ƚĲŰĲƚĦŔŰŊШŸŉШũĲċŉШċƖĲċШƣŸШƓƖŸƻŔĬĲШ ШƽċƚШƖĲůŸƻĲĬШŔŰШƣőĲШĦƨƖƖĲŰƣШŔƣĲƖċƣŔŸŰШŸŉШ?§ΟÉEр9ƖŸƓ ЮШ
9ƨƖƖĲŰƣũǃЯШƣőĲƖĲШŔƚШŰŸШŔŰƣĲƖĬĲƓĲŰĬĲŰĦŔĲƚШĤĲƣƽĲĲŰШƣőĲШ ШůŸĬƨũĲШċŰĬШ?§ΟÉEр9ƖŸƓЮШÑőĲШ?§ΟÉEр
9ƖŸƓШůŸĬĲũШƖƨŰƚШċŰĬШƣőĲŰШƣőĲШ ШůŸĬƨũĲШŔƚШċƓƓũŔĲĬШƣŸШƣőĲШŸƨƣƓƨƣШŸŉШ?§ΟÉEр9ƖŸƓШƣŸШĦċũĦƨũċƣĲШ
ĦƖŸƓШ ЮШfƣШŔƚШƣőĲƖĲŉŸƖĲШŰŸƣШƓŸƚƚŔĤũĲШƣŸШƚĲŰĲƚĦĲШũĲċŉШċƖĲċШƣŸШƓƖŸƻŔĬĲШ ШŔŰШƣőĲШĦƨƖƖĲŰƣШƻĲƖƚŔŸŰШŸŉШƣőĲШ
 ШůŸĬƨũĲШċƚШƣőĲШũĲċŉШċƖĲċШƽċƚШċũƖĲċĬǃШĬĲƣĲƖůŔŰĲĬШŔŰШ?§ΟÉEр9ƖŸƓЮ 



ΦΜ 
 

fŉШƣőĲƖĲШƽċƚШĲŰŸƨŊőШ ШƣŸШůĲĲƣШƣőĲШĬĲǯĦŔƣШŸŉШƣőĲШƚƣĲůЯШƣőĲŰШὔ ȟ ὔ ȟ ШċŰĬШ
ὔ ȟ πЮШÑőĲŰЯШƣőĲШ ШƖĲƕƨŔƖĲĬШŉŸƖШůċŔŰƣċŔŰŔŰŊШũĲċŉШċƖĲċШŊƖŸƽƣőШċƣШŔƣƚШƣċƖŊĲƣШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰШыὔ ȟ ȟὫ ὔ ά ьШŔƚШĦċũĦƨũċƣĲĬШƨƚŔŰŊШĲƕƨċƣŔŸŰШыΞЮΥьЮШ 

 ὔ ȟ ὒὃὍ ὔ ȟ  (A2.8) 

fŉШὔ ȟ ШĦċŰШĤĲШŉƨũǯũũĲĬШĤǃШƣőĲШ ШũĲŉƣШŸƻĲƖШċŉƣĲƖШůċŔŰƣċŔŰŔŰŊШƣőĲШƚƣĲůШŊƖŸƽƣőШċƣШůŔŰŔůƨůШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰЯШƣőĲŰШ ШŔƚШƓċƖƣŔƣŔŸŰĲĬШƣŸШƣőĲШũĲċƻĲƚШċŰĬШċŰǃШũĲŉƣŸƻĲƖШ ШŔƚШƓċƖƣŔƣŔŸŰĲĬШƣŸШƣőĲШƚƣĲůШ
ŉŸƖШƚƣŸƖċŊĲЮШfŉШƣőĲШũĲŉƣŸƻĲƖШ ШĦċŰŰŸƣШŉƨũǯũШƣőĲШĬĲůċŰĬШŸŉШƣőĲШũĲċŉЯШƣőĲŰШƣőĲШƖĲůċŔŰŔŰŊШ ШŉƖŸůШ
ƨƓƣċťĲШŔƚШƓċƖƣŔƣŔŸŰĲĬШƣŸШƣőĲШũĲċƻĲƚШыÉŸũƣċŰŔШċŰĬШÉŔŰĦũċŔƖЯШΞΜΝΞьЮ 

ὔ ȟ

ὔ ȟ ὭὪ ὔ ȟ   ὔὟὖὔ ȟ

ὔὟὖὔ ȟ ὭὪ ὔ ȟ ὔὟὖὔ ȟ
 (A2.9) 

ΞЮΥЮΞЮΞШfŉШ9ƨƖƖĲŰƣШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔƚШŰŸƣШũĲƚƚШƣőċŰШƣőĲШůŔŰŔůƨůШƚƣĲůШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰШыŰŸШ ШĬĲǯĦŔƣь 
fŉШƣőĲШƚƣĲůШ ШŔƚШŰŸƣШĤĲũŸƽШŔƣƚШůŔŰŔůƨůЯШƣőĲŰШ ШŔƚШǯƖƚƣШċũũŸĦċƣĲĬШƣŸШƣőĲШũĲċƻĲƚЮШÑőĲШ ШƖĲƕƨŔƖĲĬШĤǃШ
ƣőĲШũĲċƻĲƚШŔƚШĦċũĦƨũċƣĲĬШŔŰШċĦĦŸƖĬċŰĦĲШƽŔƣőШĲƕƨċƣŔŸŰШы ΥьЮШfŉШƣőĲШ ШƖĲƕƨŔƖĲĬШĤǃШƣőĲШũĲċƻĲƚШŔƚШũĲƚƚШ
ƣőċŰШƣőĲШ ШƨƓƣċťĲШƣőċƣШĬċǃЯШƣőĲШ ШƖĲƕƨŔƖĲĬШĤǃШƣőĲШũĲċƻĲƚШŔƚШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲůаШὔ ȟ

ὔ ȟ ШċŰĬШὔ ȟ πЮШÉƨĤƚĲƕƨĲŰƣũǃЯШƣőĲШƖĲůċŔŰŔŰŊШ ШŉƖŸůШƨƓƣċťĲШŔƚШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲШ
ƚƣĲůЯШὔ ȟ ὔὟὖὔ ȟ ШċŰĬШὔ ȟ π 

fŉШƣőĲШũĲċƻĲƚШƖĲƕƨŔƖĲĬШůŸƖĲШ ШƣőċŰШƽċƚШƣċťĲŰШƨƓШĤǃШƣőĲШĦƖŸƓЯШƣőĲШĲǂƣƖċШĬĲůċŰĬШŔƚШŉƨũǯũũĲĬШĤǃШ
ƨƚŔŰŊШƚŸůĲШŸŉШƣőĲШƚƣĲůШ ЮШÑőĲШ ШŉƖŸůШƣőĲШƚƣĲůШŔƚШƖĲůŸƻĲĬШŸŰũǃШƨŰƣŔũШƣőĲШƚƣĲůШƖĲċĦőĲƚШŔƣƚШ
ůŔŰŔůƨůШĦŸŰĦĲŰƣƖċƣŔŸŰЮ 

ὔ ȟ

π ὭὪ ὔ ȟ   ὔὟὖ

ÍÉÎ ὔ ȟ ὔὟὖȟ ὔ Ὀὡ ὔ ȟ ὭὪ ὔ ȟ ὔὟὖ
 (A2.10) 

 
fŰШĲƕƨċƣŔŸŰШы ΝΜьЯШƣőĲШůŔŰŔůƨůШŉƨŰĦƣŔŸŰШĲŰƚƨƖĲƚШƣőċƣШƣőĲШƚƣĲůШ ШĬŸĲƚШŰŸƣШŉċũũШĤĲũŸƽШŔƣƚШ
ůŔŰŔůƨůЮШfŰШƣőĲШƚĦĲŰċƖŔŸШƣőċƣШƣőĲШũĲċƻĲƚШƖĲƕƨŔƖĲĬШůŸƖĲШ ШƣőċŰШƣċťĲŰШƨƓШĤǃШƣőĲШĦƖŸƓЯШ
ὔ ȟ πШċŰĬШὔ ȟ πЮ 

ÑċĤũĲЮΥдΦжЮ9ŔƣċƣŔŸŰƚЮċŰĬЮŰċůĲƚЮŉŸƖЮĲƕƨċƣŔŸŰƚЮĬĲƚĦƖŔĤŔŰŊЮ ЮƓċƖƣŔƣŔŸŰŔŰŊЮƣŸЮƣőĲЮƚƣĲůЮċŰĬЮũĲċŉ 

Equation 
number 

Equation name ?ĲƻĲũŸƓĲĬШċĦĦŸƖĬŔŰŊШƣŸв 

(A2.6) The N required by the stem for growth (Soltani and Sinclair, 2012) 

(A2.7)  The N partitioned to the leaf and stem 
if the stem has a N deficiency and N 
uptake is not great enough to meet it 

Soltani and Sinclair (2012) and adapted 
to remove leaf senescence releasing N 
in this study 

(A2.8) The N required for leaf area expansion (Soltani and Sinclair, 2012) 



ΦΝ 
 

(A2.9) The N going into the leaf pool if N 
uptake met the stem N deficit 

(Soltani and Sinclair, 2012) 
 

(A2.10) The N leaving the stem to maintain leaf 
area expansion under no stem N 
deficit  

Soltani and Sinclair (2012) and adapted 
in this study to ensure stem N does not 
go below its minimum 

ΞЮΥЮΟШ ШƓċƖƣŔƣŔŸŰŔŰŊШƣŸШƣőĲШŊƖċŔŰ 

 

[ŔŊƨƖĲЮΥдΥжЮ[ŔŊƨƖĲЮƚőŸƽŔŰŊЮƣőĲЮċũũŸĦċƣŔŸŰЮŸŉЮ ЮƣŸЮƣőĲЮƽőĲċƣЮŊƖċŔŰƚЮƓŸƚƣцċŰƣőĲƚŔƚЮƽŔƣőЮĲƕƨċƣŔŸŰƚЮŔŰĬŔĦċƣĲĬЮ
ċƓƓƖŸƓƖŔċƣĲũǃдЮÉƨĤцŔůċŊĲЮёċђЮŔƚЮċЮƻŔƚƨċũЮƖĲƓƖĲƚĲŰƣċƣŔŸŰЮŸŉЮċЮũĲċŉЮƖĲũĲċƚŔŰŊЮ ЮċƚЮƣőĲЮũĲċŉЮċƖĲċЮƚĲŰĲƚĦĲƚдЮÉƨĤцŔůċŊĲЮёĤђЮ
ƚőŸƽƚЮƣőĲЮΦЮũŸĦċƣŔŸŰƚЮƽőĲƖĲЮ ЮŔƚЮƣƖċŰƚŉĲƖƖĲĬЮƣŸЮƣőĲЮŊƖċŔŰЮŉƖŸůжЮƓŸƚƣЮċŰƣőĲƚŔƚЮ ЮƨƓƣċťĲеЮ ЮƚƣŸƖĲĬЮŔŰЮƣőĲЮƚƣĲůеЮ
ƚĲŰĲƚĦŔŰŊЮũĲċŉЮċƖĲċд 

ŉƣĲƖШċŰƣőĲƚŔƚЯШƣőĲШŊƖċŔŰШĤĲŊŔŰƚШƣŸШǯũũШƽŔƣőШ ШċŰĬШƣőĲШůŸĬĲũШĲƕƨċƣŔŸŰƚШĦőċŰŊĲШƣŸШƖĲǰĲĦƣШƣőċƣШƣőĲШ
ƓƖŔŸƖŔƣǃШŔƚШŊƖċŔŰШǯũũЯШŰŸƣШũĲċŉШċƖĲċШĲǂƓċŰƚŔŸŰШŸƖШŊƖŸƽƣőЮШ ŉƣĲƖШċŰƣőĲƚŔƚШὔ ȟ πШċũƽċǃƚЮШ ƚШ
ũĲċŉШċƖĲċШƚĲŰĲƚĦĲƚЯШ ШŔƚШƖĲũĲċƚĲĬаШШШШШШ 

 
ὔ ȟ ὒὃὍώὩίὸὩὶὨὥώὒὃὍὸέὨὥώ

ὔὰὩὥὪ

ὒὃὍώὩίὸὩὶὨὥώ
ὔὰὩὥὪȟάὭὲ  (A2.11) 

 

ƽőĲƖĲШὒὃὍ ШċŰĬШὒὃὍ ШƖĲƓƖĲƚĲŰƣШƣőĲШƻċũƨĲƚШŸŉШƣőĲШũĲċŉШċƖĲċШŔŰĬĲǂШǃĲƚƣĲƖĬċǃШċŰĬШƣŸĬċǃШ
ċƚШĦċũĦƨũċƣĲĬШŔŰШ?§ΟÉEр9ƖŸƓЮШ ШƖĲũĲċƚĲĬШŉƖŸůШƣőĲШũĲċŉЯШċŰĬШ ШƣċťĲŰШƨƓШĤǃШƣőĲШƓũċŰƣШƓŸƚƣр
ċŰƣőĲƚŔƚШċƖĲШċĬĬĲĬШƣŸШƣőĲШƚƣĲůШ ШƓŸŸũШŉŸƖШƚƣŸƖċŊĲЯШċƚШƣőĲǃШƽŸƨũĬШőċƻĲШƣŸШƣƖċƻĲũШƣőƖŸƨŊőШƣőĲШƚƣĲůШ
ƣŸШƖĲċĦőШƣőĲШŊƖċŔŰƚШыÉċŰĦőĲǍр7ƖċŊċĬŸЯШÉĲƖƖĲƣШċŰĬШ ƖċƨƚЯШΞΜΝΤьЮШÑőĲШƚƣĲůШ ŔƣƖŸŊĲŰШŔƚШƣőĲŰШ
ƨƓĬċƣĲĬШċĦĦŸƖĬŔŰŊũǃа 

 ὔ ȟ ὔ ȟ ὔὟὖὴέίὸ (A2.12) 



ΦΞ 
 

 ŸƣШċũũШŸŉШƣőĲШ ШŔŰШƣőĲШƚƣĲůШŔƚШċƻċŔũċĤũĲШƣŸШĤĲШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲШŊƖċŔŰШċƚШƣőĲШƚƣĲůШőċƚШċШůŔŰŔůƨůШ
 ШĦŸŰĦĲŰƣƖċƣŔŸŰЮШÑőĲƖĲŉŸƖĲЯШƣőĲШċƻċŔũċĤũĲШƚƣĲůШ ШыŸŉƣĲŰШƖĲŉĲƖƖĲĬШƣŸШċƚШƣőĲШũċĤŔũĲШƓŸŸũШŔŰШŸƣőĲƖШ
ĦƖŸƓШůŸĬĲũƚьШŔƚШĦċũĦƨũċƣĲĬШċƚа 

 ὔ ὔ ὈὡίὸὩά ὔ ȟ  (A2.13) 

ÑőĲШŉƖċĦƣŔŸŰШŸŉШὔ ШƣőċƣШŔƚШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲШŊƖċŔŰШĲċĦőШĬċǃШŔƚШĬĲƣĲƖůŔŰĲĬШƣőƖŸƨŊőШċШ
ƚŔŊůŸŔĬШŉƨŰĦƣŔŸŰЮШÑőĲШƚŔŊůŸŔĬШƽċƚШĦőŸƚĲŰШċƚШŔƣШƨƚĲƚШŸŰũǃШƣƽŸШĲǂƣƖċШƓċƖċůĲƣĲƖƚШƽőŔĦőШċũũŸƽƚШ
ƣőĲШƚƣċƖƣШċŰĬШƖċƣĲШŸŉШŊƖċŔŰШǯũũШƽŔƣőШ ШƣŸШĤĲШĦƨƚƣŸůŔƚĲĬШƽŔƣőŸƨƣШƣőĲШċĬĬŔƣŔŸŰШŸŉШůƨĦőШĦŸůƓũĲǂŔƣǃЮШ
ÑőĲШ ШŔŰШƣőĲШὔ ШƓŸŸũШĦċŰШĤĲШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲШŊƖċŔŰЯШŸƖШŔƣШĦċŰШƖĲůċŔŰШċƚШƓċƖƣШŸŉШƣőĲШƚƣĲůЮШ
ÑőĲШƚŔŊůŸŔĬШĬĲƣĲƖůŔŰĲƚШƣőĲШŉƖċĦƣŔŸŰШŸŉШ ШŊŸŔŰŊШƣŸШƣőĲШŊƖċŔŰШŉƖŸůШὔ ЮШÑőĲШŉƖċĦƣŔŸŰШ
ŔŰĦƖĲċƚĲƚШċƚШƣőĲШƓũċŰƣШĬĲƻĲũŸƓƚЮШ~ƨũƣŔƓũǃŔŰŊШὔ ШĤǃШƣőĲШƚŔŊůŸŔĬШŉƨŰĦƣŔŸŰШŊŔƻĲƚШƣőĲШċůŸƨŰƣШ
ŸŉШ ШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲШŊƖċŔŰШƣőċƣШĬċǃЮШ‌ШċŰĬШ‍ШċƖĲШƣőĲШĦŸĲǭŔĦŔĲŰƣƚШƣőċƣШĦƨƚƣŸůŔƚĲШƣőĲШŸŰƚĲƣШ
ċŰĬШƖċƣĲШŸŉШŊƖċŔŰШǯũũЮШÑőĲǃШĦċŰШĤĲШĦċũŔĤƖċƣĲĬШƣŸШĦƨƚƣŸůŔƚĲШŊƖċŔŰШǯũũЮ 

 
ὔ ͺ ὔὥὺὥὭὰὥὦὰὩ

ρ

ρ Ὡὼὴ‌ ὨὺὭ‍
 

 

(A2.14) 

§ŰĦĲШ ШőċƚШĤĲĲŰШƣƖċŰƚŉĲƖƖĲĬШƣŸШƣőĲШŊƖċŔŰЯШƣőĲШũĲċŉШċŰĬШƚƣĲůШ ШƓŸŸũƚШċƖĲШĬĲĦƖĲċƚĲĬШċĦĦŸƖĬŔŰŊШƣŸШ
ƣőĲŔƖШ ШċƻċŔũċĤŔũŔƣǃШƣŸШċĦĦŸƨŰƣШŉŸƖШƣőŔƚШƣƖċŰƚŉĲƖЮШ[ŔŊƨƖĲШΞЮΞШĬŔċŊƖċůůċƣŔĦċũũǃШƖĲƓƖĲƚĲŰƣƚШƣőĲШŊƖċŔŰШ
ǯũũŔŰŊШƓƖŸĦĲƚƚШċŰĬШ[ŔŊƨƖĲШΞЮΟШƚőŸƽƚШċŰШŔũũƨƚƣƖċƣŔŸŰШŸŉШƣőĲШƚŔŊůŸŔĬШŉƨŰĦƣŔŸŰШƽŔƣőШƻċƖǃŔŰŊШ
ƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШƣŸШĦŸŰƣƖŸũШŊƖċŔŰШǯũũЮ 

 

[ŔŊƨƖĲЮΥдΦжЮÂũŸƣЮƚőŸƽŔŰŊЮĲǂċůƓũĲЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚЮŸŉЮ‌ЮċŰĬЮ‍ЮŉŸƖЮĦƨƚƣŸůŔƚŔŰŊЮƣőĲЮƚŔŊůŸŔĬЮŉƨŰĦƣŔŸŰЮĬĲƚĦƖŔĤŔŰŊЮ
ƣőĲЮŉƖċĦƣŔŸŰЮŸŉЮũċĤŔũĲЮ ЮůŸƻŔŰŊЮƣŸЮƣőĲЮŊƖċŔŰдЮ[ŸƖЮĲċĦőЮƻċũƨĲЮŸŉЮ‍еЮƻċũƨĲƚЮŸŉЮ‌ЮŸŉЮΤΣеЮΤΨеЮΥΦЮċŰĬЮΦΣЮċƖĲЮƓũŸƣƣĲĬЮƣŸЮƚőŸƽЮ
őŸƽЮƣőĲЮƖċƣĲеЮƚƣċƖƣЮċŰĬЮĲŰĬЮŸŉЮŊƖċŔŰЮǯũũЮĦċŰЮĤĲЮĦƨƚƣŸůŔƚĲĬдЮÑőŸƨŊőЮ‍ ρЮőċƚЮĤĲĲŰЮƓũŸƣƣĲĬЮƣŸЮŔũũƨƚƣƖċƣĲЮőŸƽЮƣőĲЮƚőċƓĲЮ
ŸŉЮƣőĲЮŉƨŰĦƣŔŸŰЮĦċŰЮĤĲЮĦƨƚƣŸůŔƚĲĬеЮĦċƖĲЮƚőŸƨũĬЮĤĲЮƣċťĲŰЮŔŉЮƨƚŔŰŊЮƣőŔƚЮƻċũƨĲеЮċƚЮŉŸƖЮũŸƽĲƖЮƻċũƨĲƚЮŸŉЮ‌ЮŔƣЮĦċŰЮŔůƓũǃЮŊƖċŔŰЮ
ǯũũŔŰŊЮƽŔƣőЮ ЮĤĲŊŔŰƚЮůŔĬƽċǃЮĤĲƣƽĲĲŰЮĲůĲƖŊĲŰĦĲЮċŰĬЮċŰƣőĲƚŔƚдЮÉĲŰƚŔĤũĲЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚЮƚőŸƨũĬЮĤĲЮĦőŸƚĲŰд 

ÑċĤũĲЮΥдΧжЮ9ŔƣċƣŔŸŰƚЮċŰĬЮŰċůĲƚЮŉŸƖЮĲƕƨċƣŔŸŰƚЮĬĲƚĦƖŔĤŔŰŊЮЮŊƖċŔŰЮǯũũŔŰŊЮƽŔƣőЮ  

Equation 
number 

Equation name ?ĲƻĲũŸƓĲĬШċĦĦŸƖĬŔŰŊШƣŸв 



ΦΟ 
 

(A2.11)  N released from 
senescing leaves 

Based on the equations in Soltani & Sinclair 
(2012) describing release of N from the leaves, 
but adapted for this study to match desired 
variables 

(A2.12) Update stem N pools (this study) 

(A2.13) Calculate available N in 
stem 

Based on the equations in Soltani & Sinclair 
(2012) describing release of N from the stem, but 
adapted for this study to match desired variables 
and incorporate post anthesis N uptake 

(A2.14) Grain N sigmoid function (this study) 

 

ÑċĤũĲЮΥдΨжЮÂċƖċůĲƣĲƖŔƚċƣŔŸŰЮŸŉЮ‌ЮċŰĬЮ‍ЮƓċƖċůĲƣĲƖƚЮŉŸƖЮŊƖċŔŰЮǯũũŔŰŊ 

Parameter Value used in this study Source 

‌  23 (this study) 

‍  1.2 (this study) 

ΞЮΥЮΠШ§ΟШŔůƓċĦƣШŸŰШ ШƖĲůŸĤŔũŔƚċƣŔŸŰ 
ÑőĲШĲǭĲĦƣШŸŉШŸǍŸŰĲШŸŰШŊƖċŔŰШ ШőċƚШĤĲĲŰШĬĲƚĦƖŔĤĲĬШŔŰШƣőĲШůċŔŰШĤŸĬǃШŸŉШƣőŔƚШƚƣƨĬǃШĤƨƣШƽŔũũШĤĲШ
ĬŔƚĦƨƚƚĲĬШƽŔƣőШƖĲũċƣŔŸŰШƣŸШƣőĲШĲƕƨċƣŔŸŰƚШċŰĬШőŸƽШƣőĲǃШũŔŰťШƽŔƣőШƣőĲШƓƖĲƻŔŸƨƚũǃШĬĲƚĦƖŔĤĲĬШůŸĬĲũШ
ƚƣƖƨĦƣƨƖĲШőĲƖĲЮШ7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΝΤьШċŰĬШ7ƖĲƽƚƣĲƖШĲƣШċũЮШыΞΜΞΠьШŉŸƨŰĬШƣőċƣШċƚШŸǍŸŰĲШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĦƖĲċƚĲĬЯШƣőĲШŉƖċĦƣŔŸŰШŸŉШ ШŔŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШċƣШőċƖƻĲƚƣЯШƣőċƣШƽċƚШƓƖĲƚĲŰƣШċƣШ
ċŰƣőĲƚŔƚЯШŔŰĦƖĲċƚĲĬЮШfŰШĲƚƚĲŰĦĲЯШƣőĲШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŉƖŸůШƣőĲШũĲċƻĲƚШċŰĬШƚƣĲůШƣŸШƣőĲШŊƖċŔŰƚШ
ĬĲĦƖĲċƚĲĬЮШ ШƖĲŊƖĲƚƚŔŸŰШŸŉШƣőĲШĦŸůĤŔŰĲĬШĬċƣċШŉƖŸůШ7ƖŸĤĲƖŊШĲƣШċũЮШыΞΜΝΤьШċŰĬШ7ƖĲƽƚƣĲƖШĲƣШċũЮШ
ыΞΜΞΠьШƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲШƖĲůŸĤŔũŔƚċƣŔŸŰШŔƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШΞЮΞШŸŉШƣőĲШůċŔŰШĤŸĬǃШŸŉШƣőĲШƚƣƨĬǃЮ 

ÑŸШƖĲƓƖĲƚĲŰƣШƣőĲШƖĲĬƨĦĲĬШƖĲůŸĤŔũŔƚċƣŔŸŰШƨŰĬĲƖШŔŰĦƖĲċƚĲĬШŸǍŸŰĲШĲǂƓŸƚƨƖĲЯШƣőĲШƖĲůŸĤŔũŔƚċƣŔŸŰШ
ƖĲŊƖĲƚƚŔŸŰШƽċƚШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШŰĲƽШƻċũƨĲƚШŸŉШὔ ȟ ШċŰĬШὔ ȟ ШƨŰĬĲƖШŸǍŸŰĲШ
ĲǂƓŸƚƨƖĲЮШÑőĲШŉƖċĦƣŔŸŰШŸŉШ ШƖĲůċŔŰŔŰŊШŔŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШċƣШőċƖƻĲƚƣШƣőċƣШƽċƚШƣőĲƖĲШċƣШċŰƣőĲƚŔƚШ
ыὪὔ ьШŔƚШċƓƓƖŸǂŔůċƣĲĬШĤǃа 

 
Ὢὔ  

Ὀὓ ȟ ὔ ȟ Ὀὓ ȟ ὔ ȟ

Ὀὓ ȟ ὔ ȟ Ὀὓ ȟ ὔ ȟ

 

 

(A2.15) 

EƕƨċƣŔŸŰШы ΝΡьШċƚƚƨůĲƚШƣőĲШċŰƣőĲƚŔƚШũĲċŉШċŰĬШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔƚШƣőĲШƚċůĲШċƚШƣőĲШƣċƖŊĲƣШ Ш
ĦŸŰĦĲŰƣƖċƣŔŸŰЯШċƚШƣőĲШǯƖƚƣШŔƣĲƖċƣŔŸŰШŸŉШƣőĲШůŸĬĲũШċƚƚƨůĲƚШŰŸШ ШũŔůŔƣċƣŔŸŰЮШ ĬĬŔƣŔŸŰċũũǃЯШŉŸƖШ
ĦċũŔĤƖċƣŔŸŰШƓƨƖƓŸƚĲƚЯШƣőĲШљőċƖƻĲƚƣњШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШƽċƚШċƚƚƨůĲĬШƣŸШĤĲШƣőĲШƚċůĲШċƚШƣőĲШ
ůŔŰŔůƨůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰЮШfŰШƣőĲШůŸĬĲũШŔƣƚĲũŉШƣőŔƚШƽŸƨũĬШŰŸƣШŸĦĦƨƖШċƚШŰŸƣШċũũШċƻċŔũċĤũĲШ ШƽŔũũШĤĲШ
ƖĲůŸĤŔũŔƚĲĬШĬƨĲШƣŸШŸǍŸŰĲШĲǭĲĦƣƚШŸŰШƚĲŰĲƚĦĲŰĦĲЮШcŸƽĲƻĲƖЯШŉŸƖШĦċũŔĤƖċƣŔŸŰШƓƨƖƓŸƚĲƚШĲƕƨċƣŔŸŰШ
ы ΝΡьШŔƚШċШŊŸŸĬШċƓƓƖŸǂŔůċƣŔŸŰЮШШÖƚŔŰŊШĲƕƨċƣŔŸŰШыΞЮΝΡьЯШůŔŰŔůƨůШƻċũƨĲƚШŸŉШũĲċŉШċŰĬШƚƣĲůШ ШŉŸƖШ
ƣőĲШĬŔǭĲƖŔŰŊШŸǍŸŰĲШƣƖĲċƣůĲŰƣƚШƽĲƖĲШůċŰƨċũũǃШċũƣĲƖĲĬШŉŸƖШĲċĦőШŸǍŸŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰЯШƣŸШĲƚƣŔůċƣĲШ
ƻċũƨĲƚШŉŸƖШƣőĲШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШыƖĲĬШƓŸŔŰƣƚШŸŰШ[ŔŊƨƖĲШΞЮΞьШƣőċƣШŉŸƖůШċШũŔŰĲċƖШƖĲŊƖĲƚƚŔŸŰШǯƣƣŔŰŊШ
ŔŰƚŔĬĲШƣőĲШΦΡӖШ9fЮШÑőĲШũĲċŉШċŰĬШƚƣĲůШůŔŰŔůƨůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШĲċĦőШƖĲĬШƓŸŔŰƣШƽĲƖĲШ
ĲǂƣƖċĦƣĲĬЮШÑőĲШůŔŰŔůƨůШũĲċŉШ ШĦŸŰĦĲŰƣƖċƣŔŸŰЯШċŰĬШůŔŰŔůƨůШƚƣĲůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰЯШƽĲƖĲШ
ƖĲŊƖĲƚƚĲĬШƚĲƓċƖċƣĲũǃШƽŔƣőШ~ΝΞШƣŸШŊŔƻĲШƖĲŊƖĲƚƚŔŸŰƚШĬĲƚĦƖŔĤŔŰŊШőŸƽШƣőĲШůŔŰŔůƨůШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШ
ŔŰШƣőĲШƓũċŰƣШƓċƖƣШƻċƖŔĲƚШƽŔƣőШŸǍŸŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰа 



ΦΠ 
 

 ὔ ȟ

ρ Ὣὔ ὒὃὍ
ρππά

ὕȟ
ρ ὴὴὦ

ὧ  

 

(A2.16) 

 ὔ ȟ

ρ Ὣὔ Ὀὓ
ρππά

ὕȟ
ρ ὴὴὦ

ὧ  (A2.17) 

 

ÑċĤũĲЮΥдΩжЮ9ŔƣċƣŔŸŰƚЮċŰĬЮŰċůĲƚЮŉŸƖЮĲƕƨċƣŔŸŰƚЮĬĲƚĦƖŔĤŔŰŊЮƣőĲЮ§ΦЮĲǭĲĦƣЮŸŰЮ ЮƖĲůŸĤŔũŔƚċƣŔŸŰ 

Equation 
number 

Equation name Developed 
ċĦĦŸƖĬŔŰŊШƣŸв 

(A2.15)  The fraction of N remaining in the leaf and 
stem at harvest that was there at anthesis (this study) 

(A2.16) Ozone effect on minimum leaf N 
concentration (this study) 

(A2.17) Ozone effect on minimum stem N 
concentration 

(this study) 

 

ÑċĤũĲЮΥдΪжЮÂċƖċůĲƣĲƖŔƚċƣŔŸŰЮŸŉЮƓċƖċůĲƣĲƖƚЮċƚƚŸĦŔċƣĲĬЮƽŔƣőЮƣőĲЮŸǍŸŰĲЮĲǭĲĦƣЮŸŰЮ ЮŊƖċŔŰЮǯũũŔŰŊЮċƚЮƨƚĲĬЮŔŰЮƣőĲЮ?§ΦÉEц
9ƖŸƓ ЮůŸĬĲũ 

Parameter Value Source 

ά  0.798 (this study) 

ά  0.0138 (this study) 

ὧ  10.89 (this study) 

ὧ  0.2293 (this study) 

ΞЮΥЮΡШ9ċũĦƨũċƣŔŰŊШũĲċŉШ ШĦŸŰĦĲŰƣƖċƣŔŸŰ 
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ƓƖŸƣŸĦŸũШƽċƚШŉŸũũŸƽĲĬШƽőĲƖĲШƓŸƚƚŔĤũĲШŸŰШůŔƚƚŔŰŊШĲǂƓĲƖŔůĲŰƣċũШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШыEůĤĲƖƚŸŰШ
ĲƣШċũЮЯШΞΜΞΝьЮШ7ƖŔĲǰǃЯШƣőĲШ Ŋ~fÂШŸǍŸŰĲШƓƖŸƣŸĦŸũШƚƣċƣĲƚШƣőċƣШƚŔŰŊũĲШőŸƨƖƚШŸŉШůŔƚƚŔŰŊШĬċƣċШƚőŸƨũĬШĤĲШ
ǯũũĲĬШĤǃШƣċťŔŰŊШƣőĲШċƻĲƖċŊĲШŸŉШŰĲŔŊőĤŸƨƖŔŰŊШƻċũƨĲƚЯШċŰĬШƚĲƻĲƖċũШĦŸŰƚĲĦƨƣŔƻĲШůŔƚƚŔŰŊШƻċũƨĲƚШ
ƚőŸƨũĬШĤĲШǯũũĲĬШĤǃШƣċťŔŰŊШƣőĲШċƻĲƖċŊĲШŸŉШƣőĲШĬċǃШĤĲŉŸƖĲШċŰĬШĬċǃШċŉƣĲƖЮШfŰШƚŸůĲШĦċƚĲƚЯШƣőĲƖĲШƽċƚШ
ŰŸƣШĲŰŸƨŊőШĬċƣċШċƻċŔũċĤũĲШƣŸШŉŸũũŸƽШƣőĲШƓƖŸƣŸĦŸũЮШ[ŸƖШũċƖŊĲШƓĲƖŔŸĬƚШŸŉШůŔƚƚŔŰŊШƣĲůƓĲƖċƣƨƖĲШĬċƣċЯШ
ƖĲŊƖĲƚƚŔŸŰƚШŉƖŸůШƓƖĲƻŔŸƨƚШǃĲċƖƚШĤĲƣƽĲĲŰШĲǂƣĲƖŰċũШċŰĬШŔŰƣĲƖŰċũШƚŸũċƖШĬŸůĲШƣĲůƓĲƖċƣƨƖĲƚШƽĲƖĲШ
ĦŸŰƚƣƖƨĦƣĲĬЯШċŰĬШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШŔŰƣĲƖŰċũШĬŸůĲШƣĲůƓĲƖċƣƨƖĲƚЮШÉŔůŔũċƖũǃЯШƖĲŊƖĲƚƚŔŸŰƚШĤĲƣƽĲĲŰШ
ƣőĲШƖĲũċƣŔƻĲШőƨůŔĬŔƣǃШыÅcьШŸŉШőĲċƣĲĬШċŰĬШċůĤŔĲŰƣШĬŸůĲƚШŔŰШƓƖĲƻŔŸƨƚШǃĲċƖƚШƽĲƖĲШƨƚĲĬШċũŸŰŊШƽŔƣőШ
ƣőĲШÅcШŸŉШőĲċƣĲĬШĬŸůĲƚШŉŸƖШƣőĲШǃĲċƖШŸŉШƚƣƨĬǃШƣŸШĦċũĦƨũċƣĲШƣőĲШÅcШŸŉШƣőĲШċůĤŔĲŰƣШƣĲůƓĲƖċƣƨƖĲШ
ĬŸůĲƚЮШ ũũШƣőĲШƣĲůƓĲƖċƣƨƖĲЯШŸǍŸŰĲЯШÅcШċŰĬШÂÂ[?ШĬċƣċШƽĲƖĲШċƻĲƖċŊĲĬШƣŸШőŸƨƖũǃШƻċũƨĲƚЮШ
ĬĬŔƣŔŸŰċũШŔŰƓƨƣƚШƖĲƕƨŔƖĲĬШĤǃШ?§ΟÉEр9ƖŸƓШċƖĲШċŔƖШƓƖĲƚƚƨƖĲЯШƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШƽŔŰĬШƚƓĲĲĬШƽőŔĦőШ
ƽĲƖĲШċƚƚƨůĲĬШƣŸШĤĲШĦŸŰƚƣċŰƣШŔŰƚŔĬĲШƣőĲШƚŸũċƖШĬŸůĲƚШċŰĬШőċĬШƻċũƨĲƚШŸŉШΝΜΝЮΝΥΝΥШťÂċЯШΡШůůШƓĲƖШ
őŸƨƖЯШċŰĬШΜЮΦШůƚрΝШƖĲƚƓĲĦƣŔƻĲũǃШƣŸШċĦĦŸƨŰƣШŉŸƖШƽċƣĲƖŔŰŊШċŰĬШƣőĲШŉċŰƚШŔŰƚŔĬĲШƣőĲШƚŸũċƖШĬŸůĲЮ 
 

ΞЮΦЮΠШ[ƨƖƣőĲƖШĬĲƣċŔũƚШŸŉШůŸĬĲũШĦċũŔĤƖċƣŔŸŰ 
[ŸƖШƣőĲШƓƨƖƓŸƚĲƚШŸŉШƣőŔƚШƚƣƨĬǃЯШƣőĲШŉŸĦƨƚШƽċƚШƣőĲШĦċũŔĤƖċƣŔŸŰШċŰĬШĲƻċũƨċƣŔŸŰШŸŉШŊƖċŔŰШƕƨċũŔƣǃШ
ƓċƖċůĲƣĲƖƚШċŰĬШƣőĲШƣĲƚƣŔŰŊШŸŉШƣőĲШŰĲƽШŰŔƣƖŸŊĲŰШůŸĬƨũĲЮШÑőĲƖĲŉŸƖĲЯШΝΜΜӖШŸŉШƣőĲШċƻċŔũċĤũĲШĬċƣċШ
ŉŸƖШƓőĲŰŸũŸŊǃЯШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШƖĲƚƓŔƖċƣŔŸŰШƽċƚШƨƚĲĬШŉŸƖШĦċũŔĤƖċƣŔŸŰШċƚШƣőĲƚĲШƽŔũũШĤĲШťĲǃШ
ĬĲƣĲƖůŔŰĲƖƚШŸŉШƣőĲШĬƖǃШůċƣƣĲƖШċŰĬШŰŔƣƖŸŊĲŰШċĦĦƨůƨũċƣŔŸŰЮШ[ŸƖШċũũШĬċƣċƚĲƣƚШƣőĲШĤċƚĲШƣĲůƓĲƖċƣƨƖĲШ
ƽċƚШƚĲƣШċƚШΜ҄9ЯШĦŸůůŸŰũǃШƨƚĲĬШƽőĲŰШůƨũƣŔƓũĲШĤċƚĲШƣĲůƓĲƖċƣƨƖĲƚШċƖĲШŰŸƣШĦŸŰƚŔĬĲƖĲĬШыÉċƻŔŰШ
ċŰĬШÉũċŉĲƖЯШΝΦΦΝьЮШÑőĲШŸƓƣŔůƨůШƣĲůƓĲƖċƣƨƖĲШƽċƚШƚĲƣШċƚШΞΝ҄9ЯШƽőŔĦőШŔƚШƽŔƣőŔŰШƣőĲШƖċŰŊĲШŸŉШƣőĲШ
ċƻĲƖċŊĲШŸƓƣŔůƨůШŊƖŸƽƣőШƣĲůƓĲƖċƣƨƖĲШŸƻĲƖШƣőĲШĲŰƣŔƖĲШŊƖŸƽŔŰŊШƚĲċƚŸŰШыÂŸƖƣĲƖШċŰĬШ]ċƽŔƣőЯШΝΦΦΦбШ
uőċŰШĲƣШċũЮЯШΞΜΞΝьЮШÑőĲШůċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲШƽċƚШƚĲƣШċƚШΠΜ҄9ШċƚШċĤŸƻĲШƣőŔƚШƣĲůƓĲƖċƣƨƖĲШ
ŔƖƖĲƻĲƖƚŔĤũĲШĬċůċŊĲШƣŸШƓőŸƣŸƚǃŰƣőĲƣŔĦШŸƖŊċŰƚШċŰĬШƓƖŸĦĲƚƚĲƚШŸĦĦƨƖƚШыuőċŰШĲƣШċũЮЯШΞΜΞΝьЮШ
[ŸũũŸƽŔŰŊШƣőĲШƚĲƣƣŔŰŊШŸŉШƣőĲШƣĲůƓĲƖċƣƨƖĲШƓċƖċůĲƣĲƖƚЯШƣőĲШƣőĲƖůċũШƣŔůĲШŔŰƣĲƖƻċũƚШŸŉШťĲǃШŊƖŸƽƣőШ
ĬċƣĲƚШƽĲƖĲШĦċũŔĤƖċƣĲĬШƨƚŔŰŊШƣőĲШŊĲŰĲƣŔĦШċũŊŸƖŔƣőůШƚŸШƣőċƣШŸŰĲШƚĲƣШŸŉШƓċƖċůĲƣĲƖƚШƽċƚШŸĤƣċŔŰĲĬШ
ŉŸƖШċũũШΟШĬċƣċƚĲƣƚЮШÑőĲШŊĲŰĲƣŔĦШċũŊŸƖŔƣőůШƖĲƕƨŔƖĲƚШƚƓĲĦŔǯĦċƣŔŸŰШŸŉШċШƚƣċƖƣŔŰŊШƓŸŔŰƣШŉŸƖШƣőĲШ
ƓċƖċůĲƣĲƖЯШċƚШƽĲũũШċƚШċШƖċŰŊĲШŔŰШƽőŔĦőШƣŸШƻċƖǃШŔƣЮШÑőĲШƚŔůƨũċƣĲĬШƻċũƨĲШŸŉШƣőĲШŊƖŸƽƣőШƚƣċŊĲШыŸƖШ
ŸƣőĲƖШůŸĬĲũũŔŰŊШƓċƖċůĲƣĲƖƚШŉŸƖШƣőĲШũċƣĲƖШĦċũŔĤƖċƣŔŸŰШƚƣċŊĲƚьШŔƚШƣőĲŰШĦŸůƓċƖĲĬШƣŸШƣőĲШŸĤƚĲƖƻĲĬШ



ΦΥ 
 

ƻċũƨĲШċŰĬШƣőĲШƓċƖċůĲƣĲƖƚШċƖĲШƻċƖŔĲĬШƽŔƣőŔŰШƣőĲШƖċŰŊĲШƣŸШƖĲĬƨĦĲШƣőĲШÅ~ÉEШċŰĬШċĦőŔĲƻĲШƣőĲШ
ůċǂŔůƨůШÅΞЮШÑőĲШƚƣċƖƣŔŰŊШƓċƖċůĲƣĲƖƚШŉŸƖШƣőĲШċũŊŸƖŔƣőůŔĦШůŸĬĲũШĦċũŔĤƖċƣŔŸŰШĦċůĲШŉƖŸůШċШĬĲŉċƨũƣШ
ƓċƖċůĲƣĲƖŔƚċƣŔŸŰШƨƚĲĬШŔŰШƓƖŔŸƖШ?§ΟÉEр9ƖŸƓШƖƨŰƚШƣőċƣШĦċŰШĤĲШŸĤƣċŔŰĲĬШŉƖŸůШĲǂċůƓũĲШĦŸŰǯŊШǯũĲƚШ
ŔŰШƣőĲШ?§ΟÉEр9ƖŸƓШƖĲƓŸƚŔƣŸƖǃШы7ũċŰĬЯШΞΜΞΠċьЮШÑőĲШƖċŰŊĲШŸŉШƓċƖċůĲƣĲƖƚШƨƚĲĬШƣŸШƖĲǯŰĲШƣőĲШůŸĬĲũШ
ƓċƖċůĲƣĲƖƚШĦŸůĲƚШŉƖŸůШũŸŸťŔŰŊШċƣШƓƖĲƻŔŸƨƚШůŸĬĲũШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШċŰĬШŸĤƚĲƖƻŔŰŊШƣőĲШƖċŰŊĲШ
ŔŰШƓċƖċůĲƣĲƖШƻċũƨĲƚШŉŸƖШĬŔǭĲƖĲŰƣШŊĲŸŊƖċƓőŔĦċũШũŸĦċƣŔŸŰƚЮШ ĬĬŔƣŔŸŰċũũǃЯШŔƣШĦċŰШĤĲШŸĤƚĲƖƻĲĬШŉƖŸůШ
ƣőĲШŸƨƣƓƨƣШŸŉШƣőĲШĦċũŔĤƖċƣŔŸŰШƽőĲƣőĲƖШƣőĲШŸƓƣŔůŔƚċƣŔŸŰШċũŊŸƖŔƣőůШŔƚШƚĲƣƣŔŰŊШċШƓċƖċůĲƣĲƖШƣŸШŔƣƚШ
ůŔŰŔůƨůШŸƖШůċǂŔůƨůШƻċũƨĲШŔŰШƣőĲШĬĲǯŰĲĬШƖċŰŊĲЯШƽőŔĦőШƚƨŊŊĲƚƣƚШƣőĲШƖċŰŊĲШŰĲĲĬƚШċũƣĲƖŔŰŊЮ 
 
ὠ ȟ ШċŰĬШ ὐ ȟ ШƽĲƖĲШǯǂĲĬШċƣШƣőĲŔƖШΦΜƣőШƓĲƖĦĲŰƣŔũĲШƻċũƨĲƚЯШċƚШĬĲƣĲƖůŔŰĲĬШŉƖŸůШƣőĲШ
ĲǂƓĲƖŔůĲŰƣċũШĬċƣċЯШƣŸШĲǂĦũƨĬĲШŸƨƣũŔĲƖƚШыΝΠΥШů͓ŸũШůрΞШƚрΝШċŰĬШΞΝΡШů͓ŸũШůрΞШƚрΝШƖĲƚƓĲĦƣŔƻĲũǃьШŉŸƖШ
ÉťǃŉċũũЮШÑőĲШĬċƖťШƖĲƚƓŔƖċƣŔŸŰШĦŸĲǭŔĦŔĲŰƣШƽċƚШǯǂĲĬШċƣШΜЮΜΝΝΡШĤǃШċƻĲƖċŊŔŰŊШƣőĲШĲǂƓĲƖŔůĲŰƣċũũǃШ
ůĲċƚƨƖĲĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШċƣШΜШÂ ÅШŉŸƖШƣőĲШċůĤŔĲŰƣШċŰĬШĲũĲƻċƣĲĬШ§ΟШƣƖĲċƣůĲŰƣƚШŉŸƖШÉťǃŉċũũЮШ
ὈπШƽċƚШǯǂĲĬШċƣШΞЮΞЮШÑőĲШάШƻċũƨĲШƽċƚШĦċũŔĤƖċƣĲĬШƣŸШċШƻċũƨĲШŸŉШΡЮΣΠΝШċũŊŸƖŔƣőůŔĦċũũǃШĤǃШ
ůċǂŔůŔƚŔŰŊШƣőĲШÅΞШĤĲƣƽĲĲŰШƣőĲШƚŔůƨũċƣĲĬШċŰĬШċƻĲƖċŊĲШĲǂƓĲƖŔůĲŰƣċũШƻċũƨĲƚШŸŉШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲШыΡΟΡШů͓ŸũШ§ΟШůрΞШƚрΝьШċŰĬШŰĲƣШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШыΞΥШů͓ŸũШ9§ΞШůрΞШƚрΝьЮ 
 
ÑőĲƖĲШƽċƚШċШƓƖŸĤũĲůШƽŔƣőШƣőĲШΞΜΞΝШĬċƣċƚĲƣШŔŰШƣőċƣШƣőĲШƓũċŰƣƚШĬŔĬШŰŸƣШŊƖŸƽШċŰǃШŊƖċŔŰШыƚĲĲШ
7ƖĲƽƚƣĲƖЯШыΞΜΞΟььЮШÑőĲƖĲŉŸƖĲЯШƣőĲШΞΜΞΝШĬċƣċƚĲƣШƽċƚШŰŸƣШƨƚĲĬШƣŸШĦċũŔĤƖċƣĲШŸƖШĲƻċũƨċƣĲШċŰǃШŊƖċŔŰШŸƖШ
ĬƖǃШůċƣƣĲƖШƓċƖċůĲƣĲƖƚЮШÑőĲШƖċƣŔŸШŸŉШƚƣĲůШƣŸШũĲċŉШĬƖǃШůċƣƣĲƖШŔŰШƣőĲШΞΜΞΝШĬċƣċƚĲƣШƽċƚШƨƚĲĬШƣŸШ
ĦċũĦƨũċƣĲШċШƚƣĲůШċŰĬШũĲċŉШĬƖǃШůċƣƣĲƖШŉŸƖШƣőĲШΞΜΝΡШċŰĬШΞΜΝΣШĲǂƓĲƖŔůĲŰƣƚШŉƖŸůШƣőĲШƚƣƖċƽШ?~ЮШ
ÑőĲƚĲШƓċƖċůĲƣĲƖƚШĲŰƚƨƖĲĬШƣőĲШƚƓũŔƣƣŔŰŊШŸŉШƚƣƖċƽШĤŔŸůċƚƚШĤĲƣƽĲĲŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШƓŸŸũƚШŔŰШ
ƣőĲШůŸĬĲũШůċĬĲШƓőǃƚŔŸũŸŊŔĦċũШƚĲŰƚĲЮШ[ŸƖШĦċũŔĤƖċƣŔŸŰШŸŉШƣőĲШŊƖċŔŰШċŰĬШƚƣƖċƽШыũĲċŉШҼШƚƣĲůьШĬƖǃШ
ůċƣƣĲƖШƣőĲШũŸƽШŸǍŸŰĲШƣƖĲċƣůĲŰƣƚШŉƖŸůШΞΜΝΡШċŰĬШΞΜΝΣШƽĲƖĲШƨƚĲĬЮШÑőĲШĬċƣċƚĲƣƚШƽĲƖĲШƚƓũŔƣШŔŰШőċũŉШ
ƚŸШƣőċƣШőċũŉШŸŉШƣőĲШĬċƣċШƽŸƨũĬШĤĲШƨƚĲĬШŉŸƖШĦċũŔĤƖċƣŔŸŰШċŰĬШőċũŉШŉŸƖШĲƻċũƨċƣŔŸŰЮШÑőĲШƖċƣŔŸŰċũĲШŉŸƖШ
ƨƚŔŰŊШċШΡΜаΡΜШƖċƣŔŸШƽċƚШƣőċƣШƣőĲШ7ċŰŊŸƖШΞΜΝΡШĬċƣċƚĲƣШŸŰũǃШőċĬШΠШƖĲĦŸƖĬŔŰŊƚШŸŉШĬƖǃШůċƣƣĲƖбШ
ƚƓũŔƣƣŔŰŊШċŰǃШĬŔǭĲƖĲŰƣũǃШƣőċŰШΡΜаΡΜШƽŸƨũĬШƖĲƚƨũƣШŔŰШŸŰũǃШΝШĬċƣċШƓŸŔŰƣШŉƖŸůШƣőĲШΞΜΝΡШĲǂƓĲƖŔůĲŰƣШŔŰШ
ĲŔƣőĲƖШƣőĲШĦċũŔĤƖċƣŔŸŰШŸƖШĲƻċũƨċƣŔŸŰШƚĲƣЮШÑőĲШ?~ШƓċƖċůĲƣĲƖƚШƽĲƖĲШĦċũŔĤƖċƣĲĬШƨƚŔŰŊШƣőĲШŊĲŰĲƣŔĦШ
ċũŊŸƖŔƣőůШĤǃШůċǂŔůŔƚŔŰŊШƣőĲШÅΞШĤĲƣƽĲĲŰШƣőĲШŊƖċŔŰШǃŔĲũĬЯШƣőĲШĲƚƣŔůċƣĲĬШũĲċŉШċŰĬШƚƣĲůШ?~ШċŰĬШx fШ
ĤǃШċƚƚƨůŔŰŊШċШƓĲċťШx fШŸŉШΡШыŸĤƣċŔŰĲĬШƻŔċШĦŸůůƨŰŔĦċƣŔŸŰШƽŔƣőШƣőĲШĲǂƓĲƖŔůĲŰƣċũŔƚƣƚьЮ 

 
ÑŸШĦċũŔĤƖċƣĲШƣőĲШĲǭĲĦƣШŸŉШ§ΟШĬċůċŊĲШŸŰШŊƖċŔŰШ?~ЯШΡΜӖШŸŉШƣőĲШũŸƽШċŰĬШƻĲƖǃШőŔŊőШ§ΟШƣƖĲċƣůĲŰƣƚШ
ŉƖŸůШΞΜΝΣШƽĲƖĲШƨƚĲĬЮШÑőĲШΞΜΝΡШĲǂƓĲƖŔůĲŰƣШƽċƚШŰŸƣШƨƚĲĬШƣŸШĦċũŔĤƖċƣĲШ§ΟШĬċůċŊĲШċƚШƣőĲШŊƖċŔŰШ
?~ШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣőĲШũŸƽШċŰĬШƻĲƖǃШőŔŊőШƣƖĲċƣůĲŰƣƚШƽċƚШũŸƽĲƖШƣőċŰШĲǂƓĲĦƣĲĬШŉŸƖШƣőŔƚШ
ĦƨũƣŔƻċƖШċŰĬШƽŸƨũĬШƖĲƚƨũƣШŔŰШċŰШƨŰĬĲƖĲƚƣŔůċƣĲĬШŸǍŸŰĲШĲǭĲĦƣШŸŰШǃŔĲũĬЮШÑőĲШ§ΟШĬċůċŊĲШ
ƓċƖċůĲƣĲƖƚШƽĲƖĲШƣőĲŰШĦċũŔĤƖċƣĲĬШƨƚŔŰŊШƣőĲШŊĲŰĲƣŔĦШċũŊŸƖŔƣőůШĤǃШůċǂŔůŔƚŔŰŊШƣőĲШÅΞШĤĲƣƽĲĲŰШƣőĲШ
ƚŔůƨũċƣĲĬШċŰĬШŸĤƚĲƖƻĲĬШÅòШũŸƚƚЮ 

 
ÑŸШĦċũŔĤƖċƣĲШƣőĲШƚƣĲůШċŰĬШũĲċŉШ ЯШΡΜӖШŸŉШƣőĲШũŸƽШŸǍŸŰĲШƣƖĲċƣůĲŰƣШĬċƣċШŉƖŸůШĤŸƣőШċŰƣőĲƚŔƚШċŰĬШ
őċƖƻĲƚƣШŔŰШƣőĲШΞΜΞΝШĬċƣċƚĲƣШƽċƚШƨƚĲĬЮШ ĬĬŔƣŔŸŰċũũǃЯШƽĲШƨƚĲĬШŸŰũǃШƣőĲШƓĲƖĦĲŰƣċŊĲШŸŉШ ШŔŰШƣőĲƚĲШ
ƓũċŰƣШƓċƖƣƚЯШċƚШƣőĲШůŸĬĲũШƽŸƨũĬШũŔťĲũǃШŰŸƣШċĦőŔĲƻĲШƣőĲШĲǂċĦƣШĦŸƖƖĲĦƣШƚƣĲůШċŰĬШũĲċŉШ?~ШƚŸШƣőĲШ
ċĤƚŸũƨƣĲШŊƖċůƚШŸŉШ ШƽŸƨũĬШũŔťĲũǃШŰŸƣШůċƣĦőШƣőĲШĲǂƓĲƖŔůĲŰƣċũШĬċƣċЮШ[ŸƖШƣőĲШũĲċƻĲƚЯШƣőĲШӖШŸŉШ Ш
ƽċƚШůĲċƚƨƖĲĬШŉŸƖШǰċŊШċŰĬШΞŰĬШũĲċŉЮШcŸƽĲƻĲƖЯШƽĲШƚŔůƨũċƣĲШƣőĲШũĲċŉШĦċŰŸƓǃШċƚШċШƽőŸũĲЮШÖƚŔŰŊШ
7ċƖƖċĦũŸƨŊőШĲƣШċũЮШыΞΜΝΠьШƽĲШƨŰĬĲƖƚƣċŰĬШƣőċƣШƣőĲШǰċŊШċŰĬШΞŰĬШũĲċƻĲƚШĦŸŰƣċŔŰШůŸƖĲШ ШƣőċŰШΟƖĬШċŰĬШ
ΠƣőШũĲċƻĲƚШċŰĬШƽĲШĲǂƓĲĦƣШƣőĲШŸĤƚĲƖƻċƣŔŸŰƚШŸŉШ ӖШŔŰШƣőĲШǰċŊШċŰĬШΞŰĬШũĲċŉШƣŸШĤĲШċŰШƨƓƓĲƖШĲŰĬШ
ĲƚƣŔůċƣĲШƽőĲŰШůŸĬĲũũŔŰŊЮ 
 



ΦΦ 
 

ÑŸЮĦċũŔĤƖċƣĲЮŊƖċŔŰЮ еЮΨΣӜЮŸŉЮƣőĲЮũŸƽЮŸǍŸŰĲЮƣƖĲċƣůĲŰƣЮĬċƣċЮŉƖŸůЮΥΣΤΩЮƽċƚЮƨƚĲĬдЮÑŸЮĦċũŔĤƖċƣĲЮƣőĲЮŔůƓċĦƣЮŸŉЮŸǍŸŰĲЮŸŰЮƣőĲЮ
ƖĲцůŸĤŔũŔƚċƣŔŸŰЮŸŉЮũĲċŉЮ ЮƣŸЮƣőĲЮŊƖċŔŰеЮΨΣӜЮŸŉЮƣőĲЮũŸƽЮċŰĬЮƻĲƖǃЮőŔŊőЮŊƖċŔŰЮ ЮӜЮĬċƣċЮƽċƚЮƨƚĲĬЮŉƖŸůЮΥΣΤΩдЮÑőĲЮ Ю
ƓċƖċůĲƣĲƖƚЮƽĲƖĲЮƣőĲŰЮĦċũŔĤƖċƣĲĬЮƨƚŔŰŊЮƣőĲЮŊĲŰĲƣŔĦЮċũŊŸƖŔƣőůЮĤǃЮůċǂŔůŔƚŔŰŊЮƣőĲЮÅΥЮĤĲƣƽĲĲŰЮƣőĲЮƚŔůƨũċƣĲĬЮċŰĬЮ
ŸĤƚĲƖƻĲĬЮũĲċŉЮċŰĬЮƚƣĲůЮ ЮċƣЮċŰƣőĲƚŔƚЮċŰĬЮőċƖƻĲƚƣеЮċŰĬЮƣőĲЮŊƖċŔŰЮ ЮċƣЮőċƖƻĲƚƣдЮ ƚЮƣőĲЮ ЮůŸĬƨũĲЮŔƚЮŰĲƽеЮƣőĲЮƚƣċƖƣŔŰŊЮ
ƓċƖċůĲƣĲƖƚЮĦŸƨũĬЮŰŸƣЮĦŸůĲЮŉƖŸůЮƣőĲЮĬĲŉċƨũƣЮ?§ΦÉEц9ƖŸƓЮĦŸŰǯŊдЮfŰƚƣĲċĬеЮƣőĲЮŔŰŔƣŔċũЮƓċƖċůĲƣĲƖƚЮƨƚĲĬЮĦċůĲЮŉƖŸůЮƣőĲЮ
ũŸĦċƣŔŸŰƚЮƽőĲƖĲЮƣőĲЮĲƕƨċƣŔŸŰƚЮƽĲƖĲЮĲǂƣƖċĦƣĲĬЮŉƖŸůЮƽőĲƖĲЮƓŸƚƚŔĤũĲЮёƚĲĲЮÉĲĦƣŔŸŰЮΥдΫђдЮ[ŸƖЮƣőĲЮċũŊŸƖŔƣőůŔĦЮĦċũŔĤƖċƣŔŸŰеЮ
ƖċŰŊĲƚЮŉŸƖЮċũũЮƓċƖċůĲƣĲƖƚЮċŰĬЮƣőĲЮƚƣċƖƣŔŰŊЮƻċũƨĲƚЮŉŸƖЮċŰǃЮƓċƖċůĲƣĲƖƚЮƣőċƣЮƽĲƖĲЮŰĲƽЮƽĲƖĲЮĲƚƣŔůċƣĲĬЮĤǃЮůċŰƨċũũǃЮ
ƣƖŔċũũŔŰŊЮĬŔǭĲƖĲŰƣЮĦŸůĤŔŰċƣŔŸŰƚЮŸŉЮƻċũƨĲƚЮŔŰЮƣŸŸũƚЮƚƨĦőЮċƚЮ?ĲƚůŸƚЮё?ĲƚůŸƚеЮΥΣΥΦђдÑċĤũĲЮÉΥдΦжЮÑőĲЮƓċƖċůĲƣĲƖƚЮƣőċƣЮ
ƽĲƖĲЮĦċũŔĤƖċƣĲĬЮŉŸƖЮёĦőċŰŊĲĬЮŉƖŸůЮƣőĲЮĬĲŉċƨũƣЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰђЮŔŰЮ?§ΦÉEц9ƖŸƓЮ~ŸĬĲũ 

ÂƖŸĦĲƚƚ ÂċƖċůĲƣĲƖШĬĲƚĦƖŔƓƣŔŸŰ ÂċƖċůĲƣĲƖ 
9ċũŔĤƖċƣĲĬ 
ШШШШéċũƨĲ 

ÖŰŔƣ 

ÂőĲŰŸũŸŊǃ 

ШШ7ċƚĲШƣĲůƓĲƖċƣƨƖĲ Ὕ Μ 9҄ 
ШШ§ƓƣŔůƨůШƣĲůƓĲƖċƣƨƖĲ Ὕ ΞΝ 9҄ 
ШШ~ċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲ Ὕ  ΠΜ 9҄ 
ШШÂũċŰƣШĲůĲƖŊĲŰĦĲ ὝὝ  ΝΦΠЮΤ 9҄ШĬċǃƚ 
ШШ[ũċŊШĲůĲƖŊĲŰĦĲ ὝὝ ȟ  ΤΣΟЮΞ 9҄ШĬċǃƚ 
ШШÉƣċƖƣШċŰƣőĲƚŔƚ ὝὝ  ΝΞΤΝЮΟ 9҄ШĬċǃƚ 
ШШ~ŔĬрċŰƣőĲƚŔƚ ὝὝ  ΝΞΦΜЮΣ 9҄ШĬċǃƚ 
ШШcċƖƻĲƚƣ ὝὝ  ΞΜΝΤ 9҄ШĬċǃƚ 

ÂőŸƣŸƚǃŰƣőĲƚŔƚ 

ШШ~ċǂŔůƨůШĦċƖĤŸǂǃũċƣŔŸŰ 
ШШĦċƓċĦŔƣǃШċƣШΞΡШ9҄ 

ὠ ȟ  ΝΠΥ ‘άέὰ ὅὕ ά ί  

ШШxĲċŉШƻĲƖƣŔĦċũШ ШĦŸр
ĲǭŔĦŔĲŰƣ 

ť  Μ р 

ШШ~ċǂŔůƨůШƖċƣĲШŸŉШĲũĲĦƣƖŸŰ 
ШШƣƖċŰƚƓŸƖƣШċƣШΞΡШ9҄ 

ὐ ȟ  ΞΝΡ ‘άέὰ ὅὕ ά ί  

ШШů ů ΡЮΠΦ р 

ÅĲƚƓŔƖċƣŔŸŰ 
ШШĬċƖťШƖĲƚƓŔƖċƣŔŸŰ Ὑ  ΜЮΜΝΝΡ р 
ШШŊƖŸƽƣőШƖĲƚƓŔƖċƣŔŸŰ Ὑ  ΜЮΝΞΡ р 

?~Ш
ƓċƖċůĲƣĲƖƚ 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШ
ĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊ 

‌  ΝΣЮΡ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШ
ĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊ 

‍  рΝΥЮΣΝ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШ
ĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊ 

‌  ΝΥЮΜΡΠ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШ
ĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊ 

‍  рΝΥЮΥΤΣ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШ
ĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊ 

‌  ΝΤЮΝΥ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШ
ĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊ 

‍  рΝΠЮΟΥΠ р 

ШШ9ŸĲǭŔĦŔĲŰƣШĬĲƣĲƖůŔŰŔŰŊ 
ШШƚƓĲĦŔǯĦШũĲċŉШċƖĲċ 

ӎ ΞΞЮΥ ά  ὯὫ  



ΝΜΜ 
 

ШШ[ƖċĦƣŔŸŰШŸŉШƚƣĲůШĦċƖĤŸŰШ
ŔŰ 
ШШƣőĲШƖĲƚĲƖƻĲШƓŸŸũ 

† ΜЮΤ р 

 

ШШ[ƖċĦƣŔŸŰШŸŉШ?~ШŔŰШƣőĲ 
ШШőċƖƻĲƚƣШƓŸŸũШƣőċƣШŊŸĲƚШƣŸ 
ШШƣőĲШŊƖċŔŰƚШыƖĲƚƣШŊŸĲƚШƣŸШ
ƣőĲ 
ШШĲċƖь 

Ὁ ΜЮΤΡ р 

§ǍŸŰĲШĬċůċŊĲ 

ШШ§ΟШũŸŰŊШƣĲƖůШĬċůċŊĲ 
ШШĦŸĲǭŔĦŔĲŰƣ 

‎σ Φǂρπ  ‘άέὰ ὕ ά  

ШШ§ΟШũŸŰŊШƣĲƖůШĬċůċŊĲ 
ШШĦŸĲǭŔĦŔĲŰƣШĬĲƣĲƖůŔŰŔŰŊ 
ШШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣ 

‎τ ΠЮΡ р 

ШШ§ΟШũŸŰŊШƣĲƖůШĬċůċŊĲ 
ШШĦŸĲǭŔĦŔĲŰƣШĬĲƣĲƖůŔŰŔŰŊ 
ШШůċƣƨƖŔƣǃ 

‎υ ΝЮΞ р 

ШШ9ƖŔƣŔĦċũШċĦĦƨůƨũċƣĲĬ 
ШШƚƣŸůċƣċũШ§ΟШǰƨǂШƣőċƣ 
ШШĬĲƣĲƖůŔŰĲƚШƣőĲШŸŰƚĲƣШŸŉШШШ 
ШШũĲċŉШƚĲŰĲƚĦĲŰĦĲ 

9xƚ§Ο ΝΟΜΜΜ ‘άέὰ ὕ ά  

 

ΞЮΦЮΡШÅĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШŊƖċŔŰШ?~ЯШŊƖċŔŰШ ШыŊůрΞьШċŰĬШŊƖċŔŰШ Ӗ 

 

[ŔŊƨƖĲЮÉΥдΤжЮ ЮĦŸŰĦĲƓƣƨċũЮǯŊƨƖĲЮŔũũƨƚƣƖċƣŔŰŊЮƣőĲЮŔŰƣĲƖĬĲƓĲŰĬĲŰĦŔĲƚЮĤĲƣƽĲĲŰЮŊƖċŔŰЮ?~еЮŊƖċŔŰЮ ЮĦŸŰƣĲŰƣЮċŰĬЮ
ĦŸŰĦĲŰƣƖċƣŔŸŰЮŔŰЮƣőĲЮŰĲƽũǃЮĬĲƻĲũŸƓĲĬЮ?§ΦÉEц9ƖŸƓ ЮůŸĬĲũдЮÑőŔƚЮǯŊƨƖĲЮƽċƚЮŊĲŰĲƖċƣĲĬЮƨƚŔŰŊЮƣőĲЮũŸƽЮċŰĬЮƻĲƖǃЮőŔŊőЮ
ŸǍŸŰĲЮƣƖĲċƣůĲŰƣЮĬċƣċЮŉƖŸůЮ7ċŰŊŸƖЮΥΣΤΨеЮƣőŸƨŊőЮċũũЮǃĲċƖƚЮőċĬЮƻĲƖǃЮƚŔůŔũċƖЮƓċƣƣĲƖŰƚдЮ ũũЮŊƖċŔŰЮ ӜЮĬċƣċЮőċƚЮĤĲĲŰЮ
ůƨũƣŔƓũŔĲĬЮĤǃЮΤΣЮƣŸЮůċťĲЮƣőĲЮǯŊƨƖĲЮĲċƚŔĲƖЮƣŸЮƖĲċĬд 

ΞЮΦЮΣШ9ŸŰƚƣƖƨĦƣŔŰŊШ ШƓƖŸǯũĲƚШŉƖŸůШĲǂŔƚƣŔŰŊШũŔƣĲƖċƣƨƖĲ 
?ċƣċШƽċƚШƣċťĲŰШŉƖŸůШċũũШΣШǯĲũĬШĲǂƓĲƖŔůĲŰƣƚШŸŉШ]ƖŸŸƣШыΝΦΥΤьЮШ[ŸƖШĲċĦőШĲǂƓĲƖŔůĲŰƣШƣőĲШĬċƣĲЯШ
üċĬŸťƚШƻċũƨĲЯШŊƖĲĲŰШũĲċŉШċŰĬШĬĲċĬШũĲċŉШŰŔƣƖŸŊĲŰЯШƚƣĲůШŰŔƣƖŸŊĲŰШċŰĬШŊƖċŔŰШŰŔƣƖŸŊĲŰШƽĲƖĲШ
ĲǂƣƖċĦƣĲĬЮШÑőĲШŰŔƣƖŸŊĲŰШƣƖĲċƣůĲŰƣƚШƽĲƖĲШŔŊŰŸƖĲĬШċƣШƣőŔƚШƚƣċŊĲЮШÑőĲШŊƖĲĲŰШċŰĬШĬĲċĬШũĲċŉШŰŔƣƖŸŊĲŰШ
ƽĲƖĲШƚƨůůĲĬШƣŸШŊŔƻĲШċШƣŸƣċũШũĲċŉШŰŔƣƖŸŊĲŰЮШ?ċƣċШƽĲƖĲШĲǂƣƖċĦƣĲĬШŉŸƖШůĲċƚƨƖĲůĲŰƣƚШŔŰШŊШťŊрΝШċŰĬШ
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ťŊШőċрΝШƚĲƓċƖċƣĲũǃШċƚШƣőĲƚĲШƽĲƖĲШůĲċƚƨƖĲĬШƨƚŔŰŊШĬŔǭĲƖĲŰƣШůĲƣőŸĬƚШы]ƖŸŸƣЯШΝΦΥΤьЮШ ĬĬŔƣŔŸŰċũШ
ĬċƣċШƽċƚШĲǂƣƖċĦƣĲĬШŸŰШũĲċŉЯШƚƣĲůШċŰĬШŊƖċŔŰШŰŔƣƖŸŊĲŰШƨƚŔŰŊШìĲĤÂũŸƣ?ŔŊŔƣŔǍĲƖШ
ыhttps://automeris.io/WebPlotDigitizer/) ЯШŉƖŸůШ7ĲƖƣőĲũŸŸƣШĲƣШċũЮШыΞΜΜΥьШċŰĬШ ċŊċƖċŢċŰШĲƣШċũЮШыΝΦΦΦьЮШ
7ĲƖƣőĲũŸŸƣШĲƣШċũЮШыΞΜΜΥьШċŰĬШ ċŊċƖċŢċŰШĲƣШċũЮШыΝΦΦΦьШƖĲĦŸƖĬĲĬШƣőĲШƣŔůĲШƓŸŔŰƣƚШŸŉШƣőĲŔƖШ
ůĲċƚƨƖĲůĲŰƣƚШŔŰШĬĲŊƖĲĲШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚШċŰĬШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚШƖĲƚƓĲĦƣŔƻĲũǃЮШ[ŸƖШċũũШΟШ
ƚŸƨƖĦĲƚЯШƣőĲШƚƣĲůЯШũĲċŉШċŰĬШŊƖċŔŰШŰŔƣƖŸŊĲŰШůĲċƚƨƖĲůĲŰƣƚШĦŸƻĲƖШċШƖċŰŊĲШŸŉШƚŸŔũШƣǃƓĲƚЯШĦƨũƣŔƻċƖƚЯШ
ĦŸƨŰƣƖŔĲƚЯШŰŔƣƖŸŊĲŰШƣƖĲċƣůĲŰƣƚШċŰĬШƽċƣĲƖШƚƣƖĲƚƚбШƣőŸƨŊőШƣőĲƚĲШĦŸŰĬŔƣŔŸŰƚШƽĲƖĲШŰŸƣШƣċťĲŰШŔŰƣŸШ
ĦŸŰƚŔĬĲƖċƣŔŸŰШċŰĬШƣőĲШĬċƣċШőċƚШĤĲĲŰШŊƖŸƨƓĲĬШƣŸŊĲƣőĲƖЮ 

 
EċĦőШŸŉШƣőĲШĬċƣċƚĲƣƚШőċĬШƖĲĦŸƖĬĲĬШƣőĲШƣŔůĲШƨƚŔŰŊШĬŔǭĲƖĲŰƣШůĲƣƖŔĦƚЮШÑőĲƖĲŉŸƖĲЯШƣőĲШǯƖƚƣШƚƣċŊĲШŸŉШ
ċŰċũǃƚŔƚШƽċƚШƣŸШĦŸŰƻĲƖƣШƣőĲůШċũũШƣŸШƣőĲШƚċůĲШƨŰŔƣƚЮШÖƚŔŰŊШƣőĲШ]ƖŸŸƣШыΝΦΥΤьШĬċƣċЯШċШƖĲŊƖĲƚƚŔŸŰШ
ƽċƚШǯƣШĤĲƣƽĲĲŰШƣőĲШŰƨůĤĲƖШŸŉШĬċǃƚШċŉƣĲƖШƚŸƽŔŰŊЯШċŰĬШƣőĲШüċĬŸťƚШƻċũƨĲШŉŸƖШĲċĦőШŰŔƣƖŸŊĲŰШ
ƣƖĲċƣůĲŰƣШŸŉШĲċĦőШĲǂƓĲƖŔůĲŰƣЮШ ƚƚƨůŔŰŊШċШüċĬŸťƚШƻċũƨĲШŸŉШΣΝШĦŸƖƖĲƚƓŸŰĬƚШƣŸШċŰƣőĲƚŔƚЯШƣőĲШ
ƖĲŊƖĲƚƚŔŸŰШƽċƚШƚŸũƻĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШŰƨůĤĲƖШŸŉШĬċǃƚШċŉƣĲƖШƚŸƽŔŰŊШƣőċƣШċŰƣőĲƚŔƚШŸĦĦƨƖƖĲĬЮШ
ũƣőŸƨŊőШƣőĲШƖĲũċƣŔŸŰШĤĲƣƽĲĲŰШĬċǃƚШċŉƣĲƖШƚŸƽŔŰŊШċŰĬШƣőĲШüċĬŸťƚШƚĦċũĲШŔƚШŰŸƣШũŔŰĲċƖЯШƚŸůĲШ
ƣƖĲċƣůĲŰƣƚШċŰĬШĲǂƓĲƖŔůĲŰƣƚШŸŰũǃШőċĬШΞШĬċƣċШƓŸŔŰƣƚШƚŸШŔƣШƽċƚШŰŸƣШƓŸƚƚŔĤũĲШƣŸШċĦĦŸƨŰƣШŉŸƖШŊƖĲċƣĲƖШ
ĦŸůƓũĲǂŔƣǃШŔŰШƣőĲШƖĲũċƣŔŸŰƚőŔƓЮШÖƚŔŰŊШƣőĲШĬċƣĲШŸŉШċŰƣőĲƚŔƚШŉŸƖШĲċĦőШƣƖĲċƣůĲŰƣШċŰĬШĲǂƓĲƖŔůĲŰƣЯШ
ƣőĲШŰƨůĤĲƖШŸŉШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚШƽċƚШĦċũĦƨũċƣĲĬШŉŸƖШĲċĦőШůĲċƚƨƖĲůĲŰƣШŔŰШƣőĲШ]ƖŸŸƣШыΝΦΥΤьЯШ
ůċťŔŰŊШŔƣШƣőĲШƚċůĲШƚĦċũĲШċƚШƣőĲШ ċŊċƖċŢċŰШĲƣШċũЮШыΝΦΦΦьШĬċƣċЮШÑőĲШ7ĲƖƣőĲũŸŸƣШĲƣШċũЮШыΞΜΜΥьШƽċƚШ
ůĲċƚƨƖĲĬШŔŰШĬĲŊƖĲĲШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚШŰŸƣШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚЮШÑŸШĦċũĦƨũċƣĲШƣőĲШƣŔůĲШ
ůĲċƚƨƖĲůĲŰƣШŔŰШĬċǃƚШċŉƣĲƖШċŰƣőĲƚŔƚЯШƣőĲШċŰƣőĲƚŔƚШĬċƣĲƚШċŰĬШǯŰċũШůĲċƚƨƖĲůĲŰƣШĬċƣĲƚШ
ыċƚƚƨůĲĬШƣŸШĤĲШőċƖƻĲƚƣьШƽĲƖĲШůċƣĦőĲĬШƣŸШĦċũĦƨũċƣĲШċШĦŸŰƻĲƖƚŔŸŰШŉċĦƣŸƖШĤĲƣƽĲĲŰШƣőĲШƣƽŸЮ 

 
[ŸƖШƣőĲШũĲċŉЯШƚƣĲůШċŰĬШŊƖċŔŰЯШƣőĲШƣŸƣċũШŰŔƣƖŸŊĲŰШŸŉШƣőĲƚĲШƓũċŰƣШƓċƖƣƚШƽċƚШƚƨůůĲĬШŉŸƖШĲƻĲƖǃШƣŔůĲШ
ƓŸŔŰƣШŸŉШĲċĦőШƣƖĲċƣůĲŰƣШċŰĬШĲǂƓĲƖŔůĲŰƣЯШċŰĬШƣőĲШŉƖċĦƣŔŸŰċũШũĲċŉЯШƚƣĲůШċŰĬШŊƖċŔŰШŰŔƣƖŸŊĲŰШ
ĦċũĦƨũċƣĲĬШĤǃШĬŔƻŔĬŔŰŊШƣőĲШĦŸůƓŸŰĲŰƣШŰŔƣƖŸŊĲŰШĤǃШƣőĲШƣŸƣċũЮШÑőĲШΦΡӖШĦŸŰǯĬĲŰĦĲШŔŰƣĲƖƻċũƚШƽĲƖĲШ
ĦċũĦƨũċƣĲĬШċŰĬШƚůŸŸƣőĲĬШƨƚŔŰŊШxŸĲƚƚШƚůŸŸƣőŔŰŊШŔŰШÂǃƣőŸŰЮШÑőĲШƖĲƚƨũƣŔŰŊШƓũŸƣШŔƚШƚőŸƽŰШŔŰШ[ŔŊƨƖĲШ
ÉΞЮΞШċŰĬШĦċŰШĤĲШƨƚĲĬШƣŸШĬĲƚĦƖŔĤĲШőŸƽШƣőĲШ ШĦŸŰƣĲŰƣШŔŰШƣőĲШƚƣĲůЯШũĲċƻĲƚЯШċŰĬШŊƖċŔŰƚШĦőċŰŊĲƚШ
ŸƻĲƖШƣŔůĲШƖĲƚƓĲĦƣŔƻĲШƣŸШĲċĦőШŸƣőĲƖЮ 

 
[ŔŊƨƖĲЮÉΥдΥжЮÑőĲЮƓƖŸƓŸƖƣŔŸŰЮŸŉЮƣŸƣċũЮƓũċŰƣЮ ЮƚƣŸƖĲĬЮŔŰЮƣőĲЮũĲċŉеЮƚƣĲůЮċŰĬЮŊƖċŔŰЮŸŉЮƣőĲЮƽőĲċƣЮƓũċŰƣЮƨƚŔŰŊЮĲǂƓĲƖŔůĲŰƣċũЮ
ĬċƣċЮŉƖŸůЮ7ĲƖƣőĲũŸŸƣЮĲƣЮċũдЮёΥΣΣΫђеЮ]ƖŸŸƣЮёΤάΫΪђеЮċŰĬЮ ċŊċƖċŢċŰЮĲƣЮċũдЮёΤάάάђдЮÑőĲЮƓŸŔŰƣƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮĲǂƓĲƖŔůĲŰƣċũЮ

https://automeris.io/WebPlotDigitizer/
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ĬċƣċеЮċŰĬЮƣőĲЮƚŸũŔĬЮũŔŰĲƚЮŔŰĬŔĦċƣĲЮƣőĲЮƨƓƓĲƖЮċŰĬЮũŸƽĲƖЮĤŸƨŰĬƚЮŸŉЮƣőĲЮάΨӜЮĦŸŰǯĬĲŰĦĲЮŔŰƣĲƖƻċũЮċƓƓũŔĲĬЮƨƚŔŰŊЮċЮx§EÉÉЮ
ƚůŸŸƣőŔŰŊЮŉċĦƣŸƖЮŸŉЮΣдΥд 

ÑőĲШŊƖċŔŰШƽĲŔŊőƣШыůŊьЯШċŰĬШƣőĲШŊƖċŔŰШ ШыůŊШƓĲƖШŊƖċŔŰьШƽĲƖĲШĲǂƣƖċĦƣĲĬШŉƖŸůШ[ŔŊƨƖĲƚШΝШċŰĬШΞШŸŉШ
ÂċŰŸǍǍŸШċŰĬШEċŊũĲƚШыΝΦΦΦьШƨƚŔŰŊШìĲĤÂũŸƣ?ŔŊŔƣŔǍĲƖШыhttps://automeris.io/WebPlotDigitizer/)ЮШ[ƖŸůШƣőŔƚШ
ƣőĲШŊƖċŔŰШ ӖШĦŸƨũĬШĤĲШĦċũĦƨũċƣĲĬШŉŸƖШĲċĦőШƣƖĲċƣůĲŰƣШċŰĬШƣŔůĲƓŸŔŰƣЮШÑőĲШůĲċŰШŸŉШƣőĲШŔƖƖŔŊċƣĲĬШ
ċŰĬШĬƖǃШƣƖĲċƣůĲŰƣШĬċƣċШŉŸƖШĲċĦőШƣŔůĲƓŸŔŰƣШƽċƚШĦċũĦƨũċƣĲĬШċŰĬШƣőĲШƖĲƚƨũƣŔŰŊШƓƖŸǯũĲШŸŉШŊƖċŔŰШ ӖШ
ŸƻĲƖШƣŔůĲШŔƚШŊŔƻĲŰШŔŰШ[ŔŊƨƖĲШÉΞЮΟЮ 

 

[ŔŊƨƖĲЮÉΥдΦжЮÑőĲЮĬǃŰċůŔĦЮƓƖŸǯũĲЮŸŉЮŊƖċŔŰЮ ӜЮċƚЮĦċũĦƨũċƣĲĬЮŉƖŸůЮċƻċŔũċĤũĲЮĬċƣċЮŔŰЮÂċŰŸǍǍŸЮċŰĬЮEċŊũĲƚЮёΤάάάђЮŉŸƖЮƽőĲċƣЮ
ťĲƓƣЮƨŰĬĲƖЮĬƖǃЮċŰĬЮŔƖƖŔŊċƣĲĬЮĦŸŰĬŔƣŔŸŰƚдЮ[ŔŊƨƖĲƚЮΤЮċŰĬЮΥЮŉƖŸůЮƽőŔĦőЮƣőŔƚЮĬċƣċЮƽċƚЮĲǂƣƖċĦƣĲĬЮƨƚĲĬЮċƻĲƖċŊĲĬЮĬċƣċЮŉƖŸůЮΧЮ
ƽőĲċƣЮĦƨũƣŔƻċƖƚжЮÅŸƚĲũũċеЮcċƖƣŸŊеЮcċũĤĲƖĬЮċŰĬЮEƖċĬƨд 

ÂƖŸǯũĲƚШŸŉШŊƖċŔŰШ ӖШƽĲƖĲШċũƚŸШĦŸŰƚƣƖƨĦƣĲĬШŉƖŸůШĬċƣċШċƻċŔũċĤũĲШŔŰШ ċŊċƖċŢċŰШĲƣШċũЮШыΝΦΦΦьЮШÑőĲШ
ĦċƖĤŸŰШċŰĬШŰŔƣƖŸŊĲŰШĦŸŰƣĲŰƣШƽĲƖĲШĲǂƣƖċĦƣĲĬШŉƖŸůШ[ŔŊƨƖĲƚШΠШċŰĬШΡШŔŰШ ċŊċƖċŢċŰШĲƣШċũЮШыΝΦΦΦьШƨƚŔŰŊШ
ìĲĤÂũŸƣ?ŔŊŔƣŔǍĲƖШыőƣƣƓƚаооċƨƣŸůĲƖŔƚЮŔŸоìĲĤÂũŸƣ?ŔŊŔƣŔǍĲƖо)ЮШ7ǃШċƚƚƨůŔŰŊШƣőĲШŉƖċĦƣŔŸŰШŸŉШ9ШŔŰШ?~ШŔƚШ
ΡΜӖШы§ƚĤŸƖŰĲШĲƣШċũЮЯШΞΜΝΡьЯШƣőĲШĲǂŔƚƣŔŰŊШĬċƣċШƽċƚШƨƚĲĬШƣŸШĦŸŰƚƣƖƨĦƣШƣőĲШƓƖŸǯũĲШŔŰШ[ŔŊƨƖĲШÉΞЮΠЮШ 
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ΝΜΟ 
 

