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<\_^_gb_ 

AZ�ihke_^gb_�g_kdhevdh�e_l�gZfb�[ueb�ihemq_gu�

ij_pbabhggu_� ^Zlbjh\db� \hajZklZ�b�bahlhigh-]_hob�

fbq_kdb_�^Zggu_�^ey�jZgg_^hd_f[jbckdbo�ihjh^�Dmj�

kdh]h�[ehdZ��qlh�iha\hebeh�\uy\blv�djmigh_�fZ]fZlb�

q_kdh_�kh[ulb_�gZ�jm[_`_�2.���fej^ e_l�[1, 2] b�ihegh�

klvx� i_j_kfhlj_lv� bklhjbx� jhklZ� dhju� <hklhqghc�

KZjfZlbb \� jZgg_f� ^hd_f[jbb�� <� i_jbh^� ����±2.07 

fej^ e_l�ijhbahreh�\g_^j_gb_�\�dhjm�[hevrh]h�h[t�

_fZ�fZ]f�jZaebqgh]h�khklZ\Z��ij_^klZ\e_gguo�\�Dmj�

kdhf� [ehd_� ^bhjbl-]jZgh^bhjblh\uf� klhceh-gbdheZ�

_\kdbf� [1, 3], ]Z[[jh-kb_gblh\uf�r_[_dbgkdbf [4] b�

]Z[[jhb^guf�ahehlmobgkdbf� [5] dhfie_dkZfb��\medZ�

gblZfb� [bfh^Zevghc� k_jbb� dmj[Zdbgkdhc� b� Zg^_ab�

lZfb�]eZamgh\kdhc�k\bl [6, 7].  

IZe_hijhl_jhahckdb_� ]jZgh^bhjbl-^bhjblh\u_�

fZkkb\u�\�Zjo_ckdhf�Dmjkdhf�[ehd_�KZjfZlbb�kdhg�

p_gljbjh\Zgu� \�iZe_hijhl_jhahckdhc�Lbf-Yklj_[h\�

kdhc� \gmljbdhglbg_glZevghc� jbnlh\hc� kljmdlmj_ 

�jbk��1, 2���ohly�\klj_qZxlky�b�aZ�__�ij_^_eZfb [3]��Hgb�

ij_^klZ\eyxl� gZb[he__� h[t_fgh_� ijhy\e_gb_ fhs�

gh]h�iZe_hijhl_jhahckdh]h�fZ]fZlbq_kdh]h�kh[ulby \�

Dmjkdhf�[ehd_�KZjfZlbb��G_kfhljy�gZ�[hevrh_�dheb�

q_kl\h�fZkkb\h\ b�fgh]hqbke_gguo� ^Z_d� ^bhjblh\� b�

]jZgh^bhjblh\ klhceh-gbdheZ_\kdh]h� dhfie_dkZ, 

\kdjuluo�ihfbfh�kd\Z`bg�_s_�b�\�`_e_ahjm^guo�dZ�

jv_jZo� Dmjkdhc� fZ]gblghc� ZghfZebb�� ^Zgguo h[� bo�

\hajZkl_��bahlhighc�b�we_f_glghc�]_hobfbb�hq_gv�g_�

fgh]h [1, 3]. <�k\yab�k�wlbf, km`^_gby h[�bklhqgbdZo�

jZkieZ\h\� b� i_ljh]_g_abk_ h[t_fgh]h� iZe_hijhl_jh�

ahckdh]h ^bhjbl-]jZgh^bhjblh\h]h� fZ]fZlbafZ klZe�

db\Zxlky�k�fgh]hqbke_ggufb�g_hij_^_e_gghklyfb�  

GZklhysZy�klZlvy�ijba\ZgZ�\g_klb�\deZ^�\�j_r_�

gb_� ijh[e_f� i_ljh]_g_abkZ� iZe_hijhl_jhahckdh]h�

dbkeh]h�fZ]fZlbafZ�Dmjkdh]h�[ehdZ��?_�p_ev ± hij_�

^_e_gb_�\hajZklZ�h[jZah\Zgby�b�bklhqgbdh\�jZkieZ�

\h\�Emg_\kdh]h�fZkkb\Z�]jZgh^bhjblh\�\�Lbf-Yklj_�

[h\kdhc�jbnlh]_gghc�kljmdlmj_ gZ�hkgh\_�bo�]_hob�

fbq_kdh]h�bamq_gby, U-Pb, Lu-Hf, b�Sm-Nd bahlhighc�

kbkl_fZlbdb. 

 

 
Jbk���� Ko_fZlbq_kdZy�kljmdlmjgZy�dZjlZ�KZjfZlbb��khklZ\e_ggZy�ih�>�@�^ey�MdjZbgkdh]h�sblZ�b�ih�kh[kl\_gguf�fZl_jbZeZf�

^ey�<hjhg_`kdh]h�djbklZeebq_kdh]h�fZkkb\Z��:[[j_\bZlmju��=KA ± =heh\Zg_\kdZy�kmlmjgZy�ahgZ��BDKA ± Bg]me_p-Djb\hjh`kdZy�

kmlmjgZy�ahgZ��HIKA ± Hj_oh\h-IZ\eh]jZ^kdZy�kmlmjgZy�ahgZ��HFI ± Hkgbpdh-FbdZr_\bqkdbc�ihyk�  

[Fig. 1. A sketch map of the Sarmatia, compiled after [8] for Ukrainian Shield, and authors data (for Voronezh Crystalline Massif). 
Abbreviations: =KA ± Golovanevsk Suture Zone, BDKA ± Ingulets-Krivoy Rog Suture Zone, HIKA ± Orekhovo-Pavlograd Suture Zone, HFI 

± Osnitsk-Mikashevichi Igneous Belt.] 
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Jbk���� Ko_fZlbq_kdZy�]_heh]bq_kdZy�dZjlZ�Lbf-Yklj_[h\kdhc�kljmdlmju��1 ± LL=-ZkkhpbZpby�b�f_lZ[Zablu��$51+2); 2 ± klhc�

e_gkdZy�b�dhjh[h\kdZy�k\blu�dmjkdhc�k_jbb��351st+kr); 3 ± jh]h\kdZy k\blZ�hkdhevkdhc�k_jbb�(PR1rg); 4 ± gb`gyy�ih^k\blZ�lbfkdhc�

k\blu�hkdhevkdhc�k_jbb�(PR1tm1); 5 ± \_jogyy�ih^k\blZ�lbfkdhc�k\blu�hkdhevkdhc�k_jbb�(PR1tm2); 6 ± ]jZgblhb^u�klhceh-gbdheZ_\�

kdh]h�dhfie_dkZ��f_klhiheh`_gb_�b�ghf_jZ�ijh[mj_gguo�kd\Z`bg��7 ± ]Z[[jhb^u. 

