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Abstract

^ŝŶĐĞ� ŝƚƐ� ĐŽŶƐƚƌƵĐƟŽŶ� ŝŶ� ƚŚĞ� ƐŝǆƚŚ� ĐĞŶƚƵƌǇ͕ � ,ĂŐŝĂ� ^ŽƉŚŝĂ� ŚĂƐ� ďĞĞŶ� ƉƌĂŝƐĞĚ� ĨŽƌ� ŝƚƐ�
ůŝŐŚƟŶŐ͘�tŚŝůĞ�ƐŽŵĞ�ĂƐƉĞĐƚƐ�ŽĨ�ŝƚƐ�ŝůůƵŵŝŶĂƟŽŶ�ĐĂŶ�ďĞ�ƐƚƵĚŝĞĚ�ŝŶ�ƚŚĞ�ƉƌĞƐĞŶƚ�ďƵŝůĚŝŶŐ͕�
ƚŚĞ� ƚŽƚĂůŝƚǇ� ŽĨ� ŝƚƐ� ƉƌŝŵĂů� ĂƉƉĞĂƌĂŶĐĞ� ŚĂƐ� ďĞĞŶ� ůŽƐƚ� ĚƵĞ� ƚŽ� ƐƵƉƉŽƌƟŶŐ�ŵĞĂƐƵƌĞƐ͕�
ĂĚĚŝƟŽŶƐ͕�ĂŶĚ� ůĂƚĞƌ�ĐŚĂŶŐĞƐ͘��Ŷ�ĂƩĞŵƉƚ� ŝƐ�ŵĂĚĞ�ƚŽ�ĂŶĂůǇƐĞ�ƚŚŝƐ� ŝůůƵŵŝŶĂƟŽŶ͕�ĂŶĚ�
ƚŽ� ƵŶĚĞƌƐƚĂŶĚ� ƚŚĞ� ĚĂǇͲůŝŐŚƟŶŐ� ĐŽŶĐĞƉƚƐ� ŝŶŚĞƌĞŶƚ� ŝŶ� ,ĂŐŝĂ� ^ŽƉŚŝĂ Ɛ͛� ŽƵƚƐƚĂŶĚŝŶŐ�
ĂƌĐŚŝƚĞĐƚƵƌĞ͕� ĞŵƉůŽǇŝŶŐ� ĐŽŵƉƵƚĂƟŽŶĂů� ƐŝŵƵůĂƟŽŶ�ďĂƐĞĚ�ŽŶ� ƚŚĞ� ƌĞĐŽŶƐƚƌƵĐƟŽŶ�ŽĨ�
ƚŚĞ�ďƵŝůĚŝŶŐ Ɛ͛�ŐĞŽŵĞƚƌǇ�Ăƚ�ƚŚĞ�ƟŵĞ�ŽĨ�ŝƚƐ�ƐĞĐŽŶĚ�ĚĞĚŝĐĂƟŽŶ͘��ĐĐŽƵŶƚĞĚ�ĨŽƌ�ĂƌĞ�ƚŚĞ�
ŽƌŝŐŝŶĂů�ĚŝƐƚƌŝďƵƟŽŶ�ĂŶĚ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ƚŚĞ�ƐƵƌĨĂĐĞƐ�ĞŶĐůŽƐŝŶŐ�ƚŚĞ�ĂƌĐŚŝƚĞĐƚƵƌĂů�ƐƉĂĐĞ͕�
ŝŶĐůƵĚŝŶŐ�ƚŚĞ�ĚĞƚĂŝůĞĚ�ŵĂƌďůĞ�ĚĞĐŽƌĂƟŽŶ͖�ƚŚĞ�ŽƌŝŐŝŶĂů�ŐŝůĚŝŶŐ�ŽĨ�ƐĐƵůƉƚƵƌĂů�ĞůĞŵĞŶƚƐ͖�
ĂŶĚ� ƚŚĞ�ŽƉƟĐĂůůǇ�ĐŽŵƉůĞǆ�ŐŽůĚ�ŵŽƐĂŝĐƐ͘��ĂǇůŝŐŚƚ�ƐŝŵƵůĂƟŽŶ�ƵŶĚĞƌ�Ă�ƐǇŶƚŚĞƟĐ�ƐŬǇ�
ǁŝƚŚ�ǀĂƌǇŝŶŐ�ƐŽůĂƌ�ŐĞŽŵĞƚƌŝĞƐ�ĂŶĚ�ĐůŽƵĚ�ĐŽǀĞƌĂŐĞ�ƌĞǀĞĂůƐ�ĚŝīĞƌĞŶĐĞƐ�ďĞƚǁĞĞŶ�ƚŚĞ�
ŚŝƐƚŽƌŝĐ� ĂŶĚ� ƉƌĞƐĞŶƚ� ƐƚĂƚĞƐ͕� Ğ͘Ő͘� ŚŝŐŚĞƌ� ĚŝīƵƐĞ� ŝůůƵŵŝŶĂƟŽŶ� ŽƌŝŐŝŶĂƟŶŐ� ĨƌŽŵ� ƚŚĞ�
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ǁŝŶĚŽǁƐ�ŽĨ�ƚŚĞ�ĂŝƐůĞƐ�ĂŶĚ�ŐĂůůĞƌŝĞƐ͖�ĞīĞĐƚƐ�ŽĨ�ůŝŐŚƚ�ƐĐĂƩĞƌŝŶŐ�ďǇ�ǁŝŶĚŽǁ�ŐůĂƐƐ͖�ĂŶĚ�
ƚŚĞ�ƵŶŝŵƉĂŝƌĞĚ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ�ŵĂƌďůĞ͕�ŐŽůĚ�ŵŽƐĂŝĐƐ͕�ĂŶĚ�ŐŝůĚĞĚ�ƐƵƌĨĂĐĞƐ͘�dŚĞ�ƌĞƐƵůƚƐ�
ĂůůŽǁ�ƚŽ�ĂƐĐĞƌƚĂŝŶ�ŚŽǁ�ƚŚĞ�ĐŽŶƚƌŝďƵƟŽŶƐ�ŽĨ�ĚŝīĞƌĞŶƚ�ŐƌŽƵƉƐ�ŽĨ�ǁŝŶĚŽǁƐ�ĂīĞĐƚ�ƚŚĞ�
ĚǇŶĂŵŝĐ�ŝŶƚĞƌƉůĂǇ�ŽĨ�ĚŝƌĞĐƚ�ƐƵŶůŝŐŚƚ͕�ĚŝīƵƐĞ�ŝůůƵŵŝŶĂƟŽŶ͕�ĂŶĚ�ƚŚĞ�ƐƉĞĐƵůĂƌ�ƌĞŇĞĐƟŽŶƐ�
ŽŶ�ŵŽƐĂŝĐƐ�ĂŶĚ�ŵĂƌďůĞ͕�ĐŚĂŶŐŝŶŐ�ǁŝƚŚ�ƚŚĞ�ĞǆƚĞƌŝŽƌ�ƐŬǇ�ĐŽŶĚŝƟŽŶƐ͘�dŚĞ�ƌĞƐƵůƚƐ�ĨƵƌƚŚĞƌ�
ƐŚŽǁ�ƚŚĂƚ�ƚŚĞ�ŽƌŝĞŶƚĂƟŽŶ�ŽĨ�ƚŚĞ�ďƵŝůĚŝŶŐ�ƉƌŽĚƵĐĞƐ�ƉĂƌƟĐƵůĂƌůǇ�ŝŵƉƌĞƐƐŝǀĞ�ůŝŐŚƟŶŐ�ŽŶ�
ƚŚĞ��ŚƌŝƐƚŵĂƐ�ŵŽƌŶŝŶŐ͘

Keywords͗��ĂǇůŝŐŚƚ͕�ƌĞĐŽŶƐƚƌƵĐƟŽŶ͕�ƐŝŵƵůĂƟŽŶ͕�,ĂŐŝĂ�^ŽƉŚŝĂ

$<$62)<$¶1,1����<h=<,/'$�*h1�,ù,ö,�
$<',1/$70$6,

Özet

�ǇĂƐŽĨǇĂ͛ŶŦŶ�ĂǇĚŦŶůĂƚŵĂƐŦ͕�ϲ͘�ǇƺǌǇŦůĚĂŬŝ�ŝŶƔĂĂƨŶĚĂŶ�ďƵ�ǇĂŶĂ�ǇĂƉŦŶŦŶ�ƂŶĞŵůŝ�ďŝƌ�ƵŶƐƵƌƵ�
ŽůĂƌĂŬ�ĚŝŬŬĂƚ�ĕĞŬŵĞŬƚĞĚŝƌ͘ ��ŝŶĂŶŦŶ�ŐƺŶ�ŦƔŦŒŦ�ĂǇĚŦŶůĂƚŵĂƐŦ�EĞŽƉůĂƚŽŶŝŬ�ŦƔŦŬ�ŵĞƚĂĮǌŝŒŝ�
ĂĕŦƐŦŶĚĂŶ� ǇŽƌƵŵůĂŶŵŦƔ� ǀĞ� ƚĂƌƨƔŦůŵŦƔƨƌ͘ ��ǇĂƐŽĨǇĂ͛ŶŦŶ� ĂǇĚŦŶůĂƚŵĂ�ƂǌĞůůŝŬůĞƌŝ͕� ĚŝŶŝ� ǀĞ�
ĂƐƚƌŽŶŽŵŝŬ�ĂŶĂůŽũŝůĞƌĚĞŶ�ǇŽůĂ�ĕŦŬĂŶ�ďŝƌ�ŚŝǇĞƌĂƌƔŝŬ�ĚƺǌĞŶ�ĕĞƌĕĞǀĞƐŝŶĚĞ�ŝŶĐĞůĞŶŵŝƔƟƌ͘ �
�Ƶ�ǇĂŬůĂƔŦŵ͕�ǇĂŶ�ƉĞŶĐĞƌĞůĞƌŝŶ�ĞŐĞŵĞŶ�ŽůĚƵŒƵ�ǀĞ�ŐƺŶ�ŦƔŦŒŦŶŦŶ�ĞƔŝƚ�ĚĂŒŦůŦŵŦŶĂ�ĚĂǇĂŶĂŶ�
ƚĞǌ�ŝůĞ�ŬĂƌƔŦůĂƔƨƌŦůŵŦƔƨƌ͘

^ĂŶĂƚ� ǀĞ� ŵŝŵĂƌůŦŬ� ƚĂƌŝŚŝ� ĂůĂŶůĂƌŦŶĚĂŬŝ� ĂƌĂƔƨƌŵĂůĂƌ� �ǇĂƐŽĨǇĂ͛ŶŦŶ� ĂǇĚŦŶůĂƚŵĂƐŦŶŦ�
ŶŝĐĞůŝŬƐĞů� ďŽǇƵƩĂ� ŝƌĚĞůĞŵĞŬƚĞĚŝƌ͘ � �ŶĐĂŬ� ŦƔŦŒŦŶ� ŽƉƟŬ� ďŝƌ� ĨĞŶŽŵĞŶ� ŽůĂƌĂŬ� ŶŝƚĞůŝŬƐĞů�
ĚĞŒĞƌůĞŶĚŝƌŝůŵĞƐŝ͕�ǀĞ�ŽƉƟŬ�ƐŝŵƵůĂƐǇŽŶƵŶ�ŵĞŬĂŶ�ĂůŐŦƐŦŶĂ�ŽůĂŶ�ĞƚŬŝƐŝ�ƺǌĞƌŝŶĞ�ǇĂƉŦůŵŦƔ�
ĕŽŬ� Ăǌ� ƐĂǇŦĚĂ� ĂƌĂƔƨƌŵĂ� ďƵůƵŶŵĂŬƚĂĚŦƌ͘ � �ǇĂƐŽĨǇĂ͛ŶŦŶ� ĂǇĚŦŶůĂƚŵĂƐŦŶŦŶ� ďĂǌŦ� ǇƂŶůĞƌŝ�
ǌĂŵĂŶůĂ�ĚĞŒŝƔŵĞŵŝƔ�ǀĞ�ďŝŶĂŶŦŶ�ŐƺŶƺŵƺǌĞ�ƵůĂƔŵŦƔ�ĚƵƌƵŵƵŶĚĂ�ŝŶĐĞůĞŶĞďŝůŝƌ�ŽůƐĂ�ĚĂ͕�
ƚĂƔŦǇŦĐŦ�ĞůĞŵĂŶůĂƌĚĂŬŝ�ĚĞƐƚĞŬůĞǇŝĐŝ�ĞŬůĞŵĞůĞƌ�ǀĞ�ŬƵůůĂŶŦŵĂ�ďĂŒůŦ�ĕĞƔŝƚůŝ�ĚĞŒŝƔŝŬůŝŬůĞƌ͕ �
ďŝŶĂŶŦŶ� ƂǌŐƺŶ� ƚĂƐĂƌŦŵŦŶĚĂŶ� ĨĂƌŬůŦůŦŬůĂƌ� ǇĂƌĂƚŵŦƔƨƌ͘