 

[ŔŊƨƖĲЮÉΥдΧжЮÑőĲЮƣĲůƓŸƖċũЮƓƖŸǯũĲЮŸŉЮŊƖċŔŰЮ ӜЮŉŸƖЮƣőĲЮΧЮƽőĲċƣЮĦƨũƣŔƻċƖƚЮůĲċƚƨƖĲĬЮĤǃЮ ċŊċƖċŢċŰЮĲƣЮċũдЮёΤάάάђЮŉŸƖЮƽċƣĲƖЮ
ƚƣƖĲƚƚЮċŰĬЮċЮĦŸŰƣƖŸũЮƣƖĲċƣůĲŰƣд 

ΞЮΦЮΤШÑĲůƓŸƖċũШƓƖŸǯũĲШŸŉШƚŔůƨũċƣĲĬШŊƖċŔŰШ?~ 

 

[ŔŊƨƖĲЮÉΥдΨжЮÂƖŸǯũĲЮŸŉЮŊƖċŔŰЮ?~ЮŉƖŸůЮŢƨƚƣЮĤĲŉŸƖĲЮċŰƣőĲƚŔƚЮƣŸЮőċƖƻĲƚƣЮŉŸƖЮċũũЮǃĲċƖƚЮŸŉЮƣőĲЮƓƖĲƚĲŰƣЮƚƣƨĬǃдЮÑőĲЮũŸƽЮċŰĬЮƻĲƖǃЮ
őŔŊőЮ§ΦЮƣƖĲċƣůĲŰƣƚЮċƖĲЮŔŰĬŔĦċƣĲĬЮŉŸƖЮĦŸůƓċƖŔƚŸŰЮŸŉЮŊƖċŔŰЮ?~ЮċĦĦƨůƨũċƣŔŸŰЮĤĲƣƽĲĲŰЮǃĲċƖƚЮċŰĬЮƣƖĲċƣůĲŰƣƚд 



ΝΜΠ 
 

ΟЮШÂċƓĲƖШΞаШ~ŸĬĲũũŔŰŊШŸǍŸŰĲрŔŰĬƨĦĲĬШĦőċŰŊĲƚШŔŰШƽőĲċƣШ
ċůŔŰŸШċĦŔĬƚШċŰĬШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƨƚŔŰŊШċШƓƖŸĦĲƚƚрĤċƚĲĬШ
ĦƖŸƓШůŸĬĲũ 

ΟЮΝШ ĤƚƣƖċĦƣ 
§ǍŸŰĲШы§ΟьШƓŸũũƨƣŔŸŰШƖĲĬƨĦĲƚШƽőĲċƣШǃŔĲũĬƚШċƚШƽĲũũШċƚШƣőĲШƓƖŸƣĲŔŰШċŰĬШůŔĦƖŸŰƨƣƖŔĲŰƣШǃŔĲũĬШŸŉШƣőĲШ
ĦƖŸƓЮШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШƓċƖƣŔĦƨũċƖũǃШőŔŊőШŔŰШfŰĬŔċЯШċŰĬШċƖĲШƚĲƣШƣŸШŔŰĦƖĲċƚĲЯШƣőƖĲċƣĲŰŔŰŊШƽőĲċƣШ
ǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃШŔŰШċШĦŸƨŰƣƖǃШċũƖĲċĬǃШŉċĦŔŰŊШĦőċũũĲŰŊĲƚШƣŸШŉŸŸĬШƚĲĦƨƖŔƣǃЮШÑőŔƚШƚƣƨĬǃШċŔůƚШƣŸШ
ŔůƓƖŸƻĲШƣőĲШĲǂŔƚƣŔŰŊШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƣŸШƚŔůƨũċƣĲШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШfŰĬŔċŰШƽőĲċƣШƕƨċũŔƣǃШ
ĤǃШŔŰĦŸƖƓŸƖċƣŔŰŊШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШƣŸШƚŔůƨũċƣĲШƓƖŸƣĲŔŰЯШċŰĬШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШ
ŰƨƣƖŔƣŔŸŰċũũǃШƖĲũĲƻċŰƣШċůŔŰŸШċĦŔĬƚЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШŔůƓƖŸƻĲĬШůŸĬĲũШĦċŰШŰŸƽШĦċƓƣƨƖĲШƣőĲШ
ĬĲĦƖĲċƚĲШŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШƣőċƣШŸĦĦƨƖƚШŔŰШfŰĬŔċŰШƽőĲċƣШĲǂƓŸƚĲĬШƣŸШĲũĲƻċƣĲĬШ§ΟЮШÑőĲШ
ƚƣƖƨĦƣƨƖĲШŸŉШƣőĲШůŸĬĲũũŔŰŊШŉƖċůĲƽŸƖťШŔƚШƣƖċŰƚŉĲƖƖċĤũĲШƣŸШŸƣőĲƖШċĤŔŸƣŔĦШƚƣƖĲƚƚŸƖƚШċŰĬШĲċƚŔũǃШ
ŔŰƣĲŊƖċĤũĲШŔŰƣŸШŸƣőĲƖШĦƖŸƓШůŸĬĲũƚЯШƓƖŸƻŔĬĲĬШƣőĲǃШƚŔůƨũċƣĲШũĲċŉШċŰĬШƚƣĲůШ ЯШĬĲůŸŰƚƣƖċƣŔŰŊШƣőĲШ
ǰĲǂŔĤŔũŔƣǃШċŰĬШƨƚĲŉƨũŰĲƚƚШŸŉШƣőĲШŉƖċůĲƽŸƖťШĬĲƻĲũŸƓĲĬШŔŰШƣőŔƚШƚƣƨĬǃЮШ[ƨƖƣőĲƖЯШƣőĲШůŸĬĲũũŔŰŊШ
ƖĲƚƨũƣƚШĦċŰШĤĲШƨƚĲĬШƣŸШƚŔůƨũċƣĲШƣőĲШ[ §ШƖĲĦŸůůĲŰĬĲĬШůĲƣƖŔĦШŉŸƖШůĲċƚƨƖŔŰŊШƓƖŸƣĲŔŰШƕƨċũŔƣǃЯШƣőĲШ
?f ÉЯШƚĲƣƣŔŰŊШƨƓШċШŉŸƨŰĬċƣŔŸŰШŉŸƖШŰƨƣƖŔƣŔŸŰрĤċƚĲĬШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŸŉШ§ΟШĲǭĲĦƣƚШŸŰШĦƖŸƓƚЮШÑőĲШ
ƖĲƚƨũƣŔŰŊШůŸĬĲũШƽċƚШċĤũĲШƣŸШĦċƓƣƨƖĲШŊƖċŔŰШƓƖŸƣĲŔŰЯШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƖĲċƚŸŰċĤũǃШƽĲũũЮШ ƚШċШƓƖŸƓŸƖƣŔŸŰШŸŉШĬƖǃШůċƣƣĲƖЯШƣőĲШƚŔůƨũċƣĲĬШƓĲƖĦĲŰƣċŊĲƚШƖċŰŊĲĬШŉƖŸůШΜЮΞΣӖШƣŸШ
ΜЮΟΥӖШŉŸƖШũǃƚŔŰĲЯШċŰĬШŉƖŸůШΜЮΝΟӖШƣŸШΜЮΞΞӖШŉŸƖШůĲƣőŔŸŰŔŰĲЯШƽőŔũĲШƣőĲШŸĤƚĲƖƻĲĬШƻċũƨĲƚШƽĲƖĲШ
ΜЮΝΣӖШƣŸШΜЮΟΥӖШċŰĬШΜЮΝΠӖШƣŸШΜЮΞΞӖЯШƖĲƚƓĲĦƣŔƻĲũǃЮШ[ŸƖШŊƖċŔŰШċŰĬШũĲċŉШƓƖŸƣĲŔŰШƚŔůƨũċƣŔŸŰƚЯШƣőĲШ
ŔŰƣĲƖĬĲƓĲŰĬĲŰĦĲШĤĲƣƽĲĲŰШƓċƖċůĲƣĲƖƚШƖĲĬƨĦĲĬШƣőĲШċĦĦƨƖċĦǃШŸŉШƣőĲŔƖШƖĲƚƓĲĦƣŔƻĲШƖĲũċƣŔƻĲШƓƖŸƣĲŔŰШ
ũŸƚƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШĬĲĦƖĲċƚĲШŔŰШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШƽċƚШƨŰĬĲƖĲƚƣŔůċƣĲĬШĤǃШӈΝΜШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚШŉŸƖШůĲƣőŔŸŰŔŰĲШŉŸƖШĤŸƣőШ
ĦƨũƣŔƻċƖƚЯШċŰĬШĤǃШΟΤШċŰĬШΝΦШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚШŉŸƖШũǃƚŔŰĲШŉŸƖШcÖìΞΟΠШċŰĬШc?ΟΝΝΥШƖĲƚƓĲĦƣŔƻĲũǃЮШ
ÑőŔƚШƨŰĬĲƖĲƚƣŔůċƣŔŸŰШŸĦĦƨƖƚШĬĲƚƓŔƣĲШƚŔůƨũċƣŔŸŰƚШŸŉШƖĲũċƣŔƻĲШǃŔĲũĬШũŸƚƚШĤĲŔŰŊШŉċŔƖũǃШċĦĦƨƖċƣĲШ
ыċƻĲƖċŊĲШĬĲƻŔċƣŔŸŰШŸŉШΞЮΡШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚШĲǂĦũƨĬŔŰŊШŸƨƣũŔĲƖƚьЮШÑŸШƓƖŸƻŔĬĲШŉƨƖƣőĲƖШůĲĦőċŰŔƚƣŔĦШ
ƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШ§ΟШĲǭĲĦƣƚШŸŰШƽőĲċƣШŊƖċŔŰШƕƨċũŔƣǃЯШŉƨƣƨƖĲШĲǂƓĲƖŔůĲŰƣƚШƚőŸƨũĬШůĲċƚƨƖĲШŰŔƣƖŸŊĲŰШ
ы ьШċŰĬШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШũĲċƻĲƚШċŰĬШƚƣĲůƚЯШċũŸŰŊШƽŔƣőШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШ ШċƚƚŸĦŔċƣĲĬШ
ƽŔƣőШċŰƣŔŸǂŔĬċŰƣƚЯШƽőŔĦőШƽŔũũШċŔĬШŔŰШŔŰŉŸƖůŔŰŊШŉƨƣƨƖĲШůŸĬĲũШĬĲƻĲũŸƓůĲŰƣЮШ ĬĬŔƣŔŸŰċũũǃЯШĲǂƓũŸƖŔŰŊШ
őŸƽШŊƖċŔŰШƓƖŸƣĲŔŰШƖĲũċƣĲƚШƣŸШċůŔŰŸШċĦŔĬШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШ§ΟШƽŔũũШĲŰőċŰĦĲШƣőĲШůŸĬĲũќƚШ
ċĦĦƨƖċĦǃШŔŰШƓƖĲĬŔĦƣŔŰŊШƓƖŸƣĲŔŰШƕƨċũŔƣǃШċŰĬШƓƖŸƻŔĬĲШůŸƖĲШƖĲũŔċĤũĲШĲƚƣŔůċƣĲƚШŸŉШƣőĲШŔŰǰƨĲŰĦĲШŸŉШ§ΟШ
ŸŰШƽőĲċƣШƕƨċũŔƣǃЮШÑőŔƚШƚƣƨĬǃШĤƨŔũĬƚШŸŰШƣőĲШƽŸƖťШŸŉШÉĲĦƣŔŸŰШΞШŸŉШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚЯШċŰĬШƚƨƓƓŸƖƣƚШ
ƣőĲШƚĲĦŸŰĬШƓőċƚĲШŸŉШƣőĲШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШċƚƚĲƚƚůĲŰƣШƖĲƓŸƖƣШыÑ§ ÅьШĤǃШŔŰƻĲƚƣŔŊċƣŔŰŊШƣőĲШŔůƓċĦƣƚШ
ŸŉШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШŸŰШfŰĬŔċŰШƽőĲċƣШċŰĬШƣőĲШƓŸƣĲŰƣŔċũШŸŉШƣőŔƚШƣŸШĲǂċĦĲƖĤċƣĲШĲǂŔƚƣŔŰŊШůċũŰƨƣƖŔƣŔŸŰШ
ŔŰШfŰĬŔċЮ 

ΟЮΞШfŰƣƖŸĬƨĦƣŔŸŰ 
ШŊƖŸƽŔŰŊШĤŸĬǃШŸŉШũŔƣĲƖċƣƨƖĲШŉƖŸůШEƨƖŸƓĲЯШ9őŔŰċШċŰĬШfŰĬŔċШőċƚШƚőŸƽŰШƣőċƣШĲǂƓŸƚƨƖĲШƣŸШ§ΟШ
ƖĲĬƨĦĲƚШƽőĲċƣШƓƖŸƣĲŔŰШċŰĬШůŔĦƖŸŰƨƣƖŔĲŰƣШǃŔĲũĬƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШòċĬċƻШĲƣШċũЮЯШΞΜΞΜбШ~ŔƚőƖċЯШ
ÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΟбШ[ĲŰŊЯШuŸĤċǃċƚőŔШċŰĬШ ŔŰƚƽŸƖƣőЯШΞΜΜΥьЮШÑőŔƚШŔƚШŔůƓŸƖƣċŰƣШċƚШĦĲƖĲċũƚШŸŉƣĲŰШ
ůċťĲШƨƓШƣőĲШůŸƚƣШċƻċŔũċĤũĲШƓƖŸƣĲŔŰШƚŸƨƖĦĲШƓĲƖШĦċƓŔƣċШċŰĬШƽőĲċƣШŔƚШƣőĲШĬŸůŔŰċŰƣШĬŔĲƣċƖǃШĦĲƖĲċũШ
ŊũŸĤċũũǃШыÉőŔŉĲƖċƽШĲƣШċũЮЯШΞΜΝΟьЮШÑőĲƖĲŉŸƖĲЯШċŰǃШƖĲĬƨĦƣŔŸŰШŔŰШǃŔĲũĬЯШƓƖŸƣĲŔŰШċŰĬШůŔĦƖŸŰƨƣƖŔĲŰƣШ
ĦŸŰƣĲŰƣƚШĦċƨƚĲĬШĤǃШ§ΟШĦŸƨũĬШƣőƖĲċƣĲŰШĤŸƣőШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃЯШĲƚƓĲĦŔċũũǃШŔŰШĦŸƨŰƣƖŔĲƚШ
ƚƨĦőШċƚШfŰĬŔċШƽőĲƖĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШőŔŊőШċŰĬШŉŸŸĬШƚĲĦƨƖŔƣǃШŔƚШũŸƽШы[ §ШĲƣШċũЮЯШΞΜΞΜбШ
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cĲƖŉŸƖƣőШĲƣШċũЮЯШΞΜΞΜбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĦьЮШÑőĲШǯƖƚƣШƓőċƚĲШŸŉШƣőĲШƣƖŸƓŸƚƓőĲƖŔĦШŸǍŸŰĲШы§ΟьШ
ċƚƚĲƚƚůĲŰƣШƖĲƓŸƖƣШыÑ§ ÅьШыőƣƣƓƚаооŔŊċĦƓƖŸŢĲĦƣЮŸƖŊоċĦƣŔƻŔƣŔĲƚоÑ§ ÅоÑ§ ÅрfьШĦŸůƓŔũĲĬШ
ŔŰŉŸƖůċƣŔŸŰШŸŰШƚƨƖŉċĦĲШ§ΟШůĲƣƖŔĦƚШƣŸШƓƖŸĬƨĦĲШƣőĲШƽŸƖũĬќƚШũċƖŊĲƚƣШĬċƣċĤċƚĲШŉŸƖШŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШ
ŊũŸĤċũШĬŔƚƣƖŔĤƨƣŔŸŰШċŰĬШƣƖĲŰĬƚШŸŉШ§ΟЮШÑőĲШƚĲĦŸŰĬШƓőċƚĲШŸŉШÑ§ ÅШ
ыőƣƣƓƚаооŔŊċĦƓƖŸŢĲĦƣЮŸƖŊоċĦƣŔƻŔƣŔĲƚоÑ§ ÅоÑ§ ÅрffьЯШŉŸƖШƽőŔĦőШƣőŔƚШƓċƓĲƖШŔƚШċШƓċƖƣЯШĲǂƓċŰĬƚШŸŰШƣőĲШ
ŊŸċũƚШŸŉШƣőĲШǯƖƚƣШƓőċƚĲЯШƣŸШŔŰƻĲƚƣŔŊċƣĲШ§ΟШŔůƓċĦƣƚШŸŰШőƨůċŰШőĲċũƣőШċŰĬШƻĲŊĲƣċƣŔŸŰЮШÑőŔƚШƚƣƨĬǃШ
ĦŸŰƣƖŔĤƨƣĲƚШƣŸШƣőĲШƚĲĦŸŰĬШƓőċƚĲШŸŉШÑ§ ÅШĤǃШĲǂċůŔŰŔŰŊШƣőĲШŔůƓċĦƣƚШŸŉШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШŸŰШƽőĲċƣШ
ǃŔĲũĬШċŰĬШƕƨċũŔƣǃШŔŰШfŰĬŔċЯШĲŰőċŰĦŔŰŊШŸƨƖШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƣőĲШĤƖŸċĬĲƖШŔůƓũŔĦċƣŔŸŰƚШŉŸƖШŉŸŸĬШċŰĬШ
ŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃЮШÖŰĬĲƖƚƣċŰĬŔŰŊШƣőĲШŔŰƣĲƖƓũċǃШŸŉШĬŔǭĲƖĲŰƣШŉċĦƣŸƖƚШċǭĲĦƣŔŰŊШ§ΟШŔŰĬƨĦĲĬШ
ƖĲĬƨĦƣŔŸŰƚШŔŰШƽőĲċƣШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШƽŔũũШĤĲШŔůƓŸƖƣċŰƣШŉŸƖШĦƨƖƖĲŰƣЯШċŰĬШŉƨƣƨƖĲЯШŉŸŸĬШċŰĬШ
ŰƨƣƖŔƣŔŸŰċũШƚĲĦƨƖŔƣǃШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЮ 

ΟЮΞЮΝШ~ċũŰƨƣƖŔƣŔŸŰШċŰĬШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШƽőĲċƣШŔŰШfŰĬŔċ 
~ċũŰƨƣƖŔƣŔŸŰШŔƚШƓƖĲƻċũĲŰƣШŔŰШfŰĬŔċШƽŔƣőШӈΠΜӖШŸŉШƣőĲШƓŸƓƨũċƣŔŸŰШƨŰċĤũĲШƣŸШċǭŸƖĬШċШŰƨƣƖŔƣŔŸŰċũũǃШ
ċĬĲƕƨċƣĲШĬŔĲƣЯШċŰĬШӈΥΜӖШƨŰċĤũĲШƣŸШċǭŸƖĬШċШőĲċũƣőǃШĬŔĲƣШы[ §ШĲƣШċũЮЯШΞΜΞΟьЮШfŰШfŰĬŔċЯШӈΟΡӖШŸŉШ
ĦőŔũĬƖĲŰШƨŰĬĲƖШƣőĲШċŊĲШŸŉШΡШċƖĲШċǭĲĦƣĲĬШĤǃШƚƣƨŰƣŔŰŊШċŰĬШӈΞΜӖШċǭĲĦƣĲĬШĤǃШƽċƚƣŔŰŊЯШƽŔƣőШƣőĲШ
ƓƖĲƻċũĲŰĦĲШŸŉШƽċƚƣŔŰŊШŔŰШfŰĬŔċШĤĲŔŰŊШŸŰĲШŸŉШƣőĲШőŔŊőĲƚƣШŔŰШƣőĲШƽŸƖũĬШы?ĲƻĲũŸƓůĲŰƣШfŰŔƣŔċƣŔƻĲƚЯШ
ΞΜΞΜĤьЮШШÉƣƨŰƣŔŰŊШċŰĬШƽċƚƣŔŰŊШŸĦĦƨƖШƽőĲŰШċŰШŔŰĬŔƻŔĬƨċũШĬŸĲƚШŰŸƣШőċƻĲШƚƨǭŔĦŔĲŰƣШĦċũŸƖŔĲƚШŸƖШ
ůŔĦƖŸŰƨƣƖŔĲŰƣƚШŔŰШƣőĲŔƖШĬŔĲƣШƣŸШŊƖŸƽШċŰĬШĬĲƻĲũŸƓШы]ŸŰůĲŔШċŰĬШÑŸƣĲŢċЯШΞΜΝΥьЮШìċƚƣŔŰŊШċŰĬШůƨƚĦũĲШ
ŉƨŰĦƣŔŸŰШũŸƚƚШĦċŰШƖĲƚƨũƣШŉƖŸůШċШƓŸŸƖШƕƨċŰƣŔƣǃЯШŸƖШƕƨċũŔƣǃЯШŸŉШĬŔĲƣċƖǃШƓƖŸƣĲŔŰШы~ĲĬĲťЯШÉĦőƽċƖƣǍШċŰĬШ
~ǃĲƖƚЯШΞΜΝΤьЮШ[ŸƖШůŸƚƣШfŰĬŔċŰШƚƣċƣĲƚЯШċƣШũĲċƚƣШΟΜӖШŸŉШƣőĲШƓŸƓƨũċƣŔŸŰШċƖĲШċƣШƖŔƚťШŸŉШƓƖŸƣĲŔŰШ
ĬĲǯĦŔĲŰĦǃЯШƽőŔĦőШŔƚШŸŉШĦŸŰĦĲƖŰШŉŸƖШƓĲŸƓũĲШƽőŸШċƖĲШƓƖĲŊŰċŰƣШŸƖШŔŰШƓŸŸƖĲƖШƚŸĦŔŸĲĦŸŰŸůŔĦШ
ĦŔƖĦƨůƚƣċŰĦĲƚЯШƽőŸШƖĲƕƨŔƖĲШőŔŊőĲƖШƕƨċũŔƣŔĲƚШŸŉШƓƖŸƣĲŔŰШŉŸƖШŊƖŸƽƣőШŸƖШǯŊőƣŔŰŊШŔŰŉĲĦƣŔŸŰƚШ
ыÉƽċůŔŰċƣőċŰЯШéċǍШċŰĬШuƨƖƓċĬЯШΞΜΝΞбШ~ŔŰŸĦőċЯШÑőŸůċƚШċŰĬШuƨƖƓċĬЯШΞΜΝΤĤьЮШ 

fŰШfŰĬŔċЯШĦĲƖĲċũƚШċƖĲШƣőĲШůŸƚƣШċƻċŔũċĤũĲШƓƖŸƣĲŔŰШƚŸƨƖĦĲШƓĲƖШĦċƓŔƣċЯШċŰĬШċƖĲШċШťĲǃШĬŔĲƣċƖǃШƓƖŸƣĲŔŰШ
ƚŸƨƖĦĲШы~ŔŰŸĦőċЯШÑőŸůċƚШċŰĬШuƨƖƓċĬЯШΞΜΝΤĤьЮШìőĲċƣШůċťĲƚШƨƓШƣőĲШĬŸůŔŰċŰƣШĬŔĲƣċƖǃШĦĲƖĲċũШŔŰШ
ƣőĲШŰŸƖƣőШŸŉШfŰĬŔċШƽőĲƖĲШƣőĲШůċŢŸƖŔƣǃШŸŉШƣőĲШĦƖŸƓШŔƚШŊƖŸƽŰШыuőċƣťċƖЯШ9őċƨĬőċƖǃШċŰĬШ?ċŰŊŔЯШΞΜΝΡьЮШШ
]ũŸĤċũũǃЯШfŰĬŔċШőċƚШƣőĲШŊƖĲċƣĲƚƣШċƖĲċШƨŰĬĲƖШƽőĲċƣШĦƨũƣŔƻċƣŔŸŰЯШΟΝЮΣШůŔũũŔŸŰШőĲĦƣċƖĲƚЯШċŰĬШ
ƓƖŸĬƨĦĲĬШΝΜΦЮΡШůŔũũŔŸŰШƣŸŰŰĲƚШŸŉШƽőĲċƣШŔŰШΞΜΞΝЯШƚĲĦŸŰĬШŸŰũǃШƣŸШƣőĲШċůŸƨŰƣШŸŉШƽőĲċƣШƓƖŸĬƨĦĲĬШ
ĤǃШ9őŔŰċШы~ŔŰŔƚƣƖǃШŸŉШ ŊƖŔĦƨũƣƨƖĲШѼШ[ċƖůĲƖƚШìĲũŉċƖĲЯШΞΜΞΞьЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШĦŸƨŰƣƖǃШŔƚШƚĲũŉр
ƚƨǭŔĦŔĲŰƣоƖĲũŔċŰƣШƽőĲŰШŔƣШĦŸůĲƚШƣŸШƽőĲċƣШыÑƖŔƓċƣőŔШċŰĬШ~ŔƚőƖċЯШΞΜΝΤьЮШ9ŸŰƚƨůƓƣŔŸŰШŸŉШƽőĲċƣШ
ƻċƖŔĲƚШĤǃШƚƣċƣĲШƽŔƣőШƣőĲШĬŸůŔŰċŰƣШƽőĲċƣШƓƖŸĬƨĦŔŰŊШƚƣċƣĲƚШыÂƨŰŢċĤЯШÅċŢċƚƣőċŰЯШcċƖǃċŰċШċŰĬШ
~ċĬőǃċШÂƖċĬĲƚőьШĦŸŰƚƨůŔŰŊШƣőĲШůŸƚƣЮШÅĲƚƨũƣŔŰŊШŉƖŸůШƓŸƓƨũċƣŔŸŰШŊƖŸƽƣőШċŰĬШŔŰĦƖĲċƚĲƚШƣŸШ
ŔŰĦŸůĲЯШƣőĲШƣŸƣċũШĬĲůċŰĬШŉŸƖШƽőĲċƣШŔƚШŔŰĦƖĲċƚŔŰŊШыÑƖŔƓċƣőŔШċŰĬШ~ŔƚőƖċЯШΞΜΝΤьЮШШcŸƽĲƻĲƖЯШ
ŰƨůĲƖŸƨƚШĲǂƓĲƖŔůĲŰƣċũШċŰĬШůŸĬĲũũŔŰŊШƚƣƨĬŔĲƚШőċƻĲШƚőŸƽŰШƣőċƣШ§ΟШŔƚШƚƨĤƚƣċŰƣŔċũũǃШƖĲĬƨĦŔŰŊШ
ƽőĲċƣШǃŔĲũĬƚШċĦƖŸƚƚШfŰĬŔċШыÉőċƖůċШĲƣШċũЮЯШΞΜΝΦбШÉŔŰőċШĲƣШċũЮЯШΞΜΝΡбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШòċĬċƻЯШ
ŊƖċƽċũШċŰĬШ ŊƖċƽċũЯШΞΜΞΝбШ~ŔƚőƖċЯШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΟьЮ 

ΟЮΞЮΞШ§ΟШƓŸũũƨƣŔŸŰШŔŰШfŰĬŔċ 
]ƖŸƨŰĬШũĲƻĲũШ§ΟШŔƚШċШƚĲĦŸŰĬċƖǃШƓŸũũƨƣċŰƣЯШŉŸƖůĲĬШƽőĲŰШƓƖĲĦƨƖƚŸƖШŊċƚĲƚШыƓƖĲĬŸůŔŰċŰƣũǃШƻŸũċƣŔũĲШ
ŸƖŊċŰŔĦШĦŸůƓŸƨŰĬƚШċŰĬШŰŔƣƖŸŊĲŰШŸǂŔĬĲƚьШƖĲċĦƣШŔŰШƣőĲШƓƖĲƚĲŰĦĲШŸŉШƨũƣƖċƻŔŸũĲƣШũŔŊőƣШы[ŸƽũĲƖШĲƣШċũЮЯШ
ΞΜΜΥьЮШ9ƨƖƖĲŰƣШũŔƣĲƖċƣƨƖĲЯШċŰĬШƣőĲШǯƖƚƣШƓőċƚĲШŸŉШÑ§ ÅЯШŔĬĲŰƣŔǯĲĬШƣőċƣШÉŸƨƣőШ ƚŔċЯШċŰĬШŔŰШ
ƓċƖƣŔĦƨũċƖШfŰĬŔċЯШĲǂƓĲƖŔĲŰĦĲШƚŸůĲШŸŉШƣőĲШőŔŊőĲƚƣШ§ΟШĤƨƖĬĲŰƚШŸŉШċŰǃШƖĲŊŔŸŰШŸƖШĦŸƨŰƣƖǃШƽŸƖũĬƽŔĬĲШ
ы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĦбШEůĤĲƖƚŸŰЯШΞΜΞΜьЮШ]ĲŸŊƖċƓőŔĦċũũǃЯШƣőĲШőŔŊőĲƚƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШfŰĬŔċШ
ŸĦĦƨƖШŔŰШƣőĲШŰŸƖƣőĲƖŰШƓċƖƣШŸŉШƣőĲШĦŸƨŰƣƖǃШċŰĬШƣőĲШfŰĬŸр]ċŰŊĲƣŔĦШƓũċŰĲƚШыf]ÂьЯШƽőĲƖĲШƣőĲШůċŢŸƖŔƣǃШ
ŸŉШƽőĲċƣШŔƚШŊƖŸƽŰШыÅċƣőŸƖĲЯШ]ŸƓŔťƖŔƚőŰċŰШċŰĬШuƨƣƣŔƓƓƨƖċƣőЯШΞΜΞΟбШxƨШĲƣШċũЮЯШΞΜΝΥбШ~ŔŰŔƚƣƖǃШŸŉШ
ŊƖŔĦƨũƣƨƖĲШѼШ[ċƖůĲƖƚШìĲũŉċƖĲЯШΞΜΞΞьЮШfŰШƣőĲШŉƨƣƨƖĲЯШƣőĲШĦőċŰŊŔŰŊШĦũŔůċƣĲШƽŔũũШċǭĲĦƣШ§ΟШ
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ĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƽŔƣőШĦũŔůċƣŔĦШĦŸŰĬŔƣŔŸŰƚШċĦƖŸƚƚШƣőĲШŰŸƖƣőШŸŉШfŰĬŔċШŉċƻŸƨƖŔŰŊШŊƖĲċƣĲƖШ§ΟШ
ƓƖŸĬƨĦƣŔŸŰШыÉƣĲƻĲŰƚŸŰШĲƣШċũЮЯШΞΜΝΟбШxŔШĲƣШċũЮЯШΞΜΞΞċьЮШ9ŸůƓċƖċƣŔƻĲШƣŸШƓƖĲƚĲŰƣШĬċǃЯШuƨůċƖШĲƣШċũЮШ
ыΞΜΝΥьШƚőŸƽĲĬШƣőĲШŊƖĲċƣĲƚƣШŔŰĦƖĲċƚĲШŔŰШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċĦƖŸƚƚШfŰĬŔċШƽŸƨũĬШĤĲШĬƨƖŔŰŊШƣőĲШĬƖǃШ
ыƽőĲċƣШŊƖŸƽŔŰŊьШƚĲċƚŸŰШċĦƖŸƚƚШƣőĲШf]ÂЮШÑőŔƚШŔƚШċШĦƖŔƣŔĦċũШǯŰĬŔŰŊШŊŔƻĲŰШƣőĲШůċŢŸƖŔƣǃШŸŉШƽőĲċƣШŔƚШ
ŊƖŸƽŰШŔŰШƣőĲШŰŸƖƣőШŸŉШfŰĬŔċЯШċĦƖŸƚƚШƣőĲШf]ÂШы~ŔŰŔƚƣƖǃШŸŉШ ŊƖŔĦƨũƣƨƖĲШѼШ[ċƖůĲƖƚШìĲũŉċƖĲЯШΞΜΞΞьЮШ 

ΟЮΞЮΟШEǭĲĦƣƚШŸŉШ§ΟШƓŸũũƨƣŔŸŰШŸŰШƽőĲċƣШǃŔĲũĬƚ 
§ΟШĬŔǭƨƚĲƚШŔŰƣŸШƽőĲċƣШũĲċƻĲƚШƻŔċШƣőĲШƚƣŸůċƣĲƚШċŰĬШŔůƓċĦƣƚШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШƚĲŰĲƚĦĲŰĦĲШ
ƽőĲŰШċŰƣŔŸǂŔĬċŰƣШĬĲŉĲŰĦĲƚШċƖĲШĦŸůƓƖŸůŔƚĲĬШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШÑŔƽċƖŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΥбШ
ÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΞьЮШĦĦĲũĲƖċƣĲĬШƚĲŰĲƚĦĲŰĦĲШƚőŸƖƣĲŰƚШƣőĲШŊƖċŔŰШǯũũŔŰŊШƓĲƖŔŸĬЯШċŰĬШƣőĲШ
ĬĲĦũŔŰĲШŔŰШƓőŸƣŸƚǃŰƣőĲƚŔƚШĬĲĦƖĲċƚĲƚШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰЯШƨũƣŔůċƣĲũǃШũĲċĬŔŰŊШƣŸШũŸƽĲƖШĦƖŸƓШ
ǃŔĲũĬƚШыÑŔƽċƖŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΥбШEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥьЮШ 

ÉĲƻĲƖċũШĲǂƓĲƖŔůĲŰƣċũШƚƣƨĬŔĲƚШƨƚŔŰŊШƽőĲċƣШĦƨũƣŔƻċƖƚШĦŸůůŸŰũǃШŊƖŸƽŰШŔŰШfŰĬŔċШőċƻĲШƚőŸƽŰШ
ĬĲĦƖĲċƚĲƚШŔŰШǃŔĲũĬШĬƨĲШƣŸШĲũĲƻċƣĲĬШ§ΟШĲǂƓŸƚƨƖĲШыòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũЯШΞΜΞΝбШÂċŰĬĲǃШĲƣШ
ċũЮЯШΞΜΝΥбШÑŸůĲƖШĲƣШċũЮЯШΞΜΝΡбШ ċċǍШĲƣШċũЮЯШΞΜΞΞьЮШ ċƣŔŸŰċũШĲƚƣŔůċƣĲƚШŸŉШƖĲũċƣŔƻĲШǃŔĲũĬШыÅòьШũŸƚƚШĬƨĲШ
ƣŸШ§ΟШċĦƖŸƚƚШfŰĬŔċШƻċƖǃШĤĲƣƽĲĲŰШΟЮΥрΠΝӖШĤĲƣƽĲĲŰШƚƣƨĬŔĲƚШы]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШxċũШĲƣШċũЮЯШΞΜΝΤбШ
ƻŰĲƖǃШĲƣШċũЮЯШΞΜΝΝбШéċŰШ?ŔŰŊĲŰĲŰШĲƣШċũЮЯШΞΜΜΦбШÉŔŰőċШĲƣШċũЮЯШΞΜΝΡбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦбШ?ƖŸƨƣƚċƚЯШ
ΞΜΞΜьЮШÑőĲШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШƽőĲċƣШǃŔĲũĬШċũƚŸШƻċƖǃШƚƓċƣŔċũũǃШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШ?ƖŸƨƣƚċƚЯШΞΜΞΜбШ
]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШxċũШĲƣШċũЮЯШΞΜΝΤбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦьЮШ~ŔũũƚШĲƣШċũЮШыΞΜΝΥьШŉŸƨŰĬШƣőĲШŊƖĲċƣĲƚƣШ
ǃŔĲũĬШũŸƚƚĲƚШċĦƖŸƚƚШƣőĲШŰŸƖƣőШŸŉШƣőĲШĦŸƨŰƣƖǃШċƚШƣőĲШůĲƣĲŸƖŸũŸŊŔĦċũШĦŸŰĬŔƣŔŸŰƚШċƖĲШůŸƖĲШ
ŉċƻŸƨƖċĤũĲШƣŸШ§ΟШƨƓƣċťĲЮШxċũШĲƣШċũЮШыΞΜΝΤьШċũƚŸШŉŸƨŰĬШƣőĲШŊƖĲċƣĲƚƣШƽőĲċƣШǃŔĲũĬШũŸƚƚĲƚШĬƨĲШƣŸШ§ΟШŔŰШ
ƣőĲШŰŸƖƣőШċŰĬШƽĲƚƣШŸŉШfŰĬŔċЯШƽőĲƖĲШƣőĲШůċŢŸƖŔƣǃШŸŉШƽőĲċƣШŔƚШŊƖŸƽŰЮШ[ƨƖƣőĲƖЯШ ċċǍШĲƣШċũЮШыΞΜΞΞьШ
ĲǂƓŸƚĲĬШfŰĬŔċŰШƽőĲċƣШĦƨũƣŔƻċƖƚШƣŸШĬŔǭĲƖĲŰƣШĦŸŰĬŔƣŔŸŰƚШƖĲƓƖĲƚĲŰƣŔŰŊШŉƨƣƨƖĲШ§ΟШċŰĬШĦũŔůċƣĲШ
ƚĦĲŰċƖŔŸƚЯШǯŰĬŔŰŊШƣőċƣШċƖĲċƚШƚƨŔƣċĤũĲШŉŸƖШƽőĲċƣШĦƨũƣŔƻċƣŔŸŰШƽŔũũШĤĲШƖĲĬƨĦĲĬШŔŰШƣőĲШŉƨƣƨƖĲЮШ 

ΟЮΞЮΠШEǭĲĦƣƚШŸŉШ§ΟШƓŸũũƨƣŔŸŰШŸŰШƽőĲċƣШƕƨċũŔƣǃ 
ÉƣƨĬŔĲƚШőċƻĲШƚőŸƽŰШƣőċƣШƣőĲШƚƣċƖĦőЯШƓƖŸƣĲŔŰШċŰĬШůŔĦƖŸŰƨƣƖŔĲŰƣШǃŔĲũĬШŸŉШƽőĲċƣШĬĲĦƖĲċƚĲƚШƨŰĬĲƖШ
ĲũĲƻċƣĲĬШ§ΟШĲǂƓŸƚƨƖĲШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШÑŸůĲƖШĲƣШċũЮЯШΞΜΝΡбШÂŔŔťťŔШĲƣШċũЮЯШΞΜΜΥьЮШÂƖĲрċŰƣőĲƚŔƚЯШ
ƣőĲШċĦĦƨůƨũċƣŔŸŰШŸŉШŰŔƣƖŸŊĲŰШы ьШŔŰШƨƓƓĲƖШƓũċŰƣШƓċƖƣƚШŔƚШƨŰċǭĲĦƣĲĬШĤǃШĲũĲƻċƣĲĬШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮШcŸƽĲƻĲƖЯШċŉƣĲƖШċŰƣőĲƚŔƚЯШƣőĲШ§ΟШŔŰĬƨĦĲĬШ
ċĦĦĲũĲƖċƣŔŸŰШŸŉШƓũċŰƣШƚĲŰĲƚĦĲŰĦĲШũŔůŔƣƚШƣőĲШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŉƖŸůШƣőĲШũĲċƻĲƚШċŰĬШƚƣĲůШƣŸШƣőĲШ
ŊƖċŔŰШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΤбШ7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠбШ9őċŰŊрEƚƓŔŰŸШĲƣШċũЮЯШΞΜΞΝьЮШ
7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚШыΞΜΞΠьШċũƚŸШƚƨŊŊĲƚƣШƣőċƣШċŰШċĬĬŔƣŔŸŰċũШƓƖŸĦĲƚƚШċǭĲĦƣƚШ Ш
ƖĲůŸĤŔũŔƚċƣŔŸŰШƣŸШƣőĲШŊƖċŔŰЯШċƚШƣőĲǃШŉŸƨŰĬШċŰШŔŰĦƖĲċƚĲШŔŰШƖĲƚŔĬƨċũШ ШŔŰШƣőĲШǰċŊШũĲċŉЯШĬĲƚƓŔƣĲШŰŸƣШ
ĬĲƣĲĦƣŔŰŊШċШĬŔǭĲƖĲŰĦĲШŔŰШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣЮШfƣШŔƚШƓŸƚƚŔĤũĲШƣőċƣШƣőĲШƖĲƚŔĬƨċũШ ШŔƚШŔŰШƣőĲШŉŸƖůШŸŉШ
ċŰƣŔŸǂŔĬċŰƣƚШыŉŸƖШĲǂċůƓũĲШŊũƨƣċƣőŔŸŰĲьШƽőŔĦőШƣőĲШƓũċŰƣШĦƖĲċƣĲƚШŉŸƖШĬĲŉĲŰĦĲШċŊċŔŰƚƣШ§ΟШŔŰĬƨĦĲĬШ
ƖĲċĦƣŔƻĲШŸǂǃŊĲŰШƚƓĲĦŔĲƚШыÅ§ÉьШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠбШÉċƖťċƖШċŰĬШ ŊƖċƽċũЯШΞΜΝΜбШ
òċĬċƻШĲƣШċũЮЯШΞΜΝΦĤьЮШ§ƻĲƖċũũЯШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШ ШƖĲůŸĤŔũŔƚċƣŔŸŰЯШũĲċĬƚШƣŸШƖĲĬƨĦĲĬШ ШĬĲƓŸƚŔƣŔŸŰШƣŸШ
ƣőĲШŊƖċŔŰШċŰĬШċШƖĲĬƨĦĲĬШŊƖċŔŰШ ЯШċŰĬШƓƖŸƣĲŔŰЯШǃŔĲũĬШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШòċĬċƻШĲƣШċũЮЯШΞΜΞΜбШ
ÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьЮШfŰШƽőĲċƣЯШƚŔŰĦĲШƣőĲШŊƖċŔŰШǃŔĲũĬШŔƚШĬĲĦƖĲċƚĲĬШƣŸШċШŊƖĲċƣĲƖШĲǂƣĲŰƣШƣőċŰШ
ƓƖŸƣĲŔŰƚШċŰĬШůŔĦƖŸŰƨƣƖŔĲŰƣƚШƨŰĬĲƖШŔŰĦƖĲċƚĲĬШ§ΟЯШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШƓƖŸƣĲŔŰШċŰĬШ
ůŔĦƖŸŰƨƣƖŔĲŰƣƚШŔŰШƣőĲШŊƖċŔŰƚШŊĲŰĲƖċũũǃШŔŰĦƖĲċƚĲƚШы[ĲŰŊШċŰĬШuŸĤċǃċƚőŔЯШΞΜΜΦбШÂŔŔťťŔШĲƣШċũЮЯШΞΜΜΥьЮШ
cŸƽĲƻĲƖЯШƚŸůĲШƽőĲċƣШƻċƖŔĲƣŔĲƚЯШƓċƖƣŔĦƨũċƖũǃШfŰĬŔċŰШƽőĲċƣЯШőċƻĲШƚőŸƽŰШċШĬŔǭĲƖĲŰƣШƓċƣƣĲƖŰЯШ
ƽőĲƖĲШƣőĲШƓƖŸƣĲŔŰШǃŔĲũĬШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШƣőĲШŊƖċŔŰƚШĬĲĦƖĲċƚĲƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШы7ċƕċƚŔШĲƣШ
ċũЮЯШΞΜΝΥбШòċĬċƻШĲƣШċũЮЯШΞΜΞΜбШ~ŔƚőƖċЯШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΟьЮШ 



ΝΜΤ 
 

fŰĬŔƚƓĲŰƚċĤũĲШċůŔŰŸШċĦŔĬƚШы ќƚьШċƖĲШůŸƚƣШŔůƓŸƖƣċŰƣШŉŸƖШŰƨƣƖŔƣŔŸŰШċƚШƣőĲǃШĦċŰŰŸƣШĤĲШƚǃŰƣőĲƚŔƚĲĬШ
ĤǃШƣőĲШĤŸĬǃШċŰĬШůƨƚƣШĤĲШŸĤƣċŔŰĲĬШƣőƖŸƨŊőШĬŔĲƣШы7ƖĲƚƣĲŰƚťǄШĲƣШċũЮЯШΞΜΝΦьЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШ
ƕƨċŰƣŔƣǃШŸŉШ ШĦŸŰƣċŔŰŔŰŊШĦŸůƓŸƨŰĬƚШĦŸŰƚƨůĲĬШŔƚШŔůƓŸƖƣċŰƣШŉŸƖШƚǃŰƣőĲƚŔƚШŸŉШĬŔƚƓĲŰƚċĤũĲШ Ш
ы7ƖĲƚƣĲŰƚťǄШĲƣШċũЮЯШΞΜΝΦьЮШ ĲƻĲƖƣőĲũĲƚƚЯШƽőŔũĲШĬŔƚƓĲŰƚċĤũĲШ ШĦċŰШĤĲШƓƖŸĬƨĦĲĬШĤǃШƣőĲШĤŸĬǃЯШ
ƣőĲŔƖШĦŸŰƚƨůƓƣŔŸŰШŔƚШƚƣŔũũШŔůƓŸƖƣċŰƣШŉŸƖШƚƨƓƓŸƖƣŔŰŊШůĲƣċĤŸũŔĦШŉƨŰĦƣŔŸŰƚШы7ƖĲƚƣĲŰƚťǄШĲƣШċũЮЯШΞΜΝΦьЮШ
ÑőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШĬŔǭĲƖĲŰƣШƓƖŸƣĲŔŰƚШŔŰШƣőĲШĤŸĬǃШƖĲƕƨŔƖĲƚШ ШŔŰШĬŔǭĲƖŔŰŊШƓƖŸƓŸƖƣŔŸŰƚШыÉőĲƽƖǃШċŰĬШ
cĲǃЯШΞΜΝΡьЮШÑőĲШ ШƣőċƣШŔƚШċƻċŔũċĤũĲШŔŰШƣőĲШũŸƽĲƚƣШƓƖŸƓŸƖƣŔŸŰЯШƣőĲШůŸƚƣШũŔůŔƣŔŰŊШ ЯШĬĲƣĲƖůŔŰĲƚШ
ƓƖŸƣĲŔŰШƓƖŸĬƨĦƣŔŸŰШыEũċŰŊŸЯШ7ċũũШċŰĬШÂĲŰĦőċƖǍЯШΞΜΜΥбШÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡьЮШÖŰрƨƣŔũŔƚĲĬШ Ш
ĦċŰŰŸƣШĤĲШƚƣŸƖĲĬШƚŸШŔŉШƣőĲǃШċƖĲШŰŸƣШƨƚĲĬШŉŸƖШƓƖŸƣĲŔŰШƓƖŸĬƨĦƣŔŸŰШƣőĲǃШċƖĲШŸǂŔĬŔƚĲĬШыEũċŰŊŸЯШ7ċũũШ
ċŰĬШÂĲŰĦőċƖǍЯШΞΜΜΥбШ7ƖĲƚƣĲŰƚťǄШĲƣШċũЮЯШΞΜΝΦьЮШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШũŸŸťĲĬШċƣШƣőĲШШƓƖŸǯũĲƚШŸŉШċШ
ůŸĬĲƖŰШыc?ΟΝΝΥьЯШċŰĬШŸũĬШыcÖìΞΟΠьЯШƽőĲċƣШĦƨũƣŔƻċƖШĲǂƓŸƚĲĬШƣŸШ§ΟЯШǯŰĬŔŰŊШŔŰĬŔƚƓĲŰƚċĤũĲШċŰĬШ
ĬŔƚƓĲŰƚċĤũĲШ ШĬĲĦƖĲċƚĲĬШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШÑőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƓƖŸƣĲŔŰШƕƨċũŔƣǃШŸŉШƽőĲċƣШŔƚШŸŉШ
ƓċƖƣŔĦƨũċƖШĦŸŰĦĲƖŰШŊŔƻĲŰШƣőĲШĲǂŔƚƣŔŰŊШƚƣċƣĲШŸŉШůċũŰƨƣƖŔƣŔŸŰШŔŰШfŰĬŔċЮ 

ΟЮΞЮΡШ9ƖŸƓШůŸĬĲũũŔŰŊШŉŸƖШ§ΟШċŰĬШŰƨƣƖŔƣŔŸŰ 
ÉĲƻĲƖċũШĦƖŸƓШůŸĬĲũƚШőċƻĲШĤĲĲŰШƨƚĲĬШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШŔůƓċĦƣƚШŸŉШ§ΟШƓŸũũƨƣŔŸŰШŸŰШĦƖŸƓШǃŔĲũĬƚШŔŰШ
ċШƽŔĬĲШƖċŰŊĲШŸŉШĦŸƨŰƣƖŔĲƚШċŰĬШŊũŸĤċũũǃШы ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠбШ]ƨċƖŔŰШĲƣШċũЮЯШΞΜΝΦċЯШΞΜΞΠбШ
ÉĦőċƨĤĲƖŊĲƖШĲƣШċũЮЯШΞΜΝΦбШÑċŸШĲƣШċũЮЯШΞΜΝΤбШÑċŔШĲƣШċũЮЯШΞΜΞΝбШÑŔċŰШĲƣШċũЮЯШΞΜΝΡбШüőŸƨШĲƣШċũЮЯШΞΜΝΥбШ
?ƖŸƨƣƚċƚЯШΞΜΞΜбШñƨШĲƣШċũЮЯШΞΜΞΟьЮШEĤŔШĲƣШċũЮШыΞΜΞΝьШőŔŊőũŔŊőƣШƣőĲШƨƚĲŉƨũŰĲƚƚШŸŉШůŸĬĲũƚШŉŸƖШƚƨĦőШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚЯШƽőŔũĲШƚƣƖĲƚƚŔŰŊШƣőċƣШůŸƚƣШĬŸШŰŸƣШĦŸŰƚŔĬĲƖШċƚƓĲĦƣƚШƖĲũĲƻċŰƣШŉŸƖШőƨůċŰШŰƨƣƖŔƣŔŸŰШŔŰШ
ƣőĲŔƖШƚŔůƨũċƣŔŸŰƚЮШ9ƨƖƖĲŰƣũǃЯШŸŰũǃШŸŰĲШůŸĬĲũШőċƚШĤĲĲŰШĬĲƻĲũŸƓĲĬШƽőŔĦőШĦċƓƣƨƖĲƚШƣőĲШĲǭĲĦƣШŸŉШ
§ΟШŸŰШĦƖŸƓШŰƨƣƖŔƣŔŸŰаШ?§ΟÉEр9ƖŸƓ ШыÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьЮШ?§ΟÉEр9ƖŸƓ ШŔƚШĤƨŔũƣШŸŰШƣőĲШ
ĲǂŔƚƣŔŰŊШ?§ΟÉEр9ƖŸƓШůŸĬĲũШċŰĬШƚŔůƨũċƣĲƚШĲǂƓũŔĦŔƣũǃШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƖĲĬƨĦŔŰŊШƣőĲШċůŸƨŰƣШŸŉШ
 ШŉƖŸůШƣőĲШũĲċƻĲƚШċŰĬШƚƣĲůƚШƣőċƣШŔƚШċƻċŔũċĤũĲШŉŸƖШƣőĲШŊƖċŔŰЮШ[ƖŸůШƣőĲШŊƖċŔŰШ ШĦŸŰƣĲŰƣШыŊ ШůрΞьЯШ
ŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШыŊÂƖŸƣĲŔŰШůрΞьШŔƚШĲċƚŔũǃШŸĤƣċŔŰĲĬШƨƚŔŰŊШĦŸŰƻĲƖƚŔŸŰШŉċĦƣŸƖƚШы~ċƖŔŸƣƣŔЯШÑŸůĳШ
ċŰĬШ~ŔƖċŰĬЯШΞΜΜΥьЮШ 

ÑőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƽċƚШŸƖŔŊŔŰċũũǃШĬĲƻĲũŸƓĲĬШƣŸШĦċƓƣƨƖĲШƣőĲШŔŰĦƖĲċƚĲШŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШ
ыΝΜΜŊ ШŊ?~рΝьШċŰĬШĬĲĦƖĲċƚĲШŔŰШ ШǃŔĲũĬШыŊ ШůрΞьШƣőċƣШŸĦĦƨƖƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШŔŰШEƨƖŸƓĲċŰШ
ƽőĲċƣШыÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьЮШcŸƽĲƻĲƖЯШfŰĬŔċŰШƽőĲċƣШĲǂƓĲƖŔĲŰĦĲƚШċШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШċƚШƽĲũũШċƚШċШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШǃŔĲũĬШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ы~ŔƚőƖċЯШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΟбШòċĬċƻШĲƣШċũЮЯШΞΜΞΜьЮШfŰШfŰĬŔċЯШƣőĲШċůĤŔĲŰƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШ
őŔŊőЯШũĲċĬŔŰŊШƣŸШÅ§ÉШƓƖŸĬƨĦƣŔŸŰШċŰĬШƚƨĤƚĲƕƨĲŰƣШǃŔĲũĬШũŸƚƚĲƚШыÑŔƽċƖŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΥбШÉŔŰőċШ
ĲƣШċũЮЯШΞΜΝΡбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦьЮШÑőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШċŰƣŔŸǂŔĬċŰƣƚШĤǃШƣőĲШƓũċŰƣШƣŸШĬĲŉĲŰĬШċŊċŔŰƚƣШ
Å§ÉШƖĲĬƨĦĲƚШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШƓƖŸƣĲŔŰƚШƣőċƣШƽŸƨũĬШŸƣőĲƖƽŔƚĲШĤĲШƖĲůŸĤŔũŔƚĲĬШƣŸШƣőĲШŊƖċŔŰЯШ
ƖĲĬƨĦŔŰŊШŊƖċŔŰШƓƖŸƣĲŔŰШыòċĬċƻШĲƣШċũЮЯШΞΜΝΦĤЯШΞΜΞΜьЮШÑőĲƖĲŉŸƖĲЯШƣŸШĦċƓƣƨƖĲШƣőĲШĬĲĦƖĲċƚĲШŔŰШƣőĲШ
ƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШfŰĬŔċŰШƽőĲċƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШƣőĲШŔŰĦũƨƚŔŸŰШŸŉШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШ
ŔƚШĲƚƚĲŰƣŔċũЮШ[ƨƖƣőĲƖЯШƣőĲШŔŰĦũƨƚŔŸŰШŸŉШƚƨĦőШƓƖŸĦĲƚƚĲƚШƽŔũũШŔůƓƖŸƻĲШƣőĲШƽŔĬĲƖШċƓƓũŔĦċĤŔũŔƣǃШŸŉШƣőĲШ
ůŸĬĲũШŉŸƖШƚŔůƨũċƣŔŰŊШ§ΟШĲǭĲĦƣƚШŸŰШƽőĲċƣШƕƨċũŔƣǃШŉŸƖШƖĲŊŔŸŰƚШƽŔƣőШőŔŊőШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ 

ÑŸШĲǂƓċŰĬШƣőĲШŰƨƣƖŔƣŔŸŰċũШƖĲũĲƻċŰĦĲШŸŉШƣőĲШůŸĬĲũЯШŔƣШƽŸƨũĬШĤĲШƨƚĲŉƨũШƣŸШƚŔůƨũċƣĲШƣőĲШĲǭĲĦƣШŸŉШ§ΟШ
ŸŰШƓƖŸƣĲŔŰШƕƨċũŔƣǃЮШÑőŔƚШĦċŰШĤĲШĬŸŰĲШƣőƖŸƨŊőШƚŔůƨũċƣŔŰŊШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƽőŔĦőШĦċŰШ
ƚƨĤƚĲƕƨĲŰƣũǃШĤĲШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШƖĲĦŸůůĲŰĬĲĬШůĲƣƖŔĦШŉŸƖШůĲċƚƨƖŔŰŊШƓƖŸƣĲŔŰШƕƨċũŔƣǃШĤǃШ
ƣőĲШ[ §аШƣőĲШĬŔĲƣċƖǃШŔŰĬŔƚƓĲŰƚċĤũĲШ ШƚĦŸƖĲШы?f ÉьЮШÑőĲШŔŰĦũƨƚŔŸŰШŸŉШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƽŸƨũĬШ
ċũũŸƽШŉŸƖШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŸŉШ§ΟШĲǭĲĦƣƚШŸŰШƽőĲċƣШŰƨƣƖŔƣŔŸŰШŔŰШċĬĬŔƣŔŸŰШƣŸШǃŔĲũĬЮ 



ΝΜΥ 
 

ΟЮΞЮΣШ Ŕůƚ 
fŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƽċƚШŉƨƖƣőĲƖШĬĲƻĲũŸƓĲĬШċŰĬШċƓƓũŔĲĬШƽŔƣőШƣƽŸШǃĲċƖƚШ
ŸŉШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċЮШÑőĲШůŸĬĲũШƽċƚШĦċũŔĤƖċƣĲĬШƨƚŔŰŊШƓőĲŰŸũŸŊǃЯШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШǃŔĲũĬШ
ĬċƣċШĦŸũũĲĦƣĲĬШŉŸƖШƣƽŸШĦƨũƣŔƻċƖƚШыcÖìΞΟΠШċŰĬШc?ΟΝΝΥьШŊƖŸƽŰШƨŰĬĲƖШĤŸƣőШċůĤŔĲŰƣШċŰĬШĲũĲƻċƣĲĬШ
§ΟШƣƖĲċƣůĲŰƣƚЮШ ũũШĬċƣċШƽĲƖĲШċƻċŔũċĤũĲШŉƖŸůШòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũШыΞΜΞΝьЮШ]ƖċŔŰШƕƨċũŔƣǃШ
ĬċƣċШƽĲƖĲШŸĤƣċŔŰĲĬШŉƖŸůШċŰШĲǂƓĲƖŔůĲŰƣШŸŰШƣőĲШƚċůĲШĦƨũƣŔƻċƖƚШċШǃĲċƖШƓƖŔŸƖЯШőŸƽĲƻĲƖШőŸƨƖũǃШ
ůĲƣĲŸƖŸũŸŊŔĦċũШċŰĬШ§ΟШĬċƣċШƽĲƖĲШŰŸƣШċƻċŔũċĤũĲШŉŸƖШƣőŔƚШǃĲċƖШыòċĬċƻШĲƣШċũЮЯШΞΜΞΜьЮШfŰШƣőĲШċĤƚĲŰĦĲШ
ŸŉШŉƨƖƣőĲƖШĬċƣċЯШƣőŔƚШƚƣƨĬǃШċƚƚƨůĲƚШƣőċƣШƣőĲШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШŊƖċŔŰШƓƖŸƣĲŔŰШƕƨċũŔƣǃШ
ƽŔũũШƖĲƚƓŸŰĬШƚŔůŔũċƖũǃШƣŸШ§ΟШĤĲƣƽĲĲŰШǃĲċƖƚЮШÑőĲШċŔůƚШŸŉШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШƽĲƖĲШƣŸШƨƚĲШƣőĲШ
ċƻċŔũċĤũĲШĬċƣċШŉŸƖШƣőĲШŉŸũũŸƽŔŰŊа 

Νь ?ĲƻĲũŸƓШċШŉƖċůĲƽŸƖťШƣŸШƚŔůƨũċƣĲШƣőĲШċŰƣŔŸǂŔĬċŰƣШƖĲƚƓŸŰƚĲШŸŉШƽőĲċƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШ
ŉŸƖШŔŰĦŸƖƓŸƖċƣŔŸŰШŔŰƣŸШƣőĲШĲǂŔƚƣŔŰŊШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũЮ 

Ξь ?ĲƻĲũŸƓШċШůĲƣőŸĬШŉŸƖШƚŔůƨũċƣŔŰŊШƣőĲШŔůƓċĦƣШŸŉШ§ΟШĲǂƓŸƚƨƖĲШŸŰШƣőĲШƓƖŸƣĲŔŰШƕƨċũŔƣǃШŸŉШ
ƽőĲċƣЯШŉŸĦƨƚƚŔŰŊШŸŰШ ШĲƚƚĲŰƣŔċũШŉŸƖШőƨůċŰШŰƨƣƖŔƣŔŸŰЯШŉŸƖШŔŰĦŸƖƓŸƖċƣŔŸŰШŔŰƣŸШƣőĲШĲǂŔƚƣŔŰŊШ
?§ΟÉEр9ƖŸƓ ШůŸĬĲũЮ 

ΟЮΟШ~ĲƣőŸĬƚ 

ΟЮΟЮΝШfŰƣĲŊƖċƣŔŰŊШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШŔŰƣŸШ?§ΟÉEр9ƖŸƓ  
ÑőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШŔƚШċШĦŸƨƓũĲĬШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲрƓőŸƣŸƚǃŰƣőĲƚŔƚШůŸĬĲũЯШƽőŔĦőШ
ƚŔůƨũċƣĲƚШƚƣŸůċƣċũШ§ΟШƨƓƣċťĲШċŰĬШŔƣƚШŔůƓċĦƣШŸŰШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƖĲĦŸƻĲƖǃШŉƖŸůШ§ΟШĬċůċŊĲШ
ŸƻĲƖŰŔŊőƣЯШċƚШƽĲũũШċƚШ§ΟШŔŰĬƨĦĲĬШċĦĦĲũĲƖċƣĲĬШĦƖŸƓШƚĲŰĲƚĦĲŰĦĲШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ?ċŔũǃШ
ƓőŸƣŸƚǃŰƣőċƣĲШŔƚШƓċƖƣŔƣŔŸŰĲĬШĤĲƣƽĲĲŰШƣőĲШũĲċƻĲƚЯШƚƣĲůЯШƖŸŸƣƚШċŰĬШŊƖċŔŰƚШċĦĦŸƖĬŔŰŊШƣŸШƣőĲШƓũċŰƣќƚШ
ŊƖŸƽƣőШƚƣċŊĲШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċбШ§ƚĤŸƖŰĲШĲƣШċũЮЯШΞΜΝΡьЮШ?ĲƻĲũŸƓůĲŰƣШŸŉШ?§ΟÉEр9ƖŸƓШőċƚШ
ċũũŸƽĲĬШƣőĲШ§ΟШŔůƓċĦƣШŸŰШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШŔŰШ9őŔŰċШċŰĬШEƨƖŸƓĲШƣŸШĤĲШĲƚƣŔůċƣĲĬШыÂċŰĬĲШĲƣШċũЮЯШ
ΞΜΞΠċбШ ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠьЮШÑőĲШ ШůŸĬƨũĲШŉŸƖШ?§ΟÉEр9ƖŸƓЯШĬĲƻĲũŸƓĲĬШŔŰШÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШ
ƣőĲƚŔƚЯШƣċťĲƚШŔŰƓƨƣƚШŸŉШĬċŔũǃШƚƣĲůШċŰĬШũĲċŉШĬƖǃШůċƣƣĲƖШы?~ьЯШċƚШƽĲũũШċƚШƣőĲШŸŰƚĲƣШŸŉШĦƖŸƓШ
ƚĲŰĲƚĦĲŰĦĲЯШƣŸШƚŔůƨũċƣĲШƣőĲШ ШċĦĦƨůƨũċƣĲĬШĤǃШƣőĲШũĲċŉШċŰĬШƚƣĲůЮШÑőĲШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ ШŉƖŸůШ
ƣőĲШũĲċŉШċŰĬШƚƣĲůШƣŸШƣőĲШŊƖċŔŰШċŉƣĲƖШċŰƣőĲƚŔƚШŔƚШƚŔůƨũċƣĲĬШƨƚŔŰŊШċШƚŔŊůŸŔĬШŉƨŰĦƣŔŸŰЮШÑŸШċĦĦŸƨŰƣШ
ŉŸƖШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШċШƖĲũċƣŔŸŰƚőŔƓШũŔŰťŔŰŊШċĦĦƨůƨũċƣĲĬШ§ΟШ
ǰƨǂШƣŸШƣőĲШůŔŰŔůƨůШ ШũĲƻĲũƚШŔŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШŔƚШŔŰĦŸƖƓŸƖċƣĲĬШыÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚбШ
7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮШÑőĲШůŸĬĲũШċũũŸƽĲĬШƣőĲШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШ ШǃŔĲũĬШыŊ ШůрΞьШ
ċŰĬШŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШыΝΜΜŊ ШŊ?~рΝьШŸŉШEƨƖŸƓĲċŰШƽőĲċƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШƣŸШĤĲШ
ƚŔůƨũċƣĲĬШыÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьЮШ ШŉƨũũШƽƖŔƣĲШƨƓШŸŉШƣőĲШĲƕƨċƣŔŸŰƚШċŰĬШƓƖŸĦĲƚƚĲƚШŸŉШƣőĲШ?§ΟÉEр
9ƖŸƓШůŸĬĲũШŔƚШŊŔƻĲŰШŔŰШÂċŰĬĲШĲƣШċũЮШыΞΜΞΠьЮШ ĬĬŔƣŔŸŰċũũǃЯШċШŉƨũũШĬĲƚĦƖŔƓƣŔŸŰШŸŉШƣőĲШĲƕƨċƣŔŸŰƚШċŰĬШ
ƓƖŸĦĲƚƚĲƚШŸŉШƻĲƖƚŔŸŰШΝЮΜШŸŉШƣőĲШ ШůŸĬƨũĲШĬĲƻĲũŸƓĲĬШŉŸƖШ?§ΟÉEр9ƖŸƓШŔƚШŊŔƻĲŰШŔŰШÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШ
ƣőĲƚŔƚЮШfŰШƣőŔƚШƚƣƨĬǃШƻĲƖƚŔŸŰШΠЮΟΦЮΝΣШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƽċƚШƨƚĲĬЯШċũŸŰŊШƽŔƣőШƻĲƖƚŔŸŰШΞЮΜШ
ŸŉШƣőĲШ ШůŸĬƨũĲШы9ŸŸťЯШΞΜΞΠбШ7ũċŰĬЯШΞΜΞΠĤьЮ 

ÑőĲШǯƖƚƣШŔƣĲƖċƣŔŸŰШŸŉШƣőĲШ ШůŸĬƨũĲШŉŸƖШ?§ΟÉEр9ƖŸƓШыÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьЯШĬŔĬШŰŸƣШĦŸŰƚŔĬĲƖШƣőĲШ
ƨƣŔũŔƚċƣŔŸŰШŸŉШũĲċŉоƚƣĲůШ ШŔŰШĦƖĲċƣŔŰŊШĬĲŉĲŰĦĲШƓƖŸƣĲŔŰƚЯШǃĲƣШŉŸƖШfŰĬŔċŰШƽőĲċƣШƣőŔƚШůċǃШĤĲШċŰШ
ŔůƓŸƖƣċŰƣШƓƖŸĦĲƚƚШƣŸШĲǂƓũċŔŰШƣőĲШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШċƚШƽĲũũШċƚШǃŔĲũĬШыòċĬċƻШ
ĲƣШċũЮЯШΞΜΝΦĤЯШΞΜΞΜьЮШcĲƖĲШƽĲШƓƖŸƓŸƚĲШċШůĲƣőŸĬШĤǃШƽőŔĦőШƣőĲШũĲċŉШċŰĬШƚƣĲůШ ШŔŰƻŸũƻĲĬШŔŰШ
ċŰƣŔŸǂŔĬċŰƣШƓƖŸĬƨĦƣŔŸŰШůċǃШĤĲШƕƨċŰƣŔǯĲĬШы[ŔŊƨƖĲШΟЮΝьЮШ 



ΝΜΦ 
 

 

[ŔŊƨƖĲЮΦдΤжЮ?ŔċŊƖċůЮŸŉЮƣőĲЮƓƖŸƓŸƚĲĬЮůĲƣőŸĬЮŉŸƖЮŔŰƣĲŊƖċƣŔŰŊЮċŰƣŔŸǂŔĬċŰƣЮƖĲƚƓŸŰƚĲЮƨŰĬĲƖЮ§ΦЮĲǂƓŸƚƨƖĲЮŔŰƣŸЮƣőĲЮĲǂŔƚƣŔŰŊЮ Ю
ůŸĬƨũĲЮŉŸƖЮ?§ΦÉEц9ƖŸƓдЮÑőĲЮũŔŊőƣŰŔŰŊЮƚƣƖŔťĲƚЮƖĲƓƖĲƚĲŰƣЮƽőĲƖĲЮ§ΦЮĦċŰЮŔŰƣĲƖƖƨƓƣЮƓũċŰƣЮ ЮƓƖŸĦĲƚƚĲƚд 

[ŔŊƨƖĲШΟЮΝШƚőŸƽƚШőŸƽШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШĦċŰШĤĲШŔŰƣĲŊƖċƣĲĬШƽŔƣőŔŰШƣőĲШĲǂŔƚƣŔŰŊШ?§ΟÉEр9ƖŸƓ Ш
ŉƖċůĲƽŸƖťЮШìőĲŰШƣőĲШũĲċŉШƚĲŰĲƚĦĲƚЯШ ШŔƚШƖĲũĲċƚĲĬШŉƖŸůШƣőĲШũĲċŉЮШÑőĲШ ШůŸĬƨũĲШŔƚШũŔŰťĲĬШƣŸШƣőĲШ
ĲǂŔƚƣŔŰŊШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƚŸШƣőċƣШŔŰĦƖĲċƚŔŰŊШƚƣŸůċƣċũШ§ΟШǰƨǂШċĦĦĲũĲƖċƣĲƚШƚĲŰĲƚĦĲŰĦĲЯШƽőŔĦőШ
ċĦĦĲũĲƖċƣĲƚШ ШƖĲũĲċƚĲШŉƖŸůШƣőĲШũĲċŉЮШ ШŔƚШƖĲũĲċƚĲĬШƨŰƣŔũШƣőĲШůŔŰŔůƨůШũĲċŉШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔƚШ
ƖĲċĦőĲĬЮШÂƖĲƻŔŸƨƚũǃЯШƣőĲШůŔŰŔůƨůШũĲċŉШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŔŰĦƖĲċƚĲĬШƽŔƣőШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШƣŸШ
ƖĲƓƖĲƚĲŰƣШƣőĲШŔŰĦƖĲċƚĲШŔŰШƖĲƚŔĬƨċũШ ШыÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьЮШ ŸƽШŔƣШŔƚШőǃƓŸƣőĲƚŔƚĲĬШƣőċƣШƣőŔƚШ
ŔŰĦƖĲċƚĲШŔŰШƖĲƚŔĬƨċũШ ШŔƚШĬƨĲШƣŸШƣőĲШũĲċŉШċŰĬШƚƣĲůШƨƚŔŰŊШ ШŉŸƖШċŰƣŔŸǂŔĬċŰƣƚШƽőŔĦőШƖĲůċŔŰШŔŰШƣőĲШ
ũĲċŉЮШŉƣĲƖШċШƣőƖĲƚőŸũĬШŸŉШċĦĦƨůƨũċƣĲĬШ§ΟШǰƨǂШőċƚШĤĲĲŰШĲǂĦĲĲĬĲĬЯШƽĲШċũũŸĦċƣĲШċШƓƖŸƓŸƖƣŔŸŰШŸŉШ
ƣőĲШƖĲũĲċƚĲĬШ ШƣŸШċŰШċŰƣŔŸǂŔĬċŰƣШƓŸŸũЯШƽőŔĦőШůĲċŰƚШŔƣШŔƚШƨŰċƻċŔũċĤũĲШƣŸШƣőĲШŊƖċŔŰЮШÉŔŰĦĲШƣőĲШƚƣĲůШ
ŔƚШċũƚŸШŔŰƻŸũƻĲĬШŔŰШċŰƣŔŸǂŔĬċŰƣШƖĲƚƓŸŰƚĲШċŰĬШĬĲŉĲŰĦĲШċŊċŔŰƚƣШÅ§ÉШы7ċǍċƖŊċŰŔШĲƣШċũЮЯШΞΜΝΝбШ]ċŸШĲƣШ
ċũЮЯШΞΜΝΥбШxŔШĲƣШċũЮЯШΞΜΞΞĤьЯШƣőĲШƚċůĲШůĲĦőċŰŔƚůШŔƚШƨƚĲĬШŉŸƖШƣőĲШƚƣĲůЮШìĲШĬĲƣĲƖůŔŰĲШƣőĲШ
ƓƖŸƓŸƖƣŔŸŰШŸŉШ ШƣőċƣШƽŔũũШĤĲШċũũŸĦċƣĲĬШƣŸШƣőĲШċŰƣŔŸǂŔĬċŰƣШƓŸŸũШƨƚŔŰŊШċŰШĲƕƨċƣŔŸŰШƣőċƣШŉŸũũŸƽƚШċШ
ƚŔůŔũċƖШƚƣƖƨĦƣƨƖĲШċƚШƣőĲШĬƖŸƨŊőƣШƚƣƖĲƚƚШŉċĦƣŸƖШŸŉШxŔƨШĲƣШċũЮШыΞΜΝΥьЯШċƚШĤŸƣőШ§ΟШċŰĬШĬƖŸƨŊőƣШƚƣƖĲƚƚШ
ċƖĲШÅ§ÉШůĲĬŔċƣĲĬШыuőċŰŰċр9őŸƓƖċЯШΞΜΝΞьЮШxŔƨШĲƣШċũЮШыΞΜΝΥьШƨƚĲШƣőĲŔƖШĬƖŸƨŊőƣШƚƣƖĲƚƚШŉċĦƣŸƖШƣŸШ
ĲůƓŔƖŔĦċũũǃШůŸĬŔŉǃШƣőĲШ аƓƖŸƣĲŔŰШĦŸŰƻĲƖƚŔŸŰШŉċĦƣŸƖШƨŰĬĲƖШĬƖŸƨŊőƣШƚƣƖĲƚƚЮШcĲƖĲЯШƽĲШŔŰƣƖŸĬƨĦĲШƣőŔƚШ
ůĲƣőŸĬШƣŸШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƻŔċШEƕƨċƣŔŸŰШыΟЮΝьШċƚШċШůŸƖĲШůĲĦőċŰŔƚƣŔĦШċƓƓƖŸċĦőЮШfŰƚƣĲċĬШ
ŸŉШůŸĬŔŉǃŔŰŊШƣőĲШ аƓƖŸƣĲŔŰШĦŸŰƻĲƖƚŔŸŰШŉċĦƣŸƖШƨŰĬĲƖШċŰШċĤŔŸƣŔĦШƚƣƖĲƚƚЯШƽĲШƨƚĲШƣőĲШƚƣƖƨĦƣƨƖĲШŸŉШxŔƨШ
ĲƣШċũЮѣƚШыΞΜΝΥьШĲƕƨċƣŔŸŰШƣŸШĬĲƣĲƖůŔŰĲШ ШċũũŸĦċƣŔŸŰШƣŸШƣőĲШċŰƣŔŸǂŔĬċŰƣШƓŸŸũЯШƣőĲƖĲĤǃШƖĲĬƨĦŔŰŊШƣőĲШ Ш
ċƻċŔũċĤũĲШƣŸШƣőĲШŊƖċŔŰЯШċŰĬШƚƨĤƚĲƕƨĲŰƣũǃШċǭĲĦƣŔŰŊШŊƖċŔŰШƓƖŸƣĲŔŰЮ 

ÑőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШ ШċũũŸĦċƣĲĬШƣŸШƣőĲШċŰƣŔŸǂŔĬċŰƣШƓŸŸũЯШὪ ȟ ЯШƣċťĲƚШƣőĲШŉŸũũŸƽŔŰŊШŉŸƖůа 

 
Ὢ ȟ

πȟ Ὢίὸὥὧὧὧὒὕσ
Ὢίὸὥὧὧὧὒὕσ

ὥὴὥὶὸὪίὸὩὲὨὧὒὕσ
ȟ Ὢίὸὥὧὧὧὒὕσ

 

 

(3.1) 

ƽőĲƖĲШὪίὸШŔƚШƣőĲШĦƨƖƖĲŰƣШƚƣŸůċƣċũШċĦĦƨůƨũċƣŔŸŰШŸŉШ§ΟШǰƨǂШŔŰШƣőĲШ?§ΟÉEШůŸĬĲũЯШὪίὸШŔƚШƣőĲШ
ƚƣŸůċƣċũШċĦĦƨůƨũċƣŔŸŰШŸŉШ§ΟШǰƨǂШƽőĲŰШ ШŔƚШŸŰũǃШċũũŸĦċƣĲĬШƣŸШċŰƣŔŸǂŔĬċŰƣШƓŸŸũШċŰĬШŔƚШŰŸƣШ
ċƻċŔũċĤũĲШƣŸШƣőĲШŊƖċŔŰЯШὧὒШŔƚШƣőĲШĦƖŔƣŔĦċũШũĲƻĲũШċĤŸƻĲШƽőŔĦőШ§ΟШǰƨǂШƚƣċƖƣƚШċǭĲĦƣŔŰŊШƣőĲШŸŰƚĲƣШŸŉШ



ΝΝΜ 
 

ƚĲŰĲƚĦĲŰĦĲШŔŰШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũЯШċŰĬШὥ ШŔƚШċШĦŸŰƚƣċŰƣШůŸĬŔǯĲƖШƣőċƣШĦċŰШĤĲШĦċũŔĤƖċƣĲĬШƣŸШ
ĦƨƚƣŸůŔƚĲШƣőĲШ§ΟШĲǭĲĦƣШŸŰШċŰƣŔŸǂŔĬċŰƣƚШŉŸƖШĲċĦőШƓũċŰƣШƓċƖƣШыũĲċŉШċŰĬШƚƣĲůьЮШὥ ШůƨƚƣШĤĲШĲƕƨċũШ

ƣŸШŸƖШŊƖĲċƣĲƖШƣőċŰШШŉŸƖШƣőĲШċŰƣŔŸǂŔĬċŰƣШŉċĦƣŸƖШĲƕƨċƣŔŸŰШƣŸШƚőŸƽШċШĬĲĦƖĲċƚĲШŔŰШƖĲũĲċƚĲĬШ Ш

ƽŔƣőШċĦĦƨůƨũċƣĲĬШ§ΟШǰƨǂЮШ[ƨƖƣőĲƖЯШὪίὸШůƨƚƣШĤĲШŊƖĲċƣĲƖШƣőċŰШὧὒЮШШ§ŉШƣőĲШ ШƖĲũĲċƚĲĬШƣőċƣШĬċǃЯШ
ƣőĲШƓƖŸƓŸƖƣŔŸŰШċƻċŔũċĤũĲШƣŸШƣőĲШŊƖċŔŰШŔƚШρ Ὢ ȟ ЮШÑőĲШὧὒШƣĲƖůШƽċƚШĦőŸƚĲŰШċƚШƣőĲШ§ΟШ
ƚƣƖĲƚƚШŉċĦƣŸƖШċƚШŔŉШ§ΟШőċƚШĲǂĦĲĲĬĲĬШċШĦƖŔƣŔĦċũШƣőƖĲƚőŸũĬШċŰĬШŔƚШċǭĲĦƣŔŰŊШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣЯШƽĲШ
ĦċŰШőǃƓŸƣőĲƚŔƚĲШƣőċƣШƣőĲШċũũŸĦċƣŔŸŰШŸŉШ ШƣŸШċŰƣŔŸǂŔĬċŰƣƚШƣŸШƓƖŸƣĲĦƣШċŊċŔŰƚƣШ§ΟШƚƣƖĲƚƚШƽŔũũШĤĲШ
ŔŰĦƖĲċƚĲĬЮШὪίὸШƽċƚШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШƣőĲШĲƕƨċƣŔŸŰШƣŸШċũũŸƽШƣőĲШĲŰĬШƓŸŔŰƣШŸŉШƣőĲШƚũŸƓĲШƣŸШĤĲШ
ĦƨƚƣŸůŔƚĲĬЮШ[ŸƖШƻċƖǃŔŰŊШƻċũƨĲƚШŸŉШὥ ЯШƣőĲШ§ΟШƚƣƖĲƚƚШŉċĦƣŸƖШŔƚШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШƓƖŸƓŸƖƣŔŸŰШ
ŸŉШ ШċƻċŔũċĤũĲШƣŸШƣőĲШŊƖċŔŰШċƚШċШŉƨŰĦƣŔŸŰШŸŉШċĦĦƨůƨũċƣĲĬШƚƣŸůċƣċũШ§ΟШǰƨǂШċĦĦŸƖĬŔŰŊШƣŸШ[ŔŊƨƖĲШΟЮΞЮШ 

 

[ŔŊƨƖĲЮΦдΥжЮÂƖŸƓŸƖƣŔŸŰЮŸŉЮ ЮƖĲũĲċƚĲĬЮŉƖŸůЮƚƣĲůЮŸƖЮũĲċŉЮƚĲŰĲƚĦĲŰĦĲЮƣőċƣЮŔƚЮċƻċŔũċĤũĲЮƣŸЮƣőĲЮŊƖċŔŰЮŉŸƖЮƻċƖǃŔŰŊЮƻċũƨĲƚЮŸŉЮ
ὥ дЮÑőĲЮƓũŸƣЮƨƚĲƚЮὪίὸЮӆЮΦΣΣΣΣеЮċŰĬЮὧὒЮӆЮΤΨΣΣΣд 

ΟЮΟЮΞШfĬĲŰƣŔǯĦċƣŔŸŰШŸŉШŰƨƣƖŔƣŔŸŰċũũǃШƖĲũĲƻċŰƣШ ШŉŸƖШ§ΟШĲǂƓŸƚĲĬШƽőĲċƣ 
ÑőĲШƕƨċũŔƣǃШŸŉШċШƓƖŸƣĲŔŰШĬĲƓĲŰĬƚШŸŰШƣőĲШƓƖŸƓŸƖƣŔŸŰƚШŸŉШŔŰĬŔƚƓĲŰƚċĤũĲШċŰĬШĬŔƚƓĲŰƚċĤũĲШ ќƚШŔŰШ
ƣőĲШŉŸŸĬЮШìőŔũĲШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШŉŸƨŰĬШƣőċƣШĬŔƚƓĲŰƚċĤũĲШ ќƚШƽĲƖĲШƖĲĬƨĦĲĬШƣŸШċШŊƖĲċƣĲƖШĲǂƣĲŰƣШ
ƣőċŰШŔŰĬŔƚƓĲŰƚċĤũĲШ ќƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШƣőĲШůŸƚƣШũŔůŔƣŔŰŊШŉŸƖШƓƖŸƣĲŔŰШƓƖŸĬƨĦƣŔŸŰШƽĲƖĲШƣőĲШ
ŔŰĬŔƚƓĲŰƚċĤũĲШ ќƚШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШũǃƚŔŰĲШċŰĬШ
ůĲƣőŔŸŰŔŰĲШƽĲƖĲШƖĲĬƨĦĲĬШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШŉŸƖШĤŸƣőШƣőĲШc?ΟΝΝΥШċŰĬШcÖìΞΟΠШĦƨũƣŔƻċƖƚШыòċĬċƻШ
ĲƣШċũЮЯШΞΜΞΜьЮШÑőĲƖĲŉŸƖĲЯШƣŸШƚŔůƨũċƣĲШƣőĲШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШ
ƽĲƖĲШŉŸĦƨƚƚĲĬШŸŰЮ 