[Fig. 2. 6FKHPDWLF�JHRORJLFDO�PDS�RI�WKH�7LPÅ<DVWUHERYND�VWUXFWXUH�� (1) ± TTG association and metabasites (AR1+2); (2) ± Stoilo and 

Korobki formations of the Kursk Group (PR1st+kr); (3) ± Rogovoe Formation of the Oskol Group (PR1rg); (4) ± lower subformation of the 

Tim Formation of the Oskol Group (PR1tm1); (5) ± upper subformation of the Tim Formation of the Oskol Group (PR1tm2); (6) ± 6WRLORÅ

Nikolaev Complex and drill-holes; (7) ± gabbroids. Inscriptions on the picture: K_\_jh-Sb]jh\kdbc fZkkb\ ± North Shigry Massif, Sb]jh\�

kdbc fZkkb\ ± Shigry Massif, Emg_\kdbc fZkkb\ ± Lunevsky Massif, Ijbe_ikdbc fZkkb\ ± Prilepy Massif, Jh]h\kdbc fZkkb\ ± Rogovoe 

Massif, ?dZl_jbgh\kdbc�fZkkb\�± Ekaterinovsky Massif.] 

 

=_heh]bq_kdZy�ihabpby 

Emg_\kdbc�fZkkb\�b�^jm]b_�djmigu_� ^bhjbl-]jZ�

gh^bhjblh\u_�fZkkb\u��Jh]h\kdbc��?dZl_jbgh\kdbc��

Sb]jh\kdbc�b�^j���\�Dmjkdhf�[ehd_�KZjfZlbb�gZoh�

^blky� \� ij_^_eZo� iZe_hijhl_jhahckdhc� Lbf-Yklj_�

[h\kdhc� \gmljbdhglbg_glZevghc� jbnlh\hc� kljmd�

lmju��jbk������ 

Bgljmab\guc� fZ]fZlbaf� \� Lbf-Yklj_[h\kdhc�

kljmdlmj_� b� __� h[jZfe_gbb� ij_^klZ\e_g�� ij_bfms_�

kl\_ggh�� ^bhjbl-]jZgh^bhjblh\ufb� fZkkb\Zfb� g_�

[hevrbfb� bgljmabyfb� b� kbeeZfb� Zfnb[heh\uo� ]Z[�

[jh�� ijhju\Zxsbfb� iZe_hijhl_jhahckdb_� f_lZfhj�

nbah\Zggu_� \medZgh]_ggh-hkZ^hqgu_� lhesb� �jbk� 2). 

Bgljmabb� ]jZgblhb^h\� h[jZamxl� bahf_ljbqgu_� b�
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\ulygmlu_�\�k_\_jh-aZiZ^ghf�beb�km[f_jb^bhgZevghf�

gZijZ\e_gbb�fZkkb\u� b�rlhdhh[jZagu_� l_eZ� iehsZ�

^vx�hl�����^h����df2 b�fgh]hqbke_ggu_�^Zcdb��AgZqb�

l_evgh�j_`_�\klj_qZxlky�bgljmabb�]Z[[jh��kZfZy�djmi�

gZy�ba�gbo�=gbemrbgkdZy�bf__l�iehsZ^v�hdheh���df2. 

<k_�bgljmabb�hlq_leb\h�^bkdhj^Zglgu_��k_dml�kdeZ^�

qZlu_� kljmdlmju� \f_sZxsbo� iZe_hijhl_jhahckdbo�

hkZ^hqgh-f_lZfhjnbq_kdbo� lhes� dmjkdhc� �l_jjb]_g�

gu_� ihjh^u� b� `_e_abklu_� d\Zjpblu�� b� hkdhevkdhc�

�l_jjb]_ggu_�� dZj[hgZlgu_� ihjh^u� b� f_lZ[ZaZevlu��

k_jbc��DhglZdlu�q_ldb_��j_adb_��k_dmsb_��<f_sZxsb_�

ihjh^u�gZ� dhglZdl_� hjh]h\bdh\Zgu�� kdZjgbjh\Zgu� b�

jZkk_q_gu� fgh]hqbke_ggufb� ZihnbaZfb� bgljmabc��

<[ebab�bgljmabc�\h�\f_sZxsbo�ihjh^Zo�jZa\blZ�dhg�

lZdlh\h-f_lZfhjnbq_kdZy� ahgZevghklv�� gh� ijbagZdb�

ieZ\e_gby�hlkmlkl\mxl��Hl^_evgu_�fZkkb\u�bf_xl�ah�

gZevgh_�kljh_gb_��Bo�i_jbn_jbq_kdb_�ahgu�keh`_gu�

^bhjblZfb��dhlhju_�q_j_a�d\Zjp_\u_�^bhjblu�ihkl_�

i_ggh�i_j_oh^yl�\�]jZgh^bhjblu�\�p_gljZevguo�qZklyo�

bgljmabc� 

<� wdahdhglZdlh\uo� ahgZo� fZkkb\h\� ]jZgblhb^h\�

ijbkmlkl\mxl� fgh]hqbke_ggu_� ^Zcdb, `beu� b� Zih�

nbau� ^bhjblh\�� ]jZgh^bhjblh\� lZdbo�`_�ih� khklZ\m, 

dZd�b�\�kZfbo�bgljmabyo��<�^ZcdZo�b�`beZo�]jZgblhb^u�

[he__�f_edha_jgbklu_��q_f� \�fZkkb\Zo��bf_xl� \ujZ�

`_ggmx�ihjnbjh\b^gmx� kljmdlmjm��<� wg^hdhglZdlh�

\uo� ahgZo� fZkkb\h\� qZklh� ijbkmlkl\mxl� dk_gheblu�

\f_sZxsbo�ihjh^�jZaf_jhf�hl�����^h�����f� 

FZ]gblgu_�ZghfZebb�\�ij_^_eZo�fZkkb\h\�g_�ih^�

^Zxlky�h^ghagZqghc�bgl_jij_lZpbb�� y\eyykv�ijh^he�

`_gb_f� \ukhdhbgl_gkb\guo�fZ]gblguo� ZghfZebc� hl�

`_e_ahjm^ghc� lhesb�dmjkdhc� k_jbb� Hgb, \hafh`gh, 

\ua\Zgu�djmlhiZ^Zxsbfb�lhesZfb�`_e_abkluo�d\Zj�

pblh\��g_�\uoh^ysbo�gZ�wjhabhgguc�jZgg_^hd_f[jbc�

kdbc� kj_a�� =jZgh^bhjblh\u_� fZkkb\u� ^h\hevgh� dhg�

ljZklgh�ijhy\eyxlky�\�]jZ\blZpbhgghf�ihe_��<u^_e_�

gb_�bo�ijh\h^blky�ih�ehdZevguf�fbgbfmfZf� \_jlb�

dZevguo�ijhba\h^guo�kbeu�ly`_klb� 

Emg_\kdbc�fZkkb\�]jZgh^bhjblh\�jZkiheh`_g�\�\h�

klhqghc�qZklb�Lbf-Yklj_[h\kdhc�kljmdlmju��<�ieZg_�

fZkkb\�bf__l�hdjm]emx�bahf_ljbqgmx�nhjfm �jbk��2). 

