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IJ?>BKEH<B?

Ij_a� ihke_^gbl_�ljb^_k_l� ]h^bgb� \� k\_lh\ghlh� h[s_kl\_ghlh� ktagZgb_
mihjblh� k_� \g_^jy\Z�fbktelZ� �� q_� ijbjh^gZlZ� kj_^Z� gZ� A_fylZ� _� aZieZr_gZ� hl
hiZkgb�aZ�qh\_rdhlh�kts_kl\m\Zg_�g_h[jZlbfb�ijhf_gb���Hkgh\gh�l_�k_�k\tja\Zl
k� ijhf_gb� \� debfZlZ�� L_jfbgtl� ³]eh[Zegh� aZlhieyg_´� k_� baiiheam\Z� aZ
h[hagZqZ\Zg_� gZ� j_Zeghlh� gZjZkl\Zg_� gZ� kj_^ghieZg_lZjgZlZ�l_fi_jZlmjZ� gZ
ijba_fgby�\ta^mo�k�hdheh����°°K�aZ�ihke_^gbl_�a����]h^bgb�hl�kj_^ZlZ�gZ����b�\_d
gZkZf�� Kihj_^� hnbpbZeghlh� klZgh\bs_� gZ� K\_lh\gZlZ� f_l_hjheh]bqgZ
hj]ZgbaZpby��dh_lh�_�\taijb_lh�b�hl�HHG�b�?\jhi_ckdby�ktxa�� �gZc�\_jhylgZlZ
ijbqbgZ� aZ�lh\Z� y\e_gb_� _� qh\_rdZlZ� ^_cghkl� b� ij_^b� \kbqdh� bg^mkljbZeghlh
ijhba\h^kl\h� b�ljZgkihjlZ� �� Lh� _� � k\tjaZgh� k� hl^_eyg_lh� \� Zlfhkn_jZlZ� gZ
l�gZj��³iZjgbdh\b� ]Zah\_´� ��oZjZdl_jbabjZsb�k_�k�hlghkbl_egh�kbegh�ih]etsZg_
gZ�bgnjZq_j\_ghlh� �lhiebggh��baetq\Zg_� � �� �<�lh\Z� hlghr_gb_� dZlh� \h^_sZ� k_
baltd\Z�jheylZ�gZ�CO2 b�\t]e_\h^hjh^gbl_�]Zah\_�Kt]eZkgh� jZaebqgbl_�ijh]ghagb�fh^_eb�� dhblh� k_� ijZ\yl� gZ� hkgh\ZlZ� gZ
l_hjbylZ� aZ� ³Zgljhih]_gghlh� ]eh[Zegh� aZlhieyg_´� ij_a� ��� \_d� ³]eh[Zeghlh
aZlhieyg_´�g_�kZfh� ��q_�s_�ijh^te`b��gh�g_]h\bl_�l_fih\_�^hjb�s_�k_�mkdhjyl�
Kihj_^�jZaebqgbl_�kp_gZjbb�hl�lhab�jh^�kj_^ghieZg_lZjgZlZ� �l_fi_jZlmjZ�gZ
ijba_fgby� � kehc� \ta^mo� s_� k_� m\_ebqb� \� jZfdbl_� hl� �� ^h� �°°K� ^h� djZy� gZ
klhe_lb_lh�

IjZ\b� \i_qZle_gb_� �� q_� k� l_hjbylZ� aZ� ³Zgljhih]_gghlh� ]eh[Zegh
aZlhieyg_´�gZ�debfZlZ� \�fgh]h�ih�]heyfZ� kl_i_g� kZ� Zg]Z`bjZgb� h[s_kl\_gb�b
iheblbq_kdb� ^_cpb�� jZaebqgb� _dheh]bqgb� hj]ZgbaZpbb�� nbgZgkbklb� b
ij_^klZ\bl_eb� gZ�rhm�[bag_kZ� �� � hldhedhlh� mq_gb��<� ktshlh� \j_f_� _�nZdl�� q_
gZmqgZlZ� h[sghkl� _� kbegh� jZa^_e_gZ� ih� \tijhkZ� aZ� ijbqbgbl_� aZ� kt\j_f_gghlh
aZlhieyg_� gZ� debfZlZ�� =heyfZ� qZkl� hl� debfZlhehabl_�� ]_hehabl_� �
Zkljhnbabpbl_� b� ]_hnbabpbl_� ij_^klZ\yl� k_jbhagb� ^h\hab� aZ� lh\Z�� q_
kt\j_f_ggbl_�debfZlbqgb�ijhf_gb� kZ� k\tjaZgb� k� _kl_kl\_gb�ijhp_kb��dhblh� kZ
^_ckl\m\Zeb�dZdlh�\�fbgZehlh��lZdZ�b�k_]Z��Lyogbl_� \ta]e_^b�h[Zq_�kZ�ihagZlb
kj_^�gZmqgbl_�kj_^b��gh�dZlh�pyeh�g_ba\_klgb�aZ�rbjhdZlZ�h[s_kl\_ghkl��dt^_lh
fg_gb_lh� ih� \tijhkZ� k_� ba]jZ`^Z� ]eZ\gh� hl� kbegh� Zg]Z`bjZgb� k
ihimeyjbabjZg_lh�gZ�³]eh[ZegZlZ�_dheh]by´�fZkf_^bb��

:\lhjtl� gZ� gZklhysby� fZl_jbZe� jZ[hlb� \� h[eZkllZ� gZ� dhkfbq_kdZlZ
]_hnbabdZ�hl������]h^bgZ�gZkZf��?^gh�kemqZcgh�h[klhyl_ekl\h�\�djZy�gZ������lZ
gZkhqb�g_]h\by�bgl_j_k�\�qZklghkl�b�dtf�\tijhktl� aZ�ijhf_gbl_�gZ�debfZlZ� \
X`gZ� ;te]Zjby�� � Lh]Z\Z� hl� kljZgZ� gZ� f_klghlh� ^tj`Z\gh� jtdh\h^kl\h� gZ
KlZjhaZ]hjkdb�hdjt]�[_r_�ihjtqZgh�bake_^\Zg_� ��hkgh\gbl_� aZ^Zqb� aZ�dh_lh�[yoZ
^\_�� ��� >Z� k_� mklZgh\b� dZd\Z� _� \tafh`gZlZ� � ijbqbgZ� aZ� k_jbylZ� hl� oeZ^gb� b
^t`^h\gb�e_lZ�\�;te]Zjby�ij_a����l_�]h^bgb�gZ�fbgZeby�\_d�b�^Zeb�_\_glmZegh�ly
g_�_�k\tjaZgZ�ktk�ketgq_\ZlZ�Zdlb\ghkl�� � ���>Z�k_�ijh]ghabjZ�\tafh`gby�oh^�gZ
debfZlZ�ij_a��lhiehlh�ihem]h^b_�aZ�ke_^\Zsbl_�^\_�^_k_lbe_lby�

DjZcgZlZ� p_e� gZ� lh\Z� bake_^\Zg_� [_r_� ^Z� k_� baiheam\Zl� ihemq_gbl_
j_amelZlb� b� ba\h^bl_� hl� lyo� aZ� hp_gdZ� gZ� i_jki_dlb\bl_� gZ
iZfmdhijhba\h^kl\hlh�\�KlZjhaZ]hjkdb�b�OZkdh\kdb�hdjtab���dt^_lh�ih�lh\Z�\j_f_
k_�ihemqZ\Zr_�hdheh�����hl�h[sZlZ�ijh^mdpby�gZ�lZab�k_ekdhklhiZgkdZ�dmelmjZ
\� kljZgZlZ��� ?\_glmZeghlh� ijh^te`Z\Zg_� gZ� l_g^_gpbylZ� dtf� oeZ^gb� b
^t`^h\gb�e_lZ�[b�^h\_eZ�^h�^h\_^_�^h�j_r_gb_�hl�kljZgZ�gZ�j_khjgbl_�^tj`Z\gb
bgklblmpbb�aZ�ebd\b^bjZg_�gZ�iZfmdhijhba\h^kl\hlh�\�;te]Zjby�

Ij_^\Zjbl_egbl_�hqZd\Zgby�ih�hlghr_gb_�gZ�baoh^Z�hl�bake_^\Zg_lh�[yoZ
l\tj^_� i_kbfbklbqgb�� J_amelZlb_� h[Zq_� k_� hdZaZoZ� g_hqZd\Zgh� bgl_j_kgb� b� ih
dZl_]hjbq_g� gZqbg� ihdZaZoZ� ijbktkl\b_lh� gZ� kbe_g� ������ ]h^br_g� debfZlbq_g
bdte�\�=hjghljZdbckdZlZ�gbabgZ��?dkljZiheZpbylZ�gZ�gZf_j_gZlZ�\jtadZ��ihdZaZ
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l_g^_gpby�dtf�]hj_sb�b�kmob�e_lZ�ke_^���������]h^bgZ���\dexqbl_egh�b�\�gZqZehlh
gZ����l_�]h^bgb��l�_��mkeh\by�[eZ]hijbylgb�aZ�iZfmdhijhba\h^kl\hlh�

Ij_a� �������� ]h^bgZ� ih^� jtdh\h^kl\hlh� b� k� ijydhlh� ]eZ\gh� mqZklb_� gZ
Z\lhjZ� \� ;Zah\Z� h[k_j\Zlhjby� gZ� � P_gljZegZlZ� eZ[hjZlhjby� aZ� dhkfbq_kdb
bake_^\Zgby� dtf�;:G� \�KlZjZ� AZ]hjZ� � [_r_� ijh\_^_gh�gh\h� b� hs_� ih�jZarbj_gh
bake_^\Zg_��\dexq\Zsh�ZgZeba��gZ�debfZlbqgb�^Zggb�hl�h[sh����f_l_hjheh]bqgb
�debfZlbqgb� b� ^t`^hf_jgb�� klZgpbb�� jZaiheh`_gb� \tjom� pyelZ�l_jblhjby� gZ
;te]Zjby� aZ� p_eby� i_jbh^� gZ� bgkljmf_glZegb� � f_l_hjheh]bqgb� gZ[ex^_gby� �� Z
bf_ggh�����������]��GZ�ijZdlbdZ�lh\Z�\dexq\Zr_�pyeZlZ�^hkltigZ�bgnhjfZpby
aZ�fhf_glZ��Ijbktkl\b_lh�gZ�������]h^brgby�debfZlbq_g�pbdte�[_�ihl\tj^_gh�aZ
hdheh�����hl�l_jblhjbylZ�gZ�X`gZ�;te]Zjby���dZdlh�b�aZ�hl^_egb�klZgpbb�gZ
k_\_j� hl�KlZjZ� ieZgbgZ��DZq_kl\_gh� gh\� j_amelZl� � [_r_� hlldjb\Zg_lh� gZ� ���
]h^br_g�pbdte�ij_a� abfghlh�ihem]h^b_��GZ� hkgh\ZlZ�gZ� ktsby� klZgZ� \tafh`gh
ijh]ghabjZg_lh�gZ��klm^_gbl_�abfb�\�i_jbh^Z���������]h^bgZ�

Mki_otl� gZ� ]hj_kihf_gZlbl_� ^\_� bake_^\Zgby� � ^h\_^_� Z\lhjZ� ^h
m\_j_ghkllZ��q_��ketgq_\hlh�\ebygb_�\tjom�debfZlZ�g_�kZfh���q_�_�fgh]h�]heyfh��gh
\_jhylgh�_�b�hl�j_rZ\ZsZ�\Z`ghkl�aZ�ijhf_gbl_�gZ�ktsby�\�jZfdbl_�gZ�fgh]h
]he_fb�bgl_j\Zeb�hl�\j_f_��\���dhblh�]_heh]bqgbl_�b�]_hfhjnheh`dbl_�nZdlhjb
fh]Zl� ^Z� k_� kqblZl� aZ� ihklhyggb� �� � Gydhb� h[klhyl_ekl\Z� h[Zq_� gZeh`boZ
jZ[hlZlZ�ih�ketgq_\h�debfZlbqgZlZ�l_fZlbdZ�^Z�[t^Zl�³aZfjZa_gb´�ke_^� ����
]h^bgZ� b� ijh^te`_gb� hlgh\h� ke_^� hdheh� ��� ]h^bgb�� l�_�� ij_a� � ����� ]h^bgZ�
:dp_gltl� h[Zq_� iZ^gZ� ]eZ\gh� \tjom� ijhf_gbl_� gZ� ih\_^_gb_lh� gZ� Ketgp_lh� \
^te]hkjhq_g�ieZg��l�_��\�fZsZ[Z�gZ�klhe_lby�b�obey^he_lby�

BamqZ\Zg_lh�gZ�oh^Z�gZ�ketgq_\ZlZ�Zdlb\ghkl�\�^Ze_qghlh�bklhjbq_kdh�b
ijZbklhjbq_kdh�fbgZeh�klZgZ�\tafh`gh�]eZ\gh�ij_a�ihke_^gbl_����]h^bgb��DZdlh
^h[j_� _� ba\_klgh� gZ[ex^_gbylZ� gZ� ketgq_\bl_� i_lgZ� k� �l_e_kdhi� kZ� aZihqgZeb
ij_a������]h^bgZ��J_^bpbl_�hl�gZ[ex^Zl_egb�^Zggb�aZ�^jm]bl_�ketgq_\b�Zdlb\gb
y\e_gby� kZ� ^hjb�fgh]h� ih�dtkb� ±� aZ� ih\_q_lh� hl�lyo� hdheh� b� ih^� ������ ]h^bgb�
>Zggbl_� aZ�k\tjaZgZlZ� ktk�Ketgp_lh� ]_hfZ]gblgZ�Zdlb\ghkl� ktsh�g_� kZ�fgh]h
ih�^te]b�±�hdheh�beb�ih^�����]h^bgb�

<� ktshlh� \j_f_� h[Zq_� ketgq_\ZlZ� Zdlb\ghkl� hl�ih�^Ze_qghlh�fbgZeh� _
hklZ\beZ� k\hbl_� ³hli_qZltpb´� � \� jZaebqgb� _kl_kl\_gb� kj_^b� ktk� kehbklZ� b
ijtkl_gh\b^gZ�kljmdlmjZ��]h^brgb�ijtkl_gb�gZ�^tj\_lZ��dhglbg_lZegb�e_^gbpb�
i_s_jgb� h[jZam\Zgby�� hd_Zgkdb� k_^bf_glgb� kdZeb��<lhjbyl� \Z`_g� balhqgbd� gZ
k\_^_gby� kZ� jZaebqgb� ibkf_gb� bklhjbq_kdb� balhqgbpb� hl� >j_\ghkllZ� b
Kj_^gh\_dh\b_lh��gZf_j_gb�\�?\jhiZ�b�:aby�

<kbqdb�l_ab� dhk\_gb� ^Zggb� kZ� dZeb[jbjZgb� kijyfh� ktsbl_�� ihemq_gb� hl
bgkljmf_glZegbl_�gZ[ex^_gby�gZ�Ketgp_lh��L_�jZadjb\Zl�_^gZ�fgh]h�ih�keh`gZ
b� bgl_j_kgZ� dZjlbgZ� gZ� ketgq_\bl_� \ZjbZpbb�� \� dhylh� ba\_klgbl_� ��� b� ��
]h^brgb�pbdeb�kZ�kZfh�^\Z��fZdZj�b�hl�\Z`gbl_�^_lZceb�\�g_y��MklZgh\_gb�[yoZ
ijh^te`bl_egb� i_jbh^b� gZ� hkh[_gh� gbkdZ� ketgq_\Z� Zdlb\ghkl� �k\jto\_dh\b
ketgq_\b� �fbgbfmfb�� ��\�dhblh����]h^brgbl_�pbdeb�kZ�kbegh�hlkeZ[_gb�beb�^hjb
ihqlb� hlktkl\m\Zl�� dZdlh� b� y\e_gby� k� ijhlb\hiheh`_g� agZd� �k\jto\_dh\b
fZdkbfmfb���LZdt\�_�bfZeh�ij_a�Kj_^gh\_dh\b_lh��dZdlh�b�\�kt\j_f_ggZlZ�_ihoZ
Ihke_^gZlZ� k_� oZjZdl_jbabjZ� k�gZc�\bkhdbl_�gb\Z�gZ� ketgq_\ZlZ� Zdlb\ghkl� aZ
ihke_^gbl_�������Z�kihj_^�gydhb�Z\lhjb�±�b�aZ�ihke_^gbl_��������]h^bgb�

Kihf_gZlbl_�nZdlb�iha\heboZ�^Z�k_�ih�gh\�gZqbg�gZ�jheylZ�gZ�ketgq_\by
nZdlhj� \tjom� debfZlZ�� � HdZaZ� k_�� q_� gyfZ� gblh� _^gh� agZqbfh� debfZlbqgh
kt[blb_�ij_a�ke_^e_^gbdh\ZlZ�_ihoZ��Ohehp_g���dh_lh�^Z�g_�_�kt\iZ^gZeh�ih�\j_f_�k
hkh[_g� fhf_gl� \� k\jto\\_dh\by� oh^� gZ� ketgq_\ZlZ� Zdlb\ghkl�� G_� ijZ\b
badexq_gb_� b� kt\j_f_gghlh� ³]eh[Zegh� aZlhieyg_´�� dh_lh� _� ke_^kl\b_� hl
^te]hkjhqghlh�ihdZq\Zg_�gZ�gb\hlh�gZ�ihke_^gZlZ�hl�gZqZehlh�gZ����b�\_d�gZkZf�

L_ab� nZlb� kZ� ljtg� \� hqbl_� aZ� ijb\tj`_gbpbl_� gZ� l_hjbylZ� aZ
³Zgljhih]_gghlh� ]eh[Zegh� aZlhieyg_´�� L_� g_� kZfh� ihdZa\Zl�� q_� kt\j_f_ggbl_
ijhf_gb�g_�kZ�gydZd\h�mgbdZegh�ktklhygb_�gZ�debfZlZ��gh�lZdZ�ktsh�b�gZkhq\Zl
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dtf� bklbgkdbl_� ijbqbgb� aZ� lh\Z�� ?lh� aZsh� ^hij_^b� gydhedh� ]h^bgb� l_
\gbfZl_egh� ba[y]\ZoZ� ^Z� ]b� dhf_glbjZl�� Hdheh� ����� ]h^bgZ� [yoZ� gZijZ\_gb
g_mki_rgb� � hiblb� aZ� ihklZ\yg_lh� bf� ih^� ktfg_gb_� hl� l�gZj�� ]jmiZ� ³Ohd__g
klbd´��AZ�lyo�s_�klZg_�^mfZ�\�hkgh\gby�l_dkl�gZ�lhab�fZl_jbZe�

Dh]Zlh�ij_a� ����� ]h^bgZ�ijbdexqb� ]hj_kihf_gZlhlh�ih^jh[gh�bake_^\Zg_
\tjom�ijhf_gbl_�gZ�debfZlZ�\�;te]Zjby�ij_a����b�\_d�hl�bf_lh�gZ�ihdhcgby�ijhn�
F�=h]r_\� ��lh]Z\Z� jtdh\h^bl_e� gZ� ;Zah\Z� h[k_j\Zlhjby� ±Kl�AZ]hjZ�� � b� Z\lhjZ
[_r_�ba]hl\_g�jZarbj_g�^hdeZ^��hibk\Zs�hkgh\gbl_�j_amelZlb�b�ba\h^b��dZdlh�b
\tafh`_g�debfZlbq_g�kp_gZjbc�aZ�[ebadhlh�[t^_s_��Ktsbyl�[_r_�ij_^hklZ\_g�\
Ij_ab^bmfZ�gZ�;:G���dZdlh�b�\�gydhb�p_gljZegb�b�f_klgb�^tj`Z\gb�bgklblmpbb
b� gZmqgb� mq_j_`^_gby� jZ[hl_sb� \� kjh^gZ� beb� [ebadZ� bake_^h\Zl_ekdZ� h[eZkl�
Itj\hgZqZegh�gZ�^hdeZ^Z�g_�[_r_�h[tjgZlh�\gbfZgb_�� �Ke_^�itj\hlh�ih�k_jbhagh
eylgh� aZkmrZ\Zg_�ij_a� ����� ]h^bgZ�b�hkh[_gh�ke_^�l_`dZlZ� abfZ�gZ� ����� ]h^bgZ
dtf� �bake_^\Zg_lh�ijhy\b�bgl_j_k� �ebqgh�fbgbkltj�ij_^k_^Zl_eyl�gZ�;te]Zjby
�lh]Z\Z� =jbrZ� Nbebih\��� � Ihke_^\Zebl_� dZ^jh\b� ijhf_gb� \� � P_gljZegZlZ
eZ[hjZlhjby� aZ� dhkfbq_kdb� bake_^\Zgby�� Z� \ihke_^kl\b_� b� h[sZlZ� kblmZpby� \
kljZgZlZ�g_�^Z^hoZ�\tafh`ghkl�aZ� �j_ZebabjZg_lh�gZ�ih�k_jbhagZ�b�^te]hkjhqgZ
ijh]jZfZ�\�h[eZkllZ�gZ�ketgq_\h�debfZlbqgbl_�\jtadb�

?^gZ�hl�p_ebl_�gZ�Z\lhjZ�k�gZklhysZlZ�dgb]Z� �_�^Z�^Z^_�ZdlmZebabjZgb
j_amelZlb� b� ZgZeba� hlgZkgh� � baf_g_gbylZ� \� debfZlZ� gZ� ;te]Zjby� ij_a
ihke_^gbl_� ������ ]h^bgb��<�g_]h� kZ�dhf_glbjZgb� �gZc�bgl_j_kgbl_�debfZlbqgb
kt[blby� � ke_^� ����� ]h^bgZ� \� k\_lebgZlZ� gZ� o_ebhnbabqgZlZ� dhgp_ipby� aZ
ijhf_gbl_� gZ� debfZlZ� ��GZ�lZab� hkgh\Z�� dZdlh� b� \� ^hdeZ^Z� hl� ����� ]h^bgZ� k_
ij_^eZ]Z�debfZlbq_g�kp_gZjbc�aZ�[ebadhlh�[t^_s_�

GZ� l_ab� ijh[e_fb� h[Zq_� kZ� ihk\_l_gb� ihke_^gbl_� jZa^_eb� hl� dgb]ZlZ�
Ij_^f_l� gZ� ^jm]ZlZ�� ih�]heyfZ� qZkl� hl� g_y� kZ� _^jhfZsZ[gbl_� \ZjbZpbb� gZ
ketgq_\ZlZ� Zdlb\ghkl� b� a_fgby� debfZl� \� � fbgZehlh� � b� kt\j_f_ggZlZ� _ihoZ�
:\lhjtl�_�\dexqbe�j_amelZlb�b�ZgZeba�hl�k\hb�ijhmq\Zgby��ijZ\_gb�ih�jZaebqgh
\j_f_�� dZlh� ki_pbZegh� \gbfZgb_� h[jtsZ� gZ� l_ab�� dhblh� kZ� ke_^� ����� ]h^bgZ�
GZijZ\_g� _� ktsh� b� h[ahj� gZ� kt\j_f_ggbl_� nbabq_kdb� l_hjbb�� h[ykgy\Zsb
ketgq_\h�debfZlbqgbl_� \jtadb�� <� djblbqgZ� k\_lebgZ� kZ� jZa]e_^Zgb� b� gZc�
ihimeyjgbl_��dhgdmj_glgb��gZ�o_ebhnbabqgZlZ�l_hjby�h[ykg_gby��\dexqbl_egh�b
lZab�aZ�³Zgljhih]_gghlh�]eh[Zegh�aZlhieyg_´�

FZl_jbZetl� _� Z^j_kbjZg� dtf� qblZl_eb� k� jZaebqgZ� ijhn_kbhgZegZ
hjb_glZpby� b� ki_pbnbdZ� gZ� bgl_j_k� dtf� ijh[e_fZ� ±� ]_hnbabpb�� debfZlhehab�
Zkljhnbabpb�� ki_pbZebklb� \�h[eZkllZ�gZ� a_f_^_eb_lh�� _g_j]_lbdZlZ�� ]hjkdhlh
klhiZgkl\h��]jZ`^ZgkdZlZ�aZsblZ��ljZgkihjlZ�b�^j�
-------------------------------------------------

<kbqdb� � ij_^klZ\_gb� � \� lhab� fZl_jbZe� j_amelZlb� kZ� im[ebdm\Zgb� \� jZaebqgb
dgb]b�� gZmqgb� kibkZgby� b� � k[hjgbpb� � k� gZmqgb� ^hdeZ^b� � b� kZ� pblbjZgb� � k
ij_ijZldb�dtf�kthl\_lgbl_�aZ]eZ\by�\�ijbeh`_gby�kibktd���Ih^�jZaebqgZ�nhjfZ
l_�kZ�ij_^klZ\_gb�ktsh�lZdZ�b�gZ�hnbpbZegb�gZmqgb�k_fbgZjb�\�;te]Zjby�beb
qm`[bgZ�� � BajZa_gZlZ� hl� Z\lhjZ� ihabpby� ih� jZa]e_`^Zgbl_� \tijhkb� _� ebqgh
g_]h\Z�� KtsZlZ� g_� ke_^\Z� ^Z� [t^_� h[\tja\ZgZ� k� dZd\blh� b� ^Z� kZ� gZmqgb�
h[s_kl\_gb� �� ^tj`Z\gb� bgklblmpbb� �dZdlh� b� \kydZd\b� ^jm]b� hj]ZgbaZpbb� ktk
klhiZgkdZ�beb�g_klhiZgkdZ�p_e��b�nbabq_kdb�ebpZ�
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1. Ketgq_\h�� debfZlbqgbl_� \jtadb�� DjZltd
bklhjbq_kdb�h[ahj

<� ojhgheh]bq_g� ieZg� aZ� � gZc�klZjhlh� ba\_klgh� ^g_k� k\_^_gb_�� dh_lh
bg^bj_dlgh� � fh`_� ^Z� k_� jZa]e_^Z� � dZlh� ^hdZaZl_ekl\h� aZ� \ta^_ckl\b_� gZ
ketgq_\ZlZ� Zdlb\ghkl� \tjom� debfZlZ� � _� k\tjaZgh� k� bf_lh� gZ� \b^gby� jbfkdb
ibkZl_e� � b� iheblbq_kdb� ^__p� � FZjd� Ihjpbc� DZlhg� ±KlZjb� � (Qb`_\kdbc,

1933,1973). <�k\hy�ljZdlZl�³'H�$JUL�&XOWXUD” (AZ� �a_f_^_eb_lh��ktsbyl�hl[_eya\Z�
q_� j_dhelZlZ� b� p_gbl_� gZ� ir_gbpZlZ� \� BlZeby� \ZjbjZl� k� i_jbh^� hl� hdheh� ��
]h^bgb���DZlhg�g_�fh`_�^Z�^Z^_�h[ykg_gb_�gZ�lh\Z�y\e_gb_��Ketgq_\ZlZ�Zdlb\ghkl
b�������]h^brgbyl�ketgq_\�pbdte�g_�kZ�[beb�ba\_klgb�gZ�Zglbqgbl_�mq_gb�

G_ihkj_^kl\_gh� hs_� ke_^� hldjb\Zg_lh�gZ� ketgq_\bl_�i_lgZ� hl�=Zebe_c ,

hs_�ij_a������]h^bgZ�;ZlbklZ�;Ze_Zgb� �badZa\Z�obihl_aZlZ� ��q_�ktsbl_�fh]Zl�^Z
b]jZyl�jheylZ�gZ�³hoeZ^bl_eb´�aZ�\j_f_lh�b�debfZlZ�gZ�A_fylZ��Jm[Zr_\, 196����<
�����lZ� ]h^bgZ�Mceyf�O_jr_e� � mklZgh\y\Z� \jtadZ�f_`^m� i_lghh[jZam\Zl_egZlZ
Zdlb\ghkl�gZ�Ketgp_lh�b�p_gbl_�gZ�ir_gbpZlZ�gZ�Ehg^hgkdZlZ�atjg_gZ�[hjkZ��Ih
lh\Z� \j_f_� hkgh\gbyl� i_lghh[jZam\Zl_e_g� pbdte� \k_� hs_� _� g_ba\_kl_g�� ihjZ^b
dh_lh�b�Z\lhjtl�g_�_�jZa]e_`^Ze�\jtadZlZ�dZlh�ijhy\Z�gZ�pbdebqghkl�

Hldjb\Zg_lh�gZ����]h^brgbyl�ketgq_\�i_lghh[jZam\Zl_e_g�pbdte� �pbdte
gZ� R\Z[_�<hen) (Wolf, 1862-1893) ^Z\Z� fgh]h� fhs_g� leZktd� \� ltjk_g_� gZ
ketgq_\h�a_fgb�\jtadb�hl�\kydZdt\�\b^��\�lh\Z�qbkeh�b�gZ�lZdb\Z�k�debfZlZ��L_ab
bake_^\Zgby�[beb�nhdmkbjZgb�ij_^b�\kbqdh�\tjom��mklZgh\y\Zg_lh�gZ����]h^brgZ
pbdebqghkl�\� _^gb�beb� ^jm]b�iZjZf_ljb�gZ� a_fgZlZ� hdhegZ� kj_^Z�b� ltjk_g_�gZ
\jtadZ�k�]eZ\gby�ketgq_\�i_lghh[jZam\Zl_e_g�bg^_dk��<henh\hlh�qbkeh��Itj\bl_
ba\_klgb� j_amelZlb�ih� ketgq_\h�debfZlbqgb� \jtadb� kZ� im[ebdm\Zgb� ij_a� �����
]h^bgZ�\�kibkZgb_lh�gZ�;jblZgkdhlh�djZekdh�gZmqgh�^jm`_kl\h�hl�C. Piazzi Smyth

b�k_�hlgZkyl�^h�mklZgh\_gb����]h^brgb�\ZjbZpbb�\�l_fi_jZlmjgb�^Zggb�(Brunetti,

2003).

<�djZy�gZ����b�b�ij_a�itj\ZlZ�iheh\bgZ�gZ����b�\_d�[jhyl�gZ�im[ebdZpbbl_
[tjah�gZjZkl\Z�� �Fgh]h� ^h[tj� h[ahj� gZ� bake_^\ZgbylZ� hl� lhab� i_jbh^� � _� ^Ze�:�
Qb`_\kdb� �\�k\hylZ�dgb]Z�“A_fghlh�_oh�gZ� �ketgq_\bl_�[mjb” (Qb`_\kdbc� �����
1973).

Hdheh�kj_^ZlZ�gZ����b�\_d�k_�ihy\y\Zl�b�itj\bl_�bake_^\Zgby��ihk\_l_gb
gZ�\ebygb_lh�gZ� ���]h^brgby�ketgq_\�fZ]gbl_g�pbdte�gZ�O_ce�\tjom�debfZlZ�
Gydhb�hl�lyo�k\tja\Zl�ijhy\bl_�gZ�lhab�pbdte�k�\ta^_ckl\b_�\tjom�iheh`_gb_lh
b�Zdlb\ghkllZ�gZ�BkeZg^kdby�[Zjbq_g�fbgbfmf�b�hllZf��\tjom�f_l_hjheh]bqgbl_
ijhp_kb�\�K_\_jghlh�ihemdte[h�b�\�qZklghkl��gZ^�?\jhiZ�(Wilett, 1950) .

Gydhedh�\Z`gb�nZdlZ�[_e_`Zl�jZa\blb_lh�gZ�bake_^\ZgbylZ�\�h[eZkllZ�gZ
ketgq_\h�debfZlbqgbl_�\jtadb�ij_a����l_�b����l_�]h^bgb�b�^hdtf���������]h^bgZ�
GZ� itj\h� fyklh� ZgZebatl� gZ� ^te]b� j_^bpb� hl� bgkljmf_glZegb� gZ[ex^_gby� hl
gZqZehlh� gZ� gZ� Pxjbokdby� j_^� � �����]) b� ^hjb� hl� ����� ]h^bgZ� ihdZaZ� �� q_� aZ
ketgq_\bl_�\ZjbZpbb�kZ�oZjZdl_jgb�b�pbdebqgb�dhe_[Zgby���agZqbl_egh�ih�^te]b
hl����b����]h^brgbl_���Kj_^�lyo�gZc�agZqbl_egb�k_�hdZaZoZ�l_ab���qbblh�dhe_[Zgby
kZ� [ebadb�^h�i_jbh^b� hl� ������b� �������� ]h^bgb� (Gleissberg, 1944; Anderson 1954;

Bonov, 1957). Ij_a������]h^bgZ�[_r_�im[ebdm\ZgZ�itj\ZlZ�\_jkby�gZ�l�gZj��³J_^�gZ
Rh\_´ (Schove, 1955)� ±� _^gZ�j_dhgkljmdpby�\ta� hkgh\Z�gZ�bklhjbq_kdb�ibkf_gb
^hdmf_glb� gZ� ]eZ\gbl_� oZjZdl_jbklbdb� gZ� ���]h^brgbl_� pbdeb� (]h^bgZ� gZ
fbgbfmf� b� fZdkbfmf� b� fhsghkl) aZ� ihke_^gbl_� ����� ]h^bgb�� J_^bpZlZ� _
g_ij_dtkgZlZ�hl�djZy�gZ���b�\_d�gZkZf�

Hl� ^jm]Z� kljZgZ�fh`_� ^Z� k_� dZ`_�� q_� \k_� ih�kts_kl\_gZ� jhey� � ij_a� lhab
i_jbh^�aZ�ijh]j_kZ�gZ�ketgq_\h�debfZlbqgbl_�bake_^\Zgby�aZihq\Zl�^Z�b]jZyl�b
ZgZebabl_� gZ� iZe_hdebfZlbqgbl_� b� hkh[_gh� ^_g^jhojhgheh]bqgbl_� baf_j\Zgby
(]h^brgbyl�jZkl_`�gZ�^tj\_lZlZ���Ihke_^gbl_�kZ�\Z`_g�bg^bdZlhj�aZ�ijhf_gbl_
gZ� debfZlZ� \� fbgZehlh� �Fritz., 1960). GZ� [ZaZlZ� gZ� ih^h[gb� gZ[ex^_gby� _
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mklZgh\_gh��q_�\�debfZlZ�ijbktkl\m\Zl�pbdeb� k�ijh^te`bl_eghkl� ��dhblh� kZ�g_
kZfh� [ebadb� ^h� ��� b� ��� ]h^bgb�� gh� ktsh� lZdZ� b� lZdb\Z�� dhblh� dehgyl� ih
ijh^te`bl_eghkl��dtf��\_dh\bl_�b�d\Zab^\m\_dh\bl_�ketgq_\b�dhe_[Zgby�

Lj_lbyl� \Z`_g� fhf_gl� _� gZ\ebaZg_lh� gZ� gh\b� f_lh^b� b� l_ogbq_kdb
kj_^kl\Z� \� bamqZ\Zg_lh� gZ� Ketgp_lh�� f_`^mieZg_lgZlZ� kj_^Z� b� hdheha_fghlh
dhkfbq_kdh�ijhkljZgkl\h�� �Fgh]h�\Z`gZ� klZ\Z�jheylZ�gZ�jZd_lgh�dhkfbq_kdZlZ
gZ[ex^Zl_egZ� l_ogbdZ�� gZa_fgbl_� jZ^bh�� b� hilbdh�ki_dljZegb� f_lh^b�� KlZ\Z
ykgh��q_�ketgq_\byl�\yltj��\bkhdh_g_j]bcgbl_�ketgq_\b�ijhlhgb�k�_g_j]bb�gZ^��
0H9�b�k_dlhjgZlZ�kljmdlmjZ�gZ�f_`^mieZg_lghlh�fZ]gblgh�ihe_�fh]Zl�^Z�b]jZyl
fgh]h� \Z`gZ� jhey� aZ� ijhp_kbl_� \� kj_^gZlZ� b� gbkdZ� Zlfhkn_jZ� gZ� A_fylZ�
\dexqbl_egh� gZ� ]jZgbpZlZ� ³kljZlhkn_jZ�ljhihkn_jZ´�� Lh\Z� hl� _^gZ� kljZgZ
ih^lbd\Z�bake_^h\Zl_ebl_�^Z� ltjkyl�ih�keh`gb� � ketgq_\h�h[mkeh\_gb�pbdebqgb
ijhy\b�\�debfZlZ��\�lh\Z�qbkeh�b�dhe_[Zgby���qbylh�ijh^te`bl_eghkl�_�ih�dtkZ�hl
i_lghh[jZam\Zl_egby�pbdte�gZ�R\Z[_�<hen��l�_� ���]h^bgb��gZijbf_j� ������b� ���
]h^bgb��Hl� ^jm]Z� kljZgZ� _n_d]tl� hl� l�gZj� ³Zdlb\gb� ^te`bgb´� gZ� Ketgp_lh� b
k\tjaZgZlZ� k� lyo� k_dlhjgZ� kljmdlmjZ�gZ�f_`^mieZg_lghlh�fZ]gblgh�ihe_�\tjom
djZldhkjhqgbl_��kbghilbqgb���\ZjbZpbb��k�ijh^te`bl_eghkl�hl�gydhedh�^gb�^h���
����f_k_pZ��ktsh�klZ\Z�fgh]h�bgl_j_k_g�aZ�bake_^h\Zl_ebl_�

P_ggb�h[ahjb��dhblh�ij_^klZ\yl�j_amelZlbl_�hl�bake_^\Zg_lh�gZ�ketgq_\h�
debfZlbqgbl_� \jtadb� � b� k\tjaZgbl_� k� lyo� nbabq_kdb� ij_^klZ\b� ij_a� lj_lZlZ
q_l\tjl� gZ� ���b� \_d� � ^Z\Zl�Eh]bgh\� (1973),� <blbgkdb� � b� ^j�(1976) b� O_jfZg� b
=he^[_j]�(Herman and Goldberg ,1978 )

<tij_db�fgh]h[jhcgbl_�bake_^\Zgby��^hdZa\Zsb�j_ZeghkllZ�gZ�ketgq_\h�
debfZlbqgbl_� \jtadb�^h�djZy�gZ� ���l_� ]h^bgb� � lZab� l_fZ� k_� jZa\b\Z� hkgh\gh� \
kj_^bl_�gZ�Zkljhghfbl_�b�]_hnbabpbl_��HnbpbZegZlZ�f_l_hjheh]bqgZ�gZmdZ��gZc�
\_q_� baoh`^Zckb� hl� lykgh� ijhn_kbhgZegb� ³ktkeh\gb´� bgl_j_kb� hldZa\Z� ^Z� ]b
ijbagZ_� dZlh� nZdl�� Hkgh\gbl_� Zj]mf_glb� gZ� ijhlb\gbpbl_� gZ� ketgq_\h�
debfZlbqgbl_�\jtadb�kZ�\�ke_^gbl_�ljb�gZkhdb�����>h�lhab�fhf_gl�(kj_^ZlZ�gZ����
l_� ]h^bgb�� g_� kZ� mklZgh\_gb� \� j_amelZl� gZ� baf_j\Zgby� gbdZd\b� klZlbklbq_kdb
^hklh\_jgb�\ZjbZpbb�gZ�h[shlh�dhebq_kl\h�ketgq_\Z�_e_dljhfZ]gblgZ�jZ^bZpby
(bg^_dktl� 76,�� 7RWDO� 6RODU� ,UUDGLDQFH��� ^hklb]Zsh� ^h� gbkdbl_� keh_\_� gZ
Zlfhkn_jZlZ�� ��� G_� kZ� ykgb� ^jm]b� nbabq_kdb� f_oZgbafb�� hk\_g� _\_glmZegb
\ZjbZpbb�gZ�TSI ��dhblh�[boZ�^h\_eb�^h�fh^meZpbb�gZ�debfZlZ�ih^�\\ebygb_�gZ
ketgq_\ZlZ� Zdlb\ghkl; 3�� Ebik\Zl� hp_gdb� aZ� klZlbklbq_kdZ� ^hklh\_jghkl� gZ
]heyfZ�qZkl�hl�ihemq_gbl_�j_amelZlb�

<� dhgp_gljbjZgZ� nhjfZ� klZgh\bs_lh� gZ� ij_h[eZ^Z\ZsZlZ� qZkl� hl
f_l_hjheh]bqgZlZ�h[sghkl�_�bajZa_gh�hl�:��Fhgbg�(1969):

³«�AZ�sZklb_�]heyfZ�qZkl�hl�ij_^klZ\_gbl_�^hdZaZl_ekl\Z�aZ�\ebygb_�gZ
ketgq_\ZlZ� Zdlb\ghkl� \tjom� debfZlZ� bfZl� oZjZdl_j� gZ� m^Zqgb� hiblb� aZ
kZfh\gmr_gb_�� �>_gyl��\�dhclh�lh\Z�k_�^hdZ`_��[b�[be�q_j_g�aZ�f_l_hjheh]bylZ�
ltc� dZlh� s_� k_� gZeh`b� ij_^b� ^Z� k_� ijh]ghabjZ� \j_f_lh� � ^Z� k_� gZ[ex^Z\Z
Ketgp_lh«”(!?).

Ij_a������]h^bgZ�gZ�k\hc�dhg]j_k�K\_lh\gZlZ�f_l_hjheh]bqgZ�hj]ZgbaZpby
\a_fZ� j_r_gb_� ^Z� g_� ^himkdZ� aZ� \� [t^_s_� ^hdeZ^b� ih� ketgq_\h�debfZlbqgZ
l_fZlbdZ�gZ�k\hbl_�kbfihabmfb�b�dhgn_j_gpbb��gblh�klZlbb�\�k\tjaZgbl_�k�g_y
gZmqgb�kibkZgby�( K_jZnbfh\�������]).

2��Kt\j_f_gghlh�ktklhygb_�gZ�ijh[e_fZ
2.1.  Pbdtetl�gZ�³fZedbl_�e_^gbdh\b��_ihob´
<�djZy�gZ� ���l_�]h^bgb�gZ� ���b�\_d�\�iZe_hdebfZlheh]bylZ�[_�gZijZ\_gh

hldjblb_�� dh_lh� k_� hdZaZ� hl� hkh[_gZ� \Z`ghkl�� Lh\Z� kZ� pbdebqgb� dhe_[Zgby� gZ
kj_^ghieZg_lZjgZlZ�l_fi_jZlmjZ�k�Zfieblm^Z�hl�hdheh��°°K�b�ijh^te`bl_eghkl�hl
hdheh� ����������]h^bgb� (Denton and Karlen, 1973)��DZdlh�k_�\b`^Z�hl�nb]����l_�kZ
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^h[j_� jZaebqbfb� ij_a� dtkgby� <xjfkdb� e_^gbdh\� i_jbh^� dZdlh� b� ij_a� p_eby
Ohehp_g� (ke_^e_^gbdh\ZlZ� _ihoZ���� dh]Zlh� lyogZlZ� Zfieblm^Z� agZqbl_egh
gZjZkl\Z��MklZgh\y\Zg_lh�gZ�lhab�pbdte�_�[beh�gZijZ\_gh�gZijZ\_gh�gZc�gZij_^
\ta� hkgh\Z�gZ� ZgZeba�gZ� ^bgZfbdZlZ� gZ� ieZgbgkdb�e_^gbpb��Hldjb\Zl_ebl_� gZ
l_ab� d\Zab^\mobey^he_lgb� \ZjbZpbb� � g_� kZ� fh]eb� ^Z� ^Z^Zl� h[ykg_gb_� aZ
dhgdj_lgZlZ�ijbqbgZ��ihjZ^b�dhylh�l_�gZklti\Z��gh�kZ�ij_^iheh`beb��q_�fh`_�^Z
k_�^te`Zl�gZ�ijhp_kb��ijhlbqZsb�gZ�Ketgp_lh�(Imbree and Imbree, 1978).

Hdhehfbgbfmfgbl_� qZklb� gZ� ���������� ]h^brgbl_� pbdeb� k_� gZjbqZl
³fZedb�e_^gbdh\b��_ihob´���Ihke_^gbl_�ljb�lZdb\Z�kZ�[beb�kthl\_lgh�\�i_jbh^bl_
�����������ij�g�_�������������ij�g�_��b������������]�g�_���Gydhb�Z\lhjb�ij_^ihqblZl�^Z
h]jZgbqZ\Zl�ihke_^gZlZ� ³fZedZ�e_^gbdh\Z� _ihoZ´� kZfh�^h�\lhjZlZ�iheh\bgZ�gZ
���lb�b�gZqZehlh�gZ����b�\_d�dh]Zlh�_�g_]h\ZlZ�gZc�^te[hdZ�qZkl�kihj_^��³ltgdZlZ
kljmdlmjZ´�gZ�lhab�ihke_^_g�k\jtoobey^he_l_g�fbgbfmf�

HdhehfZdkbfmfgbl_�nZab� gZ� ���������� ]h^brgbl_� pbdeb� ij_^klZ\ey\Zl
i_jbh^b� k� ijh^te`bl_eghkl� hl� gydhedh� klhe_lby�� \� dhblh� ba]eZ^_gbl_
kj_^gh\_dh\b�klhcghklb�gZ�l_fi_jZlmjZlZ�gZ�ijba_fgby�\ta^mo�kZ�k�hdheh� ���°°K
ih�\bkhdb� hl� kj_^gbl_� aZ� i_jbh^Z� ���������� ]h^bgZ��Ihke_^gZlZ� ih^h[gZ� _ihoZ�
ba\_klgZ�dZlh�³Kj_^gh\_dh\_g�fZdkbfmf´�h[o\ZsZ�\j_f_lh�ijb[ebabl_egh�f_`^m
����b������±lZ�]h^bgZ�

Nb]���� <ZjbZpbb� gZ� kj_^gZlZ� l_fi_jZlmjZ� gZ� ijba_fgby� \ta^mo� ij_a
<xjfkdby� e_^gbdh\� i_jbh^� b� Ohehp_gZ� � �ihke_^gbl_� a������ ]h^bgb�� kt]eZkgh
;hjbk_gdh\�( 1976)��Ykgh�k_�\b`^Zl�����������]h^brgb�pbdebqgb�dhe_[Zgby

BfZ� j_^bpZ� ibkf_gb� bklhjbq_kdb� k\_^_gby�� dhblh� dZl_]hjbqgh� khqZl� aZ
j_ZeghkllZ� gZ� lh\Z� y\e_gb_�� LZdZ� gZijbf_j� hldjblZlZ� hl� \bdbg]bl_� ih^
jtdh\h^kl\hlh�gZ�=mg[vhjg� �ij_a� ����]h^bgZ�=j_geZg^by�_�k\h[h^gZ�hl�e_^h\_�\
djZc[j_`gbl_�kb�ahgb�b�ihdjblZ�k�lj_\gZ�b�ojZklh\Z�jZklbl_eghkl��hldt^_lh�b^\Z
b� bf_lh� c� � ³a_e_gZ� kljZgZ´�� � <�X`gZ� :g]eby� ij_a� lhab� i_jbh^� \bj__� ehaZ�
:gZebatl� gZ� \baZglbckdbl_� ibkf_gb� bklhqgbpb� hl� lh\Z� \j_f_� ihdZa\Z�� qZ� gZ
;ZedZgkdbyl� ihemhkljh\� \� i_jbh^Z� ��b� ±���b� � \_d� debfZltl� ktsh� _� [be
kts_kl\_gh�ih�lhite� hl� kt\j_f_ggby� Ij_a� lZab� _ihoZ� � g_� k_� kth[sZ\Z� aZ� gblh
_^gh� aZfjta\Zg_� gZ� >mgZ\�� Z� ojhgbklbl_� g_� hl[_eya\Zl� ke_^� ���� ]h^bgZ� \
ijh^te`_gb_� gZ� hdheh� ���� ]h^bgb� � gblh� _^bg� kemqZc� � gZ� kg_]h\Ze_`� \
DhgklZglbghihe�beb�ih� [te]Zjkdbl_� a_fb�� �>bgZfbdZlZ�gZ� kj_^ghieZg_lZjgbl_
l_fi_jZlmjb�gZ�ijba_fgby�\ta^mo�ij_a�ihke_^gbl_������]h^bgb� �kihj_^�jZaebqgb
Z\lhjb�_�ihdZaZgZ�gZ�nb]��Z�]�
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?^gh� hl� gZc�gh\bl_� bake_^\Zgby� �� ^hdZa\Zsh� ijh^te`bl_e_g� i_jbh^� gZ
fgh]h� lhite� debfZl� � ij_a� Kj_^gbl_� \_dh\_� _^gh\j_f_ggh� b� \� K_\_jghlh� b� \
X`ghlh�ihemdte[h�_�^Z^_gh�hl�Loehle(2004)  gZ�[ZaZ�dhf[bgbjZghlh�baiheam\Zg_
gZ�^Zggb� �hl�^\_�j_^bpbb�^Zggb�� ��/ Hlghkbl_eghlh�kt^tj`Zgb_�gZ�bahlhibl_�gZ
dbkehjh^Z�\t\�\dZf_g_gb�fbdjhhj]Zgbafb� (nhjZfbgbn_jb��\�k_^bf_glgb�kdZeb
gZ� ^tghlh� gZ�KZj]Zkh\h�fhj_� �� ���P\_lh\b� \ZjbZpbb� gZ� klZeZdlblb� \� i_s_jZ� �
gZfbjZsZ�k_�\�X`gZ�:njbdZ�

Hldjblb�kZ� �����������]h^brgb�\ZjbZpbb�\�gb\hlh�gZ�K\_lh\gby�hd_Zg�b
aZl\hj_gb�\h^gb�[Zk_cgb�dZlh�DZkibckdh�fhj_ (>_j]Zq_\�b�Qbklydh\, 1993).

>hdZaZl_ekl\ZlZ� aZ� kts_kl\m\Zg_lh� gZ� ���������� ]h^brgby� pbdte� � b
k\tjaZgby� k� g_]h� ³Kj_^gh\_dh\_g� fZdkbfmf´� kta^Z\Zl� ]heyfh� g_m^h[kl\h� aZ
ijb\tj`_gbpbl_� gZ� ³Zgljhih]_ggby� iZjgbdh\\� _n_dl´(\b`� Bradley, 2003).

IjbqbgZlZ�aZ�lh\Z�_�kt\k_f�ykgZ��ih^h[gb�_ihob�gZ�fgh]h�lhite�debfZl�\�fbgZeh
g_�fh]Zl�^Z�k_�k\tj`Zl�k��\ebygb_�gZ�qh\_rdZlZ�^_cghkl�b�ijZ\b�ih^^tj`ZgZlZ�hl
lyo� l_hjby� baebrgZ�� � ?lh� aZsh� ij_a� ihke_^gbl_� � ^_k_lbgZ� ]h^bgb� � _^gZ� ]jmiZ
debfZlhehab� � mihjblh� k_� klj_fb� ^Z� ijhdZjZ� b^_ylZ� aZ� l�gZj�� kp_gZjbc� ³Ohd__g
klbd´� (nb]��])��Kihj_^� �fgh]h� bake_^h\Zl_eb� lh\Z� _� hibl� aZ� nZerbnbdZpby� gZ
debfZlbqgZlZ� bklhjby� gZ� A_fylZ� ij_a� ihke_^gbl_� ^\_� obey^he_lby� k� p_e� ^Z� k_
h[kem`b�l_hjbylZ�aZ�Zgljhih]_ggby�_n_dl�(Legates, 2003; McIntryee, 2003-2007) .

Nb]��Z�� >bgZfbdZ� gZ� kj_^ghieZg_lZjgZlZ� l_fi_jZlmjZ� gZ� ijba_fgby
\ta^mo� aZ� ihke_^gbl_� a����� ]h^bgb� (;hjbk_gdh\�� ������� K� [md\b� b� klj_edb� kZ
h[hagZq_gb�ijb[ebabbl_egbl_�dZe_g^Zjgb�fhf_glb�gZ�gZ�gZc�^te[hdbl_�nZab�gZ
k\jto\_dh\bl_� ketgq_\b� fbgbfmfb� gZ� Hhjl� �³2´��� <hen� �³:´��Rivhj_j� �³6´��
FZmg^_j� �³0´�b�>Zelhg� �³'´��\b`	�����AZ� ³gme_\h�gb\h´� _�ba[jZgZ� klhcghkllZ
ij_a������lZ�]h^bgZ�

Nb]��[�>bgZfbdZ�gZ�kj_^gh]h^brgb�l_fi_jZlmjb�\�DblZc�ij_a�ihke_^gbl_
�����]h^bgb��bajZa_gZ�qj_a�^bki_jkbylZ�kijyfh�kj_^gZlZ�bf�klhcghkl�(Yang Bao et

al, 2002)
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Nb]��\� Kj_^gh]h^brgbl_� ieZg_lZjgb� l_fi_jZlmjb� gZ� ijba_fgby� \ta^mo
gZ^�K_\_jghlh�ihemdte[h�hl 1 ^h�������]h^bgZ (Moberg et al, 2005)��AZ�³gme_\h�gb\h´
_�ba[jZgZ��mkj_^g_gZlZ�klhcghkl�aZ�i_jbh^Z�����������]h^bgZ�

Nb]��]��Kp_gZjbyl�³Ohd__g�klbd´��0DQQ�DQG�-RQHV���������Ih�Z[kpbkgZlZ�hk
kZ� gZg_k_gb� dZe_g^Zjgbl_� ]h^bgb�� Z� ih� hj^bgZlZlZ� hlghkbl_egZlZ
l_fi_jZlmjgZ� jZaebdZ� kijyfh� _ihoZlZ� ���������� ]�� JZaebdZlZ� k� nb]��Z�\� _
hq_\b^gZ�

2.2. ?^jhfZsZ[gby� \_dh\b� b k\jto\_dh\b� oh^� gZ� ketgq_\bl_
\ZjbZpbb��b��ketgq_\h�debfZlbqgbl_�\jtadb

2.2.1. ³Nhj[mr�_n_dltl´� b� h[jZam\Zg_lh� gZ� ³dhkfh]_ggb´
bahlhib

<t\�<k_e_gZlZ�ijhlbqZl�fgh]h�ijhp_kb���dhblh�kZ�k\tjaZgb�k�hl^_eyg_lh�gZ
h]jhfgZ�ih�a_fgbl_�fZsZ[b�_g_j]by��LZdb\Z��k_�gZ[ex^Z\Zl�ijb�ba[mo\ZgbylZ�gZ
gh\b�b�k\jtogh\b�a\_a^b��\�d\ZaZjbl_��g_mljhggbl_�a\_a^b��y^jZlZ�gZ�]ZeZdlbdbl_
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b� ^j�� Hk\_g� hl� kbegh� _e_dljhfZ]gblgh� baetq\Zg_� hl� p_eby� ki_dltj� ih^h[gb
ijhp_kb�kZ�ktijh\h^_gb�b�k�hl^_eyg_�gZ�fhsgh�dhjimkdmeyjgh�baetq\Zg_��leZ\gh
ijhlhgb���_e_dljhgb�b�g_mljhgb���_g_j]bylZ�gZ�gydhb�hl�dhblh�^hjb�_�ih�]heyfZ�hl
10

20
eV�� �LjZ^bpbhggh�l_ab�qZklbpb�k_�gZjbqZl� ³]ZeZdlbq_kdb�dhkfbq_kdb�etqb”

(=DE��GCR-Galactic Cosmic Rays. )�Balhqgbpbl_�bf�kZ�ijb[ebabl_egh�bahljhigh
jZaij_^_e_gb� \t\� \kbqdb� gZijZ\e_gby� �� lZdZ� � q_� b� ihlhdtl� bf� _� ktsh
ijhkljZgkl\_gh�bahljhi_g�

>hklb]Zsbl_� ^h� hdheghklbl_� gZ� Ketgq_\ZlZ� kbkl_fZ� ihlhpb� gZ� =DE� k_
kj_sZl�k�baoh^ys�hl�Ketgp_lh��d\Zabbahljhi_g�ihlhd�ieZafZ�±�ketgq_\byl�\yltj�
?lh� aZshlh� lyoghlh� ijhgbd\Zg_� \� ahgZlZ� gZ� ieZg_lbl_� _� ktijh\h^_gh� ktk
agZqbl_egZlZ�bf�Z[khj[pby�b�jZak_c\Zg_��Ltc�dZlh�ihlhdtl�gZ�ketgq_\by�\yltj�_
fZdkbfZe_g� hdheh� fZdkbfmfbl_� gZ� pbdebl_� gZ�R\Z[_�<hen�� lh� k_� gZ[ex^Z\Z
Zglbdhj_eZpby� f_`^m� ihlhdZ� gZ� =DE� b� gb\hlh� gZ� i_lghh[jZam\Zl_egZlZ
Zdlb\ghkl��Y\e_gb_lh�k_�gZjbqZ�³Nhj[mr�_n_dl´�b�lmd�_�bexkljbjZgh�k�nb]���b���

Nb]����Ko_fZ�gZ�ijhgbd\Zg_�b�ih]etsZg_�gZ�=DE�\�Zlfhkn_jZlZ�gZ�A_fylZ
b�h[jZam\Zg_�gZ�³dhkfh]_ggb�jZ^bhbahlhib´

Nb]���� � H[jZlgZlZ� \jtadZ� �³Nhj[mr�_n_dl´�� f_`^m� kj_^ghf_k_qgbl_
klhcghklb�gZ�ihlhdZ�gZ�=DE��klZgpby�FmjfZgkd) b�iehslZ�gZ�ketgq_\bl_�i_lgZ
aZ�i_jbh^Z����������]�(Kaftan  and Krainev,  2007)

• 14
C-> \t\�\h^ZlZ�

[bheh]bqgb�b�dZj[hgZlgb
kljmdlmjb;

• 10
Be ±�\�dhglbg_lZegbl_

e_^gbpb�b�hd_Zgkdbl_
k_^bf_glgb�kdZeb
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GZ\ebaZsbl_� \� a_fgZlZ� Zlfhkn_jZ� =DE� k_� ih]etsZl� gZc�bgl_gab\gh� \
kljZlhkn_jZlZ�gZ�kj_^gb�\bkhqbgb�������df��<aZbfh^_ckl\m\Zcdb�k�fhe_dmebl_�gZ
\ta^moZ�l_�ij_^ba\bd\Zl�ij_h[jZam\Zg_lh�gZ�qZkl�hl�ZahlZ�b�dbkehjh^Z�\�Zlhfb�gZ
jZ^bhZdlb\gb� bahlhib�� 14

C, 
10

Be , 
36

Cl b� ^j�� � IhjZ^b� ki_pbnbqgby� gZqbg� gZ
lyoghlh� h[jZam\Zg_� �ih^� ^_ckl\b_� gZ� =DE�� l_� k_� gZjbqZl� ³dhkfh]_ggb� ³
jZ^bhbahlhib�

<tagbd\Zsbl_�]eZ\gh�\�kljZlhkn_jZlZ�Zlhfb�k_�\dexq\Zl�\�oZjZdl_jgby
aZ�kthl\_lgby�obfbq_kdb�_e_f_gl�djt]h\jZl��LZdZ�gZijbf_j�jZ^bh\t]e_jh^tl�14

C

k_� \dexq\Z� \�fhe_dmeb� hl� &22�� �Lh\Z� _� hlghkbl_egh� l_`dZ� ³fZedZ´� obfbq_kdZdhfihg_glZ�� dhylh� ihkl_i_ggh� ihiZ^Z� \� ih�gbkdbl_� keh_\_� gZ� Zlfhkn_jZlZ�
JZal\Zjy�k_�e_kgh�\t\�\h^gZ�kj_^Z�b�_^gZ�qZkl�hl�g_y�ihkj_^kl\hf�\dexq\Zg_lh�kb
\Z\�\h^gb�dZidb�qj_a�\Ze_`bl_�beb�^hklb]Zcdb�^bj_dlgh�^h�ih\tjoghkllZ�ihiZ^Z
\t\� \h^gbl_� [Zk_cgb� beb� gZ� l\tj^ZlZ� ih\tjoghkl�� � LZf� ly� k_� ³\]jZ`^Z´� \
jZaebqgb�dZj[hgZlgb�k_^bf_glgb�kdZeb� ��>jm]Z�qZkl�ihkj_^kl\hf�nhlhkbgl_aZlZ
ihiZ^Z� \� ltdZglZ� gZ� a_e_gbl_� jZkl_gby�� Z� hllZf� qj_a� ojZgbl_egZlZ� \_jb]Z� b� \
ltdZggZlZ�kljmdlmjZ�gZ�\kbqdb�`b\hlgb�

Ijb_fZg_lh� gZ� \t]e_jh^�� \� lh\Z� qbkeh� b� gZ� 14
C qj_a� nhlhkbgl_aZ� ijb

jZkl_gbylZ� beb� qj_a� ojZg_g_lh� ijb� `b\hlgbl_� � _� g_ij_dtkgZl� ijhp_k� ^hdZlh
kthl\_lgbyl�hj]Zgbatf�_�`b\��Ke_^�lh\Z�g_]h\hlh�ZdmfmebjZg_�k_�ij_mklZgh\y\Z
b�lhc�aZihq\Z�ihkl_i_ggh�^Z�gZfZey\Z�k�\j_f_lh�\�kthl\_lkl\b_�k�i_jbh^Z�kb�gZ
ihemjZaiZ^��dhclh�_�a�����]h^bgb��?lh�aZsh�ih�kt^tj`Zgb_lh�gZ�14K�\�jZklbl_egb
beb� `b\hlbgkdb� hklZltpb� beb� \� ij_^f_lb� hl� [bheh]bq_g� ijhbaoh^� �ltdZgb�
^tj\_gb�ij_^f_lb�b�^j��fh`_�^Z�k_�ijZ\b� � �^Zlbjh\dZ�aZ�_^bg�beb�^jm]�ij_^f_l�
gZf_j_g�ijb�Zjo_heh]bq_kdb�jZadhidb�

LhqghkllZ� gZ� lhab� f_lh^� gZ� ^ZlbjZg_� h[Zq_� k_� \eby_� g_� kZfh� hl
ij_pbaghkllZ�gZ�baf_j\Zg_lh�gZ�jZ^bh\t]e_jh^ghlh� kt^tj`Zgb_�� �<ZjbZpbbl_�\
iZjZf_ljbl_� gZ� ketgq_\by� \yltj� � ihjZ^b� ijhf_gysbl_� k_� gb\Z� gZ� ketgq_\ZlZ
Zdlb\ghkl�ktsh�\gZkyl�kthl\_lgby�³rmf´���DZdlh�\_q_�[_�dZaZgh�\jtadZlZ�f_`^m
ihlhdZ� gZ� =DE� b� gb\hlh� gZ� ketgq_\ZlZ� Zdlb\ghkl� _� h[jZlgZ�� Ke_^h\Zl_egh�
kdhjhklbl_�gZ�h[jZam\Zg_�gZ�dhkfh]_ggb�bahlhib�\�Zlfhkn_jZlZ��b�qZklghkl� �gZ
14K��gZfZey\Z�ijb�ih�\bkhdZ� ketgq_\Z� Zdlb\ghkl�� �Itj\bl_�b^_b� b� j_amelZlb� \
lh\Z�hlghr_gb_�ijbgZ^e_`Zl�gZ�oheZg^kdby�nbabd�^_�<jb�(de Vries, 1958)

F_`^m� fhf_glbl_� gZ� h[jZam\Zg_� gZ� ³dhkfh]_ggbl_´� � jZ^bhbahlhib� \
kljZlhkn_jZlZ�b�lyoghlh�\dexq\Zg_�\� kthl\_lgb� kljmdlmjb�gZ�ih\tjoghkllZ�gZ
A_fylZ�� dt^_lh� l_� \ktsghkl� k_� j_]bkljbjZl�� kts_kl\m\Z� jZaebdZ��Ly� k_� gZjbqZ
³j_ab^_glgh�\j_f_´��Ki_pbZegh� aZ� 14K� lh� _� ^hklZ� ]heyfh�b�fh`_� ^Z� ^hklb]g_� ^h
gydhedh� ^_k_lbe_lby� \� aZ\bkbfhkl� hl� dhgdj_lgbl_� h[klhyl_ekl\Z��Ih� ijbgpbi
ktshlh�fh`_�^Z�[t^_�hij_^_e_gh�b�hlq_l_gh�ijb�ZgZebaZ�gZ�^Zggb�

AZ�^Z�fh]Zl�^Z�k_�^ZlbjZl�baf_j_gbl_�dhebq_kl\Z�hl�^Z^_g� � ³dhkfh]_g_g´
jZ^bhbahlhi� � _�m^h[gh� �^Z� k_�baiheam\Zl�^Zggb�hl�ijtkl_ghh[jZagb�beb� kehbklb
kljmdlmjb��qb_lh�h[jZam\Zg_� _� k\tjaZgh� k� _kl_kl\_g� � ]h^br_g� �pbdte� �gZijbf_j
]h^brgb� djt]h\_� gZ� ^tj\_lZ� b� i_s_jgb� h[jZam\Zgby�� dhglbg_glZegb� e_^gbpb�
hd_Zgkdb�k_^bf_glgb�kdZeb�b�^j����OZjZdl_jgh�aZ�l_ab�kehbklb�b�ijtkl_ghh[jZagb
kljmdlmjb�_��q_�gZljmiZgbl_�dhebq_kl\Z�hl�kthl\_lgby�bahlhi�k_� ³aZi_qZl\Zl´�\
lyo��l�_�ih\_q_�g_� �jZklZl�k�\j_f_lh��Ijhp_ktl�\ktsghkl�ijh^te`Z\Z�kZfh�\�gZc�
\tgrgbl_� keh_\_� �ijtkl_gb���Kthl\_lgbl_� � keh_\_� beb� ijtkl_gb� e_kgh�fh]Zl� ^Z
[t^Zl� ^ZlbjZgb� �� Z� baf_j_gbl_� dhebq_kl\Z� hl� ^Z^_g� bahlhi� ke_^� dhj_dpby� aZ
i_jbh^Z� gZ� ihemjZaiZ^Zg_� b� ³j_ab^_glghlh� \j_f_´� fh]Zl� ^Z� k_� iheam\Zl� aZ
j_dhgkljmdpby� gZ� \j_f_\by� oh^� gZ� ketgq_\ZlZ� Zdlb\ghkl� aZ� fgh]h� ih�^te]b
bgl_j\Zeb�\j_f_�\�kjZ\g_gb_�k�j_^bpbl_�hl�bgkljmf_glZegb�^Zggb�

Dhgp_gljZpbylZ� bf� lZf� _� _dkihg_gpbZegh� gZfZey\ZsZ� nmgdpby� gZ
\j_f_lh�� qbclh� ihdZaZl_e� _� k\tjaZg� ktk� aZdhgZ� aZ� ihemjZaiZ^Zg_��Ijhp_ktl� gZ
gZljmi\Zg_�\ktsghkl�ijh^te`Z\Z�kZfh�\�gZc�\tgrgbl_�keh_\_��ijtkl_gb��
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Itj\bl_� k_jbhagb� j_amelZlb� ih� j_dhgkljmdpby� gZ� _^jhfZsZ[gby� oh^� gZ
ketgq_\ZlZ�Zdlb\ghkl \ta�hkgh\Z�gZ�^Zggb�aZ�³dhkfh]_ggb´�jZ^bhbahlhib�kZ�[beb
ihemq_gb� dtf� gZqZehlh� b� kj_^ZlZ� gZ� ���l_� ]h^bgb�� AZ� p_elZ� [beb� baiheam\Zgb
baf_j_gb�klhcghklb�gZ�kt^tj`ZgbylZ�gZ�14K�\�]h^brgb�djt]h\_�gZ�^tj\_lZ (Eddy,

1976a). LhqghkllZ�gZ�baf_j\ZgbylZ�b�f_lh^bl_� aZ�itj\bqgZ� h[jZ[hldZ�b� ZgZeba
g_ij_dtkgZlh�k_�mkt\tjr_gkl\m\Zeb�ij_a�ke_^\Zsbl_����]h^bgb��<�fhf_glZ�dZlh
gZc�ij_^klZ\bl_egb� fh]Zl� ^Z� k_� ijb_fZl� j_^bpbl_� hl� jZ^bh\t]e_jh^gb
kt^tj`Zgby�� ihemq_gb� \ta� hkgh\Z� gZ� baf_j\Zgby� \� ]h^brgbl_� djt]h\_� gZ
gydhedhklhlbg�^tj\_kgb�h[jZapb�^Z^_gb�kthl\_lgh�ij_a�����]�(INTCAL98)(Stuiver

et al., 1998)b� �����]� (INTCAL04) (Reimer et al., 2004)��Itj\ZlZ�h[o\ZsZ�i_jbh^�hl
hdheh� ������ ]h^bgb��JZggZlZ�qZkl� hl�j_^bpZlZ� h[Zq_� _� aZ^Z^_gZ� k�fgh]h� ]he_fb
hlghkbl_egb� ]j_rdb� b� ]jm[Z� kltidZ� ih� \j_f_�� J_Zegh� baihea\Z_fZlZ� � qZkl� gZ
INTCAL98 h[o\ZsZ�ihke_^gbl_� a������ ]h^bgb��Z� kltidZlZ�ih�\j_f_� _� ��� ]h^bgb
(nb]��)�� Ih� lhab� gZqbg� ly� h[o\ZsZ� djZy� gZ� <xjfkdby� e_^gbdh\� i_jbh^� b
Ohehp_gZ� (ke_^e_^gbdh\ZlZ�_ihoZ). >Zggbl_�hl�<xjfkdby�e_^gbdh\�i_jbh^� ��l�_�
itj\bl_�������obey^b�]h^bgb�kZ�gZ�[ZaZlZ�gZ�baf_j\Zgby�gZ�14

C \�fhjkdb�dhjZeb�

Nb].5 . JZ^bh\t]e_jh^gbyl�j_^�(INTCAL98) –ihke_^gbl_��������]h^bgb�(

Hlghkbl_egh� ih�fZedh� ihimeyjgb� b� aZk_]Z� k� ih�gbkdh� gb\h� gZ
ij_^klZ\bl_eghkl�\� kjZ\g_gb_� k�^Zggbl_� hl� ]h^brgbl_�djt]h\_�gZ�^tj\_lZlZ� kZ
jZ^bh\t]e_jh^gbl_� j_^bpb�� ihemq_gb� \ta� hkgh\Z� gZ� ZgZeh]bqgb� baf_j\Zgby� aZ
ijtkl_gh\bl_�kljmdlmjb�gZ�i_s_jgbl_�h[jZapb��klZeZdlblb��b�klZeZ]fblb�������Dtf
fhf_glZ� bfZ�fgh]h�ijbf_jb� aZ� lZdb\Z� bake_^\Zgby� ih� k\_lZ��\dexqbl_egh� b� \
;te]Zjby ( >_jf_g^`b_\ , 1994, 1997; Shopov et al., 2000)

JZ^bh\t]e_jh^tl�_�bahlhi�ktk�kjZ\gbl_egh�djZldh�\j_f_�gZ�`b\hl��DZdlh
\_q_�[_�dZaZgh�ih�]hj_��lh�_�hdheh������]h^bgb��<�j_amelZl�gZ�lh\Z�hlghkbl_egZlZ
]j_rdZ�aZ�ih�klZjbl_�_ihob��gZijbf_j�ij_^b����������]h^bgb�beb�ih�jZgh��_�\_q_
fgh]h� ]heyfZ��GZ� lhab� _lZi� lh\Z� ijZdlbq_kdb� ihklZ\y� ebfbl� \tjom� \j_f_\by
bgl_j\Ze� ��aZ�dhclh�fh]Zl�^Z�k_�iheam\Zl�jZ^bh\t]e_jh^gbl_�^Zggb�gZ� ±�gZ�lhab
_lZi�^h�gZc�dtkgZlZ�qZkl�gZ�<xjfkdby�e_^gbdh\�i_jbh^�

Iheh`_gb_lh� k_�ih^h[jy\Z�fgh]hdjZlgh� k�\dexq\Zg_lh�gZ�^Zggb� aZ�^jm]
³dhkfh]_g_g�³�bahlhi�±� 10

Be��I_jbh^tl�fm�gZ�ihemjZaiZ^�_�fgh]h�]heyf�±hdheh��
fbebhg� ]h^bgb�� Hk\_g� lh\Z� jZaebdZ� hl� jZ^bh\t]e_jh^Z� 10

Be _� k� fgh]h� djZldh
³j_ab^_glgh� \j_f_´�� kZfh� ������ ]h^bgb�� � Ke_^h\Zl_egh�� baf_j_gbl_� gZ
ih\tjoghkllZ� gZ� A_fylZ� dhgp_gljZpbb� gZ� � lhab� � bahlhi� � kZ� ihqlb� kbgnZagb� k
i_lghh[jZam\Zl_egby�pbdte�gZ�R\Z[_�<hen�
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DjZldhlh� ³j_ab^_glgh� \j_f_´� _� h[mkeh\_gh� hl� ijhp_kZ� �� ijb� dhclh
h[jZam\Zgbl_�\�kljZlhkn_jZlZ�Zlhfb�gZ� �[_jbebc����k_�³ijb^\b`\Zl´�gZ^hem��L_
k_�\dexq\Zl�\Z�Z_jhahegb�y^jZ��Z�ih�±gZlZltd�ihkj_^kl\hf�\Ze_`bl_�^hklb]Zl�^h
ih\tjoghkllZ�� � <� iheyjgbl_� b� \bkhdhieZgbgkdbl_� h[eZklb� 10<_� � k_� \dexq\Z� \
e_^gbpbl_�� ?kl_kl\_g� j_a_j\hZj� gZ� ktsby� \� K\_lh\gby� hd_Zg� kZ� k_^bf_glgbl_
kdZeb�ih�^tghlh�

IhgZklhys_f�bfZ�ljb�hkgh\gb�[_jbeb_\b�j_^bpb��
1. ³=j_geZg^kdb�³�j_^���ihemq_g�_�hl�baf_j\Zg_�gZ�^Zggb�\t\�\_jlbdZe_g

khg^Z`� � \� ]j_geZg^kdby� dhglbg_lZe_g� e_^gbd� � �� iehsZ^dZlZ� '\H���.
Kt^tj`Z� ^Zggb� aZ� i_jbh^Z� ���������]� k�� <j_f_\ZlZ� kltidZ� _� a� ���
]h^bgb�(%_HU�HW�DO����������������IhdZaZg�_�gZ�nb]��

2. ³� :glZjdlbq_kdb´� j_^ – ihemq_g� _� \ta� hkgh\Z� gZ� baf_j\Zg_� hl
\_jlbdZe_g� khg^Z`� \� [ebahkl� ^h�X`gry� ihexk�� >Zggbl_� h[o\ZsZl
i_jbh^Z����������]���Z�\j_f_\ZlZ�kltidZ�_��a��]h^bgb�(Bard et al., 1997).

3. ³Hd_Zgkdb´� j_^� ±� ihemq_g� _� gZ� [ZaZlZ� gZ� baf_j\Zgby� \� hd_Zgkdb
k_^bf_glgb� kdZeb� \� jZaebqgb� lhqdb� �� mkj_^g_g� aZ� pyeZlZ� A_fy� �
Bake_^\ZgZ�_�j_^bpZ�k�^te`bgZ�����obey^b�]h^bgb�(Sharma, 2002).

Nb]����³=j_geZg^kdbyl´�[_jbeb_\�j_^�(1423-1985 ]����>Zggbl_�ij_^klZ\_gb�k
djt]q_lZ�kZ�ktk�kltidZ�hl���]h^bgZ�b�kZ�ihemq_gb�ihkj_^kl\hf�bgl_jiheZpbhggZ
ijhp_^mjZ��K�ebgby�_�ihdZaZg�^bgZfbq_g�fh^_e�gZ�j_^Z��dhclh�_�_dkljZihebjZg�^h
����]�( Komitov and Kaftan, 2004). Fh^_etl�k_�h[kt`^Z�\�&3.

K_jbha_g� g_^hklZltd� gZ� [_jbeb_\bl_� j_^bpb� _� gZebqb_lh� \� lyo� gZ� ^hklZ
³rmf´��^te`Zs�k_�gZ�jZaebqgb�nZdlhjb�� �DZdlh�s_�[t^_�ihdZaZgh�b�\�&3��hk\_g
fh^meZpbylZ�gZ�=DE�\�lyo� k_� kt^tj`Z�b� agZqbl_e_g�ijbghk��ihjh^_g� hl�fhsgb
ketgq_\b� _jmipbb (\b`� ktsh� b� von Schroeder, 1999 )��IhjZ^b� ki_pbnbqgby� kb
gZqbg�aZ�ij_ghk� �gZ�10

Be dtf�ih\tjoghkllZ� �qj_a�\Ze_`bl_��\�g_]h\bl_�j_^bpb�[b
fh]te� ^Z� k_� kt^tj`Z� b� qbklh� debfZlbq_g� _n_dl (Lal, 1987)�� GZ� lj_lh� fyklh
ki_pbZegh�aZ�gZc�dtkgZlZ�qZkl�hl�]j_geZg^kdbl_�^Zggb�k_�^himkdZ��q_�fh`_�^Z�kZ
ih\ebygb�hl� aZftjky\Zg_�gZ�Zlfhkn_jZlZ�\�K_\_jghlh�ihemdte[h�\�j_amelZl� hl
y^j_gb�hiblb�\�Zlfhkn_jZlZ��jZ^bhZdlb\gh� aZftjky\Zg_�hl�Z\Zjbb�\�:?P�b�^j�
( Damon et al.,1997; Bard et al., 1997).
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2.2.2. Ketgq_\ZlZ� Zdlb\ghkl� � \� ibkf_gbl_� � ^hdmf_glb� � hl
fbgZehlh

Hs_�ij_a����b�\_d�hl^_egb�bake_^h\Zl_eb� �gZkhq\Zl�k\h_lh�\gbfZgb_�dtf
bamqZ\Zg_� gZ� jZaebqgb� ibkf_gb� ^hdmf_glb� hl� fbgZehlh� k� p_e� ^Z� gZijZ\yl
gydZd\b�hp_gdb�aZ�ih\_^_gb_lh�gZ�Ketgp_lh�\�_ihoZlZ�hlij_^b� �l_e_kdhibqgb�l_
gZ[ex^_gby� gZ� i_lgZlZ�� l�_�� hlij_^b� ����� ]�� Z� ^hjb� b� ij_a� ������b� \_d�� dh]Zlh
ktsbl_�kZ�[beb�\k_�hs_�_ibah^bqgb�b�g_itegb���<�kemqZy�klZ\Z�\tijhk�aZ�k\_^_gby
aZ� gZ[ex^Z\Zgb� k� ijhklh� hdh� ketgq_\b� i_lgZ� �� aZ� y\e_gby� �� dhblh� h[bdgh\_gh
ktitlkl\Zl� \bkhdZ� ketgq_\Z� Zdlb\ghkl� dZlh� gZijbf_j� iheyjgb� kbygby� b� yjdb
dhf_lb�� Z� aZ� i_jbh^Z� hl� ����� ]� b� qZklbqgh� ij_a� ���b� \_d� ±� b� kth[s_gby� aZ
gZ[ex^Z\Zgb�k�l_e_kdhi�i_lgZ�

Itj\bl_�bgl_j_kgb�hldjblby�\�lZab�gZkhdZ�ijZ\yl��]_jfZgkdbyl�Zkljhghf
Rivhj_j� (1822-1895) b� [jblZgkdbyl� ?�� FZmg^_j (1851-1928) (Maunder, 1893;

Eddy,1976)��BamqZ\Zcdb�klZjb�^hdmf_glb�l_�itj\b�h[jtsZl�\gbfZgb_�gZ�nZdlZ� �
q_� ij_a� ���b� b� ���b� \_d� _� bfZeh� ijh^te`bl_egb� i_jbh^b� dh]Zlh
i_lghh[jZam\Zl_egZlZ�Zdlb\ghkl�_�[beZ�fgh]h�gbkdZ���G_sh�ih\_q_��\�j_amelZl�gZ
k\hy� ZgZeba�FZmg^_j� klb]Z� ^h� ba\h^Z�� q_� \� ijh^te`_gb_� gZ� hdheh� ��� ]h^bgb�� Z
bf_ggh� f_`^m� ����� b� ����� ]h^bgZ� gZ� Ketgp_lh� ijZdlbq_kdb� g_� kZ� [beb
gZ[ex^Z\Zgb� i_lgZ�� Lhc� _� fh`_� [b� itj\byl� mq_g�� dhclh� kb� _� ^Ze� kf_ldZ�� q_
ih\_^_gb_lh�gZ�Ketgp_lh�\t\�\j_f_lh�_�fgh]h�keh`gh�b�^Ze_q�g_�k_�baq_ji\Z�kZfh
k� ihagZlby� ih� lh\Z� \j_f_� ���]h^br_g� pbdte�� �GZ� g_]h\bl_� ba\h^b� h[Zq_� ^te]h
\j_f_�g_�[beh�h[jtsZgh�hkh[_gh�\gbfZgb_�

Bklbgkdhlh�ijbagZgb_� aZ�FZmg^_j�^hreh�ihqlb� ��� ]h^bgb� ke_^�g_]h\ZlZ
kftjl��dh]Zlh�E^^b�hldjb\Z�\�k\hy�ZgZeba�badexqbl_egh�\bkhdh�kt^tj`Zgb_�gZ
jZ^bh\t]e_jh^�\�]h^brgbl_�ijtkl_gb�gZ�^tj\_lZlZ�hl�\lhjZlZ�iheh\bgZ�gZ����b�b
gZqZehlh� gZ� ���b� \_d� (Eddy,1976)�� Kihj_^� lhab� Z\lhj� ���]h^brgbyl
i_lghh[jZam\Zl_e_g�pbdte�gZ�R\Z[_�<hen�bah[sh�g_�_�^_ckl\m\Ze�lh]Z\Z��Kihj_^
^jm]b� bake_^h\Zl_eb�� lhc� _� [be� kbegh� hlkeZ[_g�� GZa\Zgb_lh� ³Fbgbfmf� gZ
FZmg^_j´�^g_k�h[hagZqZ\Z�lhab�gZc�^te[hd�fbgbfmf�gZ�ketgq_\ZlZ�Zdlb\ghkl�aZ
ihke_^gbl_������]h^bgb�

GZc�fZsZ[gZlZ�j_dhgkljmdpby�gZ�Zdlb\ghkllZ�gZ�Ketgp_lh�gZ�[ZaZlZ�gZ
bklhjbq_kdb�^hdmf_glb�_�ijh\_^_gZ�\�kj_^ZlZ�gZ����b�\_d�hlgh\h�\�:g]eby��DZdlh
\_q_� [_� hl[_eyaZgh� \� &1�� g_bg� Z\lhj� _� >��Rh\_�(Schove 1955)�� Hkgh\Z\Z� k_� gZ
ZgZeba� gZ� h]jhf_g� [jhc� ^hdmf_glb� � hl� ?\jhiZ� b� :aby� b� h[o\ZsZl� ih� \j_f_
ihke_^gbl_������]h^bgb��Kj_^�lyo�k�gZc�]heyfZ�hlghkbl_e_g�^ye�kZ�kth[s_gbylZ
aZ� iheyjgb� kbygby� �� GZ� \lhjh� fyklh� kZ� k\_^_gbylZ� aZ� \b^bfb� k� ijhklh� hdh
ketgq_\b�i_lgZ��K�ih�fZedZ�hlghkbl_egZ�l_`_kl�\�ZgZebaZ�gZ�Rh\_�kZ�\dexq_gb�b
kth[s_gby� aZ� ^jm]b� ijbjh^gb� y\e_gby�� dhblh� [boZ� fh]eb� ^Z� k_� ZkhpbbjZl� k
_dklj_fZegh� \bkhdb� beb� gbkdb� gb\Z� gZ� ketgq_\ZlZ� Zdlb\ghkl� ±� � � kbegb
a_f_lj_k_gby���^Zggb�aZ�rbjbgbl_�gZ�]h^brgb�djt]h\_�gZ�^tj\_lZ�b�^j��K�p_e�^Z
k_� _ebfbgbjZ� \� fZdkbfZegZ� � kl_i_g� debfZlbqghlh� \ebygb_� � ihqlb� g_� k_
baiheam\Zl�^Zggb�aZ�debfZlbqgb�y\e_gby�

<ta�hkgh\Z�gZ�\kbqdb�l_ab�^Zggb��Rh\_�kta^Z\Z�\j_f_g_g�j_^�gZ�hkgh\gbl_
fZdjhoZjZdl_jbklbdb� ( ijb[ebabl_egbl_� dZe_g^Zjgb� ]h^bgb� gZ� fbgbfmfbl_� b
fZdkbfmfbl_�b�fhsghkllZ� ) gZ�i_lghh[jZam\Zl_egbl_�pbdeb�gZ�R\Z[_�<hen� aZ
p_eby�h[o\ZgZl�hl�bake_^\Zg_lh�i_jbh^���FhsghkllZ�_�bajZa_gZ�qj_a�kthl\_l_g�[Ze
\� ��kl_i_ggZ� kdZeZ�� Ly� _� dZeb[jbjZgZ� ih� hlghr_gb_� gZ� hdhehfZdkbfmfgbl_
ba]eZ^_gb�kj_^gh]h^brgb�klhcghklb�gZ�<henh\hlh�qbkeh�aZ����]h^brgbl_�pbdeb
hl�Pxjbokdby�j_^�(&2.2.3)��l�_�ke_^������]��<�gZc�jZggZlZ�kb�qZkl�j_^tl�gZ�Rh\_�_
^hklZ� [_^_g� hldtf�bgnhjfZpby�nZdlbq_kdb� lZf� bfZ� ^Zggb� kZfh� aZ� hl^_egb� ���
]h^brgb�pbdeb���F_`^m�����]�ij�g�_��b�����]�g�_��j_^tl�_�g_ij_dtkgZl��ke_^�dh_lh�^h
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���� ]�g�_�� bfZ� ^Zggb� kZfh� aZ� ]h^bgbl_� gZ� fbgbfmf� b� fZdkbfmf�� Z� [Zetl� gZ
fhsghkllZ�_�g_ba\_klgZ��Hl�����]�g�_��j_^tl�gZ�Rh\_�_�g_ij_dtkgZl�

<�kj_^ZlZ�gZ� ���l_�]h^bgb�^Zggbl_�gZ�Rh\_� kZ�ih^eh`_gb�gZ�djblbdZ�hl
?^^b��ltc�dZlh�\�lyo�g_�k_�_�aZ[_eya\Ze�FZmg^_jh\by�fbgbfmf�(Eddy, 1977).  LZab
djblbdZ� bab]jZ\Z� g_]Zlb\gZ� jhey� aZ� j_^Z� gZ� Rh\_�� dhclh� _� aZ[jZ\_g� hl
bake_^h\Zl_ebl_� aZ� ihqlb� ��� ]h^bgb� �� qZd� ^h� ����� ]�� dh]Zlh� bgl_j_ktl� dtf
ihke_^gby�hlgh\h�k_�\tajZ`^Z��Ij_a������]�Z\lhjtl�ihdZa\Z��q_�dZlh�pyeh�j_^tl�gZ
Rh\_�g_� _� \� ijhlb\hj_qb_� k� jZ^bh\t]e_jh^gbl_� ^Zggb�� dZdlh� b� lh\Z�� q_� \� g_]h
fbgbfmftl� gZ�FZmg^_j� _� fgh]h� ^h[j_� bajZa_g� (Komitov�� ������� �Ij_^\Zjbl_egh
h[Zq_�hs_�k_]Z�s_�dZ`_f��q_�hl�kt\j_f_ggZ� ]e_^gZ�lhqdZ�j_^tl�gZ�Rh\_� _� _^gZ
dZq_kl\_gZ�j_^bpZ�hl�^Zggb�aZ�_^jhfZsZ[gby�oh^�gZ�ketgq_\ZlZ�Zdlb\ghkl��dhylh
^h[j_�k_�kt]eZkm\Z�k�^jm]bl_�balhqgbpb�gZ�bgnhjfZpby��\dexqbl_egh�b�k�l_ab�aZ
³dhkfh]_ggbl_´�jZ^bhbahlhib�

AZ�j_amelZlbl_�hl�ijh\_^_gbl_�ZgZebab�gZ�j_^Z�gZ�Rh\_�s_�[t^_�jZadZaZgh
\�&2������dZdlh�b�\�	��b��.

Dtf��kj_^ZlZ�gZ����l_�]h^bgb�_�aZ\tjr_gZ�kbkl_fZlbaZpbylZ�gZ�^Zggbl_�aZ
gZ[ex^Z\Zgbl_� � k� ijhklh� hdh� � \�DblZc� ]he_fb� ketgq_\b� i_lgZ� aZ� i_jbh^Z� ���
]�ij�g�_��^h������]�hl�g�_��Wittmann and Xu , 1987).

>jm]Z� \Z`gZ� j_^bpZ� hl� dhk\_gb� (ij_^bgkljmf_glZegb�� _� lZab� aZ
gZ[ex^Z\Zgbl_�kbygby�gZ�kj_^gb�rbjbgb� � �K&R�kbygby�gZ�kj_^gb�rbjbgb���L_
k_� hlgZkyl� aZ� i_jbh^Z� ���������� ]� (Krivsky and Pejml ,1988 ) ��Im[ebdm\Zgb� kZ� \
^Zggb�gZ�GZpbhgZegby�p_gltj�aZ�]_hnbabqgb�^Zggb�gZ�K:S��AZ�kt`Ze_gb_�dtf
lhab�fhf_gl�gZ�Z\lhjZ�g_�kZ�ba\_klgb�im[ebdm\Zgb�kbkl_fZlbabjZgb�^Zggb�aZ����b
\_d�

2.2.3  Bgkljmf_glZegb�ketgq_\b�bg^_dkb
<�lhab�iZjZ]jZn�_�gZijZ\_g�djZltd�h[ahj�gZ�gydhb�hl�hkgh\gbl_�j_^bpb�gZ

bg^_dkb�gZ�ketgq_\Z�Zdlb\ghkl��dhblh�k_�ihemqZ\Zl�\�j_amelZl�hl�bgkljmf_glZegb
gZ[ex^_gby� b� kZ� hl� gZc�kts_kl\_gZ� \Z`ghkl� aZ� jZa]e_`^ZgZlZ� � l_fZ�� K
badexq_gb_�gZ�i_lghh[jZam\Zl_egbl_�bg^_dkb��qbclh�j_^bpb�h[o\ZsZl�ih\_q_�hl
���� ]h^bgb�� ihqlb� \kbqdb� hklZgZeb� kZ� \� jZfdbl_� gZ� ihke_^gbl_� ������ ]h^bgb�
G_ij_dtkgZlbl_� kitlgbdh\b� gZ[ex^_gby� gZ� Ketgp_lh� aZihq\Zl� hl� f�� gh_f\jb
�����]h^bgZ��lZdZ�q_�k\tjaZgbl_�k�lyo�bg^_dkb�h[o\ZsZl�i_jbh^�g_�ih�^tet]�hl���
]h^bgb�� �GZc�itegZ� bgnhjfZpby� aZ� \kbqdb� \b^h\_� ijh\_`^Zgb� gZ[ex^_gby� gZ
Ketgp_lh� b� ]_hfZ]g_lbafZ� \�fbgZehlh� b� ihgZklhys_f� dZdlh� b� ^Zggbl_� hl� lyo
fh]Zl�^Z�k_�gZf_jyl�\�kZclZ�www.ngdc.noaa.gov.

2.2.3.1 Pxjbokdbyl�j_^�(1749-2006)

Kbkl_fZlbabjZgbl_� bgkljmf_glZegb� ^Zggb� aZ� i_lghh[jZam\Zl_egZlZ
Zdlb\ghkl�� ij_^klZ\_gb� dZlh� j_^bpb� hl� ba]eZ^_gb� kj_^ghf_k_qgb� beb
kj_^gh]h^brgb� klhcghklb� gZ� � l�gZj�� f_`^mgZjh^gh� <henh\hlh� qbkeh� � (Ri)  _
ba\_klgZ� ih^� gZa\Zgb_lh� ³Pxjbokdb� j_^´� (nb]��)�� �Hkgh\_g� ijbghk� aZ� g_cghlh
kta^Z\Zg_� bfZ�  Jm^hen� <hen� (Wolf, 1862-1893)� ±^bj_dlhj� gZ� PxjbokdZlZ
h[k_j\Zlhjby��dhclh�aZ_^gh�k�O��R\Z[_�k_�kfylZ�aZ�kthldjb\Zl_e�gZ�����]h^brgby
pbdte�gZ�i_lghh[jZam\Zl_egZlZ�Zdlb\ghkl�gZ�Ketgp_lh���Lhab�bg^_dk�k_�hij_^_ey
ih�nhjfmeZlZ�

Ri= k( 10g + f)                               (1)

<�lZab�nhjfmeZ�g e [jhyl�gZ�gZ[ex^Z\Zgbl_� ]jmib� ketgq_\b�i_lgZ�� Z� f e

h[sbyl�[jhc�gZ�i_lgZlZ�� ‘k’ e dZeb[jh\tq_g�dh_nbpb_gl� ��qj_a�dhclh�hl^_egbl_
gZ[ex^_gby� k_� ijb\_`^Zl� dtf� _^bg_g� klZg^Zjl�� AZ\bkb� hl� ZkljhdebfZlbqgbl_
mkehgby���iZjZf_ljbl_�gZ�baiheam\Zgby�l_e_kdhi��b�j_^bpZ�^jm]b�nZdlhjb�
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Pxjbokdbyl�j_^�_�[be�h[_dl�gZ�^hitegbl_egb�mlhqgy\Zgby�b� �ke_^�<hen�
dZlh�gZc�]heyf�\�lh\Z�hlghr_gb_�_�ijbghktl�gZ�<Ze^fZc_j�\�kj_^ZlZ�gZ����b�\_d
(Waldmeier�� ������� G_]h\hlh� gZqZeh� _� ij_a� f�� ygmZjb� ����]� b� dtf� gZklhysby
fhf_gl� ���� k_il�� 2007 �� kt^tj`Z� ^Zggb� aZ� ���� itegb� dZe_g^Zjgb� ]h^bgb�
I_lghh[jZam\Zl_egbl_�pbdeb�gZ�R\Z[_�±<hen�ihemqZ\Zl��ghf_jZ���aZihq\Zcdb�k��
aZ�pbdtetl��qbclh�fZdkbfmf�_�[be�ij_a������]�^h����aZ�lhab��qbclh�fZdkbfmf�[_r_
ij_a������lZ�]h^bgZ�

KqblZ� k_�� q_� <henh\hlh� qbkeh� _� l\tj^_� ]jm[� bg^bbdZlhj� aZ� Zdlb\gbl_
ijhp_kb� gZ� Ketgp_lh�� f_`^mieZg_lghlh� b� hdheha_fghlh� ijhkljZgkl\h�
IjbqbgZlZ�aZ�lh\Z�_���q_�ketgq_\bl_�bajb]\Zgby��ijhf_gbl_�\�_e_dljhfZ]gblghlh
b� dhjimkdmeyjghlh� baetq\Zg_�� iZjZf_ljbl_� gZ� ketgq_\by� \yltj� b� y\e_gbylZ� \
ieZg_lgbl_�fZ]gblhkn_jb�b�Zlfhkn_jb�ijhbalbqZl�hl�l�gZj��³Zdlb\gb�p_gljh\_´�
Ihke_^gbl_�k_�ZkhpbbjZl��gZc�\_q_�k�]jmibl_�ketgq_\b�i_lgZ�b���ke_^h\Zl_egh�ih�
^h[j_�[boZ�[beb�ij_^klZ\_gb�hl�bg^_dk��dhclh�_�ih�lykgh�k\tjaZg�k�ihke_^gbl_�

Nb]���Pxjbokdbyl�j_^�(1750-2000)- kj_^gh]h^brgb�klhcghklb�gZ�Ri

2.2.3.2 J_^bpZlZ�gZ�Ohcl��RZltg�(1610-1995)

G_^hklZltpbl_� gZ� bg^_dkZ�<henh\h� qbkeh� b� j_ki_dlb\gh� gZ�Pxjbokdby
j_^�^h�]heyfZ�kl_i_g�k_�hlkljZgy\Zl�qj_a�bg^_dkZ�GSN (Group Sunspot Number) –

qbkeh�gZ�]jmibl_�ketgq_\b�i_lgZ��ij_^eh`_g��hl�Ohcl�b�RZltg�ij_S������] (Hoyt

and Shatten����������Ih�q_klh�lhc�k_�h[hagZqZ\Z�dZlh�Rh.  >_nbgbjZg�_�gZ�hkgh\ZlZ
gZ�_^bg�ih�klZj�i_lghh[jZam\Zl_e_g�bg^_dk� ��dhclh�_�baiheam\Zg�\�=jbg\bqdZlZ
djZekdZ�h[k_j\Zlhjby����Dhebq_kl\_gh�k_�bajZay\Z�qj_a�nhjfmeZlZ�

Rh=12.08*g / f                 (2)

g e [jhyl�gZ�gZ[ex^Z\Zgbl_�]jmib�i_lgZ���f  e dZeb[jh\tq_g�nZdlhj��hp_g_g
gZ� hkgh\ZlZ� gZ� bg^b\b^mZegbl_� gZ[ex^_gby� �� � Dh_nbpb_gltl� ������ ijZ\b� Rh

ktbaf_jbf�\�dhebq_kl\_gh�hlghr_gb_�k�Ri�� �Hp_g_g�_�gZ�hkgh\Z�gZ�kjZ\g_gb_�gZ
gZ[ex^Z\Zgbl_�]jmib�i_lgZ�\�=jbg\bq�ktk�kthl\_lgbl_�qbkeZ�gZ�<hen�aZ�i_jbh^Z
�����±�����]�

Im[ebdm\ZgZlZ�j_^bpZ�gZ�Rh aZihq\Z� k�itj\hlh� gZ[ex^_gb_� gZ�=Zebe_c
ij_a� �����]�b� (aZk_]Z��ijbdexq\Z�^h� �����]��l�_�fZedh�ij_^b�djZy�gZ�pxjbokdby
i_lghh[jZam\Zl_e_g�pbdte�ih^�ghf_j�����nb]������ �Ihemq_gZ�_�gZ�[ZaZlZ�gZ�hdheh
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��������bg^b\b^mZegb�gZ[ex^_gby���dh_lh�_�ihqlb�^\Z�itlb�ih\_q_�\�kjZ\g_gb_�k
^Zggbl_��dhblh�_�iheam\Ze�<hen�

2.2.3.3 H[sbyl�ihlhd�ketgq_\Z�jZ^bZpby�(TSI )

>h� djZy� gZ� ���l_� ]h^bgb� g_� kZ� [beb� mklZgh\_gb� gbdZd\b� klZlbklbq_kdb
^hklh\_jgb� baf_g_gby� gZ� h[shlh� dhebq_kl\h� ketgq_\Z� _e_dljhfZ]gblgZ
jZ^bZpby� ��^hklb]ZsZ�gbkdbl_�keh_\_�gZ�Zlfhkn_jZlZ�b�ih\tjoghkllZ�gZ�A_fylZ�
Lh\Z� ^Z\Zeh� hkgh\Zgb_� ^Z� k_� ]h\hjb� aZ� l�gZj�� ³ketgq_\Z� dhgklZglZ´�� \_ebqbgZ
ij_^klZ\ey\ZsZ�h[shlh�dhebq_kl\h�_g_j]by��b^\ZsZ�hl�Ketgp_lh�dtf�A_fylZ� �b
iZ^ZsZ�aZ�_^bgbpZ�\j_f_�i_ji_g^bdmeyjgh�\tjom�_^bgbpZ�iehs�

Hl� ����� ]h^bgZ� lhab� iZjZf_ltj� k_� f_jb� � g_ij_dtkgZlh� hl� [hj^Z� gZ
badmkl\_gb�kitlgbpb�gZ�A_fylZ�� �Itj\byl�hl�lyo�_�“Nimbus-7” ��qbylh�ZiZjZlmjZ
jZ[hlb�[ebah����]h^bgb�±�^h�f�fZc�����]��<�j_amelZl�gZ�l_ab�baf_j\Zgby��dZdlh�b
gZ� ijh\_^_gbl_� hl� [hj^Z� gZ� ^jm]b� kitlgbpb� dtf� ����]� \_q_� [_r_� ba\_klgh�� q_
h[shlh� dhebq_kl\h� ketgq_\Z� jZ^bZpby� �76,�� 7RWDO� 6RODU� ,UUDGLDWLRQ�� \ZjbjZ
kbgojhggh�k�pbdteZ�gZ�R\Z[_�±<hen�Frolich et al.,1997).

Hlghkbl_egbl_� baf_g_gby� gZ�TSI \� jZfdbl_�gZ� ���]h^^brgbl_� pbdeb� gZ
R\Z[_�<hen� kZ� hdheh� ������ dh_lh� \� Z[khexlgh� bajZ`_gb_� _� jZ\gh� gZ� hdheh� ���
W/m

2
 . H]g_k_gb�dtf�pyeZlZ� �ih\tjoghkl�gZ�A_fylZ� �\ZjbZpbbl_� �gZ� 76,�f_`^m

ketgq_\�fbgbfmf�b�fZdkbfmf�kZ�_d\b\Ze_glgb�gZ�a�������GW fhsghkl�
Ihkhq_gbl_�\ZjbZpbb�kZ�debfZlbqgh�agZqbfb��AZ�lh\Z�s_�klZg_�\tijhk�\

ke_^\Zsbl_�jZa^_eb�
>jm]� bg^_dk� gZ� _e_dljhfZ]gblgh� baetq\Zg_� �� dhclh� k_� baf_j\Z� hl

ZiZjZlmjZ�gZ�[hj^Z�gZ�kitlgbpb�_�k\tjaZg��k�[ebadZlZ�89�h[eZkl�±etq_gb_�dh_lh
ijhgbd\Z�\�gbkdZlZ�Zlfhkn_jZ�b�^h�ih\tjoghkllZ�gZ�A_fylZ� (Frolich et al., 1997;

Pap�HW�DO����������AZ�p_elZ�k_�gZ[ex^Z\Z�bgl_gab\ghkllZ�gZ�ketgq_\hlh�baetq\Zg_
hdheh�ebgbylZ�gZ�fZ]g_aby�MgII(288nm).