ΟЮΟЮΟШÂƖŸƣĲŔŰШċŰĬШ ШĦċũĦƨũċƣŔŸŰƚ 
ÑőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШŸƨƣƓƨƣƚШċШŊƖċŔŰШ ШǃŔĲũĬШыŊ ШůрΞьШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШыΝΜΜŊ ШŊ?~рΝьЮШ
[ƖŸůШƣőĲШŊƖċŔŰШ ШĦŸŰƣĲŰƣЯШƣőĲШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШĦċŰШĤĲШĦċũĦƨũċƣĲĬШĤǃШĦŸŰƚŔĬĲƖŔŰŊШċШƚƣċŰĬċƖĬШ
 аƓƖŸƣĲŔŰШĦŸŰƻĲƖƚŔŸŰШŉċĦƣŸƖЮШÑőĲШsŸŰĲƚќШŉċĦƣŸƖƚШċƖĲШĦŸůůŸŰũǃШƨƚĲĬШƣŸШĦŸŰƻĲƖƣШŉƖŸůШ ШƣŸШƓƖŸƣĲŔŰЯШ
őŸƽĲƻĲƖЯШƣőĲƚĲШŉċĦƣŸƖƚШƻċƖǃШĤĲƣƽĲĲŰШŉŸŸĬƚШċŰĬШƽŔƣőŔŰШƣőĲШƚċůĲШŉŸŸĬШŊƖŸƨƓШыsŸŰĲƚЯШΝΦΠΝбШ
~ċƖŔŸƣƣŔЯШÑŸůĳШċŰĬШ~ŔƖċŰĬЯШΞΜΜΥьЮШ§ŰШċƻĲƖċŊĲШŉŸƖШƽőŸũĲШƽőĲċƣЯШƣőĲШĦŸŰƻĲƖƚŔŸŰШŉċĦƣŸƖШŔƚШΡЮΠΦЯШ
ƽőŔĦőШŔƚШƨƚĲĬШŔŰШƣőŔƚШƚƣƨĬǃШƣŸШĦŸŰƻĲƖƣШŊƖċŔŰШ ШƣŸШƓƖŸƣĲŔŰШы~ċƖŔŸƣƣŔЯШÑŸůĳШċŰĬШ~ŔƖċŰĬЯШΞΜΜΥьЮШÑőĲШ
ƖĲŊƖĲƚƚŔŸŰƚШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШƣőĲШƽőĲċƣШŊƖċŔŰШŉƖŸůШ
ŊƖċŔŰШƓƖŸƣĲŔŰШƓĲƖĦĲŰƣċŊĲШċƖĲШƣċťĲŰШŉƖŸůШÑċĤũĲШΡШŸŉШxŔƨШĲƣШċũЮШыΞΜΝΦьЮ 



ΝΝΝ 
 

ΟЮΟЮΠШÑőĲШ?f ÉШƚĦŸƖĲ 
ÑőĲШůĲƣƖŔĦШƖĲĦŸůůĲŰĬĲĬШĤǃШƣőĲШ[ §ШŉŸƖШĲƻċũƨċƣŔŰŊШŉŸŸĬШƓƖŸƣĲŔŰШƕƨċũŔƣǃШŔƚШƣőĲШĬŔĲƣċƖǃШ
ŔŰĬŔƚƓĲŰƚċĤũĲШ ШƚĦŸƖĲШы?f ÉьЯШƽőŔĦőШĦŸƖƖĲĦƣƚШŉŸƖШƣőĲШ ШĬŔŊĲƚƣŔĤŔũŔƣǃШċƣШƣőĲШĲŰĬШŸŉШƣőĲШƚůċũũШ
ŔŰƣĲƚƣŔŰĲШы[ §ЯШΞΜΝΟьЮШfƣШƣőĲƖĲŉŸƖĲШƖĲǰĲĦƣƚШƣőĲШŉċĦƣШƣőċƣШƣőĲШŰƨƣƖŔƣŔŸŰċũШƕƨċũŔƣǃШŸŉШƓƖŸƣĲŔŰШƚőŸƨũĬШ
ċĦĦŸƨŰƣШŉŸƖШƣőĲШ ШƖĲƕƨŔƖĲĬШŉŸƖШůĲƣċĤŸũŔƚůШы[ §ЯШΞΜΝΟьЮШÑőĲШůĲƣƖŔĦШċũƚŸШƻċƖŔĲƚШŉŸƖШĬŔǭĲƖĲŰƣШċŊĲШ
ŊƖŸƨƓƚШƽőŔĦőШőċƻĲШĬŔǭĲƖĲŰƣШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƖĲƕƨŔƖĲůĲŰƣƚШы[ §ЯШΞΜΝΟьЮШ9ƨƖƖĲŰƣũǃЯШŰŸШĦƖŸƓШůŸĬĲũШ
őċƚШŔŰĦŸƖƓŸƖċƣĲĬШċШŰƨƣƖŔƣŔŸŰШůĲċƚƨƖĲШƚƨĦőШċƚШƣőĲШ?f ÉШŔŰƣŸШƣőĲŔƖШůŸĬĲũƚЮШ ĬĬŔƣŔŸŰċũũǃЯШŰŸШ
ůŸĬĲũШőċƚШĦŸŰƚŔĬĲƖĲĬШƣőĲШŔůƓċĦƣШŸŉШ§ΟШƓŸũũƨƣŔŸŰШŸŰШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƽőŔĦőШŔƚШĦƖŔƣŔĦċũШŉŸƖШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚШŸŉШ§ΟШƚƣƖĲƚƚШŸŰШŉŸŸĬШċŰĬШŰƨƣƖŔƣŔŸŰШƚĲĦƨƖŔƣǃЮ 

ÑőĲƖĲШċƖĲШƣƽŸШƚƣĲƓƚШŔŰШĦċũĦƨũċƣŔŰŊШƣőĲШ?f ÉШƚĦŸƖĲЮШ[ŔƖƚƣЯШƣőĲШ?f ÉШƖĲŉĲƖĲŰĦĲШƖċƣŔŸШŔƚШĦċũĦƨũċƣĲĬШ
ŉŸƖШĲċĦőШШċƚШŉŸũũŸƽƚаШ 

 
 

ὈὍὃὃὛ
ὶὩὪὩὶὩὲὧὩ ὶὥὸὭέ

 
ὝὶόὩ ὭὰὩὥὰ Ὅὃὃ ὈὭὫὩίὸὭὦὭὰὭὸώάὫ έὪ ὃὃ Ὥὲ ρὫ έὪ ὸὬὩ ὨὭὩὸὥὶώ ὴὶέὸὩὭὲ

άὫ έὪ ὨὭὫὩίὸὭὦὰὩ ὭὲὨὭίὴὩὲίὭὦὰὩ ὃὃ Ὥὲ ρὫ έὪ ὸὬὩ ὨὭὩὸὥὶώ ὴὶέὸὩὭὲ
 (3.2) 

ƽőĲƖĲШf ШƚƣċŰĬƚШŉŸƖШŔŰĬŔƚƓĲŰƚċĤũĲШЮ 

§ŰĦĲШƣőĲШШĦŸŰĦĲŰƣƖċƣŔŸŰƚШőċƻĲШĤĲĲŰШŸĤƣċŔŰĲĬШŉƖŸůШŊƖċŔŰШƓƖŸƣĲŔŰШƚŔůƨũċƣŔŸŰƚЯШċƚШĬĲƣċŔũĲĬШŔŰШ
ÉĲĦƣŔŸŰШΟЮΟЮΟЯШƣőĲŰШEƕƨċƣŔŸŰШΟЮΞШŔƚШƖĲрƽƖŔƣƣĲŰШƨƚŔŰŊШƣőĲШƓċƖċůĲƣĲƖƚШƨƚĲĬШŔŰШƣőĲШĦƖŸƓШůŸĬĲũũŔŰŊШ
ċƚа 

 

 
ὈὍὃὃὛ

ὶὩὪὩὶὩὲὧὩ ὶὥὸὭέ
 

ὝὶόὩ ὭὰὩὥὰ Ὅὃὃ ὈὭὫὩίὸὭὦὭὰὭὸώ
ρπππὋὶὥὭὲ ὃὃ Ϸ Ὥὲ Ὀὓ
ὋὶὥὭὲ ὴὶέὸὩὭὲ Ϸ Ὥὲ Ὀὓ

άὫ έὪ ὨὭὫὩίὸὭὦὰὩ ὭὲὨὭίὴὩὲίὭὦὰὩ ὃὃ Ὥὲ ρὫ έὪ ὸὬὩ ὨὭὩὸὥὶώ ὴὶέὸὩὭὲ
 (3.3) 

 

fŰШƣőĲШƚĲĦŸŰĬШƚƣĲƓЯШƣőĲШũŸƽĲƚƣШ?f ÉШƖĲŉĲƖĲŰĦĲШƖċƣŔŸШŔƚШƚĲũĲĦƣĲĬШċŰĬШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШ?f ÉШ
ƚĦŸƖĲШċƚШŔŰШEƕƨċƣŔŸŰШΟЮΠЮШÑőĲШũŸƽĲƚƣШƖĲŉĲƖĲŰĦĲШƖċƣŔŸШŔƚШƚĲũĲĦƣĲĬШċƚШƣőŔƚШĦŸƖƖĲƚƓŸŰĬƚШƣŸШƣőĲШ Ш
ƽőŔĦőШŔƚШůŸƚƣШũŔůŔƣŔŰŊШŔŰШƣőĲШŉŸŸĬЯШċŰĬШŔƚШċƻċŔũċĤũĲШŔŰШƣőĲШƚůċũũĲƚƣШƓƖŸƓŸƖƣŔŸŰШƖĲũċƣŔƻĲШƣŸШċШ
ƓĲƖƚŸŰќƚШƖĲƕƨŔƖĲůĲŰƣƚШыEũċŰŊŸЯШ7ċũũШċŰĬШÂĲŰĦőċƖǍЯШΞΜΜΥьЮШÑőĲШ ШƽŔƣőШƣőĲШũŸƽĲƚƣШċƻċŔũċĤŔũŔƣǃШ
ĬĲƣĲƖůŔŰĲƚШƓƖŸƣĲŔŰШƓƖŸĬƨĦƣŔŸŰЯШċŰĬШƕƨċũŔƣǃЯШċŰĬШƣőĲШŸƣőĲƖШ ШƽőŔĦőШċƖĲШŔŰШĲǂĦĲƚƚШŸŉШƣőĲШůŸƚƣШ
ũŔůŔƣŔŰŊШŸŰĲШƽŔũũШĤĲШŸǂŔĬŔƚĲĬШыEũċŰŊŸЯШ7ċũũШċŰĬШÂĲŰĦőċƖǍЯШΞΜΜΥьЮ 

  
ὈὍὃὃὛ
ίὧέὶὩ

 ρππὰέύὩίὸὶὩὪὩὶὩὲὧὩ ὶὥὸὭέ (3.4) 

ÑőĲШƣƖƨĲШŔũĲċũШf ШĬŔŊĲƚƣŔĤŔũŔƣǃШĦŸĲǭŔĦŔĲŰƣƚШŉŸƖШƽőĲċƣШǰŸƨƖШƖĲƕƨŔƖĲĬШŉŸƖШEƕƨċƣŔŸŰШΟЮΟШĦċŰШĤĲШ
ŸĤƣċŔŰĲĬШŉƖŸůШÉőċőĲĲŰШĲƣШċũЮШыΞΜΝΣьШŉŸƖШƣőĲШĬŔǭĲƖĲŰƣШЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШůŊШŸŉШĬŔŊĲƚƣŔĤũĲШ
ŔŰĬŔƚƓĲŰƚċĤũĲШ ШŔŰШΝŊШŸŉШƣőĲШĬŔĲƣċƖǃШƓƖŸƣĲŔŰШċƖĲШƣċĤƨũċƣĲĬШŉŸƖШƣőĲШĬŔǭĲƖĲŰƣШШċŰĬШċŊĲШŊƖŸƨƓƚШŔŰШ
[ §ШыΞΜΝΟьЮШÑőĲƖĲШċƖĲШĬŔǭĲƖĲŰƣШƖĲƕƨŔƖĲůĲŰƣƚШŉŸƖШĬŔǭĲƖĲŰƣШċŊĲШŊƖŸƨƓƚШċƚШċĬƨũƣƚШŸŰũǃШƖĲƕƨŔƖĲШ Ш
ŉŸƖШůċŔŰƣĲŰċŰĦĲЯШƽőĲƖĲċƚШĦőŔũĬƖĲŰШƖĲƕƨŔƖĲШƣőĲůШŉŸƖШŊƖŸƽƣőШċŰĬШůċŔŰƣĲŰċŰĦĲШыÉőĲƽƖǃШċŰĬШcĲǃЯШ
ΞΜΝΡьЮШ 

ΟЮΠШÂċƖċůĲƣĲƖŔƚċƣŔŸŰШċŰĬШĦċũŔĤƖċƣŔŸŰШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũ 

ΟЮΠЮΝШEǂƓĲƖŔůĲŰƣċũШĬċƣċƚĲƣƚ 
?ċƣċƚĲƣƚШŉŸƖШƣƖċŔŰŔŰŊШċŰĬШĲƻċũƨċƣŔŸŰШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƽĲƖĲШƣċťĲŰШŉƖŸůШƣőƖĲĲШǃĲċƖƚШŸŉШ
ǯĲũĬШĲǂƓĲƖŔůĲŰƣƚШŉŸƖШƽőĲċƣШőċƖƻĲƚƣĲĬШĤĲƣƽĲĲŰШ~ċƖĦőШΞΜΝΣрΞΜΝΥШċƣШƣőĲШ7ŸƣċŰŔĦċũШ]ċƖĬĲŰЯШ
7ċŰċƖċƚШcŔŰĬƨШÖŰŔƻĲƖƚŔƣǃЯШéċƖċŰċƚŔЯШfŰĬŔċШƨƚŔŰŊШƣőĲШcÖìΞΟΠШċŰĬШc?ΟΝΝΥШĦƨũƣŔƻċƖƚЮШÑőĲШ
ĦƨũƣŔƻċƖƚШċƖĲШĤŸƣőШũċƣĲШƚŸƽŰШċŰĬШőĲċƣШƣŸũĲƖċŰƣШƽőĲċƣШƻċƖŔĲƣŔĲƚЮШ[ŸƖШċũũШǃĲċƖƚЯШ§ΟШŉƨůŔŊċƣŔŸŰШĤĲŊċŰШ
ΟШĬċǃƚШċŉƣĲƖШƚĲĲĬШŊĲƖůŔŰċƣŔŸŰЯШƣőĲШΝΟƣőЯШΝΠƣőШċŰĬШΝΡƣőШŸŉШ?ĲĦĲůĤĲƖШƖĲƚƓĲĦƣŔƻĲũǃШŉŸƖШƣőĲШΞΜΝΡЯШ



ΝΝΞ 
 

ΞΜΝΣШċŰĬШΞΜΝΤШƚŸƽŔŰŊШŸŰШƣőĲШΝΠƣőШŸŉШ?ĲĦĲůĤĲƖЮШШÑőĲШƽőĲċƣШƽċƚШĲǂƓŸƚĲĬШƣŸШċůĤŔĲŰƣШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШċŰШĲũĲƻċƣĲĬШ§ΟШƣƖĲċƣůĲŰƣШыċůĤŔĲŰƣШҼШΞΜШƓƓĤьЯШƽŔƣőШƣőĲШƚĲċƚŸŰċũШůċǂŔůƨůШ
§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƖċŰŊŔŰŊШŉƖŸůШΥΜрΝΜΜШƓƓĤЯШċŰĬШċŰШċƻĲƖċŊĲШċůĤŔĲŰƣШ~ΤШŸŉШΠΥШƓƓĤШċĦƖŸƚƚШΞΜΝΤШ
ċŰĬШΞΜΝΥЮШĦƖŸƚƚШċũũШĲǂƓĲƖŔůĲŰƣƚШƣőĲШƽőĲċƣШƽċƚШƚŸƽŰШŸŰШƣőĲШΡƣőШŸŉШ?ĲĦĲůĤĲƖШċŰĬШőċƖƻĲƚƣĲĬШŸŰШ
ƣőĲШΟΜƣőШŸŉШ~ċƖĦőЮШÑőĲШƽőĲċƣШƽċƚШŊƖŸƽŰШŔŰШŰŸŰрǯũƣĲƖĲĬШŸƓĲŰШƣŸƓШĦőċůĤĲƖƚШċĦƖŸƚƚШċũũШƣőƖĲĲШ
ǃĲċƖƚЮШÑőĲШƽőĲċƣШĬŔĬШŰŸƣШĲǂƓĲƖŔĲŰĦĲШċŰǃШƚŸŔũШƽċƣĲƖШŸƖШ ШƚƣƖĲƚƚЮШ[ŸƖШŊƖĲċƣĲƖШĬĲƣċŔũШŸŉШƣőĲШ
ĲǂƓĲƖŔůĲŰƣċũШƚĲƣШƨƓШċŰĬШůĲċƚƨƖĲůĲŰƣƚШƣċťĲŰЯШƣőĲШƖĲċĬĲƖШŔƚШƖĲŉĲƖƖĲĬШƣŸШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШċŰĬШ
òċĬċƻШĲƣШċũЮШыΞΜΞΝьЮШШƚĦċũŔŰŊШŉċĦƣŸƖШƽċƚШċƓƓũŔĲĬШƣŸШĲċĦőШШĦŸŰĦĲŰƣƖċƣŔŸŰШŔŰШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШ
ĤċƚĲĬШŸŰШƣőĲШůĲċŰШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШШŔŰШÉŔĬĬŔƕŔШĲƣШċũЮШыΞΜΞΜьШƣŸШĲŰƚƨƖĲШƻċũƨĲƚШƽĲƖĲШĦŸŰƚŔƚƣĲŰƣШ
ƽŔƣőШƣőĲШƽŔĬĲƖШũŔƣĲƖċƣƨƖĲШŸŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉŸƖШfŰĬŔċŰШƽőĲċƣЮ 

ÑőĲШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШŉŸƖШƣőĲШůŸĬĲũШŔŰƓƨƣШƽċƚШƣċťĲŰШŉƖŸůШċŰШŸŰƚŔƣĲШƽĲċƣőĲƖШċŰĬШ§ΟШ
ůŸŰŔƣŸƖŔŰŊШƚǃƚƣĲůЮШÑőĲШŔŰƓƨƣШƣĲůƓĲƖċƣƨƖĲШĬċƣċШƽĲƖĲШĦŸƖƖĲĦƣĲĬШŉŸƖШƣőĲШőĲċƣŔŰŊШĲǭĲĦƣШŸŉШƣőĲШŸƓĲŰШ
ƣŸƓШĦőċůĤĲƖƚЯШƽŔƣőШƣőĲШĦőċůĤĲƖƚШŉŸƨŰĬШƣŸШĤĲШċƓƓƖŸǂŔůċƣĲũǃШΞ҄9ШƽċƖůĲƖШƣőċŰШƣőĲШċůĤŔĲŰƣШċŔƖШ
ыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШŔŰŉŸƖůċƣŔŸŰьЮШ?ƨĲШƣŸШŊċƓƚШŔŰШƣőĲШőŸƨƖũǃШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċЯШŊċƓШǯũũŔŰŊШƽċƚШ
ƓĲƖŉŸƖůĲĬШċĦĦŸƖĬŔŰŊШƣŸШEůĤĲƖƚŸŰШĲƣШċũЮШыΞΜΞΝьЮ 

ΟЮΠЮΞШ~ŸĬĲũШĦċũŔĤƖċƣŔŸŰШċŰĬШĲƻċũƨċƣŔŸŰ 
ΟЮΠЮΞЮΝШ~ŸĬĲũШĦċũŔĤƖċƣŔŸŰ 
ÑőĲШĦċũŔĤƖċƣŔŸŰШŉŸƖШ?§ΟÉEр9ƖŸƓ ШŔƚШƓĲƖŉŸƖůĲĬШƚĲƕƨĲŰƣŔċũũǃШƣŸШċũũŸƽШƣőĲШŔŰƣĲƖċĦƣŔŸŰƚШĤĲƣƽĲĲŰШ
ƓċƖċůĲƣĲƖƚШċƣШĲċĦőШƚƣċŊĲШƣŸШĤĲШũŔůŔƣĲĬШыÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьЮШÑőĲШťĲǃШƓċƖċůĲƣĲƖƚШĦċũŔĤƖċƣĲĬШ
ŔŰШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШċƖĲШŊŔƻĲŰШŔŰШÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚЯШċŰĬШƣőĲШƚċůĲШůĲƣőŸĬШŸŉШ
ĦċũŔĤƖċƣŔŸŰШŔƚШƨƚĲĬШŔŰШƣőŔƚШƚƣƨĬǃЮШfŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШƣőĲƖĲШċƖĲШΟШċĬĬŔƣŔŸŰċũШƓċƖċůĲƣĲƖƚШƣŸШ
ĦċũŔĤƖċƣĲШĤċƚĲĬШŸŰШƣőĲШŰĲƽũǃШŔŰƣƖŸĬƨĦĲĬШċŰƣŔŸǂŔĬċŰƣШůŸĬƨũĲаШὪίὸЯЮὥ ШċŰĬЯЮὥ ЮШ 

ÑőĲШůċǂŔůƨůШĦċƣċũǃƣŔĦШƖċƣĲШċƣШΞΡ҄9Шыὠ ȟьШċŰĬШƣőĲШůċǂŔůƨůШƖċƣĲШŸŉШĲũĲĦƣƖŸŰШƣƖċŰƚƓŸƖƣШċƣШ
ΞΡ҄9Шы ὐ ȟ ьШƽĲƖĲШǯǂĲĬШċƣШƣőĲШƻċũƨĲƚШƓƖŸƻŔĬĲĬШĤǃШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШŔŰШƣőĲŔƖШƚƨƓƓũĲůĲŰƣċƖǃШ
ĬċƣċЮШÑőĲШċƨƣőŸƖќƚШƚƨƓƓũĲůĲŰƣċƖǃШĬċƣċШŸŰШůċǂŔůƨůШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШƽĲƖĲШĦŸůĤŔŰĲĬШƽŔƣőШ
ĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШċƨƣőŸƖƚШŸŰШůċǂŔůƨůШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣŸШƻċƖǃШƣőĲШƚƓĲĦŔĲƚрƚƓĲĦŔǯĦШ
ƚĲŰƚŔƣŔƻŔƣǃШŸŉШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣŸШċƚƚŔůŔũċƣŔŸŰШƖċƣĲШыάьЯШċŰĬШƣőĲШƓċƖċůĲƣĲƖШĬĲƚĦƖŔĤŔŰŊШ
ƻċƖŔċƣŔŸŰШŔŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШŔŰШƖĲƚƓŸŰƚĲШƣŸШéÂ?ШыὠὖὈьЯШƨŰƣŔũШċШĦũŸƚĲШůċƣĦőШĤĲƣƽĲĲŰШ
ƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШċŰĬШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƽċƚШċĦőŔĲƻĲĬШыòċĬċƻШĲƣШċũЮЯШΞΜΞΜьЮШĬĬŔƣŔŸŰċũШ
ĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШċƨƣőŸƖƚШŸŉШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШƽĲƖĲШƨƣŔũŔƚĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШĬċƖťШƖĲƚƓŔƖċƣŔŸŰШ
ƖċƣĲбШċũũŸƽŔŰŊШĦċũŔĤƖċƣŔŸŰШŸŉШƣőĲШĬċƖťШƖĲƚƓŔƖċƣŔŸŰШĦŸĲǭŔĦŔĲŰƣШŉŸƖШċũũШƚŔůƨũċƣŔŸŰƚЮШÉƨĤƚĲƕƨĲŰƣũǃЯШ
ƣőĲШƓċƖċůĲƣĲƖƚШĦŸŰƣƖŸũũŔŰŊШĤŔŸůċƚƚШċĦĦƨůƨũċƣŔŸŰШċŰĬШ§ΟШĬċůċŊĲШƽĲƖĲШĦċũŔĤƖċƣĲĬШƨƚŔŰŊШ
ĤŔŸůċƚƚШĬċƣċШƓƖŸƻŔĬĲĬШċŰĬШċƚƚƨůŔŰŊШċШƚĲċƚŸŰċũШůċǂŔůƨůШx fШŸŉШΡЮШÑőĲШ§ΟШĬċůċŊĲШƓċƖċůĲƣĲƖƚШ
ƽĲƖĲШŔŰĦŸƖƓŸƖċƣĲĬШċƣШƣőŔƚШƚƣċŊĲШĬƨĲШƣŸШőŔŊőШċůĤŔĲŰƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽőŔĦőШĦċƨƚĲĬШċŰШ§ΟШ
ŔŰĬƨĦĲĬШƖĲĬƨĦƣŔŸŰШŔŰШǃŔĲũĬШĲƻĲŰШƨŰĬĲƖШƣőĲШċůĤŔĲŰƣШƣƖĲċƣůĲŰƣЮШÑőĲШƓċƖċůĲƣĲƖƚШĦŸŰƣƖŸũũŔŰŊШũĲċŉШ
ċŰĬШƚƣĲůШ ШƽĲƖĲШƻċƖŔĲĬШƣŸШċĦőŔĲƻĲШċШĦũŸƚĲШůċƣĦőШŉŸƖШƣőĲШũĲċŉШċŰĬШŊƖċŔŰШƓƖŸƣĲŔŰШƚŔůƨũċƣŔŸŰƚЯШċƚШ
ŰŸШƚƣĲůШ ШĬċƣċШƽċƚШċƻċŔũċĤũĲШŉŸƖШĦċũŔĤƖċƣŔŸŰЮШ?ƨƖŔŰŊШƣőŔƚШƚƣċŊĲШŸŉШƣőĲШĦċũŔĤƖċƣŔŸŰЯШƣőĲШŊƖċĬŔĲŰƣШŸŉШ
ƣőĲШĲƕƨċƣŔŸŰƚШĬĲƚĦƖŔĤŔŰŊШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШƣőĲШũĲċŉШċŰĬШƚƣĲůШƽĲƖĲШƚĲƣШƣŸШΜШ
ƣŸШċũũŸƽШƣőĲШŰĲƽũǃШĬĲƻĲũŸƓĲĬШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШƣŸШĤĲШƣĲƚƣĲĬЯШċƚШŔƣШƽċƚШőǃƓŸƣőĲƚŔƚĲĬШŔŰШ
ÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚШƣőċƣШƣőĲШ§ΟШŔůƓċĦƣШŸŰШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŸĦĦƨƖƚШĬƨĲШƣŸШċŰƣŔŸǂŔĬċŰƣШ
ƓƖŸĦĲƚƚĲƚЮШcŸƽĲƻĲƖЯШċƚШƣőĲШĦċũŔĤƖċƣŔŸŰШƽċƚШƓĲƖŉŸƖůĲĬЯШƣőĲШĤĲƚƣШƖĲƚƨũƣƚШƽĲƖĲШċĦőŔĲƻĲĬШƽőĲŰШƣőĲШ
ŰĲƽШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШƽĲƖĲШƨƚĲĬШŔŰШĦŸůĤŔŰċƣŔŸŰШƽŔƣőШƣőĲШƓƖĲƻŔŸƨƚũǃШĬĲƻĲũŸƓĲĬШ§ΟШĲǭĲĦƣШŸŰШ
ƖĲůŸĤŔũŔƚċƣŔŸŰЮШÑőĲƖĲŉŸƖĲЯШƣőĲШƓċƖċůĲƣĲƖƚШĦŸŰƣƖŸũũŔŰŊШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШƣőĲШũĲċŉШċŰĬШƚƣĲůШ
ыĦċũŔĤƖċƣĲĬШŔŰШÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьШƽĲƖĲШƻċƖŔĲĬШċƚШũŔƣƣũĲШċƚШƓŸƚƚŔĤũĲШŉƖŸůШƣőĲŔƖШĬĲŉċƨũƣƚШƣŸШ
ċũũŸƽШƣőĲШŰĲƽũǃШĬĲƻĲũŸƓĲĬШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШƣŸШĤĲШƓċƖċůĲƣĲƖŔƚĲĬЮШ[ŸƖШċШƣċĤƨũċƣŔŸŰШŸŉШ



ΝΝΟ 
 

ƓċƖċůĲƣĲƖƚШĦċũŔĤƖċƣĲĬШŉŸƖЯШċŰĬШƣőĲШƻċũƨĲƚШƣőĲǃШƽĲƖĲШĦċũŔĤƖċƣĲĬШƣŸЯШƓũĲċƚĲШƖĲŉĲƖШƣŸШƣőĲШ
ƚƨƓƓũĲůĲŰƣċƖǃШĬċƣċЮШ 

~ŸĬĲũШƓċƖċůĲƣĲƖƚШƽĲƖĲШĦċũŔĤƖċƣĲĬШƨƚŔŰŊШċШĦŸůĤŔŰċƣŔŸŰШŸŉШŊĲŰĲƣŔĦШċũŊŸƖŔƣőůШċŰĬШċШƣƖŔċũрċŰĬр
ĲƖƖŸƖШċƓƓƖŸċĦőЯШƣŸШůŔŰŔůŔƚĲШƣőĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƚŔůƨũċƣĲĬШċŰĬШŸĤƚĲƖƻĲĬШƻċũƨĲƚШƽőŔũĲШċũƚŸШ
ƖĲƣċŔŰŔŰŊШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШƣőċƣШċƖĲШƓőǃƚŔŸũŸŊŔĦċũũǃШƖĲċũŔƚƣŔĦШŉŸƖШƣőĲШƓũċŰƣЮШ[ŸƖШŉƨƖƣőĲƖШĬĲƣċŔũƚШŸŉШ
ƣőĲШĦċũŔĤƖċƣŔŸŰШůĲƣőŸĬШƚĲĲШÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚЮ 

ΟЮΠЮΞЮΞШ~ŸĬĲũШĲƻċũƨċƣŔŸŰ 
ÑőĲШŔŰƓƨƣШĬċƣċШċƻċŔũċĤũĲШŉŸƖШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШƽĲƖĲШũŔůŔƣĲĬЮШfŰŔƣŔċũũǃЯШƣőĲШĬċƣċШƽĲƖĲШƚƓũŔƣШŔŰШőċũŉШ
ƽŔƣőШƣőĲШΞΜΝΤШĬċƣċШƨƚĲĬШŉŸƖШůŸĬĲũШĦċũŔĤƖċƣŔŸŰШċŰĬШƣőĲШΞΜΝΥШĬċƣċШƨƚĲĬШŉŸƖШƣőĲШůŸĬĲũШĲƻċũƨċƣŔŸŰЮШ
cŸƽĲƻĲƖЯШƽőĲŰШũŸŸťŔŰŊШċƣШƣőĲШƖĲƚƨũƣƚШŸŉШƣőĲШĲƻċũƨċƣŔŸŰШŔƣШƽċƚШĦũĲċƖШƣőċƣШƣőĲШũŔůŔƣĲĬШŔŰƓƨƣШĬċƣċШũĲĬШ
ƣŸШŸƻĲƖǯƣƣŔŰŊШŸŉШƣőĲШΞΜΝΤШĬċƣċƚĲƣШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШ[ŔŊЮќƚШÉΥШċŰĬШÉΦьЮШÑőĲƖĲŉŸƖĲЯШƣŸШŉŸĦƨƚШŸŰШ
ƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШůŸĬĲũũŔŰŊШŉƖċůĲƽŸƖťЯШċũũШċƻċŔũċĤũĲШĬċƣċШƽĲƖĲШƨƚĲĬШŉŸƖШůŸĬĲũШ
ĦċũŔĤƖċƣŔŸŰЮШÑőĲШƖŸŸƣШůĲċŰШƚƕƨċƖĲШĲƖƖŸƖШыÅ~ÉEьШċŰĬШÅΞШШƽĲƖĲШƨƚĲĬШƣŸШĲƻċũƨċƣĲШƣőĲШůŸĬĲũќƚШ
ƚƨŔƣċĤŔũŔƣǃШċƣШƚŔůƨũċƣŔŰŊШƣőĲШǃŔĲũĬƚШċŰĬШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣƚШŸŉШƣőĲШƣƽŸШĦƨũƣŔƻċƖƚШƨƚŔŰŊШÉĦŔťŔƣрxĲċƖŰШ
ыÂĲĬƖĲŊŸƚċШĲƣШċũЮЯШΞΜΝΝьЮШÖƚŔŰŊШƣőĲШÅΞШĦċũĦƨũċƣŔŸŰШŉƖŸůШÂĲĬƖĲŊŸƚċШĲƣШċũЮШыΞΜΝΝьШĦċŰШŊŔƻĲШŰĲŊċƣŔƻĲШ
ÅΞШƻċũƨĲƚЯШƽőĲƖĲШċШŰĲŊċƣŔƻĲШƻċũƨĲШůĲċŰƚШƣőċƣШƨƚŔŰŊШƣőĲШůĲċŰШŸŉШƣőĲШŸĤƚĲƖƻĲĬШƻċũƨĲƚШŔƚШċШĤĲƣƣĲƖШ
ǯƣШƣŸШƣőĲШĬċƣċШƣőċŰШƨƚŔŰŊШƣőĲШůŸĬĲũЮШfŰШƣőŔƚШƓċƓĲƖШƣőĲШƨŰŔƣƚШŸŉШƣőĲШÅ~ÉEШċƖĲШƣőĲШƚċůĲШċƚШƣőĲШ
ƨŰŔƣƚШŸŉШƣőĲШůŸĬĲũШƻċƖŔċĤũĲЯШĲЮŊЮШŉŸƖШǃŔĲũĬШÅ~ÉEШŔƚШƖĲƓŸƖƣĲĬШŔŰШŔŰШŊШůрΞШċŰĬШŉŸƖШƓƖŸƣĲŔŰШƓĲƖĦĲŰƣċŊĲШ
ыӖШŸƖШΝΜΜŊÂƖŸƣĲŔŰоŊ?~рΝьШÅ~ÉEШŔƚШƖĲƓŸƖƣĲĬШċƚШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚЮ 

ΟЮΡШÅĲƚƨũƣƚ 

ΟЮΡЮΝШ7ŔŸůċƚƚШċŰĬШƓƖŸƣĲŔŰШƚŔůƨũċƣŔŸŰƚ 
§ƻĲƖċũũЯШƣőĲШĦċũŔĤƖċƣŔŸŰƚШŉŸƖШŊƖċŔŰШǃŔĲũĬЯШċŰĬШũĲċŉШċŰĬШŊƖċŔŰШƓƖŸƣĲŔŰЯШƽĲƖĲШƖĲċƚŸŰċĤũĲШŉŸƖШĤŸƣőШ
ĦƨũƣŔƻċƖƚЮШÑőĲШŊƖċŔŰШǃŔĲũĬШċŰĬШÅòШũŸƚƚШƚŔůƨũċƣŔŸŰƚШƓĲƖŉŸƖůĲĬШĤĲƣƣĲƖШŉŸƖШΞΜΝΥШƣőċŰШΞΜΝΤЮШcŸƽĲƻĲƖЯШ
ƣőĲƖĲШƽċƚШũŔƣƣũĲШĬŔǭĲƖĲŰĦĲШŔŰШƣőĲШůŸĬĲũќƚШĦċƓċĦŔƣǃШƣŸШĦċƓƣƨƖĲШƣőĲШũĲċŉШċŰĬШŊƖċŔŰШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШċŰĬШƣőĲШƖĲũċƣŔƻĲШũŸƚƚШŔŰШƣőĲƚĲЯШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШĤĲƣƽĲĲŰШƣőĲШǃĲċƖƚЮШ[ƖŸůШ
[ŔŊƨƖĲШΟЮΟċЯШƣőĲШŊƖċŔŰШǃŔĲũĬШĦċũŔĤƖċƣŔŸŰШƽċƚШƚċƣŔƚŉċĦƣŸƖǃШƽŔƣőШċШÅ~ÉEШŸŉШΝΠΝШŊůрΞЯШőŸƽĲƻĲƖШŔƣШŔƚШ
ĦũĲċƖШƣőċƣШƣőĲШĦċũŔĤƖċƣŔŸŰШƽċƚШċĤũĲШƣŸШƚŔůƨũċƣĲШƣőĲШŊƖċŔŰШ?~ШĤĲƣƣĲƖШŉŸƖШΞΜΝΥШƣőċŰШΞΜΝΤЮШÑőĲШ
ƨŰĬĲƖĲƚƣŔůċƣŔŸŰШŸŉШƣőĲШŊƖċŔŰШ?~ШŔŰШƣőĲШΞΜΝΤШĬċƣċƚĲƣШƖċŰŊĲĬШĤĲƣƽĲĲŰШΟΡрΠΣӖЮШШ[ƨƖƣőĲƖЯШƣőĲШ
ŰĲŊċƣŔƻĲШÅΞШŔůƓũŔĲƚШƣőċƣШƨƚŔŰŊШƣőĲШůĲċŰШŸŉШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШƽŸƨũĬШĤĲШċШĤĲƣƣĲƖШĲƚƣŔůċƣĲШŸŉШŊƖċŔŰШ
?~ШƣőċŰШƣőĲШůŸĬĲũШыÂĲĬƖĲŊŸƚċШĲƣШċũЮЯШΞΜΝΝьЮШÑőĲШÅòШũŸƚƚШƽċƚШĦċƓƣƨƖĲĬШůƨĦőШĤĲƣƣĲƖШƣőċŰШƣőĲШ
ŊƖċŔŰШ?~ЮШfŰШ[ŔŊЮШΟĤЯШƣőĲШůŸĬĲũШĦċƓƣƨƖĲƚШƣőĲШÅòШũŸƚƚШŸŉШĦƨũƣŔƻċƖШc?ΟΝΝΥШƽĲũũЮШcŸƽĲƻĲƖЯШĦƨũƣŔƻċƖШ
cÖìΞΟΠШőċƚШċШũċƖŊĲШĬŔǭĲƖĲŰĦĲШŔŰШÅòШũŸƚƚШĤĲƣƽĲĲŰШƣőĲШƣƽŸШǃĲċƖƚШƽőŔĦőШƣőĲШůŸĬĲũШƽċƚШƨŰċĤũĲШƣŸШ
ĦċƓƣƨƖĲЮШÑőĲШċƻĲƖċŊĲШĬĲƻŔċƣŔŸŰШŸŉШÅòШũŸƚƚШŉƖŸůШƣőĲШŸĤƚĲƖƻĲĬШƻċũƨĲШŔƚШΞЮΡШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚШ
ĲǂĦũƨĬŔŰŊШƣőĲШcÖìΞΟΠШĦƨũƣŔƻċƖШŉŸƖШΞΜΝΥЮШìőĲŰШƣőŔƚШĦƨũƣŔƻċƖШŔƚШŔŰĦũƨĬĲĬЯШƣőĲШĬĲƻŔċƣŔŸŰШŔŰĦƖĲċƚĲƚШ
ƣŸШΤШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚЮ 



ΝΝΠ 
 

 

[ŔŊƨƖĲЮΦдΦжЮ9ċũŔĤƖċƣŔŸŰЮŸŉЮŊƖċŔŰЮ?~ЮёċђЮċŰĬЮÅòЮũŸƚƚЮёĤђЮƨƚŔŰŊЮƣőĲЮ?§ΦÉEц9ƖŸƓЮůŸĬĲũЮŉŸƖЮƣőĲЮéċƖċŰċƚŔЮĬċƣċƚĲƣдЮÅòЮũŸƚƚЮ
ƽċƚЮĦċũĦƨũċƣĲĬЮĦŸůƓċƖċƣŔƻĲЮƣŸЮƓƖĲŔŰĬƨƚƣƖŔċũЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮё9xÅÑ ÂеЮΥΣΤΪђд 

[ŔŊƨƖĲШΟЮΠШƚőŸƽƚШƣőĲШŊƖċŔŰШċŰĬШũĲċŉШƓƖŸƣĲŔŰШƚŔůƨũċƣŔŸŰƚЯШċŰĬШƣőĲШƖĲũċƣŔƻĲШƓƖŸƣĲŔŰШыÅÂьШũŸƚƚШ
ĤĲƣƽĲĲŰШƣőĲШċůĤŔĲŰƣШċŰĬШĲũĲƻċƣĲĬШƣƖĲċƣůĲŰƣƚЮШÑőĲШŊƖċŔŰШƓƖŸƣĲŔŰШы[ŔŊЮШΠċьШŔƚШĦċƓƣƨƖĲĬШĤĲƣƣĲƖШŉŸƖШ
ΞΜΝΤШƣőċŰШΞΜΝΥЯШĤƨƣШŸƻĲƖċũũЯШƣőĲШƖĲƚƨũƣƚШċƖĲШŊŸŸĬЯШƽŔƣőШċŰШÅΞШŸŉШΜЮΡШċŰĬШċШÅ~ÉEШŸŉШŸŰũǃШΝЮΟӖЮШÑőĲШ
ŊƖċŔŰШÅÂШũŸƚƚШĤĲƣƽĲĲŰШƣőĲШċůĤŔĲŰƣШċŰĬШĲũĲƻċƣĲĬШ§ΟШƣƖĲċƣůĲŰƣШŔƚШƚũŔŊőƣũǃШŸƻĲƖĲƚƣŔůċƣĲĬШŉŸƖШƣőĲШ
cÖìΞΟΠШĦƨũƣŔƻċƖЯШċŰĬШŉŸƖШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖШŔŰШΞΜΝΤШŔƣШŔƚШƚũŔŊőƣũǃШƨŰĬĲƖĲƚƣŔůċƣĲĬЯШċũũШĤǃШӈΞЮΡШ
ƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚЮШcŸƽĲƻĲƖЯШŔŰШΞΜΝΥШƣőĲШŊƖċŔŰШÅÂШũŸƚƚШŸŉШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖШƽċƚШőĲċƻŔũǃШ
ŸƻĲƖĲƚƣŔůċƣĲĬШĤǃШӈΣЮΡШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚЮ 

ÑőĲШƚŔůƨũċƣŔŸŰƚШŸŉШũĲċŉШƓƖŸƣĲŔŰШы[ŔŊƨƖĲШΟЮΠĦьШƚőŸƽĲĬШċШŊŸŸĬШǯƣШƣŸШƣőĲШĲǂƓĲƖŔůĲŰƣċũШĬċƣċШċŰĬШƽĲƖĲШ
ĦũŸƚĲƖШƣŸШƣőĲШŸĤƚĲƖƻĲĬШƻċũƨĲƚШƣőċŰШŊƖċŔŰШƓƖŸƣĲŔŰШƚŔůƨũċƣŔŸŰƚЯШƽŔƣőШċŰШÅΞШŸŉШΜЮΣШċŰĬШċШÅ~ÉEШŸŉШ
ΜЮΥӖЮШ ĲƻĲƖƣőĲũĲƚƚЯШƣőĲШůŸĬĲũШĦċƓƣƨƖĲĬШƣőĲШƓċƣƣĲƖŰШŸŉШƣőĲШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШ
ċůĤŔĲŰƣШċŰĬШĲũĲƻċƣĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĤĲƣƣĲƖШƣőċŰШƣőĲШƓċƣƣĲƖŰШŸŉШƣőĲШũĲċŉШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШы[ŔŊƨƖĲƚШΟЮΠċШċŰĬШΟЮΠĦьЮШÑőĲШũĲċŉШÅÂШũŸƚƚШы[ŔŊƨƖĲШΟЮΠĬьШƽċƚШŰŸƣШƽĲũũШĦċƓƣƨƖĲĬЮШ[ŸƖШ
ƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖЯШƣőĲШũĲċŉШÅÂШũŸƚƚШƽċƚШƨŰĬĲƖĲƚƣŔůċƣĲĬЯШċŰĬШŉŸƖШƣőĲШcÖìΞΟΠШĦƨũƣŔƻċƖШŔƣШƽċƚШ
ŸƻĲƖĲƚƣŔůċƣĲĬЮШ[ŸƖШƣőĲШcÖìΞΟΠШĦƨũƣŔƻċƖШũĲċŉШÅÂШũŸƚƚШƽċƚШŸƻĲƖĲƚƣŔůċƣĲĬШĤǃШӈΠΞШƓĲƖĦĲŰƣċŊĲШ
ƓŸŔŰƣƚШċŰĬШŉŸƖШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖЯШƣőĲШÅÂШũŸƚƚĲƚШƽĲƖĲШůŸƖĲШƻċƖŔċĤũĲЯШƽŔƣőШƣőĲШũĲċŉШÅÂШũŸƚƚШ
ƨŰĬĲƖĲƚƣŔůċƣĲĬШĤǃШӈΝΟЮΡШċŰĬШӈΞΡШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚШŉŸƖШΞΜΝΤШċŰĬШΞΜΝΥШƖĲƚƓĲĦƣŔƻĲũǃЮ 



ΝΝΡ 
 

 

[ŔŊƨƖĲЮΦдΧжЮÑőĲЮĦŸŰĦĲŰƣƖċƣŔŸŰЮŸŉЮŊƖċŔŰЮёċђЮċŰĬЮũĲċŉЮёĦђЮƓƖŸƣĲŔŰЮŸŉЮcÖìΥΦΧЮċŰĬЮc?ΦΤΤΫЮĦƨũƣŔƻċƖƚЮƨŰĬĲƖЮċůĤŔĲŰƣЮċŰĬЮ
ĲũĲƻċƣĲĬЮ§ΦдЮ9ċũŔĤƖċƣŔŸŰЮŸŉЮƣőĲЮÅÂЮũŸƚƚЮŔŰЮŊƖċŔŰЮёĤђЮċŰĬЮũĲċŉЮёĬђдЮfŰЮǯŊƨƖĲЮёĤђЮƣőĲЮƖĲũċƣŔƻĲЮĦőċŰŊĲЮŔŰЮŊƖċŔŰЮƓƖŸƣĲŔŰЮŉŸƖЮƣőĲЮ
cÖìΥΦΧЮĦƨũƣŔƻċƖЮŉŸƖЮƣőĲЮǃĲċƖƚЮΥΣΤΪЮċŰĬЮΥΣΤΫЮƽċƚЮċũůŸƚƣЮŔĬĲŰƣŔĦċũеЮőĲŰĦĲЮƣőĲЮŸƻĲƖũċŔĬЮƓŸŔŰƣƚдЮfŰЮǯŊƨƖĲЮёĦђЮƣőĲЮũĲċŉЮ
ƓƖŸƣĲŔŰЮĦŸŰĦĲŰƣƖċƣŔŸŰЮŉŸƖЮc?ΦΤΤΫЮĦƨũƣŔƻċƖЮŔŰЮƣőĲЮċůĤŔĲŰƣЮƣƖĲċƣůĲŰƣЮƽċƚЮċũůŸƚƣЮŔĬĲŰƣŔĦċũЮŉŸƖЮΥΣΤΪЮċŰĬЮΥΣΤΫеЮŊŔƻŔŰŊЮƣőĲЮ
ŸƻĲƖũċŔĬЮƓŸŔŰƣƚдЮÑőĲЮÅ~ÉEЮċŰĬЮÅΥЮŸŉЮƣőĲЮĦċũŔĤƖċƣŔŸŰЮċƖĲЮŔŰĬŔĦċƣĲĬЮŸŰЮƣőĲЮƓũŸƣд 

ΟЮΡЮΞШ ШƚŔůƨũċƣŔŸŰƚ 
xǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШƽĲƖĲШƣőĲШťĲǃШ ƚШŉŸĦƨƚƚĲĬШŸŰШċƚШƣőĲǃШƽĲƖĲШŉŸƨŰĬШƣŸШĤĲШƣőĲШůŸƚƣШũŔůŔƣŔŰŊШ
ƣŸШƓƖŸƣĲŔŰШƓƖŸĬƨĦƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШыòċĬċƻШĲƣШċũЮЯШΞΜΞΜьЮШÑŸШĦċũĦƨũċƣĲШƣőĲŔƖШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƣőĲШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰƚШы[ŔŊƨƖĲШΟЮΠьШƽĲƖĲШƨƚĲĬШċũŸŰŊШƽŔƣőШƣőĲШƖĲŊƖĲƚƚŔŸŰƚШŉƖŸůШxŔƨШĲƣШċũЮШ
ыΞΜΝΦьЮШ[ŔŊƨƖĲƚШΟЮΡċШċŰĬШΟЮΡĦШƚőŸƽШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШůĲƣőŔŸŰŔŰĲШŔŰШƣőĲШƽőĲċƣШŊƖċŔŰƚШŔƚШ
ƓƖĲĬŔĦƣĲĬШĤĲƣƣĲƖШƣőċŰШƣőĲШũǃƚŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƽŔƣőШċШőŔŊőĲƖШÅΞШŸŉШΜЮΤΟШыĦŸůƓċƖĲĬШƽŔƣőШΜЮΟΝьШ
ċŰĬШċШũŸƽĲƖШÅ~ÉEШыΜЮΜΞШĦŸůƓċƖĲĬШƽŔƣőШΜЮΜΣьЮШcŸƽĲƻĲƖЯШƣőĲШĬĲĦƖĲċƚĲШŔŰШĤŸƣőШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШƽċƚШŰŸƣШĦċƓƣƨƖĲĬШċƚШƽĲũũШы[ŔŊƨƖĲƚШΟЮΡĤШċŰĬШΟЮΡĬьЮШ[ŸƖШĤŸƣőШũǃƚŔŰĲШċŰĬШ
ůĲƣőŔŸŰŔŰĲЯШƣőĲШĬĲĦƖĲċƚĲШŔŰШ ШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШƽċƚШőĲċƻŔũǃШƨŰĬĲƖĲƚƣŔůċƣĲĬЮШÑőĲШĬĲĦƖĲċƚĲШŔŰШ
ůĲƣőŔŸŰŔŰĲШŉŸƖШcÖìΞΟΠШċŰĬШc?ΟΝΝΥШƽċƚШƨŰĬĲƖĲƚƣŔůċƣĲĬШĤǃШΦШċŰĬШΝΜЮΡШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚШ
ƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШĬĲĦƖĲċƚĲШŔŰШũǃƚŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШƨŰĬĲƖĲƚƣŔůċƣĲĬШĤǃШΟΤШċŰĬШΝΦШ
ƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚШŉŸƖШcÖìΞΟΠШċŰĬШc?ΟΝΝΥШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲШĬĲĦƖĲċƚĲШŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШŉŸƖШ
cÖìΞΟΠШƽċƚШƚŔůŔũċƖШĤĲƣƽĲĲŰШǃĲċƖƚШŉŸƖШĤŸƣőШůĲƣőŔŸŰŔŰĲШċŰĬШũǃƚŔŰĲЯШƽőĲƖĲċƚШŉŸƖШƣőĲШc?ΟΝΝΥШ
ĦƨũƣŔƻċƖЯШƣőĲШƚŔůƨũċƣŔŸŰƚШƚőŸƽĲĬШċШĬƖċƚƣŔĦċũũǃШĬŔǭĲƖĲŰƣШĬĲĦƖĲċƚĲШŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰШĤĲƣƽĲĲŰШ
ǃĲċƖƚЮ 



ΝΝΣ 
 

 

[ŔŊƨƖĲЮΦдΨжЮ ЮĦŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮƚŔůƨũċƣĲĬЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŸŉЮũǃƚŔŰĲЮёċђЮċŰĬЮůĲƣőŔŸŰŔŰĲЮёĦђЮŉŸƖЮƣőĲЮĬŔǭĲƖĲŰƣЮĦƨũƣŔƻċƖƚЮ
ċŰĬЮǃĲċƖƚЮŸŉЮƣƖĲċƣůĲŰƣдЮÑőĲЮĦőċŰŊĲЮŔŰЮ ЮŉƖŸůЮċůĤŔĲŰƣЮŉŸƖЮũǃƚŔŰĲЮёĤђЮċŰĬЮůĲƣőŔŸŰŔŰĲЮёĬђЮŔƚЮċũƚŸЮƚőŸƽŰЮŉŸƖЮĤŸƣőЮ
ĦƨũƣŔƻċƖƚд 

ΟЮΡЮΟШ?f ÉШŸŉШƣőĲШŰƨƣƖŔƣŔŸŰċũũǃШƖĲũĲƻċŰƣШ 
~ĲƣőŔŸŰŔŰĲШċŰĬШũǃƚŔŰĲШċƖĲШƣőĲШůŸƚƣШũŔůŔƣŔŰŊШ ШŉŸƖШƓƖŸƣĲŔŰШƓƖŸĬƨĦƣŔŸŰШŉŸƖШƣőĲШcÖìΞΟΠШċŰĬШ
c?ΟΝΝΥШĦƨũƣŔƻċƖƚЯШċŰĬШĲǂƓĲƖŔĲŰĦĲШċШĬĲĦƖĲċƚĲШŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШыòċĬċƻШĲƣШċũЮЯШ
ΞΜΞΜьЮШÉŔŰĦĲШƣőĲШƖĲũċƣŔƻĲШŔůƓċĦƣШŸŉШ§ΟШŸŰШƣőĲШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽċƚШŰŸƣШĦċƓƣƨƖĲĬШƽĲũũЯШƣőĲШ
ŸĤƚĲƖƻĲĬШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШƣőĲШ ШƽĲƖĲШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШ?f ÉШƚĦŸƖĲЯШƽŔƣőШƣőĲШƻċũƨĲШƣőċƣШ
ƽŸƨũĬШĤĲШŸĤƣċŔŰĲĬШŔŉШƨƚŔŰŊШƣőĲШƚŔůƨũċƣĲĬШŸƨƣƓƨƣƚШŔŰШĤƖċĦťĲƣƚЮШŉƣĲƖШĦċũĦƨũċƣŔŰŊШƣőĲШƖĲŉĲƖĲŰĦĲШ
ƖċƣŔŸƚШŉŸƖШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШƨƚŔŰŊШEƕƨċƣŔŸŰШыΟЮΟьЯШũǃƚŔŰĲШƽċƚШŉŸƨŰĬШƣŸШŊŔƻĲШƣőĲШũŸƽĲƚƣШ
ƖĲŉĲƖĲŰĦĲШƖċƣŔŸШŉŸƖШċũũШ§ΟШƣƖĲċƣůĲŰƣƚШċŰĬШĦƨũƣŔƻċƖƚЯШċŰĬШƽċƚШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШ?f ÉШƨƚŔŰŊШ
EƕƨċƣŔŸŰШыΟЮΠьЮШÑċĤũĲШΟЮΝШƚőŸƽƚШƣőĲШƖĲƚƨũƣƚШŸŉШƣőĲШ?f ÉШĦċũĦƨũċƣŔŸŰЮШÖƚŔŰŊШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċЯШ
ĤŸƣőШĦƨũƣŔƻċƖƚШĲǂƓĲƖŔĲŰĦĲШċШĬĲĦƖĲċƚĲШŔŰШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШƽŔƣőШƣőĲШcÖìΞΟΠШ
ĦƨũƣŔƻċƖШĲǂƓĲƖŔĲŰĦŔŰŊШċШŊƖĲċƣĲƖШƖĲĬƨĦƣŔŸŰШƣőċŰШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖЮШ§ƻĲƖċũũЯШƣőĲШƕƨċũŔƣǃШŸŉШƽőĲċƣШ
ƓƖŸƣĲŔŰШƽċƚШũŸƽĲƖШŉŸƖШĦőŔũĬƖĲŰШċŊĲĬШĤĲƣƽĲĲŰШΣШůŸŰƣőƚШтШΟШǃĲċƖƚШƣőċŰШŉŸƖШŸũĬĲƖШĦőŔũĬƖĲŰШċŰĬШ
ċĬƨũƣƚШыӂΟШǃĲċƖƚьЮШìőĲŰШƨƚŔŰŊШƣőĲШƚŔůƨũċƣĲĬШŸƨƣƓƨƣƚШƣŸШĦċũĦƨũċƣĲШƣőĲШ?f ÉЯШƣőĲƖĲШŔƚШċŰШŔŰĦƖĲċƚĲШ
ŔŰШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШÑőŔƚШĬŔƚĦƖĲƓċŰĦǃШŸĦĦƨƖƚШĬƨĲШƣŸШƣőĲШĦŸŰƚƣƖƨĦƣШŸŉШƣőĲШ?fÉШ
ĲƕƨċƣŔŸŰЮШ ƚШƣőĲШĬĲĦƖĲċƚĲШŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШ§ΟШƽĲƖĲШƨŰĬĲƖĲƚƣŔůċƣĲĬШĤǃШ?§ΟÉEр
9ƖŸƓ ШŔŰШĦŸůƓċƖŔƚŸŰШƣŸШƣőĲШŊƖċŔŰШƓƖŸƣĲŔŰШыƚĲĲШ[ŔŊƨƖĲƚШΟЮΠШċŰĬШΟЮΡьЯШŔƣШũĲĬШƣŸШċШŊƖĲċƣĲƖШƖċƣŔŸШŸŉШ
ŊƖċŔŰШ ШƣŸШŊƖċŔŰШƓƖŸƣĲŔŰШыEƕƨċƣŔŸŰШыΟЮΟььЮШÑőĲШŊƖĲċƣĲƖШƖċƣŔŸШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШƣőĲŰШũĲĬШƣŸШċШőŔŊőĲƖШ
ƻċũƨĲШ?f ÉШƨŰĬĲƖШƣőĲШƣƖĲċƣůĲŰƣШĦŸůƓċƖĲĬШƣŸШƣőĲШċůĤŔĲŰƣЯШƣőŸƨŊőШƣőŔƚШƽŸƨũĬШŰŸƣШĤĲШƣőĲШĦċƚĲШ
ŔŰШƖĲċũŔƣǃЮ 



ΝΝΤ 
 

ÑċĤũĲЮΦдΤжЮÑőĲЮ?f ÉЮŉŸƖЮƣőĲЮcÖìΥΦΧеЮċŰĬЮc?ΦΤΤΫЮĦƨũƣŔƻċƖƚЮƨŰĬĲƖЮƣőĲЮƣƽŸЮ§ΦЮƣƖĲċƣůĲŰƣƚЮċŰĬЮŉŸƖЮƣőĲЮċŊĲЮĦċƣĲŊŸƖŔĲƚЮΩЮ
ůŸŰƣőƚЮшЮΦЮǃĲċƖƚеЮċŰĬЮŉŸƖЮŸũĬĲƖЮĦőŔũĬƖĲŰЮċŰĬЮċĬƨũƣƚЮёӈΦЮǃĲċƖƚђдЮÑőĲЮƖĲĬƨĦƣŔŸŰЮŔŰЮ?f ÉЮƨŰĬĲƖЮ§ΦЮŉŸƖЮƣőĲЮcÖìΥΦΧЮċŰĬЮ
c?ΦΤΤΫЮĦƨũƣŔƻċƖƚЮƽċƚЮċũƚŸЮĦċũĦƨũċƣĲĬдЮÑőĲЮŰƨůĤĲƖƚЮŔŰЮĤƖċĦťĲƣƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮ?f ÉЮƚĦŸƖĲЮĦċũĦƨũċƣĲĬЮƨƚŔŰŊЮůŸĬĲũЮ
ŸƨƣƓƨƣƚеЮƣőĲЮċƻĲƖċŊĲЮ ЮċŰĬЮƓƖŸƣĲŔŰЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮċĦƖŸƚƚЮƣőĲЮΥΣΤΪЮċŰĬЮΥΣΤΫЮƚŔůƨũċƣŔŸŰƚЮƽĲƖĲЮƨƚĲĬЮŔŰЮƣőĲЮ
ĦċũĦƨũċƣŔŸŰд 

  DIAAS 

Age category 
HUW234 
Ambient  

HUW234 
Elevated  

HUW234 
rel. change 

HD3118 
Ambient  

HD3118 
Elevated  

HD3118 
rel. change 

DIAAS Score (> 3 
years) 

49.9 
(59.1) 

31.0 
(61.1) 

- 37.9% 
(+3.3%) 

49.9  
(50.8) 

39.9 
(52.4) 

- 20.1% 
(+3.2%) 

DIAAS Score (6 
months - 3 
years) 

42.0 
(49.80) 

26.1 
(51.5) 

- 37.9% 
(+3.3%) 

42.0  
(42.8) 

33.6 
(44.1) 

- 20.1% 
(+3.2%) 

 

ΟЮΡЮΠШ?ŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШΞΜΝΤШċŰĬШΞΜΝΥШƚŔůƨũċƣŔŸŰƚ 
ŉƣĲƖШƓĲƖŉŸƖůŔŰŊШƣőĲШƚŔůƨũċƣŔŸŰƚШŉŸƖШΞΜΝΤШċŰĬШΞΜΝΥШŔŰШƚĲĦƣŔŸŰШΟЮΡЮΝЯШŔƣШƽċƚШĦũĲċƖШƣőĲƖĲШƽċƚШċШ
ũċƖŊĲШĬŔǭĲƖĲŰĦĲШŔŰШŊƖċŔŰШ?~ШŉŸƖШƣőĲШƣƽŸШǃĲċƖƚЮШÑőĲШƖĲċƚŸŰƚШŉŸƖШƣőŔƚШĬŔƚĦƖĲƓċŰĦǃШċƖĲШŔůƓŸƖƣċŰƣШƣŸШ
ƨŰĬĲƖƚƣċŰĬШƚŔŰĦĲШƨŰĦĲƖƣċŔŰƣŔĲƚШŸŰШŊƖċŔŰШ?~ШƚŔůƨũċƣŔŸŰШƽŔũũШĦŸůƓŸƨŰĬШĲƖƖŸƖƚШŔŰШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШǃŔĲũĬШыÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьЮШÑŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШŊƖċŔŰШ?~ШĬŔƚĦƖĲƓċŰĦǃШ
ŉƨƖƣőĲƖЯШƣőĲШůĲƣĲŸƖŸũŸŊŔĦċũШƻċƖŔċĤũĲƚЯШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШƽĲƖĲШ
ƓũŸƣƣĲĬШŉŸƖШĤŸƣőШǃĲċƖƚЮШÑőĲШċĦĦƨůƨũċƣŔŸŰШŸŉШĤŔŸůċƚƚШĲċĦőШĬċǃШċŰĬШƣőĲШx fШƽĲƖĲШŸƻĲƖũċŔĬШƣŸШƚĲĲШŔŉШ
ƣőĲƖĲШƽĲƖĲШċŰǃШĬŔǭĲƖĲŰĦĲƚШƣőċƣШĦŸƨũĬШĲǂƓũċŔŰШƣőĲШũċƖŊĲШĬŔǭĲƖĲŰĦĲШŔŰШĤŔŸůċƚƚЮШÑőĲШƣĲůƓĲƖċƣƨƖĲШ
ŔŰШΞΜΝΥШƽċƚШŊƖĲċƣĲƖШċƣШƣőĲШĤĲŊŔŰŰŔŰŊШċŰĬШĲŰĬШŸŉШƣőĲШŊƖŸƽŔŰŊШƚĲċƚŸŰШĦŸůƓċƖĲĬШƣŸШΞΜΝΤШы[ŔŊƨƖĲШ
ΟЮΣьЮШÑőĲШƖĲƻĲƖƚĲШƽċƚШƣƖƨĲШŉŸƖШƖĲũċƣŔƻĲШőƨůŔĬŔƣǃШы[ŔŊƨƖĲШÉΟЮΞьЮШìŔƣőШƖĲũċƣŔŸŰШƣŸШƣőĲШŸƣőĲƖШŔŰƓƨƣƚЯШċŔƖШ
ƓƖĲƚƚƨƖĲЯШƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШƽŔŰĬШƚƓĲĲĬШőċĬШŰĲŊũŔŊŔĤũĲШĬŔǭĲƖĲŰĦĲƚШĤĲƣƽĲĲŰШƣőĲШǃĲċƖƚШы[ŔŊƨƖĲƚШ
ÉΟЮΝЯШÉΟЮΟШċŰĬШÉΟЮΠьЮШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШŊĲŰĲƖċũũǃШŊƖĲċƣĲƖШŔŰШΞΜΝΤШƣőċŰШΞΜΝΥШы[ŔŊƨƖĲШΟЮΤьЯШ
ċŰĬШƓőŸƣŸƚǃŰƣőĲƣŔĦШƓőŸƣŸŰШǰƨǂШĬĲŰƚŔƣǃШыÂÂ[?ьШƽċƚШŊƖĲċƣĲƖШċƣШƣőĲШƚƣċƖƣШŸŉШƣőĲШŊƖŸƽŔŰŊШƚĲċƚŸŰШŔŰШ
ΞΜΝΥШы[ŔŊƨƖĲШΟЮΥьЮШ?ċŔũǃШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШƽċƚШůŸƚƣũǃШŊƖĲċƣĲƖШŔŰШΞΜΝΥШƣőċŰШΞΜΝΤШċŰĬШƚőŸƽĲĬШ
ƣőĲШƚċůĲШƓċƣƣĲƖŰШŉŸƖШĤŸƣőШĦƨũƣŔƻċƖƚШы[ŔŊƨƖĲƚШΟЮΦШċŰĬШÉΟЮΡьЮШÑőĲШĬŔǭĲƖĲŰĦĲШŔŰШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲШĤĲƣƽĲĲŰШƣőĲШǃĲċƖƚШŉŸƖШĤŸƣőШĦƨũƣŔƻċƖƚШůŔůŔĦťĲĬШƣőĲШƚőċƓĲШŸŉШƣőĲШƓőŸƣŸƚǃŰƣőĲƣŔĦШ
ƖċƣĲШƓũŸƣƚШы[ŔŊƨƖĲƚШÉΟЮΣШċŰĬШÉΟЮΤьЮШ]ŔƻĲŰШƣőċƣШƣőĲШ§ΟШĲǭĲĦƣШŔƚШůŸƖĲШƚƣƖŸŰŊũǃШĬĲƣĲƖůŔŰĲĬШĤǃШ
ƚĲŰĲƚĦĲŰĦĲШƣőċŰШƣőĲШŔŰƚƣċŰƣċŰĲŸƨƚШŔůƓċĦƣШŸŰШƓőŸƣŸƚǃŰƣőĲƚŔƚШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠĤьЯШċŰĬШ
ƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШĬŔĬШŰŸƣШĬŔǭĲƖШƚƣƖŸŰŊũǃШĤĲƣƽĲĲŰШǃĲċƖƚШы[ŔŊƨƖĲШÉΟЮΝΝьЯШŔƣШŔƚШƨŰũŔťĲũǃШƣőċƣШƣőĲШ
ĬŔǭĲƖĲŰĦĲƚШŔŰШǃŔĲũĬШƽĲƖĲШĦċƨƚĲĬШĤǃШ§ΟШĲǭĲĦƣƚЮШfŰƚƣĲċĬЯШŔƣШŔƚШũŔťĲũǃШƣőċƣШΞΜΝΥѣƚШőŔŊőĲƖШĲċƖũǃр
ƚĲċƚŸŰШÂÂ[?ШċŰĬШƣĲůƓĲƖċƣƨƖĲƚЯШċũŸŰŊШƽŔƣőШũŸƽĲƖШÅcЯШƓƖŸůŸƣĲĬШĲċƖũŔĲƖШx fШĬĲƻĲũŸƓůĲŰƣШċŰĬШ
ŔŰĦƖĲċƚĲĬШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШŔŰШƚŔůƨũċƣŔŸŰƚЮ 



ΝΝΥ 
 

 

[ŔŊƨƖĲЮΦдΩжЮÂũŸƣЮŸŉЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮĬċŔũǃЮƣĲůƓĲƖċƣƨƖĲЮĤĲƣƽĲĲŰЮΥΣΤΪЮċŰĬЮΥΣΤΫеЮċũŸŰŊЮƽŔƣőЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮ
ċĤŸƻĲŊƖŸƨŰĬЮ?~ЮċĦĦƨůƨũċƣŔŸŰЮŉŸƖЮƣőĲЮċůĤŔĲŰƣЮƣƖĲċƣůĲŰƣЮŉŸƖЮĤŸƣőЮǃĲċƖƚЮċŰĬЮƣőĲЮx fЮƓƖŸǯũĲƚдЮÑőĲЮx fЮċŰĬЮ
ċĤŸƻĲŊƖŸƨŰĬЮ?~ЮƓƖŸǯũĲƚЮċƖĲЮŉŸƖЮƣőĲЮcÖìΥΦΧЮĦƨũƣŔƻċƖд 

 

[ŔŊƨƖĲЮΦдΪжЮÑőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮĬċŔũǃЮ§ΦЮĤĲƣƽĲĲŰЮΥΣΤΪЮċŰĬЮΥΣΤΫЮċũŸŰŊЮƽŔƣőЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮċĤŸƻĲŊƖŸƨŰĬЮ?~Ю
ċĦĦƨůƨũċƣŔŸŰЮŉŸƖЮƣőĲЮċůĤŔĲŰƣЮƣƖĲċƣůĲŰƣЮŉŸƖЮĤŸƣőЮǃĲċƖƚЮċŰĬЮƣőĲЮx fЮƓƖŸǯũĲƚдЮx fЮőċƚЮĤĲĲŰЮůƨũƣŔƓũŔĲĬЮĤǃЮΥЮƣŸЮĲċƚŔĲƖЮ
ƚőŸƽЮƣőĲЮƓƖŸǯũĲдЮÑőĲЮx fЮċŰĬЮċĤŸƻĲŊƖŸƨŰĬЮ?~ЮƓƖŸǯũĲƚЮċƖĲЮŉŸƖЮƣőĲЮcÖìΥΦΧЮĦƨũƣŔƻċƖд 



ΝΝΦ 
 

 

[ŔŊƨƖĲЮΦдΫжЮÑőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮĬċŔũǃЮÂÂ[?ЮĤĲƣƽĲĲŰЮΥΣΤΪЮċŰĬЮΥΣΤΫЮċũŸŰŊЮƽŔƣőЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮċĤŸƻĲŊƖŸƨŰĬЮ?~Ю
ċĦĦƨůƨũċƣŔŸŰЮŉŸƖЮƣőĲЮċůĤŔĲŰƣЮƣƖĲċƣůĲŰƣЮŉŸƖЮĤŸƣőЮǃĲċƖƚЮċŰĬЮƣőĲЮx fЮƓƖŸǯũĲƚдЮx fЮőċƚЮĤĲĲŰЮůƨũƣŔƓũŔĲĬЮĤǃЮΨΣЮƣŸЮůŸƖĲЮ
ĦũĲċƖũǃЮƚőŸƽЮƣőĲЮƓƖŸǯũĲдЮÑőĲЮx fЮċŰĬЮċĤŸƻĲŊƖŸƨŰĬЮ?~ЮƓƖŸǯũĲƚЮċƖĲЮŉŸƖЮƣőĲЮcÖìΥΦΧЮĦƨũƣŔƻċƖд 

 

[ŔŊƨƖĲЮΦдάжЮÑőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮŰĲƣЮƓőŸƣŸƚǃŰƣőĲƣŔĦЮƖċƣĲЮŉŸƖЮΥΣΤΪЮċŰĬЮΥΣΤΫЮċũŸŰŊЮƽŔƣőЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮċĤŸƻĲŊƖŸƨŰĬЮ?~Ю
ċĦĦƨůƨũċƣŔŸŰЮċŰĬЮx fЮŉŸƖЮƣőĲЮċůĤŔĲŰƣЮƣƖĲċƣůĲŰƣЮŉŸƖЮƣőĲЮΥЮǃĲċƖƚдЮÑőĲЮx fЮċŰĬЮċĤŸƻĲŊƖŸƨŰĬЮ?~ЮƓƖŸǯũĲƚЮċƖĲЮŉŸƖЮƣőĲЮ
cÖìΥΦΧЮĦƨũƣŔƻċƖд 

ΟЮΣШ?ŔƚĦƨƚƚŔŸŰ 
ìĲШĬĲƻĲũŸƓĲĬШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƣŸШċĬĬƖĲƚƚШċШĦƨƖƖĲŰƣШũŔůŔƣċƣŔŸŰШŔŰШƣőĲШċĤŔũŔƣǃШŸŉШĦƖŸƓШ
ůŸĬĲũƚШƣŸШċƚƚĲƚƚШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШƚƣƖĲƚƚШŸŰШŰŸƣШŸŰũǃШĦƖŸƓШǃŔĲũĬƚЯШĤƨƣШċũƚŸШƕƨċũŔƣǃЮШìĲШĬĲƚĦƖŔĤĲШ
ƣőĲШŉƨƖƣőĲƖШĬĲƻĲũŸƓůĲŰƣШċŰĬШċƓƓũŔĦċƣŔŸŰƚШŸŉШƣőĲШůŸĬĲũШƣŸШƚŔůƨũċƣĲШ§ΟШĲǭĲĦƣƚШŸŰШŰƨƣƖŔƣŔŸŰċũũǃШ
ŔůƓŸƖƣċŰƣШ ШĤċƚĲĬШŸŰШĦƨƖƖĲŰƣШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШċŰĬШŔůƓũŔĦċƣŔŸŰƚШŉŸƖШ Ш
ƖĲůŸĤŔũŔƚċƣŔŸŰЮШÑőŔƚШƽŸƖťШŔƚШŔůƓŸƖƣċŰƣШƚŔŰĦĲШĦƨƖƖĲŰƣũǃШƣőĲƖĲШċƖĲШŉĲƽШůŸĬĲũƚШƣőċƣШĦŸŰƚŔĬĲƖШ



ΝΞΜ 
 

ƓƖŸƣĲŔŰШƕƨċũŔƣǃШŔŰШƣőĲŔƖШƚŔůƨũċƣŔŸŰƚЮШ9 рìőĲċƣШĦŸŰƚŔĬĲƖƚШ ШŉƖŸůШƣőĲШƓĲƖƚƓĲĦƣŔƻĲШŸŉШĤĲŔŰŊШƨƚĲĬШ
ŉŸƖШũĲċŉЯШƚƣĲůШċŰĬШŊƖċŔŰШƓƖŸƣĲŔŰШƓƖŸĬƨĦƣŔŸŰШы7ċƖŔũũŸƣЯШ9őċůĤŸŰШċŰĬШ ŰĬƖŔĲƨЯШΞΜΝΣċьЮШÑőĲǃШĬŸШŰŸƣШ
ĲǂƓũŔĦŔƣũǃШĦŸŰƚŔĬĲƖШƣőĲШ ШŸŉШƣőĲШƽőĲċƣШŊƖċŔŰƚЯШƖĲũĲƻċŰƣШŉŸƖШŰƨƣƖŔƣŔŸŰШы7ċƖŔũũŸƣЯШ9őċůĤŸŰШċŰĬШ
ŰĬƖŔĲƨЯШΞΜΝΣċьЮШfŰШÉŔƖŔƨƚÄƨċũŔƣǃЯШ~ċƖƣƖĲШĲƣШċũЮШыΞΜΜΣьШĦŸŰƚŔĬĲƖШƣőĲШŉƖċĦƣŔŸŰƚШŸŉШ ШƣőċƣШċƖĲШƚƓũŔƣШ

ĤĲƣƽĲĲŰШŊũŔċĬŔŰЯШŊũƨƣĲŰŔŰЯШċũĤƨůŔŰрŊũŸĤƨũŔŰШċŰĬШŸƣőĲƖШƓƖŸƣĲŔŰƚШŔŰШƣőĲШƽőĲċƣШŊƖċŔŰƚШċƚШċШůĲċƚƨƖĲШ
ŸŉШƽőĲċƣШƕƨċũŔƣǃШŉŸƖШĤƖĲċĬШƓƖŸĬƨĦƣŔŸŰЯШŰŸƣШőƨůċŰШŰƨƣƖŔƣŔŸŰЮШÑŸШŸƨƖШĦƨƖƖĲŰƣШťŰŸƽũĲĬŊĲЯШxŔƨШĲƣШċũЮШ
ыΞΜΝΦьШċƖĲШƣőĲШŸŰũǃШċƨƣőŸƖƚШƽőŸШőċƻĲШĲǂƣĲŰĬĲĬШċШĦƖŸƓШůŸĬĲũШƣŸШƚŔůƨũċƣĲШƓƖŸƣĲŔŰШƕƨċũŔƣǃЯШŔŰШƣőĲШ
ŉŸƖůШŸŉШ ЯШŉƖŸůШƣőĲШƓĲƖƚƓĲĦƣŔƻĲШŸŉШőƨůċŰШŰƨƣƖŔƣŔŸŰЮШfŰШƣőĲŔƖШƽŸƖťШƣőĲǃШĲǂƣĲŰĬĲĬШƣőĲШ9EÅEÉр
ìőĲċƣШůŸĬĲũШƣŸШƚŔůƨũċƣĲШũǃƚŔŰĲШċŰĬШŸƣőĲƖШŔŰĬŔƚƓĲŰƚċĤũĲШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ[ƨƖƣőĲƖЯШŰŸŰĲШŸŉШ
ƣőĲƚĲШĦƖŸƓШůŸĬĲũƚШƣőċƣШĦŸŰƚŔĬĲƖШĦƖŸƓШƕƨċũŔƣǃШőċƻĲШŔŰĦŸƖƓŸƖċƣĲĬШƣőĲШĲǭĲĦƣƚШŸŉШċŰƣŔŸǂŔĬċŰƣƚЮШfŰШ
ŸƨƖШƚƣƨĬǃШƽĲШĲǂƣĲŰĬШƣőĲШĲƕƨċƣŔŸŰƚШƨƚĲĬШĤǃШxŔƨШĲƣШċũЮШыΞΜΝΦьШƣŸШƓƖŸĬƨĦĲШƣőĲШǯƖƚƣШŉƖċůĲƽŸƖťШĤǃШ
ƽőŔĦőШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƓƖŸƣĲŔŰШƕƨċũŔƣǃШыƣőƖŸƨŊőШċŰƣŔŸǂŔĬċŰƣƚЯШ ШċŰĬШƣőĲШ?f ÉьШĦċŰШĤĲШ
ĦċƓƣƨƖĲĬЮ 

ΟЮΣЮΝШ ĤŔũŔƣǃШŸŉШƣőĲШůŸĬĲũШƣŸШƚŔůƨũċƣĲШ?~ШċŰĬШƓƖŸƣĲŔŰ 
ÑőĲШƓƖĲƚĲŰƣШůŸĬĲũШƽċƚШċĤũĲШƣŸШƖĲƓƖŸĬƨĦĲШƣőĲШŸĤƚĲƖƻĲĬШŊƖċŔŰШ?~ШŉŸƖШΞΜΝΥШĤƨƣШƨŰĬĲƖĲƚƣŔůċƣĲĬШŔƣШ
ŉŸƖШΞΜΝΤШĬƨĲШƣŸШĬŔǭĲƖĲŰĦĲƚШŔŰШůĲƣĲŸƖŸũŸŊǃШƣőċƣШƣƖŔŊŊĲƖĲĬШĲċƖũŔĲƖШx fШĬĲƻĲũŸƓůĲŰƣЯШũĲċĬŔŰŊШƣŸШ
ŊƖĲċƣĲƖШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШůŸĬĲũШŉŸƖШΞΜΝΥЮШÑőĲШůŸĬĲũШƽċƚШċĤũĲШƣŸШ
ĦċƓƣƨƖĲШƣőĲШÅòШũŸƚƚШŸŉШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖШƽĲũũШŉŸƖШĤŸƣőШǃĲċƖƚЮШcŸƽĲƻĲƖЯШƣőĲШcÖìΞΟΠШĦƨũƣŔƻċƖШ
ĲǂƓĲƖŔĲŰĦĲĬШċШũċƖŊĲШĬŔǭĲƖĲŰĦĲШŔŰШÅòШũŸƚƚШĤĲƣƽĲĲŰШƣőĲШƣƽŸШǃĲċƖƚЯШƽŔƣőШƣőĲШůŸĬĲũШŸŰũǃШċĤũĲШƣŸШ
ĦċƓƣƨƖĲШƣőĲШÅòШũŸƚƚШƽĲũũШŉŸƖШŸŰĲШǃĲċƖЮШìŔƣőШŸŰũǃШΞШǃĲċƖƚШŸŉШĬċƣċЯШŔƣШƽċƚШŰŸƣШƓŸƚƚŔĤũĲШƣŸШĬĲƣĲƖůŔŰĲШ
ƽőŔĦőШŸŉШƣőĲШŸĤƚĲƖƻĲĬШÅòШũŸƚƚШŔƚШƣőĲШůŸƚƣШĦŸůůŸŰШƖĲƚƓŸŰƚĲШŉŸƖШcÖìΞΟΠЮШ?ċƣċШŉŸƖШċĬĬŔƣŔŸŰċũШ
§ΟШƣƖĲċƣůĲŰƣƚШċŰĬШǃĲċƖƚШċƖĲШƖĲƕƨŔƖĲĬШƣŸШĬĲƻĲũŸƓШċШůŸƖĲШƖŸĤƨƚƣШůŸĬĲũШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŉŸƖШ
ĬŔǭĲƖĲŰƣШůĲƣĲŸƖŸũŸŊŔĦċũШĦŸŰĬŔƣŔŸŰƚШċŰĬШĦƨũƣŔƻċƖƚЮ 