?]h�iehsZ^v�khklZ\ey_l� ���df2��FZkkb\�bamq_g�kd\Z�

`bgZfb�������������������������b������gZ�]em[bgm�hl�

8.��f��kd\� ������^h�������f��kd\���������D_jg�kd\Z`bg�

����� b� ����� [ue� mljZq_g�� >bhjblu� kd\Z`bgZfb�

\kdjulu�g_�[ueb��<f_sZxsbfb�ihjh^Zfb� y\eyxlky�

dbkeu_�b�hkgh\gu_�\medZgblu�lbfkdhc�k\blu��<�dhg�

lZdlh\uo�ahgZo�jbheblu�b�^Zpblu�]j_ca_gbabjh\Zgu�k�

gh\hh[jZah\Zgbyfb�d\ZjpZ�b�fmkdh\blZ��qZklh�kh^_j�

`Zl� lmjfZebg�b�nexhjbl��Hkgh\gu_� \medZgblu�ij_�

\jZs_gu�\�ibjhdk_gh\u_�jh]h\bdb� 

 

F_lh^u�bkke_^h\Zgbc 

Hij_^_e_gb_�kh^_j`Zgbc�]eZ\guo�we_f_glh\�\�ih�

jh^Zo� \uiheg_gh� gZ� j_gl]_gh-nemhj_kp_glghf� ki_d�

ljhf_lj_�6��7LJHU��%UXNHU�$;6�*PE+��=_jfZgby��\�<h�

jhg_`kdhf� ]hkm^Zjkl\_gghf� mgb\_jkbl_l_�� Ih^]h�

lh\dZ�ijh[�^ey�ZgZebaZ�ihjh^hh[jZamxsbo�we_f_glh\�

\uiheg_gZ�iml_f�ieZ\e_gby�����]�ihjhrdZ�ijh[u����]�

l_ljZ[hjZlZ�eblby�\�fmn_evghc�i_qb�k�ihke_^mxsbf�

hleb\hf�kl_dehh[jZagh]h�^bkdZ��Ijb�dZeb[jh\d_�ki_d�

ljhf_ljZ�b�^ey�dhgljhey�dZq_kl\Z�baf_j_gbc�[ueb�bk�

ihevah\Zgu�]hkm^Zjkl\_ggu_ klZg^Zjlgu_�h[jZapu�ob�

fbq_kdh]h�khklZ\Z�]hjguo�ihjh^� ± =KH������-2007, 

=KH�������-����=KH�������-����Lhqghklv�ZgZebaZ�kh�

klZ\eyeZ��±���hlg����̂ ey�we_f_glh\�k�dhgp_gljZpbyfb�

\ur_��±��fZk����b�^h����hlg����^ey�we_f_glh\�k�dhg�

p_gljZpb_c� gb`_� ����fZk�����H[jZ[hldZ� j_amevlZlh\�

ijh\h^beZkv� ihkj_^kl\hf� jZajZ[hlZgguo� f_lh^bd� \�

ijh]jZff_�6SHFWUD�3OXV��%UXNHU�$;6�*PE+��=_jfZgby�� 

EhdZevgu_�ZgZebau�fbg_jZeh\�\uiheg_gu�gZ�we_d�

ljhgghf�fbdjhkdhi_� -HRO�����/9�k�kbkl_fhc�dhebq_�

kl\_ggh]h� wg_j]h^bki_jkbhggh]h� ZgZebaZ� ©,QFDª�

(PDIGH�<=M���Mkeh\by�ZgZebaZ��mkdhjyxs__�gZijy�

`_gb_����d<��lhd�ahg^Z�����f:��\j_fy�gZ[hjZ�ki_dljZ�

��� k_d�� ^bZf_lj� imqdZ� �±��fdf�� =$)� dhjj_dpby� ijb�

jZkq_l_�kh^_j`Zgby�hdbkeh\�b�hp_gdZ�lhqghklb�ijh\h�

^bebkv� k�ihfhsvx�dhfie_dlZ�ijh]jZff�fZl_fZlbq_�

kdh]h�h[_ki_q_gby�kbkl_fu��Lhqghklv� ZgZebaZ� kbkl_�

fZlbq_kdb�dhgljhebjh\ZeZkv�ih�wlZehgguf�h[jZapZf�

ijbjh^guo�b�kbgl_lbq_kdbo�fbg_jZeh\� 

FZeu_�b�j_^db_� we_f_glu� hij_^_eyebkv�f_lh^hf�

bg^mdpbhggh-k\yaZgghc�ieZafu�k�fZkk-ki_dljhf_ljb�

q_kdbf� hdhgqZgb_f� ZgZebaZ� �,&3-06�� \h�<k_jhkkbc�

kdhf�gZmqgh-bkke_^h\Zl_evkdhf�]_heh]bq_kdhf�bgklb�

lml_�bf��:�I��DZjibgkdh]h��<K?=?B���JZaeh`_gb_�h[�

jZaph\�ihjh^�hkms_kl\eyehkv�kieZ\e_gb_f�k�f_lZ[hjZ�

lhf�eblby��I_j_\h^�h[jZamxs_cky�kf_kb�l\_j^uo�dhf�

ie_dkguo�hdkb^h\�\�jZkl\hj�hkms_kl\eyeb�k�ihfhsvx�

Zahlghc� dbkehlu��IjZ\bevghklv� ZgZebaZ� dhgljhebjh�

\Zeb�iml_f�baf_j_gby�f_`^mgZjh^guo�b�jhkkbckdbo�

klZg^Zjlguo� h[jZaph\� *63-��� <F�� K=>-�:�� KL-1. 

