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H\Z�� a[hjgbd� jZ^h\Z� ij_^klZ\�Z� gZmqgh-kljmqgb� ^hijbghk� kZ�
jZ^bhgbp_� h^j`Zg_� ������������ ]h^bg_� m� [b[ebhl_pb� :kljhghfkd_�
hik_j\Zlhjb�_�m�hd\bjm�ijh�_dlZ�=jZ^kd_�hik_j\Zlhjb�_�;_h]jZ^Z��8UEDQ�
2EVHUYDWRU\�RI�%HOJUDGH��8UE2EV%HO���nbgZgkbjZgh]�h^�kljZg_�Nhg^Z�aZ�
gZmdm�J_im[ebd_�Kj[b�_�m�i_jbh^m�����-������qb�b��_�pb��mgZij_{_�_�
bkljZ`b\Zqdbo�dZiZpbl_lZ�b�[h�_�jZamf_\Z�_�k\_lehkgh]�aZ]Z{_�Z�dZh�
�_^gh]� h^� gZ�[j`_� jZklm�bo� b� g_^h\h�gh� bkljZ`_gbo� h[ebdZ�
^_]jZ^Zpb�_�`b\hlg_�kj_^bg_�� 

 

Ijh�_dZl� �_� mkf_j_g�gZ�f_j_�_��fhgblhjbg]�b� ZgZebam� \_rlZqdh]�
hk\_l�_�Z� m� gh�gbf� mkeh\bfZ�� dZh� b� gZ� �_]h\_� rbj_� _dhehrd_ b 

^jmrl\_g_�bfiebdZpb�_� JZ^bhgbpZ��_�hdmibeZ�kljmq�Zd_�b�gZmqgbd_�ba�
jZaebqblbo� gZmqgbo� h[eZklb� ihiml� Zkljhghfb�_�� nbabd_�� f_^bpbg_��
[bheh]b�_��]_h]jZnb�_�b�^jm]bo��kZ�gZf_jhf�^Z�k_�ij_^klZ\_�^hkZ^Zr�Z�
bkljZ`b\Z�Z�� bkdmkl\Z� m� f_j_�m� \_rlZqdh]� hk\_l�_�Z� m� \_q_j�bf�
kZlbfZ�� dZh� b� bgbpb�Zlb\_� dh�_� ihdj_gml_� kZ� gZf_jhf� ^Z� k_� aZrlbl_�
ijbjh^gh�lZfgZ�ih^jmq�Z� M�h\hf�a[hjgbdm�ijbdZaZgb�km�ij_ebfbgZjgb�
j_amelZlb�f_j_�Z�k\_lehkgh]�aZ]Z{_�Z�m�hd\bjm�=jZ^kd_�hik_j\Zlhjb�_�
m�;_h]jZ^m�� aZlbf�ijbf_gZ� +6,� mj_{Z�Z� m� ^_l_dpb�b�b� deZkbnbdZpb�b�
k\_lehkgbo� ba\hjZ� b� �boh\bo� ki_dljZegbo� dZjZdl_jbklbdZ�� dZh� b�
fh]m�ghklb�ijbf_g_ l_jfh\bab�kdbo�dZf_jZ��dhgdj_lgh�)/,5�mj_{Z�Z��� 

 

>Z�_��m�a[hjgbdm�k_�fh`_�ijhqblZlb�g_rlh�\br_�h�f_{mgZjh^ghf�
$'5,6.<� ijh�_dlm� dh�b� h[mo\ZlZ� \br_� iZjlg_jZ� ba� j_]bhgZ�� Z� qb�b�
hkgh\gb� pb�� �_� hqm\Z�_� [bh^b\_jabl_lZ� b� gh�gbo� klZgbrlZ� m�
3Z^jZgkdh-�hgkdhf�j_]bhgm��G_dhebdh�jZ^h\Z�ZgZebabjZeh��_�g_]Zlb\g_�
_n_dl_�k\_lehkgh]�aZ]Z{_�Z�ih��m^kdh�a^jZ\�_�b�̀ b\b�k\_l��Z�ijbdZaZg_�
km� b� fh]m�ghklb� b� ij_^ghklb� ijbd�mqb\Z�m� ijh]jZfm� aZrlbl_�
ijbjh^gh�lZfgbo�ih^jmq�Z��AZ�djZ���ijbdZaZgZ��_�b�ehdZegZ�bgbpb�Zlb\Z�
aZ�hkgb\Z�_ iZjdZ�lZfgh]�g_[Z�gZ�ih^jmq�m�Ij_^_eZ�bama_lgbo�h^ebdZ�
ÄJZ�Zp³�  

 

AZo\Z�m�_fh�k_�k\bf�mq_kgbpbfZ�jZ^bhgbp_�=jZ^kd_�hik_j\Zlhjb�_�
;_h]jZ^Z�� Ihk_[gh� k_� aZo\Z�m�_fh� ^bj_dlhjbfZ� :kljhghfkd_�
hik_j\Zlhjb�_� ba� ;_h]jZ^Z� dh�b� km� mq_kl\h\Zeb� gZ� gZrh�� jZ^bhgbpb��
ijhn��̂ j�Emdb�Ihih\b�m���kZ^Zr�_f�̂ bj_dlhjm�gZ�ihfh�b�b�jZamf_\Z�m�



 

 

 

m� j_ZebaZpb�b� ijh�_dlZ� =jZ^kd_� hik_j\Zlhjb�_� ;_h]jZ^Z�� dZh� b�
ij_loh^gbf� ^bj_dlhjbfZ� ^j� =h�dm� -mjZr_\b�m� �����-������ b�
ZdZ^_fbdm� ^j� AhjZgm� Dg_`_\b�m� �����-������ gZ� ih^jrpb� ijh�_dlm���
AZo\Z�m�_fh� k_� jmdh\h^kl\m� =jZ^kd_� hirlbg_� A\_a^ZjZ� gZ� ih^jrpb�
ijh�_dlm UrbObsBel� AZo\Z�m�_fh�k_�Nhg^m�aZ�gZmdm�J_im[ebd_�Kj[b�_�
dh�b�m�i_jbh^m�����-�����nbgZgkbjZ�ijh�_dZl��8UE2EV%HO��[jh��m]h\hjZ�
����� 

 

                Mj_^gbpb� 
         ^j�>Z�ZgZ�;�_eZ�Zp� 

         ^j�Kj{Zg�KZfmjh\b�� 
         ����Zijbe������ 
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$VWURQ��2EV��%HOJUDGH�6SHFLDO�,VVXHV�1R�������������-���

'2,��KWWSV���GRL�RUJ����������DREVL����1 

IJH3?D:L�=J:>KD?�HIK?J<:LHJB3?�;?H=J:>:�

�UrbObsBel��

KJ-:G�K:FMJH<B61 

 
�:kljhghfkdZ�hik_j\Zlhjb�Z��;_h]jZ^ 

�
J_abf_�� IjbdZaZg� �_� ijh�_dZl� =jZ^kd_� hik_j\Zlhjb�_� ;_h]jZ^Z� �Urban 

Observatory of Belgrade, UrbObsBel�� dh�b� m� i_jbh^m� ����-������ nbgZgkbjZ�
Nhg^�aZ�gZmdm�J_im[ebd_�Kj[b�_��Ij_^klZ\�_g��_�bkljZ`b\Zqdb�lbf�ijh�_dlZ��
bgkljmf_glb�dh�b�k_�dhjbkl_��dZh�b�Zdlb\ghklb�b�ieZgh\b�ijh�_dlZ� 
 

$EVWUDFW��7KH�8UEDQ�2EVHUYDWRU\�RI�%HOJUDGH��8UE2EV%HO��SURMHFW��ZKLFK�LV�IXQGHG�
E\�WKH�6FLHQFH�)XQG�RI�WKH�5HSXEOLF�RI�6HUELD�LQ�WKH�SHULRG�����-������LV�SUHVHQWHG��
7KH�SURMHFW
V�UHVHDUFK�WHDP��WKH�LQVWUXPHQWV�XVHG��DV�ZHOO�DV�WKH�SURMHFW
V�DFWLYLWLHV�
and plans werH�SUHVHQWHG� 

���M<H>�

�

 =eZ\gb� aZ^ZlZd� ijh�_dlZ� =jZ^kd_� hik_j\Zlhjb�_� ;_h]jZ^Z� �8UEDQ�
2EVHUYDWRU\� RI� %HOJUDGH�� 8UE2EV%HO�� dh�b� m� i_jbh^m� ����-������
nbgZgkbjZ� Nhg^� aZ� gZmdm� J_im[ebd_� Kj[b�_� �_� nhjfbjZ�_� gh\_�
ihkfZljZqd_� klZgbp_� m� hd\bjm� �_^g_� h^�gZ�klZjb�bo� kjikdbo�gZmqgbo�
bgklblmpb�Z�� :kljhghfkdh�� hik_j\Zlhjb�b� m� ;_h]jZ^m 1 m� pb�m�
bamqZ\Z�Z� k\_lehkgh]� aZ]Z{_�Z�� �_^gh]� h^� gZ�fZ�_� ko\Z�_gbo� h[ebdZ�
aZ]Z{_�Z� ijbf_ghf� Zkljhghfkdbo� l_ogbdZ� K\_lehkgh� aZ]Z{_�_� k_�
^_nbgbr_�dZh�a[bj�k\bo�rl_lgbo�_n_dZlZ�\_rlZqdh]�hk\_l�_�Z��h\h�k_�
h^ghkb�gZ�ij_dhf_jgm��ih]j_rgh�mkf_j_gm�beb�g_ijbdeZ^gm�mihlj_[m�
\_rlZqd_� k\_lehklb�� dh�Z� j_f_lb� ijbjh^gb� gb\h� k\_lehklb� b� bfZ�
g_]Zlb\Zg� mlbpZ�� gZ� `b\hlgm� kj_^bgm���m^kdh� a^jZ\�_� b� fh]m�ghkl�
ihkfZljZ�Z�gh�gh]�g_[Z��LZdh{_��lj_[Z�bfZlb�m�\b^m�b�_dhghfkd_�_n_dl_�
k\_lehkgh]� aZ]Z{_�Z�� MdjZldh�� gZ�[blgb�_� �b� bkd�mqb\h� g_]Zlb\g_��
ihke_^bp_�k\_lehkgh]�aZ]Z{_�Z�km�ke_^_�_ 2� 

x Dmelmjhehrd_� ihke_^bp_�� ]m[blZd� a\_a^Zgh]� g_[Z� �_� \_ebdb�
]m[blZd�aZ�k\_�dmelmj_�gZ�ieZg_lb� 

 
1KWWSV���www�aob�rs 
2H�mlbpZ�m�k\_lehkgh]�aZ]Z{_�Z�gZ�Zkljhghfb�m�\b^_lb�jZ^�Varela Perez ������� 
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x ?dhehrd_�ihke_^bp_��k\_lehkgh�aZ]Z{_�_�mlbq_�gZ�nehjm�b�nZmgm�
gZ�ieZg_lb��Zeb�b�gZ��m^_� 

x ?dhghfkd_� ihke_^bp_�� � kih�gh� hk\_l�_�_� ljhrb� hdh� ����
]eh[Zeg_�kljm�_�gZ�ieZg_lb��ijhp_gZ��_�^Z��_�lh�[blb�hdh�����^h�
������ ]h^bg_�� rlh� qbgb� hdh� ��-���� _g_j]_lkdbo� ljhrdh\Z�
ijhk_qgh]�]jZ^Z�gZ�ieZg_lb� 

 

 M� h\h�� im[ebdZpb�b� km� m� ijbehabfZ� >Z�Zg_� ;�_eZ�Zp� b� � AhjZgZ�
LZgZkb�_\b�Z� ijbdZaZg_� Zdlb\ghklb� \_aZg_� aZ� ij_\ZabeZ`_�_�
dmelmjhehrdbo�ijh[e_fZ�gZklZebo�]m[bldhf�a\_a^Zgh]�g_[Z��^hd�km�m�
ijbehabfZ�FZjdZ�Ijhdb�Z� �b�;jZgbkeZ\Z�Jh\qZgbgZ� �hibkZgb�mlbpZ�b�
k\_lehkgh]� aZ]Z{_�Z� gZ� jZaebqbl_� ]jmi_� `b\hlb�Z� �Ijhdb��� b� gZ�
a^jZ\�_� qh\_dZ� �Jh\qZgbg���Rlh� k_� lbq_� ij_\ZabeZ`_�Z� _dhghfkdbo�
ihke_^bpZ�\b^_lb�aZ\jr_lZd�h\h]�ijbeh]Z� 

 

���MQ?KGBPB�IJH3?DL:�UrbObsBel�B�J:>GB�I:D?LB�

IJH3?DL: 
�

� Ijh�_dZl��=jZ^kd_�hik_j\Zlhjb�_�ihq_h��_�kZ�jZ^hf�����ZgmZjZ�������
]h^bg_��ieZgbjZgh��_�^Z�ljZ�_���]h^bg_��h^ghkgh�^h�����^_p_f[jZ�������
]h^bg_�b�m��_fm�mq_kl\m�m�bkljZ`b\Zqb�kZ�q_lbjm�gZmqgh-bkljZ`b\Zqd_�
hj]ZgbaZpb�_� ba� ;_h]jZ^Z� b� Gh\h]� KZ^Z�� QeZgh\b� lbfZ  UrbObsBel 

ijh�_dlZ� km�� ^j� Kj{Zg� KZfmjh\b��� gZmqgb� kZ\_lgbd� �:kljhghfkdZ�
hik_j\Zlhjb�Z�� ;_h]jZ^��� ^j� AhjbpZ� P\_ldh\b��� gZmqgb� kZ\_lgbd�
�Bgklblml� aZ�nbabdm�� ;_h]jZ^��� � ^j� JZ^_�IZ\eh\b��� gZmqgb� kZ\_lgbd���
�Bgklblml�aZ�nbabdm��;_h]jZ^����^j�=hjZg�>Zf�Zgh\b���gZmqgb�kZ\_lgbd�
�:kljhghfkdZ� hik_j\Zlhjb�Z�� ;_h]jZ^��� ^j� AhjZg� Kbfb��� gZmqgb�
kZ\_lgbd� �:kljhghfkdZ� hik_j\Zlhjb�Z�� ;_h]jZ^��� ^j� >jZ]Zg� Emdb���
gZmqgb� kZjZ^gbd� � �Bgklblml� aZ� nbabdm�� ;_h]jZ^�� b� ^j� ;jZgbkeZ\�
Jh\qZgbg��\brb�gZmqgb�kZjZ^gbd��F_^bpbgkdb�nZdmel_l��;_h]jZ^��b  ^j�
>Z�ZgZ�;�_eZ�Zp��^hp_gl��Ijbjh^gh-fZl_fZlbqdb�nZdmel_l��Gh\b�KZ^�� 
 

  Jmdh\h^beZp�ijh�_dlZ�b�jZ^gh]�iZd_lZ�[j����\_aZgh]�aZ�mijZ\�Z�_�
ijh�_dlhf��_�^j�Kj{Zg�KZfmjh\b���jmdh\h^beZp�jZ^gh]�iZd_lZ�[j����dh�b�
k_� h^ghkb� gZ� gZ[Z\dm� b� h^j`Z\Z�_� hij_f_� �_� ^j� AhjbpZ�P\_ldh\b���
jmdh\h^beZp� jZ^gh]� iZd_lZ� [j�� �� dh�b� k_� h^ghkb� gZ� bgklZeZpb�m� b�
h^j`Z\Z�_�khnl\_jZ� �_�^j�JZ^_�IZ\eh\b���jmdh\h^beZp�jZ^gh]�iZd_lZ�
[j�� �� dh�b� k_�h^ghkb�gZ� ZgZebam�ih^ZlZdZ� �_�^j�=hjZg�>Zf�Zgh\b��b�
jmdh\h^beZp�jZ^gh]�iZd_lZ�[j����dh�b�k_�[Z\b�^bk_fbgZpb�hf�j_amelZlZ�
�_�^j�>Z�ZgZ�;�_eZ�Zp� 
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KebdZ 1. Bgl_j^bkpbiebgZjgb�lbf�=jZ^kd_�hik_j\Zlhjb�_�;_h]jZ^���k�

e_\Z� gZ� ^_kgh��� ^j� >Z�ZgZ� ;�_eZ�Zp�� ^j� >jZ]Zg� Emdb��� ^j� AhjbpZ�

P\_ldh\b��� ^j� Kj{Zg� KZfmjh\b��� ^j� JZ^_� IZ\eh\b��� ^j� =hjZg�

>Zf�Zgh\b���^j�;jZgbkeZ\�Jh\qZgbg�b�^j�AhjZg�Kbfb�� 

�

3.��EHD:PB3:�  B�BGKLJMF?GLB�

�

  Bgkljmf_glb�ijh�_dlZ��UrbObsBel fhglbjZgb�km�gZ�^\_�ehdZpb�_��gZ�
Dmeb�:kljhghfkd_�hik_j\Zlhjb�_�m�;_h]jZ^m� �hirlbgZ�A\_a^ZjZ��b�gZ�
:kljhghfkdh��klZgbpb�<b^h�_\bpZ 3 dh^�Ijhdmi�Z��]_h]jZnkdZ�^m`bgZ�
������
��������b�]_h]jZnkdZ�rbjbgZ�������
��������dh�Z�k_�gZeZab�m�hd\bjm�
lZfg_� h[eZklb� fZe_� k\_lehkg_� aZ]Z{_ghklb� ih]h^g_� aZ� ZkljhghfkdZ�
ihkfZljZ�Z 4���F_j_�Z�dh�Z�k_�\jr_�gZ�h\h��lZfgh��ehdZpb�b�k_�ihj_^_�kZ�
f_j_�bfZ�dh�Z�k_�\jr_�gZ�Dmeb��h^ghkgh�m�[ebabgb�ba\hjZ�bgl_gab\gh]�
k\_lehkgh]� aZ]Z{_�Z��JZaebdZ�baf_{m�h\bo�f_j_�Z�ihdZam�_�dhebdh� �_�
k\_lehklb� ^h^Zlh��m^kdhf� Zdlb\ghr�m�ij_dh� ijbjh^gh]� gb\hZ� lZf_��
=jZ^kdZ�hik_j\Zlhjb�Z�5m�hjdZ�b��_gb�bgkljmf_glb�ij_^klZ\�_gb 

 
3KWWSV���YLGRMHYLFD�aob�rs� 
4<b^_lb�KWWSV���www�OLJKWSROOXWLRQPDS�info� 
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km�m�jZ^m�'REOHU�HW�DO��������� 
 

 
KebdZ����DmeZ�:kljhghfkd_�hik_j\Zlhjb�_� 

 

 <jo�Dme_�:kljhghfkd_� hik_j\Zlhjb�_� �KebdZ� ��� �_� gZ�\brZ� lZqdZ�
mj[Zgh]�^_eZ�;_h]jZ^Z�b�a[h]�lh]Z��_�[beZ�eh]bqZg�ba[hj�aZ�fhglbjZ�_�
ihkfZljZqdbo� bgkljmf_gZlZ� ijh�_dlZ�� :kljhghfkdZ� hik_j\Zlhjb�Z�
gZeZab�k_�gZ�����f�gZ^fhjkd_�\bkbg_��Z bgkljmf_glb�ijh�_dlZ�8UE2EV%HO�
k_�gZeZa_�gZ� ]hj�_f�gb\hm� l_jZk_�gZ�Dmeb �m�[ebabgb� la\�� ]_h^_lkd_�
lZqd_��gZ�\bkbgb�h^������f�m�h^ghkm�gZ�gb\h Hik_j\Zlhjb�_��DmeZ��_��h^�
kZfh]� k\h]�ihq_ldZ�� l��� h^�ba]jZ^�_� ljb^_k_lbo� ]h^bgZ�ijhreh]� \_dZ�
[beZ�\b{_gZ�dZh�h[�_dZl�dh�b�fh`_�^Z�k_�bkdhjbklb�m�ihkfZljZqd_�k\jo_�
b� �_g� \jo� �_� lZ^Z� [bh� dhjbr�_g� m� k\jom� ijb�_fZ� kb]gZeZ� [_`bqg_�
l_e_]jZnb�_��KZfmjh\b��b�Ihih\b�����������IZghjZfkdb�ih]e_^�kZ�\joZ�
Dme_�^Zl� �_�gZ�KebdZfZ� �Z�b� �[��gZ�gh�ghf� kgbfdm�fh]m�_� �_�mhqblb�
kgZ`gh�k\_lehkgh�aZ]Z{_�_�m�k\Z���ijZ\pZ� 
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KebdZ��[� IZghjZfkdb�ih]e_^�kZ�\joZ�Dme_�:kljhghfkd_�hik_j\Zlhjb�_�

gh�m��H^ha]h�gZ�^he_��bklhqgZ���m`gZ��aZiZ^gZ�b�k_\_jgZ�kljZgZ��� 

 

Bgkljmf_glb� ijh�_dlZ� UrbObsBel km� ^_lZ�gh� hibkZgb� m� h\h��
im[ebdZpb�b�m�jZ^m�IZ\eh\b��b�Kbfb��b�h\^_� km�^Zlb� kZfh�hkgh\gb�
ih^Zpb�b��boh\_�ehdZpb�_��\b^_lb�lZdh{_�jZ^h\_�Pavloviü�et al�������Z�[�� 
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KebdZ� �� Mj_{Z�b� fhglbjZgb� gZ� l_jZkb� Dme_� :kljhghfkd_�

hik_j\Zlhjb�_��kZ�e_\Z�gZ�^_kgh����TESS-W nhlhf_lZj���SQM-LE mj_{Z��

b�Zll-sky dZf_jZ�Alcor OMEA 3C� 
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KebdZ� ���Mj_{Z�b� fhglbjZgb� gZ� :kljhghfkdh�� klZgbpb� <b^h�_\bpZ���

TESS-W nhlhf_lZj� �e_\h�� b� SQM-LE mj_{Z�� �m� kj_^bgb��� Mj_{Z�� gZ�

^_kgh��kljZgb��_�la\��Äseeing³�fhgblhj�b�fhglbjZg��_�aZ�ihlj_[_�jZ^Z�

:kljhghfkd_�klZgbp_� 

 

M�hd\bjm�ijh�_dlZ�UrbObsBel gZ[Z\�_gb�km�b�bgklZebjZgb�ke_^_�b�
bgkljmf_glb� 
 

x :ll-sky dZf_jZ�$OFRU�OMEA�3C��j_ahempb�_������î������ibdk_eZ��
kZ� \b^gbf� ih�_f� ����� î� ����� b� \_ebqbghf� ibdk_eZ� ����
arcmin�ibdk_em� fhglbjZgZ� �_� gZ� \jom� Dme_� :kljhghfkd_�
hik_j\Zlhjb�_�b�g_ij_db^gh�kgbfZ�g_[h�bagZ^�;_h]jZ^Z��KebdZ������ 

x Mgbo_^jhg� 6N\� 4XDOLW\�Meter�� fh^_e� 640-LE� k_� dhjbklb� aZ�
f_j_�_�hk\_l�_ghklb�gh�gh]�g_[Z�Z�bajZ`Z\Z��_�m�fZ]gblm^ZfZ�ih�
d\Z^jZlm� emqg_� k_dmg^_�� � 3_^Zg� mj_{Z�� fhglbjZg� �_� gZ� Dmeb�
:kljhghfkd_� hik_j\Zlhjb�_� �KebdZ� ���� Z� ^jm]b� �_� fhglbjZg� gZ�
:kljhghfkdh��klZgbpb�<b^h�_\bpZ��KebdZ���� 



A[hjgbd�jZ^h\Z�kZ�jZ^bhgbp_�ijh�_dlZ�UrbObsBel 

9 

 

x 7(66-W�nhlhf_lZj� �_�lZdh{_�bgklZebjZg�gZ�Dmeb�:kljhghfkd_�
hik_j\Zlhjb�_� �KebdZ� ���b�gZ�:kljhghfkdh��klZgbpb�<b^h�_\bpZ�
�KebdZ����b�kem`b�aZ�f_j_�_�k�Z�Z�gh�gh]�g_[Z� 

x >\Z� � obi_jki_dljZegZ  +6,� � �+\SHUVSHFWUDO� ,PDJLQJ�� mj_{Z�Z 

dh�b� km� dhgkljmbkZgb� m� hd\bjm� ijh�_dlZ� � UrbObsBel gZeZa_� k_�
fhglbjZgb�gZ� \jom�Dme_�:kljhghfkd_�hik_j\Zlhjb�_� �KebdZ� ����
H\Z�� mj_{Z�� dh�b� kem`b� aZ� � \bam_egh� b� [ebkdh-bgnjZpj\_gh�
obi_jki_dljZegh�kgbfZ�_��_�^_lZ�gh�hibkZg�m�h\h��im[ebdZpb�b�
m�jZ^m�Emdb���IZ\eh\b��b�Jh\qZgbg� 

x >\_��)/,5�A����l_jfZeg_�dZf_je�bgnjZpj\_g_�j_ahempb�_�����î�
���� ibdk_eZ�� ki_dljZegh]� hik_]Z� h^� ���� ^h� ����� fbdjhf_lZjZ��
\b^gh]�ih�Z�h^�����î�����b�l_jfZeg_�hk_l�b\hklb�h^����mK gZ�����
°C k_� dhjbklb� aZ� l_jfZegm� dZjZdl_jbaZpb�m� ba\hjZ� b� h[�_dZlZ�
�KebdZ� ���� Fh]m�ghklb� )/,5 mj_{Z�Z� ij_^klZ\�_g_� km� m� h\h��
im[ebdZpb�b�m�ijbeh]m�KZr_�@beb�Z��DZh�b�kemqZ�m��HSI mj_{Z�Z��
�_^gZ�dZf_jZ��_�mkf_j_gZ�m�ijZ\pm�p_gljZ�;_h]jZ^Z��ijZ\Zp�aZiZ^��
Z�^jm]Z��_�mkf_j_gZ�m�kmijhlghf�ijZ\pm��l���dZ�bklhdm�� 

x NhlhZiZjZl� 1LNRQ� Z7,, b� gZf_�_g� �_� aZ� � kgbfZ�_� ]jZ^Z� m�
\b^�b\hf�^_em�ki_dljZ��FhglbjZg��_�gZ�\jom�Dme_�:kljhghfkd_�
hik_j\Zlhjb�_��dhjbklb�k_�kZ�NIKKOR Z h[�_dlb\hf�Äjb[�_�hdh³�
b�bfZ�j_ahempb�m�h^� � �����×î×������ibdk_eZ�l��� ���� f_]Zibdk_eZ��
ijb�q_fm��_�\_ebqbgZ���_^gh]�ibdk_eZ������P�� 

 

 
KebdZ� ��  HSI obi_jki_dljZegb�mj_{Z�� �e_\h��b� �FLIR :����l_jfZegZ�

dZf_jZ��^_kgh��fhglbjZgb�gZ�Dmeb�:kljhghfkd_�hik_j\Zlhjb�_� 

 

�
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����:DLB<GHKLB��IJH3?DL:�UrbObsBel�
 

 :dlb\ghklb ijh�_dlZ�UrbObsBel ij_^klZ\�_g_�km�gZ�kZ�lm�ijh�_dlZ�� 
KWWSV���urbobsbel�aob�rs�� KZ�l� k_� j_^h\gh� h^j`Z\Z� b� ihj_^� hkgh\gbo�
bgnhjfZpb�Z� h� ijh�_dlm�� \_klb� h� Zdlb\ghklbfZ� h\Z�� kZ�l� hfh]m�Z\Z�
ijbklmi�f_j_�bfZ�mjZ{_gbf�m�hd\bjm�ijh�_dlZ��Dhgdj_lgh��fh]m�_��_�m�
j_Zeghf�\j_f_gm�ijZlblb�f_j_�Z�all-sky dZf_j_��TESS b�SQM mj_{Z�Z��
LZdh{_�� hfh]m�_g� �_�ijbklmi� [Zab�ih^ZlZdZ�ijh�_dlZ� �UrbObsBel dh�Z�
md�mqm�_� b� hklZeZ� f_j_�Z� ^h[b�_gZ� bgkljmf_glbfZ� fhglbjZgbf� m�
hd\bjm�ijh�_dlZ� 
 

 BkljZ`b\Zqb� kZ� ijh�_dlZ� � UrbObsBel mq_kl\h\Zeb� km� gZ� \br_�
gZmqgbo� kdmih\Z� m� a_f�b� b� bghkljZgkl\m� kZ� ijbehabfZ� \_aZgbf� aZ�
ijh�_dZl��Ihf_gbfh�gZ�ijbf_j� 
 

x ENLIGHT International Conference�� f_{mgZjh^gm� dhgn_j_gpb�m�
ihk\_�_gm�ijh[e_fm�k\_lehkgh]�aZ]Z{_�Z��dh�Z��_�h^j`ZgZ�h^�����
^h�����gh\_f[jZ�������m�Gh\hf�KZ^m� 

x F_{mgZjh^gb� kdmi� � Meeting on Operational and Research 

Capabilities for Better Understanding Solar-Terrestrial Interactions 

dh�b��_�h^j`Zg gZ�Bgklblmlm�aZ�nbabdm�m�A_fmgm�h^�����k_il_f[jZ�
^h����hdlh[jZ������ 

x ��� f_{mgZjh^gm� jZ^bhgbpm� Photonics dh�Z� �_� � gZ� DhiZhgbdm�
h^j`ZgZ�h^�����^h�����fZjlZ������ 

x ���f_{mgZjh^gm�jZ^bhgbpm�Solar Influences on the Magnetosphere��

Ionosphere and Atmosphere� dh�Z� �_� h^j`ZgZ� m� Ijbfhjkdhf� m�
;m]Zjkdh��h^����^h�����mgZ������ 

x ���� Kjikdh-[m]Zjkdm� Zkljhghfkdm� dhgn_j_gpb�m�� h^j`Zgm� m�
<j�Zqdh��;Z�b�h^�����^h�����k_il_f[jZ�������KebdZ���� 

x Dhgn_j_gpb�m�dh�m��_�hj]Zgbah\Zh�GZpbhgZegb�nhjmf�aZ�fh^_jgZ�
dhkfbqdZ�bkljZ`b\Z�Z��NaFSKI��m�Khnb�b�h^�����^h�����hdlh[jZ�
������ 
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KebdZ� ��� Mq_kgbpb� ijh�_dlZ� � UrbObsBel  gZ� ���� Kjikdh-[m]Zjkdh��

Zkljhghfkdh��dhgn_j_gpb�b��k�e_\Z�gZ�^_kgh���^j�AhjbpZ�P\_ldh\b���^j�

=hjZg�>Zf�Zgh\b���^j�AhjZg�Kbfb��b�^j�JZ^_�IZ\eh\b�� 

 

Mq_kgbpb�ijh�_dlZ� �UrbObsBel km�Zdlb\gh�ijhfh\bkZeb�ijh�_dZl�b�
mdZab\Zeb� gZ� ijh[e_f� k\_lehkgh]� aZ]Z{_�Z� lZdh�rlh� km� ]hklh\Zeb� m�
l_e_\bab�kdbf� _fbkb�ZfZ� �jZaebqblb� JLK� ijh]jZfb��� ij_^klZ\�Zeb�
ijh�_dZl� gZ� bgl_jg_lm� �jZagb� ihjlZeb� b� ^jmrl\_g_� fj_`_���rlZfib��
jZaebqblbf� gZmqgbf� ^_rZ\Z�bfZ�� dZh� rlh� �_� gij�� K\_lkdZ� g_^_�Z�
k\_fbjZ� h^j`ZgZ� m� hdlh[jm� ������ m� P_gljm� aZ� ijhfhpb�m� gZmd_� m�
;_h]jZ^m�� ij_^klZ\�Zeb� ijh�_dZl� gZmqgbpbfZ� dh�b� km� ihk_�b\Zeb�
:kljhghfkdm� hik_j\Zlhjb�m�� bl^�� Ijh�_dZl� UrbObsBel �_� m� hd\bjm�
rlZg^Z�:kljhghfkd_�hik_j\Zlhjb�_�[bh�ij_^klZ\�_g�gZ�F_{mgZjh^ghf�
kZ�fm�l_ogbd_�^\Z�imlZ��������b�������]h^bg_� 
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KebdZ��� ����F_{mgZjh^gb�kZ�Zf�l_ogbd_�h^j`Zg���-����fZ�Z������� �m�

;_h]jZ^m��k�e_\Z�gZ�^_kgh���^j�JZ^_�IZ\eh\b���ijhn��^j��EmdZ�Ihih\b���

^bj_dlhj� :kljhghfkd_� hik_j\Zlhjb�_�� ^j�Kj{Zg�KZfmjh\b�� b� 3h\Zg�

:e_dkb�� 

����A:D4MQ:D����

 

Hkgh\gb�pb��ijh�_dlZ�UrbObsBel  �_�^Z�_�mgZij_{_�_�b�j_]bhgZegZ�
bgl_]jZpb�Z� bkljZ`b\Zqdbo� dZiZpbl_lZ� :kljhghfkd_� hik_j\Zlhjb�_�
djha�ba]jZ^�m�gh\_�kljmdlmj_�aZ�]jZ^kdZ�ihkfZljZ�Z��H\Z�ihkfZljZ�Z�
�_�ijm`blb�bgnhjfZpb�_�h�jZkih^_eb�mihlj_[_�_g_j]b�_�dh�Z�bfZ�\_ebdb�
mlbpZ��gZ�`b\hlgm�kj_^bgm�b�_dhkbkl_f_��H\Z��ijh�_dZl�ZgZebabjZ�\_a_�
baf_{m� mj[ZgbaZpb�_�� _dheh]b�_�� bg^mkljb�_� b�� ihk_[gh�� Zkljhghfb�_���
F_j_�Z� k_� h[Z\�Z�m� m�;_h]jZ^m� b� kZ� ieZgbg_�<b^h�_\bpZ� m� [ebabgb�
Ijhdmi�Z� ]^_� k_� gZeZab� :kljhghfkdZ� klZgbpZ� dh�hf� mijZ\�Z�
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:kljhghfkdZ�hik_j\Zlhjb�Z���_^g_�h^�j_ldbo�ij_hklZebo�lZfgbo�h[eZklb�
m�Kj[b�b�� � 3_^Zg�h^�pb�_\Z�ijh�_dlZ� �_�b� ZgZebaZ�mlbpZ�Z� k\_lehkgh]�
aZ]Z{_�Z�gZ�a^jZ\�_��m^b�b�aZ�j_ZebaZpb�m�h\h]�ijh�_dlZ�^h[beb�kfh�
ih^jrdm� =jZ^kd_� hirlbg_� A\_a^ZjZ� kZ� dh�hf� kZjZ{m�_fh gZ� h\hf�
ijh�_dlm�m�pb�m�j_rZ\Z�Z�ijh[e_fZ�k\_lehkgh]�aZ]Z{_�Z� 

 

 Kl\ZjZ�_f� gh\_� ihkfZljZqd_� klZgbp_� m� ;_h]jZ^m� dh�Z� �_� k_�
dhjbklblb� aZ� jZaebqbl_� aZ^Zld_� �f_j_�_� hk\_l�_ghklb� g_[Z��
\b^�b\hklb�Zlfhkn_j_��h^j_{b\Z�_�ihdjb\_ghklb�h[eZpbfZ�b�f_j_�_�
aZ]Z{_�Z� g_[Z�� ijh�_dZl� =jZ^kd_� hik_j\Zlhjb�_� �_� ^hijbg_lb� gZr_f�
jZamf_\Z�m� keh`_gbo� Zki_dZlZ� k\_lehkgh]� aZ]Z{_�Z�� Hq_dm�_fh� ^Z�
jZagb� ihl_gpb�Zegb� dhjbkgbpb� gZrbo� ihkfZljZ�Z� b� ZgZebaZ�� ihj_^�
gZmqg_� aZ�_^gbp_�� [m^m� b� ]jZ^kd_� mijZ\_�� ^hghkbhpb� h^emdZ��
ijb\j_^gbpb��_dhehrd_�hj]ZgbaZpb�_��bgklblmpb�_�ba�h[eZklb�aZrlbl_�
`b\hlg_� kj_^bg_� rbjZ� �Z\ghkl�� f_^b�b�� ijhk\_lgb� jZ^gbpb� b� k\b�
aZbgl_j_kh\Zgb�� GZr� ijh�_dZl� �_� hfh]m�blb� hilbfZegh� dhjbr�_�_�
j_kmjkZ� aZ� ihkfZljZ�_� b�f_{mgZjh^gm� jZaf_gm� agZ�Z� b� j_amelZlZ� kZ�
^jm]bf�� kjh^gbf�� ijh�_dlbfZ��Hq_dm�_fh� ^Z� gZr_� j_amelZl_� dhjbklb�
=jZ^kdZ�hirlbgZ�A\_a^ZjZ��gZ�qb�h��l_jblhjb�b�k_�gZeZab�:kljhghfkdZ�
hik_j\Zlhjb�Z��b�]jZ^�;_h]jZ^��ihrlh��_�gZrZ�f_j_�Z�ijm`blb�_e_f_gl_�
aZ�^hghr_�_�h^emdZ�m�ijZ\pm�kl\ZjZ�Z�[h�_�`b\hlg_�kj_^bg_�dh�Z��_�
mgZij_^blb� a^jZ\�_� klZgh\gbrl\Z� ;_h]jZ^Z� b� hdhebg_�� M� hd\bjm�
^m]hjhqg_ kljZl_]b�_� m� \_ab� kZ� k\_lehkgbf� aZ]Z{_�_f�� ihdj_gm�_fh�
^bkdmkb�m�h�^baZ�gm�hk\_l�_�Z�ijbeZ]h{_gh]�lZfghf�g_[m��dZh�rlh�km�
ijZ\Zp��ki_dljZegb�kZklZ\�b�h]jZgbq_gh�ljZ�Z�_�hk\_l�_�Z�rlh�lj_[Z�
^Z� mlbq_� gZ� kfZ�_�_� _g_j]_lkdbo� ljhrdh\Z�� Z� � lZdh{_� �_� m� ieZgm�
ihdj_lZ�_�ba]jZ^�_�iZjdh\Z�lZfgh]�g_[Z�m�Kj[b�b�dh�b�\_��ihklh�_�m�
kmk_^gbf� a_f�ZfZ� H\Z��ljh]h^br�b�ijh�_dZl�=jZ^kd_�hik_j\Zlhjb�_�
fh`_� ^Z� k_� ijbf_gb� b� m ^jm]bf� ]jZ^h\bfZ� m�Kj[b�b� dZh� h[jZaZp� aZ�
mj[Zgb� h[�_dZl� ihk\_�_g ijhmqZ\Z�m� `b\hlg_� kj_^bg_� kZ� pb�_f�
ih[h�rZ\Z�Z�d\Zebl_lZ�`b\hlZ��boh\bo klZgh\gbdZ� 
  