ìőŔũĲШƣőĲШůŸĬĲũШƨŰĬĲƖĲƚƣŔůċƣĲĬШƣőĲШŊƖċŔŰШ?~ШŉŸƖШΞΜΝΤШĤǃШӈШΠΜӖЯШƣőĲƖĲШċƓƓĲċƖƚШƣŸШőċƻĲШĤĲĲŰШŰŸШ
ĲǭĲĦƣШŸŉШƣőŔƚШƨŰĬĲƖĲƚƣŔůċƣŔŸŰШŸŰШƣőĲШĦċƓċĦŔƣǃШŸŉШƣőĲШůŸĬĲũШƣŸШĦċƓƣƨƖĲШŊƖċŔŰШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШыΝΜΜŊÂƖŸƣĲŔŰШŊ?~рΝьЮШ ШƓŸƚƚŔĤũĲШƖĲċƚŸŰШŉŸƖШƣőŔƚШŔƚШƣőċƣШƣőĲШũŸƽĲƖШƓőŸƣŸƚǃŰƣőĲƚŔƚШŔŰШ
ΞΜΝΤЯШũĲĬШƣŸШũŸƽĲƖШƚŔůƨũċƣŔŸŰƚШŸŉШũĲċŉШċŰĬШƚƣĲůШĤŔŸůċƚƚЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШ ШƖĲƕƨŔƖĲĬШĤǃШƣőĲШũĲċŉШ
ċŰĬШƚƣĲůШŉŸƖШŊƖŸƽƣőШŔŰШƣőĲШůŸĬĲũШƽċƚШƖĲĬƨĦĲĬЯШũĲċĬŔŰŊШƣŸШũŸƽĲƖШ ШċĦĦƨůƨũċƣŔŸŰШŔŰШƣőĲƚĲШƓċƖƣƚЮШ
ÖƓŸŰШƖĲůŸĤŔũŔƚċƣŔŸŰШƣŸШƣőĲШŊƖċŔŰƚЯШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШ ШċĦĦƨůƨũċƣĲĬШĤǃШƣőĲШŊƖċŔŰƚШŔŰШΞΜΝΤШ
ĦŸůƓċƖĲĬШƣŸШΞΜΝΥЯШċũŸŰŊШƽŔƣőШƣőĲШƖĲĬƨĦĲĬШŊƖċŔŰШ?~ШŔŰШΞΜΝΤЯШũĲĬШƣŸШƚŔůŔũċƖШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШÑőĲШůŸĬĲũѣƚШċĤŔũŔƣǃШƣŸШƖĲƓƖŸĬƨĦĲШƣőĲШŸĤƚĲƖƻĲĬШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰЯШ
ĬĲƚƓŔƣĲШǃŔĲũĬШĬŔƚĦƖĲƓċŰĦŔĲƚЯШƚƨŊŊĲƚƣƚШƣőċƣШƣőĲШƨŰĬĲƖũǃŔŰŊШ ШċũũŸĦċƣŔŸŰШċŰĬШƖĲůŸĤŔũŔƚċƣŔŸŰШ
ĲƕƨċƣŔŸŰƚШƖĲċƚŸŰċĤũǃШċƓƓƖŸǂŔůċƣĲШƓũċŰƣШƓƖŸĦĲƚƚĲƚЮШÑőŔƚШŸƨƣĦŸůĲШƚƨƓƓŸƖƣƚШƣőĲШƖĲũŔċĤŔũŔƣǃШŸŉШƣőĲШ
ĲƕƨċƣŔŸŰƚЯШƣőŸƨŊőШŉƨƖƣőĲƖШƻċũŔĬċƣŔŸŰШŔƚШŰĲĲĬĲĬШƣŸШĦŸŰǯƖůШƣőĲŔƖШċĦĦƨƖċĦǃЮШ[ƨƣƨƖĲШƽŸƖťШƚőŸƨũĬШ
ŉŸĦƨƚШŸŰШŔůƓƖŸƻŔŰŊШƣőĲШůŸĬĲũќƚШĲƚƣŔůċƣĲƚШŸŉШƓƖŸƣĲŔŰШǃŔĲũĬШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШƚŸШƣőċƣШ§ΟШƣőƖĲċƣƚШ
ƣŸШŉŸŸĬШƚĲĦƨƖŔƣǃШĦċŰШĤĲШċƚƚĲƚƚĲĬШƽŔƣőШŊƖĲċƣĲƖШĦŸŰǯĬĲŰĦĲЮ 

fŰШƣőĲШůŸĬĲũЯШƣőĲƖĲШƽċƚШċШƚƣƖŸŰŊШŔŰƣĲƖĬĲƓĲŰĬĲŰĦĲШĤĲƣƽĲĲŰШƣőĲШƓċƖċůĲƣĲƖƚШĦŸŰƣƖŸũũŔŰŊШƓƖŸƣĲŔŰШ
ċĦĦƨůƨũċƣŔŸŰШŔŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШƽŔƣőШŊƖċŔŰШƓƖŸƣĲŔŰЯШƽőŔĦőШŔƚШƣŸШĤĲШĲǂƓĲĦƣĲĬШċƚШƓƖŸƣĲŔŰШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШƣőĲШũĲċŉШċŰĬШƚƣĲůШċƖĲШťĲǃШĦŸŰƣƖŔĤƨƣŸƖƚШƣŸШŊƖċŔŰШƓƖŸƣĲŔŰШы[ĲũũĲƖШċŰĬШ[ŔƚĦőĲƖЯШ
ΝΦΦΠбШ]ċŢƨШĲƣШċũЮЯШΞΜΝΠбШ ĲőĲШĲƣШċũЮЯШΞΜΞΜьЮШ§ŰШĦċũŔĤƖċƣŔŰŊШƣőĲШůŸĬĲũЯШƣőŔƚШŔŰƣĲƖĬĲƓĲŰĬĲŰĦĲШ
ůĲċŰƣШƣőċƣШċŰǃШċƣƣĲůƓƣШƣŸШŔůƓƖŸƻĲШƣőĲШůŸĬĲũќƚШċĦĦƨƖċĦǃШŔŰШĦċƓƣƨƖŔŰŊШƣőĲШĬĲĦƖĲċƚĲШŔŰШũĲċŉШ
ƓƖŸƣĲŔŰШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШƖĲƚƨũƣĲĬШŔŰШċШƖĲĬƨĦĲĬШůŸĬĲũШċĦĦƨƖċĦǃШŔŰШĦċƓƣƨƖŔŰŊШƣőĲШĬĲĦƖĲċƚĲШŔŰШ
ŊƖċŔŰШƓƖŸƣĲŔŰШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟЯШċŰĬШƻŔĦĲрƻĲƖƚċШыƚĲĲШ[ŔŊЮќƚШΠĤШċŰĬШΠĬьЮШÑőŔƚШůĲċŰƣШƣőċƣШƣőĲƖĲШƽċƚШ
ċШƣƖċĬĲрŸǭШĤĲƣƽĲĲŰШĦċũŔĤƖċƣŔŰŊШũĲċŉШċŰĬШŊƖċŔŰШÅÂШũŸƚƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШ ŸШĬċƣċШƽċƚШċƻċŔũċĤũĲШ
ŸŰШƚƣĲůШÅÂШũŸƚƚЯШƚŸШƣőĲШċĦĦƨƖċĦǃШŸŉШƣőĲШƚƣĲůШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŔƚШƨŰĦũĲċƖЮШ]ŔƻĲŰШƣőŔƚШƚƣƨĬǃШ
ŉŸĦƨƚƚĲĬШŸŰШŊƖċŔŰШƕƨċũŔƣǃЯШĦċƓƣƨƖŔŰŊШƣőĲШŊƖċŔŰШÅÂШũŸƚƚШƨŰĬĲƖШ§ΟШƽċƚШƓƖŔŸƖŔƣŔƚĲĬШŸƻĲƖШƣőĲШũĲċŉЮШfŉШ
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ƣőĲШůŸĬĲũШŔƚШŰŸƣШċĤũĲШƣŸШůċƣĦőШƣőĲШĬĲĦƖĲċƚĲШŔŰШũĲċŉШƓƖŸƣĲŔŰШƽŔƣőШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШĬĲĦƖĲċƚĲШŔŰШ
ŊƖċŔŰШƓƖŸƣĲŔŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШŉŸƖШċШŊŔƻĲŰШĦƨũƣŔƻċƖЯШƣőĲŰШŔƣШŔůƓũŔĲƚШċШƓƖŸĤũĲůШƽŔƣőШƣőĲШ
ƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŸƖШůŸĬĲũШĦŸŰƚƣƖƨĦƣЮШÅĲŊċƖĬŔŰŊШƣőĲШƓċƖċůĲƣĲƖŔƚċƣŔŸŰЯШũĲċŉШ?~ШĬċƣċШƽĲƖĲШŰŸƣШ
ċƻċŔũċĤũĲШƽőŔĦőШƽŸƨũĬШċǭĲĦƣШũĲċŉШ ЯШċŰĬШőĲŰĦĲШƓƖŸƣĲŔŰЯШċĦĦƨůƨũċƣŔŸŰЮШÑőĲƖĲŉŸƖĲЯШŔŰШƣőĲШŉƨƣƨƖĲШ
ũĲċŉШыċŰĬШƚƣĲůьШ?~ШĬċƣċШċƣШċŰƣőĲƚŔƚШċŰĬШőċƖƻĲƚƣШƽŸƨũĬШċŔĬШŔŰШƓċƖċůĲƣĲƖŔƚŔŰŊШƣőĲШĲƕƨċƣŔŸŰƚШ
ĬĲƚĦƖŔĤŔŰŊШƣőĲШƓċƖƣŔƣŔŸŰŔŰŊШŸŉШƓőŸƣŸƚǃŰƣőċƣĲШĲċĦőШĬċǃШċŰĬШĦŸƨũĬШŔůƓƖŸƻĲШƚŔůƨũċƣŔŸŰƚШŸŉШÅÂШũŸƚƚЮШ 

ΟЮΣЮΞШ~ŸĬĲũũŔŰŊШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲ 
ÑőĲШǯƖƚƣШŔƣĲƖċƣŔŸŰШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƚŔůƨũċƣĲĬШƣőĲШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШǃŔĲũĬШ
ыŊÂƖŸƣĲŔŰШůрΞьЯШċŰĬШŔŰĦƖĲċƚĲШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШыΝΜΜŊÂƖŸƣĲŔŰШŊ?~рΝьШĲǂƓĲƖŔĲŰĦĲĬШĤǃШ
EƨƖŸƓĲċŰШċŰĬШ9őŔŰĲƚĲШƽőĲċƣШĦƨũƣŔƻċƖƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШƣőĲƚŔƚьЮШcŸƽĲƻĲƖЯШ
fŰĬŔċŰШƽőĲċƣШőċƚШĤĲĲŰШƚőŸƽŰШƣŸШĲǂƓĲƖŔĲŰĦĲШċШĬĲĦƖĲċƚĲШŔŰШĤŸƣőШƓƖŸƣĲŔŰШǃŔĲũĬШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШ
ƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШыòċĬċƻШĲƣШċũЮЯШΞΜΞΜбШ~ŔƚőƖċЯШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΟьЮШÑőƖŸƨŊőШƣőĲШ
ŔŰĦŸƖƓŸƖċƣŔŸŰШŸŉШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚЯШƣőĲШƓƖĲƚĲŰƣШůŸĬĲũШŔƚШŰŸƽШċĤũĲШƣŸШĦċƓƣƨƖĲШƣőĲШĬĲĦƖĲċƚĲШ
ŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰЯШċŰĬШǃŔĲũĬЯШŸŉШƓƖŸƣĲŔŰШŔŰШfŰĬŔċŰШƽőĲċƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШŔůƓƖŸƻŔŰŊШƣőĲШ
ƖĲŊŔŸŰċũШċƓƓũŔĦċĤŔũŔƣǃШċŰĬШŰƨƣƖŔƣŔŸŰċũШƖĲũĲƻċŰĦĲШŸŉШƣőĲШůŸĬĲũЮ 

ÑőĲШĬĲƚŔŊŰШŸŉШƣőĲШċŰƣŔŸǂŔĬċŰƣШĲƕƨċƣŔŸŰƚШőċƚШƚĲƻĲƖċũШĤĲŰĲǯƣƚШƽőŔĦőШůċťĲШŔƣШƨƚĲŉƨũШŉŸƖШŉƨƖƣőĲƖШ
ċƓƓũŔĦċƣŔŸŰƚЮШ[ŔƖƚƣũǃЯШƣőĲШƚƣƖƨĦƣƨƖĲШŸŉШEƕƨċƣŔŸŰШΟЮΝШůĲċŰƚШƣőċƣШŔƣШĦŸƨũĬШĤĲШĲċƚŔũǃШƣƖċŰƚũċƣĲĬШƣŸШ
ŸƣőĲƖШÅ§ÉШůĲĬŔċƣĲĬШƚƣƖĲƚƚŸƖƚЯШƓƖŸƻŔĬĲĬШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШĲƕƨċƣŔŸŰШƓċƖċůĲƣĲƖƚШċƖĲШŔĬĲŰƣŔǯĲĬЯШ
ůĲċŰŔŰŊШƣőĲШŉƖċůĲƽŸƖťШŔƚШǰĲǂŔĤũĲЮШÉĲĦŸŰĬũǃЯШƣőĲШůŸĬĲũũŔŰŊШŉƖċůĲƽŸƖťШŔƚШƚŔůƓũĲЮШfƣШĬŸĲƚШŰŸƣШ
ƖĲƕƨŔƖĲШċШũċƖŊĲШŰƨůĤĲƖШŸŉШċĬĬŔƣŔŸŰċũШƓċƖċůĲƣĲƖƚЯШƽőŔĦőШƖĲĬƨĦĲƚШƣőĲШĦŸůƓũĲǂŔƣǃШŸŉШƣőĲШůŸĬĲũũŔŰŊШ
ƓƖŸĦĲƚƚШċŰĬШůċťĲƚШŔƣШĲċƚŔĲƖШŉŸƖШŸƣőĲƖШůŸĬĲũũĲƖƚШƣŸШŔŰƣƖŸĬƨĦĲШŔŰƣŸШƣőĲŔƖШůŸĬĲũƚЮШÑőŔƖĬũǃЯШŔƣШŔƚШ
ĦŸůƓċƣŔĤũĲШƽŔƣőШƣőĲШƚƣƖƨĦƣƨƖĲШŸŉШŸƣőĲƖШůŸĬĲũƚШƣőċƣШƚŔůƨũċƣĲШƓũċŰƣШ ЮШÑőĲШĲƕƨċƣŔŸŰƚШĦċŰШĤĲШƨƚĲĬШ
ƣŸШƚŔůƓũǃШĬŔƻŔĬĲШũĲċŉШċŰĬШƚƣĲůШ ШŔŰƣŸШƓŸŸũƚШƣőċƣШċƖĲШċĦĦĲƚƚŔĤũĲШŸƖШŔŰċĦĦĲƚƚŔĤũĲШыċŰƣŔŸǂŔĬċŰƣƚьШƣŸШ
ƣőĲШŊƖċŔŰЮШ[ŸũũŸƽŔŰŊШƣőŔƚЯШƣőĲШůŸĬĲũũĲƖШŸŰũǃШŰĲĲĬƚШƣŸШĲŰƚƨƖĲШƣőċƣШċŰǃШ ШƖĲůŸĤŔũŔƚĲĬШŉƖŸůШƣőĲШũĲċŉШ
ċŰĬШƚƣĲůШƣŸШƣőĲШŊƖċŔŰШĦŸůĲƚШŉƖŸůШƣőĲШċĦĦĲƚƚŔĤũĲШƓŸŸũЮ 

fƣШƽċƚШőǃƓŸƣőĲƚŔƚĲĬШƣőċƣШƣőĲШŔŰƣƖŸĬƨĦƣŔŸŰШŸŉШƣőĲШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШƽŸƨũĬШƖĲƓũċĦĲШƣőĲШ
ƓƖĲƻŔŸƨƚШ§ΟШĲǭĲĦƣШŸŰШũĲċŉШċŰĬШƚƣĲůШƖĲƚŔĬƨċũШ ШƣőċƣШƽċƚШƓċƖċůĲƣĲƖŔƚĲĬШŔŰШÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШ
ƣőĲƚŔƚЯШċƚШŔƣШƽċƚШƓƖĲƻŔŸƨƚũǃШőǃƓŸƣőĲƚŔƚĲĬШƣőċƣШƣőĲШŔŰĦƖĲċƚĲШŔŰШƖĲƚŔĬƨċũШ ШŸĦĦƨƖƖĲĬШċƚШċШƖĲƚƨũƣШŸŉШ
ċŰƣŔŸǂŔĬċŰƣШƓƖŸĬƨĦƣŔŸŰШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠбШÉċƖťċƖШĲƣШċũЮЯШΞΜΝΜбШÉĲĦƣŔŸŰШΞШŸŉШƣőŔƚШ
ƣőĲƚŔƚьЮШcŸƽĲƻĲƖЯШĬƨƖŔŰŊШůŸĬĲũШĦċũŔĤƖċƣŔŸŰШŔƣШƽċƚШŰŸƣĲĬШƣőċƣШƣőĲШƚŔůƨũċƣŔŸŰƚШŸŉШũĲċŉШċŰĬШŊƖċŔŰШ
ƓƖŸƣĲŔŰШƽĲƖĲШŔůƓƖŸƻĲĬШƽőĲŰШĤŸƣőШƓƖŸĦĲƚƚĲƚШƽĲƖĲШƨƚĲĬШŔŰШĦŸůĤŔŰċƣŔŸŰШыƚĲĲШůŸĬĲũШ
ƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŔŰШƚƨƓƓũĲůĲŰƣċƖǃШŔŰŉŸƖůċƣŔŸŰьЮШÑőĲƖĲШċƖĲШƣƽŸШƓŸƣĲŰƣŔċũШĲǂƓũċŰċƣŔŸŰƚШŉŸƖШƣőŔƚаШ
ΝьШÑőĲШƚőċƓĲШŸŉШƣőĲШċŰƣŔŸǂŔĬċŰƣШƖĲƚƓŸŰƚĲШƣŸШ§ΟШŔƚШƚƨĦőШƣőċƣШƣőĲШƣƽŸШĲǭĲĦƣƚШƽŸƖťŔŰŊШŔŰШ
ĦŸůĤŔŰċƣŔŸŰШċƖĲШċШůŸƖĲШĲǭĲĦƣŔƻĲШċƓƓƖŸǂŔůċƣŔŸŰЯШůĲċŰŔŰŊШŉƨƖƣőĲƖШĬċƣċШƣŸШŔŰƻĲƚƣŔŊċƣĲШƣőĲШĲǭĲĦƣШ
ĦŸƨũĬШƓƖŸƻŔĬĲШŔŰƚŔŊőƣШŔŰƣŸШƣőĲШƣƖƨĲƖШƚőċƓĲШŸŉШƣőĲШƖĲƚƓŸŰƚĲЯШΞьШ§ΟШőċƚШċŰШĲǭĲĦƣШŸŰШ Ш
ƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШƣőĲШũĲċŉШċŰĬШƚƣĲůШƣŸШƣőĲШŊƖċŔŰƚШƣőċƣШŔƚШƚĲƓċƖċƣĲШƣŸШċŰƣŔŸǂŔĬċŰƣШƓƖŸĬƨĦƣŔŸŰЮШ
[ŸƖШĲǂċůƓũĲЯШÅ§ÉШőċƻĲШĤĲĲŰШƚőŸƽŰШƣŸШŸǂŔĬŔƚĲШƓƖŸƣĲŔŰƚШƽőŔĦőШƽŸƨũĬШĬĲĦƖĲċƚĲШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШĤƨƣШũĲċĬШƣŸШŊƖĲċƣĲƖШƖĲƚŔĬƨċũШ ШŔŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШы]ŔũũШċŰĬШÑƨƣĲŢċЯШΞΜΝΜьЮШ]ŔƻĲŰШ
ƣőŔƚЯШċŰĬШƣőĲШƓƖĲƻŔŸƨƚũǃШĬĲƚĦƖŔĤĲĬШƣƖċĬĲрŸǭШƽőĲŰШĦċũŔĤƖċƣŔŰŊШũĲċŉШċŰĬШŊƖċŔŰШÅÂШũŸƚƚЯШƣőĲƖĲШŔƚШ
ĦũĲċƖũǃШċШťŰŸƽũĲĬŊĲШŊċƓШŔŰШŸƨƖШĦƨƖƖĲŰƣШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШċŰƣŔŸǂŔĬċŰƣШƓƖŸĬƨĦƣŔŸŰШċŰĬШ
ƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШŰƨƣƖŔĲŰƣƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШÑőĲƖĲŉŸƖĲЯШċШƚƣƨĬǃШƽŔƣőШůƨũƣŔƓũĲШ§ΟШƣƖĲċƣůĲŰƣƚШ
ƣőċƣШŔĬĲŰƣŔǯĲƚШƣőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШ ШŔŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШċƣШċŰƣőĲƚŔƚЯШċŰĬШƣőĲШũĲċŉЯШƚƣĲůШċŰĬШŊƖċŔŰƚШ
ċƣШőċƖƻĲƚƣЯШċƚШƽĲũũШċƚШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШƓƖŸƓŸƖƣŔŸŰШŸŉШƓƖŸƣĲŔŰƚЯШƽŸƨũĬШċũũŸƽШŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШ
őŸƽШůƨĦőШ ШŔƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШƓƖŸƣĲŔŰƚЯШċŰĬШƽőĲƣőĲƖШƣőŔƚШŉƖċĦƣŔŸŰШĦőċŰŊĲƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШ
ċŰĬШċǭĲĦƣƚШ ШƖĲůŸĤŔũŔƚċƣŔŸŰЮШÉƨĦőШĬċƣċШƽŸƨũĬШċũƚŸШċũũŸƽШŉƨƖƣőĲƖШĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШ
ċŰƣŔŸǂŔĬċŰƣШĲƕƨċƣŔŸŰƚШŔŰШƣőŔƚШƚƣƨĬǃЯШċƚШŉŸƖШƚŔůƓũŔĦŔƣǃЯШċŰĬШũċĦťШŸŉШĬċƣċШƣŸШƣĲƚƣШċШůŸƖĲШĦŸůƓũĲǂШ
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ƖĲũċƣŔŸŰƚőŔƓЯШƽĲШőċƻĲШċƚƚƨůĲĬШũŔŰĲċƖŔƣǃЯШĤƨƣШƣőŔƚШůċǃШŰŸƣШĤĲШƣőĲШĦċƚĲЮШ ĬĬŔƣŔŸŰċũũǃЯШ
ŔĬĲŰƣŔǯĦċƣŔŸŰШŸŉШƣőĲШ ШċƚƚŸĦŔċƣĲĬШƽŔƣőШċŰƣŔŸǂŔĬċŰƣƚШċƣШċŰƣőĲƚŔƚШċŰĬШőċƖƻĲƚƣЯШċŰĬШőŸƽШƣőĲƚĲШ
ĦőċŰŊĲШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЯШƽŸƨũĬШċũƚŸШċũũŸƽШŉƨƖƣőĲƖШĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШċŰƣŔŸǂŔĬċŰƣШĲƕƨċƣŔŸŰƚЮШ
fŉШĦŸůĤŔŰĲĬШƽŔƣőШƓƖŸƣĲŔŰШůĲċƚƨƖĲůĲŰƣƚШċƣШċŰƣőĲƚŔƚШċŰĬШőċƖƻĲƚƣЯШůĲĦőċŰŔƚƣŔĦШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШ
§ΟШŔůƓċĦƣƚШŸŰШƓƖŸƣĲŔŰЯШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШċŰĬШŊƖċŔŰШǯũũŔŰŊШƽŔƣőШ ШĦŸƨũĬШĤĲШĬĲƻĲũŸƓĲĬШŉƨƖƣőĲƖШ
ċŰĬШƨƚĲĬШƣŸШƖĲǯŰĲШĲǂŔƚƣŔŰŊШůŸĬĲũШƓƖŸĦĲƚƚĲƚЮ 

ΟЮΣЮΟШ ŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШċŰĬШŊƖċŔŰШƕƨċũŔƣǃ 
[ŸƖШĦŸŰƚŔĬĲƖċƣŔŸŰШŸŉШ§ΟШĲǭĲĦƣƚШŸŰШŰƨƣƖŔƣŔŸŰЯШŔƣШŔƚШŔůƓŸƖƣċŰƣШƣŸШĦŸŰƚŔĬĲƖШƣőĲШƓƖŸƣĲŔŰШƕƨċũŔƣǃЯШŔŰШ
ċĬĬŔƣŔŸŰШƣŸШŔƣƚШĦŸŰĦĲŰƣƖċƣŔŸŰЮШ[ƖŸůШċШĬŔĲƣċƖǃШƓĲƖƚƓĲĦƣŔƻĲЯШŔŰĬŔƚƓĲŰƚċĤũĲШ ЯШƚƨĦőШċƚШũǃƚŔŰĲШċŰĬШ
ůĲƣőŔŸŰŔŰĲЯШċƖĲШƣőĲШůŸƚƣШŔůƓŸƖƣċŰƣШƣŸШĦŸŰƚŔĬĲƖШƽőĲŰШƣőŔŰťŔŰŊШċĤŸƨƣШƓƖŸƣĲŔŰШƕƨċũŔƣǃШċƚШƣőĲǃШ
ĦċŰŰŸƣШĤĲШƓƖŸĬƨĦĲĬШĤǃШƣőĲШĤŸĬǃШċŰĬШůƨƚƣШĤĲШŸĤƣċŔŰĲĬШƣőƖŸƨŊőШĬŔĲƣШыEũċŰŊŸЯШ7ċũũШċŰĬШÂĲŰĦőċƖǍЯШ
ΞΜΜΥбШÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡьЮШxǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШċƖĲШťĲǃШċƚШƣőĲǃШċƖĲШƣőĲШ ШċƻċŔũċĤũĲШŔŰШƣőĲШ
ũŸƽĲƚƣШƕƨċŰƣŔƣǃШŔŰШƽőĲċƣШĲǂƓŸƚĲĬШƣŸШ§ΟЯШċŰĬШƣőĲƖĲŉŸƖĲШũŔůŔƣШƣőĲШĤŸĬǃќƚШĦċƓċĦŔƣǃШƣŸШƓƖŸĬƨĦĲШ
ƓƖŸƣĲŔŰƚШŉƖŸůШƣőĲůШыòċĬċƻШĲƣШċũЮЯШΞΜΞΜьЮШfŉШċШƓĲƖƚŸŰШĬŸĲƚШŰŸƣШĦŸŰƚƨůĲШĲŰŸƨŊőЯШŸƖШċШőŔŊőШĲŰŸƨŊőШ
ƕƨċũŔƣǃЯШŸŉШƓƖŸƣĲŔŰЯШƣőĲŰШƣőĲǃШċƖĲШċƣШƖŔƚťШŸŉШƽċƚƣŔŰŊШċŰĬШũŸƚƚШŸŉШůƨƚĦũĲШŉƨŰĦƣŔŸŰШы~ĲĬĲťЯШÉĦőƽċƖƣǍШ
ċŰĬШ~ǃĲƖƚЯШΞΜΝΤьЮШÖŰĬĲƖƚƣċŰĬŔŰŊШőŸƽШ§ΟШŔŰĬƨĦĲĬШĦőċŰŊĲƚШƣŸШƽőĲċƣШƓƖŸƣĲŔŰШƽŔũũШċǭĲĦƣШƓƖŸƣĲŔŰШ
ƕƨċũŔƣǃЯШċŰĬШőĲŰĦĲШƕƨċũŔƣǃШŸŉШĬŔĲƣЯШŔƚШťĲǃШŔŰШƨŰĬĲƖƚƣċŰĬŔŰŊШ§ΟШĲǭĲĦƣƚШŸŰШőƨůċŰШŰƨƣƖŔƣŔŸŰШċŰĬШŔƣƚШ
ƓŸƣĲŰƣŔċũШƖŸũĲШĲǂċĦĲƖĤċƣŔŰŊШůċũŰƨƣƖŔƣŔŸŰЮ 

ÑőĲШƖĲŊƖĲƚƚŔŸŰƚШŉƖŸůШxŔƨШĲƣШċũЮШыΞΜΝΦьШƽĲƖĲШƨƚĲĬШƣŸШƚŔůƨũċƣĲШŊƖċŔŰШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƚШƣőĲƚĲШƽĲƖĲШƣőĲШůŸƚƣШũŔůŔƣŔŰŊШŉŸƖШƓƖŸƣĲŔŰШƓƖŸĬƨĦƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШыòċĬċƻШ
ĲƣШċũЮЯШΞΜΞΜьЮШcŸƽĲƻĲƖЯШƣőĲƖĲШŔƚШƻċƖŔċĤŔũŔƣǃШŔŰШƣőĲШƖĲƚƓŸŰƚĲШŸŉШ ШŔŰШƽőĲċƣШŊƖċŔŰƚШƨŰĬĲƖШ§ΟШĬƨĲШƣŸШ
ƣőĲШĬŔǭĲƖĲŰƣŔċũШċĦƣŔƻċƣŔŸŰШŸŉШůĲƣċĤŸũŔĦШƓċƣőƽċǃƚШƨŰĬĲƖШƚƣƖĲƚƚШы ũŔШĲƣШċũЮЯШΞΜΝΦбШxŔШĲƣШċũЮЯШΞΜΞΠбШ
ìċŰŊШĲƣШċũЮЯШΞΜΝΥбШ]Ш ШĲƣШċũЮЯШΞΜΞΠьЮШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШŉŸƨŰĬШƣőċƣШƽőŔũĲШŸƻĲƖċũũШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШĬĲĦƖĲċƚĲĬШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟЯШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĬĲĦƖĲċƚĲĬЯШ
ƽőŔũĲШŊƖċŔŰШƚĲƖŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰĦƖĲċƚĲĬЮШÑőĲШƖĲƚƓŸŰƚĲƚШċũƚŸШĬŔǭĲƖĲĬШĤĲƣƽĲĲŰШĦƨũƣŔƻċƖƚШƽŔƣőШ
cÖìΞΟΠШőċƻŔŰŊШċŰШŔŰĦƖĲċƚĲШŔŰШƣőƖĲŸŰŔŰĲЯШƽőŔũĲШc?ΟΝΝΥШőċĬШċШĬĲĦƖĲċƚĲШыòċĬċƻШĲƣШċũЮЯШΞΜΞΜьЮШ
?ƨƖŔŰŊШƚƣƖĲƚƚШĦŸŰĬŔƣŔŸŰƚЯШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШ ШƻċƖǃШƣŸШĲŰőċŰĦĲШƓũċŰƣШĬĲŉĲŰĦĲШůĲĦőċŰŔƚůƚШ
ċŊċŔŰƚƣШċĤŔŸƣŔĦШƚƣƖĲƚƚŸƖƚШы ũŔШĲƣШċũЮЯШΞΜΝΦбШxŔШĲƣШċũЮЯШΞΜΞΠбШìċŰŊШĲƣШċũЮЯШΞΜΝΥбШ]Ш ШĲƣШċũЮЯШΞΜΞΠьЮШfŰШ
cÖìΞΟΠШċŰĬШc?ΟΝΝΥЯШũǃƚŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĬĲĦƖĲċƚĲĬШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟЯШĬƨĲШƣŸШŔƣƚШ
ĤƖĲċťĬŸƽŰШŉŸƖШĲŰĲƖŊǃШƓƖŸĬƨĦƣŔŸŰШċŰĬШƓũċŰƣШĬĲŉĲŰĦĲШы ũŔШĲƣШċũЮЯШΞΜΝΦбШòċĬċƻШĲƣШċũЮЯШΞΜΞΜьЮШxǃƚŔŰĲШ
ĤƖĲċťĬŸƽŰШƓƖŸĬƨĦĲƚШƓƖŸũŔŰĲЯШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШƽőŔĦőШŔŰĦƖĲċƚĲĬШŔŰШĤŸƣőШĦƨũƣŔƻċƖƚЯШƽőŔĦőШőċƚШ
ĤĲĲŰШƚőŸƽŰШƣŸШƓƖŸƣĲĦƣШċŊċŔŰƚƣШÅ§ÉрŔŰĬƨĦĲĬШŸǂŔĬċƣŔƻĲШĬċůċŊĲШы ċǃǃċƖШċŰĬШìċũŔċЯШΞΜΜΟбШòċĬċƻШ
ĲƣШċũЮЯШΞΜΞΜбШòċŰŊЯШüőċŸШċŰĬШxŔƨЯШΞΜΞΜьЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШůĲƣőŔŸŰŔŰĲШĬĲĦƖĲċƚĲĬШ
ŔŰШĤŸƣőШĦƨũƣŔƻċƖƚШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШыòċĬċƻШĲƣШċũЮЯШΞΜΞΜьЮШÑőĲШĬĲĦƖĲċƚĲШŔƚШũŔťĲũǃШĬƨĲШƣŸШ
ůĲƣőŔŸŰŔŰĲќƚШƖŸũĲШċƚШċŰШċŰƣŔŸǂŔĬċŰƣЯШċŰĬШƣőċƣШŔƣШŔƚШƻĲƖǃШƚĲŰƚŔƣŔƻĲШƣŸШŸǂŔĬċƣŔŸŰШĤǃШÅ§ÉШы ũŔШĲƣШċũЮЯШ
ΞΜΝΦьЮШÑőĲШĦőċŰŊĲƚШŔŰШ ШċŔĬШŔŰШƣőĲШůċŔŰƣĲŰċŰĦĲШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШċŰĬШƓƖŸƣĲĦƣŔŸŰШŸŉШ
ƓőŸƣŸƚǃŰƣőĲƣŔĦШƓŔŊůĲŰƣƚШŉƖŸůШÅ§ÉШыuċƨƖШċŰĬШuċƓŸŸƖЯШΞΜΞΝбШ ċŔĬƨШĲƣШċũЮЯШΝΦΦΝбШÉŔůŸŰрÉċƖťċĬŔШ
ċŰĬШ]ċũŔĤċЯШΝΦΦΣьЮШÑőĲШƚƓĲĦŔǯĦШƖĲƚƓŸŰƚĲШŸŉШċŰШ ШƣŸШċĤŔŸƣŔĦШƚƣƖĲƚƚШŔƚШĦƨũƣŔƻċƖШƚƓĲĦŔǯĦШċŰĬШ
ĬĲƓĲŰĬƚШŸŰШƣőĲШŔŰƣĲŰƚŔƣǃШŸŉШƣőĲШƚƣƖĲƚƚШы ũŔШĲƣШċũЮЯШΞΜΝΦьЮШ ƚШċШƖĲƚƨũƣЯШŊƖċŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШ
ũŔŰťĲĬШƣŸШƣőĲШƚƣƖĲƚƚШƖĲƚƓŸŰƚĲШŸŉШƣőĲШƓũċŰƣШƨŰĬĲƖШ§ΟЮШ~ĲċƚƨƖĲůĲŰƣƚШŸŉШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШ
ůƨũƣŔƓũĲШ§ΟШƣƖĲċƣůĲŰƣƚШƽŸƨũĬШőĲũƓШƣŸШĲũƨĦŔĬċƣĲШƣőĲШƚőċƓĲШŸŉШƣőĲШƖĲƚƓŸŰƚĲШŸŉШ ќƚШƣŸШ§ΟШƚƣƖĲƚƚЮШ
ÑőŔƚШŔƚШċШǯĲũĬШƽőŔĦőШőċƚШũċƖŊĲũǃШĤĲĲŰШŰĲŊũĲĦƣĲĬШƽŔƣőШŸŰũǃШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШőċƻŔŰŊШŔŰƻĲƚƣŔŊċƣĲĬШ
ŔƣШƚŸШŉċƖЮШÉƨĦőШĬċƣċШƽŸƨũĬШċũũŸƽШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШŰƨƣƖŔƣŔŸŰШƣŸШĤĲШĤĲƣƣĲƖШƨŰĬĲƖƚƣŸŸĬЮ 
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ΟЮΣЮΠШÂƖŸƣĲŔŰШƕƨċũŔƣǃШĲƚƣŔůċƣĲƚШƨƚŔŰŊШƣőĲШ?f É 
ÑőƖŸƨŊőШĲǂƣĲŰĬŔŰŊШ?§ΟÉEр9ƖŸƓ ШƣŸШƚŔůƨũċƣĲШƣőĲШ?f ÉЯШĲƚƣŔůċƣĲƚШŸŉШƓƖŸƣĲŔŰШƕƨċũŔƣǃШċƖĲШ
ƣƖċŰƚũċƣĲĬШŔŰƣŸШċШůĲƣƖŔĦШƣőċƣШŔƚШĦŸůůŸŰũǃШƨƚĲĬШƣŸШċƚƚĲƚƚШĬŔĲƣċƖǃШƕƨċũŔƣǃШŔŰШƣőĲШŰƨƣƖŔƣŔŸŰШǯĲũĬШ
ыĲЮŊЮШuƨƖƓċĬШċŰĬШÑőŸůċƚШыΞΜΞΜььЮШÖƚŔŰŊШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċЯШƣőĲШcÖìΞΟΠШĦƨũƣŔƻċƖШĲǂƓĲƖŔĲŰĦĲĬШ
ƣőĲШŊƖĲċƣĲƚƣШũŸƚƚШŔŰШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƨŰĬĲƖШŔŰĦƖĲċƚĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШĬĲƚƓŔƣĲШƚőŸƽŔŰŊШƣőĲШ
ƚůċũũĲƚƣШÅÂШċŰĬШÅòШũŸƚƚЮШÑőĲШƖĲċƚŸŰШŉŸƖШƣőŔƚШŔƚШƣőċƣШcÖìΞΟΠШĲǂƓĲƖŔĲŰĦĲĬШƣőĲШŊƖĲċƣĲƚƣШĬĲĦƖĲċƚĲШ
ŔŰШũǃƚŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШċŰĬШũǃƚŔŰĲШŔƚШƣőĲШůŸƚƣШũŔůŔƣŔŰŊШ ШŔŰШƽőĲċƣШы~ĲǃĤŸĬŔШĲƣШċũЮЯШΞΜΝΦбШ
ÉŔĬĬŔƕŔШĲƣШċũЮЯШΞΜΞΜьЮШÑőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƽċƚШŰŸƣШċĤũĲШƣŸШƖĲƓƖŸĬƨĦĲШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШ
ƓƖŸƣĲŔŰШƕƨċũŔƣǃШĦċũĦƨũċƣĲĬШƣőƖŸƨŊőШƣőĲШ?f ÉШċƚШŔƣШƽċƚШŰŸƣШċĤũĲШƣŸШƖĲƓƖŸĬƨĦĲШƣőĲШůċŊŰŔƣƨĬĲШŸŉШ
ƣőĲШĬĲĦƖĲċƚĲШŔŰШƓƖŸƣĲŔŰШċŰĬШũǃƚŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШŉŸƖШĲŔƣőĲƖШĦƨũƣŔƻċƖШыÑċĤũĲШ
ΟЮΝЯШ[ŔŊƨƖĲƚШΟЮΡĤШċŰĬШΟЮΡĬьЮШÖƚŔŰŊШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċЯШƣőĲШĦċũĦƨũċƣŔŸŰƚШŸŉШ?f ÉШƽĲƖĲШƣőĲШƚċůĲШ
ŉŸƖШĤŸƣőШĦƨũƣŔƻċƖƚШĬƨĲШƣŸШƣőĲШƚĦċũŔŰŊШŉċĦƣŸƖШƨƚĲĬШŉŸƖШƣőĲШ ШыƚĲĲШƚĲĦƣŔŸŰШΟЮΠЮΝьШĤƨƣЯШŔŰШƖĲċũŔƣǃЯШƣőĲШ
?f ÉШƽŸƨũĬШĬŔǭĲƖШĤĲƣƽĲĲŰШƣőĲШĦƨũƣŔƻċƖƚЮШìőŔũĲШƨƚŔŰŊШƣőĲШƚŔůƨũċƣŔŸŰƚШŸŉШŊƖċŔŰШƓƖŸƣĲŔŰШċŰĬШ ќƚШ
ƽċƚШċĤũĲШƣŸШƓƖŸĬƨĦĲШċШĬŔǭĲƖĲŰĦĲШŔŰШ?f ÉШĤĲƣƽĲĲŰШĦƨũƣŔƻċƖƚЯШŔƣШƽċƚШŸŰũǃШċĤũĲШƣŸШƖĲƓƖŸĬƨĦĲШƣőĲШ
?f ÉШĦċũĦƨũċƣĲĬШŉƖŸůШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШŉŸƖШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖШŔŰШƣőĲШċůĤŔĲŰƣШ§ΟШƣƖĲċƣůĲŰƣЯШ
ċƚШƣőĲШƓƖŸƣĲŔŰШċŰĬШũǃƚŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШĦċƓƣƨƖĲĬШƽĲũũШŉŸƖШƣőŔƚШĦƨũƣŔƻċƖШċŰĬШƣƖĲċƣůĲŰƣЮШÑŸШ
ĬĲƻĲũŸƓШĦƖŸƓШůŸĬĲũƚШƣőċƣШƨƚĲШƣőĲШ?f ÉШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƨŰĬĲƖШ
ċĤŔŸƣŔĦШƚƣƖĲƚƚЯШƣőĲШƖĲĬƨĦƣŔŸŰШŔŰШŊƖċŔŰШƓƖŸƣĲŔŰШċŰĬШƣőĲШůŸƚƣШũŔůŔƣŔŰŊШ ќƚШŉŸƖШƓƖŸƣĲŔŰШƓƖŸĬƨĦƣŔŸŰШ
ƨŰĬĲƖШƣőċƣШƚƣƖĲƚƚШŰĲĲĬШƣŸШĤĲШƨŰĬĲƖƚƣŸŸĬЮ 

ΟЮΣЮΡШ?ċƣċШƖĲƕƨŔƖĲůĲŰƣƚШŉŸƖШĲǭĲĦƣŔƻĲШůŸĬĲũШĦċũŔĤƖċƣŔŸŰ 
fŰŔƣŔċũũǃШŔŰШƣőŔƚШƚƣƨĬǃЯШƣőĲШĬċƣċШƽĲƖĲШƚƓũŔƣШŔŰШőċũŉЯШċŰĬШƣőĲШΞΜΝΤШĬċƣċШƽĲƖĲШƨƚĲĬШŉŸƖШůŸĬĲũШ
ĦċũŔĤƖċƣŔŸŰШċŰĬШƣőĲШΞΜΝΥШŉŸƖШĲƻċũƨċƣŔŸŰЮШcŸƽĲƻĲƖЯШĬƨĲШƣŸШƣőĲШůŸĬĲũШŸƻĲƖǯƣƣŔŰŊШƣŸШƣőĲШΞΜΝΤШ
ĬċƣċƚĲƣШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШĬċƣċьЯШƣőĲШĬĲĦŔƚŔŸŰШƽċƚШůċĬĲШƣŸШƨƣŔũŔƚĲШċũũШċƻċŔũċĤũĲШĬċƣċШŉŸƖШ
ĦċũŔĤƖċƣŔŸŰЮШÑőŔƚШċũũŸƽĲĬШƣőĲШƓċƓĲƖШƣŸШŉŸĦƨƚШŸŰШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШ
ċŰĬШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƚŔůƨũċƣŔŸŰƚЮШÉőŸƨũĬШŉƨƣƨƖĲШƽŸƖťШƨƣŔũŔƚĲШƣőĲШċŰƣŔŸǂŔĬċŰƣШŸƖШƓƖŸƣĲŔŰШƕƨċũŔƣǃШ
ŉƖċůĲƽŸƖťШƓƖĲƚĲŰƣĲĬШŔŰШƣőŔƚШƽŸƖťЯШċШƣőŸƖŸƨŊőШůŸĬĲũШĦċũŔĤƖċƣŔŸŰШċŰĬШĲƻċũƨċƣŔŸŰШŔƚШ
ƖĲĦŸůůĲŰĬĲĬЮШ9ċũŔĤƖċƣŔŸŰƚШƣőċƣШƨƚĲШĬċƣċШŉƖŸůШĦŸŰƣƖċƚƣŔŰŊШŊƖŸƽŔŰŊШĦŸŰĬŔƣŔŸŰƚЯШƚƨĦőШċƚШ
ĬŔǭĲƖĲŰƣШŊƖŸƽŔŰŊШƚĲċƚŸŰƚоǃĲċƖƚЯШƚŸƽŔŰŊШĬċƣĲƚШŸƖШĲǂƓĲƖŔůĲŰƣċũШĦŸŰĬŔƣŔŸŰƚШőċƻĲШĤĲĲŰШƚőŸƽŰШƣŸШ
ƖĲĬƨĦĲШƣőĲШĦőċŰĦĲШŸŉШůƨũƣŔƓũĲШĦŸůĤŔŰċƣŔŸŰƚШŸŉШƓċƖċůĲƣĲƖƚШŊŔƻŔŰŊШƣőĲШƚċůĲШċŰƚƽĲƖШ
ыĲƕƨŔǯŰċũŔƣǃьЯШƖĲĬƨĦĲШůŸĬĲũШƨŰĦĲƖƣċŔŰƣǃЯШċŰĬШŔůƓƖŸƻĲШƚŔůƨũċƣŔŸŰШċĦĦƨƖċĦǃШыcĲШĲƣШċũЮЯШΞΜΝΤбШ
üőċŰŊШĲƣШċũЮЯШΞΜΞΟьЮШÑőŔƚШŔƚШũŔťĲũǃШċШƖĲƚƨũƣШŸŉШċĦőŔĲƻŔŰŊШċШƣƖƨĲƖШƓċƖċůĲƣƖŔƚċƣŔŸŰШŉŸƖШƣőĲШĦƨũƣŔƻċƖЯШ
ũĲċĬŔŰŊШƣŸШŔůƓƖŸƻĲĬШŊĲŰĲƖċũŔƚċƣŔŸŰШŸŉШƣőĲШůŸĬĲũШƨƓŸŰШċƓƓũŔĦċƣŔŸŰШыìċũũċĦőЯШΞΜΝΝьЮШcĲŰĦĲЯШŔŉШ
ƣőĲƖĲШċƖĲШŉĲƽШŊƖŸƽŔŰŊШƚĲċƚŸŰƚШŸŉШĬċƣċШċƻċŔũċĤũĲЯШŔƣШƽŸƨũĬШĤĲШőĲũƓŉƨũШƣŸШőċƻĲШĬċƣċШƚƓċŰŰŔŰŊШċШ
ƖċŰŊĲШŸŉШĦƖŸƓШƣƖĲċƣůĲŰƣƚЮ 

ΟЮΣЮΣШ[ƨƖƣőĲƖШƽŸƖťШŉŸƖШƨŰĬĲƖƚƣċŰĬŔŰŊШ§ΟШĲǭĲĦƣƚШŸŰШƽőĲċƣШŰƨƣƖŔƣŔŸŰ 
ÖŰĬĲƖƚƣċŰĬŔŰŊШĦƨũƣŔƻċƖрƚƓĲĦŔǯĦШƖĲƚƓŸŰƚĲƚШƣŸШŔŰĦƖĲċƚŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽŔũũШĤĲШŔůƓŸƖƣċŰƣШŉŸƖШ
ŉŸŸĬШƚĲĦƨƖŔƣǃШŔŰШŸƖĬĲƖШƣŸШĤƖĲĲĬШĦƨũƣŔƻċƖƚШƣőċƣШĦċŰШůċŔŰƣċŔŰШǃŔĲũĬƚШċŰĬШƓƖŸƣĲŔŰШƕƨċŰƣŔƣǃЯШċƚШƽĲũũШċƚШ
ƕƨċũŔƣǃЯШŔŰШƣőĲШŉƨƣƨƖĲЮШ ĬĬŔƣŔŸŰċũũǃЯШŔƣШĦċŰШĤĲШƚĲĲŰШŔŰШƣőĲШĦċũĦƨũċƣŔŸŰƚШŸŉШƣőĲШ?f ÉШƚĦŸƖĲЯШċŰĬШ
ƖĲǰĲĦƣĲĬШŔŰШƣőĲШƽŔĬĲƖШũŔƣĲƖċƣƨƖĲЯШƣőċƣШƣőĲШƕƨċũŔƣǃШŸŉШƓƖŸƣĲŔŰШŔŰШƽőĲċƣШŔƚШũŸƽЯШĲƻĲŰШƽŔƣőŸƨƣШƣőĲШ
ŔůƓċĦƣШŸŉШ§ΟЯШШƽőŔĦőШƽŔũũШĲǂċĦĲƖĤċƣĲШƓƖŸƣĲŔŰШĬĲǯĦŔĲŰĦŔĲƚШŔŰШĦŸŰƚƨůĲƖƚШƽőŸШƖĲũǃШŸŰШƽőĲċƣШĤċƚĲĬШ
ĬŔĲƣƚШыÉƽċůŔŰċƣőċŰЯШéċǍШċŰĬШuƨƖƓċĬЯШΞΜΝΞьЮШÑőĲƖĲŉŸƖĲЯШƣŸШƖĲĬƨĦĲШůċũŰƨƣƖŔƣŔŸŰЯШĦƨũƣŔƻċƖƚШƽŔƣőШċШ
őŔŊőШƓƖŸƣĲŔŰШƕƨċũŔƣǃЯШƣőċƣШĦċŰШůċŔŰƣċŔŰШǃŔĲũĬƚШċŰĬШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШ
ƚőŸƨũĬШĤĲШŔŰƻĲƚƣŔŊċƣĲĬШŉŸƖШƣőĲŔƖШƓŸƣĲŰƣŔċũШƣŸШůċŔŰƣċŔŰШƽőĲċƣШƚƨƓƓũǃШċŰĬШƕƨċũŔƣǃШƨŰĬĲƖШĦŸŰĬŔƣŔŸŰƚШ
ŸŉШĲũĲƻċƣĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰЮШ ĬĬŔƣŔŸŰċũũǃЯШĲǂŔƚƣŔŰŊШĤċƖƖŔĲƖƚШƣŸШĬŔĲƣШĬŔƻĲƖƚŔǯĦċƣŔŸŰШŰĲĲĬШƣŸШĤĲШ



ΝΞΠ 
 

ŸƻĲƖĦŸůĲЯШƚŸШƣőċƣШŔŰĬŔƻŔĬƨċũƚШůċǃШőċƻĲШċĦĦĲƚƚШƣŸШőŔŊőĲƖШƕƨċũŔƣǃШƓƖŸƣĲŔŰШƚŸƨƖĦĲƚШы ŊƖċƽċũШĲƣШċũЮЯШ
ΞΜΝΦьЮ 

ÑŸШĬĲƻĲũŸƓШċŰШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШĦƨũƣŔƻċƖШƚƓĲĦŔǯĦШƖĲƚƓŸŰƚĲƚШƣŸШċĤŔŸƣŔĦШƚƣƖĲƚƚЯШċШůŸĬĲũũŔŰŊШ
ċƓƓƖŸċĦőШƚŔůŔũċƖШƣŸШƣőċƣШƨƚĲĬШŔŰШƣőŔƚШƚƣƨĬǃШƽŸƨũĬШĤĲШƨƚĲŉƨũЯШċƚШƚƨĦőШċШůŸĬĲũШĦċŰШĦċƓƣƨƖĲШƣőĲШ
ĲǭĲĦƣШŸŉШċŰƣŔŸǂŔĬċŰƣШƓƖŸĦĲƚƚĲƚШƨŰĬĲƖШƚƣƖĲƚƚШŸŰШŊƖċŔŰШƕƨċũŔƣǃЮШÑŸШĲŰƚƨƖĲШƣőĲШċƓƓũŔĦċĤŔũŔƣǃШŸŉШƣőĲШ
ůŸĬĲũШŔŰШċĬĬƖĲƚƚŔŰŊШƣőŔƚШŊŸċũШƣőĲƖĲШċƖĲШċШŉĲƽШĲǂŔƚƣŔŰŊШĤċƖƖŔĲƖƚШŔĬĲŰƣŔǯĲĬШŔŰШƣőŔƚШƚƣƨĬǃа 

Νь 7ĲŉŸƖĲШůŸĬĲũШċƓƓũŔĦċƣŔŸŰЯШůŸĬĲũƚШŰĲĲĬШƣŸШĤĲШƣőŸƖŸƨŊőũǃШĦċũŔĤƖċƣĲĬШċŰĬШĲƻċũƨċƣĲĬЮШÑŸШ
ƓĲƖŉŸƖůШċШƣőŸƖŸƨŊőШĦċũŔĤƖċƣŔŸŰШċŰĬШĲƻċũƨċƣŔŸŰЯШċШƖċŰŊĲШŸŉШƣƖĲċƣůĲŰƣƚШċŰĬоŸƖШǃĲċƖƚШŸŉШ
ĬċƣċШŰĲĲĬШƣŸШĤĲШċƻċŔũċĤũĲШƣŸШƓƖŸƻŔĬĲШċШƚĲƣШŸŉШĦċũŔĤƖċƣŔŸŰШƓċƖċůĲƣĲƖƚШƣőċƣШċƖĲШůŸƖĲШ
ŊĲŰĲƖċũШŉŸƖШƣőċƣШĦƨũƣŔƻċƖШċŰĬШƓƖĲƻĲŰƣШŸƻĲƖрǯƣƣŔŰŊЮШ ĬĬŔƣŔŸŰċũũǃЯШŸĤƣċŔŰŔŰŊШũĲċŉШċŰĬШƚƣĲůШ
?~ШċŰƣőĲƚŔƚШċŰĬШőċƖƻĲƚƣШƽŔũũШċŔĬШŔŰШƓċƖċůĲƣĲƖŔƚŔŰŊШƓċƖƣŔƣŔŸŰŔŰŊШċŰĬШƖĲůŸĤŔũŔƚċƣŔŸŰШŸŉШ
ƓőŸƣŸƚǃŰƣőċƣĲЮ 

Ξь ?ŔǭĲƖĲŰĦĲƚШŔŰШůĲƣĲŸƖŸũŸŊŔĦċũШĦŸŰĬŔƣŔŸŰƚШĤĲƣƽĲĲŰШƣőĲШƣƽŸШǃĲċƖƚШŸŉШĲǂƓĲƖŔůĲŰƣƚШŔŰШƣőĲШ
ƓƖĲƚĲŰƣШƚƣƨĬǃШőċĬШċШũċƖŊĲШĲǭĲĦƣШŸŰШƚŔůƨũċƣŔŸŰƚШŸŉШŊƖċŔŰШ?~ЮШÑőĲШĲǭĲĦƣШŸŉШůĲƣĲŸƖŸũŸŊǃШ
ŸŰШƚŔůƨũċƣŔŸŰƚШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШƓƖŸĦĲƚƚĲƚШċŰĬШĤŔŸůċƚƚШƓƖŸĬƨĦƣŔŸŰШŔŰШĦƖŸƓШůŸĬĲũƚШ
ƚőŸƨũĬШĤĲШŉƨƖƣőĲƖШŔŰƻĲƚƣŔŊċƣĲĬШŔŰШƣőĲШŉƨƣƨƖĲШƣŸШċƚĦĲƖƣċŔŰШĦƖŸƓШůŸĬĲũШƚĲŰƚŔƣŔƻŔƣǃШƣŸШŔŰƓƨƣШ
ĬċƣċШĦőŸŔĦĲƚЮ 

Οь ÑŸШċĬƻċŰĦĲШƣőĲШċŰƣŔŸǂŔĬċŰƣШĲƕƨċƣŔŸŰƚЯШċŰĬШƨŰĬĲƖƚƣċŰĬШ§ΟШĲǭĲĦƣƚШŸŰШŊƖċŔŰШƕƨċũŔƣǃЯШċŰШ
ĲǂƓĲƖŔůĲŰƣШůĲċƚƨƖŔŰŊШ ШċŰĬШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШƣőĲШũĲċŉШċŰĬШƚƣĲůШċƣШċŰƣőĲƚŔƚЯШ
ċŰĬШőċƖƻĲƚƣЯШƚőŸƨũĬШĤĲШĦŸŰĬƨĦƣĲĬЮШÑőĲШƓƖŸƓŸƖƣŔŸŰШŸŉШ ШċƚƚŸĦŔċƣĲĬШƽŔƣőШċŰƣŔŸǂŔĬċŰƣƚШ
ƨŰĬĲƖШƣőĲШƚċůĲШ§ΟШƣƖĲċƣůĲŰƣƚШƚőŸƨũĬШċũƚŸШĤĲШŸĤƣċŔŰĲĬШƣŸШŔůƓƖŸƻĲШůĲĦőċŰŔƚƣŔĦШ
ƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƓũċŰƣШċŰƣŔŸǂŔĬċŰƣШƖĲƚƓŸŰƚĲШƣŸШ§ΟШƽőŔĦőШĦċŰШĤĲШƨƚĲĬШƣŸШŉƨƖƣőĲƖШĬĲƻĲũŸƓШ
ƣőĲШůŸĬĲũЮ 

Πь ÅĲũċƣŔŸŰƚőŔƓƚШũŔŰťŔŰŊШŊƖċŔŰШƓƖŸƣĲŔŰШƣŸШŊƖċŔŰШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƚőŸƨũĬШĤĲШŔŰƻĲƚƣŔŊċƣĲĬШŉŸƖШ
őŸƽШƣőĲǃШĦőċŰŊĲШƨŰĬĲƖШƣőĲШŔŰǰƨĲŰĦĲШŸŉШ§ΟЮШÑőĲШůŸĬŔǯĲĬШĲƕƨċƣŔŸŰƚШĦŸƨũĬШĤĲШŔŰƣĲŊƖċƣĲĬШ
ŔŰШƣőĲШůŸĬĲũШƚŸШŔůƓƖŸƻĲШŔƣƚШċĤŔũŔƣǃШƣŸШƚŔůƨũċƣĲШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШƚƣƖĲƚƚЯШċŰĬШ
őĲŰĦĲШƓƖŸƻŔĬĲШůŸƖĲШƣƖƨƚƣƽŸƖƣőǃШĲƚƣŔůċƣĲƚШŸŉШƓƖŸƣĲŔŰШƕƨċũŔƣǃЮ 

ÅĲũŔċĤũĲШĲƚƣŔůċƣĲƚШŸŉШ?f ÉШƽŸƨũĬШċũũŸƽШĬŔĲƣċƖǃШƓƖŸƣĲŔŰШƕƨċũŔƣǃШƣŸШĤĲШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШ§ΟШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚЮШÂĲƖŉŸƖůŔŰŊШǃŔĲũĬШċŰĬШŰƨƣƖŔƣŔŸŰрĤċƚĲĬШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШƨƣŔũŔƚŔŰŊШ ШċŰĬШ?f ÉШ
ƚŔůƨũċƣŔŸŰƚШƨŰĬĲƖШŉƨƣƨƖĲШ§ΟШƚĦĲŰċƖŔŸƚШƽŸƨũĬШċũũŸƽШŉŸƖШċƚƚĲƚƚůĲŰƣШŸŉШƽőŔĦőШƽőĲċƣШŊƖŸƽŔŰŊШ
ċƖĲċƚШƽŔũũШĲǂƓĲƖŔĲŰĦĲШċШĬĲĦƖĲċƚĲШŔŰШƽőĲċƣШƓƖŸƣĲŔŰШƕƨċũŔƣǃШċƚШƽĲũũШċƚШǃŔĲũĬЮШÉƨĦőШƖĲƚƨũƣƚШĦŸƨũĬШ
ƣőĲŰШĤĲШĦŸůĤŔŰĲĬШƽŔƣőШĬŔĲƣċƖǃШƚƨƖƻĲǃƚШƣŸШĲƻċũƨċƣĲШċĬƨũƣќƚШċŰĬШĦőŔũĬƖĲŰќƚШƖŔƚťШŸŉШŰŸƣШŊĲƣƣŔŰŊШ
ĲŰŸƨŊőЯШŸƖШċШőŔŊőШĲŰŸƨŊőШƕƨċũŔƣǃШŸŉЯШŉŸŸĬШƨŰĬĲƖШŔŰĦƖĲċƚŔŰŊШ§ΟЮ 

ΟЮΤШ9ŸŰĦũƨƚŔŸŰ 
fŰШƚƨůůċƖǃЯШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШőċƚШĬĲƻĲũŸƓĲĬШċШŉƖċůĲƽŸƖťШĤǃШƽőŔĦőШƣőĲШċŰƣŔŸǂŔĬċŰƣШƖĲƚƓŸŰƚĲШŸŉШ
ƽőĲċƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШĦċŰШĤĲШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШƽőĲċƣШƕƨċũŔƣǃШƚŔůƨũċƣŔŸŰƚШŔŰШƣőĲШĲǂŔƚƣŔŰŊШĦƖŸƓШ
ůŸĬĲũШ?§ΟÉEр9ƖŸƓ ЮШÑőĲШťĲǃШĤĲŰĲǯƣƚШŸŉШƣőĲШŉƖċůĲƽŸƖťШċƖĲШƣőċƣШŔƣШŔƚШǰĲǂŔĤũĲЯШƚŔůƓũĲШċŰĬШ
ĦŸůƓċƣŔĤũĲШƽŔƣőШŸƣőĲƖШĦƖŸƓШůŸĬĲũƚШƓƖŸƻŔĬĲĬШƣőĲǃШƚŔůƨũċƣĲШũĲċŉШċŰĬШƚƣĲůШ ЮШÑőĲШ ќƚШůŸƚƣШ
ũŔůŔƣŔŰŊШŉŸƖШőƨůċŰШŰƨƣƖŔƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШƽĲƖĲШŉŸƨŰĬШƣŸШĤĲШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲЮШÑőĲШŰĲƽШ
ůŸĬĲũũŔŰŊШŉƖċůĲƽŸƖťШċũũŸƽĲĬШƣőĲШĲǭĲĦƣШŸŉШőŔŊőШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШũĲċĬŔŰŊШƣŸШċШĬĲĦƖĲċƚĲШŔŰШŊƖċŔŰШ
ƓƖŸƣĲŔŰЯШũǃƚŔŰĲШċŰĬШůĲƣőŔŸŰŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШfŰĬŔċŰШƽőĲċƣШƣŸШĤĲШƚŔůƨũċƣĲĬЮШÑőƖŸƨŊőШ
ĦċũĦƨũċƣŔŸŰƚШŸŉШƣőĲШќƚЯШƣőĲШ[ §ШƖĲĦŸůůĲŰĬĲĬШůĲƣƖŔĦШŉŸƖШƚŔůƨũċƣŔŰŊШƽőĲċƣШƕƨċũŔƣǃЯШƣőĲШ?f ÉЯШ
ĦċŰШĤĲШĦċũĦƨũċƣĲĬЮШÑŸШŔůƓƖŸƻĲШƣőĲШƓƖĲƚĲŰƣШůŸĬĲũЯШƽĲШŔĬĲŰƣŔǯĲĬШťĲǃШĲǂƓĲƖŔůĲŰƣċũШĬċƣċШŰĲĲĬĲĬШƣŸШ
ƣĲƚƣШċŰĬШƖĲǯŰĲШůŸĬĲũШŉŸƖůƨũċƣŔŸŰƚШċŰĬШƓċƖċůĲƣƖŔƚċƣŔŸŰƚШŉŸƖШċШƽŔĬĲƖШƖċŰŊĲШŸŉШůĲƣĲŸƖŸũŸŊŔĦċũШ
ĦŸŰĬŔƣŔŸŰƚШċŰĬШƽőĲċƣШĦƨũƣŔƻċƖƚЮШÑőĲƚĲШŔŰĦũƨĬĲШŊƖĲċƣĲƖШĦċũŔĤƖċƣŔŸŰШĬċƣċШċĦƖŸƚƚШůƨũƣŔƓũĲШǃĲċƖƚШċŰĬШ



ΝΞΡ 
 

ƣƖĲċƣůĲŰƣƚШƽŔƣőШũĲċŉШċŰĬШƚƣĲůШ?~ШċŰĬШ ШůĲċƚƨƖĲůĲŰƣƚЯШůĲĦőċŰŔƚƣŔĦШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШƓũċŰƣШ
ċŰƣŔŸǂŔĬċŰƣШƖĲƚƓŸŰƚĲЯШċŰĬШŉƨƖƣőĲƖШĬĲƻĲũŸƓůĲŰƣШŸŉШƖĲũċƣŔŸŰƚőŔƓƚШũŔŰťŔŰŊШŊƖċŔŰШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣŸШ ШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟЮ 

 

ΟЮΥШÉƨƓƓũĲůĲŰƣċƖǃШŔŰŉŸƖůċƣŔŸŰ 

ΟЮΥЮΝШ9ŸůƓċƖŔƚŸŰШŸŉШůĲƣĲŸƖŸũŸŊŔĦċũШŉŸƖШΞΜΝΤШċŰĬШΞΜΝΥ 

 

[ŔŊƨƖĲЮÉΦдΤжЮ?ċŔũǃЮůĲċŰЮĬŔǭĲƖĲŰĦĲЮŔŰЮƽŔŰĬЮƚƓĲĲĬЮůƨũƣŔƓũŔĲĬЮĤǃЮΥеЮċũŸŰŊЮƽŔƣőЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮċĤŸƻĲŊƖŸƨŰĬЮ?~ЮċŰĬЮ
x fЮŉŸƖЮƣőĲЮůŸĬĲũЮƖƨŰЮƨƚŔŰŊЮƣőĲЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮŰŸƣĲĬЮџĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬЮΥѠеЮƽőŔĦőЮƨƚĲĬЮċũũЮċƻċŔũċĤũĲЮĬċƣċд 

 

[ŔŊƨƖĲЮÉΦдΥжЮ?ċŔũǃЮůĲċŰЮĬŔǭĲƖĲŰĦĲЮŔŰЮÅcЮůƨũƣŔƓũŔĲĬЮĤǃЮΤΣеЮċũŸŰŊЮƽŔƣőЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮċĤŸƻĲŊƖŸƨŰĬЮ?~ЮċŰĬЮx fЮŉŸƖЮƣőĲЮ
ůŸĬĲũЮƖƨŰЮƨƚŔŰŊЮƣőĲЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮŰŸƣĲĬЮџĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬЮΥѠеЮƽőŔĦőЮƨƚĲĬЮċũũЮċƻċŔũċĤũĲЮĬċƣċд 



ΝΞΣ 
 

 

[ŔŊƨƖĲЮÉΦдΦжЮ?ċŔũǃЮůĲċŰЮĬŔǭĲƖĲŰĦĲЮŔŰЮċŔƖЮƓƖĲƚƚƨƖĲЮůƨũƣŔƓũŔĲĬЮĤǃЮΨеЮċũŸŰŊЮƽŔƣőЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮċĤŸƻĲŊƖŸƨŰĬЮ?~ЮċŰĬЮ
x fЮŉŸƖЮƣőĲЮůŸĬĲũЮƖƨŰЮƨƚŔŰŊЮƣőĲЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮŰŸƣĲĬЮџĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬЮΥѠеЮƽőŔĦőЮƨƚĲĬЮċũũЮċƻċŔũċĤũĲЮĬċƣċд 

 

[ŔŊƨƖĲЮÉΦдΧжЮ?ċŔũǃЮůĲċŰЮĬŔǭĲƖĲŰĦĲЮŔŰЮƓƖĲĦŔƓŔƣċƣŔŸŰЮůƨũƣŔƓũŔĲĬЮĤǃЮΨеЮċũŸŰŊЮƽŔƣőЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮċĤŸƻĲŊƖŸƨŰĬЮ?~ЮċŰĬЮ
x fЮŉŸƖЮƣőĲЮůŸĬĲũЮƖƨŰЮƨƚŔŰŊЮƣőĲЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮŰŸƣĲĬЮџĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬЮΥѠеЮƽőŔĦőЮƨƚĲĬЮċũũЮċƻċŔũċĤũĲЮĬċƣċдЮìőĲċƣЮ
ƽċƚЮċƚƚƨůĲĬЮƣŸЮĤĲЮŔƖƖŔŊċƣĲĬЮƚŸЮũċĦťЮŸŉЮƖċŔŰЮƽċƚЮŰŸƣЮċŰЮŔƚƚƨĲЮŔŰЮůŸĬĲũЮƖƨŰƚ 



ΝΞΤ 
 

ΟЮΥЮΞШ9ŸůƓċƖŔƚŸŰШŸŉШƓőŸƣŸƚǃŰƣőĲƣŔĦШƓƖŸĦĲƚƚĲƚ 

 

[ŔŊƨƖĲЮÉΦдΨжЮÑőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮŰĲƣЮƓőŸƣŸƚǃŰƣőĲƣŔĦЮƖċƣĲЮŉŸƖЮΥΣΤΪЮċŰĬЮΥΣΤΫЮċũŸŰŊЮƽŔƣőЮƣőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮċĤŸƻĲŊƖŸƨŰĬЮ?~Ю
ċĦĦƨůƨũċƣŔŸŰЮċŰĬЮx fЮŉŸƖЮƣőĲЮċůĤŔĲŰƣЮƣƖĲċƣůĲŰƣЮŉŸƖЮƣőĲЮΥЮǃĲċƖƚдЮÑőĲЮx fЮċŰĬЮċĤŸƻĲŊƖŸƨŰĬЮ?~ЮƓƖŸǯũĲƚЮċƖĲЮŉŸƖЮƣőĲЮ
c?ΦΤΤΫЮĦƨũƣŔƻċƖд 

 

[ŔŊƨƖĲЮÉΦдΩжЮÑőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮƚƨŰũŔƣЮƚƣŸůċƣċũЮĦŸŰĬƨĦƣċŰĦĲЮŉŸƖЮΥΣΤΪЮċŰĬЮΥΣΤΫЮcÖìΥΦΧЮĦƨũƣŔƻċƖЮċũŸŰŊЮƽŔƣőЮƣőĲЮ
ċĤŸƻĲŊƖŸƨŰĬЮ?~ЮċĦĦƨůƨũċƣŔŸŰЮċŰĬЮx fЮŉŸƖЮĤŸƣőЮǃĲċƖƚдЮÑőŔƚЮƖƨŰЮƨƚĲĬЮƣőĲЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮŸŉЮџĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬЮΥѠЮ
ƽőĲƖĲЮċũũЮċƻċŔũċĤũĲЮĬċƣċЮƽċƚЮƨƚĲĬЮŉŸƖЮĦċũŔĤƖċƣŔŸŰ 



ΝΞΥ 
 

 

[ŔŊƨƖĲЮÉΦдΪжЮÑőĲЮĬŔǭĲƖĲŰĦĲЮŔŰЮƚƨŰũŔƣЮƚƣŸůċƣċũЮĦŸŰĬƨĦƣċŰĦĲЮŉŸƖЮΥΣΤΪЮċŰĬЮΥΣΤΫЮc?ΦΤΤΫЮĦƨũƣŔƻċƖЮċũŸŰŊЮƽŔƣőЮƣőĲЮ
ċĤŸƻĲŊƖŸƨŰĬЮ?~ЮċĦĦƨůƨũċƣŔŸŰЮċŰĬЮx fЮŉŸƖЮĤŸƣőЮǃĲċƖƚдЮÑőŔƚЮƖƨŰЮƨƚĲĬЮƣőĲЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮŸŉЮџĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬЮΥѠЮ
ƽőĲƖĲЮċũũЮċƻċŔũċĤũĲЮĬċƣċЮƽċƚЮƨƚĲĬЮŉŸƖЮĦċũŔĤƖċƣŔŸŰ 

ΟЮΥЮΟШ~ŸĬĲũШĦċũŔĤƖċƣŔŸŰ 
fŰŔƣŔċũũǃЯШƣőĲШŔŰƓƨƣШĬċƣċШƽċƚШƚƓũŔƣШŔŰƣŸШΞШŊƖŸƨƓƚЮШÑőĲШΞΜΝΤШĬċƣċШƽċƚШƨƚĲĬШƣŸШĦċũŔĤƖċƣĲШƣőĲШůŸĬĲũШ
ċŰĬШƣőĲШΞΜΝΥШĬċƣċШƽċƚШƨƚĲĬШƣŸШĲƻċũƨċƣĲШƣőĲШůŸĬĲũЮШcŸƽĲƻĲƖЯШƽŔƣőШƚƨĦőШũŔůŔƣĲĬШĬċƣċШƣőĲШΞΜΝΤШ
ĦċũŔĤƖċƣŔŸŰШĬċƣċƚĲƣШƽċƚШƚƨĤŢĲĦƣШƣŸШŸƻĲƖǯƣƣŔŰŊШċŰĬШƣőĲШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŸĤƣċŔŰĲĬШŔŰШƣőĲШ
ĦċũŔĤƖċƣŔŸŰШĬŔĬШŰŸƣШŊŔƻĲШŊŸŸĬШƖĲƚƨũƣƚШŉŸƖШƣőĲШΞΜΝΥШĲƻċũƨċƣŔŸŰШĬċƣċƚĲƣЮШÑőĲШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШƨƚŔŰŊШ
ƣőĲШΞΜΝΤШĬċƣċШŉŸƖШĦċũŔĤƖċƣŔŸŰШċŰĬШΞΜΝΥШŉŸƖШĲƻċũƨċƣŔŸŰШŔƚШƖĲŉĲƖƖĲĬШƣŸШċƚШĦċũŔĤƖċƣŔŸŰШůĲƣőŸĬШΝЯШċŰĬШ
ƣőĲШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШƨƚĲĬШŔŰШƣőĲШůċŔŰШĤŸĬǃШŸŉШƣőĲШƓċƓĲƖЯШƽőŔĦőШƨƚĲĬШċũũШċƻċŔũċĤũĲШĬċƣċШƣŸШ
ĬĲƻĲũŸƓШċШƓċƖċůĲƣĲƖŔƚċƣŔŸŰЯШŔƚШƖĲŉĲƖƖĲĬШƣŸШċƚШĦċũŔĤƖċƣŔŸŰШůĲƣőŸĬШΞЮШ 

 

[ŔŊƨƖĲЮÉΦдΫжЮ9ċũŔĤƖċƣŔŸŰЮċŰĬЮĲƻċũƨċƣŔŸŰЮŸŉЮŊƖċŔŰЮ?~ЮċŰĬЮÅòЮũŸƚƚЮƨƚŔŰŊЮƣőĲЮ?§ΦÉEц9ƖŸƓЮůŸĬĲũЮŉŸƖЮƣőĲЮéċƖċŰċƚŔЮĬċƣċƚĲƣЮ
ƽőĲŰЮƨƚŔŰŊЮĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬЮΤдЮÅòЮũŸƚƚЮƽċƚЮĦċũĦƨũċƣĲĬЮĦŸůƓċƖċƣŔƻĲЮƣŸЮƓƖĲŔŰĬƨƚƣƖŔċũЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŸŉЮΤΣЮƓƓĤЮ
ё9xÅÑ ÂеЮΥΣΤΪђд 



ΝΞΦ 
 

 

[ŔŊƨƖĲЮÉΦдάжЮ9ċũŔĤƖċƣŔŸŰЮċŰĬЮĲƻċũƨċƣŔŸŰЮŸŉЮƣőĲЮĦŸŰĦĲŰƣƖċƣŔŸŰЮŸŉЮŊƖċŔŰЮёċђЮċŰĬЮũĲċŉЮёĦђЮƓƖŸƣĲŔŰЮŸŉЮcÖìΥΦΧЮċŰĬЮc?ΦΤΤΫЮ
ĦƨũƣŔƻċƖƚЮƨŰĬĲƖЮċůĤŔĲŰƣЮċŰĬЮĲũĲƻċƣĲĬЮ§ΦдЮ9ċũŔĤƖċƣŔŸŰЮċŰĬЮĲƻċũƨċƣŔŸŰЮŸŉЮƣőĲЮƖĲũċƣŔƻĲЮĦőċŰŊĲЮŔŰЮŊƖċŔŰЮёĤђЮċŰĬЮũĲċŉЮёĬђЮ
ƓƖŸƣĲŔŰЮƓĲƖĦĲŰƣċŊĲдЮfŰЮǯŊƨƖĲЮёĦђЮƣőĲЮċůĤŔĲŰƣЮũĲċŉЮƓƖŸƣĲŔŰЮӜЮŉŸƖЮƣőĲЮcÖìΥΦΧЮċŰĬЮc?ΦΤΤΫЮĦƨũƣŔƻċƖƚЮŔŰЮƣőĲЮĦċũŔĤƖċƣŔŸŰЮ
ċŰĬЮĲƻċũƨċƣŔŸŰЮƽĲƖĲЮċũůŸƚƣЮŔĬĲŰƣŔĦċũеЮőĲŰĦĲЮƣőĲЮŸƻĲƖũċŔĬЮƓŸŔŰƣƚдЮÅ~ÉEЮċŰĬЮÅΥЮŸŉЮĤŸƣőЮƣőĲЮĦċũŔĤƖċƣŔŸŰЮċŰĬЮĲƻċũƨċƣŔŸŰЮ
ċƖĲЮŔŰĬŔĦċƣĲĬЮŸŰЮƣőĲЮƓũŸƣдЮÑőĲƚĲЮƖĲƚƨũƣƚЮƨƚĲЮĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬЮΤд 

ΟЮΥЮΠШ9ŸƖƖĲĦƣŔŰŊШŉŸƖШƣőĲШőĲċƣŔŰŊШĲǭĲĦƣШŸŉШƣőĲШŸƓĲŰШƣŸƓШĦőċůĤĲƖ 
?ċƣċШŸŰШƣőĲШŔŰƣĲƖŰċũШĦőċůĤĲƖШċŰĬШċůĤŔĲŰƣШċŔƖШƣĲůƓĲƖċƣƨƖĲƚШŔŰШ?ĲũőŔЯШŸƻĲƖШƣőĲШĦŸƨƖƚĲШŸŉШƣőĲШ
ƽőĲċƣШŊƖŸƽŔŰŊШƚĲċƚŸŰШŔŰШ?ĲĦĲůĤĲƖШΞΜΝΥШƣŸШ~ċƖĦőШΞΜΝΦШƽĲƖĲШƖĲŊƖĲƚƚĲĬШċŊċŔŰƚƣШĲċĦőШŸƣőĲƖШƣŸШ
ŸĤƣċŔŰШċШƖĲŊƖĲƚƚŔŸŰШƽŔƣőШƽőŔĦőШƣŸШĦŸƖƖĲĦƣШƣőĲШŔŰƓƨƣШƣĲůƓĲƖċƣƨƖĲШĬċƣċШŔŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШċƚШƣőĲШ
ċŔƖШƣĲůƓĲƖċƣƨƖĲШƚĲŰƚŸƖШƽċƚШĲǂƣĲƖŰċũШƣŸШƣőĲШĦőċůĤĲƖƚЮ 



ΝΟΜ 
 

 

[ŔŊƨƖĲЮÉΦдΤΣжЮÅĲŊƖĲƚƚŔŸŰЮĤĲƣƽĲĲŰЮƣőĲЮċŔƖЮƣĲůƓĲƖċƣƨƖĲЮċƚЮůĲċƚƨƖĲĬЮċƣЮƣőĲЮůĲƣĲŸƖŸũŸŊŔĦċũЮƽĲċƣőĲƖЮůŸŰŔƣŸƖŔŰŊЮƚƣċƣŔŸŰЮ
ċŰĬЮŔŰƣĲƖŰċũЮƣŸЮƣőĲЮŸƓĲŰЮƣŸƓЮĦőċůĤĲƖƚЮŔŰЮ?ĲũőŔеЮĬƨƖŔŰŊЮƣőĲЮƽőĲċƣЮŊƖŸƽƣőЮƓĲƖŔŸĬЮΥΣΤΫЮƣŸЮΥΣΤάдЮ§ŰЮċƻĲƖċŊĲЮƣőĲЮŸƓĲŰЮ
ƣŸƓЮĦőċůĤĲƖƚЮƽĲƖĲЮċƓƓƖŸǂŔůċƣĲũǃЮΥЮĬĲŊƖĲĲƚЮƽċƖůĲƖЮƣőċŰЮƣőĲЮċůĤŔĲŰƣЮċŔƖд 

ΟЮΥЮΡШ~ŸĬĲũШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŉŸƖШĦċũŔĤƖċƣŔŸŰШůĲƣőŸĬƚШΝШċŰĬШΞ 
7ŸƣőШƣőĲШcÖìΞΟΠШċŰĬШc?ΟΝΝΥШĦƨũƣŔƻċƖƚШƽĲƖĲШƖċŰШċƚƚƨůŔŰŊШƣőĲШŰƨůĤĲƖШŸŉШũċǃĲƖƚШŔŰШƣőĲШĦċŰŸƓǃШ
ƽċƚШΠЯШċŰĬШƣőċƣШƣőĲƖĲШƽċƚШΝШũĲċŉШƓŸƓƨũċƣŔŸŰШыŰxӀΠЯШŰÂӀΝьЮШÑőĲШcÖìΞΟΠШĦƨũƣŔƻċƖШ
ƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŔƚШŊŔƻĲŰШŔŰШÑċĤũĲШÉΟЮΝЯШċŰĬШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŔƚШŊŔƻĲŰШŔŰШ
ÑċĤũĲШÉΟЮΞЮ 

ÑċĤũĲЮÉΦдΤжЮÑőĲЮƓċƖċůĲƣĲƖƚЮƣőċƣЮƽĲƖĲЮĦċũŔĤƖċƣĲĬЮŉŸƖЮёĦőċŰŊĲĬЮŉƖŸůЮƣőĲЮĬĲŉċƨũƣЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰђЮŔŰЮ?§ΦÉEц9ƖŸƓ Ю
~ŸĬĲũЮŉŸƖЮĤŸƣőЮĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬƚЮŉŸƖЮƣőĲЮcÖìΥΦΧЮĦƨũƣŔƻċƖ 

ÂƖŸĦĲƚƚ ÂċƖċůĲƣĲƖШĬĲƚĦƖŔƓƣŔŸŰ 9ċũŔĤƖċƣĲĬШéċũƨĲƚ ÖŰŔƣ 
  ~ĲƣőŸĬШΝ Ш~ĲƣőŸĬШΞ  

ÂőĲŰŸũŸŊǃ 

ШШ7ċƚĲШƣĲůƓĲƖċƣƨƖĲШыὝь Τ Τ 9҄ 
ШШ§ƓƣŔůƨůШƣĲůƓĲƖċƣƨƖĲШыὝь ΞΡЮΦΦ ΞΡЮΦΦ 9҄ 
ШШ~ċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲШыὝь ΠΞЮΣΟΤ ΠΞЮΣΟΤ 9҄ 
ШШÂũċŰƣШĲůĲƖŊĲŰĦĲШыὝὝ ь ΥΜ ΥΜ 9҄ШĬċǃƚ 
ШШ[ũċŊШĲůĲƖŊĲŰĦĲШыὝὝ ȟ ь ΤΦΞ ΤΦΞ 9҄ШĬċǃƚ 
ШШÉƣċƖƣШċŰƣőĲƚŔƚШыὝὝ ь ΝΝΜΦ ΝΝΜΦ 9҄ШĬċǃƚ 
ШШ~ŔĬрċŰƣőĲƚŔƚШыὝὝ ь ΝΝΥΝ ΝΝΥΝ 9҄ШĬċǃƚ 
ШШcċƖƻĲƚƣШыὝὝ ь ΝΣΣΥ ΝΣΣΥ 9҄ШĬċǃƚ 

ÂőŸƣŸр
ƚǃŰƣőĲƚŔƚ 

ШШ~ċǂŔůƨůШĦċƖĤŸǂǃũċƣŔŸŰ 
ШШĦċƓċĦŔƣǃШċƣШΞΡШ9҄Шыὠ ȟ ь 

ΦΦЮΟ ΦΦЮΟ ‘άέὰ ὅὕ ά ί  

ШШxĲċŉШƻĲƖƣŔĦċũШ ШĦŸрĲǭŔĦŔĲŰƣШыť ь Μ Μ р 
ШШ~ċǂŔůƨůШƖċƣĲШŸŉШĲũĲĦƣƖŸŰ 
ШШƣƖċŰƚƓŸƖƣШċƣШΞΡШ9҄Шыὐ ȟ ь 

ΝΟΥ ΝΟΥ ‘άέὰ ὅὕ ά ί  

ШШÂċƖċůĲƣĲƖШĬĲƚĦƖŔĤŔŰŊШƣőĲ 
ШШƻċƖŔċƣŔŸŰШŔŰШƖĲũċƣŔƻĲШƚƣŸůċƣċũ 
ШШĦŸŰĬƨĦƣċŰĦĲШƽŔƣőШéÂ?ШыὠὖὈь 

ΞЮΦΡ ΞЮΤΡ ťÂċ 

ШШůШыάь ΤЮΠ ΤЮΠ р 
ÅĲƚƓŔƖċƣŔŸŰ ШШĬċƖťШƖĲƚƓŔƖċƣŔŸŰШыὙ ь ΜЮΜΜΦΤΞ ΜЮΜΜΦΤΞ р 



ΝΟΝ 
 

ШШŊƖŸƽƣőШƖĲƚƓŔƖċƣŔŸŰШыὙь ΜЮΝΡ ΜЮΝΡ р 

?~Ш
ƓċƖċůĲƣĲƖƚ 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‌ ь 

ΝΣЮΡ ΝΣЮΣΠ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‍ ь 

рΞΝ рΞΜЮΡ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‌ ь 

ΞΜЮΠΤΤ ΝΥ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‍ ь 

рΞΠЮΡ рΞΜ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‌ ь 

ΝΣЮΥΡΟ ΝΡЮΠΥ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‍ ь 

рΝΤ рΝΠЮΣΦ р 

ШШ9ŸĲǭŔĦŔĲŰƣШĬĲƣĲƖůŔŰŔŰŊ 
ШШƚƓĲĦŔǯĦШũĲċŉШċƖĲċШыӎь 

ΞΞЮΞ ΞΞЮΞ ά  ὯὫ  

ШШ[ƖċĦƣŔŸŰШŸŉШƚƣĲůШĦċƖĤŸŰШŔŰ 
ШШƣőĲШƖĲƚĲƖƻĲШƓŸŸũШы†ь 

ΜЮΤΡ ΜЮΤΡ р 

 

ШШ[ƖċĦƣŔŸŰШŸŉШ?~ШŔŰШƣőĲ 
ШШőċƖƻĲƚƣШƓŸŸũШƣőċƣШŊŸĲƚШƣŸ 
ШШƣőĲШŊƖċŔŰƚШыƖĲƚƣШŊŸĲƚШƣŸШƣőĲ 
ШШĲċƖьШыὉь 

ΜЮΥΡ ΜЮΥΡ р 

§ǍŸŰĲШ
ĬċůċŊĲ 

ШШ§ΟШũŸŰŊШƣĲƖůШĬċůċŊĲ 
ШШĦŸĲǭŔĦŔĲŰƣШы‎σь 

ΜЮΜΜΜΜΟΞΡ ΜЮΜΜΜΜΟΞΡ ‘άέὰ ὕ ά  

ШШ§ΟШũŸŰŊШƣĲƖůШĬċůċŊĲ 
ШШĦŸĲǭŔĦŔĲŰƣШĬĲƣĲƖůŔŰŔŰŊ 
ШШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШы‎τь 

ΠЮΞΡΡΟ ΟЮΝΥΝΝ р 

ШШ§ΟШũŸŰŊШƣĲƖůШĬċůċŊĲ 
ШШĦŸĲǭŔĦŔĲŰƣШĬĲƣĲƖůŔŰŔŰŊ 
ШШůċƣƨƖŔƣǃШы‎υь 

ΜЮΦΠΠ ΜЮΤΤΠΞ р 

ШШ9ƖŔƣŔĦċũШċĦĦƨůƨũċƣĲĬ 
ШШƚƣŸůċƣċũШ§ΟШǰƨǂШƣőċƣ 
ШШĬĲƣĲƖůŔŰĲƚШƣőĲШŸŰƚĲƣШŸŉШШШ 
ШШũĲċŉШƚĲŰĲƚĦĲŰĦĲШыὧὒь 