Hrb[db�hij_^_e_gby�dhgp_gljZpbc�khklZ\eyeb�hl���̂ h�

��fZk����^ey�[hevrbgkl\Z�we_f_glh\�� 

<u^_e_gb_�Zdp_kkhjgh]h�pbjdhgZ�ijh\h^behkv�ih�

klZg^Zjlghc� f_lh^bd_� k� bkihevah\Zgb_f� ly`_euo�

`b^dhkl_c�� 8±Th±3E� ]_hojhgheh]bq_kdb_� bkke_^h\Z�

gby�\uiheg_gu�\�PBB�<K?=?B��]��KZgdl-I_l_j[mj]��

gZ�bhgghf�fbdjhahg^_�6+5,03�,,�ih�f_lh^bd_ [9] k�bk�

ihevah\Zgb_f� wlZehgguo� pbjdhgh\� ³�����´� b�

³7HPRUD´��Ijb�jZkq_lZo�bkihevah\Zgu�dhgklZglu�jZk�

iZ^Z�mjZgZ [10]. IhijZ\db�gZ�g_jZ^bh]_gguc� k\bg_p�

\\_^_gu�ih�fh^_eb [11] gZ�hkgh\_�baf_j_gguo�hlghr_�

gbc�204Pb/2063E��Ihemq_ggu_�j_amevlZlu�h[jZ[hlZgu k�

ihfhsvx�ijh]jZffu�648,'�[12]. 

Sm-1G� bahlhigu_� bkke_^h\Zgby \uiheg_gu� \h�
<K?=?B� gZ� fgh]hdhee_dlhjghf� fZkk-ki_dljhf_lj_�

7ULWRQ�7,�\�klZlbq_kdhf�j_`bf_��Dhjj_dpby�gZ�bahlhi�

gh_�njZdpbhgbjh\Zgb_�g_h^bfZ�ijhba\h^beZkv� k�ih�

fhsvx�ghjfZebaZpbb�baf_j_gguo�agZq_gbc�ih�hlgh�

r_gbx� 146Nd/1441G� � ��������GhjfZebah\Zggu_�hlgh�

r_gby�ijb\h^bebkv�d�agZq_gbx�143Nd/144Nd = 0.512115 

\� f_`^mgZjh^ghf� bahlhighf� klZg^Zjl_� -1GL-��� Ih�

]j_rghklv�hij_^_e_gby�kh^_j`Zgbc� 6P�b�1G�khklZ\�

eyeZ��������bahlhiguo�hlghr_gbc�147Sm/144Nd ± �������

%, 143Nd/144Nd ± �� ������ �� ��1���Mjh\_gv� ohehklh]h�

hiulZ�g_�ij_\urZe����i] ^ey�6P�b����i] ^ey�1G��Ijb�

jZkq_l_�\_ebqbg�01G�L��bkihevah\Zebkv�kh\j_f_ggu_�
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agZq_gby� h^ghjh^gh]h� ohg^jblh\h]h� j_a_j\mZjZ�

�&+85�� k� iZjZf_ljZfb� 147Sm/144Nd = 0.1967, 
143Nd/144Nd = 0.512638. 

Bamq_gb_�/X-Hf-bahlhigh]h�khklZ\Z�pbjdhgh\�\u�

iheg_gh� gZ� fgh]hdhee_dlhjghf� fZkk-ki_dljhf_lj_�

1HSWXQH�3OXV�k�ijbklZ\dhc�^ey�eZa_jghc�Z[eypbb�1:5�

����\�Bgklblml_� ]_heh]bb�b�]_hobfbb�bf��ZdZ^_fbdZ�

:�G��AZ\Zjbpdh]h�MjH�J:G��]��?dZl_jbg[mj]��<uihe�

g_gZ�hilbfbaZpby�ijhp_^mju�h[jZ[hldb� wdki_jbf_g�

lZevguo� ^Zgguo� kh� klZg^ZjlZfb� pbjdhgZ� 0XG� 7DQN��

GJ-1 [13]�� G_hij_^_e_gghklv� _^bgbqgh]h� baf_j_gby�

hlghr_gby�176Hf/177Hf \�\b^_��6'�± \�bgl_j\Ze_������±

������ ��� _^bgbqgh]h� hij_^_e_gby� agZq_gby� 0�+I�� \�

\b^_��6'�\Zjvbjh\ZeZ�^ey�i_j_qbke_gguo�klZg^Zjlh\�

\�bgl_j\Ze_��±�����IZjZf_lju�ijhp_kkZ�eZa_jghc�Z[�

eypbb�� iehlghklv� wg_j]bb� eZa_jgh]h� baemq_gby� ± 14 

>`�kf2�� qZklhlZ� ih\lhj_gby� bfimevkh\� ± ��� =p�� ^b-

Zf_lj�djZl_jZ�± ���fdf��>ey�h[jZ[hldb�/X-+I�^Zgguo�

[ue�bkihevah\Zg�fZdjhk�+I-,1$725�^ey�([FHO�[14]. 

 

I_ljh]jZnby 

=jZgh^bhjblu��bamq_ggu_�\�kd\Z`bgZo������������

b�������jhah\Zlh-k_jh]h�b�k\_leh-k_jh]h�p\_lZ�kj_^g_�

a_jgbklu_��bgh]^Z�ihjnbjh\b^gu_��L_dklmjZ�]jZgh^b�

hjblh\� fZkkb\gZy� mqZkldZfb� lZdkblh\Zy�� kljmdlmjZ�

]bib^bhfhjngha_jgbklZy�� ihjnbjh\b^gZy�� h[mkeh\�

e_ggZy�gZebqb_f�djmiguo�a_j_g�fbdjhdebgZ�jZaf_jhf�

1.0±1.��kf �jbk������Ih�fbg_jZevghfm�khklZ\m�ihjh^u�

^h\hevgh�h^ghh[jZagu�± keh`_gu�ieZ]bhdeZahf��fbd�

jhdebghf��[bhlblhf��d\Zjp_f��<�hlebqb_�hl�]jZgh^bh�

jblh\� ^jm]bo�fZkkb\h\ [1] jh]h\Zy� h[fZgdZ� gZfb� g_�

\klj_q_gZ��:dp_kkhjgu_�fbg_jZeu�ij_^klZ\e_gu�lblZ�

gblhf�� bevf_gblhf�� kmevnb^Zfb�� pbjdhghf�� \lhjbq�

gu_�± wib^hl��k_jbpbl��dZj[hgZl��oehjbl� 

 

 
Jbk���� Nhlh�rebnh\�]jZgh^bhjbh\�Emg_\kdh]h�fZkkb\Z��a, b ± h[jZa_p�������������c, d ± h[jZa_p������������\�ijhoh^ys_f�b�

iheyjbah\Zgghf�k\_l_��:[[j_\bZlmjZ fbg_jZeh\ ih [15].  

[Fig. 3. Photomicrographs of the granodiorites thin sections of the Lunevsky Massif: (a, b) ± sample 4006/252.5; (c, d) ± sample 

4008/217.8 in transmitted and polarized light. Mineral abbreviations after [15]]. 