 Hq_dm�_fh�̂ Z�ijh�_dZl�=jZ^kd_�hik_j\Zlhjb�_�̂ hijbg_k_�jZamf_\Z�m�
mlbpZ�Z�k\_lehkgh]�aZ]Z{_�Z�gZ�a^jZ\�_��m^b��IeZgbjZfh�^Z�h[Z\bfh�
Zgd_lbjZ�_�]jZ{ZgZ�\_aZgh�aZ�ijh[e_f�k\_lehkgh]�aZ]Z{_�Z�b�hq_dm�_fh�
^Z� �_� ^h[b�_gb� j_amelZlb� hfh]m�blb� [h�_� jZamf_\Z�_� mlbpZ�Z�
k\_lehkgh]�aZ]Z{_�Z�gZ�`b\hlgm�kj_^bgm�b�a^jZ\�_��b�m�lhf�ih]e_^m��_�
hfh]m�blb�^_nbgbkZ�_�[m^m�bo�kf_jgbpZ�dh�_�k_�h^ghk_�gZ�ij_\_gpb�m�
b�kfZ�_�_�rl_lgbo�_n_dZlZ�k\_lehkgh]�aZ]Z{_�Z�� 
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AZo\Zeghkl�BkljZ`b\Z�_� �_� kijh\_^_gh� ma� ih^jrdm�Nhg^Z� aZ� gZmdm�
J_im[ebd_� Kj[b�_�� [j�� ijh�_dlZ� ������ Urban Observatory of Belgrade 

(UrbObsBel��b�FbgbklZjkl\Z�gZmd_�� l_oghehrdh]�jZa\h�Z�b�bgh\Zpb�Z�
J_im[ebd_� Kj[b�_� djha� Ijh�_dlgb� m]h\hj� [j�� ���-03-��������-
���������� 

Ebl_jZlmjZ�
 

  

'REOHU��*���%LDQFR��)�%���6KDUPD��0�6���.DUSI��$���%DXU��-���*KDQGHKDUL� 
0���:XUWHOH��-�6���.RRQLQ�6�(���������7KH�8UEDQ�2EVHUYDWRU\��D 
Multi-0RGDO�,PDJLQJ�3ODWIRUP�IRU�WKH�6WXG\�RI�'\QDPLFV�LQ�&RPSOH[�8UEDQ 
6\VWHPV��DU;LY������������ 
 

3DYORYLü��5���&YHWNRYLü��=���6LPLü��=���'DPOMDQRYLü��*���/XNLü��'���5RYþDQLQ��%���
6DPXURYLü��6���%MHODMDF��'�������D��8UEDQ�2EVHUYDWRU\�RI�%HOJUDGH��8UE2EV%HO���
3XEOLFDWLRQV�RI�WKH�$VWURQRPLFDO�2EVHUYDWRU\�RI�%HOJUDGH��YRO�������SS�����-127, 

KWWSV���GRL�RUJ������������VEDF��S� 
 

3DYORYLü��5���&YHWNRYLü��=���%MHODMDF��'���'DPOMDQRYLü��*���/XNLü��'���5RYþDQLQ��%���
6DPXURYLü��6���6LPLü��=�������b��7KH�8UE2EV%HO�3URMHFW��,QVWUXPHQWV�DQG�'HWHFWRUV��
3XEOLFDWLRQV�RI�WKH�$VWURQRPLFDO�2EVHUYDWRU\�RI�%HOJUDGH��YRO�������SS�����-134, 

KWWSV���GRL�RUJ������������VEDF��S 

 

KZfmjh\b���K�� b�Ihih\b���E�Q��� ������<h�bkeZ\�<��Fbrdh\b�� b� ba^Z\ZqdZ�
^_eZlghkl� :kljhghfkd_� hik_j\Zlhjb�_�� � 3XEOLFDWLRQV� RI� WKH� $VWURQRPLFDO�
2EVHUYDWRU\�RI�%HOJUDGH��YRO�������SS����-����KWWSV���GRL�RUJ����������DRE���S��� 
 

9DUHOD�3HUH]��$�0���������7KH�LQFUHDVLQJ�HIIHFWV�RI�OLJKW�SROOXWLRQ�RQ�SURIHVVLRQDO�
and amateur astronomy, Science, 380, 1136-1140, 

KWWSV���GRL�RUJ���������VFLHQFH�DGJ���� 

�

�
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$VWURQ��2EV��%HOJUDGH�6SHFLDO�,VVXHV�1R��������������-27�

'2,��KWWSV���GRL�RUJ����������DREVL����� 

IJ<B�J?AMEL:LB�IJH3?DL:�UrbObsBel�

J:>?�I:<EH<B61 b�AHJ:G�KBFB62 

 
��Bgklblml�aZ�nbabdm��;_h]jZ^ 

� :kljhghfkdZ�hik_j\Zlhjb�Z��;_h]jZ^ 

�
J_abf_��K\_lehkgh�aZ]Z{_�_�ij_^klZ\�Z�k\_�bajZ`_gb�b�h[ebd�Zgljhih]_gh]�
ijblbkdZ�gZ�`b\hlgm�kj_^bgm��kZ�ihke_^bpZfZ�dh�_�ij_\ZabeZa_�kZfh�_kl_lkdb�
]m[blZd�a\_a^Zgh]�g_[Z�\_��h[mo\ZlZ�m�ihj_f_�Z�_�m�_dhkbkl_fbfZ�dZh�b�fh]m�_�
g_]Zlb\g_�_n_dl_�gZ�a^jZ\�_��m^b��ih\_�Zgm�ihljhr�m�_g_j]b�_�b�hl_`Z\Z�_�
beb�qZd�hg_fh]m�Z\Z�_�Zkljhghfkdbo�ihkfZljZ�Z��Ijh�_dZl�UrbObsBel (Urban 

Observatory of Belgrade,  =jZ^kdZ� hik_j\Zlhjb�Z� ;_h]jZ^Z�� jZa\b�_g� �_� dZh�
]jZ^kdZ� hik_j\Zlhjb�Z� aZ� kbkl_fZlkdh� ijZ�_�_� k\_lehkgh]� aZ]Z{_�Z� m�
;_h]jZ^m�� ma� ijbf_gm� ijh\_j_gbo� Zkljhghfkdbo� l_ogbdZ� b� \br_�
dhfie_f_glZjgbo�bgkljmf_gZlZ��Ijh�_dZl�k_�j_Zebam�_�m�i_jbh^m������������
]h^bg_�b hdmi�Z�bkljZ`b\Zq_�ba�q_lbjb�bgklblmpb�_��M�jZ^m�km�ij_^klZ\�_gb�
hkgh\gb�pb�_\b�ijh�_dlZ��ehdZpb�Z�ihkfZljZ�Z��dhjbr�_gZ�bgkljmf_glZpb�Z�
b� ij\b� j_amelZlb�� Bgkljmf_glZegb� kbkl_f� h[mo\ZlZ� )/,5 A���� l_jfZegm�
dZf_jm�� all-sky dZf_jm� Alcor OMEA 3C�� obi_jki_dljZegb� mj_{Z�� aZ� VNIR 

kgbfZ�_�� Mgbo_^jhg� SQM-LE b� TESS-: nhlhf_lj_�� Ihk_[Zg� agZqZ�� bfZ�
mihj_^gh� f_j_�_� gZ� :kljhghfkdh�� hik_j\Zlhjb�b� ;_h]jZ^� �:H;�� b�
:kljhghfkdh�� klZgbpb� <b^h�_\bpZ� �:K<��� Ij_fZ� TESS-: f_j_�bfZ� ba�
k_il_f[jZ�������]h^bg_�^h[b�_g_�km�\j_^ghklb�fZ]gblm^_�ih�d\Z^jZlgh��emqgh��
k_dmg^b� ������ mag�arcsecð� aZ� :H;�� Z� ������ mag�arcsecð� aZ� :K<�� ^hd� km�
Mgbo_^jhg�f_j_�Z�ba��ZgmZjZ�������]h^bg_�^ZeZ�\j_^ghklb�������mag�arcsecð�aZ�
:H;� b� ������mag�arcsecð� aZ�:K<�� J_amelZlb� ihl\j{m�m� bajZ`_g� bgl_gabl_l�
k\_lehkgh]� aZ]Z{_�Z� bagZ^� ;_h]jZ^Z� b� mdZam�m� gZ� agZqZ�� ^m]hjhqgh]�
fhgblhjbg]Z�� �Z\g_� ^hklmighklb� ih^ZlZdZ� b� jZa\h�Z� f_jZ� aZ� mgZij_{_�_�
kih�Zr�_]�hk\_l�_�Z� 
 
$EVWUDFW�� /LJKW� SROOXWLRQ� UHSUHVHQWV� DQ� LQFUHDVLQJO\� SURPLQHQW� IRUP� RI�
DQWKURSRJHQLF�SUHVVXUH�RQ�WKH�HQYLURQPHQW��ZLWK�FRQVHTXHQFHV�WKDW�H[WHQG�EH\RQG�
WKH�PHUH�DHVWKHWLF�ORVV�RI�WKH�VWDUU\�VN\�WR�LQFOXGH�HFRV\VWHP�GLVWXUEDQFHV��SRWHQWLDO�
QHJDWLYH�HIIHFWV�RQ�KXPDQ�KHDOWK��LQFUHDVHG�HQHUJ\�FRQVXPSWLRQ��DQG�WKH�KLQGHULQJ�
RU� HYHQ� SUHYHQWLRQ� RI� DVWURQRPLFDO� REVHUYDWLRQV�� 7KH� 8UE2EV%HO� �8UEDQ�
2EVHUYDWRU\� RI�%HOJUDGH��SURMHFW�ZDV� GHYHORSHG� DV� DQ� XUEDQ� REVHUYDWRU\� IRU� WKH�
V\VWHPDWLF�PRQLWRULQJ�RI�OLJKW�SROOXWLRQ�LQ�%HOJUDGH� employing proven astronomical 

WHFKQLTXHV� DQG� PXOWLSOH� FRPSOHPHQWDU\� LQVWUXPHQWV�� 7KH� SURMHFW� LV� EHLQJ�
LPSOHPHQWHG�GXULQJ�WKH�����������SHULRG�DQG�EULQJV�WRJHWKHU�UHVHDUFKHUV�IURP�IRXU�
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LQVWLWXWLRQV�� 7KLV� SDSHU� SUHVHQWV� WKH� SURMHFW
V� SULPDU\� REMHFWLYHV�� WKH� REVHUYDWLRQ�
ORFDWLRQ��WKH�LQVWUXPHQWDWLRQ�XVHG��DQG�WKH�LQLWLDO�UHVXOWV��7KH�LQVWUXPHQWDO�V\VWHP�
LQFOXGHV� D� )/,5� $���� WKHUPDO� FDPHUD�� DQ� $OFRU� 20($� �&� DOO-sky camera, a 

K\SHUVSHFWUDO� GHYLFH� IRU� 91,5� LPDJLQJ�� DQG� 8QLKHGURQ� 640-LE and TESS-:�
SKRWRPHWHUV��2I�SDUWLFXODU�LPSRUWDQFH�DUH�WKH�FRPSDUDWLYH�PHDVXUHPHQWV�FRQGXFWHG�
DW�WKH�%HOJUDGH�$VWURQRPLFDO�2EVHUYDWRU\��$2%��DQG�WKH�9LGRMHYLFD�$VWURQRPLFDO�
6WDWLRQ� �$69��� $FFRUGLQJ� WR� 7(66-:�PHDVXUHPHQWV� IURP� 6HSWHPEHU� ������ WKH�
UHFRUGHG� YDOXHV� IRU�PDJQLWXGH� SHU� VTXDUH� DUFVHFRQG�ZHUH� ������PDJ�DUFVHFð� IRU�
$2%� DQG� ������PDJ�DUFVHFð� IRU� WKH� $69�� ZKLOH� 8QLKHGURQ�PHDVXUHPHQWV� IURP�
-DQXDU\������\LHOGHG�YDOXHV�RI�������PDJ�DUFVHFð�IRU�$2%�DQG�������PDJ�Drcsec² 

IRU�WKH�$69��7KH�UHVXOWV�FRQILUP�WKH�KLJK�LQWHQVLW\�RI�OLJKW�SROOXWLRQ�RYHU�%HOJUDGH�
DQG�KLJKOLJKW�WKH�LPSRUWDQFH�RI�ORQJ-term monitoring, public data accessibility, and 

WKH�GHYHORSPHQW�RI�PHDVXUHV�WR�LPSURYH�RXWGRRU�OLJKWLQJ� 

���M<H>�

�

K\_lehkgh�aZ]Z{_�_�^ZgZk�k_�k\_�q_r�_�jZafZljZ�dZh�\Z`Zg�ijh[e_f�
kZ\j_f_g_� mj[Zg_� kj_^bg_�� Z� ^_nbgbr_� k_� dZh� g_`_�_gh� beb�
ij_dhf_jgh�\_rlZqdh�hk\_l�_�_�dh�_�gZjmrZ\Z�ijbjh^gm�lZfm�gh�gh]�
g_[Z��j_f_lb�_dhkbkl_f_��mlbq_�gZ�a^jZ\�_��m^b�b�hl_`Z\Z�ZkljhghfkdZ�
ihkfZljZ�Z��H\Zd\Z� ^_nbgbpb�Z� �Zkgh� ihdZam�_� ^Z� k_� g_� jZ^b� kZfh� h�
_kl_lkdhf� ]m[bldm� fh]m�ghklb� ihkfZljZ�Z� a\_a^Zgh]� g_[Z�� \_�� h�
keh`_ghf�n_ghf_gm�kZ�_dhehrdbf��_g_j]_lkdbf��dmelmjgbf�b�gZmqgbf�
ihke_^bpZfZ� 

 

>h^Zlgb� agZqZ�� h\h]� ijh[e_fZ� ijhbklbq_� ba� qb�_gbp_� ^Z� k_�
\_rlZqdZ� k\_lehkl ih\_�Z\Z� 10�� k\Zd_� ]h^bg_, l�� M^\hkljmqZ\Z� k_�
ijb[eb`gh�k\Zdbo���]h^bgZ ()DOFKL & Bara, 2017���LZdZ\�lj_g^�mim�m�_�
gZ� ihlj_[m� aZ� kbkl_fZlkdbf�� ^m]hjhqgbf� b� f_lh^hehrdb� ihma^Zgbf�
ijZ�_�_f�klZ�Z�gh�gh]�g_[Z��gZjhqblh�m�\_ebdbf�mj[Zgbf�kj_^bgZfZ� 

 

G_d_� h^� gZ�\Z`gb�bo� ihke_^bpZ� k\_lehkgh]� aZ]Z{_�Z� km� g_klZgZd�
a\_a^Zg_�gh�b�dZh�g_gZ^hdgZ^b\�]m[blZd�aZ�k\_�dmelmj_��kgZ`Zg�mlbpZ��
gZ�nehjm��nZmgm�b��m^_��dZh�b� agZqZ�Zg�_dhghfkdb�Zki_dl�ih\_aZg�kZ�
ihljhr�hf�_e_dljbqg_�_g_j]b�_�aZ�kih�Zr�m�jZk\_lm��KZfh�kih�Zr�Z�
jZk\_lZ� m� ]jZ^h\bfZ� ljhrb� ���� ]eh[Zeg_� _e_dljbqg_� _g_j]b�_�� ma�
ijhp_gm�jZklZ�^h�����^h�������]h^bg_��^hd�hk\_l�_�_�qbgb����� ����
lbibqgh]�jZqmgZ�aZ�_g_j]b�m�m�]jZ^h\bfZ (Varela Perez, 2023�� 

 

;_h]jZ^�� dZh� gZ�\_�b� mj[Zgb� p_glZj� m� Kj[b�b�� ij_^klZ\�Z� \_hfZ�
ih]h^gh� ih^jmq�_� aZ� ijhmqZ\Z�_� k\_lehkgh]� aZ]Z{_�Z�� JZagh\jkghkl�
ba\hjZ� k\_lehklb�� ]mklbgZ� gZk_�_ghklb�� jZa\b�_gZ� �Z\gZ� jZk\_lZ� b�



A[hjgbd�jZ^h\Z�kZ�jZ^bhgbp_�ijh�_dlZ�UrbObsBel 

17 

 

dhfie_dkgZ�mj[ZgZ�kljmdlmjZ�hfh]m�Z\Z�m�^Z�k_�h\Z��n_ghf_g�kZ]e_^Z�m�
j_Zegbf� ]jZ^kdbf� mkeh\bfZ��Ba� lZd\h]� bkljZ`b\Zqdh]� b� ^jmrl\_gh]�
dhgl_dklZ� ijhbaZrZh� �_� ijh�_dZl� =jZ^kdZ� hik_j\Zlhjb�Z� ;_h]jZ^Z� � 

UrbObsBel � (Urban Observatory of Belgrade�� dh�b� �_� ij\b� kZ� ]jmihf�
jZagh\jkgbo� bgkljmf_gZlZ� gZ� ^\_� jZaebqbl_� ehdZpb�_��5_]h\� ]eZ\gb�
pb���_kl_�^Z�k_�ijbf_ghf�ijh\_j_gbo�Zkljhghfkdbo�l_ogbdZ�ijhmqZ\Z�m�
k\_lehkgh�aZ]Z{_�_�b�^bgZfbqdb�ijhp_kb�m�]jZ^m�;_h]jZ^m� 
 

���PB4�J:>:�

�

M� h\hf� jZ^m� ij_^klZ\�Zfh� dhgp_il� ijh�_dlZ� UrbObsBel�� �_]h\�
bgklblmpbhgZegb�b�f_lh^hehrdb�hd\bj��dhjbr�_g_�bgkljmf_gl_�b�ij\_�
j_amelZl_� fhgblhjbg]Z� k\_lehkgh]� aZ]Z{_�Z� m� ;_h]jZ^m�� Ihk_[Zg�
Zdp_gZl� �_� klZ\�_g� gZ� ijbdZa� fh]m�ghklb� ]jZ^kd_� hik_j\Zlhjb�_� dZh�
fh^_eZ�aZ�^m]hjhqgh�ijZ�_�_�d\Zebl_lZ�gh�gh]�g_[Z�m�mj[Zgh��kj_^bgb�
b�gZ�ihj_{_�_�^h[b�_gbo�\j_^ghklb�kZ�j_n_j_glghf�lZfghf�ehdZpb�hf�
gZ�:kljhghfkdh��klZgbpb�gZ�<b^h�_\bpb��:K<�� 

�

���IJH3?D:L�UrbObsBel��DHGP?IL�B�BGKLBLMPBHG:EGB�

HD<BJ�

�

Ijh�_dZl�=jZ^kd_�hik_j\Zlhjb�_�;_h]jZ^�- UrbObsBel �_�ljh]h^br�b�
ijh�_dZl�dh�b�nbgZgkbjZ�Nhg^�aZ�gZmdm�J_im[ebd_�Kj[b�_ 6 m�i_jbh^m�h^�
����ZgmZjZ�������^h�����^_p_f[jZ�������]h^bg_��Simiü�et al����������Lh��_�
�_^Zg�h^�ij\bo�h\Zd\bo�ijh�_dZlZ�m�Kj[b�b��mkf_j_gbo�gZ�kbkl_fZlkdh�
f_j_�_�hk\_l�_ghklb�gh�gh]�g_[Z�b�ijhmqZ\Z�_�k\_lehkgh]�aZ]Z{_�Z�m�
mj[Zgh�� kj_^bgb� dZd\Z� �_� ;_h]jZ^�� Hq_dm�_� k_� ^Z� �_� ijbdmi�_gZ�
ihkfZljZ�Z� ijm`blb� ^jZ]hp_g_� bgnhjfZpb�_� h� jZkih^_eb� ihljhr�_�
_g_j]b�_�b��_ghf�mlbpZ�m�gZ�`b\hlgm�kj_^bgm�b�_dhkbkl_f_� 

 

Ihk_[gZ� \j_^ghkl� h\h]� ijh�_dlZ� h]e_^Z� k_� m� �_]h\hf�
bgl_j^bkpbiebgZjghf� dZjZdl_jm�� M� lbfm� mq_kl\m�m� bkljZ`b\Zqb� ba�
q_lbjb�bgklblmpb�_��:kljhghfkd_�hik_j\Zlhjb�_�;_h]jZ^ 7��BgklblmlZ�aZ�
nbabdm�;_h]jZ^ 8��F_^bpbgkdh]�nZdmel_lZ�Mgb\_jabl_lZ�m�;_h]jZ^m 9 b�
Ijbjh^gh-fZl_fZlbqdh]� nZdmel_lZ� Mgb\_jabl_lZ� m� Gh\hf� KZ^m 10��

 
� KWWSV���urbobsbel�aob�rs 
6 KWWSV���fondzanauku�gov�rs 
7 KWWSV���www�aob�rs 
8 KWWSV���www�ipb�ac�rs 
9 KWWSV���med�bg�ac�rs 
10 KWWSV���www�dgt�uns�ac�rs 
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Ijh�_dZl� hdmi�Z� mdmigh� hkZf�bkljZ`b\ZqZ�� ^j�Kj{Zg�KZfmjh\b���^j�
=hjZg�>Zf�Zgh\b��� ^j� AhjZg�Kbfb��� ^j� AhjbpZ�P\_ldh\b��� ^j� JZ^_�
IZ\eh\b��� ^j� >jZ]Zg� Emdb��� ^j� >Z�ZgZ� ;�_eZ�Zp� b� ^j� ;jZgbkeZ\�
Jh\qZgbg��H\Zd\Z�fmelb^bkpbiebgZjgZ�hj]ZgbaZpb�Z�lbfZ�bkljZ`b\ZqZ�
ihl\j{m�_� ^Z� k\_lehkgh� aZ]Z{_�_� gb�_� fh]m�_� ihkfZljZlb� kZfh� dZh�
Zkljhghfkdb� ijh[e_f�� \_�� dZh� l_fm� dh�Z� aZol_\Z� bklh\j_f_gh�
jZamf_\Z�_� nbabqdbo�� _dhehrdbo�� a^jZ\kl\_gbo� b� mj[Zgbo� Zki_dZlZ�
(Pavloviü�et al�������a�� 
 

M�dhgp_ilmZeghf�kfbkem��ijh�_dZl�k_�aZkgb\Z�gZ�dhjbr�_�m�\br_�
\jklZ�bgkljmf_gZlZ��dh�b�ihdjb\Z�m�jZaebqbl_�^_eh\_�ki_dljZ��Z�dh�b�km�
gZf_�_gb� aZ� ijhmqZ\Z�_� hk\_l�_ghklb� g_[Z� mke_^� ijbkmkl\Z��
jZaebqblbo� ba\hjZ� aZ]Z{_�Z� dZh�rlh� km� mebqg_� k\_lb�d_�� j_deZfgb�
_djZgb��j_ne_dlhjb�klZ^bhgZ�b�jZagb�lbih\b�k\_lZeZ�ihklZ\�_gbo�ih��
nZkZ^ZfZ� ÄiZf_lgbo� a]jZ^Z³�� H\ZdZ\� ijbklmi� lj_[Z� ^Z� h[_a[_^b�
\bkhdhd\Zebl_lg_� ihkfZljZqd_� ih^Zld_� b� [b�_� dhjbr�_g� lZdh{_� b� aZ�
h[mdm� b� aZ� bgnhjfbkZ�_� �Z\ghklb�� Bklh\j_f_gh�� ieZgbjZgZ� km�
^m]hjhqgZ� f_j_�Z� ma� ih\j_f_gm� \_jbnbdZpb�m�� �Z\gZ� ^hklmighkl�
ih^ZlZdZ�b��boh\h�ih\_ab\Z�_�kZ�h^]h\ZjZ�m�bf�[ZaZfZ��dZh�b�rbjhdZ�
ijhfhpb�Z�ijh�_dlZ�b�^h[b�_gbo�j_amelZlZ� 

�

���BGKLJMF?GLB�IJH3?DL:�UrbObsBel�

�

:kljhghfkdZ� hik_j\Zlhjb�Z� m� ;_h]jZ^m� k_� gZeZab� gZ� bama_lgh��
ehdZpb�b�m�]jZ^m�lZdh�^Z�k_�qblZ\�]jZ^�\b^b�kZ�\joZ�Dme_��>Zde_��kZf�
]_h]jZnkdb�iheh`Z��Hik_j\Zlhjb�_�b�jZkihj_^�bgkljmf_gZlZ��_�lZdZ\�^Z�
hfh]m�Z\Z�rbjhd�\bam_egb�b�bgkljmf_glZegb�h[mo\Zl�mj[Zgh]�ijhklhjZ�
rlh��_�ih]h^gh�aZ�^m]hjhqgh�ijZ�_�_�hk\_l�_ghklb�gh�gh]�g_[Z�bagZ^�
]jZ^Z�� 

 

AZ�dhfiZjZlb\gm�ZgZebam�dhjbr�_gZ� �_�b�:kljhghfkdZ�klZgbpZ�gZ��
<b^h�_\bpb� �:K<���dh�Z�m�h\hf�ijh�_dlm�bfZ�meh]m�j_n_j_glg_�lZfg_�
ehdZpb�_�� MijZ\h� fh]m�ghkl� ^bj_dlgh]� ihj_{_�Z� mj[Zg_� b� lZfg_�
kj_^bg_�ij_^klZ\�Z� �_^gm� h^�f_lh^hehrdb�gZ�\j_^gb�bo� h^ebdZ� h\h]�
ijh�_dlZ� 

 

M� hd\bjm� ijh�_dlZ� dhjbklbfh� \br_� jZaebqblbo� bgkljmf_gZlZ 
(Pavloviü�et al�������b)� Ij\b�bgkljmf_gl�dh�b�ij_^klZ\�Zfh�gZ�KebdZfZ�
�� b� �� �_� )/,5�A700� l_jfZegZ� dZf_jZ�� dh�Z� ihk_^m�_� � bgnjZpj\_gm�
j_ahempb�m� ���� î� ���� ibdk_eZ�� \b^gh� ih�_� h^� ���� î� ���� b� l_jfZegm�
hk_l�b\hkl� h^� ��� mK gZ� ���� °C�� H\Z�� mj_{Z�� hfh]m�Z\Z� l_jfZegm�
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���IJ<:�F?J?5:�B�J?AMEL:LB�

 

 K_il_f[jZ� ������ ]h^bg_� km� ba\jr_gZ� TESS-: nhlhf_lZjhf� ij\Z��
f_j_�Z�gZ�h[_�klZgbp_��:H;�b�:K<��lhdhf�^\_�gh�b��>h[b�_g_�kj_^�_�
\j_^ghklb�kfh�h^fZo�mihj_^beb��GZ�:kljhghfkdh��hik_j\Zlhjb�b��kfh�
^h[beb� aZ� k�Z��g_[Z� ������mag�arcsecð�^hd� aZ�:kljhghfkdm� klZgbpm�gZ�
<b^h�_\bpb� �_� ^h[b�_gh� ������ mag�arcsecð�� JZaebdZ� baf_{m� h\_� ^\_��
ehdZpb�_� �_�baghkbeZ� �����mag�arcsecð�rlh� ]h\hjb�h�bama_lgh�\_ebdhf�
k\_lehkghf�aZ]Z{_�m�m�;_h]jZ^m� 
 

 K�h[abjhf�gZ�lh�̂ Z�\_�_�\j_^ghklb�m��_^bgbpb�mag�arcsecð�h^]h\ZjZ�m�
lZfgb�_f� g_[m�� h\b� j_amelZlb� ihdZam�m� ^Z� �_� g_[h� bagZ^� <b^h�_\bp_�
agZlgh� lZfgb�_�h^�g_[Z�bagZ^�;_h]jZ^Z��Lbf_� k_�ihl\j{m�_�^Z�mj[ZgZ�
kj_^bgZ�kgZ`gh�gZjmrZ\Z�ijbjh^gm�lZfm�gh�gh]�g_[Z��H\h�l\j{_�_��_�
�hr�hqb]e_^gb�_�Zdh�mihj_^bfh�kebd_�kZ�all-sky dZf_jZ��KebdZ�8�� 
 

  
KebdZ �� KgbfZd�all-sky dZf_jhf�gZ�:H;��e_\h��b�gZ�:K<��^_kgh�� 

  

>jm]b� kdmi� j_amelZlZ� dh�b� h\^_� ijbdZam�_fh� h^ghkb� k_� gZ� �ZgmZj�
������]h^bg_�b�aZkgb\Z�k_�gZ�f_j_�bfZ�Mgbo_^jhg�bgkljmf_glbfZ�gZ�
h[_�ehdZpb�_��:H;�b�:K<��kZfh�m�^m`_f�bgl_j\Zem�l���lhdhf�^_k_l�gh�b��
AZ� :H;� �_� ^h[b�_gZ� \j_^ghkl� ������ mag�arcsecð�� Z� aZ� :K<� ������
mag�arcsecð��KebdZ�9���JZaebdZ�baf_{m�h\bo�ehdZpb�Z��_��hr�\_�Z�b�baghkb�
�����mag�arcsecð��H\Z��ih^ZlZd��hr�^h^Zlgh�ihl\j{m�_�bajZ`_gm�jZaebdm�
baf_{m� mj[Zgh]� b� lZfgh]� g_[Z�� BZdh� km� h\^_� dhjbr�_gb� ^jm]b�
bgkljmf_glb�b�^jm]b�\j_f_gkdb�bgl_j\Zeb�m�h^ghkm�gZ�ij_loh^gb�kdmi�
f_j_�Z��hirlb�aZd�mqZd�hklZ�_�bklb��bgl_gabl_l�k\_lehkgh]�aZ]Z{_�Z�
bagZ^�;_h]jZ^Z��_�\bkhd�b��Zkgh�f_j�b\� 
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KebdZ 10. KgbfZd�]jZ^Z�nhlhZiZjZlhf�������������m������� 

 

 Ihk_[Zg� ^hijbghk� ijh�_dlZ� �_kl_� mihj_^gZ� ZgZebaZ� m� h^ghkm� gZ��
j_n_j_glgm�lZfgm�ehdZpb�m�gZ�<b^h�_\bpb��;_a�lZd\_�j_n_j_glg_�lZqd_��
\j_^ghklb� ^h[b�_g_� bagZ^� ;_h]jZ^Z� bfZe_� [b� agZlgh� fZ�m�
bgl_jij_lZlb\gm�kgZ]m��M�h\hf�kemqZ�m��jZaebdZ�baf_{m�ijb[eb`gh����
16 mag�arcsecð� bagZ^� ;_h]jZ^Z� b� ij_dh� ���mag�arcsecð� gZ�<b^h�_\bpb�
\_hfZ��Zkgh�ihdZam�_�kl_i_g�^_]jZ^Zpb�_�gh�gh]�g_[Z�m�mj[Zgh��kj_^bgb� 
3hr��_^gZ�\Z`gZ�dZjZdl_jbklbdZ�ijh�_dlZ��_kl_�lh�rlh�g_�hklZ�_�gZ�gb\hm�
ijhklh]�j_]bkljh\Z�Z�ijh[e_fZ�� \_��m�h\h��im[ebdZpb�b�mdZam�_�b�gZ�
fh]m�Z� j_r_�Z�� A[h]� keh`_ghklb� Zgljhih]_gh]� k\_leZ� g_� ihklh�_�
�_^ghklZ\gZ� j_r_�Z� aZ��_]h\h� kfZ�_�_� b� m[eZ`Z\Z�_� m� ijbjh^gbf�
kbkl_fbfZ��Bklh\j_f_gh�k_�gZ]eZrZ\Z�^Z�km�gZpbhgZegZ�b�f_{mgZjh^gZ�
kZjZ^�Z� h^� kmrlbgkdh]� agZqZ�Z� aZ� ijbdmi�Z�_� \bkhdhd\Zebl_lgbo�
ih^ZlZdZ�� dZh� b� ^Z� ihklh�b� oblgZ� ihlj_[Z� aZ� gZpbhgZegbf� b�
f_{mgZjh^gbf�ijhibkbfZ�aZ�kfZ�_�_�k\_lehkgh]�aZ]Z{_�Z� 
 

 Ihk_[gh�km�\Z`g_�b�ijZdlbqg_�ij_ihjmd_�aZ�ijbeZ]h{Z\Z�_�^baZ�gZ�
hk\_l�_�Z� jZ^b� kfZ�_�Z� mlbpZ�Z� gZ� ehdZeg_� _dhkbkl_f_�� aZrlblZ�
k\_lb�db�� ijbeZ]h^�b\h� mebqgh� hk\_l�_�_�� kfZ�_�_� bgl_gabl_lZ�
k\_leZ�b�ba[hj�h^]h\ZjZ�m�_]�ki_dljZegh]�kZklZ\Z�ba\hjZ�k\_lehklb��DZh�
ij_ihjmq_gb�hik_] gZ�dhf_�k_�bajZqb fZdkbfZegb�nemdk�gZ\h^b�k_�����
���� nm�� h^ghkgh� `mlh-gZjZg�Zklb� ^_h� ki_dljZ�� kebqZg� hghf� dh^�
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kb�ZebpZ� kZ� gZljb�mfh\bf� iZjZfZ�� H\Z� ij_ihjmdZ� �_� agZqZ�gZ� �_j�
ihdZam�_� ^Z� ijh[e_f� k\_lehkgh]� aZ]Z{_�Z� gb�_� kZfh� m� dhebqbgb�
k\_lehklb��\_��b�m��_ghf�ki_dljZeghf�kZklZ\m� 
 

���A:D4MQ:D�

 

 Ijh�_dZl� UrbObsBel ij_^klZ\�Z� \Z`Zg� dhjZd� dZ� kbkl_fZlkdhf�
ijZ�_�m� k\_lehkgh]� aZ]Z{_�Z� m� Kj[b�b�� DZh� �_^Zg� h^� ibhgbjkdbo�
ijh�_dZlZ� m� a_f�b�� hg� h[�_^b�m�_� Zkljhghfkdm� f_lh^heh]b�m��
bgl_j^bkpbiebgZjgb� ijbklmi� b� ^jmrl\_gh� j_e_\Zglg_� pb�_\_�� H\Z� 
ijh�_dZl�gb�_�aZfbr�_g�kZfh�dZh�ih�_^bgZqgh�bkljZ`b\Z�_��\_��b�dZh�
fh^_e� ]jZ^kd_� hik_j\Zlhjb�_� dh�b� k_� fh`_� ijbf_gblb� b� m� ^jm]bf�
mj[Zgbf�kj_^bgZfZ�m�Kj[b�b�b�hdjm`_�m� 
 

 Ij\b�j_amelZlb�ihdZam�m�\_hfZ�bajZ`_gm�jZaebdm�baf_{m�d\Zebl_lZ�
gh�gh]� g_[Z� bagZ^� ;_h]jZ^Z� b� j_n_j_glg_� lZfg_� ehdZpb�_� gZ�
<b^h�_\bpb��GZrb�j_amelZlb�ihl\j{m�m�\bkhd�gb\h�k\_lehkgh]�aZ]Z{_�Z�
m�mj[Zgh��kj_^bgb�b�hijZ\^Z\Z�m�ihlj_[m�aZ�^m]hjhqgbf�fhgblhjbg]hf, 

^Z�bf�mgZij_{_�_f�f_jgbo�ijhp_^mjZ�b�jZa\h�_f�f_jZ�aZ�jZpbhgZegb�_�
b�_dhehrdb�ijbo\Zl�b\b�_�kih�Zr�_�hk\_l�_�_� 
 

 M� lhf� kfbkem�� UrbObsBel bfZ� ^\hkljmdb� agZqZ��� kZ� �_^g_� kljZg_�
^hijbghkb�gZmqghf�jZamf_\Z�m�k\_lehkgh]�aZ]Z{_�Z��Z�kZ�^jm]_�kljZg_�
ijm`Z�hkgh\m� aZ�ijZdlbqg_�ij_ihjmd_�m�h[eZklb�mj[Zgh]�ieZgbjZ�Z��
_g_j]_lkd_�_nbdZkghklb�b�aZrlbl_�`b\hlg_�kj_^bg_�dZdh�[b�k_�kfZ�bh�
gb\h�k\_lehkgh]�aZ]Z{_�Z��ij_�k\_]Z��m�]jZ^kdh��kj_^bgb� 
 

AZo\Zeghkl�BkljZ`b\Z�_� �_� kijh\_^_gh� ma� ih^jrdm�Nhg^Z� aZ� gZmdm�
J_im[ebd_�Kj[b�_�[j��������Urban Observatory of Belgrade (UrbObsBel��b�
FbgbklZjkl\Z� gZmd_�� l_oghehrdh]� jZa\h�Z� b� bgh\Zpb�Z� J_im[ebd_�
Kj[b�_�djha�Ijh�_dlgb�m]h\hj�[j�����-03-��������-����������b�K:GM�
ij_dh�ijh�_dlZ�N-���� 

�

�

�
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Ebl_jZlmjZ�
 

)DOFKL��)���%DUD��6���������Light pollution is skyrocketing, 6FLHQFH�������,VVXH�������

SS�����-�����'2,����������VFLHQFH�DGI�������

KWWSV���ZZZ�VFLHQFH�RUJ�GRL���������VFLHQFH�DGI���� 

  

3DYORYLü��5���&YHWNRYLü��=���6LPLü��=���'DPOMDQRYLü��*���/XNLü��'���5RYþDQLQ��%���
6DPXURYLü��6���%MHODMDF��'�������D��8UEDQ�2EVHUYDWRU\�RI�%HOJUDGH��8UE2EV%HO���
3XEOLFDWLRQV�RI�WKH�$VWURQRPLFDO�2EVHUYDWRU\�RI�%HOJUDGH��YRO�������SS�����-127, 

KWWSV���GRL�RUJ������������VEDF��S 
 

3DYORYLü��5���&YHWNRYLü��=���%MHODMDF��'���'DPOMDQRYLü��*���/XNLü��'���5RYþDQLQ��
%���6DPXURYLü��6���6LPLü��=�������b��7KH�8UE2EV%HO�3URMHFW��,QVWUXPHQWV�DQG�
'HWHFWRUV��3XEOLFDWLRQV�RI�WKH�$VWURQRPLFDO�2EVHUYDWRU\�RI�%HOJUDGH��YRO�������SS��
129-134, KWWSV���GRL�RUJ������������VEDF��S� 
 