2.2.3.4 ?jmilb\gZ�Zdlb\ghkl�gZ�Ketgp_lh
?^gb� hl� gZc�fhsgbl_� y\e_gby� �� ijhlbqZsb� \� Zdlb\gbl_� h[eZklb� gZ

Ketgp_lh�kZ�_jmipbbl_��H[bdgh\_gh�ijb�lyoghlh�jZa\blb_�k_�hl^_eyl�ijhlhgb�b
_e_dljhgb�k�\bkhdZ�_g_j]by� � ��q_klh�gZ^o\tjeysZ����0H9��Ijhlhgb�k�ih^h[gZ� ��Z
ihgydh]Z�^hjb�b�ih�\bkhdZ�_g_j]by�ijhgbd\Zl�\�kljZlhkn_jZlZ�b�ljhihkn_jZlZ�gZ
A_fylZ�[_a�^Z�fh]Zl�^Z�[t^Zl�k_jbhagh�\taij_iylkl\m\Zgb�hl�]_hfZ]gblghlh�ihe_�
IhjZ^b� lZab� ijbqbgZ� l_� kZ� hl� kts_kl\_g� bgl_j_k� aZ� ketgq_\h�debfZlbqgbl_
\jtadb�

Kbkl_fZlbabjZgb�_`_^g_\gb�^Zggb�gZ�_jmilb\gby�bg^_dk�FlrI� �gZ�De_q_d
(Kleczeck,1952) bfZ� hl� ����� ]h^bgZ� gZkZf�� H[jZ[hldZlZ� gZ� ^Zggbl_� �� dhblh� k_
im[ebdm\Zl� \� kZclZ� GZpbhgZegby� bgklblml� aZ� ]_hnbabqgb� ^Zggb� gZ� K:S� k_
ijZ\b�\�h[k_j\ZlhjbylZ�DZg^beb��djZc��BklZg[me�

J_^bpbl_��hibkZgb�\�& 2.2.3.2 b�2.2.3.3 kZ�l\tj^_�dtkb� ��L_�h[o\ZsZl�_^\Z
ihke_^gbl_�������]h^bgb��Ktsbl_�h[Zq_�fh]Zl�^Z�b]jZyl�jheylZ�gZ�hjb_glbjb��ijb
baykgy\Zg_� gZ� gydhb�nbabq_kdbl_� ijhp_kb�� k\tjaZgb� k� _^jhfZsZ[gbl_� \j_f_\b
\ZjbZpbb� gZ� ketgq_\ZlZ� Zdlb\ghkl� b� ijbqbgy\Zgbl_� hl� lyo� \ta^_ckl\by� \tjom
debfZlZ�
��������Baiheam\Zg_�gZ�j_^bpbl_�k�bgkljmf_glZegb�^Zggb�aZ�j_dhgkljmdpby
gZ�_^jhfZsZ[gby�\j_f_\b�oh^�gZ�ketgq_\ZlZ�Zdlb\ghkl

<taijb_lbl_� dhebq_kl\_gb� djbl_jbb� aZ� hp_gdZ� gZ� gb\hlh�gZ� ketgq_\ZlZ
Zdlb\ghkl� kZ�gZ� hkgh\ZlZ�gZ�bgkljmf_glZegbl_�bg^_dkb� �� b� gZc�\_q_� gZ� l_ab� aZ
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i_lghh[jZam\Zg_lh� dZlh� gydZdt\� � h[s� � ihdZaZl_e� aZ� g_y�� � AZ� ih\_^_gb_lh� gZ
Ketgp_lh� ij_^b� ����� � ]h^bgZ�� Z� ^h� ]heyfZ� kl_i_g� b� ij_a� ���b� \_d� k_� kt^b� ih
j_^bpbl_�hl� �dhk\_gb� �^Zggb�� �Iheam\Zg_lh�gZ�dhk\_gbl_�bg^_dkb�h[Zq_�babkd\Z
l_ogbl_�j_^h\_�^Z� [t^Zl�dZeb[jbjZgb�ih� hlghr_gb_� gZ� gZ[ex^Z\Zgbl_� gb\Z� gZ
i_lghh[jZam\Zg_� \� jZfdbl_� gZ�Pxjbokdby� j_^� � beb� � lhab� gZ� ]jmibl_� ketgq_\b
i_lgZ�

Hq_\b^gh� fgh]h� ih�^h[j_� [b� [beh� ih^h[gb� \jtadb� ^Z� [t^Zl� gZf_j_gb� k
^Ze_q� ih�\Z`gbl_� hl�nbabq_kdZ� ]e_^gZ� lhqdZ iZjZf_ljb� dZlh� �TSI, _jmilb\gby
bg^_dk� �� bgl_gab\ghkllZ� gZ� ebgbylZ� MgII(288nm)� beb� bg^_dktl� gZ� ketgq_\hlh
jZ^bhbaetq\Zg_� F10.7�� � AZ� kt`Ze_gb_� h[Zq_�� dZdlh� klZgZ� ykgh� hl� dZaZghlh� \
ij_^oh^gbl_�iZjZ]jZnb��l_ogbl_�j_^bpb�kZ�fgh]h�dtkb� � ��Hk\_g�lh\Z�l_�h[o\ZsZl
ihke_^gbl_� gydhedh� ^_k_lbe_lby�� dt^_lh� dhk\_gbl_� ^Zggb� �´dhkfh]_ggbl_´
jZ^bhbahlhib�� g_� kZ� kb]mjgb� ihjZ^b� ki_pbnbqgb� aZ� \k_db� _^bg� \b^� hl� lyo
ijbqbgb�b�h[bdgh\_gh�g_�k_�iheam\Zl�ijb�ZgZebabl_�

Itj\ZlZ�j_^bpZ�hl�dhk\_gb�^Zggb��dhylh�_�dZeb[jbjZgZ�ih�hlghr_gb_�gZ
i_lghh[jZam\Zl_egZlZ� Zdlb\ghkl� _� b� gZc�klZjZlZ�� lh\Z� _� j_^tl� gZ�Rh\_��DZdlh
\_q_�[_�dZaZgh�lhc�_�³ijb\tjaZg´��k��Pxjbokdby�j_^�

<�djZy�gZ����l_�]h^bgb�[yoZ�ihemq_gb�itj\bl_�j_]j_kbhggb�\jtadb�f_`^m
Ri b� baf_j_gbl_� Z[khexlgb� b� hlghkbl_egb� kdhjhklb� gZ� h[jZam\Zg_� gZ� 14

C \
]h^brgbl_� ijtkl_gb� gZ� ^tj\_lZlZ�(O’Brian, 1979; Stuiver and Quay,1980)� �� <t\
\lhjZlZ� hl� pblbjZgbl_� klZlbb� k_� ij_^eZ]Z� b� baijh[\Z� ktsh� b� � j_]j_kbhggZ
nhjfmeZ� hibk\ZsZ� h[jZam\Zg_lh� gZ� jZ^bh\t]e_jh^� �� \� dhylh� dZlh� nZdlhj� k_
jZa]e_`^Z� ]_hfZ]gblgbyl�bg^_dk�:Z�� �Hkgh\Zgb_� aZ� lh\Z� Z\lhjbl_� gZfbjZl� \t\
nZdlZ��q_�ihlhdtl�gZ�=DE�b�j_ki_dlb\gh�kdhjhkllZ�gZ�h[jZam\Zg_�gZ� 14K�_�\�ih�
lykgZ�\jtadZ�k�iZjZf_ljbl_�gZ�ketgq_\by�\yltj��k�dhblh�:Z�bg^_dktl�dhj_ebjZ
^h[j_�� Lhab� ih^oh^� h[Zq_� bfZ� gydhb� ^jm]b� g_^hklZltpb�� � gZ� dhblh� aZjZ^b
h]jZgbq_gby�h[_f�gZ�fZl_jbZeZ�gyfZ�^Z�k_�kibjZf_�

³=j_geZg^kdZlZ´� b� ³ZglZjdlbq_kdZlZ´� [_jbeb_\b� j_^bpb� ktsh� kZ
ijb\tjaZgb� dtf� bg^_dkbl_� � gZ� i_lghh[jZam\Zl_egZlZ� Zdlb\ghkl�� Hkh[_gh
bgl_j_kgb�\�lh\Z�hlghr_gb�kZ�jZ[hlbl_�gZ�Mkhkdbg�b�^j��(Usoskin et al., 2002,2004)

dt^_lh� _� gZijZ\_gZ� j_dhgkljmdpby� gZ� i_lghh[jZam\Zl_egZlZ� Zdlb\ghkl� gZ
hkgh\ZlZ�gZ�baf_j_gbl_�dhgp_gljZpbb�gZ�10

Be b�nbabq_kdb�fh^_e�gZ�h[jZam\Zg_lh
gZ�lZab�dhfihg_lZ�\�Zlfhkn_jZlZ� �ijb�jZaebqgb�mkeh\by�gZ�jZaijhkljZg_gb_�gZ
=DE�ihjh^_gb�hl�ijhf_gb�\�gb\hlh�gZ�ketgq_\ZlZ�Zdlb\ghkl��

2.2.4 Ih\_^_gb_lh�gZ�Ketgp_lh�b�debfZlZ�\t\�\j_f_lh
Hs_� ij_a� ���l_� ]h^bgb� gZ� ���b� \_d� j_^bpZ� mq_gb� k\tja\Zl� hldjblbl_� \

bgkljmf_glZegbl_�j_^bpb�\_dh\b�b�^\m\_dh\b�pbdeb�gZ�Ketgp_lh�k�ZgZeh]bqgb
dhe_[Zgby�\�debfZlZ� �;hgh\� 1968; Damon and Sonett, 1991)��Ke_^�mklZgh\y\Zg_lh
ij_a� ���l_� ]h^bgb� gZ� _dklj_fZegh� \bkhdbl_� kt^tj`Zgby� gZ� jZ^bh\t]e_jh^� � \
]h^brgbl_� ijtkl_gb� gZ� ^tj\_lZlZ� ih� \j_f_� gZ� FZmg^_jh\by� fbgbfmf
m\_j_ghkllZ� �� q_� bf_ggh� Ketgp_lh� _� ]eZ\gbyl� ijbqbgbl_e� gZ� debfZlbqgbl_
ijhf_gb� \� kt\j_f_ggZlZ� ke_^e_^gbdh\Z� _ihoZ� � aZihq\Z� [tjah� ^Z� i_q_eb
ijb\tj`_gbpb�� NZdlbl_� gZ� kt\iZ^_gb_� ih� \j_f_� gZ� ^te[hdbl_� fbgbfmfb� gZ
Rivhj_j� b� FZmg^_j� k� � ihke_^gby� ³fZetd� e_^gbdh\� i_jbh^´�� � ZgZeh]bqgbl_
kt\iZ^_gby�gZ�_ihobl_�gZ�\bkhdZ�ketgq_\Z�Zdlb\ghkl�ij_a�Kj_^gh\_dh\b_lh�ktk
Kj_^gh\_dh\gby� l_fii_jZlmj_g� fZdkbfmf� b� gZ� Kt\j_f_ggby� k\jto\_dh\b
ketgq_\� fZdkbfmf� k� gZ[ex^Z\\Zghlh� �]eh[Zegh� � aZlhieyg_´� kZ� l\tj^_
ihdZaZl_egb�

<� ke_^\Zsbl_� jZa^_eb� s_� [t^_� ZgZebabjZgZ� ^bgZfbdZlZ� gZ� ketgq_\ZlZ
Zdlb\ghkl�\�jZaebqgb�\j_f_\b�kdZeb�(hl�����^h�����������]h^bgb���\�k\_lebgZlZ�gZ
\tafh`ghlh�c�\ebygb_�\tjom�debfZlZ��
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2.2.4.1. Ij_a�ihke_^gbl_�a����]h^bgb
        GZqZehlh� gZ� lhab� i_jbh^� � (1610 ]�� kt\iZ^Z� k� itj\bl_� bgkljmf_glZegb
gZ[ex^_gby�gZ�Ketgp_lh��ijh\_^_gb�hl�=Zebe_c��Hdheh� ����hl�g_]h� ±�ihqlb�^h
djZy�gZ����b�\_d�\bamZegbl_�gZ[ex^_gby�ij_a�l_e_kdhi�kZ�hkgh\gbyl�balhqgbd�gZ
bgnhjfZpby� aZ� ketgq_\ZlZ� Zdlb\ghkl�� � Kts_kl\m\Z� ba\_klgZ� g_kb]mjghkl� ih
hlghr_gb_� gZ� ���b� \_d�� =eZ\gZlZ� ijbqbgZ� aZ� g_y� � _� k\tjaZgZ� hl� _^gZ� kljZgZ� k
fgh]h� ^te[hdby� k\jto\_dh\b� fbgbfmf� gZ�FZmg^_j�� Z� hl� ^jm]Z� ±� k� l_ogbq_kdb
gZ[ex^Zl_egb� aZljm^g_gby� ijb� baiheam\Zg_� gZ� k\jto^te]bl_� l_e_kdhib�
j_njZdlhjb��hkh[_gh�ij_a� kj_^ZlZ�b�\lhjZlZ�iheh\bgZ�gZ� ���b�\_d�� �?lh� aZsh� aZ
lhab� i_jbh^� ^hitegbl_egb� p_ggb� balhqgbpb� gZ� bgnhjfZpby� ij_^klZ\ey\Zl
^Zggbl_� aZ� ³dhkfh]_ggbl_´� jZ^bhbahlhib�� dZdlh� b� kth[s_gbylZ� aZ� \b^bfb� k
ijhklh� hdh� i_lgZ� b� iheyjgb� kbygby��Hl� djZy� gZ� ���b� ±� gZqZehlh� gZ� ���b� \_d
aZihq\Zl�b�ki_dljZegbl_�gZ[ex^_gby�gZ�Ketgp_lh��ke_^�<lhjZlZ�k\_lh\gZ�\hcgZ�±
jZ^bhgZ[ex^_gbylZ��Z�hl�djZy�gZ����l_�]h^bgb�±�b�g_ij_dtkgZlb�gZ[ex^_gby�ktk
kitlgbdh\Z�ZiZjZlmjZ�

GZc�lbibqgZlZ� hkh[_ghkl� _� ���]h^brgbyl� pbdte� gZ� R\Z[_�<hen�
OZjZdl_j_g�_�g_�kZfh�aZ�i_lghh[jZam\Zg_lh��gh�b�aZ�ih\_q_lh�hl�Zdlb\gbl_�ijhp_kb
gZ�Ketgp_lh��DZdlh� k_�\b`^Z� hl�nb]��� lhc� _� mklhcqb\h� y\e_gb_� hl�gZqZehlh�gZ
���b�\_d�\_d��dZdlh�b�ij_^b��������]��Kj_^gZlZ�fm�ijh^te`bl_eghkl�_�hdheh������
]h^bgb��gh�aZ�\k_db�dhgdj_l_g�pbdte�ly�_�jZaebqgZ�b�\ZjbjZ�\�]jZgbpb�hl���^h���
]h^bgb��Kj_^gZlZ� ijh^te`bl_eghkl� gZ� pbdteZ� gZ�R\Z[_�<hen� ij_a� ���b� \_d� _
hdheh������]h^bgb�

�KjZ\g_gb_lh� k� Pxjbokdby� j_^� ihdZa\Z� _^gZ� fgh]h� ih�kbegh� bajZa_gZ
\taoh^ysZ�l_g^_gpby�gZ�ketgq_\ZlZ�Zdlb\ghkl�f_`^m� ������ �����]h^bgZ� ��l�_��hl
djZy� gZ�FZmg^_jh\by� fbgbfmf�� � AZdexqbl_egZlZ� nZaZ� gZ� lZab� l_g^_gpby� � _
Kt\j_f_ggbyl��³Fh^_j_g´��k\jto\_dh\b�ketgq_\�fZdkbfmf�������±������])��dhclh
dZdlh�s_� \b^bf� ih�gZlZltd� k_� oZjZdl_jbabjZ� k� gZc�\bkhdbl_� kj_^gb� � gb\Z� gZ
ketgq_\ZlZ�Zdlb\ghkl�ihg_�hl������]h^bgb�gZkZf�

20-22 ]h^brgbyl� pbdte� gZ� O_ce� (Hale, 1913) _� k\tjaZg� k� i_jbh^bqgZlZ
kfygZ�gZ��iheyjbl_lZ�gZ�]jmibl_�i_lgZ�\�k_\_jghlh�b�x`gh�ketgq_\b�ihemdte[Z�b
\� h[shlh� fZ]gblgh� ihe_� gZ� Ketgp_lh�� DZlh� g_]h\Z� ijhy\Z� k_� kqblZ� b� l�gZj�
³ijZ\beh� gZ�=g_\br_\�He´� (=g_\br_\� b�Hev, 1948)�� dh_lh�s_� [t^_� ih�ih^jh[gh
h[kt^_gh�\�ke_^\Zsby�iZjZ]jZn�

Nb]���Qbkehlh�gZ�]jmibl_�ketgq_\b�i_lgZ�–kj_^gh]h^brgb�klhcghklb�(1610-1995)
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Hdheh� _kl_kl\hlh�gZ�FZmg^_jh\by�fbgbfmf� (1642-1715 ]) k_�\h^yl�fgh]h
kihjh\_���dhblh�kZ�fgh]h�jZa]hj_s_gb�hl�kj_^ZlZ�gZ����l_�]h^bgb�gZkZf� � � Dtf
gZklhysby�fhf_gl�(�����]��l_�Zdp_glbjZl�]eZ\gh��hdheh�\tijhkbl_�^hdhedh�_�[be
^te[hd�b�^Zeb��pbdtetl�gZ�R\Z[_�<hen�gZbklbgZ�g_�_�^_ckl\m\Ze�lh]Z\Z�

JZa^_ebl_egZlZ�ebgby�gZ�fg_gbylZ�_�f_`^m�bake_^h\Zl_ebl_��qbblh�ba\h^b
k_� hkgh\Z\Zl� gZ� bgkljmf_glZegbl_� �l_e_kdhibqgb� gZ[ex^_gby�� b� � ZgZebabl_� gZ
j_^bpbl_�gZ�³dhkfh]_ggbl_´�jZ^bhbahlhib�hl�^g_�kljZgZ� ��Z�hl�^jm]ZlZ�kljZgZ�kZ
l_ab�� � dhblh� iheam\Zl� bgnhjfZpby� hl� bklhjbq_kdb� balhqgbpb� �kth[s_gby� aZ
\b^bfb�k�ijhklh�hdh�i_lgZ�beb��iheyjgb�kbygby).

Hl� im[ebdm\Zgbl_� j_amelZlb� aZ� ijh\_^_gb� ZgZebab� gZ� j_^bpbl_� gZ
dhkfh]_ggbl_� jZ^bhbahlhib� (

14K� b� 10<_�� ih� \j_f_� gZ�FZmg^_jh\by� fbgbfmf� k_
hnhjfy� ba\h^tl�� q_� pbdtetl� gZ�R\Z[_�<hen� g_� _� ^_ckl\m\Ze� ij_a� lZab� _ihoZ
(Eddy. 1976,1977; Usoskin et al., 2000; Komitov and Kaftan, 2004). Hl� ^jm]Z� kljZgZ
h[Zq_�\�ihke_^gbl_�^\_�hl�pblbjZgbl_�klZlbb�_�ihdZaZgh��q_����]h^brgbyl�pbdte�_
^hklZ�^h[j_�bay\_g�ij_a�lhab�i_jbh^�\�ktsbl_�^Zggb .

Hl�^jm]Z�kljZgZ�h[Zq_�ih�\j_f_�gZ�FZmg^_jh\by�fbgbfmf�bfZ�agZqbl_e_g
[jhc� kth[s_gby� dZdlh� aZ� gZ[ex^Z\Zgb� k� ijhklh� hdh� i_lgZ� (³DblZckdbyl� j_^´)

(Wittmann and Xu , 1987)��lZdZ�b�aZ�iheyjgb�kbygby (Schove, 1955,1983; Beer  et al.,

1998; Leftus , 2000).

FZdZj� b� ^Z� gyfZ� itegh� kt\iZ^_gb_� ih� ^gb� b� f_k_pb� �� lh� kts_kl\m\Z
l_g^_gpby�fZdkbfmfbl_�gZ����]h^brgbl_�pbdeb�kihj_^��<Ze^fZc_j�b�Rh\_��dZdlh
b�^gbl_�k�j_]bkljbjZgb�i_lgZ�\�³DblZckdby�j_^´�b�j_^tl�gZ�Ohcl��RZltg�(Rh) ^Z
k_�dhgp_gljbjZl�\�]jmib��jZaij_^_e_gb�\�kjZ\gbl_egh�lykgb� �\j_f_\b�bgl_j\Zeb
hl�ih�����]h^bgb� Lh\Z�^Z\Z�hkgh\Zgb_�gZ�Z\lhjZ�^Z�kqblZ��q_�fZdZj�b�fgh]h�kbegh
hlkeZ[_g����]h^brgbyl�pbdte�_�^_ckl\m\Ze�b�ih�\j_f_�gZ�FZmg^_jh\by�fbgbfmf�

FBGBFMFTL��G:��>:ELHG

<lhjb�� fZdZj� b� g_� lhedh\Z� ^te[hd� b� ijh^te`bl_e_g� i_jbh^� gZ� gbkdZ
ketgq_\Z� Zdlb\ghkl� _� l�gZj�� ³fbgbfmf� gZ� >Zelhg´�� h[o\ZsZs� bgl_j\ZeZ
ijb[ebabl_egh�f_`^m� �����b� ����� ]h^bgZ��AZ�jZaebdZ� hl�fbgbfmfZ�gZ�FZmg^_j
ij_a�lhab�i_jbh^�����]h^brgbyl�pbdte�_�kt\k_f�ykgh�jZaebqbf�(pbdebl_������b���\
Pxjbokdby�j_^).

FZdZj� b� g_h[hagZq_g� gZ� nb]��� ykgh� k_� \b`^Z� b� _^bg� ^jm]� hlghkbl_egh
iebltd�fbgbfmf�f_`^m������b������]h^bgZ�

³FH>?J(G´�K<JTO<?DH<B��KETGQ?<�F:DKBFMF��������������������

Ihke_^gbl_�������]�hl�bgkljmf_glZegbl_�gZ[ex^_gby�k_�oZjZdl_jbabjZl�k
_dklj_fZegh� \bkhdZ� ketgq_\Z� Zdlb\ghkl�� g_gZ[ex^Z\ZgZ� ij_a� ij_^oh^gbl_� ���
]h^bgb��Lh\Z�_�hkh[_gh�^h[j_��bajZa_gh�f_`^m�gbaoh^ysby�dehg�gZ�ketgq_\by����]
pbdte�k�pxjbokdb�ghf_j����b�djZy�gZ��lhab�k�ghf_j�����DZdlh�s_�\b^bf�ih�gZlZtd
�� y\e_gb_lh� gyfZ� ZgZeh]� ij_a� ihke_^gbl_� ����� Z� ih� \kydZ� \_jhylghkl� � b� ij_a
ihke_^gbl_� ����� ]h^bgb��Q_lbjb�hl�h[sh�i_ll_�pbdeb�gZ�R\Z[_�<hen�ij_a�lhab
i_jbh^� bfZl� � kj_^gh]h^brgZ� hdhehfZdkbfmfgZ� klhcghkl� gZ� <henh\hlh� qbkeh
Ri(m)� !� ����� LZab� _ihoZ� \k_� ih\_q_� bake_^h\Zl_eb� h[hagZqZ\Zl� dZlh� “Fh^_j_g´
(Kt\j_f_g_g��k\jto\_dh\b�ketgq_\�fZdkbfmf .

Kihj_^� Z\lhjZ�bfZ� hkgh\Zgb_�^Z� kqblZf_��q_�gZklhysbyl� ���b�pbdte� � � _
ba\tg��ihkhq_ghlh�y\e_gb_�
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�������������K� ihfhslZ� gZ� T-R i_jbh^h]jZfgZlZ� ijhp_^mjZ� (\b`� ijbeh`_gb_� �) \
ki_dltjZ� gZ� � j_^bpZlZ� � gZ� klhcghklbl_� gZ� Rh� k_� hldjb\Zl� fgh`_kl\h� pbdeb� k
jZaebqgZ� kl_i_g� gZ� klZlbklbq_kdZ� agZqbfhkl�� GZc�fhsgbl_� kj_^� lyo� kZ� k
ijh^te`bl_eghkl�11(pbdtetl�gZ�R\Z[_�<hen), 118 (\_dh\b�pbdte��b� ���� �d\Zab�
^\m\_dh\b�pbdte��]h^bgb���K�hdhehfbgbfmfgZlZ�nZaZ�gZ�\_dh\by�pbdte�_�k\tjaZg
i_jbh^tl�gZ�hlghkbl_egh�gbkdZ�Zdlb\ghkl�\�gZqZehlh�gZ����b�\_d��Fbgbfmftl�gZ
>Zelhg� � hljZay\Z� kmi_jihabpby� gZ� gbaoh^ysbl_�nZab� gZ� \_dh\by� b� ^\m\_dh\by
pbdte��^hdZlh�fbgbfmftl�gZ�FZmg^_j�hk\_g�\kbqdh�lh\Z�k_�^te`b�b�gZ�_n_dlb�hl
hs_� ih�^te]hkjhqgb� gbaoh^ysb� l_g^_gpbb�� Hl� ijhlb\hiheh`gh� _kl_kl\h� _
Fh^_jgbyl�k\jto\_dh\b�fZdkbfmf��\b`�&3)

Hl� kjZ\gy\Zg_lh� gZ� nb]��� k� dtkgbl_� qZklb� gZ� nb]�� �Z�\� _kl_kl\_gh
\tagbd\Z�ij_^iheh`_gb_lh��q_�kt\j_f_ggZlZ�^te]hkjhqgZ�l_g^_gpby�gZ�aZlhieyg_
gZ�debfZlZ� ��aZihqgZeZ�gydt^_�hdheh�gZc�^te[hdZlZ�qZkl�gZ� ³FZedby�e_^gbdh\
i_jbh^´� (~1700 ]� ) \ktsghkl�_�ihjh^_gZ�hl�hl�kbeghlh�gZjZkl\Zg_�gZ�ketgq_\ZlZ
Zdlb\ghkl�ij_a� lh\Z�\j_f_�� �DebfZlbqgbyl� kp_gZjbc� aZ�ihke_^gbl_� ���� ]h^bgb�
dhclh�_�ij_^klZ\_g�gZ�ljbl_�nb]mjb�k_�jZaebqZ\Z�\�gydhb�^j_[gb�^_lZceb��gh�g_�b
ih�hlghr_gb_�gZ�hkgh\gbl_�debfZlbqgb�kt[blby���Z�l_�kZ��gZqZegh�gZjZkl\Zg_�gZ
l_fi_jZlmjZlZ�ij_a����b�\_d�ke_^�djZy�gZ�FZedby�e_^gbdh\�i_jbh^� (l�_��_ihoZlZ
gZ� ketgq_\bl_� fbgbfmfb� gZ�Rivhj_j� ij_a� ������b� b�FZmg^_j� ij_a� ���b� \_d);

\j_f_ggh�ij_mklZgh\y\Zg_�gZ�lZab�l_g^_gpby�\�gZqZehlh�gZ����b�\_d��ketgq_\byl
fbgbfmf� gZ� >Zelhg) ; kt\j_f_gghlh� ³]eh[Zegh� aZlhieyg_´� ke_^� ����]�� hkh[_gh
kbegh� bajZa_gh� ij_a� \lhjZlZ� iheh\bgZ� gZ� ���b� \_d� (“Fh^_jgbyl´� k\jto\_dh\b
ketgq_\�fZdkbfmf)(\b`�b�nb]��).

KlZlbklbq_kdb�ZgZeba�gZ�\jtadZlZ�f_`^m�oh^Z�gZ�ketgq_\ZlZ�Zdlb\ghkl�b
baf_g_gb_lh�gZ� l_fi_jZlmjbl_� aZ� i_jbh^Z� ���������� ]� _� ijh\_^_gh� hl� ^_�Y]_j�b
Mkhkdbg� (de Jager and Usoskin, 2006)�� �Baiheam\Zl� k_� j_^bpZlZ� hl� l_fi_jZlmjgb
^Zggb�gZ�Fh[_j]�b�^j��(Moberg et al., ������aZ�K_\_jghlh�ihemdte[h�b�j_^bpZlZ�gZ
Rh �� �DZlh�³gme_\h�gb\h´�\�lZab�j_^bpZ�k_�ijb_fZ�kj_^gh]h^brgZlZ�l_fi_jZlmjZ
aZ� i_jbh^Z� ���������]��Ijbeh`_gZ� _� � ijhp_^mjZ� gZ� ba]eZ`^Zg_� gZ� ^Zggbl_� ih� �
lhqdb���<�j_amelZl�gZ�ijh\_^_gby�j_]j_kbhg_g�ZgZeba�Z\lhjbl_�gZfbjZl��q_��f_`^m
Rh b�l_fi_jZlmjgbl_�baf_g_gby�ebg_cgbyl�dh_nbpb_gl�gZ�dhj_eZpby�_�������ijb
gb\h� gZ� ^hklh\_jghkl� ������� � G_� _� hldjblh� nZah\h� hlf_kl\Zg_� ih� \j_f_� aZ
gZf_j_gZlZ� \jtadZ�� l�_�� gyfZ� agZqbf� _n_dl� gZ� aZdtkg_gb_� gZ� l_fi_jZlmjgbl_
baf_g_gby� ih� hlghr_gb_� gZ� ketgq_\ZlZ� Zdlb\ghkl�� Hkgh\gbyl� ba\h^� _�� q_
ihemq_gbyl� j_amelZl� hljZay\Z� ih�kdhjh� ketgq_\h� \ebygb_� \tjom� debfZlZ
ihjh^_gh� � hl�ijhf_gbl_� � �h[sh� gZjZkl\Zg_��gZ� _e_dljhfZ]gblgZlZ� jZ^bZpby� gZ
Ketgp_lh�� hldhedhlh� hl� _n_dlb� k\tjaZgb� k� =DE�� � :dp_gltl� _� ihklZ\_g� \tjom
ijhf_gbl_�\�meljZ\bhe_lh\hlh�baetq\Zg_�dZlh�nZdlhj�\tjom�debfZlZ�

:\lhjtl� ij_^eZ]Z� lmd�fh^bnbpbjZg� \ZjbZgl� � gZ� lh\Z� bake_^\Zg_�� qbylh
hkgh\gZ� p_e� _� ^Z� k_� mklZgh\b� dZd\Z� _� gZc�\_jhylgZlZ� ijbjh^Z� gZ� � hklZltqgbl_
hldehg_gby���l�_��l_ab���dhblh�\jtadZlZ�³Rh- l_fi_jZlmjb´�g_�fh`_�^Z�h[ykgb�
������������<�gZrbyl�kemqZc�baiheam\Zgbl_�j_^bpb� kZ�^hiteg_gb�k�hs_� ���]h^bgb� �b
h[o\ZsZl� i_jbh^Z� ���������� ]h^bgZ�� � LZab� ihke_^gZ� qZkl� hl� ba\Z^dZlZ� gZ
l_fi_jZlmjgbl_� ^Zggb� lhj_ihkhq_gbl_� ^\ZfZ� Z\lhjb� g_� baiheam\Zl� aZ� ^Z� k_
badexqb�ih�\tafh`ghkl�_\_glmZeghlh�\ebygb_�gZ�qh\_rdZlZ�^_cghkl�ke_^������]�
:\lhjtl� h[Zq_� j_rb� ^Z� k_� hldZ`_� hl� lh\Z� ³m^h[kl\h´�� lZdZ� q_� l_ab� ^Zggb
mqZkl\m\Zl�\�gZklhysby�ZgZeba��
 AZ� _ebfbgbjZg_� gZ� djZldhkjhqgbl_� \ZjbZpbb� hl� \kydZdt\� \b^�
�\dexqbl_egh� b� l_ab�� dhblh� kZ� k\tjaZgb� ktk� ketgq_\by� ���]h^br_g� pbdte� �
\ZjbZpbb�gZ�bg^_dkZ�TSI��ih�kbegh�\ebygb_�gZ�=DE�ih�\j_f_�gZ�fbgbfmfbl_�gZ
lhab� pbdte� \tjom� ljhihkn_jZlZ� �� kihjZ^bqgb� y\e_gby� dZlh� kbegb� _^bgbqgb
\medZgbqgb�bajb]\Zgby����_n_dlb��hl�?e�Gbgvh�b�^j���_�ijbeh`_gh�ba]eZ`^Zg_�gZ
^Zggbl_�ih����lhqdb���Ba]eZ^_gbl_�j_^bpb�kZ�ihdZaZgb�gZ�nb].9.
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DZdlh� \_q_� [_� dZaZgh�� ljbl_� hkgh\gb� kt[blby� \� _^jhfZsZ[gby� oh^� gZ
ketgq_\ZlZ� Zdlb\ghkl� ij_a� ihke_^gbl_� ���� ]h^bgb� bfZl� k\hbl_� ZgZehab� b� \t\
\j_f_\by�oh^�gZ�baf_g_gb_lh�gZ�l_fi_jZlmjbl_��Dtf�lyo�ljy[\Z�^Z�^h[Z\bf�hs_
_^gh�kt\iZ^_gb_�±�gZ�\_dh\byl�ketgq_\�fbgbfmf�\�gZqZehlh�gZ����b�\_d���gZjbqZg
ihgydh]Z�  “fbgbfmf� gZ� =eZck[_j]”�� kthl\_lkl\m\Z� ^h[j_� baeZa_g� ehdZe_g
l_fi_jZlmj_g�fbgbfmf��BfZ�fgh]h�ZgZeh]bb�b�f_`^m�\lhjbqgbl_�_dklj_fmfb�gZ
^\_l_�j_^bpb�

<�ktshlh�\j_f_�g_�fh`_�^Z�k_�ij_g_[j_]g_�nZdltl���q_�bfZ�jZafbgZ\Zg_�ih
\j_f_� kj_^� gydhb� hl� \lhjbqgbl_� _dklj_fmfb�� GZc�q_klh� lh� k_� bajZay\Z� \
³h]e_^Zegh� kthl\_lkl\b_´�Zglbdhj_eZpby�� �� l�_�� gZ� ehdZe_g� fbgbfmf� hl� _^gZlZ
j_^bpZ�kthl\_lkl\m\Z�fZdkbfmf�\�^jm]ZlZ��Hl�ih^h[gb�³h]e_^Zegb��kthl\_lkl\by´
ke_^\Z� b� gZebqb_� gZ� mqZkltpb� hl� ^\_l_� j_^bpb�� \� dhblh� \j_f_\byl� bf� oh^� _� \
ijhlb\hiheh`gb��ihkhdb� Ktsbl_�kZ�ih\_q_�hl����gZ�[jhc�ij_a�ihke_^gbl_�q_lbjb
\_dZ�� dZlh� gZc�]eZ\gbl_� hl� lyo� kZ� h[hagZq_gb� \tjom� nb]��� k� ]jtpdb� kbf\heb�
Kj_^gZlZ�bf�ijh^te`bl_eghkl�_�hl�ihjy^tdZ�gZ�^\_��ljb�^_k_lbe_lby��

Ih^h[gh� y\e_gb_� � _� oZjZdl_jgh� aZ� oh^Z� gZ� l_fi_jZlmjbl_� b� ketgq_\ZlZ
i_lghh[jZam\Zl_egZ� Zdlb\ghkl� � ij_a� ihke_^gbl_� a������ ]h^bgb� �� Lh\Z� ^Z\Z
hkgh\Zgb_�gZ�gydhb�Z\lhjb�^Z�k_�ihah\Z\Zl�gZ�lhab�j_amelZl��aZ�^Z�hljbqZl�jheylZ
gZ� Ketgp_lh� dZlh� nZdlhj� aZ� ijhf_gbl_� gZ� debfZlZ� \� kt\j_f_ggZlZ� _ihoD
(Lokwhood and Frolich, 2007��� DZdlh� h[Zq_� k_� \b`^Z� hl� nb]��� ³h]e_^Zegbl_
mqZkltpb´�h[o\ZsZl�h[sh�hdheh�iheh\bgZlZ�\j_f_�hl�ihke_^gbl_�q_lbjb�\_dZ�b
bah[sh�g_�kZ�mgbdZegh�y\e_gb_�

:\lhjtl�j_rb�^Z�ijh\_jb�_^gZ�k\hy�obihl_aZ�aZ�h[ykg_gb_�g_�kZfh�aZ�lh\Z�
dh_lh� k_� gZ[ex^Z\Z� ij_a� ihke_^gbl_� ljb� ^_k_lbe_lby�� gh� b� gZ� ³h]e_^Zegbl_
mqZkltpb�³��dZlh�pyeh�

Ly�k_�[ZabjZ�gZ�gydhb�hlghkbl_egh�ih�klZjb��jZa\blb�hs_�ij_a����l_�]h^bgb
nbabq_kdb� ij_^klZ\b� aZ� \ta^_ckl\b_� gZ� ketgq_\ZlZ� dhjimkdmeyjgZ� jZ^bZpby
\tjom� \j_f_lh� b� debfZlZ��Kihj_^� l_ab� ko\ZsZgby�fhsgbl_� ketgq_\b� _jmipbb�
dZdlh�b�^jm]b�bgpb^_glgb�fhsgb� y\e_gby�� k\tjaZgb� ktk� aZeih\h� bao\tjeyg_� \
ijhkljZgkl\hlh� gZ� \bkhdh_g_j]_lbqgb� ketgq_\b� dhkfbq_kdb� etqb� �(!� �� 0H9�
ij_^ba\bd\Zl�g_klZ[beghklb�\�kj_^gZlZ�b �gbkdZlZ�Zlfhkn_jZ�gZ�A_fylZ( Fmkl_ev
b�^j� 1971���<�qZklghkl�l_��bgl_gabnbpbjZl�pbdeh]_g_aZlZ��mkbe\Zl�f_jb^bhgZegby
\ta^mr_g�ij_ghk�b�\ebyyl�gZ�Zdlb\ghkllZ�b�^j_cnZ�gZ�p_gltjZ�gZ�BkeZg^kdby��b
:e_mlkdby�[Zjbqgb�fbgbfmfb�b�gZ�\kbqdb� �iZjZf_ljb��k\tjaZgb�k�lh\Z�ijhp_kb
�\Ze_`bl_� gZ^� � ?\jhiZ� �� AZiZ^gZ� :aby� b� K_\_jgZ� :f_jbdZ�� l_fi_jZlmjbl_� b
Zlfhkn_jghlh�gZey]Zg_��h[jZam\Zg_lh�gZ�kj_^ba_fghfhjkdb�pbdehgb�b�^j��

AZ�jZaebdZ�hl�_e_dljhfZ]gblgbl_ (bgkheZlb\gbl_)�bg^_dkb�dZlh�gZijbf_j
TSI beb�ketgq_\by�meljZ\bhe_lh\�ihlhd��qb_lh�m\_ebqZ\Zg_�\h^b�^h�aZlhieyg_�gZ
debfZlZ�mkbe\Zg_lh�lhab�lbi�ketgq_\Z�Zdlb\ghkl�\eby_�\�h[jZlgZ�ihkhdZ��l�_��dtf
h[sZ� l_g^_gpby� aZ� aZoeZ`^Zg_�� Ijb� \bkhdb� gb\Z� gZ� bgkheZlb\gbl_� � bg^_dkb
dZdlh� \� djZy� gZ� ���b� \_d�� g_]h\hlh� hlktkl\b_� beb� hlkeZ[\Zg_� kihj_^
]hj_hibkZgZlZ� dhgp_ipby� ljy[\Z� ^Z� \h^b� ^h� hlkeZ[\Zg_� b� ^j_cn� gZ� [Zjbqgbl_
p_gljh\_�ih�ihkhdZ�dtf�fZ]gblgby�ihexk��hlkeZ[\Zg_�gZ�f_jb^bhgZegby��ij_ghk�
ij_f_kl\Zg_�gZ�ijbiheyjgZlZ�]jZgbpZ�gZ�km[ljhibqgby�ihyk��dtf�ihexkZ��b�h[sh
aZlhieyg_�gZ�debfZlZ�

Bgl_gab\ghkllZ� gZ� ketgq_\bl_� _jmilb\gb� y\e_gby� _� fgh]h
jZaebqgZ�\�hl^_egbl_� ���]h^brgb�pbdeb�� �dhj_eZpbylZ� ktk� ketgq_\bl_�i_lgZ� � _
klZlbklbq_kdb�agZqbfZ��gh�dZdlh�s_�ihdZ`_f�\�	���g_�_�fgh]h�kbegZ��;ZabjZcdb
k_� gZ� j_amelZlb� gZ� ^jm]b� Z\lhjb�� dZdlh� b� gZ� gZrb� lZdb\Z� �	��� hs_� hlk_]Z�s_
dZ`_f�� q_� ijb� lyo� k_� gZ[ex^Z\Zl� b� pbdebqgb� \ZjbZpbb� \� q_klhlZlZ� b
bgl_gab\ghkllZ��dhblh�kZ�k�ijh^te`bl_eghkl�f_`^m�������(b�60-70 �]h^bgb (Schove,

1955; \b`�b�&3).
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Nb].9 �Ba]eZ^_gb����]h^brgb�klhcghklb�gZ�j_^bpZlZ�gZ�]jmibl_�ketgq_\b
i_lgZ�(Rh) (]hj_�) b�l_fi_jZlmjgbl_�\ZjbZpbb�\�K_\_jghlh�ihemdte[h��mfgh`_gb
k�dh_nbpb_gl������ih�0REHUJ�HW�DO��������aZ�i_jbh^Z�����������]. K�]jtpdb�kbf\heb�kZ
hl[_eyaZgb�gZc�^h[j_�bay\_gbl_�“h]e_^Zegb�mqZkltpb”. �³Fh^_jgbyl´�k\jto\_dh\b
ketgq_\��fZdkbfmf�_�h[hagZq_g�k�Z[j_\bZlmjZlZ�“MSCSM”��MqZkltdtl����������]
_�ba\tg��bake_^\Zgby�i_jbh^�

GZc�gZij_^� [_r_� bake_^\Zg� \b^t]� b� klZlbklbq_kdZlZ� agZqbfhkl� gZ
\jtadZlZ�f_`^m�Rh b�δδL��;yoZ�baijh[\Zgb�ebg_cgZ�b�jZaebqgb�\b^h\_�g_ebg_cgb
fbgbfbabjZsb�nmgdpbb��DZdlh�b�ijb�ZgZebaZ�gZ�^_�Y]_j�b�Mkhkdbg�gZc�^h[jZ�k_
hdZaZ�ebg_cgZlZ�\jtadZ��dhylh�\�gZrby�kemqZc�k_�hibk\Z�k�nhjfmeZlZ�

δδT = 0.00727.Rh - 0.654  (3)

Dh_nbpb_gltl� gZ� dhj_eZpby� gZ� lZab� \jtadZ� _� � r= +0.7797�� dhclh
ij_\taoh`^Z�]j_rdZlZ�kb� � ������itlb�� �Ltc�dZlh�^te`bgZlZ�gZ�ba\Z^dZlZ�_�k� ��
klhcghklb� ih�^te]Z� hl� lZab� \� ]hj_� pblbjZgZlZ� jZ[hlZ� �� lh�fh`_� ^Z� k_� dZ`_�� q_
\dexq\Zg_lh�gZ�^Zggbl_�f_`^m� �����b� ����� ]�g_� kZfh�g_�\ehrZ\Z�j_amelZlZ��gh
^hjb�b�keZ[h��gh� �]h�ih^h[jy\Z��Kthl\_lgbyl�F ±iZjZf_ltj�gZ�Kg_^_dhj�Nbr_j�
baqbke_g� dZlh� h[sZ� dtf� hklZltqgZ� ^bki_jkby� _� jZ\_g� gZ� ������ l�_�� gZ� Rh dZlh
nZdlhj� k_� iZ^Z� ����� itlb� ih�]heyf� ^ye� hl� h[sZlZ� ^bki_jkby� kijyfh� \kbqdb
hklZgZeb�nZdlhjb�b�kemqZcgb�hldehg_gby��dhblh�\ebyyl�\tjom�klhcghklbl_�gZ�δδL.

<kbqdb� hiblb� aZ� ih^h[jy\Zg_� gZ� \jtadZlZ� k� \dexq\Zg_� gZ� g_ebg_cgb
qe_gh\_�hl�\b^Z�Rh

m��P�!����dZdlh�b�gZ�lZdb\Z�hl�_dkihg_pbZe_g�b�eh]Zjblfbq_g
\b^�g_� ^h\_^hoZ� ^h� gydZd\h� kts_kl\_gh� ih^h[jy\Zg_� gZ� \b^Z� gZ� j_]j_kbhggZlZ
nmgdpby�

Ke_^\ZsZlZ� kltidZ� [_r_� baijh[\Zg_� gZ� j_]j_kbhggZ� \jtadZ� hl
^\mnZdlhj_g�\b^��AZ�\lhjb�nZdlhj�[_r_�ba[jZg�³]j_geZg^kdbyl´�[_jbeb_\�j_^�aZ
bake_^\Zgby� i_jbh^� hl� \j_f_�� � <dexq\Zg_lh� lhqgh� gZ� lhab� iZjZf_ltj� dZlh
^hitegbl_e_g� nZdlhj� [_r_� ijh^bdlm\Zgh� hl� ij_^iheh`_gb_lh�� q_� kbegbl_
ketgq_\b� _jmipbb�� ktijh\h^_gb� ktk� aZeih\h� hla_eyg_� gZ� \bkhdh_g_j]_lbqgb
dhkfbq_kdb� etqb� fh]Zl� ^Z� ^Z\Zl� fZdZj� b� keZ[�� gh� aZ[_e_`bf� ijbghk� \
h[jZam\Zg_lh� gZ� ³dhkfh]_g_g´� [_jbebc� �Lh\Z� hl� k\hy� kljZgZ� ljy[\Z� ^Z� \h^b� ^h
ih^h[jy\Zg_�gZ�F-iZjZf_ltjZ��Ij_^iheh`_gb_lh�k_�hdZaZ�\yjgh��gh�F k_�m\_ebqb
kZfh� k� ������Hl� ijZdlbq_kdZ� ]e_^gZ� lhqdZ� lh\Z� _� g_agZqbl_egh� gZjZkl\Zg_��?lh
aZsh�\�ih�gZlZltrgby�ZgZeba�[_r_�baiheam\ZgZ�_^ghnZdlhjgZlZ�ebg_cgZ�\jtadZ
(3).

Ke_^\ZsZlZ� kltidZ�gZ�ZgZebaZ�k_� ktklhb�\�ba\Z`^Zg_lh�gZ�fh^_eZ� (3) hl
j_^bpZlZ� k� j_Zegbl_� ba]eZ^_gb� klhcghklb� gZ� δδL�� Ih\_^_gb_lh� gZ� j_^Z� gZ
hklZltqgbl_�\ZjbZpbb�_�ihdZaZgZ�gZ�nb]�����
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GZ� nb]mjZlZ� kZ� h[hagZq_gb� dZe_g^Zjgbl_� ]h^bgb� gZ� p_gljh\_l_� gZ� ���
]h^brgbl_� _ihob� � �� dhblh� kZ� k� gZc�]he_fb� hldehg_gby� (iheh`bl_egb� beb
hljbpZl_egb) )kijyfh� �j_]j_kbhggby�fh^_e�(3)�� �Ijb�ih�\gbfZl_egh�jZa]e_`^Zg_
k_�mklZgh\y\Z��q_�hljbpZl_egbl_�hldehg_gby�h[sh�\a_lh�ij_h[eZ^Z\Zl�ij_^b�����
]h^bgZ�� l�_��ij_^b�djZy�gZ�fbgbfmfZ�gZ�>Zelhg��GZc�jyadZlZ�b�ijh^te`bl_egZ
ijhfygZ�_�gZkltibeZ�hdheh�kj_^ZlZ�gZ�����b�\_d��F_`^m�������lZ�b�^h�gZqZehlh�gZ
���b� \_d� l_g^_gpbylZ� gZ� hldehg_gbylZ� k_� ijhf_gy� dtf� ij_h[eZ^Z\Zg_� gZ
iheh`bl_egb�klhcghklb��Ke_^������±lZ�]h^bgZ�k�badexq_gb_�gZ�djZldh�ij_dtk\Zg_
ij_a����l_�]h^bgb����qZd�^hdtf�fZdkbfmfZ�gZ�ketgq_\�pbdte�No 19 fh^_etl�hlgh\h
aZihq\Z�^Z�³^h]hg\Z´�^Zggbl_���Z�\�gZqZehlh�gZ����l_�]h^bgb�b�]h�baij_\Zj\Z�

Ih�\gbfZl_eghlh�jZa]e_`^Zg_�gZ�kblmZpbylZ�ij_a����b�\_d�h[Zq_�babkd\Z
^Z�k_�h[tjg_�\gbfZgb_�gZ�ehdZegby�fbgbfmf��f_`^m������b������Z�]h^bgZ��Lh]Z\Z
\taoh^ysZlZ�l_g^_gpby�gZ�nemdlmZpbbl_�\j_f_ggh�kibjZ��fZdZj�q_�l_�kb�hklZ\Zl
iheh`bl_egb�� �<� kZfby� djZc� gZ� ���b� \_d� h[Zq_� \taoh^ysZlZ� l_g^_gpby� hlgh\h
\a_fZ�b�\jto�b� �hdheh�p_gltjZ�gZ�ketgq_\by�\_dh\b�fbgbfmf�����������]��_�gZc�
]heyfhlh� iheh`bl_egh� � hldehg_gb_� gZ� l_fi_jZlmjgbl_� ^Zggb� kijyfh� oh^Z� gZ
i_lghh[jZam\Zl_egZlZ�Zdlb\ghkl�aZ�p_eby�����]h^br_g�i_jbh^�

Ij_a����l_�b�gZqZehlh�gZ����l_�]h^bgb�gZ����b�\_d�hldehg_gbylZ�gZ�^Zggbl_
hl�fh^_eZ�kZ�fZedb��Ktshlh�\Z`b�b�aZ�ih�]heyfZlZ�qZkl�hl����±b�\_d�(fbgbfmftl
gZ�FZmg^_j).

IjZ\b� \i_qZle_gb_�� q_� gZqZehlh� gZ� ���b� \_d� aZihq\Z� k� ^hklZ� ]heyfZ
hljbpZl_egZ�nemdlmZpby� gZ� ^Zggbl_� kijyfh� \jtadZlZ� �����Hl� jmkdbl_� Zjob\b� _
ba\_klgh�� q_� ih� \j_f_� gZ� mijZ\e_gb_lh� gZ� pZj� ;hjbk� =h^mgh\� _� bfZeh� ljb
g_mjh`Zcgb�]h^bgb��������������ihjZ^b�fgh]h�klm^_gbl_�b�^t`^h\gb�e_lZ��Oey[tl
_�ihkdtigZe�gZ^�����itlb��AZ�]he_fb�ketgq_\b�i_lgZ�ij_a������b������]��\b^bfb�k
ijhklh� hdh� k_� kth[sZ\Z� \� dblZckdbl_� e_lhibkb�� L_ab� nZdlb� hq_\b^gh� ^h[j_� k_
kt]eZkm\Zl� k� � \bkhdh� gb\h� gZ� pbdeh]_g_aZlZ�� ihjh^_gZ� hl� kbegZ� _jmilb\gZ
Zdlb\ghkl�� aZ� dh_lh� itd� bg^bdZpbylZ� kZ� gZ[ex^Z\Zgbl_� �gZc�\_jhylgh� ]he_fb
]jmib�� i_lgZ� Bah[sh� ]he_fbl_� ]jmib� i_lgZ� y\gh� kZ� [beb�fgh]h� q_klh� y\e_gb_
ij_a� itj\ZlZ� iheh\bgZ� gZ� ���b� \_d� kihj_^� ^Zggbl_� \� ³DblZckdby� j_^´�� Z
ihke_^bpbl_�hl�lh\Z�\tjom�debfZlZ��hljbpZl_egbl_�hldehg_gby�kijyfh�fh^_eZ(3)/

kZ�^h[j_�\b^bfb�gZ�nb]����
J_^bpZlZ� gZ� nemdlmZpbbl_� ∆∆δδL� [_r_� bake_^\ZgZ� k� ihfhslZ� gZ� T-R

i_jbh^h]jZf_g� ZgZeba� aZ�gZebqb_lh�\�g_y�gZ� klZlbklbq_kdb�^hklh\_jgb� �pbdeb�
J_amelZlbl_� kZ� ihdZaZgb� gZ� nb]����� <b`^Zl� k_� fgh]h� ^h[j_� bay\_gb� b
klZlbklbq_kdb�agZqbfb�pbdeb�k�ijh^te`bl_eghkl�a�������������b�����]h^bgb�

JZadjb\Zg_lh�gZ�pbdeb�k�ijh^te`bl_eghkl����b����]h^bgb�g_�_�bag_gZ^\Zs
j_amelZl���<_q_�ihkhqbof_��q_�l_�kZ�k\tjaZgb�k�gZc�fhsgbl_�ketgq_\b�_jmilb\gb
ijhp_kb�� ]_g_jbjZsb� ijhlhgb� k� \bkhdZ� _g_j]by�� <� � ke_^\Zsbl_� iZjZ]jZnb�s_
[t^Zl�^Z^_gb�^hitegbl_egb�^hdZaZl_ekl\Z�\�lZab�gZkhdZ�����������]h^br_g�pbdte
k_� gZ[ex^Z\Z� ijb� l�gZj�� ³kihdhcgb� ³� ijhlm[_jZgkb�� dhblh� kZ� k\tjaZgb� k� l�gZj�
³ihehb^ZegZ�³�dhfihg_glZ�gZ�ketgq_\hlh�fZ]gblgh�ihe_�(>moe_\������)��dZdlh�b�\
j_^Z�gZ�Rh. �>h[j_�bay\_g�_�b�\� ³]j_geZg^kdby´� [_jbeb_\�j_^��DZd\Z� � _� _� h[Zq_
nbabq_kdZlZ�ijbqbgZ�aZ�ijbktkl\b_lh�gZ�lhab�pbdte�\�hklZltqgbl_�l_fi_jZlmjgb
\ZjbZpbb� aZk_]Z� �_�ljm^gh�^Z�k_�dZ`_�� �AZk_]Z�k_�\ta^tj`Zf_�hl�dhf_glZj�\tjom
ijbktkl\b_lh�gZ�����]h^brgZlZ�hkpbeZpby�\�^Zggbl_�aZ�hklZltqgbl_�\ZjbZpbb�

Ih�ih^jh[_g�ZgZeba�ihdZa\Z��q_�pbdebl_�k�ijh^te`bl_eghkl��������b
����]h^bgb�h[o\ZsZl�fZedh�gZ^� ����hl�hklZltqgZlZ�^bki_jkby�gZ�j_]j_kbhggby
fh^_e�(3)��DZlh�k_�bfZ�ij_^\b^��q_�gZ�\jtadZlZ� (3) k_�iZ^Z�hdheh� ����hl�h[sZlZ
^bki_jkby� gZ� ^Zggbl_� aZ� δδL�� lh� fh`_� ^Z� k_� dZ`_�� q_� hdheh� ���� � hl� h[sZlZ
^bki_jkby� � \� lyo� k_� ^te`b� gZ� kmfZjgby� _n_dl� hl� ^_ckl\b_lh� gZ� jZaebqgb
dhfihg_glb�gZ��ketgq_\ZlZ�Zdlb\ghkl�
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Nb]����� <j_f_\b� oh^� gZ� nemdlmZpbbl_� gZ�l_fi_jZlmjgbl_� ^Zggb� (∆∆δδL)

kijyfh�j_]j_kbhggby�fh^_e (3). AZ[_eya\Z�k_�l_g^_gpby�dtf��a���]�pbdebqghkl�

Nb]����� Ki_dltj� gZ� hkpbeZpbbl_� (T-R dhj_eh]jZfZ)� \� j_^bpZlZ� gZ
hklZltqgbl_�\ZjbZpbb�(∆∆δδL)(\b`�b�ijbeh`_gb_��).

HklZgZebl_� ���� hl� h[sZlZ� ^bki_jkby� gZ� ba]eZ^_gbl_� l_fi_jZlmjgbl_
^Zggb� ihg_� gZ� lhab� _lZi� hklZ\Z� g_h[ykg_gZ�� ?\_glmZegbyl� Zgljhih]_g_g� _n_dl
\tjom�debfZlZ�k_�\dexq\Z�bf_ggh�lmd�� �Ljy[\Z�h[Zq_�^Z�k_�bfZ�ij_^\b^��q_�lhc
ijb� \kbqdb� kemqZb� ³^_eb´� lZab� qZkl� hl� ^bki_jkbylZ� aZ_^gh� k� ^jm]b� nZdlhjb� ±
\dexqbl_egh� b� g_hlq_l_g� ^hitegbl_e_g� _n_dl� gZ� Ketgp_lh� \tjom� debfZlZ�
<_jhylghkllZ��hldjblbyl�����]h^br_g�pbdte�\�j_^bpZlZ�gZ�hklZltqgbl_�\ZjbZpbb
^Z�_�ktsh�hl�ketgq_\�ijhbaoh^�_�fgh]h�]heyfZ�

:dh� kts_kl\m\Z� agZqbl_e_g� Zgljhih]_g_g� _n_dl� lh� [b� ke_^\Zeh� lhc� ^Z� _
gZc�^h[j_�aZ[_e_`bf�ijb�^Zggbl_�hl�\lhjZlZ�iheh\bgZ�gZ����b�\_d���KjZ\g_gb_lh
f_`^m�gZrby�fh^_e� �b�lhab�gZ�^_�Y]_j�b�Mkhkdbg��dhclh�iheam\Z�^Zggb�^h� ����
]h^bgZ� h[Zq_� g_� ^Z\Z� hkgh\Zgb_� ^Z� kfylZf_�� q_� ih^h[gh� y\e_gb_� � gZbklbgZ� k_
jZadjb\Z�k�\dexq\Zg_lh�gZ�i_jbh^Z�����������]�\�ZgZebabl_�
KT<J?F?GGHLH�A:LHIEYG?�G:��DEBF:L:±J?AMEL:L�HL�K<JTO<?DH<H�G:J:KL<:G?
G:�KETGQ?<:L:�K<?LBFHKL��KE?>��F:MG>?JH<BY��FBGBFMF�(?!?)

G_aZ\bkbfh� hl� fgh]h[jhcgbl_� ³h]e_^Zegb� mqZkltpb´� ³]_g_jZegZlZ´
l_g^_gpby�b�aZ�ketgq_\ZlZ�Zdlb\ghkl�b�aZ�debfZlZ�ij_a�ihke_^gbl_�a����]h^bgb_�_
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[beZ�ih�ihkhdZ�gZ�lyoghlh�gZjZkl\Zg_��DZdlh�k_�\b`^Z�hl�nb]��Z�b��\�debfZltl�\
kt\j_f_ggZlZ� _ihoZ� _� kj_^gh� k� hdheh� �� ±���� ]jZ^mkZ� ih�lhite� \� kjZ\g_gb_� k
FZedby�e_^gbdh\�i_jbh^�

<tijhktl��dhclh�\tagbd\Z�_� ��ke_^�dZlh�\jtadZlZ�f_`^m�lhab�^te]hkjhq_g
l_fi_jZlmj_g�lj_g^�b�ketgq_\ZlZ�Zdlb\ghkl�_�^hklZltqgh�lykgZ�b�h[ykgy\Z�hdheh
����hl�aZlhieyg_lh���dhc�_�hkgh\gbylnbabq_kdb�f_oZgbatf��qj_a�dhclh�ihkhq_gby
ijhp_k�k_�j_ZebabjZ�

?^bg�ih�\gbfZl_e_g�ZgZeba�gZ�³h]e_^Zegbl_�mqZkltpb´ihdZa\Z��q_�l_ab�hl
lyo�� dhblh� kZ� k\tjaZgb� ktk� aZklm^y\Zg_� �ijb� gZjZkl\Zg_� gZ� Rh� �� \ktsghkl
kthl\_lkl\m\Zl� gZ� i_jbh^b� k� ]heyfh� gZjZkl\Zg_� baetq\Zg_lh� gZ� gZc�
\bkhdh_g_j]_lbqgbl_� ketgq_\b� dhjimkdmeb� \� ^bZiZahgZ� �- 1000 MeV�� � Lh\Z
l\tj^_gb_�s_� [t^_� ^hitegbl_egh� ih^dj_i_gh� k� nZdlb� b� ZgZebab� \� ke_^\Zsbl_
]eZ\b��Ihke_^gbyl�i_jbh^�_�hl�hdheh������lZ�^h��kj_^ZlZ�gZ����l_�]h^bgb��H[jZlgh�
ltdfh�dh]Zlh�ketgq_\bl_�_jmilb\gb�ijhp_kb�kZ�hlghkbl_egh�keZ[b�k_�gZ[ex^Z\Zl
h]e_^Zegbl_� mqZkltpb�� k\tjaZgb� ktk� aZlhieyg_�� � Lbibq_g� kemqZc� aZ� lh\Z� _
i_jbh^tl�ke_^�����]��\�dhclh�^hfbgbjZl�bf_ggh�ih^h[gb�l_g^_gpbb��nb]�����

Ke_^h\Zl_egh��nZdlhjtl�ij_^ba\bdZe� l_fi_jZlmjgby� lj_g^�gZc�\_jhylgh
g_� _� � k\tjaZg� ktk� ketgq_\bl_� _jmilb\gb� ijhp_kb�� � <� lZdt\� kemqZc� _� eh]bqgh
ijbqbgZlZ� ^Z� k_� ltjkb� ih� ihkhdZ� gZ� \tafh`gh� ^te]hkjhqgh� gZjZkl\Zg_� gZ
ketgq_\ZlZ�_e_dljhfZ]gblgZ�jZ^bZpby�

Nb]�����?jmilb\gbyl�bg^_dk�(FlrI) �aZ�i_jbh^Z���ygmZjb������±����^_d_f\jb
�����]h^bgZ�±�_`_^g_\gb�klhcghklb���Fgh]h�ykgh�_�aZ[_e_`bfh�jyadhlh�kiZ^Zg_�gZ
Zdlb\ghkllZ��ih�\j_f_�gZ����yl�pbdte�k�hdheh��������kijyfh����jb�

Bg^_dktl� gZ� h[shlh� ketgq_\h� _e_dljhfZ]gblgh� baetq\Zg_� �76,�� �� dZdlh
dZaZof_�\_q_�k_�baf_gy�k� �hdheh������kijyfh�kj_^gZlZ�kb�klhcghkl�\�jZfdbl_�gZ
pbdteZ�gZ�R\Z[_�<hen��DebfZlbqgbyl�_n_dl �hl�\ZjbZpbb�k�ih^h[gZ�Zfieblm^Z�_
fZetd��hdheh����°°K�\�kj_^ghieZg_lZjgZlZ�l_fi_jZlmjZ�

Ihke_^gbyl� h[Zq_� _� _ebfbgbjZg� \� gZrby� ZgZeba� ltc� dZlh� ^Zggbl_� kZ
ba]eZ^_gb�ih����]h^bgb��<�ktshlh�\j_f_�k_�gZeZ]Z�^Z�k_�h[ykgy\Z�gydhedhdjZlgh
ih�]heyfh�baf_g_gb_��ijb�lh\Z�ktk�k\jto\_dh\b�oZjZdl_j�(nb]���).
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Nb]���� Bg^_dktl� TSI (1978-2006)�� Hl[_eyaygb� kZ� fZdkbfmfbl_� gZ
i_lghh[jZam\Zl_egbl_�pbdeb�k�l_ogbl_�ghf_jZ�\�Pxjbokdby�j_^

DZdlh� k_� \b`^Z� hl� nb]����� \ZjbZpbbl_� gZ� 76,� f_`^m� ����� b� ����� ]� kZ
^hfbgbjZgb�gZitegh�hl� ���]h^brgby�pbdte�b�g_�ihdZa\Zl�gbdZdt\�\_dh\b�beb
km[\_dh\b� lj_g^�� Ij_a� ����� ]h^bgZ� h[Zq_� kblmZpbylZ� ihdZa\Z� ijbagZpb� gZ
k_jbhagZ�ijhfygZ� � ��\b`^Z� k_�gZqZehlh�gZ� agZqbl_egh�ihgb`_gb_�gZ� 76,��dh_lh
baebaZ� ba\tg� jZfdbl_� gZ� gZ[ex^Z\Zgbl_� ^h� lhab� fhf_gl� hdhehfbgbfmfgb
klhcghklb�

Ih�fg_gb_lh�gZ�Z\lhjZ�y\e_gb_lh�_�fgh]h�bgl_j_kgh�b�Zdh�lh�ijh^te`Z\Z�b
ij_a� ����� ]� lh\Z� [b� [be� hs_� _^bg� agZd� aZ� ijb[eb`Z\Zs� k\jto\_dh\b� ketgq_\
fbgbfmf�� gZc�\_jhylgh� ih^h[_g� ih� Zfieblm^Z� gZ� fbgbfmfZ� gZ� >Zelhg� (\b`� b
&4). � AZ� ^Z� k_� kemqb� lh\Z� _� g_h[oh^bfh�TSI ^Z� k_�ihgb`b� k� hdheh� ����� kijyfh
gb\hlh� kb� ij_a� �����lZ� ]h^bgZ�� l�_�� ih� \j_f_� gZ� fZdkbfmfZ� gZ� ���b� pbdte�
<tafh`gh� _� h[Zq_� _jmilb\gZlZ� Zdlb\ghkl� ih� \j_f_� gZ� ke_^\Zsby� ���]h^br_g
ketgq_\� pbdte� ��� � b� hkh[_gh� ih� \j_f_� gZ� pbdte� ��� ^Z� k_� hdZ`Zl� ih�]he_fb
hldhedhlh� ih� \j_f_� gZ� k_]Zrgby� ���lb�� Lh]Z\Z� aZ� ^Z� k_� ihemqb� _n_dl� gZ
aZklm^y\Zg_� �� ih^h[_g� gZ� lhab� ih� \j_f_� gZ�>Zelhgh\by�fbgbfmf� g_h[oh^bfbyl
kiZ^�gZ�TSI [b�fh]te�^Z�[t^_�b�ih�fZetd�hl������

Hl� nb]���� ykgh� k_� \b`^Z�� q_� k\jto\_dh\byl� lj_g^� gZ� ketgq_\ZlZ
i_lghh[jZam\Zl_egZ�Zdlb\ghkl�ihdZa\Z�l_g^_gpby�dtf� ³gZkbsZg_´�ij_a�\lhjZlZ
iheh\bgZ� gZ� ���b� \_d�� Ba]e_`^Z�� q_� lhqgh� lhab� � _n_dl� _� ^h[j_� bajZa_g� \
mklhcqb\hlh� � ih\_^_gb_� gZ�TSI ij_a� ihke_^gbl_� a� ��� ]h^bgb� �� k� badexq_gb_� gZ
�����Z��Lhab�nZdl�\�ktq_lZgb_�k�^_nbpblZ�gZ�_jmilb\gZ�Zdlb\ghkl�\�djZy�gZ����l_
]h^bgb� �� Z� b� ke_^� �����lZ� (nb]��) _� kihkh[kl\m\Ze� aZ� \b^bfhlh� aZlhieyg_� gZ
debfZlZ�� hkh[_gh� \� i_jbh^Z� ����������� � Ij_^klZ\_gbyl� ih�]hj_� klZlbklbq_kdb
ZgZeba� ykgh� ihdZa\Z�� q_� gyfZ� aZ[_e_`bf� Zgljhih]_g_g� _n_dl� \dexqbl_egh� ^h
�����]���?lh�aZsh�kqblZf_��q_�\_jhylghkllZ�^Z�k_�_�ijhy\be�\�^hklZltqgh�agZqbfZ
kl_i_g�lZdt\�ke_^������]�_�fgh]h�fZedZ�

Ke_^h\Zl_egh�� gZc�\_jhylgZlZ� ijbqbgZ� aZ� kt\j_f_gghlh� aZlhieyg_� gZ
debfZlZ��\dexqbl_egh�hl������]h^bgZ�gZkZf�_�l_g^_gpbylZ�dtf�h[sh�ih\brZ\Zg_
gZ� ketgq_\ZlZ� k\_lbfhkl� k� hdheh� ����� ����� ij_a� p_eby� i_jbh^�� <j_f_gghlh� c
h[jtsZg_�ih�\j_f_�gZ�>Zelhgh\by�k\jto\_dh\b��fbgbfmf�_�[beh�]eZ\gbyl�nZdlhj
aZ�djZldh�aZoeZ`^Zg_�gZ�debfZlZ�\�gZqZehlh�gZ����b�\_d��Ketgq_\bl_�ijhlhgb�k
\bkhdZ� _gj]by� ^hitegbl_egh� � fh^mebjZl� lZab� h[sZ� l_g^_gpby�� kta^Z\Zcdb
fgh`_kl\hlh� ³h]e_^Zegb�mqZkltpb´�\tjom�g_y��AZ�^Z� k_�baykgb� k�dZd\b�ih�h[sb
l_g^_gpbb�_�k\tjaZgh�ih\_^_gb_lh�gZ�Ketgp_lh�b� �debfZlZ�ij_a�ihke_^gbl_� ���
]h^bgb� ljy[\Z� ^Z� k_� jZa]e_^Zl� j_amelZlbl_� hl� ZgZebaZ� gZ� ^Zggb� � aZ� � ih�]he_fb
\j_f_\b�bgl_j\Zeb�
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2.2.4.2. Ij_a��ihke_^gbl_�~2000 ]h^bgb
      J_dhgkljmdpbylZ� gZ� ih\_^_gb_lh� gZ� Ketgp_lh� \t\� \j_f_\ZlZ� kdZeZ� gZ
ihke_^gbl_������]h^bgb�k_�[ZabjZ�hkgh\gh�gZ�dhk\_gb�^Zggb��ibkf_gb�kth[s_gby
b�³dhkfh]_ggb�³�jZ^bhbahlhib��
����������������J?>TL�G:�RH<?

Ojhgheh]bqgh�gZc�klZjZlZ�j_^bpZ�hl�dhk\_gb�^Zggb�_�j_^tl�gZ�Rh\_��Lhc�_
g_ij_dtkgZl� aZ� ihke_^gbl_� ����� ]h^bgb� �� AZ� i_jbh^Z� hl� ���� � ^h� ����� ]� kt^tj`Z
bgnhjfZpby� aZ� hkgh\gbl_� oZjZdl_jbklbdb� gZ� ���� ketgq_\b� i_lghh[jZam\Zl_egb
pbdeb�gZ�R\Z[_�<hen��J_^bpZlZ�_�g_ij_dtkgZlZ�ktsh�lZdZ�\�i_jbh^Z�����]��ij�g�_�
±�����]��g�_��AZ�ihqlb�p_eby���lb�\_d�^Zggbl_�kZ�g_itegb��ebik\Z�bgnhjfZpby�aZ
fhsghkllZ� gZ� pbdebl_��Hjb]bgZegZlZ� qZkl� gZ� itj\ZlZ� \_jkby� gZ� lZab� j_^bpZ
aZ\tjr\Z�k�pxjbokdb�pbdte�No 18 (Schove, 1955).

;_a�^Z�jZaiheZ]Z�ktk�kt\j_f_ggZlZ�baqbkebl_egZ�l_ogbdZ� ��ZgZebabjZcdb
jZaebqgb� \b^bfb� aZdhghf_jghklb�Rh\_� gZ� ijZdlbdZ� _� itj\byl� bake_^h\Zl_e�
dhclh� ^hklb]Z� ^h� ba\h^Z�� q_� \� ih\_^_gb_lh� gZ� Ketgp_lh� kts_kl\m\Z� pbdebqgZ
l_g^_gpby� k� ijh^te`bl_eghkl� hl� �������� ]h^bgb�� >jm]b� \Z`gb� pbdeb� �� dhblh
kts_kl\m\Zl� dZlh� ^te]hkjhqgb� b� kj_^ghkjhqgb� l_g^_gpbb� kZ� d\Zab\_dh\byl�
qbylh�ijh^te`bl_eghkl�Rh\_��ih^h[gh�gZ�=eZck[_j]�ij_^b�lh\Z��hp_gy�gZ�hdheh
78 ]h^bgb�� � JZaiheZ]Zcdb� k� ^Zggb� aZ� ih\_q_� hl� ^\_� obey^he_lby� h[Zq_��Rh\_
aZ[_eya\Z� �� q_� lhab� pbdte� _� ^hklZ� g_mklhcqb\� ±iZjZe_egh� k_� gZ[ex^Z\Zl� b
³dhgdmj_glgb´� � �pbdebqgb�l_g^_gpbb�k�ijh^te`bl_eghkl�hl�������b� ����]h^bgb�
Hk\_g�lh\Z�ki_pbZegh�aZ�iheyjgbl_�kbygby�Rh\_�hl[_eya\Z�b�aZ�kts_kl\m\Zg_�gZ
pbdte�k�ijh^te`bl_eghkl�hl�hdheh����]h^bgb�

� <� ij_^gby� iZjZ]jZn� [_r_� ihdZaZgh�� q_� \� hklZltqgbl_� \ZjbZpbb� gZ
l_fi_jZlmjgbl_�dhe_[Zgby�ke_^�ba\Z`^Zg_�gZ�j_]j_kbhggby�fh^_e�(3) ihkhq_gbl_
ljb� �dhe_[Zgby�b]jZyl�gZc�\Z`gZlZ�jhey��AZ�nbabq_kdZlZ�ijbjh^Z�b�jheylZ� �gZ
ihke_^gbl_�\�f_oZgbafbl_�gZ� ketgq_\h�debfZlbqgbl_�\jtadb� �s_� k_�kij_f�gZc�
h[klhcgh�\�&3.

Rh\_� h[jtsZ� \gbfZgb_� gZ� ih�fZedby� [jhc� iheyjgb� kbygby� ij_a
g_q_lgbl_�dZe_g^Zjgb�klhe_lby��ke_^������lZ�]��g�_���dh_lh�k\tja\Z�k�fbgbfmfb��gZ
d\Zab��^\m\_dh\by�pbdte��G_�hl[_eya\Z�dZlh�hkh[_g�nZdl�badexqbl_egh�gbkdZlZ
ketgq_\Z� Zdlb\ghkl� ij_a� ���b� \_d(FZmg^_jh\byl� fbgbfmf)�� IhjZ^b� lh\Z� _
djblbdm\Zg� hl� ?^^b� ij_a� ����]� (Eddy,1977)�� �Ij_^� ����]�Rh\_� ijZ\b� ihke_^gZ
dhj_dpby�gZ�k\hylZ�j_^bpZ�(Schove,1983). Bgl_j_ktl�gZ�bake_^h\Zl_ebl_�ij_a����l_
]h^bgb�_�baf_kl_g�dtf�³dhkfh]_ggbl_´�bahlhib�

Ij_a�����]�Z\lhjtl�klZjlbjZ�k\hy�^te]hkjhqgZ�ijh]jZfZ�ih�bamqZ\Zg_�gZ
k\jto\_dh\by� oh^�gZ� ketgq_\ZlZ� Zdlb\ghkl�b�g_]h\hlh�\ebygb_�\tjom�debfZlZ�
?^bg� hl� itj\bl_� h[_dlb� \� lZab� \jtadZ� [_r_� j_^tl� gZ� Rh\_ (Komitov, 1997).

Hkgh\gbl_� p_eb� [yoZ� ljb�� ���Dhebq_kl\_g� ZgZeba� aZ� ltjk_g_� gZ� klZlbklbq_kdb
^hklh\_jgb�pbdeb������KjZ\gy\Zg_�gZ�k\jto\_dh\by�oh^�gZ�ketgq_\ZlZ�Zdlb\ghkl
kihj_^� ^Zggbl_� \� j_^Z� ga� Rh\_� � b� jZ^bh\t]e_jh^gZlZ� k_jby� INTCAL93 aZ
ihke_^gbl_� a� ����� ]h^bgb�� ��� Bake_^\Zg_� gZ� klZ[beghkllZ� gZ� ijZ\behlh� gZ
=g_\br_\�He� (G-O) ij_a� ihke_^gbl_� ����� ]h^bgb�� Z� lZdZ� ktsh� b� mkeh\bylZ� aZ
g_]h\hlh�gZjmrZ\Zg_��
      IjZ\behlh�G-O _�mklZgh\_gh�ij_a������]�(=g_\br_\�b�Hev, 1948 ) \ta�hkgh\Z
gZ� ZgZeba� gZ� fhsghklbl_� gZ� ���]h^brgbl_� pbdeb� \�Pxjbokdby� j_^�� Kt]eZkgh
ktshlh� ���]h^brgbl_�pbdeb�k_�]jmibjZl�ih�^\hcdb��\�dhblh�itj\b� _�pbdtetl�k
q_l_g�ghf_j�kihj_^�Pxjbokdby�j_^��Bgl_]jZegZlZ�fhsghkl�gZ�q_lgby�pbdte�_�ih�
fZedZ�hl�lZab�gZ�g_q_lgby��l�_�
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                                                                                                       (4)

dt^_lh�W(t)=Ri(t) _�f_`^mgZjh^ghlh�<henh\h�qbkeh� ��mkj_^g_gh�aZ�_^bgbpZ
\j_f_� (kltidZlZ� gZ� bgl_]jbjZg_��� Kthl\_lgh� T0(2n) b� Te(2n) kZ� fhf_glbl_� gZ
gZqZehlh�b�djZy�gZ�q_lgby�pbdte��Z�T0(2n+1) b�Te(2n+1) - gZ�g_q_lgby�

NZdlbq_kdb�fgh]h�ih�ihimeyjgZ�_�_^gZ�^jm]Z�hijhkl_gZ�ijbeh`gZ�\_jkby
gZ� ij_^klZ\yg_� gZ   G-O- ijZ\behlh�� Z� bf_ggh� ihkj_^kl\hf� ba]eZ^_gbl_
hdhehfZdkbfmfgb�kj_^gh]h^brgb�klhcghklb��<�lhab�kemqZc�
             Wmax(2n) < Wmax(2n+1)                     (5)

 <� Pxjbokdby� j_^� �� \dexqbl_egh� ^h� pbdte� No 21 ijZ\behlh� bfZ� ^\_
gZjmr_gby� ±� aZ� ^\hcdbl_� pbdeb� �� �� �� (f_`^m� ����� b� ����� ]�� \� gZqZehlh� gZ
>Zelhgh\by�fbgbfmf��b� � �� ±�� �f_`^m� ���������]���Ih� hlghr_gb_�gZ�bg^_dkZ�Rh

h[Zq_�ihke_^gZlZ�^\hcdZ�pbdeb�g_�_�k\tjaZgZ�k�gZjmr_gb_�
Ijh\_^_gbyl�hl�Z\lhjZ�ij_a����������]���ZgZeba�ihdZaZ��q_�\�j_^Z�gZ�Rh\_�aZ

ihke_^gbl_� ����� ]h^bgb�gZjmr_gbylZ�gZ�ijZ\behlh�G-O kZ�ihqlb� �/3 hl�\kbqdb
kemqZb��Hk\_g�lh\Z�[_r_�mklZgh\_gh��q_�kts_kl\m\Z�ij_^_egh�³djblbqgh�gb\h´�aZ
hdhehfZdkbfmfgZlZ� fhsghkl� gZ� q_lgby� pbdte� Wmax(2n) =  125�� gZ^� dh_lh
gZjmr_gb_lh�gZ�ijZ\behlh��_�kt[blb_�k�^hklh\_jghkl�gZ^�������<ta�hkgh\Z�gZ�lhab
j_amelZl��b�ba\_klgZlZ�\_q_�klhcghkl�gZ�fhsghkllZ�gZ�pbdte�No22 (Wmax(2n)=156)

[_� gZijZ\_gZ� ijh]ghaZ�� q_� ^\hcdZlZ� pbdeb� ������ s_� [t^_� k� gZjmr_gb_�� l�_
ketgq_\byl� pbdte� 1R���s_� [t^_� ih�keZ[� hl� ���jb�� �Ij_a� �����lZ� ]h^bgZ� � ���lb
pbdte�^hklb]gZ�hdhehfZdkbfmfgZ�fhsghkl������k�dh_lh�ijh]ghaZlZ�nZdlbq_kdb�k_
ihl\tj^b���Bgl_j_kgh�_�^Z�k_�hl[_e_`b��q_�����hl�ijh]ghabl_���\dexq_gb�\�l�gZj�
³Ketgq_\� iZg_e´� ij_a� ����� ]� � ij_^\b`^ZoZ� fhsghkl� \� ^bZiZahgZ� ����� ����
K_]Zrghlh�gZjmr_gb_�gZ�ijZ\behlh�G-O _�itj\hlh�hl�����]h^bgb�gZkZf�

K�dZd\b�ijhp_kb�\�^te]hkjhqgby�oh^�gZ�ketgq_\ZlZ�Zdlb\ghkl�_�k\tjaZgh
\tijhkghlh�y\e_gb_�_�fgh]h�bgl_j_k_g�\tijhk��dhclh�s_�[t^_�jZa]e_^Zg��\�&4.

GZ� nb]���� _� ihdZaZg� ba]eZ^_gbyl� ih� �� lhqdb� �� \� kemqZy� ���]h^brgb
i_lghh[jZam\Zl_egb�pbdeb���j_^�gZ�Rh\_� Lh\Z�kthl\_lkl\m\Z�gZ�\j_f_\b�i_jbh^
gZ�ba]eZ`^Zg_�a����]h^bgb�� �Nb]mjZlZ�ij_^klZ\y�gh\Z�\_jkby�gZ�bake_^\Zg_lh�hl
����]� b� \dexq\Z� b� ih�jZggZlZ� ba\Z^dZ� gZ� j_^bpZlZ� (f_`^m� ���]� ij�g�_�� b� ���
]�g�_�). (Komitov������Z���<dexq_g�_�b�ihke_^gbyl����b�pxjbokdb�pbdte��H[hagZq_gZ
_� � b� h[eZkllZ� gZ� ebik\Zsbl_� � ^Zggb� hl� ��b� \_d�� Ktk� aZiteg_gb� djt]q_lZ� kZ
h[hagZq_gb� kj_^gbl_� fhf_glb� gZ� ^\hcdbl_� ���]h^brgb� pbdeb� k� gZjmr_gb_� gZ
ijZ\behlh     G-O.

D\Zab^\m\_dh\byl�pbdte�_�fgh]h�^h[j_�\b^bf��Lhc�k_�bajZay\Z�\�k_jby�hl
hlghkbl_egh�^te[hdb�fbgbfmfb� k�ijh^te`bl_eghkl� hl�ih�gydhedh� ^_k_lbe_lby�
Hkh[_gh� ^h[j_� d\Zab^\m\_dh\bl_� \ZjbZpbb� k_� hq_jlZ\Zl� ke_^� �����lZ� ]h^bgZ�
Lh]Z\Z� aZihq\Z� k_jby� hl� \k_� ih�^te[hdb�fbgbfmfb� ij_a� g_q_lgbl_� dZe_g^Zjgb
klhe_lby�(11-b�\_d��fbgbfmf�gZ�Hhjl�����b�±�gZ�<hen�����b�±gZ�Rivhj_j�  b����b�
gZ�FZmg^_j�)���<b`^Z�k_��q_�ihke_^gbyl�_�fgh]h�^h[j_�ijhy\_g�b�_�gZc�^te[hdbyl
k\jto\_dh\b�fbgbfmf� ij_a� ihke_^gbl_� � ����� ]h^bgb��Ke_^\Zsbyl�fbgbfmf� gZ
^\m\_dh\by�pbdte�_�lhab�gZ�>Zelhg� (“D”) \�gZqZehlh�gZ� ���b�\_d��dhclh�h[Zq_�_
\_q_�jZaiheh`_g�\tjom�\taoh^ysZlZ�qZkl�gZ�_^gZ�k\jto^te]hkjhqgZ�l_g^_gpby�

>\m\_dh\bl_�dhe_[Zgby�ij_^b� �����lZ� ]h^bgZ� kZ�fgh]h�ih�keZ[b��<k_�iZd
ljy[\Z�^Z�k_�hl[_e_`b��q_�_^bgbyl�hl�lyo�±�lhab�ij_a���b���b�\_d�_�agZqbl_egh�ih�
^te[hd� hl� hklZgZebl_�� Hl� ^jm]Z� kljZgZ� ^\m\_dh\byl� fbgbfmf� ij_a� ��b� \_d� _
kt\k_f�keZ[h�aZ[_e_`bf�
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Nb]�����J_^tl�gZ�Rh\_�(214 ij�g�_��±�����hl�g�_�)(ba]eZ^_gb�klhcghklb�ih��
lhqdb)(Komitov, 2007b)

I_jbh^tl�f_`^m� ��b�b� ���b�\_d�_�k�hlghkbl_egh�\bkhdb�gb\Z�gZ�ketgq_\Z
Zdlb\ghkl���Fgh]h�^h[j_�h[Zq_�k_�\b`^Z��djZldZlZ���gh�fgh]h�kljtfgZ�k\jto\_dh\Z
l_g^_gpby� \� kt\j_f_ggZlZ� _ihoZ�� ke_^� >Zelhgh\by� fbgbfmf�� � Kt\j_f_ggbyl
k\jto\_dh\b� fZdkbfmf� kthl\_lkl\m\Z� gZ� gZc�\bkhdhlh� gb\h� \� _^jhfZsZ[gby
\j_f_\b�oh^�gZ�ketgq_\ZlZ�Zdlb\ghkl�ij_a�ihke_^gbl_��[ebah����� ]h^bgb�

K�ihfhslZ�gZ�T-R i_jbh^h]jZf_g�ZgZeba�k_�hldjb\Z��q_�]eZ\gbyl�pbdte�\
j_^Z� gZ� Rh\_� \� g_ij_dtkgZlZlZ� qZkl� ke_^� ����Z� ]h^bgZ� ±^\m\_dh\byl� _� k
ijh^te`bl_eghkl� hl� ���� ]h^bgb� (Komitov, 1997; Komitov and Kaftan,2003))�� Lhab
j_amelZl� k_� jZafbgZ\Z� k� hij_^_e_gZlZ� hl� Rh\_� \_ebqbgZ� �������� ]h^bgb�� gh
kthl\_lkl\m\Z�fgh]h�^h[j_�gZ�j_amelZlbl_�hl�jZ^bh\t]e_jh^gbl_�j_^bpb�aZ�ktsby
i_jbh^�hl�\j_f_� (INTCAL93 b� INTCAL98 / INTCAL04 hs_�g_� _�bake_^\ZgZ� k�T-R

f_lh^Z� ��gh� k_jbhagb� jZafbgZ\Zgby� kijyfh�ij_^gbl_� ^\_� \_jkbb� kZ� ijZdlbq_kdb
badexq_gb��;�Z��� �>jm]b�Z\lhjb��ZgZebabjZeb�ij_a�ihke_^gbl_����]h^bgb� �j_^Z�gZ
Rh\_� k� ihfhslZ� gZ� jZaebqgb� qbke_gb� ijhp_^mjb� b� dhfixltjgZ� l_ogbdZ� ktsh
ihemqZ\Zl�j_amelZlb�aZ�ijh^te`bl_eghkllZ�gZ�^\m\_dh\by�pbdte�hdheh�b�fZedh
gZ^�����]h^bgb��Romanov and Zgonyaiko, 1994; Fyodorov et al, 1995).

Ke_^\Zsbyl�ih�agZqbfhkl�pbdte�_�k�ijh^te`bl_eghkl���������]h^bgb��Z�gZ
lj_lh� fyklh� _� d\Zabobey^he_lghlh� dhe_[Zgb_� �a����� ]h^bgb��� AZ� gZebqb_� gZ
d\Zabobey^he_l_g�ketgq_\�pbdte�ijt\�kihf_gZ\Z�Yg�Dhi_pdb�(Kopecky, 1984)�\ta
hkgh\Z� gZ� kh[kl\_g� ZgZeba� gZ� kj_^gh\_dh\gb� ^hdmf_glb�� <� j_^Z� gZ� R\h_� k_
gZ[ex^Z\Z� ktsh� b� k_jby� hl� gydhedh� klZlbklbq_kdb� ^hklh\_jgb� keZ[b� pbdteZ� k
d\Zab\_dh\Z�ijh^te`bl_eghkl��kthl\_lgh�������������b�����]h^bgb).

“DBL:CKDBYL� �J?>´� � � �G:� � �=HE?FBL?� � �KETGQ?<B� � �I?LG:� � (168 ]�ij�g�_�� ±
����])

Itj\hlh� ibkf_gh� kth[s_gb_� aZ� gZ[ex^Z\Zgh� \� ^j_\_g� DblZc� \b^bfh� k
ijhklh�hdh�i_lgh�\tjom�Ketgp_lh�^ZlbjZ�hl�����]��ij�g�_�� �>h������]�g�_��[jhyl�gZ
ih^h[gb�kth[s_gby�_�fgh]h�fZetd��DZdlh�k_�\b`^Z�hl�nb]�����lhc�gZjZkl\Z�^hklZ
[tjah�\�gZqZehlh�gZ�\lhjhlh�obey^he_lb_�b�hkh[_gh�ke_^����b�\_d�



32

Nb]�����;jhc�gZ�gZ[ex^Z\Zgbl_�k�ijhklh�hdh�ij_a�hl^_egb� ]h^bgb� ]he_fb
ketgq_\b�i_lgZ� �\�DblZc� (168]�ij�g�_�� ±� ����� ]�g�_��K\jto\_dh\bl_�fbgbfmfb�ke_^
�����lZ� ]h^bgZ� kZ� h[agZq_gb� k� [md\b�� (ih� ^Zggb� hl� Wittman and Xu,1987)�� <
ijbeh`_lb_�III _�^Z^_gZ�gh\ZlZ�j_^bpZ�gZ�]b]Zglkdbl_�i_lgZ�gZ�<Zdm_jh�(2002)

G_�[b\Z�lh\Z�^Z�k_�ijb_fZ�dZlh�qbkl�_n_dl��k\tjaZg�kZfh�k�j_Zegby�oh^�gZ
ketgq_\ZlZ� i_lghh[jZam\Zl_egZ� Zdlb\ghkl�� � Hl� kts_kl\_gh� agZq_gb_� lmd� _
km[_dlb\gby�nZdlhj��Z�bf_ggh�±�ihkl_i_ggh�m\_ebqZ\Zg_�gZ�bgl_j_kZ�dtf�ih^h[gb
y\e_gby� b� kthl\_lgh� dtf� lyoghlh� hljZay\Zg_�� GZc�\_jhylgh� ij_a� itj\h
obey^he_lb_�b�hkh[_gh�ij_^b� ����lZ�]�g�_��g_�_�bfZeh�bah[sh�gydZdt\�ki_pbZe_g
bgl_j_k�dtf�gZ[ex^_gb_lh�gZ�]he_fbl_�i_lgZ� �b�lyogZlZ�j_]bkljZpby� �_�klZ\ZeZ
kemqZcgh��K�gZljmi\Zg_lh�gZ�kemqZb�gZ�gZ[ex^_gby�h[Zq_�bgl_j_ktl�ihkl_i_ggh
k_�_�aZkbebe�b�lh\Z�k_�_�hljZabeh�b�\�ih�]he_fby�[jhc�j_]bkljZpbb�ij_a�ihke_^gbl_
klhe_lby�gZ�lZab�j_^bpZ��hl�^Zggb�

L_ab� ^Zggb� fh]Zl� ^Z� k_� ijb_fZl� ih�kdhjh� dZlh� fgh]h� ]jm[� hlghkbl_e_g
ihdZaZl_e� aZ� gb\hlh� gZ� i_lghh[jZam\Zl_egZlZ� Zdlb\ghkl�� Hl� lyo� k_� \b`^Z�� q_
\j_f_\bl_�ahgb���\�dhblh�]he_fbl_�i_lgZ�gZitegh�hlktkl\Zl�beb�kZ�jy^dh�y\e_gb_
kt\iZ^Zl�ktk�k\jto\_dh\bl_�fbgbfmfb�

Ba\_klgh�badexq_gb_�ijZ\b�kZfh�FZmg^_jh\byl�fbgbfmf��DZdlh�k_�\b`^Z
hl�^bZ]jZfZlZ�]he_fbl_�i_lgZ�f_`^m������b�����]�kZ�q_klh�y\e_gb_�±�\�³DblZckdby
j_^´�kZ�^Z^_gb�h[sh����j_]bkljZpbb��AZ�ke_^\Zsbl_����]h^bgb�lhab�[jhc�_�����l�_�
\k_� iZd� _n_dltl� hl� gZ\ebaZg_lh� \� k\jto\_dh\by� fbgbfmf� H� ^hklZltqgh� ^h[j_
jZaebqbf.

Kihj_^� Z\lhjbl_� gZ� j_^bpZlZ� (Witmann and Xu,1987)� ktsZlZ� fh`_� ^Z� k_
baiheam\Z�gZc�\_q_�aZ�hij_^_eyg_lh�gZ�ijb[ebabl_egbl_�fhf_glb�gZ�fZdkbfmfbl_
gZ� ��� ±]h^brgbl_� pbdeb�� dZdlh� b� gZ� _ihobl_� gZ� k\jto\_dh\bl_� fbgbfmfb�
Ihke_^ghlh�l\tj^_gb_�kt\iZ^Z�b�k�gZrby�ba\h^��gZijZ\_g�ih�]hj_�
 
:<JHJ:EGB� Y<E?GBY� G:� KJ?>GB� RBJBGB� � KIHJ?>� IBKF?GB� KTH;S?GBY� � HL
P?GLJ:EG:��?<JHI:

DZdlh�\_q_�[_r_�ihkhq_gh��lj_lbyl�\Z`_g� �ibkf_g�balhqgbd�aZ�Zdlb\gbl_
ijhp_kb�gZ�Ketgp_lh�\�^hbgkljmf_glZegZlZ� _ihoZ� kZ� � k\_^_gbylZ� hl�P_gljZegZ
?\jhiZ� aZ�gZ[ex^Z\Zgbl_� Z\jhjZegb� y\e_gby� gZ� kj_^gb�rbjbgb� (nbl�� ���� ij_a
ihke_^gbl_� �����]h^bgb�� �Hkgh\ghlh�bake_^\Zg_�gZ�lhab�lbi�^Zggb� �_�gZijZ\_gh
ij_a����l_�]h^bgb�hl�q_ohkeh\Zrdb�mq_gb�(Krivsky and Pejml ,1988 ) .

AZ� jZaebdZ� hl� h[bdgh\_gbl_� iheyjgb� kbygby� (Aurora Borealis- k_\_jgh
kbygb_ ��b�Aurora Australis��x`gh�kbygb_��aZ�Z\jhjZegb�kbygby�gZ�kj_^gb�rbjbgb
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k_�kqblZl�l_ab�y\e_gby�\t\�\bkhdZlZ�Zlfhkn_jZ�gZ�A_fylZ��dhblh�k_�gZ[ex^Z\Zl
gZ�rbjbgb�ih�fZedb�hl� ��°°� k_\_jgZ�beb�x`gZ�rbjbgZ��<� kemqZy� klZ\Z� ^mfZ� aZ
kemqZb�� j_]bkljbjZgb� \� K_\_jghlh� ihemdte[h�� Hk\_g� lh\Z� l_ogbyl� ijhbaoh^� _
k\tjaZg� ^bj_dlgh� k� Zdlb\gbl_� y\e_gby� gZ� Ketgp_lh�� k� l�gZj�� ³dhjhgZegb
bajb]\Zgby´� (CME- Coronal Mass Ejections)�� Ihke_^gbl_� bao\tjeyl� \
ijhkljZgkl\hlh� qZklbpb� k� fgh]h� \bkhdZ� _g_j]by�  (>1 MeV)�� L_ab� qZklbpb� k_
\ebyyl��qZklbqgh�hl�a_fghlh�fZ]gblgh�ihe_��ihjZ^b�dh_lh�ijhgbd\Zg_lh�bf�\�ih�
gbkdbl_�keh_\_�gZ�a_fgZlZ�Zlfhkn_jZ�fh`_�^Z�klZg_�g_�kZfh�\�iheyjgbl_�jZchgb��
gh� ktsh� b�gZ� kj_^gb�rbjbgb��Ih� lhab� gZqbg� klZ\Z� \tafh`gh� \tagbd\Zg_lh� gZ
Z\jhjhih^h[gb� y\e_gby� b� \� ahgb� � ba\tg� k_\_jgby� b� x`_g� iheyjgb� h\Zeb
(lbibqgbl_� ahgb� gZ� iheyjgbl_� kbygby).� Ih� gZlZltd� aZ� djZldhkl� s_� ]b
h[hagZqZ\Zf_�k�Z[j_\bZlmjZlZ�KKR�(kbygby�gZ�kj_^gb�rbjbgb).

Nb]����� Kj_^ghrbjhqbggh� kbygb_� gZ^�sZlZ�Fbg_khlZ�� �� gh_f\jb� ����� ]
(kgbfdZ���;jZctg�J_cqnhj^ )

H[sh� aZ� i_jbh^Z� ���������� ]h^bgZ� kZ� j_]bkljbjZgb� gZ^� ����� Z\jhjZegb
kt[blby�gZ�kj_^gb�rbjbgb�gZ^�?\jhiZ��Lyoghlh�jZaij_^_e_gb_�dZlh�[jhc�kemqZb
aZ� hl^_egbl_� ]h^bgb� _� ihdZaZgh� gZ� nb]����� AZk_]Z� gZ� Z\lhjZ� g_� kZ� ba\_klgb
im[ebdm\Zgb��kbkl_fZlbabjZgb�^Zggb�aZ����b�\_d�

DZdlh� b� \� kemqZy� k� ³DblZckdby� j_^´� gZ� ]he_fbl_� ketgq_\b� i_lgZ� b� ijb
KKR�±y\e_gbylZ�_�gZebp_�³lj_g^�gZ�ex[hiblkl\hlh´��l�_��gZjZkl\Zg_�gZ�bgl_j_kZ
aZ�gZ[ex^_gb_�b�hibkZgb_�gZ�l_ab�kt[blby�k�l_q_gb_�gZ�\j_f_lh���=he_fbyl�kdhd�\
j_]bkljZpbbl_� h[Zq_� � _� ke_^� �����lZ� ]h^bgZ� � b� hq_\b^gh� _� ijh^bdlm\Zg� hl
aZkbe_gby� � bgl_j_k� dtf� _kl_kl\hagZgb_lh� � \� ?\jhiZ� ih� \j_f_� gZ� J_g_kZgkZ�
>Zggbl_� hl� ���b� b� ���b� \_d� kihj_^� Z\lhjZ� h[Zq_� kZ� gZc�ljm^gb� � aZ� hp_gdZ� b
bgl_jij_lZpby��ltc�dZlh�ltdfh�lh\Z�_�i_jbh^tl� ��\�dhclh�bgl_j_ktl�_�gZjZkl\Ze�
gh� Z\jhjZegZlZ� Zdlb\ghkl� (gZc�\_jhylgh�� _� kiZ^ZeZ� ihjZ^b� gZklti\Zsby
k\jto\_dh\b�ketgq_\�fbgbfmf�� �?lh�aZsh�h[_dl�gZ�ih�^_lZce_g�ZgZeba�\�	3 �kZ
ihke_^gbl_�^\Z�\_dZ�hl�lZab�j_^bpZ��l�_��ke_^������lZ�]h^bgZ�

<k_� iZd� hl� nb]���� ykgh� k_� \b`^Zl� i_jbh^bl_� k� ih�gbkdZ� Z\jhjZegZ
Zdlb\ghkl��DZdlh�b�\�j_^Z�gZ�Rh\_�b�³DblZckdby�j_^´�gZ�]he_fbl_�i_lgZ�lh\Z�kZ
g_q_lgbl_�dZe_g^Zjgb� klhe_lby�b� kthl\_lgh� k\jto\_dh\bl_�fbgbfmfb� gZ�Hhjl�
<hen��Rivhj_j��FZmg^_j� b�>Zelhg��>hjb� b� gZc�[_]eby� h]e_^� h[Zq_� gZ� ^Zggbl_
ke_^� �����lZ� ]h^bgZ� �� dt^_lh� l_� kZ� ih�^_lZcegb� ihdZa\Z� � hk\_g� fbgbfmfZ� gZ
>Zelhg�b�^\Z�^jm]b�bay\_gb�lZdb\Z��kthl\_lgh�\�kj_^ZlZ�gZ����b� �\�djZy�gZ����b
\_d�� � Lh\Z� _� � \b^bfZ� bg^bdZpby�� q_� hk\_g� d\Zab^\m\_dh\b� pbdte� \� KKR�
y\e_gbylZ�k_�ijhy\y\Z�b�^jm]���qbylh�ijh^te`bl_eghkl�_�gydhedh�^_k_lbe_lby�
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Nb]����� :\jhjZegb� y\e_gby� gZ� kj_^gb� rbjbgb� �� bajZa_gb� dZlh� [jhc
j_]bkljbjZgb�kemqZb�aZ�_^gZ�]h^bgZ�(1000-1900 ]�)

³DHKFH=?GGBL?´���J:>BHBAHLHIB

J_^bpbl_�aZ�kt^tj`ZgbylZ�gZ�³dhkfh]_ggbl_´��jZ^bhbahlhib�\�jZaebqgbl_
kehbklb� beb� ijtkl_ghh[jZagb� kljmdlmjb� � ^Z\Zl� bg^bj_dlgZ� bgnhjfZpby� aZ
\ZjbZpbbl_�gZ�ketgq_\by�\yltj� �\�jZfdbl_�gZ�\j_f_\bl_�bgl_j\Zeb��aZ�dhblh�l_
kZ�ihemq_gb�� �J_dhgkljmdpbylZ�gZ�i_lghh[jZam\Zl_egZlZ�Zdlb\ghkl�gZ�[ZaZlZ�gZ
l_ab� ^Zggb�� dZdlh� \_q_� [_� kihf_gZlh�� k_� ijZ\yl� \ta� hkgh\Z� gZ� dZeb[jh\dZ� �� aZ
dhylh�\_q_�[_�jZadZaZgh�\�&���������J_]j_kbhggbl_�nhjfmeb�gZ�gZf_j_gbl_�\jtadb
kZ� ktk� agZqbl_egZ� hklZltqgZ� ^bki_jkby�� \� kemqZy� gZ� ³]j_geZg^kdby´� b
³ZglZjdlbq_kdby´� [_jbeb_\b� j_^h\_� ih� hp_gdZ� gZ� Z\lhjZ� ly� _� hdheh� ���� hl
h[sZlZ�^bki_jkby��IjbqbgZlZ�aZ�lh\Z�_� ��q_�iZjZf_ljbl_�gZ�ketgq_\by�\yltj�kZ
gZc�lykgh� k\tjaZgb� k� ijhp_kbl_� \� dhjhgZlZ� gZ� Ketgp_lh�� dhblh� fZdZj� b� ^Z
dhj_ebjZl�� kZ� hlghkbl_egh� kZfhklhyl_egb� hl� ijhp_kbl_� \t\� nhlhkn_jZlZ� b
kthl\_lgh�hl�i_lghh[jZam\Zg_lh�

Ihke_^gbl_� ����� ]h^bgb� k_� ³ihdjb\Zl� ³� gZitegh� hl� jZ^bh\t]e_jh^gZlZ
j_^bpZ�gZ�]h^brgbl_�ijtkl_gb�gZ�^tj\_lZlZ�(INTCAL93/98/04)��<j_f_\ZlZ�kltidZ
gZ�itj\bl_�^\_�\_jkbb�_����]h^bgb (Stuiver et al., 1993,1998)��^hdZlh�ijb�INTCAL04

e 5 ]h^bgb(Reimer et al., 2004).�Hl�^\_l_�[_jbeb_\b�j_^bpbb�ih�bgl_j_kgZ�\�kemqZy�_
ZglZjdlbq_kdZlZ�� ltc� dZlh� ly� ihdjb\Z� ih�]heyf� \j_f_\b� bgl_j\Ze� (850-1900

]h^bgZ)��^hdZlh�³]j_geZg^kdZlZ´�h[o\ZsZ�kZfh�����]h^bgb� (1423-1985 )��Hl�^jm]Z
kljZgZ� h[Zq_� ihke_^gZlZ� _�fgh]h� bgl_j_kgZ� aZ� baykgy\Zg_� gZ� gydhb� Zki_dlb� gZ
ketgq_\h�debfZlbqgbl_�\jtadb�(\b`�&3).

GZ�nb]�� ��� _� ihdZaZg� ³ZglZjdlbq_kdbyl´� [_jbeb_\� j_^� (5ZLVHQEHFN� HW� DO��
1990; Bard et al., 1997)�� �<tjom�^Zggbl_�_�ijbeh`_gZ�bgl_jiheZpbhggZ�ijhp_^mjZ�
lZdZ� q_� l_� kZ� ij_h[jZam\Zgb� \� j_^bpZ� k� _^gZd\Z� \j_f_\Z� kltidZ�� jZ\gZ� gZ� �
]h^bgb�

AZjZ^b� � Nhj[mr�_n_dlZ� ih\_^_gb_lh� gZ� lhab� j_^� _� h]e_^Ze_g� h[jZa� gZ
ketgq_\ZlZ� Zdlb\ghkl�� l�_�� fbgbfmfbl_� ijb� ihke_^gZlZ� kthl\_lkl\m\Zl� gZ
fZdkbfmfb� gZ� [_jbeb_\bl_� dhgp_gljZpbb�� Fgh]h� ykgh� k_� \b`^Zl� ibdh\_l_ ,

k\tjaZgb�ktk�ketgq_\bl_�k\jto\_dh\b�fbgbfmfb��Bgl_j_k_g�aZ�hl[_eya\Zg_�nZdl
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_� ��q_�aZ�jZaebdZ�hl�j_^Z�gZ�Rh\_�fbgbfmftl�gZ�Rivhj_j�_�ih�^h[j_�bajZa_g�hl
fbgbfmfZ� gZ� FZmg^_j� ±kthl\_lgby� ³S”(Rivhj_j)-ibd� ijb�  [_jbeb_\bl_
dhgp_gljZpbb�_�ih�\bkhd�hl�ibdZ�³F´(FZmg^_j).

Nb]���� “:glZjdlbq_kdbyl´�[_jbeb_\�j_^� (850-1900 ]�). Ih�hj^bgZlZlZ�kZ
gZg_k_gb� hlghkbl_egbl_� \ZjbZpbb� gZ� 10Be \� ijhfbeb� kijyfh� kj_^gZlZ
dhgp_gljZpby� aZ�bake_^\Zgby� i_jbh^��IhjZ^b� ³Nhj[mr�_n_dlZ´�lZab� dZjlbgZ� _
h]e_^Ze_g�h[jZa�gZ�oh^Z�gZ�ketgq_\ZlZ�Zdlb\ghkl�
�������Ki_dltjtl� gZ� dhe_[ZgbylZ� \� lZab� j_^bpZ�� ihemq_g� k� 7�5� i_jbh^h]jZfgZlZ
ijhp_^mjZ�_�ihdZaZg�gZ�nbl.19.

    Nb]����� T-R ki_dltj� gZ� ZglZjdlbq_kdby� [_jbeb_\� j_^�� Q_j\_gZlZ� b� kbgylZ
ebgbb� ij_^klZ\yl� ^\_l_� djblbqgb� gb\Z� aZ� klZlbklbq_kdZ� ^hklh\_jghkl� gZ� R

(\b`�ijbeh`_gb_�I)

Hl� 7�5� ki_dltjZ� k_� \b`^Z�� q_� gZc�bay\_gbl_� pbdeb� � \� ZglZjdlbq_kdbl_
[_jbeb_\b�^Zggb�kZ�k�ijh^te`bl_eghkl�����b�����]h^bgb��d\Zab^\m\_dh\b���dZdlh
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lj_g^��kthl\_lkl\m\Zs���gZ�����]h^brgh�pbdebqgh�dhe_[Zgb_��AZ[_eya\Z��k_�ktsh
b�agZqbl_egh�ih�keZ[��gh�klZlbklbq_kdb�^hklh\_j_g�����]h^br_g�pbdte�

Ki_dltjtl� gZ� dhe_[ZgbylZ� gZ� hlghkbl_eghlh� kt^tj`Zgb_� gZ� 14K� \
]h^brgbl_�djt]h\_�gZ�^tj\_lZlZ� � �,17&$/�����aZ�i_jbh^Z���������]�H�ihdZaZg�gZ
nb]�����  GZc�kbegh� _� d\Zabobey^he_lgh� dhe_[Zgb_� � k� hdheh� �������� ]h^brgZ
ijh^te`bl_eghkl��Z�gZ�\lhjh�fyklh�_�d\Zab^\m\_dh\byl�pbdte� (T=204.5 ]h^bgb).

DZdlh�b�\� ZglZjdlbq_kdby� [_jbeb_\�j_^� � b� lmd� bfZ� ^h[j_� bajZa_g� ���� ]h^br_g
pbdte�� gh� lhc� _� ih^� ³q_j\_gby� ijZ]´� �� kthl\_lkl\m\Zs� gZ� hlghr_gb_� 5�65 ���
(\b`�ijbeh`_gb_� �)��Hl�^jm]Z�kljZgZ�h[Zq_�d\Zab�����]h^brgbyl�pbdte� ��\b^bf
ktsh�b�\�ZglZjdlbq_kdby�j_^� �_�ktk�agZqbl_egh�ih�\bkhdh�gb\h�gZ�^hklh\_jghkl�
S_�gZihfgbf��q_�pbdte�k�[ebadZ�ijh^te`bl_eghkl�(350-360 ])�_�j_]bkljbjZgZ�b�\
j_^Z�gZ�Rh\_�

Nb]�����T-R ki_dltj� gZ� jZ^bh\t]e_jh^gby� j_^�gZ� ]h^brgbl_� ijtkl_gb� gZ
^tj\_lZlZ�ij_a�ihke_^gbl_�a�����]�

D<:AB><M<?DH<BYL�KETGQ?<�PBDTE

EhdZegbl_�fZdkbfmfb�\� �jZ^bh\t]e_jh^gZlZ�j_^bpZ�ij_a�ihke_^gbl_�����
]h^bgb�kthl\_lkl\m\Zl�gZ�k\jto\_dh\bl_�fbgbfmfb�gZ�ketgq_\ZlZ�Zdlb\ghkl� �\
j_^Z� gZ� Rh\_� (nb]���)�� Ij_a� \lhjhlh� obey^he_lb_� l_� dhj_kihg^bjZl� gZ
fbgbfmfbl_� gZ� Hhjl�� <hen�� Rivhj_j� �� FZmg^_j� b� >Zelhg�� Hl� ^jm]Z� kljZgZ
ktsbl_� fbgbfmfb� kZ� ^h[j_� jZaebqbfb� \t\� \kbqdb� hklZgZeb� j_^bpb� �
ij_^klZ\ysb�bg^kljmf_glZegb�beb� �bg^bj_dlgb�^Zggb�aZ�ketgq_\ZlZ�Zdlb\ghkl
aZ� \j_f_\b� bgl_j\Ze� ≥≥� ���� ]h^bgb� �� \dexqbl_egh� b� j_^tl� gZ� Ohcl�RZltg
(bg^_dktl� Rh). Lh\Z� ^Z\Z� hkgh\Zgb_� ^Z� k_� l\tj^b�� q_� aZ� Zdlb\gbl_� y\e_gby� gZ
Ketgp_lh� _�oZjZdl_jgh�ijbktkl\b_lh�gZ�fhs_g�d\Zab^\m\_dh\b�pbdte��dZdlh�\
i_lghh[jZam\Zg_lh��lZdb�b�\�ketgq_\by�\yltj�b��_jmilb\gZlZ�Zdlb\ghkl�

Hq_\b^gh� ^\m\_dh\byl� pbdte� _� gZc�oZjZdl_jgZlZ� hlebqbl_egZ� q_jlZ� gZ
_^jhfZsZ[gby�oh^�gZ�ketgq_\ZlZ�Zdlb\ghkl�\t\�\j_f_\ZlZ�kdZeZ�hl�gydhedh�\_dZ
^h�hdheh������]h^bgb��DZdlh�\_q_�[_r_�ihkhq_gh��lhc�_�j_]bkljbjZg�gZc�gZij_^�hl
Rh\_�hs_�ij_a����l_�]h^bgb�gZ�����b�\_d��<ihke_^kl\b_�g_]h\hlh�kts_kl\m\Zg_�_
ihl\tj^_gh�b�\�j_^bpbl_�gZ�³dhkfh]_ggbl_´�bahlhib�b�gZc�gZij_^�\�l_ab�aZ�14K�(de

Vries,1958; Damon and Sonett, 1991; >_j]Zq_\�b�Qbklydh\, 1993).