 

<�]jZgh^bhjblZo�ieZ]bhdeZa ijbkmlkl\m_l�\�dheb�

q_kl\_�hl����^h����fZk����b�ij_^klZ\e_g�m^ebg_ggufb�

b� lZ[eblqZlufb� b^bhfhjngufb� a_jgZfb� jZaf_jhf�

0.5±2.��ff��Ih�khklZ\m�hg�hl\_qZ_l�heb]hdeZam�b�bf__l�

ahgZevghklv�hl�Ab76±78 \�p_gljZevguo�qZklyo�^h�Ab84±87 

\�djZ_\uo��;bhlbl \klj_qZ_lky�\�\b^_�e_ckl�jZaf_jhf�

0.2±1.��ff�\�dhebq_kl\_�^h����fZk�����jbk����a, b). E_c�

klu [bhlblZ ie_hojhbjmxl�hl�]mklh-[mjh-a_e_gh]h�^h�

k\_leh-dhjbqg_\h]h� p\_lZ� b� [u\Zxl gZiheg_gu�f_e�

dbfb�\dexq_gbyfb�lblZgblZ��wib^hlZ��ZeeZgblZ� pbj�

dhgZ�k�ie_hojhbqgufb�^\hjbdZfb��Ih�khklZ\m�[bhlbl�

kj_^g_`_e_abkluc��;Fe= 0.58±0.61), ^h\hevgh ]ebgha_�

fbkluc� �$O2O3 = 16.0±17.2 fZk�����k�mf_j_ggufb kh�

^_j`Zgbyfb lblZgZ��7L22 = 1.0±2.4 fZk����� Fbdjhdebg 

\�dhebq_kl\_��5±25 fZk. ��\klj_qZ_lky�dZd�\�\b^_�j_�

r_lqZluo�f_edbo�a_j_g�\�hkgh\ghc�fZkk_��lZd�b�\�\b^_�
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hlghr_gb_f�Sr/Y = 65±168. =jZgh^bhjblu�oZjZdl_jb�

amxlky�g_\ukhdbfb�dhgp_gljZpbyfb�j_^dha_f_evguo�

we_f_glh\� ��5((�  � 66±131 SSP�� kj_^g__� 102 ppm�� k�

h[h]Zs_gb_f� /5((� >�/D�<E�Q� � 16.1±42.9@�b�mf_j_g�

guf bo� njZdpbhgbjh\Zgb_f� >�/D�6P�Q�  � ���±7.7] 

�lZ[e� 1��jbk��9 a)��Ki_dlju�jZkij_^_e_gby�JAW��ghjfb�

jh\Zggu_� d� ohg^jblm [19]�� bf_xl� hljbpZl_evguc�

gZdehg�\�h[eZklb�/5((�b�^h\hevgh�iheh]bc�^ey�+5(( 

�jbk�� 9 a). <ujZ`_ggZy� Eu ZghfZeby� hlkmlkl\m_l�

(Eu/Eu* = 0.84±1.37). GZ�fmevlbwe_f_glghc� kiZc^_j-

^bZ]jZff_��ghjfZebah\Zgghc�d� khklZ\m�ijbfblb\ghc�

fZglbb [20]��\k_�h[jZapu�h[gZjm`b\Zxl�iheh`bl_ev�

guc ibd Pb, hljbpZl_evgu_�ZghfZebb�Nb��keZ[h�hljb�

pZl_evgu_�P b�Ti �jbk��� b). 

 

 
Jbk�� �� KhklZ\u� ]jZgh^bhjblh\� Emg_\kdh]h� fZkkb\Z� gZ� deZkkbnbdZpbhgguo� ^bZ]jZffZo�� Z� Na2O+K2O ± SiO2 [17]; b) 

100An/(Or+An) - 100Qtz/(Qtz+Or+Ab+An) [18].  

[Fig. 7. Classification diagrams for granodiorites of the Lunevsky Massif: Z) Na2O+K2O ± SiO2 [17]; b) 100An/(Or+An) - 

100Qtz/(Qtz+Or+Ab+An) [18].]   
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Jbk�� �� >bZ]jZffu� jZkij_^_e_gby�

i_ljh]_gguo� hdkb^h\� hlghkbl_evgh�

SiO2 \� ]jZgh^bhjblZo� Emg_\kdh]h�

fZkkb\Z� 

[Fig. 8. Plots of major oxides versus 

SiO2 for granodiorites of the Lunevsky 

Massif.] 

 

 

 

Jbk���� GhjfZebah\Zggh_�d�ohg^jblm�jZkij_^_e_gb_�j_^dha_f_evguo��D��b�ghjfZebah\Zggh_�d�ijbfblb\ghc�fZglbb�jZkij_�

^_e_gb_�fZeuo�b�j_^dbo��E��we_f_glh\�\�]jZgh^bhjblZo�Emg_\kdh]h�fZkkb\Z��^Zggu_�ih�\Zeh\hfm�khklZ\m�ihjh^�� 

[Fig. 9. Chondrite-normalized REE patterns (Z) and Primitive mantle-normalized multi-element patterns (b) for the Lunevsky Massif 

granodiorites (data are for bulk-rock samples).] 

 

U-Pb ]_hojhgheh]by 

GZfb�[ueb�\uiheg_gu�hij_^_e_gby�\hajZklZ�pbj�

dhgZ� gZ� bhgghf� fbdjhahg^_� 6+5,03-,,� ^ey� ijh[u�

]jZgh^bhjblh\� ����������� �kd\Z`bgZ� ������ ]em[bgZ�

252.5). Pbjdhg� ju`_-dhjbqg_\h]h� p\_lZ�� ihemijh�

ajZqguc�� ij_^klZ\e_g� b^bhfhjngufb� b� km[b^bh�

fhjngufb�ijbafZlbq_kdbfb�ihemijhajZqgufb�djb�

klZeeZfb k\_leh� dhjbqg_\hc� hdjZkdb�� jZaf_jhf� 80±

200 fdf� k� dhwnnbpb_glhf� m^ebg_gby� ��5±4.0 

�jbk� 10���Ijbkmlkl\mxl�fgh]hqbke_ggu_�l\_j^hnZa�

gu_� \dexq_gby�� <� dZlh^hexfbg_kp_gpbb� \b^gZ�

kljmdlmjZ�jhklZ� ± lhgdZy�dhgp_gljbq_kdZy�hkpbeey�

lhjgZy ahgZevghklv� Y\guo�mgZke_^h\Zgguo�y^_j�g_�

\uy\e_gh��Kljmdlmjgu_�b�fhjnheh]bq_kdb_�ijbagZdb�

mdZau\Zxl� gZ� fZ]fZlbq_kdmx� ijbjh^m� pbjdhgZ� b�

ijZdlbq_kdh_� hlkmlkl\b_� agZqbl_evguo�gZeh`_gguo�

kh[ulbc��Kh^_j`Zgb_�8 = 156±904, Th = 63±540, Th/U 

= 0.25±0.77. 
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Jbk����� JZkiheh`_gb_�lhq_d�hij_^_e_�

gby� \hajZklZ� gZ� dZlh^hexfbg_kp_gl�

guo�kgbfdZo�pbjdhgh\�ba�]jZgh^bhjb�

lh\�Emg_\kdh]h�fZkkb\Z���Ghf_jZ�lhq_d�
gZ�jbkmgd_�khhl\_lkl\mxl�bo�ghf_jZf�\�

lZ[e����. 