Salazar-9D]TXH]��-��DQG�0HQGH]-9D]TXH]��$��������A plug-and-play 

Hyperspectral Imaging Sensor using low-FRVW�HTXLSPHQW��HardwareX, 7, e00087, 

21pp, KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6����������������  
 

6LPLü��=���3DYORYLü��5���%MHODMDF��'���&YHWNRYLü��=���'DPOMDQRYLü��*���/XNLü��'���
5RYþDQLQ��%���6DPXURYLü��6���������8UEDQ�2EVHUYDWRU\�RI�%HOJUDGH��8UE2EV%HO��� 

/LJKW�3ROOXWLRQ��-RXUQDO�RI�3K\VLFV��&RQIHUHQFH�6HULHV��9ROXPH�������,VVXH����
LG�����������SS��KWWSV���LRSVFLHQFH�LRS�RUJ�DUWLFOH�������������-
�������������������SGI  
 

9DUHOD�3HUH]��$��0���������7KH�LQFUHDVLQJ�HIIHFWV�RI�OLJKW�SROOXWLRQ�RQ�SURIHVVLRQDO�
DQG�DPDWHXU�������,VVXH�������SS������-�������'2,����������VFLHQFH�DGJ�������������������������������������
KWWSV���ZZZ�VFLHQFH�RUJ�GRL���������VFLHQFH�DGJ���� 

 

 

�
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$VWURQ��2EV��%HOJUDGH�6SHFLDO�,VVXHV�1R������������29-���

'2,��KWWSV���GRL�RUJ����������DREVL����3�

IJH3?D:L�UrbObsBel��+6,�BGKLJMF?GL�A:�

OBI?JKI?DLJ:EGH�KGBF:5?�

>J:=:G�EMDB61��J:>?�I:<EH<B61 b�;J:GBKE:< JH<Q:GBG2 

 
��Bgklblml�aZ�nbabdm��;_h]jZ^ 

� F_^bpbgkdb�nZdmel_l�Mgb\_jabl_lZ�m�;_h]jZ^m��;_h]jZ^ 

�
J_abf_�� K\_lehkgh� aZ]Z{_�_� ij_^klZ\�Z� �_^Zg� h^� gZ�bajZ`_gb�bo� h[ebdZ�
Zgljhih]_gh]� mlbpZ�Z� gZ� gh�gm� `b\hlgm� kj_^bgm� m� kZ\j_f_gbf� mj[Zgbf�
kj_^bgZfZ��5_]h\_�ihke_^bp_�h]e_^Z�m�k_�m�̂ _]jZ^Zpb�b�d\Zebl_lZ�gh�gh]�g_[Z��
hl_`Z\Z�m� Zkljhghfkdbo� ihkfZljZ�Z�� gZjmrZ\Z�m� _dhkbkl_fZ�� mlbpZ�m� gZ�
a^jZ\�_� klZgh\gbrl\Z� b� ih\_�Z�m� _g_j]_lkd_� ihljhr�_�� A[h]� lh]Z� �_�
ihke_^�bo�]h^bgZ�k\_�bajZ`_gb�Z�ihlj_[Z�aZ�jZa\h�_f�ihma^Zgbo�kbkl_fZ�aZ�
ijZ�_�_�bgl_gabl_lZ��ijhklhjg_�jZkih^_e_�b�ki_dljZegh]�kZklZ\Z�\_rlZqdh]�
hk\_l�_�Z�lhdhf�gh�b� M�hd\bjm�ijh�_dlZ�UrbObsBel jZa\beb�kfh bgl_]jbkZgb�
kbkl_f�aZ�ijZ�_�_�k\_lehkgh]�aZ]Z{_�Z�m�;_h]jZ^m��Ijh�_dZl��_�mkf_j_g��_�gZ�
bkiblb\Z�_� mlbpZ�Z� \_rlZqdh]� hk\_l�_�Z� gh�m� gZ� mj[Zgm� ^bgZfbdm��
ihljhr�m�_g_j]b�_�b�h^j`b\hkl��ma�ijbf_gm�a_fZ�kdbo�ihkfZljZ�Z��gZij_^g_�
ZgZeba_�ih^ZlZdZ�b�f_lh^Z�fZrbgkdh]�mq_�Z��M�hd\bjm�ijh�_dlZ�gZ[Z\�_gb�km�
b� fhglbjZgb� gZ� Dmeb� :kljhghfkd_� hik_j\Zlhjb�_� jZaebqblb� f_jgb�
bgkljmf_glb��md�mqm�m�b�)/,5 A����l_jfZeg_�dZf_j_��all-sky dZf_jm��SQM b�
TESS-: nhlhf_lj_�b�nhlhZiZjZl�Nikon Z 7II� Ihk_[gh�f_klh�m�hd\bjm�ijh�_dlZ�
bfZ� HSI bgkljmf_gl� dh�b� gZf� kem`b� aZ� obi_jki_dljZegh� kgbfZ�_�� rlh�
ij_^klZ\�Z�d�mqgb�ihfZd�h^�deZkbqgh]�nhlhf_ljb�kdh]�ijZ�_�Z�dZ�^_lZ�gh��
ki_dljZegh�� ZgZebab� mj[Zgbo� ba\hjZ� k\_lehklb�� J_Zebah\Zeb� kfh� mj_{Z� gZ�
hkgh\m�hl\hj_gh]�oZj^\_jkdh]�b�khnl\_jkdh]�dhgp_ilZ�aZkgh\Zgh]�gZ�Raspberry 

Pi 3 B��ieZlnhjfb�b�Raspicam NoIR v����dZf_jb� mihlj_[hf eZdh�^hklmigbo�
hilbqdbo�b�f_oZgbqdbo�dhfihg_glb��H\Z��mj_{Z��kfh�mgZij_^beb�ij_eZkdhf�
gZ�Raspberry Pi ��ieZlnhjfm�kZ���GB f_fhjb�_�b�Module 3 NoIR dZf_jhf�qbf_�
km� ^h[b�_g_� [h�_� i_jnhjfZgk_�� \_�Z� j_ahempb�Z�b�fh]m�ghkl� ^Z�_]� jZa\h�Z�
kbkl_fZ� M� h\hf� jZ^m� ^Z�_fh ij_]e_^� dhgp_ilZ�� dhgkljmdpb�_�� l_ogbqd_�
Zjobl_dlmj_�b�ij_^eh]�aZ�̂ Z�b jZa\h��HSI mj_{Z�Z�m�hd\bjm�ijh�_dlZ�UrbObsBel, 

kZ� ihk_[gbf� hk\jlhf� gZ� ijh[e_f_� dhfiZlb[beghklb� khnl\_jZ� b� ^jZ�\_jZ�
ijbebdhf� fb]jZpb�_� gZ� gh\m� ieZlnhjfm��M� lm� k\jom ^Z�_fh� ^_lZ�Zg� hibk 
j_r_�Z aZkgh\Zgh] gZ�C��� nbel_jm� b� (WKHUQHW dhfmgbdZpb�b��IjbdZam�_fh� 
dZeb[jZpb�m kbkl_fZ dZh�b�ij\_�obi_jdopd_ ihl\j{m�m�b gZ�lZ��gZqbg��_]h\�
ihl_gpb�Ze�aZ�ki_dljZegm�ZgZebam�mj[Zgh]�hk\_l�_�Z� 
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$EVWUDFW�� /LJKW� SROOXWLRQ� KDV� HPHUJHG� DV� RQH� RI� WKH� PRVW� VLJQLILFDQW� IRUPV� RI�
DQWKURSRJHQLF� LPSDFW� RQ� WKH� QLJKWWLPH� HQYLURQPHQW� LQ� PRGHUQ� XUEDQ� DUHDV�� ,WV�
DGYHUVH�HIIHFWV�LQFOXGH�GHJUDGDWLRQ�RI�QLJKW-VN\�TXDOLW\��OLPLWDWLRQV�RQ�DVWURQRPLFDO�
observations, disruption RI�HFRV\VWHPV��QHJDWLYH� LQIOXHQFHV�RQ�KXPDQ�KHDOWK��DQG�
LQFUHDVHG� HQHUJ\� FRQVXPSWLRQ�� 7KHVH� FKDOOHQJHV� KDYH� KLJKOLJKWHG� WKH� QHHG� IRU�
UHOLDEOH�PRQLWRULQJ�V\VWHPV�FDSDEOH�RI�DVVHVVLQJ�WKH�LQWHQVLW\��VSDWLDO�GLVWULEXWLRQ��
DQG�VSHFWUDO�FKDUDFWHULVWLFV�RI�DUWLILFLDO�QLJKWWLPH� OLJKWLQJ� :LWKLQ� WKH�8UE2EV%HO�
SURMHFW�� DQ� LQWHJUDWHG� V\VWHP� IRU�PRQLWRULQJ� OLJKW�SROOXWLRQ� LQ�%HOJUDGH�KDV�EHHQ�
GHYHORSHG�� 7KH� SURMHFW� LV� IRFXVHG� RQ� LQYHVWLJDWLQJ� WKH� LQIOXHQFH� RI� DUWLILFLDO�
QLJKWWLPH�LOOXPLQDWLRQ�RQ�XUEDQ�G\QDPLFV��HQHUJ\�FRQVXPSWLRQ��DQG�VXVWDLQDbility 

WKURXJK�WKH�FRPELQHG�XVH�RI�JURXQG-based observations, advanced data analysis, and 

PDFKLQH-OHDUQLQJ� WHFKQLTXHV�� )RU� WKLV� SXUSRVH�� VHYHUDO�PHDVXUHPHQW� LQVWUXPHQWV�
KDYH�EHHQ�LQVWDOOHG�RQ�WKH�7RZHU�RI�WKH�$VWURQRPLFDO�2EVHUYDWRU\��LQFOXGLQJ�)/,5�
A700 tKHUPDO� FDPHUDV�� DQ� DOO-sky camera, SQM and TESS-:�SKRWRPHWHUV�� DQG�
1LNRQ�=��,,�FDPHUD� $�FHQWUDO�FRPSRQHQW�RI�WKH�SURMHFW�LV�WKH�K\SHUVSHFWUDO�LPDJLQJ�
�+6,��VHQVRU��ZKLFK�HQDEOHV�D�WUDQVLWLRQ�IURP�FRQYHQWLRQDO�SKRWRPHWULF�PRQLWRULQJ�
WR�GHWDLOHG�VSHFWUDO�DQDO\VLV�RI�XUEDQ�OLJKW�VRXUFHV��7KH�GHYLFH�ZDV�LQLWLDOO\�UHDOL]HG�
DV�DQ�RSHQ�KDUGZDUH�DQG�VRIWZDUH�V\VWHP�EDVHG�RQ�WKH�5DVSEHUU\�3L���%��SODWIRUP�
DQG� WKH� 5DVSLFDP� 1R,5� Y���� FDPHUD�� XVLQJ� FRPPHUFLDOO\� DYDLODEOH� RSWLFDO� DQG�
PHFKDQLFDO�FRPSRQHQWV��,W�ZDV�VXEVHTXHQWO\�XSJUDGHG�WR�D�5DVSEHUU\�3L���SODWIRUP�
ZLWK� �� *%� RI� PHPRU\� DQG� D� 0RGXOH� �� 1R,5� Famera, resulting in improved 

SHUIRUPDQFH�� HQKDQFHG� UHVROXWLRQ�� DQG� H[SDQGHG� SRVVLELOLWLHV� IRU� IXWXUH� V\VWHP�
GHYHORSPHQW� 7KLV�SDSHU�SUHVHQWV�WKH�FRQFHSW��GHVLJQ��DQG�WHFKQLFDO�DUFKLWHFWXUH�RI�
WKH�+6,� LQVWUXPHQW�� DORQJ�ZLWK� D�SURSRVDO� IRU� LWV� IXUWKHU�GHYHORSPHQW�ZLWKLQ� WKH�
8UE2EV%HO� SURMHFW�� 3DUWLFXODU� HPSKDVLV� LV� SODFHG� RQ� WKH� VRIWZDUH� DQG� GULYHU�
compatibility issues encountHUHG� GXULQJ� WKH� PLJUDWLRQ� WR� WKH� QHZ� SODWIRUP�� $�
GHWDLOHG�GHVFULSWLRQ�LV�JLYHQ�RI�WKH�LPSOHPHQWHG�VROXWLRQ�EDVHG�RQ�D�&���ILOWHU�DQG�
(WKHUQHW� FRPPXQLFDWLRQ�� ,Q� DGGLWLRQ�� WKH� SDSHU� SUHVHQWV� WKH� V\VWHP� FDOLEUDWLRQ�
SURFHGXUH�DQG� WKH�ILUVW�DFTXLUHG�K\SHUVSHFWUDO�FXEHV��FRQILUPLQJ� WKH� LQVWUXPHQW¶V�
SRWHQWLDO�IRU�VSHFWUDO�DQDO\VLV�RI�XUEDQ�OLJKWLQJ� 

 

���M<H>�

�

 M[jaZg�jZa\h��mj[Zgbo�kj_^bgZ�lhdhf�ihke_^�bo�^_p_gb�Z�ijZ�_g��_�
klZegbf�ih\_�Z�_f�\_rlZqdh]�hk\_l�_�Z��3Z\gZ�jZk\_lZ��^_dhjZlb\gh�
hk\_l�_�_��j_deZfgb�iZg_eb��hk\_l�_�_�ihkeh\gbo�b�klZf[_gbo�ahgZ��
dZh�b�bgl_gab\gZ�aZf_gZ�klZjb�bo�ba\hjZ�k\_lehklb�LED l_ogheh]b�hf��
^h\_eb�km�^h�lh]Z�^Z�gh�gh�g_[h�bagZ^�]jZ^h\Z�ihklZ�_�k\_�k\_leb�_��Zeb�
b� ki_dljZegh� keh`_gb�_��K\_lehkgh� aZ]Z{_�_� �_� a[h]� lh]Z� ihklZeh� g_�
kZfh�Zkljhghfkdb��\_��b�_dhehrdb��_g_j]_lkdb�b�mj[Zgbklbqdb�ijh[e_f� 
 DeZkbqgb� ijbklmib� ijZ�_�m� k\_lehkgh]� aZ]Z{_�Z� m]eZ\ghf� km�
mkf_j_gb� gZ� f_j_�_� mdmigh]� k�Z�Z� g_[Z� beb� mdmigh]� gb\hZ�
hk\_l�_ghklb��BZdh�km�lZd\Z�f_j_�Z�bama_lgh�agZqZ�gZ��hgZ�q_klh�gbkm�
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^h\h�gZ�aZ�^_lZ�gh�jZamf_\Z�_�ijbjh^_�ba\hjZ�k\_lehklb��M�ijZdkb��
^\Z� mj[ZgZ� ba\hjZ� fh]m� ^Z\Zlb� ijb[eb`gh� kebqZg� nhlhf_ljb�kdb�
kb]gZe��Z�^Z�k_�m�\_ebdh��f_jb�jZaebdm�m�ih�k\hf�ki_dljZeghf�kZklZ\m��
MijZ\h� a[h]� lh]Z� kZ\j_f_gb� ijbklmib� bkljZ`b\Z�m� k\_lehkgh]�
aZ]Z{_�Z�k\_�\br_�md�mqm�m�ki_dljZegm�b�obi_jki_dljZegm�ZgZebam� 
  

Ijh�_dZl� =jZ^kd_� hik_j\Zlhjb�_� ;_h]jZ^Z� - UrbObsBel 11 (Urban 

Observatory of Belgrade�� nbgZgkbjZg� h^� kljZg_� Nhg^Z� aZ� gZmdm�
J_im[ebd_�Kj[b�_ 12 jZa\b�_g� �_� kZ�pb�_f�^Z� k_�m�;_h]jZ^m�mkihklZ\b�
kbkl_fZlkdb��\br_dhfihg_glgb�kbkl_f�aZ�ijZ�_�_�k\_lehkgh]�aZ]Z{_�Z��
Ijh�_dZl� �_� mkf_j_g� gZ� bkiblb\Z�_� mlbpZ�Z� \_rlZqdh]� hk\_l�_�Z� gZ�
mj[Zgm� ^bgZfbdm�� ihljhr�m� _g_j]b�_� b� h^j`b\hkl�� ma� ijbf_gm�
a_fZ�kdbo� ihkfZljZ�Z�� gZij_^g_� ZgZeba_� ih^ZlZdZ�� md�mqm�m�b�
fZrbgkdh� mq_�_� b� nhjfbjZ�_� ihk_[gh]� j_ihablhjb�mfZ� aZ� �Z\gh�
^_�_�_�ih^ZlZdZ� 
  

BZdh� ijh�_dZl� h[mo\ZlZ� \br_� jZaebqblbo� bgkljmf_gZlZ qb�b�
^_lZ�Zg�hibk�fh`_l_�gZ�b�m�jZ^o\bfZ�3DYORYLü�HW�DO�������D���3DYORYLü�HW�
DO�������E��b IZ\eh\b� b Kbfb� �h\Z�im[ebdZpb�Z�� H\^_��_fh ^_lZ�gh 

hibkZlb  bgkljmf_gl� aZ� obi_jki_dljZegh� kgbfZ�_ � +6,� �_g]e�� 
K\SHUVSHFWUDO imaging) mj_{Z���JZaeh]� aZ� lh� �_��_]h\�ihk_[Zg� agZqZ�� aZ�
d\ZeblZlb\gh� gh\� gaqbg ZgZeba_� mj[Zgh]� hk\_l�_�Z�� AZ� jZaebdm� h^�
deZkbqgbo� dZf_jZ� b� nhlhf_lZjZ�� obi_jki_dljZegb� kbkl_f� hfh]m�Z\Z�
ba^\Z�Z�_�mkdbo�ki_dljZegbo�hik_]Z l���lZeZkgbo�^m`bgZ b�nhjfbjZ�_�
ih^ZlZdZ�m�h[ebdm�obi_jdhpd_ �_g]e���Kypercube)��qbf_�k_�ijhklhjg_�b�
ki_dljZeg_�bgnhjfZpb�_�bgl_]jbrm�m��_^bgkl\_g�ZgZeblbqdb�aZibk� 
  

>Zde_��h\Z��mj_{Z��gZf�hfh]m�Z\Z�^Z�kZfh��_^gbf�Ädebdhf³�^h[b�_fh�
dhfie_lgm�bgnhjfZpb�m�h�ki_dljm�k\_lehklb�dh�m�^Z�_�h[�_dZl��Lbf_�k_�
hl\ZjZ�fh]m�ghkl�aZ�jZaebdh\Z�_�\jklZ�hk\_l�_�Z��ZgZebam�ki_dljZegh]�
^hijbghkZ� jZaebqblbo� ^_eh\Z� ]jZ^Z� b� ij_pbagb�_� fh^_eh\Z�_�
k\_lehkgh] aZ]Z{_�Z� 
  

Pb��h\h]�jZ^Z��_kl_�̂ Z�ij_^klZ\b�ijh�_dZl�UrbObsBel ba�m]eZ�jZa\h�Z�
b� bfie_f_glZpb�_� bgkljmf_glZ� aZ� obi_jki_dljZegh� kgbfZ�_�� kZ�
ihk_[gbf� hk\jlhf� gZ� �_]h\m� dhgkljmdpb�m�� l_ogbqd_� hkh[bg_��
khnl\_jkd_�baZah\_�b�i_jki_dlb\_�^Z�_]�jZa\h�Z� 
�

 
11 KWWSV���urbobsbel�aob�rs 
12 KWWSV���fondzanauku�gov�rs 
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���AG:Q:3�+6,�MJ?-:3:�A:�IJH3?D:L�UrbObsBel�

�

 HSI mj_{Z��ij_^klZ\�Z�\br_dhfihg_glgb�kbkl_f�dh�b��_�gZf_�_g�aZ�
ijZ�_�_�k\_lehkgh]�aZ]Z{_�Z�m�;_h]jZ^m��<br_�̂ _lZ�Z�h�hklZeh��hij_fb�
ijh�_dlZ�dZh�rlh� km� )/,5 A���� l_jfZeg_�dZf_j_��AllSky dZf_jZ��Sky 

Quality Meter b�TESS-: nhlhf_ljb�b�nhlhZiZjZl Nikon Z7II fh`e k_�
gZ�b�m�h\h��im[ebdZpb�b�m�jZ^m�IZ\eh\b��b�Kbfb�� ��������LZdh{_� �_�
gZ\_^_gh�^Z� �_�hij_fZ�\_��bajZ{_gZ�b�gZ[Z\�_gZ�b�^Z� �_ fhglbjZgZ gZ 
Dmeb�:kljhghfkd_�hik_j\Zlhjb�_�m�;_h]jZ^m� 
 

 H\Zd\Z� kljmdlmjZ�f_jgbo�bgkljmf_gZlZ mdZam�_�gZ� lh�^Z�Ijh�_dZl�
UrbObsBel gb�_�mkf_j_g�kZfh�gZ� �_^Zg�lbi�f_j_�Z��\_��gZ�ih\_ab\Z�_�
\br_� lbih\Z�ih^ZlZdZ� jZ^b� ^h[b�Z�Z�rlh�ihlimgb�_� kebd_� h�gh�ghf�
mj[Zghf� hk\_l�_�m�� SQM b� TESS-: bgkljmf_glb� ^Z�m� ih^Zld_� h�
d\Zebl_lm�g_[Z�b�nhlhf_ljb�kdhf�gb\hm�hk\_l�_ghklb��all-sky dZf_j_�
hfh]m�Z\Z�m� ijhklhjgb� m\b^� m� jZkih^_em� k\_lehklb� gZ� g_[_kdh��
ihemkn_jb ^hd l_jfZeg_ dZf_j_ mghk_� ^h^Zlgm� ^bf_gab�m� ZgZeba_�
mj[Zgh]�hdjm`_�Z�b��gZ�djZ�m� HSI mj_{Z��ijm`Z�m\b^�m�kZf�ki_dljZegb�
kZklZ\�_fblh\Zg_�beb�jZkml_�k\_lehklb� 
 

 5_]h\� agZqZ�� �_� ihk_[gh� \_ebdb� m� mj[Zgbf� kj_^bgZfZ� m� dh�bfZ�
bklh\j_f_gh�ihklh�_�[jh�gb�b�f_{mkh[gh�jZaebqblb�ba\hjb�k\_lehklb��
�Z\gZ� jZk\_lZ�� ^_dhjZlb\gZ� jZk\_lZ�� kihjlkdb� h[�_dlb�� j_deZf_��
bg^mkljb�kdb�ba\hjb�b� klZf[_gb�h[�_dlb��MdmigZ�hk\_l�_ghkl� lZd\h]�
ijhklhjZ�g_�]h\hjb�^h\h�gh�h�nbabqdh��ijbjh^b�k\_lehkgh]�aZ]Z{_�Z��
L_d�ZgZebaZ�ki_dljZegh]�kZklZ\Z�fh`_�^Z�mdZ`_�gZ�lh�dh�_�l_ogheh]b�_�
hk\_l�_�Z�^hfbgbjZ�m��dZdh�km�jZkihj_{_g_�ih�ijhklhjm�b�m�dh�h��f_jb�
mlbqm�gZ�gh�gh�g_[h� 
 

 M� lhf� kfbkem�� HSI - obi_jki_dljZegb� bgkljmf_gl� bfZ� ihk_[gm�
meh]m��Hg�g_�ij_^klZ\�Z�kZfh� �hr� �_^Zg�k_gahj�m�kbkl_fm��\_��\Z`Zg�
ZeZl�dh�b�hfh]m�Z\Z�̂ m[�m�nbabqdm�bgl_jij_lZpb�m�mj[Zgh]�hk\_l�_�Z��
MijZ\h�aZlh��_�h\^_�hg p_gljZegZ�l_fZ��

�

���HKGH<GB�DHGP?IL�+6,�MJ?-:3:�

�

 HSI mj_{Z�� �_� bajZ{_g� ij_fZ� mimlkl\bfZ� ^Zlbf� m� jZ^m� Salazar-

9D]TXH] & Mendez-9D]TXH] �������� H\ZdZ\� ijbklmi� �_� agZqZ�gh�
ih�_^ghklZ\bh� jZa\h�� mj_{Z�Z� b� kdjZlbh� \j_f_� g_hioh^gh� aZ� �_]h\m�
j_ZebaZpb�m� LZdh{_��h^fZo km�[beb�̂ hklmigb�ibkZgb�b�\b^_h�fZl_jb�Zeb�
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aZ� ihklmiZd� dZeb[jZpb�_�� dZh� b� khnl\_j� aZ� Zd\babpb�m�� ZgZebam� b�
kdeZ^brl_�_�ih^ZlZdZ m�nhjfb�obi_jdhpdb� 
 

 H\h gZf �_�[beh�agZqZ�gh�ba�\br_�jZaeh]Z� gZ�ij_��jZa\h��mj_{Z�Z��_�
aZkgh\Zg gZ� hl\hj_gh� b� \_�� ijh\_j_gh� l_ogbqdh� hkgh\b rlh �_�
hfh]m�beh��_]h\m�[jam�bajZ^m�b�ijadlbqgh� �_�h^fZo�m\_^_g m�j_Zegh�
bkljZ`b\Zqdh�hdjm`_�_��LZdh{_, h\Zd\bf ijbklmihf �_�hfh]m�_gh ^Z�k_�
iZ`�Z�mkf_jb�g_�kZfh�gZ�ba]jZ^�m�\_��ihklh�_�_]�dhgp_ilZ��\_��b�gZ�
�_]h\h�ijbeZ]h{Z\Z�_�ki_pbnbqgbf�ihlj_[ZfZ�ijh�_dlZ�UrbObsBel� 
 

 Hkgh\gb� HSI kbkl_f� �_� h[mo\ZlZh� \br_� hilh-f_oZgbqdbo� b�
_e_dljhgkdbo�dhfihg_gZlZ��dm�brl_��ij_^�_�khqb\h��d\Z^jZlgb�hl\hj��
ijh^m`_ld_� hilbqdh]� kbkl_fZ�� ^bnjZdpbhgm� j_r_ldm�� ghkZq� dZf_j_��
gZiZ�Z�_��Raspberry Pi 3 B��jZqmgZj��Raspberry Pi NoIR V��dZf_jm�h^���
f_]Zibdk_eZ��fZdjh�khqb\h����mm b����mm h[�_dlb\��KebdZ���� 
 

 
 

KebdZ��� +6,�dhfihg_gl_�����dm�brl_�����ghkZq�h[�_dlb\Z�����d\Z^jZlgZ�

Zi_jlmjZ�� ��� ijh^m`gb� ijkl_g� ��� ��� ijh^m`gb� ijkl_g� ��� ���

^bnjZdpbhgZ�j_r_ldZ�����ghkZq�dZf_j_�����ihemijkl_gZklb�gZklZ\Zd��

���O�gZklZ\Zd������aZ^�b�ihdehiZp�kZ�ij_db^Zq_f������5DVSEHUU\�3L���%�� 

��� 5DVSEHUU\� 3L� 1R,5� 9�� dZf_jZ� �� f_]Zibdk_eZ�� ���� dhg_dlhj� aZ�
gZiZ�Z�_������ij_db^Zq�aZ�md�mqb\Z�_�bkd�mqb\Z�_������fZdjh�khqb\h�

���PP������h[�_dlb\����PP� 

 

 H\^_� �_� \Z`gh� gZ]eZkblb� ^Z� �_� dhgp_il� mj_{Z�Z� bklh\j_f_gh�
bg`_�_jkdb� jZpbhgZeZg� b� bkljZ`b\Zqdb� ^h\h�gh� gZij_^Zg��Mf_klh�
kdmih]� dhf_jpb�Zegh]� obi_jki_dljZegh]� kbkl_fZ�� jZa\b�_g� �_� mj_{Z��
aZkgh\Zg� gZ� ijbklmiZqgbf� dhfihg_glZfZ�� Zeb� kZ� �Zkgh� ^_nbgbkZghf�
ki_dljZeghf� nmgdpb�hf� b� fh]m�ghr�m� kl\Zjg_� gZmqg_� ijbf_g_� 
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>_lZ�Zg�ijbdZa�mihlj_[_�aZ�jZaebqbl_�gZf_g_�HSI � mj_{Z�Z�̂ Zl��_�m�jZ^m�
Hong et al��������� 
 

 

���HL<HJ?GB�O:J><?J�B�KHNL<?J�D:H�HKGH<:�J:A<H3:�

�

 3_^gZ� h^� gZ�\Z`gb�bo� dZjZdl_jbklbdZ� hkgh\gh]�HSI j_r_�Z� �_kl_�
�_]h\Z� hl\hj_gZ� Zjobl_dlmjZ�� Mj_{Z�� �_� aZkgh\Zg� gZ� open-source 

oZj^\_jkdh�� b� khnl\_jkdh�� ebp_gpb�� dh�Z� hfh]m�Z\Z� dhjbr�_�_��
fh^bnbdZpb�m� b� mgZij_{b\Z�_� bgbpb�Zegh]� ijhlhlbiZ�� AZ� ijZ\�_�_�
mj_{Z�Z� km� mihlj_[�_g_� ijbklmiZqg_� dhfihg_gl_� dh�_� km� ijZdlbqgh�
^hklmig_�k\Zdhf_��K_j\_jkdb�khnl\_j�HypRaspCam���dh�b�k_�bgklZebjZ�
gZ�Raspberry Pi mgmlZj� dm�brlZ�� ^Zl� �_� m�C���ba\hjghf� dh^m�� ^hd� aZ�
deb�_glkdb�^_h�VTXDUH+6,%HWD9���ibkZg�aZ�GNU /LQX[ PC beb�Android 

hdjm`_�_�^ZlZ��_�kZfh�ba\jrgZ�\_jab�Z�l���g_fZ�ba\hjgh]�dh^Z� 
 

 H\ZdZ\� dhgp_il� gZf� �_� ihk_[gh� [bh� \Z`Zg� �_j� m� mkeh\bfZ�
h]jZgbq_gbo�[m�_lZ��jZa\h��bgkljmf_glZ� aZkgh\Zgh]�gZ�ijbklmiZqgbf�
dhfihg_glZfZ�b�hl\hj_gbf�khnl\_jkdbf�j_r_�bfZ�hfh]m�Z\Z�g_�kZfh�
l_ogbqdm�j_ZebaZpb�m�\_��b�imgm�dhgljhem�gZ^�qblZ\bf�kbkl_fhf��Lh��_�
gZjhqblh�agZqZ�gh�dh^��HSI kbkl_fZ��]^_�ba[hj�hilbd_��gZqbg�Zd\babpb�_��
Z� b� dZkgb�Z� h[jZ^Z� ih^ZlZdZ� fh]m� ^bj_dlgh� mlbpZlb� gZ� d\Zebl_l�
^h[b�_gbo�j_amelZlZ� 
 

 Ihj_^� _dhghfkd_� hijZ\^Zghklb�� hl\hj_gb� dhgp_il� bfZ� b� gZmqgm�
\j_^ghkl��Hg�hfh]m�Z\Z�j_ijh^mdlb\ghkl��eZdr_�l_ogbqdh�jZamf_\Z�_�
kbkl_fZ�b�fh]m�ghkl�^Z�k_�mj_{Z��^Z�_�jZa\b�Z�m�kdeZ^m�kZ�dhgdj_lgbf�
bkljZ`b\Zqdbf� ihlj_[ZfZ�� M� kemqZ�m� UrbObsBel ijh�_dlZ�� lh� �_�
hfh]m�beh� ^Z dhgp_il� HSI mj_{Z�Z [m^_� g_� kZfh� ij_ma_l�� \_�� b�
kmrlbgkdb�ijbeZ]h{_g�b�mgZij_{_g� 
 

5.�MG:IJ?-?5?�MJ?-:3:��IJ?E:A:D�G:�5DVSEHUU\�3L�5�

�

 3_^Zg� h^� d�mqgbo� jZa\h�gbo� dhjZdZ� ijb� bajZ^b�HSI mj_{Z�Z� �_kl_�
m\h{_�_�gZ�gh\b�_�Raspberry Pi ��ieZlnhjf_��Ij_fZ�dZjZdl_jbklbdZfZ��
gh\Z�ieZlnhjfZ�^hghkb�[j`b�ijhp_khj�h^� ����GHz��\br_�hi_jZlb\g_�
f_fhjb�_� h^� �� GB b� ih^jrdm� aZ� ^\_� dZf_j_�� LZdh{_�� baZ[jZeb� kfh�
gZ�gh\b�b�fh^_e�dZf_j_�Module 3 NoIR dh�b��_�aZkgh\Zg�gZ�Sony IMX708 

qbim��qbf_� �_�^h[b�_gZ�[h�Z�j_ahempb�Z�h^� �����f_]Zibdk_eZ� ������ î�
�������rlh��_������[h�Z�j_ahempb�Z�m�ihj_{_�m�kZ�ij_loh^ghf�dZf_jhf�
h^���f_]Zibdk_eZ�������î������� 
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�� 
 

 H\Z�� dhjZd� bfZ� \_ebdb� agZqZ�� aZ� ijZdlbqgm� mihlj_[m� kZfh]� HSI 

mj_{Z�Z�� <_�Z� ijhp_khjkdZ� kgZ]Z� hfh]m�Z\Z� klZ[begb�b� jZ^� b� [j`m�
ehdZegm� h[jZ^m�� <_�Z� dhebqbgZ� f_fhjb�_� hklZ\�Z� ijhklhj� aZ�
ba\jrZ\Z�_� keh`_gb�bo� aZ^ZlZdZ� ^hd� \brZ� j_ahempb�Z� k_gahjZ�
ihl_gpb�Zegh� ih[h�rZ\Z� d\Zebl_l� ba^\h�_gbo� ki_dljZegbo�
bgnhjfZpb�Z��GZ�djZ�m��fh]m�ghkl�jZ^Z�kZ�^\_�dZf_j_�ij_^klZ\�Z�\Z`gm�
hkgh\m�aZ�[m^m�m�dhf[bgZpb�m�obi_jki_dljZegh]�b�deZkbqgh]�\bam_egh]�
kgbfZ�Z� 
 

 Ba�lh]�jZaeh]Z�h\Z�fb]jZpb�Z�gb�_�kZfh�l_ogbqdZ�aZf_gZ�ieZlnhjf_��
\_�� kmrlbgkdh� mgZij_{_�_�HSI mj_{Z�Z��HgZ� ihdZam�_� ^Z� bgkljmf_gl�
gb�_�hklZh�gZ�gb\hm�bgbpb�Zegh]�ijhlhlbiZ��\_��^Z�k_�jZa\b�Z�m�kdeZ^m�
kZ�kZ\j_f_gbf�oZj^\_jkdbf�fh]m�ghklbfZ�b�ihlj_[ZfZ�ijh�_dlZ� 
 

 

6.�F?O:GBQD:�J?:EBA:PB3:�B�BAJ:>:�DM6BRL:�

�

 AgZqZ�Zg�� Zeb� q_klh� g_^h\h�gh� bklZdgml� ^_h� jZa\h�Z� h\Zd\h]�
bgkljmf_glZ� �_kl_� �_]h\Z� f_oZgbqdZ� j_ZebaZpb�Z�� Dm�brlZ� aZ� HSI 

mj_{Z�_�km��D rlZfiZgZ�m�Bgh\Zpbhghf�p_gljm�BgklblmlZ�aZ�nbabdm�m�
;_h]jZ^m� 
 

 H\h�ihdZam�_�^Z��_�ijh�_dZl�h[mo\Zlbh�g_�kZfh�gZ[Z\dm�b�kdeZiZ�_�
_e_dljhgkdbo� dhfihg_glb� \_�� b� ehdZegm� bajZ^m� ijbeZ]h{_g_� hilh-
f_oZgbqd_�kljmdlmj_��Dh^�hilbqdbo�l���obi_jki_dljZegbo�kbkl_fZ�h\h�
�_� h^� ihk_[g_� \Z`ghklb�� �_j� iheh`Z�� hilbqdbo� _e_f_gZlZ� fhjZ� [blb�
klZ[beZg�b�ihma^Zg�b�lZqgh�gZ�h^j_{_ghf�f_klm��QZd�b�fZeZ�ihf_jZ�Z�
fh]m� ^h\_klb� ^h� ^_]jZ^Zpb�_� kebd_� beb� g_`_�_gbo� ki_dljZegbo�
bah[ebq_�Z� 
 

 Ihj_^� lh]Z�� �D rlZfiZ� hfh]m�Z\Z� [jam� bajZ^m� ijhlhlbih\Z��
�_^ghklZ\gm� fh^bnbdZpb�m� ]_hf_ljb�_� b� _nbdZkgh� l_klbjZ�_�
jZaebqblbo� j_r_�Z�� M� dhgl_dklm� ^hfZ�_]� jZa\h�Z� gZmqg_�
bgkljmf_glapb�_�� h\ZdZ\� ijbklmi� ij_^klZ\�Z� \_ebdm� ij_^ghkl�� �_j�
hfh]m�Z\Z�j_eZlb\gh�[ja�pbdemk�jZa\h�Z�b�Z^ZilZpb�_�[_a�hkeZ�Z�Z�gZ�
kdmi_�bg^mkljb�kd_�ijhp_k_�ijhba\h^�_� 
 

 

�
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7.�KHNL<?JKDB�IJH;E?FB�IJB�FB=J:PB3B�G:�GH<M�

IE:LNHJFM�

�

 Ij_eZaZd� gZ� gh\b�m� oZj^\_jkdm� ieZlnhjfm� gb�_� ijhl_dZh� [_a�
ijh[e_fZ��GZdhg�bgklZeZpb�_�hi_jZlb\gh]�kbkl_fZ�Debian GNU�/LQX[ 
���gZ�Raspberry Pi ��ieZlnhjfb�mhq_g_�agZqZ�g_�jZaebd_�baf_{m�^jZ�\_jZ�
libcamera v������aZ�dZf_jm�Module 3 NoIR b�^jZ�\_jZ�dh�b��_�dhjbr�_g�aZ�
klZjb�b� fh^_e� Raspicam NoIR v����� Ijh[e_f� km� ijZ\beb� ih�_^bgb�
ij_db^Zqb��k\bq_\b��dh�b�\br_�gbkm�[beb�ih^j`Zgb�m�gh\hf�^jZ�\_jm���
G_]^_� �_� kZfh� kbglZdkZ� [beZ� ijhf_�_gZ�� gZ� ijbf_j� aZf_�_g_� km�
kdjZ�_g_�\_jab�_�ij_db^ZqZ��-h beb -w��^m`bf�\_jab�ZfZ��--height 
beb --width��^hd�km�g_db�ij_db^Zqb�beb�ihlimgh�mdbgmlb�beb  km�bf�
mdbgml_�kZfh�g_d_�h^j_{_g_�\j_^ghklb��Ihj_^�lh]Z��ihdmrZ��^Z�k_�klZjb�
^jZ�\_j�ij_dhfiZ�ebjZ�b�ijbf_gb�gZ�gh\h��ieZlnhjfb�gb�_�[bh�mki_rZg�
a[h]�ijh[e_fZ�kZ�jZaebqblbf�\_jab�ZfZ�dhjbr�_gbo�[b[ebhl_dZ� 
 