Ij_a� ����� ]�� Z\lhjtl� kt\f_klgh� k�<��DZnlZg� (Komitov and Kaftan, 2003) ,

jZajZ[hl\Zcdb� fh^_eb� gZ� ^bgZfbdZlZ� gZ� j_^Z� gZ� Rh\_�� mklZgh\y\Zl
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ijb[ebabl_egbl_� dZe_g^Zjgb�fhf_glb� gZ�fbgbfmfbl_� gZ� ketgq_\by� ^\m\_dh\b
pbdte�� Ihke_^gbyl� _� [be� ih� \j_f_� gZ� pxjbokdby� pbdte� No 9 (1851 ]��� Z
ke_^\Zsbyl�s_� [t^_� hdheh� ����� ]�� �Ihke_^gbyl�fZdkbfmf�gZ� ktsby� _� [be� ij_a
����]�b�ihqlb� kt\iZ^Z� k�gZc�fhsgbyl�i_lghh[jZam\Zl_e_g�pbdte� �pxjbokdb�No

19) ij_a�ihke_^gbl_�����]h^bgb�
Ih�� ij_pbagbyl� ZgZeba� ihdZa\Z�� q_� k\jto\_dh\bl_� fbgbfmfb� dZlh

fhjnheh]bqgb� kljmdlmjb� k_� hnhjfyl� ijb� kmi_jihabpby� hl� gbaoh^ysbl_� beb
hdhehfbgbfmfgb� nZab� gZ� _^bg� beb� ih\_q_� gZ� [jhc� \_dh\b� beb� � k\jto\_dh\b
ketgq_\b�pbdeb���gh�\bgZ]b�k�mqZklb_lh�gZ�^\m\_dh\by�pbdte��
 Dhgdj_lgh� \� jZ^bh\t]e_jh^gbl_� j_^bpb� d\Zab^\m\_dh\byl� pbdte� k_
gZjbqZ�³\ZjbZpby�gZ�^_�<jb´�(>_j]Zq_\��1994)

DZdlh� k_� \b`^Z� hl� kjZ\gy\Zg_lh� gZ� nb]�� ��� b� ��� b� \� ^\_l_� j_^bpb� bfZ
^hklh\_jgb�pbdeb�\�^bZiZahgZ�f_`^m������b�����]h^bgb��Ktshlh�\Z`b�b�aZ�j_^Z�gZ
Rh\_ b�³]j_geZg^kdby´�[_jbeb_\�j_^�(Komitov and Kaftan, 2004)�� �Ke_^h\Zl_egh�\
Zdlb\gbl_�y\e_gby�gZ�Ketgp_lh�bfZ�b�a����]h^br_g�pbdte�

Ijbktkl\b_lh�gZ�����]h^br_g�pbdte�\t\�k\jto\_dh\by�oh^�gZ�ketgq_\ZlZ
Zdlb\ghkl� \h^b� ^h� ij_^iheh`_gb_lh�� q_� gZc�\_jhylgh� lhc� mqZkl\m\Z� b� \
hklZltqgZlZ�^bki_jkby�gZ�l_fi_jZlmjgbl_�dhe_[Zgby�kijyfh�j_]j_kbhggby�fh^_e
(3)�� DZdlh� [_� ihdZaZgh� \� ij_^gby� iZjZ]jZn� lZf� k_� ijhy\y\Z� ����]h^brgZ
pbdebqghkl��Ih�lZdt\�gZqbg�lhc�^Z\Z�ijbghk�\�kmfZjghlh�\ebygb_�gZ�k\tjaZgbl_
ktk�Ketgp_lh�nZdlhjb� aZ�debfZlbqgbl_�ijhf_gb�� �J_ki_dlb\gh� lh\Z� k\b\Z� hs_
ih\_q_�]hjgZlZ�]jZgbpZ�gZ�hlghkbl_eghlh�\ebygb_�gZ�^jm]bl_�\tafh`gb�nZdlhjb�
\dexqbl_egh�b�gZ�qh\_rdZlZ�^_cghkl�

KETGP?LH� B� DEBF:LTL� IJ?A� IHKE?>GBL?� ����� =H>BGB�� DHJ?E:PBHGGB
<JTADB

������������Hs_� hl� ]jm[hlh� \bamZegh� kjZ\g_gb_� gZ� nb]��Z� b� j_^Z� gZ� Rh\_� beb
³ZglZjdlbq_kdby´� � j_^� � k_� \b`^Z�� q_� bfZ� \jtadZ� � \� ]eZ\gbl_� fhjnheh]bqgb
kljmdlmjb�gZ�djb\ZlZ�gZ�l_fi_jZlmjgbl_� �dhe_[Zgby�kihj_^�;hjbk_gdh\�(1976) b
ih\_^_gb_lh�gZ�ketgq_\ZlZ�Zdlb\ghkl�ij_a�ihke_^gbl_������]h^bgb� ��Z�bf_ggh����
Ojhgheh]bqghlh�kthl\_lkl\b_�f_`^m�k_jbylZ�k\jto\_dh\b�ketgq_\b�fbgbfmfb�b
i_jbh^bl_�gZ�\j_f_ggh�aZoeZ`^Zg_�gZ�debfZlZ�k�hdheh�������]jZ^mkZ����I_jbh^tl
gZ�hlghkbl_egh�\bkhdZlZ�ketgq_\Z�Zdlb\ghkl�hdheh�������b�\_d�b�Kj_^gh\_dh\gby
l_fi_jZlmj_g� fZdkbfmf� ��������� ]�g�_��� ��� >\ZlZ� gZc�^te[hdb� ketgq_\b
k\jto\_dh\b�fbgbfmfb� gZ�Rivhj_j� b�FZmg^_j� kt\iZ^Zl� ih� \j_f_� k� ³FZedby
e_^gbdh\�i_jbh^´�(15-18-\_d��Z�keZ[hlh��b�\j_f_ggh�aZlhieyg_�ij_a����b�\_d�bfZ�aZ
ZgZeh]� \j_f_ggh� �� gh� kljtfgh� ihdZq\Zg_� gZ� ketgq_\ZlZ� Zdlb\ghkl
(³J_g_kZgkh\byl�fZdkbfmf´�� �� ��� ³Fh^_jgbyl´� � ketgq_\� k\jto\_dh\b�fZdkbfmf
bfZ�aZ�k\hc�ZgZeh]�kt\j_f_gghlh�³]eh[Zegh�aZlhieyg_´�

AZ� ih�ij_pba_g� dhebq_kl\_g� ZgZeba� [_� ba[jZgZ� _^gZ� hl� gZc�gh\bl_
im[ebdm\Zgb�j_^bpb�aZ�l_fi_jZlmjgbl_��dhe_[Zgby��lZab�gZ�0h[_j]�b�^j. (Moberg

et al., 2005)�� DZlh� j_^bpb� gZ� ketgq_\ZlZ� Zdlb\ghkl� [yoZ� baiheam\Zgb
jZ^bh\t]e_jh^gby� j_^� gZ� ]h^brgbl_� ijtkl_gb� �,17&$/���� aZ� ihke_^gbl_� ����
]h^bgb��g_ij_dtkgZlZlZ�qZkl�gZ�j_^Z�gZ�Rh\_�ke_^������]�g�_��b�³ZglZjdlbq_kdby�³
[_jbeb_\�j_^�(850-1900]).
    DZdlh�\_q_� [_�ihdZaZgh� \�ij_^gby� iZjZ]jZn�� gZc�\_jhylgZlZ� ijbqbgZ� aZ
^te]hkjhqgbl_� dhe_[Zgby� gZ� kj_^ghieZg_lZjgZlZ� l_fi_jZlmjZ� kZ� k\tjaZgb� k
ZgZeh]bqgb� ijhf_gb� gZ� h[sZlZ� ketgq_\Z� _e_dljhfZ]gblgZ� jZ^bZpby�� Ktsbl_
h[Zq_� dhj_ebjZl� k� i_lghh[jZam\Zl_egZlZ� Zdlb\ghkl� ih�^h[j_� �� hldhedhlh� k
iZjZf_ljbl_� gZ� ketgq_\by� \yltj� �� ihlhdZ� gZ� =DE� b� kthl\_lgh� kdhjhklbl_� gZ
h[jZam\Zg_� gZ� dhkfh]_ggbl_� jZabhbahlhib�� Hllmd� ke_^\Z� ^Z� hqZd\Zf_� �� q_
dh_nbpb_glbl_�gZ�dhj_eZpby�f_`^m�l_fi_jZlmjgbl_��b�jZ^bhbahlhigbl_�^Zggb�aZ
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ihke_^gbl_� ����� ]h^bgb� fZdZj� b� agZqbfb�� \k_� iZd� s_� kZ� k� ih�gbkdh� gb\h� gZ
klZlbklbq_kdZ�^hklh\_jghkl�\�kjZ\g_gb_�k�j_]j_kbhggby�fh^_e� �����hlgZkys�k_�aZ
ihke_^gbl_� ���� ]h^bgb�� AgZdtl� gZ� dhj_eZpbylZ� _kl_kl\_gh� ljy[\Z� ^Z� [t^_
hljbpZl_e_g�

AZ� bake_^\Zg_� gZ� \jtadbl_� f_`^m� l_fi_jZlmjgbl_� dhe_[Zgby� b
dhkfh]_ggbl_�jZ^bhbahlhib�^Zggbl_��[yoZ�ba]eZ^_gb�ih����]h^bgb��kthl\_lgh�ih��
lhqdb� aZ� 14K� ��ih� ��� ±aZ� 10<_�b�ih� ���� aZ� kj_^gh]h^brgbl_� l_fi_jZlmjgb�^Zggb).

Ijb�jZ^bh\t]e_jhk^gbl_�^Zggb�gZc�^h[jbyl�ih�Z[khexlgZ�klhcghkl��hljbpZl_e_g�
dh_nbpb_gl�gZ�dhj_eZpby�k_�ihemqZ\Z�ijb�nZah\h�hlf_kl\Zg_� �aZdtkg_gb_�gZ� 14K
^Zggbl_�� hl� hdheh� ������ ]h^bgb� ihjZ^b� gZebqb_lh� gZ� agZqbl_egh� ³j_ab^_glgh
\j_f_´��<�kemqZy�k�[_jbeb_\bl_�^Zggb�lZdt\�_n_dl�ijZdlbq_kdb�hlktkl\m\Z�

Hl�ZgZebaZ�klZgZ�ykgh��q_�gZc�^h[jZlZ�\jtadZ�k�l_fi_jZlmjgbl_�dhe_[Zgby
(j_^bpZlZ�gZ�Fh[_j]�b�^j���������_�ebg_cgZ�b�ijb�kihf_gZlhlh�nZah\h�hlf_kl\Zg_
dh_nbpb_gltl�gZ�dhj_eZpby�^hklb]Z�r = -0.53��Ijb�]he_fby�[jhc�^Zggb��ih�����aZ
\kydZ� _^gZ� hl� kjZ\gy\Zgbl_� j_^bpb) r/sr ≈≈10, l�� _� dh_nbpb_gltl� gZ� dhj_eZpby
gZ^o\tjey�hdheh����itlb�]j_rdZlZ�kb��Z�^hklh\_jghkllZ�gZ�\jtadZlZ�_�gZ^�����
NZdlhjtl� (hlghkbl_eghlh� kt^tj`Zgb_� gZ� 14

C) nhjfbjZ� hdheh� ���� hl� h[sZlZ
^bki_jkby� �� l�_�� F =1.39�� GZihfgyf_� h[Zq_�� q_� jZ^bh\t]e_jh^gbl_� ^Zggb� kZ
bg^bdZlhj�aZ�iZjZf_ljbl_�gZ�ketgq_\by�\yltj��Z�\jtadZlZ�k�i_lghh[jZam\Zg_lh�b
kthl\_lgh�k�h[sZlZ�ketgq_\Z�k\_lbfhkl�_�bg^bj_dlgZ�� �Lh\Z�kihkh[kl\m\Z�aZ�ih�
]he_fbyl�^ye�gZ�hklZltqgZlZ�^bki_jkby��gZ�\jtadZlZ�“14

C -> l_fi_jZlmjZ”.

Dh_nbpb_gltl� gZ� dhj_eZpby� f_`^m� l_fi_jZlmjgbl_� \ZjbZpbb� b
ZglZjdlbq_kdbl_� [_jbeb_\b� dhgp_gljZpbb� � _� r = -0.5��Hlghr_gb_lh� r/sr = 9.5�� Z
ij_^klZ\ysbyl�ketgq_\ZlZ�Zdlb\ghkl�nZdlhj�(dhgp_gljZpbylZ gZ�10<_���nhjfbjZ
hdheh� ���� hl� h[sZlZ� ^bki_jkby�� B� \� lhab� kemqZc� \Z`b� l\tj^_gb_lh�� q_
dhgp_gljZpbylZ� gZ� dhkfh]_ggby� bahlhi� _�fgh]h� ]jm[� bg^bdZlhj� gZ� ketgq_\hlh
i_lghh[jZam\Zg_�b��gZ�h[sZlZ�ketgq_\Z�k\_lbfhkl�
             LZdZ�ihemq_gbl_�\jtadb�[boZ�fh]eb�_\_glmZegh�^Z�[t^Zl�ih^h[j_gb�Zdh�k_
ij_fbg_�dtf�ih�]he_fb�bgl_j\Zeb�gZ�ba]eZ`^Zg_�gZ�^Zggbl_��

Ij_a�ihke_^gbl_�]h^bgb�bfZ�jZajZ[hl_gb�nbabq_kdb�fh^_eb� ��ihkj_^kl\hf
dhblh� \ta� hkgh\Z� gZ� ^Zggbl_� aZ� dhkfh]_ggbl_� jZ^bhbahlhib� b� ih�ki_pbZegh
³ZglZjdlbq_kdby´� 10<_� k_� ij_baqbkey\Z� fZ]gblgby� ihlhd� gZ� Ketgp_lh� b
i_lghh[jZam\Zl_egZlZ�Zdlb\ghkl�(Usoskin et al.,2002,2004)���L_ab�fh^_eb�h[ykgy\Zl
fgh]h�^h[j_�ih\_^_gb_lh�gZ�debfZlZ�ij_a�ihke_^gbl_������]h^bgb�Zdh�k_�ijb_f_�aZ
^hklh\_j_g�kp_gZjbyl�³Ohd__g�klbd´�(Mann and Jones, 2003).  DZdlh�Z\lhjbl_�kZfb
hl[_eya\Zl� (Usoskin, 2004) gZc�]he_fbyl�^ye� aZ�^h[jZlZ�dhj_eZpby�bfZl�^Zggbl_
ke_^� ����� ]�� Lh\Z� k_� ^te`b� gZ� h[klhyl_ekl\hlh�� q_� kihj_^� ij_^eZ]Zgby� hl� lyo
^bgZfbq_g�fh^_e�gZ� ketgq_\ZlZ� Zdlb\ghkl�ij_a�ihke_^gbl_� ���� ]h^bgb�ijb�g_y
ktrh� k_� gZ[ex^Z\Z� y\e_gb_lh� ³Ohd__g� klbd´�� qbylh� gZc�\bkhdZ� qZkl� _
³Fh^_jgbyl´�k\jto\_dh\b�ketgq_\�fZdkbfmf�

Ih�ih^jh[gZ�^bkdmkby� aZ� lh\Z� ^hdhedh�fh^_ebl_� � hl� lbi� ³Ohd__g� � klbd´
Z^_d\Zlgh� ij_^klZ\yl� ^bgZfbdZlZ� gZ� ketgq_\ZlZ� Zdlb\ghkl� b� debfZlZ� \t\
\j_f_lh�s_�k_�kij_f�ih�gZ^hem�\�ke_^\Zsby�iZjZ]jZn�

Ijhp_^mjZlZ�aZ�ijb\_`^Zg_�\�ktihklZ\bf�\b^�gZ�^Zggbl_�hl�j_^Z�gZ�Rh\_
b� l_fi_jZlmjgbl_� dhe_[Zgby� � _� ih�keh`gZ� \� kjZ\g_gb_� k� ZgZeh]bqgZlZ� ijb
dhkfh]_ggbl_� bahlhib��Ij_^b� \kbqdh� k_� gZeZ]Z� l_fi_jZlmjgbl_� ^Zggb� ^Z� [t^Zl
mkj_^g_gb� aZ� \k_db� _^bg� hl� ����l_� pbdteZ� gZ�R\Z[_�<hen�� dhblh� mqZkl\m\Zl� \
j_^Z� gZ� Rh\_� ke_^� ���]�g�_�� �� Ke_^� lh\Z� k_� baqbkey\Zl� dh_nbpb_glbl_� gZ
dhj_eZpby� f_`^m� ^\_l_� j_^bpb� dZlh� ihke_^h\Zl_egh� k_� ij_fbgZ\Z� dtf� \k_� ih�
]heyf�[jhc�lhqdb� ��ih�dhblh�^\_l_�j_^bpb�k_�ba]eZ`^Zl��HdZaZ�k_� ��q_�gZc�\bkhd
dh_nbpb_gl� gZ� dhj_eZpby� b� � gZc�^h[jZ� ^hklh\_jghkl� k_� ihemqZ\Zl� ijb
ba]eZ`k^Zg_� ih� ��� lhqdb� (a���� ]h^brgb� iteaysb� kj_^gb� klhcghklb�� dZlh
dh_nbpb_gltl� gZ� dhj_eZpby� ^hklb]Z� ������� Z� F=1.91�� Ijb� lh\Z� iheh`_gb_
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nZdlhjtl� (ba]eZ^_gbl_� fhsghklb� gZ� ���]h^brgbl_� pbdeb�� ^Z\Z� hdheh� ���� hl
h[sZlZ�^bki_jkby�gZ�l_fi_jZlmjgbl_�dhe_[Zgby�

Hl�ij_^klZ\_gbl_�lmd�j_amelZlb�ke_^\Z��q_�\�jZfdbl_�gZ�ihke_^gbl_� ����
]h^bgb� ba]eZ^_gbl_� ^Zggb� aZ� l_fi_jZlmjgbl_� ijhf_gb� ke_^\Zl� hkgh\gbl_
l_g^_gpbb� gZ� ketgq_\ZlZ� Zdlb\ghkl�� � GZc�aZ[_e_`bfbl_� debfZlbqgb� kt[blby
ij_a�lhab�i_jbh^��Kj_^gh\_dh\gbyl�debfZlbq_g�fZdkbfmf�(8-12-b�\_d���FZedbyl
e_^gbdh\�i_jbh^��������b��\_d�b�kt\jtf_gghlh�³]eh[Zegh�aZlhieyg_´�ij_a����b�\_d
bfZl� k\hbl_� ZgZehab� \� k\jto\_dh\by� oh^� gZ� � ketgq_\ZlZ� Zdlb\ghkl�
Kj_^gh\_dh\_g� k\jto\_dh\b� fZdkbfmf�� fbgbfmf� gZ� FZmg^_j� b� ³Fh^_j_g´
k\jto\_dh\b�ketgq_\�fZdkbfmf�

Nb]���� Ba]eZ^_gb����]h^brgb�kj_^gb�klhcghklb�gZ�hlghkbl_egbl_�kt^tj`Zgby
gZ� 14K� �]hj_�� b� l_fi_jZlmjgbl_� dhe_[Zgby� kihj_^� Fh[_j]� b� ^j�������� ij_a
ihke_^gbl_� ����� ]h^bgb�� Gbkdbl_� gb\Z� gZ� jZ^bh\t]e_jh^� kthl\_lkl\m\Zl� gZ
\bkhdb� gb\Z� gZ� ketgq_\ZlZ� Zdlb\ghkl�EbqZl� ^h[j_� fbgbfmfbl_� k\tjaZgb� k
^\m\_dh\bl_�pbdeb�
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Ke_^\Zsbyl� \tijhk� �� dhclh� s_� [t^_� jZa]e_^Zg� _� ^Zeb� l_ab� kt[blby� \
ih\_^_gb_lh�gZ�ketgq_\ZlZ�Zdlb\ghkl�b�debfZlZ�kZ�pbdebqgh�ih\lZjysb�k_�beb
kZ�mgbdZegb�ih�k\hy�oZjZdl_j�

2.2.4.3. Ij_a�ihke_^gbl_��������]h^bgb�(Ohehp_g): JZ^bh\t]e_jh^tl
=eZ\gbyl� balhqgbd� gZ� ^Zggb� aZ� ih\_^_gb_lh� gZ� Ketgp_lh� ij_a

ke_^e_^gbdh\ZlZ� _ihoZ� kZ� jZ^bh\t]e_jh^gbl_� ^Zggb� hl� ]h^brgbl_� ijtkl_gb� gZ
^tj\_lZlZ� (Stuiver et al., 1993, 1998; Reinmer et al., 2004)�� <ZjbZpbbl_� \
hlghkbl_egZlZ� kdhjhkl� gZ� h[jZam\Zg_� gZ� 14

C kt]eZkgh� Klmb\tj� b� ^j� (1998) e

ihdZaZgZ� gZ� nb]���� KtsZlZ� ij_^klZ\ey\Z� k_e_dpby� hl� itegZlZ� j_^bpZ� gZ l_ab
^Zggb��dhylh�_�k�^te`bgZ�hdheh�������]h^bgb��:\lhjtl�_�gZijZ\be�lZab�k_e_dpby
hl�kth[jZ`_gby�aZ�ih�]heyfZ�kb]mjghkl�gZ�baiheam\Zgbl_�aZ�ih�gZlZltr_g�ZgZeba
^Zggb��AZ�jZ^bh\t]e_jh^gbl_�^Zggb�k_�kqblZ�aZ�kb]mjgh� ��q_�hljZay\Zl�mkeh\bylZ
gZ� ijhgbd\Zg_� \� Zlfhkn_jZlZ� gZ� =DE� �� ihjh^_gb� hl� ijhf_gbl_� \� ketgq_\ZlZ
Zdlb\ghkl�b�\_jhylgh��^h�ba\_klgZ� kl_i_g�ih\ebygb�hl�^te]hkjhqgb�\ZjbZpbb�\
bgl_gabl_lZ� gZ� a_fghlh� fZ]gblgh� ihe_�� JheylZ� gZ� f_l_hjheh]bqgbZ� ³rmf´� _
kts_kl\_gh�ih�fZedZ�\�kjZ\g_gb_�k�[_jbeb_\bl_�j_^bpb�

LJ?G>TL

Itj\ZlZ� hkh[_ghkl�� dhylh� � k_� \b`^Z� \� ^bgZfbdZlZ� gZ� jZ^bh\t]e_jh^gbl_
^Zggb�gZ�nb]���_�gZebqb_lh�gZ�h[s�k\jtoobey^he_l_g� �lj_g^��dhclh�\�gZc�]jm[h
ijb[eb`_gb_� bfZ� oZjZdl_j� gZ� ihem\tegZ�� Ij_a� itj\bl_� ^\_� obey^he_lby� gZ
bake_^\Zgby� i_jbh^� g_cgZlZ� nZaZ� _� [ebadZ� ^h� k\hy� fZdkbfmf�� ^hdZlh� � \
kt\j_f_ggZlZ�_ihoZ� (ihke_^gbl_� ���������� ]h^bgb��ly� _� [ebah�^h� k\hy�fbgbfmf�
Ke_^h\Zl_egh��k� ]heyfZ�^haZ�m\_j_ghkl�fh`_�^Z� k_� kqblZ� ��q_�ih� k\hylZ�ijbjh^Z
lj_g^tl� _� k\tjaZg� k� ^te]hkjhq_g� pbdte�� dhclh� ih� k\hylZ� ijh^te`bl_eghkl� _
ktihklZ\bf� � gZ^o\tjey� ^te`bgZlZ� gZ� \j_f_ggby� j_^�� dt^_lh� k_� ijhy\y\Z�� AZ
lZdb\Z� lj_g^h\_� ih�gZlZltd� s_� baiheam\Zf_� ihgylbylZ� ³obi_jpbdte´� beb
³lj_g^�obi_jpbdte´�

Ke_^\Zsbyl� \tijhk� _�� DZd\Z� _� ijbjh^ZlZ� gZ� lZab� k\jtoobey^he_lgZ
l_g^_gpby"�Hl]h\hjtl�_�ltjk_g�\�ke_^gbl_��ihkhdb�

��� Lj_g^tl�obi_jpbdte� _� j_amelZl� hl� pbdebqgZ� ijhfygZ� \� bgl_gabl_lZ� gZ
a_fghlh�fZ]gblgh�ihe_�k�i_jbh^�hl�hdheh�������]h^bgb���L_ab�ijhf_gb�fh^mebjZl
mkeh\bylZ� aZ� ijhgbd\Zg_� gZ� =DE� \� Zlfhkn_jZlZ� �� Z� hllZf� b� kdhjhklbl_� aZ
h[jZam\Zg_� gZ� 14K�� :\lhjbl_�� dhblh� ³klti\Zl� ³� gZ� lZab� � obihl_aZ� ba\Z`^Zl� hl
^Zggbl_� obi_jpbdte� k� ih^h[_g� i_jbh^� k� ihfhslZ� gZ� f_lh^Z� gZ� gZc�fZedbl_
d\Z^jZlb��b�bake_^\Zl�hklZltqgbl_�\ZjbZpbb�k�p_e�j_dhgkljmdpby�gZ�ih\_^_gb_lh
gZ�Ketgp_lh�

���Lj_g^tl�_�k�]_hfZ]gblgZ�ijbjh^Z��gh�g_�_�j_amelZl�(kZfh�) hl�^_ckl\b_lh�gZ
]hj_ihkhq_gby�pbdte��Z�b�hl�ih�^tet]�lZdt\�(~39000 ]h^br_g) (Kouznetsova, 2002) .

���Lj_g^tl�_�k\tjaZg�dZdlh�k�gb\hlh�gZ�Zdlb\gbl_�ijhp_kb�gZ�Ketgp_lh��lZdZ
b�k�\ZjbZpbb�gZ�]_hfZ]gblghlh�ihe_� ��<�lhab�kemqZc�Z\lhjbl_�gZ�lhab�_lZi�g_�k_
Zg]Z`bjZl� k� ij_^klZ\yg_� gZ� lj_g^Z� dZlh� obi_jpbdte� k� dhgdj_lgZ
ijh^te`bl_eghkl���Z�]h�jZa]e_`^Zl�\�ihebghfbZegh�ijb[eb`_gb_�beb�dZlh�qbke_g
kieZcg�
�������Z��Lj_g^tl�_�j_amelZl�hl�gZkeZ]\Zg_lh�gZ�gydhedh�obi_jpbdteZ�\�^bZiZahgZ
hl�gydhedh�obey^b�^h�gydhedh�^_k_ldb�obey^b�]h^bgb��GZdhb�hl�lyo�[boZ�fh]eb�^Z
[t^Zl� hl� ketgq_\� �� Z�^jm]b� ±hl� ]_hfZ]gbl_g�beb�dhf[bgbjZg�ijhbaoh^��GZ� lZab
obihl_aZ�aZeh`b�Z\lhjtl��AZ�j_amelZlbl_�b�l_ogby�ZgZeba�s_�[t^_�jZadZaZgh�\�&3.
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���������� =H>BRGBYL� KETGQ?<�  (O:ES:>P:CL)  PBDTE� � B
IJHF?GBL?��G:��DEBF:L:��<��KE?>E?>GBDH<:L:�?IHO:

GZ� nb]�� ��Z�\� _� ihdZaZgZ� j_^bpZlZ� gZ� hklZltqgbl_� \ZjbZpbb� ke_^
ijbeZ]Zg_�gZ�jZaebqgb�ijhp_^mjb�aZ�hlkljZgy\Zg_�gZ�k\jtoobey^he_lgby�lj_g^�
DZdlh�k_�\b`^Z��g_aZ\bkbfh�hl�ijb_lbl_�obihl_ab�aZ�g_]h\by�ijhbaoh^��b�qbke_gb
l_ogbdb� aZ� g_]h\hlh� hibkZgb_� b� hlkljZgy\Zg_�� jZaebqbylZ� f_`^m� ihemq_gbl_
j_^bpb�gZ�hklZltqgbl_�\ZjbZpbb��g_�kZ�kts_kl\_gb�

Nb]���Z� HklZltqgbl_� \ZjbZpbb� gZ� jZ^bh\t]e_jh^gby� j_^� kihj_^
<��:�>_j]Zq_\� (1994)��Ijbeh`_gZ� _� ijhp_^mjZ� gZ� ba]eZ`^Zg_� qj_a� baiheam\Zg_� gZ
]Zmkh\�nbeltj��GZbf_gh\Zgb_lh�gZ�Z[kpbkZlZ�b�dZe_g^Zjgbl_�^Zlb�kZ�^h[Z\_gb
hl�Z\lhjZ�

Nb]���[� � HklZltqgbl_� \ZjbZpbb� gZ� jZ^bh\t]e_jh^gby� j_^� (INTCAL98)- [_a
ijhp_^mjZ�gZ�ba]eZ`^Zg_-“hnbpbZegZ´�\_jkby�(Stuiver et al.,1998)



42

Nb]���\�HklZltqgbl_� \ZjbZpbb� \� jZ^bh\t]e_jh^gby� j_^� �,17&$/���� ke_^
ihke_^h\Zl_egh�hlkljZgy\Zg_�gZ�\kbqdb�gbkdhq_klhlgb�dhe_[Zgby�(obi_jpbdeb),

kt^tj`Zsb�k_�\�k\jtoobey^he_lgby�lj_g^�b�ba]eZ`^Zg_�ih����lhqdb�(����]h^bgb)

(Komitov et al., 2004)

Nb]����Ki_dljZegZ�ietlghkl�gZ�fhsghkllZ� �gZ�hklZltqgbl_�\ZjbZpbb
ihkj_^kl\hf�^bkdj_l_g�Nmjb_�ZgZeba (]hj_��b�f_lh^Z�gZ�fZdkbfZegZlZ�_gljhiby
(^hem) (>_j]Zq_\���������GZc�fhs_g�_�����������]h^brgbyl��pbdte�

GZ\kydt^_� gZ� nb]�2�Z�\� k_� \b`^Z� ^h[j_� bajZa_gZ� ���������� ]h^brgZ
pbdebqghkl�\�ih\_^_gb_lh�gZ�hklZltqgbl_�\ZjbZpbb��gZ�14K��Ly��k_�ijhy\y\Z�dZlh
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k_jby�hl�ehdZegb�fZdkbfmfb�gZ�hlghkbl_eghlh�kt^tj`Zgb_�gZ�ktsby��ij_a�������
b� \_d� hl� g�_�� �� ��b�� ������b�� ������b� � b� ������b� \_d� ij�g�_�� L_ab� fZdkbfmfb
kthl\_lkl\m\Zl� gZ� � ^te[hdb� ketgq_\b� fbgbfmfb� hl� ³fZmg^_jh\´� lbi�
Ke_^h\Zl_egh� �� mgbdZegbyl� \� j_^Z� gZ�Rh\_� � beb� bgkljmf_glZegbl_� j_^bpb� gZ
i_lgZlZ�FZmg^_jh\�fbgbfmf�k_�hdZa\Z��j_]meyjgh�y\e_gb_�\�ih�]heyfZlZ�\j_f_\Z
kdZeZ�� lZab�gZ�Ohehp_gZ��BfZ�^hdZaZl_ekl\Z��q_�fZdZj�b� k�ih�fZedZ� Zfieblm^Z
���������� ]h^brgbyl� ketgq_\� pbdte� _� mklhcqb\� b� ih� \j_f_� gZ� <xjfkdby
e_^gbdh\�i_jbh^�(Damon and Sonett, 1991).

NbggZlZ�kljmdlmjZ�gZ�lhab�d\Zab^\mobey^he_l_g�ketgq_\�pbdte�_�^Z^_gZ
gZc�gZij_^�hl�>_j]Zq_\�b�Qbklydh\����������Ih�gh\�b�fZedh�ih�^_lZce_g�\ZjbZgl�_
^Z^_g�gZ�nb]����

Nb]����KljmdlmjZ� gZ� ���������� ]h^brgby� ketgq_\� pbdte�� K� “Q”

ijb[beabl_egh� _� h[hagZq_gZ� kt\j_f_ggZlZ� nZaZ� (2000]�g�_�)(Komitov and Kaftan,

2003)

���������� ]h^brgbyl� ketgq_\� pbdte� \ktsghkl� _� ijbqbgZlZ� aZ
\tagbd\Zg_lh� gZ� debfZlbqgby� pbdte� gZ� ³fZedbl_� e_^gbdh\b� _ihob´� (nb]��)

(&2.1)��Fhf_glbl_�gZ�ihke_^gbl_�ih�\j_f_�gZ�Ohehp_gZ� kZ� kthl\_lgh�ij_a� �����
����� ]�g�_��� �������� ]�� ij�g�_�� �� ���������� ]�� ij�g�_��� ���������� ]�ij�g�_�� b� a
����]�ij�g�_���l�_��kt\iZ^Zl�k�fZmg^_jhih^h[gbl_�fbgbfmfb�gZ�ketgq_\by�pbdte�
DebfZlbqgbyl� _n_dl� gZ� ���������� ]h^brgby� ketgq_\� pbdte� _� hdheh� ����� �� °°K
dhe_[Zgb_�gZ�kj_^ghieZg_lZjgZlZ�l_fi_jZlmjZ�gZ�ijba_fgby�\ta^mo��Hl�dZaZghlh
\�&2.2.4.1 ke_^\Z�� q_� gZc�\_jhylgZlZ� ijbqbgZ� aZ� lh\Z� \ebygb_� kZ� dhe_[Zgby� gZ
ketgq_\ZlZ�k\_lbfhkl�hl�hdheh����������k�ihkhq_gZlZ�ijh^te`bl_eghkl�

Hl� nb]���� k_� \b`^Z� �� q_� \kydh� _^gh� d\Zab^\mobey^he_lgh� ketgq_\h
dhe_[Zgb_�aZihq\Z�k�gZqZegZ�Zdlb\gZ�nZaZ��ijh^te`Z\ZsZ�hdheh���������]h^bgb
ke_^� ihj_^gby� fZmg^_jhih^h[_g� fbgbfmf�� Ketgq_\ZlZ� i_lghh[jZam\Zl_egZ
Zdlb\ghkl� [tjah� gZjZkl\Z�� bajZa_gZ� \t\� \k_� ih�fhsgb� ���]h^brgb� pbdeb� gZ
R\Z[_�<hen�� AZihq\Z� [tjah� aZlhieyg_� gZ� debfZlZ�� L_fi_jZlmjZlZ� gZjZkl\Z
kijyfh�gZqZeghlh�gb\h�(fZedbyl�e_^gbdh\�i_jbh^�) k�hdheh��������°°K�

AZihq\Z� \lhjZlZ� nZaZ� �� dhylh� k_� oZjZdl_jbabjZ� ktk� kjZ\gbl_egh� \bkhdh
gb\h�gZ�ketgq_\Z�Zdlb\ghkl��³ieZlhlh´�����]h^brgbl_�pbdeb�kZ�]eZ\gh�ktk�kj_^gZ
beb� \bkhdZ� fhsghkl�� <� l_q_gb_� gZ� gydhedh� klhe_lby� debfZltl� hklZ\Z
kjZ\gbl_egh� lhite�� gh� l_g^_gpbylZ� dtf� ihdZq\Zg_� gZ� l_fi_jZlmjbl_� kibjZ
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(debfZlbq_g�hilbfmf���FhsghkllZ�gZ����]h^brgbl_�ketgq_\b�pbdeb�k_�fh^mebjZ
hl�km[\_dh\b�b�d\Zab\_dh\b�\ZjbZpbb��debfZltl�ktsh��>\m\_dh\bl_�pbdeb�ij_a
lhab�i_jbh^�kZ�keZ[h�bajZa_gb�

<lhjbqgbyl� fbgbfmf� _� f_`^bggZ� nZaZ�� ijh^te`Z\ZsZ� �������� ]h^bgb�
<j_f_ggh� k_� aZkbe\Z� ^\m\_dh\byl� pbdte�� \� hdhehfbgbfmfgbl_� qZklb� gZ� dhclh
pbdebl_�gZ�R\Z[_�<hen�kZ�keZ[b��DebfZltl�aZklm^y\Z�k�hdheh�����]jZ^mkZ�

=eZ\gZlZ�Zdlb\gZ�nZaZ�gZ� ����������]h^brgbyl�pbdte� aZihq\Z�dtf�djZy
gZ� \lhjbqgby� fbgbfmf�� ���]h^brgbl_� pbdeb� m\_ebqZ\Zl� Zfieblm^ZlZ� kb�
DebfZltl� mklhcqb\h� k_� aZlhiey� aZ� gydhedh� \_dZ�� =j_geZg^kdbyl� dhglbg_lZe_g
e_^gbd�k_�jZalhiy\Z�\�agZqbl_egZ�kl_i_g�b�x`gZlZ�qZkl�hl�hkljh\Z�k_�ij_\jtsZ�\
³a_e_gZ� kljZgZ´�� � Ihke_^gZlZ� ih^h[gZ� _ihoZ� _� [beZ� f_`^m� ��b� b� ���b
\_d�Kj_^gh\_dh\gbyl�l_fi_jZlmj_g�fZdkbfmf).

AZihq\Z� ihke_^gZlZ� �gbaoh^ysZ�� nZaZ� � gZ� ���������� ]h^brgbyl
OZesZ^pZcl�� pbdte�� dhylh� ijh^te`Z\Z� hdheh� �������� ]h^bgb�� >\m\_dh\bl_
dhe_[Zgby�k_�aZkbe\Zl��Z�\_dh\bl_�b�km[\_dh\bl_�±�hlkeZ[\Zl��DebfZltl�aZklm^y\Z�
LZab�nZaZ�aZ\tjr\Z�k��gh\�fZmg^_jhih^h[_g�ketgq_\�fbgbfmf�b�fZetd�e_^gbdh\
i_jbh^�

����������±]h^brgbyl�ketgq_\h�debfZlbq_g�pbdte�_�badexqbl_egh�\Z`_g
aZ�jZa\blb_lh�gZ�qh\_rdhlh�h[s_kl\h�� �K\tjaZgbl_�k�g_]h�ijhf_gb�\�ijbjh^gZlZ
kj_^Z�b�hkh[_gh�\t\�\bkhdbl_�rbjbgb�gZ�K_\_jghlh�iihemdte[h�b�\tlj_rghkllZ
gZ�?\jZaby�kZ�dZlZebaZlhjtl�gZ�k_jbylZ�hl�fhsgb�fb]jZpbhggb�\tegb��³\_ebdb
ij_k_e_gby´��� dhblh� kZ� djblbqgb� fhf_glb� � \� h[sby� bklhjbq_kdb� ijhp_k� ij_a
Ohehp_gZ�� �G_]h\hlh�^_ckl\b_�_�[_eyaZeh�ktsh�lZdZ�b�bklhjbq_kdhlh�jZa\blb_�gZ
gZjh^bl_� hl� ^hdhemf[h\Z� :f_jbdZ�� DblZc� b� � `b\hlZ� b� [blZ� gZ� ie_f_gZlZ� b
gZjh^bl_� hl� :jdlbdZ� �>_j]Zq_\� b� Qbklydh\, 1993). L_fZlZ� _� badexqbl_egh
bgl_j_kgZ��gh�baebaZ�ba\tg�h[_dlZ�gZ�gZklhysby�ZgZeba��(AZ�ih\_q_�ih^jh[ghklb
\b`�dgb]ZlZ�³Pbdebl_�gZ�Ketgp_lh��debfZlZ�b�pb\bebaZpbylZ´�(Kofblh\, 2001)).

:FIEBLM>G:� FH>ME:PBY� G:� �������� =H>BRGBY� � HL� ���������� =H>BRGBY
�O:ES:>P:CL��KETGQ?<�PBDTE

Itj\bl_� ^hdZaZl_ekl\Z� aZ� \ZjbZpbb� gZ� fhsghkllZ� gZ� d\Zab^\m\_dh\by
ketgq_\�pbdte��k�i_jbh^�hl�hdheh������]h^bgb�kZ�^Z^_gb�hs_�ij_a������]h^bgZ�hl
>Zfhg�b�Khg_l�gZ�[ZaZlZ�gZ�jZ^bh\t]e_jh^gb�^Zggb�(Damon and Sonett,1991)��Ij_a
�����]h^bgZ�Z\lhjtl�mklZgh\b�a������]h^brgZ�fh^meZpby�gZ�����]h^brbgy�pbdte
\�jZ^bh\t]e_jh^gby�j_^�gZ�]h^brgbl_�ijtkl_gb�gZ�^tj\_lZlZ�(INTCAL93) �dZdlh
b�bg^bdZpby�aZ��ih^h[gh���y\e_gb_�\�j_^Z�gZ�Rh\_�(Dhfblh\, 1999)�k�ihfhslZ�gZ
Ze]hjbltfZ�gZ�fhsghklgbl_�S-iZjZf_ljb��k\tjaZg�k��T-R i_jbh^h]jZfgby�ZgZeba�
Ij_a� ����� ]h^bgZ� ijb� ^_lZce_g� ZgZeba� gZ� hkgh\ZlZ� gZ� ³^\mf_jgZ´� T-R

i_jbh^h]jZfgZ� ijhp_^mjZ� \tjom� j_^bpZlZ� ,17&$/��� � fh^meZpbylZ� gZ� �������
]h^brgby�pbdte�k�i_jbh^�����������]h^bgb�[_�ihl\tj^_gZ�ktsh�b�hl�;hg_\�b�^j
(Bonev et al., 2004).

DZjlbgZlZ� gZ� a����� ]h^brgZlZ� fh^meZpby� gZ� ^\m\_dh\bl_� pbdeb� _
ijZdlbq_kdb� _^gZ� b� ktsZ� b� \� ljbl_� pblbjZgb� jZ[hlb�� >\m\_dh\bl_� pbdeb
hlkeZ[\Zl� \tjom� \taoh^ysbl_� dehgh\_� gZ� ���������� ]h^brgby� pbdte� b� kZ� gZc�
keZ[b�\t\�nZaZlZ�gZ�³ieZlhlh´��b� �\�_ihoZlZ�gZ�]eZ\gby�fZdkbfmf�� �:gZebatl�gZ
j_amelZlbl_� aZ �jZ^bh\t]e_jh^gby�j_^� (INTCAL98) (Bonev et al., 2004) b�j_^Z�gZ
Rh\_�(Komitov������[��ihdZa\Z�q_�\�kt\j_f_ggZlZ�_ihoZ�a����]h^brgbyl�pbdte�_
\k_� hs_� fhs_g� � b� aZiZa\Z� hdheh� ������� hl� fhsghkllZ� kb� kijyfh� lZab� ij_a
FZmg^_jh\by� fbgbfmf�� Lhab� nZdl� bfZ� ]heyfh� agZq_gb_� � aZ� ih\_^_gb_lh� gZ
Ketgp_lh�ij_a����b�\_d�b�hqZd\Zghlh�\t\�\jtadZ�k�lh\Z�hljZ`_gb_�\tjom�debfZlZ�
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“OHD?CGBYL�KLBD´�±�KETGQ?<BYL��B���DEBF:LBQGBYL�KP?G:JBC

Kt\j_f_ggbyl� (“Fh^_j_g´�� k\jto\_dh\b�fZdkbfmf� ������� ����� ��dZdlh� k_
\b`^Z�hl�nb]���b�[_�\_q_�h[kt^_gh�\�	����������H�i_jbh^tl�k�gZc�\bkhdZ�ketgq_\Z
Zdlb\ghkl�\�pyeZlZ�_ihoZ�gZ�bgkljmf_glZegbl_�gZ[ex^_gby��G_sh�ih\_q_���lhc�_
lZdt\�b�\�jZfdbl_�gZ�ihke_^gbl_������]h^bgb��\�j_^Z�gZ�Rh\_�

HdhehfZdkbfmfgZlZ�h[eZkl�gZ�ij_^brgby�����������]h^br_g�pbdte�(800-

����� ]�g�_�� k_� ktklhb� hkgh\gh� hl� i_lghh[jZam\Zl_egb� pbdeb� ktk� kj_^gh]h^brgb
hdhehfZdkbfmfgb�qbkeZ�gZ�<hen�hl�ihjy^tdZ�gZ� a�����Z�ijb�gZc�fhsgbl_�lZab
klhcghkl�_���������� �H[bdgh\_gh�k_�]jmibjZl�ih�^\Z�beb�ljb�\bkhdb�pbdteZ�b�^\Z
±ljb�lZdb\Z� ��qbylh�fhsghkl�_�f_`^m����b� �����Lh\Z�hij_^_ey�_^gh�kjZ\gbl_egh
\bkhdh��gh�g_�b�_dklj_fZegh�\bkhdh�gb\h�gZ�Zdlb\ghkl�aZ�hdheh�����]h^bgb

Hl� lZab� ]e_^gZ� lhqdZ�� ³Fh^_jgbyl´� k\jto\_dh\b� fZdkbfmf� _� _^gZ
kjZ\gbl_egh� dtkZ� �� gh� k� ^jZklbq_g� kdhd� gZ� ketgq_\ZlZ� Zdlb\ghkl� _ihoZ�� :dh
ijb_f_f��q_�ly�_�aZihqgZeZ�k�gZqZehlh�gZ�ketgq_\�pbdte�k�pxjbokdb�ghf_j�����l�_�
ij_a������]h^bgZ�b�ijh^te`Z\Z�^h�djZy�gZ�pbdte�1R�������������]"����lh�g_cgZlZ
ijh^te`bl_eghkl� k_� hq_jlZ\Z� ^Z� [t^_� h[sh� hdheh� ��� ]h^bgb�� Hkgh\ZgbylZ�� q_
k\jto\_dh\byl�fZdkbfmf� gZ[eb`Z\Z� beb� \_q_� _� ^hklb]gZe� k\hy� djZc�s_� [t^Zl
^bkdmlbjZgb�\�&5.

L\tj^_gb_lh� ��q_�Kj_^gh\_dh\gbyl�ketgq_\�fZdkbfmf�_�_ihoZ�gZ�\bkhdb�
gh� g_� b� gZ� _dklj_fZegh� \bkhdb� ���]h^brgb� i_lghh[jZam\Zl_egb� � pbdeb� k_
^_fhgkljbjZ�gZc�^h[j_�hl�nb]�����dt^_lh�_�ihdZaZg�ba]eZ^_gbyl�ih����lhqdb�(~ 550

]h^bgb�) j_^�gZ�Rh\_���Kj_^gbl_�gb\Z�gZ�ketgq_\ZlZ�Zdlb\ghkl�kZ�hq_\b^gh�fgh]h
\bkhdb� ^hdtf� djZy� gZ� ���b� \_d�� gh� keZ[Z� l_g^_gpby� dtf� kiZ^� _� \b^bfZ� hs_� hl
�����lZ� ]h^bgZ�� � Ke_^h\Zl_egh� \bkhdZlZ� ketgq_\Z� Zdlb\ghkl� ij_a� �����b� \_d� _
j_ZegZ� ^te]hkjhqgZ� l_g^_gpby� \� ih\_^_gb_lh� gZ� Ketgp_lh�� ijb� dhylh� h[Zq_
hlktkl\m\Zl�fgh]h�]he_fb�iheh`bl_egb�nemdlmZpbb�(ketgq_\b�pbdeb�k�fhsghkl
Wmax>150).

AZ� kt`Ze_gb_� j_^tl� gZ�Rh\_� ihqlb� g_� kt^tj`Z� ^Zggb� aZ� ���]h^brgbl_
pbdeb� f_`^m� ���� b� � ���� ]� ij�g�_�� dh]Zlh� _� [beZ� gZqZegZlZ� Zdlb\gZ� nZaZ� gZ
ij_^oh^gby� ���������� ±]h^br_g� pbdte�� � IhjZ^b� lh\Z� _� ljm^gh� ^Z� k_� ij_p_gb
^hdhedh�klj_fbl_eghlh�gZjZkl\Zg_�gZ�ketgq_\ZlZ�Zdlb\ghkl�ke_^�����]�b�hkh[_gh
ke_^������]�_�oZjZdl_jgh�y\e_gb_�aZ�lZab�nZaZ�b�^Zeb�g_�_�k\tjaZgh�b�k�gZkeZ]\Zg_
gZ�gydZdt\�^jm]�nZdlhj��Ihke_^gbyl�[b�fh]te�^Z�[t^_�dZdlh�ijhy\Z�gZ�ba\_klgZ
oZhlbqghkl�\�_^jhfZsZ[gby�oh^�gZ�ketgq_\bl_�ijhp_kb��lZdZ�b�gZ�gydZd\Z�^jm]Z
^te]hkjhqgZ� �� _\_glmZegh� b� pbdebqgZ� l_g^_gpby�� qbblh� k\hckl\Z� h[Zq_� aZk_]Z
hklZ\Zl�g_ba\_klgb�

Ij_a�ihke_^gbl_�]h^bgb�Mkhkdbg�b�^j����������Usoskin et al., 2005) b�KheZgdb
b�^j���Solanki et al., 2004) ijZ\yl�hibl�gZ�hkgh\ZlZ�gZ�nbabq_kdb�fh^_e�b�^Zggb�aZ
14K�(INTCAL98) , 

10
Be��ZglZjdlbq_kdbl_���b�i_lghh[jZam\Zg_lh�ij_a�ihke_^gbl_����

]h^bgb�^Z� �j_dhgkljmjbjZl� �i_lghh[jZam\Zl_egZlZ� �Zdlb\ghkl��fZ]gblgby�ihlhd
gZ�Ketgp_lh� b�ihlhdZ�gZ�=DE� \� jZaebqgb� \j_f_\b� kdZeb�� \dexqbl_egh� _^gZ� k
^te`bgZ� hl� ����� ]� b� ^jm]Z� h[o\ZsZsZ� � Ohehp_gZ� (ihke_^gbl_� ������ ]h^bgb
ke_^e_^gbdh\Z�_ihoZ���Hkgh\gbl_�ba\h^b�hl�^\_l_�klZlbb�kZ�fgh]h�bgl_j_kgb�b�l_
[boZ�fh]eb�^Z�[t^Zl�h[h[s_gb�ih�ke_^gby�gZqbg�

���Ketgq_\ZlZ� Zdlb\ghkl� ij_a�ihke_^gbl_� ����� ]h^bgb� _� agZqbl_egh� � ih�
gbkdZ� \� kjZ\g_gb_� k� ihke_^gbl_� a��������� � Kt]eZkgh� lhab� fh^_e� ketgq_\ZlZ
Zdlb\ghkl�ij_a�Kj_^gh\_dh\b_lh��_�ih�kdhjh�gZ�kj_^gb�gb\Z��5Ka���������<j_f_\by
oh^� gZ� i_lghh[jZam\Zg_lh� �� fZ]gblgby� ihlhd� gZ� Ketgp_lh� b� ihlhdZ� gZ� =DE
gZih^h[y\Zl�debfZlbqgby�  kp_gZjbc�   ³Ohd__g�klbd´(Usoskin et al.,2005)(nb].26).

Dh_nbpb_gltl� gZ� dhj_eZpby� k� jZaebqgbl_� jZagh\b^ghklb� � gZ� debfZlbqgby
³Ohd__g� klbd´� _� fgh]h� \bkhd� ±� hdheh� ����� ^h� ����� \� aZ\bkbfhkl� hl� ba[hjZ� gZ
dhgdj_lgZlZ�l_fi_jZlmjgZ�j_^bpZ�hl�lZab�]jmiZ��
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��� Ketgq_\ZlZ� Zdlb\ghkl� \� kt\j_f_ggZlZ� _ihoZ� _� gZc�\bkhdZlZ� ij_a
ihke_^gbl_� a�����]h^bgb� (Solanki et al., 2004)��<�gZqZehlh�gZ�Ohehp_gZ�bfZ� kZfh
hs_� ^\_� ih^h[gb� kt[blby�� � F_`^m� ^jm]hlh� b� ^\_l_� fgh]h� ^h[j_� ebqZl� \
jZ^bh\t]e_jh^gZlZ�j_^bpZ�(nb]���[�\)

Nb]����� J_^tl� gZ� Rh\_� (g_ij_dtkgZlZlZ� qZkl� ke_^� ���� ]�g�_�� IhdZaZgb� kZ
kthl\_lgbl_� nZab� gZ� ���������� ]h^brgby� OZesZ^pZcl� �� pbdte� �.RPLWRY� DQG
Kaftan, 2003)

Nb]�����J_dhgkljmdpby�gZ�\j_f_ggbl_�j_^h\_�aZ�ihke_^gbl_������]h^bgb�gZ
qbkehlh�gZ�]jmibl_�ketgq_\b�i_lgZ�Rh (�]hj_���fZ]gblgby�ihlhd�gZ�Ketgp_lh��ih
kj_^ZlZ) b��g_mljhggZlZ�dhfihg_lZ�gZ�=DE�^hem�(Usoskin et al., 2005)
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DZdlh�_�ba\_klgh��debfZlbqgbl_�kp_gZjbb�hl�lbi�³Ohd__g�klbd´�b]ghjbjZl
kts_kl\m\Zg_lh�gZ�Kj_^gh\_dh\_g�l_fi_jZlmj_g�fZdkbfmf�b� �FZetd� �e_^gbdh\
i_jbh^� � (nb]� �])�� � � Kta^Z\Z� k_� \i_qZle_gb_� �� q_� Z\lhjbl_� gZ� lZab� lbi
j_dhgkljmdpbb� k_� klj_fyl� ^Z� Zdp_glbjZl� \tjom� mgbdZegby� oZjZdl_j� gZ
debqZlbqgbl_�ijhf_gb�ij_a�ihke_^gbl_� ����]h^bgb�b�nZdlbq_kdb�ih�lhab�gZqbg
^Z� aZsblyl� l_hjbylZ� aZ� Zgljhih]_ggby� balhqgbd� gZ� kt\j_f_gghlh� aZlhieyg_� �
Kihj_^�fgh]h�hl�djblbdm\Zsbl_�³Ohd_cgby�klbd´�debfZlhehab��g_]h\bl_�Z\lhjb
baiheam\Zl�ih�g_dhj_dl_g�gZqbg�jZaebqgbl_�\b^h\_�^Zggb� ��\tjom�dhblh� kljhyl
k\hbl_�fh^_eb� � b� gZc�\_q_� ^_g^jhojhgheh]bqgbl_(Legates, 2003; McIntryee, 2003-

2007). �\b`�ih\_q_��\�&3 b��).

G_aZ\bkbfh� hl� lh\Z�dZd�b� k�dZd\b�fhlb\b� kZ�\tagbdgZeb� debfZlbqgbl_
kp_gZjbb�hl�lbi� ³Ohd__g�klbd´� � _�ykgh� ��q_�^hjb�b� l_�g_�fh]Zl�^Z� ³ij_h^he_yl´
]eZ\gbyl� kb� dhgdmj_gl� ±� o_ebh�debfZlbqgZlZ� l_hjby� b� lh� ki_pbZegh� \t\
\ZjbZglZ�ketgq_\�³Ohd__g�klbd´�

Hl�^jm]Z�kljZgZ�dhg\_gpbhgZegbyl�debfZlbq_g�kp_gZjbc� �fgh]h�^h[j_�k_
k\tja\Z�k�ba\h^bl_�aZ�kts_kl\m\Zg_�gZ�����������]h^br_g�ketgq_\��b�debfZlbq_g
pbdte�

DZdlh� \_q_� dZaZof_�� bklhjbq_kdbl_� ibkf_gb� balhqgbpb� g_^\mkfbke_gh
ihkhq\Zl�i_jbh^Z������b�\_d�dZlh�fgh]h�ih�lhite�hl�kt\j_f_ggZlZ�_ihoZ��ihg_�\
K_\_jghlh�ihemdte[h��LZ\Z�ykgh�ebqb�hl�bklhjbylZ�gZ�\bdbg]kdZlZ�dhehgbaZpby
gZ� =j_geZg^by�� hibkZgZ� \� fgh`_kl\h� ^hdmf_glb�� � <ktsghkl� aZe_^y\Zg_lh� gZ
hkljh\Z�\�ijb[ebabl_egh�lhab�\b^��\�dhclh�lh�_�^g_k�aZihq\Z�hdheh������lZ�]h^bgZ
(Heierdal���������<�kth[s_gbylZ�gZ�\baZglbckdbl_�bklhjbpb�aZ�aZfjta\Zg_�gZ�j_dZ
>mgZ\�ke_^��������jZ�]h^bgZ bfZ�ij_dtk\Zg_�hl�gZ^�����]h^bgb��qZd�^h������]��Ke_^
kg_`gZlZ�abfZ�\�jZchgZ�g�DhgklZglbghihe�ij_a� �������]��ih�\j_f_�gZ�ZjZ[kdZlZ
h[kZ^Z� kth[s_gbylZ� aZ� ih^h[gb� kt[blby� ij_dtk\Zl� qZd� ^h� ���b� \_d.(AeZlZjkdb,

1933, 1971)��Nb]��\� jZadjb\Z�fgh]h� lhite� � debfZl� b� \�DblZc� ih� ktshlh� \j_f_
(Yang Bao et al, 2002)�� Hl� ^jm]Z� kljZgZ� bklhjbq_kdbl_� ^hdmf_glb� (Heierdal,

1983ktsh�fgh]h� ykgh� khqZl� aZ� ]he_fby�debfZlbq_g�ij_ehf�ij_a� ���b�\_d� ±lZdZ
gZijbf_j�ij_a������]�dh]Zlh�^Zlkdh��ghj\_`dbyl�djZe�ba^Z\Z�mdZa�aZ�_\ZdmZpby�gZ
`b\__sbl_� \� =j_geZg^by� kdZg^bgZ\kdb� aZk_egbpb� ihjZ^b� dZlZkljhnZeghlh
aZklm^y\Zg_�gZ�debfZlZ�gZ�hkljh\Z�

:\lhjbl_� gZ� l_ab� kth[s_gby� kZ� `b\yeb� \� _ihob�� dhblh� kZ� ^hklZltqgh
hl^Ze_q_gb�hl�gZrZlZ�kt\j_f_gghkl��L_�g_�kZ�agZ_eb��Z�b�g_�[boZ�fh]eb�^Z�agZyl�aZ
kljZklbl_�b�kihjh\_l_�hdheh�k_]Zrghlh� ³]eh[Zegh� aZlhieyg_´��?lh� aZsh�l_ogbl_
k\_^_gby� kZ�h[_dlb\gb�b�[_aijbkljZklgb�^hdZaZl_ekl\Z� aZ� k_jbhagb�debfZlbqgb
ijhf_gb� \� fbgZehlh�� dhblh� dZl_]hjbqgh� kZ� klZgZeb� [_a� gZf_kZlZ� gZ� qh\_rdb
nZdlhj�

DZd� h[Zq_� klhyl� g_sZlZ� ktk� ketgq_\by� ³Ohd__g� klbd´"� � DZdlh� \_q_
dZaZof_�� j_^tl� gZ�Rh\_� ktsh� aZ]Zl\Z� aZ� � ih^h[gh� y\e_gb_�� gh� g_� lZdZ� ^h[j_
bajZa_gh�dZdlh�\�fh^_eZ�gZ�nb]����]hj_)�� �Kihj_^�Z\lhjZ�ihjZ^b�g_hlqblZg_lh�gZ
ijbghkZ� gZ� fhsgbl_� ketgq_\b� _jmipbb� \tjom� ijh^mdpbylZ� gZ� dhkfh]_ggbl_
bahlhib� ��ij_^klZ\_gbl_�lZf�fh^_eb�ijbibk\Zl�ihke_^gZlZ�bapyeh�gZ�=DE��Lh\Z
[b� ^h\_eh� ^h� ih^p_gy\Zg_� gZ� gb\hlh� gZ� ketgq_\ZlZ� Zdlb\ghkl� dh]Zlh� lh� _
gZbklbgZ� \bkhdh�� Dhgdj_lgh� \� jZa]e_`^Zgby� kemqZc� � \_jhylgh� bfZ� � ba\_klgh
ih^p_gy\Zg_�gZ�Kj_^gh\_dh\gby�ketgq_\�fZdkbfmf�

<t\� \k_db� kemqZc� g_aZ\bkbfh� hl� \tafh`gbl_� ]j_rdb� gZ� \kydZ� _^gZ� hl
ihemq_gbl_� j_dhgkljmdpbb�� _dklj_fZegh� \bkhdhlh� gb\h� gZ� ³Fh^_jgby´
k\jto\_dh\b�ketgq_\�fZdkbfmf��\�jZfdbl_�gZ�ij_^oh^gbl_������]h^bgb�fh`_�^Z�k_
kqblZ� aZ� kb]mj_g� nZdl�� Hl� ZgZebaZ� gZ� jZ^bh\t]e_jh^gbl_� ^Zggb� g_� k_� \b`^Z
lhedh\Z�klj_fbl_egh�gZjZkl\Zg_�gZ�ketgq_\ZlZ�Zdlb\ghkl�ih�\j_f_�gZ�gZqZegbl_
nZab�gZ�ij_^oh^gbl_� �ljb� �����������]hkbrgb�pbdeb�� �?lh�aZsh�ih�hlghr_gb_�gZ
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³Fh^_jgby´�ketgq_\�fZdkbfmf�fh`_�^Z�k_�l\tj^b���q_�lhc��\�hkgh\ZlZ�kb�hljZay\Z
gZqZegZlZ�nZaZ�gZ� k_]Zrgby�d\Zab^\mobey^he_l_g� pbdte�� gh� kts_kl\_g� ijbghk
bfZ�b�gydZdt\�g_ba\_kl_g�aZk_]Z�^hitegbl_e_g�nZdlhj�

<tafh`gh� _� ^Z� k_� dZkZ_� aZ� kemqZcgZ� �� hlghkbl_egh� dtkZ� (70-80 ])
iheh`bl_egZ�nemdlmZpby��gh�fh`_�b�^Z�_�_n_dl� ��ihjh^_g� �hl� k\jtoobey^he_lgZ
l_g^_gpby�\�ih\_^_gb_lh�gZ�Ketgp_lh�� �L\tj^_�_�\tafh`gh�^Z� kf_� k\b^_l_eb�gZ
gZ\ebaZg_lh�\t\�nZaZ��dhylh�_�ZgZeh]bqgZ�gZ�ij_oh^gZlZ�_ihoZ�<xjf�Ohehp_g� �
DZdlh� k_� \b`^Z� gZ� nb]���[� � � ij_a� lhab� i_jbh^� k\jto\_dh\bl_� dhe_[Zgby� gZ
ketgq_\ZlZ� Zdlb\ghkl� kZ� fgh]h� kbegb� \� kjZ\g_gb_� ktk� ke_^\Zsbl_� ���������
(³kihdhcgZlZ� ³� nZaZ� gZ� Ohehp_gZ��� Ih� lhab� gZqbg� ³Fh^_jgbyl´� � k\jto\_dh\b
ketgq_\� fZdkbfmf� b� g_]h\hlh� debfZlbqgh� ke_^kl\b_� ±kt\j_f_gghlh� ³]eh[Zegh
aZlhieyg_´� \ktsghkl� [boZ� fh]eb� ^Z� kZ� ij_^\_klgbpb� gZ� gh\Z� ^te]hkjhqgZ
l_g^_gpby� dtf� _dklj_fZegh� � gbkdZ� ketgq_\Z� Zdlb\ghkl� b� � ^te[hd� debfZlbq_g
fbgbfmf�� aZ_fZs� f_`^bggh� iheh`_gb_�f_`^m� ³fZetd´� b� ³\_ebd´� (<xjf�� Jbk)
e_^gbdh\�i_jbh^� ��Hl�nb]����k_�\b`^Z��q_�ih^h[_g�kp_gZjbc�_�gZitegh�\tafh`_g
ij_a�ke_^\Zsbl_�^\_�obey^he_lby�

?kl_kl\_gh�l_ab�jZakt`^_gby�fh`_�b�^Z�k_�hdZ`Zl�\yjgb��gh�gZ�lhab�_lZi�g_
kZ� ih^dj_i_gb� hl� gydZdt\� aZ^te[hq_g� ZgZeba�� Z� ih�kdhjh� kZ� gZ� [ZaZlZ� gZ
dZq_kl\_gb�\bamZegb�hp_gdb��\tjom�ij_^klZ\_gbl_�gZ�nb]������[�b����^Zggb��AZ�^Z
k_� ^Z^_� ih�kb]mj_g� hl]h\hj� \� lZab� gZkhdZ� _� g_h[oh^bf� ^_lZce_g� ZgZeba� aZ
ijbjh^ZlZ�gZ�k\jtoobey^he_lgby�lj_g^�gZ�jZ^bh\t]e_jh^gbl_�^Zggb� �� �GZc�\_q_
ljy[\Z�^Z�k_�hlq_lZl�ih�lhqgh� �ijbghkbl_�gZ�Ketgp_lh� �b� ]_hfZ]gblghlh�ihe_�\
g_]h��AZ�hp_gdZ�gZ�debfZlbqgby�ijbghk�_�fgh]h�\Z`gh�ktsh�lZdZ�b�^Z�k_�\a_fZl
ij_^\b^� b� _n_dlbl_� �� k\tjaZgb� k� l_hjbylZ� gZ�FbeZgdh\bq� (Imbree and Imbree,

1979; Houghton, 2007).

2.2.4.4. Ij_a�ihke_^gbl_���������]h^bgb
<�ke_^\Zsbl_�^\Z�iZjZ]jZnZ��kt\k_f�gZdjZldh�s_�[t^_�gZijZ\_g�ij_]e_^��gZ

ba\_klgbl_�dtf�fhf_glZ�^Zggb�aZ�debfZlbqgbl_�ijhf_gb�ij_a�ihke_^gbl_��������
]h^bgb�b�\tafh`gby�ijbghk�gZ�ketgq_\bl_�dhe_[Zgby�\�lyo�

GZc�hlebqbl_egZlZ�q_jlZ�gZ�jZa]e_`^ZgZlZ�\j_f_\Z�kdZeZ�kZ�^\ZlZ� ³\_ebdb
e_^gbdh\b�i_jbh^Z� ³�–Jbk�b�<xjf (;hjbk_gdh\, 1976; Imbree and Imbree 1979)��<
l_ogbl_�gZc�^te[hdb�nZab�kj_^gZlZ�l_fi_jZlmjZ�gZ�ijba_fgby�\ta^mo�_�[beZ�k����
]jZ^mkZ� ih�gbkdZ� hl� kt\j_f_ggZlZ�� Dhglbg_lZegb� e_^gbpb� k� ^_[_ebgZ� ^h� ����
f_ljZ� kZ� ihdjb\Zeb� ]heyfZ� qZkl� hl� ^g_rgby� mf_j_g� ihyk� � dZlh
ijb_d\ZlhjbZegZlZ� bf� ]jZgbpZ� \�K_\_jghlh� ihemdte[h� k_� _� kimkdZeZ� gZ�x]� ^h       

~ 48-50 °°N��]_h]jZnkdZ�rbjbgZ��l��^h�jZchgbl_�gZ�^g_rgbl_�]jZ^h\_�Db_\��>j_a^_g
b�QbdZ]h�

>bgZfbdZlZ� gZ� kj_^ghieZg_lZjgZlZ� l_fi_jZlmjZ� gZ� ijba_fgby� \ta^mo� _
ihdZaZgZ�gZ�nb]�����Hl�g_y�k_�\b`^Z��q_�hk\_g�^\ZlZ�^te[hdb�³\_ebdb´�e_^gbdh\b
i_jbh^Z��\�lZab�\j_f_\Z�kdZeZ�k_�gZ[ex^Z\Zl�b�dhe_[Zgby�ktk�kj_^_g�i_jbh^��a���
������]h^bgb�b�k\tjaZgb�k�lyo�l_fi_jZlmjgb�\ZjbZpbb�hl�ihjy^tdZ�gZ�hdheh��°°K�

=eZ\gbyl� f_oZgbatf� �� qj_a� dhclh� iZe_hdebfZlhehabl_� k_� klj_fyl� ^Z
h[ykgyl�l_fi_jZlmjgbl_�dhe_[Zgby�_�gZ�hkgh\ZlZ�gZ�³Zkljhghfbq_kdZlZ´�l_hjby
gZ� FbeZgdh\bq�� Kt]eZkgh� ihke_^gZlZ� ijhf_gbl_� \� hjb_glZpbylZ� gZ� a_fgZlZ
hj[blZ� \� ijhkljZgkl\hlh� (ij_p_kbylZ� gZ� ]heyfZlZ� c� hk��� ijhf_gbl_� \
_dkp_gljbpbl_lZ�gZ�ktsZlZ��dZdlh�b�ijhf_gb�\�gZdehgZ�gZ�a_fgZlZ�jhlZpbhggZ�hk
kZ� ijbqbgZlZ� aZ�gZ[ex^Z\Zgbl_� debfZlbqgb� \ZjbZpbb� \t\� \j_f_\ZlZ� kdZeZ� gZ
Ie_cklhp_gZ� �ihke_^gbl_� a���� ���� ]h^bgb��� �Ih^jh[gh� hibkZgb_�gZ� l_hjbylZ� gZ
FbeZgdh\bq� _� ^Z^_gh� \� dgb]ZlZ� ³LZcgZlZ� gZ� e_^gbdh\bl_� _ihob´� 
�Imbree and

Imbree, 1979)�� �KjZ\gy\Zg_lh� k�j_Zegbl_�^Zggb�ihdZa\Z��q_�qj_a�f_oZgbafbl_�gZ
FbeZgdh\bq� k_� h[ykgy\Zl� hdheh� ���� hl� gZ[ex^Z\Zgbl_� debfZlbqgb� \ZjbZpbb
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ij_a�Ie_cklhp_gZ�  KqblZ�k_�ih�ijbgpbi��q_�ihkhq_gZlZ�l_hjby�g_�fh`_�^Z�h[ykgb
a��������]h^brgby�pbdte�gZ�\_ebdbl_�e_^gbdh\b�i_jbh^b�

<� ³hklZltqgbl_´� ���� k_� djb_� ihl_gpbZegby� ijbghk� gZ� ketgq_\bl_
\ZjbZpbb�� �QZklbqgh�l_ogbyl�ijbghk�k_� kt^tj`Z�\�lj_g^Z�gZ�jZ^bh\t]e_jh^gby
j_^��

Nb]�����Ihke_^gbl_�a��������]h^bgb�hl�debfZlbqgZlZ�bklhjby�gZ�A_fylZ
(;hjbk_gdh\���������AZ�³gme_\h�gb\h´�_�ba[jZgZ��kj_^ghieZg_lZjgZlZ�l_fi_jZlmjZ
ij_a������lZ�]h^bgZ�

IjbqbgZlZ�aZ�a��������]h^brgby�pbdte�gZ�³\_ebdbl_�e_^gbdh\b�i_jbh^b´
h[Zq_�ktk�kb]mjghkl�g_�_�k\tjaZgZ�k�lhab�lj_g^��Z�ij_^klZ\ey\Z�j_amelZl�hl�hs_�ih�
^te]hkjhq_g�ih�k\h_lh�^_ckl\b_�nZdlhj�

Kihj_^�RZjfZ�( Sharma, 2002) lhab�nZdlhj�_�hl�ketgq_\�ijhbaoh^��Lh\Z�lhc
]h�^hdZa\Z�gZ�hkgh\ZlZ�gZ�ZgZeba�gZ�^Zggb�aZ�kt^tj`ZgbylZ�gZ�10<_�\�hd_Zgkdbl_
k_^bf_glgb� kdZeb� �� \� dhblh� hldjb\Z�fhs_g� pbdte� k� ih^h[gZ� ijh^te`bl_eghkl�
Lhab�j_amelZl�k_�hkihj\Z�\�_^gh�gh\h�bake_^\Zg_�gZ�Fxr_e_j�b�;__j� (Muscheler

and Beer, 2006) ��dhblh�baiheam\Zl�^tet]�[_jbeb_\�j_^�(~80 000 ]h^bgb)��aZkg_l�hl
khg^Z`� \�P_gljZegZ� =j_geZg^by��Hl� ^jm]Z� kljZgZ� h[Zq_� \� iheaZ� gZ� ba\h^Z� gZ
RZjfZ�kZ�j_amelZlbl_�hl�jZ^bh\t]e_jh^_g�ZgZeba�gZ�i_r_jgb�h[jZapb(Klhcdh\Z
b�^j�������)��DZdlh�k_�\b`^Z��\tijhktl�aZk_]Z�hklZ\Z�hldjbl��Ijh[e_ftl�_�k\tjaZg
]eZ\gh�k�ljm^ghlh�gZfbjZg_�gZ�^Zggb���dhblh�^Z�kZ�g_aZ\bkbfb�hl�hklZgZebl_�dZlh
balhqgbd� gZ� bgnhjfZpby�� AZ� kt`Ze_gb_� \� lZab� \j_f_\Z� kdZeZ� gyfZ� ibkf_gb
balhqgbpb� kth[sZ\Zsb� aZ� ketgq_\b� i_lgZ� beb� Zlfhkn_jgb� kbygby�� Z
jZ^bh\t]e_jh^gbl_�j_^bpb�gZ�^tj\_lZlZ�ktsh�g_��y�ihdjb\Zl��

B�\k_�iZd�ljy[\Z�^Z�k_�bfZ�ij_^\b^��q_�j_amelZlbl_�gZ�RZjfZ�kZ�ihemq_gb
gZ�[ZaZlZ�gZ�ZgZeba�gZ�ijh[b�hl����jZaebqgb�lhqdb�gZ�K\_lh\gby�hd_Zg� ��^hdZlh
]j_geZg^kdbl_�^Zggb�kZ�kZfh�hl�_^gZ�lhqdZ��Z�b�j_^bpZlZ�_� �agZqbl_egh�ih�dtkZ�
Ih� lZab� ijbqbgZ� j_amelZlbl_� b� ba\h^bl_� gZ� RZjfZ� gZ� lhab� _lZi� bfZl� ih
ij_^klZ\bl_e_g�oZjZdl_j�
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D<:AB�������� =H>BRG:� PBDEBQGHKL� � G:� DHGP?GLJ:PBBL?� � G:
:LFHKN?JGBL?�CO2 B��KG4� �IJ?A� �IHKE?>GBL?� �a��������=H>BGB� �(KL:GPBY�<HKLHD,

:GL:JDLB>:)

Ijb\tj`_gbpbl_� gZ� l_hjbylZ� aZ� Zgljhih]_ggby� iZjgbdh\� _n_dl
h[bdgh\_gh�ih^fbgZ\Zl�nZdlZ��q_�]eZ\gZlZ�hlebqbl_egZ�hkh[_ghkl�gZ�^bgZfbdZlZ
gZ� dhgp_gljZpbbl_� \� Zlfhkn_jZlZ� � gZ� ³iZjgbdh\bl_´� ]Zah\_� dZlh�KH2� _�KG4� _
pbdebqgby�oZjZdl_j�gZ�lyogbl_�baf_g_gby�(nb]���).

Nb]���� <j_f_\b� oh^� gZ� dhgp_gljZpbylZ� gZ� KH�� (]hj_), CH4(^hem�� b
l_fi_jZlmjZlZ�(ih�kj_^ZlZ) ih�^Zggb�hl�ZgZeba�gZ�e_^_gb�ijh[b� \�jZchgZ
gZ� klZgpby� ³<hklhd´�� :glZjdlb^Z� ( Jouzel et al., 1993)�� H[hagZq_gbylZ� gZ
]_heh`dbl_�_ihob��\tlj_�\t\�nb]mjZlZ�kZ�^h[Z\_gb�hl�Z\lhjZ�

GZebqb_lh�\�l_ab�^Zggb�gZ�d\Zab��������]h^br_g�pbdte�gZj_^�k�^jm]�ih��
keZ[� b� dtk� � k� i_jbh^� hl� hdheh� ������ ]h^bgb� _� hq_\b^gh� ��Dhgp_gljZpbbl_� b� gZ
^\ZlZ�]ZaZ�dZlh�pyeh�dhj_ebjZl�fgh]h�lykgh�k�l_fi_jZlmjZlZ� ��dhylh�\ktsghkl�_
\h^_sbyl�nZdlhj�aZ�lyo��Kt\j_f_ggZlZ�_ihoZ� (e_\byl�djZc�gZ�Z[kpbkgZlZ�hk)�k_
oZjZdl_jbabjZ�k�\bkhdb�gb\Z�b�gZ�^\ZlZ�]ZaZ��dh_lh�_�k\tjaZgh�bf_ggh�k�\bkhdZlZ
l_fi_jZlmjZ�ij_a�Ohehp_gZ�kijyfh�<xjfkdby�e_^gbdh\�i_jbh^�

Ihke_^ghlh�h[Zq_�_�\yjgh�dZlh�h[sZ�l_g^_gpby��Gydhb�hlghkbl_egh�dtkb
mqZkltpb� hl� djb\bl_� gZ� ]Zah\bl_� dhgp_gljZpbb� � kZ� \� Zglbdhj_eZpby� �l�_�
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³h]e_^Zegb´�� ih� hlghr_gb_� gZ� l_fi_jZlmjZlZ�� � Lh\Z� \Z`b� b� aZ� _ihoZlZ� gZ
Ohehp_gZ� (ihke_^gbl_�8000 -10000 ]h^bgb)��Ki_pbZegh�aZ�dhgp_gljZpbylZ�gZ�KO2

ij_a� lhab� i_jbh^� k_� \b`^Z�� q_� ly� dZlh� pyeh� gZjZkl\Z� [_a� lh\Z� ^Z� klZ\Z� k
l_fi_jZlmjZlZ��\b`�nb]�����KtsZlZ�dZlh�h[sZ�l_g^_gpby�_�^hjb�b�\�e_d�kiZ^�ij_a
ihke_^gbl_������]h^bgb��(DjZldhkjhqgZ�l_g^_gpby�dZlh�kt\j_f_gghlh�³]eh[Zegh�aZlhieyg_´�g_
fh`_�^Z�k_�ijhy\b�\tjom�l_ab�^Zggb��ltc�dZlh�l_�kZ�k�]heyf�\j_f_\b�ijhahj_p�gZ�ba]eZ`^Zg_��;�Z).

Ltc� dZlh� ^bkdmlbjZgbyl� \j_f_\b� bgl_j\Ze� _� fgh]h� ]heyf� (gydhedh� obey^b
]h^bgb)�\�kjZ\g_gb_�k�bg^mkljbZegZlZ�_ihoZ�(~200 ]h^bgb)�\tijhktl�aZ�ltjk_g_�gZ
gydZdt\�Zgljhih]_g_g�_n_dl�\�l_ab�j_^bpb��ijhklh�gyfZ�kfbkte�

2.2.4.5. Ij_a�ihke_^gbl_���fbebhgZ�]h^bgb
������Kihj_^�bag_k_gbl_�nZdlb�\�klZlbylZ�gZ�>_j]Zq_\�b�Qbklydh\�(1993)����ZgZebatl
gZ� kt^tj`Zgb_lh� gZ� dhkfh]_ggb� jZ^bhbahlhib� \� h[jZapbl_� emg_g� ]jmgl� �
^hklZ\_gb�gZ�A_fylZ�hl�ibehlbjZgb�dhjZ[b�b�Z\lhfZlbqgb�khg^b�^Z\Z�\tafh`ghkl
aZ� ]jm[Z� j_dhgkljmdpby� aZ� ih\_^_gb_lh� gZ� ketgq_\ZlZ� Zdlb\ghkl� \t\� \j_f_\b
fZsZ[b�^h���fbebhgZ�]h^bgb�gZaZ^�\t\�\j_f_lh���Fgh]h�]jm[ZlZ�^bkdj_lbaZpby�ih
\j_f_� gZ� lhab� lbi� ^Zggb� � k_� dhfi_gkbjZ� ^h� ba\_klgZ� kl_i_g� hl�nZdlZ�� q_� l_� kZ
gZitegh�k\h[h^gb�hl�\ebygb_lh�gZ�a_fghlh�fZ]gblgh�ihe_� �� (EmggZlZ�hj[blZ� �k_
jZaiheZ]Z�ihqlb�bapyeh�ba\tg�]jZgbpbl_�gZ�a_fgZlZ�fZ]gblhkn_jZ�)

GZ�[ZaZ�gZ��ZgZebaZ�gZ�dhgp_gljZpbbl_�gZ�jZaebqgb�dhkfh]_ggb�bahlhib�\
kdZegbl_� h[jZapb� _� mklZgh\_gZ�bg^bdZpby� aZ� � kts_kl\m\Zg_lh� gZ�fhs_g� d\Zab�
������ ]h^br_g� pbdte� \� iZ^Zsby� \tjom� emggZlZ� ih\tjoghkl� ihlhd� hl� =DE� b
j_ki_dlb\gh�gZ�Ketgp_lh�

KlhcghkllZ� gZ� ihlhdZ� gZ� =DE� aZ� ih�hl^Ze_q_gbl_� \t\� \j_f_lh� _ihob� _
hp_g_gZ�gZ�[ZaZ� �kjZ\g_gb_�gZ�g_]h\bl_�kj_^gb�klhcghklb�dtf�ktsbl_��gh� aZ�ih�
[ebatd�bgl_j\Ze�hl�\j_f_�� �LZdZ�gZijbf_j�_�mklZgh\_gh��q_�ihlhdtl�_�kj_^gh�ih�
\bkhd� ij_a� ihke_^gbl_� �� fbjbhg� ]h^bgb� \� kjZ\g_gb_� k� ihke_^gbl_� �� fbebhgZ�
Ihke_^ghlh�hagZqZ\Z���q_�ij_a�ihke_^gbl_���fbebhg�]h^bgb�ketgq_\ZlZ�Zdlb\ghkl
_�[beZ�hlghkbl_egh�ih�gbkdZ�\�kjZ\g_gb_�k�ihkhq_gby�ij_^oh^_g�i_jbh^�

<� debfZlbq_g� Zki_dl� kblmZpbylZ� ba]e_`^Z� lZdZ�� Ih�klm^_gbyl� debfZl
ij_a� d\Zl_jg_jZ� kthl\_lkl\m\Z� gZ� ih²gbkdb� gb\Z� gZ� ketgq_\ZlZ� Zdlb\ghkl� \
kjZ\g_gb_�k�dtkgby�l_jpb_j�� �Ba\_klgh�_��q_�ij_oh^tl�dtf�q_l\tjlbqgZlZ�_ihoZ
(d\Zl_jg_jZ)� _� k\tjaZg� � ktk� agZqbl_egh� aZklm^y\Zg_� gZ� debfZlZ� � b� gZqZeh� gZ
k_jbylZ�hl�^te[hdb�pbdebqgb�aZe_^y\Zgby�(\_ebdb�e_^gbdh\b�i_jbh^b).

Lhab� nZdl� dhk\_gh� ^hdZa\Z�� q_� ijhf_gbl_� \� Zdlb\ghkllZ� b� h[sZlZ
k\_lbfhkl�gZ�Ketgp_lh� b]jZyl� Zdh� g_� hkgh\gZ�� gZc�fZedhlh� agZqbl_egZ� jhey� \
]_heh`dZlZ� \j_f_\Z� kdZeZ�� gZj_^� k� � ]_h^bgZfbqgbl_� ijhp_kb� ±� ijhf_gbl_� \t\
\tlj_rgby� a_f_g� lhiebg_g� balhqgbd�� ^j_cntl� gZ� dhglbg_lbl_� �
ieZgbghh[jZam\Zg_lh�b�^j�

<� lhab� iZjZ]jZn� [yoZ� jZa]e_^Zgb� mklZgh\_gbl_� � dtf� gZklhysby�fhf_gl
aZdhghf_jghklb�\�^bgZfbdZlZ�gZ�ketgq_\ZlZ�Zdlb\ghkl�b�debfZlZ�\t\�\j_f_\b
kdZeb�≥≥����]h^bgb��DjZldhkjhqgbl_�\ZjbZpbb� ��k\tjaZgb�k� ����]h^brgby�ketgq_\
pbdte�gZ�R\Z[_�<hen�b�������]h^brgby�(o_ceh\kdb)�fZ]gbl_g�pbdte�dZdlh�b�ih�
dtkbl_� hl� lyo� [yoZ� p_e_gZkhq_gh� ijhimkgZlb�� Lh\Z� [_r_� gZijZ\_gh� g_� ihjZ^b
lyoghlh�hfZeh\Z`Z\Zg_���Z�ltc�dZlh�p_elZ�gZ�h[ahjZ�[_r_�^Z�k_�h[tjg_�ih�]heyfh
\gbfZgb_� bf_ggh� gZ� ih�^te]hkjhqgbl_� l_g^_gpbb�� k\tjaZgb� � k� ijh[e_fZ� aZ
rbjhdh� h[kt`^Zgbl_� kt\j_f_ggb� ijhf_gb� \� debfZlZ�� � Ihke_^gbl_� hq_\b^gh
gZ^o\tjeyl� \j_f_\bl_� fZsZ[b� b� Zfieblm^ZlZ� gZ� ihkhq_gbl_� ^\Z� pbdteZ�
Pbdebl_�gZ�R\Z[_�<hen�b�O_ce�h[Zq_�kZ�hl�itj\hkl_i_ggZ�\Z`ghkl�dh]Zlh�ljy[\Z
^Z�k_�ZgZebabjZl�b�ijh]ghabjZl�j_]bhgZegb��b�djZldhkjhqgb��(\�]jZgbpbl_�gZ�^\_�
ljb�^_k_lbe_lby)�debfZlbqgb�\ZjbZpbb��Lh\Z�s_�[t^_�ihdZaZgh�\�&4.
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2.3. AZ�nbabq_kdbl_�f_oZgbafb� gZ�ketgq_\h�debfZlbqgbl_
\jtadb
������������Ltjk_g_lh� gZ� nbabq_kdbl_� ijbqbgb� aZ� ihy\y\Zg_lh� gZ� ketgq_\h�
debfZlbqgbl_� \jtadb� _� fg]h� \Z`gh� aZ� baykgy\Zg_� gZ� mkeh\bylZ� ijb� dhblh
\tagbd\Zl�� ijhf_gyl� agZdZ� kb� beb� baq_a\Zl� mklZgh\_gbl_� klZlbklbq_kdb
aZ\bkbfhklb�f_`^m� ketgq_\bl_�b�debfZlbqgbl_�bg^_dkb�� �GZ� kt\j_f_ggby� _lZi
bake_^\ZgbylZ�k_�ijh\_`^Zl�\�ke_^gbl_�hkgh\gb�gZkhdb�

��� � DebfZlbqgb� _n_dlb� �� k\tjaZgb� k� \ZjbZpbbl_� gZ� h[shlh� dhebq_kl\h
ketgq_\Z�jZ^bZpby�(TSI�bg^_dkZ)

���������������Ihkj_^kl\hf� � dhe_[ZgbylZ� gZ� ketgq_\ZlZ� meljZ\bhe_lh\Z� jZ^bZpby� b
k\tjaZgb� k� lh\Z� fh^meZpbb� gZ� iZjZf_ljbl_� gZ� hahgh\by� kehc�� Z� hllZf� \tjom
_g_j]bcgby�[ZeZgk�gZ�kljZlhkn_jZlZ�b�ljhihkn_jZlZ

��� Qj_a� fh^meZpby� gZ� ihlhdZ� gZ� =DE�� \ebygb_� \tjom� h[jZam\Zg_lh� gZ
Z_jhahebl_���h[eZqghkllZ�b��Zlfhkn_jghlh�_e_dljbq_kl\h
��������������� <ebygb_� gZ� fhsgbl_� ketgq_\b� � bajb]\Zgby� � \tjom� pbdeh]_g_aZlZ� b
oZjZdl_jZ� gZ� Zlfhkn_jgby� ij_ghk� �� Hk\_g� lh\Z� \bkhdh_g_j]bcgbl_� ketgq_\b
ijhlhgb�fh]Zl�^Z�\ebyyll�b�ih�gZqbgZ��hibkZg�\�l���
�������������� <ebygb_� \tjom� \medZgbqgZlZ� Zdlb\ghkl� ±� ih\_q_lh� Z\lhjb� �� dhblh� kZ
jZ[hlbeb�\�lZab�gZkhdZ�h[bdgh\_gh�jZa]e_`^Zl�ijh[e_fZ�\�qbklh�klZlbklbq_kdb
ieZg�� �:\lhjtl�s_� hibr_� ih�^hem� \� l_dklZ� _^gZ� k\hy� obihl_aZ�� dhylh� [b�fh]eZ
_\_glmZegh�^Z�ihkem`b�aZ�nbabq_kdh�h[ykg_gb_�gZ�gZ[ex^Z\Zgbl_�\jtadb�

��� Qj_a� k_dlhjgZlZ� kljmdlmjZ� gZ� f_`^mieZg_lghlh� fZ]gblgh� ihe_� b
ijhbalbqZsb� hl� lh\Z� _n_dlb� �� fbdjhnemdlmZpbb� \� kdhjhkllZ� gZ� hdhehhkgh
\tjl_g_�gZ�A_fylZ�� hllZf�\ebygb_� \tjom� iZjZf_ljbl_� gZ� hd_Zgkdbl_� l_q_gby�b
Zlfhkn_jgZlZ�pbjdmeZpby�
               �������H[sZ�ketgq_\Z�jZ^bZpby�(TSI)

Itj\bl_� hiblb� aZ� j_dhgkljmdpby� � gZ� ^bgZfbdZlZ� � gZ� h[sZlZ� ketgq_\Z
jZ^bZpby� hl� ����� ]� gZkZf� kZ� hl� kj_^ZlZ� gZ� ���l_� ]h^bgb�(Lean et al, 1995; Lean

2000,2004)��DZjlbgZlZ�gZ�l_ab�baf_g_gby�_�ihdZaZgZ�gZ�nb]����

   Nb]������Baf_g_gb_�gZ�bg^_dkZ�TSI aZ�i_jbh^Z�����������]�(Lean, 2004)
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DZdlh�fh`_�^Z�k_�\b^b�hl�nb]mjZlZ�gZjZkl\Zg_lh�gZ� �TSI-bg^_dkZ�[W/m
2
]_

hdheh������������ �aZ�ihke_^gbl_�����]h^bgb�ke_^�djZy�gZ�FZmg^_jh\by�fbgbfmf�
G_dZ�^Z�ijbihfgbf��q_�\ZjbZpbbl_�gZ�TSI \�jZfdbl_�gZ� ���]h^brgby�pbdte� aZ
i_jbh^Z�����������]�kZ�hdheh�����(nb]���)��l�_������itlb�ih�fZedb����NZdlhjtl�����\
kemqZy�hlqblZ�kts_kl\m\Zg_lh�gZ�nhg� ��k\tjaZg�k�hkh[_ghklbl_�gZ�k\jto\_dh\by
oh^� gZ� h[sZlZ� ketgq_\Z� jZ^bZpby�� GZebqb_lh� gZ� ih^h[_g� ijhf_gys� k_� \
^te]hkjhq_g�ieZg�nhg�k_�k\tja\Z�fgh]h�ih�^h[j_�k�^bgZfbdZlZ�gZ�dhkfh]_ggbl_
jZ^bhbahlhib� �� baf_j_gb� gZ� a_fgZlZ� ih\tjoghkl�� dZdlh� b� k� ^bgZfbdZlZ� gZ
debfZlZ�� � Kt]eZkgh� �Lean et al., 2002) lh\Z� fh`_� ^Z� klZg_� \� j_amelZl� gZ
^te]hkjhq_g�ZdmfmeZlb\_g�_n_dl�\tjom�iheyjgbl_�fZ]gblgb�ihe_lZ�b�hl\hj_gby
fZ]gbl_g�ihlhd�gZ�Ketgp_lh��IjbqbgZlZ� aZ� lh\Z� _��q_�\� oh^Z�gZ� k\jto\_dh\hlh
gZjZkl\Zg_�gZ� ketgq_\ZlZ� Zdlb\ghkl�ij_a�ihke_^gbl_� ���� ]� h[sZlZ� l_g^_gpby� _
\k_db�ke_^\Zs����]h^br_g�pbdte�^Z�_�ih�fhs_g�hl�ij_^oh^gby��(Hdhehiheyjgbl_
fZ]gblgb� ihe_lZ� gZ� Ketgp_lh� k_� ba]jZ`^Zl� hl� fb]jbjZsbl_� dtf� ihexkbl_
hklZltqgb� fZ]gblgb� ihe_lZ� gZ� jZajmr_gbl_� ]jmib� � i_lgZ� \� oh^Z� gZ� ^Z^_g� ��
]h^br_g�pbdte).

H[sZlZ� \taoh^ysZ� l_g^_gpby� \j_f_ggh� k_� _� h[tjgZeZ� \� gbaoh^ysZ� ih
\j_f_lh� gZ� >Zelhgh\by� fbgbfmf� \� gZqZehlh� gZ� ���b� \_d� (nb]���)�� ke_^� dh_lh
hlgh\h�_�ih_eZ�gZ]hj_�

<_q_� [_�ihdZaZgh�\�&2.2.4.1 q_�j_]j_kbhggby�fh^_e� (3)�b� ZgZeh]bqgby�gZ
g_]h�� ij_^klZ\_g� hl� ^_� Y]_j� b� Mkhkdbg� (de Jaeger and Usoskin, 2006)� \ktsghkl
ij_^iheZ]Zl� kdjbl� k\jto\_dh\b� lj_g^� gZ� ketgq_\ZlZ� k\_lbfhkl�� dh_lh� ^h[j_� k_
k\tja\Z�k�]hj_dZaZghlh�aZ�nhgZ�

Ij_^klhb�\�gZc�[ebadh�[t^_s_�^Z�k_�jZa[_j_��^Zeb�gZ[ex^Z\Zghlh�ij_a�����
]�kiZ^Zg_�gZ^�bg^_dkZ�TSI ih^�h[bqZcgbl_�gb\Z�aZ�ihke_^gbl_����]h^bgb�(nb]���),

g_� _� bg^bdZlhj� aZ� gZqZehlh� gZ� kfygZ� � ihkhdZlZ� gZ� lhab� lj_g^� \t\� \jtadZ� k
ijb[eb`Z\Zs�k\jto\_dh\b�ketgq_\�fbgbfmf�
�������������������Ketgq_\ZlZ�Zdlb\ghkl�b�itegbl_�emggb�aZltfg_gby
����KlZlbklbdZlZ� gZ� itegbl_� emggb� aZltfg_gby� ihdZa\Z� _^gZ� fgh]h� bgl_j_kgZ
\jtadZ�f_`^m� l_ogby� \b^�b�gb\hlh�gZ� ketgq_\ZlZ� Zdlb\ghkl� ��LZdZ� gZj_q_gbl_
³ltfgb´� aZltfg_gby� �� dh]Zlh� EmgZlZ� bfZ� jt`^b\� beb� ltfghdZny\� p\yl� � k_
kemq\Zl� \bgZ]b� hdheh� fbgbfmfbl_� beb� _^gZ� ]h^bgZ� ke_^� fbgbfmfbl_� gZ� ���
]h^brgbl_� � ketgq_\b� � pbdeb� �� H[jZlgh�� ³k\_lebl_³� aZltfg_gby
(k\_lehq_j\_gbdZ\�beb�hjZg`_\�p\yl� �gZ�emggby�^bkd�)gZklti\Zl�ih�\kydh�^jm]h
\j_f_�(Dmebdh\kdbc, 1971)(nb]����).

Nb]�����<ey\h��Ihke_^h\Zl_egb�nZab�gZ�itegh�³ltfgh´�emggh�aZltfg_gb_
gZ����k_il_f\jb�����]�(kgbfdZ�Dkyh�Pabg); \^ykgh��itegh�emggh�aZltfg_gb_�gZ  gZ 20

ygmZjb������]�(kgbfdZ�Ibltj�I_ck) .

Ih� \j_f_� gZ� itegh� emggh� aZltfg_gb_� emggZlZ� ih\tjoghkl� hljZay\Z
jZak_ygZlZ� \� a_fgZlZ� Zlfhkn_jZ� ketgq_\Z� k\_lebgZ� b� aZ\bkb� hl� g_cgbl_
hilbq_kdb� k\hckl\Z� \� fhf_glZ�� Ih�keZ[ZlZ� hk\_l_ghkl� b� ltfghdZny\h�
q_j\_gbdZ\by� p\yl� gZ�EmgZlZ� k_� gZ[ex^Z\Z� \� kemqZbl_� �� dh]Zlh� Z[khj[pbylZ� b
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jZak_c\Zg_lh�gZ�etqbl_�hl�\bhe_lh\ZlZ���kbgylZ�b�a_e_gZlZ�h[eZkl��_�ih�kbegh��l�_�
dh]Zlh� a_fgZlZ� Zlfhkn_jZ� _� ih�[h]ZlZ� gZ� ijZo� beb� Z_jhaheb� (beb� b� gZ� ^\_l_).
MklZgh\_gZlZ�\jtadZ�k�nZaZlZ�gZ�i_lghh[jZam\Zl_egby�ketgq_\�pbdte�ihdZa\Z��q_
g_]Zah\ZlZ� (Z_jhahegZ�b�ijZoh\Z)�dhfihg_lZ�gZ� a_fgZlZ�Zlfhkn_jZ�gZjZkl\Zl�ih
\j_f_�gZ�g_]h\bl_�fbgbfmfb�

<� ke_^\Zsbl_� jZa^_eb� s_� jZa]e_^Zf_� \tafh`gbl_� ijbqbgb� aZ� lh\Z
y\e_gb_�

�������=ZeZdlbq_kdbl_�dhkfbq_kdb�etqb���Z_jhahebl_�b�h[eZqghkllZ
 AZ�ijt\�itl�obihl_aZlZ��q_�fh^mebjZgbl_�hl�ketgq_\by�\yltj�]ZeZdlbqgb
dhkfbq_kdb�etqb���ijhgbd\Zcdb�^te[hdh�\�gbkdbl_�keh_\_�gZ�Zlfhkn_jZlZ�fh]Zl
^Z� \ebyyl� gZ� \Z`gb� aZ� f_l_hjheh]bqgbl_� b� debfZlbqgb� ijhp_kb� dhfihg_glb
dZd\blh�kZ�Z_jhahebl_�b�h[eZqghkllZ�_�badZaZgZ�hs_�ij_a����l_�]h^bgb�gZ����b�\_d
(Dickinson , 1975)��GZ�lhab�Z\lhj�_�gZijZ\beZ�\i_qZle_gb_�lykgZlZ�\jtadZ�f_`^m
ihlhdZ�gZ�=DE��b�h[sZlZ�h[eZqgZ�ihdjb\dZ�gZ^�A_fylZ�

<�kj_^ZlZ�b�djZy�gZ����l_�]h^bgb��dZdlh�b�\�gZqZehlh�gZ�lh\Z�^_k_lbe_lb_
kihf_gZlhlh� y\e_gb_� � ijb\e_q_� \gbfZgb_lh� gZ�fgh]h� bake_^h\Zl_eb� (Svensmark

and Friis-Christensen, 1997; Yu, 2002 b� ^j�)�� Bgl_j_ktl� [_� aZkbe_g� hl� nZdlZ�� q_
^bgZfbdZlZ� gZ� h[eZqgZlZ� ihdjb\dZ�� bajZa_gZ� \� ijhfygZ� gZ� g_cgZlZ� iehs�
]_h]jZnkdh� jZaij_^_e_gb_�� kljmdlmjZ� b� hilbq_kdb� k\hckl\Z� kZ� \Z`_g�nZdlhj� aZ
debfZlZ�

Nb]���� �FhameZpby� gZ� kdhjhkllZ� gZ� h[jZam\Zg_� gZ� dhg^_gaZpbhggb� y^jZ�
Z_jhaheb��b�h[eZpb�ih^�^_ckl\b_lh�gZ�=DE�(Yu, 2002)

Qbke_gbl_�fh^_eb�gZ�X� (Yu, 2002) ihdZa\Zl��q_�m\_ebqZ\Zg_lh�gZ�ihlhdZ
gZ�=DE�ih�\j_f_�gZ�ketgq_\b�fbgbfmfb�\h^b�^h�m\_ebqZ\Zg_�gZ�gbkdZlZ� (ih^��
df� gZ^� ih\tjoghkllZ)� b� gZfZey\Zg_� \Z� \bkhdZlZ� h[eZqghkl�� � <� hkgh\ZlZ� gZ
ijhp_kZ� klhb� � chgbaZpbylZ� gZ� \ta^moZ� hl� =DE� \� ljhihkn_jZlZ� �� M\_ebq_gZlZ
chgbaZpby� hkh[_gh� \� ijbktkl\b_lh� gZ� dhfihg_lb� dZlh� H2SO4 b� \t]e_\h^hjh^b
bgl_gabnbpbjZ� h[jZam\Zg_lh� gZ� dhg^_gaZpbhggb� y^jZ�� Z_jhaheb� b� h[eZqghkl�
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M\_ebq_gZlZ�h[eZqghkl�hl�k\hy�kljZgZ�\h^b�^h�gZjZkl\Zg_�dZdlh�gZ�Ze[_^hlh�lZdZ
b�Z[khj[pbylZ�hl�kljZgZ�gZ�Zlfhkn_jZlZ��Ih�lZdt\�gZqbg�mkbe_gbyl�ihlhd�gZ�=DE
ih^ojZg\Z� h[eZqghkllZ� b� kta^Z\Z� mkeh\by� aZ� ih�ljZcgZ� h[eZqgZ� ihdjb\dZ� b
\Ze_`gZ�h[klZgh\dZ�

?n_dltl�gZ�fh^meZpby�gZ�chgbaZpbhggbl_�kdhjhklb�hl�ketgq_\by�pbdte�_
����itlb�ih�kbe_g�gZ�\bkhdb���hldhedhlh�gZ�gbkdb�rbjbgb��<ZjbZpby�hl�ihjy^tdZ
gZ�������gZ�h[sZlZ�h[eZqgZ�ihdjb\dZ��\�jZfdbl_�gZ����]h^brgby�pbdte�fh`_�^Z
hdZ`_�fgh]h�qm\kl\bl_egb�ijhf_gb�\tjom�debfZlbqgbl_�mkeh\by�

>Zeb�_n_dlbl_�s_�\h^yl�^h�hoeZ`^Zg_�beb�aZlhieyg_�aZ\bkb�hl�mkeh\bylZ
gZ�bgkheZpby�(\bkhqbgZlZ��gZ�Ketgp_lh�gZ^�ohjbahglZ)�b�mkeh\bylZ�gZ�h[jZam\Zg_
gZ�h[eZqghkl��Ih�ijbgpbi�ih�keZ[ZlZ�bgkheZpby�\h^b�^h�aZklm^y\Zg_�

IjbgpbigZlZ�ko_fZ�gZ�jZa]e_`^Zgby�f_oZgbatf�_�ihdZaZgZ�gZ�nb]����

�������=DE�b�_e_dljbq_kdbl_�aZjy^b�b�lhdh\_�\�Zlfhkn_jZlZ
<�k_jby�hl�jZ[hlb� �hdheh������±lZ�]h^bgZ�Lbgkeb�(Tinsley et al, 1998; 2000;

Tinsley ,2000) jZa]e_`^Z� jheylZ� gZ� jZaebqgb� \b^h\_� dhjimkdmeyjgh� dhkfbq_kdh
etq_gb_�aZ�]_g_jbjZg_�gZ�_e_dljbq_kdb�aZjy^b�\�h[eZpbl_���\tjom�_e_dljbq_kdby
ihl_gpbZe� f_`^m� chghkn_jZlZ� b� a_fgZlZ� ih\tjoghkl� � b� ^j�� K� ihfhslZ� gZ
jZaebqgb�qbke_gb�kbfmeZpbb�b�dZq_kl\_g�nbabq_kdb�ZgZeba�_�ihdZaZgh��q_�jheylZ
gZ� _e_dljbq_kdbl_� aZjy^b� \tjom� ijhp_kbl_� gZ� h[jZam\Zg_� gZ� e_^_gb� atjgZ� \
h[eZqgbl_�kljmdlmjb�_�fgh]h�\Z`_g���<�aZ\bkbfhkl�hl�l_fi_jZlmjZlZ�gZ�\ta^moZ�b
^_[_ebgZlZ�gZ� h[eZqgby� kehc� _�\tafh`gh� ^Z� k_�ihemqb� _n_dl� gZ� aZlhieyg_� beb
hoeZ`^Zg_�gZ�Zlfhkn_jZlZ�

Ih� ijbgpbi� l_ab� ijhp_kb� \h^yl� ^h� mkbe\Zg_� gZ� f_jb^bhgZegby� ij_ghk�
bgl_gabnbdZpby� gZ� pbdeh]_g_aZlZ� b� m\_ebqZ\Zg_� gZ� Zfieblm^ZlZ� gZ
ieZg_lZjgbl_�\tegb��<�fgh]h�pbdehgb�k_�gZ[ex^Z\Z�m\_ebqZ\Zg_�gZ�bg^_dkZ�gZ
aZ\boj_ghkl�  VAI (_n_dl� gZ� Mbedhdk)� dZdlh� � b� ijhfygZ� ljZ_dlhjbylZ� gZ
Zlfhkn_jgbl_�njhglh\_�(_n_dl�gZ�;jZmg)��Ihke_^gbyl�_�fgh]h�kbe_g�\�jZchgZ�gZ
K_\_jgby�:leZglbq_kdb�hd_Zg���dt^_lh�klm^_gbl_�\ta^mrgb�fZkb�hl��k_\_j�kj_sZl
hlghkbl_egh�lhieby�=tenkljbcf�

Hk\_g�lh\Z�\�qZkl�hl�lZab�l_ab��fh^_eb�k_�jZa]e_`^Z�b�jheylZ�gZ�Nhj[mr�±
aZlbo\ZgbylZ� gZ� ihlhdZ� gZ�=DE�� k\tjaZgb� k�fhsgb� ijhp_kb� gZ�Ketgp_lh� dZlh
dhjhgZegbl_�fZkh\b�bajb]\Zgby�(CME-Coronal Mass Ejections)��<ebygb_lh�_�kbegh
\tjom� gbkdh_g_j]_lbqgZlZ� qZkl� gZ�=DE� (ijhlhgb� k� _g_j]bb� <5 GeV)��?n_dlbl_
\tjom� gbkdZlZ� Zlfhkn_jZ� k_� hdZa\Zl� agZqbl_egb� b� fh]Zl� ^Z� ih\ebyyl� \tjom
klhcghklbl_�gZ�f_l_hjheh]bqgbl_�iZjZf_ljb�\tjom�jZchgb�k�jZaf_jb�^h�gydhedh
obey^b�dbehf_ljZ�\tjom� a_fgZlZ�ih\tjoghkl��L_� kZ�gydhedhdjZlgh�ih�kbegb�gZ
\bkhdb�]_h]jZnkdb�rbjbgb���hldhedhlh�\�ljhibqgbl_�h[eZklb�

<� ^jm]Z� ]jmiZ� bake_^\Zgby� �Tinsley, 1994; Kirkland , 1996; Li et al., 1997)

ZggZebabjZl� kemqZb� gZ� � gZfZey\Zg_� gZ� bg^_dkZ� gZ� aZ\boj_ghkl� (VAI-Vorticity

Atmpospheric Index)� k\tjaZgb� k� \ZjbZpbb� gZ� ihlhpbl_� j_eZlb\bkldb� _e_dljhgb
ijb�ij_fbgZ\Zg_�gZ�A_fylZ�ij_a�k_dlhjgb�]jZgbpb�gZ�f_`^mieZg_lghlh�fZ]gblgh
ihe_�� IhdZaZgh� _� �� q_� l_ab� ijhf_gb� kZ� k\tjaZgb� k� \ebygb_� � ihlhdZ� gZ
j_eZlb\bkldbl_��_e_dljhgb�\tjom�_e_dljbq_kdbl_�ihe_lZ�\�ljhihkn_jZlZ��

>jm]�_n_dl��k\tjaZg�k�ij_kbqZg_lh�gZ�k_dlhjgb�]jZgbpb�_�j_]bkljbjZghlh
gZfZey\Zg_�gZ�l_fi_jZlmjZlZ�gZ�gb\h�����fbeb[ZjZ�ij_a�abfgby�k_ahg�

Ltc�dZlh�l_ab�y\e_gby�kZ�k\tjaZgb�k�ijhp_kbl_�\�h[eZpbl_�(_e_dljbq_kdb
aZjy^b�b�e_^_gbl_� atjgZ)�jheylZ�gZ�gydhb�\medZgbqgb�dhfihg_lb�dZlh�H2SO4 e

fgh]h�\Z`gZ��Ktshlh�dZkZ_�b�f_oZgbafZ��hibkZg�\�& 2.3.3.
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�������Ketgp_lh�b�\medZgbaftl
AZ�ijt\�itl�^himkdZg_��q_�\medZgbqgZlZ�Zdlb\ghkl��k_�\bey_�hl�ketgq_\ZlZ

ijZ\b� �:��Qb`_\kdb� \� gZqZehlh�gZ� ���l_� ]h^bgb� gZ� ���b� \_d� (Qb`_\kdbc, 1934,

1973).

<� ke_^\ZsZlZ� lZ[ebpZ� _� ^Z^_g� kibktd� gZ� \kbqdb� ih�fhsgb� \medZgbqgb
bajb]\Zgby� hl� _d\ZlhjbZegh�ljhibq_kdby� ihyk� gZ� A_fylZ� aZ� i_jbh^Z� ���������
]h^bgZ��>Zggbl_� kZ� \a_lb� hl� klZlbylZ� gZ�Nbr_j� b� ^j�� (2007)(Fisher et al., 2007).

>Zggbl_�aZ�_dklj_fmfbl_�gZ����]h^brgbl_�pbdeb�gZ�R\Z[_�<hen�kZ�\a_lb�kihj_^
Rh\_� (Schove, 1983) aZ� i_jbh^Z� ^h� ����]� b� ZdlmZegb� ^Zggb� hl� [ZaZlZ� gZ
GZpbhgZegby�p_gltj�aZ�]_hnbabqgb�^Zggb�gZ�K:S�aZ�i_jbh^Z�hl������^h������]�
LZ[e��� GZc�fhsgbl_� \medZgbqgb� bajb]\Zgby� \� _d\ZlhjbZegh�ljhibqgby� ihyk
(1500-2000]) � b� gZc�[ebadbl_� ^h� lyo� _dklj_fmfb� gZ� � ���]h^brgbl_
i_lghh[jZam\Zl_egb� pbdeb� gZ� R\Z[_�<hen� (“M” –� aZ� fZdkbfmf�� “m” ±� aZ
fbgbfmf)

<medZg�������=h^bgZ�����VEI (fhsghkl_g�bg^_dk)�����Ketgq_\�_dklj_fmf���Hldehg_gb_ []h^bgb]

----------------------------------------------------------------------------------------------------------------------------

Kelut               1586                 5?                                                1587.5(m)                         -1

Ruiz                1595                 4                                                 1593.8 (M)                        +2

Huaynap        1600                  6                                                 1598.8(m)                         +1

Parker           1641                 5?                                                1639.3(M)                        +2

Garnkonora  1673                 5?                                               1673.5(M)                           0

Unknown       1809                ?                                                  1810.6 (m)                          -1

Tambora        1815                7                                                  1816.4 (M)                         -1

Galunggung   1822                5                                                 1823.3(m)                           -1

Babuyan         1831               4                                                  1829.9(M)                          +2

Cosiguina       1835                5                                                  1833.9(m)                         +1.5?