[Fig. 10. Cathodoluminescence images of 

zircon grains. Numbers of analytical 

points correspond to those in the Table 2]. 

 

 
Jbk����� J_amevlZlu�8-3E�^Zlbjh\Zgby�pbjdhgh\�ba�]jZgblh\�]jZgh^bhjblh\�Emg_\kdh]h�fZkkb\Z�f_lh^hf�6,06� 

[Fig. 11. The results of U-Pb SIMS analyses of zircons from granodiorites of the Lunevsky Massif.] 

 

;ueh�\uiheg_gh����ZgZebah\�\����a_jgZo��jbk���0, 

lZ[e������<k_�j_amevlZlu�gZ�]jZnbd_�k�dhgdhj^b_c�Zi�

ijhdkbfbjmxlky�_^bghc�ebgb_c�j_]j_kkbb �jbk��11 Z). 

G_\ukhdZy� ^_\bZpby� lhq_d� hl� ebgbb� j_]j_kkbb�

�KD<H�  � ����� ij_^iheZ]Z_l� fbgbfZevgu_� \ha^_c�

kl\b_�^hd_f[jbckdbo�ijhp_kkh\�gZ�^Zggu_�pbjdhgu��

<hajZkl�ih�\_jog_fm�i_j_k_q_gbx�k�dhgdhj^b_c� ����

ZgZebah\��khklZ\ey_l����������feg e_l. AgZq_gby��ih�

emq_ggu_�ih�gb`gbf�i_j_k_q_gbyf�^bkdhj^bb��mqb�

lu\Zy� keh`gmx� bklhjbx� ihjh^�� \_jhylg__� \k_]h� g_�

bf_xl� ]_heh]bq_kdh]h� kfukeZ�� Wlhl� \hajZkl kh\iZ�

^Z_l�k�jZkkqblZgguf�dhgdhj^Zglguf�\hajZklhf������

�� ��feg e_l� ��1 ZgZebah\��KD<H�  � 0.00066�� \_jhyl�

ghklv�dhgdhj^Zglghklb��.98) �jbk��11 b).  

 

Lu-+I�b�6P-Nd bahlhigZy�kbkl_fZlbdZ 

Bahlhiguc�khklZ\�+I�[ue�hij_^_e_g�\�pbjdhg_�ba�

h[jZapZ������252.5 b�ZgZebabjh\Zeky�\�l_o�`_�lhqdZo��

]^_�baf_jyeky�8-3E�bahlhiguc�\hajZkl� <�hlebqb_�hl�

U-Pb bahlhighc�kbkl_fu��dhlhjZy�\h�\k_o�a_jgZo�pbj�

dhgZ�bf__l�[ebadbc�\hajZkl��Lu-Hf bahlhigZy�kbkl_fZ�

\�l_o�`_�a_jgZo�^_fhgkljbjm_l�rbjhdb_�\ZjbZpbb�bah�

lhigh]h� khklZ\Z� ]Zngby� ijb� jZkq_l_� gZ� wlhl� \hajZkl�

�0Hf(2040) hl�-2.0 ^h�-12.4���lZ[e��3��jbk�������Fh^_evgu_�

\hajZklu�THf(C���jZkkqblZggu_�ih�^\moklZ^bcghc�fh�

^_eb, \Zjvbjmxl�hl�2794 ^h�3429 feg e_l��Kj_^b�gbo�

ij_h[eZ^Zxl� fh^_evgu_� \hajZklu�� ij_^iheZ]Zxsb_�

^h\hevgh�^ebl_evgmx�dhjh\mx�ij_^uklhjbx�bo�ijh�

lheblh\ �jbk�����. 
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Jbk����� >bZ]jZffZ�0+I�W��± T 

^ey� pbjdhgZ� ba� ]jZgh^bhjb�

lh\�Emg_\kdh]h�fZkkb\Z� 

[Fig. 12. Plots of 0Hf(t) values 

versus zircon ages for zircon 

grains from granodiorites of the 

Lunevsky Massif.] 

 

Bahlhiguc�khklZ\�1G [ue�baf_j_g�\�\Zeh\hc�ijh[_�

lh]h�`_�]jZgh^bhjblZ�������������AgZq_gb_�01G�������

khklZ\ey_l� �-������ Z� fh^_evguc� \hajZkl� 71G�'0��  �

�����feg�e_l��lZ[e����� 

 