H\b� ijh[e_fb� km� \_hfZ� agZqZ�gb�� �_j� ihdZam�m� j_Zegm� keh`_ghkl�
jZa\h�Z� fh^_jgbo� bkljZ`b\Zqdbo� bgkljmf_gZlZ�� Mj_{Z�� gb�_� kZfh�
hilbqdh-_e_dljhgkdb�kdehi��\_��kbkl_f�qb�_�nmgdpbhgbkZ�_�aZ\bkb�b�
h^� dhfiZlb[beghklb� khnl\_jZ�� ^jZ�\_jZ�� [b[ebhl_dZ� b� gZqbgZ�
dhfmgbdZpb�_�baf_{m�jZaebqblbo�keh�_\Z�kbkl_fZ��KebdZ���� 

 

 M�gZmqghf�b�bg`_�_jkdhf�kfbkem��h\Z��k_]f_gl�jZ^Z��_�\_hfZ�\j_^Zg�
�_j�ihdZam�_�^Z��_�lbf�fhjZh�^Z�j_rZ\Z�dhgdj_lZg�ijh[e_f�fb]jZpb�_�b�
hqm\Z�Z� ihklh�_�_]� jZ^gh]� lhdZ� m� mkeh\bfZ� ijhf_�_g_� khnl\_jkd_�
bgnjZkljmdlmj_��Lh� �_�q_klh� �_^Zg�h^�gZ�aZol_\gb�bo�dhjZdZ m�jZa\h�m�
bgkljmf_gZlZ�dh�b�k_�hkeZ�Z�m�gZ�dhf_jpb�Zegh�^hklmig_�oZj^\_jkd_�b�
khnl\_jkd_�ieZlnhjf_� 
�

8.�J:A<B3?GH�J?R?5?��C++�NBEL?J�B�(WKHUQHW�

DHFMGBD:PB3:�

�

 DZh� h^]h\hj� gZ� mhq_g_� ijh[e_f_�� jZa\b�_gh� �_� ijbeZ]h{_gh�
khnl\_jkdh�j_r_�_��Nbel_j��_�gZibkZg�gZ�ijh]jZfkdhf��_abdm�C���dh�b�
ij_]e_^Z�ij_db^Zq_�b��boh\_�\j_^ghklb��aZ^j`Z\Z�ih^j`Zg_��h^[Zpm�_�
g_ih^j`Zg_�b��]^_��_�lh�fh]m�_��ijbeZ]h{Z\Z�bo�gh\hf�̂ jZ�\_jm�aZ�dZf_jm�
Module 3 NoIR� 
 

 H\Zd\h� j_r_�_� �_� ihk_[gh� agZqZ�gh� �_j� mf_klh� ^Z� k_� p_h� kbkl_f�
ihgh\h� jZa\b�Z� h^� ihq_ldZ�� m\_^_g� �_� ihkj_^gb� keh�� jZ^b�
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AZlbf�� lm� kebdm� ijhke_{m�_� iml_f� _l_jg_l� fj_`_� deb�_glkdhf�

ijh]jZfm SquareHSIBetaV���>Z�_��m�h\hf�ijh]jZfm�k_�fh`_�h[jZ{b\Zlb�

kebdZ�beb�kZqm\Zlb�m�nhjfZlm�obi_jdhpd_���� 

 

 
KebdZ 3. HSI uj_{Z�� �e_\h�� b� FLIR A���� l_jfZegZ� dZf_jZ� �^_kgh��

ihklZ\�_gb�gZ�Dmeb�:kljhghfkd_�hik_j\Zlhjb�_� 

 

 
KebdZ 4. HSI uj_{Z���e_\h��b�FLIR A����l_jfZegZ�dZf_jZ��^_kgh�� ba]e_^�

kZ�ij_^�_�kljZg_� 

 

�
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9.�:JOBL?DLMJ:�J:>:�KBKL?F:�B�NHJFBJ:5?�

OBI?JDHPD?�

�

 Kbkl_f� nmgdpbhgbr_� lZdh� rlh� HSI mj_{Z�� jZ^b� dZh� k_j\_j� aZ�
Zd\babpb�m�kebd_��dhjbkl_�b�khnl\_j�hl\hj_gh]�dh^Z�HypRaspCam��Hg�
hq_dm�_�aZol_\�aZ�kgbfZ�_�h^�deb�_glkdh]�ijh]jZfZ 6TXDUH+6,%HWD9��gZ�
/LQX[ rZqmgZjm��Ih� ijb�_fm� aZol_\Z�� gZ�ij_� k_� Zdlb\bjZ�nbel_j� dh�b�
ijhimrlZ�kZfh�ih^j`Zg_�ij_db^Zq_�b��boh\_�\j_^ghklb��gZdhg�q_]Z�k_�
ihdj_�_� libcamera ^jZ�\_j�� h^ghkgh� rpicam-still�� Deb�_glkdb� khnl\_j�
6TXDUH+6,%HWD9�� aZlbf� ij_dh� (WKHUQHW fj_`_� ij_mabfZ� kebd_� kZ�
k_j\_jZ��nhjfbjZ�keh�_\_�ij_fZ�baZ[jZgbf�lZeZkgbf�̂ m`bgZfZ�b�ba\hab�
j_amelZl�m�h[ebdm�obi_jdhpd_� 
 

 Obi_jdhpdZ� dZh� j_amelZl� ij_^klZ\�Z� d�mqgb� baeZagb� nhjfZl�
obi_jki_dljZegh]�kgbfZ�Z���_j�kZ^j`b�ijhklhjgm�jZkih^_em�kb]gZeZ�ih�
\br_�ki_dljZegbo�dZgZeZ��MijZ\h�h\Zd\Z�kljmdlmjZ�hfh]m�Z\Z�dZkgb�m�
ki_dljZegm� ZgZebam�� ba^\Z�Z�_� ih�_^bgbo� hik_]Z� lZeZkgbo� ^m`bgZ� b 

ihj_{_�_�jZaebqblbo�ba\hjZ�k\_lehklb� 
 

 KZ� klZgh\brlZ� bkljZ`b\Z�Z� k\_lehkgh]� aZ]Z{_�Z�� lh� agZqb� ^Z�
kbkl_f� g_� [_e_`b� kZfh� \bam_egh� gh�g_� kp_g_�� \_�� ^Z�_� nbabqdb�
bgnhjfZlb\gm� ^_dhfihabpb�m� k\_lehkgh]� kb]gZeZ� ih� lZeZkgbf�
^m`bgZfZ��Lbf_�k_�HSI mj_{Z��ba^\Z�Z�dZh�ihk_[gh�\j_^Zg�bkljZ`b\Zqdb�
ZeZl� 
 

����D:EB;J:PB3:�MJ?-:3:�B�IJ<B�J?AMEL:LB�

 

 DZeb[jZpb�Z� � HSI mj_{Z�Z� �_� mjZ{_gZ� ihfh�m� `b\bg_� kb�Zebp_�
PHILIPS ML ���: dh�Z�^Z�_�^bkdj_lgb�ki_dlZj�ijbdZaZg�gZ�KebdZfZ���
b����AZ�dZeb[jZpb�m�kfh�dhjbklbeb�ljb�ebgb�_��ieZ\m�gZ�����nm��a_e_gm�
gZ�����nm b�pj\_gm�gZ�����nm� 
 

 DZeb[jZpb�Z�gZf�hfh]m�Z\Z�^Z�mj_{Z��fh`_�mki_rgh�^Z�j_]bkljm�_�
ki_dljZeg_� jZaebd_� baf_{m� jZaebqblbo� lbih\Z� ba\hjZ� k\_leZ� b�
jZaebqblbo� ki_dljZegbo� ih^hik_]Z�rlh� gZf� hfh]m�Z\Z��_]h\m� ^Z�m�
ijbf_gm�m�j_Zegbf�mkeh\bfZ�f_j_�Z�k\_lehkgh]�aZ]Z{_�Z� 
 

IhdZaZeh� k_� ^Z� HSI mj_{Z�� gb�_� h]jZgbq_g� kZfh� gZ� kgbfZ�_�
hk\_l�_ghklb�\_��^Z��_�kihkh[Zg�^Z�ijm`b�bgnhjfZpb�_�h�ki_dljZegh��
kljmdlmjb� ba\hjZ� k\_lehklb�� MijZ\h� ]Z� lh� qbgb� ih]h^gbf� aZ�
d\ZeblZlb\gh�gZij_^gm�ZgZebam�k\_lehkgh]�aZ]Z{_�Z� 
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KebdZ 5. DZeb[jZpbhgb�ki_dlZj�`b\bg_�eZfi_� 

 

 GZ�\_�Z� \j_^ghkl� bgkljmf_glZ� aZ� obi_jki_dljZegh� kgbfZ�_� m�
hd\bjm�ijh�_dlZ�UrbObsBel e_`b�m�qb�_gbpb�^Z�hfh]m�Z\Z�ij_eZaZd�kZ�
deZkbqgh]�f_j_�Z�dhebqbg_� k\_lehklb�gZ� ZgZebam��_gh]� ki_dljZegh]�
kZklZ\Z��H\h� �_� h^� kmrlbgkdh]� agZqZ�Z�� �_j� k_� jZaebqbl_� l_ogheh]b�_�
hk\_l�_�Z� fh]m� agZlgh� jZaebdh\Zlb� ih� mlbpZ�m� gZ� gh�gh� g_[h��
[bhehrd_� kbkl_f_� b� \bam_egb� d\Zebl_l� ijhklhjZ�� iZ� qZd� b� dZ^Z� ^Z�m�
kebqZg�mdmiZg�gb\h�hk\_l�_ghklb� 
 

 M�mj[Zghf�hdjm`_�m� dZh�rlh� �_�;_h]jZ^�� ]^_� dh_]abklbjZ�m� �Z\gZ�
jZk\_lZ��^_dhjZlb\gh�hk\_l�_�_��j_deZfgb�ba\hjb��kihjlkdb�h[�_dlb�b�
jZaebqbl_� dhf_jpb�Zeg_� k\_lehkg_� bgklZeZpb�_�� mijZ\h� ki_dljZegZ�
ZgZebaZ�fh`_�^Z�ihfh]g_�m�jZaebdh\Z�m�b�deZkbnbdZpb�b�^hfbgZglgbo�
ba\hjZ��GZ� Kebpb� �� �_� ijbdZaZg� dZdh� k_� p_glZj� ]jZ^Z� \b^b� gZ� k\bf�
lZeZkgbf� ^m`bgZ�� ^hd� gZ� kebpb� �� km� ba^\h�_g_� kZfh� q_lbjb� lZeZkg_�
^m`bg_����������nm����������nm����������nm b���������nm��H\_�q_lbjb�
kebqbp_� km� gZf_jgh� ³\_rlZqdb´� h[h�_g_� dZdh� [b� � k_� [h�_� bklZdZh�
dhgljZkl��Fh`_fh�j_�b�^Z�HSI mj_{Z��bfZ�ihl_gpb�Ze�^Z�gZf�hfh]m�b�
b^_glbnbdZpb�m� ki_dljZegbo� ihlibkZ� ih�_^bgbo� lbih\Z� jZk\_l_��
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ijZ�_�_�ijhf_gZ�djha�\j_f_�b�kl\ZjZ�_�[Za_�ih^ZlZdZ�h^�agZqZ�Z�g_�kZfh�
aZ�Zkljhghfb�m��\_��b�aZ�mj[ZgbaZf��_g_j]_lbdm�b�_dheh]b�m� 
 

 Ihk_[Zg� agZqZ�� h\h]� mj_{Z�Z� e_`b� b� m� qb�_gbpb� ^Z� �_� jZa\b�_g� m�
hd\bjm� ^hfZ�_]� ijh�_dlZ�� ma� dhf[bgZpb�m� hl\hj_gbo� j_r_�Z� b�
khikl\_gbo�fh^bnbdZpb�Z��A[h]�lh]Z�hg�ij_^klZ\�Z�b�ijbf_j�mki_rgh]�
jZa\h�Z�kZ\j_f_gh]�gZmqgh]�bgkljmf_gla m�ehdZegbf�mkeh\bfZ� 
 

 
 

KebdZ 6. KgbfZd�p_gljZ�]jZ^Z�����n_[jmZjZ�������]h^bg_�m�������qZkh\Z�

ihfh�m�dh]Z�^h[b�Zfh�obi_jdhpdm� 

 

 IeZgbjZfh�^Z�m�ihlimghklb�bkdhjbklbfh�fh]m�ghklb�Raspberry Pi ��
ieZlnhjf_� b� ^Z� k_� ihklh�_�_f� mj_{Z�m� m� [m^m�ghklb� ^h^Z� �hr� �_^gZ�
dZf_jZ��[_a�hilbqd_�j_r_ld_��dh�Z�[b�kgbfZeZ�m�\bam_eghf�^_em�ki_dljZ�
b�^Z\ZeZ�mh[bqZ�_g�ijbdZa�kp_g_��kebqZg�hghf_�dZdh�[b�k_�\b^_eh�]hebf�
hdhf� 
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Fh`_�k_�aZd�mqblb�^Z�HSI mj_{Z��m�hd\bjm�ijh�_dlZ�UrbObsBel gb�_�
kihj_^gZ��\_���_^gZ�h^�p_gljZegbo�bkljZ`b\Zqdbo�dhfihg_glb�kbkl_fZ��
5_]h\�^Z�b�jZa\h��fh`_�^Zlb�\Z`Zg�^hijbghk�g_�kZfh�Zkljhghfkdbf�
bkljZ`b\Z�bfZ�� \_�� b� jZamf_\Z�m� b� ieZgbjZ�m� h^j`b\h]� gh�gh]�
hk\_l�_�Z�m�mj[Zgbf�kj_^bgZfZ� 
 

AZo\Zeghkl H\h� bkljZ`b\Z�_� MH� kijh\_^_gh� ma� ih^jrdm�� Nhg^Z� aZ�
gZmdm� J_im[ebd_�Kj[b�_�� [j�� ������ =jZ^kdZ� hik_j\Zlhjb�Z� ;_h]jZ^Z� - 
8UE2EV%HO� b�FbgbklZjkl\Z� gZmd_�� l_oghehrdh]� jZa\h�Z� b� bgh\Zpb�Z�
J_im[ebd_�Kj[b�_�djha�Ijh�_dlgb�m]h\hj�[j�����-03-��������-����������
b�K:GM�ij_dh�ijh�_dlZ�N-���� 
 

Ebl_jZlmjZ�
 

+RQJ�� '��� /L�� &K��� <RNR\D�� 1��� =KDQJ�� %��� -LD�� ;��� 3OD]D�� $��� *DPED�� 3�����
%HQHGLNWVVRQ��-��$���&KDQXVVRW��-�����������+\SHUVSHFWUDO�,PDJLQJ��1DWXUH�5HYLHZV�
0HWKRGV�3ULPHUV�����$UWLFOH�QXPEHU�����KWWSV���DU[LY�RUJ�SGI����������� 
 

3DYORYLü��5���&YHWNRYLü��=���6LPLü��=���'DPOMDQRYLü��*���/XNLü��'���5RYþDQLQ��%���
6DPXURYLü��6���%MHODMDF��'�������D��8UEDQ�2EVHUYDWRU\�RI�%HOJUDGH��8UE2EV%HO���
3XEOLFDWLRQV�RI�WKH�$VWURQRPLFDO�2EVHUYDWRU\�RI�%HOJUDGH��YRO�������SS�����-127, 

KWWSV���GRL�RUJ������������VEDF��S 
 

3DYORYLü��5���&YHWNRYLü��=���%MHODMDF��'���'DPOMDQRYLü��*���/XNLü��'���5RYþDQLQ��
%���6DPXURYLü��6���6LPLü��=�������b��7KH�8UE2EV%HO�3URMHFW��,QVWUXPHQWV�DQG�
'HWHFWRUV��3XEOLFDWLRQV�RI�WKH�$VWURQRPLFDO�2EVHUYDWRU\�RI�%HOJUDGH��YRO�������SS��
129-134, KWWSV���GRL�RUJ������������VEDF��S� 
 

Salazar-9D]TXH]��-��DQG�0HQGH]-9D]TXH]��$��������$�SOXJ-and-play Hyperspectral 

Imaging Sensor using low-FRVW� HTXLSPHQW�� +DUGZDUH;�� ��� H������� ��SS��
KWWSV���ZZZ�VFLHQFHGLUHFW�FRP�VFLHQFH�DUWLFOH�SLL�6����������������  
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'2,��KWWSV���GRL�RUJ����������DREVL����4�

L?JFH<BAB3KD?�D:F?J?��FH=M6GHKLB�)/,5�MJ?-:3:�

K:R:�@BEB61 

�
��'$0,%$�WUDGH�G�R�R���;_h]jZ^ 

�
J_abf_�� L_jfh\bab�kd_� dZf_j_� ij_^klZ\�Z�m� gZij_^gm� l_ogheh]b�m� aZ�
[_kdhglZdlgm� ^_l_dpb�m� l_fi_jZlmjgbo� jZaebdZ�� aZkgh\Zgm� gZ� ZgZebab�
bgnjZpj\_gh]� ajZq_�Z�� KZ\j_f_gb� mj_{Z�b�� dZh� rlh� km� )/,5� kbkl_fb��
hfh]m�Z\Z�m� ij_pbagm� \bam_ebaZpb�m� b� f_j_�_� l_fi_jZlmj_� ma� ih^jrdm�
khnl\_jkdbo� ZeZlZ� aZ� ^_lZ�gm� ZgZebam�� 5boh\Z� ijbf_gZ� h[mo\ZlZ� rbjhd�
ki_dlZj�h[eZklb��md�mqm�m�b�_e_dljh_g_j]_lbdm��bg^mkljb�m��]jZ{_\bgZjkl\h��
f_^bpbgm�b�aZrlblm�`b\hlg_�kj_^bg_��Ihk_[Zg�agZqZ��bfZ�m�m�ij_\_glb\gh��
^b�Z]ghklbpb�� ^_l_dpb�b� lhiehlgbo� ]m[blZdZ�� \eZ]_� b� dhgkljmdlb\gbo�
g_^hklZlZdZ�� dZh� b� m� mgZij_{_�m� _g_j]_lkd_� _nbdZkghklb� h[�_dZlZ��
AZo\Z�m�m�b� k\h�h�� ihma^Zghklb� b� fmelb^bkpbiebgZjgh�� ijbf_gb��
l_jfh\bab�Z�ij_^klZ\�Z�d�mqZg�ZeZl�kZ\j_f_g_�l_ogbqd_�ijZdk_� 
 
$EVWUDFW��7KHUPDO� LPDJLQJ� FDPHUDV� UHSUHVHQW� DQ� DGYDQFHG� WHFKQRORJ\� IRU� QRQ-
FRQWDFW� GHWHFWLRQ� RI� WHPSHUDWXUH� GLIIHUHQFHV�� EDVHG� RQ� WKH� DQDO\VLV� RI� LQIUDUHG�
UDGLDWLRQ��0RGHUQ�GHYLFHV��VXFK�DV�)/,5�V\VWHPV��HQDEOH�SUHFLVH�YLVXDOL]DWLRQ�DQG�
temperature measurement suppoUWHG�E\�VSHFLDOL]HG�VRIWZDUH�IRU�GHWDLOHG�DQDO\VLV��
7KHLU� DSSOLFDWLRQV� VSDQ� D� ZLGH� UDQJH� RI� ILHOGV�� LQFOXGLQJ� SRZHU� HQJLQHHULQJ��
LQGXVWU\�� FRQVWUXFWLRQ�� PHGLFLQH�� DQG� HQYLURQPHQWDO� SURWHFWLRQ�� 7KH\� DUH�
particularly valuable in preventive diagnostics, detecWLRQ�RI�KHDW� ORVVHV��PRLVWXUH��
DQG�VWUXFWXUDO�GHIHFWV��DV�ZHOO�DV�LQ�LPSURYLQJ�EXLOGLQJ�HQHUJ\�HIILFLHQF\��2ZLQJ�WR�
WKHLU� UHOLDELOLW\� DQG� PXOWLGLVFLSOLQDU\� DSSOLFDELOLW\�� WKHUPDO� LPDJLQJ� V\VWHPV�
FRQVWLWXWH�D�NH\�WRRO�LQ�PRGHUQ�WHFKQLFDO�SUDFWLFH� 
 

L_jfh\bab�kd_� dZf_j_� ij_^klZ\�Z�m� gZij_^g_� bgkljmf_gl_� aZ�
^_l_dpb�m� b� ZgZebam� bgnjZpj\_gh]� ajZq_�Z�� dh�b� hfh]m�Z\Z�m�
\bam_ebaZpb�m� l_fi_jZlmjgbo� jZaebdZ� gZ� ih\jrbgb� h[�_dZlZ� [_a�
^bj_dlgh]�dhglZdlZ��H\b�mj_{Z�b�nmgdpbhgbrm�m�bgnjZpj\_ghf�^_em�
_e_dljhfZ]g_lgh]� ki_dljZ�� nhjfbjZ�m�b� kebdm� gZ� hkgh\m� lhiehlg_�
jZ^b�Zpb�_�dh�m�_fblm�m�ihkfZljZgb�h[�_dlb��M� aZ\bkghklb�h^�lZeZkg_�
^m`bg_��l_jfh\bab�kd_�dZf_j_�k_�^_e_�gZ�djZldhlZeZkg_� �VKRUW-ZDYH��b�
^m]hlZeZkg_��ORQJ-ZDYH���ijb�q_fm�k\ZdZ�]jmiZ�bfZ�ki_pbnbqg_�h[eZklb�
ijbf_g_� 
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'2,��KWWSV���GRL�RUJ����������DREVL������

7521�$,��KBKL?F�A:�>?L?DPB3M�>JHGH<:�B�

FHGBLHJBG=�:LFHKN?JKDBO�IH3:<:�A:KGH<:G�G:�

<?RL:QDH3�BGL?EB=?GPB3B�

GBDHE:�=:EBHL1, H=5?G�=H3DH<B61 

 
��TRON Tech��Gh\b�KZ^ 

 
J_abf_� 7521� $,� �_� gZij_^gb� kbkl_f� aZ� gZ^ahj� g_[Z�� ijbfZjgh� gZf_�_g�
^_l_dpb�b� ^jhgh\Z�� dh�b� dhjbklb� \_rlZqdm� bgl_eb]_gpb�m� aZ� ijZ�_�_�
\Za^mrgbo�h[�_dZlZ�b�ZgZebam�Zlfhkn_jkdbo�ih�Z\Z� Kbkl_f��_�hilbfbah\Zg�aZ�
^_l_dpb�m� fZebo� \Za^mrgbo� pb�_\Z� md�mqm�m�b� [_kibehlg_� e_l_ebp_�
ij_qgbdZ�k\_]Z����FP��gZ�\bkbgb�^h���NP�b�[jabgb�^h�����NP�K��AZ�jZaebdm�h^�
dhg\_gpbhgZegbo�j_r_�Z�dh�Z�k_�hkeZ�Z�m�gZ�hkgh\g_�f_lh^_�ma�fbgbfZegm�
bgl_]jZpb�m�\_rlZqd_ bgl_eb]_gpb�_��7521�$,�h[_a[_{m�_�\bkhd�[jh��dZ^jh\Z�
m� k_dmg^b� �)36�� ijb� \_ebdh�� j_ahempb�b�� qbf_� ij_\ZabeZab� h]jZgbq_�Z�
ljZ^bpbhgZegbo� kbkl_fZ�� Ihk_[gZ� iZ`�Z� ihk\_�_gZ� �_� ij_pbagh��
deZkbnbdZpb�b� \Za^mrgbo� h[�_dZlZ� ma� ihlbkdb\Z�_� �eZ`gbo� ZeZjfZ³ 
majhdh\Zgbo� \_ljhf� beb� h[eZpbfZ� Ihj_^� ijbfZjg_� gZf_g_�� kbkl_f� gZeZab�
ijbf_gm�m�fhgblhjbg]m�k\_lehkgh]�aZ]Z{_�Z�iml_f�ijZ�_�Z�ijhf_gZ�m�k�Z�m�
gh�gh]�g_[Z��ZgZebab�h[eZqghklb�b�ijhp_gb�dZjZdl_jbklbdZ�h[eZdZ��[_e_`_�m�
hilbqdbo� Zlfhkn_jkdbo� n_ghf_gZ� �^m]_�� oZeZ� b� kebqgh��� dZh� b� m� ijZ�_�m�
h[�_dZlZ�m�gbkdh��A_f�bgh��hj[blb��ihiml�kZl_eblZ��f_l_hjZ�b�njZ]f_gZlZ�dh�b�
meZa_�m�Zlfhkn_jm� 
 

$EVWUDFW��7521�$,�LV�DQ�DGYDQFHG�VN\�PRQLWRULQJ�V\VWHP�SULPDULO\�GHVLJQHG�IRU�
GURQH�GHWHFWLRQ��XWLOL]LQJ�DUWLILFLDO� LQWHOOLJHQFH� WR� WUDFN�DHULDO�REMHFWV�DQG�DQDO\]H�
DWPRVSKHULF�SKHQRPHQD��7KH�V\VWHP�LV�RSWLPL]HG�IRU�GHWHFWLQJ�VPDOO�DHULDO�WDUJHWV��
including unmanned crafts as small as 30 cm in diameter, flying at altitudes of up to 

��NP�DQG�VSHHGV�RI�XS�WR�����NP�K��8QOLNH�FRQYHQWLRQDO�VROXWLRQV�WKDW�UHO\�RQ�EDVLF�
FRPSXWHU�YLVLRQ�PHWKRGV�ZLWK�PLQLPDO�$,�LQWHJUDWLRQ��7521�$,�GHOLYHUV�KLJK�IUDPH�
UDWHV��)36��DW�ODUJH�UHVROXWLRQV��RYHUFRPLQJ�WKH�OLPLWDWLRQV�RI�WUDGLWLRQDO�V\VWHPV��
3DUWLFXODU� HPSKDVLV� LV� SODFHG� RQ� SUHFLVH� FODVVLILFDWLRQ� RI� DHULDO� REMHFWV� ZKLOH�
VXSSUHVVLQJ�IDOVH�DODUPV�FDXVHG�E\�ZLQG�RU�FORXGV��%H\RQG�LWV�SULPDU\�DSSOLFDWLRQ��
WKH�V\VWHP�LV�DOVR�XVHG�IRU�OLJKW�SROOXWLRQ�PRQLWRULQJ�WKURXJK�WKH�WUDFNLQJ�RI�FKDQJHV�
LQ� QLJKW� VN\� EULJKWQHVV�� FORXG� DQDO\VLV� DQG� YROXPHWULF� HVWLPDWLRQ�� UHFRUGLQJ� RI�
RSWLFDO� DWPRVSKHULF� SKHQRPHQD� �UDLQERZV�� KDORV�� DQG� VLPLODU� HYHQWV��� DV�ZHOO� DV�
WUDFNLQJ�RI�REMHFWV�LQ�ORZ�(DUWK�RUELW (LEO), including satellites, meteors, and re-

HQWHULQJ�GHEULV� 
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'2,��KWWSV���GRL�RUJ����������DREVL����6�

IJH3?D:L�8UE2EV%HO��MLBP:3�K<?LEHKGH=�A:=:-?5:�G:�

A>J:<4?�QH<?D:��

;J:GBKE:<�JH<Q:GBG��

�F_^bpbgkdb�nZdmel_l�Mgb\_jabl_lZ�m�;_h]jZ^m��;_h]jZ^ 

J_abf_� K\_lehkgh� aZ]Z{_�_� ij_^klZ\�Z� jZklm�b� _dhehrdb� b� a^jZ\kl\_gb�
ijh[e_f� dh�b�gZklZ�_� mke_^�ij_dhf_jg_�beb�g_ijZ\begh� mkf_j_g_� mihlj_[_�
\_rlZqdh]�hk\_l�_�Z��gZjhqblh�lhdhf�gh�b��KZ\j_f_gZ�bkljZ`b\Z�Z�mdZam�m�
gZ� �_]h\� agZqZ�Zg� mlbpZ�� gZ� pbjdZ^b�Zeg_� jblfh\_� b� kbgl_am� f_eZlhgbgZ��
ohjfhgZ� d�mqgh]� aZ� j_]meZpb�m� kgZ�� Baeh`_ghkl� ieZ\hf� ^_em� ki_dljZ�
k\_lehklb��dZjZdl_jbklbqghf� aZ�/('�ba\hj_�b�^b]blZeg_�mj_{Z�_��^h\h^b�^h�
kfZ�_g_�ijh^mdpb�_�f_eZlhgbgZ�b�gZjmrZ\Z�Z�ijbjh^gh]�pbdemkZ�kiZ\Z�Z�b�
[m^ghklb��Ihke_^bp_�h\bo�ihj_f_�Z�Z�h]e_^Z�m�k_�m�kfZ�_ghf�d\Zebl_lm�kgZ��
dh]gblb\gbf� ihl_rdh�ZfZ�� ih\_�Zghf� klj_km� b� \_�_f� jbabdm� h^� jZa\h�Z�
Zgdkbhaghklb�b�̂ _ij_kb�_��>m]hjhqgZ�baeh`_ghkl�k\_lehkghf�aZ]Z{_�m�̂ h\h^b�
k_� m� \_am� b� kZ� dZj^bh\ZkdmeZjgbf� b� f_lZ[hebqdbf� h[h�_�bfZ�� dZh� b�
hkeZ[�_ghf�nmgdpb�hf�bfmgh]�kbkl_fZ��Ihj_^�lh]Z��g_]Zlb\gb�_n_dlb�fh]m�k_�
bkih�blb�b�gZ�hj]Zgm�\b^Z��BZdh��_�q_klh�aZg_fZj_gh�m�h^ghkm�gZ�^jm]_�h[ebd_�
aZ]Z{_�Z�� k\_lehkgh� aZ]Z{_�_� bfZ� rbjhd� mlbpZ��� ihk_[gh� m� mj[Zgbf�
kj_^bgZfZ��F_j_� aZrlbl_� h[mo\ZlZ�m� mgZij_{_�_� kbkl_fZ� �Z\g_� jZk\_l_� b�
ijbf_gm�bg^b\b^mZegbo�gZ\bdZ��dZh�rlh�km�kfZ�_�_�baeh`_ghklb�k\_lem�m�
\_q_j�bf�qZkh\bfZ�b�h[_a[_{b\Z�_�Z^_d\Zlgbo�mkeh\Z�aZ�kiZ\Z�_��?^mdZpb�Z�
klZgh\gbrl\Z�bfZ�d�mqgm�meh]m�m�kfZ�_�m�jbabdZ�b�mgZij_{_�m�a^jZ\�Z�b�
d\Zebl_lZ�`b\hlZ� 

$EVWUDFW� /LJKW� SROOXWLRQ� UHSUHVHQWV� D� JURZLQJ� HQYLURQPHQWDO� DQG� SXEOLF� KHDOWK�
LVVXH� FDXVHG� E\� H[FHVVLYH� RU� LPSURSHUO\� GLUHFWHG� DUWLILFLDO� OLJKWLQJ�� SDUWLFXODUO\�
GXULQJ� QLJKWWLPH�� &RQWHPSRUDU\� UHVHDUFK� KLJKOLJKWV� LWV� VLJQLILFDQW� LPSDFW� RQ�
FLUFDGLDQ� UK\WKPV� DQG� WKH� V\QWKHVLV� RI�PHODWRQLQ�� D� KRUPRQH� HVVHQWLDO� IRU� VOHHS�
UHJXODWLRQ��([SRVXUH� WR� WKH�EOXH�SDUW�RI� WKH� OLJKW�VSHFWUXP��FKDUDFWHULVWLF�RI�/('�
VRXUFHV�DQG�GLJLWDO�GHYLFHV��UHGXFHV�PHODWRQLQ�SURGXFWLRQ�DQG�GLVUXSWV�WKH�QDWXUDO�
sleep�ZDNH�F\FOH��7KHVH�GLVWXUEDQFHV DUH�DVVRFLDWHG�ZLWK�GHFUHDVHG�VOHHS�TXDOLW\��
FRJQLWLYH�GLIILFXOWLHV��LQFUHDVHG�VWUHVV��DQG�D�KLJKHU�ULVN�RI�DQ[LHW\�DQG�GHSUHVVLRQ��
Long-WHUP�H[SRVXUH� WR� OLJKW�SROOXWLRQ�KDV� DOVR�EHHQ� OLQNHG� WR� FDUGLRYDVFXODU� DQG�
metabolic disorders, as well as impaired iPPXQH� IXQFWLRQ��$GGLWLRQDOO\�� DGYHUVH�
HIIHFWV�PD\�PDQLIHVW�LQ�WKH�YLVXDO�V\VWHP��$OWKRXJK�RIWHQ�RYHUORRNHG�FRPSDUHG�WR�
RWKHU�IRUPV�RI�SROOXWLRQ��OLJKW�SROOXWLRQ�KDV�ZLGHVSUHDG�FRQVHTXHQFHV��HVSHFLDOO\�LQ�
XUEDQ�HQYLURQPHQWV��3URWHFWLYH�PHDVXUHV�LQFOXGH�LPSURYHPHQWV�LQ�SXEOLF�OLJKWLQJ�
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l_fZlbdZ� kfZljZ� bgl_j^bkpbiebgZjgbf� ih^jmq�_f� bkljZ`b\Z�Z� dh�_�
ih\_am�_� f_^bpbgm�� [bheh]b�m�� nbabdm�� _dhghfb�m� b� ijZ\g_� gZmd_�
�.HUQEDFK�HW�DO��������� 

���MLBP:3�G:�A>J:<4?�QH<?D:�

Fh`_� k_� kZ�imgbf�ijZ\hf� dhgklZlh\Zlb� ^Z� �_� k\_lehkgh� aZ]Z{_�_�
�_^Zg�h^�gZ�[j`_�jZklm�bo� _dhehrdbo�ijh[e_fZ� kZ\j_f_gh]�^jmrl\Z��
dh�b� �_�aZ�jZaebdm�h^�aZ]Z{_�Z�ojZg_��\h^_�b�\Za^moZ�m�agZqZ�gh��f_jb�
aZihklZ\�_gh��DZ^Z� ]h\hjbfh� h� k\_lehkghf� aZ]Z{_�m� ih^jZamf_\Zfh�
ij_dhf_jgm� beb� g_ijZ\begh� mkf_j_gm� \_rlZqdm� jZk\_lm� dh�Z� j_f_lb�
ijbjh^gb�pbjdZ^b�Zegb� jblZf� kf_�b\Z�Z� k\_lehklb� b� lZf_��H\^_� k_�
ihk_[gh�fbkeb�gZ�ij_dhf_jgm�baeh`_ghkl�hk\_l�_�m�lhdhf�gh�b��rlh�
fh`_� bfZlb� agZqZ�g_� ihke_^bp_� ih��m^kdb� hj]ZgbaZf� �=HPDQ� HW� DO���
������� 

 

F_{m� gZ�ijhfbg_glgb�bf� _n_dlbfZ� k\_lehkgh]� aZ]Z{_�Z� gZ�
nbabheh]b�m� qh\_dZ� ba^\Z�Z� k_� mlbpZ�� gZ� pbjdZ^b�Zegb� jblZf�� H\Z��
ojhgh[bhehrdb�f_oZgbaZf��_�aZ^m`_g�aZ�j_]meZpb�m�kf_g_�[m^ghklb�b�
kgZ�� dh�Z� k_� hkl\Zjm�_� ij_dh� p_gljZegh]� g_j\gh]� b� g_mjh_g^hdjbgh]�
kbkl_fZ� gZ� k\_� hklZe_� nbabhehrd_� ijhp_k_�� 5_]h\h� Z^_d\Zlgh�
nmgdpbhgbkZ�_�hfh]m�m�_�hj]Zgbafm�j_klhjZlb\gm�nmgdpb�m�kiZ\Z�Z��
dh�Z�h[_a[_{m�_�ghjfZegh�nmgdpbhgbkZ�_�g_j\gh]��dZj^bh\ZkdmeZjgh]��
bfmgh]� b� _g^hdjbgh]� kbkl_fZ��Kbgl_aZ�f_eZlhgbgZ� k_� h[Z\�Z� lhdhf�
^m[hdhf�kiZ\Z�Z�kj_^bghf�gh�b�b�bama_lgh��_�ih^eh`gZ�^bkj_]meZpb�b�
h^� kljZg_� ih\_�Zgh]� bgl_gabl_lZ� b� ihk_[gbo� d\Zebl_lZ� k\_lehklb�
�KebdZ����� 
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�_� agZqZ�Zg� _lbhehrdb� qbgbeZp� ihj_f_�Z�� kgZ�� dh�b� k_� q_klh� fh`_�
^h\_klb�m�\_am�kZ�k\_lehkgbf�aZ]Z{_�_f��7lKNlP| HW�DO���������� 

 

>m]hjhqgZ� baeh`_ghkl� k\_lehkghf� aZ]Z{_�m� fh`_� ^h\_klb� b� ^h�
ihj_f_�Z�Z� dZj^bh\ZkdmeZjgh]� kbkl_fZ�� kjqZgbo� Zjblfb�Z� b�
obi_jl_gab�_��]h�Zaghklb�b�^b�Z[_l_kZ�f_eblmkZ�lbiZ����:RMFLHFKRZVND�
HW�DO���������=KDQJ�HW�DO����������IjZ\begh�nmgdpbhgbkZ�_�bfmghehrdh]�
kbkl_fZ� �_� m� \_ebdh�� f_jb� aZ\bkgh� h^� mjZ\ghl_`_gh]� pbjdZ^b�Zegh]�
jblfZ�� J_]_g_jZpb�Z� hj]ZgbafZ� lhdhf� kgZ� ih^jZamf_\Z� b� �ZqZ�_�
h^[jZf[_gbo� Zglbfbdjh[gbo� b� Zglblmfhjkdbo� f_oZgbaZfZ�� Mdhebdh�
^h{_�^h�ihj_f_�Z�Z�kgZ��bfmghehrdb�kbkl_f�agZqZ�gh�keZ[b�b��Z\�Z�k_�
ih^eh`ghkl� jZaebqblbf� Zdmlgbf� b� ojhgbqgbf� miZegbf� klZ�bfZ�
�:DONHU�HW�DO���������� 