Krakatau        1883               6                                                   1883 (M)                            0

Santa Maria    1902              6                                                   1901.7(m)                         +1

Agung              1963              5                                                   1964.5(m)                          -1

El Chichon      1982              5                                           1979.9(M)                          +2

Pinatubo          1991              6                                                   1989.9(M)                         +1.5

>Z^_gbl_�\�lZ[ebpZlZ�_jmipbb�k_�kqblZl�aZ�ij_^klZ\bl_egb�ih�hlghr_gb_
gZ�\medZgbqgZlZ�Zdlb\ghkl��ltc�dZlh�^Zggbl_�aZ�lyo�k_�baiheam\Zl�\�j_^bpZ�^jm]b
im[ebdZpbb��\�dhblh�k_�ijZ\b�hp_gdZ�gZ�debfZlbqgbl_�ijhf_gb�\�dhgl_dklZ�gZ
\medZgbafZ�(gZij��Briefa et al., 1998).

Ij_^ihke_^gZlZ� � dhehgZ� kt^tj`Z� ^Zggbl_� aZ� _dklj_fmfbl_� gZ� ���
]h^brgbl_� ketgq_\b� pbdeb� �� dhblh� kZ� gZc�[ebadb� ^h� fhf_glZ� gZ� kthl\_lghlh
\medZgbqgh� bajb]\Zg_� �� dZlh� _� h[hagZq_g� b� \b^Z� gZ� _dklj_fmfZ�� <� ihke_^gZlZ
dhehgZ� kZ� ^Z^_gb� jZaebdbl_� \t\� \j_f_lh� f_`^m� fhf_glbl_� gZ� \medZgbqgZlZ
_jmipby�b�gZc�[ebadby�ketgq_\�_dklj_fmf����JZaebdbl_�kZ�hljbpZl_egb�qbkeZ�Zdh
_jmipbylZ� baij_\Zj\Z� ketgq_\by� _dklj_fmf� b� iheh`bl_egb� Zdh� gZklti\Z� ke_^
g_]h���Ijb�jZa]e_`^Zg_lh�gZ�lZab�lZ[ebpZ�ke_^gbl_�nZdlb�ijZ\yl�\i_qZle_gb_�

1. <kbqdb� kbegb�� debfZlbqgh� agZqbfb� \medZgbqgb� _jmipbb� ij_a
ihke_^gbl_� a���� ]h^bgb� kZ� ³ijb\tjaZgb� ³� dtf� _dklj_fmfbl_� gZ� ���
]h^brgbl� ketgq_\b� pbdeb� �� \� gblh� _^bg� hl� \dexq_gbl_� ��� kemqZy
jZaebdZlZ� g_� _� ih�]heyfZ� hl� �� ]h^bgb�� GyfZ� gblh� _^bg� kemqZc� ijb
kj_^gb�gb\Z�gZ�ketgq_\Z�Zdlb\ghkl�

2. ;jhyl� gZ� \medZgbqgbl_� bajb]\Zgby� ³ijb\tjaZgb´� dtf� ketgq_\bl_
fZdkbfmfb� _� �� kj_sm� �� ±aZ� kemqZbl_� gZ� kemqZbl_� hdheh� ketgq_\bl_
fbgbfmfb��l�_��ihqlb�jZ\_g���AZ�djZldhkl�ih�±gZlZltd�s_�h[hagZqZ\Zf_
bajb]\ZgbylZ� hdheh� ketgq_\bl_� fZdkbfmfb� dZlh� ³F�_jmipbb´�� Z
hdheh�ketgq_\bl_�fbgbfmfb��dZlh�³m��_jmipbb´�
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3. <� �� hl� h[sh� �� kemqZb� gZ� �F�_jmipbb� k_� gZ[ex^Z\Z� aZdtkg_gb_� gZ
y\e_gb_lh�ih�hlghr_gb_�gZ�ketgq_\by�fZdkbfmf�k�hdheh�������]h^bgb�
\� _^bg� kemqZc� gyfZ� hldehg_gb_� b� \� _^bg� _jmipbylZ� _� baij_\ZjbeZ
ketgq_\by�fZdkbfmf�k���]h^bgZ�

4. <����hl�h[sh����m-_jmipbb��y\e_gb_lh�baij_\Zj\Z�ketgq_\by�fbgbfmf�k
_^gZ� ]h^bgZ�� \� �� kemqZy� aZdtkgy\Z� k� _^gZ� ]h^bgZ� b� \� _^bg� kemqZc
aZdtkg_gb_lh�_�hdheh�����]h^bgb�

5. G_� k_� aZ[_eya\Zl� gydZd\b� � bajZa_gb� l_g^_gpbb� ih� hlghr_gb_
fhsghkllZ�gZ�\medZgbqgbl_�bajb]\Zgby�

6. Ih� \j_f_� gZ� >Zelhgh\by� fbgbfmf� (1796-1834) k_� gZ[ex^Z\Z� fgh]h
Zdlb\gZ�\medZgbqgZ�^_cghkl�±�h[sh�����hl�\kbqdb�kemqZb��\�]jZgbpbl_
kZfh�gZ����]h^bgb��:dh�dtf�lyo�k_�^h[Z\b��bajb]\Zg_lh�gZ�CosigunZ�ij_a
����� ]h^bgZ�� lh� kemqZbl_� klZ\Zl� �� hl� h[sh� ��� \� lZ[ebpZ� ���Hl� ^jm]Z
kljZgZ�ij_a�p_eby����b�\_d�g_�_�hl[_eyaZgh�gblh�_^gh�kbegh�\medZgbqgh
bajb]\Zg_�

Kt\k_f� ykgh� bajZa_ghlh� ij_h[eZ^Z\Zg_� gZ� aZdtkg_gb_� hl� �� ]h^bgb� aZ�F
_jmipbbl_�_�fgh]h�\Z`_g�b�bgl_j_k_g�nZdl��Lh\Z�_�³klZg^Zjlghlh´�aZdtkg_gb_�gZ
fZdkbfmfZ� gZ� _jmilb\gZlZ� Zdlb\ghkl� gZ� Ketgp_lh� � ih� hlghr_gb_� lhab� gZ
i_lghh[jZam\Zg_lh�� � Lh\Z� gZkhq\Z� dtf� b^_ylZ�� q_� Zdh� f_`^m� \medZgbqgbl_
y\e_gby� b� ketgq_\ZlZ� Zdlb\ghkl� kts_kl\m\Z� j_ZegZ� \jtadZ� lh� ly� _� k\tjaZgZ
bf_ggh� k� \bkhdh_g_j]_lbqgZlZ� dhjimkdmeyjgZ� jZ^bZpby� b�� \_jhylgh� �� k_
j_ZebabjZ�qj_a�\ta^_ckl\b_lh�gZ�ktsZlZ�\tjom�a_fghlh�fZ]gblgh�ihe_�

<�lhab�Zki_dl�_�ihe_agh�b�bgl_j_kgh�^Z�k_�gZijZ\b�kijZ\dZ�aZ�mklZgh\_gb
\jtadb� gZ� ketgq_\ZlZ� Zdlb\ghkl� k� ^jm]b� l_dlhgbqgb� y\e_gby� ±� gZijbf_j� ktk
a_f_lj_k_gbylZ���DZdlh�[_r_�\_q_�dZaZgh� ��lZdb\Z�\jtadb�_�baiheam\Ze�Rh\_�ijb
ktklZ\yg_lh� gZ� k\hy� j_^� ��Ij_a� \lhjZlZ� iheh\bgZ� gZ� ���b� \_d� bfZ� ]heyf� [jhc
bake_^\Zgby� ih� \tijhkZ��Lmd�s_� k_� kij_f� kZfh� gZ� ^\_� hl� gZc�gh\bl_� lZdb\Z��<
_^ghlh� hl� hkgh\Zgh� gZ� ^Zggb� aZ� gZc�kbegbl_� a_f_lj_k_gby� gZ� ihemhkljh\
DZfqZldZ�(fZ]gblm^�>7.5 ) b�k_�hlgZky�aZ�i_jbh^Z������������]h^bgZ�(K_jZnbfh\Z,

2005)��J_amelZlbl_�hl�ijh\_^_gby�ZgZeba�khqZl��q_� a_f_lj_k_gbylZ�k_�]jmibjZl�b
hdheh�fbgbfmfbl_�b�hdheh�fZdkbfmfbl_�gZ����±]h^brgbl_�ketgq_\b�pbdeb��Lhab
ba\h^�_�gZitegh�\�ihkhdZlZ�gZ�gZrZlZ�dhgklZlZpby�aZ�\medZgbafZ�

Nb]�����=hj_��K\jto\_dh\b�oh^�gZ�h[shlh�dhebq_kl\h�k_bafbqgZ�_g_j]by�\���
]h^brgb� bgl_j\Zeb� aZ� i_jbh^Z� ���������� ]� (lhqdbl_)�� K� ietlgZ� ebgbgy� kZ
ihdZaZgb�ba]eZ^_gbl_�klhcghklb�gZ�<henh\hlh�qbkeh�]h^bgZ��^hem��kj_gh]h^brgb
klhclhklb� aZ� i_jbh^Z� ���������� ]�djb\ZlZ� k� lhqdbl_� _� k_bafbqgZlZ� _g_j]by
(Jh]h`bg�b�R_klhiZeh\��������
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<lhjhlh� bake_^\Zg_� _� kt\k_f� gh\h� ±� hl� ����� ]h^bgZ� (Jh]h`bg� b
R_klhiZeh\,  2007)��<�g_]h� k_�bake_^\Z� k\jto\_dh\by� oh^� gZ� h[sZlZ� k_bafbqgZ
Zdlb\ghkl�gZ�A_fylZ��b�ketgq_\ZlZ�Zdlb\ghkl�aZ�i_jbh^Z�����������])(nb]���)

Kihj_^� Z\lhjbl_�  (Z� b� dZdlh� k_� \b`^Z� hl� nb]mjZlZ)� bfZ� ^h[j_� bajZa_gZ
\jtadZ� ktk� k\jto\_dh\by� � oh^� gZ� ketgq_\ZlZ� Zdlb\ghkl�� <bkhdbl_� gb\Z� gZ
k_bafbqghkl� ih� \j_f_� gZ� fbgbfmfZ� gZ� >Zelhg� � b� ihke_^gby� ketgq_\� \_dh\b
fbgbfmf�\�gZqZehlh�gZ����b�\_d�kZ�fgh]h�^h[j_�aZ[_e_`bfb�

Hl�\kbqdh�dZaZgh�^hlmd�ke_^\Z� ��q_� agZqbfZ� �\jtadZ�f_`^m�ketgq_\ZlZ�b
\medZgbqgZlZ� Zdlb\ghkl� ih�kdhjh� kts_kl\m\Z�� hldhedhlh� hlktkl\m\Z��?lh� aZsh
_^gh� ih�rbjhdh� klZlbklbq_kdh� bake_^\Zg_�� hkgh\Z\Zsh� k_� gZ� ih\_q_� ^Zggb� _
Z[khexlgh�g_h[oh^bfh�

;b� [beh�bgl_j_kgh� ^Z� k_� ihfbkeb� aZ�nbabq_kdbl_� hkgh\b� gZ� _^gZ� lZdZ\Z
dhj_eZpby��GZ�ijt\�ih]e_^�ba]e_`^Z��q_�_�g_\tafh`gh�ly�^Z�[t^_�hldjblZ��Kihj_^
Z\lhjZ�h[Zq_�bfZ�gydhb�nbabq_kdb� hkgh\Zgby� k\tjaZgb� k�\tlj_rgby� kljh_`�gZ
A_fylZ�b�g_cghlh�fZ]gblgh�ihe_��dhblh�(_\_glmZegh)�[boZ�fh]eb�^Z�^Z^Zl�gZkhdZ
aZ� ijbgpbigh� h[ykg_gb_� gZ� \jtadZlZ� f_`^m� ketgq_\ZlZ� Zdlb\ghkl� b� a_fgbl_
l_dlhgbqgb�y\e_gby�

Kfms_gbylZ�\�a_fghlh�fZ]gblgh�ihe_� ��k\tjaZgb�k�Zdlb\gbl_�ijhp_kb�gZ
Ketgp_lh� [boZ� fh]eb� ih� ijbgpbi� ^Z� bg^mpbjZl� ^hitegbl_egb� lhdh\_� \t\
\tlj_rghkllZ� gZ� A_fylZ�� � J_amelZltl� _� ^hitegbl_e_g� ³^bgZfh�_n_dl´�
Ihke_^gbl_�hl�k\hy�kljZgZ�fh]Zl��^Z�ij_^ba\bd\Zl�fbdjhnemdlmZpbb�\�kdhjhkllZ
gZ�hdhehhkghlh�\tjl_g_��dhblh�ijhf_gyl�\�jZaebqgb�ihkhdb� �ijh^te`bl_eghkllZ
gZ� a_fghlh�^_ghghsb_� k�fZedb�qZklb� hl� k_dmg^ZlZ��L_� h[Zq_� ihjZ`^Zl� bg_jqgb
kbeb� �� dtf� dhblh� _� gZc�qm\kl\bl_egZ� eblhkn_jZlZ�� aZjZ^b� g_cgZlZ� [ehdh\Z
kljmdlmjZ� ��Ij_h^hey\Zcdb� kbebl_� gZ� kp_ie_gb_� f_`^m� [ehdh\_l_� \� ahgbl_� gZ
l_ogby� dhglZdl� l_ab� kbeb� fh]Zl� ^Z� b]jZyl� jheylZ� gZ� ljb]_j_g� f_oZgbatf� �
hk\h[h`^Z\Zs� gZljmiZgZlZ� ihl_gpbZegZ� _g_j]by� � lZf�� dt^_lh� ly� _� ^hklb]gZeZ
djblbqgb�klhcghklb��?lh�aZsh�djZcgbyl�j_amelZl�[b�fh]te�^Z�_�_^gh�beb�ih\_q_
gZ� [jhc� kbegb� a_f_lj_k_gby� b� _\_glmZegh� Zdlb\babjZg_� gZ� \medZgbqgZlZ
Zdlb\ghkl�

Hk\_g� kbegbl_� ketgq_\b� bajb]\Zgby�� k\tjaZgb� k� ]he_fbl_� ]jmib� i_lgZ�
itj\hijbqbgZ�aZ�ih^h[gb�y\e_gby�[boZ�fh]eb�^Z�[t^Zl�ktsh�b�j_adb�ijhf_gb�\
ihlhdZ� gZ� =DE� (Nhj[mr� aZlbo\ZgbylZ)�� y\e_gby� k\tjaZgb� k� ij_fbgZ\Zg_� gZ
A_fylZ� ij_a� k_dlhjgZ� ]jZgbpZ� gZ� f_`^mieZg_lghlh� fZ]gblgh� ihe_� b� ^j�� Ijb
mkeh\bylZ� gZ� ketgq_\� fbgbfmf� gydhb� hl� l_ab� _n_dlb� kZ� fgh]h� kbegb� aZshlh
ij_^ba\bd\Zl� fgh]h� kbegb� b� j_adb� ijhf_gb� gZ� nhgZ� gZ� h[sh� \a_lh� kihdhcgZ
]_hfZ]gblgZ�h[klZgh\dZ��K�lh\Z�[bof_�fh]eb�^Z�kb�h[ykgbf�b�gZebqb_lh�gZ�\lhjb
ibd� gZ� l_dlhgbqgb� y\e_gby� hdheh� fbgbfmfbl_� gZ� ��� ±]h^brgbl_� ketgq_\b
pbdeb�

HdhgqZl_eghlh�^hdZa\Zg_�gZ� aZ\bkbfhkl�gZ�\medZgbqgZlZ� hl� ketgq_\ZlZ
Zdlb\ghkl� s_� bab]jZ_� \Z`gZ� jhey� aZ� jZa\blb_� gZ� ij_^klZ\bl_� aZ� ijbqbggh�
ke_^kl\_gbl_�\jtadb�\�debfZlheh]bylZ���Hl�kZfh�k_[_�kb�k_�ih^jZa[bjZ��q_�lh\Z�[b
kta^Zeh� ]he_fb� ljm^ghklb� aZ� \kbqdb� ijhlb\gbpb� gZ� ketgq_\h�debfZlbqgZlZ
l_hjby�b�gZc�\_q_�gZ�³]eh[Zegbl_�_dhehab´��Hl�^jm]Z�kljZgZ�h[Zq_�aZ^te`bl_egh
ljy[\Z�^Z� k_�bfZ�ij_^\b^��q_�ihjZ^b� ]heyfZlZ�\j_f_dhgklZglZ�gZ�j_ZdpbylZ�gZ
debfZlZ� hl� fhsgbl_� \medZgbqgb� bajb]\Zgby� � ijhy\e_gb_lh� gZ� ijbqbggh�
ke_^kl\_gbl_�\jtadb��[b�[beh��kbegh�³jZafZaZgh´��\t\�\j_f_lh���Z�^_ckl\b_lh�bf�k
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l_g^_gpby� dtf� ihkl_i_ggh� aZlbo\Zg_� ^Z� k_� gZ[ex^Z\Z� \� l_q_gb_� gZ� gydhedh
]h^bgb�

2.3.6. Dhf[bgbjZg��_n_dl��ih�\j_f_�gZ�ketgq_\bl_�fbgbfmfb
Hl� �ij_^klZ\_gbl_�^hlmd�nZdlb�\�lhab�iZjZ]jZn�klZ\Z�ykgh��q_�i_jbh^bl_

gZ� gbkdZ� ketgq_\Z� Zdlb\ghkl� �� g_aZ\bkbfh� ^Zeb� klZ\Z� ^mfZ� aZ�fbgbfmf� gZ� ���
]h^br_g�pbdte�gZ�R\Z[_�<hen�beb�aZ�\_dh\b�beb�k\jto\_dh\b�ketgq_\�fbgbfmf
b]jZyl�hkh[_gZ�jhey�\�j_ZebaZpbylZ�gZ� ketgq_\hlh�\ta^_ckl\b_�\tjom�debfZlZ�
Lh\Z�kZ�nZab�\�dhblh�gydhedh�h[mkeh\_gb�hl�Ketgp_lh�nZdlhjb�^_ckl\m\Zl�\�_^gZ
ihkhdZ���h[sbyl�debfZlbqgbyl�_n_dl�hl�dhblh�_�aZklm^y\Zg_�hkh[_gh�gZ�\bkhdb�b
kj_^gb�rbjbgb�

1. GZfZey\Z� h[shlh� dhebq_kl\h� ketgq_\Z� jZ^bZpby�  (bg^_dkZ� TSI)� k
hdheh������\�fbgbfmfbl_�gZ����]h^brgbl_�pbdeb�gZ�R\Z[_�<hen�b�k
hdheh����������ijb�\_dh\bl_�b�k\jto\_dh\b�fbgbfmfb�ij_a�ihke_^gbl_
����]h^bgb�

2. M\_ebqZ\Zg_� gZ� ihlhdZ� gZ� =DE�� klbfmebjZ� k_� h[jZam\Zg_lh� gZ
Z_jhaheb� b� h[eZpb�� Zdlb\babjZg_� gZ� pbdeh]_g_aZlZ�� m\_ebqZ\Zg_� gZ
h[eZqgZlZ�ihdjb\dZ�k���������gZjZkl\Zg_�gZ�Ze[_^hlh�b�gZfZey\Zg_�gZ
_n_dlb\gZlZ�bgkheZpby��mkbe\Zg_�gZ�f_jb^bhgZegby�ij_ghk

3. :dlb\babjZg_� gZ� \medZgbqgZlZ� ^_cghkl� �� m\_ebq_gb� _fbkbb� gZ� 622,ih\br_gh� h[jZam\Zg_� gZ� H2SO4��� GZ� k\hc� j_^� lh\Z� \h^b� ^h� � ih�
_n_dlb\gh�h[jZam\Zg_�gZ�Z_jhaheb�b�hllmd�^hitegbl_egh�mkbe\Zg_�gZ
f_oZgbafZ��hibkZg�\�l�����

DjZcgbyl� j_amelZl� hl� ih^h[gh� gZljmi\Zg_� gZ� _^ghihkhqgb� \ta^_ckl\by
fh`_�^Z�[t^_�_n_dl�gZ�aZklm^y\Zg_��fgh]h�ih�kbegh�bajZa_g�hldhedhlh�[b�ke_^\Zeh
kZfh�gZ� [ZaZlZ�gZ� \ZjbZpbbl_�gZ�TSI�� �OZjZdl_jtl�gZ�\jtadZlZ� ktk� ketgq_\bl_
i_lghh[jZam\Zl_egb�bg^_dkb�ih�lhab�gZqbg�k_�hq_jlZ\Z�^Z�[t^_�kbegh�g_ebg__g�b
lykgh� p_gljbjZg� hdheh� fhf_gl�� [ebatd� ^h� kthl\_lgby� ketgq_\� fbgbfmf��G_� _
aZ^te`bl_egh�lhab�\j_f_\b�ijhahj_p�^Z�kt\iZ^Z�lhqgh�k�fhf_glZ�gZ�fbgbfmfZ�gZ
i_lghh[jZam\Zg_lh�� Z� ^Z� kthl\_lkl\m\Z� gZ� gZc�^h[jZlZ� kbgojhgbaZpby� aZ
dhf[bgbjZg�_n_dl�hl�l�������b�_\_glmZegh���

?^gh�hl�ke_^kl\bylZ�gZ�lhab�dhf[bgbjZl�_n_dl�gZ�ketgq_\by�fbgbfmf��_
gZklti\Zg_lh� gZ� ��beb� �� gZc�klm^_gb�\� jZfdbl_� gZ� ������ ]h^br_g� i_jbh^� abfb
bf_ggh� hdheh� fbgbfmfbl_� gZ� ���]h^brgbl_� pbdeb�� � <j_f_\bl_� ijhahjpb� aZ
ih^h[gb�kt[blby�kZ�p_gljbjZgb�hdheh�ketgq_\by�i_lghh[jZam\Zl_e_g�fbgbfmf��Z
rbjbgZlZ� bf� hdheh� �� ]h^bgb�� Y\e_gb_lh� _� oZjZdl_jgh� aZ� \bkhdbl_� b� kj_^gb
rbjbgb��DZdlh�s_�[t^_�ihdZaZgh�gZ�[ZaZ�^Zggbl_� aZ�;te]Zjby� _n_dltl� _�fgh]h
kbe_g� \t\� \tlj_rghdhglbg_lZegbl_� AZiZ^gb� dhleh\bggb� ihe_lZ� b� ihqlb
hlktkl\m\Z�ih�q_jghfhjkdby�[jy]�

Ih^h[gh�y\e_gb_�[b�fh]eh�^Z�gZkltib� ��fZdZj�b�\�ih�e_dZ�nhjfZ�b�hdheh
beb� ���� ]h^bgb� ke_^� ketgq_\bl_� ���]h^brgb�fZdkbfmfb��Lh]Z\Z� klhcghklbl_� gZ
TSI kZ�\bkhdb�� Z�ihlhdtl�gZ�=DE� _� keZ[��AZ� kf_ldZ�gZ� lh\Z� h[Zq_� _�bgl_gab\gZ
ketgq_\ZlZ� _jmilb\gZ� Zdlb\ghkl�� Z� aZ_^gh� k� g_y� b� ihlhpbl_� gZ� ^hklb]Zsbl_� ^h
A_fylZ� ijhlhgb� k� _g_j]bb� � \� ^bZiZahgZ� � ��MeV-1000 MeV �� qb_lh� ^_ckl\b_� � ^h
]heyfZ�kl_i_g�gZih^h[y\Z�lh\Z�gZ�=DE��DZlh�k_�bfZ�ij_^\b^�b�ij_^iheZ]Z_fhlh
hqZd\Zg_�aZ�ih�\bkhdZ�\medZgbqgZ�F��Zdlb\ghkl�[b�fh]eh�^Z�k_�h[ykgb�aZsh�^hklZ
q_klh�klm^_gb�abfb�k_�gZ[ex^Z\Zl�b�hdheh�fZdkbfmfbl_�gZ����]h^brgbl_�pbdeb�
Ih� lZdt\� gZqbg� \� oh^Z� gZ� abfgbl_� l_fi_jZlmjb� gZ� kj_^gb� rbjbgb� fh`_� ^Z
\tagbdg_� hk\_g� ���� ktsh� b� ���� ]h^brgZ� pbdebqghkl�� AZ� hl[_eya\Zg_� _� �� q_� \
jZfdbl_�gZ�p_eby�bake_^\Zg�hl�Z\lhjZ�i_jbh^�f_`^m������b������]h^bgZ�gyfZ�gblh
_^gZ�klm^_gZ�abfZ�ijb�kj_^gb�gb\Z�gZ�ketgq_\Z�Zdlb\ghkl�
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Ih\br_ghlh�h[jZam\Zg_�gZ�Z_jhaheb�\�Zlfhkn_jZlZ�ih^�^_ckl\b_lh�gZ�=DE
hdheh� ketgq_\bl_� fbgbfmfb� _� gZc�\_jhylgZlZ� ijbqbgZ� aZ� gZ[ex^Z\Zgbl_
³ltfgb´�emggb�aZltfg_gby�ij_a�lhab�i_jbh^��:dh�ktsbyl�kt\iZ^Z�b�k�mkbe\Zg_�gZ
\medZgbqgZlZ�Zdlb\ghkl�y\e_gb_lh�s_�[t^_�hs_�ih�kbegh�bajZa_gh��hk\_g�ihjZ^b
ih\_q_lh� h[jZam\Zgb� Z_jhaheb� ktsh� b� hl� ih\br_gbl_� dhgp_gljZpbb� � gZ� ijZo� \
Zlfhkn_jZlZ�

Kihj_^� ³dhg\_gpbhgZegbl_´� debfZlhehab� \ZjbZpbbl_� gZ� TSI fh]Zl� ^Z
h[ykgyl�kZfh�hdheh��������hl�gZjZkl\Zg_lh�gZ�l_fi_jZlmjbl_�ij_a���±���b� �\_d�
HklZgZebl_� ���� l_� ijbibk\Zl� gZ� m\_ebq_gbl_� _fbkbb� gZ� CO2�� k\tjaZgb� k
qh\_rdZlZ� ^_cghkl (Tompson, 1997)�� Kihj_^� ^jm]b� Z\lhjb� �� ijb\tj`_gbpb� gZ
Zgljhih]_ggZlZ�l_hjby� aZ�debfZlZ�lhab�ijhp_gl� _�ih�fZetd��gh�\k_�iZd� _�hdheh
beb�ih\_q_�hl������<�kemqZy�k_�aZ[jZ\y�(fh`_�[b�aZshlh�_�m^h[gh)��q_�ketgq_\ZlZ
Zdlb\ghkl� _� fgh]h� dhfie_dk_g� debfZlbq_g� nZdlhj�� dhclh� hk\_g� TSI \ZjbZpbb
\dexq\Z�b�ijhp_kb�hl�^jm]h�_kl_kl\h�(ketgq_\b� �dhkfbq_kdb�etqb��fh^mebjZg�hl
ketgq_\by� \yltj� ihlhd� gZ� =DE�� ijhf_gb� \� kljmdlmjZlZ� gZ� f_`^mieZg_lghlh
fZ]gblgh� ihe_� b� ^j�)�� �<k_db� _^bg� hl� lyo� \eby_� ih� ki_pbnbq_g� gZqbg� g_� kZfh
ijydh� \tjom� Zlfhkn_jZlZ�� gh� ktsh� b� ihkj_^kl\hf� \ta^_ckl\b_� \tjom� ^jm]b
dhfihg_lb� gZ� a_fgZlZ� hdhegZ� kj_^Z�� gZij�� \medZgbafZ�� � <� j_amelZl� gZ� lh\Z
j_Zeghlh�ketgq_\h�bgl_]jZegh�\ebygb_�\tjom�debfZlZ�_�g_�kZfh�fgh]h�ih�]heyfh�
gh� _�b� kbegh�g_ebg_cgh��<� lZab�gZkhdZ� _�fg]h�ihe_a_g�b� _n_dlb\_g�ih^oh^��ijb
dhclh�\ebygb_lh�gZ�Ketgp_lh�k_�hibk\Z�dZlh�gZ[hj�hl�jZaebqgb�nZdlhjb�  (qbklh
ketgq_\b�b�]_hfZ]gblgb)� ��Ihke_^gbl_� � k_�\dexq\Zl�\� klZlbklbq_kdb�fh^_eb�hl
fgh]hnZdlhj_g�lbi���LZdb\Z�fh^_eb�s_�[t^Zl�ij_^klZ\_gb�\�&4.

2.3.7. Ketgq_\hlh�dhjimkdmeyjgh�baetq\Zg_�b��debfZltl
<� aZdexq_gb_� dtf� lhab� jZa^_e� aZkem`Z\Z� ^Z� [t^_� kihf_gZlZ� _^gZ� ]jmiZ

nbabq_kdb��fh^_eb��dhblh�[yoZ�jZa\b\Zg_�ij_a�itj\bl_����]h^bgb�gZ�dhkfbq_kdZlZ
_jZ� �� �Z�bf_ggh�ij_a����l_�b����l_�]h^bgb�gZ����b�\_d� �� �<�lyo� �Zdp_gl�k_�ihklZ\y
\tjom� �\tafh`ghkllZ�\bkhdh�_g_j]_lbqgZlZ�dhjimkdmeyjgZ�jZ^bZpby� (ijhlhgb�k
_g_j]by� gZ^� �F_V)� ijb� gZ\ebaZg_lh� kb� \� Zlfhkn_jZlZ� ih� ljZ_dlhjbb� k� ]he_fb
ehj_gph\b� jZ^bmkb� hdheh� fZ]gblgbl_� kbeh\b� ebgbb� (^h� gydhedh� ^_k_ldb
dbehf_ljZ)�^Z�^hklb]Zl�^h�\bkhqbgbl_�gZ�ljhihiZmaZlZ��<�j_amelZl�gZ�gZkhq_gbl_
kb� ^\b`_gby� ijhlhgbl_� m\ebqZl� ]Zah\bl_� qZklbpb� � b� \h^yl� ^h� lyoghlh
ij_jZaij_^_e_gb_� � gZ� gZey]Zg_lh� \� ahgZlZ� gZ� lhab� ijhp_k�� J_amelZltl� _
]_g_jbjZg_lh�gZ�^\hcdZ�pbdehg�Zglbpbdehg��ijb\tjaZgb�_^bg�dtf�^jm]��Ktsbl_
kZ�k�l_g^_gpy b� ^Z� k_� jZa]jZ`^Zl� ijb� mkeh\by� gZ� gbkdZ� _jmilb\gZ� ketgq_\Z
Zdlb\ghkl� ��b�h[jZlgh�ohjbahglZegbl_�]jZ^b_glb�gZ�gZey]Zg_lh� � ��l�_��[Zjbqgbl_
dhgljZklb� f_`^m� lyo� jZklZl� ijb� gZjZkl\Zg_� gZ� _jmilb\gZlZ� Zdlb\ghkl� gZ
Ketgp_lh�b�j_ki_dlb\gh�gZ�dhjimkdmeyjgZlZ�jZ^bZpby�\�Zlfhkn_jZlZ�gZ�A_fylZ�

Ij_^klZ\bl_egb� aZ� lZab� ]jmiZ� fh^_eb� � � kZ� bake_^\ZgbylZ� gZ�Fmkl_e� b
^j�(1971, 1980 )���Ij_a�ihke_^gbl_����]h^bgb�bgl_j_ktl�dtf�lyo�h[Zq_�ba]e_`^Z�^Z�_
kts_kl\_gh� gZfZeye� beb� ih�kdhjh� ba]e_`^Z�� q_� kZ� aZ[jZ\_gb�� Kihj_^� Z\lhjZ
h[Zq_�� \� l_ab� fh^_eb� bfZ� p_ggb� b^_b� �� dhblh� ke_^\Z� ^Z� [t^Zl� ^hjZajZ[hl_gb� b
baiheam\Zgb� ��Ih^jh[gZ� � bgnhjfZpby� aZ�fh^_ebl_� gZ�Fmkl_e� � bfZ� \� h[ahjZ� gZ
<blbgkdb�b�^j�(1976).

<� aZdexq_gb_�kZfh�s_�hl[_e_`bf��q_�gZc�\bkhdh_g_j]_lbqgbl_� ketgq_\b
dhjimkdmeb�ijbl_`Z\Zl�ktsbl_�k\hckl\Z�ih�hlghr_gb_�gZ�ljhihkn_jZlZ�dZdlh�b
=DE�
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3. Dhjimkdmeyjghlh� baetq\Zg_� gZ� Ketgp_lh� b
debfZltl�gZ�A_fylZ��gydhb�^hitegbl_egb�Zki_dlb

<� gZklhysZlZ� ]eZ\Z� kZ� \dexq_gb� j_amelZlb� b� ZgZebab� gZ� Z\lhjZ� ih
jZaebqgb� Zki_dlb� gZ� ^bgZfbdZlZ� gZ� ketgq_\ZlZ� Zdlb\ghkl�� ]_hfZ]g_lbafZ� b
debfZlZ��H[shlh�aZ�lyo�_���q_�l_�dZlh�pyeh�beb�g_�kZ�bamq_gb�^hklZltqgh� �beb�g_
bf�_�h[jtsZgh�^hklZtqgh�\gbfZgb_�hl�bake_^h\Zl_ebl_�\�ihkhq_gbl_�h[eZklb� � � �
Ih�lZab�ijbqbgZ�l_�\bgZ]b�kZ�klhyeb�ih\_q_�beb�ih�fZedh�\kljZgb��hl�\tijhkbl_��
k\tjaZgb�ktk�ketgq_\h�debfZlbqgbl_�\jtadb�� DZdlh� h[Zq_�s_� [t^_� ihdZaZgh�
hdZa\Z�k_��q_�fgh]h�g_ykghlb�ih�l_fZlZ� �[boZ�fh]eb�^Z�gZf_jyl�k\h_lh�ijZ\begh
jZa[bjZg_�b�ltedm\Zg_�gZ�[ZaZlZ�gZ�h[kt`^Zgbl_�\�lZab��]eZ\Z�j_amelZlb�

3.1 � � Km[\_dh\bl_� � (60-70 ]h^brgb)� dhe_[Zgby� gZ
l_fi_jZlmjZlZ��gZ�K\_lh\gby�hd_Zg

<� lhab� iZjZ]jZn� s_� [t^Zl� ij_^klZ\_gb� j_amelZlbl_� hl� ZgZebaZ� gZ
\j_f_ggby�j_^��gZ�kj_^gbl_�l_fi_jZlmjb�gZ�K\_lh\gby�hd_Zg�aZ�i_jbh^Z����������
]h^bgZ� (Parker et al., 1995)�� Ktsbl_� kZ� im[ebdm\Zgb� \� [ZaZlZ� ^Zggb� gZ� gZ
GZpbhgZegby� p_gltj� aZ� ]_hnbabqgb� ^Zggb� gZ� K:S�� � Kj_^gh]h^brgbl_
hldehg_gby� kijyfh� mkj_^g_gZlZ� klhcghkl� aZ� i_jbh^Z� ���������]� kZ� ihdZaZgb� gZ
nb]����

H[shlh�kj_^gh�ih\br_gb_�gZ�l_fi_jZlmjZlZ�\�jZfdbl_�gZ�l_ab�����]h^bgb
_�hdheh�����°°K��<b`^Z�k_�h[Zq_��q_�lh�_�g_jZ\ghf_jgh���=jZnbdZlZ�gZ�\j_f_\by�j_^
bfZ�^\Z�ehdZegb�fZdkbfmfZ�hdheh������b��������]��dZdlh�b^\Z�ehdZegb�fbgbfmfZ
hdheh� ����� b� ����� ]�� � Lh\Z� ih^kdZa\Z� �� q_� hk\_g� ih�djZldbl_� dhe_[Zgby� \tjom
h[sby� \taoh^ys� lj_g^� bfZ� gZeh`_g� b� gydZdt\� ^hklZ� kbe_g� pbdte� k
ijh^te`bl_eghkl�hl�gydhedh�^_k_lbe_lby�

Nb]���� Kj_^gZ� l_fi_jZlmjZ� gZ� K\_lh\gby� hd_Zg� (1856-1994])(Parker et

al.,1995)
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Nb]�����HklZltqgb��\ZjbZpbb�ke_^�ba\Z`^Zg_�gZ�h[sby�lj_g^�hl�nb]���
;yoZ� ijh\_^_gb� jZaebqgb� ijhp_^mjb� gZ� ba\Z`^Zg_� gZ� h[sby� lj_g^�

Baf_`^m�\kbqdb�baijh[\Zgb�\ZjbZglb�gZc�hilbfZegh���k_�hdZaZ�ij_^klZ\yg_lh�gZ
ktsby�dZlh�ite_g�Ze]_[jbq_g� �ihebghf�hl�\lhjZ�kl_i_g��J_^bpZlZ�gZ�hklZlqgbl_
\ZjbZpbb�_�ihdZaZgZ�gZ�nb]����

GZ�nb]����_�ihdZaZg�L�R ki_dltjZ�gZ�hklZltqgbl_�\ZjbZpbb�gZ�hd_Zgkdbl_
l_fi_jZlmjg� dhe_[Zgby�  �� GZc�kbegb� � kZ� ^\_� [beadb� ih� ijh^te`bl_eghkl� b
agZqbfhkl�dhe_[Zgby�(³^m[e_l´)�hl����b����]h^bgb�(kj_^gh������]h^bgb)��GZ�\lhjh
fyklh�bfZ��pbdte���dhclh�_�_�ih�keZ[h�bajZa_g��gh�ktsh�klZlbklbq_kdb�agZqbf�b�_
jZ\_g� gZ� a� ��� ]h^bgb��Ihke_^gbyl� fh`_� ^Z� k_� k\tj`_� k� d\Zab\_dh\by� ketgq_\
pbdte�gZ�=eZck[_j]�

Nb]����T-R ki_dltj�gZ�hklZltqgbl_�hd_Zgkdb�l_fii_jZlmjgb�dhe_[Zgby
(ke_^�ba\Z`^Zg_�gZ�lj_g^Z�)

GZ� [ZaZlZ� gZ� g_aZ\bkbf� ZgZeba� <te_\� (1998) mklZgh\y\Z� a��� ]h^br_g
pbdte� \� mkj_^g_gbl_� kj_^gh]h^brgb� l_fi_jZlmjb� aZ� K_\_jghlh� ihemdte[h� \
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i_jbh^Z� ���������� ]h^bgZ��<�g_]h\by� ZgZeba�\taoh^ysbyl� l_fi_jZlmj_g� lj_g^� _
ZijhdkbfbjZg� k� ebg_cgZ� nmgdpby�� Hl� ^jm]Z� kljZgZ� Lhfikhg� (Thompson, 1997)

hl[_eya\Z� aZ� ijbktkl\b_� � gZ� kbe_g� d\Zab� ���]h^br_g� pbdte� � \� Zlfhkn_jgbl_
dhgp_gljZpbb�gZ�CO2 ih�baf_j_gb�^Zggb�ke_^�����]�(dZlh�obi_jpbdte"��;�Z)

L_ab�nZdlb�khqZl�aZ�ijbktkl\b_lh�gZ�kbe_g�debfZlbq_g�km[\_dh\b�pbdte�\
j_^bpbl_�hl�bgkljmf_glZegb�l_fi_jZlmjgb�^Zggb��DZdlh�fh`_�^Z�k_�\b^b�gZ�nb]�
���g_]h\ZlZ�Zfieblm^Z� _�hdheh� ���°°K� ��l�_��h[sh�hdheh� ������� kijyfh� lj_g^Z� aZ
i_jbh^Z� ke_^� ����� ]� � (³]eh[Zeghlh� aZlhieyg_´)�� LZdt\� kbe_g� ������ ]h^br_g
km[\_dh\b� pbdte� h[Zq_� hlktkl\m\Z� \� j_^bpbl_� gZ� ketgq_\bl_� bgkljmf_glZegb
i_lghh[jZam\Zl_egb� bg^_dkb� ij_a� ihke_^gbl_� a���� ]h^bgb�� �GZ� dZd\h� lh]Z\Z� k_
^te`b�lhc"

������������������ D\Zab� ������ b� ������]h^brgb� pbdeb� \� ]h^brgbl_
ijtkl_gb�gZ�^tj\_lZlZ

>hitegbl_egh�^hdZaZl_ekl\h�aZ�kts_kl\m\Zg_lh�gZ�kbe_g�debfZlbq_g� ���
���]h^br_g�pbdte�^Z^_�_^gh�ij_^\Zjbl_egh�klZlbklbq_kdh�ijhmq\Zg_� ��ijh\_^_gh
hl�Dhfblh\�b�^j�(2003)(Komitov et al., 2003) gZ�^te]b�j_^bpb�^Zggb� aZ�]h^brgbl_
ijtkl_gb� gZ� ^tj\_lZlZ�� Hl� im[ebdm\Zgbl_� \� F_`^mgZjh^gZlZ� [ZaZ� ^Zggb� aZ
]h^brgbl_� ijtkl_gb� gZ� ^tj\_lZlZ� (ITRDB- International Tree Rings Data Base )

[yoZ� ba[jZgb� ��� gZc�^te]b� j_^bpb� hl� jZaebqgb� qZklb� gZ� k\_lZ�� hlgZkysb� k_� aZ
ii_jbh^Z����b�±���b�\_d�

K_e_dlbjZgbl_�j_^bpb�[yoZ�bake_^\Zgb� �k�ihfhslZ�gZ�T-R i_jbh^h]jZf_g
ZgZeba� aZ� gZebqb_lh� \� lyo� gZ� pbdebqgb� \ZjbZpbb�� GZ� [ZaZlZ� gZ� ihemq_gbl_
j_amelZlb�[_r_�ijh\_^_g�^hitegbl_egh�bake_^\Zg_� aZ�hlghkbl_eghlh�ijbktkl\b_
gZ�pbdeb�k�jZaebqgZ�ijh^te`bl_eghkl��Q_klhlghlh�jZaij_^_e_gb_�gZ�pbdebl_�[_
bake_^\Zgh� dZlh� ktsbl_� [yoZ� aZ^Z^_gb� ih� ^bZiZahgb� k� rbjbgZ� hl� �� ]h^bgb� \
aZ\bkbfhkl�hl�lyogZlZ�ijh^te`bl_eghkl��J_amelZlbl_�kZ�ihdZaZgb�gZ�nb]����

Nb]�� ���� Q_klhlgh� jZaij_^_e_gb_� (\� ijhp_glb)� gZ� gZ[ex^Z\Zgbl_
klZlbklbq_kdb�agZqbfb�pbdeb�\����^te]b�(gZ^�����]h^bgb)�j_^bpb�aZ�rbjbgbl_�gZ
]h^brgbl_�djt]h\_�gZ�^tj\_lZlZ�(Komitov et al.,,2003)

LjZ^bpbhggh� k_� kqblZ�� q_� gZ[ex^Z\Zgbl_� \� debfZlZ� � beb� ketgq_\ZlZ
Zdlb\ghkl� pbdeb� ^bj_dlgh� b� _^ghagZqgh� k_� aZi_qZl\Zl� b� \� rbjbgbl_� gZ



64

^tj\_kgbl_� ��Nb]mjZ� ��� h[Zq_�ihdZa\Z��q_� lh\Z�^Ze_q�g_� _� lZdZ��GZ�ijZdlbdZ� k_
hdZa\Z��q_�bfZ�^\Z�^bZiZahgZ�gZ�dhgp_gljZpby�gZ�klZlbklbq_kdb�agZqbfb�pbdeb�
Hkgh\gbyl�_�f_`^m����b����]h^bgb� (km[\_dh\b�^bZiZahg)��\lhjbyl�_�bahebjZg��gh
^h[j_� h[hkh[_g� ibd� ijb� i_jbh^� L=���� ]h^bgb�� :[khexlgbyl� ibd� gZ� lh\Z
jZaij_^_e_gb_� ihiZ^Z� \� ^bZiZahgZ� ������ ]h^bgb�� l�_� kj_^gZ� klhcghkl� L ����
]h^bgb�� Pbdte� k� lZdZ\Z� iijh^te`bl_eghkl� g_� _� lbibq_g� gblh� aZ� ketgq_\ZlZ
Zdlb\ghkl���gblh�a�debfZlZ�

Lhab�nZdl��dhclh�gZ�ijt\�ih]e_^�[b�ljy[\Zeh�^Z�gb�kfmlb�b�h[tjdZ�h[Zq_�_
e_kgh�h[ykgbf��:dh�^Z^_g�pbdte�hl�qbklh�debfZlbq_g�beb�ketgq_\h�debfZlbq_g
ijhbaoh^�_�k�]heyfZ�Zfieblm^Z�lh�[b�fh]eh�^Z�k_�kqblZ��q_�g_]h\bl_�_dklj_fZegb
gb\Z� kZ�g_[eZ]hijbylgb� aZ�]h^brgby�\_]_lZpbhg_g�pbdte� �gZ� kthl\_lgby�\b^� ±
gZijbf_j� ijb� _^bgby� _dklj_fmf� l_fi_jZlmjbl_� kZ� fgh]h� \bkhdb�� Z� \Ze_`bl_
fgh]h� gbkdb�� Z� \� ^jm]by� kemqZc�� h[jZlgh�� Ke_^h\Zl_egh� l_ab� ]h^bgb
kthl\_lkl\m\Zl� gZ�fbgbfZe_g� jZkl_`� gZ� ^tj\hlh� �� Z� � lh\Z� hagZqZ\Z� b� � gZ� gZc�
fZedbl_� gZ[ex^Z\Zgb� � rbjbgb� gZ� ]h^brgbl_� ijtkl_gb�� Ih^h[gb� kt[blby� [b
ke_^\Zeh�^Z� k_�hqZd\Zl�^\Z�itlb�\�jZfdbl_�gZ�^Z^_g�debfZlbq_g�pbdte�� Z� lh\Z
hagZqZ\Z�� q_� kthl\_lgZlZ� hkpbeZpby� \� rbjbgbl_� gZ� ijtkl_g_l_� s_� [t^_
gZiheh\bgZ�ih�dtkZ�

Ijb� ^jm]b� h[klhyl_ekl\Z� ^Z^_g� pbdte� [b� fh]te� ^Z� \taijhba\_`^Z
^_ckl\bl_egZlZ� ^te`bgZ� gZ� debfZlbqgby� pbdte�� Lh\Z� kZ� kemqZbl_� dh]Zlh
_^bgbyl� hl� _dklj_fmfbl_�gZ�debfZlbqgby�pbdte� _� [ebah� ^h� � gZc�[eZ]hijbylgb
�j_ki_dlb\gh� gZc�g_[eZ]hijbylgb�� \_]_lZpbhggb� mkeh\by� aZ� ^tj\_kgby
_da_fieyj��Z�^jm]byl�g_�_��

Ke_^h\Zl_egh�� ijbktkl\b_lh� gZ� ^Z^_g� pbdte� � \� j_^bpZlZ� gZ� ]h^brgbl_
ijtkl_gb�fh`_�^Z�hagZqZ\Z��q_�k\tjaZgbyl�k�g_]h�debfZlbq_g�pbdte�beb�_�jZ\_g
gZ� g_]h� beb� _� ^\Z� itlb� ih�^tet]��GZc�kb]mjgbyl� gZqbg� ^Z� k_� jZa[_j_� lhqgZlZ
dZjlbgZ�_�^Z�k_�gZijZ\b�dZeb[jh\dZ�ih�^Zggbl_��l_fi_jZlmjb�b�\Ze_`b��hl�gydhy
[ebadZ�debfZlbqgZ�klZgpby��Zdh�lZdZ\Z�bfZ�\�[ebahkl�

?lh�aZsh�kqblZf_��q_�Z[khexlgbyl�fZdkbfmf�\�q_klhlghlh�jZaij_^_e_gb_
ijb�L �����]h^bgb�\�kemqZy�_�k\tjaZg�ih�kdhjh�k�j_Zegh�kts_kl\m\Zs�^\Z�itlb�ih�
^tet]���l�_��a���]h^br_g�debfZlbq_g�pbdte��Ibdtl�ijb�L ����]h^bgb��bfZ�ZgZeh]
b�\�debfZlZ�b�\�ketgq_\ZlZ�Zdlb\ghkl��Ktshlh�h[Zq_�\Z`b�^hjb�k�ih�]heyfZ�kbeZ
aZ�^\Z�itlb�ih�^te]by���������]h^br_g�pbdte��IhjZ^b�kihf_gZlbl_�kth[jZ`_gby
lhc� ktsh� [b�fh]te� ^Z� k_� ijhy\y\Z� b� qj_a� ����� ]h^br_g� pbdte� \�rbjbgbl_� gZ
]h^brgbl_�ijtkl_gb�

K�ZgZebaZ�gZ�ij_^klZ\_gbl_�lmd�j_amelZlb��p_elZ�[_r_�^Z�ihdZ`_f��q_�ih
\kydZ�\_jhylghkl�]he_fbyl�[jhc�kemqZb�gZ�������]h^brgZ�pbdebqghkl�\�rbjbgbl_
]h^brgbl_�ijtkl_gb�gZ�^tj\_kgb�h[jZapb�hl�jZaebqgb�h[eZklb�gZ�A_fylZ�kZ�ih�
kdhjh� bg^bdZpby� aZ� ijbktkl\b_lh� gZ� ^\Z� itlb� ih�^tet]� (60-70 ])� debfZlbq_g
pbdte��Hl�^jm]Z� kljZgZ� h[Zq_� l_�ihdZa\Zl��q_� k� l_ab� ^Zggb� ljy[\Z� ^Z� k_� [hjZ\b
\gbfZl_egh� b� aZdexq_gbylZ� ^Z� k_� ijZ\yl� ij_^iZaeb\h�� � ?^ghagZqgZlZ
bgl_jij_lZpby� \bgZ]b� aZ^te`bl_egh� babkd\Z� dZeb[jh\dZ� ih� bgkljmf_glZegb
debfZlbqgb�gZ[ex^_gby�hl�ihg_�_^bg�[ebatd�imgdl�

DZeb[jh\dZlZ�k�^Zggbl_�hl�debfZlbqgZlZ�klZgpby(b)�ljy[\Z�^Z�k_�ijZ\yl
aZ�\k_db�dhgdj_l_g�_da_fieyj�ihhl^_egh��Ihke_^ghlh�mkeh\b_�_�aZ^te`bl_egh�ltc
dZlh� \_]_lZpbylZ� ijb� � ijhf_gbl_� \� debfZlZ� aZ\bkb� dZdlh� hl� jZklbl_egby� \b^�
lZdZ� ktsh� b� hl� ihq\_gbl_� mkeh\by� \� hdheghkllZ� gZ� � ^tj\_kgby� _da_fieyj�
]_hfhjnheh`dbl_�mkeh\by�b�ih�ki_pbZegh�^Zeb�l_j_gtl�iha\hey\Z�gZljmi\Zg_lh
gZ�ih^ihq\_gb�aZiZkb�\h^Z���_kl_kl\_gZlZ�hk\_l_ghkl�gZ�fyklhlh��ijbktkl\b_lh�gZ
^jm]Z�jZklbl_eghkl�gZhdheh�b�^j�
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�����D\Zab����]h^brgb��pbdeb��\���^Zggbl_�aZ�10<_
Ij_a������]�Dhfblh\�b�^j��ZgZebabjZcdb�k�ihfhslZ�gZ�T-R i_jbh^h]jZf_g

ZgZeba� ^Zggbl_� hl� ³]j_geZg^kdby´� � [_jbeb_\� dhgklZlbjZoZ� gZebqb_� \� g_]h� gZ
gydhb� � g_oZjZdl_jgb� aZ� i_lghh[jZam\Zl_egZlZ� ketgq_\Z� Zdlb\ghkl� pbdeb
(nb]���)���Kj_^�lyo�hkh[_gh�kbegh�baitd\Z��hkpbeZpby�k�ijh^te`bl_eghkl�hdheh���
]h^bgb��G_]h\ZlZ�^hklh\_jghkl�gZ^o\tjey�������

Hl� nb]�� ��� k_� \b`^Z�� q_� ���]h^br_g� pbdte� k_� gZ[ex^Z\Z� b� \
³ZglZjdlbq_kdby´� [_jbeb_\� j_^�� gh� ktk� agZqbl_egh� ih�gbkdh� gb\h� gZ
^hklh\_jghkl��fZedh�gZ^����

<�&����� [_r_� ihdZaZgh�� q_� pbdte� k� ijh^te`bl_eghkl� � ��� �� ��� ]h^bgb� k_
gZ[ex^Z\Z�\�l_fi_jZlmjgbl_�j_^bpb��hibk\Zsh�y\e_gb_lh� ³]eh[Zegh�aZlhieyg_´
ij_a�ihke_^gbl_�a����]h^bgb��Hl�ij_^klZ\_ghlh�\��&�����k_�\b^y��q_�ktsbyl�pbdte
beb� j_ahgZgkgh� djZlgh� gZ� g_]h� ������ ]h^brgh� dhe_[Zgb_� k_� gZ[ex^Z\Zl� \� ih�
]heyfZlZ� qZkl� hl� im[ebdm\Zgbl_� j_^bpb� aZ�rbjbgb� gZ� ]h^brgbl_� ijtkl_gb� gZ
^tj\_lZlZ��?lh�aZsh�ke_^\Z�\tijhktl�^Zeb�\tijhkgbyl�pbdte�k_�y\y\Z� �j_amelZl
hl� fh^meZpbylZ� gZ� =DE� hl� ketgq_\by� \yltj� beb� _� debfZlbqgh� h[mkeh\_g"
Ihke_^ghlh� [b� fh]eh� ^Z� ijhbalbqZ� hl� kbegh� aZ\bk_sbl_� hl� f_l_hjheh]bqgbl_
mkeh\by�ijhp_kb�gZ�ij_ghk�gZ�10<_�Zlhfbl_�hl�kljZlhkn_jZlZ�dtf�ih\tjoghkllZ�

Hl]h\hjtl� gZ� \tijhkZ� _� hl� badexqbl_egZ� \Z`ghkl� ltc� dZlh� ij_^klZ\y
gydhb�l_g^_gpbb�\�debfZlZ�\�gh\Z�k\_lebgZ�j_^bpZ�hkh[_ghklb�gZ�^bgZfbdZlZ�gZ
debfZlZ�� dhblh� gydhb� bake_^h\Zl_eb� baiheam\Zl� dZlh� ^h\h^� kj_sm� ketgq_\h�
debfZlbqgbl_�\jtadb�

Ij_^\Zjbl_egb�Zj]mf_glb�hlghkgh�\tafh`ghlh�ijbktkl\b_�gZ�d\Zab������
]h^brgb�dhe_[Zgby�\�Zdlb\gbl_�ijhp_kb�gZ�Ketgp_lh�[yoZ�ihkhq_gb�\ &2.2.4.LZf
[_� kihf_gZlh�� q_� \� j_^Z� gZ� Rh\_� kZ� hldjblb� bg^bdZpbb� aZ� pbdeb� k
ijh^te`bl_eghkl� hdheh� ��� b� ������ ]h^bgb��>hitegbl_egb� ^hdZaZl_ekl\Z� \� lZab
gZkhdZ�[boZ�[beb�fgh]h�p_ggb�dZdlh��aZ�ih�^h[jhlh�jZa[bjZg_�gZ�gydhb�kljZgb�gZ
ketgq_\ZlZ�Zdlb\ghkl��lZdZ�ktsh�b�gZ�ketgq_\h�a_fgbl_�\jtadb�

Nb]����³=j_geZg^kdbyl´�[_jbeb_\�j_^�(1423-1985]�): T-R ki_dltj�kltidZlZ
gZ� kdZgbjZg_� _� �� ]h^bgZ�� GZc�\bkhdbyl� ibd� gZ� dh_nbpb_glZ� gZ� dhj_eZpby� R

kthl\_lkl\m\Z��gZ��i_jbh^���jZ\_g�gZ����]h^bgb�(Komitov et al., 2003).
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AZ�p_elZ�ljy[\Z�^Z�[t^_�^hdZaZgh�gZebqb_lh�gZ� kbe_g� �d\Zab���� ]h^br_g
pbdte�\�y\e_gb_��qbylh�lykgZ�\jtadZ�ktk�ketgq_\ZlZ�Zdlb\ghkl�_�ba\tg�\kydZd\h
ktfg_gb_�

����� KbygbylZ� gZ� kj_^gb� rbjbgb� b� ������ ]h^brgZ
pbdebqghkl�\�q_klhlZlZ�gZ��lyoghlh��ihy\y\Zg_

<� 	�������� [_r_� ihkhq_gh�� q_� kth[s_gbylZ� � aZ� gZ[ex^Z\Zgb� kbygby� gZ
kj_^gb� rbjbgb� _� _^g� hl� dhk\_gbl_� balhqgbpb� gZ� bgnhjfZpby� aZ� ketgq_\ZlZ
Zdlb\ghkl� \� ^hbgkljmf_glZegZlZ� _ihoZ��Ktsbl_� h[Zq_� kZ� b� p_g_g� balhqgbd� gZ
bgnhjfZpby� aZ� _jmigb\gZlZ� Zdlb\ghkl� � gZ�Ketgp_lh� b� ]_hfZ]gblgbl_� y\e_gby
ij_a� ���b� b� ���b� \_d�� dh]Zlh� � hljZay\Zg_lh� bf� \� ibkf_gb� ^hdmf_glb� _� \_q_
hq_\b^gh� j_]meyj_g� ijhp_k� �� <� i_jbh^Z� ij_^b� �����lZ� ]h^bgZ� kth[s_gbylZ� kZ
g_j_]meyjgb�b�bgpb^_glgb��^hdZlh�ij_a����b�b����b�\_d�_�\tafh`gh�fZedbyl�[jhc
k\_^_gby� ^Z� k_� ^te`b� dZdlh� gZ� gbkdZlZ� ketgq_\Z� Zdlb\ghkl� lZdZ� b� gZ� \k_� hs_
g_j_]meyjgby�oZjZdl_j�gZ�gZ[ex^_gbylZ�

HlqblZcdb� \kbqdh� lh\Z� Z\lhjtl� ktkj_^hlhqb� k\hy� ZgZeba� \tjom
ihke_^gbl_�����]h^bgb� �hl�im[ebdm\Zgby�kibktd�aZ�kbygbylZ�gZ�kj_^gb�rbjbgb�
l�_���i_jbh^Z�hl������^h������lZ�]h^bgZ�

GZc�\i_qZley\Zsbyl� b� bag_gZ^\Zs� j_amelZl� hl� ijh\_^_gby� ZgZeba� [_
mklZgh\y\Zg_lh�gZ�fgh]h�fhs_g� �����]h^br_g�b�kj_^gh�fhs_g� � ��������]h^brgb
pbdeb�� ^hdZlh� hkpbeZpbbl_� k� ������ b� ������ ]h^brgZ� ijh^te`bl_eghkl� fZdZj� b
klZlbklbq_kdb�^hklh\_jgb�kZ�fgh]h�keZ[b�(nb]�������

:\lhjtl� bake_^\Z� ki_pbZegh� ih\_^_gb_lh� gZ� ��� ±]h^brgZlZ� hkpbeZpby
ij_a� ���b� b� ���b� \_d�� dZdlh� b� � _dkljZiheZpbylZ� c� � ij_a� ���b� \_d��HdZaZ� k_�� q_
g_cgbl_� _dklj_fmfb� ^h� fgh]h� ]heyfZ� kl_i_g� kthl\_lkl\m\Zl� gZ� fhf_glbl_�� \
dhblh� l_g^_gpbylZ� � gZ� hldehg_gbylZ� gZ� l_fi_jZlmjgbl_� dhe_[Zgby� kijyfh
j_]j_kbhggby� fh^_e� (3) (“qbkeh� gZ� ]jmibl_� ketgq_\b� i_lgZ� ±� l_fi_jZlmjgb
dhe_[Zgby�³��k_�ijhf_gy��l�_��gZ�ehdZegbl_�_dklj_fmfb�gZ�hldehg_gbylZ  δδ∆∆L.

Dhgdj_lgh� aZ� ���b� \_d� _dkljZihebjZgbl_� _dklj_fmfb� gZ� ���]h^brgby
pbdte� gZ� kbygbylZ� gZ� kj_^gb� rbjbgb� kZ� ij_a� �������� ]� �fZdkbfmf��� �������]
(fbgbfmf��b�����/74 (fZdkbfmf���?^gh�kjZ\g_gb_�k�nb]����b����ihdZa\Z��q_�lh\Z�kZ
fhf_glbl_�gZ�_dklj_fmfbl_�gZ�d\Zab�����]h^brgby�debfZlbq_g�pbdte��dhylh�^Z\Z
gZc�]heyf�\lhjbq_g�_n_dl�\tjom�h[sZlZ�debfZlbqgZ�l_g^_gpby�ij_a�ihke_^gbl_
a���� ]h^bgb�� �Ktsbyl� k_�bajZay\Z�\�pbdebqgh� aZ^tj`Zg_�b�\jtsZg_�gZaZ^�beb
mkdhjy\Zg_�gZ�³]eh[Zeghlh�aZlhieyg_´�
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Nb]����T-R ki_dltj�gZ�j_^bpZlZ�aZ�]h^brgby�[jhc�gZ[ex^Z\Zgb�kbygby�gZ
kj_^gb�rbjbgb�aZ�i_jbh^Z�����������]�(Komitov, 2007a)

?dkljZihebjZgbl_� �fZdkbfmfb� gZ� ³Z\jhjZegby´� ���]h^br_g� pbdte� ij_a
��������b���������]��kt\iZ^Zl�k�ij_oh^�hl�hlghkbl_egh�aZklm^y\Zg_�dtf�aZlhieyg_
gZ� debfZlZ�� ^hdZlh� fbgbfmftl� hdheh� ����� ]h^bgZ� _� gZqZeh� gZ� hlghkbl_egh
aZklm^y\Zg_��ijh^te`beh�^h�gZqZehlh�gZ����l_�]h^bgb�

<tg� hl� \kydZd\h� ktfg_gb_� _� �� q_� kbygbylZ� gZ� kj_^gb�rbjbgb� �KKR�� k_
^te`Zl�gZ�fhsgb�_jmilb\gb��ijhp_kb��ijhlbqZsb�gZ�Ketgp_lh���=_g_jbjZg_lh�bf
_�\tafh`gh�dZlh�j_amelZl�hl�ijhgbd\Zg_lh�\�Zlfhkn_jZlZ�gZ�A_fylZ�gZ�ijhlhgb�b
_e_dljhgb� k�fgh]h� \bkhdZ� _g_j]by� �!� �0H9��� dhblh� g_�fh]Zl� ^Z� [t^Zl� gZitegh
kijygb�hl�a_fghlh�fZ]gblgh�ihe_����DZlh��itj\hbalhqgbpb�gZ�KKR�k_�kqblZl�gZc�
]he_fbl_� ]jmib� ketgq_\b� i_lgZ� b� �\_jhylgh� qZklbqgh� k\tjaZgb� k� lyogZlZ
Zdlb\ghkl) dhjhgZegbl_� fZkh\b� bao\tjeygby� (CME-Coronal mass ejections

(nb]���))(Howard, 2005).

Lh\Z���dh_lh�_�g_h[oh^bfh�\�kemqZy�bajbqgh�^Z�k_�ih^q_jlZ_�_��q_�ih�\kydZ
\_jhylghkl� kZfh� qZkl� hl� ihkhq_gbl_� y\e_gby� ij_^ba\bd\Zl� KKR�� AZ
i_lghh[jZam\Zl_egbl_� bg^_dkb� Ri b� Rh e oZjZdl_jgZ� d\Zab����]h^brgZlZ
pbdebqghkl�� ^hdZlh� hl� dZaZghlh� ^hlmd� ke_^\Z�� q_� aZ� ketgq_\bl_� balhqgbpb� � gZ
KKR��_�fgh]h�ih�lbibq_g�d\Zab����]h^br_g�lZdt\���Ltc�dZlh�ijb�baqbkey\Zg_lh
gZ�i_lghh[jZam\Zl_egbl_�bg^_dkb��g_�k_�^tj`b�kf_ldZ�aZ�jZaebqgbl_�k\hckl\Z�gZ
]jmibl_�i_lgZ���lh� �j_Zegh�b�gyfZ�ketgq_\�bg^_dk��gb\hlh�gZ�dhclh�^Z�k_�k\tja\Z
Z^_d\Zlgh� k� q_klhlZlZ� gZ� KKR�y\e_gbylZ��BgZq_� dZaZgh�� dtf� fhf_glZ� ebik\Z
ih^oh^ys� bg^_dk�� dhclh� ^Z� hibk\Z� h[mkeh\_gbl_� hl� Ketgp_lh� km[\_dh\b
debfZlbqgb�dhe_[Zgby�

Dhk\_gh� ^hdZaZl_ekl\h�� q_� kts_kl\m\Z� ki_pbnbqgZ� ]jmiZ� ketgq_\by
y\e_gby� (gZc�\_jhylgh� b� � ki_pbnbq_g� deZk� ]jmib� i_lgZ� )�� k\tjaZgb� ktk� ���
]h^brgZ� pbdebqghkl� _� gZebqb_lh� gZ� keZ[b� ke_^b� hl� klZlbklbq_kdb� ^hklh\_jgb
pbdeb�\�Pxjbokddby�j_^�b�hkh[_gh�\�j_^bpZlZ�Zg�qbkehlh�gZ�]jmibl_�ketgq_\b
i_lgZ�\�^bZiZahgZ�f_`^m����b����]h^bgb� �Komitov and Kaftan���������Lh\Z�fh`_�^Z
hagZqZ\Z�� q_� ijbktkl\b_lh� gZ� lZdb\Z� ]jmib� i_lgZ� _� g_gZitegh� � aZfZkdbjZgh� \
bgl_]jZegbl_�i_lghh[jZam\Zl_egb�bg^_dkb�Ri b�Rh.

B^_glbnbpbjZg_lh� gZ� l_ab� h[_dlb� b� h[hkh[y\Zg_lh� bf� \� hl^_e_g� deZk ,

gZ[ex^Zl_e_g� �bg^_dk�b�\j_f_\Z�j_^bpZ�kihj_^�Z\lhjZ�s_�_�fgh]h�\Z`_g�fhf_gl
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aZ�kta^Z\Zg_lh�gZ�ih�ite_g�b�Z^_d\Zl_g�fh^_e�gZ�\ebygb_lh�gZ�Ketgp_lh�\tjom
debfZlZ�

�<� ij_^brgby� iZjZ]jZn� \_q_� [_� dhf_glbjZgh�� q_� mkbe\Zg_lh� gZ� ihlhdZ
=DE� dZlh� pyeh� klbfmebjZ� h[jZam\Zg_lh� gZ� Z_jhaheb� b� h[eZpb�� m\_ebqZ\Z
aZ\boj_ghkllZ��b�bgl_gabnbpbjZ�f_jb^bhgZegby�ij_ghk�b�\Ze_`bl_�gZ�mf_j_gb�b
\bkhdb�rbjbgb��Z�ij_h[eZ^Z\ZsZlZ� l_fi_jZlmjgZ� l_g^_gpby� _� aZklm^y\Zg_�� �Ih
ijbgpbi�h[Zq_�ih�ih^h[_g�gZqbg�fh]Zl�^Z�\ta^_ckl\m\Zl�b�\bkhdh_g_j]_lbqgbl_
ketgq_\b� dhjimkdmeyjgb� qZklbpb� �� ij_^ba\bd\Zsb� KKR�y\e_gbylZ�� Lh\Z
h[ykgy\Z�b�h[jZlgZlZ�dhj_eZpby�f_`^m�q_klhlbl_�gZ�kj_^ghrbjhlgbl_�kbygby�b
kj_^ghieZg_lZjgZlZ�l_fi_jZlmjZ�gZ�ijba_fgby�\ta^mo��G_�[b\Z�^Z�k_�badexq\Zl�b
gydhb� ^jm]b� kljZgbqgb� _n_dlb�� gZijbf_j� l_ab� �� ijhbalbqZsb� hl� fh^_ebl_� gZ
Fmkl_e�b�^j(1971,1980).

�Nb]����� DhjhgZegh� fZkh\h� bao\tjeyg_� � \� meljZ\bhe_lh\Z� k\_lebgZ� (hl
Mbdbi_^by)

L_hj_lbqgh� [b�fh]eh� ^Z� k_�ij_^iheh`b�� q_� d\Zab� ���]h^brgbyl� pbdte� \
KKR� y\e_gbylZ� � bfZ� ]_hfZ]gbl_g� ijhbaoh^�� RZgktl� aZ� lh\Z� h[Zq_� _
badexqbl_egh�fZetd���Itj\h��hkgh\gbyl�pbdte�\�]_hfZ]gblgbl_�y\e_gby�_�������
]h^brgbyl�� ^hdZlh� lmd� k_� dZkZ_� aZ� y\e_gb_� �� ijb� � dh_lh� d\Zab� ���]h^brgbl_
\ZjbZpbb�kZ�fgh]h�ih�kbegb� �hl� ������]h^brgbl_�� �<lhjh��gZebqb_lh�gZ�fZdZj�b
keZ[b�� gh� ^hklh\_igb� ke_^b� \� i_lghh[jZam\Zl_egbl_� bg^_dkb� dhk\_gh� ³ba^Z\Z´
ketgq_\by�ijhbaoh^�gZ�km[\_dh\bl_�dhe_[Zgby�gZ�KKR�

����� KbygbylZ� gZ� kj_^gb� rbjbgb� b� � hklZltqgbl_
hldehg_gby���kijyfh�\jtadZlZ��³Rh -> δδL “ (j_]j_kbhggbyl�fh^_e
(3))

MklZgh\y\Zg_lh� gZ� kbgojhgghkl� f_`^m� _dklj_fmfbl_� gZ� hklZltqgbl_
l_fi_jZlmjgb� \ZjbZpbb� kijyfh� l_fi_jZlmjgby� lj_g^� � gZ� K\_lh\gby� hd_Zg
(nb]����� b� l_ab� gZ� ���]h^brgby� pbdte� gZ� KKR� � eh]bqgh� \h^b� ^h� lh\Z� ^Z� k_
ihltjkb�\jtadZ� �f_`^m�^bgZfbdZlZ�gZ�kemqZbl_�gZ� l_ab�y\e_gby�b�hklZltqgbl_
l_fi_jZlmjgb�\ZjbZpbb�kijyfh�j_]j_kbhggby�fh^_e�(3). <b^tl� b� iZjZf_ljbl_�gZ
ih^h[gZ�\jtadZ�[boZ�[beb�bg^bdZlhj�aZ�jheylZ�gZ�ketgq_\ZlZ��\bkhdh_g_j]_lbqgZ
dhjimkdmeyjgZ�jZ^bZpby�\tjom�debfZlZ.

:gZebatl�_�gZijZ\_g�gZ�[ZaZ�i_jbh^Z�����������]�dZdlh�b�\�&3.3. GZ�nb]���
_� ihdZaZgh� kjZ\g_gb_� f_`^m� ^bgZfbdZlZ� gZ� hklZltqgbl_� \ZjbZpbb� gZ
hldehg_gbylZ� kijyfh� j_]j_kbhggby� fh^_e� ���� � b� ba]eZ^_gbl_� ���]h^brgb
klhcghklb� gZ� q_klhlbl_� gZ� KKR�� �GZihfgyf_�� q_� fh^_etl� (3)� _� ihemq_g� aZ
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ba]eZ^_gb� ih� ��� ]h^bgb� klhcghklb� gZ� Rh b� ^Zggbl_� hl� l_fi_jZlmjgby� j_^� gZ
Fh[_j]�b�^j�).

Nb]���� =hj_�� HklZltqgbl_� \ZjbZpbb� gZ�l_fi_jZlmjgbl_� ^Zggb� kijyfh
j_]j_kbhggby�fh^_e�“Rh ->δδL”(j_]j_kbhgghlh�mjZ\g_gb_�(3));>hem��ba]eZ^_gb�ih���
]h^bgb�klhcghklb�gZ�]h^brgby�[jhc�gZ�gZ[ex^Z\Zgbl_�kbygby�gZ�kj_^gb�rbjbgb
(Aur_N)��Kt\iZ^Zsbl_�ih� \j_f_� _dklj_fmfb� kZ�h[hagZq_gb� k�ijZ\b�ebgbb�f_`^m
lyo��

DZdlh� k_� \b`^Z� hl�nb]mjZlZ� ]eZ\gbl_�fZdkbfmfb� gZ� ]h^brgby� [jhc� gZ
KKR�(Aur_N)kt\iZ^Zl�k�gZc�]he_fbl_�hljbpZl_egb�hldehg_gby�gZ�l_fi_jZlmjbl_
kijyfh�fh^_eZ�b�h[jZlgh��fZdkbfZegbl_�iheh`bl_egb�hldehg_gby�kthl\_lkl\m\Zl
gZ�fbgbfmfbl_�gZ�kbygbylZ��Ba\_klgh�hldehg_gb_�hl�lZab�l_g^_gpby�bfZ�ij_a����
l_�]h^bgb�gZ� ���b�\_d��dh]Zlh� �fZdkbfmftl�gZ�KKR� aZdtkgy\Z�k�hdheh�_^bg� ���
]h^br_g� ketgq_\� pbdte�� Bgl_j_kgh� _� � aZ� hl[_eya\Zg_�� q_� aZ� lhab� kemqZc� \
ih\_^_gb_lh� gZ� hklZltqgbl_� l_fi_jZlmjgb� � \ZjbZpbb� bfZ� bgne_dkby� lhqgh� \
]h^bgZlZ�gZ�fZdkbfmf�gZ�kbygbylZ��<�djZy�gZ� ���b�\_d�Zglbdhj_eZpbylZ�f_`^m
^\_l_�\_ebqbbg�gZitegh�k_�\taklZgh\y\Z�

Dh_nbpb_gltl� gZ� ebg_cgZ� dhj_eZpby� f_`^m� hklZltqgbl_� l_fi_jZlmjgb
\ZjbZpbb��δδ∆∆T b�Aur_N�aZ�bake_^\Zgby�i_jbh^�_�jZ\_g�gZ�±������b�_�hdheh�����itlb
ih�]heyf� hl� ]j_rdZlZ� kb�� Hl� ^jm]Z� kljZgZ� ZgZeh]bqgbyl� dh_nbpb_gl� gZ
dhj_eZpby�f_`^m�Rh b�Aur_N �_��jZ\_g�gZ��������dh_lh�hl�_^gZ�kljZgZ�_�hqZd\Zgh�b
khqb� aZ� h[\tjaZghkl� gZ� kbygbylZ� k� i_lghh[jZam\Zg_lh�� Hl� ^jm]Z� kljZgZ� h[Zq_�
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ihkhq_gZlZ� klhcghkl� ihdZa\Z�� q_� lZab� \jtadZ� g_� _� lykgZ� �� l�_�� bfZ� ^hklZ� ]heyfZ
hlghkbl_egZ�g_aZ\bkbfhkl�f_`^m�^\_l_�\_ebqbgb�
�����������Ke_^� dZlh� [yoZ� baijh[\Zgb� jZaebqgb� \b^h\_� _^ghnZdlhjgb� g_ebg_cgb
\jtadb� f_`^m� Aur_N � b� δδ∆∆T� k_� hdZaZ�� q_� gZc�^h[jZlZ� baf_`^m� lyo� _
eh]ZjblfbqgZlZ�b�ih�lhqgh�

δδ∆∆T = 7.82 – 4.51* ln(Aur_N)         (6)

������������Dh_nbpb_gltl� gZ� dhj_eZpby� \� lhab� kemqZc� _� ±������� dhclh� gZ^o\tjey
]j_rdZlZ�kb������itlb�

AZ�^Z�k_�jZa[_j_�^hdhedh�ijhp_kbl_�k\tjaZgb�ktk�KKR�bfZl�ijbghk� �dtf
ijhf_gbl_� gZ� l_fi_jZlmjbl_� δδL� , dhclh� ^Z� _� g_aZ\bkbf� hl� qbkehlh� gZ� ]jmibl_
ketgq_\b�i_lgZ�[_�ijh\_^_g�fgh`_kl\_g�dhj_eZpbhggh�j_]j_kbhg_g�ZgZeba�\tjom
^Zggbl_�hl����b�b����b�\_d�

Ijb�ihkhq_gbl_�ih�]hj_�mkeh\by�aZ�ba]eZ`^Zg_�gZ�^Zggbl_�(kthl\_lkl\Zsb
b� gZ� l_ab�� aZ� dhblh� _� ihemq_g� fh^_etl� ����� aZ� i_jbh^Z� ���������� ]h^bgZ� [yoZ
ihemq_gb�ke_^gbl_�\jtadb�

1. ?^ghnZdlhj_g� fh^_e� ±� baf_g_gb_lh� gZ� l_fi_jZlmjbl_� aZ\bkb� kZfh� hl
i_lghh[jZam\Zl_egby�bg^_dk�Rh��<�lhab�kemqZc

      δδL�= - 0.599 + 0.004655*Rh                  (7a)

      Dh_nbpb_gltl� � gZ� dhj_eZpby� aZ� lZab� \jtadZ� _� ������� Z� F-iZjZf_ltjtl� _
������ <� kjZ\g_gb_� k� ������� dhedhlh� � _� dh_nbpb_gltl� gZ� dhj_eZpby� aZ
fh^_eZ(3)(i_jbh^tl� ���������])  lZab�\jtadZ�fZdZj�b�^hklh\_jgZ� _�^hklZ�ih�
keZ[Z��Lh\Z�hagZqZ\Z��q_�\dexq\Zg_lh�gZ����b�\_d�(FZmg^_jh\byl�fbgbfmf) b
20-b�\_d� �³Fh^_jgbyl´�k\jto\_dh\b�fZdkbfmf��fgh]h�kts_kl\_gh�ih^h[jy\Z
\jtadZlZ�³5K� >δδL”�� �Ba\h^tl�g_�_�g_hqZd\Zg��ltc�dZlh�ihkhq_gbl_�^\_�_ihob
kthl\_lkl\m\Zl� gZ� ^\ZlZ� ]eZ\gb� k\jto\_dh\b� _dklj_fmfZ� ij_a� ihke_^gbl_
a����]h^bgb�
2. >\mnZdhlj_g� fh^_e�� baf_g_gb_lh� gZ� l_fi_jZlmjbl_� aZ\bkb� hl

i_lghh[jZam\Zl_egby� bg^_dk Rh, gh b� hl� bgl_gabl_lZ� gZ
\bkhdh_g_j]_lbqgZlZ� ketgq_\Z� dhjimkdmeyjgZ� jZ^bZpby�� ij_^klZ\_gZ� hl
bg^_dkZ� Aur_N (]h^brgbyl� [jhc� gZ� gZ[ex^Z\Zgbl_� KKR�y\e_gby).

Kthl\_lghlh�j_]j_kbhggh�mjZ\g_gb_�bfZ�\b^Z�
δδL�= - 0.545 + 0.00645*Rh – 0.04193*ln(Aur_N)           (7[)

Dh_nbpb_gltl� gZ� fgh`_kl\_gZ� dhj_eZpby� aZ� lhab� fh^_e� _� R=0.603�� Z
kthl\_lgbyl�dh_nbpb_gl�gZ�Kg^_dhj� ±Nbr_j�e F = 1.56��l�_�k�hdheh� ���
ih�\bkhd� \� kjZ\g_gb_� k� _^ghnZdlhjgby� fh^_e�� J_amelZltl� ihdZa\Z�� q_
\lhjbyl� nZdlhj� bfZ� kts_kl\_g� kZfhklhyl_e_g� ijbghk� aZ� ijhf_gbl_� gZ
l_fi_jZlmjbl_�

Djblbqghlh�gb\h�gZ�F iZjZf_ltjZ�aZ� ����^hkhl\_jghkl�b�\�^\ZlZ
kemqZy� _� hdheh� ������ Ke_^h\Zl_egh� b� ^\_l_� gZf_j_gb� \jtadb� kZ� k
ijh]ghklbqgZ�agZqbfhkl�

Dhf_glbjZgbl_� \� lhab� iZjZ]jZn� j_amelZlb� kZ� fgh]h� \Z`gb� aZ
jZa[bjZg_lh� gZ� ijbjh^ZlZ� gZ� ketgq_\h�debfZlbqgbl_� \jtadb�� � L_
ihdZa\Zl�� q_� ketgq_\ZlZ� Zdlb\ghkl� ljy[\Z� ^Z� k_� jZa]e_`^Z� dZlh
fgh]hdhfihg_gl_g� nZdlhj�� \eby_s� \tjom� debfZlZ� �� ;b� fh]eh� ^Z� k_
kt`Zey\Z�� q_� ^Zggbl_� aZ� KKR�y\e_gbylZ� ij_a� ���b� \_d� g_� kZ� kt\k_f
gZ^_`^gb��^hdZlh� aZ� ���b�\_d�l_�g_�kZ�kbkl_fZlbabjZgb�b�^hiteg_gb�dtf
dZlZeh]Z�\�[ZaZlZ�^Zggb�gZ�GZpbhgZegby�p_gltj�aZ�]_hnbabqgb�^Zggb�
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:dh�lh\Z�[_r_�lZdZ��j_]j_kbhggby�fh^_e�(3) s_r_�^Z�[t^_�aZf_g_g�k�fgh]h
ih�^h[tj�lZdt\��hibk\Zs�\jtadZlZ�³Ketgp_�debfZl´�

�����G_h[oh^bfZ� eb� _� obihl_aZ� aZ� ^hitegbl_e_g� nZdlhj�
\eby_s�\tjom�debfZlZ�ke_^������]h^bgZ"

>\mnZdlhjgbyl�fh^_e� (7[) hlqblZ� _^gh\j_f_gghlh� \ebygb_� gZ� � ^\Z� lbiZ
ketgq_\b� Zdlb\gb� ijhp_kb� \tjom� l_fi_jZlmjgbl_� ijhf_gb� \� ij_bh^Z� ���������
]h^bgZ��?^bgbyl�_�h[sZlZ�k\_lbfhkl��ij_^klZ\_gZ�qj_a�ba]eZ^_gbl_�klhcghklb�gZ
qbkehlh�gZ�]jmibl_�ketgq_\b�i_lgZ�Rh��>jm]byl�_�\bkhdh_g_j]_lbqghlh�ketgq_\h
dhjimkdmeyjgh� baetq\Zg_�� k\tjaZgh� k� fhsgbl_� _jmilb\gb� ijhp_kb�� Lh� _
ij_^klZ\_gh��qj_a�dhk\_gby�bg^_dk�Aur_N.

Hl� \b^Z� gZ� nhjfmeZlZ� ��[�� �� Z� b� hl� ih�ij_^gbl_� j_amelZlb� k_� \b`^Z�� q_
^\ZlZ� bg^_dkZ� \ebyyl� \� ijhlb\hiheh`gb� ihkhdb�� Lhab� nZdl� ihdZa\Z�� q_
\ta^_ckl\b_lh� gZ� ketgq_\ZlZ� Zdlb\ghkl� \tjom� debfZlZ� kt\k_f� g_� \bgZ]b� _
_^ghihkhqgh�� dZdlh� h[bdgh\_gh� k_� ijb_fZ� \� ih\_q_lh� kt\j_f_ggb� ZgZebab�
JZaebqgb� \b^h\_� ketgq_\b� y\e_gby� kZ� k\tjaZgb� k� jZaebqgb� ih� bgl_gab\ghkl� b
_g_j]_lbq_g� ki_dltj� _e_dljhfZ]gblgb� b� dhjimkdmeyjgb� etq_gby�� Ihke_^gbl_
^_ckl\m\Zl�ih�ki_pbnbq_g�gZqbg�\tjom�a_fgZlZ�Zlfhkn_jZ��<�aZ\bkbfhkl�hl�lh\Z
dZd\b�kZ�oZjZdl_jgbl_� �ijhy\b�gZ�ketgq_\ZlZ�Zdlb\ghkl�\�^Z^_gZlZ�_ihoZ�fh]Zl
^Z�k_�gZ[ex^Z\Z�ijZ\Z�beb�h[jZlgZ�dhj_eZpby�ktk�ketgq_\hlh�i_lghh[jZam\Zg_�\
km[\_dh\b� fZsZ[�� Km[\_dh\bl_� \taoh^ysb� beb� gbaoh^ysb� l_g^_gpbb� h[Zq_� kZ
gZeh`_gb� \tjom� k\jto\_dh\by� oh^� gZ� ketgq_\ZlZ� k\_lbfhkl�� Ihke_^gbyl� k_
ZijhdkbfbjZ� ^h[j_� k� ^te]hkjhqgby� oh^� � \� ih\_^_gb_lh� gZ� i_lghh[jZam\Zl_egby
bg^_dk�Rh b�aZ�ihke_^gbl_�����]h^bgb�k_�hibk\Z�k�j_]j_kbhggby�fh^_e�(3).

Hl�nb]����k_�\b`^Z��q_�mkbe\Zg_lh�gZ�gZc�\bkhdh_g_j]_lbqgZlZ� ketgq_\Z
dhjimkdmeyjgZ� jZ^bZpby� �� ZijhdkbfbjZgZ� qj_a� ]h^brgby� [jhc� gZ� KKR�
y\e_gbylZ�\h^b�^h�gZc�]he_fb�hljbpZl_egb�hldehg_gby�kijyfh�fh^_eZ������l�_��^h
aZklm^y\Zg_� gZ� debfZlZ� \� km[\_dh\b� fZsZ[b�� ?dkljZiheZpbylZ� gZ� d\Zab����
]h^brgZlZ� dhfihg_lZ�gZ�KKR�j_^bpZlZ� aZ� ���b� \_d� ihdZa\Z� _dklj_fmfb� hdheh
ktsbl_� dZe_g^Zjgb� ]h^bgb�� \� dhblh� k_� h[jtsZl� km[_dh\bl_� l_g^_gpbb� gZ
aZlhieyg_� b� hoeZ`^Zg_� gZ� K\_lh\gby� hd_Zg�� B� \� lhab� kemqZc� ehdZegbl_
l_fi_jZlmjgb� fbgbfmfb� kt\iZ^Zl� k� _dkljZihebjZgbl_� fZdkbfmfb� gZ� KKR� ±
y\e_gbylZ��Ihke_^gbyl�lZdt\�_�hdheh���������]h^bgZ�

Ke_^\Zsbyl� (_dkljZihebjZg� ) fbgbfmf� gZ� d\Zab� ���]h^brgby� pbdte� gZ
KKR��y\e_gbylZ�[b�ljy[\Zeh�^Z�[t^_� �hdheh� ����������]�l�_�[ebah�^h�gZklhysby
fhf_gl� �� dhclh� hk\_g� lh\Z� kt\iZ^Z� beb� _� kt\k_f� [ebah� ^h� � djZy� gZ� gZklhysby
ketgq_\� i_lghh[jZam\Zl_e_g� pbdte� 1R� ���� I_jbh^tl� hl� ����� ^h� ����� ]� kihj_^
mklZgh\_gZlZ� \jtadZ� [b� ljy[\Zeh� ^Z� k_� oZjZdl_jbabjZ� k� gZfZey\Zg_� gZ
_jmilb\gZlZ� Zdlb\ghkl� gZ� Ketgp_lh� b� km[\_dh\h� ihdZq\Zg_� gZ� l_fi_jZlmjbl_�
Lhab�ba\h^�_�fgh]h�bgl_j_k_g�b�aZkem`Z\Z�^Z�[t^_�h[kt^_g�ih�aZ^te[hq_gh�

Ltc� dZlh� aZk_]Z� gyfZ� kbkl_fZlbabjZgb� ^Zggb� aZ� KKR� aZ� ���b� \_d
jZakt`^_gbylZ� aZ� \j_f_\by� oh^� gZ� ketgq_\ZlZ� _jmilb\gZ� Zdlb\ghkl� ke_^� ����
]h^bgZ�s_� gZijZ\bf� gZ� [ZaZ� bg^_dkZ� gZ�De_q_d�FlrI (nb]������Hl� g_y� k_� \b`^Z
l_g^_gpby�gZ�fgh]h�e_dh�ihgb`Z\Zg_�gZ�FlrI hl����b�dtf����jb��pxjbokdb�pbdeb�
KiZ^tl� hl� pbdte� ���b� dtf� ���b� h[Zq_� _� ^jZklbq_g� �k� hdheh� a55-60% ��� dh_lh� _
ghjfZegh� ^Z� k_� _� hljZabeh� b� gZ� ihlhdZ� gZ� \bkhdh_g_j]_lbqgZlZ� ketgq_\Z
dhjimkdmeyjgZ�jZ^bZpby��DebfZlbqghlh�ke_^kl\b_�hl�lhab�nZdl���\�k\_lebgZlZ�gZ
\kbqdh�dZaZgh�^hlmd��_�hlkeZ[_gZ�pbdeh]_g_aZ���kbe_g�ahgZe_g�ij_ghk�b�aZlhieyg_
gZ� debfZlZ� dZlh� pyeh� ih� \j_f_� gZ� pbdte� 1R� ���� dh_lh� b� gZ� ijZdlbdZ� [_
gZ[ex^Z\Zgh��Hlghkbl_egh�\bkhdZlZ�_jmilb\gZ�Zdlb\ghkl�ij_a�����������]h^bgZ
kt\iZ^gZ�k�\j_f_gghlh�Zdlb\babjZg_�gZ�Zlfhkn_jgbl_�ijhp_kb��dh_lh�k_�bajZab�\
h[begbl_�\Ze_`b�ij_a�lhiehlh�ihem]h^b_�b�hlghkbl_egh�ih�oeZ^gbl_�b�^t`^h\gb
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e_lZ� ij_a� ���������� ]h^bgZ� �� hkh[_gh� gZ^� P_gljZegZ� b� BalhqgZ� ?\jhiZ� �� \
kjZ\g_gb_�k�ij_^oh^gby�fgh]h�]hj_s�b�kmo�i_jbh^�����������]�

Hl� ^jm]Z� kljZgZ� k\jto\_dh\byl� lj_g^� gZ� k\_lbfhkllZ� (nb]����� ihdZa\Z
l_g^_gpby� dtf� gZkbsZg_� hdheh� ���������� ]h^bgZ�� � ?lh� aZsh� fh`_� ^Z� k_
ij_^iheh`b�� q_� gZ� nhgZ� _n_dlZ� hl� kiZ^Zg_lh� gZ� _jmilb\gZlZ� Zdlb\ghkl� ij_a
ihke_^gbl_� ��� ]h^bgb�ihg_�^h� ���������]� � m\_ebq_gb_lh�gZ� k\_lbfhkllZ� � ktsh� _
^Zeh�fZetd�^hitegbl_e_g�ijbghk�dtf�aZlhieyg_lh��Ke_^������]h^bgZ�_n_dltl�gZ
aZlhieyg_�_�j_amelZl�hl�^_nbpblZ�gZ�\bkhdh_g_j]_lbqgZ�ketgq_\Z�dhjimkdmeyjgZ
jZ^bZpby�

?lh�aZsh�kihj_^�Z\lhjZ�aZ�h[ykg_gb_�gZ�debfZlbqgbl_�ijhf_gb�ke_^�����
]h^bgZ�g_�_�g_h[oh^bfh�^Z� k_�\t\_`^Z�ij_^iheh`_gb_� aZ�gydZdt\�^hitegbl_e_g
balhqgbd�aZ�aZlhieyg_�gZ�debfZlZ���dhclh�^Z�g_�_�^_ckl\m\Ze�ij_a�ihke_^gbl_�����
�����beb�^hjb��������]h^bgb�

3.7 “=j_geZg^kdbyl³� �[_jbeb_\�j_^� �b� kbygbylZ�gZ� kj_^gb
rbjbgb

Ltc� dZlh� d\Zab� ���]h^brgbl_� dhe_[Zgby� k_� hdZaZoZ� k\hckl\h� dZdlh� gZ
j_^bpbl_�gZ�dhkfh]_ggby�[_jbebc�lZdZ�b�gZ�[jhy�gZ�kbygbylZ�gZ�kj_^gb�rbjbgb��
lh� [_s_� � bgl_j_kgh� ^Z� k_� kjZ\gb� ^bgZfbdZlZ� gZ� ^\_l_� y\e_gby� \� i_jbh^Z� �����
����lZ�]h^bgZ��AZ�bexkljZpby�_�ijbeh`_gZ�nb]����

Nb]����³=j_geZg^kdbyl´�[_jbeb_\�j_^�(kbgylZ��ebgby) �b�]h^brgby�[jhc�gZ
kbygbylZ�gZ�kj_^gb��rbjbgb�(q_j\_gZlZ�ebgby) ij_a��i_jbh^Z�����������]h^bgZ�
.

KjZ\g_gb_lh�ihdZa\Z�fgh]h�bgl_j_kgZ��gh�ijhlb\hj_qb\Z�dZjlbgZ��Hl�_^gZ
kljZgZ�k_�\b`^Z��q_�bfZ�i_jbh^b��\�dhblh�^bgZfbdZlZ�gZ�^\ZlZ�iZjZf_ltjZ�\tj\b
\�fgh]h�^h[tj�kbgojhg�\�fZsZ[�hl�_^gh�^h�gydhedh�^_k_lbe_lby� � Hkh[_gh� ^h[j_
bajZa_gh�_�lh\Z�\�gZqZehlh�gZ����b�\_d�dh]Zlh�dhgp_gljZpbylZ�gZ�10<_�gZjZkl\Z�\
^hklZ� lykgZ� dhj_eZpby� k� m\_ebqZ\Zg_lh� gZ� ]h^brgby� [jhc� gZ�KKR� �Aur_N���B
^\_l_� bfZl� km[\_dh\b�fZdkbfmf� hdheh� ���������� ]h^bgZ��KbgojhggZ� l_g^_gpby
dtf�km[\_dh\h�ihdZq\Zg_�b�kiZ^� �^\_l_�j_^bpb�ihdZa\Zl�b� �\�kj_^ZlZ�gZ����b�\_d�
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FZdZj�b�ih�ljm^gh�aZ[_e_`bfh��gh�ih^h[gh�y\e_gb_�bfZ�b�\�kj_^ZlZ�gZ������b�\_d�
>\Z� keZ[b�� gh� ^h[j_� hq_jlZgb� ibdZ� ih� \j_f_� gZ� fbgbfmfZ� gZ� >Zelhg� � bfZl
ZgZehab�b�\�[_jbeb_\by�j_^���<�djZy�gy����b�\_d�^\_l_�j_^bpb�kZ�\�^h[j_�bajZa_gZ
Zglbdhj_eZpby�

DZlh�h[h[s_gZ�\bamZebaZpby�gZ�\jtadZlZ�f_`^m�Aur_N b�dhgp_gljZpbbl_
gZ�10<_� (1610-1900 ]) \�]j_geZg^kdbl_�e_^_gb�ijh[b� �fh`_�^Z�ihkem`b�nb]�����Ly
ij_^klZ\y�j_amelZlbl_�hl�ebg__g�djhk�dhj_eZpbhg_g�ZgZeba�(\b`�b�ijbeh`_gb_��)

aZ�_ihob�k�^te`bgZ�hl�ih����]h^bgb�b�ktk�kltidZ�gZ�hlf_kl\Zg_�f_`^m�^\_�ktk_^gb
��jZ\gh�gZ�_^gZ�]h^bgZ��DZe_g^Zjgbl_�]h^bgb��p_gljh\_�gZ�_ihobl_�kZ�ij_^klZ\_gb
ih� Z[kpbkgZlZ� hk�� ^hdZlh� ih� hj^bgZlgZlZ� hk� _� ij_^klZ\_gh� hlf_kl\Zg_lh
�aZdtkg_gb_lh��gZ�[_jbeb_\ZlZ�j_^bpZ�ih�hlghr_gb_�gZ�KKR�

Nb]����?\hexpby�gZ�ebg_cgZlZ�djhk�dhj_eZpbhggZ�\jtadZ�f_`^m�]h^brgby
[jhc�gZ�KKR�b�dhgp_gljZpbylZ�gZ� 10<_� \� ]j_geZg^kdZlZ� j_^bpZ��Kthl\_lgbl_
klhcghklb� gZ� dh_nbpb_glZ� gZ� dhj_eZpby� aZ� hl^_egbl_� _ihob� b� hlf_kl\Zg_
f_`^m�^\_l_�j_^bpb�kZ�ij_^klZ\_gb�qj_a�gZjZkl\ZsZ�]jZ^Zpby�gZ�kb\by�p\yl�hl
±��^h����

Hl�^jm]Z� kljZgZ� h[Zq_� hl�nb]���� k_� \b`^Z��q_�ih�fZedbl_� _dklj_fmfb� hl
³\lhjb�ihjy^td´��l�_��\�jZfdbl_�gZ�_^bg�b�ktsb�pbdte�gZ�R\Z[_�<hen�� �\�^\_l_
j_^bpb�kZ�ij_^bfgh�\�Zglbdhj_eZpby��Lh\Z�[b�fh]eh�^Z�k_�ltedm\Z�dZlh�ke_^kl\b_
hl� ^_ckl\b_lh� gZ� Nhj[mr�_n_dlZ�� ltc� dZlh� \bkhdZlZ� _jmilb\gZ� Zdlb\ghkl� gZ
Ketgp_lh� dhj_ebjZ� � k� i_lghh[jZam\Zl_egZlZ� Zdlb\ghkl� b� k� iZjZf_ljbl_� gZ
ketgq_\by� \yltj� \� jZfdbl_� gZ� ���]h^brgby� pbdte�� DZlh� pyeh� h[Zq_� hl
ij_^klZ\_gZlZ� dZjlbgZ� gZ� nb]���� k_� \b`^Z�� q_� mklhcqb\Z� b� klZlbklbq_kdb
^hklh\_jgZ� Zglbdhj_eZpby� f_`^m� KKR� b� 10<_� bfZ� kZfh� \� djZy� gZ� ���b� \_d
(“p_gltjtl´� gZ�FZmg^_jh\by� fbgbfmf�� b� ij_a� \lhjZlZ� iheh\bgZ� gZ� ���b� \_d�
g_ihkj_^kl\_gh�ij_^b�>Zelhgh\by�fbgbfmf�� �<�ktshlh�\j_f_�\�djZy�b�gZ�^\ZlZ
ihkhq_gb� k\jto\_dh\b� ketgq_\b� fbgbfmfZ� iheh`bl_egZlZ� dhj_eZpby� _� fgh]h
kbegZ�

GZ� dZd\h� h[Zq_� k_� ^te`b� fgh]h� ^h[jZlZ� iheh`bl_egZ� dhj_eZpby� f_`^m
[_jbeb_\bl_�^Zggb��b�kbygbylZ�gZ�kj_^gb�sbjbgb�\�km[\_dh\b�fZsZ[��aZ�hl^_egb
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_ihob"�DZd�[b�fh]eZ�ihke_^gZlZ�^Z�k_�k\tj`_�k�d\Zab���²]h^brgbl_�hkpbeZpbb�b
\�^\_l_�j_^bpb"�

Hl�_^gZ�kljZgZ�_�\tafh`gh�ijbqbgZlZ�^Z�_�k\tjaZgZ�k�nZdlZ��q_�y\e_gbylZ
KKR�kZ�k\tjaZgb�k�\bkhdh_g_j]_lbqgbl_�ketgq_\b�dhjimkdmeb��dhblh�ktsh�fh]Zl
^Z�]_g_jbjZl�³dhkfh]_ggb´�jZ^bhbahlhib��\dexqbl_egh�b�10<_�(von Schroder, 1999).

<�lhab�kemqZc�baebaZ��q_�d\Zab����]h^brgbl_�pbdeb�\�[_jbeb_\by�j_^�b�\�j_^bpZlZ
gZ� KKR� � ijhklh� kZ� ^bj_dlgh� k\tjaZgb� ktk� kthl\_lgby� pbdte� gZ� _jmilb\gZ
Zdlb\ghkl��gZ�nhlhkn_jZlZ�beb�dhjhgZlZ���b�lh\Z�h[ykgy\Z�^h[jby�kbgojhg�f_`^m
lyo�

Hl�^jm]Z�kljZgZ�h[Zq_�hklZ\Z�hldjblZ�\tafh`ghkllZ�lhab�km[\_dh\b�pbdte
^Z� _� ^bj_dlgh� ijhbalbqZs� hl� k\hy� debfZlbq_g� ZgZeh]��IjbqbgZlZ� [b�fh]eZ� ^Z
[t^_� fgh]h� kbegZlZ� h[\tjaZghkl� gZ� ij_ghkZ� gZ� 10<_� hl� kljZlhkn_jZlZ� dtf
ih\tjoghkllZ�k�f_l_hjheh]bqgbl_�ijhp_kb�

Lj_lbyl�kemqZc��ijb�dhclh�������]h^brgby�[_jbeb_\�pbdte�_�dhf[bgbjZg
_n_dl�b�hl�_jmilb\gbl_�ijhp_kb�gZ�Ketgp_lh�b�hl�debfZlbqgbl_�ijhp_kb�_�ktsh
\tafh`_g��Kihj_^�Z\lhjZ�^hjb�lh\Z�_�b�gZc�\_jhylgZlZ�dZjlbgZ��Ly�h[Zq_�ljy[\Z
^Z�[t^_�hlo\tje_gZ�beb�^hdZaZgZ�gZ�[ZaZlZ�gZ�^hitegbl_e_g�ZgZeba�

Hlgh\h� ljy[\Z� ^Z� k_� gZihfgb� �� q_� d\Zab���� �]h^brgbyl� pbdte� _� fgh]h
kbe_g�\�]j_geZg^kdbl_�[_jbeb_\b�^Zggb��gh�k_�ijhy\y\Z�keZ[h��\�ZglZjdlbq_kdbl_�
Ih� ijbgpbi� k_� ijb_fZ�� q_� ³ZglZjdlbq_kdbyl´� j_^� � _� k� ih�fZedh� rmf� hl
f_l_hjheh]bq_g� beb� ^jm]� oZjZdl_j� b� ih� Z\l_glbqgh� ij_^klZ\y� \jtadZlZ� f_`^m
ketgq_\ZlZ�Zdlb\ghkl��b�ihlhdZ�=DE��(Bard et al., 1997)

Hl� dZaZghlh� ^hlmd� \� lhab� iZjZ]jZn� fh`_� ^Z� k_� gZijZ\b� ke_^ghlh
h[h[s_gb_��Hkgh\gZlZ�ke_^Z��dhylh�^hdZa\Z��q_�d\Zab�������]h^brgbl_�\ZjbZpbb
gZ� debfZlZ� kZ� hl� ketgq_\� ijhbaoh^� � _� lyoghlh�fhsgh� ijbktkl\b_�\� ^Zggbl_� aZ
kbygbylZ� gZ� kj_^gb� rbjbgb�� � Ktk� kb]mjghkl� ihke_^gbl_� kZ� h[mkeh\_gb� hl
ijhlbqZsb� gZ� Ketgp_lh� ijhp_kb� b� ih� gbdZdt\� gZqbg� g_� kZ� ih\ebygb� hl
debfZlbqgbl_�mkeh\by�ltc�dZlh�kZ�y\e_gby�\t\�\bkhdZlZ�Zlfhkn_jjZ�gZ�A_fylZ�
Sh�k_�dZkZ_�^h�������]h^brgbyl�pbdte�\�j_^bpbl_�gZ� 10<_�� �ih�\kydZ�\_jhylghkl
lh\Z�_�_^gh�kt\k_f�kf_k_gh�y\e_gb_��Lh�_�ij_^ba\bdZgh�qZklbqgh�hl�\ebaZsbl_�\
kljZlhkn_jZlZ� \bkhdh_g_j]_lbqgb� ketgq_\b� dhjimkdmeb� (]eZ\gh� ijhlhgb) ,

fh^meZpbb�\�ihlhdZ�gZ�ketgq_\by�\yltj���\de��b��l�gZj��³Nhj[mr�aZlbo\Zgby´��b
qZklbqgh�hl�_n_dl��k\tjaZg�k�\tagbd\Zsb�\�debfZlZ�ih^�^_ckl\\b_lh�gZ�Ketgp_lh
dhe_[Zgby�k�ihkhq_gZlZ�ijh^te`bl_eghkl�

������=h^brgbyl�[jhc�gZ�^gbl_�k�]_hfZ]gblgb�[mjb� �(1930-

����]) ���debfZlbqgb�Zki_dlb
>Zggbl_� aZ� kbygbylZ� gZ� kj_^gb� rbjbgb� kZ� kbl_fZlbabjZgb� ^h� �����lZ

]h^bgZ�b��ihg_�aZk_]Z�lh\Z�g_�_�gZijZ\_gh�aZ����b�\_d��?lh�aZsh�[_�g_h[oh^bfh�aZ
qZkl�hl�ZgZebabl_�gZ�\jtadbl_�³Ketgp_�debfZl´�^Z�k_�ihltjkb�^jm]�bg^bdZlhj�aZ
]_hnbabqgbl_�ijhy\b�gZ�_jmilb\gZlZ�Zdlb\ghkl�gZ�Ketgp_lh�aZ�ihke_^bgl_�a���
]h^bgb�

AZ� p_elZ� [yoZ� baiteg_gb� jZaebqgb� klZlbklbq_kdb� ijhp_^mjb� \tjom
im[ebdm\Zgb� j_^bpb� hl� ^Zggb� � k� p_e� hldjb\Zg_lh� gZ� ]_hfZ]gbl_g� bg^_dk� k
^hklZtqgh� ^te]Z� j_^bpZ�� dhclh� _^gh\j_f_ggh� k� lh\Z� b� ^Z� dhj_ebjZ� ^h[j_� k
debfZlbqgbl_�ijhp_kb�

Ke_^�ZgZeba�gZ�jZaebqgb�j_^bpb�Z\lhjtl� klb]gZ�^h�ba\h^Z��q_�gZc�^h[jb
\jtadb�k�debfZlbqgbl_�iZjZf_ljb��ihdZa\Z�j_^bpZlZ�^Zggb�aZ�]h^brgby�[jhc�gZ
^gbl_�k�]_hfZ]gblgb�[mjb��l�_��l_ab�aZ�dhblh�ieZg_lZjgbyl�bg^_dk�Ap e ih�]heyf
beb� jZ\_g� gZ� ���� L_� kZ� kbkl_fZlbabjZgb� b� im[ebdm\Zgb� hl� GZpbhgZegby
bgklblmlaZ� ]_hnbabqgb� ^Zggb�gZ�K:S� aZ�i_jbh^Z� � ���������]�� �IhdZaZgb� kZ�gZ
nb]����
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Nb]�����=h^brgbyl�[jhc�gZ�^gbl_�k� ]_hfZ]gblgb�[mjb� � �\�q_j\_gh��b�qbkehlh�gZ
<hen��Ri (�\�`telh) aZ�i_jbh^Z�������������]�

K� �ihfhslZ�gZ�L-R i_jbh^h]jZf_g�ZgZeba�[_r_�bake_^\Zg�\j_f_ggby�j_^
gZ�]h^brgby�[jhc�gZ�]_hfZ]gblgh�Zdlb\gbl_�^gb�(s_�]h�h[hagZqZ\Zf_�ih�gZlZltd
dZlh�N_Ap40+)���J_amelZlbl_�kZ�ihdZaZgb�gZ�nb]����

Nb]�����L�R ki_dltj�gZ�j_^bpZlZ�gZ�bg^_dkZ�N_Ap40+ (]h^brgbyl�[jhc�gZ
^gbl_�k�]_hfZ]gblgb�[mjb��aZ�i_jbh^Z�����������]�

DZdlh�[b�fh]eh�b�^Z�k_�hqZd\Z��gZc�fhs_g�_�d\Zab�������]h^brgbyl�pbdte�
dh_lh� ke_^\Z� hl� \jtadZlZ� gZ� ]_hfZ]g_lbafZ� k� i_lghh[jZam\Zl_egby� pbdte� gZ
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R\Z[_�<hen�� �G_]h\ZlZ�ijh^te`bl_eghkl� �\�jZfdbl_�gZ�bake_^\Zgby����]h^br_g
i_jbh^�gZ�gZ[ex^_gby�_������]h^bgb�

GZ� \lhjh�fyklh� ih� agZqbfhkl� h[Zq_� k_� hdZa\Z� _^gh� dhe_[Zgb_�� dh_lh� _� k
ijh^te`bl_eghkl�hl�hdheh������]h^bgb� ��G_]h\ZlZ�fhsghkl�_�ihqlb�ktbaf_jbfZ�k
lZab� gZ� ������ ]h^brgby� pbdte�� Hl� debfZlbqgZ� ]e_^gZ� lhqdZ� lh\Z� _� fgh]h
bgl_j_k_g� j_amelZl�� ltc� dZlh� ih^h[gZ� hkpbeZpby� k_� gZ[ex^Z\Z� \� jZaebqgb
imgdlh\_� gZ� A_fylZ�� hkh[_gh� \� ob^jheh`dbl_� iZjZf_ljb� ih^� gZa\Zgb_lh
³;jxog_jh\�pbdte´�(Eh]bgh\� 1973��� �DhgklZlZpbylZ�_�fgh]h�\Z`gZ� ��ltc�dZlh�ly
ij_o\tjey�fhkl�dtf�_^gh�debfZlbqgh�y\e_gb_��dh_lh�ihg_�^hk_]Z�gbdh]Z�g_�_�[beh
k\tja\Zgh�ktk�Ketgp_lh��IjbqbgZlZ�aZ�lh\Z�_�ykgZ- �bay\_g�������]h^br_g�pbdte
g_�_�oZjZdl_j_g�aZ�^bgZfbdZlZ�gZ�gblh�_^bg�hl�hkgh\gbl_�ketgq_\b�bg^_dkb��BfZ
kZfh�keZ[Z� ke_^Z�hl� ���]h^br_g�lZdt\�\�j_^Z�gZ�Ohcl�RZltg�� �Ih�dZdt\�gZqbg
lZab�hkpbeZpby�k_�ihy\y\Z�\�]_hf]gblgbl_�y\e_gby�b�qj_a�lyo�\�debfZlZ�_�\tijhk
�� dhclh� ij_^klhb� ^Z� [t^_� baykgy\Zg� \� [t^_s_�� L\tj^_� \_jhylgh� _� lh\Z� ^Z� _
k\tjaZgh�k�ih��keZ[h�bamq_gb�ijhp_kb�\�ketgq_\ZlZ�dhjhgZ

Ih�ih^h[_g�gZqbg� klhyl�g_sZlZ�b� k�^hklZ�^h[j_�ijhy\_gby� ����� ]h^br_g
pbdte��DZdlh�s_�[t^_�ihdZaZgh�\�&5��ktsbyl�k_�ijhy\y\Z�\�j_^bpbl_�gZ�\Ze_`bl_
\�;te]Zjby��Hkh[_gh�kbe_g� _�[be�lhc�ij_a�lhiehlh�ihem]h^b_� ��fZc�hdlhf\jb��\
gZqZehlh�gZ����b�\_d�^hdtf����l_�]h^bgb��Komitov, 1986[).