H[km`^_gb_�j_amevlZlh\ 

=_hobfbq_kdZy�lbibaZpby 

Ih�fbg_jZevghfm�khklZ\m�b�]_hobfbq_kdbf�oZjZdl_�

jbklbdZf�]jZgh^bhjblu�Emg_\kdh]h�fZkkb\Z�ijbgZ^e_�

`Zl�d�]jZgblhb^Zf�I-lbiZ, dhlhju_ ih�]_hobfbb�[ebadb�

d�ihjh^Zf� \medZgbq_kdbo� ^m]��FZkkb\� keh`_g� lhevdh 

[bhlblh\ufb� ]jZgh^bhjblZfb�� \� gbo� hlkmlkl\m_l� fm�

kdh\bl� b� khijh\h`^Zxsb_� bgljmabx i_]fZlblh\u_�

l_eZ��Hgb� y\eyxlky� \�hkgh\ghf�f_lZ]ebgha_fbklufb, 

`_e_abklh-fZ]g_abZevgufb� �jbk�� ��� ��� b�� g_kfhljy� gZ�

\ukhdh_�kh^_j`Zgb_�s_ehq_c��bf_xl�[ebadb_�dhgp_g�

ljZpbb�dZeby�b�gZljby��Ihjh^u�hlghkylky�d�ba\_kldh\h-

s_ehqghc� k_jbb (jbk�� ��� h[h]Zs_gu� eblhnbevgufb�

we_f_glZfb�Rb, Ba, Sr, h[_^g_gu�JAW b \ukhdhaZjy^�

gufb�we_f_glZfb��<�gbo�hlkmlkl\m_l�\ujZ`_ggZy�_\jh�

ib_\Zy�ZghfZeby��jbk��� Z)��gh�_klv�kbevgZy�iheh`bl_ev�

gZy ZghfZeby Pb b�hljbpZl_evgZy�±Ti (jbk����b)��Wlb�ijb�

agZdb�oZjZdl_jgu�^ey�]jZgblh\�I-lbiZ [22] b hlebqZxl�

bo�hl�dZeb_\uo��i_j]ebgha_fbkluo�fmkdh\blh\uo�]jZ�

gblh\�S-lbiZ b�\ukhdh�`_e_abkluo��h[h]Zs_gguo�JAW�b�

\ukhdhaZjy^gufb we_f_glZfb�]jZgblh\�:-lbiZ��Djhf_�

lh]h��̂ ey�]jZgblh\�:- b�S-lbih\�oZjZdl_jgu�hljbpZl_ev�

gu_� (X� ZghfZebb. Ci_pbnbdhc� ]jZgh^bhjblh\� I-lbiZ�

Emg_\kdh]h�fZkkb\Z�y\eyxlky�\ukhdb_�kh^_j`Zgby�s_�

ehq_c�b�gbadb_ ± ©fZnbq_kdbo�we_f_glh\ª�Cr b�Ni. 

GZ� ^bkdjbfbgZglguo� ^bZ]jZffZo ^ey� \u^_e_gby�

]jZgblh\�:-lbiZ (Na2O + K2O)/CaO ± Zr-Nb-Ce-Y, Ce-

Zr b� FeOt/MgO ± Zr-Nb-Ce-Y [23] lhqdb� khklZ\h\�

]jZgh^bhjblh\�Emg_\kdh]h�fZkkb\Z� ihiZ^Zxl� \� h[t�

_^bg_ggu_�ihey�]jZgblh\�I, S b�M lbih\��jbk��13, 14). 

Djhf_�lh]h��lZdb_�]_hobfbq_kdb_�oZjZdl_jbklbdb��dZd�

\ukhdb_� kh^_j`Zgby�Al2O3 ��� ���fZk������Sr �kj�� ����

ppm), gbadb_ kh^_j`Zgby Y (<10 ppm) b�HREE��Z�lZd`_�

hlkmlkl\b_�Eu
�ZghfZebc�k[eb`Z_l�bo�k�]jZgblhb^Zfb�

Z^Zdblh\uo� k_jbc. GZ� ^bkdjbfbgZglguo� ^bZ]jZffZo 

[24, 25] lhqdb�khklZ\h\�]jZgh^bhjbhl\�eh`Zlky�\�ihey�

Z^Zdblh\ �jbk�����. 

 

P-L�mkeh\by�djbklZeebaZpbb�fZ]f 

GZb[he__�rbjhdh�^ey�hp_gdb l_fi_jZlmju�]jZgb�

lhb^guo�fZ]f� bkihevamxl� l_jfhf_ljbx ih�gZkus_�

gbx�jZkieZ\h\�=U��hkgh\Zggmx�gZ�j_amevlZlZo�wdki_�

jbf_glZevguo�dZeb[jh\hd [26, 27, 28], ihkdhevdm�pbj�

dhg� y\ey_lky� h^gbf� ba� kZfuo� jZggbo� djbklZeebamx�

sboky� fbg_jZeh\�� <� p_ehf� ^ey� f_lZ]ebgha_fbkluo�

]jZgh^bhjblh\� I-lbiZ�Emg_\kdh]h�fZkkb\Z� ijbf_gbf�

wlhl�f_lh^��ihkdhevdm� \k_�pbjdhgu� y\eyxlky� ebd\b�

^mkgufb�nZaZfb��h[jZamxl�b^bhfhjngu_�djbklZeeu�b�

g_� kh^_j`Zl�mgZke_^h\Zgguo� y^_j��nbdkbjmy� \hajZkl�

fZ]fZlbafZ� �����feg e_l� �jbk�� ���� ���� L_fi_jZlmju 

gZkus_gby�pbjdhgb_f��mkeh\gh�ijbgbfZ_fu_ dZd�fb�

gbfZevgu_ ebd\b^mkgu_��hdZaZebkv�hq_gv�\ukhdbfb�b�

gZoh^ylky�\�bgl_j\Ze_� ���±986�K� �n ����ijb�kj_^g_f�

agZq_gbb�����K��lZ[e����� 

Djhf_�lh]h��fu�bkihevah\Zeb�g_^Z\gh�ij_^eh`_g�

guc�ijhklhc�wfibjbq_kdbc�l_jfhf_lj�ih�hp_gd_�l_f�

i_jZlmj�djbklZeebaZpbb�]jZgblhb^h\�ih�kh^_j`Zgbx�

SiO2 \�ihjh^_��gZ�hkgh\_�wdki_jbf_glZevgh�hij_^_e_g�

gh]h�nZah\h]h�jZ\gh\_kby�7ß1/SiO2 [29]. L_fi_jZlmju�

djbklZeebaZpbb�]jZgh^bhjblh\�khklZ\eyxl����±794�K�

(n=17) �lZ[e����. 
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qb\Zy� \� gbo� gbadhjZ^bh]_ggmx� dhfihg_glm� bahlhi�

gh]h�khlZ\Z Hf.  