 

Rl_lZg� mlbpZ�� k\_lehkgh]� aZ]Z{_�Z� fh`_� k_� j_]bkljh\Zlb� b� gZ�
hqbfZ��rlh� k_� h]e_^Z� m� ih�ZqZghf� gZij_aZ�m� hqgbo�fbrb�Z�� km\h�b�
\_`�Zq_��hk_�Z�m�i_pdZ�Z�b�ihj_f_�Z��kihkh[ghklb�ijbeZ]h{Z\Z�Z�gZ�
fjZd��>h^Zlgh��m[jaZ\Z�k_�b�klZj_�_�hqgh]�khqb\Z��rlh�̂ h\h^b�̂ h�mkeh\Z�
aZ�jZgb�b�gZklZgZd�dZlZjZdl_��6DOFHGD�������� 

 

Mhirl_gh� ]h\hj_�b�� k\_lehkgh� aZ]Z{_�_� ihj_^� _n_dZlZ� gZ�
ih�_^bgpZ��rl_lgh�mlbq_�b�gZ�^jmrl\h�m�p_ebgb��GZ�\_�b�^_h�k\_lkd_�
ihimeZpb�_�gZklZ�_g��_�m�]jZ^h\bfZ�b�kZfbf�lbf�k\Zdh^g_\gh�baeh`_g�
ij_dhf_jghf�hk\_l�_�m�m�\_q_j�bf�qZkh\bfZ��rlh��m^kdhf�hj]Zgbafm�
qbgb�hl_`Zgh�j_]bkljh\Z�_�ijbjh^gbo�kb]gZeZ�aZ�h^fhj�� 

���F?LH>?�A:RLBL?�H>�K<?LEHKGH=�A:=:-?5:�

BZdh�_n_dlb�k\_lehkgh]�aZ]Z{_�Z�fh]m�hklZ\blb�agZqZ�g_�ihke_^bp_�
ih� a^jZ\�_� qh\_dZ�� ma� ijbf_gm� Z^_d\Zlgbo� f_jZ� k_� hgb� fh]m�
dhgljhebkZlb�� Z� mlbpZ�� gZ� a^jZ\�_� ij_hdj_gmlb�� AZrlblg_� f_j_� g_�
rlbl_�kZfh�a^jZ\�_��m^b��\_��^hijbghk_�kfZ�_�m�ihljhr�_�_g_j]b�_�
b� � hqm\Z�m� `b\hlg_� kj_^bg_�� M� rbj_f� kfbkem�� kbkl_fkdb� gZihjb�
ih^jZamf_\Z�m�[h�_�ieZgbjZ�_��Z\g_�jZk\_l_��dhjbr�_�_�k\_lZeZ�dh�Z�
km�mkf_j_gZ�gZ^he_��dhjbr�_�_�kb�ZebpZ�kZ�lhieb�bf�lhghf�k\_lehklb�
�fZ�_� h^� ����� D�� b� mdb^Z�_� g_ihlj_[gh]� hk\_l�_�Z�� H^]h\hjgh�
mijZ\�Z�_� �Z\ghf�jZk\_lhf�ih^jZamf_\Z�^Z�k_�dhjbkl_�k\_leZ�dh�Z�km�
mkf_j_gZ�dZ�lem��[_a�hdhegh]�jZkbiZ�Z�k\_lehklb�dZ�hdhegbf�h[�_dlbfZ�
b� g_[m�� >h^Zlgh�� h\Z� jZpbhgZebaZpb�Z� k_� fh`_� ihklb�b� mihlj_[hf�
k_gahjZ� ihdj_lZ� b� \j_f_gkdb� dhgljhebkZgbo� kb�ZebpZ� �0HQHQGH]-
VHOD]TXH]�HW�DO���������� 
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>hijbghk� ih�_^bgpZ� �kZfh�aZrlblb� h^� k\_lehkgh]� aZ]Z{_�Z� �_�
lj_gmlgh�fh`^Z�gZ�agZqZ�gb�b�gZqbg�dZdh�k_�rl_lgb�_n_dlb�gZ�a^jZ\�_�
fh]m� kij_qblb� beb� m� \_ebdh�� f_jb� ihgbrlblb�� Hqm\Z�_� ijZ\begh]�
jblfZ�kiZ\Z�Z�ij_^klZ\�Z�gZ�ijbhjbl_lgb�b�aZ^ZlZd��Ij_ihjmqm�_�k_�^Z�
k_�m�\_q_j�bf�kZlbfZ�fZdkbfZegh�kfZ�b�baeh`_ghkl� �Zdbf�ba\hjbfZ�
k\_lehklb��ihk_[gh�ieZ\hf� k\_lem�dh�_� _fblm�m� l_e_nhgb��jZqmgZjb�b�
l_e_\bahjb�� Dhjbr�_�_� nmgdpb�Z� gh�gh]� j_`bfZ� kebd_� beb� ^jm]bo�
gZqbgZ�aZ�nbeljbjZ�_�ieZ\h]�k\_leZ��m�rlZ�kiZ^Z�mihlj_[Z�jZaebqblbo�
nbel_jZ� beb� aZrlblgbo� gZhqZjZ�� m� \_ebdh�� f_jb� rlblb� a^jZ\�_�
ih�_^bgpZ��Ih`_�gh� �_� b� ^Z� k_� ba[_]Z\Z� mihlj_[Z� gZ\_^_gbo� _djZgZ�
gZ�fZ�_� �_^Zg� kZl� ij_� h^eZkdZ� gZ� kiZ\Z�_�� H^� \_ebdh]� agZqZ�Z� �_� b�
mj_{_�_�ijhklhjZ� aZ� kiZ\Z�_��rlh�ih^jZamf_\Z�^Z� kiZ\Z�Z� kh[Z�[m^_�
rlh� lZfgb�Z� lhdhf� gh�b�� [m^m�b� ^Z� ihlimgb� fjZd� ij_^klZ\�Z� �Zd�
klbfmeZgk�aZ�emq_�_�f_eZlhgbgZ��Dhjbr�_�_�aZ\_kZ��jhe_lgb�b�fZkdb�
aZ�hqb�m�\_ebdh��f_jb�^hijbghkb�aZrlblb�h^�_n_dZlZ��Z\gh]�hk\_l�_�Z�
\bkhdh]�bgl_gabl_lZ�dh�_�^hibj_�m�klZf[_gb�ijhklhj��+DR�HW�DO���������� 

 

Ihj_^�aZrlbl_�^hfZ�bgkl\Z�h^��Zdbo�ba\hjZ��Z\g_�jZk\_l_��ijZ\begh�
dhjbr�_�_�mgmljZr�_�\_rlZqd_�jZk\_l_��_�h^�d�mqgh]�agZqZ�Z��;h�_��_�
dhjbklblb�\br_�fZ�bo�ba\hjZ�ijb]mr_g_�b�mkf_j_g_�lhie_�k\_lehklb��
mf_klh� �Zdh]� p_gljZegh]� hk\_l�_�Z��GZ� h\Z�� gZqbg� k_�fh`_ ihklb�b�
aZrlblgb� _n_dZl� gZ� ijbjh^g_� [bhehrd_� jblfh\_� dh�b� km� aZ\bkgb� h^�
k\_lehklb�� 

 

BZdh� km� gZ\_^_g_� f_j_� l_ogbqdh]� lbiZ� dh�_� gZ�\br_� ^hijbghk_�
aZrlblH� a^jZ\�Z� h^� _n_dZlZ� k\_lehkgh]� aZ]Z{_�Z�� _^mdZpb�Z�
klZgh\gbrl\Z� �_�lZdh{_�d�mqgZ�dhfihg_glZ�aZrlbl_��<_ebdb�ijh[e_f�
ij_^klZ\�Z� g_bgnhjfbkZghkl� klZgh\gbrl\Z� h� h\h�� ijh[e_fZlbpb��
�_ghf�agZqZ�m�b�f_jZfZ�aZ�aZrlblm��;h�Z�bgnhjfbkZghkl�h�[blghklb�
d\Zebl_lZ�kgZ�b�ijZ\beg_�mihlj_[_�hk\_l�_�Z�fh`_�ih^klZ�b�ijhf_g_�
m� k\Zdh^g_\gbf� gZ\bdZfZ� b� lbf_� aZrlblblb� ih�_^bgpZ� h^� rl_lgbo�
ihke_^bpZ��FbgbfZeg_�ijhf_g_��dZh�rlh�km�jZgb�_�]Zr_�_�k\_leZ�ij_�
kiZ\Z�Z�� kfZ�b\Z�_�hk\_l�_�Z��ba[_]Z\Z�_�^b]blZegbo�mj_{Z�Z�fh]m�
bfZlb�\_ebdb�mlbpZ��gZ�^m]hjhqgh�a^jZ\�_��.RFLIDM�HW�DO���������� 

 

H^�ihk_[gh�bgl_j_kZ�km�jbabqg_�]jmi_��dZh�rlh�km�jZ^gbpb�m�gh�gbf�
kf_gZfZ��h[he_eb�h^�dZj^bh\ZkdmeZjgbo�b�ikbobqdbo�h[h�_�Z��^_pZ�b�
klZjb�_�hkh[_��Dh^��bo��_�ijbkmlZg�bajZ`_gb�b�ihj_f_�Z��pbjdZ^b�Zegh]�
jblfZ��iZ��_�g_hioh^gh�ijbeZ]h^blb�mkeh\_�hk\_l�_�Z�b�j_`bf�h^fhjZ�� 
�
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���A:D4MQ:D�

�

M�ij_loh^gbf�^_p_gb�ZfZ��Zkgh��_�ihdZaZgh�^Z��_�k\_lehkgh�aZ]Z{_�_�
agZqZ�Zg� _dhehrdb�nZdlhj�� dh�b� ^hijbghkb� ijhf_gb� mkeh\Z�`b\hlg_�
kj_^bg_��Rl_lZg� mlbpZ�� gZ� a^jZ\�_� qh\_dZ� �_� g_hkihjZg�� gZ� hkgh\m�
[jh�gbo� klm^b�Z� dh�_� km� ZkhpbjZe_� k\_lehkgh� aZ]Z{_�_� kZ� jZaebqblbf�
ihj_f_�Z�bfZ�a^jZ\�Z��K�^jm]_�kljZg_��ihdZaZgh��_�b�^Z�[jh�g_�aZrlblg_�
f_j_�fh]m�agZqZ�gh�kfZ�blb�h\Z��rl_lgb�mlbpZ��b�^_eh\Zlb�ih\h�gh�gZ�
a^jZ\�_�� Mijdhk� lhf_�rlh� k\_lehkgh� aZ]Z{_�_� ij_^klZ\�Z� �_^Zg� h^�
baZah\Z� fh^_jgh]� `b\hlgh]� Zf[b�_glZ�� dhf[bgZpb�Z� _nbdZkgbo�
kbkl_fkdbf�b�bg^b\b^mZegbo�f_jZ�fh`_�m�\_ebdh��f_jb�ihgbrlblb��_g�
g_]Zlb\Zg�mlbpZ��b�mgZij_^blb�d\Zebl_l�`b\hlZ�ih�_^bgpZ�b�^jmrl\Z�m�
p_ebgb�� 

AZo\Zeghkl� H\h� bkljZ`b\Z�_� MH� kijh\_^_gh� ma� ih^jrdm�� Nhg^Z� aZ�
gZmdm� J_im[ebd_�Kj[b�_�� [j�� ������ =jZ^kdZ� hik_j\Zlhjb�Z� ;_h]jZ^Z� - 
8UE2EV%HO� b�FbgbklZjkl\Z� gZmd_�� l_oghehrdh]� jZa\h�Z� b� bgh\Zpb�Z�
J_im[ebd_� Kj[b�_� djha� Ijh�_dlgb� m]h\hj� [j�� ���-03-��������-
���������� 

Ebl_jZlmjZ�

&DR�0��;X�7��<LQ�'��8QGHUVWDQGLQJ�OLJKW�SROOXWLRQ��5HFHQW�DGYDQFHV�RQ�LWV�KHDOWK�
WKUHDWV�DQG�UHJXODWLRQV��-�(QYLURQ�6FL��&KLQD�����������������-����  

*XDQ�4��:DQJ�=��&DR�-��'RQJ�<��&KHQ�<��7KH�UROH�RI�OLJKW�SROOXWLRQ�LQ�PDPPDOLDQ�
PHWDEROLF� KRPHRVWDVLV� DQG� LWV� SRWHQWLDO� LQWHUYHQWLRQV��$� FULWLFDO� UHYLHZ�� (QYLURQ�
3ROOXW��������������������  

+DR�4��:DQJ�/��/LX�*��5HQ�=��:X�<��<X�=��<X�-��([SORULQJ�WKH�FRQVWUXFWLRQ�RI�
XUEDQ�DUWLILFLDO�OLJKW�HFRORJ\��D�V\VWHPDWLF�UHYLHZ�DQG�WKH�IXWXUH�SURVSHFWV�RI�OLJKW�
SROOXWLRQ��(QYLURQ�6FL�3ROOXW�5HV�,QW�����������������������-�������  

.HUQEDFK�0(��0LOOHU�&��$ODDVDP�9��)HUJXVRQ�6��)UDQFLV�&'��,QWURGXFWLRQ�WR�WKH�
6\PSRVLXP�� (IIHFWV� RI� /LJKW� 3ROOXWLRQ� $FURVV� 'LYHUVH� 1DWXUDO� 6\VWHPV�� ,QWHJU�
&RPS�%LRO��������������������-����� 

.RFLIDM�0��:DOOQHU� 6�� %DUHQWLQH� -&��0HDVXULQJ� DQG� PRQLWRULQJ� OLJKW� SROOXWLRQ��
&XUUHQW�DSSURDFKHV�DQG�FKDOOHQJHV��6FLHQFH������������������������-����� 
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Menéndez-9HOi]TXH]� $�� 0RUDOHV� '�� *DUFtD-'HOJDGR� $%�� /LJKW� 3ROOXWLRQ� DQG�
&LUFDGLDQ� 0LVDOLJQPHQW�� $� +HDOWK\�� %OXH-)UHH�� :KLWH� /LJKW-Emitting Diode to 

$YRLG�&KURQRGLVUXSWLRQ��,QW�-�(QYLURQ�5HV�3XEOLF�+HDOWK���������������������  

6DOFHGD� 5�� /LJKW� 3ROOXWLRQ� DQG� 2[LGDWLYH� 6WUHVV�� (IIHFWV� RQ� 5HWLQD� DQG� +XPDQ�
+HDOWK��$QWLR[LGDQWV��%DVHO��������������������� 

7lKNlP|�/��3DUWRQHQ�7��3HVRQHQ�$.��6\VWHPDWLF�UHYLHZ�RI�OLJKW�H[SRVXUH�LPSDFW�
RQ�KXPDQ�FLUFDGLDQ�UK\WKP��&KURQRELRO�,QW�������������������-���� 

7RXLWRX�<��/LJKW�DW�QLJKW�SROOXWLRQ�RI�WKH�LQWHUQDO�FORFN��D�SXEOLF�KHDOWK�LVVXH��%XOO�
$FDG�1DWO�0HG���������������������-�����  

:DONHU�:+��QG��%XPJDUQHU�-5��%HFNHU-.UDLO�''��0D\�/(��/LX�-$��1HOVRQ�5-��
/LJKW�DW� QLJKW�GLVUXSWV�ELRORJLFDO� FORFNV�� FDOHQGDUV�� DQG� LPPXQH� IXQFWLRQ��6HPLQ�
,PPXQRSDWKRO�������������������-���� 

:RMFLHFKRZVND� :�� +DKDG� 2�� 'DLEHU� $�� 5DM]HU� 0�� 1LJKW� OLJKW� SROOXWLRQ� DQG�
FDUGLRYDVFXODU�GLVHDVH��.DUGLRO�3RO�������������-�������-����  

=HPDQ� 0�� 2NXOLDURYD� 0�� 5XPDQRYD� 96�� 'LVWXUEDQFHV� RI� +RUPRQDO� &LUFDGLDQ�
5K\WKPV�E\�/LJKW�3ROOXWLRQ��,QW�-�0RO�6FL��������������������� 

=KDQJ�0��;LH�<��+X�'��;X�-��:DQJ�-��<DQJ�/��7LDQ�-��/L�%��/LJKW�SROOXWLRQ�DQG�ULVN�
RI�GLDEHWHV��D�V\VWHPDWLF�UHYLHZ�DQG�PHWD-DQDO\VLV�RI�REVHUYDWLRQDO�VWXGLHV��)URQW�
3XEOLF�+HDOWK�������������������� 
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$VWURQ��2EV��%HOJUDGH�6SHFLDO�,VVXHV�1R������������59-70�

'2,��KWWSV���GRL�RUJ����������DREVL����7�

K<?LEHKGH�A:=:-?5?���=EH;:EGB�IJH;E?F��?N?DLB�

<?RL:QDH=�GH6GH=�K<?LE:�G:�J:AEBQBL?�=JMI?�

@B<HLB5:�

F:JDH�>��IJHDB61 

�
�H^_�_�_�aZ�nbabheh]b�m��Bgklblml�aZ�[bhehrdZ�bkljZ`b\Z�Z�ÄKbgbrZ�

KlZgdh\b�´��;_h]jZ^�

�
J_abf_��K\_lehkgh�aZ]Z{_�_�ij_^klZ\�Z�k\_�ijbkmlgb�b�]eh[Zegb����_dhehrdb 

ijh[e_f� dh�b� ^bj_dlgh� mlbq_� gZ� [bh^b\_jabl_l� b� nbabheh]b�m� `b\hlb�Z��
JZa\h���m^kdbo�gZk_�Z��mj[ZgbaZpb�Z�b�rbj_�_�/(' l_ogheh]b�_�^h\_eb�km�^h�
agZqZ�gh]�ih\_�Z�Z�\_rlZqdh]�gh�gh]�hk\_l�_�Z��dh�_�f_�Z�ijbjh^g_�pbdemk_�
k\_lehklb� b� lZf_� b� gZjmrZ\Z� pbjdZ^b�Zeg_� jblfh\_� hj]ZgbaZfZ�� Hkgh\gb�
ohjfhgb� dh�b� dh^� `b\hlb�Z� j_]mebrm� h\_� jblfh\_�� f_eZlhgbg� b�
]emdhdhjlbdhb^b�� ihdZam�m� bajZ`_g_� ^g_\gh-gh�g_� \Zjb�Zpb�_�� Z� �boh\Z�
^bkj_]meZpb�Z� ih^� mlbpZ�_f� \_rlZqdh]� k\_leZ� ^h\h^b� ^h� ihj_f_�Z�Z� kgZ��
f_lZ[hebafZ�� bfmgkdh]� h^]h\hjZ� b� ijhp_kZ� j_ijh^mdpb�_�� BkljZ`b\Z�Z�
ihdZam�m� ^Z� km� gh�g_� \jkl_�� dZh�rlh� km� \h^ha_fpb�� ilbp_�� ke_ib�fbr_\b�b�
bgk_dlb��ihk_[gh�hk_l�b\_��Ijhf_g_�m�ihgZrZ�m�baZa\Zg_�����h\bf�aZ]Z{_�_f 

md�mqm�m�^_ahjb�_glZpb�m��baf_gm�h[jZkpZ�bkojZg_��kfZ�_�_���j_ijh^mdlb\g_ 
mki_rghklb� b� ih\_�Zg� jbabd� h^� ij_^ZlhjZ�� M� \h^_gbf� _dhkbkl_fbfZ��
k\_lehkgh�aZ]Z{_�_�j_f_lb�fb]jZpb�_�ieZgdlhgZ�b�jb[_��^hd�dhj�Zq_�b�^jm]b�
dhig_gb� hj]Zgbafb� ihdZam�m� kfZ�_gm� kihkh[ghkl� ba[_]Z\Z�Z� \_rlZqdh]�
k\_leZ��Ihke_^bp_� km� dZkdZ^g_�� kZ� mlbpZ�_f� gZ� ljhnbqd_�fj_`_�� kljmdlmjm�
aZ�_^gbpZ� b� ^m]hjhqgh� nmgdpbhgbkZ�_� _dhkbkl_fZ�� K� h[abjhf� gZ� rbjhdm�
jZkijhkljZ�_ghkl� k\_lehkgh]� aZ]Z{_�Z� b��_]h\� mlbpZ�� gZ� jZaebqbl_� ]jmi_�
`b\hlb�Z�� g_hioh^gZ� km� ^Z�Z� bkljZ`b\Z�Z� dh�Z� [b� hfh]m�beZ� jZa\h��
_dhehrdb� ijbo\Zl�b\bo� f_jZ� mijZ\�Z�Z� hk\_l�_�_f�� dZh� b� aZrlblm�
m]jh`_gbo�\jklZ�b�klZgbrlZ� 
 
$EVWUDFW��/LJKW�SROOXWLRQ�LV�DQ� LQFUHDVLQJO\�SHUYDVLYH�JOREDO�HQYLURQPHQWDO� LVVXH�
WKDW� GLUHFWO\� DIIHFWV� ELRGLYHUVLW\� DQG� DQLPDO� SK\VLRORJ\�� +XPDQ� VHWWOHPHQW�
H[SDQVLRQ�� XUEDQL]DWLRQ�� DQG� WKH� VSUHDG� RI� /('� WHFKQRORJ\� KDYH� VLJQLILFDQWO\�
increased artificial nocturnal lLJKWLQJ�� DOWHULQJ� QDWXUDO� OLJKW-dark cycles and 

GLVUXSWLQJ� FLUFDGLDQ� UK\WKPV�� 7KH� NH\� KRUPRQHV� UHJXODWLQJ� WKHVH� UK\WKPV��
PHODWRQLQ� DQG� JOXFRFRUWLFRLGV�� GLVSOD\� GDLO\� IOXFWXDWLRQV�� DQG� WKHLU� G\VUHJXODWLRQ�
GXH�WR�H[SRVXU_�WR�DUWLILFLDO�OLJKW�OHDGV�WR�GLVWXUEances in sleep, metabolism, immune 

UHVSRQVH��DQG�UHSURGXFWLRQ��6WXGLHV�VKRZ�WKDW�QRFWXUQDO�VSHFLHV��VXFK�DV�DPSKLELDQV��
ELUGV�� EDWV�� DQG� LQVHFWV�� DUH� SDUWLFXODUO\� VHQVLWLYH�� %HKDYLRUDO� FKDQJHV� LQFOXGH�
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disorientation, altered feeding patterns, reduced reproductive success, and increased 

SUHGDWLRQ� ULVN�� ,Q� DTXDWLF� HFRV\VWHPV�� OLJKW� SROOXWLRQ� GLVUXSWV� SODQNWRQ� DQG� ILVK�
PLJUDWLRQV�� ZKLOH� WXUWOHV� DQG� RWKHU� WHUUHVWULDO� RUJDQLVPV� VKRZ� UHGXFHG� DELOLW\� WR�
avoid DUWLILFLDO� OLJKW�� 7KH� FRQVHTXHQFHV� FDVFDGH� WKURXJK� IRRG� ZHEV�� FRPPXQLW\�
structure, and long-WHUP�HFRV\VWHP�IXQFWLRQLQJ��*LYHQ�WKH�ZLGHVSUHDG�SUHVHQFH�RI�
OLJKW�SROOXWLRQ�DQG�LWV�LPSDFW�DFURVV�DQLPDO�JURXSV��IXUWKHU�UHVHDUFK�LV�HVVHQWLDO�WR�
develop environmeQWDOO\�FRPSDWLEOH�OLJKWLQJ�PDQDJHPHQW�VWUDWHJLHV�DQG�WR�SURWHFW�
HQGDQJHUHG�VSHFLHV�DQG�WKHLU�KDELWDWV� 
 

�� J?=ME:PB3:�PBJD:>B3:EGH=�JBLF:�

 

 @b\hl�gZ� A_f�b� _\hembjZh� �_� lhdhf�fbebhgZ� ]h^bgZ� m� mkeh\bfZ�
ijbjh^gh]� pbdemkZ� k\_leZ� b� lZf_� �,UZLQ�� �������K\_lehkl� �_� �_^Zg� h^�
j_ldbo�kj_^bgkdbo�nZdlhjZ�dh�b�k_�gZ�fZ�_�f_�Zh�lhdhf�^m]_�bklhjb�_�
gZr_�ieZg_l_��GZ�hkgh\m�pbdemkZ�k\_leZ�b�fjZdZ�hj]Zgbafb�km�jZa\beb�
mgmljZr�b�[bhehrdb�kZl�ihagZl�dZh�pbjdZ^b�Zegb�kZl��Hg�j_]mebr_�
[bhehrd_� ijhp_k_� gZ� jZaebqblbf� gb\hbfZ�� h^� fhe_dmeZjgbo�
f_oZgbaZfZ� ^h� ^bgZfbd_� _dhkbkl_fZ�� b� mkdeZ{m�_� ^g_\g_�� k_ahgkd_� b�
]h^br�_�h[jZkp_�Zdlb\ghklb��5LFK�	�/RQJFRUH��������  
 

PbjdZ^b�Zegb�kZl�k\h�m�meh]m�hkl\Zjm�_�djha�g_mjh_g^hdjbgb�kbkl_f�
b�h^ghk�̂ \_�]jmi_�ohjfhgZ�� f_eZlhgbgZ�b�]emdhdhjlbdhb^Z��dhjlbaheZ�
b�dhjlbdhkl_jhgZ���F_eZlhgbg��dh�b� �_� �hr�ihagZl�b�dZh�ohjfhg�lZf_��
kbgl_lbr_�k_�b�emqb�m�ibg_Zegh��`e_a^b�m�h^kmkl\m�k\_leZ��F_eZlhgbg�
ihdZam�_� �Zkgm� ^g_\gh-gh�gm� ^bgZfbdm�� �_]h\Z� dhgp_gljZpb�Z� jZkl_�
lhdhf�gh�b�b�hiZ^Z�m�lhdm�^ZgZ��rlh�]Z�qbgb�ihma^Zgbf�kb]gZehf� aZ�
hagZqZ\Z�_� nZa_� [bhehrdh]� ^ZgZ� b� gh�b�� F_eZlhgbg� mlbq_� gZ�
j_]meZpb�m�kgZ�b�[m^ghklb��fh^meZpb�m�k_ahgkdbo�jblfh\Z�dh^�fgh]bo�
\jklZ�� Z� ihk_^m�_� b� kgZ`gZ� Zglbhdkb^Zlb\gZ� b� bfmghfh^meZlhjgZ�
k\h�kl\Z�� KfZljZ� k_� ]eZ\gbf� ohjfhgkdbf� ihkj_^gbdhf� dh�b� ij_ghkb�
bgnhjfZpb�m�h�k\_lehkghf�j_`bfm�ba�kih�Zr�_�kj_^bg_�gZ�mgmljZr�_�
ijhp_k_�m�hj]Zgbafm��*UXELãLü�HW�DO���������  

 

>jm]Z�\Z`gZ�]jmiZ�ohjfhgZ�md�mq_gZ�m�j_]meZpb�m�pbjdZ^b�Zegbo�
jblfh\Z� km� ]emdhdhjlbdhb^b� � dhjlbahe� dh^� �m^b� b� g_dbo� \jklZ�
kbkZjZ��h^ghkgh�dhjlbdhkl_jhg�dh^�\_�bg_�dbqf_�Zqdbo�]jmiZ��Emq_�_�
h\Z� ^\Z� ohjfhgZ� ihdZam�_� dZjZdl_jbklbqZg� ^g_\gb� h[jZaZp��
dhgp_gljZpb�Z�^hklb`_�\jomgZp�m�jZgbf��mlZj�bf�qZkh\bfZ��m�i_jbh^m�
ij_� [m{_�Z�� Z� hiZ^Z� m\_q_� b� lhdhf� gh�b�� H\Z� ^bgZfbdZ� hfh]m�Z\Z�
ijbij_fm� hj]ZgbafZ� aZ� ^g_\g_� Zdlb\ghklb�� mlbq_� gZ� f_lZ[hebaZf�
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]emdha_��ebib^Z�b�ijhl_bgZ��b�bfZ�d�mqgm�meh]m�m�j_]meZpb�b�bfmgkdh]�
kbkl_fZ�b�klj_kgh]�h^]h\hjZ��6KLPED�	�,NXWD�������� 
 Bgl_jZdpb�Z� f_eZlhgbgZ� b� ]emdhdhjlbdhb^Z� h[_a[_{m�_� nbgm�
j_]meZpb�m�nbabhehrdbo�ijhp_kZ�b�klZ[beghkl�pbjdZ^b�Zegh]�kbkl_fZ��
>hd� f_eZlhgbg� ij_ghkb� bgnhjfZpb�m� h� ljZ�Z�m� gh�b� b� ^hijbghkb�
j_]_g_jZlb\gbf�ijhp_kbfZ�lhdhf�h^fhjZ��]emdhdhjlbdhb^b�ijbij_fZ�m�
hj]ZgbaZf�aZ�Zdlb\ghklb�lhdhf�^ZgZ��JZ\ghl_`Z�baf_{m�h\bo�ohjfhgZ�
h^� ij_km^gh]� �_� agZqZ�Z� aZ� ohf_hklZam�� Z� ihj_f_�Z�b� m� �boh\h��
j_]meZpb�b�ih\_aZgb� km� kZ�gbahf�iZlhehrdbo� klZ�Z� �%HJHPDQQ� HW� DO���
������ 
 

2. K<?LEHKGH�A:=:-?5?�

 

 Lhdhf� ihke_^�bo� ^_p_gb�Z�� �m^kd_� Zdlb\ghklb� km� agZqZ�gh�
baf_gbe_� gh�gZ� klZgbrlZ�� Mj[ZgbaZpb�Z�� khpbh-_dhghfkdb� jZa\h�� b�
m[jaZgh�rbj_�_� /('� l_ogheh]b�_� ^hijbg_eb� km� agZqZ�ghf� ih\_�Z�m�
\_rlZqdh]�gh�gh]�k\_leZ��.\ED�HW�DO����������K\_lehkgh�aZ]Z{_�_�^ZgZk�
k_� ij_ihagZ�_� dZh� gh\� h[ebd� aZ]Z{_�Z� `b\hlg_� kj_^bg_� b� �_^gZ� h^�
gZ�[j`_�jZklm�bo�ijhf_gZ��&KDOOpDW�HW�DO���������  >h�������]h^bg_��\br_�
h^� ���� dhig_gbo� ih\jrbgZ� [beh� �_� ^bj_dlgh� baeh`_gh� \_rlZqdhf�
k\_lem�� ^hd� �_� kdhjh� q_l\jlbgZ� dhigZ� [beZ� ih^� g_dbf� h[ebdhf�
k\_lehkgh]� ajZq_�Z� g_[Z� �VN\JORZ��� =eh[Zegb� jZkl� \_rlZqdh]� k\_leZ�
lhdhf�gh�b�baghkb� m�ijhk_dm� ����� ]h^br�_� �)DOFKL�	� %DUi�� ������� Z�
ij_^\b{Z�k_�^Z��_�^h� ������]h^bg_�iheh\bgZ�ieZg_l_�bfZlb�baf_�_g_�
gh�g_�mkeh\_��*DVWRQ�	�6iQFKH]�GH�0LJXHO��������  
 

BZdh� \_rlZqdh� k\_leh� hfh]m�Z\Z� h[Z\�Z�_� [jh�gbo� Zdlb\ghklb�
lhdhf� gh�b� b� ^hghkb� ^jmrl\_g_� b� _dhghfkd_� dhjbklb�� hgh� �_�
bklh\j_f_gh� ihklZeh� d�mqgb� ihdj_lZq� ]eh[Zegbo� ijhf_gZ� `b\hlg_�
kj_^bg_� �&KDOOpDW� HW� DO��� ������� Ij_fZ� ih^ZpbfZ�� hdh� ���� k\_lkd_�
ihimeZpb�_� b \br_� h^� ���� klZgh\gbrl\Z� K�_^b�_gbo� :f_jbqdbo�
>j`Z\Z�b�?\jhi_�`b\b�ih^�k\_lehkgbf�aZ]Z{_�_f� �)DOFKL�HW�DO��������� 
K\_lehkgh�aZ]Z{_�_�\br_�gb�_�h]jZgbq_gh�gZ�mj[ZgZ�ih^jmq�Z��\_��k\_�
q_r�_�ih]Z{Z�aZrlb�_gZ�ih^jmq�Z�b�`ZjbrlZ�[bh^b\_jabl_lZ��'DYLHV�	�
6P\WK���������Ä6N\JORZ´�^ZgZk�\_rlZqdb�m^\hkljmqm�_�gb\h_�k\_lehklb�
ijbkmlg_�lhdhf�feZ^h]�f_k_pZ�gZ�kdhjh�����dhig_g_�ih\jrbg_�A_f�_��
mlbqm�b�gZ�\br_�h^�iheh\bg_�d�mqgbo�ih^jmq�Z�[bh^b\_jabl_lZ�b�ij_dh�
ljb�q_l\jlbg_�]eh[Zegbo�aZrlb�_gbo�ih^jmq�Z��6H\PRXUH�HW�DO���������  

 

AZ� jZaebdm� h^� \_�bg_� ljZ^bpbhgZegbo� aZ]Z{b\ZqZ�� dh�b� bfZ�m�
ijbjh^g_� ZgZeh]hg_�� \_rlZqdZ� k\_lehkl� ij_^klZ\�Z� ihlimgh� gh\�
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ihj_f_�Z���Hj]Zgbafb�dh�b�aZ\bk_�h^�mkdeZ{b\Z�Z�mgmljZr�bo�ijhp_kZ�
kZ� kih�gbf� k\_lehkgbf� kb]gZebfZ� kZ^Z� k_� kmhqZ\Z�m� kZ� baf_�_gbf�
nhlhi_jbh^bfZ� b� kfZ�_gbf� i_jbh^bfZ� ijbjh^g_� lZf_�� K\_lehkgh�
aZ]Z{_�_� lZdh� ihklZ�_� agZqZ�Zg� baZah\� aZ� ^b\�_� \jkl_�� �_j� ijbfhjZ\Z�
hj]Zgbaf_� ^Z� ihf_jZ�m� \j_f_gkdh� mkdeZ{b\Z�_� d�mqgbo� [bhehrdbo�
ijhp_kZ��rlh�^h\h^b�^h�gZ]ebo�n_ghlbikdbo�b�fhe_dmeZjgbo�ijhf_gZ�
�+|ONHU�HW�DO��������� 
 

 Dh^�fgh]bo�`b\hlb�Z�� \_rlZqdh�gh�gh� k\_leh�gZjmrZ\Z� hkgh\g_�
nbabhehrd_� f_oZgbaf_� � j_f_lb� ohjfhgkdm� j_]meZpb�m�� kfZ�m�_�
emq_�_�f_eZlhgbgZ��ih\_�Z\Z�gb\h_�dhjlbdhkl_jhb^Z�b�f_�Z�_g_j]_lkdb�
f_lZ[hebaZf� �'RPLQRQL�HW�DO���������*UXELãLü�HW�DO����������H\_�ijhf_g_�
bfZ�m� ^Ze_dhk_`g_� ihke_^bp_�� hkeZ[�_gm� bfmghehrdm� nmgdpb�m��
ih\br_g� hdkb^Zlb\gb� klj_k� b� ihj_f_�_g_� j_ijh^mdlb\g_� pbdemk_�
�3HWURYLü� HW� DO��� ������ GZ� gb\hm� ihgZrZ�Z�� \_rlZqdZ� k\_lehkl� f_�Z�
h[jZkp_�ojZ�_�Z��iZj_�Z��fb]jZpb�Z�b�dhfmgbdZpb�_�dh^�[jh�gbo�\jklZ�
�*UXQVW�	�*UXQVW��������� 
 

K\_lehkgh� aZ]Z{_�_� mlbq_� b� gZ� f_{mkh[g_� h^ghk_� f_{m� \jklZfZ��
Ijhf_g_� m� h[jZkpbfZ� Zdlb\ghklb� ^h\h^_� ^h� ij_deZiZ�Z� baf_{m�
ij_^ZlhjZ� b� ie_gZ�� j_f_l_�b� ljhnbqd_� fj_`_�� >m]hjhqgh� baeZ]Z�_�
k\_lehkghf� aZ]Z{_�m� fh`_� nZ\hjbah\Zlb� h^j_{_g_� \jkl_� �gij��
hihjlmgbklbqd_ ij_^Zlhj_� beb� bg\Zab\g_� hj]Zgbaf_�� b� ^h\_klb� ^h�
ehdZegbo� bamfbjZ�Z� hk_l�b\b�bo� lZdkhgZ� �+|ONHU� HW� DO��� ������� H\b�
ijhp_kb� f_�Z�m� kljmdlmjm� aZ�_^gbpZ�� h[jZkp_� [bh^b\_jabl_lZ� b�
nmgdpbhgbkZ�_� _dhkbkl_fZ� �6H\PRXUH� HW� DO��� ������� >m]hjhqgh�
ihkfZljZgh��k\_lehkgh�aZ]Z{_�_�fh`_�^_eh\Zlb�b�dZh�k_e_dlb\gZ�kbeZ��
m[jaZ\Z�m�b� _\hemlb\g_� ijhf_g_� m� ihgZrZ�m�� i_jp_ipb�b� b�
nbabheh]b�b�\jklZ�  
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3. ?N?DLB�K<?LEHKGH=�A:=:-?5:�G:�J:AEBQBL?�

=JMI?�@B<HLB5:�

 