4�� Ketgq_\ZlZ� Zdlb\ghkl� b� debfZltl�� Kp_gZjbb
aZ����b�\_d

4.1 ��H[sb�[_e_`db
Hl� � gZijZ\_gby� \� ij_^gbl_� ^\_� ]eZ\b� ZgZeba� klZ\Z� ykgh�� q_� ba\h^tl� gZ

j_deZfbjZgZlZ� \� f_^bbl_� ]jmiZ� hl� a����� mq_gb� aZ� ^hfbgbjZshlh� \ebygb_� gZ
qh\_rdby� nZdlhj� \tjom� kt\j_f_ggbl_� debfZlbqgb� ijhf_gb� (Zgljhih]_g_g
iZjgbdh\� _n_dl)� _� ijbgpbigh� ih]j_r_g�� Ktsbyl� _� ba\_^_g� gZc�gZij_^� \tjom
_^ghkljZgqb\h�� njZ]f_glZjgh� b� (fh`_� [b�� l_g^_gpbhagh� ltedm\Zg_� gZ
bgkljmf_glZegbl_��^Zggb�hl�ihke_^gbl_�a����]h^bgb���:\lhjbl_�gZ�lZab�l_hjby�gZ
[ZaZlZ� gZ� g_dhj_dlgh� baiheam\Zg_� gZ� iZe_hdebflbqgb� �� hkgh\gh
^_g^jhojhgheh]bqgb� ^Zggb� b� b]ghjbjZcdb� gZitegh� bklhjbq_kdbl_� ibkf_gb
balhqgbpb� eZgkbjZl� b^_ylZ�� q_� ³]eh[Zeghlh� aZlhieyg_´� _� n_ghf_g� �� dhclh� k_� _
ijhy\be� ke_^� kj_^ZlZ� gZ� ���b� \_d�� gZ� nhgZ� gZ� ihqlb� ihklhyggbl_� debfZlbqgb
mkeh\by� ij_a� ihke_^gbl_� a����� ]h^bgb� �� kp_gZjbyl� ³Ohd__g� klbd´) .

G_ktklhyl_eghkllZ� gZ� ih^h[gb� l\tj^_gby� _� kt\k_f� hq_\b^gZ�� Z� djblbdbl_� aZ
l_g^_gpbhagh�bahiZqZ\Zg_�gZ�debfZlbqgZlZ�bklhjby�gZ�A_fylZ� �Legates�� ������aZ
kt`Ze_gb_���ba]e_`^Zl�\yjgb�

:gZebabjZcdb� � ih\_^_gb_lh� gZ� Ketgp_lh� b� debfZlZ� \� jZaebqgb� _ihob�
Z\lhjtl�ijb\_^_�fgh]h[jhcgb�^hdZaZl_ekl\Z�aZ�lh\Z��q_�\ktsghkl�debfZlbqgbl_
ijhf_gb�g_�kZfh�\�bklhjbq_kdZlZ�b�ijZbklhjbq_kdZlZ�\j_f_\Z�kdZeZ��gh�^hjb�b�\
jZfdbl_� gZ� hlghkbl_egh� [ebadhlh� ]_heh`dh� fbgZeh� (ihke_^gbl_� a�� fbebhgZ
]h^bgb�� kZ� h[mkeh\_gb� hkgh\gh� hl� \ZjbZpbb� gZ� ketgq_\ZlZ� k\_lbfhkl� b� ^jm]b
dhfihg_lb�gZ� ketgq_\ZlZ� Zdlb\ghkl��<kbqdb�gZc�\Z`gb� debfZlbqgb� kt[blby� \
bklhjbq_kdZlZ�b�ijZbklhjbq_kdZlZ� _ihoZ� kZ� k\tjaZgb� k�ehdZegb� _dklj_fmfb� gZ
ketgq_\ZlZ�Zdlb\ghkl��Kt\j_f_gghlh�aZlhieyg_�gZ�debfZlZ�_�y\e_gb_��aZihqgZeh
g_�ij_^b�����]h^bgb��dZdlh�l\tj^yl�³]eh[Zegbl_´�_dhehab�� �Z�hs_�hl�gZqZehlh�gZ
���b�\_d�g_ihkj_^kl\_gh�ke_^�ihke_^gby�fbgbfmf�gZ�d\Zab^\mobey^he_lgby�(2200-

2400 ]h^br_g) ketgq_\�pbdte�(l�gZj��fbgbfmf�gZ�FZmg^_j).
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�LZab�\taoh^ysZ�debfZlbqgZ� l_g^_gpby� _� k\tjaZgZ� k�gZqZegZlZ� Zdlb\gZ
nZaZ�gZ�kihf_gZlhlh�k\jtoobey^he_lgh�ketgq_\h�dhe_[Zgb_��<tjom�g_y�_�gZeh`_g
gydZdt\� _n_dl� hl� hs_� ih�^te]hkjhq_g� oZjZdl_j�� ltc� dZlh� lhedh\Z� kljtfgh� b
kbegh�k\jto\_dh\h�ihdZq\Zg_�gZ�ketgq_\ZlZ�Zdlb\ghkl��g_�_�bfZeh�hl�ihke_^gbl_
a�����]h^bgb��?lh�aZsh�[bof_�fh]eb�^Z�]h\hjbf�aZ�aZ[_e_`bf�_n_dl�gZ�ketgq_\
³Ohd__g�klbd´� ��dhclh�k_�bajZay\Z�\�badexqbl_egh�\bkhdbl_�gb\Z�gZ�ketgq_\ZlZ
Zdlb\ghkl�f_`^m� ��������������� ]h^bgZ� �\� kjZ\g_gb_� k�ij_^oh^gbl_� �����b� ^hjb
�����]h^bgb�

LZdZ��q_�debfZlbqgbyl� ³Ohd__g�klbd´��Zdh�lZdZ�[bof_�fh]eb�^Z�gZj_q_f
^hklZ�jyadhlh�ihdZq\Zg_�gZ� l_fi_jZlmjbl_� gZ� ijba_fgby� \ta^mo� _� ke_^kl\b_� hl
fgh]h�ih�kbeghlh� ZgZeh]bqgh�y\e_gb_�gZ�Ketgp_lh�� ³=eh[Zeghlh� aZlhieyg_´�gZ
debfZlZ� s_� k_� ij_djZlb� \� fhf_glZ�� \� dhclh� k\jto\_dh\ZlZ� l_g^_gpby� aZ
ih\brZ\Zg_�gZ�ketgq_\ZlZ�k\_lbfhkl�k_�ij_mklZgh\b�b�kf_gb�k\hy�agZd�

Lhab� ^h[j_� bajZa_g� _dkp_k� gZ� ketgq_\Z� Zdlb\ghkl� ih� \j_f_� gZ
Kt\j_f_ggby� k\jto\_dh\b� ketgq_\� fZdkbfmf� \� gb� gZc�fZedZ� kl_i_g� g_
hfZeh\Z`Z\Z� \kbqdb� ij_^oh^gb� ijhy\b� gZ� k\jto\_dh\by� oh^� gZ� ketgq_\ZlZ
Zdlb\ghkl�\�ihke_^gbl_�^\_�obey^he_lby���Y\e_gby�dZlh�k\jto\_dh\bl_�fbgbfmfb
\���b�������b�����b������b�����b�����b�\_d�b�hkh[_gh�FZmg^_jh\by�fbgbfmf�ij_a����b
\_d��dZdlh�b�Kj_^gh\_dh\gby�ketgq_\�fZdkbfmf�kZ�hdZaZeb�fgh]h�k_jbhagb�ke_^b
\tjom� gZc�gh\ZlZ� debfZlbqgZ� bklhjby� gZ� A_fylZ� b� ^h�]heyfZ� kl_i_g� kZ� ^Zeb
hli_qZltd�b�\tjom��hkgh\gbl_�khpbZegb�ijhp_kb�.

I_jbh^bqgbl_� ijh^te`bl_egb� aZkmrZ\Zgby� � \� P_gljZegZ� :aby� b
aZklm^y\Zgby���\�K_\_jgZ�?\jhiZ�b�P_gljZegZ�:aby����\bkhdbl_�qZklb�gZ�:g^bl_�b
ieZgbgbl_� hl� ³Ihdjb\Z� gZ� k\_lZ´� �� jZajZkl\Zg_lh� b� lhi_g_lh� gZ� =j_geZg^kdby
dhglbg_lZe_g�e_^gbd� �kZ�k\tjaZgb�k�debfZlbqghlh�\ebygb_�gZ�k\jto\_dh\bl_�b
k\jtoobey^he_lgbl_� \ZjbZpbb� gZ� ketgq_\ZlZ� Zdlb\ghkl�� � L_� kZ� k_� hdZaZeb
j_]meZlhj� gZ� ^_fh]jZnkdb� b� fZsZ[gb� fb]jZpbhggb� ijhp_kb� hl� lbiZ� ³\_ebdb
ij_k_e_gby´�� fhjkdb� dhehgbaZpbb� b� ^j��� dhblh� kZ� � bab]jZeb� jheylZ� gZ
jZa^_ebl_egb� ebgbb� \� qh\_rdZlZ� bklhjby�� ihklZ\ysb� gZqZehlh� gZ� gh\b
l_ogheh]bqgb��bdhghfbq_kdb�b�dmelmjgb�l_g^_gpbb���Dhfblh\� 2001a).

GZ� ijZdlbdZ� ³]eh[Zegbl_� _dhehab´� h[jtsZl� ijbqbggh�ke_^kl\_gZlZ
\jtadZ�³ijbjh^Z�qh\_d´� �k�]eZ\ZlZ�gZ^hem��<ktsghkl�i_jbh^bl_�gZ�aZlhieyg_�gZ
debfZlZ� ih� \j_f_� gZ� gZqZegbl_� Zdlb\gb� nZab� gZ� ���������� ]h^brgbl_
OZesZ^pZcl- pbdeb�kZ�l_ab� ��dhblh�kZ�[_eyaZgb�k�gZc�bgl_gab\_g�bdhghfbq_kdb�
gZmq_g� b� dmelmj_g� jZkl_`�� Ij_^ihklZ\dZ� aZ� lh\Z� kZ� ih^h[jy\Zsbl_� k_
Z]jhdebfZlbqgb�mkeh\by� ��dh_lh�k_�hdZa\Z�hl�dexqh\h�agZq_gb_�aZ�nhjfbjZg_�gZ
agZqbl_egb�fZl_jbZegb� baebrtpb� b� \tafh`ghkllZ� aZ� bg\_klbpbb� � \t\� \kbqdb
gZkhdb� gZ� fZl_jbZegZlZ� b� ^moh\gZ� kn_jZ�� � LZdZ� �� q_� ]he_fbyl� ijh]j_k� gZ
aZiZ^ghlh�h[s_kl\h�hl�kj_^ZlZ�gZ� ���b�\_d�gZkZf� _�ke_^kl\b_�hl� aZlhieyg_lh�gZ
debfZlZ� �� Z�g_�ijbqbgZ� aZ�g_]h. (Dhfblh\, 2001a)�� �<tgrgbyl�nZdlhj� aZ� lh\Z� _
k\jto\_dh\byl� jtkl� gZ� ketgq_\ZlZ� k\_lbfhkl��Ktsbyl� _� jyadh� aZkbe_g� bf_ggh
ke_^�>Zelhgh\by�fbgbfmf�

?lh� aZsh�ijh]ghabjZg_lh�gZ�^bgZfbdZlZ�gZ� ketgq_\ZlZ�Zdlb\ghkl� aZ�ih�
fZetd� beb� ih�]heyf� \j_f_\b� bgl_j\Ze� gZij_^� _� [ZaZlZ� aZ� ij_^kdZa\Zg_� gZ
j_Zegbl_� ijhf_gb� gZ� debfZlZ� b� l_ogbl_� ke_^kl\by� \tjom� jZa\blb_lh� gZ
qh\_rdhlh� h[s_kl\h�� Ih� gZ^hem� s_� [t^Zl� ij_^klZ\_gb� gydhb� hl� hkgh\gbl_
kp_gZjbb�aZ�ih\_^_gb_lh�gZ�ketgq_\ZlZ�Zdlb\ghkl��dZdlh�b�ijhbalbqZsbl_�hl�lyo
ijhf_gb�\�debfZlZ�

4���Ketgq_\ZlZ� Zdlb\ghkl� ij_a� ���b� \_d��Ijb[be`Z\Z� eb
gh\�k\jto\_dh\b�fbgbfmf"

Dtf�gZklhysZlZ�^ZlZ�( 6 gh_f\jb������]) kZ�im[ebdm\Zgb�fgh]h�]heyf�[jhc
ijh]ghab�aZ�oh^Z�gZ�ketgq_\ZlZ�Zdlb\ghkl��ij_a����b�\_d���Ojhgheh]bqgh�itj\bl_
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hl�lyo� ��aZ�dhblh�fh`_�^Z�k_�kqblZ��q_�kZ�ZdlmZegb�dtf�lhab�fhf_gl�kZ�hl�kj_^ZlZ
gZ����l_�]h^bgb�(Fyodorov et al., 1995).

Bake_^\ZgbylZ� \� lZab� h[eZkl� [boZ� fh]eb� ^Z� k_� deZkbnbpbjZl� ih� gZc�
jZaebq_g� gZqbg� \� aZ\bkbfhkl� hl� lh\Z� ^Zeb� k_� hkgh\Z\Zl� gZ� nbabq_kdb� � beb
klZlbklbq_kdb�fh^_eb�����hl�\b^Z�gZ�baiheam\ZgZlZ�bgnhjfZpby���dZd\b�f_lh^b�aZ
ZgZeba�gZ�^Zggbl_�kZ�baiheam\Zgb�b�l�g��<�k\_lebgZlZ�gZ�ihemq_gbl_�j_amelZlb�
dhblh�s_�[t^Zl�h[kt^_gb�lmd�_�p_e_kth[jZagh� �ijh]ghabl_�^Z�[t^Zl�jZa^_e_gb�gZ
^\_�]jmib�

<� itj\ZlZ� ]jmiZ� ihiZ^Zl� l_ab� hl� lyo� �� kihj_^� dhblh� \bkhdbl_� gb\Z� gZ
ketgq_\ZlZ�Zdlb\ghkl�s_�k_�aZiZayl��b�ij_a����b�\_d�b�^hjb�[boZ�fh]eb�b��hs_�^Z
gZjZklgZl���H[shlh�aZ�\kbqdb�lyo�_��q_�k_�hkgh\Z\Zl�gZ�l_hj_lbqgb�fh^_eb�beb�gZ
klZlbklbq_kdb� lZdb\Z�� dhblh� iheam\Zl� ketgq_\b� b� ]_hfZ]gblgb� ^Zggb� hl
kjZ\gbl_egh�dtkb�ba\Z^db�hl�bgkljmf_glZegb�^Zggb��>te`bgbl_�gZ�ihke_^gbl_
h[bdgh\_gh� h[o\ZsZl� ih� gydhedh� ���]h^brgb� ketgq_\b� i_lghh[jZam\Zl_egb
pbdeb�� aZ� dhblh� h[Zq_� bfZ� [h]Zl� gZ[hj� hl� jZaghjh^gb� bgkljmf_glZegb
baf_j\Zgby�

<t\�\lhjZlZ� ]jmiZ� kZ�ijh]ghab��dhblh� k_� [ZabjZl�ij_^b� \kbqdh�gZ�^te]b
j_^bpb�hl�dhk\_gb�^Zggb�(³dhkfh]_ggb�´�jZ^bhbahlhib��j_^tl�gZ�Rh\_��beb�gZc�
^te]bl_�bgkljmf_glZegb�j_^bpb� aZ�ketgq_\hlh�i_lghh[jZam\Zg_� �j_^tl�gZ�Ohcl�
RZltg� � b� Pxjbokdbyl� j_^��� <kbqdb� l_� ij_^kdZa\Zl� k\jto\_dh\b� ketgq_\
fbgbfmf�ij_a����b�\_d��Kj_^�lyo�bfZ�b��ijh]ghab��dhblh�kZ�hkgh\Zgb�gZ�fh^_eZ�aZ
³ketgq_\hlh�^bgZfh´��62'$�fh^_ebjZg_)(Shatten and Tobiska, 2003).

4.2.1 Kp_gZjbb�[_a�k\jto\_dh\b�fbgbfmf
DZdlh�[_�dZaZgh��bfZ�_^gZ�agZqbl_egZ�]jmiZ�ijh]ghklbqgb�fh^_eb��dhblh

baiheam\Zl�dZlh�nZdlheh]bqgZ�[ZaZ�bgkljmf_glZegbl_�gZ[ex^_gby�gZ�ketgq_\ZlZ
Zdlb\ghkl� b� ]_hfZ]g_lbafZ�� gh� ij_^b� \kbqdh� hl� ihke_^gbl_� gydhedh� pbdteZ�
<� � lyo� �g_� k_�jZa]e_`^Zl�bah[sh� k\jto\_dh\bl_�beb�\_dh\bl_� _n_dlb� \� oh^Z�gZ
ketgq_\bl_� y\e_gby�� H[bdgh\_gh� ijh]ghabl_� k_� hlgZkyl� aZ� _^bg� beb� ^\Z� ���
]h^brgb�pbdteZ� gZij_^� �� �Ijbf_jb� aZ� ih^h[gb� ijh]ghab� aZ� \_q_� hlfbgZ\Zsby
ketgq_\�pbdte�No 23 kZ�h[kt`^Zgb�ij_a����l_�]h^bgb���LZdb\Z�kZ�jZajZ[hl_gb�b�aZ
ketgq_\bl_�pbdeb� 1R���b� ��� (Dikpati et al., ,2006; Hataway and Wilson , 2006; Du,

2005  b�^j�) .
Kihj_^� �ijh]ghabl_�ih�l_ab�fh^_eb�pbdte�No 23 ljy[\Zr_�^Z�[t^_�fgh]h

fhs_g� dZlh� ba]eZ^_ghlh� hdhehfZdkbfmfgh� kj_^gh]h^brgh�<henh\h� qbkeh� Wmaxljy[\Zr_�^Z�[t^_�f_`^m������b������>_ckl\bl_eghkllZ�h[Zq_�[_r_�^jm]Z���Pbdte�No

��� k_� hdZaZ� \� i_lghh[jZam\Zg_lh� k� hdheh� ������� ih�gbkdZ� fhsghkl� hl� kj_^gh
hqZd\ZgZlZ�� l�_� �Wmax ≈≈� ����� �Hs_� ih�gbkdb� k_� hdZaZoZ� bg^_dkZ� gZ� _jmilb\gZlZ
Zdlb\ghkl���h[sby�fZ]gbl_g�ihlhd��ihlhdtl�gZ�kZglbf_ljh\hlh�jZ^bhbaetq\Zg_�b
^j��

KZfh� hdheh� ��� hl� \kbqdb� gZijZ\_gb� ijh]ghab� aZ� pbdte� No 23

ij_^kdZa\ZoZ�ih�gbkdZ�fhsghkl�hl�lZab�gZ�ij_^oh^gby����b��Kj_^�lyo�_�b�lZab�gZ
Z\lhjZ�(Komitov, 1997).

G_mki_otl�gZ�ihkhq_gbl_�ijh]ghab�ih�hlghr_gb_�gZ�pbdte�No 23 k_�^te`b
gZ� g_hlqblZg_lh� gZ� aZdhghf_jghklbl_�� k\tjaZgb� ktk� k\jto\_dh\by� oh^� gZ
ketgq_\ZlZ�Zdlb\ghkl��Kihj_^�Z\lhjZ��Z�b�kihj_^�gZ[ex^Zl_egbl_�^Zggb�^h�lhab
fhf_gl��g_\yjgb�s_�k_�hdZ`Zl�b�\kbqdb�ijh]ghab�aZ�fhs_g����lb�pbdte�

Ih\_q_� aZ� hqZd\ZgZlZ�fhsghkl� gZ� ke_^\Zsby� i_lghh[jZam\Zl_e_g� pbdte
gZ�R\Z[_�<hen�s_�[t^_�^Z^_gh�\�djZy�gZ�lZab�]eZ\Z�

4.2.2. Kp_gZjbb�ktk�k\jto\_dh\b�fbgbfmf
<� lhab� iZjZ]jZn� s_� [t^_� gZijZ\_g� ij_]e_^� gZ� gydhb� hl� jZaebqgbl_

ijh]ghklbqgb� fh^_eb�� ijb� dhblh� \_dh\bl_� b� k\jto\_dh\bl_� \ZjbZpbb� gZ
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ketgq_\ZlZ� Zdlb\ghkl� kZ� hlq_l_gb�� � Ijb� \kbqdb� lyo� k_� ijhy\y\Z� _^bg� b� kts
ijh]ghklbq_g�dZq_kl\_g�j_amelZl�±�gZfZey\Zg_�gZ�Zfieblm^bl_�gZ����]h^brgbl_
pbdeb� ij_a� gZklhyshlh� klhe_lb_� dZlh� j_amelZl� hl� k\jto\_dh\Z� gbaoh^ysZ
l_g^_gpby� Ih�gZ^hem�s_�[t^Zl�^bkdmlbjZgb� �gydhb�hl�l_ab�fh^_eb�� �QZkl�hl�lyo
kZ� ihemq_gb� hl� Z\lhjZ� �kZfhklhyl_egh� beb� \� ktZ\lhjkl\h��� HklZgZebl_� kZ
j_amelZlb� hl� jZ[hlZlZ� gZ� ^jm]b� bake_^h\Zl_eb�� Ihke_^h\Zl_egh� s_� [t^Zl
ij_^klZ\_gb�ijh]ghab� ��ihemq_gb�gZ� hkgh\ZlZ�gZ�jZaebqgb�bgkljmf_glZegb�beb
dhk\_gb�j_^bpb�hl�^Zggb�aZ�ketgq_\ZlZ�Zdlb\ghkl�

PXJBOKDBYL��J?>��(1749-2006])

Pxjbokdbyl� j_^� _� gZc�klZjZlZ� bgkljmf_glZegZ� j_^bpZ� hl� ^Zggb� aZ
i_lghh[jZam\Zl_egZlZ� �Zdlb\ghkl��Dtf�gZklhysby�fhf_gl�h[o\ZsZ�bgl_j\Ze�hl
���� ]h^bgb�� JZaiheh`_g� _� bapyeh� \tjom� gZqZegby� \taoh^ys� dehg� (³Zdlb\gZlZ
nZaZ´��gZ�gZklhysby�����������]h^br_g�pbdte��dZlh�ih�lhab�gZqbg�\dexq\Z�kZfh
_^bg�k\jto\_dh\b�fbgbfmf� ��gZ�>Zelhg) �b�_^bg�h[bdgh\_g�\_dh\b�fbgbfmf�(gZ
=eZck[_jl� �� \� gZqZehlh� \Z� ���b� \_d).  Lhc� _� gZc�dtkZlZ� baf_`^m� \kbqdb
baiheam\Zgb� aZ� ZgZeba� gZ� k\jto\_dh\by� oh^� gZ� ketgq_\ZlZ� Zdb\ghkl� j_^bpb� hl
^Zggb� �� ;b� fh]eh� ^Z� k_� dZ`_�� q_� j_amelZlbl_� ihemq_gb� gZ� g_cgZ� hkgh\Z� g_� kZ
^hklZltqgh� gZ^_`^gb�� >jm]ZlZ� ijbqbgZ� �� ihjZ^b� dhylh� Pxjbokdbyl� j_^� \k_
ih\_q_�k_�ba[y]\Z�dZlh�[ZaZ�aZ�ZgZeba�b�ijh]ghabjZg_�gZ�^te]hkjhqghlh�ih\_^_gb_
gZ� Ketgp_lh� _�� q_� bg^_dktl� <henh\h� qbkeh� _� ih�fZedh� ij_^klZ\bl_e_g� hl
nbabq_kdZ� ]e_^gZ� lhqdZ� \� kjZ\g_gb_� gZijbf_j� k� qbkehlh� gZ� ]jmibl_� ketgq_\b
i_lgZ�Rh.

:gZebatl� gZ� lZab� Pxjbokdby� j_^� k� jZaebqgb� f_lh^b� aZ� bake_^\Zg_� gZ
pbdeb� h[bdgh\_gh� g_� jZadjb\Z� d\Zab^\m\_dh\b� pbdte� (170-220 ]h^bgb).  K
ihfhslZ� gZ� T-R i_jbh^h]jZf_g� ZgZeba� hk\_g� ���]h^brgbyl� pbdte� gZ�R\Z[_�
<hen� k_� ^_l_dlbjZl� klZlbklbq_kdb� ^hklh\_jgb� hkpbeZpbb� k� ijh^te`bl_eghkl
hdheh� ����b� ����]h^bgb��Ihke_^gZlZ� �\�kemqZy�k_�y\y\Z�dZlh�lj_g^��obi_jpbdte�
Ktk� agZqbl_egh� ih�gbkdh� gb\h� gZ� ^hklh\_jghkl� �� gh� \k_� iZd� g_ij_g_[j_`bf� _
pbdte�k�ijh^te`bl_eghkl�hl�hdheh������]h^bgb�

?dkljZiheZpbylZ� gZ� ^bgZfbqgbl_� fh^_eb�� ihkljh_gb� gZ� [ZaZlZ� gZ
Pxjbokdby� j_^� � b� j_amelZlbl_� hl� T-R i_jbh^h]jZfgby� ZgZeba� ijh]ghabjZl
k\jto\_dh\b�fbgbfmf�gZ�ketgq_\ZlZ�Zdlb\ghkl�\�bgl_j\ZeZ� ����������]h^bgZ�b
^te]hkjhq_g� (\_dh\b��fZdkbfmf�\�kj_^ZlZ�gZ� ���b�\_d��dhclh�_�[ebatd�^h�lhab�\
kj_^ZlZ� gZ� ���b� \_d��Ijbf_j� aZ� lZdt\� fh^_e� k_� kt^tj`Z� \� jZ[hlZlZ� gZ� ;hg_\
(Bonev, 1997).

Nb]����Kp_gZjbyl�gZ�Deb\_j^�b�^j��(Cliverd et al., 2006)��MqZkltdtl�k�ltfgZ
ebgby�ij_^klZ\y�j_Zegbl_�^Zggb�ih�Pxjbokdby� j_^��K\_leZlZ�ebgby�ij_^klZ\y
fh^_eZ�
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GZ�nb]�����_�ihdZaZg�kp_gZjbyl�ih�_^gZ�gh\Z�^te]hkjhqgZ�_dkljZiheZpby
gZ�Pxjbokdby� j_^� (Cliverd et al., 2006)��IhdZaZgZ� _� b� _dkljZiheZpby� gZaZ^� � aZ
i_jbh^Z� ���������� ]h^bgZ��dhclh� m^h\e_l\hjbl_egh� kthl\_lkl\m\Z� gZ�ih�klZjbl_
j_dhgkljmdpbb�gZ�<henh\hlh�qbkeh�aZ�i_jbh^Z�ij_^b������]h^bgZ��K\jto\_dh\byl
\taoh^ys� lj_g^� f_`^m� ���������� ]h^bgZ� ijZdlbq_kdb� g_� ebqb�� Lh\Z� h[Zq_� _
g_^hklZltd� gZ� kZfby�Pxjbokdb� j_^�� dhclh� ih� ijbgpbi� ^Z\Z� aZ\br_gb� gb\Z� gZ
i_lghh[jZam\Zl_egZlZ�Zdlb\ghkl�ij_a� ���b�\_d�\�kjZ\g_gb_�k�j_Zegbl_� (Hoyt and

Shatten, 1998)��:gZeh]bqgZ�gZ�ihdZaZgZlZ�gZ�nb]����_�b�ijh]ghaZlZ�gZ�;Z^Zeyg�b
^j��(Badalyan et al., 2000).

J?>TL�G:�OHCL��R:LTG�(1610-1995)

Ijh]ghaZ�\tjom�j_^Z�gZ�Rh� �kj_^gh]h^brghlh�qbkeh�gZ�]jmibl_�ketgq_\b
i_lgZ��_�^Z^_gZ�hl�Dhfblh\�b�DZnlZg� ��������Ly�_�gZijZ\_gZ�gZ�hkgh\ZlZ�gZ�T-R

i_jbh^h]jZfgby�ZgZeba��dZlh�kZ�baiheam\Zgb�kZfh�gbkdbl_�q_klhlb��l�_�pbdebl_�k
ijh^te`bl_eghkl� � ih�]heyfZ� hl� ��� ]h^bgb��P_elZ� _� ^Z� k_� ZgZebabjZl� kj_^gh�� b
^te]hkjhqgbl_�l_g^_gpbb�\�ih\_^_gb_lh�gZ�ketgq_\ZlZ�Zdlb\ghkl��l�_��l_ab���dhblh
kZ�ih�^te]b� hl� ���]h^brgby�pbdte�gZ�R\Z[_�<hen� �� �Fh^_etl� aZ�i_jbh^Z� �����
�����]h^bgZ�b�g_]h\ZlZ�_dkljZiheZpby�^h������]h^bgZ�kZ�ihdZaZgb�gZ�nb]�����

<� lhab� fh^_e� kZ� \dexq_gb� klZlbklbq_kdb� ^hklh\_jgb� pbdeb� k
ijh^te`bl_eghkl� ���� ���� ���� ���� b� ���� ]h^bgb�� AZ� jZaebdZ� hl� Pxjbokdby� j_^
d\Zab^\m\_dh\byl�(192 ]��pbdte�g_�kZfh�q_�ijbktkl\m\Z�\�j_^bpZlZ�gZ�Rh,�gh�^hjb
_�\lhjb�ih�agZq_gb_�ke_^�������]h^brgby�pbdte�gZ�R\Z[_�<hen�

Nb]�����J_]j_kbhg_g�fh^_e�gZ�gbkdhq_klhlgbl_�\ZjbZpbb�gZ�j_^Z�gZ
Ohcl�RZltg� (1610-1995]) b�g_]h\ZlZ� _dkljZiheZpy�^h� ����� ]h^bgZ�� (Komitov and

Kaftan, 2003)

DZdlh� k_� \b`^Z� hl� nb]mjZlZ� hs_� ke_^� ����� ]h^bgZ� aZihq\Z� gbaoh^ysZ
l_g^_gpby���dhylh�^hklb]Z�ehdZe_g�fbgbfmf�hdheh�����������]h^bgZ��Ke_^\Z�keZ[h
ihdZq\Zg_� ^hdtf� ����� ]h^bgZ� b� gh\� ehdZe_g� fbgbfmf� � hdheh� �����lZ� ]h^bgZ�
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H[shlh�kj_^gh�gb\h�gZ�gbkdhq_klhlgZlZ�_�ihqlb�ktshlh�dZdlh�ij_a�FZmg^_jh\by
fbgbfmf�

Lhab� ba\h^� h[Zq_� g_� _� kt\k_f� j_Zebklbq_g�� ltc� dZlh� \� fh^_eZ� g_� kZ
\dexq_gb� pbdebqgb� l_g^_gpbb�� dhblh� kZ� ih�^te]b� hl� ^\m\_dh\by� pbdte�� Ih
ki_pbZegh� \� ij_^klZ\_gby� fh^_e� g_� mqZkl\Zl� d\Zabobey^he_lgbyl� ���������
]h^br_g� pbdte� gZ�Dhi_pdb� b� gZc�\_q_� k\jtoobey^he_lgbyl� ���������� ]h^br_g
pbdte��DZdlh�s_�\b^bf�ih�gZlZltd�bf_ggh�aZjZ^b�lyo�³ih^eh`dZlZ´�\tjom�dhylh
k_� jZaiheZ]Z� ijh]ghabjZgbyl� k\jto\_dh\b� fbgbfmf� s_� [t^_� ih�\bkhdZ� b
y\e_gb_lh� s_� ijbebqZ� ih�kdhjh� gZ� >Zelhgh\by�� hldhedhlh� gZ� FZmg^_jh\by
fbgbfmf��

J?>TL�G:��RH<?��(296- 2000 ])

G_ij_dtkgZlZlZ� qZkl� gZ� j_^Z� gZ�Rh\_� ke_^� ���� ]�g�_�� _� k� ^te`bgZ� ����
]h^bgb��Lh\Z�iha\hey\Z�\�g_]h�^Z�k_�jZadjbyl�^h[j_�g_�kZfh�pbdebl_�k�d\Zab\_dh\Z
b�d\Zab^\m\_dh\Z� � ijh^te`bl_eghkl� �� gh� ktsh� lZdZ� b� hs_� ih�^te]hkjhqgb
l_g^_gpbb�� � � <� jZfdbl_� gZ� lhab� i_jbh^� k_� \dexq\Z� hdheh� ���� itlb
d\Zabobey^he_lgbyl�pbdte�gZ�Dhi_pdb� �b�hdheh�����hl�_^gZ�hkpbeZpby�gZ������
�����]h^brgby�pbdte�� �?lh�aZsh�fZdZj�b�k�^hklZ�ih�gbkdZ�\j_f_\Z�jZa^_ebl_egZ
kihkh[ghkl�j_^tl�gZ�Rh\_�k_�hdZa\Z�ih�fg_gb_lh�gZ�Z\lhjZ�fgh]h�ih�kb]mjgZ�[ZaZ
aZ�^te]hkjhqgb�ketgq_\b�ijh]ghab�\�kjZ\g_gb_�k�bgkljmf_glZegbl_�j_^bpb�

Ke_^� � dZlh� ij_a� ����� ]� Z\lhjtl� gZijZ\b� ijh]ghaZ� aZ� gZjmr_gb_� gZ� *�2
(ijZ\behlh� gZ� =g_\br_\�� He) (Komitov, 1997) aZ� ^\hcdZlZ� i_lghh[jZam\Zl_egb
pbdeb� No ������ k� ihfhslZ� gZ� ^bkdjbfbgZgl_g� ZgZeba� �lhc� ij_^iheh`b�� q_� _
l\tj^_� \tafh`gh� lh\Z� kt[blb_� ^Z� k_� hdZ`_� ij_^\_klgbd� gZ� ^te]hkjhqgZ
gbaoh^ysZ� l_g^_gpby� \� ih\_^_gb_lh� gZ� ketgq_\ZlZ� Zdlb\ghkl�� �Ij_a� ���������
]h^bgZ�[_�ijh\_^_gh� �gh\h�jZarbj_gh�ijhmq\Zg_� aZ�h[klhyl_ekl\ZlZ��ijb� �dhblh
\tagbd\Zl�gZjmr_gbylZ�gZ�G-O kihj_^� ^Zggbl_� aZ� fhsghklbl_� gZ� ��²
]h^brgbl_�pbdeb�\�j_^Z�gZ�Rh\_�(Komitov and Bonev, 2001)��;_r_�mklZgh\_gh��q_
l_ab� gZjmr_gby� gZklti\Zl� g_ihkj_^kl\_gh� ij_^b� gZqZehlh� beb� � ih� \j_f_� gZ
k\jto\_dh\bl_�fbgbfmfb�gZ�ketgq_\ZlZ�Zdlb\ghkl�

:gZebatl� ��dhclh� Z\lhjbl_�gZijZ\boZ�\�ihkhq_gZlZ� klZlby� � ]b� ^h\_^_� ^h
ke_^gbl_�^\Z�ba\h^Z�

1. GZjmr_gb_lh�gZ�G-O aZ� ^\hcdZlZ� pbdeb� gZ�R\Z[_�<hen� k� pxjbokdb
ghf_jZ����b����_�ij_^\_klgbd�gZ�mf_j_gh�^te[hd�k\jto\_dh\b�ketgq_\
fbgbfmf�ij_a����b�\_d�

2. Ktshlh�y\e_gb_�_�ij_^\_klgbd�gZ�djZy�gZ�gZqZegZlZ�Zdlb\gZ�nZaZ�gZ
gZklhysby�����������]h^br_g�pbdte�b�klZjlZ�gZ�g_]h\ZlZ�hlghkbl_egh
kihdhcgZ� ³ieZlh\b^gZ´�nZaZ��?lh� aZsh�gh\byl� k\jto\_dh\b�fbgbfmf
ih�k\hylZ�^te[hqbgZ�s_�gZih^h[y\Z�fbgbfmfZ�gZ�>Zelhg� (1796-1834),

gh� ih� k\hbl_� ³]_g_lbqgb´� ihdZaZl_eb� s_� _� ih�kdhjh� kjh^_g� gZ
k\jto\_dh\bl_�ketgq_\b�fbgbfmfb��ij_^b������lZ�]h^bgZ�hl�g�_�

<� k\hy� gh\Z� jZ[hlZ� �.RPLWRY�� ����E�� Z\lhjtl� jZa\b� bake_^\Zg_lh
^hdZa\Zcdb��q_�^te`bgZlZ�gZ�pbdebl_�gZ�R\Z[_�<hen�(L) \�j_^Z�gZ�Rh\_�\ZjbjZ�k
a���� ]h^brgZ� pbdebqghkl�� ?ihobl_� gZ� k\jto\_dh\bl_� fbgbfmfb� k_
oZjZdl_jbabjZl�k�ih�ijh^te`bl_egb�pbdeb�gZ�R\Z[_�<hen� (T> 11 ]���^hdZlZ�ih�
dtkbl_� pbdeb� kZ� ih�lbibqgb� aZ� k\jto\_dh\bl_� fZdkbfmfb�� LZdZ� gZijbf_j� aZ
\j_f_lh� gZ� “Fh^_jgby”� k\jto\_dh\b� fZdkbfmf� � (pbdeb� No 17- 22) � kj_^gZlZ
ijh^te`bl_eghkl�_�L ≈≈ 10.5�]h^bgb��^hdZlh�ih�\j_f_lh�gZ�>Zelhgh\by�fbgbfmf
(pbdeb� �No 5-7) ktsZlZ� _� ���� �� ]h^bgb�� �GZc�^jZklbq_g� _� �fh`_� [b�� � kemqZyl� � k
ij_^oh`^Zsbyl�kihf_gZlby�fbgbfmf�pbdte�No 4��qbylh�ijh^te`bl_eghkl�_�����
]h^bgb�� Ke_^h\Zl_egh��gZjZkl\Zg_lh�gZ�iZjZf_ltjZ�L ktsh�fh`_�^Z�k_�jZa]e_`^Z
dZlh� ^hitegbl_e_g� bg^bdZlhj� aZ� ijb[eb`Z\Zs� k\jto\_dh\b� fbgbfmf�� gh� ijb
gZebqb_�b�gZ�^jm]b�ijbagZpb��\�lZab�gZkhdZ��gZijbf_j�gZjmr_gb_�gZ�*�2���
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Ba]e_`^Z�ijb�hlfbgZ\Zsby�\_q_�pbdte�No 23 lh\Z�mkeh\b_�_�\_q_�gZebp_�
>h�lhab�fhf_gl�(f��gh_f\jb�������lhc�\k_�hs_�ijh^te`Z\Z��DZlh�k_�bfZ�ij_^\b^�
q_� g_]h\hlh� gZqZeh� k_� hij_^_ey� � aZ� f�� fZc� ����� ]�� lh� k_� hq_jlZ\Z
ijh^te`bl_eghkllZ�fm� ijb� \kbqdb� kemqZb  ^Z� [t^_� � L ≥≥� ����� ]h^bgb�� ^hjb� b� \
ij_^_egby�kemqZc�Zdh�ih�ba]eZ^_gbl_�����f_k_qgb��klhcghklb�gZ�<henh\hlh�qbkeh
^Z�k_�hdZ`_���q_�gZqZehlh��gZ�pbdte�No 24 e ij_a�f_k_p�Z\]mkl������]��<_jhylghkllZ
h[Zq_�pbdte�No 24 ^Z� aZihqg_�ij_a� ����� ]h^bgZ� _�\_q_�fgh]h�fZedZ�� Z�fgh]h�ih
j_ZegZ�klZ\Z� �\tafh`ghkllZ�lh\Z�^Z�k_�kemqb�ij_a������]��Ih\_q_�ih^jh[ghklb�ih
lhab�\tijhk�s_�[t^Zl�^Z^_gb�\�&4.3

<�iZjZe_eghlh�bake_^\Zg_�k�ihfhslZ�gZ�^\Z�jZaebqgb�f_lh^Z��ijh\_^_gh�hl
Dhfblh\�b�DZnlZg� (Komitov and Kaftan, 2003)�[yoZ�ihkljh_gb�^bgZfbqgb�fh^_eb
gZ� j_^Z� gZ�Rh\_�� Ij_^\Zjbl_egh� ^Zggbl_� [yoZ� ba]eZ^_gb� ih� i_l� lhqdb�� DZlh
itj\Z� kltidZ� [yoZ� mklZgh\_gb� klZlbklbq_kdb� ^hklh\_jgbl_� pbdeb� \� j_^bpZlZ� k
ihfhslZ�gZ�T-R i_jbh^h]jZfgby�ZgZeba�b�f_lh^Z�gZ�<��DZnlZg�  (.ZnlZg, 1994,

2002)��GZ�ke_^\Zsbyl�_lZi�ihemq_gbl_�pbdeb�[yoZ�\dexq_gb�ktk�kthl\_lgbl_�bf
iZjZf_ljb�\�^\Z�jZaebqgb�^bgZfbqgb�fh^_eZ��dhblh�[yoZ�_dkljZihebjZgb�b�\����b
\_d�

Ij_^\Zjbl_egh�h[Zq_�[yoZ�ijh\_^_gb�l_klh\_��ijb�dhblh�[_r_�bake_^\ZgZ
kZfh�aZ�_^gZ�ih�jZggZ�qZkl�hl�ba\Z^dZlZ�(^h������±lZ�]h^bgZ���Ihemq_gbl_�fh^_eb
[yoZ�baiheam\Zgb�aZ�_dkljZiheZpby�gZ�j_^bpZlZ�aZ�ke_^\Zsbl_�����]h^bgb�������
1800]���dhblh�\ktsghkl�kZ�ba\_klgb��P_elZ�[_�^Z�k_�ijh\_jb�^hdhedh�gZ^_`^gb�kZ
_dkljZiheZpbhggbl_�ijhp_^mjb��J_amelZlbl_�k_�hdZaZoZ�fgh]h�^h[jb��Ktsbl_� kZ
hibkZgb�\�klZlbylZ�

K�ihfhslZ�gZ�7�5�i_jbh^h]jZfgby�ZgZeba�[yoZ�mklZgh\_gb�klZlbklbq_kdb
^hklh\_jgb�pbdeb�k�ijh^te`bl_eghkl������������������b�����pbdteZ�gZ�R\Z[_�<hen��
l�_��a��������������������b������]h^bgb�aZ�pyeZlZ�g_ij_dtkgZlZ�qZkl�gZ�j_^Z�gZ�Rh\_
(296 – 2000]���Ihkljh_gbyl�\ta�hkgh\Z�gZ�lyo�fh^_e�_�k�dh_nbpb_gl�gZ�dhj_eZpby
R=0.78 dtf� ^Zggbl_� (nb].47)�� �K� gZc�]heyfh� l_]eh� mqZkl\m\Z� d\Zab^\m\_dh\byl
(~205])�pbdte��>hjb�Zdh�fh^_etl�k_�ba]jZ^b�kZfh�k�g_]h\h�mqZklb_��dh_nbpb_gltl
gZ�dhj_eZpby�_�������G_]h\ZlZ�_dkljZiheZpby�ij_a����b�\_d�ihdZa\Z�k\jto\_dh\b
fbgbfmf��qbylh�gZc�^te[hdZ�nZaZ�_�hdheh������lZ�]h^bgZ��Hkgh\gZlZ�ijbqbgZ�aZ
g_]h\hlh� gZklti\Zg_� _� fbgbfmftl� gZ� ����]h^brgby� pbdte�� dhclh� ke_^\Z� ^Z� k_
hqZd\Z�ij_a������]h^bgZ�

Ih�ij_pbagbyl�ZgZeba�gZ�lhab�fh^_e�ihdZa\Z��q_�badexqbl_egZlZ�fhsghkl
gZ� ³Fh^_jgby´� k\jto\_dh\b� fZdkbfmf� k_� ^te`b� gZ� gZljmi\Zg_lh� gZ� gydhedh
\_dh\b�b�k\jto\_dh\b�dhe_[Zgby�ij_a����b�\_d��Z�bf_ggh�±�gZ�d\Zab�����]h^brgby
pbdte� hdheh� ����� ]h^bgZ�� gZ� d\Zab^\m\_dh\by� ±� ij_a� �������]� � b� gZ� a���������
]h^brgby� pbdte� gZ�Dhi_pdb� � �hdheh� ���������� ]h^bgZ� (nb]���) �� �Hk\_g� lh\Z� b
ljbl_� ihkhq_gb�fZdkbfmfZ� k_� jZaiheZ]Zl� \tjom� \taoh^ysby� dehg� gZ� ���������
]h^brgby� ketgq_\� pbdte�� � DjZcgbyl� j_amelZl� hl� \kbqdh� lh\Z� _� gZc�]heyfhlh
gZjZkl\Zg_� gZ� ketgq_\ZlZ� Zdlb\ghkl� aZ� ihke_^gbl_� ����� ]h^bgb�� ketgq_\byl
³Ohd__g� �klbd´�ij_a���±���b�\_d��qbylh�dmemfbgZpbhggZ�nZaZ�_�f_`^m� ���������
]h^bgZ�

J_amelZlbl_�ihemq_gb�ih�f_lh^Z�gZ�<��DZnlZg�kZ�ihqlb�gZitegh�b^_glbqgb
k�l_ab���ihemq_gb�qj_a�T-R i_jbh^h]jZf_g�ZgZeba�(nb]����).

Bgl_j_kgh�_�^Z�k_�hl[_e_`b��q_�Zdh�hl�^\ZlZ�fh^_eZ�k_�badexqb�pbdteZ�gZ
Dhi_pdb� (~1100-1200 ]�� b� ih� ^\ZlZ� � k\jto\_dh\byl� fbgbfmf� ij_a� ���b� \_d� k_
ihemqZ\Z� k� ^te[hqbgZ�� ihqlb� jZ\gZ� gZ� fbgbfmfZ� gZ� FZmg^_j�
HdhehfZdkbfmfgZlZ� nZaZ� gZ� d\Zabobey^he_lgby� pbdte� h[Zq_� ih\^b]Z
³ih^eh`dZlZ´� gZ� k\jto\_dh\by� fbgbfmf�� ljZgknhjfbjZcdb� ]h� ih� ^te[hqbgZ
ijb[ebabl_egh�f_`^m�fbgbfmfbl_�gZ�<hen�beb�Hhjl�hl�_^gZ�kljZgZ�b�>Zelhg�±hl
^jm]Z�

Ltc�dZlh�g_ij_dtkgZlZlZ�qZkl�gZ�j_^Z�gZ�Rh\_�_�k�^te`bgZ������]h^bgb�
lh� g_� _� \tafh`gh� kt\k_f� dhj_dlgh� ^Z� [t^_� hlq_l_gh� \ebygb_lh� gZ� ���������
]h^brgby� pbdte��Ltc� dZlh� gZqZegZlZ� Zdlb\gZ�nZaZ� gZ� ktsby� \� ]heyfZ� kl_i_g
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kt\iZ^Z� � k� \taoh^ysby� dehg� gZ� pbdteZ� gZ� Dhi_pdb�� lh� fh`_� ^Z� k_� dZ`_�� q_
g_hlqblZg_lh�gZ�³qbklby�_n_dl´�hl�OZesZ^pZcl�pbdteZ�aZ�i_jbh^Z�����������±lZ
]h^bgZ�g_�\gZky�kts_kl\_gZ�]j_rdZ�\�kp_gZjby�aZ����b�\_d���Hl�^jm]Z�kljZgZ�h[Zq_
����������]h^brgby�pbdte�fh^mebjZ�fhsghkllZ�gZ�d\Zab�����]h^brgby�pbdte�b
lh\Z�_�_^bg�^hitegbl_e_g�fhf_gl��dhclh�s_�^bkdmlbjZf_�\�	�.4

Nb]�� ��� � Fh^_e� gZ� j_^Z� gZ� Rh\_� (296-1996]) ihemq_g� \ta� hkgh\Z� gZ
j_amelZlbl_�hl�T-R i_jbh^h]jZf_g�ZgZeba�(Komitov and Kaftan, 2003)

Nb]����� <ey\h�� Ki_dltj� gZ� dhe_[ZgbylZ� \� � j_^Z� gZ�Rh\_� � (1000-1996 ]),
ihemq_g� ih� f_lh^Z� gZ� <�� DZnlZg�� RbjbgZlZ� gZ� ijZ\ht]tegbpbl_� h[hagZqZ\Z
^h\_jbl_e_g� bgl_j\Ze�� <^yklh��Fh^_e� gZ� j_^Z� gZ�Rh\_�� ihemq_g� \ta� hkgh\Z� gZ
ihdZaZgby�ki_dltj��.RPLWRY�DQG�.DIWDQ�������

GZ�nb]���� (]hj_�ey\h��_�ihdZaZgh�ih\_^_gb_lh�gZ�d\Zab^\m\_dh\by�pbdte�
dhclh�_�gZc�fhsgZlZ�pbdebqgZ�l_g^_gpby�\�j_^Z�gZ�Rh\_��Ke_^� �����lZ� ]h^bgZ
g_]h\bl_�fbgbfmfb�kZ�ij_a�g_q_lgbl_�dZe_g^Zjgb�klhe_lby���L_�kZ�kthl\_lgh�ij_a
]h^bgbl_� 1033, 1237, 1442, 1646 b 185���FZdkbfmfbl_�kZ�kthl\_lgh�ij_a������������
������ �����b� ����� ]h^bgZ��Ihke_^gZlZ� ^ZlZ�ihqlb� kt\iZ^Z� k� hdhehfZdkbfmfgZlZ
nZaZ� gZ� pxjbokdby� pbdte� No 19�� dhclh� _� gZc�fhsgbyl� ij_a� ihke_^gbl_� ����� Z
\_jhylgh�b�ij_a�ihke_^gbl_������]h^bgb��Hl�^jm]Z�kljZgZ������]h^bgZ�^hklZ�^h[j_
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kt\iZ^Z� k� _^gh� kt[blb_�� hibkZgh� hl�Jb\bg� (1993)�� aZ� dh_lh� lhab� Z\lhj� kqblZ��q_
ij_^klZ\ey\Z�³m\_jlxjZlZ´�dtf�Fh^_jgby�k\jto\_dh\b�ketgq_\�fZdkbfmf�

DHKFH=?GGBYL��;?JBEBC

:\lhjtl� kt\f_klgh� k� <�� DZnlZg� � jZajZ[hlboZ� ij_a� �����Z� ]h^bgZ
^bgZfbqgb� fh^_eb� gZ� ³]j_geZg^kdby´� b� ³ZglZjdlbq_kdby´� � 10<_� j_^bpb� ih
ih^h[b_� gZ� ij_^klZ\_gbl_� aZ� j_^Z� gZ� Rh\_� (Komitov and Kaftan, 2004).

?dkljZiheZpbbl_� gZ� \k_db� _^bg� hl� ihemq_gbl_� fh^_eb� ihdZa\Z� gZjZkl\Zg_� gZ
ijh^mdpbylZ�gZ� ³dhkfh]_g_g´� 10

Be ij_a� ���b�\_d��Lh\Z�fh`_�^Z� k_�bgl_jij_lbjZ
dZlh� gZklti\Zg_� gZ� k\jto\_dh\b� fbgbfmf�� Fh^_etl� gZ� ³]j_geZg^kdby´� j_^� �
ihemq_g�k�ihfhslZ�gZ�T-R i_jbh^h]jZf_g�ZgZeba�_�ihdZaZg�gZ�nb]���

J:>BH<T=E?JH>GBYL��J?>�(INTCAL 98)

<�h[kt`^ZgZlZ�\_q_�\�&2 jZ[hlZ�gZ�KheZgdb� �b�^j�� (Solanki et al., 2004) e

gZijZ\_gZ�klZlbklbdZ�hlghkgh�ijh^te`bl_eghkllZ�gZ�i_jbh^bl_�gZ�\bkhdb�gb\Z
gZ�ketgq_\ZlZ�Zdlb\ghkl�(k\jto\_dh\b�fZdkbfmfb��ij_a�Ohehp_gZ�gZ�hkgh\ZlZ�gZ
jZ^bh\t]e_jh^gby� j_^� gZ� ]h^brgbl_� ijtkl_gb� gZ� ^tj\_lZlZ� (INTCAL 98).

:\lhjbl_�kZ�baqbkebeb��\_jhylghkllZ�^Z^_g��_ibah^�gZ�\bkhdZ�ketgq_\Z�Zdlb\ghkl
�� ijb� dhblh� qbkehlh� gZ� ]jmibl_� ketgq_\b� i_lgZ� hklZ\Z� Rh > 50� dZlh� kj_^gZ
klhcghkl� \� l_q_gb_� gZ� ��� ]h^bgb� �� ^Z� gZ^o\tjeb� hij_^_e_gZ� ijh^te`bl_eghkl�
J_amelZlbl_�kZ�ihdZaZgb�gZ�nb]����
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:dh� k_� ijb_f_�� q_� kt\j_f_ggZlZ� _ihoZ� gZ� \bkhdZ� ketgq_\Z� Zdlb\ghkl� _
aZihqgZeZ�hdheh������]h^bgZ���lh��hl�nb]mjZlZ�fh`_�^Z�k_�\b^b��q_�\_jhylghkllZ�aZ
g_cghlh� � ijh^te`_gb_� ^h� ����� ]h^bgZ� _� hdheh� � ����� KtsZlZ� _� kZfh� ��� aZ� ^Z
ijh^te`b� ly� ^h� ����� ]h^bgZ� b� ih�fZedh� hl� ��� aZ� ^Z� k_� aZiZayl� mkeh\bylZ� gZ
\bkhdZ� ketgq_\Z� Zdlb\ghkl� ^h� �����lZ� ]h^bgZ�� Ke_^h\Zl_egh�� hl� lZab� dZjlbgZ
klZ\Z�ykgh��q_�gZklti\Zg_lh�gZ�k\jto\_dh\b�fbgbfmf�ij_a�itj\ZlZ�iheh\bgZ�gZ
���b� \_d� _� fgh]h� ih�\_jhylghlh� kt[blb_�� hldhedhlh� lh\Z� ^Z� g_� k_� kemqb�
BajZ\gy\Zg_lh�gZ�\_jhylghklbl_�aZ�^\_l_�Zel_jgZlb\gb�kt[blby�_�hdheh������]�

Nb]���� <_jhylghkllZ�� k� dhylh� � _ibah^� gZ� \bkhdZ� ketgq_\Z� Zdlb\ghkl
fh`_�^Z�gZ^o\tjeb�hij_^_e_gZ�ijh^te`bl_eghkl�(Solanki et al., 2004)

Ij_a������]�H]mjph\�(Ogurtsov��������im[ebdm\Z�j_dhgkljmdpby�gZ�qbkehlh
gZ�]jmibl_�ketgq_\b�i_lgZ�gZ�Rh aZ�ihke_^gbl_� a������]h^bgb� �\dexqbl_egh�hl
�����]�ij�g�_��KtsZlZ�_�gZijZ\_gZ��gZ�hkgh\ZlZ�gZ�jZ^bh\t]e_jh^gby�j_^��INTCAL

98��AZ�dZeb[jh\dZ�_�baiheam\ZgZ�j_^bpZlZ�gZ�Ohcl�RZltg�aZ�i_jbh^Z�����������]�
GZ�hkgh\ZlZ�gZ�ihemq_gby�fh^_e�kZ�gZijZ\_gb�ba\h^b�aZ� �^bgZfbdZlZ�gZ�bg^_dkZ
Rh��\dexqbl_egh�^h�kj_^ZlZ�gZ����b�\_d��Ijh]ghaZlZ� �gZ�Z\lhjZ�_��aZ�kts_kl\_gh
ihgb`_gb_� gZ� kj_^ghlh� gb\h� gZ� i_lghh[jZam\Zl_egZlZ� Zdlb\ghkl� ij_a� i_jbh^Z
����������]h^bgZ�kijyfh�ij_^oh^gbl_�gydhedh�^_k_lbe_lby� ��Ih�kts_kl\h�lh\Z�_
ijh]ghaZ�aZ�k\jto\_dh\b�ketgq_\�fbgbfmf��nb].51).

Nb]���� Ba]eZ^_gb� ���]h^brgb� klhcghklb� gZ� Rh (ebgby� k� ijZagb� djt]q_lZ�
ZdlmZegb� ^Zggb�� �� ��� ±� ^\Z� \ZjbZglZ� �ijh]ghaZ�ih� 2JXUWVRY�� ������ ���Fbe_lkdb� �
2003�� GZ]h\bpbg� b� H]mjph\�� ����)�� Nb]mjZlZ� _� fh^bnbpbjZgZ� \_jkby� hl
Ogurtsov,2005
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62'$�±�FH>?E

?^gZ�^jm]Z�]jmiZ�fh^_eb��dhylh�_�dZq_kl\_gh�jZaebqgZ�hl�hibkZgbl_�^hlmd�
ktsh�ij_^eZ]Z�kp_gZjbb�aZ�fgh]h�gbkdZ�ketgq_\Z�Zdlb\ghkl�ij_a����b�\_d�� �Ly�_
k\tjaZgZ� k� lZdZ� gZj_q_gbl_� ³^bgZfh�ij_dmjkhj´� ±f_lh^b�� <� hkgh\ZlZ� bf� � _
aZeh`_gh� hij_^_eyg_lh� gZ� l�gZj_q_gby� SODA-bg^_dk� � (SOlar Dynamo Amplitude-

Zfieblm^Z�gZ�ketgq_\hlh�^bgZfh���K�ihfhslZ�gZ�62'$�fh^_ebl_�k_�ijhke_^y\Zl
_\hexpbylZ� gZ� fZ]gblgbl_� h[eZklb� gZ� Ketgp_lh� b� gZ� lZab� hkgh\Z� ijZ\yl
j_dhgkljmdpbb� gZ� ^bgZfbdZlZ� gZ� � fZ]gblghlh� ihe_� \� fbgZehlh� b� ijh]ghab� aZ
[t^_s_lh�� IjbeZ]Zg_lh� gZ� lhab� f_lh^� k� p_e� ijh]ghabjZg_� gZ� Zdlb\ghkllZ� gZ
ketgq_\by� i_lghh[jZam\Zl_e_g� pbdte� 1R� ��� ^h\_e� ^h� bag_gZ^\Zsby� aZ
bake_^h\Zl_ebl_� ba\h^�� q_� ij_^klhb� _ihoZ� gZ� jyadh� ihgb`_gb_� gZ� gb\hlh� gZ
ketgq_\ZlZ�Zdlb\ghkl��:\lhjbl_�D��RZltg�b�D��Lh[bkdZ�(Shatten and Tobiska, 2003)

^hjb� ^himkdZl� b� \tafh`ghkllZ� ^Z� gZkltib� y\e_gb_�� ih^h[gh� gZ� FZmg^_jh\by
fbgbfmf�� � Kihj_^� Z\lhjZ� h[Zq_� _� fgh]h� fZedh� \_jhyl_g� ih^h[_g� ³djZ_g´
kp_gZjbc�

4.2.3  Pbdte�1R�����fhs_g�beb�keZ["
Hl� ij_^klZ\_ghlh� \� ij_^gby� iZjZ]jZn� ke_^\Z�� q_� aZ� ih\_q_lh� hl

kp_gZjbbl_� aZ� _^jhfZsZ[gby� oh^� gZ� ketgq_\ZlZ� Zdlb\\ghkl� ij_a� ���b� \_d
iZjZf_ljbl_�gZ�ij_^klhysby�pbdte�gZ�R\Z[_�<hen�k�pxjbokdb� �ghf_j� ���kZ�hl
fgh]h� ]heyfZ� \Z`ghkl�� � ?lh� aZsh� ijh]ghabl_� aZ� ktsby�� b� hkh[_gh� aZ� g_]h\ZlZ
fhsghkl�� ij_^klZ\ey\Zl� ^h� ]heyfZ� kl_i_g� djblbq_g� fhf_gl� aZ� � hqZd\ZgbylZ
hlghkgh�ih\_^_gb_lh�gZ�Ketgp_lh�ij_a�ke_^\Zsbl_�gydhedh�^_k_lbe_lby�

GZ� nb]���� _� ij_^klZ\_gZ� h[h[s_gZ� dZjlbgZ� gZ� hkgh\gbl_� ijh]ghab� aZ
^bgZfbdZlZ�gZ�pbdte�No 24 ��dhblh�kZ�\�hkgh\ZlZ�gZ�g_]h\by�³ijh]gha_g�iZg_e´�gZ
P_gltjZ�aZ�ijh]ghabjZg_�gZ�dhkfbq_kdhlh�\j_f_�\�]j��;he^tj��DhehjZ^h� ��Lhc�_
hnbpbZegh� \taijb_l� hl� NOAA (GZpbhgZeghlh� mijZ\e_gb_� aZ� hd_Zgbl_� b
Zlfhkn_jZlZ�gZ�K:S) b�1$6$�dZlh�\tafh`_g�^bZiZahg�gZ�fZdjhoZjZdl_jbklbdb
gZ�ihke_^gby�(fhf_glb�gZ�fbgbfmf�b�fZdkbfmf��ijh^te`bl_eghkl�b�fhsghkl).

Nb]�� ��� � ³Ijh]ghagbyl� iZg_e´� aZ� ketgq_\by� i_lghh[jZam\Zl_e_g� pbdte� No 24-

q_j\_gbl_� ebgbb� � �http://www.swpc.noaa.gov/SolarCycle/SC24/index.html)�� E_\byl
fZdkbfmf��kbgylZ�ebgby��ij_^klZ\y�hlfbgZ\Zsby�pbdte�1R���.
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NZdlbq_kdb� lhab� ijh]gha_g� iZg_e� � kt^tj`Z� ^\_� ykgh� jZa^_e_gb� ]jmib
ijh]ghab���³\bkhdZ´��fhs_g�pbdte������≤≤Wmax ≤≤������fZdkbfmf�\�djZy�gZ������]��b
³gbkdZ´� �keZ[� pbdte�� ��� ≤≤Wmax ≤≤� ����� fZdkbfmf� � ij_a� ����� ]��� ;b� fh]eh� ^Z� k_
ihdZ`_��q_�l_� �\�agZqbl_egZ� �kl_i_g�kZ�k\tjaZgb�k�lh\Z�^Zeb�kthl\_lgbl_�Z\lhjb
hqZd\Zl� beb� g_� hqZd\Zl� k\jto\_dh\b� ketgq_\� fbgbfmf�� � Lmd� _� ^h[j_� ^Z� k_
gZihfgb� �� q_� \� ³ijh]ghagby� iZg_e´� aZ� pbdte� 1R� ��� � kbegh� ij_h[eZ^Z\Zr_
³\bkhdZlZ´�]jmiZ�

Ite_g�h[ahj�gZ�\kbqdb� hkgh\gb� ��ij_^klZ\_gb�^h�itj\hlh� ljbf_k_qb_�gZ
�����]�ijh]ghab�_�^Z^_g�hl�I_kg_e�(Pesnell, 2007).

Ij_a� f�� xeb� ����� Z\lhjtl� mklZgh\b� ^\mnZdlhjgZ� j_]j_kbhggZ� \jtadZ
f_`^m� hdhehfZdkbfmfgbl_� fhsghklb� gZ� pbdebl_� \� q_lgh�g_q_lgbl_� ^\hcdb� \
j_^Z�gZ�Rh\_�hl�_^gZ�kljZgZ�b�ke_^\Zsby�q_l_g�pbdte�hl�^jm]Z�(Komitov, 2007b).

<ta� hkgh\Z�gZ� ktsZlZ� aZ� hdhehfZdkbfmfghlh� kj_^gh]h^brgh�qbkeh�gZ�<hen� gZ
ketgq_\�pbdte�No ���[_�gZf_j_gZ�klhcghkl�Wmax =92 ±± 27��LZab�ijh]ghaZ�fh`_�^Z�k_
hlg_k_�dtf���³gbkdZlZ´�]jmiZ��

Kihj_^� nb]���� hqZd\Zghlh� gZqZeh� gZ� pbdte� 1R� ��� H� ij_a� f�fZjl� ����
]h^bgZ���Ih�klZjbl_�ijh]ghab�[yoZ�aZ������b������]h^bgZ��<�kemqZc��q_�klZjltl�gZ
gh\by�pbdte�k_�aZ[Z\b�ke_^�djZy�gZ�f��fZjl� ������lh�gZc�\_jhylgh��P_gltjtl� aZ
ijh]ghabjZg_� gZ� dhkfbq_kdhlh� \j_f_� s_� badexqb� hl� iZg_eZ� pyeZlZ� ³\bkhdZ´
]jmiZ�

4.3.  DebfZltl� ij_a� ���b� \_d�� Ijh]ghab�� k\tjaZgb� ktk
Ketgp_lh

�������Ketgq_\byl�k\jto\_dh\b�fbgbfmf��b�³]eh[Zeghlh�aZklm^y\Zg_³
ij_a����b�\_d

Ij_^klZ\_gbl_� \� ij_^gby� iZjZ]jZn� ijh]ghab� aZ� k\jto\_dh\b� ketgq_\
fbgbfmf� ij_a� itj\ZlZ� iheh\bgZ� gZ� ���b� \_d� aZdhghf_jgh� \h^yl� ^h
ij_iheh`_gb_lh�� q_� lh\Z� y\e_gb_�s_� bfZ� debfZlbqgb� ihke_^bpb�� � JZaebqgbl_
\b^h\_�bgnhjfZpby�aZ�debfZlZ�ij_a�ihke_^gbl_�a�����]h^bgb�ykgh�ihdZa\Zl�hk\_g
fgh]hlh� � ^jm]b� l_g^_gpbb� ktsh� b� pbdebqghkl� hl� ihjy^tdZ� gZ� a���� ]h^bgb�
Y\e_gb_lh� _� h[mkeh\_gh� hl� d\Zab^\m\_dh\b� ketgq_\� pbdte�� qbclh� ke_^\Zs
fbgbfmf�s_� gZkltib� \� kj_^ZlZ� gZ� ���b� \_d� (hdheh� �����lZ� ]h^bgZ��� �Ktsbyl� _
]eZ\gZlZ��ijbqbgZ��aZ�j_^m\Zsbl_�k_�ij_a�hdheh�����]h^bgb�k\jto\_dh\b�ketgq_\b
fbgbfmfb���LyogZlZ�^te[hqbgZ�h[Zq_�_�jZaebqgZ�ihjZ^b�^hitegbl_egb�nZdlhjb .

GZ� itj\h�fyklh� lh\Z� kZ�nZabl_� �� \� dhblh� � ^jm]bl_� d\Zab\_dh\b� b� k\jto\_dh\b
ketgq_\b�dhe_[Zgby� �³kj_sZl�³�gbaoh^ysbl_�dehgh\_�gZ�^\m\_dh\by�pbdte� ��Hl
^jm]Z� kljZgZ� ljy[\Z�\bgZ]b�^Z� k_�^tj`b� kf_ldZ� aZ� Zfieblm^gZlZ�fh^meZpby�gZ
a����]h^brgby�pbdte�hl�kljZgZ�gZ�OZesZ^lpZcl������������]��±dhe_[ZgbylZ�� �GZ
lhab�\tijhk�s_�[t^_�ki_pbZegh�ihk\_l_g�ihke_^gby�iZjZ]jZn�gZ�lZab�]eZ\Z�

Ij_a� ���������� ]h^bgZ� Z\lhjtl�� baiheam\Zcdb� ^b]blZebabjZgb� ^Zggb� hl
kdZgbjZgh�bah[jZ`_gb_� gZ�ba]eZ^_gbl_� l_fi_jZlmjgb� ^Zggb� aZ�ihke_^gbl_� ����
]h^bgb� \� klZlbylZ� gZ� ;hjbk_gdh\(1976) (nb]�� �Z) ihkljhb� j_]j_kbhg_g� fh^_e�
\dexq\Zs� pbdeb� k� ijh^te`bl_eghkl� a����� ����� ���� b� ����� ]h^bgb�� G_]h\ZlZ
_dkljZiheZpby�aZ�������b�\_d�jZadjb�ehdZe_g�l_fi_jZlmj_g�fbgbfmf�hdheh������Z
]h^bgZ� ��kthl\_lkl\m\Zs�gZ�ihgb`_gb_�hl�hdheh� �������� °°K�� kijyfh� klhcghkllZ�\
kj_^ZlZ�gZ����b�\_d�(1940]) (Dhfblh\, 2001).

Ij_a�ke_^\Zsbl_�gydhedh�]h^bgb�j_^bpZ�Z\lhjb��hkgh\Z\Zcdb�k_�gZ�o_ebh�
debfZlbqgZlZ� l_hjby� gZijZ\boZ� ijh]ghab� aZ� gZklti\Zg_lh� gZ� k\jto\_dh\b
debfZlbq_g�fbgbfmf�ij_a����b�\_d�(Abdussamatov, 2004; Archibald 2005) .

<�jZ[hlZlZ�gZ�:[^mkZfZlh\� Zdp_gltl� _� \tjom� ketgq_\by�d\Zab^\m\_dh\b
pbdte� b� g_]h\hlh� debfZlbqgh� ^_ckl\b_�� <t\� \jtadZ� k� lh\Z� \kbqdb� ketgq_\b
k\jto\_dh\b�fbgbfmfb� k_� jZa]e_`^Zl� dZlh� ³fZmg^_jhih^h[gb´�� l�_� g_� k_� ijZ\b
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jZaebdZ� f_`^m� lyo� hl� ]e_^gZ� lhqdZ� gZ� \aZbfh^_ckl\b_� k� ^jm]b� ^te]hkjhqgb
pbdebqgb� l_g^_gpbb� �� :fieblm^gZlZ� fh^meZpby� hl� kljZgZ� gZ� ���������
]h^brgZlZ�hkpbeZpby��ktsh�g_�_�dhf_glbjZgZ��?lh�aZsh�debfZlbqgZlZ�ijh]ghaZ�\
lhab� kemqZc�^himkdZ�^hklZ� kmjh\� � kp_gZjbc� aZ� ���b� \_d��\dexqbl_egh� b� ³fZetd
e_^gbdh\�ij_bh^´���dZdlh�ih�\j_f_�gZ�FZmg^_jh\by�fbgbfmf�

<� jZ[hlZlZ� gZ� :jqb[Ze^� k_� ZgZebabjZl� debfZlbqgbl_� ihke_^kl\by�
k\tjaZgb� k� hqZd\Zgbl_� gbkdb� fhsghklb� gZ� ketgq_\bl_� ���]h^brgb� pbdeb� k
pxjbokdb�ghf_jZ����b�����Hp_gdZ�gZ�aZklm^y\Zg_lh�gZ�debfZlZ�k_�ijZ\b�gZ�[ZaZlZ
gZ�^Zggb�aZ�i_l�klZgpbb�\�K:S��dhblh�kZ�ba\tg�ahgZlZ�gZ�kbegZlZ�mj[ZgbaZpby�b
gZ\tlj_�\�dhglbg_lZ���HqZd\Zghlh�aZklm^y\Zg_�kihj_^�lhab�Z\lhj�_�hl�ihjy^tdZ�gZ
hdheh����°°K�kijyfh�\lhjZlZ�iheh\bgZ�gZ����b�\_d��Ijh[e_ftl�ih�gZr_�fg_gb_�_�
q_� �� hqZd\Zgb� ehdZegb� debfZlbqgb� l_g^_gpbb� g_� fh]Zl� ^Z� k_� ijbibk\Zl
Z\lhfZlbqgh�gZ�pyeh�ihemdte[h�beb�gZ�pyeZlZ�ieZg_lZ��DZdlh�s_�[t^_�ihdZaZgh�\
&4����� g_aZ\bkbfh� hl� ijhy\ZlZ� gZ� h[shieZg_lZjgb� � _n_dlb� �� k\tjaZgb� ktk
ketgq_\ZlZ�Zdlb\ghkl��Zfieblm^ZlZ�gZ�debfZlbqgZlZ�j_Zdpby�\�jZaebqgb�jZchgb
gZ�A_fylZ�_�jZaebqgZ�

��������Q_lbjb��ketgq_\h�debfZlbqgb�kp_gZjby�(����������])
<� lhab� iZjZ]jZn� kZ� ij_^klZ\_gb� � h[sh� �� gZ� [jhc� ketgq_\h�debfZlbqgb

kp_gZjbb��L_�kZ�hkgh\Zgb�gZ�^\Z�\b^Z�debfZlbqgb�(l_fi_jZlmjgb��^Zggb��dZdlh�b
gZ�^\Z�jZaebqgb� kp_gZjby� aZ�ih\_^_gb_lh�gZ�ketgq_\ZlZ�Zdlb\ghkl�ih�\j_f_�gZ
ke_^\Zsbl_�^\Z�i_lghh[jZam\Zl_egb�pbdteZ��k�pxjbokdb�ghf_jZ����b����

>\ZlZ�\b^Z�debfZlbqgb�^Zggb�kZ�kthl\_lgh�j_^bpZlZ�gZ�Fh[_j]�b�^j��ke_^
�����lZ�]h^bgZ�b���kj_^gbl_�l_fi_jZlmjb�gZ�K\_lh\gby�hd_Zg�aZ�i_jbh^Z����������
]h^bgZ���ij_^klZ\_gb�gZ�nb]�����(Parker et al., 1995).

?dkljZiheZpbbl_� gZ� ^\_l_� j_^bpb� kZ� gZijZ\_gb� dZdlh� aZ� kemqZc� �� ijb
dhclh�g_� k_�ij_^\b`^Z� k\jto\_dh\b� ketgq_\�fbgbfmf� (Du, 2005)�� lZdZ�b� Zdh� k_
ijb_f_��q_�k\jto\_dh\b�fbgbfmf�s_�gZkltib� aZ_^gh� k�gZqZehlh�gZ�pbdte�No24

(Badalyan et al., 2005)�� �<� ijh]ghaZlZ� gZ�>x� k_� ij_^\b`^Z�fhs_g� ���lb� pbdte� k
Wmax= 150�b� mf_j_gh�fhs_g� ���b�  (Wmax=102)��<� kp_gZjby�gZ�;Z^Zeyg�b�^j�� ke_^
pbdte� No23 gZklti\Z� >Zelhgh�ih^h[_g� ketgq_\� k\jto\_dh\b� fbgbfmf� b
hdhehfZdkbfmfgbl_�fhsghklb�gZ�pbdeb�No ���b�25 e Wmax ≈≈ 45.

Baiheam\Zg_lh� gZ� l_ab� ^\_� ijh]ghab� aZ� ih\_^_gb_lh� gZ� Ketgp_lh� _� gZc�
ih^oh^ysh� \� kemqZy�� ltc� dZlh� gZ� lyogZlZ� [ZaZ� e_kgh� fh`_� ^Z� [t^Zl� ihemq_gb
ijb[ebabl_egbl_� kj_^gh]h^brgbl_� klhcghklbgZ� qbkehlh� gZ� <hen��Ijh]ghabl_ ,

gZijZ\_gb�ih�j_^Z�gZ�Rh\_�beb�dhkfh]_ggbl_�bahlhib�kZ�ihemq_gb�aZ�i_jbh^b�gZ
ba]eZ`^Zg_���ih�]he_fb�hl����]h^bgb�(Komitov and Kaftan, 2003; Ogurtsov, 2005) ���Hl
^jm]Z�kljZgZ�ijh]ghabl_�ih�bgkljmf_glZegbl_�^Zggb�k_�hlgZkyl�h[bdgh\_gh�kZfh
aZ�pbdte�No 24.

J_^bpZlZ�gZ�Ohcl�RZltg��(qbkehlh�gZ��]jmibl_��ketgq_\b�i_lgZ�Rh) aZk_]Z
_�dhgkljmbjZgZ�kZfh�ah������]h^bgZ�  Lyoghlh�ij_baqbkey\Zg_�^h������lZ�]hh^bgZ
kth[jZagh�^\_l_�ihkhq_gb�ijh]ghab�aZ�oh^Z�ketgq_\ZlZ�Zdlb\ghkl�[_r_�gZijZ\_gh
dZlh� gZc�gZij_^� [yoZ� ijb[ebabl_egh� hp_g_gb� kj_^gh]h^brgbl_� klhcghklb� gZ
<henh\hlh� qbkeh� kihj_^� ^\ZlZ� kp_gZjby� aZ� i_jbh^Z� ���������� ]h^bgZ�� �Ktsbl_
^Zggb�aZ�hlfbgZ\Zpby�pbdte�No 23��l�_��f_`^m������b������]h^bgZ�kZ�\_q_�ba\_klgb
b��\dexq_gb�\�hkgh\gbl_�[Zab�^Zggb�aZ�Ketgp_lh�

GZ� ke_^\Zsby� _lZi� [_r_� mklZgh\_gZ� gZc�^h[jZlZ� j_]j_kbhggZ� \jtadZ
f_`^m� kj_^gh]h^brgbl_� klhcghklb� gZ� f_`^mgZjh^ghlh� <henh\h� qbkeh� � Ri b
qbkehlh� gZ� ]jmibl_� ketgq_\b� i_lgZ�� � Ly� k_� hdZaZ� hl� kl_i_g_g� \b^� �
Rh = 1.11*Ri 

0.997�k�dh_nbpb_gl�gZ�dhj_eZpby� � �.994��G_ebg_cgbyl�_n_dl�h[Zq_�_
aZ[_e_`bf� kZfh� ijb�Ri > 150�� �?lh� aZsh� aZ� ijZdlbq_kdZ� p_e� \� gZrby� kemqZc� _
^hklZltqgh�^h[jh�b�ebg_cghlh�ijb[eb`_gb_��Rh = 0.954*Ri + 2.8  (r = + 0.992) .
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Ihke_^gZlZ��[_r_�baiheam\ZgZ�aZ�baqbkey\Zg_�gZ�bg^_dkZ�Rh aZ�i_jbh^Z����������
]h^bgZ���Ihemq_gbl_�ih�lhab�gZqbg�^Zggb�[yoZ�ba]eZ^_gb�ih����]h^bgb�aZ�^Z�[t^Zl
ijb\_^_gb�\t\�\b^��aZ�iheam\Zg_�k�j_]j_kbhggby�fh^_e�����b�ZgZeh]bqgby�aZ�g_]h�
ba\_^_g�aZ�l_fi_jZlmjZlZ�gZ�K\_lh\gby�hd_Zg��\b`�ih�gZ^hem).

Qbke_gbl_�_dkljZiheZpbb�kZ�gZijZ\_gb�gZ�[ZaZlZ�gZ�³qbklZ´�\jtadZ�³δδT -

>Rh´�\�aZ\bkbfhkl�hl�^\ZlZ�kp_gZjby�aZ�ih\_^_gb_lh�gZ�Ketgp_lh��AZ�kt`Ze_gb_
gZ� lhab� _lZi� gyfZ� ^Zggb�� dhblh� ^Z� iha\heyl� \dexq\Zg_� dZlh� \lhjb� nZdlhj� gZ
bg^_dk��lykgh�k\tjaZg�k�\bkhdh_g_j]_lbqgZlZ�ketgq_\Z�dhjimkdmeyjgZ�jZ^bZpby
b� d\Zab� ������ ]h^brgbl_� dhe_[Zgby� gZ� debfZlZ�� LZdt\� bg^_dk� [boZ� fh]eb� ^Z
[t^Zl� Z\jhjZegbl_� y\e_gby� gZ� kj_^gb� rbjbgb� (KKR)�� DZdlh� h[Zq_� \_q_
g__^ghdjZlgh�ihkhqbof_��aZk_]Z�kbkl_fZlbabjZgbl_�im[ebdm\Zgb�^Zggb�aZ�lyo�g_
\dexq\Zl� ���b� \_d�� ?lh� aZsh� aZ� hqZd\Zgby� _n_dl� hl� ketgq_\bl_� dhjimkdmeb
\tjom�debfZlZ�lmd�k_�^Z\Zl�^hitegbl_egb�dhj_dpbb�hp_gdb� �kijyfh�ihemq_gbl_
ijh]ghab��gZijZ\_gb�kZfh�gZ�[ZaZlZ�gZ�Rh.

 K?<?JGHLH�IHEMDTE;H

<ta� hkgh\Z� ba]eZ^_gbl_� _dkljZihebjZgb� ^Zggb� aZ� qbkehlh� gZ� ]jmibl_
ketgq_\b� i_lgZ� � ih� kp_gZjby� gZ� >x� ([_a� k\jto\_dh\b� fbgbfmf�� b� ;Z^Zeyg� b
^j�(^Zelhgh�ih^h[_g� k\jto\_dh\b� fbgbfmf�� [yoZ� baqbke_gb� _dkljZihebjZgbl_
klhcghklb� gZ� l_fi_jZlmjgbl_� \ZjbZpbb� \� K_\_jghlh� ihemdte[h� � ih� j_^Z� gZ
Fh[_j]�b�^j�(2005) ^h������Z�]h^bgZ��J_amelZlbl_�kZ�ihdZaZgb�gZ�nb]������

Nb]���� � Ketgq_\h�debfZlbqgb� kp_gZjbb� ^h� ����� ]h^bgZ� aZ� K_\_jghlh
ihemdte[h� \ta� hkgh\Z� gZ� l_fi_jZlmjgbl_� ^Zggb� gZ� Fh[_j]� b� ^j�� (2005�� b
ijh]ghagb�^Zggb�aZ�ketgq_\bl_�pbdeb�1R����b����kihj_^�>x�(]hj_��b�;Z^Zeyg�b�^j.

(^hem ). Baiheam\ZgZ�_�j_]j_kbhggZlZ�\jtadZ�(3). Ijh]ghagbyl�i_jbh^�ke_^������]�_
aZsjboh\Zg�

Kihj_^�kp_gZjby�ih� �>x�(nb]�����]hj_��kj_^gZlZ�l_fi_jZlmjZ�\�K_\_jghlh
ihemdte[h�ijZdlbq_kdb�gyfZ�^Z� k_�ijhf_gb�ih� klhcghkl� ^h� ����� ]h^bgZ� b� dZlh
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pyeh� s_� aZiZab� gb\ZlZ� kb� hl� ihke_^gbl_� ��� ]h^bgb�� Ba\_klgh� ^hitegbl_egh
aZlhieyg_��hl�hdheh����°°K���k\tjaZgh�k�hqZd\Zgh�fhs\by�pbdte�No ���k_�hq_jlZ\Z�\
i_jbh^Z�����������]��Ke_^\Z�h[Zq_�^hklZ�[tja�kiZ^�ij_a�ihke_^gbl_�a����]h^bgb�hl
bake_^\Zgby� i_jbh^� � hl� hdheh� ���°°K� kijyfh� ehdZegby� fZdkbfmf� ij_a� \lhjhlh
^_k_lbe_lb_�gZ����b�\_d��l�_��aZoeZ`^Zg_�hl����°°K�kijyfh�����������]�

Kt]eZkgh�\lhjby�ketgq_\�kp_gZjbc�(nb]����^hem) i_jbh^tl�^h������]h^bgZ
s_�[t^_�k\tjaZg�k�ij_oh^�dtf�hlghkbl_egh�^te[hd�debfZlbq_g�fbgbfmf��Ktsbyl
^h�]heyfZ�kl_i_g�s_�ij_^klZ\ey\Z�aZ\jtsZg_�dtf�mkeh\bylZ�hl�\lhjZlZ�iheh\bgZ
gZ����b�\_d��Kt]eZkgh�lZab�_dkljZiheZpby��ij_a����l_�]h^bgb�gZ����b�\_d�kj_^gZlZ
l_fi_jZlmjZ� Zg� K_\_jghlh� ihemdte[h� s_� k_� ihgb`b� k� hdheh� ����°°K� kijyfh
mkeh\bylZ�hdheh�����������]�

:\lhjtl�kqblZ�kp_gZjby�aZ�ketgq_\h�debfZlbq_g�fbgbfmf�aZ�ih�\_jhyl_g�
K<?LH<GBYL�HD?:G

HdZaZ� k_�� q_� j_^bpZlZ� gZ� ba]eZ^_gbl_� ih� ��� ]h^bgb� klhcghklb� � gZ
l_fi_jZlmjgb�\ZjbZpbb�gZ�K\_lh\gby�hd_Zg� �gZ�IZjdtj�b�^j�(1995)(Parker et al.,

1995) �_�\�fgh]h�ih�lykgZ�\jtadZ�k�ba]eZ^_ghlh�qbkeh�gZ�]jmibl_�ketgq_\b�i_lgZ
Rh��\�kjZ\g_gb_�k�j_^Z�gZ�Fh[_j]�b�^j��:gZeh]bqgZlZ�gZ�j_]j_kbhggZlZ�nhjfmeZ
(3) \jtadZ��_�hl�ebg__g�\b^��Ly�_��

∆∆t = 0.081 * Rh – 0.612        (8)

Dh_nbpb_gltl� gZ� dhj_eZpby� _� ������� �� Z� kthl\_lgbyl� iZjZf_ltj� gZ
Kg_^_dhj��Nbr_j� _� F = 4.31�� � Hl� ihke_^gZlZ� klhcghkl� ke_^\Z�� q_� hklZltqgZlZ
^bki_jkby�gZ�lZab�\jtadZ�_�hdheh������itlb�ih�fZedZ�\�kjZ\g_gb_�ktk�kthl\_lgZlZ
klhcghkl��gZ�j_]j_kbhgghlh�mjZ\g_gb_�(3).

LZab� agZqbl_egh� ih�lykgZ� dhj_eZpby� ihdZa\Z�� q_� l_fi_jZlmjZlZ� gZ
K\_lh\gby�hd_Zg�_�fgh]h�“ih�qbkl´�bg^bdZlhj�gZ�\jtadZlZ� ³Ketgp_��debfZl´�\
^te]hkjhq_g� ieZg� \� kjZ\g_gb_� k� j_^bpZlZ� gZ�Fh[_j]� b� ^j��� dhylh� k_� hlgZky� aZ
hlghkbl_egh� ih�dhglbg_glZeghlh� K_\_jgh� ihemdte[h�� � <� ij_^gbl_� ]eZ\b� �� b� �
h[Zq_� �[_�ihdZaZgh��q_�\ktsghkl�agZqbl_egZ�qZkl�hl�hklZltqgbl_�\ZjbZpbb�kZ�hl
ketgq_\� ijhbaoh^�� b� dZdlh� ih� \kbqdh� ba]j_`^Z�� kZ� h[mkeh\_gb� hl� ijhp_kb� �
k\tjaZgb� k� bao\tjeyg_� gZ� \bkhdh_g_j]_lbqgb� � ijhlhgb� b� _e_dljhgb� �� � Lh\Z� k_
hlgZky��b�aZ�^\_l_�jZa]e_`^Zgb�lmd�l_fi_jZlmjgb�j_^bpb�

>\ZlZ�l_fi_jZlmjgb�fh^_eZ���baqbke_gb�k�ihfhslZ�gZ�(8) ih�ijh]ghabl_�aZ
ketgq_\ZlZ� Zdlb\ghkl� gZ� >x� b� ;Z^Zeyg� b� ^j�� kZ� nmgdpbhgZegh� ih^h[gb� � gZ
ihdZaZgbl_�gZ�nb]������Lh\Z�ijhbalbqZ�hl�ebg_cgby�\b^�b�gZ�^\_l_�\jtadb�(3) b�(8).

HqZd\Zgbl_�ihgb`_gby�gZ�l_fi_jZlmjbl_�gZ�K\_lh\gby�hd_Zg�ih�^\ZlZ�kp_gZjby
_� ��dZdlh�b�\�kemqZy�k�^Zggbl_�gZ�Fh[_j]�b�^j��kZ�hdheh�����°°K�(\bkhdb�ketgq_\b
pbdeb�No 24 b���) b�����������°°K�ijb�^Zelhgh�ih^h[_g�fbgbfmf�

DHJIMKDMEYJG:L:� :DLB<GHKL� G:� KETGP?LH� �� � J?=BHG:EGBL?
?N?DLB

Ij_^klZ\_gbl_� ih�]hj_� debfZlbqgb� kp_gZjbb� aZ� [ebadhlh� [t^_s_
jZa]e_`^Zl� kZfh� _^bg�_^bgkl\_g� ketgq_\� nZdlhj�� ijhf_gbl_� gZ� h[shlh
dhebq_kl\h� ketgq_\Z� _e_dljhfZ]glblgZ� jZ^bZpby� � �ketgq_\ZlZ� k\_lbfhkl�.
Ijbihfgyf_�kZfh��q_�gZf_j_gZlZ�j_]j_kbhggb�\jtadb�(3) b�(8) \dexq\Zl�\�k_[_�kb
g_�kZfh�\ebygb_lh�^hdZaZgb�\_q_�ijhf_gb�gZ�bg^_dkZ�TSI (Total Solar Irradiance )

gZ�[ZaZlZ�gZ�kitlgbdh\b�baf_j\Zgby�hl�ihke_^gbl_�a���]��gh�ktsh�b�gZ�agZqbl_egZ
³nhgh\Z´�dhfihg_glZ��Ijh\_^_gbl_�ihg_�^h�lhab�fhf_gl� klZlbklbq_kdb� ZgZebab
g_� ihdZa\Zl� gydZdt\� aZ[_e_`bf� kZfhklhyl_e_g� ijbghk� \� lhab� nhg� ^Z� bfZl



91

^te]hkjhqgbl_�\ZjbZpbb�\�ihlhdZ�gZ�=DE�(de Jager and Usoskin��������\b`�ktsh�b
ZgZebaZ�gZ�Z\lhjZ���baiteg_g��\�gZklhysZlZ�jZ[hlZ��.

Kts_kl\_g�nZdlhj��dhclh�[b�fh]te�k_jbhagh�^Z�ih\eby_�gZ�ij_^klZ\_gbl_
ih�]hj_� kp_gZjbb� _� ketgq_\ZlZ�\bkhdh_g_j]_lbqgZ�dhjimkdmeyjgZ�jZ^bZpby��Hl
ij_^brgbl_� jZa^_eb� klZgZ� ykgh�� q_� Z\jhjZegbl_� y\e_gby� gZ� kj_^gb� rbjbgb
dhj_ebjZl� fgh]h� ^h[j_� k� hklZltqgbl_� l_fi_jZlmjgb� \ZjbZpbb� ih� ^Zggbl_� aZ
K_\_jghlh�ihemdte[h��<�l_ab�hldehg_gby� �k_�jZadjb\Zl�������]h^brgb�pbdebqgb
dhe_[Zgby��dZlh�_^gh�hl�lyo�ktk�kj_^_g�i_jbh^�hdheh�������]h^bgb��ijbktkl\m\Z�b
\� kihf_gZlZlZ� Z\jhjZegZ� Zdlb\ghkl�� Hl� ^jm]Z� kljZgZ� kbegb� a���]h^brgb
d\Zabpbdebqgb�\ZjbZpbb�[yoZ�mklZgh\_gb�b�\�l_fi_jZlmjbl_�gZ�K\_lh\gby�hd_Zg�
Ih�^Zggb�hl�^jm]b�Z\lhjb�(Thompson,1997) hdZa\Z�k_���q_�aZ�CO2 ktsh�k_�gZ[ex^Z\Z
agZqbl_e_g�d\Zab���� ]h^br_g�pbdte��Lh\Z� _� k_jbhagh� ^hdZaZl_ekl\h�g_� kZfh�� q_
bfZ�agZqbl_egZ�³g_Zgljhih]_ggZ´�dhfihg_glZ�\�^bgZfbdZlZ�gZ�lhab�]Za��gh�ktsh
b���q_�ly�gZc�\_jhylgh�_�k\tjaZgZ�k�\ebygb_�gZ�Ketgp_lh�

Ke_^h\Zl_egh�� [t^_shlh� ih\_^_gb_� gZ� ketgq_\ZlZ� dhjimkdmeyjgZ
Zdlb\ghkl� � _� k_jbha_g�^hitegbl_e_g�nZdlhj� aZ�ijhf_gbl_� gZ� debfZlZ� \� [ebadh
[t^_s_�� �Ltc� dZlh� ihke_^ghlh� ^_k_lbe_lb_� k_� oZjZdl_jbabjZ� dZlh� pyeh� k� gbkdZ
_jmilb\gZ� Zdlb\ghkl� [b� fh]eh� ^Z� k_� hqZd\Z�� q_� lhab� bg^_dk� s_� aZihqg_� ^Z
gZjZkl\Z�� <_q_� ihdZaZof_�� q_� _jmilb\gZlZ� Zdlb\ghkl� _� hlghkbl_egh� � keZ[h
k\tjaZgZ�k�bg^_dkbl_�gZ�i_lgZlZ��?lh�aZsh�gbdZd�g_�[b\Z�^Z�k_�badexq\Z��^hjb�b
ijb�gZklti\Zg_�gZ�^Zelhgh�ih^h[_g�fbgbfmf�^Z�bfZ�gZjkl\Zg_�gZ� _jmilb\gZlZ
Zdlb\ghkl�ijb�h[sh�\a_lh�keZ[b��dZlh�i_lghh[jZam\Zg_�ketgq_\b�pbdeb����b����

AZ� kt`Ze_gb_�^h� lhab�fhf_gl� Z\lhjtl�g_�jZaiheZ]Z� ktk� kbkl_fZlbabjZgb
^Zggb� aZ� Z\jhjZegZlZ� Zdlb\ghkl� gZ� kj_^gb� rbjbgb� ij_a� ���b� \_d�� � Lh\Z� g_
iha\hey\Z� ^Z� k_� gZijZ\b� gZ^_`^gZ� ijh]ghaZ� aZ� lhab�� dZdlh� k_� hdZa\Z�� fgh]h
qm\kl\bl_e_g� bg^bdZlhj� gZ� \ebygb_� gZ� Ketgp_lh� \tjom� debfZlZ��Ih� ijbgpbi
ihl_gpbZegbl_�fZdkbfmfb�gZ�Z\jhjZegZlZ�Zdlb\ghkl�ij_a����b�\_d�kZ�hdheh�����
b� ����� ]h^bgZ�� L_� kt\iZ^Zl� k� ehdZegb� l_fi_jZlmjgb� fbgbfmfb�� hkh[_gh� ^h[j_
aZ[_e_`bfb�\�^Zggbl_�aZ�K\_lh\gby�hd_Zg�� �?lh�aZsh�fh`_�^Z�k_�ij_^iheh`b��q_
\taoh^ysbyl� dehg� gZ� l_fi_jZlmjgby� pbdte� \_q_� _� ^hklb]gZe� k\hy� fZdkbfmf
hdheh� ���������� ]h^bgZ� aZ_^gh� ktk� kthl\_lgby� (ij_^iheZ]Z_f�� Z\jhjZe_g
fbgbfmf�

Ke_^h\Zl_egh�� gZc�\_jhylgZlZ� l_g^_gpby�� ijbqbg_gZ� hl� dhjimkdmeyjgby
nZdlhj� _� aZoeZ`^Zg_�� dh_lh� s_� k_� gZeh`b� \tjom� � gbaoh^ysbl_� lj_g^h\_�
h[mkeh\_gb� hl� ihgb`_gb_lh� gZ� ketgq_\ZlZ� k\_lbfhkl�� >h� �����lZ� ]h^bgZ
hqZd\ZgZlZ�klhcghkl�gZ�lhab�^hitegbl_e_g�_n_dl�_�hdheh�±����°°K���Ih�lhab�gZqbg
h[sbyl�_n_dl�gZ�aZklm^y\Zg_lh�^h�djZy�gZ�ketgq_\by�pbdte�1R����ke_^\Z�^Z�[t^_
hdheh� ����.35°°K�aZ�\bkhdb�ketgq_\b�pbdeb�No 24 b 25 (Du, �������beb� �a������°°K�aZ
^Zelhgh�ih^h[_g�fbgbfmf�

L_ab� klhcghklb� �� _kl_kl\_gh�� kZ� \� ijhlb\hj_qb_� k� \kbqdb� ijh]ghab�
hkgh\Zgb� gZ� l_hjbylZ� aZ� ³Zgljhih]_ggby� iZjgbdh\� _n_dl´��Hl� ^jm]Z� kljZgZ�� aZ
jZaebdZ� hl� h[kt`^Zgbl_� \�&4.3 ketgq_\h�debfZlbqgb� kp_gZjbb� �� ij_^kdZa\Zsb
aZklm^y\Zg_�� ih^h[gh� gZ� ³fZetd� e_^gbdh\� i_jbh^´� �� lh\Z� ihgb`_gb_� \
ij_^klZ\_gbl_�q_lbjb�kp_gZjby�_�^hklZ�ih�fZedh��NZdlbq_kdb�\�lyo�k_�^himkdZ��q_
debfZlbqgbl_�mkeh\by�dtf�djZy�gZ�pbdte�No 25 s_�\taijhba\_^Zl�kblmZpbylZ�hl
\lhjZlZ� iheh\bgZ� gZ� ���b� \_d�� �>h� a����]� \_jhylgh� s_� bfZ� ^hitegbl_egh
aZklm^y\Zg_� hl� hdheh� ���°°K�� dh_lh� s_� \tjg_� debfZlZ� \� mkeh\by�� ih^h[gb� � gZ
fbgbfmfZ�gZ�>Zelhg��;�Z)

Lmd� h[Zq_� ljy[\Z�^Z� k_�jZa]e_^Z� hs_� _^bg� Zki_dl�� k\tjaZg� ktk� ketgq_\h�
debfZlbqgbl_�ijh]ghab�aZ�[ebadhlh�[t^_s_��Bake_^\ZgbylZ�gZ�jZaebqgb�Z\lhjb
ihdZa\Zl�� q_� debfZlbqgbl_� j_Zdpbb� gZ� ketgq_\hlh� \ta^_ckl\b_� � kZ� kbegh
ih\ebygb� hl� j_]bhgZegb�nZdlhjb�� �DebfZltl� gZ� jZaebqgbl_� jZchgb� gZ� A_fylZ
kt\k_f� g_� j_Z]bjZ� \� _^gZd\Z� kl_i_g� � gZ� _^gb�b� ktsb� o_ebhnbabqgb� mkeh\by��<
_^gb�kemqZb�ketgq_\hlh�\ebygb_�fh`_�^Z�ijbqbgy\Z�ijhfygZ�gZ�bgl_gab\ghkllZ



92

b� f_klhiheh`_gb_lh� gZ� gydhc� \Z`_g� [Zjbq_g� p_gltj�� gZijbf_j� BkeZg^kdby
fbgbfmf�(ih�±ih^jh[gh�aZ�lh\Z�s_�[t^_�jZadZaZgh�\�ke_^\ZsZlZ�]eZ\Z)��<�^jm]b
kemqZb� ijbqbgZ� aZ� lh\Z� fh]Zl� ^Z� [t^Zl� ki_pbnbqgb� hkh[_ghklb� gZ� f_klghlh
]_hfZ]gblgh�ihe_��eZg^rZnlgbl_� oZjZdl_jbklbdb�b�^j��BfZ� ^hklZ� bake_^\Zgby�
dhblh�kZ�ihk\_l_gb�gZ�j_]bhgZegZlZ�bay\_ghkl�gZ�jZaebqgb�ketgq_\h�debfZlbqgb
pbdeb�

<� im[ebdm\ZgZlZ� \� Bgl_jg_l� ij_a_glZpby� gZ� JZkihih\� b� ^j�
(2005)(Rasspopov et al., 2005)� H� ihdZaZgh�� q_� \ebygb_lh� gZ� ketgq_\by� a�������
]h^br_g�pbdte�\tjom�jZaebqgbl_�jZchgb�gZ�A_fylZ�g_�_�_^gZd\h�kbegh��\tij_db ,

q_�h[sh� aZ�ieZg_lZlZ�^hfbgbjZ�iheh`bl_egbyl� hldebd��GZc�^h[j_� _� lh�bay\_gh
\t\� \tlj_rghkllZ� gZ� ?\jZaby�� BfZ� ^hjb� b� jZchgb� �� \� dhblh� debfZlbqgbl_
l_g^_gpbb� kZ� k� h[jZl_g� agZd�gZ�h[shieZg_lZjgby� oZjZdl_j�gZ�\jtadZlZ�� Z� lZdZ
ktsh�b�jZchgb��dt^_lh�g_�k_�gZ[ex^Z\Z�bay\_gh�\ebygb_�(K_\_jgbyl�:leZglbd).

GZ� nb]���� _� ihdZaZgZ� dZjlZ� gZ� l_fi_jZlmjgbl_� baf_g_gby� � aZ� jZaebqgb
lhqdb�hl�a_fgZlZ�ih\tjoghkl�ij_a� �����lZ�]h^bgZ�kijyfh�ktsbl_��gh� ����]h^bgb
ih�dtkgh��ij_a�����]��L_�kZ�baqbke_gb�gZ�[ZaZlZ�gZ�fh^_e��hlqblZs�ijhf_gbl_�gZ
ketgq_\ZlZ�bgkheZpby�ij_a�lhab�i_jbh^ .(Shindel et al., 2001)).

 Hl�g_]h�k_�\b`^Z��q_�dZlh�pyeh�aZ�A_fylZ�ij_a�FZmg^_jh\by�fbgbfmf�kZ
oZjZdl_jgb� ih�gbkdb� l_fi_jZlmjb�� \� kjZ\g_gb_� k� djZy� gZ� 18�b� \_d��� Lh\Z
l\tj^_gb_�k_�hlgZky�ihg_�aZ��������hl�h[sZlZ�c�iehs��BfZ�h[Zq_�b�fZedh�gZ�[jhc
jZchgb�� dt^_lh� lh]Z\Z� debfZltl� _� [be� hlghkbl_eegh� ih�f_d� -gZijbf_j� hdheh
x`ghlh�djZc[j_`b_�gZ�=j_geZg^by�b�:eykdZ��Lhab�nZdl�gZ\_`^Z�gZ�fbktelZ��q_
q_klh�itlb�^Zggbl_�bagZkygb�\�f_^bbl_�aZ�aZlhieyg_�gZ�debfZlZ�\�_^bg�beb�^jm]
hl^_e_g�jZchg�kijyfh�gydhy�ij_^oh^gZ�_ihoZ�g_�fh]Zl�^Z�k_�\a_fZl�dZlh�djbl_jbc
aZ�h[sbl_�l_g^_gpbb�gZ�debfZlZ�\�h[shieZg_lZj_g�fZsZ[�

Nb]����L_fi_jZlmjgb�jZaebdb�±�����±Z�]h^bgZ�kijyfh������lZ�(Shindel et al.,

2001))
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�������Ketgq_\bl_�fh^meZpbb�\tjom�debfZlZ�\Z�;te]Zjby
����H[sb�[_e_`db
Itj\bl_� ijhmq\Zgby� aZ� \ebygb_lh� gZ� ketgq_\ZlZ� Zdlb\ghkl� \tjom

debfZlZ�\�;te]Zjby�kZ�hl�djZy�gZ����l_�b�gZqZehlh�gZ����l_�]h^bgb�gZ����b�\_d��L_
kZ�^_eh�gZ�:g]_e�;hgh\�(>_jf_g^`b_\, 1982) b�k_�hlgZkyl�^h�debfZlbqgbl_�ijhy\b
gZ�d\Zab^\m\_dh\by�ketgq_\�pbdte��:\lhjtl�g_�agZ_�ih\_q_�ih^jh[ghklb�aZ�l_ab
jZajZ[hldb��ltc�dZlh�bgnhjfZpbylZ�fm�aZ�lyo�_�dhk\_gZ�

L_fZlZ�ihemqb�ih�Zdlb\gh�jZa\blb_�\�gZqZehlh�gZ����l_�]h^bgb� ��Klbfme
aZ� g_y� [_r_� kihfgZlZlZ� \� m\h^Z� gZmqgh�ijbeh`gZ� jZajZ[hldZ�� k\tjaZgZ� k
ijhmq\Zg_� gZ� \j_f_\bl_� \ZjbZpbb� gZ� Z]jhdebfZlbqgbl_� mkeh\by� \
=hjghljZdbckdZlZ�gbabgZ�aZ�p_ebl_�gZ�iZfmdhijhba\h^kl\hlh�\�KlZjhaZ]hjkdby
j_]bhg�

Itj\bl_� j_amelZlb� aZ� ijhf_gbl_� gZ� kj_^ghk_ahggbl_� klhcghklb� gZ
l_fij_Zlmjbl_� � b� \Ze_`gbl_� kmfb� ij_a� lhiehlh� ihem]h^b_� (fZc�hdlhf\jb� �� aZ
i_jbh^Z� ����� ±����� ]h^bgZ� aZ� debfZlbqgbl_� klZgpbb� KlZjZ� AZ]hjZ�� QbjiZg� b
Ieh\^b\� [yoZ� im[ebdm\Zgb� \� kem`_[_g� ^hdeZ^�� � qb_lh� kt^tj`Zgb_� [_r_
ij_^klZ\_gh�ke_^�lh\Z�gZ�gZmqgZ�dhgn_j_gpy�(Dhfblh\, 1981���Ke_^\ZsZlZ�kltidZ
[_r_�ijh\_`^Zg_lh�gZ�jZarbj_gh�bake_^\Zg_�\tjom�pyeZlZ�l_jblhjby�gZ�kljZgZlZ
aZ�lhiehlh�b�klm^_ghlh� �gh_f\jb��Zijbe��ihem]h^b_�aZ�]hj_ihkhq_gby����]h^br_g
i_jbh^��Baiheam\Zgb�[yoZ�����debfZlbqgb�b����^t`^hf_jgb�klZgpbb��J_amelZlbl_
[yoZ� hnhjf_gb� \� ih^jh[_g� ^hdeZ^� ^h� lh]Z\Zrgby� ij_^k_^Zl_e� gZ� ;:G�� ZdZ^�
;Ze_\kdb�(=h]hr_\�b�Dhfblh\, 1983)��Z�\ihke_^kl\b_� ��hkgh\gZlZ�qZkl�hl�lyo�[yoZ
im[ebdm\Zgb�\�klZlby�(Dhfblh\, 1986Z��� �J_amelZlbl_�hl�^_lZcegh�bake_^\Zg_�gZ
k_ahggbl_� b� \_dh\bl_� _n_dlb�� k\tjaZgb� k� ijhy\y\Zg_lh� gZ� ketgq_\h�
debfZlbqgbl_� \jtadb�� gh� k� gZkhq_ghkl� kZfh� dtf� _^gZ� ±_^bgkl\_gZ� klZgpby� ±
Ieh\^b\�[yoZ�ij_^klZ\_gb�\t\�\lhjZ�klZlby�gZ�Z\lhjZ�hl������]�Dhfblh\������[).