ΥΜΜΜ ΥΡΜΜ ‘άέὰ ὕ ά  

 ШƨƓƣċťĲ 

ШШÂƖĲрċŰƣőĲƚŔƚШůċǂŔůƨůШ 
ШШ ШƨƓƣċťĲШыὔὟὖȟ ь 

ΜЮΡΡ ΜЮΡΡ Ὣ ὔ ά  Ὠὥώ 

ШШÂŸƚƣрċŰƣőĲƚŔƚШůċǂŔůƨůШ 
ШШ ШƨƓƣċťĲШыὔὟὖ ȟ ь 

ΜЮΟ ΜЮΟ Ὣ ὔ ά  Ὠὥώ 

xĲċŉШċŰĬШ
ƚƣĲůШ Ш
ƓċƖċůĲƣĲƖƚ 

ШШÑċƖŊĲƣШũĲċŉШ Ш 
ШШĦŸŰĦĲŰƣƖċƣŔŸŰШ 
ШШыὔ ȟ ь 

Ν Ν Ὣ ὔ ά   
ὰὩὥὪ ὥὶὩὥ 

ШШÑċƖŊĲƣШƚƣĲůШ  
ШШĦŸŰĦĲŰƣƖċƣŔŸŰШ 
ШШыὔ ȟ ь 

ΜЮΜΝΤ ΜЮΜΝΤ ὔ Ὣ  Ὀὡ 



ΝΟΞ 
 

]ƖċŔŰШ Ш
ƓċƖċůĲƣĲƖƚ 

ШШÅċƣŔŸШŸŉШ ШŔŰШŊƖċŔŰШƣŸШĲċƖ 
ШШыὪȟ ͺ ь 

ΜЮΦΡ ΜЮΦΡ р 

ШШũƓőċШƓċƖċůĲƣĲƖШ 
ШШĦŸŰƣƖŸũũŔŰŊШƚŔŊůŸŔĬШ 
ШШ ШŊƖċŔŰШǯũũŔŰŊШ 
ШШŉƨŰĦƣŔŸŰШы‌ь 

ΞΟ ΞΟ р 

ШШ7ĲƣċШƓċƖċůĲƣĲƖ 
ШШĦŸŰƣƖŸũũŔŰŊШƚŔŊůŸŔĬ 
ШШ ШŊƖċŔŰШǯũũŔŰŊШ 
ШШŉƨŰĦƣŔŸŰШы‍ь 

ΝЮΞ ΝЮΞ р 

 ШƖĲр
ůŸĤŔũŔƚċƣŔŸŰ 

ШШ]ƖċĬŔĲŰƣШŸŉШ  
ШШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸů 
ШШƣőĲШũĲċŉШƨŰĬĲƖШ§Ο 
ШШĲǂƓŸƚƨƖĲШыά ь 

ΜЮΣ ΜЮΞ р 

ШШfŰƣĲƖĦĲƓƣШŸŉШ Ш 
ШШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШ 
ШШƣőĲШũĲċŉШƨŰĬĲƖШ§Ο 
ШШĲǂƓŸƚƨƖĲШыὧ ь 

ΝΜЮΥΦ ΝΜЮΥΦ р 

ШШ]ƖċĬŔĲŰƣШŸŉШ Ш 
ШШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸů 
ШШƣőĲШƚƣĲůШƨŰĬĲƖШ§Ο 
ШШĲǂƓŸƚƨƖĲШыά ь 

ΜЮΜΟΞΡ ΜЮΜΟΞΡ р 

ШШfŰƣĲƖĦĲƓƣШŸŉШ Ш 
ШШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸů 
ШШƣőĲШƚƣĲůШƨŰĬĲƖШ§Ο 
ШШĲǂƓŸƚƨƖĲШыὧ ь 

ΜЮΞΞΦΟ ΜЮΞΞΦΟ р 

ŰƣŔŸǂŔĬċŰƣ 
ƓƖŸĦĲƚƚĲƚ 

ШШĦĦƨůƨũċƣĲĬШƚƣŸůċƣċũ 
ШШ§ΟШǰƨǂШċĤŸƻĲШƽőŔĦőШ ШŔƚ 
ШШŸŰũǃШċũũŸĦċƣĲĬШƣŸ 
ШШċŰƣŔŸǂŔĬċŰƣШƓŸŸũШыὪίὸь 

ΠΡΜΜΜ ΠΡΜΜΜ ůůŸũШ§ΟШά  

ШШ~ŸĬŔǯĲƖШƣŸШĦƨƚƣŸůŔƚĲ 
ШШƣőĲШ§ΟШĲǭĲĦƣШŸŰ 
ШШċŰƣŔŸǂŔĬċŰƣƚШŸŰШƣőĲ 
ШШũĲċŉШыὥ ь 

Ν Ν р 

ШШ~ŸĬŔǯĲƖШƣŸШĦƨƚƣŸůŔƚĲ 
ШШƣőĲШ§ΟШĲǭĲĦƣШŸŰ 
ШШċŰƣŔŸǂŔĬċŰƣƚШŸŰШƣőĲ 
ШШƚƣĲůШыὥ ь 

Ξ Ξ р 

 

ÑċĤũĲЮÉΦдΥжЮÑőĲЮƓċƖċůĲƣĲƖƚЮƣőċƣЮƽĲƖĲЮĦċũŔĤƖċƣĲĬЮŉŸƖЮёĦőċŰŊĲĬЮŉƖŸůЮƣőĲЮĬĲŉċƨũƣЮƓċƖċůĲƣĲƖŔƚċƣŔŸŰђЮŔŰЮ?§ΦÉEц9ƖŸƓ Ю
ůŸĬĲũЮŉŸƖЮĤŸƣőЮĦċũŔĤƖċƣŔŸŰЮůĲƣőŸĬƚЮŉŸƖЮƣőĲЮc?ΦΤΤΫЮĦƨũƣŔƻċƖ 

ÂƖŸĦĲƚƚ ÂċƖċůĲƣĲƖШĬĲƚĦƖŔƓƣŔŸŰ 9ċũŔĤƖċƣĲĬШéċũƨĲƚ ÖŰŔƣ 
  ~ĲƣőŸĬШΝ Ш~ĲƣőŸĬШΞ  

ÂőĲŰŸũŸŊǃ 
ШШ7ċƚĲШƣĲůƓĲƖċƣƨƖĲШыὝь ΣЮΦΦΞ ΣЮΦΦΞ 9҄ 
ШШ§ƓƣŔůƨůШƣĲůƓĲƖċƣƨƖĲШыὝь ΞΟ ΞΟ 9҄ 



ΝΟΟ 
 

ШШ~ċǂŔůƨůШƣĲůƓĲƖċƣƨƖĲШыὝь ΠΟ ΠΟ 9҄ 
ШШÂũċŰƣШĲůĲƖŊĲŰĦĲШыὝὝ ь ΥΜ ΥΜ 9҄ШĬċǃƚ 
ШШ[ũċŊШĲůĲƖŊĲŰĦĲШыὝὝ ȟ ь ΤΣΠ ΤΣΠ 9҄ШĬċǃƚ 
ШШÉƣċƖƣШċŰƣőĲƚŔƚШыὝὝ ь ΝΜΡΜ ΝΜΡΜ 9҄ШĬċǃƚ 
ШШ~ŔĬрċŰƣőĲƚŔƚШыὝὝ ь ΝΜΦΟ ΝΜΦΟ 9҄ШĬċǃƚ 
ШШcċƖƻĲƚƣШыὝὝ ь ΝΠΡΜ ΝΠΡΜ 9҄ШĬċǃƚ 

ÂőŸƣŸр
ƚǃŰƣőĲƚŔƚ 

ШШ~ċǂŔůƨůШĦċƖĤŸǂǃũċƣŔŸŰ 
ШШĦċƓċĦŔƣǃШċƣШΞΡШ9҄Шыὠ ȟ ь 

ΝΜΝЮΣ ΝΜΝЮΣ ‘άέὰ ὅὕ ά ί  

ШШxĲċŉШƻĲƖƣŔĦċũШ ШĦŸрĲǭŔĦŔĲŰƣШыť ь Μ ΜЮΞ р 
ШШ~ċǂŔůƨůШƖċƣĲШŸŉШĲũĲĦƣƖŸŰ 
ШШƣƖċŰƚƓŸƖƣШċƣШΞΡШ9҄Шыὐ ȟ ь 

ΝΠΠ ΝΠΠ ‘άέὰ ὅὕ ά ί  

ШШÂċƖċůĲƣĲƖШĬĲƚĦƖŔĤŔŰŊШƣőĲ 
ШШƻċƖŔċƣŔŸŰШŔŰШƖĲũċƣŔƻĲШƚƣŸůċƣċũ 
ШШĦŸŰĬƨĦƣċŰĦĲШƽŔƣőШéÂ?ШыὠὖὈь 

ΟЮΥΡ Ο ťÂċ 

ШШůШыάь ΥЮΝ ΤЮΡΥΣ р 

ÅĲƚƓŔƖċƣŔŸŰ 
ШШĬċƖťШƖĲƚƓŔƖċƣŔŸŰШыὙ ь ΜЮΜΜΤΞΣ ΜЮΜΜΤΞΣ р 
ШШŊƖŸƽƣőШƖĲƚƓŔƖċƣŔŸŰШыὙь ΜЮΞ ΜЮΝΡ р 

?~Ш
ƓċƖċůĲƣĲƖƚ 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‌ ь 

ΝΣ ΝΣ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‍ ь 

рΞΝЮΡ рΞΜЮΡ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‌ ь 

ΝΤЮΡ ΝΥ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‍ ь 

рΝΦЮΦΞΝ рΞΜ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‌ ь 

ΝΡЮΝΡ ΝΣЮΣ р 

ШШ9ŸĲǭŔĦŔĲŰƣШŉŸƖШĬĲƣĲƖůŔŰŔŰŊ 
ШШ?~ШƓċƖƣŔƣŔŸŰŔŰŊШы‍ ь 

рΝΡЮΤΝΠ рΝΣЮΡ р 

ШШ9ŸĲǭŔĦŔĲŰƣШĬĲƣĲƖůŔŰŔŰŊ 
ШШƚƓĲĦŔǯĦШũĲċŉШċƖĲċШыӎь 

ΞΞЮΞ ΞΞЮΞ ά  ὯὫ  

ШШ[ƖċĦƣŔŸŰШŸŉШƚƣĲůШĦċƖĤŸŰШŔŰ 
ШШƣőĲШƖĲƚĲƖƻĲШƓŸŸũШы†ь 

ΜЮΤ ΜЮΤ р 

 

ШШ[ƖċĦƣŔŸŰШŸŉШ?~ШŔŰШƣőĲ 
ШШőċƖƻĲƚƣШƓŸŸũШƣőċƣШŊŸĲƚШƣŸ 
ШШƣőĲШŊƖċŔŰƚШыƖĲƚƣШŊŸĲƚШƣŸШƣőĲ 
ШШĲċƖьШыὉь 

ΜЮΥΡ ΜЮΥΡ р 

§ǍŸŰĲШ
ĬċůċŊĲ 

ШШ§ΟШũŸŰŊШƣĲƖůШĬċůċŊĲ 
ШШĦŸĲǭŔĦŔĲŰƣШы‎σь 

ΜЮΜΜΜΜΥ ΜЮΜΜΜΜΟΤΤ ‘άέὰ ὕ ά  

ШШ§ΟШũŸŰŊШƣĲƖůШĬċůċŊĲ 
ШШĦŸĲǭŔĦŔĲŰƣШĬĲƣĲƖůŔŰŔŰŊ 
ШШƚĲŰĲƚĦĲŰĦĲШŸŰƚĲƣШы‎τь 

ΜЮΦΦΟΥ ΣЮΥΝ р 

ШШ§ΟШũŸŰŊШƣĲƖůШĬċůċŊĲ 
ШШĦŸĲǭŔĦŔĲŰƣШĬĲƣĲƖůŔŰŔŰŊ 
ШШůċƣƨƖŔƣǃШы‎υь 

ΜЮΦΞ ΝЮΠ р 



ΝΟΠ 
 

ШШ9ƖŔƣŔĦċũШċĦĦƨůƨũċƣĲĬ 
ШШƚƣŸůċƣċũШ§ΟШǰƨǂШƣőċƣ 
ШШĬĲƣĲƖůŔŰĲƚШƣőĲШŸŰƚĲƣШŸŉШШШ 
ШШũĲċŉШƚĲŰĲƚĦĲŰĦĲШыὧὒь 

ΝΞΜΜΜ ΥΡΜΜ ‘άέὰ ὕ ά  

 ШƨƓƣċťĲ 

ШШÂƖĲрċŰƣőĲƚŔƚШůċǂŔůƨůШ 
ШШ ШƨƓƣċťĲШыὔὟὖȟ ь 

ΜЮΣΡ ΜЮΡ Ὣ ὔ ά  Ὠὥώ 

ШШÂŸƚƣрċŰƣőĲƚŔƚШůċǂŔůƨůШ 
ШШ ШƨƓƣċťĲШыὔὟὖ ȟ ь 

ΜЮΠ ΜЮΞ Ὣ ὔ ά  Ὠὥώ 

xĲċŉШċŰĬШ
ƚƣĲůШ Ш
ƓċƖċůĲƣĲƖƚ 

ШШÑċƖŊĲƣШũĲċŉШ Ш 
ШШĦŸŰĦĲŰƣƖċƣŔŸŰШ 
ШШыὔ ȟ ь 

Ν ΝЮΞ Ὣ ὔ ά   
ὰὩὥὪ ὥὶὩὥ 

ШШÑċƖŊĲƣШƚƣĲůШ  
ШШĦŸŰĦĲŰƣƖċƣŔŸŰШ 
ШШыὔ ȟ ь 

ΜЮΜΞΡ ΜЮΜΞ ὔ Ὣ  Ὀὡ 

]ƖċŔŰШ Ш
ƓċƖċůĲƣĲƖƚ 

ШШÅċƣŔŸШŸŉШ ШŔŰШŊƖċŔŰШƣŸШĲċƖ 
ШШыὪȟ ͺ ь 

ΜЮΦΡ ΜЮΦΡ р 

ШШũƓőċШƓċƖċůĲƣĲƖШ 
ШШĦŸŰƣƖŸũũŔŰŊШƚŔŊůŸŔĬШ 
ШШ ШŊƖċŔŰШǯũũŔŰŊШ 
ШШŉƨŰĦƣŔŸŰШы‌ь 

ΞΟ ΞΟ р 

ШШ7ĲƣċШƓċƖċůĲƣĲƖ 
ШШĦŸŰƣƖŸũũŔŰŊШƚŔŊůŸŔĬ 
ШШ ШŊƖċŔŰШǯũũŔŰŊШ 
ШШŉƨŰĦƣŔŸŰШы‍ь 

ΝЮΞ ΝЮΞ р 

 ШƖĲр
ůŸĤŔũŔƚċƣŔŸŰ 

ШШ]ƖċĬŔĲŰƣШŸŉШ  
ШШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸů 
ШШƣőĲШũĲċŉШƨŰĬĲƖШ§Ο 
ШШĲǂƓŸƚƨƖĲШыά ь 

ΜЮΞ ΜЮΞ р 

ШШfŰƣĲƖĦĲƓƣШŸŉШ Ш 
ШШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸůШ 
ШШƣőĲШũĲċŉШƨŰĬĲƖШ§Ο 
ШШĲǂƓŸƚƨƖĲШыὧ ь 

ΝΜЮΥΦ ΝΜЮΥΦ р 

ШШ]ƖċĬŔĲŰƣШŸŉШ Ш 
ШШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸů 
ШШƣőĲШƚƣĲůШƨŰĬĲƖШ§Ο 
ШШĲǂƓŸƚƨƖĲШыά ь 

ΜЮΞΞΦΟ ΜЮΜΟΟΡ р 

ШШfŰƣĲƖĦĲƓƣШŸŉШ Ш 
ШШƖĲůŸĤŔũŔƚċƣŔŸŰШŉƖŸů 
ШШƣőĲШƚƣĲůШƨŰĬĲƖШ§Ο 
ШШĲǂƓŸƚƨƖĲШыὧ ь 

ΜЮΜΟΠΞΡ ΜЮΝΡ р 



ΝΟΡ 
 

ŰƣŔŸǂŔĬċŰƣ 
ƓƖŸĦĲƚƚĲƚ 

ШШĦĦƨůƨũċƣĲĬШƚƣŸůċƣċũ 
ШШ§ΟШǰƨǂШċĤŸƻĲШƽőŔĦőШ ШŔƚ 
ШШŸŰũǃШċũũŸĦċƣĲĬШƣŸ 
ШШċŰƣŔŸǂŔĬċŰƣШƓŸŸũШыὪίὸь 

ΟΡΜΜΜ ΤΡΜΜΜ ůůŸũШ§ΟШά  

ШШ~ŸĬŔǯĲƖШƣŸШĦƨƚƣŸůŔƚĲ 
ШШƣőĲШ§ΟШĲǭĲĦƣШŸŰ 
ШШċŰƣŔŸǂŔĬċŰƣƚШŸŰШƣőĲ 
ШШũĲċŉШыὥ ь 

ΜЮΣ Ν р 

ШШ~ŸĬŔǯĲƖШƣŸШĦƨƚƣŸůŔƚĲ 
ШШƣőĲШ§ΟШĲǭĲĦƣШŸŰ 
ШШċŰƣŔŸǂŔĬċŰƣƚШŸŰШƣőĲ 
ШШƚƣĲůШыὥ ь 

ΝΜ Ξ р 

ΟЮΥЮΣШÉĲŰĲƚĦĲŰĦĲ 

 

[ŔŊƨƖĲЮÉΦдΤΤжЮ]ƖċƓőЮŸŉЮǰƚеЮƣőĲЮŉċĦƣŸƖЮĬĲƚĦƖŔĤŔŰŊЮũĲċŉЮƚĲŰĲƚĦĲŰĦĲеЮƽőĲƖĲЮΣЮŔƚЮŉƨũũЮƚĲŰĲƚĦĲŰĦĲЮċŰĬЮΤЮŔƚЮŰŸЮƚĲŰĲƚĦĲŰĦĲеЮ
ŉŸƖЮĤŸƣőЮĦƨũƣŔƻċƖƚЮċŰĬЮǃĲċƖƚ 

ΠЮШÂċƓĲƖШΟаШÅĲũċƣŔƻĲШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШĲƚƣŔůċƣĲƚШċƖĲШ
őŔŊőũǃШƚĲŰƚŔƣŔƻĲШƣŸШŸǍŸŰĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШċŰĬШ
ŔŰƓƨƣШĬċƣċШ 

ΠЮΝШ ĤƚƣƖċĦƣ 
ÑƖŸƓŸƚƓőĲƖŔĦШŸǍŸŰĲШы§ЌьШĲǂƓŸƚƨƖĲШƖĲĬƨĦĲƚШƽőĲċƣШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЮШfŰĬŔċŰШƽőĲċƣШĲǂƓĲƖŔĲŰĦĲƚШ
ƖĲĬƨĦƣŔŸŰƚШŔŰШĤŸƣőШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШыŊÂƖŸƣĲŔŰШůрΞьШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШыŊÂƖŸƣĲŔŰШŊ?~рΝьШƨŰĬĲƖШ
ĲũĲƻċƣĲĬШ§ЌЮШÂƖĲƻŔŸƨƚШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŉŸƖШfŰĬŔċШőċƻĲШůŸƚƣũǃШƨƚĲĬШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШ
ůĲƣőŸĬƚШƣŸШĲƚƣŔůċƣĲШǃŔĲũĬШũŸƚƚĲƚЯШĤƨƣШƣőĲƚĲШůĲƣőŸĬƚШŰĲŊũĲĦƣШũŸĦċũШůĲƣĲŸƖŸũŸŊǃШƽőŔĦőШĦċŰШ



ΝΟΣ 
 

ŔŰǰƨĲŰĦĲШƓũċŰƣШƖĲƚƓŸŰƚĲШƣŸШƣőĲШƚƣƖĲƚƚŸƖШċŰĬШőċƻĲШŰŸƣШĦŸŰƚŔĬĲƖĲĬШƽőĲċƣШƕƨċũŔƣǃЮШÑőŔƚШƚƣƨĬǃШ
ĲƻċũƨċƣĲƚШ§ЌШĲǭĲĦƣƚШŸŰШƽőĲċƣШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШũŸƚƚШƨƚŔŰŊШċШƻċƖŔĲƣǃШŸŉШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣШ
ůĲƣőŸĬƚШыĦŸŰĦĲŰƣƖċƣŔŸŰрШċŰĬШǰƨǂрƖĲƚƓŸŰƚĲЯШċŰĬШĦƖŸƓШůŸĬĲũũŔŰŊьШŉŸƖШéċƖċŰċƚŔЯШŔŰШƣőĲШfŰĬŸр
]ċŰŊĲƣŔĦШÂũċŔŰƚШƽőĲƖĲШůŸƚƣШŸŉШƣőĲШƽőĲċƣШŔŰШfŰĬŔċШŔƚШŊƖŸƽŰЮШìĲШƨƚĲĬШŸĤƚĲƖƻċƣŔŸŰċũШůĲƣĲŸƖŸũŸŊǃШ
ċŰĬШ§ЌШĬċƣċШы?ĲĦĲůĤĲƖШΞΜΝΣт~ċƖĦőШΞΜΝΤьЯШċũŸŰŊƚŔĬĲШ  É ШÂŸƽĲƖШċŰĬШìÅ[р9őĲůШůŸĬĲũũĲĬШ
ĬċƣċЯШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲШŔůƓċĦƣШŸŉШŔŰƓƨƣШĬċƣċШƻċƖŔċĤŔũŔƣǃШŸŰШĲƚƣŔůċƣĲƚШŸŉШ§ΟШŔŰĬƨĦĲĬШǃŔĲũĬШċŰĬШ
ƓƖŸƣĲŔŰШũŸƚƚĲƚЮШ ĬĬŔƣŔŸŰċũũǃЯШƽĲШƓċƖċůĲƣĲƖŔƚĲĬШƣőĲШǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШůŸĬĲũƚШŉŸƖШċŰШ§ΟШ
ƣŸũĲƖċŰƣШċŰĬШƚĲŰƚŔƣŔƻĲШĦƨũƣŔƻċƖШƣŸШƚĲĲШƣőĲШĲǭĲĦƣƚШŸŉШ§ΟШƚĲŰƚŔƣŔƻŔƣǃШŸŰШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШũŸƚƚĲƚЮШ
9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚШƣǃƓŔĦċũũǃШĲƚƣŔůċƣĲĬШŊƖĲċƣĲƖШƖĲũċƣŔƻĲШǃŔĲũĬШыÅòьШũŸƚƚĲƚЯШƽőŔũĲШ
ǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШůŸĬĲũƚШŊċƻĲШũŸƽĲƖШĲƚƣŔůċƣĲƚШыΟΡЮΡШШΝΞӖШƻƚЮШΝΥЮΥШШΠЮΜӖШƽőĲŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШŔƚШĲǂĦũƨĬĲĬьЮШÂƖŸƣĲŔŰШũŸƚƚĲƚШċƻĲƖċŊĲĬШΠΜӖШƨƚŔŰŊШƣőĲШ?§ΟÉEр9ƖŸƓ Ш
ůŸĬĲũЯШƽőŔĦőШƽċƚШƣőĲШŸŰũǃШůĲƣőŸĬШĦƨƖƖĲŰƣũǃШċƻċŔũċĤũĲШƣőċƣШĦċŰШĦċƓƣƨƖĲШƣőĲШƖĲƚƓŸŰƚĲШŸŉШfŰĬŔċŰШ
ƽőĲċƣШŊƖċŔŰШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШƣŸШ§ΟЮШÅŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШƽċƚШƣőĲШũċƖŊĲƚƣШ
ƚŸƨƖĦĲШŸŉШÅòШƻċƖŔċĤŔũŔƣǃШыƽŔƣőШÅòШƻċƖǃŔŰŊШĤĲƣƽĲĲŰШΜШċŰĬШΝШĬĲƓĲŰĬŔŰŊШŸŰШůĲƣőŸĬьЯШŉŸũũŸƽĲĬШĤǃШ
ŔŰƓƨƣШĬċƣċШыƽőĲƖĲШÅòШƻċƖŔĲĬШĤĲƣƽĲĲŰШΜШċŰĬШΜЮΥьЮШ§ΟШƚĲŰƚŔƣŔƻŔƣǃШĦŸŰƣƖŔĤƨƣĲĬШƻĲƖǃШũŔƣƣũĲШƣŸШƻċƖŔċƣŔŸŰƚШ
ŔŰШÅòШĲƚƣŔůċƣĲƚШыůċŊŰŔƣƨĬĲШŸŉШΝΞШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚьШĤƨƣШőċĬШċШŊƖĲċƣĲƖШĲǭĲĦƣШŸŰШƓƖŸƣĲŔŰШ
ыůċŊŰŔƣƨĬĲШŸŉШӈΠΜШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣƚьЮШ[ŸƖШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰЯШƖŔƚťШċƚƚĲƚƚůĲŰƣШ
ůĲƣőŸĬШĦŸŰƣƖŔĤƨƣĲĬШƣőĲШůŸƚƣШƣŸШƻċƖŔċĤŔũŔƣǃЯШƽŔƣőШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲШċŰĬШ§ΟШƚĲŰƚŔƣŔƻŔƣǃШƚƣŔũũШĤĲŔŰŊШ
ƚƨĤƚƣċŰƣŔċũШĦŸŰƣƖŔĤƨƣŸƖƚЮШĦĦƨƖċƣĲШůĲƣĲŸƖŸũŸŊŔĦċũШċŰĬШ§ΟШŔŰƓƨƣƚЯШŔŰШċĬĬŔƣŔŸŰШƣŸШƽĲũũр
ƓċƖċůĲƣĲƖŔǍĲĬШůŸĬĲũƚЯШċƖĲШƖĲƕƨŔƖĲĬШƣŸШŔůƓƖŸƻĲШƣőĲШƖĲũŔċĤŔũŔƣǃШŸŉШ§ЌШǃŔĲũĬШċŰĬШŰƨƣƖŔƣŔŸŰШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚШŉŸƖШfŰĬŔċЯШŉŸƖШƽőŔĦőШƣőĲШũċĦťШŸŉШ§ЌШůŸŰŔƣŸƖŔŰŊШƚƣċƣŔŸŰƚШŔŰШfŰĬŔċШƓƖĲƚĲŰƣƚШċШ
ĦőċũũĲŰŊĲЮШ 

ΠЮΞШfŰƣƖŸĬƨĦƣŔŸŰ 
ìőĲċƣШƓƖŸƻŔĬĲƚШċƓƓƖŸǂŔůċƣĲũǃШΞΜӖШŸŉШĬŔĲƣċƖǃШĦċũŸƖŔĲƚШċŰĬШƓƖŸƣĲŔŰШŊũŸĤċũũǃШыÉőŔŉĲƖċƽШĲƣШċũЮЯШ
ΞΜΝΟьЮШÑőĲШƣőƖĲċƣШŸŉШƣƖŸƓŸƚƓőĲƖŔĦШŸǍŸŰĲШы§ΟьШƣŸШƽőĲċƣШǃŔĲũĬƚШőċƚШĤĲĲŰШƽŔĬĲũǃШƚƣƨĬŔĲĬШŔŰШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚЯШċƚШ§ΟШŔŰĬƨĦĲĬШǃŔĲũĬШũŸƚƚĲƚШőċƻĲШƚŔŊŰŔǯĦċŰƣШŔůƓċĦƣƚШŸŰШŊũŸĤċũШŉŸŸĬШƚĲĦƨƖŔƣǃШы~ŔũũƚШ
ĲƣШċũЮЯШΞΜΝΥĤьЮШÑőĲШ§ΟШŔŰĬƨĦĲĬШƓƖŸƣĲŔŰШũŸƚƚШŸŉШƽőĲċƣШőċƚШƖĲĦĲŔƻĲĬШůƨĦőШĲǂƓĲƖŔůĲŰƣċũШċƣƣĲŰƣŔŸŰЯШ
ĤƨƣШƣŸрĬċƣĲШŰŸШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШőċƻĲШƕƨċŰƣŔǯĲĬШƖĲŊŔŸŰċũШŸƖШŊũŸĤċũШũŸƚƚĲƚШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШ
ĦĦƨƖċƣĲШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŸŉШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШũŸƚƚĲƚШċƖĲШĦƖƨĦŔċũШĬƨĲШƣŸШƽőĲċƣќƚШŔůƓŸƖƣċŰĦĲШċƚШ
ċШƚƣċƓũĲШĦƖŸƓЯШƓƖŸƻŔĬŔŰŊШĦċũŸƖŔĲƚШŉŸƖШĲŰĲƖŊǃЯШƚƨǭŔĦŔĲŰƣШċŰĬШƕƨċũŔƣǃШƓƖŸƣĲŔŰШƣŸШƓƖĲƻĲŰƣШƽċƚƣŔŰŊШċŰĬШ
ũŸƚƚШŸŉШůƨƚĦũĲШŉƨŰĦƣŔŸŰЯШċŰĬШƻŔƣċůŔŰƚШċŰĬШċŰƣŔŸǂŔĬċŰƣƚШƣőċƣШċƖĲШŸƻĲƖċũũШĤĲŰĲǯĦŔċũШƣŸШőĲċũƣőШ
ы~ĲĬĲťЯШÉĦőƽċƖƣǍШċŰĬШ~ǃĲƖƚЯШΞΜΝΤбШÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤбШÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡьЮШ
ÂŸũŔĦǃůċťĲƖƚШċŰĬШĦƖŸƓШĤƖĲĲĬĲƖƚШƖĲũǃШŸŰШƣőĲШƖĲƚƨũƣƚШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШƣŸШĬŔƖĲĦƣШƓŸũŔĦǃШ
ƖĲĦŸůůĲŰĬċƣŔŸŰƚШċŰĬШ§ΟШůŔƣŔŊċƣŔŸŰШċŰĬШċĬċƓƣċƣŔŸŰШƚƣƖċƣĲŊŔĲƚЮШÑőĲШůŸƚƣШĦŸůůŸŰШůĲƣőŸĬШŉŸƖШ
ċƚƚĲƚƚŔŰŊШ§ΟрŔŰĬƨĦĲĬШǃŔĲũĬШƖĲĬƨĦƣŔŸŰƚШċƖĲШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚЯШƽőŔĦőШŸŰũǃШ
ƖĲƕƨŔƖĲШĦċŰŸƓǃрũĲƻĲũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƚШƣőĲŔƖШŔŰƓƨƣЮШcŸƽĲƻĲƖЯШƣőĲƚĲШůĲƣőŸĬƚШŸŉƣĲŰШ
ŸƻĲƖĲƚƣŔůċƣĲШǃŔĲũĬШũŸƚƚĲƚШĤǃШŉċŔũŔŰŊШƣŸШċĦĦŸƨŰƣШŉŸƖШĲŰƻŔƖŸŰůĲŰƣċũШůŸĬŔǯĲƖƚШƣőċƣШũŔůŔƣШƚƣŸůċƣċũШ
§ΟШƨƓƣċťĲШыÂũĲŔŢĲũЯШ?ċŰŔĲũƚƚŸŰШċŰĬШ7ƖŸĤĲƖŊЯШΞΜΞΞьЮШ~ŸƖĲШĬċƣċрŔŰƣĲŰƚŔƻĲШůĲƣőŸĬƚЯШƚƨĦőШċƚШǰƨǂр
ƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШċŰĬШĦƖŸƓШůŸĬĲũƚЯШĦċŰШƓƖŸƻŔĬĲШůŸƖĲШĤŔŸũŸŊŔĦċũũǃШƖĲũĲƻċŰƣШĲƚƣŔůċƣĲƚЯШĤƨƣШ
ĬƨĲШƣŸШőŔŊőШŔŰƓƨƣШĬċƣċШƖĲƕƨŔƖĲůĲŰƣƚШыůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚьШċŰĬШůŸĬĲũШĦċũŔĤƖċƣŔŸŰШ
ƖĲƕƨŔƖĲůĲŰƣƚШƣőĲǃШċƖĲШũĲƚƚШĦŸůůŸŰũǃШƨƚĲĬЮШÅŔƚťШċƚƚĲƚƚůĲŰƣƚШŊĲŰĲƖċũũǃШƖĲũǃШŸŰШŔŰƓƨƣШĬċƣċШŉƖŸůШ
ƚŔŰŊũĲрƚŔƣĲШŸĤƚĲƖƻċƣŔŸŰƚШŸƖШƖĲŊŔŸŰċũũǃШŔŰƣĲƖƓŸũċƣĲĬШŸĤƚĲƖƻċƣŔŸŰƚЯШƚċƣĲũũŔƣĲШƖĲрċŰċũǃƚŔƚШŸƖШ
ċƣůŸƚƓőĲƖŔĦШůŸĬĲũũĲĬШĬċƣċЮШÑőĲШƨŰĦĲƖƣċŔŰƣǃШƚƨƖƖŸƨŰĬŔŰŊШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШũŸƚƚШĲƚƣŔůċƣĲƚЯШĬƨĲШ
ƣŸШĤŸƣőШƖŔƚťШċƚƚĲƚƚůĲŰƣШċŰĬШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲƚЯШůƨƚƣШĤĲШƨŰĬĲƖƚƣŸŸĬШƣŸШĲŰƚƨƖĲШƣőċƣШƓŸũŔĦǃШ
ƖĲĦŸůůĲŰĬċƣŔŸŰƚШċŰĬШĤƖĲĲĬŔŰŊШƚƣƖċƣĲŊŔĲƚШċƖĲШĤċƚĲĬШŸŰШƣőĲШůŸƚƣШƖĲũŔċĤũĲШŔŰŉŸƖůċƣŔŸŰЮ 



ΝΟΤ 
 

ΠЮΞЮΝШfůƓŸƖƣċŰĦĲШŸŉШƽőĲċƣШċƚШċШƚƣċƓũĲШĦƖŸƓШċŰĬШƣőĲШƣőƖĲċƣШŸŉШ§ΟШƣŸШƽőĲċƣШ
ǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃ 
ìőĲċƣШŔƚШċШťĲǃШƚƣċƓũĲШĦƖŸƓШŉŸƖШŊũŸĤċũШŉŸŸĬШƚĲĦƨƖŔƣǃЯШƓƖŸƻŔĬŔŰŊШΞΜӖШŸŉШĬċŔũǃШĦċũŸƖŔĲƚШċŰĬШƓƖŸƣĲŔŰШ
ыÉőŔŉĲƖċƽШĲƣШċũЮЯШΞΜΝΟьЮШfŰШ9ĲŰƣƖċũШċŰĬШìĲƚƣШ ƚŔċЯШċŰĬШ ŸƖƣőШ ŉƖŔĦċЯШƽőĲċƣШŔƚШĲƻĲŰШůŸƖĲШ
ŔůƓŸƖƣċŰƣЯШƓƖŸƻŔĬŔŰŊШċƣШũĲċƚƣШΠΜӖШċŰĬШΠΤӖШŸŉШĬċŔũǃШĦċũŸƖŔĲƚШċŰĬШƓƖŸƣĲŔŰШƖĲƚƓĲĦƣŔƻĲũǃШы[ §ЯШ
ΞΜΝΤьЮШìőĲċƣШƓƖŸƻŔĬĲƚШĲŰĲƖŊǃЯШƓƖŸƣĲŔŰЯШċŰĬШĲƚƚĲŰƣŔċũШċůŔŰŸШċĦŔĬƚЯШǯĤƖĲЯШůŔŰĲƖċũƚЯШƻŔƣċůŔŰƚШċŰĬШ
ċŰƣŔŸǂŔĬċŰƣƚШƣőċƣШċƖĲШŔůƓŸƖƣċŰƣШŉŸƖШőĲċũƣőШċŰĬШŰƨƣƖŔƣŔŸŰШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШÉőŔŉĲƖċƽШĲƣШċũЮЯШ
ΞΜΝΟбШÉőĲƽƖǃШċŰĬШcĲǃЯШΞΜΝΡбШÂĲŶċр7ċƨƣŔƚƣċШĲƣШċũЮЯШΞΜΝΤьЮШfŉШŔŰĬŔƻŔĬƨċũƚШĬŸШŰŸƣШĦŸŰƚƨůĲШĲŰŸƨŊőШ
ƻŸũƨůĲЯШŸƖШċШőŔŊőШĲŰŸƨŊőШƕƨċũŔƣǃЯШŸŉШŉŸŸĬШƣőĲŰШƣőĲǃШċƖĲШċƣШƖŔƚťШŸŉШƽċƚƣŔŰŊЯШƚƣƨŰƣŔŰŊШċŰĬШũŸƚƚШŸŉШ
ůƨƚĦũĲШŉƨŰĦƣŔŸŰЯШũŸƽĲƖŔŰŊШƣőĲŔƖШŔůůƨŰŔƣǃШċŰĬШŔŰĦƖĲċƚŔŰŊШƣőĲШƖŔƚťШŸŉШĬĲƻĲũŸƓŔŰŊШŰŸŰр
ĦŸůůƨŰŔĦċĤũĲШĬŔƚĲċƚĲƚШũċƣĲƖШŔŰШũŔŉĲШы~ĲĬĲťЯШÉĦőƽċƖƣǍШċŰĬШ~ǃĲƖƚЯШΞΜΝΤбШ[ §ШĲƣШċũЮЯШΞΜΞΟбШ
7ƖŔĲŰĬЯШuőċƖċШċŰĬШ?ŸũċŰЯШΞΜΝΡьЮШ ĬĬŔƣŔŸŰċũũǃЯШŔŰШĬĲƻĲũŸƓŔŰŊШĦŸƨŰƣƖŔĲƚЯШƚůċũũШƚĦċũĲШƽőĲċƣШ
ŉċƖůŔŰŊШƓƖŸƻŔĬĲƚШŔŰĦŸůĲШƣŸШőŸƨƚĲőŸũĬƚШċƚШƽĲũũШċƚШċŰШĲċƚŔũǃШċĦĦĲƚƚŔĤũĲШŉŸŸĬШƚŸƨƖĦĲЯШƚƨƓƓŸƖƣŔŰŊШ
ŉŸŸĬШƚĲĦƨƖŔƣǃШыEũШ7ŔũċũŔШĲƣШċũЮЯШΞΜΝΦьЮШ ƚШƓŸƓƨũċƣŔŸŰƚШŔŰĦƖĲċƚĲЯШƣőĲШƣŸƣċũШĬĲůċŰĬШŉŸƖШƽőĲċƣШŔƚШ
ŔŰĦƖĲċƚŔŰŊЯШƓƖĲƚĲŰƣŔŰŊШĦőċũũĲŰŊĲƚШŔŰШƣőĲШƚƨƓƓũǃШŸŉШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШůĲĲƣŔŰŊШƣőĲШĬĲůċŰĬШ
ыÉőŔŉĲƖċƽШĲƣШċũЮЯШΞΜΝΟьЮШfŰĬŔċШċũƖĲċĬǃШŉċĦĲƚШĦőċũũĲŰŊĲƚШƣŸШŉŸŸĬШƚĲĦƨƖŔƣǃШƽŔƣőШӈΠΜӖШŸŉШƣőĲШ
ƓŸƓƨũċƣŔŸŰШƨŰċĤũĲШƣŸШċǭŸƖĬШċШŰƨƣƖŔƣŔŸŰċũũǃШċĬĲƕƨċƣĲШĬŔĲƣШы[ §ШĲƣШċũЮЯШΞΜΞΜбШcĲƖŉŸƖƣőШĲƣШċũЮЯШΞΜΞΜьЮШ
]ŔƻĲŰШƣőċƣШƽőĲċƣШŔƚШċШƚƣċƓũĲШŉŸŸĬШŔŰШƣőĲШĦŸƨŰƣƖǃЯШƣőĲШƣőƖĲċƣШŸŉШ§ΟШƣŸШƽőĲċƣШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃШ
ŰĲĲĬƚШƣŸШĤĲШŔŰƻĲƚƣŔŊċƣĲĬЮШ ĬĬŔƣŔŸŰċũũǃЯШ§ΟШŔƚШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШċĦƖŸƚƚШƣőĲШfŰĬŸр]ċŰŊĲƣŔĦШ
ÂũċŔŰƚШыf]ÂьЯШƽőĲƖĲШůŸƚƣШŸŉШƣőĲШƽőĲċƣШŔƚШŊƖŸƽŰЯШĬƨƖŔŰŊШƣőĲШƽőĲċƣрŊƖŸƽŔŰŊШƚĲċƚŸŰЯШĬƨĲШƣŸШőŔŊőĲƖШ
ĲůŔƚƚŔŸŰƚШŸŉШ§ΟШƓƖĲĦƨƖƚŸƖƚШċŰĬШċШĦőċŰŊŔŰŊШĦũŔůċƣĲШƽőŔĦőШƽŔũũШƓƖŸůŸƣĲШ§ΟШƓƖŸĬƨĦƣŔŸŰШыuƨůċƖШĲƣШ
ċũЮЯШΞΜΝΥбШ[ƨШċŰĬШÑŔċŰЯШΞΜΝΦбШÅċƣőŸƖĲЯШ]ŸƓŔťƖŔƚőŰċŰШċŰĬШuƨƣƣŔƓƓƨƖċƣőЯШΞΜΞΟьЮШÑőŔƚШŊŔƻĲƚШĲƻĲŰШ
ŊƖĲċƣĲƖШŔůƓŸƖƣċŰĦĲШƣŸШŔŰƻĲƚƣŔŊċƣŔŰŊШ§ΟШĲǭĲĦƣƚШŸŰШƽőĲċƣШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЮ 

ÑƖŸƓŸƚƓőĲƖŔĦШ§ΟЯШƣőċƣШŔƚШŉŸƖůĲĬШƽőĲŰШƓƖĲрĦƨƖƚŸƖШŊċƚĲƚШƚƨĦőШċƚШŰŔƣƖŸŊĲŰШŸǂŔĬĲƚШċŰĬШůĲƣőċŰĲШ
ƖĲċĦƣШŔŰШƣőĲШƓƖĲƚĲŰĦĲШŸŉШÖéШũŔŊőƣЯШƣőƖĲċƣĲŰƚШŉŸŸĬШƚĲĦƨƖŔƣǃШы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШ
ΞΜΝΡбШÑċŔЯШ~ċƖƣŔŰШċŰĬШcĲċũĬЯШΞΜΝΠьЮШ§ΟШĬŔǭƨƚĲƚШŔŰƣŸШƓũċŰƣƚШƻŔċШƣőĲШƚƣŸůċƣċЯШƽőĲƖĲШŔƣШŉŸƖůƚШ
ƖĲċĦƣŔƻĲШŸǂǃŊĲŰШƚƓĲĦŔĲƚШыÅ§ÉьЮШÑőĲƚĲШÅ§ÉШƣƖŔŊŊĲƖШċШƚĲƖŔĲƚШŸŉШƖĲċĦƣŔŸŰƚШƣőċƣШőċƻĲШƣőĲШĲǭĲĦƣШŸŉШ
ƖĲĬƨĦŔŰŊШƓőŸƣŸƚǃŰƣőĲƚŔƚШċŰĬШċĦĦĲũĲƖċƣŔŰŊШĦƖŸƓШƚĲŰĲƚĦĲŰĦĲШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΝΥбШÑŔƽċƖŔШċŰĬШ
ŊƖċƽċũЯШΞΜΝΥьЮШ ƚШċШƖĲƚƨũƣЯШĦƖŸƓШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃШċƖĲШƖĲĬƨĦĲĬШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШ]ũŸĤċũũǃЯШ

ƽőĲċƣШǃŔĲũĬƚШċƖĲШĲƚƣŔůċƣĲĬШƣŸШĤĲШƖĲĬƨĦĲĬШĤǃШӈΦЮΞӖШĬƨĲШƣŸШ§ΟШƓŸũũƨƣŔŸŰШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤьЮШ
ìőŔũĲШŔŰШƽőĲċƣШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖŔĲƚШƚƨĦőШċƚШfŰĬŔċЯШƽőĲƖĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШ§ΟШƓƖĲрĦƨƖƚŸƖƚШċƖĲШ
őŔŊőЯШċŰĬШĦũŔůċƣŔĦШĦŸŰĬŔƣŔŸŰƚШŉŸƖШ§ΟШƓƖŸĬƨĦƣŔŸŰШċƖĲШŉċƻŸƨƖċĤũĲЯШǃŔĲũĬШũŸƚƚĲƚШċƖĲШĲƚƣŔůċƣĲĬШƣŸШ
ƖċŰŊĲШĤĲƣƽĲĲŰШΟЮΥӖрΠΝӖШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШůĲƣőŸĬШƨƚĲĬШƣŸШċƚƚĲƚƚШƣőĲШƖŔƚťШы]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШ
ÉŔŰőċШĲƣШċũЮЯШΞΜΝΡбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШ[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥбШÅċƣőŸƖĲЯШ]ŸƓŔťƖŔƚőŰċŰШċŰĬШ
uƨƣƣŔƓƓƨƖċƣőЯШΞΜΞΟьЮШ ĬĬŔƣŔŸŰċũũǃЯШƚĲƻĲƖċũШƚƣƨĬŔĲƚШőċƻĲШƚőŸƽŰШċШĬĲĦƖĲċƚĲШŔŰШƣőĲШǃŔĲũĬШŸŉШƓƖŸƣĲŔŰШ
ċŰĬШŸƣőĲƖШťĲǃШůŔŰĲƖċũƚШŔŰШ§ΟШĲǂƓŸƚĲĬШƽőĲċƣШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡЯШΞΜΞΟбШòċĬċƻШĲƣШċũЮЯШΞΜΞΜбШÂŔŔťťŔШ
ĲƣШċũЮЯШΞΜΜΥьЮШÑőĲШƖĲĬƨĦƣŔŸŰШŔŰШƽőĲċƣШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШƽŔũũШƓƖĲƚĲŰƣШŉƨƖƣőĲƖШ
ƓƖŸĤũĲůƚШƣŸШŉŸŸĬШƚĲĦƨƖŔƣǃШŔŰШƖĲŊŔŸŰƚШƽőĲƖĲШƽőĲċƣШƓƖŸĬƨĦƣŔŸŰШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШőŔŊőЯШ
ƚƨĦőШċƚШfŰĬŔċШċŰĬШ9őŔŰċШы[ §ШĲƣШċũЮЯШΞΜΞΟбШìċŰŊШĲƣШċũЮЯШΞΜΞΞбШ~ƨťőĲƖŢĲĲШĲƣШċũЮЯШΞΜΞΝьЮ 

ΠЮΞЮΞШ?ĲƻĲũŸƓůĲŰƣШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШƣŸШċƚƚĲƚƚШ§ΟШƣőƖĲċƣ 
ÉĲƻĲƖċũШůĲƣőŸĬƚШőċƻĲШĤĲĲŰШĬĲƻĲũŸƓĲĬШƣŸШċƚƚĲƚƚШƣőĲШƣőƖĲċƣШŸŉШ§ΟШƣŸШƽőĲċƣШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЯШŸŉШ
ƽőŔĦőШƣőĲШůŸƚƣШĦŸůůŸŰШċƖĲШƚƨůůċƖŔƚĲĬШŔŰШÑċĤũĲШΠЮΝШċŰĬШċƖĲШĬŔƚĦƨƚƚĲĬШŔŰрƣƨƖŰШŔŰШƣőĲШŉŸũũŸƽŔŰŊШ
ƣĲǂƣЮШÑƖċĬŔƣŔŸŰċũШůĲƣőŸĬƚШőċƻĲШůċĬĲШƨƚĲШŸŉШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШƣőċƣШũŔŰťШƣőĲШ
§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦƖŸƓƚШċƖĲШĲǂƓŸƚĲĬШƣŸЯШƣŸШċШĦŸƖƖĲƚƓŸŰĬŔŰŊШǃŔĲũĬШŸƖШŰƨƣƖŔĲŰƣШũŸƚƚШƨƚŔŰŊШ
ĲǂƓĲƖŔůĲŰƣċũШĬċƣċШы~ŔũũƚШĲƣШċũЮЯШΞΜΜΤбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡьЮШÑőĲШůŸƚƣШĦŸůůŸŰШůĲƣƖŔĦƚШƽőŔĦőШ



ΝΟΥ 
 

ƕƨċŰƣŔŉǃШƣőĲШ§ΟШĲǂƓŸƚƨƖĲШċƖĲШ~ΤШċŰĬШ §ÑΠΜЯШƽőĲƖĲШ~ΤШŔƚШƣőĲШůĲċŰШĬċǃũŔŊőƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШ
ыŊĲŰĲƖċũũǃШĤĲƣƽĲĲŰШΦрΠƓůьШŸƻĲƖШƣőĲШƽőĲċƣШŊƖŸƽŔŰŊШƓĲƖŔŸĬЯШċŰĬШ §ÑΠΜШŔƚШƣőĲШĦƨůƨũċƣŔƻĲШƚƨůШŸŉШ
§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШůŸƖĲШƣőċŰШΠΜШƓƓĤШĬƨƖŔŰŊШĬċǃũŔŊőƣШőŸƨƖƚШыÉŔŰőċШĲƣШċũЮЯШΞΜΝΡьЮШfŰШƣőĲШÖÉ ШìΝΞΣШ
ŔƚШċũƚŸШƨƚĲĬбШƣőŔƚШůĲƣƖŔĦШŊŔƻĲƚШŔŰĦƖĲċƚĲĬШƽĲŔŊőƣŔŰŊШƣŸШƣőĲШőŔŊőĲƚƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШĤĲƣƣĲƖШ
ǯƣƚШǃŔĲũĬШũŸƚƚĲƚШŔŰШƣőĲШÖÉ ШыxĲŉŸőŰЯШxċƨƖĲŰĦĲШċŰĬШuŸőƨƣЯШΝΦΥΥьЮШÑőĲШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШ
ƖĲũċƣŔŸŰƚőŔƓƚШċƖĲШƣőĲШƚŔůƓũĲƚƣШůĲƣőŸĬƚШŉŸƖШĦċũĦƨũċƣŔŰŊШǃŔĲũĬШċŰĬШŰƨƣƖŔĲŰƣШũŸƚƚШċƚШƣőĲǃШŸŰũǃШ
ƖĲƕƨŔƖĲШŊƖŸƨŰĬрũĲƻĲũШ§ΟШĬċƣċШċƚШƣőĲŔƖШŔŰƓƨƣЮШfĬĲċũũǃЯШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƨƚĲĬШƣŸШĬĲǯŰĲШƣőĲƚĲШ
ůĲƣƖŔĦƚШƽŸƨũĬШĤĲШƓƖŸƻŔĬĲĬШċƣШĦƖŸƓШĦċŰŸƓǃШőĲŔŊőƣЮШìŔŰĬШƚƓĲĲĬШċŰĬШ§ΟШůĲċƚƨƖĲůĲŰƣШőĲŔŊőƣШĦċŰШ
ĤĲШƨƚĲĬШƣŸШƣƖċŰƚũċƣĲШƣőĲƚĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĬŸƽŰШƣŸШƣőĲШĦċŰŸƓǃШũĲƻĲũШċƚШŰĲĦĲƚƚċƖǃШы9xÅÑ ÂЯШ
ΞΜΝΥьЮ 

ŰŸƣőĲƖШċƓƓƖŸċĦőШŉŸƖШĲƚƣŔůċƣŔŰŊШ§ΟШŔŰĬƨĦĲĬШǃŔĲũĬШċŰĬШŰƨƣƖŔĲŰƣШũŸƚƚĲƚШċƖĲШǰƨǂрƖĲƚƓŸŰƚĲШ
ƖĲũċƣŔŸŰƚőŔƓƚШы]ƖƬŰőċŊĲШĲƣШċũЮЯШΞΜΝΞбШòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũЯШΞΜΞΝбШEůĤĲƖƚŸŰШĲƣШċũЮЯШ
ΞΜΜΜċьЮШÑőĲƚĲШƖĲũċƣŔŸŰƚőŔƓƚШƽĲƖĲШĬĲƻĲũŸƓĲĬШĤǃШũŔŰťŔŰŊШƣőĲШċĦĦƨůƨũċƣĲĬШƚƣŸůċƣċũШ§ΟШǰƨǂШƣŸШƣőĲШ
ĦŸƖƖĲƚƓŸŰĬŔŰŊШǃŔĲũĬШŸƖШŰƨƣƖŔĲŰƣШũŸƚƚЮШ9ċũĦƨũċƣŔŸŰƚШŸŉШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣŸШĦċũĦƨũċƣĲШ
ƚƣŸůċƣċũШ§ΟШǰƨǂШƖĲƕƨŔƖĲШőŸƨƖũǃШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШůĲƣĲŸƖŸũŸŊŔĦċũШƻċƖŔċĤũĲƚШƚƨĦőШċƚШ
ƖċĬŔċƣŔŸŰЯШƣĲůƓĲƖċƣƨƖĲЯШƻċƓŸƖШƓƖĲƚƚƨƖĲШĬĲǯĦŔƣШыéÂ?ьШċŰĬШƚŸŔũШƽċƣĲƖШĦŸŰƣĲŰƣШċƚШƽĲũũШċƚШĦƖŸƓШ
ƓőĲŰŸũŸŊǃШċŰĬШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШũĲċŉШƓőǃƚŔŸũŸŊǃШƽőŔĦőШůċťĲƚШƣőĲůШůŸƖĲШĬċƣċШőĲċƻǃШƣőċŰШƣőĲШ
ĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШċƓƓƖŸċĦőШы9xÅÑ ÂЯШΞΜΝΤьЮШcŸƽĲƻĲƖЯШƚŔŰĦĲШƣőĲШĦċũĦƨũċƣŔŸŰШŸŉШƣőĲШ
ċĦĦƨůƨũċƣĲĬШƚƣŸůċƣċũШ§ΟШǰƨǂШƣċťĲƚШŔŰƣŸШĦŸŰƚŔĬĲƖċƣŔŸŰШƣőĲШŔŰǰƨĲŰĦĲШŸŉШũŸĦċũШĲŰƻŔƖŸŰůĲŰƣċũШ
ĦŸŰĬŔƣŔŸŰƚШŸŰШ§ΟШƨƓƣċťĲШƣőċƣШĦċƨƚĲƚШƓũċŰƣШĬċůċŊĲШƣőĲǃШċƖĲШĦŸŰƚŔĬĲƖĲĬШůŸƖĲШĤŔŸũŸŊŔĦċũũǃШ
ƖĲũĲƻċŰƣШыÂũĲŔŢĲũЯШ?ċŰŔĲũƚƚŸŰШċŰĬШ7ƖŸĤĲƖŊЯШΞΜΞΞбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΝьЮШÑőĲШůĲƣƖŔĦШƨƚĲĬШƣŸШũŔŰťШ
ċĦĦƨůƨũċƣĲĬШ§ΟШǰƨǂШƣŸШƚƨĤƚĲƕƨĲŰƣШĦƖŸƓШŸƖШŰƨƣƖŔĲŰƣШũŸƚƚШŔƚШƣőĲШƓőǃƣŸƣŸǂŔĦШ§ΟШĬŸƚĲШċĤŸƻĲШċШ
ƣőƖĲƚőŸũĬШòШыÂ§?òьЯШċŰĬШċШƚŔůƓũŔǯĲĬШƻĲƖƚŔŸŰШŸŉШƣőŔƚШůĲƣƖŔĦШыƓőǃƣŸƣŸǂŔĦШ§ΟШĬŸƚĲШċĤŸƻĲШċШƣőƖĲƚőŸũĬШ
òШŉŸƖШŔŰƣĲŊƖċƣĲĬШċƚƚĲƚƚůĲŰƣШůŸĬĲũũŔŰŊьыÂ§?òf ~ьШŔƚШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШǰƨǂĲƚШċƣШċШƖĲŊŔŸŰċũШũĲƻĲũШ
ы9xÅÑ ÂЯШΞΜΝΤбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤьЮ 

ÑőĲШǯŰċũШůĲƣőŸĬШĤǃШƽőŔĦőШǃŔĲũĬЯШċŰĬШŰƨƣƖŔĲŰƣШũŸƚƚĲƚШċƖĲШĲƚƣŔůċƣĲĬШŔƚШƻŔċШĦƖŸƓШůŸĬĲũƚЮШ9ƖŸƓШ
ůŸĬĲũƚШċƖĲШƣőĲШůŸƚƣШĬċƣċШőĲċƻǃШŸŉШƣőĲШƣőƖĲĲШċƓƓƖŸċĦőĲƚЮШÑőĲǃШƖĲƕƨŔƖĲШőŸƨƖũǃЯШŸƖШĬċŔũǃЯШ
ůĲƣĲŸƖŸũŸŊŔĦċũШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣŸШĲƚƣŔůċƣĲШ§ΟШĲǭĲĦƣƚШŸŰШƚĲċƚŸŰċũШĦƖŸƓШĬĲƻĲũŸƓůĲŰƣЯШ
ŊƖŸƽƣőШċŰĬШǃŔĲũĬЮШÑőĲƖĲШċƖĲШƣƽŸШĦŸůůŸŰШůĲƣőŸĬƚШĤǃШƽőŔĦőШ§ΟШĬċůċŊĲШőċƚШĤĲĲŰШŔŰƣĲŊƖċƣĲĬШŔŰƣŸШ
ĦƖŸƓШůŸĬĲũƚШƣŸрĬċƣĲЮШÑőĲƚĲШůĲƣőŸĬƚШċƖĲШŔŰĦŸƖƓŸƖċƣŔŰŊШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШůĲƣƖŔĦƚШƚƨĦőШċƚШ
§ÑΠΜШŸƖШ~ΤШыĲЮŊЮШñƨШĲƣШċũЮЯШΞΜΞΟбШ]ƨċƖŔŰШĲƣШċũЮЯШΞΜΝΦбШ?ƖŸƨƣƚċƚЯШΞΜΞΜбШÅĲŰШĲƣШċũЮЯШΞΜΜΤьЯШŸƖШĤǃШ
ĦċũĦƨũċƣŔŰŊШƚƣŸůċƣċũШ§ΟШƨƓƣċťĲШыĲЮŊЮШ ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠьЮШ9ċũĦƨũċƣŔŸŰШŸŉШ
ƚőŸƖƣрƣĲƖůШыƓőŸƣŸƚǃŰƣőĲƚŔƚьШċŰĬоŸƖШũŸŰŊШƣĲƖůШыƚĲŰĲƚĦĲŰĦĲьШĲǭĲĦƣƚШŸŰШĦƖŸƓШŊƖŸƽƣőШĦċŰШƣőĲŰШĤĲШ
ĦċũĦƨũċƣĲĬШŉƖŸůШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШůĲƣƖŔĦƚШŸƖШċĦĦƨůƨũċƣĲĬШƚƣŸůċƣċũШǰƨǂШы]ƨċƖŔŰШĲƣШċũЮЯШ
ΞΜΝΦĤбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċбШÅĲŰШĲƣШċũЮЯШΞΜΜΤбШ ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠьЮШfƣШŔƚШũŔťĲũǃШƣőċƣШĦƖŸƓШůŸĬĲũƚШ
ƣőċƣШƨƚĲШċĦĦƨůƨũċƣĲĬШƚƣŸůċƣċũШǰƨǂШƣŸШĲƚƣŔůċƣĲШĦƖŸƓШŔůƓċĦƣƚШċƖĲШůŸƖĲШƖĲċũŔƚƣŔĦШŸŉШƣőĲШƓũċŰƣќƚШ
ƓőǃƚŔŸũŸŊŔĦċũШƖĲƚƓŸŰƚĲШƣŸШ§ΟШƣőċŰШĦƖŸƓШůŸĬĲũƚШƣőċƣШƨƚĲƚШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШůĲƣƖŔĦƚШ
ыEůĤĲƖƚŸŰЯШΞΜΞΜьЮ 

ÑċĤũĲЮΧдΤжЮÉƨůůċƖǃЮŸŉЮƣőĲЮĬŔǭĲƖĲŰƣЮƖŔƚťЮċƚƚĲƚƚůĲŰƣЮůĲƣőŸĬƚЮƣőċƣЮĦċŰЮĤĲЮƨƚĲĬЮƣŸЮĲƚƣŔůċƣĲЮ§ΦЮĲǭĲĦƣƚЮŸŰЮĦƖŸƓƚ 

Risk 
assessm
ent type 

O3 input 
Growing 
season 
period 

Stomatal O3 
uptake 

O3 damage 
estimate 

References 

Concentr
ation-
based 

Canopy-level 
O3* 

Sowing to 
maturity 

Not 
calculated 

Parameterised 
concentration-
response 

(Mills et al., 
2018c) 



ΝΟΦ 
 

relationship 
using e.g. 
AOT40 or M7 

Flux-
based 

Canopy level 
O3* 

Anthesis to 
maturity 

Calculated by 
leaf 
physiology 
parameters 
and model 
inputs [PAR, 
VPD, 
precipitation, 
air pressure, 
temperature] 

Parameterised 
flux-response 
relationship 
using PODY 
metrics 

(CLRTAP, 
2017) 

Crop 
model 
using 
concentr
ation-
based 
methods 

Current 
models use 
canopy-level 
O3* 

Sowing to 
maturity 

Not 
calculated 

AOT40 or M7 
metrics are 
used to 
calculate short- 
and/or long-
term O3 effects, 
or they are used 
to develop a 
custom function 
for calculating 
RY 

(Xu et al., 
2023; 
Guarin et 
al., 2019b; 
Droutsas, 
2020; Ren et 
al., 2007)** 

Crop 
model 
using 
flux-
based 
methods 

Canopy-level 
O3* 

Sowing to 
maturity 

Calculated by 
leaf 
physiology 
parameters 
and model 
inputs [PAR, 
VPD, 
precipitation, 
air pressure, 
temperature] 

Parameterised 
O3 damage 
module 
generally 
including short- 
and/or long-
term O3 effects 

(Nguyen et 
al., 2024; 
Pande et al., 
2024a; Tai et 
al., 2021; 
Schauberge
r et al., 
2019; Tao et 
al., 2017; 
Zhou et al., 
2018)** 

пЮ9ċŰŸƓǃЮũĲƻĲũЮ§ΦЮĦċŰЮĤĲЮĦċũĦƨũċƣĲĬЮŉƖŸůЮŸƣőĲƖЮůĲƣĲŸƖŸũŸŊŔĦċũЮƻċƖŔċĤũĲƚЮċŰĬЮ§ΦЮůĲċƚƨƖĲůĲŰƣЮőĲŔŊőƣ 
ппЮ ŸЮƖĲƻŔĲƽЮŸƖЮƚƨůůċƖǃЮƚƣƨĬǃЮőċƚЮĤĲĲŰЮƓĲƖŉŸƖůĲĬЮƚŸЮƣőĲƚĲЮĦŔƣċƣŔŸŰƚЮƖĲŉĲƖЮƣŸЮŔŰĬŔƻŔĬƨċũЮůŸĬĲũƚЮƣőċƣЮƨƚĲЮƣőĲƚĲЮ
ůĲƣőŸĬƚдЮ ũũЮůŸĬĲũƚЮƚŔůƨũċƣĲЮ§ΦЮĲǭĲĦƣƚЮŸŰЮťĲǃЮƓƖŸĦĲƚƚĲƚЮĬŔǭĲƖĲŰƣũǃдЮ[ŸƖЮŉƨƖƣőĲƖЮĬĲƣċŔũЮƓũĲċƚĲЮƖĲŉĲƖЮƣŸЮƣőĲЮŔŰĬŔƻŔĬƨċũЮ
ƚƣƨĬŔĲƚд 

ΠЮΞЮΟШÅĲƕƨŔƖĲůĲŰƣƚШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚ 
ШƚƨůůċƖǃШŸŉШƣőĲШƖĲƕƨŔƖĲůĲŰƣƚШƣŸШƓĲƖŉŸƖůШƣőĲШċĤŸƻĲШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŔƚШŊŔƻĲŰШŔŰШ[ŔŊƨƖĲШΠЮΝШċŰĬШ
ƽŔũũШĤĲШƚƨůůċƖŔƚĲĬШŔŰрƣƨƖŰШŔŰШƣőĲШŉŸũũŸƽŔŰŊШƚĲĦƣŔŸŰƚЮШ7ƖŔĲǰǃЯШċũũШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШƖĲƕƨŔƖĲШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċШƣŸШĲƚƣŔůċƣĲШ§ΟШĬċůċŊĲЮШ[ũƨǂрƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШůŸĬĲũũŔŰŊШůĲƣőŸĬƚШ
ċĬĬŔƣŔŸŰċũũǃШƖĲƕƨŔƖĲШůĲƣĲŸƖŸũŸŊǃШƣŸШŔŰĦŸƖƓŸƖċƣĲШƣőĲШůŸĬŔŉǃŔŰŊШĲǭĲĦƣШŸŉШƣőĲШĲŰƻŔƖŸŰůĲŰƣШŸŰШ
ƚƣŸůċƣċũШ§ΟШƨƓƣċťĲШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΜΜċбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲЯШǰƨǂр
ƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШůŸĬĲũƚШċƖĲШƓċƖċůĲƣĲƖŔƚĲĬШƨƚŔŰŊШĲǂƓĲƖŔůĲŰƣċũШĬċƣċШƣőċƣШĦċŰШĦŸůĲШŉƖŸůШ§ΟШ
ǯũƣƖċƣŔŸŰШŸƖШŉƨůŔŊċƣŔŸŰШĲǂƓĲƖŔůĲŰƣƚЮШÑőĲШƖĲũċƣŔƻĲШǃŔĲũĬШыÅòьШũŸƚƚШŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШĬŔǭĲƖŔŰŊШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚШĦċŰШĤĲШƨƚĲĬШƣŸШĬĲƖŔƻĲШĦƖŸƓШƓƖŸĬƨĦƣŔŸŰШũŸƚƚШċŰĬШƚƨĤƚĲƕƨĲŰƣШǯŰċŰĦŔċũШũŸƚƚĲƚЮ 



ΝΠΜ 
 

 

[ŔŊƨƖĲЮΧдΤжЮÉƨůůċƖǃЮŸŉЮƣőĲЮƖĲƕƨŔƖĲůĲŰƣƚЮŉŸƖЮƓĲƖŉŸƖůŔŰŊЮƖŔƚťЮċƚƚĲƚƚůĲŰƣƚЮƨƚŔŰŊЮĦŸŰĦĲŰƣƖċƣŔŸŰцеЮǰƨǂцƖĲƚƓŸŰƚĲеЮŸƖЮ
ĦƖŸƓЮůŸĬĲũũŔŰŊЮůĲƣőŸĬƚд 

ыċьШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċ 
ũũШƣőĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШĬĲƚĦƖŔĤĲĬШċĤŸƻĲШƖĲƕƨŔƖĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċШŉŸƖШƣőĲШ
ƚŔƣĲоƚŔƣĲƚШƨŰĬĲƖШċƚƚĲƚƚůĲŰƣЮШfŉШŸĤƚĲƖƻċƣŔŸŰċũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШċƻċŔũċĤũĲШƣőĲŰШŔƣШŔƚШ
ƓƖĲŉĲƖĲŰƣŔċũШƣŸШƨƚĲШƣőĲƚĲШĬċƣċШыÉŔŰőċШĲƣШċũЮЯШΞΜΝΡьЮШ[ŸƖШċƚƚĲƚƚůĲŰƣƚШċĦƖŸƚƚШċШũċƖŊĲƖШƖĲŊŔŸŰШыĲЮŊЮШ
ƚƨĤрŰċƣŔŸŰċũШŸƖШŰċƣŔŸŰċũьШŸĤƚĲƖƻĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċШĦċŰШĤĲШƨƚĲĬШĤƨƣШƖĲƕƨŔƖĲШũŔŰĲċƖШ
ŔŰƣĲƖƓŸũċƣŔŸŰШŉŸƖШƚŔƣĲƚШĤĲƣƽĲĲŰШ§ΟШůŸŰŔƣŸƖŔŰŊШũŸĦċƣŔŸŰƚЮШ~ŸƖĲШĦŸůůŸŰũǃЯШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċШ
ŉŸƖШƖĲŊŔŸŰċũЯШĦŸŰƣŔŰĲŰƣċũШċŰĬШŊũŸĤċũШċƚƚĲƚƚůĲŰƣƚШĦŸůĲШŉƖŸůШċƣůŸƚƓőĲƖŔĦШĦőĲůŔƚƣƖǃШŸƖШŊĲŰĲƖċũШ
ĦŔƖĦƨũċƣŔŸŰШůŸĬĲũƚШы]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦбШÑċŔШĲƣШċũЮЯШΞΜΞΝьЮШÑőĲƚĲШůŸĬĲũƚШƨƚĲШ
§ΟШƓƖĲĦƨƖƚŸƖШĲůŔƚƚŔŸŰƚШĬċƣċШċŰĬШůĲƣĲŸƖŸũŸŊǃШƣŸШĬƖŔƻĲШċƣůŸƚƓőĲƖŔĦШĦőĲůŔƚƣƖǃШƖĲċĦƣŔŸŰƚШ
ĬĲƚĦƖŔĤŔŰŊШ§ΟШƓƖŸĬƨĦƣŔŸŰЯШƣƖċŰƚƓŸƖƣШċŰĬШĬĲƓŸƚŔƣŔŸŰШыéĲŰťċƣċƖċůċŰШĲƣШċũЮЯШΞΜΞΠьЮШ[ŸƖШ§ΟШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚЯШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШƖĲƕƨŔƖĲĬШċƣШƣőĲШĦċŰŸƓǃШũĲƻĲũЮШ9ċŰŸƓǃрũĲƻĲũШ§ЌШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦċŰШĤĲШĬĲƣĲƖůŔŰĲĬШƨƚŔŰŊШċШĬĲƓŸƚŔƣŔŸŰШƚĦőĲůĲШĤċƚĲĬШŸŰШƽŔŰĬШƚƓĲĲĬШċŰĬШ
ůĲċƚƨƖĲůĲŰƣШőĲŔŊőƣШŸƖШċƓƓƖŸǂŔůċƣŔŸŰƚШŸŉШ§ΟШŊƖċĬŔĲŰƣƚШŉŸƖШĬŔǭĲƖŔŰŊШĦċŰŸƓǃШƣǃƓĲƚШы9xÅÑ ÂЯШ
ΞΜΝΥЯШΞΜΝΤьЮ 

ыĤьШ~ĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċ 
[ŸƖШǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШůŸĬĲũũŔŰŊШċƓƓƖŸċĦőĲƚЯШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШċƖĲШċũƚŸШƖĲƕƨŔƖĲĬЮШÑőĲƚĲШ
ĦċŰШĤĲШŸĤƣċŔŰĲĬШŉƖŸůШƚċƣĲũũŔƣĲƚЯШŉƖŸůШƚĲŰƚŸƖƚЯШƽĲċƣőĲƖШƚƣċƣŔŸŰƚШũŸĦċƣĲĬШċƣоŰĲċƖШƣőĲШ
ĲǂƓĲƖŔůĲŰƣċũШƚŔƣĲШыÂċƓĲƖƚШΝШċŰĬШΞШŸŉШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚьЮШ[ŸƖШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШċĦƖŸƚƚШũċƖŊĲƖШ
ƖĲŊŔŸŰƚЯШċƣůŸƚƓőĲƖŔĦШůŸĬĲũƚШċƖĲШůŸƖĲШĦŸůůŸŰũǃШƨƚĲĬШŉŸƖШůĲƣĲŸƖŸũŸŊǃШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШÑċŔШ
ĲƣШċũЮЯШΞΜΞΝбШ]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦьЮШÑŸШŸĤƣċŔŰШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШŉƖŸůШ
ƚċƣĲũũŔƣĲƚЯШƚċƣĲũũŔƣĲШŸĤƚĲƖƻċƣŔŸŰƚШċƖĲШŔŰƓƨƣШŔŰƣŸШċŰШċƣůŸƚƓőĲƖŔĦШƖĲрċŰċũǃƚŔƚШůŸĬĲũШċũŸŰŊШƽŔƣőШ
ƚƨƖŉċĦĲШũċŰĬШċŰĬШŸĦĲċŰШŸĤƚĲƖƻċƣŔŸŰƚЯШċŰĬШĬċƣċШŉƖŸůШƖċƽŔŰƚŸŰĬĲƚЯШƣŸШƓƖŸĬƨĦĲШőŸƨƖũǃШĲƚƣŔůċƣĲƚШ
ŸŉШůĲƣĲŸƖŸũŸŊǃЮШ[ŸƖШĲǂċůƓũĲЯШ  É ШÂŸƽĲƖШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШċƖĲШƓƖŸĬƨĦĲĬШŉƖŸůШƣőĲШ~ŸĬĲƖŰШ
EƖċШÅĲƣƖŸƚƓĲĦƣŔƻĲр ŰċũǃƚŔƚШŉŸƖШÅĲƚĲċƖĦőШċŰĬШ ƓƓũŔĦċƣŔŸŰƚШы~EÅÅрΞьШƖĲрċŰċũǃƚŔƚШůŸĬĲũШƽőŔĦőШ
ƨƚĲƚШũċŰĬШƚƨƖŉċĦĲШŸĤƚĲƖƻċƣŔŸŰƚШŸŉШċŔƖШƓƖĲƚƚƨƖĲЯШŸĦĲċŰШƚƨƖŉċĦĲШŸĤƚĲƖƻċƣŔŸŰƚШŸŉШƚĲċШũĲƻĲũШ



ΝΠΝ 
 

ƓƖĲƚƚƨƖĲШċŰĬШƽŔŰĬƚЯШƨƓƓĲƖШċŔƖШĬċƣċШыĲЮŊЮШŉƖŸůШƖċƽŔŰƚŸŰĬĲƚьЯШċŰĬШǯŰċũũǃШŊĲŸƚƣċƣŔŸŰċƖǃШƚċƣĲũũŔƣĲШ
ŸĤƚĲƖƻċƣŔŸŰƚШƣŸШƓƖŸĬƨĦĲШőŸƨƖũǃШċŰĬШĬċŔũǃШůŸĬĲũũĲĬШĲƚƣŔůċƣĲƚШŸŉШċƣůŸƚƓőĲƖŔĦШƻċƖŔċĤũĲƚШƽŔƣőШ
ċƚƚŸĦŔċƣĲĬШƨŰĦĲƖƣċŔŰƣŔĲƚШċƻċŔũċĤũĲШŸŰШƣőĲШƽĲĤƚŔƣĲШы  É ЯШΞΜΞΠĤЯШΞΜΞΠċьЮШÑőĲШƻċũŔĬċƣŔŸŰШŸŉШ  É Ш
ÂŸƽĲƖШůĲƣĲŸƖŸũŸŊǃШŉƖŸůШƣőĲШċƣůŸƚƓőĲƖŔĦШƖĲрċŰċũǃƚŔƚШůŸĬĲũШŔƚШƓĲƖŉŸƖůĲĬШĤǃШĦŸůƓċƖŔŰŊШƣőĲШ
ƚŔůƨũċƣĲĬШůĲƣĲŸƖŸũŸŊǃШƽŔƣőШŸĤƚĲƖƻċƣŔŸŰċũШůĲƣĲŸƖŸũŸŊǃШĦŸũũċƣĲĬШĤǃШƣőĲШ ċƣŔŸŰċũШ9ĲŰƣƖĲШŉŸƖШ
EŰƻŔƖŸŰůĲŰƣċũШfŰŉŸƖůċƣŔŸŰЮШÑőĲШŸĤƚĲƖƻĲĬШůĲƣĲŸƖŸũŸŊǃШĦŸůĲШŉƖŸůШĬŔǭĲƖĲŰƣШƚƨƖŉċĦĲШƣǃƓĲƚШыĲЮŊЮШ
ŊƖċƚƚũċŰĬƚШŸƖШŉŸƖĲƚƣьЯШċŰĬШŸƻĲƖШċШƽŔĬĲШƖċŰŊĲШŸŉШũŸĦċƣŔŸŰƚШŊũŸĤċũũǃШы  É ЯШΞΜΞΠċьЮШÑŸШŸĤƣċŔŰШ
ůĲƣĲŸƖŸũŸŊǃШŉƖŸůШċŰШċƣůŸƚƓőĲƖŔĦШůŸĬĲũЯШŔŰŔƣŔċũШůĲƣĲŸƖŸũŸŊŔĦċũШĦŸŰĬŔƣŔŸŰƚШċƖĲШƖĲƕƨŔƖĲĬШƣŸШĬƖŔƻĲШ
ƣőĲШůŸĬĲũЯШċũŸŰŊШƽŔƣőШƚƓĲĦŔǯĲĬШĤŸƨŰĬċƖǃШĦŸŰĬŔƣŔŸŰƚШыÉőċƖůċШĲƣШċũЮЯШΞΜΝΦбШ]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШ
éĲŰťċƣċƖċůċŰШĲƣШċũЮЯШΞΜΞΠьЮШÑőĲШůŸĬĲũШƣőĲŰШƖĲƕƨŔƖĲƚШċШљƚƓŔŰрƨƓњШƓĲƖŔŸĬЯШƽőĲƖĲШљƚƓŔŰрƨƓњШƖĲŉĲƖƚШ
ƣŸШƣőĲШƣŔůĲрƓĲƖŔŸĬШƨƚĲĬШƣŸШċĦőŔĲƻĲШĦŸŰƚŔƚƣĲŰĦǃШŔŰШƚŔůƨũċƣĲĬШƻĲƖƚƨƚШƖĲċũŔƚƣŔĦШůĲƣĲŸƖŸũŸŊǃШыsĲƖĲǍШ
ĲƣШċũЮЯШΞΜΞΜбШéĲŰťċƣċƖċůċŰШĲƣШċũЮЯШΞΜΞΠьЮ 

ыĦьШEǂƓĲƖŔůĲŰƣċũШŉƨůŔŊċƣŔŸŰоǯũƣƖċƣŔŸŰШĬċƣċ 
?ċƣċШŉƖŸůШ§ΟШŉƨůŔŊċƣŔŸŰШĲǂƓĲƖŔůĲŰƣƚШċƖĲШƖĲƕƨŔƖĲĬШĤǃШċũũШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŉŸƖШůĲƣőŸĬШ
ĬĲƻĲũŸƓůĲŰƣЮШ9ŸůůŸŰũǃЯШƓũċŰƣƚШċƖĲШŊƖŸƽŰШŔŰШƚŸũċƖĬŸůĲƚШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠбШ
§ƚĤŸƖŰĲШĲƣШċũЮЯШΞΜΝΦьЯШŸƓĲŰШƣŸƓШĦőċůĤĲƖƚШы§Ñ9ьШыòċĬċƻШĲƣШċũЮЯШΞΜΞΜбШÉċƖťċƖШċŰĬШ ŊƖċƽċũЯШΞΜΝΜьЯШ
ŸƖШŉƖĲĲШċŔƖШ9§Ξо§ΟШĲŰƖŔĦőůĲŰƣШы[ 9EьШƚĲƣрƨƓƚШы[ĲŰŊШĲƣШċũЮЯШΞΜΝΣьЮШ ШĬŔƚċĬƻċŰƣċŊĲШŸŉШƚŸũċƖĬŸůĲƚШ
ċŰĬШ§Ñ9ƚЯШċƖĲШƣőĲШċũƣĲƖĲĬШƣĲůƓĲƖċƣƨƖĲШċŰĬШőƨůŔĬŔƣǃШĦŸůƓċƖĲĬШƣŸШŸƨƣƚŔĬĲШĦŸŰĬŔƣŔŸŰƚЯШƽőŔĦőШ
ĦċŰШċĦĦĲũĲƖċƣĲШƓũċŰƣШŊƖŸƽƣőШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΜΦбШÂŸŸƖƣĲƖШĲƣШċũЮЯШΞΜΝΣбШxĲċĬũĲǃШċŰĬШ?ƖċťĲЯШ
ΝΦΦΟьЮШ ĲƻĲƖƣőĲũĲƚƚЯШƚŸũċƖĬŸůĲƚШċŰĬШ§Ñ9ƚШċũũŸƽШŉŸƖШŊƖĲċƣĲƖШĦŸŰƣƖŸũШŸƻĲƖШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШ
ĲǂĦũƨƚŔŸŰШŸŉШƓĲƚƣƚШƣőċƣШĦŸƨũĬШĦŸŰŉƨƚĲШŔŰƣĲƖƓƖĲƣċƣŔŸŰШŸŉШƓũċŰƣШƖĲƚƓŸŰƚĲШƣŸШ§ΟЮШfŰШĦŸŰƣƖċƚƣЯШ[ 9EШ
ƚƣƨĬŔĲƚШċƖĲШƚƨŊŊĲƚƣĲĬШƣŸШĤĲШůŸƖĲШƖĲċũŔƚƣŔĦШŸŉШĦŸŰĬŔƣŔŸŰƚШƣőĲШĦƖŸƓШƽŸƨũĬШĲŰĦŸƨŰƣĲƖШŔŰШƣőĲШǯĲũĬЯШ
ĤƨƣШċƖĲШũŔůŔƣĲĬШŔŰШƣőĲШƖċŰŊĲШŸŉШ§ΟШƣƖĲċƣůĲŰƣƚШƣőċƣШĦċŰШĤĲШċƓƓũŔĲĬШċŰĬШĦċŰШƚƨǭĲƖШŉƖŸůШƓĲƚƣШ
ĬċůċŊĲШы[ĲŰŊШĲƣШċũЮЯШΞΜΝΥбШuŸĤċǃċƚőŔЯШΞΜΞΞьЮ 

ÅĲŊċƖĬũĲƚƚШŸŉШƣőĲŔƖШůĲƖŔƣƚШċŰĬШĬƖċƽĤċĦťƚЯШċũũШǯũƣƖċƣŔŸŰоŉƨůŔŊċƣŔŸŰШůĲƣőŸĬƚШƓƖŸƻŔĬĲШƻċũƨċĤũĲШ
ŔŰŉŸƖůċƣŔŸŰШŸŰШĦƖŸƓШƖĲƚƓŸŰƚĲШƣŸШ§ΟЮШ ШƻċƖŔĲƣǃШŸŉШƽőĲċƣШĦƨũƣŔƻċƖƚШőċƻĲШĤĲĲŰШƚƣƨĬŔĲĬШŔŰШ
ƚŸũċƖĬŸůĲƚЯШ§Ñ9ШċŰĬШ[ 9EШƚǃƚƣĲůƚШƨŰĬĲƖШƻċƖǃŔŰŊШĦŸŰĬŔƣŔŸŰƚШŔŰĦũƨĬŔŰŊШ ШŸƖШƚŸŔũШƽċƣĲƖШ
ċƻċŔũċĤŔũŔƣǃЯШőŔŊőШƣĲůƓĲƖċƣƨƖĲƚШċŰĬШŔŰĦƖĲċƚĲĬШ9§ΞШыÂŔŔťťŔШĲƣШċũЮЯШΞΜΜΥбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΞΟбШ
7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠьЮШÑőĲƚĲШƚƣƨĬŔĲƚШƓƖŸƻŔĬĲШċШĬĲĲƓĲƖШƨŰĬĲƖƚƣċŰĬŔŰŊШŸŉШĦƖŸƓШ
ƖĲƚƓŸŰƚĲƚШƣŸШ§ЌШĤǃШĦŸũũĲĦƣŔŰŊШĬċƣċШŸŰШƓőĲŰŸũŸŊǃШċŰĬШƚĲŰĲƚĦĲŰĦĲЯШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШĤŔŸůċƚƚЯШ Ш
ƚƣċƣƨƚЯШǃŔĲũĬШċŰĬШŊƖċŔŰШƕƨċũŔƣǃШƓċƖċůĲƣĲƖƚШы7ƖĲƽƚƣĲƖЯШ[ĲŰŰĲƖШċŰĬШcċǃĲƚЯШΞΜΞΠбШ7ƖŸĤĲƖŊШĲƣШċũЮЯШ
ΞΜΝΡбШ[ĲŰŊШĲƣШċũЮЯШΞΜΝΣьЮ 