 MlbpZ��\_rlZqdh]�hk\_l�_�Z�gh�m�gb�_�h]jZgbq_g�gZ�ih�_^bg_�\jkl_�
beb� _dhkbkl_f_�� \_�� h[mo\ZlZ� rbjhd� ki_dlZj� `b\hlb�kdbo� ]jmiZ��
PbjdZ^b�Zegb�jblfh\b�km�ijhmq_gb�dh^�kdhjh�k\bo�`b\bo�hj]ZgbaZfZ��
f_{mlbf�hk_l�b\hkl�gZ�ijhf_g_�m�h[jZkpbfZ�k\_leZ�b�lZf_�jZaebdm�_�k_�
baf_{m�]jmiZ��Ihk_[gh�km�ih]h{_g_�gh�g_�\jkl_�dh�_�km�k_�djha�_\hempb�m�
ijbeZ]h^be_� mkeh\bfZ� lZf_� b� gbkdbo� bgl_gabl_lZ� gh�g_� k\_lehklb��
GZ�bkiblb\Zgb�b� _n_dlb� k\_lehkgh]� aZ]Z{_�Z� km� dh^�bgk_dZlZ��ilbpZ��
ke_ibo� fbr_\Z� b� fhjkdbo� dhj�ZqZ� �)DOFyQ� HW� DO�� ������ Dh^� ilbpZ��
k\_lehkgh�aZ]Z{_�_�bfZ�gZjhqblh�bajZ`_g_�_n_dl_�gZ�fb]jZlhjg_�\jkl_��
Lhdhf�^m]bo�k_ahgkdbo�imlh\Z�Z��hg_�k_�hkeZ�Z�m�gZ�a\_a^Zgh�g_[h�b�
f_k_q_\m�k\_lehkl�dZh�hkgh\g_�gZ\b]Zpbhg_�kb]gZe_��<_rlZqdZ�k\_leZ�
]jZ^h\Z� b� ijbh[Zegbo� gZk_�Z� j_f_l_� l_� f_oZgbaf_�� ^h\h^_�b� ^h�
^_ahjb�_glZpb�_� b� km^ZjZ� kZ� ijhahjbfZ�� dhfmgbdZpbhgbf� dmeZfZ��
ijbh[Zegbf�[jh^h\bfZ�b�^jm]bf�]jZ{_\bgZfZ��%XUW�HW�DO���������� 
 

Ihj_^�lh]Z��hk\_l�_gb�ijhklhjb�ijh^m`Z\Z�m�Ä^Zg³�b�f_�Z�m�\j_f_�
dZ^Z�ilbp_�i_\Z�m��ojZg_�k_�beb�aZihqb�m�j_ijh^mdpb�m��H\b�ihj_f_�Z�b�
fh]m�̂ h\_klb�̂ h�g_kdeZ^Z�baf_{m�ilbpZ�b��boh\_�hdhebg_���_j�k_��boh\Z�
Zdlb\ghkl�h^\b�Z�m�lj_gmldm�dZ^Z�j_kmjkb��ihiml�ojZg_�beb�iZjlg_jZ��
gbkm�hilbfZegh�^hklmigb� Dh^�kbkZjZ��ihke_^bp_�km�gZ�\b^�b\b�_�dh^�
gh�gbo�\jklZ��Ke_ib�fbr_\b�gZ�ijbkmkl\h�ijhf_�_gh]�gh�gh]�j_`bfZ�
j_Z]m�m�gZ�jZaebqbl_�gZqbg_�m�aZ\bkghklb�h^�nhlhlZdkb�_�kZfbo�\jklZ��
^hd�g_d_�\jkl_�ba[_]Z\Z�m�hk\_l�_gZ�klZgbrlZ��g_]Zlb\gZ�nhlhlZdkb�Z���
^jm]_� dhjbkl_� dhgp_gljZpb�m� bgk_dZlZ� hdh� k\_lbeZ� dZh� ba\hj� ojZg_�
�ihablb\gZ�nhlhlZdkb�Z���Lbf_�k_�f_�Z�kljmdlmjZ�aZ�_^gbpZ�b�^heZab�^h�
ihj_f_�Z�Z�ijbjh^g_�jZ\ghl_`_�baf_{m�ij_^ZlhjZ�b�ie_gZ��6HHZDJHQ�HW�
DO���������  

 

Gh�gb� ]eh^Zjb�� baeh`_gb� \_rlZqdhf� hk\_l�_�m�� kfZ�m�m� k\h�_�
dj_lZ�_�b�bkojZgm�dZdh�[b�ba[_]eb�hiZkghkl�^Z�ihklZgm�mhq�b\�ie_g�
ij_^ZlhjbfZ�� rlh� ^Z�_� mlbq_� gZ� �boh\m [bhehrdm� kihkh[ghkl b�
^m]hjhqgb� hiklZgZd�� Djmigb�b� kbkZjb� f_�Z�m� jblfh\_� Zdlb\ghklb� m�
ijbkmkl\m�hk\_l�_�Z��rlh�fh`_�ih\_�Zlb�mq_klZehkl�kmkj_lZ�kZ��m^bfZ�
b�klhim�kljZ^Z�Z�h^�\habeZ��)DOFyQ�HW�DO���������  

 

Bgk_dlb� km� f_{m� gZ�hk_l�b\b�bf� ]jmiZfZ�� 5boh\Z� ijb\mq_ghkl�
k\_lem�� ihagZlZ� dZh� ihablb\gZ� nhlhlZdkb�Z�� m� ijbjh^gbf� mkeh\bfZ�
hfh]m�Z\Z� hjb�_glZpb�m� ij_fZ� f_k_q_\h�� k\_lehklb�� F_{mlbf�� m�
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ijbkmkl\m� \_rlZqdbo� ba\hjZ� k\_leZ� bgk_dlb� k_� hdmi�Z�m� m� \_ebdhf�
[jh�m�� ]^_� q_klh� kljZ^Z�m� mke_^� bkpji�_ghklb�� ij_^ZlhjZ� beb�
ij_]j_\Z�Z� �'LHWHQEHUJHU� HW� DO��� �������LZqZg�majhd�h\Zd\h]�ihgZrZ�Z�
�hr�m\_d�gb�_�m�ihlimghklb�jZa�Zr�_g��kfZljZ�k_�^Z�\_rlZqdh�k\_leh�
j_f_lb� mgmljZr�b� kbkl_f� hjb�_glZpb�_�� fb]jZpbhg_� jml_� b� kfZ�m�_�
mki_rghkl�jZafgh`Z\Z�Z��H\h�bfZ�dZkdZ^g_�ihke_^bp_�gZ�_dhkbkl_f_��
�_j� fgh]b� bgk_dlb� h[Z\�Z�m� d�mqg_� _dhehrd_� nmgdpb�_� ihiml�
hijZrb\Z�Z��=m[blZd�gh�gbo�hijZrb\ZqZ�̂ bj_dlgh�mlbq_�gZ�[b�d_�dh�_�
aZ\bk_�h^��bo��Z�ihkj_^gh�b�gZ�k\_�hj]Zgbaf_�m�eZgpm�bkojZg_��6WUDND�HW�
DO���������   

 

<h^_gb�hj]Zgbafb�b�jb[_�lZdh{_� aZ\bk_�h^�ijbjh^gbo�k\_lehkgbo�
pbdemkZ�� gZjhqblh� m� k_ahgkdbf� fb]jZpb�ZfZ� b� j_ijh^mdlb\gbf�
ijhp_kbfZ��GZ� ijbf_j�� \_jlbdZeg_� fb]jZpb�_� ieZgdlhgZ� lhdhf� gh�b�
mkf_j_g_�km�f_k_q_\hf�k\_lehr�m��Z�^h^Zlgh�hk\_l�_�_�f_�Z��boh\m�
^bgZfbdm��kZ�^Ze_dhk_`gbf�ihke_^bpZfZ�ih�p_h�\h^_gb�eZgZp�bkojZg_�
�7�]�Q�HW�DO���������  

 

Dhj�Zq_� km� lZdh{_� ih]h{_g_� h\bf� ijh[e_fhf�� K\_� \_�b� baZah\�
ij_^klZ\�Z� bg^mkljb�ZebaZpb�Z� ieZ`Z� b� hdhebg_� gZ� dh�bfZ� fhjkd_�
dhj�Zq_�`b\_�b�jZafgh`Z\Z�m�k_��K\_lehkgh�aZ]Z{_�_�g_�kZfh�^Z�mlbq_�
gZ� jZafgh`Z\Z�_� dhj�ZqZ� gZ� h[Zeb�� \_�� j_f_lb� b� kihkh[ghkl� l_d�
bae_`_gbo�feZ^mgpZ�^Z�mki_rgh�klb]gm�^h�fhjZ��7UXVFRWW�HW�DO����������M�
ijbjh^gbf�mkeh\bfZ��feZ^mgpb�k_�dj_�m�^bj_dlgh�dZ�hd_Zgm�ijZl_�b�
f_k_q_\m� k\_lehkl� gZ� ohjbahglm� �/RKPDQQ� 	� /RKPDQQ�� �������Gh�gh�
hk\_l�_�_�j_f_lb�agZdh\_�hjb�_glZpb�_�b�feZ^b�k_�dj_�m�dZ�ba\hjbfZ�
\_rlZqdh]�k\_leZ�dh�b�gZ^�ZqZ\Z�m�ijbjh^gm�k\_lehkl��Dhj�Zq_�dh�_�g_�
klb]gm�^h�fhjZ�baeh`_g_� km�^_ob^jZlZpb�b��dhig_gbf�ij_^ZlhjbfZ�b�
kljZ^Z�m�h^�\habeZ��%XUW�HW�DO���������7UXVFRWW�HW�DO���������  

 

Dhig_gb�[_kdbqf_�Zpb��ihiml�iZmdh\Z�beb�dhig_gbo�jZdh\Z��lZdh{_�
f_�Z�m�h[jZkp_�Zdlb\ghklb�m�hk\_l�_gbf�mkeh\bfZ��>hd�g_db�\bam_egh�
hjb�_glbkZgb�ij_^Zlhjb�dhjbkl_�\_�m�dhgp_gljZpb�m�ie_gZ�hdh�ba\hjZ�
k\_lehklb�� ^jm]b� hj]Zgbafb� kfZ�m�m� dj_lZ�_�� ojZ�_�_� beb�
j_ijh^mdpb�m� �*DQJXO\� 	� &DQGROLQ�� ������� GZ� lZ�� gZqbg� ihgh\h� k_�
gZjmrZ\Z�jZ\ghl_`Z�m�_dhkbkl_fbfZ��Z�ihke_^bp_�km�q_klh�^m]hjhqg_�b�
l_rdh� ij_^\b^b\_� K\_lehkgh� aZ]Z{_�_� ij_^klZ\�Z� mgb\_jaZeZg�
ijblbkZd�dh�b�ij_h[ebdm�_�ihgZrZ�_��nbabheh]b�m�b�_dheh]b�m�[jh�gbo�
`b\hlb�Z� b� k\jklZ\Z� k_� f_{m� gZ�kmilbegb�_� h[ebd_� Zgljhih]_gbo�
ijhf_gZ�dh�_�mlbqm�gZ�[bh^b\_jabl_l� 
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 F_{m� k\bf� dbqf_�ZpbfZ�� \h^ha_fpb� k_� ba^\Z�Z�m� dZh� ihk_[gh�
hk_l�b\Z�]jmiZ��Ij_dh�����\jklZ�Zdlb\gh��_�lhdhf�kmfjZdZ�beb�gh�b��
hkeZ�Z�m�b�k_�gZ�lZfm�lhdhf�bkojZg_�b�j_ijh^mdpb�_��%XFKDQDQ���������
5boh\� keh`_gb� `b\hlgb� pbdemk�� h^� \h^_gbo� eZj\b� ^h� dhig_gbo�
Z^meZlZ�� ih^jZamf_\Z�baeZ]Z�_� k\_lehkghf� aZ]Z{_�m� m� jZaebqblbf�
kj_^bgZfZ��^hd�h]jZgbq_g_�^bki_jabhg_�kihkh[ghklb�b�\bkhdZ�\_jghkl�
ehdZebl_lm� hl_`Z\Z�m� ba[_]Z\Z�_� hk\_l�_gbo� klZgbrlZ� �:LVH� HW� DO���
������  
 

<h^ha_fpb�k_�q_klh�gZeZa_�mgmlZj�beb�m�[ebabgb��m^kdbo�gZk_�Z��
`b\_�b�beb�k_�jZafgh`Z\Z�m�b�m�fhq\ZjZfZ��iZjdh\bfZ�b�j_dj_Zlb\gbf�
ahgZfZ��Mijdhk�qb�_gbpb�^Z��_�ij_dh�����\jklZ�\h^ha_fZpZ�lj_gmlgh�
m]jh`_gh��,8&1����������boh\�h^]h\hj�gZ�k\_lehkgh�aZ]Z{_�_�b ^Z�_��_�
g_^h\h�gh� bkljZ`_g�� rlh� ij_^klZ\�Z� ha[b�Zg� ijh[e_f� m� h[eZklb�
dhga_j\Zpbhg_� [bheh]b�_�� IhdZaZgh� �_� ^Z� \_rlZqdh� hk\_l�_�_� fh`_�
ihj_f_lblb� j_ijh^mdlb\g_� kb]gZe_�� kfZ�blb� mq_klZehkl� h]eZrZ\Z�Z�
fm`�ZdZ�b�lbf_�mlbpZlb�gZ�mki_rghkl�j_ijh^mdpb�_�� 
 

Ihj_^� lh]Z�� hk\_l�_�_� ih\_�Z\Z� \b^�b\hkl� `Z[Z� b� ^Z`^_\�ZdZ�
ij_^ZlhjbfZ�� ^hd� �boh\Z� h]jZgbq_gZ� ihdj_l�b\hkl� b� bajZ`_gZ�
\_aZghkl� aZ� ki_pbnbqgZ� klZgbrlZ� kfZ�m�m� fh]m�ghkl� ba[_]Z\Z�Z�
baeh`_gbo� ijhklhjZ� �:LVH� HW� DO��� ������ BkljZ`b\Z�Z� kijh\_^_gZ� m�
Kj[b�b� m� hd\bjm� ijh�_dlZ� (1/,*+7� gZ� dj_klZklbf�fjfh�pbfZ� �jh^�
Triturus�� ihdZaZeZ� km� ^Z� \_rlZqdh� gh�gh� E?>� hk\_l�_�_� fh`_�
g_]Zlb\gh� mlbpZlb� gZ� jZa\h��� \_ebqbgm� l_eZ� b� nbabhehrdh� klZ�_�
j_iZlbo�\h^ha_fZpZ �3URNLü�HW�DO��������� 
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5. RBJ?�DHGA?J<:PBHG?�BFIEBD:PB3?�

�

 K\_lehkgh� aZ]Z{_�_� �_� ^ZgZk� k\_� ijbkmlgb�_� m� aZrlb�_gbf�
ih^jmq�bfZ� b� d�mqgbf� klZgbrlbfZ� [bh^b\_jabl_lZ�� f_�Z�m�b�
ijbjh^g_� gh�g_� mkeh\_� m� _dhkbkl_fbfZ� dh�b� km� ^hg_^Z\gh� [beb�
g_lZdgmlb� �'DYLHV� 	� 6P\WK�� ������� H\Z�� lj_g^� ^h^Zlgh� dhfiebdm�_�
gZihj_�m�hqm\Z�m�m]jh`_gbo�\jklZ�b�klZgbrlZ��AZ�jZaebdm�h^�fgh]bo�
^jm]bo� h[ebdZ� aZ]Z{_�Z�� k\_lehkgh� aZ]Z{_�_�fh`_� k_� j_eZlb\gh� [jah�
m[eZ`blb�h^]h\ZjZ�m�bf�f_jZfZ�� ijbeZ]h{Z\Z�_f� lbiZ�hk\_l�_�Z��
kfZ�_�_f� bgl_gabl_lZ�� mkf_jZ\Z�_f� k\_lehkgh]� kghiZ� b� m\h{_�_f�
\j_f_gkdbo�h]jZgbq_�Z��*DVWRQ�HW�DO���������� 
 

F_{mlbf, mki_rgZ ijbf_gZ�h\bo�f_jZ�aZol_\Z�^_lZ�gh�jZamf_\Z�_�
ki_pbnbqgbo� ihlj_[Z� jZaebqblbo� ]jmiZ� `b\hlb�Z� b� ehdZegbo�
_dhehrdbo�mkeh\Z��H\h�hl\ZjZ�gh\m�h[eZkl�bkljZ`b\Z�Z�dh�Z� aZol_\Z�
aZ�_^gbqdm�kZjZ^�m�mj[ZgbklZ��dhga_j\Zpbhgbo�[bheh]Z�b�bg`_�_jZ�m�
jZa\h�m�k\_lehkgbo�kbkl_fZ�dh�b�km�bklh\j_f_gh�ijZdlbqgb�b�_dhehrdb�
ijbo\Zl�b\b� 
 

AZo\ZegbpZ� BkljZ`b\Z�_��_�kijh\_^_gh�ma�ih^jrdm�Nhg^Z�aZ�gZmdm�
J_im[ebd_�Kj[b�_��[jh��ijh�_dlZ��������ENLIGHT� 
�

�

Ebl_jZlmjZ�

�

%HJHPDQQ��.���5DZDVKGHK��2���2OHMQLF]DN��,���3LORU]��9���'H�$VVLV��/��9��0���2VRULR-
0HQGR]D�� -���	�2VWHU��+�� ��������(QGRFULQH� UHJXODWLRQ�RI� FLUFDGLDQ� UK\WKPV��npj 

Biological Timing and Sleep volume, ������ KWWSV���GRL�RUJ���������V�����-���-
00024-6 

%XFKDQDQ��%�:��������2EVHUYHG�DQG�SRWHQWLDO�HIIHFWV�RI�DUWLILFLDO�QLJKW�OLJKWLQJ�RQ�
$QXUDQ�DPSKLELDQV��,Q�Ecological Consequences of Artificial Night Lighting, 

HGLWHG�E\�&��5LFK�DQG�7��/RQJFRUH��SS�����-�����:DVKLQJWRQ��'�&���,VODQG�3UHVV� 

%XUW��&��6���.HOO\��-��)���7UDQNLQD��*��(���6LOYD��&��/���.KDOLJKLIDU��$���-HQNLQV-6PLWK��
+��&��� )R[��$��6��� )ULVWUXS��.��0���	�+RUWRQ��.��*�� ��������7KH� HIIHFWV� RI� OLJKW�
SROOXWLRQ�RQ�PLJUDWRU\�DQLPDO�EHKDYLRU��7UHQGV�LQ�(FRORJ\�	DPS��(YROXWLRQ, ��(4), 

���������KWWSV���GRL�RUJ���������M�WUHH������������� 

&DQGROLQ��8�� ��������&RSLQJ�ZLWK� OLJKW�SROOXWLRQ� LQ�XUEDQ�HQYLURQPHQWV��3DWWHUQV�
DQG�FKDOOHQJHV��iScience, ���������������KWWSV���GRL�RUJ���������M�LVFL������������� 
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&KDOOpDW��6���%DUUp��.���/DIRUJH��$���/DSRVWROOH��'���)UDQFKRPPH��0���6LUDPL��&���
9LRO��,��/���0LOLDQ��-���	�.HUELULRX��&����������*UDVSLQJ�GDUNQHVV��WKH�GDUN�
ecological network as a social-HFRORJLFDO�IUDPHZRUN�WR�OLPLW�WKH�LPSDFWV�RI�OLJKW�
pollution on biRGLYHUVLW\��Ecology and Society, �������KWWSV���GRL�RUJ���������HV-
�����-������ 

'DYLHV��7��:���	�6P\WK��7����������:K\�DUWLILFLDO�OLJKW�DW�QLJKW�VKRXOG�EH�D�IRFXV�
IRU�JOREDO�FKDQJH�UHVHDUFK�LQ�WKH���VW�FHQWXU\��Global Change Biology, ��(3), 872�

�����KWWSV���GRL�RUJ���������JFE������ 

'H�0LJXHO��$��6���%HQQLH��-���5RVHQIHOG��(���']XUMDN��6���	�*DVWRQ��.��-����������)LUVW�
HVWLPDWLRQ�RI�JOREDO�WUHQGV�LQ�QRFWXUQDO�SRZHU�HPLVVLRQV�UHYHDOV�DFFHOHUDWLRQ�RI�OLJKW�
SROOXWLRQ��Remote Sensing, ��������������KWWSV���GRL�RUJ���������UV�������� 

'LHWHQEHUJHU��0���-HFKRZ��$���.DOLQNDW��*���6FKURHU��6���6DDWKRII��%���	�+|ONHU��)��
��������5HGXFLQJ�WKH�IDWDO�DWWUDFWLRQ�RI�QRFWXUQDO�LQVHFWV�XVLQJ�WDLORUHG�DQG�
VKLHOGHG�URDG�OLJKWV��Communications Biology, ������
KWWSV���GRL�RUJ���������V�����-024-06304-4 

'RPLQRQL��'��0���%RUQLJHU��-��&���	�1HOVRQ��5��-����������/LJKW�DW�QLJKW��FORFNV�
DQG�KHDOWK��IURP�KXPDQV�WR�ZLOG�RUJDQLVPV��Biology Letters, �����������������
KWWSV���GRL�RUJ���������UVEO���������� 

)DOFKL��)���	�%DUi��6����������/LJKW�SROOXWLRQ�LV�VN\URFNHWLQJ��Science, ���(6629), 

234������KWWSV���GRL�RUJ���������VFLHQFH�DGI���� 

)DOFKL�� )��� &LQ]DQR�� 3��� 'XULVFRH�� '��� .\ED�� &�� &��� (OYLGJH�� &�� '��� %DXJK�� .���
3RUWQRY��%��$���5\EQLNRYD��1��$���	�)XUJRQL��5����������7KH�1HZ�:RUOG�$WODV�RI�
$UWLILFLDO� 1LJKW� 6N\� %ULJKWQHVV�� Science Advances, ������
KWWSV���GRL�RUJ���������VFLDGY��������� 

)DOFyQ��-���7RUULJOLD��$���$WWLD��'���9LpQRW��)���*URQILHU��&���%HKDU-&RKHQ��)���
0DUWLQVRQV��&���	�+LFNV��'����������([SRVXUH�WR�DUWLILFLDO�OLJKW�DW�QLJKW�DQG�WKH�
FRQVHTXHQFHV�IRU�IORUD��IDXQD��DQG�HFRV\VWHPV��Frontiers in Neuroscience, ����
KWWSV���GRL�RUJ���������IQLQV������������ 

*DQJXO\�� $��� 	� &DQGROLQ�� 8�� �������� ,PSDFW� RI� OLJKW� SROOXWLRQ� RQ� DTXDWLF�
LQYHUWHEUDWHV�� %HKDYLRUDO� UHVSRQVHV� DQG� HFRORJLFDO� FRQVHTXHQFHV�� Behavioral 

Ecology and Sociobiology, �������KWWSV���GRL�RUJ���������V�����-023-03381-z 

*DVWRQ��.��-���	�'H�0LJXHO��$��6����������(QYLURQPHQWDO�LPSDFWV�RI�DUWLILFLDO�OLJKW�
DW�QLJKW��Annual Review of Environment and Resources, ��(1), 373������
KWWSV���GRL�RUJ���������DQQXUHY-environ-112420-014438 
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*DVWRQ��.��-���9LVVHU��0��(���	�+|ONHU��)����������7KH�ELRORJLFDO�LPSDFWV�RI�
DUWLILFLDO�OLJKW�DW�QLJKW��WKH�UHVHDUFK�FKDOOHQJH��Philosophical Transactions of the 

Royal Society B Biological Sciences, ���������������������
KWWSV���GRL�RUJ���������UVWE���������� 

*UXELVLF��0���+DLP��$���%KXVDO��3���'RPLQRQL��'��0���*DEULHO��.��0��$���-HFKRZ��
$���.XSSUDW��)���/HUQHU��$���0DUFKDQW��3���5LOH\��:���6WHEHORYD��.���9DQ�*UXQVYHQ��
5��+��$���=HPDQ��0���=XELGDW��$��(���	�+|ONHU��)����������/LJKW�SROOXWLRQ��
FLUFDGLDQ�SKRWRUHFHSWLRQ��DQG�PHODWRQLQ�LQ�YHUWHEUDWHV��Sustainability, ��(22), 

������KWWSV���GRL�RUJ���������VX�������� 

*UXQVW��0��/���	�*UXQVW��$��6����������(QGRFULQH�HIIHFWV�RI�H[SRVXUH�WR�DUWLILFLDO�
OLJKW�DW�QLJKW��$�UHYLHZ�DQG�V\QWKHVLV�RI�NQRZOHGJH�JDSV��Molecular and Cellular 

Endocrinology, �����������������KWWSV���GRL�RUJ���������M�PFH������������ 

+|ONHU��)���-HFKRZ��$���6FKURHU��6���7RFNQHU��.���	�*HVVQHU��0��2����������/LJKW�
SROOXWLRQ�RI�IUHVKZDWHU�HFRV\VWHPV��SULQFLSOHV��HFRORJLFDO�LPSDFWV�DQG�UHPHGLHV��
Philosophical Transactions of the Royal Society B Biological Sciences, �����������
KWWSV���GRL�RUJ���������UVWE���������� 

+|ONHU��)���:ROWHU��&���3HUNLQ��(��.���	�7RFNQHU��.����������/LJKW�SROOXWLRQ�DV�D�
ELRGLYHUVLW\�WKUHDW��Trends in Ecology & Evolution, ��(12), 681������
KWWSV���GRL�RUJ���������M�WUHH������������ 

,UZLQ��$����������7KH�GDUN�VLGH�RI�OLJKW��KRZ�DUWLILFLDO�OLJKWLQJ�LV�KDUPLQJ�WKH�
QDWXUDO�ZRUOG��Nature, ���(7688), 268������KWWSV���GRL�RUJ���������G�����-018-

�����-7 

,8&1�� ������$PSKLELDQV�6SHFLHV�5LFKQHVV� ������ ,8&1�5HG�/LVW� RI�7KUHDWHQHG�
6SHFLHV��9HUVLRQ������-2 

.\ED��&��&��0���.XHVWHU��7���'H�0LJXHO��$��6���%DXJK��.���-HFKRZ��$���+|ONHU��)���
%HQQLH��-���(OYLGJH��&��'���*DVWRQ��.��-���	�*XDQWHU��/����������$UWLILFLDOO\�OLW�
VXUIDFH�RI�(DUWK�DW�QLJKW�LQFUHDVLQJ�LQ�UDGLDQFH�DQG�H[WHQW��Science Advances, 

3������KWWSV���GRL�RUJ���������VFLDGY�������� 

/RKPDQQ��.��-���	�/RKPDQQ��&��0����������2ULHQWDWLRQ�DQG�RSHQ-sea navigation in 

VHD� WXUWOHV�� Journal of Experimental Biology, ���(1), 73�����
KWWSV���GRL�RUJ���������MHE����������� 

3HWURYLü��7��*���*DYULü-ýDPSDU��-��3���%XUUDFR��3���*DYULORYLü��%��5���'HVSRWRYLü��
6��*���5DGRYDQRYLü��7��%���5DGPLORYLü��$���0LUþ��0���.RODURY��1��7���	�3URNLü��0��
'����������'HYHORSLQJ�XQGHU�DUWLILFLDO�OLJKW�LV�QRW�VR�EULJKW��2[LGDWLYH�VWUHVV�DV�D�



A[hjgbd�jZ^h\Z�kZ�jZ^bhgbp_�ijh�_dlZ�UrbObsBel 

69 

 

SK\VLRORJLFDO�UHVSRQVH�WR�OLJKW�SROOXWLRQ�DFURVV�DPSKLELDQ�OLIH�VWDJHV��Comparative 

Biochemistry and Physiology Part a Molecular & Integrative Physiology, ���, 

��������KWWSV���GRL�RUJ���������M�FESD������������ 
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5LFK��&���	�/RQJFRUH��7����������(FRORJLFDO�FRQVHTXHQFHV�RI�DUWLILFLDO�QLJKW�
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GLVSODFHPHQW�HIIHFWV�RI�DUWLILFLDO�OLJKW�DW�QLJKW�LQ�D�1RUWK�$PHULFDQ�EDW�FRPPXQLW\��
Global Ecology and Conservation, ���� H�������
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6WUDND��7��0���9RQ�'HU�/LSSH��0���9RLJW��&��&���*DQG\��0���.RZDULN��,���	�%XFKKRO]��
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7UXVFRWW�� =��� %RRWK��'�� 7���	�/LPSXV��&�� -�� ��������7KH� HIIHFW� RI� RQ-VKRUH� OLJKW�
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Research, ������������KWWSV���GRL�RUJ���������ZU������ 

7�]�Q��1���'H�0HHVWHU��/���	�+|ONHU��)����������(FR-evolutionary feedbacks under 

DUWLILFLDO� OLJKW� DW� QLJKW�� iScience, ������� ��������
KWWSV���GRL�RUJ���������M�LVFL������������ 
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:LVH��6��(���%XFKDQDQ��%��:���5LFK��&���	�/RQJFRUH��7����������,QIOXHQFH�RI�
DUWLILFLDO�LOOXPLQDWLRQ�RQ�WKH�QRFWXUQDO�EHKDYLRU�DQG�SK\VLRORJ\�RI�VDODPDQGHUV��
(FRORJLFDO�FRQVHTXHQFHV�RI�DUWLILFLDO�QLJKW�OLJKWLQJ��HGLWHG�E\�5LFK��&��	�/RQJFRUH�
7������-�����:DVKLQJWRQ�'�&���,VODQG�3UHVV 
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$VWURQ��2EV��%HOJUDGH�6SHFLDO�,VVXHV�1R��������������-73�

'2,��KWWSV���GRL�RUJ����������DREVL����8�

$'5,6.<�-�G:IJ?>:D�M�M;E:@:<:5M�K<?LEHKGH=�

A:=:-?5:�J:>B�HQM<:5:�;BH>B<?JABL?L:�B�GH6GBO�

KL:GBRL:�M�3:>J:GKDH-3HGKDHF�J?=BHGM�

;J:GDH�J:>:G1 

�
�J_]bhgZegZ�Z]_gpb�Z�aZ�jZa\h��b�_\jhikd_�bgl_]jZpb�_�;_h]jZ^ 

�
J_abf_��$'5,6.<��_�f_{mgZjh^gb�ijh�_dZl�dh�b�hdmi�Z�iZjlg_j_�ba�?\jhikd_�
mgb�_� b� a_fZ�Z� dh�_� km� ^_h� ,3$� f_oZgbafZ� ?\jhikd_� mgb�_� kZ� pb�_f�
m[eZ`Z\Z�Z� k\_lehkgh]� aZ]Z{_�Z� b� aZrlbl_� gh�gbo� klZgbrlZ� m� 
3Z^jZgkdh-�hgkdhf�j_]bhgm��Ijh�_dZl�h^]h\ZjZ�gZ�jZklm�b�ijh[e_f�dh�b�ih]Z{Z�
\_�bgm�?\jhi_�b�g_]Zlb\gh�mlbq_�gZ�_dhkbkl_f_��djha�ih^baZ�_�k\_klb��jZa\h��
bgh\Zlb\gbo� j_r_�Z� b� ijbf_gm� ijZdlbqgbo� ZeZlZ�� D�mqgb� j_amelZlb�
h[mo\ZlZ�m�bajZ^m�L_jblhjb�Zegbo�Zdpbhgbo�ieZgh\Z�aZ�k_^Zf�ibehl�ih^jmq�Z��
dZh� b� jZa\h�� k\_h[mo\Zlgh]� j_r_�Z� kZ� dhgdj_lgbf� f_lh^ZfZ� aZ� kfZ�_�_�
k\_lehkgh]� aZ]Z{_�Z�� H\b� j_amelZlb� hfh]m�Z\Z�m� bgklblmpb�ZfZ��
bkljZ`b\ZqbfZ� b� ehdZegbf� aZ�_^gbpZfZ� ^Z� _nbdZkgh� ^hijbg_km� hqm\Z�m�
gh�gh]�[bh^b\_jabl_lZ�b�^m]hjhqgh��h^j`b\hklb� 
 
$EVWUDFW��$'5,6.<�LV�DQ�LQWHUQDWLRQDO�SURMHFW�EULQJLQJ�WRJHWKHU�SDUWQHUV�IURP�(8�
DQG�,3$�FRXQWULHV�WR�PLWLJDWH�OLJKW�SROOXWLRQ�DQG�SURWHFW�QRFWXUQDO�KDELWDWV�LQ� WKH�
Adriatic-,RQLDQ�UHJLRQ��,W�DGGUHVVHV�D�JURZLQJ�LVVXH�DIIHFWLQJ�PRVW�RI�(XURSH�DQG�
negatively impactinJ�HFRV\VWHPV��WKURXJK�DZDUHQHVV-raising, innovative solutions, 

DQG�SUDFWLFDO�WRROV��.H\�RXWSXWV�LQFOXGH�WKH�GHYHORSPHQW�RI�7HUULWRULDO�$FWLRQ�3ODQV�
IRU�VHYHQ�SLORW�DUHDV�DQG�D�FRPSUHKHQVLYH� WRRONLW�SURYLGLQJ�FRQFUHWH�PHWKRGV�IRU�
UHGXFLQJ� OLJKW� SROOXWLRQ�� 7KHVH� UHVXOWV� HQDEOH� LQVWLWXWLRQV�� UHVHDUFKHUV�� DQG� ORFDO�
FRPPXQLWLHV�WR�HIIHFWLYHO\�FRQWULEXWH�WR�WKH�SUHVHUYDWLRQ�RI�QRFWXUQDO�ELRGLYHUVLW\�
and long-WHUP�VXVWDLQDELOLW\� 
 

Ijh�_dZl� $'5,6.<� �$GYDQFLQJ� /LJKW� 3ROOXWLRQ� 0LWLJDWLRQ� IRU�
%LRGLYHUVLW\� DQG� 1RFWXUQDO� +DELWDWV� &RQVHUYDWLRQ� LQ� WKH� $GULDWLF-Ionian 

Region) 14 ij_^klZ\�Z� aZ�_^gbqdm�� kljZl_rdb�hkfbr�_gm�bgbpb�Zlb\m�
mkf_j_gm� gZ� j_rZ\Z�_� aZ�_^gbqdh]� baZah\Z� � k\_lehkgh]� aZ]Z{_�Z� b�
�_]h\bo� g_]Zlb\gbo� mlbpZ�Z� gZ� [bh^b\_jabl_l� b� gh�gZ� klZgbrlZ� m�
hd\bjm� 3Z^jZgkdh-�hgkdh]� ijh]jZfkdh]� ih^jmq�Z�� KZ� mdmigh� ^_\_l�
iZjlg_jZ�b�i_l�ijb^jm`_gbo�iZjlg_jZ��hkgh\g_�bgnhjfZpb�_�^Zl_�km�gZ�

 
14KWWSV���adrisky�interreg-ipa-adrion�eu 
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djZ�m� h\h]�ijbeh]Z��ba� ljb� ^j`Z\_� qeZgbp_�?\jhikd_� mgb�_� �BlZeb�Z��
Keh\_gb�Z�b�Oj\ZlkdZ��b�ljb�a_f�H�dh�_�km�^_h�,3$�f_oZgbafZ�?\jhikd_�
mgb�_� �Kj[b�Z��;hkgZ�b�O_jp_]h\bgZ�b�K_\_jgZ�FZd_^hgb�Z���ijh�_dZl�
ij_ihagZ�_� f_{mgZjh^gb� dZjZdl_j� ijh[e_fZ� b� agZqZ�� aZ�_^gbqdh]�
^_eh\Z�Z� 
=eZ\gb� pb�� ijh�_dlZ� �_kl_� m[eZ`Z\Z�_� k\_lehkgh]� aZ]Z{_�Z� b�

hqm\Z�_�gh�gbo�klZgbrlZ��qbf_�k_�^hijbghkb�mgZij_{_�m�ihklh�_�_]�
klZ�Z�m�dhf_�k\_lehkgh�aZ]Z{_�_�aZo\ZlZ�]hlh\h�����l_jblhjb�_�?\jhi_�
b� bfZ� g_]Zlb\g_� ihke_^bp_� gZ� hj]Zgbaf_� b� _dhkbkl_f_�� Ijh�_dZl�
A'5,6.<� aZkgb\Z� k_� gZ� \br_keh�ghf� ijbklmim�� djha� kijh\h{_�_�
jZaebqblbo�Zdlb\ghklb�b�bgl_j\_gpb�Z�dh�_�h[mo\ZlZ�m�ih^baZ�_�k\_klb��
jZa\h��bgh\Zlb\gbo�kljZl_]b�Z�b�bajZ^m�ijZdlbqgbo�ZeZlZ�aZ�_nbdZkgh�
m[eZ`Z\Z�_� k\_lehkgh]� aZ]Z{_�Z� b� aZrlblm� gh�gh]� [bh^b\_jabl_lZ��
3_^Zg� h^� ]eZ\gbo� j_amelZlZ� ijh�_dlZ� �_kl_� bajZ^Z� L_jblhjb�Zegbo�
Zdpbhgbo�ieZgh\Z��dh�b��_�ij_^klZ\�Zlb�kljZl_rdh-l_ogbqd_�̂ hdmf_gl_�
kZ� �Zkgh� ^_nbgbkZgbf� kf_jgbpZfZ� b� Zdlb\ghklbfZ� aZ� kijh\h{_�_�
^m]hjhqgbo�f_jZ� m� h[eZklb� kfZ�_�Z� k\_lehkgh]� aZ]Z{_�Z� b� hqm\Z�Z�
gh�gbo� klZgbrlZ� gZ� k_^Zf� ]_h]jZnkdb� jZaebqblbo� ibehl� l_jblhjb�Z��
Ijh�_dlgb�iZjlg_jb��_�aZ�_^gbqdb�jZa\blb�gZ\_^_g_�ieZgh\_��dhjbkl_�b�
kl_q_gh� agZ�_�� bkdmkl\h� b� kljmqghkl�� NhjfZegbf� mk\Z�Z�_f� b�
kijh\h{_�_f�L_jblhjb�Zegbo�Zdpbhgbo�ieZgh\Z��j_]bhgZeg_�b ehdZeg_�
kZfhmijZ\_� ^h[b�_� fh]m�ghkl� ^Z� kbkl_fZlkdb� b� _nbdZkgh� aZrlbl_�
[bh^b\_jabl_l�b�hqm\Z�m�gh�gZ�klZgbrlZ��h[_a[_{m�m�b�lbf_�^m]hjhqgm�
h^j`b\hkl��>jm]b�agZqZ�Zg�j_amelZl�ijh�_dlZ��_kl_�bajZ^Z�k\_h[mo\Zlgh]�
ijbjmqgbdZ�� h^ghkgh� la\�� ©WRRONLWª-D�� aZkgh\Zgh]� gZ� bkdmkl\bfZ� b�
kZagZ�bfZ�kl_q_gbf�djha�Zdlb\ghklb�bgl_]jZpb�_�agZ�Z�b�kijh\_^_g_�
ibehl�Zdpb�_�m�hd\bjm�ijh�_dlZ�$'5,6.<��H\Z��ijbjmqgbd��_�kZ^j`Zlb�
ijZdlbqg_� f_lh^_�� ijhp_^mj_� b� j_r_�Z� aZ� m[eZ`Z\Z�_� k\_lehkgh]�
aZ]Z{_�Z� b� hqm\Z�_� gh�gbo� klZgbrlZ�� gZf_�_g_� bkljZ`b\ZqbfZ��
^hghkbhpbfZ� h^emdZ�� ehdZegbf� aZ�_^gbpZfZ�� dZh� b� jZa\h�gbf� b�
_dhehrdbf�hj]ZgbaZpb�ZfZ��GZ�lZ��gZqbg��aZbgl_j_kh\Zg_�kljZg_��_�[blb�
hkgZ`_g_� ^Z� ij_^mafm� dhgdj_lg_� f_j_� m� pb�m� aZrlbl_� gh�gh]�
[bh^b\_jabl_lZ�b�kfZ�_�Z�k\_lehkgh]�aZ]Z{_�Z� 
 