:gZeba� gZ� \j_f_\by� oh^� gZ� Zlfhkn_jghlh� gZey]Zg_� \� ��� kbghilbqgb
klZgpbb�aZ�lhiehlh�b�klm^_gh�ihem]h^b_�aZ�i_jbh^Z�����������]�[_�ijh\_^_gh�hl�>�
<te_\�(<te_\ ,1986Z)��Djhk��dhj_eZpbhg_g�ZgZeba�gZ�\jtadZlZ�f_`^m�nZaZlZ�gZ����
��� ]h^brgby� ketgq_\� fZ]gbl_g� pbdte� b� Zlfhkn_jghlh� gZey]Zg_� gZ^� Khnby� � _
ij_^klZ\_gh� \� ^jm]Z� jZ[hlZ� gZ� ktsby� Z\lhj� (<te_\, 1986[). >bgZfbdZlZ� gZ
\eZ`ghkllZ�gZ^�;te]Zjby�\�aZ\bkbfhkl�hl�oh^Z�gZ�ketgq_\ZlZ�Zdlb\ghkl�_�l_fZ�gZ
jZ[hlZlZ�gZ�Dhfblh\�b�Djtkl_\�( 1990).

Hp_gdZ�gZ�debfZlbqgbl_�ijhf_gb�\�P_gljZegZ�;te]Zjby�ij_a�ihke_^gbl_
a����]h^bgb�_�gZijZ\_gZ�hl�Dhfblh\�b�<eZ^bfbjh\�(2001).

:\lhjbl_�gZ�ihkhq_gbl_�klZlbb�kZ�jZ[hlbeb��dZl_^jZ�³:kljhghfby´�gZ�KM
³K\��Debf_gl�Hojb^kdb´��;Zah\Z�h[k_j\Zlhjby�dtf�P_gljZegZlZ�eZ[hjZlhjby�aZ
dhkfbq_kdb� bake_^\Zgby� (k_]Z�nbebZe� gZ�P_gljZegZ� eZ[hjZlhjby� ih� ketgq_\h�
a_fgb�\aZbfh^_ckl\by�Kl�AZ]hjZ)  ijb�;:G�b�BgklblmlZ�ih�Zkljhghfby�ijb�;:G�

����� J_]bhgZegbl_� _n_dlb� gZ� ketgq_\h�debfZlbqgbl_
\jtadb��b��]_h]jZnkdhlh�jZaiheh`_gb_�gZ�;te]Zjby

GZ� nb]���� _� ihdZaZgZ� � dZjlZ� gZ� h[shieZg__lZjghlh� jZaij_^_e_gb_� gZ
kj_^gh]h^brgbl_� l_fi_jZlmjgb� \ZjbZpbb� � ijb[ebabl_egh� \� jZfdbl_� gZ� _^bg
pbdte� gZ�R\Z[_�<hen�� k\tjaZgb� k� ijhf_gbl_� \Z� bg^_dkZ� TSI \� ih� ^Zggb� hl
itj\bl_�gydhedh�]h^bgb�baf_j\Zgby�gZ�kitlgbdZ�“Nimbus”- 7��Ly�_�hl�dgb]ZlZ�gZ
>��Ohcl�b�D��RZltg� ³JheylZ�gZ�Ketgp_lh� aZ�ijhf_gbl_�gZ�debfZlZ´� (Hoyt and

Shatten, 1997).

Nb]���� ^Z\Z� hkgh\Zgb_� aZ� bgl_j_kgb� ba\h^b� ih� hlghr_gb_� gZ� ketgq_\h�
debfZlbqgbl_�_n_dlb��gZ�;ZedZgkdby�ihemhkljh\��k\tjaZgb�k�\ZjbZpbbl_�gZ�TSI.
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<b`^Z�k_��q_�lhab�jZchg���\�dhclh�ihiZ^Z�b�;te]Zjby�_�k�debfZl��dhclh�_�kj_^�gZc�
kbegh�ih\ebygbl_�hl�\ZjbZpbbl_�gZ�h[shlh�dhebq_kl\h�ketgq_\Z�jZ^bZpby��Lh\Z
hagZqZ\Z��q_�[b�ke_^\Zeh�^Z�k_�hqZd\Z�agZqbl_egZ�d\Zab����]h^brgZ�pbdebqghkl�\
l_fi_jZlmjgbl_� ^Zggb� gZ� debfZlbqgbl_� klZgpbb� �� jZaiheh`_gb� gZ� [te]ZjkdZ
l_jblhjby��dZdlh�b�\�ktk_^gbl_�kljZgb���>jm]�kts_kl\_g�fhf_gl�_���q_�_�\tafh`gh
\tijhkghlh�\ebygb_�^Z�[t^_�kbegh�bay\_gh�\�hij_^_e_gZ�ih�]heyfZ�beb�ih�fZedZ
qZkl� hl� ]h^bgZlZ� �� DZdlh� s_� [t^_� ihdZaZgh� \� ke_^\Zsby� iZjZ]jZn�� klm^_ghlh
ihem]h^b_�(gh_f\jb�Zijbe��k_�hdZa\Z�lZdh\Z�

Nb]����DZjlZ�gZ�l_fi_jZlmjgbl_�\ZjbZpbb��ihjh^_gb�hl�k\tjaZgbl_�k�pbdteZ�gZ
R\Z[_�<hen� �ijb_l� _� aZ� a���]h^br_g�� ijhf_gb� \� h[shlh�shebq_kl\h� ketgq_\Z
jZ^bZpby� �76,��� Hjb]bgZegbl_� j_amelZlb� kZ� gZ� Ghj^� b� ^j�� (North et al., 1983).

BahebgbylZ��aZ]jZ`^ZsZ�gZc�fZedZlZ�iehs��^hem�\�^ykgh��kthl\_lkl\m\Z�gZ�gZc�
]he_fbl_�ih�Zfieblm^Z�dhe_[Zgby�gZ�76,�±�hdheh������x 0.2= 0.11°°K�\� �jZfdbl_�gZ
pbdteZ�(IhdZaZgbl_�klhcghklb�aZ�kthl\_lgbl_�bahebgbb�ljy[\Z�^Z�k_�mfgh`Zl
k�dh_nbpb_gl�����aZ�^Z�ij_^klZ\yl�j_Zegbl_)

=eZ\gZlZ��h[eZkl��^bdlm\ZsZ�f_l_hjheh]bqgbl_�mkeh\by�gZ^�pyeZ�?\jhiZ�_
BkeZg^kdbyl� [Zjbq_g� fbgbfmf�� <jtadZlZ� � f_`^m� jZaiheh`_gb_lh� gZ� g_]h\by
p_gltj�b�nZaZlZ�gZ�ketgq_\by�������]h^br_g�fZ]gbl_g�pbdte�_�aZ[_eyaZgZ�hs_�\
kj_^ZlZ� gZ� ���b� \_d� hl� Mbe_l� (Wilett, 1950)�� Ih� \j_f_� gZ� fZdkbfmfbl_� gZ� ���
]h^brgbl_�pbdeb�k�q_lgb�ghf_jZ�lhc�_�jZaiheh`_g�gZ�k_\_jhaZiZ^�hl�kj_^ghlh�kb
iheh`_gb_�� ^hdZlh� \� hdhehfZdkbfmfgbl_� nZab� gZ� g_q_lgbl_� pbdeb�� lhc� _� gZ
x]hbalhd�hl�ktshlh��l�_�gZc�[ebadh�^h�?\jhiZ��Hl�^jm]Z�kljZgZ�aZ�^\b`_gb_lh�gZ
]_g_jbjZgbl_� hl� g_]h� Zlfhkn_jgb� njhglh\_� _� oZjZdl_jgZ� kbegZ� aZ\bkbfhkl� hl
bgl_gab\ghkllZ�gZ�f_jb^bhgZegby�ij_ghk��Ktsbyl�_�gZc�kbe_g�\t\�\taoh^ysbl_
b�hdhehfZdkbfmfgbl_�nZab�gZ�g_q_lgbl_� ���]h^brgb� ketgq_\b�pbdeb��^hdZlh�\
l_ogbl_�gbaoh^ysb�nZab�b�^h�fZdkbfmfbl_�gZ�ktsbl_�k�q_lgb�ghf_jZ�ahgZegbyl
ij_ghk�_�fgh]h�ih�kbe_g�

<�j_amelZl��gZ�lh\Z�\tagbd\Z�������]h^brgZ�pbdebqghkl�\�ljZ_dlhjbbl_�b
kbeZlZ� gZ� ZleZglbq_kdbl_� pbdehgb�� L_� k_� ^\b`Zl� \� ij_h[eZ^Z\Zsh� � balhqgZ
ihkhdZ� ijb� kbe_g� ahgZe_g� ij_ghk� �ij_oh^� hl� g_q_l_g� dtf� q_l_g� ketgq_\
fZdkbfmf��b�\�^h[j_�bajZa_gh�x]hbalhqgh�gZijZ\e_gb_� �ijb�ij_oh^�hl�fZdkbfmf
gZ� q_l_g� dtf� fZdkbfmf� gZ� g_q_l_g� ���]h^br_g� ketgq_\� pbdte� �nb]������ Ijb
\lhjby� kemqZc� Zlfhkn_jgbyl� njhgl� kj_sZcdb� :eibl_� q_klh� k_� ^_nhjfbjZ� b
jZadtk\Z��dZlh�\�x`gZlZ�fm�i_jbn_jby�k_�hnhjfy�kj_^ba_fghfhjkdb�pbdehg�
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<� j_amelZl� hl� l_ab� � \ZjbZpbb� \� ^\b`_gb_lh� b� bgl_gab\ghkllZ� gZ
ZleZglbq_kdbl_� pbdehgb� �� \� debfZlZ� gZ� agZqbl_egZ� qZkl� hl� ?\jhiZ� ±� hkgh\gh
balhqgZlZ� b� x]hbalhqgZlZ� c� qZkl� fh`_� ^Z� k_� hqZd\Z� ijhy\y\Zg_� gZ� d\Zab����
]h^brgZ�pbdebqghkl�\�gZey]Zg_lh��\Ze_`bl_�b�l_fi_jZlmjbl_���Hl�lh\Z�hq_\b^gh
ke_^\Z��q_�ih^h[gb�_n_dlb�ljy[\Z�^Z�k_�hqZd\Zl�b�\�debfZlZ�gZ�;te]Zjby�

Ijbqbgbl_�aZ�������]h^brgZlZ�pbdebqghkl�\�Zdlb\ghkllZ�gZ�BkeZg^kdby
[Zjbq_g� fbgbfmf� kZ� h[mkeh\_gb� hl� dhjimkdmeyjgZlZ� � Zdlb\ghkl� gZ� Ketgp_lh
(Fmkl_ev, 1971, <blbgkdbc�b�^j. 1976, Schuurmans and Oort,1969���Hl�^jm]Z�kljZgZ
h[Zq_� aZ� Z\jhjZegZlZ� Zdlb\ghkl� b� debfZlZ� _� oZjZdl_j_g� b� d\Zab����]h^br_g
pbdte�� ktsh� k\tjaZgb� k� dhjimkdmeyjgZlZ� Zdlb\ghkl� gZ�Ketgp_lh��?lh� aZsh� [b
fh]eh�^Z�hqZd\Zf_�ktsh�lZdZ��q_�pbdebqghkl�k�ih^h[gZ�ijh^te`bl_eghkl�fh`_�^Z
kts_kl\m\Z�b�\�bgkljmf_glZe\bl_�debfZlbqgb�^Zggb�hl�ihke_^gbl_�a����]h^bgb�

<�ke_^\Zsbly�iZjZ]jZn�s_�[t^Zl�^Z^_gb�ijbf_jb��ih�dhblh�[b�fh]eh�^Z�k_
kt^b�^hdhedh�ih�]hj_�badZaZgbl_�l\tj^_gby�b�ij_^iheh`_gby�kthl\_lkl\m\Zl�gZ
j_ZeghkllZ�

Nb]����� ���]h^brgbyl� pbdte� b� Zlfhkn_jgbyl� ij_ghk� gZ^� ?\jhiZ� �� ]hj_�
hdheh�fZdkbfmfbl_�gZ�q_lgbl_� ���]h^brgb�pbdeb��^hem��hdheh�fZdkbfmfbl_�gZ
g_q_lgbl_����]h^brgb�pbdeb�(Dhfblh\�������D)

����� <ebygb_lh� gZ� ketgq_\bl_� pbdeb� \tjom� debfZlZ� gZ
;te]Zjby�ij_a����b�\_d��Bgkljmf_glZegbl_�^Zggb

�������>Zggbl_
Itj\bl_�bgkljmf_glZegb�f_l_hjheh]bqgb�gZ[ex^_gby�\�[te]Zjkdbl_�a_fb

kZ�aZihqgZeb�ij_a������]h^bgZ�\�Z\kjbckdhlh�dhgkmekl\h�\�Jmk_��Hkgh\gZlZ�bf�p_e
_� [beZ� h[kem`\Zg_� � dhjZ[hieZ\Zg_lh� ih� ^heghlh� l_q_gb_� gZ� j_dZ� >mgZ\�� Ke_^
Hk\h[h`^_gb_lh�[jhyl�gZ�f_l_hjheh]bqgbl_�imgdlh\_�gZjZkl\Z�fgh]h�[tjah��Ij_a
����� ]h^bgZ�f_l_hjheh]bqgZ� klZgpby�k_� kta^Z\Z�\�Khnby�� Z�^h�djZy�gZ� ���b�\_d
lZdb\Z�\_q_�bfZ� \t\�\kbqdb�ih�]he_fb� [te]Zjkdb� ]jZ^h\_��Ij_a� ����� ]h^bgZ� k_
kta^Z\Z� >bj_dpby� ih� f_l_hjheh]by� dtf� lh]Z\Zrghlh� Fbgbkl_jkl\h� gZ
ijhk\_s_gb_lh�
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Fh`_�^Z�k_�dZ`_��q_�dtf� ������]h^bgZ�\�;te]Zjby�\_q_�kts_kl\m\Z�^h[j_
ba]jZ^_gZ� gZpbhgZegZ� fj_`Z� hl� f_l_hjheh]bqgb� (^t`^hf_jgb� b� debfZlbqgb)

klZgpbb��Ij_a�ktsZlZ�]h^bgZ�aZihq\Z�^Z�k_�ba^Z\Z� �³F_l_hjheh]bq_g�]h^brgbd “

ih^� j_^ZdpbylZ�gZ�KiZk�<Zph\�� dhclh� k_� aZiZa\Z� \� ijb[ebabl_egh� _^gh� b� ktsh
hnhjfe_gb_�qZd�^h�gZqZehlh�gZ����l_�]h^bgb�gZ����b�\_d�

Hkgh\gZlZ�qZkl�hl�ZgZebabjZgbl_�^Zggb�kZ�hl�lhab�balhqgbd��GZ�[ZaZlZ�gZ
kj_^ghf_k_qgbl_�klhcghklb�gZ�l_fi_jZlmjbl_�kZ�baqbke_gb�kj_^gbl_�klhcghklb�aZ
klm^_ghlh� b� lhiehlh� ihem]h^b_� aZ� ��� debfZlbqgb� klZgpbb�� J_^bpbl_� aZ
ihem]h^brgbl_�\Ze_`gb�kmfb�kZ�ihemq_gb�hl�^Zggbl_�aZ�f_k_qgbl_�klhcghklb�gZ
ktsbl_��im[ebdm\Zgb�aZ�kihf_gZlbl_� �klZgpbb�� �dtf�dhblh�kZ�^h[Z\_gb�b�hs_���
^jm]b�(^t`^hf_jgb)�klZgpbb���>Zggbl_�hl�f_k_pbl_�gh_f\jb�b�^_d_f\jb�hl�^Z^_gZ
dZe_g^ZjgZ� ]h^bgZ� kZ� hlq_l_gb� dtf� ihem]h^brgbl_� klhcghklb� gZ� kthl\_lghlh
ihem]h^b_�aZ�ke_^\ZsZlZ�]h^bgZ�

Klj_f_`tl� _� [be� ih� k\h_lh� jZaiheh`_gb_� ba[jZgbl_� gZ[ex^Zl_egb
imgdlh\_�^Z�ihdjb\Zl�\tafh`gh�gZc�jZ\ghf_jgh�l_jblhjbylZ�gZ�kljZgZlZ��?^gZ
]heyfZ�]jmiZ� �hl�gZc�^te]b�j_^bpb�(hdheh� �����hl�h[sby�[jhc��kZ�g_ij_dtkgZlb
hl� ����� ]h^bgZ�� <lhjZ� ]heyfZ� ]jmiZ� aZihq\Z� hl� ���������� ]h^bgZ�� � >Zggbl_� hl
gydhedhlh�klZgpbb�\�X`gZ�>h[jm^`Z�k_�baiheam\Zl�ke_^������]h^bgZ��hldh]Zlh�l_
kZ�\dexq_gb�\�l_jblhjbylZ�gZ�;te]Zjby�

Itj\hgZqZegh� h[jZam\Zgbl_� j_^bpb� hl� l_fi_jZlmjgb� b� \Ze_`gb� ^Zggb
h[o\ZsZoZ� i_jbh^Z� ^h� ����� ]h^bgZ�� <tjom� lyo� _� gZijZ\_gh� itj\hlh� hkgh\gh
bake_^\Zg_� hl� gZqZehlh� b� kj_^ZlZ� gZ� ���l_� ]h^bgb� (Dhfblh\�� ����Z�[).

<ihke_^kl\b_��ij_a������]h^bgZ�aZ����hl�klZgpbbl_�^Zggbl_�[yoZ�^hiteg_gb�^h�����
]h^bgZ� \dexqbl_egh�� =eZ\gbl_� j_amelZlb� hl� gh\hlh� bake_^\Zg_� kZ� hibkZgb� hl
Dhfblh\�b�^j.(2006).

������� Lhiehlh� ihem]h^b_� b� ������ ±]h^brgbyl� ketgq_\h�
debfZlbq_g�pbdte��<Ze_`bl_

GZ� nb]�� ��� _� ihdZaZgZ� j_^bpZlZ� hl� klhcghklb� gZ� \Ze_`gbl_� kmfb� ij_a
lhiehlh�ihem]h^b_��\�klZgpby�Ieh\^b\�aZ�i_jbh^Z����������] ��dhblh�kZ�ba]eZ^_gb
ih� �� ]h^bgb� (kbgylZ� � ebgby)�� K� \bhe_lh\ZlZ� ebgby� kZ� ihdZaZgb� ba]eZ^_gbl_
kj_^gh]h^brgb�klhcghklb�gZ�bg^_dkZ�<henh\h�qbkeh�Ri��>Z^_gb�kZ�b�pxjbokdbl_
ghf_jZ�gZ�pbdebl_�gZ�R\Z[_�<hen�

Nb]����� ������ ]h^brgbyl� ketgq_\h�debfZlbq_g� pbdte� ij_a� lhiehlh
ihem]h^b_�\�klZgpby�Ieh\^b\�(1899-1994 ]�). (Komitov et al.,. 2006).
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Hl� nb]mjZlZ� k_� \b`^Z�� q_� hlghkbl_egh� gZc�kmobl_� ³e_lZ´� �l�_�� lhieb
ihem]h^by�kZ�dhgp_gljbjZgb� �ih�\taoh^sbl_�dehgh\_�beb�hdheh�fZdkbfmfbl_�gZ
q_lgbl_����]h^brgb�ketgq_\b�pbdeb��^hdZlh�hdheh�g_q_lgbl_�fZdkbfmfb�e_lZlZ
kZ�oeZ^gb�b�^t`^h\gb���Lh\Z�y\e_gb_�k�������]h^brgZ�pbdebqghkl�k_�_�ih\lhjbeh
i_l�itlb�\�l_q_gb_�gZ� ���b�\_d�b�fh`_�^Z�k_�dZ`_��q_�badexq_gb_�hl�g_]h�gyfZ�
Ykgh�_�h[Zq_��q_�i_jbh^bl_�gZ�aZkmrZ\Zg_�hdheh�fZdkbfmfbl_�gZ�q_lgbl_�pbdeb
g_�kZ�_^gZd\h�^te[hdb��GZc�kmobl_�i_jbh^b�kZ�\�djZy�gZ����l_�b�ij_a�ih�]heyfZlZ
qZkl� gZ� ���l_� ]h^bgb� b� hdheh� gZqZehlh� gZ� ���l_� ]h^bgb�� GZc�keZ[h� _� bajZa_gh
aZkmrZ\Zg_lh� ij_a� ���l_� ]h^bgb� (ketgq_\� pbdte� No 20)�� dh]Zlh� oZjZdl_jgbl_
ba]eZ^_gb� klhcghklb� gZ� \Ze_`gbl_� kmfb� kZ� [ebadb� ^h� l_ab� gZ� hlghkbl_egh
^t`^h\gby�i_jbh^���k\tjaZg�ktk�ketgq_\by�pbdte�No17  \�djZy�gZ����l_�]h^bgb�

GZ�nb]�����_�ihdZaZg�T-R ki_dltjZ�gZ�ktsZlZ�j_^bpZ��Ih�]hj_�gZijZ\_ghlh
aZdexq_gb_�gZbklbgZ� k_�ihl\tj`^Z\Z��BfZ� ^\Z� bay\_gb� pbdteZ� \� ^bZiZahgZ� hl
dhe_[Zgby� k� ijh^te`bl_eghkl� ih^� ���� ]h^bgb��Ih�fhsgbyl� hl� lyo� _� � hdheh� ��
]h^bgb��Z�ih�keZ[byl�_�d\Zab�����]h^br_g�

Nb]���� T-R ki_dltj� gZ� j_^bpZlZ� gZ� \Ze_`gbl_� kmfb� ij_a� lhiehlh
ihem]h^b_�\�klZgpby�Ieh\^b\ (���������]���g_ba]eZ^_gb�^Zggb���Komitov et al.. 2006)

D\Zab�±������]h^brgZlZ�pbdebqghkl�gZ�\Ze_`bl_�ij_a�lhiehlh�ihem]h^b_�_
oZjZdl_jgZ� aZ�hdheh� �������hl� l_jblhjbylZ�gZ�X`gZ�;te]Zjby� –[_a�AZiZ^gbl_
dhleh\bggb� ihe_lZ� (nb]���)�� <� K_\_jgZ� ;te]Zjby� k_� � gZ[ex^Z\Z� kZfh� \� gydhb
hl^_egb�imgdlh\_�

>h[jZlZ� bay\_ghkl� gZ� ������ ]h^brgby� ketgq_\h�debfZlbq_g� pbdte� \
;te]Zjby�kihj_^�Z\lhjZ�_�ke_^kl\b_�hl�k\tjaZgZlZ�k�lh\Z�dhe_[Zgb_�^bgZfbdZ�gZ
BkeZg^kdby� [Zjbq_g�fbgbfmf��I_jbh^bl_� gZ� mkbe_g� f_jb^bhgZe_g� ij_ghk� \t\
\taoh^ysbl_�b�hdhehfZdkbfmfgb�nZab�gZ�g_q_lgbl_�ketgq_\b����]h^brgb�pbdeb
me_kgy\Z�ijhgbd\Zg_lh�gZ�ZleZglbq_kdbl_�pbdehgb�gZ^�;ZedZgkdby�ihemhkljh\��
Lh\Z�eh]bqgh�\h^b�^h�ih�agZqbfb�dhebq_klgZ� �\Ze_`b�ij_a�l_ab�i_jbh^b��Fgh]h
ih�kbegZlZ� bay\_ghkl� gZ� ������ ]h^brgby� pbdte� x`gh�� hldhedhlh� k_\_jgh� � hl
KlZjZ� ieZgbgZ� _� gZc�\_jhylgh� ke_^kl\b_� hl� bgl_gabnbpbjZghlh� h[jZam\Zg_� gZ
kj_^ba_fghfhjkdb�pbdehgb��Ihke_^ghlh�_�ke_^kl\b_�hl�aZkbe_gby�ij_ghk�\�ihkhdZ
k_\_jhaZiZ^��x]hbalhd�ih�ktshlh�lh\Z�\j_f_���Ih�lhab�gZqbg�fh`_�^Z�k_��h[ykgb�b
ih�^h[jZlZ�bay\_ghkl�gZ�������]h^brgby�pbdte�\�X`gZ�;te]Zjby�
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Kmobl_� ³e_lZ´� �lhieb� ihem]h^by�� kZ� ij_h[eZ^Z\Zsb� \t\� \taoh^yrbl_� b
hdhehfZdkbfmfgbl_�nZab�gZ�q_lgbl_�pbdeb��dh]Zlh�ahgZegbyl�ij_ghk�_�kbe_g��<
lhab� kemqZc�ZleZglbq_kdbl_�pbdehgb�[tjah� k_�bagZkyl�gZ�balhd� ��ij_fbgZ\Zcdb
gZ^�K_\_jgZ�b�Kj_^gZ�?\jhiZ��gh�jy^dh�^hklb]Zcdb�;ZedZgkdby�ihemhkljh\�

DZdlh�\_q_�[_�dZaZgh�\_q_�gydhedh�itlb�gZ�jZaebqgb�f_klZ�\�l_dklZ���������
]h^brgbyl�pbdte�_�oZjZdl_j_g�aZ�dhjimkdgbl_�ijhp_kb�gZ�Ketgp_lh��GZ[ex^Z\Z
k_�\�³]j_geZg^kdby´�[_jbeb_\�j_^�b�iheyjgbl_�kbygby��G_]h\ZlZ��fZdZj�b�keZ[Z
j_]bkljZpby�\�debfZlZ�gZ�;te]Zjby�ihdZa\Z��q_�l_g^_gpbb���k\tjaZgb�k�g_]h�bfZ�b
\�ih\_^_gb_lh�gZ�BkeZg^kdby�[Zjbq_g��fbgbfmf�

Nb]����� � DZjlZ� gZ� jZaij_^_e_gb_� gZ� f_l_hjheh]bqgbl_� klZgpbb�� \� dhblh� _
mklZgh\_g�klZlbklbq_kdb�^hklh\_j_g�������]h^br_g�ketgq_\h�debfZlbq_g�pbdte
(aZiteg_gbl_�djt]q_lZ�� \�j_^bpbl_�gZ� \Ze_`gbl_� kmfb�ij_a�lhiehlh�ihem]h^b_
³/V´�=h]hr_\�b�Dhfblh\����� ).

 

;_r_� ijh\_^_g� djhk�dhj_eZpbhg_g� ZgZeba� f_`^m� o_ceh\kdhlh� \henh\h
qbkeh�Hi = ΨΨ.Ri  b��\Ze_`gbl_�kmfb�ij_a�lhiehlh�ihem]h^b_�Ls .  (ΨΨ=+1 �ih�\j_f_�gZ
q_lgbl_� b� ±�� ih� \j_f_� gZ� � g_q_lgbl_� pbdeb���� HdZaZ� k_� �� q_� gZc�\bkhdbl_� ih
Z[khexlgZ� klhcghkl� hljbpZl_egb�dh_nbpb_glb�gZ�dhj_eZpby� kZ� ijb� hlf_kl\Zg_
aZdtkg_gb_�gZ�j_^bpZlZ�gZ�\Ze_`bl_�kijyfh�lZab�gZ�Hi� �k�_^gZ�  ]h^bgZ� ��DZdlh�_
ba\_klgh�fZdkbfmftl� gZ� � dhjimkdmeyjgZlZ� Zdlb\ghkl� bahklZ\Z� kijyfh� lhab� gZ
i_lgZlZ�\�jZfdbl_�gZ� ���]h^brgby�pbdte�bf_ggh� k� hdheh� ���� ]h^bgb��?lh� aZsh
fh`_� ^Z� k_� dZ`_�� q_� lhab� j_amelZl� ^h[j_� k_� k\tja\Z� k� ij_^klZ\ZlZ� aZ
dhjimdmeyjgZlZ�ijbjh^Z�gZ�������]h^brgby�ketgq_\h�debfZlbq_g�pbdte�

Ih� \bkhdZlZ� Zdlb\ghkl� gZ� BkeZg^kdby� fbgbfmf� b� �j_ki_dlb\gh�� ih
bgl_gab\gbl_� \Ze_`b� gZ^� ;ZedZgkdby� ihemhkljh\� b� ;te]Zjby� ih� \j_f_� gZ
g_q_lgbl_� �ketgq_\b� ���]h^brgb�pbdeb�fh`_�^Z�k_�^te`b�dZdlh�gZ�ih�]heyfZlZ
dhjimkdmeyjgZ�Zdlb\ghkl�gZ�Ketgp_lh�ih�\j_f_�gZ�g_q_lgbl_�pbdeb��Z�lZdZ�ktsh
b�\_jhylgh�gZ�ih�^h[jbl_�mkeh\by��dhblh�f_`^mieZg_lghlh�fZ]gblgh�ihe_�kta^Z\Z
ih�ktshlh�\j_f_�aZ�ijhgbd\Zg_�gZ�dhjimkdmeyjgZlZ�jZ^bZpby�\�Zlfhkn_jZlZ�gZ
A_fylZ�

������ ]h^br_g� debfZlbq_g� pbdte� ijb� \Ze_`bl_� _� mklZgh\_g� gZ� fgh]h
f_klZ�ih�k\_lZ�k�mf_j_g���ij_oh^gh�dhglbg_lZe_g�beb�km[ljhibq_g�debfZl�(Jmkby�
DZaZoklZg��K_\_jgZ�Bg^by��DblZc��:\kljZeby� ��<_ebdbl_�jZ\gbgb�\�K:S�b�^j�)
Ih^jh[_g�h[ahj�ih�\tijhkZ�_�gZijZ\_g�hl�O_jfZg�b�=he^[_j]�(Herman and Goldberg,

1978)��D\Zab����]h^brgbl_�dhe_[Zgby�gZ�\Ze_`bl_�\�aZiZ^gZlZ�qZkl�gZ�K:S�s_
[t^Zl�h[kt^_gb�\�&5.4
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?<HEXPBY� G:� ������ =H>BRGBY� <:E?@?G� KETGQ?<H�DEBF:LBQ?G
PBDTE�IJ?A����B�<?D�

<� ZdlmZebabjZghlh� bake_^\Zg_� gZ� \ebZgb_lh� gZ� ketgq_\ZlZ� Zdlb\ghkl
\tjom� debfZlZ� gZ� ;te]Zjby� [_� ijh\_^_g� ZgZeba� gZ� _\hexpbylZ� gZ� jZaebqgbl_
hkpbeZpbb� �\t\�\j_f_ggby�j_^�gZ�Ls aZ�klZgpby�Ieh\^b\�ij_a�i_jbh^Z����������
]h^bgZ�� Baiheam\Zg� _� ³^\mf_j_g´� T-R i_jbh^h]jZf_g� ZgZeba� (MWTRPA-

�ijhp_^mjZlZ��\b`�b�ijbeh`_gb_�����J_amelZlbl_�kZ�ihdZaZgb�gZ�nb]�����
<kydZ�_^gZ�hl�dhehgbl_� �gZ�ij_^klZ\_gZlZ�gZ�nb]�� ���dZjlZ�ij_^klZ\ey\Z

T-R dhj_eh]jZfZ��gZ�hljyatd�hl�\j_f_ggby�j_^�k�^te`bgZ����]h^bgb��L_ab�\j_f_\b
hljyatpb��³ieZ\Zsb�_ihob´�beb�³ieZ\Zsb�ijhahjpb´��kZ�hlf_kl_gb�_^bg�kijyfh
^jm]�ktk�kltidZ�hl���]h^bgZ���Ih� lhab� gZqbg� itj\ZlZ� ³ieZ\ZsZ� _ihoZ´� \dexq\Z
^Zggbl_� hl� ����� ^h� �����Z�� ]h^bgZ�� ke_^\ZsZlZ� ±� hl� �����lZ�^h� ����� ]�b� l�g�� �Ih
Z[kpbkgZlZ� hk� kZ� gZg_k_gb� dZe_g^Zjgbl_� p_gljh\_� gZ� ieZ\Zsbl_� _ihob�
<_ebqbgZlZ�³R/SR” oZjZdl_jbabjZ�klZlbklbq_kdZlZ�^hklh\_jghkl�gZ�hkpbeZpbbl_
ktk�kthl\_lgby�i_jbh^�T�b�\�kthl\_lgZlZ�“ieZ\ZsZ�_ihoZ´���<�ba[jZgbl_�p\_lh\b
gb\Z�klZlbklbq_kdb�agZqbfbl_�klhcghklb�kZ�l_ab� ��dhblh�k_�ih�]he_fb�hl�������l�_
\bhe_lh\byl� � p\yl� beb� gZ^ykgh� hl� g_]h� ih� kdZeZlZ�� OhjbahglZegbyl� j_^,

kthl\_lkl\m\Zs�gZ�i_jbh^�k�ijh^te`bl_eghkl����]h^bgb�_�ihdZaZg��k�ltfgZ�ebgby�

Nb]����� �?\hexpby�gZ�������]h^brgby�pbdte�\�j_^bpZlZ�gZ�\Ze_`bl_�ij_a
lhiehlh� ihem]h^b_� Ls \� Ieh\^b\� (1899-1994 ]��³^\mf_jgZ� 7�5� dhj_eh]jZfZ´�
ij_^klZ\ysZ�\_ebqbgZlZ�5�65�\b`��ijbe��).  (Komitov et al., 2006).

Hl� dZjlZlZ� k_� \b`^Z�� q_� ������ ]h^brgbyl� pbdte� _� [be� ^hklZ� keZ[� \
gZqZehlh� gZ� ���b� \_d� b� k_� mkbe\Z� hl� ���l_� ]h^bgb� gZkZf�� dZlh� ij_a� \lhjZlZ
iheh\bgZ� gZ� ���b� \_d� _� h[sh� \a_lh� gZc�kbe_g�� � Lh\Z� ihdZa\Z�� q_� g_]h\ZlZ
Zfieblm^Z� k_� fh^mebjZ� hl� dhe_[Zgby� k� ih�]heyfZ� ijh^te`bl_eghkl�� Ih
^_lZcegbyl�ZgZeba�khqb��q_�lh\Z�k_�ijZ\b�hl�d\Zab����b����]h^brgbl_���Z�\_jhylgh
±�b�hl�d\Zab\_dh\b�pbdeb �� AZ� ijt\� itl� \tijhktl� aZ� \tafh`ghlh� gZebqb_� gZ
\_dh\b�_n_dlb�\tjom�ijhy\bl_�gZ�������]h^brgby�ketgq_\h�debfZlbq_g�pbdte�_
bake_^\Zg�hl�Z\lhjZ�\�kj_^ZlZ�gZ����l_�]h^bgb�(Dhfblh\������[).
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L?FI?J:LMJGBYL�������=H>BR?G�PBDTE

L_fi_jZlmjbl_�ij_a�lhiehlh�ihem]h^b_�kZ�\�Zglbdhj_eZpby�k�dhebq_kl\hlh
gZ�\Ze_`bl_��?lh�aZsh�\�j_^bpbl_�gZ�kj_^gbl_�l_fi_jZlmjb�^Z�lhab�k_ahg�\�]heyfZ
qZkl� hl� bgkljmf_glZegbl_� ^Zggb� k_� gZ[ex^Z\Z� ������ ]h^br_g� pbdte�� dhclh� _
³h]e_^Ze_g´�gZ��lhab�\t\�\Ze_`bl_�(nb]����) .

Nb]����� �Ba]eZ^_gb� ��]h^brgb� klhcghklb� gZ� kj_^gbl_�l_fi_jZlmjb� ij_a
lhiehlh�ihem]h^b_� \�Ieh\^b\� ����������� ]��q_j\_gZlZ� ebgby� b�<henh\hlh� qbkeh
Ri- \bhe_lh\ZlZ�ebgby��(Komitov et al., 2006)

<b`^Z�k_� ��q_�l_ab� ������]h^brgb�\tegb�g_�kZ�k�_^gZd\Z�Zfieblm^Z��GZc�
\bkhdZ�_�\tegZlZ��k\tjaZgZ�k�q_lgby�pbdte�1R�����Ke_^\Zsbl_�^\_�\tegb�ke_^�g_y�
ij_a����l_�b����l_�]h^bgb�kZ�ih�keZ[b���gbaoh^ysbyl�lj_g^�f_`^m������b��������]��_
hq_\b^_g��Hl�gZqZehlh�gZ� ���l_� ]h^bgb� aZihq\Z�gh\Z�\tegZ�gZ� aZlhieyg_��dhylh
gZih^h[y\Z� lZab�ij_a� ���l_� ]h^bgb�gZ� ���b� \_d�� �Kihj_^� � Z\lhjZ� lZab� ^bgZfbdZ
hljZay\Z� Zfieblm^gZlZ� fh^meZpby� � hl� pbdte� k� \_dh\Z� beb� km[\_dh\Z
ijh^te`bl_eghkl�

5.3.3 L_fi_jZlmjgbyl� d\Zab� ���]h^br_g� pbdte� ij_a� klm^_ghlh
ihem]h^b_

<tjom� pyeZlZ� l_jblhjby� gZ� ;te]Zjby� �� gh� hkh[_gh� ^h[j_� \� aZiZ^gbl_
jZchgb� k_�gZ[ex^Z\Z� ���]h^br_g�pbdte�\� kj_^gbl_� l_fi_jZlmjb�ij_a� klm^_ghlh
ihem]h^b_�� Lhc� _� gZc�� ^h[j_� bajZa_g� \� KZfhdh\�� Ibj^hi�� >migbpZ� �nb].61),,

I_ljbq�^hdZlh�\�klZgpbbl_�hl�K_\_jhaZiZ^gZ�;te]Zjby��_�fgh]h�ih�keZ[��fZdZj�b
ktsh� klZlbklbq_kdb� ^hklh\_j_g�� Klm^_gbl_� abfgb� ihem]h^by� k_� dhgp_gljbjZl
hkgh\gh�hdheh�fbgbfmfbl_�gZ����]h^brgbl_�pbdeb��Z�lhiebl_�kZ�gZc�\_q_�hdheh
l_ogbl_�fZdkbfmfb�

L_g^_gpbylZ� aZ� kljmi\Zg_� gZ� ih�lhiebl_� abfb� hdheh� fZdkbfmfbl_� gZ
ketgq_\bl_���]h^��pbdeb�_�^hklZ�ijb[ebabl_egZ�� �Ih�kdhjh�fh`_�^Z�k_�l\tj^b��q_
gZc�lhiebl_� abfb� h[bdgh\_gh� ij_^oh`^Zl� � beb� aZdtkgy\Zl� ih� hlghr_gb_� gZ
i_lghh[jZam\Zl_egby�fZdkbfmf� k� ���� ]h^bgb�� �Ijb� gydhb� hl� q_lgbl_� pbdeb� k_
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³ihy\y\Z´�ih�_^gZ�klm^_gZ�abfZ�\�hdhehfZdkbfmfgZlZ�nZaZ��gZijbf_j�ij_a�������
�����b������lZ�]h^bgZ�

Ih�fg_gb_lh�gZ�Z\lhjZ�klm^_gbl_�abfb�\�ketgq_\bl_�fbgbfmfb�kZ�j_amelZl
hkgh\gh� hl� dhf[bgbjZghlh� ^_ckl\b_� gZ� gbkdb� klhcghklb� gZ� ketgq_\ZlZ
_e_dljhfZ]gblgZ� jZ^bZpby� b� \bkhd� nhg� gZ� =DE�� Klm^_gbl_� abfb� \
hdhehfZdkbfmfgbl_� nZab� [boZ� fh]eb� ^Z� k_� k\tj`Zl� _\_glmZegh� � k� fhsgZ
_jmilb\gZ�ketgq_\Z�Zdlb\ghkl��\dexqbl_egh�b�dhjhgZegb�fZkh\b�bao\tjeygby�
gh�\tijhktl�k_�gm`^Z_�hl�^hitegbl_egh�baykgy\Zg_�

Hl� nb]�� ��� _� \b^bfh�� q_� \tijhkgbyl� debfZlbq_g� ZgZeh]� gZ� pbdteZ� gZ
R\Z[_�<hen�_� �kbe_g�hl�gZqZehlh�^hdtf�kj_^ZlZ�gZ����b�\_d� �ketgq_\�pbdte�1h
18)�ke_^�dh_lh���^hklZ�[tjah�hlkeZ[\Z��Bgl_j_kgh�\�kemqZy�_��q_�lhab�ijhp_k�kt\iZ^Z
k�ihkl_i_ggh�³aZklm^y\Zg_´�gZ�³abfghlh�ihem]h^b_´��?n_dltl�_�kbegh�aZ[_e_`bf�\
aZ�hdhehfZdkbfmfgbl_��abfb��aZklm^y\Zg_lh�aZ�klZgpby�>migbpZ�gZ�³abfbl_´�_��k
hdheh���°°K�aZ�i_jbh^Z�f_`^m������b������]h^bgZ��

Nb]����� �Ba]eZ^_gb� ��]h^brgb� klhcghklb� gZ� kj_^gbl_�l_fi_jZlmjb� ij_a
lhiehlh�ihem]h^b_� \�>migbpZ (1908-1994 ]��q_j\_gZlZ�ebgby�b�<henh\hlh� qbkeh
Ri- \bhe_lh\ZlZ�ebgby��(Dhmitov et al., 2006)

ABFB� ±³J?DHJ>VHJB´��KTS?KL<M<:� �EB� � ������=H>BR?G�PBDTE� � A:
L?AB��IJBJH>GB�KT;BLBY"

  DZdlh� _�^h[j_�ba\_klgh� hl�ih�gh\ZlZ�bklhjby� abfZlZ�gZ� �������� ]h^bgZ� _
[beZ�badexqbl_egh�l_`dZ��hkh[_gh�\�BalhqgZ�?\jhiZ��Gydhb�bklhjbpb�kfylZl��q_
ly�_�[beZ�fgh]h�\Z`_g�nZdlhj�aZ�oh^Z�gZ�\h_ggbl_�^_ckl\by�gZ�Balhqgby�njhgl�b
ihjZ`_gb_lh�gZ�]_jfZgkdZlZ�Zjfby�\�ih^kltibl_�dtf�Fhkd\Z�� �Lhqgh�ij_a�lZab
abfZ�\�;te]Zjby��]j�Ljtg��_�baf_j_gZ�gZc�gbkdZlZ�l_fi_jZlmjZ�\�pyeZlZ�bklhjby
gZ�bgkljmf_glZegbl_�gZ[ex^_gby�(-38. 3°°C).  LhfZ�ijbjh^gh�kt[blb_�_�gZkltibeh
hdheh�^\_�]h^bgb�ij_^b�ihj_^gby�fbgbfmf�gZ����]h^brgy�ketgq_\�pbdte�

<� gZqZehlh� gZ� ����� ]h^bgZ� \� ?\jhiZ� gZklti\Z� abfZ�� dhylh� ih� k\hbl_
oZjZdl_jbklbdb� fgh]h� gZih^h[y\Z� lZab� ij_a� �������� ]h^bgZ�� <� ;te]Zjby� ly� _
fgh]h� l_`dZ� b� ij_^ba\bd\Z� ijh[e_fb� \� ljZgkihjlZ� �� dhfmgZegh�[blh\hlh
klhiZgkl\h� b� ijhfbre_ghkllZ�� LZab� abfZ� gZklti\Z� hdheh� ���� ]h^bgb� ij_^b
ihj_^gby��ketgq_\�i_lghh[jZam\Zl_e_g�fbgbfmf�ij_a������]h^bgZ�
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Ij_a� �������� ]h^bgZ� gZklti\Z� fgh]h� l_`kZ� abfZ� \� ?\jhiZ� b� K_\_jgZ
:f_jbdZ��<�;te]Zjby�gZ�hl^_egb�f_klZ�kmlj_rgbl_�l_fi_jZlmjb�iZ^Zl�ih^����°°K�
<� kljZgZlZ� \tagbd\Z� hkljZ� _g_j]bcgZ� djbaZ�� Ketgq_\byl� i_lghh[jZam\Zl_e_g
fbgbfmf�gZklti\Z�hdheh�����]h^bgb�ih�dtkgh��ij_a�f��k_il_f\jb������]h^bgZ�

H[shlh� f_`^m� ihkhq_gbl_� ljb� abfb� _�� q_� k_� jZaiheZ]Zl� [ebah� ^h
fbgbfmfbl_�gZ����]h^brgbl_�ketgq_\b�pbdeb��gh�baij_\Zj\Zcdb�]b�k�hdheh������
]h^bgb��B�ljbl_�kZ�\�djZy�gZ�gbaoh^ysbl_�dehgh\_�gZ�g_q_lgbl_�pbdeb�k�ghf_jZ
�������b������<j_f_\byl�bgl_j\Ze�f_`^m�l_ab�kt[blby�_�ijb[ebabl_egh�jZ\_g�gZ���
]h^bgb�

:\lhjtl�j_rb�^Z�gZijZ\b�kijZ\dZ�aZ�abfb��hl]h\Zjysb�gZ�l_ab�beb�[ebadb
mkeh\by�hl�ih�^Ze_qghlh�fbgZeh��HdZaZ�k_��q_�dtf�lZab�mkeh\gZ� aZk_]Z�]jmiZ�[b
fh]eZ�^Z�k_�hlg_k_�abfZlZ�gZ���������]h^bgZ��Hl�bklhjbylZ�_�ba\_klgh���q_�ly�_�[beZ
fgh]h� kmjh\Z�� Z� j_dZ� >mgZ\� _� aZfjtagZeZ� gZitegh� f_`^m� ^\ZlZ� [jy]Z�� Lh\Z
kt[blb_�k_�jZaiheZ]Z�\tjom�gbaoh^ysby�dehg�gZ�g_q_lgby�ketgq_\�pbdte�No 11�b
ij_^oh`^Z� k� hdheh� ���� ]h^bgb� � ketgq_\by� i_lghh[jZam\Zl_e_g� fbgbfmf�� Ktsh
lZdZ� aZ� badexqbl_egh� klm^_gZ� abfZ� \� K_\_jgZ� ;te]Zjby� ij_a� ����� ]h^bgZ� (<�
FZgq_\��³Kihf_gb´) .

AZk_]Z� g_� _� ykgh� ^hdhedh� lZab� ihke_^h\Zl_eghkl� _� [beZ� mklhcqb\Z� \
jZfdbl_�gZ�ih�^tet]�i_jbh^�hl�\j_f_��Fh`_�k�]heyfZ�m\_j_ghkl�^Z�k_�l\tj^b� ��q_
ly�g_�k_�baitegy\Z�\�^hklZltqgZ�kl_i_g�aZ�gblh�_^gZ�hl�abfbl_�\�djZy�gZ�pbdte
No 15 ��AZ�ih�klZjb�ih^h[gb�kt[blby� (hdheh�]h^bgbl_� ����������� ����������� �����
����� dZdlh� b� ij_^b� ����)� [b� fh]eh� ^Z� k_� kt^b� hkgh\gh� gZ� [ZaZlZ� gZ� ibkf_gb
k\_^_gby� hl� kthl\_lgZlZ� _ihoZ�� � L\tj^_� _� \tafh`gh� ijhy\y\Zg_lh� gZ� ih^h[gb
kt[blby� ^Z� k_� fh^mebjZ� hl� ketgq_\b� pbdeb� k� \_dh\Z� beb� km[\_dh\Z
ijh^te`bl_eghkl�

Ljy[\Z� k_� bfZ� ij_^\b^�� q_� kihf_gZlbl_� ³abfb�j_dhj^vhjb´� g_� k_
jZaiheZ]Zl� lhqgh� \tjom�fbgbfmfbl_� gZ� ���]h^brgbl_� pbdeb�� Z� ]b� baij_\Zj\Zl
kj_^gh� k� � hdheh� � ������ ]h^bgb�� Lh\Z� ih^kdZa\Z�� q_� gZc�\_jhylgh� ijbqbgZlZ� _
k\tjaZgZ� g_� kZfh� k� ih�gbktd� ihlhd� _e_dljhfZ]gblgZ� ketgq_\Z� jZ^bZpby� beb
\bkhd�ihlhd�gZ�=DE��Z�ih�kdhjh�^_ckl\m\Z�b�gydZdt\�^hitegbl_e_g�nZdlhj�

:\lhjtl�kqblZ�hij_^_eyg_lh�gZ�ihl_gpbZegbl_� �ijbqbgb�aZ�\tagbd\Zg_lh
gZ� ³abfbl_�j_dhj^vhjb´� aZ� \Z`gZ� b� ZdlmZegZ� aZ^ZqZ�� IjbqbgZ� aZ� lh\Z� _
\tafh`ghkllZ�gZklhysZlZ�abfZ�gZ�����������]h^bgZ�^Z�k_�hdZ`_�lZdZ\Z�

OZjZdl_j_g� aZ�fhsgbl_�g_q_lgb�pbdeb� _� kjZ\gbl_egh� ^h[j_�bajZa_g�ibd
gZ� _jmilb\gZlZ� Zdlb\ghkl� hdheh� ����lZ� ]h^bgZ� ke_^� i_lghh[jZam\Zl_egby
fZdkbfmf�� � ?lh� aZsh� _� \tafh`gh�� ijhlhgbl_� k� \bkhdZ� _g_j]by� �� b^\Zsb� hl
Ketgp_lh�^Z�kZ�ltdfh�lhab�nZdlhj��dhclh�_�ijbqbgZ�aZ�³abfbl_�j_dhj^vhjb´�ij_a
�����������b������]��Z�\_jhylgh�±�b�ij_a�����]�

Lh\Z�h[Zq_�_^\Z�eb�_�[beh�\yjgh�aZ������]h^bgZ��dhylh�ihiZ^Z�\�kZfby�djZc
gZ�keZ[by�i_lghh[jZam\Zl_e_g�pbdte�No 5 b�\�gZc�^te[hdZlZ�qZkl�gZ�>Zelhgh\by
fbgbfmf�� KeZ[ZlZ� Zfieblm^Z� gZ� lhab� pbdte� b� h[klhyl_ekl\hlh�� q_� ����� ]� _� \
kZfby�g_]h\�djZc�g_�ij_^iheZ]Zl� kbegZ� _jmilb\gZ� Zdlb\ghkl��>hdZaZl_ekl\h� aZ
lh\Z� _� hs_�b�nZdltl� ��q_�ij_a� ����� ]h^bgZ� _�j_]bkljbjZgh� kZfh� _^gh� kbygb_�gZ
kj_^gb�rbjbgb�kihj_^�im[ebdm\Zgbl_�^Zggb��Ih�±kdhjh�lZab�abfZ�_�[beZ�klm^_gZ
ihjZ^b� gbkdbl_� klhcghklb� gZ� bg^_dkZ� TSI b� kbegby� ihlhd� gZ� ]ZeZdlbqgbl_
dhkfbq_kdb�etqb�

O_ebhnbabqgbl_� mkeh\by� aZ� ij_^klhysZlZ� abfZ� ���������� ]� kZ� ih�kdhjh
ih^h[gb� gZ� l_ab� hl� ����� ]�� hldhedhlh� gZ� ktsbl_� ij_a� ������ ����� beb� ����� ]�
Ke_^h\Zl_egh��bgl_j\Zetl�hl� a���]h^bgb�g_�_�dZl_]hjbqgbyl�ijbagZd� ��ih�dhclh
l_ab�abfb�fh]Zl�^Z�[t^Zl�h[_^bg_gb��Lh\Z�hl�k\hy�kljZgZ�hagZqZ\Z��q_�hlklhygb_lh
gZ� ��� ]h^bgb� ih� \j_f_� ke_^� ����� ]� g_� _� ^hklZltqgh� hkgh\Zgb_� ^Z� kqblZf_
ij_^klhysZlZ�abfZ�aZ�\_jhyl_g�³j_dhj^vhj´�

Hl�nb]���� k_�\b`^Z��q_�nZaZlZ�gZ�i_lghh[jZam\Zl_egby�pbdte�gZ�R\Z[_�
<hen� fh`_� ^Z� k_� kqblZ� kZfh� aZ� ]jm[� bg^bdZlhj� aZ� oZjZdl_jZ� gZ� ^Z^_gh� abfgh
ihem]h^b_���?lh�aZsh�k_�gZeZ]Z�^Z�k_�gZijZ\b�ih�ij_pba_g�dhebq_kl\_g�ZgZeba�gZ
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nZdlhjbl_��h[mkeZ\ysb�kj_^gZlZ�l_fi_jZlmjZ�gZ�klm^_ghlh�ihem]h^b_��dZdlh�b�gZ
\b^Z�gZ�kthl\_lgbl_�_fibjbqgb�\jtadb�

KLM>?GHLH� IHEM=H>B?�� KETGQ?<:L:� :DLB<GHKL� B
=?HF:=G?LBAF:���N:DLHJGB�<JTADB

DZlh� itj\Z� kltidZ� aZ� bake_^\Zg_� gZ� klZlbklbq_kdbl_� \jtadb� f_`^m
l_fi_jZlmjbl_� ij_a� abfghlh� ihem]h^b_� hl� _^gZ� kljZgZ� b� o_ebhnbabq_kdbl_
nZdlhjb� hl� ^jm]Z� [_� ihltjk_gZ� dhj_eZpbhggh�j_]j_kbhggZ� \jtadZ� � f_`^m
i_lghh[jZam\Zl_egby�bg^_dk�Rh (qbkehlh�gZ�]jmibl_�ketgq_\b�i_lgZ)�b�kj_^gZlZ
l_fi_jZlmjZ�aZ�klm^_ghlh�ihem]h^b_�Tw .

;yoZ� bake_^\Zgb� j_^bpbl_� gZ� \kbqdb� debfZlbqgb� klZgpbb�� kt^tj`Zsb
l_fi_jZlmjgb�^Zggb��;yoZ�baijh[\Zgb����jZaebqgb�nmgdpbb�k�p_e�hij_^_eyg_�gZ
gZc�hilbfZegby� \b^� gZ� \jtadbl_�� HdZaZ� k_�� q_� � k� gZc�\bkhdZ� klZlbklbq_kdZ
agZqbfhkl�_�ijb[eb`_gb_lh��hl�ebg_cgh�j_pbijhq_g�\b^��l�_�

Tw = - a/ Rh + b (9)

�Kthl\_lgbl_�dh_nbpb_glb�gZ�dhj_eZpby�kZ�\�^bZiZahgZ�hl������^h� �����b
hl]h\Zjyl�gZ�mkeh\b_lh� r /sr ≥≥ 2.5��Lh\Z�hagZqZ\Z��q_� aZ�ihqlb�\kbqdb�j_^bpb� (k
badexq_gb_�gZ� ��hl�h[sh� ��)�_�]ZjZglbjZgZ�^hklh\_jghkl�gZ�gZf_j_gbl_�\jtadb
gZ^������

<_^gZ]Z� ljy[\Z� ^Z� [t^_� ihkhq_gh�� q_� ijb� fbgbfbaZpby� k� h[bdgh\_gZ
ebg_cgZ�nmgdpby�g_�[yoZ�mklZgh\_gb�klZlbklbq_kdb�^hklh\_jgb�\jtadb�

HljbpZl_egZlZ�ebg_cgh�j_pbijhqgZ�\jtadZ�f_`^m�i_lghh[jZam\Zl_egZlZ
Zdlb\ghkl�b�l_fi_jZlmjbl_�ij_a�abfghlh�ihem]h^b_�ij_^iheZ]Z���q_�\ebygb_lh�gZ
ketgq_\ZlZ�Zdlb\ghkl�ijb�\bkhdb�b�kj_^gb�gb\Z�_�g_agZqbl_egh�b�l_fi_jZlmjZlZ
dehgb�dtf�dhgklZglZ��Ktshlh�gZjZkl\Z�h[Zq_�fgh]h�kbegh�ijb�mkeh\by��[ebadb�^h
i_lghh[jZam\Zl_e_g� fbgbfmf� b� \h^b� kh� kbegh� ihgb`_gb_� gZ� l_fi_jZlmjbl_
(klm^_gb�abfb)�\�hdhehfbgbfmfgbl_�nZab��NZdltl��q_�\jtadZlZ�g_�_�hl�ebg__g���Z
hl�ebg_cgh�±j_pbijhq_g�\b^�ihdZa\Z��q_�gZc�\_jhylgh�k_�dZkZ_�aZ�gZljmi\Zg_�gZ
ih\_q_� hl� _^bg� ketgq_\b� nZdlhjb�� \eby_sb� _^ghihkhqgh� (dhf[bgbjZg� _n_d])-
gZijbf_j�gbkdb�klhcghklb�gZ�bg^_dkZ�TSI b�\�^hiteg_gb_�dtf�lh\Z�\bkhdb�gb\Z
gZ�ihlhdZ�gZ�=DE�

<jtadZlZ� (9) k_�hdZaZ�gZc�kbegZlZ�lZdZ\Z�hl� _^ghnZdlhj_g� lbi��Ly� h[Zq_
gyfZ�j_]j_kbhggZ� agZqbfhkl��l�_�g_� _�^hklZltqgh� kbegZ� aZ�^Z�fh`_�^Z� k_�ihea\Z
ijZdlbq_kdb� aZ� p_ebl_� gZ� ijh]ghabjZg_lh�� ?lh� aZsh� dZlh� ke_^\ZsZ� kltidZ� \
dhebq_kl\_gby�ZgZeba�[_r_�baijh[\Zg_lh�gZ�\jtadb� hl�^\mnZdlhj_g�\b^��P_elZ
[_r_� dZlh� \lhjb� nZdlhj� ^Z� k_� \dexqb� \_ebqbgZ� �� dhylh� _� ^hklZltqgh� ^h[jh
ijb[eb`_gb_� aZ� ketgq_\ZlZ� dhjimkdmeyjgZ� jZ^bZpby�� � AZ� kt`Ze_gb_� h[Zq_�
j_^bpbl_� aZ� ketgq_\bl_� bg^_dkb� �� dhblh� kZ� ih�lykgh� k\tjaZgb� k� ihke_^gZlZ� kZ
kjZ\gbl_egh�dtkb�b�aZihq\Zl�hl�kj_^ZlZ�gZ����l_�]h^bgb�(�gZijbf_j�_jmilb\gbyl
bg^_dk�gZ�De_q_d) ���GZ[ex^_gbylZ�gZ�ketgq_\ZlZ�dhjhgZ�ktsh�kZ�ij_^klZ\_gb�hl
hlghkbl_egh� dtkb� j_^bpb�� DZlh� ihke_^gZ� \tafh`ghkl� hklZ\Z� ^Z� k_� baiheam\Z
gydhc� ]_hfZ]gbl_g� bg^_dk�� dhclh� _� \� ^hklZltqgh� lykgZ� \jtadZ� ktk� ketgq_\hlh
dhjimkdmeyjgh�baetq\Zg_�

Qbke_gbl_�_dki_jbf_glb�k�jZaebqgb�\b^h\_�]_hfZ]gblgb�^Zggb�ihdZaZoZ�
q_� gZc�^h[jb� j_amelZlb� k_� ihemqZ\Zl� Zdh� k_� baiheam\Z� j_^bpZlZ� hl� ]h^brgb
klhcghklb� gZ� l�gZj�� ³]h^br_g� [jhc� gZ� ^gb� k� ]_hfZ]gblgb� [mjb´� N_Ap40+ �� AZ
lZdb\Z�k_�ijb_fZl�^gbl_���\�dhblh�kj_^gh^_ghghsgZlZ�klhcghkl�gZ�bg^_dkZ�Ap _�≥≥
40.

;yoZ�bake_^\Zgb� �gydhedh�j_^bpb�hl�klhcghklb�gZ�kj_^gb�l_fi_jZlmjb�aZ
klm^_ghlh� ihem]h^b_�� MklZgh\b� k_�� q_� ^\mnZdlhjgbl_� \jtadb� � hl� \b^Z
Tw = f (1/Rh, N_Ap40+) �ij_^klZ\yl�ih�^h[jh�hibkZgb_�gZ�Tw \�kjZ\g_gb_�k�(9)��gh�l_
ktsh�g_�^hklb]Zl�j_]j_kbhggZ�agZqbfhkl��babkd\ZsZ�h[sZlZ�nZdlhjgZ�^bki_jkby
^Z�ij_\taoh`^Z�hklZltqgZlZ�ihg_�����itlb��l�_�k�hdheh�����
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Ke_^\Zshlh� bake_^\Zg_� [_r_� gZijZ\_gh� k� ihfhslZ� gZ� ^bkdjbfbgZgl_g
ZgZeba��;_r_�ba[jZgZ�_^gZ�³mf_j_gh�^h[jZ´ih�hlghr_gb_�gZ�ijhy\y\Zg_lh�gZ����
]h^brgZ� pbdebqghkl� \� j_^bpZlZ� gZ� Ts klZgpby� \� K_\_jgZ� ;te]Zjby�� Dg_`Z�
>Zggbl_� hl� g_y� k_� ijb_fZl� dZlh� ihdZaZl_egb� aZ� � ]heyfZlZ� qZkl� hl� >mgZ\kdZlZ
gbabgZ��Baiheam\Zgb�[yoZ�^Zggb�aZ�i_jbh^Z�����������]h^bgZ��GZqZegZlZ�]h^bgZ
[_r_�ba[jZgZ� hl� kth[jZ`_gb_� aZ� lh\Z��q_� hllh]Z\Z� aZihq\Z�j_^bpZlZ�gZ�bg^_dkZ
N_Ap40+ (]h^brgbyl�[jhc�gZ�^gbl_�k�]_hfZ]gblgb�[mjb).

Ijh\_^_gbyl� ^bkdjbfbgZgl_g� ZgZeba� H� hl� ^\mnZdlhj_g� \b^�� ;yoZ
gZijZ\_gb� ^\Z� qbke_gb� _dki_jbf_glZ� �� <� itj\by� hl� lyo� dZlh� bg^bdZlhj� aZ
\ZjbZpbbl_�gZ�h[shlh�dhebq_kl\h�ketgq_\Z�jZ^bZpby�[_r_�baiheam\Zgh�qbkehlh
gZ� ]jmibl_� ketgq_\b� i_lgZ�Rh�� Z� � dZlh� bg^bdZlhj� � aZ� gb\hlh� gZ� =DE� _� � \a_lZ
dhgp_gljZpbylZ�gZ� 10<_�\� ]j_geZg^kdby� [_jbeb_\� j_^� (bgl_jihebjZgb� ]h^brgb
klhcghklb�vBe10) . DZlh�³]jZgbqgh�gb\h�³���gZ^�dh_lh�abfbl_�k_�ijb_fZl�aZ�lhieb��
Z�ih^�g_]h�±aZ�klm^_gb��[_r_�ijb_lZ�kj_^gZlZ�l_fi_jZlmjZ�gZ�klm^_ghlh�ihem]h^b_
aZ�bake_^\Zgby�i_jbh^�� AZ�Dg_`Z� ly� _� jZ\gZ� gZ� ���°°K��Ijh]jZfgbyl� iZd_l� ³�D-

STAT” ^Z\Z�\tafh`ghkl�^Z�k_�baijh[\Zl�h[sh����\b^Z�^bkdjbfbgZglgb�nmgdpbb
hl� \b^Z� := f (Rh, vBe10 ), dt^_lh� : e� Ze]_[jbqgZ� nmgdpby� hl� ihebghfbZe_g
kl_i_g_g�\b^�

Ijb� \lhjby� qbke_g� _dki_jbf_gl� dZlh� nZdlhjb� [yoZ� ba[jZgb� vBe10 � b
N_Ap40+� �� <lhjbyl� [_r_� ijb_l� dZlh� bg^bdZlhj� aZ� _jmilb\gZlZ� Zdlb\ghkl� gZ
Ketgp_lh�

J_amelZlbl_� hl� ^\ZlZ� ZgZebaZ� kZ� ^Z^_gb� gZ� nb]���Z�[�� =jZgbpbl_� gZ
h[eZklbl_��dt^_lh�ij_h[eZ^Z\Zl�_^ghlh�hl�^\_l_�Zel_jgZlb\gb�kt[blby�(lhijh�beb
klm^_gh�³abfgh´�ihem]h^b_)�b�\�^\ZlZ�kemqZy�kZ�^hklh\_jgb�k�\_jhylghkl�gZ^�����
K�lykgbl_�ijZ\ht]tegbl_�ihe_lZ�kZ�ihdZaZgb�ijb[ebabl_egbl_�h[eZklb��\�dhylh�k_
hqZd\Z�^Z�ihiZ^g_�klm^_ghlh�ihem]h^b_�gZ������]h^bgZ�(gh_f\jb������Zijbe�����
])��K�dtkb�klj_edb�kZ�hl[_eyaZgb�abfbl_�j_dhj^vhjb�ij_a������b������]�

Nb]���Z��JZaij_^_e_gb_�gZ� kemqZbl_�gZ� klm^_gb� (ijZagb�djt]q_lZ)�b�lhieb� abfb
(aZiteg_gb�djt]q_lZ)��nZdlhjgh�ijhkljZgkl\h�(Rh, vBe10)

<b`^Z�k_��q_�\�]hjgZlZ�ey\Z�qZkl�gZ�nb]���Z��gZ^�]jZgbpZlZ��hij_^_e_gZ�hl
^bkdjbfbgZglgZlZ�nmgdpby�ij_h[eZ^Z\Zl�klm^_gbl_�abfb��L_� kthl\_lkl\m\Zl�gZ
gbkdb�klhcghklb�gZ�bg^_dkZ�TSI b�kbe_g�ihlhd�gZ�=DE�� �Klm^_gbl_� abfb�\�lZab
ahgZ� kZ� j_amelZl� hl� dhf[bgbjZg� _n_dl�� ih�gbkdZlZ� bgkheZpby� ^_ckl\m\Z
_^gh\j_f_ggh�k�ih�bgl_gab\gh�nhjfbjZg_�gZ�Z_jhahegb�y^jZ��gbkdZ�h[eZqqghkl�b
mkbe_g�f_jb^bhgZe_g�ij_ghk�ih^�^_ckl\b_lh�gZ�=DE�
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Ih�bgl_j_k_g�_�h[Zq_�_^bg�^jm]�nZdl��^\_l_� ³abfb�j_dhj^vhjb´�hl� �����b
�����Z�]h^bgZ� �ihiZ^Zl�\�ahgZlZ�gZ� ³lhiebl_´�abfb��fZdZj�b�[ebah�^h�]jZgbpZlZ
ktk� ³klm^_gZlZ� ³� ahgZ��Lyoghlh� jZaiheh`_gb_� kthl\_lkl\m\Z� gZ� \bkhdb� gb\Z� gZ
10<_�dhgp_gljZpbb� ��gZ�nhgZ�gZ�g_�kt\k_f� �gbkdZ�i_lghh[jZam\Zl_egZ�Zdlb\ghkl�
Lh\Z�h[klhyl_ekl\h�ih^kdZa\Z��q_�³abfbl_�j_dhj^vhjb´�\tagbd\Zl�g_�ih^�\ebygb_
gZ�kihf_gZlbl_�h[bqZcgb�aZ�_^gZ�klm^_gZ�abfZ�o_ebhnbabqgb�mkeh\by���Z�ih�kdhjh
^_ckl\m\Z�gydZdt\�^hitegbl_e_g�nZdlhj���Ltc�dZlh�l_ab�debfZlbqgb�y\e_gby�kZ
gZkltibeb�\�_^gZ�b�ktsZ�nZaZ�gZ�ktk_^gb�g_q_lgb�pbdeb�[b�fh]eh�^Z�k_�^himmkg_�
q_�lhab�nZdlhj�_�ktsh�hl�ketgq_\�ijhbaoh^�

J_amelZlbl_�hl� �\lhjby�^bkdjbfbgZgl_g�ZgZeba�ihdZaZ�dZd\Z�[b�fh]eZ�^Z
[t^_�\tafh`gZlZ�ijbjh^Z�gZ�lhab�nZdlhj�(nb]���[).

Hl� nb]mjZlZ� k_� \b`^Z�� q_� \ktsghkl� gZc�gbkdbl_� gb\Z� gZ� [_jbeb_\bl_
dhgp_gljZpbb� vBe10 <0.9.10

3
 atom.cm-3�� kthl\_lkl\m\Zl� ihqlb� k� _^gZd\Z

\_jhylghkl� dZdlh� gZ� klm^_gb�� lZdZ� b� gZ� lhieb� abfb��HdZa\Z� k_� h[Zq_�� q_� lhqgh
^\_l_� \dexq_gb� \� bake_^\Zg_lh� ³abfb�j_dhj^vhjb´� ihiZ^Zl� \� lZab� qZkl� gZ
dZjlbgZlZ�� �KtsZlZ�k_�oZjZdl_jbabjZ�k�ba\_klgh�gZjZkl\Zg_�gZ�[jhy�gZ�bg^_dkZ
N_Ap40+. Ke_^h\Zl_egh�� fh`_� ^Z� k_� ij_^iheh`b�� q_� gZc�\_jhylgh� fhsgb
_jmilb\gb� ijhp_kb� gZ� Ketgp_lh� g_ihkj_^kl\_gh� ij_^b� ihj_^gby
i_lghh[jZam\Zl_e_g� fbgbfmf� kZ� ijbqbgZ� aZ� \tagbd\Zg_lh� gZ� ³abfbl_�
j_dhj^vhjb´�� �GZc�\bkhdh_g_j]_lbqgZlZ�qZkl�gZ�ketgq_\bl_�ijhlhgb�ijhgbd\Z�\
ljhihkn_jZlZ� b� _� \� ktklhygb_� ^Z� ij_^ba\bdZ� ijhp_kb�� ih^h[gb� gZ� =DE� ij_a
klm^_gZlZ� qZkl� gZ� ]h^bgZlZ�� l�_�� mkbe\Zg_� gZ� h[jZam\Zg_lh� gZ� Z_jhaheb� b
h[eZqghkl�� dZdlh� b� gZ� f_jb^bhgZegby� ij_ghk�� <� h[ahjZ� gZ� <blbgkdb� b
^j��<blbgkdbc�b� ^j��� ������ _�^Z^_gh�djZldh�hibkZgb_� aZ�ij_^oh`^Zsbl_�jyadhlh
aZklm^y\Zg_� \� K_\_jghlh� ihemdte[h� ij_a� f�ygmZjb� ����� ]� fhsgb� ketgq_\b� b
]_hfZ]gblgb�y\e_gby�

Nb]���[��JZaij_^_e_gb_�gZ�kemqZbl_�gZ�klm^_gb�(ijZagb�djt]q_lZ)�b�lhieb
abfb�(aZiteg_gb�djt]q_lZ)��nZdlhjgh�ijhkljZgkl\h�(vBe10, N_Ap40+)

Hl� dZaZghlh� ^hlmd� klZ\Z� ykgh�� q_� hlktkl\b_lh� gZ� ³abfZ�j_dhj^vhj´� \
gZqZehlh�gZ� ���l_�]h^bgb�gZ� ���b�\_d�_�^hklZ�e_kgh�h[ykgbfh��Lhab�i_jbh^�_�\k_
hs_�fgh]h�[ebatd�^h�ketgq_\by�\_dh\b�fbgbfmf�gZ�=eZck[_j]�b�dZlh�pyeh�ihiZ^Z
\�i_jbh^�k�h[sh�\a_lh�gbkdZ�_jmilb\gZ�Zdlb\ghkl�� �Y\gh�ih^h[gb� �^te]hkjhqgb
³kihdhcgb´�i_jbh^b��ij_dtk\Zl�ihj_^bpZlZ�gZ�³abfbl_�j_dhj^vhjb´�
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³Klm^_ghlh´� ihem]h^b_� gZ� ������ ����� ]h^bgZ� ihiZ^Z� \� h[eZkllZ� gZ
³klZg^Zjlgbl_´� klm^_gb� abfb�� l�_�� l_ab� dhblh� gZklti\Zl� hdheh� ketgq_\bl_
i_lghh[jZam\Zl_egb�fbgbfmfb��Q_klhlZlZ�gZ�]_hfZ]gblgbl_�[mjb�ij_a�lhab�k_ahg
(2007-2008])� k_� hqZd\Z� ^Z� � [t^_� fgh]h� gbkdZ� �� IhjZ^b� lh\Z� � mkeh\bylZ� g_
kthl\_lkl\m\Zl� gZ� ³abfZ�j_dhj^vhj´�� Hl� o_ebhnbabqgZ� b� ]_hfZ]gblgZ� ]e_^gZ
lhqdZ�abfZlZ�gZ�����������]�_�ih�kdhjh�[ebadZ�^h�abfbl_�gZ������������b���\_jhylgh�
gZ�^hklZ�^Ze_qgZlZ������]h^bgZ�

�����DebfZltl�gZ�P_gljZegZ�;te]Zjby�ij_a�ihke_^gbll_
a���� ]h^bgb� ih� ^_g^jhojhgheh]bqgb� ^Zggb�� <jtadb� ktk
ketgq_\ZlZ�Zdlb\ghkl

DZdlh� \_q_� [_� dhf_glbjZgh�� _^gZ� hl� \tafh`ghklbl_� aZ� ijb[ebabl_egZ
j_dhgkljmdpby� gZ� debfZlZ� \� fbgZehlh� _� k\tjaZgZ� k� baiheam\Zg_lh� gZ
^_g^jhojhgheh]bqgZ� bgnhjfZpby�� �Hl� im[ebdm\Zgbl_� ^Zggb� \�F_`^mgZjh^gZlZ
[ZaZ� ^Zggb� aZ� ]h^brgb� djt]h\_� gZ� ^tj\_lZ� (International Tree Rings Data Base –

ITRDB) fh`_�^Z�k_�\b^b��q_��ih\_q_lh�hl�\dexq_gbl_�j_^bpb���gZ^������gZ�[jhc��kZ
k�^te`bgZ�hdheh���������]h^bgb��Z�ih�^te]bl_�hl�����]h^bgb�kZ�g_�ih\_q_�hl�����
AZ�kt`Ze_gb_�\�lZab�[ZaZ�^Zggb�_�\dexq_gZ�kZfh�_^gZ�j_^bpZ�hl�l_jblhjbylZ�gZ
;te]Zjby��Ly�k_�hlgZky�^h�h[jZa_p�hl�fmjZ���[ebah�^h�o��<boj_g��(�GZpbhgZe_g�iZjd
Ibjbg�)��>te`bgZlZ�gZ�c�_�hdheh�����]h^bgb��J_^bpZlZ�k_�oZjZdl_jbabjZ�ktk�kbe_g
g_ebg__g�lj_g^��k\tjaZg�k�jZkl_`Z�gZ�^tj\hlh�

Ij_^klZ\_gbl_�lmd�j_amelZlb�k_�hlgZkyl�^h�bake_^\Zg_lh�gZ�ljb�h[jZa_pZ
(kj_ah\_)�hl�[md��L_� kZ�gZ�\tajZkl� kthl\_lgh� ����� ����b� ���� ]h^bgb��HljyaZgb� �\
]hjkdb� mqZkltd� aZ� � ijhfbre_g� ^tj\h^h[b\� \� jZchgZ� gZ� ijhoh^Z� OZbg[hZa� \
Kj_^gZ�KlZjZ� ieZgbgZ� �� h[sbgZ�=mjdh\h� �� h[eZkl�Kl�� AZ]hjZ� ij_a�f��xgb� ����
]h^bgZ��Ke_^�ij_^\Zjbl_egZ� h[jZ[hldZ�gZ�^tj\_kgbl_� h[jZapb� � [yoZ�ba\tjr_gb
baf_j\Zgby� \tjom� rbjbgbl_� gZ� ijtkl_gbl_� k� fbdjhf_ljbqgZ� fj_`Z� ih� �
jZaebqgb� gZijZ\e_gby� ij_a� jZ\ghhlklhysZ� kltidZ� gZ� aZ\tjlZg_�� >Zggbl_� ih
\kydh�_^gh�hl�gZijZ\e_gbylZ�[yoZ�ba]eZ^_gb�ih�i_l�lhqdb��Hkgh\gbl_�j_amelZlb�b
ba\h^bl_� kZ� gZijZ\_gb� \tjom� ^Zggbl_� aZ� ihke_^gbl_� ���� ]h^bgb� gZ� gZc�klZjby
h[jZa_p�(Dhfblh\�b�<eZ^bfbjh\, 2001)��HklZgZebl_�^\Z�h[jZa_pZ�k_�baihea\Zgb�aZ
^hitegbl_e_g� dhgljhe� b� kjZ\g_gb_�� � �GZ� nb]���� kZ� ihdZaZgb� ba]eZ^_gbl_� ih� �
lhqdb�rbjbgb�gZ�]h^brgbl_�ijtkl_gb�D gZ�gZc�klZjby�(209�]h^br_g)�h[jZa_p�aZ
i_jbh^Z�����������]h^bgZ�

Nb]����� Ba]eZ^_g� ih� i_l� lhqdb� j_^� gZ� ]h^brgbl_� ijtkl_gb� gZ� [mdh\
h[jZa_p� (1780-1983])� ��fbgZ� ³IZbkbc´�� h[s��=mjdh\h�� h[e�Kl�AZ]hjZ��K� ebgbylZ� _
ihdZaZg�fh^_etl�gZ�\\j_f_ggby�j_^�b�g_]h\ZlZ�_dkljZiheZpby�^h�������]�(Dhfblh\
b�<eZ^bfbjh\�������)
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DZdlh�fh`_�^Z�k_�\b^b�hl�nb]mjZlZ�djZyl�gZ����b�\_d�k_�oZjZdl_jbabjZ�ktk
kjZ\gbl_egh�]heyf�]h^br_g�ijbjZkl�gZ�rbjbgZlZ�D gZ�[mdh\hlh�klt[eh� <�kZfby
djZc�gZ�klhe_lb_lh�h[Zq_�ktsbyl�jyadh�k_�aZ[Z\y�b�\�i_jbh^Z�����������]h^bgZ�H
fgh]h� fZetd�� Lhab� i_jbh^� fgh]h� ^h[j_� kthl\_lkl\Z� gZ� ketgq_\by� k\jto\_dh\b
fbgbfmf�gZ�>Zelhg��Ke_^\Z�[tjah�gZjZkl\Zg_�^h�kj_^ZlZ�gZ����b�\_d���ieZ\_g�kiZ^
^h�hdheh�����]�b�ihke_^\Zeh�gZjZkl\Zg_�^h������]h^bgZ��(Ih�Z[kpbkZlZ�kZ�gZg_k_gb
kj_^gbl_�dZe_g^Zjgb�]h^bgb�aZ�\k_db���]h^br_g�bgl_j\Ze�gZ�ba]eZ^_gb�^Zggb)��GZ
nhgZ� gZ� l_ab� gZc�h[sb� ^te]hkjhqgb� l_g^_gpbb� ^h[j_� ebqb� pbdebqghkl� hl
ihjy^tdZ�gZ�a���]h^bgb�

GZ�nb]�����_�ihdZaZg�T-R ki_dltjtl�gZ�j_^bpZlZ�gZ�ba]eZ^_gbl_ klhcghklb
gZ�D�hl�nb]����

Fh`_� ^Z� k_� dZ`_�� q_� \� lhab� ki_dltj� k_� hldjhy\Zl� �� hkgh\gb� dhe_[Zgby�
Itj\hlh�_�iZd_l�(fmelbie_l)�hl�gydhedh�[ebadb�ih�ijh^te`bl_eghkl�dhe_[Zgby�\
^bZiZahgZ� ������ ]h^bgb�� �Kj_^gZlZ� � ^te`bgZ� kthl\_lkl\m\Z� gZ� ������ ]h^brgby
o_ceh\kdb�pbdte��gh�h[klhyl_ekl\hlh���q_��hkgh\gbyl�ibd�_�ijb����]h^bgb�ihdZa\Z�
q_� k_� gZf_k\Zl� b� ^jm]b� nZdlhjb�� <� km[\_dh\by� ^bZiZahg� kZ� ^\_� klZlbklbq_kdb
agZqbfb�hkpbeZpbb�k�ijh^te`bl_eghkl�kthl\_lgh����b����]h^bgb��<lhjZlZ�hl�lyo�_
[ebadZ� ^h� d\Zab� ���]h^brgby� pbdte� gZ� Z\jhjZegZlZ� Zdlb\ghkl� b� [_jbeb_\bl_
^Zggb��b�_�ihqlb�kb]mjgh�hl�ketgq_\�ijhbaoh^���Ktshlh�fh`_�^Z�k_�dZ`_�b�aZ�d\Zab
���� ±]h^brgby�pbdte��Hk\_g�\�F_^hgkdZlZ�j_^bpZ�gZ� kihdhcgbl_�ijhlm[_jZgkb
(>moe_\, 2002) lhab� pbdte� _� [ebatd� ^h� �������� ]h^brgbl_� dhe_[Zgby� \
³ZglZjdlbq_kdby´�b�³]j_geZg^kdby´�[_jbeb_\b�j_^h\_�b�����]h^brghlh�\�j_^Z�gZ
Rh. (\b`�&2)��Ljm^gh�_�aZk_]Z�^Z�[t^_�dhf_glbjZg�d\Zab����]h^brgbyl�pbdte�
 

Nb]�����7�5�ki_dltj�gZ�ba]eZ^_gby�j_^�gZ�]h^brgbl_�djt]h\_�gZ�^tj\_lZlZ
��ij_^klZ\_g�gZ�nb]����

:gZebatl�gZ�Dhfblh\�b�<eZ^bfbjh\�(2001) ihdZaZ�hs_��q_�Zfieblm^ZlZ�gZ
d\Zab� ���]h^brgby� ³fmelbie_l´� k_�fh^mebjZ� hl� a��� ]h^brgby� pbdte�� AZ� p_elZ
[_r_� baqbke_gZ� \_ebqbgZlZ� ³bgl_]jZe_g� fhsghkl_g� iZjZf_ltj´� S (\b`
ijbeh`_gb_��)��<j_f_ggby�j_^�[_r_�kdZgbjZg�k�³ieZ\Zs�ijhahj_p´�k�^te`bgZ���
]h^bgb� ktk� kltidZ�gZ� hlf_kl\Zg_� �� ]h^bgZ��AZ�\kydZ�ihemq_gZ� ³ieZ\ZsZ� _ihoZ´
[_r_�ihemq_g�T-R ki_dltj��Z�gZ�[ZaZlZ�gZ�g_]h�[_r_�baqbke_g�iZjZf_ltjtl�S ijb
]jZgbpb�gZ�bgl_]jbjZg_�T1 = 17�b�L2 ����]��J_amelZlbl_�kZ�ihdZaZgb�gZ�nb]�� ���
dt^_lh�d\Zab�������]h^brgZlZ�pbdebqghkl�gZ�S _�fgh]h�^h[j_�bajZa_gZ��Bgl_j_kgh
_���q_�_dklj_fmffbl_��gZ�lhab�pbdte�ij_a����b�\_d�^hklZ�^h[j_�kt\iZ^Zl�k�l_ab�gZ
kbygbylZ� gZ� kj_^gb�rbjbgb� ��EhdZegbl_�fZdkbfmfb� \� gZqZehlh� gZ� ���b� \_d� b



108

f_`^m���������]�kt\iZ^Zl�k�_dkljZihebjZgbl_�fZdkbfmfb�gZ�KKR�ij_a����b�\_d
(\b`�&���b��).

>_g^jhojhgheh]bqgZlZ� j_^bpZ� [_r_� dZeb[jbjZgZ� ih� bgkljmf_glZegbl_
^Zggb��kj_^gb�l_fi_jZlmjb��b�\Ze_`gb�kmfb�aZ�lhiehlh�b�klm^_ghlh�ihem]h^b_��hl
��f_l_hjheh]bqgb�klZgpbb�\�hlghkbl_egZ�[ebahkl�^h�imgdlZ���\�dhclh�kZ�hljyaZgb
[mdh\bl_�h[jZapb��DZaZgetd��KlZjZ�AZ]hjZ��Keb\_g���<_ebdh�Ltjgh\h�b��=Z[jh\h�
GZc�^h[jbl_� j_]j_kbhggb� \jtadb� k_� hdZaZoZ� hl� ebg__g� lbi� � b� k_� hlgZkyl� ^h
\Ze_`bl_� b� l_fi_jZlmjbl_� ij_a� lhiehlh� ihem]h^b_� \� Kl�� AZ]hjZ� b� DZaZgetd�
Dhj_eZpbylZ�k�e_lgbl_�\Ze_`b�\�^\_l_�klZgpbb�_�hljbpZl_egZ� �b�ijb[ebabl_egh
_^gZd\Z�����������(r= - 0.71). <jtadZlZ�k�l_fi_jZlmjbl_�_�iheh`bl_egZ�(r ≈≈ +0.69 b�aZ
^\_l_� klZgpbb)��Bake_^\Zg_lh�gZ�^\mnZdlhjgb�\jtadb�g_�\h^b� ^h�ih^h[j_gb_�gZ
j_]j_kbhggbl_� fh^_eb� b� ijbqbgZlZ� aZ� lh\Z� _�� q_� ^\ZlZ� nZdlhjZ� (\Ze_`b� b
l_fi_jZlmjZ)�kZ�fgh]h�lykgh�k\tjaZgb�ij_a�lhiehlh�ihem]h^b_�

AZ�klm^_ghlh�ihem]h^b_�dhj_eZpbhggbl_�\jtadb�k_�hdZaZoZ�fgh]h�ih�keZ[b�
GZc� ±kbegZ� _� ly� aZ� kj_^gZlZ� l_fi_jZlmjZ� \t\� <_ebdh� Ltjgh\h� (r=+0.54)�� Lhab
dh_nbpb_gl� _� klZlbklbq_kdb� agZqbf�� gh� g_^hklZltq_g� aZ� ijh]ghabjZg_�� l�_�� g_� _
^hklZltq_g�aZ�^Z�ijb_f_f�lZab�\jtadZ�aZ�j_]j_kbhggZ�

Nb]���� Bgl_]jZe_g� fhsghkl_g� iZjZf_ltj� S gZ� ba]eZ^_gby
^_g^jhojhgheh]bq_g�j_^

<ta� hkgh\Z� gZ� hlghkbl_egh� ^h[jZlZ� \jtadZ� k� \Ze_`bl_� ij_a� lhiehlh
ihem]h^b_�fh`_� ^Z� k_� aZdexqb�� q_� gZ\ebaZg_lh� \� �fbgbfmfZ� gZ�>Zelhg� _� [beh
ktijh\h^_gh� ktk� kbegh� eylgh� � aZkmrZ\Zg_� \� P_gljZegZ� ;te]Zjby�
?dkljZiheZpbylZ�gZ�ihkljh_gby�\ta�hkgh\Z�gZ�ihemq_gby�T-R ki_dltj�fh^_e�gZ
\j_f_ggby� j_^� ihdZa\Z� gZ\ebaZg_lh� \� ijh^te`bl_e_g� i_jbh^� gZ� aZkmrZ\Zg_� gZ
debfZlZ�gZ�ktsby�jZchg�ke_^������]h^bgZ���Hl�ihabpbylZ�gZ�fhf_glZ�gZ�ibkZg_�gZ
lhab� fZl_jbZe� (2007])� fh`_� ^Z� k_� gZijZ\b� hp_gdZ� gZ� ^hklh\_jghkllZ� gZ� lZab
ijh]ghaZ�� �>te]hkjhqgZlZ�l_g^_gpby�gZ� aZkmrZ\Zg_�gZ�debfZlZ�gZ�;te]Zjby� hl
gZqZehlh�gZ� ���l_�]h^bgb�gZkZf�_�nZdl��dhclh�g_�k_�hkihj\Z�hl�ki_pbZebklbl_�b
lh\Z�_�fgh]h�ykgh�bajZa_gh�\�_dkljZihebjZgby�oh^�gZ�D���<tjom�h[sZlZ�gbaoh^ysZ
l_g^_gpby�k_�\b`^Z�b�yk_g�ibd� ��hlg_k_g�ktf�i_jbh^Z� ����������]h^bgZ��Ktsbyl
fh`_�^Z�k_�ZkhpbbjZ�fgh]h�^h[j_�k�hlghkbl_egh�^t`^h\gbl_�e_lZ�f_`^m����������
]h^bgZ�� BaebaZg_lh� hl� ijh^te`bl_egby� i_jbh^� gZ� aZkmrZ\Zg_� kihj_^
ij_^klZ\_gby�fh^_e�fh`_�^Z�k_�hqZd\Z�ijb[beabl_egh�ke_^������]h^bgZ�

?lh� aZsh� fh`_� ^Z� k_� dZ`_�� q_� _dkljZiheZpbylZ� gZ� fh^_eZ� hl� nb]���� _
l\tj^_� mki_rgZ�� Lhab� ijbf_j� ^_fhgkljbjZ� \tafh`ghkllZ� dZdlh� � gZ
^_g^jhojhgheh]bqgbl_�^Zggb� ��lZdZ�b�gZ�T-R i_jbh^h]jZfgby� �f_lh^�aZ�mki_rgh
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ijh]ghabjZg_�gZ�djZldhkjhqgbl_�[t^_sb�debfZlbqgb�ijhf_gb��Hl�^jm]Z�kljZgZ
lhab�j_amelZl�^hdZa\Z�b�ijZ\beghkllZ�gZ�o_ebh�debfZlbqgby�\ta]e_^��

Ih�^_lZcegbyl� ZgZeba� gZ� j_amelZlbl_� ihdZa\Z�� q_� \ktsghkl� eylghlh
aZkmrZ\Zg_� ih� \j_f_lh� gZ� >Zelhgh\by� fbgbfmf� k_� ^te`b� ih�kdhjh� gZ� �����
]h^brgby�pbdte��Z�ijbghktl�gZ�k\jto\_dh\by�fbgbfmf�_�^hklZ�keZ[�b�_�fZedh�gZ^
klZlbklbq_kdby�rmf�� �?n_dltl�hl�ihke_^gby�ih�kdhjh�[b�fh]te�^Z�[t^_�bay\_g�\
klm^_ghlh� ihem]h^b_�� :dh� k_� kltib� gZ� mklZgh\_gZlZ� \jtadZ� k� l_fi_jZlmjgbbl_
^Zggb�aZ�<_ebdh�Ltjgh\h�b�k_�ijb_f_�ktsZlZ�aZ�\h^_sZ� ��lh�gZ�[ZaZlZ�gZ�nb]���
fh`_�^Z�k_�ijb_f_�fZdZj�b�k�ba\_klgZ�ij_^iZaeb\hkl��q_�³abfgbl_´�ihem]h^by�kZ
[beb�fgh]h�klm^_gb�\�P_gljZegZ�;te]Zjby��f_`^m�����������]h^bgZ��<�ktq_lZgb_�k
ba\h^Z�aZ�kmobl_�e_lZ�k_�hnhjfy�dZjlbgZlZ�gZ�_^bg�kbegh�dhglbg_glZe_g�debfZl�

HlkeZ[\Zg_lh�gZ�³\Ze_`gby´��������]h^br_g�pbdte�ih�\j_f_�gZ�fbgbfmfZ
gZ�>Zelhg�k_�ihl\tj`^Z\Z�ktsh�hl�^_g^jhojhgheh]bqgb�ZgZebab��hlgZkysb�k_�aZ
^jm]b�qZklb�hl�k\_lZ���DZlh�ijbf_j�fh]Zl�^Z�k_�ihkhqZl�bake_^\ZgbylZ�gZ�Fblq_e
b� ^j�(1979) (Mitchel et al.,1979)��Hl� l_ogbl_� j_amelZlb�� [ZabjZgb� gZ� ]heyf� [jhc
^_g^jhojhgheh]bqgb� j_^bpb� \� aZiZ^gZlZ� qZkl� gZ� K:S� k_� \b`^Z�� q_� ij_a
>Zelhgh\by�b�FZmg^_jh\by�fbgbfmf�Zfieblm^ZlZ�gZ�������]h^brgby�pbdte�\t\
\Ze_`bl_� _� [beZ� keZ[Z�� � >Zeb� h[Zq_� ^\m\_dh\byl� pbdte� fh^mebjZ� \Ze_`bl_� \
P_gljZegZ�;te]Zjby�hl�gZrbl_�j_amelZlb�g_�fh`_�^Z�k_�gZijZ\b�aZdexq_gb_��<
bake_^\ZgZlZ�j_^bpZ�_�\dexq_g�kZfh�>Zelhgh\byl�fbgbfmf���AZ�^Z�k_�gZijZ\b�ih�
dZl_]hjbq_g� ba\h^� \� lZab� gZkhdZ� _� g_h[oh^bfh� ^Z� k_� bake_^\Z� ih�^te]h`b\ms
[mdh\�h[jZa_p�hl�lZab�qZkl�gZ�KlZjZ�ieZgbgZ�

�����DebfZltl�\�[te]Zjkdbl_� a_fb�ij_a�ihke_^gbl_� a����
]h^bgb�ih�bklhjbq_kdb�k\_^_gby

?^bg�hl�\tafh`gbl_�gZqbgb�aZ�fZdZj�b��]jm[Z��j_dhgkljmdpby�gZ�debfZlZ
ih�[te]Zjkdbl_�a_fb�ij_a�ih�^Ze_qghlh�fbgZeh�_�^Z�k_�baiheam\Z�bgnhjfZpby�hl
jZaebqgb�klZjb�ibkf_gb�balhqgbpb���LZab�bgnhjfZpby�gZc�q_klh��k_�kihf_gZ\Z�\
dhgl_dklZ�gZ�gydZd\b��iheblbq_kdb�beb�\h_ggb�kt[blby�

H[bdgh\_gh� k_�ibr_� aZ� _dklj_fZegb�debfZlbqgb� kt[blby� ±�gZc�q_klh� aZ
fgh]h�klm^_gb�abfb���k\tjaZgb�ktk�aZfjta\Zg_lh�gZ�j_dZ�>mgZ\�beb�djZc[j_`gbl_
\h^b�gZ�Q_jgh�fhj_���Kth[s_gbylZ�aZ�^jm]b�aZ[_e_`bl_egb�y\e_gby��]he_fb�kmrb�
fgh]h� ^t`^h\gb� e_lZ�� ]jZ^mrdb� b� ^j�� k_� kj_sZl� fgh]h� ih�jy^dh�� hkh[_gh� ij_a
Kj_^gh\_dh\b_lh��K\_^_gbylZ� hl� �����b� \_d�fh]Zl� ^Z� k_� hldjbyl� \� hlghkbl_egh
³hdhfie_dlh\Zg´� \b^� \� fgh]hlhfgZlZ� ³Bklhjby� gZ� [te]ZjkdZlZ� ^tj`Z\Z� ij_a
Kj_^gbl_�\_dh\_´�gZ�ijhn��<Zkbe�AeZlZjkdb��(AeZlZjkdb� 1935, 1971).

Ij_a� itj\bl_� a�������� ]h^bgb� gZ� hkfZgkdhlh� \eZ^bq_kl\h� fZedhlh
k\_^_gby�kZ�ihqlb�bapyeh�hl�lmjkdb�balhqgbpb��K�gZklti\Zg_lh�gZ�<tajZ`^Zg_lh
iheh`_gb_lh�jyadh� k_� baf_gy�b� ihqlb� \kbqdb� ibkf_gb� k\_^_gby� kZ� hl� [te]Zjb�
dgb`h\gbpb��ltj]h\pb��^moh\gbpb��j_\hexpbhggb�b�iheblbq_kdb�^_cpb�

H[jZ[hldZlZ�gZ�bklhjbq_kdZlZ�bgnhjfZpby�_�hs_�\�gZqZegZ�nZaZ� ��AZk_]Z
fh`_� ^Z� k_� dZ`_�� q_� bgnhjfZpbylZ� aZ� i_jbh^Z� ��b� ±���\_d� _� hlghkbl_egh� ih�
baq_jiZgZ� ih� hlghr_gb_� gZ� gZebqgbl_� ^Zggb�� � >Zggbl_� ke_^� djZy� gZ� <lhjhlh
[te]Zjkdh�pZjkl\h��kZ�fgh]h�ih\_q_��gh�kZ�ijtkgZlb�\�jZaebqgb�balhqgbpb��Lh\Z�_
\� fgh]h� ]heyfZ� kbeZ� \Zeb^gh� hkh[_gh� aZ� i_jbh^Z� � ���������� ]h^bgZ�� ?lh� aZsh
bgnhjfZpbylZ�ke_^������lZ�]h^bgZ�_�\�ijhp_k�gZ�^hite\ZZg_�b�mlhqgy\Zg_�

HibkZgbl_� kt[blby� fh]Zl� ^Z� k_� kthlg_kZl� dtf� kthl\_lgbl_� nZab� gZ� ���
]h^brgbl_� pbdeb� �� dZdlh� b� dtf� ^te]hkjhqgby� oh^� gZ� ketgq_\ZlZ� Zdlb\ghkl� k
ihfhslZ� gZ� j_^Z� gZ� Rh\_�� Ke_^� ����� ]h^bgZ� fh]Zl� ^Z� k_� iheam\Zl� b
bgkljmf_glZegbl_� ^Zggb� aZ� ketgq_\bl_� i_lgZ��Ih� gZlZltd� \� l_dklZ� baihea\Zf_
h[hagZq_gbylZ� ‘M’��aZ�kt[blby���hlgZkysb�k_�dtf�fZdkbfmf�gZ����]h^br_g�pbdte
beb�‘m’ – aZ�fbgbfmf���G_q_lgbl_�pbdeb�kZ�h[hagZq_gb�ktk�kbf\he�“O”��Z�q_lgbl_
±� ktk� kbf\he� ³E´�� <j_f_\byl� bgl_j\Ze� ^h� gZc�[ebadby� ketgq_\� _dklj_fmf� \
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]h^bgb�_�ihkhq_g�ktk�kthl\_lgby� agZd�b� klhcghkl��gZijbf_j�  m+2 -> ^\_�]h^bgb
ke_^��fbgbfmfZ, M+1-> _^gZ�]h^bgZ�ke_^�ketgq_\by�fZdkbfmf��beb�M – \�]h^bgZlZ
gZ�fZdkbfmfZ�b�l�g���<�kj_^gh\_dh\gbl_�balhqgbpb��baiheam\Zgb�\�fgh]hlhfghlh
ba^Zgb_�gZ� AeZlZjkdb� ������������ kZ� hibkZgb� ke_^gbl_� kemqZb� gZ�fgh]h� klm^_gb
abfb��k\tjaZgb�ktk�aZfjta\Zg_�gZ�j_dZ�>mgZ\�

���� ]h^bgZ�� dmljb]mjbl_�� ij_^\h`^Zgb� hl� oZg� AZ\_j]Zg� ij_fbgZ\Zl� ih
aZfjtagZeby� >mgZ\� b� gZoem\Zl� \� BalhqgZlZ� JbfkdZ� bfi_jby� (<baZglby);

( M+2, E )

����]h^bgZ��ih�\j_f_�gZ�f_l_`Z�kj_sm�bfi_jZlhj�FZ\jbpbc�j_dZ�>mgZ\�_
aZfjtagZeZ��(m, O)

���� ]h^bgZ�� fgh]h� kmjh\Z� abfZ� ih� \j_f_� gZ� ZjZ[kdZlZ� h[kZ^Z� gZ
DhgklZglbghihe��obey^b�ZjZ[kdb�\hcgbpb�bafbjZl�hl�klm^�����M+3, E)

�����]h^bgZ��fgh]h�kbe_g�klm^��j_dZ�>mgZ\�aZfjta\Z�(m+1, E)

1048 ]h^bgZ�� badexqbl_egh� kmjh\Z� abfZ�� >mgZ\� aZfjta\Z� gZ� ��� eZdlb
^te[hqbgZ�� ���� obey^b� i_q_g_ab� gZoem\Zl� ij_a� aZfjtagZeZlZ� j_dZ� \� Fbaby.

(M+6, E)

����� ]h^bgZ�� >mgZ\� aZfjta\Z�� LZlZjbl_� gZoem\Zl� \� ;te]Zjby� ih� e_^Z
(M+7, E)

Ke_^\Zsbl_� fgh]h� l_`db� abfb�� aZ� dhblh� Z\lhjtl� ^h� lhab� fhf_gl� bfZ
k\_^_gby�k_�hlgZkyl�^h�kt[blby��klZgZeb�ij_a�hkfZgkdhlh�\eZ^bq_kl\h�

����� ]h^bgZ�� djZeyl� gZ� IherZ� b� Mg]Zjby� �� djZe� <eZ^bkeZ\� III Y]_eh
(<Zjg_gkdb)� ij_djZly\Z� \hcgZlZ� kj_sm� HkfZgkdZlZ� bfi_jby� ihjZ^b
badexqbl_egh�l_`dZlZ�abfZ�b�k_�bal_]ey�\�P_gljZegZ�?\jhiZ� (m, O)

�����]h^bgZ���aZfjta\Zl�djZc[j_`gbl_�\h^b�gZ�Q_jgh�fhj_��m+1, O)

�����]h^bgZ�±�fgh]h�l_`dZ�abfZ�\�K_\_jgZ�;te]Zjby��m, E)

�������� ]h^bgZ� ±� J_dZ� >mgZ\� � aZfjta\Z�� Jtdh\h^bl_ebl_� gZ� :ijbekdhlh
\tklZgb_� ij_fbgZ\Zl� ih� e_^Z� hl� <eZrdh� \� [te]Zjkdbl_� a_fb�� �0���� 2�� abfZ�
j_dhj^vhj�)

�������� ]h^bgZ� ±� \� mkeh\bylZ� gZ� l_`dZ� abfZ� jmkdZlZ� Zjfby� ij_fbgZ\Z
KlZjZ�ieZgbgZ�. (M+8, O )

Hk\_g�k\_^_gbylZ��aZ�klm^_gb�abfb�ke_^\Z�^Z�k_�hl[_e_`Zl�b�gydhb� ��dhblh
k_�hlgZkyl�aZ�f_db�abfb��dZdlh�b�aZ�fgh]h�kmob�beb�fgh]h�^t`^h\gb�e_lZ�(\de��k
]jZ^mrdb)��>Z^_gZ�_�b�bgnhjfZpby�aZ�a_f_lj_k_gby�b�_ib^_fbb� ��Bgl_j_kgh�_��q_
bfZ� fgh]h� \bkhdZ� q_klhlZ� � gZ� kth[s_gby� aZ� _dklj_fZegb� e_lgb� kt[blby
(]jZ^mrdb��gZ\h^g_gby�b�kmrb)�\�bgl_j\Ze�kZfh�hl����]h^bgb�f_`^m������b�����
]h^bgZ��?lh�b�^jm]bl_�ih�bgl_j_kgb�kemqZb�ih�^Zggb�hl�ljm^Z�gZ�<��AeZlZjkdb�

����������]h^bgZ�±�fgh]h�f_dZ�b�^t`^h\gZ�abfZ���Ijb^hrebl_�j_db�b�dZelZ
kta^Z\Zl� ]he_fb� ijh[e_fb� gZ� oZg� Djmf� b� g_]h\ZlZ� Zjfby� ijb� ihoh^Z� kj_sm
DhgklZglbghihe�(M+8,E )

�����]h^bgZ� ±�fgh]h�]heyfZ�kmrZ��J_dbl_�b�ba\hjbl_� kt\k_f�ij_ktogZeb�
Ke_^�kmrZlZ�bfZeh�kbegh�a_f_lj_k_gb_��( M - 2,O )

����� ]h^bgZ� ±�g_ij_dtkgZlb�ijheb\gb�^t`^h\_�qZd�^h�fZjl� ����� ]h^bgZ�
]he_fb�gZ\h^g_gby��ba^Z\_gb�`b\hlgb�b�ohjZ�( M,O )

������fgh]h�kbegb�]jZ^mrdb��M+4,O)

������fgh]h�kbegb�]jZ^mrdb��m,E)

������fgh]h�kbegb�]jZ^mrdb��m+1,E)

����� ]h^bgZ� ±�r_kl�f_k_pZ� kmrZ��ke_^� lh\Z�fgh]h� kbegZ� ]jZ^mrdZ��dhylh
baihljhrbeZ� ihdjb\b� gZ� dtsb� b� ^tj\_lZ�� Z� ke_^� lh\Z� k_jby� hl� kbegb
a_f_lj_k_gby��(m+3, E)

hl� gh_f\jb� ����� ^h�fZjl� ����� ]h^bgZ� ±� ]heyf� [jhc� kbegb� a_f_lj_k_gby�
(M-3,E)

����� ]h^bgZ� ±� k_jby� hl� kbegb� � a_f_lj_k_gby� ij_a� pyeZlZ� ]h^bgZ�� fgh]h
^t`^h\gh�eylh�(M-2, E)
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IjZ\b�\i_qZle_gb_�badexqbl_egh�³kihdhcgbyl´�\�debfZlbqgh�hlghr_gb_
i_jbh^� ke_^� ����lZ� ]h^bgZ�� � <� ijh^te`_gb_� gZ� ih\_q_� hl� ���� ]h^bgb� qZd� ^h
gZqZehlh� �gZ����b�\_d�gyfZ�gblh�_^gh�kth[s_gb_� ��hl�dh_lh�^Z�k_�kt^b�aZ�klm^_gb
abfb��?^bgkl\_ghlh�kth[s_gb_��dZkZ_sh�abfgb�mkeh\by�_�\t\�\jtadZ�k�ihoh^Z�gZ
oZg�Djmf�dtf�DhgklZgbghihe��gh�\�g_]h�k_�kth[sZ\Z�aZ�^t`^h\gZ��l�_��f_dZ�abfZ�
Itj\hlh�kth[s_gb_�aZ�kmjh\Z�abfZ�ke_^��ZjZ[kdZlZ�h[kZ^Z�k_�hlgZky�qZd�aZ��������
]h^bgZ���dh]Zlh�j_dZ�>mgZ\�aZfjtagZeZ�

Lh\Z� h[klhyl_ekl\h� ^Z\Z� ih\h^� ^Z� k_� ij_^iheh`b�� q_� ebikZlZ� gZ
kth[s_gb_y�aZ�klm^_gb�abfb�hljZay\Z�agZqbl_egh�ih�f_dbl_�debfZlbqgb�mkeh\by
\� kjZ\g_gb_� k� ij_^brgZlZ� b� ke_^\ZsZlZ� _ihoZ�� � DZdlh� \_q_� [_� ihdZaZgh� gZ
jZaebqgb� f_klZ� \� &2 i_jbh^tl� f_`^m� ���� ±�����lZ� ]h^bgZ� \� debfZlbqgh
hlghr_gb_� k_� k\tja\Z� k� l�gZj�� Kj_^gh\_dh\_g� l_fi_jZlmj_g� fZdkbfmf� b
hdhehfZdkbfmfgZlZ�nZaZ�gZ�����������]h^brgby�ketgq_\�pbdte�

Ijb[ebabl_egh� ke_^� ����� ±lZ� ]h^bgZ� d\Zab^\mobey^he_lgbyl� pbdte
gZ\ebaZ�\�gbaoh^ysZ�nZaZ�b�Zfieblm^ZlZ�gZ���������]h^brgby�pbdte�aZihq\Z�^Z
gZjZkl\Z��Itj\byl�hl�^h[j_�bajZa_gbl_�k\jto\_dh\b�fbgbfmfb� ��k\tjaZgb�k�lh\Z
kt[blb_� _� lhab� gZ�Hhjl� ij_a� ���b� \_d� ��Ij_oh^tl� dtf� g_]h� keZ]Z� djZc� gZ� ����
]h^brgby�i_jbh^�gZ�hlghkbl_egh�lhite�debfZl�gZ�[te]Zjkdbl_�a_fb���Hdheh�����
]h^bgZ� aZihq\Z� _^bg� djZltd� �� gh� fgh]h� ^jZfZlbq_g� i_jbh^� gZ� ijbjh^gb
dZlZdebafb��\dexqbl_egh�b�lZdb\Z�hl�debfZlbq_g�oZjZdl_j��AZ�g_]h�fh`_�^Z�k_
dZ`_�� q_� ijh^te`Z\Z� hdheh� ��� ]h^bgb�� qZd� ^h� ����� ]h^bgZ� ±gZ\h^g_gby�� fgh]h
klm^_gb�abfb��kmrb��a_f_lj_k_gby��]jZ^mrdb��_ib^_fbb���Mkeh\gh�s_�]h�h[hagZqbf
dZlh� ³;mjgbl_� ���]h^bgb´� ��K\h_h[jZagZ�dmefbgZpby�_�badexqbl_egh� klm^_gZlZ
abfZ�gZ������Z�]h^bgZ�dh]Zlh�i_q_g_abl_�ijZ\yl�fZkbjZgh�gZoem\Zg_�\�Fbaby�ih
^_[_eby�e_^�gZ�aZfjtagZeby�>mgZ\��gh�\�djZy�gZ�djZbsZlZ�kZ�ih[_^_gb�hl�ZjfbylZ
gZ�bfi_jZlhj�DhgklZglbg�IX FhghfZo�

Nb]����� � ?dklj_fZegh� klm^_gbl_� abfb� \� i_jbh^Z� ��b� ±���b� \_d� b
k\jto\_dh\byl�oh^�gZ�ketgq_\ZlZ�Zdlb\ghkl���KemqZbl_���k\tjaZgb�ktk�k\_^_gby�aZ
aZfjta\Zg_� gZ� j_dZ� >mgZ\� kZ� ihdZaZgb� ktk� aZiteg_gb� kbgb
djt]q_lZ�SG��aZfjta\Zg_lh� gZ� djZc[j_`gbl_� \h^b� gZ� Q_jgh� fhj_�� ktk� kbgvh
d\Z^jZlq_�� HklZgZebl_� kemqZb� kZ� h[hagZq_gb� k� “X”�� >Z^_gb� kZ� b� ³;mjgbl_� ��
]h^bgb´�ij_a�itj\ZlZ�iheh\bgZ�gZ����b�\_d



112

Hl�k\_^_gbylZ��dhblh�^hlmd�Z\lhjtl�_�kt[jZe�b�ij_^klZ\y�\�lhab�iZjZ]jZn
hlghkgh� _dklj_fZegh� klm^_gbl_� abfb� \� ^hbgkljmf_glZegZlZ� _ihoZ� fh`_� ^Z� k_
gZijZ\yl�ke_^gbl_�^\Z�ih�kts_kl\_gb�ba\h^Z�

1. Kth[s_gbylZ�aZ�_dklj_fZegh�klm^_gb�abfb�kZ�dhgp_gljbjZgb�\�_ihobl_
gZ�k\jto\_dh\b�ketgq_\b�fbgbfmfb�

2. Ihqlb� \kbqdb� _dklj_fZegh� klm^_gb� abfb� k_� ]jmibjZl� hdheh
dZe_g^Zjgbl_� ]h^bgb� gZ� ketgq_\bl_� ���]h^brgb� fbgbfmfb�� k
badexq_gb_�gZ�lZab�ij_a�����]h^bgZ� (ihoh^Z�gZ�oZg�AZ\_j]Zg)��dhylh�_
ih�kdhjh�k\tjaZgZ�ktk�ketgq_\�fZdkbfmf

JZ[hlZlZ� gZ� Z\lhjZ� � ih� gZijZ\e_gb_lh� aZ� bake_^\Zg_� gZ� ketgq_\h�
debfZlbqgbl_� \jtadb� \� ;te]Zjby� ih� bklhjbq_kdb� ^hdmf_glb� ijh^te`Z\Z�� GZ
_^bg� ke_^\Zs� _lZi� � ly�s_� k_� ij_hjb_glbjZ� hkgh\gh� dtf� kt[bjZg_� b� ZgZeba� gZ
k\_^_gby�hl�i_jbh^Z� ���b� ±� ���b�\_d��Ljm^ghkllZ�lZf�s_� _� agZqbl_egZ��ltc�dZlh
k\_^_gbylZ� k_� hqZd\Z� ^Z� [t^Zl� badexqbl_egh� fgh]h� �� gh� hl� fgh]h� ]heyf� [jhc
jZaghjh^gb�balhqgbpb�

�����DebfZltl�gZ�;te]Zjby�\�djZy�gZ�����b�b�gZqZehlh�gZ
���b�\_d��<_jhyl_g�kp_gZjbc�aZ�[ebadhlh�[t^_s_
Ij_^klZ\_ghlh�lmd�bake_^\Zg_�ih�bgkljmf_glZegb�^Zggb�h[o\ZsZ�i_jbh^Z

�����±������]h^bgZ��GZ�lhab�_lZi�ebik\Zl�^Zggb� aZ�ihke_^gbl_� ���]h^bgb��l�_��^h
�����]h^bgZ��Ij_a�lh\Z�\j_f_�h[Zq_�bfZr_�gydhb�bgl_j_kgb�debfZlbqgb�kt[blby
\�;te]Zjby�b�gZ�;ZedZgkdby�ihemhkljh\��FZdZj�b�\�dZq_kl\_g�ieZg�_�^h[j_�l_�^Z
[t^Zl�dhf_glbjZgb�

GZ� itj\h� fyklh� ljy[\Z� ^Z� k_� kihf_g_� aZ� l_`dZlZ� \h^gZ� djbaZ�� \� dhylh
baiZ^gZ� kljZgZlZ� \� gZqZehlh� gZ� ���l_� ]h^bgb�� Ly� h[o\ZgZ� \� jZaebqgZ� kl_i_g
\kbqdb�jZchgb�gZ�;te]Zjby���\dexqbl_egh�b�]jZ^�Khnby�� �LZf�\tagbdgZ�djbaZ�k
\h^hkgZ[^y\Zg_lh�ihjZ^b�^jZklbqghlh�gZfZey\Zg_�gZ�gb\hlh�gZ�yah\bj�³Bkdtj´�
Ijh[e_ftl� ij_^ba\bdZ� aZ]jb`_ghkl� b� hiZk_gby� gZ� p_gljZegh� ^tj`Z\gh� gb\h�
Ij_^ijb_lb� [yoZ� ^_ckl\by� aZ� j_rZ\Zg_lh� fm�� \dexqbl_egh� k� hkb]mjy\Zg_� gZ
^hitegbl_egh�\h^hkgZ[^y\Zg_�hl�JbeZ��IjbqbgZlZ� aZ�lh\Z�ijbjh^gh�y\e_gb_�g_
[_r_�h[ykg_gZ�ih�_^bg�aZ^h\hebl_e_g�gZqbg��IhjZ^b�lh\Z�\�kj_^kl\ZlZ�aZ�fZkh\h
hk\_^hfy\Zg_�k_�ihy\boZ�^hklZ�_dahlbqgb�h[ykg_gby�aZ�\h^gby�^_nbpbl�\�Khnby�
\h^ZlZ� hl� yah\bj� ³Bkdtj´� _� ijh^Z^_gZ� b� bag_k_gZ� \� =tjpby�� f_lZemj]bqgbyl
dhf[bgZl�³Dj_fbdh\pb´�_�bajZaoh^\Ze�\h^ZlZ�b�l�g�

Ih�fg_gb_lh�gZ�Z\lhjZ�aZkmrZ\Zg_lh�hl�gZqZehlh�gZ����l_�]h^bgb�[_�qZkl
hl� ijhp_kZ� �� aZihqgZe� hdheh� ����� ]h^bgZ�� Lh� _� k\tjaZgh� k� ������ ]h^brgby
ketgq_\h�debfZlbq_g� pbdte� gZ� \Ze_`bl_� ij_a� lhiehlh� ihem]h^b_�� qbylh� ³kmoZ
nZaZ´� aZihqgZ� ke_^� �fZdkbfmfZ�gZ� ketgq_\by�i_lghh[jZam\Zl_e_g�pbdte�No 21.