�Ƶ�ĕĂůŦƔŵĂ͕�ŚĞŵ��ǇĂƐŽĨǇĂ͛ŶŦŶ�ƐĞĕŬŝŶ�ŵŝŵĂƌŝƐŝŶŝŶ�ŐƺŶ�ŦƔŦŒŦŶĂ�ŽůĂŶ�ŬĂƚŬŦůĂƌŦŶŦ�ĂŶůĂŵĂŬ͕�
ŚĞŵ�ĚĞ� ĂǇĚŦŶůĂƚŵĂŶŦŶ� ƂǌŐƺŶ� ƚĂƐĂƌŦŵ� ǀĞ� ŐƺŶƺŵƺǌĚĞŬŝ� ĨĂƌŬůĂƌŦŶŦ� ĂŶĂůŝǌ� ĞƚŵĞŬ� ŝĕŝŶ�
ƉůĂŶůĂŶŵŦƔƨƌ͘ � �Ƶ� ĂŵĂĕůĂ͕� ďŝŶĂŶŦŶ� ŝŬŝŶĐŝ� ĂĚĂŵĂƐŦŶŦŶ� ǇĂƉŦůĚŦŒŦ� ĚƂŶĞŵĚĞŬŝ� ƔĞŬůŝ� ďŝƌ�
ƌĞŬŽŶƐƚƌƺŬƐŝǇŽŶ�ŵŽĚĞůŝ�ŬƵůůĂŶŦůĂƌĂŬ�ǇĞŶŝĚĞŶ�ŽůƵƔƚƵƌƵůŵƵƔ�ǀĞ�ďŝůŐŝƐĂǇĂƌ�ƐŝŵƺůĂƐǇŽŶ�
ǇƂŶƚĞŵŝ�ƵǇŐƵůĂŶĂƌĂŬ�ĂǇĚŦŶůĂƚŵĂ�ĚĞŒĞƌůĞƌŝ�ŚĞƐĂƉůĂŶŵŦƔƨƌ͘ ��ŝŶĂŶŦŶ�ǇĂŬŦŶ�ĚƂŶĞŵĚĞŬŝ�
ĚƵƌƵŵƵ� ŝƐĞ͕� ŝƐŬĞůĞůĞƌŝŶ� ŽůŵĂĚŦŒŦ� ďŝƌ� ǌĂŵĂŶ� ĚŝůŝŵŝŶĚĞ͕� ďŝƌŬĂĕ� ŐƺŶ� ƐƺƌĞŶ� ǀĞ� ŐƺŶ�
ĚŽŒƵŵƵŶĚĂŶ� ŐƺŶ� ďĂƨŵŦŶĂ� ŬĂĚĂƌ� ƚŽƉůĂŶĂŶ� ƉŝŬƐĞů� ďŽǇƵƚƵŶĚĂ� ŦƔŦŬůŦůŦŬ� ;ůƺŵŝŶĂŶƐͿ�
ĚĞŒĞƌůĞƌŝ�ƂůĕƺŵůĞƌŝ�ŝůĞ�ŬĂǇĚĞĚŝůŵŝƔƟƌ͘ ��Ƶ�ŝŬŝ�ǇƂŶƚĞŵ�ĂǇĚŦŶůĂƚŵĂŶŦŶ�ŵŝŬƚĂƌŦ�ǀĞ�ĚŝŶĂŵŝŬ�
ĚĞŒŝƔŝŵŝŶŝ� ĂǇƌŦŶƨůŦ� ďŝƌ� ƔĞŬŝůĚĞ�ĂŶĂůŝǌ� ĞƚŵĞŵŝǌŝ� ƐĂŒůĂŵŦƔƨƌ͘
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�Ŷ�ŐĞůŝƔŵŝƔ�ďŝůŐŝƐĂǇĂƌ�ƐŝŵƺůĂƐǇŽŶ�ƚĞŬŶŝŬůĞƌŝ�ŬƵůůĂŶŦůĂƌĂŬ͕�ĂǇƌŦŶƨůŦ�ŵĞƌŵĞƌ�ĚĞŬŽƌĂƐǇŽŶ�
ĚĂ� ĚĂŚŝů� ŽůŵĂŬ� ƺǌĞƌĞ͕� ŵŝŵĂƌŝ� ĂůĂŶŦ� ĕĞǀƌĞůĞǇĞŶ� ǇƺǌĞǇůĞƌŝŶ� ŽƌŝũŝŶĂů� ŦƔŦŬ� ǇĂŶƐŦƚŵĂ�
ƂǌĞůůŝŬůĞƌŝ͕�ŚĞǇŬĞů�ƂŐĞůĞƌŝŶŝŶ�ŽƌŝũŝŶĂů�ǇĂůĚŦǌůĂƌŦ͕�ǀĞ�ŽƉƟŬ�ŽůĂƌĂŬ�ŬĂƌŵĂƔŦŬ�ĂůƨŶ�ŵŽǌĂŝŬůĞƌŝ�
ĂƐůŦŶĂ�ƵǇŐƵŶ�ŽůĂƌĂŬ�ŵŽĚĞůůĞŶŵŝƔƟƌ͘ �^ŝŵƺůĂƐǇŽŶůĂƌ͕ �ĨĂƌŬůŦ�ŵĞǀƐŝŵůĞƌĚĞ͕�ŐƺŶƺŶ�ĨĂƌŬůŦ�
ƐĂĂƚůĞƌŝŶĚĞ͕�ŝŬŝ�ĨĂƌŬůŦ�ŐƺŶĞƔ�ƉŽǌŝƐǇŽŶƵŶƵ�ĂŶĂůŝǌ�ĞƚŵĞŬ�ƺǌĞƌĞ�EŽĞů�ƐĂďĂŚŦ�ǀĞ�WĂƐŬĂůǇĂ�
ŐƺŶƺ� ƂŒůĞŶ� ƐĂĂƟ� ŝĕŝŶ� ďƵůƵƚůƵ� ǀĞ� ŽƌƚĂ� ďƵůƵƚůƵ� ŐƂŬǇƺǌƺ� ŬŽƔƵůůĂƌŦŶĚĂ� ƚĞŬƌĂƌůĂŶŵŦƔƨƌ͘ �
,Ğƌ� ƉĞŶĐĞƌĞ� ŐƌƵďƵŶƵŶ� ĂǇĚŦŶůĂƚŵĂǇĂ� ďŝƌĞǇƐĞů� ŬĂƚŬŦƐŦ� ŚĞƐĂƉůĂŶŵŦƔƨƌ͘ � PůĕƺŵůĞƌŝŶ�
ǇĂƉŦůĚŦŒŦ� ƚĂƌŝŚůĞƌĚĞ� ŬĂǇĚĞĚŝůĞŶ� ŐƂŬǇƺǌƺ� ŬŽƔƵůůĂƌŦŶĂ� Ăŝƚ� ĚĞŒŝƔŬĞŶůĞƌ� ;ƉĂƌĂŵĞƚƌĞůĞƌͿ�
ŬƵůůĂŶŦůĂƌĂŬ��ǇĂƉĂǇ�ďŝƌ�ŐƂŬǇƺǌƺ�ŵŽĚĞůŝ�ŽůƵƔƚƵƌƵůŵƵƔƚƵƌ͘ ��ůĚĞ�ĞĚŝůĞŶ�ǇĂƉĂǇ�ŐƂŬǇƺǌƺ�ǀĞ�
ƌĞŬŽŶƐƚƌƺŬƐŝǇŽŶ�ŵŽĚĞůůĞƌŝŶĞ�ĚĂǇĂŶĂŶ�ƐŝŵƺůĂƐǇŽŶůĂƌ�ĂƌĂĐŦůŦŒŦ�ŝůĞ�ϲ͘�ǇƺǌǇŦůĚĂ�ďŝŶĂĚĂŬŝ�
ĂǇĚŦŶůĂƚŵĂ� ĚĞŒĞƌůĞƌŝ� ŚĞƐĂƉůĂŶŵŦƔ� ǀĞ� ŐƺŶƺŵƺǌĚĞŬŝ�ŵĞŬĂŶĚĂ� ƂůĕƺůŵƺƔ� ĂǇĚŦŶůĂƚŵĂ�
ĚĞŒĞƌůĞƌŝ� ŝůĞ� ŬĂƌƔŦůĂƔƨƌŦůŵŦƔƨƌ͘

'ĞŶĞů� ŽůĂƌĂŬ͕� ǌĞŵŝŶ� ǇƺǌĞǇĚĞ� ďƵůƵŶĂŶ� ǇĂŶƐŦƨĐŦ� ďĞǇĂǌ� ŵĞƌŵĞƌŝŶ͕� ŦƔŦŒŦŶ� ĚĂŒŦŶŦŬ�
ǇĂŶƐŦŵĂƐŦŶĚĂ� ƂŶĞŵůŝ� ďŝƌ� ƌŽů� ŽǇŶĂĚŦŒŦ� ŐƂǌůĞŵůĞŶŵĞŬƚĞĚŝƌ͘ � 'ƺŶĞƔŝŶ� �ǇĂƐŽĨǇĂ͛ŶŦŶ�
ƉĞŶĐĞƌĞůĞƌŝŶĚĞŶ�ďŝƌŝ� ŝůĞ�ĂǇŶŦ�ĚƺǌůĞŵĞ�ŐĞůŵĞƐŝ�ƐŽŶƵĐƵ�ŽƌƚĂǇĂ�ĕŦŬĂŶ�͞ŦƔŦŬ�ŚĂǀƵǌůĂƌŦ͕͟ �
ŵĞƌŵĞƌ� ǀĞ�ŵŽǌĂŝŬ� ǇƺǌĞǇůĞƌĚĞ� ƉĂƌůĂŬ� ǇĂŶƐŦŵĂůĂƌ� ŽůƵƔƚƵƌŵĂŬƚĂ� ǀĞ� ŝĕ�ŵĞŬĂŶĚĂ� ŦƔŦŬ�
ŽǇƵŶůĂƌŦŶĂ� ƐĞďĞƉ� ŽůŵĂŬƚĂĚŦƌ͘ � 'ƺŶĞƔŝŶ� ŚĂƌĞŬĞƟŶĞ� ďĂŒůŦ� ŽůĂƌĂŬ� ďƵ� ŚĂǀƵǌůĂƌŦŶ� ǇĞƌ�
ĚĞŒŝƔƟƌŵĞƐŝ� ŝůĞ� ĚŝŶĂŵŝŬ� ďŝƌ� ĂǇĚŦŶůĂƚŵĂ� ĞůĚĞ� ĞĚŝůŵĞŬƚĞĚŝƌ͘

�ĞŒŝƔĞŶ� ŐƺŶĞƔ� ĂĕŦůĂƌŦ� ǀĞ� ďƵůƵƚ� ŬĂƉƐĂŵŦ� ŐƂǌ� ƂŶƺŶĚĞ� ĂůŦŶĂƌĂŬ� ǇĂƉŦůĂŶ� ŐƺŶ� ŦƔŦŒŦ�
ƐŝŵƺůĂƐǇŽŶƵ͕� ƚĂƌŝŚŝ� ǀĞ� ŐƺŶƺŵƺǌĚĞŬŝ� ĂǇĚŦŶůĂƚŵĂ� ĂƌĂƐŦŶĚĂŬŝ� ĨĂƌŬůŦůŦŬůĂƌŦ� ŽƌƚĂǇĂ�
ĕŦŬĂƌƚŵĂŬƚĂĚŦƌ͘ � ZĞŬŽŶƐƚƌƺŬƐŝǇŽŶ�ŵŽĚĞůůĞŵĞ� ŝůĞ� ŶĞĨ� ĂůĂŶŦŶĚĂ� ďĞƔ� ŬĂƚ� ĚĂŚĂ� ǇƺŬƐĞŬ�
ĂǇĚŦŶůĂƚŵĂ�ƐĞǀŝǇĞůĞƌŝ�ƐĂƉƚĂŶŵŦƔƨƌ͘ ��ǇƌŦĐĂ͕�ƂǌŐƺŶ�ƚĂƐĂƌŦŵĚĂ͕�ŬŽƌŝĚŽƌůĂƌ�ǀĞ�ŐĂůĞƌŝůĞƌĚĞ�
ďƵůƵŶĂŶ�ƉĞŶĐĞƌĞůĞƌ�ĚĂŚĂ� ǇƺŬƐĞŬ�ŽƌĂŶĚĂ�ĚĂŒŦŶŦŬ� ĂǇĚŦŶůĂƚŵĂǇĂ� ƐĞďĞƉ� ǀĞƌŵĞŬƚĞĚŝƌ͘ �
<ŽƌŝĚŽƌ�ǀĞ�ŶĞĨ�ĂůĂŶŦŶĚĂŬŝ�ŦƔŦŬ�ĚĂŒŦůŦŵŦ�ŚŝǇĞƌĂƌƔŝƐŝ͕�ŐƺŶƺŵƺǌĚĞ�ƚĞƐƉŝƚ�ĞĚŝůĞŶ�ŚŝǇĞƌĂƌƔŝ�
ŝůĞ� ǌŦƚůŦŬ� ŐƂƐƚĞƌŵĞŬƚĞĚŝƌ͘ � DĞƌŵĞƌ͕ � ĂůƨŶ� ŵŽǌĂŝŬ� ǀĞ� ǇĂůĚŦǌůŦ� ǇƺǌĞǇůĞƌŝŶ� ǇŦůůĂƌ� ŝĕŝŶĚĞ�
ǇŦƉƌĂŶŵĂŵŦƔ� ĚƵƌƵŵůĂƌŦ� ĚĂŚĂ� ƉĂƌůĂŬ� ǇĂŶƐŦŵĂůĂƌĂ� ǀĞ� ĚĂŚĂ� ďĞůŝƌŐŝŶ� ďƂůŐĞƐĞů� ŦƔŦŬůŦůŦŬ�
ŬŽŶƚƌĂƐƨŶĂ� ƐĞďĞƉ� ŽůŵĂŬƚĂĚŦƌ͘ � ZĞŬŽŶƐƚƌƺŬƐŝǇŽŶ� ŵŽĚĞůŝŶĚĞ� ŬƵďďĞ͕� ŶĞĨ͕ � ŬŽƌŝĚŽƌůĂƌ�
ǀĞ�ŐĂůĞƌŝůĞƌĚĞŬŝ�ƚŽŶŽǌůĂƌ͕ �ĂůƨŶ�ŵŽǌĂŝŒŝŶ�ƚƺŵ�ǇƺǌĞǇůĞƌŝŶŝ�ŬĂƉůĂǇĂŶ�ƉĂƌůĂŬ�ǇĂŶƐŦŵĂůĂƌ�
ŐƂƐƚĞƌŵĞŬƚĞĚŝƌ͘ �

�ŶƟŬ�ĚƂŶĞŵĚĞ�ƺƌĞƟůŵŝƔ�ƉĞŶĐĞƌĞ�ĐĂŵůĂƌŦŶŦŶ�ŦƔŦŬ�ƐĂĕŦůŦŵŦŶĂ�ĞƚŬŝůĞƌŝ�ŐƺŶƺŵƺǌĚĞŶ�
ĨĂƌŬůŦĚŦƌ͘ �^ŝŵƺůĂƐǇŽŶ�ƐŽŶƵĕůĂƌŦ͕� ĨĂƌŬůŦ�ƉĞŶĐĞƌĞ�ŐƌƵƉůĂƌŦŶŦŶ�ĚŽŒƌƵĚĂŶ�ŐƺŶĞƔ� ŦƔŦŒŦ�
ǀĞ� ĚĂŒŦŶŦŬ� ŐƂŬǇƺǌƺ� ĂǇĚŦŶůĂƚŵĂƐŦ� ŝůĞ� ŵŽǌĂŝŬ� ǀĞ� ŵĞƌŵĞƌ� ƺǌĞƌŝŶĚĞŬŝ� ƐƉĞŬƺůĞƌ�
ǇĂŶƐŦŵĂůĂƌŦŶŦŶ� ŐƂŬǇƺǌƺ� ŬŽƔƵůůĂƌŦǇůĂ� ĚĞŒŝƔĞŶ� ĚŝŶĂŵŝŬ� ĞƚŬŝůĞƔŝŵŝŶŝ� ŐƂǌ� ƂŶƺŶĞ�
ĂĕŦŬĕĂ� ƐĞƌŵĞŬƚĞĚŝƌ͘ � PůĕƺŵůĞƌŝŶ� ĂŬƐŝŶĞ͕� ƌĞŬŽŶƐƚƌƺŬƐŝǇŽŶ� ŵŽĚĞůĚĞ͕� ŬƵďďĞ�
ƉĞŶĐĞƌĞůĞƌŝŶĚĞŶ�ŐĞůĞŶ�ŦƔŦŬ͕�ŬƵǌĞǇͲďĂƨ�ĂŶĂ�ĚŝƌĞŒŝŶŝŶ�ĚƵǀĂƌůĂƌŦŶĚĂ�ƉĂƌůĂŬ�ďŝƌ�ŦƔŦŬ�
ŚĂǀƵǌƵŶĂ� ŶĞĚĞŶ� ŽůƵƌ͘
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EĞĨ͕ � ĨĂƌŬůŦ� ǇƂŶůĞƌĚĞŶ� ǀĞ� ďŝƌĕŽŬ� ƉĞŶĐĞƌĞ� ĂƌĂĐŦůŦŒŦ� ŝůĞ� ĂǇĚŦŶůĂƨůŵĂŬƚĂĚŦƌ͘ � 'ĂůĞƌŝůĞƌ�
ǀĞ� ŬŽƌŝĚŽƌůĂƌĚĂŬŝ� ƉĞŶĐĞƌĞůĞƌ� ŶĞĨ� ďƂůŐĞƐŝŶŝŶ� ĂǇĚŦŶůĂƨůŵĂƐŦŶĂ� ƂŶĞŵůŝ� ďŝƌ� ŬĂƚŬŦ�
ƐĂŒůĂŵĂŬƚĂĚŦƌůĂƌ͘ �EŽĞů�ƐĂďĂŚŦ͕�ĂƉƐŝƐƚĞŬŝ�ƉĞŶĐĞƌĞůĞƌ�ĚĞ�ŶĞĮŶ�ĂǇĚŦŶůĂƚŵĂƐŦŶĚĂ�ďĞŶǌĞƌ�
ďŝƌ� ŬĂƚŬŦ� ŽůƵƔƚƵƌƵƌ͕ � ĂŶĐĂŬ� WĂƐŬĂůǇĂ͛ĚĂ� ďƵ� ĞƚŬŝŶŝŶ� ĂǌĂůĚŦŒŦ� ŐƂǌůĞŵůĞŶŝůŵŝƔƟƌ͘ � 'ƺŶĞƔ�
ĚĂŚĂ� ǇƺŬƐĞŬ� ďŝƌ� ĂĕŦ� ŝůĞ� ďŝŶĂǇĂ� ƵůĂƔƨŒŦŶĚĂŶ͕� WĂƐŬĂůǇĂ͛ĚĂ� ŶĞĨ� ƺƐƚƺŶĚĞŬŝ� ƚŽŶŽǌůĂƌĚĂ�
ďƵůƵŶĂŶ� ƉĞŶĐĞƌĞůĞƌĚĞŶ� ŐĞůĞŶ� ŦƔŦŬ� ŵŝŬƚĂƌŦ� EŽĞů͚Ğ� ŐƂƌĞ� ĕŽŬ� ĚĂŚĂ� ĨĂǌůĂĚŦƌ͘

�ǇĚŦŶůĂƚŵĂ� ŬĂƌĂŬƚĞƌŝ� ĂĕŦƐŦŶĚĂŶ͕� ĂƉƐŝƐ� ǀĞ� ƐƵŶĂŬ� ĂůĂŶŦŶŦŶ� ďŝŶĂŶŦŶ� ŐĞƌŝ� ŬĂůĂŶŦŶĚĂŶ�
ďĂŒŦŵƐŦǌ�ŽůĚƵŒƵ�ŐƂǌůĞŵůĞŶŝůŵŝƔƟƌ͘ ��Ƶ�ďƂůŐĞ͕�ĂƉƐŝƐƚĞŬŝ�ƉĞŶĐĞƌĞůĞƌĚĞŶ�ǀĞ�ǇƵŬĂƌŦĚĂŬŝ�
ǇĂƌŦ�ŬƵďďĞĚĞŶ�ŦƔŦŬ�ĂůŦƌ͘ �^ƵŶĂŬ�ǀĞ�ŶĞĮŶ�ŵĞƌŬĞǌŝŶŝŶ�ƺĕ�ŐƺŶ�ďŽǇƵŶĐĂ�ŬĂƌƔŦůĂƔƨƌŦůŵĂƐŦ͕�
ƐƵŶĂŬ� ĂůĂŶŦŶŦŶ� ŐĞŶĞů� ŽůĂƌĂŬ� ŶĞŌĞŶ� ĕŽŬ� ĚĂŚĂ�ƉĂƌůĂŬ� ŽůĚƵŒƵŶƵ� ŐƂƐƚĞƌŵŝƔƟƌ͘ �KƌƚĂǇĂ�
ĕŦŬĂŶ� ĞƚŬŝ͕� ƐƵŶĂŬ� ĂůĂŶŦŶŦ� ǀƵƌŐƵůĂǇĂĐĂŬ� ŬĂĚĂƌ� ďƺǇƺŬƚƺƌ͘

�ǇĂƐŽĨǇĂ͛ŶŦŶ� ďŽǇůĂŵƐĂů� ĞŬƐĞŶŝŶŝŶ� ǇƂŶƺ͕� EŽĞů͛ĚĞ� ;ŬŦƔ� ŐƺŶĚƂŶƺŵƺŶĚĞͿ� ŐƺŶĞƔŝŶ�
ĚŽŒĚƵŒƵ� ǇƂŶĚĞ� ƵĨƵŬ� ŝůĞ� ďŝƌůĞƔŝƌ͘ � �ŝŶĂŶŦŶ� ǇƂŶůĞŶĚŝƌŵĞƐŝ͕� EŽĞů� ƐĂďĂŚ� ĂǇŝŶŝŶĚĞ� ŝĕ�
ŵĞŬĂŶŦŶ� ďĞůŝƌŐŝŶ� ďŝƌ� ƔĞŬŝůĚĞ� ĂǇĚŦŶůĂƨůŵĂƐŦ� ƉůĂŶůĂŶĂƌĂŬ� ǇĂƉŦůŵŦƔƨƌ͘ � 'ƺŶĞƔ� ŦƔŦŒŦ͕�
ďŝŶĂǇĂ�ŐƺŶĞǇ�Ͳ�ĚŽŒƵĚĂŶ͕�ŬŽƌŝĚŽƌůĂƌĂ�ǀĞ�ŐĂůĞƌŝůĞƌĞ�ƉĂƌĂůĞů�ŽůĂĐĂŬ�ƔĞŬŝůĚĞ�Ěƺǌ�ďŝƌ�ĂĕŦǇůĂ�
ŐŝƌĞƌ͘ � /ƔŦŬ� ďĂƨ� ĚƵǀĂƌůĂƌŦŶĂ͕� ĞŶ� ďĞůŝƌŐŝŶ� ŽůĂƌĂŬ� ĚĂ͕� ŝŵƉĂƌĂƚŽƌůĂƌŦŶ� ŐŝƌŝƔŝŶĚĞŬŝ� ĚƵǀĂƌĂ�
ĕĂƌƉĂƌ�ǀĞ�ŐƂǌ�ŬĂŵĂƔƨƌŦƌ͘ ��ŝŒĞƌ�ĚƵǀĂƌůĂƌ͕ �ƚŽŶŽǌůĂƌ�ǀĞ�ĂŵďŽĚĂ�ŦƔŦŬ�ƐĞǀŝǇĞƐŝ�ĕŽŬ�ĚƺƔƺŬ�
ŽůĚƵŒƵŶĚĂŶ͕�ďƵ�ǇƺǌĞǇůĞƌ�ƉĞŶĐĞƌĞůĞƌůĞ�ǇƺŬƐĞŬ�ŬŽŶƚƌĂƐƚ�ŽůƵƔƚƵƌƵƌůĂƌ͘ �zƺǌĞǇůĞƌŝŶ�ƌĞŶŬ�
ŐƂƌƺŶƺƌůƺŬůĞƌŝ� ĂǌĂůŦƌ͘ � �Ƶ� ǇƺǌĞǇůĞƌ͕ � WĂƵůƵƐ� ^ŝůĞŶƟĂƌƵƐ͛ƵŶ� ƚĂƌŝĨ� ĞƫŒŝ� ƔĞŬŝůĚĞ͕�ŵƵŵůĂƌ�
ǀĞ�ŬĂŶĚŝůůĞƌ�ĂƌĂĐŦůŦŒŦ�ŝůĞ�ŽůƵƔƚƵƌƵůĂŶ�ǇĂƉĂǇ�ĂǇĚŦŶůĂƚŵĂŶŦŶ�ĞƚŬŝƐŝŶŝ�ĚĂŚĂ�ĚƌĂŵĂƟŬ�ŚĂůĞ�
ŐĞƟƌŵĞŬ� ŝĕŝŶ� ŬĂƌĂŶůŦŬ� ŽůĂƌĂŬ� ƚĂƐĂƌůĂŶŵŦƔůĂƌĚŦƌ͘