D�mqgb� hq_db\Zgb� j_amelZl� ijh�_dlZ� �_kl_� �ZqZ�_� ij_dh]jZgbqg_�
kZjZ^�_�b�bgklblmpbhgZegbo�dZiZpbl_lZ�gZdhg�aZ\jr_ldZ�ijh�_dlZ��dZh�
b�bajZ^Z�b�bfie_f_glZpb�Z�aZ�_^gbqdbo�kljZl_]b�Z�b�Zdpbhgbo�ieZgh\Z�
dh�_��_�ij_ma_lb�j_e_\Zglg_�hj]ZgbaZpb�_�b�bgklblmpb�_�m�j_]bhgm� 
 

LZdh{_�� J_]bhgZegZ� Z]_gpb�Z� aZ� jZa\h�� b� _\jhikd_� bgl_]jZpb�_� ba��
;_h]jZ^Z�� gZ� l_jblhjb�b� k\h]� ^_eh\Z�Z�� mkihklZ\beZ� �_� kZjZ^�m� kZ�
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d�mqgbf� aZbgl_j_kh\Zgbf� kljZgZfZ� b� ihklh�_�bf� ijh�_dlbfZ� ba� h\_�
h[eZklb��lZdh�^Z��_�k_�djha�jZaf_gm�bgnhjfZpb�Z��aZ�_^gbq_�Zdlb\ghklb�
b�kZjZ^�m�hkl\Zjblb�kbg_j]_lkdb�_n_dlb�j_amelZlZ�k\bo�ijh�_dZlZ� 
 

Hkgh\g_�bgnhjfZpb�_�h�ijh�_dlm� 
 

x <h^_�b�iZjlg_j��JZa\h�gb�p_glZj�FmjkdZ�Kh[hlZ��Keh\_gb�Z� 
x IZjlg_j�ba�J_im[ebd_�Kj[b�_��J_]bhgZegZ�Z]_gpb�Z�aZ�jZa\h��b�
_\jhikd_�bgl_]jZpb�_��;_h]jZ^ ��� 

x MdmiZg�[m�_l�ijh�_dlZ���������������(85� 
x ,QWHUUHJ�[m�_l���������������(85���������� 
x KmnbgZgkbjZ�_�������������(85� 
x LjZ�Z�_�ijh�_dlZ�����f_k_pb��h^�������������^h������������� 
x Ijh�_dlgb�iZjlg_jb�� 

o Keh\_gb�Z��JZa\h�gb�p_glZj�FmjkdZ�Kh[hlZ� 
o Keh\_gb�Z��Mgb\_jabl_l�m�FZjb[hjm�� 
o BlZeb�Z��IZjd�ijbjh^_�Fbg�h��0LQFLR���HirlbgZ�
Kbjheh�� 

o BlZeb�Z��HirlbgZ�Kbjheh��6LUROR�� 
o Oj\ZlkdZ��3Z\gZ�mklZgh\Z�aZ�jZa\h��F_{bfmjkd_�
`miZgb�_�� REDEA; 

o ;hkgZ�b�O_jp_]h\bgZ��Mgb\_jabl_l�m�FhklZjm� 
o ;hkgZ�b�O_jp_]h\bgZ��3Z\gh�ij_^ma_�_�IZjd�ijbjh^_�
ÄOmlh\h�[eZlh³�^�h�h� 

o K_\_jgZ�FZd_^hgb�Z��HirlbgZ�I_oq_\h�� 
o Kj[b�Z��J_]bhgZegZ�Z]_gpb�Z�aZ�jZa\h��b�_\jhikd_�
bgl_]jZpb�_��;_h]jZ^� 
 

x Ijb^jm`_gb�iZjlg_jb� 
�� Keh\_gb�Z��HirlbgZ�FmjkdZ�Kh[hlZ� 
�� BlZeb�Z��HirlbgZ�FZglh\Z��0DQWRYD��� 
�� BlZeb�Z���IZjd�ijbjh^_  Dhg_jh (Conero);  

�� Oj\ZlkdZ���F_{bfmjkdZ�`miZgb�Z� 
�� ;hkgZ�b�O_jp_]h\bgZ��=jZ^�QZi�bgZ� 

 

 

 
��KWWSV���www�rarei�rs 
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=EH;:EGB�FH>?E�A:�HQM<:5?�IJBJH>GH�L:FGBO�

IH>JMQ3:�

>:3:G:�;3?E:3:P1 

 

�Ijbjh^gh-fZl_fZlbqdb�nZdmel_l��Mgb\_jabl_l�m�Gh\hf�KZ^m 

�

�
J_abf_�� K\_lehkgh� aZ]Z{_�_� ij_^klZ\�Z� ]eh[Zegb� _dhehrdb� ijh[e_f� dh�b�
mlbq_�gZ�`b\b�k\_l�� a^jZ\�_�qh\_dZ��_g_j]_lkd_�b�_dhghfkd_�ljhrdh\_��^hd�
bklh\j_f_gh� gZjmrZ\Z� _kl_lbdm� gh�gh]� i_�aZ`Z� m� `b\hlgh�� kj_^bgb�� DZh�
h^]h\hj� gZ� gZ\_^_g_� ij_l�_� ih� `b\hlgm� kj_^bgm�� dZh� b� ZkljhghfkdZ�
ihkfZljZ�Z��hkgb\Z�m�k_�[jh�g_�f_{mgZjh^g_�bgbpb�Zlb\_�kZ�b^_�hf�̂ Z�aZrlbl_�
ijbjh^gh� lZfgZ� ih^jmq�Z�� ]^_� ij_^�Zqb� ÄF_{mgZjh^gb� ijh]jZf� aZrlbl_�
ijbjh^gh� lZfgbo� ih^jmq�Z³�� GZ\_^_gb� ijh]jZf� hkgh\Zg� �_� ������ ]h^bg_� m�
hd\bjm�F_{mgZjh^g_�hj]ZgbaZpb�_ ÄLZfgh�g_[h³��^ZgZk�'DUN6N\�,QWHUQDWLRQDO���
Z�pb�_\_�hkl\Zjm�_�djha�dhfie_dkZg�ijhp_k�k_jlbnbdZpb�_�m�ljZ�Z�m�]h^bgm�
beb�\br_�^ZgZ��M�jZ^m�km�ij_^klZ\�_gb�hkgh\gb�f_oZgbafb�gZ�hkgh\m�dh�bo�
ijh]jZf�aZrlbl_�ih]h^m�_�hqm\Z�m�ijbjh^gh�lZfgbo�ehdZpb�Z��dZh�b�[_g_nblb�
dh�_�hkl\Zjm�m�^_klbgZpb�_�dh�_�mki_rgh�ijh{m�djha�ijhp_k��Ihj_^�gZ\_^_gh]��
m�jZ^m��_�[blb�ihf_gml_�b�^jm]_�bgbpb�Zlb\_��\Z`gZ�^hdmf_glZ�b�hj]ZgbaZpb�_�
dh�_� ^h^Zlgh� mj_{m�m� b� ihl\j{m�m� agZqZ�� Zkljhghfb�_� b� ijbjh^gh� lZfgbo�
ehdZpb�Z� 
 
$EVWUDFW��/LJKW�SROOXWLRQ� LV�D�JOREDO�HQYLURQPHQWDO�SUREOHP�WKDW�DIIHFWV�ZLOGOLIH��
KXPDQ�KHDOWK�� HQHUJ\� DQG� HFRQRPLF� FRVWV��ZKLOH� DW� WKH� VDPH� WLPH�GDPDJLQJ� WKH�
DHVWKHWLFV� RI� WKH� QLJKW� ODQGVFDSH� LQ� WKH� HQYLURQPHQW�� ,Q� UHVSRQVH� WR� WKH� DERYH�
HQYLURQPHQWDO�WKUHDWV��DV�Zell as astronomical observations, numerous international 

LQLWLDWLYHV� DUH� EHLQJ� HVWDEOLVKHG�ZLWK� WKH� LGHD� RI� protecting naturally dark areas, 

ZKHUH�WKH��,QWHUQDWLRQDO�'DUN�6N\�3ODFHV�SURJUDP��LV�DW�WKH�IRUHIURQW��7KH�SURJUDP�
ZDV� HVWDEOLVKHG� LQ� ����� ZLWKLQ WKH� IUDPHZRUN� RI� WKH� ,QWHUQDWLRQDO� 'DUN� 6N\�
2UJDQL]DWLRQ� �WRGD\� NQRZQ� DV� 'DUN6N\� ,QWHUQDWLRQDO��� DQG� DFKLHYHV� LWV� JRDOV�
WKURXJK�D�FRPSOH[�FHUWLILFDWLRQ�SURFHVV�ODVWLQJ�D�\HDU�RU�PRUH��7KH�SDSHU�SUHVHQWV�
WKH� EDVLF� PHFKDQLVPV� RQ� WKH� EDVLV� RI� ZKLFK� WKH� SURWHFWLRQ� SURJUDP� IDYRUV� WKH�
SUHVHUYDWLRQ�RI�QDWXUDOO\�GDUN�ORFDWLRQV��DV�ZHOO�DV�WKH�EHQHILWV�WKDW�GHVWLQDWLRQV�WKDW�
VXFFHVVIXOO\�JR�WKURXJK�WKH�SURFHVV�DFKLHYH��,Q�DGGLWLRQ�WR�WKH�DERYH��WKH�SDSHU�ZLOO�
DOVR�PHQWLRQ�RWKHU� LQLWLDWLYHV�� LPSRUWDQW�GRFXPHQWV�DQG�RUJDQL]DWLRQV�WKDW�IXUWKHU�
UHJXODWH�DQG�FRQILUP�WKH�LPSRUWDQFH�RI�DVWURQRP\�DQG�QDWXUDOO\�GDUN�ORFDWLRQV� �
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���M<H>�

�

K\_lehkgh� aZ]Z{_�_� ij_^klZ\�Z� �_^Zg� h^� gZ�[j`_� jZklm�bo��
]eh[Zegbo�h[ebdZ� aZ]Z{_�Z�gZ� k\_lm�� ljZgknhjfbrm�b�gh�g_�i_�aZ`_�
mj[Zgbo�� Zeb� b� aZrlb�_gbo� ijbjh^gbo� h[eZklb� �*DVWRQ� HW� DO��� �������
Ijhp_�_gh� �_� ^Z� ij_dh� ���� k\_lkd_� ihimeZpb�_� `b\b� m� mkeh\bfZ�
baf_�_g_�ijbjh^g_�lZf_��^hd�h\Z�[jh�dZ�m�K_\_jgh��:f_jbpb�b�?\jhib�
ij_eZab������)DOFKL�HW�DO����������>h^Zlgh��ij_fZ�ba\_rlZ�m�MG-Z�\_���_�
������ ]h^bg_� ij_dh� ���� k\_lkd_� ihimeZpb�_� `b\_eh� m� mj[Zgbf�
kj_^bgZfZ� kZ� baf_�_gbf� gh�gbf� mkeh\bfZ� b� gb\hbfZ� hk\_l�_�Z�� Z�
ijhp_�m�_� k_� ^Z� �_� ������ ]h^bg_� mj[ZgZ� ihimeZpb�Z� ^hk_�b� qZd� ����
mdmig_�ihimeZpb�_��MijZ\h�h\Zdh�bajZ`_g�jZkl�mj[Zgh]�klZgh\gbrl\Z�b�
ihke_^bqgh�ijZl_�_�bgnjZkljmdlmj_�m�\b^m�mebqgh]�b�^jm]bo�h[ebdZ�
kih�Zr�_]�hk\_l�_�Z��gZ�\br_�^hijbghk_�lhf_�^Z�ijh[e_f�k\_lehkgh]�
aZ]Z{_�Z�jZkl_�ZeZjfZglghf�[jabghf��GZ�hkgh\m�ih^ZlZdZ�^h[b�_gbo�m�
kdehim� f_{mgZjh^gh]� ijh�_dlZ� ]jZ{Zgkd_� gZmd_� �*OREH� $W� 1LJKW���
]eh[ZegZ�hk\_l�_ghkl�gh�gh]�g_[Z�k_�k\Zd_�]h^bg_�m�ijhk_dm�m\_�Z\ZeZ�
aZ�������m�i_jbh^m�h^�������^h�������H\Zd\b�lj_g^h\b�mdZam�m�^Z�[b�gb\h�
\_rlZqdh]�hk\_l�_�Z�m�Zlfhkn_jb�fh]Zh�^Z�k_�^miebjZ�aZ�fZ�_�h^��_^g_�
^_dZ^_��.\ED�HW�DO���������� <_rlZqdh�hk\_l�_�_�m�gh�gbf�kZlbfZ��beb�
dZdh�k_�m�kljmqgh��ebl_jZlmjb�q_klh�dhjbklb�l_jfbg�ÄALAN � Artificial 

Light at Night³�� hklZ\�Z� agZqZ�g_� ihke_^bp_� ih� `b\b� k\_l� b� �m^kdh�
a^jZ\�_��Ij_dhf_jgZ� dhebqbgZ� k\_lehklb� m� \_q_j�bf� kZlbfZ� gZ�ij_�
mlbq_� gZ� gZjmrZ\Z�_� pbjdZ^b�Zegh]� jblfZ�� rlh� ihkj_^gh� mlbq_� gZ�
baf_g_� m� ihgZrZ�m� jZaebqblbo� hj]ZgbaZfZ� �ijb� ojZ�_�m��
j_ijh^mdpb�b� beb� fb]jZpb�b�� beb� jZa\h�� jZaebqblbo� a^jZ\kl\_gbo�
ihj_f_�Z�Z� �+LJXFKL�� ������ 6WDQWRQ & &RZDUW�� �������� Bklh\j_f_gh��
g_ihlj_[gh��ij_bgl_gab\gh�b�ih]j_rgh�mkf_j_gh�hk\_l�_�_�]_g_jbr_�
agZqZ�g_�_g_j]_lkd_�b�_dhghfkd_�ljhrdh\_��^hd�bklh\j_f_gh�mlbq_�b�gZ�
d\Zebl_l�Zkljhghfkdbo�ihkfZljZ�Z�kZ�ih\jrbg_�A_f�_��*DOODZD\�HW�DO���
������.ROOiWK�HW�DO���������*UHHQ�HW�DO���������� 

 

DZh� h^]h\hj� gZ� gZ\_^_g_� baZah\_�� ijbjh^gZ� lZfZ� k_� k\_� q_r�_� m�
kljmqgh�� ebl_jZlmjb� ij_ihagZ�_� dZh� bama_lZg� _dhehrdb�� iZ� qZd� b�
dmelmjhehrdb�j_kmjk�dh�b��_�m�hiZkghklb�h^�g_klZ�Z�Z�m�h[eZklbfZ�]^_�
ihklh�b�[beh�dZdZ\�\b^��m^kd_�Zdlb\ghklb��Ihj_^�gZ\_^_gh]�agZqZ�Z�aZ�
`b\b�k\_l��ijbjh^gh�lZfgh�g_[h�b]jZ�bama_lgm��iZ�qZd�b�ij_km^gm�meh]m�
m�hqm\Z�m�Zkljhghfkdh]�b�Zjo_hZkljhghfkdh]�gZke_{Z��]^_�b]jZ�d�mqgm�
meh]m� m� jZa\b�m�gZ�gh\b�_]�� ki_pbnbqgh]� h[ebdZ� h^j`b\h]� lmjbafZ� -
Zkljhghfkdh]�lmjbafZ��6ROHLPDQL�HW�DO���������7DSDGD�HW�DO���������� 
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Ihklh�b�g_dhebdh�f_{mgZjh^gbo�b�j_]bhgZegbo�bgbpb�Zlb\Z�dh�_�km�m�
ihke_^�bo�i_^_k_l�]h^bgZ�ihdj_gme_�jZaebqbl_�ijh]jZf_�b�j_]meZlb\_�
kZ�gZf_jhf�^Z�k_�ijbjh^gZ�lZfZ�ij_ihagZ�dZh�\Z`Zg�j_kmjk�b�ih^\j]g_�
jZaebqblbf� h[ebpbfZ� aZrlbl_�� DZh� �_^Zg� h^� mki_rgb�bo�� ba^\Z�Z� k_�
ÄF_{mgZjh^gb� ijh]jZf� aZrlbl_� ijbjh^gh� lZfgbo� ehdZpb�Z³�
(,QWHUQDWLRQDO� 'DUN6N\� 3ODFHV� 3URJUDP��� jZa\b�_g� h^� kljZg_�
F_{mgZjh^g_�hj]ZgbaZpb�_�ÄLZfgh�g_[h³ ('DUN6N\�,QWHUQDWLRQDO���H\Z��
ijh]jZf� ih^jZamf_\Z� dhgdj_lg_� dhjZd_� dZ� aZrlblb� ijbjh^gh� lZfgbo�
ehdZpb�Z� rlh� ih^jZamf_\Z� � mj_{_�_� kih�Zr�_]� hk\_l�_�Z��
dhglbgmbjZgb� fhgblhjbg]� k�Z�Z� gh�gh]� g_[Z� b� jZaebqbl_� _^mdZlb\g_�
Zdlb\ghklb� dh�_� ih^b`m� k\_kl� ]jZ{ZgZ� h� ijh[e_fZlbpb� k\_lehkgh]�
aZ]Z{_�Z��Ihj_^�gZ\_^_g_�hj]ZgbaZpb�_��\Z`gh��_�ihf_gmlb�b�MG?KDH 

dh�b��_�ZnbjfbkZh�Zkljhghfkdh�gZke_{_�djha�bgbpb�Zlb\m�Ä:kljhghfb�Z�
b� k\_lkdh� gZke_{_³� �Astronomy and World Heritage) (Ruggles & Cotte, 

������� ^hd� �_� dh�m� ]h^bgm� jZgb�_� nhg^Zpb�Z KlZjeZ�l (Starlight 

Foundation��jZa\beZ��hr��_^Zg�kbkl_f�k_jlbnbdZpb�_�aZ�Zkljhlmjbklbqd_�
^_klbgZpb�_� �6WDUOLJKW� ,QLWLDWLYH�� ������� Bklh\j_f_gh�� F_{mgZjh^gZ�
ZkljhghfkdZ�mgb�Z (The International Astronomical Union - ,$8��̂ h^Zlgh�
^hijbghkb� m[eZ`Z\Z�m� b� mgZij_{_�m� bkljZ`b\Z�Z� k\_lehkgh]�
aZ]Z{_�Z�b�hqm\Z�Z�ijbjh^gh�lZfgbo�ehdZpb�Z� 
 

M� kdeZ^m� kZ� k\bf� ij_loh^gh� gZ\_^_gbf�� pb�� h\h]� jZ^Z� �_� ^Z�
ij_^klZ\b� �_^Zg� h^� gZ�mki_rgb�bo� ijh]jZfZ� aZ� aZrlblm� ijbjh^gh�
lZfgbo� ehdZpb�Z�� kZ� ihk_[gbf� Zdp_glhf� gZ� djbl_jb�mf_� dh�_� k\ZdZ�
dZl_]hjb�Z� fhjZ� ^Z� bkimgb� dZdh� [b� mki_rgh� ijhreZ� kbkl_f�
k_jlbnbdZpb�_�b�kZfbf�lbf�mgZij_^beZ�ihklh�_�_�dZiZpbl_l_�aZ�jZa\h��
Zkljhghfkdh]�lmjbafZ�� 
 

���H�F?-MG:JH>GHF�IJH=J:FM�A:�A:RLBLM�IJBJH>GH�

L:FGBO�EHD:PB3:�

�

F_{mgZjh^gb� ijh]jZf� aZrlbl_� ijbjh^gh� lZfgbo� ehdZpb�Z�
(,QWHUQDWLRQDO� 'DUN6N\� 3ODFHV� 3URJUDP�� hkgh\Zg� �_� ������ ]h^bg_� b�
ij_^klZ\�Z�bgbpb�Zlb\m�dh�Z�k\h�_�dhj_g_�\mq_�ba�]jZ{Zgkdh]�Zdlb\bafZ��
gZihjZ� ehdZegh]� klZgh\gbrl\Z� b� _dki_jZlZ� ba� h[eZklb� ^Z� aZrlbl_�
ijbjh^gh� lZfgZ� ih^jmq�Z�� >ZgZk� �_� h\Z�� ijh]jZf� dhga_j\Zpbhgh�
hjb�_glbkZg�b�[ZabjZg��_�gZ�kf_jgbpZfZ�b�ijZ\bebfZ�dh�Z�hfh]m�Z\Z�m�
k\Zdhf� k_jlbnbdh\Zghf� f_klm� ^Z� Zdlb\gh� ^hijbghkb� hqm\Z�m� b�
mgZij_{_�m�ijbjh^gh�lZfgbo�ehdZpb�Z��K_jlbnbdZpbhgb�ijhp_k�g_fZ�
j_]meZlb\gm� meh]m�� g_]h� �_� [ZabjZg� gZ� hkgh\m� ihklh�_�bo�� ]eh[Zegbo�
hd\bjZ�ihiml�MG?KDH�bgbpb�Zlb\Z (UNESCO World Heritage Sites and 
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Biosphere Reserves�� b� �_]h\Z� ]eZ\gZ� gZf_gZ� �_� klbpZ�_�
ij_ihagZl�b\hklb� b� m\Z`Z\Z�_� meh`_gh]� gZihjZ� ehdZegh]�
klZgh\gbrl\Z�m�hqm\Z�_�ijbjh^gh�lZfgh]�g_[Z��Mq_r�_�m�ijh]jZfm��_�
gZ� \hehgl_jkdh�� hkgh\b� b� gZ�q_r�_� �_� bgbpbjZgh� h^� kljZg_� ehdZeg_�
aZ�_^gbp_�� rlh� k_� ij_fZ� ^hkZ^Zr�bf� k_jlbnbdZpb�ZfZ� fh`_�
ij_ihagZlb�dZh�^h[Zj�fh^_e�gZ�f_{mgZjh^gh��kp_gb�� 

 

M�hd\bjm�ijh]jZfZ�ba^\h�beZ�km�k_�^\Z�ijbklmiZ�k_jlbnbdZpb�b�� 

ij\b dh�b� �_�ijbfZjgh�hjb�_glbkZg�dZ�dhga_j\Zpb�b�ijbjh^gh�lZfgbo�
ih^jmq�Z�� mlhqbrlZ��iZjdh\b�b�j_a_j\Zlb�lZfgh]�g_[Z b�^jm]b��dh�b�
�_� mkf_j_g� dZ� dj_bjZ�m� j_]meZlb\Z�� kf_jgbpZ� b� ieZgh\Z� aZ� baf_gm�
kih�Zr�_]� hk\_l�_�Z�� l_� �_]h\h� ijbeZ]h{Z\Z�_� _dhehrdbf�
ijbgpbibfZ�� aZ�_^gbp_�lZfgh]�g_[Z� �b�mj[ZgZ�ih^jmq�Z�gh�gh]�g_[Z��

;m^m�b� ^Z� �_� nhdmk� h\h]� jZ^Z� mkf_j_g� \br_� dZ� dhga_j\Zpbhgbf�
gZihjbfZ�� g_]h� j_]meZlb\ZfZ�� m� gZklZ\dm� l_dklZ� [b�_� ^_lZ�gh�
h[jZaeh`_gb�hibkb�b�djbl_jb�mfb�aZ�mki_rgm�k_jlbnbdZpb�m�mlhqbrlZ��
iZjdh\Z�b�j_a_j\ZlZ�lZfgh]�g_[Z��'DUN6N\�,QWHUQDWLRQDO�� Dark Sky Places, 

*XLGHOLQHV������� 
 

x F_{mgZjh^gZ�mlhqbrlZ�lZfgh]�g_[Z� �,QWHUQDWLRQDO�'DUN�6N\�

6DQFWXDULHV��

�

Ij_^klZ\�Z�m�ih^jmq�_�m��Z\ghf�beb�ijb\Zlghf�\eZkgbrl\m�]^_�km�
a\_a^Zgh� g_[h� b� ijbjh^gh� lZfZg� Zf[b�_gl� bajZablh� hqm\Zgb�� H\Z�
ehdZpb�Z��_�aZrlb�_gZ�a[h]�k\h�bo�gZmqgbo��ijbjh^gbo��_^mdZlb\gbo�beb�
dmelmjgbo�\j_^ghklb�b�̂ hklmigZ��_��Z\ghklb�gZ�dhjbr�_�_��M�h^ghkm�gZ�
iZjdh\_�b�j_a_j\Zl_��mlhqbrlZ�km�gZ�q_r�_�gZ�baheh\Zgbf�ih^jmq�bfZ�
kZ�fbgbfZeghf�dhebqbghf�k\_lehkgh]�aZ]Z{_�Z�m�hdhebgb� 
 

Djbl_jb�mfb�aZ�d\ZebnbdZpb�m�km�ke_^_�b�� 
 

x MijZ\�Z�_ � Mlhqbrl_� fh`_� [blb� m� hd\bjm� ijb\Zlgh]� beb�
�Z\gh]�\eZkgbrl\Z��Zeb�k_�fhjZ�̂ hdZaZlb�̂ Z��_�gZ\_^_gZ�ih\jrbgZ�
ijZ\gh�aZrlb�_gZ�� 

x Ijbklmi�m�\_q_j�bf�qZkh\bfZ � Mlhqbrl_�fhjZ�̂ Z�h[_a[_^blb�
�Z\gb�ijbklmi�]jZ{ZgbfZ�m�\_q_j�bf�kZlbfZ�kZ�beb�[_a�gZ^ahjZ��
Mdhebdh� �_� ihlj_[gh�� fh`_� k_� h]jZgbqblb� ih\jrbgZ� dh�h�� k_�
fh`_� ijbklmiblb� beb� \j_f_� lhdhf� dh�_� k_� fh`_� ihk_lblb��
Mdhebdh� �_�ehdZpb�b�h]jZgbq_g�ijbklmi� a[h]�m]jh`_gbo�\jklZ��
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x F_{mgZjh^gb�iZjd�lZfgh]�g_[Z��,QWHUQDWLRQDO�'DUN�6N\�3DUNV���

 

Ij_^klZ\�Z�̂ _klbgZpb�m�kZ�\_hfZ�̂ h[jbf�beb�bama_lgbf�d\Zebl_lhf�
a\_a^Zgh]� g_[Z� b� lZfgh]� Zf[b�_glZ�� aZrlb�_gm� a[h]� k\h�bo� gZmqgbo��
ijbjh^gbo��_^mdZlb\gbo�beb�dmelmjgbo�\j_^ghklb��EhdZpb�Z�fh`_�[blb�
m��Z\ghf�beb�ijb\Zlghf�\eZkgbrl\m��Z�ijbklmi�ih\jrbgb�gZ\_^_gh��ijb�
k_jlbnbdZpb�b�fhjZ�[blb�hfh]m�_g�k\bf�]jZ{ZgbfZ�� 
 

Djbl_jb�mfb�aZ�d\ZebnbdZpb�m�km�ke_^_�b�� 
x MijZ\�Z�_ � IZjd�fh`_�[blb�m�hd\bjm�ijb\Zlgh]�beb� �Z\gh]�
\eZkgbrl\Z�� Zeb� k_� fhjZ� ^hdZaZlb� ^Z� �_� gZ\_^_gZ� ih\jrbgZ�
ijZ\gh�aZrlb�_gZ�� 

x Ijbklmi� m� \_q_j�bf� qZkh\bfZ � IZjd� fhjZ� ^Z� h[_a[_^blb�
�Z\gb�ijbklmi�]jZ{ZgbfZ�m�\_q_j�bf�kZlbfZ�kZ�beb�[_a�gZ^ahjZ��
Mdhebdh� �_� ihlj_[gh�� fh`_� k_� h]jZgbqblb� ih\jrbgZ� dh�h�� k_�
fh`_�ijbklmiblb�beb�\j_f_�lhdhf�dh�_�k_�fh`_�ihk_lblb�� 

x D\Zebl_l�gh�gh]�g_[Z�� IZjdh\b�fh]m�[blb�ehpbjZgb�m�[ebabgb�
gZk_�Z�� a[h]� q_]Z� �_� \Z`gh� ^hdZaZlb�bama_lZg� d\Zebl_l�gh�gh]�
g_[Z�b�\b^�b\hkl�Fe_qgh]�imlZ�ijb�mh[bqZ�_gbf�Zlfhkn_jkdbf�
mkeh\bfZ�� M� f_j�b\bf� �_^bgbpZfZ�� a_gblgb� k�Z�� gh�gh]� g_[Z�
lj_[Z� ^Z� baghkb� gZ�fZ�_� �����fZ]gblm^_� ih� d\Z^jZlgh�� emqgh��
k_dmg^b��beb�̂ Z�]jZgbqgZ�fZ]gblm^Z�\b^�b\Z�]hebf�hdhf��1(/0�
- Naked Eye Limiting Magnitude��[m^_��_^gZdZ�beb�\_�Z�h^���� 

x J_kmjkb�� IZjd�fhjZ�[blb�m�fh]m�ghklb�^Z�hj]Zgbam�_�j_^h\g_�
_^mdZlb\g_� kZ^j`Z�_� beb� Zdlb\ghklb� ihk_lbhpbfZ�� dZdh� [b�
ih^b]Zh� gb\h� k\_klb� ]jZ{ZgZ� h� ijh[e_fZlbpb� k\_lehkgh]�
aZ]Z{_�Z�b�agZqZ�m�ijbjh^g_�lZf_��Ihj_^�gZ\_^_gh]�_^mdZpb�Z�k_�
fh`_�mkf_jblb�b�dZ�aZrlblb�Zkljhghfkdh]�gZke_{Z�� 

 

Lj_gmlgh�ihklh�b�����iZjdh\Z�rbjhf�k\_lZ��h^�q_]Z��_�gZ�\_�b�[jh��m�
K�_^b�_gbf� :f_jbqdbf� >j`Z\ZfZ� ������ M� j_]bhgm�� ^\Z� iZjdZ� km�
hkgh\ZgZ�m�Oj\Zlkdh��� ÄI_ljh\Z�=hjZ-;b�_]³�b�Ä<jZgb�dZf_g³�b�ljb�m�
FZ{Zjkdh��� Ä%�NN³��Ä+RUWREiJ\³�b�Ä=VHOLF³��'DUN6N\�,QWHUQDWional � Dark 

6N\�3ODFHV��*XLGHOLQHV�������� 
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x Ijbklmi�m�\_q_j�bf�qZkh\bfZ � J_a_j\Zl�fhjZ�^Z�h[_a[_^blb�
�Z\gb� ijbklmi� ]jZ{ZgbfZ� p_gljZegbf� ^_eh\bfZ� m� \_q_j�bf�
kZlbfZ� kZ� beb� [_a� gZ^ahjZ�� Mdhebdh� �_� ihlj_[gh�� fh`_� k_�
h]jZgbqblb�ih\jrbgZ�dh�h��k_�fh`_�ijbklmiblb�beb�\j_f_�lhdhf�
dh�_�k_�fh`_�ihk_lblb�� 

x D\Zebl_l�gh�gh]�g_[Z�� P_gljZegb�^_eh\b�j_a_j\ZlZ�fh]m�[blb�
ehpbjZgb�m�[ebabgb�gZk_�Z��a[h]�q_]Z��_�\Z`gh�̂ hdZaZlb�bama_lZg�
d\Zebl_l� gh�gh]� g_[Z� b� \b^�b\hkl� Fe_qgh]� imlZ� ijb�
mh[bqZ�_gbf�Zlfhkn_jkdbf�mkeh\bfZ��M�f_j�b\bf��_^bgbpZfZ��
a_gblgb�k�Z��gh�gh]�g_[Z�lj_[Z�^Z�baghkb�gZ�fZ�_������fZ]gblm^_�
ih� d\Z^jZlgh�� emqgh�� k_dmg^b�� beb� ^Z� ]jZgbqgZ� fZ]gblm^Z�
\b^�b\Z�]hebf�hdhf��1(/0�- Naked Eye Limiting Magnitude��[m^_�
�_^gZdZ�beb�\_�Z�h^���� 

x L_jblhjb�Z�� AZ�p_gljZegb�^_h�j_a_j\ZlZ�g_�ihklh�b�fbgbfZegh�
ijhibkZgZ� ih\jrbgZ� dh�m� lj_[Z� ^Z� aZmabfZ�� Zeb� \_ebqbgZ�
l_jblhjb�_�fhjZ�^Z�ih^j`b�hdmi�Z�_�\_�_]�[jh�Z�]jZ{ZgZ�jZ^b�
ijhfhlb\gbo�dZfiZ�Z�b�_^mdZlb\gbo�kZ^j`Z�Z�hibkZgbo�^Z�_�m�
kf_jgbpZfZ� �^hklmigbf� gZ� kZ�lm� hj]ZgbaZpb�_ 18���Ij_^eh`_gh�
�_a]jh� j_a_j\ZlZ� fh`_� ^Z� bfZ� [beh� dh�b� h[ebd� b� fh`_� [blb�
njZ]f_glbkZgh� ^h� ljb� p_ebg_�� Zeb� k_� lh� fhjZ� ^_lZ�gh�
h[jZaeh`blb� m� ZiebdZpb�b�� LZdh{_�� mdhebdh� gZ� l_jblhjb�b�
j_a_j\ZlZ�ihklh�b�gZpbhgZegb�iZjd�beb�g_db�^jm]b� aZrlb�_gb�
_glbl_l��ih`_�gh��_�^Z�ihlimgh�bkijZlb��_]h\_�]jZgbp_� 

x J_kmjkb� � J_a_j\Zl� fhjZ� [blb� m� fh]m�ghklb� ^Z� hj]Zgbam�_�
j_^h\g_�_^mdZlb\g_�kZ^j`Z�_�beb�Zdlb\ghklb�ihk_lbhpbfZ��dZdh�
[b� ih^b]Zh� gb\h� k\_klb� ]jZ{ZgZ� h� ijh[e_fZlbpb� k\_lehkgh]�
aZ]Z{_�Z� b� agZqZ�m� ijbjh^g_� lZf_�� LZdh{_�� j_a_j\Zl� fhjZ� ^Z�
ijbeZ]h^b� kih�Zr�_� hk\_l�_�_� gZ p_ehdmigh�� ih\jrbgb� m�
_lZiZfZ�h^� ����� ����^h� ������Ij_ihjmdZ� �_�^Z� k_�nhjfbjZ�b�
dhfbkb�Z� aZ� mijZ\�Z�_� iZjdhf�� kZqb�_gZ� h^� mijZ\�ZqZ� b�
iZjlg_jZ�jZ^b�eZdr_�hj]ZgbaZpb�_�b�[h�_]�mijZ\�Z�Z� 
 

2) I?JBN?JGB�>?H�J?A?J<:L: 

 

x MijZ\�Z�_ � FbgbfZegh� ���� ihimeZpb�_� b� ���� ih\jrbg_�
l_jblhjb�_�m�hd\bjm�ij_^\b{_gbo�i_jbn_jgbo�^_eh\Z�fhjZ�[blb�
md�mq_gh� m� dj_bjZ�_� j_a_j\ZlZ�� Lh� ih^jZamf_\Z� ehdZeg_�
kZfhmijZ\_��hirlbg_�� �Z\gZ�b�ijb\ZlgZ�a_f�brlZ��Z�mq_r�_�k_�
gZ�ij_� h^ghkb� gZ� mk\Z�Z�_� j_]meZlb\Z� b� ^m]hjhqgh]� ieZgZ�

 
18KWWSV���darksky�org�ZKDW-we-do�international-dark-sky-places�  
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hk\_l�_�Z�h\bo�h[eZklb� �/LJKWLQJ�0DQDJHPHQW�3ODQ� RU�3ROLF\�� 

/03�� 
x Ijbklmi� m� \_q_j�bf� qZkh\bfZ � Ijbklmi� p_gljZeghf� ^_em�
j_a_j\ZlZ� �_� h[Z\_aZg�� Zeb� m� i_jbn_jgbf� h[eZklbfZ� gb�_�
g_hioh^Zg�bZdh�ih`_�Zg� 

x D\Zebl_l�gh�gh]�g_[Z�� M�i_jbn_jgbf�^_eh\bfZ�j_a_j\ZlZ�g_�
ihklh�_�_ebfbgbrm�_�\j_^ghklb�a_gblgh]�k�Z�Z�gh�gh]�g_[Z��Zeb�
�_�h[Z\_aZg�fhgblhjbg]�� 

x L_jblhjb�Z�� I_jbn_jgb�^_h�j_a_j\ZlZ�fhjZ�[blb� �_^bgkl\_gZ�
dhglbgmbjZgZ� p_ebgZ� dh�Z� ihlimgh� hdjm`m�_� �_a]jh��Fh`_� ^Z�
aZmaf_�[beh�dh�b�iheh`Z��b�h[ebd��Z�lj_[Z�^Z�baghkb�fbgbfZegh�
700 km2 beb�[Zj�����ih\jrbg_�dh�Z��_�[blb�^h\h�gZ�^Z�mfZ�b�
mlbpZ�� ihl_gpb�Zegbo� ba\hjZ� k\_lehkgh]� aZ]Z{_�Z� m� hdhebgb��
<_ebd_� ih\jrbg_� �_a_jZ�� fhjZ� beb� hd_ZgZ� k_� g_� jZqmgZ�m� m�
i_jbn_jg_� ^_eh\_� j_a_j\ZlZ�� =jZgbpZ� i_jbn_jb�_� g_� kf_� [blb�
\_rlZqdb�baf_�_gZ�gZ� ehdZpb�ZfZ� dh�_��_�hl_`Zlb�ijhp_^mjm��
g_]h� k_� jZ^b�_� lj_[Z�m� ihkfZljZlb� dZh� ih^jmq�Z� aZ� [m^m�_�
mgZij_{_�_�m�hd\bjm�klbpZ�Z�klZlmkZ�j_a_j\ZlZ� 

x J_kmjkb�� AZ�_^gbp_�dh�_�km�md�mq_g_�m�j_a_j\Zl�fhjZ�m�^Z�bfZ�m�
_^mdZlb\gb�ijh]jZf��nbgZgkb�kd_�j_kmjk_��^ha\he_�b�j_]meZlb\_�
dh�_� bf� hfh]m�Z\Z�m� ^Z� ijbeZ]h^_� hk\_l�_�_� m� kdeZ^m� kZ�
aZrlblhf�lZfgh]�g_[Z�� 