Lh\Z� fh`_� ^Z� k_� \b^b� hl� ^ykgZlZ� qZkl� gZ� nb]�� ���� AZkmrZ\Zg_lh� ij_a� ���l_� b
gZqZehlh�gZ����l_�]h^bgb�_�h[Zq_�ih�^te[hdh�\�kjZ\g_gb_�k����l_� �����l_�b�^hjb�hl
���l_�]h^bgb�gZ����b�\_d��<�qbklh�^bgZfbq_g�Zki_dl�lh�k_�^te`b�gZ�Zfieblm^gZlZ
fh^meZpby� gZ� ������ ]h^brgby� ketgq_\h� debfZlbq_g� pbdte� hl� ih�^te]hkjhqgb
l_g^_gpbb���k\tjaZgb�ktk��km[\_dh\b���d\Zab\_dh\b�b�k\jto\_dh\b�dhe_[Zgby�

DZdlh� \_q_� [_� dZaZgh�� ke_^� djZy� gZ� ���l_� ]h^bgb� k_� gZ[ex^Z\Z� h[sZ
gbaoh^ysZ� l_g^_gpby� \� _jmilb\gZlZ� Zdlbghkl� gZ� Ketgp_lh��Ij_a� ���l_� ]h^bgb
ijhp_ktl� _� \k_� hs_� keZ[h� bay\_g�� gh� fgh]h� k_� aZkbe\Z� \� gbaoh^ysby� dehg� gZ
ketgq_\by�i_lghh[jZam\Zl_e_g� pbdte�No 22 b� hkh[_gh� ke_^� g_]h\by� ³_jmilb\_g
fZdkbfmf´�ij_a� ��������]h^bgZ��?jmilb\gZ�Zdlb\ghkl�gZ�pbdte�No 23 hkh[_gh�\
g_]h\ZlZ� \taoh^ysZ� nZaZ� (��������������� ])� _� ktsh� fgh]h� keZ[Z� (nb]���)�� Lhab
_n_dl�fgh]h�^h[j_�k_�\b`^Z� �b�gZ�nb]�� � ����dt^_lh�_�ihdZaZg�]h^brgbyl�[jhc�gZ
^gbl_� k� ]_hfZ]gblgb� [mjb� �� � >_nbpbltl� gZ� \bkhdh_g_j]_lbqgh� ketgq_\h



113

dhjimkdmeyjgh� baetq\Zg_� _� bfZe� aZ� ke_^kl\b_� dZlh� h[sZ� l_g^_gpby� keZ[Z
Zdlb\ghkl� gZ� BkeZg^kdby� [Zjbq_g� fbgbfmf� b� keZ[� f_jb^bhgZe_g� ij_ghk� gZ^
?\jhiZ�ij_a�\lhjZlZ�iheh\bgZ�gZ����l_�]h^bgb���<eZ`gbl_�ZleZglbq_kdb�pbdehgb
ij_fbgZ\ZoZ� hkgh\gh� gZ^� K_\_jgZ� b� ^hgydt^_� gZ^� P_gljZegZ� ?\jhiZ�� ^hdZlh
X`gZ� ?\jhiZ� b� ih�ki_pbZegh� ;ZedZgkdbyl� ihemhkljh\� hklZ\ZoZ� h[sh�\a_lh
^Ze_q� hl� lyogbl_� ljZk_lZ�� �DZlh� ke_^kl\b_� hl� ]hj_dZaZghlh� kj_^ba_fghfhjkdbl_
pbdehgb� ktsh� [yoZ� ^hklZ� ]heyfZ� jy^dhkl� ij_a� lhab� i_jbh^�� Ih� lZdt\� gZqbg
³\eZ`gZlZ´� nZaZ� gZ� ketgq_\h�debfZlbqgby� ������ ]h^br_g� pbdte� _� [beZ� kbegh
³aZ]emr_gZ´�ij_a����l_�]h^bgb�

KbegZlZ� Zkbf_ljby� gZ� _jmilb\gZlZ� Zdlb\ghkl� gZ� Ketgp_lh� k_� bajZab� \
lh\Z��q_�gZc�fhsgbl_�Zdlb\gb�ijhp_kb�k_�ijhy\boZ�k�^hklZ�]heyfh� aZdtkg_gb_� �
³?jmilb\gbyl´� �ibd� aZdtkgy� k� hdheh� ���� ]h^bgb� kijyfh�i_lghh[jZam\Zl_egby�b
g_]h\byl� Z[khexl_g� fZdkbfmf� [_� ij_a� f�hdlhf\jb�gh_f\jb� ����� ]h^bgZ
(l�gZj_q_gbl_�³O_ehmbgkdb�[mjb´) (Hady,2007).  (GZ�nb]�����_�ihdZaZgZ�dZjlbgZlZ
gZ�i_lghh[jZam\Zl_egZlZ�Zdlb\ghkl��ih�\j_f_�gZ�_jmilb\gby�fZdkbfmf�\�djZy�gZ
�����]�).

Nb]�����Ketgq_\bl_�i_lgZ�ih�\j_f_�gZ� ³O_ehmbgkdbl_�[mjb´� ��DZjlbgZlZ
k_� hlgZky� aZ� ��� hdlhf\jb� ����� ]� �KWWS���ZZZ�VRODUF\FOH���FRP�)�� H[hagZq_gb� kZ
ghf_jZlZ�gZ�]jmibl_�ketgq_\b�i_lgZ��=b]ZglkdZlZ�]jmiZ�No 486 _�[beZ�balhqgbd
gZ� gZc�fhsgZlZ� j_]bkljbjZgZ� ^hk_]Z� _jmipby� \� j_gl]_gh\by� ^bZiZahg� gZ� �
gh_f\jb��k�]��(Hady, 2007)

Kbegh� aZdtkgyeZlZ� _jmilb\gZ� Zdlb\ghkl� gZ� pbdte� No 23 mkbeb� jyadh
Zlfhkn_jgbl_� ijhp_kb� gZ^� K_\_jghlh� ihemdte[h� \� i_jbh^Z� ���������� ]h^bgZ�
>hklZ�g_hqZd\Zgh� aZ�ih\_q_lh�f_l_hjhehab�b�debfZlhehab�ij_a� ����� ]h^bgZ�gZ^
pyeZ� ?\jhiZ�� \dexqbl_egh� b� gZ^� ;ZedZgkdby� ihemhkljh\� k_� baeyoZ� ijheb\gb
e_lgb�^t`^h\_��GZ�fgh]h�f_klZ�l_�ij_^ba\bdZoZ�]he_fb�gZ\h^g_gby��ktijh\h^_gb
ktk� k_jbhagb� fZl_jbZegb�s_lb�� � Ih� lhab� gZqbg� fZdkbfmftl� gZ� \Ze_`bl_� gZ^
;te]Zjby� �� k\tjaZg� k� ������ ]h^brgby� pbdte� aZdtkgy� k� hdheh� �� ]h^bgb� kijyfh
i_lghh[jZam\Zl_egby�fZdkbfmf� gZ� pbdte� ��� ��KblmZpbylZ� ^h� ]heyfZ� kl_i_g� [_
ih^h[gZ�gZ�aZdtkg_gb_lh�gZ�³\eZ`gZlZ´��nZaZ�������]h^brgby�pbdte� �\�gZqZehlh
gZ����l_�]h^bgb�(\b`�nb]����).

Lh\Z�ijbqbgb� aZdtkgy\Zg_lh�gZ� ³kmoZlZ´�nZaZ� �gZ�ihke_^gby� �� k\tjaZg� k
ij_oh^Z� hl� g_q_lgby� ketgq_\� fZdkbfmf� No 23 dtf� q_lgby� No 24�� � ?lh� aZsh
klbo\Zg_lh� gZ� _jmilb\gZlZ� Zdlb\ghkl� ke_^� ����� ]h^bgZ� nZdlbq_kdb� ^h\_^_� ^h
ktklhygb_lh�gZ�ghjfZegby�aZ�ih^h[gZ�_ihoZ�h[s�^_nbpbl�gZ�\Ze_`b�ij_a�lhiehlh
ihem]h^b_��IhjZ^b�lh\Z�g_�[b\Z�^Z�k_�kqblZ� ��q_�eylghlh�aZkmrZ\Zg_�ij_a� �����b
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����� ]h^bgZ� � _� gydZd\h� g_h[bqZcgh� y\e_gb_� �� aZ� qb_lh� h[ykg_gb_� ljy[\Z� ^Z� k_
ijb\ebqZ� l_hjbylZ� aZ� ³Zgljhih]_gghlh� ]eh[Zegh� aZlhieyg_´�� Lh\Z� _� _kl_kl\_g
ijhp_k�� k\tjaZg� k� ������ ]h^brgby�pbdte��gh�^hitegbl_egh� mkbe_g� hl� ketgq_\h�
debfZlbqgb�hkpbeZpbb�k�ih�]heyfZ�ijh^te`bl_eghkl�(d\Zab����������������a����b
��������]h^brgb�pbdeb)���?lh�aZsh�bfZ�hkgh\Zgb_�^Z�k_�kqblZ��k�^hklZ�]heyfh�gb\h
gZ� m\_j_ghkl�� q_� gZklhysbyl� i_jbh^� gZ� eylgh� aZkmrZ\Zg_� s_� ijh^te`b� hs_
gydhedh� ]h^bgb� �� Z� bf_ggh� ±� _^gZ� ]h^bgZ� ke_^� fZdkbfmfZ� gZ� ketgq_\by
i_lghh[jZam\Zl_e_g�pbdte�No 24.

Hl�ij_h[eZ^Z\Zsby�[jhc�ijh]ghab�aZ�iZjZf_ljbl_�gZ�ketgq_\by�pbdte���
ke_^\Z�� q_� gZc�\_jhylgZlZ� dZe_g^ZjgZ� ]h^bgZ� g_]h\by� i_lghh[jZam\Zl_e_g
fZdkbfmf� _� �����lZ�� Ke_^h\Zl_egh�� h[jtsZg_lh� gZ� nZaZlZ� gZ� \Ze_`gby� �����
]h^br_g�pbdte� �ih�ihkhdZ�gZ�^t`^h\gb�e_lZ� [b�fh]eh�^Z� k_� hqZd\Z� hdheh� ����
]h^bgZ��Ih� lhab� gZqbg� baebaZ�� q_� kmobyl� e_l_g� i_jbh^� [b� ijh^te`be� hs_� ���
]h^bgb�

Hldehg_gby� hl� lZab� ijh]ghaZ� kZ� \tafh`gb� hkgh\gh� \� ^\_� gZijZ\e_gby�
Itj\h��g_�_�gZitegh�kb]mjgh��q_�fZdkbfmftl�gZ�pbdte�1R�����s_�[t^_�ij_a������±
lZ�]h^bgZ�� �GZ\ebaZg_lh�gZ�Ketgp_lh�\�ihj_^gby�k\jto\_dh\b�fbgbfmf�fh`_�^Z
m^te`b� l\tj^_�fgh]h�gbaoh^ysZlZ�nZaZ�gZ�pbdte�No 23�� ^h� �����lZ� ]h^bgZ��Hl
^jm]Z�kljZgZ�hqZd\ZgZlZ�^hklZ�gbkdZ�fhsghkl�gZ�pbdte�No 24 fh`_�^Z�_�k\tjaZgZ
k� ih�^te]Z� \taoh^ysZ� nZaZ� �� \dexqbl_egh� ^h� �� ]h^bgb�� Lh\Z� hagZqZ\Z�� q_
ke_^\Zsbyl�i_lghh[jZam\Zl_e_g��pbdte�gZ�R\Z[_�<hen�fh`_�^Z�dmemfbgbjZ�^hjb
qZd� ij_a� ����� ]h^bgZ�� <ke_^kl\b_� gZ� lh\Z� i_jbh^tl� gZ� eylgh� aZkmrZ\Zg_� \
;te]Zjby�fh`_�^Z�ijbdexqb�dtf������]h^bgZ��l�_�^Z�ijh^te`b�g_����Z���]h^bgb�
kqblZgh�hllmd�(�����])�gZlZltd�

GZ�\lhjh�fyklh� �bfZ�b�g_hij_^_e_ghkl��k\tjaZgZ�k�_jmilb\gZlZ�Zdlb\ghkl
gZ�Ketgp_lh��DZdlh�\_q_�[_�ihkhq_gh�gZ�gydhedh�f_klZ�\�l_dklZ�\jtadZlZ�f_`^m
i_lghh[jZam\Zl_egbl_�bg^_dkb�b�_jmilb\gbl_�ijhp_kb�g_�_�fgh]h�lykgZ��GZ�lZab
hkgh\Z� _� \tafh`gh� fZdZj� b� hqZd\Zgh� keZ[� hldtf� i_lghh[jZam\Zg_� ketgq_\byl
pbdte�No 24 ^Z�k_�hdZ`_�agZqbl_egh�ih�Zdlb\_g�hldtf�_jmipbb��\dexqbl_egh�b
dhjhgZegb�fZkh\b�bao\tjeygby��Fh`_�^Z�k_�hqZd\Z�ih^h[_g�kp_gZjbc�\�ij_^\b^
gZ�ijh]ghabjZghlh�ihdZq\Zg_�gZ� _jmilb\gZlZ� Zdlb\ghkl� �� k\tjaZgh� k�d\Zab� ±��
]h^brgby� pbdte�� <� lhab� kemqZc� ³kmoZlZ´� nZaZ� gZ� ������ ]h^brgby� ketgq_\h�
debfZlbq_g�pbdte�fh`_�^Z�k_�hdZ`_�b�ih�djZldZ�

AZk_]Z�lh\Z�kZ�kZfh�ij_^iheh`_gby��dhblh�ij_^klhyl�^Z�[t^Zl�ijh\_j_gb�
IhjZ^b� lh\Z� dZlh� gZc�^hklh\_j_g� kp_gZjbc� aZ� e_lgbl_� \Ze_`b� ih� fg_gb_lh� gZ
Z\lhjZ� hklZ\Z� lhab�� ijb� dhclh� eylghlh� aZkmrZ\Zg_� s_� ijbdexqb� hdheh� ����
]h^bgZ�

<t\� \jtadZ� k� h[klhyl_ekl\hlh�� q_� k_� hqZd\Z� e_lZlZ� ^Z� hklZgZl� kmob� ^h
fZdkbfmfZ�gZ�pbdte�No 24 ��lh�l_�\_jhylgh�s_�hklZgZl�b�^hklZ�]hj_sb�(^h�hdheh
40-42°°K�)��^h�����������]���Hl�o_ebhdebfZlbqgZ�]e_^gZ�lhqdZ�gyfZ�hkgh\Zgby�^Z�k_
^himkdZ�gZklti\Zg_lh�gZ�hs_�ih�]he_fb�e_lgb�]hj_sbgb��Ih�\_jhyl_g�_�kp_gZjbc
��ijb�dhclh�e_lgbl_�l_fi_jZlmjb�s_�aZihqgZl�^Z�iZ^Zl�^hjb�hs_�ij_^b�fZdkbfmfZ
gZ� ���lby�ketgq_\�pbdte��ihjZ^b�hqZd\ZgZlZ�k\jto\_dh\Z�gbaoh^ysZ�l_g^_gpby
gZ�ihlhdZ�gZ�ketgq_\ZlZ�_e_dljhfZ]gblgZ�jZ^bZpby��Ihke_^ghlh�fh`_�[b�_�\_q_
nZdl�hl������]h^bgZ�gZkZf�(nb]���).

AZklm^y\Zg_lh�gZ�e_lZlZ�s_�k_�ijhy\b�ykgh��ke_^�fZdkbfmfZ�gZ�ketgq_\by
pbdte� No 24�� Lh]Z\Z� ^t`^h\gZlZ� b� kts_\j_f_ggh� ³oeZ^gZ´� nZaZ� gZ� �����
]h^brgby� pbdte� s_� k_� gZkeZ]\Z� \tjom� � gbaoh^ysZlZ� l_g^_gpby�� ihjh^_gZ� hl
ketgq_\by�k\jto\_dh\b�fbgbfmf�

Ltc�dZlh�i_jbh^tl� ����������]h^bgZ�ihiZ^Z�\t\�nZaZlZ�gZ�ij_oh^�f_`^m
^\Z����]h^brgb�i_lghh[jZam\Zl_egb�pbdteZ� (ketgq_\�fbgbfmf)�lh�\_jhylghkllZ
hl�gZklti\Zg_lh�gZ�klm^_gb�abfb�_�]heyfZ�� �DZdlh�k_�\b`^Z�hl�nb]����Z�b�[�_^gZ
lZdZ\Z� klm^_gZ� abfZ� g_� [b� fh]eZ� ^Z� [t^_� hlg_k_gZ� dtf� k_f_ckl\hlh� gZ
³j_dhj^vhjbl_´� (]jmiZlZ�gZ� abfbl_� hl� ������ ���������� b� ����� ])�� ltc� dZlh� g_� k_
hqZd\Z�fhsgZ�_jmilb\gZ�Zdlb\ghkl�gZ�Ketgp_lh�ij_a�lhab�i_jbh^��Lh\Z�[boZ�ih�
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kdhjh�abfb�ihjh^_gb�hl�³deZkbq_kdbl_´�aZ�ketgq_\�fbgbfmf�mkeh\by��l�_��gbktd
ihlhd� gZ� h[sZlZ� ketgq_\Z� jZ^bZpby� (j_ki�� gbkdb� klhcghklb� gZ
i_lghh[jZam\Zl_egbl_� bg^_dkb� Ri� b� Rh)� b� \bkhdb� klhcghklb� gZ� ihlhdZ� gZ
]ZeZdlbqgbl_�dhkfbq_kdb�etqb�

���>bkdmkbylZ
6.1. Q_lbjbl_� ³hnbpbZegb³� hkgh\gb� � ]e_^gb� lhqdb� aZ

debfZlZ
<� gZqZehlh� gZ� ^bkdmkbhggZlZ� qZkl� �� ihk\_l_gZ� gZ� ij_^klZ\_gbl_� \� lZab

dgb]Z� j_amelZlb� b� l_ogby� ZgZeba�s_� [t^_� gZijZ\_g� kt\k_f� djZltd� ij_]e_^� gZ
hkgh\gbl_�dhgp_ipbb�\�kt\j_f_ggZlZ�debfZlheh]by�hlghkgh�nZdlhjbl_��\eby_sb
\tjom�ktklhygb_lh�gZ�debfZlZ�

³:KLJHGHFBQ?KD:L:��OBIHL?A:´
Hs_� ij_a� ���b� \_d� \tagbd\Zl� obihl_ab� ^Z� h[ykgy\Zg_� gZ� _^gh� hl� gZc�

]he_fbl_�hldjblby�gZ�]_heh]bylZ�ih�lh\Z�\j_f_��i_jbh^bqgbl_�aZe_^y\Zgby��ij_a
d\Zl_jg_jZ�(³\_ebdbl_�e_^gbdh\b�i_jbh^b´)��L_�k\tja\Zl�ijhf_gbl_�\�debfZlZ�k
jZaebqgb�pbdebqgb�ijhf_gb�\�hj[blZegbl_�b�jhlZpbhggb�iZjZf_ljb��gZ��A_fylZ�
LZdb\Z� �kZ�obihl_abl_�gZ�:^_fZj�b�Djhee��<�gZc�aZ\tjr_g�b�Z^_d\Zl_g� kijyfh
^Zggbl_� hl� bake_^\ZgbylZ� \b^� h[Zq_� _� l_hjbylZ� gZ� FbeZgdh\bq� hl� itj\ZlZ
iheh\bgZ� gZ� ���b� \_d (Imbree and Imbree, 1979)�� DZdlh� � [_r_� \_q_� dZaZgh�� ly
k\tja\Z�i_jbh^bqgbl_� aZe_^y\Zgby� k�ijhf_gb�\� _dkp_gljbpbl_lZ�b�ij_p_kby�gZ
a_fgZlZ�hj[blZ��Z�lZdZ�ktsh�qZklbqgh�b�\�gZdehgZ�gZ�a_fgZlZ�hk�hl�ihjy^tdZ�gZ
hdheh����°°.

Hkh[_gZ� jZagh\b^ghkl� gZ� Zkljhghfbq_kdbl_� obihl_ab� kZ� l_ab�� ijb� dhblh
d\Zabi_jbh^bqgbl_�ijhf_gb�gZ�debfZlZ�k�pbdte�hl�hdheh�����fbebhgZ�]h^bgb�k_
k\tja\Zl�k�^\b`_gb_lh�gZ�Ketgq_\ZlZ�kbkl_fZ�hdheh�p_gltjZ�gZ�Fe_qgby�itl�b
ij_kbqZg_lh�gZ�kibjZegbl_�fm�jtdZ\b�

³=?Y��OBIHL?A:L:´

<� djZy� gZ� ���l_� b� gZqZehlh� gZ� ���l_� ]h^bgb� [jblZgkdyl� mq_g� Eh\_ehd
kta^Z\Z� k\hy� hjb]bgZegZ� obihl_aZ�� h[ykgy\ZsZ� obfbq_kdby� ktklZ\� gZ� a_fgZlZ
Zlfhkn_jZ�� dZdlh� b� debfZlbqgbl_� mkeh\by� gZ� gZrZlZ� ieZg_lZ(Lovelock, 2000).

KtsZlZ� _� ba\_klgZ� hs_� dZlh� ³=Hy�obihl_aZ´(hl� bf_lh� gZ� ]jtpdZlZ� [h]bgy� gZ
A_fylZ�b�ieh^hjh^b_lh)���GZ�g_y�s_�k_�kij_f�ih�ih^jh[gh��ltc��dZlh�ly�_�fh`_�[b
gZc�ij_^ihqblZgZlZ� �aZ�ijb\tj`_gbpbl_�gZ�l_hjbylZ�aZ�Zgljhih]_ggh�aZlhieyg_
gZ�debfZlZ��

Kihj_^� itj\hgZqZegZlZ� nhjfmebjh\dZ� gZ� lZab� obihl_aZ� A_fylZ� _
kZfhj_]mebjZsZ�k_�kbkl_fZ�(ohf_hklZl)��\�dhylh�iZjZf_ljbl_��b�gZc�\_q_�l_ab�gZ
Zlfhkn_jZlZ�kZ�lZdZ�mklZgh\_gb��q_�^Z�kZ�hilbfZegb�aZ�[bhkn_jZlZ��:lfhkn_jZlZ
k_�jZa]e_`^Z�dZlh�qZkl�hl�[bhkn_jZlZ��G_cgbyl�obfbq_kdb�ktklZ\�b�l_fi_jZlmjZ
k_�j_]mebjZl�hl�^_cghkllZ�gZ�`b\bl_�hj]Zgbafb�ihkj_^kl\hf�`bag_gbl_�ijhp_kb
(nhlhkbgl_aZ�� ^brZg_� b� ^j�)�� � ;eZ]h^Zj_gb_� gZ� [bhkn_jZlZ� \� Zlfhkn_jZlZ
kt^tj`Zgb_lh�gZ�dbkehjh^�_�hlghkbl_egh�\bkhdh���Z�gZ�\t]e_jh^_g�^bhdkb^�fgh]h
fZedh�� <ke_^kl\b_� gZ� lh\Z� itd� l_fi_jZlmjZlZ� gZ� A_fylZ� _� hlghkbl_egh� gbkdZ�
~15°°K�b�_�hilbfZegZ�aZ�`bag_gbl_�ijhp_kb�

Kt]eZkgh�³=_y�obihl_aZlZ´�l_fi_jZlmjZlZ�gZ�\ta^moZ��obfbq_kdby�ktklZ\
gZ� Zlfhkn_jZlZ� b� khe_ghkllZ� gZ� K\_lh\gby� hd_Zg� kZ� ihklhyggb� k� \j_f_lh� �
[b^_cdb�hilbfZegb�aZ�`b\bl_�hj]Zgbafb��³=_y�obihl_aZlZ´�k_�[ZabjZ�hkgh\gh�gZ
l\tj^_gb_lh��q_�l_fi_jZlmjZlZ�gZ�A_fylZ�_�hlghkbl_egh�ihklhyggZ�\�jZfdbl_�gZ
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ihke_^gbl_� �� fbebZj^Z� ]h^bgb�� ^hdZlh� ketgq_\ZlZ� k\_lbfhkl� k_� _� m\_ebqbeZ� k
hdheh���������JheylZ�gZ�dhkfbq_kdbl_�nZdlhjb���\dexqbl_egh�b��gZ�Ketgp_lh�k_
ij_g_[j_]\Z�

?^bgkl\_gbyl� k_jbha_g�g_[bheh]bq_g�balhqgbd�gZ�KH2� \� Zlfhkn_jZlZ� kZ
\medZgbqgbl_�y\e_gby��Z�_^bgkl\_gbyl�k_jbha_g�g_[bheh]bq_g�³klhd´�gZ�ktsby���
dZj[hgZlgbl_�kdZeb�

LZab� obihl_aZ� _� [beZ� ZlZdm\ZgZ� hl� jZaebqgb� ij_^klZ\bl_eb� gZ
_kl_kl\_gbl_�gZmdb�b�gZc�\_q_�hl�[bhehab��Ly�bfZ�]he_fb�ijh[e_fb�k�l_hjbylZ�gZ
_\hexpbylZ�ltc�dZlh�kihj_^�g_y�baebaZ��q_�g_�`b\bl_�hj]Zgbafb�k_�ijbkihkh[y\Zl
dtf�ijhf_gbl_�gZ�hdhegZlZ�kj_^Z��Z�h[jZlgh��hdhegZlZ�kj_^Z�k_�ijbkihkh[y\Z�dtf
lyo�

Lh\Z��q_�obfbq_kdbyl�ktklZ\�gZ�kt\j_f_ggZlZ�a_fgZ�Zlfhkn_jZ�_�ijh^mdl
hl�^_cghkllZ�Zg�`b\bl_�hj]Zgbafb�_�nZdl��dhclh�g_�ih^e_`b�gZ�ktfg_gb_��Ktsh
lZdZ�gydhb�kt[blby�hl�]_heh`dZlZ�bklhjby�gZ�A_fylZ�kZ�^h[jh�ihl\tj`^_gb_�gZ
³=_y�obihl_aZlZ´�� gZijbf_j� jZa\blb_lh� gZ� fhsgZ� nehjZ� ih� \j_f_� gZ
f_ahahckdZlZ�_jZ��Lh]Z\Z�debfZltl�_�[be�fgh]h�lhite��Z�Zlfhn_jZlZ�fgh]h�[h]ZlZ
gZ�KH2��^h�gydhedh� ^_k_ldb�itlb�gZ^� kt\j_f_ggbl_�dhgp_gljZpbb��NZdlbq_kdbbf_ggh�jZa\blb_lh�gZ�fhsgZ�nehjZ�ih�lh\Z�\j_f_�b�k\tjaZgZlZ�k�g_y�nhlhkbgl_aZ
ba^tji\Zl� hl� Zlfhkn_jZlZ� ]heyfh� dhebq_kl\h� \t]e_jh^_g� ^bhdkb^�
dhgk_j\bjZcdb�]h�\�kt\j_f_ggbl_�aZe_`b�hl�q_jgb�\t]ebsZ�

Hl�^jm]Z�kljZgZ�h[Zq_�ihklhygkl\hlh�gZ�l_fi_jZlmjZlZ�b�dhgp_gljZpbylZ
gZ� KH2� kZ� hlghkbl_egh� baiteg_gb� mkeh\by� ij_a� nZg_jhahy�� � <yjgh� _� �� q_
l_fi_jZlmjbl_� gbdh]Z� g_� kZ� ^hklb]Zeb� ^h� �����°°K�� dZdlh� lh\Z� _� [beh� ij_a
ZjoZckdZlZ� _jZ� �� gh� \k_� iZd� kZ� \ZjbjZeb� \� ^hklZ� rbjhdb� ]jZgbpb� hl� ��°°K� \
gZqZehlh�gZ�dZf[jby� �^h������� °°K�ij_a�xjZ��Ktk�kb]mjghkl�lh\Z�_�klZ\Zeh�b�ih^
\ebygb_�gZ�\tgrgb�nZdlhjb��\dexqbl_egh�b�\ZjbZpbb�gZ�ketgq_\ZlZ�k\_lbfhkl�
KZfbyl�nZdl�kts_kl\m\Zg_lh�gZ�i_jbh^b�gZ�gZjZkl\Zg_�gZ�l_fi_jZlmjbl_�b�KH2

ihdZa\Z��q_�g_aZ\bkbfh�hl�agZqbl_egbl_�kZfhj_]mebjZsb�nmgdpbb�gZ�kbkl_fZlZ
³[bhkn_jZ�Zlfhkn_jZ´��ly�_�[beZ�l\tj^_�bg_jlgZ�kijyfh�\tgrgby�nZdlhj��Z�hk\_g
lh\Z��b�dhfi_gkbjZsbl_�c�\tafh`ghklb�kZ�\k_�iZd�h]jZgbq_gb�

?\hexpbylZ�gZ�hj]Zgbafh\by�k\yl�_�nZdl��dZdlh�b�lh\Z��q_�_\hexpbhggbl_
kdhdh\_� kZ� klZ\Zeb� \bgZ]b� \� _ihob� gZ� ]he_fb� ijhf_gb� \� hdhegZlZ� kj_^Z�
\dexqbl_egh� b� gZc�\_q_� debfZlbqgb�� Ihy\ZlZ� gZ� gh\b� deZkh\_� b� \b^h\_
hj]Zgbafb� _� j_Zdpby� gZ� [bhkn_jZlZ� gZ� ijhfygZ� gZ� \tgrgbl_� mkeh\by� ±nZdl�
dhclh� _� \� itegh� kthl\_lkl\b_� k�>Zj\bgh\ZlZ� l_hjby� b�\� itegh� ijhlb\hj_qb_� k
obihl_aZlZ�gZ�Eh\_ehd�

L_ab�� dZdlh� b� j_^bpZ� ^jm]b� ijhlb\hj_qby� kZ� ijbgm^beb� Eh\_ehd� b
g_]h\bl_�ktb^_cgbpb�^Z�j_\babjZl�b�ijhf_gyl�fgh]h�g_sZ�\�³=_y�obihl_aZlZ´��b
gZc�\_q_�k�p_e�^Z�y�Z^ZilbjZl�ih�^h[j_�dtf�_\hexpbhggZlZ�l_hjby��<�gydhb�hl�ih�
gh\bl_� c� \_jkbb� k_� ijbagZ\Z� b� h[jZlghlh� \ebygb_� gZ� ijhp_kbl_� \� g_`b\ZlZ
fZl_jby�\tjom�`b\ZlZ�

----------------------------------------

Dh]Zlh� klZ\Z� \tijhk� aZ� _\hexpbylZ� gZ� Zlfhkn_jZlZ� b� debfZlZ� gZ
jZggZlZ�A_fy�(ZjoZckdZlZ�_jZ)�g_�ljy[\Z�^Z�k_�aZ[jZ\y�aZ�badexqbl_egh��\Z`gZlZ
jhey� gZ� l_dlhgbqgbl_� ijhp_kb�� dhblh� kZ� [beb� fgh]h� ih�Zdlb\gb� lh]Z\Z� \
kjZ\g_gb_�ktk�k_]Z��A_fylZ��dZdlh�b�^jm]bl_�ieZg_lb�hl�Ketgq_\ZlZ�kbkl_fZ�kZ
[beb�hs_�\�ijhp_k�gZ�hnhjfyg_�gZ�k\hylZ�kljmdlmjZ��Ih�lh\Z�\j_f_�ihagZlbl_
^g_k� gZ� ]_hehabl_� b� ]_hnbabpbl_� \tlj_rgb� a_fgb� ahgb� (y^jh� �� fZglby� b
eblhkn_jZ)�kZ�[beb�hs_�\�ijhp_k�gZ�ba]jZ`^Zg_��<medZgbqgZlZ�Zdlb\ghkl�_�[beZ
badexqbl_egh�fhsgZ��Z�lh\Z�_�ih^^tj`Zeh�\bkhdb�gb\ZlZ�gZ�CO2 \�Zlfhkn_jZlZ�
<h^gbl_�[Zk_cgb�gZ�ih\tjoghkllZ�\k_�hs_�kZ�[beb�fZedb�ih�iehs��Z�[bhkn_jZlZ��
Zdh�bah[sh�y�_�bfZeh�lh]Z\Z�_�[beZ�\�kt\k_f�aZqZltqgh�ktklhygb_�

Dbkehjh^tl�\�a_fgZlZ�Zlfhkn_jZ�_�[be�\�gbsh`gb�dhebq_kl\Z�(iZjpbZegh
gZey]Zg_� a��-6

 mm)�� Kt^tj`Zgb_lh� gZ� `_eyah� [ebah� ^h� ih\tjoghkllZ� _� [beh
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\bkhdh�� Z� h[jZam\Zg_lh� gZ� `_e_agb� hdbkb� � k� mqZklb_lh� gZ� dbkehjh^� hl
Zlfhkn_jZlZ±fgh]h� bgl_gab\gh�� IetlghklgZlZ� ^bn_j_gpbZpby� gZ� A_fylZ� _
^h\_eZ� ^h� ^\_� \Z`gb� ke_^kl\by�� Z�� hl^_eyg_g_lh� gZ� ]heyfh� dhebq_kl\h� \h^Z� hl
g_^jZlZ� b� mklZgh\y\Zg_lh� c� gZ� ih\tjoghkllZ��l�_� h[jZam\Ze� k_� _� K\_lh\gbyl
hd_Zg��[��h[_^gy\Zg_�gZ�ih\tjoghklgbl_�keh_\_�gZ�`_eyah�(ktshlh�k_�gZljmi\Z�\
y^jhlh)�b�jyadh�gZfZey\Zg_�gZ�hdbkebl_egbl_�ijhp_kb�gZ�ih\tjoghkllZ�

�<� j_amelZl� gZ� h[jZam\Zg_lh� gZ� fhsgZlZ� ob^jhkn_jZ� gZ� A_fylZ� ij_^b
hdheh���fbebZj^Z�]h^bgb� �]heyfZ�qZkl�hl�CO2 �hl�Zlfhkn_jZlZ�k_�_�jZal\hjbe�\
g_y� �� Lh\Z� _� [beh� b� ]eZ\ghlh� mkeh\b_� aZ� \_q_� ih�klZ[beghlh� kts_kl\m\Zg_� gZ
kta^Z\ZsZlZ� k_� jZggZ� [bhkn_jZ�� � Hl� ^jm]Z� kljZgZ� ijblhdtl� gZ� lhab� ]Za� \
Zlfhkn_jZlZ� jyadh� gZfZeye� ihjZ^b� hlkeZ[\Zg_� gZ� \medZgbqgZlZ� ^_cghkl�
GZfZey\Zg_lh� gZ  CO2 \� j_amelZl� gZ� ]_heh]bqgbl_� ijhp_kb� _� ^h\_eh� b� ^h
gZfZey\Zg_�gZ�h[sZlZ�fZkZ�gZ�Zlfhkn_jZlZ�b�gZ�iZjgbdh\by�_n_dl��dh_lh
_� ihgb`beh� kbegh� l_fi_jZlmjZlZ� gZ� ijba_fgby� \ta^mo� ij_^b� hdheh� ��
�fbebZj^Z� ]h^bgb�� Lh\Z� itd� ^hitegbl_egh� _� mkbebeh� ZdmfmebjZg_lh� gZ
\t]e_jh^gby� ^bhdkb^�gZ�ih\tjoghkllZ�ih^�nhjfZlZ�gZ�dZj[hgZlgb� kdZeb
.(dZj[hgbaZpby). IhjZ^b� jyadhlh� hlkeZ[\Zg_� gZ� hdbkebl_egbl_� ijhp_kb
dbkehjh^tl� aZihqgZe� ^Z� k_� aZ^tj`Z� \� Zlfhkn_jZlZ�� Dh]Zlh� \� gZqZehlh� gZ
dZf[jby�ij_^b�hdheh�����feg�]h^bgb�_�aZihqgZeh�[tjahlh�jZa\blb_�gZ�[bhkn_jZlZ
\ktsghkl� mkeh\bylZ� aZ�g_y� kZ� [beb� ij_^\Zjbl_egh� ^hklZ� ^h[j_� ih^]hl\_gb� � hl
ij_^oh^gZlZ� ]_heh]bqgZ� _\hexpby� gZ� A_fylZ� b� k\tjaZgbl_� k� g_y� ijhf_gb� \
Zlfhkn_jZlZ�

?^\Z� ke_^�lh\Z� \_q_� [bhkn_jZlZ� _� � \_q_� k_jbha_g� nZdlhj� aZ� [ZeZgkZ� gZ
ijhp_kbl_� \� Zlfhkn_jZlZ�� \dexqbl_egh� b� debfZlZ�� >_ckl\b_lh� c� h[Zq_� k_
j_ZebabjZ� fgh]h� [Z\gh� \t\� \j_f_lh� ±� nZdlbq_kdb� bapyeh� \� jZfdbl_� gZ
]_heh]bqgZlZ�\j_f_\Z�kdZeZ���>hjb�b�\�l_ab�\j_f_\b�fZsZ[b�h[Zq_��ly�_�kZfh�_^bg
hl� debfZlhhij_^_eysbl_� nZdlhjb�� <ktsghkl� ih� \Z`gb� hl� g_y� hklZ\Zl
l_dlhgbqgbl_� ijhp_kb� b� \ZjbZpbbl_� gZ� ketgq_\ZlZ� k\_lbfhkl�� Z� \_jhylgh� b
_n_dlbl_� �� k\tjaZgb� k� ^\b`_gb_lh� gZ� Ketgq_\ZlZ� kbkl_fZ� hdheh� p_gltjZ� gZ
Fe_qgby�itl�-----------------

³=_y�obihl_aZlZ´� k_� ijb_fZ� k� _glmkbZatf� \� kj_^bl_� gZ� � ³]eh[Zegbl_
_dhehab´���Ijb\ebqZ�]b�b^_ylZ�aZ�ihklhygkl\h�gZ�debfZlZ�\t\�\j_f_lh��b�q_�lh�k_
^te`b�gZ�jZ\gh\_kb_lh�gZ�\kbqdb�^_ckl\m\Zsb�\tjom�Zlfhkn_jZlZ�nZdlhjb��Lh\Z
ih^kdZaZ\Z��q_�Zdh�ih�gydZd\Z�ijbqbgZ�debfZltl�_� �aZihqgZe� �^Z�k_�ijhf_gy��lh
lh\Z�_�\�j_amelZl�gZ�gydZdt\�gh\�nZdlhj�±�^Z�k_�ih^jZa[bjZ�qh\_rdZlZ�^_cghkl�
?lh� aZsh� aZ� ijb\tj`_gbpbl_� gZ� ³=_y�obihl_aZlZ´� ijhf_gbl_� gZ� debfZlZ� \
fbgZehlh�kZ�g_ijbylgZ�l_fZ��AZlh\Z�l_�k_�klj_fyl�gZ�\kydZ�p_gZ�^Z� �^hdZ`Zl��q_
k_jbhagb�debfZlbqgb�ijhf_gb� �j_Zegh�g_�_�bfZeh��ihg_�\�kjZ\gbl_egh� �[ebadhlh
fbgZeh�

³=_y�obihl_aZlZ´� _� _^bg� hl� nbehkhnkdbl_� klte[h\_� gZ� ^\b`_gb_lh� ³Gx
?c^`´��GbdZd� g_� _� kemqZ_g�nZdltl�� q_� gZc�\b^gbl_� g_]h\b� ij_^klZ\bl_eb� kZ� b
kj_^�gZc�j_\ghklgbl_�ih^^tj`gbpb�gZ�l_hjbylZ�aZ�Zgljhih]_gghlh�aZlhieyg_�gZ
debfZlZ�

�³:LBGKD:L:��OBIHL?A:´
GZa\Zgb_lh� gZ� lZab� obihl_aZ� k_� k\tja\Z� k� :lbgZ� ±� ]jtpdZlZ� [h]bgy� gZ

ft^jhkllZ��gZmdZlZ�b�fhj_ieZ\Zg_lh��\�ij_^klZ\bl_�gZ�^j_\gbl_�_ebgb�±�kbf\he�b
balhqgbd�gZ�\kbqdh�gh\h���^Z\ZsZ�leZktd�gZ��ijh]j_kZ�

Kihj_^� lhab� \ta]e_^� � debfZltl� ghjfZegh� k_� gZfbjZ� \� d\Zabmklhcqb\h
ktklhygb_���Lhc�fh`_�^Z�[t^_�ba\_^_g�hl�g_]h�\�j_amelZl�hl�\tgrgh�\ta^_ckl\b_�
ketgq_\ZlZ�Zdlb\ghkl��\medZgbqgb�y\e_gby� ��k[etktd�gZ�A_fylZ� k�Zkl_jhb^�beb
dhf_lZ� b� ^j�� OZjZdl_jgZlZ� \j_f_\Z� kdZeZ�� \� dhylh� k_� j_ZebabjZ� ³:lbgkdZlZ
obihl_aZ´�_�hl�gydhedh�f_k_pZ��^h�hdheh����fbebhgZ�]h^bgb�
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“OBIHL?A:��A:��O:HK:´
Kt]eZkgh�lZab�obihl_aZ�ijhf_gbl_�\�debfZlZ�bfZl�d\Zab�kemqZ_g�oZjZdl_j�

Hl� ij_^klZ\_gbl_� q_lbjb� � hkgh\gb� ³dhg\_gpbhgZegb´� \ta]e_^Z� aZ
ijhf_gbl_�\�debfZlZ�k_�\b`^Z��q_� kZfh�\� ³:lbgkdZlZ�obihl_aZ´�dZl_]hjbqgh� k_
ijbagZ\Z�jheylZ�gZ�\tgrgbl_�nZdlhjb���\�lh\Z�qbkeh�b�\ebygb_lh�gZ�ketgq_\bl_
\ZjbZpbb�

AZ� Zkljhghfbq_kdZlZ� � obihl_aZ� pbdebqgbl_� debfZlbbqgb� ijhf_gb� kZ
k\tjaZgb� k� _n_dlb� ihjh^_gb� beb� hl� hkpbeZpbb� gZ� hj[blZegbl_� b� jhlZpbhggb
iZjZf_ljb� gZ� A_fylZ�� beb� ihjZ^b� ^\b`_gb_lh� gZ� Ketgq_\ZlZ� kbkl_fZ� hdheh
p_gltjZ�gZ�=ZeZdlbdZlZ�

³=_y�±obihl_aZlZ´�ih�ijbgpbi�badexq\Z�\kydZd\b�\tgrgb�ih�hlghr_gb_
gZ�A_fylZ�\ta^_ckl\by�\tjom�debfZlZ��Ke_^h\Zl_egh��hl�lZab�ihabpby�b�^mfZ�g_
fh`_�^Z�klZ\Z�aZ�dZd\blh�b�^Z�_�[beh�ketgq_\h�debfZlbqgb�\jtadb�

Hl� ]e_^gZ� lhqdZ� gZ� obihl_aZlZ� aZ� debfZlbqgby� oZhk� \ebygb_lh� gZ
ketgq_\ZlZ� Zdlb\ghkl� _� g_hlebqbfh� hl� lh\Z� gZ� fgh]h[jhcgbl_� ^jm]b� nZdlhjb�
>hjb� b� aZ� hij_^_e_g� bgl_j\Ze� hl� \j_f_� ^Z� k_� mklZgh\b� gydZd\Z� klZlbklbq_kdb
agZqbfZ�\jtadZ��ly�[tjah�baq_a\Z��³jZal\Zjycdb´��k_�kj_^�^_ckl\b_lh�gZ�fgh]h�gZ
[jhc�^jm]b�ijbqbgb�

GZ�[ZaZlZ�gZ�gZijZ\_gby�lmd�djZltd�ij_]e_^�gZ�hkgh\gbl_�gZijZ\e_gby�\
kt\j_f_ggZlZ� debfZlheh]by� fh`_� ^Z� k_� gZijZ\b� ke_^gby� ba\h^�� <
ij_h[eZ^Z\ZsZlZ� kb� qZkl� kt\j_f_ggbl_� debfZlhehab� k_� hlgZkyl� gZc�fZedhlh
kd_ilbqgh�dtf�l_aZlZ�aZ�\h^_sZlZ�jhey�gZ�Ketgp_lh�dZlh�nZdlhj�\tjom�debfZlZ
\� g_]_heh]bqgb� \j_f_\b� fZsZ[b�� � LZab� ihabpby� _� lZdZ\Z� g_aZ\bkbfh� hl
fgh]h[jhcgbl_� ^hdZaZl_ekl\Z� ij_a� ihke_^gbl_� ljb� ^_k_lbe_lby� \� iheaZ� gZ
ketgq_\h�debfZlbqgZlZ�l_hjby��

LZab� dhgklZlZpby� ihjZ`^Z� \tijhkZ�� :� ^Zeb� ih^h[gh� hlghr_gb_� g_� _
ijh^bdlm\Zgh�b�hl�nZdlhjb��dhblh�kZ�ba\tg�kn_jZlZ�gZ�gZmdZlZ"

<� dgb]ZlZ� kb� ³JheylZ� gZ� Ketgp_lh� aZ� ijhf_gbl_� gZ� debfZlZ´� Ohcl� b
RZltg�hl[_eya\Zl��q_�ijb�ba[hjZ�gZ�ihabpby�ih�\tijhkZ�aZ�ijhf_gbl_�gZ�debfZlZ
fgh]h� \Z`gZ� jhey� b]jZyl� nbehkhnkdbl_� b� iheblbq_kdbl_� m[_`^_gby� (Hoyt and

Shatten, 1997)�� Lh\Z� aZ� kt`Ze_gb_� Z\lhfZlbqgh� ij_^iheZ]Z� b� jbkd� hl� kbegZ
g_h[_dlb\ghkl� b� ijbkljZklghkl� ijb� h[kt`^Zg_lh� gZ� lZdt\� \Z`_g� aZ� pyehlh
h[s_kl\h�b��[t^_s_lh�gZ�A_fylZ�ijh[e_f�

6.2  L_hjbylZ� aZ� ³Zgljhih]_gghlh� ]eh[Zegh� aZlhieyg_´�b
³[jtkgZqtl��gZ�Hdtf “

<t\� nbehkhnbylZ� gZ� ihagZgb_lh� _� h[shijb_l� _^bg� ijbgpbi�� qbylh
ktsghkl� fh`_� ^Z� k_� bajZab� k� njZaZlZ� ³Ijhklhlh� _� gZc�^h[jh�´� � G_]h\hlh
Z\lhjkl\h�k_�ijbibk\Z�gZ�Mceyf�Hdtf�(1285–1349)�\tij_db��q_�lhc�_�ba\_kl_g�hs_
hl�^j_\ghkllZ� ��Ih�hlghr_gb_�gZ�gZmqghlh�ihagZgb_�lhab�ijbgpbi�ihklZgh\y\Z�
q_�� Hl� fgh`_kl\h�l_hjbb�� dhblh� h[ykgy\Zl� _^gh� b� ktsh� g_sh��ljy[\Z� ^Z� k_
ij_^ihq_l_�gZc�ijhklZlZ��

Kihj_^� ^jm]Z� nhjfmebjh\dZ� ijbgpbitl� gZ� Hdtf� ]eZkb� �� q_� baf_`^m
\kbqdb�obihl_ab��dhblh�h[ykgy\Zl�_^gh�b�ktsh�g_sh��gZc�\_jhylgZ�_�lZab��dhylh
k_�hkgh\Z\Z�gZ��fbgbfmf�g_h[oh^bfb�ij_^iheh`_gby.

Ijbgpbitl�gZ�Hdtf�k_�gZjbqZ�hs_�³[jtkgZq�gZ�Hdtf´��ltc�dZlh�ltc�_^bg
\b^�bajya\Z��³baebrgbl_´��obihl_ab�b�l_hjbb�

G_dZ� gZijbf_j� \� j_amelZl� gZ� N gZ� [jhc� gZ[ex^_gby� _� mklZgh\_gh� �� q_
kt[blb_lh��³O´�gZklti\Z�\bgZ]b��\�j_amelZl�gZ�ijhy\y\Zg_lh�gZ�^jm]h�y\e_gb_�Y”.

Ijb�gZ[ex^_gb_lh�ih^�ghf_j�N+1 hlgh\h��gZklti\Z�kt[blb_lh�³O´��_^gh\j_f_ggh
ktk� kt[bl_lh� “Y”�� gh� ktsh� lZdZ� b� _^gh\j_f_ggh� k� ^jm]h� kt[blb_� “Z”�� dh_lh
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gZklti\Z�aZ�ijt\�itl��<tafh`gb�kZ�^\_�obihl_ab��Kihj_^�_^gZlZ� �hl�lyo�kt[bl_lh
³O´�_�j_amelZl�hl�gZklti\Zg_lh�gZ�kt[blb_lh�“Y”��kihj_^�\lhjZlZ�±�ijbqbgZlZ�aZ
³O´� e aZ� ijt\� itl� j_]bkljbjZghlh� kt[blb_� “Z”��Ijbgpbitl� gZ�HdZf� \� kemqZy
ij_^iheZ]Z��q_�ijbqbgZ�aZ�gZklti\Zg_lh�gZ�³O´�_��hlgh\h�“Y”��dh_lh�k_�_�kemqbeh
N itlb� ij_^b� lh\Z�� Z� g_� “Z”�� dh_lh� gZklti\Z� aZ� ijt\� itl�� Ke_^h\Zl_egh� �
obihl_aZlZ�q_�kt[blb_lh�“Z” _�ijbqbgbeh�gZklti\Zg_lh�gZ�“O”�_�baebrgZ�

<_^gZ]Z�s_�ihkhqbf��q_� hl� ]e_^gZ� lhqdZ�ijbgpbiZ�gZ�Hdtf� l_hjbylZ� aZ
Zgljhih]_gghlh� ]eh[Zegh� aZlhieyg_� _� baebrgZ�� DebfZltl� gZ� A_fylZ
g_ij_dtkgZlh� k_� _� baf_gye� ij_a� pyeZlZ� ]_heh`dZ� bklhjby� gZ� A_fylZ�� Ij_a
ihke_^gbl_���������fbebhgZ�]h^bgb�(nZg_jhahy)�Zfieblm^ZlZ�gZ�l_ab�ijhf_gb�_�\
jZfdbl_�gZ�hdheh�������°°K���Ijbqbgbl_�aZ�lyo�g_�kZ�^hklZltqgh�^h[j_��ba\_klgb��gh
_� ykgh� �� q_� qZkl� hl� lyo� kZ� hl� ]_heh]bq_g�� Z� ^jm]bl_� hl� dhkfbq_kdb� oZjZdl_j��<
kjZ\g_gb_� k� bg^mkljbZegZlZ� _jZ� gZ� qh\_rdZlZ� bklhjby� lhab� i_jbh^� _� hdheh� �
fbebhgZ�itlb�ih�^tet]�b��_�kt\k_f�hq_\b^gh��q_�\tijhkgbl_�debfZlbqgb�ijhf_gb
g_� fh]Zl� ^Z� bfZl� hlghr_gb_� dtf� qh\_rdZlZ� ^_cghkl��Ij_a� hdheh� ���� hl� p_eby
nZg_jhahc�debfZltl�gZ�A_fylZ�_�[be�ih�lhite�hl�kt\j_f_ggby��Z�ij_a�����_�[be�ih�
klm^_g�

Ih^h[gZ� kblmZpby� gZ[ex^Z\Zf_� b� \� jZfdbl_� gZ� d\Zl_jg_jZ� �� l�_�
ihke_^gbl_���fbebhgZ�]h^bgb��“<_ebdbl_�e_^gbdh\b�i_jbh^b”��oZjZdl_jgb�aZ�lhab
i_jbh^� bfZl� d\Zabi_jbh^bq_g� oZjZdl_j� b� k� lyo� kZ� k\tjaZgb� j_^m\Zsb� k_
aZklm^y\Zgby� b� aZlhieygby� gZ� debfZlZ� k� Zfieblm^Z� hdheh� ����� °°K�� L_ab
l_fi_jZlmjgb� dhe_[Z\by� gZ^o\tjeyl� hdheh� ������ itlb� � pyehlh� aZlhieyg_� gZ
debfZlZ�hl������]h^bgZ�gZkZf��dhblh�k_�ijbibk\Zl�gZ�qh\_rdZlZ�^_cghkl�

³FZedbl_� e_^gbdh\b� _ihob´� b� lhiebl_� i_jbh^b� f_`^m� lyo� kZ� kt[blby�
dhblh�kZ�gZklti\Zeb�i_l�itlb�ij_a�ihke_^gbl_��������±������]h^bgb��L_�kZ�ktsh
d\Zabpbdebqgb� dhe_[Zgby� k� Zfieblm^Z� hdheh� �������°°K� �� <_q_� agZ_f�� q_� l_� kZ
k\tjaZgb� k� ZgZeh]bqgb� pbdebqgb� \ZjbZpbb� gZ� ijhp_kbl_�� ijhlbqZsb� gZ
Ketgp_lh� �� � Hl� lZab� ]e_^gZ� lhqdZ�� kt\j_f_gghlh� aZlhieyg_� gZ� debfZlZ� _
aZihqgZeh�g_�\�kj_^ZlZ�gZ����b�\_d���dZdlh�l\tj^yl�³]eh[Zegbl_�_ddhehab´��Z�hs_
ke_^� ���������� ]h^bgZ�� dh]Zlh� _� aZ\tjrbe� ketgq_\byl� k\jto\_dh\b�FZmg^_jh\
fbgbfmf�b�k\tjaZgbyl�k�g_]h�ihke_^_g�fZetd�e_^gbdh\�i_jbh^��AZlhieyg_lh�gZ
debfZlZ� k�hdheh� ���� ±���� ]jZ^mkZ�ij_a�lhab�i_jbh^�beb�hdheh� ���� ±���� ]jZ^mkZ� aZ
ihke_^gbl_� ���� ]h^bgb� _� aZdhghf_jgh� y\e_gb_� b� lh� gZitegh� k_� \ibk\Z� \
ih\_^_gb_lh�gZ�debfZlZ���lZdh\Z�dZd\hlh�lh�_�ba\_klgh�aZ�p_eby�Ohehp_g�

�Sh�k_�dZkZ_�^h�KH2���lh�hl�nb]�����k_�\b`^Z��q_�b�\�jZfdbl_�gZ�ihke_^gbl_
a������� ]h^bgb� kZ� ^_ckl\m\Zeb� fhsgb� pbdebqgb� ijhp_kb�� dhblh� kZ
ij_^ba\bbd\Zeb�\ZjbZpbb�\�g_]h\ZlZ�dhgp_gljZpby� �ihqlb� ���itlb�ih�]he_fb�\
kjZ\g_gb_� k� � ijbghkZ� ijbibk\Zg� gZ� kt\j_f_ggbl_� bg^mkljbZegb� ^_cghklb�
GZebqb_lh�gZ�d\Zab����]h^brgZ�hkpbeZpby�\�^bgZfbdZlZ�gZ�dhgp_gljZpbylZ�gZ
lhab�]Za�(Thompson, 1997)��dhylh�_�hl�_kl_kl\_g�ijhbaoh^�_�hs_�_^gh�dZl_]hjbqgh
^hdZaZl_ekl\h�aZ�lh\Z��q_�kt^tj`Zgb_lh�fm�\�Zlfhkn_jZlZ�_�\�fgh]h�]heyfZ�kl_i_g
^Z`_� b� gZ� kt\j_f_ggby� _lZi� aZ\bkbfh� hl� ijbjh^gb� ijhp_kb�� gZc�\_jhylgh� hl
ketgq_\�ijhbaoh^��Lh\Z�hl�k\hy�kljZgZ�ihjZ`^Z�k_jbhagb�ktfg_gby�hlghkgh�lh\Z
^hdhedh�dhj_dlgh�k_�hlqblZl�\kbqdb�ijhp_kb��k\tjaZgb�k�[ZeZgkZ�gZ�\t]e_jh^gby
^bhdkb^�\�a_fgZlZ�Zlfhkn_jZ�

K\hckl\hlh� ³baebrghkl´� gZ� l_hjbylZ� aZ� ³Zgljhih]_gghlh� ]eh[Zegh
aZlhieyg_´� \bgZ]b� _� ijbl_kgy\Zeh� � g_cgbl_� ijb\tj`_gbpb�� Dh]Zlh� hs_� \
gZqZehlh� gZ� ���l_� ]h^bgb� klZgZeh� ykgh�� q_� aZlhieyg_lh� gZ� debfZlZ� kt\k_f� g_
\tj\b� k� l_ab� [tjab� l_fih\_��dZdlh� _� [beh�itj\hgZqZegh�ij_^kdZa\Zgh� k_�ihy\b
h[ykg_gb_� � gZ� lh\Z� y\e_gb_� hl� kj_^bl_� gZ� ³]eh[Zegbl_� _dhehab´�� Kihj_^
Re_cabg]_j� (Schlesinger, 1994-\b`� \� Hoyt and Schatten, 1997)�� Kihj_^� g_]h
³]eh[Zeghlh�aZlhieyg_´��dh_lh�k_�ijbqbgy\Z�hl�hl^_eyg_lh�gZ�KH2�\�j_amelZl�gZ
qh\_rdZlZ� ^_cghkl� \� agZqbl_egZ� kl_i_g� k_� dhfi_gkbjZeh� hl� Z_jhahegbl_
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bg^mkljbZegb� �_fbkbb� ��dhblh�^_ckl\m\Zl�\�ihkhdZ�gZ�hoeZ`^Zg_��Ih�lhab�gZqbg
ijhp_ktl�gZ�³]eh[Zegh�aZlhieyg_´�k_�aZ[Z\ye�kts_kl\_gh�

LZab�l_hjby�ihjZ`^Z�_^bg�fgh]h�bgl_j_k_g�b�\Z`_g�\tijhk�b�lhc�_�±�^Zeb
gZbklbgZ�ij_^iheZ]Z_fhlh�qh\_rdh�\ta^_ckl\b_�\tjom�debfZlZ�_�_^ghihkhqgh?

K\tja\Zg_lh� gZ� Zgljhih]_ggby� nZdlhj� hkgh\gh� k� hl^_eyg_lh� gZ
³iZjgbdh\b´�]Zah\_��ij_^klZ\y�\ebygb_lh�gZ�qh\_dZ�kZfh�dZlh�nZdlhj��dhclh�\h^b
^h� aZlhieyg_� gZ� debfZlZ�� �Hl� ^jm]Z� kljZgZ� h[Zq_� [_r_� ihdZaZgh� \� &2�� q_� bfZ
nbabq_kdb� f_oZgbafb�� k\tjaZgh� k� mqZklb_lh� gZ� H2SO4 –Z_jhaheb�� dhblh
klbfmebjZl�aZklm^y\Zg_lh�\�_ihob�gZ�gbkdZ�ketgq_\Z�Zdlb\ghkl��:gljhih]_ggbl_
balhqgbpb� gZ� kyjghdbk_ebggb� Z_jhaheb� kZ� ]eZ\gh� dhk\_gb� b� kZ� k\tjaZgb
ij_^bfgh�k�_fbkbb�gZ�SO2 b�SO3���hl�dhblh�l_�\tagbd\Zl�\�j_amelZl�gZ�obfbq_kdb
b� nbabdhobfbqgb� ijhp_kb�� Ke_^h\Zl_egh�� g_� kZfh� �� q_� bfZ� ³_g^hl_jfbqgb´
qh\_rdb�^_cghklb��gh�^hjb��Zdh�ijb_f_f��q_�l_�hdZa\Zl�\k_�iZd�gydZd\h�\ebygb_
\tjom�debfZlZ��lh�fh`_�^Z�k_�bajZab�b�\�mkbe\Zg_�gZ�_n_dl��ijbqbg_g�hl�ijbjh^_g
nZdlhj��\�kemqZy�ketgq_\ZlZ�Zdlb\ghkl���:\lhjtl�kqblZ�lZab�aZ[_e_`dZ�aZ�fgh]h
\Z`gZ��aZshlh�ly�ihdZa\Z��q_�l_hjbylZ�aZ�³Zgljhih]_gghlh�]eh[Zegh� �aZlhieyg_´
g_� kZfh��q_� kbegh�ij_m\_ebqZ\Z�jheylZ�gZ�qh\_rdby�nZdlhj�\tjom�debfZlZ��gh
ktsh�lZdZ�b�y�ij_^klZ\y�l\tj^_�hijhkl_gh�b�_^ghkljZgqb\h�

Ij_^b� hdheh� ������ ]h^bgb� hdhgqZl_egh� klZgZ� ykgh�� q_� \� ih\_^_gb_lh� gZ
Ketgp_lh� kts_kl\m\Z� fhs_g� ���������� ]h^br_g� pbdte� b� ktsbyl� fh^mebjZ
debfZlbqgby� pbdte� gZ� ³fZedbl_� e_^gbdh\b� _ihob´�� >hjb� ij_^b� lh\Z� _� [beh
mklZgh\_gh��q_�d\Zab^\m_dh\bl_�dhe_[Zgby�gZ�debfZlZ�� k�dhblh� kZ� k\tjaZgb�ih�
gbkdbl_� l_fi_jZlmjb� \� g_q_lgbl_� dZe_g^Zjgb� klhe_lby� k_� ^te`Zl� gZ� ketgq_\b
\ZjbZpbb�k�ih^h[gZ�pbdebqghkl�

Itj\hgZqZegh�³]eh[Zegbl_�_dhehab´��dZlh�q_�eb�k_�hiblZoZ�^Z�b]ghjbjZl
l_ab�nZdlb��^Z\Zcdb�kb�\b^��dZlh�q_�eb�g_�]b� agZyl�beb�g_�]b�bgl_j_km\Zl��Dtf
djZy�gZ����l_�]h^bgb�h[Zq_��kj_^�l_ogbl_�kj_^b�k_�jh^b�kp_gZjbyl�³Ohd__g�klbd´�
Kihj_^� j_^bpZ� debfZlhehab� lh\Z� _� hibl� aZ� nZerbnbpbjZg_� gZ� debfZlbqgZlZ
bklhjby�gZ�A_fylZ�aZ�ihke_^gbl_�a�����]h^bgb���Klj_f_`tl�qj_a�³Ohd_cgby�klbd´
Zgljhih]_ggZlZ� l_hjby� aZ� debfZlZ� ^Z� ba[_]g_� ³[jtkgZqZ� gZ�Hdtf´� _� hq_\b^_g�
M^Zj�\tjom�lhab�debfZlbq_g�kp_gZjbc�[yoZ�^hdZaZl_ekl\ZlZ��^Z^_gb�hl�KheZgdb�b
^j��(Solanki et al., 2004)��q_�\ktsghkl�Fh^_jgbyl�k\jto\_dh\b�ketgq_\�fZdkbfmf�_
mgbdZegh�ih�k\hylZ�fhsghkl�y\e_gb_�aZ�ihke_^gbl_������]h^bgb��gh�q_�ih^h[gb�gZ
g_]h�_�bfZeh�\�gZqZehlh�gZ�Ohehp_gZ��ij_^b������]h^bgb��Ihke_^ghlh�hagZqZ\Z��q_
gZ� [tjahlh� gZjZkl\Zg_� gZ� l_fi_jZlmjbl_� hl� kj_^ZlZ� gZ� ���b� \_d� kthl\_lkl\m\Z
ih^h[gh�y\e_gb_�b�\�oh^Z�gZ�ketgq_\ZlZ�Zdlb\ghkl�

DZlh�k\h_h[jZaZgZ�³ihke_^gZ�fh^Z´��\�ltjk_g_�gZ�dhgljZZj]mf_glb�kj_sm
\h^_sZlZ�jhey�gZ�Ketgp_lh�aZ�ijhf_gbl_�gZ�debfZlZ�kZ�_^gZ�ki_pbnbqgZ�]jmiZ
im[ebdZpbb�� dhylh� k_� ihy\b� ke_^� �����lZ� ]h^bgZ�� <h^_sZlZ� l_aZ� \� lyo� _�� q_� ^h
kj_^ZlZ� gZ� ���l_� ]h^bgb� ketgq_\ZlZ� Zdlb\ghkl� _� [beZ� hkgh\_g� nZdlhj� aZ
debfZlbqgbl_� ijhf_gb�� Ke_^� ������� ]h^bgZ� h[Zq_� kblmZpbylZ� k_� _� ijhf_gbeZ�
Ihy\be��k_�_�gydZdt\�gh\�nZdlhj��\�j_amelZl�gZ�dhclh�ih\_^_gb_lh�gZ�debfZlZ�g_
kZfh��q_�g_� ke_^\Z�lh\Z� �gZ�Ketgp_lh��gh� _�^hjb�\�itegZ�Zglbdhj_eZpby� k�g_]h�
DZlh�_^bg�hl�³k\_`bl_�³�ijbf_jb�aZ�ih^h[gZ�jZ[hlZ�_�lZab�gZ�Ehdmm^�b�Njvhebo
hl������]h^bgZ�(Lockwood and Frolich, 2007).

:\lhjtl� ^Z^_� ^hklZltqgh� ^hdZaZl_ekl\Z� \� gZklhysby� fZl_jbZe�� q_
kblmZpbylZ� ke_^� ����� ]h^bgZ� kt\k_f� g_� _� gydZd\h� mgbdZegh� y\e_gb_��Ih^h[gb
kt[blby�(³h]e_^Zegb�mqZkltpb´)��l�_��djZldb�_ihob���\�dhblh�i_lghh[jZam\Zl_egZlZ
Zdlb\ghkl� b� l_fi_jZlmjbl_� gZ� a_fgZlZ� ih\tjoghkl� kZ� [beb� \� Zglbdhj_eZpby� _
bfZeh�����gZ�[jhc�ij_a�ihke_^gbl_�a����]�hl�FZmg^_jh\by�fbgbfmf�^h�k_]Z��;_r_
ktsh�lZdZ�ihdZaZgh��q_�ijbqbgZlZ�aZ�lyo�_�gZc�\_jhylgh�_�k\tjaZgZ�k�_jmilb\gZlZ
Zdlb\ghklgZ� Ketgp_lh�� \� dhylh� ljy[\Z� ^Z� \dexqbf� b� Zdlb\gbl_� ijhp_kb� \
dhjhgZlZ� �� dZd\blh� kZ� dhjhgZegbl_� fZkh\b� bao\tjeygby�� Hl� ^jm]Z� kljZgZ
klZlbklbq_kdbyl�ZgZeba�ihdZaZ��q_�^Zggbl_�^h������]h^bgZ�aZ�\jtadZlZ�³qbkeh�gZ
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]jmibl_�ketgq_\b�i_lgZ�±�a_fgZ�l_fi_jZlmjZ´�g_�^Z\Zl�hkgh\Zgb_�^Z�k_�^himkdZ�
q_� ly� _� [beZ� ³aZ]emr_gZ´� ij_a� ���l_� b� ���l_� ]h^bgb� gZ� ���b� \_d� hl� gydZdt\
^hitegbl_e_g�nZdlhj�

<� aZdexq_gb_� dtf� lhab� \tijhk�s_� ljy[\Z� ^Z� [t^Zl� hl[_eyaZgb� hs_� ^\_
g_sZ�

Itj\h�� q_� \� ihimeyjgbl_� dtf� ^g_rgZ� ^ZlZ� dhgp_ipbb� aZ� \ebygb_lh� gZ
Ketgp_lh�\tjom�debfZlZ�k_�Zdp_glbjZ�gZc�\_q_�\tjom�jheylZ�gZ�\ZjbZpbbl_�gZ
h[shlh� _e_dljhfZ]gblgh�baetq\Zg_��<�ih�fZedZ� kl_i_g� k_� h[jtsZ� \gbfZgb_�gZ
ijbghkZ� gZ� fh^mebjZgby� hl� ketgq_\by� \yltj� ihlhd� gZ� =DE�� Lj_lbyl� \Z`_g
nZdlhj��\bkhdh_g_j]_lbqgbl_�ketgq_\b�ijhlhgb�_�fgh]h�ih^p_g_g��Bgl_j_kgh�_�^Z
k_�hl[_e_`b��q_�g_�_�[beh�lZdZ�ij_a����l_�����l_�b�gZqZehlh����l_�]h^bgb��dh]Zlh�_
bfZeh�^hklZ�im[ebdZpbb�gZ�lZab�l_fZ��:\lhjtl�kqblZ���q_�ijh[e_ftl�aZ�jheylZ�gZ
ketgq_\hlh�dhjimkdmeyjgh�baetq\Zg_�_�k_jbhagh�ih^p_g_g�hl�bake_^h\Zl_ebl_�gZ
ketgq_\h�debfZlbqgbl_� \jtadb� dtf� gZklhysby� � fhf_gl��Ih� lZdt\� gZqbg� _^gZ
agZqbl_egZ� qZkl� hl� k\tjaZgbl_� ktk� Ketgp_lh� debfZlbqgb� ijhf_gb� hklZ\Z
³hnbpbZegh´��g_h[ykgbfZ�gZ�lhab�_lZi�

<t\�\jtadZ�k�ihke_^ghlh�_�b�\lhjbyl�fhf_gl��ih^h[gh�gZ�jheylZ�gZ�qh\_dZ�
lZab�gZ�Ketgp_lh�k_�jZa]e_`^Z�\�_^ghihkhq_g�ieZg���=hkih^kl\m\ZsZlZ�\�fhf_glZ
ij_^klZ\Z� fh`_� ko_fZlbqgh� ^Z� k_� bajZab� lZdZ� ³<bkhdZ� i_lghh[jZam\Zl_egZ
Zdlb\ghkl�� aZlhieyg_�� gbkdZ� i_lghh[jZam\Zl_egZ� Zdlb\ghkl�� aZklm^y\Zg_´�� GZ
ijZdlbdZ� gZ� Ketgp_lh� ijhlbqZl� jZaebqgb� ijhp_kb� �� <h^_sZlZ� l_g^_gpby�
k\tjaZgZ�k�ijhf_gbl_�gZ�ketgq_\ZlZ�k\_lbfhkl�\�^te]hkjhq_g�ieZg��gZbklbgZ�_�\
iheh`bl_egZ� dhj_eZpbhggZ� \jtadZ� k� debfZlbqgbl_� ijhf_gb�
<bkhdh_g_j]_lbqghlh� �ketgq_\h�dhjimkdmeyjgh� �etq_gb_�h[Zq_�bfZ�nbabq_kdbl_
k\hckl\Z�gZ�=DE���l�_�dZdlh�lyo�_�k\tjaZgh�ij_^bfgh�ktk�aZklm^y\Zg_��Ltdfh�lhab
nZdlhj�\h^b�^h�\tagbd\Zg_�gZ�kihf_gZlbl_�³h]e_^Zegb�mqZkltpb´�kijyfh�h[sZlZ
l_g^_gpby� ³ketgq_\Z� Zdlb\ghkl�� debfZl´� (j_]j_kbhggby� fh^_e� (3))�� � DZdlh
ihdZaZof_�� _^gh� hl� ehdZegbl_� ke_^kl\by� hl� ih^h[gh� \ebygb_� kZ� ³abfbl_�
j_dhj^vhjb´�\�;te]Zjby�b�BalhqgZ�?\jhiZ�

L_ab�h[klhyl_ekl\Z�ljy[\Z�^Z�k_�bfZl�ij_^\b^�ijb�bamqZ\Zg_�gZ�ketgq_\h�
debfZlbqgbl_�\jtadb��dZdlh�b�ijb�ba]jZ`^Zg_�gZ�kljZl_]by�aZ�bake_^\Zgby�\�lZab
h[eZkl���:\lhjtl�_�m[_^_g��q_�g_aZ\bkbfh�hl�mkbebylZ�aZ�e_]blbfbjZg_�gZ�l_hjbylZ
aZ� ³Zgljhih]_gghlh� aZlhieyg_�gZ�debfZlZ´� �dZlh� hnbpbZegZ� �gZ�f_`^mgZjh^gh�
_\jhi_ckdh�b�^tj`Z\gh�jZ\gbs_�(\de��b�;te]Zjby)���ly�gyfZ�^Z�ba[_]g_�³[jtkgZqZ
gZ�Hdtf´�

6.3 � ³O_ebhlZjZdkby´� �� � dhfie_dkgh� \ebygb_� gZ� Ketgp_lh
\tjom�A_fylZ

<ta]e_^tl� ��q_� �ijhp_kbl_�\�ijbjh^ZlZ�b�h[s_kl\\hlh�kZ�kbegh�ih\ebygb�hl
dhkfbq_kdb�nZdlhjb�b�\�qZklghkl�hl�Ketgp_lh�ih�ijbgpbi�g_�_�gh\Z��Ih�jZaebq_g
gZqbg�b�\�jZaebqgZ�nhjfZ� ly� _� aZe_]gZeZ�\�gZmdZlZ��dmelmjZlZ�b�j_eb]bylZ�gZ
jZaebqgb�gZjh^b�hl�\kbqdb�dhglbg_lb�b� _ihob��GZmqgbl_�hl�kt\j_f_ggZ� ]e_^gZ
lhqdZ� ij_^klZ\b� h[Zq_� aZihq\Zl� ^Z� k_� nhjfbjZl� ke_^� dZlh� aZihq\Zl
bgkljmf_glZegbl_�gZ[ex^_gby�gZ�ketgq_\bl_�i_lgZ�ij_a����b�\_d�b�hkh[_gh�ke_^
hldjb\Zg_lh�hl�O��R\Z[_�b�J�<hen�gZ����]h^brgby�i_lghh[jZam\Zl_e_g�pbdte�

>g_k� \_q_� kZ� hldjblb� h]jhf_g� [jhc� \jtadb� f_`^m� jZaebqgb� bg^_dkb� gZ
ketgq_\ZlZ�Zdlb\ghkl�b�jZaebqgb�dhfihg_lb�gZ�ijbjh^gZlZ�kj_^Z�gZ�A_fylZ��AZ
jZaebdZ�hl�bake_^\ZgbylZ�ijZ\_gb�\�djZy�gZ� ���b�b�gZqZehlh�gZ� ���b�\_d� ��l_ab
ij_a�ihke_^gbl_�������]h^bgb�k_�hkgh\Z\Zl�gZ�dhebq_kl\_g�klZlbklbq_kdb�ZgZeba�b
l_klh\_�aZ�^hklh\_jghkl�gZ�gZf_j_gbl_�aZ\bkbfhklb�

Hldjblb�kZ�dhj_eZpbb�f_`^m�Zdlb\gbl_�ijhp_kb�gZ�Ketgp_lh�b�ke_^gbl_
hkgh\gb�]jmib�y\e_gby�
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- fZ]gblhkn_jgh�chghkn_jgbl_� ijhp_kb� (\de�� iheyjgbl_� kbygby� b� ^j�
hilbq_kdb�y\e_gby�\�Zlfhkn_jZlZ���b�]_hfZ]gblgZlZ�Zdlb\ghkl

- l_fi_jZlmjZlZ� b� dhgp_gljZpbbl_� gZ� fZedbl_� dhfihg_glb� \
kljZlhkn_jZlZ�(\de��hahgZ)

- ihlhdZ�gZ�=DE
- debfZlbqgbl_� iZjZf_ljb� (gZey]Zg_�� \Ze_`b�� l_fi_jZlmjb�� \eZ`ghkl�

h[eZqghkl�� Zlfhkn_jgZ� pbjdmeZpby� b� ^j�)� \� h[shieZg_lZjgb� b
j_]bhgZegb�fZsZ[b

- k_bafbqgZlZ�Zdlb\ghkl�(nb]���)�b�(_\_glmZegh)�\medZgbafZ
- jZkl_`Z�gZ�]hjkdZlZ�^tj\_kgZ�fZkZ
- q_klhlZlZ�gZ�]hjkdbl_�ih`Zjb�(nb]����)

- j_dhelZlZ�hl�jZaebqgb�k_ekdhklhiZgkdb�dmelmjb
- p_gbl_�gZ�k_ekdhklhiZgkdZlZ�ijh^mdpby
- kjb\h\_l_�\�_e_dljhij_ghkgZlZ�fj_`Z��l_e_dhfmgbdZpbhggbl_�kbkl_fb

b�kbkl_fbl_�aZ�gZ\b]Zpby�\�Z\bZpbylZ�b�dhjZ[hieZ\Zg_lh
- ^bgZfbdZlZ�gZ�Z_jhahebl_�gZ^�bg^mkljbZegbl_�ahgb�b�]he_fbl_�]jZ^h\_
- ]jtfhl_\bqgZlZ�Zdlb\ghkl
- q_klhlZlZ� gZ� ktj^_qgh�kt^h\bl_� aZ[hey\Zgby� b� jZdh\bl_

gh\hh[jZam\Zgby
- h[sZlZ�kftjlghkl
- _ib^_fbqgZlZ�Zdlb\ghkl��\de��b��iZg^_fbb�(ih�bklhjbq_kdb�^Zggb)

- itlgh�ljZgkihjlgbl_��ijhbar_kl\by
- q_klhlZlZ�gZ�kZfhm[bckl\ZlZ
- g_j\gh�ikbobq_kdbl_�ijhp_kb�b�dhgkmfZpbylZ�gZ�g_j\h�mkihdhbl_egb

e_dZjkl\Z
- \h_ggZlZ�b�iheblbq_kdZ�Zdlb\ghkl�(nb]����)

- ³\_ebdbl_� ij_k_e_gby´� gZ� gZjh^bl_� (\jtadZ� ktk� k\jto\_dh\bl_
ketgq_\b�fbgbfmfb�b�l_ogbl_�debfZlbqgb�_n_dlb)

- bdhghfbq_kdbl_�djbab�\�:g]eby�ij_a����b�\_d
- l\hjq_kdZlZ�Zdlb\ghkl�gZ�ibkZl_eb��mq_gb��om^h`gbpb�b�^j�
- mki_otl� gZ� mq_gbpbl_� (^\_� g_aZ\bkbfb� bake_^\Zgby�� ijh\_^_gb� \

;te]Zjby)

- ijh^te`bl_eghkllZ�gZ�qh\_rdby�`b\hl
- ihimeZpbylZ� gZ� jZaebqgb� \b^h\_� `b\hlgb� (gydhb� _^jb� [haZcgbpb�

]jbaZqb��\e_qm]b��a_fgh\h^gb��jb[b��gZk_dhfb�
- fb]jZpbbl_�gZ�jZaebqgb�\b^h\_�`b\hlgb
Lhab�kibktd�^Ze_q�g_�_�ite_g��Lhc�\dexq\Z�kZfh�lZdb\Z�\jtadb��aZ�dhblh

Z\lhjtl� _�gZf_jbe�bgnhjfZpby�beb� kZ�j_amelZlb� hl� ZgZeba��ijh\_^_g� hl� kZfby
g_]h���<�^_ckl\l_eghkl�[jhyl�gZ�bake_^\ZgbylZ�ijZ\_gb�\�jZaebqgb�kljZgb�b�\tjom
jZaebqgb�\b^h\_�^Zggb�_�h]jhf_g��AZ�gydhb�hl�gZf_j_gbl_�klZlbklbq_kdb�\jtadb��
nbabq_kdbl_� ijbqbgb� � kZ� hlghkbl_egh� ^h[j_� ba\_klgb�� aZ� ^jm]b� bfZ� kZfh
ij_^iheh`_gby�

Hl� dZaZghlh� ^hlmd� k_� \b`^Z�� q_� ketgq_\ZlZ� Zdlb\ghkl� _� nZdlhj� k
dhfie_dkgh� ^_ckl\b_� \tjom� a_fgZlZ� hdhegZ� kj_^Z�� Fgh]h� hl� \jtadbl_� kZ
nZdlbq_kdb� ke_^kl\b_� hl� ^jm]b� ±gZijbf_j� \jtadZlZ� gZ� ]jtfhl_\bqgZlZ
Zdlb\ghkl�beb�j_dhelZlZ�ktk�ijhp_kbl_�gZ�Ketgp_lh�^h�]heyfZ�kl_i_g�_�ke_^kl\b_
hl�\jtadZlZ�f_`^m�ketgq_\ZlZ�Zdlb\ghkl�b�debfZlbqgb�iZjZf_ljb�dZlh�\Ze_`b�b
l_fi_jZlmjZ�� \jtadZlZ� k� g_j\gh�ikbobq_kdbl_� kfms_gby� _� ke_^kl\b_� hl� lZab
f_`^m�ketgq_\ZlZ�b�]_hfZ]gblgZlZ�Zdlb\ghkl�b�l�g�

AZ� h[hagZqZ\Zg_� gZ� dhfie_dkghlh� \ebygb_� gZ� Ketgp_lh� \tjom� A_fylZ
ba\_klgbyl�jmkdb�mq_g�:e_dkZg^tj�Qb`_\kdb��_�\t\_e��l_jfbgtl�³o_ebhlZjZdkby´
(hl� ]jtpdb� ±� ketgp_lj_k_gb_��ih^jZa[bjZ� k_��q_�Ketgp_lh� ³lj_k_´�A_fylZ)��Lhab
bake_^h\Zl_e� hs_� ij_^b� hdheh� ������ ]h^bgb� kb� _� ^Ze� kf_ldZ� aZ� lh\Z�� q_
mklZgh\_gbl_�fgh]h[jhcgb�hs_�ih�hgh\Z�\j_f_�ketgq_\h�a_fgb�\jtadb���hlgZkysb
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k_�gZ�ijt\�ih]e_^� aZ�g_k\tjaZgb�ihf_`^m�kb�y\e_gby� �hljZay\Zl�_^gZ�fgh]h�ih�
h[sZ�b�dhfie_dkgZ�\jtadZ�

DZd\blh�ij_db�beb�dhk\_gb�\ta^_ckl\by�^Z�hdZa\Zl�Zdlb\gbl_�ijhp_kb�gZ
Ketgp_lh�\tjom�ijbjh^gZlZ� kj_^Z�gZ�A_fylZ� ��\�djZcgZ� kf_ldZ� l_�j_ne_dlbjZl
\tjom� qh\_rdhlh� h[s_kl\h�� �<� dgb]ZlZ� kb� ³Pbdebl_� gZ�Ketgp_lh�� debfZltl� b
pb\bebaZpbylZ´(Dhfblh\, 2001)� Z\lhjtl� � jZa]e_`^Z� ^\Z� hkgh\gb� dZgZeZ� aZ
\ebygb_�gZ�ketgq_\bl_�\ZjbZpbb�\tjom�khpbZegbl_�ijhp_kb�

��qj_a�ketgq_\h�debfZlbqgbl_�\jtadb
��qj_a�]_hfZ]g_lbafZ

Nb]����� Bg^_dktl� gZ� h[shlh� dhebq_kl\h� ketgq_\Z� jZ^bZpby� �TSI) b
iehslZ�gZ�ih`Zjbl_�\�DZgZ^Z�b�K:S��(���������])(Auclair, 1992)

Nb]�����Ketgq_\by�i_lghh[jZam\Zl_e_g�bg^_dk�Ri (f_`^mgZjh^gh�<henh\h
qbkeh) b� \h_ggh�iheblbq_kdZlZ� Zdlb\ghkl� (<I:�� ij_a� ���b� \_d� ��Ihke_^gZlZ� _
ij_^klZ\_gZ� \� e_glZ� k� jZaebqgb� ih� gZkbl_ghkl� ihemlhgh\_� gZ� kb\by� p\yl��Ih
gZkbl_gbl_� ahgb� kthl\_lkl\m\Zl� gZ� ih�\bkhdZ�<I:� ��<dexq_gb� kZ� ]jZ`^Zgkdb
\teg_gby��j_\hepbb��\tklZgby�b�\hcgb��<kydh�_^gh�hl�kt[blbylZ�_�hp_g_gh�ih� ��
kl_i_ggZ�kdZeZ�gZ�agZqbfhkl�b�k_�jZaiheZ]Z�\�lZab�qZkl�hl�e_glZlZ� ��dhylh�fm
kthl\_lkl\m\Z�ih�\j_f_��GZkbl_ghkllZ�gZ�kb\bl_�ihemlhgh\_�kthl\_lkl\m\Z�gZ
kmfZjgby�[Ze�hl�\kbqdb�kt[blby�ijhlbqZsb�\�^Z^_gby�fhf_gl��L_g^_gpbylZ�dtf
ih�]heyfh�gZkbsZg_�\�djZy�gZ����b�\_d�kthl\_lkl\m\Z�gZ�m\_ebqZ\Zg_lh�gZ�[jhy�gZ
l�gZj��³le__sb�dhgnebdlb´(Dhfblh\������).

 <ebygb_lh�gZ�ketgq_\ZlZ�Zdlb\ghkl�\tjom�debfZlZ� �k_�hljZay\Z�dhk\_gh
\tjom�\kbqdb�k\tjaZgb�k�debfZlZ�\�jZaebqgZ�kl_i_g�qh\_rdb�^_cghklb��k_ekdh�b
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]hjkdh� klhiZgkl\h�� ijh^h\hekl\b_�� \h^hkgZ[^y\Zg_�� _g_j]_lbdZ�� ltj]h\by� k
ojZgbl_egb� ijh^mdlb� b� _g_j]hghkbl_eb�� a^jZ\gby� klZlmk� (qj_a� \ebygb_� \tjom
_ib^_fbqgZlZ� h[klZgh\dZ)�� ]jZ`^ZgkdZ� aZsblZ�� ljZgkihjl� (\kbqdb� \b^h\_),
kljhbl_egb� ^_cghklb� �� ^te]hi_jbh^bqgbl_� ketgq_\h�debfZlbqgb� � dhe_[Zgby
\ebyyl�\tjom�^_fh]jZnkdbl_�ijhp_kb�b�fZkh\bl_�fb]jZpbb�gZ�gZk_e_gb_�hl�_^gZ
qZkl�gZ�k\_lZ�dtf�^jm]Z��iheblbq_kdbl_�b�bdhghfbq_kdb�ijhp_kb� k�^te]hkjhq_g
oZjZdl_j��bdhghfbq_kdb�b�ljm^h\h�ijZ\gb�hlghr_gby��iheblbq_kdbl_�ijhp_kb�b
^moh\gby�`b\hl�gZ�h[s_kl\hlh�

=_hfZ]g_lbaftl� \eby_� \tjom� g_\jh�nbabheh]bqgZlZ� b� ikbobq_kdZlZ
^_cghkl��mkbe\Zcdb�beb�ihlbkdZcdb�ijhp_kbl_�gZ�\ta[m`^Zg_�beb�aZ^tj`Zg_��Ih
lhab�gZqbg�ke_^\Z�\ebygb_� �\tjom�mkeh\bylZ�aZ�bg^b\b^mZegZ�b�fZkh\Z�^_ij_kby
beb� Z]j_kby�� L_ab� y\e_gby� j_ne_dlbjZl� \tjom� h[s_kl\_gbl_� ijhp_kb� \
djZldhkjhq_g� ieZg� (hl� ���� ^gb� ^h� ������ ]h^bgb)� klbfmebjZcdb� � hlghkbl_egh
djZldb� khpbZegb� y\e_gby� ±� iheblbq_kdb� \teg_gby�� \hcgb� �� \tklZgby� � b� ^j�
Kbegbl_� ]_hfZ]gblgb� [mjb� ij_^ba\bd\Zl� kjb\h\_� \� _g_j]hij_ghkgZlZ� fj_`Z� b
dhfmgbdZpbhggbl_� kbkl_fb� �� gZ\b]Zpbhggbl_� mj_^b� aZ� mijZ\e_gb_� ihe_lbl_� gZ
kZfhe_lb� b� dhjZ[b� � ^j�� Z� lZdZ� ktsh� b� j_adb� ijhf_gb� \� f_l_hjheh]bqgZlZ
h[klZgh\dZ�b� �ijh\Zeyg_�gZ�ij_^\Zjbl_egbl_�f_l_hjheh]bqgb�ijh]ghab�\�fZsZ[
hl������k_^fbpb�^h�����f_k_pZ�

³O_ebhlZjZdkbylZ´� ihklmebjZ� lhqgh� ijhlb\hiheh`gZ� dZjlbgZ� gZ
ijhp_kbl_� \� a_fgZlZ� hdhegZ� kj_^Z� kijyfh� ³=_y� ±obihl_aZlZ´�� A_fylZ� _� kbkl_fZ�
hl\hj_gZ�dtf�dhkfhkZ���Ketgp_lh�_�]eZ\gbyl�dhkfbq_kdb�nZdlhj��\eby_s�g_�kZfh
\tjom� Zlfhkn_jZlZ�� gh� b� \tjom� \kbqdb� � ]_hkn_jb�� ;_a� ketgq_\hlh� \ta^_ckl\b_
`b\hltl�gZ�A_fylZ�(ih^jZa[bjZ�k_�g_�kZfh�[bheh]bqgby)�[b�[be�fgh]h�ih�[_^_g�gZ
kt[blby��Fgh]h�fZedh� [boZ� [beb� ijhf_gbl_� \� ijbjh^gZlZ� kj_^Z� b� ijbjh^gbl_
dZlZkljhnb�� dhblh� ^Z� leZkdZl� jZa\blb_lh� gZij_^�� ;bhkn_jZlZ� g_� Z^ZilbjZ
ijbjh^gbl_� mkeh\by� dtf� k_[_� kb� �� Z� kZfZ� k_� Z^ZilbjZ� dtf� lyo� �� � � Qh\_dtl� hl
\tgr_g�nZdlhj� ��\eby_s�\tjom�hdhegZlZ�kj_^Z�_�\ktsghkl�qZkl�hl�g_y�b�ktsh�_
h[_dl�gZ�\ta^_ckl\b_�dZdlh�hl�kljZgZ�gZ�a_fgbl_��lZdZ�b�gZ�dhkfbq_kdbl_�nZdlhjb
(]eZ\gh�Ketgp_lh) .

DZlh�\ta]e_^�aZ�debfZlZ�³o_ebhlZjZdkbylZ´�_�jZagh\b^ghkl�gZ�³:lbgkdZlZ
obihl_aZ´���GyfZ�ijh[e_fb�k�l_hjbylZ�aZ�_\hexpbylZ�

IhabpbylZ�gZ�Z\lhjZ�_�bapyeh�\�iheaZ�gZ�³o_ebhlZjZdkbylZ´��\dexqbl_egh
k�ij_^klZ\_gbl_�\�lZab�dgb]Z�j_amelZlb�b�ZgZebab� �� �<tijhktl�_��dZd\b�s_�[t^Zl
khpbZegh�bddhghfbq_kdbl_� ihke_^bpb�� ijhbalbqZsb� hl� hibkZgbl_� ketgq_\h�
debfZlbqgb�kp_gZjbb� ��dhb�kZ�gZc�g_]Zlb\gbl_�fhf_glb�\�lyo�b�dZd\b�^Z�[t^Zl
gZqbgbl_�aZ�lyoghlh�ij_h^hey\Zg_�

�����Ke_^kl\bylZ
6.4.1. <tafh`gZ�eb�_�[hj[ZlZ�kj_sm�ijhf_gbl_�\�debfZlZ"
Ij_a� ihke_^gbl_� ]h^bgb� \k_� ih�q_klh� \� kj_^bl_� gZ� _dheh]bqgbl_

hj]ZgbaZpbb� b� kj_^� kbfiZlbabjZsb� bf� h[s_kl\_gb� b� iheblbq_kdb� ^_cpb� k_
ba^b]Z� ijbab\� aZ� � [hj[Z� kj_sm� ijhf_gbl_� \� debfZlZ�� Ij_^eZ]Zl� k_� f_jdb� aZ
gZfZey\Zg_�gZ�Zgljhih]_ggbl_�_fbkbb�gZ�KH2�b�^jm]b�³iZjgbdh\b´�]Zah\_��dh_lh
_� hljZa_gh� \� jZaebqgb�f_`^mgZjh^gb� ^hdmf_glb� \� h[eZkllZ� gZ� _dheh]bylZ� ij_a
ihke_^gbl_����]h^bgb���GZmqgZlZ�h[hkgh\dZ�gZ�\kbqdb�lyo�k_�]jZ^b�\tjom�l_hjbylZ
aZ�Zgljhih]_gghlh�aZlhieyg_�gZ�debfZlZ�

Djt]h\jZltl�gZ�KH2�\�hdhegZlZ�kj_^Z�_�fgh]h�[Z\_g�ijhp_k�� �Ijb�\kbqdb
kemqZb��g_aZ\bkbfh� hl� lh\Z� ^hdhedh� kZ�dhj_dlgb� � qbke_gbl_�fh^_eb� aZ� g_]h\by
[ZeZgk�b�^hdhedh�\yjgh�k_�hlqblZl�_kl_kl\_gbl_�nZdlhjb���\j_f_lh�aZ�mk\hy\Zg_lh
fm� hl� Zlfhkn_jZlZ� \� jZaebqgbl_� ³j_a_j\hZjb� gZ� a_fgZlZ� ih\tjoghkl
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(ob^jhkn_jZ�� kdZeb�� jZklbl_eghkl)� _� hl� ihjy^tdZ� fbgbfmf� gZ� gydhedh
^_k_lbe_lby�� Z� gZc�\_jhylgh� ±ih\_q_�� � Ke_^h\Zl_egh�� gZfZey\Zg_lh� gZ
ijhfbre_gbl_�_fbkbb�gZ�KH2�g_�fh`_�^Z�[t^_�fyjdZ��dhylh�^Z�^Z^_�j_amelZl�\
kjhd��dhclh�^Z�ijbebqZ�gZ�g_sh�dZlh� ³j_Zegh�\j_f_´��K�^jm]b�^mfb��^hjb�b�^Z
ijb_f_f�� q_� ih^h[gb� f_jdb� bfZl� kfbkte�� lh� hl� lyo� g_� [boZ� fh]eb� ^Z� k_
\taiheam\Zl�k_]Z�`b\__sbl_�ihdhe_gby���KdhjhkllZ�gZ�kt\j_f_ggbl_�debfZlbqgb
ijhf_gb� �� dhblh� hkgh\gh� kZ� h[mkeh\_gb� hl� ketgq_\h�debfZlbqgb� pbdeb� k
ijh^te`bl_eghkl� hl� ������ ^h� hdheh� �������� ]h^bgb� � ijZdlbq_kdb� g_� [boZ� k_
ih\ebyeb�hl�ih^h[gb�f_jdb�

G_dZ�k_]Z�^Z�kb�ij_^klZ\bf��q_�l_ogbqq_kdb�_�\tafh`gZ�j_ZebaZpbylZ�gZ
_^bg� ^jm]� ijh_dl�� KlZ\Z� \tijhk� aZ� ieZg_lZjgZ� kbkl_fZ�� dhylh� ^Z� dhfi_gkbjZ
debfZlbqgbl_� dhe_[Zgby�� ijbqbg_gb� gZijbf_j� hl� \ZjbZpbbl_� gZ� bg^_dkZ� TSI-

h[shlh�dhebq_kl\h�ketgq_\Z�jZ^bZpby��Lh\Z�ba]e_`^Z�dZlh�gZc�^hklb`bfZ�p_e�\
kjZ\g_gb_� k� fgh]h� ih�]he_fbl_� Zfieblm^b� ihjh^_gb� hl� km[\_dh\bl_�
d\Zab\_dh\bl_� b� k\jto\_dh\bl_� ketgq_\h�debfZlbqgb� pbdeb�� � K� ^jm]b� ^mfb
]h\hjbf�aZ� �obihl_lbqgh�l_ogbq_kdh�kthjt`_gb_��dh_lh�\�_ihobl_�gZ�ketgq_\bl_
���]h^brgb� fbgbfmfb� [b� jZ[hlbeh� dZlh� gZ]j_\Zl_e�� Z� \� fZdkbfmfbl_� ±� dZlh
oeZ^begbd��G_dZ�aZ�ijhklhlZ�ij_^iheh`bf��q_�\kydZd\b�g_m^h[gb�ijh[e_fb��dZlh
aZ]m[b�gZ�_g_j]by��kdeZ^bjZg_�beb�baiheam\Zg_�gZ�baebrgZlZ�lhiebgZ��k\tjaZgb�k
jZ[hlZlZ� gZ� ih^h[gZ� bgklZeZpby�� � ih� gydZdt\� gZqbg� kZ� ktsh� j_r_gb�
?^bgkl\_gbyl�\Z`_g�\tijhk���gZ�dhclh�ljy[\Z�^Z�hl]h\hjbf�_���dZd\Z�fhsghkl�[b
dhgkmfbjZeh�ih^h[gh�kthjt`_gb_"

Hl]h\hjtl�_���lhedh\Z��dhedhlh�_�g_h[oh^bfh�aZ�^Z�k_�dhfi_gkbjZ�_n_dltl
hl�ijhf_gbl_�gZ�TSI��<�fhsghklgh�bajZ`_gb_�ihke_^gbl_�kZ�jZ\gb�gZ�������GW aZ
pyeZlZ� ih\tjoghkl� gZ� A_fylZ� \� jZfdbl_� gZ� ketgq_\by� pbdte� gZ�R\Z[_�<hen�
H[sZlZ�fhsghkl� gZ� _e_dljhp_gljZebl_� \�;te]Zjby� (ijb� itegh� gZlh\Zj\Zg_)� _
hdheh��GW��:dh�k_�ijb_f_� ��q_�lh\Z�kthl\_lkl\Z�gZ�^\Z�itlb� �kj_^gZlZ�klhcghkl
hlg_k_gZ�dtf� [jhc�`bl_eb�� lh� aZ�p_eby� k\yl� k_�ihemqZ\Zl� hdheh� ����������GW,

dh_lh� _� _^\Z� hdheh� ������  hl� Zfieblm^ZlZ� gZ� ijhf_gbl_� gZ� TSI�� � J_Zegh
g_h[oh^bfZlZ� fhsghkl� _� hdheh� iheh\bgZlZ� hl� \ZjbZpbbl_� gZ� TSI�� ltc� dZlh
³debfZlbdtl´� ljy[\Z� ^Z� dhfi_gkbjZ� \ZjbZpbbl_� gZ� TSI kijyfh� kj_^gZlZ� bf
klhcghkl�\�jZfdbl_�gZ� ���]h^brgby�pbdte��>Z`_�b�\� lhab� kemqZc�g_h[oh^bfZlZ
fhsghkl� hklZ\Z� hdheh� ���� � itlb� ih�]heyfZ� kijyfh� \kbqdb� gZebqgb� \� fhf_glZ
_e_dljhijhba\h^kl\_gb�j_kmjkb��l�_�hdheh� ������GW��Lh\Z� _� �ijb�iheh`_gb_��q_
gyfZ� gbdZd\b� aZ]m[b� gZ� _g_j]by� b� pyehlh� _e_dljhijhba\h^kl\h� hlb\Z� � aZ
aZojZg\Zg_lh�gZ�³]eh[Zegby�debfZlbd´�

DZdlh� k_� \b`^Z� lh\Z� _� gZitegh� g_j_ZegZ� aZ^ZqZ� dZdlh� aZ� gZklhysby
fhf_gl��lZdZ�b�fh`_�[b�ihg_� aZ� _^bg�\_d�gZij_^��Ly�g_�[b�fh]eZ�^Z�k_�j_rb�gZ
hkgh\ZlZ�gZ�fhsgbl_�kt\j_f_ggb�L?P�b�:?P��Z�^Z�g_�]h\hjbf� �bah[sh�aZ�l�gZj�
³\tah[gh\y_fb´� balhqgbpb�� dhblh� gZ� \kbqdhlh� hl]hj_� kZ� b� k� fgh]h� gbktd
dh_nbpb_gl�gZ�ihe_agh�^_ckl\b_��Lh\Z�[b�fh]eh�^Z�klZg_�(_\_glmZegh)�gZ�hkgh\ZlZ
gZ�_e_dljhp_gljZeb���iheam\Zsb�mijZ\ey_f�l_jfhy^j_g�kbgl_a�hl�lbi�³LhdZfZd´�
LZdb\Z� ^_ckl\m\Zsb� _e_dljhp_gljZeb� h[Zq_� \k_� hs_� gyfZ�� Z� hk\_g� lh\Z� b
ij_^iheZ]Zl�bg\_klbpbb�b�mkbeby�\�gZkhdb��dhblh�g_�kZ�ih�\dmkZ�gZ�³]eh[Zegbl_
_dhehab´�

Hs_�ih�h[_admjZ`Z\Zsb�ba]e_`^Zl�g_sZlZ���Zdh�]h\hjbf�aZ�l_fi_jZlmjgZ
dhfi_gkZpby� gZ� _n_dlb� k\tjaZgb� ktk� k\jto\_dh\bl_� beb� k\jtoobey^he_lgb
dhe_[Zgby� gZ� debfZlZ�� � >hitegbl_egbl_� _g_j]hj_kmjkb� aZ� ih^h[gb
³f_jhijbylby´� \_q_� k_� baqbkey\Zl� gZ� ^bZiZahgZ� gZ� ��5

- 10
6
 GW�� � Lh\Z� baebaZ

ba\tg�\tafh`ghklbl_�gZ�qh\_rdZlZ�pb\bebaZpby�g_�kZfh�\�kt\j_f_ggZlZ�_ihoZ�
gh�ktk�kb]mjghkl�b�aZ�ke_^\Zsbl_��gydhedh�klhe_lby�gZij_^��Hl^_e_g�_�\tijhktl�
q_�^Z`_�b�bfZcdb�_\_glmZegh�\tafh`ghkl�b�hibl\Zcdb�k_�^Z�aZklZgZl�gZ�itly�gZ
fh]tsb� ijbjh^gb� kbeb�� ohjZlZ� fh`_� ^Z� k_� gZf_kb� \� [ZeZgkb�� dhblh� \k_� hs_
kftlgh�ihagZ\Zl�beb�^hjb�kZ�bf�kt\k_f�g_ba\_klgb�
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Ih� lZab� ijbqbgZ� _� fgh]h� ih�jZamfgh� b� ijZdlbq_kdb� hijZ\^Zgh� ^Z� k_
ijb_fZl�ijhf_gbl_�\�debfZlZ�dZlh�ijbjh^gZ�^Z^_ghkl��dZlh�qZkl�hl�_kl_kl\_gbl_
pbdeb�dZd\blh� kZ�kfygZlZ�gZ� ]h^brgbl_�k_ahgb�beb� �^_ghghsgby�pbdte�� �Lh\Z
ij_^iheZ]Z� l_ab� aZdhghf_jghklb� b� ijbqbgbl_� aZ� lyo� ^Z� [t^Zl� \taijb_lb� dZlh
j_Zeghkl�dZdlh�hl�gZmqgZlZ�h[sghkl��lZdZ�b�hl�h[s_kl\hlh�dZlh�pyeh��OhjZlZ�kZ
k\bdgZeb� k� ^_ghghsgby� b� ]h^brgby� pbdeb� b� � k_� kth[jZay\Zl� k� lyo� ��Ih^h[gh
ljy[\Z�^Z�[t^_�hlghr_gb_lh�b�dtf�ih�^te]bl_�ijbjh^gb�pbdeb�

�������K\jto\_dh\byl� ketgq_\h�debfZlbq_g�fbgbfmf� ij_a� ���b� \_d� �
DZd\h�^Z�k_�hqZd\Z�b�dZd\h�^Z�k_�ijZ\b"

��������� K\jto\_dh\bl_� ketgq_\b� fbgbfmfb� b� ]he_fbl_� ijbjh^gb
dZlZdebafb

<�^g_rgZlZ�_ihoZ�l_ogbq_kdbl_�\tafh`ghklb�gZ�fZkf_^bbl_�iha\hey\Zl�aZ
fgh]h�djZldh�\j_f_�bgnhjfZpbylZ�aZ�ijbjh^gb�[_^kl\by�hl�jZaebq_g�oZjZdl_j�b
fZsZ[b� ^Z� klZ\Zl� fgh]h� [tjah� ^hklhygb_� gZ� h[s_kl\_ghkllZ�� Hk\_g� ih�]heyfZ
bgnhjfbjZghkl� aZ�ijbjh^gbl_�dZlZdebafb�lh\Z�h[klhyl_ekl\h�_�b�ijbqbgZlZ� aZ
ih�]heyfZ�g_kb]mjghkl�b�kljZo�hl�ijbjh^gbl_�n_ghf_gb���GZljZi\Z�k_�mk_sZg_lh�
q_� k� ijbjh^ZlZ� klZ\Z� g_sh� g_h[bqZcgh�� ltc� � dZlh� � \�fbgZehlh� bgnhjfZpby� aZ
lhedh\Z�fgh]h�ijbjh^gb� ³ZghfZebb´�g_� _�bfZeh�� �NZdltl� ��q_�\�fbgZehlh�g_� _
bfZeh� \tafh`ghklb� aZ� lhedh\Z� [tjab� b� e_k_g� ^hklti� gZ� bgnhjfZpby� aZ
ijbjh^gbl_�y\e_gby�\�jZaebqgbl_�qZklb�gZ�k\_lZ�k_�h[bdgh\_gh�k_�b]ghjbjZ�

L_ab�ikboheh]bq_kdb�gZ]eZkb�k_�_dkiehZlbjZl�bgl_gab\gh��hl�³]eh[Zegbl_
_dhehab´� b� jZagb� j_eb]bhagb� k_dlb� � k� _koZlheh]bqgZ� hjb_glZpby�� Ktsbl_
\f_gy\Zl� mk_sZg_� aZ� ij_^klhysZ� dZlZkljhnZ�� \bgZ� gZ� qh\_dZ� aZ� gZjmr_ghlh
ijbjh^gh�jZ\gh\_kb_�b�l�g���Ktk�kt`Ze_gb_�b�[_aihdhckl\h�fh`_�^Z�k_�dhgklZlbjZ�
q_�\�mkem]Z�gZ�kihf_gZlbl_�h[s_kl\_gb�]jmib�kZ�k_�ihklZ\beb�]heyf�[jhc�f_^bb�
dhblh� beb� � hl� h[bdgh\_g� dhf_jkbZebatf� b� klj_f_`� aZ� k_gaZpby�� beb� kt\k_f
p_e_gZkhq_gh�b��baitegy\Zcdb��ihjtqdb�³gZeb\Zl�fZkeh�\�h]tgy´�

GZ� ijZdlbdZ� ij_a� ihke_^gbl_� a���� ]h^bgb� ijbjh^ZlZ� _� [beZ� ^hklZ
³^jm`_ex[gZ� ³dtf�qh\_dZ�\� kjZ\g_gb_� k�gydhb�ij_^brgb� _ihob��:dh�gZijbf_j
kjZ\gbf�k�^Zggbl_�aZ�kbegbl_�\medZgkdb�_jmipbb�(lZ[e��)�s_�\b^bf��q_�ke_^�����
]� l_� kZ� ��gZ� [jhc��Lhedh\Z� _� h[Zq_�b� l_ogbyl� [jhc� kZfh� aZ� ��� ]h^bgb�\�i_jbh^Z
f_`^m� ���������� ]� (fbgbfmfZ� gZ� >Zelhg)�� Hk\_g� ktk� kbe_g� \medZgbatf� b
agZqbl_egh�aZklm^y\Zg_�lhab�i_jbh^�_�ba\_kl_g�b�k�iZg^_fby�hl�ohe_jZ�

:dh�k_�h[tjg_f�dtf�^Zggbl_�aZ�ijbjh^gbl_�dZlZdebafb�gZ�l_jblhjbylZ�gZ
;te]Zjby�s_�dhgklZlbjZf_��q_�³;mjgbl_����]h^bgb´� (����������])��\�gZqZehlh�gZ
k\jto\_dh\by�fbgbfmf�gZ�Hhjl��gyfZl�ij_p_^_gl�\�bklhjbylZ�gZ�gZrZlZ�kljZgZ
gblh�ij_^b�lh\Z��gblh�ij_a�ke_^\Zsbl_�a�����]h^bgb�

:e_dkZg^tj�Qb`_\kdb�kth[sZ\Z�aZ�ih^h[gh�kljmi\Zg_�gZ�]he_fb�ijbjh^gb
dZlZdebafb� � ij_a� ��b� \_d� hl� g�_�� (ktsh� ih� \j_f_� gZ� k\jto\_dh\b
fbgbfmf)(Komitov, 2007b)��Ba\_klgZlZ�\�bklhjbylZ�³XklbgbZgh\Z�qmfZ´�(551-580

])�ktsh�kt\iZ^Z�ih�\j_f_�ktk�k\jto\_dh\b�ketgq_\�fbgbfmf��Lh\Z�_�b�i_jbh^tl
gZ�gZc�]heyfhlh�aZklm^y\Zg_�gZ�debfZlZ�\�l_q_gb_�gZ�itj\hlh�obey^he_lb_�hl�g�_�

Hl�l_ab�ijbf_jb�fh`_�^Z�k_�gZijZ\b�ij_^iheh`_gb_��q_�lZdb\Z�i_jbh^b�gZ
hkh[_gh� fgh]h� b� l_`db� dZlZdebafb� (g_� kZfh� debfZlbqgb� [_^kl\by�� gh� ktsh� b
l_dlhgbqgZ� Zdlb\ghkl� b� _ib^_fbb)� ba]e_`^Z� kZ� j_Zeghkl��BfZ� hkgh\Zgb_� ^Z� k_
ij_^iheh`b�� q_� l_ogbl_� ³ij_^ihqblZgb� k_ahgb´� kZ� k\jto\_dh\bl_� ketgq_\b
fbgbfmfb��<lhjbyl�ba\h^�_��q_�_^\Z�eb�qh\_rdZlZ�^_cghkl�ih�gydZdtf�gZqbg� _
ijbqbgbeZ�l_ab�y\e_gby��hkh[_gh�dZlh�k_�bfZ�ij_^\b^�dhedh�fZedb�\�kjZ\g_gb_�k
^g_rgbl_�kZ�[beb�g_cgbl_�fZsZ[b�
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DZdlh� [_� ihdZaZgh�� klZlbklbq_kdb� kb]mj_g� nZdl� _� m\_ebqZ\Zg_lh� gZ
k_bafbqgZlZ�Zdlb\ghkl�ih�\j_f_�gZ�\_dh\bl_�b�k\jto\_dh\bl_�fbgbfmfb�(nb]���).