ΠЮΞЮΠШxŔůŔƣċƣŔŸŰƚШŸŉШĦƨƖƖĲŰƣШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚ 
9ŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШƚƣƨĬŔĲƚШőċƻĲШĤĲĲŰШĦƖŔƣŔĦŔƚĲĬШŉŸƖШŔŊŰŸƖŔŰŊШĦƨũƣŔƻċƖрƚƓĲĦŔǯĦШƖĲƚƓŸŰƚĲƚШƣŸШ
ƚƣƖĲƚƚШċŰĬШŔŊŰŸƖŔŰŊШƣőĲШŔŰƣĲƖċĦƣŔŰŊШĲǭĲĦƣƚШŸŉШƣőĲШĲŰƻŔƖŸŰůĲŰƣШŸŰШ§ΟШŔŰĬƨĦĲĬШĬċůċŊĲƚЯШĤŸƣőШŸŉШ
ƽőŔĦőШƖĲƚƨũƣШŔŰШċШƽŔĬĲШƖċŰŊĲШŸŉШƽőĲċƣШƚĲŰƚŔƣŔƻŔƣŔĲƚШƣŸШ§ΟШĤĲƣƽĲĲŰШĲǂƓĲƖŔůĲŰƣƚЯШĦŸůƓċƖĲĬШƣŸШǰƨǂр
ĤċƚĲĬШŸƖШĦƖŸƓрůŸĬĲũũŔŰŊШůĲƣőŸĬƚШыÂũĲŔŢĲũЯШ?ċŰŔĲũƚƚŸŰШċŰĬШ7ƖŸĤĲƖŊЯШΞΜΞΞбШEůĤĲƖƚŸŰШĲƣШċũЮЯШ
ΞΜΜΜĤбШEůĤĲƖƚŸŰЯШΞΜΞΜбШEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΜΜċьЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШŰĲŊũĲĦƣШŸŉШĲŰƻŔƖŸŰůĲŰƣċũШ
ŔŰƣĲƖċĦƣŔŸŰƚШŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШũĲċĬƚШƣŸШĬŔǭĲƖĲŰĦĲƚШŔŰШƣőĲШĲƚƣŔůċƣĲƚШ
ŸŉШƚƓċƣŔċũШƖĲƚƓŸŰƚĲШŸŉШƓũċŰƣƚШƣŸШ§ΟШƚƣƖĲƚƚЯШũĲċĬŔŰŊШƣŸШĬŔǭĲƖŔŰŊШŔĬĲŰƣŔǯĦċƣŔŸŰƚШŸŉШċƣрƖŔƚťШċƖĲċƚШ
ы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШÑċŔШĲƣШċũЮЯШΞΜΞΝбШEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΜΜċбШÑċƖċŰŰƨůШĲƣШċũЮЯШΞΜΞΠьЮШ9ƖŸƓШ
ůŸĬĲũũŔŰŊШůĲƣőŸĬƚШĦċŰШůŸƖĲШůĲĦőċŰŔƚƣŔĦċũũǃШƚŔůƨũċƣĲШ§ΟШĲǭĲĦƣƚШŸŰШĦƖŸƓƚЯШċŰĬШőĲŰĦĲШċƖĲШ
ůŸƖĲШƓőǃƚŔŸũŸŊŔĦċũũǃШƖĲċũŔƚƣŔĦШƣőċŰШĤŸƣőШǰƨǂрШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШůĲƣőŸĬƚШыÂċŰĬĲШĲƣШċũЮЯШ
ΞΜΞΠċьЮШ ĲƻĲƖƣőĲũĲƚƚЯШƚŸůĲШůŸĬĲũƚШŔŰƣĲŊƖċƣĲШċШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШŉƨŰĦƣŔŸŰШŔŰƣŸШƣőĲŔƖШ
ůŸĬĲũũŔŰŊШƣŸШƚŔůƨũċƣĲШÅòШũŸƚƚЯШƽőŔĦőШƖĲĬƨĦĲƚШƣőĲШƓőǃƚŔŸũŸŊŔĦċũШƖĲũĲƻċŰĦĲШыĲЮŊЮШ]x ~рÅ§9ЯШ
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?ÉÉ ÑШы?ƖŸƨƣƚċƚЯШΞΜΞΜбШ]ƨċƖŔŰШĲƣШċũЮЯШΞΜΝΦĤььЯШƽőŔũĲШŸƣőĲƖƚШůĲĦőċŰŔƚƣŔĦċũũǃШƚŔůƨũċƣĲШƣőĲШ
ƚƣŸůċƣċũШƨƓƣċťĲШŸŉШ§ΟШċŰĬШƣőĲШƚƨĤƚĲƕƨĲŰƣШĲǭĲĦƣШŸŰШĦƖŸƓƚШƽőŔĦőШŔƚШůŸƖĲШƓőǃƚŔŸũŸŊŔĦċũũǃШ
ƖĲũĲƻċŰƣШыĲЮŊЮШ?§ΟÉEр9ƖŸƓЯШì§[§ÉÑЯШxf ÑÖx99ΞШы ŊƨǃĲŰШĲƣШċũЮЯШΞΜΞΠбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċььШ
ыEůĤĲƖƚŸŰЯШΞΜΞΜьЮШcŸƽĲƻĲƖЯШċũũШƣőĲШůŸĬĲũƚШŸǭĲƖШƣőĲШĦċƓċĤŔũŔƣǃШŸŉШŔŰƣĲŊƖċƣŔŰŊШĲŰƻŔƖŸŰůĲŰƣċũШċŰĬШ
§ΟШĲǭĲĦƣƚШŸŰШĦƖŸƓШŊƖŸƽƣőЮШĬĬŔƣŔŸŰċũũǃЯШŉŸƖШƓĲƖŉŸƖůŔŰŊШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЯШŔŰƓƨƣШĬċƣċШĦċŰШĦŸůĲШ
ŉƖŸůШċШƽŔĬĲШƻċƖŔĲƣǃШŸŉШƚŸƨƖĦĲƚЯШƚƨĦőШċƚШċƣůŸƚƓőĲƖŔĦШĦőĲůŔƚƣƖǃШůŸĬĲũƚЯШƚċƣĲũũŔƣĲШƖĲрċŰċũǃƚŔƚШ
ĬċƣċШŸƖШŸĤƚĲƖƻċƣŔŸŰƚЮШÖƚŔŰŊШĬŔǭĲƖĲŰƣШŔŰƓƨƣШĬċƣċШũĲċĬƚШƣŸШĬŔǭĲƖĲŰĦĲƚШŔŰШƖŔƚťШĲƚƣŔůċƣĲƚЯШĲƻĲŰШŉŸƖШ
ƣőĲШƚċůĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШы]őƨĬĲШĲƣШċũЮЯШΞΜΝΠбШÉőċƖůċШĲƣШċũЮЯШΞΜΝΦьЮ 

ìőŔũĲШƚĲƻĲƖċũШůĲƣőŸĬƚШőċƻĲШĤĲĲŰШĬĲƻĲũŸƓĲĬШċŰĬШċƓƓũŔĲĬШƣŸШċƚƚĲƚƚШǃŔĲũĬШũŸƚƚШĬƨĲШƣŸШ§ΟШċĦƖŸƚƚШċШ
ƖċŰŊĲШŸŉШŊƖŸƽŔŰŊШũŸĦċƣŔŸŰƚЯШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŸŉШƽőĲċƣШƕƨċũŔƣǃШőċƻĲШŰŸƣШĤĲĲŰШƓĲƖŉŸƖůĲĬШĬĲƚƓŔƣĲШ
ƚŸůĲШĦŸŰĦĲŰƣƖċƣŔŸŰрШċŰĬШǰƨǂрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШőċƻŔŰŊШĤĲĲŰШĬĲƻĲũŸƓĲĬШŉŸƖШƓƖŸƣĲŔŰШ
ы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШ]ƖƬŰőċŊĲШĲƣШċũЮЯШΞΜΝΞьЮШÑŸШŉƨũũǃШċƚƚĲƚƚШƣőĲШƣőƖĲċƣШŸŉШ§ΟШƣŸШŉŸŸĬШƚĲĦƨƖŔƣǃЯШƣőĲШ
ĲǭĲĦƣШŸŉШ§ΟШŸŰШĦƖŸƓШƕƨċũŔƣǃШŰĲĲĬƚШƣŸШĤĲШŔŰĦŸƖƓŸƖċƣĲĬШŔŰƣŸШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЯШċƚШ§ΟШċǭĲĦƣƚШĤŸƣőШ
ĦƖŸƓШǃŔĲũĬШċŰĬШƕƨċũŔƣǃЮ 

ΠЮΞЮΡШÅŔƚťШċƚƚĲƚƚůĲŰƣƚШƓĲƖŉŸƖůĲĬШŉŸƖШfŰĬŔċŰШƽőĲċƣаШ ƓƓƖŸċĦőĲƚШċŰĬШ
ũŔůŔƣċƣŔŸŰƚ 
ÑőĲШċŔůШŸŉШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШŔƚШƣŸШĦŸůƓċƖĲШĬŔǭĲƖĲŰƣШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШċŰĬШƣőĲŔƖШ
ƚĲŰƚŔƣŔƻŔƣǃШƣŸШƻċƖŔċƣŔŸŰШŔŰШťĲǃШŔŰƓƨƣШĬċƣċШыůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚьЮШÑőĲШĦŸůƓċƖŔƚŸŰШŔƚШ
ůċĬĲШŉŸƖШéċƖċŰċƚŔЯШfŰĬŔċЯШƽőŔĦőШŔƚШŔŰШƣőĲШf]ÂЮШÑőĲШf]ÂШŔƚШŸŉШƓċƖƣŔĦƨũċƖШŔŰƣĲƖĲƚƣШċƚШŔƣШŔƚШƣőĲШőŔŊőĲƚƣШ
ƽőĲċƣШƓƖŸĬƨĦŔŰŊШƖĲŊŔŸŰШŔŰШfŰĬŔċЯШĤƨƣШŔƣШċũƚŸШĲǂƓĲƖŔĲŰĦĲƚШőŔŊőШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШы~ŔũũƚШĲƣШċũЮЯШ
ΞΜΝΥĦбШ~ŔŰŔƚƣƖǃШŸŉШ ŊƖŔĦƨũƣƨƖĲШѼШ[ċƖůĲƖƚШìĲũŉċƖĲЯШΞΜΞΟьЮШfŰĬŔċŰШƽőĲċƣШŔƚШŸŉШƓċƖƣŔĦƨũċƖШŔŰƣĲƖĲƚƣШ
ƽŔƣőШƖĲŊċƖĬƚШƣŸШ§ΟЯШċƚШƽőŔũĲШƚĲƻĲƖċũШƚƣƨĬŔĲƚШŸŰШEƨƖŸƓĲċŰШċŰĬШ9őŔŰĲƚĲШƽőĲċƣШőċƻĲШƚőŸƽŰШċŰШ
ŔŰĦƖĲċƚĲШŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШƨŰĬĲƖШĲũĲƻċƣĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШfŰĬŔċŰШƽőĲċƣШőċƚШƚőŸƽŰШċШ
ĬĲĦƖĲċƚĲШы7ƖŸĤĲƖŊШĲƣШċũЮЯШΞΜΝΡбШòċĬċƻШĲƣШċũЮЯШΞΜΞΜбШ~ŔƚőƖċЯШÅċŔШċŰĬШ ŊƖċƽċũЯШΞΜΝΟьЮШÉĲƻĲƖċũШ
ĲǂƓĲƖŔůĲŰƣƚШőċƻĲШĤĲĲŰШƓĲƖŉŸƖůĲĬШċƣШéċƖċŰċƚŔШƽőŔĦőШĬĲƣċŔũШŰŸƣШŸŰũǃШ§ΟШĲǭĲĦƣƚШŸŰШƽőĲċƣШǃŔĲũĬƚЯШ
ĤƨƣШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰЯШƓƖŸƻŔĬŔŰŊШƻċũƨċĤũĲШĬċƣċШŉŸƖШĬĲƻĲũŸƓŔŰŊШǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШ
ůŸĬĲũũŔŰŊШůĲƣőŸĬƚШŉŸƖШƨŰĬĲƖƚƣċŰĬŔŰŊШ§ΟќƚШĲǭĲĦƣƚШŸŰШƽőĲċƣШƕƨċŰƣŔƣǃШċŰĬШƕƨċũŔƣǃЯШċŰĬШĲƚƣŔůċƣŔŰŊШ
ŔƣƚШŔůƓċĦƣƚШŸŰШŉŸŸĬШƚĲĦƨƖŔƣǃШыòċĬċƻШĲƣШċũЮЯШΞΜΞΜбШòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũЯШΞΜΞΝбШÉĲĦƣŔŸŰШΟШŸŉШ
ƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚьЮШ 

ÂƖĲƚĲŰƣũǃЯШċШƖċŰŊĲШŸŉШůĲƣőŸĬƚШőċƻĲШĤĲĲŰШƨƚĲĬШŔŰШƣőĲШũŔƣĲƖċƣƨƖĲШƣŸШĲƚƣŔůċƣĲШƖĲũċƣŔƻĲШǃŔĲũĬШыÅòьШũŸƚƚШ
ċĦƖŸƚƚШfŰĬŔċЮШÑċĤũĲШÉΠЮΞШċŰĬШ[ŔŊƨƖĲШÉΠЮΤШƚƨůůċƖŔƚĲШƣőĲШůĲƣőŸĬƚШƣőċƣШőċƻĲШĤĲĲŰШƨƚĲĬШƣŸШǯŰĬШÅòШ
ũŸƚƚШŔŰШfŰĬŔċШċũŸŰŊШƽŔƣőШƣőĲШċĤƚŸũƨƣĲШůċŊŰŔƣƨĬĲШŸŉШƣőĲШũŸƚƚĲƚЮШÑőĲШůŸƚƣШĦŸůůŸŰШůĲƣőŸĬШŔƚШ
ĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШƨƚŔŰŊШ~ΤШċŰĬШ §ÑΠΜШůĲƣƖŔĦƚЯШƣőŸƨŊőШƽŔƣőШƣőĲШĲǂĦĲƓƣŔŸŰШ
ŸŉШÉŔŰőċШĲƣШċũЮШыΞΜΝΡьШƣőĲƚĲШƚƣƨĬŔĲƚШőċƻĲШŰŸƣШƨƚĲĬШĲƕƨċƣŔŸŰƚШĬĲƻĲũŸƓĲĬШŉŸƖШfŰĬŔċŰШƽőĲċƣЮШÑŸШĬċƣĲШ
ŸŰũǃШƣőƖĲĲШǰƨǂрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШÑċŰŊШĲƣШċũЮЯШΞΜΝΟбШÑċŔШĲƣШċũЮЯШΞΜΞΝьШċŰĬШƣƽŸШ
ĦƖŸƓШůŸĬĲũƚШőċƻĲШĤĲĲŰШƨƚĲĬШƣŸШĲƚƣŔůċƣĲШÅòШũŸƚƚĲƚШċƣШƣőĲШĦŸƨŰƣƖǃрũĲƻĲũШŔŰШfŰĬŔċШыÑċŔШĲƣШċũЮЯШΞΜΞΝбШ
?ƖŸƨƣƚċƚЯШΞΜΞΜьЮШ ĲŔƣőĲƖШƣőĲШǰƨǂрƖĲƚƓŸŰƚĲШŰŸƖШĦƖŸƓШůŸĬĲũũŔŰŊШůĲƣőŸĬƚШƨƚĲĬШƣŸШĲƚƣŔůċƣĲШÅòШ
ũŸƚƚШƽĲƖĲШƓċƖċůĲƣĲƖŔƚĲĬШŉŸƖШfŰĬŔċŰШƽőĲċƣЮШ[ƨƖƣőĲƖЯШŰŸШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШũŸŸťĲĬШċƣШƣőĲШƖĲƚƓŸŰƚĲШ
ƣŸШƣőĲШĦƨũƣŔƻċƖќƚШƚĲŰƚŔƣŔƻŔƣǃШƣŸШ§ΟЯШŸƖШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШƓƖŸƣĲŔŰЯШƽőŔĦőШƽŔũũШŉƨƖƣőĲƖШĲǂċĦĲƖĤċƣĲШ
ůċũŰƨƣƖŔƣŔŸŰШŔŰШfŰĬŔċЮШ ĬĬŔƣŔŸŰċũũǃЯШĬƨĲШƣŸШƚƓċƖƚĲШ§ΟШůŸŰŔƣŸƖŔŰŊШŰĲƣƽŸƖťƚШŔŰШfŰĬŔċЯШŔƣШŔƚШĬŔǭŔĦƨũƣШƣŸШ
ĬĲƣĲƖůŔŰĲШљƣƖƨƚƣњШŔŰШ§ΟШĬċƣċЯШƽőŔĦőШĦċŰШũĲċĬШƣŸШƨŰĬĲƖрШŸƖШŸƻĲƖрĲƚƣŔůċƣŔŸŰƚШŸŉШ§ΟШĲǭĲĦƣƚШŸŰШ
ƽőĲċƣШыÉőċƖůċШĲƣШċũЮЯШΞΜΝΦьЮ 



ΝΠΟ 
 

ΠЮΞЮΣШÅĲƚĲċƖĦőШƕƨĲƚƣŔŸŰƚ 
fŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШƽĲШċŔůШƣŸШƨŰĬĲƖƚƣċŰĬШƣőĲШƻċƖŔċĤŔũŔƣǃШŔŰШĲƚƣŔůċƣĲƚШŸŉШǃŔĲũĬШũŸƚƚШĬƨĲШƣŸШ
ĬŔǭĲƖŔŰŊШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲƚШċŰĬШƚĲũĲĦƣŔŸŰШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬЮШÂċƖƣŔĦƨũċƖШŉŸĦƨƚШŔƚШŊŔƻĲŰШ
ƣŸШĬċƣċШƚŸƨƖĦĲƚШƣőċƣШċƖĲШċƻċŔũċĤũĲШċƣШċШƖĲŊŔŸŰċũШƚĦċũĲШыƚċƣĲũũŔƣĲШĬċƣċШċŰĬШċƣůŸƚƓőĲƖŔĦШĦőĲůŔƚƣƖǃШ
ůŸĬĲũũŔŰŊьШƣŸШŔŰŉŸƖůШŉƨƣƨƖĲШĬċƣċШƚŸƨƖĦĲШċŰĬШůĲƣőŸĬШƚĲũĲĦƣŔŸŰШŉŸƖШƖĲŊŔŸŰċũШƚĦċũĲШċƚƚĲƚƚůĲŰƣƚШŔŰШ
ƣőĲШĦŸƨŰƣƖǃЮ 

ШÑőĲШƖĲƚĲċƖĦőШƕƨĲƚƣŔŸŰƚШċƖĲа 

Νь fƚШƣőĲШƻċƖŔċĤŔũŔƣǃШŔŰШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШůĲƣĲŸƖŸũŸŊŔĦċũШŔŰƓƨƣШĬċƣċШŉŸƖШƣőĲШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚШƽŔƣőŔŰШƣőĲШĤŸƨŰĬƚШĦŸůůŸŰũǃШƨƚĲĬШƣŸШċƚƚĲƚƚШƣőĲШƨŰĦĲƖƣċŔŰƣǃШŸŉШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚе 

Ξь cŸƽШĬŸШĲƚƣŔůċƣĲƚШŸŉШÅòЯШÅÂШċŰĬШÅÂШĦŸŰĦĲŰƣƖċƣŔŸŰШƻċƖǃШƽŔƣőШĬŔǭĲƖĲŰƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ċŰĬШůĲƣĲŸƖŸũŸŊǃе 

Οь cŸƽШĬŸШĲƚƣŔůċƣĲƚШŸŉШÅòЯШÅÂШċŰĬШÅÂШĦŸŰĦĲŰƣƖċƣŔŸŰШƻċƖǃШƽŔƣőШĬŔǭĲƖĲŰƣШƖŔƚťШċƚƚĲƚƚůĲŰƣШ
ůĲƣőŸĬƚШƽőĲŰШƨƚŔŰŊШƣőĲШƚċůĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċе 

ìĲШƓĲƖŉŸƖůШƣőĲШċĤŸƻĲШċŰċũǃƚŔƚШŉŸƖШċŰШ§ΟШƣŸũĲƖċŰƣШċŰĬШ§ΟШƚĲŰƚŔƣŔƻĲШfŰĬŔċŰШƽőĲċƣШĦƨũƣŔƻċƖШƣŸШ
ċĬĬƖĲƚƚШƣőĲШƕƨĲƚƣŔŸŰШ 

Πь ìőŔĦőШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШĦċŰШĬŔǭĲƖĲŰƣŔċƣĲШƽőĲċƣШƚĲŰƚŔƣŔƻŔƣǃШƣŸШ§ΟеШ 

[ŔŰċũũǃЯШċŰƚƽĲƖŔŰŊШƣőĲШċĤŸƻĲШƕƨĲƚƣŔŸŰƚШċũũŸƽƚШƨƚШƣŸШċŰƚƽĲƖШƣőĲШǯŰċũШƕƨĲƚƣŔŸŰ 

ΡьШ§ŉШĬŔǭĲƖĲŰĦĲƚШŔŰШŔŰƓƨƣШĬċƣċЯШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШċŰĬШĦƖŸƓШĦƨũƣŔƻċƖШƚĲŰƚŔƣŔƻŔƣǃШƣŸШ§ΟЯШ
ƽőŔĦőШŔƚШƣőĲШŊƖĲċƣĲƚƣШĦŸŰƣƖŔĤƨƣŸƖШƣŸШƨŰĦĲƖƣċŔŰƣǃШŸŰШÅòЯШÅÂШċŰĬШÅÂШĦŸŰĦĲŰƣƖċƣŔŸŰШĲƚƣŔůċƣĲƚе 

ΠЮΟШ~ĲƣőŸĬƚ 
ÑőĲШĬċƣċШĦőŸƚĲŰШƣŸШƣĲƚƣШőŸƽШĬŔǭĲƖĲŰƣШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲƚШċǭĲĦƣШƖŔƚťШċƚƚĲƚƚůĲŰƣШĲƚƣŔůċƣĲƚШŔŰШ
ƣőŔƚШƚƣƨĬǃШċƖĲШƚċƣĲũũŔƣĲШƖĲрċŰċũǃƚŔƚШůĲƣĲŸƖŸũŸŊǃШĬċƣċШŉƖŸůШ  É ШÂŸƽĲƖЯШċƣůŸƚƓőĲƖŔĦШůŸĬĲũũĲĬШ
ůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉƖŸůШìÅ[р9őĲůЯШċŰĬШŸĤƚĲƖƻċƣŔŸŰċũШĬċƣċШыƚƓũŔƣШŔŰƣŸШљ§Ñ9њШ
ċŰĬШљǯĲũĬњШĬċƣċЯШƚĲĲШũċƣĲƖШƚĲĦƣŔŸŰƚьЮШìĲШĤĲŊŔŰШĤǃШŔŰƣƖŸĬƨĦŔŰŊШĲċĦőШĬċƣċШƚŸƨƖĦĲШċŰĬШĲǂƓũċŔŰŔŰŊШ
ƣőĲШůĲƣőŸĬШŸŉШĲƚƣŔůċƣŔŰŊШƣőĲŔƖШċƚƚŸĦŔċƣĲĬШƨŰĦĲƖƣċŔŰƣǃЮШÉŔŰĦĲШƣőĲШìÅ[р9őĲůШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƽĲƖĲШŰŸƣШůĲċƚƨƖĲĬШċƣШĦċŰŸƓǃрũĲƻĲũЯШƽĲШĲǂƓũċŔŰШőŸƽШĦċŰŸƓǃрũĲƻĲũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШ
ĦċũĦƨũċƣĲĬШƽŔƣőШƖĲũĲƻċŰƣШĲƕƨċƣŔŸŰƚЮШ[ŸƖШƓĲƖŉŸƖůŔŰŊШƣőĲШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЯШƽĲШĬĲƣċŔũШőŸƽШƖĲũĲƻċŰƣШ
§ΟШůĲƣƖŔĦƚШċƖĲШĦċũĦƨũċƣĲĬШŉŸƖШĲċĦőШƖŔƚťШċƚƚĲƚƚůĲŰƣШƣǃƓĲЯШċŰĬШƚƨĤƚĲƕƨĲŰƣũǃШőŸƽШƣőĲƚĲШůĲƣƖŔĦƚШ
ċƖĲШƨƚĲĬШƣŸШĲƚƣŔůċƣĲШƖĲũċƣŔƻĲШǃŔĲũĬЯШƓƖŸƣĲŔŰШċŰĬШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰЮШÑőĲШůĲƣőŸĬƚШƚĲĦƣŔŸŰШ
ĦŸŰĦũƨĬĲƚШĤǃШĤƖŔŰŊŔŰŊШƣŸŊĲƣőĲƖШĲǂŔƚƣŔŰŊШƓƖŸƣĲŔŰШĬċƣċШŉŸƖШfŰĬŔċŰШƽőĲċƣШƣŸШĦċũĦƨũċƣĲШċШƖĲũċƣŔƻĲШ
ƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШƣŸШĦŸůƓċƖĲШŸƨƖШƖĲƚƨũƣƚЮ 

ΠЮΟЮΝШfŰƓƨƣШĬċƣċШƚŸƨƖĦĲƚ 
ÑőĲШŔŰƓƨƣШĬċƣċШŔŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШƽĲƖĲШŉŸƖШƣőĲШƽőĲċƣШŊƖŸƽŔŰŊШƓĲƖŔŸĬШ?ĲĦĲůĤĲƖШΞΜΝΣр~ċƖĦőШ
ΞΜΝΤЮШ§ĤƚĲƖƻĲĬШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƣШéċƖċŰċƚŔШŔŰШƣőĲШf]ÂШŉƖŸůШòċĬċƻЯШ ŊƖċƽċũШ
ċŰĬШ ŊƖċƽċũШыΞΜΞΝьШƽĲƖĲШċƻċŔũċĤũĲШŉŸƖШƣőŔƚШƓĲƖŔŸĬЯШċũŸŰŊШƽŔƣőШĦŸƨŰƣƖǃрƽŔĬĲШƚŔůƨũċƣŔŸŰƚШŸŉШ
ůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШŉƖŸůШƣőĲШċƣůŸƚƓőĲƖŔĦШůŸĬĲũШìÅ[р9őĲůШŉƖŸůШƽőŔĦőШéċƖċŰċƚŔШĬċƣċШĦŸƨũĬШ
ĤĲШĲǂƣƖċĦƣĲĬЮШ[ƨƖƣőĲƖЯШƣŸШċƚƚĲƚƚШƣőĲШƨƚĲШŸŉШƚċƣĲũũŔƣĲШĬċƣċШŔŰШƖŔƚťШċƚƚĲƚƚůĲŰƣШĲƚƣŔůċƣĲƚЯШ
ůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШŉƖŸůШ  É ШÂŸƽĲƖШƽĲƖĲШċũƚŸШƨƚĲĬЮШìőĲŰШĦŸůƓċƖŔŰŊШƣőĲШůĲƣĲŸƖŸũŸŊŔĦċũШ
ƻċƖŔċĤũĲƚШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƣШéċƖċŰċƚŔЯШsċŰƨċƖǃр~ċƖĦőШΞΜΝΤШĬċƣċШƽĲƖĲШƨƚĲĬЮШ?ĲĦĲůĤĲƖШ
ΞΜΝΣШƽċƚШĲǂĦũƨĬĲĬШĬƨĲШƣŸШŰŸƣШĤĲŔŰŊШĬŔƖĲĦƣũǃШƚŔůƨũċƣĲĬШĤǃШìÅ[р9őĲůЮ 



ΝΠΠ 
 

ΠЮΟЮΝЮΝШ§ĤƚĲƖƻċƣŔŸŰċũШ§ΟШċŰĬШůĲƣĲŸƖŸũŸŊǃаШ[ŔĲũĬШċŰĬШ§Ñ9 
ÑőĲШŸĤƚĲƖƻċƣŔŸŰċũШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċШĦċůĲШŉƖŸůШòċĬċƻШĲƣШċũЮШыΞΜΞΝьЯШƽőŸШ
ƨƚĲĬШċŰШŸŰрƚŔƣĲШƚĲŰƚŸƖШƣŸШƖĲĦŸƖĬШƣőĲШƣĲůƓĲƖċƣƨƖĲЯШċŔƖШƓƖĲƚƚƨƖĲЯШƽŔŰĬШƚƓĲĲĬЯШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШ
ƖĲũċƣŔƻĲШőƨůŔĬŔƣǃШыÅcьЯШƓőŸƣŸƚǃŰƣőĲƣŔĦċũũǃШċĦƣŔƻĲШƖċĬŔċƣŔŸŰШыÂ ÅьШċŰĬШƖċŔŰŉċũũШŸŰШƚŔƣĲШċƣШéċƖċŰċƚŔЯШ
fŰĬŔċШыƚĲĲШÑċĤũĲШΠЮΞШŉŸƖШċШƚƨůůċƖǃШŸŉШůĲċƚƨƖĲůĲŰƣШċƓƓċƖċƣƨƚЯШőĲŔŊőƣЯШũŸĦċƣŔŸŰШċŰĬШĬƨƖċƣŔŸŰьЮШ
~ĲċƚƨƖĲůĲŰƣƚШƽĲƖĲШƣċťĲŰШőŸƨƖũǃЯШċŰĬШƽĲƖĲШŊċƓрǯũũĲĬШċƚШŰĲĦĲƚƚċƖǃШƨƚŔŰŊШċШƚŔůƓũŔǯĲĬШũŔŰĲċƖр
ŔŰƣĲƖƓŸũċƣŔŸŰШŊċƓрǯũũŔŰŊШůĲƣőŸĬ ό9ƳōŜǊǎƻƴ Ŝǘ ŀƭΦΣ нлнмύΦ CƻǊ ŀ ǎƛƴƎƭŜ ƳƛǎǎƛƴƎ ǾŀƭǳŜΣ ǘƘŜ ǇǊƻǘƻŎƻƭ 

ŀǾŜǊŀƎŜǎ ǘƘŜ ǾŀƭǳŜǎ ǘƘŀǘ ƭƛŜ ŜƛǘƘŜǊ ǎƛŘŜ ƻŦ ƛǘΣ ŦƻǊ ŀ ŘŀȅǎΩ ǿƻǊǘƘ ƻŦ ƳƛǎǎƛƴƎ ŘŀǘŀΣ ǘƘŜ ǇǊƻǘƻŎƻƭ ǳǎŜǎ ǘƘŜ 

ƘƻǳǊƭȅ ŀǾŜǊŀƎŜ ƻŦ ǘƘŜ Řŀȅ ǇǊƛƻǊ ŀƴŘ ǘƘŜ Řŀȅ ŀƊŜǊΦ CƻǊ ŀ ƭƻƴƎŜǊ ǇŜǊƛƻŘ ƻŦ ƳƛǎǎƛƴƎ ŘŀǘŀΣ ǘƘŜ Řŀǘŀ ŦƻǊ 

ǘƘŀǘ ŜǉǳƛǾŀƭŜƴǘ Řŀȅ ƻŦ ǘƘŜ ǿŜŜƪ ǇǊƛƻǊ ŀƴŘ ŀƊŜǊ ŀǊŜ ŀǾŜǊŀƎŜŘ ŦƻǊ ŜŀŎƘ ƘƻǳǊ ǿƘŜǊŜ ǇƻǎǎƛōƭŜΦ CƻǊ 

ǘŜƳǇŜǊŀǘǳǊŜΣ wI ŀƴŘ ŀƛǊ ǇǊŜǎǎǳǊŜΣ Řŀǘŀ ǿŜǊŜ ƻƴƭȅ ŀǾŀƛƭŀōƭŜ ŜǾŜǊȅ оǊŘ ƘƻǳǊΦ ! ƭƛƴŜŀǊ ƳƻŘŜƭ ǿŀǎ ŬǧŜŘ 

ǘƻ ŜŀŎƘ ƻŦ ǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀƴŘ wI Řŀǘŀ ŀƴŘ ǘƘŜƛǊ ŜǉǳƛǾŀƭŜƴǘ b!{! tƻǿŜǊ ǾŀƭǳŜ ŦƻǊ ǘƘŀǘ ƘƻǳǊ ǘƻ 

ǇǊŜŘƛŎǘ ǘƘŜ ǇŀǊŀƳŜǘŜǊ ǾŀƭǳŜǎ ŦƻǊ ǘƘŜ ƳƛǎǎƛƴƎ ƘƻǳǊǎ ŀǘ ǘƘŜ ǎƛǘŜΦ LŦ ǘƘŜ ƎŀǇπŬƭƭƛƴƎ ǊŜǎǳƭǘŜŘ ƛƴ ŀ ƭŀǊƎŜ 

άƧǳƳǇέ ōŜǘǿŜŜƴ ƛƴ ǘƘŜ ƻōǎŜǊǾŜŘ ŀƴŘ ƎŀǇπŬƭƭŜŘ Řŀǘŀ ōŜǘǿŜŜƴ ƘƻǳǊǎΣ ǘƘŜ ƭƛƴŜŀǊƭȅ ƛƴǘŜǊǇƻƭŀǘŜŘ ǾŀƭǳŜ 

ǊŜǇƭŀŎŜŘ ǘƘŜ ƻōǎŜǊǾŜŘ ǾŀƭǳŜΦ !ƛǊ ǇǊŜǎǎǳǊŜ ŘƛŘ ƴƻǘ ǾŀǊȅ ƳǳŎƘ ōŜǘǿŜŜƴ ƳŜŀǎǳǊŜƳŜƴǘǎ ǎƻ ǿŀǎ ƪŜǇǘ 

Ŏƻƴǎǘŀƴǘ ƻǾŜǊ ǘƘŜ ƘƻǳǊǎ ƻŦ ƳƛǎǎƛƴƎ ŘŀǘŀΦ 

CƻǊ ǘƘŜ ŘŀǘŀǎŜǘǎ ƛƴ ǘƘƛǎ ǎǘǳŘȅΣ hо ŎƻƴŎŜƴǘǊŀǝƻƴ Řŀǘŀ ǿŜǊŜ ƴƻǘ ŀǾŀƛƭŀōƭŜ ŦƻǊ ŜǾŜǊȅ ŘŀȅΦ DƛǾŜƴ ǘƘŜ 

ŘƛǳǊƴŀƭ ǇǊƻŬƭŜ ƻŦ hоΣ ŀ ōŜƭƭ ŎǳǊǾŜ ǇǊƻŬƭŜ ǿŀǎ ǳǎŜŘ ǘƻ ƎŀǇ Ŭƭƭ hо ŎƻƴŎŜƴǘǊŀǝƻƴǎ ǿƛǘƘ ŀ ƴƛƎƘǘƭȅ 

ƳƛƴƛƳǳƳ ƻŦ р ǇǇō ό9ƳōŜǊǎƻƴ Ŝǘ ŀƭΦΣ нлнмύΦ CƻǊ ǊǳƴƴƛƴƎ ǘƘŜ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ŎƻƳǇŀǊƛǎƻƴΣ ǿŜ ǳǎŜ ǘǿƻ 

ŘŀǘŀǎŜǘǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ ƻōǎŜǊǾŀǝƻƴŀƭ ŘŀǘŀΤ ǘƘŜ ŬǊǎǘ ƛǎ ǘŜǊƳŜŘ άCƛŜƭŘέΣ ǘƘŜ ǎŜŎƻƴŘ άh¢/έ όƻǇŜƴ ǘƻǇ 

ŎƘŀƳōŜǊύΦ ¢ƘŜ CƛŜƭŘ ŘŀǘŀǎŜǘ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ƎŀǇπŬƭƭŜŘ ƻōǎŜǊǾŜŘ ƳŜǘŜƻǊƻƭƻƎȅ ŀƴŘ hо ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀǘ 

ǘƘŜ ±ŀǊŀƴŀǎƛ ǎƛǘŜΦ ¢ƘŜ h¢/ ŘŀǘŀǎŜǘ Ŏƻƴǎƛǎǘǎ ƻŦ ǘƘŜ ƎŀǇπŬƭƭŜŘ ƻōǎŜǊǾŜŘ ƳŜǘŜƻǊƻƭƻƎȅ ŀƴŘ hо 

ŎƻƴŎŜƴǘǊŀǝƻƴǎ ŀǘ ǘƘŜ ±ŀǊŀƴŀǎƛ ǎƛǘŜΣ ǿƛǘƘ ŀƴ ŀŘŘƛǝƻƴŀƭ ǘŜƳǇŜǊŀǘǳǊŜ ŎƻǊǊŜŎǝƻƴ ŀǇǇƭƛŜŘ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ 

ǘƘŜ ǿŀǊƳƛƴƎ ŜũŜŎǘ ƻŦ ǘƘŜ h¢/ ǿƘŜǊŜ ǘƘŜ ŜȄǇŜǊƛƳŜƴǘ ǿŀǎ ŎƻƴŘǳŎǘŜŘΦ ¢ƘŜ h¢/ ŘŀǘŀǎŜǘ ǿŀǎ ƛƴŎƭǳŘŜŘ 

ŀǎ ƛǘ ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǾŜƭƻǇ ǘƘŜ 5hо{9π/ǊƻǇb ƳƻŘŜƭ ƛƴ {ŜŎǝƻƴ о ƻŦ ǘƘŜ ǇǊŜǎŜƴǘ ǘƘŜǎƛǎΣ ŀƴŘ ǎƻ Ŏŀƴ 

ǇǊƻǾƛŘŜ ŀƴ ƛŘŜŀ ƻŦ ǘƘŜ ƛƳǇŀŎǘ ƻŦ h¢/ ŜũŜŎǘǎ ƻƴ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ŜǎǝƳŀǘŜǎΦ 

ÑċĤũĲЮΧдΥжЮÑőĲЮċƓƓċƖċƣƨƚЮƨƚĲĬЮƣŸЮůĲċƚƨƖĲЮƣőĲЮŸĤƚĲƖƻĲĬЮĬċƣċЮŔŰЮéċƖċŰċƚŔеЮċũŸŰŊЮƽŔƣőЮƣőĲЮċƓƓċƖċƣƨƚЮũŸĦċƣŔŸŰЮċŰĬЮőĲŔŊőƣЮ
ƽŔƣőЮƖĲƚƓĲĦƣЮƣŸЮƣőĲЮ§Ñ9ЮċŰĬЮƽőĲċƣеЮƣőĲЮůĲċƚƨƖĲůĲŰƣЮƓĲƖŔŸĬеЮċŰĬЮƣőĲЮůċǂŔůƨůЮċŰĬЮůŔŰŔůƨůЮŸĤƚĲƖƻĲĬЮƻċũƨĲƚЮ
ƖĲƓŸƖƣĲĬЮċƚжЮƻċũƨĲЮƓƖŔŸƖЮƣŸЮŊċƓЮǯũũŔŰŊЮёƻċũƨĲЮċŉƣĲƖЮŊċƓЮǯũũŔŰŊђЮыòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũЯШΞΜΞΝбШ7cÖЯШ?ĲƓċƖƣůĲŰƣШŸŉШ
]ĲŸƓőǃƚŔĦƚЯШΞΜΜΦьд 

±ŀǊƛŀōƭŜ 
aŜŀǎǳǊŜƳŜƴǘ 
ŀǇǇŀǊŀǘǳǎ 

aŜŀǎǳǊŜƳŜƴǘ 
ƭƻŎŀǝƻƴ 

aŜŀǎǳǊŜƳŜƴǘ 
ƘŜƛƎƘǘ 

aŜŀǎǳǊŜƳŜƴǘ 
ǇŜǊƛƻŘ 

҈ 5ŀǘŀ 
ŎŀǇǘǳǊŜŘϝϝϝ 

t!w 

wŀŘƛƻƳŜǘŜǊ 
όaƻŘŜƭΥ 
ta!нмллΣ {ƻƭŀǊ 
[ƛƎƘǘ /ƻƳǇŀƴȅΣ 
LƴŎΦΣ DƭŜƴǎƛŘŜΣ 
t!Σ ¦{!ύ 

LƴǎƛŘŜ h¢/ ¢ƻǇ ƻŦ ŎŀƴƻǇȅ 
5ŜŎŜƳōŜǊ 
нлмсπaŀǊŎƘ 
нлмт 

нн҈ ǘƻǘŀƭ 
όру҈ млŀƳπ
рǇƳύϝϝϝϝ 

hо 

hо ŀƴŀƭȅǎŜǊ 
όaƻŘŜƭ !th! 
отлΣ IhwL.! 
[ǘŘΣ WŀǇŀƴύ 

LƴǎƛŘŜ h¢/ 

прŎƳ ǳǇ ǘƻ 
ǾŜƎŜǘŀǝǾŜ 
ǎǘŀƎŜ ŀƴŘ 
мллŎƳ ŀǘ 
ǊŜǇǊƻŘǳŎǝǾŜ 
ŀƴŘ Ǉƻǎǘπ
ǊŜǇǊƻŘǳŎǝǾŜ 
ǎǘŀƎŜǎ 

5ŜŎŜƳōŜǊ 
нлмсπaŀǊŎƘ 
нлмт 

ол҈ ǘƻǘŀƭ 
όтт҈ млŀƳπ
рǇƳύ 



ΝΠΡ 
 

όϤŎŀƴƻǇȅ 
ƘŜƛƎƘǘ ƻǊ Ƨǳǎǘ 
ŀōƻǾŜύ 

¢ŜƳǇŜǊπ
ŀǘǳǊŜ 

!²{ϝ 
La5ϝϝ 
 

мΦнƳ 
5ŜŎŜƳōŜǊ 
нлмсπaŀǊŎƘ 
нлмт 

оо҈ ŎƻǾŜǊŀƎŜ 
όŜǾŜǊȅ оǊŘ 
ƘƻǳǊύ 

wŀƛƴŦŀƭƭ !²{ϝ 
La5ϝϝ 
 

мΦнƳ 
5ŜŎŜƳōŜǊ 
нлмсπaŀǊŎƘ 
нлмт 

оо҈ ŎƻǾŜǊŀƎŜ 
όŜǾŜǊȅ оǊŘ 
ƘƻǳǊύ 

wI !²{ϝ 
La5ϝϝ 
 

мΦнƳ 
5ŜŎŜƳōŜǊ 
нлмсπaŀǊŎƘ 
нлмт 

оо҈ ŎƻǾŜǊŀƎŜ 
όŜǾŜǊȅ оǊŘ 
ƘƻǳǊύ 

²ƛƴŘ 
ǎǇŜŜŘ 

!²{ϝ 
La5ϝϝ 
 

мпƳ 
5ŜŎŜƳōŜǊ 
нлмсπaŀǊŎƘ 
нлмт 

оо҈ ŎƻǾŜǊŀƎŜ 
όŜǾŜǊȅ оǊŘ 
ƘƻǳǊύϝϝϝϝ 

пЮ ƨƣŸůċƣŔĦЮƽĲċƣőĲƖЮƚƣċƣŔŸŰЮё ìÉђеЮёƚƓĲĦŔǯĦЮŔŰƚƣƖƨůĲŰƣċƣŔŸŰЮŸŰЮƣőĲЮ ìÉЮƨŰĦũĲċƖђ 
ппfŰĬŔċŰЮůĲƣĲŸƖŸũŸŊŔĦċũЮĬŔƻŔƚŔŸŰЮёf~?ђЮ?ĲƓċƖƣůĲŰƣЮŸŉЮ]ĲŸũŸŊǃЮċŰĬЮ]ĲŸƓőǃƚŔĦƚеЮ7cÖеЮёӎΥΣΣůЮŉƖŸůЮĲǂƓĲƖŔůĲŰƣċũЮƚŔƣĲђ 
пппÅĲƓƖĲƚĲŰƣƚЮƣőĲЮƓĲƖĦĲŰƣċŊĲЮŸŉЮƣőĲЮŊƖŸƽŔŰŊЮƚĲċƚŸŰЮŉŸƖЮƽőŔĦőЮĬċƣċЮƽċƚЮċƻċŔũċĤũĲдЮ ũũЮĬċƣċЮŊċƓƚЮƽĲƖĲЮŊċƓцǯũũĲĬЮŔŰЮ
ċĦĦŸƖĬċŰĦĲЮƽŔƣőЮƣőĲЮƓƖĲƻŔŸƨƚũǃЮĬĲƚĦƖŔĤĲĬЮƓƖŸƣŸĦŸũдЮÂ ÅЮċŰĬЮ§ΦЮĬċƣċЮƽĲƖĲЮŸŰũǃЮƖĲĦŸƖĬĲĬЮĤĲƣƽĲĲŰΤΣċůцΨƓůЮƽőĲƖĲЮ
ĬċƣċЮƽċƚЮċƻċŔũċĤũĲд 
ппппìőŔũĲЮƽŔŰĬЮƚƓĲĲĬЮċŰĬЮÂ ÅЮĬċƣċЮƽċƚЮċƻċŔũċĤũĲЮƣőĲЮůĲċƚƨƖĲůĲŰƣƚЮƽĲƖĲЮƻĲƖǃЮĬŔƚƚŔůŔũċƖЮƣŸЮ  É ЮÂŸƽĲƖЮċŰĬЮƚŸЮ
ũŔŰĲċƖЮŔŰƣĲƖƓŸũċƣŔŸŰЮƽċƚЮƓĲƖŉŸƖůĲĬЮŉŸƖЮċũũЮŸŉЮƣőŔƚЮĬċƣċЮёEůĤĲƖƚŸŰЮĲƣЮċũдеЮΥΣΥΤђд 

ΠЮΟЮΝЮΞШìÅ[р9őĲůШĬċƣċ 
ÑőĲШìÅ[р9őĲůШĬċƣċШĦŸŰƚŔƚƣƚШŸŉШƚŔůƨũċƣĲĬШőŸƨƖũǃШÅcЯШƣĲůƓĲƖċƣƨƖĲЯШƚőŸƖƣрƽċƻĲШĬŸƽŰШƖċĬŔċƣŔŸŰШ
ыĦŸŰƻĲƖƣĲĬШƣŸШÂ ÅШĤǃШĬŔƻŔƚŔŸŰШŸŉШΜЮΠΡьЯШċŔƖШƓƖĲƚƚƨƖĲЯШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШƽŔŰĬШƚƓĲĲĬШċƻċŔũċĤũĲШ
ŉƖŸůШƣőĲШċƨƣőŸƖƚШŸŉШéĲŰťċƣċƖċůċŰШĲƣШċũЮШыΞΜΞΠьЮШÑŸШŸĤƣċŔŰШƣőĲШƚŔůƨũċƣŔŸŰƚЯШƣőĲШċƨƣőŸƖƚШƖċŰШƣőĲШ
ìÅ[р9őĲůШůŸĬĲũШƨƚŔŰŊШŔŰŔƣŔċũШůĲƣĲŸƖŸũŸŊǃШċŰĬШĤŸƨŰĬċƖǃШĦŸŰĬŔƣŔŸŰƚШŉƖŸůШƣőĲШEÅрfŰƣĲƖŔůШ
ĬċƣċƚĲƣЯШƣőĲŰШ~§ü ÅÑрΠШĬċƣċШƽċƚШƨƚĲĬШƣŸШƓƖŸƻŔĬĲШĬĲƣċŔũƚШŉŸƖШƣőĲШĦőĲůŔĦċũШĤŸƨŰĬċƖǃШĦŸŰĬŔƣŔŸŰƚШ
ыéĲŰťċƣċƖċůċŰШĲƣШċũЮЯШΞΜΞΠьЮШ[ŸũũŸƽŔŰŊШƣőŔƚШ?ĲĦĲůĤĲƖШΞΜΝΣШƽċƚШƨƚĲĬШċƚШċШљƚƓŔŰрƨƓњШƓĲƖŔŸĬЮШÑőĲШ
ìÅ[р9őĲůШƚŔůƨũċƣŔŸŰƚШƽĲƖĲШŉŸƖШƣőĲШĲŰƣŔƖĲƣǃШŸŉШfŰĬŔċЯШƚŸШƣőĲШĬċƣċШŉŸƖШéċƖċŰċƚŔШƽċƚШĲǂƣƖċĦƣĲĬШ
ƨƚŔŰŊШƣőĲШũċƣŔƣƨĬĲШċŰĬШũŸŰŊŔƣƨĬĲЮШÑőĲШìÅ[р9őĲůШŊƖŔĬШĦĲũũƚШċƖĲШċƣШċШƖĲƚŸũƨƣŔŸŰШŸŉШΞΤǂΞΤťůШċŰĬШ
ƣőĲШŊƖŔĬШĦĲũũШĬŔĬШŰŸƣШĦŸƻĲƖШƚƨĤƚƣċŰƣŔċũũǃШĬŔǭĲƖĲŰƣШƣŸƓŸŊƖċƓőǃШƚŸШƣőĲШĦĲũũШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔƚШċƚƚƨůĲĬШƣŸШĤĲШƖĲƓƖĲƚĲŰƣċƣŔƻĲШŉŸƖШéċƖċŰċƚŔЮШÑőĲШƚŔůƨũċƣŔŸŰƚШŉƖŸůШƣőĲШƚƣƨĬǃШċƖĲШ
ĦŸŰƚŔĬĲƖĲĬШƚŸůĲШŸŉШƣőĲШĤĲƚƣШƣŸрĬċƣĲЯШċƚШƣőĲǃШĦŸƻĲƖШƣőĲШĲŰƣŔƖĲƣǃШŸŉШfŰĬŔċШƽŔƣőШċШǯŰĲШƚƓċƣŔċũШ
ƖĲƚŸũƨƣŔŸŰШċŰĬШĬĲƣċŔũĲĬШĲůŔƚƚŔŸŰƚШĬċƣċШыéĲŰťċƣċƖċůċŰШĲƣШċũЮЯШΞΜΞΠьЮШEƻċũƨċƣŔŸŰƚШŸŉШƣőĲШ
ůĲƣĲŸƖŸũŸŊŔĦċũШƚŔůƨũċƣŔŸŰƚШƚőŸƽĲĬШƣőċƣШŔƣШƖĲĦƖĲċƣĲĬШƚƨƖŉċĦĲШƖċĬŔċƣŔŸŰЯШÅcШċŰĬШƣĲůƓĲƖċƣƨƖĲШƽĲũũШ
ыéĲŰťċƣċƖċůċŰШĲƣШċũЮЯШΞΜΞΠьЮШ 

ìőŔũĲШìÅ[р9őĲůШĬċƣċШŉŸƖШ?ĲĦĲůĤĲƖШΞΜΝΣШƽĲƖĲШŰŸƣШċƻċŔũċĤũĲЯШƣőĲШĬċƣċШŉŸƖШ?ĲĦĲůĤĲƖШΞΜΝΤШ
ƽĲƖĲЮШìĲШĦŸůƓċƖĲĬШƣőĲШŸĤƚĲƖƻċƣŔŸŰċũШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƣШéċƖċŰċƚŔШŉƖŸůШ
òċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũШыΞΜΞΝьШċŰĬШƨƚĲĬШƣőĲƚĲШƣŸШĬĲƣĲƖůŔŰĲШƣőĲШƚŔůŔũċƖŔƣǃШĤĲƣƽĲĲŰШƣőĲШƣƽŸШ
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ůŸŰƣőƚЮШÖƚŔŰŊШƣőŔƚШŸĤƚĲƖƻċƣŔŸŰċũШĬċƣċЯШƚĦċũŔŰŊШŉċĦƣŸƖƚШƽĲƖĲШĦċũĦƨũċƣĲĬШŉŸƖШĲċĦőШůĲƣĲŸƖŸũŸŊŔĦċũШ
ƻċƖŔċĤũĲШƽőŔĦőШƽŸƨũĬШĦŸŰƻĲƖƣШƣőĲШŸĤƚĲƖƻĲĬШ?ĲĦĲůĤĲƖШΞΜΝΤШůĲƣĲŸƖŸũŸŊǃШƣŸШƣőĲШŸĤƚĲƖƻĲĬШ
?ĲĦĲůĤĲƖШΞΜΝΣШůĲƣĲŸƖŸũŸŊǃШыƚĲĲШƚƨƓƓũĲůĲŰƣċƖǃШÑċĤũĲШÉΠЮΝЯШċŰĬШ[ŔŊƨƖĲƚШÉΠЮΝрÉΠЮΣьЮШÑőĲƚĲШ
ƚĦċũŔŰŊШŉċĦƣŸƖƚШƽĲƖĲШċƓƓũŔĲĬШƣŸШƣőĲШìÅ[р9őĲůШ?ĲĦĲůĤĲƖШΞΜΝΤШƚŔůƨũċƣŔŸŰƚШƣŸШŸĤƣċŔŰШċŰШ
ċƓƓƖŸǂŔůċƣŔŸŰШŸŉШƣőĲШƚŔůƨũċƣĲĬШìÅ[р9őĲůШůĲƣĲŸƖŸũŸŊǃШŉŸƖШ?ĲĦĲůĤĲƖШΞΜΝΣЮШ ĬĬŔƣŔŸŰċũũǃЯШ
ŸĦĦċƚŔŸŰċũШƻċũƨĲƚШŸŉШƣőĲШƽŔŰĬШƚƓĲĲĬШƽĲƖĲШůŔƚƚŔŰŊШŔŰШƣőĲШìÅ[р9őĲůШŸƨƣƓƨƣЯШƚŸШŊċƓШǯũũŔŰŊШƽċƚШ
ƓĲƖŉŸƖůĲĬШŔŰШċĦĦŸƖĬċŰĦĲШƽŔƣőШƣőĲШƓƖĲƻŔŸƨƚũǃШĬĲƚĦƖŔĤĲĬШŊċƓШǯũũŔŰŊШƓƖŸƣŸĦŸũШыEůĤĲƖƚŸŰШĲƣШċũЮЯШ
ΞΜΞΝьЮ 

ΠЮΟЮΝЮΟШ  É ШÂŸƽĲƖШĬċƣċ 
cŸƨƖũǃШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШŉƖŸůШ  É ШÂŸƽĲƖШŉŸƖШéċƖċŰċƚŔШƽĲƖĲШĬŸƽŰũŸċĬĲĬШŉŸƖШƣőĲШƓĲƖŔŸĬШ
?ĲĦĲůĤĲƖШΞΜΝΣШтШ~ċƖĦőШΞΜΝΤШŉƖŸůШ  É ШыΞΜΞΠьЮШÂċƖċůĲƣĲƖƚШŸĤƣċŔŰĲĬШŉƖŸůШ  É ШыΞΜΞΠьШƽĲƖĲаШ
љ ũũÉťǃÂ ÅњЯШљÅcњЯШљÑĲůƓњЯШљÂƖĲĦŔƓњЯШљìŔŰĬÉƓĲĲĬњШċŰĬШљÂƖĲƚƚƨƖĲњЮШÂƖĲĦŔƓŔƣċƣŔŸŰШƽċƚШŰŸƣШƨƚĲĬШċƚШ
ƽĲШċƚƚƨůĲШŰŸШƽċƣĲƖШƚƣƖĲƚƚЮШfƣШƽċƚШŰŸƣШŰĲĦĲƚƚċƖǃШƣŸШƓĲƖŉŸƖůШŊċƓрǯũũŔŰŊШŉŸƖШƣőŔƚШĬċƣċƚĲƣЮШ
cŸƽĲƻĲƖЯШƚŔŰĦĲШ  É ШÂŸƽĲƖШĬŸĲƚШŰŸƣШƖĲĦŸƖĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƣőĲШƚŔůƨũċƣĲĬШìÅ[р9őĲůШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШƚƨĤƚƣŔƣƨƣĲĬШŔŰƣŸШƣőŔƚШĬċƣċЮШÑőĲШìÅ[р9őĲůШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШƨƚĲĬШŔŰр
ƓũċĦĲШŸŉШƣőĲШŸĤƚĲƖƻĲĬШ§ΟШĬċƣċШċƚШƣőĲǃШƓƖŸƻŔĬĲШĦŸƻĲƖċŊĲШċĦƖŸƚƚШċШũċƖŊĲƖШƚƓċƣŔċũШƚĦċũĲЯШŔŰШƣőŔƚШĦċƚĲШ
ċũũШŸŉШfŰĬŔċШыéĲŰťċƣċƖċůċŰШĲƣШċũЮЯШΞΜΞΠьЮШÑőĲШċƻċŔũċĤŔũŔƣǃШŸŉШ  É ШÂŸƽĲƖШċŰĬШìÅ[р9őĲůШĬċƣċШ
ċĦƖŸƚƚШċШũċƖŊĲƖШƚĦċũĲШůċťĲƚШƣőĲůШůŸƖĲШƚƨŔƣċĤũĲШŉŸƖШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШċƣШċШŰċƣŔŸŰċũШũĲƻĲũЯШƽőĲƖĲШ
ƖĲŊŔŸŰШƽŔĬĲШůĲƣĲŸƖŸũŸŊŔĦċũШċŰĬШ§ΟШĬċƣċШċƖĲШƖĲƕƨŔƖĲĬШċƚШŔŰƓƨƣЮШfŰШƣőĲШƣĲǂƣЯШ  É ШÂŸƽĲƖШ
ůĲƣĲŸƖŸũŸŊǃШƽŔƣőШìÅ[р9őĲůШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċƚĲƣШŔƚШƖĲŉĲƖƖĲĬШƣŸШċƚШљ  É ШыìÅ[Ш§ΟьњШƣŸШ
ƖĲůŔŰĬШƣőĲШƖĲċĬĲƖШƣőċƣШƣőĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШŰŸƣШŉƖŸůШ  É ШÂŸƽĲƖЮ 

ΠЮΟЮΞШ~ĲƣőŸĬŸũŸŊǃШŉŸƖШċŰċũǃƚŔŰŊШƣőĲШƖĲƓƖĲƚĲŰƣċƣŔƻĲŰĲƚƚШŸŉШƣőĲШìÅ[р9őĲůШ
ċŰĬШ  É ШыìÅ[р§ΟьШŔŰƓƨƣШĬċƣċ 
ÑŸШƨŰĬĲƖƚƣċŰĬШƣőĲШƨŰĦĲƖƣċŔŰƣǃШŸŉШƣőĲШƚŔůƨũċƣĲĬШìÅ[Ш9őĲůШĬċƣċШċŰĬШƣőĲШƖĲрċŰċũǃƚŔƚШ  É ШыìÅ[Ш
§ΟьШĬċƣċШƽĲШĦŸůƓċƖĲШƣőĲШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣŸШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċЮШÑŸШůŸƖĲШ
ĲǭĲĦƣŔƻĲũǃШŉŸƖůШƣőĲШĦŸůƓċƖŔƚŸŰЯШŔƣШŔƚШƨƚĲŉƨũШƣŸШťŰŸƽШƣőĲШƨŰĦĲƖƣċŔŰƣǃШŸŰШƣǃƓŔĦċũШůŸĬĲũũĲĬШ
ůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣŸШĬĲƣĲƖůŔŰĲШŔŉШƣőĲǃШŉŸƖůШƽŔƣőŔŰШƣőĲƚĲШĤŸƨŰĬƚЮШШƖĲĦĲŰƣШ
ƚĲŰƚŔƣŔƻŔƣǃШƚƣƨĬǃШƨƚĲĬШƨŰĦĲƖƣċŔŰƣŔĲƚШŸŉШΟ҄9ЯШσπϷШċŰĬШτπϷШŉŸƖШůŸĬĲũũĲĬШƣĲůƓĲƖċƣƨƖĲЯШ
őƨůŔĬŔƣǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƖĲƚƓĲĦƣŔƻĲũǃШŔŰШĦŸůƓċƖŔƚŸŰШƣŸШŸĤƚĲƖƻĲĬШƚƨƖŉċĦĲШƻċũƨĲƚЯШƽőŔĦőШ
ƣőĲШċƨƣőŸƖƚШŸĤƣċŔŰĲĬШĤǃШĦŸŰƚƨũƣŔŰŊШƣőĲШũŔƣĲƖċƣƨƖĲШŸŰШƣǃƓŔĦċũШůŸĬĲũШƨŰĦĲƖƣċŔŰƣŔĲƚШыEůůĲƖŔĦőƚШĲƣШ
ċũЮЯШŔŰШƓƖĲƓЮьЮШШÑőĲШƨŰĦĲƖƣċŔŰƣŔĲƚШċƖĲШƚƨůůċƖŔƚĲĬШŔŰШÑċĤũĲШΠЮΟЮШÅċŔŰŉċũũоƚŸŔũШůŸŔƚƣƨƖĲШŔƚШĲǂĦũƨĬĲĬШ
ĬƨĲШƣŸШƣőĲШċƚƚƨůƓƣŔŸŰШŸŉШƽĲũũрƽċƣĲƖĲĬШƽőĲċƣШċƣШéċƖċŰċƚŔШыÉĲĦƣŔŸŰШΟШŸŉШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚьЮШƚШ
ƣőĲƚĲШƨŰĦĲƖƣċŔŰƣŔĲƚШƖĲƓƖĲƚĲŰƣШƣőĲШĤŸƨŰĬƚШƽŔƣőŔŰШƽőŔĦőШůŸĬĲũũĲĬШĬċƣċШŔƚШĲǂƓĲĦƣĲĬШƣŸШŉċũũШƽŔƣőŔŰШ
ƽőĲŰШĦŸůƓċƖĲĬШƣŸШŸĤƚĲƖƻċƣŔŸŰċũШĬċƣċЯШƣőĲƚĲШĤŸƨŰĬƚШċƖĲШċƓƓũŔĲĬШƣŸШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШƣŸШ
ŸĤƚĲƖƻĲШƽőĲƣőĲƖШƣőĲШůŸĬĲũũĲĬШƖĲрċŰċũǃƚŔƚШ  É ШыìÅ[р§ΟьШċŰĬШċƣůŸƚƓőĲƖŔĦШůŸĬĲũũĲĬШìÅ[р
9őĲůШƣĲůƓĲƖċƣƨƖĲЯШÅcШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉċũũШƽŔƣőŔŰШƣőĲůЮШÑőŔƚШċũũŸƽƚШŉŸƖШċŰШƨŰĬĲƖƚƣċŰĬŔŰŊШ
ŸŉШƣőĲШƖĲƓƖĲƚĲŰƣċƣŔƻĲŰĲƚƚШŸŉШƣőĲШìÅ[р9őĲůШċŰĬШ  É ШыìÅ[р§ΟьШĬċƣċƚĲƣƚШŸŉШƚƨƖŉċĦĲШĦŸŰĬŔƣŔŸŰƚШ
ċƣШéċƖċŰċƚŔЮШÂĲƖŉŸƖůŔŰŊШƣőŔƚШĦŸůƓċƖŔƚŸŰШċƚƚƨůĲƚШƣőċƣШƣőĲШŸĤƚĲƖƻĲĬШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШĦŸƖƖĲĦƣЮ 

ÑőĲШĬŔǭĲƖĲŰĦĲƚШŔŰШůŸĬĲũШŸƨƣƓƨƣƚШċƣƣƖŔĤƨƣĲĬШƣŸШƣőĲШĬŔǭĲƖŔŰŊШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ŸŉШƣőĲШ  É ШыìÅ[Ш§ΟьЯШìÅ[р9őĲůЯШ[ŔĲũĬШċŰĬШ§Ñ9ШĬċƣċШċƖĲШŔŰƻĲƚƣŔŊċƣĲĬШĤǃШĲǂƓũŸƖŔŰŊШƣőĲШ
ĬŔǭĲƖĲŰĦĲƚШŔŰШƣőĲШŉƨŰĬċůĲŰƣċũШůŸĬĲũũŔŰŊШƓƖŸĦĲƚƚĲƚШыƓőĲŰŸũŸŊǃЯШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƚĲŰĲƚĦĲŰĦĲЯШ
?~ШċŰĬШ ШƖĲůŸĤŔũŔƚċƣŔŸŰьШċƣƣƖŔĤƨƣĲĬШƣŸШƣőĲƚĲШƻċƖŔċƣŔŸŰƚЯШƓũŸƣƣĲĬШŔŰĬŔƻŔĬƨċũũǃШċƚШƚƨƓƓũĲůĲŰƣċƖǃШ
ǯŊƨƖĲƚШċŰĬШĬŔƚĦƨƚƚĲĬШŔŰШÉĲĦƣŔŸŰШΠЮΡЮΟЮШ 



ΝΠΤ 
 

ÑċĤũĲЮΧдΦжЮÉƨůůċƖǃЮŸŉЮƨŰĦĲƖƣċŔŰƣǃЮƖċŰŊĲƚЮŸŉЮůĲƣĲŸƖŸũŸŊŔĦċũЮċŰĬЮ§ΦЮĬċƣċЮŉƖŸůЮEůůĲƖŔĦőƚЮĲƣЮċũдЮёŔŰЮƓƖĲƓдђ 
пΦΣӜЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮƓĲƖĦĲŰƣċŊĲЮƻċƖŔċƣŔŸŰЮŔŰЮƖĲũċƣŔƻĲЮőƨůŔĬŔƣǃЮċŰĬЮŰŸƣЮċЮĦőċŰŊĲЮŔŰЮőƨůŔĬŔƣǃЮŸŉЮΣдΦд 

Model type Temperature O3 
Relative 
Humidity 

O3 Flux-response  σ °C  τπϷ  σπϷ* 

ΠЮΟЮΟШ§ĤƣċŔŰŔŰŊШĦċŰŸƓǃрũĲƻĲũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚ 
§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉƖŸůШìÅ[р9őĲůШƽĲƖĲШƚŔůƨũċƣĲĬШċƣШċШőĲŔŊőƣШŸŉШΞΦůЮШÑőĲШ?§ΟÉEШůŸĬĲũШĦċŰШ
ĦċũĦƨũċƣĲШĦċŰŸƓǃрũĲƻĲũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉƖŸůШċŰШŸĤƚĲƖƻĲĬШŸƖШůŸĬĲũũĲĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШċƣШċШ
ŊŔƻĲŰШƖĲŉĲƖĲŰĦĲШőĲŔŊőƣЯШὕ ЮШfŰŔƣŔċũũǃЯШƣőĲШĬĲƓŸƚŔƣŔŸŰШƻĲũŸĦŔƣǃШыὠьШŔƚШĦċũĦƨũċƣĲĬШĤǃШĦŸŰƚŔĬĲƖŔŰŊШ
ƣőĲШċĲƖŸĬǃŰċůŔĦШƖĲƚŔƚƣċŰĦĲШыὙьЯШċũŸŰŊШƽŔƣőШƣőĲШĤŸƨŰĬċƖǃШċŰĬШƚƨƖŉċĦĲШƖĲƚŔƚƣċŰĦĲƚШыEƕƨċƣŔŸŰШ
ыΠЮΝььа 

 
ὠ

ρ

Ὑ Ὑ Ὑ
 (4.1) 

 

ÑőĲШĬĲƓŸƚŔƣŔŸŰШƻĲũŸĦŔƣǃШŔƚШƣőĲŰШƨƚĲĬШƣŸШƓƖŸƓċŊċƣĲШƣőĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƣШƣőĲШƖĲŉĲƖĲŰĦĲШőĲŔŊőƣШ
ыǍьЯШŔŰШƣőŔƚШĦċƚĲШΞΦůЯШƣŸШĦċŰŸƓǃШũĲƻĲũШыEƕƨċƣŔŸŰШыΠЮΞьь 

 ὕ ὕ ρ Ὑ ὠ  (4.2) 
 

ὙШŔƚШƣőĲШċĲƖŸĬǃŰċůŔĦШƖĲƚŔƚƣċŰĦĲШĤĲƣƽĲĲŰШƣőĲШƖĲŉĲƖĲŰĦĲШőĲŔŊőƣШċŰĬШƣőĲШĦċŰŸƓǃШőĲŔŊőƣЯШὙШċŰĬШШ
Ὑ ШċƖĲШƣőĲШĤŸƨŰĬċƖǃШũċǃĲƖШċŰĬШƚƨƖŉċĦĲШƖĲƚŔƚƣċŰĦĲƚШŸŉШƣőĲШĦċŰŸƓǃЮШ[ŸƖШƣőĲШĦŸŰƚŔĬĲƖċƣŔŸŰШŸŉШ
ĦƖŸƓƚЯШƽőĲƖĲШƣőĲƖĲШċƖĲШƚĲƻĲƖċũШũċǃĲƖƚЯШƣőĲШƖĲƚŔƚƣċŰĦĲƚШŸŉШũċǃĲƖƚШċƖĲШƚƨůůĲĬШĦƨůƨũċƣŔƻĲũǃШŉŸƖШ
ŔŰƓƨƣШŔŰƣŸШƣőĲШĦċũĦƨũċƣŔŸŰƚШыÉŔůƓƚŸŰШĲƣШċũЮЯШΞΜΝΞбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮ 

ÑőĲШĦċũĦƨũċƣŔŸŰƚШŸŉШƖĲƚŔƚƣċŰĦĲƚШŔŰШƣőĲШċĤŸƻĲШĲƕƨċƣŔŸŰƚШŔŰƻŸũƻĲШĬŔƖĲĦƣШůĲƣĲŸƖŸũŸŊŔĦċũШŔŰǰƨĲŰĦĲƚШ
ŉƖŸůШƽŔŰĬШƚƓĲĲĬЯШċŰĬШŔŰĬŔƖĲĦƣШůĲƣĲŸƖŸũŸŊŔĦċũШŔŰǰƨĲŰĦĲƚШƣőƖŸƨŊőШx fШŸŰШὠЯШĬĲƣĲƖůŔŰĲĬШƣőƖŸƨŊőШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƽőĲƖĲШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШŔƚШŔůƓċĦƣĲĬШĤǃШƣĲůƓĲƖċƣƨƖĲЯШƚƣŸůċƣċũШ§ΟШƨƓƣċťĲЯШ
éÂ?ШыƣőŸƨŊőШÅcШċŰĬШƣĲůƓĲƖċƣƨƖĲьШċŰĬШƖċĬŔċƣŔŸŰШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШÑőŔƚШůĲċŰƚШƣőċƣШĲƻĲŰШŔŉШ
ƣőĲШůĲċƚƨƖĲĬШőĲŔŊőƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШƣőĲШƚċůĲЯШĦċŰŸƓǃШũĲƻĲũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШůċǃШƻċƖǃШ
ĬƨĲШƣŸШƣőĲШŔŰǰƨĲŰĦĲШŸŉШůĲƣĲŸƖŸũŸŊǃШċŰĬШƣőĲШĦƨũƣŔƻċƖШƖĲƚƓŸŰƚĲЮШ§ŰĦĲШƣőĲШ?§ΟÉEШůŸĬĲũШƽċƚШƖƨŰШ
ƨƚŔŰŊШƣőĲШĬŔǭĲƖŔŰŊШŔŰƓƨƣШĬċƣċЯШƣőĲШĦċŰŸƓǃШũĲƻĲũШ§ΟШƽċƚШĲǂƣƖċĦƣĲĬШŉŸƖШĦċũĦƨũċƣŔŸŰƚШŸŉШ~ΤШċŰĬШ
§ÑΠΜЮ 

ΠЮΟЮΠШ9ċũĦƨũċƣŔŰŊШĦŸŰĦĲŰƣƖċƣŔŸŰЯШǰƨǂШċŰĬШĦƖŸƓрůŸĬĲũũŔŰŊШůĲƣƖŔĦƚ 
ΠЮΟЮΠЮΝШ9ŸŰĦĲŰƣƖċƣŔŸŰШůĲƣƖŔĦƚаШ~ΤШċŰĬШ §ÑΠΜ 
~ΤШċŰĬШ§ÑΠΜШċƖĲШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШůĲƣƖŔĦƚЮШ~ΤШŔƚШĦċũĦƨũċƣĲĬШĤǃШƣċťŔŰŊШƣőĲШůĲċŰШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШċƣШƣőĲШĦċŰŸƓǃШőĲŔŊőƣШĤĲƣƽĲĲŰШΦрΠƓůШŉŸƖШƣőĲШƽőĲċƣШŊƖŸƽŔŰŊШƓĲƖŔŸĬШċƚШŔŰШEƕƨċƣŔŸŰШ
ыΠЮΟьа 

 
ὓχ  

ρ

ὲ
ὕ ȟ       πωȡππ Ὥ ρφȡππ 

 
(4.3) 

ƽőĲƖĲШὭШŔƚШƣőĲШőŸƨƖШŸŉШƣőĲШĬċǃШċŰĬШὲШƖĲƓƖĲƚĲŰƣƚШƣőĲШƣŸƣċũШőŸƨƖƚШŔŰШƣőĲШŊƖŸƽŔŰŊШƚĲċƚŸŰШыcŸŊƚĲƣƣЯШ
ÑŔŰŊĲǃШċŰĬШxĲĲЯШΝΦΥΥьЮ 



ΝΠΥ 
 

ìőĲƖĲċƚШ §ÑΠΜШŔƚШĦċũĦƨũċƣĲĬШĤǃШƣċťŔŰŊШƣőĲШĦƨůƨũċƣŔƻĲШƚƨůШŸŉШĦċŰŸƓǃШőĲŔŊőƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ůŸƖĲШƣőċŰШΠΜШƓƓĤШĬƨƖŔŰŊШĬċǃũŔŊőƣШőŸƨƖƚШċƚШƚőŸƽŰШŔŰĲƕƨċƣŔŸŰШыΠЮΠьа 

 ὃὕὝτπ ὕ ȟ τπ ὕ ȟ τπ ὴὴὦ        

 
(4.4) 

ƽőĲƖĲШőŸƨƖũǃШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШůƨƚƣШċũƚŸШĤĲШŔŰШƓƓĤШċŰĬШƣőĲШƚƨůůċƣŔŸŰШŔƚШĦċũĦƨũċƣĲĬШŸƻĲƖШƣőĲШ
ĲŰƣŔƖĲШŊƖŸƽŔŰŊШƚĲċƚŸŰШы~ŔũũƚШĲƣШċũЮЯШΞΜΜΤбШ[ƨőƖĲƖЯШÉťęƖĤǃШċŰĬШ ƚőůŸƖĲЯШΝΦΦΤьЮ 

ΠЮΟЮΠЮΞШ[ũƨǂШůĲƣƖŔĦШÂ§?Σ 

ÑŸШĦċũĦƨũċƣĲШÂ§?ΣШƣőĲШůƨũƣŔƓũŔĦċƣŔƻĲШ?§ΟÉEШыƻĲƖƚŔŸŰШΠЮΟΦЮΝΣьШůŸĬĲũШƽċƚШƨƚĲĬШы7ũċŰĬЯШΞΜΞΠĤьЮШ
òċĬċƻШĲƣШċũЮШыΞΜΞΝьШĬĲƣċŔũШƣőĲШƓƖŸĦĲƚƚШƨƚĲĬШƣŸШƓċƖċůĲƣĲƖŔƚĲШƣőĲШůƨũƣŔƓũŔĦċƣŔƻĲШ?§ΟÉEШůŸĬĲũШŉŸƖШ
§ΟШƚĲŰƚŔƣŔƻĲШċŰĬШ§ΟШƣŸũĲƖċŰƣШfŰĬŔċŰШƽőĲċƣШĦƨũƣŔƻċƖƚЮШfŰШƣőŔƚШƚƣƨĬǃШƽĲШƨƚĲШƣőĲŔƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШ
ŉŸƖШƣőĲШc?ΟΝΝΥШы§ΟШƚĲŰƚŔƣŔƻĲьШċŰĬШcÖìΞΟΠШы§ΟШƣŸũĲƖċŰƣьШĦƨũƣŔƻċƖƚШċŰĬШĦőċŰŊĲШŸŰũǃШƣőĲШ
ƓőĲŰŸũŸŊǃШƣŸШůċƣĦőШƣőċƣШĬĲƻĲũŸƓĲĬШŔŰШÉĲĦƣŔŸŰШΟШŸŉШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚЯШƽőŔĦőШŔƚШƣőĲШƚċůĲШ
ƓőĲŰŸũŸŊǃШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШƨƚĲĬШŉŸƖШ?§ΟÉEр9ƖŸƓШƖƨŰƚШŔŰШƣőŔƚШƚƣƨĬǃЮШШÑőŔƚШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШ
ůĲċŰƚШƣőċƣШƚƣŸůċƣċũШċĦĦƨůƨũċƣŔŸŰШŸŉШ§ΟШǰƨǂШŔŰШƣőĲШůƨũƣŔƓũŔĦċƣŔƻĲШůŸĬĲũШĤĲŊŔŰƚШċƣШċŰƣőĲƚŔƚШ
ƽőĲƖĲċƚШòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũШыΞΜΞΝьШċĦĦƨůƨũċƣĲĬШ§ΟШŉƖŸůШƚŸƽŔŰŊЮШfŰШƣőĲШůƨũƣŔƓũŔĦċƣŔƻĲШ
?§ΟÉEШůŸĬĲũЯШƣőĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШыὫ ьШŔŰШƨŰŔƣƚШŸŉШůůŸũШ§ΟШůрΞШÂx ШƚрΝШыƽőĲƖĲШÂx Ш
ƚƣċŰĬƚШŉŸƖШƓĲƖШũĲċŉШċƖĲċьШŔƚШĦċũĦƨũċƣĲĬШċƚШŉŸũũŸƽƚа 

 Ὣ Ὣ άὭὲὪ ȟὪ Ὢ άὥὼὪ ȟὪ Ὢ Ὢ  (4.5) 
 

Ὣ ШŔƚШƣőĲШƚƓĲĦŔĲƚШƚƓĲĦŔǯĦШůċǂŔůƨůШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШыůůŸũШ§ΟШůрΞШÂx ШƚрΝьЯШċŰĬШὪ ЯШ
Ὢ ЯШὪ Я Ὢ ШċŰĬ Ὢ ШċƖĲШŉċĦƣŸƖƚШƣőċƣШƻċƖǃШĤĲƣƽĲĲŰШΜШċŰĬШΝЯШċŰĬШƖĲƓƖĲƚĲŰƣШƣőĲШƖĲƚƓŸŰƚĲШŸŉШ
Ὣ ШƣŸШƻċƖŔċƣŔŸŰШŔŰШũĲċŉШċŊĲЯШŔƖƖċĬŔċŰĦĲЯШƣĲůƓĲƖċƣƨƖĲЯШéÂ?ШċŰĬШƚŸŔũШƽċƣĲƖШƖĲƚƓĲĦƣŔƻĲũǃЮШὪ ШŔƚШƣőĲШ
ůŔŰŔůƨůШĬċǃũŔŊőƣШὫ ШĲǂƓƖĲƚƚĲĬШċƚШċШŉƖċĦƣŔŸŰШŸŉШὫ ШċŰĬШὪШŔƚШŉƖċĦƣŔŸŰШĤĲƣƽĲĲŰШΜШċŰĬШΝШ
ƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲШůŸĬŔŉǃŔŰŊШĲǭĲĦƣШŸŉШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШы7ƬťĲƖШĲƣШċũЮЯШ
ΞΜΝΞбШ9xÅÑ ÂЯШΞΜΝΤьЮШ[ŸƖШƣőĲШƓƨƖƓŸƚĲƚШŸŉШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШƣőĲШƽőĲċƣШƽċƚШƽĲũũрƽċƣĲƖĲĬЯШċŰĬШ
ƽċƣĲƖШƽċƚШŰŸƣШĦŸŰƚŔĬĲƖĲĬШũŔůŔƣŔŰŊШƚŸШὪ ШƽċƚШƚĲƣШƣŸШΝЮШÑőĲШĲƕƨċƣŔŸŰƚШĬĲƚĦƖŔĤŔŰŊШШὪ ЯШὪ ЯШ
Ὢ Я Ὢ Я Ὢ  ċŰĬШὪШĦċŰШĤĲШŉŸƨŰĬШŔŰШ9xÅÑ ÂШыΞΜΝΤьЮШŉƣĲƖШĦċũĦƨũċƣŔŰŊШƣőĲШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲЯШƣőĲШƚƣŸůċƣċũШ§ΟШǰƨǂШыὪШŔŰШŰůŸũШ§ΟШůрΞШÂx ШƚрΝьШŔƚШĦċũĦƨũċƣĲĬШĤǃШƓƖŸƓċŊċƣŔŰŊШƣőĲШ
ĦċŰŸƓǃрũĲƻĲũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШыὕ ШŔŰШŰůŸũШůрΟьШƣőƖŸƨŊőШƣőĲШƖĲƚŔƚƣċŰĦĲƚШƣŸШ§ΟШƨƓƣċťĲЯШƣŸШ
ĬĲƣĲƖůŔŰĲШƣőĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШċƣШƣőĲШũĲċŉШƣőċƣШŔƚШƚƨĤƚĲƕƨĲŰƣũǃШƣċťĲŰШƨƓШċƚШƚőŸƽŰШŔŰШEƕƨċƣŔŸŰШ
ΠЮΣа 

 Ὢ ὕ
Ὣ

τρπππ

ὶ

ὶ ὶ
 (4.6) 

   
ƽőĲƖĲШὶШŔƚШƣőĲШũĲċŉШƚƨƖŉċĦĲШƖĲƚŔƚƣċŰĦĲШċŰĬШὶШŔƚШƣőĲШũĲċŉШũĲƻĲũШƕƨċƚŔрũċůŔŰċƖШƖĲƚŔƚƣċŰĦĲШĤŸƣőШŔŰШ
ƨŰŔƣƚШŸŉШƚ ůрΝЮШÑőĲШĬŔƻŔƚŔŸŰШŸŉШὫ ШĤǃШΠΝΜΜΜШĦŸŰƻĲƖƣƚШƣőĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШŉƖŸůШƨŰŔƣƚШŸŉШ
ůůŸũШůрΞШƚрΝШƚŸШůШƚрΝШċƣШƚƣċŰĬċƖĬШƣĲůƓĲƖċƣƨƖĲШыΞΜ҄9ьШċŰĬШċŔƖШƓƖĲƚƚƨƖĲШыΝЮΜΝΟШǂШΝΜΡШÂċьШы9xÅÑ ÂЯШ
ΞΜΝΤьЮШÑŸШĦċũĦƨũċƣĲШÂ§?ΣЯШEƕƨċƣŔŸŰШыΠЮΤьШŔƚШƨƚĲĬЯШƽőĲƖĲШὣШӀШΣШŰůŸũШ§ΟШůрΞШÂx ШƚрΝШċŰĬШƣőĲШǰƨǂĲƚШ

ċƖĲШƚƨůůĲĬШŸƻĲƖШĬċǃũŔŊőƣШőŸƨƖƚШƽőĲŰШὪ ὣЮШÑőĲШŉċĦƣŸƖШШƖĲƓƖĲƚĲŰƣƚШƣőĲШĦŸŰƻĲƖƚŔŸŰШƣŸШ

ŸĤƣċŔŰШὖὕὈШŔŰШƨŰŔƣƚШŸŉШůůŸũШůрΞШÂx ШƽőŔũĲШƣőĲШůƨũƣŔƓũŔĦċƣŔŸŰШĤǃШΟΣΜΜШċũũŸƽƚШŉŸƖШƣőĲШĦċũĦƨũċƣŔŸŰШ
ŸŉШőŸƨƖũǃШƚƣŸůċƣċũШǰƨǂĲƚа 



ΝΠΦ 
 

 
ὖὕὈ

σφππ

ρπ
Ὢ ὣ 

(4.7) 

ΠЮΟЮΠЮΟШ9ƖŸƓШůŸĬĲũũŔŰŊШůĲƣƖŔĦаШŉƚƣ 
ÑőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШŔƚШċШĦŸƨƓũĲĬШƓőŸƣŸƚǃŰƣőĲƣŔĦрƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШůŸĬĲũЯШƽőŔĦőШ
ůĲċŰƚШƣőċƣШċũƣĲƖċƣŔŸŰƚШƣŸШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШƽŔũũШőċƻĲШċШŉĲĲĬĤċĦťШĲǭĲĦƣШŸŰШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲЯШċŰĬШőĲŰĦĲШ§ΟШƨƓƣċťĲШыxĲƨŰŔŰŊЯШΝΦΦΡбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ 

fŰШ?§ΟÉEр9ƖŸƓЯШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШыὫ ШŔŰШӓůŸũШ9§ΞШůрΞШƚрΝьШŔƚШĦċũĦƨũċƣĲĬШċƚШŉŸũũŸƽƚа 

 
Ὣ Ὣ

ά ὃ Ὢ

ὧ †
 (4.8) 