WĂƐŬĂůǇĂ�ŐƺŶƺ�ƂŒůĞ�ƐĂĂƟŶĚĞ͕�ŐƺŶĞƔ�ĂĕŦƐŦ�ǇƺŬƐĞŬ�ŽůĚƵŒƵŶĚĂŶ͕�ŐƺŶ� ŦƔŦŒŦ�ƉĞŶĐĞƌĞůĞƌĞ�
ĚŽŒƌƵĚĂŶ� ƵůĂƔŵĂŬƚĂĚŦƌ͘ � WĂƌůĂŬ� ƉĞŶĐĞƌĞůĞƌ� ǀĞ� ŵŽǌĂŝŬůĞƌĚĞŶ� ƉĂƌůĂŬ� ǇĂŶƐŦŵĂůĂƌ� ŝůĞ�
ďƂůŐĞƐĞů� ŬŽŶƚƌĂƐƚůĂƌ� ĂĕŦƐŦŶĚĂŶ� ǌĞŶŐŝŶ� ďŝƌ� ŐƂƌƐĞůůŝŬ� ĞůĚĞ� ĞĚŝůŵĞŬƚĞĚŝƌ͘ � WĂƐŬĂůǇĂ͛ĚĂ�
ŐƂǌůĞŵůĞŶĞŶ� ƉĂƌůĂŬůŦŬ� ƐĞǀŝǇĞůĞƌŝ͕� EŽĞů� ƐĂďĂŚŦŶĂ� ŬŦǇĂƐůĂ� ĕŽŬ� ĚĂŚĂ� ĨĂǌůĂĚŦƌ͘ � �ƵǀĂƌ�
ĚĞŬŽƌĂƐǇŽŶůĂƌŦŶĚĂŬŝ� ǇĂůĚŦǌůĂƌ� ŝůĞ� ĂůƨŶ� ŵŽǌĂŝŬůĞƌ� ďŝƌďŝƌůĞƌŝŶŝ� ƚĂŵĂŵůĂǇĂŶ� ĞƐƚĞƟŬ�
ĞůĞŵĂŶůĂƌ� ŽůĂƌĂŬ� ƂŶĞ� ĕŦŬŵĂŬƚĂĚŦƌůĂƌ͘

^ŝŵƺůĂƐǇŽŶ�ĕĂůŦƔŵĂůĂƌŦ� ŝůĞ��ǇĂƐŽĨǇĂ͛ĚĂŬŝ� ŐƺŶ� ŦƔŦŒŦŶŦ� ĨĂƌŬůŦ� ƐĂĂƚůĞƌ͕ � ŐƺŶůĞƌ� ǀĞ�ĂǇůĂƌĚĂ�
ŝŶĐĞůĞŶĞƌĞŬ� ŚĞŵ�ďĞŶǌĞƌůŝŬůĞƌŝ͕� ŚĞŵ�ĚĞ� ĨĂƌŬůŦůŦŬůĂƌŦ� ĂƌĂƔƨƌŦůŵŦƔƨƌ͘ � �Ŷ� ƚƵƚĂƌůŦ� ŐƂǌůĞŵ�
ŦƔŦŒŦŶ� ĚŝŶĂŵŝǌŵŝĚŝƌ͘ � 'ĞŽŵĞƚƌŝŬ� ŽůĂƌĂŬ� ƐƚĂƟŬ� ĂǇĚŦŶůĂƚŵĂ� ŬĂǇŶĂŬůĂƌŦ� ;ŐƂŬǇƺǌƺŶĚĞŶ�
ŐĞůĞŶ� ĚĂŒŦŶŦŬ� ŦƔŦŬͿ͕� ǇƂŶĞ� ďĂŒůŦ� ŽůĂƌĂŬ� ĚĞŒŝƔŬĞŶůŝŬ� ŐƂƐƚĞƌĞŶ� ĂǇĚŦŶůĂƚŵĂ� ŬĂǇŶĂŬůĂƌŦ�
;ǇƺǌĞǇ� ǇĂŶƐŦŵĂůĂƌŦ� ǀĞ� ŐƺŶĞƔŝŶ� ŽƌƚĂǇĂ� ĕŦŬĂƌĚŦŒŦ� ŦƔŦŬ� ŚĂǀƵǌůĂƌŦͿ� ŝůĞ� ŬĂƌŦƔĂƌĂŬ� ǌĞŶŐŝŶ�
ďŝƌ� ŬŽŵƉŽǌŝƐǇŽŶ� ŽůƵƔƚƵƌƵƌ͘ � ϲ͘� ǇƺǌǇŦůĚĂ� ďŝŶĂ� ĕĞǀƌĞƐŝŶŝŶ� ďŽƔ� ǀĞ� ĂĕŦŬ� ŽůŵĂƐŦ� ĚĂ� ŐƺŶ�
ŦƔŦŒŦŶŦŶ� ďŝŶĂǇĂ� ĞŶŐĞůƐŝǌ� ƵůĂƔŦŵŦŶĂ� ŽůĂŶĂŬ� ǀĞƌĚŝŒŝŶĚĞŶ͕� ƌĞŬŽŶƐƚƌƺŬƐŝǇŽŶ� ŵŽĚĞůŝŶĚĞ�
ŐƂǌůĞŵůĞŶĞŶ� ĚŝŶĂŵŝǌŵ� ŐƺŶƺŵƺǌĚĞŶ� ĚĂŚĂ� ďĞůŝƌŐŝŶĚŝƌ͘
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Figure 1. Impression of the brightness and contrast in Hagia Sophia in the early 
PRUQLQJ�RQ�WKH�GD\�RI�LWV�VHFRQG�FRQVHFUDWLRQ��&KULVWPDV�����

�ǇĂƐŽĨǇĂ͛ŶŦŶ� ŐƺŶ� ŦƔŦŒŦ� ĂǇĚŦŶůĂƚŵĂƐŦ� ƺǌĞƌŝŶĞ� ǇĂƉŦůĂŶ� ŐĞĕŵŝƔ� ĂƌĂƔƨƌŵĂůĂƌ͕ � ŐĞŶĞůůŝŬůĞ�
ĂǇĚŦŶůĂƚŵĂŶŦŶ�ĚŝŶĂŵŝŬ�ǀĞ�ĂƐŝŵĞƚƌŝŬ�ŬĂƌĂŬƚĞƌŝŶŝ�ǇĞƚĞƌŝŶĐĞ�ǀƵƌŐƵůĂŵĂŵŦƔůĂƌĚŦƌ͘ �'ƂƌŵĞ�
ƐŝƐƚĞŵŝŵŝǌŝŶ�ƉĂƌůĂŬůŦŒĂ�ŽůĂŶ�ĂĚĂƉƚĂƐǇŽŶ�ǇĞƚĞŶĞŒŝŶĞ�ƚĂƌƨƔŵĂůĂƌĚĂ�ǇĞƌ�ǀĞƌŝůŵĞŵŝƔƟƌ͘ �
�ƺƔƺŬ�ĚŝŶĂŵŝŬ�ƂůĕĞŬůŝ�ĨŽƚŽŒƌĂŇĂŵĂ�ǇƂŶƚĞŵŝ�ŝůĞ�ŬĂǇĚĞĚŝůĞŶ�ŐƂƌƐĞůůĞƌĚĞ�ŝƐĞ͕�ďƵ�ŽƌƚĂŵŦŶ�
ŦƔŦŬ� ŬĂǇĚĞƚŵĞĚĞŬŝ� ƐŦŶŦƌůĂŵĂůĂƌŦ� ŚĂŬŬŦŶĚĂ� ĞůĞƔƟƌĞů� ďŝƌ� ǇĂŬůĂƔŦŵ� ŐƂƌƺůŵĞŵĞŬƚĞĚŝƌ͘ �
�Ƶ� ŵĂŬĂůĞĚĞ͕� �ǇĂƐŽĨǇĂ͛ŶŝŶ� ŐĞĕ� ĂŶƟŬ� ǀĞ� �ŝǌĂŶƐ� ĚƂŶĞŵŝŶĚĞŬŝ� ŵŝŵĂƌŝ� ƂǌĞůůŝŬůĞƌŝ�
ƐŝŵƺůĂƐǇŽŶ� ƚĞŬŶŝŒŝ� ŝůĞ� ŚĞƐĂƉůĂŶŵŦƔ� ǀĞ� ƐŽŶƵĕůĂƌ� ϲ͘� zƺǌǇŦů� ĚƂŶĞŵŝŶĚĞŶ� ŐƺŶƺŵƺǌĞ�
ƵůĂƔŵŦƔ�ǇŽƌƵŵůĂƌůĂ�ĚĞŒĞƌůĞŶĚŝƌŝůŵŝƔƟƌ͘ ��ǇƌŦĐĂ͕�ďŝŶĂŶŦŶ�ϲ͘�ǇƺǌǇŦů�ĚƂŶĞŵŝŶĚĞŬŝ�ŵŝŵĂƌŝƐŝ�
ŝůĞ�ŐƺŶƺŵƺǌĚĞŬŝ�ŬŽƔƵůůĂƌŦ͕�ƐŝŵƺůĂƐǇŽŶ�ǀĞ�ǇƺŬƐĞŬ�ĚŝŶĂŵŝŬ�ƂůĕĞŬůŝ�ĨŽƚŽŒƌĂĨ�ǇƂŶƚĞŵŝ�ŝůĞ�
ŬĂǇĚĞĚŝůĞŶ� ƂůĕƺŵůĞƌůĞ� ŬĂƌƔŦůĂƔƨƌŦůŵŦƔƨƌ͘

Anahtar Kelimeler: 'ƺŶ�ŦƔŦŒŦ͕�ƌĞŬŽŶƐƚƌƺŬƐƺǇŽŶ͕�ƐŝŵƺůĂƐǇŽŶ͕��ǇĂ�^ŽĨǇĂ 

,1752'8&7,21
&RPSOHPHQWLQJ�WKH�LQWURGXFWLRQ�RI�FKDOOHQJHV�LQ�GD\OLJKW�VLPXODWLRQ��
DQG�SRWHQWLDO�PHWKRGLFDO�DSSURDFKHV�WR�LWV�DSSOLFDWLRQ�WR�KLVWRULF�VWDWHV�
RI�EXLOGLQJV���WKLV�DUWLFOH�IRFXVHV�RQ�WKH�UHVXOWV�RI�WKH�DSSOLFDWLRQ�RI�WKH�
SURSRVHG�PHWKRGV� WR�+DJLD�6RSKLD�� ,W�SURYLGHV�DQ�H[WUDFW�RI�D� ODUJHU�
GDWD�VHW� RI� UHVXOWV� DQG� ZLGHU� DQDO\VLV� RI� WKH� GD\�OLJKWLQJ� RI� +DJLD�

�� /DUV�2��*UREH�HW�DO���³&KDOOHQJHV�LQ�WKH�VLPXODWLRQ�RI�WKH�GD\OLJKW�GLVWULEXWLRQ�LQ�
ODWH� DQWLTXH�+DJLD� 6RSKLD´�
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6RSKLD� LQ� LWV� VL[WK�FHQWXU\� VWDWH� DV� SDUW� RI� WKH�¿UVW� DXWKRU¶V� GRFWRUDO�
GLVVHUWDWLRQ��

7KH� FXUUHQW� VWDWH� RI� WKH� EXLOGLQJ� LV� ZHOO� GRFXPHQWHG� WKURXJK� WKH�
FRPSUHKHQVLYH�VXUYH\�E\�YDQ�1LFH3��LWV�KLVWRU\�WKURXJK�WKH�H[WHQVLYH�
DQDO\VLV� E\� 0DLQVWRQH��� 7ZR� LPSRUWDQW� VRXUFHV� LQIRUP� XV� RI� WKH�
SULPDU\�VWDWH�RI�WKH�EXLOGLQJ��3URFRSLXV¶�'H�$HGL¿FLLV��DQG�WKH�GHWDLOHG�
HNSKUDVLV�RI�3DXOXV�6LOHQWLDULXV���7KH�DIRUHPHQWLRQHG�VRXUFHV�JXLGHG�
D� UHFRQVWUXFWLRQ� RI� WKH� EXLOGLQJ¶V� VWDWH� LQ� WKH� VL[WK� FHQWXU\� �DIWHU� LWV�
UH�HUHFWLRQ�IROORZLQJ�WKH�GDPDJH�RI�WKH�HDUWKTXDNH�LQ�������ZKLFK�ZDV�
WUDQVODWHG� LQWR� D� �'� FRPSXWHU�PRGHO�7

7KH� GD\�OLJKWLQJ� RI� WKH� EXLOGLQJ� KDV� EHHQ� LQWHUSUHWHG� IURP� WKH�
SHUVSHFWLYH� RI� 1HRSODWRQLF� PHWDSK\VLFV� RI� OLJKW�� ,Q� DQDORJ\� WR� WKH�
HFFOHVLDVWLFDO� DQG� FHOHVWLDO� KLHUDUFKLHV� RI� WKH� SUREDEO\� FRQWHPSRUDU\�
FRUSXV�DUHRSDJLWLFXP��D�KLHUDUFKLFDO�VWUXFWXUH�RI�OLJKWLQJ�ZLWK�GDUNHU�
DLVOHV��QDUWKH[��DQG�H[RQDUWKH[��DQG�EULJKWHU�QDYH�DQG�FXSROD�KDV�EHHQ�
SURSRVHG��

�� $QGUHDV�1REDFN��³7DJHVOLFKWVLPXODWLRQ�YHUORUHQHU�*HElXGH]XVWlQGH�DP�%HLVSLHO�
GHU�+DJLD�6RSKLD�-XVWLQLDQV´��3K'�GLVV��LQ�SUHSDUDWLRQ���)DFXOW\�RI�$UFKLWHFWXUH��
7HFKQLVFKH�8QLYHUVLWlW�'DUPVWDGW�������

3� 5REHUW� /�� YDQ� 1LFH�� 6DLQW� 6RSKLD� LQ� ,VWDQEXO�� $Q� $UFKLWHFWXUDO� 6XUYH\��
�:DVKLQJWRQ�� 'XPEDUWRQ� 2DNV�� ������

�� 5RZODQG� -�� 0DLQVWRQH�� +DJLD� 6RSKLD�� DUFKLWHFWXUH�� VWUXFWXUH� DQG� OLWXUJ\� RI�
-XVWLQLDQV� JUHDW� FKXUFK�� �/RQGRQ�� 7KDPHV� 	� +XGVRQ�� ������

�� 3URFRSLXV� &DHVDULHQVLV�� 2Q� %XLOGLQJV�� WUDQV�� +HQU\� %URQVRQ� 'HZLQJ� DQG�
*ODQYLOOH� 'RZQH\�� �&DPEULGJH�� +DUYDUG� 8QLYHUVLW\� 3UHVV�� ������

�� 3URFRSLXV�&DHVDULHQVLV�DQG�3DXOXV�6LOHQWLDULXV��:HUNH��WUDQV��2WWR�9HK���0�QFKHQ��
+HLPHUDQ��������

7� 2OLYHU� +DXFN� HW�� DO��� ³&RPSXWLQJ� WKH� µ+RO\�:LVGRP¶�´� 6FLHQWL¿F� &RPSXWLQJ�
DQG� &XOWXUDO� +HULWDJH�� &RQWULEXWLRQV� LQ� 0DWKHPDWLFDO� DQG� &RPSXWDWLRQDO�
6FLHQFHV� ��� HG��� +DQV� *HRUJ� %RFN�� :LOOL� -lJHU�� DQG� 0LFKDHO� -�� :LQFNOHU��
�%HUOLQ�� 6SULQJHU�� ������ SS�� ���±����� *UREH� HW�� DO��� ³'DV� /LFKW� LQ� GHU� +DJLD�
6RSKLD� �� (LQH�&RPSXWHUVLPXODWLRQ�´�%\]DQ]� ��'DV�5|PHUUHLFK� LP�0LWWHODOWHU��
9RO������ 6FKDXSOlW]H�� HG��� )DONR� 'DLP� DQG� -|UJ� 'UDXVFKNH�� �0DLQ]�� 9HUODJ�
GHV� 5|PLVFK�*HUPDQLVFKHQ� =HQWUDOPXVHXPV�� ������� SS�� ��� ±� ����� 1REDFN�
³7DJHVOLFKWVLPXODWLRQ�YHUORUHQHU�*HElXGH]XVWlQGH�DP�%HLVSLHO�GHU�+DJLD�6RSKLD�
-XVWLQLDQV´�

�� 1DGLQH� 6FKLELOOH�� +DJLD� 6RSKLD� DQG� WKH� %\]DQWLQH� $HVWKHWLF� ([SHULHQFH��
�)UDQKDP�� $VKJDWH� 3XEOLVKLQJ�� ������� S�� ��� VTT�
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6FKLELOOH�KDV�FRQWUDVWHG�WKLV�YLHZ�ZLWK�WKH�LGHD�RI�DQ�HYHQ�GLVWULEXWLRQ�
RI� GD\OLJKW�� GRPLQDWHG� E\� WKH� ODWHUDO� ZLQGRZV�� 6KH� FRPSDUHV� WKH�
OLJKWLQJ�RI�+DJLD�6RSKLD�ZLWK�RWKHU�VL[WK�FHQWXU\�EXLOGLQJV��6FKLELOOH�
VKRZV� VLPLODULWLHV� ZLWK� 6HUJLRV� DQG� %DFFKXV�� RIWHQ� FKDUDFWHULVHG� DV�
D� SURWRW\SH� IRU� WKH� DUFKLWHFWXUH� RI� +DJLD� 6RSKLD�� DQG� 6DQ�9LWDOH� LQ�
5DYHQQD��ZKLFK�ZDV�EXLOW�D�IHZ�\HDUV�ODWHU���$OO�WKUHH�DUH�FHQWUDO�SODQ�
EXLOGLQJV�� DQG�ZHUH� FRPPLVVLRQHG�E\� ,XVWLQLDQ��&RPSDUHG� WR� HDUOLHU�
ODWH� DQWLTXH� DUFKLWHFWXUH�� H�J�� 6DQWD� &RVWDQ]D� LQ� 5RPH�� WKH\� IHDWXUH�
H[WHQVLYH� IHQHVWUDWLRQ� RQ� WKH� VLGHV� DQG� PRUH� HYHQ� OLJKWLQJ� OHYHOV�
EHWZHHQ� WKH� VLGHV� DQG� WKH� FHQWUH�

9LVXDO� LQVSHFWLRQ� RI� +DJLD� 6RSKLD� LQ� LWV� FXUUHQW� VWDWH� UHVXOWV� LQ� WKH�
LPSUHVVLRQ�WKDW�WKH�JDOOHULHV�DUH�PRUH�OXPLQRXV�WKDQ�WKH�QDYH��ZKLOH�WKH�
DLVOHV�DSSHDU�JHQHUDOO\�GDUNHU��$Q�LPSRUWDQW�H[FHSWLRQ�LV�WKH�FHQWUH�RI�
WKH�VRXWK�DLVOH��ZKHQ�GLUHFW�VXQOLJKW�KLWV�WKH�ZLQGRZV�LQ�WKH�DIWHUQRRQ��
6SDUVH�PHDVXUHPHQWV�RI�KRUL]RQWDO�LOOXPLQDQFH�E\�6FKLELOOH�DUH�LQ�OLQH�
ZLWK� WKLV� LPSUHVVLRQ����(DUOLHU� UHVXOWV�RI�GD\OLJKW� VLPXODWLRQ�ZLWK� WKH�
UHFRQVWUXFWLRQ�PRGHO�DW�78�'DUPVWDGW�VXJJHVW�WKDW�LOOXPLQDWLRQ�DW�WKH�
ÀRRU� OHYHO� KDG� EHHQ�PRUH� HYHQ� LQ� WKH� VL[WK� FHQWXU\� EHIRUH� VRPH� RI�
WKH�EXLOGLQJV�VXUURXQGLQJ�+DJLD�6RSKLD��DQG�LQ�SDUWLFXODU�LWV�PDVVLYH�
UHLQIRUFHPHQWV��ZHUH�DGGHG���

([WHQVLYH� OXPLQDQFH� PHDVXUHPHQWV� RYHU� WKH� FRXUVH� RI� VHYHUDO� GD\V�
E\�,QDQLFL���DOORZ�D�PRUH�GHWDLOHG�DQDO\VLV�RI�WKH�LOOXPLQDWLRQ�DQG�LWV�
G\QDPLF��7KH�GLIIXVH� LOOXPLQDWLRQ�EHQH¿WV� IURP� WKH�KLJKO\� UHÀHFWLYH�
PDUEOH� ÀRRU�� HVSHFLDOO\� LQ� WKH� DLVOHV� DQG� JDOOHULHV�� ³3RROV� RI� OLJKW´�
RULJLQDWLQJ�IURP�PXOWLSOH�ZLQGRZV��DQG�JORVV\�UHÀHFWLRQV�LQ�WKH�PDUEOH�
DQG�WKH�PRVDLFV�FRQWULEXWH�WR�WKH�SOD\�RI�OLJKW�

�� 6FKLELOOH��+DJLD�6RSKLD�DQG�WKH�%\]DQWLQH�$HVWKHWLF�([SHULHQFH��S�����VTT�
��� 1DGLQH�6FKLELOOH��³/LJKW�DV�DQ�DHVWKHWLF�FRQVWLWXHQW�LQ�WKH�DUFKLWHFWXUH�RI�+DJLD�

6RSKLD�LQ�&RQVWDQWLQRSOH�´�0DQLSXODWLQJ�OLJKW�LQ�SUHPRGHUQ�WLPHV��$UFKLWHFWXUDO��
DUWLVWLF��DQG�SKLORVRSKLFDO�DVSHFWV��HG���9ODGLPLU�,YDQRYLFL�DQG�'DQLHOD�0RQGLQL��
�0HQGULVLR��0HQGULVLR�$FDGHP\�3UHVV���������S�����

��� *UREH�HW��DO���³'DV�/LFKW�LQ�GHU�+DJLD�6RSKLD���(LQH�&RPSXWHUVLPXODWLRQ�´�S������
��� 0HKOLND�øQDQÕFÕ��³/LJKWLQJ�$QDO\VLV�RI�+DJLD�6RSKLD�´�$QQXDO�RI�+DJLD�6RSKLD�

0XVHXP��3XEOLFDWLRQV�RI�WKH�+DJLD�6RSKLD�0XVHXP�����,VWDQEXO��'LUHFWRU\�RI�WKH�
+DJLD�6RSKLD�0XVHXP���������S�����±����
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23(1�5(6($5&+�48(67,216�$1'�2%-(&7,9(6
7KH� DPSOH� DQDO\VLV� RI� OLJKWLQJ� LQ� WKH� ¿HOGV� RI� DUW� DQG� DUFKLWHFWXUDO�
KLVWRU\�LV�FRQWUDVWHG�E\�RQO\�D�IHZ�DWWHPSWV�RI�TXDQWLWDWLYH�UHVHDUFK�RQ�
OLJKW�DV�D�SKHQRPHQRQ�RI�RSWLFV��DQG�D�VWLPXOXV�IRU�KXPDQ�UHVSRQVH��
7KH�DXWKRUV�SURSRVH�WKDW�DQHFGRWDO�HYLGHQFH�RI�LQGLYLGXDO�LPSUHVVLRQV�
KDV� WR� EH� FRPSOHPHQWHG�ZLWK� V\VWHPDWLF�PHDVXUHPHQWV� DQG� DQDO\VLV�
RI� WKH� OXPLQDQFH� GLVWULEXWLRQV� DQG� VSDWLDO� FRQWUDVW� DQG� WKHLU� LPSDFW�
RQ�SHUFHSWLRQ��DV�ZHOO�DV�WKH�FRQWULEXWLRQ�RI�WUDQVOXFHQW�DQG�UHÀHFWLYH�
PDWHULDOV�DQG�WKH�PXOWLWXGH�RI�ZLQGRZV�LQ�WKH�EXLOGLQJ��3DUWLFXODU�FDUH�
LV�QHFHVVDU\�WR�DFFRXQW�IRU�WKH�G\QDPLF�DVSHFWV�RI�GD\�OLJKWLQJ�RYHU�WKH�
FRXUVH�RI�GD\V�DQG�VHDVRQV��([WHUQDO�HIIHFWV�VXFK�DV�WKH�VXUURXQGLQJV�
DQG�ZHDWKHU�FRQGLWLRQV�KDYH�WR�EH�LQVSHFWHG��2I�SDUWLFXODU�LQWHUHVW�LQ�WKH�
DQDO\VLV�RI�WKH�DUWLVWLF�LQWHQWLRQV�DUH�WKH�SUREDEOH�GLIIHUHQFHV�EHWZHHQ�
WKH�FXUUHQW�DQG�WKH�RULJLQDO�VWDWH�RI�WKH�EXLOGLQJ�

7KLV�UHVHDUFK�VKDOO�FRPSDUH�SUHYLRXV�OXPLQDQFH�PHDVXUHPHQWV�RI�WKH�
VN\�DQG�LQ�WKH�EXLOGLQJ��ZLWK�VLPXODWLRQV�EDVHG�RQ�WKH�UHFRQVWUXFWLRQ�
PRGHO�DQG�DQ�DUWL¿FLDO�VN\�PRGHO�SDUDPHWHULVHG�WR�¿W�WKH�DSSHUWDLQLQJ�
VN\�FRQGLWLRQV��,W�IXUWKHU�XWLOLVHV�WKH�UHFRQVWUXFWLRQ�PRGHO�WR�LQVSHFW�WKH�
OLJKWLQJ�RI�WKH�EXLOGLQJ�LQ�WKH�VWDWH�RI�WKH�VL[WK�FHQWXU\�XQGHU�YDULRXV�
GD\OLJKW� FRQGLWLRQV�� DQG� VWXG\� WKH� FRQWULEXWLRQV� RI� LQWHULRU�PDWHULDOV�
DQG�GLIIHUHQW�JURXSV�RI�ZLQGRZV�

5(&216758&7,21
0DLQVWRQH¶V�DQDO\VLV� UHYHDOHG� WKDW� WKH�FXUUHQW� VWDWH�RI� WKH�EXLOGLQJ�
GLIIHUV� IURP� WKDW� RI� WKH� \HDU� ���� ZLWK� UHVSHFW� WR� %\]DQWLQH� DQG�
2WWRPDQ� DGGLWLRQV� LQ� WKH� LQWHULRU�� DQG� VXUURXQGLQJV�� 7KH� PDVVLYH�
VWUXFWXUDO�UHLQIRUFHPHQWV�REVWUXFW�GD\OLJKW��DQG�SDUWLFXODUO\�RFFOXGH�
WKH�ZLQGRZV� LQ� WKH� DLVOHV�� WKH� JDOOHULHV�� DQG� WR� VRPH� H[WHQW� LQ� WKH�
YDXOWV��)LJXUH��SURYLGHV�DQ�RYHUYLHZ��2I�WKH�EXLOGLQJ�ZLQGRZV�WKDW�
KDYH� EHHQ� FORVHG� RU� UHGXFHG� LQ� DUHD�� PRVW� SURPLQHQW� GLIIHUHQFHV�
DUH� LQ� WKH� W\PSDQXP� ZDOOV�� 6XEVHTXHQW� UH�FRQVWUXFWLRQV� RI� WKH�
GRPH�KDYH�DOWHUHG� WKH� VL]H�DQG�SRVLWLRQ�RI� LWV�ZLQGRZV� LQ� WKH�HDVW�
DQG� LQ� WKH� ZHVW�� 7KH�PRGHO� UHYHUWV� DOO� WKHVH� DOWHUDWLRQV�� DQG� DGGV�
D� UHFRQVWUXFWLRQ� RI� WKH� OLWXUJLFDO� DUFKLWHFWXUH� EDVHG� RQ� 3DXOXV¶�
GHVFULSWLRQ�� ,W� LV� LPSRUWDQW� WR� UHVWRUH� WKH� RSWLFDO� SURSHUWLHV� RI� WKH�
WUDQVSDUHQW�DQG�WKH�UHÀHFWLYH�VXUIDFHV�WR�VWXG\�WKH�OLJKW�GLVWULEXWLRQ�
LQVLGH�WKH�EXLOGLQJ��EXW�HYHQ�PRUH�LPSRUWDQWO\��WKH�YLVXDO�LPSUHVVLRQ�
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RI�WKH�OLJKWLQJ�DQG�WKH�YLVXDO�HIIHFWV��7KLV�WDVN�HQWDLOV�SURSHU�PRGHOV�
RI�ZLQGRZ�JODVV��WKH�GLIIHUHQW�PDUEOH�YDULHWLHV��DQG�JROG�PRVDLFV��$�
V\VWHPDWLF� UHFRQVWUXFWLRQ�RI� WKH�ZDOO�GHFRUDWLRQ�KDV� WR� LQFOXGH� WKH�
JLOGLQJ�RI� LWV� VFXOSWXUDO� HOHPHQWV� DV�GHVFULEHG�E\�3DXOXV��)LJXUH���
VKRZV�DQ�H[HPSODU\�RYHUYLHZ�RI�WKH�VWUXFWXUH�RI�WKH�ZDOO�GHFRUDWLRQ�
DW�WKH�PDLQ�DQG�VHFRQGDU\�SLOODUV����$FFRXQWLQJ�IRU�WKH�DSSHDUDQFH�RI�
GHWDLOHG�HOHPHQWV�VXFK�DV�RSXV�VHFWLOH��DQG�¿QH�VWUXFWXUHG�PDWHULDOV�
VXFK�DV�WKH�JROG�PRVDLFV�RU�PDUEOH��UHTXLUHV�DQ�LQWHJUDWHG�DSSURDFK�
WR� JHRPHWULF� DQG�PDWHULDO�PRGHOLQJ�

6,08/$7,21
7KH�VLPXODWLRQ�PHWKRG�IROORZV�WKH�SULQFLSOHV�JLYHQ�LQ�WKH�DFFRPSDQ\LQJ�
SDSHU����7KH�VLPXODWLRQ�HQYLURQPHQW�ZDV�SDUDPHWHULVHG�IRU�VHYHQ�WLPH�
VWHSV� RYHU� WKH� FRXUVH� RI� WKUHH� GD\V��&KULVWPDV� �IHZ� GD\V� EHIRUH� WKH�
ZLQWHU�VROVWLFH���(DVWHU�LQ�WKH�\HDU������DQG�6W��-RKQ¶V�GD\��FORVH�WR�WKH�
VXPPHU�VROVWLFH���7KHVH�GDWHV�ZHUH�FKRVHQ�WR�SURYLGH�GLIIHUHQW�OLJKWLQJ�
FRQGLWLRQV��DQG� WR�DQDO\VH� WKH�GD\�OLJKWLQJ�RQ� LPSRUWDQW�GD\V�IRU� WKH�
EXLOGLQJ¶V�LQLWLDO�XVH��7LPHVWDPSV�IROORZ�WHPSRUDO�KRXUV��L��H��WKH�WLPH�
IURP�VXQULVH� WR� VXQVHW� LV�GLYLGHG� LQWR� WZHOYH�KRXUV�� OHDGLQJ� WR�KRXUV�
RI�YDU\LQJ�OHQJWK��EXW�FRUUHVSRQGLQJ�ZLWK�WKH�OLWXUJLFDO�SUDFWLFH�LQ�WKH�
VL[WK�FHQWXU\�

0RGHOV�RI�DQ�LQWHUPHGLDWH�VN\�ZHUH�JHQHUDWHG�IRU�HDFK�WLPHVWDPS�ZLWK�
WKH�5DGLDQFH� JHQVN\� SURJUDP�� )RU� VRPH� WLPHVWDPSV�� WKH� VLPXODWLRQ�
ZDV�UHSHDWHG�ZLWK�FOHDU�DQG�RYHUFDVW�VNLHV�DFFRUGLQJ�WR�WKH�&RPPLVVLRQ�
,QWHUQDWLRQDOH�GH�O¶(FODLUDJH¶V��&,(¶V��VWDQGDUG���

7KH�ZLQGRZ�JODVV�LV�UHSUHVHQWHG�E\�D�PRGHO�¿WWHG�WR�WKH�PHDVXUHPHQW�
RI�EORZQ�5RPDQ�ZLQGRZ�JODVV�IURP�WKH�5KLQHODQG��$�FOHDU�ÀRDW�JODVV�
ZDV� XVHG� IRU� FRPSDULVRQ�� 7KH� PRGHOV� RI� WKH� PDUEOH� PDWHULDOV� DUH�

��� 1REDFN� ³7DJHVOLFKWVLPXODWLRQ� YHUORUHQHU� *HElXGH]XVWlQGH� DP� %HLVSLHO� GHU�
+DJLD�6RSKLD�-XVWLQLDQV´�SURYLGHV�D�FRPSUHKHQVLYH�GHSLFWLRQ�DQG�DQDO\VLV�RI�WKH�
ZDOO�GHFRUDWLRQ�LQ�WKH�QDYH��DOWDU�DQG�DSVLV��WKH�PRGHO�LQFOXGHV�WKH�JDOOHULHV�DQG�
DLVOHV�

��� /DUV�2��*UREH�HW�DO���³&KDOOHQJHV�LQ�WKH�VLPXODWLRQ�RI�WKH�GD\OLJKW�GLVWULEXWLRQ�LQ�
ODWH�DQWLTXH�+DJLD�6RSKLD´�

��� &RPPLVVLRQ�,QWHUQDWLRQDOH�GH�O¶(FODLUDJH��6SDWLDO�GLVWULEXWLRQ�RI�GD\OLJKW���&,(�
����(�������
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EDVHG�RQ�SKRWRJUDSKV�DQG�OLJKW�VFDWWHULQJ�PHDVXUHPHQWV�RQ�JORVV\�DQG�
PDWWH�VXUIDFHV�RI�PRGHUQ�VDPSOHV��3DUDPHWHUV�RI�WKH�UHÀHFWLRQ�PRGHOV�
RI� JLOGHG� VXUIDFHV� DQG� VLOYHU� REMHFWV�ZHUH� VHW� DFFRUGLQJ� WR� OLWHUDWXUH�
YDOXHV��7KH�PRGHO�IRU�WKH�JROG�PRVDLF�LV�EDVHG�RQ�PHDVXUHPHQWV�RQ�D�
PRGHUQ�VDPSOH��DQG�SDUDPHWHULVHG�IRU�VL]H�DQG�YDULDWLRQ�RI�WKH�VXUIDFH�
RULHQWDWLRQ�LQ�DFFRUGDQFH�ZLWK�LQ�VLWX�REVHUYDWLRQV��7R�IXUWKHU�DQDO\VH�
WKH�FRQWULEXWLRQV�RI�GLIIHUHQW�VHWV�RI�ZLQGRZV�WR�WKH�LOOXPLQDWLRQ��DQG�
WKH� HIIHFW� RI� WKH� PDUEOH� ÀRRUV� DQG� WKH� JROG� PRVDLF� RQ� WKH� LQGLUHFW�
LOOXPLQDWLRQ��WKHVHV�VXUIDFH�PRGHOV�DQG�ZLQGRZ�JODVV�ZHUH�VHOHFWLYHO\�
UHSODFHG� ZLWK� RSDTXH� RU� EODFN� YDULDWLRQV� DQG� WKH� VLPXODWLRQV� ZHUH�
UHSHDWHG�

7KH�VLPXODWLRQ�UHVXOWHG�LQ�VHWV�RI�+LJK�'\QDPLF�5DQJH��+'5��LPDJHV�
LQ� RUWKRJRQDO� DQG� SHUVSHFWLYH� SURMHFWLRQV�� 7KHVH� LPDJHV� FRPSULVH�
GLVWULEXWLRQV� RI� OXPLQDQFH� DQG� LOOXPLQDQFH� HQFRGHG� LQ� SL[HO� YDOXHV��
3HUVSHFWLYH�YLHZV�ZHUH�YLVXDOLVHG�IRU�D�KXPDQ�UHVSRQVH�RI�FRQWUDVW�DQG�
EULJKWQHVV�

&203$5,1*�0($685(0(176�2)�72'$<¶6�'$<�/,*+7,1*�
72�6,08/$7,216�%$6('�21�7+(�5(&216758&7,21
+'5�PHDVXUHPHQW�RI�WKH�LQWHULRU�UHVXOWHG�LQ�OXPLQDQFH�GLVWULEXWLRQV�
UHFRUGHG�LQ�+'5�LPDJHV��7KH�FDPHUD�RSWLFV��IRUPLQJ�D�¿VK�H\H�
SURMHFWLRQ�� PD[LPLVHG� WKH� ¿HOG� RI� YLHZ�� 7KHVH� PHDVXUHPHQWV�
DUH�FRUUHODWHG�ZLWK�+'5�DFTXLVLWLRQ�RI�WKH�VN\�FRQGLWLRQV�DW�WKH�
VDPH� WLPH��$GGLWLRQDO� PHDVXUHPHQWV� RI� KRUL]RQWDO� LOOXPLQDQFH�
DW� WKH� FHQWUH� RI� WKH� QDYH�� DQG� *OREDO� +RUL]RQWDO� ,OOXPLQDQFH�
�*+,��RQ�DQ�DOPRVW�XQREVWUXFWHG�QHDUE\�URRIWRS�ZHUH�SURYLGHG��
7KH� LQWHULRU� GDWD�ZHUH� XVHG� IRU� WKH� FRPSDULVRQ��ZKLOH� RXWGRRU�
PHDVXUHPHQWV�JXLGHG�WKH�SDUDPHWHULVDWLRQ�RI� WKH�WKH�VN\�PRGHO�
IRU� WKH� VLPXODWLRQ�
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Figure 2. Luminance distribution of the clear sky model with sun (left) in 
FRPSDULVRQ�WR�WKH�PHDVXUHPHQW��ULJKW��IRU�6HSW������������((67��7KH�RULHQWDWLRQ�

RI�WKH�PRGHO�LV�DORQJ�WKH�EXLOGLQJ¶V�D[LV��WKH�DSVLV�LV�DW�WKH�ERWWRP��7KH�VXQ�
DSSHDUV�ODUJHU�LQ�WKH�+'5�PHDVXUHPHQW��6RXUFH��,QDQLFL�������S�������ULJKW��

$FFRUGLQJ� WR� WKH�VN\�FRQGLWLRQV�D�VXQQ\�VN\�PRGHO�ZDV�FKRVHQ�� ,W� LV�
SDUDPHWHULVHG�E\�WLPH�DQG�ORFDWLRQ��JURXQG�UHÀHFWLRQ��DQG�D�WXUELGLW\�
IDFWRU�WKDW�UHÀHFWV�WKH�VFDWWHULQJ�E\�GXVW�DQG�YDSRXU�LQ�WKH�DWPRVSKHUH��
7KH� ODVW� WZR� SDUDPHWHUV� DUH� HVWLPDWHG��*URXQG� UHÀHFWLRQ�ZDV� VHW� WR�
WKH�GHIDXOW�YDOXH�RI������ZKLOH�WKH�WXUELGLW\�IDFWRU�����ZDV�LWHUDWHG�XQWLO�
WKH�FRPSXWHG�*OREDO�KRUL]RQWDO�,OOXPLQDWLRQ��*+,����DQG�WKH�OXPLQDQFH�
GLVWULEXWLRQ��)LJXUH����DSSUR[LPDWH�WKH�PHDVXUHPHQWV�

*OREDO�KRUL]RQWDO�,OOXPLQDWLRQ
0HDVXUHG �������O[�
&RPSXWHG�IURP�6LPXODWLRQ �������O[�
'HYLDWLRQ ����

5(68/76�2)�7+(�&203$5,621
7KH�VLPXODWLRQ�UHVXOWHG�LQ�GLVWLQFW�KLJKHU�OHYHOV�RI�LOOXPLQDWLRQ�LQ�WKH�
FHQWUH�RI�WKH�QDYH�WKHQ�WKH�PHDVXUHPHQW�

,OOXPLQDQFH�(V

0HDVXUHPHQW ���O[�
&RPSXWHG�IURP�6LPXODWLRQ ����O[�

��� *UHJ�:DUG�/DUVRQ�HW�DO���5HQGHULQJ�ZLWK�5DGLDQFH��7KH�DUW�DQG�VFLHQFH�RI�OLJKWLQJ�
YLVXDOL]DWLRQ���6DQ�)UDQFLVFR��0RUJDQ�.DXIPDQQ���������S������
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7KH� RYHUDOO� KLJKHU� OXPLQDQFH� YDOXHV� LQ� WKH� ¿VK�H\H� YLHZV� SUHGLFWHG�
ZLWK�WKH�VLPXODWLRQ��ZKHQ�FRPSDUHG�WR�WKH�PHDVXUHPHQWV��)LJXUH�����
UHYHDO� IXUWKHU� GHWDLOV�

• 7KH� ZLQGRZV� LQ� WKH� VRXWK� DQG� QRUWK� DLVOHV� DUH� VLJQL¿FDQWO\�
EULJKWHU��+LJK�OXPLQDQFHV�H[WHQG�WR�WKHLU�UHÀHFWLRQV�LQ�WKH�JROG�
PRVDLF�RI�WKH�YDXOWV�DERYH�WKHP��7KLV�LV�DOVR�REVHUYHG�ZLWK�WKH�
ZLQGRZV�RQ�WKH�HDVW�ZDOO�

• 7KH�YDXOWV�LQ�WKH�JDOOHULHV�VKRZ�VLPLODU��EULJKW�UHÀHFWLRQV�

• 7KH�KLHUDUFK\�RI�OXPLQDQFH�GLVWULEXWLRQV�EHWZHHQ�WKH�QDYH�DQG�
WKH�DLVOHV�LV�UHYHUVHG��7KH�RYHUDOO�LPSUHVVLRQIURP�WKH�VLPXODWHG�
LPDJH�IDYRUV�D�FRQWLQXRXV�VSDFH��LQ�ZKLFK�WKH�ZLQGRZV�LQ�WKH�
DLVOHV�DSSHDU�DV�SDUW�RI�WKH�PDLQ�URRP�

• 'RPH�DQG�SHQGHQWLYHV�WKDW�DUH�HQWLUHO\�FRYHUW�ZLWK�JROG�PRVDLF�
VKRZ�EULJKW� UHÀHFWLRQV� LQ� WKH�VLPXODWLRQ��7KH�ZLQGRZV�RI� WKH�
GRPH� LQFOXGLQJ� WKH� EULJKW� DGMDFHQW� YDXOWV� DUH� SURPLQHQWO\�
YLVLEOH�

• 6HPL�GRPHV�� WKH� GRPHV� RI� WKH� H[HGUD�� DQG� SURPLQHQWO\� WKH�
VHPLGRPH� RI� WKH� DSVLV� VKRZ� VLJQL¿FDQW� FRQWUDVW� DQG� EULJKW�
UHÀHFWLRQV�

• 7KH�XQGHUVLGHV�RI�WKH�FLUFXPIHUHQWLDO�FRUQLFHV�WKDW�DSSHDU�GDUN�
LQ�WKH�PHDVXUHPHQWV�DUH�OHVV�DFFHQWXDWHG�DQG�VKRZ�VPDOO�EULJKW�
UHÀHFWLRQV�LQ�WKH�VLPXODWLRQ�

• 7KH�j�MRXU�ZRUN�RI�WKH�IUDPLQJV��FDSLWDOV��DQG�DUFKLYROWV��WKDW�DUH�
JLOGHG�LQ�WKH�VLPXODWLRQ��VKRZ�EULJKW�UHÀHFWLRQV��VLPLODU�WR�WKH�
9HQHWLDQ�GHQWLOV�

• 7KH�FRQWUDVW�LQ�WKH�PDUEOH�GHFRUDWLRQ�LV�YLVLEO\�HQKDQFHG�

• /LJKW� IURP� WKH� GRPH¶V�ZLQGRZV� UHVXOWV� LQ� D� EULJKW� OLJKW� SRRO�
RQ�WKH�ZDOOV�RI� WKH�QRUWK�ZHVW�PDLQ�SLOODU��1R�GLVWLQFW�SRRO�RI�
OLJKW�LV�YLVLEOH�LQ�WKH�+'5�PHDVXUHPHQWV��7KH�SUREDEOH�FDXVH�LV�
WUDQVOXFHQW�JODVV�LQ�WKH�PRGHUQ�IHQHVWUDWLRQ�RI�WKH�FRUUHVSRQGLQJ�
ZLQGRZV�
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&2175,%87,216�2)�',))(5(17�:,1'2:�*52836
)RU�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�OLJKWLQJ�PHFKDQLVPV��ZLQGRZ�JURXSV�
ZHUH�LQGHSHQGHQWO\�VLPXODWHG�WR�DVFHUWDLQHG�WKHLU�FRQWULEXWLRQV��,Q�HDFK�
RI�WKH�VLPXODWLRQV��DOO�RWKHU�ZLQGRZ�SDQHV�ZHUH�UHSODFHG�E\�DQ�RSDTXH�
PDWHULDO�� 7KH� VLPXODWLRQV� ZHUH� UHSHDWHG� IRU� &KULVWPDV�PRUQLQJ� DQG�
PLGGD\�(DVWHU�WR�DQDO\VH�WZR�GLIIHUHQW�VRODU�SRVLWLRQV�DW�GLIIHUHQW�WLPHV�
RI�WKH�GD\�LQ�GLIIHUHQW�VHDVRQV��$�VXQQ\�VWDQGDUG�VN\�ZLWK�LQWHUPHGLDWH�
FORXGLQHVV�ZDV�FKRVHQ��(DFK�ZLQGRZ�JURXS¶V�LQGLYLGXDO�FRQWULEXWLRQ�
WR�WKH�LOOXPLQDWLRQ��(V���DQG�WKH�SHUFHQWLOH�FRQWULEXWLRQ�ZDV�FRPSXWHG�
IURP�WKH�UHVXOWV�IRU�WKH�FHQWUH�RI�WKH�QDYH�DQG�RQ�WRS�RI�WKH�DOWDU�

1DYH $OWDU

&KULVWPDV (DVWHU &KULVWPDV (DVWHU

Window 
Group

EV >O[@ % EV >O[@ % EV >O[@ % EV >O[@ %

$SVLV�LQFO��
GRPH

��� ���� ��� ��� 37 ���� ��� ����

'RPH ��� ���� �� ���� ��� ��� � ���

*DOOHULHV�	�
$LVOHV

��� ���� 33 ���� ��� ��� �� ���

7\PSDQRQ�
ZDOO

��� ��� �� ���� ��� ��� 3 ���

6HPLGRPHV�
	�([HGUDH

��� ���� �� �� ��� ��� ��� ���

:HVW�ZDOO ��� ��� �� ���� ��� ��� ��� ���

Sum ���� ���� ���� ���
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Figure 3. Comparison of computed illuminance (EV) at the centre of the nave 
DQG�WKH�DOWDU�RYHU�WKH�FRXUVH�RI�WKH�GD\�LQ�WHPSRUDO�KRXUV�DW�&KULVWPDV��OHIW���DW�

(DVWHU��FHQWUH��DQG�DW�6W�-RKQ¶V�'D\��ULJKW��

7KH�LOOXPLQDWLRQ�RI�WKH�QDYH�UHFHLYHV�D�VLJQL¿FDQW�FRQWULEXWLRQ�IURP�WKH�
ZLQGRZV�LQ�WKH�JDOOHULHV�DQG�DLVOHV��2Q�&KULVWPDV�PRUQLQJ��ZLQGRZV�
LQ�WKH�DSVLV�DFFRXQW�IRU�D�VLPLODU�FRQWULEXWLRQ��EXW�WR�D�OHVVHU�H[WHQW�DW�
PLG�GD\�(DVWHU��:LQGRZV�LQ� WKH�YDXOWV�RYHU� WKH�QDYH�SURYLGH�VLPLODU�
FRQWULEXWLRQV�WR�ERWK�GD\OLW�VFHQHV��7KH�GRPH�FRQWULEXWHV�PRUH�DW�(DVWHU�
ZKHQ� WKH� VXQ� VWDQGV� DW� D� KLJKHU� DOWLWXGH�� 2YHUDOO�� WKH� QDYH� UHFHLYHV�
GLUHFW� OLJKW� IURP�PDQ\� GLUHFWLRQV� RI� WKH� VN\� FRUUHVSRQGLQJ�ZLWK� WKH�
GLVWULEXWLRQ�RI�WKH�PDQ\�ZLQGRZV�LQ�WKH�EXLOGLQJ�

7KH�FRQWULEXWLRQV�WR�WKH�LOOXPLQDWLRQ�RI�WKH�DOWDU�VKRZ�WKDW�WKH�DSVLV�DQG�
DOWDU�DUHD� LV� LQGHSHQGHQW� IURP�WKH� UHVW�RI� WKH�EXLOGLQJ�� ,W� UHFHLYHV� OLJKW�
QHDUO\�H[FOXVLYHO\�IURP�WKH�ZLQGRZV�LQ�WKH�DSVLV�DQG�LWV�VHPL�GRPH�DERYH�

&203$5,621� 2)� 7+(� ,//80,1$7,21� 2)� 7+(� $/7$5�
AREA AND THE NAVE
$�FRPSDULVRQ�RI�WKH�DOWDU�DQG�WKH�FHQWUH�RI�WKH�QDYH�RYHU�WKH�FRXUVH�RI�
WKUHH�GD\V�VKRZV�WKDW�WKH�DOWDU�DUHD�LV�LQ�JHQHUDO�VLJQL¿FDQWO\�EULJKWHU�
OLW�WKDQ�WKH�QDYH��)LJXUH�����7KH�HIIHFW�LV�ODUJH�HQRXJK�WR�DFFHQWXDWH�WKH�
DOWDU�DUHD��7KLV�UXOH�LV�RQO\�EURNHQ�ZKHQ�SRROV�RI�GLUHFW�OLJKW�ZDQGHU�
WKURXJK�WKH�FHQWUH�RI�WKH�QDYH��

&+5,670$6�0251,1*�$1'�7+(�25,(17$7,21�2)�7+(�
%8,/',1*
7KH� RULHQWDWLRQ� RI� +DJLD� 6RSKLD¶V� ORQJLWXGLQDO� D[LV� LQWHUVHFWV� WKH�
KRUL]RQ� DW� WKH� SRLQW� ZKHUH� WKH� VXQ� ULVHV� DW� &KULVWPDV�� L�� H�� DW� WKH�
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ZLQWHU� VROVWLFH�� ,W� LV� KDUG� WR� LPDJLQH� WKDW� WKLV� LV� E\� FRLQFLGHQFH��
DQG� FRUURERUDWHG� E\� WKH� IDFW� WKDW� WKH� RULHQWDWLRQ� GLIIHUV� IURP� LWV�
VXUURXQGLQJV���� 7KH� RULHQWDWLRQ� DIIHFWV� D� GLVWLQFW� LOOXPLQDWLRQ� RI�
WKH� LQWHULRU� DW� WKH� WLPH� RI� D� PRUQLQJ� PHVV�� 'LUHFW� OLJKW� HQWHUV� WKH�
EXLOGLQJ�IURP�WKH�HDVW�DW�D�YHU\�ÀDW�DQJOH�DQG�SDUDOOHO�WR�WKH�DLVOHV�DQG�
JDOOHULHV��7KH�OLJKW�KLWV� WKH�ZHVWHUQ�ZDOOV��PRVW�SURPLQHQWO\� WKH�ZDOO�
RYHU� WKH� HPSHURUV¶� HQWUDQFH�� DQG� GD]]OHV� WKH� HQWHULQJ� FRQJUHJDWLRQ��
2WKHU� ZDOOV�� WKH� YDXOWV�� DQG� WKH� DPER� DUH� VSDUVHO\� OLW�� OHDGLQJ� WR����������������������������������������������������������������������������������������������������������������������������������������
KLJK�FRQWUDVW�WR�WKH�ZLQGRZV�DQG�UHGXFHG�FRORXU�YLVLELOLW\��7KH�GDUNQHVV�
LQ�WKH�EXLOGLQJ�SUREDEO\�SURQRXQFHV�WKH�HIIHFW�RI�DUWL¿FLDO�LOOXPLQDWLRQ�
E\�FDQGOHV�DQG�RLO�ODPSV��DV�GHVFULEHG�E\�3DXOXV��$Q�RXWVWDQGLQJ�HIIHFW�
LV�GXH� WKH�RFWDJRQDO�S\UDPLG�� WKDW� IRUPV� WKH� URRI�RI� WKH�FLERULXP�� ,W�
UHÀHFWV� GLUHFW� GD\OLJKW� WR� WKH� VHPL�GRPH� RI� WKH� DSVLV�� ZKHUH� LW� LV�
VFDWWHUHG� E\� WKH� JROG�PRVDLF� �)LJXUH� ��� )LJXUH� �� �WRS���

)LJXUH����)LVK�H\H�LPDJHV�DGMXVWHG�IRU�KXPDQ�UHVSRQVH�DQG�LOOXPLQDQFH��(9�>O[@��
RI�WKH�JURXQG�ÀRRU�DW�&KULVWPDV�PRUQLQJ��WRS��DQG�PLG�GD\V�DW�(DVWHU��ERWWRP��

��� 1DGLQH� 6FKLELOOH�� ³$VWURQRPLFDO� DQG� RSWLFDO� SULQFLSOHV� LQ� WKH� DUFKLWHFWXUH� RI�
+DJLD�6RSKLD� LQ�&RQVWDQWLQRSOH�´�6FLHQFH� LQ�&RQWH[W�� ������ �������� S�� ��±���
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0,''$<�$7�($67(5
0LG�GD\� DW� (DVWHU� ZDV� VHOHFWHG� DV� D� WLPHVWDPS� WR� HYDOXDWH� OLJKWLQJ�
DW� KLJKHU� VRODU� DOWLWXGHV��7KH�YLVXDOLVDWLRQ�RI�EULJKWQHVV� DQG� FRQWUDVW�
LPSUHVVLRQ� VKRZV� D� VLPLODULW\� WR� WKH� VLPXODWLRQ� UHVXOWV� LQ� WKH�
FRPSDULVRQ� DERYH�� 8QREVWUXFWHG� ZLQGRZV� DQG� PDQ\� JROGHQ� JORVV\�
UHÀHFWLRQV� GRPLQDWH� WKH� VFHQH��7KH� RYHUDOO� LPSUHVVLRQ� LV� EULJKW� DQG�
ULFK�RI�ORFDO�FRQWUDVW��&RQWUDVW�EHWZHHQ�WKH�ZLQGRZV��DQG�WKH�ZDOOV�DQG�
YDXOWV�LV�UHGXFHG��7KH�ODWWHU�DSSHDU�EULJKWHU�LQ�FRPSDULVRQ�WR�WKH�VFHQH�
DW� &KULVWPDV�PRUQLQJ��7KH� JLOGLQJ� RI� WKH� VFXOSWXUDO� HOHPHQWV� RI� WKH�
ZDOO� GHFRUDWLRQ� FRUUHVSRQGV�ZLWK� WKH�JROG�PRVDLF� OHDGLQJ� WR� D�PRUH�
FRQWLQXRXV� DHVWKHWLF� �)LJXUH� �� �ERWWRP���

7+(�'<1$0,&�'$</,*+7,1*�2)�+$*,$�623+,$
6LPXODWLRQ� UHVXOWV� RYHU� WKH� FRXUVH� RI� GD\V�� DQG� RYHU� WKH� VHDVRQV�
RI� WKH� \HDU� UHYHDO� VRPH� VLPLODULWLHV� DQG�PDQ\�YDULDWLRQV� RI� WKH� GD\�
OLJKWLQJ�RI�+DJLD�6RSKLD��'\QDPLVP�LV�WKH�PRVW�FRQVWDQW�REVHUYDWLRQ��
*HRPHWULFDOO\�VWDWLF�OLJKWLQJ�HOHPHQWV��H�J��GLIIXVH�OLJKW�IURP�WKH�VN\��
DUH� PL[HG� ZLWK� YLHZ� GHSHQGHQW� HOHPHQWV� VXFK� DV� WKH� UHÀHFWLRQV� RI�
ZLQGRZV�LQ�WKH�PRVDLFV��DQG�EULJKW�SRROV�RI�GLUHFW�OLJKW�WKDW�GHSHQG�RQ�
WKH�VXQ¶V�SRVLWLRQ��7KH�ODWWHU�PRGXODWH�WKH�GLIIXVH�UHÀHFWLRQ�RI�OLJKW�E\�
ÀRRU�DQG�YDXOWV��7KH�YDULDELOLW\�RI�VN\�FRQGLWLRQV��DQG�WKH�VKRUW�WHUP�
G\QDPLF�RI�D�SDUWO\�FORXG\�VN\�RQ�D�ZLQG\�GD\�FDQQRW�EH�FDSWXUHG�E\�
WKH�VWDWLF�VWDQGDUG�VN\�PRGHOV��EXW�RQO\�LPDJLQHG�EDVHG�RQ�WKH�UHVXOWV��
7KH�DHVWKHWLF�HIIHFWV�RI�JORVV\�VXUIDFHV�DQG�XQREVWUXFWHG�ZLQGRZV�RI�
WKH�EXLOGLQJ�LQ�LWV�RULJLQDO�VWDWH�GHSHQGHG�RQ��RU�ZDV�RU�ZDV�HQKDQFHG�
ZLWK� WKH�G\QDPLF�FRQGLWLRQV�RI�GD\OLJKW�

&21&/86,21�$1'�)857+(5�5(6($5&+
7KH�FRPSOHWH�GDWD�VHW�DOORZV�D�FRPSUHKHQVLYH�DQDO\VLV� WKDW� LQFOXGHV�
WKH� H[DPLQDWLRQ� RI� WKH� LQÀXHQFH� RI� VFDWWHULQJ� E\� WKH�ZLQGRZ� JODVV��
LQGLUHFW�OLJKW�GLVWULEXWLRQ�E\�WKH�PDUEOH�ÀRRU�DQG�WKH�JROG�PRVDLFV�RI�
WKH�YDXOWV��,W�DOORZV�WR�H[SORUH�VWDQGDUG�FOHDU��RYHUFDVW��DQG�LQWHUPHGLDWH�
VNLHV� RU� WKH� PHDVXUHPHQW±EDVHG� G\QDPLF� FRQGLWLRQV� RYHU� PXOWLSOH�
GD\V�RI�WKH�\HDU��&RQVHTXHQWO\��LW�FDQ�VHUYH�DV�D�JURXQGZRUN�IRU�D�PRUH�
GHWDLOHG� DQDO\VLV�� DQG� FDQ� EH� H[WHQGHG� IRU�PRUH� VSHFLDOLVHG� LQWHUHVW��
7KH�'DUPVWDGW�PRGHO�RI�+DJLD�6RSKLD��KDYLQJ�HYROYHG�RYHU�WKH�FRXUVH�
RI����\HDUV��OHQGV�LWVHOI�WR�IXUWKHU�LPSURYHPHQWV�DQG�UHVHDUFK�
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'D\OLJKW� VLPXODWLRQ� EDVHG� RQ� WKH� UHFRQVWUXFWLRQ� RI� JHRPHWU\� DQG�
VXUIDFH�SURSHUWLHV�FDQ�SURYLGH�D�VLJQL¿FDQW�FRQWULEXWLRQ�WR�WKH�UHVHDUFK�
RI�WKH�DUWLVWLF�PHDQV�RI�DUFKLWHFWXUH�DQG�LQWHULRU�GHFRUDWLRQ��DQG�WR�WKH�
LQWHUSUHWDWLRQ�RI� OLJKWLQJ� LQ� UHOLJLRXV�DQG�VRFLDO�FRQWH[WV�� ,Q� WKH�FDVH�
RI�+DJLD� 6RSKLD�� LW� UHYHDOV� WKDW� OLJKWLQJ�ZDV� VLPLODU� WR� WKDW� LQ� RWKHU�
EXLOGLQJV�RI�WKH�VL[WK�FHQWXU\��LQ�ZKLFK�OLJKW�IURP�ZLQGRZV�LQ�WKH�VLGHV�
FRQWULEXWHG� VLJQL¿FDQWO\�� 7KH� DFFHQWXDWLRQ� RI� WKH� DOWDU� DUHD� ¿WV� WKLV�
FRQWH[W��$�KLHUDUFKLFDO�XQGHUVWDQGLQJ�RI� OLJKWLQJ��H�J�� IURP�WKH�GRPH�
GRZQ� WR� WKH�ÀRRU�RU� IURP�WKH�FHQWUH� WR� WKH�VLGHV�� LV�KLQGHUHG�E\� WKLV�
FRQWULEXWLRQ�DQG�FDQQRW�EH�FRQ¿UPHG��$GGLWLRQDOO\��WKH�UHFRQVWUXFWLRQ�
RI�WKH�JORVV\�VXUIDFHV�RI�WKH�PDUEOH�GHFRUDWLRQ�DQG�WKH�JLOGHG�VFXOSWXUDO�
HOHPHQWV�FRPSOHPHQW�WKH�JROG�PRVDLFV�RI�WKH�YDXOWV�WR�D�PRUH�FRQWLQXRXV�
YLVXDO�DSSHDUDQFH�RI�WKH�LQWHULRU�GHFRUDWLRQ�

7KH� GLVFXVVLRQ� RI� GD\�OLJKWLQJ� LQ� OLWHUDWXUH� JHQHUDOO\� XQGHUHVWLPDWHV�
WKH�G\QDPLF�DQG�DV\PPHWULF�QDWXUH�RI�+DJLD�6RSKLD¶V�OLJKWLQJ��,W�RIWHQ�
ODFNV�DQ�XQGHUVWDQGLQJ�RI�KXPDQ�UHVSRQVH�WR�EULJKWQHVV��DQG�UHIHUV�WR�
SKRWRJUDSKLF�LPDJHV�ZLWKRXW�D�FULWLFDO�GLVFXVVLRQ�RI�WKH�OLPLWDWLRQV�RI�
WKLV�PHGLXP��$�MX[WDSRVLWLRQ�RI�WKHVH�VLPXODWLRQ�UHVXOWV�ZLWK�H[LVWLQJ�
LQWHUSUHWDWLRQV�DQG�DUFKLWHFWXUDO�GHYHORSPHQWV�DURXQG�WKH�VL[WK�FHQWXU\�
SURPLVHV� DQ� HQKDQFHG� XQGHUVWDQGLQJ� RI� GD\�OLJKWLQJ� LQ� ODWH� DQWLTXH�
DQG� %\]DQWLQH� DUFKLWHFWXUH�� +RZHYHU�� WKH� PRVW� LQWHUHVWLQJ� GLUHFWLRQ�
IRU� IXUWKHU� UHVHDUFK� PD\� EH� WKH� DXJPHQWDWLRQ� RI� WKH� PRGHO� ZLWK� D�
UHFRQVWUXFWLRQ�RI�WKH�DUWL¿FLDO�OLJKWLQJ�DFFRUGLQJ�WR�WKH�GHVFULSWLRQ�RI�
3DXOXV� 6LOHQWLDULXV�
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Figure 5. Daylight obstructions and later additions at the galleries (top) and 
WKH�JURXQG�ÀRRU��ERWWRP���VWUXFWXUDO�UHLQIRUFHPHQWV�EHIRUH��UHG��DQG�DIWHU�����
�JUHHQ���%\]DQWLQH��EODFN��DQG�2WWRPDQ��EOXH��H[WHULRU�DGGLWLRQV��DQG�ODWHU�

additions.
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Figure 6. Structure of the wall decoration at the main and secondary pillars 
with marble varieties.
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)LJXUH����&RPSDULVRQ�RI�WKH�OXPLQDQFH�LQ�¿VK�H\H�SURMHFWLRQ 
in the centre of the nave in the reconstruction (left) and today (right). 

6RXUFH��,QDQLFL�������S�������ULJKW��
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