L_ab� dhgklZlZpbb� khqZl�� q_� \t\� \jtadZ� k� ijh]ghabjZgby� k\jto\_dh\b
ketgq_\�fbgbfmf�ij_a� ���b�\_d� ke_^\Z�^Z� k_�hqZd\Z�\� �gZc�h[s�ieZg�ih\br_gZ
hiZkghkl�hl�ijbjh^gb�[_^kl\by�\�kjZ\g_gb_�k����b�\_d�dZdlh�\�j_]bhgZe_g���lZdZ�b
\� h[shieZg_lZj_g� fZsZ[�� >Zggbl_� kZ� djZcgh� g_^hklZltqgb� aZ� ^Z� k_� ijZ\yl
gydZd\b� ih� lhqgb� hp_gdb� aZ� \b^Z� �� fZsZ[Z� b� ]_h]jZnkdhlh� jZaij_^_e_gb_� gZ
ijbjh^gbl_�dZlZdebafb���<t\�\k_db�kemqZc�hk\_g�dhf_glbjZghlh�\_q_��aZoeZ`^Zg_
gZ� debfZlZ�� ^jm]hlh� gZc�hqZd\Zgh� ke_^kl\b_� \_jhylgh� [b� [beh� _^gh� h[sh
ihdZq\Zg_�gZ�k_bafbqgZlZ�Zdlb\ghkl�\�h[shieZg_lZj_g�fZsZ[�

��������H[shieZg_lZjgb�_n_dlb�hl�ketgq_\h�debfZlbqgby�fbgbfmf
GZc�hqZd\Zgbyl� kp_gZjbc� aZ� ih\_^_gb_lh� gZ� ketgq_\ZlZ� Zdlb\ghkl� ij_a

���b�\_d�_�gZklti\Zg_lh�gZ�k\jto\_dh\b�fbgbfmf�ij_a�g_]h\ZlZ�itj\Z�iheh\bgZ�
GZ�k\hc�j_^�gZc�\_jhylgZlZ�debfZlbqgZ�ihke_^bpZ�[b�[beh�aZklm^y\Zg_��dh_lh�s_
[t^_�hl�ihjy^tdZ�gZ� ��������°°K�kj_^gh� aZ�K_\_jghlh�ihemdte[h�b�ijb[ebabl_egh
lhedh\Z�b� aZ� kj_^gZlZ� l_fi_jZlmjZ�gZ�K\_lh\gby� hd_Zg��LZab� klhcghkl�s_� [t^_
^hhklb]gZlZ�^h������±lZ�]h^bgZ��>bgZfbqgbl_�fh^_eb�gZ�Dhfblh\�b�DZnlZg�(2003)

ij_^\b`^Zl� gbaoh^ysZlZ� l_g^_gpby� gZ� k\jto\_dh\by� oh^� gZ� ketgq_\ZlZ
Zdlb\\ghkl�^Z�ijh^te`b�^hdtf� �����]h^bgZ��Ihke_^ghlh�hagZqZ\Z�b�\tafh`ghkl
l_fi_jZlmjbl_� ^Z� k_� ihgb`Zl� dtf� ����������lZ� ]h^bgZ� k� hs_� �������� ]jZ^mkZ
kijyfh�kj_^ghlh�gb\h�aZ�i_jbh^Z�����������]h^bgZ��DefZlqgZlZ�h[klZgh\dZ�[b�k_
\tjgZeZ�ijb[ebabl_egh�dtf� mkeh\bylZ�ih�\j_f_lh�gZ�fbgbfmfZ�gZ�>Zelhg�� l�_
gZqZehlh�gZ����b�\_d�

AZklm^y\Zg_lh�s_� [t^_� ih�^h[j_� bajZa_gh� gZ� kj_^gb� b� \bkhdb�rbjbgb� b
hkh[_gh� ij_a� klm^_gZlZ� qZkl� hl� ]h^bgZlZ��S_� gZkltib� ijhp_k� gZ� mdj_i\Zg_� gZ
dhglbg_lZegbl_� e_^gbpb� gZ� =j_geZg^by� b� :glZjdlb^Z�� dZdlh� b� gZ
\bkhdhieZgbgkdbl_� e_^gbpb�� � Ijhp_ktl� ba]e_`^Z� � \_q_� _� \� oh^� \t\
\bkhdhieZgbkdbl_� h[eZklb� gZ� P_gljZegZ� :aby� (ieZgbgbl_� hl� ³Ihdjb\Z� gZ
k\_lZ´)��\�X`gZ�:f_jbdZ�b�]heyfZ�qZkl�hl�l_jblhjbylZ�gZ�Jmkby�

:]jhdebfZlbqgbl_� mkeh\by� gZ� KdZg^bgZ\kdby� ihemhkljh\��Ijb[ZelbdZ�
IherZ��K_\_jgZ�=_jfZgby� ��>Zgby� ��DZgZ^Z�b�^hjb�\� k_\_jgbl_�jZcgb�gZ�K:S
agZqbl_egh�s_�k_�\ehrZl��Z�lh\Z�s_�k_�hljZab�gZ�^h[b\bl_�gZ�a_f_^_ekdb�dmelmjb�
S_�k_�gZfZeyl�_dkihjlgbl_�\tafh`ghklb�gZ�ijh^h\hekl\_gb�klhdb�hl�l_ab�kljZgb
dtf� ^jm]b� jZchgb� gZ� k\_lZ�� � ?kl_kl\_ghlh� ke_^kl\b_� [b� [beh� ihdZq\Zg_lh� gZ
p_gbl_�gZ� atjg_gbl_�dmelmjb�b� h[sh�gZ� ojZgbl_egbl_� klhdb� \� k\_lh\_g�fZsZ[�
S_� gZfZe_yl� \tafh`ghklbl_� gZ� jZa\blbl_� kljZgb� ^Z� hdZa\Zl� omfZgblZjgb
ihfhsb� gZ� ZnjbdZgkdbl_� kljZgb� ih^�nhjZfZlZ� gZ� � ijh^h\hekl\b_��Fh`_� ^Z� k_
hqZd\Z� h[sh� ijb^\b`\Zg_� gZ�x]� gZ� ljZ_dlhjbbl_� gZ� ZleZglbq_kdbl_� pbdehgb�
Lh\Z�[b�ih^h[jbeh��\h^gbl_�aZiZkb�\�gZc�k_\_jgbl_�jZchgb�gZ�:njbdZ��

AZklm^y\Zg_lh� \� P_gljZegZ� :aby� s_� bfZ� dZlh� j_amelZl� gZfZey\Zg_� gZ
^_[blZ� gZ� ]he_fbl_� j_db� �� ba\bjZsb� hl� � ieZgbgbl_� hl� ³Ihdjb\Z� gZ� k\_lZ´�
IjbqbgZ� aZ�lh\Z�s_� [t^_� ]eZ\gh�gZljmi\Zg_lh�gZ�\h^ZlZ�ih^�nhjfZlZ�gZ�e_^�b
fgh]h�ih�[Z\ghlh�fm�lhi_g_�ihjZ^b�ih�gbkdbl_�l_fi_jZlmjb��KljZgbl_�\�jZchgZ
gZc�\_jhylgh� s_� k_� hiblZl� ^Z� dhfi_gkbjZl� � ijhbalbqZsbl_� hl� lh\Z� aZ]m[b� \
a_f_^_eb_lh� b� \h^ghlh� klhiZgkl\h� k� ih�\bkhdb� p_gb� gZ� _g_j]hghkbl_ebl_� (]Za� b
g_nl)��dhblh�l_�bagZkyl��Fh`_�^Z�k_�hqZd\Z��q_�\h^gZlZ�djbaZ�s_�k_�aZ^te[hqb� �\
ih�]heyfZlZ�qZkl�hl�;ebadby�b�Kj_^gby�balhd�

IeZgh\_l_�gZ�^tj`Z\bl_�hl�jZchgZ�gZ�:jdlbdZ�^Z�ba\ebqZl�g_nl�b�]Za�hl
^tghlh�gZ�K_\_jgby�e_^h\bl�hd_Zg�s_�k_�aZ[Z\yl�k�^_k_lbe_lby��>h[b\tl� �gZ�l_ab
kmjh\bgb� (b� hkh[_gh� gZ� g_nlZ)� � hl� _dkiehZlbjZgbl_� dtf�fhf_glZ� gZoh^brZ� gZ
\bkhdb��(gh�g_�Zjdlbq_kdb)�]_h]jZnkdb�rbjbgb�s_�k_�hkdtib��agZqbl_egh��aZjZ^b
aZljm^g_gbl_�mkeh\by�gZ�^h[b\��ih�\bkhdb�jZaih^b�aZ�jZ[hlgZ�aZieZlZ��ih�l_`db
mkeh\by�aZ�jZ[hlZ�gZ�kthjt`_gbylZ�b�ih�]he_fb�jZaoh^b�ijb�ljZgkihjlbjZg_lh�ih
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ljt[hijh\h^bl_��Hl�kts_kl\_gh�agZq_gb_�fh`_�^Z�k_�hdZ`Zl�ihke_^gbl_�aZ�g_nlZ�
ihjZ^b�gZjZkl\Zg_�gZ�\bkdhabl_lZ�

AZljm^g_gby� fh`_� ^Z� k_� hqZd\Z� ijb� jZ[hlZlZ� gZ� \h^gh_e_dljbq_kdbl_
p_gljZeb�gZ�kj_^gb�b�\bkhdb�rbjbgb�ij_a� abfgby� k_ahg�ihjZ^b�hqZd\Zghlh�ih�
]heyfh�gZljmi\Zg_�gZ�e_^_gZ�fZkZ�\t\�\h^h_fbl_�(j_db�b�yah\bjb)��Lh\Z�fh`_�^Z
^h\_^_�^h�k_jbhagb�kfms_gby��ijhba\h^kl\hlh�gZ�_e_dljh_g_j]by�\�kljZgb��dt^_lh
<?P��mqZkl\m\Zl�k�]heyf�^ye�\�_g_j]_lbdZlZ�

Ijb� \kbqdb� kemqZb� _^gZ� ih^h[gZ� h[klZgh\dZ� [b� � kta^ZeZ� ih�]he_fb
ij_bfmr_kl\Z�gZ�kljZgbl_��[h]Zlb�gZ�_g_j]hghkbl_eb�b�]he_fb�ijhba\h^bl_eb�gZ
_e_dljh_g_j]by� hl� hlghkbl_egh� ih�fZedh� aZ\bkbfb� hl� debfZlbqgbl_� mkeh\by
balhqgbpb�dZlh�L?P�b�:?P�� �AZ�jZaebdZ�hl�l�gZj��³\tah[gh\y_fb�balhqgbpb´�gZ
_g_j]by� �� p_gljZebl_� jZ[hl_sb� k� \t]ebsZ� b� y^j_gh� ]hjb\h� kZ� \� ktklhygb_� ^Z
ijhba\_`^Zl�\�]he_fb�dhebq_kl\Z�b�_\lbgZ�_e_dljh_g_j]by.

<� lZab� \jtadZ� fh`_� ^Z� k_� hqZd\Z� ih\br_g� bgl_j_k� dtf� y^j_gZlZ
_g_j]_lbdZ�\�fgh]h�kljZgb�hl�K_\_jgZ�?\jhiZ�� �Gh\ZlZ�debfZlbqgZ�h[klZgh\dZ
gZc�\_jhylgh�s_� aZklZ\b� ]_jfZgkdbl_� \eZklb� ^Z� k_� hldZ`Zl� hl� aZl\Zjyg_lh� gZ
:?P� �� �L\tj^_�\_jhylgh�_�=_jfZgby�^Z�k_�gZkhqb�dtf�kljhbl_ekl\hlh�b�gZ�gh\b
:?P�b�L?P��:el_jgZlb\ZlZ�_�kljZgZlZ� �^Z�baiZ^Zg_�\�l_`dZ�\tgrgZ�_g_j]bcgZ
aZ\bkbfhkl� � aZjZ^b� g_h[oh^bfhkllZ� ^Z� \gZky� _g_j]hghkbl_eb� b� ^hjb
_e_dljh_g_j]by��Lh\Z�s_�bfZ�h[s�g_]Zlb\_g�_n_dl�\tjom�bdhghfbdZlZ�c�

<t\� \jtadZ� k� ]hj_dZaZghlh� \� fgh]h� ba]h^gh� iheh`_gb_� [boZ� k_� hdZaZeb
gydhb� kljZgb� hl� ljhibq_kdbl_� b� km[ljhibqgb� ihykb� dZlh�X:J� b� :\kljZeby�
jZaiheZ]Zsb� k� ]he_fb� aZiZkb� hl� \t]ebsZ� b� mjZg�� Ktsbl_� kZ� b� ljZ^bpbhggh
]he_fb�baghkbl_eb�gZ�lhab�lbi�_g_j]hghkbl_eb�

Ke_^h\Zl_egh� �� ^\_l_� \_jhylgb� b� gZc�\Z`gb� bdhghfbq_kdb� ihke_^bpb� aZ
k\_lZ� \� j_amelZl� gZ� ketgq_\h�debfZlbqgby� k\jto\_dh\b� fbgbfmf� kZ
ijh^h\hekl\_gZ�b�_g_j]bcgZ�djbaZ�

Kt\j_f_gghlh� h[s_kl\h�dZlh� pyeh� g_� _� ih^]hl\_gh� aZ� ih^h[_g� kp_gZjbc�
ltc�dZlh�ij_h[eZ^Z\Zshlh�\gmr_gb_�hl�kljZgZ�gZ�fZkf_^bbl_�b�gydhb�\ebyl_egb
iheblbpb� _� � aZ� hqZd\Zgh� ³]eh[Zegh� aZlhieyg_´�� Hl� ij_^klZ\_gblH� \� &.43.2

kp_gZjbb�k_�\b`^Z��q_�\�jZfdbl_�kZfh�gZ�ke_^\Zsbl_�^\Z�pbdteZ�gZ�R\Z[_�<hen
(No 24 b� ��)��l�_�� aZ� ������ ]h^bgb� ��kj_^gbl_�l_fi_jZlmjb�s_� k_�ihgb`Zl� k�hdheh
0.35-0.4°°K�� Lhedh\Z� [tja� ij_oh^� s_� ih^_ckl\m\Z� l\tj^_� rhdh\h� � kj_^� \kbqdb
h[s_kl\_gb�keh_\_�\�ih�]heyfZlZ�qZkl�hl�k\_lZ��<�bdhghfbq_kdZlZ��iheblbq_kdZlZ
b� ^moh\gZlZ� kn_jZ�s_� k_� ba\tjrb� ij_oh^�� \� j_amelZl� gZ� dhclh� ���b� \_d�s_� k_
ijb[eb`b�dtf� ���b�b�s_� k_�hl^Ze_qb�hkh[_gh�hl�ihke_^gbl_�ljb�^_k_lbe_lby�gZ
���b�\_d�

?^gh�gZklti\Zg_�gZ�ijh^h\hekl\_gZ�b�_g_j]bcgZ�djbaZ�s_�hkdtib�\kbqdb
hkgh\gb� ^_cghklb� � gZ� fZl_jbZeghlh� ijhba\h^kl\h�� ljZgkihjlZ�� dhfmgZegh�
[blh\hlh�klhiZgkl\h�b�^j��Ijhp_ktl�s_�aZk_]g_�\kbqdb�kljZgb��dhblh�s_�jZaqblZl
gZ�\ghk�gZ�_g_j]by��_g_j]hghkbl_eb�beb�ijh^h\hekl\b_�

<� hlghkbl_egh�gZc�ba]h^gZ� kblmZpby�s_� k_� hdZ`Zl� l_ab� ^tj`Z\b�� � dhblh
bfZl� ]he_fb� _g_j]bcgb� j_kmjkb�� jZa\blh� _g_j]bcgh� klhiZgkl\h�� jZa\bl� Z]jZj_g
k_dlhj� �� gh� � ktk� kljmdlmjZ� Z^_d\ZlgZ� gZ� debfZlbqgbl_� mkeh\by�� ^h[j_� jZa\blZ
bg^mkljby [ZabjZgZ�gZ�gZpbhgZegZlZ�l_jblhjby� ��k�fZdkbfZegh�rbjhd�hljZkeh\
ki_dltj�b�fhs_g�gZmqgh�l_ogbq_kdb�ihl_gpbZe���<taijhba\h^kl\hlh�gZ�ihke_^gby
ljy[\Z�^Z�[t^_�]ZjZglbjZgh�hl�kbegZ�gZpbhgZegZ�h[jZah\Zl_egZ�kbkl_fZ��jZa\blZ
gZ�\kbqdb�jZ\gbsZ��dhylh�^Z�_�\�ktklhygb_�^Z�ih^]hl\y�^h[j_�ih^]hl\_gb�ij_^b
\kbqdh� bg`_g_jb�� e_dZjb�� mq_gb�� \h_ggb� b� ij_ih^Z\Zl_eb�� K� ^jm]b� ^mfb� gZc�
^h[jb�rZgkh\_�aZ�e_dh�ij_h^hey\Zg_�gZ�ijh[e_fbl_�s_�bfZl�kljZgbl_���dhblh�[boZ
fh]eb� \� gZc�]heyfZ� kl_i_g� ^Z� k_� bahebjZl� hl� \ehr_gZlZ� f_`^mgZjh^gZ
bdhghfbq_kdZ�dhgxgdlmjZ��jZaqblZcdb�gZ� kh[kl\_g�ihl_gpbZe��GZ�itj\h�fyklh
lh\Z� kZ�DblZc�� �Jmkby� ��K:S� �DZgZ^Z��Bg^by� � b� ^h� ]heyfZ� kl_i_g�NjZgpby� b
:\kljZeby��L\tj^_�\_jhylgh�_�dtf�lZab�]jmiZ�^Z�k_�ijbkt_^bgb�ktsh�b�BjZg�
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DjbaZlZ� aZ� _g_j]by� b� ijh^h\hekl\b_� s_� gZ`_`b� f_`^mgZjh^gZlZ
h[klZgh\dZ�� S_� k_� aZkbeb� hs_� ih\_q_� gZij_`_gb_lh� \� jZchgbl_� �� [h]Zlb� gZ
_g_j]hghkbl_eb�� hkh[_gh� ;ebadby� b� Kj_^gby� balhd�� �H[shlh� ijhlb\hihklZ\yg_
³Balhd�AZiZ^´�s_� k_� aZkbeb�� � ;h]Zlbl_� gZ� i_ljhe� b� ]Za� ^tj`Z\b� hl� Ij_^gZ� b
P_gljZegZ� :aby� �� \taiheam\Zcdb� k_� hl� \bkhdbl_� p_gb� gZ� bagZkygbl_� hl� lyo
_g_j]hghkbl_eb�b�g_aZ\bkbfh�hl�\tgrgby�gZlbkd�s_�aZ^_eyl�\k_�ih\_q_�j_kmjkb�aZ
jZa\blb_�gZ�y^j_gb�l_ogheh]bb�b�^jm]b�\bkhdhl_ogheh]bqgb�hljZkeb�

JZa\blb_lh� gZ� y^j_gbl_� l_ogheh]bb� � s_� [t^_� \Z`_g� ijbhjbl_l� aZ� l_ab
^tj`Z\b� ih� ^\_� ijbqbgb�� ���Qj_a� jZa\blb_� gZ� y^j_gZlZ� _g_j]_lbdZ� ^Z� gZfZeyl
\tlj_rgZlZ� dhgkmfZpby� gZ� i_ljhe� b� ]Za�� dhblh� ^Z� k_� gZkhq\Zl� aZ� _dkihjl�� ��
JZa\blb_� gZ� y^j_g� \h_g_g� ihl_gpbZe� k� p_e� ijhlb\h^_ckl\b_� gZ� \tgr_g� \h_g_g
gZlbkd�b�j_ZebaZpby�gZ�kh[kl\_gb�\tgrghiheblbq_kdb�p_eb��Hkts_kl\y\Zg_lh�gZ
ih^h[gb� gZf_j_gby� s_� klbfmebjZ� jZa\blb_lh� b� gZ� ^jm]b� \bkhdhl_ogheh]bqgb
hljZkeb� ±� Z\bZpbhggZlZ� b� jZd_lgZ� l_ogbdZ�� fbdjh_e_dljhgbdZlZ� b
bgnhjfZpbhggbl_� l_ogheh]bb�� f_lZemj]by�� lhqghlh� fZrbghkljh_g_�� hjt`_cgh
ijhba\h^kl\h� hl� \kbqdb� \b^h\_� � b� ^j�� � <kbqdh� lh\Z� s_� [t^_� ktijh\h^_gh� k
iZjZe_egh� gZjZkl\Zg_� gZ� dZ^jh\by� ihl_gpbZe� \� h[eZkllZ� gZ� l_ogbq_kdbl_� b
ijbjh^h�fZl_fZlbq_kdbl_�gZmdb�

=he_fbyl�^_fh]jZnkdb�jtkl�gZ�AZiZ^gZ�:aby�ij_a�ihke_^gbl_�^_k_lbe_lby
\� ktq_lZgb_� k� gZjZkl\Zsbl_� \h^gb� b� ijh^h\hekl\_gb� ijh[e_fb� \� j_amelZl� hl
hqZd\Zgby� ketgq_\h�debfZlbq_g� fbgbfmf� b� gZjZkl\Zsby� c� \h_g_g� b
l_ogheh]bq_g� ihl_gpbZe� s_� [t^Zl� ]eZ\gbyl� balhqgbd� gZ� f_`^mgZjh^gh
gZij_`_gb_�ij_a�]heyfZ�qZkl�hl����b�\_d�

Bgl_j_ktl�dtf�y^j_gZlZ� _g_j]by�dZlh� k_jbha_g�b�debfZlbqgh�g_aZ\bkbf
balhqgbd� � �s_� k_� aZkbeb� \� fgh]h� kljZgb� �� hkh[_gh� \� lZdb\Z� �� jZaiheh`_gb� gZ
\bkhdb�b�kj_^gb�rbjbgb��JheylZ�gZ�kljZgbl_�ijbl_`Z\Zsb�b�jZa\b\Zsb�y^j_gb
l_ogheh]bb�s_�k_�aZkbeb�

DjbaZlZ� aZ� _g_j]by� s_� ^Z^_� leZktd� gZ� jZa\blb_� gZ� bake_^\ZgbylZ� \
h[eZkllZ� gZ� mijZ\ey_fby� l_jfhy^j_g� kbgl_a�� Lh\Z� h[Zq_� s_� fh]Zl� ^Z� kb� ]h
iha\heyl�kZfh�]he_fb�^tj`Z\b��jZaiheZ]Zsb�k�g_h[oh^bfbl_�kj_^kl\Z�b�dZ^jb��

Fh`_� ^Z� k_� hqZd\Z� ih\bsZ\Zg_� gZ� bgl_j_kZ� dtf� ljZgkihjl�� iheam\Zs
\h^hjh^gh�]hjb\h�

Ijb� gh\bl_� mkeh\by� s_� k_� \tajh^b� dhkfbq_kdZlZ� gZ^ij_\ZjZ� f_`^m
]he_fbl_� ^tj`Z\b�� Hq_jlZ\Z� k_�� q_� _^gZ� hl� ]eZ\gbl_� c� p_eb�s_� [t^_� EmgZlZ�
aZjZ^b� [ebahkllZ� ^h� A_fylZ�� dZdlh� b� ihjZ^b� i_jki_dlb\bl_� ^Z� [t^Zl� hldjblb� b
_dkiehZlbjZgb� aZe_`b� hl� p_ggb� ihe_agb� baddhiZ_fb�� IjbagZpb� aZ� ih^h[gh
jZa\blb_�\_q_�bfZ�ij_a�ihke_^gbl_�gydhedh�]h^bgb�

<t\�\jtadZ�k�ml_`g_gZlZ�f_`^mgZjh^gZ�h[klZgh\dZ�s_�bfZ�ij_ihklZ\db�aZ
kbe_g�leZktd�\�jZa\blb_lh�gZ�\h_ggZlZ�bg^mkljby�b�l_ogheh]bb�

GZc�ljm^gh�s_�k_�ijbkihkh[yl�dtf�gh\bl_�mkeh\by�kljZgbl_��\�dhblh�ij_a
ihke_^gbl_�]h^bgb� �Zdp_gltl�_�[be�\f_klh�dtf�jZa\blb_�gZ�k_dlhjZ�gZ�mkem]bl_
\f_klh�dtf�fZl_jbZegh�ijhba\h^kl\h���]eZ\gZ�gZkhdZ�\�h[eZkllZ�gZ�_g_j]_lbdZlZ
kZ� [beb� \tah[gh\y_fbl_� balhqgbpb� gZ� _g_j]by�� Z� \� h[eZkllZ� gZ� h[jZah\Zgb_lh
ijbhjbl_l� kZ� [beb� omfZgblZjgbl_� \f_klh� ijbjh^h�fZl_fZlbq_kdbl_� b
l_ogbq_kdbl_� gZmdb�� Ijh[e_f� s_� k_� hdZ`_� b� ^te]h]h^brgZlZ� ijhiZ]Zg^Z� hl
kljZgZ� gZ� iheblbq_kdbl_� kj_^b� b� fZkf_^bbl_� gZ� � ³a_e_gbl_´� b^_b�� gZkZ`^Zsb
g_]Zlb\gh� hlghr_gb_� dtf� y^j_gZlZ� _g_j]_lbdZ�� gZmqgh�l_ogbq_kdby� ijh]j_k� b
bg^mkljbylZ��AZ� kt`Ze_gb_� lZdZ\Z� _� mkj_^g_gZlZ�dZjlbgZ� aZ�?\jhi_ckdby� ktxa�
Ijh[e_fbl_�� ihjh^_gb� hl� l_ab� nZdlb� � \_q_� kts_kl\m\Zl�� b^\Zsbyl� ketgq_\h�
debfZlbq_g�fbgbfmf�s_�]b�aZ^te[hqb��ihke_^bpbl_�s_�kZ�^te]hkjhqgb�b�g_ykgb�
gh�\t\�\k_db�kemqZc��badexqbl_egh��l_`db�

Dh]Zlh� k_� fbkeb� aZ� ihl_gpbZegbl_� ihke_^bpb� aZ� ?\jhiZ� hl� ketgq_\h�
debfZlbqgby�fbgbfmf� _� \Z`gh� ^Z� k_� bfZ� ij_^\b^�� q_� _n_dlbl_� gyfZ� ^Z� [t^Zl
_^gZd\b�ih�pyeZlZ�c�l_jblhjby��AZklm^y\Zg_lh�s_�[t^_�fgh]h�ih�kbegh�bajZa_gh�\
BalhqgZ��P_gljZegZ�b�K_\_jgZ�?\jhiZ��hldhedhlh�djZc�:leZglbq_kdby�hd_Zg�
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KljZgbl_� gZ� ;ZedZgkdby� ihemhkljh\� s_� [t^Zl� kbegh� baeh`_gb� gZ
ihgb`_gb_lh�gZ�l_fi_jZlmjbl_��hkh[_gh�ij_a�abfgbl_�f_k_pb��S_�k_�kdtkb�k_ahgtl
aZ�_n_dlb\_g�fhjkdb�lmjbatf�^hjb�b�\�=tjpby��Mkeh\bylZ�aZ�abf_g�dhf_jkbZe_g
lmjbatf�h[Zq_�s_�kZ�fgh]h�ih�^h[jb��ihjZ^b�_kl_lkl\_gh�m^te`Z\Zg_�gZ�k_ahgZ�b
ih�^te]hlh� aZ^tj`Zg_� gZ� kg_`gZlZ� ihdjb\dZ�� DZlh� pyeh� h[Zq_� jheylZ� gZ
lmjbklbq_kdby�k_dlhj�\�bdhghfbdZlZ�gZ�kljZgbl_�hl�BalhqgZ�?\jhiZ�s_�gZfZe__�

S_� \tagbdg_� g_h[oh^bfhkl� hl� ih�kbegZ� ^tj`Z\gZ� j_]meZpby� \
bdhghfbdZlZ���hkh[_gh�\�h[eZkllZ�gZ�_g_j]_lbdZlZ���ijh^h\hekl\b_lh�b�kijZ\yg_lh
k�ihke_^bpbl_�hl�ijbh^gbl_�[_^kl\by�

���������Ke_^kl\by�aZ�;te]Zjby
=eZ\gbyl� debfZlbq_g� ij_ehf� aZ� X]hbalhqgZ� ?\jhiZ� s_� gZkltib� k

ij_fbgZ\Zg_lh�gZ�fZdkbfmfZ�gZ�i_lghh[jZam\Zl_egby�pbdte�No 24 hdheh� �����
����� ]h^bgZ�� � Hl� lhab� fhf_gl� gZlZltd� ;ZedZgkdbyl� ihemhkljh\� s_� bae_a_� hl
ijh^te`bl_egZlZ�l_g^_gpby��gZ�aZkmrZ\Zg_�b�aZlhieyg_�gZ�debfZlZ��aZihqgZeZ�\
gZqZehlh� gZ� ���l_� ]h^bgb� ke_^� fZdkbfmfZ� gZ� ���b� i_lghh[jZam\Zl_e_g� pbdte�
Ijbqbgbl_� aZ� lh\Z� kZ� k\tjaZgb� k� ������ ]h^brgby� ketgq_\h�debfZlbq_g� pbdte�
Itj\h��g_]h\ZlZ�Zfieblm^Z� hlgh\h�s_�gZjZklg_�\�X`gZ�;te]Zjby��\lhjh�� ke_^
fZdkbfmfZ�gZ�ketgq_\�pbdte�No 24��lhc�s_�gZ\e_a_�\�k\hylZ�\eZ`gZ�b�ih�klm^_gZ
nZaZ��BgZq_� ihj_^bpZlZ� hl� kmob� b� ]hj_sb� e_lZ� gZc�\_jhylgh�s_� ijh^te`b� ^h
kihf_gZlby� ketgq_\�fZdkbfmf��Hl� ^jm]Z� kljZgZ� h[Zq_� ������ ]h^brgbyl� pbdte
gZc�\_jhylgh�s_�k_�³k\b_´�dZlh�k_ahg�gZ�^_ckl\b_�kijyfh�\lhjZlZ�iheh\bgZ�gZ����
b�\_d��IjbqbgZlZ� aZ�lh\Z�s_�[t^_�h[shlh� kdtky\Zg_�gZ�eylhlh�b�gZjZkl\Zg_�gZ
abfZlZ�(Dhfblh\, 1986[).

L_g^_gpbylZ� dtf� aZklm^y\Zg_� gZ� abfbl_� fh`_� ^Z� k_� hqZd\Z� b� ih�jZgh�
L_`dbl_�abfb�gZ����������� �� ���������� � (gZc�\_jhylgh�k\tjaZgZ�k� ³O_ehmbgkdbl_
[mjb´)������������kZ�agZd��q_�ij_ehftl�\�lZab�gZkhdZ�^hjb�fh`_�[b�\_q_�_�aZihqgZe�
Baf_j_gZlZ�kmlj_rgZ�l_fi_jZlmjZ�\�K_\eb_\h�ij_a�abfZlZ�gZ�����������]h^bgZ��hl
–34 °°K� � _� gZc�gbkdZlZ� hl� ����� ]h^bgZ� gZkZf� aZ� jZ\gbggbl_� b� ihemieZgbgkdb
jZchgb� gZ� kljZgZlZ�� �<_q_� [_� dZaZgh�� q_� hdhehfbgbfmfgZlZ�nZaZ� gZ� ketgq_\by
i_lghh[jZam\Zl_e_g�pbdte�(2007-2009) _�i_jbh^tl�k�ih\br_gZ�\_jhylghkl�aZ�fgh]h
klm^_gb�abfb���GZc�k_jbhaghlh�abfgh�aZklm^y\Zg_�fh`_�^Z�k_�hqZd\Z�dtf�djZy�gZ
ketgq_\by�pbdte�No25�hdheh������lZ�]h^bgZ�

Ijh[e_f� gZ� lhab� _lZi� _�� q_� gyfZ� jZajZ[hl_g� ^hklZltqgh� gZ^_`^_g
klZlbklbq_kdb�ketgq_\h�debfZlbq_g�fh^_e�aZ�\Ze_`bl_�ij_a�klm^_ghlh�ihem]h^b_�

Ih�gZ^hem�s_�[t^_�gZijZ\_gZ�djZldZ�hp_gdZ�gZ�ke_^kl\bylZ�aZ�jZaebqgbl_
klhiZgkdb� hljZkeb� b� \tafh`gbl_� f_jdb� aZ� ij_h^hey\Zg_� gZ� g_]Zlb\gbl_
ihke_^bpb�

K?EKDH�KLHI:GKL<H

>h�����������]h^bgZ�k_�aZiZa\Z�\bkhdZlZ�\_jhylghkl�aZ�]hj_sb�b�kmob�e_lZ�
Hl�lh\Z�ijhbalbqZ�hiZkghkl�hl�g_^hklb]�gZ�\h^Z�aZ�dmelmjbl_��qb_lh�hl]e_`^Zg_�_
k\tjaZgh� k� badmkl\_gh� gZihy\Zg_� ij_a� e_lgbl_� f_k_pb� ±gZijbf_j� a_e_gqmpb� b
pZj_\bpZ��HqZd\ZgbylZ�gZ�Z\lhjZ�kZ��q_�ijhe_lgbl_�f_k_pb�fZc�b�xgb�ktsh�s_
[t^Zl�ih\ebygb�hl�lZab�kmoZ�l_g^_gpby���IhjZ^b�lh\Z�fh`_�^Z�k_�hqZd\Z�g_]Zlb\_g
_n_dl�\tjom�^h[b\bl_�hl�atjg_gbl_��dmelmjb��_k_ggbpb�

Mkeh\bylZ�s_�[t^Zl�fgh]h�^h[jb�aZ�lhiehex[b\bl_�dmelmjb�dZlh�iZfmdtl�
Ke_^� fZdkbfmfZ� gZ� ketgq_\� pbdte� No 24 (~ 2012]) debfZlbqgZlZ

h[klZgh\dZ� ij_a� lhiebl_� f_k_pb� � jyadh� s_� k_� ijhf_gb�� E_lZlZ� s_� klZgZl
ijhoeZ^gb�b�^t`^h\gb���Mkeh\bylZ�s_�klZgZl�[eZ]hijbylgb�aZ�atjg_gZlZ�j_dhelZ
b�a_e_gqmpbl_��gh�g_[eZ]hijbylgb�aZ�lhiehex[b\bl_�dmelmjb���DZlh�pyeh�fh`_�^Z
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k_� hqZd\Z�� q_� ijh^h\hekl\_gbyl� [ZeZgk� gZ� kljZgZlZ� s_� [t^_� fgh]h� ^h[tj� \
i_jbh^Z� ���������� ]�� GZ� nhgZ� gZ� \ehrZ\ZsZlZ� k_� ijh^h\hekl\_gZ� kblmZpby� \
k\_lh\_g�fZsZ[�;te]Zjby�s_�fh`_�^Z�j_ZebabjZ�agZqbl_egb�ijboh^b�hl�baghk�gZ
atjg_gb�ojZgb�b�a_e_gqmpb�

Ke_^� ����� ]h^bgZ�s_�gZkltib�ih^h[j_gb_�b�\� h[eZkllZ�gZ�\kbqdb�\b^h\_
nmjZ`b�� >h[b\tl� gZ� k_gh� hl� _kl_kl\_gb� iZkbsZ� ktsh�s_� [t^_� � ]heyf� ihjZ^b
m\_ebq_gbl_� e_lgb� \Ze_`b�� Ih� lhab� gZqbg� s_� k_� ih^h[jyl� b� mkeh\bylZ� aZ
`b\hlgh\t^kl\h�

Bg\_klbpbbl_� \� hl]e_`^Zg_lh� gZ� lhiehex[b\b� _^gh]h^brgb� dmelmjb� ^h
�����]h^bgZ�s_�i_q_eb\rb��Z�ke_^�lh\Z�±jbkdh\b�

H\hsZjkl\hlh� b� ehaZjkl\hlh� ljy[\Z� ^Z� aZeh`Zl� gZ� ljZ^bpbhggb� aZ
;te]Zjby�\b^h\_�b�khjlh\_���AZkZ`^Zg_lh�gZ�lhiehex[b\b��km[ljhibqgb��^tj\_kgb
\b^h\_�ktk�klhiZgkdZ�p_e�g_�_�ij_ihjtqbl_egh�

AZkmrZ\Zg_lh� ke_^� fZdkbfmfZ� gZ� ketgq_\by� pbdte� No 25� \_q_� gyfZ� ^Z
[t^_� fgh]h� ^te[hdh�� gblh� e_lZlZ� �� lhedh\Z� ]hj_sb� dZdlh� ih\_q_lh� hl� lyo� \
i_jbh^Z� ���������� ]h^bgZ�� ?lh� aZsh� fgh]h� l_`dZ� Z]jhdebfZlbqgZ� h[klZgh\dZ
(fgh]h]h^brgh� aZkmrZ\Zg_)� dZdlh� \� kihf_gZlby� i_jbh^� g_� ke_^\Z� ^Z� k_� hqZd\Z
ihg_�^h������lZ�]h^bgZ�

<�aZdexq_gb_�ljy[\Z�^Z�k_�hl[_e_`b��q_�\�h[eZkllZ�gZ�k_ekdhlh�klhiZgkl\h
b�ijh^h\hekl\b_lh�;te]Zjby�s_�bfZ�rZgkZ�^Z�k_�gZj_^b�kj_^�kljZgbl_��dhblh�s_
kZ�h[eZ]h^_l_ekl\m\Zgb�hl�ketgq_\h�debfZlbqgby�k\jto\_dh\b�fbgbfmf�

=HJKDH�KLHI:GKL<H

<_q_� gydhedhdjZlgh� � \� l_dklZ� [_r_� kihf_gZlh�� q_� _fijbjbqgbl_
aZ\bkbfhklb�aZ�\ebygb_lh�gZ�debfZlbqgbl_�nZdlhjb�dZlh�\Ze_`b�b�l_fi_jZlmjZ
\tjom� jZkl_`Z� gZ� ^tj\_lZlZ� _� ki_pbnbqgh� aZ� \k_db� ^tj\_k_g� _da_fieyj�� BfZ
agZq_gb_�g_�kZfh�\b^Z�gZ�_da_fieyjZ� ��gh�ktsh�b�ki_pbnbqgbl_�oZjZdl_jbklbdb
gZ�ihq\bl_��eZg^rZnlZ� ��oZjZdl_jbklbdbl_� �gZ�hdhegZlZ�jZklbl_eghkl�b�^j��?lh
aZsh� ]_g_jZegb�ba\h^b�\� lZab�gZkhddZ�g_�fh]Zl� ^Z� [t^Zl�ijZ\_gb�� �Fh`_� ^Z� k_
ij_^iheh`b���q_�^h�hdheh�����������]h^bgZ�ih\br_gZlZ�hiZkghkl�hl�]hjkdb�ih`Zjb
s_�k_�aZiZab��Ke_^�lh\Z�\t\�\jtadZ�k�ih\brZ\Zg_lh�gZ�\Ze_`bl_�ij_a�lhieby�k_ahg
b�ihgb`_gb_lh�gZ�l_fi_jZlmjbl_�ly�jyadh�s_�gZfZe__�

:\lhjtl� kfylZ�� q_� hl� ]e_^gZ� lhqdZ� bgl_j_kbl_�gZ� ]hjkdhlh� klhiZgkl\h� b
]jZ`^ZgkdZlZ�aZsblZ�_�p_e_kth[jZagh�ijh\_`^Z\_lh�gZ�klZlbklbq_kdb�ZgZeba�gZ
\j_f_ggbl_� j_^h\_� gZ� ]hjkdbl_� ih`Zjb� � aZ� pyeZlZ� l_jblhjby� gZ� kljZgZlZ� b� ih
j_]bhgb�� � AZ� ih�^h[jhlh� baykgy\Zg_� gZ� ijbqbggh�ke_^kl\_gbl_� \jtadb� \� lZab
gZkhdZ� hkh[_gh� ihe_agh� ^Z� k_� ZgZebabjZ� \ebygb_lh� gZ� o_ebh]_hnbabqgbl_
nZdlhjb�� dZdlh� ijbf_j� aZ� lh\Z� \_q_� bfZ� hl� jZ[hlZlZ� gZ� Hmde_tj (Auclair,

1995)(nb]���).

<H>GB�A:I:KB���B��<H>GH��KLHI:GKL<H

Ltc� dZlh� eylghlh� aZkmrZ\Zg_� \� ;te]Zjby� dZlh� ^te]hkjhqgZ� h[sZ
l_g^_gpby� s_� k_� aZiZab� ^h� ���������� ]�� lh� b� ojhgbqgbyl� ^_nbpbl� gZ� \h^Z� aZ
\h^hklgZ[^y\Zg_�gZ�gZk_e_gb_lh�b�gZihy\Zg_�s_�hklZg_�^hlh]Z\Z�

Ke_^� fZdkbfmfZ� gZ� ketgq_\by� pbdte� No 24 (a� ����]� )� iheh`_gb_lh
agZqbl_egh�s_� k_� ih^h[jb�� E_lgbl_� \Ze_`b�s_� k_� m\_ebqZl� b� lh\Z�s_� kf_dqb
g_h[oh^bfhklZ�hl�badmkl\_gh�gZihy\Zg_��Gb\hlh�gZ�ih^ihq\_gbl_�\h^b� ktsh�s_
[t^_� ^hklZltqgh� \bkhdh�� <t\� \jtadZ� k� ^te]hkjhqgZlZ� h[sZ� l_g^_gpby� dtf
aZklm^y\Zg_�fh`_�^Z� k_�hqZd\Z�ih�jZggh�_k_ggh�h[jZam\Zg_�b�ih�[Z\gh�ijhe_lgh
lhi_g_�gZ� kg_`gZlZ�ihdjb\dZ�\�gZc�\bkhdbl_�qZklb�gZ�JbeZ� ��Ibjbg� �b�Kj_^gZ
KlZjZ�ieZgbgZ���Lh\Z�_�ij_ihklZ\dZ�aZ�ih�jZ\ghf_j_g�hllhd�gZ�ba\bjZsbl_�hl�lyo
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j_db�aZ�ih�ijh^te`bl_egZ�qZkl�hl�]h^bgZlZ��BfZ�ba\_klgZ�mkeh\ghkl�h[Zq_�aZ�lh\Z
ij_^\b`^Zg_��Lh�ijhbalbqZ�hl�h[klhyl_ekl\hlh��q_�dZdlh�[_�ihkhq_gh��aZk_]Z�gyfZ
jZajZ[hl_g� o_ebh�debfZlbq_g� fh^_e� gZ� abfgbl_� \Ze_`b� �� ih^h[_g� gZ� l_ab� aZ
lhiehlh�ihem]h^b_�beb�l_fi_jZlmjbl_�ij_a�klm^_gZlZ�qZkl�hl�]h^bgZlZ�

Ke_^������]�h[Zq_�agZqbl_egh�s_�gZjZklg_�hiZkghkllZ�hl�gZ\h^g_gby�ij_a
ijhe_lgbl_� �� e_lgbl_� b� _k_ggbl_� f_k_pb�� dhblh� s_� ij_^ba\bd\Zl� [_^kl\by�
ih^h[gb� gZ� l_ab� ij_a� ���������� ]h^bgZ�� <t\� \jtadZ� k� lh\Z� _� g_h[oh^bfh� ^Z� k_
ij_^ijb_fZl� f_jdb� aZ� ihqkl\Zg_� b� j_fhgl� gZ� ob^jhl_ogbq_kdbl_� kthjt`_gby�
kem`_sb�aZ�j_]mebjZg_�hllhdZ�gZ�\h^bl_�b�ij_^iZa\Zg_�hl�klbobcgh�ijbb`^Zsb
\h^b�gZk_e_gbl_�f_klZ��k_ekdhklhiZgkdbl_�a_fb�b�ljZgkihjlgZlZ�bgnjZkljmdlmjZ�

LJ:GKIHJL

AZfjta\ZgbylZ� gZ� j_dZ� >mgZ\� kZ� _^bg� hl� ³g_bgkljmf_glZegbl_� ³
bg^bdZlhjb� gZ� klm^_gbl_� abfb� \� ;te]Zjby�� �GZc�]he_fbl_� hl� lyo� �� hibkZgb� \
bklhjbq_kdbl_� ibkf_gb� balhqgbpb� kZ� hl� _ihobl_� gZ� k\jto\_dh\b� ketgq_\h�
debfZlbqgb� fbgbfmfb�� � <kydZ� _^gZ� hl� ³abfbl_�j_dhj^vhjb´� �� gZklti\Zsb� ���
]h^bgb� ij_^b� gZqZehlh� gZ� q_lgbl_� ���]h^brgb� pbdeb� � ij_a� ihke_^gbl_� a���
]h^bgb�\bgZ]b�_�[beZ�ktijh\h^_gZ�ktk�aZfjta\Zg_�gZ�j_dZlZ��Ke_^\Z�^Z�k_�hqZd\Z�
q_� ij_a� ���b� \_d� abfgbl_� aZfjta\Zgby� �� dZdlh� b� kemqZbl_� gZ� e_^hoh^�s_� [t^Zl
fgh]h�ih�q_klh�y\e_gb_�ih�j_dZ�>mgZ\��hldhedhlh�ij_a�ihke_^gbl_�a�����]h^bgb�
Itj\byl�i_jbh^�k�ih\br_gZ�\_jhylghkl�aZ�aZfjta\Zg_�b�e_^hoh^�_�����������]�

�Ih^h[gb� y\e_gby� \bgZ]b� kZ� [beb� ij_qdZ� aZ� dhjZ[hieZ\Zg_lh� ih� j_dZ
>mgZ\�b�kZ�klZ\Zeb�ijbqbgZ�aZ�\j_f_gghlh�fm�ij_mklZgh\y\Zg_��

>jm]hlh� g_[eZ]hijbylgh� y\e_gb_� ±� kiZ^Zg_� gZ� gb\hlh� gZ� j_dZlZ� ih^
djblbqgby�fbgbfmf���s_�[t^_�k�ih�\bkhd�jbkd�aZ�j_ZebaZpby�b�]eZ\gh�ij_a�eylhlh
^h� ���������� ]h^bgZ�� � Ke_^� lh\Z� \_jhylghkllZ� hl� ih^h[gb� kt[blby� kbegh� s_
gZfZe__�ij_a�ke_^\Zsbl_�a���]h^bgb�

DjZc[j_`gbl_�\h^b�gZ�Q_jgh�fhj_�kZ�aZfjta\Zeb��ij_a�abfbl_�ih�\j_f_�gZ
FZmg^_jh\by�fbgbfmf� ij_a� ���b� \_d�� �Ihke_^ghlh� lZdh\Z�y\e_gb_� _� gZkltibeh
ij_a�abfZlZ�gZ�����������]h^bgZ�

Ij_a� ���b� \_d� ih^h[gb� kt[blby� kZ� klZ\Zeb� ]eZ\gh� � ih� k_\_jghlh
djZc[j_`b_� gZ�Q_jgh�fhj_�� hdheh�D_jq_gkdby� ijhlhd� b� \� :ah\kdh� fhj_�� � <t\
\jtadZ� k� gZklti\Zsby� ketgq_\h�debfZlbq_g� fbgbfmf� aZfjta\Zg_� gZ
djZc[j_`gbl_�\h^b�ih�[te]Zjkdby�mqZkltd� hlgh\h�s_� _�\tafh`gh� ��gZc� ±\_q_�\
hdhehfbgbfmfgbl_�nZab�gZ� ���]h^brgbl_�ketgq_\b�pbdeb��?kl_kl\_gh��ih^h[gb
y\e_gby� kta^Z\Zl� ijh[e_fb� aZ� dhjZ[hieZ\Zg_lh�� <k_� iZd� aZ� jZaebdZ� hl
aZfjta\ZgbylZ�gZ�>mgZ\���l_ab�ih�[te]Zjkdhlh�q_jghfhjkdh�djZc[j_`b_�\bgZ]b�kZ
[beb�bgpb^_glgb�kt[blby�^hjb�b�ij_a����b�\_d�

KlZlbklbq_kdbl_� ZgZebab� b� nbabq_kdbl_� fh^_eb� khqZl� _^gZ� b� ktsZ
dZjlbgZ� ih� hlghr_gb_� gZ� Zlfhkn_jgbl_� Z_jhaheb�� Z� bf_ggh� ±l_g^_gpby� dtf
m\_ebqZ\Zg_�gZ�lyogZlZ�dhgp_gljZpby��\�ij_bh^bl_�gZ�fbgbfmf�gZ����]h^brgbl_
pbdeb�� Lh\Z� hl� k\hy� kljZgZ� \h^b� ^h� m\_ebqZ\Zg_� gZ� h[eZdhh[jZam\Zg_lh� b
jZ^bZpbhggbl_� ft]eb�� Y\e_gb_lh� _� k\tjaZgh� k� m\_ebq_gby� ihlhd� gZ� =DE� \
gbkdZlZ�Zlfhkn_jZ�ijb�l_ab�o_ebhnbabqgb�mkeh\by�

K\jto\_dh\hlh� ihdZq\Zg_� gZ� gb\hlh� gZ� =DE� ij_a� ���b� \_d�s_� m\_ebqb
h[jZam\Zg_lh�gZ�Z_jhaheb�b�jZ^bZpbhggb�ft]eb�ij_a�klm^_gbl_�f_k_pb�gZ�kj_^gb�b
\bkhdb�rbjbgb� ��Ijh[e_ftl�s_� aZk_]g_� Z\bZpbylZ�� gZc�\_q_� ihjZ^b� mkeh\bylZ
ijb�dhblh�s_�baeblZl�b�dZpZl�kZfhe_lbl_��KblmZpbylZ�s_�[t^_�hkh[_gh�l_`dZ�\
_ihobl_�gZ����]h^brgbl_�ketgq_\b�i_lghh[jZam\Zl_egb�fbgbfmfb���<t\�\jtadZ�k
lh\Z�l_ogbq_kdhlh�ij_h[hjm^\Zg_�gZ�ih\_q_lh� [te]Zjkdb�e_lbsZ� ktk� kbkl_fb� aZ
dZpZg_�\�ft]eZ�s_�_�kljh]h�g_h[oh^bfh��<tafh`gh�_�^Z�k_�gZeh`b�aZl\Zjyg_lh�gZ
gydhb�e_lbsZ�b�hldjb\Zg_�gZ�^jm]b��dt^_lh�mkeh\bylZ�gZ�\b^bfhkl��kZ�ih�^h[jb�

S_� k_� mkeh`gb� abfgZlZ� itlgZ� h[klZgh\dZ� ih� \kbqdb� ieZgbgkdb
Z\lhfh[begb� itlbsZ�� Ba]jZ`^Zg_lh� gZ� ljZgkihjlgby� lmg_e� ih^� Rbiq_gkdby
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ij_\Ze�k�p_e�me_kgy\Zg_�gZ�ljZgkihjlZ�f_`^m�K_\_jgZ�b�X`gZ�;te]Zjby�[b� k_
hdZaZeh�fgh]h�ihe_agh�j_r_gb_�ijb�gh\ZlZ�debfZlbqgZ�h[klZgh\dZ�

Ikdti\Zg_lh� gZ� \t]e_\h^hjh^gbl_� ]hjb\Z� [b� fh]eh� ^Z� ij_^ba\bdZ
\ta\jtsZg_�gZ�bgl_j_kZ�dtf��_e_dljbnbpbjZgby�`_e_ahitl_g�ljZgkihjl�

?G?J=?LBD:
K\_lh\gZlZ� djbaZ� aZ� _g_j]by�s_� k_� ihqm\kl\Z� kbegh� \� pyeZ� ?\jhiZ� b� \

qZklghkl�gZ�;ZedZgkdby�ihemhkljh\��KblmZpbylZ�k�g_^hklb]Z�gZ�_g_j]by�hkh[_gh�\
aZiZ^gZlZ�iheh\bgZ�gZ�ihemhkljh\Z��dhylh�\tagbdgZ�k�ihj_^bpZlZ�hl�����klm^_gb
abfb�f_`^m� ���������� ]h^bgZ� g_� kZfh�s_� k_� ij_\tjg_� \� ojhgbqgh� y\e_gb_� ij_a
���b�\_d��gh�b�s_�\tagbd\Zl�hs_�ih�l_`db�ij_p_^_glb�ij_a�ke_^\Zsbl_�]h^bgb�

DjbaZlZ� aZ� _e_dljh_g_j]by� s_� [t^_� kbegZ� b� \� P_gljZegZ� b� \� K_\_jgZ
?\jhiZ��>hjb�b�Jmkby�b�MdjZcgZ��dhblh�kZ�]he_fb�ijhba\h^bl_eb�s_�k_�kth[jZayl
k� l_`dbl_� abfgb� mkeh\by� gZ� kh[kl\_gZ� l_jblhjby� b� _^\Z� eb�s_� kb� iha\heyl� ^Z
ijh^Z\Zl�]he_fb�dhebq_kl\Z�gZ\tg��Lh\Z�g_bfh\_jgh�fgh]h�s_�ih\brb�p_gZlZ�gZ
\ghkgZlZ� _e_dljh_g_j]by�� Z� hk\_g� lh\Z� g_cgbl_� ^hklZ\db� gbdZd� gyfZ� ^Z� kZ
kb]mjgb�

<ghkgbl_�_g_j]hghkbl_eb�±�kmjh\�g_nl��ijbjh^_g�]Za�b�\t]ebsZ�ktsh�s_
ihkdtigZl�^jZklbqgh��Lh\Z�s_�\h^b�^h�ih�gZlZltrgh�ihkdti\Zg_�gZ�hlhie_gb_lh�
ljZgkihjlZ� b� bg^mkljbylZ� �� iheam\ZsZ� l_ab� ijh^mdlb� dZlh� _g_j]hghkbl_eb� beb
kmjh\bgb�� � Hl� ^jm]Z� kljZgZ� _e_dljh_g_j]bylZ� hl� L?P� jZ[hl_sb� gZ� \ghkgb
\t]ebsZ�beb�]Za�ktsh�s_�ihkdtig_�

?^bgkl\_gZlZ� \tafh`ghkl� ;te]Zjby� mki_rgh� ^Z� k_� kijZ\b� k� _g_j]bcgby
ijh[e_f�gZ����b�\_d�_�^Z� �jZa\b\Z�b�jZarbjy\Z�ijhba\h^kl\hlh�gZ�_e_dljh_g_j]by
hl�f_klgb�\t]ebsZ�b�y^j_gb�balhqgbpb�

JZa\blb_lh�gZ�lhieh��b�y^j_gZlZ�_g_j]_lbdZ�ij_a�ke_^\Zsbl_�������]h^bgb
ljy[\Z� ^Z� [t^_� p_e� k� badexqbl_e_g� ijbhjbl_l� aZ� [te]ZjkdZlZ� ^tj`Z\Z�� ijhp_k
dhclh�ly�ljy[\Z�fgh]h�kljh]h�^Z�dhgljhebjZ���b�\�dhclh�Zdlb\gh�^Z�mqZkl\Z.

BfZ�^\_�\Z`gb�ij_^ihklZ\db��ihjZ^b�dhblh�;te]Zjby�g_�kZfh��q_�[b�fh]eZ
mki_rgh� ^Z� j_rb� _g_j]bcgbl_� kb� ijh[e_fb�� gh� b� ^Z� [t^_� � kj_^� eZ]_jZ� gZ
ki_q_ebebl_�hl�ketgq_\h�debfZlbqgby�fbgbfmf�\�ihe_lh�gZ�_g_j_]_lbdZlZ

:���GZebqb_lh�gZ�\t]e_^h[b\gb�fhsghklb�\�dhfie_dkZ�³FZjbpZ�balhd´�b
ijbgpbighlh� j_r_gb_� l_� ^Z� [t^Zl� jZa\b\Zgb� ij_a� ke_^\Zsbl_� ^_k_lbe_lby�
K\tjaZgZlZ� k� lh\Z� \tafh`ghkl� ij_a� ke_^\Zsbl_� a��� ]h^bgb� l_� ^Z� h[_ai_qZ\Zl
hdheh� ���������� FW� \� lhieh_e_dljbq_kdbl_� p_gljZeb� \� jZchgZ� gZ� fbggby
[Zk_cg�� J_r_gb_� aZ� ba]jZ`^Zg_� gZ� a� ����� MW gh\b� fhsghklb� \� jZchgZ� gZ
dhfie_dkZ� ³FZjbpZ�balhd´�\� ^hiteg_gb_� dtf� k_]Z� kts_kl\m\Zsbl_� hdheh� ����
MW�\�ljbl_�L?P�

;�� J_r_gb_� aZ� ba]jZ`^Zg_lh� gZ�:?P� ³;_e_g_´� k� fhsghkl� hl� hdheh� ����
MW.

Baq_ji\Zg_lh� gZ� aZiZkbl_� hl� eb]gblgb� \t]ebsZ� \� =tjpby� gZj_^� k
hllktkl\b_lh�ihg_�^h�lhab�fhf_gl�gZ�ykgb�dhgdj_lgb�gZf_j_gby� aZ�jZa\blb_�gZ
y^j_gZ�_g_j]_lbdZ�gZc�\_jhylgh�s_�^h\_^Zl�lZab�kljZgZ�^h�k_jby�hl�l_`db�abfgb
_g_j]bcgb� djbab� \� fgh]h� [ebadh� [t^_s_� �� � Ojhgbqgbyl� g_^hklb]� gZ
_e_dljh_g_j]by� ij_a� abfgbl_� f_k_pb� b� \� ^jm]bl_� ktk_^gb� kljZgb� ±Ktj[by�
:e[Zgby� b�FZd_^hgby� �s_� klZg_� hs_� ih�]heyf� �� hk\_g� Zdh� l_� k\h_\j_f_ggh� g_
aZihqgZl� j_ZebaZpby� gZ� k\hb� ]he_fb� _g_j]bcgb� ijh_dlb�� FZedh� _� \_jhylgh
Jmftgby�^Z� aZitegb� �_n_dlb\gh�_g_j]bcgby�^_nbpbl�gZ�;ZedZgbl_��g_aZ\bkbfh
hl�gh\hihkljh_gbl_�kb�y^j_gb�fhsghklb�

?lh�aZsh�ba]jZ`^Zg_lh�gZ�gh\bl_�fhsghklb�\�:?P�³;_e_g_´�b��_g_j]bcgby
dhfie_dk� ³FZjbpZ�balhd´� _� _^bg� � ^hjb� e_dh� aZdtkgye� oh^� gZ� [te]ZjkdZlZ
^tj`Z\Z��G_]h\hlh�ih�gZlZltrgh� aZdtkg_gb_�[b�baijZ\beh�kljZgZlZ�ij_^�l_`dZ
_g_j]bcgZ� djbaZ� b� k\tjaZg� k� g_y� bdhghfbq_kdb� dheZik�� J_ZebaZpbylZ� fm� \
jZfdbl_�gZ�ke_^\Zsbl_�����]h^bgb�[b�ij_^hl\jZlbeh�l_ab�ihke_^bpb�b�gZijZ\beh
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;te]Zjby�hlgh\h�_g_j]b_g�eb^_j�gZ�;ZedZgkdby�ihemhkljh\��Lh\Z�s_�[t^_�ktsh
ij_^ihklZ\dZ� aZ� aZ^tj`Zg_lh� b� \taklZgh\y\Zg_lh� gZ� gZpbhgZegby� gZmqgh�
l_ogbq_kdb�ihl_gpbZe�b�\tajZ`^Zg_�gZ�bg^mkljbZeghlh�ijhba\h^kl\h�\�jZfdbl_
gZ�pyeZlZ�kljZgZ�

G_h[oh^bfhkllZ� hl� \ghkgb� _g_j]hghkbl_eb� fh`_� qZklbqgh� ^Z� k_
dhfi_gkbjZ�k�\taklZgh\y\Zg_�gZ�mjZgh^h[b\Z�b�\t]e_^h[b\Z�\�gydhb�hl�aZdjblbl_
dtf�lhab�fhf_gl�fbgb�gZijbf_j�l_ab�\�;ZedZgkdby�fbg_g�[Zk_cg�

G_h[oh^bfh� _� jZarbjy\Zg_� gZ� kdeZ^h\ZlZ� [ZaZ� aZ� \t]ebsZ� \
balhqghfZjbrdbl_�L?P� k�p_e�^Z� k_�ij_h^he_yl�djbab�� k\tjaZgb� k� l_`db� abfgb
mkeh\by�\�hldjblbl_�jm^gbpb��dZdlh�lh\Z�k_�kemqb�ij_a������]�

LMJBATF

JZa\blb_lh� gZ� fhjkdby� lmjbatf� s_� [t^_� h[eZ]hijbylkl\Zgh� hl
debfZlbqgbl_�mkeh\by�^h�����������]��Ke_^�lh\Z�ktk�kdtky\Zg_lh�gZ�e_lgby�k_ahg
gZc�\_jhylgh�\�[jZgrZ�s_�gZkltib�klZ]gZpby��Dtf�lh\Z�s_�k_�^h[Z\yl�b�gydhb
g_[eZ]hijbylgb�l_g^_gpbb���k\tjaZgb�ktk�k\_lh\gZlZ�bdhghfbdZ�

IeZgbgkdbyl� � b� hkh[_gh� abfgbyl� lmjbatf� s_� k_� jZa\b\Z� ijb� ih�
[eZ]hijbylgb�mkeh\by�b�s_�[t^_�i_q_eb\r�\�^te]hkjhq_g�ieZg�

    7. AZdexq_gbl_egb��[_e_`db
G_hl^Z\gZ� ba\_klgbyl� Z\kljZebckdb� f_l_hjheh]� Mceyf� =j_c� hdZq_kl\b

l_hjbylZ� aZ� � Zgljhih]_gghlh� ]eh[Zegh� aZlhieyg_� �dZlh� ³ijhfb\Zg_�gZ�fhatpb´�
Lh\Z� lhc� dZaZ� ij_^� Zf_jbdZgkdb� klm^_glb� ih� ih\h^� � ^Z^_gZlZ� gZ� [b\sby
\bp_ij_ab^_gl�gZ�K:S�:e[_jl�=hj�b������mq_gb�Gh[_eh\Z�gZ]jZ^Z�aZ�fbj��aZjZ^b
l_ogby�ijbghk�\�³[hj[ZlZ�kj_sm�debfZlbqgbl_�ijhf_gb´�

IZd�\� lZab� gZkhdZ� \tjoh\gbyl� djZekdb� kt^� gZ�<_ebdh[jblZgby� bae_a_� k
hljbpZl_egh� klZgh\bs_� \t\� \jtadZ� k� bamqZ\Zg_lh� gZ� dgb]ZlZ� gZ� :e[_jl� =hj
³G_m^h[gZlZ�bklbgZ�³�\�mqbebsZlZ�gZ�kljZgZlZ�

Q_rdbyl�ij_ab^_gl�<ZpeZ\�DeZmk� gZkdhjh� ba^Z^_� k\hylZ� dgb]Z� ³KbgylZ
ieZg_lZ� \� a_e_gb� hdh\b´� hoZjZdl_jbabjZ� l_hjbylZ� aZ� Zgljhih]_gghlh� ]eh[Zegh
aZlhieyg_� dZlh� g_\yjgZ� b� g_gZmqgZ�� � Kihj_^� g_]h� lZab� l_hjby� k_� ij_\jtsZ� \
hiZkgZ� aZ�k\_lZ�b^_heh]by��dhylh� aZieZr\Z�ijhki_jbl_lZ�gZ�jZa\blbl_�kljZgb�b
hlg_fZ�\tafh`ghkllZ�gZ�jZa\b\Zsbl_�k_�kljZgb�ktsh�^Z�ihklb]gZl�ijhki_jbl_l�

GZkdhjh��\�K:S��[_�ih^_lZ�dZfiZgby� �kj_^�gZmqgbl_�kj_^b�aZ�ih^ibk\Zg_
gZ�i_lbpby�kj_sm�l_hjbylZ� aZ�Zgljhih]_ggby�iZjgbdh\�_n_dl��Ih^ibktl�kb�ih^
g_y�kZ�ihklZ\beb�gZ^�������mq_gb��jZ[hl_sb�\�h[eZkllZ�gZ�_kl_kl\_gbl_�gZmdb��<
l_dklZ�k_�dZa\Z�

“Gb_� ki_rgh� gZklhy\Zf_� ijZ\bl_ekl\hlh� gZ� Kt_^bg_gbl_� sZlb� ^Z
hlo\tjeb� kihjZamf_gb_lh� aZ� ]eh[Zeghlh� aZlhieyg_��ih^ibkZgh� \�Dbhlh��Yihgby
ij_a� ^_d_f\jb� ����� ]�� dZdlh� b� \kbqdb� ih^h[gb� ^hdmf_glb�� Ij_^eZ]Zgbl_
h]jZgbq_gby� aZ� iZjgbdh\bl_� ]Zah\_�s_� gZ\j_^yl� gZ� hdhegZlZ� kj_^Z�� ijh]j_kZ� gZ
gZmdZlZ��a^jZ\_lh�b�[eZ]hktklhygb_lh�gZ�qh\_q_kl\hlh�

GyfZ� gbdZd\h� gZmqgh� ihl\tj`^_gb_� q_� Zgljhih]_ggbl_� _fbkbb� gZ
\t]e_jh^_g� ^bhdkb^�� f_lZg� b� ^jm]b� iZjgbdh\b� ]Zah\_� ij_^ba\bd\Zl� beb� s_
ij_^ba\bd\Zl� \� h[hajbfh� [t^_s_� gydZd\h� dZlZkljhnZegh� gZ]jy\Zg_� gZ� a_fgZlZ
Zlfhkn_jZ� b� gZjmr_gby� \� debfZlZ�� Hk\_g�lh\Z� bfZ� gZmqgb� ^hdZaZl_ekl\Z�� q_
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gZjZkl\Zg_lh�gZ�\t]e_jh^gby�^bhdkb^�hdZa\Z�iheh`bl_e_g�_n_dl�\tjom�nehjZlZ
b�nZmgZlZ�gZ�A_fylZ�´

Hl�\kbqdb�ihkhq_gb�ih�]hj_�ijbf_jb�h[Zq_�klZ\Z�ykgh��q_�fZkf_^bbl_��b�\
qZklghkl�[te]Zjkdbl_��k_�hibl\Zl�^Z�ih^^tj`Zl�kj_^�h[s_kl\_ghkllZ�ij_^klZ\ZlZ��
aZ��dhgk_gkmk�kj_^�gZmqgbl_�kj_^b��ih�hlghr_gbb_�gZ�ijbqbgbl_�aZ�aZlhieyg_lh�gZ
debfZlZ��dZdlh�b�q_�l_�kZ�k\tjaZgb�k���qh\_rdZlZ�^_cghkl�

BklbgZlZ�_�h[Zq_�fgh]h�ih�jZaebqgZ��Ih�fZedh�hl�����hl�im[ebdZpbbl_�ih
l_fZlZ�k\tja\Zl�ih�gydZdt\�gZqbg�debfZlbqgbl_�ijhf_gb�k�qh\_rdZlZ�^_cghkl�
>jm]� _� \tijhktl�� q_� lhqgh� lyogZlZ� ihabpby� k_� jZafZo\Z� ij_^� k\_lZ� hl
ij_^klZ\bl_ebl_�gZ�_dheh]bqgbl_�hj]ZgbaZpbb��b�k\tjaZgbl_�k�lyo�iheblbpb��Hs_
ih�� g_ijbyl_g� b� lt`_g� _� nZdltl�� q_� fgh]h� hl� \tijhkgbl_� Z\lhjb� aZ_fZl� lZab
³ijh_dheh]bqgZ³� ihabpby� hl� qbklh� f_jdZglbegb� kth[jt`_gby� ±� ^hklti� ^h
nbgZgkbjZg_� hl� nhg^h\_�� dhblh� kZ� k\tjaZgb� � ih� gydZdt\� gZqbg� k� \tijhkgbl_
_dheh]bqgb�hj]ZgbaZpbb�b�³a_e_gb´�iheblbpb�

<�lhab�fZl_jbZe�[yoZ�ij_^klZ\_gb�]heyf�[jhc�^hdZaZl_ekl\Z��q_�]eZ\gbyl
nZdlhj�� ijbqbgy\Zs� debfZlbqgbl_� ijhf_gb� � \t\� \j_f_\bl_� fZsZ[b� � gZ
kt\j_f_ggZlZ�]_heh]bqqgZ�_ihoZ�kZ�Zdlb\gbl_�ijhp_kb�gZ�Ketgp_lh���:gZebatl�gZ
^Zggbl_� ihdZa\Z�� q_� lh\Z� _� \� fgh]h� ]heyfZ� kl_i_g� \yjgh� b� aZ� ^hklZ� ih�]he_fb
\j_f_\b�fZsZ[b����hl�ihjy^tdZ�^hjb�gZ�gydhedh�fbebhgZ�]h^bgb�

O_ebh�debfZlbqgZlZ�l_hjby�\bgZ]b�_�[beZ�balhqgbd�gZ�]eZ\h[heb_�b�h[_dl
gZ�hkh[_g�g_ijbyatg�hl�kljZgZ�gZ�³hjlh^hdkZegbl_´�debfZlhehab�b�f_l_hjhehab��
dhblh�^hfbgbjZl�\�kj_^bl_�gZ�K\_lh\gZlZ�f_l_hjheh]bqgZ�hj]ZgbaZpby�� �<� hs_
ih�]heyfZ�kl_i_g�lZab�g_ijbyatg�k_�kih^_ey�hl�³]eh[Zegbl_�_dhehab´��aZshlh�ly�_
ij_iylkl\b_�aZ�l_ogbl_�p_eb�hl�khpbZegh�bdhghfbq_kdb�b�iheblbq_kdb�oZjZdl_j�
?lh� aZsh� l_� k_� klj_fyl� ^Z� hlo\tjeyl� ih� \kydZd\b� \tafh`gb� gZqbgb� o_ebh�
debfZlbqgZlZ�l_hjby�±�hl�l\tj^_gby�aZ�ebikZ�gZ�klZlbklbq_kdZ�^hklh\_jghkl�gZ
gZf_j_gbl_�\jtadb��b�³m^Zqgb�hiblb�aZ�kZfh\gmr_gb_´�ij_a����l_�b����l_�]h^bgb�
ij_a�^hklZ�y\gb�hiblb�aZ�nZerbnbdZpby�gZ�debfZlbqgZlZ�bklhjby�gZ�A_fylZ�^h
hiblb�aZ�eZgkbjZg_�gZ�l_hjbb�hl�jh^Z�gZ�lZab��q_�ketgq_\h�debfZlbqgbl_�\jtadb
kZ�[beb�fgh]h�\Z`gb�\�fbgZehlh���gh�g_�b�ij_a�ihke_^gbl_����]h^bgb�

:gZebatl�gZ�gZebqgbl_�^Zggb�ihdZa\Z��q_�\ktsghkl�ketgq_\hlh�\ebygb_�_
fgh]h�ih�keh`gh�aZ�^Z�fh`_�^Z�k_�hibr_�ih�ko_fZlZ�³\bkhdZ�ketgq_\Z�Zdlb\ghkl�
aZlhieyg_�� gbkdZ� ketgq_\Z� Zdlb\ghkl�� aZoeZ`^Zg_´�� � Dhj_ebjZsZlZ� k
i_lghh[jZam\Zg_lh� ketgq_\Z� k\_lbfhkl� h[mkeZ\y�fZedb� ih� Zfieblm^Z� \tegb� gZ
aZlhieyg_� b� aZoeZ`^Zg_� �� k\tjaZgb� k� ��� ±]h^brgby� pbdte� b� � ^te]h\j_f_ggb
\ZjbZpbb� k� ]heyfZ� Zfieblm^Z� �� h[mkeZ\ysb� debfZlbqgbl_� dhe_[Zgby� k
ijh^te`bl_eghkl�≥≥����±����]h^bgb��Fh^mebjZgbyl�hl�ketgq_\ZlZ�Zdlb\ghkl�ihlhd
gZ�=DE�\h^b�kihj_^�fh^_ebl_�^h�l_g^_gpby�dtf�aZklm^y\Zg_��hkh[_gh�gZ�kj_^gb�b
\bkhdb�rbjbgb��DhjimkdmeyjgZlZ�Zdlb\ghkl�gZ�Ketgp_lh���hkh[_gh�\�h[eZkllZ�gZ
\bkhdh_g_j]_lbqgbl_�qZklbpb��^_ckl\m\Z�ih�gZqbg���ih^h[_g�gZ�=DE�

OhjZlZ�kZ�k\bdgZeb�k�^_ghghsghlh�\tjl_g_�gZ�A_fylZ�b�kfygZlZ�gZ�^_gy�b
ghslZ��Lh\Z� k_� \taijb_fZ� hl� \kbqdb� gZk� dZlh� g_sh� _kl_kl\_gh�� k� dh_lh� gb_� k_
kth[jZay\Zf_�\�_`_^g_\b_lh��[_a�^Z�_�balhqgbd�gZ�[_aihdhckl\h�beb�^bkdhfnhjl�
Ktshlh�g_sh�fh`_�^Z�k_�dZ`_�b�aZ�]h^brgby��pbdte���l�_�kfygZlZ�gZ�k_ahgbl_�

?lh�aZsh�g_�[b\Z�^Z�gb�[_aihdhyl�ijhf_gbl_�\�debfZlZ��L_�k_�ih^qbgy\Zl
gZ�h[mkeh\_gb��hkgh\gh�hl�pbdebqgh�^_ckl\m\Zsb�ijbjh^gb�ijhp_kb��\�lh\Z�qbkeh
b� k� \ZjbZpbb� gZ� ketgq_\ZlZ� k\_lbfhkl�� � Ijbab\bl_� aZ� [hj[Z� k� debfZlbqgbl_
ijhf_gb�kZ�fgh]h�]emiZ\b�b�fh]Zl�^Z�[t^Zl�h[ykg_gb��beb�k�g_hk\_^hf_ghkl�beb�k
^_fZ]h]by��DebfZlbqgbl_�ijhf_gb��nZdlhjbl_� ��dhblh�]b�h[mkeZ\yl�b�\j_f_\bl_
aZdhghf_jghklb�� gZ� dhblh� l_� k_� ih^qbgy\Zl� ke_^\Z� ^Z� [t^Zl� bamqZ\Zgb� b
baiheam\Zgb�k�p_e�ijhki_jbl_lZ�gZ�qh\_rdhlh�h[s_kl\h�
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    IJBEH@?GB?�,
7��5��i_jbh^h]jZf_g�ZgZeba
(Kt^tj`Zgb_lh�_�b^_glbqgh�k�lh\b�\�klZlbylZ�³L�R i_jbh^h]jZf_g�ZgZeba´
�\b`�Dhfblh\�������[))

�����������Kts_kl\m\Zl� ]heyf� [jhc� qbke_gb� ijhp_^mjb�� aZ� dhblh� k_� kqblZ�� q_� � kZ
ih^oh^ysb� aZ� jZadjb\Zg_lh� gZ� pbdeb� \t\� \j_f_ggbl_� j_^h\_� �� ebg__g
Z\lhdhj_eZpbhg_g� ZgZeba�� jZaebqgb� fh^bnbdZpbb� gZ� ki_dljZegby� ZgZeba�
f_lh^tl� gZ� fZdkbfZegZlZ� _gljhiby� b� ^j�� � <kbqdb� l_� h[Zq_� bfZl� jZaebqgb
g_^hklZltpb��dhblh�]b�ijZ\yl�g__nbdlb\gb��dh]Zlh�klZ\Z�\tijhk�aZ�bake_^\Zg_�gZ
\j_f_ggb� j_^h\_� hl� o_ebhnbabqgb�� ]_hnbabqgb�� [bhf_^bpbgkdb� beb
bdhghfbq_kdb��^Zggb��<�gZc����h[s�ieZg�l_ab�g_^hklZltpb�kZ�ke_^gbl_��
������������KeZ[Z�bgnhjfZlb\ghkl�\�h[eZkllZ�gZ�gbkdbl_�q_klhlb��]he_fbl_�i_jbh^b��
Ijhp_^mjbl_��hkgh\Zgb�gZ�iheam\Zg_lh�gZ�Nmjb_jh\�j_^�k_�h[\tja\Zl�k�i_jbh^b�
dhblh�kZ�djZlgb�gZ�^te`bgZlZ�N�gZ�bake_^\Zgby�\j_f_g_g�j_^� ��N,  N/2,  N/3, N/4

����������Lh\Z� hagZqZ\Z�� q_� Zdh� j_Zegh� ijbktkl\m\Zsbl_� \t\� \j_f_ggby� j_^� ^te]b
pbdeb� k_� jZaebqZ\Zl� kts_kl\_gh� hl� i_jbh^bl_� gZ� kthl\_lgbl_� oZjfhgbpb� � l_
fh]Zl�^Z�[t^Zl��ijhimkgZlb��beb�mklZgh\_gb�l\tj^_�g_lhqgh�
���������� �EbikZlZ� gZ� klZlbklbq_kdb� djbl_jbc� aZ� ^hklh\_jghkl� gZ� Zfieblm^bl_� gZ
mklZgh\y\Zgbl_�pbdeb��:fieblm^ZlZ��dZlh�fhsghklgZ� �oZjZdl_jbklbdZ�gZ�^Z^_g
oZjfhgbd�\�fgh]h�kemqZb�g_� ]ZjZglbjZ� ��q_�kthl\_lgbyl�pbdte� _� klZlbklbq_kdb
^hklh\_j_g�
���������� Gydhb� hl� gZc� �� q_klh� baiheam\Zgbl_� f_lh^b� �gZij�� ebg_cgbyl
Z\lhdhj_eZpbhg_g�ZgZeba��jZ[hlyl��kZfh�k�p_ehqbke_gb�klhcghklb�gZ�i_jbh^bl_��
�����������J_amelZlbl_�k_�iheam\Zl�ljm^gh�aZ�p_ebl_�gZ�ijh]ghabjZg_lh��Z��q_klh�itlb
lh\Z�_�b�g_\tafh`gh�
�����<�gZklhysZlZ�jZ[hlZ�aZ�jZadjb\Zg_lh�gZ�pbdeb�k_�baiheam\Z�ijhp_^mjZ��\�dhylh
ihkhq_gbl_�ih���]hj_�g_^hklZltpb�kZ�ij_h^heygb�\�fgh]h�]heyfZ�kl_i_g�� �AZ�ijt\
itl� ly� _� hibkZgZ� gZdjZldh� b� ijbeh`_gZ� � hl� Z\lhjZ� \� kj_^ZlZ� gZ� ���l_� ]h^bgb
(Dhfblh\�� ������� �AZ�lZab�ijhp_^mjZ�_�\taijb_lh�gZa\Zgb_lh��7�5�i_jbh^h]jZf_g
ZgZeba� (Komitov, 1997)���Ly�\dexq\Z�ke_^gbl_��jZ[hlgb�_lZib�
��������Bake_^\Zgbyl� \j_f_g_g� j_^� k_� ZijhdkbfbjZ� ih� f_lh^Z� gZ� gZc�fZedbl_
d\Z^jZlb����FGFD���ktk�k_jby�hl�ijhklb�i_jbh^bqgb��nmgdpbb�hl�\b^Z
                f ( t ) = Ao + A cos ( 2ππt/T) + B sin ( 2ππt/T)      ( I-1)

dt^_lh���Ao�_�kj_^gZlZ�klhcghkl�gZ�qe_gh\_l_�gZ�\j_f_ggby�j_^��Z�dh_nbpb_glbl_
:�b�<�k_�gZfbjZl�hl�j_rZ\Zg_lh�gZ�kbkl_fZlZ

 (I-2)

����<�kemqZy�_�iheh`_gh��q_

����I_jbh^tl� �T �\ZjbjZ�hl�ba[jZgZ�gZqZegZ�^h�gydZd\Z�fZdkbfZegZ�klhcghkl�ktk
kltidZ� ∆∆T� ��Ij_^_egZlZ�fbgbfZegZ� klhcghkl� gZ� T _� �� ��Ltc� dZlh� k_� jZa]e_`^Z
\j_f_g_g� j_^� k� jZ\ghhlklhysb� ih� \j_f_� klhcghklb�� lh� _� l\tj^_� m^h[gh� ^Z� k_
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baiheam\Z� aZ� _^bgbpZ� \j_f_� bgl_j\Zetl� � f_`^m� ^\_� ktk_^gb� klhcghklb� �gZij�
]h^bgZ�� Zdh� ^Zggbl_� ij_^klZ\ey\Zl� kj_^gh]h^brgb� klhcghklb� gZ� bake_^\ZgZlZ
\_ebqbgZ���Hl�k\hy�kljZgZ�∆∆T��fh`_�^Z�ijb_fZ�dZdlh�p_ehqbke_gb���lZdZ�b�^jh[gb
klhcghklb� �� bajZa_gb� \t\� \taijb_lZlZ� _^bgbpZ� aZ� \j_f_� �kltidZ� gZ� \j_f_ggby
j_^��

3. AZ�\kydZ�_^gZ�hl�gZf_j_gbl_�ijhklb�i_jbh^bqgb�nmgdpbb�k_�baqbkey\Z
dh_nbpb_gltl�gZ�ebg_cgZ�dhj_eZpby� R �f_`^m�g_y�b�\j_f_ggby�j_^��b
]j_rdZlZ�gZ�ktsby

dt^_lh� N _� ^te`bgZlZ� gZ� \j_f_ggby� j_^�� Ihemq_gZlZ� ihke_^h\Zl_eghkl� hl
klhcghklb� gZ� R(T)� � � �� 7�5� dhj_eh]jZfZ�� bfZ� ehdZegb� fZdkbfmfb�� hdheh� l_ab
klhcghklb� gZ� i_jbh^Z� L�� dhblh� kthl\_lkl\m\Zl� gZ� ihl_pbZegbl_� pbdeb�
ijbktkl\m\Zsb� \� bake_^\Zgby� \j_f_g_g� j_^�� :fieblm^ZlZ
�fhsghkllZ��gZ�pbdteZ�fh`_�^Z�k_�baqbkeb�ih�nhjfmeZlZ��

4. Ijh\_jy\Z�k_�aZ�klZlbklbq_kdZlZ�^hklh\_jghkl�gZ�gZf_j_gbl_�pbdeb��AZ
p_elZ�k_�baiheam\Zl�^\Z�djbl_jby��Kihj_^�itj\by� hl� lyo� �kb]fZ�l_kl�
dh_nbpb_gltl� gZ� dhj_eZpby� ljy[\Z� ^Z� hl]h\Zjy� gZ� mkeh\b_lh
R/SR>1.96. L\tj^_� q_klh� h[Zq_� \� j_^bpbl_� hl� ik_\^hkemqZcgb� qbkeZ�
\tagbd\Zl� keZ[b� pbdeb�� m^h\e_l\hjy\Zsb� lhab� djbl_jbc�� dhblh� ijb
lh\Z� fgh]h� ^h[j_� ebqZl� ke_^� ijbeZ]Zg_lh� gZ� ijhp_^mjZ� gZ� iteaysh
mkj_^gy\Zg_��<lhjbyl��ih���l\tj^�djbl_jbc�_�mklZgh\_g�_fibjbqgh��gZ
[ZaZlZ�gZ�ZgZebaZ�gZ�ih\_q_�hl������j_^bpb�hl�ik_\^hkemqZcgb�qbkeZ��<
kthl\_lkl\b_� k� g_]h�� Zdh� dh_nbpb_gltl� gZ� dhj_eZpby� hl]h\Zjy� gZ
mkeh\b_lh

lh� mklZgh\_gZlZ� hdhehfZdkbfmfgZ� klhcghkl� gZ� R� H� g_lbibqgZ� aZ� j_^bpbl_� hl
kemqZcgb�qbkeZ��<�lhab�kemqZc�pbdtetl�g_�_�kemqZcgh�\tagbdgZe� ��Z� �_�j_Ze_g�b
ijbqbggh� h[mkeh\_g�� :dh� ehdZegbyl� fZdkbfmf� gZ� R ihiZ^Z� f_`^m� ijZ]h\bl_
]jZgbpb�gZ�^\ZlZ�djbl_jby��lh�\tijhktl� aZ�lh\Z�^Zeb�gZf_j_gbyl�keZ[�pbdte�_
j_Ze_g�beb�g_�� �ke_^\Z�^Z� _�j_rZ\Z�ih�ij_p_gdZ�gZ�bake_^h\Zl_ey� �gZ� [ZaZlZ�gZ
^hitegbl_egZ�bgnhjfZpby�
�������DZlh�djbl_jbc�aZ�h[sZlZ�fhsghkl�gZ�pbdebqgbl_�dhe_[Zgby�\�^Z^_gZ�h[eZkl
k���]jZgbpb���T1 �b��T2  �fh`_�^Z�k_�baiheam\Z�\_ebqbgZlZ��

(I-3)

�K�ihfhslZ�gZ�klZlbklbq_kdb�^hklh\_jgbl_�pbdeb�hl�7�5��dhj_eh]jZfZlZ�fh`_�^Z
k_�ihkljhb�j_]j_kbhg_g�ljb]hghf_ljbq_g�ihebghf
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(I-4)

������GZfbjZg_lh�gZ�dh_nbpb_glbl_�Aj b�Bj klZ\Z�ih�FGFD��dZlh�e_\bl_�kljZgb�gZ
mjZ\g_gbylZ� gZ� kthl\_lgZlZ� kbkl_fZ� kZ� ktsbl_� dZdlh� \� �,����� gh� \f_klh� _^bg
i_jbh^� T,� k_� aZ^Z\Zl� m gZ� [jhc� lZdb\Z��Ihke_^gbyl� k_� ba[bjZ� ih� ij_p_gdZ� gZ
bake_^h\Zl_ey�b�[b�fh]te�^Z�[t^_�hl����Zdh�_�\dexq_g�kZfh�^hfbgbjZs�pbdte��aZ
dhclh�5�m^h\e_l\hjy\Z�babkd\Zg_lh�gZ�)�l_klZ� � �aZ�k1=N - 1�b�k2= 2m�kl_i_gb�gZ
k\h[h^Z�� ^h� � \kbqdb� ^hklh\_jgb� � pbdeb� hl� 7� �� 5� dhj_eh]jZfZlZ�� aZ� dhblh� R/SR

!������ Ko_fZlZ� gZ� jZ[hlZ� _� ih^h[gZ� gZ� lZab� ijb� fgh]hnZdlhjgby� j_]j_kbhg_g
ZgZeba�� Fhf_glbl_� t� ijb_fZl� aZ� klhcghklb� ghf_jZlZ� gZ� kthl\_lgbl_� qbke_gb
^Zggb�\t\�\j_f_ggby�j_^��l�_�������������������

K�ihemq_gby�ih�lhab�gZqbg�ljb]hghf_ljbq_g�j_]j_kbhg_g�ihebghf� �fh`_
mki_rgh�^Z�k_�ijZ\b�b�_dkljZiheZpby�gZ�klhcghklbl_�gZ�\j_f_ggby�j_^��l�_���^Z�k_
baiheam\Z�aZ�ijh]ghabjZg_�

     IJBEH@?GB?�,,
     Ijhp_^mjb��k\tjaZgb�k�baihea\Zg_lh�gZ�³ieZ\Zsb�_ihob´
�������Dh]Zlh� k_� ijbeZ]Z� ijhp_^mjZ� aZ� ihemqZ\Zg_� gZ� q_klhl_g� ki_dltj� \� ^Z^_g
\j_f_\b�j_^�beb�dhj_eZpbhggh��j_]j_kbhggZ�\jtadZ�f_`^m�^\_�j_^bpb�hl�^Zggb� �
ihemq_gbl_� iZjZf_ljb� (dh_nbpb_glb� gZ� dhj_eZpby�� Zfieblm^Z� gZ� pbdeb� b� ^j�)
hljZay\Zl� _^gZ� kj_^gZ� dZjlbgZ� aZ� p_ebl_� baiheam\Zgb� klZlblbklbq_kdb
kt\dmighklb�� <� ^_ckl\bl_eghkl� l_ab� mkj_^g_gb� iZjZf_ljb� g_� kZ� _^gZd\b� \
jZaebqgbl_�_ihob�(mqZkltpb�hl�\j_f_\bl_�j_^h\_)��l�_��_\hexbjZl�k�\j_f_lh��LZdZ
gZijbf_j�pbdebqgbl_�dhe_[Zgby�ltjiyl�q_klhlgZ�b�Zfieblm^gZ�fh^meZpby�hl�ih�
^te]b� pbdeb�� Z� dhj_eZpbhggbl_� \jtadb� f_`^m� bake_^\Zgbl_� j_^bpb� ^Zggb
ijhf_gyl�k\hylZ�kbeZ���Z�\�gydhb�kemqZb�^hjb�b�agZdZ�kb�

BamqZ\Zg_lh� gZ� ih^h[gb� ijhf_gb�� dZdlh� b� ijh]ghabjZg_lh� gZ� lyogbl_
\_ebqbgb� �_�\Z`_g�fhf_gl�ih�l_fZlZ�aZ�_^jhfZsZ[gbl_�\ZjbZpbb�gZ�ketgq_\ZlZ
Zdlb\ghkl�b�ketgq_\h�debfZlbqgbl_�\jtadb��J_rZ\Zg_lh�gZ�aZ^Zqb�hl�lZdt\�\b^
fbgZ\Z� ij_a� baiheam\Zg_lh� gZ� ijhp_^mjZ� hl� lbi� ³ieZ\ZsZ� _ihoZ´� (� ^jm]b
ih^oh^ysb� gZa\Zgby�� ³kdZgbjZs� \j_f_\b� ijhahj_p´�� ³ih^\b`_g� \j_f_\b
ijhahj_p´�b�l�g�)

<�jZajZ[hl_gby�hl�Z\lhjZ�khnlm_j_g�iZd_l�aZ�h[jZ[hldZ�b�ZgZeba�gZ�^Zggb
“6D-STAT´� ��������� kZ� \dexq_gb� ^\_� qbke_gb� ijhp_^mjb� aZ� ZgZeba� gZ
Zfieblm^gbl_� \ZjbZpbb� gZ� pbdebqgbl_� dhe_[Zgby� \� bake_^\Zgbl_� \j_f_\b
j_^h\_�� B�^\_l_�kZ�gZ�hkgh\ZlZ�gZ�T-R i_jbh^h]jZfgby�ZgZeba�

Itj\ZlZ�hl�lyo�_�jZajZ[hl_gZ�hs_�ij_a������] b�k_�hkgh\Z\Z�gZ�baiheam\Zg_
gZ� fhsghklgby� S-iZjZf_ltj� (nhjfmeZ� I-3)(Dhfblh\, 1999)� �� <dexq_gZ� dZlh
ijh]jZf_g�fh^me�\�^\_�hl�ih�klZjbl_�DOS-\_jkbb�gZ�ijh]jZfgby�iZd_l�

<ta� hkgh\Z� gZ� ij_^\Zjbl_egZ� bbgnhjfZpby� (hp_gdZ)�� dhylh� bfZ� aZ
\ZjbZpbbl_�gZ�ijh^te`bl_eghkllZ�L�gZ�^Z^_g�pbdte�k_�ba[bjZl�]hjgZlZ�b�^hegZ
]jZgbpb�gZ�ktsZlZ�(L1�b�L2)��Ke_^�lh\Z�k_�\t\_`^Z�^te`bgZ�gZ�³ieZ\ZsZlZ�_ihoZ´
Nme��Ykgh� _� �� q_� ^te`bgZlZ� gZ� ihke_^gZlZ� ljy[\Z� ^Z� [t^_� ih�fZedZ� hl� h[sZlZ
^te`bgZ�gZ�\j_f_\by�j_^��l�_�Nme < N.

Ke_^� lh\Z� aZihq\Z� ³kdZgbjZg_lh´� gZ� j_^bpZlZ��GZc� ±gZij_^� k_� ba[bjZl
itj\bl_�Nme �klhcghklb��l�_��itj\ZlZ�³ieZ\ZsZ�_ihoZ´�� �<tjom�lZab�qZkl�hl
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ba\Z^dZlZ�k_�ba\tjr\Z�T-R i_jbh^h]jZf_g�ZgZeba�ktk�kltidZ�∆∆L (� \b`
ijbeh`_gb_� I)�� ?kl_kl\_gh�� ^bZiZahgtl� gZ� baf_g_gb_� gZ� T ljy[\Z� ^Z� kt^tj`Z
]jZgbpbl_�L1�b�L2.��Baqbkey\Z�k_�kthl\_lgZlZ�klhcghkl�gZ�S dZlh�kltidZlZ�gZ
bgl_]jbjZg_� dT k_� ba[bjZ� ^Z� [t^_� jZ\gZ� gZ� ∆∆L�� Lh\Z� hl� k\hy� kljZgZ
ij_^iheZ]Z���q_�kltidZlZ�∆∆L�ljy[\Z�^Z�_�ih�fZedZ�hl�bgl_j\ZeZ�L2 –L1�b�aZ
k_�kt^tj`Z�\�g_]h�p_ehqbke_g�[jhc�itlb�(kltidb�gZ�bgl_]jbjZg_).

Ke_^� lh\Z� ³kdZgbjZsbyl� ijhahj_p� ³� k_� baf_kl\Z� k� _^gZ� kltidZ� gZ
\j_f_\by�j_^� � ³gZ^ykgh´�ih�\j_f_� �b�\dexq\Z� �^Zggbl_� k�ghf_jZ�hl� ��^h
Nme+1� �� Hlgh\h� k_� baqbkey\Z� S �� Ijhp_^mjZlZ� k_� ba\tjr\Z� hlgh\h� � ijb
ke_^\ZsZlZ� kltidZ� gZ� kdZgbjZg_� b� l�g�� � Ih� lhab� gZqbg� k_� ihemqZ\Z
^bgZfbq_g� j_^� gZ� bgl_]jZegZlZ� fhsghkl� S gZ� pbdteZ�� qbylh
ijh^te`bl_eghkl�\ZjbjZ�\�^bZiZahgZ� >L1 , L2.] beb�_\_glmZegh��gZ�\kbqdb
dhe_[Zgby� ��ihiZ^Zsb�\�g_]h�� �LZab�j_^bpZ�kt^tj`Z�N – Nme +1 klhcghklb�
G_cgZlZ� ]jZnbqgZ� \bamZebaZpby� ihdZa\Z� _\hexpbylZ� gZ� fhsghkllZ� gZ
pbdteZ�(pbdebl_��\�ba[jZgby�^bZiZahg�aZ�jZaebqgbl_�qZklb�gZ�bake_^\Zgby
\j_f_g_g�j_^��Ijbf_j�aZ�lh\Z�_�nb]����

<lhjbyl� f_lh^� (MWTRPA- Moving Window T-R periodogramm procedure) _
ijbeh`_gZ� aZ� ijt\� itl� \� jZ[hlZlZ� gZ� ;hg_\� b� ^j�(2004)(Bonev et al. 2004).

Ko_fZlZgZ� kdZgbjZg_� _� dZdlh� hibkZgZlZ� ih�]hj_��<f_klh� h[Zq_� ^Z� k_� baqbkey\Z
fhsghklgbyl� � iZjZf_ltj� S�� \� lhab� kemqZc� klhcghklbl_� gZ� dh_nbpb_glZ� gZ
dhj_eZpby� R(T)� gZ� 7�5� dhj_eh]jZfZlZ� k_� ij_^klZ\yl� ih� \_jlbdZegZlZ� hk� gZ
^\mf_jgZ� ]jZnbdZ�� ^hdZlh� ih� Z[kpbkgZlZ� k_� gZgZkyl� kj_^gbl_� fhf_glb� gZ
³ieZ\Zsbl_´�_ihob��GZ�_^gZ�lZdZ\Z�^\mf_jgZ�]jZnbdZ�ibdk_ebl_�ktk�klhcghklbl_
gZ�R(T) k_�h[hagZqZ\Zl��\�jZaebqgb�p\_lh\_�beb�ihemlhgh\_�gZ�kb\by�p\yl�

F_lh^tl� iha\hey\Z� _^gh\j_f_ggh� ^Z� k_� bake_^\Z� b� Zfieblm^gZlZ� b
q_klhlgZlZ� _\hexpby� gZ� p_eby� ba[jZg� ^bZiZahg� gZ� dhe_[Zgby� �� \� dhclh� kZ
baqbke_gb�T-R dhj_eh]jZfbl_�gZ�hl^_egbl_�³ieZ\Zsb�_ihob´�

<�iZd_lZ��D-STAT 7�������_�ij_^\b^_gZ�\tafh`ghkl�hk\_g�klhcghklbl_�gZ�R
^Z� [t^Zl� ij_^klZ\_gb� dZjlb� b� gZ� \_ebqbgbl_� R(T)/SR(T)�� Zfieblm^ZlZ� a(T)� b
dh_nbpb_glbl_�A(T) b�B(T) .��DZlh�ijbf_j�aZ�lZab�ijhp_^mjZ�_�nb]����

<� ktsby� khnlm_j� _� \dexq_g� b� ijh]jZf_g� fh^me�� k� dhclh� k_� ba\tjr\Z
ZgZeh]bq_g� ZgZeba� gZ� _\hexpbylZ� gZ� djhk�� dhj_eZpbhggbl_� \jtadb�� Ih
hj^bgZlgZlZ� hk� gZ� dZjlZlZ� \� lhab� kemqZc� k_� jZaiheZ]Z� hlf_kl\Zg_lh� ih� \j_f_
(aZdtkg_gb_lh� gZ� ij_^bdlZglZ� ih� hlghr_gb_� � gZ� nZdlhjZ)�� Ijh]jZfZlZ� _
jZajZ[hl_gZ�aZ�kemqZc�gZ�bake_^\Zg_�gZ�ebg_cgZ�b�g_ebg_cgZ�(ite_g�d\Z^jZlbq_g
ihebghf)� \jtadZ��Ihemq_gbl_� j_amelZlb� fh]Zl� ^Z� k_� ij_^klZ\yl� dZlh� dZjlb� aZ
klhcghklbl_�gZ�dh_nbpb_glZ�gZ�dhj_eZpby��g_]h\ZlZ�]j_rdZ�beb�klhcghklbl_�gZ
dh_nbpb_glbl_�gZ�kthl\_lgZlZ�fbgbfbabjZsZ�nmgdpby��Ih�lZdt\�gZqbg� �[jhyl
gZ� \b^h\_l_� dZjlb� _� �� \� kemqZc� gZ� bake_^\Zg_� gZ� ebg_cgZ� djhk�dhj_eZpbhggZ
\jtadZ� Y=A*X+B  (kthl\_lgh� aZ r,  r/sr, A b� <)� beb� �� ijb� g_ebg_cgZ� \jtadZ
Y=A*X

2
+B*X+C (^hitegbl_egh��fh`_�^Z�k_�ij_^klZ\b�dZjlZ�aZ�jZaij_^_e_gb_lh�gZ

dh_nbpb_glZ�K)��DZlh� ijbf_j� aZ� ij_^klZ\yg_� gZ� _\hexpbylZ� gZ� ebg_cgZ� djhk�
dhj_eZpbhggZ�\jtadZ�fh`_�^Z�k_��jZa]e_^Z�nb]����
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IJBEH@?GB?�,,,
<b^bfb� k� ijhklh� hdh� ketgq_\b� i_lgZ� �� \dexqbl_egh� ^h� �����lZ� ]h^bgZ�
j_dhgkljmdpby�gZ�<Zdm_jh�(Vaquero, 2005)

Dtf� fhf_glZ� gZ� ijbdexq\Zg_� gZ� jZ[hlZlZ� ih� l_dklZ� Z\lhjtl� hldjb
im[ebdm\ZgZ� \� Bgl_jg_l� djZldZ� klZlby� �� \dexq\ZsZ� � ijbeh`_gZlZ� ih�^hem
]jZnbdZ��

IJBEH@?GB?�,9
Itj\hlh�i_lgh�gZ�ketgq_\�pbdte�No 24 ?

KgbfdZlZ� (fZ]gblh]jZfZ�� ih�^hem� \_jhylgh� ^hdmf_glbjZ� itj\ZlZ
ijhy\Z� gZ� i_lghh[jZam\Zl_egby� ketgq_\� pbdte� k� pxjbokdb� ghf_j� ��� �
>ZlZlZ�_���ygmZjb������]h^bgZ�(www.solarcycle24.com)���I_lghlh��aZ�dh_lh�k_
ij_^iheZ]Z��q_�_�hl�gh\by�ketgq_\�pbdte�_�ihdZaZgh�ktk�klj_edZ�
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=heyfZlZ� Zdlb\gZ� ahgZ� hdheh� _d\ZlhjZ� _� ]jmiZ� k� fZ]gblgZlZ
iheyjghkl� gZ� ketgq_\� pbdte� No 23 � b� _� j_]bkljbjZgZ� ih^� ghf_j� ����
Kts_kl\m\Zg_lh�gZ�]jmib�i_lgZ�_^gh\j_f_ggh�hl�gh\by�b�klZjby�pbdte�_
oZjZdl_jgh�y\e_gb_� aZ�fbgbfmfbl_�gZ� ���]h^brgbl_�i_lghh[jZam\Zl_egb
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