   
Ὣ ШŔƚШƣőĲШůŔŰŔůƨůШĬċǃƣŔůĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШыӓůŸũШ9§ΞШůрΞШƚрΝьЯШШάШŔƚШċШĬŔůĲŰƚŔŸŰũĲƚƚШ
ĦŸĲǭŔĦŔĲŰƣШƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲШƚĲŰƚŔƣŔƻŔƣǃШŸŉШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣŸШċƚƚŔůŔũċƣŔŸŰШƖċƣĲШċŰĬШéÂ?ЯШ
ὃ ШŔƚШƣőĲШŰĲƣШƓőŸƣŸƚǃŰƣőĲƣŔĦШƖċƣĲШыӓůŸũШůрΞШƚрΝьШċŰĬШƣőĲШƖĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲШċŰĬШéÂ?ШŔƚШŊŔƻĲŰШĤǃШὪ ЮШfƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőŔƚШὪ ШŔƚШƚũŔŊőƣũǃШĬŔǭĲƖĲŰƣШƣŸШƣőċƣШŔŰШ
ƣőĲШůƨũƣŔƓũŔĦċƣŔƻĲШ?§ΟÉEШůŸĬĲũШĬĲƚĦƖŔĤĲĬШŔŰШÉĲĦƣŔŸŰШΠЮΟЮΠЮΞЯШċƚШŔƣШŔƚШĦƨƖƻŔũŔŰĲċƖЯШƽőŔũĲШƣőĲШ
ůƨũƣŔƓũŔĦċƣŔƻĲШὪ ШŔƚШũŔŰĲċƖЮШÑőĲШĲƕƨċƣŔŸŰШĬĲƚĦƖŔĤŔŰŊШƣőĲШὪ ШŉƨŰĦƣŔŸŰШŉŸƖШ?§ΟÉEр9ƖŸƓШŔƚШŉŸƨŰĬШ
ŔŰШÂċŰĬĲШĲƣШċũЮШыΞΜΞΠьШċŰĬШŉŸƖШƣőĲШůƨũƣŔƓũŔĦċƣŔƻĲШ?§ΟÉEШůŸĬĲũШŔƚШŉŸƨŰĬШŔŰШ9xÅÑ ÂШыΞΜΝΤьЮШ[ŔŰċũũǃЯШ
ὧШŔƚШƣőĲШĲǂƣĲƖŰċũШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰШċƣШƣőĲШũĲċŉШƚƨƖŉċĦĲШыůůŸũШůŸũрΝьШċŰĬШ†ШŔƚШƣőĲШ9§ΞШ
ĦŸůƓĲŰƚċƣŔŸŰШƓŸŔŰƣШƽőĲƖĲШƣőĲШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚШŔƚШĲƕƨċũШƣŸШƣőĲШƖċƣĲШŸŉШƖĲƚƓŔƖċƣŔŸŰШыÂċŰĬĲШ
ĲƣШċũЮЯШΞΜΞΠċбШxĲƨŰŔŰŊЯШΝΦΦΡьЮШὫ ШŔƚШĦŸŰƻĲƖƣĲĬШƣŸШὫ ШŔŰШƨŰŔƣƚШŸŉШůůŸũШ§ΟШůрΞШƚрΝЯШĤǃШĬŔƻŔĬŔŰŊШĤǃШ
ΝΜΜΜШċŰĬШůƨũƣŔƓũǃŔŰŊШĤǃШΜЮΦΣШƣŸШċĦĦŸƨŰƣШŉŸƖШƣőĲШĬŔǭĲƖĲŰĦĲШŔŰШĬŔǭƨƚŔƻŔƣŔĲƚШŸŉШƣőĲШŊċƚĲƚШы9ċůƓĤĲũũШ
ċŰĬШ ŸƖůċŰЯШΝΦΦΥьЮ 

[ŸũũŸƽŔŰŊШĦċũĦƨũċƣŔŸŰШŸŉШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƣŸШ§ΟЯШƣőĲШƚƣŸůċƣċũШ§ΟШǰƨǂШŔƚШĦċũĦƨũċƣĲĬШċƚШŔŰШ
EƕƨċƣŔŸŰШыΠЮΣьЮШÉƣŸůċƣċũШ§ΟШǰƨǂШŔƚШċĦĦƨůƨũċƣĲĬШőŸƨƖũǃШċŰĬШŊŸĲƚШŸŰШƣŸШċĦĦĲũĲƖċƣĲШĤŸƣőШƣőĲШŸŰƚĲƣШ
ċŰĬШƖċƣĲШŸŉШƚĲŰĲƚĦĲŰĦĲЯШċƚШƽĲũũШċƚШƖĲĬƨĦŔŰŊШƣőĲШŔŰƚƣċŰƣċŰĲŸƨƚШƖċƣĲШŸŉШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШċǭĲĦƣŔŰŊШ
ĦċũĦƨũċƣŔŸŰƚШŸŉШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШыEƽĲƖƣШċŰĬШÂŸƖƣĲƖЯШΞΜΜΜбШÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċьЮШ
ĬĬŔƣŔŸŰċũũǃЯШŔŰШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũЯШċĦĦƨůƨũċƣĲĬШ§ΟШǰƨǂШċŰĬШƣőĲШ~ΤШůĲƣƖŔĦШċƖĲШƨƚĲĬШƣŸШ
ƓċƖċůĲƣĲƖŔƚĲШċŰƣŔŸǂŔĬċŰƣШċŰĬШ ШƖĲůŸĤŔũŔƚċƣŔŸŰШĲƕƨċƣŔŸŰƚШĬĲƚĦƖŔĤŔŰŊШƣőĲШċũũŸĦċƣŔŸŰШŸŉШ ШƣŸШƣőĲШ
ƽőĲċƣШŊƖċŔŰЯШƚƨĤƚĲƕƨĲŰƣũǃШĬĲƣĲƖůŔŰŔŰŊШŊƖċŔŰШƓƖŸƣĲŔŰШыÂċƓĲƖƚШΝШċŰĬШΞШŸŉШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚьЮ 

ΠЮΟЮΡШ9ċũĦƨũċƣŔŰŊШƖĲũċƣŔƻĲШǃŔĲũĬЯШƖĲũċƣŔƻĲШƓƖŸƣĲŔŰШċŰĬШƖĲũċƣŔƻĲШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰΠЮΟЮΡЮΝШ
9ŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲ 
ÑŸШĦċũĦƨũċƣĲШƣőĲШƖĲũċƣŔƻĲШǃŔĲũĬШыÅòьШċŰĬШƖĲũċƣŔƻĲШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШыÅÂ9ьШыŊÂƖŸƣĲŔŰШŊ?~р

ΝоŊÂƖŸƣĲŔŰШŊ?~рΝьШƨƚŔŰŊШ~ΤШċŰĬШ §ÑΠΜЯШƣőĲШĲƕƨċƣŔŸŰƚШŊŔƻĲŰШŔŰШÑċĤũĲШΠЮΠШċƖĲШƨƚĲĬЮШ[ŸƖШÅòЯШƣőĲШ
ĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШĲƕƨċƣŔŸŰƚШƨƚĲĬШƽĲƖĲШĲŔƣőĲƖШĬĲƻĲũŸƓĲĬШŉŸƖШfŰĬŔċШыÉŔŰőċШĲƣШċũЮЯШΞΜΝΡьШŸƖШ
őċƻĲШĤĲĲŰШċƓƓũŔĲĬШŔŰШfŰĬŔċШƓƖĲƻŔŸƨƚũǃШыxċũШĲƣШċũЮЯШΞΜΝΤбШ]őƨĬĲШĲƣШċũЮЯШΞΜΝΠьЮШ9ŸŰƚŔĬĲƖŔŰŊШƓƖŸƣĲŔŰЯШ
ŉĲƽШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШƽĲƖĲШŉŸƨŰĬШŉŸƖШÅÂ9ШŔŰШƣőĲШũŔƣĲƖċƣƨƖĲаШ9őċŰŊрEƚƓŔŰŸШĲƣШ
ċũЮШыΞΜΞΠьШċŰĬШ]ƖƬŰőċŊĲШĲƣШċũЮШыΞΜΝΞьЮШìőŔũĲШŰĲŔƣőĲƖШƖĲũċƣŔŸŰƚőŔƓШƽċƚШĬĲƻĲũŸƓĲĬШŉŸƖШfŰĬŔċŰШ
ƽőĲċƣЯШƣőĲШƖĲũċƣŔŸŰƚőŔƓШĬĲƻĲũŸƓĲĬШĤǃШ]ƖƬŰőċŊĲШĲƣШċũЮШыΞΜΝΞьШƽċƚШƓċƖƣШŸŉШċШĦŸůƓƖĲőĲŰƚŔƻĲШůĲƣċр
ċŰċũǃƚŔƚШƚǃŰƣőĲƚŔƚŔŰŊШƚĲƻĲƖċũШƚƣƨĬŔĲƚШċĦƖŸƚƚШEƨƖŸƓĲШċŰĬШ ƚŔċЮШÑőĲШĤƖŸċĬШŊĲŸŊƖċƓőŔĦċũШƚĦŸƓĲШ
ůĲċŰƚШƣőĲШƖĲũċƣŔŸŰƚőŔƓШŔƚШŊĲŰĲƖċũŔƚċĤũĲШƣŸШƚĲƻĲƖċũШũŸĦċƣŔŸŰƚШċŰĬШƚŸШŔƣШƽċƚШŔŰĦũƨĬĲĬШŔŰШƣőĲШ
ƓƖĲƚĲŰƣШƚƣƨĬǃШƣŸШƓƖŸƻŔĬĲШċШĦŸůƓċƖŔƚŸŰШŸŉШĦƨƖƖĲŰƣШůĲƣőŸĬƚШŸŉШĦċũĦƨũċƣŔŰŊШÅÂ9ШƽŔƣőШ?§ΟÉEр
9ƖŸƓ Ю 



ΝΡΜ 
 

ΠЮΟЮΡЮΞШ[ũƨǂрƖĲƚƓŸŰƚĲ 
ŉƣĲƖШĦċũĦƨũċƣŔŰŊШÂ§?ΣЯШƓċƖċůĲƣĲƖŔƚĲĬШǰƨǂрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШċƖĲШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШĲŔƣőĲƖШ
ƣőĲШÅòШŸƖШƖĲũċƣŔƻĲШƓƖŸƣĲŔŰШыÅÂьШыŊÂƖŸƣĲŔŰШůрΞоŊÂƖŸƣĲŔŰШůрΞьШыƚĲĲШÑċĤũĲШΠЮΠьЮШ§ŰũǃШǰƨǂрƖĲƚƓŸŰƚĲШ
ƖĲũċƣŔŸŰƚőŔƓƚШĬĲƻĲũŸƓĲĬШŉŸƖЯШŸƖШċƓƓũŔĲĬШŔŰЯШfŰĬŔċШƽĲƖĲШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШÅòШыòċĬċƻЯШ ŊƖċƽċũШċŰĬШ
ŊƖċƽċũЯШΞΜΞΝбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤьЮШ[ŸƖШÅÂЯШũŔůŔƣĲĬШĬċƣċШċƖĲШċƻċŔũċĤũĲЮШ ШǰƨǂрƖĲƚƓŸŰƚĲШ

ƖĲũċƣŔŸŰƚőŔƓШŉƖŸůШ]ƖƬŰőċŊĲШĲƣШċũЮШыΞΜΝΞьШƽċƚШƨƚĲĬШċƚШƣőĲШċƨƣőŸƖƚШƨƚĲĬШĬċƣċШŉƖŸůШΡШƽőĲċƣШ
ĦƨũƣŔƻċƖƚШċŰĬШΟШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚЮШìőŔũĲШŔƣШŔƚШċШĬŔƚċĬƻċŰƣċŊĲШƣőċƣШƣőĲШƖĲũċƣŔŸŰƚőŔƓШĬŸĲƚШŰŸƣШƨƚĲШ
ƚŔċŰШƽőĲċƣЯШŔƣШƓƖŸƻŔĬĲƚШċШĤĲŰĦőůċƖťШŉŸƖШĦŸůƓċƖŔƚŸŰШƣŸШ?§ΟÉEр9ƖŸƓ ШĲƚƣŔůċƣĲƚЮ 

ΠЮΟЮΡЮΟШ9ƖŸƓШůŸĬĲũ 
ÑŸШĦċũĦƨũċƣĲШÅòЯШÅÂШċŰĬШÅÂ9ШƨƚŔŰŊШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƣőĲШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШŉŸƖШĲċĦőШ
ĦƨũƣŔƻċƖШƽĲƖĲШƣċťĲŰШŉƖŸůШÉĲĦƣŔŸŰШΟШŸŉШƣőĲШƓƖĲƚĲŰƣШƣőĲƚŔƚЯШƽőŔĦőШĬĲƻĲũŸƓĲĬШƣőĲШ?§ΟÉEр9ƖŸƓ Ш
ůŸĬĲũШċŰĬШƓċƖċůĲƣĲƖŔƚĲĬШŔƣШŉŸƖШƣőĲШcÖìΞΟΠШċŰĬШc?ΟΝΝΥШƽőĲċƣШĦƨũƣŔƻċƖƚЮШÑőĲШǯŰċũШůŸĬĲũШǃŔĲũĬЯШ
ƓƖŸƣĲŔŰШċŰĬШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШƣőĲШċůĤŔĲŰƣШƖƨŰШƽĲƖĲШĬŔƻŔĬĲĬШĤǃШƣőċƣШŉŸƖШƣőĲШƖƨŰШƽŔƣőШΜШ
ƓƓĤШŸŉШ§ΟШƣŸШŸĤƣċŔŰШÅòЯШÅÂШċŰĬШÅÂ9ЮШfŰШƣőŔƚШƚƣƨĬǃШƻĲƖƚŔŸŰШΠЮΟΦЮΝΣШŸŉШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШ
ы7ũċŰĬЯШΞΜΞΠĤьЯШċŰĬШƻĲƖƚŔŸŰШΞЮΜШŸŉШƣőĲШ ШůŸĬƨũĲШŉŸƖШ?§ΟÉEр9ƖŸƓШы9ŸŸťЯШΞΜΞΠьШƽĲƖĲШƨƚĲĬЮ 

ÑċĤũĲЮΧдΧжЮÑőĲЮĲƕƨċƣŔŸŰƚЮƨƚĲĬЮƣŸЮĦċũĦƨũċƣĲЮÅòеЮÅÂЮċŰĬЮÅÂ9еЮƽőĲƖĲЮ~ΪЮċŰĬЮ §ÑЮΧΣЮċƖĲЮŔŰЮƓƓĤеЮċŰĬЮÂ§?ΩЮŔƚЮůĲċƚƨƖĲĬЮŔŰЮ
ůůŸũЮ§ΦЮůцΥ 

Parameter Index Equation Location Source 

RY 

M7 

Ὑὣ

ÅØÐ
ὓχ
ρψφ

Ȣ

ÅØÐ
ςυ
ρψφ

Ȣ
 

North 
America 

(Adams et al., 
1989) 

M7 

Ὑὣ

ÅØÐ
ὓχ
φς

Ȣ

ÅØÐ
ςυ
φς

Ȣ
 

India (Sinha et al., 
2015) 

AOT40 Ὑὣ πȢππππρφρὃὕὝτπ πȢωω Europe (Mills et al., 
2007) 

AOT40 Ὑὣ πȢππππςφὃὕὝτπ ρȢπρ India (Sinha et al., 
2015) 

POD6 Ὑὣ ρ πȢπσψὖὕὈ Europe (Grünhage et 
al., 2012) 

POD6 Ὑὣ πȢωςχπȢρςχςὖὕὈ India (Yadav, Agrawal 
and Agrawal, 
2021) 

RP POD6 Ὑὖ ρȢπρ πȢπςυὖὕὈ Europe (Grünhage et 
al., 2012) 

RPC M7 ὙὖὅπȢππςωὓχ πȢωω Asia, 
North 
America, 
Europe 

(Broberg et al., 
2015) 

9ċũĦƨũċƣŔŸŰƚШŸŉШÅòЯШÅÂШċŰĬШÅÂ9ШũĲƚƚШƣőċŰШΜШċƖĲШƓőǃƚŔŸũŸŊŔĦċũũǃШŔůƓŸƚƚŔĤũĲЯШĤƨƣШŊŔƻĲŰШƣőĲШŰċƣƨƖĲШ
ŸŉШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰШċŰĬШǰƨǂрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓƚШƣőĲǃШĦċŰШĤĲШƓŸƚƚŔĤũĲШŔŉШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ŸƖШǰƨǂĲƚШċƖĲШőŔŊőЮШfŉШÅòЯШÅÂШŸƖШÅÂ9ШӃШΜЯШƣőĲǃШċƖĲШƖĲƓŸƖƣĲĬШċƚШΜШŔŰШƣőĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШĬƨĲШƣŸШƣőĲШ
ƨŰƓőǃƚŔŸũŸŊŔĦċũШŰċƣƨƖĲШŸŉШċШŰĲŊċƣŔƻĲШÅòШũŸƚƚЮ 



ΝΡΝ 
 

ΠЮΟЮΣШÅÂШċŰĬШÅÂ9ШŉƖŸůШƣőĲШũŔƣĲƖċƣƨƖĲ 
ÑŸрĬċƣĲЯШŸŰũǃШƣƽŸШƚƣƨĬŔĲƚШőċƻĲШũŸŸťĲĬШċƣШƣőĲШĲǭĲĦƣШŸŉШ§ΟШŸŰШÅÂШċŰĬШÅÂ9ШŸŰШfŰĬŔċŰШƽőĲċƣаШòċĬċƻШ
ĲƣШċũЮШыΞΜΞΜьШċŰĬШ~ŔƚőƖċЯШÅċŔШċŰĬШ ŊƖċƽċũШыΞΜΝΟьЮШÑőĲШċƨƣőŸƖƚШůĲċƚƨƖĲШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШ
ċŰĬШŊƖċŔŰШǃŔĲũĬƚШƨŰĬĲƖШċШĦŸŰƣƖŸũШċŰĬШĲũĲƻċƣĲĬШ§ΟШƣƖĲċƣůĲŰƣЯШŉƖŸůШƽőŔĦőШƣőĲШƓƖŸƣĲŔŰШǃŔĲũĬШŔŰШŊůрΞШ
ĦċŰШċũƚŸШĤĲШĦċũĦƨũċƣĲĬЮШìĲШƨƚĲШƣőĲШĬċƣċШŸŉШòċĬċƻШĲƣШċũЮШыΞΜΞΜьШċŰĬШ~ŔƚőƖċЯШÅċŔШċŰĬШ ŊƖċƽċũШ
ыΞΜΝΟьШƣŸШĦċũĦƨũċƣĲШƣőĲШÅÂШċŰĬШÅÂ9ШŸŉШƣőĲШċůĤŔĲŰƣШ§ΟШŉŸƖШĦŸůƓċƖŔƚŸŰШƽŔƣőШƣőĲШƖĲƚƨũƣƚШŸŉШƣőĲШ
ƓƖĲƚĲŰƣШƚƣƨĬǃЮШÑŸШŸĤƣċŔŰШƣőĲШÅÂШċŰĬШÅÂ9ШŸŉШƣőĲШċůĤŔĲŰƣШƣƖĲċƣůĲŰƣЯШƣőĲШċƓƓƖŸǂŔůċƣĲШ~ΤШƻċũƨĲƚШ
ŉŸƖШƣőĲШċůĤŔĲŰƣШċŰĬШĲũĲƻċƣĲĬШƣƖĲċƣůĲŰƣƚШƽĲƖĲШĲǂƣƖċĦƣĲĬШŉƖŸůШƣőĲШƓċƓĲƖƚЮШÑőĲШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШǃŔĲũĬƚШŉŸƖШĲċĦőШĦƨũƣŔƻċƖШċŰĬШƚƣƨĬǃШƽĲƖĲШƖĲŊƖĲƚƚĲĬШċŊċŔŰƚƣШƣőĲШċƓƓƖŸǂŔůċƣĲШ
~ΤШƻċũƨĲЯШƚŸШƣőċƣШƣőĲШƓƖŸƣĲŔŰШǃŔĲũĬШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШċƣШΜШƓƓĤШŸŉШ§ΟШĦŸƨũĬШĤĲШŸĤƣċŔŰĲĬЮШÑőĲШ
ƖĲũĲƻċŰƣШƓƖŸƣĲŔŰШċŰĬШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШƽĲƖĲШƣőĲŰШŸĤƣċŔŰĲĬШĤǃШĬŔƻŔĬŔŰŊШƣőĲШƻċũƨĲШŔŰШƣőĲШ
ċůĤŔĲŰƣШƣƖĲċƣůĲŰƣЯШĤǃШƣőĲШĦŸƖƖĲƚƓŸŰĬŔŰŊШƻċũƨĲШċƣШΜШƓƓĤЮ 

ΠЮΟЮΤШÂĲƖŉŸƖůŔŰŊШƣőĲШƚĲŰƚŔƣŔƻŔƣǃШċŰċũǃƚŔƚ 
[ŸƖШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШĬĲƣċŔũĲĬШŔŰШÉĲĦƣŔŸŰШΠЮΟЮΡЯШƣőĲШìÅ[р9őĲůШ
ċŰĬШ  É ШыìÅ[р§ΟьШŔŰƓƨƣШĬċƣċШƽĲƖĲШŔŰƓƨƣШŔŰŔƣŔċũũǃШŔŰƣŸШƣőĲШ?§ΟÉEШůŸĬĲũШƣŸШĦċũĦƨũċƣĲШƣőĲШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШċƣШĦċŰŸƓǃрũĲƻĲũШыÉĲĦƣŔŸŰШΠЮΟЮΟьЮШÑőĲШ§Ñ9ШċŰĬШǯĲũĬШĬċƣċƚĲƣƚШċũƖĲċĬǃШőċĬШĦċŰŸƓǃр
ũĲƻĲũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ[ŸũũŸƽŔŰŊШƣőŔƚЯШƣőĲШ~ΤШċŰĬШ §ÑΠΜШůĲƣƖŔĦƚШƽĲƖĲШĦċũĦƨũċƣĲĬШċƚШŔŰШÉĲĦƣŔŸŰШ
ΠЮΟЮΠЯШċŰĬШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШƣőĲШÅòШċŰĬШÅÂ9ШŉŸƖШƣőĲШĬŔǭĲƖĲŰƣШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШůĲƣőŸĬƚЮ 

[ŸƖШƣőĲШǰƨǂрĤċƚĲĬШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚЯШƣőĲШŉŸƨƖШĬŔǭĲƖĲŰƣШŔŰƓƨƣШĬċƣċШы§ΟШċŰĬШůĲƣĲŸƖŸũŸŊǃьШ
ƽĲƖĲШƨƚĲĬШƣŸШĬƖŔƻĲШƣőĲШůƨũƣŔƓũŔĦċƣŔƻĲШ?§ΟÉEШůŸĬĲũЯШƽőŔĦőШŉŸƖШƣőĲШìÅ[р9őĲůШċŰĬШ  É ШыìÅ[р
§ΟьШĬċƣċШőċƚШĤƨŔũƣрŔŰШůĲƣőŸĬƚШŉŸƖШĦċũĦƨũċƣŔŰŊШĦċŰŸƓǃрũĲƻĲũШ§ΟШыÉĲĦƣŔŸŰШΠЮΟЮΟьЮШÑőĲШÂ§?ΣШƻċũƨĲШ
ŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШůŸĬĲũШŸƨƣƓƨƣШƽċƚШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШÅòШċŰĬШÅÂШŉŸƖШƣőĲШĬŔǭĲƖĲŰƣШǰƨǂрĤċƚĲĬШ
ƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚЮШÑőĲШůŸĬĲũШƽċƚШƓĲƖŉŸƖůĲĬШƖƨŰШƣƽŔĦĲШŉŸƖШĲċĦőШŔŰƓƨƣШĬċƣċƚĲƣШƨƚŔŰŊШ
ǯƖƚƣũǃШƣőĲШ§ΟШƣŸũĲƖċŰƣШċŰĬШƚĲĦŸŰĬũǃШƣőĲШ§ΟШƚĲŰƚŔƣŔƻĲШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮ 

[ŸƖШƣőĲШĦƖŸƓШůŸĬĲũũŔŰŊШůĲƣőŸĬШƨƚŔŰŊШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũЯШƣőĲШŉŸƨƖШĬŔǭĲƖĲŰƣШŔŰƓƨƣШĬċƣċШы§ΟШ
ċŰĬШůĲƣĲŸƖŸũŸŊǃьШƽĲƖĲШƨƚĲĬШƣŸШĬƖŔƻĲШŔƣЮШ ŊċŔŰЯШŉŸƖШƣőĲШìÅ[р9őĲůШċŰĬШ  É ШыìÅ[р§ΟьШĬċƣċШƣőĲШ
ĦƖŸƓШůŸĬĲũШőċƚШĤƨŔũƣрŔŰШůĲƣőŸĬƚШŉŸƖШĦċũĦƨũċƣŔŰŊШĦċŰŸƓǃрũĲƻĲũШ§ΟШыÉĲĦƣŔŸŰШΠЮΟЮΟьЮШÑőĲШůŸĬĲũШƽċƚШ
ƖƨŰШŸŰĦĲШƽŔƣőШƣőĲШΠШĬċƣċƚĲƣƚШĬĲƚĦƖŔĤĲĬШŔŰШÉĲĦƣŔŸŰШΠЮΟЮΝЯШċŰĬШƣőĲŰШŸŰĦĲШƽŔƣőШƣőĲШƚċůĲШĬċƣċƚĲƣƚШ
ƽőĲƖĲШ§ΟШƽċƚШƚĲƣШƣŸШΜШƓƓĤЮШÑőĲШƖĲƚƨũƣŔŰŊШŊƖċŔŰШǃŔĲũĬЯШŊƖċŔŰШƓƖŸƣĲŔŰШċŰĬШŊƖċŔŰШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШƽĲƖĲШĲǂƣƖċĦƣĲĬШŉŸƖШĲċĦőШƖƨŰШċŰĬШƨƚĲĬШƣŸШĦċũĦƨũċƣĲШÅòЯÅÂШċŰĬШÅÂ9ШċƚШŔŰШÉĲĦƣŔŸŰШ
ΠЮΟЮΡЮΟЮШũũШĦƖŸƓШůŸĬĲũũŔŰŊШƖƨŰƚШƽĲƖĲШƓĲƖŉŸƖůĲĬШƣƽŔĦĲШŉŸƖШĲċĦőШŔŰƓƨƣШĬċƣċƚĲƣШċŰĬШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШыċůĤŔĲŰƣШŸƖШΜШƓƓĤьШƨƚŔŰŊШǯƖƚƣũǃШƣőĲШ§ΟШƣŸũĲƖċŰƣШċŰĬШƚĲĦŸŰĬũǃШƣőĲШ§ΟШƚĲŰƚŔƣŔƻĲШ
ĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮ 

7ǃШƨƚŔŰŊШƖĲũċƣŔƻĲШůĲċƚƨƖĲƚШŸŉШ§ΟќƚШŔůƓċĦƣƚШŸŰШǃŔĲũĬЯШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰЯШƣőĲШ§ΟШ
ŔůƓċĦƣШċƚШĦċũĦƨũċƣĲĬШƨƚŔŰŊШĲċĦőШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШŔƚШŔůƓũŔĦŔƣũǃШŰŸƖůċũŔƚĲĬШƣŸШƣőĲШƚċůĲШ
ƚĦċũĲШƣŸШċũũŸƽШĲċƚĲШŸŉШĦŸůƓċƖŔƚŸŰШŸŉШƖĲƚƨũƣƚЮ 

ΠЮΠШÅĲƚƨũƣƚ 

ΠЮΠЮΝШéċƖŔċƣŔŸŰШŸŉШƖŔƚťШĲƚƣŔůċƣĲƚШƽŔƣőШŔŰƓƨƣШĬċƣċЯШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШ
ċŰĬШ§ΟШƚĲŰƚŔƣŔƻŔƣǃШƓċƖċůĲƣĲƖŔƚċƣŔŸŰ 
Åò 
9ŸůĤŔŰŔŰŊШƣőĲШÅòƚШŉŸƖШċũũШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЯШŔŰƓƨƣШĬċƣċЯШċŰĬШĦƨũƣŔƻċƖƚЯШƣőĲШůĲċŰШÅòШũŸƚƚШƽċƚШ
ыůĲċŰШШƚƣċŰĬċƖĬШĲƖƖŸƖьШΞΥЮΟ  ΠЮΜ ӖЯШůċƣĦőŔŰŊШƣőĲШũŸƽĲƖШĤŸƨŰĬċƖǃШŸŉШƣőĲШŔŰƣĲƖрƕƨċƖƣŔũĲШƖċŰŊĲШ
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ŸŉШÅòШũŸƚƚĲƚШŉƖŸůШƣőĲШũŔƣĲƖċƣƨƖĲШŔŰШ[ŔŊƨƖĲШΠЮΞċЮШEǂĦũƨĬŔŰŊШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШƖĲƚƨũƣƚЯШ
ƽőŔĦőШĬŸШŰŸƣШŔŰĦũƨĬĲШĲŰƻŔƖŸŰůĲŰƣċũШĲǭĲĦƣƚШŸƖШƣőĲШƓũċŰƣќƚШċĤŔũŔƣǃШƣŸШĬĲƣŸǂŔŉǃШƚŸůĲШ§ΟШĬċůċŊĲЯШ
ƣőĲШůĲċŰШÅòШũŸƚƚШƽċƚШΝΥЮΥШШΠЮΜӖЯШĦŸůƓċƖĲĬШƣŸШΟΡЮΡШШΝΞӖШƽőĲŰШƨƚŔŰŊШŸŰũǃШĦŸŰĦĲŰƣƖċƣŔŸŰр
ƖĲƚƓŸŰƚĲШůĲƣőŸĬƚЮШ[ŔŊƨƖĲШΠЮΞċШĦŸůƓċƖĲƚШƣőĲШÅòШƨƚŔŰŊШƣőĲШĬŔǭĲƖŔŰŊШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШŔŰШ
ƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШƽŔƣőШĦƨƖƖĲŰƣШĦŸƨŰƣƖǃрũĲƻĲũШĲƚƣŔůċƣĲƚШŸŉШfŰĬŔċŰШƽőĲċƣШÅòШũŸƚƚШƨƚŔŰŊШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШŉƖŸůШƣőĲШũŔƣĲƖċƣƨƖĲШыƚƨůůċƖŔƚĲĬШŔŰШÑċĤũĲШÉΠЮΞЯШĦŸƻĲƖŔŰŊШƣőĲШǃĲċƖƚШΞΜΜΜр
ΞΜΝΡьЮШ[ŔŊƨƖĲШÉΠЮΤШĦŸůƓċƖĲƚШƣőĲШÅòШũŸƚƚШƖċŰŊĲƚШŉƖŸůШƣőĲШĬŔǭĲƖŔŰŊШůĲƣőŸĬƚШŔŰШƣőĲШũŔƣĲƖċƣƨƖĲШƽŔƣőШ
ĲǂƓĲƖŔůĲŰƣċũШĬċƣċШƣŸШĬĲƣĲƖůŔŰĲШƣőĲŔƖШƻċũŔĬŔƣǃЮШ~ŸƚƣШŸŉШƣőĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШŔŰШƣőĲШ
ƓƖĲƚĲŰƣШƚƣƨĬǃШŉŸƖШéċƖċŰċƚŔШŸĤƣċŔŰĲĬШÅòШĲƚƣŔůċƣĲƚШƣőċƣШƽĲƖĲШƽŔƣőŔŰШƣőĲШƖċŰŊĲШŸŉШĦƨƖƖĲŰƣШũŔƣĲƖċƣƨƖĲШ
ƖŔƚťШċƚƚĲƚƚůĲŰƣШĲƚƣŔůċƣĲƚЮШ[ƨƖƣőĲƖЯШƣőĲШǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШ?§ΟÉEр9ƖŸƓШůĲƣőŸĬƚШƖĲƓƖŸĬƨĦĲĬШ
ƣőĲШŊƖĲċƣĲƖШƚĲŰƚŔƣŔƻŔƣǃШŸŉШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖШƣŸШ§ΟШĤǃШċũũŸƽŔŰŊШĦƨũƣŔƻċƖрƚƓĲĦŔǯĦШ§ΟШƚĲŰƚŔƣŔƻŔƣǃШ
ƓċƖċůĲƣĲƖŔƚċƣŔŸŰЮШ 

fŰШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШы §ÑΠΜШċŰĬШ~ΤьЯШƣőĲШ§Ñ9ШċŰĬШ[ŔĲũĬШĬċƣċƚĲƣƚШőċĬШ
ƚŔůŔũċƖШĦċŰŸƓǃрũĲƻĲũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƖĲƚƨũƣŔŰŊШŔŰШĦŸůƓċƖċĤũĲШÅòШĲƚƣŔůċƣĲƚЮШÑőĲШìÅ[р9őĲůШ
ĬċƣċƚĲƣШőċĬШƚŔůŔũċƖШĬċǃƣŔůĲШůĲċŰШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣŸШƣőŸƚĲШŔŰШƣőĲШ§Ñ9ШċŰĬШ[ŔĲũĬШĬċƣċƚĲƣƚШ
ы[ŔŊƨƖĲШΠЮΥĦьЯШŊŔƻŔŰŊШċũůŸƚƣШŔĬĲŰƣŔĦċũШÅòƚШƽőĲŰШƨƚŔŰŊШ~ΤШĤċƚĲĬШůĲƣőŸĬƚЮШ §ÑΠΜрĤċƚĲĬШůĲƣőŸĬƚШ
ŊĲŰĲƖċũũǃШƓƖĲĬŔĦƣĲĬШŊƖĲċƣĲƖШǃŔĲũĬШũŸƚƚĲƚШƣőċŰШ~ΤрĤċƚĲĬШůĲƣőŸĬƚШŉŸƖШƣőĲШƚċůĲШĬċƣċШƚŸƨƖĦĲЮШ
fŰĬŔċŰШ~ΤШċŰĬШ §ÑΠΜШƖĲũċƣŔŸŰƚőŔƓƚШƚőŸƽĲĬШŊƖĲċƣĲƖШǃŔĲũĬШũŸƚƚĲƚШċŰĬШƻċƖŔċĤŔũŔƣǃШƣőċŰШƣőĲШ
ůĲƖŔĦċŰШ~ΤШċŰĬШEƨƖŸƓĲċŰШ §ÑΠΜШůĲƣőŸĬƚЯШƽŔƣőШƣőĲШ ůĲƖŔĦċŰШ~ΤШƖĲũċƣŔŸŰƚőŔƓШőĲċƻŔũǃШ

ƨŰĬĲƖĲƚƣŔůċƣŔŰŊШǃŔĲũĬШũŸƚƚĲƚЮШEǂĦĲƓƣШŉŸƖШƣőĲШ  É ШыìÅ[Ш§ΟьШĬċƣċЯШƣőĲШfŰĬŔċŰШ~ΤШċŰĬШEƨƖŸƓĲċŰШ
§ÑΠΜШůĲƣőŸĬƚШƓƖŸĬƨĦĲĬШÅòƚШƽŔƣőŔŰШƣőĲШũŔƣĲƖċƣƨƖĲќƚШƖċŰŊĲЮШÑőĲШfŰĬŔċŰШ §ÑΠΜШƖĲũċƣŔŸŰƚőŔƓЯШċũŸŰŊШ
ƽŔƣőШ  É ШыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШŔŰƓƨƣШĬċƣċЯШŊċƻĲШƻĲƖǃШũŸƽШÅòШƻċũƨĲƚШŸŉШΜШċŰĬШΜЮΞΥЯШ
ĦŸůƓċƖĲĬШƣŸШƣőĲШũŸƽĲƚƣШƻċũƨĲШƖĲƓŸƖƣĲĬШŔŰШƣőĲШũŔƣĲƖċƣƨƖĲШŸŉШӈΜЮΣЮ 

ÑőĲШEƨƖŸƓĲċŰШǰƨǂрƖĲƚƓŸŰƚĲШůĲƣőŸĬШƚőŸƽĲĬШċШƚŔůŔũċƖШƖċŰŊĲШŸŉШÅòШĲƚƣŔůċƣĲƚШƣŸШƣőĲШ?§ΟÉEр9ƖŸƓШ
ůĲƣőŸĬЯШĤŸƣőШƚũŔŊőƣũǃШőŔŊőĲƖШƣőċŰШƣőĲШƖċŰŊĲШŔŰШƣőĲШũŔƣĲƖċƣƨƖĲЮШÑőĲШfŰĬŔċŰШǰƨǂрƖĲƚƓŸŰƚĲШ
ƖĲũċƣŔŸŰƚőŔƓШƓƖĲĬŔĦƣĲĬШÅòƚШƣőċƣШƽĲƖĲШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШƣőĲШũŔƣĲƖċƣƨƖĲШŸŰũǃШƽőĲŰШƨƚŔŰŊШƣőĲШ§Ñ9ШċŰĬШ
[ŔĲũĬШĬċƣċЯШƽőŔũĲШƣőĲШ  É ШыìÅ[Ш§ΟьШĬċƣċШċŰĬШìÅ[р9őĲůШĬċƣċШŊċƻĲШũŸƽШÅòƚШыΜЮΟрΜЮΡьЮШÑőĲШ
EƨƖŸƓĲċŰШǰƨǂрƖĲƚƓŸŰƚĲШůĲƣőŸĬЯШċŰĬШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƚőŸƽĲĬШůŔŰŔůċũШĬŔǭĲƖĲŰĦĲƚШŔŰШÅòШ
ĲƚƣŔůċƣĲƚШĤĲƣƽĲĲŰШĬċƣċШƚŸƨƖĦĲƚЯШƽŔƣőШÅòƚШƖċŰŊŔŰŊШŉƖŸůШΜЮΥΡрΜЮΦΣШċŰĬШΜЮΦΟрΝЮΜΜШƖĲƚƓĲĦƣŔƻĲũǃЮ 

ÖƚŔŰŊШ  É ШыìÅ[Ш§ΟьШĬċƣċЯШÅòШƖċŰŊĲĬШŉƖŸůШΜрΝШċĦƖŸƚƚШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚЯШƽŔƣőШΜШ
ŸĤƣċŔŰĲĬШƽőĲŰШƨƚŔŰŊШƣőĲШ §ÑΠΜШƖĲũċƣŔŸŰƚőŔƓƚШċŰĬШΝШŸĤƣċŔŰĲĬШŉƖŸůШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШŉŸƖШ
ƣőĲШcÖìΞΟΠШĦƨũƣŔƻċƖЮШÑőĲШũċƖŊĲƚƣШƻċƖŔċƣŔŸŰШĬƨĲШƣŸШĬċƣċШƚŸƨƖĦĲШƽŔƣőŔŰШċШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШ
ŸĦĦƨƖƖĲĬШŉŸƖШƣőĲШEƨƖŸƓĲċŰШ §ÑΠΜШůĲƣƖŔĦЯШƽőĲƖĲШÅòШƖċŰŊĲĬШŉƖŸůШΜрΜЮΥШƖĲŊċƖĬũĲƚƚШŸŉШ§ΟШ
ƚĲŰƚŔƣŔƻŔƣǃЮШìőŔũĲШĬċƣċШƚŸƨƖĦĲƚШĦŸŰƣƖŔĤƨƣĲĬШƣŸШũċƖŊĲШƻċƖŔċƣŔŸŰƚШŔŰШÅòШĲƚƣŔůċƣĲƚШƽŔƣőŔŰШůĲƣőŸĬƚЯШ
ƓċƖƣŔĦƨũċƖũǃШŉŸƖШƣőĲШ §ÑΠΜШċŰĬШfŰĬŔċŰШƖĲũċƣŔŸŰƚőŔƓƚЯШƣőĲƖĲШƽċƚШŊƖĲċƣĲƖШƻċƖŔċĤŔũŔƣǃШŔŰШÅòШĤĲƣƽĲĲŰШ
ƣőĲШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚЮШÑőĲШfŰĬŔċŰШǰƨǂрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓШƨƚŔŰŊШƣőĲШ  É ШыìÅ[Ш§ΟьШ
ċŰĬШìÅ[р9őĲůШĬċƣċШƚőŸƽĲĬШċШΝΜрΝΞШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШĦƨũƣŔƻċƖƚЯШƽőŔũĲШƣőĲШ
?§ΟÉEр9ƖŸƓШůŸĬĲũШőċĬШċŰШΝΝШċŰĬШΥШƓĲƖĦĲŰƣċŊĲШƓŸŔŰƣШĬŔǭĲƖĲŰĦĲШŔŰШÅòШŸŉШƣőĲШΞШĦƨũƣŔƻċƖƚШƽőĲŰШ
ƨƚŔŰŊШƣőĲШ§Ñ9ШċŰĬШ  É ШыìÅ[Ш§ΟьШĬċƣċШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőĲƖĲŉŸƖĲЯШƣőĲШŊƖĲċƣĲƚƣШƚŸƨƖĦĲШŸŉШ
ƨŰĦĲƖƣċŔŰƣǃШŸŰШĲƚƣŔůċƣĲƚШŸŉШÅòШƖŔƚĲƚШŉƖŸůШƣőĲШĦőŸŔĦĲШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬЮШ9ƨũƣŔƻċƖШ
ƚĲŰƚŔƣŔƻŔƣǃШƣŸШ§ΟШĦŸŰƣƖŔĤƨƣĲĬШƻĲƖǃШũŔƣƣũĲШƣŸШƣőĲШƨŰĦĲƖƣċŔŰƣǃШŸŰШÅòШĲƚƣŔůċƣĲƚШŔŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЮ 

ÅÂШċŰĬШÅÂ9 
ÑőĲШůĲċŰШÅÂШƽċƚШŸŰũǃШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШĬċƣċШŉƖŸůШƣőĲШũŔƣĲƖċƣƨƖĲШƽőĲŰШƨƚŔŰŊШƣőĲШ?§ΟÉEр9ƖŸƓ Ш
ůŸĬĲũЮШÑőĲШEƨƖŸƓĲċŰШǰƨǂрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓШƨŰĬĲƖĲƚƣŔůċƣĲĬШƣőĲШÅÂШũŸƚƚШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШ
ÑőĲШ~ΤШƖĲũċƣŔŸŰƚőŔƓШƓƖĲĬŔĦƣƚШċŰШŔŰĦƖĲċƚĲШŔŰШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШыŊÂƖŸƣĲŔŰШŊ?~рΝьШƨŰĬĲƖШ§ΟШ



ΝΡΟ 
 

ĲǂƓŸƚƨƖĲЯШőŸƽĲƻĲƖШŉŸƖШfŰĬŔċŰШƽőĲċƣШċШĬĲĦƖĲċƚĲШŔƚШŸĤƚĲƖƻĲĬЯШƽőŔĦőШŸŰũǃШƣőĲШ?§ΟÉEр9ƖŸƓ Ш
ůŸĬĲũШĦċŰШĦċƓƣƨƖĲЮШÑőĲШůĲċŰШÅÂ9ШƨƚŔŰŊШ?§ΟÉEр9ƖŸƓ ЯШŔƚШŸŰШƣőĲШũŸƽĲƖШĲŰĬШŸŉШĦƨƖƖĲŰƣШĲƚƣŔůċƣĲƚШ
ŉƖŸůШƣőĲШũŔƣĲƖċƣƨƖĲЮШÑőĲШƖĲĬƨĦƣŔŸŰШŔŰШĤŸƣőШƓƖŸƣĲŔŰШċŰĬШƓƖŸƣĲŔŰШĦŸŰĦĲŰƣƖċƣŔŸŰШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲШ
ƨƚŔŰŊШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƽċƚШӈΠΜӖЮ 

ÑőĲШÅÂШǰƨǂрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓЯШċŰĬШƣőĲШÅÂ9Ш~ΤШƖĲũċƣŔŸŰƚőŔƓШƚőŸƽШũŔƣƣũĲШƻċƖŔċĤŔũŔƣǃШĤĲƣƽĲĲŰШ
ŔŰƓƨƣШĬċƣċШƚŸƨƖĦĲƚШŉŸƖШĤŸƣőШĦƨũƣŔƻċƖƚШыΜЮΦÅÂΜЮΦΥШċŰĬШΝЮΝÅÂ9ΝЮΞьЯШĬĲůŸŰƚƣƖċƣŔŰŊШ
ƖŸĤƨƚƣŰĲƚƚШƣŸШĦőċŰŊĲƚШŔŰШŔŰƓƨƣШĬċƣċЮШìőĲŰШƨƚŔŰŊШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƣőĲШĲǭĲĦƣШŸŉШŔŰƓƨƣШ
ĬċƣċШĦőŸŔĦĲШƽċƚШũċƖŊĲƖШƣőċŰШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰрШċŰĬШǰƨǂрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚЯШƻċƖǃŔŰŊШĤĲƣƽĲĲŰШ
ΜЮΞрΜЮΣШŉŸƖШƣőĲШcÖìΞΟΠШÅÂШċŰĬШÅÂ9ЮШÑőĲШĦőŸŔĦĲШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШőċĬШċШũċƖŊĲƖШĲǭĲĦƣШ
ƣőċŰШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲЯШƽŔƣőШΜЮΞÅÂΜЮΦШŉŸƖШƣőĲШcÖìΞΟΠШĦƨũƣŔƻċƖШƨƚŔŰŊШ  É ШыìÅ[Ш§ΟьШĬċƣċШċƚШ
ŔŰƓƨƣЯШċŰĬШÅÂ9ШƻċƖǃŔŰŊШĤĲƣƽĲĲŰШΜЮΞÅÂ9ΝЮΞШŉŸƖШƣőĲШƚċůĲШĦƨũƣŔƻċƖШċŰĬШĬċƣċШƚŸƨƖĦĲЮШ9ƨũƣŔƻċƖШ
ĲǭĲĦƣШƽċƚШŸŉШĲƕƨŔƻċũĲŰƣШůċŊŰŔƣƨĬĲШƣŸШƣőĲШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲШŉŸƖШÅÂШċŰĬШÅÂ9ШыӈΜЮΞрΜЮΣΡШƨƚŔŰŊШ
?§ΟÉEр9ƖŸƓ ШƽŔƣőШ  É ШыìÅ[Ш§ΟьШċƚШŔŰƓƨƣьЮ 

cŸƽĲƻĲƖЯШƽőŔũĲШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШƚőŸƽƚШŊƖĲċƣĲƖШƻċƖŔċĤŔũŔƣǃШŔŰШĲƚƣŔůċƣĲƚШŸŉШÅÂШċŰĬШÅÂ9Ш
ƣőċŰШƣőĲШŸƣőĲƖШůĲƣőŸĬƚЯШƣőĲШƖĲƚƨũƣƚШċƖĲШůƨĦőШĦũŸƚĲƖШƣŸШƣőĲШÅÂШċŰĬШÅÂ9ШĦċũĦƨũċƣĲĬШŉƖŸůШƣőĲШ
ĲǂŔƚƣŔŰŊШũŔƣĲƖċƣƨƖĲЮШ ĲƻĲƖƣőĲũĲƚƚЯШƣőĲШ§ΟШƚĲŰƚŔƣŔƻŔƣǃШŔƚШƣőĲШƽƖŸŰŊШƽċǃШƖŸƨŰĬЮШc?ΟΝΝΥШŔƚШƚőŸƽŰШĤǃШ
ƣőĲШũŔƣĲƖċƣƨƖĲШƣŸШĲǂƓĲƖŔĲŰĦĲШċШũŸƽĲƖШÅÂШċŰĬШÅÂ9ЯШƽőŔũĲШƣőĲШůŸĬĲũШƓƖĲĬŔĦƣĲĬШƣőŔƚШŉŸƖШƣőĲШcÖìΞΟΠШ
ĦƨũƣŔƻċƖЮШÑőĲШEƨƖŸƓĲċŰШǰƨǂрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓШĬŔĬШĦŸƖƖĲĦƣũǃШŔĬĲŰƣŔŉǃШƣőċƣШƣőĲШÅÂШŸŉШƣőĲШ
c?ΟΝΝΥШĦƨũƣŔƻċƖШƚőŸƨũĬШĤĲШũŸƽĲƖЮШ§ΟШƚĲŰƚŔƣŔƻŔƣǃШőċƚШċШŊƖĲċƣĲƖШĲǭĲĦƣШŸŰШÅÂШċŰĬШÅÂ9ШƻċƖŔċĤŔũŔƣǃШ
ƣőċŰШŔƣШĬŔĬШŉŸƖШÅòЯШĤƨƣШƣőĲШƻċƖŔċĤŔũŔƣǃШŔŰШĲƚƣŔůċƣĲƚШċƣƣƖŔĤƨƣĲĬШƣŸШŔŰƓƨƣШĬċƣċШċŰĬШƖŔƚťШċƚƚĲƚƚůĲŰƣШ
ĦőŸŔĦĲШŔƚШƚƣŔũũШũċƖŊĲƖЯШƽŔƣőШƣőĲШĲǭĲĦƣШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣШĦőŸŔĦĲШĤĲŔŰŊШũċƖŊĲƚƣЮ 



ΝΡΠ 
 

 

[ŔŊƨƖĲЮΧдΥжЮ9ŸůƓċƖŔƚŸŰЮŸŉЮƖŔƚťЮċƚƚĲƚƚůĲŰƣЮůĲƣőŸĬƚЮŉŸƖЮĲƚƣŔůċƣŔŰŊЮƖĲũċƣŔƻĲЮǃŔĲũĬЮёÅòђеЮƖĲũċƣŔƻĲЮƓƖŸƣĲŔŰЮǃŔĲũĬЮёÅÂђеЮċŰĬЮ
ƖĲũċƣŔƻĲЮƓƖŸƣĲŔŰЮĦŸŰĦĲŰƣƖċƣŔŸŰЮёÅÂ9ђЮƨŰĬĲƖЮċůĤŔĲŰƣЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚдЮÑőĲЮĬŔǭĲƖĲŰƣЮĦŸũŸƨƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮǃŔĲũĬЮ
ũŸƚƚĲƚЮŉŸƖЮƣőĲЮĬŔǭĲƖĲŰƣЮĦƨũƣŔƻċƖƚдЮÑőĲЮŸĤƚĲƖƻĲĬЮĬċƣċЮŉŸƖЮƣőĲЮcÖìΥΦΪЮċŰĬЮuцάΤΣΪЮĦƨũƣŔƻċƖƚеЮċŰĬЮƣőĲЮcÖìΥΦΧЮċŰĬЮ
c?ΦΤΤΫЮĦƨũƣŔƻċƖƚеЮĦŸůĲƚЮŉƖŸůЮ~ŔƚőƖċеЮÅċŔЮċŰĬЮ ŊƖċƽċũЮёΥΣΤΦђЮċŰĬЮòċĬċƻЮĲƣЮċũдЮёΥΣΥΣђЮƖĲƚƓĲĦƣŔƻĲũǃеЮċŰĬЮƽċƚЮƨƚĲĬЮƣŸЮ
ĦċũĦƨũċƣĲЮÅÂЮċŰĬЮÅÂЮĦŸŰĦĲŰƣƖċƣŔŸŰЮċƚЮĬĲƚĦƖŔĤĲĬЮŔŰЮƣőĲЮůĲƣőŸĬƚдЮÑőĲЮΣЮÅòƚЮƨƚŔŰŊЮƣőĲЮ §ÑΧΣЮůĲƣƖŔĦЮƽĲƖĲЮĤĲũŸƽЮǍĲƖŸЮ
ŔŰŔƣŔċũũǃЮƽőŔĦőЮŔƚЮƨŰƓőǃƚŔŸũŸŊŔĦċũЮċŰĬЮƚŸЮƽĲƖĲЮƖĲƓŸƖƣĲĬЮċƚЮΣдЮÑőĲЮůĲċŰЮŉŸƖЮċũũЮŔŰƓƨƣЮĬċƣċЮƚŸƨƖĦĲƚЮċŰĬЮĦƨũƣŔƻċƖƚЮƨƚŔŰŊЮ
ĲċĦőЮůĲƣőŸĬЮŔƚЮŊŔƻĲŰЮƣŸЮƣőĲЮƖŔŊőƣЮŸŉЮƣőĲЮĬċƣċЮċƚЮċЮƚƣċƖдЮÑőĲЮŊƖĲǃЮĬċƚőĲĬЮũŔŰĲƚЮċƖĲЮƨƚĲĬЮƣŸЮƖĲƓƖĲƚĲŰƣЮΤЮŸŰЮёĤђЮċŰĬЮёĦђеЮċŰĬЮ
ƣŸЮŔŰĬŔĦċƣĲЮƣőĲЮĤŸƨŰĬċƖŔĲƚЮŸŉЮƣőĲЮĤŸǂƓũŸƣЮŸŰЮёċђд 

ΠЮΠЮΞШcŸƽШĬŸĲƚШƻċƖŔċĤŔũŔƣǃШŔŰШŔŰƓƨƣШĬċƣċШċǭĲĦƣШťĲǃШĦƖŸƓШƓƖŸĦĲƚƚĲƚШċŰĬШ
őĲŰĦĲШƖŔƚťШĲƚƣŔůċƣĲƚШŔŰШĦƖŸƓШůŸĬĲũũŔŰŊШƖŔƚťШċƚƚĲƚƚůĲŰƣƚ 
[ŸƖШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШƽĲШƽċŰƣĲĬШƣŸШƨŰĬĲƖƚƣċŰĬШŔŰШŊƖĲċƣĲƖШĬĲƣċŔũШőŸƽШƣőĲШĬŔǭĲƖĲŰĦĲƚШŔŰШ
ůĲƣĲŸƖŸũŸŊŔĦċũШƻċƖŔċĤũĲƚШĤĲƣƽĲĲŰШŔŰƓƨƣƚЯШċǭĲĦƣĲĬШŊƖċŔŰШ?~ШċŰĬШƕƨċũŔƣǃЯШx fШċŰĬШŊƖŸƚƚШƓƖŔůċƖǃШ
ƓƖŸĬƨĦƣŔƻŔƣǃШы]ÂÂьШŔŰШƣőĲШĦƖŸƓШůŸĬĲũШƖƨŰƚЮШÑőŔƚШċũũŸƽƚШƨƚШƣŸШƨŰĬĲƖƚƣċŰĬШőŸƽШƣőĲШƓƖŸĦĲƚƚĲƚШċƖĲШ
ċǭĲĦƣĲĬШĤǃШƣőĲШĬŔǭĲƖŔŰŊШůĲƣĲŸƖŸũŸŊǃќƚШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШĦƖŸƓШůŸĬĲũũŔŰŊШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚЯШċŰĬШőĲŰĦĲШőŸƽШċŰĬШƽőǃШƖŔƚťШĲƚƣŔůċƣĲƚШċƖĲШċǭĲĦƣĲĬШĤǃШƣőĲƚĲШĬŔǭĲƖĲŰĦĲƚШ
ŔŰШŔŰƓƨƣШĬċƣċЮШÑőĲШƖĲƚƨũƣƚШċƖĲШƓƖĲƚĲŰƣĲĬШŉŸƖШ§ΟШƣŸũĲƖċŰƣШыcÖìΞΟΠьШċŰĬШƚĲŰƚŔƣŔƻĲШыc?ΟΝΝΥьШ
ĦƨũƣŔƻċƖƚШŔŰШ[ŔŊƨƖĲƚШΠЮΟШċŰĬШΠЮΠЮШ§ƻĲƖċũũЯШx fШċŰĬШ]ÂÂШƽĲƖĲШƖĲĬƨĦĲĬШŔŰШƣőĲШ§Ñ9ШƖƨŰШĦŸůƓċƖĲĬШƣŸШ
ƣőĲШ[ŔĲũĬШƖƨŰШы§Ñ9ШĬċƣċШŔƚШΞ҄9ШƽċƖůĲƖьЮШ9ŸůƓċƖĲĬШƽŔƣőШƣőĲШ[ŔĲũĬШċŰĬШ§Ñ9ШůŸĬĲũШƖƨŰƚЯШ  É Ш
ыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШƖĲċĦőĲĬШċŰƣőĲƚŔƚШӈΞΜрΞΡШĬċǃƚШũċƣĲƖШĬƨĲШƣŸШũŸƽĲƖШƣĲůƓĲƖċƣƨƖĲƚШ
ƚũŸƽŔŰŊШĦƖŸƓШĬĲƻĲũŸƓůĲŰƣЮШÖƚŔŰŊШƣőĲШìÅ[р9őĲůШĬċƣċШċƚШċШůŸĬĲũШŔŰƓƨƣШŊċƻĲШƣőĲШőŔŊőĲƚƣШ]ÂÂШ



ΝΡΡ 
 

ċŰĬШx fЯШƣőŸƨŊőШƣőĲШƓĲċťШx fШŸŉШƣőĲШ  É ШыìÅ[Ш§ΟьШƖƨŰШƽċƚШƚŔůŔũċƖШƣŸШƣőċƣШƨƚŔŰŊШƣőĲШìÅ[р9őĲůШ
ŔŰƓƨƣШŉŸƖШĤŸƣőШĦƨũƣŔƻċƖƚЮШÅĲŊċƖĬũĲƚƚШŸŉШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰЯШƚŔůƨũċƣŔŸŰƚШŸŉШx fШƨƚŔŰŊШ  É Ш
ыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШĬċƣċШƽĲƖĲШŸƻĲƖШƣƽŔĦĲШċƚШũċƖŊĲШċƚШƨƚŔŰŊШƣőĲШ[ŔĲũĬШċŰĬШ§Ñ9ШĬċƣċЮШÑőĲШ
ǯŰċũШ]ÂÂШƨƚŔŰŊШìÅ[р9őĲůШċƚШċŰШŔŰƓƨƣШƽċƚШӈΟШƣŔůĲƚШċƚШũċƖŊĲШċƚШƣőĲШ§Ñ9ШĬċƣċƚĲƣШƽőŔĦőШőċĬШƣőĲШ
ũŸƽĲƚƣШ]ÂÂШŸƻĲƖċũũЮ 

ÑőĲШŊƖċŔŰШ?~ШƽċƚШŊƖĲċƣĲƖШƽőĲŰШƨƚŔŰŊШƣőĲШ[ŔĲũĬШĬċƣċШċƚШċŰШŔŰƓƨƣШĦŸůƓċƖĲĬШƣŸШƣőĲШ§Ñ9ШĬċƣċШ
ĤĲĦċƨƚĲШŸŉШƣőĲШŊƖĲċƣĲƖШ]ÂÂЮШÑőĲШƣƽŸШĦƨũƣŔƻċƖƚШƖĲƚƓŸŰĬĲĬШĬŔǭĲƖĲŰƣũǃШƣŸШƣőĲШ  É ШыìÅ[Ш§ΟьШĬċƣċШ
ċƚШċŰШŔŰƓƨƣЯШƽŔƣőШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖШĲǂƓĲƖŔĲŰĦŔŰŊШċŰШŔŰĦƖĲċƚĲĬШŊƖċŔŰШ?~ЯШċŰĬШƣőĲШcÖìΞΟΠШ
ĦƨũƣŔƻċƖШőċƻŔŰŊШċШũŸƽĲƖШŊƖċŔŰШ?~ЯШĦŸůƓċƖĲĬШƽŔƣőШƨƚŔŰŊШƣőĲШ§Ñ9ШċŰĬШ[ŔĲũĬШĬċƣċШċƚШůŸĬĲũШŔŰƓƨƣƚЮШ
ÑőŔƚШĬŔǭĲƖĲŰĦĲШůċǃШĤĲШċƣƣƖŔĤƨƣĲĬШƣŸШƣőĲШŊƖĲċƣĲƖШ]ÂÂШċĦĦƨůƨũċƣĲĬШĤǃШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖШƨƚŔŰŊШ
ƣőĲШ  É ШыìÅ[Ш§ΟьШŔŰƓƨƣЮШ7ŸƣőШƣőĲШcÖìΞΟΠШċŰĬШc?ΟΝΝΥШĦƨũƣŔƻċƖШőċĬШƣőĲШőŔŊőĲƚƣШ]ÂÂЯШċŰĬШ
őĲŰĦĲШőŔŊőĲƚƣШŊƖċŔŰШ?~ЯШƨƚŔŰŊШìÅ[р9őĲůШĬċƣċЮШ9ŸŰƚŔĬĲƖŔŰŊШŊƖċŔŰШƓƖŸƣĲŔŰЯШƣőĲШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШыΝΜΜŊÂƖŸƣĲŔŰШŊ?~рΝьШƽċƚШŊĲŰĲƖċũũǃШƖŸĤƨƚƣШƣŸШĦőċŰŊĲƚШŔŰШŔŰƓƨƣШĬċƣċШƚŸƨƖĦĲƚЮ

 

[ŔŊƨƖĲЮΧдΦжЮÂƖŸǯũĲЮŸŉЮx fЮёċеЮĦђЮċŰĬЮ]ÂÂЮёĤеЮĬђЮŉŸƖЮƣőĲЮcÖìΥΦΧЮċŰĬЮc?ΦΤΤΫЮĦƨũƣŔƻċƖƚЮŸƻĲƖЮƣőĲЮŊƖŸƽŔŰŊЮƚĲċƚŸŰЮŔŰЮ
éċƖċŰċƚŔЮё?ĲĦĲůĤĲƖЮΥΣΤΩЮƣŸЮ~ċƖĦőЮΥΣΤΪђЮƨƚŔŰŊЮƣőĲЮĬŔǭĲƖĲŰƣЮŔŰƓƨƣЮƚŸƨƖĦĲƚдЮ ũũЮƓƖŸǯũĲƚЮċƖĲЮŉŸƖЮƣőĲЮċůĤŔĲŰƣЮ§ΦЮ
ƣƖĲċƣůĲŰƣдЮÑőĲЮĬŔǭĲƖĲŰƣЮũŔŰĲцƚƣǃũĲƚЮƖĲǰĲĦƣЮƣőĲЮĬŔǭĲƖĲŰƣЮŔŰƓƨƣЮĬċƣċЮƚŸƨƖĦĲƚд 



ΝΡΣ 
 

 

[ŔŊƨƖĲЮΧдΧжЮ?ŔǭĲƖĲŰĦĲЮŔŰЮŊƖċŔŰЮ?~ЮёċђЮċŰĬЮŊƖċŔŰЮƓƖŸƣĲŔŰЮĦŸŰĦĲŰƣƖċƣŔŸŰЮёĤђЮŉŸƖЮƣőĲЮc?ΦΤΤΫЮċŰĬЮcÖìΥΦΧЮĦƨũƣŔƻċƖƚЮƨƚŔŰŊЮ
ƣőĲЮĬŔǭĲƖĲŰƣЮůŸĬĲũЮŸƨƣƓƨƣƚеЮƽőĲƖĲЮƣőĲЮƖƨŰƚЮƨƚŔŰŊЮ  É ЮёìÅ[Ю§ΦђЮĬċƣċЮċũƚŸЮƨƚĲĬЮƣőĲЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰЮĬċƣċЮŉƖŸůЮ
ìÅ[ц9őĲůдЮÑőĲЮĬŔǭĲƖĲŰƣЮƚőċƓĲĬЮċŰĬЮĦŸũŸƨƖĲĬЮůċƖťĲƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮƣƽŸЮĦƨũƣŔƻċƖƚдЮÑőĲЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŉŸƖЮ§Ñ9Ю
ċŰĬЮ[ŔĲũĬЮƽĲƖĲЮƣőĲЮċůĤŔĲŰƣЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŉƖŸůЮƣőĲЮƚĲŰƚŸƖƚеЮċŰĬЮƣőĲЮìÅ[Ю§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮƽĲƖĲЮƣőĲЮƚŔůƨũċƣĲĬЮ
ċůĤŔĲŰƣЮ§Φд 

ΠЮΠЮΟШéċƖŔċĤŔũŔƣǃШŔŰШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШƨƚĲĬШŔŰШƣőĲШ
ƖŔƚťШċƚƚĲƚƚůĲŰƣƚ 
cŸƨƖũǃШƣĲůƓĲƖċƣƨƖĲƚЯШÅcЯШƽŔŰĬШƚƓĲĲĬЯШċŔƖШƓƖĲƚƚƨƖĲШċŰĬШÂ ÅШŉƖŸůШìÅ[р9őĲůШċŰĬШ  É ШыìÅ[Ш
§ΟьШŊĲŰĲƖċũũǃШŉŸũũŸƽĲĬШƣőĲШƚċůĲШƓċƣƣĲƖŰШċƚШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċЯШƖĲŊċƖĬũĲƚƚШŸŉШůċŊŰŔƣƨĬĲШы[ŔŊƨƖĲƚШ
ΠЮΡċЯШΠЮΣċЯШΠЮΤċЯШÉΠЮΥċШċŰĬШÉΠЮΦċьЮШÑőĲШċĤƚŸũƨƣĲШĬŔǭĲƖĲŰĦĲƚШŔŰШůĲƣĲŸƖŸũŸŊŔĦċũШƻċƖŔċĤũĲƚШċŰĬШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШĤĲƣƽĲĲŰШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċЯШ  É ШыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШċƖĲШŊŔƻĲŰШŔŰШ[ŔŊƨƖĲШ
ÉΠЮΝΣЮШ ШƚƨůůċƖǃШŸŉШƣőŔƚШŔŰŉŸƖůċƣŔŸŰШŔƚШƓƖĲƚĲŰƣĲĬШċƚШƣőĲШƓĲƖĦĲŰƣċŊĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШƣőĲШ
ŸĤƚĲƖƻĲĬШĬċƣċШċŰĬШ  É ШыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШĬċƣċШŔŰШÑċĤũĲШΠЮΡЮШ  É ШыìÅ[Ш§ΟьШċŰĬШìÅ[р
9őĲůШċŔƖШƓƖĲƚƚƨƖĲƚШĦũŸƚĲũǃШůċƣĦőĲĬШŸĤƚĲƖƻĲĬШƻċũƨĲƚЯШċƻĲƖċŊŔŰŊШӈΝШťÂċШыΝӖьШũŸƽĲƖШыÑċĤũĲШΠЮΡШ
ċŰĬШ[ŔŊƨƖĲќƚШÉΠЮΥШċŰĬШÉΠЮΝΣьЮШ  É ШыìÅ[Ш§ΟьШÂ ÅШĦũŸƚĲũǃШŉŸũũŸƽĲĬШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċЯШƽŔƣőШĬċŔũǃШ
ůĲċŰƚШӈΝΝӖШőŔŊőĲƖЯШƽőŔũĲШìÅ[р9őĲůѣƚШÂ ÅШƽċƚШӈΟΟЮΟӖШőŔŊőĲƖШыÑċĤũĲШΠЮΡШċŰĬШ[ŔŊƨƖĲШÉΠЮΦьЮШ
  É ШыìÅ[Ш§ΟьШƣĲůƓĲƖċƣƨƖĲƚШůŸƖĲШĦũŸƚĲũǃШċũŔŊŰĲĬШƽŔƣőШŸĤƚĲƖƻċƣŔŸŰƚШċƣШőŔŊőĲƖШƻċũƨĲƚШĤƨƣШ
ƨŰĬĲƖĲƚƣŔůċƣĲĬШƣĲůƓĲƖċƣƨƖĲƚШŸƻĲƖċũũШĤǃШӈΠ҄9ШыΝΤЮΣӖьЯШƽőŔũĲШìÅ[р9őĲůШƨŰĬĲƖĲƚƣŔůċƣĲĬШ
ƣĲůƓĲƖċƣƨƖĲƚШĤǃШӈΡ҄9ШыΞΜЮΠӖьШыÑċĤũĲШΠЮΡШċŰĬШ[ŔŊƨƖĲШΠЮΡĤьЮШìÅ[р9őĲůШƣĲůƓĲƖċƣƨƖĲƚШŊĲŰĲƖċũũǃШ
ĬŔĬШŰŸƣШŉċũũШƽŔƣőŔŰШƣőĲШΟ҄9ШƨŰĦĲƖƣċŔŰƣǃШƖċŰŊĲЯШƽőŔũĲШ  É ШыìÅ[Ш§ΟьШƣĲůƓĲƖċƣƨƖĲƚШĬŔĬШŉċũũШƽŔƣőŔŰШ
ƣőŔƚШƖċŰŊĲШċĤŸƻĲШΟΜ҄9ЮШ  É ШыìÅ[Ш§ΟьШƣĲůƓĲƖċƣƨƖĲƚШċƖĲШũŔŰĲċƖШƽŔƣőШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШĬƨĲШƣŸШ
ƣőĲШŰċƣƨƖĲШŸŉШƣőĲШŊċƓрǯũũŔŰŊШĤƨƣШċũƚŸШĤĲĦċƨƚĲШŸŉШƣőĲШŸĤƚĲƖƻĲĬШƣĲůƓĲƖċƣƨƖĲƚШŉŸũũŸƽŔŰŊШƣőĲШƚċůĲШ
ŔŰĦƖĲċƚŔŰŊоШĬĲĦƖĲċƚŔŰŊШƓċƣƣĲƖŰШċƚШƣőĲШ  É ШыìÅ[Ш§ΟьШĬċƣċЮШ[ŸƖШÅcШĤĲũŸƽШΜЮΡЯШ  É ШыìÅ[Ш§ΟьШ
ƖĲƓƖŸĬƨĦĲĬШƣőĲШŸĤƚĲƖƻĲĬШÅcШƽĲũũЮШ[ŸƖШÅcШċĤŸƻĲШΜЮΡШĤŸƣőШ  É ШыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШ
ŔŰĦƖĲċƚŔŰŊũǃШŸƻĲƖĲƚƣŔůċƣĲĬШÅcЮШfŰШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШƣőĲШÅcШĬŔĬШŰŸƣШĲǂĦĲĲĬШӈΜЮΣЯШƽőŔũĲШ  É Ш
ыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШƚőŸƽШÅcШƖċŰŊŔŰŊШƨƓШƣŸШΜЮΥШċŰĬШΜЮΦШƖĲƚƓĲĦƣŔƻĲũǃЮШìÅ[р9őĲůШ
ŸƻĲƖĲƚƣŔůċƣĲĬШÅcШĤǃШӈΜЮΞШыΡΡЮΣӖьШċŰĬШ  É ШыìÅ[Ш§ΟьШĤǃШΝΜЮΟӖШыÑċĤũĲШΠЮΡШċŰĬШ[ŔŊƨƖĲШΠЮΣьЮШÑőĲШ
ÅcШŔŰШƣőĲШ  É ШыìÅ[Ш§ΟьШĬċƣċШƽċƚШŊĲŰĲƖċũũǃШƽŔƣőŔŰШƣőĲШσπϷШƨŰĦĲƖƣċŔŰƣǃШƖċŰŊĲШƽőŔũĲШƣőĲШìÅ[р
9őĲůШÅcШƽċƚШŸƻĲƖĲƚƣŔůċƣĲĬЮ 

ìÅ[р9őĲůШƚŔůƨũċƣĲĬШƽŔŰĬШƚƓĲĲĬШċƣШċШőĲŔŊőƣШŸŉШΝΜůЯШƽőŔĦőШƽċƚШƓƖŸƓċŊċƣĲĬШƣŸШĦċŰŸƓǃШũĲƻĲũШ
ƣőƖŸƨŊőШċũŊŸƖŔƣőůƚШŔŰШƣőĲШ?§ΟÉEШůŸĬĲũЮШ[ŔŊƨƖĲШΠЮΤШƚőŸƽƚШƣőĲШìÅ[р9őĲůШΝΜůШƽŔŰĬШƚƓĲĲĬШ



ΝΡΤ 
 

ċũŸŰŊƚŔĬĲШĦċŰŸƓǃШũĲƻĲũШƽŔŰĬШƚƓĲĲĬШŉŸƖШċũũШĬċƣċЮШ7ŸƣőШ  É ШыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШ
ƨŰĬĲƖĲƚƣŔůċƣĲĬШĦċŰŸƓǃрũĲƻĲũШƽŔŰĬШƚƓĲĲĬƚШыÑċĤũĲШΠЮΡШċŰĬШ[ŔŊƨƖĲШΠЮΤьЮШ  É ШыìÅ[Ш§ΟьШĦũŸƚĲũǃШ
ůċƣĦőĲĬШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШċƣШũŸƽĲƖШƽŔŰĬШƚƓĲĲĬƚШĤƨƣШĬĲƻŔċƣĲĬШċƣШőŔŊőĲƖШƚƓĲĲĬƚЯШƽőŔũĲШìÅ[р
9őĲůќƚШƽŔŰĬШƚƓĲĲĬƚШƽĲƖĲШůƨĦőШũŸƽĲƖЯШĲƻĲŰШċƣШΝΜůЮШÑőĲШċƻĲƖċŊĲШìÅ[р9őĲůШĦċŰŸƓǃШƽŔŰĬШ
ƚƓĲĲĬШƽċƚШΜЮΝШůƚрΝШыΝЮΠШůƚрΝШċƣШΝΜůьЯШĦŸůƓċƖĲĬШƣŸШΞЮΟШůƚрΝШыŸĤƚĲƖƻĲĬьШċŰĬШΝЮΥШůƚрΝШы  É ШыìÅ[Ш
§ΟььЮШ§ŰШċƻĲƖċŊĲЯШ  É ШыìÅ[Ш§ΟьШƨŰĬĲƖĲƚƣŔůċƣĲĬШĦċŰŸƓǃШƽŔŰĬШƚƓĲĲĬШĤǃШΞΟЮΤӖЯШƽőŔũĲШìÅ[р
9őĲůШċũůŸƚƣШĲŰƣŔƖĲũǃШƨŰĬĲƖĲƚƣŔůċƣĲĬШŔƣШыӈΝΜΜӖьШыÑċĤũĲШΠЮΡьЮ 

ìőŔũĲШĤŸƣőШìÅ[р9őĲůШċŰĬШ  É ШыìÅ[Ш§ΟьШШőċĬШƣőĲШƚċůĲШŔŰƓƨƣШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƚŔůƨũċƣĲĬШĤǃШ
ìÅ[р9őĲůШċƣШċШőĲŔŊőƣШŸŉШΞΦůЯШƣőĲШĬŔǭĲƖŔŰŊШůĲƣĲŸƖŸũŸŊǃќƚШƖĲƚƨũƣĲĬШŔŰШċШΣӖШƖĲĬƨĦƣŔŸŰШŔŰШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƣШƣőĲШĦċŰŸƓǃрũĲƻĲũШŉŸƖШ  É ШыìÅ[Ш§ΟьЯШƽőŔũĲШŉŸƖШìÅ[р9őĲůШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШ
ƽĲƖĲШƖĲĬƨĦĲĬШĤǃШΟΟӖШċŰĬШƽĲƖĲШůŸƖĲШŔŰрũŔŰĲШƽŔƣőШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШы[ŔŊƨƖĲШΠЮΥШċŰĬШ[ŔŊƨƖĲШ
ÉΠЮΝΤьЮШcŸƨƖũǃШĦċŰŸƓǃрũĲƻĲũШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉƖŸůШìÅ[р9őĲůШċŰĬШ  É ШыìÅ[Ш§ΟьШĬŔĬШŰŸƣШ
ůŔůŔĦШƣőĲШƚőċƓĲШŸŉШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċЯШĲǂƓĲƖŔĲŰĦŔŰŊШƣƖŸƨŊőƚШƽőĲƖĲШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШƚőŸƽШ
ƓĲċťƚЯШċŰĬШƓĲċťƚШƽőĲƖĲШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШƚőŸƽШƣƖŸƨŊőƚШы[ŔŊƨƖĲШΠЮΥċьЮШÑőĲШůĲċŰШĬċŔũǃШĦċŰŸƓǃШ
§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉŸƖШ  É ШыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШƽĲƖĲШőŔŊőĲƖШƣőċŰШŸĤƚĲƖƻĲĬЯШĬƨĲШƣŸШŊċƓШ
ǯũũŔŰŊШƣőċƣШċƚƚƨůĲĬШƣőĲШůŔŰŔůƨůШŰŔŊőƣƣŔůĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШΡШƓƓĤЯШƽőĲƖĲċƚШƣőĲШìÅ[р
9őĲůШċŰĬШ  É ШыìÅ[Ш§ΟьШĬċƣċШƚőŸƽШőŔŊőĲƖШĦċŰŸƓǃШŰŔŊőƣƣŔůĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŉШӈΠΡШċŰĬШӈΣΜШ
ƓƓĤШƖĲƚƓĲĦƣŔƻĲũǃШы[ŔŊƨƖĲШΠЮΥĤьЮШÑŸШĤĲƣƣĲƖШĦŸůƓċƖĲШƣőĲШĬċǃƣŔůĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШƣőĲШĬċŔũǃШůĲċŰШ
§ΟШĤĲƣƽĲĲŰШΦċůрΠƓůШƽċƚШĦŸůƓƨƣĲĬШċŰĬШŔƚШĬŔƚƓũċǃĲĬШŔŰШ[ŔŊƨƖĲШΠЮΥĦЮШìÅ[р9őĲůќƚШĬċǃƣŔůĲШ
ĦċŰŸƓǃШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĦũŸƚĲũǃШůċƣĦőĲĬШŸĤƚĲƖƻĲĬШĬċƣċЯШĤƨƣШŉŸƖШ  É ШыìÅ[Ш§ΟьШƽĲƖĲШӈΞΜШƓƓĤШ
őŔŊőĲƖЮШÑőĲШìÅ[р9őĲůШĬċŔũǃШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƽĲƖĲШůŸƚƣũǃШƽŔƣőŔŰШƣőĲШτπϷШƨŰĦĲƖƣċŔŰƣǃШƖċŰŊĲШ
ŸŉШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċШƽőŔũĲШŉŸƖШ  É ШыìÅ[Ш§ΟьШӈΡΜӖШŸŉШƣőĲШĬċƣċШƽċƚШƽŔƣőŔŰШƣőŔƚШƖċŰŊĲЮШ§ƻĲƖċũũЯШ
  É ШыìÅ[Ш§ΟьШѣƚШĬċǃƣŔůĲШĦċŰŸƓǃШ§ΟШƽċƚШΡΦЮΟӖШőŔŊőĲƖШƣőċŰШƣőĲШŊċƓрǯũũĲĬШŸĤƚĲƖƻĲĬШĬċƣċЯШƽőŔũĲШ
ìÅ[р9őĲůѣƚШ§ΟШƚŔůƨũċƣŔŸŰƚШƽĲƖĲШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШŸĤƚĲƖƻċƣŔŸŰƚЮ 

 

[ŔŊƨƖĲЮΧдΨжЮ9ŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮƣĲůƓĲƖċƣƨƖĲƚЮŉƖŸůЮsċŰƨċƖǃЮшЮ~ċƖĦőЮΥΣΤΪЮĤĲƣƽĲĲŰЮƣőĲЮŸĤƚĲƖƻċƣŔŸŰċũЮĬċƣċеЮìÅ[ц9őĲůЮ
ĬċƣċЮċŰĬЮ  É ЮёìÅ[Ю§ΦђЮĬċƣċдЮ[ŔŊдЮёċђЮƚőŸƽƚЮƣőĲЮƚĲċƚŸŰċũЮĦŸůƓċƖŔƚŸŰЮċŰĬЮ[ŔŊдЮёĤђЮƚőŸƽƚЮƣőĲЮĦŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮ
ìÅ[ц9őĲůЮċŰĬЮ  É ЮёìÅ[Ю§ΦђЮĬċŔũǃЮůĲċŰЮƣĲůƓĲƖċƣƨƖĲƚеЮƽŔƣőЮƣőĲЮĬċƚőĲĬЮΤжΤЮũŔŰĲЮƖĲƓƖĲƚĲŰƣŔŰŊЮċЮƓĲƖŉĲĦƣЮůċƣĦőЮ
ĤĲƣƽĲĲŰЮĲŔƣőĲƖЮìÅ[ц9őĲůЮŸƖЮ  É ЮёìÅ[Ю§ΦђеЮċŰĬЮƣőĲЮŸĤƚĲƖƻĲĬЮƣĲůƓĲƖċƣƨƖĲдЮÑőĲЮƚőċĬĲĬЮŊƖĲǃЮċƖĲċЮƖĲƓƖĲƚĲŰƣƚЮΦҊ9Ю
ŉŸƖЮƣőĲЮƨŰĦĲƖƣċŔŰƣǃЮŸŉЮƣőĲЮŸĤƚĲƖƻĲĬЮƣĲůƓĲƖċƣƨƖĲƚд 



ΝΡΥ 
 

 

[ŔŊƨƖĲЮΧдΩжЮ9ŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮƖĲũċƣŔƻĲЮőƨůŔĬŔƣǃЮёÅcђЮŉƖŸůЮsċŰƨċƖǃЮшЮ~ċƖĦőЮΥΣΤΪЮĤĲƣƽĲĲŰЮƣőĲЮŸĤƚĲƖƻċƣŔŸŰċũЮĬċƣċеЮ
ìÅ[ц9őĲůЮĬċƣċЮċŰĬЮ  É ЮёìÅ[Ю§ΦђЮĬċƣċдЮ[ŔŊдЮёċђЮƚőŸƽƚЮƣőĲЮƚĲċƚŸŰċũЮĦŸůƓċƖŔƚŸŰЮċŰĬЮ[ŔŊдЮёĤђЮƚőŸƽƚЮƣőĲЮ
ĦŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮìÅ[ц9őĲůЮċŰĬЮ  É ЮёìÅ[Ю§ΦђЮĬċŔũǃЮůĲċŰЮÅcеЮƽŔƣőЮƣőĲЮĬċƚőĲĬЮΤжΤЮũŔŰĲЮƖĲƓƖĲƚĲŰƣŔŰŊЮċЮƓĲƖŉĲĦƣЮ
ůċƣĦőЮĤĲƣƽĲĲŰЮĲŔƣőĲƖЮìÅ[ц9őĲůЮŸƖЮ  É ЮёìÅ[Ю§ΦђеЮċŰĬЮƣőĲЮŸĤƚĲƖƻĲĬЮÅcдЮÑőĲЮƚőċĬĲĬЮŊƖĲǃЮċƖĲċЮƖĲƓƖĲƚĲŰƣƚЮΦΣӜЮ
ŉŸƖЮƣőĲЮƨŰĦĲƖƣċŔŰƣǃЮŸŉЮƣőĲЮƖĲũċƣŔƻĲЮőƨůŔĬŔƣǃд 

 

[ŔŊƨƖĲЮΧдΪжЮ9ŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮƽŔŰĬЮƚƓĲĲĬЮŉƖŸůЮsċŰƨċƖǃЮшЮ~ċƖĦőЮΥΣΤΪЮĤĲƣƽĲĲŰЮƣőĲЮŸĤƚĲƖƻċƣŔŸŰċũЮĬċƣċеЮìÅ[ц9őĲůЮ
ĬċƣċЮċŰĬЮ  É ЮёìÅ[Ю§ΦђЮĬċƣċдЮÑőĲЮìÅ[ц9őĲůЮŔŰƓƨƣЮƽŔŰĬЮƚƓĲĲĬЮĬċƣċЮƽċƚЮċƣЮΤΣůЮċŰĬЮŔƚЮƓũŸƣƣĲĬЮőĲƖĲЮƽŔƣőЮċũũЮŸƣőĲƖЮ
ĦċŰŸƓǃЮũĲƻĲũЮƽŔŰĬЮƚƓĲĲĬƚЮċƚЮĦŸůƓċƖŔƚŸŰЮƣŸЮƚőŸƽЮƣőĲЮĦŸůƓċƖŔƚŸŰЮŸŉЮůċŊŰŔƣƨĬĲЮŸŉЮìÅ[ц9őĲůЮƽŔŰĬЮƚƓĲĲĬƚЮƽŔƣőЮƣőĲЮ
ŸĤƚĲƖƻĲĬЮċŰĬЮ  É ЮёìÅ[Ю§ΦђЮĬċƣċдЮ[ŔŊдЮёċђЮƚőŸƽƚЮƣőĲЮƚĲċƚŸŰċũЮĦŸůƓċƖŔƚŸŰЮċŰĬЮ[ŔŊдЮёĤђЮƚőŸƽƚЮƣőĲЮĦŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮ
ìÅ[ц9őĲůЮёΤΣůЮċŰĬЮĦċŰŸƓǃЮũĲƻĲũђЮċŰĬЮ  É ЮёìÅ[Ю§ΦђЮĬċŔũǃЮůĲċŰЮƽŔŰĬЮƚƓĲĲĬеЮƽŔƣőЮƣőĲЮĬċƚőĲĬЮΤжΤЮũŔŰĲЮƖĲƓƖĲƚĲŰƣŔŰŊЮ
ċЮƓĲƖŉĲĦƣЮůċƣĦőЮĤĲƣƽĲĲŰЮĲŔƣőĲƖЮìÅ[ц9őĲůЮŸƖЮ  É ЮёìÅ[Ю§ΦђеЮċŰĬЮƣőĲЮŸĤƚĲƖƻĲĬЮƽŔŰĬЮƚƓĲĲĬд 