 

Lj_gmlgh�ihklh�b����j_a_j\ZlZ�rbjhf�k\_lZ��h^�q_]Z�bo��_�gZ�\br_�m�
M�_^b�_ghf�DjZ�_\kl\m�����b�G_fZqdh�������'DUN6N\�,QWHUQDWLRQDO�� Dark 

6N\�3ODFHV��*XLGHOLQHV�������� 
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k_jlbnbdZpb�_� Z^j_kbjZ� jZaebqbl_� ijh[e_f_� baZa\Zg_� k\_lehkgbf�
aZ]Z{_�_f��M� h^ghkm� gZ� h^Z[jZgb� kbkl_f� k_jlbnbdZpb�_� �ijbjh^gbo�
kj_^bgZ�� iZjdh\Z��j_a_j\ZlZ�beb�mlhqbrlZ��beb�ba]jZ{_gbo�kj_^bgZ�� 

aZ�_^gbpZ� b� mj[Zgbo� ehdZpb�Z� gh�gh]� g_[Z��� ZiebdZglb� ijheZa_� djha�
\br_�jZaebqblbo�nZaZ�dh�_�m�dhgZqgbpb�mlbqm�gZ�mfZ�_�_�k\_lehkgh]�
aZ]Z{_�Z�� ih\_�Z�_� k\_klb� h� agZqZ�m� ijbjh^g_� lZf_� b� ihabpbhgbjZ�m�
^_klbgZpb�_�gZ�f_{mgZjh^gh��fZib�ijbjh^gh�lZfgbo�ehdZpb�Z�� 

 

M� Kj[b�b� �_� [jh�� hqm\Zgbo� ijbjh^gh� lZfgbo� ehdZpb�Z� dh�_�
bkim�Z\Z�m� djbl_jb�mf_� iZjdh\Z� b� j_a_j\ZlZ� lZfgh]� g_[Z� b� ^Z�_�
h]jZgbq_g��Ih^jmq�Z�kZ�hqm\Zghf�ijbjh^ghf�lZfhf�k_�m]eZ\ghf�gZeZa_�
m�i_jbn_jgbf�^_eh\bfZ�a_f�_��gZ�q_r�_�m�ih]jZgbqgbf�ahgZfZ�beb�m�
hd\bjm� aZrlb�_gbo� ijbjh^gbo� ih^jmq�Z�� ]^_� �_� mlbpZ�� k\_lehkgh]�
aZ]Z{_�Z�fZ�_�bajZ`_g�  

 

BiZd�� m� ihke_^�bo� g_dhebdh� ]h^bgZ� mhqZ\Z� k_� k\_� \_�b� [jh��
ehdZegbo�bgbpb�Zlb\Z�mkf_j_gbo�dZ�aZrlblb�ijbjh^g_�lZf_��Ihk_[gh�k_�
ba^\Z�Z�m�gZihjb�aZ�hkgb\Z�_�iZjdZ�lZfgh]�g_[Z�gZ�ih^jmq�m�ieZgbg_�
<b^h�_\bp_��]^_�k_�gZeZab�ZkljhghfkdZ�klZgbpZ�aZ�gZmqgZ�ihkfZljZ�Z��
dZh�b�bgbpb�Zlb\Z�aZ�mkihklZ\�Z�_�iZjdZ�lZfgh]�g_[Z�m�hd\bjm�Ij_^_eZ�
bama_lgbo�h^ebdZ� ÄJZ�pZ³��rlh�mdZam�_�gZ�jZklm�b� agZqZ��h\_� l_f_�gZ�
gZrbf�ijhklhjbfZ� 
 

AZo\Zeghkl BkljZ`b\Z�_� �_� kijh\_^_gh� ma� ih^jrdm�Nhg^Z� aZ� gZmdm�
J_im[ebd_�Kj[b�_�[j��������8UEDQ�2EVHUYDWRU\�RI�%HOJUDGH��8UE2EV%HO��b�
FbgbklZjkl\Z� gZmd_�� l_oghehrdh]� jZa\h�Z� b� bgh\Zpb�Z� J_im[ebd_�
Kj[b�_� djha� Ijh�_dlgb� m]h\hj� [j�� ���-03-��������-���������� 
BkljZ`b\Z�Z� �_� nbgZgkbjZeh� FbgbklZjkl\h� gZmd_�� l_oghehrdh]�
jZa\h�Z�b�bgh\Zpb�Z�J_im[ebd_�Kj[b�_��?\�[j�����-03-�������-�����������
b����-03-�������-����������� 

Ebl_jZlmjZ�
 

%MHODMDF��'����HUþDQ��%���	�.RYDþLü��6����������'DUN�VNLHV�DQG�GDUN�VFUHHQV�DV�D�
precondition for astronomy tourism and general well-EHLQJ��Information 

7HFKQRORJ\�	�7RXULVP����, 19�����KWWSV���GRL�RUJ���������V�����-020-00189-9 

 

'DUN6N\�,QWHUQDWLRQDO����������'DUN�6N\�3ODFHV�SURJUDP�JXLGHOLQHV��
KWWSV���GDUNVN\�RUJ� 
 

)DOFKL��)���&LQ]DQR��3���'XULVFRH��'���.\ED��&��&��0���(OYLGJH��&��'���%DXJK��.���
3RUWQRY��%��$���5\EQLNRYD��1��$���	�)XUJRQL��5�� ��������7KH�QHZ�ZRUOG�DWODV�RI�
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DUWLILFLDO� QLJKW� VN\� EULJKWQHVV�� 6FLHQFH� $GYDQFHV�� ������
KWWSV���GRL�RUJ���������VFLDGY�������� 
 

*DOODZD\��7���2OVHQ��5��1���	�0LWFKHOO��'��0����������7KH�HFRQRPLFV�RI�JOREDO�
OLJKW�SROOXWLRQ� Ecological economics, ����������-���� 
 

*DVWRQ��.��-���9LVVHU��0��(���	�+|ONHU��)����������7KH�ELRORJLFDO�LPSDFWV�RI�DUWLILFLDO�
OLJKW� DW� QLJKW�� 7KH� UHVHDUFK� FKDOOHQJH�� Philosophical Transactions of the Royal 

6RFLHW\�%��%LRORJLFDO�6FLHQFHV�������������KWWSV���GRL�RUJ���������UVWE���������� 
 

*UHHQ��5��)���/XJLQEXKO��&��%���:DLQVFRDW��5��-���	�'XULVFRH��'����������7KH�JURZLQJ�
WKUHDW� RI� OLJKW� SROOXWLRQ� WR� JURXQG-EDVHG� REVHUYDWRULHV�� The Astronomy and 

$VWURSK\VLFV�5HYLHZ����������� 
 

+LJXFKL��6����������/LJKW�DW�QLJKW�DQG�FLUFDGLDQ�UK\WKPV��)URP�WKH�SHUVSHFWLYH�RI�
SK\VLRORJLFDO�DQWKURSRORJ\�UHVHDUFK��-RXUQDO�RI�3K\VLRORJLFDO�$QWKURSRORJ\����(1), 

��� 
 

.ROOiWK��=���6]i]��'���	�.ROOiWK��.����������0HDVXUHPHQWV�DQG�PRGHOOLQJ�RI�DUWLILFLDO�
VN\� EULJKWQHVV�� &RPELQLQJ� UHPRWH� VHQVLQJ� IURP� VDWHOOLWHV� DQG� JURXQG-based 

REVHUYDWLRQV��5HPRWH�6HQVLQJ��������������� 
 

.\ED�� &�� &��� $OWÕQWDú�� <�� g��� :DONHU�� &�� (��� 	� 1HZKRXVH�� 0�� �������� &LWL]HQ�
VFLHQWLVWV�UHSRUW�JOREDO�UDSLG�UHGXFWLRQV�LQ�WKH�YLVLELOLW\�RI�VWDUV�IURP������WR�������
6FLHQFH��������������������� 
 

Quintanilla-$KXPDGD��'���4XLMyQ��3��$��� -DKQVHQ-*X]PiQ��1���=~xLJD-&XHWR��1���
Miranda-%HQDEDUUH�� &��� /\QQ�� .�� '��� 3XOJDU�� -��� 3DOPD�� -���0DQUtTXH]�� 3�� +���	�
'XDUWH�� &�� �������� 7KH� LPSDFWV� RI� DUWLILFLDO� OLJKW� DW� QLJKW� �$/$1�� VSHFWUDO�
FRPSRVLWLRQ� RQ� NH\� EHKDYLRUDO� WUDLWV� RI� D� VDQG\� EHDFK� LVRSRG��Marine Pollution 

%XOOHWLQ�������������� 
 

5XJJOHV�� &�� /��� 	� &RWWH�� 0�� �������� Heritage sites of astronomy and 

archaeoastronomy in the context of the UNESCO World Heritage Convention��
,QWHUQDWLRQDO�&RXQFLO�RQ�0RQXPHQWV�DQG�6LWHV�	�,QWHUQDWLRQDO�$VWURQRPLFDO�8QLRQ��
2FDULQD�%RRNV�/LPLWHG� 
 

6WDUOLJKW� ,QLWLDWLYH�� �������� Starlight Initiative��
KWWSV���VWDUOLJKW�����QHW�LQGH[BRSWLRQBFRPBFRQWHQWBYLHZBDUWLFOHBLGB���BLWHPLGB
��BODQJBHQ�KWPO 
 

6ROHLPDQL�� 6��� %UXZHU�� -��� *URVV�� 0�� -��� 	� /HH�� 5�� �������� $VWUR-tourism 

conceptualisation as a special-LQWHUHVW� WRXULVP� �6,7�� ILHOG�� $� SKHQRPHQRORJLFDO�
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DSSURDFK�� &XUUHQW� ,VVXHV� LQ� 7RXULVP�� ��(18), 2299�������
KWWSV���GRL�RUJ������������������������������ 
 

6WDQWRQ��'��/���	�&RZDUW��-��5����������7KH�HIIHFWV�RI�DUWLILFLDO�OLJKW�DW�QLJKW��$/$1��
RQ� WKH� FLUFDGLDQ� ELRORJ\� RI� PDULQH� DQLPDOV�� )URQWLHUV� LQ� 0DULQH� 6FLHQFH�� ��, 
�������� 
 

7DSDGD��$���0DUTXHV��&��6���0DUTXHV��&��3���	�&RVWD��&����������$VWURWRXULVP��$�
OLWHUDWXUH�UHYLHZ�DQG�IUDPHZRUN�IRU�IXWXUH�UHVHDUFK��(QOLJKWHQLQJ�7RXULVP����(2), 

291������KWWSV���GRL�RUJ����������HW�Y��L������ 
 

8QLWHG�1DWLRQV����������World urbanization prospects��'HSDUWPHQW�RI�(FRQRPLF�DQG�
6RFLDO�$IIDLUV��3RSXODWLRQ�'LYLVLRQ� 
�
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$VWURQ��2EV��%HOJUDGH�6SHFLDO�,VVXHV�1R������������89-92�

'2,��KWWSV���GRL�RUJ����������DREVL���10�

K<?LEHKGH�A:=:-?5?�G:�IE:GBGB�J:3:P���KL:5?�B�

I?JKI?DLB<?�BKLJ:@B<:5:�

AHJ:G�L:G:KB3?<B61 

 
��Ij_^_h�bama_lgbo�h^ebdZ�ÄJZ�Zp³ 

�
J_abf_��K\_lehkgh�aZ]Z{_�_�ij_^klZ\�Z� �_^Zg�h^�gZ�agZqZ�gb�bo�kZ\j_f_gbo�
ijblbkZdZ� gZ� gh�gb� i_�aZ`�� Z� gZjhqblh� �_� \Z`gh� m� dhgl_dklm� hqm\Z�Z�
ijbjh^gbo� \j_^ghklb� b� jZa\h�Z� Zkljhghfkdh]� lmjbafZ�� GZ� ieZgbgb� JZ�Zp�
�AZiZ^gZ� Kj[b�Z�� kbkl_fZlkdZ� f_j_�Z� k\_lehkg_� aZ]Z{_ghklb� aZihq_lZ� km� m�
hd\bjm� ZkljhdebfZlkdbo�bkljZ`b\Z�Z�ZkljhghfZ�ZfZl_jZ� �hr� ������ ]h^bg_��
Ihke_^�_� ^\_� ^_p_gb�_� ihdZam�m� ihkl_i_gh� ih\_�Z�_� k\_lehkg_� dmihe_� gZ�
k_\_jghf�ohjbahglm��ij_�k\_]Z�mke_^�mj[ZgbaZpb�_�b�ihklZ\�Z�Z��Z\g_�jZk\_l_�
m�keb\m�Dhem[Zj_��JZ^�^Z�_�ij_]e_^�^hkZ^Zr�bo�bkljZ`b\Z�Z��f_lh^heh]b�_�
f_j_�Z�� j_amelZlZ� b� ^Z�_� i_jki_dlb\_�� kZ� ihk_[gbf� hk\jlhf� gZ�fh]m�ghkl�
mkihklZ\�Z�Z�IZjdZ�lZfgh]�g_[Z�dZh�gh\_�lmjbklbqd_�b�_dhehrd_�\j_^ghklb� 
 
$EVWUDFW��/LJKW�SROOXWLRQ�LV�RQH�RI�WKH�PRVW�VLJQLILFDQW�FRQWHPSRUDU\�SUHVVXUHV�RQ�
WKH�QLJKWWLPH�ODQGVFDSH��DQG�LV�SDUWLFXODUO\�LPSRUWDQW�LQ�WKH�FRQWH[W�RI�SUHVHUYLQJ�
natural values DQG� GHYHORSLQJ� DVWURQRPLFDO� WRXULVP�� 2Q� 0RXQW� 5DMDF� �:HVWHUQ�
Serbia), systematic mHDVXUHPHQWV�RI� OLJKW�SROOXWLRQ�EHJDQ�DV�SDUW� RI�astroclimate 

UHVHDUFK� E\� DPDWHXU� DVWURQRPHUV� LQ� ������ 7KH� ODVW� WZR� GHFDGHV� VKRZ� D� JUDGXDO�
LQFUHDVH�LQ�WKH�OLJKW�GRPH�RQ�WKH�QRUWKHUQ�KRUL]RQ��SULPDULO\�GXH�WR�XUEDQL]DWLRQ�DQG�
WKH� LQVWDOODWLRQ� RI� SXEOLF� OLJKWLQJ� LQ� WKH� .ROXEDUD� EDVLQ�� 7KH� SDSHU� SURYLGHV� DQ�
overview of SUHYLRXV� UHVHDUFK�� PHDVXUHPHQW� PHWKRGRORJ\�� UHVXOWV� DQG� IXUWKHU�
SHUVSHFWLYHV��ZLWK�D�VSHFLDO�IRFXV�RQ�WKH�SRVVLELOLW\�RI�HVWDEOLVKLQJ�WKH�'DUN�6N\�3DUN�
DV�D�QHZ�WRXULVW�DQG�HFRORJLFDO�YDOXH�� 
 

�� M<H>�

�

 K\_lehkgh� aZ]Z{_�_� �_g]e��� OLJKW� SROOXWLRQ�� ih^jZamf_\Z� \_rlZqdh�
hk\_l�_�_�dh�_�gZjmrZ\Z�ijbjh^gm�lZfgm�gh���Hgh�mlbq_�gZ�\b^�b\hkl�
a\_a^Zgh]�g_[Z��ZkljhghfkdZ�ihkfZljZ�Z��Zeb�b�gZ�_dhkbkl_f_�b�a^jZ\�_�
�m^b��IeZgbgZ�JZ�Zp��dZh��_^gh�h^�bklZdgmlbo�ma\br_�Z�m�RmfZ^b�b�b�
aZiZ^gh�� Kj[b�b�� ihagZlZ� �_� ih� ih\h�gbf� mkeh\bfZ� aZ� ZkljhghfkdZ�
ihkfZljZ�Z��Zeb�ihke_^�bo�^_p_gb�Z�[_e_`b�ihjZkl�k\_lehkg_�_fbkb�_�
ba�mj[Zgbo�ahgZ��KebdH���b���� 
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KebdZ��� =_h]jZnkdb�iheh`Z��JZ�pZ� 

 

2. BKLHJB3:L�BKLJ:@B<:5:�G:�J:3PM�

�

 Hj]Zgbah\ZgZ� ZkljhdebfZlkdZ� bkljZ`b\Z�Z� gZ� JZ�pm� aZihq_lZ� km�
������ ]h^bg_�� bklh\j_f_gh� kZ� ij\bf� bkiblb\Z�bfZ� gZ� ieZgbgb�
<b^h�_\bpb��H\Z�bgbpb�Zlb\Z�ihl_deZ��_�h^�]jmi_�ZkljhghfZ�ZfZl_jZ�ijb�
hj]ZgbaZpb�b� ÄFeZ^b� bkljZ`b\Zqb� Kj[b�_³�� Bklh\j_f_gh� �_� b�
:kljhghfkdZ� hik_j\Zlhjb�Z� m� ;_h]jZ^m� aZihq_eZ� ijhp_gm�
ihl_gpb�Zegbo� ehdZpb�Z� aZ� gh\m� \_ebdm� hik_j\Zlhjb�m�� mke_^�
ij_dhf_jgh]� k\_lehkgh]� aZ]Z{_�Z� bagZ^� ]eZ\gh]� ]jZ^Z�� IZjZe_egZ�
bkljZ`b\Z�Z� gZ� <b^h�_\bpb� ^h\_eZ� km� ^h� ba]jZ^�_� kZ\j_f_gh]�
Zkljhghfkdh]�dhfie_dkZ�gZ� lh� ieZgbgb��^hd� km�j_amelZlb�f_j_�Z�gZ�
JZ�pm� ihkem`beb� aZ� ij\_� kljmqg_� jZ^h\_� h� ehdZegh�� Zkljhdebfb� b�
\b^�b\hklb� gh�gh]� g_[Z�� Ihke_^�bo� ^\Z^_k_l� ]h^bgZ� mhq_gh� �_�
nhjfbjZ�_�fZ�_�k\_lehkg_�dmihe_�gZ�k_\_jghf�ohjbahglm�JZ�pZ��H\Z�
ijhf_gZ� agZqZ�gh� mlbq_� gZ� d\Zebl_l� g_[Z�� gZjhqblh� m� mkeh\bfZ�
^m]hjhqgh]�jZa\h�Z�Zkljhghfkdh]�lmjbafZ� 
 

3. F?J?5:�B�F?LH>HEH=B3:�

�

 =h^bg_� ������ LmjbklbqdZ� hj]ZgbaZpb�Z� hirlbg_�4b]� a\Zgbqgh� �_�
ihklZ\�_gZ�aZ�mijZ\�ZqZ�Ij_^_eZ�bama_lgbo�h^ebdZ�ÄJZ�Zp³��H^fZo��_�
ihdj_gml� ijh�_dZl� kbkl_fZlkdh]� bkljZ`b\Z�Z� ba\hjZ� b� bgl_gabl_lZ�
k\_lehkg_� aZ]Z{_ghklb� gZ� p_eh�� ih\jrbgb� aZrlb�_gh]� ih^jmq�Z�� 
 

 GZ[Z\�_g��_�f_jZq�d\Zebl_lZ�gh�gh]�g_[Z��6N\�4XDOLW\�0HWHU�� SQM-

/��� Z� f_j_�Z� k_� j_^h\gh� kijh\h^_� lhdhf� \_^jbo� gh�b� [_a�F_k_pZ� b�
kg_`gh]� ihdjb\ZqZ�� Ihj_^� l_j_gkdbo� f_j_�Z�� dhjbr�_gb� km� b�
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kZl_eblkdb�ih^Zpb�h�jZ^b�Zgkb� �_g]e��� UDGLDQFH��dh�b�ijm`Z�m�ihma^Zg�
ihdZaZl_��ba\hjZ� \_rlZqd_� k\_lehklb�m�gh�ghf�i_�aZ`m��H\b�ih^Zpb�
hfh]m�Z\Z�m�ijhklhjgm�ZgZebam�bgl_gabl_lZ�_fbkb�_�b�b^_glbnbdZpb�m�
ahgZ� gZ�fZ�_]� aZ]Z{_�Z�� Dhf[bgZpb�hf� l_j_gkdbo� b� kZl_eblkdbo�
ih^ZlZdZ� bajZ{_gZ� �_� lhiehlgZ fZiZ� kZ� bahnhlZfZ�� gZ� dh�h�� km� �Zkgh�
ba^\h�_g_�ahg_�̂ bj_dlgbo�ba\hjZ�k\_lehklb�b�h[eZklb�gZ�fZ�_]�aZ]Z{_�Z�
� ih]h^g_�aZ�ZkljhghfkdZ�ihkfZljZ�Z�b�_^mdZpb�m� 
 

 
KebdZ 2��IjhklhjgZ�̂ bkljb[mpb�Z�\j_^ghklb�f_j_�Z�gZ�ieZgbgb�JZ�Zp� 

 

�� J?AMEL:LB�B�IJHKLHJG:�>BKLJB;MPB3:�

A:=:-?5:�

�

 Ij_ebfbgZjgb�j_amelZlb�mdZam�m�̂ Z�k_�gZ�fZ�Z�k\_lehkgZ�aZ]Z{_ghkl�
aZ^j`Z\Z�m�p_gljZegbf�b�aZiZ^gbf�^_eh\bfZ�JZ�pZ��]^_��_�Zgljhih]_gb�
mlbpZ�� h]jZgbq_g�� F_j_�Z� gZ� rbj_f� ijhklhjm� ieZgbg_� ihdZam�m�
\j_^ghklb� h^� ������ ^h� ������ PDJ�DUFVHFð� �KebdZ� ���� rlh� mdZam�_ gZ�
j_eZlb\gh�lZfgh�g_[h�kZ�^h[jbf�mkeh\bfZ�aZ�\bam_egZ�b�nhlh]jZnkdZ�
ZkljhghfkdZ�ihkfZljZ�Z��Ih\h�gZ�hdheghkl��_�rlh�km�bklhqgZ���m`gZ�b�
aZiZ^gZ� kljZgZ� ohjbahglZ� m]eZ\ghf� [_a� agZqZ�gbo� ba\hjZ� k\_lehkgh]�
aZ]Z{_�Z�� rlh� hfh]m�Z\Z� ^m]_� _dkihabpb�_� b� \bkhd� d\Zebl_l�
ihkfZljZ�Z��GZkmijhl�lhf_��k_\_jgb�h[h^�ih^jmq�Z�[_e_`b�bajZ`_gb�m�
k\_lehkgm� dmihem� mke_^� �Z\g_� jZk\_l_� m� jZ\gbqZjkdbf� gZk_�bfZ�� AZ�
[m^m�ghkl�km�agZqZ�g_�^\_�qb�_gbp_��lj_g^�ijhf_gZ�jZ^b�Zgk_��_�\jeh�
fZeb��rlh�mdZam�_�gZ�j_eZlb\gm�klZ[beghkl�klZ�Z�k\_lehkg_�_fbkb�_��b�
qb�_gbpZ�^Z��_�HirlbgZ�4b]��gZ�qb�h��l_jblhjb�b�k_�gZeZab�gZ�\_�b�^_h�
IBH�ÄJZ�Zp³��m\_eZ�ijZdkm�gh�gh]�bkd�mqb\Z�Z��Z\g_�jZk\_l_�m�k_hkdbf�
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gZk_�bfZ�m�i_jbh^m�h^����^h���qZkZ�m�mljh� qbf_�k_�^h^Zlgh�kfZ�m�_�
k\_lehkgh�aZ]Z{_�_� 
 

 
KebdZ����J_amelZlb�f_j_�Z�k\_lehkgh]�aZ]Z{_�Z�gZ�ieZgbgbfZ�JZ�Zp�b�

<b^h�_\bpZ�h[Z\�_gh]������mgZ�������]h^bg_� 

 

5. I?JKI?DLB<?�J:A<H3:�A<?A>:GH=�I:JD:�

�

 GZ� hkgh\m� ^h� kZ^Z� ijbdmi�_gbo� ih^ZlZdZ� aZihq_l� �_� _eZ[hjZl� aZ�
nhjfbjZ�_�A\_a^Zgh]�iZjdZ�m�p_gljZegh��b�aZiZ^gh��ahgb�IBH�ÄJZ�Zp³��
>h^ZlgZ�bkljZ`b\Z�Z�km�ieZgbjZgZ�aZ��m]haZiZ^gb�̂ _h�ih^jmq�Z��dh�b�[b�
m�[m^m�ghklb�fh]Zh�^Z�bkimgb�mkeh\_�aZ�f_{mgZjh^gh�ijbagZ�_�ÄIZjd�
lZfgh]� g_[Z³�� :kljhghfkdb� lmjbaZf� ihklZ�_� k\_� agZqZ�gb�b� k_]f_gl�
lmjbklbqd_�ihgm^_��Z�JZ�Zp�bfZ�ihl_gpb�Ze�^Z�ihklZg_��_^gh�h^�\h^_�bo�
f_klZ�aZ�h\m�\jklm�Zdlb\ghklb�m�Kj[b�b��LmjbklbqdZ�hj]ZgbaZpb�Z�4b]Z�
ieZgbjZ�ijhfhpb�m�h\h]�\b^Z�lmjbafZ��dZh�b gZ[Z\dm�^h^Zlg_�hij_f_�aZ�
^m]hjhqgh� ijZ�_�_� k\_lehkg_� aZ]Z{_ghklb� b� bkljZ`b\Z�_� �_]h\h]�
mlbpZ�Z�gZ�[bh^b\_jabl_l� 
 

6. A:D4MQ:D�

�

 BkljZ`b\Z�_�k\_lehkgh]�aZ]Z{_�Z�gZ�JZ�pm�ij_jZkeh��_�ba�ZfZl_jkd_�
bgbpb�Zlb\_�ihdj_gml_��hr�������]h^bg_�m�kbkl_fZlkdb�gZmqgh-kljmqgb�
ijhp_k�dh�b�ih\_am�_�Zkljhghfb�m��aZrlblm�ijbjh^_�b�lmjbaZf��GZklZ\Zd�
fhgblhjbg]Z� b� mgZij_{_�_� hij_f_� hfh]m�b�_� ij_pbagb�_� dZjl_�
k\_lehkg_�_fbkb�_�b�[h�_�mijZ\�Z�_�aZrlb�_gbf�ih^jmq�_f��Kl\ZjZ�_�
A\_a^Zgh]� iZjdZ� fh`_� ^hijbg_lb� hqm\Z�m� ijbjh^g_� lZf_� b�
ihabpbhgbjZlb�JZ�Zp�dZh�ijbf_j�^h[j_�ijZdk_�m�Kj[b�b� 
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IJH=J:F�

J:>BHGBP:�IJH3?DL:�=J:>KD:�HIK?J<:LHJB3:�;?H=J:>: 

 

x >Zlmf�h^j`Z\Z�Z��i_lZd�������������� 
x F_klh� h^j`Z\Z�Z�� :kljhghfkdZ� hik_j\Zlhjb�Z�� <he]bgZ� ���
;_h]jZ^� 

x ;jh��mq_kgbdZ��h]jZgbq_g�gZ��� 
 

������- ����� | Hl\ZjZ�_�b�ij_^klZ\�Z�_�ijh�_dlZ�UUEREVEHO 
 

x ^j�EmdZ�Ihih\b���^bj_dlhj�:kljhghfkd_�hik_j\Zlhjb�_ m�
;_h]jZ^m 

x ZdZ^_fbd�^j�AhjZg�Dg_`_\b���ij_^k_^gbd�Kjikd_�ZdZ^_fb�_�
gZmdZ b�mf_lghklb 

x ^j�=h�dh�-mjZr_\b���:kljhghfkdZ�hik_j\Zlhjb�Z��;_h]jZ^ 

x ^j�Kj{Zg�KZfmjh\b���jmdh\h^beZp�ijh�_dlZ�8UE2EV%HO, 
:kljhghfkdZ�hik_j\Zlhjb�Z��;_h]jZ^ 

 

������- ����� | Ij\b�j_amelZlb�ijh�_dlZ�8UE2EV%HO�
�

x ^j�JZ^_�IZ\eh\b���Bgklblml�aZ�nbabdm��;_h]jZ^ 

x ^j�AhjZg�Kbfb���:kljhghfkdZ�hik_j\Zlhjb�Z��;_h]jZ^ 

 

������ - ����� | Mihlj_[Z�+6,�mj_{Z�Z�m�^_l_dpb�b�b�deZkbnbdZpb�b�
ba\hjZ�k\_lehklb�b��boh\bo�ki_dljZegbo�dZjZdl_jbklbdZ 

 

x ^j�>jZ]Zg�Emdb���Bgklblml�aZ�nbabdm��;_h]jZ^ 

x ^j�JZ^_�IZ\eh\b���Bgklblml�aZ�nbabdm��;_h]jZ^ 

x ^j�;jZgbkeZ\�Jh\qZgbg��F_^bpbgkdb�nZdmel_l�Mgb\_jabl_lZ�m�
;_h]jZ^m��;_h]jZ^ 

 

������- ������_�L_jfh\bab�kd_�dZf_j_��fh]m�ghklb�)/,5�mj_{Z�Z 
 

x KZrZ�@beb���'$0,%$�WUDGH�G�R�R���;_h]jZ^ 

 

������- ������_�;bhehrdb�_n_dlb�k\_lehkgh]�aZ]Z{_�Z�gZ�qh\_dZ 
 

x ^j�;jZgbkeZ\�Jh\qZgbg, F_^bpbgkdb�nZdmel_l�Mgb\_jabl_lZ�m�
;_h]jZ^m��;_h]jZ^ 
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������- ������ _�7521�$,�-�Bgh\Zlb\gb�ijbklmi�ihkfZljZ�m�g_[Z�b�
Zlfhkn_j_�

 

x GbdheZ�=Zebhl��7521�7HFK��Gh\b�KZ^ 

 

������- ������_�;bhehrdb�_n_dlb�k\_lehkgh]�aZ]Z{_�Z�gZ�`b\b�k\_l 
 

x ^j� FZjdh� Ijhdb��� H^_�_�_� aZ� nbabheh]b�m�� Bgklblml� aZ�
[bhehrdZ�bkljZ`b\Z�Z�ÄKbgbrZ�KlZgdh\b�´��;_h]jZ^ 

 

������- ������_�Ij_^klZ\�Z�_�$'5,6.<�ijh�_dlZ�
 

x ;jZgdh� JZ^Zg, J_]bhgZegZ� Z]_gpb�Z� aZ� jZa\h�� b� _\jhikd_�
bgl_]jZpb�_�;_h]jZ^ 

 

������ - ������ _�Ij_^klZ\�Z�_�f_{mgZjh^gh]� ijh]jZfZ� aZ� aZrlblm�
ijbjh^g_�lZf_�-�'DUN6N\�3ODFHV 

 

x ^j� >Z�ZgZ� ;�_eZ�Zp, Ijbjh^gh-fZl_fZlbqdb� nZdmel_l��
Mgb\_jabl_l�m�Gh\hf�KZ^m 

 

������ - ������ _� AZrlblZ� ijbjh^g_� lZf_� gZ� JZ�pm�� fh]m�ghklb�
nhjfbjZ�Z�iZjdZ�lZfgh]�g_[Z 

 

x AhjZg�LZgZkb�_\b�, Ij_^_h�bama_lgbo�h^ebdZ�ÄJZ�Zp³ 
 

������- ������_�>hdmf_glZjgb�nbef��ÄM�ihljZab�aZ�lZfhf�-�ijbqZ�h�
k\_lehkghf�aZ]Z{_�m� 

 

x G<H� &DUSH� 1RFWHP, bgl_jg_l� kljZgbpZ� dh�Z� mim�m�_� gZ�
^hdmf_glZjgb�nbef��ZZZ�FDUSHQRFWHP�UV  

 

������- ������_�>bkdmkb�Z�mq_kgbdZ�jZ^bhgbp_�
�
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EBKL:�IJ?>:<:Q: G:�J:>BHGBPB� 
�

x ^j�EmdZ�Ihih\b���^bj_dlhj�:kljhghfkd_�hik_j\Zlhjb�_�m�
;_h]jZ^m (m\h^gh�h[jZ�Z�_�,  

x ZdZ^_fbd�^j�AhjZg�Dg_`_\b���ij_^k_^gbd�Kjikd_�ZdZ^_fb�_�
gZmdZ�b�mf_lghklb (m\h^gh�h[jZ�Z�_�� 

x ^j�=h�dh�-mjZr_\b���:kljhghfkdZ�hik_j\Zlhjb�Z��;_h]jZ^ 

(m\h^gh�h[jZ�Z�_�� 
x ^j�Kj{Zg�KZfmjh\b���jmdh\h^beZp�ijh�_dlZ�8UE2EV%HO��
:kljhghfkdZ�hik_j\Zlhjb�Z��;_h]jZ^ 

x ^j�JZ^_�IZ\eh\b���Bgklblml�aZ�nbabdm��;_h]jZ^ 

x ^j�AhjZg�Kbfb���:kljhghfkdZ�hik_j\Zlhjb�Z��;_h]jZ^ 

x ^j�>jZ]Zg�Emdb���Bgklblml�aZ�nbabdm��;_h]jZ^ 

x ^j�JZ^_�IZ\eh\b���Bgklblml�aZ�nbabdm��;_h]jZ^ 

x ^j�;jZgbkeZ\�Jh\qZgbg��F_^bpbgkdb�nZdmel_l�Mgb\_jabl_lZ�m�
;_h]jZ^m��;_h]jZ^ 

x KZrZ�@beb���'$0,%$�WUDGH�G�R�R���;_h]jZ^ 

x ^j�;jZgbkeZ\�Jh\qZgbg��F_^bpbgkdb�nZdmel_l�Mgb\_jabl_lZ�m�
;_h]jZ^m��;_h]jZ^ 

x GbdheZ�=Zebhl��7521�$, 
x ^j�FZjdh�Ijhdb���H^_�_�_�aZ�nbabheh]b�m��Bgklblml�aZ�
[bhehrdZ�bkljZ`b\Z�Z�ÄKbgbrZ�KlZgdh\b�´��;_h]jZ^ 

x ;jZgdh�JZ^Zg��J_]bhgZegZ�Z]_gpb�Z�aZ�jZa\h��b�_\jhikd_�
bgl_]jZpb�_�;_h]jZ^ 

x ^j�>Z�ZgZ�;�_eZ�Zp��Ijbjh^gh-fZl_fZlbqdb�nZdmel_l��
Mgb\_jabl_l�m�Gh\hf�KZ^m 

x AhjZg�LZgZkb�_\b���Ij_^_h�bama_lgbo�h^ebdZ�ÄJZ�Zp³ 
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>H>:L:D��Nhlh]jZnb�_�kZ�jZ^bhgbp_�ijh�_dlZ�=jZ^kd_�

hik_j\Zlhjb�_�;_h]jZ^Z��UrbObsBel���h^j`Zg_�������������m�

[b[ebhl_pb�:kljhghfkd_�hik_j\Zlhjb�_�m�;_h]jZ^m�

�

�

�

KebdZ����>j�Kj{Zg�KZfmjh\b�� 
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KebdZ����k�e_\Z�gZ�^_kgh���ZdZ^_fbd�^j�AhjZg�Dg_`_\b��� 

^j�;h�Zg-_jqZg��AhjZg�LZgZkb�_\b���KZrZ�@beb���^j�;jZgbkeZ\�

Jh\qZgbg��;jZgdh�JZ^Zg��^j�>jZ]Zg�Emdb���:g{_eZ�Gbdheb�� <_kgZ�

Fb�Zlh\b�� ^j�=hjZg�>Zf�Zgh\b���^j�AhjZg�Kbfb���^j�EmdZ�Ihih\b���

^j�>Z�ZgZ�;�_eZ�Zp���GbdheZ�=Zebhl��H]�_g�=h�dh\b��b�^j�=h�dh�

-mjZr_\b���

�

�

�

�

�

�

�

�

�

�

�
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�

KebdZ����k�e_\Z�gZ�^_kgh���^j�=hjZg�>Zf�Zgh\b���^j�>Z�ZgZ�;�_eZ�Zp���

^j�>jZ]Zg�Emdb���hdj_gml�e_{bfZ���3_eZ�I_rb���^j�Kj{Zg�KZfmjh\b�� 

^j�AhjZg�Kbfb�� ^j�EmdZ�Ihih\b���^j�;jZgbkeZ\�Jh\qZgbg��hdj_gml�

e_{bfZ�� KZrZ�@beb���hdj_gml�e_{bfZ���AhjZg�LZgZkb�_\b��b�ZdZ^_fbd�

^j�AhjZg�Dg_`_\b���

�

�
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KebdZ����k�e_\Z�gZ�^_kgh����^j�>Z�ZgZ�;�_eZ�Zp�b�^j�Kj{Zg�KZfmjh\b�� 

 

 

KebdZ�����^j�JZ^_�IZ\eh\b�� 
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KebdZ�����^j�AhjZg�Kbfb�� 

 

KebdZ�����^j�>jZ]Zg�Emdb���
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KebdZ����KZrZ�@beb���ihj_^�_djZgZ��

 

KebdZ��� ^j�;jZgbkeZ\�Jh\qZgbg��

 



A[hjgbd�jZ^h\Z�kZ�jZ^bhgbp_�ijh�_dlZ�UrbObsBel 

103 

 

 

KebdZ���� GbdheZ�=Zebhl�b�H]�_g�=h�dh\b��

 

KebdZ�����^j�FZjdh�Ijhdb���
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KebdZ�����^j�Kj{Zg�KZfmjh\b���e_\h��b�;jZgdh�JZ^Zg��^_kgh���

 

KebdZ�����^j�>Z�ZgZ�;�_eZ�Zp��
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KebdZ�����AhjZg�LZgZkb�_\b���
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