>jm]bf� bklhqgbdhf� y\eyxlky� iZe_hijhl_jhahc�

kdb_� fZglbcgu_� jZkieZ\u�� h� q_f� ijyfh� k\b^_l_ev�

kl\mxl� ^bhjblu� \� ^jm]bo� ^bhjbl-]jZgh^bhjblh\uo 

fZkkb\Zo �Jh]h\kdbc��K_\_jhsb]jh\kdbc��b�bgljmabb�

]Z[[jhb^h\� \� Lbf-Yklj_[h\kdhc� kljmdlmj_�� JZg__�

gZfb�bamqZeky i_ljh]_g_abk�Zg^_ablh\uo�ihjnbjblh\ 

�iZe_h\medZg� k�\hajZklhf������feg e_l�k_\_jh-aZiZ^�

g__� Lbf-Yklj_[h\kdhc� kljmdlmju�� lZd`_� bf_xsbo 

Z^Zdblh\u_�oZjZdl_jbklbdb��gh�k�^\mfy�dhgljZklgufb�

deZkl_jZfb�bahlhigh]h�khklZ\Z�+I��hl������^h������b�hl�

-�����^h�-13,3) [7, 32]��;ue�k^_eZg�\u\h^��qlh�Z^Zdblh�

\u_� kb]gZlmju� ihjnbjblh\� \hagbdeb� \� j_amevlZl_�

^\moklZ^bcgh]h�ijhp_kkZ�Zkkbfbeypbb�dhjh\uo�ihjh^�

fZglbcguf�jZkieZ\hf�\�hkgh\Zgbb�^_eZfbgbjh\Zgghc�

dhju�b�djbklZeebaZpbhgghc�^bnn_j_gpbZpbb�[ZaZev�

lh\uo�fZ]f�\�\_jog_dhjh\uo fZ]fZlbq_kdbo�dZf_jZo�  

=jZgh^bhjblu� ,-lbiZ� aZgbfZxl� ihkll_dlhgbq_�

kdmx� ihabpbx�� Bo� \g_^j_gb_f� �.04±2.��� fej^ e_l�

gZaZ^� aZ\_jrbebkv� km[^mdpbhggu_� b� dheebabhggu_�

ijhp_kku� \� bgl_j\Ze_� �.1±2.07 fej^� e_l�� =jZgh^bh�

jblu� Emg_\kdh]h� fZkkb\Z� gZoh^ylky� agZqbl_evgh�

[eb`_� d� ]jZgbp_� Zjo_ckdh]h� Dmjkdh]h� [ehdZ� b� iZ�

e_hijhl_jhahckdh]h�<he]h->hgkdh]h�hjh]_gZ��q_f�Zg�

^_ablh\u_�ihjnbjblu��<he]h->hgkdhc�hjh]_g�keh`_g�

iZe_hijhl_jhahckdbfb�x\_gbevgufb�hkZ^hqgh-\medZ�

gh]_ggufb�b�bgljmab\gufb�dhfie_dkZfb [33]. :^Zdb�

lh\u_� ]_hobfbq_kdb_� oZjZdl_jbklbdb� ]jZgh^bhjblh\�

ij_^iheZ]Zxl�mqZklb_�km[^mdpbhgghc�dhfihg_glu�\h�

\lhjhf� bklhqgbd_�� Hlju\� km[^mpbjm_fhc� hd_Zgbq_�

kdhc�ieblu�ijb\_e d�h[jZah\Zgbx�ieblgh]h�hdgZ��VODE-

ZLQGRZ���qlh�bgbpbbjh\Zeh�Zi\_eebg]�Zkl_ghkn_jghc�

fZglbb�b�[ZaZevlh\uc fZ]fZlbaf k�\hajZklhf������feg 

e_l \�Lbf-Yklj_[h\kdhc� kljmdlmj_ [34]. LZdbf�h[jZ�

ahf, _s_�h^gbf�bklhqgbdhf� k�x\_gbevgufb�bahlhi�

gufb� oZjZdl_jbklbdZfb� fh]eb� [ulv� fZglbcgu_�

fZ]fu, \hagbdrb_ ijb� ieZ\e_gbb km[^mpbjh\Z\r_c�

hd_Zgbq_kdhc�eblhkn_ju�<he]h->hgkdh]h�hjh]_gZ ih^�

dhglbg_glZevgmx�dhjm�Dmjkdh]h�[ehdZ� 

 

<u\h^u 

=jZgh^bhjblu� Emg_\kdh]h fZkkb\Z� \� Lbf-Yklj_�

[h\kdhc�kljmdlmj_�y\eyxlky�f_lZ]ebgha_fbklufb��`_�

e_abklh-fZ]g_abZevgufb�ihjh^Zfb�ba\_kldh\h-s_ehq�

ghc�k_jbb. Hgb�h[h]Zs_gu�eblhnbevgufb�b�h[_^g_gu�

\ukhdhaZjy^gufb� we_f_glZfb b� oZjZdl_jbamxlky�

kbevgh�njZdpbhgbjh\Zgguf�jZkij_^_e_gb_f�JAW�b hl�

kmlkl\b_f� (X� ZghfZebc��GZjy^m� k� wlbfb�ijbagZdZfb�

iheh`bl_evgZy� ZghfZeby� 3E� b� hljbpZl_evgZy� ZghfZ�

eby� Ti iha\heyxl� hlg_klb� bo� d� ]jZgblhb^Zf� ,-lbiZ��

Djhf_� lh]h�� \� ]jZgh^bhjblZo� mklZgh\e_gu� \ukhdb_�

agZq_gby�hlghr_gbc�/D�<E�b�6U�<� qlh�k[eb`Z_l�bo�k�

]jZgblhb^Zfb�Z^Zdblh\uo�k_jbc� 

<hajZkl� djbklZeebaZpbb� Emg_\kdh]h� ]jZgh^bhjb�

lh\h]h�fZkkb\Z�khklZ\ey_l������feg e_l� Hg�bf__l�ih�

kll_dlhgbq_kdmx�ihabpbx��Ihkldheebabhgguf�fZ]fZ�

lbafhf 2.04±2.���fej^ e_l�gZaZ^�aZ\_jrbebkv�km[^md�

pbhggu_�b�dheebabhggu_�ijhp_kku�\�bgl_j\Ze_ 2.1±

2.���fej^ e_l� 

Bahlhiguc�khklZ\�Hf \�pbjdhg_�mdZau\Z_l�gZ�mqZ�

klb_� \� h[jZah\Zgbb� ]jZgh^bhjblh\h]h� jZkieZ\Z� g_�

kdhevdbo�bklhqgbdh\��\dexqZxsbo�dhjh\u_�iZe_hZj�

o_ckdb_� b�x\_gbevgu_� fZglbcgu_� iZe_hijhl_jhahc�

kdb_�ijhlheblu��:^Zdblh\u_�oZjZdl_jbklbdb�]jZgh^b�

hjblh\�ij_^iheZ]Zxl�mqZklb_� km[^mdpbhgghc�dhfih�

g_glu�\h�\lhjhf�bklhqgbd_��Bfb�fh]eb�[ulv�����LL=��

dhlhju_� keZ]Zxl� ^j_\g__� iZe_hZjo_ckdh_� y^jh� Dmj�

kdh]h�[ehdZ, b� ����fZglbcgu_�fZ]fu�k�x\_gbevgufb�

bahlhigufb� oZjZdl_jbklbdZfb�� h[jZah\Z\rb_ky� ijb�

ieZ\e_gbb�km[^mpbjh\Z\r_c�hd_Zgbq_kdhc�eblhkn_ju�

<he]h->hgkdh]h�hjh]_gZ�� 

Dhgnebdl�bgl_j_kh\: :\lhju�^_deZjbjmxl�hlkml�

kl\b_�y\guo�b�ihl_gpbZevguo�dhgnebdlh\�bgl_j_kh\��

k\yaZgguo�k�im[ebdZpb_c�gZklhys_c�klZlvb� 
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