ΝΡΦ 
 

 

[ŔŊƨƖĲЮΧдΫжЮ9ŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮĦċŰŸƓǃЮũĲƻĲũЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŉƖŸůЮsċŰƨċƖǃЮшЮ~ċƖĦőЮΥΣΤΪЮĤĲƣƽĲĲŰЮƣőĲЮŸĤƚĲƖƻċƣŔŸŰċũЮ
ĬċƣċеЮìÅ[ц9őĲůЮĬċƣċЮċŰĬЮ  É ЮёìÅ[Ю§ΦђЮĬċƣċдЮ[ŔŊдЮёċђЮƚőŸƽƚЮƣőĲЮƚĲċƚŸŰċũЮĦŸůƓċƖŔƚŸŰЮċŰĬЮ[ŔŊдЮёĤђЮƚőŸƽƚЮƣőĲЮ
ĦŸůƓċƖŔƚŸŰЮŸŉЮƣőĲЮìÅ[ц9őĲůЮċŰĬЮ  É ЮёìÅ[Ю§ΦђЮĬċŔũǃЮůĲċŰЮ§ΦеЮċŰĬЮёĦђЮƚőŸƽƚЮƣőĲЮĬċǃƣŔůĲЮёάċůцΧƓůђЮůĲċŰЮ§ΦЮ
ĦŸŰĦĲŰƣƖċƣŔŸŰеЮƽŔƣőЮƣőĲЮĬċƚőĲĬЮΤжΤЮũŔŰĲЮƖĲƓƖĲƚĲŰƣŔŰŊЮċЮƓĲƖŉĲĦƣЮůċƣĦőЮĤĲƣƽĲĲŰЮĲŔƣőĲƖЮìÅ[ц9őĲůЮŸƖЮ  É ЮёìÅ[Ю§ΦђеЮ
ċŰĬЮƣőĲЮŸĤƚĲƖƻĲĬЮ§ΦдЮìőŔũĲЮƣőĲЮ  É ЮёìÅ[Ю§ΦђЮĬċƣċЮőċĬЮƣőĲЮƚċůĲЮ§ΦЮŔŰƓƨƣЮċƚЮìÅ[ц9őĲůеЮƣőĲЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰЮŔŰЮ
ìÅ[ц9őĲůЮƽċƚЮċƣЮċЮőĲŔŊőƣЮŸŉЮΥάůеЮƽőĲŰЮƚĦċũŔŰŊЮĬŸƽŰЮƣŸЮĦċŰŸƓǃЮũĲƻĲũЮƣőĲЮƽŔŰĬЮƚƓĲĲĬЮċŰĬЮƖĲƚŔƚƣċŰĦĲƚЮƖĲƚƨũƣĲĬЮŔŰЮ
ĬŔǭĲƖŔŰŊЮĦċŰŸƓǃЮĬĲƓŸƚŔƣŔŸŰЮƻĲũŸĦŔƣŔĲƚеЮċǭĲĦƣŔŰŊЮƣőĲЮ§ΦЮŊƖċĬŔĲŰƣЮċŰĬЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮċƣЮĦċŰŸƓǃЮũĲƻĲũдЮìőŔũĲЮĦċŰŸƓǃЮ
ũĲƻĲũЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮƽĲƖĲЮĬŔǭĲƖĲŰƣЮĤĲƣƽĲĲŰЮƣőĲЮ§Ñ9ЮċŰĬЮ[ŔĲũĬЮĬċƣċƚĲƣЮĬƨĲЮƣŸЮƣőĲЮƣĲůƓĲƖċƣƨƖĲЮĬŔǭĲƖĲŰĦĲеЮƣőĲЮ
ĬŔǭĲƖĲŰĦĲƚЮƽĲƖĲЮůŔŰŸƖЮċŰĬЮŰŸƣЮƓũŸƣƣĲĬЮőĲƖĲдЮÑőĲЮƚőċĬĲĬЮŊƖĲǃЮċƖĲċЮёёĤђЮċŰĬЮёĦђђЮƖĲƓƖĲƚĲŰƣƚЮΧΣӜЮŉŸƖЮƣőĲЮƨŰĦĲƖƣċŔŰƣǃЮ
ŸŉЮƣőĲЮŸĤƚĲƖƻĲĬЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚд 

ÑċĤũĲЮΧдΨжЮÂĲƖĦĲŰƣċŊĲЮĬĲƻŔċƣŔŸŰЮŸŉЮƣőĲЮĬċŔũǃЮ  É ЮёìÅ[Ю§ΦђЮŸƖЮìÅ[ц9őĲůЮůĲƣĲŸƖŸũŸŊǃЮŸƖЮ§ΦЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮċƚЮ
ĦŸůƓċƖĲĬЮƣŸЮƣőĲЮŸĤƚĲƖƻĲĬЮĬċƣċдЮӂЮƖĲƓƖĲƚĲŰƣƚЮƣőċƣЮ  É ЮёìÅ[Ю§ΦђЮŸƖЮìÅ[ц9őĲůЮƚŔůƨũċƣĲƚЮċЮŊƖĲċƣĲƖЮƻċũƨĲЮƣőċŰЮƣőĲЮ
ŸĤƚĲƖƻĲĬЮĬċƣċеЮцЮůĲċŰƚЮƖĲƓƖĲƚĲŰƣƚЮƣőċƣЮ  É ЮёìÅ[Ю§ΦђЮċŰĬЮìÅ[ц9őĲůЮŊĲŰĲƖċũũǃЮƚŔůƨũċƣĲЮũŸƽĲƖЮƻċũƨĲƚЮƣőċŰЮ
ƖĲƓŸƖƣĲĬЮŔŰЮƣőĲЮũŔƣĲƖċƣƨƖĲдЮÑőĲƚĲЮƻċũƨĲƚЮƽĲƖĲЮĦċũĦƨũċƣĲĬЮƨƚŔŰŊЮĬċŔũǃЮƻċũƨĲƚЮċĦƖŸƚƚЮƣőĲЮĲŰƣŔƖĲЮŊƖŸƽŔŰŊЮƚĲċƚŸŰд 

Comparison NASA (WRF O3) deviation (%) WRF-Chem deviation (%) 

Canopy-level O3 compared 
with non-gap filled O3 data 
from Varanasi (9am-5pm) 

+40.6% +0.6% 

Canopy-level O3 compared 
with gap-filled observed data   

+228% +131% 

Canopy level O3 compared 
with gap-filled observed data 
for daylight hours only (9am-
4pm) 

+59.3% +0.33% 

Temperature -17.6% -20.4% 
Wind speed 23.7% -96.9% 
Air pressure -0.9% -0.8% 
PAR +11.3% +33.3% 
RH +10.3% +55.6% 

 

ΠЮΡШ?ŔƚĦƨƚƚŔŸŰ 
ÅĲŊċƖĬũĲƚƚШŸŉШŔŰƓƨƣШĦőŸŔĦĲЯШĬċƣċШƚŸƨƖĦĲШŸƖШ§ΟШƚĲŰƚŔƣŔƻŔƣǃЯШƣőĲШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШƚőŸƽĲĬШƣőċƣШ
ƣőĲƖĲШŔƚШċШũċƖŊĲШŔůƓċĦƣШŸŉШ§ΟШŸŰШĦƖŸƓШǃŔĲũĬШыċƻĲƖċŊŔŰŊШӈΝΦӖШċĦƖŸƚƚШĬŔǭĲƖĲŰƣШƖŔƚťШċƚƚĲƚƚůĲŰƣШ
ůĲƣőŸĬƚШċŰĬШŔŰƓƨƣШĬċƣċьШċŰĬШƕƨċũŔƣǃШыƖĲĬƨĦƣŔŸŰШŸŉШӈΠΜӖШŔŰШƓƖŸƣĲŔŰШĦŸŰƣĲŰƣШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШ
ƨƚŔŰŊШ?§ΟÉEр9ƖŸƓ ьШŉŸƖШéċƖċŰċƚŔЮШ9ŸŰƚŔĬĲƖŔŰŊШÖƣƣċƖШÂƖċĬĲƚőШƚƓĲĦŔǯĦċũũǃШыƽőĲƖĲШéċƖċŰċƚŔШŔƚШ
ũŸĦċƣĲĬьЯШ?ƖŸƨƣƚċƚШыΞΜΞΜьЯШƨƚŔŰŊШċŰШ §ÑΠΜШĤċƚĲĬШĦƖŸƓШůŸĬĲũШŸĤƣċŔŰĲĬШċШÅòШũŸƚƚШŸŉШΝΡЮΡΝЮΦӖЯШ



ΝΣΜ 
 

ƽőŔũĲШÑċŰŊШĲƣШċũЮШыΞΜΝΟьЯШÑċŔШĲƣШċũЮШыΞΜΞΝьШċŰĬШ~ŔũũƚШĲƣШċũЮШыΞΜΝΥьШƨƚŔŰŊШǰƨǂрĤċƚĲĬШůĲƣőŸĬƚШ
ŸĤƣċŔŰĲĬШÅòШũŸƚƚĲƚШŸŉШΝΞЮΤрΞΤӖШċŰĬШΟрΥӖЯШċŰĬШΝΞЮΡрΝΤЮΡӖШƖĲƚƓĲĦƣŔƻĲũǃЮШfŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШ
ŸŰũǃШĦŸŰƚŔĬĲƖŔŰŊШƣőĲШǰƨǂрƖĲƚƓŸŰƚĲШĲƚƣŔůċƣĲƚШċŰĬШĦƖŸƓШůŸĬĲũШĲƚƣŔůċƣĲƚЯШƣőĲШůĲċŰШÅòШũŸƚƚШċƣШ
éċƖċŰċƚŔЯШÖƣƣċƖШÂƖċĬĲƚőЯШƽċƚШΝΥЮΥΠӖШƽőŔĦőШŔƚШŊĲŰĲƖċũũǃШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШƓƖŔŸƖШĲƚƣŔůċƣĲƚЯШċũĤĲŔƣШ
ċШũŔƣƣũĲШőŔŊőĲƖЮШ~ƨťőĲƖŢĲĲШĲƣШċũЮШыΞΜΞΝьШƚƨůůċƖŔƚĲШÅòШũŸƚƚШŸŉШfŰĬŔċŰШƽőĲċƣШĦƨũƣŔƻċƖƚШƨŰĬĲƖШ
ċůĤŔĲŰƣШ§ΟШŉƖŸůШĲǂƓĲƖŔůĲŰƣċũШƚƣƨĬŔĲƚЯШǯŰĬŔŰŊШċŰШċƻĲƖċŊĲШÅòШũŸƚƚШŸŉШΝΣΠЮΡӖЯШƽőŔĦőШŔƚШ
ĦŸŰƚŔƚƣĲŰƣШƽŔƣőШƣőĲШĲƚƣŔůċƣĲƚШŸŉШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШċŰĬШůŸƚƣШċƨƣőŸƖƚШũŔƚƣĲĬШċĤŸƻĲЮШÑċŔШĲƣШċũЮШ
ыΞΜΞΝьШŸĤƣċŔŰĲĬШũŸƽĲƖШĲƚƣŔůċƣĲƚШƣőċŰШƣőĲШŸƣőĲƖШċƨƣőŸƖƚШƽőŔĦőШċƖĲШċũƚŸШŰŸƣШĦŸŰƚŔƚƣĲŰƣШƽŔƣőШ
~ƨťőĲƖŢĲĲШĲƣШċũЮШыΞΜΞΝьЮШÑőĲШċƨƣőŸƖƚШĦŸůůĲŰƣШƣőċƣШƣőĲŔƖШƖĲũċƣŔƻĲũǃШũŸƽШĲƚƣŔůċƣĲƚШŸŉШǃŔĲũĬШũŸƚƚШ
ĦŸůƓċƖĲĬШƣŸШŸƣőĲƖШǰƨǂрĤċƚĲĬШƚƣƨĬŔĲƚШŸĦĦƨƖШĬƨĲШƣŸШĬŔǭĲƖĲŰĦĲƚШŔŰШŔŰƓƨƣƚШċŰĬШĦċũĦƨũċƣŔŸŰƚШŸŉШǰƨǂШ
ůĲƣƖŔĦƚШċƚШĦŸůƓċƖĲĬШƣŸШƓƖĲƻŔŸƨƚШċƓƓƖŸċĦőĲƚЯШŉƨƖƣőĲƖШĲůƓőċƚŔƚŔŰŊШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШůĲƣőŸĬШ
ċŰĬШĬċƣċШĦŸŰƚŔĬĲƖċƣŔŸŰƚШŉŸƖШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШыÑċŔШĲƣШċũЮЯШΞΜΞΝьЮШ 

ĬĬƖĲƚƚŔŰŊШ§ΟШƓŸũũƨƣŔŸŰШƽŸƨũĬШőĲũƓШƣŸШůŔƣŔŊċƣĲШƣőĲШǃŔĲũĬШċŰĬШƕƨċũŔƣǃШũŸƚƚĲƚШŸŉШƽőĲċƣЯШũĲċĬŔŰŊШƣŸШ
ŔůƓƖŸƻĲĬШŉŸŸĬШƚĲĦƨƖŔƣǃШċŰĬШŰƨƣƖŔƣŔŸŰЮШÑőĲШƚƨĤƚƣċŰƣŔċũШĲǭĲĦƣƚШŸŉШ§ΟШŸŰШĦƖŸƓШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃШ
ĬĲůŸŰƚƣƖċƣĲШƣőĲШƨƖŊĲŰĦǃШŸŉШŔůƓƖŸƻŔŰŊШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŉŸƖШƣőĲШƖĲŊŔŸŰШƣŸШŸĤƣċŔŰШƖĲċũŔƚƣŔĦШ
ĲƚƣŔůċƣĲƚШŸŉШǃŔĲũĬШċŰĬШƓƖŸƣĲŔŰШũŸƚƚЯШƽőŔĦőШċƖĲШĲƚƚĲŰƣŔċũШŉŸƖШƓŸũŔĦǃůċťĲƖƚШċŰĬШŉŸƖШŔĬĲŰƣŔŉǃŔŰŊШ
ůŔƣŔŊċƣŔŸŰШƚƣƖċƣĲŊŔĲƚЮШÖŰĬĲƖƚƣċŰĬŔŰŊШƽőǃШƖŔƚťШĲƚƣŔůċƣĲƚШƨƚŔŰŊШĬŔǭĲƖĲŰƣШůĲƣőŸĬƚЯШĬċƣċШƚŸƨƖĦĲƚШ
ċŰĬШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШĬŔǭĲƖЯШċŰĬШƣőĲШŔůƓũŔĦċƣŔŸŰƚШŸŉШƣőŔƚЯШƽŔũũШőĲũƓШƣŸШŔůƓƖŸƻĲШƣőĲШƖŸĤƨƚƣŰĲƚƚШŸŉШ
ƖŔƚťШĲƚƣŔůċƣĲƚШŉŸƖШƚƨƓƓŸƖƣŔŰŊШƓŸũŔĦǃШĬĲƻĲũŸƓůĲŰƣШċŰĬШŔŰƣĲƖƻĲŰƣŔŸŰƚЮШ9ŸŰƚŔĬĲƖŔŰŊШĦŸŰĦĲŰƣƖċƣŔŸŰр
ƖĲƚƓŸŰƚĲШůĲƣőŸĬƚЯШƣőĲШĬŔǭĲƖŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШũĲĬШƣŸШĬŔǭĲƖĲŰĦĲƚШŔŰШÅòШыŊ?~ ůрΞоŊ?~ШůрΞьШ
ċŰĬШÅÂ9ШыŊÂƖŸƣĲŔŰШŊ?~рΝоŊÂƖŸƣĲŔŰШŊ?~рΝьШĬƨĲШƣŸШƣőĲШĲƕƨċƣŔŸŰШƚƣƖƨĦƣƨƖĲЮШ[ŸƖШƣőĲШǰƨǂрƖĲƚƓŸŰƚĲШ
ƖĲũċƣŔŸŰƚőŔƓƚЯШÅòШċŰĬШÅÂШыŊÂƖŸƣĲŔŰШůрΞоШŊÂƖŸƣĲŔŰШůрΞьШĲƚƣŔůċƣĲƚШƽĲƖĲШƻċƖŔċĤũĲШĬƨĲШƣŸШƣőĲШŔůƓċĦƣƚШ
ŸŉШĬŔǭĲƖŔŰŊШůĲƣĲŸƖŸũŸŊǃЯШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШĦƨũƣŔƻċƖШƚĲŰƚŔƣŔƻŔƣǃШƣŸШ§ΟШƣőċƣШċǭĲĦƣĲĬШƣőĲШ
ĦċũĦƨũċƣŔŸŰШŸŉШŉċĦƣŸƖƚШũŔůŔƣŔŰŊШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШ§ΟШƨƓƣċťĲЮШìőŔũĲШŉŸƖШƣőĲШ?§ΟÉEр9ƖŸƓШ
ůŸĬĲũЯШÅòЯШÅÂШċŰĬШÅÂ9ШƻċƖŔĲĬШƽŔƣőШŔŰƓƨƣШĬċƣċШĤĲĦċƨƚĲШŸŉШƣőĲШĲǭĲĦƣШŸŉШƣőĲШĬŔǭĲƖŔŰŊШůĲƣĲŸƖŸũŸŊǃЯШ
§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШŸŰШƣőĲШƓũċŰƣШƓőǃƚŔŸũŸŊŔĦċũШƓƖŸĦĲƚƚĲƚШċŰĬШ
ƖĲƚƓŸŰƚĲШƣŸШƚƣƖĲƚƚЮШ§ƻĲƖċũũЯШƽőŔũĲШĤŸƣőШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲЯШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШċŰĬШĦƨũƣŔƻċƖШ
ƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШċǭĲĦƣĲĬШċƚƚĲƚƚůĲŰƣƚШŸŉШÅòЯШÅÂШċŰĬШÅÂ9ШŉŸƖШƽőĲċƣШŔŰШéċƖċŰċƚŔЯШƣőĲШĦőŸŔĦĲШŸŉШ
ƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШƽċƚШůŸƖĲШŔŰǰƨĲŰƣŔċũШƣőċŰШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲЯШċŰĬШƣőĲШĲǭĲĦƣШŸŉШƣőĲШ§ΟШ
ƣŸũĲƖċŰƣШƻĲƖƚƨƚШ§ΟШƚĲŰƚŔƣŔƻĲШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШƽċƚШůƨĦőШƚůċũũĲƖШƣőċŰШƣőĲШĲǭĲĦƣШŸŉШĲŔƣőĲƖШ
ŔŰƓƨƣШĬċƣċШŸƖШƖŔƚťШċƚƚĲƚƚůĲŰƣШĦőŸŔĦĲШĦŸůƓċƖċƣŔƻĲũǃЮ 

ΠЮΡЮΝШÉĲŰƚŔƣŔƻŔƣǃШŸŉШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШƣŸШůĲƣĲŸƖŸũŸŊǃЯШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШ§ΟШƚĲŰƚŔƣŔƻŔƣǃ 

The large differences in RY, RP and RPC between risk assessment methods and input data 
sources highlight the importance of data and method selection to accurately capture impacts 
on crop quality and yield. Both the present study and Tai et al. (2021) found that risk 
assessment choice introduced greater variability on RY estimates than input data choice. 
Currently, most methods used to estimate RY losses in India have been concentration-based 
studies, which generally estimates higher yield losses than flux-based studies (Tarannum et al., 
2024; Tai et al., 2021; present study). Therefore, it is unsurprising that the RY estimates using 
the flux-response and crop modelling method in this study show lower RY losses than presently 
reported in the literature for India. The flux-based and DO3SE-Crop model gave the lowest yield 
losses but were consistent with each other. The complimentary results obtained by the DO3SE-
Crop model and flux-based methods, in comparison with the differing flux and crop model 
results obtained by Tai et al. (2021), are likely due to the data availability that allowed DO3SE-
Crop and the multiplicative DO3SE model to be well parameterised for Indian wheat (Section 3 



ΝΣΝ 
 

of this thesis and section 2.4.2). Nevertheless, while the DO3SE-Crop model is more 
mechanistic than the flux- or concentration-based studies, parameterisation is key to ensure 
realistic plant response. 

9ŸŰƚŔĬĲƖŔŰŊШƣőĲШĬŔǭĲƖŔŰŊШŔŰƓƨƣШĬċƣċШƚŸƨƖĦĲƚЯШƣőĲШfŰĬŔċŰШ~ΤЯШ §ÑΠΜШċŰĬШǰƨǂрĤċƚĲĬШƖŔƚťр
ċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШƽĲƖĲШůŸƖĲШƚĲŰƚŔƣŔƻĲШƣŸШƣőĲШĬŔǭĲƖĲŰĦĲƚШŔŰШ§ΟШĤĲƣƽĲĲŰШĬċƣċƚĲƣƚШƣőċŰШƣőĲШ
ůĲƖŔĦċŰШ~ΤЯШEƨƖŸƓĲċŰШ §ÑΠΜШċŰĬШǰƨǂШƖĲũċƣŔŸŰƚőŔƓƚЯШƖĲƓƖĲƚĲŰƣŔŰŊШƣőĲШŊƖĲċƣĲƖШƚĲŰƚŔƣŔƻŔƣǃШŸŉШ

fŰĬŔċŰШƽőĲċƣШƣŸШ§ΟШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΜΦьЮШ[ƨƖƣőĲƖЯШƣőĲШǃŔĲũĬШũŸƚƚĲƚШŔŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШƨƚŔŰŊШ
ƣőĲШfŰĬŔċŰШǰƨǂрƖĲƚƓŸŰƚĲШƖĲũċƣŔŸŰƚőŔƓШƽĲƖĲШŊƖĲċƣĲƖШƣőċŰШŔŰШòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũШыΞΜΞΝьЯШ
ĬĲƚƓŔƣĲШƨƚŔŰŊШċũůŸƚƣШŔĬĲŰƣŔĦċũШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШċŰĬШƣőĲШƚċůĲШŔŰƓƨƣШĬċƣċЮШÑőĲШƖĲċƚŸŰШŉŸƖШƣőŔƚШŔƚШ
ƣőċƣШƣőĲШŔŰƓƨƣШĬċƣċШŉƖŸůШòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũШыΞΜΞΝьШőċĬШΝΝШĬċǃƚШŸŉШůŔƚƚŔŰŊШ§ΟШĬċƣċЯШċŰĬШ
ůŸƚƣũǃШƖĲĦŸƖĬĲĬШĦŸŰĦĲŰƣƖċƣŔŸŰƚШĤĲƣƽĲĲŰШΝΜċůрΡƓůЯШƽŔƣőШŸƣőĲƖШƣŔůĲƚШƖĲĦŸƖĬĲĬШċƚШΜШƓƓĤЮШfŰШ
ĦŸŰƣƖċƚƣЯШƽĲШŊċƓрǯũũĲĬШƣőĲШĬċƣċШƣŸШůċƣĦőШƣőĲШĬŔƨƖŰċũШ§ΟШƓƖŸǯũĲШƽŔƣőШĲǂƓĲƖŔůĲŰƣċũШĬċƣċЮШ
9ŸŰƚĲƕƨĲŰƣũǃЯШƽĲШċĦĦƨůƨũċƣĲĬШċШŊƖĲċƣĲƖШÂ§?ΣШыΝЮΟШĦŸůƓċƖĲĬШƽŔƣőШΜЮΤΡШŉŸƖШƣőĲШcÖìΞΟΠШ
ĦƨũƣŔƻċƖШċŰĬШΝЮΠШĦŸůƓċƖĲĬШƽŔƣőШΜЮΤШŉŸƖШƣőĲШc?ΟΝΝΥШĦƨũƣŔƻċƖьШũĲċĬŔŰŊШƣŸШŊƖĲċƣĲƖШÅòШũŸƚƚĲƚЮШ
ĬĬŔƣŔŸŰċũũǃЯШòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũШыΞΜΞΝьШĤĲŊċŰШċĦĦƨůƨũċƣŔŰŊШÂ§?ΣШŉƖŸůШƚŸƽŔŰŊЯШĤƨƣШ
ƖĲċĦőĲĬШƣőĲŔƖШůċǂŔůƨůШÂ§?ΣШΝΜШĬċǃƚШũċƣĲƖЯШƽőŔũĲШŔŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШƽĲШƨƚĲĬШƣőĲШƚċůĲШ
ƓőĲŰŸũŸŊǃШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШƣŸШĦċũĦƨũċƣĲШÂ§?ΣШċƚШƽĲШĬŔĬШŉŸƖШƣőĲШ?§ΟÉEр9ƖŸƓШůŸĬĲũШƣŸШĲŰƚƨƖĲШ
ĦŸŰƚŔƚƣĲŰĦǃЮШcŸƽĲƻĲƖЯШƣőŔƚШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШůĲċŰƣШÂ§?ΣШċĦĦƨůƨũċƣŔŸŰШĤĲŊċŰШċƣШċŰƣőĲƚŔƚЮШ
~ċƖǍƨŸũŔШĲƣШċũЮШыΞΜΞΠьШůċƓƓĲĬШÂ§?ΣШċĦĦƨůƨũċƣŔŸŰШŉŸƖШƚĲƻĲƖċũШƽőĲċƣШĦƨũƣŔƻċƖƚЯШǯŰĬŔŰŊШŔƣШĤĲŊċŰШ
ӈΞШůŸŰƣőƚШċŉƣĲƖШƚŸƽŔŰŊЯШċŰĬШӈΟрΠШƽĲĲťƚШĤĲŉŸƖĲШċŰƣőĲƚŔƚШы~ċƖǍƨŸũŔШĲƣШċũЮЯШΞΜΞΠьЮШÑőĲƖĲŉŸƖĲЯШŔƣШŔƚШ
ƖĲĦŸůůĲŰĬĲĬШƣŸШƖĲƻŔƚŔƣШòċĬċƻЯШ ŊƖċƽċũШċŰĬШ ŊƖċƽċũѣƚШыΞΜΞΝьШǰƨǂрƖĲƚƓŸŰƚĲШƓċƖċůĲƣĲƖŔǍċƣŔŸŰШ
ƽŔƣőШŊċƓрǯũũĲĬШ§ΟШĬċƣċШċŰĬШċƓƓƖŸƓƖŔċƣĲШƣŔůŔŰŊШŉŸƖШÂ§?ΣШċĦĦƨůƨũċƣŔŸŰЯШĲŰƚƨƖŔŰŊШĤĲƣƣĲƖШĲƚƣŔůċƣĲƚШ
ŸŉШǃŔĲũĬШũŸƚƚШċŰĬШĤƖŸċĬĲƖШċƓƓũŔĦċĤŔũŔƣǃШŉŸƖШfŰĬŔċŰШċŊƖŔĦƨũƣƨƖĲЮ 

§ΟШƚĲŰƚŔƣŔƻŔƣǃШŔŰШƣőĲШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШƚƣƨĬŔĲƚШƽċƚШůƨĦőШũċƖŊĲƖШƣőċŰШƣőĲШǰƨǂрШċŰĬШĦƖŸƓр
ůŸĬĲũũŔŰŊШĤċƚĲĬШůĲƣőŸĬƚЯШŔŰĬŔĦċƣŔŰŊШƣőċƣШǰƨǂрĤċƚĲĬШċŰĬШĦƖŸƓШůŸĬĲũũŔŰŊШůĲƣőŸĬƚШċƖĲШĤĲƣƣĲƖШċƣШ
ŔŰĦŸƖƓŸƖċƣŔŰŊШƓũċŰƣШƓƖŸĦĲƚƚĲƚШċŰĬШĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰĬŔƣŔŸŰƚШƣŸШůŸĬŔŉǃШƣőĲШ§ΟШĬŸƚĲШċШƓũċŰƣШ
ƖĲĦĲŔƻĲƚШыÂũĲŔŢĲũЯШ?ċŰŔĲũƚƚŸŰШċŰĬШ7ƖŸĤĲƖŊЯШΞΜΞΞьЮШcŸƽĲƻĲƖЯШǰƨǂрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚШĬŸШƣőŔƚШƻŔċШċШ
ƚƣċƣŔƚƣŔĦċũШƖĲũċƣŔŸŰƚőŔƓЯШƖċƣőĲƖШƣőċŰШċШůĲĦőċŰŔƚƣŔĦШůŸĬĲũШы9xÅÑ ÂЯШΞΜΝΤьЮШÅÂШċŰĬШÅÂ9ШĲƚƣŔůċƣĲƚШ
ƨƚŔŰŊШ?§ΟÉEр9ƖŸƓ ШƽĲƖĲШĲƕƨċũũǃШċƚШƚĲŰƚŔƣŔƻĲШƣŸШƣőĲШĦőċŰŊĲƚШŔŰШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШċƚШ
ƣőĲǃШƽĲƖĲШƣŸШŔŰƓƨƣШĬċƣċШƚŸƨƖĦĲЮШìőŔũĲШƣőĲШƻċƖŔċĤŔũŔƣǃШŔŰШÅÂШċŰĬШÅÂ9ШĬƨĲШƣŸШƖŔƚťШċƚƚĲƚƚůĲŰƣШ
ůĲƣőŸĬШƽċƚШũċƖŊĲƖШыƻċƖŔċƣŔŸŰШŸŉШůċŊŰŔƣƨĬĲШΜЮΤШċŰĬШΝШƖĲƚƓĲĦƣŔƻĲũǃьЯШƣőĲШƻċƖŔċĤŔũŔƣǃШŔŰШĲƚƣŔůċƣĲƚШ
ĬƨĲШƣŸШĬċƣċШƚŸƨƖĦĲШċŰĬШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШƽċƚШƚƣŔũũШũċƖŊĲШыůċŊŰŔƣƨĬĲШŸŉШċƣШũĲċƚƣШΜЮΠьШ
őŔŊőũŔŊőƣŔŰŊШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШŸĤƣċŔŰŔŰŊШċĦĦƨƖċƣĲШŔŰƓƨƣШĬċƣċШċŰĬШƖĲũŔċĤũĲШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШŉŸƖШ
ƖŔƚťШċƚƚĲƚƚůĲŰƣƚЮ 

ΠЮΡЮΞШÖŰĦĲƖƣċŔŰƣǃШŸŰШƣĲůƓĲƖċƣƨƖĲƚЯШÅcЯШƽŔŰĬƚƓĲĲĬШċŰĬШĬċǃƣŔůĲШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШƣőĲШƖŔƚťШċƚƚĲƚƚůĲŰƣƚ 
ÖŰĦĲƖƣċŔŰƣŔĲƚШŸŰШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰǰƨĲŰĦĲШÅòЯШÅÂШċŰĬШÅÂ9ШĲƚƣŔůċƣĲƚЮШ
ÑĲůƓĲƖċƣƨƖĲƚШċŰĬШÅcШŉƖŸůШìÅ[р9őĲůШĲǂĦĲĲĬĲĬШƣǃƓŔĦċũШůŸĬĲũШƨŰĦĲƖƣċŔŰƣǃШƖċŰŊĲƚШċƚШŸƨƣũŔŰĲĬШ
ŔŰШÉĲĦƣŔŸŰШΠЮΟЮΞЮШÂƖĲƻŔŸƨƚШìÅ[р9őĲůШƚƣƨĬŔĲƚШŉŸƖШfŰĬŔċШƚőŸƽĲĬШċШůĲċŰШċĤƚŸũƨƣĲШĲƖƖŸƖШы~ EьШŸŉШ
ΝЮΡрΞЮΞ҄9ШŉŸƖШƣĲůƓĲƖċƣƨƖĲШċŰĬШΜЮΜΥрΜЮΝΟШŉŸƖШÅcШы ŊċƖƽċũЯШÉƣĲƻĲŰƚŸŰШċŰĬШcĲċũЯШΞΜΞΠьЮШ  É Ш
ÂŸƽĲƖШĬċƣċШƚőŸƽĲĬШċШШŸŉШШΞЮΞ҄9ШƽŔƣőШÅcШƨŰĦĲƖƣċŔŰƣǃШĲƚƣŔůċƣĲĬШċƣШΜЮΝΝШĤċƚĲĬШŸŰШċШΠЮΦӖШĦőċŰŊĲШ
ŔŰШÅcШƓĲƖШΝ҄9Шы  É ЯШΞΜΞΠċбШ?ċŔЯШΞΜΜΣьЮШШÑőĲШĤŸƨŰĬƚШƨƚĲĬШƣŸШƖĲƓƖĲƚĲŰƣШƨŰĦĲƖƣċŔŰƣǃШŔŰШƣőĲШ
ƓƖĲƚĲŰƣШċŰċũǃƚŔƚШċƖĲШũċƖŊĲƖШƣőċŰШƓƖĲƻŔŸƨƚũǃШƖĲƓŸƖƣĲĬЯШƚŸШŔƣШŔƚШĦŸŰĦĲƖŰŔŰŊШƣőċƣШƣőĲШƣĲůƓĲƖċƣƨƖĲƚШ
ċŰĬШÅcШŉƖŸůШìÅ[р9őĲůШĬŔĬШŰŸƣШŉċũũШƽŔƣőŔŰШƣőĲШƨŰĦĲƖƣċŔŰƣǃШƖċŰŊĲЯШċƚШƣőĲƚĲШƨŰĦĲƖƣċŔŰƣŔĲƚШ



ΝΣΞ 
 

ƓƖŸƓċŊċƣĲШƣőƖŸƨŊőШƣőĲШǰƨǂрĤċƚĲĬШċŰĬШĦƖŸƓрůŸĬĲũũŔŰŊШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЯШũĲċĬŔŰŊШƣŸШĬŔǭĲƖĲŰĦĲƚШ
ŔŰШÅòЯШÅÂШċŰĬШÅÂ9Ю 

ÉƨƖŉċĦĲШƽŔŰĬШƚƓĲĲĬШƨŰĦĲƖƣċŔŰƣŔĲƚШŔŰǰƨĲŰĦĲШĦċŰŸƓǃрũĲƻĲũШ§ΟЯШċŰĬШőĲŰĦĲШċǭĲĦƣШÅòЯШÅÂШċŰĬШÅÂ9Ш
ĲƚƣŔůċƣĲƚЮШìőŔũĲШƓƖŔŸƖШƚƣƨĬŔĲƚШŉŸƨŰĬШìÅ[р9őĲůШŸƻĲƖĲƚƣŔůċƣĲĬШƽŔŰĬШƚƓĲĲĬƚШыĲЮŊЮШΝЮΡШůƚрΝШċƣШ
ŰŔŊőƣШċŰĬШΜЮΡрΜЮΥШůƚрΝШĬƨƖŔŰŊШƣőĲШĬċǃьЯШƣőŔƚШƚƣƨĬǃШŉŸƨŰĬШċŰШƨŰĬĲƖĲƚƣŔůċƣŔŸŰШŸŉШċũůŸƚƣШΝΜΜӖЮШ
  ÉќƚШыìÅ[Ш§ΟьШőŔŊőĲƖШƽŔŰĬШƚƓĲĲĬƚШƖĲƚƨũƣĲĬШŔŰШċШũŸƽĲƖШƖĲĬƨĦƣŔŸŰШŔŰШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉƖŸůШ
ΞΦůШƣŸШĦċŰŸƓǃрũĲƻĲũШĬƨĲШƣŸШƽĲũũрůŔǂĲĬШċŔƖЯШƽőĲƖĲċƚШìÅ[р9őĲůќƚШũŸƽĲƖШƽŔŰĬШƚƓĲĲĬƚШũĲĬШƣŸШċШ
ΟΟӖШƖĲĬƨĦƣŔŸŰЮШÑőŔƚШĬŔƚƓċƖŔƣǃШċǭĲĦƣĲĬШÅòШĲƚƣŔůċƣĲƚЯШƽŔƣőШƣőĲШEƨƖŸƓĲċŰШ §ÑΠΜШƖĲũċƣŔŸŰƚőŔƓШ
ŊŔƻŔŰŊШċШÅòШŸŉШΜЮΥШċŰĬШΜШŉŸƖШìÅ[р9őĲůШċŰĬШ  É ШыìÅ[р§ΟьШƖĲƚƓĲĦƣŔƻĲũǃЮШ 

ìÅ[р9őĲůќƚШƽŔŰĬШƚƓĲĲĬƚШƽĲƖĲШŰŸƣШƖĲƓƖĲƚĲŰƣċƣŔƻĲШŸŉШƣőĲШƽőĲċƣШŊƖŸƽŔŰŊШĦŸŰĬŔƣŔŸŰƚШċĦƖŸƚƚШ
fŰĬŔċЯШċƚШƚőŸƽŰШĤǃШƣőĲШůŔƚůċƣĦőШƽŔƣőШƣőĲШŸĤƚĲƖƻĲĬШĬċƣċЮШÑőĲШΟΟӖШƖĲĬƨĦƣŔŸŰШŔŰШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉƖŸůШċШőĲŔŊőƣШŸŉШΞΦůШƣŸШĦċŰŸƓǃрũĲƻĲũШŔŰШƣőĲШìÅ[р9őĲůШĬċƣċШŔůƓũŔĲƚШċŰШ
ƨŰƖĲċũŔƚƣŔĦċũũǃШőŔŊőШƚƣċƖƣŔŰŊШċũƣŔƣƨĬĲШŸŉШӈΠΜΜΜůШċĤŸƻĲШƚĲċШũĲƻĲũШыƨƚŔŰŊШÂċǃƖċШĲƣШċũЮШыΞΜΞΞьШċŰĬШ
ÉŸċƖĲƚыΞΜΝΠььШĦŸůƓċƖĲĬШƣŸШéċƖċŰċƚŔќƚШΥΝůШĲũĲƻċƣŔŸŰЮШÑőĲƚĲШǯŰĬŔŰŊƚШƚƨŊŊĲƚƣШƣƽŸШťĲǃШƓŸŔŰƣƚЮШ
[ŔƖƚƣũǃЯШìÅ[р9őĲůќƚШƽŔŰĬШƚƓĲĲĬƚШċƖĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШŰŸƣШƖĲƓƖĲƚĲŰƣċƣŔƻĲШŉŸƖШéċƖċŰċƚŔЯШ
ĬĲƚƓŔƣĲШƣőĲШůŸĬĲũШƓĲƖŉŸƖůŔŰŊШƽĲũũШċĦƖŸƚƚШfŰĬŔċШыéĲŰťċƣċƖċůċŰШĲƣШċũЮЯШΞΜΞΠьЮШÉĲĦŸŰĬũǃЯШ  É ќƚШ
ыìÅ[р§ΟьШůŸƖĲШċĦĦƨƖċƣĲШƽŔŰĬрƚƓĲĲĬƚШƖĲƚƨũƣĲĬШŔŰШŸŰũǃШċШƚůċũũШƖĲĬƨĦƣŔŸŰШŔŰШ§ЌШċƣШĦċŰŸƓǃШũĲƻĲũЯШ
ǃĲƣШƣőĲƚĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƖĲůċŔŰШůƨĦőШőŔŊőĲƖШƣőċŰШŸĤƚĲƖƻĲĬЮШÑőŔƚШƚƨŊŊĲƚƣƚШƣőċƣШìÅ[р9őĲůШ
ŸƻĲƖĲƚƣŔůċƣĲĬШ§ЌШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŉŸƖШéċƖċŰċƚŔЮШ 

ÑőĲШũċƖŊĲШĬŔǭĲƖĲŰĦĲƚШŔŰШÅòШċŰĬШÅÂ9ШĲƚƣŔůċƣĲƚШƨƚŔŰŊШ  É ШыìÅ[р§ΟьШċŰĬШìÅ[р9őĲůШĬċƣċЯШŔŰШ
ĦŸůƓċƖŔƚŸŰШƽŔƣőШƣőĲШǯĲũĬШĬċƣċЯШŉŸƖШĦŸŰĦĲŰƣƖċƣŔŸŰрƖĲƚƓŸŰƚĲШůĲƣőŸĬƚЯШƚőŸƽƚШƣőĲШŔůƓŸƖƣċŰĦĲШŸŉШ
őċƻŔŰŊШċĦĦƨƖċƣĲШƚƨƖŉċĦĲШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċШŉŸƖШĦŸŰĦĲŰƣƖċƣŔŸŰрĤċƚĲĬШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЮШ
ÖŰĦĲƖƣċŔŰƣǃШŸŰШůĲƣĲŸƖŸũŸŊǃШũĲċĬƚШƣŸШĬŔǭĲƖĲŰĦĲƚШŔŰШÅòЯШÅÂШċŰĬШÅÂ9ШŉŸƖШǰƨǂрĤċƚĲĬШċŰĬШĦƖŸƓШ
ůŸĬĲũũŔŰŊШůĲƣőŸĬƚШƽőŔĦőШŔŰĦŸƖƓŸƖċƣĲШƣőĲШůŸĬŔŉǃŔŰŊШĲǭĲĦƣШŸŉШůĲƣĲŸƖŸũŸŊǃЮШÅŔƚťШċƚƚĲƚƚůĲŰƣƚШ
ĬŸШŰŸƣШƣǃƓŔĦċũũǃШŔŰĦŸƖƓŸƖċƣĲШƨŰĦĲƖƣċŔŰƣǃШŸŰШƣőĲШĬƖŔƻŔŰŊШ§ΟШŸƖШůĲƣĲŸƖŸũŸŊŔĦċũШĬċƣċШŔŰƣŸШƣőĲŔƖШ
ĲƚƣŔůċƣĲƚЮШÉŔŰĦĲШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃШőċƚШƚőŸƽŰШũċƖŊĲШĬŔǭĲƖĲŰĦĲƚШŔŰШÅòЯШÅÂШċŰĬШÅÂ9ШĲƚƣŔůċƣĲƚШ
ƨƚŔŰŊШĬŔǭĲƖĲŰƣШŔŰƓƨƣШĬċƣċЯШċŰĬШƣőċƣШĬŔǭĲƖĲŰƣШĬċƣċШĬŸШŰŸƣШċũƽċǃƚШƖĲƓƖĲƚĲŰƣШƣőĲШŸĤƚĲƖƻĲĬШƚƨƖŉċĦĲШ
ĦŸŰĬŔƣŔŸŰƚШŸŉШƣőĲШƚƣƨĬǃШũŸĦċƣŔŸŰЯШŔƣШĦŸƨũĬШĤĲШƨƚĲŉƨũШƣŸШƓĲƖŉŸƖůШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШƣőċƣШƣċťĲШŔŰƣŸШ
ĦŸŰƚŔĬĲƖċƣŔŸŰШƣőĲШƨŰĦĲƖƣċŔŰƣǃШŸŰШƣőĲШŔŰƓƨƣШĬċƣċЯШƣŸШċũũŸƽШŉŸƖШċŰШĲƚƣŔůċƣŔŸŰШŸŉШƣőĲШƨŰĦĲƖƣċŔŰƣǃШŸŰШ
ƖŔƚťШċƚƚĲƚƚůĲŰƣШŸƨƣƓƨƣƚЮ 

ΠЮΡЮΟШfŰǰƨĲŰĦĲƚШŸŉШĬŔǭĲƖĲŰƣШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШƣőĲШĦƖŸƓШ
ůŸĬĲũũŔŰŊШƖŔƚťШċƚƚĲƚƚůĲŰƣ 
9ƖŸƓШůŸĬĲũũŔŰŊШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШċƖĲШĦŸŰƚŔĬĲƖĲĬШƣŸШĤĲШƣőĲШůŸƚƣШĤŔŸũŸŊŔĦċũũǃШƖĲũĲƻċŰƣШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШċƚШƣőĲǃШƖĲƓƖĲƚĲŰƣШƣőĲШĲǭĲĦƣШŸŉШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШŸŰШƓũċŰƣШ
ŊƖŸƽƣőШŔŰШċШƓƖŸĦĲƚƚрĤċƚĲĬШůċŰŰĲƖЮШÑőĲШƻċƖŔċƣŔŸŰШŔŰШůĲƣĲŸƖŸũŸŊǃШċŰĬШĦċŰŸƓǃШũĲƻĲũШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШĤĲƣƽĲĲŰШŔŰƓƨƣШĬċƣċШƚŸƨƖĦĲƚШċǭĲĦƣĲĬШŉƨŰĬċůĲŰƣċũШĦƖŸƓШůŸĬĲũũŔŰŊШƓƖŸĦĲƚƚĲƚШŔŰШ
ƣőĲШĦƖŸƓШůŸĬĲũШƨƚĲĬШŔŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЯШ?§ΟÉEр9ƖŸƓ ЯШũĲċĬŔŰŊШƣŸШĬŔǭĲƖĲŰĦĲƚШŔŰШ]ÂÂЯШx fЯШ
ŊƖċŔŰШ?~ШċŰĬШŊƖċŔŰШƓƖŸƣĲŔŰЮШÑőĲШťĲǃШůŸĬĲũũŔŰŊШƓƖŸĦĲƚƚĲƚШċǭĲĦƣĲĬШĤǃШƣőĲШĬŔǭĲƖĲŰĦĲƚШŔŰШŔŰƓƨƣШ
ĬċƣċШũĲċĬŔŰŊШƣŸШƣőĲƚĲШŸƨƣĦŸůĲƚШċƖĲШĬŔƚĦƨƚƚĲĬШŔŰШƣőĲШŉŸũũŸƽŔŰŊШƚĲĦƣŔŸŰƚЮШÑőĲШťĲǃШƓƖŸĦĲƚƚĲƚШƽĲƖĲШ
ŔĬĲŰƣŔǯĲĬШċƚШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШċŰĬШĦƖŸƓШĬĲƻĲũŸƓůĲŰƣШċŰĬШ
ƚĲŰĲƚĦĲŰĦĲЯШċŰĬШċƖĲШĬŔƚĦƨƚƚĲĬШŔŰШƣƨƖŰЮ 



ΝΣΟ 
 

ΠЮΡЮΟЮΝШÂőǃƚŔŸũŸŊŔĦċũШƓƖŸĦĲƚƚĲƚШƣőċƣШŔŰǰƨĲŰĦĲШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШċŰĬШ
ƓőŸƣŸƚǃŰƣőĲƚŔƚ 
ÑőĲШΞ҄9ШŔŰĦƖĲċƚĲĬШƣĲůƓĲƖċƣƨƖĲШŸŉШƣőĲШ§Ñ9ШĬċƣċƚĲƣШũĲĬШƣŸШőŔŊőĲƖШéÂ?ЯШċǭĲĦƣŔŰŊШƚƣŸůċƣċũШ
ĦŸŰĬƨĦƣċŰĦĲШċŰĬШƖĲĬƨĦŔŰŊШƓőŸƣŸƚǃŰƣőĲƚŔƚЯШƖĲĬƨĦŔŰŊШƣőĲШ]ÂÂШŸŉШƣőĲШ§Ñ9ШůŸĬĲũШƖƨŰШĦŸůƓċƖĲĬШ
ƣŸШƣőĲШǯĲũĬШƖƨŰШыÂċŰĬĲШĲƣШċũЮЯШΞΜΞΠċбШxĲƨŰŔŰŊЯШΝΦΦΡьЮÑőĲШx fЯШ]ÂÂЯШŊƖċŔŰШ?~ШċŰĬШƓƖŸƣĲŔŰШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШŔŰШƣőĲШ  É ШыìÅ[Ш§ΟьШċŰĬШìÅ[р9őĲůШƖƨŰƚШĬŔǭĲƖĲĬШŉƖŸůШƣőĲШ[ŔĲũĬШċŰĬШ§Ñ9ШƖƨŰƚШ
ĬƨĲШƣŸШċШĦŸůƓũĲǂШĦŸůĤŔŰċƣŔŸŰШŸŉШĲǭĲĦƣƚШƖĲƚƨũƣŔŰŊШŉƖŸůШĬŔǭĲƖĲŰĦĲƚШŔŰШƣĲůƓĲƖċƣƨƖĲЯШÅcЯШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШƽŔŰĬШƚƓĲĲĬЮШ?ŔǭĲƖĲŰĦĲƚШŔŰШ]ÂÂШĤĲƣƽĲĲŰШůŸĬĲũШƖƨŰƚШƨƚŔŰŊШĬŔǭĲƖĲŰƣШŔŰƓƨƣШ
ĬċƣċШƽĲƖĲШƓƖŔůċƖŔũǃШĬƨĲШƣŸШĬŔǭĲƖĲŰĦĲƚШŔŰШĦċŰŸƓǃШũĲƻĲũШƓőŸƣŸƚǃŰƣőĲƚŔƚШы[ŔŊƨƖĲШÉΠЮΝΠьЯШĬƖŔƻĲŰШĤǃШ
ĬŔǭĲƖĲŰĦĲƚШŔŰШƚƣŸůċƣċũШĦŸŰĬƨĦƣċŰĦĲШƽőŔĦőШċǭĲĦƣĲĬШũĲċŉШŔŰƣĲƖŔŸƖШ9§ΞШĦŸŰĦĲŰƣƖċƣŔŸŰƚШы[ŔŊƨƖĲƚШ
ÉΠЮΝΜШċŰĬШÉΠЮΝΡьЮШÑőĲШũċƖŊĲШĬŔǭĲƖĲŰĦĲƚШŔŰШ]ÂÂШŸŉШƣőĲШìÅ[р9őĲůШċŰĬШ  É ШыìÅ[Ш§ΟьШĦŸůƓċƖĲĬШ
ƣŸШƣőĲШ[ŔĲũĬШċŰĬШ§Ñ9ШƖƨŰƚШƽĲƖĲШċƣƣƖŔĤƨƣĲĬШƣŸШƣőĲШũċƖŊĲШx fШċŰĬШŊƖĲċƣĲƖШÂ ÅШƽőŔĦőШċũũŸƽĲĬШŉŸƖШ
ŊƖĲċƣĲƖШĦċŰŸƓǃрũĲƻĲũШƓőŸƣŸƚǃŰƣőĲƚŔƚЮШ 

Given that the flux-response and crop modelling approaches, which consider meteorological 
variables in addition to O3, gave the lower RY losses (18.8% versus 28.3% when including 
concentration-response results), it is clear environmental conditions modified the O3 that the 
plant was exposed to (Emberson, 2020; Fischer, 2019; Kobayashi, 2022). This could be because 
of temperature and RH effects on VPD, reducing the stomatal conductance in the flux-based 
and DO3SE-Crop approaches, limiting O3 uptake. This effect was also found by Tang et al. 
(2013) in their estimates of O3 loss under greater temperatures and VPD using flux-based 
approaches. Alternatively, it could be due to the wind speed affecting the dispersal of O3 
throughout the canopy (Section 4.5.2). Or a combination of these effects.  

ΠЮΡЮΟЮΞШÂőǃƚŔŸũŸŊŔĦċũШƓƖŸĦĲƚƚĲƚШƣőċƣШŔŰǰƨĲŰĦĲШĦƖŸƓШĬĲƻĲũŸƓůĲŰƣШċŰĬШƚĲŰĲƚĦĲŰĦĲЯШċŰĬШ
ƣőĲŔƖШƚƨĤƚĲƕƨĲŰƣШŔůƓċĦƣƚШŸŰШĦƖŸƓШŊƖŸƽƣő 

Risk assessment methods that accurately capture anthesis and senescence timing, such as 
DO3SE-9ƖŸƓЯШĦċŰШƓƖŸƻŔĬĲШƖŔƚťШĲƚƣŔůċƣĲƚШƣőċƣШůŸƖĲШƖĲċũŔƚƣŔĦċũũǃШƖĲƓƖĲƚĲŰƣШƣőĲШƓũċŰƣќƚШƖĲƚƓŸŰƚĲШ
to O3. Increased O3 concentrations, however, accelerate senescence, as seen in the OTC 
dataset, where greater O3 accumulation led to earlier senescence, shortening the grain-filling 
period (Pande et al., 2024a; Ewert and Porter, 2000). In the NASA (WRF O3) dataset, the 
temperatures were lower than the Field dataset, which delayed development and senescence, 
despite total accumulated O3 being similar (Figures S4.11 and S4.12) (Pande et al., 2024a; Savin 
and Slafer, 1991). Senescence onset was earlier in the OTC run compared with the Field run as 
total O3 accumulation was greater. Grain DM of the OTC run was reduced comparative to the 
Field run due to the reduced GPP (section 4.3.1) and accelerated senescence shortening the 
grain filling period. Delayed phenological development in the WRF-Chem and NASA (WRF O3) 
runs extended photosynthesis duration compared to the OTC and Field runs. In combination, 
extended photosynthesis, greater stomatal conductance, and greater interior leaf CO2 
concentrations ы[ŔŊƨƖĲќƚШÉ4.10, S4.14 and S4.15) led to greater GPP and LAI in the NASA (WRF 
O3) and WRF-Chem runs. These details are not captured by the concentration-response 
methods and are not captured in a mechanistic way by the flux-response methods. However, 
they illustrate how the inter-connected and complex nature of plant response to stress and 
environmental conditions can be incorporated in risk assessments to provide more biologically 
realistic estimates. 

Generally, the DO3SE-CropN model reproduced the RPC ranges, except when using the NASA 
(WRF O3) data for the HUW234 cultivar, where delayed anthesis and later senescence reduced 
protein deposition to the grain. These large differences in RP and RPC illustrate the importance 



ΝΣΠ 
 

of phenology and senescence on protein deposition and protein yields, which cannot be 
captured by concentration-response models, and cannot be captured mechanistically by flux-
response methods. Capturing stomatal conductance, photosynthetic, phenological and 
senescence processes is essential for ensuring risk assessments more realistically capture the 
effects of climate and O3 on wheat yields and quality for more reliable risk estimates. 

ΠЮΡЮΠШ9ŸŰƚŔĬĲƖċƣŔŸŰƚШŉŸƖШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŔŰШfŰĬŔċШŉŸƖШƚŔůƨũċƣŔŰŊШÅòЯШÅÂШ
ċŰĬШÅÂ9 
fŰĦƖĲċƚŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċŰĬШĦũŔůċƣĲШĦőċŰŊĲШŔŰШfŰĬŔċШƽŔũũШƖĲĬƨĦĲШƽőĲċƣШǃŔĲũĬƚШċŰĬШƕƨċũŔƣǃЯШ
ŉƨƖƣőĲƖШĲǂċĦĲƖĤċƣŔŰŊШůċũŰƨƣƖŔƣŔŸŰШċŰĬШƽŸƖƚĲŰŔŰŊШŉŸŸĬШƚĲĦƨƖŔƣǃШŔŰШƣőĲШĦŸƨŰƣƖǃЮШ§ΟШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣƚШċũũŸƽШŉŸƖШƖĲĬƨĦƣŔŸŰШŔŰШƽőĲċƣШǃŔĲũĬƚШċŰĬШċƚƚŸĦŔċƣĲĬШǯŰċŰĦŔċũШŔůƓċĦƣШŸŉШ§ΟШŔŰĬƨĦĲĬШ
ǃŔĲũĬШƖĲĬƨĦƣŔŸŰƚШŸŰШŊƖŸƽĲƖƚЯШĦŸŰƚƨůĲƖƚШċŰĬШƣőĲШŊŸƻĲƖŰůĲŰƣШƣŸШĤĲШƕƨċŰƣŔǯĲĬШыÑċƖċŰŰƨůШĲƣШċũЮЯШ
ΞΜΞΠбШÂċŰĬĲǃШĲƣШċũЮЯШΞΜΞΟьЮШ ĬĬŔƣŔŸŰċũũǃЯШŔŰĦŸƖƓŸƖċƣŔŰŊШċШŉŸĦƨƚШŸŰШƽőĲċƣШŰƨƣƖŔƣŔŸŰШƽŔũũШċũũŸƽШƣőĲШ
ƖŔƚťШċƚƚĲƚƚůĲŰƣƚШƣŸШĤĲШĲǂƣĲŰĬĲĬШƣŸШŔŰĦũƨĬĲШĬŔĲƣċƖǃШŔůƓċĦƣƚШĬƨĲШƣŸШŉŸŸĬШƕƨċũŔƣǃЯШŔŰШċĬĬŔƣŔŸŰШƣŸШ
ŉŸŸĬШċƻċŔũċĤŔũŔƣǃЮШòŔĲũĬШċŰĬШƓƖŸƣĲŔŰрĤċƚĲĬШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШƓƖŸƻŔĬĲШťĲǃШĬċƣċШƣőċƣШĦċŰШĤĲШƨƚĲĬШƣŸШ
ŔŰŉŸƖůШƓŸũŔĦǃШċŰĬШċũũŸƽШŉŸƖШƣċƖŊĲƣĲĬШċŰĬШĲǭĲĦƣŔƻĲШůŔƣŔŊċƣŔŸŰШƚƣƖċƣĲŊŔĲƚШŉŸƖШ§ΟШƓŸũũƨƣŔŸŰЮШ[ŸƖШ
ŔŰƚƣċŰĦĲЯШƣċƖŊĲƣĲĬШƖĲĬƨĦƣŔŸŰƚШŔŰШ §ǂШĲůŔƚƚŔŸŰƚШċƣШċŊƖŔĦƨũƣƨƖċũШƚŔƣĲƚШĦŸƨũĬШũŸƽĲƖШ§ΟШƓƖŸĬƨĦƣŔŸŰШ
ċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰƚЯШůŔƣŔŊċƣŔŰŊШƣőĲШċĬƻĲƖƚĲШĲǭĲĦƣƚШŸŰШĦƖŸƓШƓƖŸĬƨĦƣŔƻŔƣǃШċŰĬШŰƨƣƖŔƣŔŸŰċũШƕƨċũŔƣǃШ
ы[ŸƽũĲƖШĲƣШċũЮЯШΞΜΜΥьЮШ9ŸůƓƖĲőĲŰƚŔƻĲШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШŸŉШ§ΟШĲǭĲĦƣƚШŸŰШǃŔĲũĬШċŰĬШĦƖŸƓШƕƨċũŔƣǃШ
ƽŔũũШƚƨƓƓŸƖƣШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШċŔƖШƕƨċũŔƣǃШċŰĬШŉŸŸĬШƚĲĦƨƖŔƣǃШƓŸũŔĦǃШƣŸШƓƖŸƣĲĦƣШŔŰĬŔƻŔĬƨċũƚќШŉŸŸĬШ
ƚĲĦƨƖŔƣǃШċŰĬШƣőĲШċŊƖŔĦƨũƣƨƖċũШƚĲĦƣŸƖШŔŰШfŰĬŔċЮШ 

[ũƨǂрĤċƚĲĬШċŰĬШĦƖŸƓрůŸĬĲũũŔŰŊШůĲƣőŸĬƚШƓƖŸƻŔĬĲШůŸƖĲШƖĲċũŔƚƣŔĦШĲƚƣŔůċƣĲƚШƣőċŰШĦŸŰĦĲŰƣƖċƣŔŸŰр
ƖĲƚƓŸŰƚĲШůĲƣőŸĬƚШŸŉШ§ΟШŔŰĬƨĦĲĬШǃŔĲũĬШũŸƚƚĲƚШĬƨĲШƣŸШŔŰĦŸƖƓŸƖċƣŔŰŊШĦƨũƣŔƻċƖШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШċƚШ
ƽĲũũШċƚШĲŰƻŔƖŸŰůĲŰƣċũШĦŸŰĬŔƣŔŸŰƚШыEůĤĲƖƚŸŰШĲƣШċũЮЯШΞΜΜΜĤбШÂũĲŔŢĲũЯШ?ċŰŔĲũƚƚŸŰШċŰĬШ7ƖŸĤĲƖŊЯШ
ΞΜΞΞбШ~ŔũũƚШĲƣШċũЮЯШΞΜΝΝбШÑċŔШĲƣШċũЮЯШΞΜΞΝбШÑċƖċŰŰƨůШĲƣШċũЮЯШΞΜΞΠьЮШ[ũƨǂрĤċƚĲĬШċŰĬШĦƖŸƓрůŸĬĲũũŔŰŊШ
ůĲƣőŸĬƚШƽŔũũШĤĲШůŸƖĲШċƓƓƖŸƓƖŔċƣĲШŉŸƖШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣƚШƨŰĬĲƖШċШĦőċŰŊŔŰŊШĦũŔůċƣĲШыÑċŔШĲƣШċũЮЯШ
ΞΜΞΝьЮШ ƣШƓƖĲƚĲŰƣЯШƣőĲШ?§ΟÉEр9ƖŸƓ ШůŸĬĲũШŔƚШƣőĲШŸŰũǃШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬШƣőċƣШĦċƓƣƨƖĲƚШ
ƣőĲШĬĲĦƖĲċƚĲШŔŰШƓƖŸƣĲŔŰШǃŔĲũĬШċŰĬШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШfŰĬŔċŰШƽőĲċƣШƨŰĬĲƖШ§ΟШĲǂƓŸƚƨƖĲЮШ ĬĬŔƣŔŸŰċũũǃЯШ
ůĲĦőċŰŔƚƣŔĦШĦƖŸƓШůŸĬĲũƚШƚŔůƨũċƣĲШċШůŸƖĲШƖĲċũŔƚƣŔĦШƓũċŰƣШƖĲƚƓŸŰƚĲШƣŸШƣőĲШĦőċŰŊŔŰŊШĦũŔůċƣĲШċŰĬШ
ŔŰĦƖĲċƚŔŰŊШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣőċŰШƣőĲШŸƣőĲƖШƖŔƚťШċƚƚĲƚƚůĲŰƣШůĲƣőŸĬƚШŔŰШƣőĲШƓƖĲƚĲŰƣШƚƣƨĬǃЮШ 

[ŸƖШƓĲƖŉŸƖůŔŰŊШċШƖŔƚťШċƚƚĲƚƚůĲŰƣЯШůĲƣĲŸƖŸũŸŊŔĦċũШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċШċƖĲШƖĲƕƨŔƖĲĬШŉŸƖШċũũШ
ƽőĲċƣШŊƖŸƽŔŰŊШċƖĲċƚШċƚШůŸĬĲũũŔŰŊШŔŰƓƨƣЮШ ċƣŔŸŰċũШƚĦċũĲШŔŰƓƨƣШĬċƣċШċƖĲШŸŉƣĲŰШŸĤƣċŔŰĲĬШŉƖŸůШ
ċƣůŸƚƓőĲƖŔĦШĦőĲůŔƚƣƖǃШůŸĬĲũƚЯШƚƨĦőШċƚШìÅ[р9őĲůШы~ŔũũƚШĲƣШċũЮЯШΞΜΝΥĤбШÑċŔШĲƣШċũЮЯШΞΜΞΝьЮШ7ĲŉŸƖĲШ
ƨƚŔŰŊШƚƨĦőШĬċƣċЯШŔƣШŔƚШŔůƓŸƖƣċŰƣШƣŸШƻċũŔĬċƣĲШƣőĲШƚŔůƨũċƣĲĬШůĲƣĲŸƖŸũŸŊǃШċŰĬШ§ΟШĦŸŰĦĲŰƣƖċƣŔŸŰƚШƣŸШ
ŔĬĲŰƣŔŉǃШƽőĲƣőĲƖШĤŔċƚШĦŸƖƖĲĦƣŔŸŰШŔƚШŰĲĦĲƚƚċƖǃЮШÑőĲШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШċƚƚĲƚƚůĲŰƣШƖĲƓŸƖƣШыÑ§ ÅьШ
ыőƣƣƓƚаооŔŊċĦƓƖŸŢĲĦƣЮŸƖŊоċĦƣŔƻŔƣŔĲƚоÑ§ ÅьШƓƖŸĬƨĦĲĬШċШŊũŸĤċũШĬċƣċĤċƚĲШŸŉШƣƖŸƓŸƚƓőĲƖŔĦШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰƚШыőƣƣƓƚаооǍċůΞΜΣΝЮǍċůЮťŉċрŢƨĲũŔĦőЮĬĲоĬċƚőĤŸċƖĬьЮШÖƚŔŰŊШƣőŔƚШĬċƣċĤċƚĲЯШƽĲШĦċŰШ
ƚĲĲШƣőċƣШŉŸƖШfŰĬŔċЯШƣőĲШĬċƣċШŔƚШƚƓċƖƚĲЯШĤŸƣőШƚƓċƣŔċũũǃШċŰĬШŸƻĲƖШƣŔůĲЮ ÉƨĦőШũŔůŔƣĲĬШ§ΟШůŸŰŔƣŸƖŔŰŊШ
ƚŔƣĲƚШƓƖĲƻĲŰƣƚШĦŸƨŰƣƖǃрƽŔĬĲШƻċũŔĬċƣŔŸŰƚШŸŉШƚŔůƨũċƣĲĬШ§ΟЮШcŸƽĲƻĲƖЯШƣőĲƖĲШċƖĲШƚĲƻĲƖċũШƚƣƨĬŔĲƚШƣőċƣШ
őċƻĲШƣĲƚƣĲĬШĲůŔƚƚŔŸŰƚШŔŰƻĲŰƣŸƖŔĲƚЯШĦőĲůŔĦċũШůĲĦőċŰŔƚůƚШċŰĬШƓőǃƚŔĦƚШƓċƖċůĲƣĲƖŔƚċƣŔŸŰƚШŸŉШ
ċƣůŸƚƓőĲƖŔĦШůŸĬĲũƚШŉŸƖШfŰĬŔċШƚŸШƣőĲƚĲШĦċŰШĤĲШƨƚĲĬШƣŸШŔŰŉŸƖůШůŸĬĲũШƓċƖċůĲƣĲƖŔƚċƣŔŸŰШыÉőċƖůċШ
ĲƣШċũЮЯШΞΜΝΤбШ]ŸƻċƖĬőċŰЯШ ċŰŢƨŰĬŔċőШċŰĬШÉċƣőĲĲƚőЯШΞΜΝΡбШ ŊċƖƽċũЯШÉƣĲƻĲŰƚŸŰШċŰĬШcĲċũЯШΞΜΞΠьЮШ
ĬĬŔƣŔŸŰċũũǃЯШŔƣШĦŸƨũĬШĤĲШĤĲŰĲǯĦŔċũШƣŸШŔŰĦŸƖƓŸƖċƣĲШƨŰĦĲƖƣċŔŰƣǃШŸŰШƣőĲШůĲƣĲŸƖŸũŸŊŔĦċũШċŰĬШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШŔŰƓƨƣШĬċƣċШŔŰƣŸШƣőĲШċƚƚĲƚƚůĲŰƣШƣŸШƓƖŸƻŔĬĲШċŰШƨŰĦĲƖƣċŔŰƣǃШƖċŰŊĲШŸŰШÅòЯШÅÂШċŰĬШ
ÅÂ9ШŸƨƣƓƨƣƚЮ 



ΝΣΡ 
 

9ƖŸƓШůŸĬĲũƚШċƓƓũŔĲĬШŉŸƖШƖŔƚťШċƚƚĲƚƚůĲŰƣШċƖĲШŸŉƣĲŰШĦċũŔĤƖċƣĲĬШŉŸƖШŸŰĲШƚŔƣĲШċŰĬШƣőĲŰШċƓƓũŔĲĬШċƣШċШ
ũċƖŊĲƖШƚĦċũĲЮШfŰШƚƨĦőШċШĦċƚĲЯШċĬĬŔƣŔŸŰċũШƨŰĦĲƖƣċŔŰƣǃШŔƚШŔŰƣƖŸĬƨĦĲĬШƨƓŸŰШċƓƓũŔĦċƣŔŸŰШĬƨĲШƣŸШƣőĲШ
ƻċƖŔċĤŔũŔƣǃШŸŉШƣőĲШĲŰƻŔƖŸŰůĲŰƣШƣőĲШůŸĬĲũШŔƚШĤĲŔŰŊШċƓƓũŔĲĬШċĦƖŸƚƚЮШ9ƖŸƓШůŸĬĲũƚШċƓƓũŔĲĬШċĦƖŸƚƚШċШ
ũċƖŊĲƖШƚĦċũĲШƣĲŰĬШƣŸШƚĲũĲĦƣШůċŢŸƖШŊƖŸƽŔŰŊШċƖĲċƚШŉŸƖШĦċũŔĤƖċƣŔŸŰШŸƖШċƓƓũŔĦċƣŔŸŰЯШċŰĬШŊŔƻĲŰШƣőċƣШ
ůċŢŸƖШŊƖŸƽŔŰŊШċƖĲċƚШĤĲĦŸůĲШůċŢŸƖШĤǃШƓƖŸĬƨĦŔŰŊШőŔŊőШǃŔĲũĬƚЯШƣőŔƚШũĲċĬƚШƣŸШċШƚĦċũŔŰŊШĬĲƓĲŰĬĲŰĦǃШ
ŔŰШůŸĬĲũũŔŰŊЮШÉŸũƨƣŔŸŰƚШƣŸШƚĦċũŔŰŊШĬĲƓĲŰĬĲŰĦŔĲƚШċƖĲШĤĲǃŸŰĬШƣőĲШƚĦŸƓĲШŸŉШƣőŔƚШƓċƓĲƖЯШĤƨƣШŉŸƖШ
ŉƨƖƣőĲƖШŔŰŉŸƖůċƣŔŸŰШŸŰШƣőŔƚШƣŸƓŔĦШƣőĲШƖĲċĬĲƖШŔƚШƖĲŉĲƖƖĲĬШƣŸШcċŰƚĲŰШċŰĬШsŸŰĲƚШыΞΜΜΜьШċŰĬШ
9őċũũŔŰŸƖЯШÂċƖťĲƚШċŰĬШÅċůŔƖĲǍрéŔũũĲŊċƚШыΞΜΝΡьЮ 

ΠЮΣШ9ŸŰĦũƨƚŔŸŰ 
fŰШƚƨůůċƖǃЯШƣőŔƚШƚƣƨĬǃШőŔŊőũŔŊőƣĲĬШƣőċƣШƣőĲШůĲƣőŸĬШċŰĬШĬċƣċШĦőŸƚĲŰШŉŸƖШƓĲƖŉŸƖůŔŰŊШċШƖŔƚťШ
ċƚƚĲƚƚůĲŰƣШĦċŰШƖĲƚƨũƣШŔŰШőŔŊőũǃШƻċƖŔĲĬШĲƚƣŔůċƣĲƚШŸŉШÅòШċŰĬШƓƖŸƣĲŔŰЮШ9ƨũƣŔƻċƖШƚĲŰƚŔƣŔƻŔƣǃШƣŸШ§ΟШ
ĦŸŰƣƖŔĤƨƣĲĬШƻĲƖǃШũŔƣƣũĲШƣŸШƻċƖŔċƣŔŸŰƚШŔŰШĲƚƣŔůċƣĲƚШŸŉШÅòЯШĤƨƣШőċĬШċŰШĲǭĲĦƣШĲƕƨċũШŔŰШůċŊŰŔƣƨĬĲШƣŸШ
ƣőĲШŔŰƓƨƣШĬċƣċШĦőŸŔĦĲШŸŰШĲƚƣŔůċƣĲƚШŸŉШÅÂШċŰĬШÅÂ9ЮШÑőĲШůċŊŰŔƣƨĬĲШŸŉШƣőĲШÅòШũŸƚƚШƽċƚШƖĲĬƨĦĲĬШ
ƽőĲŰШƨƚŔŰŊШǰƨǂрƖĲƚƓŸŰƚĲШċŰĬШĦƖŸƓШůŸĬĲũũŔŰŊШƚƣƨĬŔĲƚШƣőċƣШĦċŰШŔŰĦŸƖƓŸƖċƣĲШƣőĲШůŸĬŔŉǃŔŰŊШĲǭĲĦƣШ
ŸŉШůĲƣĲŸƖŸũŸŊǃШŸŰШ§ΟШƨƓƣċťĲШċŰĬШĬċůċŊĲШƓƖŸĦĲƚƚĲƚЮШ  É ШÂŸƽĲƖќƚШůĲƣĲŸƖŸũŸŊǃШůŸƖĲШĦũŸƚĲũǃШ
ċũŔŊŰĲĬШƽŔƣőШƣőĲШŸĤƚĲƖƻċƣŔŸŰċũШĬċƣċШƣőċŰШìÅ[р9őĲůќƚЮШcŸƽĲƻĲƖЯШìÅ[р9őĲůШƚŔůƨũċƣŔŸŰƚШŸŉШ§ΟШ
ċŰĬШƽŔŰĬШƚƓĲĲĬШƽĲƖĲШŰŸƣШƖĲċũŔƚƣŔĦШŉŸƖШfŰĬŔċŰШŊƖŸƽŔŰŊШĦŸŰĬŔƣŔŸŰƚЮШ[ƨƖƣőĲƖЯШĲƻċũƨċƣŔŸŰƚШŸŉШ§ΟШ
ĦŸŰĦĲŰƣƖċƣŔŸŰШĬċƣċШŔŰШìÅ[р9őĲůШċƖĲШũŔůŔƣĲĬШĤǃШƣőĲШũċĦťШŸŉШ§ΟШůŸŰŔƣŸƖŔŰŊШƚƣċƣŔŸŰƚШŔŰШfŰĬŔċЮШÑőĲШ
őŔŊőũǃШƻċƖŔċĤũĲШĲƚƣŔůċƣĲƚШŸŉШÅòЯШÅÂШċŰĬШÅÂ9ШĤĲƣƽĲĲŰШůĲƣőŸĬƚШċŰĬШŔŰƓƨƣШĬċƣċШƨŰĬĲƖƚĦŸƖĲШƣőĲШ
ŰĲĲĬШŉŸƖШċĦĦƨƖċƣĲШůĲƣĲŸƖŸũŸŊŔĦċũШŔŰƓƨƣƚШċŰĬШƽĲũũрƓċƖċůĲƣĲƖŔƚĲĬШůŸĬĲũƚШƣőċƣШŔŰĦŸƖƓŸƖċƣĲШ
ůĲƣĲŸƖŸũŸŊŔĦċũШĲǭĲĦƣƚШƣŸШŔůƓƖŸƻĲШƣőĲШƖĲũŔċĤŔũŔƣǃШŸŉШ§ΟШƖŔƚťШċƚƚĲƚƚůĲŰƣƚЮШ 

ΠЮΤШÉƨƓƓũĲůĲŰƣċƖǃШŔŰŉŸƖůċƣŔŸŰ 

ΠЮΤЮΝШÉĦċũŔŰŊШŉċĦƣŸƖƚ 
ÑőĲШƚĦċũŔŰŊШŉċĦƣŸƖƚШƽĲƖĲШĦċũĦƨũċƣĲĬШĤǃШĦŸůƓċƖŔŰŊШƣőĲШŸĤƚĲƖƻĲĬШƻċũƨĲƚШƖĲĦŸƖĬĲĬШĤǃШƚĲŰƚŸƖƚШŉŸƖШ
?ĲĦĲůĤĲƖШΞΜΝΣШċŰĬШ?ĲĦĲůĤĲƖШΞΜΝΤЮШÑőĲШƚĦċũŔŰŊШŉċĦƣŸƖƚШƽĲƖĲШċƓƓũŔĲĬШƣŸШìÅ[р9őĲůШΞΜΝΤШ
?ĲĦĲůĤĲƖШĬċƣċЯШƣŸШŸĤƣċŔŰШƣőĲШ?ĲĦĲůĤĲƖШΞΜΝΣШĬċƣċЮ 

 

[ŔŊƨƖĲЮÉΧдΤжЮÑőĲЮƣŔůĲЮƚĲƖŔĲƚЮĦŸůƓċƖŔƚŸŰЮĤĲƣƽĲĲŰЮőŸƨƖũǃЮЮƣĲůƓĲƖċƣƨƖĲЮŔŰЮ?ĲĦĲůĤĲƖЮΥΣΤΩЮċŰĬЮ?ĲĦĲůĤĲƖЮΥΣΤΪЮёċђЮċŰĬЮ
ƣőĲЮĦċũĦƨũċƣŔŸŰЮŸŉЮċЮƚĦċũŔŰŊЮŉċĦƣŸƖЮƣŸЮĦŸŰƻĲƖƣЮĤĲƣƽĲĲŰЮƣőĲЮƣƽŸЮǃĲċƖƚЮёĤђеЮƽőĲƖĲЮƣőĲЮĬċƚőĲĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮΤжΤЮũŔŰĲЮ
ċŰĬЮƣőĲЮƚŸũŔĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮĲƕƨċƣŔŸŰЮŔŰĬŔĦċƣĲĬЮŔŰЮƣőĲЮǯŊƨƖĲЮċŰĬЮƣőĲЮůċƖťĲƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮċƻĲƖċŊĲЮĬċŔũǃЮ
ƣĲůƓĲƖċƣƨƖĲд 



ΝΣΣ 
 

 

[ŔŊƨƖĲЮÉΧдΥжЮÑőĲЮƣŔůĲЮƚĲƖŔĲƚЮĦŸůƓċƖŔƚŸŰЮĤĲƣƽĲĲŰЮőŸƨƖũǃЮƖĲũċƣŔƻĲЮőƨůŔĬŔƣǃЮŔŰЮ?ĲĦĲůĤĲƖЮΥΣΤΩЮċŰĬЮ?ĲĦĲůĤĲƖЮΥΣΤΪЮёċђЮ
ċŰĬЮƣőĲЮĦċũĦƨũċƣŔŸŰЮŸŉЮċЮƚĦċũŔŰŊЮŉċĦƣŸƖЮƣŸЮĦŸŰƻĲƖƣЮĤĲƣƽĲĲŰЮƣőĲЮƣƽŸЮǃĲċƖƚЮёĤђеЮƽőĲƖĲЮƣőĲЮĬċƚőĲĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮΤжΤЮ
ũŔŰĲЮċŰĬЮƣőĲЮƚŸũŔĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮĲƕƨċƣŔŸŰЮŔŰĬŔĦċƣĲĬЮŔŰЮƣőĲЮǯŊƨƖĲЮċŰĬЮƣőĲЮůċƖťĲƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮċƻĲƖċŊĲЮĬċŔũǃЮ
ƖĲũċƣŔƻĲЮőƨůŔĬŔƣǃ 

 

[ŔŊƨƖĲЮÉΧдΦжЮÑőĲЮƣŔůĲЮƚĲƖŔĲƚЮĦŸůƓċƖŔƚŸŰЮĤĲƣƽĲĲŰЮőŸƨƖũǃЮÂÂ[?ЮŔŰЮ?ĲĦĲůĤĲƖЮΥΣΤΩЮċŰĬЮ?ĲĦĲůĤĲƖЮΥΣΤΪЮёċђЮċŰĬЮƣőĲЮ
ĦċũĦƨũċƣŔŸŰЮŸŉЮċЮƚĦċũŔŰŊЮŉċĦƣŸƖЮƣŸЮĦŸŰƻĲƖƣЮĤĲƣƽĲĲŰЮƣőĲЮƣƽŸЮǃĲċƖƚЮёĤђеЮƽőĲƖĲЮƣőĲЮĬċƚőĲĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮΤжΤЮũŔŰĲЮċŰĬЮ
ƣőĲЮƚŸũŔĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮĲƕƨċƣŔŸŰЮŔŰĬŔĦċƣĲĬЮŔŰЮƣőĲЮǯŊƨƖĲЮċŰĬЮƣőĲЮůċƖťĲƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮċƻĲƖċŊĲЮĬċŔũǃЮÂÂ[? 

 

[ŔŊƨƖĲЮÉΧдΧжЮÑőĲЮƣŔůĲЮƚĲƖŔĲƚЮĦŸůƓċƖŔƚŸŰЮĤĲƣƽĲĲŰЮőŸƨƖũǃЮƽŔŰĬЮƚƓĲĲĬЮŔŰЮ?ĲĦĲůĤĲƖЮΥΣΤΩЮċŰĬЮ?ĲĦĲůĤĲƖЮΥΣΤΪЮёċђЮċŰĬЮ
ƣőĲЮĦċũĦƨũċƣŔŸŰЮŸŉЮċЮƚĦċũŔŰŊЮŉċĦƣŸƖЮƣŸЮĦŸŰƻĲƖƣЮĤĲƣƽĲĲŰЮƣőĲЮƣƽŸЮǃĲċƖƚЮёĤђеЮƽőĲƖĲЮƣőĲЮĬċƚőĲĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮΤжΤЮũŔŰĲЮ
ċŰĬЮƣőĲЮƚŸũŔĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮĲƕƨċƣŔŸŰЮŔŰĬŔĦċƣĲĬЮŔŰЮƣőĲЮǯŊƨƖĲЮċŰĬЮƣőĲЮůċƖťĲƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮċƻĲƖċŊĲЮĬċŔũǃЮƽŔŰĬЮ
ƚƓĲĲĬ 



ΝΣΤ 
 

 

[ŔŊƨƖĲЮÉΧдΨжЮÑőĲЮƣŔůĲЮƚĲƖŔĲƚЮĦŸůƓċƖŔƚŸŰЮĤĲƣƽĲĲŰЮőŸƨƖũǃЮċŔƖЮƓƖĲƚƚƨƖĲЮŔŰЮ?ĲĦĲůĤĲƖЮΥΣΤΩЮċŰĬЮ?ĲĦĲůĤĲƖЮΥΣΤΪЮёċђЮċŰĬЮ
ƣőĲЮĦċũĦƨũċƣŔŸŰЮŸŉЮċЮƚĦċũŔŰŊЮŉċĦƣŸƖЮƣŸЮĦŸŰƻĲƖƣЮĤĲƣƽĲĲŰЮƣőĲЮƣƽŸЮǃĲċƖƚЮёĤђеЮƽőĲƖĲЮƣőĲЮĬċƚőĲĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮΤжΤЮũŔŰĲЮ
ċŰĬЮƣőĲЮƚŸũŔĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮĲƕƨċƣŔŸŰЮŔŰĬŔĦċƣĲĬЮŔŰЮƣőĲЮǯŊƨƖĲЮċŰĬЮƣőĲЮůċƖťĲƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮċƻĲƖċŊĲЮĬċŔũǃЮċŔƖЮ
ƓƖĲƚƚƨƖĲ 

 

[ŔŊƨƖĲЮÉΧдΩжЮÑőĲЮƣŔůĲЮƚĲƖŔĲƚЮĦŸůƓċƖŔƚŸŰЮĤĲƣƽĲĲŰЮőŸƨƖũǃЮŸǍŸŰĲЮĦŸŰĦĲŰƣƖċƣŔŸŰƚЮŔŰЮ?ĲĦĲůĤĲƖЮΥΣΤΩЮċŰĬЮ?ĲĦĲůĤĲƖЮ
ΥΣΤΪЮёċђЮċŰĬЮƣőĲЮĦċũĦƨũċƣŔŸŰЮŸŉЮċЮƚĦċũŔŰŊЮŉċĦƣŸƖЮƣŸЮĦŸŰƻĲƖƣЮĤĲƣƽĲĲŰЮƣőĲЮƣƽŸЮǃĲċƖƚЮёĤђеЮƽőĲƖĲЮƣőĲЮĬċƚőĲĬЮũŔŰĲЮ
ƖĲƓƖĲƚĲŰƣƚЮƣőĲЮΤжΤЮũŔŰĲЮċŰĬЮƣőĲЮƚŸũŔĬЮũŔŰĲЮƖĲƓƖĲƚĲŰƣƚЮƣőĲЮĲƕƨċƣŔŸŰЮŔŰĬŔĦċƣĲĬЮŔŰЮƣőĲЮǯŊƨƖĲЮċŰĬЮƣőĲЮůċƖťĲƖƚЮƖĲƓƖĲƚĲŰƣЮƣőĲЮ
ċƻĲƖċŊĲЮĬċŔũǃЮŸǍŸŰĲЮĦŸŰĦĲŰƣƖċƣŔŸŰƚ 

ÑċĤũĲЮÉΧдΤжЮÉƨůůċƖǃЮŸŉЮŉċĦƣŸƖƚЮƨƚĲĬЮƣŸЮƚĦċũĲЮƣőĲЮ?ĲĦĲůĤĲƖЮΥΣΤΪЮìÅ[ц9őĲůЮĬċƣċЮƣŸЮƖĲƓƖĲƚĲŰƣЮ?ĲĦĲůĤĲƖЮΥΣΤΩ 

Parameter Factor 
Temperature 1/1.1 
Relative Humidity 1/0.84 
Shortwave down radiation 1/1.18 (factor derived for PPFD but 

conversion factors cancel) 
Wind speed 1/0.92 
Air pressure 1 
O3 1/1.01 
Precipitation and soil water  Zero water stress assumed so no scaling 

factor applied. Precipitation assumed zero 
and soil water content kept constant at 0.297 
m3 m-3 




















































